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PaiionnpoBanne akBaTopuu Beoro Mopst Ha ocHoBe MeTona
CBOHBIX MOKa3aTeJei

- ‘Z‘oning of the White Sea Water Area
on the Basis of the Method of Summary Indexes

L. V. Bucharov, O. S. Rossal

Russian State
Hydrometeorological University

H. B. Byxapos, O. C. Po'cbaﬂbké

Poccewitcknin rocyaapCTBeHHbINA

rmnpomereoponormqecxmﬁ YHUBEPCUTET

B crarke paccMOTpeHa BO3MOXHOCTH IPHMEHEHHs METO/a CBOAHBIX MOKa3aTeneH /s paitonu- .
POBAHKA MOPCKHX SKOCHCTEM Ha NpUMEpE akBaTopuu Bemoro mops. JIns pacueToB MHicKca
COCTOSHMSA HCIOJIB30BANKCE ONMyGIMKOBaHHbIE HaHHbIE 32 (HOHOBBIHA nepuos. Pacuersl mpous- -
BOMMIIMCEH NPH 38JaHHM PasiMYHBIX MPHOPHTETOB OCHOBHBIX KPHTEPHUEB COCTOSHHS BOXHOM
9KOCHCTEMbl. AHANU3 [TONYYCHHBIX Pe3ysbTaTOB II0Ka3al, YTO METOX CBOJHBIX TIOKa3aTelei
MOHO HCIIONF30BATH ISl PELICHHUS 3afay PaHOHHPOBAHHUS BOXHBIX SKOCHCTEM. o

The paper considers the feasibility of the method of summary indexes for zoning of marine
ecosystems, employing the example of the White Sea water area. To calculate the index of the -
state, the published data related to the background period have been utilized. The calculations
arre made assigning various priorities to the basic criteria of the water ecosystem state. An
analysis of the received results shows that the method of summary indexés can be used to solve
the problem of zoning of water ecosystems.

The White Sea has been in the fo- Benoe mope saBnaerca o6bexToM

cus of attention for many decades now,
and at present it is among the marine
basins of the world that are being most
studied. An intense interest in studying
the White Sea is aroused not only by its

BHIMAHUS y)XX€ MHOTO NECATHICTHI, H
K HACTOSIIEMY BPEMCHH IIPECTaBIIeT
cobolt omuH M3 Han6on¢é H3y9aEMEIX
MOpCKHX BOJOEMOB MHpa. BombImoit
MHTEpec K HccaenoBanuio beroro mops
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H3yuerHue GHOTOIOB IIPUOPEXHBIX 3KOCHCTEM

location on the busiest routes between
the North and South, West and East, and
by the fact that the sea is deeply indented
into the Eurasian continent, but also by
its unique features of the hydrobiological
regime resulting in presence of the bo-
real and arctic, esturine hydrological
and floro-faunistic complexes in miscel-
laneous parts and at various depths of
this sea. Therefore, one of the prime
problems facing the scientists involved
in studies of this water body is the task
of zoning the White Sea water area ac-
cording to various parameters and char-
acteristics. |

There are diverse variants of sec-
tioning the White Sea in quasi-
homogeneous squares. The best known
one is dividing the sea according to its
morphological characteristics. In this
case, the sections are the Straits of Gorlo
and Voronka, the Bassein (Basin), and
four bays: Kandalaksha, Onega, Dvinsky
and Mezensky Bays. Practically all the
remaining variants of the component-
wise zoning of the White Sea are based
on this approach.

Despite the great number of stud-
ies devoted to this subject, rather little
attention is given in them to zoning the
White Sea ecosystem on an integrated
basis. Most of the studies mainly de-
scribe distribution of any one component
of the ecosystem or, less often, several
components, and do not encompass all
the varieties of the phenomena and proc-
esses occurring in it. -

BBI3BaH HE TOJIBKO €0 PAaCIONOXKEHUEM
Ha IlyTH OXMBIEHHBIX CBA3CH MEXIY
CEBEPOM H IOTOM, 3alaloM B BOCTOKOM
U Ti1y0OKO BPE3aHHOCTBIO C CeBepa B
Espoasuarckuil MaTepuk, HO ¥ C YHU-
KaJbHEIM CBOeoOpa3ueM TIuapobuoo-
TUYECKOTO PEKUMA, OIPEIEIAIONIEr0
HaJIM4YHe B Pa3HBIX YacTAX W HA Pa3HBIX
rmyOMHAax 3TOro MOps Kak Oopeab-
HBIX, TaK U apKTHUYECKUX, 3CTyapHO-
THIPOJIOTHYECKHIX u tiopo-
tayBHCTHIECKUX ~ KOMIUIeKcoB. [lo-
9TOMY, OOHOW M3 OCHOBHBIX 3afay
CTOAIIMX Iepell yYEHBIMH, 3aHHMAlo-
IMMHCSI STHM BOIHBIM OOBEKTOM, SB-
aserca 3afadya PallOHMpOBAHHS aKBa-

Topru bBemoro Mops mo pasmUuHBIM

mapaMeTpaM U XapakTePUCTHKAM.
CylIecTByIOT pa3mHYHBIE BapH-
aHTBI pazfelnienus benoro Mopsa Ha KBa-
3HOJHOpPOJHBIE pafioHBL. CaMmbiM H3-
BECTHEIM H3 HHUX SBJISETCS pa3felcHue
MOpA IO TeOMOP(OIOTHUECKHIM XapaK-
TepuctukaMm. [Ipm STOM BBIAENSIOT:
Boponky, I'opno, bacceiin u uethipe
3anuBa KaHpamakickui, OHexCKHi,
JpuHcKuit u Mesedckuii. Ha sTom
HNOAXOAE OCHOBAHBI IPaKTUYECKH BCE
OCTalbHBIE BapHAHThI HMOKOMIIOHCHT-
HOTO paifoHMpoBaHug bemoro mopst.
Hecmotpsa Ha 60'm>moeb KoJsde-
cTBO paboT NIOCBSILUECHHBIX 3TOH Teme,
JOCTATOYHO MAJI0 BHHAMAHHA B HHX
YAENAETCS pAuOHUPOBAHUIO IKOCUCTE-
Mel Benoro mops Ha wuHTErpanbHOM
ocHOBe. B 0OCHOBHOM OONBUIMHCTBO
paboT ONMCHIBAIOT pacHpereNieHue Ka-
KOTro-HHOYZHL ONHOTO WM peke He-
CKOJIBKMX KOMIIOHEHTOB 3KOCHCTEMBI 1
HE OXBaThIBAIOT BCEIO MHOT000pas3us
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W3yyeHne GHOTOIOB IPHOPEXKHBIX SKOCHCTEM

In the present paper an attempt is
made to distinguish quasi-homogeneous
zones by the magnitude of integrated
indexes of the White Sea ecosystem
state, and also to consider the application
feasibility of the method of summary
indexes for the problem of zoning the
water area. 4

Several reasons influence the
choice of the method of summary in-
dexes as the basic one for solving the

'problem of zoning the water area.
Firstly, this is the most promising and
quickly developing: method for eco-
geographical studies. Secondly, it yields
a comprehensive notion of the object
under study, which is of special interest
and is a relevant factor for this task.
Thirdly, it has a number of advantages
over traditional statistical methods as it
does not superimpose additional condi-
tions on the initial data.

But, in spite of all the above ad-
vantages, the method under considera-
tion also has a number of essential short-
comings, the main one being indetermi-
nacy in assigning the values of weight-
ing coefficients for various parameters
included in the summary index calcula-
tions. However, this disadvantage can be
remedied by considering additional in-
formation on the structure and function-
ing of the object under investigation, and
also by engaging expert estimations of
the dominating or insignificant influence

SIBIICHUH W TPOIECCOB TPOUCXOIAIINX
B HEH.

B npemmaraemoit paGore Obua
CIeNlaHa TIONBITKA BBIAEICHHS KBA3H-
ONHOPOIHBIX 30H II0 BEIMYWHE HHTE-
TpanbHBIX IOKa3aTeleil  CcOoCTOSHMA
skocHcTeMBl benoro Mops, a Takxe
pPacCMOTPEHBI BO3MOXKHOCTH TpUMEHe-
HHSI METOZA CBOJHBIX ITOKa3aTeneit /s
pemeHus 3axad padOHHPOBAHUS aKBa-
TOPHH. '

Ha BeiGop wMeToma pacuera
CBOJHBIX MOKa3aTesiel, XaKk OCHOBHOI'O
MeToJa peIIeHUs 3aJaqyu paloHupoBa-
HHS aKBaTOPHH, IOBIIHMAJNO HECKOJBKO
npu4rH. Bo-epBBIX, 3TOT METOJ ABIIA-
ercsl Hanbosee IepCeKTHBHEIM W OBI-
CTPO Pa’BUBAIOIIMMCS METOJOM 3KOJIO-
ro-reorpadHIecKux HCCIEeIOBaHMIA.
Bo-BTOpEIX, OH JaeT KOMIUIEKCHOE
TIpeJIcTaBNeHne 00 uccuenyeMoM 00b-
€KTe, 4TO BEI3BIBaeT 0cOOBIN HHTEpeC U
U JaHHOM 3aJauM ABNAETC BAXKHBIM
¢daxropom. B-Tperbux, OH HMeEeT DX
MIPEUMYIIECTB 10 CPaBHEHUIO C Tpaau-
[IAOHHO HCHONB3YIOIIUMHUCS CTATHCTH-
4YeCKMMH METOLAaMH, TaK KaK He HakJa-
JbIBacT JOIONHUTENbHBIX YCIOBHU Ha
HUCXOIHBIC JaHHBIE,

Ho, necmorpst Ha BCce mepedmc-
JICHHBIE IPENMYIIEeCTBa, pacCMaTpH-
BaeMbIi METOX HMEeT M DAJ CYIIeCT-
BEHHBIX HENOCTATKOB, OCHOBHBIM H3
KOTOPBIX SBISETCS HEOTIPEHeTeHHOCTh
33J(aHMd 3HAa4CHUM BecOBBIX K03 Pu-
HUEHTOB NI PAa3lHYHEIX [NapaMeTpoOB

- BXOIIIMX B PACHETBI CBOMHOIO HO-

Kkasatens. OIHAKO NaHHBIA HEJOCTATOK
MOXET OBITH YCTPaHEH PacCMOTPEHH-
€M JONOIHUTENbHOM HHOpMAIMU O
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zyyenne GHOTONOB NMPUOPEXKHBIX IKOCUCTEM

of one or another criterion on the water
ecosystem condition.

To perform the zoning procedure
for the White Sea water area, a database
of hydrological, hydrochemical and hy-
drobiological characteristics of the sea
has been created. Materials giving mean
multiyear values of the basic indexes of
the water body’s ecosystem state serve
as the basic source of information for the
database. This information was mainly
published in the form of charts with
isolines of an average multiyear field of
values of various characteristics [Oxea-
..oy 1991; Ilpoexm
“Mopsa CCCP”, 1991]. It will be noted

that the average multiyear data over the

Honozcu4eckue yCcnosus

background period are only used in the
work to eliminate the irregularity related

to varying anthropogenic load on the

considered water body. In total, 46 in-.

dexes have been selected.

In order to reveal quasi-
homogeneous areas in the White Sea,
the initial indexes are divided into two
groups: a group of hydrological criteria
(water temperature and salinity in vari-
ous seasons and on various horizons),
and a group of hydrochemical and hy-
drobiological criteria (concentration of
the basic biogenic elements and major
hydrobiological parameters in various

seasons and on various horizons).

CTPYKTYpe U (QYHKIIMOHUPOBAHUU HC-
cleyeMoro o0beKkTa, a TakKe MpUBIIe-
YEHHEM JKCIIEPTHHIX OLEHOK O JOMH-
HAPOBANMH WM  HE3HAUHTEIHHOCTH
BIMSIHUSL TOTO WJIM WHOTO KPUTEpPHUS Ha
COCTOSIHUE BOJHON 3KOCHUCTEMEI.

Jnsg BBIONHEHMS MpPOUELYypEI
palionupoBanus akBaTopuu = benoro
Mops Obla co3gaHa 6a3a HaHHBIX THI-
POJOTHYECKUX, THAPOXUMHYECKHX H
TUIPOOHONOTUYECKUX XAPaKTEPHUCTUK
Mopsi. (OCHOBHBIM WCTOYHHUKOM HH-
dbopmanuu IS Hee, CTalM MaTEepHUanbl
0 CpeIHUX MHOTOJICTHUX 3HAYECHUIX
OCHOBHBIX  IIOKa3aTeJed  COCTOSHHS
9KOCHCTEMBI PAaCcCMAaTPUBAEMOIO BOJ-
Horo obbekra. Takas wuHGOpManusa
myOnuKOBanack, B OCHOBHOM, B BHJC
KapT W30IUHUH CPEeJHEMHOIOJNETHErO
NOJIsSL 3HAUCHUH Pa3lUYHBIX II0OKA3aTe-
nieli {Oxeanonozuueckue ycnogus ..., 1991;
IIpoexm “Mopa CCCP”, 1991]. HeoGxo-
JUMO 3aMETHTE, YTO B paboTe HCIIONb-
30BajlaCh CpPEIHHE MHOTOJIETHHE OaH-
HBIE TOJBKO 3a (POHOBBIHA IIEpHOX, UTO-
OBl OTCeYh HEPaBHOMEPHOCTB, CBSI3aH-
HYI0 C Pa3JIMYHOM CTENEHBIO aHTPOIIO-
FeHHOM Harpy3Kd Ha paccMaTpuBae-
Merit BOXHBIA 00BeKT. Beero Gbuio BHI-
Opano 46 moka3zareneH.

Jlnsg HaxoXHeHUs KBa3HOIHO-
POJIHBIX pailoHOB Ha aKBaTOpUH bemoro
MOpsL MCXOJHBIE IIOKA3aTelId OBLIN
pasjieieHsl Ha JOBe TpYIIBL: IPYIIY
THIPOJIOTMIECKUX KPHUTCPUCB (TeMIle-
parypa U COJIEHOCTb BOJBI B Pa3HBIE
Ce30HEI ¥ Ha PA3NHUHEIX TOPH30HTAX) H
TPYNIy THAPOXHUMHYECKUX U THAPO-
OHOJIOTHYECKUX KpuTepreB (KOHIICH-
TPAaIMy OCHOBHEIX OMOTEHHBIX JJIEMEH-
TOB U OCHOBHEBIE THAPOOMOIOTHYECKHUE

_——




Wsyuenye GHOTONOB IPHOPEKHBIX SKOCHCTEM

The area of the White Sea is di-
vided into one-degree squares (boxes).
All in all, 22 squares are constructed.
Using the method of isolines, the mean
for each index is calculated in each
square. The northern part of the Vo-
ronka in the White Sea is not consid-
ered because of absence of relevant
data.

Then a matrix is formed:

x0),

0, ..

O, . X,

where X l-(j )is the value of the ith pa-
rameter X;,; i=1,2,3,... mfor the jth
object (square); j=1,...,K. In our case,
m =46 (the investigation is based on 46
criteria), and K =22 (the number of the
delinedted squares). Then the limiting
values (xmin , xmax) are defined and the
normalizing functions g¢;,..., ¢, intro-
duced from the corresponding initial pa-
rameters X, ..., Xp,. For defining the
normalizing function ¢; =g¢; (x,-) we use

the formula:

mapameTpbl B PasHbIEe CE30HEL H Ha pas-
JIHYHBIX TOPU30HTAX).

Axsatopus Benoro mops Opuia
pasjieneHa Ha OJHOTpaIyCcHEIE KBaupa-
T (60oKcEI). Beero Beigeneno 22 kBaf-
pata. B KaxIoM KBagpaTe METOIOM
M30NMHHE OBIIO PACCUHTAHO CpelHEe
3HA4YEeHWE Ui KaXIOro ' ITOKa3aTend.
CesepHad yacTs Boponku benoro mo-
P HE paccMaTpUBallach M3-3a OTCYTCT-
BUA HEOOXOXMMBIX JaHHBIX.

Hanee 6pa chopmupoBasa

ManI/IHa BHIa:

x
x| (1)

XK

roe X i(j ) 3Hagenne i-0r0 mapaMerpa
X;, i=1,2,3,...m gna j-oro obnek-
Ta (kBamparta), j=1,...,K. B Hamem
cayyae m =46 (MCcueIoBaHMS MPOBO-
murca no 46 KpuTepHiaM), a K=22
(KOTMYECTBO BBIACNICHHBIX KBAIPaTOB).
3aTeM  ONpeAENIOTCH  INPENEIbHbIE
3HAYCHHA (xmin,xmax) W BBOIATCA
HOPMHDYIOITHE GYHKIHH  ¢;,..., Iy
OT COOTBETCTBYIOIMX HCXOMHBIX ma-
, Xp . JUIst ompenene-
GbyHKINH
q,-=q,-(x,-) HCIIOB30BaNack (GopMyma

paMeTpoB -X;, ...

HUSA HOPMHUpYIomIei

BHOA:




J3yuenue 6HOTONOB IPUOPEKHBIX IKOCHCTEM

la
gi = qi(x)=

Xmax ~ “min

3

where ¢; is the transformed (normalized)
value; x; is the current value; x,, is the
minimum value of the parameter; Xy, 15

the maximum value of the parameter.

As a result of normalization, we receive

a matrix of values qi(j )of normalized

indexes ¢j,...,q,,assumed for various

squares of the White Sea.

Here qi(j ) is the value of the ith
normalized index ¢; i=1,...,m for
the jth square, j =1, ..., K.

At the following stage, the convo-
Iution of the information is” performed

for calculation of .infegrated indexes; in

so doing, a linear function is utillized
having the form [Dmitriyev, 2001; Khova-
nov, 1996, 1999; Kornikov et al 2000]:

Xmax_~ Xi

(/[ ’ qm
4\
I3

g

X; £ Xpin
5 Xmin <X S Xy s (2)

X > Xmax

rae  ¢; — npeobpasoBanHOE (HOPMHUPO-
BaHHOE) 3HAYEHHE; X; — TEKyllee 3Ha-
YEHHE; Xmin — MUHIMANBHOE 3HAYEHHE
TIApaMeTPa; X¥max — MaKCHMaJbHOE 3Ha~
YeHHe IapamMeTpa. ,

B pesymerare HOpPMHMpOBaHHA

NONYYWJIM MATpHIY 3HA4YEeHHMH ‘],-(])

HOPMHPOBaHHBIX noKazaTenen
Q153G >, TPUHAMAEGMBIX U1 pas-

JIMYHBIX  KBaZXpaToB Besoro. MOpAL.

© {1y

s e f]r(1{) ’ (3)
)

3nece ql.(] ) €CTb 3HauYeHHe [ -TO

HOPMHpPOBAaHHOTO  MOKa3aTesst qg;
(i=1,...,m pma1 j-Ooro XBajpara,
Jj=1,..,K).

Ha crnenyrouiem srare mpou3Bo-
IUNach CBepTKa uWHpOpMANWW, NS
pacueTa HMHTEPIPaIbHBEIX IOKa3aTeNei
IIpyu 3TOM HCIIOJIB30BaJIACh JNHHeHHas
byHkuus Buna [uumpues, 2001; Xosa-
Hos, 1996, 1999; Kopnuxos u dp., 2000]:




W3yuyenne GHOTONOR MPHOPEKHBIX IKOCHCTEM

m
Q; = 2.q;0; ,
=1

where w; is the weighting coefficient
~ taking into account the contribution of
the ith criterion in determining the sum-
mary index.

The values of the weighting coef-
ficients @y, ..., ®w,, must satisfy the fol-
lowing conditions: 0<w,; <1,
oy +...+tw, =1.

For lack of valid data on the pri-
orities in estimating-the White Sea eco-
system state, three sets of weighting co-
efficients are utilized for calculations.
The first numerical experiment is con-
ducted at equality in weight of all in-
dexes, i.e. the weight of the group of the
hydrological characteristics is equal to
that of the group of the hydrochemical
and hydrobiological ‘characteristics. The
second experiment is conducted with
prevalence of the group of the hydro-
logical characteristics. For definition of
the aggregate weighting coefficient, the
“golden section rule” is applied: the
smaller part is to the larger part as the
larger is to the entire segment. The ag-
gregate weighting coefficient for the pri-
ority group of indexes is found to be
equal to 0.62. In this case, the individual
weighting coefficient for each index in
the group under consideration is defined
as the relation of the aggregate weight of
the group to the number of the criteria in
this group.. The ‘third experiment is
. conducted with prevalence of the group

(4)

roe @; — BecoBod Koaddunuent, yuu-
THIBAIOIIHI BKNAJ i -TO KPUTEPHUS IPHU
OIpEeNeNICHHH CBOJHOTO MOKA3aTelIs.
3HaYeHHUs BECOBHIX KO3 Puim-
€HTOB (), ...,0,, AOIDKHEI yIOBIETBO-

paT crexyrommM yerropusiM 0 < a),f <1,

W) +...+@, =1.

3a HEHMMEHHEM JOCTOBEPHBIX
JaHHBIX O HPHOPUTETaX OLECHUBAHUIL
COCTOSHHA 3KOcHCTeMbI Bemoro mops,
IUIsL pacyeToB HCIONB30BATHUCH TPH
Habopa K03 HLHEHTOB.
Ileprerit 3KCIIEPHMEHT
TIPOBOIMNCS IPH DPABEHCTBE BECOB Y
BCEX IIOKa3aTeled, T.e. BEC TIPYIIHI

BECOBBIX
YHCIECHHBIH

THAPONIOIHYECKUX XapaKTEPUCTHUK PaB-
HAJICS BECY IPYIIIBI THAPOXUMHYECKHUX
U . THAPOOHOJIOTHYECKHX XapaKTepH-
CTHK. BTOpO# SKCIIEpUMEHT IIPOBOJUITI-
Csl TP JOMHHHMPOBAHHH TPYIIBI THI-
POJIOTMYECKHX XapaKTepHcTHK. JIs
OIpENeNeHUs] CYyMMAapHOTO BECOBOTO
KO3((pUIHEHTA HCIIONB30BANIOCH IIpa-
BHJIO “30JI0TOrO CEYEHHUS~ — MEHBINIEE
TaK OTHOCHTCS K OomepmieMy, Kak
6onburee ko Bcemy. CyMMapHBIH Beco-
BOH KO3(GHUIIUEHT, st IPHOPUTETHOMH
TPYINIBI IOKa3aTeNeil, MOMYIHIN paB-
ubli 0.62. Ilpu 3TOM HHAMBHUIYANBEHEIH
BECOBOM KO3)PUIHEHT AN KaKIOro
TIOKa3aTeNsd B pacCMaTpUBaeMOM IpyI-
e ompeznensercs,
CYMMapHOTO Beca IPYyIIbI K KOJTHIECT-
BY KPUTEpHEB B 3TOH rpymme. Tperuit

KaK OTHOIICHHUC
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Uzyyenue OHOTOIOB IIPUOPEKHBIX 3KOCHCTEM

of the hydrochemical and hydfobiologi—
cal indexes.

Upon conducting the calcula-
tions, three vectors of summary indexes
are received for different variants of the

weighting coefficients (Table 1, Fig. 1).

9KCIIEPUMEHT NPOBOAUICS TIPH IOMH-
HMPOBAHUH TPYIIIBI THAPOXHAMHAYECCKHX
U THAPOOMOIOTHYECKUX TIOKa3aTenei.

ITocme TpOBEACHHBIX pPacHeTOB
HOJIyYHIIH TPH BEKTOPa CBOJIHBIX [TOKa-
3aTeeit s pasNuYHBIX BapHAHTOB
BECOBEIX Kodb¢ummentoB (tabm. 1,
puc. 1).

Tabmmua 1. Pe3ynpTaTsl pacuera HHASKCA CBOAHLBIX ITOKa3aTeneit

Table 1. Results of calculations of the summary index value

MpenmyluecTso
MpeunmyLLecTBO MAPOXUMUYECKUX U
rMAPONOrMyeckux rmapobuonornyeckux

PaBHble Beca napameTpoB napameTpos

Ne Gokea (sapuaHT 0guH) (sapuanT gBa) (sapuianT Tpm)

Box No Equal weights Predominance Predominance

(Variant 1) of hydrological of hydrochemical
parameters and hydrobiological pa-
(Variant 2) rameters
(Variant 3)

1 0.1300 0.6493 0.6277
2 0.6198 0.6417 0.6287
3 0.5663 0.6165 0.5865
4 0.5667 0.5933 0.5774
5 0.5766 0.5179 0.5529
6 0.5726 0.4513 0.5236
7 0.4817 0.3895 0.4444
8 0.5735 0.6178 0.5914
9 0.5924 0.6422 0.6126
10 0.5600 0.6040 0.5778
11 0.6038 0.5955 0.6005
12 0.5585 0.6211 0;5838
13 0.5930 0.5834 0.5891
14 0.5679 0.6046 0.5827
15 0.4604 0.5079 0.4796
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Uayuenue 6HOTONOB MPHOPEXKHBIX IKOCHCTEM

16 0.4578 0.5135 0.4803
17 0.3984 0.4616 0.4239
18 0.3896 0.4494 0.4137
19 0.4317 04779 0.4503
20 0.3323 0.4176 ‘, 0.3668
21 ~ 0.2668 03592 0.3041
22 0.2688 0.3435 ©0.2290

PasnsIc Beca
TlpropuTter rUAPOXUMHM
M THAPOGHONOr MK

’ ﬂpunpmermgpnnnmit
32 3B TTH. 36 TR 3§ 30 M 4 4 43 4

Puc. 1. ['pauisl KNaccoB TIPY PasiIMYHbIX MPHOPATETAX PACCMATPUBAEMBIX TPYIIIL.
3amTpUXOBAHBI 30HEI M3MEHEHHUS I'PAHHUIT KIACCOB IIPH H3MCHEHHH IPHOPHTETOB
" BECOBBIX K03(dHLIEHTOB.

Flg 1. Boundaries of the classes with different priorities of the groups under consideration.
Shaded are the zones of changes in the boundaries of the classes with changing priorities
of the weighting coefficients.

Equal weights ,
————————— Predominance of hydrochemical and hydrobiological parameters
............................. Predorninance of hydrologlcal parameters .

Before starting to analyze the ob- Ilepen HauanoMm aHamHM3a IIONY-
tained results it is necessary to state that YeHHEBIX PE3yIBTaTOB HEOOXOANMO CKa-
the subject matter of studying the White 3aTh, YTO NPEAMET HCCIEeOBaHUA aK-




Hzyuenne GHOTONOB IPHOPEIKHEIX SKOCHCTEM

Sea water area is much wider than
merely determination of water masses,
but it is significantly narrower than de-
lineation of ecosystems with homoge-
- neous characteristics. Therefore, the ob-.
tained entity will be referred to as wa-
ters, being a shorter term, implying a
unified hydrobiocomplex as defined by
A. N. Golikov and A. 1. Babkov in the
monograph [Ba6xos, I'oaukos, 1984].

Conducting an analysis of the data
received as a result of calculations, one
will note that the minimum value of the
summary index is 0.2668, and the
maximum one, 0.6439. On the basis of
these data we define the sizes of a qual-
imetric scale ranging from 0.25 to 0.65,
having rounded off the maximal and
minimum values to the smaller and
greater limit, respectively.

Let's divide the scale into four
uniform intervals, with a step of 0.5,
which would correspond to the four wa-
ter condition classes. The limits of the
classes are given in Table 2.

BaTOPHH Benoro MOpsA 3HAYUTCIBHO

[IHpe, 9eM TIPOCTO BBEUICTEHHE BOTHEIX
Macc, HO 3HAYUTENBHO YK€, YeM BbI-
JIeJieH)e OIHOPOXHBIX II0 CBOMM Xa-
PaKTEpUCTHKaM 3KochcTeM. [loaTomy,

BBIICNIEHHOE “‘eqMHCTBO” OyImeM Hasbl-

BaTh 60damu, Kak Oojee KpaTkui Tep-
MUH, IOApa3yMeBas IOJ HUM CIUHEIH
2udpobuoxomniekc OIpEIeIeHHbIH
A H. T'omukoBeiM # A.W1. babkoBEIM B
MoHorpaduu [Babros, l'onuxos, 1984].

IIpoBons ananu3 AaHHEIX, [IOTY-
YEHHBIX B Pe3ylbTaTe pacyeToB, MOXK-
HO 3aMETHTh, YTO MHHHMAJIbHOE 3Ha-
YeHHEe CBOIHOTO IIOKa3aTelsl pPaBHO
02668, a MakcHManbHOe 3HAYCHHC
0.6439. Ha ocHOBaHMH 3THX HaHHBIX
HaMy OBIIM OTIpeNeNICHBI pa3Mephl KBa-
JIMMETPHYECKON IUKaIb! B IpeAeiax OT
0.25 mo 0.65, oKpyITIMB MakCHMaNbHOE
U MHHHUMAJBHOE 3HAUEHHE B MEHBIIYIO
1 GONIBIIYIO CTOPOHY COOTBETCTBEHHO.

PazobpeM mkamy Ha d9eThIpe
PaBHOMEPHEIX HWHTEpBana, ¢ IIaroM
0.5, xoropsie OyAyT COOTBETCTBOBATH
YeTBIpEM KJIaccaM COCTOSHMS BOJI.
I'panuns! KnaccoB NpHBENCHBI B Tal-
nmue 2.

Tabauua 2. I'paHUIEI KBAa3HOJHOPOZHBIX PaiOHOB 110 BENHYKHE CBOJHBIX ITOKa3arercit
[IpY PaBHOMEPHOM Pa3feIeHUH Ha KIacChl

Table 2. Limits of quasi-homogeneous regions based on the magnitude of the summary
' indexes with a uniform division into classes

HwkHWIn npeden 3HaveHnn BepxHuii npegen 3HaveHui
Knacc CBOHOrO MOKa3aTens CBO/JHOrO noKasaTens
Class ~ The lowest limit The highest limit

of the summary index of the summary index
: 1 - 0.25 0.35
2 0.35 0.45
3 0.45 0.55
4 0.55 0.65
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Analyzing the distribution of the

various classes across the White Sea wa- -

ter area, it is possible to draw a con-
clusion that the White Sea waters proper,
having characteristic hydrochemical and
hydrobiological properties mainly de-
termined by the inherent nature of the
water masses, belong to Class 4, and all
the remaining classes are transition ones
differing from each other in the degree
of influence of the waters that have a
different origin. The only difference be-
tween Class 3 and the two first classes is
in the fact that Class 3 demonstrates the
influence on the White Sea waters made
not only by the waters of the North Bar-
ents Sea, but also that by the waters
formed due to the action of surface
runoff, .

In the first case, with the weight-
ing coefficients being equal, the follow-
ing picture of distribution of the quasi-
homogeneous regions (see Fig. 1) can be
observed. Actually, the entire Voronka
belongs to Class 1, which is mostly
linked to the effect of the cold waters
from the Barents Sea. The northern part
of the Gorlo and Mezensky Bay fall in
Class 2; this can be explained by the fact
that the influence of the White Sea wa-
ters here partly weakens due to the
freshwater runoff into Mezensky Bay.
Class 3 encompasses most part of Dvin-
sky Bay, the head of Onega Bay and the
southern Gorlo. The entire Basin, Kan-
dalaksha Bay and northern Onega Bay
fall into Class 4.

Ananusupys pachperneneHue

‘PasIUYHBIX KJIACCOB IO aKBaTOPHUH Be-

JIOTO MOpPS, MOXXHO CHEJIaTh BBIBOL O
TOM, 9YTO. COGCTBEHHO OEIOMOpCKHE
BOJBI C XapakTepHBIM OISl HUX THAPO-
XHMHYECKHMH H THAPOOHOIOTHYECKI-
MH OCOOEHHOCTSAMH, ONpPEHEISIONIecs
B Gonbleif CTEIeHH TeHETHIECKOi
MPHPONOH - BOOHEIX Macc, OTHOCH K
HeTBEPTOMY KIIACCY, d BCE OCTIBHEIE
KJIACCHI SIBJIIOTCS MEPEXOAHBIMH H 0T-
JIMIAIOTCS Mexay co0oil CTeneHbIo
BIIMSHUS BOJX ~OPYTOr0 IIPOHUCXOXKAE-
Hus. EIHHCTBEHHOE OTIMYHE - MEXKIY
TPETBHM KJIACCOM M JBYMS - IIEPBBIMH,
3aKJI0YAETCS B TOM, ITO TPETHH KIacc
IOKa3bIBAET BAMSHUE Ha BOXBI Bemoro
MOps HE TOBKO BOJ CEBEpHOTO bapen-
1eBa MOPsI, HO W BIMSHHE BOJ, 00pa3o-
BABILIUXCA TIOX JIEHCTBHEM CTOKA C CY-
TITH.

B nmepBoM ciydae, npH paBeHCT-
BE BECOBBIX KO3((DHUIHEHTOB, HaOIIO-
JlaeTcsd CIeAyromas KapTHHa pacrpe-
IeNeHns KBasHOMHOPOIHEIX paiOHOB

" (cm. puc. 1). IpakTugecku Bes Bopon-

Ka IpUHALISKUT K IICPBOMY KIIaccy,
9r0 B OONBIICH CTENEHH CBA33HO C
BIMSHHEM XOJONHEIX BoX bapenmesa
Mmops. CeBepHas gacTh ropia u MeseH-
CKHHl 3alHUB OTHOCHTCA KO BTOpOMY
KJAacCy, 3TO MOXKHO OOBACHHTH TEM,
9TO BIHsHHE OapeHIeBOMOPCKHX BOJ
3[1eCh YacTHIHO ocinabeBaeT B CBI3HM C
HaJIMYHEM CTOKa IIPEeCHBIX BOX B Me-
3eHcKui 3amuB. K TperpeMy Kiaccy
oTHOCATCA GoMBIIas 4acTs J{BHHCKOTO,
BepmKHa OHEXCKOTO 3aJIHBOB M IOXK-
Has yacTk I'opia. Becr bacceiin, Kan-
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N3aygerne GHOTOIIOB NPUOPENKHEIX IKOCHCTEM

Now we shall consider the second
variant of the set of weighting coeffi-
cients (priority of hydrological parame-
ters). Here (see Fig. 1) it is only the
northwest part of the Voronka that be-
longs to Class 1, and we can say that, in
this case, this class indicates waters of
the Barents Sea origin. Class 2 encom-
passes the rest of the Gorlo and the head
of Onega Bay. This class demonstrates
impact of the cold waters from the Bar-
ents Sea (in the Voronka) and that of the
fresh water of continental origin (in
Onega Bay). The waters in Mezensky
Bay, Dvinsky Bay, most Onega Bay and
practically in the entire Gorlo belong to
Class 3, which demonstrates their transi-
tional nature distinct from the most wa-
ter of the White Sea. As in the first vari-
ant, Class 4 includes the waters of the
Basin and Kandalaksha Bay. Because
water coverage of Class 4 is maximal, it
is possible to say that it is to this very
class that the waters formed in the White
Sea itself belong, while the remaining
classes demonstrate various degrees of
influence exerted on them by waters dif-
ferent in their origin and composition.

If hydrochemical and hydrobi-
ological indexes are predominant, one
can observe a similar picture of distribu-
tion of the classes (see Fig. 1). The
northern and northwest parts of the Vo-
ronka fall into Class 1, which, as in the

JIAJIAaKIICKAH 3a1UB M CEeBEpHAs 4acThb
OHeXCKOro 3anpBa OTHOCATCS K 4YeT-
BEPTOMY KJaccy.

Teneps paccMOTpHUM BTOpPOH Ba-
pHaHT Habopa BECOBEIX KO3(hOHIMEH-
TOB (IIPHUOPUTET THAPOIIOTHYESCKUX IIa-
pameTpoB). 3aeck (cM. puc. 1), x mep-

-BOMY KJIacCy OTHOCHUTCHA JIHINE CEBCPO-

3amafHas 9acTb BOPOHKM HU MOXKHO
CKazaTh, 4TO B JIaHHOM CIydae 3TOT
KJIacC IIOKa3bIBaeT BOABI OapeHIEBO-
MOPCKOr0 IPOMCXOXKAEHHA. Bropoii
KJIaCC OXBaTBIBAeT OCTABINYIOCS YacTh
Bopouxu u Bepmmny OHeEXCKOro 3a-
JINBa. JTOT KJacC IIOKA3BIBAET BIUSHUE
XOJIONHBIX BOJA, Npumieamux u3 ba-
peHueBa Mops (B BOPOHKE) M IPECHBIX
BOJI MAaTEPUKOBOr'O MPOUCXOKACHUA (B
OnexckoM 3ainse). Bogpr MeseHcko-
ro, JIBuHCKOro, Gonbmei yacta OHex-
CKOTO 3aJIUBOB M IIPAaKTHYECKU BCETO
IlNopna npuHameKaT K TpeTheMy KIIac-
Cy, YTO IIOKasBIBae€T HX MEPEXOTHBIH
XapakTep, OTIHYHBIH OT GONBIINHCTBA
BoA benoro mops. Kak u npu nepeom
BapHaHTE, K Y€TBEPTOMY KJIacCy OTHO-
cutcsa Boxbel bacceitna m Kampanakmi-
ckoro 3amuBa. HM3-3a TOro, 4yro IIO-
Maasr OXBaTa YETBEPTOTO Kjacca BOA
MaKCHMAalbHa, MOKHO TOBOPHTE O TOM,
YTO UMEHHO K 3TOMY KJIacCy OTHOCITCS
BOIbI, 0OpasoBaBIHEeCs B caMOM bBe-
JIOM MOpE, B TO BPEMS KakK OCTaNbHEIC
KJIaCChl IMOKA3EIBAIOT PA3IHYHYIO CTe-
[eHb BIMSHHASA Ha HUX IPYTHX IIO TIPO-
HCXOXKJIEHHUIO W COCTABY BOJ.

Ilpn mpemMyIecTBe I'MAPOXH-
MHYECKIX ¥ THAPOOHOIOTHYECKUX ITO-
Kasarenell, HabmomaeTcs NPUMEPHO
TaKas € KapTHHAa pachpeiesieHus
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first two variants of the sets of weighting
coefficients, points to a strong influence
of the Barents Sea waters. The rest of the
Voronka, the northern part of the Gorlo
and the northwestern part of Mezensky
Bay belong to Class 2. All Onega Bay,
the heads of Mezensky Bay and Dvinsky
Bay, as well as the southern part of the
Gorlo belong to Class 3. Class 4, as in
the remaining cases, describes the Basin
and Kandalaksha Bay.

. Thus, having considered the vari-
ants of distribution of quasi-
homogeneous regions across the White
Sea area using diverse variants of
weighting coefficient values and the uni-
form qualimetrical scale, we can make
the . following conclusions. The greater
area of the sea is taken by Class 4. Its
borders do not practically vary whatever
the chosen variant of weighting coeffi-
cients for various indexes, which is
clearly seen in the picture. These cir-
cumstances allow us to state that Class 4
features the water of “purely” White Sea
origin, and the remaining classes show
the extent to which they are diluted by
other waters. Also, with the number of
the class diminishing, and hence, with
diminishing  values of the summary in-
dexes, the effect of the “extraneous” wa-
ters on the White Sea waters increases.
KJIaccoB (cM. puc. 1).

This distribution "of the quasi-
homogéneous regions is also confirmed
by the(niorphological features of the

White Sea.

CeBepHast U ceBepo-3amafHas
gacTh BOPOHKM OTHOCHTCA K IIEPBOMY
KJIACCY, UTO, KaK M B IEepBHIX JBYX Ba-
pHaHTax HAGOPOB BECOBEIX KOd(h(HIIA-
eHTaX, TOBOPAT O CHJIBHOM BIHSHHH
Bog bapennesa Mops. Ocrapmrascs
qacTh BOpOHKH, ceBepHas gacTh [ opma
M CEBepo-3alagHasd YacTb Me3eHCKoro
3aJIMBa OTHOCHTCSA KO BTOPOMY KJaccy.
Becs Onexckuit 3anus, BepmuHsl Me-
3€HCKOro ¥ JIBHHCKOrO 3ajIMBOB, 4 TdK
e F0XKHas JacTh ['opiia npHHAIUIEKAT
K TpeTheMy Kiaccy. UeTBepTslii Kiacc,
KaK ¥ B OCTAJBHBIX CIy4asX, ONHCEHIBaA-~
et Bacceitn n Kannanakuickuii 3aius.

Taxkum obpazoM, paccMoTpeB
BapHaHThl pacnpeleNeHus KBa3HOTHO-
POIHEIX palOHOB IO akBaTOpHH bero-
ro MOps IpPH DPas3IMYHBIX BapHaHTax
3HaUEHUH BECOBBIX KO3()(UIHUEHTOB U
PaBHOMEPHOM KBATHMETPHIECKOMH
MIKaJe MOXHO CHAENaTh CIEAyIOoIIue
BEIBOJBI. Hanbonpnryro miuomans Mopst
3aHMMAaeT 4YeTBEpTHI knacc. Ero rpa-
HULBI NPaKTHYECKH HE U3MEHAIOTCS B
3aBHCHMOCTH OT BapuaHTa BrIOOpa Be-
COBBIX KO3()QHIMEHTOB M pas3ind-
HBIX NOKAa3aTelel, YTO XOpOIIO BHAHO
Ha pHCyHKe. OTH 00CTOSATENbCTBA IIO-
3BOJIAIOT T'OBOPUTH O TOM, 4TO YETBEp-
TEIH KJACC ONMUCHIBAET BOMEI “9HCTOr0”
6EIOMOPCKOTO TIPOUCXOXK/IEHHS, 4 OC-
TalbHEIE KIIACCHI ONPEAETSIOT CTENCHD -
pa3baBIeHHA HX JPYTHMH BOJAMH.
Hpnqu,l C yMEHBIICHHEM HOMepa
Klacca, a, cIefoBaTelbHO, ¥ 3HAYCHUH
CBOJAHEBIX IOKa3aTeNeH, BIHUIHHE ‘TIO-
CTOpPOHHHX BOJ Ha BOAEI bemoro mops
YBEIUYIHBAETCS.




H3ydenne 6HOTOMOB MPHOPEKHBIX SKOCHCTEM .

Proceeding from the above, it will
be noted that the values of the summary
indexes increase from southeast to
northwest, and from the entrance to the
White Sea to its head. The greatest area
is occupied by a region with the sum-
mary index values ranging from 0.550 to
0.615 and, hence, these waters can be
referred to as waters of the White Sea
origin proper. An increase or decrease in
the magnitude of the limits of this inter-
val indicates to what extent the White
Sea waters are diluted by watersi‘_of dif-
ferent origin. At the heads of the bays,
with exception of the Kandalaksha Gulf,
this is linked to the dilution action made
by fresh-water runoff; in the Gorlo and
the Voronka, to inflow of the Barents
Sea water. In Kandalaksha Bay the in-
creasing value of the summary index is
connected with - inflow from the
mainland of large quantities of alloch-
thonous matter and, in comparison with
other bays, with a low degree of dilution
of the White Sea water effected by fresh
water.

The results received by us are eas-
ily interpreted by simple reasoning about
properties of the waters and their origin.
However, the calculations that we have

made and the attempt to distinguish

Takoe pacnpenencHue KBa3HOM-
HOPOAHBIX pallOHOB MOATBEPXKIACTCS U
MOP(OIOTHUECKAMH OCOOCHHOCTAMH

Benoro mops.

Hcxons U3 BCEero BBINIE CKa3aH-
HOT'0, 3aMETHM, YTO 3HAYEHUS CBOJHBIX
noKazaTeNed yBENMYHBAIOTCS C IOTO-
BOCTOKa, Ha CEBepo-3alaj M OT “BXO-
na” B bemoe Mops k ero “KyToBoit”
gactd. HamGonpimyroo IIomans 3aHU-
MaeT aKBaTOpHs C JHALla30HOM 3Hade-
Hui cBoxnoro mokasarens ot 0.550 mo
0.615 m, cremoBaTeNnbHO, STH BOJIBI
MQXHO HAa3bIBaTh BOXAMH COOCTBEHHO
0eToMopCcKOro IPOUCXOXKIEHHUA.
YMeHbIlIeHHe WIH YBETHYCHUE 3HAYE-
HUi I'paHyl] 3TOTO MHTEPBaja TOBOPHT
O CTemneHu pasbaBieHus GETOMOPCKHX
BOJI BORAMH JPYIOro MPOUCXOXKACHHS.
B Bepmmnax 3anuBoB, kKopMme Kanpma-
JIAKIICKOTO; 3TO CBA3aHO C BIISHHEM
pa30aBlieHHUs CTOKOBEIMH IPECHBIMH
BogamH, B I'opne u BopoHke ¢ nocryn-
JeHreM Box bapeHiiera mMops, a B Kan-
JANIAKIICKOM 3aJIHBE YBEIHYEHHE 3Ha-
YeHMsT WHAEKCa CBOJHOIO IOKa3aTems
CBA3aHO' C TIIOCTYIJICHHEM C CYIIH
OONBIIOr0 KOJHMYECTBA AJTOXTOHOTO
BEIECTBA M II0 CPABHEHHIO C IPYTHMH
3QIMBAMH HEBGOIBIIAM pa3baBIeHHEM
BOJ Benoro Mops npecHbIMI BOJAAMI:

Ilomydennrie HaM¥ pe3yIBTATH,
JIETKO HHTEPIPETUPYIOTCS TTPOCTHIMHU
JIOTHYECKUMU COOOPaXXCHUAMH O CBOIi-
CTBaX BOJ H CIIOCOOE MX MPOHCXOXKIe-
uus. OmHaKO, IPOBEICHHBIE HAMH pac-
YeTHl ¥ IOMNBITKA BBIACICHUS KBa3HOI-
HOPOJHBIX PalOHOB METOOM CBOAHBIX
nokasaTesel, a TakKe CHENaHHBIEC BEI-
BOJBI, TOJTBEPXKAAIOT, YTO MCIONb-
3yeMelit Meron ‘“‘paboTacr” B IUIAHE
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quasi-homogeneous 'regions- using the
method of summary indexes, as well as
our conclusions', confirm that the method
applied is effective in zoning a water
ecosystem and, hence, can be utilized for
‘studying and zoning other objects.

In order to carry out more thorough,
detailed and accurate studies of the
White Sea water area, it is necessary to
‘increase spatial discreteness of the sites
under consideration, i.e. to divide the
area into smaller squares and to enlarge
the number of the considered criteria.
Also, in making calculations of the
summary indexes, the assignment of
precise values of the weighting coeffi-
cients is needed for various indexes, i.e.
it is essential to use additional reliable
information. A changeover to the

method of randomized indexes [Xosa-,

nos, 1996] is also feasible.
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‘Polycyclic Aromatic Hydrocarbons (PAH) in the Bottom Sediments
of the Kola Bay of the Barents Sea

A. Yu. Zhilin, N. F. Plotitsyna,
L. I. Kireeva

Knipovich Polar Research Institute of Marine
Fisheries and Oceanography (PINRO)

Introduction

Polycydic aromatic hydrocar-
bons (PAH) contents in different natu-
ral environments is studied intensively
due to their abilify to cause cancerous
and mutagenous changes in the living
organisms [Posunckuii u op., 1988]. Ma-
jor sources of input of their compounds
in the marine environment objects are
connected with the anthropogenic ac-
tivity (different technological processes
- on the heat and energy production, in-
dustrial wastes of the enterprises, ship-
ping, oil excavation and transportation

etc.).

‘ A. 1O. Kunun,
H. @. IInomuyuna, J1. H. Kupeesa

MonsApHbIA Hay4HO-UCCREROBATENLCKUR
MHeTUTYT MOpCKoro peibHOro xo3aicTea v
okeaHorpadun um. H. M. Knunosuya (MAHPO)

Baexenune

Copepxanue MONAUKINIECKIX
apOMaTUYECKUX YIIIEBOJOPOIOB
(IIAY) B pasmuyHBIX NPHPOTHBIX Cpe-
Jlax MHTEHCHBHO H3ydJaercs, BCIEACT-
BHE UX CIIOCOOHOCTHU BBI3BIBAThH KaHIIE-
pOTEHHEBIE ¥ MyTarcHHble U3MEHEHHUS B
JKUBBIX OpraHusmax [Poeunckuii u op.,
1988]. OcCHOBHBEIE HUCTOYHHKHU IOCTYII-
JIEHUS DTHX COCAWHEHHH B OOBEKTHI
MOPCKOH Cpelsl CBSI3aHBEI C aHTPOIIO-
TEHHOH JOeATeNbHOCTBIO (pa3jIMdHbIE
TEXHONOIHYECKHE TIpOoIeccHl IO IIpo-
M3BOACTRY TeIUIa M DHEPruu, MPOMBIII-
JICHHBIE OTXOABl NpPEeAUpUATHH, CyHO-
XOJICTBO, 06bIYa K TPaHCIIOPTHPOBKA
HeQTH U Op.).
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H3yyenye GHOTOMOB MPUOPEKHBIX IKOCHCTEM

Aromatic hydrocarbons distribu-
tion in the environment depends on the
specific features of the source of emis-
sion. Each such source has its individ-
ual peculiarities which allows to deter-
mine the character of the processes
leading to the PAH formation [Soclo et
al., 2000].

For different processes the indi-
vidual PAH concentrations ratios differ
from each other. To reveal the differ-
ence in the PAH origin molecular indi-
ces based on the physical- chemical
behavior of these substances have been
suggested [Baumard et al., 1998]. At the
simultaneous estimation of different
molecular indices it is possible to esti-
mate which process of hydrocarbons
generation there is in the investigated
matrix [Budzinski et al., 1997].

Given investigation is carried out
on the Kola Bay of the Barents Sea bot-
tom sediments samples. The bay length
is 57 km, width 1-7 km, depth near the
entrance is 200-300 m. In the southern
part of the bay the port of Murmansk is
located. ' '

The aim of the work is the iden-
tification and quantitative distribution
of PAH in the Kola bay bottom sedi-
ments which are considered as the pri-
ority contaminants to be controlled dur-
ing the environmental state monitoring.
Contents of such low- molecular PAH
as naphthalene owing to its high vola-
tility, leading to significant losses dur-
ing the experiments was not deter-
mined.

To achieve additional informa-
tion on the PAH origin in the Kola bay
of the Barents Sea bottom sediments
perylene contents was determined, this

Pacnpenenenyie apoMaTHIECKHX
YITIEBOJIOPOIOB B OKPY’KaIOIIEH cpeje
3aBUCHT OT CHEOU(UKH HCTOYHHKA
smuccuu. KaXImpiii TakoH HCTOYHHK
HMMeeT WHIVBHIYaIbHBIE OCOOEHHOCTH,
YTO IIO3BONSET OIPEACHHTH XapaKTep
IIPOLIECCOB, NPHUBOAAMMX K 0Opa3oBa-
uuto ITAY [Soclo et al., 2000].

M1 pasHBIX IIPOLECCOB COOT-
HOIUCHUS KOHLEHTpauWH WHAWBHIY-
anpHEIX IIAY omim4aroTcss Opyr OT
npyra. Jng Toro 94To0Bl BBISIBHTE pas-
nuaue B npoucxoxaenud [TAY Opum
OpeANo>KeHBl MONEKYIApHEIE HHIEKCEI,
OCHOBaHHBIE Ha (DHU3HMKO-XUMHYECKOM
IIOBEACHHUHN 3THX BeIIeCTB [Baumard et
al., 1998]. IIpu 0XHOBpEeMEHHOH OLCHKE
paanqux MONEKYNSPHBIX HHIEKCOB
MOXHO ONpENeNHTh, KaKOB Ipouecc
TEeHEPUPOBaHHUA YIJIEBOAOPOIOB B H3Y-
yaeMOW Matpuue [Budzinski et al., 1997].

Hacrosmee wccnenoBanue mpo-
BEJCHO Ha 00paslax JOHHBEIX OTJIOXKE-
Huit Konsckoro 3anuea bapennesa mo-
ps. JnmHa 3anmBa cocTaBiseT 57 KM,
muprHa 1-7 kM, rirybusa y Bxoga 200-
300 M. B 10xHOH 9acTH 3ajlMBa pacro-
NOXEH opT MypMmaHcK.,

Jlid momydeHHs AOTOJIHUTEINB-
HOM MHGOPMALUH IO MPOUCXOXKAECHHIO
IIAY B pommeix ocagkax Kompckoro
3aIMBa OIpENENEHO COAEpIKaHHe Iie-
PHIEHa; 5T0 COENMHEHHe OGBIIHO pac-
CMAaTPUBAETCA KaK MPOXYKT €CTECTBEH-
HBIX TMPUPOJHBIX IPOIECCOB, HAYLIHX B
COBPEMEHHBIX JIOHHBIX OTIJIOXEHHAX
[Posunckuii u op., 1988].
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V3yyenue GMOTONOB IIPUOPEIKHBIX SKOCHCTEM

compound is usually considered as a
‘products of natural processes taking
place in the current bottom sediments
[Posurnckuii u dp., 1988).

Experimental part

Samples collection

Samples were collected in the
Kola bay in April- May 2003. The ar-
eas where sampling took place are
marked on fig. 1 their characteristics is
preserved in Table 1.

IKCcnepuMeHTAIBHAS YaCTh
Oméop npob

OO6pasusl  OblIM.  OTOOpaHb! B
Komsckom sanuBe B ampene-mae 2003
r. Vuactku ot6opa mpo6 0603HaIEHBI
Ha pHC. 1, UX XapaKTepUCTHKa INpend-

crasieHa B Ta0m. 1.

B8920N 5 j e
2z % . N = | jém ??
. e
12%34 5 Km
Bajrents e
o 6910
O ed

710 2\

j ;7) orsk
N rwa?ﬁ -
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o) ?W b A0E
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@ ( Russia

69°N

»° 380 400 420E

Puc. 1. Cxema pacmonoxeHus cTaHIui 0T0opa mpod JOHHEIX OTIOXKEHHUH,
anpens-Mai 2003 1.
CTaHLlI/ISI 1 Ha cXeMe HE OKa3aHa.
Fig. 1. Map showing the sampling locations, April-May 2003.

Station 1 is not shown on the map.
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Vsy4enne 61oTonos npuOPEKXHEIX SKOCHCTEM

Ta6auua 1. Onucanye ygacTkos 0100pa npbﬁ
Table 1. Description of the sampling sites

Longitude
Station Latitude (North) (East) Depth (m) Sample grain facies
Cranuns lupoTa (ces.) HonroTa nyGuna, m Tun ocagka
_ (BocT.)

1 68°53.4 33°01.9 Littoral Sandy

2 68°57.7 33°02.1/ 8 Mud

3 68°57.9’ 33°02.6' 8 ... <Mud

4 68°58.2/ 33°03.0' 20 Muddy silt -

5 68°58.9’ 33°02.1/ 21 | Mud

6 68°59.4° . | 33°03.0/ 13, Muddy silt

7 69°01.1’ 33°03.1’ 16 .. Mud -

8 69°02.2/ 33°03.6’ 15 Mud -

9 69°01.7" 33°02.3’ 21 Mud

10 69°03.0’ 33°02.6/ 23 Muddy silt

11 69°03.5" | 33°07.8’ 43 Muddy silt

12 69°04.2/ 33°11.6' 72 Muddy silt

13 69°04.0' 33°12.7’ 78 Muddy silt

14 69°04.0° 33°14.2/ 85 Muddy silt

15 69°04.9’ 33°17.8' 136 | Mud

16 69°05.5" 33°22.2/ 147 Mud

17 69°05.8’ 33024.2/ 150 Muddy silt

18 69°07.1’ 33°25.5 163 Muddy silt

19 69°07.4" . 33°27.8' 67 Sandy, muddy silt

20 69°08.4’ 33°28.2/ 166 ‘Muddy silt

21 69°09.5 33°31.0 165 Muddy silt

22 69°11.8" 33°34.9’ 32 Sandy, muddy silt

23 69°12.0' 339340/ 122 Muddy silt

24 69°14.2/ 33°29.1/ 88 Sandy, muddy silt

25 69°18.6’ 33°31.2/ 267 Muddy silt

26 69°19.6' 33°34.2/ 84 | Sandy, muddy silt
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W3yuenue 610TONOB NPHOPEXKHEIX IKOCHCTEM

Samples from the surface layer
(depth 0-2 cm) of bottom sediments
were collected by van Veen grab, then
inserted into the packets of foil and
frozen at -20 °C.

Preparation of the sample to the
analysis

Samples preparation was. based
on the recommendations of the Interna-
tional  Ocenographic =~ Commission
(I0C, 1982) with insignificant modifi-
cations.

Moisture contents in the sedi-
ments were determnined by the way of
drying of the sample up to the constant
weight (during 4 days at 50 °C). Sedi-
ments were extracted with the organic
solvent (mechanical mixture of 10 g
ground during 10 minutes with 100 ml
of chloroform). Extract was filtered
from the deposit into the flask of the
rotor evaporator through the paper fil-
ter. The operation was thrice repeated.
The combined extract was evaporated
in the rotation evaporator till the vol-
ume of approximately 1 ml and then
cleaned from the polar compounds and
resins by the liquid column chromatog-
raphy. Activated copper was added to
the extract to eliminate sulphorous
compounds. Concentrated extract of the
sample was put on the preliminarily
prepared chromatographical column on
the silica gel surface (L.S-5/40 pim) and
PAH were eluted with the mixture hex-~
ane:benzene (3:2).

To carry out gas- chroma-
tographic analysis the amount of the
purified fraction reduced till 0.5 ml
under the nitrogen jet.

O0pasnpl MOBEPXHOCTHOTO CITOS
(rmy6una 0-2 ¢M) XOHHBIX OTIOKCHHH
ObiTH  coOpaHBl AHOYEpIIATENeM BaH-
Bunna, 3aTeM IIOMEILEHbI B TTaKETHl U3
AIllOMHHHEBON (ONBIU M 3aMOPOXKEHBI
mpu —20 °C.

Iloozomoska obpasya K aHanuzy

Iloxrororka 06pa3moB K aHaIH-
3y OBLIa OCHOBaHA Ha PEKOMEHZIALUSIX
MexayHapoJHO# oOKeaHOTpa(uIecKon
koMuccuu (10C, 1982) ¢ HesHauuTENb-
HBIMHU HU3MEHECHUSIMH.

CopnepxaHue BIarH B OCaJKax
OTIpelessUIH ITyTeM BBICYIIMBAHHA 00-
pasna Jo MOCTOSHHOIO BECa (B TEIEHHE
4 pueit mpu 50 °C). Ornoxenus Opuiu
HPO3KCTParupOBaHEl
pacTBOpHTENIeM (MeXaHHYeCKoe Iepe-
memmBaHue 10 r rpynra B teuenue 10
muH. co 100 mn xmopodopma). Dxc-
TpakT OTQHIBTPOBEIBAIK OT OCaiKa B
KOJNOY POTOPHOIO HCHApUTeNs 4epes3
Oymaxublit  ¢GumpTp. Onepanuio Io-
BTOpANu TpU pasa. OObeIUHEHHBIH
9KCTpakT YNapUBald B POTAIMOHHOM
ucnapurele 10 o0sema npuMepHO | M
M 3aTeM O4YMINaId OT IONAPHBIX CO-
COMHEHHH H CMOJ JKUAKOCTHOH KONO-
HOYHOH Xpomarorpadueil. AKTUBHPO-
BaHHYI0 MeOb NOOAaBIUIA B 3KCTPAKT
Ul yCTpaHEHHs CEpPHUCTHIX COEAMHE-
HuiA. CKOHLIEHTPHPOBAHHEBIN 3KCTPAKT

OpPraHu4YECKUM

npo6bl HAHOCWIM Ha TPELBAPUTEIHLHO
MOJATOTOBIEHHYIO  XpoMaTorpaduue-
CKYI0 KOJIOHKY Ha IOBEPXHOCTH CHIIU-
karens (LS-5/40 um) u smiompoBanu
TTAY cmecrio rexcan:6enson (3:2).

-



N3y4eHue GHOTONOB MPUOPEKHBIX SIKOCHCTEM

GC analysis
Hydrocarbon fraction was ana-
lyzed on the apparatus Agilent 6890N,

which was equipped with auto-sampler .

Agilent 7683 and mass selective detec-

tor MSD 5973N. 1 mkl of the sample |

was injected in the regime Splitless into
the capillary column HP-5MS, filled

with the transversely sewn (5 %-

diphenyl) —dimethylpolysiloxane Col- -

umn length is 30 m, inner diameter is
0.25 mm, immovable phase film thick-

ness is 0.25mkm. As the gas bearer -
helium with a constant flow rate 1.0 ml »

. 1 L e : -
‘min~ was used. Heatlng' temperature’ | . MM, TONILMHA IUIEHKH HEIOJBHXXHOMN

was programmed in the following way:
50 °C during 2 min; heating with the
till 240 °C; heating
~till 290 °C.

rate 15 °C-min™!

with the rate 5 °C-min™

Detector characteristics: electronic im- "

pact (70 eV) with the voltage of elec-

tron multiplier 1700 V; tefnperature of

mating is 270 °C.

Investigations are carried out in

the regirrie of the selected ions (SIM)

presented in Table 2.
Abbreviations used for PAH
acénaphthlene (Acl), acenaphthene

(Ac), fluorene (Fln), dibenzothiophene
(DBT), phenanthrene (Phe)', anthracene
(An), ﬂuoranthené (Fit), pyrene (Py)_,
benzo(a)énthracene (BaA), chrysene
(Chry), benzo(b)fluoranthene (BbF),

‘ CTOﬂHHOI?I

I[JIH IIPOBEACHUA I‘aSOXpOMaTO-

- TpadMueCcKOro aHamH3a OGBEM OuH-

meHHoH (pakuuu ymenepmann no 0.5
MJI TIOZ CTPyeH a30Ta.

IX aHanus

VrnepogopogHas ¢pakuus aHa-
TU3UPOBANACh ‘Ha npubope Agilent
6890N, xoTopslii Osl1 060pynOBaH aB-
TOCEMILIEPOM Agilent 7683 u Macc-
CENIEKTHBHBIM * nerekropom  MSD
5973N'1 MKI mpo6El BBOIMIM B PEXKH-
me Splitless B KaIMIIAPHYIO KBapie-
By1o kononky HP-5MS, namonuaeHnyo
nonepedHo cmuTeM (5 %-mudenun)-
JUMETHIIIONUCHIOKCaHOM. [IuHa Ko-
nosxy 30 M, BHyTpenan#t nuamerp 0.25

da3sr 0.25 MxM. B kauecTBe rasa-
HOCHTENIsl HCIONb30BalM IeNuil ¢ 1o~

cxopocm}o motoka 1.0
TeMHepaTypa Harpesa Oplia
3aIPOrpaMMUPOBaHa CJEAYIOMUM 06-
paszom: 50 °C B Teuenue 2 MHH.; Harpes

M1 'MI/IH

co cxopocTsio 15 °C-mus"' 1o 240 °C;
HATpeB. CO CKOpOCTBIO 5 °C-MuH' 10
290 °C. XapaKTepUCTHKH IETEKTOpa:
3neKTpoHHEIR ymap (70 »B) ¢ Hamps-
JKEHUEM  SNEKTPOHHOTO yMHOMKHTEIIS
1700 B; TeMIlepaTypa JIHHHH conpz-
xerus 270 °C. VccnenoBanys BEIION-
HEHBl B DEXHME BbIOPaHHBIX: HOHOB
(SIM), TpeICTaBICHHEIX B Ta0M. 2.
Cokparienus, HCIIO/Ib30BAHHBIE
i TIAY: anenapruien (Acl); ané-
HadTeH (Ac), dnyopen (Fln), nubenso-
TI/IO(I)CH (DBT), ¢enantpen (Phe), an-
Tpauen (An), gryopaHTeH (Flt), aneH
(Py), Genso(a)anTpanen (BaA), xpuseH
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HsyueHne 610TOITOB IPUBPEKHBIX 3KOCUCTEM

Ta6anuna 2. XapakreprCTuKa MacCENEKTHBHOIO ONPEENEHNA B PEXHUME BHIOPAHHEIX HOHOB
‘ (MS-SIM)

Table 2. Selected ions for the single monitoring mode (MS-SIM)

Compounds ) Selectgd ions Time. (min)

CoeguHeHus Bbl6paHHble MNOHb! Bpems, MuH. ,
Acl 152 10.52-11.52

Ac 152, 154 10.83-11.83

Fin 166 1_1.64 -12.64
DBT 184 12.98 - 13.98
Phe 178 13.18 — 14.18
An 178 13.25 -14.25

Ft 202 15.18 - 16.18

Py 202 15.63 - 16.63
BaA - 228 18.50-19.50
Chry 228 18.62 - 19.62
BbF . 252 21.73-22.73
BkF 252 21.81-22.81
BeP 252 22.62 - 23.62
BaP 252 22.77-23.77
Per 252 23.03 - 24.03
Ipy 276 26.46 — 27.46
DBA 276 26.61 -27.61
Bper 276 27.50 - 28.50

benzo(k)fluoranthene (BkF), (Chry), 6enzo(b)duyopanren (BbF),
benzo(e)pyrene (BeP), benzo(a)pyrene | Oenso(k)duyopanren (BKE),

(BaP), perylene (Per), 1, 2, 3, c-d-

(IPy),
(DBA),
‘benz(g,h,i)perylene (Bper). The sum of
above mentioned 18 PAH (ZPAH) in

indenopyrene

dibenzo(a,h)anthracene

ng-g”! dry weight was taken for the to-
tal PAH contents.. .

Oens(e)mupen  (BeP), 6Genso(a)nupeH.
(BaP), mepunen (Per), 1, 2, 3, c-d-
IPy), JubeH-
(DBA),

Oenz(g,h,i)mepunen (Bper). 3a o6iee

HHACHOTUPEH -
30(a,h)anTpaueH

cogepxkaaue IIAY nmpunmmanm cymMmy

KOHIEHTpalM{  BbINIENePEeINCICHHBIX

18 TIAY (ZIIAY) B urT ' cyxoro Beca.
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Vi3yuenne GHOTOIIOB IPUOPEXHBIX IKOCUCTEM

Quantitative estimation was car-
ried out by the absolute calibration
method. Detection limits for each com-
pound of the aromatic series were de-

_termined on the basis 'of‘ the of the
analysis “empty” samples and varied in
the range 0.01-0.20 ng-g™' dry weight.

Reliability of the results obtained
were tested applying standard reference
‘materials SRM 1941a (Organics in Ma-
rine Sediment)/NIST, USA. For the
quality control of the data being ob-
tained the analytical laboratory of
PINRO in the period 1999-2002 par-
ticipated in the inter-laboratory scheme
of testing according to the project
QUASIMEME (Quality Assurance of
Information for Marine Environmental

Monitoring in Europe).

Chemical reagents and standards

The HPLC grade hexan and ben-
zol were purified by distillation. Water
was purified by the way of double dis-
tillation. Copper (40 mesh, purity 99.5
%, Merck, Germany) was activated
with the hydrochloric acid (1 N),
washed out with water, acetone.

Standard calibration solution of
PAH was prepared from the individual
crystal substances (Promochem, Swe-
den) with the major substance contents
not less than 99 %.

Konnuecrsennoe
TIPOBOJHIM METOAOM abCOIOTHOM Ka-

ONpCACICHUC

mubposku. [Ipenensr oGHapyxeHus o1t
KaXJIOr0 COEAHMHEHH apoMaTqucxoro
psana ObLIM ONpPENENEHE Ha OCHOBAHHH
aHanm3a “XO0JOCTHIX” Mpo0 W BapbHpO-
Bamuch B Auamasome 0.01-0.20 mro'
CYXOro Beca.
HocToBepHOCTE  IIONYYEHHBIX
pe3yIbTaTOB INPOBEPSIIH, HCIONB3YS
CTaHIAPTHEIE pedpeHc-MaTepHabl
SRM 1941a (Organics in Marine Sedi-
ment)/NIST, USA. B nemnsx KOHTpons
Ka4ecTBa MONyYaeMBIX HAaHHBIX aHaNHU-
tHueckas aboparopus IIMHPO B me-
puon 1999-2002 rr. mpuHMMana yda-
cTHe B MexnabopaTopHOM cxeme Tec-
TrpoBsanusa 10 npoekty QUASIMEME
(Quality Assurance of Information for
Marine Environmental Monitoring in

Europe).
Xumuuecrkue peaxmugnbl u 06pazybl

B paGoTe mcnons3oBany XJIopo-
dopm, rexcan u GeHzon copra “o.c.4.”.
Boma Obuta ouduieHa myTeM IBOMHOM
JacTwusipn, Meapb (40 mern, qucTOTa
99.5 %, Merck, I'epmanus) Grina aKTH-
BHpoBaHa consHoM kucioTodi (1 N),
HPOMBITA BOJION, alJETOHOM.

CrangapTHeIl  KaIHOPOBOYHBIH
pacteop IIAY roToBHNHM W3 MHIUBH-
TyanbHBIX KDPHCTAIMYECKHX BEIIECTB
(Promochem, IlIeeuus) c coxepxa-
HHEM OCHOBHOT'O BEILECTBA HE MeHee
99 %. ;
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H3yuenne 6HOTOMOB MPAGPEKHEIX IKOCUCTEM

Results and discussion

Level of sediments contamination
Systematic investigation of PAH
contents in the Kola bay bottom sedi-
ments was  not carried out earlier.
Qualitative results obtained in this
study are presented in Table 3 and on
fig. 2.

PAH

Pe3yabTaThl H 06CyKIeHnE
Vposenw 3azpsaznenus ocadkos

CHCcTeMaTHYECKOTO  HM3YUYEHHUA
conepxxanus IIAY B NOHHBIX Ocagkax

Konsckoro 3anuBa paHE€Ee HE NIPOBOIU-

"nock. KomuuecTBeHHEIE PE3YNIBTATEHL,

IIONly4EHHbIE B 3TOM HCCIENOBAHHI
IpelcTaBiens B Tabn. 3 u Ha puc. 2.

Sampling stations

Puc. 2. Cymma ITAY B npobax noHHBIX ocazkoB Konbckoro 3anusa.

Fig. 2. Plot of total PAH levels in the Kola Bay sampling sites.

Total contents of PAH varied in
a very wide range ~80 ng-g‘l - ~7000
ng-g” (dry weight). High contamina-
tion levels were observed for the sedi-
ments samples on stations 2 and 3, lo-
cated on the port Murmansk area (7049
ng-g” and 4177 ng-g”™") and station 22,
located in the zone where old vessels
were sunk (6152 ng-g™'). These area$
are the most contaminated among all
investigated areas. One of the possible
explanation of these high contamina-
tion levels in these areas is discharge of
oil containing mixtures by the ships
contrary to the existing instructions.

Obmee conmepxanne 1IAY usme-
HAJIOCH B IIMPOKHX mpexenax or ~80
uer go ~7000 mrr' (cyxoit Bec).
Bricokue ypoBHH 3arps3HeHHI HaOIo-
Tanuch s o0pa3loB OTJIOXEHWH Ha
CTaHIMAX 2 U 3, HaXOOdUINXcs Ha ak-
BaTopuu mopTa Mypmanck (7049 aro!
u 4177 Bvrr ') u cranuuu 22, pacmnono-
KCHHOW B 30HE 3aTOIUIEHHS CTaphIX
cymoB (6152 urr'). OTH paifoHBI AB-
JIA0TC  Hambonee  3arps3sHEHHBIMH
cpenu BceX HMCCIEeIOBAaHHBIX yYacTKOB.
OnHO U3 BO3MOXHBIX OOBSICHEHHH BEI-
COKHX YPOBHEH 3arpsA3HEHHS STHX y4a-
CTKOB — 3TO CJIHMB He(TECOREPKAMIHX
cMecel cyJaMH, BOIPEKH CyIIecT-
BYIOIIAM HHCTPYKIHSIM.
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Vi3yuenne GHOTOMOB NPHOPEKHBIX IKOCUCTEM

Besides stations 2, 3 and 22 all
sediments samples were contaminated
in the range 80-3000 ng-g’l;. This level
corresponds to the discovered earlier
summary PAH contents in the
Pechenga bay in the south- east of the
Barents Sea (400-3200 ng-g™) [Savinov
et al., 2003]. In the investigated samples
the contents of such individual PAH as
benz(a)pyrene and perylene is higher
than in the bottom sediments in. the
North Norway fjords (10 ng-g™ and 50

ng- g"1 dry weight, respectively) [Stange
& Klungsgyr, 1997].

~ Upon the whole the quantitative
results obtained testify to the relatively
low PAH concentrations the average
value over the bay is 1966 ng‘g’l. This
value is quite comparable to the PAH
contamination level revealed by Savi-
nov et al. (2003) in the Pechenga bay

(1500 ng-g_l) and corresponds to the
level of weakly contaminated areas
[Molvaer et al., 1997; Soclo et al., 2000].
A large variability of the aro-
matic hydrocarbons concentrations
level in the Kola bay bottom sediments
might be explained partially by geo-
morphology and the impact of the sew-
erage entering from the urbanized areas
on the contamination level. The lowest
concentrations were found on station

26, located on the exit from the bay (X
PAH 206 ng'g'l), and on station 1 (X

PAH 79 ng~g'1), located in the area
where the Tuloma and the Kola rivers
flow into the Kola bay.

Kpome cramnmi 2, 3 u 22 Bce
00pa3nel 0cafKoB OBIIH 3arps3HEHHI B
muarazore 80-3000 ®urr~. Br0T ypo-
BEHb COOTBETCTBYET OOHapy>KeHHOMY
panee cymMMapHOMY coxepxanunio IIAY
B rybe Ileuenra Ha roro-Bocroke ba-
pennesa mopst (ot 400 mo 3200 mrr')
(Savinov et al., 2003). B uccnenoBan-
HBIX Ipo0ax COAEp)KaHHe TaKuX HHIH-
BUAyaleHbBIX [TAY, Kak 6enzo(a)nupeH
U IIEpHICH BEINIE, YEM B JOHHBIX OT-
noxeHnsax ¢guopnos Cepepnoii Hopse-
rau (10 Brr' m 50 HPT' cyxoro Beca
COOTBETCTBEHHO) [Stange and Klungspyr,
1997].

B ofmem, nony4eHHbIe KOMHYe-
CTBEHHEIE PE3yIBTATH yKAs3hIBAIOT HA
OTHOCHTENHEHO HEBBICOKHE KOHIEHTpa-
nuu [TAY; cpennee 3HaueHne no 3anu-
By-1966 mr-r'. DTa BenMuMHa corocTa-
BHMa C ypoBHeM 3arpssHeHus [IAY,
HalimenueM Savinov et al. (2003) B
ry6e Ileuenra (1500 urr™) u coorBet-
CTBYET YPOBHAM Ciab0 3arps3HEHHBIX
paitoHoB [Molvaer et al., 1997, Soclo et
al., 2000].

Bonpmoii pa3bpoc B ypoBHE
KOHLIEHTPAIlMH apOMaTHYECKUX YIJie-
BOJZIOPOJZIOB B JOHHEIX ocankax Koumb-
CKOT'O 3a7HBa MOJKHO OTYACTH 00BsiIC-
HHUTH reoMopONOTrHeH, a TakKe BIUI-
HHEM Ha YpOBEHb 3arpsA3HEHMsS MOCTY-
MAIOMUX CTOYHBIX BOA ypOaHM3MpO-
BaHHBIX palioHoB. HanGorxee Huskme
KOHIICHTpanuyu OBLIM  HaliieHBl Ha
CTaHIMH 26, pacloNIOKEHHOH Ha BEI-
xoze u3 3amuBa (ZIIAY 206 mror'), a
takoke Ha cragmyd 1 (SITAY 79 mrrh),
KOTOpast HAaXOAMTCS Ha YJYacTKe BIIaJe-
uua B Konbckuit 3amuB pex Tynoma u
Konmna. :
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HN3yuenye 61MOTONOB NPUOPEKHBIX 3KOCHCTEM

Identification of the sources of con-
tamination with PAH

Aromatic hydrocarbons distribu-
tion in the environment depends on the
character of the source of their entering
(chemical composition and temperature
regime of the organic matter combus-
tion) [Neff, 1979]. To differentiate PAH
as for their origin molecular indices
which are the concentrations of definite
individual congeners ratios might be
used [Colombo et al., 1989]. Identifica-
tion of PAH origin is made more diffi-
cult owing to the existence of a large
number of the sources of contarnination
and the availability of the transforma-
tion processes by which these com-
pounds might be subjected before en-
tering the bottom sediments being ana-
lyzed [Butlér & Crossley, 1981].

Interconnection between PAH con-
centrations

For the investigated spectrum of
the individual PAH the correlation co-
efficients between the values of their
concentration in the analyzed sample of
bottom sediments were determined
(Table 4).

Coefficients values might give
the information on the sources of origin
of hydrocarbons [Soclo et al., 2000].
Correlation coefficient calculated for

the Kola bay bottom sediments samples

Hoenmugurayua ucmounuxoe 3a-
epssuenus [IAY

Pacnpenenenne apoMaTHUeCKHX
COeUHEHNH B OKpyXXarollel cpene
3aBHCHT OT XapakTepa HCTOUHUKA HX
MOCTYIUICHHS. (XUMHYECKHI COCTaB H
TEMIIEPATYPHBIM pPEXUM CTOpaHHs Op-
ranpgyeckoro Bemectsa) (Neff, 1979).
s muddeperurpoBannus IIAY 1o
MPOUCXOKACHUI0 MOTYT  HCIOJB30-
BaThCS MOJEKYISpPHEIE WH/EKCHI, TpeX-
CTaBIAIONINE COOOH OTHOIIEHHs KOH-
LEHTpauri ONpPENCNIeHHEBIX WHANBHIY-
aNbHBIX KOHIMHEpOB [Colombo et al.,
1989]. WpeHTtudukamms IpOUCKOKIE-
aus ITAY 3arpynHsercs CyulecTBOBa-
HHeM GOIBIIOr0 KONHYECTBA MCTOYHH-
KOB 3arPs3HEHMS W HAIH4UEM IPOLEC-
COB InpeobGpa3oBaHUs, KOTOPBIM OTH
COENUHEHUS] MOTYT IOABEPraThCs Ie-
pen momajaHHEM B AaHAIH3HPYEMEIE
IOHHEBIE ~ OTJIOXKCHUA - [Butler and

Crossley, 1981].

Bzaumocesnze mescdy wxonyenmpa-
yusmu [IAY

Jns paccMaTpuBaeMoOro crexkIpa
vHIuBUAYyIbHEIX [IAY  ompenenunu
KOO(DOUIMEHTEl  KOPPEIALUH  MEXIY
BENMYMHAMH HX KOHIIEHTpAIWK B aHa-
NM3UpyeMol Tpobe JOHHBIX OTIOXKE-
Hu# (Tabn. 4). Bemuuunbr kosddunum-
€HTOB MOTYT JaTh uHbopManmio 00
HCTOYHHKE IIPOMCXOXKACHHUS YIIEBOJO-
ponoB [Soclo et al., 2000]. Koaddurm-
CHTHl KOPPEISIUKH, PaCCIATAHHBIEC IS
00pa3loB JNOHHEIX OTIOXKEHHH Koib-
CKOTO 3aJIHBa, JOCTATOYHO BBICOKHUE
(cpenmsia Bemmamna = 0.85). Xopo-
[Ias KOPPEIAIHs MEXAY KOHIICHTpa-
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W3ygenne 6uoTOIOB NPHOPEKHBIX IKOCHCTEM

are relatively high (average value .
0.85). A good correlation between con-
centrations of individual PAH presup-

poses a similar character and a small

number of sources of contamination of

the bay and the zones surrounding it. -

Quite probably this is connected with a
noticeable reducing of the number of

production activities working in this

area and reduction of the shipping in-
tensity during last several years.

For the investigated samples
were calculated the following ratios

between PAH concentrations: Phe/An,
LMW/HMW

Flt/Py,  Chry/BaA,
[(Acl+Ac+FIn+DBT+Phe+An+Flt+

- Py)/(BaA+Chry+BbF+BkF+BeP+BaP
+Per+Ipy+DBA+Bper)],  Per/ZPAH
and Per/(ZPAH;s). ZPAH; includes the
pentaaromatic compounds: Per, BeP,
BaP, DBA, BbF and BkF. These ratios
were used earlier for the estimation and

determination of the PAH origin in the

marine bottom sediments [Budzinski et
al., 1997; Benlahqen et al., 1997; Baumard
et al., 1998; Soclo et al., 2000].

Sources of contamination with PAH

in the investigated areas o
Difference in the physic- chemi-
cal properties in 2 structural isomers of
phenanthrene and anthracene lead to
the fact that during the entrance into the
environment behave differently This is
reflected on the value of the ratio
Phe/An, the analysis of which might
give the information as for the PAH
origin [Gschweng & Hites, 1981]. "Sig-

- ICHTAaapOMAaTHICCKHC

. OTHOLICHHA

UAMHA I/IHIH/IBI/IIIyaJILHHX TTAY mnpen-
[OJIaraeT CXOJHBIM XapakTep W He- -

.6OHI>H_IOC KOJIHYCCTBO HMCTOYHHUKOB 3a-

IPA3HEHMS 3aIMBa U OKPYXKAIOLIHX €ro
30H. ITo BCe#l BHAMMOCTH, 9TO CBSI3aHO

- C 3aMETHBIM COKpaI€HUEM YHCIIa JIeH-

CTBYIOIIUX B 3TOM paiOHE IpOH3-
BOJICTB M YMEHBIICHHEM HHTEHCHBHO-
CTH CYHOXOACTBA B IIOCIICAHHE He-
CKOJIBKO TIET. -

- Jins uccnemoBaHHEIX 00pasmoB
HaMy OBUIH BBEIYHCICHBI CIIELYIOUHE
OTHOLIEHHS MEX[y KOHLEHTPAlHAMH
ITAY: Phe/An, Flt/Py, Chry/BaA,
LMW/HMW _
(Acl+Ac+FIn+DBT+Phe+An-+Flt+Py/

* BaA+Chry+BbF+BkF+BeP+BaP+Per+

Ipy+DBA+Bper), Per/ZIIAY " m
Per/(ZITAY ;). XITAY s BKitouaetT B ceds
COCIUHEHHUS:
Per, BeP, BaP, DBA, BbF u BkF. Otu
’ KCIIONIB30BAIUCH  paHee
JUIA OLCHKH M ONpPEJENeHNs HPOHCXO-
xnenus IJAY B MOpCKMX HOHHBIX OT-
JMOXEHUSX [Budzinski et al, 1997,
Benlahcen et al., 1997, Baumard et al.,
1998; Soclo et al., 2000].

Hcemounuku 3azpasnenus [IAY  uc-
CNIe00BAHHBIX YHACHMKO8

Pasmuune  QU3MKO-XHUMHUECKUX
CBOHCTB y JBYX CTPYKTYPHBEIX H30Me-
pOB (eHaHTpeHa W aHTpaleHa MPHBO-
JUT X TOMY, YTO IPH NOMNaJaHHU B OK-
PY>Karomyro cpefy OHH BeHyT cebs 1mo-
pasHoMy. DTO OTpaKaeTcs Ha BEIHYH-
He oTHoleHHs Phe/An, aHamn3 KoTo-
pPOTO MOXET JIAThH HH(bopMaumo OTHO-
CHTENBHO  TpoHcxoxnenms  ITAY
[Gschweng and Hites, 1981]. 3nauntelns-
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Usyuenne GHOTOMOB MPUBPEIKHBIX IKOCHCTEM

nificant exceeding of the phenanthrene
contents level over its isomers anthra-
- cene is typical for the contamination
with oil pr’od.ucts [Soclo et al., 2000].
Phenanthrene is more stable termo-
dynamically than anthracene. Ratio
Phe/An value is higher in case of con-
tamination with PAH which are formed
.as the result of slow ripening of the
organic matter in conditions of gradient
change of geochemical parameters
75_‘(petrogenous PAH), than in case of
contamination with PAH which are
formed as the result of pyrolysis proc-
esses (pyrolysis PAH). On the basis of
the correlation coefficient value be-
‘tween concentrations of phenanthrene
and anthracene (#* = 0.71) it is possible
to speak in the bottom sediments of
PAH of both: pyrolysis and petroge-
nous origin.
 Fluoranthene and pyrene are also
discussed during the natural matrices
analyses as the products of high tem-
perature condensation of low molecular
aromatic compounds. A high correla-
tion coefficient (* = 0.99) between
these two PAH points out to the origin
- of one of the sources independent on
the sampling area.
Chrysene and benz(a)anthracehe
producing as the result of the organic

HOE MPEBBINICHHE YPOBHS COAEPXKaHHA
(eHaHTpEHA HAJl €TO U30MEPOM, aHTpa-
IIEHOM - XapaKTepHO I 3arpsA3HCHHA
HedTenponykramu [Soclo et al., 2000].
deHanTpeH TepMOAUHAMUYECKH Oosee
YCTOHYHUB, YeM aHTpaleH. Bennumza
oTHOMIEHNA .Phe/An BBIIE B chydae
sarpsisHennst [1AY, koropsie o6pa3o-
BQIMCh B PE3yNbTaTe MEMIEHHOTO CO-
3peBaHMs OPraHMYECKOTO BEIIECTBA B
YCHOBHAX TPAagUEHTHOTO H3MEHEHUSA

TEOXMMHMYECKHX IapaMeTpoB (meTpo-

rensle [IAY), yeM B ciydae 3arpss-
nenua [TAY, kotoprie 06pa3oBanuce B
pe3yibpTaTe NHPOJUTUYECKHX IIpOLiec-
cop (nuponurmdeckue 1IAY). Ha oc-
HOBE BEJIUYMHLI KOPPENAUNHU MEXIY
KOHLEHTpalusMH (peHAaHTpeHa U aH-
Tpanena (¥ = 0.71) MOXHO TOBOPHTH O
IPUCYTCTBHH B IOHHBIX ocamkax ITAY
KaK MHPOIUTHYECKOTO, TAK M TIETPO-
T'CHHOTO IIPOUCXOXKACHHSL. |

@dnyopaHnTeH W THpEH TaKXke
paccMaTpHBaiOTCs BO' BpeMs aHaIH3a
OPUPOMHEIX . MATPHL, KaK IPOXYKTEI
BBICOKOTEMIIEPATYPHOH KOHEHCALUA
HH3KOMOJIEKYJIIPHEIX ~apPOMaTHYECKHX
coenuHeHUH. Bpicokuit xoaddumueHt
xoppemsitun (¥ = 0.99) Mexay sTEMHA
neyms ITAY ykazeieaer Ha HX TIpoMC-
XOXEHHUE U3 OJHOTO MCTOYHUKA He3a-
BUCHMO OT y4acTka oTbopa mpob.

