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PRODUCTION AND PROSPECTS OF OIL FLAX  CULTIVATION IN UKRAINE 


Zaiets Serhii, 
 Doctor of Agricultural Sciences, Head of the Department of Climate Oriented 
 Agricultural Technologies, 
 Institute of Climate Oriented Agriculture of NAAS 
 Melnyk Mykola, 
 postgraduate student, 
 Institute of Climate Oriented Agriculture of NAAS 
 The homeland of oil flax is the mountainous regions of China and India, as well as 
 the Mediterranean. This crop is widespread in other countries of Asia and Europe, and 
 in America there are the largest areas of its sowing. The area under flax in the United 
 States is more than 1.3 million hectares, and in Canada  - about 1.0 million hectares. 


Also about 1.0 million hectares are sown in India and Kazakhstan, somewhat less in 
 Argentina [1]. 


If in the world there is a tendency to increase the production of oil flax, then among 
 Ukrainian farmers interest in it is not stable, seasonal fluctuations are inherent. Thus, 
 if in 2005 it was sown on an area of 25.6 thousand hectares, in 2006 it was already 51.0 
 thousand hectares [2]. In 2007, 2008 and 2009, there was a decrease in the sown area 
 to 24.0, 19.0 and 40.8 thousand hectares, then in 2010, 2011 and 2012 again growth 
 and  sown  58.9,  60.3  and  55.8  thousand  hectares,  respectively.  The  largest  areas  of 
 oilseed flaxseed sowing were observed in 2015 and 2016 – 62.2 and 66.8 thsd ha, and 
 the smallest – 17.7 and 13.8 thsd ha – in 2019 and 2020. It should be noted that the 
 highest  yield of  oilseed  flaxseed  1.1-1.2  t/ha  was obtained in 2006, 2015  and  2016, 
 which provided the largest gross harvest of 61.5, 68.3 and 74.1 thsd tonnes. In 2020, 
 the yield was also above 1.0 t/ha, but due to the small sown area (13.8 thsd ha), its 
 gross production was only 15.6 thsd tonnes. In the most severe dry weather conditions, 
 observed in 2007 and 2021, oilseed flax failed to realize its potential and formed a very 
 low yield of 0.47  and 0.43 t/ha  and gross  seed harvest  – 11.4 and  12.0  thsd  tonnes, 
 respectively. 


That is, in Ukraine in recent years, the production of oil flax is declining. In our 
 opinion, the main reasons that hinder the widespread use of the crop in crop rotations 
 include the following: not very high seed productivity and significant fluctuations  in 
 gross  harvest  over  the  years;  lack  of  varieties  of  domestic  selection  with  high 
 productivity  and  plasticity  to  adverse  growing  conditions;  insufficient  level  of 
 awareness of farmers with the multi-vector use of seeds and by-products (straw, fiber, 
 fescue);  lack  of  developments  in  zonal  varietal  technologies  of  crop  cultivation, 
 primarily  in  terms  of  their  biologization  and  production  of  organic  products; 


introduction  of  a  10%  export  duty  on  domestic  flax  seeds,  which  makes  them 
uncompetitive in price on foreign markets. 
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 opinion, the main reasons that hinder the widespread use of the crop in crop rotations 
 include the following: not very high seed productivity and significant fluctuations in 
 gross  harvest  over  the  years;  lack  of  varieties  of  domestic  selection  with  high 
 productivity  and  plasticity  to  adverse  growing  conditions;  insufficient  level  of 
 awareness of farmers with the multi-vector use of seeds and by-products (straw, fiber, 
 fescue);  lack  of  developments  in  zonal  varietal  technologies  of  crop  cultivation, 
 primarily  in  terms  of  their  biologization  and  production  of  organic  products; 


introduction  of  a  10%  export  duty  on  domestic  flax  seeds,  which  makes  them 
 uncompetitive in price on foreign markets. 


In  addition,  there  is  a  demand  for  flax  seeds  in  the  pharmaceutical  and  food 
 industries, and its cake has a high feed value as an ornamental plant, in the production 
 of fiber and building materials. In the EU and the USA, flax is especially actively used 
 in the food industry, in particular, baking with flax is very popular. Analysts predict an 
 increase in the share of flax in the food industry by 1.5 times, and with it the price for 
 it will increase [3]. Note that the average purchase price for flax seeds over the past ten 
 years has increased from 3 thousand UAH/t to 15.7 thousand UAH/t.  


