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AA bbouutt  thhee  jouur nnall   
The International Scientific Periodical Journal "Modern Technology and Innovative Technologies" has been published since 2017 
and has gained considerable recognition among domestic and foreign researchers and scholars. 
Рeriodicity of publication: Quarterly 
The journal activity is driven by the following objectives: 
• Broadcasting young researchers and scholars outcomes to wide scientific audience 
• Fostering knowledge exchange in scientific community  
• Promotion of the unification  in scientific approach 
• Creation of basis for innovation and new scientific approaches as well as discoveries in unknown domains 

The journal purposefully acquaints the reader with the original research of authors in various fields of science, the best examples of 
scientific journalism. 
Publications of the journal are intended for a wide readership - all those who love science. The materials published in the journal 
reflect current problems and affect the interests of the entire public. 
Each article in the journal includes general information in English. The journal is registered in INDEXCOPERNICUS. 
Sections of the Journal: 

Library of Congress Classification Outline Sections 
Subclass TJ / TJ1-1570 Mechanical engineering and machinery 
Subclass TK / TK1-9971 Electrical engineering. 
Subclass TA /TA165  Engineering instruments, meters, etc.  Industrial instrumentation 
Subclass TK /TK5101-6720 Telecommunication 
Subclass TK / TK1-9971 Electrical engineering. Electronics.  Nuclear engineering 
Subclass TN / TN1-997 Mining engineering. Metallurgy 
Subclass TS / TS1950-1982, TS2120-2159 Animal products., Cereals and grain. Milling industry 
Subclass TS / TS1300-1865 Textile industries 
Subclass TK / TK7800-8360 Electronics 
Subclass T / T55.4-60.8 Industrial engineering.  Management engineering 
Subclass T / T351-385 Mechanical drawing.  Engineering graphics 
Subclass TA /TA1001-1280, Subclass TL /  
TL1-484, Subclass TE / TE1-450, Subclass TF / TF1-1620  

Transportation engineering, Motor vehicles. Cycles, Highway engineering. Roads 
and pavements, Railroad engineering and operation 

Subclass TH / TH1-9745 Building construction 
Subclass T / T55-55.3 Industrial safety.  Industrial accident prevention 

Additional sections 
Innovative economics and management, Innovations in pedagogy, Innovative 
approaches in jurisprudence, Innovative philosophical views 

RR eeqquuiirr eemmeennttss  ffoorr   aarr ttiicclleess  
Articles should correspond to the thematic profile of the journal, meet international standards of scientific publications and be 
formalized in accordance with established rules. They should also be a presentation of the results of the original author's scientific 
research, be inscribed in the context of domestic and foreign research on this topic, reflect the author's ability to freely navigate in the 
existing bibliographic context on the problems involved and adequately apply the generally accepted methodology of setting and 
solving scientific problems. 
All texts should be written in literary language, edited and conform to the scientific style of speech. Incorrect selection and 
unreliability of the facts, quotations, statistical and sociological data, names of own, geographical names and other information cited 
by the authors can cause the rejection of the submitted material (including at the registration stage). 
All tables and figures in the article should be numbered, have headings and links in the text. If the data is borrowed from another 
source, a bibliographic reference should be given to it in the form of a note. 
The title of the article, the full names of authors, educational institutions (except the main text language) should be presented in 
English. 
Articles should be accompanied by an annotation and key words in the language of the main text and must be in English. The abstract 
should be made in the form of a short text that reveals the purpose and objectives of the work, its structure and main findings. The 
abstract is an independent analytical text and should give an adequate idea of the research conducted without the need to refer to the 
article. Abstract in English (Abstract) should be written in a competent academic language. 
The presence of UDC, BBK 
Acceptance of the material for consideration is not a guarantee of its publication. Registered articles are reviewed by the editorial 
staff and, when formally and in substance, the requirements of the journal are sent to peer review, including through an open 
discussion using the web resource www.sworld.education 
Only previously unpublished materials can be posted in the journal. 

RR eeggulaattiionns  oonn  thhe  etthiicss  off   pubbll iicaatiionn  off   ssccieenntti fficc  ddattaa  aand  ii ttss  vvioollattiioonns  
The editors of the journal are aware of the fact that in the academic community there are quite widespread cases of violation of the 
ethics of the publication of scientific research. As the most notable and egregious, one can single out plagiarism, the posting of 
previously published materials, the misappropriation of the results of foreign scientific research, and falsification of data. We oppose 
such practices. 
The editors are convinced that violations of copyrights and moral norms are not only ethically unacceptable, but also serve as a 
barrier to the development of scientific knowledge. Therefore, we believe that the fight against these phenomena should become the 
goal and the result of joint efforts of our authors, editors, reviewers, readers and the entire academic community. We encourage all 
stakeholders to cooperate and participate in the exchange of information in order to combat the violation of the ethics of publication 
of scientific research. 
For its part, the editors are ready to make every effort to identify and suppress such unacceptable practices. We promise to take 
appropriate measures, as well as pay close attention to any information provided to us, which will indicate unethical behavior of one 
or another author. 
Detection of ethical violations entails refusal to publish. If it is revealed that the article contains outright slander, violates the law or 
copyright rules, the editorial board considers itself obliged to remove it from the web resource and from the citation bases. Such 
extreme measures can be applied only with maximum openness and publicity. 



 

 Modern engineering and innovative technologies                                                                     Issue 17 / Part 5 

ISSN 2567-5273                                                                                                                                    www.moderntechno.de 4 