- XpuseH  u 6en3(a)anTtparies,
OPONyLHpPYEMEIE - B pe3yNbTaTre IIpo-
LIECCOB CTOPaHMs OPraHMYECKOro Be-
IECTBA IpPH BBICOKOM Temmeparype,
HMEIOT BEJIHYUHY OTHOIIECHUS
Chry/BaA wmenbme 1 [Soclo et al,
2000]. HanpoTu, MeAneHHOE CO3peBa-
HHE OpPTraHMYecKOro BEILECTBA IPHUBO-




H3ygenre 6uoTONOB MPHOPEXHBIX SKOCHCTEM

matter combustion at high temperature,
have the value of ratio Chry/BaA less
than 1 [Soclo et al., 2000]. On the con-
trary, a slow ripening of the organic
matter leads to the change of this ten-
dency: Chry/BaA 2 1. In this case
benz(a)anthracene is less stable and
might be transferred into chrysene [So-
clo et al., 2000].

As the major criterion of PAH
origin in the Kola bay bottom sedi-
ments the ratio LMW/HMW (the con-
centration sum of low- molecular PAH
to the concentration sum of high mo-
lecular PAH) (Fig. 3) was selected. Se-
lection of this index of origin is based
on the fact than petrogenous contami-
nation is characterized by the domi-
nance of low- molecular PAH (tri and
tetraaromatic compounds) [Neff, 1979;
Berner et al., 1990], whereas the high-
molecular PAH prevail in the contami-
nations caused by pyrolysis processes
[Muel & Saguem, 1985].

LMW/HMW

1234567 8910111213 14151617 18192021 22 23 24 2526

JUT K HU3MCHEHHIO O3TOM TeHJCHIINU:
Chry/BaA > 1. B ostom cimyuae
Oenz(a)anTpanieH MeHee YCTOHUMB W
MOXET IIEPEXOJUTh B XpU3eH. [Soclo et
al., 2000].

B xagecTBe OCHOBHOTO KpHTEpHUS

npoucxoxaeaus IIAY B nonneIx ocan-
kax Kosbckoro 3anMBa HCIONB30BAIH
otnomresne LMW/HMW (cymma KOH-
LEHTpalui HU3KOMOJIEKYIApHBIX [TAY
K CyMMe KOHIIEHTpaluil BBICOKOMOJIE-
Kyisipuslx [TAY) (puc. 3). Beibop 310-
ro WHAEKCA NPOUCXOXICHHUS OCHOBAaH
Ha TOM (akTe, 4TO IETPOTCHHOE 3a-
TPA3HEHHE XapaKTepU3yeTcsi TI'OCHOI-
[HAY
(Tpu- M TETPaapOMAaTHYECKUX COEIH-
HeHuit) [Neff; 1979; Berner et al., 1990), B

TO BpEMA KaK BBICOKOMOJICKYJISAPHBIC

CTBOM HHU3KOMOJICKYISIPHBIX

I[TAY poMuHHpYIOT B 3arps3HCHHIX,

BBI3BAHHBLIX IIPOTCKAHUEM ITUPOJIUTH-

YecKuX mnporieccoB [Muel and Saguem,
1985].

Sarmpling stations

Puc. 3. OTHODICHHE CYyMMBI COACPYKAHIA HAZKOMOJEKY LIPHLIX ITAY K cymmMe comepixaHn
BBICOKOMOJIEKY IApHbIX TTAY s uccieJ0BaHHbIX 00pasnoB JOBHBIX OTJIOMKEHIH.
Fig. 3. Plot of sum of lower molecular weight PAH concentrations versus sum of higher
molecular weight PAH concentrations for studied sanples.
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For the majority of the stations
the value of ratio LMW/HMW (Fig. 3)
less than 1 (is in the range 0.63 and
0.97), which testifies to the PAH for-
mation as the result of the organic raw
combustion. Only in the sediment sam-
ple on station 15 (fairway of the bay)
the ratio LMW/HMW is 1.26 (preva-
lence of petrogenous PAH).
~ On fig. 4 there presented mo-
lecular indices Phe/An (ratio phenan-
threne concentration to anthracene con-
centration), Flt/Py (fluoranthene con-
centration to the pyrene concentration)
and Chry/BaA (chrysene concentration
to the benz(a)anthracene concentra-
tion). Majority of the investigated bot-
tom sediments samples is characterized
by characterized by the value Phe/An<

10 and the value Flit/Py=1, which is

IOns CONpIIHHCTBA CTaHUUH Be-
myuHa otHomerus LMW/HMW (puc.
3) wmenbme 1 (3HaueHHS HaXOOSTCSH
mexay 0.63 u 0.97), uto ykasniBaer Ha
obpazoBanue [TAY B pesynpraTe cro-
paHusA OpPTraHHYEeCKOTo CHIPhS. TONBKO
B mpobe ocanka Ha craHmuH 15 (dap-
BaTep 3aJIMBA) OTHOIIIEHHE
LMW/HMW cocraBnser 1.26 (ripeo6-
JiagaHue neTporeHHeIx ITAY).

Ha puc. 4 mpusegeHB! MOJIEKY-
JisipHele HHAEKCH Phe/An (OTHOLIEHHE
KOHIIEHTpaluy (eHaHTpeHa K KOHIEeH-
Tpamwu aHTpanesa), Flt/Py (ormomie-
HUE KOHLEHTpauuM (yopaHTeHa K
KoHneHTparuu nupena) u Chry/BaA
(oTHOmIEHNE KOHUEHTPAWMH XPU3EHA K
KOHLICHTPAITHI Oenz(a)anTparena).
BonpImIMHCTBO HCCIEOBAHHEIX NPO0
JIOHHBIX OCaJKOB XapaKTEepH3yeTcs Be-
muurHOH Phe/An<10 w BemwuuHOMH
Flt/Py=1, uro xapaxtepuo mia ITAY

i IMUPOJIMTHUCCKOTO MIPOUCXOXKACHUA
typical for the PAH of the pyrolysis [Baumard et al., 1998].
origin [Baumard et al., 1998].
< 12 ( m Phe/An A FlPy O Chry/BaA 7
2 1 4 |
)
5 10 L]
= 9
& 8 L
i
$o1]. . -
E 5 : " n Ll u Ll n n n
n [ |
4 "
3
. |
1$922822889202nggggooggogﬁ
0 v T T T T T T T T T T T T T T T T T 1 T T T T T
1 23456 7 8 910111213 1415 16 17 18 19 20 21 22 23 24 25 26

Sampling stations

Puc. 4. Monexynapusie uanexcst Phe/An, Flt/Py and Chry/BaA mis HCCe10BaHHbIX
00pa3IoB NOHHEBIX OTIOMXEHHH.

Fig. 4. Plot of the isomeric ratios Phe/An, Flt/Py and Chry/BaA for the studied samples.
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Value of the Chry/BaA ratio in
all samples is more than 1, which con-
firms the presence in the bottom sedi-
ments of PAH not only of pyrolysis but
also of the petrogenous origin. Several
stations are characterized by the avail-
ability of indices the origin of which
are on the boundary between pyrolysis
and petrogenous contamination “zones”
(FIt/Py = 1 or Phe/An = 10). Based on
the ration Chry/BaA, it is possible to

suppose that contamination of these

areas with PAH is to the greater degree
of the petrogenous than of pyrolysis
character (stations 6, 11, 13 and 26).

Perylene origin
Perylene concentrations in the
investigated areas are in the range 3-

193 ng- g_l. The highest concentrations

(exceeding 100 ng-g’l) were found on

the port Murmansk area (stations 2, 3
and 5) and in the Tyuva bay mouth
(station 22). Relative perylene concen-
trations are 2-7 % from the total
amount of PAH. Comparatively high
correlation coefficient between pery-
lene contents and other PAH (average
value P = 0.88) proves that perylene
formation in the Kola bay bottom
sediments is also a consequence of the
anthropogenic activity but not of the
natural processes in the upper layer of

Benuuuna OTHOIIECHUS
Chry/BaA Bo Bcex mpobax Gompme 1,
YTO TOATBEPXJAET IPHCYTCTBHE B
JOHHBIX ocaakax IIAY He Tonpko NH-
POTMTHYECKOTO, HO U IETPOTEHHOTO
DpoucXokaeHnd. HekoTopsle cTaHIUH
XapaKTepU3YIOTCA HATHIHEM HHACKCOB
MIPOUCXOXKICHUS, KOTOphle HaxXONATCs
Ha IpaHUIle MEXIy IHPONUTHICCKOH H
NETPOTECHHOM “3oHaME” 3arpsi3HEHHUA

(FIt/Py = 1 wim Phe/An = 10). Opuen-

THpysch Ha otHomenue Chry/BaA,
MOXKHO TIPETIONOKUTh, YTO 3arpsA3He-
HHe atux ydactkoB ITAY Hocur B
Oonblieil CTENEHW NETPOTEHHEIH, deM
MAPUIATHIECKUI Xapakrep (CTaHIHU
6,11, 13 u 26).

Ipoucxooicdenue nepunena

KoHuenTpanuy nepuieHa B HC-
CIICMOBAaHHEIX O0paslax HaxomsATcsd B
nuanasose 3-193 mr-r'. CaMele BEICO-
KHe KOHIeHTparuu (cBeime 100 Hrr)
ObUTH HaWJEHBl Ha aKBaTOPHH TIOPTa
Mypmanck (ctanupm 2, 3 u 5) u B
ycrbe TyOs! TroBa (crannus 22). OTHo-
CUTENBHEIE KOHI[CHTPALMU MepuieHa
coctansioT 2-7 % ot obmero xonuye-
ctBa ITAY. JlocTaTOYHO BEICOKHH KO-
9pduunEeHT KOppensuuu MexXmy Co-
IepxkanneM nepuiiena u npyrux [HAY
(cpemuss Bemwumna r* = 0.88) cBuze-
TENBCTBYET, U4TO 0Opa3oBaHHE ICpUIIe-
Ha B JOHHBIX ocaakax Konbckoro 3a-
TIMBa, TAKXe SBISAETCS CIECICTBHEM aH-
TPONOreHHOH NEeATENFHOCTH, a He pe-
3yJIBTATOM €CTECTBEHHEIX IIPOLIECCOB B
BEPXHEM CJI0€ 3eMHOU KOpH! [ Venkatsen,

- 1988]. OTOT BEIBOX MOATBEPIKAACTCH

CPaBHEHHEM OTHOWIEHUI KOHLEHTpa-
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the crust [Venkatsen, 1988]. This conclu-
sion is confirmed by the comparison of
the perylene concentrations to the total
sum of PAH and to the sum of pen-
taaromatic PAH on all the sampling
stations. These ratios are presented on
fig. 5. Dependencies obtained have one
and the same' tendency. It might be
supposed that the perylene formation
occurs mainly due to the organic matter
combustion.

IHY IepuieHa kK obmed cymme IIAY u
K CyMMe KOHIIEHTpaldi IeHTaapoMa-
TugeckHx ITAY Ha BCeX CTaHLMAX OT-
fopa npol. Januble OTHOIIEHUS Npen-
cTaBieHB! Ha puc. 5. IlomydeHHEIE 3a-
BUCHMOCTH HMEIOT OJHY TEHICHIHIO.
MOXHO NpeamonoXuTs, 49T0 (GOpMU-
poBaHHe n'epHneHa HIET, TTaBHBIM 00-
pasoM, 3a CYET CropaHust OpraHUYeCcKO-
T'O BEILECTRA.

30
[ E—

l Il Per/Penta-aromatics

EJ Per/Total PAH

25

20

Y
o

Perylene relative Concentrations (%)
N
w [4)]
4| .t

012'3455'78£?L‘ !

Sampling stations

Puc. 5. OtnocurenpHele conepskanns repuieHa [Per/Z(TTAYs) u Per/ZPAH]
B HCCJIEAOBAHHBIX 00pa3liax JOHHBIX OTIIOXKEHUH.

Fig. 5. Plot of relative concentration of perylene [Per/E(ITAY ) and Per/ZPAH]
Against the sampling station.

Thus, on the basis of the data ob-
tained the Kola bay as for the bottom
sediments level of contamination with
PAH is referred to the weakly areas
except several moderately contami-
nated areas.

PAH of the Kola bay bottom
sediments are mainly the products of
the incomplete combustion at high

Taxum, 06pa3oM, Ha OCHOBAHKH
[IOJy4YeHHBIX NaHHBIX KOnbCKHi 3amuB
II0 YpOBHIO 3arps3HeHus [TAY noHHBIX
OCaJIKOB OTHOCHTCA K CIa603arps3HeH-
HBIM palioHaM, 3a WCKIIOUCHHEM He-
CKOJIBKMX YMEPEHHO 3arps3HEHHBIX
Y9acTKOB. ,

. HAY nonnpix ocanxoB Komnb-
CKOr'O 3aluBa fABMISIOTCA, TIABHEIM 00-
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temperatures of both: liquid and solid
organic matters. Crude oil and oil
products entering the bay waters make
their contribution into the contamina-
tion with polyaromatic hydrocarbons.
We thank the technical personal of
the “Environmental Harmony Evolution
Fund” and particularly Mr Vladimir Bak-

harev, for their technical help in sediment

samplings in Kola Bay.
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Poceuniicknin rocynapcTeeHHbIN
MOpPOMETEOPONOrMYECKIIA YHUBEPCUTET

3a IepHOx TPOBENCHMSA OKCIIE-
JUIMOHHEIX paboT B BepmimHe Kannma-
JIAKIICKOro 3anuea B nrone 2002 r. Oxl-

Over the period of implementa-
tion of the expedition to the head of the
Kandalaksha Gulf in July 2002, a re-

. JIO TIPOBEHNEHO PEKOTHOCIHPOBOUYHOE
connaissance survey was conducted on
ofcnexoBanme OCTPOBOB Psikos

the Islands of Ryashkov and Lodeiny TloReiiHEt, HAXOXAIIAXCS HA TEPPHTO-

located on the terrain of the Kandalak-

sha State Nature Reserve.

puz KaHJanakmckoro rocynapcTBen-
HOTO TIPUPOJHOTO 3aIIOBEIHMKA.
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1. Ryashkov Island

Ryashkov Island is located in the
Kandalaksha Gulf of the White Sea and
belongs to islands of tectonic origin.
Table 1 presents the morphometric
characteristics of the island. Its surface
is covered with moss, grass, bush and
coniferous and deciduous trees.

1. Octpos Pamkos

O. PamxoB Haxomutcs B KaHpna-
JIAKIICKOM 3aIuBe Bexoro Mops u oOT-
HOCHTCS K OCTPOBaM TEKTOHUIECKOTO
npoucxoxaesus. B Tabn. 1 mpemcras-
neHsl MOpHOMETPUYUECKIe XapaKIepH-
CTHKH OCTpPOBA.

Ta6auna 1. MopdomeTpudeckre XapakTEpUCTHKH 0. PAIIkoB
Table 1. Morphometric characteristics of Ryashkov Island

XapaKTepucTukn ocTpoBa
1 €ro NpuBpexXHoit 30HbI Mnowaas, ra
Characteristics of the island Area. ha
and its coastal zone ’

O. PsmikoB 402.5
Ryashkov Island
IpnuBo-OTIUBHASL 30HA 863
Tideland
Jlutopans 78.6
Littoral zone
CybauTopans 176.4
Sublittoral zone

In places, the surface is swampy.
The basic object of our investigation
was the hydrographic network of the
island, made up by a lake and two
brooks flowing into the sea (Fig. 1).
The research showed that the flow rate
of the Southern Brook, as of
09.07.2002, was 1.5 I/s, and that of the
Northern Brook, 0.1 I/s. Lake Mert-
voye, located on the island, is in a de-
pression that had appeared as a result of
non-uniform movement of a glacier
moraine. The lake is shallow; there are
oozy deposits of allochthonous and

IToBepxHOCTH OCTPOBA IMOKPHITA
MXaMH, TpaBOH, KyCTapHHKOM W XBOH-
HO-NIMCTBEHHBIMH JepeBbaMH. MecTa-
MH TIOBEPXHOCTH 3abonodeHa. OCHOB-
HBIM OOBEKTOM HAIEero HCCIENOBAHMS
ObL1a rugporpadHuecKast CeTh OCTPOBA,
MpEICTaBIeHHAs O03¢pOM M ABYMs

pPy4bsAMH, BIAJAIOMUMH B Mope (pHuC.

1). B peaynsTaTe npou3BeNeHHOTO 00~
CIeNoBanusl OBUIO- yCTAHOBIEHO, YTO
pacxon pyubs “FOxuerit” wa 09.07.02
cocraBmsn 1.5 n/c, a pydps “Cesep-
Helid” — 0.1 n/c. Haxomsamieecss Ha ocT-
poBe 03epo “MepTBoE”, pacrnoIoKeHO
BO BIaJHMHE, BO3HUKIIEH B pe3ylbTaTe
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Puc. 1. Octpos Psukos.
Fig. 1. Ryashkov Island.

autochthonous origin on its bottom, i.e.
the deposits that got into the depression
from outside and collected in the water

body. Their depth is 250-300 cm. The
shores of the lake are swampy. No zoo-.
or phytoplankton were visually ob-
served in the lake water. The lake is
presumably recharged by exfrusion of

ground waters through minute cracks

HEPaBHOMEPHOTO pPacNpeneNeHus Jea-
HHKOBOM MOpeHBI. O3€p0 MEIKOBOJI-
HOe, Ha JTHEe HaXOJITCs MIICTHIE OTIIO-
JEHHS AIOXTOHHOTO H ABTOXTOHHOTO

TIPOMCXOKIEHHS, T.€. TIOTABIIHE B KOT-

JIOBHHY U3BHE U HAaKOIMBIIEECS BOJO-

eme. lIx momuocts 250-300 cMm. Bepe-

ra osepa 3a60JOYEHEL. 300- 1 duro-

IUTaHKTOH B BOJAX 03epa BU3yaJLHO HE
3a()HKCHPOBAHEL.

—

HpCI[HOJIO)KI/ITeJILHO
IMATAaHHE ~03€pa OCYHICCTBIIACTCA BBI-




HN3ydenne GHOTONOB NPHOPEKHBIX IKOCHCTEM

in the rock, as well as surface rainfall
runoff. In the latter case, the discharge
of the lake is effected by seepage of
water through the subsoil surround-
ing it.

Water samples were taken in or-
der to obtain information on the hydro-
chemical condition of the above water
bodies (Table 2). Using the techniques
available in our field conditions, we
determined pH, as well as the silicon
(Si) and phosphate (PO4) concentra-
tions.

JABIMBAHHEM TPYHTOBBIX BOJ Yepe3
MHKPOTPEIIIMHEL  CYIIECTBYIOIIHKE B
CKaMBHBIX TIOPOJAX, a TaK XKe MOBEpX-
HOCTHBIM JOXXIEBEIM CTOKOM. Pasrpys-
Ka 03epa TP 3TOM TPOUCKOAUT IIyTEM
GHIIBTPALUH BOAEI Uepe3 OKPYIKAIOIINE
€r0 NOYBO-TPYHTEL.

C mensio MONyYeHUs HpencTaB-
JICHUS. O THAPOXMMUIESCKOM COCTOSHHUHM
BBHIIIICHA3BAHHEIX OOBEKTOB OBLIM OTO-
Opaubsl TpoOBl Ha aHanmuz (Tabi. 2).
JoCTymHBIMU ISt HAIlIUX MOJIEBBIX YC-
noBuit cpepctBamu omnpenersuiucs pH
¥ KOHIEHTpamus kpeMHus (Si) u ¢oc-
daros (POy4). '

Ta6auna. 2. Pe3ypraTel THIPOXUMHUYECKOTO aHAIN3a
Table 2. Results of hydrochemical analysis

n':?éi, HasBaHue obbekTa pH ( S/i ) (P(%)
i MI/JL MI/a1
Sample No Néme of the object s | (gD
O3. MeptBoe )
1
Lake Mertvoye 6.15 | 39.90 | 4.50
p. IOxH®IH
2
Southern Brook 7.06 | 235.0 | 3.30
3 p. CeBepHblit 570 | 2063 | 481

Northern Brook

Based ‘of the obtained results,
some conclusions can be made. The
Southern Brook has neutral medium.
This is caused by sand and fragmenta-
tion rocks that form the channel and
neutralize the acidified water. In the
lake and the Northern Brook, a mildly
acid medium is observed, formed due

to the high degree of swampiness of the

Ha ocHOBaHWM MONyYEHHBIX. pe-
3YJIBTATOB MOKHO CHAENATh HEKOTOPEIC
BBIBOIBL Pyueit FOxHBIM uMeer Heii-
TPanbHYI0 Cpeny. DTO BHI3BAHO TEM,
YTO PYCIIO Py4bs CIOXKEHO NECYaHBIMU
H OCKOJIOYHBEIMH TOPHEIMH IIOPOJaM¥,
KOTOpBEIe HEHTPaM3yIOT IOJKUCIICH-
Hy10 Boay. B o3epe u B CeBepHOM py-
gne HaOnronaeTcs cinabo Kucias cpesa,
chopMHpOBABIIIASACS U3-32 CHILHOMN 3a-
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adjacent terrain. ‘The low: silicon con-
centrations in the lake fesult from the
fact that the thick strata of oozy depos-
its at the bottom hinder contact of the

water mass with the rocks being the

basic supplier of silicon. The concen-
tration of silicon in the brooks is typical
of the region; there is an insignificant
excess over MAC. The phosphate con-
centration does not exceed MAC.

further
observations of Lake Mertvoye water-

To organize regime

levels, a gauging station has been
set up.

2. Lodeiny Island

Lodeiny Island is also located on

the terrain of the Kandalaksha Reserve

and belongs to islands of tectonic ori-
gin. Its morphometric characteristics
are shown in Table 3, Figure 2.

The relief of the island is rocks
covered with moss and shrub. The trees
are coniferous and deciduous.

There are five lakes of tectonic
origin on the island which are a place
of the waterfowl concentration. The
reconnaissance survey of the island
conducted by us has shown that the
lakes on it are hydraulically linked
among themselves through groundwa-
ter and are drained by the sea, which is
indicated by the salty taste of the water

GOJIOUEHHOCTH HpHIEraromell K HHAM
Teppuropun.  Manoe  copepxkaHHe
KPEMHHS B 03€pE SBIAETCA CITE/ICTBHEM
TOrO, YTO MOIIHEIE CIIOH HIHCTBIX OT-
JIOKEHMM Ha [HE NpPENSTCTBYIOT KOH-
TAKTY BOXHOHW MAacCH CO CKAIBHBIMH
MOPOZaMH, SBIAIOMIUMUCST OCHOBHEIM
MOCTaBIMUKOM KpeMuusa. KoHIeHTpa-
U KPEMHHS B PYYbSX THIUYHA OIS
3TOTO PETHOHA, HMEITCS HEe3HAuH-
tenshele npesbimenus I1JJK. Copep-
»kaHue (ochaToB He BHIXOJHUT 33 PaM-
KM TpERETbHO IONYCTHMBIX KOHIIEH-
Tparui.

Jns opraHH3anyy JadbHEHIINX
PEKUMHEIX HaOIIONeHMH 3a ypOBHEM
BOOEl Ha- 03. MepTBOoe OBUT OTKPHIT
BOJIOMEPHBIH ITOCT.

2, Octpos Jloaeinbii

O. JlomeiHsIit TaKKe pacnoio-
KEH Ha JTHTOPATHHOH 30HE HA TEPpH-
Top}m» Kananaxnmckoro 3aroBeHHUKa
¥ OTHOCHTCH 'K OCTPOBAM TEKTOHHYE-
CKOT'O TIPOMCXOX/ICHHS, ero Mopgoo-
THYECKUE XapaKTCPUCTHKH IPEJCTaB-
JIeHHI B Ta01. 3, puc. 2.
_ Pensedp ocTpoBa — CKAIHCTHIE
MIOPOJIBI, TOKPBITEIE MXOM M KyCTapHH-
KOBOH  pacTUTENBHOCTHIO. JlepeBhs

‘ XBOWHBIE H JTHCTBCHHEIE,

Ha ocTtpoBe umeercs MmATH 03€p
TEKTOHHYECKOTO TIPOUCXONKACHUS, KO-
TOpHIE SBIAIOTCS MECTOM KOHLEHTpa-
LM BOXOMJABAIOMIMX ©Tum. [Ipose-
IEHHOE HaMH pPEKOTHOCIHPOBOYHOE
00cCIIefoOBaHHE OCTPOBA IOKA3aJl0, YTO
HaxOJAIHKeCs Ha HeM o3epa THIPaBiId-
YEeCKH CBS3aHBl MexIy co0oi wuepes
TPYHTOBbBIE BOJBI M JPEHHPYIOTCS MO-
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Vzyuenne 6HOTONOB NPHOPEKHEIX SKOCHCTEM

from the samples taken in Lakes Babye PEM, O UeM TOBOPHUT COJIOHOBATEIM BKYC
BOIBI U3 mpo0, B3ATHIX Ha o3epax “Ba-

More, Pityevoye and others.
6be mope”, “IlutpeBoe” 1 Ap.

Ta6auna 3. Mopdomerpudeckue XxapakTepucTHKY 0. JIoneHHbIi
Table 3. Morphometric characteristics of Lodeiny Island

XapakTepucTuKu ocTpoBa

U ero NpuUBPEXHOI 30HbI Nnowaas, ra
Characteristics of the island Area ha
and its- coastal zone ’
O. Jlonetinsiit : 92.0
Lodeiny Island
JIuropans ' 160.0
Littoral zone
CyGnutopaib 48.0
Sublittoral zone
nyaa MNepeas Adanacka - ) M. Hein-Hasonox ) . , ‘\@
c‘pé., :

nypa Uein-nysa 7%
3 y 8 Iv"! N ) N
M. erHblll}Q\,

\ ,~ ¥ )
.‘- .&_ ‘\ i\"
c;)BonbLuaﬂ Hemenuxa
N \..._-S

.
®

Puc. 2. Ocrpor JloneHHsIH.
Fig. 2. Lodeiny Island.
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W3yuenne GHOTOIOB IPHOPEIKHBIX Y9KOCHCTEM

Based on the data of the survey,
a hypothesis was put forward about a
drainage connection between Lakes
Babye More and Pityevoye. The direc-
tion of the drainage is hardly notice-

able. However, in the coastal zone of

Lake Babye More, which is probably .

the source of the drainage, increased
turbidity of the water is recorded (ac-
30-50

this is caused by

cording to experts’ opinions,
mg/l). Presumably,
organic matters washed out from the
soil by underground currents from Lake
Pityevoye. Indirect evidence for this
conclusion is the observed fact of de-
creased water turbidity away from the
probable drainage direction toward the
depths of the lake.

The results of chemical analyses
of the samples taken in the lakes on
Lodeiny Island (Table 4) have shown
that the Si and PO, concentrations are
typical of the insular lakes of the Kan-
dalaksha Gulf, and are accounted for by
screening of the rocks (being the sili-
con suppliers) with rather thick layers
of bottom sediments. The pH value in
the lakes is close to neutral, with the
exception of Lake Babye More, where
the waters are slightly alkaline, which
seems to be caused by intrusion of
seawater into the lake.

ITo naHHBIM OOCIEIOBaHHA cie-
JAaHO TPEANOIIOKEHHE O IPEHAKHOU
CBA3M Mexnay olepamu “TINThEBEIM” U
“babre mMope”. Hanpapnenue IpeHaxka
cmabo BepaxeHo. OmHako, Ha o3epe
“babre Mope” B TIpHOpEXHOH 30HE, CO
CTOPOHBI KOTOPOH BO3MOXHO IIPOHC-
XOIWT ApeHaxX, 3aQUKCHpOBaHA IIOBHI-
[IeHHast MYTHOCTH BOJBI (PKCIEPTHO
30-50 mr/m). TIpeAnoioXXHUTENEHO 3TO
OpraHMYECKHe BEIUECTBA, BLIMEIBAE-
MBIE H3 TPYHTOB IIOA3CMHBIMH Tede-
HHUSAMH CO CTOpOHEI o3epa “IlureeBoe”.
KOCBEHHEIM TIONTBEPXKACHHEM 3TOTO
BBIBOMA SABJAETCA 3a(UKCHPOBAaHHOE
(BH3yaqBHO) YMEHBIICHHE MYTHOCTH
BOZBI OT IPEIIIONIaraeéMoro HampaBlie-
HUS JpeHaXka B TIIyOb o3epa.

Pe3ynpTaThl XUMHUIECKUX aHAIH-

'30B Ipo0, 0TOOpaHHEIX B 03€pax Ha O.

Jlopeiuenii (Tabn. 4) mokasamm, YTO
KOHIEeHTpaIwmst Si 1 PO, THIIMYHEL IS
ocTpoBHBEIX 03ep Kanpanakmckoro 3a-
IMBa U OOBACHAIOTCS SKPaHHPOBaHUEM
CKaJIMCTHIX

mopoJ  (IOCTAaBIIMKOB

KPEMHHA)  JOCTAaTOYHO  MOILHBIMH
CIIOSIMU JOHHBIX OTJIOXEeHUH. Bennuun-
Ha BOJOPOIHOIO IIOKa3aTens B 03epax
61M3Ka K HEHTpalbHOMY, 38 HCKIIOYe-
HHeM 03. babbe Mope, rue Bome! crabo
IIENIOYHBIE, YTO, IO-BHIAMMOMY, 00y-
CJIOBJIEHO IIPOHUKHOBEHHEM B 03€epo

MOPCKOH BOJIBL
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Ta6auna. 4. Pe3ynbTaTel THIPOXHMHUYECKOTO aHANH3A
Table 4. Results of hydrochemical analysis

ngi"éil HazsaHue 06b§vcra pH (M?“;n) (583)
Sotro No Narme of the object (mg/l) | (mg/h
B |10 1] s
) I();,k]zalgz; ;Oll\)/fore 9.54 | 4897 | 3.90
5| Late Promerhutontmge | 720 | 3748 | 480
o |raoonee | o 10| 0

YK 551.462 (210.5)

XapakrepHele 4epThl reoMop(oJI0rHIecKoro crpoeHus: 6eperos
ryon1 IankuHa

Characteristic Features of Geomorphological Structure
of the Palkin Bay Shore

Ye. V. Kastornaya,
P. P. Provotorov

Russian State
Hydrometeorological University

In order to rationally use the re-
sources of Palkin Bay, as those of any
other water body, it is necessary to
conduct a careful study of its coastal
zone, its landward boundary being de-
fined by activity of tides and wind
waves. The purpose of the present pa-
per is description of the basic features
of the geomorphological structure of its
shores. At the first stage, the following

E. B. Kacmopnas,
11. 11. Ilpoeomopoe

Poccuiickuii rocyAapCTBEHHbIN
rMOPOMETEOPONOrNYecKnia yRusepcuteT

JUis paIuoOHAIBHOTO HCIIONB30-
BaHHA pecypcoB I'yOn! IlankuHa, Kak U
mo0oH mpyrod akBaTOpHH, HEOOXOIH-
MO TIIATeIbHOE HM3Yy4eHHe ee Oepero-
BOH 30HEI, BEPXHAA I'paHHUa KOTOPOH
onpenensaercs feicTBHEM NPUIHBOB U
BeTPOBBIX BONH. llenmbio mamHo# pabo-
THI SIBUNOCH OIMCaHHE OCHOBHBIX OCO-
OGeHHOCTEH reoMopooruIecKoi
CTPYKTYpBl ee OeperoB. Ha mepeom
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N3zygenne 6n0TONOB NPUOPEKHBIX IKOCHCTEM

tasks were formulated: 1) visual survey
of the littoral zone along the entire pe-
rimeter; 2) quantitative assessment of
the characteristic sizes of geomorpho-
logic structural elements of the coastal
zone. According to the classification of
N.V. Shevchenko [Illesuenxo, 1998],
Palkin Bay belongs to the small bays of
the Kandalaksha Gulf. Its typical di-
mensions are (Fig. 1): breadth (from
Cape Voronishny to Cape Podnavolok),
approximately 4.5 km; length along the
center line (from the head section to the
intersection with the line connecting
the capes), about 5 km. Thus, the bay
has a form approaching a rectangular
one, with its shores practically parallel.
According to the accepted classifica-
tion [Kannun, 1991; Illeguenxo, 1998], in
terms of the origin of the shores of the
bay, they should be referred to as the
tectonic glacier type, and in terms of
their outline, to the fjard type.

Since the White Sea shores are
not solely formed under the influence
of wind waves, but also, and predomi-
nantly, under the action of tide phe-
nomena, their structure, including that
of the Palkin Bay coast, corresponds to
a typical structure of the tidal coast. A
general scheme of similar coasts in-
cludes the following elements (Fig. 2):

< underwater coastal slope (UCS),
part of the bay area covered by water at
lowest water (spring tide);

stane OpuM cQOPMYNHPOBAHBI Clie-
Oyromue 3amaud: 1) BusyanbHOE 00-
CNEAOBAaHHE IJUTOPANBHON 30HBI IO
BCEMY IEPUMETPY; 2) KONHUECTBEHHAS
OlleHKa XapaKTEPHBIX pPa3MEpOB 3Jie-
MEHTOB TreOMOP(OIOrHIeCKOH CTPYK-
Typel Oeperomoif 30mEL - Cornacuo
knaccupukaimn  H. B. IleBuenko
[LIesuenxo, 1998], ry6a lankuna oTHO-
CHUTCS K YHCIy Manbix Ty6 Kanpanaki-
ckoro 3anmBa. Ee xapakrepHsle pa3Mme-
pst (puc.1l): mupuna (ot M. Boporumi-
Helif 10 M. IloaHaBOIOK) — TPHUONH3H-
TenpHo 4.5 KM.; AIHHA IO OCEBOH Ju-
HuH (OT KYTOBOH YacTH J0 Iepeceve-
HUS C JIHHHEH, COCTUHAIONIEH MEBICHI) —
okono 5 kM. Tak uro ryba umeer Qop-
My OJH3KYIO K IPSIMOYTOJNBHOH ¢ dak-
THYECKH NapaJulelbHEIMU Oeperamu. B
COOTBETCTBHM C CyIIeCTBYIOLIEH [Kan-
nun, 1991; lllesuenxo, 1998] Gepera ry0Oot
10 IPOHMCXOKAEHHUIO CIEAYeT OTHECTH
K TEKTOHHKO-JIEJOBOMY THIIY, a IO HX
OYEPTAHUIO K QPHAPIOBOMY.

ITockonmeky Gepera bemoro mops
(bOpMHUPYIOTCS IO BIMIHUEM HE TOJb-
KO BETPOBEIX BOJIH, HO M NMPEUMYLIECT-
BEHHO NPHINBO-OTIHBHEIX ABICHHUI, TO
HX CTPYKTypa, B TOM YHCIIE [100epexse
ryoer [lankuna, COOTBETCTBYET THIIO-
BOMY CTPOEHHIO IPHIMBHOrO Oepera. B
obmeM BHJE cxeMa IOZOOHEIX Gepero

BKJIIOYaeT  CHEAYIOIIHE  ONEMEHTHI
(puc.2):
< IOABOMHBIA  OeperoBod  CKIOH

(IIBC) — wdacTe akBaTOpHMH, HE OCY-
nraeMas IpH caMOM Manoif Boje (cu3u-
THITHBIM IPHIIKB);

% oCymKa (wimu BATT, JUTOpaNb) —
4acTh NPHOPEKHOW 30HEI OT JIMHUH
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VIzy4enue GHOTOIIOB IIPUOPEKHBIX SKOCHCTEM

littoral zone (or watt), part of the
coastal zone area from the overwash
line at maximal rise of water level to
the water edge at ebb tide;

o

» tidal marsh, the upper part of the
littoral zone, flooded twice a month at
spring-tide surge and dry at low and
medium tide;

%+ polder, the uppermost structural
element, not reached by waves even at
maximum tide, i.e., the sea area not

subject to sea action.

3a[iecka BOJH IPH MaKCHUMAIBHOM

HOABEME YPOBHS O ype3a BOAB! IPH

OTJIHBE;

& Mapil — BEpXHAA YacTb OCYIIKH,

IBOXIEI B MeECHI 3aroIuiseMasl IIpH

CH3MIMHOM HAaroHe H OcCTarouascs

CBOOOIHOM NPH MalbIX U CPETHUX 3Ha-

YEHHUSX TPHIINBA;

% TIONBJEp — CaMBIH BEPXHHI CTPYyK-
TYPHEIH 3JIEMEHT, IO KOTOPOTO He
JOXOJUT BOJHEHHE AaXKe TPH Mak-
CHMAaJIGHEIX 3HAUCHUSX IPUIINBA, T.
€. Y4acTOK oOepeKbs, BEIILICIILIINA
H3-TI0/] BO3ACHUCTBUS MOPS.

67.07-
67.085 B
67.067
67.055
67,05~
67.045 1
67.04 -
67.035
67.031

87.0254
MacuaG 130000

67.02

Kanpanakuwcxui
3anms

ga'ﬁ, ~"30Ha FMTOPanA
{ocyuia)

T T 1 T
a229 323 9281 3232 3233 3294 3235 9295 G247 3298 3230 324 5241 3242 3243 244

Puc. 1. Cxema 6eperos ry6s! Ilamkuna.
Fig. 1. Scheme of the Palkin Bay shores

All these elements are to some
extent present in the coastal zone stud-
ied by us. Besides, one can see every-
where a boulder ridge located between
the sublittoral zone (the upper part of

Bce sTé snmemeHTH B TOM HIH
HWHOW Mepe NMPUCYTCTBYKT B 00CIeno-
BaHHON mamm Oeperomoii 30HE. KpoMme
TOTO, HOBCEMECTHO OTMEYAETCs BayH-
Has OTMOCTKA, KOTOpas pacIoiaraeTcst
MEeXJy CyOnHuTOpanbio (BEpXHSIS YacTh
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U3zyuenue 6HoTONOB MPUOPEIKHBIX 3KOCHCTEM

the underwater shore slope from the
water edge to the deep-water part of the
depression) and the littoral zone; in
places, there are narrow beaches. As is
known, a beach is an adjoined cumula-
tive form located between the zone of
wave overturning and the highest
overwash line, made up of sand, gravel

or pebble, and covered by vegetation.

ITOJIBOAHOTO  OeperoBoro CKJIOHa OT
ype3a BOAbI 10 TITyOOKOBOIHBIX HacTel
KOTJIOBHHBI) M OCYIIKOH; MecTamM
BCTPEUAIOTCS y3KMe ITsDKH. -Kak mu3-
BECTHO, IUISDK — 3TO TIPHMKHYBIIAsA ak-
KyMynSATHBHAS (opMa, pacrionoKeHHas
MEKYy 30HOH ONPOKHABIBAHHS BOJIHBI
W JIMHHEH MaKCHMaJBHOIO 3aIljlecKa,
CNOKEHHAss [IeCKOM, TpaBHEM WJIH
rajbKol U HE IOKpLITasi pACTHUTENBHO-
CTBIO. ’ ’

1
2 e
it
g 7 am“ﬁ Dejaena T Maphur Mansden

Puc. 2. Tunosoit npoduns npuiisHoro 6epera [Lleguenxo, 1998]:

{ — ypoBens HaToOWa TPH MONHO# BOIC B CH3ATrMIHLIT NpuinB; 2 — ypoBeHnh Hanbolee 4acTo
MOBTOPAIOUICTOCS CH3UTHITHOTO NMPHINIBA; 3 — YPOBCHL KBAAPATYPHOrO NPHITHBA NPH OO
BOJ€; 4 — YpOBEHb KBAAPATYPHOrO NPHIMBA NPH MANON BOAE; 5 — yPOBEHL CHIHTHITHOTO IPUIIHBA
nipu Manoit sone: 6 — noxBoHbLI Geperosoit ckion ([15C); 7 —30Ha sonHonpboinoii ‘

nepepadoTKH MpPH CPEAHKX 3HAYCHHAX MPHIIHBA.

Fig. 2. A sample profile of a tidal shore [{/eguenxo, 1998]:
1 — surge level at spring high water: 2 — height of the most frequently
occurring spring tide: 3 — neap high water level: 4 — neap low water level; 5 — spring low water
level: 6 - underwater coastal slope (UCS); 7 — zone of intertidal abrasion processes at mean heights
of tide.

The basic characteristics and
some specific features of the geomor-
phologic structure of the shores were
found by us in July 2002 by their visual
observation and subsequent mapping.
As a result of this, we received their

indentation characteristics and esti-

OcHOBHBIC YEPTHI U HEKOTOPLIE
0CcOOEHHOCTH  reoMOop(hOJOTHUECKOTO
CTpoeHHsl 6eperoB ObLIH  BHIABICHBI
uamu B urone 2002r. myTeM UX BH3Y-
aJIBHOTO O0CIEOOBAHUSI U IIOCIEHyIO-
IIEro KapTHPOBAHHMS.
yero GBUTH MONYUYCHBl XapaKTEPHCTHKH

H3PE3aHHOCTU U OUEHKH IPOTAKEHHO-

B pesynerate
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N3ygerue 6M0TONOB NMPUOPEXKHBIX IKOCHCTEM

mated the spread of the main structural

elements.

The northern shore (see Fig. 1)

is indented most. It is here that one can
meet a great amount of small and U-
form bights (cusps), separated by stony
capes and similar to abrasion arcs [Kan-
nun, 19911, The width of the littoral
zone ranges from 5 to 8-10 m. The
stone boulder ridge consists of coarsely
fragmental material: it is mainly rolled
gravel, well-rounded with wave cur-
rents. In this part of the coast, the com-
plete structure of the tidal coast, such
as shown in Fig. 2, was only met in one
of the bights, where a small beach (ap-
proximately 1 m wide; the length of the
longshore line is 1.7-2.0 m) had an ex-
pressed sloping marsh, polder with
grass and shrub vegetation. It will be
noted that the entire northern shore of
the bay is bordered with an algal band;
in some places there are up to five of
them, and they are parallel to each
other. They can serve as indicators of
tide height: the uppermost of them
. corresponds to spring tide and storm
overwash. Approximately 1.5 km from
the PINRO base there is a mighty out-
crop of granite bedrock. The width of
the littoral zone is reduced there to 5 m.
The coastal marine detritus is made up

of a mixture of boulders, medium-

CTY OCHOBHBIX CTPYKTYPHBIX DiieMEH-
TOB.

CenepHblii Oeper (cMm. puc. 1)
Hauboryee pacwieHEeH. 31ech BCTpeda-
eTcs OOJIBIIOE KOJMYECTBO MANBIX U-
obpasusix ryd (decToHsl), pasmeleH-
HBIX KaMCHHCTBIMH MBICAaMH M CXO[-
HBEIX ¢ a0pa3vOHHBIMU Qyramu [Kanauw,
1991]. Hlupura 0CyIKH KOIeOIETCs 0T
5 mo 8-10 m. Kamenucro BamyHHas
OTCHIIIKA COCTOHUT M3 Tpyboobi1oMOU-
HOTO Marepuaina: B OCHOBHOM, OKaTaH-
HBIH TpaBud, XOpomo o0paboTaHHbIH
BOJIHOBEIMHM HOTOKaMu. [lonHas cTpyk-
Typa IpPHIHBHOTO Oepera B COOTBETCT-
BHH C pHC.2 HA 3TOM JacTy modepesxbs
BCTpEYeHa JIUIIE B OHON U3 OYXTOUEK,
rae orMedeH HeOONbImIONH sk (WIu-
puHa npuMepHO 1 M., mHBa BRONBOE-
peroBoit muHuH 1.7-2.0 M.), BEIpaXKeH-
HBIN ITOJIOTHH MapIl, MOJIbAEP C TpaBsi-
HHCTO-KYCTADHMKOBOH  PACTHTEIBHO-
CTBIO. 3aMeTUM, YTO BCE CEBEpHOE II0-
Oepexbe ryOpl OKaWiMIICHO TOJIOCOH
BOJOpocied, B HEKOTOPBIX MecTax
3THX TOJOC (APYyCOB) HACUUTHIBACTCS
JI0 TIATH ¥ OHH HapaJUIeTbHBI APYT APY-
ry. ITo HUM MOXHO CYIUTH O BEICOTE
IPUIMBA: caMasi BEPXHAL U3 HUX COOT-
BETCTBYET CH3WTHHHOMY MpPUIIUBY WU
ITOPMOBEIM  3amieckaM. [Ipubnuzu-
TenbHO B 1.5 kM ot 6a3sr [IMHPO ot-
MEYaeTCs MOLIHBIH BEIXOZ KOPEHHBIX

TPaHUTHBIX HOpox. B atom mecre mu-
pHHA OCYLIKH YMEHBIIAETCS JO 5 M.
[TpubpexHO-MOpCKHEe HAHOCHI Mpe.-
CTaBIAIOT COOOH, cMech BallyHOB,
CpemHe- ¥ MEJKO3EPHHUCTOrO IeCKa C
MIPUMECSIMH TaNbKi U TpaBusi. Bronb-




Vizyuenne 6HOTOIIOB IPHOPEKHEIX 3KOCHCTEM

grained and fine-grained sand with ad-
mixtures - of pebble and gravel. The
longshore extent of the rock outcrop
amounts to about 70 m.

The southern shore of the bay

conditionally starts at the mouth of the
Valas-Ruchei Brook (see Fig. 1). The
shore here is rather precipitous and
steep. The littoral zone is from 15 to 35
m wide. |

The littoral zone is practically
everywhere covered with brackish-
water vegetation which remains un-
derwater during the rising tide. Owing
to abundance of surface streams flow-
ing down from elevated ferrain, the
continental part of the coastal zone is
very swampy along the entire coastline.
For this reason, the water at the coast
edge is highly freshened even at high-
est tide. At a falling tide, an above un-
derwater offshore bar along the coast
becomes exposed, and in some parts
one can notice mud-and-sand deposits.
Here, as in the northern coast, there are
some bights, but on the whole, the
shoreline is more direct and less in-
dented

The littoral zone w1dens signifi-
cantly at the head of the bay, reaching
30 — 100 m in width. The large boulder
fill has numerous gaps. Brackish-water

vegetation grows everywhere; one can

GeperoBas MPOTHKEHHOCTH BBIXOZA
CKaIbHBIX TOPOJ COCTABISET OKOJIO
70 M.

IOxuplli Geper ry0Obl yCIOBHO
HAYMHAETCS OT YCTh Bamac-Pyuss
(cm. puc. 1). Bepér 37eCh TOBOIBHO
OOPBIBUCTBINA, KPYTOH. HalHHa ocyI-
k1 OT 15 10 35 M. ' :

JIutopans H‘paKTI/I-‘IeCKI/IV MoBCe-
MECTHO TOKpHITA TPABIHHCTOH CONO-
HOBATO-BOAHOH PAaCTUTENBHOCTBIO, KO-
TOpas B HPUIMBHYIO (asy OCTaeTcd
nox Bojoil. Bemencreume ofmms mo-
BEPXHOCTHBIX BOZOTOKOB, CTEKAOIINX
C BossmmeHHQﬁ MECTHOCTH, MaTepH-
KOBas 4acTh NPHOpeHOH 30HI;1 BIOJb
BCeH OeperoBod JMHHM CWIBHO 3200-
nouena. ITo 3Toit TpHUHHE JaXe B Ca-
MBI BBICOKMH NPUIKB, Boja y Gepero-
BOTO Ype3a CHIBHO DAacIPECHEHa. [Ipu
OTJIMBE BIONb MOOEPEXkKBA OOHAKAETCA
IIOABONHO-HAABOIHBIH  NPUOPEKHEIH
6ap, a Ha JOKANGHBIX YYacTKaX 3aMe-
TeH HIIHCTO-IIECUaHblil CIIOM HAHOCOB.
31ech, Kak ¥ Ha CeBEPHOM no6epe>1<1>e
OTMEYaeTCs] HaJluue 6yXToqe1< HO B
uenom beperosas NuHKsA Gosee poBHAL,
MeHee pacuIeHeHHas. v

B KyTOBOH 4acTH JMTOpaikb 3Ha-
YUTENBHO PacIIUpsSeTICs U IPOCTHpaeT-
¢ ot 30 o 100 M. B momutHo# BanyH-
HOM OTCBHINIKE MMEIOTCH MHOTOYMCIIEH-
HBle 3a30pEL. [loBceMecTHO mpo¥3pa-
CTaeT COJIOHOBATO-BOAHAS PAaCTUTENIb-
HOCTH M HaOJIOZAETCA TOJCTHIN MK~
CTHI}.croit HarocoB. B menom, kyToBas
gacTh TyOBI IPEACTABISET = IIONOTYIO
30HY, MECTAMH CHIBHO 3a00JI0UEHHYIO.
Kmnd (wambonee sBHEBIN mpusHak ab-
pasHOHHOrO Oepera) HaXONUTCS B Ha-
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H3yuenne 6HOTONOB IIPHOPEKHEIX FIKOCHCTEM

observe a thick layer of muddy depos-
its. On the whole, the head of the bay is
a sloping terrain which, in places, is
highly swampy. The cliff (a most dis-
tinctive feature of abrasion coast) is at
the initial stage of formation. As in the
case with the southern part of the coast,
mighty freshwater runoff from the
mainland shore can be observed. At
ebb tide, an islet at the head itself be-
comes attached to the shore with a sand
and stone spit.

‘Based on the survey of the
Palkin Bay shores that we have con-
ducted, the following conclusions
about their geomorphologic structure
can be made:

» as a whole, they correspond to
the general scheme of a tidal shore;

> the complete structure of a tidal
shore (littoral zone, marsh, polder) oc-
curs rarely, since some of the elements
are absent;

» on the local scale, the shores
have different structure: the northern
section of the coast contour and the
head of the bay are heavily indented,
whereas the southern shoreline is more
direct;

» beaches, wave-cut niches and
cliffs are seldom encountered and are at
the initial stages of formation. The
beaches investigated by us are made up
of coarse-grained sand with inclusion
of quartz;

» everywhere one can see boulder
stone ridges, the typical diameter of the
boulders being up to 1.5 m.

The present work is only the first
step in the geomorphologic study of the

yanpHOH cTagun dopmupopanus. Kak
¥ Ha KOKHOHM gacTH 1moOepexsns, 3aMe-
TeH OOJBIION NPECHEBIH CTOK C KOpPEeH-
Horo Gepera. B caMoM KyTe HeOONb-
mas yfa (OCTPOBOK) B OT/IMB COCJIH-
Hsercs c Oeperom IIeCYaHo-
KaMEHHUCTOH KOCOH.

Ha ocHOBaHWM NpPENIPHHATOTO
Hamu obcnenoBanus GeperoB ryObI
IMankura MOXHO cHeNnaTh CIEAYIOIIHE
BBIBOZBI 00 MX reoMop(hOIOruIecKkoM
CTPOCHHUH:

> B IIENOM OHH COOTBETCTBYIOT
obmeil cxeme npriMBHOTO O€epera;

> TONHAs CTPYKTypa NPHIMBHOTO
Oepera (oCymka, Mapil, IONbAEP)
BCTpeyaercss pPenKo, OTCYTCTBYIOT Te
WM WHBIE 3JIEMEHTE],

» B JOKambHOM MacmTabe Oepera
AMEIOT PJ3IHIHOE CTPOCHHE: CeBep-
HBIH y49acTOK OeperoBoro KOHTypa H
KyTOBas 4acThb OTIHYAIOTCS CHIIBHEIM
pacuIeHeHHEeM, B TO BpeMs KaK I0KHBII
Oeper Gouree BRIPOBHEH; ‘

> IULDKY, BOJHONPHOOHHEIE HUIIH
U KIH(dE BCTPEYAOTCA PEeIKO M Haxo-
IITCS B HAYaNBHOM crajguu o0pa3zoBa-
Hua. OOcienoBaHHEIE HAMH  IUIDKH
CIIOKEHBI KPYITHO3EPHHUCTHIM IIECKOM C
BKIIIOUEHHEM KBapIia.

> IloBcemecTHO BcTpedaercst Ba-
JIYHHO-KaMEHHCTBIE TpANBl C Xapak-
TEPHBIM AHAMETPOM BayHOB 10 1.5 M.

Jannas paboTa sBISETCA JHIID
HEPBBIM IIATOM [0 M3YyYEHHIO TeOMOp-
donornu OeperoB ry6er Ilankmna
IperonaraeT B AalbHeiimeM ux 6omnee
JEeTaJbHOC H3ydeHHE, B TOM YHCIE
ocTpoBHEIX OeperoB. Tawxe mpezacTas-
JNSET HMHTEPEC BBLICHEHHE COOTHOMIE-
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expected, including the insular shores.
Also of interest is clarification of the
wind-wave and tidal contribution ratio
in formation process of the shores and
the neutral line” migration, caused by
the former, along the profile of the un-
derwater coast slope (UCS). On the
whole, however, the general morpho-
lithogenesis theory for the coastal shelf
zone of tidal seas has not yet been suf-
ficiently developed.
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Komurnroreproe kaprorpadgpupoBanue JOHHBIX OTJIOKEHMIA
bapenuesa mops

Computer Cartography of Bottom Deposits of the Barents Sea

V. V. Kolesnikov, M. A. Novikov

Knipovich Polar Research Instituté of Marine
Fisheries and Oceanography

B. B. Konecrnuxos, M. A. Hosuxoe

MonsprbIA HayYHO-MccnenoBaTENLCKU
MHCTUTYT MOpCKOro peiBHOro xossicTea
n okearorpadpun um. H. M. Knunoeuua

Ha ocroBe (oHIOBBIX HaHHBIX IIOIAPHOTO HAyYHO-HCCIIENOBATENLCKOr0 HHCTHTYTA
Mopckoro peidHoro xossitctea um. H. M. Kuunosuua (IIMHPO) BeIIOTHEHBI KOM-
NBIOTEPHBIE KapThl IIOBEPXHOCTHBIX JOHHBIX OTIOXEHUH Bapenuesa mopi. O1H Kap-
TBI HOCAT KOMIUIEKCHBII XapaKTep: B MX OCHOBE JIEKHT KapTorpaMMa pacipezeseHus
TPYHTOB C HAHECEHHBIMH Ha Hee 3HAUYKaMHM, OTPaKaIOI[MMHM HANH4YKME KPYIHOOGITO-
MO4HBIX IpuMecel (kaMHeH, ranbkH, pakyud, ry6ok). Kaprorpaduposatne TOHHBIX
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OTJIOKCHUY [IPOBEACHO B paMKax CO3AaHUA reorpadudeckoit nHGOPMaMOHHOW cuc-

TeMb! BapeHiiesa mops.

Computer cartography of bottom deposits of the Barents Sea was carried out on the
basis of archival data of the Knipovich Polar Research Institute of Marine Fisheries
and Oceanography (PINRO). There maps have a complex character; they are based on
the cartogram of distribution of soils with marks depicted which reflect the presence .
of coarse fragmental rocks (cobblestone, pebbles, shell rocks and calcareous sponge
skeletons). Cartography of bottom deposits was performed within framework of creat-
ing of geographic information systems of the Barents Sea. '

Cartography of bottom deposits
distribution may be of a big importance
in studying of their influence on the
structure and biomass of bottom organ-
isms, as well as on their commercial
concentrations. Besides, cause-and-
effect relations between hydro-dynamic
activity and distribution of deposits
based of maps of bottom deposits
makes easier the understanding of a
distribution character of the most stable
water flows in the Barents Sea hydro-
dynamic system. The most famous map
of the Barents Sea bottom deposits was
published by M. V. Klenova in 1960
[Knenoea, 1960], and it evidently is the
paper one (the analogous map). Maps
of bottom deposits presented in V. I
Gurevich [Gurevich, 1995] are also

analogous ones; and, besides, quite dif-

ferent than in Klenova (1931, 1960) -

methodology of accounting of granu-
lometric composition of bottom depos-
its is applied in them. All this makes the
above materials difﬁcult. to compare.

We did the electronic map of the Bar-

Kaptorpaduposanue pacnpeze-
JEHHUSA JOHHBIX OTJIOXKEHHH MOXKET
HMETh Ba)XKHOE 3HAYCHHE B M3YYCHHH
WX BIMSHUS Ha CTPYKTYpY M Ouomaccy
JOHHBIX OPTaHH3MOB, B TOM YHCIIE U Ha
¢dopMupOBaHME NOCIHESIHUMH IHPOMBI-
CIOBBIX cKomeHuid. Kpome Toro, mpu-
YUHHO-CIIEICTBCHHEIE CBS3H, CYIIECT-
BYIOHIINE MEXIy THAPOAUHAMUYICCKOM
aKTHBHOCTBIO M paclpeieleHHEM oca-
JOYHOIO Marepuaia, IO3BOJIAIOT Ha
OCHOBE KapThl [IOHHBEIX OTJIOXKEHHH
Jdydmie IIpeicTaBiIATh cebe xapaktep
pacupocTpaHeHHsT Haubonee yCTOWYH-
BEIX BOJHBIX TIOTOKOB B T'MIPOJUHAMH-
yecko cucreMe bapeHueBa Mops.
Haubonee wu3BecTHAas KapTra JOHHBIX
OTnoXeHHH bapeHrieBa Mops Onuia
onybnuxosana M. B. Kiienosoit B 1960
r. [Knenosa, 1960] u siBIsA€TCS, pasyme-
ercs, “OymaxHoit” (ananoroBoi). Kap-
THl TOHHBIX OTJIOXKCHHH, IpelCTaBIeH-
HEle B pabore B. M. T'ypesuua
[Gurevich, 1995), Takxe HOCAT aHAJIOTrO-
BEIH XapakTep W, KpoMe TOro, B HHX
IprUMeHeHa uHasg, deM Yy Kienoro#t
(1931, 1960), meTomonorus ygera rpa-
HYJIOMETPHYECKOI'O COCTaBa JOHHBIX
OCaKOB, YTO JIENaeT IEPEUHCIICHHBIC
MaTepuanbl TPYIHO COIIOCTaBHMBIMH.
Hamuy BBINIONHEHa 37EKTPOHHAs KapTa
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ents Sea. The computer maps of the
bottom deposits are the continuation of
works on the complex ecological car-
tography of the Barents Sea and done
by methodology we published earlier
[Hosuxos, 2000, 2002]. The evident ad-
vantage of electronic (computer) maps

is not only the possibility of their con-
|- BOM ' 3MEKTPOHHEIX (KOMIIBIOTEPHBIX)

i Ka_pT ABIIIETCS HE YT_OJIBKO BO3MOXHOCTB
. HX IOCTOAHHOT'O YTOYHCHHS U KOPPECK-

tinuous correction using the incoming .

new data, but also the perspective of a .

wide analysis of all available carto-

graphic material within the geographic -
information system (GIS) of the Bar-

ents Sea, the basis of which was created
in PINRO. ‘ v

A map of bottom deposits (Fig.
1) is composed on the basis of primary
databases of the Knipovich Polar Re-
search Institute of Marine Fisheries and
Oceanography (PINRO). Information
on the composition of bottom sedi-
ments was taken from the characteris-
tics of the fishery squares (trapeziums
of a regular positioning net 10"x30" by
latitude and longitude, correspond-
ingly) contained in the fund databases
of PINRO, then coded and drawn on
the cartography basis. Thus, a number
of dots on the digital raster map con-
taining data on the bottom deposit
composition corresponds to a number
of fishery squares over the analyzed
area and constitutes 2.830 meanings by
each thematic layer. Digital maps of

IOHHBIX OTJIOXEeHHH BapeHmeBa mops.
KommbioTepHbIe KapThl JOHHBIX OTIIO-
JKEHUH SBILIOTCS NPONOJDKCHHEM Da-
60T IO KOMILIEKCHOMY 3KOJIOTHYECKO-
My KaprorpadupopaHuio  bapeHuesa
MOpS ¥ BHIIONHEHH! B paMKaX METOJO-
JIOTHH, M3NOXEHHOH HaMH B OIyOnH-
KOBaHHBIX paHee paborax [Hosuxos,
2000, 2002]. O4eBHIHEIM IPEUMYIIECT-

THPOBKH 110 ‘Mepe MOCTYIUICHUS. HOBBIX
JaHHEIX, HO U NEPCIEKTHBA IIHPOKOTO

' aHAJM3a BCEro HMEIOUIErocs KapTo-
" rpaduueckoro Marepmala B paMKax

reorpadpuueckoii  WHGOPMALUOHHON
cuctemnl (I'IC) Bapennesa mops, oc-
HOBHI koTopo# co3aansl B IIMHPO.
Kapra noHHBIX OTIOXEHHH (puC.
1) cocraBneHa Ha OCHOBE (OHAOBBIX
6a3 pamHex IlonsgpHoro Hay4HoO-
HCCIIEIOBATENBCKOTO HHCTHTYTa MOp-
CKOT0 DHIOHOTO XO3sHCTBa U oxeaﬁé-
rpadun M. H. M. Kuunosuua (ITIMH-
PO). Undopmanuio o ‘cocTaBe JOHHEIX
oTIOXeHuH Opamu U3 XapaKTepHéTrIK
l'IpOMBICHOBHX‘ KBajIpaToB — ‘I'paneuﬁnﬁ
peryJIIpHOH  KOOpAMHATHOM  CETKH
10’30’ mo mupoTe U FONTOTE COOTBET-
CTBEHHO ~— COZlepKaIuxcs B (OHTOBBIX
nJaunsix [IMHPO, xoxguposany 1 HaHO-
CHJIM Ha KapTOrpaQMuecKyro OCHOBY.
Takum 06pa3oM, KOIHYECTBO TOUEK HA
udpoBoil  pacTpoBOH KapTe, COZIEP-
XKamlee CBEACHHA O COCTaBe IOHHBIX
OTJIOXEHHH COOTBETCTBYET KOJNHUYECTBY
IPOMBICTIOBBIX KBaJpaTOB Ha IpOaHa-
JIM3WPOBAaHHOW aKBAaTOPUH M COCTAaBIIA-
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Puc 1. Kapra nonHBx oTnoxeHuii bapexiesa Mops.
Fig. 1. A map of bottom deposits of the Barents Sea.

bottom deposits -were composed by 5
thematic layers, namely, grounds of the
Barents Sea and 4 types of coarse mate-

rials (admixtures): stones and cobbles, -

pebbles, coquina and sponges skele-
tons. The grounds are classified on the
basis of approaches proposed by M. V.

Klenova (1931) and later on applied -

[Bunozpadosa, 1957] and accepted in

PINRO, in particular, during trawl sur- .
veys. The main sign accepted for de-

posit characteristic in this classification
is the content of a fraction less than
0,01 mm. By Klenova, free-flowing
quality and plasticity of deposit depend
on the quantity of this fraction, and it is
the key point in the mechanical charac-
teristic [Klenova, 1931]. At a quantity

eT 2830 3nayeHHH MO KaXIOMy Tema-
THYecKoMy cnoro. Limdpobie kapTe!
JOHHBIX OTJIOXKEHHH CO3[aBalmd Mo 5

© TEMaTHYECKHM CIIOAM — COOCTBEHHO

rpyaram bapennesa mops u 4 Bugam
rpy6oobiiomounoro Marepuana (mpu-
Meceil): KaMHU W BaJIyHBI, Talibka, pa-
Kyma U ckeneTsl rybok. Kimaccuduxa-
LM TPYHTOB IPHUBOAMTCS Ha OCHOBE
MOJXO0M0B, MpeAnokeHHBIX M. B. Kie-
goBo#t (1931) u, B nanemeiimieM, uc-
MONIB30BAHHEIX [Bunozpadosa, 1957] n
npudaTeix B IIMHPO, B wactHOCTH,
OpH [POBEJCHHH TPAIOBBIX CHEMOK.
OCHOBHBIM NpH3HAKOM JUI XapakKTe-
PHCTHKM OCajKa B 3TOH KiIacCH]HKa-
OUM [PHHATO CHHTATh COJACPIKAHHC

- ¢paxkmuu Menbie 0.01 M. Ot KoNH-

YEeCTBa OTOH (pakiyu, 110  MHEHHIO
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of a small fraction less than 5 % by
weight, deposit is called “sand”, at 5-10
% — silty sand, at 10-30 % — sandy silt,
at 30-50 % - silt, and at the quantity of
more than 50 % - clayey silt.

Digital data on grounds composi-
tion were interpolated in the cartogra-
phy package Surfer with application of

a kriging mathematical model. After

that all data were transferred into GIS
Arcview where the final map was made
in the shape of a polygonal theme.
Types of the detrital material were
mapped as dotted themes. The latter
ones were generalized by the way of
resampling down of the redundant data,
which make the map busy and compli-
cated for understanding.

With the use of data from the
computer atlas of the Barents Sea [Ho-
suxos, 2002], the analysis was carried
out of distribution of bottom deposit
characteristics in view of such parame-
ters as relief and bathymetry. Three-
dimensional map of the bottom relief is
done in the Surfer 8.01 with the use of
databases of the PINRO Sector on the
Sea Geology.

Peculiarities of deposits distribu-
tion over the sea are closely connected
with the bottom relief characteristics
and hydrodynamic regime of the near-
bottom waters. Because of the high
hydrodynamic activity of the Barents
Sea waters the mechanical differentia-
tion of sediments is intensive and an
important factor of sedimentogenesis.

KrneHoBo#H, 3aBHCHT CHIy4ecTh, ILNa-
CTHYHOCTb OCaiKa, W OHO sABIIETCH
PeLIAoNIM B MEXaHHYECKOH XapakTe-
pucruke [Knenosa, 1931]. Ilpu xommae-
cTBe Menkoil ¢paxumu menee 5 % no
BECY, 0CaJIOK Ha3BIBAETCS MECKOM, IpHU
5-10 % — wnucteM nteckoM, npu 10-30
% — necuaHHCTHIM WIOM, pu 30-50 %
— WIOM, IpH KOJIHYECTBE MEJIKOH
bpaxuu 6omee 50 % — TIMHHCTHIM
HIIOM.

[udpoBrie "JaHHEIE O COCTaBe
TPYHTOB HHTEpPIIOIHPOBANIH B KapTO-
rpaduyeckom makere Surfer ¢ npume-
HEHHUEM KPUTHHTOBOH MaTeMaTHIECKOH
MOJIEITH, 3aTEM BCE JAHHBIE HEPEHOCH-
nu B TUC Arcview, THe BBIIONHSIA
OKOHYATENbHYIO KapTy B BHJE IIOIHUTO-
HanpHOH TeMmel. Tumel 065I0MOYHOTO
MaTeprana HaHOCWIHCH B BHAE TOUYEY-
Heix TeM. Ilocnenmnue moxeepranu re-
Hepanu3allil, MyTeM “‘npopexuBanus’
M30BITOYHBIX JAaHHBIX, IEPErPYKaro-
IUX KApTy M YCIOXHAIONMX €€ BOC-

MIPHSATHE.
C ucroys30BaHUEM MAHHBIX U3
KOMIIBIOTEPHOTO  aTiiaca - bapeHnesa

Mops [Hosukos, 2002] IpoBEICH aHAIH3
pacupelesieHds XapakTepHCTHK HOH-
HBIX OTJIOXCHHH B CBA3M C TAKMMH IIO-
Ka3zaTeJsIMH Kak penbed nHA U OaTH-
Merpus. TpexmepHas Kapra penbeda
IIHa NOCTpoeHs! B cpene Surfer 8.01 ¢
HCIIONb30BaHWEM 0a3 JaHHBIX CEKTOpa
reonoruu Mops IIMHPO.

OcobeHHOCTH  pacrpeneneHus
0CaIkOB B MOpPE€ TECHO CBA3aHBI C Xa-
PAKTEpHCTHKAMH penbeda JHa H THI-
POIMHAMHYIECKHM PEXHMOM MPHIOH-
HBEIX BOZA. B CBA3M ¢ BBICOKOH THApO-
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A comprehensive survey of distribution
of the Barents Sea sediments confirms
that changes of the granulometric
composition of bottom deposits are
connected with the change of the sea
bottom depth (Figs. 2 and 3). It is ex-
plained by the fact that hydrodynamic
conditions of deposits accumulation
depend most of all on the relief. There-
fore, vast areas of the southeastern Bar-
ents Sea, as well as underwater conti-
nental slopes of the Novaya Zemlya
and the Bear Plain located at the depth
of 50-100 m, are covered with the larg-
est grain sediments, namely, sands and
silty sand. Maximum concentrations of
coarse deposits — pebbles, cobbles and
blocks — were observed in the same
(Fig. 3).
deposits (sandy silt and silt) cover the

areas More fine-grained
bottom of troughs, ravines and some
depressions.

Analyzing maps  of grounds
(Figs. 1 and 2) one can notice that a
major part of the Barents Sea bottom is
covered with the sandy silt. Vast areas
of the bottom, especially in the north-
ern half and in the central part of the
sea are occupied with silt (a bottom of
the Central Deep, areas of the Novaya
Zemlya troughs etc.). The presence
there of a system of closed cavities
promotes the formation of the quiet

zones and deposit of silt. In the south-

JUHAMHYECKOH aKTHBHOCTBIO BOJ ba-
peHIleBa Mops Mexanmdeckas mudie-
peHIMalusA  OCaJOYHOro Marepuaia
IIPOTEKAET MHTEHCHBHO M  SBILICTCS
BaKHEHIIHM - GaKTOpOM CEeIXUMEHTOTe-
Hesa. JIETANBHOE PACCMOTDEHHE pac-
npenencHus ocaakoB bapennesa Mops
HOATBEPKOAET, YTO M3MEHEHHS TpaHy-

" JIOMCTPHUYCCKOIO COCTaBa AOHHBIX OT-

JIOXEHUH CBA3aHBI C M3MEHEHHEM IITy-
OMHBI PACIONIOKEHHS MOPCKOro JHa
(puc. 2, 3). 3T0 OOBsACHIETCA TEM, YTO
THAPOIAHAMHUYECKAS obcTaHoBKa
OCaJIKOHAKOIUICHHUSI, B IEPBYID Ode-
penp, ompepensierca ‘pensedom. I[o-
3ToMy OOIIMpHBIE paHOHBEI KOTO-
BOCTOYHOM wactu bapeniesa. mop4,
TIOIBOJIHEIE OeperoBbie CKIOHBI HoBoM
3emnu M MengBexuHCKas paBHUHA,
pacronoxeHHble Ha riryouse 50-100 M,
IOKPEBITEl Hanbonee KPyIHO3EPHHCTEI-
MU OCafIkaMH — IIECKAMH H HIHCTEIMHU
neckamu. K sTuM xe paiioHaM mpu-
YPOUEHBl ¥ MaKCHUMANbHBIC KOHIICHTpA-
M rpy6oobIOMOYHOTO MaTepuana:
TajibK¥, BaIyHOB, rmpib (cM. puc. 3).
Bonee TOHKO3EPHHCTHIE OTIOXKECHUS
(mecuaHuCTHIN W, M) BEICTHIAIOT JAHO
KenoOoB, JOXOWH W OTAENBHEIX BIIa-
JTHH.

AHamu3upyss KapThl TPYHTOB
(cm. puc.l 1 2) MOXXHO 3aMETUTh, ITO
O6npmiass yacte JHa bapenueBa Mops
[OKPBITA IIECIAHUCTHIM HIOM. 3HauM-
TENBHEIE YIACTKH IHa, OCOOEHHO B ce-
BEpHOH IOJIOBHHE W TIEHTPAJIBHOI Jac-
TH MOpsA, 3aHATEl WioM (gHo IleH-
TpanbHOH BHIAJMHEI, yuacTku HoBose-
MENbCKUX XKenoboB w - ap.). Hammume
3/lech CHCTEMBl 3aMKHYTHIX BHAaJHH
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FMiHa

TAVHUCTBE 1R

Hn
NECHARICTLE WA

NARCTLIA NECOK

Puc 2. Kapré rpynros Bapesnesa Mops, cripoeiHpoBaBEHas Ha 00beMHYI0 KapTy peibeda
‘ ' JHa.
Fig. 2. A map of the Barents Sea grounds projected onto the 3-dimensional map of the
bottom relief.

geagEis

Yy

Puc. 3. barumerpudeckas kapTta BapennieBa MOps ¢ HaHECEHHEBIM Ha Hee PaCpOCTPaHEHHEM
Ha gHe Tpy0oo06I0MOYHOr0 MaTepuana.

Fig. 3. Bathymetric map of the Barents Sea with distribution of coarse deposits on the
‘ bottom.
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ern sea, silt covers the bottom of the
Central Deep of the Western Trough
east of the 21* meridian and bottom
areas of the southern extremity of the
Novaya Zemlya. Distribution of sand is
connected with hydrodynamic proc-
esses taking place in the sea and,
mainly, in shallows. Sand is located
along the coastal slopes and on the sur-
face of the Bear and Spitsbergen
Banks, on the Kanin-Kolguev shallows,
on the North-Kanin Bank, in the West-

Central Area, in the Pechora Sea and

near the Novaya Zemlya coast. Silty

sand in the shape of either narrow or
wide band fringes the coastal slopes
and covers the ridges of the Murmansk
and Rybachya Bank and of the Central
Height. In the southeastern Barents
Sea, silty grounds lie at less depth than
in the western areas because of the
weakened activity of waters. East of the
Kolguev Island, silt can be observed at
the depth less than 100 m. There de-
posit is looser than in the western areas.
Vast ice floes including fast ice are ob-
served in the southeastern sea in
spring/winter. Lithologic peculiarities
of this area are determined by the ice
migration and falling out from them of

fragmental
wenv.., 1987].
In some sites the outcrops of old

deposits  [dpxmuueckuii

grey clay were revealed washing away

cIroco0CTByeT OOpa3oBaHUIO 3aTHII-
HBIX 30H U OTIIOXXEHHUIO HIIUCTOTO Ma-
Tepuana. B 10kHO#M dacTd MOpA MIOM
HOKpsITO AHO lleHTpasbHON BHAIWHBI
3amamHOTO XENM00a BocTOUHee 21 me-
puIuana ¥ y4acTKH JHA I0XKHOH OKO-
HeuHoctH HoBoit 3emnu. Pacmpenene-
HHE TECKa CBA33aHO C THAPOJAHAMHYE-
CKHMM TIPOLIECCAMH, IPOUCXOALIUMH
B MOpPEe M B 3HAUHTCILHOM CTCHEHH
IPUYPOYEHO K MEIKOBOIBAM. Ilecok
pacrionaraercst BIONb
CKJIOHOB M Ha IIOBEpXHOCTH Mense-
xuHckol u 1lInmunbeprenckoil GaHOK,
Ha Kanmpo-KonryesckoM MenkoBoase,
Cesepo-Kanunackoit GaHke, B 3amaxHo-
IlenaTpansaoMm paitone, B Iledopckom
Mope u y mobepexns Hopoii 3emin.
MaucTelit MecoK TO y3KOH, TO MHUPOKOH
IIOJIOCOM  OKaumIser
CKIIOHBI W IOKpBEIBaeT rpebHH Myp-
Manckoii u Pribaureii Oanox, ILleH-
TpPaJbHOH BO3BHIMICHHOCTH. B 1oro-
BOCTOYHON 9acTH bapeHIleBa MoOps B
CBSI3M C OCHA0NEeHHOH IOJBHKHOCTBHIO
BOJI HIMCTBIE TpPYHTHI = 3alleraloT Ha
MEHBIINX TNyOMHax, YeM B 3arajHbIX
paiionax. K Bocroxy octpoBa Konryes
MOXHO BCTPETHTh WJI Ha TiHyOuHe
menpnie 100 M. Ocagxu 3mecy Goiee
PBIXJIBIE, Y€M B 3allaJHBIX paiioHax. B
3UMHe-BeCEHHUH Tepuon B~ IOTO-
BOCTOYHOW 9acTH MOpPS HaONIONAIOTCS
OOMIUpHEIE TOJNS JIBAOB, B TOM HYHCIC

TMPUOPEKHBIX

npuOpeKHBIE

HpUnaiHeIX. B KOHLE BECHBI U B JET-
HUN TIepHOJ TPOUCXOIST YCHIIEHHBIE
MIOABIKKU JbIOB. Murpaiued JIbI0B,
BBITIaJIEHHEM M3 HHX OOJIOMOYHOIO Ma-
TEpHana BO MHOTOM OIPEAETAIOTC
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by the North Cape Current and main
branch of the
(Fig. 1). Because of the rough and sud-

Murmansk Current

denly changed relief, there are zones in
this area of the intensive washout of the
bottom caﬁsed by the present-day lift of
the Barents Sea shelf (strongly pro-
nounced in its western part). Therefore,
accumulation of cobbles and areas of
rocky bottom are often found -there.
Very big quantity of large fragmental
deposits within the frameworks of our
map is found on the eastern slope of the
Bear Bank (Fig. 3, northwestern part of
the map). There, similar to the south-
eastern sea, the presence of coarse ad-
mixture in deposits is apparently con-
nected with melting of icebergs and
floating ice..

In deposits of the Barents Sea,

even far from shore the coarse materi-

als can be found as gravel, pebbles,
stones and cobbles from the smallest to
blocks of some. tonnes (Fig. 3). Sedi-
ments with a big quantity of gravel are
deposited close to the shore, as well as
on the underwater mountains énd their
slopes. Detached stones in deposifs oc-
cur almost everywhere. The mentioned
data agree well with those presented
earlier on maps and in publications
[Bunozpadoea, 1957, Knenosa, 1960].

JIMTOJIOTHYECKHE OCOOCHHOCTH 3TOTO
paiiona [Apxmuveckuil wenvd.., 1987].

B psane MecT OTMEUYEHBI BEIXOJBI
IpeBHEH cepoll ITHHBI, pa3MbIBaeMOH
HoppkanickuMm ®  OCHOBHOH BETBBIO
Mypmanckoro TeyeHui (cM. puc.l).
BcnencTere HEpOBHOTO M PE3KO H3Me-
Hromerocs penseda, B 9TOM paiioHe
HMEITCS 30HBI UHTCHCHBHOT'O pa3MBI-
Ba IHa, OGpasyIOIIMecs BCIEACTBHE
COBpPEMEHHOI0 NOIHATHSA wensda ba-
peHesa Mops (HanboJiee pe3KO BEIpa-
JKEHHOTO B €ro 3amafHoii gacru). Ilo-
3TOMY 3[€Ch YacTO BCTPEYAIOTCS CKOII-
JIeHHs BaXyHOB M YYaCTKH CKaIICTOrO
mHa. B 0coGeHHO GONMBIIOM KOMHYECT-
B€ B paMKax HamleH KapThl KpyNnHOOG-
JIOMOYHBIH MaTepuall BCTpedaeTcs Ha
BOCTOYHOM CKJOHEe MeENBexUHCKOM
Oankn (cM. puc. 3, ceeepo-3amajgHas
YacTh KapThl). 3MeCh, TAKXKE Kak U B
IOr0-BOCTOYHOH YacTH MOPS, IPUCYT-
CTBHe Ipy06oii mpuMecH B 0caikax oue-.

- BHIHOQ CBA3aHO C TasATHHEM ‘aﬁc6epr0B u

IUTABYYHX JHI0B.

B ocanxax bapennesa mops na-
K€ OYeHb JaNeKO OT Oepera MOMKHO
BCTPETHTH TPyO0OOIOMOYHEINH MaTepH-
al B BUJE IPaBHsd, TaNbKH, KaMHEH H
BAJYHOB OT CaMBIX MEJIKHX 1O IJIEIO
HECKOJIBKO TOHH ‘BecoM (cM. puc.3).
Ocamok ¢ BONBIIMM KOJHIECTBOM Ipa-
BUS orTnaraerca BOmm3m Oeperom, a
Takke Ha TIOABOMHBIX BO3BBIICHHO-
CTIX ¥ MX CKIoHaX. OTHebHEIE KaMHH
B OCaJIKax IONANAIOTCA MOYTH IOBCE-
MECTHO. YKa3aHHbIE CBEACHUsI XOPOIIO
COTJIACYIOTCS C TaKOBBIMHM, IIPEICTaB-
JCHHBIMK paHee Ha KapTax U B IyOJu-
Kauusx [Buwozpadoea, 1957; Knenosa,
1960].
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Coneprxanne o011ero MbIILSIKA B BOAOPOCHAX U JOHHBIX
oTJIOKeHUsIX npulpexHoii 30ub1 Bapennesa n benoro mops

“Arsenic Content in Algae and Bottom Sediments
of the Barents Sea and White Sea Coastal Zone

A. M. Lapteva

Knipovich Polar Research Institute of Marine
Fisheries and Oceanography (PINRO)

A. M. Jlanmeea

MonsipHbIA Hay4HO-UcCnefoBaTENLCKUI
WHCTUTYT MOPCKOro puIGHOTO X03aMcTBa U
okeaHorpaduu nm. H. M. Knunosuya (MAHPO)

MEBImBsIKk — MHMPOKO pacrpo-
CTpaHEeHHBIH 3NIEMEHT B NpHpOXE, IO
COJIEPIKAHHIO B MOPCKOW Cpele OH Ha-
xomutcs Ha 14 mecre. PactBOpmMEIe
(opMBI MBIIIESKA TPUCYTCTBYIOT B

Arsenic is- a widely distributed
element in nature, as for its contents in
the marine environment it occupies the
14™ place. Dissolved arsenic forms are

present in the sea water in minimal
amount, mainly arsenic is present in the
connected state with solid particles

MOpCKOﬁ BOZIC B MHUHHUMAJIILHOM KOJIM-
4qeCTBC, B OCHOBHOM, MBIIIBAK Haxo-
JUTCA B CBA3AHHOM COCTOAHHH C TBEP-
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which sediment to the sea bottom and
during the bacterial transformation
process methyl arsenic is formed [Man-
dal, 2002; Mspasne, 1981; Myp, 1987].
Arsenic contents in the off- sea parts of
the Atlantic and the Pacific oceans in
the photic and near deep water layer
varies in the range 1.1-1.5 and 1.6-1.8
mgk/l, correspondingly. In the bottom
sediment the arsenic contents level is
significantly higher than in water.
Natural arsenic contents in the bottom
sediments of the World ocean is 10
mkg/g dry weight [Mandal, 2002], that
in the West Europe areas fluctuates in
the range 3.2-12.2 mkg/g dry weight.
[[Tempyxun, 1986).

The aim and the goal of this
work was analysis and generalization
of the data on the arsenic contents in
bottom sediments and in algae (Asco-
phyllum nodosum, Fucus vesiculasus,
Laminaria saccharina, Laminaria digi-
tata, Enteromorpha) from the coastal
zone of the Barents and the White Seas.
Algae and bottom sediments samples
have been collected during the April-
October 2003 period in the Kola and
the Motovsky bays, the Kildin strait, in
the Pechenga, the Dolgaya, the Zapad-
naya, the Teriberskaya bays of the Bar-
ents Sea and in the Palkina inlet of the
Kandalaksha bay, and in the
Pechakovskaya Salma and in the Pros-
perity Harbor of the Onega bay of the
White Sea. Preparation and analysis of

IBIMH YacTHIIaMH, KOTOpPBIE OCENAl0T
Ha HO MOps, H B IIpouecce OakTepH-
anpHOH Tpanchopmamuu ofbpasyercs
METHJIUPOBAaHHBIA MBIMBLAK [Mandal,
2002; Hspasms, 1981; Myp, 1987]. Co-
Jiep>XaHUe MBIUBSKA B OTKPBITHIX dac-
Tax Tuxoro m ATIAHTHYECKOTO OKea-
HOB B OTHUIECKOM H ITTyOHHHOM CIIOAX
m3mensercs oT 1.1 go 1.5 u ot 1.6 1o
1.8 MKI/nm COOTBETCTBEHHO. B JNOHHBIX
oCanKaX YPOBEHBb COLEPXKAHHS MBIIIb-
sIKa 3HAUWTENIBHO BBINIE, YEM B BOJE.
ECTeCTBEHHOE CONEpPIKAHMNE MBIIIBAKA B
JIOHHBIX OCaJKaXx MHpPOBOTO OKeaHa
coctapnsier 10 MKr/r cyxo# . Maccel
[Mandal, 2002], a B paiionax 3anamgHoi
EBponsl  xonebnercs or 3.2 mo 12.2
MKT/T cyXxoi Maccsl [[Tempyxun, 1986].

Uenpro HacToswei pabotel OBLI
aHanu3 ¥ o0oOLIeHNE NaHHBIX IO CO-
JIEP>KAHUIO MBIIIBSIKA B IOHHBIX OCaj-
Kax u Bojopociax (Ascophyllum nodo-
sum, Fucus vesiculasus, Laminaria
saccharina, Laminaria digitata, En-
teromorpha) TipubpexHoit 3ombl - ba-
penuesa u benoro mopeit. IIpo6rr goH-
HBIX OCaJKOB M BOAOpOCIEH OoTOMpand
B TeUeHHE anpens-oktsops 2003 r. B
KoneckoM u - MOTOBCKOM — 3alUBax,
KunpauackoM nponuge, rybax Ileden-
ra, Honras 3anagnas u TepubGepckas
BapenneBa wmopsg, B rybe Ilankuna
Kanpanakmckoro sammsa, —a Takke
IleuaxoBckoil CanMe H raBaHu buaro-
nonyyus OHexckoro sanmuea Benoro
mopsa. JlogroroBka W aHamuz Tpod
IpOBOAMANCE B cooTsercTBHu ¢ [OCT
26930-86 [Cuipoe...,1986).