The  popularity  of  flax  in  the  world  is  due  to  its  benefits  and  serves  as  a  good 
 incentive  for  growing  in  many  countries,  including  Ukraine.  In  this  regard,  the 
 production of oil flax has the prospect of expanding the areas in crop rotations not only 
 in the south and east, but also in other zones of Ukraine. Studies conducted in the soil 
 and climatic conditions of the Forest-Steppe, Polissya and Precarpathia with varieties 
 of  oil  flax  of  forest-steppe  and  steppe  ecotypes  indicate  the  possibility  of  providing 
 them  with  seed  yields  in  the  range  of  1.38-2.74  t/ha  depending  on  the  weather 
 conditions of the year [4, 5].  


Oilseed flax varieties developed at the Institute of Oilseeds of NAAS (Pivdenna 
 nich,  Vodohrai,  Kivika,  Debiut,  Iisberh,  Zhivinka,  Zaporizhzhia  Bohatyr)  are 
 distinguished by a short growing season, resistance to drought and shattering, high oil 
 content in seeds and are suitable for cultivation in different soil and climatic zones of 
 Ukraine [6].  


Farms that have high-tech means of farming include oil flax in the structure of sown 
 areas, introduce it into crop rotations and achieve not only high economic effect, but 
 also take care of reducing the phytosanitary load and natural soil restoration. Given the 
 low requirements for nutrients and good market demand, flaxseed is a valuable crop 
 for organic production [7, 8]. And the use of modern varieties adapted to specific soil 
 and climatic conditions of cultivation is an important environmentally sound factor in 
 stabilizing and increasing seed yields. 


Thus, Ukraine can take a prominent place in the market of healthy products and, in 
 particular,  in  the  production  of  oil  flax,  especially  since  the  natural  and  climatic 
 conditions allow the grown seeds to be more environmentally friendly and competitive. 


Even now, with relatively small volumes of oil flaxseed production, Ukraine exports it 
 to the EU countries [9]. 


Due to climate change, plant diseases have spread significantly, including oil flax, 
which is affected by more than 15 species of fungal pathogens. It was found that due 
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to  disease  damage,  the  yield  of  oil  flax  decreases  by  15-20%,  and  in  the  years  of 
 epiphytotic  development  –  up  to  50%.  The  most  common  diseases  of  oil  flax  are 
 Fusarium  wilt  (Fusarium  oxysporum  Schl.  f.  lini),  powdery  mildew  (Erysiphe 
 cihoracearum DC. f. lini), rust (Melampsora lini (Pers.) Lev.) [10].  


Given  the  close  relationship  between  plant  health  and  environmental  protection, 
 the use of environmentally friendly methods of pest and disease control with the help 
 of biological products becomes relevant and promising. The use of biological methods 
 of plant protection is relevant and one of the important tools for the transition to organic 
 and ecological farming in Ukraine. The biological method of plant protection is based 
 on the use of living organisms against pests, pathogens and weeds. There are examples 
 of  successful  cultivation  of  organic  oil  flax  in  Ukraine.  Thus,  in  the  fields  of  the 
 company "Svarog West Group" the area for growing organic flax in 2019 was 435.7 
 hectares, and the yield on average varies at 1.0-1.5 t/ha. The maximum yield in organic 
 production, subject to soil and climatic conditions, reaches 2.0 t/ha [11]. 


Also,  the  use  of  microbiological  preparations:  destructors,  inoculants,  growth 
 regulators, nutrients, etc. is promising for the cultivation of oil flax in organic farming. 


Their  use  in  Ukraine  is  different,  and  they  are  widely  used  on  cereals,  legumes, 
 vegetables and some oilseeds: inoculants – 47.9%, fungicides –35.5%, insecticides – 
 8.4%, destructors – 6.4%, biorodencides – 1.8% [12].  


In  a  market  economy, the production of  competitive  crop  production is  possible 
 only  with  the  introduction  of  new  modern  technologies  adapted  to  specific  soil  and 
 climatic conditions, based on the use of highly productive varieties, biological growth 
 regulators and biological methods of plant protection. 


However, the effectiveness of the treatment of seeds and vegetative plants of oil 
 flax with biological preparations of nutritional and protective action is not sufficiently 
 studied, and therefore research on these issues is relevant. 
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ПРИРОДНИЙ ЗАПОВІДНИК «ГОРГАНИ»: ЗАГАЛЬНА  ХАРАКТЕРИСТИКА ТА БІОЛОГІЧНЕ РІЗНОМАНІТТЯ 


Коваленко Ігор Миколайович 
 проф. д. б.н. Сумський НАУ 
 Окунь Мар’яна Мирославівна 
 студ. 1м курсу спеціальності екологія Сумський НАУ 
 Природний  заповідник  «Горгани»  розташований  на  території 
 Надвірнянського  району  Івано-Франківської  області.  Площа  заповідника 
 становить 5344 га. Заснований природний заповідник «Горгани» у 1996 році з 
 метою збереження реліктової кедрової сосни європейської (Pinus cembra L.). З 13 
 липня  2017  року  ділянка  заповідника  «Горгани»  площею  753,48  га  входить  у 
 світову спадщину ЮНЕСКО як один з масивів букових пралісів Карпат та інших 
 регіонів Європи. 


