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In Memory of N. P. Smirnov, 
phenologist and philosopher.

Listing some of the terms and concepts in the field of phenology that the author has worked 
out seems purposeful for the following reasons:

1) they are distinctive contributions to the theory of phenology which has not yet been 
adequately elaborated;

2) they contribute to the theory of ecology, physical and regional geography and environmental 
protection;

3) they border on the concerns of an entire complex of biosphere Sciences;
4) they are a personal summary of the authofs many years of phenological research. 
The materials presented are excerpts, usually in a near verbatum manner, of my previous

publications. In many cases the contents of particular concepts and terms “overlap”, mutually tie in. 
Introducing precise boundaries between them would be impossiblc for meritorial reasons. This fact 
would seem justified if we take into account a fundamental truth: on the one hand the unity of life 
processes and the artificiality of all attempts to pigeon-hole them on the other.

Below are given the names of the concepts, terms and formulations to be discussed with the 
notation (in brackets) of the number of the position in the literaturę from which it has been taken:

1. The definition of phenology (3, 4, 4a).
2. “Phenological clocks of the biosphere” (10).
3. “Phenological accords” (1, 8, 9) and “Leading notes” (1, 2, 8, 9).
4. “Isophenotopes” (11).
5. “Phenological cross-sections” (5, 6) and “Complex isophenes” (8, 9).
6. “Phenological whorls” (7, 8, 9).
7. “The phenological fan” (8, 9).
8. “Phenological beats of the biosphere” (8, 9).
9. “The phenological maturity of the environment” (7).
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THE DEFINITION OF PHENOLOGY 
(PROPOSALS FOR A NEW UNDERSTANDING)

Phenology is a science about seasonal changes affecting the materiał 
unity of phenomena in organie and nonorganic naturę in the yearly cycle 
(4, 4a).

What kind of attributes does the definition have? — 1) it relies on relations in 
naturę as they actually are, where live plant and animal matter, as well as all the 
factors from the nonorganic environment intertwine and interpenetrate each 
other; 2) it eliminates a certain dualism that encroaches on the understanding of 
natural phenomena, when we speak e.g. of the “dependence of the organism on 
the habitat”. This expression suggests that the organism exists somehow 
separately as does the habitat, and that the latter influences the former from the 
outside in some way. In reality the habitat penetrates the organism in various 
ways, penetrates it, due to which the organism is “saturated” by the environment 
like a sponge is by water. It seems we can speak of the environment as of veins, 
arteries and capillaries in the body of the organism, which along with the actual 
blood vessel and other organs create one “joint-vessel” system of a given 
geographical-natural habitat. Upon examining the biology, ecology and etiology 
of organisms, we realize it is impossible to separate the “veins and capillaries” 
of the habitat from the actual veins and capillaries. It suffices as an example to 
mention the effect of inereasing light and the lengthening day on the activity of 
the pituitary gland in birds, the influence of temperaturę on the maturing of their 
reproductive organs, as well as the effect of these factors on the whole of the 
above-mentioned organism.

Phenology is a science of the seasonal rhythmicity of naturę (3). Commen- 
taries on the above (accepted by some phenologists) definition: The “condensed” 
in the progenetive elements, primary rhythm, afterwards developing and 
externalizing itself in certain phenological phenomena is the concave and convex 
sides of the same phenomena. The primary rhythm causes and shapes the 
secondary rhythms; conversely, secondary rhythms cause and shape the primary 
rhythm. Thus it is like the wave motion of the incoming and outgoing tide, the 
process of the winding and unwinding of the same spring. Since organisms in 
naturę are not madę up of unconstructed communities but of highly organized 
living communities (biocenosis, physiocenosis), the unwinding and winding of the 
springs (organisms) is the result and reflection not only of the present individual 
qualities of the species, but is also the reflection of its historical adaptations in 
a particular complex on a given surface.