Bogopocnu, kak u Bce apyrue
OpraHu3Mbl MoOps, o6namaloT CBOHCT-
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samples were carried out according to
the State Standards 26930-86 [Cui-
poe...,1986].

Algae like all other marine or-
ganisms, possess the abilities to extract
selectively chemical elements from the
sea water. Different ions and colloid
particles are absorbed from the sea wa-
ter by the whole plants bodies.
Rhizoids are only the organs of attach-
ment to substrate and do not participate
most likely in the extraction by the al-

gae of the elements concentrated by

them. Chemical elementary algae com-
position in comparison to that of sea
water and sediments points out to the
fact that micro- elements concentra-
tions in the macrophytes to a signifi-
cant degree exceeds their contents in
water but is much lower then in the
sediments with which rhizoids of the
plants are in touch. Thus, arsenic con-
tents in the macrophytes from the
south- western coast of England varies
in the range 59-189 mkg/g dry weight,
in the Fucus serratus tissues from the
English Channel fluctuates in the range
48-54 mkg/g wet weight [Burnoepados,
2001; Ilamun, 1981].

A high ability of algae for accu-
mulation, fixed inhabitancy in the con-
stant biotope — all this allows to get the
impression on the stable and long- term
changes of sea water chemical compo
sition impacted by both: natural and
anthropogenic factors. This very reason
is decisive for the inclusion into the list
of hydrobionted supposed to be applied

BaMH CENEKTHBHO W3BIEKAaTh H3 MOp-
CKOH BOMBI XHMHYECKHE SIIEMCHTHL
PaznudHble MOHBI M KOJJIOWZHBIE 4Yac-
THIIBI BOJHEBIE pAacTCHUA IIOTIIOMAIOT U3
MOPCKOM BOIBI BCEM TEJIOM. Pu3zoumsl
ABJIAIOTCS JIMIIG OpTaHaMH [PHKpEIN-
JeHHs! K cyOCcTpary M cKopee BCero, He
YYacTBYIOT B W3BJIICYEHHH BOLOPOCI-
MH KOHIICHTPHPYEMBIX HMH 3JICMEH-
TOB. XMMHYECKUI 3MEMEHTapHBIA CO-
CTaB BOJOPOCIICH NIPH CPaBHEHHUH €ro ¢
COCTaBOM MOPCKOH BOJBEl M TPYHTOB
YKa3BIBAET, YTO KOHIEHTPALUN MHKpPO-
3JIEMEHTOB B MakpoduTax B 3HAYHU-
TENBHON CTelleHW MPEBBIMIAI0T HX CO-
JepXKaHue B BOJE, HO HAMHOTO HUXE,
9eM B IPYHTaX, C KOTOPBIMH COIIPHKA-
caroTcsa pu3ouAsl pacteHud. Tak, co-
JepKaHHe MBIIbSIKa B MakpodHurax
I0ro-3amagHoro  mobepexpss AHIIHU
konebnerca ot 59 po 189 Mxr/r cyxo#
MAacchl, B TKaHAX Fucus serratus U3
mponuBa Jla-Manm ot 48 no 54 MKr/r
CBIpOH Maccwl [Buwnozpados, 2001; Ila-
mun, 1981].

Bricokas cocobHOCTH BOZOpOC-
Jell K HaKOIUICHHIO, (QHKCHpOBaHHOE
obutaHne B IIOCTOSHHOM OuoTOIE —
BCE O5TO TIO3BOJNACT IIONYYUTH Ipen-
CTaBIEHHE 00 YCTOMUYMBLIX M HOJTOB-
PEMEHHBIX H3MEHEHHAX XHMHYECKOTO
COCTaBa MOPCKOH cpenpl MOJX BIHSIHH-
€M MIPUPOITHBIX U aHTPOIIOICHHEBIX (DaK-
TOpoB. VIMEHHO TO3TOMY MaKpOQHTEL
BKJIIFOYEHH! B HHCIO THAPOOHOHTOB,
NpegHAa3HAUYEeHHBIX AN HCIOIb30BaHMA
B CHCTEME MOHHTOPHHIA XHMHYECKOrO
3arpA3HEHHsST MOPCKOM Cpefbl.

JlaHHBIE O cpeaHeM coaepXKaHUHU
0O0IIET0 MEIIIBIKA B JOHHBIX 0CAJKaX U
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in the sea water chemical composition
monitoring system.

Data on the total arsenic average
contents in. bottom sediments and in
algae from the Barents and the White
‘Seas are presented on figures 1-5.

Total arsenic concentrations in
the bottom sediments of the Barents
and the White Seas varied in the range
1.40-26.00 mkg /g dry weight. In-
creased arsenic concentrations are re-
vealed in the Kola bay in the inlets
Dolgaya, Zapadnaya, Kislaya of the
Barents Sea and in the Palkina inlet
from the White Sea and constituted
17.60; 26.00; 20.60 and 16.40 mkg/g
dry weight. Contamination level of the
bottom sediments surface layer in other
investigated areas was moderate and
constituted in average 6.12 dry weight
(see Figures 1-3). ’

It is known that pesticides, food
additions, coal and oil, ore and metal-
lurgic wastes, cleaning agents and
wastes of military industry enterprises
are the major anthropogenic sources of

arsenic input into the environment

[Myp, 1987]. In the Kola station 8 is
located in the Murmansl merchant har-
bor area (see Figure 1), besides, a heap
of the sunk ships is an additional source
of contamination here, station 17 is
located in the area adjacent to the town
of Severomorsk, where besides dis-
cards of the military industry municipal
sewerage rich in suspended and syn-
thetic surface active agents are present
[Konvekuii..., 1997]. Sampling stations

Bopopociax bapenunera u benoro mo-
peif IIpeICTABIIeHE! Ha PUCYHKaX 1-5.

Konrentpanun 00IIEro MBIIIbs-
Ka B JOHHBIX ocaikax bapeHneBa u
Bemnoro mopeit BapsupoBamu ot 1.40 o
26.00 Mkr/T cyxo¥ macchl. [loBsimeH-
HEle KOHIEHTPALUM MBIBAKA OOHa-
pyxeust B KompckoM 3anmBe, rybax
Honras 3anannds, Kucnas Bapenresa
Mops u ry0e Ilankuna bemoro mMops u
cocrapmm 17.60; 26.00; 20.60 u 16.40
MKT/T CYXOH MAacChl. YPOBEHE 3arpsi3-
HEHpsI TOBEPXHOCTHOI'O CIIOSI JTOHHBIX
OTJIOXEHHUH B OCTANBHBIX H3yYCHHBIX
palionax OpUT yMEpEHHBIM M B CPEIHEM
coctaBisul 6,12 cyxo¥ macce (cM. pu-
cyuku 1-3).

W3BecTHO, 4TO OCHOBHEIMH aH-
TPONOTeHHBIMH HUCTOYHHUKAMH MOCTYII-
JICHUSI MBIIIBSIKA B OKPYXKAIOIIYIO Cpe-
Iy SBJIAIOTCS TECTHLUABI, IHILEBEIE
00aBKH, yroib H He)Th, pYOHHIHEIE U
METaJIypPrUIecKHe OTXOABI, MOIOILHE
CPENCTBAa U OTXOABI MPEANPHATHI BO-
EHHOl TIPOMEBILIIEHHOCTH [Myp, 1987].
B Konbckom zamuee § cTadHIus Haxo-
JuTcs B palioHe akBatopuu Myp-
MAaHCKOT'O TOPrOBOTO MOPTa (CM. pHCYy-'
HOK 1), XpoMe TOro, 3HeCh IOIOJHH-
TENBHBIM  HCTOYHHKOM -3arpsi3HEHUs
ABIIAETCA CBaJKa 3aTOHYBIIHMX Kopal-
neit. Crannus 17 pacnonoxeHa Ha ak-
BaTopuu mpmieraiomeii x r. Cesepo-
MODPCKY, T'leé NIOMHMO cOpOCOB Tpej-
HpUATAH BOCHHOM NPOMBINUICHHOCTH,
HIPUCYTCTBYIOT KOMMYHAIBHEIE OTXO-
IBl, OoraTble B3BEIIEHHBIMH . H CHHTE-
THYECKMMH IOBEPXHOCTHO- aKTHBHEI-
MH BellecTBaMH [Komvckuii..., 1997].
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Fig. 1. Total arsenic content in the Kola bay bottom sediments

in the Kislaya and in the Palkina bays
are situated in the intermediate vicinity
from the oil tanks base (see Figures 2,
4), and in the Dolgaya inlet in the keep
zone of the North Navy ships a put out
of the operation.

Arsenic concentrations in the al-
gae Laminaria saccharina tissues (Bar-
ents and White Seas), Ente_,romorpha
and Ascophyllum nodosum (White
Sea)- did not exceed the -established
standard of arsenic contents in the al-
gae that is — 5 mkg /g wet wéight [Fu-
2002] and constituted
coorBeTcTBeHHO 1.65; 2.35; 2.50 and

2UeHnuvdeckKue...,

1.36 mgk /g, correspondingly. A higher

Craamuu  otbopa mpob B rybax Kuc-
nas u IlankuHa HaxXOMATCA B HEMO-
CpencTBeHHON 0MM30CTH 0T HedTeOas3b
(cMm. puc. 2, 4), a rybe Jdonras — B 30-
He oTcros Kopabineit CeBepHOro QroTa,
BBIBEICHHBIX U3 OKCILTyaTalHH.
KoHIeHTpalyy MBIIIBAKA B TKa-
Hax BojopocneH Laminaria saccharina
(bapenneo u benoe mops), Entero-
morpha u Ascophyllum nodosum (Be-
JI0€ MOpe) He NPEBBIIIATH YCTaHOB-
JEHHBIH - HOPMAaTHB CozepKaHus
MBIIIBAKA B BOZOPOCTAX — 5 MKI/T
cBIpoil Macchl [[uzuenuueckue..., 2002] 1
COCTaBIANM  COOTBETCTBEHHO  1.65;
2.35;2.50 u 1.36 MKI/T CBIpO# Macchl.
Boiee BEICOKOE comepKaHne MEIIIBIKA,
[IPEBBIIIAIONIee HOPMAaTHB, OOHapyxe-
HO B TKaHax Ascophyllum nodosum
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arsenic concentration exceeding stan-
dard is discovered in the tissues of
Ascophyllum nodosum and Laminaria
digitata from the Barents Sea and con-
-stituted 6.26 and 7.22 mkg/g wet
weight and in Fucus vesiculosus from
the Barents and White Seas, where av-
erage concentrations of the element
reached 5.32 and 7.41 mkg/g wet
weight (see Figures 4, 5) Re-
calculation into wet weight was carried
out applying Vinogradov algae humid-
ity coefficient [Bunozpaoos, 2001].

u Laminaria digitata bapenuesa Mops
u cocTaBuio 6.26 u 7.22 MKI/T CHIpOit

-Maccel, a Tak ke B Fucus vesiculosus

Bapentesa 1 Benoro Mopeil, rae cpex-
HHE KOHLIEHTPAIUH >JIEMEHTa JOCTUTa-
ma 5.32 wu 7.41 wmxr/r éLIpoﬁ MAacCCHI
(cm. pucynku 4,5) Ilepecyer Ha CHIpYIO
Maccy BBITOJIHSICSA C HCIIONB30BaHHEM

K03 PHUIMEHTOB BINaXXKHOCTH BOJOpPOC-

neii mo BwuHOrpamomy
2001].

[Bunozpados,

o930
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Content of arsenic, mkg/g dry weight.
CozepixaHue MBIIIBSIKA, MKT/T CyXOi MacCEL.
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[ | 15-20

Puc. 2. Copepxanue 00mmero MEIIEAKA B JOHHBIX 0cagkax MoToBcKoro 3anuBa
u ry6sr lonras 3anaguas.

Fig. 2. Total arsenic content in the Motovsky gulf
and Dolgaya Zapadnaya bay bottom sediments.
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Fig. 3. Total arsenic content in the Kildin strait and Teriberskaya bay algae
and bottom sediments of the Barents Sea.

Taxum o6pazoM, 0OHApYXeHO
ofmero

Thus, increase of total arsenic
MTOBEIIIEHHOE

contents in the bottom sediments of the
Kola bay, in the Dolgaya, Zapadnaya,
Kislaya inlets of the Barents Sea and in
the Palkina bay of the White Sea is
found. Our country lacks the standard
of metal contents in the bottom sedi-
ments. But according to contamination
criteria of the sea bottom sediments in
the fjords and the coastal zones ac-
cepted in Norway on the basis of total

colepKaHue
MBIIIBAKA B- TOHHEIX ocanakax B Konb-
cKoM 3anuBe, rybax onras 3amanHas
u Kucrmas bapenneBa mops u ryGe
IManxuna bemoro mops. B nameii crpa-
HE OTCYTCTBYIOT HOPMATHBEI COHEpIKa-
HUs METaJIOB B IOHHHIX ocangkax. On-
HaKoO, COIJIAaCHO KPUTEpUAM 3arpsA3HEH-
OCaiKOB
bBOPROB M NMPUOPEKHBIX 30H, MIPUHI-

HOCTH MOPCKHX  JOHHBIX

ThIX B HopBerun mo comepykanuo 00-

68—




N3yyenne GHOTOIOB HPHOPEKHBIX 3KOCHCTEM

arsenic contents the samples of all in-
vestigated bottom sediments might be

iero MbIIbAKA, IIpO6BI BCEX HUCCICOO-
BAHHBIX IOOHHBIX OCAHKOB MOXHO OT-

: . HCCTH K MEPEHHO 3arpsA3HCHHBIM
referred to the moderately contami- T ymep p
e [Klassifisering, 1997].
nated [Klassifisering, 1997]. ‘
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Fig. 4. Total arsenic content in the Palkin bay bottom sediments
and algae of the White Sea.

Total arsenic contents exceeding
the fixed standard in registered in algae
Ascophyllum nodosum and Laminaria
digitata of the Barents Sea and in Fucus
vesiculosus of the Barents and the
White Seas. Based on a set data ob-
tained by different scientists. it is
known that the brown algae are able to

connect arsenate with carbohydrates,

Conep:xanue 0OLIET0 MBIIIBSKA,
NPEBHINIAIONIEE  YTBEPXKICHHEI HOp-
MAaTHB, OTMEYEHO B BOZOPOCIIX ASCO-

phyllum nodosum u Laminaria digitata

Bapennera mops, a Tak xe B Fucus
vesiculosus bapenneBa u bemoro mo-
peii. Ilo JaHHBIM psna wccnexoBaTenei
U3BECTHO, YTO OypEIE BOZOPOCIH CIIO-
COOHBI CBA3BIBATH apCeHAT C YIIEBO-
JaMH, KpOMe TOTO, BOZOPOCIIH HMEIOT
OHOXMMHYECKHI MEXaHU3M, TIOAICPIKH-
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" besides, algae possess a biochemical
mechanism supporting arsenic contents
in the cells on the untoxic level [Myp,
1987] 1t should be noted that organic

forms of arsenic are of little toxicity

and are not dangerous for the people, as
they are quickly removed from the or-
ganism [[Myp, 1987; Mortime, 2000; Fuo-
noaus...,1998].

BAIOIIME COJIEpKaHWUE MBIIIEIKA B
KJIETKaX Ha HETOKCHYHOM YpOBHE [Myp,
1987] Crnenmyer Takxke OTMETHTH, UTO
opranuyeckne GopMBI MBIIIBIKA Mallo-
TOKCHYHBI M HE SBISIOTCSA OIACHBIMU
JUTSL TIFOZIeH, TaK Kak ObICTPO BBIBOJSITCS

n3 opraHuaMa [Myp, 1987; Mortime,
2000; Buonozus...,1998].
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Fig. 5. Total arsenic content in the Pechenga bay bottom sediments
of the Barents Sea.
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The Problem

Airborne lidar monitoring of the
sea allows for the study of spatial dis-
tribution of sea water parameters as
well as for revealing and identification
of different biological specimens lo-
cated in the water body. The optical
characteristics are the water productiv-
ity indicators ‘as well as the tracers of
the dynamic processes in the ocean,
that also allow to distinguish different
types of water masses. It is necessary to
develop the accurate method to pick
out the information about hydrooptical
characteristics from the lidar data in
order to automate the processing of
lidar mass data. This article provides
the simplest convenient mathematical
model of the signal detected by the
PAL-1 lidar' module. The aviation-

* Cahkt-leTepbyprckuii
rocyAapcTBEHHbLIN YyHUBEpPCUTET

** MonsapHbIi HAW Mopckoro peiBHOro xo3aincTea
u okeaHorpadum um. H. M. KHunosuua

TlocTaHOBKA 3a/1aYH

ABHaINMOHHEINA MUAAPHBIA MOHH-
TOPHHI MOPCKHX aKBaTOPHH ITO3BOJISICT
M3y4yark MPOCTPAHCTBEHHOE pacupere-
JICHHE BEPTHKANBHEIX TNpoduied xa-
pPaKTEpHCTUK MOpPCKOH BOABI, OOHapy-
JKHBATh, WICHTU(HUINPOBATE M OIpe-
JeNATh NapaMeTphl pasNnuYHbIX OWoio-
TMYECKUX OOBEKTOB, HAXOAAMIMXCS B
TOJIIE MOpCKOH BoOJpL. OnTHYECKHE
XapaKTEPUCTUKH SBILIFOTCS HHAMKATO-
pamM# IpPOXYKTHBHOCTH BOJ, Tpaccepa-
MH JIUHAMHYECKHX IPOLECCOB B OKea-
HE, a TaKKe MO3BOJSIOT BBIACTUTH TH-
el BOAHBIX Macc. Wudopmarnmio o6
3THX XapaKTepUCTHUKAX, 3AJI0KECHHYIO B
JHMIAPHOM 3XO-CHTHANe, HeoOXOIUMO
HAYYUTBCA BHIICIATH U HHTCPIPETHPO-
BaTh JUIL pa3pabOTKH anrOpUTMOB Mac-
COBOH aBTOMAaTH3MpOBaHHOW 006paboT-
KM JaHHBIX JTHOAPHOTO 30HIHPOBAHMS.
B nmammo#i paboTe paccMaTpuBaeTCs
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Wzyyenne 610TONOB MPHOPEIKHBIX IKOCHCTEM

based lidar signal analysis system used
to identify seawater hydro-optical pa-
rameters has been tested in the White
Sea. Radiation polarization changes
are not discussed in the present paper,
even though the model allows a gener-
alization for that more complicated
case.

Echo Signal Formation

Aircraft based laser emits a short
pulse having a form of well-collimated
light beam inclined by a small angle
with respect to a vertical. Acquisition
of optical system aimed to a laser light
spot on a water surface transmits the
backscattered light from a small solid
angle to the photodetector. This fact
allows us to neglect the peculiarities of
the transversal structure of the laser
beam and backscattered light.

Hence, in the simplest case an
echo signal is a result of several basic
processes.

a) The scattering of incident pulse
on the water surface and the sub-
surface layer. The moment of registra-
tion of the signal scattered by water
surface is taken as a datum in further
analysis.

A significant part of signal scat-
tered by the water surface can be re-
lated to the reflection from those of
random-oriented elements of the water

npocTeimas, ynoOHas U1 peleHus
chOpMyTUPOBaHHEIX 3a1a4, MaTEMaTH-
yeckas MoAeNb (POPMHUpPOBaHHS CUTHaA-
7Na, 3apErHCTPUPOBAHHOTO TIPHEMHOM
cucremoit nunapa PAL-1 [Alexeev, Fe-
dorov. Golod at al.,2002]. TIpoueccsl u3-
MEHEHHST COCTOSHHS NOIAPH3ALAN M3~
JMYYCHHS HE pacCMaTpUBAIOTCSA, HO MO-
[IeNb TOITycKaeT 0000IeHe  Ha 3TOT,
Gonee CIOKHBIN ClTydai.

DopMHPOBAHHE PACCEAHHOr0 Ha3aj
ONTHYECKOTr0 H3JTy4CHHU

YCTaHOBIICHHBI Ha JIETaTEINb-
HOM almapaTe Ja3ep H3Iy4aeT KOpOoT-
Kuif UMITynsC B ¢dopMe MOYTH Hapai-
JISNIBHOTO CBETOBOIO ITyYKa IO MaJILIM
yrioM ¥ K BepTukanu. IIpueMHas on-
THYECKAsl CHCTEMa, OPHEHTHPOBaHHAs
Ha ISTHO BXOJa Jiyya B BOXY, IPOITyC-
Kaer Ha (POTONpPHEMHHK pacCesHHOE
Ha3aJ H3Iy4YeHHe TaKkKe B Ipeienax
MAaJIOTO TEIECHOro yrja. DTO IO3BOJII-
€T HE YYUTHIBATE OCOOEHHOCTH IIOIIe-
PEYHON CTPYKTYPHI JIa3epHOro My4YKa U
paccesHHOro Ha3a,[ U3NyICHHUS.

CeeToBOH cHUrHan TOTHa, B IPo-
cTeiimieM ciydae, dhopMupyeTcs B pe-
3yJBTATe HECKOJIBKMX OCHOBHEIX IPO-
IIECCOB.

a) Pacceanue na nosepxnocmu eo-
Obl HaYAJIBHOIO CBETOBOIO HMITYNIbCA H
B IIPHUIIOBEPXHOCTHOM clioe. MoMeHT
PETHCTPalHH CHTHAJIa OT MOBEPXHOCTH
MPH HHTEHCHBHOCTH TAAAIOIIEro Iyd-
ka [(0) MBI mpHHHMaeM B aNbHE-
IIHX pacyeTax 3a HyJb.

3HaUNTENBHYIO0 4YacThb 00pa3syro-
IIeTOoCS NMPU PacCesHHH Ha IOBEPXHO-
CTH CHIHAJIAa MOXKHO CBS3aTh C OTpaxe-
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surface that turned to be perpendicular
fo the incident beam. Intensity of the
reflected beam can vary depending on
the wave structure and magnitude. The
angle ¥ <<1, thus the distance between
the farthest and the nearest reflecting
surfaces within the beam is much less
than the longitudinal pulse duration in
the air, so we can disregard the scat-
tered pulse widening. Consequently,
we can describe the form of the light
signal related to this process as a con-

volution of laser pulse form #Z,(¢) with

the Dirac delta function, corresponding

signal has the following form:

HUEM OT O3JIEMEHTOB BOJHHCTOM IiO-
BEPXHOCTH, CIYy4alHO OPHEHTHPOBAaH-
HBIX TEPHEHAMKYIAPHO NajarouieMy
ny4yKky. MHTEHCHBHOCTH OTPaXEHHOTO
IMy9Ka MOJXXET BapbUpOBaTh B 3aBHCH-
MOCTH OT CTPYKTYPBHI BOJHEI U €€ aM-
wmTyasl. B cwiy Toro, 4ro yron
¥<<1, B mpenenax NIHPHHBI ITyYKa
IMOapa paccTosSHHE Mexnay Haubolee
yhaseHHOH u Hambonee GIH3KOMH K pe-
THCTPHUPYIOILEH CHCTEME ITOBEPXHO-
CTAMH HaMHOTO MEHBIIE IPONOJIBHON
IPOTSDKEHHOCTH HMITyJIbCa Jiazepa B
BO3JyX€, M YIIMPEHHEM OTPa)KEHHOTO
HMITyJIbca MOXHO npeHebpeus. Cneno-
BaTeNBHO, (GOPMY CBI3aHHOTO C 3THUM
IPOLIECCOM CBETOBOTO CHIHaia MOXHO
INpUHONMKEHHO ~ ONMCAaTh  CBEPTKOM
bopMHEl NazepHOTO HMIyIbca Ay(f) ¢

nensta-¢pyakuueit [upaka. CooTeet-
CTBYIOUIMI CHUTHAJI 3aIIUIIEM B BUIE:

B @=10)a; [hy(t-T)@dT=10)a5(t)@hy (1),

where ® denotes the convolution, a;

is the overall backscattering coefficient
of the surface and the subsurface layer.

All the operations below are lin-
ear, so the convolution with Ay(¢) can
be performed only once, in the final
stage of the computation. Omitting it,

we have

rne ® — o3HagaeT ONEpallHio CBEPTKH,
a; — CyMMapHBIH K03p(HUIUeHT pac-
CesiHHS Ha [OBEPXHOCTH W B TPHIO-
BEPXHOCTHOM CJIO€ BOJIBI.

Bee mocnenyronue omepanuu B
HalleM PacCMOTPEHHH JHHEWHEI, 3TO
MIO3BOJISIET HE PacCMaTPHUBATH CBEPTKY
¢ hy(¢) xaxnplii pas, a OCYIECTBHB €
JHUIIb OAHOKPaTHO Ha 3aKIIOYUTENh-
oM atane. Onyckas ee, MOIyInM:

() =1(0)a,;5(1). (1)

b) In the homogeneous water, the

lidar return will decay exponentially as

0) 3amyxanue soweduezo 6 600y
nyuKa CBeTa BCIEACTBHE SKCTHHKIHUN U
paccesaus. [Ipemnonaras BOOHYIO cpe-
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a function of scattering depth in the
water because of absorption and scat-
tering by Bouguer’s law:

Jy B CpeQHEM OIHOPOIHOH, BOCIIONb-
3yeMcs 3akoHOM bByrepa, uHTEHCUB-
HOCTb ITyYKa CIajfaeT KakK

I(D)=I(0)exp(-Gl), (2)

where /(1) is the lidar signal, G is the
attenuation coefficient, [/ is the beam
path in water.

In the frame of our model, the
light flow backscattered in a small solid
angle passes the same way [ as the in-
cident beam that penetrated into water-
body; to account for this effect, we
must double the exponent index or to
double time of the beam propagation in
water.

The extinction coefficient enters
the intensity (2) as a factor; the return-
ing beam scattering at the water surface
we can take into account also as a fac-
tor. Note, that on its way down the wa-
ter, the recorded signal corresponds to
backscattering, while on its way back-
" wards to the surface this is the forward
scattered light. Both of these effects
enter the registered intensity of light as
factors; as a result, these components
can be distinguished only in a special
experiment.

It follows from (1) and (2) for
the dependence of the intensity of light
beam scattered from inside the water-
body towards the aircraft:

rae G — k03 MUIHERT SKCTHHKIHUH, [ —
JUTHHA ITyTH Oy4Ka B BOJE. -

B pamkax Hamiell Mojenu cBero-
BOH IOTOK, paccesHHBIH Hasax B Ma-
JIOM TEJIECHOM YTJIE, IPOXOJHUT TOT K€
nyTh ! B 06paTHOM HaIpaBlIeHHUH, ClIe-
JIOBATENBLHO, IOKA3aTeNb OSKCIOHEHTEI
HEOOXOAUMO YABOUTH, NMOO BBECTH
k03hduument 2 npu pacuere BpeMeHH
PacrpoCTpaHEeHUs: CHIHAA.,

Koadpduuuenr paccesHus Bxo-
JIIT B UHTEHCHBHOCTH (2) Kak oOumi
MHOXMHTeNb. Paccesnue  oOpaTHOTO
My4YKa Ha IOBEPXHOCTH MOXHO YUECTh
TaKke B Bupe koagduunenra. Ha myTtn
B rry0b BOXBI MBI MMeEM [EJ0 ¢ pac-
cesHHeM “Hazall”, B TO BpeMs Kak It
pacnpocTpaHeHHs M3 TIyOWHBI K [I0-
BepxHocTH — “Briepen”. O6a atu ad-
(dexTa BXOOAT B MHTEHCHBHOCTH PErH-
CTPHPYEMOI'O H3Ty4eHHs KaK MHOXH-
TeOX M MOryT OBITh ONpEIeINeHs! pas-
JIENIBHO TONBKO TIPH NPOBEACHHH CIE-
UHANBHBIX HCCIENOBAHM.

IIpunumas Bo BHuManue (1) u
BBILIIECKA3aHHOE, U3 (2) moaydaem Ojs
3aBUCUMOCTH OT BpPEMEHH CHTHAaJa,
PACCESHHOTO B CTOPOHY CaMoOJieTa B
TONUIE OJJHOPOAHOM BOJTBI;
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J(@)=J(0)exp(-GH®S (2] —vt);

v=c/n;
I=2z/ cosi‘};
1>0,

Here J(I) is the signal amplitude
that includes the scatter coefficient as
well as the backscatter coefficient of
water, [ is the light trace between the
water surface and the scattering point, z
is the depth of scattering point, c is the
velocity of light, » is the refraction in-
dex of water, ¢ is the angle for the
transmitted beam.

Note that formula (3) is valid
only for I > 0, as the scattering from the
surface is described with (1).

¢) Than, we shall consider the local
inhomogeneity in the waterbody as ah
infinitely thin object. So, we can de-
scribe the local inhomogeneity scatter-
ing as small additive scatter coefficient

at the depth z,,:

(3)

rae J(¢f) ~ Be)UYMHA UHTEHCHBHOCTH,

YUMTHIBAION[AS TOKA3ATENH PacCEesHASA
U BHepen, U Hazam, [ — MyTh, NIPOHIEH-
HEIA MMIIyJTBCOM CBETa B BOJIE OT IIO-
BEPXHOCTH K TOYKE pAacCesHUA; ¢ —
CKOpOCTE CBETa B BaKyyMe; n — IIOKa-
3aTeNb NMPEIOMIICHU BOIBI; 7 — ITy0H-
Ha TOYKH paccesHus; & — cpexuu
YTON paclpoCTpaHeHus MydJKa B BOJE,
OTCYMTAHHBEIN OT HOpPMalH K CpeaHeH
TIOBEPXHOCTH BOMBIL.

OO0pamiaeM BHUMaHHE HA TO, YTO
dopmyna (3) BepHa ToNBEKO AnA [>0,
Tax KaK pacCesHHEe HEIOCPEICTBEHHO
Ha JIOBEPXHOCTH ONHKCHIBaeTCA GOpMYy-
noit (1).

B) PaccesHue WA JOKANIbHbIX HeOO-
HOpOOHOCMAX B TIPOLIECCE PACIPOCTPa-
HEHHS, TOMLNHA KOTOPHIX CYIIEeCTBEH-
HO MEHbIIE MPOAOIBHON IIPOTSIKEHHO-
CTH JIa3epHOTO IIydka B BOJE. OTOT
3 dexT MOXKHO yHecTh Kak Malyio al-
JUTHBHYI0 HEOTHOPOTHOCTE KO3PPH-
IUCHTA PACCEsSHHA Ha HEKOTOpOH Iiy-
Oune z,,:

J(t,)=J(0)k, exp(-G)®6(2,, —vt),

(4)

d) The scattering from the opaque
obstacle, i.e. the algae surface, the bot-
tom at the depth z, are accounted for in

the same way as the scattering from the

r) Paccesnue mna HenpospauyHoOM
npenamcmauy. (IIOBEpXHOCTb BOJOPOC-
JeH, [HO Ha TiyOHHE z) YIUTBIBAETCS
Tak ke, Kak paccesHue OT HEOJHOPOJ-
HOCTH, IpHYEM TIOJHBIA CHUTHAl BO
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inhomogeneity. The total length of the
signal is to be cut out of the continuous
function with the rectangle function for
the signal propagation is interrupted.

The full echo-signal can be ex-
pressed by:

Js (t)=I(O)a05(O)+rect[

220n/ccosﬁ]

BpEMEHM OTpaHHYMBACTCA COOTBETCT-
BylOImEH  (yHKIHeH-TIpIMOYTOIBHU-
KOM, TaKk Kak JalbHElIee pacrnpo-
CTpaHEHHE ITydKa BOEpel NpeKpalacT-
csl.

Takxum obpasom, oOImUH cUrHAT,
MOCTYNAIOMMK Ha IPUEMHHK H3ITyde-
HHS, MOXKHO IIPEACTABUTH B BHJE:

J(0)exp(-GI)®

(5)

®{5(2l—vt)+2km5(21m —vt)+a15(t—220n/ccos19)} :

m

The last item of the sum in curly
braces describes the reflection from the
bottom.

The rectangle function is deter-

mined in a following way:

IMocnenuee craraemoe WOX 3Ha-
KOM CyMMbI B QUT'YpHBIX CKOOKaX y4u-
TBHIBAET OTPAXKEHUE OT AHA.

Vcnone3oBanHas 3mech (YHK-
LUS-IPSIMOYTONBHUK OIIpE/eNIeHa Clie-
IytomuM 0bpazom: '

0 npu x50
X
rect(——j= 1 npu O<x<a.
“ 0 npu x=a

System Pulse Response

Lab tests and the lidar data re-
ceived from White Sea air photographs
in June of 2003 demonstrated that the
main reason to limit the resolution in
time or distance (besides the laser pulse
duration) were in photomultiplier sin-
gle-photon pulse length and also in sig-
nal discretization process in the digital
transformations

oscilloscope. Signal

AnnapatHasi QyHKIHSI CHCTEMBI

Kax mnokazamu naboparopHbie
ucciefoBaHusS M 00paboTKa CHUTIHAIOB
JIUpapa, NONy4eHHBIX NPYU NPOBEACHUH
aBHachEeMOK akBaTOpuil benoro Mopst B
nione 2003 1., OCHOBHBEIMM HCTOYHH-
KaMH OrpaHHYeHUs pas3pellaromei
CTI0COGHOCTH BCEH CHCTEMEI IO BpeMe-
HU (T.€. IO pACCTOSHHIO), ITOMHMO
UTMTENBHOCTH JIa3€pHOTO0 HMITYJbCa,
ABNSIOTCA: HMHEPLHOHHOCTH (OTOYM-
HOXHTeJIS, yCHIIUTENs] CHTHala, @ TakK-
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are linear, therefore the resulting lidar
signal can be represented by the convo-
lution of (5) with some function that
includes all the described éffects. From
now on we shall call this function as
the lidar pulse response. This model
does a good job replicating real signals
from both shallow and relatively. deep
areas.

The only source of non-linearity
of the system as a whole is the analog-
to-digital transformation of the re-
cording module which can be taken
into account a posteriori. Lab tests and
the analysis of the shallow water bed
reflections demonstrated that within the
error limits of the experiment the lidar
pulse response can be described by a

simple formula:

h(t)=texp(~ft)

t20

The concept of the pulse re-
sponse allows for the accurate recovery
of the true signal formed by the light
scattering in water. The recorded sig-

nalJ (¢) is related to the true J(¢)one

as

e JHCKPETHOCTh Ipeobpa3oBaHus
CHTHAJa LHQPOBEIM OcIUIIOrpadoM.
Oriepanu  COOTBETCTBYIOIMX TIPe0l-
pa3oBaHUN  ABIIOTCA  JIHHCHHEIMH,
ClIeOoBaTeNnbHO, (opMy  pe3yNbTH-
pPYIOIIEro ' CHrHana MOXHO MpeacTa-
BUTb B BHJAE CBEPTKH ANMPOKCHMHE-
pytorteit Gbyuxrnun GOpMHpPOBaHUS OT-
kmuka (5) ¢ HekoTOpod (yHKIHE,
BKITfovaronieil B ceOs Bce MepeunCleH-
uele addexTel. D1y QyHKIUIO MBI Oy-
JeM B JaibHeHnieM Has3blBaTb annd-
pamuoti gyuxyuei audapa h(t) . Takas
MOJIENTh XOPOIIO BOCIPOHU3BOAMUT (op-
MY pealbHBIX CHTHAllOB, KaK Il Mell-
KOBOJIbsI, TAK M IS YYACTKOB C OTHO-

CUTENbHO  OONBIIMMH  IIIyOMHAMH.
EMMHCTBEHHBIM HCTOYHUKOM  HEJH-
HEHHOCTH  SABIAETCS  OrPaHWYCHHE

CBEpXy aAMIUIUTYABl aHajoro-mubpo-
BBIM npeoOpazoBaTeneM pPEruCTpH-
pYIOIel CHCTEMBI, KOTOPOE MOJXKET
OBITh YITEHO @ posteriori.

JlabopaToOpHble HCIBITAHHUS JIH-
Japa ¥ aHAIN3 CHTHAJIOB, OTPaXKEHHBIX
OT TOBEPXHOCTH K JHA Ha MEIKOBOJbE
TIOKa3all, 9TO B Ipefesiax MmorperHOCTH
OMBITOB armaparsas (QyHKIHS Jumapa
MOKeT OBITH OMHCaHa IPOCTOH hopMy-
(0)78

(6)

3gaHHe anmapaTHOH (PYHKUIHH
MO3BOJSIET BOCCTAHOBUTH HCTHHHYIO
dopmy curHana, oOpasyromerocs B
pe3ysbTaTe paccesHHSA CBeTa B BOJIC.

VYureMm, uTO U3MepeHHBIN curHan J(¢)
CBSI3aH C WCTUHHBIM J(?) COOTHOIIE-
HHUEM:

J(O=J@®)®h), ()
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In other words, to find J(¢), one

has to solve the integral equation with

h(t) kernel. The shape of (6) assumes -

the sufficient stability of the solution in
relation to random errors of the signal
measurements. Figures la-lc demon-
strate several examples of the real sig-
nal. In Figs le — 1g the model test-
signals are shown. Fig. 1h, 1i demon-
strate the models of the signal for a
small extinction parameter G for the
case of clear water,. the depths is 25 m
() and 30 m ().

The main characteristics of echo-
signal are as following:

a) in the beginning of the observed
signal there is a large peak caused by
the surface reflection;

b) after the rapid decrease character-

ized by the characteristic time of the

system pulse response 7 = %3 , there is

a slow intensity wane due to the light
dissipation in water;

¢) at large time delay either the sig-
nal is masked by noises or there is a
maximum due to the scattering from

the bottom.

~ 0bxommuMo

T.e. JUI1 TOro, 4ToOBl Haiitu J(¢), He-

pELINTE  HHTerpalbHoe
ypaBHeHHe ¢ sapoM A(t) . Dopma sapa

(6) mo3BongeT HaeAThCA Ha J{OCTATOY-
HYI0 YCTOMYMBOCTB pENIEHHA II0 OT-
HOINEHWIO K CIyJYalHBIM OMHOKaM H3-
MepeHﬁﬁ CHUTHAJIA. '
OO6muii xapaxrtep pa3spaboran-
HOM MOZENM BIIOJHE COrIAacyercad ¢
JaHHBIMH H3MepeHui. Ha puc. 1,a -1,
B IIOK23aHBI MpPHUMEPH] PEalbHBIX CHT-
HanoB, puc. 1, r — 1, e — MozenbHEIE
TecT-cUrHanbl. Kpome Toro, Ha 3TOM
JKe PUCYHKE ITI0Ka3aHa MOJelIb CHrHajia
JUISL MaJIoTO Tokazarens ociabnenus G
— ciIy4ail mpo3pauHO# BOJEI — IpH
ryoune mops 25 (1, x) u 30 (1, 3)
METPOB.
OcHoBHEIE
CHIHAJIOB TAKOBEL:
a) B HaJaIbHOW YaCTH PacCesHHOTO

XapaKTCpUCTHUKH

-cHrHana Habmogaerca OGONBIION ITHK,

CBSI3aHHBIA C. OTpa)kCHHEM OT IOBEPX-
HOCTH;

6) 3a OBICTPBIM CIAZOM, KOTOPHIH
XapakTepH3yercd IIOCTOSHHOH BpeMe-

HH T=/ﬁ anmapaTHO# (yHKIHH, Ha-

OirolaeTCsd MeNIeHHBINM Ccraf HHTECH-
CHBHOCTHY, OOyCIIOBJICHHBIN paccesHH-
€M B BOJE;

B) npu OonbmIMx BpeMeHaxX CHrHal
b0 TOHET B IIymaX, Tu6o mabmona-
eTcsi MAaKCHMYM, CBSI3aHHBIHN C pacces-
HHEM OT JHa. A

O6paboTka curnana

OmHUM W3 BRKHEIX CBOMCTB CO-
orHoOIeHH (7) ABIAETCA TO, UTO IIpe-
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0
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2
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11\
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Puc. 1. a — ¢: mpuMephl peaNbHBIX CUTHAIOB; 2 — €: MOJISNIEHBIE CUTHAET;
2ic, 3. MOJIEIIb CUTHANA JII1 MaJIoro roxasaTens ocinabnenus (ciay4ail mpo3padHoil BoJ(HI)
¥ cUTHaJa OT AHa Ha rirybuHe 25 u 30 M.

Signal Processing

For further signal processing,
one may use the general property of the

relation (7) that its Fourier transform is

obpazoBanvie Dypre QyHKIHH J ®

PaBHO IIPOM3BEICHHUIO IipeoOpa3oBaHmi
®ypre HCTHHHOrO curHama J(¢) W an-

napaTtHOd ¢ysxumu A(f) . B cooTBer-
CTBHH C 3THM CBOMCTBOM CBEPTKE JABYX

—8] —
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the product of transforms of J(¢) and
A(t) . On coming form the time domain

to the frequency domain, one has:

byuxnuit J(t) u A(f) BO BpeMeHHOI
00JIaCTH COOTBETCTBYET TPOU3BEICHHE
npeobpazopanuit Oypse aTux QyHKIHIT
B YaCTOTHOH:

F{T(t)y=F{I(t)y®h(®)}=F (JO}x F {h(t)}, (8)

With F{} symbol the direct

Fourier transform is denoted.
Using the backwards Fourier
transform of (8), get for the recovered

signal:

rne F{}- cumBon mpsmoro mpeobpa-

3oBanMg Oypre.

[Ipumenur k (8) obparHoe mpe-
obpazoanne Dypre, monygaeM s
BOCCTaHOBJICHHOTO CHUTHAJa Ha BEIXOJE
cHcTeMBl 00pabOTKH:

J@O=F" {F Y (t%(hm)}. (9)

In Fig. 2 the example of the re-
corded echo-signal is shown. Its Fou-
rier spectrum is shown in Fig. 3. To
smooth the signal, the spectrum is con-
verted with the low-frequency pass fil-
ter, the high-frequency cease limit is to
be chosen in a way not to loose time
resolving power of the system. The
form of pulse response of the system
being analytically given, its Fourier
transform does not contribute addi-
tional noises into the result of computa-
tion.

The smoothed signal is given in
Fig. 4. The same one received after
accounting for the pulse response is
shown in Fig. 5.

B kauectBe mpmmepa Ha puc. 2
MIOKA33aH MCXOMHBIN BU OTHOTO M3 OT-
pakeHHBIX cHrHamoB. Ero cuexrp Dy-
phe Moka3aH Ha puc. 3. [lng crnaxusa-
HHS CHI'HaJIa B CIIEKTPE MPOU3BOIUTCS
bunpTpanus HU3KUX YacTOT, BEPXHSIL
9acToTa cpe3a BHIOWpanach Takoi,
4TO6Bl 3aMETHO HE YXYIIIUTH paspe-
menune 0o BpeMeHu. [10CKoNBKy arma-
patHas (QYHKOHS CHCTEMBI 3aJaeTcs
AHANUTHYCCKH, TIPH JEeNCHUW Ha ec
CHEKTp JIOTIONHUTENBHBIX IIyMOB B
BOCCTaHOBIICHHOM CHTHajue He BO3HH-
Kaer.

CriaxeHHBIH CUTHAN TOKa3aH Ha
puc.4, a Ha DpHC.5 — CHrHaj,
BOCCTAHOBJICHHEIM mmocre yueTa
anmapaTHod QYHKIMH CHCTEMEL.

— 82—
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The described method applica-
tion permits to pick out the pikes corre-
sponding to waterfront reflection, to the
backscattering from the inhomogeneity
including the bottom reflection. On one
hand, the form of pikes obtained as a
result of signal processing is not delta-
function one that impedes the meas-
urement of the extinction coefficient.
This effect results from the filtration
process application as well as from
some errors in the pulse response form
definition.

On the other hand, the combina-
tion of the set of hypothesis proposed
permits to simplify the solution of
rather complicated inverse problem by
reducing it to the problem of estimation
of several parameters that characterize
the scattering.

The form of the intensity decay is
approximately described with the sum
of two exponents, the first (the “fast™)
one is connected with the system pulse
response while the second (the “slow”)
one describes the scattering. For the
transparent water, the main component
of the relation (5) is the slow exponen-

tial decay exp(—G;—t)=exp(—at) that
n .

-is related to small scattering. Consider
its convolution with the system pulse
response:

IIpuMmeneHHRI MeTos 06paboT-
KU IO3BOJISIET BBIJENUTH ITHMKH, COOT-
BETCTBYIOIHE OTPAKEHHIO OT IOBEPX-
HOCTH BOJBI, IHA U OT HEOTHOPOIHO-
creit B Tommie Bozasl. HenocraTkoMm sB-
JeTcsl TO, YTO IIHKH B pe3ynbrare oG-
pabOTKK OKa3BIBAIOTCS HE. JENbTa00-
DAsHBIMH, 4 YIIMDEHHBIMH, 9TO 3a-
TPYHHACT BBIYMCICHHE IIOKa3aTens
SKCTHHKIUH. JTO NPOHUCXOTUT KaK H3-
33 HEAOCTATOYHO TOYHOTO BEIYHCIICHUS
anmapaTHo# GYHKIMH, TaK ¥ #3-3a
NPHUMEHEHHS IPOLEyPEl GUILTPaIlHH.

Bwmecte ¢ TeM, B paMKax BEICKa-
3aHHBIX BEIIIE IIPEANIONONKEHHUH pemle-
HH€ CIOXHO! 00paTHOM 3a1aud MOXKHO
YIPOCTHTE, CBEIS €ro K OICHKE He-
CKONBKHX ~ [1aPaMETPOB, XapaKTepH-
3YIOIIHX paccesiHue.

dopmMa criaga 3aperucTpHpOBaH-
HEIX OTpPaKCHHBIX CHIHAJOB IpUOIH-
JKEHHO ONUCBHIBAETCA CYMMOW 3KCIo-
HEHT, IlepBas U3 KOTOPHIX, “ObIcTpas”,
OTHOCHTCS K amnmapaTHOH (YHKIHH, a
BTOpasd, “MeIJICHHAs’, OIUCHIBAET cO0-
CTBEHHO paccesiHue. PaccMorpum 3TOT
cinydaif Gonee moapobHo. OcHOBHas
4acTh cOOTHOIIEHHUA (5) mpencTaBiseT
coboll MemneHHy (Ind Tpo3pavHoi
BOJIBI) 9KCIIOHEHTY

exp(— Gzc—;)z exp(—o#). Paccmorpum

€€ CBEePTKY C anmapaTHOH QyHKIHEH:

J()=exp(-at) ® [texp(-Br)],

B>a,

Calculation of this integral re-
sults in

rnojydacM:
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_ exp{=(@+ B)rilexp(on) + exp(B((B—a ~1}]

(10)

J@®

20 -

Taking into account that §>>a

one can see that for the high water
transparency the system pulse response
does not disturb significantly the form
of true decay curve at ¢>>1/ . There-
fore, the extinction coefficient that is
the most interesting parameter of trans-
parent water can be measured directly
from the form of the decay curve: In
Fig. 6 the corresponding from of the
experimental curve is shown. Just after
the first symmetrical pike connected
with the reflection from the water sur-
face, the slow exponential component
of the decay is clearly seen for the
depth greater than 5.4 m in this
figure 6. (The number 5.4 corresponds
to the resolution of our system.)

1200
1000 .
800
600

400 .

200 \ .

B -a)?

C y4eTOM HepaBeHcTBa f>>0f,

BUAUM, YTO IIPH BEICOKOW NpPO3pavyHoO-
CTH BOJBI ammnapaTHas (QYHKIHUI Majo
MCKaXkaeT XOJ MCTHHHOW KpHUBOM 3aTy-
XaHusa mpu ¢>>1/c¢. CrenoBarensHo,
BaXHEHIINH IapaMeTp - IIOKAa3aTelb
9KCTHHKIIMKA BOIBI — B ITOM CIydae
MOXHO HM3MEPHTh, TPOBOAS IPAMYIO
06paboTKy Cmajia SIPKOCTH PACCEesHHO-
ro u3iydeHus. Takoro poza ydacTrok
“MeIyIeHHOW SKCmoHeHTs!” exp(—Gt),

COOTBETCTBYIOIIMH paccessHUIO B TOJ-
IIe BOJBI, MOXKHO BEIIENHTH AJS IITy-
6uH, HaunHAs ¢ 5.4 M (IpH JaHHOK
paspemaronieil cnoCOOHOCTH CHCTEMBI)
MIOCJIE MEPBOTO CHMMETPUYIHOTO TIHKA,
CBSI3aHHOTO C OTPaKEHHEM OT IOBEpX-
HOCTH BOgHI (puc. 6).

oo e, seeap e, 0, 000,

310 320

330 340 350

Puc. 6. Curnai, BOCCTaHOBIEHHBIH [TOCIE YY€Ta aNfnapaTHOH (GYHKIMH CUCTEMBI.
CrunorrHo#t nMHKEH noka3aHa SKCIIOHEHTa eXp(—0¢), COOTBETCTBYIOWIAs PaCCEAHHUIO.
Ha rny6une 5.4 M (324 xaHan) BUJEH IIHK, COOTBETCTBYIOLUHH OTPaXKEHHUIO OT JHa.
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Conclusions

The data presented in this paper
demonstrate that the concept of system
pulse response permits for

— the measurement of large extinc-

tion . coefficient at small depths in

cloudy water;

— the measurement of small extinc-
tion coefficient at great depths in clean
water;

— the measurement of spatial distri-
bution of hydrooptical - characteristics
of sea water and to determine the pa-

 rameters of vertical inhomogemeities.
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YK 556.54

I'upoaorayeckue ycIoBus pyuses ryonsr Iamxuna
U PeKOTHOCIUPOBOYHOE 00caeoBanue 0. OneHuii

Hydrological conditions of the Palkin Bay brooks and reconnais-
sance survey of Island Oleny

L. I. Lesnichy*, E. E. Puzikova**

* Hallury Russian Research Institute
** Russian State
Hydrometeorological Unlversny

B mepuoxm c¢ 01.07.03 mo
15.07.03. 6p1m0 mpOBENEHO PEKOTHOC-
IMpOBOYHOE 0OcnenoBaHKue BopocOopa
KyTa ry6sl IlankuHa, BKJIIOYMBIIEE B
cebs KauecTBEHHYIO OHEHKY THAPOreo-
cuTyallid  (MOILHOCTH
BOZOHOCHBIX

JIOTHYeCKOH
BEPXHHUX TOPH30HTOB,
06beMa NOA3EMHOT0 CTOKA B KYT I'yOBI
[MankvHa) ¥ YTOYHEHHWE DaHee MOy~
YeHHBIX JaHHBIX O MEXEHHOM HOBEpX-
HOCTHOM CTOKE.

PesyneTaTel M3MEpeHHE pacxo-
OB BOABI BCEX BOJMOTOKOB (puc.l),
Bajaomux B Ty0y Ilamkwna, mon-
TBEPIHUNU CHENAHHEIE PaHEE BHIBOJIEI
06 o6reMe MexeHOro croka (mpHMep-
Ho 0.8 % ot oOvema mpuinBa) u moO-
3BOJIMIIH CIEIATh BBIBOJI, YTO CTOK BCEX
pydYseB, KpoMe Bamac pyubs, cnabo
3aperyJMpoBaH ¥ TIPaKTHYECKH He
HMeeT IOA36MHOH  COCTaBIIAIONICH.
Tak, HanpuMep, CTOK MalbIX PyYbeB B
TepHOJ ¢ 5 1o 9 WroNI U3MEHUNCA B 2—
3 paza (tabm. 1, 2), a pyusn NeNe 0, 1,
2,5,6,9, 11, B KOTOPHIX B TIPeABIRY-

JI UH. Jlecnuuuii ¥,
E. E. Ily3ukoea**

* BHUW “anyprun”
** Poccuiickunii rocyaapcTBeHHbIN
rMApPOMETEOPONOrMYECKUIA YHUBEPCUTET

Imue oAbl HabMromalICsa CTOK — IIepeco-
XJTH.

OrcyTcTBHE NMOA3EMHOH COCTaB-
JIAIOMER B NHUTAaHUH BOJOTOKOB KOC-
BEHHO TOLTBEPXKIACTCS HE3HAYHTENb-
HOH TiryGHHOH SpO3MOHHOIO Bpe3a H
MaJIbIMH MEXXEHHBIMHU pacxopamu. B To
€ BpeMS IIPOBEIEHHBIE PEKOTHOCIH-

- POBOYHEIC O6CJICILOBaHI/IH CKBaXXHH B

patione ry6rl IlankuHa CBHAETENBCT-
BYIOT O HaJIHYHY -OTHOCHTEIBFHO MOIL-
HBIX BEPXHHX BOJIOHOCHBIX TOpPH30H-
ToB. Tak B BOH03a0OpHEIX CKBO)XXHHAX
PacIIONOXEHHBIX Ha TEPPHTOPHH HOJe-
Boii 6a3sr IIMHPO, 3a Bce BpeMs 5Kc-
wryatanua (1996-2003 r.r.), He ObLIO
OTME€YEH(Q, TNOJHOTO HCTOLIECHHUS HIH
CKOJIBKO-HHOYB CyIIECTBEHHOTO IIO-
HIDKEHHA ypoBHsA BoZsl. HecmorTps Ha
HeOOIBIIOE yHaneHHe CKBaXKHH 0T Ge-
pera TyGbl ¥ He3HAUNTENBHYIO PASHHILY
MEXIY YPOBHEM BOABI B HUX H OTMET-
KOHM DpWiINBa He OBUIO OTMEYEHO MpPO-
HHKHOBEHHS MOPCKOH BOJEBI B IIPECHBII
BOJOHOCHEIH TOpH30HT. I'HopaBmude-
CKasi CBSI3b "MOpE — TPYHTOBHIE BOABL” .
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HE @HKCI/IpOBaJIaCL JaXXe NP BO3HUK-
HOBCHHH BOPOHKH ACIIPCCCHUH BLI3BaH-

67.07-
2y é6a

i 0. Monroynuiii

67.0

3229 3230 3231

Molochny Island

o. Epmaney
Yermolets Island

HOHM UHTEHCHBHONW OTKAUYKOM BOIBI H3
CKBa)KHHEI.

0. Boporuunsiii

IHTanrkuna

"o, Baueza
Vachega Island

3232 3233 3234 3235 3236 3237 3238

Puc. 1. Cxema pacronoXeHus BIAJAIOMUX PyYbeB B KyT I'yosl [lamkuna.

Fig. 1. Location of the brooks entering the head of Palkin Bay.

PekornocrmpoBodHoe 0O6cCIeno-
Bauue 0. OJIeHHH — caMOr0 KPYIIHOTO B
Kanpamakmickom 3anuBe bemoro mops
6s10 BEIMONHEHO 12 moma 2003 r.
®nopa 1 dayHa ocTpoBa NpenCTaBIIET
000 BBICOKYIO IIEHHOCTB, OCTPOB SB-
JgeTcs 3amoBeTHBIM. | maporpadude-
CKas CeThb OCTPOBa SBIAETCA MECTOM
THE3/I0BaHHA PEAKUX M 0C000 IIEHHBIX
BHUJIOB IITHII.

OctpoB Ouenwmii (puc. 1) oTHO-
CHTCI K OCTPOBaM TEKTOHHYECKOTO
MPOUCXOXKACHNS, ITOBEPXHOCTH OCTPO-

Ba TIOKpHITA MXaMU, JIUIIaHHWUKaMHU,
TPaBAHHCTOM, KYCTapPHHUKOBOM pacTH-
TENBHOCTBI0O M CMEMIAaHHBIM XBOMHO-
JIHCTBEHHBIM JIECOM.

B pesyneTare HepaBHOMEPHOTO
pacripelieNleHusl JIEIHHKOBOH MOpPEHBI
Ha OCTpPOBe 00pa30Balloch HECKOJIBKO
Pa3NUYHEIX 10 pa3Mepy KOTIOBHH,. SIB-
JSIFOIMXCS B HACTOsIIEE BpeMs JIOKEM
o3ep u Gonot. O3epa u 60I0Ta 3aHK-
MalOT 3HAYUTENHHYIO YacTh IUIOMAIH
octpora. [Ipu BEICOKOM ypoOBHE U3 He-
KOTOPBIX O3ep HaOmrojaeTca CTOK B
Mope. [lHO 03ep IOKPHITO HIMCTHIMH




H3yuenue GHOTONOB NPUOPEKHBIX IKOCHCTEM

GGe (BWNAD

18H E)OLD 9c€°2e | 890°9 0N €0°L0S0 | 91

13H BIO0LD geg'ee | 890°9 I oN €0°20'G0 | St

13H BYO0LD ole'ee | ¥20°L9 ¢ oN €0°L0°SO | VI

viv 8 €9 €€'0 |6L'0| 80°0 | SO0 S¥0 /62'28 | SL0°L9 €N €0°20°S0| €}

§/G 8 £0°'6 22°'0 |so‘0l €10 | 800 0g‘t 622'28 | 2L0°L9 ¥ oN €0°£0'G0} <l

- 000 , 200 . S10 282'2e | 0L0°29 GoN €0°'20's0| LI

- 00°0 800 g2'0 182'ce | 0.0°£9 90oN €0°20S01{ Ol

A ¥0°C 2z'0  {s0'0| Z0‘0 | 900 0ge0 9/2°2¢ | 190°/9 L3N €0°20°50 6

¢lcd 16‘g 15'0  |eg‘ol ¥L0 L0 sz'o 982'2e | S90°L9 85N €0°2L0°G0 8

18H B3O15 662'ce | 090°29 Bg &N €0°20°S0 A

L8H BioLD ele'ze | 850°29 63N €0°£0°S0 9

L8H B3015 9lege | Lv0'L9 L1 oN €0°20°G0 S

9/9¢8 14%4 €20 LL'o| O¥0 12'0 02'9 12e'ze | 620°L9 | oeueg 'hAd | €£0°20°G0 14

¢led 6L 22’0 |ot'ol so0'0 | €00 Ge'o 6ze'ee | 6029 Z¢loN £€0°20°S0 €

‘dgeuuou ¥0°S 0zo 00 . 090 6.2'ce | gL0°L9 ¥ oN €0°20't0 4

. ‘geuuou 08'L T Al €10 ov‘o 162°2¢ | GL0°29 € oN €0°20°10 3
suHadawen A xmc.\S doA| xewH | doH W A X sanAd e1el WU BN

Tolapy ‘oxoed | o/ ‘aLoodoss W ‘eHUOALS | ‘eHndur] o "alenvndooy auHeseeH

19704 19roxoed o19HHOdOWE]] *T BUHIQR ],

— 89—



Hsyuenne GHOTONOB NPHOPEXKHBIX SKOCHCTEM

€81 BAWAD

K 620 ot'o [at‘0] so'0 [s0'0| 020 |6s22E | 22029 | +dAHou [€0°20'60] Si

LoH B01D oge'ee | 890'29 | 0N |€02060| vI

1oH BIOLD Gze'ze | 89029 | L3N [€02060| €1

_ 15H B01D 01e'2e | v20'29 | 2N |€02060| zI

g/e 8 g8'c 61'0 |el‘0] 200 |G0'0| 0S'0 | 2/627€ | G209 | €N |€02060| i

g £L'S 62’0 |Zv0] =10 900 09'0 | 6lcee [ 2049 | N |€0060] OF2

- 00°0 £0'0 S0 | esgee | 02049 | SN [€02060] 6

- 00'0 80'0 | . §2'0 | 18eee | 02049 | 9N  |£02060| 8

118 Zr'o 0z'0 |oz'o| go'0 |Go‘'0| 20'0 [9/eze | 29029 | 2N [e0060] £

2/e8 20'e le'0 [ri'o] 800 | 00| og'0 | 9szze | 69029 | 8N |€02060| 9

LBH EXOLO 66c'cE | 090°29 | ®E8oaN  [£02060| G

13H 01D €1€'2¢ | 85049 | 63N [€0°2060| ¥

LoH 2010 9le'ze | Lv0'29 | LLAN  |€0°2060| €

2/L8 89l le'0 |1i'o[ 2g'0 |v2’0| 02’9 | lee'ze | 66029 |oeued ‘hAd [€0'20'60 | z

eres s9'0 | e1'o |e9'0l 90'0 | 00| 820 | Gee'ze | 6£0'29 | ZLeN  [€02060|
| BuHOdSEN of . XBeWA dop | xewy | doH - [ A X - BakAd .mpm_m_i |
dolapy- ‘Hoxoed o\s_v..ﬂooae._o W hm:so\hﬁ_,,,, .m:,sas_._._ o __fm:snaooz .ms:mmmm_._.,,. . v . -

19Y08 19¥0x0ed. o1MHHAdONE]] 7 BURIQE]

—_—90 —



" Usyuenne GHOTONOB MPHOPEXKHBIX IKOCHCTEM

N e
" o\

~
4 ‘@o‘: quOHM:IHMU,a
LN\ Y
S NS T
S

~
N \.&_\)
} C
N

M 1:25000

=
8,7 p D
\ LRI 3. Bon. TorokoHHuya
N KpecToBuiR \gJ =273 "o
3 W

0. CeHHas nyaa . g
i S
—'\‘8 N F}, 54

o
W
e\?.“

g
Q. ToHHan nyga
7

=}

2

-

o S
2o THupurckas nyaa
<

N2/
£NEN .
o SUMHUYHas nyaa
.

~,

Puc. 1. Octpos Onenuii.

OTJIOXEHUSIMH aJUIOXTOHHOTO W aBTO-
XTOHHOTO TpOHCXOXAeHus. llpomecc
HAKOIUICHHS OTJIIOXKECHHH M HPHUBOJUT K
3a00JlauMBaHuIO, - OCOOCHHO “3TO IIPO-
sBgeTcs Ha OeccTOuHBIX o03¢pax. B
npuGpPEXHOM YacTH 03ep HaGTIONaeTCs
OONBIIOE KOJMYECTBO YIABIIMX [Ie-
peBbEB.

SpKUM DPHMEPOM 3[eCh MOXKET
CITY>XHTH 03€p0, PAcIoNokeHHoe B 250
M Ha KT, Ioro-3amnaj ot KopoBeei ry-
051, TIE NpOILECC 3apacTaHusd APKO BbI-
pakeH. .
OcoOr1il mHTEpeC MpeAcTaBIAeT
cobo#l cucTeMa IBYX CaMbIX KpPYIHBIX
03€p, PACIOJIOKECHHEIX Ha Or0-BOCTOKE
octpoBa. CeBepo-3amajgHoe (BepxHee)
03epo uMeeT GONBIIYIO IUIoaab BOJO-

cOopa u HoJee MOIBEPAKEHO MPOIECccaM
3a00TauNBaHUA, YEM . FOrO-BOCTOUHOE
(amxuee) ozepo. O3epa CBI3aHBI MEXK-
Iy co0oit mpoTOKOH, mmuHOM oxomo 20
M, NPOTEKAIoIeH Mo 3a00I0YCHHOMY
nepemedKy Mexnay HuMH. B MoMeHT
obcienoBanust B MpoTOKe 3aHKCHPO-
BaH CTOK BOJBI K3 BEPXHETO 03epa B
HIDKHee, ¢ pacxonoM meHee 0.1 n/c.

W3 umxeero osepa 3aduxcupo-
BaH CTOK B MOpe, B MOMEHT o0caeno-
BaHHUA OH cocTaBun oxoiuo 0.7 m/c. Bo-
JOTOK IpencTaBisgeT coOoH pyded ¢

" HEeBRIpaOOTaHHEIM 0a3HCOM  3PO3HH.

MaxkcuManbHOE IIOHIKEHHME YpOBHS
03epa BCJIEICTBHE OTTOKA BOJEI B MOpE
MOXET HocTHrarh 15-20 cM, OT ypoBHS
3a(MKCHPOBAHHOTO B "MOMEHT o00cie-

—_0] —




H3yuenue 6H0TONOB NpUOPEXHBIX IKOCHCTEM

JOBaHUA. B TOXe BpeMs OTMETKH BEHI-
COKHX BOJI TPEBBIIIANH YPOBCHEL BOJBI
B HIDKHEM o3epe Ha 15-25 cM. Takum
o0Opa3oM, aMIUTHTY1a KOJeOaHUil BOJIBI
B 03€pe CKOpee BCEro HE NPEBHIIIAET
0.4-0.5 m. .
Hiis Oonee JETANBHOTO WIyHe-
HHSA THAPOIOTHIECKOTO H THAPOXHMHE-

YECKOI'0 peXKMa O3Cp Npeamnojaracrcsa

YCTaHOBKa Ha HHX THAPONOCTOB, 060-
PYHOBAHHBIX MECSHBIMU CaMOINCIA-
M ypoBHS BOABL IIpenBapuTensHO
BEIGpaHO MecTo AN uX ycramopkd. Ha

HIDKHEM 03epe CO3[aH" BPEMEHHBIH | |

THAPOTIOCT JUIS WM3MEPEHUH "ypPOBHEH
Bofbl. [lOCT pacnmonoXeH Ha JIEBOM
6epery osepa B 70 MeTpax . BHIIIE PY-
4pf, BOAAIOIIErO B MOPE, W NPEJCTaB-
nsgeT coQoif KaMeHb, NOBEPXHOCTH KO-
TOPOTO HAXOMUTCS BHIIIE OTMETKH BBI-

Y[IK 574.5 (98) : [025.4.03 : 55]

COKMX BOJ, a CTOpOHa, obpameHHas K
03epy, IpencTaBisfeT co0OH PpOBHYIO
BEPTUKAIBHYIO CTEHKY, Ha KOTOPYIO
HaHeceHHl JeneHus. [loct obopynosan
IBYMs pENepaMH, EPBELIl PAaCIIONOXEH
B- 30 MeTpax oT Gepera, Ha KaMeHHOM
IPAAC B Mpenenax BUAAMOCTH C THRPO-

" JIOCTa, BTOPOH — HEMOCPEACTBEHHO HA

THAPONOCTY. B MOMEHT OTKPBITHA TO-
CTOM YPOBEHB COCTaBHJI 8 CM OTHOCH-

TEJIBHO HyNs Ipaduka. -

OCHOBHOH  BEBIBOJ, KOTOPBIi
MOXHO CIenaTh 10 pe3yibraraMm 00-
CIICIOBAHUS 3aKTIOYAETCS B TOM, YTO

. TIponiecc IBTPO(HUKAUH HOCTEIECHHO -

NPUBEACT K NONHOMY 32007Ia9UBAHUIO
03ep, IpUYEM OJUH M3 BapHAHTOB pa3-
BUTHA HIpouecca OyAeT HpeACTaBIsTH
co00# ImocIe0BaTENbHOE JACICHHE TIe-
peledkamMu KpYIHBIX 03€p Ha MEJKHE.

I'eoundopManmoHHBIN NOAX0A K AHAJIH3Y IKOJOTHIECKOT0
COCTOSTHHSI MOPCKHX IKOCUCTEM APKTHKH

Geo-informational Approach to the Analysis of Ecological Status
of the Arctic Marine Ecosystems

M. A. Novikov

Knipovich Polar Research Institute of Marine
Fisheries and Oceanography

Solving of the problem of steady
development of areas depends mainly
on the effective, right and operative
decisions on organization of the ra-
tional exploitation and protection of the

M. A. Hogukos

MonApHbIN Hay4Ho-UcCcnefoBaTeNLCKUNA
UHCTUTYT MOPCKOroO phIBHOrO X03sicTBa
u okeaHorpacmm um. H. M. KHunoeuda

Pemenne 3ama4um ycTOHYMBOTO pas-
BHTHS TEppUTOPHi (aKBAaTOpPHI) BO
MHOIOM 3aBUCHT OT 3()(QEeKTHBHOTO,
TIPaBUJILHOTO U ONEPATHBHOIO IIPHHS-
THS PEIICHUH 10 OPraHM3allud Paluo-
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H3yuenne GHOTONOB IPHOPEKHBIX IKOCHCTEM

environment. - These decisions should
be based on the comprehensive analysis
and estimation of the initial information
and usage of the entire knowledge on
the object. Therefore, the perspective
step is .the usage of geographical in-
formational systems as a way of collec-
tion, systematization, storage and proc-
essing - of information, as well as
obtaining of new knowledge on the
environment which is a basis for
making decisions and control.

Although the natural processes in
the marine ecosystems are continuous
and interrelated, the ecological and
geographical characteristics of the shelf
can differ, as well as the importance of
areas regarded to the conservation of
the reproduction and abundance of
commercial populations is different.
Bio-production potential =~ of marine
ecosystems is determined by the spatial
heterogeneity of areas of reproduction
of commercial species, their spawning
and fattening concentrations, ways of
mass migrations, zones of high biomass
of food objects etc. It is known that one
of the drastic ways to solve complex
and various problems arising at search-
ing of a balance between activities of
oil and gas and fishing industries on the
marine shelf is the classification of eco-
logical and fishing activity (taxation) of
the area marking the most important

HAJIBHOI'O  HCIIONB30BAHHS M OXPaHEI
OKpy)aroliel Cpempl. DTH pereHus
IOJDKHBI GasMpOBaThCS HA BCECTOPOH-
HEM aHAJHM3€ M OLEHKE HCXOINHOMN WH-
GopMallM W HMCIIONB3OBAHUS BCETO
Garaxa 3HAHHMA 06 0GBEKTE. Tlepcnex-
THBHBIM B JaHHOM HAIpaBIICHHH SBIIS-
€TCs MCIONB30BAHUE Teorpa(guuecKux
HHGOPMALMOHHEIX CHCTEM -KaK CPeJCT-
Ba cOopa, CHCTeMATH3allNH, XPaHCHWS,
06pa6oTky HHQOPMAIKH H NOJTYYEHHS
HOBBIX 3HAHMH 06 OKpyKaroIeit cpefie,
CHyXallluX  'OCHOBOH U1 NPUHATHA
PEUICHUH U OCYIIECTBICHMS KOHTPOJIS.

-Ilpyn BCeHl HENPEpEIBHOCTH H
B3aMMOCBS3U MIPHPOJHEIX IIPOLECCOB B
MOPCKHX 3Kocn‘(_:feMaxv mensd Heon-
HOpOJAEH HO  CBOMM  3KOJOTO-
reorpaMuecKUM X4paKTEPHCTHKAM W
€ro pa3sHble YIACTKHU MOTYT pa3iuiaTh-
Ci IO CTENeHH WX 3HAYHMOCTH JUIS
HOJJIEPXKAHUS ~ BOCIPOM3BOACTBA U
YHCIEHHOCTH TIPOMBICIIOBBIX IIOIYJIS-
M. BHONPOLYKIMOMHEIA MMOTEHIMAI
MODCKHX  3KOCHCTEM  OIpelelseTcs
MIPOCTPAHCTBEHHON HEOXHOPOXHOCTEHIO
paliOHOB Pa3MHOMKEHHUS IPOMBICIIOBBIX
BHZIOB, HX HEPECTOBBIX M HaTyJIBHBIX
CKOIUICHHUH, IyTE€H MacCOBBIX MHIpa-
Iui, 30H IOBHIIIEHHBIX OHOMAacc. KOp-
MOBBIX 00BEKTOB M Ap. VI3BECTHO, YTO
ONHHM M3 pafUKaIBHBIX TyTe# pelie-
HHS CIOXHBIX M MHOroOOpasHBIX BO-
[IPOCOB, BO3HHUKAIOUIMX = HpPH IIOHCKE
Gananca uHTEpecoB HedTeraszonobsl-
BAJOIEH W PBHIOOXO3AUCTBEHHOH nef-
TENBHOCTH HA MOPCKOM HIenb(e ABIA-
eTcs 9KOJOTr0-PEIO0X03sIHCTBEHHAS
knaccuduranys (Takcamys) akBaTOpHUH
C BBIJCJICHHEM Hauboyee IPOIYKTHB-
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H3yyenne 0HOTONOB MPUOPEKHEIX IKOCHCTEM

fisheries areas. It is known that classifi-
cation is a dividing of a multitude of
objects (event, situations or processes)
by groups (classes) basing on their
similarity. Objects attributed to the
same class should be similar between
each other and should differ from other
classes objects. One can say that classi-
fication is a way of determination of
the most important peculiarities of the
classified objects and summarizing of
our notions on them.

The existing schemes of area di-
vision are as a rule built on the narrow
empiric base and intended for the solv-
ing of certain applied tasks. To Baka-
nov (1990), in order to do ecological
area division, i.e. to divide water eco-
systems by areas, it is necessary to
make deep theoretical investigations of
problems of territorial differentiation of
main biotic components, as well as ob-
jective classification of water biogeo-
cenoses on the base of which the
schemes of regional and typological
area division can be done and the opti-
mal system of taxons can be built. It is
commonly supposed that when classi-
fying geographical objects, it is neces-
sary to determine (to form) an opera-
tional taxonomic unit [Kynpusnosa,
1977] or an elementary object of classi-
fication [Koowapa, Cmupros, 1974]. It
can be different in different cases but

HBEIX ¥ 0cO00 IIEHHBIX B PHICOXO3SHCT-
BEHHOM OTHOIIEHUM pailoHoB. Kak u3-
BECTHO, Kinaccudukanus —~ 970 pa3bue-
HHE MHOXECTBa OOBEKTOB (sABICHHH,
CUTyalllil MM HpPOIECCOB) HA TPYIIIHI
(xyaccel) MO TPH3HAKY HX CXOJCTBA.
OO6beKTh, OTHECEHHBIE K OJHOMY H
TOMY K€ KIacCy, NOJDKHBI OBITH CXOJ-
HBl MEXOy coOOH ¥ OTNU4YaThCs OT
O00BEKTOB JpPYyTUX KJIAccoB. MOXXHO
CKa3aTh, UYTO KIACCHMUKALES — ITO
CPEICTBO BBIACICHUSA Hamboyee Bax-
HBIX oOCOOeHHOCTeH Kiaccuuuupye-
MBIX OOBEKTOB W OCOOLICHHMS HAIIHX
MIPENCTAaBIEHUN O HUX.
CymecTByromue CxeMbBl paii-
OHHPOBAHU, KaK IPABUIIO, TOCTPOCHEI
Ha y3KOH 3MIIMpUYECKOl 0aze U Mpeh-
Ha3HAYEHBI NSl PEIICHHs OIpeleNeH-
HBIX TPUKIamebIX 3agad. Jns mpose-
IEHHS JKOJOTHYEecKOro paioHHpoBa-
HU, T.€. PalfOHUPOBAHHS 3KOCHCTEMBI
BojoeMa, o MHeHuo A. M. Bakanosa
(1990) meoOxomumel riyboOKHE Teope-
TUYECKUe NpopaboTKH BOTPOCOB Tep-
pHTOpHanbHON muddepeHIHaAH 0C-
HOBHBIX KOMIIOHEHTOB OHOTE! BOJOEMA,
OOBEKTUBHOTO BBIACICHHS W KJIACCH-
¢uKanmy BOZHBIX GHOI'eOLEHO30B, HA
OCHOBaHHMH 4ero MOTYT OBITh CO3TAHBI
CX€MBl PETHOHAJIBHOIO H THIIOJIOTHYE-
CKOro palOHMPOBaHMUs, IMOCTPOCHA OIN-
THMaJIbHAs CHCTeMa TaKCOHOB. [Ipuus-
TO CYHTaTh, HYTO TIPHU BBIIOJIHCHHUH
Kraccupuxanyi reorpapuueckux 00b-
€KTOB BHayale HYXHO BBIOCIHTD
(chopmupoBaTE) OIEPAlIOHHYIO TaK-
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Usyuenre GHOTOMOB MPUBPEKHEIX IKOCHCTEM

its size should always be the same —
two times less in the comparison with
the supposed areas.

We have developed and tested a
method of the estimating classification
of the Barents and White Seas on the
principlé basis of technologies of geo-
graphical information systems (GIS) in
the form of a raster model of -data or-
ganization. Bases of cartographic digi-
tal data were formed within the frame-
works of preliminary determined geo-
graphic position: a trapezium of the
grade net with a diag()nall76° N 20°E -
67°50’N 57°E for the Barents Sea and
68°06’N 32°30° E — 63°48” N 44°30’E
for the White Sea. One so called fish-
ery square — a trapezium of a regular
grade net with the size of 10’ x 30’ by
latitude and longitude, correspondingly
— was accepted for the element of a
raster (pixel). Thus, when mapping the
Barents Sea, 3 626 squares have been
processed in the given area, of which
796 squares covered land. In the proc-
ess of mapping the White Sea, the ele-
mentary unit of classification was a
trapezium of a regular grade net with
the size of 6’x 6°. As a result, 5 324
trapeze were marked, of which 1 794
are data concefning the sea (the area).
Thus, the chosen in both cases trapeze

of the regular grade net (raster ele-

COHOMHYECKYIO eRuHHMIY [Kynpusnosa,
1977),
knaccuduxaumu  [Koowcapa,

WM DJIEMEHTapHBIH  0OBEeKT
Cmupros,
1974]. B pasHEIX ClIy4asgx OHa MOXET
OHITH pa3HOH, HO €€ pasMep JOJDKEH
OBITh Ha OAMH — J[Ba HOPSJKA MEHbIIE,
[0 CPaBHECHHIO C IIPEIIIONaraeMbIMH
paifoHaMH.

Hamu Gpina paspabGoraHa u om-
poboBaHa METOIOMKA OTPAaclCBOH oOlle-
HOYHOH Knaccmbnxaunn‘ aKBaTOpUH
Bapennera u benoro mopei, BBIIOI-
HEHHAs Ha MPUHIMIIKAIBHOH OCHOBE
TEXHOJIOTMH reorpaguyeckux HHOOP-
marmonselx cuctem. (I'IC) B dopme
PacTpOBOM MOZENM OpraHM3alUK NaH-
HBIX. bassl kaprorpapuueckux mubpo-
BBIX JIaHHBIX (OPMHpPOBANH B paMKax
TIPEIBAPHTENBHO YCTAHOBICHHBIX Teo-
rpaguyeckiX KOOPIHHAT: Tparenus
rpagycHoil cetku ¢ quaroHansio 76°
c.or. 20° B.A. — 67°50° c.m. 57° B.4. i
Bapenuesa mops u 68°06” c.m. 32°30°
B.I. — 63°48’ c.uu. 44°30" B.1. mus Berno-
ro. 3a ajemeHT pacrtpa (THKCENb) B
ciydae kaptorpagupoBanug bapenie-
Ba MOps OBUI NpHHAT 1 Tak HasbIBae-
MBIH TIPOMBICIIOBEIH KBaJpaT — Tpare-
LMA PEryispHOH TpagyCHOM CETKH
pasMepom 10'x30' mo mmpore ¥ ONTO-
T€ COOTBETCIBEHHO. MToro, Ha 3amaH-
HOM IUIOINaAW NpPH COCTABICHHHM Kaxk-
IIOH KapTel bapenneBa Mops mojsepra-
jocs obpaborke 3626 KBanpaToB, M3
KOTOPBIX 796 HmpHXOLWIOCE Ha CYIIY.
TIpu xaprorpadupoBanun benoro mops
JNEeMEHTapHOl eauHuIel Kraccudu-
KaIlM{ SBJSUIACH Tpamelys peryysspHoi
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ments) acted as elementary objects of
classification.

It is known that the summarized
area of the Barents and White Seas
1.5 mil km?
whereas the area of their drainage ba-
sins is about 1.4 mill. km?. Borders of
the Barents Sea extend for a long dis-

constitutes - about

tance along the conventional lines, but
in general they are close to the external
borders of the West Arctic Shelf.
Therefore, the Barents Sea can be con-
sidered as a single whole geographical
object which have sufficient internal
differences. A portion of the White Sea
is about 6 % of the area and 2 % of the
summarized volume of both seas and
more than half of the total area of the
drainage basin, that determines some
differences in its hydrological and hy-
drochemical regimes [lIpo6remer u me-
modut.., 2001].

Sizes c;f the determined elemen-
tary objects of classification were de-
fined coming from the mentioned dif-
ferences in sizes of the studied seas
area, as well as with the consideration
‘of peculiarities of the chosen carto-
graphic bases (basic maps).

It is believed that the most ac-
ceptable system for the applied cartog-
raphy of marine areas is a system of

electronic maps aimed at a certain idea

rpajgycHOil ceTkH pasmepoM 6'x6". B
pe3yibTaTe B paMKax 3afaHHOH TeppH-
TOpUH OBLTO BRIIENEHO 5324 Tpanenmid,
13 Kotopeix 1794 — cobGcTBEeHHO HaH-
HEIE ITO MopIo (akBaTopwsi). Takum 00-
pa3oM, BBEIOpaHHBIE B O0OMX CITydasx
Tpameluu PEryJApHOR KOOPAUHATHOH
CeTKH (3NEMEHTHI pacTpa) BEICTYIIANH B
KAauecTBe DIEMEHTAPHBIX = OOBEKTOB
KIIACCH(UKALHA. _
H3BecTHO, YTO CyMMapHas ILIO-
mans bapennera u benoro mopeit co-
cTaBmseT okono 1.5 MiH. KM’, HX BOJIO-
cGOpHEIX GacceitHOB — 0Ko0 1.4 MITH.
kM’. Tpamumsl Bapenresa Mops Ha
OONBIIOM TIPOTSKEHHUH IPOXOOAT IO
YCIIOBHEIM JIMHHAM, HO B LIEIIOM OHH
ONM3KY K BHEIUHHMM IpaHHIAM Ienbda
3amamHOW APpKTHKH, NO3TOMY bapeH-
IIEBO MOpE MOXKET pacCMaTpHBAThCA
KaK eJuHBIH Teorpadudeckuii 00BEKT,
XOTS W OONaJalomui 3HAYHTENEHBIMA
BHYTpPeHHHMH pasnuuusamu. Ha pomro
Benoro mops mpuxomurcs okolo 6 %
IUTOIa/IM aKBaTopuu u 2 % CyMMapHO-
ro obrema obonx Mopeii, HO Gornee IO-
JIOBHHEI 00IIEH TUIOMagH BOJOCOOPHO-
ro GacceliHa, 9TO 00yCIaBIMBAET P
OTNMYMH €ro THAPONIOTHIECKOTO U
THAPOXHMHYECKOTO pexuMma [IIpobre-
Ml U memoosl., 2001]. Pazmeps! ycra-
HOBJICHHBIX 3JIEMEHTapHBIX OGBEKTOB

) Knaccmbnxaumn OIIPERCIAINCh UCXOA

U3 YKa3aHHBIX pasIHYdil B pasMepax
AKBaTOPHUHU M3YYaEMBIX MOpEH, a TakxKe
C y4eToM OCOOSHHOCTEH BBIOpaHHBIX
kaprorpaduyeckux ocHOB (6a30BBIX
KapT). ‘
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electronic maps aimed at a certain idea
(a series of maps or atlas) in the basis
of which is the data base, constantly
refilled and corrected. When compos-
ing electronic atlases on ecology and
fishery in the Barents and White Seas,
we came from the idea that the final
‘estimation of areas should include the
aggregation of environmental quality
indices, variability of biological species
in the environment, and human exploi-
tation of natural resources. These indi-
ces should, on one hand, characterize
the natural functioning of geo-object
and, on the other hand, reflect its re-
sponse to the man-induced influence.
Atlases of the Barents and White Seas
are done by a single plan and consist of
three parts: oceanography, distribution
of bioresources and synthetic estima-
tion maps. At the moment, the elec-
tronic atlases of the Barents and White
Seas include 17 digital maps each
(thematic layers) and their “paper” cop-
ies done in GIS Arcview. Maps of the
Barents Sea atlas are drawn in the scale
1:8000000 in Mercator cylindrical pro-
jection, whereas the White Sea maps —
in the scale 1:3500000 in a conic equi-
graphic projection.

The main problem at drawing of

electronic atlases on ecology and fish-

Haubonee mpuemmemoit  mus
HPHUKIAJHOTO KAPTUPOBAHUS MOPCKUX
aKBaTOpuii TNpEACTABIAETICS CHCTEMA
DIEKTPOHHBIX KAPT, MOXYMHEHHBIX OII-
peIeneHHOMy 3aMbIcly (cepus KapT
WM aTiac), B OCHOBE KOTOPOH JIEKUT
HENPEPHIBHO TIONMONHAEMas H KOPPEK-
THpyeMas 6asa mamHbIX. IIpH cocTas-
NEHHH BNEKTPOHHBIX 3KOJOrO-phIGO-
XO3AMCTBEHHBIX 'aTnacoB BapeHuesa u
benoro mMopei MbI HCXOIMNH U3 TOTO,
YTO UTOTOBAas OLIEHKA COCTOSHHS aKBa-
TOpHil JOIKHA CKNAJBIBATECA U3 COBO-
KynHOCTH ToKa3aTeNeil KawecTBa cpe-
IBl O6WTaHus, : MHOrooGpasus Guoio-
THYECKMX BHIOB €€ HacelsAIOUMX, MC-
MONB30BaHUS INIPHPOIHBIX PECYPCOB
4EeTIOBEKOM. DTH IOKAa3aTEeNH, C OIMHOH
CTOPOHBI, HOJDKHEI = XapaKTepPH30BaTh
€CTECTBEHHOE (GyHKIIMOHHPOBAHHE
reoo0beKTa, a ¢ Apyrod, orobpaxkarb
€ro peaklMI0 Ha aHTPONOTEHHOE BO3-
neiicreue. ATiacesl bapennesa u beno-
T0 MODS BBHIIOJHEHBI IO €MHOMY IIa-
HY U COCTOAT U3 Tpex yacreil: okeaHo-
rpadus, pacnpeneneHue OGHOpecypcor
¥ CHHTETHYECKHE OLEHOYHBIE KapThI.
Ha Tekymuif MOMEHT SJEKTPOHHbBIE
arnacel bapeHuesa mops u benoro mo-
peft BiuoyaloT B cebs mo 17 nudpo-
BBIX KapT (TEMATHYECKHX CNOEB) M HX
“OyMa)KHBIX KOITHif, BBITIOMHEHHBIX B
cpeae TUC Arcview. Kaptel aTnaca
Bapernesa MOps BBINOJNHEHH! B Mac-
wrabe 1:8000000 B 1mmmHAgpHYECKOi
npoexkuuu Mepkatopa, a KapTel benoro
Mopst — B MacmTabe 1:3500000 B pag-
HOBEJIHKOH KOHHYECKO IPOEKIUH.