Згідно  фізико-географічного  і  геоморфологічного  районувань  територія 
 природного  заповідника  «Горгани»  відноситься  до  Зовнішньокарпатської 
 фізико-географічної  і  геоморфологічної  областей,  а  згідно  геоботанічного 
 районування  України  –  в  область  Європейських  широколистяних  лісів, 
 Центральноєвропейську  провінцію,  Східнокарпатську  гірську  підпровінцію, 
 Гірськокарпатський округ смерекових лісів, Горганський район смерекових лісів 
 у  поєднанні  з  кам’яними  розсипами  і  заростями  гірської  сосни,  Горганський 
 підрайон ялицево-буково-смерекових лісів і Вододільно-Горганський підрайон 
 смерекових лісів. 


Понад  85  %  площі  заповідника  займає  лісова  рослинність.  У  її  складі 
 панують  хвойні  ліси,  а  широколистяні  займають  лише  приблизно  1  %  площ. 


Найбільші  масиви  заповідника  займають  ліси  з  переважанням  смереки  (Picea 
 abies  L.)  -  89,1%.  Деревостани  сосни  гірської  (Pinus  mugo  L.)  -  7,3%,  сосни 
 кедрової європейської (Pinus cembra L.) - 1,8%, ялиці білої (Abies alba L.), бука 
 лісового (Fagus sylvatica L.) і інших порід охоплюють 1,8% покритої лісом площі. 


Найпоширенішими є смереково- ялицеві (2377,9 га) та буково-ялицево-смерекові 
 (1196,3 га) деревостани. Т 


У природному заповіднику «Горгани» зростає п’ята частина усіх рідкісних 
 рослин,  які  збереглися  в  Українських  Карпатах.  Це  34  види  вищих  судинних 
 рослин, занесених до Червоної книги України (2009). Також 39 видів рослин, які 
 підлягають  охороні  на  регіональному  рівні.  Серед  них  значна  частка  є 
 ендеміками  (видами,  поширеними  на  незначних  територіях).  Це  жовтець 
 карпатський  (Ranunculus  carpaticus  Holub),  перестріч  скельний  (Melampyrum 
 saxosum  Baumg.),  чебрець  черговолистий  (Thymus  alternans  Klok),  фітеума 
 чотирироздільна (Phyteuma tetramerum L.) та інші.  


Зростають у заповіднику і рослини-релікти – представники флори давніх 
геологічних  епох.  Серед  них:  зелениця  альпійська  (Diphasiastrum  alpinum  (L.) 
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Holub),  міхурниця  судетська  (Cystopteris  sudetica  A.  Br.  et  Midle),  відкасник 
 безстебловий (Carlina acaulis L.).  


Природний  заповідник  «Горгани»  відіграє  важливу  роль  у  збереженні 
 рідкісних  та  зникаючих  видів  флори.  На  його  території  є  види,  занесені  до 
 природоохоронних  списків  різного  рівня  –  міжнародних,  національних  і 
 регіональних.  


У заповіднику зростає 35 видів вищих судинних рослин, що занесені до 
 Червоної  книги  України  (2009),  39  видів,  які  підлягають  охороні  на 
 регіональному  рівні,  2  види  включені  до  Резолюції  №  4  Конвенції  про 
 збереження дикої фауни і флори та природних середовищ існування в Європі, 16 
 видів – до додатків Конвенції  про міжнародну торгівлю видами дикої фауни і 
 флори, що знаходяться під загрозою зникнення. 


У  складі  фауни  заповідника  станом  на  2021  рік  виявлено  56  видів, 
 занесених  до  Червоної  книги  України.  Тваринний  світ  заповідника  тісно 
 пов’язаний з висотними рослинними поясами, тому значна частка його – види, 
 характерні для хвойних лісів. Тут зустрічаються такі види тайгового комплексу: 


рись  звичайна  (Lynx  lynx  L.),  сова  довгохвоста  (Strix  uralensis  L.),  олень 
 благородний (Cervus elaphus montanus Botes), ведмідь бурий (Ursus arctos L.). 


З субальпійським поясом екологічно пов’язані тільки такі види тварин, як 
 нориця  снігова  та  тинівка  альпійська.  Разом  з  тим  ареали  більшості  видів 
 перекривають кілька висотних поясів. 


Мешкають  у  заповіднику  і  ендемічні  для  Карпат  хребетні:  тритон 
 карпатський  (Triturus  montandoni  Bout),  глушець  карпатський  (Tetrao  urogalus 
 Dombr.),  сова  довгохвоста  карпатська  (Strix  uralensis  mocroura  Wolf),  нориця 
 снігова (Chionomys nivalis ulpius Muller) та інші. 


