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Ïðåðîìàíòèçì
Ðîçä³ë 1. Åêîëîã³÷íà áåçïåêà

ÓÄÊ 574/578(031)

MICROBIAL ENVIRONMENT, IMMUNITY
AND HUMAN HEALTH

Gerber G.
(Charité-Universitätsmedizin Berlin,

Humboldt-Universität und Freie Universität Berlin,
Alumni-Club der Charité, Augustenburger Platz 1;

13353 Berlin, Germany)

Sophisticated analytical tools for elucidating genome structure and life of
bacteria yielded a new paradigm on our relation to the microbial environment.
Formerly, bacteria were seen as jeopardising invaders, and studies on bacterial
pathogenesis were the basis for great medical progress in the restraint of
infections. Now it becomes clear that Homo sapiens is not a single-species
organism, but it is to understand as a complex ecosystem assembled of a 10:1
mixture of both environmental microbial and human cells.

The gargantuan diversity of prokaryotic life includes genetic multiplicity,
metabolic endowment, colonised habitats, and response to physical and
chemical stresses. Advances in microbiology, molecular biology, biochemistry
and eukaryotic cell biology have enabled striking discoveries on how
eukaryotic cells cooperate with colonising bacteria. Bacterial life in multi-
species associations and biofilms limits competition, reduces temporal variance
of productivity, enhances performance, and favours positive interactions among
the allied members. Quorum sensing, hypermutable loci in the genome,
horizontal transfer of genes distributed within the population and the enduring
crosstalk with the epithelia and the innate immune system of the host warrant
stability within the microbial community and maintenance of the mutually
beneficial association with the host.

Factors accompanying our current life such as over- and malnutrition,
physical inactivity, excessive use of tobacco, alcohol, drugs and medicine,

 Gerber G., 2008
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Åêîëîã³÷íà áåçïåêà òà ïðèðîäîêîðèñòóâàííÿ

UV-irradiation, incorporation/inhalation of pesticides, toxic gases and heavy
metals and growing-up in a sanitised world disturb the immune balance and
the host-microbiota partnership. Phobia of germs, compulsive hygienic custom
pattern, and the excessive use of antibiotic agents are detaining the immune
system of the microbial information input upon which it is dependent.

This conglomerate of factors and habits conforms to a huge increase of
chronic inflammatory diseases, e.g. atherosclerosis, inflammatory bowel
diseases, diabetes, asthma, rheumatism, neurodermatitis, psoriasis, adipositas,
and cancer. It may be necessary to invent measures of replacing the microbial
input. Food additives with immune modulating (e.g. beta-glucans), prebiotic
(e.g. oligofructosides) or probiotic (e.g. Bifidus, Lactobacillus) features are
anticipated to improve a tilted host-microbiota partnership, immunity and
constitutional performance.

Ñêëàäí³ àíàë³òè÷í³ ï³äõîäè äî âèâ÷åííÿ ñòðóêòóðè ³ æèòòÿ áàêòåð³é
ïîðîäèëè íîâå â³äíîøåííÿ ùî äî ì³êðîáíîãî îòî÷óþ÷îãî ñåðåäîâèùà.
Ðàí³øå ðîçãëÿäàëè áàêòåð³¿ ÿê òàê³, ùî ñòâîðþþòü íåáåçïå÷í³ óìîâè
äëÿ ³íøèõ îðãàí³çì³â, ³ äîñë³äæåííÿ ïàòîãåíåçó áàêòåð³àëüíèõ çàõâîðþ-
âàíü áóëè îñíîâîþ äëÿ âåëèêîãî ïðîãðåñó â ìåäèöèí³ ùîäî ñòðèìóâàííÿ
³íôåêö³é. Çàðàç ñòàº çðîçóì³ëèì, ùî Ëþäèíà ðîçóìíà íå îêðåìèé
îðãàí³çì, öå ñêëàäíà åêîñèñòåìà, ÿêà ñêëàäàºòüñÿ ó â³äíîøåíí³ 10:1 ç
ð³çíèõ ì³êðîîðãàí³çì³â òà êë³òèí ëþäèíè.

Ð³çí³ ñåðåäîâèùà ³ñíóâàííÿ êîëîí³çóâàëè âåëè÷åçíå ãåíåòè÷íå ³
ìåòàáîë³÷íå ð³çíîìàí³òòÿ ïðîêàð³îò³â. Äîñÿãíåííÿ ó ì³êðîá³îëîã³¿,
ìîëåêóëÿðí³é á³îëîã³¿, á³îõ³ì³¿ ³ öèòîëîã³¿ åóêàð³îò³â äîçâîëèëè ç�ÿñóâà-
òè, ÿê êë³òèíè åóêàð³îò³â âçàºìîä³þòü ç áàêòåð³ÿìè, ÿê³ êîëîí³çóþòü
îðãàí³çìè. Â àñîö³àö³ÿõ ð³çíîìàí³òíèõ áàêòåð³é îáìåæåíà êîíêóðåíö³ÿ,
ñêîðî÷åíà ÷àñîâà ð³çíèöÿ ó â³äòâîðåíí³, âèíèêàþòü ïîçèòèâí³ âçàº-
ìîä³¿ ¿õ ÷ëåí³â ³ ñòèìóëþºòüñÿ ðîáîòà. Â³ä÷óòòÿ «êâîðóìó», íàÿâí³ñòü
ã³ïåðì³íëèâèõ ì³ñöü ó ãåíîì³, ãîðèçîíòàëüíèé ïåðåíîñ ãåí³â ì³æ áàê-
òåð³ÿìè â ìåæàõ àñîö³àö³¿ òà ñò³éêèé âçàºìîçâ�ÿçîê ç åï³òåë³ÿìè òà
ïðèðîäíîþ ³ìóííîþ ñèñòåìîþ õàçÿ¿íà ãàðàíòóþòü ñòàá³ëüí³ñòü
ì³êðîáíîãî óãðóïóâàííÿ ³ âçàºìíî êîðèñí³ âçàºìîä³¿.

Ôàêòîðè, ÿê³ âïëèâàþòü íà íàøå æèòòÿ � ïåðå¿äàííÿ, íåäî¿äàííÿ,
îáìåæåíà ô³çè÷íà àêòèâí³ñòü, íàäì³ðíå âæèâàííÿ òþòþíó, àëêîãîëþ,
íàðêîòèê³â ³ ë³ê³â, óëüòðàô³îëåòîâîãî îïðîì³íåííÿ, ïàë³ííÿ, ä³ÿ êîìï-
ëåêñó ïåñòèöèä³â, îòðóéíèõ ãàç³â ³ âàæêèõ ìåòàë³â, âèõîâàííÿ ä³òåé ó
ñàíîâàíîìó ñâ³ò³ � ïîðóøóþòü ³ìóííèé áàëàíñ ³ âçàºìîä³þ îðãàí³çìó
õàçÿ¿íà ç áàêòåð³ÿìè. Áîÿçíü ì³êðîá³â, ñóâîð³ íàâ�ÿçëèâ³ ã³ã³ºí³÷í³ âèìî-
ãè ³ íàäì³ðíå çàñòîñóâàííÿ àíòèá³îòèê³â çàòðèìóº ðîçâèòîê ³ìóííî¿
ñèñòåìè, òîìó ùî áàãàòî ì³êðîîðãàí³çì³â íå ïîòðàïëÿþòü â îðãàí³çì
ëþäèíè.



7

ÏðåðîìàíòèçìÐîçä³ë 1. Åêîëîã³÷íà áåçïåêà

Öåé íàá³ð ôàêòîð³â ³ çâè÷îê â³äïîâ³äàº âåëè÷åçíîìó çá³ëüøåííþ
õðîí³÷íèõ çàõâîðþâàíü, ÿê³ ìàþòü âàæêè íàñë³äêè, íàïðèêëàä, àòåðî-
ñêëåðîçó, õâîðîá øëóíêîâî-êèøêîâîãî òðàêòó, ä³àáåòó, àñòìè, ðåâìà-
òèçìó, íåéðîäåðì³ò³â, ïñîð³àçó, ðàêó. Ìîæëèâî òðåáà çàïðîïîíóâàòè
íîâ³ çàñîáè çàì³íè âïëèâó ì³êðîîðãàí³çì³â , íàïðèêëàä, âèêîðèñòîâóâà-
òè õàð÷îâ³ äîì³øêè, ÿê³ ì³ñòÿòü ³ìóíîìîäóëÿòîðè (íàïðèêëàä, áåòà-
ãë³êàíè); ïðåá³îòèê³ (íàïðèêëàä, îë³ãîôðóêòîçè) àáî ïðîá³îòèê³ (íà-
ïðèêëàä, Áèôiäîáàêòåð³¿, Ëàêòîáàêòåð³¿). ª ñïîä³âàííÿ, ùî ¿õ
çàñòîñóâàííÿ ïîêðàùèòü âçàºìîä³þ ì³êðîîðãàí³çì³â ³ ëþäèíè, ¿¿ ³ìóí³-
òåò ³ ñòàëó ðîáîòó ¿¿ îðãàí³çìó.

Ñëîæíûå àíàëèòè÷åñêèå èíñòðóìåíòû, îáúÿñíÿþùèå ñòðóêòóðó è
æèçíü áàêòåðèé, ïðèâåëè ê íîâîìó îòíîøåíèþ ê ìèêðîáíîé îêðóæàþùåé
ñðåäå. Ïðåæäå áàêòåðèè ðàññìàòðèâàëè êàê òàêèå, êîòîðûå ñîçäàþò
îïàñíûå óñëîâèÿ äëÿ äðóãèõ îðãàíèçìîâ, à èññëåäîâàíèÿ áàêòåðèàëüíîãî
ïàòîãåíåçà áûëè îñíîâàíèåì äëÿ áîëüøîãî ìåäèöèíñêîãî ïðîãðåññà â
ñäåðæèâàíèè èíôåêöèé. Òåïåðü ñòàíîâèòñÿ ÿñíî, ÷òî ×åëîâåê ðàçóìíûé
íå îòäåëüíûé îðãàíèçì, à ñëîæíàÿ ýêîñèñòåìà, ñîñòîÿùàÿ â îòíîøå-
íèè 10:1 èç ðàçíûõ ìèêðîîðãàíèçìîâ è ÷åëîâå÷åñêèõ êëåòîê.

Ðàçíûå ñðåäû îáèòàíèÿ êîëîíèçèðîâàëè ãèãàíòñêîå ãåíåòè÷åñêîå
è ìåòàáîëè÷åñêîå ðàçíîîáðàçèå ïðîêàðèîò. Äîñòèæåíèÿ â ìèêðîáè-
îëîãèè, ìîëåêóëÿðíîé áèîëîãèè, áèîõèìèè è öèòîëîãèè åóêàðèîò ïî-
çâîëèëè ïîêàçàòü êàê êëåòêè åóêàðèîò ñîòðóäíè÷àþò ñ êîëîíèçèðó-
þùèìè îðãàíèçì áàêòåðèÿìè. Â àññîöèàöèÿõ ðàçíîîáðàçíûõ áàêòåðèé
îãðàíè÷åíà êîíêóðåíöèÿ, ñîêðàùåíà âðåìåííàÿ ðàçíèöà âîñïðîèçâîä-
ñòâà, âîçíèêàåò ïîëîæèòåëüíîå âçàèìîäåéñòâèå èõ ÷ëåíîâ è ñòèìó-
ëèðóåòñÿ ðàáîòà. Îùóùåíèå «êâîðóìà», ãèïåðèçìåí÷èâûå ìåñòà â
ãåíîìå, ãîðèçîíòàëüíûé ïåðåíîñ ãåíîâ ìåæäó áàêòåðèÿìè â ïðåäåëàõ
àññîöèàöèè è óñòîé÷èâàÿ ñâÿçü ñ ýïèòåëèÿìè è âðîæäåííîé èììóííîé
ñèñòåìîé õîçÿèíà ãàðàíòèðóåò ñòàáèëüíîñòü ìèêðîáíîãî ñîîáùå-
ñòâà è âçàèìíî ïîëåçíîãî âçàèìîäåéñòâèÿ.

 Ôàêòîðû, ñîïðîâîæäàþùèå íàøó òåêóùóþ æèçíü, òàêèå êàê ñâåðõ-
èëè íåäîåäàíèå, ôèçè÷åñêàÿ áåçäåÿòåëüíîñòü, ÷ðåçìåðíîå èñïîëüçîâà-
íèå òàáàêà, àëêîãîëÿ, íàðêîòèêîâ è ëåêàðñòâ, óëüòðàôèîëåòîâîå îáëó-
÷åíèå, äåéñòâèå êîìïëåêñà ïåñòèöèäîâ, ÿäîâèòûõ ãàçîâ è òÿæåëûõ
ìåòàëëîâ è âîñïèòàíèå äåòåé â ñàíèðîâàííîì ìèðå íàðóøàþò èììóí-
íûé áàëàíñ è âçàèìîäåéñòâèå îðãàíèçìà õîçÿèíà ñ áàêòåðèÿìè. Áîÿçíü
ìèêðîáîâ, ñòðîãèå íàâÿç÷èâûå ãèãèåíè÷åñêèå òðåáîâàíèÿ è ÷ðåçìåðíîå
èñïîëüçîâàíèå àíòèáèîòèêîâ çàäåðæèâàåò ðàçâèòèå èììóííîé ñèñòå-
ìû, ò.ê. ìíîãèå ìèêðîîðãàíèçìû íå ïîïàäàþò â îðãàíèçì ÷åëîâåêà.

Ýòîò íàáîð ôàêòîðîâ è ïðèâû÷åê ïîðîæäàåò îãðîìíîå óâåëè÷å-
íèå õðîíè÷åñêèõ áîëåçíåé, êîòîðûå èìåþò òÿæåëûå ïîñëåäñòâèÿ,
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íàïðèìåð, àòåðîñêëåðîçà, áîëåçíåé êèøå÷íèêà, äèàáåòà, àñòìû, ðåâ-
ìàòèçìà, íåéðîäåðìèòîâ, ïñîðèàçà, ðàêà. Ìîæåò áûòü íåîáõîäèìî
ïðåäëîæèòü íîâûå ìåòîäû çàìåíû âëèÿíèÿ ìèêðîîðãàíèçìîâ, íàïðè-
ìåð, ïèùåâûìè äîáàâêàìè, ñîäåðæàùèìè èììóíîìîäóëÿòîðû (íàïðè-
ìåð, áåòà-ãëèêàíû), ïðåáèîòèêè (íàïðèìåð, îëèãîôðóêòîçû) èëè ïðî-
áèîòèêè (íàïðèìåð, Áèôèäîáàêòåðèè èëè Ëàêòîáàêòåðèè). Êàê
îæèäàþò, èõ ïðèìåíåíèå óëó÷øèò âçàèìîäåéñòâèå ìèêðîîðãàíèçìîâ
è ÷åëîâåêà, åãî èììóíèòåò è ñòàáèëüíóþ ðàáîòó åãî îðãàíèçìà.

1. Microbial diversity and human activity

Fifteen hundred scientists under the auspices of the United Nations
Environment Programme (UNEP) completed in 1995 the Global
Biodiversity Assessment (Heywood 1995). This appraisal alludes to the
biological diversity at all levels � genes, species, and ecosystems �
and is still extremely uncertain. Of its working figure of 13 million
species, only approximately 1.7 million have been scientifically described
and given Linnaean nomenclature. These living organisms interact
among them and with the non-living environment and comprise the
global ecosystems. The biological multiplicity is pivotally evident for
human society and sustainable development. A reckoned 40 per cent
of the global economy rests upon biological products and processes.
Faced with the rate of species extinctions, which is hundreds or
thousands of times the natural background level, the public begins to
raise attention on the outcome of human activities on biodiversity.
However, the appreciation on how activity of mankind, human health
and biodiversity are intimately connected among one another will only
increase in coming years.

Having a glance in a biology textbook of the 1980s one may realise
that the living matter is subdivided in five kingdoms: Bacteria, Protoctista
(nucleated unicellular organisms), Fungi, Plantae and Animalia. About
5000 species classified by means of traditional bacteriological techniques
were allocated to non-eukaryotic organisms, and thus should contribute
only a minor portion to the overall species variety (Skerman et al.
1989). Just for comparison: more than half a million insect species
have been classified.

Beginning in the 1960s it became feasible to define prokaryotes on
the basis of shared molecular characteristics when Zuckerkandl and
Pauling (1965) expounded the role of nucleic acid as the master
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candidate of a molecular phylogeny. Obviously, microbial morphology,
motility, metabolism and serological types are too simply or inexplicable
to serve as the basis for a phylogenetically compelling taxonomy.
Sophisticated techniques such as reverse transcription (RT)-PVR, DNA
micro arrays, in vivo expression technology (IVET), fluorescence in situ
hybridisation (FISH), restriction fragment length polymorphism, subtractive
hybridisation, signature-tagged mutagenesis, in situ isotope tracking, and
the sequencing revolution replaced classical phenotypic characteristics by
molecular criteria. This progress culminated in two scientific acmes at
the end of the last century: i) the creation of a new natural system of
organisms dividing life on our planet in three domains (Woese et al.
1990), and ii) the whole-genome random sequencing and assembly of
a free-living microorganism, the ã-proteobacterium Haemophilus influenzae
Rd. (Fleischmann et al. 1995). Comparison of the unique sequences of
nucleobases in the chromosomes has all of a sudden shown that the
three primary domains are: Bacteria, Archaea, and Eukarya. These
domains evolved in parallel along three phylogenetic lineages.

The small unit of ribosomal ribonucleic acid (16S rRNA from
prokaryotic cells and 18S rRNA from eukaryotic cells) proved to be
an elegant taxonomic tool in regard of the following: first, it is present
in all organisms, and secondly, it contains highly conserved as well
as variable nucleotide sequences. Divergence between species or strains
may be evident when comparisons are made of the variable regions,
and comparing highly conserved regions may elucidate divergence at
the higher taxonomic ranks (domain, kingdom). Nowadays, techniques
for high-throughput cultivation of more than 10,000 bacterial and
fungal isolates per environmental sample are available (Zengler et al.
2002). That provides access to the immense reservoir of untapped
microbial diversity by cultivation. Determination the species composition
of a microbial community needs to be followed by establishing the
functions of the community and of each of its members (metabolic
fingerprinting by community level physiological profiling CLPP). After
all, one has to have in mind that there is an ongoing debate on
methods for defining species, mechanisms that lead to speciation and
whether microbial species even exist. Achtman and Wagner (2008)
propose that a method-free species concept based on cohesive evolutionary
forces should direct decisions on the existence of species and procedures
to define them.
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From a commonplace of view we recognise only the multicellular
creatures as the denizens of our earth. All are Eukarya, but many single-
cellular belong to this domain, too. Bacteria and Archaea are exclusively
composed of prokaryotic cells and are thus microbial. The major
advances in molecular and cell biology and the application of these
methodologies on microbiology produced cross-fertilisation of these
disciplines and had impacts, which was unimaginable only a generation
ago (Table 1). The gargantuan diversity of prokaryotic life includes
genetic multiplicity, metabolic endowment, colonised habitats, and response
to physical and chemical stresses. Microorganisms are the major life
forms on earth and reside yet in extreme environments like very rocks,
hot springs and submarine grounds. The amount of carbon that is piled
up in prokaryotes matches that in the plant kingdom. In case of nitrogen
and phosphorus the ratio is even ten in favour of the microbes. Since
only less than 1% of species of the microbial world was cultivated and
studied under laboratory conditions, we know nothing of them other
than what can be inferred from their genomic sequence.

The majority of microorganisms lives in microbial dynamic assemblages.
The stability and functions of these consortia are ruled by dependencies
and antagonisms among the members. Life in multi-species associations
and biofilms limits competition and favours positive interactions among
the allied bacteria. A fraction of the microbial universe coexists with
animals in mutually beneficial association. Such microbial communities
have to assert themselves with the vicissitudes of their host (Handelsman
et al. 2005). Microbial symbioses with animals warrant benefits to both
host and bacteria and promote their macro-evolutionary persistency.
Such symbioses have played an essential role in revival of the biosphere
after periodic mass annihilation of major groups of organisms and whole
ecosystems (Hickman 2005). Less than 0.0005 percent of the total
domain Bacteria can cause disease. The relation in fungi is not quiet
different: approximately 300 of the greater than 100,000 classified fungal
species have pathogenic relationships with animals and plants (Steenbergen
and Casadevall 2006). Advances in microbiology, molecular biology and
eukaryotic cell biology have enabled striking discoveries on how eukaryotic
cells cooperate with colonising bacteria and interact with pathogens
during the infectious process. The partnering-up of these related fields
progressed in a novel scientific discipline that has been termed cellular
microbiology (Cossart et al. 1996).
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Topics Impact References
Diversity of
prokaryotic
life

Genetic diversity highest in the
microbial world, prokaryotes encompass
up to ten million species, wide range of
energy substrates and the availableness
of miscellaneous catabolic and anabolic
pathways, occupying multiple habitats,
multitude of responses to physical and
chemical stresses

Stahl and Tiedje
2002
Torsvik et al. 2002

Ancestry Eukarya, Bacteria and Archaea have
split from a common ancestor 2—3.5
billion years ago

Woese et al. 1990
Doolittle et al. 1996

Biomass 4—6×1030 prokaryotic cells on earth
containing 350—550×109 tons of
carbon, 85—130×109 t nitrogen, 9—
14×109 t phosphorus, cellular production
rate for all prokaryotes on earth is
estimated at 1.7×1030 cells/yr, it is
highest in the open ocean

Whitman et al.
1998

Cultivability 90 to 99.9 % do not grow and replicate
in cultures under laboratory conditions

Henderson et al.
1999 (p.19)

Mode of life Multi-species associations, colonies,
biofilms, quorum sensing systems as
signal amplifiers within a bacteria and as
signal disseminators between bacteria

Palmer et al. 2007
Fuqua et al. 1994
Dunny and Winans
1999

Symbiosis 1000—3000 species (phylotypes)
mutually coexist with man,
specific gene-gene interactions within
the microbiome (genomic plasticity)

Eckburg et al. 2005
Dethlefsen et al.
2007
Ehrlich et al. 2008

Pathogenicity About 50 bacteria cause human diseases Rappuoli 2006

Table 1 � Impact of new analytical tools on cellular microbiology

The current debate on the use and misuse of antibiotics perpetuates
a long history of semantic thoughts on microbes as friend or foe of man.
In the late seventieth century, Antonie van Leeuwenhoek, who ranks first
to had inspected the indiscernible minuscule life, already expressed his
astonishment on the ample colonisation of our body and its environment
by «animalcule» what means «little animals»: «�there are more animals
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living in the scum on the teeth in a man´s mouth, than there are men
in the whole kingdom». Bacteriology started two centuries later with the
pioneering work of Robert Koch, Louis Pasteur, Sergei Winogradsky and
other scientific heroes. Koch and Pasteur developed pure culture techniques
to identify causative agents of many diseases that affect humans and
animals. Contrariwise, Sergei Winogradsky � born in Kiev 1856 �
invented a simple columnar device for culturing a large diversity of
bacterial life in natural environments. Among the bacteria within such
a single column there grow members of all four basic life strategies:
phototrophs, chemotrophs, autotrophs, and heterotrophs. The Winogradsky
column evolved, thus, as classic tool for studying the relationships
between different types of microorganisms in mixed communities. In
addition, it is an elegant illustration of how microorganisms occupy
highly specific niches according to their environmental tolerances and
their requirements of energy and carbon.

In the aftermath microbes were dichotomic seen from the viewpoint
of practical purposes (Gutzeit 1918, Duddington 1961). The «good» ones
help in fermentations in the dairy industry, the manufacture of vinegar,
beer, coffee, cocoa, food supplements, and feed for farm animals as well
as in biomining (bioleaching) and sewage treatment. The «bad» ones are
looked upon as pests or can be at least a nuisance in many everyday
situations. According to the widely held opinion, germs should be
eliminated or constrained in their activities. Following such options many
a scientist lumbered in a meander. Ilja Metchnikoff, for example, assumed
«autointoxication» of the human body by the intestinal microflora and
practised surgical ablation of the colon. Later, however, by contemplating
about longevity in Bulgarians he suggested that that may be linked to the
helpful activity of lactic acid bacteria ingested with sour milk.

The elimination of bacterial pathogens appeared to become a reality
when antimicrobial agents were introduced into clinical practice in the
1940s and 1950s. That was one of the most outstanding public health
achievements of the 20th century. In marvelling the unimaginable aid
to legions of infected patients the Western societies lost its fear of
bacterial infection. In 1969 the then United States Surgeon General
presumed to prophesy in his address to Congress «We can close the
book on infectious diseases». One outcome of this misjudgement was
the drop in research into the mechanisms by which bacteria cause
communicable diseases. The other was the assumption on the selective
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toxicity of a particular antibiotic to a certain bacterial pathogen: due
to fundamental differences to eukaryotic cells the antibiotic therapy
might not threat the host.

Nonetheless, already in the late 1940s strains of Staphylococcus
aureus developed resistance against penicillin. The number increased
steadily and at present MRSA (methicillin-resistant Staphylococcus
aureus) is a menace of hospital settings. Resistance has developed
meanwhile against all available classes of antibiotics (Virk and
Steckelberg 2000, Smith and Coast 2002). Rowe-Magnus and Mazel
(2006) published a survey on the evolution, biochemical mechanisms
of antibiotic resistance and their genetic determinants. Species of the
genus Bacteroides have the highest resistance rates of all anaerobic
pathogens, the multiple mechanisms of which are discussed by Wexler
(2007). In addition, there are alert marks just heralding man-made
tumbling into a new predicament: Resistant Staphylococcus aureus
changed its epidemiology and advanced from being a pathogen primarily
related with nosocomial infection to one that has begun to recurrently
infect individuals outside the hospitals (Chambers 2001). Obviously
the «golden age of antibiotics» turns up jaded after merely two
generations.

By traditional view, the transmission of pathogenic bacteria has been
assumed to take place through ingestion of infected stuff or liquids and
intimate contact with contaminated surfaces. Transmission over short
distances is also possible when the pathogen is enclosed in large
droplets, as in sputum. This route should be rendered more precisely
on the basis of reports on airborne transmission of communicable
diseases (Roy and Milton 2004). Gandara et al. (2006) gave account
on the common appearance of cultivable strains of Staphylococcus
aureus resistant against penicillin, ampicillin and cefaclor in aerosols
sampled within residential homes. The infection of children without
known risk factors with this pathogen has to be regarded as an
exceptionally precarious observation (Gorak et al. 1999). Experiments
on mouse and human cell lines demonstrate the ability of indoor air
bacteria and fungal spores in boosting the production of proinflammatory
mediators (Huttunen et al. 2003). The trends in the epidemiology of
antibiotic-resistant pathogens give persuasive justification for more profound
scientific exploration of both the indoor sources of, and morbid effects
correlated with, indoor residential exposure to airborne pathogens.
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Findings emphasise that current concentrated animal feeding operations
(CAFOs) can result among others in the emanation of antibiotic-
resistant bacteria into the general environment (Platz et al. 1995).
Multiresistant strains were detected in the air plume up to 150 m
downwind of a swine confined animal feeding operation (Gibbs et al.
2006). Naïve subjects living in close proximity to such facilities and
employees who work inside suffered from respiratory inflammatory
symptoms (Heederick et al. 2007). The paucity of data in regard of
environmental and community adverse health effects of modern
production of pigs and poultry resulted in a growing controversy in the
public (Cole et al. 2000, Rieger 2001). Intensified cooperation among
animal producers, feed professionals and health officials as well as
forced research in cross-linked human and veterinary health surveillance
systems are indispensable to successfully address these issues. Special
attention should be given to high-risk groups such as children and
asthmatics. A flicker of hope comes from Denmark, where the prevalence
of macrolide-resistant species of Campylobacter dropped subsequently
to the banning of all growth promoters from feeding in livestock.

2. Man and microbes are companions

Microbes make up a considerable component of the human body.
The external surface � like the skin and its adhering structures � and
the internal surfaces such as the mucosal layers of the gastrointestinal,
respiratory and genito-urinary system and the cavities they enclose,
harbour microbial communities of different complexity. The term
microbiota, or indigenous microflora, or commensal microflora,
respectively, encompasses all of the bacteria, archaea, fungi, proctists,
and viruses. The bacterial component at any body site was chiefly
studied, but little is known about the other types. The microbiota in
the adult has a mass of about 1�2 kg, which corresponds to that of
liver and outruns most other human tissues. Although this represents
only about 2% of the whole body mass, in terms of cell numbers the
total microbial population exceeds our total number of somatic and
germ cells by at least one order of magnitude (Xu and Gordon 2003).
The number of genes in this «microbiome» may overtake the human
genome about 100 times.  In conclusion, human sapiens may not be
regarded as a single-species organism, but as a complex ecosystem
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compiled of a 10:1 mélange of both microbial and human cells
(McVean et al. 2005, Eckburg et al. 2005, Ley et al. 2006). The
microbiome and hosts genome collectively constitute the hologenome
that includes all genes from the host and from all symbionts. It is
flexible and varies with age, health, diet, and environmental factors.
The 6.5 billion humans living on earth represent a microbial reservoir
of 1023�1024 prokaryotic cells. Thus, human intestine and that of other
mammals share a considerable portion of the total microbial mass on
our planet that is estimated to about 4�6×1030 prokaryotic cells. The
human bowel harbours 1011�1012 prokaryotic cells per ml, the highest
observed density for any microbial habitat (Whitman et al. 1998).

During foetal life the human being like all other mammals dwells
in a sterile environment. Birth is the encounter stage in microbial
colonisation of the newborn that discharges into a life-long partnership.
First microbes stem from the mother, members of clinical staff, equipment
and the close environment. Later, germs may attain from more distant
sites of environment and from food. One may wonder in all innocence
what causes the whittling down of a spectrum of more than fifty phyla
of Bacteria and 13 phyla of Archaea staying alive on earth to just four
phyla of Bacteria  � the Bacteroidetes, Firmicutes, Actinobacteria, and
Proteobacteria � that overwhelmingly dominate microbial communities
of man. In the colon Bacteroidetes and Firmicutes contribute more than
95% of the microbiota,  only one member of Archaea (Methanobrevibacter
smithii) is present? Chlamydiae, Cyanobacteria, Deferribacteres,
Deinococcus-Thermus, Fusobacteria, Verrucomicrobia, and Spirochaetes
establish the minor balance. High levels of strain variation complete this
little dissimilarity in the deep phylogenetic lineages. That type of an
extreme fan-like phylogenetic architecture of the gut microbiota might
have arisen in evolution from the diversification of a distinct limited
primary community into strains (Ley et al. 2006). A more detailed view
of the differences between genomes of human individuals and the
microbiota may foreshadow a deeper comprehension on evolutionary and
biological forces that have made us (Dethlefsen et al. (2007).

Apparently there are stringent requirements for membership in the
microbial community. Whether or not a bacterium affiliates the local
biota depends on the nutritional and physicochemical conditions and
the host defence on site. It obeys two fundamental rules formulated
by Liebig and Shelford. The nutrient present in the lowest concentration
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in comparison with the needs of the organism determines the yield
of this organism according to Liebig´s law of minimum. Usually the
host and accompanying microbes are the sources of nutrients, intestinal
microbes utilise in addition ingested foodstuffs. Shelford´s law states
that each of the physicochemical constraints operating on site have to
remain within the tolerance range to make available the survival of a
species within an ecosystem. The effectiveness of these basic laws is
amended by beneficial and antagonistic interactions among the species
present, colonisation history, host characteristics (genotype, age, gender,
life-style, diseases). The dual hegemony of Firmicutes and Bacteroidetes
apparently originates from their particular and complementary metabolic
functions within the microbial community.

The «living-together» is variable with respect to species and topological
distribution of microbes involved and the mode of cooperation with the
host. The biochemical features of binding and identification of molecules
determine the rules of pacing, extent, and pattern of microbial diversity.
Different methodologies employed, variation between individuals, changes
in microbial nomenclature and taxonomy, and so on hamper the
compilation of published data on the distribution of particular fractions
of microbes. Nonetheless, an approach is made to survey the diversity
of indigenous microbiota in various sites of adult humans (Table 2).
Most of the data on the microbiota still have been derived from
culture-based investigations. However, cultivation methods under-represent
the extent of bacterial diversity. For instance, in samples from human
microbiota about 10�50% of bacteria can cultivated, from environments
(soil, lakes, seawater, sediments) less than 1%.

In spite of evident variations in tissue structural and functional
properties of our outer and inner surfaces and environmental determinants,
each microbial community is generally dominated by a limited number
of species. Only five phyla contribute more than 90% and establish
the core set of regional microbiotas. That was shown for the oral cavity,
the distal oesophagus, the stomach, and the colon, where Actinobacteria,
Firmicutes, Proteobacteria, Bacteroidetes and Fusobacteria are dominating.
It holds to be true for skin, too, though Fusobacteria are missing there.
Infrequent taxa compose the remainder of the population and may vary
between times of sampling and among individuals.

The density of sudoriferous (sweat-producing) and sebaceous (sebum-
producing) glands at the particular area principally influence the
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Body site Number Diversity Bacteria
1 2 3 4

Skin,
hairfollicle

103 -106

per cm2
Stable
scaffold of
small
number of
genera

Actinobacteria, Firmicutes,
Proteobacteria, Corynebacterium,
Staphylococcus, Streptococcus,
Propionibacterium, Micrococcus,
Kocuria, Malassezia, Brevibacterium,
Dermabacter, Acinetobacter,
Methylobacterium

Conjunctiva
of eye

102 - 5x104 Usually not
more than
2 species

CNS (coagulase negative
staphylococci), Propionibacteria,
Corynebacterium, Streptococcus,
Lactobacillus, Sarcina, Bacillus

Oral cavity 108 per ml
saliva

107-109 per
cm2 tongue

High Firmicutes, Bacteriodetes,
Streptococcus, Actinomyces,
Neisseria, Haemophilus, Eubacterium,
Lactobacillus, Fusobacterium,
Abotriophia, Gemella, Veillonella,
Prevotella, Bifidobacterium,
Staphylococcus, Propionibactrium,
Porphyromonas
Plaques: Streptococcus mutans,
Streptococcus viridans, Actinomyces,
Veillonella, Fusobacterium,
Prevotella, Eubacterium, spirochaetes
Porphyromonas gingivalis,
Bacteroides forsythus, and Treponema
denticola

Gastro-
intestinal
tract

1014

1011 – 1012

cells per ml

Upper part:
low

Lower part:
high

Oesophagus: Staphylococci,
lactobacilli, Corynebacterium,
Prevotella, Veillonella.
Stomach: Hel. pylori, acid-tolerant
streptococci, staphylococci and
lactobacilli.
Ileum: Streptococci, enterococci and
coliforms in the lumen; on the mucosa
Bacteroides,  Clostridium,

Table 2 � Indigenous microbiota at various sites of human body
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Compiled from Paster et al. (2001), Wang et al. (2003), Pei et al. (2004),
Eckburg et al. (2005), de Backer et al. (2007), deFranco et al. (2007),
Dethlefsen et al. (2007), Gao et al. (2007), Wilson (2008).

Body site Number Diversity Bacteria
1 2 3 4

Bifidobacterium.
Cecum: Enterobacteriacea,
lactobacilli, Bacteroidetes,
Clostridium.
Colon: Bacteroides, Eubacterium,
Bifidobacterium, Clostridium; (by
culture-independent methods:
Firmicutes, Bacteroidetes,
Clostridia, Bifidobacterium,
Atopobium)

Respiratory
tract

Upper part:
high

Lower part:
no resident
microflora

Streptococcus, Neisseria,
Haemophilus, CNS,
Corynebacterium,
Propionibacterium,
Prevotella, Veillonella, Mollicutes.
Microbes detectable in the lung,
which are aspirated with microbe-
containing secretions from the
upper respiratory tract

Female
reproductive
system

109 High
<4—8 per
individual

Lactobacilli, CNS, Gram-negative
anaerobic bacilli (GNAB), Gram-
positive anaerobic cocci (GPAC),
Corynebacterium, Bacteroides,
Prevotella, Gardnerella vaginalis,
Atopobium vaginae

composition of cutaneous microbiota. Corynebacterium, Propionibac-
terium, and Staphylococci inhabit at any site, propionibacteria dominate
sebum-rich sites (forehead, scalp), corynebacteria moist areas (axillae,
perineum), and staphylococci are the predominating species in dry
regions such as arms and legs. Microbial communities inhabit nose and
the pharynx, where they adhere to a substratum in order to prevent
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expulsion by the respiratory flow. This region is a carriage site of a
number of very important human pathogens (Strep. pyogenes, Strep.
pneumoniae, H. influenzae, Staph. aureus, N. meningitides). The
airways in the lungs are sterile to a large extent.

The gastrointestinal tract expanding from the oral cavity until colon
and rectum is highly diverse from anatomical, functional and microbial
points of view. With a surface of 200�300 m2 it is the largest body
surface in contact with the environment. About 700 bacterial phylotypes
have been characterised in the oral cavity with considerable variations
between various sites. Besides of the densely colonised tongue the teeth
are the predominant area in this location. Bacteria on tooth surfaces
live in biofilms that are known as plaques. Adhering to these surfaces
is of pivotal significance for any potential microbial coloniser, since
in this cavity biting, chewing, tongue movements, and salivary flow
generate the highest mechanical forces in the body and the danger of
displacement. «Pioneer colonisers» such as Actinomyces equipped with
adhesins start colonisation of tooth�s surface followed by biofilm-
promoting Streptomyces. «Secondary colonisers», unable either to adhere,
or survive on the bare tooth surface, join expansion to the plaque by
autogenic growth.

The largest assembly of microorganisms undoubtedly inhabit the
intestine. Most are refractory to cultivation. Physicochemical and
nutrient gradients exist along the gut and in the transversal direction
of the lumen. This and the complex microstructure of epithelia and
the mucous layer on their exterior as well as the high rate of cell
renewal make available many niches for microbial existence. So
extreme species diversity (up to 1,000 species), inter-subject variability
and differences between anatomical and microanatomical locations
might be not astonishing (Eckburg et al. 2005). Nevertheless, a few
generally consistent traits appear evident (Table 3).

The part of the body that is beneath the skin and the mucosal
epithelia is devoid of microorganisms. Therefore, one function of
epithelia is to prevent contact of the microbes with the rest of the body.
This is realised in various modes (Fig. 1): Several junctions (tight
junctions, zonula adherence, desmosomes) link epithelial cells with
each other and with the underlying connective tissue matrix to establish
a physical barrier. A coat of keratinised dry and dead horny cells,
which are not accessible for microbes, further protects the skin. Special
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Table 3 � Characteristic traits of the intestinal microbiota
Trait Property and function of gut microbiota Reference

Biodiversity Restricted by stringent requirements for
membership in the microbial
community:
- enzymes to utilise available nutrients
- cell-wall accessories to contact the
proper habitat and to conciliate the
supervising immune system,
- evade bacteriophages,
- fast growing to prevent washout,
- mutability to be able to adaptation
- stress resistance in order to leap to
other hosts overcoming an awkward or
toxic environment

Ley et al. 2006

Share of
anaerobes

> 99.9% of the cultivable population in
adults are obligate anaerobes

Moore and
Holdeman 1974

Bifidus spp. Dominating in the preweaning
microbiota, in particular Bifidobac-
terium longum with high activities of
ß-galactosidases to utilise lactose of
mothers milk

Schell et al. 2002

Regional
population
density

Increases from the duodenum
containing 103 cfu/ml (that is 103

organisms per ml luminal contents) to
the colon with 1011 cfu per ml contents.
Thus, it increases by about 8 orders of
magnitude along the gut

Savage 1977

Involvement in
host
metabolism

Microflora operates as a postnatally
acquired, multifunctional
autochthonous organ,
metabolic diversity by far outperforms
that of human tissues,
complements the metabolism of host,
e.g. cracking of indigestible polysac-
charides of plant or microbial origin,
degradation of dietary oxalates, bio-
transformation of conjugated bile acids,
synthesis of vitamins and amino acids

Salmond et al.
1995
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Trait Property and function of gut microbiota Reference
Immunity Coaching the immune system tolerance

against a wide mix of environmental
and food antigens, decreases number
and extent of allergic responses

Braun-Fahrländer
et al. 2002

Intestinal
epithelia

Maintenance of intestinal epithelial
homeostasis, protecting epithelial cell
layers and stimulating the development
of intestine´s elaborate submucosal
network of interconnected capillaries

Rakoff-Nahoum et
al. 2004,
Stappenbeck et al.
2002

Fat storage in
host

Decreases lipid accumulation in
adipose tissue, increases lipid
mobilisation, prevents adiposity

Ley et al. 2005,
Bäckhed et al.
2007

glycoproteins (mucins) secreted by the epithelium prevent mucosal
surfaces from microbial sticking. One part, the membranous mucins
are fixed to the cells and form the «glycokalyx». Secreted mucins form
large linked polymers that are closely associated with the glycokalyx.
The epithelium secretes microbicidal peptides, and local B cells secrete
IgA. M-cells conduct transport of intact macromolecules from the
lumen to the opposite side by an endocytose mechanism. The most
remote cells on the top of the villus are regularly being expelled and
are thrown out together with mucus and attached microbes.
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Figure 1. Physicochemical and immune barriers against microbial invaders.
TJ = Tight junction; ZA = Zonula adherence; DE = Desmosom.

         = Immunoglobulin A attacking pathogen microbes
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3. Stabilisation of the microbiota

The microbiota may maintain sustainable stability by two mechanisms:
firstly, by interactions among the members of the microbial population,
and secondly by interaction with the host.

The general types of interactions between microbial species are
shown in the Table 4. These might be positive or negative for the
members involved that means beneficial for survival or extinction,
respectively. It should be noted that there is some confusion with
respect to the term «symbiosis». Now and then it is used to characterise
an exclusively beneficial cooperation such as synergism or mutualism.
But, strictly speaking, it bears on any long-term relationship between
two populations.

Several mechanisms that may be involved in gut stability are
suggested in the Table 5. From the viewpoint of system biology species
richness insures ecosystems against functional failure since various
species give a better warranty that some will maintain functioning even
if others fail. An understanding of long-term effects of biodiversity on
ecosystem processes may be given by the insurance hypothesis (Yachi
and Lereau, 1999). These authors developed a general stochastic dynamic
model to assess the effects of species richness on the productivity of
the ecosystem, based on individual species� productivity responses to
environmental fluctuations. The model shows two major insurance
effects: i) a buffering effect, i.e., a reduction in the temporal variance
of productivity, and ii) a performance-enhancing effect, i.e., an increase
in the temporal mean of productivity.

This and other models were designed to predict the «pure» effects
of species richness by randomising and averaging across perturbing
environmental factors. Later on Norberg et al. (2001) developed a more
realistic, yet general, model linking diversity and ecosystems functioning
by modelling the means and variances of phenotypes within a group
of species. The presented framework suggests that phenotypic variance
within functional groups is linearly related to their ability to respond
to environmental changes. Most intriguing is the ratio between short-
term productivity with low variance and fixed optimal phenotypes, and
long-term productivity in changing environments with higher phenotypic
variance. The adaptive model had a higher productivity than the model
with a fixed phenotype. The contribution of Norberg et al. is a
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Table 4 � Type of interactions between two microbial
populations A and B

A B A B
Commensalism + 0 Supplies vitamins

and amino acids,
degrades polymers
to monomers,
solubilisation of
insoluble
compounds,
neutralisation of
toxic substances

Utilises essential
substances that it is not
able to synthesise,
utilises monomers,
utilises solubilised
compounds,
protects against toxic
substances

Synergism + + Syntrophism (Cross-feeding, food chains, food
webs)
Bacteroides
produces sulphate,
Ent. faecalis
converts arginine
to ornithine and
utilises putrescine

Desulfovibrio utilises
essential sulphate,
E. coli converts ornithine
to putrescine that can be
further utilised by this
species

Mutualism + + A form of synergism in which the relationship
between the two organisms is obligatory

Competition - - Competitve exclusion
E. coli and Clostridium difficile compete on
certain sugars
methanogens and sulphate-reducing bacteria
compete on H2

Amensalism + - Produces toxic
substances:
bactericins,
hydrogen peroxide,
acidic end products

Cessation of growth and
killing in an incompatible
environment (Candida
unable to grow on skin and
vagina owing to low pH)

Parasitism + - Protoctists
Entamoeba
gingivalis in the
oral cavity,
Dientamoeba
fragilis in the
intestine

Bacteria are the major food
for protoctists
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Table 5 � Mechanisms of maintaining stability
in the intestinal microbiota

persuasive affirmation of linking diversification, abundance and evolution
as bolstered by Darwin in 1859.

There is now expanding belief that microbes of a single species or
a number of different species aggregate to communities of different
complexity in the colon and other sites. That encompasses individual
cells attached to a surface, loosely aggregated microcolonies as well as
biofilms. Four decades ago Guggenheim and Schroeder (1967) observed
aggregation and clumping of Streptococcus mutans a few seconds after
addition of sucrose into the incubation medium. Formation of high-
molecular dextran was surmised to be responsible for this effect, which
was soon confirmed experimentally by Gibbons and Fitzgerald (1969).
Dextran binds receptor molecules on the bacterial surface and links
cells to a network. These findings were conjectured as of clinical
relevance for cariogenic plaque formation and may be seen as the first
report of elucidation of specific macromolecular interactions to the
phenomenon what we now know as biofilm. Probert and Gibson
(2002) allude to experimental research on microbial biofilms already
in 1936. A biofilm is apprehended as a community of surface-adherent

Factor Benefit for population stability
Environment Host provides optimal and stable conditions for life of

microbiota, e.g. supply of nutrients, maintaining temperature
and pH, keeping away perturbing foreign microorganisms

Species
richness

Phenotypic variance insures microbial ecosystems against
functional failure in accord to the insurance hypothesis:
- buffering effect to respond to environmental perturbations
- performance-enhancing effect

Community
formation

More or less tight aggregations of microbial colonies, and
formation of biofilms produce locally optimal conditions and
protection:
- „supergenome” in the population provides momentary
adaptation to changes in the environment
- coordinated population behaviour by quorum sensing

Separation Life within the mucous layer along the epithelium and in
spatial niches offers protection against competitors,
mucous glycoproteins are utilised as food
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microorganisms enmeshed within a matrix of extracellular polymeric
substances. The matrix components are usually polysaccharides. Its formation
is a pivotal strategy of bacterial survival in an inhospitable environment.
That makes the affiliates in a way functionally similar to a multicellular
organism. The matrix of the biofilm is produced by the cells constituting
the biofilm, its structural integrity depends essentially on an intact bacterial
metabolism (Il�ina et al. 2004, Branda et al. 2005).

Planktonic bacteria when going to group together in a biofilm
modify specific patterns of protein and gene expression, metabolic
profile and specific physiology. They approach a new state that is
termed «biofilm phenotype» (Whiteley et al. 2001, Sauer et al. 2002).

Biofilm communities tend to be more resistant to antimicrobial
stressors, involving those exerted by host-defence, than bacteria of the
similar species living planktonic. That is apparently the manifestation
of several factors including vitiated penetration of the antibiotic, metabolic
activity and phenotypic variability of biofilm cells.

Microbes growing in a colony may faster become antibiotic-resistant
due to a greater opportunity of horizontal gene transfer. Such inducible
competence and transformation mechanisms gave the basis of the
«distributed genome hypothesis» or «supergenome hypothesis» (Ehrlich
et al. 2005). It implies the following conceptions (Ehrlich et al. 2008):
a huge phenotypic and genotypic diversity within a microbial species;
an almost universally polyclonal microbial colonisation; and microbiomes
in different hosts are considerably different. A microbial species is thus
classified by a core genome that each member of a species possesses.
It contains in addition distributed genes, which encompass genes that
are not shared by all strains of a species. The species E. coli, for
instance, possesses about 4000 obligate/core genes. In addition, there
are about 2000 facultative genes, of which about 200-1500 genes are
found in each individual strain. The assemblage of facultative genes
codifies additional functions, which are not mandatory for survival.
Rare metabolic routes, resistance against toxins, pathogenic or symbiosis
features or speciation for colonisation of certain niches are such
functions. Thus, the facultative genes are distributed in a gene pool.
Optimised procedures of horizontal gene transfer afford immediate
distribution among all members of the species. New strains can come
up through inducible autocompetence and autotransformation systems.
Contingency genes (hypermutable loci in the genome) are distributed
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within the population and give the property of changes in phenotype
at a frequency up to 1:100-1000 bacteria per generation. Typically,
activities of genes are affected that interact with the environment. These
mutations are random in time and cause heterogeneity within a
population of replicating bacteria. That is an important mechanism of
momentary adaptation to changes in the environment.

Coordinated population behaviour to gain maximal benefit in a
competitive environment implies intercellular communication. Bacteria
send out and perceive «hormone-like» signal molecules that increase
in concentration as a function of cell density («autoinducer»). The
whole population initiates a concerted action as soon as the population
density and the corresponding signal concentration approach a certain
threshold. Few signal transmitting molecules have been identified: post-
translationally modified peptides (Hardman et al. 1998), diketopiperazines
furanosyl borate diester (Daniels at al. 2004), inorganic polyphosphates
(Brown and Kornberg 2004), acetyl phosphate (Wolfe 2005),
N-acylhomoserine lactones (Swift et al. 2001, Dong and Zang 2005).
Target genes can synchronously be expressed among a local community
and biological activities can be coordinated (Miller and Bassler 2001).
This community genetic regulatory phenomenon was coined «quorum
sensing». Evidence is provided that quorum-sensing signals influence
cellular processes like biofilm association, responses to physicochemical
stresses, organelle biogenesis, cell cycle regulation, phase variation in
stationary-phase planktonic cultures, virulence factor expression, symbiosis,
production of antibiotics, motility, swarming, sporulation, and conjugation.

Bacteria embedded in a biofilm show considerable variability in
metabolic and reproductive activity (Fux et al. 2005). The formation
of the polymer matrix may increase or decrease in dependence on
biofilm evolution (Nadell et al. 2008). Biofilms may contain bacteria
of different species. A curious observation on the «social life» within
a biofilm was reported recently (Diggle et al. 2007). These researchers
showed exploitative behaviour of some individuals. Such bacteria avoid
the expenditure of producing signal molecules and of partaking in
cooperative activities, and thus proliferate faster than the kin relatives.

Salmond et al. (1995) viewed the action of bacterial biofilms as an
example of multi-cellularity in prokaryotic populations. The previous
communications on the fascinating and diverse social life of bacteria
will focus increasing attention into this field.
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During the last decades a variety of factors that contribute obviously
to the increased rate of infections by bacteria forming biofilms, e.g.
excessive use of antibiotics, disturbances between intestinal flora and
hosts immune system, failures in nutrition, damage of epithelia by
intracorporeal medical devices with inappropriate coatings and improper
application, failure of diagnostic procedures to recognise bacteria growing
in a biofilm (Matsumoto and Takahashi 1994). Biofilms in water and
its impact in human disease transmission were recently conferred by
Huq et al. (2008). Kaufmann et al. (2008) considered the use of
quorum-sensing blockers for therapeutic purposes. Studies with
Pseudomonas aeruginosa show the role of quorum-sensing and
neuraminidase-dependent biofilm formation for respiratory infection.
Therefore, perturbance of quorum sensing by macrolides and inhibition
of that enzyme may be a novel potential therapeutic perspective to
prevent pneumonia (Otto 2004, Tateda et al. 2004, Raffa et al. 2005,
Rice et al. 2005, Soong 2006).

4. Hosts immunity and microbiota

Generally, each microbe when entering a human tissue may initiate
ruinous outcomes for the host. Physical, chemical and immune barriers
created by the intestinal epithelium and the adjacent lymphatic system
protect the host against such unwelcome intrusion of enteric
microorganisms. Four cell lineages, including enterocytes (form a thin
layer of epithelial cells that separates the gut lumen from the mucosal
immune system; support specific transport functions for nutrients and
give information about the external milieu), hormone-producing entero-
endocrine cells, goblet cells (mucin production), and Paneth cells
(production of antimicrobial peptides and proteins), compose the epithelial
barrier. Intercellular junctional protein complexes such as tight junctions,
adherens junctions, and desmosomes maintain the integrity of the
epithelium. In addition, M cells are specialised epithelial cells belonging
to the follicle-associated epithelium that wraps Peyer�s patches. This
cell type is involved in the communication between intraluminal
microbiota and lymphatic tissue by sampling luminal antigens directly
(see Fig. 1). Peyer�s patches, mesenteric lymph nodes, diffusely scattered
lymphocytes, cryptopatches and great numbers of IgA producing plasma
cells in the intestinal lamina propria and epithelium constitute the
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GALT (gut-associated lymphoid tissue). It expands along the intestinal
mucosa. One should remember that almost all components of the
immune system are abundant at the end of a full-term pregnancy, but
effective protection of the intestinal mucosa necessitates the microbial
incitement of initial bacterial settling.

It is customarily assumed that the immune system exclusively
provides defence to the host against a multiplicity of bacterial threats
from the environment. However, host immune system and the microbiota
of its most adjacent environment establish a symbiotic, highly redundant
network. It works as a two-way communication system and brings
together the biodiversity of bacteria and the potentially multiple immune
response of the host. In this network the host fulfils its keen rationale
to keep under control the composition of the microbiota. Species-
specific response to suppress or eliminate a particular microbial strain
may be disabled, however, owing to the enormous strain diversity.
Instead, mechanisms evolved to handle whole matching sets of bacteria
with mutual structural and/or functional features. This mission has to
be done for the most part by the innate immune system. It provides
the first frontier of immune defence against infectious agents and on
which the acquired immune system depends for activation and for the
majority of its effector functions.

To live together with numerous bacteria in our gut without any
harmful effects is an outstanding feat by the local epithelium and the
joining lymphoid tissue. The gut microflora, a great variety of antigens
brought along with food, and potential pathogen germs continuously
challenge the gastrointestinal defence. Intruded microbials were held off
by a plethora of sensing and effector functions to initiate proper
immune responses. Intact food antigens have to be excluded, an
arrangement has to be made with commensals, and pathogens have to
be abolished. That is an extremely intricate issue. Obviously a fine
borderline secedes the homeostatic balance upheld in the presence of
the commensal microbiota and the devastating response to invading
bacterial pathogens. For this balance to maintain, a fine-tuned
communication between microbiota, epithelium and the underlying
lymphoid cells is mandatory. This enduring dialogue is coined microbial-
epithelial crosstalk. It ensures tolerance to the normal bacterial flora
and prevents inflammatory derailments and their detrimental clinical
outcomes (Sansonetti 2004).
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Microbes present multifaceted surface structures that phagocytes
should identify for immediate killing and triggering the expression of
cytokines and chemokines that orchestrate host antimicrobial defence.
The affiliated epithelium and the immune cells must first of all
recognise present microbes, distinguish them from host cells, and
discriminate pathogens from members of the indigenous microflora.
Surface structures of microbes that both animals and insects are missing
are the basis for this recognition. Janeway suggested this concept in
1989: «� the immune system has evolved specifically to recognize and
respond to infectious microorganisms, and that this involves recognition
not only of specific antigenic determinants, but also of certain
characteristics or patterns common on infectious agents but absent from
the host.» These structures were firstly coined PAMPs, for «pathogen-
associated molecular patterns». Since such structures are also present
in most non-pathogenic species, the term «microbe-associated molecular
patterns» MAMPs should be preferred. The recognising molecules on
host cells are termed pattern recognition receptors (PRR). In the Table
6 are surveyed PRRs, the corresponding ligands, and the microbes to
be recognised by this system as gleaned in the last one decade.

PRR are protein molecules located in outer and inner cell membranes
and in the cytoplasm of immune cells and cells of other tissues. A
collection of soluble pattern recognising molecules, mainly but not
exclusively produced by the liver, circulates in body fluids and contributes
to opsonification and complement activation. Recognition is dependent
on receptor-ligand interaction between pattern recognising protein molecules
on host cells and MAMPs of the microorganism (Medzhitov and
Janeway Jr. 1997). Toll-like receptors (TLR), the ß-glucan-receptor
Dectin 1 and the mannan receptor on the outer cell membrane and
the soluble intracellular proteins NOD1 and NOD2 appertain to cell-
associated PRR. They are germ-line encoded and predominantly expressed
on macrophages/monocytes, neutrophils, fibroblasts, B cells, dendritic
cells, mucosa epithelium cells, endothelial cells, and regulatory T cells
(Treg). Thirteen TLRs have been found in mammals as yet.

Although the recognition mechanism at the molecular level is well
studied, the mechanisms of discrimination and confining potentially
harmful bacteria and allowing indigenous microbiota to remain are far
from being elucidated. That is even more amazing, since the cells make
use of mutual molecular signalling routes. PRRs bound to membranes
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such as TLRs act as signal-transducer. Binding of the particular MAMP
on the extracellular portion of the corresponding PRR that bears a
motif of leucine-rich repeats initiates dimerisation and/or complexation
with other receptor molecules on the inside of the cell membrane. A
set of adaptor proteins is recruited to amplify the down-stream signalling.
The reaction cascade discharges into activation of transcription factors
(NF-êB, Activator protein1), which enter the cell nucleus and lead to
a distinct array of gene expression products (Fig. 2). These gene
products (cytokines, interleukins) arrange innate immune responses and
direct development of antigen-specific acquired immunity (Medzhitov
and Janeway 1997, Hallman et al. 2001, Akira and Takeda (2004), Oda
and Kitano (2006), deFRanco et al. 2007, Krishnan et al. 2007).

In this framework MyD88 acts as the primary adaptor for microbial
signalling and NF-êB is accepted as the central mediator of the immune
response. Specificity of signalling is approached by collaboration among
TLRs and of TLRs with other receptors, differential utilisation of adaptor
proteins, collaboration among multi-transcription factor binding sites in
the promoter region of a certain gene, interaction with TLR-independent
signalling routes, and so on.  Negative and positive feedback loops
preclude rampant inflammation that gives rise to ample tissue damage
and fatal clinical outcomes. In addition to an appropriate response to
a pathogen TLRs play a role in immune cell differentiation and
maturation. Since TLRs are able to recognise endogenous molecules of
the host (e.g. heat shock proteins, fibronectin, RNA, ATP) a function
of these PRR may be anticipated in restraint of immune disorders.

Abbreviations used in the Table 6. Components of antimicrobial
defence

Abbreviations
S = skin
E = eye (tear)
O = oral cavity
G = stomach
R = respiratory tract
F = female genital tract
U = urinary tract
LPS = lipopolysaccharide
SLPI = Secretory leukocyte proteinase inhibitor
SPLA2 = Secretory phospholipase A2
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Figure 2. Bow-tie architecture of microbiota-human symbios.
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This complex immune system and the coexistence with the microbiota
pose numerous questions, such as: Why there is no permanent
inflammation on the mucosal/epithelial surfaces («commensal paradox»)?
There are counteracting mechanisms that bolster or hinder microbial
diversity: Why in vertebrates the microbial diversity is greater than in
invertebrates, although vertebrates possess a stronger immune system,
which may damp diversity? What consequences have bacterial life and
sympatry in micro-niches, resource competition, promoted gene flow
through random mating, and competitive exclusion on species diversity?
How robustness, fragility, resource limitation and performance are
involved in the symbiotic association of microbiota and hosts immunity?
What are the consequences of systemic or local disturbances? Did the
vertebrate immune system evolve under selection pressure to maintain
a diverse and stable microbiota? Systems biological methodology gains
in importance to disentangle the possible logic behind the network and
is beginning to answer such questions (Csete and Doyle 2004, Seymour
2005, Kitano and Oda 2006, Kitano 2007).

In Seymour�s model the host possesses a number of distinct niches,
which harbour generalist and specialist species with varying rates of
growth and reproduction. A low rate of mutation between closely
related species and some migration along routes linking niches are
permitted. The host acts like a predator in an ecological community,
but one with adaptable prey preferences, and uses its immune system
to retard the growth rate of the microbiota. The diversity between
niches increases with the strength of immunity. In the absence of
systematic disturbance a reasonable strong immune response yields
highly diverse communities dominated by several distinct species of
specialists. Stochastic disturbances such as transitory compromises of
immune response constrained diversity of microbiota. Disturbances
having a preference to niches yield competitive dominance by the
generalist members. Seymour supposes that the high diversity with the
relatively even abundance of most species could be related with the
commensal paradox: inflammation demands «above threshold» signals
to trigger the local cytokine network.

A number of investigators attempted to unveil the design principle
and the structural topology of biological networks in relation to their
function by use of mathematical models and computer simulation. For
it, complex biological networks were deconstructed into conceptually
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simple entities (modules) that are made up of many species of
interacting molecules (Hartwell et al. 1999, Papin et al. 2004). These
networks have topologies that are principally different to those in
simple randomly linked networks. The choice of bow-tie as a structural
building unit proved to be a concise and smart option for constructing
metabolic and signal transduction networks (Zhao et al. 2006, Kitano
2007).

One of the fundamental characteristics of biological systems is
robustness. It is a «property that allows a system to maintain its
function against internal and external perturbations» (Kitano and Oda
2006, Oda and Kitano 2006). Kitano and co-workers propose that the
intracellular signal transduction pathways and the intercellular signal
processes of both the innate and acquired immune system consist of
a modularised tandem bow-tie pattern (Fig. 2). The MyD88-adapter-
protein complex and NF-êB act as bottlenecks in this topology. This
main bow-tie network has extensive collateral pathways with multiple
positive/negative system controls and crosstalk regulations that may
modulate downstream performance. Such an architecture is characterised
by a great «fan-in» of signals recognised by PRR, and a great «fan-
out» of cytokines, chemokines, and interleukins. In the consequence,
the response of the signalling network to a specific set of stimuli
depends on the activation levels and temporal dynamics of molecules
in this theoretical hyperspace.

That modularised bow-tie design leads to inherent trade-offs among
robustness, fragility, resource limitation, and performance. A modular
signalling network that is nested by many relatively independent and
robust bow-tie units, will give more advantages in generating coordinated
response to various stimuli from environment. Both symbiotic partners
� host�s immune system and a diverse microbiota � coevolved in a
symbiotic relationship to optimise robustness against pathogen challenges
and nutrient perturbations. This concept is in harmony with «conclusions
from a number of studies that these structures result from universal and
fundamental organising principles for efficiency and robustness, rather
than frozen accidents of evolution» (Zhao et al. 2006). There is a
further point of benefit for the host: the enduring homeostasis of
microbiota might be exceptionally important against autoimmune disorders
and other immune derailments which are predicated on the intrinsic
tendency of the immune system toward hyperactivity.



37

ÏðåðîìàíòèçìÐîçä³ë 1. Åêîëîã³÷íà áåçïåêà

5. How to improve a tilted host-microbiota partnership?

Factors accompanying our current life such as over- and malnutrition,
physical inactivity, excessive use of tobacco, alcohol, drugs and medicine,
UV-irradiation, incorporation/inhalation of pesticides, toxic gases and
heavy metals and growing-up in a sanitised world disturb the immune
balance and the host-microbiota partnership with the consequence of
a huge increase of chronic inflammatory diseases, e.g. atherosclerosis,
inflammatory bowel diseases, diabetes, asthma, rheumatism,
neurodermatitis, psoriasis, adipositas, and cancer. The anticipation to
improve the host-microbiota partnership, immunity and constitutional
performance by food additives is based on four aspects: i) using the
recent advance in understanding of the dynamic interplay between host
immune system and microbiota, ii) recognising the established history
of using health-promoting extracts of fungi, algae and herbs in traditional
oriental medicine and in food supplementation, iii) assuring usefulness
and safety of food ingredients for disease prevention and treatment, and
iv) the bioactive molecules to come into question can be given to the
diet, without the prerequisite to cope with phase-I/II/III clinical trials.
Orally administered agent�s come into direct contact with the largest
immune tissue GALT and its microenvironment in the intestine,
which may have an explicit effect on the microbiota and the ensuing
final immune response.

There may be three options to accomplish such an entitlement:
i. Immunomodulating option: Uptake of immune modulating

ingredients to prevent inflammatory lapse or trace back a derailed
immune system into balance.

ii. Prebiotic option: Uptake of non-digestible substrates to feed
health-promoting members of indigenous microbiota, e.g. Bifidus spp.

iii. Probiotic option: Uptake of health-promoting bacteria such as
Lactobacillus spp. and Bifidus spp.

Compounds that can interact with the immune system to upregulate
or downregulate the host response are termed immunomodulator, or
synonymously immunostimulant, immunopotentiator, immune enhancer,
or biological response modifier. The concept of immunomodulation is
to induce the same response as that taking place during the initial
phase in a common infection without producing sustained dangerous
inflammation or harsh side-effects. A particular immune sub-function
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has to be increased or suppressed in such a way as to enhance or
complement a desired response. Such a proceeding is promising since
i) it strengthens hosts own defence mechanisms, and ii) it excludes
the use of species-specific antibiotics.

The inflammatory reaction mostly attains a fine balance that
eliminates pathogen microbes and repairs damaged tissues. Strictly
regional low-grade inflammations may occur now and then and should
be understood as a sub-clinical everyday occurrence. However, the fine-
tuned response can go awry and a persistent inflammation arises, often
lacking a recognisable infection. Cytokines, interleukins and chemokines
are local messenger molecules that mediate information between cells.
These mediators have a great impact on cell division, differentiation,
growth and immunity. It makes sense to envisage the cytokines as
constituting a network of inherent agonist and antagonist functions, e.g.
pro-inflammatory and anti-inflammatory reactivity, or growth-promotion
and suppression (Balkwill 2000). At an inflammatory site pro- as well
as anti-inflammatory mediators are consecutively up-regulated followed
by down-regulation. In states of chronic inflammation the equilibrium
is skewed towards the inflammatory arm. The outbalanced cytokine
network induces inflammatory cell recruitment of the tissue(s) concerned,
vitiation of cell functions, and tissue-matrix injury.

Many immunomodulating compounds are polysaccharides or
polysaccharide-protein complexes, such as the zwitterionic polysaccharides,
mannans, protein bound polysaccharides PSK and PSP, and hyaluronan.
One of the best studied is the group of beta-glucans. These polysaccharides
are widely distributed in the biological matter in, for example, yeast,
fungi (excluding zygomycetes), bacteria, and lower and higher plants.
They occur as a primary constituent in the cell wall of fungi and
bacteria. (1→3)-beta-glycosidic bonds link the glucose units in the
backbone. Side chains are formed as (1→4)-linkages or as (1→6)-
linkages. (1→3),(1→6)-beta-D-Glucans are non-toxic, non-immunogenic,
and non-allergenic. beta-Glucans react with PRRs (e.g. Dectin1) on
monocyte/macrophages, natural killer cells, neutrophils, dendritic cells,
vascular endothelial cells, keratinocytes and fibroblasts. The macrophage
has been identified as the master cell in the first line of defence against
most infections as well as in mediating the response of the innate and
acquired immunity. This cell type can be activated as the result of a
common infection process or by products of fungi or bacteria.
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Binding of beta-glucan to macrophages initiates complexation of the
beta-glucan receptor with TLR2 and TLR6 and activation of signal
transduction pathways involving NF-êB-like transcription factors (Luhm
et al. 2006). It alerts the innate immune system and primes it to
respond immediately and properly to infections. The anti-inflammatory
efficacy has been shown in-vitro and in-vivo (Gerber et al. 2005, Lull
et al. 2005, Dillon et al. 2006, Jung et al. 2007). As an example, the
Figure 3 shows the results of a study on thoroughbred race-horses
performed in springtime. In that period regular hair coat replacement,
environmental changes, intensification of training loads, transportation,
heavy physical exertion and competitive races, and frequent contacts
to other animals bring about an enduring metabolic, immune and
psychological stress. The animals respond with elevation of acute phase
proteins in blood (fibrinogen, haptoglobin, SAA), which are accepted
markers of inflammation. These changes are ameliorated by the immune
modulating activity of yeast beta-glucan.

In 1995 Gibson and Roberfroid inaugurated the prebiotic concept
as part of the functional food strategy. A prebiotic should fulfil the
following criteria: inertness against hydrolytic cleavage and absorption
in the upper part of the gut, acting as selective substrate for one or
few health-promoting colonic bacterial species, and constraining pathogens
via keeping up growth and/or activity of health-promoting species.
Gibson et al. (2004) suggested a definition of prebiotics taking into
account nutritional, biochemical, physiological and microbial areas that
may benefit from a selective targeting of particular micro-organisms:
«A prebiotic is a selectively fermented ingredient that allows specific
changes, both in the composition and/or activity in the gastrointestinal
microflora that confers benefits upon host well-being and health». At
present the only compounds with prebiotic functions are carbohydrates.
The genera commonly targeted are Bifidobacterium and Lactobacillus,
the growth and activity of which should be increased.

Human breast milk may be seen as the prebiotic per se. The bifidus
factor � a glycoprotein � is the specific entity responsible for the
dominance of bifidus bacteria in the colon of newborns fed breast milk.
A range of oligosaccharides has been proven in experimental studies
to exert prebiotic activity, e.g. oligosaccharides of fructose, galactose,
mannose, xylose, and (1→6)-linked glucose, lactulose, isomaltoo-
ligosaccharide, palatinose, and tagatose. However, in food manufacturing
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around the globe inulin, fructooligosaccharides, and galacto-
oligosaccharides are the dominating types. There are attempts to
develop a «second generation» of prebiotics with enhanced activity and
desirable attributes such as fine control of microflora modulation,
specific inhibition of pathogen adhesion, varying viscosity, lack of side-
effects, and persistence to distal regions of the colon (Rastall and
Gibson 2002).

The term «probiotic» was coined by Lilly and Stillwell (1965) in
contrast to antibiotic to describe substances secreted by one
microorganism, which stimulates the growth of another. Following
Havenaar and Huis In´t Veld (1992) and Schrezenmeir and de Vrese
M (2001) a probiotic is defined as «A preparation of or a product
containing viable, defined microorganisms in sufficient numbers, which
alter the microflora (by implantation or colonization) in a compartment
of the host and by that exert beneficial health effects in this host».
This definition is applicable independent of the probiotic site of action
and the route of administration. A synbiotic � in the strongest sense
of the term � is a blend of a prebiotic and a probiotic «� in which

Figure 3: Yeast (1?3),(1?6)-beta-D-glucan (Vitagard P) attenuates
the springtime stress-associated increase of the acute phase protein fibrinogen

in blood serum of race-horses.
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the prebiotic compound selectively favours the probiotic compound»
(Schrezenmeir and de Vrese M, 2001).

The beneficial effects of probiotics and prebiotics on human health
are critically surveyed by Hanske and Blaut (2006). The probiotics
aimed for human use must fulfil a number of criteria: preferentially
from human origin, genetically stable, non-pathogenic and safe, insensitive
to gastric acidity and bile salt, and to remain viable during technological
processing. The comprehension of the mechanisms underlying the
health promoting claim(s) should be verified by a scientifically established
methodology to improve the credibility of the prebiotic and probiotic
conception. Utilisation of advanced molecular methods for monitoring
variations in the particular microbiota are compulsory.
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ÏÐÈÍÖÈÏÛ ÎÐÃÀÍÈÇÀÖÈÈ ÃÅÎÏÎÐÒÀËÀ
ÍÀ ÎÑÍÎÂÅ ÄÀÍÍÛÕ ÄÇÇ ÄËß ÓÏÐÀÂËÅÍÈß

ÒÅÐÐÈÒÎÐÈÀËÜÍÛÌ ÐÀÇÂÈÒÈÅÌ

Ñ.Ì. Àíäðååâ, êàíä. òåõí. íàóê
(Íàöèîíàëüíûé àýðîêîñìè÷åñêèé óíèâåðñèòåò

 èì. Í.Å. Æóêîâñêîãî «ÕÀÈ»)
Ã.ß. Êðàñîâñêèé, ä-ð òåõí. íàóê

(Èíñòèòóò ïðîáëåì íàöèîíàëüíîé áåçîïàñíîñòè)
Âèò. Â. Ðàä÷óê,

Â.Â. Ðàä÷óê, êàíä. ãåîë.-ì³íåðàë. íàóê
(Èíñòèòóò òåëåêîììóíèêàöèé è ãëîáàëüíîãî

èíôîðìàöèîííîãî ïðîñòðàíñòâà ÍÀÍ Óêðàèíû)

Ïðîâåäåí îáçîð ñóùåñòâóþùèõ ãåîïîðòàëîâ ðàçëè÷íîãî óðîâíÿ è
íàçíà÷åíèÿ. Ðàññìîòðåíû îñíîâíûå ïðèíöèïû îðãàíèçàöèè ãåîïîðòà-
ëà äëÿ ðåøåíèÿ çàäà÷ òåððèòîðèàëüíîãî ðàçâèòèÿ è ïðèíÿòèÿ óï-
ðàâëåí÷åñêèõ ðåøåíèé.

Ïðîâåäåíî îãëÿä ³ñíóþ÷èõ ãåîïîðòàëîâ ð³çíîãî ð³âíÿ ³ ïðèçíà÷åí-
íÿ. Ðîçãëÿíóò³ îñíîâí³ ïðèíöèïè îðãàí³çàö³¿ ãåîïîðòàëà äëÿ âèð³øåííÿ
çàâäàíü òåðèòîð³àëüíîãî ðîçâèòêó ³ óõâàëåííÿ óïðàâë³íñüêèõ ð³øåíü.

The review of existing geoportal different level and setting is conducted.
Basic principles of organization of geoportal are considered for the decision
of tasks of territorial development and decision-making administrative.

Ââåäåíèå
Ïðîáëåìà ñèíòåçà ýôôåêòèâíîé ñèñòåìû óïðàâëåíèÿ òåððèòî-

ðèàëüíûì ðàçâèòèåì ïðåäñòàâëÿåò ñîáîé äîâîëüíî ñëîæíóþ çàäà-
÷ó, òàê êàê ðåàëüíûå ïðîöåññû õàðàêòåðèçóþòñÿ, êàê ïðàâèëî,
íåëèíåéíûìè çàâèñèìîñòÿìè, âûñîêèì óðîâíåì øóìîâ è èõ êîð-
ðåëèðîâàííîñòüþ, ìåíÿþùèìèñÿ óñëîâèÿìè ôóíêöèîíèðîâàíèÿ,
îáóñëîâëèâàþùèìè èçìåíåíèå õàðàêòåðèñòèê èññëåäóåìûõ îáúåê-

© Ñ.Ì. Àíäðååâ, Ã.ß. Êðàñîâñêèé,
Âèò. Â. Ðàä÷óê, Â.Â. Ðàä÷óê, 2008
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òîâ. Íåîáõîäèìîñòü ðåøåíèÿ çàäà÷ óïðàâëåíèÿ â ðåàëüíîì âðåìå-
íè âûäâèãàåò îïðåäåëåííûå òðåáîâàíèÿ ê ñêîðîñòè ïðèíÿòèÿ
óïðàâëåí÷åñêèõ ðåøåíèé. Îïðåäåëÿþùóþ ðîëü ïðè ýòîì äîëæíû
ñûãðàòü èíôîðìàöèîííûå òåõíîëîãèè, ïîçâîëÿþùèå ñîçäàâàòü
ñèñòåìû ïîääåðæêè ïðèíÿòèÿ ðåøåíèé âî âñåõ ñôåðàõ äåÿòåëüíî-
ñòè íà áàçå ãåîèíôîðìàöèîííûõ òåõíîëîãèé.

Ñîâåðøåíñòâîâàíèå ñèñòåìû óïðàâëåíèÿ òåððèòîðèàëüíûì ðàç-
âèòèåì íà âñåõ óðîâíÿõ ñåãîäíÿ  íåâîçìîæíî áåç ïðîãðåññà ñðåäñòâ
ãåîîáðàáîòêè, ïðîñòðàíñòâåííîãî àíàëèçà è ãåîâèçóàëèçàöèè.

Àêòèâíîå ðàçâèòèå öèôðîâîé êàðòîãðàôèè ïðèâåëî ê íåîáû÷àé-
íîìó ðîñòó ïðîèçâîäñòâà ïðîñòðàíñòâåííîé èíôîðìàöèè. Â íàñòî-
ÿùåå âðåìÿ íàêîïëåíû òåðàáàéòû öèôðîâûõ êàðò, ñîçäàííûõ ñà-
ìûìè ðàçíûìè ïðîèçâîäèòåëÿìè: îò ïðîôåññèîíàëîâ äî ëþáèòåëåé.

Ñ äðóãîé ñòîðîíû, ðàñòåò ïîòðåáíîñòü â òàêîé èíôîðìàöèè êàê
ñî ñòîðîíû ïðîôåññèîíàëüíûõ êàðòîãðàôîâ, ïîëüçîâàòåëåé ÃÈÑ-
òåõíîëîãèé, ñïåöèàëèñòîâ ðàçíûõ ñôåð äåÿòåëüíîñòè, íóæäàþùèõ-
ñÿ â ïðîñòðàíñòâåííûõ äàííûõ, òàê è ñî ñòîðîíû ïðîñòî ëþáî-
ïûòñòâóþùèõ, èíòåðåñóþùèõñÿ êàðòàìè äëÿ ñóãóáî ëè÷íûõ öåëåé.
Ñ ðàçâèòèåì öèôðîâîé êàðòîãðàôèè èñïîëüçîâàíèå êàðò ñòàëî
ñèëüíî äåìîêðàòèçèðîâàíî.

Îäíàêî, ó ñëîæèâøåéñÿ ñèòóàöèè åñòü è îáîðîòíàÿ ñòîðîíà:
èíôîðìàöèè ìíîãî, íî íàéòè åå ñëîæíî, ïîñêîëüêó îíà «çàñòðÿëà»
ó ïðîèçâîäèòåëåé. Òàêàÿ ñèòóàöèÿ íàáëþäàåòñÿ êàê íà ãîñóäàð-
ñòâåííîì óðîâíå â î÷åíü ìíîãèõ ñòðàíàõ, òàê è â êðóïíûõ êîð-
ïîðàöèÿõ, ãäå ïðîñòðàíñòâåííûå äàííûå, íàêîïëåííûå â îäíèõ
ïîäðàçäåëåíèÿõ, íå èçâåñòíû äëÿ ïîòðåáèòåëåé äðóãèõ ïîäðàçäå-
ëåíèé, è ïîýòîìó îíè ñîçäàþòñÿ èëè ïðèîáðåòàþòñÿ âíîâü.

Îäíèì èç ìîùíåéøèõ ïóòåé îáìåíà èíôîðìàöèè ñåãîäíÿ ñòàë
Èíòåðíåò, ïîçâîëÿþùèé îñóùåñòâëÿòü ïîèñê è äîñòóï ê èíôîð-
ìàöèîííûì ðåñóðñàì ÷åðåç áîëüøîå ÷èñëî ïîèñêîâûõ ñèñòåì. Ïðè
ýòîì íåò íåîáõîäèìîñòè ïðèáåãàòü ê ñïåöèàëüíûì ïðîãðàììíûì
ñðåäñòâàì: äîñòàòî÷íî èìåòü ñòàíäàðòíûé áðàóçåð, îáû÷íî âõîäÿ-
ùèé â ïàêåò îôèñíûõ ïðèëîæåíèé îïåðàöèîííûõ ñèñòåì.

Ïðîñòðàíñòâåííûå äàííûå � îäèí èç âèäîâ èíôîðìàöèîííûõ
ðåñóðñîâ, íî îíè èìåþò ñâîè îñîáåííîñòè, êîòîðûå îïðåäåëÿþò
ñïåöèôèêó èõ ðàçìåùåíèÿ â Èíòåðíåòå, ïîèñêà, îòîáðàæåíèÿ,
îáìåíà è èñïîëüçîâàíèÿ. Ê ýòèì îñîáåííîñòÿì, ïðåæäå âñåãî,
îòíîñÿòñÿ ãðàôè÷åñêîå ïðåäñòàâëåíèå ïðîñòðàíñòâåííûõ äàííûõ â
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âèäå öèôðîâûõ êàðò, èõ êîîðäèíàòíàÿ ïðèâÿçêà ê çåìíîé ïîâåð-
õíîñòè è ìíîæåñòâî õàðàêòåðèñòèê, ñâÿçàííûõ ñ ãðàôè÷åñêèìè
îáúåêòàìè, â ñîîòâåòñòâèè ñ êîòîðûìè ìîæíî ìåíÿòü îòîáðàæåíèå
ýòèõ îáúåêòîâ. Ñëîæíîñòè ðåøåíèÿ ýòèõ ïðîáëåì îïðåäåëèëè
îòñòàâàíèå â èíòåãðàöèè ïðîñòðàíñòâåííûõ äàííûõ.