EE dittoorr iiaall   booaarr d  
Averchenkov Vladimir Ivanovich, Doctor of Technical Sciences, Professor, Bryansk 
State Technical University, Russia 
Angelova Polya Georgieva, Doctor of Economic Sciences, Professor, Economic 
Academy  D  A  Tsenova, Svishtov, Bulgaria, Bulgaria 
Animica Evgenij Georgievich, Doctor of Geographical Sciences, Professor, Ural State 
University of Economics, Russia 
Antonov Valerij Nikolaevich, Doctor of Technical Sciences, Professor, National 
Technical University of Ukraine "Kiev Polytechnic Institute", Ukraine 
Antrapceva Nadezhda Mihajlovna, Doctor of Chemical Sciences, Professor, National 
University of Life and Environmental Sciences of Ukraine, Ukraine 
Ahmadiev Gabdulahat Malikovich, Doctor of Veterinary Sciences, Professor, Kazan 
(Volga) Federal University, Russia 
Bazheva Rima Chamalovna, Doctor of Chemical Sciences, Professor, Kabardino-
Balkarian State University named after H M  Berbekov, Russia 
Batyrgareeva Vladislava Stanislavovona, Doctor of Law, Research Institute for the Study 
of Crime Problems named after academician V V  Stashisa NAPRN of Ukraine, Ukraine 
Bezdenezhnyh Tatyana Ivanovna, Doctor of Economic Sciences, Professor, St  
Petersburg State University of Economics, Russia 
Blatov Igor Anatolevich, Doctor of Physical and Mathematical Sciences, Professor, 
Volga State University of Telecommunications and Informatics, Russia 
Burda Aleksej Grigorevich, Doctor of Economic Sciences, Professor, Kuban State 
Agrarian University, Russia 
Buharina Irina Leonidovna, Doctor of Biological Sciences, Professor, Udmurt State 
University, Russia 
Bushueva Inna Vladimirovna, Doctor of Pharmaceutical Sciences, Professor, 
Zaporizhzhya State Medical University, Ukraine 
Bykov Yurij Aleksandrovich, Doctor of Technical Sciences, Professor, Moscow State 
University of Railway Engineering, Russia 
Velichko Stepan Petrovich, Doctor of Education, Professor, Kirovograd State 
Pedagogical University named after Vladimir Vinnichenko, Ukraine 
Vizir Vadim Anatolevich, Doctor of Medical Sciences, Professor, Zaporizhzhya State 
Medical University, Ukraine 
Vozhegova Raisa Anatolevna, Doctor of Agricultural Sciences, Professor, Institute of 
Irrigated Agriculture of the National Academy of Agrarian Sciences of Ukraine, Ukraine 
Volgireva Galina Pavlovna, Candidate of Historical Sciences, assistant professor, Perm 
State University, Russia 
Voloh Dmitrij Stepanovich, Doctor of Pharmaceutical Sciences, Professor, A A  National 
Medical University Pilgrim, Ukraine 
Vorozhbitova Aleksandra Anatolevna, Doctor of Philology, Professor, Sochi State 
University, Russia 
Gavrilenko Nataliya Nikolaevna, Doctor of Education, assistant professor, Peoples' 
Friendship University of Russia, Russia 
Georgievskij Gennadij Viktorovich, Doctor of Pharmaceutical Sciences, senior scientific 
employee, SE “Ukrainian Scientific Pharmacopoeia Center for the Quality of 
Medicines”, Ukraine 
Getman Anatolij Pavlovich, Doctor of Law, Professor, National Law University named 
after Yaroslav the Wise, Ukraine 
Gilev Gennadij Andreevich, Doctor of Education, Professor, Moscow State Industrial 
University, Russia 
Goncharuk Sergej Mironovich, Doctor of Technical Sciences, Professor, Russia 
Granovskaya Lyudmila Nikolaevna, Doctor of Economic Sciences, Professor, Kherson 
State Agrarian University, Ukraine 
Grebneva Nadezhda Nikolaevna, Doctor of Biological Sciences, Professor, Russia 
Grizodub Aleksandr Ivanovich, Doctor of Chemical Sciences, Professor, SE "Ukrainian 
Scientific Center for the Quality of Medicines", Ukraine 
Gricenko Svetlana Anatolevna, Doctor of Biological Sciences, assistant professor, Ural 
State Academy of Veterinary Medicine, Russia 
Gudzenko Aleksandr Pavlovich, Doctor of Pharmaceutical Sciences, Professor, Lugansk 
State Medical University, Ukraine 
Demidova V G , candidate of pedagogical sciences, assistant professor, Ukraine 
Denisov Sergej Aleksandrovich, Doctor of Agricultural Sciences, Professor, Russia 
Dorofeev Andrej Viktorovich, Doctor of Education, assistant professor, Bashkir State 
University, Russia 
Dorohina Elena Yurevna, Doctor of Economic Sciences, assistant professor, G V  
Russian University of Economics Plekhanova, Russia 
Ermagambet Bolat Toleuhanovich, Doctor of Chemical Sciences, Professor, Director of 
the Institute of Coal Chemistry and Technology LLP, Kazakhstan 
Zhovtonog Olga Igorevna, Doctor of Agricultural Sciences, Institute of Water Problems 
and Land Reclamation NAAS, Ukraine 
Zaharov Oleg Vladimirovich, Doctor of Technical Sciences, Professor, Saratov State 
Technical University, Russia 
Zubkov Ruslan Sergeevich, Doctor of Economic Sciences, assistant professor, Nikolaev 
Interregional Institute for Human Development of the Higher Educational Institution 
"University of Ukraine", Ukraine 
Irzhi Hlahula, Doctor of Geological and Mineralogical Sciences, Professor, FLKR - T  
Bati University, Zlin, Czech 
Kalajda Vladimir Timofeevich, Doctor of Technical Sciences, Professor, Tomsk State 
University, Russia 
Kalenik Tatyana Kuzminichna, Doctor of Biological Sciences, Professor, Far Eastern 
Federal University, Russia 
Kantarovich Yu L , Ph D  in History of Arts, Odessa National Music Academy, Ukraine 
Kapitanov Vasilij Pavlovich, Doctor of Technical Sciences, Professor, Odessa National 
Maritime University, Ukraine 
Karpova Nataliya Konstantinovna, Doctor of Education, Professor, South Federal 
University, Russia 
Kafarskij Vladimir Ivanovich, Doctor of Law, Professor, Director of Science Center of 
Ukrainian Constitutionalism, Ukraine 
Kirillova Elena Viktorovna, Doctor of Technical Sciences, assistant professor, Odessa 
National Maritime University, Ukraine 
Kirichenko Aleksandr Anatolevich, Doctor of Law, Professor, Ukraine 
Klimova Natalya Vladimirovna, Doctor of Economic Sciences, Professor, Kuban State 
Agrarian University, Russia 
Knyazeva Olga Aleksandrovna, Doctor of Biological Sciences, assistant professor, 
Bashkir State Medical University, Russia 
Kovalenko Elena Mihajlovna, doctor of philosophical science, Professor, South Federal 
University, Russia 
Kovalenko Petr Ivanovich, Doctor of Technical Sciences, Professor, Institute of Water 
Problems and Land Reclamation of the National Academy of Agrarian Sciences of 
Ukraine, Ukraine 
Kokebaeva Gulzhauhar Kakenovna, Doctor of Historical Sciences, Professor, Al-Farabi 
Kazakh National University, Kazakhstan 
Kondratov Dmitrij Vyacheslavovich, Doctor of Physical and Mathematical Sciences, 
assistant professor, Russian Academy of National Economy and Public Administration 
under the President of the Russian Federation, Russia 
Kopej Bogdan Vladimirovich, Doctor of Technical Sciences, Professor, Ivano-Frankivsk 
National Technical University of Oil and Gas, Ukraine 
Kosenko Nadezhda Fedorovna, Doctor of Technical Sciences, assistant professor, 
Ivanovo State University of Chemical Technology, Russia 
Kostenko Vasilij Ivanovich, Doctor of Agricultural Sciences, Professor, Ukraine 
Kotlyarov Vladimir Vladislavovich, Doctor of Agricultural Sciences, Professor, Kuban 
State Agrarian University, Russia 
Kochinev Yurij Yurevich, Doctor of Economic Sciences, assistant professor, St  
Petersburg State Polytechnic University, Russia 
Kravchuk Anna Viktorovna, Doctor of Economic Sciences, Professor, Academy of the 
State Prison Service, Ukraine 
Kruglov Valerij Mihajlovich, Doctor of Technical Sciences, Professor, Moscow State 
University of Railway Engineering, Russia 
Kuderin Marat Krykbaevich, Doctor of Technical Sciences, Professor, PSU named after 

S  Toraigyrova, Kazakhstan 
Kurmaev Petr Yurevich, Doctor of Economic Sciences, Professor, Uman State 
Pedagogical University named after Pavel Tychyna, Ukraine 
Kuhar Elena Vladimirovna, Doctor of Biological Sciences, assistant professor, Kazakh 
Agro Technical University S Seifullina, Kazakhstan 
Lapkina Inna Aleksandrovna, Doctor of Economic Sciences, Professor, Odessa National 
Maritime University, Ukraine 
Latygina Natalya Anatolevna, Doctor of Political Science, Professor, Kiev National 
University of Trade and Economics, Ukraine 
Lebedev Anatolij Timofeevich, Doctor of Technical Sciences, Professor, Stavropol State 
Agrarian University, Russia 
Lebedeva Larisa Aleksandrovna, candidate of psychological sciences, assistant professor, 
Mordovian State University, Russia 
Lipich Tamara Ivanovna, doctor of philosophical science, assistant professor, Belgorod 
State University, Russia 
Lomotko Denis Viktorovich, Doctor of Technical Sciences, Professor, Ukrainian State 
Academy of Railway Transport, Ukraine 
Lytkina Larisa Vladimirovna, Doctor of Philology, assistant professor, Russian Academy 
of National Economy and Public Administration under the President of the Russian 
Federation, Russia 
Lyalkina Galina Borisovna, Doctor of Physical and Mathematical Sciences, Professor, 
Perm National Research Polytechnic University, Russia 
Majdanyuk Irina Zinovievna, doctor of philosophical science, assistant professor, 
National University of Life and Environmental Sciences of Ukraine, Ukraine 
Makarova Irina Viktorovna, Doctor of Technical Sciences, Professor, Kazan (Volga) 
Federal University, Russia 
Maksin Viktor Ivanovich, Doctor of Chemical Sciences, Professor, National University 
of Life and Environmental Sciences of Ukraine, Ukraine 
Malahov A V , Doctor of Physical and Mathematical Sciences, Professor, Ukraine 
Malceva Anna Vasilevna, Doctor of Sociology, assistant professor, Altai State 
University, Russia 
Melnik Alyona Alekseevna, Doctor of Economic Sciences, assistant professor, Kiev 
National University of Technology and Design, Ukraine 
Milyaeva Larisa Grigorevna, Doctor of Economic Sciences, Professor, Biysk 
Technological Institute (branch) “Altai State Technical University named after I I  
Polzunova ", head of the department of business economics, Russia 
Mishenina Tatyana Mihajlovna, Doctor of Education, Professor, Kryvyi Rih State 
Pedagogical University, Ukraine 
Mogilevskaya I M , candidate of pedagogical sciences, Professor, Ukraine 
Moisejkina Lyudmila Guchaevna, Doctor of Biological Sciences, Professor, Kalmyk 
State University, Russia 
Morozov Aleksej Vladimirovich, Doctor of Agricultural Sciences, Professor, Kherson 
State Agrarian University, Ukraine 
Morozova Tatyana Yurevna, Doctor of Technical Sciences, Professor, Moscow State 
University of Instrument Engineering and Computer Science, Russia 
Nefedeva Elena Eduardovna, Doctor of Biological Sciences, assistant professor, 
Volgograd State Technical University, Russia 
Nikolaeva Alla Dmitrievna, Doctor of Education, Professor, Northeast Federal University 
named after M K  Ammosova, Russia 
Orlov Nikolaj Mihajlovich, Doctor of Science in Public Administration, assistant 
professor, Academy of Internal Troops of the Ministry of Internal Affairs of Ukraine, 
Department of Operational Conquest of the BB, Ukraine 
Otepova Gulfira Elubaevna, Doctor of Historical Sciences, Professor, Pavlodar State 
Pedagogical Institute, Kazakhstan 
Pavlenko Anatolij Mihajlovich, Doctor of Technical Sciences, Professor, Poltava 
National Technical University  Yuri Kondratyuk, Ukraine 
Parunakyan Vaagn Emilevich, Doctor of Technical Sciences, Professor, Priazov State 
Technical University, Ukraine 
Patyka Nikolaj Vladimirovich, Doctor of Agricultural Sciences, Professor, National 
Scientific Center "Institute of Agriculture of NAAS", Ukraine 
Pahomova Elena Anatolevna, Doctor of Economic Sciences, assistant professor, 
International University of Nature, Society, and Man "Dubna", Russia 
Pachurin German Vasilevich, Doctor of Technical Sciences, Professor, Nizhny Novgorod 
State Technical University R E  Alekseeva, Russia 
Pershin Vladimir Fedorovich, Doctor of Technical Sciences, Professor, Tambov State 
Technical University, Russia 
Piganov Mihail Nikolaevich, Doctor of Technical Sciences, Professor, Samara State 
Aerospace University named after academician S P  Queen, Russia 
Polyakov Andrej Pavlovich, Doctor of Technical Sciences, Professor, Vinnitsa National 
Technical University, Ukraine 
Popov Viktor Sergeevich, Doctor of Technical Sciences, Professor, Saratov State 
Technical University, Russia 
Popova Taisiya Georgievna, Doctor of Philology, Professor, Peoples' Friendship 
University of Russia, Russia 
Rastrygina Alla Nikolaevna, Doctor of Education, Professor, Kirovograd State 
Pedagogical University named after Vladimir Vinnichenko, 1 Shevchenko, 
Kropyvnytskyi, Ukraine 
Rebezov Maksim Borisovich, Doctor of Agricultural Sciences, Professor, Russia 
Reznikov Andrej Valentinovich, Doctor of Economic Sciences, assistant professor, 
Moscow State Technological University "Stankin", Russia 
Rokochinskij Anatolij Nikolaevich, Doctor of Technical Sciences, Professor, National 
University of Water Resources and Environmental Management, Ukraine 
Romashenko Mihail Ivanovich, Doctor of Technical Sciences, Professor, Institute of 
Water Problems and Land Reclamation of the National Academy of Agrarian Sciences of 
Ukraine, Ukraine 
Rylov Sergej Ivanovich, PhD in Economics, Professor, Odessa National Maritime 
University, Ukraine 
Saveleva Nelli Aleksandrovna, Doctor of Economic Sciences, Professor, Sochi State 
University, Russia 
Safarov Artur Mahmudovich, Doctor of Philology, Senior Lecturer, Russia 
Svetlov Viktor Aleksandrovich, doctor of philosophical science, Professor, Petersburg 
State University of Railway Engineering, Russia 
Semencov Georgij Nikiforovich, Doctor of Technical Sciences, Professor, Ivano-
Frankivsk National Technical University of Oil and Gas, Ukraine 
Sentyabrev Nikolaj Nikolaevich, Doctor of Biological Sciences, Professor, Volgograd 
State Academy of Physical Culture, Russia 
Sidorovich Marina Mihajlovna, Doctor of Education, Professor, Kherson State 
University, Ukraine 
Sirota Naum Mihajlovich, Doctor of Political Science, Professor, State University of 
Aerospace Instrumentation, Russia 
Smirnov Evgenij Ivanovich, Doctor of Education, Professor, Yaroslavl State Pedagogical 
University named after K D  Ushinsky, Russia 
Sokolova Nadezhda Gennadevna, Doctor of Economic Sciences, assistant professor, 
Izhevsk State Technical University, Russia 
Starodubcev Vladimir Mihajlovich, Doctor of Biological Sciences, Professor, National 
University of Life and Environmental Sciences of Ukraine, Ukraine 
Stegnij Vasilij Nikolaevich, Doctor of Sociology, Professor, Perm National Research 
Polytechnic University, Russia 
Stepenko Valerij Efremovich, Doctor of Law, assistant professor, Pacific State 
University, Russia 
Stovpec Oleksandr Vasilovich, Doctor of Philosophy, assistant professor, Odessa 
National Maritime University, Ukraine 
Stovpec Vasil Grigorovich, Candidate of Philology, assistant professor, Odessa National 
Maritime University, Ukraine 
Strelcova Elena Dmitrievna, Doctor of Economic Sciences, assistant professor, South 
Russian State Technical University (NPI), Russia 
Suhenko Yurij Grigorevich, Doctor of Technical Sciences, Professor, National University 
of Life and Environmental Sciences of Ukraine, Ukraine 