У класі комах багато представників метеликів: красень адмірал (Vanessa 
 atalonta L.), денне павине око (Inachis io  L.), жалібниця (Nymphalis  antiopa  L.), 
 будяківка  (Cynthia  cardui  L.),  бражник  винний  малий  (Deilephila  porcellus  L.). 


Зустрічаються також махаон (Papilio machaon L.), подалірій (Iphiclides podalirius 
 L.), сатурнія мала (Saturnia pavonia L.), які занесені до Червоної книги України. 


Серед твердокрилих можна спостерігати жука-самітника (Osmoderma eremita L.) 
 та вусача альпійського (Rosalia  alpina  L.).  На  заповідній  території  трапляється 
 понад 60 видів молюсків. 


Територія  заповідника  має  типові  для  району  Горган  геоморфологічну 
будову,  структуру  рослинного  покриву  і  тваринного  світу,  тому  заповідник 
становить  велику  цінність  для  збереження,  відтворення  і  вивчення 
біорізноманіття району та Українських Карпат загалом. 
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ECO-DESIGN AND SUSTAINABLE DEVELOPMENT IN  THE CONTEXT OF ENVIRONMENTAL SECURITY  CITIES IN CONNECTION WITH THE DEVELOPMENT 



TERRITORIES, AS WELL POST-WAR  RECONSTRUCTION 


Gryshchenko Roman, 
 Master student 
 State Ecological Academy of Postgraduate Education and Management 
 Ulytskyi Oleg, 
 Doctor of geological sciences 
 State Ecological Academy of Postgraduate Education and Management 
 Kryvosheiev Maksym 
 BREEAM Assessor, Edge expert, 
 MK Sustainable Eng., Kyiv city 
 In most Ukrainian cities, a negative ecological situation has developed due to the 
 action  of  urbanization  factors,  including  man-made  loads,  emissions  of  harmful 
 substances, air, water, and soil pollution, and accumulation of industrial and household 
 waste. Ecocide on a global scale has been taking place since the beginning of Russia's 
 full-scale  treacherous  invasion  of  Ukraine.  Mass  destruction  of  flora  and  fauna, 
 poisoning water resources, and other actions that caused an ecological disaster were 
 recorded  in  the  temporarily  occupied  territories,  as  well  as  those  already  liberated. 


Therefore, the strengthening of environmental security, along with economic growth 
 and social consensus, is the most important task in ensuring sustainable development 
 and one of several priorities for state regional policy in Ukraine for the next 35 years. 


The following occurs in the Encyclopaedia Modern Ukraine: "ecological security 
 demonstrates  the  level  of  protection  important  vital  interests  a  person,  as  well  as 
 society,  collective  security,  the  environment,  and  the  state  against  real  or  potential 
 threats  caused  by  anthropogenic,  natural,  and  other  factors."  The  system  of 
 environmental  security  includes  set  legal,  economic,  technical,  humanitarian  and 
 medical  measures  aimed  at  maintaining  the  balance  between  ecosystems  and 
 anthropogenic  and  natural  loads,  developing  mechanisms  for  the  improvement  and 
 prevention of environmental degradation, and taking care of people's health. 


The modern trend of greening not only covers the issue of ensuring the daily life 
of a person but also has a significant impact on the development policy construction, 
energy industries and enterprises. This issue is especially acute in the context of the 
post-war reconstruction of Ukraine. In social networks, Ukrainians periodically discuss 
the  prospects  of  the  post-war  reconstruction  settlements.  Having  analysed  several 
posts,  it  is  possible  to  conclude  that  in  society,  in  addition  to  the  determination  to 
restore the infrastructure of cities and villages, there is a clear desire to make it even 
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better than it was before the great war. A successful solution for the recovery of the 
 country will be the integration of set measures in design, construction and operation, 
 which  reduces  or  eliminates  the  negative  and  can  create  a  positive  impact  on  our 
 climate and environment, by the best practices of the world. 


The trend of recent years shows that the share of the world's urban population is 
 constantly growing, which leads to the destruction ecosystems and a  decrease in the 
 quality  of life  in  cities, especially  large ones  [1,2]. The  main goals  and  tasks of  the 
 formation new cities should be decided by ecologists, climatologists, architects, and 
 engineers. It is worth noting that most of the existing cities have existed for hundreds 
 of years, so it is necessary to integrate new elements of the development paradigm into 
 the existing infrastructure to improve the standard living. These key elements should 
 take into account not only the social and economic development of the city but also the 
 ecological development the city, improving the ecological status the city system [3, 4]. 