Ïîñòàíîâêà çàäà÷è
Ïðîâåñòè îáçîð ñóùåñòâóþùèõ ãåîïîðòàëîâ ðàçëè÷íîãî óðîâíÿ è

íàçíà÷åíèÿ. Îïðåäåëèòü ñòðóêòóðó è çàäà÷è ãåîïîðòàëîâ. Ðàññìîòðåòü
îñíîâíûå ïðèíöèïû îðãàíèçàöèè ãåîïîðòàëà äëÿ ðåøåíèÿ çàäà÷
òåððèòîðèàëüíîãî ðàçâèòèÿ è ïðèíÿòèÿ óïðàâëåí÷åñêèõ ðåøåíèé.

Ñòðóêòóðà è çàäà÷è ãåîïîðòàëà
Ñåãîäíÿ ñîçäàåòñÿ îáùåìèðîâàÿ èíôðàñòðóêòóðà ïðîñòðàíñòâåí-

íûõ äàííûõ SDI (Spatial Data Infrastructure), ïóòü ê êîòîðîé �
îáúåäèíåíèå ñàìèõ èíôîðìàöèîííûõ ðåñóðñîâ è ìåòàäàííûõ («èí-
ôîðìàöèè îá èíôîðìàöèè») â ôîðìå ÃÈÑ-ïîðòàëà.

Ñàìî ïîíÿòèå ïîðòàëà ïðèøëî èç àðõèòåêòóðû (ëàò. Porta �
âõîä, âîðîòà), ãäå ýòîò òåðìèí èñïîëüçóåòñÿ äëÿ îáîçíà÷åíèÿ
«ãëàâíîãî âõîäà» ñîîðóæåíèÿ èëè êîìïëåêñà.

Ïîä ãåîïîðòàëîì â îáèõîäå ÷àñòî ïîäðàçóìåâàþò êàðòîãðàôè-
÷åñêèå (òî÷íåå, ãåîâèçóàëèçàöèîííûå) Web-ñåðâèñû, ïðåäñòàâëåí-
íûå â ñåòè Èíòåðíåò ìíîãî÷èñëåííûìè ïëàíàìè è êàðòàìè ãîðî-
äîâ èëè èíûìè ãåîèçîáðàæåíèÿìè ñ âîçìîæíîñòüþ ïîèñêà îáúåêòîâ,
íî íå ðàñïðåäåëåííûõ èíôîðìàöèîííûõ ðåñóðñîâ è ñåðâèñîâ.
Òåðìèíîì «ãåîïîðòàë» â íàó÷íî-òåõíè÷åñêîé ëèòåðàòóðå îáîçíà÷à-
åòñÿ ïîíÿòèå «ñàéòà èëè åãî ýêâèâàëåíòà, îáåñïå÷èâàþùåãî äîñòóï
ê ñåðâèñàì», ò. å. ãåîñåðâèñàì äëÿ ïîèñêà íàáîðîâ ïðîñòðàíñòâåí-
íûõ äàííûõ, èõ âèçóàëèçàöèè, çàãðóçêè, òðàíñôîðìèðîâàíèÿ è
âûçîâà äðóãèõ ñåðâèñîâ, êàê ýòî îïðåäåëåíî â ñòàòüå 11(1) Äèðåê-
òèâû 2007/2 Åâðîïåéñêîãî ïàðëàìåíòà è Ñîâåòà Åâðîïû îò 14
ìàðòà 2007 ã. ïî ñîçäàíèþ èíôðàñòðóêòóðû ïðîñòðàíñòâåííîé
èíôîðìàöèè ÅÑ INSPIRE [1].

Ïîä èíôðàñòðóêòóðîé ïðîñòðàíñòâåííûõ äàííûõ (ÈÏÄ) ïîíèìà-
åòñÿ «èíôîðìàöèîííî-òåëåêîììóíèêàöèîííàÿ ñèñòåìà, îáåñïå÷èâà-
þùàÿ äîñòóï ãðàæäàí, õîçÿéñòâóþùèõ ñóáúåêòîâ, îðãàíîâ ãîñóäàð-
ñòâåííîé è ìóíèöèïàëüíîé âëàñòè ê ðàñïðåäåëåííûì ðåñóðñàì
ïðîñòðàíñòâåííûõ äàííûõ, à òàêæå ðàñïðîñòðàíåíèå è îáìåí äàí-
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íûìè â îáùåäîñòóïíîé ãëîáàëüíîé èíôîðìàöèîííîé ñåòè â öåëÿõ
ïîâûøåíèÿ ýôôåêòèâíîñòè èõ ïðîèçâîäñòâà è èñïîëüçîâàíèÿ».

Ïðîñòðàíñòâåííûå ìåòàäàííûå (ãåîìåòàäàííûå) � ýòî äàííûå î
ïðîñòðàíñòâåííûõ äàííûõ â âèäå ñòàíäàðòèçîâàííîãî íàáîðà ñâåäåíèé
îá èõ ñóùåñòâåííûõ ñâîéñòâàõ, äîñòóïíûå äëÿ ïîèñêà, îöåíêè è
ïðîñìîòðà íà ãåîïîðòàëàõ. Ýòèì ìèíèìàëüíûì íàáîðîì, îïðåäåëÿþ-
ùèì ñóòü è óíèêàëüíîñòü ãåîïîðòàëîâ, èõ ôóíêöèè íå èñ÷åðïûâàþòñÿ:
ìåòàäàííûå äëÿ âîçìîæíîñòè ïîèñêà äîëæíû áûòü ïîäãîòîâëåíû è
çàðåãèñòðèðîâàíû â ñëóæáå êàòàëîãîâ ãåîïîðòàëà èëè àâòîìàòè÷åñêè
íàéäåíû ñáîðùèêîì. Â ãåîñåðâèñàõ ðåàëèçîâàíû è èíûå ôóíêöèè:
âû÷èñëèòåëüíûå, ðàñ÷åòíî-àíàëèòè÷åñêèå; äàííûå ìîãóò áûòü âèçóà-
ëèçèðîâàíû ñðåäñòâàìè Web-êàðòîãðàôèðîâàíèÿ, îáðàáîòàíû ñðåäñòâà-
ìè ÃÈÑ, ïðèîáðåòåíû ñðåäñòâàìè ýëåêòðîííîé òîðãîâëè. Ýòî ïëîùàä-
êà äëÿ âçàèìîäåéñòâèÿ ïîñòàâùèêîâ ïðîñòðàíñòâåííûõ äàííûõ
(ïðîèçâîäèòåëåé, ïðàâîîáëàäàòåëåé) è ïîëüçîâàòåëåé.

Ñ òî÷êè çðåíèÿ ïîëüçîâàòåëåé ÃÈÑ-ïîðòàë ÿâëÿåòñÿ «åäèíûì
îêíîì» äîñòóïà ïðåæäå âñåãî ê ìåòà äàííûì. Îí îáåñïå÷èâàåò
ïîèñê íåîáõîäèìîé ïðîñòðàíñòâåííîé èíôîðìàöèè ïî åå îïèñà-
íèþ, à òàêæå íåïîñðåäñòâåííîå ïîëó÷åíèå ãåîäàííûõ è ðàáîòó ñ
öèôðîâûìè êàðòàìè.

Ñ îðãàíèçàöèîííîé ñòîðîíû ÃÈÑ-ïîðòàë � ýòî òåõíîëîãèÿ è
ïðîãðàììíîå îáåñïå÷åíèå îäíîøëþçîâîãî Web-äîñòóïà äëÿ ïîèñ-
êà, ïåðåäà÷è è èñïîëüçîâàíèÿ ãåîäàííûõ è ñåðâèñîâ â ëþáîì
ïóíêòå ãëîáàëüíîé ñåòè Èíòåðíåò, à òàêæå ðàçìåùåíèÿ èíôîðìà-
öèè îá èìåþùèõñÿ ó êîãî-òî äàííûõ. Ïîðòàë ïðåäñòàâëÿåò ñîáîé
åäèíûé óçåë äîñòóïà ê ïðîñòðàíñòâåííûì äàííûì, íåçàâèñèìî îò
èõ ìåñòîïîëîæåíèÿ, ôîðìàòà è ñòðóêòóðû.

Ïîðòàëüíîå ðåøåíèå ïîçâîëèò ðåøèòü òðè ìàñøòàáíûå çàäà÷è
ÃÈÑ-ñîîáùåñòâà:

= Îáúåäèíåíèå èíôîðìàöèîííûõ ðåñóðñîâ ìíîæåñòâà ïðîèçâî-
äèòåëåé è ïîëüçîâàòåëåé ïðîñòðàíñòâåííûõ äàííûõ íà âñåõ óðîâíÿõ
èíòåãðàöèè: îò ãëîáàëüíîãî äî òåððèòîðèàëüíîãî èëè ëîêàëüíîãî;

= Îáåñïå÷åíèå ïîèñêà/äîñòóïà ê íåîáõîäèìîé èíôîðìàöèè
ïðîñòûìè ñðåäñòâàìè, íå òðåáóþùèìè ñïåöèàëèçèðîâàííîãî ïðî-
ãðàììíîãî îáåñïå÷åíèÿ è ïîäãîòîâêè;

= Óïîðÿäî÷åíèå ïðîñòðàíñòâåííîé èíôîðìàöèè â îáùåäîñòóï-
íûå êàòàëîãè, ïðèãîäíûå äëÿ àâòîìàòèçèðîâàííîãî ôîðìèðîâàíèÿ
è èññëåäîâàíèÿ.
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Ãåîïîðòàë � ýòî èííîâàöèîííàÿ èíôîðìàöèîííàÿ è êîììóíè-
êàöèîííàÿ ïëàòôîðìà äëÿ ãåîäàííûõ, èíôîðìàöèè è ãåîñåðâåñîâ,
êîòîðàÿ îáåñïå÷èâàåò:

= èíôîðìàöèîííî-êîììóíèêàöèîííóþ ñðåäó èíòåãðàöèè è ðàñ-
ïðåäåëåííîé îáðàáîòêè äàííûõ â îáëàñòè íàóê î Çåìëå, èíôîð-
ìàöèîííîãî îáìåíà è âçàèìîäåéñòâèÿ;

= èíòåãðàöèþ èíôîðìàöèîííî-àíàëèòè÷åñêèõ ðåñóðñîâ è ïðî-
ãðàììíî-òåõíîëîãè÷åñêèõ êîìïëåêñîâ ðàñïðåäåëåííîé îáðàáîòêè
äàííûõ ïî íàóêàì î Çåìëå;

= èñïîëüçîâàíèå àíàëèòè÷åñêèõ ìåòîäîâ èññëåäîâàíèé ïîâåðõ-
íîñòè è íåäð Çåìëè è ìîäåëèðîâàíèå ïðîöåññîâ è ÿâëåíèé (íà-
ó÷íûõ ïðîåêòîâ).

Ýòî îïðåäåëåíèå òåðìèíà «ãåîïîðòàë», ÿâëÿåòñÿ îáùåïðèíÿòûì
íà ìåæäóíàðîäíîì óðîâíå è ðåêîìåíäîâàíî äëÿ èñïîëüçîâàíèÿ
ïðè ñîçäàíèè íàöèîíàëüíîé èíôðàñòðóêòóðû ïðîñòðàíñòâåííûõ
äàííûõ (ÈÏÄ).

Öåëü ãåîïîðòàëà � ñîçäàíèå èíñòðóìåíòà ñîâðåìåííîé èíôîð-
ìàöèîííî-òåõíè÷åñêîé èíôðàñòðóêòóðû ïî âèçóàëèçàöèè è ðàñ-
ïðåäåëåííîé îáðàáîòêè äàííûõ â îáëàñòè íàóêè î Çåìëå äëÿ
ðàçâèòèÿ íàó÷íî-èññëåäîâàòåëüñêîé, ïðîåêòíî-ïîçíàâàòåëüíîé äå-
ÿòåëüíîñòè è ðåøåíèÿ ñëîæíûõ èíôîðìàöèîííî-àíàëèòè÷åñêèõ
çàäà÷ íà áàçå ãåîèíôîðìàöèîííûõ òåõíîëîãèé.

Çàäà÷è ãåîïîðòàëà
= îáìåí äîñòóïíûìè êîñìè÷åñêèìè ñíèìêàìè, ïîëó÷àåìûìè îò

ðàçëè÷íûõ ñïóòíèêîâ äèñòàíöèîííîãî çîíäèðîâàíèÿ Çåìëè;
= ñáîð è îçíàêîìëåíèå ñ òåìàòè÷åñêè îáðàáîòàííûìè äàííûìè

ÄÇÇ;
= ñáîð è îçíàêîìëåíèå ñ ðàçëè÷íûìè ïðîåêòàìè íà áàçå ãåî-

èíôîðìàöèîííûõ òåõíîëîãèé;
= ðàçðàáîòêà è ïîïóëÿðèçàöèÿ íàöèîíàëüíîé èíôðàñòðóêòóðû

ïðîñòðàíñòâåííûõ äàííûõ è ìåòàäàííûõ;
= îáìåí îïûòîì, ðàçðàáîòêà è ðåàëèçàöèÿ ñîâìåñòíûõ ïðîåêòîâ;
Ìîáðàçîâàòåëüíûé ðåñóðñ ïî ïðîïàãàíäå, èçó÷åíèþ òåîðèè è

ïðàêòèêè ãåîèíôîðìàöèîííûõ òåõíîëîãèé
= ïðîôåññèîíàëüíàÿ îðèåíòàöèÿ ìîëîäåæè äëÿ ïîäãîòîâêè ê

ïîñòóïëåíèþ â ïðîôèëüíûå ÂÓÇû
Áàçîâûå èíôîðìàöèîííûå òåõíîëîãèè äëÿ ñîçäàíèÿ ãåîïîðòàëà

� èíòåãðèðîâàííûé êîìïëåêñ òåõíîëîãèé ãëîáàëüíîé ñåòè Èíòåð-
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íåò (Web), ñåòåâûõ àíàëèòè÷åñêèõ ãåîèíôîðìàöèîíûõ ñèñòåì (GIS)
è ðàñïðåäåëåííûõ âû÷èñëèòåëüíûõ ñåòåé (Grid).

Ïðèíöèï îðãàíèçàöèè ðàáîòû ãåîïîðòàëà ïðåäñòàâëåí íà ðèñ. 1.
Ãåîïîðòàë ïîìîãàåò îñóùåñòâèòü äåìîêðàòèçàöèþ äîñòóïà ê

äàííûì ÄÇÇ, ÷òî îçíà÷àåò èõ
= Óäåøåâëåíèå äëÿ êîíå÷íîãî ïîëüçîâàòåëÿ,
= ñîêðàùåíèå âðåìåíè ïîëó÷åíèÿ äàííûõ,
= óïðîùåíèå ïðîöåññà èõ îáðàáîòêè
Êëàññèôèêàöèÿ ãåîïîðòàëîâ ïî ðàçëè÷íîé íàïðàâëåííîñòè
= Îáùåäîñòóïíûå ãåîïîðòàëû. Ïðåäíàçíà÷åíû äëÿ îáñëóæèâà-

íèÿ øèðîêîãî êðóãà ïîëüçîâàòåëåé â ðåæèìå on-line (2 óðîâíÿ
äîñòóïà � áåñïëàòíûå è ïëàòíûå ñåðâèñû)

= Ñïåöèàëèçèðîâàíííûå âåäîìñòâåííûå ãåîïîðòàëû. Ïðåäíàçíà-
÷åíû äëÿ ãåîèíôîðìàöèîííîãî îáñëóæèâàíèÿ ãîñóäàðñòâåííûõ âå-
äîìñòâ. Èñïîëüçóþò çàêðûòûå êàíàëû ñâÿçè è ìåòîäû ðàçãðàíè-
÷åíèÿ äîñòóïà

= Êîììåð÷åñêèå ãåîïîðòàëû. Ñîçäàþòñÿ ïî çàêàçàì êðóïíûõ
êîìïàíèé, â êà÷åñòâå ñðåäñòâà äëÿ ïîâûøåíèÿ ýôôåêòèâíîñòè
óïðàâëåí÷åñêèõ ïðîöåññîâ ïóò¸ì ïðåäîñòàâëåíèÿ ãåîïðîñòðàíñòâåííîé
èíôîðìàöèè

Ïîðòàëû ïîäðàçäåëÿþòñÿ íà âåðòèêàëüíûå è ãîðèçîíòàëüíûå.
Âåðòèêàëüíûå � ýòî  òåìàòè÷åñêèå ïîðòàëû, êîòîðûå îðèåíòè-

ðîâàíû íà îäèí âèä èëè òèï èíôîðìàöèîííîãî íàïîëíåíèÿ.
Ãîðèçîíòàëüíûå ïîðòàëû ìîãóò ñîäåðæàòü â ñåáå íåñêîëüêî

òåìàòè÷åñêèõ âåðòèêàëüíûõ ïîðòàëîâ.
Ïðèìåðû ðåàëèçàöèè ïðîåêòîâ ãåîïîðòàëîâ
Ïðîáíûì «øàãîì» â îðãàíèçàöèè ïîðòàëà ïðîñòðàíñòâåííûõ äàííûõ

ñòàëà Ãåîãðàôè÷åñêàÿ Ñåòü (www.geographynetwork.com) � ñîçäàííûé
êîìïàíèåé ESRI óçåë îáìåíà èíôîðìàöèåé î äîñòóïíûõ ïðîñòðàí-
ñòâåííûõ äàííûõ, êîòîðûé áûë çàïóùåí â 2000 ãîäó (ðèñ. 2) [2, 4].

Ïîðòàë áûë îðãàíèçîâàí, ïðåæäå âñåãî, äëÿ àïðîáàöèè ïðî-
ãðàììíîãî îáåñïå÷åíèÿ, ñîçäàííîãî ýòîé êîìïàíèé äëÿ îðãàíèçà-
öèè è ïîääåðæêè ïîðòàëîâ ïðîñòðàíñòâåííûõ äàííûõ. Îäíàêî îí
áûñòðî çàâîåâàë ïîïóëÿðíîñòü, è ñåãîäíÿ îáñëóæèâàåò áîëåå ìèë-
ëèîíà êàðò â äåíü. Ýòîò ïîðòàë áàçèðóåòñÿ íà ïðîãðàììíîì îáåñ-
ïå÷åíèè ESRI, ïðåäîñòàâëÿÿ îòêðûòóþ ñðåäó äëÿ õðàíåíèÿ ññûëîê,
ïðîñìîòðà ãåîãðàôè÷åñêèõ äàííûõ è êàðò, èñïîëüçîâàíèÿ ñîïóò-
ñòâóþùèõ ñëóæá.
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Ñòàòü ó÷àñòíèêîì äàííîãî óçëà ïðîñòî: íóæíî îïóáëèêîâàòü
ìåòàäàííûå è äàòü äîñòóï ê âàøåìó êàðòîãðàôè÷åñêîìó ñåðâåðó
ArcIMS èëè ê ñêà÷èâàåìûì äàííûì. Ýòîò ïîðòàë ïîëó÷èë ïðèçíà-
íèå è âûñîêóþ îöåíêó îáùåñòâåííîñòè. Äæåê Äàíäæåðìîíä,
Ïðåçèäåíò ESRI, çàÿâèë, ÷òî «Geographynetwork � ýòî îäíî èç
âàæíåéøèõ äîñòèæåíèé êîìïàíèè. ESRI áóäåò ïðîäîëæàòü èññëå-
äîâàòü è ðàçâèâàòü òåõíîëîãèþ, êîòîðàÿ áóäåò ñïîñîáñòâîâàòü
êîíâåðãåíöèè Èíòåðíåò è èíñòðóìåíòàðèÿ ÃÈÑ, îáåñïå÷èâàÿ âñåì
íåîãðàíè÷åííûé äîñòóï ê ïðîñòðàíñòâåííîé èíôîðìàöèè».

Ïåðâàÿ ìàñøòàáíàÿ ðåàëèçàöèÿ ïîðòàëà ïðîñòðàíñòâåííûõ äàí-
íûõ íà ãîñóäàðñòâåííîì óðîâíå áûëà îñóùåñòâëåíà â ÑØÀ â
ðàìêàõ êîíöåïöèè ñîçäàíèÿ Íàöèîíàëüíîé èíôðàñòðóêòóðû ïðî-
ñòðàíñòâåííûõ äàííûõ (NSDI) â ôîðìå ãîñóäàðñòâåííîãî ïðàâè-
òåëüñòâåííîãî ïîðòàëà GOS (Geospatial One-Stop Operational Portal).
Äëÿ ðåàëèçàöèè äåéñòâóþùåãî ñåé÷àñ âòîðîãî âàðèàíòà ýòîãî ïîð-
òàëà (GOS 2, http://gos2.geodata.gov/wps/portal/gos) áûëà ïðèâëå÷åíà
êîìïàíèÿ ESRI, êîòîðàÿ ðàíåå óæå ñîçäàëà è ïîìîãëà çàïóñòèòü
ïðîòîòèï òàêîãî ðåøåíèÿ (ïîðòàë GOS 1). Ïðåäëîæåííàÿ ESRI
òåõíîëîãèÿ îáåñïå÷èâàåò ñóùåñòâåííîå ïðîäâèæåíèå ñðåäñòâ ÃÈÑ â
ñðåäó Èíòåðíåò. Ýòîò ðàçðàáîòàííûé ESRI ñàéò áûë âïåðâûå çà-
ïóùåí â èþëå 2003 ã. è áûñòðî ñòàë ïîëüçîâàòüñÿ îãðîìíîé
ïîïóëÿðíîñòüþ, ïîâûñèâ ýôôåêòèâíîñòü äåÿòåëüíîñòè ïðàâèòåëü-
ñòâåííûõ îðãàíèçàöèé è îáåñïå÷èâ ïîääåðæêó ïðîöåññîâ ïðèíÿòèÿ
óïðàâëåí÷åñêèõ ðåøåíèé. Ñàéò ÿâëÿåòñÿ öåíòðàëüíûì ìåñòîì äëÿ
ïóáëèêàöèè è ïîèñêà ìåòàäàííûõ î ðåñóðñàõ ðàçíûõ àãåíòñòâ, ÷åðåç
íåãî äîñòóïíû áîëåå 100 òûñ. çàïèñåé ìåòàäàííûõ (ðèñ. 3) [5].

Îïûò óñïåøíîãî âíåäðåíèÿ ýòîãî ðåøåíèÿ áûë ïðèíÿò íà
âîîðóæåíèå ïðàâèòåëüñòâàìè ðÿäà ñòðàí, òàêæå îðãàíèçîâàâøèõ
ãîñóäàðñòâåííûå ïîðòàëû ïðîñòðàíñòâåííûõ äàííûõ. Â êà÷åñòâå
êðóïíûõ ðåàëèçàöèé ðåãèîíàëüíûõ è íàöèîíàëüíûõ ÃÈÑ-ïîðòàëîâ
ìîæíî ïðèâåñòè ïðèìåðû Åâðîïåéñêîãî ìåæãîñóäàðñòâåííîãî ïîð-
òàëà INSPIRE, SNIG � ïîðòàë Ïîðòóãàëèè, ASDI � â Àâñòðàëèè,
NaLIS � â Ìàëàéçèè, NSIF � â ÞÀÐ, Èíäèéñêèé ïîðòàë NSDI
è äð. Èìåþòñÿ ïðèìåðû îðãàíèçàöèè íàöèîíàëüíûõ ïîðòàëîâ ÷à-
ñòíûìè îðãàíèçàöèÿìè � â Âåëèêîáðèòàíèè (NGDF) è Óðóãâàå.

Åâðîïåéñêèé ãåîïîðòàë INSPIRE (Infrastructure for Spatial
Information in Europe) ñîçäàí â 2005 ãîäó ïî èíèöèàòèâå Åâðîïåé-
ñêîé Êîìèññèè â ðàìêàõ Åâðîñîþçà. Åãî öåëü � ñîçäàòü îñíîâó
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Ðèñ. 2. Òèòóëüíûé âõîä ïîðòàëà geographynetwork.com.

Ðèñ. 3. Âèä ãîñóäàðñòâåííîãî ïîðòàëà ïðîñòðàíñòâåííûõ äàííûõ ÑØÀ.
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åäèíîé Åâðîïåéñêîé èíôðàñòðóêòóðû ïðîñòðàíñòâåííûõ äàííûõ,
ôîðìèðóåìîé çà ñ÷åò èíòåãðàöèè ïðîñòðàíñòâåííîé èíôîðìàöèè è
ñåðâèñîâ ñ èñïîëüçîâàíèåì åäèíûõ ñòàíäàðòîâ è ïðîòîêîëîâ îáìåíà
äàííûìè. Â êà÷åñòâå òàêèõ ñòàíäàðòîâ ïðåäïî÷òåíèå îòäàåòñÿ ñòàí-
äàðòàì ISO, CEN, OGC, W3C. Ýòîò ïîðòàë ñâÿçûâàåò âîåäèíî
ìíîæåñòâî íàöèîíàëüíûõ è òåìàòè÷åñêèõ ñåðâåðîâ ïî âñåé Åâðîïå.
Åãî îñíîâíûå ïðèíöèïû õîðîøî îòðàæàþò áàçîâóþ êîíöåïöèþ
ïîðòàëüíîé îðãàíèçàöèè ïðîñòðàíñòâåííûõ äàííûõ:

= Äàííûå äîëæíû ñîçäàâàòüñÿ åäèíîæäû è ïîääåðæèâàòüñÿ
òàì, ãäå ýòî ìîæíî ñäåëàòü íàèáîëåå ýôôåêòèâíî;

= Äîëæíà áûòü ñîçäàíà âîçìîæíîñòü îáúåäèíåíèÿ ïðîñòðàí-
ñòâåííûõ äàííûõ èç ðàçíûõ èñòî÷íèêîâ Åâðîïåéñêîãî ñîþçà, ê
íèì äîëæíû èìåòü äîñòóï ìíîãèå ïîëüçîâàòåëè è ïðèëîæåíèÿ;

= Ïðîñòðàíñòâåííûå äàííûå, ïîëó÷åííûå íà îäíîì óðîâíå
óïðàâëåíèÿ, äîëæíû ëåãêî ïåðåäàâàòüñÿ íà âñå äðóãèå óðîâíè;

= Ïðîñòðàíñòâåííûå äàííûå, íåîáõîäèìûå äëÿ ýôôåêòèâíîé
õîçÿéñòâåííîé äåÿòåëüíîñòè, äîëæíû áûòü äîñòóïíû íà óñëîâèÿõ,
íå ïðåïÿòñòâóþùèõ èõ àêòèâíîìó èñïîëüçîâàíèþ;

= Îðãàíèçàöèÿ ïðîñòðàíñòâåííûõ äàííûõ äîëæíà îáåñïå÷èâàòü
èõ ëåãêèé ïîèñê, îöåíêó ïðèãîäíîñòè äëÿ îïðåäåëåííûõ öåëåé è
óñëîâèé èõ ïîëó÷åíèÿ.

Åâðîïåéñêèé ïîðòàë èìååò ðàçâèòóþ ïîèñêîâóþ ñèñòåìó è
óäîáíûé èíòåðôåéñ äëÿ çàïðîñà äàííûõ. Â äàííîé ïîèñêîâîé
ñèñòåìå çàäåéñòâîâàíî áîëåå 50 òûñ. ññûëîê íà ïðîñòðàíñòâåííûå
äàííûå (ðèñ. 4) [6].

Åùå îäíèì ïðèìåðîì õîðîøî îðãàíèçîâàííîãî íàöèîíàëüíîãî
ïîðòàëà ìîæåò ñëóæèòü Èíäèéñêèé ïîðòàë NSDI (http://
gisserver.nic.in/nsdiportal), äîñòóï ê êîòîðîìó îðãàíèçîâàí ðÿäîì
ãîñóäàðñòâåííûõ àãåíòñòâ. Íà ïîðòàëå ñîáðàíû ññûëêè íà áîëü-
øóþ êîëëåêöèþ ðàçíîìàñøòàáíûõ òîïîãðàôè÷åñêèõ êàðò íà âñþ
òåððèòîðèè ýòîé ñòðàíû: îò îáçîðíûõ ìàñøòàáîâ îòîáðàæåíèÿ
(1:1000000) äî äîñòàòî÷íî äåòàëüíûõ (1:25000). Ïîðòàë îòêðûò äëÿ
ïóáëèêàöèè èíôîðìàöèè î íàëè÷èè ïðîñòðàíñòâåííûõ äàííûõ â
òåõ èëè èíûõ îðãàíèçàöèÿõ è ó÷ðåæäåíèÿõ. Èíòåðôåéñ ïîðòàëà
óäîáåí äëÿ ïîèñêà äàííûõ ïî áîëüøîìó íàáîðó ïðèçíàêîâ: òåìà-
òèêå, òåððèòîðèàëüíîìó îõâàòó, àêòóàëüíîñòè äàííûõ è ò. ï.
(ðèñ. 5) [7].
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Ðèñ. 4. Âèä îêíà ïîèñêà äàííûõ Åâðîïåéñêîãî ïîðòàëà INSPIRE.

Ðèñ. 5. Âèä ñòðàíèöû Èíäèéñêîãî ãîñóäàðñòâåííîãî ïîðòàëà NSDI.
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Ðèñ. 6. Google Earth, http://earth.google.com.

Ðèñ. 7.  Google Earth, http://earth.google.com.
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Ïðèìåðû ãåîïîðòàëîâ ðàçëè÷íîãî óðîâíÿ è íàçíà÷åíèÿ:
= Ãëîáàëüíûå êîììåð÷åñêèå êàðòîãðàôè÷åñêèå ñåðâåðû � Google

Earth/Maps (ðèñ. 6�8); TerraServer (ðèñ. 9); MS Vittual Earth(ðèñ.
10); Yahoo!Maps (ðèñ. 11);

= Íàöèîíàëüíûå � Geoportail.fr; «ÄÀÒÀ+» (ðèñ. 11�13);
= Ýêñïåðèìåíòàëüíûå � New.Kosmosnimki.ru (ðèñ. 14�15), Ýëåê-

òðîííàÿ Çåìëÿ;
= Ïîèñêîâî-àäðåñíûå � Maps.Yandex;
= Ïåðñïåêòèâíûå ïðîåêòû � îáðàçîâàòåëüíûé ãåîïîðòàë.
Ó êàæäîãî ãåîïîðòàëà èìåþòñÿ ñâîè îñîáåííîñòè, äîñòîèíñòâà

è íåäîñòàòêè, îäíàêî ñàìûì ïîïóëÿðíûì è äîñòàòî÷íî øèðîêèì
ïî ñâîèì âîçìîæíîñòÿì ÿâëÿåòñÿ Google Maps è Google Earth.

Ïåðâûé ïîëíîôóíêöèîíàëüíûé ãåîïîðòàë â Ðóñíåòå [8], áûë
ñîçäàí ñïåöèàëèñòàìè ÎÎÎ «ÄÀÒÀ+» è ïîÿâèëñÿ â ñåòè Èíòåðíåò
â ìàðòå 2007 ã. Ãåîïîðòàë (http://maps.dataplus.ru/) (ðèñ.11) ïîñò-
ðîåí ñ èñïîëüçîâàíèåì ïðîãðàììíîãî îáåñïå÷åíèÿ ESRI, Inc. (ÑØÀ),
â òîì ÷èñëå ESRI GIS Portal Toolkit 3.1.

Ôóíêöèîíàëüíûå âîçìîæíîñòè ãåîïîðòàëà âêëþ÷àþò â ñåáÿ:
= èíòåðàêòèâíóþ îíëàéíîâóþ ïîäãîòîâêó ïðîñòðàíñòâåííûõ

ìåòàäàííûõ ñ ïîìîùüþ âñòðîåííîé â ãåîïîðòàë HTML-ôîðìû,
ArcGIS ArcCatalog èëè ëþáîãî XML-ðåäàêòîðà; èõ ïóáëèêàöèþ
ñðåäñòâàìè ArcIMS Metadata Server íàïðÿìóþ èç èíòåðôåéñà ãåî-
ïîðòàëà;

= ïîèñê ìåòàäàííûõ ïî êàðòå èëè èõ àòðèáóòàì; âèçóàëèçàöèþ
êàðòîãðàôè÷åñêèõ Web-ñëóæá âñòðîåííûì ïðèëîæåíèåì � ñðåäñòâîì
Web-êàðòîãðàôèðîâàíèÿ Map Viewer, îòêðûâàþùåìñÿ â áðàóçåðå;

= àâòîìàòèçèðîâàííûé ñáîð ìåòàäàííûõ èç äðóãèõ èñòî÷íèêîâ
(Harvesting Tool); èíñòðóìåíòû êàòàëîãèçàöèè ìåòàäàííûõ è ðàñ-
ïðåäåëåíèÿ äîñòóïà ê íèì.

Êàòàëîã ìåòàäàííûõ ãåîïîðòàëà êîìïàíèè «ÄÀÒÀ+» ïîääåðæè-
âàåò ñòàíäàðòû ìåòàäàííûõ ISO 19115:2003, ISO 19139:2007 è
CSDGM (FGDC-STD-001�1998), ìîæåò ðàáîòàòü âìåñòå ñ ArcGIS
Explorer. Ãåîïîðòàë êîìïàíèè «ÄÀÒÀ+» ýòî ïðèìåð âîçìîæíîé
ðåàëèçàöèè óçëà  ðàñïðåäåëåííîé ÈÏÄ.

Ñ òåõíîëîãè÷åñêîé òî÷êè çðåíèÿ ãåîïîðòàë «ÄÀÒÀ+» ïðåäñòàâ-
ëÿåò ñîáîé ñèñòåìó, â öåíòðå êîòîðîé íàõîäèòñÿ áàçà ìåòàäàííûõ,
óïðàâëÿåìàÿ ÑÓÁÄ. Îáðàáîòêó çàïðîñîâ ê áàçå ìåòàäàííûõ îñó-
ùåñòâëÿåò ÃÈÑ-ñåðâåð ìåòàäàííûõ, ñîçäàííûé ïî òåõíîëîãèè GIS
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Portal Toolkit. Âîçìîæíîñòü äîñòóïà ê ãåîïîðòàëó ÷åðåç Èíòåðíåò
îáåñïå÷èâàåò Web-ñåðâåð. Ñèñòåìà óñòðîåíà òàêèì îáðàçîì, ÷òî
ïîäêëþ÷èòüñÿ ê ãåîïîðòàëó äëÿ ðàáîòû ñ áàçîé ìåòàäàííûõ ÷åðåç
Èíòåðíåò ìîæíî è èç îáû÷íîãî Web-áðàóçåðà, è èç «íàñòîëüíûõ»
ÃÈÑ � íà ñåðâåðå ãåîïîðòàëà ðàáîòàåò Web-ñëóæáà ìåòàäàííûõ.

Ãëàâíûì ýëåìåíòîì èíòåðôåéñà ãåîïîðòàëà «ÄÀÒÀ+» ÿâëÿåòñÿ
êàòàëîã ìåòàäàííûõ. Äëÿ óäîáñòâà îáçîðà îí ðàçäåëåí íà îòäåëü-
íûå òèïîâûå è òåìàòè÷åñêèå êàòåãîðèè, äîñòóï ê êîòîðûì îñóùå-
ñòâëÿåòñÿ ñ ãëàâíîé ñòðàíèöû ãåîïîðòàëà (ðèñ. 11). Â êàòàëîãå
âûäåëåíû òðè ãðóïïû êàòåãîðèé ìåòàäàííûõ � äàííûå, ïðèëîæå-
íèÿ è ñîáûòèÿ. Êðîìå ýòîãî, íà ãëàâíîé ñòðàíèöå ãåîïîðòàëà
íàõîäèòñÿ ñòðîêà äëÿ ïîèñêà ãåîäàííûõ ïî êëþ÷åâûì ñëîâàì,
ñïèñîê äîñòóïíûõ ïîëüçîâàòåëþ ôóíêöèé è ãðàôè÷åñêèå ññûëêè
íà íåäàâíî ïîÿâèâøèåñÿ íà ãåîïîðòàëå ðåñóðñû.

Äëÿ ïîèñêà ãåîäàííûõ ïî áîëüøîìó ÷èñëó ïàðàìåòðîâ ñóùå-
ñòâóåò ñòðàíèöà ðàñøèðåííîãî ïîèñêà (ðèñ.12), ïðåäîñòàâëÿþùàÿ
âîçìîæíîñòü óêàçàíèÿ èíòåðåñóþùåé ïîëüçîâàòåëÿ ãåîãðàôè÷åñêîé
îáëàñòè íà êàðòå, âûáîðà íóæíûõ òèïà, êàòåãîðèè è ôîðìàòà
äàííûõ, ïîèñêà äàííûõ ïî ïóáëèêàòîðó, âðåìåííîìó ïåðèîäó èëè
ñóùåñòâóþùèì òåçàóðóñàì êëþ÷åâûõ ñëîâ.

Ïîñëå îïðåäåëåíèÿ óñëîâèé ïîèñêà è åãî îñóùåñòâëåíèÿ ïîëüçî-
âàòåëþ ïðåäñòàâëÿåòñÿ ñïèñîê îïèñàíèé ãåîäàííûõ, óäîâëåòâîðÿþùèõ
óêàçàííûì çíà÷åíèÿì. Êàæäàÿ çàïèñü ìåòàäàííûõ ìîæåò áûòü ñíàá-
æåíà ñîîòâåòñòâóþùèì ãðàôè÷åñêèì îáðàçöîì, âêëþ÷àåò â ñåáÿ îñíîâ-
íûå îïèñàòåëüíûå ïàðàìåòðû è ñîäåðæèò ññûëêè äëÿ áîëåå ïîäðîáíîãî
ïðîñìîòðà ìåòàäàííûõ. Åñëè â ìåòàäàííûå âêëþ÷åíà ñîîòâåòñòâóþùàÿ
èíôîðìàöèÿ, áóäóò àêòèâíû ññûëêè äëÿ ïåðåõîäà íà àäðåñ ðåñóðñà.

Âàæíîé ôóíêöèåé ãåîïîðòàëà ÿâëÿåòñÿ âîçìîæíîñòü ïîïîëíå-
íèÿ ïîëüçîâàòåëÿìè áàçû ìåòàäàííûõ ñåðâåðà. Ñäåëàòü ýòî ìîæíî
äâóìÿ ñïîñîáàìè � çàãðóçêîé íà ãåîïîðòàë ãîòîâîãî XML-äîêó-
ìåíòà ìåòàäàííûõ èëè ñîçäàíèåì íîâûõ ìåòàäàííûõ ïðÿìî â Web-
èíòåðôåéñå ãåîïîðòàëà. Ïîñëåäíåå ìîæíî îñóùåñòâèòü ñ ïîìîùüþ
ñïåöèàëüíîé HTML-ôîðìû, äîñòóïíîé ïîëüçîâàòåëÿì, èìåþùèì
ñîîòâåòñòâóþùèé ñòàòóñ. Ïîñëå çàïîëíåíèÿ íóæíûõ ïîëåé ôîðìû
íà ñåðâåðå ñîçäàåòñÿ äîêóìåíò ìåòàäàííûõ â ôîðìàòå XML, êî-
òîðûé àâòîìàòè÷åñêè äîáàâëÿåòñÿ â áàçó ìåòàäàííûõ è ïóáëèêó-
åòñÿ â êàòàëîã ìåòàäàííûõ ãåîïîðòàëà. Óïðàâëåíèå îïóáëèêîâàí-
íûìè íà ãåîïîðòàëå ìåòàäàííûìè îñóùåñòâëÿåòñÿ ñî ñïåöèàëüíîé
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Ðèñ. 8.  Google  Earth,  http://earth.google.com.

Ðèñ. 9.  TerraServer,  http://terraserver.microsoft.com.
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Ðèñ. 10. MS Vittual Earth, http://virtualearth.msn.com.

Ðèñ. 11. Ãåîïîðòàë «ÄÀÒÀ+».
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Ðèñ. 12. Ðàñøèðåí-
íûé ïîèñê

ìåòàäàííûõ.

Ðèñ. 13. Map
Viewer.
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Ðèñ. 14. «Êîñìîñíèìêè»,  http://new.kosmosnimki.ru.

Ðèñ. 15. «Êîñìîñíèìêè»,  http://new.kosmosnimki.ru.
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ñòðàíèöû Web-èíòåðôåéñà, äîñòóïíîé àäìèíèñòðàòîðó ãåîïîðòàëà
è ïóáëèêàòîðàì ìåòàäàííûõ. Ôóíêöèè óïðàâëåíèÿ îïóáëèêîâàí-
íûìè ìåòàäàííûìè âêëþ÷àþò ïðîñìîòð, ñêà÷èâàíèå, óäàëåíèå
ìåòàäàííûõ èëè èçìåíåíèå èõ ñîäåðæàíèÿ ñ ïîìîùüþ HTML-
ôîðìû.

Ðàñïðåäåëåíèå äîñòóïà ê ãåîïîðòàëó îñóùåñòâëÿåòñÿ ïóòåì ñî-
çäàíèÿ ó÷åòíûõ çàïèñåé ïîëüçîâàòåëåé â áàçå äàííûõ ãåîïîðòàëà
è ïðåäîñòàâëåíèÿ êàæäîé ó÷åòíîé çàïèñè îïðåäåëåííîãî óðîâíÿ
äîñòóïà. Ôîðìà äëÿ ðåãèñòðàöèè íà ãåîïîðòàëå äîñòóïíà ñ åãî
ãëàâíîé ñòðàíèöû. Ñóùåñòâóåò ïÿòü ãðóïï ïîëüçîâàòåëåé, êàæäîé
èç êîòîðûõ ïðåäîñòàâëÿåòñÿ ñîîòâåòñòâóþùèé óðîâåíü äîñòóïà:
àäìèíèñòðàòîð ãåîïîðòàëà, ïóáëèêàòîðû ìåòàäàííûõ, óïðàâëÿþùèå
êàòåãîðèÿìè, àâòîðèçîâàííûå ïîëüçîâàòåëè è íåàâòîðèçîâàííûå
ïîëüçîâàòåëè. Àäìèíèñòðàòîð ãåîïîðòàëà ìîæåò ïðåäîñòàâëÿòü çà-
ðåãèñòðèðîâàííîìó ïîëüçîâàòåëþ íóæíûé ñòàòóñ, ñîçäàâàòü ðàçäå-
ëû êàòàëîãà ìåòàäàííûõ, óïðàâëÿòü âñåé áàçîé ìåòàäàííûõ è
ðÿäîì ñëóæåáíûõ ôóíêöèé ãåîïîðòàëà. Ïóáëèêàòîðû èìåþò âîç-
ìîæíîñòü ïîïîëíÿòü áàçó ìåòàäàííûõ ãåîïîðòàëà è ïóáëèêîâàòü
ñâîè ìåòàäàííûå â êàòàëîãå ìåòàäàííûõ. Óïðàâëÿþùèå êàòåãîðè-
ÿìè ìîãóò èçìåíÿòü ñîäåðæèìîå ñâîåãî ðàçäåëà êàòàëîãà ìåòàäàí-
íûõ. Àâòîðèçîâàííûå ïîëüçîâàòåëè èìåþò âîçìîæíîñòü ïðîâîäèòü
ïîèñê ìåòàäàííûõ ïî êàòàëîãó è ñîõðàíÿòü êàðòû, ñîçäàííûå âî
âñòðîåííîì êàðòîãðàôè÷åñêîì Web-êëèåíòå ãåîïîðòàëà. Íåçàðåãè-
ñòðèðîâàííûå ïîëüçîâàòåëè ìîãóò òîëüêî ïðîñìàòðèâàòü êàòàëîã
ìåòàäàííûõ ãåîïîðòàëà.

Ñðåäè èíñòðóìåíòîâ ãåîïîðòàëà «ÄÀÒÀ+» åñòü âñòðîåííûé
êàðòîãðàôè÷åñêèé Web-êëèåíò Map Viewer (ðèñ. 13). Ýòî Web-
ïðèëîæåíèå, ðàáîòàþùåå èç îêíà Web-áðàóçåðà è äîñòóïíîå ïî
ññûëêå ñ ãëàâíîé ñòðàíèöû ãåîïîðòàëà.

Ñ ïîìîùüþ Map Viewer ïîëüçîâàòåëè ìîãóò ïîäêëþ÷àòüñÿ ê
ñóùåñòâóþùèì ÃÈÑ-ñåðâåðàì, íàéäåííûì ïî êàòàëîãó ìåòàäàííûõ,
è îòîáðàæàòü îäíó èëè íåñêîëüêî êàðòîãðàôè÷åñêèõ Web-ñëóæá.

Âàæíåéøàÿ ôóíêöèÿ ãåîïîðòàëà, âî ìíîãîì îáåñïå÷èâàþùàÿ
«ïîðòàëüíûé» õàðàêòåð ñèñòåìû, � ýòî âîçìîæíîñòü àâòîìàòèçè-
ðîâàííîãî îáìåíà ìåòàäàííûìè ñ äðóãèìè ãåîïîðòàëàìè è ñáîðà
ìåòàäàííûõ èç Èíòåðíåò-èñòî÷íèêîâ. Â ñèñòåìå ãåîïîðòàëà «ÄÀÒÀ+»
ýòà ôóíêöèÿ îñóùåñòâëÿåòñÿ ñ ïîìîùüþ ñïåöèàëüíîãî èíñòðóìåí-
òà Harvesting Tool, êîòîðûé óñòàíàâëèâàåòñÿ, íàñòðàèâàåòñÿ è çà-
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ïóñêàåòñÿ àäìèíèñòðàòîðîì ãåîïîðòàëà. Harvesting Tool ïîçâîëÿåò
îïðåäåëÿòü ïàðàìåòðû èñòî÷íèêà è òî÷êè íàçíà÷åíèÿ ïóáëèêàöèè
ìåòàäàííûõ, à òàêæå îñóùåñòâëÿòü ðåãóëÿðíóþ ïóáëèêàöèþ ìåòà-
äàííûõ ïî ãðàôèêó. Â êà÷åñòâå èñòî÷íèêà ìîãóò âûñòóïàòü Web-
ñëóæáà ìåòàäàííûõ ArcIMS (ñòàíäàðò ESRI), Z3950 (ñòàíäàðò ANSI/
NISO Z39.50-1995), CSW (Catalogue Services for the Web, ñòàíäàðò)
èëè ïðîñòàÿ Web-ïàïêà Web Accessible Folder (WAF). Â êà÷åñòâå
òî÷êè íàçíà÷åíèÿ èñïîëüçóåòñÿ Web-ñëóæáà ìåòàäàííûõ ãåîïîðòà-
ëà.Äðóãàÿ ïîëåçíàÿ ôóíêöèÿ ãåîïîðòàëà, ïîçâîëÿþùàÿ èñïîëüçî-
âàòü åãî âîçìîæíîñòè â ðàáîòå ÃÈÑ-îïåðàòîðîâ, - ýòî ïîäêëþ÷å-
íèå ê êàòàëîãó ìåòàäàííûõ ãåîïîðòàëà èç «íàñòîëüíûõ» ÃÈÑ. Â
÷àñòíîñòè, ñóùåñòâóåò âîçìîæíîñòü ïîäêëþ÷èòüñÿ ê Web-ñëóæáå
ìåòàäàííûõ ãåîïîðòàëà «ÄÀÒÀ+» èç ïðîãðàììíûõ ïðîäóêòîâ ArcGIS
Desktop è îñóùåñòâëÿòü ïîèñê ïî ìåòàäàííûì, îáçîð êàòàëîãà è
ïðîñìîòð êàðòîãðàôè÷åñêèõ Web-ñëóæá, íàéäåííûõ íà ãåîïîðòàëå.

Êðîìå îáåñïå÷åíèÿ âîçìîæíîñòè áûñòðîãî äîñòóïà ïîëüçîâàòåëåé
ê ÃÈÑ-ðåñóðñàì, îñíîâíûìè çàäà÷àìè ñîçäàíèÿ ýòîãî ãåîïîðòàëà
ÿâëÿþòñÿ âíåäðåíèå ìåòîäîëîãèè ÈÏÄ â ðàáîòó ÃÈÑ-ñïåöèàëèñòîâ,
äåìîíñòðàöèÿ ñóùåñòâóþùèõ òåõíîëîãèé ïî ñîçäàíèþ ãåîïîðòàëîâ, à
òàêæå âíåäðåíèå èíôðàñòðóêòóðíûõ ÃÈÑ-òåõíîëîãèé â áèçíåñ è îá-
ðàçîâàíèå. Îñíîâíûå ïåðñïåêòèâû ðàçâèòèÿ ãåîïîðòàëà «ÄÀÒÀ+» �
äàëüíåéøåå ïîïîëíåíèå áàçû ìåòàäàííûõ ãåîïîðòàëà, óâåëè÷åíèå ÷èñëà
ïîëüçîâàòåëåé, ñîçäàíèå íîâûõ ðàçäåëîâ êàòàëîãà ìåòàäàííûõ, îòêðû-
òèå êàíàëîâ âçàèìîäåéñòâèÿ ñ äðóãèìè ãåîïîðòàëàìè, ïîÿâëÿþùèìèñÿ
â ðîññèéñêîé çîíå ñåòè Èíòåðíåò.. Ãåîïîðòàë «ÄÀÒÀ+» àêòèâíî èñ-
ïîëüçóåòñÿ â îáðàçîâàòåëüíûõ öåëÿõ è íàó÷íûõ èññëåäîâàíèÿõ.

Èíôîðìàöèîííîå íàïîëíåíèå ãåîïîðòàëà Kosmosnimki.ru
(ðèñ. 14�15), 2007 ã., ñîñòàâëÿåò áåñøîâíàÿ òîíàëüíî-ñáàëàíñèðî-
âàííàÿ ìîçàèêà. â íàñòîÿùåå âðåìÿ ïðåäñòàâëåííàÿ ñíèìêàìè ñ
èíäèéñêîãî ñïóòíèêà IRS ñ ðàçðåøåíèåì 5,8 ì (áàçîâûé ñëîé),
àìåðèêàíñêîãî IKONOS íà èçáðàííûå òåððèòîðèè (ðàçðåøåíèå 0,8
ì) è èçðàèëüñêîãî EROS A (2 ì). Â ïåðñïåêòèâå ÈÒÖ «ÑêàíÝêñ»,
èìåþùèé ñîáñòâåííóþ òåõíîëîãèþ ñîçäàíèÿ è îáíîâëåíèÿ áàçî-
âîãî ñëîÿ (ðåñóðñà), ìîæåò îáåñïå÷èòü ïîëíîå ïîêðûòèå àêòóàëü-
íûìè ñíèìêàìè ñ ðàçðåøåíèåì 5,8�10 ì òåððèòîðèè Ðîññèè è
ÑÍÃ ñ âîçìîæíîñòüþ îáíîâëåíèÿ áàçîâîãî ñëîÿ ñ ïåðèîäè÷íîñòüþ
2�3 ãîäà áëàãîäàðÿ íàëè÷èþ ñîáñòâåííîé ñåòè ïðèåìíûõ ñòàíöèé
è ïðîãðàììíûõ ñðåäñòâ îáðàáîòêè ìàòåðèàëîâ ñúåìêè, âêëþ÷àÿ
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ScanEx IMAGE Processor äëÿ ñîçäàíèÿ ìîçàèê, ñèíòåçèðîâàííûõ
èçîáðàæåíèé, à òàêæå âèäåîðîëèêîâ ïîëåòà. Âïåðâûå ñòàë îáùåäî-
ñòóïíûì èíñòðóìåíò óíèâåðñàëüíîãî ïîèñêà äàííûõ âûñîêîãî
ðàçðåøåíèÿ IKONOS, QuickBird è EROS A. Íà ãåîïîðòàëå ðåàëè-
çîâàíû ãðóïïû ñåðâèñîâ, âêëþ÷àÿ ïîèñêîâûå (ññûëêà íà ìåñòîïî-
ëîæåíèå, ïîèñê ïî òîïîíèìè÷åñêîé áàçå äàííûõ), äîïîëíèòåëüíûå
ãåîèíôîðìàöèîííûå (ðàñ÷åò ðàññòîÿíèé è ïëîùàäè) è äîïîëíèòåëü-
íûå ïîëüçîâàòåëüñêèå (ïå÷àòü ñòðàíèöû ïðîñìîòðà, ñåðâèñ ïóòåâûõ
òî÷åê è äîáàâëåíèå êîììåíòàðèåâ ê íèì). Know-how ïðîåêòà �
ïîèñê ñíèìêîâ ïî «ëó÷øåìó ïîêðûòèþ», îòáèðàåìûõ ïî ñóììàðíî-
ìó êðèòåðèþ êà÷åñòâà (ñàìûå «ñâåæèå» è áåçîáëà÷íûå).

Ïîðòàëüíûå ðåøåíèÿ äîñòóïà ê èíôîðìàöèè íàøëè âîïëîùå-
íèå è â Óêðàèíå. Èõ ïðîòîòèïû � ñèòóàöèîííûå öåíòðû â ðÿäå
ñèëîâûõ âåäîìñòâ, îðãàíèçóþùèõ ïðîñòðàíñòâåííóþ èíôîðìàöèþ
íà åäèíîì ñåðâåðå (èëå ãðóïïå ñâÿçàííûõ ñåðâåðîâ) äëÿ ðàáîòû ñ
íåé è âûâåäåíèÿ íà áîëüøîì ýêðàíå ïðè êîëëåêòèâíîì îáñóæäå-
íèè ñèòóàöèè è ïðèíÿòèè îïåðàòèâíûõ ðåøåíèé. Ñèòóàöèîííûå
öåíòðû ðàçâèòû è â äðóãèõ âåäîìñòâàõ, ðàáîòàþùèõ ñ ïðîñòðàí-
ñòâåííîé èíôîðìàöèåé: Ìèíèñòåðñòâå îõðàíû îêðóæàþùåé ïðè-
ðîäíîé ñðåäû, Ìèíèñòåðñòâî òðàíñïîðòà è äð.

Îáîðóäîâàíèå ñèòóàöèîííûõ öåíòðîâ äîñòàòî÷íî äîðîãîñòîÿ-
ùåå, ïîýòîìó îíî äîñòóïíî íå âñåì âåäîìñòâàì. Ïîðòàëüíûå
ðåøåíèÿ íàøëè áîëåå øèðîêîå ïðèìåíåíèå, â òîì ÷èñëå â êðóï-
íûõ êîðïîðàöèÿõ è íà ðåãèîíàëüíîì óðîâíå óïðàâëåíèÿ. Äîñòóï
ê èíôîðìàöèè èìåþò ïîëüçîâàòåëè ëþáûõ ïîäðàçäåëåíèé, àâòî-
ðèçîâàííûõ íà ïðîñìîòð è èñïîëüçîâàíèå ïðîñòðàíñòâåííûõ äàí-
íûõ ðàçíîãî óðîâíÿ. Ïîèñê èíôîðìàöèè ñóùåñòâåííî îáëåã÷åí
îáúåäèíåíèåì äàííûõ â êðóïíûå ðàçäåëû, íàçâàííûå êàðòîãðà-
ôè÷åñêèì àòëàñàìè. Ïðåèìóùåñòâà ïîðòàëüíîãî ïîäõîäà ñóùåñòâåííî
ðàñøèðèëè âîçìîæíîñòè îáðàùåíèÿ ê êàðòàì, îáëåã÷èëè ðàáîòó
ïîäðàçäåëåíèé, îáðàùàþùèõñÿ ê áàçîâûì äàííûì è ñîâìåùàþùèõ
èõ ñ ñîáñòâåííîé èíôîðìàöèåé. Ê ïðîñòðàíñòâåííûì äàííûì â ñðåäå
Èíòðàíåò ìîãóò îáðàùàòüñÿ è ñîòðóäíèêè êîðïîðàöèè, íå èìåþùèå
ñïåöèàëüíîãî ïðîãðàììíîãî îáåñïå÷åíèÿ. Äëÿ èõ óäîáñòâà ñîçäàí
ïðîñòîé èíòåðôåéñ ðàáîòû ñ ïðîñòðàíñòâåííûìè äàííûìè.

Ïðèíöèïû îðãàíèçàöèè ãåîïîðòàëà
Ñòðóêòóðà îðãàíèçàöèè ïîðòàëà âêëþ÷àåò òðè îñíîâíûõ êîìïî-

íåíòà:
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= Êàòàëîã ìåòàäàííûõ íà ïîðòàëå, ãäå ïîëüçîâàòåëè ïðîèçâîäÿò
ïîèñê äàííûõ è ðàçìåùàþò ñâåäåíèÿ îá èìåþùèõñÿ ó íèõ äàííûõ;

= ÃÈÑ-óçëû, ãäå ïîëüçîâàòåëè ðàçìåùàþò è ïóáëèêóþò ïðî-
ñòðàíñòâåííûå äàííûå;

= ÃÈÑ-ïîëüçîâàòåëè, êîòîðûå îñóùåñòâëÿþò ïîèñê äàííûõ, à
çàòåì ñîåäèíÿþòñÿ ñ ÃÈÑ-óçëàìè, ãäå ýòè äàííûå ðàñïîëîæåíû,
äëÿ èñïîëüçîâàíèÿ äîñòóïíûõ äàííûõ èëè ñåðâèñîâ.

Êàòàëîã ìåòàäàííûõ � ýòî áàçà äàííûõ, ñîäåðæàùàÿ èíäåêñè-
ðîâàííûå ìåòàäàííûå î ãåîäàííûõ. Ñîäåðæàíèå êàòàëîãà ôîðìè-
ðóåòñÿ òåìè ïîëüçîâàòåëÿìè, êîòîðûå õîòÿò ïðåäîñòàâèòü ñâîè
äàííûå äëÿ îáùåñòâåííîãî èñïîëüçîâàíèÿ, ðåãèñòðèðóÿ ñâåäåíèÿ
îá èìåþùèõñÿ ó íèõ äàííûõ íà ïîðòàëå. Ñîäåðæàíèå êàòàëîãà
ìîæåò îïðåäåëÿòüñÿ è ïîääåðæèâà òüñÿ íåñêîëüêèìè ñïîñîáàìè.

Íàïðèìåð, ïîëüçîâàòåëè ArcGIS 9 ìîãóò ñ ïîìîùüþ ArcCatalog
ñîåäèíèòüñÿ ñ êàòàëîãîì ìåòàäàííûõ íà ñåðâåðå, ñôîðìèðîâàòü è
îïóáëèêîâàòü ìåòàäàííûå íåïîñðåäñòâåííî èç ïðîñòðàíñòâåííûõ
äàííûõ èëè èç ôàéëîâ, ñîäåðæàùèõ èõ îïèñàíèå. Ïîëüçîâàòåëè
ìîãóò òàêæå çàãðóæàòü XML-ôàéëû, èëè ïîäêëþ÷èòü àâòîìàòè÷åñ-
êóþ çàãðóçêó ìåòàäàííûõ ñ èìåþùèõñÿ ó íèõ ñåðâåðîâ ìåòàäàí-
íûõ ArcIMS, ïàïîê, äîñòóïíûõ ÷åðåç Web (WAF), èëè óçëîâ,
ñîçäàííûõ äëÿ ïåðåäà÷è äàííûõ ïî ïðîòîêîëó Z39.50. Ñ ïîìîùüþ
ArcCatalog ìîæíî òàêæå îñóùåñòâëÿòü ïîèñê äàííûõ íà ïîðòàëå.

Ïîëüçîâàòåëè, êîòîðûå íå èñïîëüçóþò ÃÈÑ-ñèñòåìû, èìåþò âîç-
ìîæíîñòü ðàáîòàòü ñ ïîèñêîâîé ñèñòåìîé íåïîñðåäñòâåííî íà ïîðòàëå.
Ïî ðåçóëüòàòàì ïîèñêà ïðåäîñòàâëÿåòñÿ îïèñàíèå äàííûõ, èõ îáùèé
âèä è äðóãàÿ âàæíàÿ èíôîðìàöèÿ î äàííûõ. Òàêæå äàåòñÿ ññûëêà íà
Web-àäðåñ, ãäå ñîäåðæàòñÿ äàííûå, è ìîæåò ïðåäîñòàâëÿòüñÿ âîçìîæ-
íîñòü èõ ïîñìîòðåòü â ñïåöèàëüíîì îêíå ïðîñìîòðà ãåîäàííûõ (Map
Viewer), êîòîðàÿ äîñòàòî÷íà äëÿ áîëüøèíñòâà ïîëüçîâàòåëåé.

Äëÿ îðãàíèçàöèè ÃÈÑ-ïîðòàëà èñïîëüçóþò ïîðòàë ìåòàäàííûõ
ArcIMS, àðõèòåêòóðà êîòîðîãî âêëþ÷àåò òðè ïðîãðàììíûõ ïðîäóê-
òà ESRI (ðèñ. 16):

= ArcIMS � äàåò îñíîâó è àðõèòåêòóðó, íà êîòîðîé ðàáîòàåò
ñåðâåð ìåòàäàííûõ;

= ArcCatalog � ñîñòàâíàÿ ÷àñòü ArcGIS, èñïîëüçóåìàÿ äëÿ ñî-
çäàíèÿ è ïóáëèêàöèè ìåòàäàííûõ;

= ArcSDE � îáåñïå÷èâàåò äîñòóï è óïðàâëåíèå îïóáëèêîâàí-
íûìè ìåòàäàííûìè, õðàíÿùèìèñÿ â áàçå äàííûõ.
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Ðèñ. 16. Àðõèòåêòóðà ïîðòàëà ïðîñòðàíñòâåííûõ äàííûõ.

Ñîçäàíèå ïîðòàëà � äåëî äîñòàòî÷íî òðóäîåìêîå, ïîñêîëüêó
òðåáóåòñÿ óñòàíîâêà è íàñòðîéêà ñåðâåðíûõ è íàñòîëüíûõ ïðèëî-
æåíèé. Äëÿ îáëåã÷åíèÿ îðãàíèçàöèè è ñâÿçûâàíèÿ âñåõ íåîáõî-
äèìûõ êîìïîíåíòîâ â àðñåíàëå ïðîãðàììíûõ ñðåäñòâ ESRI èìå-
åòñÿ ñïåöèàëüíûé èíñòðóìåíòàðèé GIS Portal Toolkit, êîòîðûé
ïðåäîñòàâëÿåò øàáëîíû è ñðåäñòâà íàñòðîéêè îñíîâíûõ ôóíêöèé
ïîðòàëà: Äîìàøíÿÿ ñòðàíèöà ÃÈÑ ïîðòàëà; Ôóíêöèÿ ïîèñêà ìå-
òàäàííûõ; Ïðîöåññû ïîëó÷åíèÿ è îáðàáîòêè ðåçóëüòàòîâ ïîèñêà;
Ôóíêöèÿ ïóáëèêàöèè ìåòàäàííûõ; Ôóíêöèÿ àâòîìàòè÷åñêîãî ñáî-
ðà ìåòàäàííûõ; Îêíî ïðîñìîòðà äàííûõ; Êàòàëîã ìåòàäàííûõ.

Ñ ïîìîùüþ GIS Portal Toolkit ñîçäàíèå ÃÈÑ-ïîðòàëà ñòàíîâèòñÿ
äîñòàòî÷íî ïðîñòîé è ðåàëüíî âûïîëíèìîé çàäà÷åé. Äåëî îñòàåòñÿ çà
íàïîëíåíèåì êàòàëîãà êà÷åñòâåííûìè ìåòàäàííûìè è äàííûìè, êî-
òîðûìè ñòîèò ïîäåëèòüñÿ ñ øèðîêèì êðóãîì ïîëüçîâàòåëåé (ðèñ. 17).

Èíñòðóìåíòû ãåîïîðòàëà
1. Ïîèñêîâûå ñåðâèñû
= Ññûëêà íà ìåñòîïîëîæåíèå
= Ïîèñê ïî òîïîíèìè÷åñêîé áàçå
2.  Äîïîëíèòåëüíûå èíôîðìàöèîííûå ñåðâèñû
= Ðàñ÷åò ðàññòîÿíèÿ
= Ðàñ÷åò ïëîùàäè
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= Îòîáðàæåíèå äèíàìè÷åñêè îáíîâëÿåìûõ ñëîåâ
= Äîáàâëåíèå è ðåäàêòèðîâàíèå ïîëüçîâàòåëüñêèõ âåêòîðíûõ ñëîåâ
3.  Äîïîëíèòåëüíûå ïîëüçîâàòåëüñêèå ñåðâèñû
= Ïå÷àòü ñòðàíèöû ïðîñìîòðà
= Ñåðâèñ ïóòåâûõ òî÷åê
= Äîáàâëåíèå êîììåíòàðèåâ è îáîçíà÷åíèå îáúåêòîâ íà êàðòå
4. Êàòàëîã äàííûõ
5. Èíòåðíåò-ìàãàçèí
Ïðåäïîñûëêè ñîçäàíèÿ íàöèîíàëüíûõ ãåîïîðòàëîâ:
= Îòñóòñòâèå àêòóàëüíîé êàðòîãðàôè÷åñêîé èíôîðìàöèè.
= Îòñóòñòâèå äåòàëüíîé è òî÷íîé ãåîïðîñòðàíñòâåííîé èíôîð-

ìàöèè ïî Óêðàèíå.
= Òåíäåíöèè ðàñòóùåãî ñïðîñà íà ãåîíàâèãàöèîííûå óñëóãè.

Ñåãîäíÿ â Óêðàèíå íàáëþäàåòñÿ çíà÷èòåëüíûé ðîñò ñïðîñà íà
ãåîïðîñòðàíñòâåííûå äàííûå è óñëóãè èõ îïåðàòèâíîãî ïðåäîñòàâ-
ëåíèÿ ÷åðåç ðàçëè÷íûå âèäû ñâÿçè.

Íàïðàâëåíèÿ ðàçâèòèÿ ãåîñåðâèñîâ:
= èíòåãðàöèÿ íîâûõ òèïîâ äàííûõ (ñåìàíòè÷åñêèõ, ãðàôè÷åñ-

êèõ, âèäåî) è äàò÷èêîâ (SPOT-5 è àýðîôîòîñúåìêà)
= ñîçäàíèå ñïåöèàëèçèðîâàííûõ âåäîìñòâåííûõ ãåîïîðòàëîâ íà

áàçå õîðîøî çàðåêîìåíäîâàâøèõ ñåáÿ êîììåð÷åñêèõ ãåîñåðâèñîâ
(îòîáðàæåíèå äàííûõ NASA ñðåäñòâàìè GOOGLE, ãåîïîðòàë  êîñ-
ìè÷åñêîãî öåíòðà European Space Center è äð.)

Ðèñ. 17. Ïðèìåð îðãàíèçàöèè ãåîïîðòàëà íà ïðèíöèïàõ ArcIMS.
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= ñîçäàíèå íàöèîíàëüíûõ ãåîïîðòàëîâ
= ðàçðàáîòêà è ïðèíÿòèå íàöèîíàëüíîãî ãåîèíôîðìàöèîííîãî

ñòàíäàðòà äëÿ èíôðîñòðóêòóðû ïðîñòðàíñòâåííûõ äàííûõ íà áàçå
ìåæäóíàðîäíûõ ñòàíäàðòîâ ISO 19100.

Ïðåèìóùåñòâà ðåãèîíàëüíûõ è íàöèîíàëüíûõ ãåîïîðòàëîâ
= Àêòóàëüíîñòü äàííûõ: ÷àñòîòà îáíîâëåíèÿ ïîêðûòèé
= Äåòàëüíîñòü: âûñîêîå ðàçðåøåíèå íà âñþ ãîðîäñêóþ è ïðî-

ìûøëåííóþ èíôðàñòðóêòóðó
= Ëîêàëèçàöèþ: èíòåðôåéñ íà ÿçûêå ïîëüçîâàòåëÿ, ïîèñê, òî-

ïîíèìèêà
= Áåçîïàñíîñòü: èñïîëüçîâàíèå ðåñóðñîâ ãåîïîðòàëà â èíòåðåñàõ

ãîñóäàðñòâåííûõ ñëóæá è âåäîìñòâ
= Âîçìîæíîñòü áèçíåñ-ïðèëîæåíèÿ: ðåêëàìà, ïëàòíûå ñåðâèñû,

êîðïîðàòèâíûå ðàñøèðåíèÿ

Âûâîäû
Òàêèì îáðàçîì ïîðòàëüíûå òåõíîëîãèè ïîçâîëÿþò îáåñïå÷èòü

ïåðèîäè÷åñêîå îáíîâëåíèå èíôîðìàöèè áëèçêîå ê ðåàëüíîìó âðå-
ìåíè è ðåøàòü ñëîæíûå ðåñóðñîåìêèå çàäà÷è â ñîâìåñòíîé êîìàí-
äíîé ðàáîòå ãåîãðàôè÷åñêè ðàñïðåäåëåííûõ ãðóïï ïîëüçîâàòåëåé
ïðè âçàèìîäåéñòâèè ñ îòðàñëåâûìè, ðåãèîíàëüíûìè è ìåæäóíà-
ðîäíûìè èíôîðìàöèîííûìè ñèñòåìàìè.

Ñîâðåìåííûå ãåîïîðòàëû íà âñåõ óðîâíÿõ óïðàâëåíèÿ äîëæíû
ñòàòü îñíîâíîé ïëàòôîðìîé îáåñïå÷åíèÿ èíôðàñòðóêòóðû ãåîïðî-
ñòðàíñòâåííûõ äàííûõ Óêðàèíû äëÿ àíàëèçà ðåàëüíîãî ñîñòîÿíèÿ
è ïðèíÿòèÿ óïðàâëåí÷åñêèõ ðåøåíèé â ñòðàíå.
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ÑÎÇÄÀÍÈÅ ÏÐÈÊËÀÄÍÎÃÎ ÏÐÎÃÐÀÌÌÍÎÃÎ
ÎÁÅÑÏÅ×ÅÍÈß ÄËß ÃÅÎÈÍÔÎÐÌÀÖÈÎÍÍÛÕ

ÑÈÑÒÅÌ ÐÅÃÈÎÍÎÂ ÓÊÐÀÈÍÛ
Ñ ÂÛÑÎÊÈÌ ÐÈÑÊÎÌ ÍÀÂÎÄÍÅÍÈÉ

Â.Ã. Ïèñàðåíêî, ä-ð ôèç.-ìàò. íàóê, ïðîô.
Þ.Â. Ïèñàðåíêî, êàíä. òåõí. íàóê

(Èíñòèòóò êèáåðíåòèêè
èì. Â.Ì. Ãëóøêîâà ÍÀÍ Óêðàèíû)

Â äàííîé ðàáîòå â êà÷åñòâå èíôîðìàöèîííîé ïîääåðæêè ãåîèí-
ôîðìàöèîííîé ñèñòåìû ïðåäëàãàåòñÿ ìåòîäèêà ìàòåìàòè÷åñêîãî
ìîäåëèðîâàíèÿ, ðàçðàáîòêè àëãîðèòìè÷åñêîãî è ïðîãðàììíîãî îáåñ-
ïå÷åíèÿ ðàñ÷åòà âåëè÷èíû ðèñêà ïðèðîäíîãî ìåòåîáåäñòâèÿ òèïà
íàâîäíåíèÿ â äàííîé ïðåäãîðíîé ìåñòíîñòè ñ ïîìîùüþ ñîïîñòàâëå-
íèÿ äàííûõ ðàñ÷åòà ñíåãîçàïàñà è/èëè âåëè÷èíû âëàãîçàïàñà â ìîù-
íîé òó÷å ñ îïåðàòèâíûìè äàííûìè î äèíàìèêå ìåòåîïàðàìåòðîâ â
ïðåäïðîãíîçíûé ïåðèîä.

Â äàí³é ðîáîò³ â ÿêîñò³ ³íôîðìàö³éíî¿  ïöäòðèìêè ãåî³íôîðìàö³é-
íî¿ ñèñòåìè (Ã²Ñ) çàïðîïîíîâàíî ìåòîäèêó ðîçðàõóíêó ðîçì³ðó ðèçèêó
ïðèðîäíîãî ìåòåîëèõà òèïó ïîâåí³ â ïåðåäã³ðñüê³é ìöñöåâîñò³. Ìåòî-
äèêà ì³ñòèòü ó ñîá³ ìàòåìàòè÷íå ìîäåëþâàííÿ, ðîçðîáêó àëãîðèòì-
³÷íîãî òà ïðîãðàìíîãî çàáåçïå÷åííÿ. Ðîçðàõóíîê ïðîâîäèòüñÿ çà
äîïîìîãîþ ñï³âñòàâëåííÿ äàíèõ îá÷èñëåííÿ ñí³ãîçàïàñó ðåëüºôó ³/àáî
ðîçì³ðó ñí³ãîçàïàñó â ïîòóæí³é õìàð³ ç îïåðàòèâíèìè äàíèìè ïðî
äèíàì³êó ìåòåîïàðàìåòð³â â ïåðåäïðîãíîçíèé ïåð³îä.

In this work as informative support of the geoinformational system (GIS)
the method of risk size calculation of natural meteobedstviya (type - flood in
mountain locality) is offered. The method includes a mathematical modelling,
development of the algorithms and software. The calculation is made by
comparison of information about relief snow supply calculation and/or size of
snow supply in a powerful cloud with on-line data about the dynamics of
meteoparameters in a pre-prognosis period.

 Â.Ã. Ïèñàðåíêî, Þ.Â. Ïèñàðåíêî, 2008
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Ïîñòàíîâêà çàäà÷è. Ñðåäè âàæíûõ çàäà÷ ïðèðîäîïîëüçîâàíèÿ è
ýêîëîãè÷åñêîãî ìîíèòîðèíãà âûäåëÿåòñÿ ïðîáëåìà ïðîãíîçèðîâà-
íèÿ ïî êîñìî- è àâèàñíèìêàì âåðîÿòíîñòè íàñòóïëåíèÿ ìåòåîáåä-
ñòâèÿ. Íàïðèìåð, ïðîãíîçèðîâàíèå ìîìåíòà íà÷àëà ïàâîäêà è åãî
ñèëû, ñõîäà ñíåæíûõ ñåëåâûõ ëàâèí â ãîðíîé ìåñòíîñòè èç-çà
âíåçàïíîãî òàÿíèÿ áîëüøîãî ñíåãîçàïàñà èëè ñõîäà ëåäíèêîâ â
íèæå ëåæàùåå óùåëüå. Äëÿ óñëîâèé Óêðàèíû ýòè ïðîáëåìû ïðè-
îáðåòàþò âñå áîëüøóþ àêòóàëüíîñòü èç-çà ó÷àñòèâøèõñÿ ìàñøòàá-
íûõ ðàçðóøåíèé ìíîãèõ íàñåëåííûõ ïóíêòîâ íàâîäíåíèÿìè â
ïðåäãîðüÿõ Êàðïàò ñ êîíöà 90-õ ãã. ïðîøëîãî âåêà è äî íàñòî-
ÿùåãî âðåìåíè. Åùå áîëåå ìàñøòàáíûå ïðèìåðû êàòàñòðîôè÷åñêèõ
íàâîäíåíèé â êîíöå ëåòà � íà÷àëå îñåíè ïîÿâèëèñü â ïîñëåäíèå
ãîäû â Ãåðìàíèè, Âåíãðèè, ×åõèè, Ñëîâàêèè è äðóãèõ ñòðàíàõ
Öåíòðàëüíîé è Çàïàäíîé Åâðîïû.

Â ñâÿçè ñ ýòèì â òåõíè÷åñêè ðàçâèòûõ ñòðàíàõ ìèðà ðåçêî
âîçðîñ èíòåðåñ ê èñïîëüçîâàíèþ äëÿ ðåøåíèÿ íàçâàíûõ ïðîáëåì
ñëåäóþùèõ èíòåëëåêòóàëüíûõ ñðåäñòâ èíôîðìàòèêè:

= íàêîïëåíèå áàç äàííûõ â ñïåöèàëüíûõ öåíòðàõ ñáîðà ìåòåî-
èíôîðìàöèè è îáìåí ýòèìè äàííûìè ÷åðåç Internet ìåæäó öåí-
òðîì (ñåðâåðîì) è ïîëüçîâàòåëÿìè (êëèåíòàì) ïî ñõåìå ñåðâåð-
ñåðâåð, ñåðâåð � êëèåíò, êëèåíò � êëèåíò;

= ñòàòèñòè÷åñêàÿ îáðàáîòêà íàêîïëåííûõ äàííûõ ñ öåëüþ âû-
ÿâëåíèÿ ñêðûòûõ ïðè÷èííî-ñëåäñòâåííûõ çàêîíîìåðíîñòåé ïðè-
ðîäíûõ ÿâëåíèé è ïîñëåäñòâèé ìàñøòàáíîé òåõíè÷åñêîé äåÿòåëü-
íîñòè ëþäåé, âëèÿþùèõ íåáëàãîïðèÿòíî íà ïðèðîäíóþ ñðåäó;

= ñîçäàíèå êîìïüþòåðíûõ ýêñïåðòíûõ ñèñòåì ïðîãíîçèðîâàíèÿ
âîçìîæíûõ ïîñëåäñòâèé êðóïíûõ èíæåíåðíûõ ïðîåêòîâ èëè êðóï-
íîìàñøòàáíûõ ðàçðàáîòîê ïðèðîäíûõ ðåñóðñîâ èëè êëèìàòè÷åñêèõ
àíîìàëèé íà âîçðàñòàíèå ðèñêà âîçíèêíîâåíèÿ âûñîêîýíåðãåòè÷åñ-
êèõ àíîìàëèé, ïðèâîäÿùèõ ê ìåòåîáåäñòâèÿì äëÿ íàñåëåíèÿ,
ïðîìûøëåííûõ îáúåêòîâ è èíîé èíôðàñòðóêòóðû ïðèðîäíî-òåõíè-
÷åñêèõ êîìïëåêñîâ.

Îäíîé èç îáùèõ ÷åðò íàçâàíûõ ïðîáëåì è ìåòîäîâ èõ ðåøåíèÿ
ÿâëÿåòñÿ àêòèâíîå èñïîëüçîâàíèå ãåîãðàôè÷åñêèõ àòðèáóòîâ, ôèãó-
ðèðóþùèõ â ýòèõ çàäà÷àõ îáúåêòîâ, ÷òî íà ÿçûêå ñîâðåìåííîé
èíôîðìàòèêè ïðèíÿòî íàçûâàòü ãåîèíôîðìàöèîííîé ñèñòåìîé (ÃÈÑ).