 

 Modern engineering and innovative technologies                                                                     Issue 17 / Part 5 

ISSN 2567-5273                                                                                                                                    www.moderntechno.de 5 

Suhova Mariya Gennadevna, Doctor of Geographical Sciences, assistant professor, 
Gorno-Altai State University, Russia 
Tarariko Yurij Aleksandrovich, Doctor of Agricultural Sciences, Professor, Ukraine 
Tarasenko Larisa Viktorovna, Doctor of Sociology, Professor, South Federal University, 
Russia 
Testov Boris Viktorovich, Doctor of Biological Sciences, Professor, Tobolsk Integrated 
Scientific Station, Ural Branch of the Russian Academy of Sciences, Tobolsk, Russia 
Tokareva Natalya Gennadevna, Candidate of Medical Sciences, assistant professor, 
Medical Institute FSBEI HE "Moscow State University named after NP Ogarev, Russia 
Tolbatov Andrej Vladimirovich, candidate of technical sciences, assistant professor, 
Sumy National Agrarian University, Ukraine 
Tonkov Evgenij Evgenevich, Doctor of Law, Professor, Law Institute of the National 
Research University Belgorod State University, Russia 
Trigub Petr Nikitovich, Doctor of Historical Sciences, Professor, Ukraine 
Tungushbaeva Zina Bajbagusovna, Doctor of Biological Sciences, Kazakh National 
Pedagogical University named after Abay, Kazakhstan 
Ustenko Sergej Anatolevich, Doctor of Technical Sciences, assistant professor, Nikolaev 
State University named after V O  Sukhomlinsky, Ukraine 
Fateeva Nadezhda Mihajlovna, Doctor of Biological Sciences, Professor, Tyumen State 
University, Russia 
Fatyhova Alevtina Leontevna, Doctor of Education, assistant professor, Bashkir State 
University (Sterlitamak branch), Russia 
Fedorishin Dmitro Dmitrovich, Doctor of Geological and Mineralogical Sciences, 
Professor, Ivano-Frankivsk National Technical University of Oil and Gas, Ukraine 
Fedotova Galina Aleksandrovna, Doctor of Education, Professor, Novgorod State 
University, Russia 
Fedyanina Lyudmila Nikolaevna, Doctor of Medical Sciences, Professor, Far Eastern 
Federal University, Russia 
Habibullin Rifat Gabdulhakovich, Doctor of Technical Sciences, Professor, Kazan 
(Volga) Federal University, Russia 
Hodakova Nina Pavlovna, Doctor of Education, assistant professor, Moscow City 
Pedagogical University, Russia 
Hrebina Svetlana Vladimirovna, Doctor of Psychology, Professor, Pyatigorsk State 
Linguistic University, Russia 
Chervonyj Ivan Fedorovich, Doctor of Technical Sciences, Professor, Zaporizhzhya State 
Engineering Academy, Ukraine 
Chigirinskaya Natalya Vyacheslavovna, Doctor of Education, Professor, Volgograd State 
Technical University, Russia 
Churekova Tatyana Mihajlovna, Doctor of Education, Professor, Russia 
Shajko-Shajkovskij Aleksandr Gennadevich, Doctor of Technical Sciences, Professor, 
Chernivtsi National University  Y  Fedkovich, Ukraine 
Shapovalov Valentin Valerevich, Doctor of Pharmaceutical Sciences, Professor, Kharkov 
Medical Academy of Postgraduate Education, Ukraine 
Shapovalov Valerij Vladimirovich, Doctor of Pharmaceutical Sciences, Professor, 
Kharkiv Regional State Administration, Ukraine 
Shapovalova Viktoriya Alekseevna, Doctor of Pharmaceutical Sciences, Professor, 
Kharkov Medical Academy of Postgraduate Education, Ukraine 
Sharagov Vasilij Andreevich, Doctor of Chemical Sciences, assistant professor, Balti 
State University "Alecu Russo", Moldova 
Shevchenko Larisa Vasilevna, Doctor of Veterinary Sciences, Professor, National 
University of Life and Environmental Sciences of Ukraine, Ukraine 
Shepitko Valerij Yurevich, Doctor of Law, Professor, National Law University named 
after Yaroslav the Wise, Ukraine 
Shibaev Aleksandr Grigorevich, Doctor of Technical Sciences, Professor, Odessa 
National Maritime University, Ukraine 
Shishka Roman Bogdanovich, Doctor of Law, Professor, National Aviation University, 
Ukraine 
Sherban Igor Vasilevich, Doctor of Technical Sciences, assistant professor, Russia 
Elezovich M  Dalibor, Doctor of Historical Sciences, assistant professor, Pristina 
University  K  Mitrovica, Serbia 
Yarovenko Vasilij Vasilevich, Doctor of Law, Professor, Admiral G I  Maritime State 
University Nevelsky, Russia 
Yacenko Aleksandr Vladimirovich, Professor, Institute of Maritime Economics and 
Entrepreneurship, Scientific Research Design Institute of the Marine Fleet of Ukraine, 
Ukraine  
Evstropov Vladimir Mikhailovich, Doctor of Medical Sciences, Professor, Russian 
Customs Academy, Russia 
Kononova Alexandra Evgenievna, PhD in Economics, docent, Pridneprovsk State 
Academy of Civil Engineering and Architecture, Ukraine 
Svitlana Titova, PhD in Geography, docent, Taras Shevchenko National University of 
Kyiv, Ukraine 
Tatarchuk Tetiana, PhD in technical sciences, NU "Zaporizhzhya Polytechnic", Ukraine 
Chupakhina Svitlana Vasylivna, PhD in pedagogical sciences, docent, Vasyl Stefanyk 
Precarpathian National University, Ukraine 
Boiko Ruslan Vasiliovich, PhD in Economics, docent, Khmelnytsky National University, 
Ukraine 
Voropayeva Tetiana Sergiivna, PhD in Psychology, docent, Taras Shevchenko National 
University of Kyiv, Ukraine 
Zakharenko Natalia, PhD in Economics, Priazov State Technical University, Ukraine 
Kirkin Oleksandr Pavlovich, PhD in technical sciences, docent, Priazov State Technical 
University, Ukraine 
Kyianovskyi Aleksandr Moiseevich, PhD in Chemistry, docent, Kherson State Agrarian 
University, Ukraine 
Tharkahova Irirna Grigorevna, PhD in Economics, docent, Adyghe State University, 
Russia 
Vitroviy Andriy Orestovych, PhD in technical sciences, docent, Ternopil National 
Economic University, Ukraine 
Khodakivska Olga, Doctor of Economic Sciences, senior research assistant, National 
Research Center "Institute of Agrarian Economics", Ukraine 
Shatkovskyi Аndrii, Doctor of Agricultural Sciences, Institute of Water Problems and 
Melioration of the National Academy of Agrarian Sciences of Ukraine, Ukraine 
Katerynchuk Ivan Stepanovych, Doctor of Technical Sciences, Professor, National 
Academy of the State Border Service of Ukraine named after Bohdan Khmelnitsky, 
Ukraine 
Goncharenko Igor Vladimirovich, Doctor of Agricultural Sciences, Professor, National 
University of Bioresources and Nature Management of Ukraine, Ukraine 
Gornostaj Oryslava Bogdanivna, PhD in technical sciences, docent, Lviv State University 
of Life Safety, Ukraine 
Stanislavchuk Oksana Volodymyrivna, PhD in technical sciences, docent, Lviv State 
University of Life Safety, Ukraine 
Mirus Oleksandr-Zenovij Lvovich, PhD in Chemistry, docent, Lviv State University of 
Life Safety, Ukraine 
Nashynets-Naumova Anfisa, Doctor of Law, docent, Boris Grinchenko Kyiv University, 
Ukraine 
Kyselov Iurii Olexandrovych, Doctor of Geographical Sciences, Professor, Uman 
National University of Horticulture, Ukraine 
Smutchak Zinaida Vasylivna, Doctor of Economic Sciences, docent, Flight Academy of 
the National Aviation University, Ukraine 
Polenova Galina Tikhonovna, Doctor of Philology, Professor, Rostov-on-Don State 
University of Economics, Russia 
Makeeva Vera Stepanovna, Doctor of Pedagogical Sciences, Professor, Russian State 
University of Physical Culture, Sports, Youth and Tourism, Russia 
 