The new paradigm of social development, called "sustainable development", was 
 based  on  the  results  of  causes  analysis  degradation  surrounding  the  natural 
 environment on the scale biosphere and the search for ways to overcome threats to the 
 environment  and  human  health.  Sustainable  development  is  defined  as  a  form  of 
 interaction between society and nature, which ensures the survival of humanity and the 
 preservation of the environment, current generations provide their life needs, without 
 depriving future generations of the opportunity to also meet their own needs. 


The method of our work is to determine ways to implement the principles and goals 
 of  "sustainable  development"  in  the  context  of  eco-design  at  the  levels  of  urban 
 planning,  design  of  individual  buildings,  enterprises,  and  industrial-urban 
 agglomerations. 


As already mentioned above, sustainable design or sustainable development is one 
 of the directions of the global environmental movement, its task includes protecting 
 and  restoring  the  environment.  The  priority  direction  for  solving  environmental 
 problems using the "Sustainability" approach is the idea of organic integration of man-
 made technological products into the environment, and the ecological approach into 
 the culture of the project [5-7]. 


For  a  visual  understanding  of  the  term  "Sustainability",  Fig.  1  demonstrates  the 
 ability of the "planetary-social-economic" system to interact acceptably. 


Figure 1. Visualization of the term "Sustainability" 
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Recently,  various  project  activities  have  received  dynamic  development.  As  a 
 result of this process, most design paradigms were revised. In particular, the regulatory 
 approach to design and ergonomics has undergone serious changes. They converge in 
 the areas of design theory and methodology. Thanks in part to conformity assessment 
 programs  and  green  building  codes  (BREEAM,  LEED,  Edge,  Greenship,  Green 
 Building Index, Green Key Global, GreenSL, GRESB, HQE, ICP) 


As  a  new  paradigm  that  promotes  economic  development  while  reducing 
 environmental degradation and conserving natural resources, eco-design provides an 
 opportunity to rethink our model of economic development. The traditional paradigm 
 of efficiency is giving way to a broader definition of social progress where efficiency, 
 equity and environmental sustainability are closely interrelated. 


It is possible to identify six different types of opportunities for sustainable design 
 of the city and industrial-urban agglomerations, Fig. 2 [8]. 


Figure 2. Framework for urban green growth and eco-design  


Each group may have one or more different topical issues (eg, solid waste, air or 
 water  quality)  with  their  unique  challenges  and  opportunities,  but  which  have  some 
 fundamental  similarities  and  can  therefore  be  logically  classified  under  a  group 
 heading. For each, it is planned to discuss the public policies that could be applied to 
 address  the  problem  and  the  potential  economic  effects  that  could  arise  from  the 
 greening of these sectors, although more in-depth analysis is needed to better quantify 
 such effects. 


Where  possible,  evidence  of  economic  benefits  from  climate  change  adaptation 
 measures (e.g., loss avoidance), as well functional adaptation, will also be provided [8, 
 9, 10]. 


Having  studied  the  relevant  statements  of  the  President,  representatives  of  the 
Government of Ukraine, as well as the positions of international partners, it is possible to 
conclude that the main requirement: the reconstruction of Ukraine is not a return to the 
pre-war  state,  but  a  full-fledged  development  and  integration  into  the  European 
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Community,  based  on  sustainable  development  and  with  taking  into  account  the 
 European Green Course, which is also a guarantee of the fulfilment of the Copenhagen 
 criteria for joining the EU. 


Therefore,  the  implementation  main  principles  of  eco-design,  sustainable 
 development, as well green building codes in the context environmental safety of cities 
 are gaining a wider scale. 


Within Ukraine, efforts to expand the concept of eco-design "sustainability design" 


in cities will require significant investments in many sectors, such as modernization 
 and improvement of energy efficiency of the existing building stock and equipment, 
 development of new infrastructure systems, in particular in the energy and transport 
 sectors, innovative research and development in new "green" technologies. 
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DEVELOPMENT OF ENERGY-SAVING TECHNOLOGY  FOR LIMESTONE FIRING IN SHAFT FURNACES AND 



GAS EQUIPMENT FOR ITS IMPLEMENTATION 
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 The main features of the design of limestone shaft furnaces are considered. An 
 analysis of the influence of thermal and aerodynamic parameters on the intensification 
 of  the  firing  process  and  the  reduction  of  natural  gas  consumption  during  lime 
 production  was  carried  out.  A  new  thermal  technology  and  a  complex  of  new 
 equipment for intensification of firing in mine furnaces are proposed. An evaluation of 
 the thermal technological and economic indicators of the proposed model of lime firing 
 in mine furnaces was carried out in comparison with traditional methods. 