I'naBHasg 3amaya npH CO3MaHHH
9NEKTPOHHBIX  3KOJIOTO-PHIOOXO3AUCT-
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ery is not only in accumulation of digi-
tal cartographic data, but in building on
its basis of synthetic maps to estimate
vulnerability of the sea area to the di-
verse man-induced effects. The main
methodical approaches to the synthetic
cartography are presented in our pub-
lished papers [Novikov, 2000 a, b]. The
electronic character of synthetic
estimation maps gives the opportunity
to monitor the influence of dynamics
of variability of the most important
oceanographic and bioresources pa-
rameters on the formation of indices of
vulnerability of the studied area.

The initial data are stored in the
format of Excel for Windows as digital
maps-rhatrices of a standard size. In
order to obtain a qualitative carto-
graphic material, digital maps-matrices
are transformed with the use of the
macros “Koordinata” created by us into
the form perceived by standard carto-
graphic packages Surfer, Mag, Arcview
etc., where the users’ maps are carried
out in accordance with requirements.
All maps can be complex ones, since
any thematic layers of an electronic
atlas can be combined. Examples of the
drawn users’ maps are presented in
Figs. 1 and 2. Beside the complex car-

tography, the so-called over-lay opera-

BEHHBIX aT7IaCOB COCTOUT HE CTOJBKO B
HakoIUleHHH 0a3bl  omu(pOoBaHHEIX
KapTorpadu4eckux JaHHBIX, CKOJBKO B
IIOCTPOCHHU HAa €€ OCHOBE CHHTETHYE-
CKHMX OIEHOYHBIX KapTOrpaMM Ys3BH-
MOCTH aKBaTOPHH MOPS K pa3HOTO poja
aHTPOIIOTEHHBIM BO3xeH-cTBHsM. Oc-
HOBHBIE METOJUYECKHE IMOAXOHBI K
CHHTETHYECKOMY KapTHPOBaHHIO Ha-
UM OTPaXCHHE B OITyOIMKOBAHHBIX
HaMH pabortax [Hosuxos, 2000 a,6].
OJeKTPOHHBIH XapakTep CHHTETHYe-
CKMX OLEHOYHEIX KapT IO3BOISET OT-
CIIEKUBATh BIMSHUEC THHAMUKH M3MEH-
YUBOCTH BaXHEHIIMX OKeaHorpadmuue-
CKIX ¥ OMOpeCypCHEIX HapaMeTpoB Ha
dopmupoBaHue MOKa3zaTeel yI3BUMO-
CTH H3y4aeMOH aKBaTOpHH.

HcxomHele naHHBIE XpaHATCA B
¢dopmate npunoxenus Excel for Win-
dows B BUIE IMH(PPOBBIX KapT-MaTPHLL
CTaHIapTHOro pasmepa. M momyde-
HHs Ka4eCTBEHHOTO KapTorpaduuecKo-
ro Matepuana OHQPOBEIE KapThHI-
TaOJMIBl C TIOMOIIBIO CO3LAHHOTO Ha-
mu  Makpoca “Koopounama” nerko
npeoOpa3yoTcs B (GOpMYy, BOCIPHHHU-
MaeMyl0 CTaHJapTHBIMH KapTorpadu-
4eCKUMHM makeTamu  Surfer, Mag,
Arcview W Op., Tlle W BBIIOJIHSIOTCS
HOJIB30BaTENbCKHE KapThl B COOTBETCT-
BHH C NPEeIbABIIEMBIMUA K HUM Tpe6o-
BaHHAMH. Bce co3gaBaeMEIe KapTHl
MOT'YT HOCHTBb KOMIUIEKCHBIHM Xapakrep,
T.K. TIpH UX HCIOJHEHHH MOTYT OBITH
COBMEIEHB! JIOOBIE  TEMaTUYECKHe
CIIOH 3JIEKTPOHHOTO aTiaca. IIpuMepsr
CO3JAHHBIX IIONB30BATENBCKUX KapT
mpencrasieHsl Ha puc. | u 2. Kpome
KOMIUIEKCHOTO  KapTorpadHupoBaHUS
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Puc. 1. Kapra cpe1HeMBOTONETHETO PacTpEneNeHHs BENMYUHEL
nepeUuHOi nponyxTuBHOCTH B BapennieBoM mMope.

Fig. 1. Map of long-term mean distribution of a value of primary
productivity in the Barents Sea.

* REPANRAR SPOAWIYINR
AMEEAD A CHT

(E] omewas 199

Puc. 2. Kapra cpeIHEMHOTOIETHETO PacIIpeIeNeHIsl BEIUYHHBI TEPBUYHOA
npoxyxTHBHOCTH B beniom Mope B nernnii nepuo.

Fig. 2. Map of long-term mean distribution of a value of primary productivity
in the White Sea in summer.
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tions are also used in the applied syn-
thetic estimation cartography of the
area. This approach is mainly used to
make landscape and social and eco-
nomical maps [Jlonamuna, Hazapescxuii,
1972; Hcauenxo, 1980]. The main disad-
vantage of such approach is the limita-
tion of a number of possible simulta-
neously presented characteristics (the-
matic layers) by the reason of the ele-
mentary difficulty of perception of

some combined images. The other dis-

advantage is the necessity to attach the -

obtained estimated indices to. already
determined areas, either they are land-
scape elements (facies, natural
boundaries etc.) or administrative ar-
eas. In other words, the mentioned es-
timation classifications mean the area
division, and outlines of estimated at-
eas have already been determined. The
application of such an approach to the
cartography of marine areas depends on
some serious limitations connected
with the relative homogeneity of water
space and a certain independence of

processes taking place in a water col-

umn from the geomorphology of the -

bottom and biogeochemistry of bottom

sediments [[oauxos, Crapramo, 1 97.9].-
The developed by us principle of

organization and storage of digital

H3yuenne GHOTONOB MPUOPEKHBIX IKOCHCTEM

HCIONIB30BAHAE  TaK  Ha3bIBAGMBIX
OBEpJIEHHBIX OIlepaluii HAaIUIO OTpa-
KEHUe W B TIPHUKIAJHOM CHHTETHYE-
CKOM OLICHOYHOM KapTorpadupOBaHUU
TeppuTOopuil. B 0OCHOBHOM 3TOT NOIXO0T
NpUMeHseTCs MpH CO3MaHHMM JIAHI-
WagTHEIX M COHMAIBHO-3KOHOMH-

YeCKUX KapT [Jlonamuna, Hazapesciud,

1972; Hcauenxo, 1980]. I'maBHEIM He-
JOCTaTKOM TaKOro IIOJIXOAa SIBILIETCS
OrpaHUYCHHE YHCIa BOZMOXKHEIX OJHO-
BPEMCHHO MPEJCTaBIAEMEIX XapakTe-
PHCTHK (TEeMaTHYECKHX CJIIOEB) IO MpH-
9YUHE 3JEMEHTapHOH TPYIHOCTH BOC-
IPUATHS HECKOJIBKHX COBMEILEHHBIX
n3obpaxenuil. JIpyrdM HEZOCTaTKOM
ABISAETCS HEOOXONUMOCTh HPHBA3KH
TI0JTy 4aEMBIX OLIGHOYHKIX [OKa3aTeNel
K y)X€ BBIJCTICHHBIM Yy4UacTKaM TeppH-
TopHH, OyIb TO 3NMeMeHTHl Nanamadra
(Gaumu, ypouuiia u T.IL.) WIH aIMHHH-
CTpaTHBHBIE pakoHpl. VHEIMH CIIOBa-
MH, YKa3aHHBIE OLEHOYHbIEC KIaccHpu-
Kalu¥ HOCAT XapakTep palioHHpOBa-
HHA, IpHYeM KOHTYPHI OLICHMBAEMBIX
palioHOB yKe H3HAJYallbHO IIpefolipe-
nenessl. 1lpumerenne noxodHOro mom-
X0Ja K KaprorpadUpOoBaHAI0 MOPCKHX
aKBaTOPUH CONPSKEHO ¢ PAIOM Cephb-
€3HBIX OTPaHUYEHUH, CBI3aHHBIX C OT-
HOCHUTEIBHOW OJHOPOAHOCTHIO BOIHO-
rO IPOCTPAHCTBA U OHpERENEHHOH He-
3aBHCHUMOCTBIO TIPOLIECCOB, IIPOHCXO-
JSIX B TONIIE BOIBI 0T reoMopdoo-
THM [IHAa M GHOTEOXMMMM JOHHBIX OT-
noxxernit [Ionuxos, Crapramo, 1979].

v PaszpaGoTaHHEIH HaMH IPHHIKI
OpraHu3alldil ¥ XpaHEeHUs HUPPOBBIX
KapT B cpellc 3JCKTPOHHAIX Tabum
FExcel mo3BonseT ocymecTBIATh IIpel-
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maps in the form of electronic tables
Excel allows to do the preliminary
analysis of both synthetic estimation
'maps and thematic maps through
drawing of a planar diagram (carto-
graphic scheme). In the process of de-
velopment of this principle the final
form of synthetic estimation carto-
graphic schemes can be corrected with
the use of the expert-analytical ap-
proach. The expert approach is realised
in two directions: choosing of algo-
rithm for integrating of thematic layers
and “weighing” of them. Choosing: of
algorithms is directed to the searching
of an optimal model of the multiple
regression describing the interrelation
of different ecosystem componeht‘s'.at
formation of a measure of its vulner-
ability. Weighing, i. e. determination of
coefficients at arguments in the formula
of a regression (in the simplest case -
linear regression of the first order), can
be carried out both on the basis 'of the
subjective expert estimations and with
the use of methods of multivariate
statistics, for example, analysis of main
components. In any case, these or those
chosen weight coefficients .can be sub
of a synthetic digital map on the final
cartographic scheme (Fig. 3). Beside
cells, presenting weights of themes, the
other block of the electronic table is

BLISBJICHHE

BAPUTEILHBI AaHAIH3 CHHTETHYECKHX
OUEHOYHBIX KapT, KakK, BIpOYeM, H Te-
MaTHYECKHX, Yepe3 MOCTPOEHHE IUIO-
CKOCTHOH JAMarpaMMsl (KapTOorpaMMEel-
cxeMmsl). [Ipu pasBUTHH JaHHOTO IPUH-
OMOa KOHEYHBIH BHA CHHTETHYECKHX
OTICHOYHBIX KAPTOTPAMM MOXET OBITh
OTKOPPEKTHPOBaH ¢ [pUMEHEHHEM
3KCIIEPTHO-aHANUTHYECKOTO  MOJX0/a.
OKCIepTHEIH IOIXOM peanu3yercs Io

. OBYM HampaBJeHHUIM: MOA00pYy airo-

pUTMa MHTEIPHUPOBAHUS TEMATHYCCKHX
CIOEB M “B3BELIMBAHUIO” ITOCIECHHHX.
Ilonbop anropuTMOB HampaBiieH Ha
. ONTHManBHON  Mojenu
MHOXECTBEHHOM PErpecCHy, OIMCH-
Bafollell B3aAMMOZEHCTBHE Pa3IMYHBIX
KOMIIOHEHTOB 3KOCHCTeMBI IpH (op-
MHpPOBaHUH BeanHH_LI €6 ysI3BUMOCTH.
BsBemviBanue, T.e. ONpeHeNeHHE KO-
>QOUIMHEHTOB TIPH apryMeHTax B
YpaBHEHHH perpecciu (B mpocreiimem
clry4ae — JIMHEWHON IIepBOTO MOpPsAKa),
MOXXET TIPOBOIHMTHCS KAK HA OCHOBE
CYyOBEKTHBHBIX OKCIEPTHHIX OIEHOK,
TaKk ¥ C NPHUMEHEHHEM METOJOB MHO-
TOMEPHOM  CTaTHCTHUKH, HAIPHUMEp,
AHAIK3A IJIaBHBIX KOMIIOHEHT. B Jiro-
Gom cydae BHIOpaHHbIE TE WIN WHBIE
BECOBEIC KOI(Q(HUUHMEHTEI MOTYT -OBITH
TIOJICTABNEHEl B 3JEKTPOHHYIO Tabin-
1y, U HCCIIENOBaTeNb Cpa3y YBHIHT
pe3ynbTathl COOTBETCTBYIONIMX IIEepe-
PACHeTOR  CHHTETHYECKON IMidpOBON
KapTel Ha WTOI'OBOH KapTorpaMme-
cxeme (puc. 3). Kpome sueek, mpen-
CTaBIIONIUX BECa TEM, TAKKE aKTHBH-~
3UpoBaH Jpyrod ONOK 3IEeKTPOHHOM
TabmureL B HeM B ABYX psmax AYeeK
COMIEPKUTCA IUIOMANH M KOJIHYECTBE
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activated. In its two rows of cells the
current information is presented on the
area and number of fishing squares oc-
cupied by a certain class of areas
marked on the map by a certain colour.
This information makes also easier the
development of expert decisions on the

IPOMBICIIOBBIX = KBAaJpaToB, 3aHHUMae-
MBIX OTHEJBHBIM KIACCOM aKBaTOPHIl

(paitoHOoM), BRIACICHHBIM Ha KapTe OM- -

peleneHHbIM IBeToM. JTta uHpopMma-
ysl TaKke OoOJeryaeT NMpPUHATHE KC-
MEPTHBIX PEIUeHHUH 10 paifOHUPOBAHHUIO

ee . MOp4.
sea division. P
NeNe smcron 1 3 4 [ .7 9 13 14 1718 10
Tempr Bewtoc Indayaman 3oouaanrton Moidina Tpecka PiyBunit Kpeserxa Touenus  O-rpymma Cadixa KpaB Cenejis
“Beca™ tem: 1 i 1 s i 1 i 1 1 11
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Euna 295 201 %
70,50 3262038 1074
372 388 %
-69.83 2030 B ouws
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68,50 STT049.8
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Puc. 3. ®parment micrta Excel ¢ CHHTETHUECKOH KapTOH-CXeMOM OLIEHKH
YSA3BUMOCTH aKBaTOpUil, BeCaMH TEMAaTHUECKUX CIOEB U TabiauieH miomanen.
Hcexoawblil BUX

Fig. 3. Fragment of Excel sheet with a synthetic map-scheme of estimation of areas
vulnerability by weights of thematic layers and a table of areas.
' Initial view.

“The presentatiqr‘ly of 'éartographic
data in a raster model opeh‘s the unique
possibilities for ecological and - geo-
graphical and statistical analysis of spa-
tial-coordination data on distribution of -

bioresources and abiotic characteristics -

IIpescTaBIeHne KapTorpaduuecknx
IDaHHBIX B PACTPOBOM MOJENN OTKPhI-
BaeT YHHUKaJbHBIE BO3SMOXKHOCTH JUIS
9KOJNOTO-Teorpad-4eCcKoro M CTATH-
CTHYECKOTO aHAIN30B MpPOCTPAHCTBEH-
HO-KOOPIMHHUPOBAHHBIX = JAHHBIX IO

pacnpeneneHnio buopecypcos H abuo-
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of environment in the area of the Bar-
ents and White Seas. This analysis can
results in more full and objective un-
derstanding of interrelation between
components of ecosystems

of results of statistical processmg of
digital cartographic data by a.method
of a factor analysis is presented in the
Table and Figs. 4 and 5. We present
some results of the factor analysis
without deep description of its proce-
dure during which we analysed the
structure "of interrelations of 11 vari-
ables — the distribution within the area
of the Barents Sea such parameters. as:
bathymetry, characteristics of currents,
benthos, mezozooplankton, euphausids,
fries of cods and 5 species of commer-
cial bio-objects.

of the |
northern seas of Russia and’ naturail."f

THYECKHX XapaKTEPUCTHK CpeAsl Ha
akparopuu bapenrneBa u bemoro Mo-
peit. PCSyHBTaTOM 3TOTO aHau3a MO-
XKeT CTaTh Gonee ronHoe u 00BEKTHB-
HOE: il'IOHI/IMaHI/Ie BBaI/IMOCB}IBI/I MEXJTY
COMIIOHEHTAMH OSKOCHCTEM CEBEPHBIX

| - mMope#t Poccuu u 3akOHOMEPHOCTEH HX
laws of their functlonlngm The example

dyHxumonuposanus. Ilpumep pesyinsb-
TaToB- CTATHCTHYECKOH  0GpaGoTKH
HUQPPOBEIX KapTOI‘pa(I)I/I‘-I:c_CKI/IX JAHHBIX
MerofmoM (aKTOPHOTO aHalM3a Ipen-
cTaBjicH B Tabnuue u Ha puc. 4 u 5. He
BaBasicCh B MOAPOOHOE OMMCAHHE IIPO-
uexypsl (akTOpHOro aHaiu3a, A€ Ha-
MH ObUIa IIPOaHATHU3UPOBAHA CTPYKTY-
pa B3auMooTHOMIeHUH 11 mepeMeHHBIX
— pacmpeneleHde 1O aKBaTOpuu ba-
pEHIeBa MOPS TaKUX ITOKas3aTelled Kax:
OaTHMETpHUs, XapaKTepHCTHKM Tede-
Huii, 6eHTOCa, ME30300IIIaHKTOHA, 3B-
thay3una, MaTbKOB TPECKOBBIX PHIO U 5
BUJIOB IIPOMBICTIOBEIX OMO0OBEKTOB, —
MBI JIMHIB COOOIIMM O HEKOTODPHIX €ro
pesyibTaTax. '

Ta6anna 1. BeJIH‘II/IHLI Koaq)q)HuHeHTOB Koppem{unn
MEKTy -aHAIM3HPYEMBIMH [IEPEMEHHBIMM
Table 1. Values of coefﬁcxents of correlatlon between the analysed variables.

MNepemenHas 2| 3 5. 6 7 8 9 10
Benroc (1) ' e
Dpdaysumnme (2) | 009 | 1.00
Moiia (3) -0.16 | -007 | 1.00
Tpecka (4) -009 | 020 | -0.11° | 1.00
T'y6uusl (5) 053 | 018 | -028 | -0.15 | 1.00
MaJibkH (6) 023 | 014 | -0.15 | 059 | -044 | 100
Censab (7) 016 | 014 | -036 | 039 | 013} 040 | 1.00 .
3oomraHkToH (8) | 003 | -000 | 020 [ -0.17 | 000 | -022 | -0.08 | 100
Caiixa (9) 016 | 002 | -0.18 | -0.14 | 023 | -024 | -0.02 | ~0.02 [ 1.00
Teuenus (10) 006 | 010 | -010 | -0.17 | 012 | -0.18 | -0.15 | -0.05 | 009 | 1.00
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Puc. 4. llosepxHocTHA] AUArpaMMa 3aBUCHMOCTH paclpefie/ieHus 3pday3uns,
MOMBEI ¥ TPECKH IO akBatopuu bapennepa mops
(MOmeNs CrNaXUBaHUs — KBaNPaTHIHAN).

Fig. 4. A surface diagram of a dependence of distribution of euphausids,
capelin and cod over the area of the Barents Sea
(a model of smoothing is the quadratic one).
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Puc. 5. lloBepxHOCTHas AuarpamMMa 3aBHCHMOCTH pacipeefieHus 300IIaHKTOHa,
9sday3uul 1 MOBEI IO akBaTOpuy baperiiepa Mops
(MORENE CIIAXUBAHMA — KBAJPATHIHAS).
Fig. 5. A surface diagram of dependence of distribution of zooplankton, capelin and cod
over the area of the Barents Sea (a model of smoothing is the quadratic one).
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In the process of a factor analy-
sis the correlation matrix is built, which
reflects the value of a linear interrela-
tion between the studied spatial-
coordinated variables. v

Figs. 4 and 5 demonstrates the
surface diagrams of scattering of some
variables (the standardized data) within
the procedure of the factor analysis. To
plot the surface, fitting is used by dots
of 3-dimensional graph of scattering.
Such presentation of data, as well as 3-
dimential graph of scattering, let us to
reveal the deep-seated structure of data
and relationships between three vari-
ables. 3-dimensional diagram of the
surface in Fig. 4 reflects the situation
with the distribution of some species of
bioresources in the area of the Barents
Sea in the end of 1980’s — beginning of
1990’s. The diagram shows that the
distribution of cod in the area of the
Barents Sea is interrelated to the distri-
bution of capelin and euéliausids — the
main objects of their diet. It is evident
that capelin played the main role in
feeding of cod in the mentioned period,
and as a result the commercial concen-
trations of cod were attributed to the
areas of capelin concentration. The role
of euphausids in those years in feeding

of cod was insufficient. In its turn, cap-

elin were present in areas of joint inter-

conditional concentrations of euphau-

B mpouecce BHITOTHEHHA IIPO-
Heaypsl (GakTOPHOTO aHalN3a CO3MAeT-
cs KOppelsIIHOHHAs MarpHulia, OoTpa-
JKaomas BEIWYWHEl JHHEHHOH B3au-
MOCBA3M MEXKIY H3Yy4aeMBIMH IIpO-
CTPaHCTBEHHO-KOOPANHUPOBAaHHBIMH
TIePEMEHHBIMH.

Ha pucynkax 4 u 5 1HOKa3zaHH
MOBEPXHOCTHEIE JOHAarpaMMEel pacces-
HUS OTHENBHBIX NEPEMEHHBIX (HOPMHU-
POBaHHBIE JaHHEIE) B paMKax IIpoIle-
nypsl (akTopHOro aHamusa. J[ia mo-
CTPOEHHS IIOBEPXHOCTH HCIIONIB3YETCs
NOJrOHKa [0 TOYKaM TPEXMEPHOTO
rpaduka paccesHus. Takoe mpencraB-
JIEHHEe MNaHHBIX, KaKk M COOCTBEHHO
3-MepHasg IuarpaMMa paccesHHs, Io-
3BOJIFET BBIABHTH CKPHITYIO CTPYKTYDPY
JIAaHHBIX U B3aHMOCBSA3H MEXIY TpeMs
HIepeMEeHHBIMU. TpexMepHas auarpam-
Ma IIOBEPXHOCTH, H300pa)keHHas Ha
puc. 4 oTpaxaeT CHTyallHIO C paclipe-
JIEJICHHEM HEKOTOPHIX BHIOB OHOpe-
CYpCOB II0 akBaTOpHH bapeHuesa Mops
Ha koHen 80-x — Hadano 90-x romos
TIPOHUIOro Beka. Y3 muarpaMMbl BUIHO
KaK paclpeneneHne TPECKH IO aKBaTo-
puu bapenuesa MOps B3aHMOCBS3aHO C
pacripezieNieHie MOUBEL U 3Bhay3unN —
OCHOBHHIX 00BEKTOB ee panuona. Co-
BEPHICHHO OYEBHIHO, dYTO IJIABHYIO
ponb B NHUTAHHWK TPECKU B YKa3aHHBIH
NepHOJl WIpajia MOWBa, B peE3yIbTaTe
YETO IPOMBICIOBEIE CKOIJIEHUS TPECKH
OBIIM TPUYpOUEHHl K paHOHAM KOH-
LEeHTpaluu MOHBEL Pone 3daysumm B
3TH TOABl B IUTAaHHU TPECKH OBLIA He-
3HaugnuTenbHON.. Co CBO€fl CTOpOHEL,
MOKMBa Jep:Kajach B palioHaX COBMeE-
CTHBIX B3aHMOOGYCIIOBIEHHEIX CKOILIE-
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sids and  zooplankton  (mezo-

zooplankton), and euphausids played .

evidently just the leading role (Fig. 5).

The full factor analysis with the
use of a model of main components
resulted in the following main conclu-
sions at the attempt to analyze the sig-
nificance of some components of the
ecosystem in order to estimate its status
in general:

1. Distribution of a biomass of con-
sumers of high orders can serve as a
good visiting-card of a status of this or
that area, especially of the key species
— mass predators standing on the peak
of the energetic pyramid (cod, had—
dock). '

2. Very important indices for esti-
mation of a status of the Barents Sea
ecosystem are the “landscape”, the
most conservative indices — bathymetry
and benthos which have minimal own
fluctuations, both in time and in space.

Thus, a comprehensive analysis
of oceanographic spatial and coordi-
nated data presented in a raster model
of GIS-gave the results which are out-
side of simple overlinear operations
with maps. Wide possibilities arise for
calculation of a synthetic quantitative
estimation of a status of the area. This

estimation can be derived by actual

HUH 9Bday3un H 300IUIaHKTOHA (Me-
3030IUIaHKTOHA), IPHYEM BEAYIIYIO
pOAb IpH 3TOM, OYEBHIHO, HIPAIH
HUMEHHO dBday3uunsl (puc. 5).

IMonuerii QaxkTOpHEINH apamu3 ¢
WCIIONG30BAaHUEM MOAENM  TIJIaBHBIX
KOMIIOHEHT I[O3BOJWI CHeNaTb Clie-
IYIOIINE OCHOBHBIE BEIBOJBI IIPH II0-
NBEITKE aHajin3a 3HAYHMMOCTH OTHENb-
HEIX KOMIIOHEHTOB 3KOCHCTEMBl UL
OMEHKH €€ COCTOSHHA B IeNOM.

1. Pacnpenenenue OHOMAacChl KOH-
CYMEHTOB BBICOKHMX IIOPSIKOB MOXET
CITy’KHATH XOpoIei “BU3UTHOM KapTOd-
KOM” COCTOSIHMSA TON WM aKkBaTOPHU,
0coOeHHO, eClTi pedyb MAET O KiIIoUe-
BBIX BHIAaX — MACCOBBIX XHITHHKAX,
HAXOJIINXCS Ha BEPIIMHE JHEpreTH-
Y4EeCKOH MupaMuip! (Tpecka, MUKIIa).

2. BecbMa BaXXHBIMH JUIS OLEHKH
cTaryca PKOCHCTEMEl bapennesa Mops
ABNAIOTCA M TaK CKasaTh ‘‘maHmmadT-
Hble”, Hanbosiee KOHCEPBATHBHBIE IIO-
KasaTenu — Oarumerpus u OeHTOC,
HUMEIOIINEe MUHUMAJIbHEIE COOCTBEHHBIE
KoIeOaHvsI, Kak BO BPEMEHH, TaK U B
IIPOCTPAHCTBE.

Taxum 06pa3oMm, BCECTOPOHHMIA
aHauu3 OKEeaHONOTWYECKHX IpPOCTPaH-
CTBEHHO-KOOPIMHUPOBAHHBIX NaHHBIX,
TpeICTABICHHBIX B PACTPOBOH MOIEIH
THC, mo3Boaun NOXYIUTE Pe3yIbTATHL,
BEIXOJUIIHE 33 IIPEeNeNibl IPOCTHIX
OBepJeHHBIX ONepalluii ¢ KapTaMH.
IIpy 5TOM OTKpHIBAIOTCA ILIMPOKHE
BO3MOXHOCTH /ISl BEIYHCIICHUS CHHTE-
THYECKOH KONHYECTBEHHOH OICHKH
COCTOSHHSI aKBaTOpUH. OTa OIEHKa
MOXeT OBITh IONyd4eHa IO (paKTHUE-
CKUM COYETaHHUAM IPUPONHBIX YCJIO-
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unity of natural conditions and re-
sources (preliminary standardized), but
not by the given to them conventional
numbers. Data presented in a raster
model in the form of a matrix of posi-
tion — latitude/longitude — are suitable
for usage in the statistical procedures.
Interesting results can be reached by
methods of multivariate statistical
analysis that will makes easier the un-
derstanding and interpretation of a
character of interrelation between com-
ponents of marine ecosystems in the
geographical space.
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HccnenoBanue pacTBOPEHHOT0 OPraHUYECKOr0 BellecTBa
BHYTpeHHHX BonoeMoB Koibckoro noixyocrposa
1o cnexTpam ¢uiyopecueHInn

Investigation of Dissolved Organic Compound of the Inland Water
Reserves of the Kola Peninsula by Fluorescence Spectra

M. A. Novikov¥*,
M. N. Kharlamova**

* Knipovich Polar Research Institute of Marine
Fisheries and Oceanography

** Murmansk State Teachers’ Training University

The current information on status
of natural waters by seasons, as well as
on their chemical composition and hy-
drocarbon contamination can be ob-
tained with the use of optic methods of
investigations, including the lumines-
cent ones.

The usage of spectrofluorimeters
to register of fluorescence spectra and
excitation is very perspective for study-

-ing of the dissolved organic compound
(DOC) of natural waters. The first de-
tail research of fluorescence spectra
were carried out in relation to the sea
water in the 1950’s. K. Kalle (1962 and
1966) summarized the results. Kalle

attributed the fluorescent substances of

M. A. Hosuxog *,
M. H. Xapnamoea **

* NonsipHbIA Hay4HO-NCCNeA0BaTENLCKNIA
VHCTUTYT MOPCKOro pbiBHOro X03aicTBa
n okeanorpacum um. H. M. Knunosuda

** MypMaHCKUA rocyfapCTBEeHHbINA
nefarorMieckunin yHueepcuTeT

OneparuBHas HchbpMauHx 0
COCTOSHUH IPHPOAHBIX BOJ B Pa3ind-
HBIE CE30HBI I'ofa, 00 MX XMMUYECKOM
COCTaBe, INPHUCYTCTBHH YTIIEBOXOPOX-
HOTO 3arps3HEHUs] MOXET OBITH IOJTY-
YeHa [PU HCTIONIE30BAHNH OIITHYECKHX,
B TOM 9HCIE U JIFOMHUHECUEHTHBIX, Me-
TOJIOB HCCIEAOBAHU.

BecbMa HepClEKTMBHEIM IIpH
H3YYEHUU PacTBOPEHHOrO OpraHude-
ckoro BemecrBa (POB) mnpupogHbIx
BOJ SIBISCTCS HCIONB30BAaHHUE CIIEK-
TpOQIIyOpPUMETPOB IJIsl PEerucIpalun
CreKTpoB (yopecueHIuH H BO30OYX-
nenus. [lepBeie meTanpHBIE HCCIERO-
BaHUA CIIEKTPOB (IIyopecteHIny ObLIH
IPOBENEHEl Ha MOPCKHX Bojax B 50-e
ronel. B paborax K. Kanne [Kalle, 1962;
1966] 0600mensl pe3yIbTaThl TaKHX
uccnepopanuii.  Omyopecnupyromue
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natural waters to the organic com-
pounds capable to dissolve in the sea
water and constituting so called “yel-
low substance”. Being highly stable,
these substances are close to humic
substances of the land and absorb light
in the ultra-violet range of spectrum,
that was reflected in their name. In our
country such studies were performed
by S. V. Lutsarev [Jioyapes, 1968; Jlio-
yapes, Dedocos, 1970]. The first re-
searchers considered the spectrum of
the sea water fluorescence as of little
information, since it consisted of one
wide structureless. band with maximum
of 463 nm (the excitation by mercury
line is of 365 nm). The location of
maximum for water samples of differ-
ent seas fluctuated within the range of
+ 3 nm that was within the frameworks
of the experiment error [Jioyapes,
1968]. The possibility of the shift of the
wave excitation length to the more
short-wave range was not considered
by reason of the strong increase of ab-
sorption by the sea water in this range
of spectrum induced by salinity.

For the surface waters of the land
such an approach with methodical
developments was used by some
authors only [Cunensnuxos, 1970, 1972;
Cunenvrurxos, Xmuoines, 1987]. It is ac-
cepted that in natural waters the
fluorescence  registered in  the
blue/pale blue range is mainly caused

BelllecTBa MpUpoIHEIX Box -Kamne ort-
HOCHJI K OPTaHHYECKHUM COEAHHEHHSIM,
PacTBOPHUMEIM B MOPCKOH BOJE M CO-
CTABIAIONINM B OCHOBHOM TaK Ha3bl-
BaeMog¢ ‘kenToe BemecTBo”. OTiamya-
ACH BEICOKOH CTaOHMIBHOCTBIO, 3TH' Be-
mecTBa OIM3KYM K TYMHHOBBIM BELIECT-
BaM CYIIH M MODJIOLAIOT CBET B YJBT-
padnoneroBoi o6NacTH CHEKTpa, 3a
YTO ¥ TIONYYMIHN CBOE Ha3BaHue. B Ha-
el cTpaHe MOTOGHEIE HMCCIIENOBAHHS
6sutn npoBenensl C. B. JlronapeBbiM
[Troyapes, 1968, Jlioyapes, Pedocos,
1970]. Cuextp ¢uyopecUeHIMH MOp-
CKOW BOIBI TIPENCTABISIICS TIEPBEIM
HCCIIeIOBATENAM  MalOMH(OPMATHB-
HBIM, TaK KaK COCTOSUI U3 OJ{HOIH OIHpPO-
KO OecCTpyKTYpHOH IIOJNIOCHI C Mak-
cumyMoM 463 uM (Bo3OyKIeHHE JTHHH-
eif pryru 365 um). ITonoxenue makcu-
MyMa Ui [pO6 BOIBI PA3IHIHBIX MO-
pei#l konebanock B mHTepBane + 3 HM,
YTO HAaXOAWIOCH B INIpENENax OMIHOKM
onsita [[oyapes, 1968]. Bo3MOXHOCTE
CHBWTA UTHHEI BOJNHEI BO3OYXXKIEHUS B
Gonee KOPOTKOBOJHOBYIO OONAcTh He
paccMaTpHBanach M3-3a CHIBHOIO BO3-
pacTaHus IOTJIOUIEHH MOPCKOH BOJO#H
B 3TOH 00nacTu CIieKTpa, 00yCIOBIEH-
HOTO CONEHOCTHIO.

J1s NOBEPXHOCTHEIX BOJ CYIUIH
MOJOOHBIH TOAXOL C METOAUYECKUMH
YCOBEpIICHCTBOBAHMAMH TIPHMEHSIICS
TOIBKO OTHEIABHEIMH aBTOpamu [Cu-
Henvruxos, 1970, 1972; Cunenvuuxos,
Xmvines, 1987). TIpHHATO CUMTATh, YTO B
TIPUPOIHEIX BOXAX, PErHCTPUPyEMas B
cuHe-ronyOoi obmactu diryopecieH-
IHs, MOXET OBITh 00yCHOBIIEHA, TJIaB-
HBIM 00pa3oM, I'yMYCOBBIMH BEIIECT-
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by the humic substances, whereas in
the ultra-violet range — by aromatic
substances of the anthropogenic origin
[Anonacenko u Op., 1997; Epnos, 1980,
Kapabawes, 1987, Cunenvnuxos, 1970,
Cunenvnuxos, Xmwines, 1987]. Besides, a
small contribution can be made by the
in-lifetime excrements of photosynthe-
sizing organisms: peptides, cyclic car-
bon and nucleic acids. Comparatively
small interest in fluorescence of the
surface waters is to our opinion caused
by two main reasons. The first is as
follows: at the chosen length of the ex-
citation wave (which is usually 365
nm) borrowed from marine investiga-
tions, the ultra-violet part of the fluo-
rescence with the account of combina-
tional dispersion of water was practi-
cally not used in analysis. And the fluo-
rescence of the humic substances in the
blue area of the spectrum screens the
fluorescence of the other compounds if
the first ones have the concentration of
25.0 = 10 mg/l [Cunenvruxos, Xmuines,
1987]. The second reason is just little
attention paid to the studying of excita-
tion spectra. '

The simplest standardized meth-
odology of quantitative determination
of humic substances in the sea waters
by the fluorescent method was devel-
oped in the 1980’s only on the basis of

BaMH, 2 B yJIbTpadHOICTOBOU ~ apoMa-
THYECKHMH COEIMHEHHMSAMH aHTPOIIO-
TEHHOTO MPOMCXOXKICHUS [Anonacenko
u Op., 1997, Epnos, 1980, Kapabawes,
1987, Cunenvnuxos, 1970; CunenvHuxos,
Xwmuines, 1987]. Kpome TOro, HezHauu-
TENBHBIA BKIJIQJ MOTYT BHOCHUTE IIpH-
KH3HEGHHbIE BBINCICHNS (DOTOCHHTE3H-
PYIOIIMX OPTaHW3MOB: IENTHABI, ITUK-
nUYecKre KapOOHOBBIE H HYK/ICHHOBHIE
KucinoTel. CpaBHUTENBHO MANBI MHTeE-
pec K Qryopecue Iy TOBEPXHOCTHBIX
BOJI, TIO HAIIEMY MHEHHIO, 00yCIOBICH
IBYMS OCHOBHBEIME mnpruwmHamu. Ilep-
Bas, NpH BBHIOpaHROM IJTHHE BOJIHEI
BO30YXIEHM, 00bIIHO 365 HM, 3aUM-
CTBOBaHHOM H3 MOPCKHX HCCIEH0Ba-
HU#, yneTpadbmoneroBas gacTe Qiyo-
PECIEHIIHH C Y4eTOM KOMOHHAINOHHO-
FO paccesHys BOZBI IPAKTHYECKH BbI-
majana u3 aHamuza. [Ipm aTOM cBede-
HYE TYMYCOBBIX BEIIECTB B CHHEH 00-
JIACTH CIIEKTpa IPAaKTHYEeCKU SKPaHU-
pyer (IyOopeceHIo APYruX COENH-
HEHHI, eCITH TIEpBLIE COAEPIKATCA B
koHneHTpauuu 25.0 = 10 mr/n [Cunens-
HuKo8, Xmuvunes; 1987]. BTopas npudunHa
— ABHO HENOCTaTOYHOE BHUMAHHUE Y-
JISIOCH M3YUCHUIO CTIEKTPOB BO30YXK-
JICHHUA, '

Ipocrefimas  cranzapTH3UPO-
BaHHas1 METOAHUKAa KOJIMYECTBEHHOrO
OIIPENETICHNS TYMMHOBEIX BEILECTB B
MOPCKUX BOJAax (IyopecueHTHBEIM Me-
ToJoM Oblia pa3paboTaHa TONBKO B
80-x ¥ TO Ha OCHOBe 3apy0OexHOro
omkbita [Memoouueckue ocrnosvl., 1988;
Almgren et al., 1975]. VI3 Hee cnenyer,
910 npenen oGHapyXEHHUS I'YMHUHOBBIX
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the foreign experience [Memoouuecxue
ocHoebi., 1988; Almgren et al., 1975]. It
follows from it that the limit of deter-
mination of humic acids constitutes 0.5
mg/l; the method is based on the regis-
tration of one peak of fluorescence with
maximum 430+450 nm at the excita-
tion wave length 365 nm.

Materials and Methods

To determine water fluorescence
and excitation spectra the - spectro-
fluorimeter FP-550 of the “Jasco”
company (Japan) was used. The device
is capable to register fluorescence and
excitation spectra in the range 220-750
nm both in a separate samples and in
the running water. To excite the fluo-
rescence, a xenon gas-discharge lamp
(150 W) with the continuous spectrum
of emission in the studied range is used
in the device. An error of the wave
length measuring constituted = 1,5 nm.
Owing to the technical properties of the
used spectrofluorimeter, the obtained
spectra of fluorescence are corrected
ones, i.e. there practically is no the ef-
fect on them of the receiver’s sensitiv-
ity and of the emission spectrum. Spec-
tra were registered in a sample trough
10 mm long and with volume of 3 ml
with plane-parallel walls. Length of
fluorescence excitation wave consti-
tuted 266 nm. We have not revealed in

kucioT cocrapnger 0.5 Mr/im; ocHoBa-
Ha METOJWKA Ha PETHCTpalliy OXHOTO
nuKa (GIyopeclEeHINH ¢ MaKCHMyMOM
430+450 uM npH IMHE BOJHEI BO30Y-
*KeHus 365 Hu. '

MaTepuan n MeTOMKA

Jnga  onmpeneneHus  CHEKTPOB
diyopeceHIMH U BO30YXKISHUSI BOJBI
HCTIONB30BANM  CHEKTPOdIyopHMeTp
FP-550 - dupmer  “Jasco” (SmoHus).
IlpuGop . MO3BONSET PETHCTPHUPOBATH
CIeKTpH! (IIyopecleHIuH U BO36YX-
JeHus B obmacta 220-750 HM B OT-
JENBHBIX Tpobax M IPOTOYHOH BOTE.
Jnsa Bo3Oyxnxenus (¢uryopecleHIMH B
JAHHOM TIpHOOpE HCIONB3yeTca KCe-
HOHOBasi rasopaspsnHas Jamma (150
BT) ¢ HEnpepRIBHBIM CIEKTPOM H3JIY-
YeHHs B H3y4aeMOHW HaMH o0OJacTH.
IorpemHoCTh M3MEpPEHUs [IHHEL BOJI-
HBl cocraBmia *1.5 mm. Bmaromaps
TEXHHYECKUM OCOGEHHOCTAM IIpHMe-
HJIEeMOro crnekTpodiayopumerpa, momy-
YEeHHbIe CHEKTPHl (IIyopecleHUny SB-
JAI0TCS  WCIpPaBICHHBIMH, TO €CThb
IPaKTHYECKH OTCYTCTBYET BIHSHHE Ha
HHX YyBCTBUTEIBHOCTH TPHEMHHKA U
CIIEKTp2 H3Ny4YeHHS UCTOYHMKA, CIIEK-
TPB PETHCTPUPOBANH B KIOBETE IH-
HOH 10 MM H 06BeMOM 3 MII C IITIOCKO-
mapainenbHBIMH  CTeHkamu. JlmHa
BOJIHBI BO30YXHEHHS (hiIyopecleHIInA
cocrapysa 266 aM. Ceenenus 06 wc-
TOMB30BAHMH [OKOBHON [IMHE! BOIHE!
BO30YXXIEHUS HPH H3MEPEHHAX (Iyo-
pecuennun POB B HayuHO# nuTepary-
pe Ham# He oOHapyxeusl. Takas ojIHHA
BONHBI OplTa BHIOpaHa ¢ y4eTOM TOTO,
4TOOBl B MAaKCHMAaJbHOM CTENEHM H3-
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publications any data on the use of the
similar length of the excitation wave.
Such a length of the wave was chosen
in order to avoid maximally the over-
lapping of the area of the DOC fluores-
cence by bands of the scattered emis-
sion of Raman and Rayleigh.

Spectra of fluorescence were
registered at wave lengths 300-520 nm.
A peak of combinational water disper-
sion (Raman’s) was at 292 nm, whereas
the emission of the Rayleigh type
called “doubled order of dispersion of
the diffracted grid” was at 532 nm, cor-
respondingly.

For clarification of the chemical
nature of fluorescent compounds, spec-
tra of excitation were analyzed. They
reflect in a great measure the spectral
characteristics of absorption of fluores-
cent compounds, but they are more in-
formative ones in view of the higher
sensitivity and selectivity. Spectra of
excitation were registered at wave
lengths of the fluorescence maxima
within the range of excitation 220+-350
nm.

The natural water was prelimi-
nary filtered through the paper filter
“the blue band” (diameter is 1+2.5 pm)
in order to remove the organic mineral
suspension (seston) if any.

Simultaneously with the spectral
characteristics, dichromatic oxidation

Oexatb mepekpeiTHs oOmactu ¢uyo-
pecuernnuu POB ¢ nmomocamu paccesdH-
HOro n3mydenus Pamana u Panes.

CrexTpsl (IyOpecUeHIUN Peru-
cTpupoBany Ha JuimHax BonH 300-520
M. Ilpu 3TOM MK KOMOHHAIMOHHOIO
paccesuus Boasl (PamMana) IpHXoanics
Ha 292 HM, a HM3NYICHHE PIIEEBCKOIO
THIA, HMEHYEMOE “IBOMHBIM IMOpSA-
KOM paccesHus AUGPaKIHOHHOH pe-
[IETKH’, COOTBETCTBEHHO — Ha 532 HM.

g BBLICHEHMS XHMHYECKOi
OpUPOIBI  GIyOpEeCHUpPYIOMHX COEHH-
HEHMH OBIIH M3MEPEHH! U MPOaHalM3H-
POBAHEI CIIEKTpHI BO3OY)TeHus. OHu B
3HAYATENBHON Mepe OTpaKaroT CIIEK-
TpaJbHBIE XapaKTEPUCTHUKU ITOTIIOLIE-
HUS GIIyopecLUpyomKX COCAHHEHHN,
HO Oomee wuHGOPMAaTHBHEI B BHAY
Gonplreil YyBCTBUTENBHOCTH U CEIeK-
TUBHOCTH. CHEKTpsI BO30OYXIEHUSI pe-
rHCTpHpoiaann Ha JUIMHAX BOJH Mak-
CHMYMOB (IIYOpECICHIIMH B AHana3oHe
skcutaruu 220-350 uM.

Ilpuponmuyio BOAY IIpedBapH-
TeNnbHO GUIBTpOBaIH depe3 OyMaKHBIN
¢uneTp “cunsg nenra” (J 1-2.5 MKm)
JUIS  VAICHHs OpraHOMHHEPaIFHOH
B3BECH (CECTOH), €CIH TaKOBas IpHU-
CYTCTBOBaJIA.

TMapannensHO CO CHEKTpallbHEI-
MH XapaKTEpPHCTHKaMH B 1pobax ompe-
JIEMAIH  OMXPOMAaTHYIO OKHCIISIEMOCTh

'(BO) u comepxanue HedTeNPOMLYKTOB.

BuxpoMaTHYIO OKHCIIIEMOCTb H3MEps-
JIM TI0 M3BECTHOH CTaHIApTHOH METO-
IFKE ¢ IOCIEeAYIONMM IepecueToM Ha
conepxanne POB c
koaddurmenra (.75, NpeRnoKEHHOTO

JIPpUMCHECHUEM
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(BO) and the content of oil products
were determined in samples. The di-
chromatic oxidation was determined by
the known standard method with the
subsequent recalculation per the con-
tent of DOC with the use of coefficient
0,75 proposed by B. A. Skopintsev
(1950). Oil products were determined
fluorimetrically by the standard certi-
fied method at the analyzer of liquid
“Fluorat-02-3M".

In the period of investigations
(1998-1999) more than 70 water sam-
ples from various freshwater reserves
of the Murmansk Region including the
Murmansk City were analyzed. Sam-
ples were taken for several stations in
different seasons of the year. Water
samples were taken from the surface
horizon (the depth is 0.5-1 m).

Results and Discussion

Analyzing spectra of DOC fluo-
rescence one should come from the fact
that they do not depend on the wave
length of the exciting light [Zesuun,
Caneyruii, 1994). However, considering
the fact that the observed bands of fluo-
rescence are the result of luminescence
of a sum of compounds of the similar
origin but different molecular mass, the
shift of the emission maxima synchron-
ically with variation of the wave length
of the exiting light can be expected. It
an happen by the reason of more active
(selective) excitation by light of the
given wave length of compounds with

B. A. CxomuanessM (1950).

HedrenponykTel  onpemessuiu
(GITyOpUMETPHYECKH 110 CTaHIAPTHOH
cepTH(UIUPOBAaHHOM MeTOOMKE Ha
aHami3arope xuakoct ‘dmroopar-02-
3IM”. :

B xome wuccnemoanmii (1998—
1999 rr.)- 6BIIO mNpPOAHANTH3UPOBAHO
Gonee 70 mpo6 BomEl W3 pa3NMUHEIX
IIPECHOBOMHBEIX BOXOEMOB MypMaH-
cKkolf obnacTtH, BKIOYas I. MypMaHCK.
3a6op npo® mpoBORWIM s psana
CTaHUUH B pa3sNU4Hble CE30HBI T'OJa.
TIpo6Er BoBI Gpamu ¢ MOBEPXHOCTHOTO
ropusoHTa (Tny6una 0.5-1 m).

Pe3ynsTaThl N MX 00CYKAEHNE

IIpn aHan3e CIIEKTPOB  (PITyO-
pecuernui POB crezoBano 651 HCXO-
IMTh W3 TOrO, YTO OHM HE 3aBHCAT OT
IUIMHBI BOJIHBI BO30Y’)KIAIOMIEro CBETa
Caneyxuii, '1994]. Ommaxko,
y4uTHIBasg TOT (akT, 4yTo Habmonae-
MBIE TIOJIOCH! (DITyOpeCIEHIINN ABISIOT-
Csl pE3yNbTaTOM CBEYEHHS HEKOTOPOit
CyMMBI COGOWUHEHHHN CXOOHOM HpHpo-
IBI, HO Pa3sHOM MOJIEKYJISIPHOW MaccChl,
MOXHO OXHJIATh CMEHICHHS MaKCHMY-
MOB H3Iy4YEHHs CHHXPOHHO C M3MCEHE-
HHEM IIIMHBl BOJHEI BO30YXIArOIIEro
cBeTa. OJTO MOXKET MPOHCXOAUTEH IO
npudnuHe Oonee axTHBHOro (u30mpa-
TENBHOTO) BO30YXIOEeHUS CBETOM 3a-
JaHHOH JUTMHEI BONHBI COSOHMHEHWH C
OTIpe/IeNeHHbIM MOJEKYISPHBIM BECOM.
Tax, B pabote B. E. Cunencuuxosa A,
H. Xwmewesa (1987) mokasano, yto npu
M3MEHEHHH J[UIMHBI BOJHBI BO30YX-
IaroIero cegera ¢ 365 uMm Ha 312 vM
MakCHMyM IHOJNOCH  (IyopecleHiu

[Tesuiun,
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a certain molecular weight. In Sinel-
nikov and Khmylev (1987), it is shown
that at the change of wave length of the
exciting light from 365 nm to 312 nm,

maximum of the fluorescence band of a

compound group called the “primary
humus”, shifted from 470 to 425 nm,
correspondingly. Such a shift of the
fluorescence maximum is not of course
unbounded. On the basis of the author’s
and published data it was ascertained
that at the change of the excitation
wave length from 250 to 365 nm, a
peak of luminescence of the primary
humus fluctuates from 416 to 480 nm.
As it is seen from the chosen
data presented in Fig. 1, a band of fluo-
rescence with the emission maximum
of 480+500 nm, which corresponds by
published data [4ronacenxo u Op., 1997;
Cunenvruxos, Xmoines, 1987] to directly
humic acids and fulvic acids, was not
practically observed in the final view in
the examined waters of the Murmansk
Region. To our opinion, there are two
reasons of this. The first is that the
quantity of the mentioned compounds
is evidently not large. The second one
‘is that the luminescence of the given
group overlapped by the strong fluores-
cence of compounds having maximum
luminescence in the range 416+436
nm. We consider the latter circum-
stance as the most significant one. Indi-
rectly it is possible to judge on the

TPYNOB  COCAMHEHHH, HMEHYEMEIX
“HepBUYHEIM FyMyCOM™’, CIBHTalcs ¢
470 Ha 425 HM COOTBETCTBEHHO. AHAa-
JIOTHUHBIE JaHHBIe OBUIA TONYYEHBI K
JUTst MopCKHx ‘BOI [Kapabawes, 1987).
Takoit capur MakcuMmyma uryopec-
LEeHINH, pasyMeeTcs, He GecrpencneH.
Ha ocHoBaHMM COOCTBEHHBIX W IJHTE-
paTypHBIX IaHHBIX YCT@HOBIIEHO, 4TO
TPH W3MEHEHHH JJIHHBI BOJIHBL BO30Y-
xaerns ot 250 mo 365 HM muK cBede-
HUS NEPBHYHOTO TyMyca xonebnercs
o1 416 no 480 BM.

Kak BHAHO ¥3 BBIGOPOUHBIX
JMAHHBIX, MPEICTABICHHEIX Ha puc.l,
Honoca (IyOpEeCHEHIHA C MAaKCHMY-
moM m3nyqenus 480-500 uM, cooTBET-
CTBYIOIIasi IO JAHHBEIM JIATEPaTypEI

[Anonacenxo u Op.,. 1997, Cunenvruxos,

- Xmvines, 1987] COOCTBEHHO TYMHHOBEIM

KHCoTaM W (yIBBOKHUCIOTaM, B HC-
CIIEIOBAHHEIX BOAAaX MypMaHCKOH 06-
MacTH B ODOPMIICHHOM BHIE NPAKTH-
yecku He Habmomamace. llo mamemy
MHEHHIO, TI0 IBYM npuamHaMm. llepras:
KONHMYECTBO YKA3aHHBIX COCOHHEHHUH,
OYEBHIHO, OBIIO HEBENHKO. Bropas:
CBEYEHHE NAHHOHN TIPYIIEI IepeKpEIBa-
JIOCh CHIBHON duyopeciieHiueil co-
eIMHECHNH, UMEIOMINX MaKCHMYyM CBe-
yeauss B obmactu 416-436 M. Ilo-
ciiegHee OOCTOSATENBCTBO TIPESNCTARIA-
eTcss HaM Gonee 3Ha4HMBIM. KOCBEHHO

JSPHBEIX BEIIECTB T'YMHHOBOH IPUPOABI
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presence of a group of high-molecular
substances of the humic origin by
points of bend on the spectral curves
about 490 nm and by the increase of
the value of minimum usually observed
in the range of 508+512 nm. The men-
tioned bend points were observed on
the majority of spectra that let us safely
to point to the presence in the examined
waters of a small quantity of the corre-
sponding organic acids, mainly, fulvic
acids.

MOHO CYAWTH II0 TOYKaM Ieperuda Ha
CHEKTPaIBHEIX KPHUBEIX O0KoNo 490 HM
¥ BO3PACTAaHMIO BENWYHHEI MUHUMYMA,
o0pryHO HabmOmaeMoro B obmactd
508+512 BM. YOOMSHYTHIE TOYKH IIe-
peruba Habnromauch Ha GOMBIIMHCTBE
CIIEKTPOB, 4TO ITO3BOJSET C YBEPEHHO-
CTBI0 yKa3hIBaTh HA HAJMYHE B HCCIIE-
JIOBaHHBIX BOJAaX HEOOIBIIOTO KONAYE-
CTBa COOTBETCTBYIOIMX OPTaHMYECKHX
KHCIOT, INAaBHBIM 00Opa3soM, (yiIsBO-
KHCJIOT
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AnuKa BONHbI, KM

Puc. 1. CnekTps! GpryopecieHIN HEKOTOPEIX IPHPOIHBIX BoA MypManckoii o61acTu
(OTHOCHTENBHEIE €AMHALDI)

Fig. 1. Spectra of fluorescence of some natural waters of the Murmansk Region
(relative units).

The absence of big quantity of
humic acids in the studied waters is
explained very simply: peculiarities of
the geographical location and climatic

OTCyTCTBHE CYIIECTBEHHBIX KO-
JIMYECTB TYMHUHOBBIX KHCJIOT B H3ydae-
MBIX BOJAaX OOBSICHAECTCS JOBOJBHO
IIPOCTO: OCOOEHHOCTH TeorpaduuecKko-
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conditions of the Kola Peninsula stipu-
late the formation of the natural hydro-
chemical regime of water objects,
mainly, at the expense of atmospheric
precipitations. About 74 % of rivers

feeding consist of snow melt and sum-

mer/autumn rain waters. As a result,
the majority of waters of the central
and western parts of the Kola Peninsula
is characterized by the relative clean-
ness, insufficient chromaticity (10-50°
by the platinum/cobalt scale),
oligotrophness and low temperature
[Kyopsisyesa, 1996]. It is also known
that chemical exchange complex of
soils of the Russian North is usually
small, fulvic acids predominate in it
[Cnpasounux no zudpoxumuu, 1989]. It
concerns in a full measure of podzols
of the Kola Peninsula.

The appearance in the water re-
serve of the high-molecular humic
cbmpounds depends on the intensity of
oxidation processes and microbiologi-
cal transformation of dead organic
remnants (detritus) into humic and
fulvic acids (humifications). However,
by the reason of peculiar for the Kola
Peninsula low water temperature and
availability of saprophytes, the humifi-
cation in water reserves occurs slowly
and in a small measure. The additional
corroboration is a fact that the over-
whelming majority of waters examined
by us had a low content of DOC (Ta-

ro TOJIOKEHHS M KINMAaTHYECKHX YycC-
noBuil Komsckoro momyoctpoBa 00y-
CaBJIMBAIOT (HOPMHPOBAHHE PHPO-
HOTO THAPOXMMHYECKOTO peXXMMa BOA-
HBIX OOBEKTOB B OCHOBHOM 32 CUET aT-
MochepHsIx ocankos. [Ipumepro 75 %
B IIHTaHHHM pEK COCTaBJIIOT Talble
CHETOBBIE W JIETHE-OCEHHHUE IOXICBEIE
Bonel. Kak cnencTeue, Iast OONBINHH-
CTBa BOJ| IIGHTpaNbHOX M 3amagHoM
gacte Konbckoro m-Ba XapakTepHa
OTHOCHTEJIbHAS  YHMCTOTa, HE3HAYH-
TeabHas HBETHOCTH (10—50° 110 TIIaTH-
HO-KOOaMBTOBOM mIKane), OMUroTpod-
HOCTh W HH3Kas Temieparypa [Kyopse-
yesa, 1996]. M3BecTHO Takxke, 4TO 0O-
MEHHBIH KOMIUIEKC IOYB ceBepa Poc-
cuu OOBIYHO BechMa Mall M Ipeolia-
JAKOT B HEM (byIBBOKHCIIOTH [Chpasoy-
HuK no 2udpoxumuy, 1989], 3T0 B IOITHOH
Mepe KacaeTcst u 1nof3oiioB Konsckoro
II-Ba.

TlosBnenue B BOJOEMax BBICO-
KOMOJIEKYJIIPHBIX T'YMHHOBHIX COEIH-
HEHWH 3aBHCHT OT HHTEHCHBHOCTH
[IPOLECCOB OKHUCIIEHUS W MHUKPOGHONIO-
THYECKOH TpaHCGOpMAIlMH MEPTBEIX
OpPraHMYecKHX OCTAaTKOB (IeTpura) B
TYMHHOBEIE M (yJIBBOKHCIOTH (TYMH-
¢ukarun). OpHako, HO NPHYHHE Xa-
paktepHbIXx 1t Kombckoro momyocrt-
pOBa HH3KHX BETHYHH TEMIEpPaTyphl
BOJBL U CalpOOHOCTH TyMU(DUKALHA B
BOJOEMAaxX MPOHUCXOAUT MEJJICHHO W B
HE3HAUHUTENBHOH CcTelleHd. J[oImonHu-
TETbHBIM IOATBEPKAEHUEM 3TOrO SIB-
JSIeTCsl TO, UTO IIOJaBIsionlee OONb-
IIMHCTBO HCCIIEOBAHHBIX HaMH BOJX
o0nagano HU3KMM cojepxanneM POB
(cM. Tab. 1'). Kpome' Toro, cormacro
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ble 1). Besides, due to Kharkevich
(1985), a distinctive feature .of little-
humic and oligotrophic water reserves,
for example, lakes of Karelia, is a high
percentage of organic compounds in
the water in a true solution: 46-55 %
by the dichromate oxidation (fulvic
acids, proteins, amino acids, carbohy-
drates etc.). A group of humic acids
constituted 4+14 %, and that of fulvic
acids in the colloid status — 35+50 %.

JaHHEIM [Xapkesuu, 1985] oTmMUUTEND-
HO¥ UepTOH MaJoTyMYCHBIX, OIHIO-
TpodHBIX BOZOEMOB, HAlpUMEp O3€Ep
Kapenun, sABIsieTCS BBICOKHUH NPOLEHT
OpraHMYEeCKUX BEILECTB, HaXOAAMHXCA
B BOJIE B HCTHHHOM pactBope: 46+55 %
mo  OMXpOMATHOH  OKHCIIEMOCTH
(bynpBOKHCIOTEI, O€NKM, aMMHOKHC-
JIOTEL, YTIEeBOAEI U 1p.). I pynna rymu-
HOBBIX KHCJIOT cocraBistna 4+14 %, a
(hYITHBOKHCIIOT B KOJUIOMJHOM COCTOS-
HUH — 35-50 %.

Tab6auua 1. PU3HKO-XUMHYECKHE TTOKA3aTeH UCCISHOBaHHBIX IIPO0 BOABI U3 BOJOEMOB
Konsckoro nonyoctpoBa :
(1 maxc. — ypOBEeHE IEPBOro MakcHMyMa (UIyOpeCleHINH, 2 MAKC. — YPOBEHb BTOPOTO MakCHMyMa,
OVY® - oTHOCHTeNbHAs yaenbras GiuyopecneHuns, AIIAB — aBHOHHEIE TOBEPXHOCTHO aKTHBHEIE BE-
mectsa, H/TIP — HedTenpoAyKTH, OTH. €. — OTHOCHTEJBHEIE €ANHHUIIEI,
H/J( — HEeT AaHHEIX, L.~ IUIOTHHA)

Table 1. Physical and chemical indices of investigated water samples from water reserves
of the Kola Peninsula
(1 maxc. — a level of the 1st fluorescence maximum; 2 makc. — a level of the 2nd fluorescence
maximum; OY® - a relative specific fluorescence; AIIAB — anion surface-active substances;
H/TIP - oil hydrocarbons; otH. ef. ~ relative units; #/n — no data, 1. — a dam)

BO, POB, 1 makc.,, | 2makc., | OY® | AMAB, | HIMP,
MecTo B3aTHsa Npobbl ] cl / ,

BOAbI mr/n mMrC/n | oTH.ea. | otH.ed. mr/n mr/n
o3.ITnaneproe (J1eTO) 159.0 | 119.2 63.9 229.0 1.92 H/K H/I
o03.IInanepuoe (oceHb) 148.5 111.4. 192.8 2649 2.38 H/K u/n
03.I'ny6okoe (1eTo) 14.0 10.5 1364 228.5 |21.76 | 0.126 | 0.075
03.'ny6okoe (oceHs) 10.9 8.2 110.8 259.8 | 31.80| 0.138 | 0.120
03.JIenoBoe (1eTo) 56.2 42.1 41.4 141.5 3.36 H/I H/R
03.JIenoBoe (oceHn) 120.4 90.3 474 154.0 1.71 =/ H/1
03.CemeHoOBCKOE- (JIETO) - 16.9 12.7 58.2 755 5.94 H/R w/n-
Bonsuroe ITnTeeBoe 03epo 9.2 6.9 6.5 62.3 9.00 H/K H/I
(nero)
Bonemoe ITuteeBoe o3epo 17.3 13.0 164.8 95.1 7.33 H/I H/1
(ocenn)
03.Yajika (J1eTo) 29.2 21.9 7.6 54.5 2.49 H/I H/I
03.Yaiika (oceHs) 25.8 19.4 34 74.6 3.86 H/1 H/1
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o3.1lyorussp (neto) <6 <4,5 0.0 332 - 0.045 | 0.042
03.1lyoHnsABp (0CEHE) <6 <45 | 153 50.9 - wn | ®mo
03.Anna-AxkaiapsH (1€T0) 10.5 7.9 25.0 68.2 8.63 | 0.011 | 0.049
03.Anma-AKkaspeu (OCEHb) 9.1 6.8 0.0 80.5 |11.79| wn 0.130
o3.Hamesasp (y1ero) H/O H/I 16.9 0.0 - H/I H/I
03.Kunmesep (1eto) 9.0 6.75 2.9 76.1 1127 w/=n H/K
Manoe ITynosepo (ocens) H/K o/ 0.0 67.8 - H/R : S
03.CxanucToe (0ceHs) 13.9 104 88.1 104.6 | 10.06| wu/m 0.040
p.Ypa (nero) 332 24.9 145 51.5 2.07 H/I u/n
p-Vpa, ycTse (l1eT0) w/n H/1 0.0 54.8 - H/n w/n
p.Onenrua (oceHs) H/I H/% 0.0 1229 - H/X H/A
p-Kona, ucrox (recua) 14.9 112 25.1 102.3 915 | wu/nm 0.040
p.Kona, cr.Kuna (BecHa) H/I H/x 17.6 101.0 - H/I 0.050
p.Kona, moc.Kunsnuucrpoit 9.2 6.9 8.6 93.0 1344 H/n 0.055
(BecHa)
p.Kona, ycrre (Becna) 15.6 11.7 33 78.5 6.70 H/K 0.075
p-Koma, p-u Monoynoro 30.7 23.0 180.5 107.0 4.65 H/R 0.066
(oceHn)
p.Ileya, mputox Tynomst 18.8 141 2.4 70.8 5.02 H/R 0.004 -
(neto) .
p.Tynoma, uctoxk (j1eT0) _ 11.3 8.5 0.0 71.7 8.48 H/I 0.007 -
p-Tynoma, p-ua Humxuery- 17.9 134 0.0 84.4 6.30 H/R H/K
nomckoit I'OC (neto)
p.TymomMa, p-u Hikaery- H/I H/X 0.0 786 - H/I H/I
nomckoit I'OC (ocenn) v :
p.benas, Beime c6poca u/n 3001 21.0 36.5 - 0.006 | 0.048
(BecHa)
p.benas, mixe copoca <6 <4,5 25.2 0.0 - 0.130 0.149
(BecHa)
p.Ilas3, moc.Pasgkockwu, Beiure 6.9 52 64.6 0.0 - H/I 0.044
cOpoca
p-I1a3, moc.Paskocku, Huxe 8.9 6.7 - 51.1 94.6 1416 | ®/n 0.039
cbpoca
p.Ila3, Bene mr.Paskocku H/K H/K 41.5 50.1 - H/I 0.060
(oceHn)
p.I1a3, HIKe Wn.Paskocku H/I H/I 124.9 223.0 - H/D H/K
(BecHa)

p-IHa3, Hioke mn.Paskocku 149 | 111 199.0 82.1 7.37 v/ 0.100
(ocens)
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p.Ilas3, BeImIe 24.6 18.5 80.9 189.0 |1024| w/n /I
. Katitakocku (BecHa) '

p-Ilas, soime <6 - <4.5 23.5 40.3 - B/ 0.260
m.KafiTakocku (ocerb)

' p.Ias, mxe . Kakirakocku] 8/1 o/ 94.9 2160 - H/K H/K
(BecHa) . '
p.la3, Hinke mn Kaiitakocka| 9.9 74 46.2 42.0 5.65 w/n | 0.082
(ocens) .
p.ITa3,moc. Bopucorne6ek-1 | 25.6 19.2 75.7 2200 |1146| wu/n 0.039
(BecHa) ' :
p.Ilas,noc. Bopucornebex-2 | 10.3 7.7 822 2240 2913 w/x 0.048
(BecHa)
p.Ila3, moc.CaneMuspsu 8.2 6.2 75.4 2110 |3431| wn 0.055
(BecHa)
p.lla3, perme i Anuckockn | 12.9 9.7 15.3 . 42.0 435 H/ 0.094
(ocens)
p.lla3, vrxe . SIHuckocku | 27.7 20.8 165.0 2210 11065 w®/n /R
(BecHa) ; ' :
p.J1a3, rxe mwr THUCKOCKH 79 59 203 442 744 /1 0.139
(oceHs) ] _
p-Ileuenra, ucrok (Jiero) 6.3 4.7 2.0 74.0 15.64 | 0.005 | 0.043
p-Ileuenra, ucrox (oceHs) 12.9 9.7 1.8 90.6 9.39 w/n 0.080
p-Ileuenra (Becua) 61.5 46.1 23.6 87.1 1.89 27411 H/E
pys. Hama-iioxw, 34 km 9.2 6.9 22.8 53.0 7.68 | 0.068 H/n
(BecHa) : )

VparyOckuii pyyeli (Becua) | 36.9 27.7 11.7 81.1 293 j20p1d /g,
Vpary6ckwii pyueit (s1eto) 45.6 34.2 114 69.1 2.02 B/ B/

pyd. Bapauunsiii (j1eTo) 38.5 28.9

63.7 186.7 6.46 B/ B/n

py4. BapauunsIi (oceHs) 68.8 51.6

230.5 2100 | 4.07 B/n 0.107

As it is seen from spectra of the
Fig. 1, the existence of two bands of
fluorescence can be determined. The
first is a short-wave band with maxi-
mum  luminescence in the range of
316+340 nm. Due to published data,
only man-induced:contaminants of the
aromatic origin can have  fluores-
cencing property [Cunemsnuxos, 1970,
1972; Cunenvruros, Xmuwines, 1987]. The
second wide band of fluorescence cov-
ered a blue range of spectrum. Many
natural waters were characterized by

Kax BuOgHO H3 CHEKTpPOB Ha
puc. 1, Ha HHX MOKHO OOLIEM BHIE
BBIACIHTh CYyLIECTBOBAHHE IBYX II0JIOC
dbnyopecuennun. Tlepas — KOpOTKO-
BOJIHOBas C MakCHMyMOM CBEYEHHS B
obnacti 316+340 uM. CornacHo naH-
HBIM JIMTEpaTyphl, (iryopecucHImeil B
9TOH 00macTH MOryT oGnazaTh TOIBKO
AHTPOIIOTEHHBIE 3arpA3HUTENH apoMa-
TU9eCKO# NpUpons! [ Cunenvrnukos, 1970,
1972; Cunenvruxos, Xmuvines, 1987]. Bto-
past IWHpoKas Honoca (IyopeceHIn
OXBaThIBala CHHIOIO OONAcTh CIEKTpa.
i MHOTHX NpPHPOOHEIX BOJ OBLIO
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the existence of one of two main bands
of fluorescence: either the first or the
second one. More often only the second
peak or both simultaneously were ob-
served, and very seldom — only the first
one:

A value of fluorescence peaks, as
well as the other measured indices of
the major part of examined waters are
in Table.

At first, let’s consider the second
band of emission related to the pres-
ence in the water of a group of sub-
stances of the cyclic origin attributed
by some. authors (V. E. Sinelnikov, L.
A. Sirenko) to the primary humus — “a
sum of phenol compounds of algae and
superior plants” [Cunensnurosy, Xmwine-
6y, 1987]. This band was characterized
by a big width (semi-width is 75+110
nm) and by maximum in the major part
of waters at 416+436 nm. Apparently,
fluctuations of. maximum wave length
depends directly on the molecular mass
of organic compounds predominating
in the given fraction composition. The
déscribed band of emission had been
almost constantly presented in the ex-
amined waters. Fluorescence intensity
of the second peak was mainly bigger
that that of the first one. The presence
in this group of fluorescenting com-
pounds of fulvic acid type is very prob-
able. At the static analysis of data, a
reliable correlation of the second peak
value with the index of dichromatic

XapakTepHO MPHCYTCTBHE OXHOH W3
IBYX OCHOBHBIX IIOJIOC (pIyOpecHeH-
1y 100 nepsoit, mbo BTopoi. Yame
Habnoancs TONBKO BTOPOH NHK WIH
00a OITHOBPEMEHHO, H COBCEM PEIKO ~
TOJIEKO IIEPBBIN. ' ,
Bemmumnaa mnukoB ¢ayopeceH-
MM, & TAKKe APYrHe H3MEpeHHBIEe I0-
Kasarenu Ang OONBIUIMHCTBA HCCIENO-
BaHHBIX BOJ IPENCTABIIEHBI B TAOIHLIE.
OcranoBuMcs cHadgana Ha BTO-
po¥i 10J0Ce W3NYUEHHA, CBA3AHHOU C
IIPHCYTCTBYEM B BOJIE TPYIIIEI BELIECTR
IUKIAYECKOH MPHUPOABI, OTHOCHMEBIX
otaenburiMu aBropamu (B. E. Cunens-
HHUKOB, JI. A. CHpeHKO) K NEPBHYHOMY
rymMycy — “cymme (eHONBHBIX COEIH-
HEHUH W3 BOAOPOCIEH M BBICIIMX pac-
teHuit” [uur. no Cunensruxosy, Xmvinesy,
1987]. DT1a monoca XapaKTepH30BalIach
BecsMa OONBIIOH MIHPHHOHN (TONyIIH-
puna 75+110 HM) M MaKCUMyMOM,
IPUXOAAIMMCS Y GONBIIMHCTBA BOI Ha
416+436 uMm. KoneGanus InuHBl BOJ-
HBl MaKCUMyMa, O49EeBHIHO, IPsIMO 3a-
BHCAT OT MOJEKYJISIPHOH MaccChl Ipe-
00NalaroKX B COCTaBe HaHHOH (pak-
MM OPraHHYECKUX coeXuHeHui. Onu-
ChlBacMas I10JI0Ca H3TYHUCHHS IPHUCYT-
CTBOBaZa B M3YUCHHBIX BOJAaX IIOYTH
[OCTOSHHO. VHTEHCUBHOCTH (IIyopec-
LEHIMH BTOPOTO IHMKa B MTOAABIAIOIIEM
GonpIIMHCTBE CiiydaeB Oblna Ooublue
neproro. BeceMa BeposATHO NpHCYTCT-
BHE B 3TOi1 rpynme ¢uryopeclupyIux
coenuHeHni THna QynpBoxucaor. Ilpu
CTATHCTHYECKOM aHalIM3€e NaHHBIX OBI-
yia o0HapykeHa JOCTOBEPHAs KOppemns-
¥ BEJHYMHBI BTOPOTO IHKa C IOKa-
3aTeneM OHMXpOMAaTHOM OKUCIEIEMOCTH
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oxidation (r = 0.55 (n =43)) at the level
of significance of 0.002) was revealed.
It should be mentioned that in
the corresponding scientific literature
there is a stable opinion on the absence
of a correlation between the DOC’s
fluorescence and values of its total con-
tent (dichromatic oxidation) [Anonacen-
Ko u Op., 1997; Epnoe, 1980; Kapabawes,
1987]. It is accepted to ground the ab-
sence of correlation by the conserva-
tism of a fluorescenting component of
DOC - the water humus, the content of
which in natural waters is considered as
relatively stable. Daily, seasonal and
other variability of total concentration
of the dissolved organic compounds are
usually considered as connected with
their non-fluorescenting mobile com-
ponent: carbohydrates, lipids, fat acids
etc. It can be considered as a right idea
if to register high-molecular humic
compounds proper but not the sub-
stances of the primary humus. Then,
the correlation will actually be absent.
The correlation we have revealed does

not indicate to the noticeable role of -

fulvic acids in formation of a value of
blue fluorescence of the Kola Peninsula
natural waters.

Thus, one can state that a group
of compounds fluorescenting in the
blue range of spectrum and called the
primary humus is a fairly mobile frac-
tion of substances of autochthonous
origin and connected by its genesis

(r =0.55 (n = 43)) npu ypoBHe 3HayH-
moctu 0.002). ,

CremyeT OTMETHTB, 9TO B COOT-
BETCTBYIOIEH Hay4HOW JMTeparype
CIIOWIIOCH YCTOWYMBOE MHEHHE 00
OTCYTCTBHH KOPPEILAIUU MEKIY (Iryo-
pecuennueii POB u BenwuunaMu ero
obmero conepxanusd (OMXPOMATHOM
OKHCIIEMOCTBI0) [Anonacenxo u dp.,
1997, Epnos, 1980, Kapabawes, 1987].
OtcyTcTBHE  KOPpPEISILHH — TPHHSATO
00OCHOBBIBATE = KOHCEPBATHBHOCTHIO
¢uryopecunpyromeii komnosentsl POB
— BOJHOTO T'yMyca, COIEpKaHHe KOTO-
POro B NIPUPONHBEIX BOZAX CUMTAETCS
OTHOCHTEIBHO HOCTOSHHBIM. CyTou-
HYIO, CE30HHYIO0 IMHAMHUKY U IPYTYIO
W3MEHYUBOCTh OOIIEH KOHIEHTPANUH
pPacTBOPECHHOW OpraHUKH OOBIYHO CBS-
3bIBAIOT C €€ Heduyopecuupyromei
MOOHIBEHOM KOMIIOHEHTOM: yriieBoja-
MH, JUDUIAMH, >KUPHBIMHA KHCIOTaMH
1 T.J. OTO MOXHO CYHATaTh BEPHBIM,
€CIIH PETUCTPUPOBATL COOCTBEHHO BHI-
COKOMOJIEKYJSIDHBIE TYMHHOBBIE CO-
€IMHEeHHA, a HE BelecTBa IEPBHYHOTIO
rymyca. Torza koppensauus IeHCTBH-
TenbHO Oyzer orcyTcTBoBaTh. ObHa-
DYXCHHAs HAMH KOPpENsSUUs CBUJIE-
TENBCTBYET HE IOJIB3Y 3aMETHOU PONH
GynbBOKUCIOT B (POPMHPOBAHHH Be-
aMguHB cuHel duyopecuenun mpu-
pomHbix Box Konsckoro momyocTposa.

TakuM o0pa3oM, MOXKHO yTBEp-
JKZaTh, 4YTO TPYyNIOA COCNHHEHHUH,
tbryopecupyonix B CHHel 00macTH
CHEKTpa U HMEHYEMBIX IEPBHYHBEIM
TyMycoM, - HOCTATOYHO MOGUIbHAS
¢dpakus BemiecTs aBTOXTOHHOTO
IIPOMCXOXKIECHNUS, 110 CBOEMY TEHE3UCY

— 121 —




W3yuernne GHOTONOB IPUOPEXKHBIX 3KOCHCTEM

with water humus proper (fulbo- and
humic acids). Due to K. M. Khailov
(1971), for example, “non-humic” part
of “yellow-coloured substances” of
natural represents  low-
molecular predecessors (or, vice versa,
fragments) of macro-molecules of hu-
mic acids. It is possible as well that
low-molecular fraction of humic acids
does not present itself the lower
melanins [Xaiinos, 19711]. E. Duursma
(1965) believed in particular that the
formation of melanins is possible at the
participation of amino acids. The men-
tioned above does not deny some con-
tribution of fulvic acids into formation
of the terminate value of fluorescence
of natural waters at the wave length
about 416+432 nm.

Registration of excitation spectra

waters

at the length of fluorescence wave of

432 nm has revealed the existence of
bands of emission corresponding to
maxima of absorption in the range of
246+252 and 326+330 nm. The first
determination of excitation spectrum in
the water samples was done by Lut-
- sarev (1968). He obtained it for the sea
water in the shape of a wide structure-
less band with maximum of about
370 nm.

Interpretation of the origin of
blue fluorescence even at the availabil-
ity of data on the agitation Spectra is
very difficult. There are indications in
the literature to the fact that parameters

cBsizagHas C CcOOCTBEHHO
BOJIHBEIM TYMycoM ((yIbBO- M TYMHHO-
BbEIMH KucnoTamH). [lo muenmo K. M.
Xatinosa (1971), Hanpumep, “Herymu-
HOBas” 4acTh ‘“KENTOOKpaIlICHHEIX BeE-
IIEeCTB” TIPUPOIHBIX BOJ MPEACTAaBISET
co6oif HHU3KOMOJEKYJSIPHBIE Ipeste-
CTBEHHHKH (HIH, HA00OpPOT, OCKOJKH)
MaKpOMOJNEKyJ TyMHHOBEIX KucroT. He
HUCKJIFOUEHO TaKXKe, 4TO HH3KOMOJEKY-
nsipHas (GpakiUsd TYMHHOBBIX KHCIIOT
mpexncTasnger coboil HU3MKE MENaHu-
HBl [Xaiinos, 1971]. D. Jlyypema
[Duursma, 19651 B 4aCTHOCTH Iojarai,
910 00pa3oBaHKe METaHHHOB BO3MOXK-
HO TIPH yYacTHH aMHHOKHCIOT. Cka-
3aHHOE, HH B Koell Mepe He oTpuuaer
HEKOTOPEIN BKJAN (yNBBOKHCIOT B
bopMHpOBaHHE KOHEYHOH BEIWHUMHEI
¢duryopecieHIny HPUPOIHBIX BOJ Ha
JUTMHE BOJHEBI OKOI0 416+-432 HM.
Peructpanmsg cnekTpoB BO30yX-
JEHHsl Ha AJIMHE BONHBI (IIyopecleH-
1AM nopsaka 432 HM BBIABWJIA CyIIe-
CTBOBaHHE IONOC H3ITyUeHUS, COOTBET-
CTBYIOMIMX MaKCHMYyMaM TOIJIOMICHUS
B oOmacTax 246+252 u 326+330 HMm.
IepBoe ompeneneHne crexTpa Bo3OY-

KaK-TO

OKIOEHHS B Ipobax BOXB! OBIIO CIENaHO

C. B. Jliouapeseim (1968), xoTopelit
HOMY9HII €r0 JUIL MOPCKOH BOJIEL B BH-
Ile IHPOKOH OecCTpyKTYypHOH IOIOCH!
€ MakcUMyMOM OKkoio 370 HM.
Untepnperanys  IPOMCXOXKIE-
HUA CHHEH (IIyOpecHeHIINH, JaXe IIpH
HRJTMYUH JaHHBIX O CIIEKTpax Bo30yx-
JleHud, CWIBHO 3aTpyAHeHa. B nutepa-
Type €CTh YKa3aHWd H4 TO, YTO Ilapa-
METPH! (UIyOPECIICHIINH CBOHCTBEHHBIE
NEpBHYHOMY TIyMyCy MOTYT HMETh
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of fluorescence peculiar for the primary
humus can be characteristic for the
aromatic compounds with the con-
densed nuclei (bi- and tri-cyclic rings)
[Cunefzbuukoe, Xwmvines, 1987, Tepenun,
1974]. In some publications based on
the analysis of absorption spectra [Ka-
pabawes, 1987, Dalloken et al., 1995,
Fogg and Boalch, 1958; Yentsch and Rei-
chert, 1962], there are indirect indica-
tions to the relation between the given
group of compounds and the ‘“yellow
substance” of the sea water. Investiga-
tions done by authors of this paper on
cultures of fresh water and sea water
organisms let us to state that the main
mass of compounds of the mentioned
primary humus appears in water re-
serves in the result of the in-life secre-
tion by the plankton algae and, in a less
measure, by macrophytes [Xapramosa,
2000; Xapnamosa, Hosuxos, 2000]. Thus,
a term “primary humus” do not charac-
terize exactly the composition of the
discussed group of compounds, since it
is not humus proper in the direct under-
standing of this word. However, until
we clear up finally the chemical nature
and origin of the DOC fraction, we ab-
stain from attempts to introduce a new
terminology.