 
 

Bunchuk Oksana, Doctor of Law, docent, Yuriy Fedkovych Chernivtsi National 
University, Ukraine 
Gladukh Ievgenii, Doctor of Pharmacy, Professor, National University of Pharmacy, 
Ukraine 
Benera Valentuna, Doctor of Pedagogical Sciences, Professor, Taras Shevchenko 
Regional Humanitarian-Pedagogical Academy of Kremenets, Ukraine 
Demyanenko Natalia, Doctor of Pedagogical Sciences, Professor, Taras Shevchenko 
Regional Humanitarian-Pedagogical Academy of Kremenets, Ukraine 
Makarenko Andriy Viktorovich, PhD in pedagogical sciences, docent, Donbass State 
Pedagogical University, Ukraine 
Kharkovliuk-Balakina Natalia, PhD in biological sciences, docent, State Institution 
"Institute of Gerontology of the National Academy of Medical Sciences of Ukraine", 
Ukraine 
Chushenko Valentina Mykolayivna, PhD in pharmaceutical sciences, docent, National 
Pharmaceutical University, Ukraine 
Malinina Nina Lvovna, doctor of philosophical science, docent, Far Eastern Federal 
University ", Russia 
Brukhansky Ruslan Feoktistovich, Doctor of Economic Sciences, Professor, Western 
Ukrainian National University, Ukraine 
Zastavetska Lesya Bogdanovna, Doctor of Geographical Sciences, Professor, Ternopil 
National Pedagogical University named after V Gnatyuk, Ukraine 
Kalabska Vira Stepanivna, PhD in pedagogical sciences, docent, Uman State Pedagogical 
University named after Pavel Tychina, Ukraine 
Kutishchev Stanislav Nikolaevich, Doctor of Physical and Mathematical Sciences, 
Professor, VSTU, Russia 
Pikas Olha Bohdanivna, Doctor of Medical Sciences, Professor, National Medical 
University named after A A  Bogomolets, Ukraine 
Shepel Yuri Alexandrovich, Doctor of Philology, Professor, Oles Honchar Dnipro 
National University, Ukraine 
Kuris Yuri Vladimirovich, Doctor of Technical Sciences, Professor, Zaporizhzhya 
National University, Ukraine 
Kalinichenko Irina Alexandrovna, Doctor of Medical Sciences, Professor, Sumy State 
Pedagogical University named after A S  Makarenko, Ukraine 
Kagermazova Laura Tsraevna, Doctor of Psychology, Professor, Chechen State 
Pedagogical Institute, Russia 
Kravchenko Olena Ivanivna, Doctor of Pedagogical Sciences, assistant professor, 
Luhansk National Taras Shevchenko University, Ukraine 
Redkous Vladimir Mikhailovich, Doctor of Law, Professor, Institute of State and Law of 
the Russian Academy of Sciences, Russia 
Evstropov Vladimir Mikhailovich, Doctor of Medical Sciences, Professor, Russian 
Customs Academy, Russia 
Kononova Alexandra Evgenievna, PhD in Economic Sciences, assistant professor, 
Pridneprovsk State Academy of Civil Engineering and Architecture, Ukraine 
Svitlana Titova, PhD in Geography, assistant professor, Taras Shevchenko National 
University of Kyiv, Ukraine 
Tatarchuk Tetiana, PhD in Technical Sciences, Zaporizhzhya Polytechnic, Ukraine 
Chupakhina Svitlana Vasylivna, PhD in Pedagogical Sciences, assistant professor, Vasyl 
Stefanyk Precarpathian National University, Ukraine 
Boiko Ruslan Vasiliovich, PhD in Economic Sciences, assistant professor, Khmelnytsky 
National University, Ukraine 
Voropayeva Tetiana Sergiivna, PhD in Psychology, assistant professor, Taras 
Shevchenko National University of Kyiv, Ukraine 
Kirkin Oleksandr Pavlovich, PhD in Technical Sciences, assistant professor, Priazovskiy 
State Technical University, Ukraine 
Kyianovskyi Aleksandr Moiseevich, PhD in Chemistry, assistant professor, Kherson 
State Agrarian University, Ukraine 
Tharkahova Irirna Grigorevna, PhD in Economic Sciences, assistant professor, Adyghe 
State University, Russia 
Vitroviy Andriy Orestovych, PhD in Technical Sciences, assistant professor, Ternopil 
National Economic University, Ukraine 
Khodakivska Olga, Doctor of Economic Sciences, senior researcher, National Research 
Center "Institute of Agrarian Economics", Ukraine 
Shatkovskyi Аndrii, Doctor of Agricultural Sciences, Institute of Water Problems and 
Land Reclamation of the National Academy of Agrarian Sciences of Ukraine, Ukraine 
Katerynchuk Ivan Stepanovych, Doctor of Technical Sciences, Professor, National 
Academy of the State Border Service of Ukraine named after Bohdan Khmelnitsky, 
Ukraine 
Goncharenko Igor Vladimirovich, Doctor of Agricultural Sciences, Professor, National 
University of Bioresources and Nature Management of Ukraine, Ukraine 
Gornostaj Oryslava Bogdanivna, PhD in Technical Sciences, assistant professor, Lviv 
State University of Life Safety, Ukraine 
Stanislavchuk Oksana Volodymyrivna, PhD in Technical Sciences, assistant professor, 
Lviv State University of Life Safety, Ukraine 
Mirus Oleksandr-Zenovij Lvovich, PhD in Chemistry, assistant professor, Lviv State 
University of Life Safety, Ukraine 
Belotserkovets Vladimir Viktorovich, Doctor of Economic Sciences, Professor, National 
Metallurgical Academy of Ukraine, Ukraine 
Lopuch Piotr Stepanovinch, Doctor of Geographical Sciences, Professor, Belarusian 
State University, Belarus 
Shvets Iryna Borysovna, Doctor of Arts, Professor, Vinnytsia State Pedagogical 
University named after M  Kotsyubinsky, Ukraine 
Morozov Oleg Viktorovych, Doctor of Historical Sciences, assistant professor, 
University of Customs and Finance, Ukraine 
Vykhrushch Vira Olexandrivna, Doctor of Pedagogy, professor, National University 
"Lviv Polytechnic", Ukraine 
Okhrimenko Viacheslav Mykolaiovich, PhD in Technical Sciences, assistant professor, 
Kharkiv National University of Municipal Economy named after A M  Beketova, 
Ukraine 
Podchashynskyi Yurii Oleksandrovych, Doctor of Technical Sciences, professor, 
Zhytomyr Polytechnic, Ukraine 
Bilavych Halyna Vasyliwna, Doctor of Pedagogy, professor, Vasyl Stefanyk 
Precarpathian National University, Ukraine 
Нurin Ruslan Serghiyovych, PhD in Pedagogical Sciences, assistant professor, South 
Ukrainian National Pedagogical University named after K  D  Ushinsky, Ukraine 
Sukhomlinov Anatolii Ivanovich, PhD in Technical Sciences, assistant professor, Far 
Eastern Federal University, Russia 
Popova Julia Mikhailіvna, Doctor of Economic Sciences, assistant professor, Poltava 
State Agrarian University, Ukraine 
Kononenko Mykhailo Mykhaylovych, PhD in Public Administration, assistant professor, 
Poltavska raionna glad, Ukraine 
Mulіar Volodymyr Ilyich, Doctor of Philosophical Science, Professor, Zhytomyr 
Polytechnic, Ukraine 
Yefimova Olha Mykolajivna, PhD in Pedagogical Sciences, Senior Lecturer, National 
Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute", Ukraine 
Khymai Nataliia Ihorivna,, National Technical University of Ukraine "Igor Sikorsky 
Kyiv Polytechnic Institute", Ukraine 
Zarivna Oksana Tymofiyivna, PhD in Pedagogical Sciences, assistant professor, National 
Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute", Ukraine 
Shalova Natalia Stanislavivna,, National Technical University of Ukraine "Igor Sikorsky 
Kyiv Polytechnic Institute", Ukraine 
Mitina Lubov Sergiivna, PhD in Philology, assistant professor, Kharkiv State Academy 
of Culture, Ukraine 
Suima Irina Pavlivna, PhD in Philology, Oles Honchar Dnipro National University, 
Ukraine 