Key words: mine furnace, lime firing, high-speed gas burner, firing quality. Figures - 
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Israel is rich in limestone deposits, which are distributed almost throughout its 
 territory. Therefore, the use of limestone and lime itself, as a product of heat treatment 
 of limestone, has long been widely known in all spheres of human activity. Until the 
 beginning of the twentieth century, smoke from numerous limestone furnaces spread 
 throughout the Land of Israel until the beginning of the twentieth century. Later, the 
 old  process  of  heat  treatment  of  lime  production  moved  to  a  more  modern  level  of 
 production. 


Compliance  with  the  tradition  of  using  limestone  for  cladding  buildings  is 
 preserved  to  this  day  and  in  modern  construction.  Currently,  lime  is  used  in  many 
 industries:  in  ferrous  and  nonferrous  metallurgy,  in  the  oil  and  gas  industry,  in  the 
 chemical industry, in the glass industry, in the pulp and paper industry, in construction, 
 for environmental protection, in water supply and sewerage, in agriculture, in the food 
 industry. Almost all of these types of industry are significantly developed in Israel, so 
 the needs for lime production are also significant. 


Among the binders, lime in terms of production and fuel costs ranks second in 
 the world after the production of cement. Lime production is mainly concentrated on 
 shaft  furnaces  due  to  significantly  lower  specific  energy  consumption  compared  to 
 rotary kilns.   Despite the energy efficiency of shaft furnaces, fuel accounts for more 
 than 50% of the cost of lime production.       Therefore, due to the large volumes of 
 natural gas consumption in the production of lime, on the one hand, and high prices for 
 natural gas, on the other hand, technical solutions that reduce the specific consumption 
 of natural gas spent on production are relevant. 


However,  shaft  furnaces, due to  the complexity  of  controlling and  controlling 
thermal  and  aerodynamic  firing  processes  in  them, remain insufficiently touched by 
technical progress, despite their economic feasibility. The main disadvantage of shaft 
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furnaces is the problematic firing of material in the center of the furnace. In order to 
 warm up the center of the furnace, the search for methods and equipment for the full 
 heating of the material located in the axial region is constantly underway. 


One of the ways aimed at solving the issue of full heating of the material located 
 in the axial region is to reduce the thickness of the heating layer of the material. For 
 this,  shaft  furnaces  with  an  ellipse  or  rectangular  cross  section  were  created  (for 
 example, the Rosstromproekt design, where the section of the mine is made of a slit-
 like size of 1,6 x 8,0 m) [ 2 ].      Diffusion peripheral burners in two tiers are installed 
 on the furnace. Taking into account the research in [1], where it is shown that the active 
 firing depth of a layer of lumpy material by diffusion or injection burners reaches 0.8 
 m, it is possible to assume that the material in the axle section of such a furnace will 
 be fully burned, and a sufficiently dense arrangement of the burners allows for uniform 
 heat treatment of the material throughout the cross-section of the furnace. 


For  firing  with  a  layer  of  small  thickness  at  the  factories  of  the  company 


"Wapfingor Kalk Steinwerke Masers Schmidt" in Austria, a furnace consisting of three 
 mines is used, and each mine has a cross-sectional area of 2 m2 [ 3 ]. It is reported that 
 at these furnaces the specific fuel consumption is 135 kg of equivalent fuel /t lime. 


It is necessary to mention high-performance direct-flow regenerative furnaces, 
 for  example,  furnaces  of  modification  TSR  of  the  company  Cimprogetti  (Italy)  [4].  


This is a complex that consists of two or three shafts interconnected by a transitional 
 channel. Fuel is supplied through burners immersed in a layer of material. Direct-flow 
 regenerative  furnaces  operate  in  variable  modes:  first  the  firing  cycle,  and  then  the 
 preheating cycle. Due to cyclic preheating with the help of tilting valves in combination 
 with the reuse of gas in the upper parts of the shaft, such furnaces must have a high 
 thermal efficiency. But, as practice has shown, in these furnaces, in comparison with 
 traditional cylindrical countercurrent furnaces, the specific fuel consumption is at the 
 same level with sufficient complexity of the design of a regenerative shaft furnace. 


One  of  the  stages  of  the  perspective  development  of  limestone  firing  is  the 
 annular  vertical  shaft  furnaces.  To  supply  different  types  of  fuel,  the  furnace  is 
 equipped  with  two  or  three  levels  with  external  combustion  chambers  or  with 
 peripheral burners.   The furnace is called an annular because the inner cylinder creates 
 a ring zone through which, as a rule, loading passes. The interior space can be used 
 either for preheating limestone or for heating combustion air, which allows to increase 
 the energy efficiency of the furnace and produce lime with higher chemical activity 
 that cannot be obtained in a classic shaft furnace. 