The first of the
maxima on spectra of fluorescence of

registered

natural waters have usually been ob-
served in the range 316+340 nm,
whereas minimum was found in the

apoOMaTHYEeCKUE COECIUHEHUS C KOHACH-
CHPOBAHHBIMH sAApaMH (6H- M TPHIUK-
nudgeckue apeHsl) [Cunenvhuxos, Xmvi-
nes, 1987; Tepenun, 1974). Ha cBA3b HaH-
HOH TpPYNIEl BEINECTB C “KEIITHIM
BEIIECTBOM MOPCKHX BOJ[ KOCBEHHO
yKaspIBaeTcs B paboTax psjaa mccieno-
BaTeleil Ha OCHOBE aHAJIN3a CIEKTPOB
moriomenna  [Kapabawes,  1987;
Dalloken et al., 1995; Fogg, Boalch, 1958;
Yenisch, Reichert, 1962]. CoOcTBEeHHEIE
HCCIEIOBaHUs, TPOBEICHHEIE ABTOpa-
MH Ha KyJbTypax MpPECHOBOIHEIX H
MODCKHX THAPOGHOHTOB, TIO3BOISIOT
YTBEpKAATh, YTO OCHOBHAS MAacca Co-
ENUHEHWH YHIOMSHYTOTO TNEPBHYHOTO
rymyca IOSBISeTCI B BOZOeMax 3a
CueT  NpPWKHU3HEHHOTO  BEIACICHHS
IUIaHKTOHHBIMH  BOZOPOCISAMH M B
MEHBIIEH crenenn Makpoduramu [Xap-
namosa, 2000; -Xapnamosa, . Hosuxos,
2000]. Taxum o6paszom, TEPMHH IIEp-
BUYHBIH T'yMyC HE COBCEM TOYHO Xa-
pakTepusyer cocTaB  obcyxxmaemoit
TPYNIB COENUHEHHH, T.K. He SBISETCA
COOCTBEHHO I'YMYyCOM B TOYHOM IIOHH-~
MaHuK 3TOro cnoBa. ONHAKO HO OKOH-
YaTeNFHOTO BBLICHEHHS XHMHYECKOHN
NpPUPOIBl B IPOUCXOXKIACHHS (paKIuH
POB, ¢ayopecunpyromeii B cureit 06-
JIaCTH, MBI BO3ZEPIKAIUCH OT IIOTBITOK
BBECTH HOBYIO TEPMUHOJOTHIO.
IlepBelli U3 peErHCTPHPYEMEIX
MAakCHMyMOB Ha CIEeKTpax ¢uyopec-
IIEHIMH [PUPOTHBIX BOJ OGBIYHO HA--
Oomonanca B auarnasone 316+340 uM,
IpY 3TOM OOHApPYXXHBAJICHd MHHHUMYM B
obmact 304+312 =M, OTHEIAIOLIM
JaHHYIO TIOJOCY (IyOpECUEeHIMH OT
IMKa KOMOWHAMOHHOTO pPacCesHuUs
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range 304312 nm. That separates the
given band of fluorescence from a peak
of combinational spread of water. For
>some waters, a band of luminescence
was not legible, but high values in the
beginning of registration (at 300 nm)
indicate that the given band of emission
is present, and its maximum is shifted
“to the left where it overlaps a peak of
the combinational water disperse. For
bidistillated and very clean lake waters
a value of fluorescence at the wave
length of 300 nm is approximately
equal to 16-17 relative units. Conse-
quently, quantities exceeding these val-
ues point to the availability of a band of
DOC fluorescence, partly overlapped
by the Raman band in the case of the
shift of luminescence maximum into
the range shorter than 312 nm. We
should note that basing on a simple
comparison between indices of the
level of ultraviolet fluorescence and
contamination by oil products. (Table)
the doubt arises in its anthropogenic
origin. A short-wave peak of lumines-
cence was often registered in the abso-
lutely pure waters. |

At registration of spectral excita-
tion of a fluorescence line with maxi-
mum of 328 nm, two wide bands of
emission with peaks in the range
232+236 and 276+282 nm have been
revealed. It is evident that the presence
of the mentioned peaks is connected
with the availability in a fluorescence

Bogsl. Jna psnma Box mepBas moioca
CBEYCHHS YETKO HE MNpOsBIAIach, HO
BBICOKME 3HAYCHHS B Hadaue PErucT-
panuu (npu 300 HM) CBHIETENECTBYIOT
0 TOM, YTO JaHHaS MOJOCA M3IYyYeHUA
IPHUCYTCTBYET, & €€ MAaKCHMyM CMEHICH
B JIEBYIO CTOPOHY, Ile HAKJIaJBIBACTCS
Ha NMK KOMOMHAIHOHHOTO DPacCestHus
Boael. Jlms OMAMCTWIUIMPOBAHHOU U
OYEHB YMCTHIX O3E€PHEIX BOJ IIOKA3aHO,
4YTO BENUYHHA q)nyopecuemmﬁ px
JumaHe Bormas! 300 HM mpHOIU3UTENEHO
pasaa 16+17 orH. en. CneoBaTensHo,
BENMYMHEI, IPEBHIIIAIONINE 9TH 3Hade-
HHS, YKa3BIBAIOT Ha HAIMYHE IOJOCH!
dnyopecuennun POB, gactuuso nepe-
KpeIBafoIieiics ¢ monocoit Pamana B
cllydae CMEIICHHUS MakCHUMyMa CBede-
Hus B o6nacth xopode 312 mm. Cpasy
e 3aMETHM, YTO Ha OCHOBaHHH IIPO-
CTOrO CpaBHEHHSA IOKa3aTenell ypOBHA
ynsTpaduoneToBo (ayopecueHInH K
HQJIMGUS 3arpsa3HEHHsT HeQTenpoxyK-
TamH (cM. Tabi1.) BO3HUKAIT COMHEHNS
B €¢ aHTPOIIOreHHOM IPOHCXOXKACHHH.
KopoTKkoBONMHOBEIN THMK CBEYEHHA 3a-
YacTyI0 PErHCTpUpOBaICA B aOCOIOT-
HO YHCTEIX BOJaX. ’
Peructpais crexTpoB BO30yX-
JeHus THHUN (QiuyopecueHIuy ¢ Mak-
CHMyMOM Tiopsiika 328 ‘HM oGHApYXH-
Ja [Be NIMPOKHE ITONIOCH M3IYydCHHS C
MIKaMu B o0nactu 232+236 u 276+282
HM. OUeBHIHO, 4TO NPHUCYTCTBHE YKa-
3aHHBIX NUKOB CBS3aHO C HAIHYMEM B
cocTaBe Quryopecuupylomeii Gppakuyy,
[0 MEHBIIeH Mepe, IBYX XMMHYECKHX
COCIMHEHNH, IOTTIONIAIONINX B JaHHBIX
obmacTsax. VMIMeHHO NpHUCYTCTBHE He-
CKONMBKAX COGNUHEHMH, (OpMHPYIO-
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fraction of at least two chemical com-
pounds absorbing in these ranges. Just
the presence of some compounds form-
ing one general band of fluorescence
can, at the alternating of their predomi-
nation, shift maximum of this band to
this or that side. On the basis of some
reference sources
Ilymunyeega, 1996; Bapernboiim u op., 1966;
T'opoon, @opo, 1976] one can suppose
that the emission with peaks at wave
lengths 300+328 nm is sent out by
aromatic carbon acids of cinnamic and
phenol types (a peak of absorption is
about 236 nm with the extinction coef-
ficient € = 9400 — 10 000), as well as
by amino acids tyrosine and trypto-
phan. Tyrosine has the following peaks
of absorption: 240 nm with € = 11 050
and 293.5 with ¢ = 2 330. For trypto-
phan three peaks of absorption in the
ultraviolet range are known: 218 nm
with £ =33 500, 278 nm with € =5 550
and 287.5 nm with € =4 550.

A fact of the presence in natural

[Apmioxos,

waters - of amino acids tyrosine “and
tryptophan, both free and combined,
does not contradict to the known data,
Due to V. S. Zlobin (1976), the content
of tyrosine amino acid in DOC from
water samples of the Faroe-Shetland
Channel constituted 0.28+0.06 mg/l; in
the Norwegian Sea waters it fluctuated
in different years from 0.05 to 0.13
mg/l. Tryptophan was present in the sea
waters (the Norwegian Sea) in the

mux ofHy obmyio moyocy ¢uyopec-
HEHIUH, MOXKET MPH noriepemeHHOM ux
npeodilafilaHiM CABUraThb MAaKCHMYyM
3TO# MOJNOCKH B Ty WA HHYIO CTOPOHY.
Ha OCHOBaHHHM DS CIPaBOYHBIX JaH-
HBIX [Apmioxos, IIymunyesa, 1996; ba-
penboiim u Op., 1966; I'opoon, @opo,
1976] MOXHO TIPEANONOXKHUTL, YTO H3-
Jy4YeHHE ¢ [UKaMH Ha JJIHHAX BOJH
300+328 HM mcmyckaeTcs apoMaTude-
CKHUMH KapOOHOBEIMH KHCIIOTAMU THIIA
KOPHYHBIX U (PEeHONOBEIX (MK IOTJIO-
mieHns okono 236 ¥M ¢ xosddunven-
TOM 3KCcTHHKIHH € = 9400-10000), a
TaKXK€ aMHHOKHCIOTaMM THPO3HHOM H
TpuntopanoM. THPO3HH HMEET Clie-
IYIOOIME MUKH noriomeHus: 240 uM ¢
£=11050 n £=293.5 ¢ £=2330. dnx
TpunrodaHa M3BECTHBl TPH IHKa IIO-
TIOLIEHHI B YIbTpaduoIeToBOH 06-
mactu: 218 uM ¢ €= 33500, 278 um ¢ €
= 5550 u 287.5 aM ¢ £€=4550.

@®akT NPUCYTCTBHSA B HIPHPOX-
HBEIX BOJaX aMHHOKHCIOT TUPO3WHA U
tpuntodaHa B CBOOONHOM ¥ CBs3aH-
HOM BHE HE IPOTHBOPEUYUT H3BECT-
HEIM JaHHEIM. Tak, mo ykaszaHusMm B.
C. 3no6una (1976), conepxanue amu-
HOKHCIIOTH THpo3uHa B POB u3 mpo6
Boael Dapepo-llleTnanackoro kanama
cocrapipsuio 0.28+0.06 mr/m; B Bomax
Hopsesxckoro Mops oHO Konebanock B
pazgeie rogel ot 0.05 mo 0.13 wmr/m.
Tpunrodan mpUCYTCTBOBATI B MOPCKUX
Bogax (HopeexckoM Mope) B MEHBIIEM
konmuectBe: 0.04+0.07 mr/m [3rob6un,
1976). Tlo pmammeiM M. ®@. Ilepmok
(1977) conepxanue cBOGOIHEIX U CBsI-
3aHHBIX aMuHOKucnoT B POB otnens-
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smaller quantity, namely: 0,04-0,07
mg/l [3ro6un, 1976]. Due to M. F. Per-
Iyuk (1977), the content of free and
combined amino acids in DOC of some
areas of the Atlantic Ocean reaches
3,86 mgC/1 in the photic layer with the
mean about 2 mgC/l in the period of
mass development of plankton. The
content of tyrosine amino acid in the
sum of amino acids is fairly stable and
constitutes about 3.2 % [3z06un, 1976;
Hepmox, 1977]. 1. e. the content of tyro-
sine in the Atlantic waters can reach
0.12 mgC/l (with the mean of 0.,06
mgC/1). Since the presence of trypto-
phan in the content of amino acids of
DOC is as a rule very small (to 2 % by
Zlobin (1976)), it influences evidently
the formation of characteristics of fluo-
rescence just as an additional factor. In
the coastal areas of the Barents and
White Seas, the content of amino acids
in DOC was even higher and reached
5.3 mg(/l, that is fairly grounded [ITep-
mox, 1977]. 1t is known that the pres-
ence of amino acids in the oceanic wa-
ters is usually lower than in the fresh
waters. Concentration of cinnamic ac-
ids in natural waters are very small and
they, probably, does not influence on
the luminescence indices.

The additional evidence of the
amino acidic origin of ultraviolet fluo-
rescence of natural waters was obtained
by authors by comparison between
spectra registered under artificial min-
eral media, where plankton algae were
cultivated, and spectra of investigated

HBEIX pailOHOB ATIAHTHKM JOCTHIAeT B
¢dotmueckoM cmoe 3.86 wmrC/m, co
cpenauM okono 2 MrC/n B mepHoX
MaccoBOro paszpurusg minankrona. Co-
JEpXaHWe aMHUHOKHMCIOTHI THPO3HMHA B

- CYMME aMHMHOKHCIIOT JOBOJIBHO ITOCTO-

SIHHO M COCTaBJIIET OKoJo 3.2 % [3ro0-
6un, 1976; Iepmox, 1977]. To ecTh co-
IepIKaHue THPO3MHA B BOJaX ATIaHTH-
ku moxer gocturate 0.12 mrC/n (co
cpexauM  0.06 wmrC/m). Ilockoneky
MPUCYTCTBHE TpunTodaHa B COCTABE
amuHokucnoT POB, xkak npasuio,
oueHb HeBeNuko (H0 2 % 1o [3robuny,
1976)), To Ha QopMuUpOBaHNE XapaKTe-
pucTHK (QITyOpecleHINH OH, OYEBUAHO,
OKa3bIBACT JHUUIEL IOMOJIHIIOLIEE BIIHA-
Hue. B npubpexHrx paiionax bapen-
neea u benoro Mopel cozepixanue
amuHOKHCIOT B POB 6pI10 emie BrImIe
u gocturano 5.3 mrC/m, 4ro BIIONHE
3aKoHOMepHO [ITepmox, 1977]. U3Becrt-
HO, 4TO NPUCYTCTBHE aMHHOKHCIOT B
OKEaHCKHX BOJaxX OOBIYHO 3HAYUTEIIH-
HO MeHbIIe, YeM B npecHbIX. KoHIeH-
Tpauy KOPUYHEIX KHCIOT B HIPHPOA-
HEIX BOJAX OUCHBL MaJBl M OHHM, IO Beel
BEPOSITHOCTH, HE OKAa3bIBAIOT BIHSAHS
HA TIOKA3aTENH CBCUCHIISL.
JononHuTeNnbHOE NOATBEPXIE-
HHE aMHHOKHCIOTHOIO MPOMCXOX[e-
HUA . ynbrpaduoneToroil ¢iyopecueH-
UM TIPUPOIHEIX BOJ MOJIyYeHO aBTO-
paMH U3 CpaBHEHHS CIEKTPOB, PETHCT-
PHPYEMBIX B HCKYCCTBEHHBIX MHHE-
PaNBHBIX CpeAax, I'’le KyJIbTHBUPOBAIH
IUIAaHKTOHHEIE BOAOPOCHH, M CIEKTPOB
HCCIICIOBaHHBIX NPHUPOAHEIX BOJ [Xap-
namosa, 2000, Xapnamosa, Hosukos,
2000]. CTpyKTypHEIE XapaKTepPHCTHKH
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natural waters [Xapaamosa, 2000; Xap-
ramosa, Hosurxos, 2000]. The structural
characteristics of compared spectra co-
incided absolutely, and it concerned the
spectra of excitation as well. Yet K. M.
Khailov and Z. P. Burlakova in 1970
have shown that exometabolites of one-
celled algae consist in a great measure
of proteins and peptides for identifica-

tion of which they used in particular the -

indices of light absorption at wave
lengths 230 and 280 nm [Byparaxosa,
1970; Xaiinos, 1977). Due to some au-
thors {Daglay and Johnson, 1956], amino
acids are accumulated in the cultural
fluid, since their synthesis exceeds over
the usage of them by cells. However, to
our opinion identical to the idea of V.
S. Zlobin (1976), the intensive ex-
change of amino acids between a me-
dium and a cell presumes more likely
the presence of mechanisms of the se-
lected excretion and absorption of these
substances to support the active balance
of free and combined amino acids un-
der the change of environmental condi-
tions.

Our investigations of spectral
characteristics of pure solutions of ty-
rosine and tryptophan amino acids in
different concentrations and of their
mixture for modeling of a situation
have proved the suppositions men-
tioned above (Fig. 2). It was ascer-
tained that a threshold of minimum re-

CPaBHHBAEMEIX CHEKTPOB IOJHOCTHIO
COBIIAJANIH, NPHYEM OTO KAacajioch H
crekTpoB Bo36yxaenus Toxe. Eme K.
M. XaiinossiM u 3. II. Bypnaxosoit B
1970 r. moka3aHo, YTO 3K30METaboIU-
THl ORHOKJETOYHBIX BOJOpOCHEH B
3HAYUTENBLHOHM Mepe COCTOAT U3 GelIKOB
W IENTUAOB, VIS WICHTHOHKAIMH KO-
TOPHIX OHHM HKCHONB30BANM, B YaCTHO-
CTH, IIOKa3aTe Iy IOTJIOIICHHS CBeTa Ha
mHax BonH 230 u 280 uM [Bypraxoea,
1970, Xaiinoe, 1977]. Ilo MHeHuIo Heko-
TOPBIX aBTOPOB [Daglay, Johnson, 1956]
aMHHOKHCIIOTHl  HAaKalUIMBAaIOTCA B
KyJIBTYPaIbHOH SKHIKOCTH H3-3a IIpe-
BBILICHHUS MX CHHTE3a HaJ HCIOIb30Ba-
HHeM KieTkamu. OnxHaxo, mo Hamemy
MHEHHI0, COBIANAMIIEMY TaKkXKe C
mHeHueM B. C. 3mo6una (1976), wun-
TCHCUBHEIH OOMEH aMHHOKHCIIOT MEX-
IOy cpedod W KIETKOH mnpemuonaraer
CKOpee HaIW4Yhe MEXaHHM3MOB H30Hpa-
TEJIbHOTO BEIACNEHHUST W HOTJIONIEHUS
3THX BEIIECTB IS MOIHEPKAHUSA aK-
THBHOro OanaHca cBOOOJHEIX H CBS-
3@HHEIX aMHHOKHCIOT HPH H3MEHCHHUH
(hakxTopoB cpeasl OOUTAHHUS.

UzydeHne HaMH CHEKTpPaTBHBIX
XapaKTEePUCTHK '

YHCTBEIX  PacTBOPOB

AMHHOKHCIIOT THPO3WHA H TpurTohaHa
IpH Pa3IWYHBIX KOHUCHTPAUUSIX H HX
CMECH I MOAEIHPOBAHHS CHTYALMH
TaKKe HOATBEPIMIO BHIIBUHYTHIE BbI-
me mnpexnmonoxenus (puc. 2). Ycra-
HOBJICHO, YTO IIOPOI MHHHMAIBHEIX
HAIEKHO OCHAPYXXHMBAGMbIX B BOXHEBIX
pacTBOpax (IIyopecleHTHBIM METOJ0M
KOJIMYECTB THPO3UHA M TPpUNTO(aHa HA
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Puc. 2. OyopectieHnys YUCTHIX BOAHEBIX PacTBOPOB THpo3uHa (1 Mr/n),
Tpunrrodana (1 Mr/m) u ux cmecu (0.5+0.5 Mr/n) Ha mapaMeTpax perHcTpalyuu
CIIEKTPOB M3IIy4eHHs IIPUPOJHBIX BOM, OTH. €1l
Fig. 2. Fluorescence of pure water solution of tyrosine (1 mg/l), tryptophan
(1 mg/1) and their mixture (0.5+0.5 mg/1) on the parameters of registration of
emission spectra of natural waters, relative units.

liable quantities of tyrosine and trypto-
phane detected in the water solutions
by a fluorescence method on the pa-
rameters of spectra registrations consti-
tutes 0.06 and 0.03 mg/l, correspond-
ingly. Besides, extraction of DOC by
chloroform and tetrachloride carbon
was carried out. After extraction, even
in pure waters which do not contain oil
products the diminishing of intensity of
the first luminescence peak by 12-44
% was observed. The second peak re-
mained without any change or its inten-
sity increased noticeably that can indi-
cate to quenching of luminescence of

TapaMeTpax pPerHCTpalMy CIEKTPOB

COCTaBIIACT IIOpAAKA 0.06 1 0.03 mr/xn
cooTBeTcTBEHHO. Kpome Toro, mposo-
mnu Sxerpaknuio POB ximopodopmom
U YeTBIPEXXIOPUCTHIM yraepozoM. [1o-
cle JKCTpaKUUM, Jake B YHUCTBIX BO-
Jiax, He copepKamux He(QTenpoLyKThI,
HaOMIOaM YMEHBIICHHE HHTEHCUBHO-
CTH TEePBOTO MHUKA CBeueHHs Ha 12-44
%. Bropoil muk ocraBancs 0e3 u3Me-
HEHUH WK ero MHTEHCHBHOCTH 3aMET-
HO BO3pacTana, 9TO MOYKET CBHIECTENh-
CTBOBaTh B IOJB3Y TYIICHUSA BELIECT-
BaMH NEPBOM TIpynmsl COCIUHEHHMH
JIOMHMHECIIEHIMH BTOPOH Ipynmbl (MK
416—436). H3secTHO, YTO BBICOKOMO-
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the second group of compounds (peak
416+436) by substances of the first
group. It is known that high molecular
humic substances are not extracted by
chloroform and similar non-polar dis-
solvents.. On the. other hand, there are
indications that aromatic amino acids
and peptone decrease the fluorescence
of fulvic acids, although they them-
selves emit fluorescence as well [Cu-
nenvrukos, 1970]. However, compounds
which are extracted by chloroform and
which stipulate the appearance of the
first peak in the water spectrum are the
substances not of the humic origin, but
more likely of low-molecular protein
origin. The sources of their origin in
the water reserves can be very diverse:
the in-life secretions of plankton algae
and macrophytes, the secondary inflow
from detritus and bottom sediments. At
the same time, the extract of bottom
sediments from the Palkin Bay had a
high maximum of fluorescence in the
range of 340 nm and equal to 90.1 rela-
tive units. Compounds of protein origin
of the peptide and free amino acids
type can both include themselves into
the process of humification and fossili-
zation and to be assimilated directly by
marine organisms, for example, by al-
gae, protozoa and microorganisms.

The location of water reserves
with the manifested first peak of fluo-
rescence, as well as maxima values of
dichromatic oxidation, indicates to their

closeness to the populated areas (Table

JEeKyNspHble TYMHHOBLIC BEIIECTBA HE
IKCTParupyoTcs XJIopoGopMoM H IIO-
JOOHBIMH HETIONSIPHBIMH PacTBOPHTE-
aamu. C OpyroH CTOPOHEI, €CTh yKaza-
HHA Ha TO, YTO apOMaTHYECKHE aMHHO-
KHCJIOTHl H IIEITOH - CHIDKAIOT (Iyo-
pecUeHIHI0 (YIBBOKHCIIOT, XOTSI CaMu
no cebe toxe ¢nyopecuupyrwr [Cu-
nenoruios, 1970]. OdveBHOHO, H3BIIE-
KaeMble XJIOpOpOPMOM COETMHEHHS,
00yCnaBIMBaIOMIKE IIOSIBICHUE NEPBO-
FO IMKa B CIIEKTPE BOMBI, SABMIAIOTCS
BEILIECTBaMK HE TYMHHOBOH, a ckopee
HU3KOMOJEKYJIAPHOH OENKOBOM IpH-
ponsl. ICTOYHHKH MX NMPOUCXOXKACHHS
B BOJOEMAX MOIYT GHITH CAMBIMH pas-
HOOOpa3HBIMU: IPYKU3HEHHBIE BHIJE-
JEHUS IUIAaHKTOHHBIX Bojgopochedl u
MaxpoQuTOB, BTOPHYHOE MOCTYIUICHHE
U3 JeTpUTa M JOHHBIX OTJIOXKECHHH.
Kcrarn, BEITAXKKA LOHHBIX OTJIOXKCHHI

U3 ry6nr IlankuHa uMena BHICOKHIM

MakCUMyM (IyopecreHnuyd B o6nactu
340 uM, paesbii 90.1 otH. ex. Coenu-
HeHHs O€IKOBOM NpUPOJBI THIIA IIETI-
THIIOB H CBOOOIHBEIX aMHHOKHCIOT MO-
TyT, KaK BKJIIOYATHCS B HPOLECCHI Ty-
mudukanmy U GOCCHNIH3AIMY, TaK H
HEIIOCPEINCTBCHHO YCBAaMBATHCA THADPO-
OHOHTaMH, HAlPHMEp, BOJOPOCIAMH,
MPOCTEHIINMHI X MEKPOOPTaHU3MAaMH.
Mecropacnonoxenne BOZOEMOB,
HUMEIOMINX BBIPOKECHHBIA NMEPBBIM ITHK
dryopecuenuus, a TaKKe MaKCHMAlb-
HEle BETHUMHB OHXPOMATHOM OKHC-
JIEMOCTH TOKA3BIBAET HA HX HPHYpPO-
YEHHOCTH K HACENCHHBIM ITyHKTaM (CM.
Tabn. u puc. 3). OTO mMpexae Bcero T.
MypMaHCK ¥ €ero OKpPECTHOCTH, IOC.
Monounsiit 1 xackax I'OC p. I1a3. Be-
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and Fig. 3). They are the Murmansk

city and its surroundings, Molochny -

settlement and a cascade of hydroelec-

tric generating stations on the Paz

River. Probably, the anthropogenic
sewage influences in this or that meas-
ure on the eutrophication of water re-
serves by means of the organic house-
hold contamination. Eutrophication is
followed by the increased production of
phytoplankton. The comparison -of the
content of oil products and a value of
the first maximum of the fluorescence
spectrum indicates to the impossibility
of the direct registration of oil products
in the water by spectrofluorimeter FP—
550, at least, in concentrations lower
than 0.13 mg/l (data on the Alla-
Akkajarvi Lake).

pPOATHO,  BIHSIHHE  AHTPOIOTEHHBIX
CTOYHBIX BOJ BEI3BIBACT TY MM HHYIO
CTeNeHb 3BTPO(HUKAIME BOJOEMOB 32
CYeT TPHCYTCTBUS OPTaHUYECKOrO XO-
3SHCTBEHHO-OBITOBOTO  3arpA3HEHHSL.
OBTpoduKanus COTPOBOXKTAETCA IIO-
BEIIEHHON Npoxykuuelt QuronmaHk-
ToHa. ‘CpaBHEHHE CONCPIKAHUI HE(I)TVG-
TMPOIYKTOB ¥ BENMYHHEI [IEPBOT0 Mak-
cUMyMa criekTpa (QIIyopecHeHIUN CBU-
JETCIBCTBYET O HEBO3MOXKHOCTH HENO-
CPEICTBEHHOH PETHCTPAIUM HPUCYTCT-
BuA HEDTEMpPOXYKTOB B BOJE CIEK-
tpodayopumerpom FP-550, o kpatine
Mepe B KOHIeHTpanusx Hwke 0.13 Mr/n
(cM. TaHHBIE TIO '03. AJUTa-AKKaspBH).

BO, mr/n

s 61-113
S 11.3-18.8
T 188.458

S ws-159
B Osepa

2y BW

150
evvsesssenmmmsmes  KWTOMETDbL

Puc. 3. Pactipenienenrie BEIUIUH OUXPOMaTHOM OKHCIIEMOCTH B MCCIICAOBAHHbIX
BOMOEMAX Ha TeppuTopur KoJIbCKOro momyocTposa
(o popMansHO BBIICICHHEIM KJaccam), Mr/i

Fig. 3. Distribution of values of dlchromate oxidation in the studied water reserves
on the territorv of the Kola Peninsula (bv the formallv determined classes) me/l.
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Comparing data obtained during
different seasons, a sufficient seasonal
dynamics of the fluorescence spectra

was noticed (Table and Fig. 4). The:

analysis of the seasonal dynamics has
revealed the direct dependence between
the second peak value (416+432 nm)
and hydrological regime of water re-
serves. Maximum value has always
been the least in summer, larger one —
in autumn and the largest one - in
spring. Nevertheless, it would be hur-
riedly to state that a value of a band of
blue fluorescence depends directly on
the surface sewage. The increase of
blue fluorescence intensity in spring
and in autumn can be connected with
peaks of biomass dynamics at the de-
velopment of the local phytoplankton
mainly presented by diatomaceous and
green algae [Ilapos, 2000]. In this pe-
riod (April-May and September) the
active hydrodynamics of waters and the
overland runoff are relétively small.
Many lakes and rivers are under the ice
till the end of May — beginning of June.
Summer/autumn rise of water caused
by rains is as a rule not big. The over-
land runoff is minimal in March and
July (Anon., 1999). Thus, the increase
of indices of fluorescence with a peak
in the range of 416+432 nm in spring
and autumn should probably be con-
nected not directly with the overland
runoff but with the biological seasonal
events in water reserves — fluctuations

Ilpr comOCTaBNEHHMH JNAHHBIX,
TNONYYEHHBIX B pasHble CE30HBI TOJa,
OTMEYEHAa CYNICCTBCHHAS Ce30HHas
JVHAMUKa CIIEKTPOB (IIyopecueHInH
(cM. Tabu. u puc. 4). AHanu3 Ce30HHOM
IUHAMUKY BBIABWI INPAMYIO 3aBHCH-
MOCTh BENIHYHHEI BTOpOro nuka (416—
432 M) OT THAPOIOTHYECKOTO PEXHUMa
BOJIOEMOB. BenMurza MakcuMyma Bce-
rJa Oblla HauMEHbIIEH JeToM, 60Jb-
meld — OCeHBIO U caMOH OONBIIOH -
BecHOH. TeM He MeHee, B TaHHOM CITy-
gae 65UI0 OBI IOCTICINHEIM YTBEPKAATh,
9T0 BeIMYHHA IONOCHl cHHeH ¢uyo-
PECUCHIMH HANPAMYIO 3aBUCHT OT IIO-
BEPXHOCTHOTO CTOKa. YBENWYCHHE HH-
TCHCUBHOCTH CcHHEH (QiuyopecnieHuuy
BECHOH M OCEHBIO MOKET OBITH CBA3aHO
C NHMKaMHM JUHAMHKH OHOMAcChHl IpH
Pa3BUTHH MECTHOTO (PHUTOILIAHKTOHA,
IPENCTAaBICHHOIO B OCHOBHOM JHaTO-
MOBBIMM M 3€l€HBIMH BOJOPOCIAMHU
[LLlapos, 2000]. B atoT nepuos (anpens-
Mall ¥ ceHTA0ph) aKTHBHAS THIPOIH-
HAMMKA BOJ M TMOBEPXHOCTHEIH CTOK
CPaBHHTENIBHO  HEBLICOKH. MHorue
03epa M PEeKH HAXOJITCHA NONO NbJOM
[0 KOH{a Mas — Hagana mnioHs. Jlerse-
OCCHHHE MOLBEMBI BOJ, BHI3BAHHBIE
OOXKOAMH, KaK IIPaBUIO, HEBEIUKH.
IloBepxBOCTHEIN CTOK MHHUMAJEH B
Mapre Hu utone [Tendenyus >x0n020-
audponozuyeckux.., 1999]. Takum obpa-
30M, BO3paCTaHHE IoKaszarereid ¢iyo-
peCUEHIIHA ¢ NHKOM B obmactn 416-
432 HM BECHOH M OCEHBIO CIIEHyET,
OUEBHIHO, CBS3BIBATH HE HANPIMYIO C
ITOBEPXHOCTHEIM CTOKOM, a ¢ GHOJIOTH-
YECKHMH CE30HHBIMHU SBICHUAMH B BO-
HoeMax — QIYKTYauMsaMH YHCIECHEOCTH
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Puc. 4. IlpumMeps! ce30HHOH TUHAMHUKH CIIEKTPOB
(bryopecIieHIUY IPEPOJHBIX BOX (OTHOCHTENLHEIE €UHHIIEY).

Fig. 4. Examples of the seasonal dynamics of spectra of natural waters fluorescence
(relative units).

of phytoplankton abundance. These
fluctuations are without doubt con-
nected with the water excitation follow-
ing the seasonal fluctuations of water
level. Besides, the predominantly
autochthonous origin of blue fluores-
cence of natural waters of the Mur-
mansk Region is proved by the absence
of difference between the level of water
luminescence from water reserves of
various characters and a measure of
flowage of rivers, brooks, exorheic

lakes etc. However, it is early to deny

buToraHKTOHa. OTH  (QIYKTYyalluu
6e3yCIIOBHO CBSI3aHBI C TEpeMENINBa-
HUEM BOJ, COIMPOBOXIAIOIIEM CE30H-
HEIe KoneOaHMs ypoBHA BoAnl. Kpome
TOT0, Ha NPEUMYIIECTBEHHO aBTOXTOH-
HOEe NIPOUCXOXJCHHEe cuHedl (myopec-
LEHOHNH NpUPOAHBIX BOJ MypMaHCKOH
06JIaCTH YKa3RIBa€T OTCYTCTBHE OTJIH-
YU MEXIY YPOBHEM CBEUCHHS BOMEI
13 BOJOEMOB PA3NHYHOIO Xapakrepa H
CTENIEHH NPOTOYHOCTH: PEK, DPYUBEB,
CTOYHBIX 03ep, 6ECCTOYHEBIX 03ep U T.IN.
OnHako, NOJIHOCTBIO OTpHULATH BKIAX
IJIOXTOHHOM, WIX NOYBEHHOM KOMIIO-
HEHTHl B IPOUCXOXACHUE NaHHOTO MH-
Ka TpeICTaBIAeTCA INPEXKAECBPEMEH-
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fully the contribution of allochthonic or
soil component into the origin of the
given peak. Investigations of this prob-
lem will be continued.

Ultraviolet band of fluorescence
was not directly connected with the
hydrological regime and a season; con-
sequently, just the absence of regularity
in its manifestation justifies into the
favour of its autochthonous origin
caused mainly by the local reasons.

Conclusions

Fluorescencing component of the
dissolved organic substance of the Kola
Peninsula natural waters included
mainly colorless compounds of com-
paratively low molecular mass.

Spectra of fluorescence included
two main bands.of emission: the first
one is with maximum in the range of
300+340 nm, and the second one -
416+436 nm. And two peaks could be
observed either simultaneously, or any
of them separately. No connection of
emission with the contamination by oil
products was revealed.

By origin, both bands of fluores-
cence are evidently interrelated. Their
spectral characteristics (spectra of
emission and excitation) can be stipu-
lated by the presence of two types of
compounds: free and combined cyclic
amino acids, tyrosine predominantly, as
well as by a group of autochthonous
phenol compounds, called condition-

ally the primary humus. Nevertheless,

HeIM. MccreqoBanus B 3TOM Harpasiie-
HUH OyXyT IPONOIDKEHEL.

VYisrpaduoneroBas nojoca
(ayopecueHIUY NpSIMOH CBA3H C THA-
POJIOTHYECKHM DPEXHUMOM H BpEMEHEM
rosa He UMena, CIeAOBATENBHO, UMEH-
HO OTCYTCTBHE DETyISIpHOCTH B €€
IPOSIBICHUN, YOSMUTENbHO CBHICTEND-
CTByeT B TOIB3y €€ aBTOXTOHHOTO
IIPOUCXOXKACHHS, UMEIOIIEro B OCHOB-
HOM JIOK&JIbHBIE TIPHYHMHEL

BoIBoabI

Dayopecuupyronias KOMIIOHEH-
T4 PacTBOPEHHOI'O0 OpPIaHHYECKOrO Be-
HIeCTBa IPHPONHEIX Box Koibckoro
HOJIyOCTpOBa BKIIOYana B cebs B oc-
HOBHOM  OECHBETHBIE  COCIHHEHHS
CPaBHHATEIBHO HEBBICOKOH MOJIEKYJIIpP-
HOM MacCEHI.

Crextpsl dbnyopecneHumnn
BKJIIOYAIM B ce0s 1B OCHOBHBIX IIOJIO-
CHl M3ITy4eHMs: TIIepBas C MAaKCUMYMOM
B npemenax 300+340 mm, BTOpas —
416+436 um. Ilpuuem, mMoriu HabIoO-
JaThcsl Kak IBa IHKA OJHOBPEMEHHO,
TaK ¥ 000K M3 HUX IO OTAEIBHOCTH.
CBs3b CIIEKTPOB W3NYYEHHUS C 3arps3-
HeHHEM He(QTENpOAyKTaMH HE ycTa-
HOBJICHA.

IIo mpoxcxoxaenuo obe moio-
CBI (DIyOpECIIEHIHH OYEBH/IHO B3aHMO-
CBsA3aHBL. VX CHeKTpanbHBIE XapakTe-
PHCTHKH (CIIEKTPBI 3MHCCHH X BO30Y-
XKIEHUS) MOryT OBITh OOYCIIOBIEHEI
HOPUCYTCTBHEM [IBYX THIIOB COEIHHE-
HUH: CBOOONHBIX M CBSI3aHHBIX LIUKJIH-
YECKHX aMHHOKHCIIOT, IPEHMYINecT-
BEHHO THPO3HHA, & TakKe IPYIIIOH aB-
TOXTOHHBIX ()EHONBHBIX COEIMHEHHH,
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allochthonic origin of a part of DOC
fluorescence stipulated by the terri-

YCJIOBHO HMCHyeMOﬁ NEPBHUYHBIM TY-
MYCOM. Tem He MCHEC, AJIJIOXTOHHOC

MPOUCXOXKICHHE dYacTH (IIyopecieH-
uuu POB, 00ycloBieHHOE TeppHIeH-
HBIM CTOKOM, HE HCKIIFOYAETCSI.,

CBs3p aMIUTHTYJHBIX XapakTe-
PHUCTHK CIEKTPOB (IIYOPECUECHIMHA C
MoKa3aTesiIMi OMXpOMAaTHON OKHCIIsie-
MocTH (BKJIFOUAsi BOIBI 3aJIMBOB) IOKa-
3BIBaCT HX NPUYPOUEHHOCTH K ypOaHu-
3UPOBAHHBIM TEPPUTOPHUAM M MOXKET
00ycIIaBIUBaTECS AHTPOIIOTEHHBIM 3B-
TpodupoBaHUEM BOJ, COIPOBOXKIAIO-
MUMCSL YBENHYEHHEM DPOLYKIMH 3K-
30MeTa00MTOB (DHUTOIIAHKTOHOM.

genous flowage is not excluded.

The connection of the amplitude
characteristics of the fluorescence spec-
tra with indices of dichromate oxida-
tion (including waters of bays) indi-
cates their closeness to the populated
areas and can be stipulated by the an-
thropogenic eutrophication of waters

followed by the increase of exometabo-

lites production by phytoplankton.
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MOHNTOPHHT XHMHUYECKOI'0 3arpsA3HeHHsI BOAHBIX MacC
bapenuesa mopsn

Monitoring of Chemical Pollution in the Barents Sea Water Mass

N. F. Plotitsyna

Knipovich Polar Research Institute MonsapHbtit HUW mopckoro pbiGHOro X03aicTBa
of Marine Fisheries and Oceanography 1 okeaHorpadum um. H. M. Knuriosuda
(PINRO) (MNHPO)

H. @. ITnomuypina

In accordance with the national
programme, PINRO monitors the con-
tamination of commercial species of
the Barents Sea and their habitat. In
2001, levels of content of main groups
of contaminants in the sea water were
observed in zones where Atlantic wa-
ters enter the Barents Sea, as well as
along migration ways of main commer-
cial fish species and on the fishing

B coorBercTBHM ¢ HamMOHANb-
Holi mporpammoii ITMHPO ocymiecTs-
NgeT MOHHUTOPHHT 3arps3HEHHSA IpO-
MBICTIOBBIX OpTraHH3MOB bapeHleBa
Mops U cpensl ux oburanui. B 2001 r.
HaOMIONEHNs 3a YPOBHAMH COZEpXKa-
HHMS OCHOBHBIX TPYII 3arps3HAIONIUX
BEWIECTB B MOPCKOH BOJIE IIPOBOJUINCH
B 30HAaX IIOCTYIUIEHUS aTJIAHTHIECKHX
BOJ B bapeHIieBo Mope, Ha NyTAX MH-
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grounds.

1. Aliphatic and polycyclic aromatic
hydrocarbons :
Concentrations of aliphatic hy-
drocarbons (n-paraffins C;,—-Cj3) in the
surface and bottom layers of investi-
gated areas of the Barents Sea varied
from 3 to 34 mkg/l and did not exceed
the Russian Standard of 50 mkg/l [/7e-

peuenb pulboX0o3aICIMEEHHbIX HOPMAMUBOS

..., 1999]. Concentrations of n-paraffins

in the Atlantic waters penetrating into
the Barents Sea varied from 3 to 10
mkg/l, those in the south-western part
of the sea varied from 5 to 9 mkg/l and
those in the south-eastern part were
from 10 to 18 mkg/l (Fig. 1). Distribu-
tion of concentrations of aliphatic hy-
drocarbons in the water column was
not subjected to any law because of
their low levels. Aliphatic hydrocar-
bons of oil origin dominated in the
coastal waters of the Barents Sea and of
the biogenic origin — in the open Bar-
ents Sea.

In summer 2001, the summa-
rized concentrations of polycyclic aro-
matic hydrocarbons (PAH) varied as
follows: from 26.3 to 48.5 ng/l in the
Atlantic waters penetrating into the
Barents Sea, from O to 29.4 ng/l in the
western sea, and from 23.5 to 127 ng/l
in the eastern sea (Fig. 2), and they ex-
ceeded the summarized concentrations
of PAH corrésponding to the global
background level of 20 ng/l [Cripps,

Ipaly OCHOBHBIX IIPOMBICIIOBEIX PBIO,
B palfoHax pHIGHOrQ IIPOMBICITA.

1. AimugaTHyeckne U MONHIUKINYE-
CKHEe apOMATHYeCKHe YIJIeBOAOPOAbl

Konuenrpamyuu anudaTudecKux

- yraesogoponos (#-napadunbl C;~Csp)

B TIOBEPXHOCTHOM ¥ TIPHAOHHOM CIIOSIX
BOJIbI MCCIIEOBAHHBIX palioHoB Bapen-
eBa MopsA BappHupoBamu oT 3 mo 34
MKI/JI ¥ He TpEeBBIany peidoxo03siicT-
BEHHYIO IPENENBHO JOMYCTHMYIO KOH-
nenrpamuo (IIJK), pasryio 50 MKr/m
[[Iepeuenv puiboxosaticmeennbix Hopma-
.., 1999]. Kouuenrtpauma H-
napapuHOB B ATJNAHTHYECKHX BOIAX,
HoCTynaromux B bapeHueso mope, u3-
MeHmMCh oT 3 go 10 mxr/n, B roro-
3amafHol gactH Mops — oT S po 9
MKT/JI, B FOTO-BOCTOYHOM yacTu — oT 10
no 18 mxr/n (puc. 1). Pactnpenenenue
KOHLEHTpanui anndarHiecKkux yrie-
BOJOPOZOB B TONLIEC BOALI HE IMOMYH-
HSJIOCH KaKUM OO0 38KOHOMEPHOCTAM
BCIICACTBHE HX OYCHb HHU3KHX 3HAYe-
Huil. B npubpexnbix Bogax bapenuesa
MOps JIOMHHHpPOBAIH anudaTHvecKue
YTJIEBOJOPOLEI HE(PTSHOTO TIPOMCKOXK-
ZIeHHS, a B OTKPHITHIX paioHax — OHo-
TEHHOTO NMPOUCX O ACHMS.

Jlerom 2001 r. cymmapHble KOH-
HEHTPAIUH NOJIMIMKIMYECKHAX apoMa-
THYeCKUX yrneBogopoaos (IIAY) B
ATNAHTHYECKHX BOJAX, MOCTYIIAIOUINX
B bapeHneso Mmope, BapbHpPOBaTH OT
26.3 no 48.5 ur/n, B 3amafHbIX pafonax
mopst — oT 0 110 29.4 HI/N, B BOCTOYHEIX
paitonoax — or 23.5 xo 127 ur/n (puc.
2) ¥ MIpeBBIAIH CYMMAapHYIO KOHIIEH-

miieoe
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Puc. 1. KoHIEHTpaumy anngaTHIeckuX yriaeBoIopouos
B OBEPXHOCTHOM CJI0€ Bo/ibl BapeHuesa Mops, MKI/. Asrycr 2001 r.

Fig. 1. Concentrations of aliphatic hydrocarbons in the surface water layer
of the Barents Sea, mkg/l. August, 2001.

"

Puc. 2. CymmapHas xoHnenTpanms ITAY B MOBEpXHOCTHOM CIOE BOJbBI
Bapenniea Mops1, Hr/1. Asryct 2001 r.
Fig. 2. Summary concentrations of PAH in the surface water layer
of the Barents Sea, ng/l. August, 2001.

1995). Of individual PAHSs, fluoran-
thene dominated in the south-western
sea and Murman coastal waters. In the
Atlantic waters entering into the Bar-

tpamio [IAY, COOTBETCTBYIOLIYIO
rinobansHOMy ¢onOoBOMY ypoBHIO 20
ur/it [Cripps, 1995]. Y13 uHpuBHAYyannb-
Helx ITAVY B Toro-samafHsIX pailoHAX
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ents Sea, fluoranthene concentration
constituted more than 30 % of the
summarized concentration of PAH; that
in the south-western area was more
than 50 % and that in the Murman
coastal waters reached 70 %. In the
south-eastern part of the Barents Sea,
the relative concentration of low mo-

lecular compounds (phenanthrene,

fluoranthene) reduced down to 20-30

% and that of high molecular com-
pounds (benzofluoranthene, dibenzoan-
thracene) increased.” Mean concentra-
tion of the indicator compound -
benzo(a)pyrene — varied from 0.9 to 1.5
ng/l in the Barents Sea water, All the
mentioned PAHs are products of com-
bustion.of fossil and transport fuel, and
this means that the Barents Sea is pol-
luted by the atmospheric precipitation.
2. Persistent chlorinated
hydrocarbons

The summarized concentrations
of hexachlorocyclohexane (HCH) in
the Atlantic waters penetrating into the
Barents Sea varied from 1.83 to 3.54
ng/l under the average concentration of
2.44 ng/l; the average concentration of
HCH was 2.16 ng/l in the Atlantic wa-
ters of the south-western sea and 0.84
ng/l in the south-eastern part, that
means that HCH concentration reduced
eastwards in the Atlantic waters (Fig.
3). The average concentration of HCH
in the Norwegian coastal waters consti-
tuted 3.54 ng/l, that is in the Murman

MOpS M B IPUOPEKHBIX MypPMaHCKHX
BOJAaX NOMUHHpOBan ¢uyopanTeH. B
aTNaHTHYECKUX BOJAX, MOCTYIAOIINX
B bapeHneBo mope, €ro KOHLEHTpauus
cocrasnsia 6onee 30 % ot cymMapHO#
koHueHTpauuy [IAY, B 1oro-zanasHbix
paitoHax Mops — Gonee 50 B %, B mipu-
OpeXHBIX MYPMAHCKHX BOXAX NOCTH-
rana 70 %. B BoJe 0Oro-BocTOYHOU
yacTH bapeHneBa MOps OTHOCHTENBHAS
KOHIEHTpaUUs  HHU3KOMOJIEKYJIPHBIX
coemuHennii (Jenantpen, Qnayopan-

‘ten) cuusmmachk 10 20—-30 %, a BBICO-

KOMOJNIEKYJApHEIX . (Oen3dnyopanresn,
IbeH3anTpalen) Bo3pocna. Cpenusas
KOHIIGHTpAIMsI WHIHUKATOPHOTO COEIH-
HeHus ~ 6ens(a)nupena B Bone bapen-
uesa Mops Bapsuposana ot 0.9 mo 1.5
ur/n. Bee nepeuncnennsie [TAY spius-
IOTCSA NPOXYKTAMH CTOPAHHMS HCKOIIae-
MOTO M TPaHCIOPTHOTO TOILTHBA, YTO
CBHJETEJILCTBYET O 3arps3HeHud ba-
peHIleBa MopS -3a. c4eT aTMOC(EpHBIX
BBITIA/IEHUH.

2. IlepcucTeHTHBIE XJIOPMPOBAHHDIE
YI7eBOA0POAbI

CyMmapHble KOHIICHTpPALMH T'€K-
caxyopuukiorekcana (I XLIT") B aTnan-
THYECKMX BOZaX, Nocrynamomux B ba-
peHneBo Mope, BappupoBamy oT 1:83
o 3.54 ur/n npu cpenHeit KOHUEHTPA-
iy 2.44 Hr/1, B aTHAHTUYECKHX BOAAX
I0ro-3amajiHOd 4acTd MOpA CpemHss
xoHuenTpamysa IXLTI cocrasnana 2.16
HI/JI, Oro-BOCTOUHOM wuactH — 0.84
HI/N, TO €CTh B BOCTOYHOM Hampas-
nenuu xoHueHTpanua ['XUI B arnan-
THYECKHX BOJAHBIX Maccax CHHDKanach
(puc. 3). B npHOpexXHBIX HOPBEXKCKHX
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Puc. 3. Cymmapusie xonuentpanuy X1 B HOBEpXHOCTHOM CIIOE
Bozbl Bapernesa Mopst, Hr/1. Asrycr 2001 .
Fig.3. Summary concentrations of HCH in the surface water layer
of the Barents Sea, ng/l. August, 2001.

coastal waters varied in different sea-
sons from 0.69 ng/l (August) to 1.51
ng/l (April), in the White Sea coastal
waters' it was 1.29 ng/l and in the
coastal waters of the south-eastern part
of the Barents Sea it varied from 1.34
to 1.45 ng/l. Distribution of HCH con-
centrations in the water column was not
subjected to any law because of their
low values. In the Atlantic waters pene-
trating into the Barents Sea, as well as
in all surveyed areas, the ratio between
concentrations a-HCH/y~HCH was
less than 1 (0.28-0.82). In the Murman
coastal waters in August, 2001, only y—
HCH concentration was found, and the
concentration of o~-HCH was equal to
the analytical zero. This fact points to
the “fresh” introduction of y-HCH into

BOIax cpemusas KoHueHTpawms XL
cocrapisna 3.54 Hr/u, B IPMOPEeKHBIX
MYpPMaHCKHX BOZAX B PasHBIE CE30HBI
roja BapbupoBana oT 0.69 mr/m (aB-
rycr) no 1.51 mr/a (ampens), B mpH-
OpekHBIX OETOMOpPCKUX BOAAX pPaBHA-
nack 1.29 Hr/nm, B npuOpexHBIX BOZAX
I0T0-BOCTOYHOH dacTh bBapenuesa mo-
pa kxoneGanacs ot 1.34 mo 1.45 =r/i.
Pacnpenenenne xonnentpanmii XL
B TOJIIIE BOABI HE ITOJYMHAIOCH KaKUM
160 3aKOHOMEPHOCTAM BCIEACTBHE MX
OuYeHb HHU3KUX 3Ha4YeHHH. B aTmaHTH-
YEeCKHX BOJAX, MOCTynalmux B ba-
PCHIICBO MOpe, a TaKke B BOJaX BCeX
WCCIIEIOBAHHBIX PAaifOHOB, OTHOLICHHE
kounenTparmi o~ XTI /y-I'XII" 651-
no mensme 1 (0.28-0.82). B npubpex-
HBIX MYPMaHCKHX BOJax B aBIyCTe
2001 r. Opm1 OOHaApyXeH TOJNBKO Y-
I'XUI', xouuentpaims o—I XL pas-
HANACh AHATUTHYECCKOMY HYIIO. JTO
0o0CTOATENBCTBO YKA3EIBAaET HA “‘CBeE-
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the marine environment. Nevertheless,
HCH concentrations in the Barents Sea
water were much lower than the Rus-

sian Standard of 10 ng/l [[Tepeuens por- -

b0x0351icMeeHHbIX HOpMAMuUeos ..., 1999].

Mean concentrations of hexa-
chlorobenzene (HCB) and chlordane
isomeres in the Atlantic waters pene-
trating into the Barents Sea, as well as
in waters of all areas surveyed, did not
exceed 0.07-0.18 ng/l. Low concentra-
tions of these pesticides in the sea wa-
ter are explained by the fact that in the
1970s their usage was limited. Now,
only residual numbers of these com-
pounds are determined in the Arctic sea
waters.

The summarized concentrations
of DDT in the surface layer in the
south-western part of the sea varied
within the narrow interval from 1.84 to
3.25 ng/l. DDT concentrations reduced
in the Barents Sea eastwards and varied
from 1.5 to 2.2 ng/l in the south-eastern
waters of the Barents Sea (Fig. 4). DDT
concentrations in the surface and bot-
tom layers of the Barents Sea differed
slightly and did not exceed the Russian
Standard of 10 ng/l [[Tepeuens priboxo-
SALUCMBEHHBIX HOPMAMUEOS ..., 1999].

In the typical technical DDT, the
dominating component is p’p—DDT (77
%). In the result of physical and chemi-
cal and biological processes in the sea

2”

xee” mnocrymnenue y-I'XII" B Mop-
CKyI0 cpefly. TeM He MeHee KOHLEH-
TPamuy TeKCaxJOPIUKIOreKcana B BO-
nie bapenuesa Mops ObLTH 3HAYHTENBHO
Hwke pwidoxossicTteennon ITJK 10
HI/  [Ilepeuens
HOpMamugos ..., 1999].

Cpennne KOHUCHTpaUM TIeEKCa-
xsop6ensona (I'XB) u n3oMepoB Xmop-
JaHa B aTNaHTHYECKWX BOJaX, IOCTY-
narmomux B bapeHniero Mope, a TaKxe B
BOJAX BCEX HCCIEHOBAHHBIX palOHOB
HE INPEBHIIATM JEeCATBIE XOMA HI/M
(0.07+0.18). Huzkme KOHIEHTPAIHH
9THX IECTHIMJOB B MOPCKOH BoOjE
obpacHIIOTCS TeM, uTo B 70-e TOHEI
ObUIM BBEICHHl OrpAaHWYCHHA Ha HX
UCIIONE30BaHue. B HacTosinee BpeMs B
apKTHYECKHX MODPCKHX BOJaX OIlpefe-
JIAIOTCA JIMIIb OCTaTOYHEIE KOJIMIECTBA
3THX TOKCHYIHEIX COCTHHEHUH,

Cymmapusie KOHIIEHTPAIUN
AT B NOBEpXHOCTHOM CJIOE BOJIBI
10T0-3aNaHOH YacTh MOpsS BapLHpOBa-
I B y3KOM HHTepBane ot 1.84 go 3.25
HI/3. B BOCTOYHOM HampaBIeHHH CyM-
MapHble koHneHTparmu JJAT B BOIE
Bapenuesa Mops yMEHBIIANHCE H B
BOJie I0r0-BOCTOUHEIX paiioHoB Bapen-
[eBa MOps M3MEHSIUCE oT 1.5 mo 2.2
ur/n (puc. 4). Konuenrpanuu JIJIT B
NOBEPXHOCTHOM H TPHUIOHHOM CHOSX
Bogsl bapeHneBa Mops OTIHYATHCEH
HE3HAYHUTENBHO M HE NPEBBINIANA PEI-
6oxossiictennyo IIJIK 10 ur/m [ITe-
peueHb pulbOX03AUCMEEHHVIX HOPMAMUBOS
.., 1999]. _

B tunuynoM texamaeckoM AT
npeoOIafalomyM KOMIIOHEHTOM SIBJISI-
erct p'p-AAT (77 %). B pesyasrare

Po160X033CMBEHHBIX
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Puc. 4. Cymmapnsie korIeHTpandy JJIT B TOBEPXHOCTHOM CII0€ BOJEI
Bapennesa mops, Hr/n. Asrycr 2001 1.

Fig. 4. Summary concentrations of DDT in the surface water layer
of the Barents Sea, ng/l. August, 2001.

DDT transforms into more stable DDD
and DDE metabolites. According to the
published data, in the atmosphere of
high latitudes, as well as in the biotic
and abiotic components of the Arctic
sea ecosystems the ratio between con-
centrations p’p~DDT/p’p—DDE <1 that
means that DDT appeared in the envi-
ronment long ago [Chernyak, McConnel
and Rice, 1995; Distribution of persistent
1993]. The results of
determination of the relative content of
metabolites p’p—DDT and p’p-DDE in
the Barents Sea showed that they did
not exceed 1, this points to the rela-

organochlorines ...,

tively “fresh” penetration of this pesti-
cide into the Barents Sea and especially
into the coastal waters of the Kola Pen-
insula.

$H3NKO-XHMHIECKHX H  Onomorude-
CKHUX TPOLECCOB, TMPOMCXONAIINX B
mope, IJT tpanchopmupyercs B 60-
nee croiikue merabomuter 0 u JAE.
CorjlacHO JUTEPaTypPHEIM JIaHHBEIM B
aTMocdepe BBICOKHX IIHPOT, B GHOTH-
geckol U a0HOTHYECKON KOMIIOHEHTax
MOPCKHUX ApKTHYECKHX 3KOCHCTEM OT-
HOIICHHE KOHICHTpari p’p—
OAT/p’p—IAE < 1, 4ro yka3pIBaeT Ha
nmaBuee mnocrymienume T B oxpy-
KAy cpeny |[Chernyak, McConnel,
Rice, 1995; Distribution of persistent
organochlorines ..., 1993]. PesynpTarhl
OIpEACICHHs OTHOCUTENBHOTO COMEep-
xanns MeTabomutoB p’p—IUT u p’p—
JIOE B Boxe bapennesa Mops mpeBbI-
manyd 1, 9T0 yKaspBaeT HA CPaBHH-
TeNBHO ‘‘CBEXee” TOCTYIUIEHHE 3TOrO
mectuiuaa B bapenueBo Mope u oco-
OenHoO B ipubpexubie Boasl Koabckoro
IOy OCTPORBA.
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Average concentration of poly-
chlorinated biphenyls (PCB) in the At-
lantic waters penetrating into the Bar-
ents Sea constituted 5.03 ng/l, that in
the south-western part of the Barents
Sea was 4.29 ng/l, and in the south-
eastern sea — 3.28 ng/l, i. e. PCB con-
centrations in the Atlantic waters re-
duced eastwards (Fig. 5). The Atlantic
waters penetrating into the Barents Sea
and water masses of the south-western
and south-eastern areas are character-
ized by high content of low molecular
tri-, tetra- and pentachlorobiphenyls
with JTUPAC nomenclature numbers 28,
31, 99 and 101 which constituted 60—
80 % of the PCB sum. High percentage
of low molecular congeners proves that
they penetrated into the Barents Sea
from the atmosphere. However, the
increase of the relative content of high
molecular polychlorinated biphenyls
(PCB) in the Murman coastal waters up
to 60-78 % pointed to the existence of
local resources of contamination. In
total, concentrations of PCB in the Bar-
ents Sea waters did not exceed the Rus-
sian Standard of 10 ng/l [Ilepeuens por-

60X03ALICMEEHHBIX HOPMAMUB08 ..., 1999].

3. Heavy Metals

In August in the surface layer of
the Atlantic waters penetrating into the
Barents Sea, the average concentrations

Cpenuss KOHICHTpAnyg MOJH-
xnopbugenmnos (IIXB) B arnanTuve-
CKHX BOJaxX, IOCTymaromux.B bapen-
eBO Mope, coctaBmuia 5.03 mr/m, B
BOJIaxX I0ro-3anagHoit wactu Bapennesa
Mopst — 4.29 HI/I, Oro-BOCTOYHOH —
3.28 ur/a, To ecTs B BOCTOYHOM Ha-
npasineHuu koHneHtanuu IIXbB B ar-
JAaHTHYECKUX BOJHEIX MaccaX CHIDKa-
muck (puc. 5). J[A2 aTmaHTHIeCKUX BOJ,
nocrymarommx B bapenmeBo Mope,
BOJHEIX MacC IOTO-3amagHBIX U IOTO-
BOCTOYHBEIX pPafiOHOB XapaKTEpPHO BEI-
COKOE OTHOCHTENBHOE COJepKaHHE
HHU3KOMOJIEKYJIAPHBIX TpH-,TeTpa-,
[IEHTaXJIOPHPOBAHHEIX OHbEHUIOB C
HoMepamu TIo HomeHkiatype [UPAC
28, 31, 99, 101, xoTophle COCTABIANU
60-80 % ot cymmel IIXB. Bricokoe
NPOLICHTHOE COAEPIKaHNe HH3KOMOJe-
KYJIAPHBIX KOHTHHEpPOB CBHJACTEIBCT-
ByeT 06 arMOCepHOM HCTOYHHKE MX
nocrymieHus B Bapenneso mope. B 1o
e BpeMsI YBEeIHMUYECHHE OTHOCHTENLHO-
TO COOEPXKaHHUSA BBHICOKOMOJICKYIIPHBIX
TNONMMXI0pOUGEHWIOB B NPUOPENKHBIX
MypMaHCKUX Bozax #o 60-78 % yka-
3BIBAC€T Ha CYILIECTBOBAHME MECTHBIX
HCTOYHHMKOB 3arpssHeHus. B 1menom,
KOHLIEHTPALKHA TONUXIOPOH(EHIIOB B
Bolle BapeHnieBa Mops He HpeBBIUATH
peiboxossiictBennyro IIAK 10 wr/n
[llepeuenv puviboxossticmeentvix HOpMa-
mueoe ..., 1999].

3. Ts:KesIble MeTaJLIbI

B asrycre B moBepxHOCTHOM
CIIOE ATJIAHTHUYECKUX BOJ, MOCTYIalo-
nux B bapenueBo Mope, cpenHsSs KOH-
LeHTpauys Meau cocrapimna (.75,
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Puc. 5. Cymmapusie kounesTparuy ITX5 B 10BEpXHOCTHOM CJI0E€ BOJBI
Bapenuesa mops, Hr/n. Asrycr 2001 r.
Fig. 5. Summary concentrations of PCB in the surface water layer
of the Barents Sea, ng/l. August, 2001.

were as follows: copper — 0.75, zinc -
15.4, chromium - 3.9, iron — 4.2 mkg/l,
and concentrations of  nickel,
manganese and cobalt were lower than
the level detected by the method of
analysis.

In the Atlaptic waters of the
south-western part of the Barents Sea,
the average concentration of copper
increased to 2.6, and that of zinc — to
20.2 mkg/l, concentrations of chro-
mium and iron were at the same level
of 3.6 and 4.4 mkg/l, corréspondingly.
Concentrations of nickel, manganese
and cobalt were also lower than levels
which can be detected.

In the Atlantic waters of  the

south-eastern part of the sea, the aver-

nueka — 15.4 , xpoma — 3.9, xemnesa —
4.2 MKU/NM, a KOHICHTPAaIHH HMKEIs,
Maprasna u xobansra ORI HIDKE IIpe-
eoB  OOHApYXKEHHS IPUMEHAEMOTO
METO/a aHaNu3a.

B arnanTHyeckux BOJax IOro-
jamagHod wacTh bapennesa Mops
CpermHssi  KOHIIEHTpalus MeOd YBEIH-
ypnack Ko 2.6, a nmaka — jgo 20.2
MKI/JI, KOHICHTpaIHy XpoMa H JKele3a
OCTAJIMCh Ha TOM K€ ypoBHe — 3.6 n 4.4
MKT/1T cooTBeTcTBeHHO. KonnenTpanuu
HUKENA, Mapraina u Kofambra Takxke
OBLTM HHXKE IPENETIOB HETEKTHPOBa-
HUSL.

B amIaHTHYeCKHX BOHAX IOro-
BOCTOYHOH YaCTH MOpPS OTMEYEHO yBe-
TIHYeHHUE CPeXHeH KOHLEHTpauHuy IuH-
Ka mo 27.1 Mkr/n u mapradma no 1.7
MKT/JI, KOHLCHTPAlMH MeXu H Kele3a
YMEHBIIHINCH, & CPeNHIsA KOHIEHTpPa-
U XpoMa He HM3MEHHJIACh M COCTaB-
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age concentration of zinc increased to
27.1 mkg/l and that of manganese — to
1.7 mkg/l, whereas concentrations of
copper and iron diminished and the
average concentration of chromium did
not change and constituted 3.9 mkg/l.
The concentration of cobalt was lower
than detected level, and that of nickel
corresponded to the minimum deter-
mined value of 0.5 mkg/l. Eastwards in
the Atlantic waters, the concentrations
of copper and iron diminished, those of
chromium were stable and low. It is
evident that the concentration of chro-
mium in.the open part of the Barents
Sea corresponded to the natural back-
ground. . .
In summer of 2001 in the Nor-
wegian coastal waters, the average
concentration of copper was 2.0, that of
zinc - 24.0, chromium - 4.8, iron — 4.7
mkg/l. The concentrations of nickel,
manganese and cobalt were lower than
detected levels.

In the Murman coastal waters,
the average concentrations of copper,
zinc, nickel and iron increased and con-
stituted 3.0, 44.3, 0.7 and 9.7 mkg/l,
correspondingly. The increase of con-
centrations of zinc and iron points to
the high measure of urbanization on the

Kola Peninsula (Fig. 6, 7). In the White .

Sea, Pechora and Novaya Zemlya
coastal waters the concentrations of
zine, nickel, chromium, manganese and
iron were higher than in the Atlantic

mna 3.9 Mxr/n. KoHUeHTpamus Ko-
OanpTa OBlMa HHXE mIpenena oOHapy-
KEHHs], a HUKEJI1 COOTBETCTBOBAIA MHU-
HAMAJBHO ONPENENIeMOMY 3HAUECHHIO
0.5 MKr/m. B BOCTOYHOM HalpaBIeHUH
B aTTaHTHYECKUX BOIHBIX Maccax KOH-
LEHTpalud MEAu H Kelesa YMEHBIIAa-
JCh, HUHKA, HUKEI U MapraHna yBe-
JAAYHBANKCH, 3 XpOMa OCTABANKCH CTa-
OmbHO HM3KMMH. O4eBHIAHO KOHILIEH-

' Talllg XpoMa B BOJOE OTKPBLITHIX paii-

OHOB BapeHneBa Mops COOTBETCTBOBa-
J1a IpHPOIHOMY (JOHOBOMY YPOBHIO.

Jlerom 2001 r. B mpHOPEKHBIX
HOPBEXCKHX BOJAaX CpEenHss KOHLEH-
Tpauus Meau paBHsamachk 2.0, muHKA —
24.0, xpoma ~ 4.8, xene3a — 4,7 MKr/J.
KoHneHnTpamuu HuKkens, MapraHua ¥
koOanpra OBLNM HIDKE NpelenoB oOHa-
PYXEHHS.

B npubpexHBIX MypMAaHCKUX
BOJAX CpENHHE KOHIEHTpallUM Me.IH,
LIVHKa, HUKENS U JKele3a BO3POCIHH U
COCTaBWIM cooTBeTcTBEHHO 3.0, 44.3,
0.7 u 9.7 mMkr/n. Veennuenue KOHIEH-
Tpauuil IMHKa K JKee3a yKas3hlBaeT Ha
BHICOKYIO CTENeHb ypOaHH3aIuM Tep-
puropun  Konbckoro momyoctposa
(puc. 6, 7). B npubpexurix Genomop-
CKMX, TIEYOPCKHX H HOBO3EMEIBCKUX
BOJaX KOHICHTPAUWH [WHKA, HUKEJS,
XpoMa, MapraIa xeje3a OBUIM BEHIILE,
9eM B aTNIAaHTHYECKUX BOJAX OTKPHBITBHIX
paiioroB BapeHiieBa MOps BCIE€ICTBHE
BIMSHHS MATEPHKOBOTO CTOKA.

KoHmeHTpanus CcBWHIIA B BOJE
BCEX MCCNENOBAaHHBIX DaHOHOB OFBlIa
HIDKe Tpejena OOHApY>KEHHS IMpHMe-
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waters of the open Barents Sea be-
cause of the land run-off.

The concentration of lead in the
water of all surveyed areas was lower
than the detected level. The concentra-
tion of cadmium in the Atlantic waters
of the south-western Barents Sea was
lower than the detected level, whereas
in the south-eastern part it constituted
0.3 mkg/l. Concentration of cadmium
in the Norwegian and Murman coastal
waters was higher than in the Atlantic
waters penetrating into the Barents Sea,
and it corresponded to that in the Atlan-
tic- waters of the south-eastern sea in
the White Sea, Pechora and Novaya
Zemlya coastal waters.

HJEMOIO MeToJla aHajim3a. B aTmauTu-
YeCKMX BOHAX IOro-3alagdoM YacTH
Bapenuesa Mops KOHLEHTpalus Kaji-
MHs Oblla HIDKE Mpenena HeTEKTHPO-
BAaHMA, a B FOTO-BOCTOYHOH — COCTaB-
msa 0.3 mxr/n. Konnentpanus KaaMus
B TpHOPEXHBIX HOPBEXKCKHX H Myp-
MAHCKHX BOJAX OBINa BEIIIE, YEM B aT-
TaHTHYECKHX BOJAX, TIOCTYMAIONIHX B
Bapennieo Mope, a B NpUOPEXKHBIX
GEIIOMOPCKUX, TEYOPCKHX H HOBO3E-
MEJILCKHX COOTBETCTBOBANA KOHICH-
TpalMy B aTAHTHYECKUX BOJHBIX Mac-

Cax I0ro-BOCTOYHOM 9acTH MOpsL.
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Puc. 6. Konuenrpanuy IUHKa B IOBEPXHOCTHOM CJIO€
Bapennesa Mops, MKr/n. Asrycr 2001 r.

Fig. 6. Concentrations of zinc in the surface layer
of the Barents Sea, mkg/l. August, 2001.
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Fig. 7. Concentrations of iron in the surface layer
of the Barents Sea, mkg/l. August, 2001.

The average concentration of
mercury in the open Barents Sea waters
constituted 0.02 mkg/l and, possibly,
corresponded to the natural background
level (Fig_. 8).‘Concentrations of heavy
metals in the surface and bottom layers
of the coastal waters and open Barents
Sea differed slightly and did not exceed
the Russian Standardsas follows: for
copper — 5, zinc — 50, nickel — 10,
chromium ~ 20, manganese — 50, iroh -
50, lead — 10, cadmium - 10, cobalt - 5
and mercury — 0.1 mkg/l [[7epeuens poi-
60X031ICMBEHHBIX HOPMAMUBOS ..., ] 999].

. No tendency of worsening of the
Barents Sea ecosystem status in 2001

compared to the previous years is ob-

Cpenuss KOHIEHTpalUsd PTYTH B
BOJE€ OTKpBITHIX paiioHOB bapennesa
Mops cocrapnsana 0.02 MKr/i 1 BeposT-
HO COOTBETCTBOBAaja IPHPOJHOMY QO-
HOBOMY ypoBHIO (puc. 8). KoHuentpa-
UM TSOKETBIX METajuIOB B ITOBEPXHO-
CTHOM U NPUIOHHOM CIOSX BOABI NPHU-
Ope>XHOM 30HBI M OTKPBITHIX PaiOHOB
BapenneBa MOps OTIHYATACH HE3HAYH-
TENBHO U HE IPEBLIIIAIH PHIOOX03H-
CTBEHHBIE MpPEAEIBPHO  JOIyCTHUMEIE
KOHLICHTpallMy Uit MeU — 5, LIUHKA —
50, mukens — 10, xpoma — 20, Mapran-
ma — 50, xenesa — 50, ceuHima — 10,
KagMmus - 10, xobaneTa — 5, pTyTH —
0.1 mxr/n [ITepeuens puviboxossticmeern-
HbIX HOpMAMUGOS .., 1999].

TenneHnus yxXyIIEHNs COCTOS-
HHSL 3KOCHCTeMHI DBapeHiesa Mops B
2001 r. O CpaBHEHHWIO C TPEABIAYIIH-
MH TOIAMH He HabIIONACTCS, TAKHM
06pa3oM, IPOBEACHHBIE HCCISIOBAHUS
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Puc. 8. Konnentpanyuy pTyTH B TOBEPXHOCTHOM CIIOE
Bapennesa mops, MKI/IL. Asrycr 2001 1.

Fig. 8. Concentrations of mercury in the surface layer
~ of the Barents Sea, mkg/l. August, 2001.

served; thus, the carried out investiga-
tions showed a stable and low level of
anthropégenic pollution of some ele-
ments of the Barents Sea ecosystems.
‘To improve the quality and ade-
quacy of the obtained data on the ma-
rine enVironment contamination, the
analytical laboratory .of PINRO has
taken part for three years (1999-2001)
in the Laboratory Testing Scheme on
the QUASIMEME (Quality Assurance
of Information for Marine Environ-
mental Monitoring in Europe) project.
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Ouenka BJIMSHES MOPCKOI aKBAKYJILTYPBI
'Ha Ka49eCTBO BOXHOM cpeabl U TOHHBIX 0CATKOB
ry6or Ileyenra

Estlmatlon of the Marine Aquaculture Impact on the Aquatlc
Environment Quality and Bottom Sediments
in the Pechenga bay

N. F. Plotitsyna

Knipovich Polar Research Institute of Marine
Fisheries and Oceanography (PINRO)

Ihtrodu'ction

Increase of the cage fish culture
production during recent time caused
serious problems connected with pollu-
tion on many fish culture farms along
the Norway coast which are located in
the natural fenced areas and fjords with
weak water exchange. Lack of the nec-
essary flow-through led to the accumu-
lation of both: excrement and unused
feed in the bottom sediments. Sea
depths in the areas of the farms, farms’
dimensions, duration of their work,
conduct of different experiments and

H. @, Hﬂomuuund

MonspHbIA Hay4HO-UCCNEeA0BaTENbLCKUIA
VHCTUTYT MOPCKOTO pbiGHOTO X035MCTBa U
okeaHorpacum um. H. M. Knunosuya (MAHPO)

Beepenne

PocT mpomyKIuH cagKoBOro phl-
OOBOACTBA B IOCJIEIHHE TOXBI.BBI3BAI
CEphe3HEIE NMPOOIEMBI, CBA3AHHEIE C
3arpA3HEHUEM, HA MHOTHX pPHIGOBOJ-
HEIX (epmax Bronb nobepexna Hopae-
TMH, KOTOpBIE paclojarajuck B ecTe-
CTBEHHBIX OTTOPOXEHHBIX YJaCTKaX |
¢roprax co cmabbiM  BOZOOOMEHOM.
OtcyTcTBHE HEOOXOAMMOH MPOTOYHO-
CTH IPUBENO K HAKOIUIEHHIO B JOHHBIX
OTJIOKEHHAX OKCKPEMEHTOB U HEHC-
TIOJIB30BAaHHOrO KOpMa. 3HAYKTENBHOE
BIMAHKE HA 3aTPA3HEHHE OKpYXKarolleH
Cpensl OKasalu ITyOHHEI MOpsS B paif-
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the type of the feed applied impacted
significantly the environmental con-
tamination. v

Contamination problems con-
nected with the fish culture farms
works similar to those in Norway are
observed at the cage fish culture farms
located in the sea bays of the west coast
of Scotland.

Thus, investigations  carried out
in Norway, Sweden, Scotland showed
that the marine cage fish culture might
impact differently the environment.

In August 2001 on the Pechenga
bay area located in the Varanger fjord
of the Barents Sea there was started
functioning the cage fish culture farm
for the salmon of the Norwegian selec-
tion rearing.

The aim of this work is to esti-
mate possible impact of the cage fish
culture during 3 months on both: the
aquatic environment and bottom sedi-
ments in the area of the fish culture
farm location.

Materials and methods

In October 2001 6 water samples
and 2 samples of bottom sediments
were collected at 2 stations in the area
of the cages with the fishes location, so
that to estimate a possible impact of
the cage fish culture complex on the
aquatic environment and bottom
sediments quality in the Pechenga bay.
Scheme of cages location and sam-
ples collection station in presented on

OHE pacHOJIOKeHMs (epM, pa3Mepsl
depM, TPOROIDKUATENBHOCTE UX pado-
THI, IPOBE/ICHHE TEX HJIH MHBIX OILITOB
U T IPUMEHAEMBIX KOPMOB.
[TpobneMBl  3arpsi3HEHHS, | CBS-
3aHHbple ¢ paboTo# prIGOBOAHBIX (depM,
CXOJIHBIE C TaKOBBIMU B Hopseruu, ot-
MeYaloTCs U Ha CaJKOBBIX pPbIOOBOM-
HBIX (epMax, paciloJIOKEHHEIX B MOp-
CKuX Try6ax 3amagHoOro moGepens
IHoTnasmuu. TakuMm obpazom, ucche-
IOBaHHA, TpoBeleHHsle B Hopseruy,
Mgenun, 1HoTnanauu HOKa3agH, YTO

' MOPCKOE CaaKOBOE PBIOOBOJICTBO MO-

KET OKa3bIBaTh PasHYHOE BIMIHHC Ha
OKPYKAIOIIYIO Cpeny.

B asrycre 2001 r. Ha axBaropun
ryGer Tlevenra, pacronoxenuoil B Ba-
panrep-¢ppopae bapenueBa wmopsi, Ha-
yana (YHKIHOHHPOBATH CAIAKOBAs PhI-
GoBomHas (epMa IO BHIPALIMBAHHIO
CeMIH HOPBEXCKOH CeNeKIHH.

Henp Hacrosmeit paborsl — ome-
HUTh BO3MOMKHOE BIIMSHHE IIpoliecca
CaJKOBOTO BBIPAIUUBAHHSI CEMIH B Te-
YeHHE TpeX MecCALleB Ha COCTOSHHME
BOJHOW Cpelbl W JOHHBIX OCaZKOB B
paiioHe  pasMelneHus  pPBIOOBOJHOMN

bepmEI.
MaTepuas u MeToAHKA

B  oxtabpe 2001 r. ma aByx
CTaHLIMAX B PaOHE pa3MCIiCHHA Cal-
KOB C PHIOOM. OBUTH OTOOpaHBI Ha XU-
MUYEecKHH aHamuz 6 npo6 Bogel u 2
npoOBl  JIOHHBIX OCAQJKOB C LENbIO
OUNEHKH BO3MOXHOTO BJIMSHHS Caako-
BOI'O KOMIUIEKCA Ha Ka4eCTBO MOPCKOH
BOJBI M TOHHBEIX ocanxoB ry6s! Ileuen-
ra. Cxema pa3sMeIeHUs CagKOB H CTa-
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figure 1. Station 1 is located between
the cages and characterizes the envi-
ronment state directly in the farm area,
station 2 is located between the cages
and the bay’s coast and serves in this

case the “background”.

HIMH oT6opa mpo6 upencraBieHa HA
puc. 1. Crarmua 1 pacmonoxeHa Mex-
Iy CaiKaMH U XapaKTepHu3yeT COCTOs-
HHE€ OKPYXalollleH Cpelbl HeroCpeacT-
BEHHO B paifoHe ¢QepMmrbl, CTaHIuSd 2
pacmonoxeHa MeXxIy caakamp U Gepe-
roM ry0Bl M B JAHHOM CIIyJae SBIIETCS
“thoHoBOIH”. ’

69°40'

69°4¢'

69°38'

69°38'

31°28'

O - capxu; @ — cranpuu orGopa npoo.

Pnc. 1. Cxema cTannuit or00pa mpo0 BOABI H AOHHBIX 0CAIKOB B ry6e ITeuenra.

Fig. 1. Map showing the sampling locations.
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Collectién, preparation  and
chemical analysis of water and bottom
sediments samples are carried out cor-
responding to the methods of hydro-
chemical investigations of the ocean,
methodical recommendations for the
sea water and bottom sediments analy-
ses, guides given by FAO (Food and
Agriculture Organization of the United
Nations), UNESCO and ICES [Memo-
ovl ..., 1978, Memoouuecxue yxasanus ...,
1979; Determination of Polycyclic Aro-
matic Hydrocabons ..., 1997; The Deter-
mination ..., 1982; Manual of Method ...,
1975] applying the following analytical
equipment:

¢ photoelectrocoloremeter KFK-
2MP (Russia);

¢ [R- spectrophotometer of the
firm “Shimadzu”, model IR-420 (Ja-
pan );

e gas chromatograph of the firm
“Shimadzu”, model GC-14A (Japan );

o liquid - chromatograph “Mili-
chrom” (Russia );

o flame atomic absorption spec-
trophotometer of the firm Shimadzu”,
model AA-660 (Japan );

e X-Ray fluorescent spectrome-
ter of the firm “Rigaku”, model 3270
(Japan) ;

e mercury analyzer of the firm
“Hiranuma Sangyo”, model HG-1 (Ja-
pan);

e portable pH - meter of the firm
“Horiba”, model L-7 (Japan). .

Or6op, TOATOTOBKA W XUMHYE-
CKHH aHamu3 Npo0 BOXBI M JOHHBIX
0CaAKOB BBINIOJIHCHBI B COOTBETCTBHH C
METOAaMH THAPOXUMHUYCCKUX HMCCIIC-
JIOBaHUM OKeaHa, METONHYECKUMH YKa-

" 3aHWSIMH 10 aHAJHU3y MOPCKHX BOA U

IOOHHBIX OTJIOXKEHHH, pPyKOBOJICTBaMHU
FAO (Food and Agriculture Organiza-
tion of the United Nations), UNESCO
u ICES [Memodw ..., 1978; Memoduue-
ckue yxkasanus ..., 1979; Determination of
Polycyclic Aromatic Hydrocabons ...,
1997; The Determination ..., 1982; Manual
of Method ..., 1975] ¢ HCHONBE30BaHMEM
CIEQYIOIEro aHAUTHYECKOro obopy-
JOBaHUS:

e dotoanexroxonopumerp KOK-
2MI1 (Poccus);

o  HK-cnexrpodoromerp (GUPMEI
“Shimadzu”, mogens IR-420 (SImonus);

e  Ta30BHIA XpomaTorpad) GEPMBL
“Shimadzu”, wmonensGC-14A  (Amno-
HUA);

®  JKUAKOCTHOH
“Mumuxpom” (Poccus);

e  MaMeHHBIH aroMHO-aGcopO-
IUOHHBIH  crieKTpodoToMeTp (HHUPMEL
“Shimadzu”, mogearpAA-660 (Ano-
HUSA);

e  peHTreHO-(IIyOpeceHTHHIH
cuextpomeTp ¢upmer “Rigaku”, mo-
nens 3270 (nonus);

e  PTYTHBIH aHANH3aTOpP (GHPMEL
“Hiranuma Sangyo”, wmonens HG-1
(Snouns); '

e  mopratuBHEIA pH-MeTp GupMel
“Horiba”, mogens L-7 (SInoxus).

KauectBo amanuTudeckux pabot
OLIEHUBAYIOCH TP PETYIAPHBIX aHAaJH-

xpomarorpad
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H3yueHue 610TONIOB NPHOPEKHBIX IKOCHCTEM

Analytical works quality was es-
timated during the regular analyses of
the certified reference materials:

e SRM19%4la (Organics in Ma-
rine Sediment)/ NIST, USA;

e BCSS-1 (Micro and macro
elements in the bottom sediment of the
Saint Lawrence bay) / NRC, Canada;

e mixture of standards of ali-
phatic hydrocarbons attested in the
Mendeleev State Research Institute of
metrology, Saint-Petersburg, with the
chemical laboratory of PINRO partici-
pation in the Laboratory Testing
Scheme according to the QUA-
SIMEME project (Quality Assurance
of Information for Marine Environ-
mental monitoring in Europe), carried
out by European Union countries.

Water samples were collected
from layers 0 m, 10 m and near bottom
layer. The following chemical indices
were estimated: pH, BODs (Biochemi-
cal Oxygen Demand), nitrogen of am-
monia compounds, nitrogen of nitrites,
mineral phosphorus, characterizing the
presence in water of easily oxidizing
organic substances of the anthropo-
genic origin and nutrients. Besides,
heavy metals were also estimated in the
water and bottom sediments of the
Pechenga bay as they are present in the
feed as microelements and are removed
from the fishes organisms with excre-
ment, total phosphorus as the indicator
of the bottom sediments contamination
with the fishes excrement and unused
feed, aliphatic and polycyclic aromatic

3aX CepTHOUIUPOBAHHBIX MATEPHAIOB
CpaBHEHHS:

* SRM1941a (Organics in Ma-
rine Sediment)/ NIST, USA;

e BCSS-1 (Mukpo- u Makpo-
JNEMEHTHI B JOHHOM OCajKe 3aliBa
Cs. JlaBpentus) / NRC, Canada;

®  CMeCh CTaHOAPTHHIX 00pa3moB
amiaTHIeCKUX YTIIEBORXOPOJIOB, aTTe-
cropauHelx B ['ocHUM merposnorum
uMm. J. WU. MengeneeBa, r. Cadxr-
IetepOypr, a Taxxke NpH y4acTHH XH-
mugeckoit Jsabopatopun ITVMHPO B

-Cxeme 1abopaTOpPHOTO TECTHPOBAHHS

no npoexty QUASIMEME (T"apantus
KagecTBa MHGOpPMAIMH MPU. MOHHTO-
puHre Mopckod cpemsl B Espomne),
OCYIIECTRIIEMOMY CTpaHamu Espo-
neiickoro Corsa.

Hpobsr Bomel 0TOMPATHCE € TO-
pmsoaToB 0 M, 10 M ¥ NPHIOHHEIH.
Omnpenenanmuch CHenyoude XuMHUe-
ckue nokasarenu: pH, BHKS, a30T aM-

MOHMIHBIX COECIMHEHH, a30T HUTPHU-
TOB, MUHEpaNBHEIH (ocdop, xapaxTe-
PH3YIOIIHE NPUCYTCTBHE B BOJE JIETKO
OKMCISIEMBIX OpPraHMYECKHX BEIIEeCTB
AHTPOIIOTEHHOI'0 IPOHUCXOXKACHUA U
NUTATEIbHEIX BemecTB. Kpome Toro, B
BOJIC ¥ IOHHBIX ocankax ry6s [leuenra
ONPEIENANICH TSDKENBIe METaIbl, Tak
Kak B BUJE MHKpPO3JEMEHTOB OHH NPH-
CYTCTBYIOT B KOpMaX M BBIBOZATCS U3
opraHu3Ma pbl0 C OKCKPEMEHTaMH,
obumwmii dochop, Kak MHAUKATOP HAIH-
4Ms 3arpA3HEHMSA JOHHBIX OCaJIKOB OT
5KCKPEMEHTOB PBIO M HEHCIONb30BaH-
HOro KopMa, amu{aTHyecKue U IIOJH-
IHUKJIAYECKHE apOMaTH9eCKUe YTIEBO-
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HW3yuenne GHOTOINOB NMPHOPEKHEIX HIKOCUCTEM

hydrocarbons, organochlorine com-
pounds ~ so that to discover possible
contamination of the area and bottom

sediments connected with the economic

activity of the man, which preceded the
usage of the bay area for the cage culti-
vation of the salmon.

Results and discussion

To estimate a possible impact of
the fish culture farm on the aquatic
and bottom sediments quality it is nec-
essary to estimate the nitrogen and
phosphorus loading on the bay area
from its activity.

According to the published lit-
erature data [Ackefors, Sodergren, 1985;
Ennel, Lof, 1983; Ennel, Ackefors, 1991;
Wallin, Hacanson, 1991] phosphorus and
nitrogen loading from the salmon cage
farm might be presented as the scheme
expressed on figure 2. In accordance
with this scheme it is quite possible to
estimate phosphorus and nitrogen flows
in an open net cage operation of
salmon. It follows from- this scheme
that the largest amount of phosphorus
during fish cultivation accumulates in
the bottom sediments and the largest
amount of nitrogen dissolves in the wa-
ter.

The estimation results of hydro-
gen index, BODs, biogene elements
concentrations in the Pechenga bay
water are presented in Table 1.

OPOIBI, XJIOPOPTaHNYECKHE COEIUHE-
HUS — ¢ Ienblo 00HAPY>KEHUSA BO3MOX-
HOTO 3arps3HCHUS .aKBaTOPHU U [IOH-
HBIX OTIOXKEHWH, CBI3aHHOTO ¢ XO35i-
CTBEHHON JIEATENFHOCTBIO, IPEHIIecT-
BYIOMIEH MCIONBE30BAaHMI0 aKBaTOPHHU
ry0Bl U1 CAZKOBOTO BEIPAIUBAaHUSL
CEMTH. '

PesyasTaThl 4 o6cyknenne

J{nsa Toro, YTOOBI OUEHWUTEL BO3-
MOXHOE BO3fciicTBHE PBIOOBOIHOM
(dhepMBI Ha Ka4ecTBO MOPCKOH BOIBI H
JIOHHBIX OTJIOXEHHH HEoOXOOuMO oIle-
HUTH (OCHOPHYIO H a30THYIO HATPY3KY
Ha aKBaTOPHIO T'yOBl OT €€ JeATeIbHO-
CTH.

ITo omyGnuKOBaHHBEIM JIHTEpA-
TYpHBIM Marepranam [Ackefors, Soder-
gren, 1985; Ennel, Lof, 1983; Ennel, Acke-
fors, 1991; Wallin, Hacanson, 1991] doc-
bOopHYIO U a30THYIO Hérpysxy OT JIOCO-
ceBol camKkoBOH (epMBI MOKHO IIpen-
CTaBUTH B BHIE CXEMBI, NIPEICTaBIICH-
HO# Ha pucyHke 2. B cooTBeTcTBHH €
9TOM CXeMOM MOXHO OIpELeNHTh HO-
Toku ¢ocdhopa U a30Ta B OTKPHITEIX
CEeTHBIX CaJKaX TPH BHIPANIBAHUU
cemru. M3 aToil cxeMEBl clemyer, 4To
Haubonpiiee KompuectBO Qochopa B
mpoliecce BEIPAIIUBaHKA PHIObI HOCTY-
maer B /JOHHBIE OTIOXKEHHSA, a Hau-
GoJIBIIEE KOJIMYECTBO a30Ta - B BOY.

