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2. Використання електромагнітного фазового методу дає змогу виявляти наявні 
дефекти ізоляції підземних газопроводів, які розміщуються у ґрунтах різних 
типів. 
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Яворский А.В., Побережный Л.Я., Цих В.С., Ващишак И.Р. Влияние ха-
рактеристик почвы на выявление повреждений изоляции газопроводов 

Описаны проблемы, которые возникают при контроле состояния изоляционного пок-
рытия подземных газопроводов. Среди возможных дефектов изоляционного покрытия 
выделены сквозные повреждения и отслоение изоляции. Получена аналитическая мо-
дель зависимости между удельным сопротивлением почвы и величиной фазового сдви-
га сигнала. Приведены графические зависимости сдвига фазы при наличии отслоений 
изоляционного покрытия подземных газопроводов, которые размещаются в почвах с 
разным удельным сопротивлением. Предложена схема применения электромагнитного 
фазового метода контроля изоляционного покрытия подземных газопроводов, располо-
женных в почвах различных типов. 

Ключевые слова: подземный газопровод, изоляционное покрытие, дефект, техничес-
кое состояние, сдвиг фазы. 

Yavorsky A.V., Poberezhny L.Ya., Tsikh V.S., Vaschishak I.R. The Influence of 
Soil Characteristics on Identification of the Damage of Gas Pipelines Insulation 

The problems that arise when controlling the insulation coating of underground pipelines 
are described. Among the possible defects insulating coating we have distinguished transverse 
damage and delamination isolation. An analytical model of dependence between the resisti-
vity of the soil and the magnitude of the phase shift of the received signal is obtained. An 
image depending of a phase shift in the presence of delamination of insulating coating of un-
derground pipelines, which are placed in soils with different resistivity, is illustrated. The 
scheme for applying electromagnetic phase control method insulating coating of underground 
pipelines located in soils of different types is presented. 

Keywords: underground pipeline, insulation coating, defect, technical condition, the phase 
shift. 
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RECOMMENDATIONS FOR THE CONSERVATION OF SOME RARE 
ARCTIC-ALPINE PLANT SPECIES IN THE CHORNOHORA MOUNTAINS 

(UKRAINIAN CARPATHIANS) 

R.M. Cherepanyn1 
The influence of external factors on populations of rare arctic-alpine plant species was 

analysed. We revealed the negative impact of intensive trampling and grazing pressure on the 
structure of populations. We also found the positive effect of moderate trampling and availa-
bility of microsites in habitats of Loiseleuria procumbens and Salix herbacea populations. We 
have proposed to protect populations of Pedicularis oederi and Lloydia serotina through 
controlling demutation processes in ecosystems and through conserving natural conditions in 
the habitats, and if it is necessary to carry out actions of the active protection. It is important 
to control the abidance of regime on the natural protected area to conserve the habitat of Saus-
surea alpina on the Petros Mountain. We revealed that it was necessary to eliminate recreati-
onal load on the population of Saussurea alpina on the Brebeneskul Mountain by creation of 
the main tourist route through the roundabout path. It was established that the reproductive 
parameters of populations, in particular, the number of generative shoots, the coefficient of 
generative reproduction and recovery index, could be used as a sensitive indicators of anthro-
pogenic changes. 

Keywords: rare arctic-alpine species, exogenous factors, the conservation of populations, 
Chornohora Mountains (the Ukrainian Carpathians). 