Â äàííîé ðàáîòå â êà÷åñòâå èíôîðìàöèîííîé ïîääåðæêè ãåî-
èíôîðìàöèîííîé ñèñòåìû ïðåäëàãàåòñÿ ìåòîäèêà ìàòåìàòè÷åñêîãî
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ìîäåëèðîâàíèÿ, ðàçðàáîòêè àëãîðèòìè÷åñêîãî è ïðîãðàììíîãî
îáåñïå÷åíèÿ ðàñ÷åòà âåëè÷èíû ðèñêà ïðèðîäíîãî ìåòåîáåäñòâèÿ
òèïà íàâîäíåíèÿ â äàííîé ïðåäãîðíîé ìåñòíîñòè ñ ïîìîùüþ
ñîïîñòàâëåíèÿ äàííûõ ðàñ÷åòà ñíåãîçàïàñà è/èëè âåëè÷èíû âëàãî-
çàïàñà â ìîùíîé òó÷å ñ îïåðàòèâíûìè äàííûìè î äèíàìèêå
ìåòåîïàðàìåòðîâ â ïðåäïðîãíîçíûé ïåðèîä

Àíàëèç ñóùåñòâóþùåãî ðûíêà ïðîãðàììíîãî îáåñïå÷åíèÿ ïîêàçàë,
÷òî ðåøåíèå íàçâàííûõ çàäà÷ íå ïðåäóñìîòðåíî â ñîñòàâå äàæå òàêèõ
ïîïóëÿðíûõ âåðñèÿõ ïðîãðàììíûõ ïðîäóêòîâ ÃÈÑ, êàê MAPPER,
PHOTOMOD, MAPINFO, IDRISI; ñèñòåìû ââîäà è ñîçäàíèÿ êàðò
ARCSCAN, IVEC/IGEIVEC, DIGDMAP, GEODRAW, EASYTRANCE,
MAPEDIT, MAPSCAN; ÃÈÑ-âüþâåðû ARCVIEW, WINMAP,WINCAT;
èíñòðóìåíòàëüíûå ñðåäñòâà ðåàëèçàöèè ÃÈÑ-ïðîåêòîâ ARC/INFO,
ATLAS, WINGIS, GEOGRAF, GEOCONSTRUCTOR, IDRISI,
ILWIS,MAPINFO, SYSTEM 9, AUTO SURF, SICAD, CYBERSPASE
DEVELOPER KIT.

Èñïîëüçîâàíèå ðàçðàáàòûâàåìîãî àâòîðàìè ïðîãðàììíîãî ïðî-
äóêòà ïðåäïîëàãàåòñÿ â îðãàíèçàöèÿõ, ãäå òðåáóåòñÿ ïðîâîäèòü
ìåðîïðèÿòèÿ ïî ïðîãíîçèðîâàíèþ ìåòåîáåäñòâèé è ëèêâèäàöèè èõ
ïîñëåäñòâèé.

Ïðîâåäåííûé àâòîðàìè àíàëèç ëèòåðàòóðû [1] ïîêàçûâàåò, ÷òî
çàäà÷è îáðàáîòêè àâèàñíèìêîâ, íàïðàâëåííîé íà îáíàðóæåíèå
ýêîëîãè÷åñêèõ àíîìàëèé, òàêèõ êàê áîëüøîé ñíåãîçàïàñ íà ó÷àñ-
òêàõ ñ ðåëüåôîì; ðåøåíèå çàäà÷è âîññòàíîâëåíèÿ íåêîòîðûõ ïà-
ðàìåòðîâ çàñíåæåííîãî ðåëüåôà ïî èìåþùèìñÿ àýðîôîòîñíèìêàì,
ìåòîäèêè ðàñ÷åòà óðîâíÿ ïàâîäêà â ïðåäãîðíûõ ðåêàõ â ðåçóëüòàòå
áûñòðîãî òàÿíèÿ ñíåãîçàïàñà â ãîðàõ ëèáî èç-çà èíòåíñèâíûõ
îñàäêîâ ïðàêòè÷åñêè íå îñâåùåíû â ëèòåðàòóðå.

Â äàííîé ðàáîòå ïðåäëîæåíû ìàòåìàòè÷åñêèå ìîäåëè è ïðî-
ãðàììíûå ñðåäñòâà äëÿ ðàñ÷åòà óðîâíÿ ïàâîäêà ðåêè â óñëîâèÿõ
íàèáîëåå îïàñíîãî ðàçâèòèÿ ñîáûòèé â äàííîé ìåñòíîñòè, îïðå-
äåëåíèÿ âåëè÷èíû îæèäàåìîãî óùåðáà îò óêàçàííûõ òèïîâ ìåòåî-
áåäñòâèé, âû÷èñëåíèÿ ñíåãîçàïàñà íà èíòåðåñóþùåì ó÷àñòêå ãîð-
íîãî ðåëüåôà, ïðåäñòàâëåííîãî êàðòîé ëèíèé ðàâíûõ âûñîò.

Îöåíêà âëàãîçàïàñà â ìîùíîé òó÷å. Ïóñòü ïî ïîëó÷åííûì
çíà÷åíèÿì ðàäèîëîêàöèîííîé îòðàæàåìîñòè îò áîëüøîãî âëàãîíà-
ûùåííîãî îáëàêà [2] íåîáõîäèìî ñäåëàòü êîëè÷åñòâåííóþ îöåíêó
âîäîçàïàñà â îáëàêå, ÷òîáû îïðåäåëèòü îæèäàåìóþ ìîùíîñòü äîæäÿ.
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Ïðåäïîëîæèì, ÷òî ïî çíà÷åíèÿì ðàäèîëîêàöèîííîé îòðàæàåìî-
ñòè ïîëó÷åíû ñëåäóþùèå äàííûå äëÿ îáëàêà öèëèíäðè÷åñêîé
ôîðìû: ðàäèóñ (Rîá) îáëàêà = 100 êì, âûñîòà (Hîá) îáëàêà = 3
êì, ñðåäíÿÿ ïëîòíîñòü îáëàêà (σ)=1 ã/ì3. Îáúåì (V) âîäû, ñîäåð-
æàùåéñÿ â îáëàêå (ôîðìà îáëàêà ïðèìåðíî ïðåäñòàâëÿåò ñîáîé
öèëèíäð) ðàâåí: V = Hîá⋅π⋅(Rîá)

2 = 0,3⋅π⋅104 êì3. Ìàññà, âîäû
ñîäåðæàùåéñÿ â òàêîì îáúåìå: mâîäû ≈ 0,3⋅104⋅π⋅êì3⋅1ã/ì3 ≈ 0,942⋅104ò.
Ïëîùàäü äîæäÿ: Sä ≈ π⋅Rîá

2 = π⋅104 êì2. Âðåìÿ äîæäÿ âûáåðåì èç
èíòåðâàëà τä ≅ 10 ìèí ÷ 2 ÷àñà = (10÷120)ìèí, τä= 60 ìèí. Òàêèì
îáðàçîì, îöåíêà ïëîòíîñòè ïîòîêà äîæäÿ â ñåêóíäó èìååò âèä:

Z ≈ mä /τä⋅Sä = 0,942⋅105 ò/60 ìèí⋅3,14⋅104êì2 =
    = 0,71⋅10-9 ò/ì2ñåê2.              (1)

Âõîäíûå äàííûå äëÿ ðàñ÷åòà ñòåêàíèÿ âîäû âäîëü ðåëüåôà:
1) êàðòà ãîðíîãî ðåëüåôà, çàäàííàÿ ëèíèÿìè ðàâíûõ âûñîò

(ËÐÂ), èçîáðàæåííûìè ñ êàêèì-òî øàãîì;
2) ïîëîæåíèå âåðøèíû ãîðû V;
3) ïîëîæåíèå øåñòè òî÷åê A, B, C, D, E, F (÷åðåç êàæäûå 60

ãðàäóñîâ) íà ËÐÂ, îáîçíà÷àþùåé ñàìóþ áîëüøóþ âûñîòó.
4) Ïðåäïîëàãàåìàÿ ìîùíîñòü äîæäÿ (ëèáî ñíåãîòàÿíèÿ) Z [êã/ì2⋅ñ]

� ìàññà âîäû, ïîïàäàþùàÿ íà åäèíèöó ïëîùàäè çà åäèíèöó âðåìåíè.
5) Äëèòåëüíîñòü äîæäÿ (ñíåãîòàÿíèÿ) [ ]ô,0 Nt ∈ .
6) Øàã ïî âðåìåíè ô=∆t .

Àëãîðèòì ðàñ÷åòà ïðîöåññà ñòåêàíèÿ ëèâíåâûõ ïîòîêîâ ðåêó âäîëü
ðåëüåôà. Ïðåäëàãàåòñÿ ñëåäóþùèé àëãîðèòì ðàñ÷åòà:

1. Ñîåäèíÿþòñÿ îòðåçêàìè âåðøèíà ãîðû V ñ øåñòüþ çàäàííû-
ìè òî÷êàìè íà áëèæàéøåé ëèíèè ðàâíûõ âûñîò (ËÐÂ), êàê ïî-
êàçàíî íà ðèñ. 1.

2. Ñ êàæäîé èç ýòèõ øåñòè òî÷åê (A, B, C, D, E, F) íóæíî
ïðîäåëàòü ñëåäóþùåå: ñòðîèòü îêðóæíîñòè ìàëîãî ðàäèóñà ñ öåíòðîì
â êàæäîé èç òî÷åê A, B, C, D, E, F, ïîñòåïåííî óâåëè÷èâàÿ ðàäèóñ,
äî òåõ ïîð, ïîêà òåêóùàÿ îêðóæíîñòü íå êîñíåòñÿ â êàêîé-òî òî÷êå
Ê ñëåäóþùåé ËÐÂ, îáîçíà÷àþùåé ìåíüøóþ âûñîòó (ðèñ. 2).
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Ðèñ. 1. Ãîðà, ïðåäñòàâëåííàÿ ëèíèÿìè ðàâíûõ âûñîò
íà 1-ì øàãå àëãîðèòìà.

Ðèñ. 2. Ãîðà, ïðåäñòàâëåííàÿ ëèíèÿìè ðàâíûõ âûñîò
íà 2-ì øàãå àëãîðèòìà.



82

Åêîëîã³÷íà áåçïåêà òà ïðèðîäîêîðèñòóâàííÿ

3. Ñîåäèíèòü ëèíèåé òî÷êó F è K.
4. Ñòðîèòü îêðóæíîñòè ìàëîãî ðàäèóñà ñ öåíòðîì â íîâîé òî÷êå

Ê, ïîñòåïåííî óâåëè÷èâàÿ ðàäèóñ, äî òåõ ïîð, ïîêà òåêóùàÿ îêðóæ-
íîñòü íå êîñíåòñÿ â êàêîé-òî òî÷êå ñëåäóþùåé ËÐÂ, îáîçíà÷àþùåé
ìåíüøóþ âûñîòó. Ñîåäèíèòü ëèíèåé òî÷êó Ê è íîâóþ òî÷êó.

Òàê ïðîäîëæàòü äåéñòâîâàòü ïî àëãîðèòìó, ïîêà íå áóäåò äî-
ñòèãíóòî ïîäíîæüå ãîðû. Â ðåçóëüòàòå ñîåäèíåíèÿ âñåõ íàéäåííûõ
òî÷åê ïîëó÷èòñÿ òàê íàçûâàåìàÿ «ïàó÷üÿ ñåòü», ïðåäñòàâëÿþùàÿ
ñîáîé ïåðåñå÷åíèå ËÐÂ ñ ïîëó÷åííûìè îðòîãîíàëüíûìè òðàåêòî-
ðèÿìè (ñì. ðèñ. 3). Îðòîãîíàëüíûå òðàåêòîðèè (ëèáî ãåîäåçè÷åñêèå
ëèíèè) � ýòî êðàò÷àéøèõ ïóòü äëÿ äîñòèæåíèÿ âîäîé ñîñåäíåãî
íèæíåãî óðîâíÿ (ëèíèè ðàâíûõ âûñîò), ò. å. ýòî ïóòü, ïî êîòî-
ðîìó áóäåò ñòåêàòü âîäà ñ ãîðû.

Ïîñòðîåííûå îðòîãîíàëüíûå òðàåêòîðèè ðàçáèâàþò ïîâåðõíîñòü
ãîðû íà îòäåëüíûå ñåêòîðà. Ïðåäïîëàãàåòñÿ, ÷òî ñòåêøàÿ ñ îäíîãî
èç ñåêòîðîâ âîäà ïîïàäàåò â ðåêó.

Óðàâíåíèå óñòàíîâèâøåãîñÿ ïëàâíî èçìåíÿþùåãîñÿ äâèæåíèÿ
æèäêîñòè. Ïðè äâèæåíèè æèäêîñòè â îòêðûòîì ðóñëå (â òîì ÷èñëå
â ÷àñòè÷íî çàïîëíåííîì çàêðûòîì ðóñëå) ëþáîå ìåñòíîå èçìåíå-

Ðèñ. 3. Ïîñòðîåíèå «ïàó÷üåé ñåòè» îðòîãîíàëüíûõ òðàåêòîðèé.
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íèå óñëîâèé äâèæåíèÿ (ðàñøèðåíèå, ïðåãðàäà, ïåðåëîì óêëîíà äíà
ðóñëà è ò. ï.) íåèçáåæíî ïðèâåäåò ê äåôîðìàöèè æèâîãî ñå÷åíèÿ
ïîòîêà íà íåêîòîðîé (èíîãäà äîâîëüíî çíà÷èòåëüíîé) åãî äëèíå.
Ïðè ýòîì âñå òî÷êè ñâîáîäíîé ïîâåðõíîñòè áóäóò ïî-ïðåæíåìó
íàõîäèòüñÿ ïîä âëèÿíèåì âíåøíåãî äàâëåíèÿ ãàçîâîé ñðåäû, òàê
÷òî äåôîðìàöèÿ æèâîãî ñå÷åíèÿ ïîòîêà áóäåò îáÿçàòåëüíî ñâÿçàíà
ñ èçìåíåíèåì êîîðäèíàò åãî ñâîáîäíîé ïîâåðõíîñòè.

Ðàññìîòðèì óñòàíîâèâøååñÿ ïëàâíî èçìåíÿþùååñÿ äâèæåíèå
æèäêîñòè â îòêðûòûõ ðóñëàõ, ïðè êîòîðîì èçìåíåíèå îñíîâíûõ
ïàðàìåòðîâ ïîòîêà ïî åãî äëèíå ïðîèñõîäèò äîñòàòî÷íî ïëàâíî. Â
ñâÿçè ñ ýòèì ïðè âûâîäå óðàâíåíèé äâèæåíèÿ ìîæíî ïðåíåáðå÷ü
ñîñòàâëÿþùèìè ìåñòíûõ ñêîðîñòåé â ïëîñêîñòè æèâîãî ñå÷åíèÿ
ïîòîêà è ïðèíÿòü ðàñïðåäåëåíèå äàâëåíèé â ýòîé ïëîñêîñòè ñî-
îòâåòñòâóþùèì ãèäðîñòàòè÷åñêîìó. Ïðåäïîëîæèì òàêæå, ÷òî ðàáî-
òà ñèë ñîïðîòèâëåíèÿ ïðè íåðàâíîìåðíîì è ðàâíîìåðíîì äâèæå-
íèè ïðàêòè÷åñêè îäèíàêîâà.

Â äàëüíåéøåì èçëîæåíèè áóäåì èìåòü â âèäó, ÷òî âñòðå÷àþ-
ùèåñÿ â èíæåíåðíîé ïðàêòèêå îòêðûòûå ðóñëà ìîæíî ðàçäåëèòü
íà äâå êàòåãîðèè: ïðèçìàòè÷åñêèå è íåïðèçìàòè÷åñêèå.

Ê ïðèçìàòè÷åñêèì ðóñëàì îòíîñÿòñÿ ðóñëà, â êîòîðûõ îñíîâíûå
ãåîìåòðè÷åñêèå ïàðàìåòðû ïîòîêà îñòàþòñÿ ïîñòîÿííûìè ïî âñåé
äëèíå. Ïëîùàäü æèâîãî ñå÷åíèÿ ïîòîêà ïðèçìàòè÷åñêîãî ðóñëà
çàâèñèò îò ãëóáèíû íàïîëíåíèÿ ðóñëà: )(hf=ω .

Â îáùåì ñëó÷àå íåïðèçìàòè÷åñêîãî ðóñëà ïëîùàäü æèâîãî ñå÷åíèÿ
ïîòîêà ÿâëÿåòñÿ ôóíêöèåé äâóõ ïåðåìåííûõ: ),( shf=ω , ãäå h �
ãëóáèíà íàïîëíåíèÿ ðóñëà; s � õàðàêòåðíûé ïîïåðå÷íûé ðàçìåð
äëÿ äàííîé ôîðìû ðóñëà (íàïðèìåð, äëÿ ïðÿìîóãîëüíîãî ðóñëà �
åãî øèðèíà).

Ðàññìîòðèì îáùèé ñëó÷àé óñòàíîâèâøåãîñÿ ïëàâíî èçìåíÿþ-
ùåãîñÿ äâèæåíèÿ æèäêîñòè â îòêðûòîì íåïðèçìàòè÷åñêîì ðóñëå
(ðèñ. 3). Ââåäåì ñëåäóþùèå îáîçíà÷åíèÿ:

θ= sini  � ïðîäîëüíûé óêëîí äíà ðóñëà;
ðî � âíåøíåå äàâëåíèå, îáû÷íî ðàâíîå ðàò;
a=il � ðàññòîÿíèå ïî âåðòèêàëè îò äíà äî ïëîñêîñòè ñðàâíåíèÿ

â äàííîì æèâîì ñå÷åíèè.
Ïðèíÿòî íàçûâàòü ðóñëîì ñ ïîëîæèòåëüíûì (ïðÿìûì) óêëîíîì

äíà òàêîå ðóñëî, ó êîòîðîãî àáñîëþòíûå îòìåòêè äíà óìåíüøàþòñÿ
ïî íàïðàâëåíèþ äâèæåíèÿ æèäêîñòè (ò. å. âäîëü îñè l).
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Âûäåëèì â ïîòîêå äâà ñå÷åíèÿ 1-1 è 2-2 íà áåñêîíå÷íî ìàëîì
ðàññòîÿíèè dl äðóã îò äðóãà (ñì. ðèñ. 4).

Ñîñòàâèì äëÿ âûäåëåííûõ ñå÷åíèé óðàâíåíèå Áåðíóëëè îòíî-
ñèòåëüíî ïëîñêîñòè 0-0, ïðîâåäåííîé ÷åðåç íèæíþþ òî÷êó æèâîãî
ñå÷åíèÿ 2-2:
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Ïðîñòûìè ïðåîáðàçîâàíèÿìè ïîëó÷èì, ÷òî îáùåå äèôôåðåíöè-
àëüíîå óðàâíåíèå óñòàíîâèâøåãîñÿ ïëàâíî èçìåíÿþùåãîñÿ äâèæå-
íèÿ æèäêîñòè â îòêðûòîì ðóñëå èìååò âèä:
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,           (3)

ãäå Q � ðàñõîä ïîòîêà; ω � ïëîùàäü æèâîãî ñå÷åíèÿ ïîòîêà; h
� íàèáîëüøàÿ ãëóáèíà ïîòîêà â äàííîì æèâîì ñå÷åíèè, ðàçëè÷-

Ðèñ. 4. Ïðîäîëüíûé ñðåç ðóñëà ðåêè.
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íàÿ äëÿ ðàçíûõ ñå÷åíèé; α � êîýôôèöèåíò êèíåòè÷åñêîé ýíåðãèè
(Êîðèîëèñà); v = Q/ω � ñðåäíÿÿ ñêîðîñòü â äàííîì ñå÷åíèè; J �
ãèäðàâëè÷åñêèé ïðèíèìàåìûé äëÿ îòêðûòûõ ðóñë óêëîí, îáû÷íî
ðàâíûì ïðîäîëüíîìó óêëîíó ñâîáîäíîé ïîâåðõíîñòè

Â ÷àñòíîì ñëó÷àå ïðèçìàòè÷åñêîãî ðóñëà óðàâíåíèå (3) íåñêîëü-
êî óïðîùàåòñÿ, òàê êàê â ñèëó ðàíåå ñêàçàííîãî ïðîèçâîäíàÿ ds/dl
ðàâíà â ýòîì ñëó÷àå íóëþ:

             .
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2

2

2
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Ïîñëå ïðåîáðàçîâàíèé âû÷èòàåìîãî â çíàìåíàòåëå ïðàâîé ÷àñòè
óðàâíåíèé (5.6) è (5.8) ïîëó÷èì:

            

ñðh

gv

B
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BQ 2/2
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/ 22
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2 α=
ω
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ω

α ,            (5)

ãäå hñð = ω/Â � ñðåäíÿÿ ãëóáèíà ñå÷åíèÿ.
Òàêèì îáðàçîì, ðàññìàòðèâàåìàÿ äðîáü ïðåäñòàâëÿåò ñîáîé óäâî-

åííîå ñîîòíîøåíèå óäåëüíîé êèíåòè÷åñêîé ýíåðãèè ê óäåëüíîé
ïîòåíöèàëüíîé ýíåðãèè ïðè ñðåäíåé ãëóáèíå ïîòîêà â äàííîì æèâîì

ñå÷åíèè. Áåçðàçìåðíûé êîìïëåêñ 3

2

ω
α
g

BQ
 íàçûâàåòñÿ ïàðàìåòðîì

êèíåòè÷íîñòè ïîòîêà: Ïê= 3

2

ω
α
g

BQ
.

Äëÿ ïðÿìîóãîëüíîãî ðóñëà hñð=h è ïðè α=1 ïàðàìåòð êèíåòè÷-
íîñòè ïðåäñòàâëÿåò ñîáîé ÷èñëî Ôðóäà Fr = v2/gh, ãäå çà õàðàê-
òåðíûé ëèíåéíûé ðàçìåð æèâîãî ñå÷åíèÿ l ïðèíÿòà ãëóáèíà h.

Àëãîðèòì ðàñ÷åòà âåëè÷èíû ïàâîäêà ðåêè. Ðàññìîòðèì âû÷èñëå-
íèå çíà÷åíèÿ ïàâîäêà â óñëîâèÿõ ñòåêàíèÿ â çàäàííóþ ðåêó âîäû,
âûïàâøåé â âèäå äîæäÿ íà ãîðíûé ðåëüåô, ëèáî îáðàçîâàâøåéñÿ
â ïðîöåññå ñíåãîòàÿíèÿ â âåðõîâüÿõ ãîðû.
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1. Äëÿ êàæäîãî ñåêòîðà íóæíî çàäàòü êîýôôèöèåíò âïèòûâà-
åìîñòè (βi) (íàïðèìåð, êîýôôèöèåíò âïèòûâàåìîñòè ïåñêà = 1,
êàìíÿ = 0), îïðåäåëÿþùèé êàêàÿ ÷àñòü âîäû âïèòàåòñÿ â òîëùó,
à êàêàÿ ÷àñòü ñòå÷åò íà íèæíèé ñåêòîð.

2. Âû÷èñëÿåòñÿ ïëîùàäü (Si) êàæäîãî ïîëó÷åííîãî ñåêòîðà.
3. Îïðåäåëÿåòñÿ äëÿ êàæäîãî ñåêòîðà êîëè÷åñòâî âîäû, îêàçû-

âàþùååñÿ íà íåì çà îäèí øàã ïî âðåìåíè:

           mi = Z⋅τ⋅Si + (1� βi-1 )⋅Z⋅τ⋅Si-1.         (6)

Òî åñòü çà îäèí øàã ïî âðåìåíè íà i-îì ñåêòîðå áóäåò ìàññà
âîäû, ïîïàâøàÿ íà ýòîò ñåêòîð â ðåçóëüòàòå âûïàäåíèÿ äîæäÿ
(ñíåãîòàÿíèÿ) ïëþñ ìàññà âîäû, ñòåêøàÿ ñ âåðõíåãî ñåêòîðà.

Ïðåäïîëàãàåòñÿ, ÷òî ñòåêøàÿ ñ îäíîãî èç ó÷àñòêîâ âîäà ïîïà-
äàåò â ðåêó. Åñëè ïðèðîñò ìàññû âîäû (íàïðèìåð, çà îäèí äåíü)
áóäåò òàêèì, ÷òî ïîâëå÷åò çà ñîáîé ñèëüíûé ïàâîäîê, òî ðåêà
âûéäåò èç áåðåãîâ, è ïðîèçîéäåò çàòîïëåíèå ïðèáðåæíûõ ðàéîíîâ.

Òåïåðü ðàññ÷èòàåì çíà÷åíèå ïàâîäêà ðåêè, â êîòîðóþ ñòåêàåò ñ
ãîðíîãî ðåëüåôà âîäà.

Íà ðèñ. 5à èçîáðàæåíà ðåêà è èñòî÷íèê S (ñíåãîçàïàñ èëè
äîæäåâàÿ òó÷à), ïèòàþùèé ýòó ðåêó. Òî÷êà Î � ãðàíèöà èñòî÷-
íèêà âîäû, òî÷êà À � íà÷àëî íàñåëåííîãî ïóíêòà.

Íà ðèñ. 5á èçîáðàæåíî ñå÷åíèå ðóñëà ðåêè â òî÷êå êîíòðîëÿ À,
óäàëåííîé íà ðàññòîÿíèå ÕÀ îò íèæíåé êîíå÷íîñòè çîíû èñòî÷íèêà
S. Íà ýòîì ðèñóíêå îñü îó ñîâïàäàåò ñ óðîâíåì ëåäîñòàâà (ìèíèìàëü-
íûé óðîâåíü ðåêè); b � øèðèíà ðåêè ïðè ìèíèìàëüíîì óðîâíå âîäû.

Ðèñ. 5. à) èçîáðàæåíà ðåêà è èñòî÷íèê S (ñíåãîçàïàñ èëè äîæäåâàÿ
òó÷à); á) ñå÷åíèå ðóñëà ðåêè â òî÷êå êîíòðîëÿ À.

a)                        á)
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Ëåâûé áåðåã ìîæíî ïðèìåðíî îïèñàòü ôóíêöèåé hë(y) =Êë ⋅y �
Êë⋅b, à ïðàâûé � ôóíêöèåé hï(y) = -Êï ⋅y, ãäå Êï è Êë � ñîîò-
âåòñòâóþùèå òàíãåíñû óãëîâ íàêëîíà α è β áåðåãîâ ðåêè.

Åñëè ñêîðîñòü òå÷åíèÿ VÀ òå÷åíèÿ èçâåñòíà äëÿ òî÷êè À (ïóñòü
îíà ≈ const âî âðåìåíè), òî ìîæíî âû÷èñëèòü çíà÷åíèå ïàâîä-
êà ðåêè ïðè èçâåñòíîì ïðèðîñòå ìàññû âîäû çà èíòåðâàë
âðåìåíè, ïîñòóïàþùåé â ðåêó, èç ñëåäóþùåãî óðàâíåíèÿ:
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(7),

ãäå yï(z) � ýòî ðåøåíèå óðàâíåíèÿ hï(y) = z:

�Êï ⋅y = z ⋅ yï(z) = �z/Êï;

ãäå yë(z) � ýòî ðåøåíèå óðàâíåíèÿ hë(y) = z:

Êë⋅y � Êë⋅b = z ⋅ yë(z) = b + z/Êë.

Òàêèì îáðàçîì, ïîëüçóÿñü ôîðìóëîé (7), ìîæíî âû÷èñëèòü
óðîâåíü ïàâîäêà z ðåêè äëÿ èçâåñòíîãî ïðèðîñòà ìàññû âîäû çà
çàäàííîå âðåìÿ è ñêîðîñòè òå÷åíèÿ â òî÷êå À. Åñëè z áóäåò òàêèì,
÷òî ðåêà âûéäåò èç áåðåãîâ, òî ïî êàðòå ðåëüåôà ëåãêî îïðåäåëèòü
çàòîïëåííûå òåððèòîðèè è âû÷èñëèòü âåëè÷èíó ýêîíîìè÷åñêîãî
óùåðáà

Ìåòîäèêà ðàñ÷åòà ñíåãîçàïàñà â ãîðíîé ìåñòíîñòè. Äëÿ òîãî,
÷òîáû ïîäñ÷èòàòü âåëè÷èíó ñíåãîçàïàñà â çàäàííîé ãîðíîé ìåñò-
íîñòè íåîáõîäèìî ñëåäóþùåå:

= èìåòü êàðòó ðåëüåôà èíòåðåñóþùåãî ðàéîíà áåç ñíåãà;
= èìåòü êàðòó ðåëüåôà èíòåðåñóþùåãî ðàéîíà ñî ñíåãîì;
= âû÷èñëèòü îáúåì ðåëüåôà ñî ñíåãîì;
= îò ïîëó÷åííîãî îáúåìà îòíÿòü îáúåì ðåëüåôà áåç ñíåãà, â

ðåçóëüòàòå ÷åãî ïîëó÷èì çíà÷åíèå îáúåìà ñíåãîçàïàñà.
Ïåðåéäåì ê îïèñàíèþ ïðåäëàãàåìîé àâòîðàìè ìåòîäèêè îöåíêè

ñíåãîçàïàñà, îñíîâàííîé íà ñ èñïîëüçîâàíèåì àýðîôîòîñúåìêè çàñ-
íåæåííîãî ðåëüåôà è èñõîäíîé êàðòû èçîâûñîò äàííîé ìåñòíîñòè.
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Íà ðèñ. 6à èçîáðàæåíà ãîðà â èçîìåòðèè ñ íàíåñåííûìè íà íåé
âîîáðàæàåìûìè ëèíèÿìè ðàâíûõ âûñîò, êàæäàÿ èç êîòîðûõ ñîîò-
âåòñòâóåò êàêîìó-òî çíà÷åíèþ âûñîòû. Íà ðèñ. 6á èçîáðàæåí âèä
ñâåðõó íà ýòîò æå ðåëüåô. Íà ðèñ. 6â ïîêàçàíî ïîëó÷åíèå ëèíèé
ðàâíûõ âûñîò äëÿ ðåëüåôà ñî ñíåãîì.

×òîáû ïîäñ÷èòàòü îáúåì ãîðû ñ ðåëüåôîì, ðàçäåëèì óñëîâíî
âñþ ãîðó íà ýëåìåíòàðíûå îáúåìû, âû÷èñëèì îáúåì êàæäîãî èç
íèõ, à çàòåì ïðîñóììèðóåì âñå ïîëó÷åííûå çíà÷åíèÿ ýëåìåíòàð-
íûõ îáúåìîâ (ðèñ. 6â). Äëÿ ýòîãî íà êàðòó ñ èçîáðàæåíèåì ãîðû
â âèäå ëèíèé ðàâíûõ âûñîò ðåëüåôà (ñïëîøíàÿ ëèíèÿ íà ðèñ. 6à)
è ðåëüåôà ñî ñíåãîì (ïóíêòèðíàÿ ëèíèÿ íà ðèñ. 6à) íàíåñåì ñåòêó.
Çàòåì äëÿ êàæäîãî óçëà ñåòêè íàéäåì êîîðäèíàòû x, y, zñ è zð. zñ

� òðåòüÿ êîîðäèíàòà (âûñîòà) óçëà ñåòêè îòíîñèòåëüíî ëèíèé
ðàâíûõ âûñîò ðåëüåôà ñî ñíåãîì, zð òðåòüÿ êîîðäèíàòà (âûñîòà)
óçëà ñåòêè îòíîñèòåëüíî ëèíèé ðàâíûõ âûñîò ðåëüåôà áåç ñíåãà.

Äëÿ îïðåäåëåíèÿ òðåòüåé êîîðäèíàòû íóæíî óñòàíîâèòü ê êà-
êèì äâóì ëèíèÿì ðàâíûõ âûñîò áëèæå âñåãî íàõîäèòñÿ òåêóùèé
óçåë ñåòêè è âû÷èñëèòü ñîáñòâåííóþ âûñîòó, íà êîòîðîì îí
íàõîäèòñÿ ïî ôîðìóëå:

         
22

12

21

2121 HH

RR

RRHH
H

−⋅
+
−++= ,           (8)

ãäå Í � âûñîòà òåêóùåãî óçëà ñåòêè; Í1 è Í2 � çíà÷åíèÿ âûñîò
(ðåëüåôà ñî ñíåãîì èëè áåç), ëèíèè êîòîðûõ íàõîäÿòñÿ áëèæå âñåõ
ê èíòåðåñóþùåìó óçëó; R1 è R2 � ðàññòîÿíèÿ îò òåêóùåãî óçëà
äî áëèæàéøèõ ëèíèé ðàâíûõ âûñîò Í1 è Í2 ñîîòâåòñòâåííî.

Ïîñëå òîãî, êàê âñå 4 êîîðäèíàòû âñåõ óçëîâ ñåòêè ïîëó÷åíû,
ìîæíî âû÷èñëèòü ýëåìåíòàðíûå îáúåìû ðåëüåôà è ðåëüåôà ñî
ñíåãîì. Åñëè âîçüìåì ÷àñòü îò ýëåìåíòàðíîãî îáúåìà, êîòîðàÿ
ïîêàçàíà íà ðèñ. 6ã, òî çíà÷åíèå åå îáúåìà âû÷èñëÿåòñÿ ïî ôîðìóëå:

   
6

))()())((3( 2
23

2
121213

2 zzzzzzzzl
Vi

−+−−−−⋅= ,    (9)

ãäå êîîðäèíàòû zi (i = 1, 2, 3) ïðè âû÷èñëåíèè îáúåìà ðåëüåôà
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ñî ñíåãîì ïðåäñòàâëÿþò ñîáîé zci , à ïðè âû÷èñëåíèè îáúåìà
ðåëüåôà áåç ñíåãà ðàâíû zi = zði.

Îáúåì ñíåãîçàïàñà âû÷èñëÿåòñÿ ïî ôîðìóëå:

         




−





= ∑∑ +

ii

ViViV ðåëüåô àðåëåô àñíåãà .         (10)

Àâòîðàìè ïðåäëîæåíà â ðàáîòå [1] ìåòîäèêà ðàñ÷åòà ëèíèé
ðàâíûõ çíà÷åíèé çàñíåæåííîãî ðåëüåôà, îñíîâàííàÿ íà èñïîëüçî-
âàíèè ðåçóëüòàòîâ àâèàñúåìêè äàííîé ìåñòíîñòè. Ýòà ìåòîäèêà
ìîæåò áûòü èñïîëüçîâàíà ïðè âîññòàíîâëåíèÿ ïóíêòèðíûõ ëèíèé
èçîâûñîò (ðèñ. 7).

Ðèñ. 7. Íàíåñåíèå ñåòêè è ñ÷èòûâàíèå êîîðäèíàò
ïîëó÷èâøèõñÿ óçëîâ ñåòêè.

Íèæå ïðèâîäèòñÿ ôðàãìåíò ëèñòèíãà àâòîðñêîé ïðîãðàììû,
êîòîðàÿ ïðîèçâîäèò ðàñïîçíàâàíèå ðåëüåôà: ïî èìåþùèìñÿ àýðî-
ñíèìêàì îïðåäåëÿåò ðåàëüíûå ïàðàìåòðû ðåëüåôà:

unit uPhoto;
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interface
uses
 Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms,

Dialogs,
 StdCtrls, ComCtrls, ExtCtrls, Buttons;
...
implementati.6)on
uses uSnow;
{$R *.DFM}
var

H s ,F ,A2O2 ,A1O1 , f i 1 , f i 2 , h g , a l p h a ,
b1,bb2,cc1,cc2,dd1,dd2,ss,teta1,teta2,aaa,aprom,

fi11,fi22,H11,H22,FF,hgg,alphaa,A1O11,A2O22, AN,AK,
a,b,c,d,fff,g,OA,AO1,AO2,D11,D22,teta11,teta22,OO1,OO2: real;
 ug: integer;

//ðåøåíèå ïðÿìîé çàäà÷è (ïî äàííûì ñíèìêîâ âîññòàíîâèòü
ïàðàìåòðû //ðåëüåôà )

procedure TfrmStereo.RelefParam;
begin
 teta1:=arctan(A1O1/F)*180/pi;
 AK:= Hs/(sin(teta1*pi/180)*cos(fi1*pi/180)+ cos(teta1*pi/

180)*sin(fi1*pi/180));
 dd1:=cos(teta1*pi/180)*AK; teta2:=arctan(A2O2/F)*180/pi;
 AN:= Hs/(sin(teta2*pi/180)*cos(fi2*pi/180)+ cos(teta2*pi/

180)*sin(fi2*pi/180));
 dd2:=cos(teta2*pi/180)*AN;
 a:=dd2*A2O2*cos(fi1*pi/180); b:=dd2*A2O2*sin(fi1*pi/180);

c:=dd1*A1O1*cos(fi2*pi/180); d:=dd1*A1O1*sin(fi2*pi/180);
 fff:=a-c; g:=b-d;
 alpha:=-ArcTan (g/fff)*180/pi; hg:=(dd1*A1O1*sin(alpha*pi/180))/

(F*sin(alpha*pi/180
 +fi1*pi/180));
 frmStereo.Edit14.Text:=floattostr(hg);

frmStereo.Edit15.Text:=floattostr(alpha);
end;
//ðåøåíèå îáðàòíîé çàäà÷è (ïî èçâåñòíûì ïàðàìåòðàì ðåëüåôà

îïðåäåëÿåì //çíà÷åíèÿ âûñîòû ãîðû íà àýðîñíèìêå)



92

Åêîëîã³÷íà áåçïåêà òà ïðèðîäîêîðèñòóâàííÿ

procedure TfrmStereo.PhotoParam;
begin
OA:=hgg/sin(alphaa*pi/180);
AO2:=hgg*cos(pi/2-alphaa*pi/180-fi22*pi/180)/sin(alphaa*pi/180);
AO1:=hgg*cos(pi/2-alphaa*pi/180-fi11*pi/180)/sin(alphaa*pi/180);
OO2:=sqrt(sqr(OA)-sqr(AO2));OO1:=sqrt(sqr(OA)-sqr(AO1));
D22:=((H11-hgg)/sin(fi22*pi/180))-OO2;D11:=((H11-hgg)/

sin(fi11*pi/180))-OO1;
teta22:=(180/pi)*ArcTan(AO2/D22);A2O22:=
(sin(teta22*pi/180)/cos(teta22*pi/180))/FF;
teta11:=(180/pi)*ArcTan(AO1/D11);A1O11:=
(sin(teta11*pi/180)/cos(teta11*pi/180))/FF;
frmStereo.Edit6.Text:=floattostr(A1O11);frmStereo.Edit8.Text:=floattostr(A2O22);
end;
procedure TfrmStereo.SpeedButton2Click(Sender: TObject);
begin
fi22:=strtofloat(Edit13.Text);FF:=strtofloat(Edit11.Text);fi11:=strtofloat(Edit9.Text);
H11:=strtofloat(Edit10.Text);hgg:=strtofloat(Edit12.Text);
alphaa:=strtofloat(Edit16.Text);
PhotoParam;
end;
procedure TfrmStereo.SpeedButton1Click(Sender: TObject);
begin
fi1:=strtofloat(Edit1.Text);Hs:=StrtoFloat(Edit2.Text);A1O1:=strtofloat(Edit3.Text);
F:=strtofloat(Edit4.Text);fi2:=strtofloat(Edit5.Text);A2O2:=strtofloat(Edit7.Text);
RelefParam;
end;
end.

* * *

1. Ïèñàðåíêî Â.Ã., Ïèñàðåíêî Þ.Â. Íåêîòîðûå çàäà÷è ïðîåêòèðî-
âàíèÿ ãåîèíôîðìàöèîííûõ ñèñòåì àïðãíîçèðîâàíèÿ ìåòåîáåäñòâèé.
� Ê.: ÒÎÂ «Àðèìîéÿ», 2002. � 105 ñ.

2. Øìåòåð Ñ.Ì. Òåðìîäèíàìèêà è ôèçèêà êîíâåêòèâíûõ îáëà-
êîâ. � Ë.:  Ãèäðîìåòåîèçäàò, 1987. � 268 ñ.

Îòðèìàíî: 12.09.2008 ð.
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ÓÄÊ 551.465

ÐÀÑÏÎÇÍÀÂÀÍÈÅ ÇÀÃÐßÇÍÅÍÈÉ ÌÎÐÑÊÈÕ
ÀÊÂÀÒÎÐÈÉ  Ñ ÈÑÏÎËÜÇÎÂÀÍÈÅÌ ÈÑÊÓÑÑÒÂÅÍÍÛÕ

ÄÅØÈÔÐÎÂÎ×ÍÛÕ ÏÐÈÇÍÀÊÎÂ

Ã.ß. Êðàñîâñêèé, ä-ð òåõí. íàóê
(Èíñòèòóò ïðîáëåì íàöèîíàëüíîé áåçîïàñíîñòè

ÐÍÁÎ Óêðàèíû)
À.Í. Òðîôèì÷óê, ä-ð òåõí. íàóê

(Èíñòèòóò òåëåêîììóíèêàöèé è
ãëîáàëüíîãî èíôîðìàöèîííîãî ïðîñòðàíñòâà

ÍÀÍ Óêðàèíû)
Â.À. Ñëîáîäÿí

À.Í. Áðàøåâàí
Íàöèîíàëüíûé àýðîêîñìè÷åñêèé óíèâåðñèòåò

èì. Í.Å. Æóêîâñêîãî «ÕÀÈ»)

Ïðåäëîæåí àëãîðèòì àâòîìàòè÷åñêîãî ðàñïîçíàâàíèÿ òèïîâ çàãðÿçíå-
íèé íà ìîðñêîé ïîâåðõíîñòè, îñíîâàííûé íà ìåòîäå âûäåëåíèÿ ïðèçíàêîâ
ïî âçàèìíîé êîððåëÿöèè âûäåëåííîãî êîíòóðà è êîíòóðîâ òåñòîâûõ ôèãóð.
Ðàçðàáîòàííàÿ ìåòîäèêà äàåò âîçìîæíîñòü ñ äîñòàòî÷íîé âåðîÿòíîñòüþ
îïðåäåëèòü õàðàêòåð àíîìàëüíîãî ÿâëåíèÿ ìîðñêèõ àêâàòîðèÿõ.

Çàïðîïîíîâàíî àëãîðèòì àâòîìàòè÷íîãî ðîçï³çíàâàííÿ òèï³â çàáðóä-
íåíü íà ìîðñüê³é ïîâåðõí³, îñíîâàíèé íà ìåòîä³ âèä³ëåííÿ îçíàê ïî âçàºìí³é
êîðåëÿö³¿ âèä³ëåíîãî êîíòóðó é êîíòóð³â òåñòîâèõ ô³ãóð. Ðîçðîáëåíà
ìåòîäèêà äàº ìîæëèâ³ñòü ³ç äîñòàòíüîþ éìîâ³ðí³ñòþ âèçíà÷èòè õàðàê-
òåð àíîìàëüíîãî ÿâèùà ìîðñüêèõ àêâàòîð³ÿõ.

The algorithm of automatic recognition of types of pollution on the sea surface,
based on a method of allocation of signs on mutual correlation of the allocated
contour and contours of test figures is offered. The developed technique gives
the chance with sufficient probability to define character of the abnormal
phenomenon sea water areas.

Ââåäåíèå
Îñíîâíûìè  ôàêòîðàìè  àíòðîïîãåííîãî çàãðÿçíåíèÿ ìîðÿ ÿâ-

ëÿþòñÿ: ðå÷íîé ñòîê; áåðåãîâîé ñòîê; àáðàçèÿ áåðåãîâ; ðàçëèâû

 Ã.ß. Êðàñîâñêèé, À.Í. Òðîôèì÷óê, Â.À. Ñëîáîäÿí, À.Í. Áðàøåâàí, 2008
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íåôòè è íåôòåïðîäóêòîâ ðàçíîãî ïðîèñõîæäåíèÿ [1]. Â ïåðâóþ
î÷åðåäü, èíòåíñèâíîìó çàãðÿçíåíèþ ïîäâåðãàþòñÿ ïðèáðåæíûå
âîäû. Äëÿ ïîâûøåíèÿ ýôôåêòèâíîñòè ìîíèòîðèíãà èõ ýêîëîãè-
÷åñêîãî ñîñòîÿíèÿ íåîáõîäèìî áûñòðî è ýôôåêòèâíî îïðåäåëÿòü
òèï çàãðÿçíåíèé, à òàêæå èõ ãåíåçèñ è ñëåäñòâèÿ. Ýòî ìîæíî
ñäåëàòü íà îñíîâå òåìàòè÷åñêîãî äåøèôðèðîâàíèÿ êîñìè÷åñêèõ
ñíèìêîâ.

Áàçèðóÿñü íà ïðàêòè÷åñêîì îïûòå òåìàòè÷åñêîé îáðàáîòêè êîñ-
ìè÷åñêèõ ñíèìêîâ ñ ðàçíûìè òèïàìè çàãðÿçíåíèé, âûäåëåíû íàè-
áîëåå èíôîðìàòèâíûå åñòåñòâåííûå äåøèôðîâî÷íûå ïðèçíàêè êàæ-
äîãî òèïà çàãðÿçíåíèÿ, õàðàêòåðíûå äëÿ ×åðíîãî è Àçîâñêîãî ìîðåé.
Âñå îíè ñèñòåìàòèçèðîâàíû è îïèñàíû ñëîâåñíî [2]. Îäíàêî, äëÿ
ýôôåêòèâíîãî ìîíèòîðèíãà ìîðñêèõ àêâàòîðèé îêàçûâàåòñÿ íåäî-
ñòàòî÷íûì ïðèìåíåíèå òîëüêî åñòåñòâåííûõ äåøèôðîâî÷íûõ ïðè-
çíàêîâ. Äëÿ àâòîìàòèçàöèè ïðîöåññà èäåíòèôèêàöèè àíîìàëüíîãî
ÿâëåíèÿ íà ìîðñêîé ïîâåðõíîñòè íåîáõîäèìî âûäåëåíèå
èñêócñòâåííûõ äåøèôðîâî÷íûõ ïðèçíàêîâ.

1. Èññëåäîâàíèå èíôîðìàòèâíîñòè òåñòîâûõ ôèãóð
ñ ïðèìåíåíèåì âåðîÿòíîñòíîãî àíàëèçà ïðèçíàêîâ

Äëÿ äîñòèæåíèÿ öåëè ïðåäëîæåí ìåòîä âûäåëåíèÿ ïðèçíà-
êîâ ïî âçàèìíîé êîððåëÿöèè èññëåäóåìîãî êîíòóðà è êîíòó-
ðîâ íàáîðà òåñòîâûõ ôèãóð. Òàêîé ïîäõîä èñïîëüçîâàëñÿ,
íàïðèìåð, â ðàñïîçíàâàíèè ðóêîïèñíîãî òåêñòà [3, 4]. Íà îñíîâå
ïîëó÷åííûõ â [5] ðåçóëüòàòîâ ðàçðàáîòàí àëãîðèòì àâòîìèòè-
÷åñêîãî îïðåäëåíèÿ òèïà çàãðÿçíåíèÿ.

Êîððåëÿöèîííûé àíàëèç òåñòîâûõ ôèãóð ïîêàçàë, ÷òî èç 10
ïðåäëîæåííûõ ôèãóð (ðèñ. 1) äëÿ äàëüíåéøåãî àíàëèçà öåëå-
ñîîáðàçíî èñïîëüçîâàòü 8, ò.ê. äâå èç íèõ êîððåëèðîâàíû ñî
âñåìè îñòàëüíûìè ôèãóðàìè [5].

Èñïîëüçóÿ ìåòîä, îïèñàííûé â [5], áûëè ñôîðìèðîâàíû
âûáîðêè äàííûõ äëÿ êàæäîãî òèïà çàãðÿçíåíèÿ. Çàãðÿçíåíèÿ
îäíîãî òèïà áûëè îáúåäåíåíû â ñóììàðíóþ âûáîðêó. Ïî
ïîëó÷åííûì äàííûì ñòðîèëèñü ãèñòîãðàììû, îïðåäåëÿëèñü
çíà÷åíèÿ ìàòåìàòè÷åñêîãî îæèäàíèÿ è äèñïåðñèè êàæäîãî êëàññà
ïðè èññëåäîâàíèè êàæäîé òåñòîâîé ôèãóðû. Àíàëèç ïîêàçàë, ÷òî
èññëåäóåìûå çàêîíû ðàñïðåäåëåíèÿ ìîæíî ñ÷èòàòü íîðìàëüíûìè
(ðèñ. 1.1).
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Äëÿ äàëüíåéøåãî àíàëèçà â êà÷åñòâå ðåøàþùåãî ïðàâèëà áûë
âûáðàí áàéåñîâñêèé êëàññèôèêàòîð (1.1) [6]. Ñî ñòàòèñòè÷åñêîé
òî÷êè çðåíèÿ îí ñîîòâåòñòâóåò îïòèìàëüíîìó êà÷åñòâó êëàññèôè-
êàöèè.

∑
=

=
M

j

j

k
k

axf

axf
xaP

1

)(

)(
)(

r

r
r

         (1)

ãäå )( xaP k

r
 � àïîñòåðèîðíàÿ âåðîÿòíîñòü.

Ðàñ÷åò âåðîÿòíîñòåé ïî ôîðìóëå Áàéåñà äàë âîçìîæíîñòü
ñôîðìèðîâàòü ìàòðèöû îøèáîê îïðåäåëåíèÿ òèïîâ çàãðÿçíå-
íèé ïî êàæäîé òåñòîâîé ôèãóðå.  Àíàëèç ïîëó÷åííûõ ðåçóëü-
òàòîâ ïîçâîëèë âûäåëèòü íàèáîëåå èíôîðìàòèâíûå òåñòîâûå
ôèãóðû � òðåóãîëüíèê, êâàäðàò è ïÿòèóãîëüíèê. Âåðîÿòíîñòü
ïðàâèëüíîãî ðàñïîçíàâàíèÿ òèïîâ çàãðÿçíåíèé ïî ýòèì ôèãó-
ðàì âàðüèðóþò îò 0,6 äî 0,9 (òàáë. 1.1).

2. Àëãîðèòì ðàñïîçíàâàíèÿ òèïîâ çàãðÿçíåíèé
ìîðñêèõ àêâàòîðèé

Ðåçóëüòàòû êîððåëÿöèîííîãî è âåðîÿòíîñòíîãî àíàëèçà èñ-
ïîëüçîâàëèñü äëÿ ïîñòðîåíèÿ àëãîðèòìà îïðåäåëåíèÿ òèïîâ
çàãðÿçíåíèé ìîðñêèõ àêâàòîðèé (ðèñ. 2.1). Ïðîöåññ ðàñïîçíà-
âàíèÿ ïðè÷èíû àíîìàëüíîãî ÿâëåíèÿ íà ìîðñêîé ïîâåðõíîñòè
âêëþ÷àåò â ñåáÿ ñëåäóþùèå ýòàïû:

  

à á

Ðèñ. 1.1. Ïëîòíîñòè ðàñïðåäåëåíèÿ òèïîâ çàãðÿçíåíèÿ
äëÿ êâàäðàòà (à) è ïÿòèóãîëüíèêà (á)
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Òàáëèöà 1.1 � Ìàòðèöû îøèáîê ïî âûäåëåííûì
òåñòîâûì ôèãóðàì

Àáðàçèÿ

áåðåãà

«Öâåòåíèå»

ôèòî-

ïëàíêòîíà

Ðå÷íîé

ñòîê

Íåôòÿíûå

çàãðÿçíå-
íèÿ

Áåðåãîâîé

ñòîê
ÏßÒÈ-

ÓÃÎËÜÍÈÊ

1 2 3 4 5
1 Àáðàçèÿ áåðåãà 0,31 0,06 0,11 0,26 0,26
2 Öâåòåíèå

ôèòîïëàíêòîíà
0,06 0,80 0,12 0,01 0,01

3 Ðå÷íîé ñòîê 0,19 0,45 0,16 0,09 0,10
4 Íåôòÿíûå

çàãðÿçíåíèÿ
0,01 0 0 0,85 0,14

5 Áåðåãîâîé ñòîê 0,18 0 0,01 0,46 0,35

Àáðàçèÿ

áåðåãà

«Öâåòåíèå»

ôèòî-

ïëàíêòîíà

Ðå÷íîé

ñòîê

Íåôòÿíûå

çàãðÿçíå-
íèÿ

Áåðåãîâîé

ñòîêÊÂÀÄÐÀÒ

1 2 3 4 5
1 Àáðàçèÿ áåðåãà 0,62 0,18 0,01 0 0,18
2 Öâåòåíèå

ôèòîïëàíêòîíà
0,35 0,51 0,01 0,05 0,08

3 Ðå÷íîé ñòîê 0,08 0,03 0,77 0,01 0,12
4 Íåôòÿíûå

çàãðÿçíåíèÿ
0,24 0,28 0,19 0,12 0,16

5 Áåðåãîâîé ñòîê 0,05 0 0,01 0 0,93

1. Ïîëó÷åíèå êîñìè÷åñêèõ ñíèìêîâ ×åðíîãî è Àçîâñêîãî ìî-
ðåé;

2. Âûäåëåíèå êîíòóðà àíîìàëüíîãî ó÷àñòêà íà ìîðñêîé
ïîâåðõíîñòè;

3. Ïðåîáðàçîâàíèå êîíòóðà ôèãóðû â ðàçâåðòêó;
4. Àïïðîêñèìàöèÿ êîíòóðà;
5. Ñîçäàíèå ìàòåìàòè÷åñêîé ìîäåëè âûäåëåííîãî êîíòóðà;
6. Ðàñ÷åò êîýôôèöèåíòîâ êîððåëÿöèè èññëåäóåìîãî ïÿòíà è

îòîáðàííûõ äëÿ àíàëèçà òåñòîâûõ ôèãóð (òðåóãîëüíèê, êâàä-
ðàò, ïÿòèóãîëüíèê);

7. Ðàñ÷åò âåðîÿòíîñòåé òèïîâ çàãðÿçíåíèé ïî îäíîìåðíûì,
äâóõìåðíûì è òðåõìåðíûì ïëîòíîñòÿì ðàñïðåäåëåíèÿ;

8. Îïðåäåëåíèå ìàêñèìàëüíîãî çíà÷åíèÿ âåðîÿòíîñòè è ïðèíàä-
ëåæíîñòè èññëåäóåìîãî ïÿòíà ê îäíîìó èç êëàññîâ çàãðÿçíåíèé.
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Ìàòåìàòè÷åñêèå 

ìîäåëè òåñòîâûõ 

ôèãóð

 Îïðåäåëåíèå âåðîÿòíîñòè 

òèïà çàãðÿçíåíèÿ

Âûäåëåíèå êîíòóðà 

àíîìàëüíîãî ó÷àñòêà

Êîñìè÷åñêèå ñíèìêè 

ìîðñêèõ àêâàòîðèé

Ïðåîáðàçîâàíèå êîíòóðà 

ôèãóðû â ðàçâåðòêó

Ìàòåìàòè÷åñêàÿ ìîäåëü 

âûäåëåííîãî ïÿòíà

Àïïðîêñèìàöèÿ êîíòóðà

Ðàñ÷åò êîýôôèöèåíòîâ 

êîððåëÿöèè

Ðåçóëüòàòû ðàñ÷åòîâ

Ïåðñïåêòèâíîñòü èñïîëüçîâàíèÿ ìåòîäîâ äèñòàíöèîííîãî
çîíäèðîâàíèÿ äëÿ ðåøåíèÿ çàäà÷ ìîíèòîðèíãà ìîðñêèõ àêâà-
òîðèé îñíîâàíà íà âîçìîæíîñòè ðåãèñòðàöèè ñîâðåìåííîé
äèñòàíöèîííîé àïïàðàòóðîé øèðîêîãî ñïåêòðà çíà÷àùèõ ïà-
ðàìåòðîâ âîäíîé ñðåäû. Ê íèì îòíîñÿòñÿ, ïðåæäå âñåãî: âàðè-
àöèè ãèäðîîïòè÷åñêèõ õàðàêòåðèñòèê, â ïåðâóþ î÷åðåäü öâåòà
è ìóòíîñòè; èçìåíåíèÿ ãèäðîäèíàìè÷åñêèõ ïàðàìåòðîâ; âàðè-
àöèè òåìïåðàòóðû. Ïðèìåðû ðåãèñòðàöèè ãèäðîîïòè÷åñêèõ
ïàðàìåòðîâ ìîðñêèõ àêâàòîðèé ñðåäñòâàìè äèñòàíöèîííîãî
çîíäèðîâàíèÿ ïðåäñòàâëåíû íà ðèñ. 2.2, 2.3.

  

    Ðèñ. 2.2. Ðå÷íûå ñòîêè.            Ðèñ. 2.3. Àáðàçèÿ áåðåãà.

Ðèñ. 2.1. Àëãîðèòì ðàñïîçíà-
âàíèÿ òèïîâ çàãðÿçíåíèé.
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Âûäåëåíèå íà êîñìè÷åñêèõ ñíèìêàõ ó÷àñòêîâ âîäíîé ïîâåðõíîñòè
äîñòèãàåòñÿ ïðèìåíåíèåì ëèíåéíîé ðàçäåëèòåëüíîé ôóíêöèè

)(xd [1]





≥
<∈

0)(_,

0)(_,
)(

2

1

Idåñëèw

Idåñëèw
IX ,

ãäå 33220)( IWIWWxd ++= , 2I  è 3I � çîíàëüíûå ÿðêîñòè èçîá-
ðàæåíèÿ ñîîòâåòñòâåííî â êàíàëàõ ñúåìêè Ê2 è Ê3; 0W , 2W ,

3W  � ïîñòîÿííûå êîýôôèöèåíòû (êîìïîíåíòû âåñîâîãî âåê-
òîðà W

r

), çíà÷åíèÿ êîòîðûõ ïðèáëèçèòåëüíî îöåíèâàþò ïî
äâóìåðíîé ãèñòîãðàììå ÿðêîñòè.

Óòî÷íåíèå çíà÷åíèé êîìïîíåíòîâ âåêòîðà W
r

äîñòèãàåòñÿ ïðè
ïîìîùè èòåðàòèâíûõ ïðîöåäóð òåîðèè ðàñïîçíàâàíèÿ îáðà-
çîâ, íàïðèìåð, ìåòîäàìè êîððåëèðóþùèõ ïðèðàùåíèé èëè
íàèìåíüøåé êâàäðàòè÷íîé îøèáêè.

Êàðòîãðàôèðîâàíèå ïÿòíèñòîñòè àêâàòîðèé ñîñòîèò â âûäåëå-
íèè ó÷àñòêîâ êîñìè÷åñêèõ èçîáðàæåíèé âîäíîé ïîâåðõíîñòè
ñ îäíîðîäíûìè â çàäàííîì ñìûñëå õàðàêòåðèñòèêàìè ñïåêò-
ðàëüíîé ÿðêîñòè. Â îáùåì ñëó÷àå ïî îäíîìó ñïóòíèêîâîìó
èçîáðàæåíèþ ìîæåò áûòü ïîñòðîåíî íåêîòîðîå ìíîæåñòâî
êàðòîãðàôè÷åñêèõ ìîäåëåé, îòëè÷àþùèõñÿ ñòåïåíüþ ãåíåðàëè-
çàöèè ïîêàçàòåëåé ïÿòíèñòîñòè àêâàòîðèè. Èçâåñòåí ðÿä ïóá-
ëèêàöèé, ïîñâÿùåííûõ ðàçðàáîòêå àëãîðèòìîâ âûäåëåíèÿ íà
êîñìè÷åñêèõ ñíèìêàõ àêâàòîðèé ãðàíèö îäíîðîäíûõ ïðèðîä-
íûõ îáðàçîâàíèé [2]. Â ðàññìàòðèâàåìûõ ïðèëîæåíèÿõ äëÿ
ýòîé öåëè ìîæíî èñïîëüçîâàòü êëàññ àëãîðèòìîâ, îñíîâàííûõ
íà áàéåñîâñêèõ ðåøàþùèõ ïðàâèëàõ [2]

∑
=

ωρ⋅ωρ

ωρ⋅ωρ=γω
km

i

ii

ii
i

u

u
P

1

)()1(

)()1(
)1( .

Çäåñü  )( iωρ � àïðèîðíàÿ âåðîÿòíîñòü òîãî, ÷òî ïîâåðõíî-
ñòíûå âîäû íà ó÷àñòêå pS  îòíîñÿòñÿ ê êëàññó iω ; )1( iu ωρ �
óñëîâíàÿ ïëîòíîñòü ðàñïðåäåëåíèÿ ÿðêîñòè ó÷àñòêà â ñîñòîÿ-
íèè iω ; )1( γωiP � àïîñòåðèîðíàÿ âåðîÿòíîñòü.



99

ÏðåðîìàíòèçìÐîçä³ë 1. Åêîëîã³÷íà áåçïåêà

Ýòî ïðàâèëî èñïîëüçóåòñÿ ïðè ïðèíÿòèè ðåøåíèÿ îá îòíåñåíèè
ðàññìàòðèâàåìîãî ýëåìåíòà ê îäíîìó èç êëàññîâ ìíîæåñòâà.

Äëÿ ðåøåíèÿ ïîñòàâëåííîé çàäà÷è íåîáõîäèìî âûïîëíèòü
ïîñòðîåíèå ñòàòèñòè÷åñêîé ìîäåëè âûäåëåííûõ ïàðàìåòðîâ
èçîáðàæåíèÿ [7]. Îäíàêî, çàêîíû ðàñïðåäåëåíèÿ ðåàëüíûõ
ýêñïåðèìåíòàëüíûõ äàííûõ ÿâëÿþòñÿ ìíîãîìîäîâûìè (ìóëü-
òèìîäàëüíûìè).

Îäíèì èç ìåòîäîâ àïïðîêñèìàöèè ìíîãîìîäîâûõ çàêîíîâ
ðàñïðåäåëåíèÿ ÿâëÿåòñÿ ïðèìåíåíèå ñìåñåé íîðìàëüíûõ ðàñ-
ïðåäåëåíèé âèäà [7]

∑∑
== σ⋅π⋅









σ⋅
−−

⋅=ϕ⋅=
M

k k

k

k

k

M

k

kk

mx

pxpxf

1
2

2

2

1 2

2

)(
exp

)()( ,

ãäå M � êîëè÷åñòâî íîðìàëüíûõ ÿäåð )(xkϕ , km , kσ  � ïàðà-
ìåòðû k-ãî íîðìàëüíîãî ðàñïðåäåëåíèÿ )(xkϕ , kp  � âåñîâûå
êîýôôèöèåíòû, îáåñïå÷èâàþùèå âûïîëíåíèå òðåáîâàíèÿ

∫ = 1)( dxxf .

Ïðîöåäóðà íàõîæäåíèÿ ïàðàìåòðîâ M, km , kσ , kp  îñíîâû-
âàåòñÿ íà ìèíèìèçàöèè ñðåäíåêâàäðàòè÷åñêîé îøèáêè àï-
ïðîêñèìàöèè.

Â êà÷åñòâå ýêñïåðèìåíòàëüíîé îöåíêè ïëîòíîñòè âåðîÿòíî-
ñòè èñïîëüçóåòñÿ ãèñòîãðàììà ýêñïåðèìåíòàëüíûõ äàííûõ.

Ïîñòðîåíèå ìíîãîìîäîâîé ñòàòèñòè÷åñêîé ìîäåëè äàííûõ
âêëþ÷àåò â ñåáÿ ñëåäóþùèå ýòàïû:

1. îïðåäåëåíèå êîëè÷åñòâà ñîñòàâëÿþùèõ â ñìåñè ðàñïðåäå-
ëåíèÿ M; îïðåäåëåíèå ñòàòèñòè÷åñêèõ îöåíîê ïàðàìåòðîâ km ,

kσ  äëÿ êàæäîé èç ìîä ðàñïðåäåëåíèÿ Mk K1= ;
3. îïðåäåëåíèå âåñîâûõ êîýôôèöèåíòîâ äëÿ êàæäîé èç ñî-

ñòàâëÿþùèõ ñìåñü ðàñïðåäåëåíèÿ kp , Mk K1= .
Â äàííîé ðàáîòå íåîáõîäèìî âûäåëèòü àíîìàëüíûé ó÷àñòîê íà

ïîâåðõíîñòè ìîðñêèõ àêâàòîðèé. Äëÿ ðåøåíèÿ ýòîé çàäà÷è èñ-
ïîëüçóåòñÿ ìåòîä, îïèñàííûé â [8]. Çäåñü ó÷èòûâàþòñÿ ïàðàìåòðû
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îáðàáîòêè: ðàçìåð îêðóæåíèÿ ïèê-
ñåëà ïðè óñðåäíåíèè èíòåíñèâíîñ-
òè (óñòàíîâêà ÷óâñòâèòåëüíîñòè) è
äîïóñòèìîãî îòðåçêà çíà÷åíèé èç-
ìåíåíèé öâåòà.

Âûäåëåííûé àíîìàëüíûé ó÷àñ-
òîê íåîáõîäèìî îêîíòóðèòü, à
êîíòóð âåêòîðèçèðîâàòü. Äëÿ ðå-
øåíèÿ ýòîé çàäà÷è áûë ðàçðàáî-
òàí àëãîðèòì âåêòîðèçàöèè êîíòó-
ðîâ âûäåëåííûõ ó÷àñòêîâ,
ïðåäñòàâëåííûé íà ðèñ. 2.4. Â
ðåçóëüòàòå îêîíòóðèâàíèÿ àíîìàëü-
íûõ ïÿòåí â ôàéë ñîõðàíÿþòñÿ
êîîðäèíàòû êàæäîé òî÷êè êîíòóðà
(xi, yi, i=1, N, ãäå N � êîëè÷åñòâî
òî÷åê êîíòóðà).

Ðåçóëüòàòû ïðèìåíåíèÿ ðàçðà-
áîòàííîãî àëãîðèòìà ïðåäñòàâëå-
íû íà ðèñ. 2.5, 2.6. Íà ðèñ. 2.5
ïðèâåäåí êîíòóð ðå÷íîãî ñòîêà,
âûäåëåííîãî ñî ñíèìêà, ïðåäñòàâ-
ëåííîãî íà ðèñ. 2.2. Íà ðèñ. 2.6
ïðèâåäåí êîíòóð àáðàçèè áåðåãà,
ïîëó÷åííûé â ïðîöåññå îáðàáîò-
êè ñíèìêà, ïðåäñòàâëåííîãî íà
ðèñ. 2.3.

Íà ðèñ. 2.7, 2.8 ïðåäñòàâëåíû
ðàçâåðòêè êîíòóðîâ (ðèñ. 2.5, 2.6
ñîîòâåòñòâåííî) ïî îñÿì X è Y.
Ïîëó÷åííûå äàííûå èñïîëüçî-
âàëèñü äëÿ àïïðîêñèìàöèè âû-
äåëåííûõ êîíòóðîâ.

Äëÿ àïïðîêñèìàöèè êîíòóðà
èñïîëüçîâàëñÿ ìåòîä íàèìåíü-
øèõ êâàäðàòîâ [6]:

 Âûáîð ñòàðòîâîé òî÷êè

Ïîèñê îáëàñòè îêîíòóðèâàíèÿ

Âñå 

èçîáðà-
æåíèå 

îáðàáîòà-

íî?

ÑÒÎÏ

Êîíòóð 

çàìêíóò?

Âûáîð íàïðàâëåíèÿ 

îêîíòóðèâàíèÿ

Ïîèñê ñëåäóþùåé òî÷êè 

êîíòóðà

Ñîõðàíåíèå 

ðåçóëüòàòà

ÄÀ

ÍÅÒ

ÄÀÍÅÒ

Ðèñ. 2.4. Àëãîðèòì âåêòîðèçà-
öèè âûäåëåííîãî ïÿòíà.
 

X

Y

Ðèñ. 2.5. Êîíòóð ðå÷íîãî ñòîêà
 

X

Y

Ðèñ. 2.6. Êîíòóð àáðàçèè áåðåãà.
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N

X

 

N

Y

 

N

X

 N

Y

 

Ðèñ.2.7. Ðàçâåðòêà ïî îñÿì X è Y êîíòóðà ðå÷íîãî ñòîêà.

Ðèñ.2.8. Ðàçâåðòêà ïî îñÿì X è Y êîíòóðà àáðàçèè áåðåãà.

N
N xaxaaxaxF ++++= ...)( 2

20 , 

N
N ybybbybyF ++++= ...)( 2

20  

ãäå aN, bN � êîýôôèöèåíòû àïïðîêñèìàöèè, xN, yN � êîîðäèíàòû
êàæäîé òî÷êè èññëåäóåìîãî êîíòóðà.

Íà ðèñ. 2.9, 2.10 ïðåäñòàâëåíû àïïðîêñèìèðîâàííûå êîíòóðû.

Äëÿ ïðîâåäåíèÿ ñëåäóþùèõ èññëåäîâàíèé ñòðîèëàñü ìàòå-
ìàòè÷åñêàÿ ìîäåëü êîíòóðà, ïðè ýòîì èññëåäîâàëàñü çàâèñè-
ìîñòü âåêòîðà (vec) (îò íà÷àëà êîîðäèíàò äî êàæäîé òî÷êè
êîíòóðà) îò ïðèðàùåíèÿ óãëà ìåæäó ñîñåäíèìè âåêòîðàìè (θ)
(ðèñ. 2.9, 2.10). Â ðåçóëüòàòå ôîðìèðóþòñÿ ìàòåìàòè÷åñêèå
ìîäåëè, âèä êîòîðûõ ïðåäñòàâëåí íà ðèñ. 2.11, 2.12.

22
iii yxvec += ,

 

X(N)

Y(N)

Vec 1

Vec 2�1

Ðèñ. 2.9. Àïïðîêñèìèðîâàííûé
êîíòóð  ðå÷íîãî ñòîêà.

 

X(N)

Y(N)

Vec 1

Vec 2

�1

Ðèñ. 2.10. Àïïðîêñèìèðîâàííûé
êîíòóð àáðàçèè áåðåãà.
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Ðèñ. 2.11. Ìàòåìàòè÷åñêàÿ ìîäåëü
 êîíòóðà ðå÷íîãî ñòîêà.

 

dQ

Vec

Ðèñ. 2.12. Ìàòåìàòè÷åñêàÿ ìîäåëü
êîíòóðà àáðàçèè áåðåãà.
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Ðàñ÷åò êîýôôèöèåíòîâ êîððåëÿöèè ìåæäó èññëåäóåìûì
ïÿòíîì è ïðåäëîæåííûìè òåñòîâûìè ôèãóðàìè äàåò çíà÷åíèÿ
ôóíêöèè ),,( 321 kxxxf . Ðàñ÷åò ïðîâîäèëñÿ ïî ôîðìóëå [9]:

21

),( 21
12

xx

xxK
r

σ⋅σ
= ; 11 ≤≤− r ,

ãäå 12r  � íîðìèðîâàííûé êîýôôèöèåíò êîððåëÿöèè,

[ ]

∫ ∫
∞

∞−

⋅−⋅−=

=⋅==

21212211

212112

),()()(

);(

dxdxxxfxxxx

xxMxxKK &&

.

Âåðîÿòíîñòè òèïîâ çàãðÿçíåíèÿ ðàññ÷èòûâàëèñü ïî îäíî-
ìåðíûì (2.1), äâóõìåðíûì(2.2) è òðåõìåðíûì(2.3) ïëîòíîñòÿì
ðàñïðåäåëåíèÿ [9].

Îäíîìåðíàÿ ïëîòíîñòü ðàñïðåäåëåíèÿ:

2

2

2

)(

2

1
)( σ

−−

σπ
=

ax

exf .             (2.1)

Äâóìåðíàÿ ïëîòíîñòü ðàñïðåäåëåíèÿ:
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Òðåõìåðíàÿ ïëîòíîñòü ðàñïðåäåëåíèÿ:
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ãäå Ì=3; K  � îïðåäåëèòåëü ìàòðèöû [ ]K ; ijK  � àëãåáðàè-
÷åñêîå äîïîëíåíèå ýëåìåíòà K

ij.

Â êà÷åñòâå ðåøàþùåé ôóíêöèè âûáðàíà ôîðìóëà Áàéåñà
(1.1).

Îïðåäåëåíèå âåðîÿòíîñòè òèïà çàãðÿçíåíèÿ äàë ñëåäóþùèå
ðåçóëüòàòû:

ïî îäíîìåðíûì çàêîíàì ðàñïðåäåëåíèÿ
Ððå÷íîãî ñòîêà = 0,49,      Ðàáðàçèè áåðåãà=0,45;

ïî äâóõìåðíûì çàêîíàì ðàñïðåäåëåíèÿ
Ððå÷íîãî ñòîêà = 0,66,      Ðàáðàçèè áåðåãà=0,75;

ïî òðåõìåðíûì çàêîíàì ðàñïðåäåëåíèÿ
Ððå÷íîãî ñòîêà = 0,87,      Ðàáðàçèè áåðåãà=0,92.
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Çàêëþ÷åíèå

Â ñòàòüå ïðåäëîæåí àëãîðèòì ðàñïîçíàâàíèÿ òèïîâ çàãðÿçíå-
íèé ×åðíîãî è Àçîâñêîãî ìîðåé ñ ïðèìåíåíèåì òåñòîâûõ ôè-
ãóð. Ðåøåíèå äàííîé çàäà÷è îáîñíîâàíî íåîáõîäèìîñòüþ àâòî-
ìàòèçèðîâàòü ïðîöåññ êîñìè÷åñêîãî ìîíèòîðèíãà ìîðñêèõ àêâàòîðèé.
Àíàëèç ïîëó÷åííûõ ýêñïåðèìåíòàëüíûõ ðåçóëüòàòîâ ïîêàçàë, ÷òî
ïðèìåíåíèå ðàçðàáîòàííîãî àëãîðèòìà ïîçâîëÿåò èäåíòèôèöèðîâàòü
òèïû çàãðÿçíåíèé ñ äîñòàòî÷íîé âåðîÿòíîñòüþ, ÷òî äàåò âîçìîæ-
íîñòü àâòîìàòèçèðîâàòü ïðîöåññ ðàñïîçíàâàíèÿ àíîìàëüíûõ ÿâëå-
íèé íà ìîðñêîé ïîâåðõíîñòè.

* * *
1. Êðàñîâñêèé Ã.ß., Ïåòðîñîâ Â.À. Iíôîðìàö³éí³ òåõíîëîã³¿ êîñ-

ì³÷íîãî ìîí³òîðèíãó âîäíèõ åêîñèñòåì ³ ïðîãíîçó âîäîñïîæèâàííÿ
ì³ñò. � Ê.: Íàóê. äóìêà, 2003. � 224 ñ.

2. Êðàñîâñêèé Ã.ß. Àýðîêîñìè÷åñêèé ìîíèòîðèíã ïîâåðõíîñ-
òíûõ âîä. � Ë.: ÂÍÈÈÊÀÌ, 1992. � 231ñ.

3. Ãîíñàëåñ Ð., Äæ. Òó. Ïðèíöèïû ðàñïîçíàâàíèÿ îáðàçîâ:
Ïåð. ñ àíãë. � Ì.: Ìèð, 1978. � 416 ñ.

4. Ïðýòò Ó. Öèôðîâàÿ îáðàáîòêà èçîáðàæåíèé: Ïåð. ñ àíãë.
� Ì.: Ìèð, 1982. � Êí. 2. � 480 ñ.

5. Ñëîáîäÿí Â.À. Èññëåäîâàíèå èíôîðìàòèâíîñòè òåñòîâûõ
ôèãóð ñ ïðèìåíåíèåì êîððåëÿöèîííîãî àíàëèçà // Àâèàöèîí-
íàÿ è êîñìè÷åñêàÿ òåõíèêà è òåõíîëîãèÿ. � 2008. � ¹ 2 (49). �
Ñ. 89�92.

6. Âåíòöåëü Å.Ñ., Îâ÷àðîâ Ë.À. Òåîðèÿ ñëó÷àéíûõ ïðîöåññîâ è åå
èíæåíåðíûå ïðèëîæåíèÿ. � Ì.: Âûñø. øê., 2000. � 383 ñ.

7. Áðàøåâàí À.Í. Ñòàòèñòè÷åñêàÿ ìîäåëü ìíîãîìîäîâûõ ýêñ-
ïåðèìåíòàëüíûõ äàííûõ // Ðàäèîýëåêòðîííûå è êîìïüþòåðíûå
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8. Ãåëåöÿí Ä. Âåêòîðèçàöèÿ ðàñòðîâûõ èçîáðàæåíèé.
9. Ìàòåìàòè÷åñêèå ìîäåëè ýëåêòðîííûõ àïïàðàòîâ è ñèñòåì /
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ÓÄÊ 676.12

ÓÒÈËÈÇÀÖÈß ÔÈËÜÒÐÀÒÎÂ,
ÎÁÐÀÇÓÞÙÈÕÑß ÏÎÑËÅ ÓÏËÎÒÍÅÍÈß ÑÊÎÏÀ
ÂËÀÆÍÛÕ ÎÑÀÄÊÎÂ, ÊÎÒÎÐÛÅ ÎÁÐÀÇÓÞÒÑß

ÍÀ ËÎÊÀËÜÍÛÕ ÑÎÎÐÓÆÅÍÈßÕ
ÊÀÐÒÎÍÍÎ-ÁÓÌÀÆÍÎÃÎ ÏÐÎÈÇÂÎÄÑÒÂÀ

Í.Ä. Ãîìåëÿ, ä-ð òåõí. íàóê, ïðîô.
Ò.Â. Êðûñåíêî, êàíä. òåõí. íàóê

À.Ñ. Êîâàëü,  êàíä. òåõí. íàóê
(Íàöèîíàëüíûé òåõíè÷åñêèé óíèâåðñèòåò Óêðàèíû

 «Êèåâñêèé ïîëèòåõíè÷åñêèé èíñòèòóò»)

Óñòàíîâëåíî, ÷òî êàòèîííûå ôëîêóëÿíòû òèïà «Ïåðêîë», «Öå-
òàã» è «Ïîëèìèí ÑÊ» è àíèîííûå ôëîêóëÿíòû òèïà «Ìàãíîôëîê» ïðè
èñïîëüçîâàíèè â  êîíöåíòðàöèÿõ 0,1�50 ìã/äì3 íå òîêñè÷íû äëÿ àê-
òèâíîãî èëà Áîðòíè÷åñêîé ñòàíöèè àýðàöèè è î÷èñòíûõ ñîîðóæåíèé
ÎÀÎ «ÊÊÁÊ». Èçó÷åíû ôèëüòðàòû èç óñòàíîâêè ïî îáåçâîæèâàíèþ
ñêîïà è ïîêàçàíî, ÷òî èõ õàðàêòåðèñòèêè èçìåíÿþòñÿ â øèðîêèõ
ïðåäåëàõ â çàâèñèìîñòè îò õàðàêòåðà îáîðîòíûõ âîä, èç êîòîðûõ
îòäåëÿåòñÿ ñêîï. Ïîêàçàíî, ÷òî âîçâðàò ôèëüòðàòîâ â ïîòîê îáî-
ðîòíûõ âîä ïîçâîëèò ñíèçèòü ðàñõîä ðåàãåíòîâ íà îáðàáîòêó âîäû.

Âñòàíîâëåíî, ùî êàò³îíí³ ôëîêóëÿíòè òèïó «Ïåðêîë», «Öåòàã»
òà «Ïîë³ì³í ÑÊ» òà àí³îíí³ ôëîêóëÿíòè òèïó «Ìàãíîôëîê» ïðè âèêî-
ðèñòàíí³ â êîíöåíòðàö³ÿõ 0,1�50 ìã/äì3 íå òîêñè÷í³ äëÿ àêòèâíîãî
ìóëó Áîðòíè÷³âñüêî¿ ñòàíö³¿ àåðàö³¿ òà î÷èñíèõ ñïîðóä ÂÀÒ «ÊÊÏÊ».
Âèâ÷åíî ô³ëüòðàòè ç óñòàíîâêè ïî çíåâîäíåííþ ñêîïó òà ïîêàçàíî,
ùî ¿õ õàðàêòåðèñòèêè çì³íþþòüñÿ â øèðîêèõ ìåæàõ çàëåæíî â³ä õàðàê-
òåðó îáîðîòíèõ âîä, ç ÿêèõ â³ää³ëÿºòüñÿ ñêîï. Ïîêàçàíî, ùî ïîâåðíåí-
íÿ ô³ëüòðàò³â â ïîò³ê îáîðîòíèõ âîä äàñòü ìîæëèâ³ñòü çíèçèòè âèò-
ðàòó ðåàãåíò³â íà îáðîáêó âîäè.

Is established, that cation flocculant of a type «Percol», «Magnofloc»,
«Zetag» and «Polimin SÊ» at use in concentration 0,1�50 mg/dm3 not toxical
for active silt Bortnichy station of aeration and clearing structures ÎJC «ÊCPC».