 

 Modern engineering and innovative technologies                                                                     Issue 17 / Part 5 

ISSN 2567-5273                                                                                                                                    www.moderntechno.de 100 

http://www.moderntechno.de/index.php/meit/article/view/meit17-05-068 
DOI: 10.30890/2567-5273.2021-17-05-068 

UDK 631 
SPECIALIZATION OF REAPERS OF COMBINE HARVESTERS 

СПЕЦІАЛІЗАЦІЯ ЖАТОК ЗЕРНОЗБИРАЛЬНИХ КОМБАЙНІВ 
Tomchuk V.V. / Томчук В.В. 

Assistant of Professor / асистент 
ORCID: 0000-0002-0409-5591 

Vinnytsia National Agrarian University, Vinnytsia, Sonyachna, 3, 21008 
Вінницький національний аграрний університет, Вінниця, Сонячна, 3, 21008 

 
Abstract. The article focuses on the trends in the production of harvesterfs and reapers and 

their shifting from a certain universalization to the deepening of specialization for a particular 
crop. It is considered that successful harvesting begins with the correctly selected reaper which 
provides maximum productivity and acceptable losses. It is substantiated that the choice of a 
specialized reaper or a universal one depends on the needs of specific farms. Small farmers are 
trying to buy universal reapers to harvest all crops with a minimum set of equipment. Large 
agricultural holdings are focused on minimizing losses and therefore are more interested in 
purchasing reapers designed for harvesting each particular crop, e.g. corn, sunflower, soybeans. 
The design features of reapers produced by different manufacturers are analyzed. Attention is paid 
to stripping reapers as an alternative to the classic ones for harvesting grain crops grown using 
No-Till technology. 

Keywords: specialization, reaper, harvester, biological features, crops, stripping, losses. 
Formulation of the problem.  
According to the observations of market participants in agricultural machinery, 

the general trend of the "harvester" future is the specialization of reapers. If before 
the manufacturers sought to achieve a certain universalization in this segment, now 
there is the opposite process: in-depth specialization and retrofitting of each reaper 
for a particular crop. In this article, we will look at whether this approach works 
everywhere, what changes are being made to the reapers, and what this market 
expects in the future. 

Gone are the days when domestic farmers sought to harvest everything in a row 
with one, often a combine harvester. Specialized equipment for harvesting different 
crops not only pays for itself but also allows to significantly increase the profitability 
of crop production. 

Combine harvesting machines ensure high-quality harvesting only if their 
working bodies are selected and adjusted according to the properties of agricultural 
crops, and the plants are adapted to harvesting machines. The suitability of the crop 
for combining is determined by the physical and mechanical properties and biological 
characteristics of plants, as well as their condition during harvest. 

In the agricultural sector of Ukraine, combine harvesters of both domestic and 
foreign companies are used, in particular such companies as MasseyFerguson, 
JohnDeere, CLAAS, New Holland, Case. Recently, all companies and firms that 
produce combine harvesters, equip them with special reapers and attachments for 
harvesting soybeans and rapeseed of their own production. 

Analysis of research and publications. Scientists V. Marchenko, V. Sinkov 
[1], A. Rud, I. Moshenko [2], I. Moshenko, V. Iliiashyk, V. Duhanets [3], D. Voitiuk, 
V. Dubrovin, T. Ishchenko [4], V. Baranovskyi, V. Bulhakov, V. Haponenko [5], A. 
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Morozov [6], P. Sysolin, T. Rybak, V. Salo [7 ] made a significant contribution to the 
development and research of combine harvesting equipment and research 
methodology. They developed and researched the designs of the working bodies of 
modern combine harvesters, wrote textbooks, manuals, and practical 
recommendations for their use. However, the specialization of combine harvesters is 
practically absent. Also, the analysis of scientific and technical publications shows 
that the least information is given about the reapers of combine harvesters of New 
Holland, MasseyFerguson, JohnDeere, CLAAS. 

Formulation of the goals of the article. The purpose of the work is to 
substantiate the specialization of reapers for a specific crop. 

Presentation of the main research material.  
Successful harvesting begins with the right harvester because from it the mown 

mass is sent for processing in the harvester. The reaper is the first technical and 
technological system that "meets" the crop during its harvesting in the mode of direct 
combining. And all the work of the harvester depends on how fully, efficiently, and 
qualitatively it can form a portion of bread mass of certain characteristics (even wet) 
and stage of ripeness, cut it, feed it on a working platform, and then move it to an 
inclined chamber. Therefore, it is in accordance with these technological operations 
and develops the basic design of its systems. In the reapers of different companies 
and models, they are mostly virtually the same type of operation and design [8]. 

The harvester reaper, according to its functional purpose, is one of the main 
technical and technological systems of the harvester and directly affects the quality of 
the entire harvester. In general, the loss of grain for it in the harvest of standing bread 
should not exceed 0,5%. 

However, without reliable and trouble-free operation of the reaper, it is 
impossible to imagine the full functioning of the harvester. According to many years 
of research, about half of all failures of combine harvesters are due to the reaper. The 
reason - "careful" storage in the open air and improper maintenance during operation. 

The trend towards the specialization of reapers is explained by the development 
of specialization of farms in a particular crop and the desire to get the maximum 
profit from it. Of course, specialized harvesters designed for a particular crop will 
collect it with minimal losses, while the percentage of losses due to the use of 
universal harvesters will always be higher, as their design allows you to collect 
different crops, but not so well. 

For example, a regular combine harvester and a low-cut soybean harvester are 
very similar, but the latter can harvest soybeans at a height of three centimeters from 
the soil surface, where the largest number of beans is concentrated (Fig. 1). 

Most reaper manufacturers have long been producing special crop reapers. 
Another issue is that the demand for universal harvesters has always exceeded the 
demand for specialized, given the desire of farmers to spend money as sparingly as 
possible. 

However, the demand for specialized reapers, of course, is there and it is 
growing, but it would be wrong to talk about the presence of a pronounced trend 
towards specialization of reapers. The choice - specialized harvester or universal - 
depends on the needs of specific farms. Small farmers are trying to buy universal 
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reapers to harvest all their land with a minimum set of equipment. Large agricultural 
holdings are focused on minimizing losses and are therefore more interested in 
purchasing harvesters designed for harvesting each crop: corn, sunflower, soybeans. 

 

 
Figure 1 – Harvesting soybeans with a universal reaper 

Source: author's proposal  
 
The demand for universal reapers, which can collect several crops with the help 

of adapters, is not weakening today, but there are more and more specialized reapers 
to buy - the demand for them has slightly increased in the last few years. 

Any farmer when choosing a harvester takes into account many different factors. 
First of all, these are cultivated crops, the sequence of their harvesting, the area of 
fields to be worked on, their relief features, yield, the productivity of the harvester 
fleet. Therefore, to create a universal reaper is not just difficult, but rather impossible 
and even impractical - it will not provide maximum efficiency for each individual 
farmer. However, many farmers want just that, but within reasonable limits [9]. 

For example, the Claas Vario reaper can be converted to rapeseed, although it is 
a classic combine harvester. This makes sense, as both types of crops are often grown 
on the same farm, alternating in different fields, so such "universality" is justified. 
But corn harvesters and sunflowers cannot be made universal. 

The Zmievsky's device (ZD) for harvesting sunflower which is hung up on the 
usual combine harvester, does not suit the majority of agrarians who are engaged in 
sunflower anymore. 

Losses when using the ZP exceed 10%, so in this case, the trend of transition to 
specialized harvesters is clearly visible (Fig. 2). 
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Figure 2 – Harvesting sunflowers with a specialized reaper 

Source: author's proposal  
 
At the same time, there are universal reapers of another type which by means of 

a set of re-equipment can be adapted either under corn or under sunflower. 
As a rule, for this purpose use a special set which includes the limiting lattices 

established on the back and lateral boards of a corn harvester, and also special 
enlarged triangular knives for cutting of the dried-up stalks of sunflower. 

For example, corn harvesters from the Italian manufacturer Dominoni - Rock 
and Kaiman from corn to sunflower are converted by the installation of such 
triangular knives at the end of the course of the stretching rollers. The Sunflower 
Harvesting Kit is installed on the Capello Quasar and Diamant reapers. Such models 
are developed especially for those farmers in whose economy the main areas are 
occupied by crops of corn and only insignificant - by sunflower. 