Introduction. Arctic-alpine plants are a special group of organisms, which play 
an important role in ecosystems of Arctic and subarctic regions and also in mountains 
of the Northern Hemisphere. The nature of the distribution of these species caused by 
fluctuations in the levels of continental glaciers, climate changes and the formation of 
the landscape in the Holocene [18]. Arctic-alpine species in ukrainian flora distributed 
mainly in the Carpathians. Highland plants – organisms with characteristic morpho-
logy and physiology that are the result of adaptive evolution to the peculiar conditions 
of existence [20]. Arctic-alpine species take special place in the flora of the Ukrainian 
Carpathians. There are a large part of common, coenotic forming and rare species 
among them in the Ukrainian Carpathians [19]. There are also many relics and endan-
gered species among the arctic-alpine plants. Arctic-alpine element of flora is presen-
ted of 67 species in the Ukrainian Carpathians, or it is about 7.4 % of the highland flo-
ra [14, 21, 22]. 55 species of them have Holarctic type of area, 3 species – with Eura-
sian area, 6 species – Euro-American area and 3 species – European area. 

Many rare arctic-alpine plants are confined to the glacial landforms – ancient 
glacial boilers and rocky ridges of mountain ranges. Geographic massif that characte-
rized of such landscapes, not so much in this region. Basically refuges for rare arctic-
alpine plant species serve Chornohora, Svydovets, Marmarosh and Chyvchyny moun-
tains. They also occur on other areas, but listed above areas are centers of their distri-
bution in Ukraine. 

Changes of natural conditions and active human exploration of subalpine and al-
pine zones lead often to the formation of an unfavorable environment for rare plant 
species and for self-regeneration of their populations. It is established that the viabi-
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lity of populations of many species decreases due to anthropogenic pressure [5, 7, 8, 
10]. Obviously, that the increasing of human impact in highlands affects on the popu-
lations of rare arctic-alpine species. Useful and aesthetic properties of many of them 
led to their extensive use by man. The result of this is reducing of the square of distri-
bution, changes in population structure and other negative processes [1, 6]. There are 
a lot of populations among arctic-alpine plants that are represented by small number 
of individuals or small square of their habitats. These species are particularly vulne-
rable to exogenous disturbances and stochastic environmental changes [16]. 

Therefore the studying of changes of structure of such populations under the 
influences of natural and anthropogenic disturbances is actual. So the purpose of our 
research is to establish the impact of natural and anthropogenic factors on populations 
of rare arctic-alpine species, and develop recommendations for their conservation. 

Materials and methods. The objects of our investigation are population of the 
next rare arctic-alpine species, in particular: Anemone narcissiflora L., Bartsia alpi-
na L., Cerastium lanatum Lam., Dryas octopetala L., Lloydia serotina (L.) Reic-
henb., Loiseleuria procumbens (L.) Desv., Pedicularis oederi Vahl, Salix herba-
cea L., Saussurea alpina (L.) DC. Of these Anemone narcissifolia, Dryas octopetala, 
Lloydia serotina, Loiseleuria procumbens, Pedicularis oederi, Salix herbacea і Saus-
surea alpina are listed in the Red Book of Ukraine [23]. The remaining species pro-
posed in the Red Book of the Ukrainian Carpathians [17]. The studied species belon-
ging to 9 genus and 8 families. 

The researches were realized in subalpine and alpine zones of Chornohora Mo-
untains in the Ukrainian Carpathians. We used permanent research plots and a met-
hod of accounting on the route to obtain several years of data. Was applied the map-
ping method and method of labeling of individuals. Habitat area, altitude, slope expo-
sition, density and number of individuals, projective cover, etc. were identified for 
populations. Much attention was paid to demographic aspects, including such para-
meters as age structure, ontogeny and vitality of individuals, reproduction and sexual 
structure during the study of populations [15]. 

Laboratory germination was investigated by germination of seeds for 120 days 
under room temperature and lighting. Seeds were germinated also after ultraviolet ir-
radiation (wavelength (λ) – 253,7 nm), which lasted for 1 minute, and after 60 minu-
tes of irradiation with light red spectrum (λ = 668 nm; density of irradiation P = 
0.6-0.8 mW/cm²). Part of seeds were subjected to influence of cold stratification. Se-
eds were frozen in a freezer for 15 and 30 days at -10 º С. 