A11 e n t i o n: In the above definition the word “rhythmicity” of naturę could 
be replaced by the word “pulse”; it is correct in the sense that it suggests the 
necessity of dealing with all phenomena in naturę in a morę biological manner: 
examining naturę as the great organism with individual organs and tissues (7).
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“PHENOLOGICAL CLOCKS OF THE BIOSPHERE”

The concept “phenological clocks of the biosphere” was borrowed from the 
concept of “physiological clocks” (Erwin Biinning 19581). It has already 
been accepted by science in reference to the daily rhythmicity of physiological 
processes in plants and animals. It seemed natural to the author to adapt and 
transpose the “clock” concept to the group of Sciences dealing with environmen- 
tal biology and name it “phenological clocks of the biosphere”. The theoretical 
signals for this concept would be as follows:

1. Ali natural phenomena are related to each other with all sorts of 
dependencies in time and space; that is to say, not only historical time but also 
actual, daily and yearly. They are thus a function of the chrono-spacial systems of 
the biosphere, rhythmically changing among other things also in the yearly cycle.

2. Since the process of consecutive changes coming about in the yearly cycle 
of naturę can be empirical with the functioning of a clock, it is also possible to 
speak of “phenological clocks of the biosphere” indicating its phenophases in 
certain systems. The role of indicators in such clocks would be played by certain 
leading phenomena.

The strengths of the discussed concept:
1. The concept shows the biosphere, especially the landscape, as one live 

organism, marked by a pulsating rhythm. It would suggest research directed iń 
such a way.

2. It is a simplified concept, but it manages, however, to give in a synthetic 
way, a whole rangę of problems entailed in it and concerned primarily with the 
seasonal rhythm of the ecosystem.

3. It is a concept that integrates the interests of a whole complex of biological 
and geographical disciplines.

The significance of research on “phenological clocks” (only the most 
important aspects shall be presented here):

1. One of the characteristic features of the geographical habitat is its seasonal 
rhythm; thus, learning its “phenological clocks” ties in directly with researching 
the landscape biology.

2. Studying the “phenological clocks of the biosphere” could play a pro­
minent role in biogeography, diverting it from its currently predominant interest 
in researching the rules governing the location of plants and animals on the face 
of the earth towards the study of the life of gęographical-natural habitats in their 
yearly pulsations.

3. Such research would also play a significant role in bioclimatology when we 
take into account the basie fact that phenological phenomena are an excellent 
indicator of the bioclimate.

1 E. Biinning: Die -ihysiologische Uhr. Springer Yerlag, Berlin-Góttingen- Heidelberg 1958.
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4. “Phenological clocks” show live naturę in a particularly suggestive 
manner as a mysterious web of mutual conditioning. As we know, destroying this 
web leads to disturbances in the homeostatic systems, which in turn is the source 
of one or another ecological catastrophe. As such, studying these “clocks” can 
give us much valuable materiał for the theoretical principles of environmental 
protection as a science.

Nor should we omit the role of this concept in shaping a broad wholistic 
view on life and naturę, which is especially important in teaching biology 
and geography today, endangered by advancing specialization with ever 
greater particularization and atomization.

“PHENOLOGICAL ACCORDS” AND “LEADING NOTES”

Not one of nature’s phenomena exists “of itself’, but always in a complex 
particular to itself. This complex conditions and shapes the phenomenon on the 
one hand; on the other is itself conditioned and shaped by particular factors 
making up the phenomenon. Thus in naturę we have no “unisons”, only 
“accords”. Motion, progress in naturę is not the succession of single sounds 
(unisons), but accords (1). During the yearly succession of these accords the 
character and essence of the relations between particular components of the 
accords are changed. These changes are the concern of phenology, especially 
synphenology, which is interested in studying complexes of phenological 
phenomena.

If we know the structure of an accord and on the basis of its recurrence in 
various years, on the basis of one or a couple of its “notes”, we can deduce the 
sound of the whole. Such notes should be termed “leading” or “signal” (2).

ISOPHENOTOPES”

For areas homogenous in biocenotic structure as well as in phenological 
complexes, we shall propose the term “isophenotopes”. This term shall signify 
a greater or lesser fragment of the biosphere, characterized by identical or 
nearly so phenological complexes (accords), preserved in various contexts of the 
geographical habitat. The main difference which would differentiate particular 
isophenotopes would be their varying rates of coming into being and duration. 
In contrast to “isophenes”, thus, which are lines joining places of identical time 
of a particular phenological phenomenon, isophenotopes would reflect entire 
expanses of identical or nearly so complexes (accords) of phenological pheno­
mena, which are able to take place at extremely varying calendar times. The 
essence of isophenotopes is directly related to and is a consequence of the
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proposed concept “isophene complexes” (8, 9), depending on the law of 
synchronization of phenomena in naturę, reflected in the form of phenological 
accords.