 Í.Ä. Ãîìåëÿ, Ò.Â. Êðûñåíêî, À.Ñ. Êîâàëü, 2008
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Are investigated filtrates from installation on dehydration sediment and is
shown, that their characteristics change over a wide range depending on
character of reclaimed waters, from which is separated sediment. Is shown,
that the return filtrates in a flow of reclaimed waters will allow to lower the

expenditure of reagents on processing of water.

Èçâåñòíî, ÷òî ñîäåðæàíèå âçâåøåííûõ âåùåñòâ â îáîðîòíûõ
âîäàõ ïðîèçâîäñòâà áóìàãè è êàðòîíà èçìåíÿåòñÿ â øèðîêèõ ïðå-
äåëàõ, â çàâèñèìîñòè îò âèäà ïðîäóêöèè, òèïà è êà÷åñòâà ñûðüÿ,
èñïîëüçîâàíèÿ âñïîìîãàòåëüíûõ õèìè÷åñêèõ âåùåñòâ. Èçìåíÿþòñÿ
è äðóãèå õàðàêòåðèñòèêè îáîðîòíûõ âîä, òàêèå êàê: ñîäåðæàíèå
ðàñòâîðåííûõ îðãàíè÷åñêèõ âåùåñòâ, ÕÏÊ âîäû, ðåàêöèÿ ñðåäû
(ðÍ), æåñòêîñòü âîäû, ñîäåðæàíèå ìèíåðàëüíûõ âåùåñòâ, çîëüíîñòü
âçâåøåííûõ âåùåñòâ [1]. Âñå âûøåïåðå÷èñëåííûå õàðàêòåðèñòèêè
âëèÿþò, êîíå÷íî, è íà êà÷åñòâî ôèëüòðàòà, ïîëó÷àåìîãî ïðè îáåç-
âîæèâàíèè ñêîïà. Èçâåñòíî, ÷òî â çàâèñèìîñòè îò óñëîâèé îòñòà-
èâàíèÿ, êà÷åñòâà âîäû, ïîñòóïàþùåé íà ëîêàëüíûå î÷èñòíûå ñîîðó-
æåíèÿ, îáúåì âëàæíîãî îñàäêà ìîæåò èçìåíÿòüñÿ îò 8�10% äî
20�30% îò îáúåìà îáîðîòíîé âîäû [2, 3]. Ïîýòîìó ôèëüòðàò, â
îñíîâíîì, ñîñòîèò èç  îáîðîòíîé âîäû è âçâåøåííûõ âåùåñòâ, íå
óäåðæàííûõ ïðè îáåçâîæèâàíèè îñàäêà. Êðîìå õàðàêòåðèñòèê îáî-
ðîòíûõ âîä íà êà÷åñòâî ôèëüòðàòà, êîòîðûé âûäåëÿåòñÿ ïðè îáåç-
âîæèâàíèè ñêîïà, âëèÿåò ðåæèì îáåçâîæèâàíèÿ, âëàæíîñòü îáåçâî-
æåííîãî ñêîïà, êîòîðàÿ ìîæåò èçìåíÿòüñÿ îò 60�70% äî 50%.

Â öåëîì ôèëüòðàò õàðàêòåðèçóåòñÿ âûñîêîé ìóòíîñòüþ, âûñîêè-
ìè çíà÷åíèÿìè ÕÏÊ îñâåòëåííîé âîäû, ñîäåðæàíèåì ðàñòâîðåííûõ
íåîðãàíè÷åñêèõ âåùåñòâ. Î÷åâèäíî, ÷òî ôèëüòðàò ñîäåðæèò îñòàòî÷-
íûå êîíöåíòðàöèè êàòèîííûõ ôëîêóëÿíòîâ, èñïîëüçóåìûõ äëÿ
îáðàáîòêè ñêîïà ïåðåä ïîäà÷åé íà îáåçâîæèâàíèå.

Åñëè ñóäèòü ïî îñíîâíûì õàðàêòåðèñòèêàì ôèëüòðàòà, òî î÷å-
âèäíî, ÷òî åãî íåëüçÿ ïîäàâàòü íà ïîâòîðíîå èñïîëüçîâàíèå â
ïðîèçâîäñòâî. Âîçìîæíîñòü ñáðîñà åãî â êàíàëèçàöèþ íà áèîëî-
ãè÷åñêèå ñîîðóæåíèÿ çàâèñèò îò ñîäåðæàíèÿ â íåì òîêñè÷íûõ
âåùåñòâ. Îïðåäåëèòü òàêèå âåùåñòâà àíàëèçîì î÷åíü ñëîæíî,
ó÷èòûâàÿ ñëîæíîñòü õèìè÷åñêîãî ñîñòàâà ôèëüòðàòà. Ê òîìó æå
îïðåäåëåííûå âåùåñòâà ìîãóò çíà÷èòåëüíî óñèëèâàòü ñâîè òîêñè-
÷åñêèå ñâîéñòâà â ñìåñè. Ïîýòîìó öåëåñîîáðàçíî èçó÷èòü âëèÿíèå
ôèëüòðàòà íà àêòèâíûé èë áèîëîãè÷åñêèõ ñîîðóæåíèé.
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Íàèëó÷øèì ñïîñîáîì óòèëèçàöèè ôèëüòðàòà ÿâëÿåòñÿ åãî ïî-
äà÷à íà ëîêàëüíûå î÷èñòíûå ñîîðóæåíèÿ. Ýòî ïðèâåäåò ê îïðåäå-
ëåííîé ðåöèðêóëÿöèè âîäû íà î÷èñòíûõ ñîîðóæåíèÿõ, íî óìåíü-
øèò íàãðóçêó íà áèîëîãè÷åñêèå î÷èñòíûå ñîîðóæåíèÿ.

Àêòèâíûé èë Áîðòíè÷åñêîé ñòàíöèè àýðàöèè (ÁÑÀ) õàðàêòåðè-
çóåòñÿ âûñîêèì áèîðàçíîîáðàçèåì, íåâûñîêèì èëîâûì èíäåêñîì è
âûñîêîé ñïîñîáíîñòüþ ê áèîîêèñëåíèþ ïðèìåñåé â âîäå ïðè
óñëîâèÿõ àýðàöèè. Ïîýòîìó ýòîò àêòèâíûé èë ñ êîíöåíòðàöèåé
7,7 ã/äì3, èëîâûì èíäåêñîì 115,2 ñì3/ã, èíäåêñîì ïîñëåäîâàòåëü-
íîãî ñðàâíåíèÿ  0,73 áûë èñïîëüçîâàí äëÿ îöåíêè âëèÿíèÿ ôèëü-
òðàòîâ ñ óñòàíîâêè îáåçâîæèâàíèÿ ñêîïà.

Ôèëüòðàò, êîòîðûé èìåë êîíöåíòðàöèþ âçâåøåííûõ âåùåñòâ
2600 ìã/äì3, îêàçàëñÿ ñîâñåì íå òîêñè÷íûì äëÿ àêòèâíîãî èëà. Íè
â îäíîì èç îïûòîâ íå îòìå÷åíî óõóäøåíèÿ êà÷åñòâà èëà, ìàññîâîé
ñìåðòè ìèêðîîðãàíèçìîâ. Î÷åíü âûñîêèå çíà÷åíèÿ èíäåêñà ïîñ-
ëåäîâàòåëüíîãî ñðàâíåíèÿ ïîëó÷åíû íåçàâèñèìî îò âðåìåíè àýðà-
öèè. Õîðîøèå ïîêàçàòåëè èëîâîãî èíäåêñà ãîâîðÿò î òîì, ÷òî
íèêàêîãî, äàæå íàèìåíüøåãî äåéñòâèÿ, äàííûé ôèëüòðàò íà àêòèâ-
íûé èë íå îêàçûâàåò.

Äëÿ èçó÷åíèÿ ïðîöåññîâ îñâåòëåíèÿ ôèëüòðàòà îòñòàèâàíèåì
áûëè èñïîëüçîâàíû ôèëüòðàòû ñ  êîíöåíòðàöèåé âçâåøåííûõ
âåùåñòâ  4142 ìã/äì3 è 1900 ìã/äì3. Ôèëüòðàòû ïîñëå èíòåíñèâ-
íîãî ïåðåìåøèâàíèÿ ñ ðåàãåíòîì îòñòàèâàëè â òå÷åíèå  2 ÷àñîâ.
Â ðàáîòå áûëè èñïîëüçîâàíû êîàãóëÿíòû (ñóëüôàò àëþìèíèÿ,
àëþìèíàò íàòðèÿ, ãèäðîêñîõëîðèäû àëþìèíèÿ) â äîçàõ 10�100
ìã/äì3 (ïî Àl2O3) è ôëîêóëÿíòû («Ïåðêîë», «Öåòàã», «Ìàãíîôëîê»,
«Ïîëèìèí ÑÊ») â äîçàõ 2�10 ìã/äì3. Ðåçóëüòàòû ïðèâåäåíû â
òàáë. 1.

Êàê âèäíî èç òàáë. 1, ôèëüòðàò ýôôåêòèâíî îñâåòëÿåòñÿ ïðè
îòñòàèâàíèè áåç ðåàãåíòîâ, ñòåïåíü îñâåòëåíèÿ äîñòèãàëà 91%.
Ðåàãåíòû ïîçâîëÿþò ïîâûñèòü ñòåïåíü îñâåòëåíèÿ òîëüêî äî 95�
96%. Ïðè ýòîì íàèáîëüøåé ýôôåêòèâíîñòüþ îáëàäàþò êîàãóëÿí-
òû. Ôëîêóëÿíòû îáåñïå÷èâàþò ïîâûøåíèÿ ñòåïåíè îñâåòëåíèÿ
òîëüêî äî 94%. Î÷åâèäíî, òàêîå íåáîëüøîå âëèÿíèå ðåàãåíòîâ
îáóñëîâëåíî òåì, ÷òî ïðè îáðàáîòêå ñêîïà ôëîêóëÿíòàìè îñíîâíàÿ
ìàññà îòðèöàòåëüíî çàðÿæåííûõ âçâåøåííûõ è êîëëîèäíûõ âå-
ùåñòâ, ñîäåðæàùèåñÿ â âîäå è îñàäêå, óæå ñôëîêóëèðîâàíû. Ïðè
ýòîì ïîâåðõíîñòíûå çàðÿäû ÷àñòèö â îñíîâíîì íåéòðàëèçîâàíû.
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¹

ï/ï
Êîàãóëÿíò

Äîçà, Ä,

ìã/äì3,
(ïîAl2O3)

Ìóòíîñòü îñ-

âåòë. ôèëüòðà-

òà, Ì, ìã/äì3

Îáúåì

îñàäêà,

Vîñ, ìë/äì3

Ñòåïåíü

îñâåòëå-

íèÿ, Z,  %
1 2 3 4 5 6

1 — — 360
255*

450
50*

91.3
86.6*

2 Al2(SO4)3 70 330
172*

490
30*

92.0
90.9*

3 NaAl(OH)4 70 245
220*

210
52*

94.1
88.4*

4 Al(OH)Cl2 70 176
172*

290
55*

95.8
90.9*

5 Al(OH)2Cl 70 150
167*

420
54*

96.4
91.2*

6 Al2(OH)5Cl 70 142
153*

520
56*

96.6
91.9*

7 Ïåðêîë-178 5 405
145*

360
52*

90.2
92.4*

8 Ïåðêîë-455 5
245
167*

425
30*

94.1
91.2*

9 Öåòàã 7632 5
294
145*

367
52*

92.9
92.4*

10 Ìàãíîô ëîê 336 5
353
205*

347
50*

91.5
89.2*

Òàáëèöà 1 � Âëèÿíèå ðåàãåíòîâ íà ýôôåêòèâíîñòü îñâåòëåíèÿ
ôèëüòðàòà (Ñâçâ â.=4142 ìã/äì3 è Ñâçâ â.*=1900 ìã/äì3) îòñòàèâàíèåì

Ïîýòîìó êàòèîííûå è àíèîííûå ôëîêóëÿíòû è êîàãóëÿíòû  áëèç-
êè ïî ñâîåé ýôôåêòèâíîñòè. Ýôôåêòèâíîñòü  ñóëüôàòà àëþìèíèÿ,
äàþùåãî ïîëîæèòåëüíî çàðÿæåííûå çîëè, áëèçêà ê àëþìèíàòó
íàòðèÿ, êîòîðûé äàåò îòðèöàòåëüíî çàðÿæåííûå çîëè. Ñëåäóåò
îòìåòèòü, ÷òî ïðè îñâåòëåíèè ôèëüòðàòà ñ êîíöåíòðàöèåé âçâå-
øåííûõ âåùåñòâ 4142 ìã/äì3 áîëüøåé ýôôåêòèâíîñòüþ ïî ñðàâ-
íåíèþ ñ ôëîêóëÿíòàìè îáëàäàþò êîàãóëÿíòû, à ïðè îñâåòëåíèè
ôèëüòðàòà ñ êîíöåíòðàöèåé âçâåøåííûõ âåùåñòâ 1900 ìã/äì3

ôëîêóëÿíòû è êîàãóëÿíòû áëèçêè ïî ñâîåé ýôôåêòèâíîñòè. Âîç-
ìîæíî, ýòî îáúÿñíÿåòñÿ ïîâûøåííûì ñîäåðæàíèåì êàîëèíà â
ïåðâîì ôèëüòðàòå, êîòîðûé îñàæäàåòñÿ êîàãóëÿíòàìè ëó÷øå, ÷åì
ôëîêóëÿíòàìè.
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Â öåëîì, ñëåäóåò îòìåòèòü âûñîêóþ ýôôåêòèâíîñòü îñâåòëåíèÿ
ïðè îòñòàèâàíèè ôèëüòðàòîâ áåç èñïîëüçîâàíèÿ ðåàãåíòîâ è îòíî-
ñèòåëüíî íåáîëüøîå âëèÿíèå êîàãóëÿíòîâ íà ýôôåêòèâíîñòü
îñâåòëåíèÿ ôèëüòðàòîâ.

Åñëè ñðàâíèòü êîàãóëÿíòû ìåæäó ñîáîé, ìîæíî îòìåòèòü áîëåå
âûñîêóþ ýôôåêòèâíîñòü ãèäðîêñîõëîðèäîâ àëþìèíèÿ. Ñðåäè
ôëîêóëÿíòîâ íåñêîëüêî ýôôåêòèâíåé îñâåòëåíèå îáåñïå÷èâàëè
ôëîêóëÿíòû Ïåðêîë-178 è Ïåðêîë-455.

Â ðåàëüíûõ óñëîâèÿõ ðàáîòû ëîêàëüíûõ î÷èñòíûõ ñîîðóæåíèé
íåöåëåñîîáðàçíî ñòðîèòü îòäåëüíûå àïïàðàòû äëÿ î÷èñòêè ôèëü-
òðàòà. Öåëåñîîáðàçíî ïîäàâàòü ôèëüòðàò íà âõîä ëîêàëüíûõ î÷è-
ñòíûõ ñîîðóæåíèé, ñìåøèâàÿ åãî ñî ñòî÷íûìè âîäàìè. Îäíàêî
î÷åâèäíî, ÷òî ïðîöåññû îòñòàèâàíèÿ ñìåñè ôèëüòðàòà ñî ñòî÷íûìè
âîäàìè áóäóò ïðîõîäèòü íå òàê, êàê îòñòàèâàíèå ñàìîãî ôèëüòðàòà.
Ãëàâíûì îòëè÷èåì ôèëüòðàòà îò îáîðîòíîé âîäû ÿâëÿåòñÿ îòíî-
ñèòåëüíî áîëüøîå ñîäåðæàíèå â íåì êàòèîííûõ ôëîêóëÿíòîâ, ÷òî
îêàçûâàåò ñîäåéñòâèå ôëîêóëÿöèè ïðèìåñåé è ëó÷øåìó îòñòàèâà-
íèþ. Ïî ýòîé ïðè÷èíå èñïîëüçîâàíèå ðåàãåíòîâ ïðè îñâåòëåíèè
îáîðîòíîé âîäû è åå ñìåñè ñ ôèëüòðàòîì äîëæíî áûòü áîëåå
ýôôåêòèâíûì.

Â äàííîì ñëó÷àå èñïîëüçîâàëè ñòî÷íóþ âîäó êàðòîííîãî öåõà,
ìóòíîñòü êîòîðîé ñîñòàâëÿëà 1023 ìã/äì3, ðÍ � 7.4, è ôèëüòðàò
îò  óñòàíîâêè îáåçâîæèâàíèÿ ñêîïà ñ êîíöåíòðàöèåé âçâåøåííûõ
âåùåñòâ 2600 ìã/äì3, ðÍ � 8.4. Âîäó ñìåøèâàëè ñ ôèëüòðàòîì â
ñîîòíîøåíèè 4:1, ò.å., íà äîëþ ôèëüòðàòà ïðèõîäèëîñü 20% îáúå-
ìà ñìåñè. Äëÿ ñðàâíåíèÿ âëèÿíèÿ ðåàãåíòîâ íà ñìåñü ôèëüòðàòà
ñ îáîðîòíîé âîäîé áûëè ïðîâåäåíû èññëåäîâàíèÿ ïî èçó÷åíèþ
âëèÿíèÿ ðåàãåíòîâ íà îáîðîòíóþ âîäó êàðòîííîãî öåõà.

Îáîðîòíàÿ âîäà, íåñìîòðÿ íà áîëåå íèçêóþ êîíöåíòðàöèþ
âçâåøåííûõ âåùåñòâ ïî ñðàâíåíèþ ñ ôèëüòðàòàìè, îòñòàèâàåòñÿ
çíà÷èòåëüíî õóæå. Ñòåïåíü îñâåòëåíèÿ áåç èñïîëüçîâàíèÿ ðåàãåí-
òîâ äîñòèãàåò òîëüêî 66,6%.  Â ñëó÷àå ñ ñóëüôàòîì àëþìèíèÿ è
àëþìèíàòîì íàòðèÿ ýôôåêòèâíîñòü îñâåòëåíèÿ âîçðîñëà òîëüêî äî
73�75% ïðè ïîâûøåíèè äîç (ïî Al2O3) äî 70 ìã/äì3. Ïðè èñïîëü-
çîâàíèè ãèäðîêñîõëîðèäîâ àëþìèíèÿ â äîçàõ 30�70 ìã/äì3 ñòå-
ïåíü îñâåòëåíèÿ âîçðîñëà äî 85�90%. Ïðè èñïîëüçîâàíèè àíèîí-
íîãî ôëîêóëÿíòà «Ìàãíîôëîê 336» ýôôåêòèâíîñòü îñâåòëåíèÿ íå
ïðåâûøàëà 82%. Êðîìå ýòîãî ñëåäóåò îòìåòèòü, ÷òî èñïîëüçîâàíèå
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ðåàãåíòîâ äëÿ èíòåíñèôèêàöèè îñâåòëåíèÿ îáîðîòíîé âîäû êàð-
òîííîãî ïðîèçâîäñòâà îáåñïå÷èâàëî áîëüøèé ýôôåêò ïî ñðàâíå-
íèþ ñ ôèëüòðàòàìè,  îáðàçîâàííûìè ïðè îáåçâîæèâàíèè ñêîïà.
Î÷åâèäíî, ýòî ñâÿçàíî ñ ôëîêóëèðóþùèì äåéñòâèåì îñòàòêîâ
êàòèîííûõ ôëîêóëÿíòîâ, ñîäåðæàùèõñÿ â ôèëüòðàòå. Êîíöåíòðà-
öèÿ âçâåøåííûõ âåùåñòâ â ñìåñè ôèëüòðàòà è îáîðîòíîé âîäû
ñîñòàâèëà 1359 ìã/äì3. Ðåçóëüòàòû îñâåòëåíèÿ ýòîé ñìåñè îòñòà-
èâàíèåì ïðèâåäåíû â òàáëèöå 2.

Òàáëèöà 2 � Ýôôåêòèâíîñòü îñâåòëåíèÿ ñìåñè ôèëüòðàòà
è îáîðîòíîé âîäû êàðòîííîãî öåõà ïðè èñïîëüçîâàíèè

êîàãóëÿíòîâ è ôëîêóëÿíòîâ

¹

ï/ï
Ðåàãåíò

Äîçà,

ìã/äì3,
(ïî Al 2O3)

Ìóòíîñòü,

ìã/äì3

Îáúåì

îñàäêà,

ñì3/äì3

Ñòåïåíü

îñâåòëåíèÿ,

%
1 — — 118 120 91,5
2 Al2(SO4)3 30 102 130 92,7
3 Al(OH)Cl2 30 92 135 93,4
4 Al2(OH)5Cl 30 85 115 93,9
5 NaAl(OH)4 30 105 130 92,4
6 Ïåðêîë � 455 5 98 125 92,9
7 Ïåðêîë � 178 5 97 128 93,0
8 Ìàãíîôëîê 336 5 115 130 91,7
9 Ïîëèìèí ÑÊ 5 102 135 92,7

Îñîáåííîñòü ýòîãî ïðîöåññà ñîñòîèò â òîì, ÷òî ðåçêî ïîâûñèëàñü
ýôôåêòèâíîñòü îñâåòëåíèÿ âîäû îòñòàèâàíèåì áåç èñïîëüçîâàíèÿ
ðåàãåíòîâ. Âîçìîæíî, ÷òî â ýòîì ñëó÷àå ôèëüòðàò ñîäåðæàë îïðå-
äåëåííûå îñòàòêè êàòèîííûõ ôëîêóëÿíòîâ, ÷òî ñïîñîáñòâîâàëî
ôëîêóëÿöèè ïðèìåñåé â îáîðîòíîé âîäå êàðòîííîãî ïðîèçâîäñòâà.
Â äàííîì ñëó÷àå ïðè îòñòàèâàíèè íåîáðàáîòàííûõ ðåàãåíòàìè
ôèëüòðàòîâ ñòåïåíü îñâåòëåíèÿ äîñòèãàëà 91%. Îäíàêî, èñïîëüçî-
âàíèå ðåàãåíòîâ â äàííîì ñëó÷àå ïîçâîëèëî ñóùåñòâåííî ñíèçèòü
îñòàòî÷íûå êîíöåíòðàöèè âçâåøåííûõ âåùåñòâ, â îòëè÷èå îò îòñòà-
èâàíèÿ ôèëüòðàòîâ. Î÷åâèäíî, ÷òî ïðè âîçâðàòå ôèëüòðàòà â ïîòîê
îáîðîòíûõ âîä ìîæíî ñíèçèòü ðàñõîäû ðåàãåíòîâ íà îáðàáîòêó
âîäû. Ðàñõîä ðåàãåíòà â çíà÷èòåëüíîé ñòåïåíè áóäåò çàâèñåòü îò
ñîîòíîøåíèÿ îáúåìîâ îáîðîòíûõ âîä ôèëüòðàòà. À ýòî â ñâîþ
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î÷åðåäü áóäåò çàâèñåòü îò êîíöåíòðàöèè îñàäêîâ, êîòîðûå îáðàçó-
þòñÿ íà ëîêàëüíûõ î÷èñòíûõ ñîîðóæåíèÿõ. Ïðè ýòîì ýòà êîíöåí-
òðàöèÿ áóäåò òåì íèæå, ÷åì âûøå ýôôåêòèâíîñòü îñâåòëåíèÿ âîäû.
Â ýòîì ñëó÷àå â îñàäîê ïåðåõîäÿò î÷åíü ìåëêîäèñïåðñíûå è êîë-
ëîèäíûå ïðèìåñè, êîòîðûå ïëîõî óïëîòíÿþòñÿ, ÷òî ïðèâîäèò ê
óâåëè÷åíèþ îáúåìà îñàäêà è ñíèæåíèþ åãî êîíöåíòðàöèè.

Âûâîäû

1. Óñòàíîâëåíî, ÷òî êàòèîííûå ôëîêóëÿíòû òèïà «Ïåðêîë»,
«Ìàãíîôëîê», «Öåòàã», «Ïîëèìèí ÑÊ»  ïðè èñïîëüçîâàíèè â
êîíöåíòðàöèÿõ 0,1�50 ìã/äì3 íå òîêñè÷íû äëÿ àêòèâíîãî èëà
Áîðòíè÷åñêîé ñòàíöèè àýðàöèè è î÷èñòíûõ ñîîðóæåíèé ÎÀÎ
«ÊÊÁÊ».

2. Èçó÷åíû ôèëüòðàòû èç óñòàíîâêè ïî îáåçâîæèâàíèþ ñêîïà
è ïîêàçàíî, ÷òî èõ õàðàêòåðèñòèêè èçìåíÿþòñÿ â øèðîêèõ ïðå-
äåëàõ â çàâèñèìîñòè îò õàðàêòåðà îáîðîòíûõ âîä, èç êîòîðûõ
îòäåëÿåòñÿ ñêîï. Îòìå÷åíî õîðîøåå îñâåòëåíèå ïðè îòñòàèâàíèè.
Ïðè èñïîëüçîâàíèè êîàãóëÿíòîâ ïðè äîçàõ 10�70 ìã/äì3 (ïî
Àl2O3)  è ôëîêóëÿíòîâ ïðè 2�10 ìã/äì3 ýôôåêòèâíîñòü ïðîöåññîâ
îñâåòëåíèÿ ôèëüòðàòîâ, à òàêæå èõ ñìåñè ñ îáîðîòíûìè âîäàìè
ïîâûøàåòñÿ (áîëåå 90%).

 3. Ïîêàçàíî, ÷òî âîçâðàò ôèëüòðàòîâ â ïîòîê îáîðîòíûõ âîä
ïîçâîëèò ñíèçèòü ðàñõîä ðåàãåíòîâ íà îáðàáîòêó âîäû.

* * *
1. Êîïûëîâ Â.À. Î÷èñòêà ñòî÷íûõ âîä è óïëîòíåíèå îñàäêîâ öåë-

ëþëîçíî-áóìàæíîãî ïðîèçâîäñòâà. � Ì.: Ëåñíàÿ ïðîì-ñòü, 1983. �
176 ñ.

2.  Àïåëüöèíà Å.È., Àãàíâà Å.È. Ôèçèêî-õèìè÷åñêèå ìåòîäû î÷èñ-
òêè âîäû è îáðàáîòêè îñàäêîâ. � Ì.: Ñòðîéèçäàò, 1985. � 124 ñ.

3. Ïðèìåíåíèå ôëîêóëÿíòîâ ïðè ïîäãîòîâêå îñàäêîâ ñòî÷íûõ âîä ê
îáåçâîæèâàíèþ / Ë.Ï. Àíèñèìîâà, Â.È. Þæèí, Ñ.Ñ. Áûêîâà,
Í.Â. Âäîâèíà / Áóìàæíàÿ ïðîìûøëåííîñòü. � 1989. � ¹ 1. �
Ñ. 19�20.

Îòðèìàíî: 2.09.2008 ð.
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ÄËß ÏÅÐÅÍÅÑÅÍÍß ÃÅÎ²ÍÔÎÐÌÀÖ²¯

Ç ÃÀËÎÃÅÍ²ÄÎÑÐ²ÁÍÈÕ ÍÎÑ²¯Â ÍÀ ÖÈÔÐÎÂ²

Ñ.Ì. Àíäðººâ, êàíä. òåõí. íàóê
(Íàö³îíàëüíèé àåðîêîñì³÷íèé óí³âåðñèòåò

³ì. Ì.ª. Æóêîâñüêîãî (ÕÀ²))
Â.À. Æèë³í, êàíä. òåõí. íàóê

(Óêðà¿íñüêà ³íæåíåðíî-ïåäàãîã³÷íà àêàäåì³ÿ)
Ñ.Ì. Òðîõèì÷óê

(Óêðà¿íñüêà ³íæåíåðíî-ïåäàãîã³÷íà àêàäåì³ÿ)

Íà ï³äñòàâ³ àíàë³çó ñó÷àñíèõ òåõí³÷íèõ çàñîá³â ñêàíóâàííÿ çîáðà-
æåíü ïîêàçàíà ìîæëèâ³ñòü ¿õ øèðîêîãî çàñòîñóâàííÿ äëÿ  ïåðåíåñåííÿ
ãåî³íôîðìàö³éíèõ äàíèõ ç ãàëîãåí³äîñð³áíèõ íàêîïè÷óâà÷³â ³íôîðìàö³¿
íà öèôðîâ³. Ïðîïîíóºòüñÿ ï³äõ³ä äî âèêîðèñòàííÿ ñåíñèòîìåòðè÷íèõ
ïîêàçíèê³â äëÿ îö³íþâàííÿ ïîõèáêè â³äòâîðþâàííÿ äåòàëüíîñò³ ó ñêàíî-
âàíîìó çîáðàæåíí³. Ïðèâåäåí³ åêñïåðèìåíòàëüíî îòðèìàí³ çàëåæíîñò³
ïîõèáêè â³äòâîðþâàííÿ äåòàëüíîñò³ ó ñêàíîâàíîìó ³êîí³÷íîìó çîáðà-
æåíí³ ïîâåðõí³ Çåìë³ â³ä ðîçð³çíåííÿ ñêàíóþ÷îãî ïðèñòðîþ.

Íà îñíîâàíèè àíàëèçà ñîâðåìåííûõ òåõíè÷åñêèõ ñðåäñòâ ñêàíèðî-
âàíèÿ èçîáðàæåíèé ïîêàçàíà âîçìîæíîñòü èõ øèðîêîãî ïðèìåíåíèÿ äëÿ
ïåðåíîñà ãåîèíôîðìàöèîííûõ äàííûõ ñ ãàëîãåíèäîñåðåáðÿíûõ íàêîïè-
òåëåé èíôîðìàöèè íà öèôðîâûå. Ïðåäëàãàåòñÿ ïîäõîä ê èñïîëüçîâà-
íèþ ñåíñèòîìåòðè÷åñêèõ ïîêàçàòåëåé äëÿ îöåíêè ïîãðåøíîñòè âîñ-
ïðîèçâåäåíèÿ äåòàëüíîñòè â ñêàíèðîâàííîì èçîáðàæåíèè. Ïðèâåäåíû
ýêñïåðèìåíòàëüíî ïîëó÷åííûå çàâèñèìîñòè ïîãðåøíîñòè âîñïðîèç-
âåäåíèÿ äåòàëüíîñòè â ñêàíèðîâàííîì èêîíè÷åñêîì èçîáðàæåíèè ïî-
âåðõíîñòè Çåìëè îò ðàçðåøåíèÿ ñêàíèðóþùåãî óñòðîéñòâà.

On the basis of the analysis of modern means of scanning of images the
opportunity of their wide application for carry of details from argentiferous
stores of the information on digital is shown. The approach to use of

 Ñ.Ì. Àíäðººâ, Â.À. Æèë³í, Ñ.Ì. Òðîõèì÷óê, 2008
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parameters for an estimation of an error of reproduction of detail in the image
after scanning is offered. Experimentally received dependences of an error
of reproduction of detail in the image of a surface of the Earth from the
sanction of the scanner are resulted.

Ñó÷àñíà äèíàì³êà íàêîïè÷óâàííÿ, îáðîáêè òà çáåð³ãàííÿ ³íôîð-
ìàö³¿ âîë³º çàñòîñóâàííÿ öèôðîâèõ (åëåêòðîííèõ) çàñîá³â, ùî,
çîêðåìà, îáóìîâëåíî òàêîþ âèìîãîþ ÿê îïåðàòèâí³ñòü ùîäî êî-
ï³þâàííÿ òà ðîçïîâñþäæåííÿ ïåâíèõ ìàòåð³àë³â ïî çàö³êàâëåíèõ
³íñòèòóö³ÿõ.

Äîòåïåð íàãàëüíîþ º ïîòðåáà ïåðåíåñåííÿ ³íôîðìàö³¿ ç ïàïå-
ðîâèõ òà ãàëîãåí³äîñð³áíèõ íîñ³¿â íà ïðîçîðèõ òà íåïðîçîðèõ
îñíîâàõ äî íîñ³¿â öèôðîâèõ, òîáòî áåçïîñåðåäíüî ñóì³ñíèõ ç
êîìï�þòåðíèìè ñèñòåìàìè. Ïðèíàéìí³, ó öüîìó áåçïîñåðåäíüî
çàö³êàâëåíà ïåðåâàæíà á³ëüø³ñòü ³ñíóþ÷èõ ³íôîðìàö³éíèõ ñèñòåì
áàç äàíèõ, çîêðåìà äåðæàâí³ ñèñòåìè îáë³êó, çáåð³ãàííÿ òà îáðîáêè
ñòàòèñòè÷íèõ ³ àðõ³âíèõ äàíèõ, äåðæàâí³ ñëóæáè òåõí³÷íîãî çàõè-
ñòó ³íôîðìàö³¿, ãåî³íôîðìàö³éí³ ñèñòåìè, òîùî.

Ïðè öüîìó ñë³ä çàóâàæèòè, ùî ïåðåõ³ä äî îòðèìàííÿ ³íôîð-
ìàö³¿ îäðàçó íà öèôðîâ³ íîñ³¿ (íàïðèêëàä, ³êîí³÷íèõ çîáðàæåíü
ïîâåðõí³ Çåìë³ â ñèñòåìàõ äèñòàíö³éíîãî çîíäóâàííÿ òà ïîâ³òðÿíî¿
ðîçâ³äêè) â³äáóâàºòüñÿ ñàìå ó òåïåð³øí³é ÷àñ. Ïðèíàéìí³, ùîäî
ñèñòåìè âçàºìíîãî ì³æäåðæàâíîãî ñïîñòåðåæåííÿ çà ì³æíàðîäíîþ
ïðîãðàìîþ Open Skyes, òî ïåðø³ ñåðòèô³êàö³éí³ ïîëüîòè ç öèô-
ðîâîþ àïàðàòóðîþ ïîâ³òðÿíîãî ñïîñòåðåæåííÿ â³äáóëèñü ó ïåðø³
ðîêè XXI ñòîë³òòÿ [1]. Ïðîòå äëÿ ïðîãíîçóâàííÿ åêîëîãî-åêîíî-
ì³÷íîãî ðîçâèòêó, ïðîñòîðîâî-÷àñîâèõ çì³í ëàíäøàôòó, ðîçâèòêó
çîí åêîëîã³÷íîãî ðèçèêó òîùî, òîáòî äëÿ ïîâíîö³ííîãî ôóíêö³î-
íóâàííÿ ñèñòåì ãåî³íôîðìàö³éíîãî ìîí³òîðèíãó âî÷åâèäü íåîáõ-
³äíî ìàòè òåõí³÷íó ìîæëèâ³ñòü ïåðåíåñåííÿ íà öèôðîâ³ íîñ³¿
³íôîðìàö³þ, ùî áóëî íàêîïè÷åíî ðàí³øå ç âèêîðèñòàííÿì àíàëî-
ãîâèõ íîñ³¿â, íàéïîøèðåí³øèìè ç ÿêèõ º ãàëîãåí³äîñð³áí³, òîáòî
àåðîôîòîïë³âêè, àåðîôîòîïëàò³âêè, àåðîôîòîïàïåðè.

Àíàë³ç ñó÷àñíèõ ïðèñòðî¿â ñêàíóâàííÿ ùîäî ïðèäàòíîñò³ äëÿ
îöèôðîâêè ³êîí³÷íèõ çîáðàæåíü

Íà ñüîãîäí³ òàêèìè ïðèñòðîÿìè, ùî áóäü-ÿê³ çîáðàæåííÿ íà
ïàïåð³ àáî ïðîçîð³é ïë³âö³ ïåðåâîäÿòü ó öèôðîâó ôîðìó, ìàéæå
íåñõèëüíó äî âòðàò ÿêîñò³ ïðè êîï³þâàíí³ òà çáåð³ãàíí³, º ñêàíåðè.
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Âðàõîâóþ÷è ð³çíîìàí³òí³ñòü òåõíîëîã³é ñêàíóâàííÿ òà âåëèêó
ê³ëüê³ñòü ìîäåëåé ïðèñòðî¿â ââîäó çîáðàæåíü, âîíè ìîæóòü áóòè
êëàñèô³êîâàí³ çà íàñòóïíèìè îçíàêàìè:

= ñïîñ³á ôîðìóâàííÿ çîáðàæåííÿ (ë³í³éíèé, ìàòðè÷íèé);
= êîíñòðóêö³ÿ ê³íåìàòè÷íîãî ìåõàí³çìó (ðó÷íèé, íàñò³ëüíèé,

êîìá³íîâàíèé);
= òèï çîáðàæåííÿ, ùî ââîäèòüñÿ (÷îðíî-á³ëèé, íàï³âòîíîâèé,

êîëüîðîâèé);
= ñòóï³íü ïðîçîðîñò³ îðèã³íàëó (â³äáèâàþ÷èé, ïðîçîðèé);
= àïàðàòíèé ³íòåðôåéñ (ñòàíäàðòíèé, ñïåö³àë³çîâàíèé).
Êëàñèô³êàö³ÿ ïðèñòðî¿â äëÿ ñêàíóâàííÿ çîáðàæåíü ïðèâåäåíà

íà ðèñ. 1.
Ïðè êëàñèô³êàö³¿ ñêàíåð³â âðàõîâóþòüñÿ êîíñòðóêòèâí³ îñîáëè-

âîñò³ ïðèëàä³â ³, â³äïîâ³äíî, äåÿê³ â³äì³ííîñò³ â ïðîöåñàõ ñêàíó-
âàííÿ. Íà â³äì³íó â³ä òðàäèö³éíèõ çàñîá³â ñêàíóâàííÿ, çîáðàæåííÿ
â â³äåîñèñòåìàõ ³ öèôðîâèõ ôîòîêàìåðàõ äëÿ çàõîïëåííÿ çîáðà-
æåííÿ òðèì³ðíèõ îá�ºêò³â, ÿê ïðàâèëî, çàñòîñîâóºòüñÿ ìàòðèöÿ
äàò÷èê³â. Íåçâàæàþ÷è íà âåëèêó ê³ëüê³ñòü ïðèñòðî¿â ââîäó çîáðà-
æåííÿ, ¿õ ìîæíà êëàñèô³êóâàòè çà íàñòóïíèìè îçíàêàìè:

Ê³íåìàòè÷íèé ìåõàí³çì. Çà öèì ïðèñòðîºì ñêàíåðè ï³äðîçä³ëÿ-
þòü íà äâ³ îñíîâí³ ãðóïè � ðó÷í³ òà íàñò³ëüí³.

Ðó÷í³ ñêàíåðè ìîæóòü áóòè âèêîðèñòàí³ äëÿ ñêàíóâàííÿ ìàëî-
ôîðìàòíèõ çîáðàæåíü îðèã³íàë³â àáî ôðàãìåíò³â âåëèêîãî çîáðà-
æåííÿ. Íèçüêà ö³íà îáóìîâëåíà ïðîñòîòîþ ¿õíüî¿ êîíñòðóêö³¿.
Íåîáõ³äí³ñòü çàñòîñóâàííÿ ì�ÿçîâî¿ ñèëè ëþäèíè, à òàêîæ îáìå-
æåííÿ ïîëÿ îõîïëåííÿ çîáðàæåííÿ � îñíîâí³ îñîáëèâîñò³ öèõ
ïðèñòðî¿â. Äî íåäîë³ê³â ñë³ä â³äíåñòè, íàñàìïåðåä, íåòî÷í³ñòü
ñêàíóâàííÿ, îáóìîâëåíó ñàìå ïðèíöèïîì âèêîðèñòàííÿ.

Íàñò³ëüí³ ñêàíåðè. Äî ö³º¿ êàòåãîð³¿ íàëåæàòü ïëàíøåòí³, ðîëè-
êîâ³, áàðàáàíí³  òà ïðîåêö³éí³ ñêàíåðè.

Ïëàíøåòí³ ñêàíåðè. Â öèõ ñêàíåðàõ (ïëàñêîãî òèïó) ðîáî÷ó
ä³ëÿíêó ñêàíóâàííÿ óòâîðþº ïëàñêà ñêëÿíà ïîâåðõíÿ. ßê ïðàâèëî
âîíè âèêîðèñòîâóþòüñÿ â íàñò³ëüíèõ âèäàâíèöüêèõ ñèñòåìàõ äëÿ
âèâîäó ãðàô³êè ³ òåêñòó ç íîñ³¿â ôîðìàòó À4 àáî À3.

Ðîëèêîâ³  ñêàíåðè (³íøà íàçâà � ïðîòÿæí³, ëèñòîâ³). Â íèõ
îðèã³íàë ïîñë³äîâíî, ë³í³ÿ çà ë³í³ºþ ïðîïóñêàºòüñÿ ÷åðåç ðîëèêè
ìåõàí³çìó ïîäà÷³ ïàïåðó ³ ïîòðàïëÿº â ïîëå çîðó ë³í³éêè äàò÷èê³â.

Áàðàáàíí³  ñêàíåðè. Öåé âèä ñêàíåð³â äîðîãèé, àëå ç ¿õ äîïî-



115

ÏðåðîìàíòèçìÐîçä³ë 1. Åêîëîã³÷íà áåçïåêà

Ð
èñ

. 
1.

 Ê
ëà

ñè
ô

³ê
àö

³ÿ
 ï

ðè
ñò

ðî
¿â

 ä
ëÿ

 ñ
êà

íó
âà

íí
ÿ 

çî
áð

àæ
åí

ü.



116

Åêîëîã³÷íà áåçïåêà òà ïðèðîäîêîðèñòóâàííÿ

ìîãîþ ìîæëèâî îòðèìàòè çîáðàæåííÿ ç âèñîêèì ñòóïåíåì äåòà-
ë³çàö³¿, ÿê³ â ñâîþ ÷åðãó ìîæóòü áóòè âèêîðèñòàí³ äëÿ ïîäàëüøîãî
ðåòóøóâàííÿ, êîëüîðîâèä³ëåííÿ ³, íàðåøò³, ôîðìóâàííÿ ê³íöåâîãî
âàð³àíòà ïîäàííÿ ëèñòà âèäàííÿ àáî ïë³âêè äëÿ âèãîòîâëåííÿ
â³äáèòêà ïëàñòèíè.

Ïðîåêö³éí³ ñêàíåðè íàãàäóþòü ôîòîçá³ëüøóâà÷ ³ ïðàöþþòü ìàéæå
ÿê ôîòîãðàô³÷íà êàìåðà. Îñíîâíîþ îñîáëèâ³ñòþ ïðîåêö³éíèõ ñêà-
íåð³â º ìîæëèâ³ñòü ñêàíóâàííÿ òðèì³ðíèõ îá�ºêò³â.

Ïåðøà ôóíêö³ÿ ñêàíåðà � ñëóæèòè ìîñòîì ì³æ ïàïåðîì ³
åëåêòðîííèì äîêóìåíòîîá³ãîì. Íåçâàæàþ÷è íà òå, ùî âñ³ äîêóìåíòè
çáåð³ãàþòüñÿ â åëåêòðîííîìó (öèôðîâîìó) âèãëÿä³, äåÿê³ ç íèõ
ïîâèíí³ ðîçñèëàòèñÿ ³ ï³äøèâàòèñÿ ó íàäðóêîâàíîìó âèãëÿä³ íà
ïàïåð³, ï³äïèñàíîìó êåð³âíèêîì ³ çàòâåðäæåíîìó êðóãëîþ ïå÷àòêîþ.

Êð³ì òåêñòó, äî ðîçðÿäó äîêóìåíò³â íàëåæàòü íåñêëàäí³ ðèñóí-
êè, ãðàô³êè, ñõåìè, ùî íå ïîòðåáóþòü äëÿ ñâîãî â³äîáðàæåííÿ
âèñîêî¿ ÿêîñò³. Äëÿ öèõ âèïàäê³â âèêîðèñòàííÿ ñêàíåðà ïîêðèâàº
80% ìîæëèâîãî éîãî çàñòîñóâàííÿ.

Íà äîëþ ³íøèõ 20% ïðèïàäàº âèñîêîòî÷íå ñêàíóâàííÿ çîáðà-
æåíü ÿê íàäðóêîâàíèõ íà ïàïåð³ (ôîòîïàïåð³), òàê ³ íåãàòèâ³â òà
ñëàéä³â íà ïðîçîð³é ï³äêëàäö³.

Â ïðîöåñàõ ñêàíóâàííÿ ôîòîãðàô³é ì³æ ñêàíåðîì ³ êîìï�þòåðîì
öèðêóëþþòü âåëè÷åçí³ îá�ºìè ³íôîðìàö³¿, ³, îòæå, íåîáõ³äí³ âè-
ñîêîøâèäê³ñí³ çàñîáè ïåðåäà÷³ äàíèõ, ïîòóæí³ ïðîãðàìí³ ãðàô³÷í³
ïàêåòè òà øâèäê³ êîìï�þòåðè (ãðàô³÷í³ ñòàíö³¿) [1].

Âñå âèùåñêàçàíå â³äíîñèòüñÿ ïåðåâàæíî äî öåíòð³â îáðîáêè
ãåî³íôîðìàö³¿, îòðèìàíî¿ çà äîïîìîãîþ ïîâ³òðÿíîãî ñïîñòåðåæåí-
íÿ, ùî îïåðóº â³äáèòêàìè, ÿê³ äîð³âíþþòü ïëîùàì ïîíàä äåê³ëüêà
ñîòåíü êâàäðàòíèõ ê³ëîìåòð³â [2]. Ïðîòå ïðè çàãàëüí³é ïðèáëèçí³é
ð³âíîñò³ õàðàêòåðèñòèê ñêàíåð³â äåÿê³ ç íèõ, çàëåæíî â³ä ïðèçíà-
÷åííÿ, ïðèäàòí³ äî âèð³øåííÿ çàâäàíü îáðîáêè áóäü-ÿêî¿ ñòàòèñ-
òè÷íî¿ ³íôîðìàö³¿, ó òîìó ÷èñë³ ³êîí³÷íî¿ ³íôîðìàö³¿ âèñîêî¿
äåòàëüíîñò³, à ñàìå:

à) ïðîòÿæíèé ñêàíåð � äåøåâèé, êîìïàêòíèé îô³ñíèé ñêàíåð,
â³äì³ííèé â³ä íàéïðîñò³øîãî ðó÷íîãî ñêàíåðàó íàÿâí³ñòþ ïðîòÿ-
ãóâàííÿ ëèñòà ïàïåðó. Â ïðàêòèö³ íàãàäóº ïðèíòåð. Àëå çàì³ñòü
äðóêóþ÷îãî êàðòðèäæó ñêàíåð çàáåçïå÷åíèé ë³í³éíîþ ÏÇÑ (ïðèâ³ä
ç çàðÿäíèì çâ�ÿçêîì ÑÑD), ð³äøå ë³í³éêîþ (ÊÌÎÏ SIS), ùå
ð³äøå ñêàíóâàííÿ éäå çà äâîìà êîîðäèíàòàìè òî÷êîâèì äàò÷èêîì.
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Ïðèêëàäîì îñòàííüîãî ïðèëàäó ìîæå ñëóæèòè ïðèñòàâêà äî ôî-
òîïðèíòåðà Canon, ùî âñòàâëÿºòüñÿ çàì³ñòü êàðòðèäæó. Òóò ïðîöåñ
ñêàíóâàííÿ º ïîâíîþ ³íâåðñ³ºþ êîëüîðîâîãî äðóêó ³ çîáðàæåííÿ
ñêàíóºòüñÿ ïî øèðèí³ ïðè ðóñ³ êàðåòêè, à ïî âèñîò³ � ïðè
ïåðåì³ùåíí³ ïàïåðó. Ôîðìàò äîêóìåíòà ìîæå äîñÿãàòè À3. Äîäàò-
êîâà ïåðåâàãà ïðîòÿæíîãî ñêàíåðà â òîìó, ùî äî íüîãî, ÿê äî
ïðèíòåðà ìîæíà çàâàíòàæèòè ñòîïêó äîêóìåíò³â ³ âîíè ïîñë³äîâíî
ñêàíóâàòèìóòüñÿ áåç ó÷àñò³ ëþäèíè. Îñíîâíèé íåäîë³ê � íåìîæ-
ëèâ³ñòü ñêàíóâàííÿ ìàòåð³àë³â íà òâåðä³é îñíîâ³;

á) ïëàíøåòíèé ñêàíåð � íàéïîøèðåí³øèé òèï ñêàíåðà, ùî
çàêðèâàºòüñÿ êðèøêîþ, ï³ä ÿêèì õîäèòü êàðåòêà ç îñâ³òëþâà÷åì
³ ë³í³éêîþ ÏÇÑ, ð³äøå ÊÌÎÏ. Òèï ñâ³òëîïðèéìà÷à íå òàê äàâíî
âèçíà÷àâñÿ ç ì³ðêóâàíü åêîíîì³¿ âàðòîñò³ ³ ãàáàðèò³â ïî âèñîò³
ñêàíåðà, àëå òåïåð ïðàêòè÷íî çàâæäè âèêîðèñòîâóþòüñÿ ÏÇÑ ë³í³éêè.
Âàæëèâèì åòàïîì áóâ ïåðåõ³ä íà øâèäêó (ç ïîð³âíÿíî ïîâ³ëüíîþ
øèíîþ ïàðàëåëüíîãî ïîðòó) øèíó USB. Íåäîë³ê � âåëèêà ïëîùà,
ùî çàéíÿòà íà ðîáî÷îìó ì³ñö³, á³ëÿ 150% â³ä ôîðìàòó îáðîáëþ-
âàíîãî äîêóìåíòà. Íàéïîòóæí³ø³ ïëàíøåòí³ ñêàíåðè ìåðåæíîãî
ï³äêëþ÷åííÿ, òàê ñàìî ÿê ³ ïðîòÿæí³, çàáåçïå÷óþòüñÿ ìåõàí³çìàìè
àâòîìàòè÷íî¿ ïîäà÷³ ëèñò³â;

â) ñëàéä-ïðèñòàâêà äî ïëàíøåòíîãî ñêàíåðà � äîäàòêîâèé áëîê
(ìîäóëü), ùî âñòàíîâëþºòüñÿ íà éîãî êîíòàêòíå ñêëî, äàº çìîãó
ñêàíóâàòè íà ïðîñâ³ò ìàòåð³àëè íà ïðîçîð³é îñíîâ³ (ñëàéäè òà
íåãàòèâè). Çâè÷àéíî, òóò ïðèñóòí³é äðóãèé îñâ³òëþâà÷, ùî âìè-
êàºòüñÿ ïðè â³äêëþ÷åíí³ òðóá÷àñòî¿ ëàìïè ï³ä êîíòàêòíèì ñêëîì,
àëå ³ñíóþòü ³ âèòîí÷åíí³ø³ îïòè÷í³ ñõåìè, ùî íàïðàâëÿþòü ñâ³òëî
â³ä íèæíüî¿ ëàìïè ÷åðåç ñêàíîâàíèé çðàçîê. Ó çâ�ÿçêó ç³ çíèæåí-
íÿì âàðòîñò³ ñëàéä-ïðèñòàâîê äðóãèé âàð³àíò ïðèñòðîþ çàðàç íå
çàñòîñîâóºòüñÿ.

Ïðèíöèïîâèõ íåäîë³ê³â ó ñëàéä-ïðèñòàâîê äâà:
= íåäîñòàòí³é äëÿ ñïðèéíÿòòÿ ôîòîìàòåð³àëó äèíàì³÷íèé ä³àïà-

çîí ñâ³òëîïðèéìà÷à (òóò ôîòîïðèéìà÷ íà áàç³ ÊÌÎÏ âçàãàë³ íå
çàñòîñîâàíèé),

= íåäîñòàòíº ðîçð³çíåííÿ;
ã) ñëàéä-ñêàíåð � ïîçáàâëåíèé íåäîë³ê³â ñëàéä-ïðèñòàâêè, îñ-

ê³ëüêè ðîçðàõîâàíèé âèêëþ÷íî íà ñêàíóâàííÿ ïðîçîðèõ (íà ïðîñâ³ò)
çðàçê³â ìàëîãî (â ïîð³âíÿíí³ ç À4) ôîðìàòó, íàâ³òü ñëàéäîâèõ
íåãàòèâ³â 6õ9. Îñîáëèâ³ñòþ ñëàéä-ñêàíåð³â º âåëèêà ãëèáèíà ð³çêîñò³
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¿õ îïòèêè, ùî äàº ìîæëèâ³ñòü îòðèìàòè âèñîêå ðîçð³çíåííÿ ïðè
ñêàíóâàíí³ ç êîëüîðîâîãî íåãàòèâà. Ïîáóòîâ³ ðîçðàõîâàí³ íà 35 ìì
ïë³âêó ³ êîøòóþòü ïîð³âíÿíî íåäîðîãî � 200�300 óì. îä., à
ïðîôåñ³éí³ ìîæóòü ïðèéìàòè áóäü-ÿêèé ôîðìàò ïë³âîê áóäü-ÿêî¿
äîâæèíè, ïðîòå êîøòóþòü â³ä 1000 äî äåê³ëüêîõ òèñÿ÷ (äåñÿòê³â)
óì. îä. Äî ö³íè, êð³ì òîãî, âõîäèòü ö³íà âåëüìè äîðîãîãî ïðî-
ãðàìíîãî çàáåçïå÷åííÿ. Òàêîãî, íàïðèêëàä, ùî çàáåçïå÷óº âèäà-
ëåííÿ ç çîáðàæåííÿ ñë³ä³â ïèëó ³ íåãëèáîêèõ ïîäðÿïèí îðèã³íàëó.
Âèñîêå ðîçð³çíåííÿ ³ âåëèêèé ôîðìàò ïðîôåñ³éíèõ ñëàéä-ñêàíåð³â
âèìàãàþòü âèêîðèñòîâóâàííÿ äëÿ ïåðåäà÷³ äàíèõ ó êîìï�þòåð
øâèäê³ñíèõ øèí òèïó SCS² Firewire ³ USB 2.0. Íåäîë³ê � íå-
ìîæëèâ³ñòü ñêàíóâàííÿ êîëüîðîâèõ ôîòîãðàô³é ³ äîêóìåíò³â.

ä) ôëåø-ñêàíåð àáî öèôðîâèé ôîòîàïàðàò ÿê ñêàíåð (îïòè÷íà
íàñàäêà íà îá�ºêòèâ öèôðîâîãî ôîòîàïàðàòó) äîçâîëÿº çí³ìàòè
35ìì ñëàéä àáî íåãàòèâ íà öèôðîâèé íîñ³é. Ïåðåâàãà � íåâåëèêà
ö³íà òà ìèòòºâ³ñòü ðåçóëüòàòó îöèôðîâóâàííÿ ïðè ÿêîñò³, àíà-
ëîã³÷í³é çâè÷àéí³é öèôðîâ³é ôîòîãðàô³¿. Íåäîë³ê çí³ìê³â � â³äáëèñê
â³ä ñïàëàõó, ÿêèé äàº  ãëÿíöåâà ïîâåðõíÿ îðèã³íàëó, ïðîòå éîãî
ìîæíà ïîäîëàòè çà äîïîìîãîþ äâîõ äèôóçíèõ ñîô³ò³â. Òåõí³÷í³
õàðàêòåðèñòèêè ðîçïîâñþäæåíèõ òèï³â ñêàíåð³â ïðèâåäåíî ó òàá-
ëèö³ 1 [2]. Íà ï³äñòàâ³ àíàë³çó òèï³â äîêóìåíò³â, ÿê³ îáðîáëÿþòüñÿ
ç ìåòîþ îáë³êó ñòàòèñòè÷íî¿ ³íôîðìàö³¿, ïðîïîíóºòüñÿ íàñàìïåðåä
âèêîðèñòîâóâàòè òàê³ òèïè ñêàíåð³â:

= ïëàíøåòíèé � äëÿ îáðîáêè äîêóìåíò³â íà ïàïåðîâ³é îñíîâ³;
= ïë³âî÷íèé � äëÿ îáðîáêè äîêóìåíò³â íà îñíîâ³ ð³çíèõ âèä³â

ïë³âîê.
Íà âèá³ð òèïó ñêàíåðà âïëèâàº êîëüîðîâà õàðàêòåðèñòèêà çîá-

ðàæåííÿ òà òèï íîñ³ÿ ãðàô³÷íî¿ ³íôîðìàö³¿, à òàêîæ ñòóï³íü
ïðîçîðîñò³ îðèã³íàëó. Çðîçóì³ëî, ùî âèá³ð ñêàíåðà òàêîæ îáóìîâ-
ëþºòüñÿ ñï³ââ³äíîøåííÿì ö³íà/ïðîäóêòèâí³ñòü.

Íàéâàæëèâ³øîþ õàðàêòåðèñòèêîþ ñêàíóþ÷îãî ïðèñòðîþ º ðîç-
ð³çíþâàëüíà çäàòí³ñòü, ùî ìîæå âèçíà÷àòèñü òàêîæ éîãî ÷àñòîòíî-
êîíòðàñòíîþ õàðàêòåðèñòèêîþ.

Ðîçð³çíåííÿ â ï³êñåëàõ � öå õàðàêòåðèñòèêà, ïðèéíÿòà â åðó
êîìï�þòåð³â. Äî öüîãî â òåëåáà÷åíí³ éîãî âèì³ðÿëè ÷èñëîì ðÿäê³â
íà åêðàí³, à ùå ðàí³øå ó ôîòîãðàô³¿ � ÷èñëîì ë³í³é (åëåìåíò³â
çîáðàæåííÿ) íà ì³ë³ìåòð. Òî÷êè íà äþéì (dpi) ÿê îäèíèö³ ðîç-
ð³çíþâàëüíî¿ çäàòíîñò³ âèêîðèñòîâóþòüñÿ äëÿ ïðèíòåð³â òà ñêà-
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                                   Îö³íêà ïîõèáêè â³äòâîðåííÿ äåòàëüíîñò³              
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íåð³â. Ïðîòå âîíè ìàþòü ó äâà ðàçè á³ëüø³ çíà÷åííÿ â ïîð³âíÿíí³
ç ë³í³ÿìè íà äþéì, àäæå ï³ä ë³í³ºþ ðîçóì³ºòüñÿ ñàìà ë³í³ÿ ³
ïðîì³æîê ì³æ íåþ ³ ñóñ³äíüîþ, à ï³ä òî÷êîþ � ò³ëüêè ñàìà òî÷êà.
Òîáòî ïðè îö³íö³ öå îçíà÷àº, ùî ë³í³é íà äþéì â äâà ðàçè ìåíøå,
í³æ òî÷îê. Âèì³ðÿòè ¿õ ìîæíà âñòàâèâøè â ñêàíåð òåñò-îá�ºêò
(çîáðàæåííÿ ÷îðíèõ ³ á³ëèõ ñìóã ð³çíî¿ øèðèíè â³ä îäíîãî ì³ë³ìåòðà
äî îäíîãî ì³êðîíà) ³ ïîäèâèòèñü íà ìîí³òîð³ ïðè ìàêñèìàëüíîìó
çá³ëüøåíí³ â³äòâîðåííÿ öüîãî òåñò-îá�ºêòà (ì³ðè).

Òàì, äå âæå íå ìîæíà â³äð³çíèòè ñâ³òëó ñìóæêó â³ä òåìíî¿,
ðîçð³çíåííÿ â³äñóòíº ³, îòæå, ðîáî÷å ðîçð³çíåííÿ ñêàíåðà ð³âíå
ïîïåðåäíüîìó çíà÷åííþ ê³ëüêîñò³ ë³í³é íà äþéì. Ðîçð³çíåííÿ
âèçíà÷àºòüñÿ çà ÿñêðàâ³ñòþ àáî çà çåëåíèì êàíàëîì (êðèâ³é âèäè-
ìîñò³), îñê³ëüêè îêî íàéá³ëüø ÷óòëèâå äî ö³º¿ çîíè ñïåêòðà.
Ìîæíà íàäðóêóâàòè ì³ðó íà ïðèíòåð³ ³ çà äîïîìîãîþ ëóïè (êðàùå
ì³êðîñêîïà) âèçíà÷èòè, äå çàê³í÷óºòüñÿ ðîçð³çíåííÿ ïðèíòåðà. Àëå
ó òàêîìó ðàç³ ïðèñóòíÿ ìåòîäè÷íà ïîìèëêà � íà ïðèíòåð âèâî-
äèòüñÿ âæå ñïîòâîðåíå ñêàíåðîì çîáðàæåííÿ. Âçàãàë³-òî ëàíöþæîê
ìîæå áóòè ùå äîâøèì: îá�ºêòèâ ïë³âêîâîãî ôîòîàïàðàòà � ïë³âêà
� îá�ºêòèâ çá³ëüøóâà÷à (ì³êðîîá�ºêòèâ) � ôîòîïàï³ð (ì³êðîô³ëüì)
� ñêàíåð � ïðèíòåð.

Äëÿ òîãî ùîá îö³íèòè âíåñîê êîæíî¿ ëàíêè ðåïðîäóêö³éíîãî
ïðîöåñó äî âòðàòè ðîçð³çíåííÿ, âèêîðèñòîâóþòü ÷àñòîòíî-êîíòðà-
ñòíó õàðàêòåðèñòèêó (×ÊÕ), ùî ïîêàçóº, ÿê çìåíøóºòüñÿ êîíòðàñò
ì³æ ñâ³òëèìè ³ òåìíèìè ñìóãàìè ³ç çá³ëüøåííÿì ïðîñòîðîâî¿
÷àñòîòè (ê³ëüêîñò³ ë³í³é íà äþéì). Âîíà ñõîæà íà àìïë³òóäíî-
÷àñòîòíó õàðàêòåðèñòèêó ³ äîçâîëÿº âñòàíîâèòè, ÿêó ëàíêó â ëàí-
öþç³ òðåáà âäîñêîíàëèòè â ïåðøó ÷åðãó, ùîá ï³äíÿòè ñóìàðíå
ðîçð³çíåííÿ âñüîãî ïðîöåñó ðåïðîäóêö³¿ [3].

Ðîçð³çíåííÿ çàëåæèòü â³ä êîíòðàñòó çîáðàæåííÿ. Ïðè íóëüîâî-
ìó êîíòðàñò³ éîãî ïðîñòî íåìàº, à ïðè àáñîëþòíîìó êîíòðàñò³
ðîçð³çíåííÿ ìàêñèìàëüíå. Êîíòðàñò, àáî êîåô³ö³ºíò êîíòðàñòíîñò³
� öå òàíãåíñ êóòà íàõèëó êðèâî¿ òîíîïåðåäà÷³ (òàê çâàíî¿ õàðàê-
òåðèñòè÷íî¿ êðèâî¿) íà ïðÿìîë³í³éí³é ä³ëÿíö³. ²äåàëüíà êðèâà
òîíîïåðåäà÷³ � öå ïðÿìà ë³í³ÿ, ùî ïî÷èíàºòüñÿ ç ïî÷àòêó êîîð-
äèíàò ï³ä êóòîì 45 ãðàäóñ³â. Àëå ÿêùî ðåïðîäóêö³éíèé ïðîöåñ íå
³äåàëüíèé, òî çàì³ñòü ïðÿìî¿ ë³í³¿ âèéäå êðèâà � çâ³äñè ³ íàçâà.
ßêùî êóò ìåíøèé, òî â³äáóâàºòüñÿ âòðàòà êîíòðàñòó, á³ëüøèé �
êîíòðàñò íåïðèðîäíî âèñîêèé.
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Àíàë³çóþ÷è õàðàêòåðèñòè÷íó êðèâó, ìîæíà ä³çíàòèñÿ ïðî ïðî-
öåñ ðåïðîäóêö³¿. Ïðè íåäîñòàòí³é åêñïîçèö³¿ ÿñêðàâ³ñòü ó êîï³¿
íèæ÷à, í³æ â îðèã³íàë³, à îñê³ëüêè ä³àïàçîí â³äòâîðåííÿ îáìåæå-
íèé, âñ³ òåìí³ äåòàë³ âòðà÷àþòüñÿ � âîíè ïåðåäàþòüñÿ îäíàêîâè-
ìè, òîìó ùî êîíòðàñò äîð³âíþº íóëþ. Ïðè ïåðåòðèìö³ òåìí³
äåòàë³ â³äòâîðþþòüñÿ ïîâí³ñòþ, ïðîòå âòðà÷àþòüñÿ ñâ³òë³. Â³äïî-
â³äíî, ð³çêèé êîíòðàñò ïåðåäà÷³ ïðèâîäèòü äî ë³í³éíèõ ñïîòâîðåíü,
à ñïîòâîðåííÿ ãðàäàö³éíî¿ õàðàêòåðèñòèêè � äî íåë³í³éíèõ, ïðÿìà
ïåðåòâîðþºòüñÿ íà ëàìàíó.

Êîîðäèíàòè êîæíîãî êîëüîðó íà òàêîìó òë³ âèðàæàþòü â³äò³íîê
(Hue) â³ä ô³îëåòîâîãî äî òåìíî-÷åðâîíîãî, íàñè÷åí³ñòü êîëüîðó
(Saturation) â³ä áåçáàðâíîãî äî ìàêñèìàëüíî ÷èñòîãî êîëüîðó ³
ÿñêðàâ³ñòü êîæíîãî êîëüîðó â³ä àáñîëþòíî á³ëîãî äî àáñîëþòíî
÷îðíîãî (Lightness). Ó á³ëüøîñò³ âèïàäê³â äëÿ îö³íêè òî÷íîñò³
ïåðåíåñåííÿ êîëüîðó çàñòîñîâóþòü òðèêîë³ðíó êîëîðèìåòð³þ, ùî
äîçâîëÿº íå ò³ëüêè çàì³ðÿòè îêðåì³ êîëüîðè, àëå ³ âåñü ïðîöåñ
ïåðåòâîðåííÿ êîëüîð³â. Îñíîâíèì ïîñòóëàòîì êîëîðèìåòðè÷íî¿ òåîð³¿
º òîé ôàêò, ùî âñå ð³çíîìàí³òòÿ êîëüîð³â ìîæíà â³äòâîðèòè,
ìàþ÷è âñüîãî òðè äæåðåëà ñâ³òëà: ñèí³é, çåëåíèé ³ ÷åðâîíèé.
Ëþäñüêå îêî ìîæå â³äð³çíèòè îäèí â³ä îäíîãî áëèçüêî 10 òèñ.
êîëüîð³â, àëå â ð³çíèõ çîíàõ ñïåêòðó ÷óòëèâ³ñòü ð³çíà.

Âàæëèâîþ  õàðàêòåðèñòèêîþ êîëüîðó º êîë³ðíèé áàëàíñ àáî
êîë³ðíà òåìïåðàòóðà. Îêî ëþäèíè ëåãêî àäàïòóºòüñÿ äî áóäü-ÿêèõ
óìîâ ³ âèçíà÷àº á³ëèé êîë³ð ïðè áóäü-ÿêîìó îñâ³òëåíí³, ÷îãî íå
ìîæíà ñêàçàòè ïðî ôîòîïë³âêè ³ öèôðîâ³ êàìåðè. Òàê, ïðè
çá³ëüøåíí³ ñîíÿ÷íîãî ñâ³òëà çîáðàæåííÿ â êîï³¿ á³ëüø ñèíº, í³æ
íàñïðàâä³, à ïðè îñâ³òëåíí³ ëàìïàìè ðîçæàðþâàííÿ � á³ëüø æîâòå,
òîáòî ïîðóøóºòüñÿ êîë³ðíèé áàëàíñ. Ã³ðøå âèõîäèòü ï³ä ÷àñ çí³ìàí-
íÿ â íåïðèðîäíîìó ñâ³òë³ ôëóîðåñöåíòíèõ, íàòð³ºâèõ ³ ðòóòíèõ
ëàìï, îñê³ëüêè ¿õ êîë³ðíèé áàëàíñ íå â³äïîâ³äàº òàê çâàí³é êîë³ðí³é
òåìïåðàòóð³. Áàãàòî â ÷îìó êîë³ðí³ ñïîòâîðåííÿ â ðåïðîäóêö³¿
ïðîõîäÿòü íå ïîì³÷åíèìè ÷åðåç âëàñòèâ³ñòü êîë³ðíî¿ ïàì�ÿò³ ëþ-
äèíè, ÿêà áåðåæå çîâñ³ì íåâåëèêó ê³ëüê³ñòü çíàéîìèõ êîëüîð³â,
íàïðèêëàä, êîë³ð íåáà, øê³ðè îáëè÷÷ÿ ïåâíî¿ íàö³îíàëüíîñò³, çå-
ëåí³, öåãëÿíî¿ ñò³íêè � ö³ êîëüîðè º âåëüìè êðèòè÷íèìè ³
ïîõèáêè ¿õ ïåðåíåñåííÿ ëåãêî âèÿâëÿþòüñÿ. Ïîõèáêè ïåðåäà÷³
ðåøòè â³äò³íê³â ïðè íåìîæëèâîñò³ ïîð³âíÿòè ðåïðîäóêö³þ ³ îðè-
ã³íàë íå òàê³ ïîì³òí³.
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Òåîð³ÿ êîëüîðîâî¿ ðåïðîäóêö³¿ âñòàíîâëþº ïðàâèëî ïîð³âíÿííÿ êî-
ëüîðîâîãî îðèã³íàëó ³ éîãî êîï³é çà äîïîìîãîþ îá�ºêòèâíèõ ÷èñëîâèõ
ïàðàìåòð³â. Ñòîñîâíî ôîòîïðîöåñ³â òàêèé ìåòîä íîñèòü íàçâó ôîòîãðà-
ô³÷íî¿ ñåíñèòîìåòð³¿. Â³í äîçâîëÿº íå ò³ëüêè äàòè â³äïîâ³äü íà ïèòàííÿ
ïðî òî÷í³ñòü êîëüîðîâ³äòâîðåííÿ, àëå é îïòèìàëüíî ïîáóäóâàòè ïðîöåñ
àíàëîãîâî¿ ÷è öèôðîâî¿ ôîòîãðàô³÷íî¿ ðåïðîäóêö³¿ äîêóìåíò³â.

Ùîá ìàêñèìàëüíî ïîâíî âèêîðèñòîâóâàòè ìîæëèâîñò³ íàÿâíî¿
àïàðàòóðè íåîáõ³äíî, ùîá êðèâà â³äòâîðåííÿ íåéòðàëüíî-ñ³ðî¿ øêàëè
ÿâëÿëà ñîáîþ ïðÿìó, ùî âèõîäèòü ³ç ïî÷àòêó êîîðäèíàò ï³ä êóòîì
45 ãðàäóñ³â.

Öå äîñÿãàºòüñÿ ïåâíîþ íàñòðîéêîþ ðåïðîäóêö³éíî¿ àïàðàòóðè,
à ñàìå:

à) ÿñêðàâîñò³ � çíà÷åííÿ ïàðàìåòðà Brightness â ñêàíåð³ ³
ïðèíòåð³ àáî çíà÷åííÿ êîðåêö³¿ åêñïîçèö³¿ ó ôîòîàïàðàò³ (â ðó÷-
íîìó ðåæèì³ çéîìêè);

á) êîíòðàñòó � çíà÷åííÿ ïàðàìåòðà Contrast àáî Gamma;
â) êîë³ðíî¿ íàñè÷åíîñò³ � çíà÷åííÿ ïàðàìåòðà Saturation;
ã) êîë³ðíîãî áàëàíñó � çíà÷åííÿ êîë³ðíî¿ òåìïåðàòóðè (àáî

íàéìåíóâàííÿ) äæåðåëà ñâ³òëà ïðè ôîòîãðàôóâàíí³ öèôðîâîþ
ôîòîêàìåðîþ (áàëàíñ «ð³âíÿ á³ëîãî»);

ä) ð³çêîñò³ � çíà÷åííÿ íåîáõ³äíîãî ðîçð³çíåííÿ â ñêàíåð³ àáî
öèôðîâ³é êàìåð³.

Òàêèì ÷èíîì, ãîëîâíèì ïàðàìåòðîì ïðè âèáîð³ òèïó ïðèñòðîþ
äëÿ ñêàíóâàííÿ çîáðàæåíü äîêóìåíòàëüíèõ ìàòåð³àë³â º ðîçð³çíþ-
âàëüíà çäàòí³ñòü.

Ç óðàõóâàííÿì òîãî, ùî äîêóìåíòàëüí³ ìàòåð³àëè, ÿê³ ï³äëÿãà-
þòü îöèôðîâóâàííþ äëÿ ïîäàëüøî¿ îáðîáêè òà çáåð³ãàííÿ, ìîæóòü
ìàòè åëåìåíòè ³êîí³÷íî¿ ³íôîðìàö³¿, âàæëèâèì º ïèòàííÿ ðîçðà-
õóíêó äåòàëüíîñò³ äëÿ ð³çíèõ òèï³â ñêàíåð³â.

Íà ñüîãîäí³ ³ñíóº ñïåö³àëüíèé òèï ñêàíåð³â � ôîòîãðàììåò-
ðè÷í³, ÿê³ ïðèçíà÷åí³ äëÿ îáðîáêè ðóëîííèõ ïë³âêîâèõ ìàòåð³àë³â.
Ïåðø³ ìîäåë³ ôîòîãðàììåòðè÷íèõ ñêàíåð³â äëÿ êîìåðö³éíîãî âè-
êîðèñòàííÿ ç�ÿâèëèñü íà ïî÷àòêó 1990-õ ðð., êîëè ðîçâèòîê êîì-
ï�þòåðíî¿ òåõí³êè ñòâîðèâ ïåðåäóìîâè äëÿ ïåðåõîäó â³ä àíàëîãîâî¿
ôîòîãðàô³÷íî¿ äîêóìåíòàö³¿ äî öèôðîâî¿. Öèôðîâå ôîòîäîêóìåí-
òóâàííÿ ïðîòÿãîì äåê³ëüêîõ ðîê³â çðîñëî äî ïðîìèñëîâîãî ð³âíÿ,
ïîñòàâèâøè îñíîâíèì çàâäàííÿì ïèòàííÿ çàáåçïå÷åííÿ âèñîêî¿
òî÷íîñò³ ïðè ñêàíóâàíí³ ìàòåð³àë³â ³êîí³÷íèõ çîáðàæåíü.
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Ñàìå ôîòîãðàììåòðè÷í³ ñêàíåðè ïðîâ³äíèõ âèðîáíèê³â, òàêèõ
ÿê Leica Geosystems (Øâåéöàð³ÿ) ³ Zeiss (Í³ìå÷÷èíà), çàáåçïå÷ó-
þ÷è âèñîêó ãåîìåòðè÷íó òî÷í³ñòü ó 2�3 ìêì, äîçâîëèëè öèôðî-
âîìó ôîòîäîêóìåíòóâàííþ âèéòè ç ëàáîðàòîð³é â ðåàëüíå âèðîá-
íèöòâî. Ïðè÷îìó âàðò³ñòü òàêèõ ñêàíåð³â äîñÿãàëà äåê³ëüêîõ ñîòåíü
òèñÿ÷ äîëàð³â.

Âèñîêà âàðò³ñòü ñïåö³àë³çîâàíèõ ñêàíåð³â ïîðîäèëà ìàñó äèñêóñ³é
ïðî ìîæëèâ³ñòü çàñòîñóâàííÿ äåøåâøèõ ïîë³ãðàô³÷íèõ ³ íàâ³òü «ïî-
áóòîâèõ» ñêàíåð³â ó ôîòîäîêóìåíòàëüíîìó âèðîáíèöòâ³. Ïðèíöèïîâà
ìîæëèâ³ñòü òàêîãî âèêîðèñòàííÿ î÷åâèäíà, àëå âèïàäêîâ³ çàëèøêîâ³
ïîãð³øíîñò³ ïðèíöèïîâî íå äàþòü äîáèòèñÿ íà òàêèõ ñêàíåðàõ ãåî-
ìåòðè÷íî¿ òî÷íîñò³ âèùå, í³æ 10 ìêì. Ö³íà ïðîôåñ³éíèõ ïîë³ãðà-
ô³÷íèõ ñêàíåð³â ÷àñòî âèÿâëÿºòüñÿ ð³âíîþ çà ö³íîþ ìîëîäøèõ ìî-
äåëåé ôîòîãðàììåòðè÷íèõ ñêàíåð³â. Ðåàëüíà òî÷í³ñòü ñêàíåð³â âàðò³ñòþ
äî 10 òèñ. äîë., çâè÷àéíî, ëåæèòü â ìåæàõ 20�50 ìêì. Ïðîòå, íàâ³òü
òàêî¿ òî÷íîñò³ âèÿâëÿºòüñÿ äîñòàòíüîäëÿ ïåâíèõ çàñòîñóâàíü ó äîêó-
ìåíòàëüíîìó ä³ëîâîäñòâ³ ùîäî ïåðåâåäåííÿ ãàëîãåí³äîñð³áíèõ ì³êðî-
ô³ëüìîêîï³é â åëåêòðîííèé öèôðîâèé ôîðìàò.

Õàðàêòåðèñòèêè  ñó÷àñíèõ  ìîäåëåé  ôîòîãðàììåòðè÷íèõ  ñêà-
íåð³â ïðèâåäåí³ ó òàáëèö³ 2 [1, 3].

Ð³çíèöÿ â òî÷íîñò³ ì³æ ôîòîãðàììåòðè÷íèìè ³ çâè÷àéíèìè
ñêàíåðàìè äîñÿãàºòüñÿ çà ðàõóíîê òîãî, ùî ôîòîãðàììåòðè÷í³
ñêàíåðè âèêîðèñòîâóþòü âèñîêîòî÷í³ äàò÷èêè ë³í³éíèõ ïåðåì³ùåíü
³ ñåðâîïðèâîäè  çâîðîòí³ì çâ�ÿçêîì. Äàò÷èê ë³í³éíèõ ïåðåì³ùåíü
ìàº ðîçð³çíåííÿ 0,5�1,0 ìêì ³ ãàðàíòîâàíó òî÷í³ñòü ó 2,0�3,0
ìêì. Ñåðâîïðèâ³ä âèêîðèñòîâóº ïðåöåç³éíèé äâèãóí ïîñò³éíîãî
ñòðóìó ç ì³êðîïðîöåñîðíèì êîíòðîëåðîì, ùî äîçâîëÿº â³äñòåæó-
âàòè ³ â³äïðàöüîâóâàòè ì³êðîíí³ â³äõèëåííÿ â ïåðåì³ùåíí³. Âè-
çíà÷àëüíèì ÷èííèêîì òî÷íîñò³ º òåõíîëîã³ÿ âèãîòîâëåííÿ. Êîí-
ñòðóêòèâíî ôîòîãðàììåòðè÷íèé ñêàíåð îáîâ�ÿçêîâî ìàº ìàñèâíó
îñíîâó, ùî âèãîòîâëÿºòüñÿ ³ç ñïåö³àëüíî¿ ñòàë³, îáðîáëåí³ ³ âèñ-
òàâëåí³ ç âèñîêîþ òî÷í³ñòþ, ïðåöåç³éí³ ï³äøèïíèêè ³ ò. ä. Îê-
ðåìî¿ óâàãè çàñëóãîâóº îïòèêà, àäæå ïîêàçíèêè äèñòîðñ³¿ ó ñòàí-
äàðòíèõ «ïîáóòîâèõ» îá�ºêòèâ³â îá÷èñëþþòü ó äåñÿòêàõ ì³êðîí. Ó
ôîòîãðàììåòðè÷íèõ ñêàíåðàõ âèêîðèñòîâóþòüñÿ äîðîã³ îá�ºêòèâè ç
ìàëîþ äèñòîðñ³ºþ, íàé÷àñò³øå � äçåðêàëüí³.

Ðîçãëÿíåìî îñíîâí³ îñîáëèâîñò³ êîíñòðóêö³¿ òà ìîæëèâîñò³
ôîòîãðàììåòðè÷íèõ ñêàíåð³â.