Were used passive experiments and methods developed for rare plant species 
during the research the reactions of the rarest species on impact of natural and anthro-
pogenic factors [12]. We were used passive experiments with partial damage of indi-
viduals in populations, simulating the trampling, grazing or picking of plants. We al-
so used experiments with point disturbances of soil and grass cover in populations for 
less rare species. Index of recovery in populations is calculated as relation of the 
number of pregenerative individuals to generative individuals. The coefficient of ge-
nerative reproduction in populations defined as ratio of number of generative individ-
uals to adults individuals and expressed in a percentage [11]. 
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Results and discussion. Established that coefficient of generative reproduction, 
density of species and seed production are reduced, but vegetative reproduction is ac-
tivated under grazing and trampling in populations of Anemone narcissiflora and 
Bartsia alpina. In particular, the coefficient of regeneration in populations of Anemo-
ne narcissiflora not far from Nesamovyte lake (south-western slope, 1600-1800 m 
above sea level) amount 50-60 %, and in the population on Goverla mountain (south-
eastern slope, 1800-1900 m above sea level), which is exposed by human impact, co-
efficient of regeneration falls to 28,6 %. Left sided age spectrums and activation of 
vegetative regeneration are observed under conditions of human impact on populati-
ons. Intensive trampling has negative impact on populations of Loiseleuria procum-
bens and Dryas octopetala – projective cover of individuals and indexes of annual 
growth of shoots, density of species and number of generative shoots are reduced in 
the populations (fig. 1). In a dense covering plant conditions with Juncus trifidus L. 
and Festuсa airoides Lam. reduced density of species, projective covering and per-
centage of flowering shoots in rare arctic-alpine species. 

But not always human pressure has a negative effect. For example, the reduction 
of grass and denudation of the soil surface due to moderate anthropogenic influences, 
can stimulate generative reproduction overgrowth of vegetative shoots in populations 
of Salix herbacea (fig. 1). Small local disturbances stimulate flowering of Saussurea 
alpina. In particular, in the population of Saussurea alpina on Brebeneskul mountain 
(north-western slope, 2000 m above sea level), which grows on meadows, over the 
past 15 years there was no observed generative reproduction [13]. Due to experiment 
with local point disturbances of soil and grass cover, we observed blooming of 10 in-
dividuals in the next vegetative seasons. Generative reproduction is not due to elimi-
nation of competition from other species, because plants bloomed at a distance of 
6 meters from the places of experiment realization (fig. 2). Mechanisms of such reac-
tions on mentioned above exogenous influences require further study. 

 
Fig. 1. Projective cover of individuals in populations under different conditions: 

1) Loiseleuria procumbens (L.) Desv. (conservation, Brebeneskul mt., north-eastern 
slope), 2) L. procumbens (trampling, Brebeneskul mt., north-western slope), 3) Dryas 
octopetala L. (trampling, Brebeneskul mt.), 4) D. octopetala (conservation, Pip Ivan 
mt.), 5) Salix herbacea L. (trampling, Brebeneskul mt., north-western slope), 6) S. 

herbacea (conservation, Brebeneskul mt., north-eastern slope), 7) S. herbacea 
(conservation, Petros mt.) 
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Fig. 2. Experiment with point disturbances of soil and grass cover in populations of 
Saussurea alpina (L.) DC. on the Brebeneskul mt.: ○ – places of disturbances of soil 

and grass cover; ∆ – generative individuals 

The сonservation of the natural conditions in the habitat is important in the 
highlands of the Ukrainian Carpathians. In accordance with the Berne Convention 
and Habitat Directive conservation of natural habitats of species and to ensure condi-
tions for their reproduction is one of the important mechanisms for the protection of 
biodiversity [2, 3]. That's why conservation of subalpine and alpine habitats is also 
priority task in protection of rare arctic-alpine plant species. 