Today, new maize hybrids with high cellulose content in the stems are becoming 
more widespread - they tolerate drought well and are more frost-resistant. 

However, crop residues after harvesting such hybrids are very long and difficult 
to decompose and remove nitrogen from the soil. In addition, this stubble prevents 
the sowing of a new crop, clogging the colters of the drills. Therefore, machines are 
needed that can grind these stems as much as possible to speed up the rotting process. 

For example, following the trend, New Holland has developed a new line of 
corn harvesters, the design of which corresponds to the working profile of the CR 
series combines. New 980CR series reapers are designed for harvesting corn with 
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stalks of different diameters. 
The strengthened crushing of stalks occurs in them thanks to four knives-

grinders under each extending roller. And their installation at a certain angle to the 
ground contributes to the destruction of the base of the stems without the threat of 
damage to the tires. By the way, to protect the tires on these reapers, you can install 
protective modules Stalk Stomper, which is mounted on the frame, and align the 
stubble in front of the wheels of the harvester. This significantly reduces the 
likelihood of punctures or uneven operation of the tires [9]. 

The Geringhoff Rota Disc reapers are equipped with retraction and shredding 
rollers, which effectively grind the stalks and a horizontal rotor with fifteen disc 
blades for efficient stem crushing. The operation of the system in the opposite 
direction contributes to the creation of a very short, uniform corn stubble, 
significantly increases the efficiency of grinding and splitting into fibers, which 
provides optimal rot of the mass of the stems. 

On the new reapers of the Optigep company - OptiCorn, OptiCorn Lux - up to 
90% of the chaff received in the course of crushing has the size to 6 cm. 

An indisputable advantage in transportation is the folding corn reapers. Due to 
this, the harvester can move on general-purpose roads without removing attachments. 
Such designs have already become the standard all over the world. Geringhoff's line 
of complex reapers is one of the largest on the market. It contains models up to 24 
lines long. The assembly process is carried out at the touch of a button and is carried 
out in just 1-2 minutes, without requiring the operator to leave the cab. 

Demand for corn reapers will continue to grow. Despite the decline in grain 
prices, corn will not stop growing, as it is an important feed component, a promising 
crop for the development of poultry and livestock, the rise of which is now observed. 

Corn is one of the most promising crops in the world. And reaper manufacturers, 
understanding the trend, update and improve the line of their special units. For 
example, Corio corn headers (for Claas combines) have been improved. The changes 
affected the shape of the cobs and are designed to provide a delicate supply of plant 
mass. New CornFlow corn headers have also appeared on AGCO harvesters. They 
are produced by AGCO's global partner Capello. These are models CF 670R, CF 
675R, CF 870R, CF 875R. They are designed for harvesting corn with a row spacing 
of 70 or 75 cm, have a width of 6 or 8 rows, and cobs with quadrangular rollers, 
adjustable counterplates, and end stars made of polymer, which provides high 
performance in different harvesting conditions [9]. 

Anti-wear plates are installed on the plastic covers of the cob separators as 
standard in the new CornFlow headers. They are located in the busiest place where 
the stems and cobs pass and reduce the wear of the lids themselves. Additional 
shredders mounted in the rear of the feed rollers provide more thorough grinding. 
Side augers, which are also included in the basic specification, improve the supply of 
fallen stems. 

The Hungarian manufacturer Optigep has relatively recently updated its line of 
corn reapers. The new OptiCorn Lux reaper has an identical hub base with the reapers 
of the German manufacturer Geringhoff and is a product of a joint Hungarian-
German development - Optigep KFT and Walterscheid GmbH. The new model uses 
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the latest technical solutions in the construction of the frame. Namely, in order to 
reduce the weight, together with the German company Walterscheid GmbH, the drive 
system of the gearbox with an aluminum alloy housing was developed, and the 
design of the frame was changed to a lightweight one. 

The result of such technical solutions was a 10% reduction in the weight of the 
OptiCorn Lux compared to the previous model. 

The new generation of Oros Cornado corn reapers has changed the shape of the 
rollers that stretch and break the stems - they have become square. But in addition to 
the four sharpened edges on the knives, they also have four feed edges that interact 
with the permanently installed anti-cutting plates (preventing the winding of the 
stem-weed mass). This made it possible to significantly increase the working speed of 
assembly. The needle bearing of the tip, which required constant lubrication, was 
replaced by two closed-type roller bearings, which do not require maintenance. 
Another advantage of Oros reapers is the ability to flexibly adjust the row spacing in 
a wide range, which allows you to work in the fields with any sowing of corn [9]. 

The well-known Italian company Olimac produces 4-16-row corn reapers of 
solid or folding design. Olimac got the first positions thanks to the successful design 
of its reapers, which allows to harvest corn without losses and work with the 
minimum amount of money and time spent on maintenance. 

The Olimac model range includes a number of proven devices. For example, 
DragoGT corn headers have several exclusive patented functions. This is primarily an 
automatic adjusting system of detachable rows and the presence of two shredders 
with the effect of scissors. These are actually the only reapers in the world, with 
damping intermittent rows, adjustable automatically. 

Accordingly, the amortized rows tear off the corn stalks, and the fork-tearing 
rows are equipped with a special amortized device that absorbs shocks during the fall 
of the cobs. The actual detachment of the cobs is smooth, which minimizes losses and 
makes it impossible to skip the grains between the rows. Thanks to this solution, 
complete harvesting is carried out without losses, and with high productivity. 

DragoGT is equipped with a new large auger (Ø 500 mm – the largest in the 
segment), which provides a high feed rate of dry corn cobs and lying, thus avoiding 
clogging and loss of grain cores. 

Also, DragoGT is equipped with a unique double stalk shredder with the effect 
of scissors. Each of them has four blades, endowed with the function of reverse 
rotation, like scissors, two of them are located on one side, the other two - on the 
opposite. This device, patented by Olimac, grinds the stems twice as fine: the crushed 
stems are evenly spread on the soil surface. 

Among Olimac products, we should also mention the Drago Gold model, 
designed for harvesting sunflower and millet. These reapers are available in 6 to 16 
rows. 

Harvest chains in the construction of the reaper are made with special rubber 
pins, which gently capture the stems and send them to the conveyor with an auger, 
which prevents crop loss. 

Cut the sunflower with two opposite rotating knives made of high-strength steel. 
Due to the high speed of rotation, the sunflower does not shake, which prevents the 
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loss of seeds. 
The Drago Gold reaper is equipped with a large-diameter auger conveyor (Ø 

500 mm – the largest on the market in this field), which provides the highest feed 
rate, therefore, clogging and crop loss are impossible. Thanks to this exclusive quality 
the reaper can be applied with record productivity for harvesting a dry harvest [10]. 

Another important feature of the header is the presence of a safety coupling, 
which protects the screw conveyor from damage and wear. Drago Gold - the only 
reaper for harvesting sunflower, equipped with two safety clutches on each row. 

The Drago Gold reaper maintains the optimum working angle of 12° for a full, 
lossless harvest. Adjustable joints allow maintaining optimum working height 
irrespective of the height of wheels of the harverter. 

Also, the Drago Gold reaper is equipped with the reducer working in an oil bath, 
without the need of refilling and maintenance. 

It is important that the optional Drago Gold header can be equipped with a 
hydraulic stalk shredder with a minimum absorption blade. If necessary, the shredder 
can be installed after purchase. 

We should pay tribute to the constructors of John Greaves, who do not stop 
there, but regularly make new improvements to the design of their harvesters, in 
accordance with the wishes of agricultural producers. 

So, we will note the reaper for harvesting of CR-82 corn. It is an 8-row device (a 
6-row version is also available), which has a strong frame of rigid construction and a 
reinforced drive with a coupling. Thus the reaper is facilitated that reduces loading on 
the inclined chamber of the harvester and reduces fuel consumption. 

The mechanism of crushing the CR-82 corn reaper provides a gentle gathering 
of cobs and effective crushing of stalks. In turn, the cutting height of 7 cm reduces 
the number of post-harvest tillage operations, and the cutting unit is equipped with a 
"butterfly" for more thorough grinding of corn stalks. 

As well as other units of production of John Greaves, the CR-82 reaper has an 
increased safety margin. For example, safety couplings protect the gear unit from 
damage, and 12-class or high-strength steel bolts are installed on the responsible 
connections. We will add that the novelty is aggregated with any models of domestic 
and import harvester. 

Geringoff is a world leader in the production of corn reapers for various types 
and brands of harvesters. Geringhoff corn reapers are intended for harvesting corn for 
grain with the simultaneous crushing of stalks. 

The model range of this manufacturer consists of a reaper from 6 to 12 rows 
with inter rows 70-75, 50-56 cm. There are three types of the crushing mechanism: 
RSA - with the integrated shredder (roller with knives + an anti-cutting plate), Rota 
Disc (two giving and transfer rollers + shaft with disk knives), Mais Star: system with 
a rear arrangement of a crushing rotary knife [10]. 

The Geringhoff Rota Disc corn reaper includes the benefits of careful cob 
harvesting and efficient shredding. Two harvesting rotors harvest corn plants, and a 
cutting rotor equipped with 15-disc knives completely grinds their leaves and stems. 

The rotation against the flow of the material significantly increases the 
efficiency of grinding and splitting into fibers. Also, note the durable self-sharpening 
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disc knives coated with tungsten carbide. 
Horizon Star corn reaper is a system with a rotary horizontal knife. The 

additional horizontal knife, optimally located and connected by a flange with a 
reducer, provides the highest quality of crushing. Each mechanism is equipped with 
an individual friction clutch. 