126

Åêîëîã³÷íà áåçïåêà òà ïðèðîäîêîðèñòóâàííÿ

Òàáëèöÿ 2 � Õàðàêòåðèñòèêè  ñó÷àñíèõ  ìîäåëåé
ôîòîãðàììåòðè÷íèõ  ñêàíåð³â

Âèðîáíèê Leica Geosystems Z/I Imaging Vexcel ÍÏÏ

“ Ãåîñèñòåìà�

Ìîäåëü DSW600 PhotoScan UltraScan DeltaScan-5

Òèï ñåíñîðà ÏÇÑ - ìàòðèöÿ

2000*3000*10 µ m
ÏÇÑ - ë³í³éêà

3*5632*7 µ m
ÏÇÑ - ë³í³éêà

3*6000*12 µ m
ÏÇÑ - ë³í³éêà

3*5120*8µ m
Ôîðìàò, ìì 260*260 275*250 265*252 260*260

Ñêàíóâàííÿ

ô ³ëüìó
àâòîìàòè÷íå àâòîìàòè÷íå àâòîìàòè÷íå àâòîìàòè÷íå

Ìàêñèìàëüíèé

ä³àìåòð ô ³ëüìó,

ìì

194 194 194 168

Ãåîìåòðè÷íà

òî÷í³ñòü (ÑÊÎ),
ìêì

<2 <2 2 2

Ì³í³ìàëüíèé

ðîçì³ð ï³êñåëÿ,

ìêì

4,5-22
(ç êðîêîì 3 ìêì)

7 5 8

Ðàä³îìåòðè÷íå

ðîçð³çíåííÿ, á³ò
12 10 12 12

Ä³àïàçîí

îïòè÷íî¿

ù³ëüíîñò³, D

> 2,5 2,5 3,5 2,7

Îñâ³òëþâà÷
Êñåíîíîâà

ñòðîáîñêîï³÷íà

ëàìïà

Ãàëîãåííà

ëàìïà

Ëþì³í³ñöåíòíà

ëàìïà

Ïîòóæí³

ñâ³òëîä³îäè

Îá'ºêòèâ
Ë³íçîâèé

Schneider 120 mm
Äçåðêàëüíèé

Carl Zeiss
Ë³íçîâèé

Äçåðêàëüíèé

“Àðñåíàë�

Øâèäê³ñòü

ñêàíóâàííÿ

(÷/á)
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Òèï ñåíñîðà. Á³ëüø³ñòü ñêàíåð³â âèêîðèñòîâóþòü ë³í³éíèé ñâ³òëî-
÷óòëèâèé äàò÷èê (êîëüîðîâó ÏÇÑ-ë³í³éêó), ùî ñêëàäàºòüñÿ ç äå-
ê³ëüêîõ òèñÿ÷ åëåìåíò³â (ï³êñåë³â), ðîçì³ðîì 5�10 ìêì êîæåí.
Øèðèíà ÏÇÑ-ë³í³éêè âèçíà÷àº ñìóãó íà çí³ìêó, ÿêó ñêàíåð çäàò-
íèé â³äñêàíóâàòè çà îäèí ïðîõ³ä. Âèêîðèñòàííÿ ïëîùèííîãî
ôîòîïðèéìàëüíîãî åëåìåíòà (ÏÇÑ-ìàòðèö³) äîçâîëÿº ³ñòîòíî ïðè-
ñêîðèòè ïðîöåñ ñêàíóâàííÿ, ïðîòå âèìàãàº ïîòóæí³øîãî îñâ³òëþ-
âà÷à ³ ï³äâèùóº âèìîãè äî éîãî êàë³áðóâàííÿ.

Ôîðìàò. Ñòàíäàðòíèì äëÿ ñêàíåð³â º ôîðìàò êàäðó, ðîçì³ðîì
230x230 ìì (øèðèíà ô³ëüìó 240 ìì). Äåÿê³ ìîäåë³ äîçâîëÿþòü
ñêàíóâàòè çí³ìêè á³ëüøîãî ôîðìàòó, àæ äî 320×470 ìì, íàïðèê-
ëàä, ñêàíåð DeltaScan-470 (ÍÏÏ «Ãåîñèñòåìà»). Öåé ñêàíåð ñïå-
ö³àëüíî ïðèçíà÷åíèé äëÿ øèðîêîôîðìàòíèõ êîñì³÷íèõ çí³ìê³â.

Ñêàíóâàííÿ ô³ëüìó. Àâòîìàòè÷íå ñêàíóâàííÿ ô³ëüìó âèã³äíå
ïðè çíà÷íèõ îá�ºìàõ ñêàíóâàííÿ. Îñê³ëüêè â³äñòàíü ì³æ êàäðàìè
ô³ëüìó ìîæå áóòè ð³çíîþ, òî ñèñòåìà àâòîìàòè÷íîãî ïåðåìîòó-
âàííÿ ïîâèííà ìàòè ôóíêö³þ ïîøóêó êðàþ çí³ìêà, âèçíà÷åííÿ
ïðîïóñê³â ³ ò.ä. Öèôðîâ³ çí³ìêè, ÿê³ â³äñêàíîâàí³ íà ñêàíåð³-
àâòîìàò³, ìàþòü îäíàêîâ³ â³äñòóïè, ùî çíà÷íî ïðèñêîðþº ïîäàëü-
øó ïðîöåäóðó àâòîìàòè÷íîãî âíóòð³øíüîãî îð³ºíòóâàííÿ. Êð³ì
òîãî, ñêàíåð-àâòîìàò ìîæå àâòîìàòè÷íî âèêîíàòè âèá³ðêîâå ïî-
ïåðåäíº ñêàíóâàííÿ âñüîãî ô³ëüìó àáî éîãî ÷àñòèíè äëÿ âèçíà-
÷åííÿ îïòèìàëüíèõ ïàðàìåòð³â ñêàíóâàííÿ. Ôîòîãðàììåòðè÷íèé
ñêàíåð-àâòîìàò çäàòíèé çà 20�30 ãîäèí áåç âòðó÷àííÿ îïåðàòîðà
â³äñêàíóâàòè ô³ëüì, ùî ì³ñòèòü á³ëÿ 300 çí³ìê³â, ðîçì³ðîì
240×240 ìì.

Ìàêñèìàëüíèé ä³àìåòð ô³ëüìó. Ñòàíäàðòíèé ô³ëüì, øèðèíîþ
240 ìì, ìàº äîâæèíó 76 ì ³ ä³àìåòð 132 ìì. Òàêèé ô³ëüì ì³ñòèòü
ìàéæå 300 çí³ìê³â. Ô³ëüì ïîäâîºíî¿ äîâæèíè ìàº ä³àìåòð 194 ìì
³ äîâæèíó 152 ì. Çàëåæíî â³ä òîâùèíè ïë³âêè, ö³ ïîêàçíèêè
ìîæóòü çì³íþâàòèñÿ. Ùîäî ì³êðîô³ëüì³â ðîçïîâñþäæåíîãî ôîð-
ìàòó 35×1600 ìì âèðîáíè÷³ ïîòóæíîñò³ ôîòîãðàììåòðè÷íèõ ñêà-
íåð³â º áåçïåðå÷íîþ ïåðåâàãîþ.

Ãåîìåòðè÷íà òî÷í³ñòü º îñíîâíèì ïàðàìåòðîì ñêàíåðà, ÿêèé
âèçíà÷àºòüñÿ çà äîïîìîãîþ ñïåö³àëüíî¿ êîíòðîëüíî¿ ñ³òêè, íàíå-
ñåíî¿ ç ì³êðîííîþ òî÷í³ñòþ íà ñêëÿíó ïëàñòèíó. Â ðåçóëüòàò³
âèì³ðþâàííÿ (çàçâè÷àé àâòîìàòè÷íîãî) äåê³ëüêîõ äåñÿòê³â õðåñò³â
íà â³äñêàíîâàíîìó çîáðàæåíí³ ñ³òêè âèçíà÷àºòüñÿ ñåðåäíîüîêâàä-
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ðàòè÷íà  ïîõèáêà ñêàíóâàííÿ. Ó ñó÷àñíèõ ñêàíåð³â öÿ ïîõèáêà íå
ïåðåâèùóº ±2 ìêì äëÿ êîæíî¿ êîîðäèíàòíî¿ îñ³.

Ì³í³ìàëüíèé ðîçì³ð ï³êñåëÿ. Ïðè âèêîðèñòàíí³ äçåðêàëüíîãî
îá�ºêòèâà, ùî çàçâè÷àé ìàº çá³ëüøåííÿ 1:1, ì³í³ìàëüíèé ï³êñåëü
ñï³âïàäàº ç ðîçì³ðîì ï³êñåëÿ ÏÇÑ-ñåíñîðà. Íàïðèêëàä, 7 ìêì ó
PhotoScan àáî 8 ìêì ó DeltaScan. ²íø³ ðîçì³ðè, êðàòí³ ì³í³ìàëüíîìó,
âèõîäÿòü çà äîïîìîãîþ öèôðîâîãî ñêëàäàííÿ ³ óñåðåäíþâàííÿ ïî-
÷àòêîâèõ ï³êñåë³â. Òàê, ÷îòèðè 8-ì³êðîíí³ ï³êñåë³ (2×2) äàäóòü ó
ðåçóëüòàò³ îäèí 16-ì³êðîííèé. Ïðè öüîìó íå â³äáóâàºòüñÿ âòðàòè
ÿêîñò³ çîáðàæåííÿ, îñê³ëüêè çàì³ñòü ³íòåðïîëÿö³¿ (âñòàâêè íîâèõ
ï³êñåë³â) âèêîíóºòüñÿ çâîðîòíà îïåðàö³ÿ (óñåðåäíþâàííÿ), ÿêà êð³ì
âñüîãî ³íøîãî çíèæóº øóì çîáðàæåííÿ. ²íø³ ðîçì³ðè, íåêðàòí³
ì³í³ìàëüíîìó, ìîæóòü áóòè îäåðæàí³ ò³ëüêè â ðåçóëüòàò³  ïðîãðàì-
íîãî ïåðåðàõóíêó (ðåñåìïë³íãó). Ïðè öüîìó çàâæäè â³äáóâàºòüñÿ
ïåâíà âòðàòà ÿêîñò³ ïî÷àòêîâîãî  çîáðàæåííÿ. Äëÿ óñóíåííÿ ö³º¿
ïðîáëåìè äåÿê³ ñêàíåðè ìàþòü îïòè÷íó ñèñòåìó ³ç çì³ííèì çá³ëüøåí-
íÿì, ÿêà äîçâîëÿº íàëàøòóâàòè ñêàíåð íà áóäü-ÿêèé «áàçîâèé» ï³êñåëü.

Íåäîë³êîì òàêîãî ìåòîäó º íåîáõ³äí³ñòü âèêîðèñòàííÿ ë³íçîâèõ
îá�ºêòèâ³â çàì³ñòü äçåðêàëüíèõ, ùî âíîñèòü äîäàòêîâ³ ñïîòâîðåííÿ
(äèñòîðñ³ÿ, àáåðàö³ÿ) ³ çíèæóº ðåàëüíó ðîçä³ëüíó çäàòí³ñòü ñèñòåìè
íà ìàëèõ êîíòðàñòàõ.

Ó ïðàêòè÷í³é ðîáîò³ äóæå ð³äêî âèêîðèñòîâóºòüñÿ ñêàíóâàííÿ
ç ì³í³ìàëüíèì ðîçì³ðîì ï³êñåëÿ. Çâè÷àéíå çíà÷åííÿ ï³êñåëÿ ñêà-
íóâàííÿ äëÿ ÷îðíî-á³ëèõ îðèã³íàë³â ñòàíîâèòü 12�24 ìêì, à äëÿ
êîëüîðîâèõ � 16�32 ìêì. Ñåðåäíüîêâàäðàòè÷íà ïîìèëêà, ùî
âíîñèòüñÿ â ïîäàëüø³ âèì³ðþâàííÿ çà ðàõóíîê äèñêðåòèçàö³¿, ñòà-
íîâèòü 1/4 ðîçì³ðó ï³êñåëÿ, òàê ùî âîíà â³äïîâ³äàº ïîìèëö³
íàâåäåííÿ ³ ï³çíàííÿ îïåðàòîðà (4�6 ìêì).

Ðàä³îìåòðè÷íå ðîçð³çíåííÿ. Êð³ì ãåîìåòðè÷íî¿ äèñêðåòèçàö³¿
(ðîçì³ð ï³êñåëÿ), ñêàíåð òàêîæ âèêîíóº ðàä³îìåòðè÷íå êâàíòóâàí-
íÿ, òîáòî âèì³ðþº ³ ïåðåâîäèòü ó öèôðîâèé âèãëÿä ÿñêðàâ³ñòü ó
êîæí³é òî÷ö³ çîáðàæåííÿ. ×èì á³ëüøå á³ò âèêîðèñòîâóºòüñÿ ïðè
ïåðåâåäåíí³ äî öèôðîâîãî âèãëÿäó, òèì á³ëüøå ãðàäàö³é ÿñêðàâîñò³
çäàòíèé ðîçð³çíèòè ñêàíåð. Òàê 12-á³òîâèé äîçâ³ë â³äïîâ³äàº 4096
ãðàäàö³ÿì, 10-á³òîâå � 1024 ³ ò. ä.

Âèñîêèé äîçâ³ë äàº çìîãó áåç âòðàò ñêàíóâàòè ìàëîêîíòðàñòí³
çí³ìêè, âèòÿãàòè ³íôîðìàö³þ â ò³íÿõ. Ïðîòå íàäì³ðíå çá³ëüøåííÿ
ðàä³îìåòðè÷íîãî äîçâîëó íå äàº áàæàíîãî åôåêòó, îñê³ëüêè äèíà-
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ì³÷íèé ä³àïàçîí ÏÇÑ-ñåíñîð³â (â³äíîøåííÿ êîðèñíîãî ñèãíàëó äî
øóìó) çâè÷àéíî íå ïåðåâèùóº äåê³ëüêîõ òèñÿ÷. Äëÿ çíèæåííÿ
ð³âíÿ øóì³â äåÿê³ âèðîáíèêè, íàïðèêëàä, Vexcel, âèêîðèñòîâóþòü
ïðèìóñîâå îõîëîäæåííÿ ÏÇÑ-ë³í³éêè. Âëàñí³ øóìè ïë³âêè (çåðíî)
çâè÷àéíî íàáàãàòî ïåðåâèùóþòü øóìè â³äåîñèñòåìè ñêàíåðà ³ òîìó
÷àñòî âèÿâëÿþòüñÿ âèð³øàëüíèì ÷èííèêîì ÿêîñò³.

Ä³àïàçîí ù³ëüíîñò³. Òàêèé ïàðàìåòð áåçïîñåðåäíüî ïîâ�ÿçàíèé
ç ðàä³îìåòðè÷íèì ðîçð³çíåííÿì, ïðîòå òàêîæ çàëåæèòü â³ä ³íøèõ
ïàðàìåòð³â, íàïðèêëàä, ïîòóæíîñò³ îñâ³òëþâà÷à. ×èì øèðøèé ä³à-
ïàçîí ù³ëüíîñò³, ùî ïðèéìàºòüñÿ, òèì ç á³ëüøîþ äåòàëüí³ñòþ
ïåðåäàâàòèìóòüñÿ âñ³ ìàëîêîíòðàñòí³ äåòàë³ çí³ìêà. Òèïîâèé îï-
òè÷íèé ä³àïàçîí çí³ìêà ëåæèòü â ìåæàõ 0,1�2,5 D.

Îñâ³òëþâà÷. ßê îñâ³òëþâà÷ ó ôîòîãðàììåòðè÷íèõ ñêàíåðàõ âè-
êîðèñòîâóþòü ñïåö³àëüí³ ëàìïè àáî ë³í³éêè ïîòóæíèõ ñâ³òëîä³îä³â.
Ïåðåâàãîþ ëàìï º âåëèêèé çàïàñ ÿñêðàâîñò³, ùî äîçâîëÿº «ïðî-
ñâ³÷óâàòè» ù³ëüí³ø³ çí³ìêè. Íåäîë³êîì � çíà÷íå âèä³ëåííÿ òåïëà
³ ñïåêòðàëüíà íåñòàá³ëüí³ñòü (çì³íà êîë³ðíîãî áàëàíñó ç ÷àñîì).
Ñâ³òëîä³îäàì ïðèòàìàííà âèíÿòêîâà ñòàá³ëüí³ñòþ ³ ìàëà ñïîæèâàíà
ïîòóæí³ñòü. Êð³ì òîãî, òåðì³í ¿õíüî¿ ñëóæáè íàáàãàòî ïåðåâèùóº
òåðì³í ñëóæáè ëàìï. Íåäîë³ê � ìåíøèé çàïàñ ÿñêðàâîñò³.

Îá�ºêòèâ. Äçåðêàëüí³ îá�ºêòèâè äîáðå ïåðåäàþòü êîíòðàñò äð³áíèõ
äåòàëåé ³ âíîñÿòü â çîáðàæåííÿ ì³í³ìàëüí³ ãåîìåòðè÷í³ ³ ñïåêò-
ðàëüí³ ñïîòâîðåííÿ, àëå ìàþòü ô³êñîâàíå çá³ëüøåííÿ 1:1. Ïåðå-
âàãîþ ë³íçîâèõ îá�ºêòèâ³â º çì³ííå çá³ëüøåííÿ, ùî äîçâîëÿº
ïëàâíî çì³íþâàòè ì³í³ìàëüíèé ðîçì³ð ï³êñåëÿ.

Øâèäê³ñòü ñêàíóâàííÿ � âàæëèâèé ïàðàìåòð ñêàíåðà, ùî º
îñîáëèâî êðèòè÷íèì äëÿ ï³äïðèºìñòâ, ÿê³ âèêîíóþòü âåëèê³ îá-
�ºìè ðîá³ò ç îáðîáêè äîêóìåíòàëüíèõ ìàòåð³àë³â ³ ïîñòàâëÿþòü
çàìîâíèêàì ³íôîðìàö³þ â öèôðîâîìó âèãëÿä³.

Ðîçãëÿíóò³ ñêàíåðè çàáåçïå÷óþòü íåîáõ³äíó òî÷í³ñòü ³ ïðîäóê-
òèâí³ñòü, äîñòàòíþ äëÿ ¿õ çàñòîñóâàííÿ ó ïðàêòè÷íîìó öèôðîâîìó
ôîòîäîêóìåíòàëüíîìó âèðîáíèöòâ³. Âëàñíå, ö³ ñêàíåðè âæå òðèâà-
ëèé ÷àñ øèðîêî âèêîðèñòîâóþòüñÿ ó âñüîìó ñâ³ò³. Ìîæíà ñêàçàòè,
ùî ðîçâèòîê ôîòîãðàììåòðè÷íèõ ñêàíåð³â äîñÿã ñâîãî àïîãåþ ³
òîìó ñêëàäíî ÷åêàòè â³ä âèðîáíèê³â ðåâîëþö³éíèõ çì³í ó êîíñò-
ðóêö³¿ ³ òåõíîëîã³¿ ñêàíóâàííÿ. Îñíîâí³ ñèëè ðîçðîáíèê³â çàðàç
íàïðàâëåí³ íà ñòâîðåííÿ ³ ðîçâèòîê öèôðîâèõ êàìåð, ó òîìó ÷èñë³
³ äëÿ ðåïðîäóêö³éíî¿ äîêóìåíòàëüíî¿ ôîòîãðàô³¿. Íà ñüîãîäí³
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âèêîðèñòàííÿ íåäîðîãèõ òðàäèö³éíèõ êàìåð ôîðìàòó 230×230 ìì
ç ïîäàëüøèì ñêàíóâàííÿì ô³ëüìó íà âèñîêîòî÷íîìó ôîòîãðàììåò-
ðè÷íîìó ñêàíåð³ º íàéåôåêòèâí³øîþ ³ äîáðå âèâ÷åíîþ òåõíîëî-
ã³ºþ ðåïðîäóêö³¿ äîêóìåíò³â íà ïàïåðîâèõ íîñ³ÿõ.

Íà ï³äñòàâ³ àíàë³çó ïàðàìåòð³â ôîòîãðàììåòðè÷íèõ ñêàíåð³â
ìîæíà çðîáèòè âèñíîâîê, ùî âîíè ö³ëêîì ïðèäàòí³ äëÿ îöèôðî-
âóâàííÿ ì³êðîô³ëüìîâàíî¿ íà ãàëîãåí³äîñð³áí³é ïë³âö³ ñòàòèñòè÷íî¿
³íôîðìàö³¿. Íàéá³ëüø ðîçïîâñþäæåí³ ôîòîãðàììåòðè÷í³ ñêàíåðè
äîçâîëÿþòü îáðîáëÿòè ïë³âêó øèðèíîþ äî 26 ñì.

Ðåçóëüòàòè åêñïåðèìåíòàëüíîãî îö³íþâàííÿ ïîõèáêè â³äòâîðåííÿ
äåòàëüíîñò³ ³êîí³÷íèõ çîáðàæåíü ïðè ñêàíóâàíí³ àåðîô³ëüì³â

Äåòàëüí³ñòü àåðîçí³ìêà õàðàêòåðèçóºòüñÿ ë³í³éíèì ðîçì³ðîì
åëåìåíòà àåðîëàíäøàôòó, ùî ðîçð³çíþºòüñÿ â çîáðàæåíí³ îêðåìî,
³ çàëåæèòü â³ä âèñîòè ïîëüîòó òà ôîêóñíî¿ â³äñòàí³ àåðîôîòîñè-
ñòåìè (îá�ºêòèâà) [4]:
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Äëÿ îö³íêè ïîõèáêè â³äòâîðåííÿ äåòàëüíîñò³, ùî âíîñèòüñÿ
ñêàíóâàííÿì, âèêîíàíî ñêàíóâàííÿ àåðîô³ëüì³â ç òàêèìè çíà÷åí-
íÿìè ðîçð³çíþâàëüíî¿ çäàòíîñò³ ñêàíåðà: 1200 dpi, 2400 dpi, 4800
dpi, 7200 dpi òà 9600 dpi, ùî â³äïîâ³äàº 48, 96, 192, 288 òà 384
ë/ìì (ë³í³é íà ì³ë³ìåòð) â³äïîâ³äíî. Ðîçð³çíþâàëüíà çäàòí³ñòü
àåðîôîòîìàòåð³àëó ñòàíîâèòü 110 ë/ìì (ùî â³äïîâ³äàº àåðîôî-
òîïë³âö³ Òèï 42, ÿêó ñåðòèô³êîâàíî äëÿ ó÷àñò³ Óêðà¿íè â ì³æíà-
ðîäíîìó äîãîâîð³ Open Skyes).

Â òàáë. 3 íàâåäåíî ðåçóëüòàòè îö³íþâàííÿ ïîõèáêè â³äòâîðåííÿ
äåòàëüíîñò³ â ïðîöåñ³ ñêàíóâàííÿ àåðîô³ëüì³â. Çðîçóì³ëî, ùî
âèêîðèñòîâóþ÷è ñï³ââ³äíîøåííÿ (1), (2) òà ìàþ÷è çà âõ³äí³ ïà-
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ðàìåòðè òèï ïë³âêè (ðîçð³çíþâàëüíó çäàòí³ñòü), ôîêóñíó â³äñòàíü
àåðîôîòîàïàðàòà (ÀÔÀ), âèñîòà ïîëüîòó òà ðîçð³çíåííÿ ñêàíåðà,
ìîæíà îòðèìàòè â³äïîâ³äí³ äàí³ äëÿ ïåâíîãî òèïó êîìïëåêò³â
àåðîçí³ìàëüíî¿ òà ñêàíóþ÷î¿ àïàðàòóðè (ðèñ. 2).

Ñë³ä çàçíà÷èòè, ùî çàì³ñòü ïàðàìåòð³â R1 òà R2 ó ñï³ââ³äíîøåííÿ
(2) äîö³ëüíî ââîäèòè åêñïåðèìåíòàëüíî îòðèìàí³ çíà÷åííÿ â³äïîâ³äíî
äî ðîçð³çíþâàëüíî¿ çäàòíîñò³ ñêàíîâàíîãî çîáðàæåííÿ R1

å òà ðîçð³çíþ-
âàëüíî¿ çäàòíîñò³ çîáðàæåííÿ àåðîëàíäøàôòó R2

å. Ìåòîäèêè îòðèìàííÿ
öèõ ïàðàìåòð³â øèðîêî â³äîì³ òà àïðîáîâàí³, â òîìó ÷èñë³ ³ â ðàìêàõ
ì³æíàðîäíîãî äîãîâîðó Open Skyes. Òóò çàçíà÷èìî ëèøå, ùî äëÿ
îòðèìàííÿ R1

å òà R2
å íåîáõ³äíà íàÿâí³ñòü âäðóêîâàíî¿ â àåðîô³ëüì

ñåíñèòîãðàìè, àáî çîáðàæåííÿ íàçåìíî¿ ì³ðè (òåñò-îá�ºêòà), ùî ðîç-
ì³ùóºòüñÿ çàçâè÷àé íà ñòàðòîâîìó àåðîäðîì³ ³ ôîòîãðàôóºòüñÿ íà
ïî÷àòêó âèêîíàííÿ çàâäàííÿ ïîâ³òðÿíîãî ñïîñòåðåæåííÿ [1, 5].

Îòæå, ìàþ÷è â³äïîâ³äí³ äàí³, íàäàë³ ìîæíà âèçíà÷èòè, ÿê³
îá�ºêòè ïîâ³òðÿíîãî ñïîñòåðåæåííÿ ³ ç ÿêîþ ÿê³ñòþ ìîæóòü áóòè
ðîçï³çíàí³ ï³ñëÿ îöèôðóâàííÿ, ÿêùî âèêîðèñòàòè â³äîì³ âèìîãè äî
äåøèôðóâàííÿ ïåâíèõ îá�ºêò³â àåðîêîñì³÷íîãî ñïîñòåðåæåííÿ. Äåÿê³
ç íèõ äëÿ ïðèêëàäó íàâåäåíî ó òàáë. 4 [5].

Ïîð³âíÿííÿ äàíèõ òàáëèöü 3 òà 4 âî÷åâèäü äîâîäèòü ìîæ-
ëèâ³ñòü âèêîðèñòàííÿ ñó÷àñíèõ ïðèëàä³â ñêàíóâàííÿ äëÿ ïåðåíå-
ñåííÿ ³íôîðìàö³¿, ó òîìó ÷èñë³ ³êîí³÷íî¿, ç ãàëîãåí³äîñð³áíèõ äî
öèôðîâèõ íîñ³¿â, ê³ëüê³ñíî âèçíà÷àþ÷è ïðè öüîìó ñòóï³íü ³íôîð-
ìàö³éíèõ âòðàò íà ï³äñòàâ³ äàíèõ ïðî ïàñïîðòí³ òåõí³÷í³ õàðàêòå-
ðèñòèêè àåðîôîòîñèñòåì ³ íàÿâíèõ ñêàíåð³â. Ïðè÷îìó, ÿê ïîêàçàëè
ïðîâåäåí³ äîñë³äæåííÿ, ð³âåíü ïîõèáêè â³äòâîðåííÿ äåòàëüíîñò³
³êîí³÷íèõ çîáðàæåíü ö³ëêîì ïðèéíÿòíèé äëÿ ð³øåííÿ çàâäàíü
âèÿâëåííÿ, ðîçï³çíàâàííÿ òà àíàë³çó ñòàíó îá�ºêò³â äèñòàíö³éíîãî
çîíäóâàííÿ Çåìë³.
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Íåîáõ³äíà ðîçð³çíþâàëüíà çäàòí³ñòü (ì) äëÿ

ðîçï³çíàííÿ îá�ºêòó¹

ç/ï

Îá�ºêòè ïîâ³òðÿíîãî

ñïîñòåðåæåííÿ
âèÿâëåííÿ

îá�ºêòà
äî

âèäó

äî

êëàñó

äî

òèïó

àíàë³çó

ñòàíó

îá�ºêòà

1. Àåðîïîðòè 6 4,5 3 0,3 0,15
2. Ë³òàëüí³ àïàðàòè 4,5 1,5 0,9 0,15 0,025
3. Òðàíñïîðòíà òåõí³êà 1,5 0,6 0,3 0,05 0,025
4. Àäì³í³ñòðàòèâí³ áóäîâè 1,5 0,9 0,3 0,15 0,025
5. Ìîðñüê³ ïîðòè 30 15 6 3 0,3
6. Ìîðñüê³ ñóäíà 7,5 4,5 0,6 0,3 0,03
7. Çàë³çíè÷í³ ñòàíö³¿ 30 15 6 1,5 0,6
8. Ïðîìèñëîâ³ ï³äïðèºìñòâà 3 0,6 0,3 0,15 0,025
9. Êðóïí³ ñêëàäè 1,5 0,6 0,3 0,025 –
10. Íàñåëåí³ ïóíêòè 60 30 3 3 0,3
11. Äîðîãè 9 6 1,8 0,15 0,025
12. Ìîñòè 6 4,5 1,5 0,9 0,3
13. Ì³ñöåâ³ñòü – 9,1 4,4 1,5 0,15

Òàáëèöÿ 4 � Íåîáõ³äíà ðîçð³çíþâàëüíà çäàòí³ñòü
äëÿ âèÿâëåííÿ îá�ºêò³â

* * *
1. Nicoll Jeff. Turkish data analysis summary  // Ñîâåùàíèå ìåæ-

äóíàðîäíîé ðàáî÷åé ãðóïïû ïî àïïàðàòóðå íàáëþäåíèÿ IWGS
(Informal Working Group of Sensors), http://www.osce.org/oscedel/iwgs/
September._2005_pdf, � Åñêåøåõ³ð, Òóðå÷÷èíà. � 2005. � P. 1�24.

2. Àíäðººâ Ñ.Ì., Áóòåíêî Î.Ñ., Ôðîëîâ Â.ß., ×îðíèé Ñ.Â. Ïðèí-
öèïè ïîáóäîâè  êîñì³÷íèõ ñèñòåì îòðèìàííÿ ãåî³íôîðìàö³¿ / Íà-
â÷àëüíèé ïîñ³áíèê. � Õàðê³â: ÕÓ ÏÑ, 2007. � 233 ñ.

3. ²íôîðìàö³éí³ òåõíîëîã³¿ â çáðîéí³é áîðîòüá³: òåíäåíö³¿ òà ïåð-
ñïåêòèâè âèêîðèñòàííÿ. Î.Þ. Ïåðìÿêîâ, Â.Â. Ðÿáöåâ, ².ª. Âåðíåð /
Íàóêà ³ îáîðîíà. � ÌÎ Óêðà¿íè. � ¹ 2, 2004, Ñ. 38�41.

4. Íàâ³ãàö³éí³ ñèñòåìè òà çàñîáè òîïîïðèâ�ÿçêè àåðîçí³ìê³â:
Íàâ÷àëüíèé ïîñ³áíèê / ×îðíèé Ñ. Â., Àôàíàñüºâ Â. Â., Àíäðººâ Ñ. Ì.,
Æèë³í Â. À., Ìàðåíè÷ Ñ. Þ. � Õ.: ÕÓ ÏÑ, 2007. � 179 ñ.

5. Ðåáðèí Þ.Ê., Ñòàíêåâè÷ Ñ.À., Ìîñîâ Ñ.Ï. Ìåòîäû êîëè÷å-
ñòâåííîé îöåíêè ýôôåêòèâíîñòè ñðåäñòâ àýðîêîñìè÷åñêîé ðàçâåä-
êè. � Ê.: Êèåâñêèé èíñòèòóò Âîåííî- Âîçäóøíûõ Ñèë, 1997. � 260 ñ.

Îòðèìàíî: 30.08.2008 ð.
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ÓÄÊ 551.465

ÀÍÀËÈÇ ÄÀÍÍÛÕ ÊÎÑÌÈ×ÅÑÊÎÃÎ ÌÎÍÈÒÎÐÈÍÃÀ
ÏÐÈ ÏÐÎÃÍÎÇÈÐÎÂÀÍÈÈ ÐÀÑÏÐÎÑÒÐÀÍÅÍÈß

ÂÛßÂËÅÍÍÛÕ ÀÍÎÌÀËÈÉ

Î.Ñ. Áóòåíêî, êàíä. òåõí. íàóê, äîö.
(Íàöèîíàëüíûé àýðîêîñìè÷åñêèé óíèâåðñèòåò

èì. Í.Å. Æóêîâñêîãî)
Ñ.È. Áåðåçèíà, êàíä. òåõí. íàóê, ñò. íàó÷. ñîòð.

(Íàöèîíàëüíûé àýðîêîñìè÷åñêèé óíèâåðñèòåò
 èì. Í.Å. Æóêîâñêîãî)

Ã.ß. Êðàñîâñêèé, ä-ð òåõí. íàóê, ïðîô.
(Èíñòèòóò ïðîáëåì íàöèîíàëüíîé

áåçîïàñíîñòè ÐÍÁÎ Óêðàèíû)

Â ñòàòüå ðàññìàòðèâàåòñÿ ìåòîäèêà ïðåäâàðèòåëüíîé îáðàáîò-
êè êîñìè÷åñêîãî ñíèìêà äëÿ îáíàðóæåíèÿ íà íåì ðàçëè÷íîãî ðîäà
àíîìàëèé, ïðåäâàðèòåëüíàÿ èäåíòèôèêàöèÿ îáíàðóæåííîãî èçìåíå-
íèÿ è ñïîñîá ïîëó÷åíèÿ åãî òîïîëîãè÷åñêèõ õàðàêòåðèñòèê ïî èçîá-
ðàæåíèþ. Òàêæå ðàññìàòðèâàåòñÿ âîçìîæíîñòü âûäà÷è ïðåäâàðèòåëü-
íîãî êðàòêîñðî÷íîãî ïðîãíîçà ðàñïðîñòðàíåíèÿ âûÿâëåííûõ àíîìàëèé
â ðåàëüíûõ óñëîâèÿõ ïî ïîëó÷åííûì òîïîëîãè÷åñêèì õàðàêòåðèñòè-
êàì îáíàðóæåííîãî èçìåíåíèÿ.

Ó ñòàòò³ ðîçãëÿäàºòüñÿ ìåòîäèêà ïîïåðåäíüî¿ îáðîáêè êîñì³÷íîãî
çí³ìêà äëÿ âèÿâëåííÿ íà íüîìó ð³çíîãî ðîäó àíîìàë³é, ïîïåðåäíÿ ³äåíòè-
ô³êàö³ÿ âèÿâëåíî¿ çì³íè é ñïîñ³á îäåðæàííÿ éîãî òîïîëîã³÷íèõ õàðàêòåðè-
ñòèê ïî çîáðàæåííþ. Òàêîæ ðîçãëÿäàºòüñÿ ìîæëèâ³ñòü âèäà÷³ ïîïåðåäíü-
îãî êîðîòêîñòðîêîâîãî ïðîãíîçó ïîøèðåííÿ âèÿâëåíèõ àíîìàë³é ó ðåàëüíèõ
óìîâàõ ïî îòðèìàíèõ òîïîëîã³÷íèõ õàðàêòåðèñòèêàõ âèÿâëåíî¿ çì³íè.

Method of the preprocessing of the cosmic photograph is considered in
item for finding on him different sort anomaly, preliminary identification of the
discovered change and way of the reception its topological features on
image. Also in article is considered possibility of the issue spreading revealed
anomaly of the preliminary short-term forecast in real conditions on got
topological features of the discovered change.

 Î.Ñ. Áóòåíêî, Ñ.È. Áåðåçèíà, Ã.ß. Êðàñîâñêèé, 2008
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Ìåòîäû äèñòàíöèîííîãî çîíäèðîâàíèÿ Çåìëè (ÄÇÇ) èç êîñìîñà
ïîçâîëÿþò ïîëó÷àòü ðàçëè÷íûå âèäû äàííûõ îá îáúåêòàõ è ÿâëå-
íèÿõ â ãëîáàëüíîì ìàñøòàáå ñ âûñîêèì ïðîñòðàíñòâåííûì è
âðåìåííûì ðàçðåøåíèåì. Êîñìè÷åñêèå ñíèìêè Çåìëè ôîðìèðóþò
èíôîðìàöèþ î ôèçè÷åñêèõ, õèìè÷åñêèõ, áèîëîãè÷åñêèõ, ãåîìåò-
ðè÷åñêèõ ïàðàìåòðàõ îáúåêòîâ íàáëþäåíèÿ â ðàçëè÷íûõ óñëîâèÿõ
è ñ îïðåäåëåííîé ïåðèîäè÷íîñòüþ. Äëÿ ðåøåíèÿ çàäà÷è âûÿâëå-
íèÿ èçìåíåíèé íà îäíîì è òîì æå ó÷àñòêå ïîâåðõíîñòè Çåìëè ïðè
ýêîëîãè÷åñêîì ìîíèòîðèíãå, à òàê æå ïðîãíîçèðîâàíèè åãî äàëü-
íåéøåãî ðàçâèòèÿ ïðè ïîëó÷åíèè äàííûõ ÄÇÇ íåîáõîäèìî ëîêà-
ëèçîâàòü îäíîðîäíûå ïÿòíà, à ïîòîì ïðîâåñòè èõ êëàññèôèêàöèþ.

Èçîáðàæåíèå ïðåäñòàâëÿåòñÿ ìàòðèöåé ÷èñåë (ðàçìåð ìàòðèöû N×M),
ãäå çíà÷åíèå êàæäîãî ýëåìåíòà îòâå÷àåò îïðåäåëåííîìó óðîâíþ êâàí-
òîâàíèÿ åãî ýíåðãåòè÷åñêîé õàðàêòåðèñòèêè (ÿðêîñòè). Ñíèìîê ìîæåò
ïîâðåæäàòüñÿ øóìàìè è ïîìåõàìè ðàçëè÷íîãî ïðîèñõîæäåíèÿ, íàïðè-
ìåð øóìîì âèäåîäàò÷èêà, øóìîì çåðíèñòîñòè ôîòîìàòåðèàëîâ è
îøèáêàìè â êàíàëå ïåðåäà÷è. Øóìû âèäåîäàò÷èêîâ èëè îøèáêè â
êàíàëå ïåðåäà÷è îáû÷íî ïðîÿâëÿþòñÿ íà èçîáðàæåíèè êàê ðàçðîçíåí-
íûå èçìåíåíèÿ èçîëèðîâàííûõ ýëåìåíòîâ, íå îáëàäàþùèå ïðîñòðàí-
ñòâåííîé êîððåëÿöèåé. Èñêàæåííûå ýëåìåíòû ÷àñòî âåñüìà çàìåòíî
îòëè÷àþòñÿ îò ñîñåäíèõ ýëåìåíòîâ. Ýòî íàáëþäåíèå ïîñëóæèëî îñíî-
âîé äëÿ ìíîãèõ àëãîðèòìîâ, îáåñïå÷èâàþùèõ ïîäàâëåíèå øóìà.

Èçîáðàæåíèå ìîæåò áûòü îïèñàíî êàê ðàñïðåäåëåíèå ÿðêîñòè
F(x, y), ãäå x, y � ïàðà ÷èñåë � êîîðäèíàòû òî÷åê ïëîñêîñòè
èçîáðàæåíèÿ. Áóäåì ðàññìàòðèâàòü äàëåå òîëüêî äèñêðåòèçèðîâàí-
íûå èçîáðàæåíèÿ ñ öåëî÷èñëåííûìè êîîðäèíàòàìè.

Ïîñêîëüêó øóì ïðîñòðàíñòâåííî äåêîððåëèðîâàí, â åãî ñïåêòðå,
êàê ïðàâèëî, ñîäåðæàòñÿ áîëåå âûñîêèå ïðîñòðàíñòâåííûå ÷àñòîòû,
÷åì â ñïåêòðå îáû÷íîãî èçîáðàæåíèÿ. Ñëåäîâàòåëüíî, ïðîñòàÿ
íèçêî÷àñòîòíàÿ ïðîñòðàíñòâåííàÿ ôèëüòðàöèÿ ìîæåò ñëóæèòü
ýôôåêòèâíûì ñðåäñòâîì ñãëàæèâàíèÿ øóìîâ.

Ðàññìîòðèì ìàññèâ F (N, M) èç N×M ýëåìåíòîâ, ïðåäñòàâëÿþ-
ùèé èñõîäíîå (âõîäíîå) èçîáðàæåíèå. Ïðè âîçäåéñòâèè íà íåãî
îáîáùåííûì ëèíåéíûì îïåðàòîðîì ïîëó÷àåòñÿ ìàññèâ èç N1×M1

ýëåìåíòîâ, îïèñûâàþùèé ïðåîáðàçîâàííîå (âûõîäíîå) èçîáðàæåíèå

      ( )2121
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2111 ,;,),(),(
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ãäå ÿäðî îïåðàòîðà Î (nl, n2; m1, m2) ïðåäñòàâëÿåò ñîáîé íàáîð
âåñîâûõ ìíîæèòåëåé, çàâèñÿùèõ â îáùåì ñëó÷àå îò êîîðäèíàò
ýëåìåíòîâ êàê âõîäíîãî, òàê è âûõîäíîãî èçîáðàæåíèé.

Ïðèìåíåíèå íèçêî÷àñòîòíûõ ôèëüòðîâ âëå÷åò çà ñîáîé íåêîòî-
ðîå ñìàçûâàíèå èçîáðàæåíèÿ, èíòåíñèâíîñòü êîòîðîãî áóäåò çàâè-
ñåòü îò ðàçìåðà îêíà â êîòîðîì âåäåòñÿ îáðàáîòêà. Èñïîëüçîâàíèå
òåêñòóðíûõ ïðèçíàêîâ äëÿ ëîêàëèçàöèè ïÿòåí íà ñíèìêå ÿâëÿåòñÿ
íåöåëåñîîáðàçíûì, òàê êàê ïîâëå÷åò çà ñîáîé áîëüøèå âðåìåííûå
çàòðàòû íà îáðàáîòêó ñíèìêà. Ïîýòîìó ýòî ñâîéñòâî áûëî èñïîëü-
çîâàíî äëÿ ëîêàëèçàöèè ïÿòåí îäíîðîäíûõ ïî òåêñòóðíûì è
öâåòîâûì ïðèçíàêàì. Õàðàêòåðíûå ïÿòíà ïðîÿâëÿþòñÿ â áîëüøåé
èëè ìåíüøåé ñòåïåíè â òîé èëè èíîé ÷àñòè ñïåêòðà, ÷òî ìîæåò
ñâèäåòåëüñòâîâàòü îá èõ ðàçëè÷íîé ýòèìîëîãèè. Ïîýòîìó ïðåäâà-
ðèòåëüíî èçîáðàæåíèå ðàñêëàäûâàëîñü íà ñïåêòðàëüíûå ñîñòàâëÿ-
þùèå, è àíàëèç ïðîâîäèëñÿ ïî êàæäîé ñîñòàâëÿþùåé îòäåëüíî.

Ïðè àíàëèçå ðàññìàòðèâàëîñü íåñêîëüêî òèïîâ ðàçìûâàþùèõ
íèçêî÷àñòîòíûõ ôèëüòðîâ. Â ðåçóëüòàòå óñòàíîâëåíî, ÷òî èñïîëü-
çîâàíèå êîíòðãàðìîíè÷åñêîãî ñðåäíåãî, àðèôìåòè÷åñêîãî ñðåäíåãî,
ãåîìåòðè÷åñêîãî ñðåäíåãî, ãàðìîíè÷åñêîãî ñðåäíåãî, ìàêñèìóìà ïî
îêðåñòíîñòè, ìèíèìóìà ïî îêðåñòíîñòè, ñðåäèííîé òî÷êè íå äàþò
ïðèåìëåìîãî ðåçóëüòàòà. Íàèëó÷øèì îêàçàëîñü èñïîëüçîâàíèå
α-óñå÷åííîå ñðåäíåå, ìåäèàííûé ôèëüòð ñ ðàçìåðîì îêíà 5×5 è
ôèëüòð Ãàóññà ñ σ ≈ 20. Àðãóìåíòèðóåì âûáîð ôèëüòðîâ.

Ìåäèàííûé ôèëüòð ïðåäñòàâëÿåò ñîáîé ñêîëüçÿùåå îêíî, îõâà-
òûâàþùåå íå÷åòíîå ÷èñëî ýëåìåíòîâ èçîáðàæåíèÿ. Öåíòðàëüíûé
ýëåìåíò çàìåíÿåòñÿ ìåäèàíîé âñåõ ýëåìåíòîâ èçîáðàæåíèÿ â îêíå.
Ìåäèàíîé äèñêðåòíîé ïîñëåäîâàòåëüíîñòè à1 à2, ..., àN äëÿ íå÷åò-
íîãî N ÿâëÿåòñÿ òîò åå ýëåìåíò, äëÿ êîòîðîãî ñóùåñòâóþò
(N � 1)/2 ýëåìåíòîâ, ìåíüøèõ èëè ðàâíûõ åìó ïî âåëè÷èíå, è
(N -1)/2 ýëåìåíòîâ, áîëüøèõ èëè ðàâíûõ åìó ïî âåëè÷èíå. Ìå-
äèàííûé ôèëüòð íå âëèÿåò íà ñòóïåí÷àòûå èëè ïèëîîáðàçíûå
ôóíêöèè, ÷òî îáû÷íî ÿâëÿåòñÿ æåëàòåëüíûì ñâîéñòâîì. Îäíàêî
ýòîò ôèëüòð ïîäàâëÿåò èìïóëüñíûå ñèãíàëû, äëèòåëüíîñòü êîòî-
ðûõ ñîñòàâëÿåò ìåíåå ïîëîâèíû øèðèíû îêíà. Ôèëüòð òàêæå
âûçûâàåò óïëîùåíèå âåðøèíû òðåóãîëüíîé ôóíêöèè. Îäíî èç
îñíîâíûõ ïðåèìóùåñòâ ìåäèàííîé ôèëüòðàöèè ñîñòîèò â òîì, ÷òî
îíà ïðèâîäèò ê óñòðàíåíèþ èìïóëüñíûõ âûáðîñîâ, íå ðàçìûâàÿ
ãðàíèö îáúåêòîâ.
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Ôèëüòð òèïà α−óñå÷åííîå ñðåäíåå ìîæíî ïðåäñòàâèòü âûðàæå-
íèåì

         { } { }
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ñÿ è ôîðìèðóþò ðåçóëüòàò.

Ïðè èñïîëüçîâàíèè ôèëüòðà Ãàóññà ÿäðî îïåðàòîðà Î (nl, n2; m1,
m2) (1) ïðåäñòàâëÿåò ñîáîé íàáîð âåñîâûõ ìíîæèòåëåé ñîñòàâëåí-
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Ïîñëå ïðîâåäåííûõ îïåðàöèé óäàëîñü ëîêàëèçîâàòü îäíîðîäíûå
ó÷àñòêè (ðèñ. 1).

Âûÿâëåííûå ó÷àñòêè îòìå÷àëèñü íà èñõîäíîì èçîáðàæåíèè
(ðèñ. 2). Ïî ïîëó÷åííûì äàííûì ðàññ÷èòûâàëèñü òîïîëîãè÷åñêèå
õàðàêòåðèñòèêè ïÿòíà. À ïðè íåîáõîäèìîñòè, óæå ðàññìàòðèâàëèñü
áîëåå äåòàëüíûå è ñëîæíûå äëÿ âû÷èñëåíèé äåøèôðîâî÷íûå
ïðèçíàêè.

Ïîñëå ïîëó÷åíèÿ òîïîëîãè÷åñêèõ õàðàêòåðèñòèê îáíàðóæåííîãî
ïÿòíà è åãî ïðåäâàðèòåëüíîé èäåíòèôèêàöèè ñòàâèòñÿ çàäà÷à âûäà÷è
êðàòêîâðåìåííîãî ïðîãíîçà ðàñïðîñòðàíåíèÿ îáíàðóæåííîãî èçìå-
íåíèÿ â ðåàëüíûõ óñëîâèÿõ íà ìåñòíîñòè òîëüêî ïî àïðèîðíûì
äàííûì.

Ñóùåñòâóåò íåñêîëüêî ñòàíäàðòíûõ ïîäõîäîâ ê ìîäåëèðîâàíèþ
äèíàìè÷åñêèõ ïðîöåññîâ. Îñíîâîé ìîäåëèðîâàíèÿ ÿâëÿåòñÿ èñõîä-
íàÿ èíôîðìàöèÿ. Çà÷àñòóþ ýòà èíôîðìàöèÿ ïðåäñòàâëÿåòñÿ â âèäå
âðåìåííûõ ðÿäîâ ïî íåêîòîðûì ïàðàìåòðàì èññëåäóåìîãî îáúåêòà.
Àäåêâàòíîñòü ìîäåëè îïðåäåëÿåòñÿ êà÷åñòâîì èñõîäíîé èíôîðìà-
öèè â ñîîòâåòñòâèè ñ å¸ êîëè÷åñòâåííûì ïðåäñòàâëåíèåì. Âðåìåí-
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Ðèñ. 1. Ðåçóëüòàò èñïîëüçîâàíèÿ øóìîïîäàâëÿþùåãî
è ñìàçûâàþùåãî ôèëüòðîâ.

íîé ðÿä ðàññìàòðèâàåòñÿ êàê ñëó÷àéíûé ñòàöèîíàðíûé ïðîöåññ.
Ïîÿâëÿåòñÿ íåîáõîäèìîñòü ðàçâèâàòü ðàçëè÷íûå ìàòåìàòè÷åñêèå
ìåòîäû êîëè÷åñòâåííîãî àíàëèçà ñ öåëüþ èçâëå÷åíèÿ èç âðåìåí-
íûõ ðÿäîâ äîñòîâåðíîé èíôîðìàöèè.

Â êà÷åñòâå èñõîäíûõ äàííûõ â ðàññìàòðèâàåìîì ñëó÷àå ïðè
ïîñòðîåíèè âðåìåííîãî ðÿäà èñïîëüçîâàëèñü ïëîùàäü ïÿòíà è åãî
ïåðèìåòð. Â ñîîòâåòñòâèè ñ âûáðàííûì öåíòðîì èíåðöèè ôèãóðû
èç èñõîäíîãî èçîáðàæåíèÿ áûëè ïîëó÷åíû äàííûå ïî ÿðêîñòè
ïÿòíà â öåíòðå èíåðöèè, ñðåäíÿÿ ÿðêîñòü íà êðàÿõ è çà ïðåäåëàìè
îáíàðóæåííîãî ïÿòíà.

Ê íàñòîÿùåìó ìîìåíòó ðàçðàáîòàíî áîëüøîå ÷èñëî ìåòîäîâ
ïðîãíîçèðîâàíèÿ âðåìåííûõ ðÿäîâ. Äîñòàòî÷íî ÷àñòî èñïîëüçóåòñÿ
ïîëèíîìèàëüíàÿ ìîäåëü, íî îíà óñëîâíî îïèñûâàåò äèíàìè÷åñêèå
ïðîöåññû. Íàèáîëåå òî÷íûõ ðåçóëüòàòîâ â àíàëèçå âðåìåííûõ
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Ðèñ. 2. Ëîêàëèçàöèÿ ïÿòíà íà èñõîäíîì èçîáðàæåíèè.

ðÿäîâ ìîæíî äîáèòüñÿ, ðàññìàòðèâàÿ ïîñòðîåííûé ðÿä ñ òî÷êè
çðåíèÿ òåîðèè äèíàìè÷åñêîãî õàîñà.

Îäíàêî äëÿ ïîñòðîåíèÿ êðàòêîñðî÷íîãî ïðîãíîçà âðåìåííîãî
ðÿäà íåîáõîäèìî îñóùåñòâèòü ïåðåõîä îò õàîòè÷åñêîãî ñîñòîÿíèÿ
ðÿäà, î êîòîðîì ñâèäåòåëüñòâóåò åãî ñëó÷àéíûé õàðàêòåð, ê ðåãó-
ëÿðíîìó ñîñòîÿíèþ. Äëÿ ýòîãî íåîáõîäèìî äåòàëüíî ïðîàíàëèçè-
ðîâàòü âñå èñõîäíûå ïàðàìåòðû è âëèÿíèå íà íèõ äîïîëíèòåëüíûõ
ñëó÷àéíûõ õàðàêòåðèñòèê. Èçìåíÿÿ äîïîëíèòåëüíî ââåäåííûå
ïàðàìåòðû è ðàññìàòðèâàÿ èõ âëèÿíèå, êàê âëèÿíèå âíåøíèõ
óñëîâèé, ìîæíî ïåðåñòðîèòü õàðàêòåðèñòèêè ñèñòåìû, ñâèäåòåëü-
ñòâóþùèå î ñîñòîÿíèè äèíàìè÷åñêîé ñèñòåìû. Îöåíèâ ïîëó÷åí-
íûé âðåìåííîé ðÿä è ñîîòâåòñòâóþùèé åìó àòòðàêòîð, ìû ñìîæåì
íàéòè íåîáõîäèìûé ãîðèçîíò ïðîãíîçà.

Èçíà÷àëüíî, ïðè ïðîâåäåíèè àíàëèçà íåîáõîäèìî îöåíèòü êëàññ è
âèä ðàññìàòðèâàåìîãî ïðîöåññà. Óñòàíîâèòü âçàèìîñâÿçü ìåæäó èí-
ôîðìàòèâíûìè ïðèçíàêàìè, ïîëó÷åííûìè èç èçîáðàæåíèÿ ñ ðåàëüíû-
ìè óñëîâèÿìè, êîòîðûå ìîãóò ïîâëèÿòü íà ïðîãíîçèðóåìóþ ñèòóàöèþ.

Óñòàíîâëåíèå àïðèîðè êëàññà ïðîöåññà âî ìíîãîì ïðåäîïðåäåëèò
àëãîðèòì îáðàáîòêè ðåçóëüòàòîâ èçìåðåíèé è àïïàðàòíûå ñðåäñòâà.
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Èòàê, êëàññèôèêàöèîííûìè ïðèçíàêàìè â äàííîì ñëó÷àå ìîãóò
áûòü ñòàöèîíàðíîñòü èëè íåñòàöèîíàðíîñòü, âèä ïðîöåññà � àä-
äèòèâíûé, ìóëüòèïëèêàòèâíûé, àääèòèâíî-ìóëüòèïëèêàòèâíûé è
òèï äåòåðìèíèðîâàííîé ñîñòàâëÿþùåé. Ïîñêîëüêó ðå÷ü èäåò î
ïîñòðîåíèè ïðîãíîçà òîëüêî ïî àïðèîðíûì äàííûì, òî ðàññìàò-
ðèâàåòñÿ àëãîðèòì êëàññèôèêàöèè ñëó÷àéíûõ ïðîöåññîâ ïî îäíîé
ðåàëèçàöèè, îñíîâàííûé íà èñïîëüçîâàíèè íåïàðàìåòðè÷åñêèõ
êðèòåðèåâ, ïîêàçàòåëÿ Õåðñòà, áàéåñîâñêîé ïðîöåäóðå êëàññèôèêà-
öèè è íå÷åòêîé ëîãèêå.

Ñëó÷àéíûé õàðàêòåð âîçäåéñòâèÿ ââåäåííûõ äîïîëíèòåëüíûõ
ôàêòîðîâ íà õàðàêòåð îáíàðóæåííîãî ÿâëåíèÿ ïðåäïîëàãàåò ïðè-
ìåíåíèå ïðîöåäóðû ñòàòèñòè÷åñêîé îáðàáîòêè ðåçóëüòàòîâ èçìåðå-
íèé, ÷òî îáóñëàâëèâàåò íàëè÷èå òàêèõ ñîñòàâëÿþùèõ ïîãðåøíîñòè,
êàê ñòàòèñòè÷åñêàÿ ïîãðåøíîñòü è ïîãðåøíîñòü, âûçâàííàÿ íåàäåê-
âàòíîñòüþ àëãîðèòìà îáðàáîòêè ðåàëüíîìó ñëó÷àéíîìó ïðîöåññó.
Çäåñü íåîáõîäèìî ó÷èòûâàòü, ÷òî, êëàññèôèöèðóÿ íåñòàöèîíàðíûé
ïðîöåññ êàê ñòàöèîíàðíûé, ìîæíî óâåëè÷èòü ìåòîäè÷åñêóþ ïî-
ãðåøíîñòü ïðè îöåíêå ìàòåìàòè÷åñêîãî îæèäàíèÿ çà ñ÷åò óâåëè-
÷åíèÿ èíòåðâàëà ñãëàæèâàíèÿ.

Äëÿ ïðîâåäåíèÿ àíàëèçà îäíîé ðåàëèçàöèè íåîáõîäèìî âûïîë-
íèòü êëàññèôèêàöèþ ïî òèïàì íåñòàöèîíàðíîñòè è ïðè ýòîì
ðàññìàòðèâàòü ïîâåäåíèå âî âðåìåíè îöåíîê ñòàòèñòè÷åñêèõ õàðàê-
òåðèñòèê.

Èñïîëüçóÿ êëàññè÷åñêóþ òåîðèþ, ñëó÷àéíûå ïðîöåññû ìîæíî
ïðåäñòàâèòü êàê ðåçóëüòàò ñîâìåñòíîãî äåéñòâèÿ äåòåðìèíèðîâàí-
íîãî ïîëåçíîãî ñèãíàëà è ñòàöèîíàðíîé ïîìåõè.

Â êà÷åñòâå ïîëåçíîãî ñèãíàëà â ðàññìàòðèâàåìîì ñëó÷àå âûñ-
òóïàåò îáíàðóæåííîå èçìåíåíèå ïîñëå ïðîâåäåíèÿ îïåðàöèè ôèëü-
òðàöèè, îáíàðóæåíèÿ è ïðåäâàðèòåëüíîãî äåøèôðèðîâàíèÿ. Â
êà÷åñòâå ïîìåõè � ïîäñòèëàþùàÿ ïîâåðõíîñòü.

Â îáùåì ñëó÷àå âëèÿíèå ïîìåõè íà ïîëåçíûé ñèãíàë ìîæåò
áûòü âûðàæåíî îïåðàòîðîì X(t)=V(ϕ(t), ε(t)), ãäå ϕ(t) � ïîëåçíûé
ñèãíàë (ñèãíàëû), ε(t) � ñòàöèîíàðíàÿ ïîìåõà. Â çàâèñèìîñòè îò
âèäà îïåðàòîðà V ðàçëè÷àþò ñëåäóþùèå ìîäåëè ñèãíàëîâ

àääèòèâíàÿ ìîäåëü  X(t)=ϕ1(t)+ε(t);
ìóëüòèïëèêàòèâíàÿ ìîäåëü  X(t) = ϕ2(t)ε(t);
àääèòèâíî-ìóëüòèïëèêàòèâíàÿ ìîäåëü X(t) = ϕ1(t) + ϕ2(t)ε(t),

ãäå ϕ1( t ), ϕ2(t) � äåòåðìèíèðîâàííûå ôóíêöèè âðåìåíè, ε(t) �
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ñòàöèîíàðíûé ñëó÷àéíûé ïðîöåññ ñ íóëåâûì ìàòåìàòè÷åñêèì
îæèäàíèåì, mε = 0 è ïîñòîÿííîé äèñïåðñèåé Dε.

Îáû÷íî ðàññìàòðèâàþòñÿ ñòàöèîíàðíûå ïðîöåññû, êîãäà îöåíè-
âàåòñÿ âî âðåìåíè ïîâåäåíèå ìàòåìàòè÷åñêîãî îæèäàíèÿ, äèñïåð-
ñèè è êîððåëÿöèîííîé ôóíêöèè. Ïîýòîìó è ïðè êëàññèôèêàöèè
íåñòàöèîíàðíûõ ïðîöåññîâ ñëåäóåò èñõîäèòü èç àíàëèçà ýòèõ æå
õàðàêòåðèñòèê.

Ñ ó÷åòîì ïðèíÿòûõ äîïóùåíèé ìàòåìàòè÷åñêîå îæèäàíèå mX,
äèñïåðñèÿ DX è êîððåëÿöèîííàÿ ôóíêöèÿ RX ñëó÷àéíûõ ïðîöåñ-
ñîâ, èìåþò ñëåäóþùèé âèä:

àääèòèâíàÿ  mX(t)=ϕ1(t); D^t)=Dε; RX (t1, t2) =Rϕ(t, t2);
ìóëüòèïëèêàòèâíàÿ mX(t)=0; DX(t) = ϕ22(t)Dε;
àääèòèâíî-ìóëüòèïëèêàòèâíàÿ mX(t)=ϕ(t); DX(t) = ϕ22(t)Dε;
RX(t1, t2) = ϕ2(t1)ϕ2(t2)Rε(t1, t2).
Èç ïðèâåäåííûõ ñîîòíîøåíèé ñëåäóåò, ÷òî ìàòåìàòè÷åñêîå

îæèäàíèå äëÿ àääèòèâíîé è àääèòèâíî-ìóëüòèïëèêàòèâíîé ìîäå-
ëåé çàâèñèò îò äåòåðìèíèðîâàííîé ñîñòàâëÿþùåé ϕ1(t). Äèñïåðñèÿ
è êîððåëÿöèîííàÿ ôóíêöèÿ àääèòèâíîé ìîäåëè ïîëíîñòüþ õàðàê-
òåðèçóþòñÿ ñâîéñòâàìè ñòàöèîíàðíîé ïîìåõè. À äëÿ ìóëüòèïëè-
êàòèâíîé è àääèòèâíî-ìóëüòèïëèêàòèâíîé ìîäåëåé ýòè âåðîÿòíî-
ñòíûå õàðàêòåðèñòèêè îïðåäåëÿþòñÿ òàêæå è äåòåðìèíèðîâàííîé
ñîñòàâëÿþùåé ϕ2(t).

Àíàëèçèðóÿ ïðåäñòàâëåííûå ñîîòíîøåíèÿ ìîæíî ñäåëàòü âûâîä,
î òîì ÷òî äëÿ ïðîöåññîâ, ïðåäñòàâëåííûõ àääèòèâíîé è àääèòèâ-
íî-ìóëüòèïëèêàòèâíîé ìîäåëÿìè, ìàòåìàòè÷åñêîå îæèäàíèå ìîæ-
íî îöåíèòü ïî îäíîé ðåàëèçàöèè ñ ïîìîùüþ òîé èëè èíîé
îïåðàöèè, ýêâèâàëåíòíîé ôèëüòðàöèè íèçêèõ ÷àñòîò.

Åñëè äèñïåðñèÿ ïîìåõè ε(t) ïîñòîÿííàÿ, òî îïðåäåëèòü ñðåäíèé
êâàäðàò ìóëüòèïëèêàòèâíîãî è àääèòèâíî-ìóëüòèïëèêàòèâíîãî
ïðîöåññîâ (è òåì ñàìûì ïîëó÷èòü îöåíêó äèñïåðñèè) òàêæå ìîæíî
ïî îäíîé ðåàëèçàöèè.

Òàêèì îáðàçîì, ðàññìàòðèâàÿ àíàëèçèðóåìûå ïðîöåññû, ïðåä-
ñòàâëåííûõ ëþáûìè èç ýòèõ ìîäåëåé, íåò íåîáõîäèìîñòè ïðîâå-
ðÿòü ýðãîäè÷åñêèå ñâîéñòâà íåñòàöèîíàðíîãî ñëó÷àéíîãî ïðîöåññà.

Òî÷íîñòü îöåíêè ñòàòèñòè÷åñêèõ õàðàêòåðèñòèê áóäåò çàâèñåòü
îò òèïà è ïàðàìåòðîâ äåòåðìèíèðîâàííûõ ïðîöåññîâ ϕ1(t) è ϕ2(t).

Êëàññèôèêàöèþ ïî íåñòàöèîíàðíîñòè � ýòî íåîáõîäèìûé
ïðåäâàðèòåëüíûé ýòàï èññëåäîâàíèÿ ñëó÷àéíîãî ïðîöåññà ñ öåëüþ
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âûÿâëåíèÿ åãî ñâîéñòâ äî ïðîâåäåíèÿ îñíîâíîé ñòàòèñòè÷åñêîé
îáðàáîòêè.

Â êà÷åñòâå êëàññèôèêàöèîííûõ ïðèçíàêîâ ïðè íàëè÷èè îäíîé
ðåàëèçàöèè èññëåäóåìîãî ïðîöåññà ðàññìàòðèâàþòñÿ êëàññ ïðîöåññà
è âèä íåñòàöèîíàðíîñòè: íåñòàöèîíàðíîñòü ïî ìàòåìàòè÷åñêîìó
îæèäàíèþ, íåñòàöèîíàðíîñòü ïî äèñïåðñèè, íåñòàöèîíàðíîñòü ïî
êîððåëÿöèîííîé ôóíêöèè, à òàêæå çàêîíû èçìåíåíèÿ ìàòåìàòè-
÷åñêîãî îæèäàíèÿ è äèñïåðñèè.

Ñîãëàñíî êëàññè÷åñêîìó îïðåäåëåíèþ êëàññèôèêàöèè, äàííàÿ
çàäà÷à áûëà ðåøåíà åùå íà ýòàïå ïîñòðîåíèÿ «êðèòåðèàëüíîãî
äåðåâà» íà êàæäîì èç èñõîäíûõ èçîáðàæåíèé. Â êà÷åñòâå îäíîãî
èç êðèòåðèåâ ðàññìàòðèâàëîñü ðàçäåëåíèå ðàññìàòðèâàåìîé ñîâî-
êóïíîñòè îáúåêòîâ è ÿâëåíèé íà îäíîðîäíûå, â îïðåäåëåííîì
ñìûñëå, ãðóïïû, ëèáî îòíåñåíèå êàæäîãî èç çàäàííîãî ìíîæåñòâà
îáúåêòîâ ê îäíîìó èç çàðàíåå èçâåñòíûõ êëàññîâ. Ýòî ïîçâîëèò
ïðîèçâåñòè àíàëèç ðàçíîðîäíîé èíôîðìàöèè: âûäåëèòü îáúåêòû íà
èçîáðàæåíèè, ïðîèçâåñòè èõ ïðèâÿçêó ïî ãåîãðàôè÷åñêèì êîîðäè-
íàòàì è îïðåäåëèòü èõ êà÷åñòâåííûå è êîëè÷åñòâåííûå õàðàêòåðè-
ñòèêè, à òàêæå èäåíòèôèöèðîâàòü îáúåêòû â ñîîòâåòñòâèè ñ èìå-
þùåéñÿ áàçîé çíàíèé, îñíîâàííîé íà íå÷¸òêîé ëîãèêå.

Â êëàññè÷åñêîì âèäå ðåøåíèå çàäà÷è êëàññèôèêàöèè ðàññìàò-
ðèâàåòñÿ êàê îòîáðàæåíèå âèäà:

R = {r1, r2, �, rn} → ye{d1, d2, �, dm},

ò. å. îòíåñåíèå îáúåêòà, çàäàííîãî âåêòîðîì èíôîðìàòèâíûõ ïðè-
çíàêîâ R = {r 1, r2, �, rn}, ê îäíîìó èç çàðàíåå îïðåäåëåííûõ
êëàññîâ {d1, d2, �, dm}.

Ïðîöåññû, ïðåäñòàâëåííûå ðàññìîòðåííûìè âûøå ìîäåëÿìè,
îòíîñÿòñÿ ê êëàññó íåñòàöèîíàðíûõ ñëó÷àéíûõ ïðîöåññîâ. Äëÿ
âûÿâëåíèÿ íåñòàöèîíàðíûõ ñâîéñòâ ïðåäëàãàåòñÿ èñïîëüçîâàòü
íåïàðàìåòðè÷åñêèå êðèòåðèè, ïîêàçàòåëü Õåðñòà è êîððåëîãðàììû,
ïî ðåçóëüòàòàì ïðèìåíåíèÿ êîòîðûõ áóäåò ôîðìèðîâàòüñÿ âåêòîð
èíôîðìàòèâíûõ ïðèçíàêîâ R.

Çíà÷èòåëüíîå áîëüøèíñòâî íåïàðàìåòðè÷åñêèõ êðèòåðèåâ ðåàãè-
ðóþò íà èçìåíåíèå îöåíêè ìàòåìàòè÷åñêîãî îæèäàíèÿ. Òàêèì
îáðàçîì, íåïàðàìåòðè÷åñêèå êðèòåðèè áåç ïðåäâàðèòåëüíîé îáðà-
áîòêè íàáëþäàåìîãî ðÿäà ïîçâîëÿþò âûäåëèòü äâà êëàññà ïðîöåñ-
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ñîâ «ñòàöèîíàðíûå ïî ìàòåìàòè÷åñêîìó îæèäàíèþ» è «íåñòàöèî-
íàðíûå ïî ìàòåìàòè÷åñêîìó îæèäàíèþ».

Äëÿ îïðåäåëåíèÿ äèíàìè÷åñêîãî ñîñòîÿíèÿ ñèñòåìû èñïîëüçó-
þòñÿ ïîêàçàòåëè Õåðñòà. Ïîêàçàòåëü Õåðñòà õàðàêòåðèçóåò íàïðàâ-
ëåíèå ðàçâèòèÿ ñèñòåìû; åñëè åãî çíà÷åíèå ïðåâûøàåò ÷èñëî 0.5,
òî âðåìåííîé ðÿä â áóäóùåì ïðîìåæóòêå âðåìåíè ñòðåìèòñÿ ê
âîçðàñòàíèþ; åñëè ïîêàçàòåëü Õåðñòà ðàâåí 0.5, òî âðåìåííîé ðÿä
íàõîäèòñÿ â íåîïðåäåëåííîì ñîñòîÿíèè, ýòî ãîâîðèò î òîì, ÷òî ìû
íå ìîæåì ñêàçàòü î íàïðàâëåíèè åãî ðàçâèòèÿ; åñëè ïîêàçàòåëü
ìåíüøå 0.5, òî âðåìåííîé ðÿä ñòðåìèòñÿ ê óáûâàíèþ. Åñëè ïðè-
ðàùåíèÿ áûëè ïîëîæèòåëüíûìè â òå÷åíèå íåêîòîðîãî âðåìåíè â
ïðîøëîì, òî åñòü ïðîèñõîäèëî óâåëè÷åíèå, òî è âïðåäü â ñðåäíåì
áóäåò ïðîèñõîäèòü óâåëè÷åíèå. Òàêèì îáðàçîì, äëÿ ïðîöåññà ñ
Í > 0.5 òåíäåíöèÿ ê óâåëè÷åíèþ â ïðîøëîì îçíà÷àåò òåíäåíöèþ
ê óâåëè÷åíèþ â áóäóùåì. È íàîáîðîò, òåíäåíöèÿ ê óìåíüøåíèþ
â ïðîøëîì îçíà÷àåò, â ñðåäíåì, ïðîäîëæåíèå óìåíüøåíèÿ â áó-
äóùåì. ×åì áîëüøå Í, òåì ñèëüíåå òåíäåíöèÿ.

Ïî çíà÷åíèþ ïîêàçàòåëÿ Õåðñòà ìîæíî ñóäèòü êàê î ñòàöèî-
íàðíîñòè ïðîöåññà ïî ìàòåìàòè÷åñêîìó îæèäàíèþ, òàê è î âèäå
äåòåðìèíèðîâàííîé ñîñòàâëÿþùåé.

Îäíàêî, íàèáîëüøèé èíòåðåñ ïðåäñòàâëÿåò ñëó÷àé, êîãäà ïîêà-
çàòåëü Õåðñòà ïðèíèìàåò çíà÷åíèå ðàâíîå èíäèôôåðåíòíîñòè, ò. å.
ðàâåí 0.5. Â äàííîì ñëó÷àå ïîÿâëÿåòñÿ âîçìîæíîñòü, èñïîëüçóÿ
àëãåáðó íå÷åòêîé ëîãèêè ó÷åñòü äîïîëíèòåëüíûå âîçìîæíîñòè,
âëèÿþùèå íà òî÷íîñòü ïðîãíîçà.

Â îñíîâå êëàññèôèêàöèè ïî íåïàðàìåòðè÷åñêèì êðèòåðèÿì ëåæèò
áàéåñîâñêàÿ ïðîöåäóðà äëÿ áèíàðíûõ ïðèçíàêîâ. Ïîëó÷åííûå òà-
êèì îáðàçîì îöåíêè ðàññìàòðèâàþòñÿ êàê îáîáùåííûé ðåçóëüòàò
ïðèìåíåíèÿ íåïàðàìåòðè÷åñêèõ êðèòåðèåâ, à àïîñòåðèîðíàÿ âåðî-
ÿòíîñòü � êàê êëàññèôèêàöèîííûé ïðèçíàê. Ïðè ýòîì øêàëà
èçìåðåíèé ñòàíîâèòñÿ òàêàÿ æå, ÷òî è äëÿ ïîêàçàòåëÿ Õåðñòà.

Ñ ïîìîùüþ ìåòîäà íîðìèðîâàííîãî ðàçìàõà Õåðñòà åñòü âîç-
ìîæíîñòü ðàññ÷èòàòü ïîêàçàòåëè Õåðñòà íå òîëüêî â îáëàñòÿõ
âûÿâëåííûõ èçìåíåíèé èëè ïÿòåí, íî è â ïðèëåãàþùèõ ê íèì
çîíàì. Ýòî äàñò âîçìîæíîñòü, óñòàíîâèâ çàâèñèìîñòü ìåæäó ïî-
ëó÷åííûìè ïîêàçàòåëÿìè Õåðñòà â ðàçëè÷íûõ çîíàõ, ïîëó÷èòü
íåêîòîðóþ îöåíêó èíòåðâàëîâ ïðåäñêàçóåìîñòè ïîâåäåíèÿ äàííîãî
ðÿäà. Ãðàíèöû áóäóò õàðàêòåðèçîâàòüñÿ òî÷êàìè èçëîìà ñòàòèñòèêè
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Õ¸ðñòà, íà êîòîðûõ îöåíêà ïîêàçàòåëÿ Õ¸ðñòà áóäåò ñóùåñòâåííî
èçìåíÿòüñÿ.

Îäíàêî, âñå ïîëó÷åííûå ðåçóëüòàòû òðåáóþò äîïîëíèòåëüíîãî
àíàëèçà. Òî÷íîñòü àíàëèçà è äàëüíåéøåãî ïðîãíîçà âî ìíîãîì
çàâèñèò îò êîëè÷åñòâà àïðèîðíûõ äàííûõ, à ýòî â ñâîþ î÷åðåäü
òðåáóåò ñîçäàíèÿ çíà÷èòåëüíîé áàçû äàííûõ, ñîäåðæàùèõ ñíèìêè,
ïîëó÷åííûå ðàçëè÷íûìè ñèñòåìàìè è â ðàçëè÷íûõ äèàïàçîíàõ.

* * *
Àëåêñååâ À.Â. Ïðèìåíåíèå íå÷åòêîé ìàòåìàòèêè â çàäà÷àõ ïðèíÿ-

òèÿ ðåøåíèé. � Â ñá.: Ìåòîäû è ñèñòåìû ïðèíÿòèÿ ðåøåíèé. �
Ðèãà: ÐÏÈ, 1983. � Ñ. 38�42.

Àîêè Ì. Ââåäåíèå â ìåòîäû îïòèìèçàöèè. � Ì.: Íàóêà, 1977. �
344ñ.

Ìîèñååâ Í.Í. Ýëåìåíòû òåîðèè îïòèìàëüíûõ ñèñòåì. Ì: Íàóêà,
1975, 528ñ.

Fractal geometry of information space as represented by cocitation
clustering / Van Raan A. F. J. // Scientometrics. � 1991. � Vol. 20, 3.
� Ð. 439�449.

Ôåäåð Å. Ôðàêòàëû / Ì.: Ìèð, 1991. � 254 ñ.
Äèñòàíöèîííîå çîíäèðîâàíèå: êîëè÷åñòâåííûé ïîäõîä /

Ø.Ì. Äåéâèñ, Ä.ß. Ëàíäãðåáå, Ò.Ë. Ôèëëèïñ è äð. � Ì.: Íåäðà,
1983. � 415 ñ.

Êðàñîâñüêèé Ã.ß., Ïåòðîñîâ Â.À. ²íôîðìàö³éí³ òåõíîëîã³¿ êîñì³÷-
íîãî ìîí³òîðèíãó âîäíèõ åêîñèñòåì ³ ïðîãíîçó âîäîñïîæèâàííÿ ì³ñò.
� Ê.: Íàóê. äóìêà, 2003.

Îòðèìàíî: 09.09.2008 ð.
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ÓÄÊ 504.453

ÏÐÎÑÒÎÐÎÂÎ-×ÀÑÎÂÀ ÅÊÎËÎÃ²×ÍÀ

ÕÀÐÀÊÒÅÐÈÑÒÈÊÀ ð. ÏÐÓÒ

Â.Ì. Óäîä, ä-ð á³îë. íàóê, ïðîô.
Ì.Þ. ßö³â

(Êè¿âñüêèé íàö³îíàëüíèé óí³âåðñèòåò
áóä³âíèöòâà ³ àðõ³òåêòóðè)

Çä³éñíåíî ïðîñòîðîâî-÷àñîâó îö³íêó ÿêîñò³ âîäè ð. Ïðóò çà ïåð³îä
1955�2005 ðð. Ïîêàçàíî, ùî íîðìàòèâíà ìåòîäèêà (íà îñíîâ³ ²ÇÂ,
ðîçðàõîâàíîìó ïî øåñòè ïîêàçíèêàì) äàº çàíèæåí³ ê³ëüê³ñí³ ïîêàçíèêè
ÿêîñò³ âîäè. Â óìîâàõ ä³¿ ð³çíîñòîðîíí³õ àíòðîïîãåííèõ ôàêòîð³â
çðîñòàº ÷èñëî ë³ì³òóþ÷è ôàêòîð³â, ÿê³ âïëèâàþòü íà ðîçâèòîê âîäíî¿
åêîñèñòåìè. Òîìó íàìè çàïðîïîíîâàíà ³ñíóþ÷à ìåòîäèêà âèçíà÷åííÿ
êëàñó ÿêîñò³ âîäè çà 18 ôîðìàë³çîâàíèìè îö³íî÷íèìè ïîêàçíèêàìè.

Îñóùåñòâëåíà ïðîñòðàíñòâåííî-âðåìåííàÿ îöåíêà êà÷åñòâà âîäû
ð.Ïðóò çà ïåðèîä 1955�2005 ãã. Ïîêàçàíî, ÷òî íîðìàòèâíàÿ ìåòîäèêà
(íà îñíîâå ÈÇÂ, ðàññ÷èòàííîìó ïî øåñòè ïîêàçàòåëÿì) äàåò çàíèæåí-
íûå êîëè÷åñòâåííûå ïîêàçàòåëè êà÷åñòâà âîäû. Â óñëîâèÿõ äåéñòâèÿ
ðàçíîñòîðîííèõ àíòðîïîãåííûõ ôàêòîðîâ ðàñòåò ÷èñëî, ëèìèòèðóþ-
ùèõ ôàêòîðîâ, êîòîðûå âëèÿþò íà ðàçâèòèå âîäíîé ýêîñèñòåìû.
Ïîýòîìó íàìè ïðåäëîæåíà ñóùåñòâóþùàÿ ìåòîäèêà îïðåäåëåíèÿ êëàñ-
ñà êà÷åñòâà âîäû ïî 18 ôîðìàëèçîâàííûì îöåíî÷íûì ïîêàçàòåëÿì.

The spatio-temporal estimation of quality of water is carried) for the Prut river
for period 1955�2005. Shown that a normative methodology (on the basis of
WPI, to calculated with six indexes) gives the underrated quantitative indexes of
quality of water. A number of limiting factors which influence on development of
water ecosystem, grows under the influences of versatile anthropogenic factors.
Therefore the existent methodology of determination of class of quality of water
after 18 by the formalized evaluation indexes are offered.

Âîäí³ ðåñóðñè áóäü-ÿêî¿ äåðæàâè ñïðè÷èíÿþòü ³ñòîòíèé âïëèâ
íà ïîë³òèêó, åêîëîãî-åêîíîì³÷íó ñòàá³ëüí³ñòü, ñîö³àëüíå áëàãîïî-
ëó÷÷ÿ íàñåëåííÿ.