The conservation of the natural conditions in the habitats is important for popula-
tions of Pedicularis oederi and Lloydia serotina. Contravention of ecotypes and chan-
ging of the properties of habitat are the most threatening factors for these species. For 
example, drying of mesophytic meadows and alpine bogs may result in a decrease the 
volume of a single ukrainian population of Pedicularis oederi between Brebeneskul 
and Munchel mountains (south-western slope, 1950 m above sea level). A narrow 
ecological-coenotical amplitude of Lloydia serotina and overgrowing of it ecotypes by 
Pinus mugo Turra due to the raising of upper limit of the forest, leading to reducing 
the number of individuals, index of recovery and narrowing of the square of small 
amount habitats of this species. In particular, population of Lloydia serotina on the 
Velyki Kizly ridge (north-western slope, 1710 m above sea level), which has about 
30 individuals of which 15 is generative individuals, grows on poor rocky substrate 
and rocky areas. Recovery index in population is 0.6. Square of the habitat is 25 m². 
Therefore, it is important to control demutation processes in unique ecosystems and 
populations to conserve endangered plants and if it is necessary to pursue active pro-
tection measures – to remove more competitive and aggressive species. 

Also, it is important to compliance with applicable environmental regime estab-
lished within protected areas for the conservation of endangered species. For 
example, population of rare Saussurea alpina on Petros mountain (Chornohora array, 
north-eastern slope, 1820 m above sea level), exposed by pastoral load. Grazing of 
cattles causes a decreasing number of individuals in population, aging of population, 
breaks in flowering of generative individuals and reducing their vitality. In particular, 
it was observed a weakening of flowering of individuals. We found only from 3 to 
7 blooming individuals in 2015 and 2016 years. Whereas in previous vegetative se-
asons we observed 60 flowering individuals. Self-maintenance of population is due to 
vegetative reproduction now. 
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Hiking trail passes through the population of Saussurea alpina on Brebeneskul 
mountain in Chornohora. Considering the extraordinary value of the habitat where 
the only ukrainian population Callianthemum coriandrifolium Reichenb. exists and 
also grow rare Rhodiola rosea L. and Ranunculus thora L., recreational impact on 
this territory need to be reduced significantly. This can be achieved by furnishing of 
the tourist route through the roundabout path, which runs below the habitat. 

It is important to determine the critical living conditions of populations during 
planning of nature protection measures. Suitable for this may be information about 
the regeneration niche of species, which is often much more narrow than ecological 
niche of adults individuals [4]. Therefore the possibility of realization of the regene-
ration niche can be a determining factor for the existence of populations [9]. During 
processing measures of reintroduction of species is necessary to consider information 
about their eco-coenotic strategy and spatial variability of regenerative niche because 
ecological niche of generative individuals may differ significantly from niche of pos-
terity. For example, favorable conditions for reproduction of adults individuals may 
have negatively influence on the development of seedlings and vice versa [13]. 

High seed germination of populations Cerastium lanatum and Loiseleuria pro-
cumbens established. Seed germination dynamics in spatial components significantly 
varies due to the different environmental and phytocoenotic conditions in populations 
of Loiseleuria procumbens (fig. 3). It can be expression of different ways of adaptati-
on and realization of regeneration niches under the conditions of various factors in 
habitats. Revealed that cold stratification and ultraviolet radiation increases seeds ger-
mination of Dryas octopetala and changes the dynamics of germination Loiseleuria 
procumbens. Exposure of red light spectrum and ultraviolet irradiation have adver-
sely affect on seeds germination of Saussurea alpina. 

 
Fig. 3. Dynamics of seed germination of Loiseleuria procumbens (L.) Desv. from 

several habitats 

It is important to conduct further monitoring of populations of rare arctic-alpine 
species in the highland of Ukrainian Carpathians to determine their viability, for cre-
ating the prognostic model of their future existence and identification measures of 
conservation under the different conditions of the environment and human impact. It 
is important to eliminate human impact on populations with low vitality and species 
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with significant level of rarity. This is especially concerns for grazing, trampling, pic-
king and uprooting of plants. 