“PHENOLOGICAL CROSS-SECTIONS” AND “COMPLEX ISOPHENES”

In biological and geographical Sciences, the formulation of phenology which 
researches the yearly pulse of nature’s various ecological-geographical systems 
as organie units is a chapter which is very poorly written to datę. This is also 
connected with the paucity of the theory of phenology’s elaboration. The 
methodology of the related research can be reduced to mainly carrying out 
“phenological cross-sections” throughout the habitat. The theoretical premises 
and ways of utilizing these “cross-sections” are as follows:

1. Phenological phenomena do not occur in naturę in the form of unisons, 
but in the form of accords. The seasonal succession of phenomena in the yearly 
cycle is thus a succession of accords.

2. Phenological cross-sections through the habitat would thus give a picture 
of these accords, in other words the whole complex of synchronic phenological 
phenomena. They would indicate the phenological State of the researched 
habitat.

3. Aside from plants, the cross-sections would take into account mainly 
insects and birds because of the foliowing advantages: a) a distinctly demar- 
cated seasonal periodicity, b) their commonplaceness in many habitats, c) their 
aspectual occurrence in certain phenological seasons, d) their meaning in the life 
of natural and artificial biocenoses.

4. The first place in phenological cross-sections should be taken by signal 
phenomena, i.e. characteristic of a given phenological season, ecological habitat 
or landscapes.

5. Before starting to carry out a phenological cross-section, the locality 
should be divided as precisely as possible into its constitutive elements 
represented by particular habitats. Thus there arises the necessity of making 
a preliminary isolation of an environmental mosaic in the case where a locality 
is not homogenous.

6. The freąuency of conducting phenological cross-sections must be adapt- 
ed to the problem we wish to solve, to the concrete ąuestion we wish to answer 
by the help of this method. It is to be understood that the morę compre- 
hensive and precise a picture of the seasonal changes in the biocenoses and 
physiocenoses we wish to obtain, the morę frequently such cross-sections must 
follow one another. In every case, however, it would be advisable to connect them 
with some kind of phenological stages which are turning points for the whole 
habitat (“developmental thresholds”), i.e. the disappearance of snów from
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the ground, the foliation of trees, the large scalę blooming or fruition of certain 
plants, etc.

7. The registration of phenological accords and their yearly succession, 
making-up, as has already been discussed, the basis of phenological cross- 
-sectional methods, is the first, irreplaceable methodological step. The most 
interesting and significant would be the follow-up research on the structure of 
these phenological complexes, the type of relationships between their com- 
ponents, conditions preserving and disturing the synchronization of pheno- 
mena, etc.

Thus the first stage we could cali research on the “morphology” and 
“anatomy” of phenological complexes. The second, research on their “biology” 
and functioning. It should be unnecessary to underline how much such research 
on all these “micro-” and “macro-pulses” of naturę could bring to the entire 
complex of terrestial Sciences.

The phenological cross-section method can have manifold meaning and 
application for various geographical disciplines (physical and regional geo- 
graphy, agricultural geography, biogeography, bioclimatology, agrometeoro- 
logy, etc.). It is worthwhile mentioning here the possibility of applying “complex 
isophenes”, which results from the existence of phenological accords. Lines which 
on a map join the places where phenological manifestations occur at the same 
datę would not represent one phenomenon (as has been usual till now), but their 
entire complexes. Select signal phenomena (individual notes) would then supply 
the basis to illustrate the course of entire phenological accords.

“PHENOLOGICAL WHORLS”

The concept “phenological whorls” was transposed from botany, or, morę 
precisely, from the morphology of plants. As we know, one of the types of leaf 
growth from the stem is the whorl type, when from a single node several leaves 
radiate around the stem and form the so-called whorl. This characteristic leaf 
growth occurs in the horsetail (Eąuisetum sp.) and many other plants from the 
family Rubiaceae (Asperula, Galium, et al.). The segments of the stem between 
these rhythmically placed whorls bear the name internodes. By analogy we can 
now say that phenological manifestations in every particular geographical- 
-natural habitat can be compared with the rhythmically appearing whorls on 
a plant’s stem. In such a comparison we should pay special attention to the 
following:

1. Processes of phenological maturing constantly take place both in plants 
and in the environment, but only at certain stages (when ąuantity changes into 
ąuality) do they become clearly observable in the form of qualitatively new 
phenophases.
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2. The arisal of nodes with whorls of leaves is conditioned on the one hand 
by the hereditary endogenous rhythm, on the other by a particular State of 
a complex of meteorological-climatic factors, of which the thermal conditions 
usually rise to the forefront. In the geographical-natural habitat these “whorls” 
of leaves are the manifestations of a complex of phenological phenomena, also 
usually conditioned by a particular “node” of a complex of meteorological- 
-climatic phenomena with temperaturę being the most important.