PesynpraTel onpeneneHus BOIO-
poanoro moka3zarens, BIIKs, koHIeH-
Tparnuil OHOTEHHEIX 3JE€MEHTOB B BOJE
ry6e1 - IleyeHra mpencTaBieHBl B
tabmune 1.
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DocGopHAA K 430THAS HADY3KE OT CAOKOROH
peiBoaoHoR Geputl (Rocock)
e Ko, 1 VeBauBaete
100% Gacgap DIG0i 1530 %

< L\_ 4

e

:> PacreonnaeTen
w47 B BOA0 16-26%

OceAaeT Ha H0 ¢ 0CTATKaMM
KODMA U SKCKNeMENTAMM 51-59%

Nocrymaer 3 443

C KOpMomM Ycraugaerca
e _Jy DIG0ii 21-30%

, PacTROpAGTCA
BBOAC49-60 %

DeepaetHa ﬁi"i'ncnulamamu:
KopMa M akcrpeMenTaMH 15-30 %

Puc. 2. Cxema pocopHO# 1 a30THOI HArpy3KH OT JI0COCEBOH CanKOBOM hepMBL.

Fig. 2. The scheme of phosphorus and nitrogen loading from the salmon net cage farm.
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W3yueHue GHOTOIOB MPUOPEIKHEIX SKOCHCTEM

In the area of the cages location
(Station- 1) active water reaction pH on
the layers investigated corresponded to
the “background” values (Station 2).
The value of Biochemical Oxygen De-
mand (BODs), characterizing the pres-
ence in the water of the easily oxidized
organic substances, on 0 m layers was
lower than that.on. the “background”
Station 2, but on layers' 10 m and 51 m
it was twice as higher than the back-
ground values. On 10 m layer ammonia
nitrogen concentration exceeded those
on the surface and near bottom layers

of water and on the “background” Sta- -

tion 2. Nitrite nitrogen concentration on
the surface layer and in the water col-
umn on both the stations did not differ.
Mineral phosphorus - concentration in
the surface water layer on Station 1 was
1.5 as higher than “background”

Thus, in the sea water in the cage
location area there was observed insig-
nificant content increase of the easily
oxidized organic substance, concentra-
tions of ammonia nitrogen and mineral
phosphorus. At the same time it-should
be noted that the results obtained
many-folds lower than the maximum
permissible concentranions in seawater
for the fishery activity [ITepevens puvibo-
XO3ZAUCMBEHHBIX HOPMAMUSOE ..., 1999].

Total phosphorus contents in the
bottom sediments in the cages location
area (Station 1) was 0,024 %, that on
the “background” Station 2 - 0,038 %,

B paiioHe pa3MeleHUs CanKOB
(ct. 1) aktuBHas peaxkuus Boasl pH Ha
UCCIEOBAHHEIX TOPH30HTAX COOTBET-
cTBOBaA  “(DOHOBBIM™ - 3HAUEHUSIM
(cr. 2). BenuumHa OHOXHUMHYECKOIO
nmotpednenns  xucnopoyma  (BIIKs),
XapakTepusyolas IPUCYTCTBHE B
BOJIE JIETKO OKHCIIIEMBIX
OpraHWYecK{X BEHIECTB, Ha TOPU3OHTE
0 M ObL1a HIDKE, YeM Ha “¢poHoBoi” CT.
2, HO Ha Topm3oHTax 10 M 1 51 M B 2
pasza npeBblana (OHOBEIE 3HAYEHHA.
Ha ropuzonre 10 M KOHIEHTpauMs
aMMOHHHHOTO  a30Ta  IPEBbIIANA
KOHI[EHTPaLHH B MOBEPXHOCTHOM H
IPUIOHHOM CIOSX BOJEI, & TAaKKe Ha
“doroBoit” cr. 2. KoHuerTpaunyu
HATPUTHOTO a30Ta Ha IIOBEPXHOCTH U B
TONIIE BOXBI Ha OOEHX CTaHIMAX He
OTJIHYATHCE. KonneHTpanyis
MuHepanpHoro  Qocdopa” B mO-
BEPXHOCTHOM CJI0€ BOAHI Ha cT. 1 B 1.5
pasa mpeBblaa “GOHOBYIO” KOHIIEH-
TpauufbakuM 00pa3oM, B MOPCKOH BO-
Je B palioHE pa3MEIIeHWs CagkoB Ha-
Omonanoch HE3HAYUTEIBHOE YBENIHUYE-
HHE COICPIKAHMS JIETKO OKHCIIeMOTO
OpTaHWYECKOTO BEIIECTBA, KOHIEHTPA-
uuit aMMOHUMIHOTO a30Ta U MUHEPAIIb-
HorO ocdopa. B To ke Bpems crienyer
OTMETHTB, YTO TONYyYSHHEIE PE3yNbTa-
TBI BO MHOT'O pa3 MeHbIIIe pHI00X03dMH-
CTBEHHHIX IPENEeNBHO  JIOIMYCTHMBIX
KOHLEHTpallull [Ilepeueny pwiboxossii-
CMEEHHBIX HOPMAMUEOs ..., 19991

Conepxanue obmero docopa B
JOHHEIX OCAaJKax B paiioHe paclo-

" OXeHHs caakoB (CT. 1) . COCTaBIANO

0.024 %, a na “¢onoBoK” cT. 2 —
0.038 %, uTO COOTBETCTBYET COAepXa-
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H3zyyenue GUOTONOB NPHOPEXKHBIX FKOCHCTEM

which corresponds to the phosphorus
contents in the bottom sediments of the
Kola peninsula coastal zone <0,04 %
[Gurevich, 1995]. This testifies absence

of bottom sediments contamination in

thév cages location area by excrement
and unused feed.

Heavy metal concentrations in
water and in the bottom sediments of

HUIO (hocdopa B HOHHBIX OTIOXECHHIX
npubpexsoit 30HE Kospckoro moiry-
octposa <0.04 % [Gurevich, 1995]. D10
CBHJIETENBCTBYET 00 OTCYTCTBHH 3a-
IpA3HEHHs JOHHBIX OCAafKOB B paiioHe
pa3sMeNIeHNs CaJKOB 3KCKPEMEHTaMHU U
HEHCIONB30BaHHBIM KOPMOM.
KoHIeHTpanuu TSHKETBIX MeTall-
JIOB B BOJIE M JOHHBEIX OCaikax TIyOEI

the Pechenga bay are presented in Ta- Ileyenra npeHCTaBHeHH B Tabmu-
bles 2 and 3. | max 2 u 3.
Tabnauna 1. XapaKTepHcm;ca KadecTBa BOJbI ryOs! IleueHra
10 CTaHJAPTHBIM IMAPOXHUMHUIECKUM [IOKA3aTelIM
Table 1. Quality characteristics of Pechenga bay water
by the standard hydrochemical indices
. KoHueHTpauus, mr/n
Cranuus Fry6ita, oH (Concentration, mg/l)
Station Depth, m BMKs
, (BOD.) N-NH, N-NO; | P-PO,
1 0 78 | 015 0.08 0.003 | 0.025
10 7.9 0.30 0.11 0.002 | 0.019
51 8.1 0.26 0.05 0.003 | 0.015
2 0 8.0 0.20 0.10 0.003 | 0.015
10 8.0 0.15 0.00 0.002 | 0.019
21 8.1 0.11 000 | 0003 | 0014
o - 6585 30 226 | 0024 | -

* Maximum Permissible Concentration in seawater
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Taonauna 2. KoHnenTpanun TsSHKEIbIX METAILIOB B BoJie I'yOsI Iledenra, MKI/

. Table 2. Heavy metal concentrations in the Pechenga bay water, mkg/l

Craups | Tnybuwa, M | ol 270 1 N | or | Mn | co | Fe | Pb | cd | Hg
Station Depth, m .
1 0 1.2 | 4.1 1.3 4.3 1.0 | <1.0] 332 | <2.0 | <02 |0.03
10 14 1107 1.0 2971 <10} <1.0]| 220 | <«.0} <0.2 | 0.08
51 1.2 ] 42 | <1.0)] 45 1.0 ] «1.0] 289 | <2.0] <0.2 | 0.07
2 0 1.0 | 39 1.3 5.0 12 (<10 33.6 | <20 | <0.2{0.07
10 1.1} 53 |<1.0]| 39 | <10 |<1.0| 214 | <2.0]<0.2]0.06-
21 1.1 8.0 | <1.0]| 3.7 1 <10} <10 247 | <.0|<0210.05
rg/l;{ 50 1500100200500/ 5.0 50.0 { 10.0 | 100 | 0.10
MPC *

* Maximum Permissible Concentrations in seawater

Tadauna 3. Coaep:xaHie TSHKEIBIX METANJIOB B IOHHEBIX Ocajkax ryOri Iledenra,
MKT/T CyXOro Beca

Table 3. Heavy metal content in the Pechenga bay bottom sediment,mkg/g dw

CraHuua | TnybuHa, m . F

_ cu |l zn | Ni | Ccr | Mn | Co | & | P | Cd | Hg

Station Depth, m . %
1 52 159 | 421 34.2 109 304 92 1.77 16.6 040 | 0.036
2 22 15.7 50.9 345 95.2 266 9.2 1.82 17.4 040 | 0.040
| HoxHbie Bottom »
ocajKH sediment of :
Muposoro the World 250 165 225 90.0 6700 74.0 5.74 80.0 0.42 0.40
OKEaHa Ocean
Nickel, chrome, cobalt, lead, Hukens, xpoMm, kK06aasT, CBHHEL,

cadmium and mercury are not referred
- to biogene microelements and are al-
ways present in the clean sea waters in
the extremely low concentrations. Cop-
per, zinc, manganese and iron partici-
pate actively in the metabolic processes
of the aquatic organisms, in spite of this
metals concentrations in the Pechenga
bay waters on Stations 1 and 2 were

KagMuil ¥ PTYTH HE OTHOCIICI K
OMOreHHEIM MHKPO3JIEMEHTAaM ¥ BCerJa
MPUCYTCTBYIOT B YHCTHIX MOPCKUX BO-
JlaX B OYCHb HH3KHX KOHIEHTPALMAX.
Mens, UMHK, MapraHell H JKeJe30 ak-
THBHO YYacTBYIOT B MeTaGoNMIecKHX
npoueccax BOAHBIX OPTaHHU3MOB, TEM
HE MeHee KOHICHTPAIMH 3THX MeTall-
708 B BoJie ry0pr Ievenra Ha cT. 1 u 2
ObUTH B HECKOJIHKO Pa3 HIDKE YCTAaHOB-
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several times as lower that the estab-
lishes standards in seawater for the
fishery activity (see Table 2) [ITepeuens
PoIbOXO3AUCMBEHHVIX ~ HODMAMUBOE ...,
1999].

On Station 1, located between
“the fish cages, zinc concentration in
water on depth 10 m was twice higher
than that in the surface and in the near
bottom water layers which might be
connected with the insignificant impact
of the fish culture farm. '

Bottom sediments on Station 1
are presented as sea sand of the dark
gray color, those on Station 2 — by silt
of the dark gray color, but heavy metals
contents in the bottom sediments on
both the stations did not differ confi-
dentially (see Table 3). The heavy met-
als contents in the marine bottom sedi-
ments is not standardized from the
point of view of marine fishery . To
estimate the heavy metals contents lev-
els in the bottom sediments of the
Pechenga bay we shall compare them
to the clarks of heavy metals in the
Earth crust and in the bottom sediments
of the World Ocean (see Table. 3)
[Gurevich, 1995].

The results obtained testify ab-

sence of contamination with heavy
metals of both: water and bottom sedi-
ments of the Pechenga bay in the area
of fish culture farm location.

Concentrations of the saturated
aliphatic hydrocarbons (n-paraffins) in
water and in the bottom sediments of
the Pechenga bay are presented in Ta-
bles 4 and 5.

JICHHEIX PHIOOXO3AUCTBEHHBIX HOpMa-
Tabm.  2)

puiboxo3slicmaEen bl

TUBOB  (CM. [IIepeuens
Hopmamueos ey
1999]. Ha cr. 1, pacmionmokeHHOM Mex-
Iy pHIOOBOJHBIMH CaJKaMH, KOHIIEH-
Tpanus UWHKA B Boje Ha rinydune 10 M
B 2 pasa IIpeBHIIaIa KOHIEHTPAUHU B
ITOBEPXHOCTHOM H MPUIOHHOM - CIOSX
BOJPBI, YTO MOXET OBITH CBA3aHO C He-
3HAYUTENBHBIM JIOKAIGHBIM BIIHAHHEM
pHICOBOIHON GepMBI.

JonHEIE ocagku Ha cT. 1 mpen-
CTaBIEHBl MOPCKHM IIECKOM TEMHO-
CEporo IBETa, a Ha CT. 2 — HIOM TeM-
HO-CEpOro LBETa, OJHAKO COACPKAHUE
TSOKENBIX METAJUIOB B KOHHBIX OCAIKaX
Ha 00eux CTaHIHAX JAOCTOBEPHO HE
oriyanock (cM. Tabi. 3). Coxepxanue
TSKETBIX METAIIOB B MOPCKUX JOHHBIX
ocajKax C MO3WLIUH PHIOHOTO XO3AHCT-
Ba He HOpMHpYeTcs. [{st TOTO, UTOGHI
OLIEHHTh YPOBHU COACPXKAHHSA TsDKE-
JBIX METaIOB B AOHHBIX OCaJIKaX Iy-
Ob! [legenra cpaBHMM WX C KIapKaMH
TAKENBIX METANIOB B 3eMHOHM Kope #
IOHHBIX Ocankax MupoBoro oxcana
(cM. Tabmn. 3) [Gurevich, 1995].

Ilonmy4eHusle pe3ynbTaThl CBH-
JETENbCTBYIOT 00 OTCYTCTBHH 3arpsi3-
HEHUS TSDKENBIMH METaIaMH BOJHI 1
JIOHHBIX OcankoB I'yOwl Ileuenra B paii-
OHE pa3sMEIIECHUs PEIOOBOJHOI hepMEL

KOH]’.ICHTpaIII/II/I HAaCBIMCHHBIX
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On stations 1 and 2 aliphatic hy-
drocarbons concentrations in the wa-
ter column several times as higher than
the maximum permissible concentra-
tion in sea water for the ﬁshery activity
which is 0,05 mg/l [ITepeuens puiboxo-
3ATICMEEHHBIX HOPMAMUBO0E ..., 1999].

Contamination of the Pechenga
bay aréa with oil hydrocarbons has
nothing to do with the fish culture farm
activity and is connected with the pre-
céding usage of the bay as the naval

base.

amipaTHIecKux YIIIEBONOPOJNOB  (H-
napadHOB) B BOJE M JOHHBIX OCaJKaX
ryOs! Iledenra mpencTaBieHs! B TabIH-
max 4 u 5.

Ha cr. 1 m 2 KoHIEHTpalHuH
anmiaTAIecKHX  YINIEBOAOPOZOB B
TOJIIE BOABI IIPEBHIIAIOT B HECKOIBKO
paz poiboxossiicrBennyo ITJIK, pas-
uyto 0.05 mr/n [llepeuensv pwiboxossiicm-
BEHHbBIX HOPMAMUBOS ..., 1999].

3arpsisHeHHe aKBaTOpUM IyOBI

Ieyenra BedTAHEIME YTIIEBOIOPOJAMH
HE MMeeT OTHOIIEHUS K IeSTeIbHOCTH
peIOOBONHOM depMEBI, a CBA3aHO C
MPEIIecCTBYIOMUM  HCIIONb30BaHUEM
ry0sl B KayecTBE BOEHHO-MOPCKOH
0assl.

Taéauna 4. Konuenrpauws anpdaTHIecKux yriieBoJopoaoB (H-napadHHoB)
B Boje ry6ol [legenra, Mr/n

Table 4. Concentrations of aliphatic hydrocarbons (n-paraffins)
in the Pechenga bay water, mg/1

CraHuus Tny6buna, m H-napaduHbi (C10-C31)
Station Depth, m n-paraffins (C10-Ca1)

1 : 0 0.151

10 0.134

51 0.015

2 0 0.141

10 0.063

21 0.096

TTJIK p/x - 0.050
MPC)*

* Maximum Permissible Concentrations in seawater
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Ta6auua 5. Konnerrpauuy anudaTHaecKux yrieBojopoaos (H-napaduHoB)
: B Boje ry6OnI [ledenra, Mr/n

Table 5. Concentrations of aliphatic hydrocarbons (n-paraffins)
in the Pechenga bay water, mg/l

CraHuums [ny6una, m H-napadwutsl (C10-Ca1)
Station Depth, m n-paraffins (C10-Ca1)
52 0.82
2 22 3.48

In bottom sediments on stations
1 and 2 n-paraffins contents was 0,82
and 3,48 mkg /g of dry weight (see Ta-
ble 5). Standard for oil hydrocarbons
contents in marine bottom sediments
are absent, thus, we shall compare the
results obtained with the n-paraffins
contents in the bottom sediments from
the open part of the sea and the Kola
bay, the ecosystem of which endures a
significant anthropogenic loading. Ac-
cording to the PINRO data the average
contents of the aliphatic hydrocarbons
in the bottom sediments of the open
little contaminated areas of the Barents
Sea is 3,3 mkg/g dry weight, in the bot-
tom sediments .of the Kola bay this
value reaches 38,7 mkg/ g dry weight.
Thus, contents in the
Pechenga bay bottom sediments corre-
sponds to that for the open little con-
taminated areas of the Barents Sea.

n-paraffins

Concentrations of polycyclic
aromatic hydrocarbons (PAH) in water
and in bottom sediments of the
Pechenga bay are presented in tables 6
and 7.

B nounpix ocagkax Ha ¢1. 1 1 2
comepxanue H-mapaduHOB COCTABISIO
0.82 u 3.48 MKr/r cyxoH Maccsl (cM.
T1abn. 5). HopmatuBel Ha conepikanue
HE(TAHBIX YIIEBOJOPOAOB B MODPCKUX
JOHHEBIX 0OCaJKaX OTCYTCTBYIOT, IIO3TO-
My CpaBHUM IIONy4EHHEIE Pe3yNbTaThl
C colepkaHneM H-mapadUHOB B JOH-
HBIX OcaJKax OTKphITOH wactu Bapen-
nesa mops u Konbckoro sanuea, 5xo-
CHCTEMa KOTOPOTO HCIBITHIBAET 3HAYH-
TENBHYI0 aHTPONOreHHYI0 HArpy3KY.
Ilo mamsemM- IIMHPO cpennee conep-
XKaHHe ATH(QaTUIeCKUX YIiIeBOIOPOLOB
B JIOHHBIX 0CaAKaX OTKPHITBIX Majlo3a-
IpsA3HEHHBIX paiioHoB bapeHiieBa Mops
cocTapiger 3.3 MKI/T cyxoit Macchl, a B
IoOHHBIX ocaakax Konbckoro zanmsa
JocturaeT 38.7 MKI/T cyxo0#l Macchl.
CrnenmoBaTensHO, = cojepxaHue  H-
napaguHOB B JOHHEIX OCajKax IyObI
Ieuenra COOTBETCTBYET TAKOBOMY JIIS
OTKPBITHIX MAallO3arpsA3HEHHBIX paii-
oHos BapeHniesa Mops.

Konuentpanuu - mogunukiInye-
CKHX apOMAaTHYECKHX YITIEeBOZOPOAOB
(I1AY) B BOEE W [OHHEIX OCaAKax
ry6wr Iledenra npencrasneds! B Tabiu-
max 6u 7.
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Tabmuna 6. KoHueHTpayi DONMLHKINYeCKHX apOMaTHIECKHX yIileBogopoaoB (IIAY)
B Bozte ryGrI [ledenra, HI/n

Table 6. Concentrations of polycyclic aromatic hydrocarbons (PAH)
in the Pechenga bay water, ng/l

Crtan- | 'nybuna, m de- ®nyo- | XPuseH + g:szg)ii; BeHs(a)- éﬁiiﬁ: T NAY
tiA Depth, m Hakn- pak- ai(—:;Hs(a)— chnyopan- mpeH aWtpa- | I PAH
Station ’ TpeH TeH pater TeH ' LeH '
1 0 38 12.3 6.0 13.6 0.0 1.9 37.6

10 1.7 44 33 4.4 0.0 1.5 15.3

51 1.1 4.9 0.0 0.0 0.0 0.0 6.0

2 0 3.5 13.3 54 11.7 0.0 2.1 36.0
10 1.1 | 66 0.9 2.3 0.0 0.0 10.9

21 0.4 4.4 0.9 2.3 0.0 0.0 8.0
Hydrocarbons of the non- Yrinesomopoasl  HeapoMaTHie-

aromatic structure (n-paraffins and oth-
ers) are usually present in the sea water
in concentrations which are the order as
higher the concentrations levels of the
poly-cyclic aromatic hydrocarbons. In
spite of this the PAH are the major ob-
servation object in the environment as
they are distinguished by the increased
toxicity. Nowadays the World Ocean
contamination with PAH is of global
character. The major source of their
input into the marine environment is
the atmospheric fallout which is more
possible that direct input as the non-
substituted PAH are formed at the com-
bustion of the fossil fuel. Among
individual PAH in the Pechenga bay
waters there were prevailed different
“compounds which are formed either as
the result of the incomplete combustion
of the fossil fuel and different sub-

CKOU CTPYKTYpHI (H-mapaQuHbl ¥ 1p.)
OORIYHO TIPUCYTCTBYIOT B MOPCKOH BO-
e B KOHuéHTpauHax, KOTOpEIE Ha I10-
PANOK TIPEBBHILIAIOT YPOBHH KOHIEH-
TpaIdil TOTUIUKIHYECKHX apoMaTHIe-
CKHX YTIJIEBOJOpOIOB. TeM He MeHee
uMeHHO [TAY ABISIOTCA TIIaBHBIM 00b-
eKTOM HaGIOZCHUS B OKpYKaroleH
cpeze, MOCKONBKY OTIAYAOTCA IIOBHI-
MIEHHOW TOKCHYHOCTHIO. B Hactosmee
BpeMs 3arpssHeHne MHPOBOTO OKeaHa
ITAY Hocur roGanpHEIL Xapakrep.
OCHOBHBIM HCTOYHHKOM HX TIOCTYILIE-
HHS B MOPCKYIO CPELy SBIAIOTCS aTMO-
chepHEle BHIMIAACHHUSA, YTO Oolee BEpo-
ATHO, YE€M MPAMOE IOCTYIUIEHHE, Tak
Kak HesamelleHHbIe [TIAY o0pa3zyrorcs
IPH CTOPaHHH HCKOTIAEMOTO TOILIHBA.
W3 unpuBunyansHeix [TIAY B Boge ry-
0p1 Iledenra mpeoGraganu coenuHe-
HHS, KOTOpEIE 00pasyroTes mubo B pe-
3yJBTAaTe HEIMOJTHOTO CrOPaHUs HCKO-
[aeMoro TOIIMB2 W Pa3THYHBIX Be-
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Vi3yueHue GHOTOIOB IIPUOPEXHBIX SIKOCHCTEM

stances of the organic origin, or are the
products of the long-term degradation
of the aromatic hydrocarbons in the
sea. Indicator compound -
benzo(a)pyrene in the Pechenga bay
waters is not revealed. Among the PAH
determined only benzofluoranthenes
and dibenzoanthracenes show carcino-
genic and mutagenic activity.

In consequence of absence of
standards PAH’s content in the seawat-
ers for the fishery activity nowadays,
the data on the PAH content in the wa-
ters of the relatively clean areas of the
World Ocean might serve an approxi-
mate reference points for the estimation
of minimal concentrations correspond-
ing to the global background level. Av-
erage PAH concentration in the sea
water of the clean Antarctic areas
which equals to 20 ng/l and which var-
ies in the range 7-73 ng/l might be
taken as such reference point [Cripps,
1995].

Summarized PAH concentrations
in the Pechenga bay water column en-
ter this range that is close to the global
background level (see Table 6).

Summarized PAH concentration
in the bottom sediments on stations 1
and 2 differ greatly (see Table 7). Ac-
cording to PINRO data the summarized
PAH concentration in the bottom sedi-
ments of the fishing area Rybach’ya
banka in the Barents Sea varies in the
range 14.5-29 ng/g dry weight. The

IIECTB OPTAaHHYECKOro IIPOHUCXOXE-
HYSA, OO0 SBIIOTCSA MPORXYKTaMu JTH-
TEeABbHOH Jerpajanyy B MOpe apoMaTu-
YEeCKUX YIJIEBOJOPOROB. MHaukaTop-

© HOe coemuHeHHe — Oen3(a)llupeH B BO-

ne ryoer Ileuenra me oOHapyxeH. U3
omupenencHHpIx [IAY xanneporeHHyo
U MYTareHHYI0 aKTUBHOCTH NMPOSBIISAIOT
TonbKO OenszdayopanTensl u IuOEH-
3aHTpaLleHbl.

B nacrosuiee BpeMs OTCYTCTBY-
I0T HOpMaTuBEl conepxkaHus IIAY B
BOJIE PHIOOXO3SMCTBEHHBIX BOIOEMOB,
IO3TOMY [aHHBIE O KOHIEHTPALHSX
IIAY B MOpCKOH BOJE OTHOCHTEIBHO
YUCTHIX palioHOB MHpPOBOro okeaHa
MOTYT CHIYXHTb NPUOIM3UTENEHBIMHA
OpPHEHTHpAMHU IS OLEHKH MUHHUMAJIb-
HBIX KOHIEHTpALlWi, COOTBETCTBYIO-
mux TI00anbHOMY GOHOBOMY YPOBHIO.
B kauecTBe TaKOro OpUEHTHpPa MOXKHO
INPUHATH CPEeHIO  KOHIIEHTPAIIO
ITAY B MOpCKOM BOZE YUCTBIX pailOHOB
AwurapxTuxu, paBHyro 20 HI/n, npu
uHTepBane konebanuii ot 7 mo 73 Hr/n
[Cripps, 1995].

CyMmapHsbIe KOHIICHTPaIHH
ITAY B tomme Boanl ry0nr Ileuenra
YKIaIBIBAIOTCS B BTOT HMHTEpBal, TO
ecTb ONMH3KH K TII00aNbHOMY (OHOBO-
My ypoBHIO (cM. TalIL. 6).

Cymmaphoe conepxkanue [TIAY B
JOHHBIX Ocajgkax Ha cT. 1 u 2 odeHp
cunpHO oTimuaercs (cMm. tabn. 7). o
manabiM 1IMHPO cymmaproe comep-
xkanne IIAY B DOHHBIX OCagKax IIpO-
MBICIIOBOTO paiioHa Pribaubs Ganka B
BapenueBoM Mope Baphupyer oT 14.5
a0 29 Hr/r cyxoil Maccel. ['yba Ileden-
ra OTHOCHUTCS K 3TOMY XK€ IPOMBICIIO-

— 164 —




H3zyyenne 6moTONOR NPHOPEKHBIX IKOCHCTEM

Pechenga bay is referred to the same
fishing area, and in the bottom sedi-
ments on Station 1 the summarized
PAH content (27.2 ng/g dry weight)
_enters this range of values pointed out
above. PAH content in the Pechenga
bay bottom sediments on Station -2 is
almost 10 times higher, than on Station
1 (256.4 ng/g dry weight). This testifies
to the presence of the local contamina-
tion source of the Pechenga bay bottom
sediments with polycyclic aromatic
hydrocarbons. Such high PAH content
is not observed even in the bottom

sediments of the Kola bay enduring the -

constant anthropogenic contamination.
Analysis of the aromatic hydrocarbons
individual composition allows to judge
to some extent on the sources of their
origin. In the bottom sediments of the
Pechenga bay PAH with molecular
weights 202, 228, 252, 276 dominate,
they are typical products of combustion
of both: fossil and transport fuel [Niko-
lau et al., 1984].

Thus,
Pechenga bay bottom sediments with

contamination of the

polycyclic  aromatic  hydrocarbons,
showing carcinogenic and mutagenic
activity, is the consequence of the pre-
vious economic activity on the bay
area.

Persistent organochlorine hy-
drocarbons — pesticides and polychlori-
nated biphenyls are the toxicants of the

global distribution, which are not hav-

BOMY pailoHy M B JOHHBIX OCajKax Ha
cr. 1 cymmaproe conepxanue ITAY
(27.2 Br/r cyxo0¥ Macchl) YKIIaAbIBAETCS
B HHTEpBaN KoneOaHWH yKa3aHHBIX
Beiie 3HadeHuil. Coxpepxxanue [TAY B
JOHHBIX ocankax ryOsr 1leuenra Ha cr.
2 nouru B 10 pa3s BeIle, yeM Ha CT. 1
(256.4 Hr/r cyxoit Maccel). ITO CBHIE-
TENBCTBYET O HAMYHM JIOKAJIBHOTO
HCTOYHHKA 3aTPA3HEHMS NOHHBIX 0Ca-
KOB ry0Bl MOJHIUKITHYECKAMH apoMa- '
THYECKUMHA yrnéBonopo/;LaMH. Taxoro
BEICOKOTO cofiepxanus [TAY Her maxe
B NOHHBEIX ocankax Kompckoro 3ammsa,’
HCIIBITBIBAIOLIETO IIOCTOSHHOE  aHTPO-
IIOTE€HHOE 3arpsi3HEHUE. AHAIN3 HHIH-
BHAYaJBHOIO0 COCTABA apOMAaTHYECKHX
YITEBONOPOLOB B HEKOTOPOH CTemeHH
[I03BOJIAET CYIOWTH 00 HCTOYHHKAX HX
DPOHCXOXACHNA. B HOHHBIX oOcagkax
ry6sr Ileyenra pmomuuupyior ITAY ¢
MOJIEKYJIApHEIMA Maccamu 202, 228,
252, 276, apnmiompecs XapakTepHEIMH
IPOAYKTaMH CrOPAHHS UCKOMAEMOro H
TPAHCNOPTHOrO TOTUIMBA [Nikolau et al.,
1984].

Taxum oOpasom, 3arps3HeHHe
IOHHBIX ocankoB ryorl Ileuenra momu-
UMKINYECKUMH apOMATHYECKHMH YT~
JIEBOZOPOJAMH, HPOSBIAIOIIAMHA KaH-
LEPOreHHYI0 W MYTAareHHyIO aKTHB-
HOCTB, SBIAETCS CIIEACTBHEM TpelIe-
CTBYIOLICH XO3IHCTBEHHOH MeATENLHO-
CTH Ha aKBATOPHHU T'YOEL.

ITepcucrenTHrle  XNOpHpOBaH-
HBIE YITEBOAOPOABI — MECTHUHABI H
HOMUXNOPOH(EHMITBI SIBISIOTCS TOKCH-
KaHTaMH To6ansHOropacmpocTpade-
HHA, He MMEIOIUMMH NPHPOJHBIX aHa-
noros. Onm mocrynaroT B bapenueso
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ing natural analogues. They enter the
Barents Sea with the Atlantic waters
and as the result of the large scale at-
mospheric transfer.

The data on the organochlorine
pesticide concentrations. in the water
and in the bottom sediments of the
Pechenga bay are presented in Tables 8
and 9.

Concentrations of the hexa-
chlorocyclohexane  (HCH), hexa-
chlorobenzene (HCB), chlordanes,
DDT in the Pechenga bay waters corre-
spond to the concentrations typical of
the water masses in the south-west part
of the Barents Sea and do not exceed
the maximum permissible concentra-
tions in seawater for the fishery activity
[[lepeuenv puwiboxosaticmeennvix Hopma-
musoe ..., 1999]. Concentrations of O-
HCH in the Pechenga bay waters var-
ied in the range 0,52-1,11 ng/l, and
those of y-HCH corresponded to the
analytical zero. Dominance of the iso-
mer O-HCH in the water points out to
the relatively old contamination of the
marine environment with this pesticide.

Typical technical DDT contains
in its composition the mixture of iso-
mers: p,p’ - DDT - 77,1 %, p,p’ - DDD
- 0,3 %, p,p’ - DDE - 0,1 %. As the
result of the long-term physical-
chemical and biological processes oc-
curring at the sea, DDT transforms into
more stable metabolites DDD and
DDE. According to the literature data
in the biotic and abiotic components of
the Arctic marine ecosystems the ratio
of DDT/DDE concentrations is <1

MOpE ¢ aTHaHTHYeCKUMH BONaMH H B
pe3yibpTaTe KpyIHOMACIITabHOro aT-
MochepHoro nepenoca.

JlaHHple O KOHLEHTpAIUAX XJIO-
POPTaHMYECKHX NECTHOHUIOB B BOAE H
IOHHEIX ocankax Iyosr Ilewenra mpen-
CTaBIIeHHI B TaOnHUax 8 u 9.

Konuenrpamuu TrexcaxiopluK-
sorexcana (I'XIII"), rekcaxmopGeH3ona
(T'XB), xnopmanos, JAT B BOone rybwr
Ilewenra COOTBETCTBYIOT KOHIEHTpA-
[SIM, XaPaKTePHBIM Ui BOJHBIX Macc
1oro-3amagHoi dacTu bapenneBa Mops
U HE NPEBEBIMIAIOT PHIOOXO03AHCTBEHHYIO
ITOK  [Hepewens puiboxossiicmeennbix
nopmamueos ..., 1999]. Konuentpanuu
anppa-I'’XUI" B Bome ryber Ileyenra
BapeupoBatn B uHTepBaie 0.52-1.11
Hr/n, a xoHreHTpamuu ramma-I' XTI
COOTBETCTBOBAIH aHAIHTHIECKOMY
Hy10. JJOMUHHPOBaHHE B BOJE H30MeE-
pa amsda-I'’ XL ykaspiBaer Ha JOCTa-
TOYHO HAaBHee 3arps3HeHHe MOpPCKOoH
Cpenbl 9TUM TECTHLIHAOM.

Tunuunei#t texuumdeckuit T
COIEPXKWUT B CBOEM COCTaBe CMECh
usoMmepos: p,p’- AAT ~ 77.1 %, p,p’-
00 - 0.3 %, pp’- JAE — 0.1 %. B
pe3ynbTate  JUIMTENBHEIX  (QU3UKO-
XUMHAYECKIX 5 GHOJIOTHYECKUX
TIPOLIECCOB, NPOUCXOAAIIHUX B MODE,
OOT tpanchopmupyercs B Oomee
crofixne Merabommter JJAJ m JE.
CornacHo JNUTEpaTypHBIM JaHHEIM, B
GHOTHICCKOH " abHOTHIECKOH
KOMIIOHEHTaX MOPCKHX apKTHYECKUX
3KOCHCTEM OTHOINEHHE KOHIEHTPAIMH
HAT/AOE <1 [Chernyak et al., 1995;
Iwata et al, 1993]. Pe3ymerarh
OIpe/IeNIeHNs. OTHOCUTENBHOTO COMEP-
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[Chernyak et al., 1995; Iwata et al., 1993].
The estimation results of the DDT me-
tabolites relative contents in the
Pechenga bay waters show that the ra-
tio of p,p’-DDT /p,p’-DDE concentra-
tions exceeds significantly 1. This fact
testifies to the “fresh” input of DDT
into the Pechenga bay ecosystem.

Organochlorine pesticides con-
tent in the marine bottom sediments is
not standardized, thus, to estimate their
concentrations in the Pechenga bay
bottom sediments is possible only
comparing them with the pesticides
concentrations in the Barents Sea bot-
tom sediments. According to the
PINRO data in the Barents Sea bottom
sediments (the fishing area is Ry-
bach’ya banka) summarized content of
hexachlorocyclohexane varied in the
range 0,07- 0,18, hexachlorobenzene -
0,02-0,04, DDT - 0,38-1,35 ng /g dry
weight, which is significantly low than
the concentrations revealed in the bot-
tom sediments of the Pechenga bay
(see Table 9).

It is known that y-HCH in the
environment is decayed by micro-
organisms and is isomerized photo-
chemically into a more stable isomer ¢~
HCH. Thus, the increase of the relative
contents of -HCH in comparison to
other isomers testifies to the more dis-
tant as for its location and the period
source of contamination [Benezet, Ma-
tsumara, 1973] . In the bottom sediments

xanus merabonuros T B Boge ryObt
ITeyenra moKa3eIBAIOT, YTO OTHOIIEHUE
KOHUEHTpAIHi p.p’-A1T/p,p’-ALE
3HauuTeNnpHO Oombine 1. DTO cBUAE-
TENBCTBYET O “‘CBeXeM’ TOCTYIUICHHH
T B akocucremy ry6n! [Tegenra.
ConepxxaHue XJIOpOPTraHHIeCKUX
NECTHLHIOB B MOPCKMX JOHHBIX OCal-
Kax HE HOPMHUPYETCs, IIOITOMY Ole-
HUTHP HX KOHIEHTpalMd B JIOHHBIX
ocankax ryosr lleuenra MoxHO npH
CpaBHEHHMH C COJEPXKaHHeM IIeCTHIH-
OB B JIOHHBIX Ocaznkax bapenmesa mo-
psa. 1lo mammemv ITMHPO B nomueIx

ocaznkax bapeHneBa Mops (IIPOMBICIIO-.

BBl paitoH Pribaubs OaHka) cymmap-
HOE COJAEpKaHHE IeKCAXJIOPIHUKIOrEK-
cana Bapeuposamo ot 0.07 go 0.18,
rexkcaxnopbemnzona — or 0.02 go 0.04,
JAT — ot 0.38 mo 1.35 Hr/r cyxoi
Macchl, YTO 3HAUHTENBHO HIDKE KOH-
LeHTpalnii, 0OHapy>XEHHBIX B JOHHBIX
ocankax ry6s Ileuenra (cMm. Tabu. 9).
Wzsectno, uro ramma-I'XII" B
OKpy Karoleii cpeyie paznaraeTcsi MHK-
poopraHu3MaMu M m3oMepusyercs §o-
TOXHMHYECKH B 0Oonee CTaOMIBHEIMA
momep anbda-IXII. IMostomy yBe-
JUYSHHUE OTHOCUTEILHOIO COIEP KaHHs
anbda-I' X[ o cpaBHEHMIO C APYIH-
MH H30MepaMi CBHAETEIBCTBYET O 60-
Jiee yAaNeHHOM B IPOCTPaHCTBE U BO
BPEMEHH WCTOYHMKE 3arpsA3HEeHus [Be-
nezet, Matsumara, 1973]. B mOHHBIX
ocankax ry6sl Ileyenra orHomieHHE
ansda-I" XU /ramma-I'XIII" Bappupyer
ot 0,24 no 0.45, m yka3pIBacT Ha He-
JlaBHEE 3arpsA3HEHUE 3KOCHCTEMBI I'yOBI
reKCaxJIOPIMKIOreKCaHOM. B TOHHBIX
ocankax ry0Oel, Kak ¥ B BOZE, OTHOLI-
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of the Pechenga bay, as well as in the
water, the ratio o-HCH/y-HCH was

significantly higher than 1 which is

typical of “fresh” contamination.

In the majority of the countries
including the former Soviet Union, us-
age of DDT was prohibited in 70s,
thus, the fact when the traces of the
fresh input of DDT into the Pechenga
bay ecosystem were found, is unex-
plainable.

Polychloriated biphenys (PCB)
are widely used in the industry. They
are applied as dielectric in the trans-
formers and in the large condensers, in
the heat transfer systems, hydraulic
systems, they are included into the
composition of the lubricating and
cooling oils, are used as plastifiers, be-
sides, they are used in the dyes, glues,
putties and plastics.

. The data on the polychlorinated
biphenyls concentrations in the water
and in the bottom sediments of the
Pechenga bay are presented in Tables
10 and 11.

According to the PINRO data in
the south-western part of the Barents
Sea on the Rybach’ya banka summa-
rized PCB concentrations in the water
varied in the range 1,56-3,02 ng /l, in
the bottom sediments — 0,25-0,6 ng /g
dry weight. Summarized concentrations
of PCB in water and in the bottom
sediments of the Pechenga bay ex-

mue p,p’-AAT /p,p’-AHE 6buio 3HAYM-
TeNnbHO OounbIue 1, 9TO XapaKTepHO IS
“crexero” 3arpA3HCHHUS.

B OGonpmmeCTBE CTpaH, B TOM
gucie 1 B OpiBIeM CoBerckoM Coro3e,
npumerenre JIJIT OpL10 3alperieHo B
70-e ropel, MO3TOMY COBEPIICHHO He-
O0BACHUM (aKT OOHApPYKEHHS CIEHOB
ceexero nocrymienus T B skocu-
cremy ry6er [leuenra.,

TlonuxnopOudenust (ITXB)
HIMPOKO IPUMEHSIOTCS B NPOMBILLIEH-
HocTH. OHM HCIONE3YIOTCA B KAYECTBE
IU3NEKTPUKOB B TpaHchopMaTopax H
KPYIHBIX KOHJEHCATOPaX, B CHCTEMAaX
TEeTIONepeadn, THIPABIMYECKHX CHC-
TeMax, BXOJIT B COCTaB CMAa30YHBIX H
OXJIAKIAIOIIKX Macell, B Ka4ecTBe Iia-
crudHKaTOpa MCIOJB3YIOTCS B Kpacu-
TenmsiX, KiIefx, 3aMasKaX H IUlacTMac-
cax.

JaHHEIE O KOHLEHTpAaUMAX MOo-
JXJIOpOHGEHNIOB B BOZE M JOHHBIX
ocagkax ry0er I[ledenra npencraeieHs!
B Tabnumax 10 u 11,

ITo mampem IIMHPO B 1oro-
3anafHoif wacTu bapeniiesa Mops Ha
Pri6auneif GaHKe CyMMApHBIE KOHIEH-
Tpammu IIXB B BOJE BaphHPOBATH OT
1.56 g0 3.02 ur/n, a B JOHHBIX OCagKax
— ot 0.25 mo 0.6 HI/r cyxoH Maccsl.
Cymmapable Konuentpanuu I[IXB B
BOJIE M IOHHBIX ocajkax ryor! Ileuenra
B HECKOJIBKO pa3 MPEeBIMIANH 3TH 3Ha-
geHud (cM. Tabn. 10 u 11). I3 uaausn-
IyanbHBIX COCOVHEHHH NOMUHHPOBAIM
[IEHTa- U FEeKCaXJIOPHUPOBAHHBIE KOHIH-
Heps! [IXB ¢ nomepamn 153, 138, 118,
105, 101, 99, Bxopsmiue B cocras HuH-
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ceeded these values in several times
(see Tables 10 and 11). Among indi-
vidual compounds there dominated
penta- and hexachlorinated PCB con-
geners with numbers 153, 138, 118,
105, 101, 99, included into the compo-
sition of the industrial mixtures Aroclor
1254, Aroclor 1260, etc.

A higher contamination level of
the Peche a bay ecosystem with poly'—
chlorinated biphenyls in comparison to
the open part of the Barents sea is con-
nected with the previous exploitation of
the bay as the naval base.

Conclusion

On the basis of the carried out
investigations the following' conclu-
sions can be drawn:

¢ in the Pechenga bay waters in the
area of the fish culture cages location
an insignificant concentrations increase
of the easily oxidized organic sub-
stance, ammonia nitrogen and mineral
phosphorus was found which cannot
cause significant change of the sea wa-
ter quality as they in many times are
lower, than the maximum permissible
concentrations in seawater;

¢ total phosphorus content in the
bottom sediments under the cages and
on the “background” station corre-
sponded to the total phosphorus con-
tents in the bottom sediments of the
Kola peninsula coastal zone, which
testifies absence of bottom sediments

IDyCTpHanbHBIX cMmecell Aroclor 1254,
Aroclor 1260 u T.11. '

bonee BeICOKMI YPOBEHE -3a-
TPSA3HEHNA 3KOCHCTeMB! T'yOnI Ilevenra
nonuxnopbudeHunamMmu no CpaBHEHHIO
C OTKPBITBIM MOPEM CBSI3aH C IPEHEI-
IOYLIUM HCIOTB30BAaHHUEM €€ B KAYEeCTBE
BOCHHO-MOPCKOH Gaskl.

3akaouenue

Ha ocHOBaHMM NpOBEXESHHBIX
HCCNeNOBaHMM = MOXHO CHeNaTh clie-
IOYIOHIME BBIBOMBL:

e B Bozge ry6nl Ileuenra B paitone
pasMelieHs prIOOBOMHEIX CaIKOB Ha-
Omrofanoch HE3HAUHTENBHOE YBENHYe-
HHE KOHIECHTPAIMK JIETKO OKHUCISEMO-
IO OpraHHYecKOro BEMIECTBA, aMMO-
HUHMHOTO 430Ta ¥ MHHepanbHOro ¢oc-
popa, KOTOPEIE HE MOT'YT BBI3BaTh CY-
HIECTBEHHOIO H3MEHEHWs KauyecTBa
MOPCKOH BOABI, TaK KaK BO MHOTO pa3
HIDKE IIPEEeNhHO [JOIIyCTHUMEIX KOH-
LeHTpanui;

e conepxanne obmero Qocdopa B
JOHHBIX OCazKax I[IOX caJkaMH U Ha
“hoHOBOH” CTAHLIIHH COOTBETCTBOBAJIO
coaepxxanuio obmero docdopa B HoH-
HBIX ' OTJIOKEHHSX IPUHOPEKHOU 30HBI
Koneckoro momyoctposa, 4ro cmuje-
TEIBCTBYET 00 OTCYTCTBUM 3arpssHe-
HHUSL [OHHBIX OC4JIKOB B HpOIECCce
CaJIKOBOTO BEIPALIVBAHUSI CEMIH;

® TIOMY4YEHHEBIE PE3YNBTATHl TAKXKe
NIOATBEPXKAAIOT OTCYTICTBHE 3arpsisHe-
H¥SL TSDKENBIMH METallaMH BOJBI H
JOHHBIX o0caakoB ry6sr Ileuenra B
paioHEe  pa3MEWEHHs  pPHIOOBOJHON

thepmpl;
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contamination during cage cultivation
of the salmon;

¢ the results obtained confirm also
absence of contamination with heavy
metals of both: water and the bottom
sediments of the Pechenga bay in the
* area of the fish culture farm location;

o the Pechenga bay area contami-
nation with oil hydrocarbons has noth-
ing to do with the fish culture farm

activity;
e summarized concentrations of
polycyclic  aromatic  hydrocarbons

(PAH) in the Pechenga bay water are
close to the global background level,
compounds which are typical combus-
tion products of both: fossil and trans-
port fuel dominate in the bottom sedi-
ments. Bottom sediments contamina-
tion with PAH showing carcinogenic
and mutagenic activity is the conse-
quence of the previous economic activ-
ity on the bay’s area;

¢ the results obtained point out to
the relatively “fresh” contamination of
the Pechenga bay ecosystem with or-
ganochlorine pesticides — hexachloro-
cyclohexane and DDT;

e a higher contamination level of
the Pechenga bay ecosystem with poly-
chlorinated biphenyls in comparison to
the open part of the Barent Sea is
caused by the previous exploitation of
the bay’s area as naval base.
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YK 551.46.072 : 574.4 (268.46)

MareMaTH49eCKoe MOJeJMPOBAHIE NOBEAEHHS JKOCHCTEM
NpHOpPeKHBIX paiionoB bejioro mops

Mathematic Modeling of Behaviour of Coastal Regions’
Ecosystems of the White Sea

1. M. Primakoy
Zoological Institute RAS

MaTemaTuueckue MOAENH U Me-
TOJBl OPUEHTHPOBAHHBIC HA pEIIEHHE
9KOJIOTHYECKUX  TpobireM  MOPCKHX
9KOCHCTEM Ppa3BHUBAIOTCH OYEHbL OBICT-
po. B nocnenHne necsTUNETHS, B CBI3U
C UHTEHCHBHBIM Da3BHUTHEM BLIUUCIH-
TEJIBHOM TEXHWKH, KpyT pelacMBIX
3aay 3HAYUTENBHO pacmupuicsa. JTO
U TIOTYJISIIMOHHBIE MOZENH MIaHKTOHa,
U MOJCTHPOBaHUE Oananca opraHmde-
CKUX BEIIECTB, M BONPOCH! (QYHKIIHO-
HUPOBAHHUSI BOAHEIX BKOCHCTEM [Steele,
1998; Edwards, Brindley, 1999; Vrede at
all, 1999; Jang, 2000].

OcHOBHBIE TTOXOABI K MOIENH-
POBaHHIO BOJHBIX BKOCHCTEM [OCTa-
TOYHO MOAPOOHO H3NOXKEHH B 0030p-
HeIX pabortax B. U. bensera (1980), T.
A. Aizarymmna u U. I1. [amapaounoit
(1980), S. E. Jorgensen (1994), B. B.
Hmurpuena (1995). B paMkax manHo#
paboThl 1 OTPAaHUYYCh PACCMOTPEHUEM
pe3ynbTaToB, NONYYEHHBIX NPH paspa-
0OTKE pa3NUYHBEIX THIIOB MoZeneH
MPHOPEXKHBIX HKOJNOTHMYECKHX CHCTEM
Benoro mops4.

B cepenune ceMuIecATEIX TOJ0B
PSIL HHTEPECHBIX MOJENEBHBIX [TOCTaHO-
BOK OBUIO BBIIONHEHO IJISI MCCHIENOBA-

HU. M. Ilpumaxos

3oonoruveckui nHcTuTyT PAH

HUS JUHAMUKM Owomaccel ¢urTo-
300IUIaHKTOHA Telaruaiu bemoro mo-
pa. B gactHOCTH, B paboTe Anekceera
u ap. (1974) paccMaTpuBaeTcs MOZIEN,
cocrosmas 13 0aJaHCOBBIX YpaBHEHHH
(mupdbepennmanpasle ypaBHeHHS  1-T0
nopsaka). Ilo ypapHeHHSIM paccIUTaHO
v3MeHeHne Ouomaccel (puro- u 300-
IUTAHKTOHA liejaruand bemoro mMops B
TEeYCHHE CE30Ha2 aKTUBHOrO (POTOCHH-
Te3za. CpaBHEHHE MOJCTHPYEMBIX Ma-
pPaMeTpoOB € COOTBETCTBYIOIIMMH Ha-
TYPHBIME HaONIOJCHUAMHA II0KA3aJI0 UX
YHOBIETBOPUTENBHOE COTJIaCHE.
Hpyras monens Opina co3maHa
JUIsS U3y9EHUSA TUHAMHUKHA YHCIEHHOCTH
[UIaBKTOHa bBenoro Mops Ha OCHOBe
CHCTEMb! YPaBHEHHH XHIIHHK-)KEPTBa
[Anexcees, Ionsaxoxoea, 1974]. Koapdu-
IUEHTHl MOJEIH OIPEEeNIUCEh = HO
SKCIEPUMEHTAIHEIM JaHHBIM, Pacue-
ThI ObUIM BHIIOJIHEHB! B TIPEHTIONOXKE-
HWH, YTO CyMMapHas Ouomacca H3Me-
HACTCSA TIO BEPTHKAIH, HO ITOCTOSHHA
BO BpeMeHH. B nanpHeimiem sTa Mo-
Jienib Oblla YCJIOXKHEHA OIEHKOH BITHA-
Husa TypOymenTHOoro oOMeHa, OcBe-
IIEHHOCTH W YMEHBIIEHHS OHOT'€HOB B
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cucteme [Arexceee u dp., 1975]. llapa-
METPhI MOJIENH MOAOHUPAIMCE HA OCHO-
B€ HATYPHBIX U3MEPEHUH YHCIEHHOCTH
buTOo- U 300IIAHKTOH2 Benxoro mops.
KauecTBeHHEBIN aHANHM3 CHCTEMBI ypas-
HEHUH MOJENM IOKa3al HaIHGHe Iie-
PHOJUYECKUX KONEOaHWH HMEIOINX
3aTyXalomMi xapaktep. beuto oTMeue-
HO YZAOBJIETBOPUTEIBHOE COTTIACHE BHI-
YHCHCHHHIX ¥ HATYPHEBIX . BEPTHKAIb-
HBIX pacipeneneHuii Ouomacc ¢Quro-
IUTAHKTOHA U HEYNOBJIETBOPUTEIBHOE —
Ing 3ooiuiaHkroHa. Ilocnemnee 06-
CTOATENLCTBO ABTOPHI OOBACHSIIOT CY-
IIECTBEHHBIM YIIPOILEHHEM DPOJH 300-
TINAHKTOHA B MOZEIH ¥ CBEICHHEM €r0
OIMCaHHUs K OAHOM MepEMEHHOMN.

M. K. Crapuusiaeim (1997) mns
OLICHKM BPEMEHHBIX W3MEHEHHH oc-
HOBHBIX XapaKTEPHCTHK 3KOCHCTEMEL
Ha AaKBaTOpPHH MHJUEBBIX XO3SIHCTB
Benoro Mops ObUTH YWCIEHHO peany-
30BaHBl HMMHTAIMOHHEIE MOJENH BOJ-
HBIX 9KocucTeM, paspaboranusie S. E.
Jorgensen (1994). Mogens Owina pea-

dPS

+ PRel - PSed ,
D

dPhyt
dt

dPDet

dt
+Graz(1-Y)ky,

. =(PSi - PS)% + Decomp - PDet — MyMax - LightLim - PLim - kq - Phyt +
t

NM30BaHa NS CIy4aeB C MPEIeNbHO
HU3KHMH ¥ TIPEHENbHO BBICOKHMH Be-
mauHaMu  pocdopHOH HArpy3km 3a
9ETHIPEXNETHNH WK (QyHKIHOHUPO-
BaHHA MHAHEBOro xo3siictBa. IIokasa-
HO, 9TO LUK Kpyrosopora ¢ocdopa B
npubpexusx patiowax bemoro mops
Xopomo cOamaHCHPOBaH M IIPH BHI-
OpaHHBIX HaYaJdbHBIX YCIOBHSIX 3KOCH-
CTeMa MOKET BBIICPIKHBATH 3HAYH-
TeNbHBIE HAIPYy3KH Oe3 CyIIeCTBEHHBIX
H3MEHEHHUH.

OTa xe MMUTALMOHHAS MOJIENIb
HCIIONB30Baack M B JaHHOH pabore.
Pacuer Mozenn oCymecTBIICS € HO-
mompio nporpamMbl STEPS, paspa6o-
tanHOit Jorgen Salomonsen (Depart-
ment of Environmental Chemistry,
Royal Danish School of Pharmacy,
Denmark). Ha puc. 1 mpencraBnena
IparpaMMa HCIIONb3yeMOi MOJIeIy.

JuddepennnanpHele  ypaBHe-
HUA, 10 KOTOPBIM OLICHHBaeTCs OanaHc
¢ochopa B MOJIEIH, HMEIOT BHI:

(1)

=((MyMax- LightLim - PLim)— MortPhyt —% —~SedPhyt)Phyt — Graz, (2)

v

0

=(MortPhyt - Phyt + MortZoo - Zoo)k; — Decomp + 7 + SedDet) PDet +

(3)
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dPSed

=(SedDet - PDet + SedPhyt - ky) - D — PRel - PSed , (4)

Zoo .

g o

PDet <: Phyt

- Ps _—

I

L= PSed

U

Puc. 1. IMuTanuonsas MoJelb MEXT0OBOH H3MEHUHBOCTH
(uTO- ¥ 300IIAHKTOHA B 3aBUCHMOCTH OT GochopHOil Harpy3Kky.

dZoo

= Graz-Y—(MortZoo+%)-Zoo . (5)

I. ®uzuueckue mapaMeTpbi:

1. D - rny6uHa akBaTopun (M);

2. V- 00beM akBaTOPUH (Ms);

3. Q — KOIWYECTBO BTEKAIOMIEH B CHCTEMY BOXEI (M/CyT);

4. PS — HayanpHas KOHIEHTpANUs pacTBoperHoro hocdopa (Mr/m);

5. PSi — KOBIIEHTpanus IOCTYIAOIIETro B CHCTEMY PaCTBOPEHHOTO docdopa
(mr/m);

6. Light — 0CBEIIEHHOCTE B TEUCHUE TOAA (kxan/™M® cyT ):

. t '
1+ (sin((2 - =0.57)

Light = LightMin + 5 LightMax ,
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rae LightMin — MURMMAaNbHasT 3UMHSIS OCBEIICHHOCTD (KKa.U/M2 ) cy’r“); LightMax —
. 2. -
MaKcuMalbHas JETHSS OCBEIEHHOCTE (KKal/M ™ CyT l); t— Bpems (cyT).

I1. Hapamerpsi hUTONAAHKTOHA:

1. Phyt - HayanbHas KOHIEHTPANHUS (PUTOIUIAHKTOHA (MI/IT),

2. MyMax — MakcUMaTbHAs CKOPOCTH POCTA (HTOILIAHKTOHA (CyT ),
3. MortPhyt — cMepTHOCTB (QUTOIIIAHKTOHA (CyT ),
4. SedPhyt — CKOPOCTh OCaXXIEHUs (PUTOIUIAHKTOHA (M/CYT),
5. k; — oTHOmeHHe koMyecTBa hocdopa k Oromacce PUTOIITaHKTOHA,
6. Plim — nuMutupoBanue pocta dutoruiankrona pocdopom:
PLim= —6—9— ,
PS+KP

roe KP — xoncranTa Muxasnuca-MeHTeH 1 notpednenus gocdopa (Mr/i).
7. LightLim — TUMUTHpOBaHUE pocTa GUTONIAHKTOHA CBETOM:

Light + KL
Light-e_(a+ﬁ'Phyt) + KL
(+ B+ Phyt)D

In|

LightLim=

roe KL — xoncranTa Muxasmuca-MenTen mis cBeta (Kkam/M> ¢yt ); ¢ — koaddu-
IMEHT CBETOBOTO TIOTIONIEH s BOJEL (M ~); B — K03()DHIHEHT CBETOBOTO MOTIOLIE-
Hus QUTOMIAaHKTOHA (M ™).

IV. HapaMerpsl feTpura:

1. Pdet — nauansHas KoHuenTpanus Gocdopa B gerpure (Mr/m);
2. Decomp — CKOPOCTb Pa3JoykKeH s AeTpuTa (CyT ');
3. SedDet — cxopocTb OcaXkieHus feTpura (M/cyT).

V. HapaMeTpsl 0CAJKOB:

1. Psed — nayaneHas KOHIEHTpanus Gocdopa B ocamkax (r/M);
2. Prel = ckopocTh BBICBOGOKIEHHS Pocdopa i3 ocankos (CyT ).

VI Ha[gameprl 300NJAHKTOHA:

1. Zoo — pauanpHasg KOHLEHTPALK 300IUIaHKTOHA (MI/N);
2. Y~ 30 dexTHBHOCTS aCCHMHIAIAY TTHIIH;

3. MortZoo — cMepTHOCTb 300IIIaHKTOHa (CyT );

4. Graz — Belefanue QUTONNAHKTOHA 300IIAHKTOHOM:

— 177 —




H3ydenne OHOTONOB MPHUOPEKHBIX IKOCHCTEM

Phyt—GZK ZooK - Zoo

Graz=GrazMax
Phyt+ KPhyt

Graz=0,

rae GrazMax — CKOPOCTh MaKCUMAab-
HOrO = BEIEAaHHA  (PUTOMIAHKTOHA
(mr/weyt™); GZK - MuHEManmpHAs
KOHIEHTpanus (UTOIIAHKTOHA, TIPH
KOTOPOH 300IUTaHKTOH MOXET NHTATh-
ca (Mr/m); Phyt — xoHcTaHTa Muxasnu-
ca-Menren  mis  QUTOIUIAHKTOHA
(Mr/n); ZooK — wMakcuMaibHas Owo-
Macca 300IIaHKTOHA (MI/M).
IMTapameTps! moxOUpanuch TaKHM
06pa3zomM, 4TOOEI MOZENh MaKCUMAIBHO
a/IeKBaTHO ONHCHIBAJIa HATYpHBIE AaH-
Hble, TIOTydeHHse B 1999-2000 rr. Ha
CTAHIIMH eXXEeICKaJHBIX HaOMoaeHNH
JI-1, pacrionoxeHHOI B yCTBEBOH Hac-
Ta ry6er Yyna Kasgamakmickoro sanu-
Ba (@ = 66°19'50” c.m.; A = 33°40'06"
B.1.). Taxke MHOIO OBLTH HCHONBE30BA-
HBl MaTepHUabl 1963-64 IT., T.K. HMCH-
HO C 3TOTO -BpEMEHH HaYMHAKTCA pe-
TYJSApHBIE MOHUTOPHHIOBBIE Habmome-
HUS . 300IUTaHKTOHA Ha craHmuu -1
[bepzep, 1987]. KpoMe TOTO, B 3TH OB

Zoo ,

ZookK

ecru (Phyt — GZK) 2 0
ecmy (Phyt — GZK) <0,

Ha JEKaJHOU CTAaHIWH IIPOBOIMIOCH .

H3yYeHHE THAPOXMMHYECKHX IIOKaza-
Tened, B TOM YHCIE PacTBOPEHHOIO
dochopa [Casocerxun, 1969]. Crnaxu-
BaHHE HATYPHBIX JaHHBIX OCYIIECTBII-
JIOCh C TOMOIIBIO JIMHUH CKONB3SIIETO
CpemHEro pacCUYMTAaHHBIX OTAENBHO IO
OBYM W IO ILITH COCEOHHM TOYKaM.
COOTBETCTBEHHO ITOMY, MOJAENL OblIa
peanu3oBaHa Ui ABYX CITyYaeB:

1. poct ¢uromIankroHa ciaabo IH-
MHUTHpYETCS KOHIeHTpauuei dochopa
(KP = 0.01 mr/n);

2. docthop mmmuTHpyeT poct ¢u-
torutaakrona (KP = 0.005 mr/mn).

BenmauHsl HEKOTOpBEIX Tapa-
METPOB, HCIOJIB3YeMBIX IPH IOCTpoOe-
HHM MOjelieif, IpuBeIeHs! B Ta0m. 1.

‘PesymnbTaTr MOJIENHPOBAHUS
oTo0pakeHsl Ha PHCYHKAX 2 U 3.

Tabnauua 1. BenuurHe HEKOTOPHIX UCXOJHBIX IaPaMETPOB MOJEIH
Y NIpeJeTIEl BApbUPOBaHNS KOMIIOHEHTOB CHCTEMBI

MapameTpsl Mogens 1 Mogens 2 Werounmnk
KP . 1 oo01 0.005
LightMin | 200 ' Bo6poB u ap., 1995
LightMax 2300 0 e I =emmeem /-
MyMax 1.5 Eppley et al., 1972;
| Strickland et al., 1969
MortPhyt 0.1 - Anexcees u fip., 1974
‘MortZoo 005 | e J/— y/—
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Hzy4enne GHOTOIOB IPHOPEXKHBIX 3KOCHUCTEM

Y ) 0.8 Conover, 1966; Merozasr..., 1968
[PO,*] (MxmouB/m) 0.02-1.08 | 0.02-0.88
By, (Mr/m) 0-236 - 0-232
B0 (Mr/1) 0-505 0-378
KoHueHTpauua quocdiopa (MKMoAL M)
- 1.20
1.00 1
0.80 +
080 1
040 ¢
0.20 +
0.00 Lt t e
€ bk @ X ; = Ehy ; ® o I I; o
g 5z L% § &% s x% 835 &
22 & <N & " eg™e
1963-64 1999-2000
Buomacca soonnaHkrona (mrikyb.m)
600
)
o o
R e
g & &£ F 5§ O =
- @&~ o g N o
N - N -~
1993-2000

Pnc. 2. Peanusanus monenu npu KP = 0.01 mr/n.

Yenoeruvie o6o3navenusn:

MOJEb;
o HaTypHBIC NaHHBIE,
JIMHHSA CTYIAKHBAHUA IO ABYM TOUKaM.
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W3yyenne GHOTONIOB MPUOPEIKHBIX IKOCHCTEM

KoHueHTpauua docdopa (MKMonL/N)

1.20

1.00 + u

0.80 +

0.60 A

040 +

020 +

0.00 ; t t 1 t
E  m 1 - = = = ¥ o T F m
g2 858 z £ 5 % 8 5 & £ 2 5 %
@2 g&e = d s & Teg"e

1963-64 1999.2000

600

500 +

400 A

300

200 ¢

100 .+

10 mon

Puc. 3. Peanmzanus moxemu npu KP = 0.005 mr/m.

Yenoeruvie 0603nauenusn:

Kax BuAHO U3 pHCYHKOB, MOJENb
CrIOCOOHa aJeKBaTHO OIMCBHIBATH Ha-
TypHBIE JaHHBIE. B H3MeHYMBOCTH MO-
JEeNBHBIX IIapaMeTpoB  HabiromaeTcs

MOJIEND;
HaTypHBIE NTaHHBIE;
JIMHUS CTUIAKHBAHUSA TIO TISITH TOYKaM.

BRIPAXKEHHAS TOXOBAS IIHKIHYHOCTE,
4TO COOTBETCTBYET CE€30HHBIM H3MEHE-
HHUAM IIpUPONHOM cHCTEeMBl. TakuMm
o0pa3zoM, naHHas MOAENb JOCTATOYHO
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Hizyqenue 6HOTOIOB HPHOPENKHLIX SIKOCHCTEM

ycToHumBa B CNabo 3aBHCHT OT BENH- IUTAaHKTOHOM.
quHEl mOTpebieHus ¢docdopa Purto-
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‘OneHka 3KOHOMUKH NPUOPEKHOH 30HbI
H HHBECTHIIHOHHBIX PUCKOB MypMaHCKOI0 peruoHa

Appraisal of the Coastal Zone Economy
and Investment Risks in the Murmansk Region

G. G. Gogoberidze

Russian State
Hydrometeorological University

Appraisal of the Coastal Zone
Economy in the Murmansk Region
In the theory of economics, capi-
tal is distinguished into three main
components: the “natural capital”, the
“human capital” and the “manufactured
capital” [Coastal zone Management ...,
1997]. For the coastal zone conditions,
. the natural capital includes renewable
living resources (material and non-
material), increased natural capital, re-
newable nonliving resources and non-

renewable resources. The manufactured

I. I. Toz06epuose

Poccuiickult rocyfapcTBeHHbIA
rMapOMETEOPCFIOrMYECKU YHUBEPCUTET

Onenka 3K0OHOMUKY TPHOPEKHOM
30HBI MYpMAHCKOT0 peruoHa

B sxoHoMH4YeCKOH TEOpHH Kalld-
TaJl MPHUHATO pa3jiudaTh IO TPEM OC-
HOBHBIM TpyIIIaM: TIPHPONHBIM KalM-
Tajl, YeOBEYSCKHUH KaIlhTala ¥ CO3/aH-
HbIi kanmrtan [Coastal zone Management
oy 1997]. Ins ycnoBuil npHOpExHOM
30HBI, MPUPOAHBIH KaIUTall BKIIOYAET
BO300HOBIIIEMBIE KUBBIE PeCypcHl (Ma-
TepHalbHble X HeMaTepHajibHBIE), BBI-
paLIeHHBIH NPUPONHBIM KallUTal, BO-
300HOBISEMEIE HEXHBBIE PECYPCHl H
HEBO300HOBIsAEMEIE  pecypcsl.  Ilox
CO3JAHHBIM KAIHTATIOM IOHHMAIOT: BCE
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capital is made up of all the goods cre-
ated as a result of economic activity,
including innovation technologies, ma
chines, buildings, factories, roads, ap-
plication of technologies, fertilizers,
plant control etc.

Thus, the economic value of the -

coastal zone area is estimated on the
basis of four main components:

~ products having direct market
value obtained owing to the coastal and
marine environment, e.g., commercial
and noncommercial fishery, mineral
resources, oil and gas, aquiculture,
recreation activities and tourism etc.;

~ estimation of activity of the indus-
tries depending on the coast, for exam-
ple, transport industry, activity in ports
and harbours;

— estimation of activity of the coast-
linked industries, for example, fish
processing, production of marine
equipment and gears;

~ estimation of activity of coastal
service industries which operate in the
coastal zone area, for example, educa-
tion and research, business, certain in-
dustries and other professional con-
cerns.

The present work is an attempt to

give a general economic estimation of

the coastal zone area of the Murmansk
Region based on the official statistical
data covering the entire Russian Fed-
eration, as well as on materials received
from official information sources of the
Administration of the Murmansk Re-
gion, mass media and Internet sites de-
voted to the Murmansk Region.

TOBAaphl, NPOU3BEICHHEIE BCIEACTBHE
3KOHOMHYECKOH NEATENBHOCTH, BKJIIO-
Yyass MHHOBALIMOHHBIE TEXHOJIOTHH, Ma-
IIMHEL, 3ManuA, GabpHKH, TOPOTH, HC-
TIONE30BAHKE TEXHOJIOTHH, yIOOperHii,
KOHTPOJIb 33 PACTEHUSIMH H T.[I.

Takum 06pa3oM, IKOHOMHIECKAS
LICHHOCTH TIPUOPEKHOH 30HBI OIICHHBA-
€TCSl U3 YETHIPEX TTIABHBIX KOMIIOHEHT:

— U30enus NpAMON PLIHOYHOU YEeH-
Hocmu OT MPUOPEXHON K MOPCKOH OK-
py)Xaiomei cpemsl, Hampumep, KOM-
MEpUeCKH M HEKOMMEPUYECKUH JIOB
PBIOBI, TIOJIE3HBIE MCKONaeMble, HEQTH
W Ta3, aKBaKyJNbTypa, OTHBIX U TYPH3M
U T.L.; ‘

— OyeHKa OeamenbHOCIMU ompachet,
3a8UCUMBIX OM nobepedichbs, HaIIPUMED,
TPaHCIIOPTHAs OTPaciib, NEATEIBHOCTD
B IIOPTaX W TBaHAX;

— OYeHKa OesAmenbHOCMY OMmpaciel,
C6A3aHHbIX ¢ nobepedicbem, HANPUMED,
06paboTka prIOHI, IPOU3BOACTBO MOP-
CKOTO 000PYZOBaHMS 1 MEXAaHU3MOB;

— oyenka OesmenvHOCMU ompacne
cghepvl MpubpedicHblx Ycayz2, KOTOpPEIE
paboraior B mpuOpexHOH 30HE, Ha-
npuMep, oOpasoBaHWE M HCCIENOBa-
HUs, OM3HEC, OTAENBHBIE OTPACIH IPO-
MBILLTIEHHOCTH H Japyrue mnpodeccuo-
HaJbHBIE TIPEATPUATHS.

B pabote Obua caenana HOMBIT-
Ka Jarb; OOmMYyH OSKOHOMHUYECKYIO
oLeHKY NpuOpexHo# 30HBI Mt Myp-
MaHCKO# obracty, omupasch Ha odu-
IHaJbHEIe - obIuedenepanbHble CTAaTH-
CTHYECKHE JaHHBIE, a TakiKe Ha MaTe-
pHab], HOXyYeHHBIE M3 O(QUIMANbHBIX
HH(OPMALIMOHHEIX HCTOYHHKOB AJ-
MHUHHCTpanuun MypMaHcKoH o0nacTy,
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The general results received are | CMMH n HrtepHer-caiiToB, mocBsiieH-
presented in Table 1. HBIX MypMmaHckoit obmactu (Tabn. 1).

Tab6anua 1. Onenka peanpHOM U TOTEHIUATEHON SKOHOMUYECKOH IIEHHOCTH
npubpesxHoit 30usI MypMaHckoit obnactu

Table 1. Est1mat10n of actual and potential economic value of the coastal zone area
of the Murmansk Region

BenuyuHa
Kpumeputi oyeHku oLEeHKY,

MnH. USD
' 1. O6beM KOMMEPHYECKOTO W HEKOMMEPHYECKOTO BBLIOBa PHIOBI H |

HHBIX MOPENpPOLYKTOB HEIOCPEACTBEHHO B IPHOPEXKHOI 30HE. 197.5

Commercial and noncommercial catch of fish and other seafood S
directly in the coastal zone area.

2. O6peM 106BIYM MOME3HBIX HCKOMNAaeMBIX, He)TH W rasa U T.J. He-
HOCPENCTBEHHO B NpubpexHoH/mensdoBoi 30xe.

Volume of extraction of mineral resources, oil and gas etc. di-
rectly in the coastal zone/shelf area.

3. loxoaw! OT TypHU3Ma. .

Tourism revenue.

4. Onenxka rpy30060poTa IIOPTOBOTO XO3STHCTBA.

Estimation of freight turnover of the port facilities.

5. Ouenka o6peMa TPaHCIIOPTHEIX NEPEBO30K H CTOMMOCTH Beel ce-
TH aBTOMOOHIBHBIX U JKENIE3HBIX HOPOT B Ipenenax NpuOpesxHoii 30HEL 18.0

Estimation of transportation volume and value of the entire network of '
automobile roads and railway lines within the limits of the coastal zone area.

6. Ouenka o0veMa pri6oo6paboTkn U 0OpaboOTKH MOPENPOLYKTOB,
CYNOCTPOCHHS U CYHZOPEMOHTa Ha MPENUPHUATUIX, PACIIONOXECHHBIX B
npenenax npuOpexxHOH 30HEL.

Estimation of volume of fish processing and seafood processing,
shipbuilding and ship-repair industry at the plants located within the
limits of the coastal zone area.

7. O6BeM pocCUHCKUX ¥ 3apyOeKHBIX WHBECTHLMK B TOM.

Size of annual Russian and foreign investments.

8. 3aTpartsl U3 Gromkera Ha 00pasOBaHue, HAYKY, TIOALEPIKKY OTpac-
nel ¥ T.10., HEMOCPEACTBEHHO CBA3AHHBIX C PHOPEIKHOM 30HOH.

Budget expenses on education, science, support of industries etc.
directly connected with the coastal zone area.

9. 3atparsl M goxonsl u3 OomKeTa Ha NpeoOpa3oBaHue M MOIAEp-
JKaHue MpUOpeXHOM 30HBI (HOAAEpkaHKHEe U CO3MaHHe HOBHIX ILLDKEH,
yKpelyleHre Oeperom, 3allHTy OT HAaBOIHEHHH, aCCHMUIIALHS oTXO0-
JIOB/3arpsA3HEHHUS U T.1.). 8.8

Budget expenses and revenue from conversion and support of the
coastal zone area (maintenance and formation of new beaches, shore
protection, flood control, assimilation of wastes/pollution etc.).

15.0

0.0

1500.0

60.0

160.0

7.0
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HEHT PUOPEIKHBIX 9KOCHCTEM H T.II.

of coastal ecosystems etc.

10. Ouenxa obpeMa ymepba OT 3arpsA3HeHMS, AeTpajary KOMIO-

Estimation of damage from pollution, degradation of components

400.0

11. Onenka npwIHBOOTIHBHEIX M BOJIHOBEIX SHEPTHH.
Estimation of energy derived from tides and waves.

0.0

zone, mineral deposits, oil and gas etc.

12. Ouenka rofi0Bo#l K06GBIYH IPHPOAHBIX aKTHBOB, T.e. ppibo3anaca
B m1ens(hoBo# 30HE, 3aNeKeil HCKOMAeMbIX, HeTH U ra3a ¥ T.II.
Estimation of annual natural assets, i.e., fish stock in the shelf

3564.7

Total actual economic value

Ob6uwasn peanvnas IKOHOMUYECKAA YEHHOCMb

1566.3

00801 0066IUN RPUPOOHBIX AKMULOE

natural assets

Oﬁmaﬂ IKORHOMUYUECKAAR UEHHOCMDb C YUEem oM 603MOHCHOCIMU 20-

Total economic value allowing for annual potential increase in

49185

By way of commentary, we shall
pay attention to some issues. In calcu-
- lating the size of commercial and non-
commercial catch, stock replenishment
has been taken into account. Tourism
revenue may be considered to be prac-
tically negligent since it is only re-
cently that realization of extreme tour-
ism routes has started. In calculating
transportation volume we confined our-
selves to estimation of value of auto-
mobile roads and railway proper.

As to valuation of natural assets,
it should be noted that it is only possi-
ble to estimate the fish and hydrobiont
stock in the coastal zone area under
condition of maximum sustainable
yield. In this case the annual estimation
of the permissible fish and other hy-

B kauectBe KOMMEHTapHs 00pa-
THM BHHMaHHE Ha HEKOTOPBIC IYHKTEL.
B pacuere o0bema KOMMEPUYECKOrO M
HEKOMMEPUECKOTO BBUIOBA YUYTCHO ITO-
ToNHeHne pelbo3amaca.  JIoXomel  OT
Typu3Ma MOXXHO TPH3HATH HpakKTHUe-
CKH OTCYTCTBYIOIIMMH, T.K. B ITOCIEN-
Hee BpeMsI TOJIbKO HauMHAITCA paboTh
[0 pealn3aldy TYPUCTUYECKHX Map-
UIPYTOB IKCTPEMANLHOTO TypH3Ma. B
pacyetax oOneMa TPaHCIOPTHERIX IIepe-
BO30K OrpaHHYWINCH OICHKOH CTOH-
MOCTH CaMHX XCJE3HBIX M aBTOMO-
OMIBHBIX JOPOT.

B oueske NPUPOIHEIX aKTHBOB
OTMETHM, YTO OLEHHUTH phIOO3amac u
3amac THAPOOHOHTOB B IpUOpexHON
30HEe BO3MOYKHO TOJIBKO TIPH YCJIOBHH
OLEHKH JONMyCTUMOTO Oe3ymiepOHOro
BEUIOBAa. B 5TOM ciydae moiiyyaeM ro-
JIOBYIO OIIEHKY JOITyCTHMMOTO BELIOBA
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drobiont catch is 399.65 mln USD. Be-
sides, practically unlimited reserves of
stone structural and bank-run gravel
materials allow one to increase annual
sustainable extraction of crushed gravel
to approximately 150 mln USD, and
that of bank-run gravel material to
1 000 mln USD. As to probable extrac-
tion of hydrocarbon raw material,
which is not conducted now, the esti-
mations can reach about 2 015 min
USD per year.

Thus, the extraction of the natu-
ral assets that the region possesses
yields almost three-fold magnification

- of the coastal zone area value. It is also
necessary to note that two relevant
points were not taken into account.
First, the above estimations of annual
extraction of mineral resources are
given for the present-day conditions of
technical support, and with develop-
ment of scientific and technological
resources there will be an increase in
extraction of mineral resources and,
accordingly, augmentation of finance
return from those industries. Second,
development of mining industries will
give substantial impetus to overall de-
velopment of the region (i.e., growth of
investments, development of the pipe-
line system, increase in freight turnover
of the port facilities, magnification of
the manufactured capital), which would
naturally make a positive influence on
the role and economic value of the

PBIOEI U MHBIX THAPOGHOHTOB B 399.65
miH. USD. KpoMe Toro, mpaxTudecku
HEOTpaHWYEHHBIE 3allachl KaMEHHO-
CTPOMTENBHBIX M IIeCYaHO-IPABHHHEBIX
MATEepHaNOB IIO3BOJIIOT  YBEJIMYWTD
6e3ymepbHy0 ro0BYI0 HOOBIUY mieh-
HA go mopsanka 150 mma. USD, a rpa-
BHUIHO-IIECYaHOTO MaTepuana — IO
1000 mma. USD B rox. Urto xacaercs
BO3MOXHOCTH JIOOBIMH  YTJIEBOZOPOI-
HOTO CBIpBS, KOTOpas ceffdac He Be-
JieTCsl, TO 3Ta BETMYMHA MOXET COCTaB-
NATh 10 oneHkam oxoro 2 015 mum.
USD Bron. '
Takum . ob6pasom, noOslga TpH-
POJHBIX aKTMBOB, KOTOPBIMH paciioja-
raeT 06macTs, JaeT MOYTH TPEXKPATHOE
YBEIMYEHHE LEHHOCTH IPHOPERKHOI
30HBL. IIpu 3TOM HeEoOXOmMMO OTMeE-
THTh, 4TO 3[4ECh HE YYUTHIBAINCH JBa
Ba’KHBIX MOMEHTa. BO-IIepBEIX, IIpHBE-
JCHHBIC ONEHKH EXECroAHOH HOOBIYH
MHHEPAIBHBIX PECYpCOB JaHBI g yc-
JIOBHH CErOJHAIIHETO JHS pPa3sBUTH
TEXHHYECKOTO ODOECIeYeHNs, u C pas-
BHTHEM HAayYHO-TEXHUYECKON  0a3bl
OyZer HIpOHCXONUTH POCT MOOBIYH MU-
HEPAIBHEIX DPECYPCOB M, COOTBETCT-
BEHHO, YBENHWYEHHE OTHAYd OT OTUX
orpaciel. Bo-Broprix, pasBuTHE [O-
OBIBAlOIIMX OTpaclied [JacT CyIecT-
BEHHBIH TONYOK K 0o0lIeMy pa3BHTHIO
peruoHa (UMeIoTCsa B BHIY POCT MHBE-
CTHLIMH, pa3sBUTHE ITyTEIIPOBOIHOMN ce-
TH, POCT IPy30000pOTa MOPTOBBEIX XO-
3SHCTB, YBEIUYEHHE CO3TAHHOIO KaIld-
Taja), 4T0, ECTECTBEHHO, OTPAa3HTCS Ha
pOJIM M 3KOHOMHYECKOH ILEHHOCTH
pUOpeHOH 30HB! MypMaHCKOTO pe-
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coastal zone area of the Murmansk re-
gion, significantly increasing them.

In estimating the potential of
natural assets of the region, we shall
highlight
since the estimation of renewable re-

non-renewable  resources
sources potential has been made includ-
ing the probable annual catch. Here,
two constituents are to be distinguished
having significant magnitude and con-
tribution. First, these are the practically
unlimited reserves of stone structural
and bank-run gravel materials, the bal-
ance stock of which is 1 615 mln USD
in structural rock for production of
crushed gravel, and 10 800 mIn USD in
bank-run gravel material. Second, this
is- the immense potential of geologic
resources of hydrocarbon raw material
on the Barents Sea shelf estimated as a
whole at 4 212.000 mln USD, of which
“the extractable resources are estimated
to be 2551.500 mln USD. Thus, the
final approximate estimation of the po-
tential natural assets is about 6 776 mil-
liard USD. '

To obtain the per capita estima-
tion of the value of the coastal zone
area of the Murmansk Region, one can
calculate that since there are about 750
thousand inhabitants in the coastal zone
area, the per capita value of the coastal
zone area is equal to 2 088.4 USD. It
should be noted that there is a potential
even today, at the present level of tech-
nical support, to increase this figure

T'HOHa B CTOPOHY 3HAYUTCJBHOI'O YBE-
JIMYCHUA.
an/I OLICHKE IIOTCHIHWaa IIpHU-

POAHBEIX AaKTHBOB peruoHa, oOpaTHM’

BHIMaHNE Ha HEBO300OHOBIAEMEIC pe-
CypCHl, T.K. OIEHKA IOTCHLHANA BO-
306HOBIISIEMBIX PECYPCOB CHENaHa IIy-
TEM ydeTa BO3MOXXHOCTH T'OZOBOTO BEI-
noBa. 3Hech IO CBOEH BENHYMHE H
BKJI4ZY BBIACIHM JIBE COCTABJIAIOIIHE.
Bo-miepBBIX, NpakTH4eCKH HEOTpaHH-
JEeHHbIe 3aIacsl KaMECHHO-
CTPOUTENBLHBIX W IMECYaHO-TPaBUHHBIX
MaTepHaioB, OalTaHCOBBIE 3aMachl KO-
ToprIX cocTaBiaoT 1 615 mmH. USD
IUISL CTPOUTEIFHOTO KaMHsL I IPOM3-
BoncTBa mebHa u 10 800 muma. USD
U TPaBUHHO-TIECYAHOTO MaTepHaa.
Bo-BTOpBIX, OrpOMHBIH HOTEHIHANT
TEOJOTHYECKHX PECypcoB  YTIIIEBOMO-
poaHOTO CHIphs Ha menbge bapennesa
MOps, KOTOPEIE B IIEJIOM OLEHHMBAIOTCS
B 4 212 000 muma., USD, m3 KOTOPBIX
U3BIIEKaEMBIE PECYPCHI OLICHUBAIOTCS B
2 551 500 mun. USD. Takum o6pa3oM,
UTOTOBasi MPUOJIN3UTENbHAs BENIHIMHA
HNOTEHIMAIBHLIX INIPHPOLHBIX AKTHBOB
cocTasiaeT okoso 6 776 mapa. USD.
Jis ynensHOH OneHKH NEHHOCTH
upuOpeHOM 30HBL Mypmanckoit 06-
JAaCTH MOXHO PaccuMTaTh, 4TO €CIH B
IpHOPEKHON 30HE HACUUTBHIBAETCS II0-
psanka 750 ThIC. XKMTeneH, TO yIenbHas
BENIMYMHA LEHHOCTH NPHOPEXHOH 30-
HBI Ha xuTens paBHa 2 088.4 USD/gen.
OTMeTuM, YTO NOTEHUHANBHO YXE Ce-
TOIHS TIPH HBIHEIIHEM YPOBHE TEXHU-
4eCKOro OOECIHeYeHUs] MOXKHO YBENH-
YHTH 3Ty BEMHYHHY Oolee 4eM BTpoOe
(mo 6 558.0 USD/yen), ecnu paccMoT-
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more than 3-fold (up to 6 558.0 USD
per capita).in case one includes the
probable annual extraction of natural
renewable and non-renewable re-
sources. o

Bearing in mind that the aquatic
fund of the Murmansk Region encom-
passes portions of the White and Bar-
ents Seas with a total area of 897 000
km?, the per capita value of the coastal
.Zone area per unit water area is equal to
1 746 USD/ km® ( 5483 mln USD/ km®
, allowing for probable annual applica-
tion of the natural assets). Assuming
the approximate length of the coastal
zone area of the Murmansk Region to
be 1 000 km, the per capita value of the
coastal zone area per a kilometer of the
coastline is 1 566.3 thousand USD/km
(potentially, 4 918 thousand USD/km).