For efficient assessment status of populations of rare arctic-alpine species it is 
necessary to conduct monitoring of major structural and functional parameters on 
concrete stationary plots. It is important to use the next indicators as a most informa-
tive criterias: the area of population, general and effective number of individuals in 
the population, coefficient of regeneration and index of recovery, density of generati-
ve and vegetative individuals, types of spatial distribution of individuals. Morpho-
metric studies should be carried out in the field without removing individuals in order 
to reduce the negative impact on populations. 

Conclusions. Thus, reproductive parameters of populations, in particular, the 
number of generative shoots, coefficient of generative reproduction and recovery in-
dex can be used as sensitive indicating signs of anthropogenic changes. 

The results about seeds reproduction of Cerastium lanatum, Dryas octopetala, 
Loiseleuria procumbens and Saussurea alpina can be used for the cultivation of rare 
arctic-alpine species in culture and their subsequent reintroduction to natural localiti-
es. Information about factors that promote or inhibit the generative reproduction, for 
example local point disturbances or damages of soil and grass cover, can help mana-
ging the ontogenesis of species during their cultivation and conservation. 

Considering that a large part of populations of rare arctic-alpine species in parti-
cular Anemone narcissifolia, Dryas octopetala, Lloydia serotina, Loiseleuria procum-
bens, Pedicularis oederi, Salix herbacea, Saussurea alpina are extended on Chorno-
hora array from the Brebeneskul mountain to the Pip Ivan mountain, it is important to 
expand the squares of protected areas in the south-eastern part of the ridge. 
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Черепанин Р.М. Рекомендації щодо збереження деяких рідкісних ар-
кто-альпійських видів рослин у Чорногорі (Українські Карпати) 

Розглянуто вплив зовнішніх факторів на популяції рідкісних аркто-альпійських видів 
рослин. Відзначено негативний вплив інтенсивного витоптування та пасквального на-
вантаження на структуру популяцій. Встановлено позитивний вплив помірного витопту-
вання та наявності вільних мікроніш в оселищі на популяції Loiseleuria procumbens та 
Salix herbacea. Запропоновано для охорони популяцій Pedicularis oederi і Lloydia seroti-
na контролювати демутаційні процеси та зберігати природні умови в оселищах, а за пот-
реби здійснювати заходи активної охорони. В оселищі Saussurea alpina на г. Петрос важ-
ливим є дотримання заповідного режиму. У популяції Saussurea alpina на г. Бребенескул 
потрібно усунути рекреаційний прес шляхом облаштування основного туристичного 
маршруту через обхідну стежку. Встановлено, що репродуктивні параметри популяцій, 
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зокрема чисельність генеративних пагонів, коефіцієнт генерування та індекс відновлен-
ня, можна використати як чутливі індикаторні ознаки антропогенних змін. 

Ключові слова: рідкісні аркто-альпійські види рослин, екзогенні чинники, збережен-
ня популяцій, Українські Карпати. 

Черепанин Р.М. Рекомендации по сохранению некоторых редких ар-
кто-альпийских видов растений в Черногоре (Украинские Карпаты) 

Рассмотрено влияние внешних факторов на популяции редких аркто-альпийских ви-
дов растений. Отмечено негативное влияние интенсивного вытаптывания и пастбищ-
ной нагрузки на структуру популяций. Установлено положительное влияние умеренно-
го вытаптывания и наличия свободных микронош в местообитаниях на популяции Lo-
iseleuria procumbens и Salix herbacea. Предложено для охраны популяций Pedicularis 
oederi и Lloydia serotina контролировать демутационные процессы и сохранять природ-
ные условия в местообитаниях, а при необходимости проводить мероприятия активной 
охраны. В местообитаниях Saussurea alpina на г. Петрос важным является соблюдение 
заповедного режима. В популяции Saussurea alpina на г. Брэбэнэскул необходимо ус-
транение рекреационного пресса путем обустройства основного туристического мар-
шрута через обходную тропу. Установлено, что репродуктивные параметры популяций, 
в частности, численность генеративных побегов, коэффициент генерирования и индекс 
восстановления, можно использовать как чувствительные индикаторные признаки ан-
тропогенных изменений. 