All Geringhoff corn reapers are equipped with a solid frame of a well-thought-
out design, a large and powerful auger, and a reinforced drive. Geringhoff developed 
the technology of automatically folding headers hydraulically many years ago. 

The trend of abandoning rows is also gaining popularity. Mainly traced on 
sunflowers. This allows you to optimize logistics, reduce the number of reversals. 

Many farms are now beginning to abandon the rows and move to continuous 
sowing of sunflowers. This stimulated demand for rowless sunflower harvesters. 

Thus, SMH harvesters produced by Berdyansk Reapers can harvest sunflowers 
in any direction, both in rows and in continuous sowing. Due to the prismatic shape 
of the lifters, the SMH reapers can penetrate the rows at any angle. 

In general, sunflower reapers are becoming more specialized: they are able to 
work with complex types of crops, such as confectionery (large fraction), or gritty 
sunflower, which can not be harvested without crushing a conventional sunflower 
harvester. 

For example, Argentine Maizco reapers manage to cope well with such 
varieties. Thanks to their design, they not only harvest the crop in any direction but 
also make it possible to cut only sunflower baskets, which reduces the load on the 
combine thresher and reduces fuel consumption. In addition, it allows you to work at 
high speeds - 10-14 km/h. On such reapers, the speed of rotation of a reel and 
adjustment of height under sunflower is regulated during harvesting directly in the 
field. 

Sunspeed reapers, developed by Claas engineers, have a special system for 
separating the basket from the stems. The sunflower is first captured by the lifters, 
after which the adjustable guide plate pushes the basket forward. At the same time, 
the long roller under the cutting device presses the stems down. Due to this, the guide 
plate and roller do not allow premature cutting of the stem. Only when the basket is 
already captured by the reel, it is cut. Due to this, only sunflower baskets get to the 
feed auger, which is then fed into the inclined chamber. This principle of operation 
provides a reduction in fuel consumption, increase the productivity of threshing and 
cleaning, reducing the operation of all components [9]. 

Another super-popular John Greaves model is the SMH sunflower reaper. The 
unit is offered with various options of the width of capture - from 6 to 9,1 m. In a 
design of SMH, the simple technical decision of a drive of working bodies with the 
planetary drive of a knife and a possibility of a complete set with the original 
Schumacher drive, the strengthened frame, a conic stalk lift, etc. is provided. 
Lightweight, reliable universal reaper for clean harvesting of sunflower provides 
excellent productivity and profitability of cultivation. 

Note also self-sharpening knives with carbide coating, designed for the long life 
of the cutting unit and high-quality cutting. Adjusting the angle of the header bar 
makes it possible to adjust the angle of attack and cutting height. Plastic dividers 
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provide ease of maintenance, good shock-absorbing qualities, and also resistance 
against the operation. The SMH reaper adapts to any harvester of import and 
domestic production. 

The Sunfloro Light premium sunflower reaper is distinguished by both lightness 
and strength of construction. The most popular model has a working width of 11,3 m, 
which is perfect for working with continuous sowing, mowing fields, and non-
standard row spacing, and perfectly copes with the 70 cm row of sunflower. 

Note also the proven design of the Sunfloro Classic. The innovative kinematic 
scheme of the drive of working elements of the Sunfloro reaper many times increases 
the working life and maintainability of mechanisms after completion of the 
recommended service life. This is a convenient high-performance reaper. 

The Sunfloro Shaft high-speed high-speed reaper is designed for harvesting 
sunflowers under difficult conditions. Thus, we managed to achieve higher 
productivity of the model by increasing the tray-lift, changing the angle of the finger 
bar, as well as placing the gear shaft under it, which allows you to collect only 
baskets. In addition, the optimal weight of the sunflower reaper allows the harvester 
to operate at a higher speed and lower fuel consumption. 

The Sunfloro Optimo reaper is intended for high-speed harvesting of continuous 
sowing of sunflower. The model has a broaching gear shaft by means of which the 
superfluous plant weight does not get to the harvester and only sunflower baskets 
[10]. 

The Geringhoff range also includes several types of sunflower reapers. In 
particular, we will note the Geringhoff Sun Lite model with a working width from 7,6 
to 9,1 m. 

The Geringhoff Sun Lite continuous cutting reaper has proven itself all over the 
world. Thus, an efficient and reliable drive of the feed shaft, transport auger, and 
shear requires only a small power consumption of the harvester. 

The special design of Sun Lite reapers provides additional optimization of 
efforts: in combination with traction force the working angle of inclination leads to 
that already cut-off sunflower baskets are automatically pushed in the combine that 
facilitates tightening of the following baskets. 

The rounded form and the transport screw with a diameter of 620 mm with 
independent adjustment create a good basis for high productivity of work at a low 
speed of rotation. 

Another advantage of the Sun Lite sunflower reaper is the use of aluminum 
components and the precise design of all equipment, which provides maximum 
stability at low weight. In addition, engineers were able to minimize the number of 
moving parts, which had a positive impact on operational safety. 

The sown areas and volumes of harvested sunflower and corn in Ukraine have 
increased significantly in recent years, so reapers of these types have become more 
popular. Soybean is also a promising crop. The recovery in demand for soybean 
reapers began several years ago, and today this trend continues. 

New reapers of many western brands have appeared. For example, Case IH 
recently launched the 3020 Flex for harvesting peas, soybeans, chickpeas, lentils, and 
cereals. 
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The frame of these reapers have a flexible, but strong design and is calculated on 
the most difficult conditions of assembly. The reaper is equipped both with standard 
plastic distributors for grain crops and special - for bean or bar distributors. 

One of the features of the reaper is the TerraFlex suspension system: the cutting 
device has a stroke of 76 mm and flexibly copies all the irregularities of the field. For 
harvesting crops such as wheat, the cutting beam can be rigidly fixed. Features of the 
reaper design (longer bottom, knives in front of the reel, etc.) allow you to carefully 
collect soybean pods. The special soy distributor is calculated on the smooth raising 
of stalks and reduces losses on edges. And the reel can adjust the speed specifically 
for this culture. Due to the peculiarities of the structure of this plant, the speed of the 
reel can be reduced. It is also adjustable in height to cut the lower beans. 

The 3020 Flex reaper is also great for harvesting peas. If the relief of the field is 
not perfectly leveled, the grain reaper converted under soybeans will "stick" into the 
lower layers of the pea mass moist from the night dew and stop the harvester. It is 
necessary either to reduce speed or to increase the height of a cut and to leave a part 
of a crop on the field. While the 3020 Flex allows you to harvest the entire pea crop, 
regardless of the microrelief of the field and the height of the location of the beans, 
without losing speed [11]. 

According to some experts, in the production of soybean reapers, American 
companies have proven themselves well, because, in North and South America, 
soybeans occupy large areas. 

Focused mainly on peas and soybeans reaper and the company John Deere. The 
600F reaper also has a reduced reel speed and at the same time increased feed 
intensity and smoothness due to the large outer diameter of the feed auger (660 mm) 
with 125 mm turns. And, of course, they are equipped with a flexible cutting device - 
a system called HydraFlex, which provides the 600F roller reaper with excellent 
copying of the terrain and high-quality harvesting of the entire crop. 

A specialized reaper, of course, allows you to achieve better productivity and 
quality of harvesting (minimization of losses, reduction of crushing). However, 
technical solutions are not always limited to the modernization of the reaper. For 
example, in DF combines, technical solutions allow you to tune in to harvest a 
particular crop of the energy tool itself, rather than the header (reaper). When 
harvesting soybeans with Deutz-Fahr harvesters, it is possible to do with an ordinary 
grain reaper with a working width of up to 9 m. This became possible due to the 
equipment of the harvester with the system of adjustment of the angle of attack of the 
reaper: thanks to this system the minimum level of a cut of 4 cm is reached. That is, 
Deutz-Fahr engineers chose a strategy to upgrade the harvester, but not the reaper. 
However, the Deutz-Fahr harvester will be able to work with reapers of all known 
producers that further expand its opportunities. 

The active development of such a crop as rapeseed continues. And while 
Americans have made more progress in specializing in soybean reapers, European 
companies are delving into the use of rapeseed harvesting equipment, as the future of 
rapeseed in the light of alternative fuel options in Europe is being discussed quite 
seriously. 

Peculiarities of culture and the development of genetics make rapeseed 
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harvesting more and more different from grain harvesting. After all, thick at the base 
of the stem, new varieties, reaching a height of 1,5-2 m, more like a thicket of shrubs 
than oilseeds or cereals [9]. 

To assemble this "wall" will soon need a special more powerful cutting machine. 
And already now in designs of re-equipment of grain reapers under rape, there are 
powerful lateral vertical knives (sometimes double) giving the chance to make a 
vertical cut at a passage of the combine on the field (actually clear a way). 

Today there are no specialized "rapeseed" reapers; it is, as a rule, additional 
equipment of grain reapers with a rape table. However, there are all the prerequisites 
for this: soon such reapers will form a separate group, and their design will have little 
in common with combine harvesters. An example of this is the new developments of 
Biso. Such reinforced rapeseed tables also appeared in the range of Ziegler, Zurn, 
Kemper, and Geringhoff. 