 Â.Ì. Óäîä, Ì.Þ. ßö³â, 2008
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Â óìîâàõ çðîñòàþ÷îãî äåô³öèòó âîäíèõ ðåñóðñ³â îö³íêà ÿêîñò³
âîäè, ÿêà âèêîðèñòîâóºòüñÿ äëÿ âîäîãîñïîäàðñüêèõ ïîòðåá, ñòàº
îäí³ºþ ³ç ïð³îðèòåòíèõ ïðîáëåì çàáåçïå÷åííÿ åêîëîã³÷íî¿ áåçïåêè
ïðèðîäíèõ ³ ñîö³àëüíèõ ñèñòåì. Öå ïîâ�ÿçàíî ç òèì, ùî ïîñò³éíî
çðîñòàº ÿê³ñíå âèñíàæåííÿ ïîâåðõíåâèõ âîä ï³ä ä³ºþ ïðèðîäíèõ
³ àíòðîïîãåííèõ ôàêòîð³â, à íàñë³äêè çàáðóäíåííÿ ïîâåðõíåâèõ
âîäîéì íàáóëè ãëîáàëüíîãî çíà÷åííÿ (ðèñ. 1).

Îö³íêà ÿêîñò³ ïðèðîäíèõ âîä º äîñòàòíüî ñêëàäíèì çàâäàííÿì
ó çâ�ÿçêó ³ç ïîñò³éíèìè çì³íàìè àá³îòè÷íèõ ôàêòîð³â â óìîâàõ
àíòðîïîãåííîãî âïëèâó.

Â ðîáîò³ ðîçãëÿíóòî ïèòàííÿ îö³íêè ÿêîñò³ âîäè âîäîçàá³ðíîãî
áàñåéíó ð.Ïðóò. Íà ïð³îðèòåòíîìó ð³âí³ âèçíà÷åí³ ï³äõîäè ³ ìåòîäèêà
ö³º¿ ïðîöåäóðè. Ó ïîïåðåäí³õ ðîáîòàõ äàíà äåòàëüíà ³íôîðìàö³ÿ ùîäî
çàáðóäíåííÿ âîäè ð.Ïðóò â çàëåæíîñò³ â³ä åêîëîã³÷íî¿ ñèòóàö³¿, ÿêà
ñêëàëàñü â ðàéîí³ âîäîçàá³ðíîãî áàñåéíó ð. Ïðóò [4, 5].

Â òàáëèö³ 1 ïðåäñòàâëåíà äèíàì³êà çì³í ÿêîñò³ âîäè ð. Ïðóò çà
ïåð³îä 1955�2005 ðð. (íàâåäåíî ëèøå äàí³, ÿê³ ñóòòºâî çì³íþþòü-
ñÿ ïðîòÿãîì 50 ðîê³â, òàêèé ï³äõ³ä âèìóøåíèé ìîæëèâîäîïóñòè-
ìèì îáñÿãîì òàáëèö³) Àíàë³ç ÿêîñò³ âîäè òà îö³íêó ¿¿ ñòàíó
çä³éñíþâàëè çà òàêèìè ïîêàçíèêàìè:

= íà îñíîâ³ ³íòåãðàëüíèõ òà ñóìàðíèõ ïîêàçíèê³â ÿêîñò³ âîäè
(²ÇÂ � ³íäåêñ çàáðóäíåííÿ âîäè);

= çà ïîêàçíèêàìè, ÿê³ õàðàêòåðèçóþòü çàãàëüí³ âëàñòèâîñò³ âîäè
(çàãàëüíà ì³íåðàë³çàö³ÿ, âîäíåâèé ïîêàçíèê, ðîç÷èíåíèé êèñåíü
òîùî);

= çà îêðåìèìè ïîêàçíèêàìè, âèçíà÷åíèìè äëÿ ïðîâåäåííÿ ñà-
í³òàðíî-õ³ì³÷íîãî àíàë³çà âîäè.

²ÇÂ ðîçðàõîâóâàëè íà îñíîâ³ øåñòè ïîêàçíèê³â (êîíöåíòðàö³ÿ
ðîç÷èíåíîãî êèñíþ ó âîä³, ÁÑÊ5, êîíöåíòðàö³¿ íàôòîïðîäóêò³â,
ôåíîë³â, àçîòó àìîí³éíîãî òà í³òðèòíîãî). Çà âåëè÷èíàìè îòðèìà-
íîãî ²ÇÂ ðîçðàõîâóâàëè îö³íêó ÿêîñò³ âîäè (ïî âñüîìó âîäîçàá-
³ðíîìó áàñåéíó ³ çà ïåð³îäàìè � 1966�2005 ðð.) ïî îêðåìèì
ä³ëÿíêàì ð. Ïðóò íà â³äïîâ³äí³ êëàñè (òàáëèöÿ 2). Äîì³íóþ÷èì
êëàñîì ÿêîñò³ âîäè âîäîçàá³ðíîãî áàñåéíó ð. Ïðóò º ïîì³ðíî
çàáðóäíåíà âîäà. Ç óðàõóâàííÿì òàêîãî ñòàíó âîäè ìîæíà êîíñòà-
òóâàòè, ùî ïðèðîäí³ ïðîöåñè ñàìîî÷èùåííÿ íå ïîðóøåí³. Ï³äòâåð-
äæåííÿì òàêîãî ñòàíó º: ñòàá³ëüíèé ð³âåíü ðîç÷èíåíîãî êèñíþ (ó
â³äïîâ³äíîñò³ ³ç ñåçîííèìè òåìïåðàòóðíèìè çì³íàìè); ñòàá³ëüíèé
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                         Òàáëèöÿ 1 � Äèíàì³êà çì³í ÿêîñò³ âîäè ð. Ïðóò              
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Ïðîäîâæåííÿ òàáë. 1 íà íàñòóï. ñòîð.

              çà ïåð³îäàìè ³ ñòâîðàìè (min � max)
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Òàáëèöÿ 2 � Êëàñè ÿêîñò³ âîäè ð.Ïðóò
â çàëåæíîñò³ â³ä çíà÷åííÿ ²ÇÂ

Ñòâîð Ïåð³îä äîñë³äæåíü

Ñåðåäíº

çíà÷åííÿ

²ÇÂ

Êëàñ

ÿêîñò³

âîäè

Ñòóï³íü çàáðóäíåíîñò³

âîäè

1984—1995 ðð. 1,22 III Ïîì³ðíî çàáðóäíåíà ì. Êîëî-
ìèÿ, 0,5 êì

âèùå ì³ñòà 1997—2005 ðð. 1,02 III Ïîì³ðíî çàáðóäíåíà

1984—-1995 ðð. 1,42 III Ïîì³ðíî çàáðóäíåíà ì. Êîëî-
ìèÿ, 0,5 êì

íèæ÷å ì³ñòà 1997— 2005 ðð. 1,17 III Ïîì³ðíî çàáðóäíåíà

1978—1983 ðð. 2,95 IV Çàáðóäíåíà

1986—1995 ðð. 1,59 III Ïîì³ðíî çàáðóäíåíà

ì. ßðåì÷à,

0,5 êì âèùå

ì³ñòà 1996—2005 ðð. 1,96 III Ïîì³ðíî çàáðóäíåíà

1961—1972 ðð. *  — —

1982—1995 ðð. 1,37 III Ïîì³ðíî çàáðóäíåíà
ì. ßðåì÷à, â

ìåæàõ ì³ñòà
1996—2005 ðð. 2,31 III Ïîì³ðíî çàáðóäíåíà

1966—1975 ðð.  *  — —  

1976—1985 ðð. 2,56 IV Çàáðóäíåíà

1986—1995 ðð. 1,34 III Ïîì³ðíî çàáðóäíåíà

ì.×åðí³âö³,

1—3,5 êì

âèùå ì³ñòà

1996—2005 ðð. 1,02 III Ïîì³ðíî çàáðóäíåíà

1971—1985 ðð. 1,89 III Ïîì³ðíî çàáðóäíåíà

1986—1995 ðð. 1,46 III Ïîì³ðíî çàáðóäíåíà

ì.×åðí³âö³,

1—3 êì

íèæ÷å ì³ñòà 1996—2005 ðð. 1,5 III Ïîì³ðíî çàáðóäíåíà

1986—1995 ðð. 1,45 III Ïîì³ðíî çàáðóäíåíàì.×åðí³âö³,

7 êì íèæ÷å

ì³ñòà 1996—2005 ðð. 1,34 III Ïîì³ðíî çàáðóäíåíà

ì.×åðí³âö³,

11,5 êì

íèæ÷å ì³ñòà

1973—1985 ðð. 2,49 III Ïîì³ðíî çàáðóäíåíà

ì.×åðí³âö³,

13,5 êì

íèæ÷å ì³ñòà

1973—1985 ðð. 2,64 IV Çàáðóäíåíà

* � áóëî íåäîñòàòíüî äàíèõ äëÿ ðîçðàõóíêó ²ÇÂ.
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ð³âåíü çâàæåíèõ ðå÷îâèí; ñòàá³ëüíèé ð³âåíü ñï³ââ³äíîøåíü ì³æ
ÁÑÊ òà ÕÑÊ, ÿêèé õàðàêòåðèçóº ìîæëèâ³ñòü òà åôåêòèâí³ñòü
á³îõ³ì³÷íîãî îêèñëåííÿ îðãàí³÷íèõ äîì³øîê âîäè

Ðèñ. 1. Ãëîáàëüí³ íàñë³äêè çàáðóäíåííÿ ïîâåðõíåâèõ âîä.

Çì³íè çàãàëüíî¿ ì³íåðàë³çàö³¿ çíàõîäÿòüñÿ ó îáåðíåí³é çàëåæ-
íîñò³ â³ä âèòðàòè âîäè (ðèñ. 2).

Ð³âåíü âîäíåâîãî ïîêàçíèêà (ðÍ) ïðàêòè÷íî íå çì³íþâàâñÿ çà
äîñë³äæóâàíèé ïåð³îä.

Ñòîñîâíî âì³ñòó åêîòîêñèêàíò³â îðãàí³÷íîãî ³ íåîðãàí³÷íîãî
ïîõîäæåííÿ ìîæíà ñêàçàòè, ùî öå ïîâ�ÿçàíî ç ð³âíåì óðáàí³çî-
âàíîñò³ òåðèòîð³¿ òà ä³¿ ïðèðîäíèõ ³ àíòðîïîãåííèõ ôàêòîð³â
(ðèñ. 3). Ó ðÿä³ âèïàäê³â ô³êñóºòüñÿ ¿õ âì³ñò ó âîä³ ç ïåðåâèùåí-
íÿì ÃÄÊ äî äåñÿòê³â ðàç³â (òàáë. 3).

Âèõîäÿ÷è ç àíàë³çó äèíàì³êè çì³í ÿêîñò³ âîäè ó ð. Ïðóò ìîæíà
âèä³ëèòè äâà ñòàíè âîäíî¿ åêîñèñòåìè:
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              Òàáëèöÿ 3 � Êîíöåíòðàö³¿ ³ êðàòíîñò³ ïåðåâèùåííÿ ÃÄÊ              
                                       äåÿêèõ çàáðóäíþþ÷èõ ðå÷îâèí ó âîä³              
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Ïðîäîâæåííÿ òàáë. 3 íà íàñòóï. ñòîð.

              (äëÿ âîäîéì ðèáîãîñïîäàðñüêîãî ïðèçíà÷åííÿ)
             ð.Ïðóò çà ïåð³îäàìè ³ ñòâîðàìè
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= ïðè ïîì³ðí³é ä³¿ ïðèðîäíèõ ³ òåõíîãåííèõ ôàêòîð³â â³äáóâàºòü-
ñÿ â³äíîâëåííÿ âîäíîãî ñåðåäîâèùà, ùî ï³äòâåðäæóºòüñÿ íîð-
ìàòèâíèì (àáî áëèçüêî äî íüîãî) ð³âíåì çàáðóäíþþ÷èõ ðå÷î-
âèí òà ³íòåãðàëüíèìè ïîêàçíèêàìè;

= ó ðàç³, êîëè âîäíà åêîñèñòåìà ïåðåõîäèòü äî ³íøîãî ñòàíó
ðîçâèòêó (ï³ä ä³ºþ àíòðîïîãåííèõ ÷èííèê³â), â³äáóâàºòüñÿ ÿê³ñíå
âèñíàæåííÿ ïðèðîäíèõ âîä (çà óìîâ ð³çêîãî ïåðåâèùåííÿ ïî-
ëþòàíò³â ó âîä³), ùî ïðèçâîäèòü äî ïîðóøåííÿ ãîìåîñòàòè÷íî-
ãî ìåõàí³çìó ³ âèíèêàþòü ïåðåäóìîâè äî ïîðóøåííÿ ïðîöåñó
ñàìîî÷èùåííÿ. Ñàìå çà òàêèõ óìîâ (òàáë. 3) ñë³ä âèçíà÷àòè
ë³ì³òóþ÷³ ôàêòîðè ðîçâèòêó âîäíèõ åêîñèñòåì ç ìåòîþ ðîçðîá-
êè ïðèðîäîîõîðîííèõ çàõîä³â.
Àíàë³ç äàíèõ òàáëèö³ 3 äîçâîëÿº êîíñòàòóâàòè íàñòóïíå:

= â³ñ³ì çàáðóäíþþ÷èõ ðå÷îâèí ó âîä³ ìàþòü ïåðåâèùåííÿ ÃÄÊ
â³ä äâîõ äî äåñÿòê³â ðàç³â ó á³ëüøîñò³ ïåð³îä³â (÷àñîâèé ôàêòîð)
íà îêðåìèõ ä³ëÿíêàõ (ïðîñòîðîâèé ôàêòîð) ð.Ïðóò; ñàìå ö³
ïîëþòàíòè ñòâîðþþòü ïåðåäóìîâè äëÿ ÿê³ñíîãî âèñíàæåííÿ
ïðèðîäíèõ âîä;

= ñóìàðí³ ³íòåãðàëüí³ ïîêàçíèêè � ÁÑÊ ³ ÕÑÊ òàêîæ ä³þòü ÿê
ë³ì³òóþ÷³ ôàêòîðè òà ñïðè÷èíÿþòü ò³ æ ñàìî íàñë³äêè;

= âèíèêàº ïèòàííÿ, à ÷îìó ö³ ïîêàçíèêè íå âðàõîâóþòü ó âèç-
íà÷åíí³ ³íäåêñó çàáðóäíåíîñò³ âîäè òà ÿêîñò³ âîäè â ö³ëîìó
(ïðè âèêîðèñòàíí³ íîðìàòèâíî¿ ìåòîäèêè).
Íà íàø ïîãëÿä, öÿ ìåòîäèêà â ñèëó ñâîº¿ â³äíîñíîñò³ ïðàêòè÷íî

íå ïðèäàòíà äëÿ âèçíà÷åííÿ ÿêîñò³ ïðèðîäíèõ âîä â óìîâàõ
ñò³éêîãî òåõíîãåííîãî âïëèâó. Ó çâ�ÿçêó ç öèì íàìè îáðàíî
ìåòîäèêó [6] âèçíà÷åííÿ êëàñó ÿêîñò³ âîäè ç óðàõóâàííÿì á³ëüøî-
ãî ÷èñëà ñóìàðíèõ, ³íòåãðàëüíèõ òà îêðåìèõ ïîêàçíèê³â çàáðóäíåí-
íÿ âîäè. Öÿ ìåòîäèêà âêëþ÷àº ñèñòåìó ³ç 18 ôîðìàë³çîâàíèõ
îö³íî÷íèõ ïîêàçíèê³â. Îñíîâà ìåòîäó � äèôåðåíö³éîâàí³ òà êîì-
ïëåêñí³ ï³äõîäè, ÿê³ ð³çíîá³÷íî õàðàêòåðèçóþòü ñòàí âîäíîãî îá-
�ºêòà îäíî÷àñíî ïî øèðîêîìó ïåðåë³êó ³íãðåä³ºíò³â, ³ òîìó äàþòü
ìîæëèâ³ñòü êëàñèô³êóâàòè âîäó ïî ñòóïåíþ ¿¿ çàáðóäíåíîñò³. Íàø³
ïðèïóùåííÿ ùîäî âïëèâó âñèõ ë³ì³òóþ÷èõ ôàêòîð³â íà âèçíà÷åí-
íÿ êëàñó ÿêîñò³ âîäè ñïðàâäèëèñÿ. Ñòóï³íü çàáðóäíåíîñò³ ³ ðîçðÿä
ÿêîñò³ âîäè á³ëüø ³íôîðìàòèâíî ïîêàçóþòü çì³íè ó âîäíèõ åêî-
ñèñòåìàõ â çàëåæíîñò³ â³ä íàïðóæåíîñò³ åêîëîã³÷íî¿ ñèòóàö³¿ â
ðåã³îíàõ ïðîò³êàííÿ ð. Ïðóò. Â ïîð³âíÿíí³ ç íîðìàòèâíîþ ìåòî-
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Ðèñ. 3. Êðàòí³ñòü ïåðåâèùåííÿ ÃÄÊ ñåðåäíüîð³÷íèõ çíà÷åíü
ïîêàçíèê³â ÁÑÊ5, íàôòîïðîäóêò³â, á³õðîìàòíî¿ îêèñëþâàíîñò³
³ àçîòó àìîí³éíîãî ó âîä³ ð. Ïðóò (3 êì íèæ÷å ì. ×åðí³âö³).

äèêîþ (òàáë. 2) ïîã³ðøóºòüñÿ ÿê³ñòü ïðèðîäíèõ âîä ÷åðåç âðàõó-
âàííÿ óñ³õ ôîðìàë³çîâàíèõ îö³íî÷íèõ ïîêàçíèê³â (òàáë. 4) ³ õà-
ðàêòåðèçóºòüñÿ âîäà ÿê áðóäíà (ó ðÿä³ âèïàäê³â � ÿê äóæå çàá-
ðóäíåíà). Òàêèì ÷èíîì, êîëè âîäíà åêîñèñòåìà ïîñò³éíî çíàõîäèòüñÿ
ï³ä ä³ºþ ð³çíîñòîðîíí³õ òåõíîãåííèõ ôàêòîð³â, äîö³ëüíî âèêîðè-
ñòîâóâàòè 18 ôîðìàë³çîâàíèõ îö³íî÷íèõ ïîêàçíèê³â.

Ùîäî çàãàëüíèõ âèñíîâê³â ìîæíà â³äçíà÷èòè íàñòóïíå:
� ßê³ñíå âèñíàæåííÿ âîäîçàá³ðíîãî áàñåéíó ð.Ïðóò ï³ä âïëè-

âîì àíòðîïîãåííîãî ôàêòîðó çà äàíèìè îñîáèñòèõ äîñë³äæåíü
ìîæíà êëàñèô³êóâàòè çà òðüîìà ð³âíÿìè âïëèâó:

1) ó âîäí³é åêîñèñòåì³ íå ïðîÿâëÿþòüñÿ íåãàòèâí³ âïëèâè, ùî
âèêëþ÷àº ïîðóøåííÿ åêîëîã³÷íî ñòàëîãî ðîçâèòó ïðèðîäíî¿ ñèñ-
òåìè (çà óìîâ â³äñóòíîñò³ ê³ëüê³ñíîãî òà ÿê³ñíîãî âèñíàæåííÿ
âîäíî¿ åêîñèñòåìè);
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Òàáëèöÿ 4 � Êëàñè ÿêîñò³  ³  ñòóï³íü çàáðóäíåíîñò³ âîäè  ð. Ïðóò
çà êîìïëåêñíîþ îö³íêîþ ÿêîñò³ âîäè,

ÿêà âêëþ÷àº 18 ôîðìàë³çîâàíèõ îö³íî÷íèõ ïîêàçíèê³â

Ñòâîð Ïåð³îä äîñë³äæåíü
Êëàñ ³ ðîçðÿä
ÿêîñò³ âîäè

Ñòóï³íü çàáðóäíåíîñò³
âîäè

1984—1995 ðð. 4à Áðóäíà ì. Êîëîìèÿ,
0,5 êì âèùå ì³ñòà 1997—2005 ðð. 3á Äóæå çàáðóäíåíà

1984—1995 ðð. 4à Áðóäíà ì. Êîëîìèÿ,
0,5 êì íèæ÷å ì³ñòà 1997—2005 ðð. 4à Áðóäíà

1978—1983 ðð. 4à Áðóäíà
1986—1995 ðð. 4à Áðóäíà

ì. ßðåì÷à, 0,5 êì
âèùå ì³ñòà

1996—2005 ðð. 4à Áðóäíà
1961—1972 ðð. 3á Äóæå çàáðóäíåíà
1982—1995 ðð. 4à Áðóäíà

ì. ßðåì÷à, â ìåæàõ
ì³ñòà

1996—2005 ðð. 4à Áðóäíà
1955—1965ðð. 3á Äóæå çàáðóäíåíà
1966—1975ðð. 4à Áðóäíà
1976—1985ðð. 4á Áðóäíà
1986—1995ðð. 4à Áðóäíà

ì. ×åðí³âö³,
1-3,5 êì âèùå ì³ñòà

1996—2005ðð. 3á Äóæå çàáðóäíåíà
1971—1985ðð. 4à Áðóäíà
1986—1995ðð. 4à Áðóäíà

ì. ×åðí³âö³,
1-3 êì íèæ÷å ì³ñòà

1996—2005ðð. 4à Áðóäíà
1986—1995ðð. 4à Áðóäíàì. ×åðí³âö³, 7 êì

íèæ÷å ì³ñòà 1996—2005ðð. 4à Áðóäíà
ì. ×åðí³âö³, 11,5 êì
íèæ÷å ì³ñòà

1973—1985ðð. 4à Áðóäíà

ì. ×åðí³âö³, 13,5 êì
íèæ÷å ì³ñòà

1973—1985ðð. 4á Áðóäíà

1971—1980 ðð. 4à Áðóäíà
ñ. Ëåíê³âö³ 1981—1988 ðð. 3á Äóæå çàáðóäíåíà

1971—1980 ðð. 4à Áðóäíà
ñ. Ìàãàëà 1981 — 1988 ðð. 4à Áðóäíà

2) ó âîäí³é åêîñèñòåì³ ³íòåíñèâí³ñòü ïðîÿâó âïëèâó àíòðîïî-
ãåííèõ ôàêòîð³â çíàõîäèòüñÿ íà ìåæ³ ïðèñòîñóâàëüíèõ ðåàêö³é
æèâèõ îðãàí³çì³â (ïåðåâèùåííÿ ÃÄÊ àíòðîïîãåííèõ äîì³øîê ó
âîä³ äîñÿãàº äåê³ëüêîõ ðàç³â);

3) ó âîäí³é åêîñèñòåì³ ïðîÿâëÿºòüñÿ íåãàòèâíèé âïëèâ çà ðà-
õóíîê ïåðåâèùåííÿ êîìïåíñàö³éíèõ ìîæëèâîñòåé ïðèðîäíî¿ ñèñ-
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òåìè ³ â³äáóâàºòüñÿ ÿê³ñíå âèñíàæåííÿ âîäè (ïåðåâèùåííÿ ÃÄÊ
àíòðîïîãåííèõ äîì³øîê ó âîä³ ó äåñÿòêè ðàç³â).

� Óñ³ òðè ð³âí³ ðîçâèòêó âîäíî¿ åêîñèñòåìè ð.Ïðóò âñòàíîâëåí³
íàìè çà îêðåì³ ÷àñîâ³ â³äð³çêè. Ñåðåä ïåðøî÷åðãîâèõ ïðèðîäîîõî-
ðîííèõ çàõîä³â íåîáõ³äíî ìàòåìàòè÷íèì øëÿõîì âèçíà÷èòè ïðî-
ãíîç ïîäàëüøîãî ðîçâèòêó âîäíî¿ åêîñèñòåìè.

* * *
1. Çâ³ò ïðî ñòàí íàâêîëèøíüîãî ïðèðîäíîãî ñåðåäîâèùà â ×åð-

í³âåöüê³é îáëàñò³ â 2001�2006 ðð. Ì³í³ñòåðñòâî îõîðîíè íàâêîëèø-
íüîãî ïðèðîäíîãî ñåðåäîâèùà Óêðà¿íè.

2. Çâ³ò ïðî ñòàí íàâêîëèøíüîãî ïðèðîäíîãî ñåðåäîâèùà â ²âà-
íî-Ôðàíê³âñüê³é îáëàñò³ â 2005 ðð. Ì³í³ñòåðñòâî îõîðîíè íàâêî-
ëèøíüîãî ïðèðîäíîãî ñåðåäîâèùà Óêðà¿íè.

3. Ñí³æêî Ñ.². Îö³íêà ³ ïðîãíîçóâàííÿ ÿêîñò³ ïðèðîäíèõ âîä.
Êè¿âñüêèé íàö³îíàëüíèé óí³âåðñèòåò ³ì. Òàðàñà Øåâ÷åíêà. � Ê.:
Í³êà-Öåíòð, 2001. � 264 c.

4. Óäîä Â.Ì., ßö³â Ì.Þ. Äèíàì³êà çì³í ïîêàçíèê³â ÿêîñò³ âîäè
ð.Ïðóò íà ð³çíèõ ¿¿ ä³ëÿíêàõ // Åêîëîã³÷íà áåçïåêà òà ïðèðîäîêîðè-
ñòóâàííÿ. � Ê., 2008. � Âèï.1. � Ñ. 42�60.

5. ßö³â Ì.Þ. Îö³íêà åêîëîã³÷íîãî ñòàíó ð³÷êè Ïðóò, ÿê äæåðåëà
âîäè äëÿ öåíòðàë³çîâàíîãî âîäîïîñòà÷àííÿ // Åêîëîã³ÿ ³ ðåñóðñè. �
Ê., 2008. � Âèï.19. � Ñ. 143�155.

6. Íèêàíîðîâ À.Ì., ªìåëüÿíîâà Â.Ï. Êîìïëåêñíàÿ îöåíêà êà÷å-
ñòâà ïîâåðõíîñòíûõ âîä ñóøè // Âîäíûå ðåñóðñû. � 2005. � Ò. 32.
� ¹ 1. � Ñ. 61�69.

7. ÃÎÑÒ 2761�84. Èñòî÷íèêè öåíòðàëèçîâàííîãî õîçÿéñòâåí-
íî-ïèòüåâîãî âîäîñíàáæåíèÿ. Ãèãèåíè÷åñêèå òåõíè÷åñêèå òðåáîâà-
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ÂÄÎÑÊÎÍÀËÅÍÍß ÊÎÍÒÐÎËÞ
ÅÊÎËÎÃ²×ÍÎÃÎ ÑÒÀÍÓ ¥ÐÓÍÒÓ ÍÀ ÏÐÈËÅÃËÈÕ

ÄÎ ÀÂ²ÀÏ²ÄÏÐÈªÌÑÒÂ ÒÅÐÈÒÎÐ²ßÕ

Ñ.Ì. Ìàäæä
Ã.Ì. Ôðàí÷óê, ä-ð òåõí. íàóê, ïðîô.

(Íàö³îíàëüíèé àâ³àö³éíèé óí³âåðñèòåò)

Ðîçãëÿíóòî âïëèâ àâ³àòðàíñïîðòíèõ ïðîöåñ³â íà ÿê³ñòü ´ðóíòó
ïîáëèçó àâ³àï³äïðèºìñòâ. Íàâåäåíî ðåçóëüòàòè äîñë³äæåííÿ ïðîá ´ðóí-
òó. Âñòàíîâëåíî ñòóï³íü çàáðóäíåííÿ ´ðóíò³â âàæêèìè ìåòàëàìè.
Çä³éñíåíî åêîëîã³÷íó îö³íêó ´ðóíòîâîãî ïîêðèâó äëÿ çàáåçïå÷åííÿ åêî-
ëîã³÷íî áåçïå÷íîãî ñåðåäîâèùà ïîáëèçó àâ³àï³äïðèºìñòâ.

Ðàññìîòðåíî âëèÿíèå àâèàòðàíñïîðòíûõ ïðîöåññîâ íà êà÷åñòâî
ïî÷âû â îêðåñòíîñòÿõ àâèàïðåäïðèÿòèé. Ïðåäñòàâëåíû ðåçóëüòàòû
èññëåäîâàíèé ïðîá ïî÷âû. Ïðîâåäåíî ýêîëîãè÷åñêóþ îöåíêó ïî÷âåííî-
ãî ïîêðîâà äëÿ îáåñïå÷åíèÿ ýêîëîãè÷åñêè áåçîïàñíîé ñðåäû îêîëî
àâèàïðåäïðèÿòèé.

Influence of aviatransport processes on quality of ground in vicinities of
aviation enterprises is considered. Results of researches of tests of ground
are presented. It is lead an ecological estimation of a soil cover for maintenance
of ecologically safe environment about aviation enterprises.

Îäí³ºþ ç íàéâàæëèâ³øèõ åêîëîã³÷íèõ ïðîáëåì º ñòàí äîâê³ëëÿ,
ùî ³íòåíñèâíî çàáðóäíþºòüñÿ ïðîäóêòàìè òåõíîãåíåçó. Ó çâ�ÿçêó ç
öèì âèíèêàº íåîáõ³äí³ñòü âèâ÷åííÿ ïîâîäæåííÿ ñïîëóê òåõíîãåí-
íîãî ïîõîäæåííÿ â êîìïîíåíòàõ äîâê³ëëÿ ³, îñîáëèâî, ó ´ðóíòàõ, ùî
àêóìóëþþòü ìàéæå 90% çàáðóäíþâà÷³â, ÿê³ â íèõ íàäõîäÿòü [1].

¥ðóíòîâèé ïîêðèâ ÿâëÿº ñîáîþ ñèñòåìó ìåíø äèíàì³÷íó ³
á³ëüø áóôåðíó, í³æ àòìîñôåðíå ïîâ³òðÿ ÷è âîäîéìè. Îäíà ç
îñîáëèâîñòåé ´ðóíòó ïîëÿãàº â òîìó, ùî â³í íàêîïè÷óº ³íôîðìà-
ö³þ ïðî ïðîöåñè ³ çì³íè, ÿê³ â³äáóâàþòüñÿ, ³ òîìó ìîæå ñëóæèòè
ñâîºð³äíèì ñâ³ä÷åííÿì íå ò³ëüêè ìèòòºâîãî ñòàíó ñåðåäîâèùà, àëå
³ â³äîáðàæàòè ìèíóë³ ïðîöåñè [2].

 Ñ.Ì. Ìàäæä, Ã.Ì. Ôðàí÷óê, 2008
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¥ðóíòè çä³éñíþþòü ïðîòåêòîðíó ðîëü ñòîñîâíî ïðèðîäíèõ âîä,
àòìîñôåðè ³ ðîñëèííîñò³. Àëå â òîé æå ÷àñ, âèêîíóþ÷è çàõèñí³
ôóíêö³¿, ´ðóíòè ìîæóòü ñòàòè îñíîâíèì äæåðåëîì áàãàòüîõ õ³ì³÷íèõ
ðå÷îâèí, ùî çàáðóäíþþòü ïðèðîäí³ âîäè ³ íåáåçïå÷í³ äëÿ ðîñëèí.

Íàéá³ëüøó íåáåçïåêó ñåðåä çàáðóäíþâà÷³â ñòàíîâëÿòü âàæê³
ìåòàëè. Ö³ ïîëþòàíòè ìàþòü êàíöåðîãåííèé òà òîêñèêîëîã³÷íèé
âïëèâ íà æèâ³ îá�ºêòè.

Îö³íêè ïðîñòîðîâèõ ìàñøòàá³â âïëèâó ïðîìèñëîâèõ öåíòð³â íà
çàáðóäíåííÿ ´ðóíò³â âàæêèõ ìåòàë³â ñóïåðå÷ëèâ³. Â îäíèõ ðîáîòàõ [3,
4] öåé âïëèâ îö³íþºòüñÿ â ê³ëüêà ê³ëîìåòð³â, ó íèçö³ ³íøèõ ðîá³ò
� ó äåñÿòêè ê³ëîìåòð³â, àæ äî 100 êì [5]. Î÷åâèäíî, ñóïåðå÷ëèâ³ñòü
îö³íîê â³äáèâàº îá�ºêòèâí³ çàêîíîì³ðíîñò³ çàëåæíîñò³ ðàä³óñà çîíè
çàáðóäíåííÿ â³ä íèçêè ÷èííèê³â: ³íòåíñèâíîñò³, âèñîòè ³ òðèâàëîñò³
âèêèä³â, ðåëüºôó, êë³ìàòó â íàâêîëèøí³é ì³ñöåâîñò³ ³ ò. ä.

Âïëèâ ëþäñüêî¿ ä³ÿëüíîñò³ íà çàáðóäíåííÿ ´ðóíòó âàæêèìè
ìåòàëàìè âèâ÷åíî íà ñüîãîäí³ íåäîñòàòíüî.

Ìåòîþ ðîáîòè áóëî âèçíà÷åííÿ ê³ëüê³ñíîãî õ³ì³÷íîãî ñêëàäó
´ðóíòîâîãî ïîêðèâó íà âì³ñò âàæêèõ ìåòàë³â íà òåðèòîð³ÿõ ïðè-
ëåãëèõ äî àâ³àï³äïðèºìñòâ.

Â³äá³ð ïðîá ´ðóíòîâîãî ïîêðèâó � ïîâåðõíåâîãî øàðó òà ³ç
çàíóðåííÿì íà 20 ñì âãëèá çä³éñíþâàâñÿ ïîñåçîííî ïîáëèçó àåðî-
ïîðòó «Êè¿â» òà àâ³àðåìîíòíîãî çàâîäó ¹ 410 íà â³äñòàí³ 20 ì,
100 ì, 250 ì, 500 ì, 1000 ì.

¥ðóíòè â ðàéîí³ äîñë³äæåííÿ çà ìåõàí³÷íèì ñêëàäîì íàëåæàòü
äî ñóãëèíê³â ³ ñõèëüí³ äî ðîçìîêàííÿ [6].

Ïðè â³äáîð³ ïðîá äëÿ êîíòðîëþ çàáðóäíåííÿ ´ðóíòó ³ îö³íêè
éîãî ÿê³ñíîãî ñòàíó çàñòîñîâàíî ïîêàçíèêè, ùî ï³äëÿãàëè êîíòðîëþ,
âèáèðàëèñü ³ç çàñòîñóâàííÿì ÃÎÑÒ 17.4.2.01�81 òà ÃÎÑÒ 17.4.3.01�
83 [7, 8].

Êîíòðîëü çàáðóäíåííÿ ´ðóíò³â â çîí³ ä³ÿëüíîñò³ àâ³àï³äïðèºìñòâ
ïðîâîäèâñÿ ç óðàõóâàííÿì ìåòåîðîëîã³÷íèõ óìîâ, ðåëüºôó ì³ñöå-
âîñò³ òà ñïåö³àëüíèõ õàðàêòåðèñòèê ðàéîíó.

Â õîä³ ðîáîòè áóëî íàì³÷åíî 2 ä³ëÿíêè ïëîùåþ 25 ì2 êîæíà.
Îäíà -äîñë³äíà, â çîí³ âïëèâó àâ³àòðàíñïîðòíèõ ïðîöåñ³â, ³íøà �
êîíòðîëüíà íà òåõíîãåííî íåçàáðóäíåí³é òåðèòîð³¿.

Çã³äíî ç ÃÎÑÒ 17.4.2.03�86 [9], ïðîáè ´ðóíòó, ÿê³ ïðèçíà÷à-
ëèñü äëÿ âèçíà÷åííÿ âàæêèõ ìåòàë³â, â³äáèðàëèñÿ ³íñòðóìåíòàìè,
ÿê³ íå ì³ñòèëè ìåòàë³â.



165

ÏðåðîìàíòèçìÐîçä³ë 1. Åêîëîã³÷íà áåçïåêà

Ïîëîæåííÿ òî÷îê â³äáîðó â³äì³÷àëîñü íà êàðò³. Â³äì³÷åí³ òî÷êè
ñëóæèëè îïîðíèìè ïóíêòàìè ïðè âèáîð³ ì³ñöÿ â³äáîðó ïðîáè [10].

Â³äá³ð ïðîá ´ðóíò³â çä³éñíþâàâñÿ ìåòîäîì «êîíâåðòó» ðîçì³ðîì
5×5 ì. Îá�ºäíàíó ïðîáó ñêëàäàëè øëÿõîì çì³øóâàííÿ ï�ÿòè òî÷-
êîâèõ ïðîá, âçÿòèõ ç îäíîãî ìàéäàí÷èêà. Ìàñà îá�ºäíàíî¿ ïðîáè
ñòàíîâèëà íå ìåíøå í³æ 1 êã [7�9].

Äëÿ àíàë³çó ðîçïîä³ëó âàæêèõ ìåòàë³â ó ´ðóíò³ êîðåíåâà ñèñòåìà
ðîñëèí çàëèøàëàñü ó ïðîá³.

Ïîð³âíþþ÷è ãëèáèíó ì³ãðàö³¿ âàæêèõ ìåòàë³â ó ´ðóíò³ áåç
ðîñëèííîñò³ ³ ç ðîñëèíí³ñòþ, ìîæíà çàçíà÷èòè â îñòàííüîìó âèïàäêó
òðîõè á³ëüøó ãëèáèíó ¿õíüîãî ïðîíèêíåííÿ. Î÷åâèäíî, öå ïîâ�ÿ-
çàíî ³ç âïëèâîì êîðåíåâî¿ ñèñòåìè ðîñëèí, ùî ñïðèÿº íåçíà÷íîìó
çá³ëüøåííþ ïðîíèêíåííÿ âàæêèõ ìåòàë³â ó ñåðåäèíó òîâù³ ´ðóíòó.

Ðåçóëüòàòè âèçíà÷åííÿ âì³ñòó âàæêèõ ìåòàë³â íà àòîìíî-àá-
ñîðáö³éíîìó ñïåêòðîìåòð³ â ïðîáàõ ´ðóíòó, â³ä³áðàíèõ íà òåðèòî-
ð³ÿõ ïðèëåãëèõ äî àâ³àï³äïðèºìñòâ, íàâåäåí³ íà ðèñ. 1�7.

Ðèñ. 1. Âì³ñò ìàðãàíöþ ó ´ðóíò³, Ì+m; n=9.

Âì³ñò ìàðãàíöþ ó â³ä³áðàíèõ ïðîáàõ íå ïåðåâèùóâàâ âì³ñò
äîïóñòèìî¿ êîíöåíòðàö³¿, àëå ïåðåâèùóâàâ çíà÷åííÿ óìîâíîãî
êîíòðîëþ â ïðîáàõ ïîâåðõíåâîãî ´ðóíòó â 1,5�2 ðàçè òà â 1,4�
1,8 ðàçà â ïðîáàõ ´ðóíòó â³ä³áðàíèõ íà ãëèáèí³ 20 ñì (ðèñ. 2).

Êîíöåíòðàö³ÿ ì³ä³ ïåðåâèùóâàëà äîïóñòèì³ íîðìè â óñ³õ ïðî-
áàõ. Òàê, ó ïðîáàõ ïîâåðõíåâîãî ´ðóíòó âñòàíîâëåíå ïåðåâèùåííÿ
¿¿ âì³ñòó ïîáëèçó ÇÏÑ ó 3 ðàçè, íà â³äñòàí³ 20 ì � ó 2,3 ðàçà,
íà â³äñòàí³ 100 ì � ó 1,9 ðàçà, íà 250 ì � 1,7 ðàçà, íà 500 ì
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ó 1,3 ðàçà ³ íà 1000 ì � 2,1 ðàçà. Âì³ñò ì³ä³ ïåðåâèùóâàâ óìîâíèé
êîíòðîëü çíà÷åííÿ â ïîâåðõíåâèõ ïðîáàõ ó 10,6�18 ðàç³â.

Ó ´ðóíò³, â³ä³áðàíîìó íà ãëèáèí³ 20 ñì, êîíöåíòðàö³ÿ ì³ä³
ïåðåâèùóâàëà ÃÄÊ ó 22.3 ðàçà ïîáëèçó ÇÏÑ, â 16.3 ðàçà íà
â³äñòàí³ 20 ì, â 1,4 ðàçà íà â³äñòàí³ 100 ì, 1,2 íà â³äñòàí³ 250
ì, 1.1 íà â³äñòàí³ 500 ì òà â 1,8 íà â³äñòàí³ 1000 ì. Â ïðîáàõ,
â³ä³áðàíèõ íà ãëèáèí³ 20 ñì âì³ñò ì³ä³, ïåðåâèùóº óìîâíèé
êîíòðîëü ó 10,6�22,3 ðàçà.

Ðèñ. 3. Âì³ñò ñâèíöþ ó ´ðóíò³, Ì+m; n=9

Ïåðåâèùåííÿ êîíöåíòðàö³¿ ñâèíöþ ïî â³äíîøåííþ äî ÃÄÊ â³äì³÷å-
íî â ïîâåðõíåâîìó ´ðóíò³ ïîáëèçó ÇÏÑ ó 2 ðàçè, íà â³äñòàí³ 100
ì � ó 1,1 ðàçà íà 1000 ì � ó 2,2 ðàçà. Ó ´ðóíò³, âçÿòîìó ç ãëèáèíè
20 ñì, ê³ëüê³ñòü ñâèíöþ çá³ëüøèëàñü ó 1,7 ðàçà á³ëÿ ÇÏÑ òà íà
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Ðèñ. 2. Âì³ñò ì³ä³ ó ´ðóíò³, Ì+m; n=9.
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â³äñòàí³ 1000 ì � ó 1,4 ðàçà. Çíà÷íå ïåðåâèùåííÿ âì³ñòó ñâèíöþ
ïîð³âíÿíî ç êîíöåíòðàö³ÿìè óìîâíîãî êîíòðîëþ â³äì³÷åíî â óñ³õ
ïðîáàõ ´ðóíòó. Òàê ó ïîâåðõíåâîìó ´ðóíò³ âñòàíîâëåíî ïåðåâèùåí-
íÿ âì³ñòó ñâèíöþ ïîð³âíÿíî ç óìîâíèì êîíòðîëåì ó 9,4�50 ðàç³â,
à â ´ðóíò³, â³ä³áðàíîìó íà ãëèáèí³ 20 ñì, ó 16�356 ðàç³â.

Ðèñ. 4. Âì³ñò öèíêó â ´ðóíò³, Ì+m; n=9.

Íà äîñë³äæåí³é òåðèòîð³¿ âèÿâëåíî ïåðåâèùåííÿ öèíêó ïî â³äíî-
øåííþ äî ÃÄÊ ó 1,6 ðàçà ò³ëüêè ó ïîâåðõíåâîìó ´ðóíò³ ïîáëèçó
ÇÏÑ, òà íà â³äñòàí³ 20 ì � ó 1,1 ðàçà. Êîíöåíòðàö³ÿ öèíêó â óñ³õ
ïðîáàõ ´ðóíòó ïåðåâèùóº êîíöåíòðàö³¿ óìîâíîãî êîíòðîëþ. Â
ïîâåðõíåâèõ ïðîáàõ ´ðóíòó âñòàíîâëåíî ïåðåâèùåííÿ öèíêó ïî-
áëèçó ÇÏÑ ó 5,5 ðàçà, íà â³äñòàí³ 20 ì � ó 3,8 ðàçà, 100 òà 250
ì � ó 2,5 ðàçà, íà 500 ì � ó 2,2 ðàçà. Â ïðîáàõ, â³ä³áðàíèõ íà
ãëèáèí³ 20ì, âèÿâëåíî ïåðåâèùåííÿ â 4,8 ðàçà ïîáëèçó ÇÏÑ, íà
20ì � ó 3,2 ðàçà, íà 100 ì � ó 1,9 ðàçà, íà â³äñòàí³ 250 ì �
ó 1,2 ðàçà òà íà 500 ì � ó 2,3 ðàçà (ðèñ. 5).

Â çîí³ âïëèâó àâ³àòðàíñïîðòíèõ ïðîöåñ³â âñòàíîâëåíî ïåðåâè-
ùåííÿ õðîìó ïî â³äíîøåííþ äî íîðìàòèâíî¿ êîíöåíòðàö³¿ ëèøå
ó ïîâåðõíåâîìó ´ðóíò³ á³ëÿ ÇÏÑ â 9 ðàç³â òà íà â³äñòàí³ 20 ì �
ó 3,8 ðàçà. Â òîé æå ÷àñ âîíà áóëà á³ëüøîþ â 3 ðàçè â òî÷ö³
â³äáîðó ïîáëèçó ÇÏÑ òà íà â³äñòàí³ 20 ì � íå ïåðåâèùóâàëà
íîðìàòèâ, â³ä³áðàíèõ íà ãëèáèí³ 20 ñì. Êîíöåíòðàö³ÿ õðîìó ïå-
ðåâèùóº çíà÷åííÿ óìîâíîãî êîíòðîëþ â ïðîáàõ, â³ä³áðàíèõ íà
ãëèáèí³ 20 ñì � ó 75 ðàç³â á³ëÿ ÇÏÑ, íà â³äñòàí³ 20 ì � ó 25
ðàç³â òà íà 100 ì � ó 5 ðàç³â.
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Ðèñ. 6. Âì³ñò çàë³çà â ´ðóíò³, Ì+m; n=9.

Êîíöåíòðàö³ÿ çàë³çà â ´ðóíò³ íå íîðìóºòüñÿ. Àëå âì³ñò çàë³çà
â óñ³õ ïðîáàõ ´ðóíòó çíà÷íî ïåðåâèùóº çíà÷åííÿ óìîâíîãî êîí-
òðîëþ. Âàðòî â³äì³òèòè, ùî ó ïîâåðõíåâîìó øàð³ ´ðóíòó êîíöåí-
òðàö³ÿ çàë³çà ïî â³äíîøåííþ äî óìîâíîãî êîíòðîëþ áóëà âèùîþ
â 9,9 ðàçà ïîáëèçó ÇÏÑ, ó 9 ðàç³â � íà â³äñòàí³ 20 ì, òà â 8 ðàç³â
íà â³äñòàí³ 100 ì, ó 7,6 ðàçà íà â³äñòàí³ 250 ì, ó 7,9 ðàçà � íà
500 ì òà â 10 ðàç³â � íà â³äñòàí³ 1000 ì. Çíà÷åííÿ óìîâíîãî
êîíòðîëþ ïåðåâèùóºòüñÿ ³ â ´ðóíò³, â³ä³áðàíîìó íà ãëèáèí³ 20 ñì,
� ó 30 ðàç³â á³ëÿ ÇÏÑ, ó 29,5 ðàçà � íà â³äñòàí³ 20 ì, ó 22,5
ðàçà � íà 100 ì, ó 16,2 ðàçà � íà 250 ì, ó 12,5 ðàçà � íà 500
ì ³ â 11 ðàç³â íà â³äñòàí³ 1000 ì.

Äîñë³äæåííÿ ´ðóíòîâèõ ïðîá â çîí³ âïëèâó àâ³àòðàíñïîðòíèõ
ïðîöåñ³â íå âèÿâèëè ïåðåâèùåííÿ êàäì³þ, í³êåëþ ïî â³äíîøåííþ
äî ÃÄÊ.
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Ðèñ. 5. Âì³ñò õðîìó â ´ðóíò³, Ì+m; n=9.
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Êëàñèô³êàö³ÿ ´ðóíò³â çà ñòóïåíåì çàáðóäíåííÿ âàæêèìè ìåòà-
ëàìè ïðîâîäèëàñü çã³äíî ç ÃÎÑÒ 17.4.2.03�86 [9]. Äîñë³äæåí³
´ðóíòè íà òåðèòîð³ÿõ, ïðèëåãëèõ äî àâ³àï³äïðèºìñòâ, íà ï³äñòàâ³
öüîãî íîðìàòèâíîãî äîêóìåíòó º ñèëüíîçàáðóäíåí³ ñâèíöåì òà
ì³ääþ; ñåðåäíüîçàáðóäíåí³ öèíêîì òà õðîìîì ³ ñëàáîçàáðóäíåí³
í³êåëåì.

Ïðîàíàë³çóâàâøè åêñïåðèìåíòàëüí³ äàí³, ìîæíà çðîáèòè âèñíî-
âîê, ùî íàéá³ëüøèé âì³ñò ó ´ðóíòàõ òåðèòîð³¿ àâ³àï³äïðèºìñòâ
ñïîñòåð³ãàâñÿ äëÿ ì³ä³ òà ñâèíöþ, à ïîð³âíÿíî ìåíøèé � äëÿ
öèíêó ³ õðîìó. Ïðàêòè÷íî íå ïåðåâèùóâàëè êîíöåíòðàö³¿ óìîâíî-
ãî êîíòðîëþ ´ðóíòè çà âì³ñòîì ìàðãàíöþ.

ßê ³ çà ë³òåðàòóðíèìè äàíèìè, âàæê³ ìåòàëè á³ëüøå íàêîïè÷ó-
þòüñÿ íà ïîâåðõí³ ´ðóíòó, í³æ íà ãëèáèí³ 20 ñì.

Âèçíà÷åíà çàëåæí³ñòü çàáðóäíåííÿ ´ðóíò³â âàæêèìè ìåòàëàìè ç
â³ääàëåí³ñòþ â³ä çë³òíî-ïîñàäî÷íî¿ ñìóãè. Íàéá³ëüøå çàáðóäíåííÿ
ìåòàëàìè ´ðóíò³â ñïîñòåð³ãàëîñÿ á³ëÿ ÇÏÑ.

Íàãðîìàäæåííÿ âàæêèõ ìåòàë³â ó ïðèøëÿõîâ³é ñìóç³ ïðèçâîäèòü
äî çàáðóäíåííÿ åêîñèñòåì ³ ðîáèòü ïðèëåãë³ äî àâ³àï³äïðèºìñòâ
´ðóíòè íåïðèäàòíèìè äëÿ ñ³ëüñüêîãîñïîäàðñüêîãî âèêîðèñòàííÿ.
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ÓÄÊ 551.465

Ã²Ñ/ÄÇÇ ÒÅÕÍÎËÎÃ²¯ Â ÂÅÄÅÍÍ² ÌÎÍ²TÎÐÈÍÃÓ
Â ÁÀÑÅÉÍ² ÒÐÀÍÑÊÎÐÄÎÍÍÎ¯ Ð²×ÊÈ

Ñ²ÂÅÐÑÜÊÈÉ ÄÎÍÅÖÜ

ª.Ñ. Àíï³ëîâà, àñï³ðàíòêà
(²íñòèòóò ïðîáëåì íàö³îíàëüíî¿ áåçïåêè

ïðè ÐÍÁÎ Óêðà¿íè)
Î.Ñ. Âîëîøê³íà, ä-ð òåõí. íàóê, ïðîô.
(Êè¿âñüêèé íàö³îíàëüíèé óí³âåðñèòåò

áóä³âíèöòâà ³ àðõ³òåêòóðè)
Î.Ì. Òðîôèì÷óê, ä-ð òåõí. íàóê, ïðîô.

(²íñòèòóò òåëåêîìóí³êàö³é òà ãëîáàëüíîãî
³íôîðìàö³éíîãî ïðîñòîðó ÍÀÍ Óêðà¿íè)

Ñòàòòÿ ñòîñóºòüñÿ ïèòàíü âåäåííÿ ìîí³òîðèíãó íà òðàíñêîð-
äîííîìó ñòâîð³ ð. Ñ³âåðñüêèé Äîíåöü, çàñòîñîâóþ÷è Ã²Ñ/ÄÇÇ-òåõíîëî-
ã³þ. Çà äàíèìè ñòàòèñòè÷íî¿ äåðæàâíî¿ çâ³òíîñò³ ï³äïðèºìñòâ (ôîð-
ìà 2ÒÏ-âîäãîñï) ðîçðîáëåíî áëîê îö³íêè ÿêîñò³ âîäè â ðàéîí³
òðàíñêîðäîííîãî ñòâîðó ç Ðîñ³éñüêîþ Ôåäåðàö³ºþ â Ëóãàíñüê³é îá-
ëàñò³, ÿêèé ó ïîºäíàíí³ ç ïðîãðàìíèì çàáåçïå÷åííÿì ArcGIS 9.2 ìîæå
ñëóãóâàòè ïîòóæíèì ³íñòðóìåíòîì äëÿ çä³éñíåííÿ ÿê³ñíîãî ìîí³òî-
ðèíãó â áàñåéí³ ð. Ñ³âåðñüêèé Äîíåöü.

Â ñòàòüå çàòðàãèâàþòñÿ âîïðîñû âåäåíèÿ ìîíèòîðèíãà íà òðàíñãðà-
íè÷íîì ñòâîðå ð. Ñåâåðñêèé Äîíåö èñïîëüçóÿ ÃÈÑ/ÄÇÇ òåõíîëîãèè. Èñïîëü-
çóÿ äàííûå ñòàòèñòè÷åñêîé ãîñóäàðñòâåííîé îò÷åòíîñòè ïðåäïðèÿòèé
(ôîðìà 2ÒÏ-âîäãîñï) ðàçðàáîòàí áëîê îöåíêè êà÷åñòâà âîä â ðàéîíå òðàíñ-
ãðàíè÷íûõ ñòâîðîâ íà ãðàíèöå Ðîñòîâñêîé îáëàñòè Ðîññèéñêîé Ôåäåðà-
öèèè  è Ëóãàíñêîé îáëàñòè Óêðàèíû, êîòîðûé â ñî÷åòàíèè ñ ïðîãðàììíûì
îáåñïå÷åíèåì ÀrcGIS 9.2 ñëóæèò ìîùíûì èíñòðóìåíòîì äëÿ îñóùåñòâëå-
íèÿ êà÷åñòâåííîãî ìîíèòîðèíãà áàññåéíà ð. Ñåâåðñêèé Äîíåö.

 Issues of monitoring at the transboundary cross-section of the Severskiy
Donets River with the use of GIS/DZE technology are considered  in this
article. The Block for evaluation of water quality in the region of transboundary
cross-sectoins at the border of the Rostov Region of Russian Federation and
the Lugansk Region of Ukraine was developed with the use of enterprises

 ª.Ñ. Àíï³ëîâà, Î.Ñ. Âîëîøê³íà, Î.Ì. Òðîôèì÷óê, 2008
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state statistical reporting data (2TP-vodgosp form). Together with the ÀrcGIS
9.2 software, the Block is a powerful instrument for effective monitoring of the
Severskiy Donets River.

Âèíèêíåííÿ ïðîáëåìè óïðàâë³ííÿ âîäíèìè ðåñóðñàìè òðàíñ-
êîðäîííèõ ð³÷êîâèõ áàñåéí³â çíà÷íèì ÷èíîì ïîâ�ÿçàíî ç ïîÿâîþ
íåçàëåæíèõ äåðæàâ ç êîëèøí³õ ðåñïóáë³ê Ðàäÿíñüêîãî Ñîþçó.

Òàê, ó çâ�ÿçêó ç íàáóòòÿì Óêðà¿íè ñòàòóñó íåçàëåæíî¿ äåðæàâè
ç�ÿâèëàñü âçàºìîçàëåæí³ñòü Óêðà¿íè òà Ðîñ³éñüêî¿ Ôåäåðàö³¿ ó
â³äíîñèíàõ âèêîðèñòàííÿ âîäíèõ ðåñóðñ³â, ùî âèêëèêàíà òðàíñêîð-
äîííèì õàðàêòåðîì áàñåéíó ð³÷êè Ñ³âåðñüêèé Äîíåöü.

Ç òî÷êè çîðó ì³æíàðîäíîãî ïðàâà Ñ³âåðñüêèé Äîíåöü º äâ³÷³
òðàíñêîðäîííèì, îñê³ëüêè ç Áºëãîðîäñüêî¿ îáëàñò³ Ðîñ³éñüêî¿
Ôåäåðàö³¿ â³í ïîòðàïëÿº â Õàðê³âñüêó, Äîíåöüêó, Ëóãàíñüêó îá-
ëàñò³ Óêðà¿íè ³ äàë³ â Ðîñòîâñüêó îáëàñòü Ðîñ³éñüêî¿ Ôåäåðàö³¿.
Çíà÷íîãî àíòðîïîãåííîãî íàâàíòàæåííÿ çàçíàº åêîñèñòåìà ð³÷êè â
ìåæàõ Óêðà¿íè, íà òåðèòîð³¿ Ëóãàíñüêî¿ îáëàñò³, ùî ïðèçâîäèòü äî
ö³ëîãî êîìïëåêñó íåãàòèâíèõ ïðîöåñ³â.

Â³äîìî, ùî ìåòîäè ñïîñòåðåæåííÿ çà íàâêîëèøí³ì ñåðåäîâèùåì
ìîæíà ïîä³ëèòè íà äâ³ âåëèê³ ãðóïè [4]:

= êîíòàêòí³ ìåòîäè âèì³ðþâàííÿ;
= äèñòàíö³éí³ ìåòîäè çîíäóâàííÿ Çåìë³.
Ñüîãîäí³ åôåêòèâíèì çàñîáîì ó âèð³øåíí³ ïèòàíü óïðàâë³ííÿì

âîäíèìè ðåñóðñàìè º ñó÷àñí³ Ã²Ñ òåõíîëîã³¿. Öå ï³äòâåðäæåíî íå
ò³ëüêè, ïðèéíÿòèìè íà äåðæàâíîìó ð³âí³ äîêóìåíòàìè [1, 2, 3] òà
³ñíóþ÷èì äîñâ³äîì ðîáîòè, âèð³øåííÿì ïîä³áíèõ ïèòàíü áàãàòüìà
íàóêîâöÿìè [4, 5, 6, 7, 8]

Äëÿ ïðîâåäåííÿ àíàë³çó ôàêòè÷íîãî ñòàíó ÿêîñò³ âîäè, â³çóà-
ë³çàö³¿ íàòóðíèõ äàíèõ, ¿õ ÿê³ñíîãî äîñë³äæåííÿ íà îñíîâ³ òåìà-
òè÷íî¿ Ã²Ñ, ðîçðîáëåíî áëîê îö³íêè ÿêîñò³ âîäè, ÿêèé äàº çìîãó
îòðèìóâàòè òàáëèö³ òà ä³àãðàìè ñòàíó ÿêîñò³ âîäè çà ñòâîðàìè
Äåðæàâíî¿ ã³äðîìåòåîðîëîã³÷íî¿ ñëóæáè Óêðà¿íè (äàë³ Äåðæã³äðî-
ìåò Óêðà¿íè), ³íôîðìàö³þ ïðî ñêèäè ó ð³÷êó ð³çíîìàí³òíèõ çàá-
ðóäíþþ÷èõ ðå÷îâèí òà ó÷àñò³ ï³äïðèºìñòâ, ùî çâ³òóþòüñÿ çà
ôîðìîþ 2ÒÏ-âîäãîñï, ó çàáðóäíåíí³ áàñåéíó òðàíñêîðäîííî¿ ð³÷êè
Ñ³âåðñüêèé Äîíåöü ñóêóïí³ñòþ çàáðóäíþþ÷èõ ðå÷îâèí.

Çà äîïîìîãîþ ïðîãðàìíîãî çàáåçïå÷åííÿ ArcGIS 9.2, ùî â³äïî-
â³äàº ïîñòàíîâàì [1, 2, 3], íà åëåêòðîííó áàçîâó êàðòó ìàñøòàáó
1:200 000 áóëè íàíåñåí³ ïóíêòè ñïîñòåðåæåíü Äåðæã³äðîìåòó Óêðà¿íè
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çà ÿê³ñòþ âîäè â ìåæàõ Ëóãàíñüêî¿ îáëàñò³ òà äæåðåëà ñêèä³â
çàáðóäíþþ÷èõ ðå÷îâèí, à ñàìå ï³äïðèºìñòâà, ùî çâ³òóþòüñÿ çà
ñòàòèñòè÷íîþ äåðæàâíîþ ôîðìîþ 2ÒÏ-âîäãîñï.

Òîïîãðàô³÷íà îñíîâà áàçîâî¿ êàðòè ñëóãóº äëÿ â³çóàë³çàö³¿ ðå-
çóëüòàò³â äîñë³äæåííÿ òà ïðîñòîðîâîãî àíàë³çó. Êîæíèé øàð Ã²Ñ
âì³ùóº ãðóïó îäíîòèïíèõ åëåìåíò³â, ÿê³ îá�ºäíàí³ â îêðåì³ ïàïêè:
ðåëüºô, ã³äðîãðàô³÷íà ìåðåæà, íàñåëåí³ ïóíêòè, êîìóí³êàö³¿, äîðî-
ãè, ë³ñè, êîíòóðè ìåæ ðàéîí³â òà îáëàñò³.

Òåìàòè÷íà ³íôîðìàö³ÿ áóëà ïðåäñòàâëåíà ó âèãëÿä³ øàð³â,
âèðàæåíèõ òî÷êîâèìè îá�ºêòàìè:

= ëîêàë³çàö³ÿ ñòâîð³â Äåðæã³äðîìåòó  Óêðà¿íè;
= ëîêàë³çàö³ÿ âîäîêîðèñòóâà÷³â, ùî çâ³òóþòüñÿ çà ôîðìîþ 2 ÒÏ

(âîäãîñï)

Ðèñ. 1. Ëîêàë³çàö³ÿ ïóíêò³â ñïîñòåðåæåííÿ Äåðæã³äðîìåòó.
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Òàê íàïðèêëàä ñòâîðè Äåðæã³äðîìåòó âêëþ÷àþòü ã³äðîõ³ì³÷í³
ïîêàçíèêè (Na, Cl, SO4, Ca, Mg, HCO3, ì³íåðàë³çàö³ÿ) (ðèñ. 1).

Ã²Ñ øàð ç ãåîãðàô³÷íèì ì³ñöåïîëîæåííÿì ï³äïðèºìñòâ, ÿêèé
ñóïðîâîäæóºòüñÿ àòðèáóòèâíîþ ³íôîðìàö³ºþ ç íàçâîþ ï³äïðèºì-
ñòâà, õàðàêòåðèñòèêîþ âèïóñê³â, ïàðàìåòðàìè âîäîïîòðåáè òà âî-
äîâ³äâåäåííÿ, âåëè÷èíàìè ðå÷îâèí (Ñl, SO4, Fe, çàâèñë³ ðå÷îâèíè,
ñóõèé çàëèøîê, ôîñôàòè), ùî ñêèäàþòü, ÿê³ îòðèìàí³ ç ôîðì
ñòàòèñòè÷íî¿ çâ³òíîñò³ 2ÒÏ�âîäãîñï (ðèñ. 2, 3).

Ó÷àñòü ñóñï³ëüñòâà ó êîñì³÷íèõ äîñë³äæåííÿõ ï³äòâåðäæóºòüñÿ
âñåá³÷íèì çàñòîñóâàííÿì ìàòåð³àë³â, ÿê³ îòðèìóþòü ç ñóïóòíèê³â.

Çà äîïîìîãîþ êîñì³÷íèõ çí³ìê³â, íàäàíèõ Äåðæàâíèì íàóêîâî-
âèðîáíè÷èì öåíòðîì «Ïðèðîäà», ÿê³ â ñâîþ ÷åðãó áóëè îòðèìàí³

Ðèñ. 2. Ñõåìà ðîçì³ùåííÿ ï³äïðèºìñòâ,
ùî çâ³òóþòüñÿ çà ôîðìîþ 2ÒÏ-âîäãîñï.
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Ðèñ. 3. Ðàíæóâàííÿ çà çàáðóäíþþ÷èìè ðå÷îâèíàìè,
ÿê³ ñêèäàþòü ï³äïðèºìñòâà.

ç ñóïóòíèê³â «Ðåñóðñ», «Landsat-7» òà «Ìåòåîð-3Ì», à òàêîæ
�QuickBird» ó ïåð³îä ç 1986 ïî 2006 ð., çä³éñíþâàâñÿ ìîí³òîðèíã
äîëèíè ð. Ñ³âåðñüêèé Äîíåöü ó ìåæàõ Ëóãàíñüêî¿ îáëàñò³.

Àíàë³ç ñïåêòðàëüíèõ õàðàêòåðèñòèê âîäè íà îñíîâ³ äàíèõ äè-
ñòàíö³éíîãî çîíäóâàííÿ º îäíèì ç ïåðñïåêòèâíèõ ìåòîä³â äîñë-
³äæåííÿ ÿêîñò³ âîäè òà âèÿâëåííÿ äæåðåë çàáðóäíåííÿ. Îäíàê
ã³äðîëîã³÷í³ îñîáëèâîñò³ Ñ³âåðñüêîãî Äîíöÿ, íåçàðåãóëüîâàí³ñòü
ñòîêó, òóðáóëåíòíå ïåðåì³øóâàííÿ âîä òîùî, íå äàþòü ìîæëèâ³ñòü
çàñòîñóâàòè ö³ ìåòîäè äëÿ äîñë³äæåííÿ ïðîòî÷íèõ âîä. Ëèøå íà
îäíîìó ç³ çí³ìê³â, ùî áóâ îòðèìàíèé ï³ä ÷àñ ïîâåí³ 2002 ð., áóëî
âèä³ëåíî ä³ëÿíêè ðóñëà, ïðèäàòí³ äëÿ ê³ëüê³ñíî¿ ³íòåðïðåòàö³¿. Äëÿ
âèêîíàííÿ ïîñòàâëåíîãî çàâäàííÿ áóëî âèä³ëåíî ìàë³ âîäîéìè ó
áàñåéí³ ð³÷êè, ó ÿêèõ â³äñóòíÿ òå÷³ÿ ³ çíà÷íå ïåðåì³øóâàííÿ âîä.
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Ñåðåä íèõ áóëè ÿê ïðèðîäí³, òàê ³ øòó÷í³ âîäîéìè. Ñåðåä ïåðøèõ
� çäåá³ëüøîãî, îçåðà-ñòàðèö³ ó çàïëàâ³, ñåðåä äðóãèõ � ïåðåâàæíî
â³äñò³éíèêè ïðîìèñëîâèõ ³ êîìóíàëüíèõ ï³äïðèºìñòâ, çîëîâ³äâàëè
òîùî. Â³äáèâàþ÷à çäàòí³ñòü ÷èñòî¿ âîäè ð³çêî çìåíøóºòüñÿ ³ç
çá³ëüøåííÿì äîâæèíè õâèë³ (4% äëÿ λ = 0,65 ìêì ³ ìåíøà â³ä
1% äëÿ λ = 0,75 ìêì). Âîäà ³ç äîì³øêàìè êðàùå â³äáèâàº åíåðã³þ
³ òîìó â³äð³çíÿºòüñÿ íà çí³ìêàõ â³ä ÷èñòî¿ ³ ïðîçîðî¿ âîäè, ïðè-
÷îìó íå ò³ëüêè ó âèäèìîìó ä³àïàçîí³ ñïåêòðó. Çàáðóäíåíà âîäà
õàðàêòåðèçóºòüñÿ ìàéæå âòðè÷³ á³ëüøèì àëüáåäî ³ ìàêñèìóìàìè ó
«æîâò³é» òà «÷åðâîí³é» ä³àïàçîíàõ âèäèìî¿ ä³ëÿíêè ñïåêòðó.

Íà âñ³õ áåç âèíÿòêó êîñì³÷íèõ çí³ìêàõ â îïòè÷íîìó ä³àïàçîí³ çà
ñïåêòðàëüíèìè õàðàêòåðèñòèêàìè âèä³ëÿþòüñÿ â³äñò³éíèêè äèñòèëåð-
íî¿ ð³äèíè ÂÀÒ «Ëèñè÷àíñüêà ñîäà». Ñêëàä â³äõîä³â âèðîáíèöòâà
çóìîâëþº ñïîòâîðåííÿ îïòè÷íèõ õàðàêòåðèñòèê öèõ âîä. Âîíè ìàþòü
àíîìàëüíó ÿñêðàâ³ñòü ó «æîâò³é» òà «áëàêèòí³é» çîíàõ ñïåêòðó, à

Ðèñ. 4.  Â³äñò³éíèêè äèñòèëåðíî¿ ð³äèíè ÂÀÒ «Ëèñè÷àíñüêà ñîäà»
íà çí³ìêó Landsat-7
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òàêîæ âèñîêó ñóìàðíó ÿñêðàâ³ñòü. Õðîìàòè÷íî ö³ â³äñò³éíèêè
âèä³ëÿþòüñÿ àáñîëþòíî íà âñ³õ ñèíòåçîâàíèõ çîáðàæåííÿõ (ðèñ. 4).

 Çà ñïåêòðàëüíèìè õàðàêòåðèñòèêàìè, çóìîâëåíèìè âì³ñòîì ðîç-
÷èíåíèõ ³ çàâèñëèõ ðå÷îâèí ó âîä³ ³, â³äïîâ³äíî, çá³ëüøåííÿì ðîç-
ñ³þâàííÿ ñâ³òëà ³ çìåíøåííÿì ïðîçîðîñò³ âîäè âèä³ëÿþòüñÿ òàêîæ
î÷èñí³ ñïîðóäè ó ðàéîí³ Êðåì³ííî¿, çîëîâ³äâàëè Ëóãàíñüêî¿ òåïëîâî¿
åëåêòðîñòàíö³¿ ó ðàéîí³ ì. Ùàñòÿ (ðèñ. 5), â³äñò³éíèêè îá�ºäíàííÿ
«Àçîò», î÷èñí³ ñïîðóäè íà ñõ³äí³é îêîëèö³ ì. Ëóãàíñüêà. Îñòàíí³
õàðàêòåðèçóþòüñÿ ìàêñèìàëüíèìè çíà÷åííÿìè ÿñêðàâîñò³ ïðè λ= 0,55
ìêì ³ ì³í³ìàëüíèìè � ïðè λ=0,41 ìêì, ùî ìîæå ïîÿñíþâàòèñÿ
âèñîêèì âì³ñòîì ðîç÷èíåíèõ îðãàí³÷íèõ ðå÷îâèí ó âîäàõ.

Ðèñ. 5. Çîëîâ³äâàëè Ëóãàíñüêî¿ òåïëîâî¿ åëåêòðîñòàíö³¿ (ì. Ùàñòÿ)
íà êîñì³÷íîìó çí³ìêó QuickBird.
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Ïîºäíàâøè  ìåòîäè Ã²Ñ  òà  ÄÇÇ òåõíîëîã³¿ ìè ìàºìî ìàê-
ñèìàëüí³ ìîæëèâîñò³ äëÿ çä³éñíåííÿ ÿê³ñíîãî ìîí³òîðèíãó òðàíñ-
êîðäîííî¿ ð³÷êè Ñ³âåðñüêèé Äîíåöü, ÿêèé  äàº çìîãó îïåðàòèâíî
â³äñë³äêîâóâàòè âñ³ çì³íè ó êîæíîìó îá�ºêò³ â ÷àñ³ òà àíàë³çóâàòè
¿õ ñóêóïíèé âïëèâ íà ïðîöåñè ôîðìóâàííÿ ÿêîñò³ ïîâåðõíåâèõ âîä
íà áóäü-ÿê³é ä³ëÿíö³ ö³º¿ ð³÷êè òà ó ï³äñóìêó ñïðèÿº åôåêòèâíîìó
ïðèéíÿòòþ óïðàâë³íñüêèõ ð³øåíü ó âèð³øåíí³ ïðîáëåì åôåêòèâ-
íîãî óïðàâë³ííÿ åêîëîã³÷íîþ áåçïåêîþ, ðàö³îíàëüíèì ïðèðîäîêî-
ðèñòóâííÿì íà äåðæàâíîìó òà ðåã³îíàëüíîìó ð³âíÿõ.

* * *
1. Ïîñòàíîâà Êàá³íåòó Ì³í³ñòð³â Óêðà¿íè ¹ 1198 â³ä 3 ñåðïíÿ

1998 ðîêó «Ïðî ºäèíó äåðæàâíó ñèñòåìó çàïîá³ãàííÿ ³ ðåàãóâàííÿ
íà íàäçâè÷àéí³ ñèòóàö³¿ òåõíîãåííîãî òà ïðèðîäíîãî õàðàêòåðó».

2. Ïîñòàíîâà Êàá³íåòó Ì³í³ñòð³â Óêðà¿íè ¹ 2303 â³ä 16 ãðóäíÿ
1999 ðîêó «Ïðî ñòâîðåííÿ óðÿäîâî¿ ³íôîðìàö³éíî-àíàë³òè÷íî¿ ñèñ-
òåìè ç ïèòàíü íàäçâè÷àéíèõ ñèòóàö³é».

3. Çàêîí Óêðà¿íè â³ä 17 ñ³÷íÿ 2002 ð. ¹ 2988 III «Ïðî Çàãàëüíî-
äåðæàâíó ïðîãðàìó ðîçâèòêó âîäíîãî ãîñïîäàðñòâà».

4. Êðàñîâñüêèé Ã.ß., Ïåòðîñîâ Â.À. Iíôîðìàö³éí³ òåõíîëîã³¿ êîñ-
ì³÷íîãî ìîí³òîðèíãó âîäíèõ åêîñèñòåì ³ ïðîãíîçó âîäîñïîæèâàííÿ
ì³ñò. � Ê.: Íàóê. äóìêà, 2003.

5. Äîâãèé Ñ.Î., Ëÿëüêî Â.²., Òðîôèì÷óê Î.Ì., Ôåäîðîâñüêèé Î.Ì.
òà ³í. ²íôîðìàòèçàö³ÿ àåðîêîñì³÷íîãî çåìëåçíàâñòâà. � Ê.: Íàóê.
äóìêà, 2001. � 608 ñ.

6. Ìîê³í Â.Á., Áîöóëà Ì.Ï., Ãîðÿ÷îâ Ã.Â., Äàâèäåíêî Î.Â., Êàòà-
ñîíîâ À.²., ßùîëò À.Ð. Êîìï�þòåðèçîâàí³ ðåã³îíàëüí³ ñèñòåìè äåð-
æàâíîãî ìîí³òîðèíãó ïîâåðõíåâèõ âîä: ìîäåë³, àëãîðèòìè, ïðîãðà-
ìè. �      Â³ííèöÿ: «ÓÍ²ÂÅÐÑÀÌ-Â³ííèöÿ», 2005. � 310 ñ.

7. Äîí÷èö Ã.Â., Æåëåçíÿê Ì.È., Òðèáóøíûé Ä.Ì., Õîéáè ß. Èí-
òåãðàöèÿ ÃÈÑ â ìîäåëèðóþùèå ñèñòåìû ïðîãíîçèðîâàíèÿ çà-
ãðÿçíåíèÿ ïîâåðõíîñòûõ âîä. � Ãåî³íôîðìàòèêà. � Ê.: Öåíòð ìåíå-
äæìåíòó òà ìàðêåòèíãó â ãàëóç³ íàóê ïðî Çåìëþ ²ÃÍ ÍÀÍÓ, 2006,
¹ 3. �  Ñ. 62�68.

8. Ãèòèñ Â.Ã., Åðìàêîâ Á.Â. Îñíîâû ïðîñòðàíñòâåííî-âðåìåííîãî
ïðîãíîçèðîâàíèÿ â ãåîèíôîðìàòèêå. � Ì.: ÈÇÌÀËÈÒ, 2004. � 256 ñ.

Îòðèìàíî: 04.09.2008 ð.
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áåçïåêà æèòòºä³ÿëüíîñò³

ÓÄÊ 696.03

ÝÔÔÅÊÒÈÂÍÎÑÒÜ ÈÑÏÎËÜÇÎÂÀÍÈß ÁÈÎÃÀÇÀ
Â ÔÅÐÌÅÐÑÊÎÌ ÕÎÇßÉÑÒÂÅ

À.Â. ßêîâåíêî
Â.À. Ñåðáèí, äîö., êàíä. òåõí. íàóê

(Äîíáàññêàÿ íàöèîíàëüíàÿ àêàäåìèÿ
ñòðîèòåëüñòâà è àðõèòåêòóðû)

Èçó÷åíû âîçìîæíîñòè èñïîëüçîâàíèÿ áèîãàçà êàê àëüòåðíàòèâû
ïðèðîäíîãî ãàçà, èñïîëüçóÿ ïåðåðàáîòêó îòõîäîâ ñåëüñêîãî õîçÿé-
ñòâà. Ïðåäëîæåíà óñòàíîâêà äëÿ îáðàçîâàíèÿ áèîãàçà (ìåòààíòåíê),
ìåòîäèêà ðàñ÷åòîâ è îñíîâíûõ ãàáàðèòîâ åå, òåõíîëîãèÿ ïðîöåññîâ
ðàáîòû óñòðîéñòâà. Íàó÷íî îáîñíîâàíà ýôôåêòèâíîñòü èñïîëüçîâà-
íèÿ áèîãàçà â ôåðìåðñêîì õîçÿéñòâå.

Âèâ÷åí³ ìîæëèâîñò³ âèêîðèñòàííÿ á³îãàçó ÿê àëüòåðíàòèâè ïðè-
ðîäíîìó ãàçó ïðè ïåðåðîáö³ â³äõîä³â ñ³ëüñüêîãî ãîñïîäàðñòâà. Çàïðî-
ïîíîâàíà óñòàíîâêà äëÿ çáðîäæóâàííÿ á³îãàçó (ìåòàíòåíê), ìåòîäèêà
ðîçðàõóíê³â òà îñíîâíèõ ¿¿ ïàðàìåòð³â, òåõíîëîã³ÿ ïðîöåñ³â ðîáîòè
óñòàíîâêè. Íàóêîâî îá´ðóíòîâàíà åôåêòèâí³ñòü âèêîðèñòàííÿ á³îãà-
çó â ñ³ëüñüêîìó ãîñïîäàðñòâ³.

Possibilities of use of the biogas as alternative to the natural gas are
studied on the bases of agricultural wastes reprocessing. The biogas
fermentation installation (metantenk), its calculation methodology, main
dimensions, and operation technology are proposed. The efficiency of the
use of biogas in agriculture is scientifically substantiated.

 À.Â. ßêîâåíêî, Â.À. Ñåðáèí, 2008
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Ôîðìóëèðîâêà ïðîáëåìû
Âûñîêèå òåìïû ðàçâèòèÿ ãàçîâîé ïðîìûøëåííîñòè îáóñëàâëè-

âàþòñÿ âûñîêèìè ýêñïëóàòàöèîííûìè ïîêàçàòåëÿìè ãàçîîáðàçíîãî
òîïëèâà è ðÿäîì åãî ïðåèìóùåñòâ ïî ñðàâíåíèþ ñ äðóãèìè âè-
äàìè òîïëèâà. Íàìåòèëñÿ ðîñò äîëè ãàçîîáðàçíîãî òîïëèâà â îáùåì
áàëàíñå ïîòðåáëåíèÿ îðãàíè÷åñêîãî òîïëèâà. Åæåãîäíî íà Óêðàèíå
ïîòðåáëÿåòñÿ 70�75 ìëðä ì3 ïðèðîäíîãî ãàçà [1].

Îäíàêî â íàñòîÿùåå âðåìÿ êîëè÷åñòâî ïðèðîäíîãî ãàçà, äîáûâàå-
ìîãî íà Óêðàèíå, äîñòàòî÷íî ëèøü äëÿ ïîêðûòèÿ ïîòðåáíîñòåé êîì-
ìóíàëüíî-áûòîâîãî êîìïëåêñà. Äëÿ ïîêðûòèÿ íóæä ïðîìûøëåííîãî
êîìïëåêñà èñïîëüçóåòñÿ â îñíîâíîì èìïîðòèðóåìîå ãàçîîáðàçíîå òîï-
ëèâî. Îäíàêî â ñâÿçè ñ îãðàíè÷åííûìè ðåñóðñàìè îðãàíè÷åñêîãî
òîïëèâà íàáëþäàåòñÿ ðîñò öåí íà íåãî, ÷òî âëå÷¸ò çà ñîáîé íåîáõî-
äèìîñòü ïðèâëå÷åíèÿ äîïîëíèòåëüíûõ ñðåäñòâ äëÿ ïîêóïêè òîïëèâà.
Ïîýòîìó ïîèñê ñïîñîáîâ ïîêðûòèÿ äåôèöèòà ïðèðîäíîãî ãàçà â íàøåé
ñòðàíå àêòóàëåí íà ñåãîäíÿøíèé äåíü. ×àñòè÷íî ðàçðåøèòü âîçíèêà-
þùóþ ïðîáëåìó ìîæíî ïóò¸ì âíåäðåíèÿ è èñïîëüçîâàíèÿ àëüòåðíà-
òèâíûõ è âîçîáíîâëÿåìûõ èñòî÷íèêîâ ýíåðãèè (ýíåðãèÿ ñîëíöà, âåò-
ðîâûõ ïîòîêîâ, ãåîòåðìàëüíûõ âîä, áèîìàññû, òâ¸ðäûõ áûòîâûõ îòõîäîâ
è ò. ï.), ïîòåíöèàë êîòîðûõ íà Óêðàèíå äîñòàòî÷íî âåëèê.