Ключевые слова: редкие аркто-альпийские виды растений, экзогенные факторы, 
сохранение популяций, Украинские Карпаты. 
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3. ТЕХНОЛОГІЯ ТА УСТАТКУВАННЯ 

УДК 66.047.45 

КІНЕТИКА ФІЛЬТРАЦІЙНОГО СУШІННЯ ПОДРІБНЕНОГО 
МІСКАНТУСА 

В.М. Атаманюк1, М.І. Мосюк2, О.С. Іващук3, О.В. Захарків4 
Наведено результати експериментальних досліджень кінетики і динаміки фільтра-

ційного сушіння подрібненого міскантуса та отримано криві, що описують зміну воло-
гості матеріалу в часі залежно від властивостей висушуваного матеріалу (за зміни тем-
ператури сушильного агента (40, 60, 80 °C), зміни висоти шару (40, 80, 100, 120, 
140 мм) та зміни швидкості фільтрації сушильного агента (0,6, 1,14, 1,6, 2,05 м/с)). Ре-
зультати досліджень на основі теоретичних та експериментальних даних спрямовано на 
покращення процесу сушіння подрібненого міскантуса у стаціонарному шарі. 

Ключові слова: кінетика, динаміка, міскантус, швидкість фільтраційного сушіння. 

Постановка проблеми. Використання альтернативних джерел енергії є 
одним із найперспективніших шляхів вирішення зростаючих проблем енергоза-
безпечення країни. Біомаса є джерелом відновлюваної енергії, здатне замінити 
всі види викопного палива і є у необмеженій кількості практично скрізь. Біома-
са може забезпечувати виробництво теплової, електричної енергії та різних ви-
дів твердого палива. Розвиток біоенергетичних технологій зменшить залежність 
України від імпортованих енергоносіїв, підвищить її енергетичну безпеку внас-
лідок організації енергопостачання на базі місцевих поновлюваних ресурсів, 
створить значну кількість нових робочих місць (переважно у сільських 
районах), зробить великий внесок у покращення екологічної ситуації. 

Як відомо, у сфері біоенергетики для виготовлення твердого біопалива ви-
користовують швидкорослі дерева і багаторічні трави зі швидким відновленням 
після збирання та високими приростами врожаю біомаси. Ці культури є малови-
могливими до ґрунтово-кліматичних умов, внаслідок багаторічного вирощуван-
ня покращують структуру та властивості ґрунту. До таких рослин належать: 
енергетична верба, енергетична тополя, міскантус, світчграс (просо лозоподіб-
не), сіда багаторічна тощо [1]. 

У країнах Центральної та Західної Європи активно розвивається виробниц-
тво та використання енергетичних біопаливних культур. Однією з таких рослин 
є міскантус або т. зв. "слонова трава". 

Міскантус – багаторічна злакова культура, що належить до групи рослин 
С4. Це рослина з чотириметровим стеблом і волосистим суцвіттям без насіння, 
що росте до 4 м у висоту та містить 64-71 % мас. целюлози, а вміст золи стано-
вить 2,2 % мас. Теплотворна здатність – 17 МДж/кг [2]. Міскантус невибагли-
вий до кліматичних умов, не потребує додаткових удобрювань; збирати врожай 
                                                           
 
1 проф. В.М. Атаманюк, д-р техн. наук – НУ "Львівська політехніка"; 
2 асист. М.І. Мосюк, канд. техн. наук – НУ "Львівська політехніка"; 
3 ст. наук. співроб., асист. О.С. Іващук, канд. техн. наук – НУ "Львівська політехніка"; 
4 магістрант О.В. Захарків – НУ "Львівська політехніка" 