3. As in the leaf whorl, a row ofleaves in a given node develop simultaneously 
(synchronically), so in an environmental phenological whorl, a row of pheno­
mena also appear simultaneously, thus having the character of synchronic 
phenomena. Among the latter, some of them can be related with each other 
biologically, others can only be the result of the “node” community, e.g. thermal.

“Phenological whorls” would on the one hand reflect the process of the stages 
of the environment’s maturing, on the other be one of the fundamental methods 
of researching phenological phenomena with their mutual conditioning and 
yearly dynamics. The knowledge of factors under which particular phenological 
whorls can arise and the conditions for their ratę of arisal (the length of time 
between nodes, in other words how long the internode segments last) can have 
first-rate implications for the discovery of the regional rhythm of naturę in 
a complex comprehension, and above all for predicting the type of phenological 
phenomena with times of their oncoming.

In relation to the fact that phenological phenomena in phenological whorls 
have, as has been previously discussed, a synchronic character, it would be 
enough to select one of the morę characteristic indicative phenomena to attest 
a particular phenophase of the whole environment. It is understood that the face 
of such a phenological whorl (which changes in the yearly cycle) depends pri- 
marily on the character of the given biocenosis in a concrete segment of the 
biosphere. For every morphotaxonomic geographical-ecological unit2 pheno­
logical whorls should primarily be selected in their yearly succession, after which 
further research should be carried out on the laws governing the appearance and 
successive following of whorls, on the type of relationships among the particular 
elements of the whorls on the phenology of whorls in various types of habitats 
and with various meteorological-climatic conditions, etc.

The concepts of “the phenological maturity of the environment” (described 
below) and “phenological whorls” organically tie in with each other due to the 
complex and dynamie way in which they try to render the essence of processes 
occurring in the yearly cycle at every section of the natural environment, always 
treated as a fraction of one great pulsating organie whole.

2 Every natural, historically shaped and differentiated segment of the biosphere, in other 
words every taxonomic geographical-ecological unit, has in its yearly cycle a characteristic set of 
phenological whorls. We can thus speak of a peculiar succession of phenological whorls in every 
specific segment of biosphere.
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“THE PHENOLOGICAL FAN”

Every natural segment of the geographical-natural habitat (region, landscape, 
biocenosis, et al.) has its own specific “phenological fan”, which is among other 
things characterized by:

1) a particular composition of typical plants and animals (a particular type of 
biocenosis);

2) a particular rhythmicity of phenological manifestations, concerning both 
the order of manifestations and their duration;

3) a particular dynamics for the opening and closing of the fan, conditioned 
by particular climatic factors.

One and the same fan, constant in structure, is mutable in the time and ratę 
of its opening and closing. It is dependent on the one hand on the course of 
meteorological-climatic conditions in a given year, on the other on the character 
of the given geographical-natural habitat. The yearly pulsation of the biosphere 
is the opening and closing of the phenological fan in all of its branches.

“PHENOLOGICAL BEATS OF THE BIOSPHERE”

Symptoms of the seasonal rhythm of the biosphere can be treated (having in 
mind the overlapping of endogenous and exogenous rhythms) as the penetration 
of successive invisible processes of the inorganic geographical-natural habitat in 
the phenological picture of phenological seasons, phenological complexes, etc. 
Symptoms of the rhythmicity of the biosphere reflecting among other things, 
particular successive phenological seasons can thus be treated as peculiar “beats” 
of naturę. In the framework of the complex problems in the biology of the 
landscape we should tie these beats in with the morphology and the physiology of 
landscapes. For instance, the first three phenological seasons — “Pre-spripg”, 
“Early Spring”, “Spring” — should be treated as the first three peculiar beats of 
developing naturę. Phenological beats are easily observable only on the surface 
(morphology, phenology), sińce the rhythm of endogenous processes of the 
biosphere (biochemical and meteorological-climatic) infiltrates as it were and is 
hard to grasp (the physiology of phenology).