Àíàëèç ïðåäûäóùèõ èññëåäîâàíèé
Â êà÷åñòâå àëüòåðíàòèâû ïðèðîäíîìó ãàçó ìîæåò áûòü áèîãàç,

êîòîðûé ìîæíî ïîëó÷èòü, îðãàíèçîâàâ ïåðåðàáîòêó îòõîäîâ ñåëü-
ñêîãî õîçÿéñòâà ïóò¸ì ñáðàæèâàíèÿ â àíàýðîáíûõ óñëîâèÿõ. Ñûðü¸ì
äëÿ ïîëó÷åíèÿ áèîãàçà ìîãóò ñëóæèòü êàê îòõîäû æèâîòíîâîä÷åñ-
êèõ ôåðì, òàê è îòõîäû ðàçíûõ ðàñòåíèé. Ïðè ýòîì âûõîä è
ñîñòàâ áèîãàçà çàâèñèò îò ñîñòàâà èñõîäíîãî ñûðüÿ [2, 3].

Åæåãîäíî íà Óêðàèíå îáðàçóåòñÿ áîëåå 3 ìëí ò ñóõîãî âåùåñòâà,
ñîäåðæàùåãîñÿ â îðãàíè÷åñêèõ îòõîäàõ, à ïîòåíöèàë áèîìàññû
ñîñòàâëÿåò 6,754 ìëí ò ó. ò. â ãîä [4].

Öåëü è ôîðìóëèðîâêà çàäà÷è èññëåäîâàíèÿ
Öåëüþ äàííîé ðàáîòû ÿâëÿåòñÿ àíàëèç âîçìîæíîñòè ïîëó÷åíèÿ

è èñïîëüçîâàíèÿ àëüòåðíàòèâíîãî èñòî÷íèêà ýíåðãèè, â êà÷åñòâå
êîòîðîãî ïðèíÿò áèîãàç, íà ôåðìåðñêîì õîçÿéñòâå èç îòõîäîâ
ñåëüñêîõîçÿéñòâåííîãî ïðîèçâîäñòâà.

Èçëîæåíèå îñíîâíîãî ìàòåðèàëà èññëåäîâàíèÿ
Àíàýðîáíîå ñáðàæèâàíèå áèîìàññû îñóùåñòâëÿåòñÿ â ãåðìåòè-

÷åñêè çàêðûòûõ ðåçåðâóàðàõ � ìåòàíòåíêàõ. Â ÄîíÍÀÑÀ ðàçðàáî-



181

ÏðåðîìàíòèçìÐîçä³ë 2. Îñíîâè ïðèðîäîêîðèñòóâàííÿ òà áåçïåêà æèòòºä³ÿëüíîñò³

òàíà êîíñòðóêöèÿ ìåòàíòåíêà, ïðèíöèïèàëüíàÿ ñõåìà êîòîðîãî
ïðèâåäåíà íà ðèñ. 1.

Ìåòàíòåíê ïðåäñòàâëÿåò ñîáîé ãåðìåòè÷íóþ öèëèíäðè÷åñêóþ
¸ìêîñòü 2 ñ îâàëüíûì äíèùåì 6. Ìåòàíòåíê îñíàù¸í ïàòðóáêàìè
ïîäâîäà áèîìàññû è îòâîäà ñáðîæåííîé ìàññû, à òàêæå ïàòðóáêîì
îòâîäà ïîëó÷åííîãî áèîãàçà. Â êîíñòðóêöèè ïðåäóñìàòðèâàåòñÿ
ïîäîãðåâàòåëü 5, âûïîëíåííûé â âèäå çìååâèêà, è òóðáèííàÿ
ìåøàëêà 7, îáåñïå÷èâàþùèå ïîäîãðåâ ñáðàæèâàåìîé ìàññû è ñòà-
áèëèçàöèþ âûõîäà áèîãàçà â ìåòàíòåíêå. Äëÿ óìåíüøåíèÿ òåïëî-
âûõ ïîòåðü ñëóæèò äâóõñëîéíàÿ òåïëîâàÿ èçîëÿöèÿ 3 è 4.

Ðàçðàáîòàíà ìåòîäèêà îïðåäåëåíèÿ êîëè÷åñòâà áèîãàçà, ïîëó÷à-
åìîãî â ïðîöåññå ñáðàæèâàíèÿ áèîìàññû, â çàâèñèìîñòè îò êîëè-
÷åñòâà æèâîòíûõ ðàçíûõ ãðóïï íà ôåðìå, ñîñòàâà êîðìîâ è ïîä-
ñòèëî÷íûõ ìàòåðèàëîâ è ìåòîäèêà òåïëîâîãî ðàñ÷¸òà ïðîöåññà
ñáðàæèâàíèÿ, à òàêæå ïðîãðàììà ðàñ÷¸òà îðèåíòèðîâî÷íûõ êîíñò-
ðóêòèâíûõ ãàáàðèòîâ ìåòàíòåíêà. Ïðè ðàñ÷¸òå ãàáàðèòîâ ìåòàíòåí-
êà ïðîãðàììîé ïðåäóñìàòðèâàåòñÿ âàðüèðîâàíèå îñíîâíûõ êîíñò-
ðóêòèâíûõ ðàçìåðîâ ñ ó÷¸òîì îïûòà ýêñïëóàòàöèè àïïàðàòîâ
õèìè÷åñêîãî ïðîèçâîäñòâà [5, 6].

Ðèñ. 1. Óñòàíîâêà äëÿ ñáðàæèâàíèÿ áèîìàññû (ìåòàíòåíê)
1 � êðûøêà; 2 � êîðïóñ; 3, 4 � òåïëîâàÿ èçîëÿöèÿ; 5 � ïîäîãðåâà-

òåëü; 6 � äíèùå; 7 � òóðáèííàÿ ìåøàëêà.
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Ñóòî÷íûé îáú¸ì ïîëó÷àåìîãî áèîãàçà, Váã, ì
3/ñóò., îïðåäåëÿåòñÿ
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         (1)

ãäå Vi, Vik, Vj  � îáú¸ìû áèîãàçà, êîòîðûé îáðàçóåòñÿ ïðè ñáðàæè-
âàíèè ñîîòâåòñòâåííî íàâîçà, îòõîäîâ êîðìîâ è ïîäñòèëî÷íûõ
ìàòåðèàëîâ, ì /ñóò.; ni  � êîëè÷åñòâî ãîëîâ æèâîòíûõ ñîîòâåòñòâó-
þùåé ãðóïïû, øò.; mi � ìàññà ñóòî÷íîãî âûõîäà íàâîçà íà îäíó
ãîëîâó ñîîòâåòñòâóþùåé ãðóïïû, êã/ñóò.; mcei � ìàññà ñóõîãî âå-
ùåñòâà â íàâîçå îäíîãî æèâîòíîãî ñîîòâåòñòâóþùåé ãðóïïû,
êã/ñóò.; wi, wj � âëàæíîñòü ñîîòâåòñòâåííîãî âèäà êîðìîâ è ïîä-
ñòèëî÷íûõ ìàòåðèàëîâ, äîëè; Váãi,Vóäi,Vóäj � óäåëüíûé âûõîä áèî-
ãàçà ñîîòâåòñòâåííî èç ðàçíûõ âèäîâ íàâîçà, îòõîäîâ êîðìîâ è
ïîäñòèëî÷íûõ ìàòåðèàëîâ, ì3/êãñ.â.; ri � ÷àñòü êîðìîâ îò ìàññû
íàâîçà, êîòîðàÿ óäàëÿåòñÿ âìåñòå ñ íèì; gi � ÷àñòü ïîäñòèëî÷íûõ
ìàòåðèàëîâ, êîòîðàÿ óäàëÿåòñÿ âìåñòå ñ íàâîçîì.

Ãîäîâîé îáú¸ì ïîëó÷àåìîãî áèîãàçà, Váã
ãîä, ì3/ãîä, ñîñòàâèò:

,VV τ⋅= áãáã     (2)

ãäå τ � âðåìÿ ðàáîòû óñòàíîâêè, ñóò./ãîä.
Ñîäåðæàíèå ìåòàíà â ïîëó÷àåìîì áèîãàçå, 

4CHC , % îá., îïðå-
äåëÿåòñÿ ïî ôîðìóëå:
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ãäå Cit, Cik, Cj � êîíöåíòðàöèÿ ìåòàíà â áèîãàçå, ïîëó÷åííîãî èç
i-ão êîìïîíåíòà íàâîçà; ik-ão êîìïîíåíòà êîðìîâ; j-ão êîìïîíåíòà
ïîäñòèëî÷íîãî ìàòåðèàëà, %îá.

Íèçøàÿ òåïëîòà ñãîðàíèÿ áèîãàçà, p.

í.áãQ s, ÌÄæ/ì3, îïðåäåëÿåò-
ñÿ ïî ôîðìóëå:

                 ,ÑQQ ÑÍ

.

ÑÍ 44
⋅= p

í.

p.

í.áã     (4)

ãäå .

ÑÍQ
ð

í. 4
= 33,8 ÌÄæ/ì3 � íèçøàÿ òåïëîòà ñãîðàíèÿ ìåòàíà.

Íà èíòåíñèâíîñòü ïðîöåññà ñáðàæèâàíèÿ è ïîëó÷åíèå áèîãàçà
âëèÿþò ÷åòûðå ôàêòîðà:

1) áèîëîãè÷åñêèé (ñîñòàâ ñáðàæèâàåìîé ìàññû, óñëîâèÿ æèçíå-
äåÿòåëüíîñòè ìèêðîîðãàíèçìîâ, ñîñòàâ ìèêðîôëîðû);

2) ôèçè÷åñêèé (òåìïåðàòóðà ñáðàæèâàíèÿ, äàâëåíèå â ìåòàíòåí-
êå, ãèäðàâëè÷åñêèé ðåæèì);

3) õèìè÷åñêèé (êèñëîòíîñòü ñðåäû, îáú¸ì è ñîñòàâ ïîëó÷àåìîãî
áèîãàçà, ñîäåðæàíèå ëåòó÷èõ æèðíûõ êèñëîò);

4) îðãàíèçàöèîííî-òåõíîëîãè÷åñêèå (äîçà ñóòî÷íîé çàãðóçêè
íîâûõ ïîðöèé ñáðàæèâàåìîé ìàññû, íàãðóçêà ïî áåççîëüíîìó
âåùåñòâó, ñîäåðæàíèå â áèîìàññå âåùåñòâ, êîòîðûå íå ïîäâåðãà-
þòñÿ ïåðåðàáîòêå).

Âëèÿíèå ýòèõ ôàêòîðîâ ó÷èòûâàåòñÿ ïðè ââåäåíèè èñõîäíûõ
äàííûõ äëÿ ïðîãðàììû ðàñ÷¸òà. Òàê, ïðåäóñìàòðèâàåòñÿ àíàýðîá-
íîå ñáðàæèâàíèå áèîìàññû â ìåçîôèëüíîì ðåæèìå, êîòîðûé, êàê
ýòî ïîäòâåðæäåíî ìíîãî÷èñëåííûìè èññëåäîâàíèÿìè è ïðàêòèêîé
ýêñïëóàòàöèè óñòàíîâîê, ïðîòåêàåò íàèáîëåå èíòåíñèâíî â òåìïå-
ðàòóðíîì èíòåðâàëå 32°�42°Ñ, ïîýòîìó òåìïåðàòóðà ñáðàæèâàíèÿ
ïðèíÿòà ðàâíîé 40°Ñ. Ïðè ýòîì íàèáîëåå àêòèâíî «ðàáîòàþò»
ìåòàíîãåííûå áàêòåðèè ñ ìàêñèìàëüíûì îáðàçîâàíèåì áèîãàçà.
Îäíàêî îòêëîíåíèå îò îïòèìàëüíîãî èíòåðâàëà òåìïåðàòóð íà
±5°Ñ ïðèâîäèò ê óìåíüøåíèþ âûõîäà áèîãàçà â 2�2,5 ðàçà, ÷òî
ñâèäåòåëüñòâóåò î ÷óâñòâèòåëüíîñòè áàêòåðèé ê òåìïåðàòóðå ñðåäû
è òðåáóåò âûïîëíåíèÿ ìåðîïðèÿòèé ïî å¸ ïîääåðæàíèþ. Äëÿ
ïîääåðæàíèÿ òðåáóåìîãî òåìïåðàòóðíîãî ðåæèìà â ìåòàíòåíêå
ïðåäóñìàòðèâàåòñÿ îòáîð è ïîñëåäóþùåå ñæèãàíèå â êîòëîàãðåãàòå
40% ïîëó÷àåìîãî áèîãàçà. Äëÿ ðàñ÷¸òà çàäà¸òñÿ ïëàíèðóåìàÿ äëè-
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òåëüíîñòü ñáðàæèâàíèÿ, âëàæíîñòü ñáðàæèâàåìîé ìàññû (90�97%),
à òàêæå ñâîáîäíûé îáú¸ì ìåòàíòåíêà. Ïåðåìåøèâàíèå áèîìàññû â
ìåòàíòåíêå ñïîñîáñòâóåò èíòåíñèâíîìó êîíòàêòó ìèêðîîðãàíèçìîâ
ñ ïèòàòåëüíûìè âåùåñòâàìè, èíòåíñèôèöèðóåò óäàëåíèå áèîãàçà è
ïðåäîòâðàùàåò îáðàçîâàíèå êîðêè íà ïîâåðõíîñòè, ÷òî ïðèâîäèò ê
óâåëè÷åíèþ îáðàçîâàíèÿ áèîãàçà. Áîëüøèíñòâî ìåòàíòåíêîâ ðàáî-
òàþò ïðè äàâëåíèè, íåçíà÷èòåëüíî ïðåâûøàþùåì àòìîñôåðíîå.
Íàèáîëåå áëàãîïðèÿòíàÿ êèñëîòíîñòü ñðåäû äëÿ æèçíåäåÿòåëüíî-
ñòè îòëè÷àåòñÿ äëÿ ðàçíûõ ãðóïï áàêòåðèé, ïîýòîìó îïòèìàëüíûì
ñ÷èòàåòñÿ çíà÷åíèå ðÍ 4,5�7,5.

Èñïîëüçóÿ ðàçðàáîòàííûå ìåòîäèêè è ïðîãðàììû, âûïîëíåí
ðàñ÷¸ò îñíîâíûõ ãàáàðèòíûõ ðàçìåðîâ ìåòàíòåíêà äëÿ ãðóïïû
ôåðìåðñêèõ õîçÿéñòâ ïî îòêîðìó 1500 ñâèíåé. Äëÿ ðàñ÷¸òà çàäà-
þòñÿ ñëåäóþùèå èñõîäíûå äàííûå:

×èñëî ãîëîâ:

Êðóïíûé ðîãàòûé ñêîò 0
Ñâèíüè 1500
Äîìàøíÿÿ ïòèöà 0
Ñáðàæèâàåìàÿ ìàññà:

Òåìïåðàòóðà ñáðàæèâàíèÿ (32...42°Ñ) 40
Äëèòåëüíîñòü ñáðàæèâàíèÿ, ñóòîê 10
Ïëàíîâàÿ âëàæíîñòü ñáðàæèâàåìîé ìàññû (90.. .97%) 95
Ñâîáîäíûé îáúåì ìåòàíòåíêà (5...10%) 7
Ñîîòíîøåíèÿ ãàáàðèòíûõ ðàçìåðîâ:

Âûñîòû öèëèíäðè÷åñêîé ÷àñòè ê âíóòðåííåìó äèàìåòðó, m1 = H:D
(1...1,25)

1,16

Ãëóáèíû îâàëüíîãî äíèùà ê âíóòðåííåìó äèàìåòðó, m2 = hä :D
(0,11...0,21)

0,16

Âíóòðåííåãî äèàìåòðà êîðïóñà ê íàðóæíîìó äèàìåòðó ìåøàëêè,

m3 = D:dM (3...4)
3,5

Âíóòðåííåãî äèàìåòðà ìåøàëêè ê äèàìåòðó âèòêîâ çìååâèêà,

m4= D: D3M (1,3...1,5)
1,4

Ðàññòîÿíèÿ îò íèæíåãî ñðåçà ìåøàëêè äî íèæíåé òî÷êè äíèùà ê

äèàìåòðó ìåøàëêè, m5 =hM :dM (0,4... 1,0)
0,7

Äîëÿ áèîãàçà, èñïîëüçóåìàÿ äëÿ ðàáîòû êîòåëüíîé (0,3.. .0,4) 0,4
Âðåìÿ ðàáîòû óñòàíîâêè â ãîäó (íå ìåíåå 340 ñóòîê) 350
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Äëÿ ðàññ÷èòûâàåìîãî êîëè÷åñòâà æèâîòíûõ ïîëó÷åíû ñëåäóþ-
ùèå ãàáàðèòíûå ðàçìåðû ìåòàíòåíêà:

Îáùèé îáú¸ì ìåòàíòåíêà, V, ì3 244,79
Îáùèé îáú¸ì ñáðàæèâàåìîé ìàññû, VΣ, ì

3 228,78
Äèàìåòð ìåòàíòåíêà, D, ìì 6575,4
Âûñîòà öèëèíäðè÷åñêîé ÷àñòè ìåòàíòåíêà, Íöèë. , ìì 7047
Ãëóáèíà îâàëüíîãî äíèùà, hä, ìì 1052,1
Äèàìåòð ìåøàëêè, dM , ìì 1878,7
Äèàìåòð çìååâèêà, Dçì , ìì 4696,7
Ðàññòîÿíèå îò äíèùà äî ìåøàëêè, hM , ìì 1315,1

Ðåçóëüòàòû ðàñ÷åòà îáúåìà è êà÷åñòâà áèîãàçà ïðèâåäåíû íèæå

Îáùèé âûõîä áèîãàçà, ì
3/ãîä 211863

Âûõîä òîâàðíîãî áèîãàçà, ì
3/ñóò. 363,19

                                             ì
3/ãîä 127118

Ñîäåðæàíèå ìåòàíà, %îá. - 65,01
Íèçøàÿ òåïëîòà ñãîðàíèÿ, ÌÄæ/ì

3 21,97
Áèîãàç çàìåíèò:

óñëîâíîå òîïëèâî, ò ó. ò.

94,04

óãîëü, ò/ãîä 139,65
ïðèðîäíûé ãàç, ì

3/ãîä 79801

Èç ïðèâåäåííûõ äàííûõ ñëåäóåò, ÷òî îæèäàåìûé âûõîä áèî-
ãàçà ïðè ðàáîòå óñòàíîâêè 350 ñóòîê â ãîäó â ñðåäíåì ñîñòàâèò
1,27⋅105 ì3 ïðè íèçøåé òåïëîòå ñãîðàíèÿ îêîëî 22 ÌÄæ/ì3. Ñî-
äåðæàíèå ìåòàíà â áèîãàçå 65%îá.

Ïîëó÷åííîå òîïëèâî ðåêîìåíäóåòñÿ èñïîëüçîâàòü íåïîñðåäñòâåí-
íî íà ôåðìå, îáåñïå÷èâ òåì ñàìûì ïîòðåáíîñòü â òåïëîâîé ýíåðãèè
� ïîääåðæàíèå òåìïåðàòóðíîãî ðåæèìà ñáðàæèâàíèÿ, òåõíîëîãè÷åñ-
êèå è áûòîâûå íóæäû. Ïðè ýòîì èñïîëüçîâàíèå ïîëó÷åííîãî áèî-
ãàçà ìîæåò çàìåíèòü îêîëî 80 òûñ. ì3 ïðèðîäíîãî ãàçà â ãîä, ÷òî
ýêâèâàëåíòíî 94 ò ó. ò. Ïðè ñòîèìîñòè ïðèðîäíîãî ãàçà 906,5 ãðí.
(178,5 $) çà 1000 ì3 ýòî ïîçâîëèò ñýêîíîìèòü 72,5 òûñ. Îäíàêî
÷àñòü ñýêîíîìëåííûõ äåíåæíûõ ñðåäñòâ ïîòðåáóåòñÿ çàòðàòèòü íà
îðãàíèçàöèþ òåõíîëîãè÷åñêîãî ïðîöåññà ïîëó÷åíèÿ áèîãàçà è ýêñ-
ïëóàòàöèþ óñòàíîâêè (ïîäà÷à áèîìàññû, îòâîä ñáðîæåííîé ìàññû,
ïåðåìåøèâàíèå áèîìàññû â ìåòàíòåíêå, öèðêóëÿöèÿ òåïëîíîñèòåëÿ).
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Èñïîëüçóÿ äàííóþ óñòàíîâêó è ðàçðàáîòàâ òåõíîëîãè÷åñêóþ
ñõåìó, ìîæíî îðãàíèçîâàòü ïîëó÷åíèå àëüòåðíàòèâíîãî èñòî÷íèêà
ýíåðãèè � áèîãàçà, íà ôåðìåðñêîì õîçÿéñòâå, èñïîëüçóÿ åãî îò-
õîäû. Îòðàáîòàâøóþ â ìåòàíòåíêå áèîìàññó öåëåñîîáðàçíî çàòåì
èñïîëüçîâàòü â êà÷åñòâå îáåççàðàæåííîãî âûñîêîýôôåêòèâíîãî
óäîáðåíèÿ áåç ñïåöèàëüíîé âûäåðæêè. Óñòàíîâëåíî, ÷òî èñïîëü-
çîâàíèå òàêîãî óäîáðåíèÿ ïîâûøàåò óðîæàéíîñòü â ñðàâíåíèè ñ
âûäåðæàííûì íà ïîëèãîíàõ ãíîåì íà 10�20 % â çàâèñèìîñòè îò
âûðàùèâàåìîé êóëüòóðû [5].

Âûâîäû è ïåðñïåêòèâû äàëüíåéøåãî èñïîëüçîâàíèÿ
Ïðåäëîæåíû êîíñòðóêöèÿ ìåòàíòåíêà äëÿ ñáðàæèâàíèÿ îòõîäîâ

ñåëüñêîõîçÿéñòâåííîãî ïðîèçâîäñòâà, ìåòîäèêè ðàñ÷¸òà îñíîâíûõ
ãàáàðèòíûõ ðàçìåðîâ è òåõíîëîãè÷åñêèõ õàðàêòåðèñòèê ðàáîòû
ìåòàíòåíêà; ïîëó÷åííûå äàííûå öåëåñîîáðàçíî èñïîëüçîâàòü ïðè
ðàçðàáîòêå ïðîåêòîâ ìåòàíòåíêîâ äëÿ èíäèâèäóàëüíûõ èëè ãðóï-
ïîâûõ ôåðìåðñêèõ õîçÿéñòâ.

* * *
1. Êîâòóí Ã. Îò ìåòàíà ê ãåëèþ // Ðåãèîíàë. � 2007. � ¹3(3). �

2007 � Ñ. 50�59.
2. Äóáðîâñêèé Â.Ñ., Âèåñòó Ó.Ý. Ìåòàíîâîå ñáðàæèâàíèå ñåëüñêî-

õîçÿéñòâåííûõ îòõîäîâ. � Ðèãà: Çèíàòíà. � 1988. � 204 ñ.
3. Ìàòâååâ Þ., Ãåëåòóõà Ã. Á³îãàçîâà ñòàíö³ÿ. Óêðà¿íñüêèé äîñâ³ä

// Çåëåíà åíåðãåòèêà. � 2004. � ¹1(13). � Ñ. 4�5.
4. Øâåöü ß., Ùåðáèíà Î. Òåïëî ó âàøîìó äîì³. � Ëüâ³â: ÅÊÎ³í-

ôîðì, 2003. � 174 ñ.
5. Îëåêñþê À.Î., Ñåðá³í Â.À., Ðàäüêî Í.Ô. Åíåðãîçáåðåæåííÿ ïðè

âèêîðèñòàíí³ íåòðàäèö³éíèõ äæåðåë. � Äîíåöüê: ÄÍÆÊÃ Äåðæ-
æèòëîêîìóíãîñïó. � 2004. � 156 ñ.

6. Âàñèëüöîâ Ý.À., Óøàêîâ Â.Ã. Àïïàðàòû äëÿ ïåðåìåøèâàíèÿ
æèäêèõ ñðåä. Ñïðàâî÷íîå ïîñîáèå. � Ë.: Ìàøèíîñòðîåíèå. � 1979.
� 272 ñ.
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ÓÄÊ 551.510

ÏÎÃÎÄÀ ² ÅÊÎÍÎÌ²ÊÀ

Ëóöüêî B. C., êàíä. åêîí. íàóê

Àâòîð äåòàëüíî àíàë³çóº âïëèâ ³ âíåñîê êë³ìàòó ó ôîðìóâàííÿ
îáñÿã³â ïðîäóêö³¿ íàðîäíîãî ãîñïîäàðñòâ³à. Âèçíà÷åíî ðîëü ìåðåæ³
ã³äðîìåòåîðîëîã³÷íèõ ñïîñòåðåæåíü â Óêðà¿í³ çà åêîëîã³÷íèìè ïðî-
ãíîçóâàííÿìè. Çàïðîïîíîâàíî Òèì÷àñîâó ìåäîäèêó îö³íêè çáèòê³â ìå-
òåîðîëî÷íèõ ³ åêîëîã³÷íèõ ÿâèù òà êîìïëåêñ çàõîä³â ùîäî çìåíøåííÿ
¿õí³õ íàñë³äê³â.

Àâòîð ïîäðîáíî àíàëèçèðóåò âëèÿíèå è ó÷àñòèå êëèìàòà â ôîð-
ìèðîâàíèè îáúåìîâ ïðîäóêöèè íàðîäíîãî õàçÿéñòâà. Îïðåäåëåíà ðîëü
ñåòè ãèäðîìåòåîðîëîè÷åñêèõ íàáëþäåíèé â Óêðàèíå ïî ýêîëîãè÷åñ-
êèì ïðîãíîçàì. Ïðåäëîæåíî âðåìåííóþ ìåòîäèêó îöåíêè óáûòêîâ
ìåòåîðîëîãè÷åñêèõ è ýêîëîãè÷åñêèõ ÿâëåíèé è êîìïëåêñ ìåð ïî óìåíü-
øåíèþ èõ ïîñëåäñòâèé.

An author analyses in detail an influence and contribution of the climate
to the scope of manufacturing of the national economy products. A role of the
Ukrainian hydrometeorological observation network with regard to the
ecological forecasting is defined. The temporary method for evaluation of
damages from meteorological and ecological phenomena as well as the
complex of measures for mitigation of their consequences are proposed.

Âïëèâ ïîãîäè íà ãîñïîäàðñüêó ä³ÿëüí³ñòü ëþäèíè âèçíàºòüñÿ
âñ³ìà. Çàëåæí³ñòü ëþäñòâà â³ä ñòèõ³é íåáåñíèõ ³ çåìíèõ, çáèòêè,
ÿê³ ìè íåñåìî â³ä íåáåçïå÷íèõ ÿâèù â àòìîñôåð³, â ìîðÿõ ³
îêåàíàõ, ç ÷àñîì çðîñòàþòü, à íå çìåíøóþòüñÿ. Íà ïåðøèé ïîãëÿä,
öåé ôàêò ìîæå ïîêàçàòèñÿ ïàðàäîêñàëüíèì, îñê³ëüêè íàóêîâî-
òåõí³÷íèé ïðîãðåñ ïîâèíåí ñïðèÿòè íåçàëåæíîñò³ íàøîãî áëàãîïî-
ëó÷÷ÿ â³ä ïîãîäè.

Ðàçîì ç òèì, Ãåíåðàëüíèé ñåêðåòàð ÎÎÍ Êîô³ Àííàí â³äì³÷àº:
«Óÿâ³òü ñîá³ ñâ³ò, çàìîðäîâàíèé ïîñò³éíèìè ïîñóõàìè, áóðÿìè ³
ãîëîäîì; ñâ³ò, äå îñòðîâè, äåëüòè ð³÷îê ³ ïðèáåðåæí³ ðàéîíè çàëèò³

 Ëóöüêî B. C., 2008
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âîäàìè îêåàíó, ð³âåíü ÿêîãî ï³äíÿâñÿ; ñâ³ò, äå ÷åðåç çàáðóäíåííÿ
âîäè ³ ïîâ³òðÿ âìèðàþòü ì³ëüéîíè ëþäåé, ùå ì³ëüéîíè ðÿòóþòüñÿ
âòå÷åþ â ïîøóêàõ áåçïå÷í³øîãî ì³ñöÿ äëÿ æèòòÿ, à ðåøòà áîðåòüñÿ
ì³æ ñîáîþ çà óáîã³ ïðèðîäí³ ðåñóðñè.

Ïîò³ì óÿâ³òü ñâ³ò, äå º ÷èñòà âîäà é ïîâ³òðÿ; äå çàñòîñîâóþòüñÿ
åêîëîã³÷í³ òåõíîëîã³¿, à â áóäèíêàõ, íà òðàíñïîðò³ ³ â ïðîìèñëî-
âîñò³ âèêîðèñòîâóþòüñÿ åíåðãîçáåð³ãàþ÷³ òåõíîëîã³¿; ñâ³ò, ó ÿêîìó
âñ³ ìàþòü äîñòóï äî áëàã ðîçâèòêó òà ³íäóñòð³àë³çàö³¿ é äî ïðè-
ðîäíèõ ðåñóðñ³â Çåìë³, ³ äå ö³ áëàãà ³ ðåñóðñè ìîæóòü áóòè
çáåðåæåí³ äëÿ ïåðåäà÷³ ìàéáóòí³ì ïîêîë³ííÿì. Âèá³ð ì³æ öèìè
ïåðñïåêòèâàìè ìàéáóòíüîãî çà íàìè» [9].

Ìè ïîêè ùî âèáðàëè ïåðøèé âàð³àíò. Âñå á³ëüøå ³ á³ëüøå
ëþäåé ñòðàæäàþòü â³ä ñòèõ³éíîãî ëèõà. Ïðîòÿãîì äåñÿòèð³÷íîãî
ïåð³îäó 1991�2000 pp. á³ëüøå ÿê 90% ëþäåé ç òèõ, ùî ñòàëè
æåðòâàìè ïðèðîäíèõ íåáåçïå÷íèõ ÿâèù, çàãèíóëè â ðåçóëüòàò³
ñóâîðèõ ìåòåîðîëîã³÷íèõ ³ ã³äðîëîã³÷íèõ ÿâèù (äèâ. ²íôîðìàö³þ
ïðî ñòèõ³éí³ ëèõà, ùî ðîçíåñåí³ çà âèäàìè ÿâèù çà ïåð³îä 1991�
2000 pp. (Óí³âåðñèòåò Ëóâåíà, Áåëüã³ÿ, 2001ã.) [24; 27].

Âïëèâ ñòèõ³éíèõ ã³äðîìåòåîðîëîã³÷íèõ ëèõ íà ñîö³àëüíî-åêîíî-
ì³÷íèé ðîçâèòîê çðîñòàº. Ïðîòÿãîì öüîãî ïåð³îäó, òà ³ ïîäàëüøî-
ìó, ê³ëüê³ñòü ìåòåîðîëîã³÷íèõ ³ ã³äðîëîã³÷íèõ ñòèõ³éíèõ ëèõ ïî-
ñò³éíî çðîñòàëà ³ â Óêðà¿í³. Âïåðøå â ñâî¿é ³ñòîð³¿ Óêðà¿íà óâ³éøëà
äî ÷èñëà ñâ³òîâèõ ë³äåð³â çà ê³ëüê³ñòþ æåðòâ ñòèõ³éíèõ ëèõ. Çã³äíî
ç ðåéòèíãîì ì³æíàðîäíîãî äîñë³äæåííÿ êàòàñòðîô (CRED), íà
âîñüìå ì³ñöå â ñïèñêó ë³äåð³â íàøó êðà¿íó ïðèâåëà çèìà 2006
ðîêó, êîëè ³ç-çà êàòàñòðîô³÷íèõ ìîðîç³â, ùî áóëè íà ñõîä³ êðà¿íè,
çà äàíèìè ÌÎÇ, çàãèíóâ 801 ÷îëîâ³ê . Âñüîãî ó ñâ³ò³ â 2006 ðîö³
áóëî çàô³êñîâàíî 395 ñòèõ³éíèõ ëèõ, æåðòâàìè ÿêèõ ñòàëè 21342
÷îëîâ³êà [17].

Ï³äòâåðäæåííÿì öèõ ñë³â º ïóáë³êàö³ÿ â òèæíåâèêó «2000», â
ÿêîìó ãîâîðèòüñÿ, ïðî òå, ùî «â ïåðåá³ã ïîïåðåäíüîãî äåñÿòèë³òòÿ
â÷åí³ â³äì³òèëè äåê³ëüêà íåçâè÷àéíèõ çà ìåòåîðîëîã³÷íèìè óìîâà-
ìè ðîê³â. Àëå ö³ ìåòåîðîëîã³÷í³ êðàéíîù³ í³êîëè ùå íå áóëè òàê
âèðàæåí³, ÿê ó 2007-ìó».

Çàãàëüíó äóìêó åêñïåðò³â ³ç öüîãî ïðèâîäó âèðàæàº äîñë³äíèê
Ì³õàåëü Ìàêêðàêåí ç Êë³ìàòè÷íîãî ³íñòèòóòó ó Âàøèíãòîí³: «Äî
öüîãî íåîáõ³äíî çâèêíóòè. Ó íàñ º òåíäåíö³ÿ çðîñòàííÿ ÷àñòîòè
íåçâè÷àéíèõ ðîê³â. Ñêîðî íåçâè÷àéí³ ðîêè ñòàíóòü íîðìîþ» [21].
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Ñë³ä â³äì³òèòè, ùî ïðèðîäà âåñü ìèíóëèé ð³ê íàãàäóâàëà íàì
ïðî òå, ùî ïîñòàâëåíî íà êàðòó. Ïðîòå ïîë³òè÷í³ ë³äåðè íå âè-
êîðèñòîâóþòü íàóêîâî ³íòåðïðåòîâàíó ìåòåîðîëîã³÷íó òà êë³ìàòè÷-
íó ³íôîðìàö³þ àäåêâàòíèì ÷èíîì, â îñíîâíîìó ÷åðåç ãëèáîêó
áåçîäíþ, ÿêà ïðîäîâæóº ³ñíóâàòè ì³æ íàóêîâèì ñóñï³ëüñòâîì,
ïîë³òèêàìè é øèðîêîþ ãðîìàäñüê³ñòþ.

²íôîðìàö³ÿ ïðî ñòèõ³éí³ ëèõà, ùî ðîçíåñåí³
çà âèäàìè ÿâèù çà ïåð³îä 1991�2000 pp.
(Óí³âåðñèòåò Ëóâåíà, Áåëüã³ÿ, 2001 ã.)
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Ëàâèíè/Ñåë³ 173 9550 2150 1.7 6.7
Çàñóõè/Ãîëîä 223 280007 381602 30.5 8.7
Çåìëåòðóñè 221 59249 17023 239.6 8.6
Åêñòðåìàëüí³ òåìïåðàòóðè 112 9124 6065 16.7 4.4
Ïîâåí³ 888 97747 1442521 272.8 34.6
Ë³ñîâ³ ïîæåæ³ 123 626 3422 26.3 4.8
Âèâåðæåííÿ âóëêàí³â 54 942 2157 0.8 2.1
Øòîðìîâ³ â³òðè 748 205635 252401 198.1 29.1
²íø³ ñòèõ³éí³ ëèõà 25 2718 60 0.3 1.0
Âñüîãî 2567 665598 2107401 786.8 100.0

Ïîë³òèêè, ÿê ïðàâèëî, º ôàõ³âöÿìè ó ïèòàíí³ çàâîþâàííÿ
ãîëîñ³â âèáîðö³â àáî ñòâîðåííÿ àëüÿíñ³â, à íå â ðîçóì³íí³ ãëîáàëü-
íèõ ïðîöåñ³â, ùî â³äáóâàþòüñÿ ó êë³ìàò³, åíåðãåòèö³, çàõâîðþâàí-
íÿõ ³ âèðîáíèöòâ³ ïðîäîâîëüñòâà, ÿê³ âïëèâàþòü íà âñ³õ æèòåë³â
íàøî¿ ïëàíåòè. Íàâ³òü ð³çí³ ãðóïè â÷åíèõ, ÿê³ ïðàöþþòü ó ñôåð³
îõîðîíè çäîðîâ�ÿ, êë³ìàòîëîã³¿, ñåéñìîëîã³¿ òà ³íøèõ ñïåö³àëüíî-
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ñòåé � íå íàëàãîäæóþòü îäèí ç îäíèì àäåêâàòíî¿ âçàºìîä³¿,
íåçâàæàþ÷è íà òå, ùî ñüîãîäí³øí³ çàãðîçè ÷àñòî ïðîõîäÿòü ÷åðåç
ð³çí³ íàóêîâ³ äèñöèïë³íè [25].

Ö³ ïðîâàëëÿ, ùî ïðîëÿãàþòü ì³æ ïîë³òèêàìè ³ â÷åíèìè, à
òàêîæ ì³æ ñàìèìè â÷åíèìè, ìàþòü áóòè çàêðèò³, ÿêùî ìè õî÷åìî
âïîðàòèñÿ ³ç çàãðîçàìè, ÿê³ ïîñòàþòü ïåðåä íàìè.

ßê ïðèêëàä, í³õòî ³ç íàøèõ ó÷åíèõ äî îñòàííüîãî ÷àñó íå
ââàæàâ êë³ìàò ïðèðîäíèì ðåñóðñîì, ïîä³áíî äî ì³íåðàë³â, çåìë³ ³
âîäè. Âñå öå  ïîõîäèòü â³ä òîãî, ùî ïîãîäà, íà â³äì³íó â³ä ³íøèõ
ðåñóðñ³â, ïîñò³éíî çì³íþºòüñÿ, à ö³ çì³íè íîñÿòü ìàéæå âèïàäêî-
âèé õàðàêòåð.

Îäíàê, â îñòàíí³é ÷àñ, îêðåì³ ïðîâ³äí³ â÷åí³ Óêðà¿íè ñåðåä
ïðèðîäíèõ ðåñóðñ³â óæå âèä³ëÿþòü êë³ìàòè÷í³ ðåñóðñè. Òàê, ïî-
íÿòòÿ êë³ìàòè÷íèõ ðåñóðñ³â âèêëàäåíå â ìîíîãðàô³¿ «Êë³ìàò Óê-
ðà¿íè», à ñàìå: «êë³ìàòè÷í³ ðåñóðñè ÿâëÿþòü ñîáîþ ñóêóïí³ñòü
ñîíÿ÷íî¿ ðàä³àö³¿, òåïëà, âîëîãè òà ìåòåîðîëîã³÷íèõ âåëè÷èí ³
çóìîâëþþòü ôóíêö³îíóâàííÿ, ðîçâèòîê, ïðîäóêòèâí³ñòü ð³çíèõ
ãàëóçåé åêîíîì³êè òà ä³ÿëüíîñò³ ëþäèíè. Ó ð³çíèõ ïðèðîäíèõ
çîíàõ, çàëåæíî â³ä äèíàì³êè ïîãîäíèõ ïðîöåñ³â, âîíè ìàþòü ñâ³é
ïîòåíö³àë âèêîðèñòàííÿ» [18].

Â òîé æå ÷àñ, ó ìîíîãðàô³¿ «Óêðà¿íà. Åêîëîãî-ãåîãðàô³÷íèé
àòëàñ. Àòëàñ-ìîíîãðàô³ÿ», ùî îïóáë³êóâàëà Ðàäà ïî âèâ÷åííþ
ïðîäóêòèâíèõ ñèë Óêðà¿íè ÍÀÍ Óêðà¿íè ñåðåä ñêëàäîâèõ ïðèðîä-
íèõ ðåñóðñ³â êë³ìàòè÷í³ ðåñóðñè íå âèä³ëÿþòüñÿ, à ïîäàí³ îêðåìî,
ÿê «á³îêë³ìàòè÷í³ óìîâè» ÷è «êë³ìàòî-ïîãîäí³ óìîâè» [10]. Òàêèì
÷èíîì, íàçð³ëà íåîáõ³äí³ñòü âïðîâàäèòè íà íàóêîâîìó ð³âí³ îäíî-
çíà÷íå òðàêòóâàííÿ ïîíÿòòÿ «êë³ìàòè÷í³ ðåñóðñè».

Îêð³ì öüîãî, ïîòðåáè ìåòåîðîëîã³¿ ïîëÿãàþòü ó íåîáõ³äíîñò³
â³äîáðàçèòè ïåâí³ óÿâëåííÿ ïðî ÷àñòêó êë³ìàòó â îá�ºêòàõ ïðîìèñ-
ëîâîñò³ òà ñ³ëüñüêîãîñïîäàðñüêîãî âèðîáíèöòâà. Åêîíîì³ö³ êðà¿íè
íåîáõ³äí³ óÿâëåííÿ ùîäî âèçíà÷åííÿ îáñÿã³â ³ ãåîãðàô³÷íèõ çàêî-
íîì³ðíîñòåé ðîçïîä³ëó, íàñàìïåðåä, êë³ìàòè÷íèõ ðåñóðñ³â, âæå ïîò³ì
³ ïåâíèõ ñèðîâèííèõ ðåñóðñ³â, ïèòîìî¿ âàãè ïîãîäè â ïðîäóêòèâ-
íîñò³ ãàëóçåé, ñï³ââ³äíîøåííÿ ì³æ êîðèñíèìè ³ íåáåçïå÷íèìè
éîãî âëàñòèâîñòÿìè òîùî. Ðàçîì óçàãàëüíåí³ íàéâàãîì³ø³ íàáóòêè
êîæíîãî ³ç çãàäàíèõ ³ ³íø³ àñïåêòè äàþòü ï³äñòàâè âèçíà÷èòè
âàæëèâ³ñòü ïîä³áíèõ óÿâëåíü ³ äëÿ íàö³îíàëüíî¿ áåçïåêè ÿê äëÿ
îö³íêè ¿õíüîãî âíåñêó â çàãàëüíó ïðîäóêòèâí³ñòü â³äïîâ³äíèõ
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ãàëóçåé, òàê ³ äëÿ ñï³ââ³äíîøåííÿ ç³ çáèòêàìè â³ä ñòèõ³éíèõ
ã³äðîìåòåîðîëîã³÷íèõ ÿâèù çà òðèâàëèé ïåð³îä [15].

Ïèòàííÿ ïðî âíåñîê êë³ìàòó ó ôîðìóâàííÿ îáñÿã³â ïðîäóêö³¿
ð³çíèõ ãàëóçåé º íàäçâè÷àéíî àêòóàëüíèì, îñê³ëüêè âïëèâ êë³ìà-
òè÷íèõ óìîâ íà ð³çí³ ãàëóç³ íàðîäíîãî ãîñïîäàðñòâà çíà÷íî ð³çíèòüñÿ.
Îñîáëèâîñò³ âïëèâó ïîãîäè íà ä³ÿëüí³ñòü îêðåìèõ ãàëóçåé ðîç-
ãëÿíåìî íèæ÷å.

Òàê, ïîòî÷í³ óìîâè ïîãîäè ³ ¿¿ áàãàòîð³÷íèé ðåæèì çä³éñíþþòü
ñóòòºâèé âïëèâ íà ñ³ëüñüêå ãîñïîäàðñòâî. Ôîðìóâàííÿ óðîæàþ ³
éîãî çá³ð çíà÷íèì ÷èíîì çàëåæàòü â³ä ìåòåîðîëîã³÷íèõ ÷èííèê³â.
Ó áàãàòüîõ êðà¿íàõ êîëèâàííÿ óðîæàþ ï³ä âïëèâîì ïîãîäè äîñÿ-
ãàþòü ³ íàâ³òü ïåðåâèùóþòü

À äåÿê³ â÷åí³ ãîâîðÿòü ïðî òå, ùî äèíàì³÷í³ñòü ³ íåñòàá³ëüí³ñòü
åëåìåíò³â ïîãîäè ïðè íåçì³ííèõ àãðîòåõí³÷íèõ ïðèéîìàõ îáóìîâ-
ëþþòü êîëèâàííÿ óðîæàþ ïî ðîêàõ � â³ä 20 äî 80% [30].

²íø³ ñòâåðäæóþòü, ùî ïðè ñëàáê³é çàñóñ³ âðîæàéí³ñòü ïàäàº íà
20%, ïðè ñèëüí³é � íà 20�40%, à ïðè äóæå ñèëüíèõ çàñóõàõ, ÿê³
ð³äê³ñí³, àëå øèðîê³ çà ïëîùàìè, óðîæà¿ íèæ÷³ çà çâè÷àéíó íîðìó
á³ëüø í³æ íà 50% [28].

Òàê ÷è ³íàêøå, à çíà÷íà ÷àñòèíà âòðàò ó ñ³ëüñüêîìó ãîñïî-
äàðñòâ³ íàëåæèòü äî ïîòåíö³éíî íåïåðåäáà÷óâàíèõ. Â Óêðà¿í³ â
2002�2003 ðîêàõ íåïåðåäáà÷óâàíèõ. Â Óêðà¿í³ â 2002�2003 âíà-
ñë³äîê òðèâàëèõ ìîðîç³â, ïîäàëüøî¿ çàñóõè ³ ìàñîâîãî íàïàäó
ñàðàíè çàãèíóëî á³ëÿ 50% óðîæàþ îçèìèíè [29]. Ïðÿì³ ³ íåïðÿì³
âòðàòè â àãðîïðîìèñëîâîìó êîìïëåêñ³ â 2003 ðîö³ ñòàíîâèëè çà
åêñïåðòíèìè îö³íêàìè, ïîíàä 5 ìëðä ãðèâåíü.

Çàãèáåëü îçèìèõ êóëüòóð óíàñë³äîê íåñïðèÿòëèâèõ ìåòåîðîëî
ã³÷íèõ óìîâ âçèìêó 2005�2006 ðîê³â (â îñíîâíîìó ï³äìåðçàííÿ
îçèìèíè) ÌÍÑ îö³íèâ íà ð³âí³ 27%. Ó îêðåìèõ îáëàñòÿõ ïëîù³
çàãèáëî¿ îçèìèíè äîñÿãàëè 35�45%. Â ö³ëîìó ïî êðà¿í³ Ì³íàãðî-
ïîë³òèêè ââàæàº, ùî íåîáõ³äíî áóëî ïåðåñ³ÿòè 12% îçèìèíè [13].

Âèñîêà òåìïåðàòóðà ïðè òðèâàë³é íèçüê³é â³äíîñí³é âîëîãîñò³
ïîâ³òðÿ ³ ñóõîâ³éíèõ ÿâèùàõ ïðèçâåëè ó 2007 ðîö³ äî ïîñóõè â
öåíòðàëüíèõ ³ ï³âäåííèõ ðåã³îíàõ äåðæàâè íà ïëîù³ ìàéæå 10 ìëí
ãà, â ðåçóëüòàò³ ÷îãî çàãèíóëè îçèì³ òà ÿðîâ³ êóëüòóðè íà ïëîù³
á³ëÿ 1,1 ìëí ãåêòàð³â [6; 31].

Âòðàòè óðîæàþ âíàñë³äîê ïîñóõ, ïåðåçâîëîæåííÿ, ãðàäó, çàìî-
ðîçê³â ³ ³íøèõ ÿâèù ìîæóòü áóòè ³ñòîòíî çíèæåí³ çà íàÿâíîñò³
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ïðîãíîç³â ïîãîäè ³ ïðàâèëüíîìó îáë³êó øëÿõîì çì³íè ðåæèì³â
çðîøóâàííÿ, âèáîð³â îïòèìàëüíîãî ÷àñó ïîñ³âó, çàõîä³â ïî äîãëÿ-
äó, ñâîº÷àñíî¿ îáðîáêè ïåñòèöèäàìè ³ òîìó ïîä³áíå.

Ïðîòå, ó âñ³õ âèïàäêàõ âåëèêîìàñøòàáíèõ ïðîÿâ³â ñòèõ³éíèõ ÷è
íåáåçïå÷íèõ ã³äðîìåòåîðîëîã³÷íèõ ÿâèù ï³äïðèºìñòâàì ñ³ëüñüêîãî
ãîñïîäàðñòâà âèä³ëÿëèñÿ êîøòè ³ç äåðæàâíîãî áþäæåòó. Òàê, íà-
ïðèêëàä Ì³íàãðîïîë³òèêè ðîçïîä³ëèëî ó 2007 ðîö³ 120 ìëí ãðí,
ÿê³ áóëî âèä³ëåíî íà êîìïåíñàö³þ çáèòê³â â³ä çàñóõè ì³æ 3353
ï³äïðèºìñòâàìè [19].

Òîáòî, ÿêùî ³ òðàïëÿºòüñÿ íåáåçïå÷íå ìåòåîðîëîã³÷íå ÿâèùå â
àãðîïðîìèñëîâîìó êîìïëåêñ³, òî â³äøêîäóâàííÿ çáèòê³â ïîâèíí³
çä³éñíþâàòè ñàì³ ï³äïðèºìñòâà ÷è ñòðàõîâ³ êîìïàí³¿, à íå äåðæàâà.
Ñïåöèô³êà âåäåííÿ ñ³ëüñüêîãî ãîñïîäàðñòâà ïîëÿãàº â òîìó, ùî
÷àñòî ìàº ì³ñöå àêóìóëÿö³ÿ ðèçèêó, òîìó â ðàç³ íàñòàííÿ ñòðàõî-
âîãî âèïàäêó çáèòê³â çàçíàþòü íå ò³ëüêè îêðåì³ ï³äïðèºìñòâà, à
é ö³ë³ òåðèòîð³¿. Ñó÷àñíèé ñòàí ðèíêó ñòðàõîâèõ ïîñëóã â Óêðà¿í³
ïîêè ùî íe äàº çìîãó åôåêòèâíî âèêîíóâàòè ôóíêö³¿ çìåíøåííÿ
ðèçèê³â ó ñ³ëüñüêîìó ãîñïîäàðñòâ³: ê³ëüê³ñòü êîìïàí³é, ÿê³ íàäàþòü
ñòðàõîâ³ ïîñëóãè ñ³ëüñüêîãîñïîäàðñüêèì âèðîáíèêàì, íåçíà÷íà,
³íôîðìàö³ÿ ïðî óìîâè òà ïîðÿäîê ñòðàõóâàííÿ íåïîâíà ³ âàæêî-
äîñòóïíà, ïåðåë³ê ðèçèê³â, â³ä ÿêèõ ñòðàõóþòü íàÿâí³ íà ðèíêó
ñòðàõîâ³ êîìïàí³¿, ÷àñòî íå ì³ñòÿòü ñàìå òèõ ðèçèê³â, ÿê³ íàéá³ëü-
øå òóðáóþòü ñ³ëüñüêèõ âèðîáíèê³â [20]. ×åðåç öå íå îñîáëèâî
äîïîìîæóòü âèìîãè ÷åðãîâîãî Óêàçó Ïðåçèäåíòà Óêðà¿íè ùîäî
çàõîä³â ñòîñîâíî ðèíêó çåðíà â ÷àñòèí³ ñòðàõóâàííÿ [1].

Âèðîáëåííÿ, ñïîæèâàííÿ ³ âèòðàòè ïðîìèñëîâî¿ åíåðã³¿ ïåâíèì
÷èíîì ðåãóëþþòüñÿ êë³ìàòè÷íèìè óìîâàìè. Äî íèõ íàëåæàòü
ïðèòîê ³ ðîçïîä³ë ñîíÿ÷íî¿ åíåðã³¿, òðèâàë³ñòü îñâ³òëåííÿ, òåìïå-
ðàòóðíèé ðåæèì, ê³ëüê³ñòü îïàä³â, â³òðîâèé ðåæèì òîùî. Êîæíà
ç íàçâàíèõ ìåòåîðîëîã³÷íèõ âåëè÷èí çä³éñíþº ñâîºð³äíèé âïëèâ
íà ïðîöåñè åíåðãîïîñòà÷àííÿ çà îñîáëèâîñòÿìè äîáîâîãî õîäó,
ñåçîííèõ õàðàêòåðèñòèê, ùîð³÷íî¿ ì³íëèâîñò³. Çã³äíî ç äîñë³äæåí-
íÿìè ÓêðÍÄÃÌ², ç³ñòàâëåííÿìè îñîáëèâîñòåé ïðîìèñëîâîãî åíåð-
ãîïîñòà÷àííÿ ç âïëèâîì íà íüîãî òåìïåðàòóðíîãî ðåæèìó äîçâî-
ëèëî çàçäàëåã³äü âèçíà÷èòè âíåñîê îñòàííüîãî â åíåðãåòèêó Óêðà¿íè.
Òàê, âíåñîê ð³÷íî¿ òåìïåðàòóðè ïîâ³òðÿ ó ñåðåäí³ îáñÿãè âèðîá-
ëåíî¿ ³ ñïîæèòî¿ åíåðã³¿ º íåçíà÷íèì. Â³í ñòàíîâèòü 1,4�2,6%. Ó
òîé æå ÷àñ âèòðàòè åíåðã³¿ â ìåðåæàõ çàãàëüíîãî êîðèñòóâàííÿ çà
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ðàõóíîê êîëèâàíü òåìïåðàòóðíîãî ðåæèìó äîñÿãàþòü á³ëÿ 35%
çàãàëüíèõ âèòðàò, ùî ñë³ä âèçíàòè ÿê ³ñòîòíèé âïëèâ [16].

Ùîäî òðàíñïîðòíî¿ ãàëóç³, òî ¿¿ ä³ÿëüí³ñòü çàëåæèòü â³ä ïîãîäè
³ êë³ìàòó, ÿê³ âïëèâàþòü íà òàê³ ¿¿ âëàñòèâîñò³, ÿê åôåêòèâí³ñòü,
ðåãóëÿðí³ñòü, áåçïåêà. Çàãàëüíîâ³äîìî, ùî êë³ìàòè÷í³ çì³íè, çã³äíî
ç äîñë³äæåíííÿìè ÓêðÍÄÃÌ², çàâ³ðþõ, ñòèõ³éíèõ ïàâîäê³â ³
ïîâåíåé, ÷åðåç ïåðåçâîëîæåí³ñòü øëÿõ³â áåç òâåðäîãî ïîêðèòòÿ.
Òàê, òåìïåðàòóðíèé ðåæèì, ê³ëüê³ñòü îïàä³â âïëèâàþòü íà âàíòàæ-
íèé îáîðîò ³ ïàñàæèðîïîò³ê. Êð³ì òîãî çá³ëüøåííÿ âïëèâàþòü
îïîñåðåäêîâàíî íà ôóíêö³îíóâàííÿ òðàíñïîðòíî¿ ñèñòåìè Óêðà¿íè
÷åðåç çá³ëüøåííÿ ÷àñòîòè ³ ³íòåíñèâíîñò³ íåáåçïå÷íèõ ñòèõ³éíèõ
ÿâèù: ñèëüíèõ â³òð³â, øêâàë³â, ñìåð÷³â, ãðîç, òóìàí³â, îæåëåä³,
ñèëüíèõ ñí³ãîïàä³â ³ ê³ëüêîñò³ îïàä³â ó çîíàõ íàäì³ðíîãî çâîëî-
æåííÿ ïðèçâîäèòü äî ï³äòîïëåííÿ òðàíñïîðòíèõ øëÿõ³â ³ ñïîðóä,
åíåðãåòè÷íèõ ³ ³íôîðìàö³éíèõ êîìóí³êàö³é.

Îïîñåðåäêîâàíèé âïëèâ ïîãîäè íà òðàíñïîðòíó ñèñòåìó Óêðà¿-
íè çì³íþºòüñÿ â³ä ñåçîíó äî ñåçîíó. Âàæëèâèì êë³ìàòè÷íèì
ïîêàçíèêîì º äàòè ñò³éêîãî ïåðåõîäó òåìïåðàòóðè ïîâ³òðÿ ÷åðåç
êðèòè÷í³ çíà÷åííÿ. Ñò³éêèé ïåðåõ³ä ÷åðåç 0° âîñåíè ïðèâîäèòü äî
îæåëåä³. Ñò³éêèé ³ ðàíí³é ïåðåõ³ä ÷åðåç 0° íàâåñí³ ñïðèÿº ³íòåí-
ñèô³êàö³¿ òðàíñïîðòíèõ ïðîöåñ³â [16].

Âïëèâ ïîãîäè íà òðàíñïîðòíó ãàëóçü ìîæíà ³ëþñòðóâàòè íà-
ñòóïíèì ïðèêëàäîì. Òàê, 11�12 ëèñòîïàäà 2007 ðîêó ó Êåð-
÷åíñüê³é ïðîòîö³ çàçíàëè àâàð³¿ ï�ÿòü ðîñ³éñüêèõ ñóäåí. Ñèëà â³òðó
â ïðîòîö³ ïåðåâèùóâàëà 30 ì/ñ, ó à ì³ñöÿìè � äî 40 ì/ñ, âèñîòà
õâèëü ñÿãàëà ÷îòèðüîõ-ï�ÿòè ìåòð³â. Ó ï³âäåíí³é ÷àñòèí³ Êåð-
÷åíñüêî¿ ïðîòîêè ñêóï÷èëîñÿ á³ëÿ ñîòí³ ñóäåí. Ñëóæáè Êåð÷åí-
ñüêîãî ïîðòó äâ³÷³ ðîçñèëàëè øòîðìîâå ïîïåðåäæåííÿ, îäíàê ó
ìîðå â³ä³éøëè íå âñ³ � ïîíàä 50 ñóäåí çàëèøèëèñÿ â ïðîòîö³,
âíàñë³äîê ÷îãî äåÿê³ çàòîíóëè, à äåÿê³ ñ³ëè íà ì³ëèíó. Òàíêåð
«Âîëãàíåôòü-139» ðîçêîëîâñÿ ³ ó âîäó ïîòðàïèëî, çà îô³ö³éíèìè
äàíèìè, 1200 ò ìàçóòó, â ðåçóëüòàò³ ÷îãî âèíèêëà åêîëîã³÷íà
êàòàñòðîôà. Çáèòêè äî öüîãî ÷àñó íå ïîðàõîâàí³ [26].

Â³äïîâ³äíî äî Çâ³òó ïî ï³ëîòíîìó äîñë³äæåííþ Ì³æíàðîäíîãî
áàíêó ðåêîíñòðóêö³¿ òà ðîçâèòêó, ÿêèé âèâ÷àâ ïèòàííÿ, ùî ïîâ
ÿçàí³ ç ä³ÿëüí³ñòþ ã³äðîìåòåîðîëîã³÷íî¿ ñëóæáè â Óêðà¿í³ ñèñòå-
ìàòè÷íèé ³ ïîâíèé îáë³ê åêîíîì³÷íèõ âòðàò, ÿê³ íåñóòü åêîíîì³êà
³ íàñåëåííÿ êðà¿íè â³ä âñüîãî ñïåêòðó íåáåçïå÷íèõ ã³äðîìåòåîðîëî-
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ã³÷íèõ ÿâèù ³ íåñïðèÿòëèâèõ óìîâ ïîãîäè, â Óêðà¿í³ íå âåäåòüñÿ.
Â³äñóòí³ ãàëóçåâ³ ìåòîäèêè ðîçðàõóíêó ³ çáîðó òàêî¿ ³íôîðìàö³¿.
Â³äñóòí³ òàêîæ ³ íàä³éí³ íåïðÿì³ â³äîìîñò³ (îö³íêè), ÿê³ ìîãëè á
ïîñëóæèòè îñíîâíîþ áàçîþ äëÿ ¿õ âèêîðèñòàííÿ ïðè ðîçðàõóíêó
ñåðåäíüîð³÷íèõ åêîíîì³÷íèõ çáèòê³â ÿê äëÿ åêîíîì³êè â ö³ëîìó, òàê
³ ¿¿ îêðåìèõ ãàëóçåé [15] Çã³äíî ç íàäàíèìè ÌÍÑ äî çàçíà÷åíîãî
Çâ³òó äàíèìè, ñåðåäíüîð³÷í³ çàãàëüí³ åêîíîì³÷í³ âòðàòè (ïðÿì³ ³
íåïðÿì³) â³ä ïðèðîäíèõ íàäçâè÷àéíèõ ñèòóàö³é ò³ëüêè äåðæàâíîãî
³ ðåã³îíàëüíîãî ð³âíÿ ïî êðà¿í³ çà 2000�2005 ðîêè áóëè îö³íåí³ â
îáñÿç³ ìàéæå 340 ìëí äîë. ÑØÀ (ó ö³íàõ 2005 ðîêó). Çà îð³ºí-
òîâíèìè îö³íêàìè Óêðã³äðîìåòà, ç óðàõóâàííÿì äóìêè Ì³íàãðîïî-
ë³òèêè, ïðÿì³ ³ íåïðÿì³ âòðàòè ãàëóçåé åêîíîì³êè çà ïåð³îä 2000�
2005 ðîê³â ïåðåâèùóº äàí³ ÌÍÑ íå ìåíøå í³æ â 3�4 ðàçè, òîáòî
ñòàíîâèòü á³ëÿ 900 ìëí äîë. ÑØÀ (ó ö³íàõ 2005 ðîêó) [15].

Ä³éñíî ó äåðæàâ³ â³äñóòíÿ îô³ö³éíà ñòàòèñòèêà ñòèõ³éíèõ òà
íåáåçïå÷íèõ ã³äðîìåòåîðîëîã³÷íèõ ÿâèù ³ çáèòêó, ÿêèé âîíè íàíî-
ñÿòü íàö³îíàëüí³é åêîíîì³ö³. Öå ïðè íàÿâíîñò³ ðÿäó óðÿäîâèõ òà
â³äîì÷èõ äîêóìåíò³â ó ö³é ñôåð³ [5; 8; 7]. Çàçíà÷åíå ïîâ�ÿçàíå ç
îñîáëèâ³ñòþ ã³äðîìåòåîðîëîã³÷íèõ óìîâ, êîëè íåð³äêî ¿õ íåãàòèâí³
ïðîÿâè ìîæëèâî îö³íèòè ò³ëüêè ÷åðåç ïåâíèé ïðîì³æîê ÷àñó, íà-
ïðèêëàä çáèòîê â³ä çàìîðîçê³â  çàñóõè. Òîìó îïåðàòèâí³ äàí³, ÷åðåç
â³äñóòí³ñòü îô³ö³éíî¿ ñòàòèñòèêè ïðî ê³ëüê³ñòü ñòèõ³éíèõ òà íåáåç-
ïå÷íèõ ã³äðîìåòåîðîëîã³÷íèõ ÿâèù, íå çàâæäè ìîæóòü áóòè ïîêà-
çîâèìè ïðè âèçíà÷åíí³ çáèòêó ³ íåãàòèâíîãî âïëèâó ã³äðîìåòåîðî-
ëîã³÷íèõ óìîâ íà ä³ÿëüí³ñòü ãîñïîäàðñüêîãî êîìïëåêñó.

Ùîäî âèçíà÷åííÿ âåëè÷èíè çáèòêó â³ä ñòèõ³éíèõ òà íåáåçïå÷-
íèõ ã³äðîìåòåîðîëîã³÷íèõ ÿâèù, òî ïîðÿä ç ³íøèìè íàäçâè÷àéíè-
ìè ñèòóàö³ÿìè, ìîæíà áóëî á ñêîðèñòàòèñÿ Òèì÷àñîâîþ ìåòîäè-
êîþ îö³íêè çáèòêó â³ä íàñë³äê³â íàäçâè÷àéíèõ ñèòóàö³é ïðèðîäíîãî
³ òåõíîãåííîãî õàðàêòåðó. Ó òîé æå ÷àñ, öåé äîêóìåíò äîñòàòíüî
ñêëàäíèé äëÿ âèêîðèñòàííÿ íà ïðàêòèö³, îñîáëèâî â ÷àñòèí³ ïðî-
âåäåííÿ ðîçðàõóíê³â ³ òîìó ãîñïîäàðþþ÷³ ñóá�ºêòè, à òàêîæ öåíò-
ðàëüí³, ðåã³îíàëüí³ ³ ì³ñöåâ³ îðãàíè âèêîíàâ÷î¿ âëàäè éîãî ð³äêî
çàñòîñîâóþòü [4].

Îêð³ì öüîãî, íåîáõ³äíî çàáåçïå÷èòè ðîçóì³ííÿ ³ ðåºñòðàö³þ
íàé÷àñò³øå âèíèêàþ÷èõ ìåòåîðîëîã³÷íèõ ³ êë³ìàòè÷íèõ íåáåçïå÷-
íèõ ÿâèù ³ ïðîâåñòè êàðòîãðàôóâàííÿ ñòóïåíÿ óðàçëèâîñò³ íàñå-
ëåííÿ àáî ãåîãðàô³÷íèõ çîí ä³é öèõ ÿâèù. Áóäü-ÿêå ïîë³ïøåííÿ
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÷àñó ïîïåðåäæåííÿ ³ àíàë³çó ðèçèêó â ðàéîí³, ÿêîãî òîðêíóëîñÿ
ëèõî, äàº çìîãó ï³äâèùèòè ñòóï³íü éîãî çàõèùåíîñò³. Íåîáõ³äíîþ
îñíîâîþ äëÿ îáñëóãîâóâàííÿ, íàïðàâëåíîãî íà çìåíøåííÿ óðàçëè-
âîñò³, º íàö³îíàëüíà íàóêîâî-òåõí³÷íà ³íôðàñòðóêòóðà. Òàêà ³íôðà-
ñòðóêòóðà çàáåçïå÷óº ìîæëèâîñò³ äëÿ ïðîâåäåííÿ ñèñòåìàòè÷íèõ
ñïîñòåðåæåíü çà êë³ìàòîì, âåäåííÿ àðõ³â³â êë³ìàòè÷íèõ äàíèõ,
ìîí³òîðèíãó íàéçíà÷í³øèõ àíîìàë³é êë³ìàòó ³ çàáåçïå÷åííÿ ðàíí³õ
ïîïåðåäæåíü ìåòåîðîëîã³÷íèõ êë³ìàòè÷íèõ ÿâèù îñîáëèâî ïðî
åêñòðåìàëüí³ ÿâèùà, ÿê³ íåñóòü çàãðîçó æèòòþ ³ ìàéíó ëþäåé [24].

Äëÿ âèð³øåííÿ òàêèõ çàâäàíü äóæå âàæëèâèì º íàëåæíå ôóíê-
ö³îíóâàííÿ ã³äðîìåòåîðîëîã³÷íî¿ ìåðåæ³. Ñòâîðåííÿ ìåðåæ³ ñïî-
ñòåðåæåíü çà äîâê³ëëÿì áóëî ðîçïî÷àòî â Óêðà¿í³ ùå ó ïåðø³é
ïîëîâèí³ XIX ñòîë³òòÿ. ×àñ, ùî ìèíóâ, äîçâîëèâ ñòâîðèòè â³äíîñ-
íî ñó÷àñíó ã³äðîìåòåîðîëîã³÷íó ìåðåæó ³ çàðàç ïðîòÿãîì ðîêó íà
áàç³ ³íôîðìàö³¿ ç ìåðåæ³ ñêëàäàºòüñÿ òà íàäàºòüñÿ ñïîæèâà÷àì
á³ëüøå í³æ 300 òèñÿ÷ àâ³àìåòåîðîëîã³÷íèõ, á³ëÿ 40 òèñÿ÷ ìåòåî-
ðîëîã³÷íèõ, 10 òèñÿ÷ ã³äðîëîã³÷íèõ, îäíà òèñÿ÷à àãðîìåòåîðîëî-
ã³÷íèõ ïðîãíîç³â, äî 800 ïîïåðåäæåíü òîùî [12].

Ñåðåäíÿ ñïðàâäæóâàí³ñòü ó 2005 ðîö³ ìåòåîðîëîã³÷íèõ ïðî-
ãíîç³â çàãàëüíîãî êîðèñòóâàííÿ íà 1�3 äîáè ñòàíîâèëà 91%,
àãðîìåòåîðîëîã³÷íèõ � 94%, ã³äðîëîã³÷íèõ � 87% (ó 2004 ðîö³
ñåðåäíÿ ñïðàâäæóâàí³ñòü ó/êîðîòêîñòðîêîâèõ ïðîãíîç³â íàáëèæà-
ëàñü äî 90%). Äîâãîñòðîêîâå (ñåçîííå, ì³ñÿ÷íå) ïðîãíîçóâàííÿ
ïîãîäíèõ óìîâ ìàº äóæå âåëèêó íåâèçíà÷åíîñò³.

Ïåðåøêîäæàº ÿê³ñíîìó âèêîíàííþ ñïîñòåðåæåíü çíîøåí³ñòü òà
òåõí³÷íà â³äñòàë³ñòü ð³çíîãî ðîäó ïðèëàä³â òà îáëàäíàííÿ, à òàêîæ
òå, ùî ä³þ÷³ ³íñòðóêö³¿ ³ íàñòàíîâè º çàñòàð³ëèìè. Òåìïè òåõí³÷íîãî
ïåðåîñíàùåííÿ ñèñòåìè äåðæàâíî¿ ã³äðîìåòåîðîëîã³÷íî¿ ñëóæáè çà-
ëèøàþòüñÿ, íåçàäîâ³ëüíèìè, îñê³ëüêè ïåðåâàæàþ÷à ê³ëüê³ñòü ïðè-
ëàä³â âæå â³äïðàöþâàëà ñâ³é ðåñóðñ. Íåîáõ³äíî âñòàíîâèòè àâòîìà-
òèçîâàí³ ã³äðîìåòåîðîëîã³÷í³ ñòàíö³¿ ³ ïîñòè, ìåòåîðîëîã³÷í³ ëîêàòîðè,
çàì³íèòè òåõí³÷íå ³ òåõíîëîã³÷íå îñíàùåííÿ ñëóæáè [22; 23].

Òàêà ñèòóàö³ÿ ñêëàëàñÿ â ðåçóëüòàò³ íåâèêîíàííÿ â ïîâíîìó
îáñÿç³ ïîëîæåíü Êë³ìàòè÷íî¿ ïðîãðàìè, çàòâåðäæåíî¿ Óðÿäîì ó
÷åðâí³ 1997 ðîêó ³ ðîçðàõîâàíî¿ íà 1998�2002 ðîêè òà «Äåðæàâíî¿
ïðîãðàìè íàóêîâî-òåõí³÷íîãî ïåðåîñíàùåííÿ ñèñòåìè ã³äðîìåòåî-
ðîëîã³÷íèõ ñïîñòåðåæåíü çà çàáðóäíåííÿì íàâêîëèøíüîãî ïðèðîä-
íîãî ñåðåäîâèùà», ùî áóëà ïðèéíÿòà â ñ³÷í³ 1994 ðîêó [3; 2].
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Òàêèì ÷èíîì, óçàãàëüíþþ÷è íàâåäåíèé ìàòåð³àë, ìîæíà ïðèé-
òè äî òàêèõ âèñíîâê³â òà ïðîïîçèö³é:

1. Ìåðåæà ã³äðîìåòåîðîëîã³÷íèõ ñïîñòåðåæåíü â Óêðà¿í³ º ñêëàä-
íîþ áàãàòîïðîô³ëüíîþ ³ áàãàòîôóíêö³îíàëüíîþ ñèñòåìîþ, ùî çàðàç
ïåðåáóâàº ó íåïðîñòîìó ñòàí³. Âîäíî÷àñ ìåðåæà ïðîäîâæóº âèêî-
íóâàòè ïîêëàäåí³ íà íå¿ ôóíêö³¿ çàáåçïå÷óâàòè êðà¿íó ã³äðîìåòå-
îðîëîã³÷íèìè ïðîãíîçàìè. Ðàçîì ç òèì, ôóíêö³îíóâàííÿ ìåðåæ³ ç
êîæíèì ðîêîì óñêëàäíþºòüñÿ ³ íàáëèæàºòüñÿ äî êðèòè÷íî¿ ìå-
ðåæ³. Âòðàòà ä³ºçäàòíîñò³ ìåðåæ³ çàãðîæóº êîëîñàëüíèìè çáèòêàìè,
ùî ìàº áóòè óñâ³äîìëåíà êåð³âíèöòâîì äåðæàâè.

2. Îòðèìàí³ â³ò÷èçíÿíèìè â÷åíèìè òà åêñïåðòàìè Ñâ³òîâîãî
áàíêó ðåçóëüòàòè ñâ³ä÷àòü ïðî ì³íëèâ³ñòü ìåòåîðîëîã³÷íèõ ÿâèù.
Çà îñòàíí³ ðîêè XX ñò. ³ ïî÷àòêó XXI ñò. â³äñòåæóºòüñÿ òåíäåíö³ÿ
äî çá³ëüøåííÿ ÷àñòîòè ìåòåîðîëîã³÷íèõ ÿâèù íà òåðèòîð³¿ êðà¿íè,
ÿêà ïîâ�ÿçàíà ç ãëîáàëüíèìè çì³íàìè êë³ìàòó.

3. Çà çì³ñòîì îòðèìàíèõ ðåçóëüòàò³â ôîðìóþòüñÿ ïåðåêîíëèâ³
âèñíîâêè ïðî çàëåæí³ñòü â³ä ïîãîäíèõ óìîâ ðîçì³ùåííÿ êîæíî¿
ãàëóç³, ¿¿ ñòðóêòóðè, ÿê ñîö³àëüíî-åêîíîì³÷íî¿ åêîñèñòåìè, îñîáëè-
âîñòåé âèðîáíè÷î¿ ³ òåõíîëîã³÷íî¿ ä³ÿëüíîñò³, îáñÿã³â, ÿêîñò³ îò-
ðèìàíî¿ ïðîäóêö³¿, ïîãîäíèõ îáóìîâëåíèõ çáèòê³â â³ä ñòèõ³éíèõ òà
íåáåçïå÷íèõ ã³äðîìåòåîðîëîã³÷íèõ ÿâèù.

4. Äëÿ äîñÿãíåííÿ ìàêñèìàëüíîãî åôåêòó â³ä âèêîðèñòàííÿ
ñïðèÿòëèâèõ ïîãîäíèõ ³ êë³ìàòè÷íèõ óìîâ, çàïîá³ãàííÿ àáî çìåí-
øåííÿ çáèòêó ÷è éîãî ì³í³ì³çàö³¿ íåîáõ³äíå îá�ºäíàííÿ âîë³ ³
ìîæëèâîñòåé ï³äïðèºìö³â ³ îðãàí³â âèêîíàâ÷î¿ âëàäè ç òåõí³÷íèìè
çíàííÿìè ã³äðîìåòåîðîëîã³â, åêîëîã³â ³ åêîíîì³ñò³â. Äëÿ öüîãî
íåîáõ³äíî àêòèâ³çóâàòè ðîáîòó ó ñôåð³ ðîçðîáêè ³ âäîñêîíàëåííÿ
ãàëóçåâèõ ìåòîäèê ðîçðàõóíêó åêîíîì³÷íîãî åôåêòó (åêîíîì³÷í³é
åôåêòèâíîñò³, âèêîðèñòàííÿ ã³äðîìåòåîðîëîã³÷íî¿ ³íôîðìàö³¿ ³
ïðîãíîç³â, à òàêîæ ó íàïðÿì³ ñèñòåìàòèçàö³¿ çáîðó â³äîìîñòåé ïðî
åêîíîì³÷í³ çáèòêè ÿê â³ä îêðåìèõ ã³äðîìåòåîðîëîã³÷íèõ ÿâèù äëÿ
åêîíîì³êè â ö³ëîìó, òàê ³ çà ãàëóçåâîþ îçíàêîþ, òîáòî øëÿõîì
óçàãàëüíåííÿ çáèòê³â ó êîíêðåòí³é ãàëóç³ â³ä âñ³õ âèä³â íåáåçïå÷-
íèõ ã³äðîìåòåîðîëîã³÷íèõ ÿâèù ³ íåñïðèÿòëèâèõ óìîâ ïîãîäè.

5. Â ãàëóç³ ñòðàõóâàííÿ ñ³ëüñüêîãîñïîäàðñüêèõ ðèçèê³â, òà é íå
ò³ëüêè â ö³é ãàëóç³, óðÿäîâèì ³íñòèòóö³ÿì áóëî á äîö³ëüíî: çàáåç-
ïå÷èòè óñóíåííÿ äåô³öèòó ðèíêîâèõ ³íñòðóìåíò³â ó àãðîïðîìèñ-
ëîâîìó êîìïëåêñ³; âïðîâàäèòè çàõîäè ñòèìóëþâàííÿ ñ³ëüñüêîãîñ-
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ïîäàðñüêèõ âèðîáíèê³â äî ó÷àñò³ ó ñòðàõóâàíí³; ðîçðîáèòè êîìï-
ëåêñ çàõîä³â ùîäî ï³äâèùåííÿ ñòðàõîâî¿ êóëüòóðè ãðîìàäÿí ³
ï³äïðèºìñòâ; çâàæàþ÷è íà íèçüê³ îáñÿãè ³ íåäîñêîíàë³ñòü ñòðóê-
òóðè àêòèâ³â ÷è êàï³òàëó ñòðàõîâèõ êîìïàí³é ðîçðîáèòè ïðîåêò
Çàêîíó Óêðà¿íè «Ïðî ôîíä ãàðàíòóâàííÿ ñòðàõîâèõ âèïëàò».

6. ßê îñíîâíèé ïð³îðèòåò ó ã³äðîìåòåîðîëîã³÷í³é ñôåð³, íåîá-
õ³äíî â ñòèñë³ òåðì³íè çàâåðøèòè ðîçðîáêó Äåðæàâíî¿ íàóêîâî-
òåõí³÷íî¿ ïðîãðàìè òåõí³÷íîãî ³ òåõíîëîã³÷íîãî ðîçâèòêó ã³äðîìå-
òåîðîëîã³÷íî¿ ñëóæáè ³ ïðèñòóïèòè äî ¿¿ ðåàë³çàö³¿. Ïðè öüîìó
âîíà ïîâèííà ïåðåäáà÷àòè, ñåðåä ³íøîãî: íàëåæíèé õàðàêòåð çáîðó
ìåòåîðîëîã³÷íî¿ ³ ñïîð³äíåíî¿ ³íôîðìàö³¿ ³ ïîñò³éíîãî óïðàâë³ííÿ
íåþ äëÿ çàáåçïå÷åííÿ ï³äòðèìêè ïðîâåäåííþ äîñë³äæåíü ÷óòëè-
âîñò³ ³ óðàçëèâîñò³ ñóñï³ëüñòâà; ïðîâåäåííÿ ì³æäèñöèïë³íàðíèõ
äîñë³äæåíü äëÿ âèçíà÷åííÿ íàö³îíàëüíîãî ðèçèêó ³ óðàçëèâîñò³ íà
ð³âí³ ñóñï³ëüñòâà; ðîçðîáêó íàëåæíèõ íàö³îíàëüíèõ âèä³â ïîë³òèêè
ïëàíóâàííÿ ³ ñòðàòåã³é ðåàãóâàííÿ, ùî âðàõîâóþòü íåîáõ³äí³ñòü
çìåíøåííÿ óðàçëèâîñò³; ñâîº÷àñí³ñòü íàäàííÿ óñòàíîâàì, ùî óõâà-
ëþþòü ð³øåííÿ, îáñëóãîâóâàííÿ ó âèãëÿä³ ìåòåîðîëîã³÷íî¿ ³ ñïî-
ð³äíåíî¿ ³íôîðìàö³¿ ³ ðàíí³õ ïîïåðåäæåíü; ðîçðîáêó ³ óí³ô³êàö³þ
ïîíÿò³éíîãî àïàðàòó â ñôåð³ íåáåçïå÷íèõ ìåòåîðîëîã³÷íèõ ÿâèù,
à òàêîæ â êë³ìàòîëîã³¿ òîùî.