In considering the per capita es-
timation of the value of the potential
natural assets, it should be noted that it
is sufficient to take into account the
assets in mineral resources which play
the crucial role in this estimation. Their
magnitude amounts to about 9.04 mln
USD per capita, 7.55 mln USD/ km® of
the coastal zone water area, 6 776 mln
USD/km of the coastline of the Mur-
mansk Region.

Appraisal of investment risks in the
Murmansk region

One of the most relevant prob-
lems in development of Russia under

PeTH BO3MOXXHOCTB €KETONHON A0ORTIH
IIPUPOLHBEIX BO3OOHOBISEMBIX W HEBO-
300HOBIISIEMEIX PECYPCOB.

Y4uTEIBas, 4TO B BOXHEIN (OHA
Mypmanckoit 00JacTH BXOJUT HacTh
akBaTopuH benoro u bapennesa mopeit
ofmell  miomamsio 897 000 kM,
yIenbHas BeIMYMHA LIEHHOCTH TIPH-
OpeXHOM 30HEI HA €VHHULYY aKBATOPHH
paBna 1 746 USD/xm® (5 483 wm.
USD/kM” ¢ YYETOM BO3MOXKHOCTH exe-
TOAHOTO HCIONB30BAaHUS IPHPOIHEIX
akTUBOB). IlpuHuMas NpHOIH3UTEIb-
HYIO JUIMHY npubpexHoi 30HBEI Myp-
Manckol obmactm B 1 000 kM, ymens-
Hasi BEMIMYMHA LEHHOCTH NMpPHOPEeXHOiM
30HBI Ha KHIOMETp GeperoBoif 4epThl
cocraBmsieT 1 566.3 teic. USD/kM (110~
TernuansHo 4 918 teic. USD/kM).

PaccmarpuBast yHenbHyio OLEH-
Ky BEIHYMHB! IOTCHUHATBHBIX IIPHU-
POIHBIX aKTHBOB, OTMETHM, 4TO JOCTa-
TOYHO YYECTh aKTHBHI 110 MHHEPalIb-
HBIM pecypcaM, KOTOpBIE HrpaloT al-
COIIOTHYIO PONb B OTOH OuEHKe. DTH
3HAYEHMS COCTABIIIIOT OKOIO 9.04 MirH.
USD/qen., 7.55 mnn. USD/KM2 IIomia-
IV aKBATOpDUM TNpPUOPEXHON 30HHI,
6 776 mnu. USD/kM GeperoBoit ‘IepTBI
MypMaHCKO#H 00JIacTH.

OneHKka HMHBECTHIUOHHBIX PHUCKOB
MypMaHCKOI0 peruoHa

Opuoli w3 Hambonee BAXHBIX
npobneM pa3BuTHS PoccuH B YCIOBHAX
KpHU3HCa SBJICTCS aKTHBH3AIMS Pa3BH-
THA HHBECTHUHMOHHBIX mpoueccoB: C
IO3HLHUN TOBBILIEHNSA 3DQEKTHUBHOCTH
UHBECTHLHOHHBIX MPOIECCOB 0COOYIO
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conditions of crisis is activation of in-
vestment process development. In
terms of enhancing efficiency of in-
vestment processes, of special signifi-

cance are investigations of the invest-

ment climate, the qu~antitative measure

“of which is investment Tisks describing

_probability of loss of the finance in-
vested in the economy, caused by vari-
ous economic, social, political reasons.

The methods of investment risk
appraisals have become generally ac-
cepted [Cuo, 2000; Anmuxpusucroe ...,
2001]. The quantitative assessments for
each group of the factors are obtained
using expert methods and model calcu-
lations. The result of the investigation
is the advise to the potential investor,
viz., to what extent he or she risks if
investing the financial means into the
specific région’s economy. Here, the
intention to take to the full into account
the features of the Russian economy
and that of its regions predetermines
difference in significance and priority
of risk factors: sociopolitical, eco-

nomic, foreign economic ones. The

magnitude of the influence of each
concrete factor is estimated with a co-
efficient (1 — favourable situation, 10 —
unfavorable situation). A similar sys-
tem can be applied for estimation of
investment appeal of Russian coastal
regions, too.

The estimates for the Murmansk
region have been made using the data
received from - official information
sources of the Administration of the
Murmansk Region, mass media and

BaXKHOCTh MPHOBPETAIOT HCCIICHOBAHHA
MHBECTHLMONHOIO KIMMaTa, KOJIHMde-
CTBEHHBIM BBIPaKEHHEM KOTOPOTO BEI-
CTYHAaloT HMHBECTHIMOHHEBIE DHCKH, Xa-
PAKTEPU3YIOIIHE BEPOSTHOCTD NOTEPH
CPEICTB, BIOKEHHBIX B OSKOHOMHUKY,

BCJIEACTBUC PA3JIHYHBIX 3KOHOMHYC-

CKHX =~ COLHaJBHBIX, ITONMUTHYICCKHUX

TIPUYHH.

MeTomsl OIEHOK HWHBECTHINOH-
HOTO pHCKa CTaly OOINEIPHHATHIMU
{Cuo, 2000; Awmuxpusucwoe ..., 2001].
KonuyecTBeHHBIE OLIEHKH IO KaxIOH
rpynmne (HaKTOpPOB BBIABISIOTCS OKC-
MEPTHRIMA METOIaMH{ U IIPOBEACHHEM
MOJIENBHBIX pacueToB. Pe3ynpraToMm
MCCHCIOBAHNI BBICTYTIAIOT PEKOMEH-
JAIHH TTOTEHIHAIEHOMY HHBECTOPY, —
B KaKOW CTENeHH OH PHUCKYET, BKIAJBI-
Basl CBOM CPEICTBA B SKOHOMHKY JaH-
HOTO pervoHa. [Ipu 3ToM cTpeMiIeHHE K
HauboNee IMOJHOMY YYeTy OCOOEeHHO-
creif poccuilckod 3KOHOMHKH H €€ pe-
TUOHOB TIPENONPENENsET pa3iHihe B
3HAIUMOCTH U HpﬁopmeTHOCTH ¢ax-

TOPOB puCKa: COInaJIBHO-
IMOJJUTHYICCKHUX, A OKOHOMHYCCKHUX,
BHEITHEOKOHOMUYECKUX., Benuunna

BIIMSIHHS KaXIOT0 KOHKPETHOro (ax-
Topa oueHuBaeTcs Koddhdunuenrom (1
— OnaronpusTHad cuTyamms, 10 — ne-
OnmaronpusaTHas curyauus). [logobHyro
CHCTEMY BO3MOXHO NPUMEHHTh M Ui
OLICHKH WHBECTHUHMOHHOW IIPHBIIEKa-
TENLHOCTH TPUOPEXHBIX  PErHOHOB
Poccun. -
Ouenxu nm1 MypMaHCKOTO perxo-
HAa TIOCTABIICHbI 110 JAHHBIM, ITOJIy9ICHHBIM
w3 -ohHUIMATBHEIX HHGOPMAIMOHHEIX
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Internet sites devoted to the Murmansk MCTOYHMKOB AJMMHUCTparu Myp-
Region.

Table 2 presents the data on es-
timation of investment risks in the. |
Murmansk region. obnacry (Tabum. 2).

MaHckoH obmactu, CMU u MuTtepuer-

CaliTOB, NOCBAMIEHHEIX MypMmaHCKOH

Tabanna 2. IlokazaTenb HHBECTHIIMOHHOTO PUCKA
MypMaHCKOro peruoHa

Table 2. Coefficients of investment risks in the Murmansk region

MNokasamenb 1 Benuuuna
Factor o Coefficient
- Yrposa cTabUIBHOCTH PETHOHA H3BHE I
Outer threat to stability in the region
CTabMIbHOCTE 8AMHHHCTpAIIHM perHOHa (paiioHa)
Stability of the Regional Administration
XapakTepucTuka OQHMUUANLHOU ONMO3MIMK  aJAMUHUCTPALHY
peruosa (paitora) 3
Characteristic of the official opposition to the Regional Admini-
stration
CounanbHas cTabMILHOCTE B perHoHe (paitone) 4
Social stability in the region , .
OTtHomreHus paboyeif CHITBI ¢ YIPaBICHUECKHUM allllapaToM 3
Relations of the manpower with administrative personnel
OleHKa pacpeRene s COBOKYITHOTO J0X0/1a B PErHOHE s
Estimation of aggregate income distribution in the region
O61mee coCTOAHHE SKOHOMUKH PETHOHA 6
General state of economy of the region
OxMpuaeMbIiil pOCT BaJIOBOM NMPOAYKIMM 3KOHOMHKH DErMOHA B
MIOCTOSHHEIX LIEHAX I10 CPABHEHHIO C IPOLLTEIM ‘ 4
Expected growth in gross output in the regional economy in con-
stant price terms in comparison with the past
Poct rpysonepepaborku nopra B CNE/IyIONIEM TIEpHOTE 4
“Growth in freight turnover of the port in the period to come ,
PocT mpou3BoACTBa IPOMBILITEHHONW TPOAYKIMK B CHERYIOIEM
nepuoae ' 4
Increase in industrial production in the period to come
PocT xanuTansHBIX BIOXCHUH B CAeAYIOIEM [TepHOe 5
Increase in capital investments in the period to come
Poct nmorpebutensckoro crpoca B CIEAyIOIIEM IepHoae 3
Growth of consumer demand in the period to come
JvnaMuka HHQUIAIUY B CIEIYIOLIEM TIEpHOIE 4
Inflation dynamics in the period to come
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VY4acTHe B 3KCIIOPTHAIX ONIEPALHIX
Involvement in export operations

Yyactre B HMIIOPTE NPOLYKIHA
Involvement in import of production

Ioctynnenne B perHoH BalOTHBIX KPEIUTOB
Inflow of foreign currency credits into the region

IMepcexTuBEl DPUBIEYCHUS HHOCTPAHHBIX HHBECTHITHIA
Qutlooks for attracting foreign investments

®axTop peruoHAIBHON cnenuduKa
Factor of regional specificity

Integrated exponent

Hnmezpansnweii nokazamens

It should be noted that on the
whole the Murmansk region is a fa-
vourable region for investment activity
(for comparison, St. Petersburg has an
integrated exponent of investment risk
equal to 2.89; Vladivostok, 5.22). Be-
sides, it is necessary to make a conclu-
sion that it is the exponents of social
and political life of the region that are
dominant and crucial in estimating the
investment risk.

Based on results of similar moni-

toring of investment risks in regions of
Russia, allowing for certain conditional
nature of the integrated risk exponents,
estimates for the development direction
and rate in individual regions can be
obtained. Apparently, quality and ade-
quacy of estimations of the regional
business climate are linked with accu-
mulation and systematization of the
data, which would allow one to im-
prove calculation methods and their
interpretations.

OrMméTnM, ato MypMaHCKwii peru-
OH SBISIETCS B IEOM ONaronprsaTHbHIM
PETMOHOM JIJIsl MHBECTHIIOHHOK JesTelb-
Hoctu (1a cpasHenws, Cankr-Tlerep6ypr
MMeeT VHTETPANGHBI II0Ka3aTeb HHBE-
CTHIIMOHHOTO prcka 2.89, BrnaguBocTok —
5.22). Kpome Toro, HeoOXOmMMO CHENATh
BBIBOZ, YTO MMEHHO [OKa3aTeNy COLHab-
HO-TIOJIMTHYECKOM JKWU3HM pETHOHA SIBJI-
10TCS JIOMHHHpPYIOIMMK ¥ IIepBOOOpa-
3YIOIIFMH [IPH OLICHKE MHBECTHIIMOHHOTO
pHCKa.

Ilo pe3ynbraram 1omoOHOTO MO-
HUTOPHHIa MHBECTHIMOHHBIX PHCKOB B
peruoHax Poccum, mpH onpenesieHHOH
YCIOBHOCTH HMHTETPAJIbHBIX TIOKa3aTe-
JIeH pHCKa, MOYKHO OIICHUTH HAIIPaBJICHHA
¥ TEMIIBI Pa3BUTHA OTHENBHBIX PaliOHOB.
O4eBHIHO, KA4YECTBO M aIEKBAaTHOCTb
OIEHOK PETHOHAITBHOIO IpeInpHHIMA-
TENBCKOTO KJIMMAaTa CBS3aHBI C HAKOILIe-
HUEM W CHCTEMaTH3allddl JaHHBIX, UTO
IIO3BONHT YCOBEPILICHCTBOBATH METO/IbI
pacuera ¥ ¥X HHTepIpeTarmii.
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I'uppomereoponoruyeckas
ciryx0a Poccym HUIpaeT BAKHYIO POIE B
PELIEHNY 3a[]a4 YCTONYHBOTO Pa3BUTHA
SKOHOMHKH. DTO CBA3GHO C TEM, YTO
CIpaTerus yCTOMYMBOTO PasBUTHS Ha-
DpaBleHa Ha IOCTHKEHHE TAPMOHHH
MexIy obmecrBoM M mpupomoit. Ilpu
3TOM CIIEAYET OTMETHTH, YTO TAPMOHHUL
VUWTHIBAET BIUAHHE OKPY’KAIOMeH
Cpensl Ha pa3IMYHBIE OTPACIH 3KOHO-
MHKH H COLHAIBHYIO cdepy XKHU3HH
HACEJICHHUS B II€JIOM, KOTOPOE HpPHBO-
JUT K CYHIECTBEHHBIM IIOTEPAM (PKO-
HOMHYECKUM H couném,HmM) B pe-
3yNbTaTe CTHUXWUHHBIX NPUPONHEIX fAB-
JIeHHH, a TaxKe HeOIarolnpHiTHEIX yC-
moBuM moronpl. Takum o0pasoM, yc-
TOMYMBOE pa3BHTHE MOXET paccMar-

JI. H. Kapnun, JI. A. Xanoooicko,
E. IO. Knioiixos, B. B. Kazauney

Poccuiickuin rocyaapcTeeHRbIi
rMapoMETEOPONONMYECKUN YRUBEPCUTET

PHMBaTBCA KaK pealusalyss CTPaTerHy
BEDKHBAHUA KM HEIPEKPallalonierocs
Pa3sBUTHS CTPaHEl B YCIOBHAX COXpa-
HEHHS OKPYXAIOIEH CpPefBl ¢ YYeToM
€€ BIHAHUS Ha XO3SAHCTBEHHYIO H IpY-
T'HE BH/IB! AEATCIHHOCTH.

YCnemnocTh peueHns HTaHHOR
3a/lauy B 3HAYUTENBHOM Mepe onpene-
ngeT 3QQEeKTUBHOCTE UCHONB30BAHMS
IIPUPOJHO-PECYPCHOTO = TOTEHIHANa,
CHYDKEHWE M3JEPXKEK H II0Teph B KO-
HOMHKE OT BO3JECHCTBHM IPHPOIHBIX
sABNCHUH. N1 yCIEmHoro CouanbHO-
ro ¥ 3KOHOMHUYECKOrO pa3BHTHs CTpa-
HEI TpeOyeTCs y4eT BCeX BIIMSIIOIIMX Ha
Hee $akTopoB, B TOM uncle (aKTOpOB
IIPUPOAHONH ~ Cpempl, CYIUECTBEHHOE
3HAYEHHE KOTOpPHIX It olmecTBa M
JSKOHOMHMKH, Ha BCEX €€ YpOBHAX, B Ha-
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CTOSIIEEe BPEMS YXKE HE BBI3BIBAET CO-
MHEHHH.

IIpobnema B Hacrosiee BpeMs
3aKTI0YAETCS B TOM, YTO CYIIECTBYIO-
muii wabop QUHAHCOBO-IKOHOMMYEC-
KHX ¥ COLHAIBHBIX MOKasaTeled, xa-
PaKTEPUIYIOLUIHX COCTOSHHE IKOHOMH-
KM ¥ OOIIecTBA B IIEJIOM, ITPAKTHUCCKH
HE YYMTHIBAET BIHMAHHE IIOTOHO-
KIMMaTUYECKUX SBJIECHHNA Ha yCTOW4YH-
BOCTHh Pa3sBUTHs SKOHOMHKH. OJHAKO,
9TO BIHUAHHE 3a MOCHENHEE NEeCATUIIC-
THE CTaN0 CTONb 3HAYUTEIHHEIM, YTO
€CJIM €ro He UPUHHMATh BO BHHMAHHE,
TO TIOBBICHTCS HeycTOﬁanOCTL cHCTe-
MBI IPUPOJIA — XO3AHCTBO ~ HACEICHHUE,
4TO TpHBEJAEeT K HapyIIEHUIO JiHa-
MUYHOTO pa3BUTHA obmiectsa [Bedpuiy-
xuti, Kopwynos, Xawnooscko, [Hatimapoa-
nos, 1999]. Otcronma BBITEKAET HEOOXO-

" AUMOCTB  pa3pabOTKH  KOMILIEKCHBIX
TIoKa3aTeNied I ydera BIHSHYS TH-
POMETEOPOIOTHIECKUX ~ YCIIOBHH Ha
9KOHOMUKY. s 3TOro HeoOXO0auMMO
HallaauTh cO0p MH(OpMAIVH IS pac-
YeTOB -IIOKa3aTened W MX aHalu3 Ha
PEeTyIIApHON OCHOBE, B TOM YHCIE .CO-
CTaBIATH MHOTOJETHHE EXKEroJHbIe
KapThl PUCKa pernonoB Poccuu, BBIAB-
JAA CTENEHb PUCKa ruOen HacejneHus
OT CTUXHUHBIX THIPOMETEOPOJIOTHYE-
CKHX SIBIICHWH, KapTHl IOJBEPXKECHHO-
CTH OTpaciell SKOHOMHKH H TEPPHTO-
pUEl THIPOMETEOPOJIOTHIECKHM sBIie-
muaM. Kax wm3BecTHO, Tuapomereopo-
JOorH4ecKkoe 00ecriedeHne IPOH3BOJICT-
Ba MM XO3SIHCTBEHHBIX MEPOIPUATHI
— 3TO COBOKYIHOCTH palOT, BBHIION-
HSAEMBIX ¢ [EeNbI0 Haubomee MOIHOTO 1
CBOEBPEMEHHOTO YIOBJICTBOPEHHUS XO-
3SMCTBEHHBIX OpTaHM3aIMH THAPOME-

TEOPOIOTHIECKUMHU MaTepuaiaMu.
I'mnpoMereoponorudeckoe obecmeye-
HHUE XO3SHCTBEHHOM  [eATEIBHOCTH
IIPOM3BOJHTCA C YIETOM OCOOCHHOCTEH
BIHSHMS  THIPOMETEOPONIOTHIECKHUX
YCIOBU Ha Kabli KOHerTHmﬁ 005~
ext. llpom3BojacTBeHHas MONE3a THA-
POMETEOPOIOTHYECKUX IPOTHO30B OII-~
penenseTcs MX KayecTBOM -(yCIEmHo-
CTBI0 TIPOTHO30B) U 3G (GEKTHBHOCTEIO
pemenuit norpebutens, Oynb 3TO 3a-
WIUTHBIE WM WHBIE MEpBl IPEHOCTO-
POKHOCTH K TeKyIIeMY Wiu OyAyIeMy
THAPOMETEOPOJIOTHYECKOMY  COCTOSI-
Hi10. K OCHOBHEIM MOPCKHM OTpacisM
X03sHcTBa, TpeOyIOMMUM COOTBETCT-
BYIOIET'O THAPOMETEOPOTIOTHIECKOTO
00ecreueHusl, OTHOCATCS: MOPCKOE CY-
JIOXOJICTBO, TPOMBICEIT PBIOBI M JPYTHX
MUIEBEIX MOPCKHUX TPOXYKIOB; pas-
Bexka M JoOwpIYa IOJIE3HBIX HCKOINae-
MBIX B BOJHOH Cpejie U Ha JHE OKEaHOB
¥ MoOpeH; MOPCKOE€ THIPOTEXHHUYECCKOE
CTPOUTENHCTBO (OCHOBHBIM M3 KOTO-
PHIX SABJSETCA TMOPTOCTpOeHue), Oepe-
TO3AIUTHEIE MEPONPHATHS (BKIIOUAS
3aMUTy TMoOepekbs: OT HABONHEHWH, a
Gepera OT paspymieHHs), MOpPCKas
sHepreTura [Jlozeunos, Byikos, Tmum-
penko, 1973]. JIeATENbHOCTS STUX BaX-
HBIX OTpacied XO3sHCTBEHHOH ned-
TEJIGHOCTH TECHO CBsA3aHa C COCTOSHH-
eM TpHupoxHo# cpexpl. Orciona — 3Ko-
HOMHYECKOE 3HAYCHHE HCII0NB30BaHMA
THAPOMETEOPONIOTUMECKHX  YCHOBHH
NpY HAIWYHL JOCTOBEpHOH MH(popMa-
UMl 0 HUX [Xawdoocko, Ycemumosa,
Kopacuxos, Kapenun, 2002].

Hoaromy ouepupgHa He0OXOAU-
MOCTb CO3JAHHS W BBECHHA KOM-
IUIEKCHOM CHCTEMB! OLIEHKH 3KOHOMM-
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YeCKOH - MONe3HOCTH THAPOMETEOPOIIO-
rudeckor -uaopManun. OJHAKO YyXe
celyac  SCHO, YTO B 3ITOU CHCTEME
JOJDKHBL IIPUCYTCTBOBATEL TakHe MOKa-
3aTeny, Kak IpeIOTBpAIlCHHBIE H He-
TIpEOTBPANICHHBIE TOTEPH, HEIPEIBH-
JIEHHBIA ymiep6 Mo NpUYIHHE IIPOIyCKa
OITaCHOTO  SBJIEHHS, 3KOHOMHYECKas
[IOJIE3HOCTh (MNM SKOHOMHYECKAs BEI-
rona), momyyaeMas 3KOHOMHKOH (OT-
paciupi0 SKOHOMHKH, IPOW3BOICTBEH-
HBIM OOBEKTOM) INPH HCIONB30BAHUH
THIPOMETEOPOJIOTHIEeCKON  HHGpOpMa-
LMY Y TIPOIYKIMH. YHHBEPCABHOCTD U
BaXXHOCTb DTHX ITOKa3aTeleH He BHI3BI-
BaeT COMHEHWH. IIpUMEHHMOCTH B
MPaKTUYECKOW JESTEeNbHOCTH MOXKHO
IIOKa3aTh, HApUMep, Ha PEeaTbHOM Ma-
Tepuane 1o peruony Mypmarck — Ap-
XaHTEeIBCK IPW HCHONB30BaHHH THJ-
POMETEOpPOJIOTHYECKUX IIPOTHO30B U, B
YaCTHOCTH, IPOTHO3a CKOPOCTH BETpa.
OpueHTamys MOPTOB Ha IIPOTHO3 CKO-
poctH BeTpa OOyCIOBIEHa TEM, YTO
BeTep ABIsgeTCA “peryisTopoM”’ TOro-
Ibl B IENIOM, 3Ta €ro poib OLIYIIAeTCs
[IOCTOSHHO M Hamboiiee IIOJHO NPOsB-
JIAeTCS TPH ONACHBIX TIUIAPOMETEOPO-
JIOTHYECKHX CUTYyalusAX, 3aTpymHAIO-
VX, 3 HEPEAKO W Mapalu3yroniX OT-
JenbHblE BHABI IPOU3BOACTBEHHON
IesTeNbHOCTH [Bedpuyxui, Kopuynos,
Xanoooicxo, Llatimapdanos, 1999].
Hcxomuoit wmudopmanumeit mis
HaIllHX PacyeTOB SBIUINCH METOXHYE-
CKHE H HHEPIMOHHEIE IPOTHO3BI CKO-
pocti BeTpa (C Yy4eTOM IOpELIBOB) IO
MOpCKOMY pernoHy Mypmanck — Ap-
XaHrenscKk 3a HAThH JieT 3a 1983-1989
rr. (OCeHHEH — 3UMHHH TIIEpHON),
00o0mennpie B BHAE MAaTpPHIl CONps-

XEHHOCTA. MypMaHCK M ApPXaHTEIbCK
— IOPTOBEIE TOPOXA, IIO3TOMY NPOTHO3
BeTpa ABIACTCA ORHOW M3 OCHOBHBIX
METEOpONIOTHYECKOH  mH(popManmei,
OpPHEHTHPYSICh HA KOTOPYIO IPHHHMA-
IOTCS PEIIEHN, B TOM YHCIE U OTHOCH-
TEJIBHO CYJOXOZLCTBA HAa aKBAaTOPHIX
HOPTOB M UPUIEralOMHX aKBaTOPHIX,
MecTa CTOSIHKH CYZOB W BEBIIIOJHEHHS
HpOH3BOIACTBEHHEIX CYIOBBIX OIEepa-
uuit. Ilpom3BoncTBeHHAs IIOJB3a THI-
POMETEOPOJIOTHIECKUX IIPOTHO30B OII-
penensercs UX KadecTBOM (yCIIEILHO-
CTBIO NPOTHO30B) B 3()EeKTUBHOCTHIO
pemieEuid notpeburens, OyAp 3TO 3a-
IUTHBIE MM HHBIE MEpHl IIPENOCTO-
POXXKHOCTH K TeKylled wmu Oymymei
noroze. ODKOHOMHYECKAs - IOJIE3HOCTH
OIIEPaTHBHBIX METOAHYECKUX IIPOTHO-
30B IIOTOJBI PACCMATPHUBAETCS MOCPEN-
CTBOM OLEHKH 5KOHOMHYECKOTrO 3(-
dekra (O) u sxoHOMHUECKOH dddek-
THBHOCTH (P).

‘Beigensrorca 1Be OCHOBHEIC Ka-
TErOPHH LEHHOCTH THAPOMETEOPOJIO-
THYECKMX IIPOrHO30B: HH(OpMaTUB-
HOCTh H 5KOHOMHYECKYIO ITOJIE3HOCTb.
WudopMaTUBHOCTE  yCTaHABIMBACTCS
MOCPEACTBOM OLIEHKH KOJIHYECTBA MPO-
raocruyeckoit madopmanuu. Tem ca-
MBIM [aeTCs XapaKTEpHCEFHKA H Kade-
CTBa TpPOrHO30B moronel. Mudopma-
THBHOCTh  THUAPOMETCOPOIIOTHYECKHX
NpOrHo30B TeM Gosblue, yem OombHIe
IpobneHne IPOrHO3MPYEeMOro COCTOS-
HUA Cpelbl Ha OTAENbHBIE Qasbl H ueM
GoJbIe OTPE3KH BPEMEHH MX OCYIIE-
cTBICHHA. bonee HHPOpPMAaTHUBHEIE
TIPOTHO3B! IIO3BOJISIOT IIy0»KE OCMBIC-
JIUTH BO3MOXHOCTH MX NMPaKTHYECKOTO
HCIIONB30BAHHU.
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IlonesHocTh sBAsAETCA IEsIeBOMH
KaTeropueil LeHrOCTH. J[roGas rumpo-
METEOpONIOTHYEeCKass HHPOpMaIus B
TOM WM WHOM Mepe MoJie3Ha, TaK Kak
HE TOABKO pacIUHpseTcs 00NacTh Io-
3HAaHWS, HO ¥ cIIOocOOCTBYET B TOM MiIH
HHOH Mepe Oonee IeNeHaNpaBICHHO
peIaTh TmpakTHIecKue 3ataud. [lomes-
HOCTB ITPOTHO30B BO3pacTaeT 110 Mepe
TIOBEIICHAS MX HH(QOPMATHBHOCTH 00
OXKUOAEMBIX SBIEHHAX WIH COCTOSHUAX
IIOTOMOBI, BKJIOYas UX Ooliee BBICOKYIO
JMUCKPETHOCTh, a TaKXe HHEIC CBele-
HMS, TIPEACTABIAIOIIHE XO3AHCTBEH-
HBIi uETepec. IT0Ne3HOCTs MPOTHO3OB,
TaKkuM 06pa3oM, OIpeAesIeTcs B Mpo-
necce e¢ peanuzalyu. I10Ne3HOCTh HE
03Ha4YaeT IOCTOSHHO NPHHOCHMBIH 1O-
XOJT WM TONBKO mpuGsLTE. [lonesHocts
ClIelyeT pacCMaTpPHBATh Kak Mepy HOoc-
TIDKCHHS XO3fHCTBEHHON MW COLU-
anpuor nenu. Ilens MOXET JOCTHIaTh-
CA KaKk 4depe3 W3MEHEHHE IPHOBUTBHO-
CTH, Tak W depe3 M3MEHEHHe yOBITOU-
Hocth. [lonesHOCTE MPOTHO30B B 3a-
JMAHHOM 00J1acTH TPOHM3BOICTBA OTpa-
JKAeT NHIUb OOIIYIO TEHAESHIIUIO ITOTpe-
OuTelns — HU3BJIEYHh BO3MOKHYIO ITONB3Y
BCJIEACTBHE YHAa4HOTO Y4YeTa ITOTOJBI
[I'poom, 1974].

' B mpakTHdeckux 3aaadax Ko-
HEYHBIM  Pe3yJibTaTOM  IIOIE3HOCTH
TIPOTHO30B SBIAECTCS BBITOAA, KOTOPYIO
TTO3BOJISIOT H3BJICYb I'MIPOMETEOPOJIO-
THYECKHE TPOTHO3BI B TOW WM HHOH
00nacTH 4EeNOBEYECKOH JEATENBHOCTH.
B mpom3BoACTBEHHOH cdepe Mmomes-
HOCTH THAPOMETEOPOJIOTHYECKON UH-
dopMmamuy  HAXOAWTCS HOCPEACTBAM
OTIpeNesieHNsl IBYX OCHOBHEIX IIOKa3a-
Temeli AKOHOMHUECKOH IOJE3HOCTH!

3KOHOMUYECKOTO s dexra "
IKOHOMHYECKOM 3¢ (PEKTHBHOCTH.
UcxonHoi HNPOTHOCTHYECKOH

HH(QOpPMAIMEeH SIBISIIACHE MHOTOJIETHSIS
TIOBTOPSIEMOCTL CKOpOCTEH BeTpa 3a
OoceHHHH-3uMHMN mnepuox 1983-1989
rT. (o0mee 4HCIO IPOTrHO30B COCTABU-
10 1474 npornosa). IlporsocTuueckue
(I1;) u daxruueckue (P;) 3HaYCHHA

cKopocTeil Berpa 0000IAIKNCE B BUJE
MHOT0(a30BEIX MaTpHIl CONPSHKEHHO-
CTH METOIMYECKMX H WHEPIHOHHBIX
nporao3oB (tabn. 1, 2), B KOTOPHIX
CKOPOCTh BETpa IPEACTAaBILLIACH IIS-
ThI0 Tpamarpsivu; 0-5 m/c; 6-11 M/c;
12-17 wm/c; 18-23 m/c u 24-29 m/c u
Ooyee, MO KOTOPHIM OIpPENeNIOCH
YHCIIO CITy4YaeB (7, ) CONPSDKEHUS TPO-

THO3UPYEMBIX W (akTHIecku Habilro-
JABIINXCS CKOpOCTed BeTpa pasind-
HBIX paJarui.

Ecnu cpaBHUBaTH TOUHOCTB Me-
TOOMYECKHX W HWHEPIMOHHBIX IPOTHO-
30B, TO MOXKHO OTMETHTB, YTO METOAU-
YyecKue HpOrHo3bl Oojiee TOYHBIE, TaK
KaK WX YCIEIHOCTh BBINIE, YEM Y
WHEepIHOHHBIX. Hanpumep, i MeTo-
JUYECKUX IIPOTHO30B IIPOTHO3UPOBA-
jJace  CKOpOCTb  BeTpa  Ipajfallud
6-11 wm/c, daxrtudeckn HabNIOFANOCH
424 cmyuas CKOpOCTEeU BeTpa JaHHOU
rpaganuu. Omubka nporsosa, T.€. I0-
majaHue B IPYrue Ipajaliy cOCTaBHU-
na: aus rpaganuu 0-5 m/c — 87 ciyda-
eB, 12-17 m/c — 45 ciyqaes, 18-23 m/c
— 2 cnydas, 9yro cocraBuserT 24 % ot
o0mero 4yucia MporHo30B JaHHOM I'pa-
jJaryd. JIns HHEpIMOHHBIX IPOTHO30B
CKOPOCTH BETpa 3TOH JXe rpajauuu 6-
11 M/c mporHO3HpOBaNach U HaONIOIa-
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nacek B 247 cinydasx u3 554 BO3MOX-
HBIX. Ommbka IPOrHO3a COCTABHIA:
Jurt rpagauuu 0-5 m/c — 200 cioyqaes,
12-17 m/c - 89, 18-23 m/c 15, 24-29
M/c 1 Bonee — 3, 9TO cocTaBuIo 55 %
oT ofmrero 4mcia IPOTHO30B NaHHOH
rpaganp. Opsako, Oonee  noiHas

OLICHKa YCIEIUHOCTH BBHIIONHEHA Ha
OCHOBAaHHMM pacyeTa psala KpPUTEPHEB,
TAKHX KaK HHGOPMAIHMOHHOE OTHOIIE-
HHe (Vv ), IOKa3zaTeldb COIPSKEHHOCTH
Yympesa (K) u wmep I'ynmvena-
Kpyonana (7) [Xaunooacko, 1993].

Ta6nanua 1. Muoroda3sopast MaTpHIa CONPSHKSHHOCTH METOJHYECKIX [IPOTHO30B
CKOpOCTH BETpa ' :

daTmecKu Mporrosuposarocs 11 j
Habroganock :
@ Ih 1T, 11 14 1 zm“ "
0-5 6-11 | 12-17 | 18-23 | 2(24-29) | 5’
@, 0-5 493 87 2 0 613
@y 6-11 49 424 0 538
@312-17 7 45 186 19 0 257
D, 18-23 19 38 0 60
D5 > (24-29) 0 0 0 6 6
in,- - 550 558 298 62 6 1474
i=1

Taénnua 2. MHEoroda3sopast MaTpHLA CONPSKEHHOCTH MHEPIMOHHBIX IPOrHO30B
CKOPOCTH BeTpa

DaKTeckn MporHoavposanocs 17 j
Habnoganocb .
&; I g _ 11, 115 i .
| 0-5 | 611 | 12-17 | 1823 | =2(24-29) | 5’
@, 0-5 356 200 5 0 613
@, 6-11 201 247 13 3 538
Dy 12-17 53 89 16 1 257
@, 18-23 3 15 26 2 60
@5 >2(24-29) | o 3 2 0 6
S n; 613 554 62 6 1474
i=l1
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IMoromusie ycimoBUs paccMaTpH-
BAIOTCS KaK BHEIIHUH (akTOp, BBI3EHI-
BAlOIIHH IIOTEpH, a8 Pe3yIbTaTHBHOCTh
HOBEACHUS NOTpeOUTENs B BHIE dIle-
MEHTOB MATpHLEl ITOTepb, KOTOpHIE
OTPa’Xal0T [MOCIEACTBHE TOrO, Ha
CKOJIBKO JieficTBus noTpebutens Opuin
nenecoobpasupl. B kagectBe MHGMOP-
Malpd O TOTepsiX B OaHHOHM paborte,
KOTOpEIE HECceT NOTpebuTeNns MO MHpH-

099 211

il

0.14 0],

HATHA TOTO WIH MHOTO pEIIeHUS HC-
HOJIB30BAUCH JAHHBIE MAaTPULBl I10-
Tepb WI1 NopTa AMAepMa B ILEHAX
2003 r. nmpm kosddunEenTax Hempe-
JOTBPALIEHHEIX  IOTEPhE  PABHOM
=04 u £=0.

Hns mopra Amaepma Obuia yc-
TAHOBIIEHa MaTpHIla IOTEPh B IIEHAX Ha
2003 r., KOTOPYIO 3aIHIIeM B BUAE:

IIpOTHO3

I:MJIH.py6.:!, (1)
0.4

a Taxe Wit € =0 (€ - x0d3¢pbUIHEeHT HenpeJOTBPALIEHHBIX TOTEPD)

HSJ H -

DJIeMeHTBl MaTpPHLB! IOTEPh 03-

S12_C L
e o

511
S21 S22

HAYaloT CIedymolee Sj; =S5, — CTOH-

MOCTHAsl BENMYMHA Ha 3aIIUTHBIE Me-
POIPHATHS; S, — IOTEPH BCIENCTBHE

HeOIaronpusATHRIX YCIOBUM ITOTOABI B
Ccllydae IpoIlyCKa SBICHHS.

s toro, 9yrobwl YCTaHOBHTH
NpaBHIBLHOCTh YTBEPKACHHSA, 4TO I10-
JIE3HOCTH TIPOTHO30B BO3pAcTaer IIo
Mepe NOBBIIECHHUA UX HHGOPMATUBHO-
cTd 00 OXHMIaeMBIX SBICHUSIX WIH CO-
CTOSIHMSAX TOrOJBI, BKIOUas ux Gosee
BBICOKYI0 JHCKPETHOCTB, HCXOJIHBIC
MaTpUIBl CONpsDKeHAoCTH (Tabm. 1, 2)
OsutM TIpeoGpa3oBaHBl B MaTpPHUIBL CO-
HOpSKEHHOCTH C NOpAAKaMH:, -(4x4) —
Uil METOOMYECKUX W HHEPIHOHHBIX

S11 S12 513

0.14 2.11
0.14 0.

|iMJ'IH.py6.J' (2)
&=0

IIPOTHO3

nporuo3os (Tabn.3, 4) COOTBETCTBEH-
HO; (3%3) — 1UId . METOIMYECKHX H

. MHEpUHOHHBEIX IPOTrHO30B (Tabi. 5, 6)

COOTBETCTBEHHO; (2X2) — I anbTep-
HATHUBHEIX METOAMYECKMX M WHEpIH-
OHHEIX IPOTHO30B (Tabi1. 7).

Hng Toro dyroGe oNpenenuTh
HOTepU I KaKIOro TUCKPETHOIO yC-
JOBUS IS Kaxuod u3 ¢as moroisl,
HEOOXOAMMO HHTEPIOIHPOBATH HC-
XOMHYIO MaTpuiy INoTepb (Tabn. 2),
Hoyarasi, 4T0 INOTEPH BBIPAKEHBI JIH-
HelHOM (yHKumeH. B pesymsrate MH-
TEPIONANNM pa3paboTaHbl MAaTPHIBL
TOTePh JUIA KKIOW M3 MaTpHI[ coups-
JKEHHOCTH B CIICAYIOILEM BHIE:

dy(V=0-11) dy (¥ =12-17) d5(V 218)

ool mon| = 2ETOD 0 007 e
Sij||=|S21 S22 523 oV =12-17) 1.06 0.60 014 |’
$31 532 533[49 oV 218) 2.11 1.13 0.14
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S11 512 513 514
§21 822 523 $24
§31 532 533 534
541542 543 S44|._

fesl=

d1(V=0-5)dy (v =6-11)d3(V =12-17)d4 (V =18 -23)d5 (V 2 24-29))
o (V=0-5) 0

Dy (V=6-11) 0.53
@3(V=12-17) 1.06
@4 (V' =18-23) 1.59
(@5 (7 224-29) 2.11

0.04
0.44
0.83
1.23

162

0.07
0.34
0.60
0.86
1.13

0.11
0.24
0.37
0.50
0.64

0.14
0.14
0.14
0.14
0.14

Tabauna 3. Matpuna conpspkeHHOCTH ropsaka (4x4) amst METOANYeCKHX
IPOTHO30B CKOPOCTH BETPa

Mporxoanposanocs 1/ j
dakTuyecku
Habnoganach m
@, 15 11, 113 11y $n;
0-11 | 12-17 | 18-23 | 224 | 73’
D 0-11 1053 93 5 0 1151
Dy 1217 52 186 19 0 257
@5 18-23 3 19 38 0 60
Dy 224 0 0 0 6 6
n
>on 1167 239 62 6 1474
i=1
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di(V=0-11)d, (" =12-17)d3(V =18-23)d, (V 2 24)]
@ (7=0-11) 0 0.04 0.11 0.14
=@, (V=12-17)  0.53 0.44 0.24 0.14 |, (4)
O3 (¥ =18-23) 1.59 1.23 050 - 0.14
(D4 (7 224) 2.11 1.62 0.64 014 |
St1 S22 S13 S14 S15
$21 §22 823 S24 825
”Sij”:S31 §32 533 $34 S35 =
S41 542 S43 S44 S45
S51 S52 553 554 855 |,
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Ta6auna 4. Matprua cOnpsHKEHHOCTH Mopsaka (4x4) 11 HHEPIHMOHHBIX IIPOTHO30B
CKOPOCTH BETpa

! INporHo3nMpoBanoch Hj
daktudeckn |
Ha6n|3)qénoc5 1 Hl H2 H3 H4 gn .
i o011 | 12417 | 1823 | 224 | i3’

@ o011 | tooa | 126 | 18 | 3 | 1151
Dy 12-17 | 142 98 16 1 257
&y 1823 | 18 14 26 2 60
Dy 224 | 3 ) 2 0 6

n

>on; - 1151 257 60 6 1474

i=1 :

Ta6nauua 5. Marpuna conpspkeHHOCTH nopsaaka (3x3) mis MEeTOAUIECKUX
IPOTHO30B CKOPOCTH BETpA

MporHo3unposanoch 7 j
PakTudeckn :
Ha6n|{:§én00b Hl H2 H3 ’in .
if o1 | 1217 | 218 =
P B R P Rt
D, 12-17 | 52 186 19 257
@, 218 | 3 19 44 66
n g
yon; . 1108 298 68 1474
= »

Ta6auua 6. MaTpuna CONpsHKEHHOCTH TOopsiaka (3x3) At HHEPUMOHHBIX
TTPOTHO30B CKOPOCTH BETpa

MNporrosuposanock Hj
dakTudeckn |
Ha6m<c);j'an00b Hl H2 173 i .
i 0-11 | 12-17 | 218 | 3’
T
Dy 12-17 | 142 98 17 257
@®; 218 | 21 15 30 66
n
> n; - 1167 239 68 1474
=1 :
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TaGauia 7. Matpuma conps>XeHHOCTH aNbTePHATUBHBIX IIPOTHO30B CKOPOCTH BETpa

METOLMHECKME nporHo3bl VlHepuVIOHHble NPOrHo3bl -
daKTuecku II; II.
Habnoganoce J J
D, — —= . ;
l I |7 |3y | T |a|%,
>12 | 0-11 | &7 | 212 | 0-11 |
J J=
D >17 268 55 323 160 | 163 323
@ 0-11 98 1053 1151 163 988 1151
n
Zn,- 366 1108 1474 323 1151 1474
i=1

Taxum of6pasoMm, u3 mpencras-
JICHHBIX MaTpul noTepb (3-5) BHAHO,
YTO KaXIOMY PEIICHHIO d COOTBETCT-
BYIOT OIIpeeTICHHEIE 3HAYEHU S TI0TEPb.
OHM MaKcHUMaJbHBIE, ECITH OPHEHTHPO-
BaTkCA Ha OnarolpHsATHEIE YCIOBHM, a
Habmomanack NPOTHBONMONOXHAS (asa
THIPOMETEOPONIOTHYECKUX  YCIIOBHH.
IloTepu paBHBI HYJIO, €CIH OPHEHTH-
pPOBaThCA Ha XOPOIIUE YCIOBHSL U IIPO-
rHO3 ompapgaics. Ho uMmerorcs eme U
JIpyrue MOTepH, CBS3aHHBIE C BO3pac-
TaHHEM OITaCHOTO BO3IEHCTBHA OT
D)k D, . PenieHus B peraMente Io-
BEIICHHS BBICTPAUBAIOTCI OT Ca0bIX
Mep 3amuTH K Oojlee KapAHHAILHBIM
(dy,..,d,, ). B TakoM ciydyae 3neMeH-
TBl MaTpuIBl IOTeph JOJDKHBI OTpa-
KatTh CHEAYIOLIEE: $; =Si=; — noTepH
NOTpeOUTENs TpPH ero yAauHBIX penie-
HUAX; OPH j>I{ B IpPaBOM BEPXHEM
yIily TIOTEPH §;; — GCTB PE3yIIbTaT Iie-

PECTPaXxOBOYHBIX pEHICHHH (3aTpaThl
Ha [PEHOTBPAILCHHE OIMACHBIX YCIO-

qi =

BUH, KOTOPBIE YACTUYHO OCYILECTBIIA-
JIMCH UM BOOOILE HE OCYIECTBIIIHCE);
J<i B JIEBOM HIDKHEM YTIIIy IIOTEPH Sij

— ©CTh pe3yJIbTaT NPOIYCKOB HebGmaro-
NPUATHBIX YCJIOBHH, YTO CONPOBOXAA-
eTCS NPSIMBIMU TIOTEPSAMH. DJIEMEHTEHI
MaTpHIBl MOTEPH OTPAKAIOT CPEIHUE
3HAYEHWs pealbHBIX IIOTEph, KOTOpPLIE
MOTYT OBITH B . pe3yJIbTaTe NPHHATHIX
peLICHUI.

B nanpreitmem Oymem paccMmart-
puBaTh 0alieCOBCKHM MOAXON K OICHKE
BEIOOpa  ONTHMAIBHBEIX  IOTOJHO-
XO3SIHCTBEHHBIX pEIlleHHH. D10 Hanbo-
Nee MNEePCICKTHBHOE HATpABICHHE B
pelIeHNH 3a1a9 OLCHUBAHUS IIOJIE3HO-
CTH THIPOMETECOPOJIOTHYESCKHX MpO-
THO30B.

Jns Toro urtoOBI paccuuTaTh
CPEIHHUE TIOTEPH NPEACTABUM DJIEMEH-
THI MaTpPHI CONPsDXKEHHOCTEH (Tadm. 3—
7) B BHIE YCIOBHBIX BEpOSTHOCTE,
KOTOpHIEe OBUIM OmIpexeNneHsl o ¢op-
MyJIe: ‘ '

Mg (7)

n()j
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TAE g — YCHOBHBIC BEPOSTHOCTH IIPO-
THO30B; 7;; — 4aCTOTHl MaTPHL[ CONpsi-
JKEHHOCTH; ng; — CyMMa pealu3alliy

9acTOT MPOTHO3a. MaTpunia yCclIoBHBIX

@y

ol

>

Li

YciI0BHBIC BEpOATHOCTH peal-
3al[Ml TNPOTHO30B, IIPUBCICHHEIE B
MaTpHLaxX conpspkeHHOCTH (3X3, 4x4,

BEPOATHOCTEH OTOOpakaeT OCYIIeCTB-
neHue (asbl MOTroabl NPH H3BECTHOM
TEKCTe MPOTHO3a M OHAa 3aITUCHIBAETCS B
obmeM BHAE CIERAYONNM 00pa3oM:

I Iy..H;
q11 4912 - 41j
921 4922 - 492j
- (8)
91 42 - 9ij
1 1 11
J

5%5) (tabn. 8-13 u Tabn. 1, 2) momy-
AT CAESOYIOIIHUe YHCICHHBIE BBIpa-

KCHH.

Ta6suua 8. MatpuIiia yCIOBHBEIX BeposTHOCTeH (3x3) METONMYECKIX IIPOrHO30B
CKOPOCTH BeTpa (C y4eTOM MOPHIBOB) IO peTHOHY MypMaHCK — ApXaHTeJIbCK

DaKTIIeCKN " Mporxoanposanocs 17 j
Habnwganoce §
. I e 113
! 0-11 12-17 >18
@1 0-11 0.950 0.312 0.074
Dy 12-17 0.047 0.624 0.279
Dy 2 18 0.003 0.064 0.647
> 1 1 1
1
Ha OCHOBAHUN NIOJIYHUEHHBIX GaﬁeCOBCKI/IC) NOTEPH, KOTOPBIC HECET

MaTpHLBI IOTEPs U MATPHI( CONPSIKEH-
HOCTH METOIUYECKAX M MHEPIHOHHBIX
TIPOTHO30B CKOPOCTH BETpa AN MOp-
CKOM aKBaTOpUHU B Tpeaenax MypMan-
cka — ApXaHTenpCKa IIOpTa MOJXKHO
paccuuTaTh cpenHue (YTOYHEHHBIE

1
Ry = F[”u(su —s12(1-2¢))+ ny1571 +”12S12] =04 = 0,037 [

nOTpeOUTeNs, WCHONB3Yd IPOTrHOCTH-
yeckyto uapopmarmio. Cpenane moTe-
p¥ [IpY MCIIONB30BAaHUH METOIMYECKUX
MPOrHO30B BEIYHCIIOTCS 110 (GOpMyIe
[Xanoooicko, 1999]:

MJIH.DYO.
___ﬂ_} (9)
IIPOTHO3
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Tab6anna 9. Marpunia ycoBHBIX BeposiTHOCTeH (3X3) MHEPHMOHHBIX IIPOTHO30B CKOPOCTH
BeTpa (C yJeToM IIOPLIBOB) 110 perHony MypMaHCK — ApXaHTeJIbCK

FUN— IMporHosuposanocs 17 j
Habnoganoct
D; 11 1 11 2 H3
g 0-11 12-17 >18
&, 0-11 | 0.860 0.527 0.309
Dy 12-17 | 0.122 | 0.410 0.250
@3 218 | 0.018 0.063 0.441
> 1 1 1
i

Ta6anna 10. Matpuua ycIoBHBIX BeposTHOCTEH (4x4) METOXHYECKHX IPOrHO30B CKOPOCTH
BeTpa (C y4eToM IOPHIBOB) IO pernoHy MypMaHCK — ApXaHTeNIbCK

dakreckn Mportosuposanocs 17 j

Haﬁnfgianom; Hl H2 173 ,
0-11 12-17 18-23 | 224

D, 0-11 0.950 0.312 0.081 0

D, 12-17 § 0.047 0.624 0.306 0

@4 18-23 | 0.003 0.064 0.613 0

Dy 224 0 0 0 1

) 1 1 1 1

i

Tabanua 11. Marpuiia yCHoBHBIX BEPOSTHOCTEH (4x4) MHEPIUOHHBIX IPOTHO30B CKOPOCTH
BeTpa (C yuyeToM MOPHIBOB) IO perHoHy MypMaHCK —ApXaHTeIhCK

daKTINECKM MporHoavposanock 17 j
Haﬁmgjqiano% Hl 172 | 173 ]74 |
0-11 12-17 18-23 =24
D. 0-11 0.860 0.527 0.291 0.500
D, 12-17 0.122 0.410 0.258 0.167
Dy 1823 | 0015 | 0059 | 0419 | 0333
Dy 224 0.003 0.004 0.032 0
Y, 1 1 1 1
1
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Ta6auna 12. Matpuiia ycIOBHBIX BepOATHOCTEH (5X5) METOAMYECKHX NPOTHO30B CKOPOCTH
BeTpa (C y4eToM HOPHIBOB) IO pernoHy MypMaHCK — ApPXaHTeNbCK

daTeckH MNporxosuposanocs 17 ;
Habnganock
D, 1T I, II4 i 115
0-5 6-11 | 12-17 | 18-23 | >(24-29)
& 0-5 | 0896 | 0156 | 0104 | 0.032 0
@, 6-11 0.089 | 0760 | 0208 | 0.048 0
@5 12-17 | 0013 0.081 0.624 0.306 0
@, 18-23 | 0.002 | 0003 | 0064 | 0614 0
Ds>(24-29)] o0 0 0 0 1
)y 1 1 1 1 1
i

Ta6auua 13. MaTpuia yclnoBHBEIX BepoATHOCTEH (5X5) HHEPIMOHHBIX IPOrHO30B CKOPOCTH BETPa
(¢ yueToM IOPHIBOB) IO perHoHy MypMaHCK — APXaHTENIbCK

SaKTECKH Mporvosuposanock 17 j
Ha6mopanocs i I
®i Hl Hz H3 H4 5
05 6-11 | 12-17 | 18-23 | 2(24-29)
Dy 0-5 0.581 0.361 0.217 0.081 0
D, 6-11 - 0.328 0.446 0.310 0.210 0.500
@y 12-17 | 0.086 0.161 0.410 0.258 0.167
Dy 1823 | 0.005 0.027 0.059 0.419 0.333
Ds 2 (24 - 29) 0 0.005 0.004 0.032 0
> 1 1 1 1 B
; .

Ilpy MCMONB3OBAHMK HMHEPIMOHHBIX MPOrHO30B (OpMyna CpeJHHX IIOTephb
HUMeeT BUT:

Y 1 [ HH HH HH ] MIIH . py0.
Ry == [nfT (511 =515 (1= 26))+ n5¥ s +nfS'sy e=04 = 0217 | ————.(10)
N ’ MPOTHO3
Ha ocHosanuu THIAPOMETCOPO- YCTaHOBUTL CHCTCMATHUYCCKUE IIOTEPH
JIOTHYCCKHUX IIPOTHO30B U COACPXKaHHNH (ﬁ) IpH 0alleCOBCKOM IOAX0JE. e~

HU3ICPXKEK, NPUBCACHHBIX B MaTpHLax
HNOTEPL, NPEACTABIACTCA BO3MOXHBIM

MEHTBl MaTpHIBl CHCTEMATHYECKHX
OTEPh HAXOIATCS IO opMyJIe:
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n=m

Rk] = zsikql'j s
k=1

rae k — gucno AeicTBHiA moTpebuTeNs,
S;r — OJIEMEHTH! IOTeph, BhIOpaHHEIE
moTpeduTeneM M3 MATPHIEI IOTEPE

(11)

HOJIy‘ICHHLIe 3HAa4YCHUA TIpCI-
CTaBUM B BHAC MaTpHULl CHCTEMaTHYC-
CKHX IIOTEPb, KOTOPBIC B 06H.ICM BHOC

. BHIIJIOUT  CHAEAYIOMMM  00paszoMm
”Sl]”, qu — YCJIOBHBIE BEpPOATHOCTH (T3,6JI14—19)
(cormaceo TeopeMe Baiteca), BEIGHpae- :
MBIE U3 MATPHIEI “q,] H '
5 5 5 Ri R Ris R
Ry Ry Ry = = = =
= s 5 3 5 _|Ra1 Ry Rz Roy
Ryi(3x3)=|R21 Ryp Ro3 Ryux)=|= =~ =7 -
5 5 3 Ry R3p R33 Ray
R31 R3p Riz = = = =
v R41 Rgp R4z Ry
’ (12)
Ry Ry Riz Ris Rys
[Rat Ryy Ry Rys Ryps
Ryj(sxs)=|R31 R3p Rsz Rzq Ris
Ry1 Ray R4z Ryq Rys
Rsy Rsp Rs3 Rsq4 Rss

Tabmuma 14. CucreMaTHiecKue TOTEPH IPH METOXMMECKHX mporuo3ax (3x3)

Petuenue MporHoauposanock Hj
nmpe;menﬂ | Hl , ]]2 H3
0-11 12-17 >18
di 0.056 | 079 | 1.661
) 0.098 | 0.469 | 0.904
% 10.140 | 0.140 | 0.140

TaxuM 06pa3zoM, MaKCHMaJIbHBIE
notepu OGyfyT B TOM CIyd4ae eclH’
IpEACKa3bIBAIOCh  CKOPOCTH  BETpa
18 M/c u Goxee, a penreHre nprHUMA-

€TCs, OPUEHTHUPYICH Ha CKOPOCTH IIO-
panka 0 — 11 m/c, a MUHHAMAaNBHEIE —
ecnyM NpPOrHO3MpoBajiach M Habmoxa-
Jacs ckopocth Berpa ot 0 mo 11 m/c.

—205—




ConuanbHO-3KOIOTHIECKUE U 3KOHOMUYECKUE UCCIeOBAHUA B rlpld6pe>I<Hof/i 30HEC CEBEPHEBIX Mopeﬁ

Ta6auna 15. CucTeMaTHuecKHe IOTEPH TIPH, MHEPIIMOHHEIX NPOorHo3ax (3x3)

Pelienue Mportoauposanoce 17
nOTpeSLfTenﬂ 171 172 H3
0-11 1217 | =18
dy ©0.167 | 0567 | 1.195
da 0.154 | 0354 | 0670
ds 0.140 | 0.140 | 0.140

Ta6auua 16. CucTeMaTHICCKHE OTEPH [IPH METOMUYECKHX POrHo3ax (4x4)

Mporvoauposanocs 11 j

Pewenne ‘
nOTpGZVITeﬂH Hl 172 H3 - ]Y4
0-11 | 12-17 | 18-23 | >24
d, 0030 | 0432 | 1136 | 2.110
d, 0062 | 0366 | 0.892 | 1.620
ds 0117 | 0216 | 0389 | 0.640
dy 0.140 | 0140 | 0.140 | 0.140

Ta6anua 17. CucremMaTHdecKre MOTEPH IIPH HHEPIHOBHBIX IPOTHO3aX (4x4)

MporHosuposanoce 1/ j

Petuenne
I'lOTpe;VITeﬂH Hl HZ ]73 ]74
0-11 12-17 | 18-23 > 24
dy 0095 | 0319 | 0870 | 0618
dy 0.111 0.280 0.692 0.503
ds | 0.133 0.188 0.324 0.261
dy 0.140 0.140 0.139 0.140
Ta6auna 18. CucTeMaTHYECKUE TOTEPH IIPH METOAWYECKUX NPOTHO3aX (5x5)
PolleHMe Mporosvposanoce 11 ;
noTpeburens
d 1 I, | I Iy s
0-5 6-11 | 12-17 | 18-23 | 2(24-29)
dy 0.064 | 0493 | 0873 | 0.133 2110
dy 0 0.088 | 0412 | 0692 | 1.032 1.620
ds 0.103 | 0321 | 0.507 | 0.730 1.130
dy - f 0126 | 0231 | 0324 | 0435 0.640 .
ds - 0.140 | 0.140 0.140 | 0.140 0.140
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Tabauna 19. CucreMaTHuecKye NOTEpy Npyu HHEPIUOHHEIX MPOrHO3ax (5x5)

PelueHme ' Mporroauposanocs 17 j
notpebutens : :
J 1T I, I, I, 115
L 0-5 6-11 12-17 18-23 p- (24 - 29)

dy 0273 | o461 | o701 | 0.118 0971
dy 0.245 0.386 0.564 0.877 0.768

ds 0.208 0302 | 0422 0.628 0.556

dy 0.177 0.223 0.282 0.385 0.348

ds 0.140 0.140 0.140 | 0.140 0.140

MatpHusl NOTeph IOKa3bIBAIOT,
9TO MAaKCUMAIBHBIE UOTEpH OYIOyT
HMETh MECTO, €CIIH  OPHEHTHPOBATHCS

Ha Oonee 6J'IaI'OI'IpPISITHLIe YCIIOBUA, -
HYC€M OHM IIPOTHO3MPOBAINCH, CICAOBA- '

TEIBHO, HeO6XOI[PIMO IIpUHUMATE pPEC-

— In —
R= EPOijin (Hj)’ -

j=1

rre R - ofmue cpemuue NOTEpH;
Poj — BEPOATHOCTH TEKCTOB NPOTHO-

30B; Rin (H j) — MHHHMMAJIBHEIE Cpel-

HHE TOTEPH IPH HCIIONB30BAHHH TH-
POMETEOPOJIOTHIECKOr0 IMIPOrHo3a, B
JAHHOM CJyd4ae CKOpocTH Betpa. i
9TOr0 M3 TabNuI CHCTEMaTHYECKHX
HOTeph CJIeAyeT BHIOpaTh MHHHMAIb-
HBle IIOTEPH VTSI KaXKIOro MPOTHO3M-

IICHUsST OPHEHTHUPYACH Ha TEKCT IIpo-
THO32 W TOTOBWTH 3all[UTHBIE MEpO-
OpUATHA.

Js Toro, 4ToOBI OIpENENHTH
ofime cpemHie MOTEPU BOCIIONB3YEM-

cs1 Gopmynoit:
(15)
pyeMoro ciydas, a u3 TabiuL COBMe-

CTHBIX =~ BEPOATHOCTEH IPOrHO30B = —
3HQYEHNU P ;. - :

B HUTOTE YCTAaHOBJEHH CpEIHHE
HIOTEpPH IO BCEMY TIOJIO MATPHIIB! ‘CHC-
TEMATHYECKHX TOTEPh NPH PasIHYHOM
YPOBHE IHCKDETHOCTH, T.€. NPH pas-
JMYHOM YHCHE HPUHMMAEMBIX pellle-
Huit dj, (tabmn. 20, puc. 1).

Tabnnua 20. ViTorossie pe3ynsTaTsl pacueTa CpeJHAX IOTEPh
IIPH METOANYECKOM H MHEPLIIMOHHOM IPOrHO3aX

_ o =R/ | R_R
Onsimatpuu | R, ,MITH.pYO. R, , MITH.DYO. R, | p="E="*%
RI/I
%

(2x2) 0.113 0.136 "1.204’ 0.169
(3x3) 0.077 0.140 1.820 0.45
(4x4) 0.057 0.104 1.825 0.452
(5%5) 0.111 0.139 1.252 0.201

- Ilpumeuanue: Bce 3HAYEHUS paccuuTalsl upH € =0,
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0,16
0,14 ]T__ ——
0,12 4

0,1 I el
0,08 - T~ .~
0,06 T~ /
0,04 :
0,02

0

R mnH.py6./mporHo3

2%x2 3x3 _4><4 - Bx5

P a3MEP HOCTH MaTp ML

------ HOTEpH ITPH HHEPIHOHHEIX [POTHO3aX
HOTEepH [IPH METOMUICCKUX MPOTHO3AX

Puc. 1. Cpenuue morepu noTpedbuTens
OpY HCHOJIE30BaHUH HHEPUHOHHEIX H METOXHYECKUX TIPOTHO30B.

Takum oOpa3oMm, BHOHO, 4TO C
YBENUYEHNEM YPOBHSA JHUCKPETHOCTH
MAaTpyIl CONIPSDKEHHOCTEH IIPOrHO30B
CpemEre MOTepH HMEIOT OOIIy:o TeH-
nennwio yOeiBate. Ilpu sTtom cnenyer
OTMETHUTH, YTO ITOyYCHHBIE BEIHIMHEL
NOTEPH, IPH HCIIONB30BAHUU MATPHIEI
conpspkeHHOCTH (5X5) s Meromude-
CKHX IIPOTHO30B HE MONYMHAIOTCA 06-
el 3aKOHOMEPHOCTU. B03MOXHO, 3TO

MOXeT OBITH OOBSICHEHO TEXHHUCCKH-
MH TIOTPELTHOCTAMH TPU BEIYHCICHUH
(u3-32 Mamod HHGOPMATHBHOCTH Ha
KOHIIAX MAaTPHI[ COMPSKEHHOCTH IO~
paaka 5x5). ng Toro 9T06BI 9aCTHIHO
U30aBUTHCA OT TEXHHYECKHX IOrperi-
HOCTEH, MpOBENEeM OCpeINHEHHE 3Haye-
HUH CpPEemHMX TOTepPh IUIL MATPHI C
mopsakoM (3x3) u (4x4); (4x4) u (5x5)
(puc. 2).

0,150
(<]
£
g 0,100 \\
z 0,050
s
o
0,000

22

33 4x4

PasmepHOCTU MaTpiyy

Puc. 2. Cpenuue noTepu IOTPEGUTENS pK HCIIONB30BAHUH METONHYCCKHX IIPOTHO30B.

— 208 —
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Taxkum 06pa3om, BHAHO, 9TO II0-
BBILIEHHE IMCKPETHOCTH dj COIIPOBO-
JKRAeTCA CHIDKEHHEM II0Teph IoTpebn-
TeJIl — MOPCKOro CyROXOJCTBAa B paii-
OHE HCCIIEHOBaHUA.

=N [(ECT

rae B — ko3dduumenT nONEBOrO yua-
CTHs cucTeMsl Pocruppomera B mony-
YeHUH 3KOHOMHYecKoro addexra (S =
0.3); N — obmee 4mCIIO IPOrHO30B;

R, - MuAMManbHBIe 00IMe IOTEpH

IIPH  HCHOJB30BAaHHUHI
IporHosa (B JaHHOM ClIydae 3TO 3Ha-

CTaHAapTHOI'O

_EM )_3rm] s

s ompeneneHns SKOHOMMYE-
ckoro 3¢dexra ONepaTHBHBIX METOIH-
YeCKUX NPOrHo3oB (tabm. 21) ucmons-
syeM dopmyity [Xandooicro, 1993]:

(16)

nNoTepU TIpM HCNOJB30BAaHHH OlEpa-

THBHBIX METOOWYECKHX IPOTHO30B
(ta6m.20); 35, — DpeAnpou3BOACTBEH-
HbIE 3aTpaThl (CTOMMOCTB) Ha IIPOTHO-
cTryeckyro nHpopmanuio (3, = 0.003
MIIH. py6.).

JpyruM BaXHBIM IIOKa3aTeleM

3KOHOMHUYECKOH IIOJIE3HOCTH IIPOrHO-

YeHHsS CpEeNHHX TOTepb R,y (Tabum.
— 30B ABIIETCS 5KOHOMHYECKas
20)); Ry — MuHEMANbHBIE CPeAHHe addexrusrOCTS P (TabMN. 21):
R -R,
P= 9 =0 =—*-1| (17)

N3,

nii

Tabauna 21. DxoHoMudecKui 3ddexT u sxoHOMUUeCKas 3)PEKTUBHOCTE OlIEpaTHBHEIX
METOAHYECKHX NPOTHO30B

Mopsnok MaTpuy 3, MIH.pyo. P
2x2) 8.844
(3x3) 26.532
(4x4) 19.457 4.4
(5x5) 11.055 2.5

TakuMm 06pa3oM, MBI TIOXYYHJIH
TIOKA3aTEN SKOHOMUYECKOH IONIe3HO-
CcTH (3KOHOMHUYECKMH 3(hdexkT u 3Ko-
HOMHHYECKYIO 5((EKTHBHOCTE), KOTO-
pele  OOBEKTHBHO OTpaXKalOT ONTH-
MajbHBIE  YCIOBHS  HCHONIB30BAaHHA
THAPOMETEOPOIOTHYECKHX IIPOTHO30B
(B maHHOM CIy4ae IPOTHO30B CKOpO-

CTH B€Tpa) M NOIyYaeMyI0 IPH 3TOM
SKOHOMHHECKYIO IONB3Y.
OKoHOMHYeCcKHH 3(deKT H KO-
HOMHYeckas o(QexTuBHOCTs (Tabu.
21) nns maTpuusl mopsnka 3x3 6onb-
e 9eM st 2X2. DTO IIOKa3kIBAET, YTO
HOJIE3HOCTh NIPOTHO30B BO3pacTaeT II0
Mepe HOBBIIEHHUS HX HH(POPMATHBHO-
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ctu. Ho 3HaueHMs moOKasaTesned 35KO-
HOMHYECKOH IOJIC3HOCTH ISl MaTpPHIIL €
HOPSIAKaMH 4dx4 m 55, MeHbuie yeM
3HaYCHMA A1 MaTpuisl 3x3. Bo3mox-
HO, B HanpHeiimmem morpelyercs J0-
TIONHUTENIbHAA TIPOTHOCTHYECKas WH-
¢dopManusi mo TaHHOMY PETHOHY B Iie-
JIfX TOBBIUIEHHS WHQOPMATHBHOCTH.
OCHOBBIBAsACh Ha MPEIIOIOKEHUH, YTO

9KOHOMHYECKUH 3 dexT U IKOHOMHYE-
ckas 3¢¢eKkTHBHOCTE MaTpHll 4x4 u
5x5 yObiBaeT H3-3a HEXOCTaTKa WH-
dbopmanuy, TNOKaKeM MPEeANOIOXKHU-
TEJNBHBIA XOJ pacrpeleNiCHHs oKa3a-
Tenell 3KOHOMHMYECKOH IOJIE3HOCTH,
JUIL 9ero TIPOBEAEM OCPEIHEHHE BEI-
YHCHCHHBIX 3HAYCHHM W IIPEICTABUM
pacnpenienenue rpaduuecku (puc. 3).

30 -

25 4 ~
20 - /

‘. 15 4 [
10 ‘r/'

g T~
s

5

0

Dronomuueciuii addexr 2,
py6

22

3x3

4x4 5x5

PasmepHOCTH MATPHI],

pacCUUTaHHBIC 3HAYCHMS.
OCPCAHCHHBIC 3HAYCHUSA.

Puc. 3. Oxonomuueckuit 3QPEKT OT HCIONB30BAHHS METOIUYECKUX IPOTHO30B.

TakuM 00pa3oM, BENHIHHBL IKO-
HOMHYECKOro 3ddekTa U IKOHOMHUE-
ckoM a¢dexTuBHOCTH (mOKa3zaTenei
HKOHOMHYECKOH II0JIE3HOCTH) HCIIONb-
30BaHHUSI IIPOTHO30B CKOPOCTH BeTpa
mas pernona Mypmanck — Apxas-
TEeNbCK 32 OCEHHE-3UMHUH NEepHOX
1983-1989 rr. BO3pacTaroT ¢ yBEIHHE-
HHeM HHQOPMATUBHOCTH IPOTHOCTH-
gecKoit MHGOpMalluH, 9TO MOKa3aHo Ha
CPaBHUTEIBHOH XapaKTePHCTHKE 3KO-
HOMHYecKoro 3ddekra s paspabo-
TaHHBIX MATPHUL CONMPSKEHHOCTH.

OCHOBBIBaSICH Ha ITUX PE3yJIbTa-
Tax, MOXXHO YTBEpXKHaTh, YTO OITH-

MAaJIbHQCE HCIIOJIL30BaHNE Hay4HO-
000CHOBAHHEIX TIPOTHO30B THIPOME-
TEOPOJOTUYECKHUX XApaKTepHUCTUK 10~
3BOJIACT CHIDKATH WM MOJHOCTBIO TIpe-
JMOTBpaIarh IOTEPH, BEITOJNHATL Te-
KyInue mpou3BOACTBEHHBIC OIICPaliuu C
MHHUMATBHEIMH HM3JCPKKAMH, IUIaHH-
POBATh XO3SHCTBEHHBIE MEPOTIPHATHS B
paMKax THAPOMETEOPOTOrHIECKOTO H
To-
Tpe6uTENb, KaK CleyeT U3 pHC. 3,

AKOHOMMYECKOTO 000CHOBAHUA.

BIpaBe BBIOMpaThE paszpabaTeIBaTh Ta-
KO KOHTJIOMEpAT peleHud dj , KOoTo-

pBIfI OTBCHACT WJIKM MAaKCHUMyMY OSKOHO-
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MHYeCKOro 3Q¢dexra wid MakCHMyMy
3KOHOMHUYECKOU 3 PeKTHBHOCTH.
BrmonxenHoe necnenoBaHue o
3allaHOMY PETHOHY APKTHYECKOH 30-
HBI CTPaHB! NIOKA3bIBaeT MacmTabHOCTh
SKOHOMHUYECKOH MpobueMsl, ee 3HAYH-
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VHHUKaILHEIMUA  IPUPOZHBEIMHE CBOMCT-
BaMH. ['moGanpHOCTE IpOOGIIEMBl NpH-
OpEXHBIX 30H CBs3aHA C PSJIOM IIPH-
gpH. Bo MHOrHX cTpaHax mupa 6omb-
mas 4YacTh HACENECHHSA IMPOXKHBAET
BOmu3u  moGepexxuit.  IlpubpexHsie
TEPPUTOPHH CYIIH W aKBATOPHH, Kak
[IpaBWIO, ABIAIOTCA 30HAMH MHOTOLE-
JIEBOTO HCIIONB30BaHHA. B sTHX paii-
onax Bexercs HoOpua W nepepaboTka
TIOJIE3HEIX HCKONAEMEBIX, Pa3BHBAIOTCH
DPa3IHYHEIE BUABI HPOMBIIUICHHOCTH,
GhopMHPYIOTCST  IIOPTOBO-NPOMBIIIIEH-
HBIE KOMILICKCH, pPa3BHBAIOTCS CYHO-
XO0ACTBO, pHIOOJIOBCTBO, peKpea-1us,
TYpU3M U T.I. [Aiifyramos, 2001].
IIpuponso-pecypcHBI  DOTEH-
nman GeperoBoit 30mnl Poccum Taxke
Ype3BbIYAHO BENHK, HO, K COXKalle-
HHIO, €r0 KCIIONL30BaHKE €Il JAlIEKO
0T pauuosansHoro. Ecmm BooOme B
MHUpe IpHOpexHas 30Ha OTIMIAETCS,
KaK IIPaBUIIO, I'yCTOHACENIEHHOCTHIO, TO
B Hamel crpaHe OOXKHTBIE PadOHBI C
JIOCTaTOYHO BBICOKOH IUIOTHOCTBIO Ha-
CENEHHS 3aHUMAIOT JINIUIb MAJIYIo 9acTb
noGepexuit
2001].

[Huxanopos,  Xopyorcas,

B cBs3u ¢ aTHM, BamMu Gplna cre-
NaHA [OMBITKA TPOBECTH HCCIEHOBA-
HHE, LHEISIMH KOTOPOTO SBISUIOCH OI-
peleNeHHe OCHOBHBIX  HaIpaBJICHHH
PANMOHANBHOTO HCIIONB30BAHHUA IIO-
TeHnuana NpuOpexHoil 30HBI, OCHOB-
HBIX COLHANbHBEIX XapaKTCPUCTHK H
npobieM HaceleHUs, INPOXKUBAIOIIETO
B Oeperooif 3oHe Kanpmamakmckoro
3anvBa bemoro Mops, a TakKe CTEeNeHH
COLHAIGHON aKTHUBHOCTH XKHUTEIEH 3TO-
To pailoHa.

OOBeKTOM HCCIICHOBaHUS ABIIA-
JHCH COLHAIBHO-3KOHOMHYECKHE TIpOo-
[ECChl, MNpoTekarome B Oeperoroit
30He. B KawecTBe OCHOBHOI'O METOHA
COILMOJIOTMYECKOTO HCCHENOBaHUA HC-
MOJB30BAJIOCH IPOBEIEHHE OIPOCOB
ofmecTBEHHOr0 MHEHHMA Ha OCHOBE
anxeTHpoBanna. OCHOBHEIM pPaiOHOM
WCCHeJOBaHUA OBLT BRIOpaH mpuOpex-
BB pafion bBemoro mops (paiioH T.
Kanpanaxma), a mis cpaBHEHHs ObLIM
MPOBE/IEHE! aHANOIHYHBIE ONpPOCH Ha
UepHoMopckoM modepexse (T. Tyarnce,
u r. lenenmxuk) [Knwiixos, Pomosa,
2002; Kmoiikos, Pomosa, 2004). Ilpuiem
9TH TOpoja OTIMYAIOTCS IO CBOEMY
coLpanbHOMy crarycy: Tyarce — B oc-
HOBHOM TIOPTOBBIM W IPOMBIIUIEHHBIR
ropox; Temenmkuk — Gomblie KypopT-
HEIl TOpPOX C COOTBETCTBYIOIIEH HWH-
dbpacTpyKTypoil.

B ocHoBy wmccrmemoBaHuii ObLIH
MOJIOKEHB! KOHLEHLIUA YCTOHUHBOIO
PAas3BUTHS H METOAOJIOTUA KOMIIJIEKCHO-
ro yHpaBJIeHHUSA TpHOPESKHBIME 30HAMHU
(KVYII3).

Kak wu3BecTHO, KOHIENIHA Yyc-
TOMYHBOrO pAa3BUTHS OpPHEHTHPOBAH-
Has Ha COXpaHeHue “TIPHUPOJHOTO Ka-
nmana”, CBOIMTCS. K HEOOXOJUMOCTH
cOanaHCUpOBaTh JACATENBHOCTL YEIO-
BEKa CO CIOCOOHOCTRIO MPHPOIEI BOC-
cTaHaBIUBaTHCA. COOTBETCTBEHHO 00-
IIKM IIOJIOKEHHUSIM KOHIENUHUH yCTOH-
YMBOTO Ppa3BUTHA pazpaboraHa €€
CTpaTerust OCHOBOH, KoTopoﬁ SABIACTCA
unes cOalaHCHPOBAHHOCTH  MEXIY
OKpyXarolell cpenoH, ee pecypcamu,
SKOHOMHKOH ¥ HaceJeHHeM 3eMIIH
[IInunx, [ozobepudse, 2003]. Ycmex B
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peanu3anyy CTPAaTeru#l yCTOMUYMBOTO
pPasBUTHL BO MHOI'OM 3aBHCHUT OT 0CO3-
HaH¥s B3aMMOCBI3aHHOCTH OKOJMHa-
MUKH ¥ COLMAaJbHO-3KOHOMHYECKOTO
pa3BHTHSL.

KommnekcHoe ympaBieHHE IIPH-
OpESXXHBIMH 30HAMY HPEACTABJIIET CO-
6ol HempephIBHBIA IpoLEcC BBIPAbOT-
KM M OpUHATHS PEIICHUY, HalmpaBleH-
HBIi Ha TapMOHHU3AIMIO COLHAIBFHO-
5KOHOMHUYECKOTO DPa3BUTHA NpHOpex-
HO-OE€pETOBBIX PErHOHOB B LEJIX YC-
TOHYHBOrO pasBUTUA [Vemoiduusoe ...,
20001.

Bce counomornyeckue uccieno-
BaHHs NPOBOIHIKCH BBITYCKHUKaMH H
CTYHCHTaMH CTapIIuX KypcoB Kadenper
KOMIUIEKCHOTO YIPpaBICHHS NpHOpex-
HBIMH 30HaMH TI0JI pPyKOBOACTBOM IIpe-
nojasatenel Kagenpsl, a TakXKe Co-
TPYOHUKAMH YHHBEPCUTETA.

ITocraBneHHEbIe HENU NpPEANONa-
TAJIU pellicHAe CIeAyIOmnX 3aay:

a) ompenenuTh 3HAYMMOCTH NOTEH-
1Hana npubpexHoit 30Hs! (Ha puMepe
benoro u Yepnoro mopeii);

0) BBIABMTH SKOIOTO-9KOHOMHYEC-
KHe H COLHaNnbHO—-5KOHOMHYECKHE
mpoOIeMbl, MPEXAe BCEro HaCENeHUs, a
TaKXe palioHOB B LIEIOM;

B) JaTh XapaKTEPUCTHKY deIOBede-
CKOro MOTEHIMAaIad YKA3aHHBIX paid-
oHOB OeperoBoil 30HE Poccuiickoii
denepanu Ha OCHOBE IPOBEICHHOTO
HCCHENOBAHMNS;

r) OIpeaeNuTh 3aKOHOMEPHOCTH
B3aFMOCBSI3H W B3aMMO33aBHCHMOCTH
3KOJIOTHYECKHX U COIHAIBHO-
9KOHOMHYECKHX (haKTOpPOB, Pa3sBUTHA H

WCTIONE30BAHUS IPUPOTHOTO IIOTEH-
nuana 6eperoBoi 30HEL

Onucanne COMUOJIOrMYECKHX
HcCeIeI0Basuil

Peanuzanust NOCTaBNEHHBIX Iie-
Jleldl mpenmnonaraija BBISCHEHHE OCHOB-
HBIX COLMANBHO-IEMOTpadhIIeCKUX
XapaKTePHCTHK OIPOIIEHHOTO Haceye-
HUs, ero MHAEHHS OTHOCHUTEIIPHO Hau-
Oosee BakHBIX NpoOieM, OTHOILNEHHE
JKUTENeH K BO3MOXHOCTH HX COOCT-
BEHHOTO BIHMSHMA Ha COLHANBHO-
SKOJIOTHYECKYID CHTYallul0 B paloHe,
yIOBIETBOPEHHOCTh paGOTOM, KIUTHII-
HBIMH YCIIOBHAMH, COCTOSHHMEM OKpy-
JKAIOWEH Cpenbl, OTHOLICHHS Hacene- .
HUSI K Pa3BHTHIO paiioHa.

B KauecTBe OCHOBHOTO METOJA
HCCIIENOBAHUA HaMH OBUIO HCIIOJIB30-
B&HO, KakK OBIIO yKa3aHo, aHKeTHPOBa-
HHE, KaK IpaBWIO, HACENCHUS, Npen-
CTaBUTENECH aIMUHHUCTPATUBHOMN = Bia-
CTH 3THX pafOHOB M PYKOBOIHTEJEH U
CIYKalluX  NPEeNNpHITHH-IPHPOIO-
none3oBateneil. Ota paboTa mpoBOIH-
Jack CpedM B3POCHOr0 HAaCeICHUA
Kanpanaknickoro pafioHa H TOAPOCT-

- KOB, OTABIXArOUIUX B HOETCKOM CIIOp-

THBHO-03J0POBHTEIHFHOM narepe
“Tanmeur” [Pomosa, 2004]. Auanoruy-
HO TIPOBONHUIHNCH HUCCIEXOBAaHMS B IIPH-
Opextoit 30He UepHOro Mops — B T.
Tyance cpenu xurened u B r. I'eneH-
XHKE, CPeNH MECTHOI'O HaCeNeHHs, OT-
JBIXAI0MUX 1 KOMAHAUPOBAHHBIX.
Kpome Toro, noxobuo uccieno-
BaHHAM B Jarepe “I'apasur’”, 6eL1 TIpO-
BEIEH ONpOC HOAPOCTKOB, OTIBIXAIO-
IMX B  KyJBTYPHO-9KOJOTHIECKOM
xrybe “Hemocema” (Jlemunrpanckas
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o0acTh) [Pomosa, 2004). J1ns xaxmoro
UCCIIEAOBaHUA ObLIa COCTaBNeHa aHKe-
Ta B COOTBETCTBHH C H3yYaecMOM IIpo-
Onemoti.

B r. Kannanakme o6mecTBeHHOE
MHEHHE U3YYanoCh B TEYEHUE TPEX JIET
(2000-2002 rr.), DO2TOMY MBI MOXXEM
TIOTBITATLCS CIENIATh HEKOTOPLIH Kaue-
CTBEHHBIH aHAIM3 IONYYCHHBIX MaH-
HBIX, M CPAaBHHUTBH €0 C pe3yAbTaTaMH
OIIPOCOB, KOTOPEBIE NPOBOAWINCE B Ty-
arice (2000 u 2001 rr.) u lenenmxuxe
(2001 r.). Becero Obu10 OIIPOIIEHO OKO-
10 1200 genoBek, BKIFOYas ¥ MOgPOCT-
KOB. AHKeTbl g xurenel Kanpga-
JIAKIICKOrO palioHa KaKIplii TOX KOp-
PEKTHPOBAINCH B CBS3H C H3MEHCHHS-
MH COUHANbHO-3KOHOMHYECKOH 00cTa-
HOBKH B palioHe, a Taloke YpOBHA ak-

_ THBHOCTH HACEJICHUS.

Bce paboThr, Kpome TOro, mpo-
eKTHPOBAIKCEL, KaK pacliiperue Oassl
JAHHBIX COIMANbHBIX HCCICIOBAHMUI

Poccuiickoro rocygapCTBEHHOIO TUl-
POMETEOPONIOTHYECKOI0 YHUBEPCHTETA,
KOTOPBIH MPOBOAUT €XETONHBIN IKOJI0-
TMYECKUH MOHUTOPHHT B TIPUOPEKHBIX
padionax benoro m Bapennesa mopeit
(1992-2003 rr.) u UYepHoro ™ops
(2000-2001 rr.).

AHanu3 pe3yabTaToOB
COLUOJIOTHYECKHX HCCIeN0BAHMIT

Conmonormueckuit onpoc B T.
Kappanakuie rpoBOIOUICS €XErOOHO B
MIPUMEPHO B OJHH U TE€ K€ CPOKH B IIe-
puox ¢ 6-8 no 15-17 utons. Beero OnI-
1o onpoueno 429 uenosex (tabn. 1.).
HeongunakoBoe KOJHYECTBO >KUTEJEH,
KOTOpbIe OBIIM BOBJIEUYCHE! B HCCHEIO-
BaHHUS, MOXHO OOBICHUTH CIy4ailHO-
CTBIO BBIOOPKH, HE 3aUHTEPCCOBAHHO-
CTBI0 HACENEHHSA B MEpONPHATHAX IIO-
noOHOro poja, a Takke B HEKOTOPBIX
clyyasix ~ HENOCTaTKOM  BPEMCHHU.

Ta6muua 1. Yucno onpoueHHbIx sXuTeneh

ron 2000 2001 2002
KonuyectBo 156 150 123
PECIIOHAEHTOB

HccnenoBanus 3THX JET TI0Ka3a-
7d, 9TO- HUKAKHE M3MEHEHHS B JKH3HU
HaceNeHUs He MOBIMAIHM Ha X OTHO-
IICHHE K OKPYXKaIOIeH cpexe Ipu-
Opexuo# 30ubl benoro mMops. 910, KO-
HEYHO, HE BHIPAXXACT OTHOILUEGHHE M-
Tened K OKM3HHM Ha eeBepe, TaKk Kak
OPUPOLY MOTYT JIOOMTH MHOTHE, HO
BO3MOXHO HE BCE KOMY HPaBHThCS
npupoza NpHOpEXKHOH 30HEL, IO TEM

WUIH MHBIM TIPUYUHAM XOTENH OBl KHTH
Ha cesepe (puc. 1). Tax Goxpuie Bcero
KENAIOIMX [IOMEHSATh CBOE MECTOXKH-
TensetBO O66u10 2000 1., B TO Bpems Kak
B 2001 r. yxe ObuIO OONBIIE KENALO-
IIUX IIepeexaTh B AepeBHIO, a B 2002 1.
~ ocTathed KUTH B Kanganakme.