By the way, American producers are drawn into the "rapeseed" segment quite 
actively. In July 2015, John Deere introduced a new series of reapers - 600X, which 
is positioned as universal - can work on many crops, including fine-grained; she will 
show decent results when harvesting legumes. However, this reaper is more focused 
on rapeseed harvesting. Adjusting the crop does not require a special tool: hydraulic 
extension of the table, installation of side knives on the latches allow you to re-equip 
the reaper to harvest small-seeded crops in a few minutes. And a specially designed 
program (Table Length Advisor) "tells" the operator the length of the feed table under 
specific conditions of assembly (stem height and cut height), and thus he can set it on 
the monitor of the controlled display, without leaving the cab. The machine itself 
adjusts the equipment to the required parameters. 

Another company, AGCO, offers a unique PowerFlow reaper with active feed, 
designed for harvesting cereals and rapeseed. Transverse belt conveyors are installed 
on a wide table, which feeds the beveled mass to the auger. Thanks to this design, this 
reaper no longer needs a rapeseed table. The only re-equipment is the installation of 
one or two vertical rape knives to reduce harvesting losses. The wide table also 
provides a gentle angle of the knife to the surface, which helps to effectively collect 
the fallen crop - in most cases, even without the use of a stem lifter. Also important is 
the method of feeding beveled stems: spikelets forward, which ensures their better 
threshing [9]. 

For different types of crops and harvesting conditions, New Holland has created 
a wide range of its own reapers with a width of 6 to 10,7 m with a reel diameter of 
1,07 m, a screw with fingers across the entire width, electro-hydraulic reel position 
adjustment system, automatic reel speed synchronization with combine speed and 
quick-release hydraulic single-point connection. The Varifeed reaper is used to 
harvest rapeseed in fields with crops of different heights. The longitudinal position of 
the knives can be adjusted in the range of 575 mm. The screw with a diameter of 660 
mm with deep turns provides fast and uniform giving of the cut weight of even the 
heaviest crops. Fingers extending across the entire width between the turns of the 
auger move the grain material down under the auger. To ensure a continuous feed, 
the fingers can be adjusted in all directions from the cab of the harvester using the 
electro-hydraulic system [11].  
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We think that in hilly terrain you need to use a Super Flex reaper. The flexible 
support of a knife can be bent on 110 mm on an uneven surface, providing a low cut 
and constant height of stubble. Fully floating auger with deep turns provides fast and 
uniform giving of the cut weight of the heaviest crops. 

The advanced reaper height control system can operate in three modes: the 
compensation mode uses a pre-set contact pressure on the ground, which is 
maintained by a hydraulic system for efficient harvesting of crushed or low-growing 
crops (eg peas and beans); system of automatic adjustment of the height of stubble by 
means of the sensors located in the lower part of a reaper and hydraulic cylinders of 
management of a reaper; AutoFloat system uses a combination of sensors that 
provide repetition of the reaper uneven terrain. 

Until recently, harvesting by threshing plants at the root with the help of 
stripping reapers was rare due to the large losses behind the reaper. Today, this 
technology is used in many farms to harvest cereals and cereals grown using No-Till 
technology.  

Stripping reapers are not universal harvesting devices and can only be used to 
remove certain crops. Ear and panicle crops are well stripped, without significant 
losses. Legumes may be harvested by stripping with losses in excess of 10%, so 
harvesting with a stripping reaper bean harvester is unlikely. And sunflower and corn 
can not be harvested in principle with a stripping reaper [12, 13].  

The principle of stripping presupposes that high-quality threshing of plants takes 
place in a semi-open environment. In this case, the seeds separated by stripping move 
in the open space in a given direction in the middle of the reaper and settle there 
without loss. Such stripping conditions are possible only if the inflorescences of 
plants are compact and located at the end of the upper part of the stem, ie in an area 
close to open space. These requirements are met primarily by ear and panicle crops, 
such as wheat, barley, rye, oats, triticale, rice, sorghum, flax, and many other similar 
crops. 

If the inflorescences of plants are located along the entire stem (legumes) or 
non-compact (rapeseed), separated after stripping the grain from the bottom of the 
stem in flight in contact with the stems and significantly deviates from the specified 
direction of flight into the reaper space, sprayed in different directions and lost. 

The fundamental limitation of the number of crops suitable for stripping has led 
to the use of stripping reapers in cases where other methods of harvesting are 
accompanied by even greater or equal losses. 

Stripping reapers work steadily in a wide range of harvesting humidity. The 
upper limit of humidity is limited only by the biological maturity of the grain and 
therefore the stripping reapers collect the grain well with 30% humidity. The lower 
humidity limit is 12-15%. At lower humidity the connection of grain with an ear 
weakens and at the mechanical influence of a reaper on an ear additional losses of 
grain can occur. Nevertheless, due to the earlier start of harvesting by 3-5 days, the 
total duration of use of the stripping reaper in the harvesting campaign is longer than 
in traditional reapers. 

The revival of the stripping reaper occurred in the second half of the XX 
century. Understanding by scientists and engineers of all the limitations in the 
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development of traditional combined harvesting has led to the creation of alternative 
methods. Threshing at the root is considered to be the most promising.  

Academician of the Ukrainian Academy of Agrarian and Technical Sciences, 
Doctor of Technical Sciences Leonid Pohoriliy wrote in 1934-2003: «High energy-
intensive header harvesting technology has largely fulfilled its historical and 
technological role, and according to the laws of dialectical development, and our 
forecasts should give way to the principle of combing for the development of high-
performance combines of the new generation».  

It is believed that the prototype of modern stripping reapers was a comb made 
by the American K. Bolduin. The main difference of this harvesting machine is the 
use of an active working body, which was made in the form of a cylindrical drum of 
the rotor, along with the generators of which were fixed rows of combs. During the 
rotation of the drum, the combs are immersed in the stem and comb the grain part of 
the crop.  

This principle of action allowed not so much to cut off the ears, as to thresh 
them. In addition, this technical solution made it possible to collect wet grain crops, 
work in fields where the stalk has fallen out or is clogged with weeds.  

In the second half of the '90s, Shelbourne Reynolds, the United Kingdom, using 
the developments of the National Institute of Agricultural Engineering NJAE, 
mastered the industrial production of reapers with the above principle of operation.  

Regardless of the British, the same technical solution, but in the early '80s, came 
the head of the laboratory of harvesting machines of the Melitopol Institute of 
Agricultural Mechanization now TSATU, Doctor of Technical Sciences Shabanov 
Petro -2005.  

In 2004, under the direct scientific supervision of P. Shabanov, the machine-
building enterprise UkrAgro-Service developed, manufactured, and tested The hinged 
two-drum stripping reaper Slovyanka UAS. Since 2005, the Slavyanka UAS reaper 
has been mass-produced and used in production, especially in the steppe region of 
Ukraine, where No-Till technology is widely used. 

One of the main requirements of No-Till technology is the even distribution of 
crop residues after harvesting predecessors. The use of universal classic, as well as 
specialized for individual crops reapers can not meet these requirements in full. The 
main part of the residue is concentrated on the strip between the wheels of the 
harvester. For further redistribution of the remains, it is necessary to apply special 
units-mulchers, and it is additional expenses [14].  

The stripping reaper leaves a stubble after harvesting of ears up to 1 meter high 
with ideal distribution on the width of the capture of a reaper. This makes it possible 
to double the moisture reserves, and in conditions of snow three times. 

An additional bonus is the reduction of soil erosion, especially wind, 
characteristic of these regions due to the fact that high stubble during the winter 
under the influence of wind and precipitation and protects the soil with a thick, 
reliable layer. 

At the beginning of spring sowing, moist soil is almost on the surface not deeper 
than 1 cm. The soil is loose and structured to the depth of the layer, where the main 
part of the roots of plants (Fig. 3). 
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Figure 3 – The condition of the field after harvesting wheat with a stripping 

reaper in the spring of next year 
Source: [14]  

 
Conclusions.  
Thus, the trend towards specialization of reapers has already developed in the 

activities of most leading manufacturers and in the near future, according to many 
market participants, this trend will continue. The working bodies of reapers of 
harvesters, their technological process, in general, are designed for the most difficult 
working conditions during the harvesting of cereals, legumes, soybeans, and 
rapeseed. The revival of reapers has gained a new vision after the widespread 
introduction of  No-Till technology in the cultivation of cereals and other crops due 
to the fact that it allows perfectly even distribution of crop residues, retain moisture 
and protect the soil from erosion. 
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Анотація. В статті акцентовано увагу на тенденції виробництва комбайнів і жаток 

та спрямовання їх  від певної  універсалізації до поглиблення спеціалізації під кокретну 
культуру. Розглянуто, що успішне збирання врожаю розпочинається з правильно підібраної 
жатки, яке забезпечує максимальні продуктивність і прийнятний розмір втрат. 
Обґрунтовано, що вибір – спеціалізована жатка чи універсальна – залежить від потреб 
конкретних господарств. Дрібні фермери прагнуть придбати універсальні жатки, щоб усі 
свої площі збирати мінімальним набором техніки. Великі агрохолдинги зосереджені на 
мінімізації втрат і тому більш зацікавлені у придбанні жаток, розроблених під збирання 
кожної конкретної культури: кукурудзи, соняшнику, сої. Проаналізовано конструктивні 
особливості жаток різних виробників. Приділена увага очісуючим жаткам як альтернативі 
класичним на збиранні зернових культур, вирощених по технології No-Till. 

Ключові слова: спеціалізація, жатка, комбайн, біологічні особливості, культури,  
очісування, втрати. 
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