“THE PHENOLOGICAL MATURITY OF THE HABITAT”

The proposed concept of “the phenological maturity of the habitat” is 
morę or less a paraphrase of the concept “vegetative maturity” introduced by 
Strażewicz3 to pharmacognosis in reference to plants of medicinal ąualities.

3 W. Strażewicz: Dojrzałość wegetatywna jako biologiczny czynnik zmienności surowców 
farmakognostycznych. Państw. Inst. Nauk. Leczn. Sur. Rośl. w Poznaniu, Warszawa 1950.
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The concept “vegetative maturity” is relative. It does not mean a given age for 
a whole plant or for any of its parts. It is characterized only by a dependence 
between a changing vegetative State of a plant and the changing biochemical 
processes particular to this State. Everything points to the conclusion that the 
above dependence is the expression of a generał biological law which can be 
formulated as follows: the progress of a living organism’s development is in 
accordance with an appropriate, but constantly mutating complex of bio­
chemical changes, leading to the appropriate and also mutating complex of 
products from these changes. If we wanted to transpose the above formulation to 
the language of ecology or geography with particular reference to the phenology 
of the entire habitat in the yearly cycle (from the aspect of seasonal succession), 
then we could formulate it in the following way: the phenological phases of 
organisms (phenophases) and their yearly succession are the result of both the 
succession of internal-systemic changes (physiological) and the succession of 
changes in the entire external habitat (ecological). It means that every pheno­
logical phenomenon in the life of plants and animals corresponds with an 
appropriate State of the physiological (biochemical) maturity of the organism 
and an appropriate State of the phenological maturity of the habitat. As a con- 
sequence, particular phenological phenomena (both in the life of particular 
species and in complexes) will not arise before the habitat matures to this 
phenomenon. Many examples of such a dependency between phenological 
manifestations in plants and animals, with a particular phenophase in the habitat, 
can undoubtedly be presented and form various sections of ecology and 
phenology. What is morę, these factors are right in the centre of the concerns of 
these natural science disciplines which examine the relations between organisms 
and the habitat in their yearly succession. Nevertheless, we should consider 
whether introducing the concept “phenological maturity of the habitat” to 
ecology and geography along with appropriately directed research, would not 
enrich their contents even morę, laying greater stress on the yearly dynamics of 
processes in their organie interdependence. Strażewicz supposes that the concept 
“vegetative maturity” in plants and the processes tied in with it have the character 
of a generał biological law. Thus it seems all the morę justified to introduce the 
concept of “the phenological maturity of the habitat”.

REFERENCES

(Works of Sergiusz Riabinin ąuoted in the presented text)

1. O fenologicznym aspekcie ochrony przyrody. Chrońmy przyr. ojcz. 2, 10-12 (1955).
2. Problemy fenologii zwierząt. Nauka Polska 1, 85-90 (1961).
3. Fenologia — nauka o sezonowych rytmach w przyrodzie [Phenology — the Science on Seasonal 

Rhythms in Naturę], Przegl. Zool. 1, 28-29 (1961).



10 Sergiusz Riabinin

4. EnoueHOTH*iecKne npo6jteMbi (JteHOjiorHH nTHit. [in:] MaTepnanw III BcecoK>3Hofi ophhto- 
jiorHHecKofi KOHc|)epeHnan. KHHra II. H3fl. JlbBOBc. yHHBep. JlbBOB 1962, 171-172.

4a. Biocenotyczne problemy fenologii ptaków [Biocenotic Problems on the Phenology of Birds], 
Ekol. Pol. series B 10 (3), 195 200 (1964).

5. Problem sezonowego rytmu środowiska [The Problem of the Seasonal Rhythm of the 
Geographical Habitat]. Ekol. Pol., series B 15 (2), 167 172 (1969).

6. Riabinin D. [co-author]: Badania nad fenologią przyrodniczych środowisk Polski 
[Recherches sur la phenologie des milieux naturels de la Pologne]. Ann. Univ. Mariae 
Curie-Skłodowska, sectio B 25, 259-274 (1971).

7. Uwagi o niektórych zagadnieniach teorii fenologii w nawiązaniu do zainteresowań geografii 
i ekologii [Remarks on Some Problems in the Theory of Phenology from the Point of View 
of Geography and Ecology]. Kosmos, series A 2, 169-174 (1973).