* * *
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¹ 794 «Ïðî íåâ³äêëàäí³ çàõîäè ùîäî çìåíøåííÿ íåãàòèâíîãî âïëè-
âó ïîñóõè òà çàáåçïå÷åííÿ ôîðìóâàííÿ ðåñóðñ³â çåðíà âðîæàþ 2007
ðîêó».

7. Íàñòàíîâà ïî ñëóæá³ ïðîãíîç³â òà ïîïåðåäæåíü ïðî íåáåçïå÷í³ ³
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ëàñ. Àòëàñ-ìîíîãðàô³ÿ. � ×Ê.: Âàðòà, 2006. � 220 ñ.

11. Âàñèëüåâ À.À. Ïðîãíîç ïîãîäû: ñîñòîÿíèå è ïåðñïåêòèâû. //
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ÝÔÔÅÊÒÈÂÍÎÅ, ÁÛÑÒÐÎÅ È ÁÅÇÎÏÀÑÍÎÅ ÒÓØÅÍÈÅ
ÏÎÆÀÐÎÂ ÍÀ ÑÊËÀÄÀÕ ÁÎÅÏÐÈÏÀÑÎÂ

Â.Ä. Çàõìàòîâ,  ä-ð òåõí. íàóê, ïðîô.,
(Èíñòèòóò òåëåêîììóíèêàöèé è ãëîáàëüíîãî

èíôîðìàöèîííîãî ïðîñòðàíñòâà ÍÀÍ Óêðàèíû)

Îïèñûâàþòñÿ ñîâðåìåííûå òåõíîëîãèè ëîêàëèçàöèè îãíÿ è ìà-
øèííîå îáîðóäîâàíèå äëÿ ïîæàðíûõ ÷àñòåé. Èñïîëüçîâàíû íîâûå
èìïóëüñíûå âûñîêîîáúåìíûå îãíåáîðíûå óñòðîéñòâà, ñìîíòèðîâàí-
íûå øàññè òàíêà T-55 (ëèáî ìîäèôèêàöèÿõ T-55), ïðîèçâåäåíî ýêñïå-
ðèìåíòàëüíóþ ïàðòèþ óñòðîéñòâ (ñâûøå 30 åäèíèö) è õîðîøî ïðîâå-
ðåíî ïîæàðíûìè ÷àñòÿìè â âîåííî-ïîëåâûõ óñëîâèÿõ è íà ðåàëüíûõ
ïîæàðàõ. Áîëåå 20 óñòðîéñòâ ðàáîòàþò íà ðîññèéñêèõ çàâîäàõ è âî-
åííûõ áàçàõ, 7 åäèíèö ðàáîòàþò â óêðàèíñêèõ ïîæàðíûõ êîìàíäàõ,
çàùèùàþùèõ õèìè÷åñêèå è íåôòå-ãàçîâûå îáúåêòû.

Îïèñàí³ ñó÷àñí³ òåõíîëîã³¿ ëîêàë³çàö³¿ âîãíþ òà ìàøèíå îáëàäíàííÿ
äëÿ ïîæåæíèõ ÷àñòèí. Âèêîðèñòàí³ íîâ³ ³ìïóëüñí³ âèñîêîîá�ºìí³ âîãíå-
áîðí³ ìàøèíè, çìîíòîâàí³ íà øàñ³ òàíêó Ò-55 (àáî éîãî ìîäèô³êàö³¿),
âèãîòîâëåíî åêñïåðèìåíòàëüíó ïàðò³þ ìàøèí (ïîíàä 30 îäèíèöü) òà
äîñêîíàëî ïåðåâ³ðåíî ïîæåæíèìè ÷àñòèíàìè ó â³éñüêîâî-ïîëüîâèõ óìî-
âàõ òà íà ðåàëüíèõ ïîæåæàõ. Ïîíàä 20 ìàøèí ïðàöþþòü íà ðîñ³éñüêèõ
çàâîäàõ òà â³éñüêîâèõ áàçàõ, 7 ìàøèí ïðàöþþòü â óêðà¿íñüêèõ ïîæåæíèõ
êîìàíäàõ, ÿê³ çàõèùàþòü õ³ì³÷í³ òà íàôòî-ãàçîâ³ îá�ºêòè.

The modern technologies for fire localization and machinery of ammunition
storages describes here. Using new pulse fire-fighting multibarrels units,
mounted on the T-55 (or T-55 series) tank-chassies, where produced pilot
party (over 30 units) and well tested at the military field-ranges and on the
real fires by ammunition storages. Over 20 units work at russian military
plants and depots, 7 units work at ukrainian fire-brigades protecting chemical
and oil-gas objects as well.

Îäíîé èç íàèáîëåå ñëîæíûõ, äî ñèõ ïîð ýôôåêòèâíî íåðåøåí-
íûõ çàäà÷ äëÿ Ìèíèñòåðñòâà Îáîðîíû Óêðàèíû ÿâëÿåòñÿ äîñòà-
òî÷íî áûñòðîå, ñâîåâðåìåííîå òóøåíèå ïîæàðîâ íà ñêëàäàõ

 Â.Ä. Çàõìàòîâ,  2008
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áîåïðèïàñîâ, ñïîñîáíîå ïðåäîòâðàòèòü âçðûâû áîåïðèïàñîâ, íà÷è-
íàþùèåñÿ ñ 10 ìèíóòû îò íà÷àëà ïîæàðà.

Â íàñòîÿùåå âðåìÿ ïîæàðíûå íå ìîãóò òóøèòü ãîðÿùèå øòà-
áåëÿ áîåïðèïàñîâ, êîòîðûå ïîëíîñòüþ âûãîðàþò, à ñíàðÿäû âçðû-
âàþòñÿ, êàê ýòî áûëî â Ëîçîâîé, Íîâîáîãäàíîâêå è â öåëîì ðÿäå
äðóãèõ óêðàèíñêèõ àðñåíàëîâ, áàç, ñêëàäîâ (1.2).

Ôàêòè÷åñêè, ïîæàðíûå ëèøü íàáëþäàþò çà ïîëíûì âûãîðàíèåì
øòàáåëåé ñ áîåïðèïàñàìè è ïðè ýòîì ïûòàþòñÿ ëèøü ëîêàëèçîâàòü
ïîæàð, ò. å. íå äàòü åìó ïåðåêèíóòüñÿ (ðàñïðîñòðàíèòüñÿ) íà ñîñåä-
íèå øòàáåëÿ. Íî êîãäà â ãîðÿùåì øòàáåëå íà÷èíàþò ðâàòüñÿ áî-
åïðèïàñû, òî äàæå ýòî ïàññèâíîå «òóøåíèå» íåìåäëåííî ïðåêðàùà-
åòñÿ, è ïîæàðíûå áûñòðî ýâàêóèðóþòñÿ çà íåñêîëüêî êèëîìåòðîâ îò
âçðûâàþùèõñÿ øòàáåëåé. Ýòî åùå èäåàëüíûé âàðèàíò, êîãäà äåëà-
þòñÿ õîòÿ áû ïîïûòêè ïîòóøèòü ïîæàð. Êàê ïðàâèëî, ïîæàðíûå
íå çíàþò, êîãäà íà÷àëñÿ ïîæàð, îíè ëèøü ôèêñèðóþò åãî ñ íåêîåé
ñòàäèè åãî ðàçâèòèÿ. Ýêñïåðèìåíòàëüíûå ïîëèãîííûå, íàòóðíûå
èññëåäîâàíèÿ, ïðîâåäåííûå â 80 ãîäàõ â ÑÑÑÐ, ïîçâîëèëè óñòàíî-
âèòü, ÷òî âçðûâû áîåïðèïàñîâ íà÷èíàþòñÿ ÷åðåç 8�12 ìèíóò (íå
ðàíåå 8, íî íå ïîçäíåå 12 ìèíóò) îò íà÷àëà ãîðåíèÿ. Òàê êàê
ïîæàðíûå íå çíàþò òî÷íî, êîãäà íà÷íóò âçðûâàòüñÿ áîåïðèïàñû â
ãîðÿùåì øòàáåëå, òî îíè â áîëüøèíñòâå ñëó÷àåâ íå ðèñêóþò ïðè-
áëèæàòüñÿ ê íåìó è èìåþò íà ýòî âñå îñíîâàíèÿ, òàê êàê íå
îáëàäàþò òåõíèêîé, ñïîñîáíîé îáåñïå÷èòü áåçîïàñíîå è ýôôåêòèâ-
íîå òóøåíèå ãîðÿùåãî øòàáåëÿ ñ áîåïðèïàñàìè (1, 2, 3).

Êàê ïîêàçûâàåò àíàëèç ðàçâèòèÿ ïîæàðà øòàáåëåé áîåïðèïàñîâ
íà 61-ì àðñåíàëå ïîä Ëîçîâîé, ñîâðåìåííûå ìåðû èõ ïðåäóïðåæ-
äåíèÿ íåýôôåêòèâíû. Ãëóáîêèå îáâàëîâêè âîêðóã õðàíèëèù, ñè-
ñòåìû ãðîìîîòâîäîâ, êðóãëîñóòî÷íîå âèäåî íàáëþäåíèå íå ñïàñàþò
îò ðàñïðîñòðàíåíèÿ ëåñíîãî è ñòåïíîãî ïîæàðà íà òåððèòîðèþ
áàçû, àðñåíàëà, îñîáåííî ïðè ñèëüíîì âåòðå, à òàêæå íå ìîãóò
ñïàñòè îò êâàëèôèöèðîâàííî ïðîâåäåííîãî äèâåðñèîííîãî èëè
òåððîðèñòè÷åñêîãî ïîäæîãà. Ïðè ýòîì íå ïîìîãàåò è ðàçêîìïëåê-
òàöèÿ áîåïðèïàñîâ � õðàíåíèå áîåâûõ ÷àñòåé îòäåëüíî îò âçðû-
âàòåëåé � òàê êàê çàðÿäû âçðûâ÷àòîãî âåùåñòâà â áîåâûõ ãîëîâêàõ
èëè ïîðîõà â ãèëüçàõ âçðûâàþòñÿ îò íàãðåâà, à íå îò ñðàáàòûâàíèÿ
âçðûâàòåëåé èëè êàïñþëåé âîñïëàìåíèòåëåé.

Äëÿ òóøåíèÿ ïîæàðà ïðèâåçëè 5 «ïîæàðíûõ òàíêîâ» � ãóñå-
íè÷íûõ ïîæàðíûõ ìàøèí ÃÏÌ-54, ñîñòîÿùèõ èç ðàçáðîíèðîâàí-
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íîãî òàíêîâîãî øàññè, ôàêòè÷åñêè ëèøåííîãî ýôôåêòèâíûõ ñðåäñòâ
çàùèòû ýêèïàæà è ìîòîðíîãî îòäåëåíèÿ, öèñòåðíû ñ 9 òîííàìè
âîäû è ìàëîìîùíîãî ëàôåòíîãî ñòâîëà ñ äàëüíîñòüþ äåéñòâèÿ äî
10�15 ìåòðîâ. Â ñðåäó íà òóøåíèå ïîñëàëè îäèí «òàíê», íî îí
áûñòðî âûøåë èç ñòðîÿ (âåðîÿòíî, èç-çà ïåðåãðåâà äâèãàòåëÿ ïîä
âîçäåéñòâèåì òåïëîâûõ èçëó÷åíèé è ðàáîòû â àòìîñôåðå, îáåäíåí-
íîé êèñëîðîäîì è ñèëüíî çàãðÿçíåííîé. Ýòî òèïè÷íûå ïðè÷èíû
âûõîäà ýòèõ «ïîæàðíûõ òàíêîâ» èç ñòðîÿ). Â ÷åòâåðã (28 àâãóñòà)
ýòèõ ÃÏÌ-54 áûëî óæå 4, íî îíè íå ìîãëè ðàáîòàòü, ïîòîìó ÷òî
òåìïåðàòóðà â ðàéîíå ïîæàðà áûëà äëÿ íèõ ñëèøêîì âûñîêîé. Äëÿ
÷åãî îíè òîãäà âîîáùå íóæíû (5). (ñì. «Ãàçåòà ïî Êèåâñêè»
¹ 196 (1294) îò 29.08.2008 ã.) Ýòè íåäîñòàòêè ÃÏÌ-54 áûëè
îòìå÷åíû â ðÿäå ïðèêàçîâ ïî ÃÐÀÓ ÌÎ ÑÑÑÐ â 1983 ã. Íà èõ
îñíîâàíèè áûëè ïðèíÿòû ðåçîëþöèè î íåîáõîäèìîñòè ñîçäàíèÿ
íîâûõ áðîíèðîâàííûõ ïîæàðíûõ ìàøèí. Ðàáîòà íà ÃÏÌ-54 ïî
òóøåíèþ ðåàëüíûõ ãîðÿùèõ øòàáåëåé áîåïðèïàñîâ î÷åíü îïàñíà.
Íàïðèìåð, â 1982 ã. Íà êðóïíåéøåì àðñåíàëå ÃÐÀÓ â Éîøêàð-
Îëå ñãîðåëî äâå ÃÏÌ-54 ñ ýêèïàæàìè. Ïåðâàÿ ìàøèíà ñ îïûòíûì
âîäèòåëåì ïðàïîðùèêîì è îïåðàòîðîì ëàôåòíîãî ñòâîëà � íà÷àëü-
íèêîì îáúåêòîâîé ïîæàðíîé ÷àñòè òóøèëà ãîðÿùèé øòàáåëü ñ
íàèáîëåå ýôôåêòèâíîé äèñòàíöèè 10 ì. Ïðè ðàáîòå íàñîñà ìàøèíà
íå ìîæåò äâèãàòüñÿ. Êîãäà çàïàñ âîäû èññÿê, òî âñëåäñòâèå ñèëü-
íîãî çàäûìëåíèÿ äâèãàòåëü ìàøèíû çàãëîõ è åãî íå ñìîãëè
çàïóñòèòü. Îãîíü îò øòàáåëÿ îõâàòèë ìàøèíó. Âòîðàÿ ìàøèíà âî
ãëàâå ñ çàìåñòèòåëåì íà÷àëüíèêà ÷àñòè ïîåõàëà âûðó÷àòü ïåðâóþ,
ñáèëà ñ íåå ïëàìÿ, íî ó íåå òàêæå çàãëîõ äâèãàòåëü, è îáå ìàøèíû
áûëè îõâà÷åíû  ñèëüíîé âñïûøêîé âûáðîñîì ïëàìåíè è ñãîðåëè
ñ ýêèïàæàìè.

Àíàëèç ýòîãî ïðîèñøåñòâèÿ è ðÿäà ïðåäøåñòâîâàâøèõ åìó ìåíåå
òðàãè÷åñêèõ, íî òàêæå ñîïðîâîæäàâøèõñÿ ãèáåëüþ è òÿæåëûìè
îæîãàìè ÷ëåíîâ ýêèïàæåé ÃÏÌ-54 ïîçâîëèë âûÿâèòü îñíîâíûå
íåäîñòàòêè ýòèõ ìàøèí:

1) îòñóòñòâèå áðîíè � íàäåæíîé çàùèòû îò ïîïàäàíèÿ ñíàðÿäîâ,
êðóïíûõ îñêîëêîâ, îáðóøåíèé øòàáåëåé, ñòðîåíèé, çäàíèé è ïð.

2) ìàëûé ðàäèóñ ýôôåêòèâíîãî òóøåíèÿ äî 15�20 ì ïðè
êîìïàêòíîé âîäÿíîé ñòðóå, à ïðè òîíêîðàñïûëåííîé ñòðóå âîäû
äî 5�7 ì. Ìàëàÿ èíòåíñèâíîñòü ïîäà÷è âîäû äî 40 ë/ñ, áîëüøèå
óäåëüíûå ðàñõîäû ïðè ñòðóéíîì ïðîäîëæèòåëüíîì òóøåíèè, îò
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100 äî 1000 ë íà 1 êâ. ì ãîðÿùåé ïîâåðõíîñòè. Ýòî ïðåäïîëàãàåò
íåîáõîäèìîñòü äëèòåëüíîé ðàáîòû â î÷åíü îïàñíîé òðóäíîäîñòóï-
íîé çîíå � â íåïîñðåäñòâåííîé áëèçîñòè îò ïîæàðà èëè î÷àãà
âîçìîæíîãî âçðûâà. Ýòà çîíà èíòåíñèâíîãî ðàçðóøèòåëüíîãî äåé-
ñòâèÿ âçðûâíûõ âîëí, âûñîêîñêîðîñòíûõ îñêîëêîâ, âûñîêîé âåðî-
ÿòíîñòè ïðÿìîãî ïîïàäàíèÿ áîåïðèïàñîâ, òåïëîâûõ èçëó÷åíèé è
êîíâåêöèîííûõ ïîòîêîâ, ìàëîãî ñîäåðæàíèÿ êèñëîðîäà íåäîñòà-
òî÷íîãî äëÿ ñòàáèëüíîé ðàáîòû òàíêîâîãî äâèãàòåëÿ, îñîáåííî íà
âûñîêîé ìîùíîñòè, êîãäà ìàøèíå íàäî áûñòðî «âûñêî÷èòü» èç
îïàñíîé çîíû;

3) îòñóòñòâèå ñèñòåì î÷èñòêè âíåøíåãî âîçäóõà îò òîêñè÷íûõ
ãàçîâ, àýðîçîëåé, äûìà, îòñóòñòâèå òåïëîçàùèòíûõ ýêðàíîâ è ñèñòåì
îõëàæäåíèÿ ïóòåì îðîøåíèÿ âíåøíåé ïîâåðõíîñòè êîðïóñà òîí-
êîðàñïûëåííîé âîäîé;

4) ïðè ðàáîòå íàñîñà â òðóäíîäîñòóïíîé çîíå ìàðøåâûé äâèãàòåëü
èëè òðàíñìèññèÿ íå âêëþ÷åí, è ïîæàðíûé òàíê íå èìååò âîçìîæ-
íîñòè áûñòðî âûåõàòü � ðûâêîì «âûñêî÷èòü» èç îïàñíîé çîíû;

5) ìàëûé âîçèìûé çàïàñ âîäû, êîòîðîãî íå õâàòàåò íà ïîëíîå
òóøåíèå ãîðÿùåãî øòàáåëÿ áîåïðèïàñîâ äàæå ïîñëå 3�5 ìèíóò
ñâîáîäíîãî ãîðåíèÿ;

6) ïëîõàÿ óïðàâëÿåìîñòü ïðîöåññîì òóøåíèÿ âñëåäñòâèå ìàëîé
èíòåíñèâíîñòè ñòðóè, ìàëîé ïëîùàäè åå ôðîíòà, îòñóòñòâèÿ ñèñòåì
âèäåî êîíòðîëÿ ñòðóè âîäû ñ ìåñòà îïåðàòîðà â îáèòàåìîì îòäå-
ëåíèè òàíêà.

Ìàøèíà ÃÏÌ�54 óäà÷íî ìîäèôèöèðîâàíà â ×åõîñëîâàêèè íà
òàíêîðåìîíòíîì çàâîäå, åé ïðèñâîåíî íàèìåíîâàíèå «SPOT-55»
Íîâàÿ ãóñåíè÷íàÿ ïîæàðíàÿ ìàøèíà íà øàññè òàíêà Ò-55 èìååò
ðÿä ñåðüåçíûõ ïðåèìóùåñòâ ïî ñðàâíåíèþ ñ ÃÏÌ�54:

= Ïîâûøåíà åìêîñòü ñ öèñòåðíû ñ âîäîé � äî 12 òîíí.
= Ââåäåíî äâà ëàôåòíûõ ñòâîëà ñ ïîâûøåííîé èíòåíñèâíîñòüþ

ïîäà÷è âîäû äî 60 ë/ñ èç êàæäîãî ñòâîëà, ïðåäóñìîòðåíà çàìåíà
íàñîñà íà íîâûé îáðàçåö ñ èíòåíñèâíîñòüþ ïîäà÷è âîäû äî 90 ë/ñ
èç êàæäîãî ñòâîëà.

= Ðÿäîì ñ ëàôåòíûìè ñòâîëàìè ðàçìåùåíà òåëåêàìåðà, à â
îáèòàåìîì îòäåëåíèè � ýêðàí è ñèñòåìà äèñòàíöèîííîãî óïðàâ-
ëåíèÿ ñòâîëàìè,

= ×àñòè÷íî ñîõðàíåíà áðîíÿ, çàùèùàþùàÿ îáèòàåìîå îòäåëåíèå.
= Îáåñïå÷åíî ãèáêîå óïðàâëåíèå ñòåïåíüþ ðàñïûëåíèÿ âîäû,
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= Öèñòåðíà ñ âîäîé, ëàôåòíûå ñòâîëû è âèäåîêàìåðà ñêîìïî-
íîâàíû íà áàøåííîì îñíîâàíèè, âðàùàþùåìñÿ íà 360°, ÷òî ðàñ-
øèðÿåò âîçìîæíîñòè òóøåíèÿ è îáåñïå÷èâàåò ýâàêóàöèþ ìàøèíû
èç îïàñíîé çîíû.

= Ââåäåíà ñèñòåìà îðîøåíèÿ ðàñïûëåííîé âîäîé äëÿ ñâåòîòåï-
ëîçàùèòû êîðïóñà ìàøèíû.

 Äàííûå ïðåèìóùåñòâà çíà÷èòåëüíî ðàñøèðÿþò òàêòèêî-òåõíè-
÷åñêèå âîçìîæíîñòè ÑÏÎÒ ïî òóøåíèþ ðàçëè÷íûõ ïîæàðîâ ãðàæ-
äàíñêèõ è âîåííûõ îáúåêòîâ. Îäíàêî ýòèõ ïðåèìóùåñòâ íå äîñ-
òàòî÷íî äëÿ ýôôåêòèâíîãî, áåçîïàñíîãî òóøåíèÿ ãîðÿùèõ øòàáåëåé
áîåïðèïàñîâ è ñâîåâðåìåííîãî ïðåäîòâðàùåíèÿ ïåðåõîäà ïîæàðà
óêóïîðêè âî âçðûâ áîåïðèïàñîâ âíóòðè íåå.

Îäíîòèïíû ñ ýòèìè ïîæàðàìè ïîæàðû íà îáúåêòàõ äåðåâîîá-
ðàáàòûâàþùåé ïðîìûøëåííîñòè, áîðüáà ñ êîòîðûìè ÿâëÿåòñÿ òàêæå
âåñüìà òðóäíîðàçðåøèìîé çàäà÷åé è, êàê ïðàâèëî, ïîæàðíûå íå
òóøàò ãîðÿùèå øòàáåëÿ ëåñà, ïèëîìàòåðèàëîâ, à ïðåäîòâðàùàþò îò
âîçãîðàíèÿ ñîñåäíèå øòàáåëÿ. Êàê ïîêàçûâàåò ïðàêòèêà, ñîâðåìåí-
íûå ìåõàíè÷åñêèå, ïíåâìàòè÷åñêèå, ãèäðàâëè÷åñêèå óñòàíîâêè
ïîäà÷è îãíåòóøàùèõ ñîñòàâîâ íå îáåñïå÷èâàþò îïåðàòèâíîãî òó-
øåíèÿ ïîæàðîâ äàæå â íà÷àëüíîé ñòàäèè èõ ðàçâèòèÿ, âñëåäñòâèå
áîëüøîãî âðåìåíè (íå ìåíåå äåñÿòêîâ ìèíóò), òðåáóþùåãîñÿ íà
òðàíñïîðòèðîâêó è ðàçâåðòûâàíèå ïîæàðíîé òåõíèêè, à òàêæå íà
äîñòèæåíèå ðåæèìà ýôôåêòèâíîãî òóøåíèÿ ñ ìîìåíòà íà÷àëà ðàáîòû
òåõíèêè è ñîãëàñîâàíèå ñîâìåñòíîé ðàáîòû íåñêîëüêèõ ïîæàðíûõ
ìàøèí. Ñóùåñòâóþùàÿ òåõíèêà ïîæàðîòóøåíèÿ íå ìîæåò ýôôåê-
òèâíî áîðîòüñÿ òàêæå ñ ðàçâèòûìè ïîæàðàìè, âñëåäñòâèå ìàëûõ
âåëè÷èí ïàðàìåòðîâ îãíåòóøàùèõ ñòðóé: ìîùíîñòü, ñêîðîñòü,
äàëüíîñòü, ïëîùàäü ôðîíòà, ïðîíèêàþùàÿ ñïîñîáíîñòü. Ïðàêòè-
÷åñêè íåâîçìîæíî ñ ïîìîùüþ òðàäèöèîííûõ ìåòîäîâ è òåõíè÷åñ-
êèõ ñðåäñòâ ïîæàðîòóøåíèÿ ëîêàëèçîâàòü è ïîòóøèòü ïîæàð äàæå
îäèíî÷íîãî äåðåâÿííîãî øòàáåëÿ. Ìàëàÿ äàëüíîñòü òóøåíèÿ ïðè-
âîäèò ê íåîáõîäèìîñòè äëèòåëüíîé ðàáîòû â çîíå ïîðàæàþùåãî
âîçäåéñòâèÿ âçðûâà è ïëàìåíè ïîæàðà.

Íàèáîëåå ïåðñïåêòèâíûìè äëÿ ðåøåíèÿ ýòîé çàäà÷è íàì ïðåä-
ñòàâëÿþòñÿ ìíîãîñòâîëüíûå óñòàíîâêè èìïóëüñíîé ïîäà÷è îãíåòó-
øàùèõ ñîñòàâîâ  íà áàçå øàññè òàíêîâ Ò-54, Ò-55, Ò-62, äâóõîñ-
íûõ ïðèöåïîâ, ëàôåòîâ, äæèïîâ è ãðóçîâûõ àâòîìîáèëåé. Ýòè
óñòàíîâêè îáåñïå÷èâàþò áûñòðîå, ìîùíîå, ìíîãîêðàòíîå îãíåòó-
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øàùåå âîçäåéñòâèå, ãèáêî ðåãóëèðóåìîå ïî ñâîèì ïàðàìåòðàì:
ïëîùàäè ôðîíòà, èíòåíñèâíîñòè ïîäà÷è îãíåòóøàùåãî ñîñòàâà.

Åñòü âàæíàÿ ïðè÷èíà òîãî, ÷òîáû êðîìå ïîæàðíûõ òàíêîâ íà
àðñåíàëàõ íåîáõîäèìî ïðèìåíÿòü êîëåñíûå èìïóëüñíûå ïîæàðíûå
ìàøèíû, êîòîðûå çàâîäÿòñÿ è ïðèáûâàþò íà ìåñòî ïîæàðà çíà÷è-
òåëüíî áûñòðåå òàíêîâ íà ìèíóòû è äàæå íà äåñÿòêè ìèíóò. Ãó-
ñåíè÷íàÿ áðîíèðîâàííàÿ ïîæàðíàÿ ìàøèíà ìîæåò íå óñïåòü ïðåäîò-
âðàòèòü âçðûâ áîåïðèïàñîâ â øòàáåëå, íî çàòî îíà ìîæåò ýôôåêòèâíî
ðàáîòàòü â çîíå ïîðàæàþùåãî âîçäåéñòâèÿ âçðûâîâ. Ðåøåíèå ïî
ðàçðàáîòêå èìïóëüñíûõ ìíîãîñòâîëüíûõ óñòàíîâîê íà øàññè òàíêîâ
êàê ïðèíöèïèàëüíî êà÷åñòâåííî íîâîé òåõíèêè ïðèíÿòî Ãëàâíûì
ðàêåòíî-àðòèëëåðèéñêèì óïðàâëåíèåì ÌÎ ÑÑÑÐ ïîñëå ðÿäà ñëó÷à-
åâ ãèáåëè áðîíèðîâàííûõ ãóñåíè÷íûõ ïîæàðíûõ ìàøèí ÃÏÌ-54
ïðè òóøåíèè ðåàëüíûõ ïîæàðîâ íà áàçàõ áîåïðèïàñîâ.

Ïåðâàÿ ìíîãîñòâîëüíàÿ ïîæàðíàÿ  óñòàíîâêà íà ïîëîçüÿõ áûëà
èñïûòàíà â 1982 ã., è ñ òåõ ïîð ïðîäîëæàëèñü âñå áîëåå èíòåí-
ñèâíûå è îáúåìíûå ðàáîòû ïî ñîâåðøåíñòâîâàíèþ ìíîãîñòâîëü-
íûõ ñèñòåì â ïëàíå ïîâûøåíèÿ îïðåäåëÿþùèõ îãíåòóøàùóþ
ýôôåêòèâíîñòü îñíîâíûõ òàêòèêî-òåõíè÷åñêèõ õàðàêòåðèñòèê: ìàñ-
ñà ìåòàåìîãî ñîñòàâà, íà÷àëüíàÿ ñêîðîñòü ðàñïûëåíèÿ, âðåìÿ ïå-
ðåçàðÿæàíèÿ, áåçîòêàçíîñòü, íàäåæíîñòü ðàáîòû, äàëüíîáîéíîñòü,
ïðîíèêàþùàÿ ñïîñîáíîñòü, ïëîùàäü ôðîíòà ðàñïûëåííîãî îãíåòó-
øàùåãî ñîñòàâà. Óñòàíîâëåíû îïòèìàëüíûå êàëèáð è äëèíà  ñòâî-
ëà, ðàçðàáîòàíà êîìïîíîâêà ìíîãîñòâîëüíîé ñèñòåìû, ñîçäàíû
ýëåìåíòû ðàçäåëüíî-ãèëüçîâîãî çàðÿæåíèÿ: âûøèáíîé çàðÿä è
ãåðìåòè÷íàÿ öèëèíäðè÷åñêàÿ åìêîñòü-ãèëüçà, îáåñïå÷èâàþùàÿ
áûñòðîå çàðÿæåíèå â ñòâîë è äîëãîâðåìåííîå ãàðàíòèðîâàííîå äî
10�15 ëåò õðàíåíèå ëþáîãî îãíåòóøàùåãî ñîñòàâà ïîðîøêà, ãåëÿ,
æèäêîñòè, ñ ðàçëè÷íûìè õàðàêòåðèñòèêàìè: äèñïåðñíîñòüþ, óäåëü-
íûì âåñîì, ïëîòíîñòüþ, âÿçêîñòüþ, ñìà÷èâàåìîñòüþ, õèìè÷åñêîé
àêòèâíîñòüþ. Ýòî ïîçâîëÿåò ñîñðåäîòà÷èâàòü âî ìíîãèõ ìåñòàõ
äîñòàòî÷íûå çàïàñû îãíåòóøàùèõ áîåïðèïàñîâ âî ìíîãèõ ìåñòàõ,
à òàêæå ìîíòèðîâàòü çàðÿæåííûå ìíîãîñòâîëüíûå ìîäóëè íà ìíîãèõ
îïàñíûõ ó÷àñòêàõ, ëåãêî è ïðîñòî îáåñïå÷èâàòü èõ ìíîãîëåòíåå
íàõîæäåíèå â ðåæèìå îæèäàíèÿ. Âñåãäà è íåçàìåäëèòåëüíî îáåñ-
ïå÷èòü êîìáèíèðîâàííîå îãíåòóøàùåå âîçäåéñòâèå ñ ïîìîùüþ
íåñêîëüêèõ ïîñëåäîâàòåëüíûõ ñ ðåãóëèðóåìûìè èíòåðâàëàìè çàë-
ïîâ ðàçëè÷íûõ ðàñïûëåííûõ îãíåòóøàùèõ ñîñòàâîâ. Òîíêîäèñïåð-
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ñíîå, âûñîêîêîíöåíòðèðîâàííîå ðàñïûëåíèå ýòèõ ñîñòàâîâ ìîù-
íûìè, ñêîðîñòíûìè ãàçîâûìè ïîòîêàìè îáåñïå÷èâàåò èõ âûñîêî-
ýôôåêòèâíîå èñïîëüçîâàíèå â çîíàõ ãîðåíèÿ � íàä è âíóòðè
ðàñêàëåííîé ïîâåðõíîñòè ãîðÿùåãî ìàòåðèàëà ñ êîìïëåêñíûì âîç-
äåéñòâèåì, ñî÷åòàþùèì îäíîâðåìåííî ðàçðóøåíèå, îõëàæäåíèå âñåé
ñòðóêòóðû è îáúåìà çîíû ãîðåíèÿ è ïîäãîòîâêè ãîðåíèÿ. Ïðè
ýòîì îáåñïå÷èâàåòñÿ ïðîíèêíîâåíèå â ãîðÿùèå êîíñòðóêöèè ñî
ñëîæíîé êîíôèãóðàöèåé ïîâåðõíîñòè. Çíà÷èòåëüíûå, ïðèîðèòåò-
íûå èññëåäîâàíèÿ â îáëàñòè ìåõàíèêè è äèíàìèêè èìïóëüñíûõ
ìíîãîôàçíûõ ïîòîêîâ, à òàêæå âíóòðåííåé è âíåøíåé áàëëèñòèêè
âçðûâíûõ ìíîãîñòâîëüíûõ ñèñòåì ïîçâîëèëè óñòàíîâèòü ðÿä íî-
âûõ çàêîíîìåðíîñòåé ïðîöåññîâ îáðàçîâàíèÿ, ðàñïðîñòðàíåíèÿ è
îãíåòóøàùåãî âîçäåéñòâèÿ èìïóëüñíûõ ãàçîäèñïåðñíûõ ñòðóé è
ìíîãîñòðóéíûõ ïîòîêîâ. Íà îñíîâå àíàëèçà ýòèõ íîâûõ çàêîíî-
ìåðíîñòåé ðàçðàáîòàíû íîâûå, óíèêàëüíûå ìåòîäû ãèáêîãî è
îïåðàòèâíîãî óïðàâëåíèÿ ñêîðîñòüþ, êèíåòè÷åñêîé ýíåðãèåé, äàëü-
íîñòüþ, ìàñøòàáàìè, êðàòíîñòüþ è âèäîì � ìåõàíèçìîì âîçäåé-
ñòâèÿ îãíåòóøàùèõ ïîòîêîâ.

Êðîìå ýòîãî îòðàáîòàíû ìåòîäû ìíîãîöåëåâîãî çàùèòíîãî
âîçäåéñòâèÿ ïóòåì óïðàâëÿåìîãî, êîìáèíèðîâàííîãî ðàñïûëåíèÿ
ðàçëè÷íûõ çàùèòíûõ ñîñòàâîâ èç ìíîãîñòâîëüíûõ óñòàíîâîê. Òàêèì
îáðàçîì, îáåñïå÷èâàåòñÿ ïîñòàíîâêà ñâåòîòåïëîçàùèòíûõ çàâåñ
çàäàííûõ ðàçìåðîâ, êîíôèãóðàöèé è ñðåä, ïðåäîòâðàùàþùèõ âîñ-
ïëàìåíåíèÿ è âçðûâû ãàçîâûõ, ïàðîâûõ, ïûëåâûõ ñðåä. Îòðàáî-
òàíû ìåòîäû ñîçäàíèÿ ìîùíûõ, íàïðàâëåííûõ ïîòîêîâ, ñïîñîáíûõ
ðàçðóøèòü è ëîêàëèçîâàòü âûáðîñû àêòèâíûõ âåùåñòâ, à òàêæå
ëîêàëèçîâàòü àêòèâíûå ïûëè, àýðîçîëè íà ðàçíûõ ñëîæíûõ ïîâåð-
õíîñòÿõ. Ýòè ðåçóëüòàòû ïî êà÷åñòâåííî íîâîìó, êðóïíîìàñøòàá-
íîìó, ìíîãîïëàíîâîìó çàùèòíîìó âîçäåéñòâèþ ïîäòâåðæäåíû
àêòàìè ìíîãî÷èñëåííûõ ïîëèãîííûõ, ìåæâåäîìñòâåííûõ èñïûòà-
íèé, â òîì ÷èñëå è â ïðèñóòñòâèè ïðåäñòàâèòåëåé ðÿäà èíîñòðàí-
íûõ ôèðì (3, 4).

Èìïóëüñíûå ìíîãîñòâîëüíûå óñòàíîâêè äðóãèõ êîíñòðóêöèé,
íàïðèìåð, ïíåâìàòè÷åñêèå èëè 120 ìì ïîðîõîâûå, íå îáåñïå÷è-
âàþò áûñòðîãî è ýôôåêòèâíîãî ïðîöåññà ïîæàðîòóøåíèÿ. Â èþëå
1985 ã. â ã. Éîøêàð-Îëà, â èþíå 1987 ã. â ã. Áàëàêëåÿ ïðîâåäåíû
íàòóðíûå èñïûòàíèÿ ìíîãîñòâîëüíûõ óñòàíîâîê, ìàëîêàëèáåðíûõ
(120 ìì), 10-òè ñòâîëüíûõ óñòàíîâîê, ñòâîëû êîòîðûõ ñäåëàíû èç
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ñòàíäàðòíûõ ìèíîìåòíûõ òðóá, ñ ìàëîìîùíûìè âûøèáíûìè çà-
ðÿäàìè. Ýòè óñòàíîâêè îáåñïå÷èâàëè âûáðîñ ïîðîøêà ëèøü äî
15ì, ñîçäàâàëî íèçêîñêîðîñòíîå, ìàëîêîíöåíòðèðîâàííîå ãàçîïî-
ðîøêîâîå îáëàêî, íå ñïîñîáíîå îêàçàòü çàìåòíîãî îãíåòóøàùåãî
âîçäåéñòâèÿ íà ãîðÿùèé ïîëíîðàçìåðíûé øòàáåëü.

Â Áàëàêëåå íà áàçå àðñåíàëà áîåïðèïàñîâ èñïûòàíèÿ ïðîâîäè-
ëèñü â 1988 ã. Íà ïåðâîì ýòàïå, ìàé-èþíü, òóøèëîñü 5 ìîäåëüíûõ
øòàáåëåé òàðû � ÿùèêîâ ñ áîåïðèïàñàìè ðàçìåðàìè 12×6×3,5 ì
(12 ì ïî ôðîíòó, 6 ì â ãëóáèíó è 3,5 ì â âûñîòó) ñ ïîìîùüþ
òðàäèöèîííîé ïîæàðíîé òåõíèêè íà áàçå òàíêà ÃÏÌ-54, êîëåñíûõ
ïîæàðíûõ ìàøèí (ÀÏÖ-40), òóðáîðåàêòèâíîé óñòàíîâêè ÀÃÂÒ.
Ýòà òðàäèöèîííàÿ òåõíèêà íå ñóìåëà ïîòóøèòü 4 ãîðÿùèõ øòàáåëÿ
ïîñëå 8 ìèí. ñâîáîäíîãî ãîðåíèÿ. Øòàáåëÿ ïîëíîñòüþ ñãîðåëè çà
20�25 ìèí, ñîäåðæàùèåñÿ â íèõ íåñêîëüêî ãèëüç ñ ïîðîõîâûìè
çàðÿäàìè âçîðâàëèñü íà 10�12 ìèíóòàõ îò íà÷àëà ïîæàðà øòàáåëÿ
è áûëè ïîòóøåíû òîëüêî òîãäà, êîãäà ÿùèêè  îáðóøèëèñü è
ïðåâðàòèëèñü â ãðóäó ãîðÿùèõ îáëîìêîâ. Òàêæå èñïûòûâàëèñü
ñåðèéíûå èìïóëüñíûå óñòàíîâêè äðóãèõ êîíñòðóêöèé: îäíîñòâîëü-
íàÿ ïíåâìàòè÷åñêàÿ (êàëèáðîì 300 ìì), ñîäåðæàùàÿ äî 200 êã
îãíåòóøàùåãî ïîðîøêà, è äåâÿòèñòâîëüíàÿ ïîðîõîâàÿ óñòàíîâêà,
êàëèáðîì ñòâîëîâ 120 ìì, ñîäåðæàùàÿ ïî 15 êã ïîðîøêà â ñòâîëå.
Óñòàíîâêè ðàçðàáîòàíû â ÂÈÏÒØ ÌÂÄ ÑÑÑÐ íà êàôåäðå ä.ò.í.,
ïðîô. Àáäóðàãèìîâà È.Ì. è ñîñòîÿò íà âîîðóæåíèè ïðîòèâîôîí-
òàííûõ ÷àñòåé Ìèíãàçïðîìà (2, 3). Óñòàíîâêè ñëîæíû ïî êîíñò-
ðóêöèè, òðåáóþò íå ìåíåå 20 ìèí. íà ïåðåçàðÿæàíèå îäíîãî ñòâîëà
è îáåñïå÷èâàþò âûáðîñ îãíåòóøàùåãî ïîðîøêà íà äàëüíîñòü íå
áîëåå 15 ì. Ïðè èìïóëüñíîì ðàñïûëåíèè ïîðîøêà èç ýòèõ óñòà-
íîâîê ñîçäàâàëñÿ òîëüêî íèçêî ñêîðîñòíîé, ìàëîìîùíûé, ãàçîïî-
ðîøêîâûé ïîòîê, âðåìåííî ñáèâàþùèé ïëàìÿ, íî íå îáåñïå÷èâà-
þùèé òóøåíèÿ ãîðÿùèõ äåðåâÿííûõ ïîâåðõíîñòåé, ñ ðàçâèòûì
âûñîêîòåìïåðàòóðíûì, îáóãëåííûì ïîâåðõíîñòíûì ñëîåì.

Íà âòîðîì ýòàïå èñïûòàíèé â àâãóñòå 1988 ã. íà ïðèìåðå
òóøåíèÿ òðåõ øòàáåëåé ðàçìåðàìè 15×6,5×3,5 ì èñïûòûâàëèñü äâå
êðóïíîêàëèáåðíûå (ïî 200 ìì êàëèáð ñòâîëà) èìïóëüñíûå óñòà-
íîâêè, ðàçðàáîòàííûå àâòîðîì è ñìîíòèðîâàííûå íà øàññè çåíèò-
íûõ äâóõîñíûõ ëàôåòîâ: 25-òè ñòâîëüíàÿ îòêàòíàÿ è 30-òè ñòâîëü-
íàÿ áåçîòêàòíàÿ ñèñòåìû èìïóëüñíîãî ðàñïûëåíèÿ. Èñïûòûâàëàñü
òàêæå ñòàöèîíàðíàÿ ãèäðàâëè÷åñêàÿ óñòàíîâêà, ïîäàþùàÿ ñòðóþ
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âîäû ñ ðàñõîäîì äî 80 ë/ñ, ðàáîòàþùàÿ îò 2 ïîæàðíûõ ìàøèí ñ
íàñîñàìè ÀÏÖ-40. Èñïûòûâàëàñü òàêæå ãàçîòóðáèííàÿ óñòàíîâêà
ÀÃÂÒ, ñîñòîÿùàÿ èç òóðáîðåàêòèâíîãî äâèãàòåëÿ ñî ñìîíòèðîâàí-
íûìè íà ñîïëå 4 ñòâîëàìè ïîäà÷è âîäû. Âðåìÿ ñâîáîäíîãî ãîðå-
íèÿ øòàáåëÿ ñîñòàâëÿëî 8 ìèí. Äâàäöàòèïÿòèñòâîëüíàÿ îòêàòíàÿ
èìïóëüñíàÿ óñòàíîâêà çà 15 ñåê ñäåëàëà 3 çàëïà ïî 8 è 9 ñòâîëîâ
ñ ðàññòîÿíèÿ 25 ì ïî øòàáåëþ. Ïëàìÿ è äûì áûëè ñáèòû ïîë-
íîñòüþ ñ íàðóæíîé ïîâåðõíîñòè øòàáåëÿ. Ãàçîïîðîøêîâûå âûñî-
êîñêîðîñòíûå ìîùíûå ïîòîêè ïðîíèêëè âíóòðü øòàáåëÿ ïî ìåæ-
ÿùè÷íûì âåðòèêàëüíûì è ãîðèçîíòàëüíûì ùåëÿì, îêðóæèëè
øòàáåëü ñî âñåõ ñòîðîí, êàê áû îêóòàëè åãî ïëîòíîé îãíåòóøàùåé
ãàçîïîðîøêîâîé ñðåäîé. Âî âñåì îáúåìå øòàáåëÿ è âîêðóã íåãî íà
ðàññòîÿíèè 3�5 ì áûëà ñîçäàíà ïëîòíàÿ ãàçîïîðîøêîâàÿ ñðåäà
«Êîëïàê», ñ êîíöåíòðàöèåé, äîñòàòî÷íîé äëÿ òóøåíèÿ. Äîñòàòî÷íî
ïëîòíûé «Êîëïàê» ñóùåñòâîâàë íàä øòàáåëåì â òå÷åíèå 5�6 ìèí.
Â òå÷åíèå ýòîãî îòðåçêà âðåìåíè áûë ïåðåêðûò äîñòóï êèñëîðîäà
ê ãîðÿùèì ïîâåðõíîñòÿì, à îãíåòóøàùàÿ ãàçîïîðîøêîâàÿ ñðåäà
ïðîíèêëà ê ãîðÿùèì ïîâåðõíîñòÿì ïî ìåæÿùè÷íûì âåðòèêàëüíûì
è ãîðèçîíòàëüíûì ùåëÿì � äûìîõîäàì, ñëóæèâøèì ïóòÿìè ïîä-
ñîñà êèñëîðîäà è î÷àãîì ïîæàðà.

Äëÿ äîñòèæåíèÿ íàèáîëüøåãî ýôôåêòà ñî÷åòàíèÿ åñòåñòâåííîãî
è èñêóññòâåííîãî ãèäðîäèíàìè÷åñêîãî ïîäñîñà îãíåòóøàùåãî âèõ-
ðÿ â ïðîñòðàíñòâî ïîä øòàáåëåì, ÿâëÿþùååñÿ îñíîâíûì ïóòåì
ïîäà÷è îêèñëèòåëÿ ê î÷àãó ïîæàðà âíóòðè øòàáåëÿ, ïåðâûé è
âòîðîé çàëï îñóùåñòâèëè ïî 10 ñòâîëîâ èç äâóõ íèæíèõ ñòâîëü-
íûõ ðÿäîâ óñòàíîâêè. Ïðè ýòîì ñòâîëû çàäåéñòâîâàííûå â çàëïå
ðàñïîëàãàëèñü îòíîñèòåëüíî äðóã äðóãà â «åëî÷êó» èëè â øàõìàò-
íîì ïîðÿäêå � ïî 5 ñòâîëîâ èç íèæíåãî ðÿäà è âòîðîãî ðÿäà
ñíèçó. Ïðè ýòîì îãíåòóøàùèé âèõðü ñèëüíî íàñûùåííûé òîíêî-
ðàñïûëåííîé îãíåòóøàùåé ñðåäîé (âîäà, ãåëü, ðàñòâîðû èëè ïî-
ðîøîê îãíåòóøàùèé) ïëîòíî çàïîëíèëà âñå ïðîñòðàíñòâî ÷åðåç
êîòîðûé îñóùåñòâëÿåòñÿ âåíòèëÿöèÿ øòàáåëÿ èçíóòðè.  Çàòåì ýòîò
âèõðü çà ñ÷åò ñîáñòâåííîé êèíåòè÷åñêîé ýíåðãèè è ïðè ñîäåéñòâèè
âîçäóøíîãî íàïîðà åñòåñòâåííîé âåíòèëÿöèè çàïîëíèëà âñå âíóò-
ðåííåå ïðîñòðàíñòâî øòàáåëÿ è, â ïåðâóþ î÷åðåäü, çîíó ãîðåíèÿ.
Â ðåçóëüòàòå ïðîèçîøëî ýôôåêòèâíîå òóøåíèå � ñáèòî ïëàìÿ,
îõëàæäåíà (èíãèáèðîâàíû ïðè ðàñïûëå ïîðîøêà) êîíäåíñèðîâàí-
íàÿ (Ê) çîíà ãîðåíèÿ (îñíîâà ïðîöåññà ãîðåíèÿ äðåâåñèíû) è
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ñîçäàíà ïëîòíàÿ îãíåòóøàùàÿ ñðåäà, ïðåäîòâðàùàþùàÿ ïîâòîðíîå
âîñïëàìåíåíèå. Ïðè âàðèàíòå òóøåíèÿ òîëüêî ïîðîøêîì, íåîáõî-
äèìû äîïîëíèòåëüíûå çàëïû «øêâàëîì» � âèõðåì òîíêîðàñïû-
ëåííîé âîäû èëè ïðîäîëæèòåëüíàÿ ïîäà÷à âîäû èç òðàäèöèîííûõ
ðó÷íûõ èëè ëàôåòíûõ ñòâîëîâ, ò. ê. áåç äîñòèæåíèÿ äîñòàòî÷íî
ïîëíîãî îõëàæäåíèÿ Ê-çîíû íå ìîæåò áûòü äîñòèãíóòî îêîí÷à-
òåëüíîå òóøåíèå. Íàïðèìåð, ïîñëå 2-õ çàëïîâ ïîðîøêîâûìè âèõ-
ðÿìè (ïûëüíûå «ñìåð÷è») è ðàññåÿíèÿ îáðàçîâàâøåãîñÿ ãàçîïî-
ðîøêîâîãî îáëàêà íà øòàáåëü âëåç ïîæàðíûé ñ ðó÷íûì ñòâîëîì
è â òå÷åíèå 5�7 ìèíóò çàëèâàë 2�3 íåáîëüøèõ èñòî÷íèêà äûìà
� ïîòåíöèàëüíûõ î÷àãîâ ïîâòîðíîãî âîçãîðàíèÿ.

Çàòåì òîò æå øòàáåëü ðàçîæãëè ïîâòîðíî ñî âðåìåíåì ñâîáîä-
íîãî ãîðåíèÿ 12 ìèí. Îäíîâðåìåííûå çàëïû èç èìïóëüñíûõ
óñòàíîâîê, ðàñïîëîæåííûõ ïîä ïðÿìûì óãëîì ñ ôðîíòà 25 ñòâîëü-
íîé îòêàòíîé è ñ òîðöà øòàáåëÿ 30-ñòâîëüíîé óñòàíîâêàìè ïîçâî-
ëèëè ñáèòü îãîíü è ïîëíîñòüþ çàòóøèòü øòàáåëü âûáðîñîì ìàññû
òîíêîðàñïûëåííîé âîäû � ãàçîâîäÿíûì øêâàëîì. Ïðè òóøåíèè
ïîðîøêîâûì âèõðåì ñ 2 ñòîðîí ïîíàäîáèëàñü ðàáîòà ïîæàðíîãî ñ
ðó÷íûì ñòâîëîì â òå÷åíèå 2,5 ìèíóò. Ìîæåò âîçíèêíóòü âîïðîñ
� çà÷åì íóæíû ïîðîøêîâûå âèõðè, åñëè âîäÿíûå øêâàëû òóøàò
áûñòðåå è ýôôåêòèâíåå. Äåëî â òîì, ÷òî äàëüíîñòü äåéñòâèÿ
ïîðîøêîâîãî âèõðÿ â 1,5�1,7 ðàçà âûøå. Ïîýòîìó ïðè òóøåíèè
ðàçâèòîãî ïîæàðà ñ ñèëüíûì òåïëîñâåòîèçëó÷åíèåì è âûñîêîé
âåðîÿòíîñòè âñïûøåê � âûáðîñîâ ïëàìåíè è âçðûâîâ, íåîáõîäèìî
äåéñòâèå ïîðîøêîâîãî âèõðÿ ñ äàëüíåé, áåçîïàñíîé äèñòàíöèè
ñáèòü ïëàìÿ è óìåíüøèòü ïîðàæàþùåå âîçäåéñòâèå èçëó÷åíèÿ è
îáåñïå÷èòü ïîäõîä èìïóëüñíûõ óñòàíîâîê íà ýôôåêòèâíóþ äèñ-
òàíöèþ äåéñòâèÿ âîäÿíîãî øêâàëà.

Íà âòîðîì ýòàïå èñïûòàíèé ðàçîæãëè âòîðîé øòàáåëü è ñ äèñòàí-
öèè 25 ì ïîñëå 10 ìèí ñâîáîäíîãî ãîðåíèÿ ñ äèñòàíöèè 35 ì (èç 25
ñòâîëüíîé óñòàíîâêè) ïîòóøèëè ýòîò øòàáåëü çà 1 ìèí (54 ñ) òðåìÿ
çàëïàìè ïî 8 ñòâîëîâ ñîçäàâøèìè ïîñëåäîâàòåëüíûå øêâàëû òîíêî-
ðàñïûëåííîé âîäû ñ äîâîðîòîì ïî ãîðèçîíòàëè íà 5°  ïîñëå êàæäîãî
çàëïà òàê, ÷òîáû ýòè øêâàëû îõâàòèëè íå òîëüêî çîíó ãîðåíèÿ, à è
çíà÷èòåëüíûå îáúåìû ïîòåíöèàëüíî áûñòðîâîçãîðàåìîãî îáúåìà çàïîë-
íåííîãî ïðîãðåòîé äåðåâÿííîé óêóïîðêîé (ÿùèêàìè) âîêðóã çîíû
ãîðåíèÿ. Çàòåì øòàáåëü ñ õîðîøî ïðîïèòàííîé âîäîé ïîâåðõíîñòüþ
ñ òðóäîì ðàçîæãëè ïîâòîðíî, èñïîëüçîâàâ äëÿ ýòîãî áîëåå 60 ë
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áåíçèíà. Ýòî ñàìî ïî ñåáå ÿâëÿåòñÿ õîðîøèì äîêàçàòåëüñòâîì ýôôåê-
òèâíîñòè èìïóëüñíîãî òóøåíèÿ è ïðàêòè÷åñêîé íåâîçìîæíîñòè ïî-
âòîðíîãî âîçãîðàíèÿ ïîñëå ýòîãî òóøåíèÿ. Ïîñëå 10 ìèí. ñâîáîä-
íîãî ãîðåíèÿ îñóùåñòâèëè òóøåíèå ñ äèñòàíöèè 25 ì òðåìÿ
ïîñëåäîâàòåëüíûìè çàëïàìè ïî 10 ñòâîëîâ èç 30 ñòâîëüíîé óñòàíîâêè.

Àíàëèç äâóõ âèäîâ òóøåíèÿ ãîðÿùåãî øòàáåëÿ ïîðîøêîì è
òîíêîðàñïûëåííîé âîäîé ïîêàçàë áåññïîðíûå ïðåèìóùåñòâà ïîñ-
ëåäíåé, à òàêæå ðÿä ñëåäóþùèõ ïðåèìóùåñòâ ãàçîâîäÿíîãî òîíêî-
äèñïåðñíîãî øêâàëà:

= ýôôåêòèâíîå áûñòðîå îõëàæäåíèå âíåøíåé è âíóòðåííåé
ïîâåðõíîñòè ãîðÿùèõ ÿùèêîâ (óêóïîðêè) øòàáåëÿ, îáåñïå÷èâàþ-
ùåå ïîëíîå òóøåíèå âñåõ çîí ãîðåíèÿ � íà ïîâåðõíîñòè è â
îáúåìå, íàäåæíàÿ ëèêâèäàöèÿ âîçìîæíîñòè âçðûâà áîåïðèïàñîâ;

= áûñòðîå çáèòèå ïëàìåíè, îñàæäåíèå èëè óíîñ äûìà;
= îáåñïå÷åíèå ïîëíîé âèäèìîñòè âî âðåìÿ âñåãî ïðîöåññà

òóøåíèÿ, â îòëè÷èå îò ïîðîøêîâîãî òóøåíèÿ, êîãäà ïîðîøêîâîå,
íåïðîçðà÷íîå îáëàêî ñêðûâàåò øòàáåëü, è, ÷òî îñîáåííî âàæíî,
íåïîòóøåííûå ó÷àñòêè è î÷àãè ïîâòîðíîãî âîñïëàìåíåíèÿ. Ïðè
ïîñëåäîâàòåëüíîì òóøåíèè ïîðîøêîì è çàòåì âîäîé îáðàçîâàâøå-
åñÿ ïîñëå òóøåíèÿ ïîðîøêîâîå îáëàêî áûñòðî îñàæäàåòñÿ øêâàëîì
òîíêîðàñïûëåííîé âîäû è îáåñïå÷èâàåòñÿ âèäèìîñòü äëÿ ïðèöåëü-
íîãî øêâàëüíîãî âîçäåéñòâèÿ ïî î÷àãàì äûìà â øòàáåëå � ÿâíûì
ïðèçíàêàì  îáðàçóþùåãîñÿ ïîâòîðíîãî âîçãîðàíèÿ.

Òóøåíèå 3-ãî øòàáåëÿ ìîùíîé êîìïàêòíîé ñòðóåé âîäû áûëî
äëèòåëüíûì äî 40 ìèí è ïîòðåáîâàëî íå ìåíåå 10 ïîæàðíûõ
ìàøèí ÀÖ-40 ñ âîäîé. Ýòî îçíà÷àëî ôàêòè÷åñêèé íåóñïåõ òóøå-
íèÿ � íåâîçìîæíîñòü ïðåäîòâðàùåíèÿ ïåðåõîäà ãîðåíèÿ øòàáåëÿ
âî âçðûâ áîåïðèïàñîâ íà íåïîòóøåííîì ó÷àñòêå. Ê êîíöó òóøåíèÿ
øòàáåëü áûë ïîëíîñòüþ ðàçðóøåí îò ñî÷åòàíèÿ ïîæàðà è óäàðíîãî
âîçäåéñòâèÿ âîäÿíîé ñòðóè.

Øòàáåëü, êîòîðûé òóøèëñÿ ñ ïîìîùüþ ÀÃÂÒ, ñãîðåë áûñ-
òðåå âñåõ � ïðèìåðíî çà 4�5 ìèí ïîñëå íà÷àëà òóøåíèÿ, âñëåä-
ñòâèå òîãî, ÷òî òóøàùåå âîçäåéñòâèå èìåëî ëîêàëüíûé õàðàêòåð,
à ðàçäóòèå ïëàìåíè ìîùíûì ñïóòíûì ïîòîêîì âîçäóõà áûëî
òîòàëüíûì � èìåëî ãîðàçäî áîëüøèé â 10�20 ðàç ìàñøòàáà. Â
ðåçóëüòàòå âîêðóã îòíîñèòåëüíî íåáîëüøîé çîíû òóøåíèÿ ñóùå-
ñòâîâàëà â 3�5 ðàç áîëüøàÿ çîíà ñ èíòåíñèôèöèðîâàííûì ãîðå-
íèåì ñ áîëüøèì áåëûì ïëàìåíåì, â ðåçóëüòàòå ÷åãî ñóììàðíîå
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âîçäåéñòâèå ìîæíî áûëî êëàññèôèöèðîâàòü êàê íå òîëüêî íå
ýôôåêòèâíîå òóøåíèå, íî ñèëüíî ñïîñîáñòâóþùåå óñèëåíèþ ãî-
ðåíèÿ, è, êàê ñëåäñòâèå, ïåðåõîäó ãîðåíèÿ âî âçðûâ áîåïðèïàñîâ.
Â ðåçóëüòàòå øòàáåëü áûñòðî ñãîðåë è îáðóøèëñÿ. Øòàáåëü ñ
ðåàëüíûìè áîåïðèïàñàìè íåñîìíåííî âçîðâàëñÿ áû âî âðåìÿ òó-
øåíèÿ è óíè÷òîæèë ìàøèíû ñ ïîæàðíûìè: óñòàíîâêó ÀÃÂÒ,
íàñîñíûå ìàøèíû (2�3) è íå ìåíåå 10 òðåõòîííûõ àâòîöèñòåðí
åñëè íåò ïî áëèçîñòè ñòàöèîíàðíîãî èñòî÷íèêà âîäû.

Àíàëèç ðåçóëüòàòîâ ýêñïåðèìåíòîâ íå îñòàâèë ñîìíåíèé â òîì,
÷òî íàèáîëåå ýôôåêòèâíûé ìåòîä òóøåíèÿ èìïóëüñíîå òîíêîäèñ-
ïåðñíîå ðàñïûëåíèå âîäû ñðàçó ïî âñåìó ôðîíòó ó÷àñòêà ãîðåíèÿ
(ñî ñòîðîíû íàïðàâëåíèÿ çàëïà) ñ ìîùíûì ïðîíèêàþùèì ýôôåê-
òîì, îáåñïå÷èâàþùèì òîòàëüíîå ðàçðóøåíèå, îõëàæäåíèå è ðàç-
áàâëåíèå êîíäåíñèðîâàííîé çîíû ãîðåíèÿ. Ðàçðàáîòêà ìíîãîñòâîëü-
íûõ óñòàíîâîê íà øàññè ëàôåòîâ, ãðóçîâûõ àâòîìîáèëåé, òàíêîâ
è óíèòàðíûõ ãåðìåòè÷íûõ ïàòðîíîâ ñ ðàçëè÷íûìè îãíåòóøàùèìè
ñîñòàâàìè ïîçâîëèëî ðåàëèçîâàòü êîìáèíèðîâàííûé ñïîñîá èì-
ïóëüñíîãî òóøåíèÿ. Íàèáîëüøåé äàëüíîñòüþ âîçäåéñòâèÿ, ìîùüþ
è ïðîíèêàþùåé ñïîñîáíîñòüþ îáëàäàåò ãàçîïîðîøêîâûé èìïóëü-
ñíûé ïîòîê. Åäèíñòâåííûé åãî íå äîñòàòîê � ìàëàÿ îõëàæäàþùàÿ
ñïîñîáíîñòü, êîòîðàÿ ïðè èìïóëüñíîì ìåòîäå ïîäà÷è êîìïåíñèðó-
åòñÿ âûñîêîé ñêîðîñòüþ ïîòîêà, îáåñïå÷èâàþùåé ïðîíèêàþùåå
íàïûëåíèå ïîðîøêà â ïîâåðõíîñòü ãîðåíèÿ. Îäíàêî â øòàáåëå
ÿùèêîâ ñ áîåïðèïàñàìè ñëîæíàÿ ïîâåðõíîñòü ãîðåíèÿ, íà âñþ
ïëîùàäü êîòîðîé òðóäíî îáåñïå÷èòü äîñòàòî÷íî ìîùíîå, ðàçðóøà-
þùåå, è ïðîíèêàþùåå íàïûëåíèå ïîðîøêà. Ïîýòîìó ïåðâûå äâà
çàëïà ïîðîøêîì ïî 150�250 êã èç 8�10 ñòâîëîâ (15�25 êã
ïîðîøêà â êàæäîì ñòâîëå) îñóùåñòâëÿåòñÿ ñ äàëüíåé äèñòàíöèè è
îáåñïå÷èâàåò ñáèòèå ïëàìåíè, ëîêàëèçàöèþ î÷àãà, ñíèæàþò òåì-
ïåðàòóðó â øòàáåëå, ëèêâèäèðóþò âîçìîæíîñòü ðàçâèòèÿ ãîðå-
íèÿ âî âçðûâ áîåïðèïàñîâ. Ñíèæåíèå èíòåíñèâíîñòè òåïëîèçëó-
÷åíèÿ è âðåìåííàÿ  ëèêâèäàöèÿ âåðîÿòíîñòè âçðûâà ïîçâîëÿåò
ìíîãîñòâîëüíîé óñòàíîâêå áûñòðî ïîäúåõàòü ê øòàáåëþ è ñ ðàñ-
ñòîÿíèÿ 15�20 ì îñóùåñòâèòü îäèí-òðè çàëïà ðàñïûëåííîé âîäîé.
Òóìàíîîáðàçíûé ïî íåïðîçðà÷íîñòè, ìîùíûé ñêîðîñòíîé øêâàë ñ
øèðîêèì ôðîíòîì îêóòûâàåò øòàáåëü, ïðîíèêàåò âíóòðü åãî è
îáåñïå÷èâàåò ìîùíûé îáúåìíûé è ïîâåðõíîñòíûé îõëàæäàþùèé
ýôôåêòû ïî âñåé ïëîùàäè ãîðåíèÿ. Ïîñëåäíèé çàëï ìîæíî ñäå-
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ëàòü ïåíîîáðàçîâàòåëåì èëè çàãóùåííîé æèäêîñòüþ, íàëèïàþùåé
íà ïîòóøåííûå íàãðåòûå ïîâåðõíîñòè, èçîëèðóþùèé èõ îò ïðè-
òîêà òåïëà è îêèñëèòåëÿ è îêîí÷àòåëüíî ëèêâèäèðóþùèé âîçìîæ-
íîñòü ïîâòîðíîãî âîñïëàìåíåíèÿ.

Â îáúåêòîâûõ ïîæàðíî-ñïàñàòåëüíûõ ÷àñòÿõ ÌÍÑ Óêðàèíû
íàõîäèòñÿ ñåìü 50-òè ñòâîëüíûõ óñòàíîâîê «Èìïóëüñ 3Ì» íà
øàññè òàíêà Ò-62. Øàññè ïðåòåðïåëî íåìíîãî èçìåíåíèé: óáðàíû
áîåóêëàäêè äëÿ ñíàðÿäîâ è ïàòðîíîâ, ÷òî çàìåòíî óâåëè÷èëî ñâî-
áîäíûé îáúåì îáèòàåìîãî îòäåëåíèÿ òàíêà è îáåñïå÷èëî âîçìîæ-
íîñòü áûñòðîé, àâàðèéíîé ýâàêóàöèè èç ïîðàæåííîé ãîðÿùåé
ìàøèíû, ïîëíîñòüþ ñîõðàíåíà áðîíÿ, çàùèùàþùàÿ îò ñíàðÿäîâ,
îáðóøåíèé è êðóïíûõ îñêîëêîâ; ñèñòåìû ôèëüòðîâ î÷èñòêè âîç-
äóõà îò òîêñè÷íûõ, áàêòåðèîëîãè÷åñêèõ è ðàäèîàêòèâíûõ ïûëåé è
àýðîçîëåé. Ñíÿòèå ñ òàíêà áîåóêëàäîê è çàìåíà áàøíè ñ àðòèë-
ëåðèéñêèì îðóäèåì íà ìíîãîñòâîëüíóþ óñòàíîâêó ïîçâîëèëî îá-
ëåã÷èòü òàíê íà 5�7 òîíí. Â ñâîþ î÷åðåäü ýòî ïîâûøàåò ñêîðîñòü
è ìàíåâðåííîñòü ìàøèíû Èìïóëüñ 3Ì, à òàêæå ïîçâîëÿåò îñíà-
ñòèòü åå äîïîëíèòåëüíûì çàùèòíûì îáîðóäîâàíèåì: íàâåñíûå
òåïëîîòðàæàòåëüíûå ýêðàíû, èç òîíêèõ ìåòàëëè÷åñêèõ ëèñòîâ,
êðåïÿùèõñÿ íà ñòîéêàõ íà ðàññòîÿíèè 5�10 ñì îò áðîíè,  èìïóëü-
ñíûå ñèñòåìû âíåøíåãî îõëàæäåíèÿ ïóòåì îðîøåíèÿ áðîíè òîí-
êîðàñïûëåííîé âîäîé è âíóòðåííèå ñèñòåìû ïîæàðîâçðûâîçàùèòû
îáèòàåìîãî è ìîòîðíîãî îòäåëåíèÿ.

Ñòâîëû ìíîãîñòâîëüíîé óñòàíîâêè ìîãóò çàðÿæàòüñÿ ðàçëè÷íû-
ìè îãíåòóøàùèìè ñîñòàâàìè: æèäêîñòÿìè, ðàñòâîðàìè, ãåëÿìè,
ïîðîøêàìè è ñûïó÷èìè ìàòåðèàëàìè. Áëàãîäàðÿ ýòîìó îäíà ïî-
æàðíàÿ ìàøèíà âïåðâûå ìîæåò îñóùåñòâèòü ïîëíîñòüþ àâòîíîì-
íîå, êîìáèíèðîâàííîå ýôôåêòèâíîå òóøåíèå ðàçëè÷íûõ âèäîâ
ïîæàðîâ. Åñëè çàïàñû êîíòåéíåðîâ ñ îãíåòóøàùèìè ñîñòàâàìè
çàêîí÷èëèñü, à êîìïàêòíûå ðàñïûëèòåëüíûå ïàòðîíû åùå åñòü (â
áîåóêëàäêàõ äëÿ ñíàðÿäîâ âîçìîæíî ðàçìåñòèòü äî 500 ïàòðîíîâ
� 10 ïîëíûõ çàëïîâ, à êîíòåéíåðû ìîæåò ïîäâîçèòü òîëüêî
òðàíñïîðòíàÿ ìàøèíà) âîçìîæíî çàðÿæàòü ñòâîëû è ýôôåêòèâíî
ðàñïûëèâàòü èç íèõ ðàçëè÷íûå ïðèðîäíûå ìàòåðèàëû: ãðóíò, ãðÿçü,
ïåñîê, âîäà ëþáîé çàìóòíåííîñòè, ïûëü, ñíåã, ëåä è äð.

Òàêèì îáðàçîì, ðàáîòà äàííîé óñòàíîâêè â îòíîñèòåëüíî íå-
áîëüøîé ñòåïåíè çàâèñèò îò ïîäâîçà êîíòåéíåðîâ ñ îãíåòóøàùèì
ñîñòàâîì. Ïðè ïîëíîì ñðàáàòûâàíèè âñåõ ñòâîëîâ, íàïðèìåð 5
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çàëïîâ ïî 10 ñòâîëîâ, âîçìîæíî ïîòóøèòü øòàáåëü áîåïðèïàñîâ
çà âðåìÿ íå áîëåå 1 ìèí ïîñëå 10 ìèí ñâîáîäíîãî ãîðåíèÿ
øòàáåëÿ. Òàêóþ ðàáîòó çà 10�15 ìèí ìîãóò âûïîëíèòü íå ìåíåå
4-õ òðàäèöèîííûõ ïîæàðíûõ òàíêîâ ÃÏÌ-54. Ýòîãî êîëè÷åñòâà
ïîæàðíûõ òàíêîâ íåò íè íà îäíîì óêðàèíñêîì àðñåíàëå è òðóäíî
ðåàëèçîâàòü íà ïðàêòèêå èõ ñîãëàñîâàííóþ ðàáîòó ïî ãîðÿùåìó
øòàáåëþ íà îòêðûòîé ìåñòíîñòè, à ïî øòàáåëþ âíóòðè îáâàëîâêè
ìîãóò îäíîâðåìåííî ðàáîòàòü íå ìåíåå 2-õ ìàøèí ÃÏÌ-54 èëè
Èìïóëüñ-3Ì èëè èìïóëüñíûõ óñòàíîâîê  íà øàññè ïðèöåïîâ èëè
àðòèëëåðèéñêèõ ëàôåòîâ. Òàêèå 9�16 ñòâîëüíûå óñòàíîâêè ìîãóò
ñòîèòü â ïðåäåëàõ 10�15 òûñ. äîë. â òî âðåìÿ êàê ìàøèíà
Èìïóëüñ 3Ì ñòîèò äî 80 òûñ. äîë., à ìàøèíà ÃÏÌ-54 ñòîèò äî
120 òûñ. äîë. Ïðèöåïíûå ìíîãîñòâîëüíûå óñòàíîâêè ìîãóò òðàíñ-
ïîðòèðîâàòüñÿ ê ãîðÿùåìó øòàáåëþ ðàçëè÷íûìè ïîæàðíûìè è
äðóãèìè ìàøèíàìè, êîòîðûå ìîãóò áûñòðî äîñòàâèòü óñòàíîâêó íà
ïîçèöèþ òóøåíèÿ, à ñàìè  óäàëèòüñÿ â áåçîïàñíîå ìåñòî.

Âñå âèäû ìíîãîñòâîëüíûõ èìïóëüñíûõ ïîæàðíûõ óñòàíîâîê
óæå âûïóñêàëèñü è ìîãóò áûòü âûïóùåíû íà óêðàèíñêèõ çàâîäàõ
áåç èìïîðòíûõ êîìïëåêòóþùèõ. Âïîëíå ðåàëüíî çà 1�2 ãîäà
îñíàñòèòü ýòèìè óñòàíîâêàìè íàèáîëåå êðóïíûå áàçû è àðñåíàëû
áîåïðèïàñîâ, à çà 3�5 ëåò âñå îñòàëüíûå ñêëàäû áîåïðèïàñîâ íà
Óêðàèíå. Ýòî ïîçâîëèò ìíîãîêðàòíî ñíèçèòü âåðîÿòíîñòü êàòàñò-
ðîôè÷åñêèõ ïîæàðîâ è âçðûâîâ, êîòîðûå áûëè â Ëîçîâîé, Íîâî-
Áîãäàíîâêå è äð. Çàäà÷à âïîëíå ðåàëüíàÿ è ãîðàçäî áîëåå âàæíàÿ
äëÿ áîåñïîñîáíîñòè óêðàèíñêîé àðìèè è îáåñïå÷åíèÿ áåçîïàñíîñòè
ñòðàíû, ÷åì ïðîâåäåíèå ïàðàäîâ âîåííîé òåõíèêè, âîåííàÿ ïî-
ìîùü èíîñòðàííûì ãîñóäàðñòâàì èëè ïðîâåäåíèå äîðîãîñòîÿùèõ
þáèëååâ äàâíî ïðîøåäøèõ èñòîðè÷åñêèõ ñîáûòèé.
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Ìíîãîñòâîëüíûå ìîäóëè
Multibarrels modules

Ìíîãîñòâîëüíàÿ óñòàíîâêà ÎÃ-160 êã, ÂÂ-1,5�2 êã, S=200�400 ì2.

Ìíîãîñòâîëüíûé ìîäóëü àâòîìàòèçèðîâàííîé ñèñòåìû çàùèòû äëÿ
òåõíîëîãè÷åñêîé óñòàíîâêè íà íåôòå ãàçîâîé ïëàòôîðìå, â öåõó, íà

ïîðòîâîì òåðìèíàëå, íà òàíêåðå, â íàñîñíîé èëè êîìïðåññîðíîé
ñòàíöèè.

Multibarrels modules of the automated system of proptection for technological
instalation on an oil-and-gaas plsatform, in shop, on the port terminal, on

the tanker, in pump or compredssor station.
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Òóøåíèå øòàáåëåé ÿùèêîâ ñ áîåïðèïàñàìè ñ ÃÏÌ-54 ñ ëàôåòíûìè
ñòâîëàìè è çàïàñîì âîäû 9 ò.
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Âîçèìàÿ ìíîãîñòâîëüíàÿ
óñòàíîâêà íà ïèöåïå

(àðòèëëåðèéñêîì ëàôåòå)
êàê èñïîëíèòåëüí³é

ìîäóëü ñèñòåì³ çàùèò³.
Carrying multibarrels unit
mounted on the trailer or

gun-carriage as gun-
carriage as a module  for

protecting system.

25-è ñòâîëüíûé ìîäóëü ñî
ñòâîëàìè ìèíîìåòíîãî

òèïà.
25 barrels module with
barrels of mortal-type.

30-òè ñòâîëüíûé ìîäóëü
áåçîòàòíûé.

30 barrels module
not-recal.
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* * *

1. Êóïðèí Ã., ßêîâ÷óê Â. Ïîæàðû íà ñêëàäàõ áîåïðèïàñîâ // Æóðíàë
«Ïîæàðíîå äåëî», Ðîññèÿ, 1991. � ¹ 7. � Ñ. 22�24.

2. Ãîðíîñòàåâ À. Íóæåí íîâûé ïîäõîä // Æóðíàë «Ïîæàðíîå
äåëî», Ðîññèÿ, 1996. � ¹ 3. � Ñ. 37�39.

Ñòàäèè òóøåíèÿ ãîðÿùåãî øòàáåëÿ ÿùêîâ ñ áîåïðèïàñàìè
çàëïîì èç ìíîãîñòâîëüíîãî ìîäóëÿ
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ÄÎ ÀÂÒÎÐ²Â

Ïîâ³äîìëÿºìî âèìîãè äî îôîðìëåííÿ ñòàòåé:
= ìàòåð³àë, íàáðàíèé íà êîìï�þòåð³ â òåêñòîâîìó ðåäàêòîð³ Microsoft

Word for Windows âåðñ³¿ 6; 7 àáî 97 óêðà¿íñüêîþ àáî ðîñ³éñüêîþ
ìîâàìè íà äèñêåò³ 3,5'' ç ðîçäðóêîâàíèì îäíèì ïðèì³ðíèêîì;

= îá�ºì òåêñòó íå ìåíøå 3 ñòîð³íîê (40 ðÿäê³â íà 1 ñòîð³íêó) áåç
âðàõóâàííÿ ðèñóíê³â, òàáëèöü, ñõåì;

= øðèôò òåêñòó Arial Cyr 12 ïò, ì³æðÿäêîâèé ³íòåðâàë 17 ïò,
áåðåãè � ë³âîðó÷ ³ çíèçó � 25 ìì, ïðàâîðó÷ ³ çâåðõó 20 ìì;

= ³ëþñòðàòèâíèé ìàòåð³àë ïîäàºòüñÿ â ÷îðíî-á³ë³é ë³í³éí³é ãðàô³ö³
íà ïàïåð³ òà íà äèñêåò³ ó ôîðìàò³ ÂÌÐ, TIF;

= äëÿ àâòîð³â áåç íàóêîâîãî ñòóïåíÿ äîäàºòüñÿ ðåöåíç³ÿ êàíäèäàòà
àáî äîêòîðà íàóê àáî ð³øåííÿ íàóêîâîãî ï³äðîçä³ëó (êàôåäðè,
ëàáîðàòîð³¿, â³ää³ëó);

= àíîòàö³ÿ óêðà¿íñüêîþ, ðîñ³éñüêîþ òà àíãë³éñüêîþ ìîâàìè;
= äîâ³äêà ïðî àâòîðà (àâòîð³â) ç ïîäàííÿì êîíòàêòíèõ òåëåôîí³â

(ðîáî÷îãî, äîìàøíüîãî).
Ñòàòò³ ïîâèíí³ â³äïîâ³äàòè âèìîãàì ïîñòàíîâè ïðåçèä³¿ ÂÀÊ

Óêðà¿íè ¹7-05/1 â³ä 15.01.2003 ð. «Ïðî ï³äâèùåííÿ âèìîã äî
ôàõîâèõ âèäàíü, âíåñåíèõ äî ïåðåë³ê³â ÂÀÊ Óêðà¿íè», à ñàìå
ì³ñòèòè:
= ïîñòàíîâêó ïðîáëåìè ó çàãàëüíîìó âèãëÿä³ òà ¿¿ çâ�ÿçîê ³ç

âàæëèâèìè íàóêîâèìè ÷è ïðàêòè÷íèìè çàâäàííÿìè;
= àíàë³ç îñòàíí³õ äîñë³äæåíü ³ ïóáë³êàö³é, â ÿêèõ çàïî÷àòêîâàíî

ðîçâ�ÿçàííÿ äàíî¿ ïðîáëåìè òà íà ÿê³ ñïèðàºòüñÿ àâòîð, âèä³-
ëåííÿ íåâèð³øåíèõ ðàí³øå ÷àñòèí çàãàëüíî¿ ïðîáëåìè, êîòðèì
ïðèñâÿ÷óºòüñÿ îçíà÷åíà ñòàòòÿ;

= ôîðìóëþâàííÿ ö³ëåé ñòàòò³ (ïîñòàíîâêà çàâäàííÿ);
= âèêëàä îñíîâíîãî ìàòåð³àëó äîñë³äæåííÿ ç ïîâíèì îá´ðóíòóâàí-

íÿì îòðèìàíèõ íàóêîâèõ ðåçóëüòàò³â;
= âèñíîâêè ç öüîãî äîñë³äæåííÿ ³ ïåðñïåêòèâè ïîäàëüøèõ ðîç-

â³äîê ó äàíîìó íàïðÿì³.
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