Great successes in the development of projects and the construction of efficient 
 shaft furnaces with a capacity of 60... 500 tons of lime/day in their own country and 
 abroad  were  achieved  by  such  German  companies  as  Eberhardt,  Kosik,  WISTRA, 
 Wärmestelle Steine und Erden GmbH  [ 5 ]  .     


One of the directions of intensification of material heating in the center of shaft 
cylindrical furnaces is the use of rotating tray switchgears, which allow accumulating 
a large fraction of material along the axis of the furnace [ 1 ]. This allows you to reduce 
the aerodynamic resistance of the layer in the axial region of the shaft and direct the 
combustion products from the periphery to the center. 
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In  the  world  practice,  along  with  constructive  improvements  to  improve  the 
 technical and economic performance of shaft furnaces, a lot of attention was paid to 
 the development of various methods and systems to achieve the mentioned goals [6, 7, 
 8, 9] . So in [8, 9 ] it is proved that modern modernization made it possible to obtain 
 specific fuel consumption at the level of 134 kg of equivalent fuel /t of lime. 


Very interesting, in our opinion, are the experiments that were carried out in 
 the work 


[ 10 ], where the influence of the time spent in the firing zone and the temperature of 
 limestone  firing  on  limestone  activity  is  investigated.    The  above-mentioned  paper 
 describes an energy-efficient shaft furnace, in which gas is introduced into four to five 
 tiers, and  35–40%  of  the  total  required  amount  of  fuel  is  supplied  to the upper  tier, 
 which contributes to the creation of a uniform temperature in the firing zone (no more  
 than  1200 0С) and ensures the production of soft-burned lime. The above technical 
 solution is consistent with the research of work [1], in which it is recommended for 
 industrial implementation in a shaft furnace to have two firing zones and one limestone 
 preheating zone and one lime cooling zone. 


Along  with  the  constructive  improvements  of  shaft  furnaces  in  order  to 
 intensify  heat  transfer  in  the  center  of  the  lump  material  layer,  the  main  place  is 
 occupied by the improvement of gas burner devices and their placement schemes.   


      The  shaft  furnace  uses  single-wire  diffusion  gas  burner  devices,  which  are 
 installed along its periphery. Obviously, the kinetic energy of a gas jet flowing from 
 such  a  burner  is  much  lower  than  that  of  a  two-wire  burner,  in  which  the  mass  of 
 leaking  combustion  products  is  much  greater.  Therefore,  the  long-distance  and 
 convective  component  of  the  gas  burner  devices  used  is  extremely  low,  and  poor 
 mixing of gas with air leads to a high content of components of incomplete combustion 
 of natural gas such as CH4, CO, H2 [ 1, 11 ]. 


Thus, on the basis of the analysis of the combustion of gaseous fuel in a layer 
 of  lumpy  material  and  the  peculiarities  of  aerodynamic  and  thermal  processes 
 occurring  in  shaft  furnaces  during  firing,  it  is  possible  to  formulate  the  main 
 requirements for the thermal equipment of a shaft furnace: 


1. It is necessary to ensure the flow of fuel into the middle of the shaft furnace 
 (in its axle region), and the output of combustion products  - from the middle of the 
 shaft furnace along its axis.   


2.  Along  the  periphery,  it  is  necessary  to  distribute  the  fuel  as  evenly  as 
 possible along the circumference of the furnace, as well as along its height, while it is 
 necessary to ensure the penetration of combustion products into the central part of the 
 shaft furnace. 


       From the above requirements it follows that on each tier of the shaft furnace it 
 is necessary to have gas burner devices that would meet special requirements specific 
 to each tier of the shaft furnace. 


The  proposed  developed  model  of  the shaft  furnace, which  combines  into a 
single whole the latest both method and equipment for implementation, which together 
create a heat-technological and energy effect [ 12, 13 ] , is illustrated in Fig. 1, which 
presents the general view of the shaft furnace for firing lump material. 
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Figure 1 .    The method of firing lump material and a shaft furnace 
 for its implementation 


The shaft furnace for firing lumpy material contains a lined shaft 1 with loading 2 and 
 unloading 7 devices installed on the upper and lower levels of the shaft, peripheral 9 
 and central 8 burners with the formation of heating zones 3, firing 4, 5 and cooling 6, 
 smoke exhaust 11, device for removing furnace exhaust gases 10, fan 12 air supply to 
 the burners,  gas pipeline 13. Gaseous fuel (a mixture of natural gas and air) is injected 
 into the shaft furnace dispersed using an air-cooled balk 8 designed by the Gas Institute 
 of  the  National  Academy  of  Sciences  of  Ukraine  (IG  NAS  U),  and  also      using 
 peripheral  burners  9,  which  are  two-wire  high-speed  gas-burning  devices  of  the 
 diffusion-kinetic type of the GS series designed by  IG NAS U  [ 14, 15 ] and which 
 are installed in several tiers (the figure 1 shows three tiers,  which is found mainly in 
 production practice). Uniform distribution of thermal power over the periphery of the 
 furnace is achieved by the location of peripheral burners 9 in increments (0,2÷0,3) Din