8. Some Problems of the Theory of Phenology. Ann. Univ. Mariae Curie-Sktodowska, sectio C 33, 
517-530 (1978).

9. Z zagadnień sezonowego rytmu kompleksów geobiocenotycznych [Some Problems of the 
Seasonal Rhythm of Geobiocenosis Complexes]. Kosmos 4, 441-457 (1980).

10. Fenologiczne zegary biosfery. Wszechświat 11, 353-354 (1984).
11. Propozycje fenologicznej problematyki badawczej biocenoz torfowiskowych, bagiennych 

i- podmokłych łąk (Przyczynek do teorii i metodyki badań sezonowego rytmu biosfery) 
[Propositions Concerning Phenological Research Problems of Peat, Boggy and Wet Meadows 
Biocoenoses (A Contribution to the Theory and Methodology of Investigating the Seasonal 
Rhythm of Biosphere)]. .Ann. Univ. Mariae Curie-Sklodowska, sectio C 41, 1-18 (1986).

STRESZCZENIE

Przedstawiono niektóre pojęcia i terminy z dziedziny fenologii, zaproponowane przez autora 
w pracach już opublikowanych (1-11). Za celowością ponownego ich zestawienia przemawiają 
następujące względy: 1) stanowią one swoiste przyczynki do mało opracowanej teorii fenologii; 
2) wnoszą pewien wkład do teorii ekologii, geografii fizycznej i regionalnej; 3) znajdują się na styku 
zainteresowań całego zespołu nauk o biosferze; 4) są swoistym podsumowaniem wieloletnich 
dociekań fenologicznych autora.

W sposób syntetyczny zostały omówione (dosłowne wyciągi z przytoczonych pozycji piśmien­
nictwa) następujące pojęcia i terminy: „fenologiczne zegary biosfery”, „akordy fenologiczne” 
i „nuty przewodnie”, „izofenotopy”, „przekroje fenologiczne” i „izofeny zespołowe”, „okółki 
fenologiczne”, „wachlarz fenologiczny”, „fenologiczne takty biosfery”, „dojrzałość fenologiczna 
środowiska”. Ponadto podano propozycję nowych ujęć definicji fenologii.

PE3IOME

B HacTOHineił paóore npeztCTaBJieHbi HeKOTopbie noHaraa u TepMHHbi H3 o6jtacrn <|)cho- 
jtorHH, npeąjtaraeMbie aBTopoM yace b npe/tbi/iyiHHx ny6jiHKaitHax (1-11); cocTaiuieime Taicoro 
nepeHHH TepMHHOB aBJtaeTca uejtecoo6pa3HbiM no cjieztytomuM mothbbm: 1) oh cocTaBjiaeT 
CBoero po/ta flonojiHHTejibHbift MaTepnaji k Mano nayaeHHOH Tcopnn ijieHOJiorHH; 2) bhocht 
HeKOTopbiił BKjia/t b Teopmo 3Kojiornn h <J)H3HMecKoił h perHOHanbHoił reorpatj>nn; 3) Haxo;tH ica 
Ha crbiKe uejiofl rpynribi HayK o OHoc([)epe; 4) aBjiaeTca CBoero po/ia HToroM MHoroneTHHx 
4>eHOJIOrHHeCKHX HTbICKUHHH aBTopa.

Chhtcthmcckh npe/tCTaBjieHbi (ąocnoBHbie BbinncKH H3 npHBcąeHHOH jtHTcpaTypbi) CJieąyio- 
mne noHaTtta u TepMHHbi: „([icHOJtorHHecKHe aacu ÓHocijiepbi”, „(JteHOJiorHMecKHe
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aKKopabi”, „BeaymHe hotm”, „H3o<j)eHOTonbi”, „(JteHOJtorHHecKHe pa3pe3bi” u „KOMiuieKCHbie 
H3o<J)eHbi”, ,,(j)eHOJiorn3ecKne MyroBKH”, „((leHOJioraHecKHH Beep”, „(JjeHOJioraiecKae TaKTbi 
6noc(j)epbi”, „4>eHOjiorHHecKaH 3pejiocTb cpeaw”. KpoMe Toro b pa6oTe npefljioxceHbi HOBbie 
npeacTaBjieHHH ąetJiHHHitHH (|>CHOJiornM.
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