Mpb1 MOXeEM craenaTth Ipearnoio-
xenne, uto 2000 T. ABHICA COEACTBU-
eM TOro, 4TO TIPOHMCXOMMIIO Ha TIPOTS-
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JKEHHH TPEANIeCTBYIOMUX HECKONBKUX
iAeT (M He TONBKO B KaHmamakmckoM
paiioHe), a IMEHHO: COKpaleHue pabo-
TB! TIPEANPUATHH WIH JaXe UX MONIHAs
OCTaHOBKa, YTO IPHUBENO K pocTy Oes-
paboTHLBl ¥ yXyALIEHHIO COLUANBHBIX
ycnoBu# xu3HU. be3paboTHila sBunack
IpUYUHOH 00OCTpEeHHs TaKkuX Hera-
TUBHBIX SIBICHHH KaK aJIKOTOJH3M,
HapKOMaHud, IpecTynHocTs. Ilocme-

JyIOIIFe JBa TOXA WCCIEHOBAHMHA MO-
Ka3aJH, 4T0 PaoH HAYMHAET BHIXOMHUTH
U3 HPOM3BOICTBEHHOTO KpH3ica. OTo-

My CHOCOGCTBOBANM HOBas 3KOHOMH-
9eCKasd U TEXHUUYECKas IOIUTHKA II0
NIOABEMY MPOHU3BOACTBA AJIMHUHHCTPA-
mur MypMaHCKkoi obnacTi, a Takke
AMUAHUCTpanvu MYyHUILHNAJIBHOTO
obpaszosanus r. Kannanaxmm. Hanpu-
Mep, Kanmanakmckuii anrOMHHHEBEBIH
3aBOJ, NONY4HJ BO3MOXKHOCTH HE TONb-
' KO YBEJIWYUTH BBHIIYCK MNPOAYKIMH H
c031aBaTh HOBbIE paboune MecTa, HO U
CePBE3HO BBIIOMHATH CBOH OIOJDKETO~
obpaszyromue pynximu B Kanpamakim-
CKOM paiioHe. Bo3aMoxXHO, 4TO nageHue
[IPOU3BOJACTBA, CHIDKEHUE  YPOBHSI
JKU3HHA HacelleHWs ¥ POCT AJKOTOJU3-
Ma, HapKOMaHMH, MPECTYNHOCTH, SBHU-
nuck puauHoi Toro, yro B 2000 r. 44
% OUPOIIEHHOr0 HACENEHHS CTPEMHU-
JIOCh TIOMEHATh MECTOXHTEIBCTBO HA
Ipyroi ropoxa (cMm. puc. 1). B 2001 r.
BO3POCHO KOJIMYECTBO JKENAIOMIMX ITe-
peexaTs U3 ropofa B ACpeBHI0. Buau-
MO, HE CMOTPs Ha HEKOTOPBIE YIyHIIe-
HUA CUTyalldH B palioHe, Ui SToH
TpyIbl XUTENEH B TOT MOMEHT BO3-
MOXXHOCTE HMeTh IpuycageOHbie yda-
CTKH ABISIOCH KaKOH-TO BO3MOXHO-
CTBIO HEMHOIO YIYYINWTH YCIOBHA

xu3HA. B 2002 r. HamMeTunacek yxe 06-
patHas TeHneHUus. bonpine nMonoBHHBI
OIIPOIIEHHOTO HACENEHHUs XOTeNo OBl
ocrarsca B Kanpanakimie Ha DOCTOSH-
HO€ MECTOMKHTENBCTBO, a JKENAFOLIMX
mepeexaTb B JPYTOM Tropoj COKpaTH-
JOCh MOYTH B fBa paza O CpaBHe-
o ¢ 2000 r. HecomuenHo, 310 cBa-
3aHO C yJyulleHHeM oOImeil cCuTyanuu
B paiioHe.

K ocHoBHEIM pabounm MecTam B
r. Kanpanakme u paiione -oTHOCATCS:
AnroMyHVeBBIH 32B0J, Mexannueckuit
3aBof, benomopckas nedrebaza, Hed-
TeHanusHOM nopr “Buruno”, Kanpa-
JAaKIICKUH roCyIapCTBEHHBIH NpUpon-
Hbli 3amoBenHuK, Kaupamaxmickuit
MODPCKOM TOPTOBBEIH IIOPT, XKeJle3Has
AOpOra, IKOJBI U APYTHE OPTaHU3anuu
(puc. 2). Hammume paboumx Mect Ha
NPeNNpUATHIX M CTENEeHb 3aHATOCTH
HaCelIeHUs] MOXET B KaKOHW-TO CTEIICHH
XapaKTepH30BaTh B MCCIIEAyEMOM paii-
OHE CONIHATBHO-9KOHOMHYECKYIO 00-
CTaHOBKY B I[E€JIOM.

TTonyyeHHbIe aHHBIE MOKA3a/H,
410 pocTt Ge3paboruupl cHu3mica. Ho
3HAYMTENbHAS YAcTh HaceNeHus pabo-
TA€T Ha YaCTHHIX' npexnpuaTusx. Ko-
HEYHO, 3TO MOXET OBITH.CBA3AHO M 3TO
C TeM, uTO 3apabOTHAs MaTa Ha rocy-
JapCTBEHHBIX INPEANPHATIAX  HHXeE,
4YeM B JacTHHIX (hHpMaXx.

Bo3HuKInEe, B OCHOBHOM H3-3a
OTCYTCTBUS IIOCTOSHHOH pabGoTHl, CO-
IManbHble  MpoONeMBl,  OKa3bIBalOT
BIMAHHE HAa JHWHAMHKY COLMAIbHOTO
CaMO4YyBCTBHs Hacenenus (puc.3). Pe-
3yABTaTHl HCCIIENOBAHHUA ITOKA3a/IH, YTO
CaMBIMH BaXHBIMH MpoOneMaMH Jyis
HaceleHus 3a TP Tofla UCCACAOBaHNUIH,
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KUTENH cYuTanu 06e3paboTHIy ¥ alKo-
TOJTH3M.

Ecmu FI‘OBOpI/ITB‘ o mpobneme 3a-
TPSA3HEHUS OKpY)XalouleH NpHUpOIHOMA
Cpenel, TO, IPeXIe BCEro, He06X0aUMO
OTMETHTD, YTO HaXe B TaKWX XHU3HCH-
HBEIX YCJIOBHSX 9acTb JIOHeH Bce e

BOJIHYET U 3Ta npobiema (7-16 %), Ho
B ycioBusix Oe3paboTuifsl, GEAHOCTH,
ANKOTONIN3MA, HapKOMaHPIH, OHA 3aHH-
maer mocnenaee wmecro. OOBACHUTH
HEO/IMHAKOBOE paclpeleieHne JKUTe-
JSIMH TIPOOJIEM 110 3HAYUMOCTH MOXKHO
KOHEYHO W CIy4allHOCTBIO BEIOODKH H

2000+ .
60% ,  52% 44%
4%
. o
Kanganakuwia  [Opyroit ropon [epesus
)

2001«

s, 7%
0
40% | 3%
30% 17%
20% -
10% -
0%

ey

KaHnanaKLua [lpyrom ropo,q ﬂ,epeBHﬁ

2002+

80% ? 529%

60% - .

0% 1‘

40%

20% - 13%

| ;
‘Kanpanakwa  [pyrov ropog DepesHs

Puc. 1. OrHomeHue xurened X BO3IMOKHOMY U3MEHEHNIO MECTOXKUTENLCTRA.

4% 28%  2000T.

6% 5%3% 2001 r.
Y 5%

“ MHe paBoralor i
@ bernomopckas He Te6a
: I)Kenesuaﬂ Aopora;
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' ElYuebHoe 3aseaenve

Puc. 2. Pacripenenenue HaceneHus 110 pabouum MecTaM.

. Bespaborifia’ -
Bl Anxoronuam
G ,Hapxomaum
- W _TipectyrHocTs: S
R 3arpﬁ3HeHMe oxpyx(alomen cpedbt

ol EeAHOCTb

nS-Eelnly

6% oy, 2002T.

19%

16% 22%

¥ _Beapabotvua

& Ankoronuam

| Hapxomauun

&' MpecTyniocTs

[} 3arps:3HeHue oKpyxalotligi cpe.qbl

Puc. 3. Pacupenenenue conpanbHbIX IPOGIeM IO CTENSHH MX 3HATUMOCTH
C TOYKH 3PEHMSA JKUTENEH,
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2000+ |

2001 ¢

24%

28%

H Typuam

“

15% 3%

24%

. B FipombilirieHHocTs
@ CMeHUT: a,qMMchrpaum

" Lentp paaaneqeumm
& Jpyrod sapuant

2002 ‘

Puc. 4. Orgouienne HaCENEHNA K OCHOBHEIM HANPABISHHAM Pa3BHTHA palioHa.

CTENEHRIO UX BIHSHKS HA TY WU HHYIO
KaTeropuio macenenus. O4eBMOHO, KO-

T/1a yIeMIIEHE! IepBHYHEIE TOTPe6HO- .

CTH YeIoBeKa — B paboTe, B HIWIHIIHEIX
YCIIOBHSIX, B MAaTEpPHABHOM JOCTATKE,
TO IpOGJIEMBI 3aTPSA3HEHHS OKDPYKaro-
© - mme#t cpeIbl OTXOAT Ha BTOPOH MIiaH.

Jns HaceneHHs npn6pe>1<Hon

30HBI KaH,uanachxoro paI/IOHa pu-

YEM Pa3THYHOrO BO3PACcTa M COIMANB-
_HOT'O TIOJIOKEHMS, KPOME CBOHX JHY-
_HBIX TIpoOJIeM, TaKkXKe BaXKHBIM ABJIAET-
Csi W HaNpaBJICHUE JalbHEHIIEero pas-
"BUTHS paiioHa (puc.4). Ecou B nepBEIid
TOJl WCCICOBAHIS, HABEPHOE, HE Ca-
MBI IPOCTON TOX JUIs HACENEHHS, JIo-
I OTBEYaNH Ha HAIlM BOIPOCHI, BCeE-
TaKW MCXOMAS OOJbIIE M3 NUIHBIX IIPO-
Onem, mpoOsieM cOOCTBEHHOM SKHU3HU:
obecmieunTs NHOACH pabOTOH, IOBBI-
CHTH 3apaboTHYIO IUIaTy, YIIy<UINTh
KM3HEHHBIE YCIOBHSA, HATATUTh TIOPS-

JIOK, TIOMEHATh PYKOBOAMTENEH K T.IL.,
T10. B 2001 r. yXe HeCKOJIpKO Apyras
cuTyauus. DONBIIMHCTBO PECIOH/CH-
TOB BBICKA3alHCh 33 pAa3BUTHE IIPO-
MBILIIIEHHOCTH U Typu3Ma, a B 2002 1.
OONBIIMHCTBO PECIOHIEHTOR OBLIH. 32
pa3BHTHE NPOMEBINIICHHOCTH, HO MOYTH
KaXXAbIii weTBepThId (24 %) BBHICKa3all-
cs 38 TO, YTOOBI CMEHMIACH aJIMHHUCT-
pauys. Bumimo, u3-3a TOTO, 9TO XKUTE-
o He 0coOEHHO BEpAT B TO, YTO OHHM
Mornu Obl TIOBIHSTH Ha pa3putie Kan-
MANAaKIICKOTO pakoHa, W OKa3BIBaJio
BIMSHUE Ha MX OTBETH. B paiioHe, Ko-
HEYHO ke, CYIIECTBYIOT OTpEIeTeHHEIE
CIOKHOCTH C  KYJBTYpHO-pPa3BiIeKa-
TENBHBIME 3aBEJCHHSIME JUIA MOJIOJIE-
XU,  BO3MOXXHO, II03TOMY MHOTHE H
BHIOpAITH 3TOT BapHAHT OTBETA.

Mope, KpacuBas HPHPOJa, BO3-

‘ MOXXHOCTE NIPEKPACHOTO OTAbIXa — BCC

3TO0 MOIIO OBl NpHBIEKaTh TYypHCTOB,
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HO pasBUTHE Typu3Ma TpeOyeT 3Haum-
TENBHBIX MaTEepPHAalbHBIX BIOXKEHHH, K
TOMY >K€ pa3BUThL €ro B Takol ke cre-
neH KaK B IOXKHBIXpalloHax, HeBO3-
MOXXHO.

Takum -~ obpazom, B 2002 1.
OonpIIas 4acTh HACENCHUS YK€ 3a pas-
BUTHE IIPOMBIIINEHHOCTH. Jlomam mo-
HUMAalOT, YTO palioH Ha caMOM Jene
MOXET CYIIECTBOBATh MpPEUMYIIECT-
BEHHO 32 CYET NPOMEIIUIIEHHBIX Mpen-
npustait (41 %). Eme gacTs pecron-
JIEHTOB  He ycTpauBaia paboTa amMu-
HUCTpanuu. Bo3MoxHO, NPUYHHOHN Ta-
KHMX OTBETOB fBIAETCS TO, 9TO, AAMHU-
HUCTPATUBHBIN TOJXOX HaNpaBleH,
IpeKIe BCero, Ha pa3pelleHUe XO3siii-
CTBEHHBIX IpolbieM ropoza, paspermie-
HHUE KOTOpPBIX, OE3yCIIOBHO, TAaKKE He-
00XOAMMO HAaCeJeHHS M HECKOIBKO
YAaNeH OT COIMaNbHBEIX NPOOJIEM, BBI-
IenseMbIX HaceleHWeM (Kak M Be3e
13-32 HEZOCTaTKa CPE/CTR).

- TlomeITaeMcs CPaBHHTH HEKOTO-
pBle pe3yNbTATHl HAIIMX COLMOJIOTHYe-
CKHX HccnenosaHuil B I. Kanpanakme ¢
AHAJIOTMYHBIMU HCCIENOBAHMAMH, KO-
TOpbIE MPOBOAUINCH CpPeli MECTHOTO
HaceJleHus (B TOM 4HCIE Cpeay KOMaH-

JUPOBOYHBIX M OTABIXarommx) B r. Ty-
arice u r. Ienenmxuk, rae ObUIM I10-
CTaBIICHBl B INPHUHIHMIE Te K€ IEH:
BEIABNICHUE OCHOBHBIX  COLHANBHBEIX
XapaKTepUCTUK M NpobyieM HaceNleHus
npubpexsoit 30oHel YepHOro Mops u
TIOTIBITKA ONpEJEeNeHUs] CTENIEH! COLM-
anbHOM akTUBHOCTH Xurenel. Ilpmaem
MBI IIOHUMaeM, 9TO IIPH 3TOM HeoOXo-
IMO YYHTHIBATh reorpapuueckoe mo-
JIOKE€HHeE, TIPUPOIHBIE XapaKTePHUCTHKH
HCCIENYEMEIX PallOHOB, ypOBEHb JKH3-
HY, COIMANBHYIO aKTUBHOCTH Hacelle-
HMA 4 T.J., TaK KaK BCE 3TO MOXXET BIIH-
STh HA MHEHHE DECIOHEHTOB. Y K-
TesIel I0XKHBIX PaiOHOB TOXKE MMEIOTCS
npoOieMsl, KOTOpele HX B Oonblueit
WIH MEHBINCH CTENEeHH HMHTEPECyIOT M
peleHue KOTOPHIX, IO WX MHEHHIO,
MOKET CKa3aThCs HA MX OIAroNoNyYrH
(nanpumep, B r. Tyarce —~ BO3MOXHOE
pacIIMpeHue MopTa, B I. ['eNeHKIKe ~
BO3MOXHOE CTPOMTENBCTBO  IOPTA).
Bcero Bo Bcex ropopax, takum obpa-
30M, Obu1o onpomeno 1007 dwenosex
(Tabm. 2).

Tab6muma 2. Yucno onpomreHHBIX XKUTeNnei

[opog KaHpganakwa Tyance Cenenmpkmk
Konnuectso
429 378 200
pECIIOHAECHTOB

Ilpexnme Bcero, cnmemyer oTme-
TUTB, HYTO COLMAIbHO-IEeMorpadu-
YECKUE XApAKTEPHUCTHKHM HaceJeHUd
CEBEPHBIX M IDKHBIX paHOHOB He-

CKONBKO oTnM4arorcs. [1o ypoBHIO 06-
pa3oBaHus, HapuUMep, CpelH Haceie-
HuA I. Kanpganakmum npeobnanaroT au-
IIa CO CPEIHEM M CPeNHEM CIIeIHallb-
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HBIM obpasoBanmeM (puc. 5). B ropo-
nax Tyance u ['enenmxuk OONbIIMHCT-
BO OIPOIICHHOTO HACEIECHUS — 3TO JIH-
I[a C BBICIIMM, CPEIHEM CICIMANbHBIM
u. cpeqHeM obpazosanueM. Cpenm xu-
texedi Kappamakiuu ecTs JTIORH C He-
HOJIHBIM CpenHeM OOpa3oBaHHEM, He-
GONBIIIOH MPOIEHT ¢ BBICIINM, & JIUI] C
HE3aKOHYEHHBIM BLICIIMM — HpaKTH4e-
CKH HET.

Bo3MOXXHO, Takoe pasiIuugue B
ypoBHE 00pazoBaHMsI OOBACHAETCS C
TEM, YTO Y JKUTENeH I0XKHBIX TOPOJOB
Oonplie BO3MOXXHOCTEH  IIOJIyYHTBH
BBICIIICE W CIIEIMaIbHOE 00pa3soBaHUE,
yeM y HacenmeHusa I. Kangamakmm.
Jlo/KHO CKasBIBaTBCS ¥ TO, YTO YpO-
BEHb JKHM3HH Ha IOT€ BCE-TAKH BHILIE,
geM Ha ceBepe. COOTBETCTBEHHO H J0-
XOHBl Y JKUTENeH 4epHOMOPCKOTrO IHO-
fepexps BBINIE, d 3HAYMT, OOJbIIE
BO3MOXKHOCTEH IIOJyYHTh, B KpaiHEM
ciiydyae, IUtaTHOe o0pa3oBaHHME, B TO
BpeMS Kak JANeKO He KaXKIbIH KHUTENb

Kanpanakmickoro paiioHa MOXeET I1o-
3BOJIUTH cebe OTHPAaBHTh CBOMX HETCH
YYUTBCS B KaKOM-JIMOO BYy3e Ipyroro
ropoga. Cka3pIBaeTCs TAKXKE U TEppH-
TOpHaIbHAs OTJAIEHHOCTL ¥ HEXOCTa-
TOK y4eOHpIX 3aBeieHnd B Kanpa-
JmakmckoM paiiome. B Kanpanakmie
WHCTUTYTOB, MPaKTHYECKH HET (uirna-
JIOB MHCTHTYTOB, UMEIOTCS ML (H-
mmansl  MockoBekux u CaHKI-
ITeTepOyprekux WHCTHTYTOB SKOHOMH-

YecKoi HANPaBIEHHOCTH (OyXranrtepsl,

9KOHOMHCTHI), a8 TakkKe HECKOIbKO
IOPUANYECKUX, MOJTOMY JUis IOJyde-
Hus 00pa3oBaHUA OOMBIIEH 4acTH MO-
JIofexu HeoOXomuMoO exarts B Myp-
manck, Cankr-IletepOypr, - Ilerposa-
BOJCK WAH KakoH-TO Apyroil ropox. B
TO BpeMs Kak B ropoax I'eleHIKUK U
Tyamnce MMEIOTCA KpOME CBOHMX BY30B,
¢mmansr - PITMY, Tarasporckoro,
Kpacnomapckoro u Apyrux HHCTHTYTOB
W CpEeTHUX CIICIMANbHBIX 3aBEICHUH.
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HenonHoe cpepiHee
Cpepxee
CpepHee cneLpantHoe"
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Puc. 5. Pacnpenencrue peCIOHACHTOB N0 YPOBHIO 00PA30BAHNA.

OOpaTuM BHHMaHHE Ha TO, THE
paboTaeT OCHOBHas Macca OIPOIICH-
HOrO HaCeJeHHsS YKa3aHHBIX TOPOJOB
(puc. 6).

3HaYNTENbHasd YaCTh HACEICHHA
Kannmanaxkmm Obula 3afeiicTBOBaHA B
YacTHOM CEKTOpE, NIpH 3TOM.H3 ONpo-
IIeHHBIX XUTeaeH o gaudeiM 2002 r.
He pabotamu mums 7 % pecrHoHACHTOB

(cM. puc. 2). O6BACHIETCS 3TO, BUAH-
MO, TeM, 4T0 GoJbluas 4acTh rocyaap-
CTBEHHBIX NPEANPUATHN Ha NEPUOX
IPOBENCHHUS HCCIENOBAaHHH HaxO[u-
JaCh €lle Ha CTa[WH BOCCTAHOBJIECHHA,
BBIXOAWIA M3 IPOU3BOACTBEHHOIO KPH-
3uca (0aHKPOTCTBA), a K TOMY. XKe 3a-
paboTHas Iara, Kak Mbl yXKE OTMeda-
MU B TOCYJApCTBEHHBIX YYPEKICHHSX
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3HAYUTENPHO HIDKE, 9YeM B YaCTHBIX.
Uro xacaercst 0e3paCoOTHLEL, TO YpO-
BEHbh €€ CHH3HWICH, XOTi M IO-
npexaeMy HaOmogaercs. K Tomy xe
HeGonpmiod  mponenT  6e3paboTHBIX
MOXXHO OOBACHUTH CITyJaifHOCTBIO BBI-
0opkH, Tak Kak ompoc He ObUI HalleNeH
Ha KakKyl-TO KOHKPETHYIO TIpYIILy
PECIIOHACHTOB, @ MBI TBITAINUCH OIPO-
CHUTh BCE BO3PACTHBIE ¥ COLMANHHBIE
TPYIIEL

K ocHOBHEIM paGounM MecTaM B
Tyance orHOCaTcs: CyHOpeMOHTHBIH
3aBOJI, TOPT, IIKONEI, KEJIe3Has IOpO-
ra, CTpPOWTENBHBIE OpraHW3allvH, Hed-
TEKOMIUIEKC ¥ YaCTHBIM ceKTop. bonb-
ITUHCTBO ONpPOUICHHBIX JKHTENEH T.
Tyamce (50 %) paboTanyu B OCHOBHOM B
HETOCYNapCTBCHHBIX OpraHH3alHsIX (B
YACTHBIX MarasWHaX, CTPOHTEIBHBIX
OpraHH3alugX, MO0 TOPryroT pasiind-
HBIMH TOBapaMH Ha yiuLe). Takoil pe-
3YJILTAT MBI HOJYYWIH, CKOPEE BCETO,
H3-32 TOTO, YTO ONpPOC HAMH IPOBO-
JUICS B CE30H OTIIyCKOB, M MHOTHE
JKHTEJH 3THUX TOPOJOB UMEIH BO3MOXK-
HOCTh TIONYYHTh, TAKUM 00pa3oM, JO-
MOJTHUTENBHBIA  3apa0OTOK 3a cHer
6ONBIIOro TIPHTOKA OTABIXaIEX. B
Tyamnce He ObUIO 3adMKCHpOBaHO 0e€3-
paboTHEIX, XOTS 3TO HE TOBOPHT 00 HX
OTCYTCTBHH, T.K. JUII MHOTHX CE€30HHAA
pabGora -- 3To TOXe pabora, HO cama
mpoOneMa 0Oe3paloTHIIEI NPUCYTCTBY-
eT.

K ocHOBHEIM paloynM MeCTaM B
lenenmxuke OTHOCATCSA: BHHCOBXO3,
PBIHOK, OONBHHIIA, CAHATOPUH, KypOp-
THI, mancuoHatel, HAHM, cTtpoutensusie
M JIpyrue OpraHu3aliii. BONBMIMHCTBO
PECIIOHAEHTOB paboTaloT B CTPOUTEND-

HBIX OpraHu3alusgxX, IpudeM, N0 Beeit
BHUAUMOCTH, B YaCTHEIX.

Taxum 00pa3oM, MBI BHOUM 3Ha-
YUTENBHOE YBEIMYEHHE CTENECHU 3aHA-
TOCTH HacelleHHs, 9TO, B KOHEUYHOM
cYeTe, NPUBEAET M K YIYUIIEHUIO K13~
HEHHBIX YCIIOBUH.

Ecmn roBOpUTE 00 OTHONIEHHM
PECTIOHIEHTOB K OKpYKalouiei cpene
OpuOpEeKHOH 30HBI U €€ OXPaHbl, TO
3[ech MHEHHS JKHUTENCH BceX ropoldoB
COBMANaoT. BONBIIMHCTBO ONpOHIEH-
HOT'O HAaCeJICHHS OTHOCATCA K NPHPOIe
HIPHOPEXKHOHA 30HBI TTOJIOKUTEIBHO.

Ecnu TOBOPHUTE O JKETIAHWH XKH-
Tenel ceBepa M I0ra HU3MEHHUTH CBOE
MECTOXWTENECTBO, OIATH XK€ IO Ka-
KAM-TO TpUYMHAM, B TOM YHCIE U IO
9KOJOTHYECKHM, TO B 3TOM BOIIPOCE
MHEHHS XuTenek pacxomsres (eM. pHc.
1 no mammeiM 2002 1., puc. 7). Ilpu
9TOM B&XXHO OTMETHTDL, YTO Ha COXpa-
HEHHE WM U3MEHEHHE MECTa XUTEIb-
CTBA MOTYT BJMATH Takue (HaKTOpEI,
KaK: ypOBeHb 0e3paboTHLEl, HalHYhe
KHUIbS, YPOBECHb JKU3HH, 0Jarococros-
HHE U T.J.

U3 paHHBIX, TPUBENCHHEIX Ha
puc. 1 m 7 BUAHO, YTO 3HAYMTENHLHAA
YacTh ONPOUICHHBIX JKHTENeH ropoJoB
Kanpanakma, Tyance, I'eneHkuK He
XO0TenH OBl MEHATH CBOE MECTOXKHTEINb-
cTBo. B TOXE BpeMsA, UMEKTCA Xe-
JAIIUX TepeexaTs B JIPYrod Topox
WIH Jaxe B IepeBHIO u3 Kanpanakmre
n Tyance. Cpean OIpOIIEHHOro Hace-
nenus [eneHOKMKa He OBUIO JKeNaro-
MUX TIepeexarb B JAEpeBHIO. Moxer

 GBITH 2TO CBA3aHO, ¢ TeM, uTo Kamma-

JIaKIIa " Tyance — 3TO IIPOMBIIIJICH-
HBIC ropoaa, a Tenenmxuk — CKopee
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BCe-Taku KypopTHsii. Korma -MHOFI/I(‘E
 IPOMBIICHHBIE - IPEANPHATHS  HaXo-
JUIIACh Ha TpaHK GaHKPOTCTBA (3KOJIO-
THYECKas 00CTaHOBKA IIPH 3TOM 3HAYH-
TENBHO YIydIIMIAch), TIONH XOTEIH

yexaTh B Ipyrue 6ojee KpynHbIE Ipo-
MBIIUIEHHBIE TOPO/a, Te MOKHO GBLIO
OBl MONMYYHTH, IO KpaiiHeH Mepe, cTa-
OMIBHEIM 3apabOTOK H MEHbILE BCETO

 RyManu 00 3KOJIOTHH B rOpoJe.

- Tyance

39%

- BiHedTekomnnexc
B CTpouTensHLIe oprasusagni
TMTT

FeneHp MK

8% 20%

16% §

Puc. 6. Pactipezenenye pecIiOBAEHTOB 10 pabouuM MECTaM.

Tyance
80% 67%
0% |
40% 25%
20% 8%
0% - : S m"“\
Tyance Opyron Nepeaus
ropog

leneHpkuK
100% 85%
80%
60%
-:g:f 15%

o

% e -

FenenakuKk Lpyron ropog

o

Puc. 7. OTHOMEHHE PECIIOBAEHTOB K BO3MOXKHOMY H3MEHEHUIO MECTOXKUTENLCTBA.

Taxue ropona, xak Kangamakuia
n Tyarce KHBYT B OCHOBHOM 3a CYeT
npomsimerHoctd. Ho B Tyamnce cu-
Tyanus nywne, dem B Kampamakure,
TaKk KakK JICTOM MHOTHE XXWUTENH II0Ny-
49ar0T HOIIONHUTENBHBIN 3apaboTOK OT
npuesga otasxaromux. B Kannanakme
Typu3M HE Da3BUT HACTONBKO, YTOOBI
XKUTEH MOTNH TONY9aTh JOMONHMU-

TEeNBHBIE CPEACTBA OT TYPHCTOB WIIH
IPOCTO OTABIXAIOIUX, TaK Kak H ycJo-
BHS CE€BEpa, M HENOCTaTOK (HHAaHCO-
BBIX CPENCTB IOKa HE ITO3BOJIIOT JOC-
TaTOUHO Pa3sBHUTh 34€Ch TYPHCTHUCCKUN
6uzHec.

B T'enenmxkyxe uHas CHUTyauus
(cMm. puc. 7). 3mech HET NMPOMBIIIIEH-
HBIX [PEANPUATHH, GONBIIMHCTBO XU~
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TeJeH JKUBYT 3a CUET TyPH3Ma M OTIbI-
XaIOMmHMX. BHIMMO, 3KONOTHYECKas CH-
Tyauus B [eneHDKIKe HaMHOTO JIydY-
e, UeM. B NPOMEBIIIIEHHBIX IOpoJax,
MOXET OBITh -[103TOMY HHKTO H He
CTpeMMJICA NepeexaTh B JEPEBHIO, TEM
0omee, uTO OOIBIIAS YACTH JKHTENCH B
I'eneHmKAKe U Tak XKHUBET B YAaCTHOM
cekrope. B. npyToit ropox crpemmmach
mepeexaTh B, OCHOBHOM ~ MOIOJIEXE,
GOMBIIAS WX YACTh IS TIPOJOJDKEHUSA
yu4eGhl U OOpETEeHHs XOpOIIEH W mpe-
CTHXKHOH paObOTHI.

* Ha coxpaHeHHe HJTH H3MEHCHHE
MECTOXKHUTENBCTBA MOTI'YT BIHATh TAKKE
cQuHaJIkHLIe, po6neMsl, KOTOpBIE. BOT-
HYIOT Hacenenue (cM. puc. 3, puc. 8). B
rpady apyrae npoOiIeMBl XKHTEIH HC-
CHEIyeMBIX TOPOJIOB OTHOCHJIH
IJIOXYI0 paboTy TPAaHCIOPTa, ILIOXYIO
p,aGQT'y' JBOPHHKOB, OTCYICTBHE Oec-
NaTHOTO 3APaBOOXPAHEHHSA, H He-
CBOEBPEMEHHYIO BBITUIATY 3apaboTHOM
TUIATEL .

XKurtenel 10MHBEIX TOPOIOB TaK-
K€ HE MOXET He BOJIHOBAThH Takas Mpo-
Grema, kak Ge3paboTuna — Benpb padoTa
B OTHX TOpoJax mocesoHHas (4=7 me-
csmeB). UTo KacaeTcss IPECTYMHOCTH,
TO B TIEPHOJ OTIYCKOB (MMEHHO B 3TO
BpEMs IPOBOIMIINCH HAIlM HCCIENOBa-
HHE) OHA CXOMHUT IPaKTHYECKH Ha
“HeT”, TAK KaK OYEHb MHOIO BHHMa-
HHE - OKa3BIBAIOT MECTHBIC BJIAaCTH Ha
r;'oiinepx'(anne NpaBoOMOpsIKa B 3TOT
er'pHOJI.
. IlomyueHHbIe pe3ynbTaThl IOKa-
3a0M, 9YTO /I PECHOHIEHTOB IIpO-
MBIIUIEHHBIX TopoxoB Kaunanakma u
Tyarnce Ha NEpBOM MECTE BCE-TAKH

OoJbHIe CTOAT COOCTBEHHEIE HHTEPECH],
a 3aTeM YK€ HHTEpPechl 3KOJIOTHH.
Ilpuuem, ecmm nna xwureneit Tyarce
mpobieMa 3arpA3HEHHs OKpYKarommieH
DPUPONHONH Cpenbl HAa BTOPOM MECTe,
To Ans macenenws Kammamakmu — Ha
HOCHEIHEM.

Hacenenne lenenmxuxa OYeHb
TPENETHO OTHOCHTECS K BOTIPOCAM 3a-
TPS3HEHMs - OKPY’KaloImeH IpHUpOIHON
CPemBl M B YaCTHOCTH, HPUOPEKHON
30HBI, T.K. ['eneHKHK — KypIOpTHI:II‘/'I
ropoz. [TlosToMy, yXyALIeHHE KadecTBa
OKpYXXawIiei cpensl ecTECTBEHHO I10-
BIIEUET 3a coOO# COKpaleHne Komude-
CTBa OTHBIXAIOMINX.

He cMotps Ha TO, UYTO pecmoH-
JIEHTHI, B 00IEM MOJ0XHUTEIBHO OTHO-
caTcs K mpoOblieMe 3arps3HEHHsS OKpY-
JKAIOIEeH TPUPORHOHN Cpenbl, MOXHO
MOCMOTPHM, KaKWe UCTOYHHUKH 3arps3-
HEHHS OHH HAa3BIBAIOT B MEPBYIO
ouepeas (OCHOBHBIE, IO MX MHEHHIO)
(puc. 9). ‘

B wuTore MOMXHO BBIAEIHTH IIBa
OCHOBHBIX HCTOYHHKA 3arpsa3HCHUS,
KOTOpbIe HAa3Ball BCE YYaCTHHKH OI-
poca B HCCIHEHYyEMBIX TOPOJIOB: OBITO-
BOe 3arps3HeHue U nopt. Kpome toro,
HacesieHHe I0XKHBIX ropojos (Tyamce,
TeneHKMK) BONHYET BIHAHHE OTHHI-
XalIlPX Ha 23KOJIOTHMYEeCKyH. obcTa-
HOBKY B ropoge {cM. puc. 9). Bee ato
TOBOPHT O TOM, YTO PECHOHAEHTHI He
MOTYT HE 3aQyMBIBATBCSA Haj Ipoodiie-
MaMH 3KOJIOTHH, TaK KaKk OHH OKasHl-
BAaIOT Ha HHX HEMOCPENCTBEHHOE B~
HHE.
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23% Hanuve VUCTOYHUK nMBHBbIe
oTaLixa " ——
;’;}‘ 2% 25%
21% ° .
6bITOBOE YTOMbiBe
sampAse Apuyasnbi
209 Hue g
. % 20% CP3 14%
15%
- 3ATPYAHRIOCH OTBETUTL | FeneHpprmk-
APpYroit uctouHuk  §
TpaKenopT 25%
30%

22%
27%

0%

5% 10% 15% 20% -25% 30% 35%

Puc. 9. HanGonee CHnbHEIA MCTOYHUK 3arpsi3HEHNs C TOUKN 3pEHIA XUTeNeH.

B wurore, pasroBapuBas ¢ XKuTe-
AAMH HAIIMX TOPOJOB, MBI MOHMHTEpPE-
COBAJIUCH, KaKyl0 OICHKY K€ BCE-TaKu
OILIEHKY HAllld PECHOHJEHTH! Halu CO-

CTOSHHIO OKpYXamomell npupomHoi
cpeni (puc. 10).

Pecnonpentsl u3 Kanganakma u
Tyamce Ham HeyIORIETBOPUTENHHYIO
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OLIEHKY 2KOJIOTHYEeCKOH OOCTaHOBKH, a
KHUTENH [eJIeHKUKA BCE K€ OLIEHHUIH
COCTOSIHHE OKPYIKAIOIEH NpHpOAHOH
CpenBl, KaKk yIOBJIETBOpHUTEIbHOE. I'o-
pona Kaupmanmakiia w Tyamce — mpo-
MBIIIEHHBIE TOPOZAa, HO3TOMY HCTOY-
HHKOB 3aIpsA3HEHUN 34ech, KOHEUHO
e, HaMHOTO OoJplIe, YeM B KypOpT-
HOM ropoje. Hanpumep, oueHs CHIBHO
sarpssusercs benoe mope um Kanna-
JIAKIICKWH 3aJIMB OT allaTUTOBOM PyIbI,
MOTpy3Ka KOTOpoH npoucxoaut B Kan-
IanakmekoM MopckoM mopty. B Tyanm-
ce mpuOpexHas 30HA 3arps3HsieICS OT
TOTPY3KH YyIJist, HepTH B TIOPTY, & Tak-
xe OBITOBRIMHM OTXOTamu (cM. puc. 9).
B Tenenmxiixe HET NPOMBIIUICHHBIX
HpEIIpUATHI W TIOK2 HET MHTEHCHBHO
IEHCTBYIOMIETO MOPTA, NOITOMY €IHH-
CTBEHHOE, UTO OKa3hIBacT BIHSHUE Ha
3KOJIOTMYECKYI0 OOCTAHOBKY 1O MEHE-
HHIO JXKUTeNeH — 3TO TpaHCIOpT U ObI-
TOBEIE OTXOJbI, IOATOMY €r0 KHUTENH U
Iamyl  yIOBICTBOPHTENBHYIO OLEHKY
COCTOSHHIO OKPYXAIOMieH Cpesl.

Ho pasnuuie BO MHEHHSX Hace-
senust roposios Kannanaxmmu, Tyance u
CeneHHKUKA 3aKITI0YAETCs HE TOJBKO B
OIICHKE OKpy)Karomen HpI/IpOII}!IOI;:I cpe-
JBI, HO ¥ B OTHOLICHUH K BbéMOX(HOMy
CTPOUTENBCTBY WIH pacmnpeﬁmo mop-

TOB B DTHX TOPOJaX, IPHYEM, YUHTE- |

Bast, YTO 3TO NPUBENET K YBEIHYCHUIO
HE TONBKO AHTPOIOTEHHOM HArpy3Ku
Ha OKDYXAaIOLIyl0 Cpely, HO M B TOM
YHCIe K YBEIHYCHHIO PabO4uX MeCT
(puc. 11).

- Hanpumep, GONBIIHHCTBO XKHTE-
neit Kanpanakima GsUIH 32 paclInpeHre
nopta “BuTHHO”, HE CMOTPs Ha TO, 3TO

MOXET HEraTHBHO NOBIIHATH HA 3aIl0-
BEIHUK U €ro oOurarenei. AHanOrmy-
Hasg cUTyanus Habmopanach u B Tyam-
ce ~ 3HAYUTENBHAS HX YaCTh-OTHECIICh
K PACIIHPEHUIO TIOPTA TOTOKUTETHHO,
Jiaxe HeCMOTpA Ha TO, 9TO H3-3a 3TOTO
MOXET HaBCerJa HCUe3HYTh IULDK. B
T'eneHmKYKe IPOBOANIACH KOMITAHHUS O

BO3MOJXHOM CTPOUTCIBECTBE TIOpTa H

TIPOBENEH ONpOC Cpelu HacemcHHsd —
OCHOBHAsI Macca JXHTenledl OBUIH -Hpo-
THR CTPOUTENLCTBA TIOpTa M IJIaBHAA
TpUYHHA B 5TOM — BIMSHNE NOpPTA Ha
OKOJIOTMIECKYIO OOCTaHOBKY B TOpPOJE,
YTO IO X MHECHHIO JdXE MOXET NpHU-
BECTH K 3KOJOTHYECKOH KatacTpode.

Kutenu IpOMBIIIIEHHBIX I'OPO-
JIOB CHYHTAIOT, YTO paCIUMpeHUE NTOPTOB
— 9TO JOTONHHTEIBHEIE paboune mecrta
JUIst TEX, KTO Hymnaeicx B pabote, Tak
KaK Apyrue OpOMBIILICHHEIE TPEIIpH-
STHS IIOKa ele He paboTaroT Ha IOoJ-
HYI0 MOIIHOCTb, IOYTOMY BIMSHHE
MOPTOB HAa 3KOCHCTEMBI NPUOPEKHOH
30HBI HX MEHBIIIE BONTHYIOT.

B 1o xe BpeMma B [enempmxuke
BCE IOJYMHEHO OJHOH IIETH — CO3/IaTh
rocTsAM MONHOLEHHEIN OTABIX M Mak-
CHMANBHO pe3yIbTaTHBHOE JICHEHHE.

- ns aroro B bomemiom I'enenmkuke
-medictyror 11  camaropumeB, 19 mnan-
‘crHoHaToB, 87 Ga3 OTABIXA, TYPUCTHYE-

ckre 0a3bl, TOCTHHUUBL, KEMIIMHTH H
mHoHepCcKHe nareps. Ienenmxnk obna-
JaeT HE TOJBKO OCHOBHBIM JIeUYeOHBIM
tbaxTopoM — KINMAaTHYECKHMH YCJIO-
BHSMHM, HO H ellle MHHEPAIHLHBIMHU BO-
mamu. CTPOUTENBCTBO NMOPTA, IO MHE-
HHI0O MECTHOTO HACEIEHHS, MOMKET
IIOXO CKa3aTbCs Ha HKOJOTHYECKOM
00CTaHOBKE B TOPOAE, YTO MOXET IIpHU-
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BECTH K COKpalICHHUIO YHCIa OTHAbI-
Xauux, a B€Ap MHOTHC XHUTECIH XH-
BYT TEM, 4YTO MIPEOOCTABIAKT KBapTH-

PBl ¥ KOMHATHI IIPpUE3XHUM, IPOJAIOT
PaA3IHUYHEIC IPOAYKTHI H TOBAPEL.

HeypoBneTBopuTencHo F

Xopouwo H

Tyance
KaHpanaxwa y
Heyaoeneteopurensto 85% HeyaoenersopuTensHo 70%
Yaosnetsoputensto 33% YA0BNETBOPUTEIBHO 22%
Xopowo §2% Xopoto 8%
0% 20% 40% 60% 80% 0% 20% 40% 60% 80%
[eneHaxuK

YAOBNETBOPUTENLHO (I

Bl 67%

THi| 26%

+

0%

T d

60% 80%

T T

20% 40%

Puc. 10. OneHka sKUTEILIME 3KOIOTHUECKOM 0OCTAHOBKY.

KaHpanakwa
Batpynssiock 4o,
OTBETUTL
OTpuuaTehbﬂo 24%
MonoxuTensto 75% ‘ .
N T T T T 1 e it
0% 20% 40% 60% 80% B o
Fenenmxuix
95% ‘
100% ’
80%
60%
40%
20% 5%
0%
Flonoxutensto OTpuiiatensHo

Puc. 11. Otnomenue sxurenelf K BO3MOKHOMY PAaCHIIPEHUIO HIlM CIPOUTEIBCTRY MOPTOB.
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Eme xotenoces Ob1 0OpaTHTH
BHMMaHIE Ha OTHOUICHHE PECIOHICH-
TOB K pasBUTHIO Topoja (paiiona). Ha
Borpoc: “Uro Ha Bam B3risg HeoOxo-
IUMO CcIenaTh, YTOOBl M3MEHMIAch CH-

IaHBl CIEAYIOIIHe BapHaHThl OTBETOB:
crana pasBHBAThCS IPOMBINUIEHHOCTD,
Typu3M, ITHOO Kakoi-To Apyroi Bapu-
aut (puc. 4, mo gmamueiM 2002 r.,
puc. 12).

Tyauus B ropone (paione)?” — OblIM
: leftleHIKMUK
Tyance 9% 5% A
57%
60% - ] 0%
40%
D,
0% L T

Passutue
NPOMBILLNEH-
HOCTH
Passutve
TYpU3Ma
Hpyron
BapuaHT

£

3 Paszsyite npoMbiLireHROCTY.
pl Pazsytie typuama . .
‘@& Tloctpours UeHtp paaaneqeumm
B ,U,pyrom BapuaHt

Puc. 12, OrHommeHue ONPOMEHHOTO HACCICHAI K PASBATHIO TOpOa.

BonBIIMHCTBO OMPOIMIEHHBIX JXKH-
Teneit Kanmamakmm, xak MBI YK€ I'OBO-
PHJIM 3a Pa3BUTHE IPOMEBIMUIEHHOCTH
(cm. puc. 4), T.K. 10 MEEHHIO Hacele-
Hus, Oonblast 9acTe CPEACTB, HOCTY-
MAIOHIKMX B OIOKET TOpoja, DOCTynaeT
OT HPOMBILIICHHEBIX npennpmmﬁ'ﬁ. Uro
Kacaercsl Typu3Ma, TO PaifoH HCCIEHO-
BaHME pacrojaraeT HeOoOXOAMMBIMHU
pecypcaMu  JUig  Pa3BUTHIL Typu3Ma.
Kpait nonﬂpﬂoﬁ 3MMBI 1 HE3aXOIAIIEr0
JETHETO CONHIA MOXET NpHUBICYD
CBOMMH TIPUPOAHBIMHM 0COOEHHOCTSIMH,
KYyJBTYPHBIMH M HCTOPHYECKHMH IIa-
MSATHHKaMH, 31eCh MMEIOTCS Oonpiune
pEeKpealoHHble  BO3MOMKHOCTH:  PEI-
0aika, 0X0Ta, YCJIOBHSA ISl BOJHOTO H
FOPHOrO TYpHW3Ma, albIHHH3MA, TOp-
HOJNBDKHOTO crmopra. Ho, k coxaie-
HUIO, Pa3BUTh TYPHU3M B TaKOH CTENCHH
Kak Ha tore B I. Kamnanaxile B Ha-
CTOsIIEE BpEMs MPOCTO HEBO3MOXKHO,

TaK Kak JUIsI 3TOr0 MOTpeOyroTCs 3Ha-
YYTENbHbIE HavanbHBIC MaTepHAIbHbIC
BIOKEHUA. B TO BpeMs Kak >KUTEIH
roponos Tyance u I'eleHIDKUK 3a pas-
BuTHE TypusMa (puc. 12). Kpome Toro,
HeOONBIION MPOIEHT OIPOLICHHEIX B
Kanpanakme u I'eneHmKHKE BBICKa3a-
JIHUCH 3a CTPOHUTENLCTBO LEHTPa pas-
BIICYCHHH.

Beun u gpyrue BapuaHTBI OTBE-
TOB, TaKWe KakK: CMEHHTb MUIHIHIO,
aIMUHHUCTPAUUIO, IIOBBICUTH IICHCHH,
yale NPOBOIUTH YOOpPKY Ha YIHMLax
ropoja, YIy4IIMTh paboTy TpaHCIOp-
Ta, YIYYIIMTh KayecTBO OSKCKypCuf,
YBENHYHTH KOJMIECTBO paboyMX MECT,
HaNaIuTh TOPANOK, NIPOBOAUTH 3aHI-
THA 110 IPOQHIAKTHKE AJIKOTOJH3MA U
HapKOMaHHH C I€TBMH U MOJIOAEXKBIO U
T.1.

B uenoM, Cpeau INONyYEHHBIX
OTBETOB, MBI HE BHIHM CTPAaTETHYECKO-
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ro Nogxoja K PasBUTHIO NPUOPEXHBIX
pationoB. Xuremu r. Kannmanakma B
OCHOBHOM TOBOPHIIM O PELICHUH CBOUX
npo6seM (MOBBLICHTE IEHCHH, IIpeIoc-
TaBHTH paboyme MecTa U T.Z.), HEKEIN
O pPa3sBUTHH INPHOPEKHOTO paloHa B
uenoM. To ects, ecnu 6b1 MBI HE TIpeJ-
JIarajgy BapHaHTHI OTBETOB, TO MONYYH-
ma OBl CIemyrolMe OTBETHI: obeciie-
9UTEL JI0AeH paGoTOH, IOBBICUTH IEH-
CHH, TIOBBLICHTH 3apIUIATy YUHUTEIAM U
BpadaM, HaJAAHUTh OPSIOK U T.J.

ITpoTHBONONOKHO MHEHHIO JKH-
TEJEH ceBepa BCE BapHAHTHEI OTBETOB,
KOTOPHBIE JKUTEIHU FOKHBIX TOPOAOB Ha-
JIU CaMH, CBA3aHEI C ONaroycTpocTBOM
ropoja, yAay4IieHHeM CepBHca U TypH-
CTUYECKOro OM3Heca, PacIIMpHTh CETh
[IAHCHOHATOB, YJIYYIIHTH Ka4ecTBO
3KCKypcHH, ONaroycTpouTs asporopr,
IPOBOMUTE yalle YOOpKy Ha ylHUax H
T.1.

ITpoaHanM3UpOBaE MHEHHS JKH-
TEeEH ceBepa M IOXKHBIX TOpOJIOB,
MOXHO OTMETHTh, YTO YPOBECHb aKTHB-
HOCTH H 3aHMHTEPECOBAHHOCTH XXHUTEJIEH
I'enenmxuka u Tyance B o0CYXIEHUU
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Hexotopeie mpobieMsl, BO3HHU-
Kalolue B MPUOPEXKHON 30HE, CUTya-
IO B Hel U ee HCIIONB30BaHHE MOIYT
3HATE, MOXKET OBITH M HE COBCEM 0CO3-
HAHHO, W MOJPOCTKH IIKOIBHOTO BO3-
pacta. MBI ITOOBITAINCh IPOAHAIH3H-
pOBaThH OTHOLICHHE JHeTedl K mpoOle-
MaM, KOTOpEle MOJKHBI BOJHOBATEH BCE
HacelleHHe NpuoOpexHoi 30HbL. IloMu-
MO B3pOCJIOTO HaceneHus [Kuwoiikos,
Pomosa, 2004] B TeueHHe TpeX JET CO-
IUOJIOTHYECKOE HCCIeAOBaHHE NPOBO-
JUJIOCH CpeOy JeTed W IMOJPOCTKOB B
Bo3pacte oT 7 Mo 16 JeT, OTABIXAIOIINX
B CIIOPTHUBHO-03J0POBHTEIBLHOM JIarepe
“TanmBur’, KOTOpPhIN nMeeT o0nacTHOE
MOJYHMHEHUE, W MO3TOMY B Jarepe OT-
IMEIXAIOT JETH IIOJPOCTKH cO BeeH
Mypmanckoii obmactu. Kpome Toro,
jareph MpUHHAMAET AeTel W HmoApocT-
KOB B GONBIIMHCTBE CBOEM H3 HEOIa-

0. A. Pomosa

Poccwiickuii rocyaapcTBeHHbIN
r'MapoOMeTEOpPONOruyeckuii YyHuBepcuTeT

TONONyYHBIX MM Majioo0ecnedeHHbIX
ceMeil.

Ienp namero uccienoBaHUA 3a-
KJIIOYANach B BHISBICHHM MHEHHS Ie-
Tell TOAPOCTKOB OTHOCHUTEIBHO IIPO-
O6nem HaceneHus OeperoBoil  30HHI
Kanpanakmckoro 3amusa benoro Mops,
a TaKKe OTHOIIEHHe TONPOCTKOB K
cBOoeHl Oynymed Xu3HM Ha ceBepe.
Peammzanms maHHOH IeNM Ipenroia-
raja BBUSICHGHHEC MHEHHS IOIAPOCTKOB
00 skomormu, npuOpexHOM 30HE, OT-
HOLIEHHS K BO3MOXHOCTH HX cOOCT-
BEHHOT'O COLIMAJIBHO-
9KOJIOTHYECKYI0 CHUTYallUI0 B palioHe,
YIIOBJIETBOPEHHOCTh COCTOSHHEM OK-
pyXawled cpenpl, OTHOWEHHS K pas-
BHTHIO pailoHa, ITyTeM pacnpocTpaHe-
HHUS COCTaBJICHHHIX HaMH aHKeT. Bo-
MPOCEl aHKETHl OBLIM COCTAaBJIEHBI Ta-
KuM 00pazoM, 4ToOBl MOXXHO OBIIO OB

BIMAHHUA Ha

MOHATHL TOAPOCTKOB, CAEIaTh HCKOTO-
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pEle BBIBOJIBI 00 WX IKeNaHUsAX, Ha-
KIOHHOCTAX, 00 OTHOMIEHHAX WX K OK-
PYXaIOIINM, UX MHEHHE OTHOCHTENHHO
IpuOpeXHOH 30HBI ¥ PUPOABI CEBepa,
TIONBITATECS BELIBUTL HX CIIOCOOHOCTH
JKATH U paboTarh B mpuOpexHOH 30HE
n Ha Onaro npubpexmoi 30HEL Ompoc
OCYIIECTBIIAIICS CTYNEHTAMH Kadenpsl
KOMIUIEKCHOI'O YTPAaBICHHS TIPHOpEK-
HBEIMH 30HAMHU TIPH IOMOIA ¥ B pu-
CYTCTBHH Bocnurareneif. Bcero 6wuio
ompomeno 126 wuenoBek (tabm. 1).
IIpexne Bcero, HEOOXOAUMO OTMETHTH,
9TO B HEKOTOPHIX JAHarpaMmax, mO-
CTPOCHHBIX IO Pe3yNbTaTaM OIpoca,
OBLIO TIONYYEeHO B MPOUEHTHOM COOT-
Howenuu Gonsimie 100 %, Tak xak MHO-
TH€ IETH HaBajii cpa3y HECKOJIBKO Ba-
* PHAHTOB OTBETOB.

Tabauna 1. Yncno onpomesHsIX geTeit

log 2001 [ 2002 | 2003

Konuuectso 39 43 | 44

pecnoHgeHToB

Bragane Hac mHTEpecoBano oOT-
HOIICHHE TIOAPOCTKOB BOOOIIE K OTIBI-
Xy B JIarepe, M Kak BELICHIIOCH, 50Jb~
IMUHCTBO ONpOIIEHHBIX JAeTedl W mon-
POCTKOB B Pa3HBIE TOAEI C YHOBONLCT-

BHEM OThBIXanu B Hem (puc. 1). Takoe
MHEHHE Y HHX CKIAJbIBAIOCHE B CHITY
pasnuYHBIX Opu4YuH. Hampumep, MHO-
THM HpPaBUTHCS HHOTLA HaXOIOUTHC
BIaJH OT POAMTEJIEH, IPOSBIATH HEKO-
TOPYIO CaMOCTOSITENIBHOCTD, 3aBOAMTH
HOBBIX Jpy3eil. B 1o e BpeMms Obina
rpynua peredf, KOTopoil He HPaBHIOCH
otTaeixatb B Jarepe. CKIaasIBanoch
TaKkoe MHEHHEe, YTO BHIMMO, H3-3a Ha-
OpPsOKEHHOTO  PEKHMa, HETaTHBHOTO
OTHONIEHHS CBEPCTHHKOB, TEPPUTOPH-
anbHOH OTHANCHHOCTH OT pPOAMTENEH,
HeoOIMTEIPHOCTH pebeHKa W psga
OPYTHX OPUYWH 3TH NOAPOCTKH HE Ha-
117 cBOE MecTo B narepe. Hexoroprim
MOZpOCTKaM OBLIO TPYZHO OTBETHTH
ONHO3HaYHO Ha 3TOT BOIPOC, TaK Kak
BpEMEHAMH MM HPaBHJIOCH OTAHIXAaTh B
narepe, a BpEMEHAMH HET. BO3MOXHO,
YTO MONYYEHHE TaKUX DPasNHYHBIX OT-
BETOB CBA3AHO C TEM, YTO KAXKOBIH rox
IIPOMCXOJHT HOBBIH HAOOp B OTpPAIBI
TIOJPOCTKOB C Pa3fHYHBIMH 3HAHHAMH
U MHTEpEcaMH, U3 Pa3sHBIX HACENECHHBIX
MyHKTOB MypMaHCKO#H obnacTv u 1o-
3TOMY OHH HE BCErAa MOTYT HaTH
o0muil SM35IK CO CBOUMH CBEPCTHHKA-
MH, HaliTH 001IHe HHTEPECH].
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2001 . 2002 r.
80% 68%
60"/: 100%
40% 24%
0% a% 50%
0% - 0%
Ha Her He sHaio Da Her He snaio
: ]
2003+

80%

60%

40% 27%

20% 7%

0% . . oo SO
Aa Her He snaio

Puc. 1. OrHOmICHHE MOPOCTKOE K OTABIXY B JIarepe.

Ecnm paccMatpuBates pesynbra-
THI OIPOCa OTHOCHUTENHHO MHEHWA Je-
Te# B MMOIPOCTKOB 0 NPUOPEKHOH 30He
¥ MX OTHOIIGHHS K HEH, TO GONBIIHH-
CTBO U3 HHX 3aTpyIHHINCH JaTh OIpe-
IeJieHHne TPHOpexHOoH 30HBL (pHC. 2).
Jlareps “T'aHmBur” pacrtonoxeH B Oe-
peroroii 3oue Kapmganakuckoro 3aiuBa
Benoro Mops. BumiMo, mosToMy
GONBIIMHCTBO AETEH ONMPENEIHIN TIPH-
OpexHylo 30HY, KaKk MeCTO pSIIOM C
BOZOH, Kak Oeper.

Ecmm mocMoTpers Ha HX OTBETEL
TO MOXHO OTMETHTh, YTO C HO3HIHUH
KVII3 HE omHO H3 NOJYYEeHHBIX OLpe-
IleJICHUi He ABIIETCS BEPHBIM, TaK KaK
HHKTO HE YIOMSHYI O €JUHCTBE MOp-
CKOro H OeperoBoro IpOCTPAHCTBa B
HOHATHN NIpHOpexXHOH 30HBL. B 1emom
TAKUX pPE3yJNbTaTOB CJEIOBANO OXH-
JaTh, Tak Kak 3THM JETSIM HHKTO He

pacckaspiBan O npuOpexHO#l 30HE, a
mporpamMMa KOMIUIGKCHOTO — yIIpaBle-
Hug npubpexsHsMu 3oHamH (KVYII3)
TOJBKO HAYHHAET BHeApAThcs B Kan-
JANaKIICKOM paloHe.

B TOoXe BpeMs HECKOIBKO HHEIC
IPEeNCTaBICHHUs ¥ NOAPOCTKOB 00 3KO-
norak (puc. 3). X0oTs MHOTHE W3 HHX

IIOHMMAIOT, KAKOC BIIMSIHHUE OKaA3BIBACT

HPOMBIIUIEHHOCT M BOOOIIE [AeATeNB-
HOCTH Y€JIOBeKa Ha OKPY KaIoILIyIo cpe-
Iy, HEe Bce cMoriu copMyIupoBaTh
olpeneIcHUue KOOI HH.

Bonpmre Bcero BapHaHTOB ONpe-
JieneHus sxonoruu aety gany B 2001 1.
— 12 BapmanToB otBeroB, B 2002 I. K
2003 r. — o 8 BapHaHTOB OTBETOB (CM.

puc. 3). Tonsxo 2003 r. Gonbmie moso-

BHHBI H3 OIIPOLIECHHBIX OAPOCTKOB (52
%) 3aTpyQHWINCH OTBETUTH Ha BOIIPOC,
XOTS B TPENBIAyIIHE IOl UX OBLIO
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HECKONBKO MeHble. MoxeT ObITh, Je-
TH [IPOCTO HE XOTENH AyMaTh HaJll STHM
BOIIPOCOM, WM NOOOINCH NaTh He-
BEPHOE OMpeJfieNicHHe, a TaKKe 3TO
BO3MOYKHO CBSI33HO C TEM, UTO TIPEIMET

595%
3% Lo

“Oxonorus” HaYHHAIOT TPENOAABATH
TOJIBKO B CTapIIUX Kjaccax.

2002 r.

30Ha npy Bepere

5 M OT BOABL

QOriacHast 30Ha

Mnowyafb CyLUY GKONO BOALI
BoHa Ha Bepery

He sHaio

T T T ]

0% 20% 40% 60% 80%

poiOb

3anperHan soha |

3ona bepera |

3oHa XONASHNS CYAOB ¥ NOBIU §
3oHa okono Boast §

He snato §

2003 1.

0% 2

T T T ¥ 1

0% 40% 60% 80% 100%

Puc. 2. Onpenencane npuGpeKHOR 30HBI C TOUKH 3PSHMA JETEH.
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38%

3%

- M oxpaHa IpUPOLEI . .
B HayKa 0 COCTORHWM anpoAbI

2001+

30 8% 3% 3/5
B Hayka O YUCTOTE NpUPOAs
B Hayka O npupofe
B HayKa O COCTOSIHUM FOPOROB
m npupoga

- M NOPAROK

" @ HayKa 0 XNBOM

aa% 3%

5% 3% 1%

5% 2002«

[l prpoqa

Il HayKa 0 KABOTHBIX

2003«

18%

!! HayKa 0 npmpone

,Ka 0 Lwncrm‘e .

Puc. 3. Onpenenenne SKONOTHH ¢ TOUKY 3PEHUS JAETEH.

Cyns o uxX OTBETaM HelNb3s CKa-
3aTh, YTO JETH NI HEBEPHOE OIpefe-
JIEHHE 5KOJIOTHH, MPOCTO 3TH Olpere-
JIeHUs. HemoJIHble, 00 BXOIAT B Ka-
KoH-mu00 pasfen WM IOoApasfes usy-
YeHHst K0JI0ruu. Hanpumep, SK0NOrus

— HayKa O COCTOSIHHM I'OpOJ0B. YTBep-
KJaTh, YTO TO HEIIPABUIIFHOE OLPEie-
JICHWEC HEeNB3s, TaK KakK €CTh pa3feln
9KOJIOTHH, KOTOPHIH H3Y4aeT 3KOJIOTH-
gecKue mpobIeMbl TOPOJIOB, YIUTHIBAL,
YTO B HACTOSILEE BPEMS CPEICTBA Mac-
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coBOH mH(}pOpPMAIH, TOCTOSHHO I'OBO-
PAT, YTO 3KOJIOIHs HEKOTOPEIX TOPOJOB
HaxOAWTcsS B OEACTBEHHOM HIH IaXe
KPUTHYECKOM IIOJIOKEHHH. TONBKO B
2002 r. HeOompIIOW NPOLEHT OIpO-
HIEHHBIX [TOJPOCTKOB JIall OIpeAeIeHHE
HanbOonee ONM3KOE K MPABUIBLHOMY —
HayKa O B3aUMOJCHCTBUH OKpYXXaro-
el Cpensl U yenoBeka.

00 sxonoruu MOMPOCTKAM pac-
CKa3BIBAalOT B IIKOJE M OYEHb YacTO
rOBOPAT B CpPEACTBaX MacCOBOH HH-
dopMmalmy, 1MOSTOMY HX TO3HAHHA O
HEeH HECKONBKO BBEIIIE, YEM O IIpH-
OpeXHOH 30He, HO, K COXAJICHHIO HHU-
KTO M3 HUX BCE-TaKH He cMor chopMy-
JHPOBATE TOYHOE OIPENEICHHe KOO~
run. TakuM oOpa3oM, HOHATHO, UYTO
ecTh HacyIHas HEeOoOXOIMMOCTh BHe-
JpeHHs. B IMIKOJNBHBIE HPOTPaMMEI, He
TONIBKO CHEHHAIN3HPOBAHHBIX IIKOI H
KJIacCOB, JOIOJHHTENLHBIX YPOKOB 00
9KOJIOTHH ¥ OKpPYXKaloIleH NpHPOIHOH
cpeme Xotd OBl paiioHa NPOXKHUBAHHA,
qT0 OBUIO OBI HE TONBKO ITOJE3HO VIS
IIKOJIFHHUKOB, HO H HHTEPECHO C TOYKH
3peHUS IIO3HAHWS.

B macrosmmee BpeMs B IIKOJIaX
MHOI'MX T'OPOJOB OTKPBIBAIOTCS 3KOJNO-
THYECKHE KJIACCHI WK XK€ CHeLHally-
3MpPOBAHHEIE LIKOJEL, CO3JAKOTCA JKO-
noruyeckue Kpyxku u kny6s. He co-
CTaBIAIOT HCKIIOYEHHE W IIKOMNEI T.
Kanpganaxmu. Ho HyXHO y4YHTEIBATH,
YTO B Jlarepb IPHE3XAIOT IOLPOCTKH
co Bceit Mypmanckolt oGnacTu, Io3To-
My H OTBETHI HX HMEIOT TaKOH IIHpO-
Kui pazdpoc.

; Ecnu mocMoTpers, a CBA3HIBAIOT
JM TIOAPOCTKHU CBOKW Oyaymiyro mpo-
deccuto ¢ mpubpesxHOH 30HOM (pHC. 4).
Ilpu 3TOM HE CHNemyeT OTHOCHTHCS
IPEB3ITO K BapHaHTaM OTBETOB, KO-
TOpHIE MBI NOJYIHIKX HA BOmpoc o Oy-
oymeii npodeccun. HyxHO * yuuThI-
BaTb, YTO YCIJIOBHs CEBepa, HalM4Ke B
HACTOSIIieE BpeMs MPOSBICHHMH KO-
ronu3Ma, HapKOMaHHH, IPECTYyIHOCTH
HE MOXET HE OKa3hIBATL BIHAHHE HA
MHEHHE JeTeH M NOAPOCTKOB OTHOCH-
TEeIbHO BBIOOpa mpodeccuu u Oymyuie-
ro BooOme (pasyMmeercs, €ciiu 3TO pe-
HICHHE HE COBCEM NPONYMaHO).

B 2001 r. Obuie Ha3BaHEI B OC-
HOBHOM  CHEIHAIBHOCTH, KOTOpHIE
MOXHO TONy4nTs B T. Kampanaxime B
pasnuunbix IITY (B atot rox Gonsinas
9acTh MOAPOCTKOB B Jjiarepe ObLIa M3
Kanganakmn wunn - Kanpgamakickoro
paiiona). Hampumep, I[TTY Ne 9 o6yua-
eT MpodeccUsM: CTONAP, INIOTHUK, Ma-
nAp, mrykaryp; IITY Ne 24 — mamm-
HMCT, TIOMOIUHHK MAaIIWHHUCTA U JpY-
ruM npodeccusaM, CBA3aHHBIM C JKe-
ne3goy noporoil. Hazpanueie mpodec-
CHHM, KaK IHUPEKTOpP NPEeNIpPHATHS, MO-
nensep, Oyxranrep, CkOpee BCEro, BHI-
OpaHBI IO BIUAHHEM poxuTenel (Kro-
TO U3 pouutenei paboTaer Oyxramre-
poM H T.1.), 6O I0J BIUSHHUEM Tee-
BH3HOHHBIX H pajuonepenad. Takum
06pa3oM, MOAPOCTKH, OTALIXAIOIUKE B
jarepe, NpeANoarald CBOW Oyaymue
npodeccuH, CHeNHATBHOCTH HUKaK HE
CBs3aHHEBIE C IPHOPEKHOI 30HOH.
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IIpoucxomut 3TO HOTOMY, YTO
JeTsIM Majio KTO PacCKa3BIBaeT O TpH-
OpexHON 30HE, O COCTOSHHM 3KOJIOTH-
4eCcKOH 00CTaHOBKH, O crocobax ee
H3MCHEHHS B JIyYOIyI0 CTOPOHY WIIH
BooOme o mpobiemax OXpaHBI OKpY-
xarollef cpensl. Taxmx IpexIMeETOB
B IIKOJNE HET, Ja W y4eOHBIX 3aBexe-
HuH, oOygatomux mnpodeccHsMm, CBS-
33HHBIX C TNpHOPEXKHOI 30HOH TOXKE
(cMm. puc. 4).

B 2002 r. Obutn Ha3BaHEI aHAJIO-
THYHBIE NIpodeccrH, HO yxKe U3 HoJ00-
Horo Habopa NpodecCHil BBIAEIAIOTCS
Takue npodeccuu, kKak OHOJOT M 3KO-
aor. Cepbe3HO IOXXONUTh K aHaIHu3y
9THX OTBETOB, HaBEpHOE, HeNb3d. Y
IOJPOCTKOB B HX BO3pacTe BHIOOp
npodeccuy - MOXET 3aBHCETh OT CKIa-
IOpIBalomeiicss curyanmu. Ha camom
Jlesie B 3TOM BO3pacTe JOBOJIBHO CIIOX-
HO BHIOpate Oynmymyro mnpodeccuro,
cienaTb CBOH BEIOOD NPaBHIBHEIM,

IIO3TOMY, MHOIHC JCTH 3aTPYAHHUIINCH

OTBETHUTH Ha 3TOT BoIpoc. OUeHb MaNo
JeTei, KOTOpBIE C CaMOTO JEeTCTBa OIl-
penendaoT cBoe Oymylee NpenHasHa-
genrne. Ho OTBETEI UX BCe-TakW IIOKa-
3aTeNBHBL. 32 TPH TOJa HMCCIeXOBaHMI
He N3MCHHIIOCh MHEHHE AeTel OTHOCH-
TensHO BEIOOpa mpodeccun. Pesynbra-
TH ONpocd MOKa3HBalOT, YTO Ooxee
BCEro JEeTSAM XOTeJIoCh OBl CTaTh OyX-
rajTepoM, aJBOKAaTOM, BPauoM, HHXKe-
HEPOM H IMPEKTOPOM KAaKOTO-IHGO
o0pekTa (mpenmpuATHs, Jareps). B
NpUHIKIE, TaKOTO Pe3yJbTaTa M Clle-
JIOBaJIO OXXHUAATh, T.e. NETH, B OCHOB-
HOM, BBIOHpanu npodeccun Hambolnee
NIEPCIIEKTUBHBIE C WX TOYKH 3pEHHS,

mibo npodeccun poxutener, 6o
MOXeT OBITE IpU3BAHHE.

B zaxmoueHum XOTENoch O
CKazaTk, 4TO Bo3pacT 12-15 ;e — go-
BOJIBHO CJIOXKHHBIH HEPHOA B JKHU3HH
nofpoctka. Ecom y Hero Oyzer Imox-
JIepKKa POAUTENEeH WM PONCTBEHHU-
KOB B €r0 TIONIOXHUTENBHBIX HAaUWHAHU-
X, TO OH BpsA N coObeTCS C IyTH U
BEIPACTET YEJIOBEKOM, HEOOXOXUMBIM
A7 o0LIeCTBa.

Heo0xoouMo  OTMETHTH, YTO
TPYAHBIE IIOJPOCTKH HE OTIHYAIOTCA OT
JpyTHX IeTed 10 CrocoOHOCTAM, - II0-
9TOMY HE HaJ0 CyIUTb O HHX IpeaB3s-
0. TpYIHEIE TIOXPOCTKH — 3TO HE IUIO-
xue, 6e3HaeKHO HCIIOpPYCHHBIE JeTH,
KaK CYMTAI0T MHOTHE B3pOCIBIE, & Po-
cTo Tpebyroume 0coboro BHUMaHHSA H
y4acTusa OKpyxarommx. OHHM HyXHa-
I0TCSI B HHOUBHIYAIEHOM TOIXONE CO
CTOPOHBI BOcHHTaTeNel (menaroros),
OKPYKAIOIKX HMX JIOAECH W BHUMAaHUI
cBepcTHUKOB. IloaToMy, ecnu kaxmpii
U3 Hac MONApHUT TaKUM AETAM XOTs OBl
HEMHOTO TeIla, HPOSBHT HEKOTOPBIH
HHTEpEC K HX JKHU3HH, 8 MOXET Jake
MPEATIOKAT CBOIO IOMOILb, TO >XH3HB
HX CTaHeT HaMHOTO JIydile.

VY Hac OBLIa BOBMOMHOCTH CpaB-
HUTH PE3YJbTaThl COLMOJIOTHIECKHX
HCCTIeNOBaHUH B CIIOPTUBHO—
030pOBUTENbHOM Jarepe “T'aHmBur” c
AHATOTUYHEIME HCCIIEIOBAHMAMH, KO-
TOpBle TPOBOJWINCH Cpenu AeTed H
MOPOCTKOB, OTABIXAIOIIUX B KYJIETYP-
HO-dKOJOrHYeckoM kiybe “Hemocema”
(Jlenunrpaackas obmacts, TI. Ilpu-
03epcK, paiioH 03. Byokca). Bapnanrtst
aHKeT, [UIA JeTel oTux yarepeil ObUIH
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COCTaBJI€HBl TPaKTHYECKH OIHHAKO-
BeMu. llemu mccnenoBanus Oputd Te
xke. Ha Ham B3MIIAA 3TH HCCIETOBaHUA
MOTYT TpPENCTAaBIATh ONpENeIeHHEIH
HHTEpEC W VI PyKOBOAWTENEH mare-
peit, BociuTaTenel (e1aroros) U Bcex
TeX, KTO Ha MPOTSDKEHUH BCETO Jiarep-
HOTO Cce30Ha paboTaer ¢ MOIPOCTKaMH,
Ipyd 49eM C HOAPOCTKAMH PaslugHOro
BO3pacTa, XapakTepa, BOCHHMTaHUI H
BOCIHPUATHA OKPYXaIOWEeH NpHpoaHOH
Cpenel.

Ilpym  cpaBHHMTENBHOM aHANM3E
HCCIIEXOBaHUM, KOTOPHIE IPOBOIMINCEH
B narepe “I'anmeur” u xiybe “Henoce-

2

Ja”, HeoOXOJNMO YYHTHIBATH ypPOBEHb

3HaHWH TIOAPOCTKA, YCJIOBHA B KOTO-
PBIX OH JKMBeT (HalpuMep, Hebrmaromo-
JyYHAs CEMbA), OTHOIICHHS CO CBEPCT-
HMKaMH, OTHOIIEHHE K OTABIXY B Jare-
pe unu KIybe M T.I., TaK KaK BEE 3TO
MOXET BJIHATH Ha UX MHEHHE. ‘

Ompoc 1o COCTaBIEHHOH HAMH

- @HKETC NPOBOAWICA CpE€AW HIIKOJIbHU-

KOB ¥ CTYJAEHTOB OT 12 mo 18 mer, ot-
JIBIXAI0IIHX B KyJBTYPHO-
axonorugeckoM kiybe “Hemocema”.
ABKeTHpOBaHHE NPOBOJWIOCH C IO-
MOIIBIO CTYACHTOB M IpernoaBaTenel,
KOTOpBIE YHTAIM B KIy0e JIeKUUH H
[IPOBOAMIM - NPAKTHYCCKHE  3aHATUA
(tabm. 2).

Tabauua 2. Yucio onpoIneHHBIX AeTeH

OObeKT oTAbIXa [anpoBur Henocepa
KonudvecTso 44 37
pecnoHaeHToB

Ipexne Bcero, HEOOXOAUMO OT-
METHUTh, 9TO UMEIOTCS pa3luyus B Ha-
3HadeHHH OOBEKTOB oOTAbIXa. Jlareps
“T'apapur”  SBISETCS  CHOPTHBHO-
0370POBUTENBHBIM, CO3/aH NI aKTHB-
HOro otnbixa nerei. B xiybe “Hemo-
cea” OpPraHU30BaHEI MEPONPHITHA HE
TOJBKO AT OTIBIXA, B HEM ITONPOCTKH
NOIy4al0T 3HaHWA 1O HpPHPOROOXpaH-
HEIM CHOENUANBHOCTAM TaKUM, Kak:
T€OJIOTHs, THAPONOTHS, IMMHOJOTHSL,
6oTaHuKa, TUApoXuMHUsI U apyrue. OHK
HOPOXOIAT MPAKTHKY TI0 THM IpeaMe-
TaM ¥ 3aTeM HUITYT OTYCTHL.

Ecnm - paccmatpuBaTh OTHOIE-
HHE IOAPOCTKOB K OTABIXY, TO B KIy0e

“Hemocena” MOHPaBHIOCH OTIOBIXATh

BceM (100 %). B To BpeMd kak B jare-
pe MOHPAaBUJIOCH OTAHIXATh 10 JAaHHBIM
2002 r.- Gonplle MOJOBHHBI ONPOILEH-
HBIX jereil (79 %) (cm. puc. 1). K aroit
IpyIe MOKHO OTHECTH JeTel, KOTo-
pHIe He IEePBHI pa3 IpHe3XaroT Ha OT-
IBIX B 3TOT Jarepb, a TakkKe TeX, KTO
o0per 30ecs py3ei, HeNI0Xo JagUT CO
CBEPCTHHKaMH W3 - CBOETO OTpAAa, H
AOAPOCTKAMH W3 . JPYTHX OTPSIOB.
Bo3MOXHO [emo B TOM, 49TO OTABIX B
narepe “I'apaBur” mpexae BCEro MHU-
LUaTHBa ponuTeseH, Hexenu aeTeH. B
kiy6 “Hemocema” GONBIMMHCTBO NOA-
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POCTKOB OTIPABIISAIOTCSA MO CBOEMY Ke-
JAHUIO. '

Hanra 3agada cocTosiia B BBISB-
JICHUH MHEHHS IMOJPOCTKOB OTHOCH-
TENbHO NPUOPENKHOH 30HKI (CM. puc. 2,
puc. 5). B “Hemocene” GONBLUIHHCTBO
MOJIPOCTKOB 3HAJIM, UTO TaKoe MpH-
OpexHast 30Ha, HO KOHKPETHOTO OIIpe-
JIeNICHHA OHH He CHOpMYIHUPOBAIIH.

BonpmmuCTBO  AeTel, OTABI-
XaOMUX B Jlarepe, 3aTPyAHUIACH AaTh
onpesienenye MPUOPExHOM 30HE. Hu
OJJHO ONpENEeNCHUE Hemb3s IPH3HATH
BEPHBIM, TaK KaK BCE OHH 3aTparuBa-
10T JMIIG CYIIY, ¥ HHUKTO HE YIOMS-
HYJ O €QWHCTBE MOPCKOro M Gepero-
BOro mpoctpancrBa. HaOmrogaercs
TaKas CUTyalus, YTO MHOTHE, ECIIH He

"TaHgBur"

100%
80%
60%
40%
20%
0%

3HAIOT 49TO Takoe NMPUOpexHas 30Ha, TO
U HE BCE W3 NOAPOCTKOB XOTEHH OBl
IOCeIIaTh 3aHATHUSA, HAa KOTOPHIX HM
pacckasbiBan Ov1 0 npupoxne Cesepa, o
benoM Mope u ero obuTaTENAX WIH O
@OHHCKOM 3aMBE M €ro o0UTarensx, a
Takke o npupoae JIeHHHrpaackoid 06-
nactu. Ha Takux 3aHATHAX MOXHO OBI-
70 6wl y3HATH OOMNBIIE O MPUOPEXHOM
30HE W BooOme 00 3KocucTeMe palioHa

(puc. 6).
“Henocena”
57 %
60%
50% 43 %
40%
30%
20% -
10%
0% |
fa ) He snao

Puc. S. Onpenenenue npubpexHO#H 30HBI
C TOUKHM 3PEHHSA IOIPOCTKOR,

"Henoceaa”

Ba - Her Bce
PasHo

He aralo

Puc. 6. OTHOMIEHHE JIeTeH K BO3MOXKHOCTH TIONYIHUTh ONONHUTENBHYIO HHGOPMAIHMIO
o0 Cesepe u JleHuHIrpanckoi obnacry.

EcrecTBeHHO, 4TO GONBIINHCTBO
OTIPOIIEHHBIX MOAPOCTKOB XOTENH OBl
3HaTh Oompiie o mpupoze Ceepa u
Henuurpanckoit obnactu. Ilpm stom

KETAomMX NOJNYYHTh HOIONHHTENb-
Hyl0 HH)OpMAanmuio O cesepe OBUIO
6omemue, 9eM o JleruHrpaackoit obnac-
TH. Bbin HEOONBIION NpPOLEHT OmIpo-
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IIEHHBIX TOJPOCTKOB, KOTOPHIE CUHTA-
JM, 9TO BCE€ 3HAIOT (W1 MX BO3pacra
3TO IOHSATHO), & TAKXKE Te, KOTOpHIe
COBEpIIEHHO HE 3aMHTEPECOBaHH B
JIOTIONHUTENBHEIX 3aHATAAX (CM. DHC.
6). Bce 3TO rOBOPHUT O TOM, 4TO [IOAPO-
CTKOB MOXHO 3aMHTEPECOBATH H3yde-
HUEM OKpY)alomlel HpUPOXHOM cpe-
IBI, & BOSMOXKHO ¥ 3aHATHAMH IO ApY-
THM CHEIHANBHOCTAM, OCoOCHHO TeX,
KOTOPEIM 3TO HHTEPECHO ¥ KOTOPHIM HE
Oe3paznuyHa Cy/p0a TOro Kpas, B KO-
TOPOM OHH JKHBYT. ,
"ECIM CPaBHHTE DPE3yJBTATH OI-
poca Ha BOIPOC O MOHATAM “IKONOTHA”
(cM. puc. 3, puc. 7), TO MBI YK€ OTME-
T, 9ro Oonee mojnoBuubl (52 %),
OTHBIXAIOIIHX B Jjlarepe He CMOINM OT-
BeTHTs Ha Bompoc. OCHOBHAS Macca
HOAPOCTKOB, OTABIXAIOMMX B Kiy0e,

"Henocega”

100% 84%
80%
80%
40%
0% 16%
20%

o% ||

Ha Her

Puc. 7. Onpenenenue 3KOI0THH
¢ TOUKH 3pEHHUS TeTeil.

OTBETHIIM, 4TO 3HAIOT, UTO TAKOE 3KO-
JOTHsE, HO CBOM OTBET HE CMOINH KOH-
KpETU3UPOBaTE, 1eM He MeHee, HEKO-
TOpBIMK. MOApocTKamMu u3 “Tampsura’”
OBUTH HaHBI ONpPENEICHHS 3KONOTUH,
IYCTh HE COBCEM BEpHEBIE, HO BCE-TAKU

OTBeTHI OBUTH JaHEI, KOTOPHIC ITOKA3kI-
BalOT, 9T0 U ¥ HUX MMeEeTCs HEKOTOpOe
npexncrasieane o0 osxomoruu. Takum
obpa3oM, MBI IONY4IHIM pPe3yJbTar,
KOTOPEIH CBHJIETENILCTBYET O TOM, YTO
TIO3HaHMs Jerel 06 3KOIoruy HaMHOTO
Gonplre, 9eM O IPUOPEKHON 30HE.

Tlocnensee, Ha YTO XOTEIOCH OBI
00paTHTh BHUMAHHE — 3TC OTHOLICHHE
TIOJIPOCTKOB K passurnio Kampamaxmi-
ckoro paiona wnmu JleHHHrpaacko#
oGnactu (puc. 8). '

B sToM ciydae moyTH BCe HOA-
POCTKH TPOABHAH BHICOKYIO aKTHB-
HOCTB, IpUYEeM OTIbIxaromue B “I'ana-
BUTE” NpOSBWIM OOJBIIE HHTEpECa,
XOTS B MX OTBETaX BCTPEUAIOTCS NET-
CKHe, HeoOayMaHHBIe MBICTH. Pasyme-
eTCsH, OHM XOTenu Okl, 4TOOBI KU3HE B
TOpoOJie cTala JIyqIlne, HO OHM TTOKa eIl
HE MBICJIAT CTPATErHUCCKH, H HE MOTYT
MPeUIOKHATE JOJITOCPOYHEIE CTPATETHH
pasBUTHSA, T.K. UX MHEHHS CKJIajbiBa-
I0TCs, TPEKAE BCEro, NOX BIMIHHEM
ponureneli, pPOACTBEHHMKOB, 3HAKO-
MBIX, ApPY3eH, a TaKkKe CPEACTB Macco-
BOM MHPOPMAIH U PEKIIAMHBIX aKIMH.
Kpome TOro, MOXXHO OTMETHUTH, 4YTO

MMOAPOCTKHY, OTABIXAIOWIHE B KJIY6C,v

npemiarayy Gosiee rI00aNbHBIE H3ME-
HCHUS, Takpe KaK YMEHBIIHTH Ipe-
CTYNIIHOCTH, YJYYIIUTh (PUHAHCOBOE
obecreyenue, co3aaBaTh yCIOBHUA IUIS
YBENMUYCHAS MPHPOCTA HACENCHUA U
T.I.
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“Favgsur

»

“Henocega ' 21%

5% 5% 5%

\ 12%

8%

Puc. 8. HeoOxomumMbie H3MeHEHH B paiione (B oGnactu)
€ TOYKHY 3PEHHS TIOIPOCTKOB,

B OCHOBHOM, CJIeIyeT CKa3aTh,
YTO He OBLIO BBIABICHO 3HAYUTEIIBHBIX
OTIMYHH B pe3yNpTaTax OIpoca Cpenu
JeTell U IOJPOCTKOB, OTHBIXAIOUIHX B
CTIOPTHBHO-03J0POBHTENEHOM  JIarepe
“T"apgBur” " KyJbTYPHO-
3KonoruueckoM xiyoe “Herocena”.

AHaiu3 MOJyYeHHBIX pe3yJbTa-
TOB aHKETHPOBAHHI CpeNH JerTed u
HOAPOCTKOB TOKa3al HEXOCTATOYHEIH
YPOBEHb MX HHGOPMATHBHOCTH O NpH-

OpexxHOlt 30HE, BKOJOTHH, O MPHUPOJIE
npubpexxHoil 30mbL. TakuM 06pasoM,
CTaHOBUTHCS OYEBHIHBIM, UTO. HEOOXO-
MO BHEJPHTE 3KONOTHYEecKoe obpa-
30BaHHE U BOCHHTAHHE CPEIH MOjpac-
TAIOILETO NOKOJEHHUS, T.K. HETH — 3TO
Ta YacTh HACENeHWs, Ha KOTOPYIO
MOXXHO OKAa3bIBaTh JeHCTBEHHOE BIIHSA-
HHE M TakuM o0pa3oM, MBI CMOXeM
BEIPAaCTHThH NOKOJEHHE, CIIOCOOHOE HA-
TH IO TYTH YCTOMYMBOTO Pa3BHUTHA.
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