(when  Din=Dвн – is inner diameter of the furnace, see Fig.1).  Peripheral burners 9 in 
 adjacent tiers are located with a shift relative to each other in the circular direction at 
 an angle of β = 360/ (N x n) (where N , n  – respectively  the amount of peripheral 
 burners  9  in  the  tier  and  the  amount  of  tiers)  to  form  a  uniform  overlap  by    burner  
 torches  of  firing  zones  4,  5.  In  addition,  the  burners  are  tilted  at  an  angle  of  10-12  
 degrees  relative to the cross section of the furnace. 


Guaranteed firing of the material in the center of the furnace is provided by the 
 supply of natural gas through the central burner - the gas nozzle –  


of the air-cooled balk 8 with consumption 


, where BgƩ   and Bgb  are, respectively, the total consumption 
 of natural gas per furnace and the required consumption of natural gas by the balk; K 
 – the length of penetration of combustion products into the layer of lumpy material: 
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when using traditional peripheral burners K = 0,8 m   ] 1[ , and when using peripheral 
 gas burners of the GS  series   -    K = 1 m, but it is recommended to take K = 0,8 m. 


Intensive cooling of the material in the firing zone is due to the supply of gas 
 and air in a ratio of 1: (20 ÷ 30).   


The  coolant  (combustion  products),  passing  towards  the  material,  heat-
 processes it and is removed by means of a smoke exhaust rod 11 through a device for 
 the removal of furnace exhaust gases 10 of the design of the IG NAN U, located in the 
 center of the shaft furnace under a layer of lumpy material at a depth of H = 0,5÷1,0 m 
 to reduce the suction of cold atmospheric air through the loading device 2.  


The coolant for heating and firing is formed by mixing with the natural gas of 
 the primary air supplied by the fan 12 through peripheral burners 9, the central burner 
 of the air cooling balk 8, and the secondary air supplied with excess to the air-cooled 
 balk 8 and serves as secondary air for peripheral burners 9. 


The  resulting  lime,  having  passed  the  cooling  zone  6  with  a  height 
 (1,2÷1,5)Din, is cooled to t = 50÷80°C and unloaded using a unloading device 7.  


       Elements of the developed model of the furnace with a new method and firing 
 system, and new equipment were introduced in shaft furnaces in the production of lime 
 at industrial enterprises of Ukraine, which are set out in [16]. Here are the main results 
 of the implementations given in this work: 


1. The study of the chemical composition of combustion products in the shaft 
 furnace  of  the Zhytomyr  Plant  of  Building  Materials  confirmed  the  effectiveness  of 
 natural gas combustion using gas burner devices of the GS series of the IG NAS U.  


The chemical composition of waste gases before the reconstruction of CO2 = 8,2 %, O2


= 15,0 %, CH4 = 0,5 %, H2 = 0,13 % , CO = 0,7 % , and after reconstruction CO2 = 8,2 


%, O2 = 15,4 %, CH4 = 0,0 %, H2 = 0,005 % , CO = 0,07 %.    It can be seen that the 
 components  of  incomplete  combustion  in  the  second  case  are  negligible  (traces). In 
 traditional combustion, a significant amount of products of incomplete combustion of 
 natural gas was observed.  The consumption of natural gas fuel decreased from 14000 
 m3 / day to 11000 m3 / day, while the specific fuel consumption were respectively 144 
 and 114 m3/t of lime (respectively 164 and 130 kg of equivalent fuel /t lime - a decrease 
 of 21%), which is confirmed by the acts of implementation. 


2. At the shaft furnaces №1  and №3 CJSC "Tavria Construction Company" in 
 Kherson    the  economic  efficiency  of  introducing  a  new  method  and  equipment  for 
 firing  lime is  estimated  by  saving natural gas 22% with  the  activity of  the  resulting 
 lime 90%. The specific consumption of natural gas was  


138 m3/t of lime    before the introduction, and after that – 108 m3/t of lime (158 and 
 123 kg of equivalent fuel/ton of lime, respectively), which is confirmed by the acts of 
 implementation.   


 The  firing  process  on  these  furnaces  is  fully  automated.  Temperature  and 
aerodynamic  parameters  in  the  area  of  each  gas-burning  device  and  on  all  tiers  are 
controlled and automatically adjusted; - all these parameters are displayed on the PC 
monitor (Fig. 2). 
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