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Problem and goal. Currently, humanitarization is a trend in the development of many scientific and
educational fields, among which, undoubtedly, is applied mathematics.

The significant contribution of applied mathematics to the development of human civilization is
obvious. At the same time, it is widely known that in some cases the practical implementation of applied
research entails global environmental problems. There are irreversible negative processes in the
environment. Such situations inevitably lead to a contradiction between the modern achievements of
world science and its social and moral aspects. This problem is recognized not only by scientists. It is
no coincidence that one of the directions of improvement of the Russian education system is the
humanization of mathematical education, the concept of the content of which has been developed
since the nineties of the last century.

One of the aspects of humanitarization of mathematical education is ecological education of
students. A certain contribution to the formation of environmental education of students of physical
and mathematical specialties of universities makes teaching inverse problems for differential equations,
the content of which is formed on the basis of the theory of inverse problems for differential equations.

In this connection, in the process of teaching inverse problems for differential equations are realized
such goals as: familiarity of students with the basics of humanitarian analysis of applied research,
teaching students to formulate their own logical conclusions of applied and humanitarian character
on the results of the study of the inverse problem for differential equations.

Methodology. The achievement of the above mentioned didactic goals of teaching inverse problems
for differential equations is largely provided by how successfully will be implemented in practice such
didactic learning tasks as:

1) realization of humanitarian potential of teaching inverse problems for differential equations;

2) formation of students’ skills and abilities of independent analysis of applied and humanitarian
nature of the results of the study of inverse problems for differential equations;

3) substantiation of the role of applied and computational mathematics in the development of
human civilization.

In addition, in the process of teaching students inverse problems for differential equations it is
advisable to implement a system of humanitarian-oriented training sessions.

This is due to the fact that in the process of such training students acquire fundamental knowledge
not only in the field of mathematical methods of research of such applied problems. In the process of
learning the inverse problems students are instilled features of humanization.

Results. In the process of teaching inverse problems for differential equations, students acquire the
ability and skills to analyze the solutions of inverse problems, to formulate logical conclusions about
the ecological state of the air space, the earth’s environment or the aquatic environment, to apply
numerical results of solutions to inverse problems in the humanitarian analysis of applied research.
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Conclusion. Fundamental knowledge in the field of inverse problems for differential equations,
skills of using this knowledge in their professional activities, the possession of humanitarian culture,
awareness of the humane relations of their applied activities with the environment and society contributes
to the formation of students’ spirituality, the development of worldview and awareness of involvement
in the civilized development of society.

Key words: teaching inverse problems for differential equations, humanities, applied mathematics,
student

Problem statement. Applied mathematical education is an important component of
fundamental training of students of higher educational institutions. In the process of
modern scientific research is characterized by the integration of science, the desire to get
the most accurate representation of the overall picture of the world. At the same time,
the achievements of modern nature sciences, which have general educational value, can
not remain the property of only scientists. The essence and practical role of these
achievements should be disclosed at a level accessible to students of higher educational
institutions. These ideas are reflected in the concept of modern higher education. An
important link in the implementation of the task of university training of future specialists
in the field of applied mathematics, comprehensively developed, with a broad outlook,
possessing deep theoretical knowledge and applied mathematical culture, is the mastery
of their integrative system of knowledge. The principle of integrative knowledge involves
the widespread use of interdisciplinary connections in the study of applied mathematics.
This allows us to reveal the importance of applied mathematics in the development of
world science.

Training in applied mathematics in organic connection with its history, scientific
methods, people who made discoveries in it, the dependence of any science on applied
mathematics allow to involve future specialists in the applied field to human culture as
a whole. Applied mathematicians, as noted by Yu.N. Pavlovsky in the article [31], the
humanitarian culture is necessary, humanists must have the basics of mathematical culture.
This is possible only as a result of profound changes in the education system.

A significant contribution to the development of humanization of mathematical
education introduced by A.D. Aleksandrov, N.In. Belotelova, Yu.I. Brodsky, N.I. Vilenkin,
G.D. Glezer, G.V. Dorofeev, T.A. Ivanova, M.S. Kagan, S.A. Komissarova,
G.V. Lavrent’eva, L.V. Mantatova, N.N. Oleneva, Yu.N. Pavlovsky, Yu.V. Senko,
M.V. Simonova, N.L. Stefanova, A.A. Joiner, L.M. Fridman, I.M. Yaglom and other
authors (see for example, [2; 3; 7; 8; 10; 13—16; 24; 28; 29; 31; 35; 37]). Humanitarization
of mathematical education involves the study of mathematics in the context of all the
achievements of world science and culture, which undoubtedly contributes to the
development of students not only fundamental subject knowledge, but also cultural
thinking.

Humanitarization of mathematical education involves the study of mathematics in
the context of all the achievements of world culture, which undoubtedly contributes to
the education of high spirituality, the formation of culture of future graduates, including
graduates of physics and mathematics faculties. This should be formulated the value of
mathematics in the intellectual, moral and spiritual formation of the individual, the role
and place of the process of mastering mathematical culture in the education system,
revealed the relationship of mathematics with the disciplines of the humanitarian cycle.
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According to A.D. Alexandrov, mathematics is a humanitarian Science in the sense
that it deals with the study of human activity, without alienating It from the object of
activity. A.V. Dorofeev thinks that a mathematical theory with a formalized presentation
seem artificial, out of touch and incomprehensible. But if you approach them from the
perspective of historical development, you will see their deep meaning of life and
naturalness.

M.S. Kagan, analyzing the subject of the study of humanities and humanitarian
knowledge, concludes that although mathematics has no special section associated with
humanitarian knowledge, yet it has a certain specific humanitarian aspect — this is the
aesthetics of mathematics. In the opinion of M.S. Kagan, this aspect was revealed by
Pythagoreans at the beginning of the development of science on the number, and in the
XX century, from judgments. Poincaré, mathematicians increasingly began to celebrate
the beauty of human constructions (formulas, equations, theorems, geometric structures)
and their aesthetic evaluation, thereby linking the humanitarian aspect of mathematics
with its aesthetics. N.I. Vilenkin and .M. Yaglom see the solution to the problem of
humanization of teaching mathematics in the study of the history of mathematics and
application of mathematics in humanities. G.D. Glazer draws attention to the aspect of
scientific knowledge in mathematics and the history of mathematics associated with the
humanization of mathematical education.

G.V. Dorofeev humanitarian focus of mathematics education discloses for the purpose
of teaching: mastering the complex mathematical knowledge and skills; the formation
and development of thinking skills, including heuristic and algorithmic; the formation
and development of abstract thinking; the implementation opportunities of mathematics
in the formation of scientific outlook; the formation of mathematical language;
introduction to the role of mathematics in the development of civilization; introduction
to the mathematical nature of scientific knowledge; formation and development of moral
and ethical qualities of the person, adequate to process of full-fledged mathematical
activity.

In their research, the authors combine the approach to the humanization of education
as an integral part and means of the humanization process, aimed at familiarizing students
with the humanitarian culture as a holistic social phenomenon, that such education is
aimed at the development of deep and effective knowledge, mental operations, experience
of creative activity. The authors draw attention to the fact that humanitarization is
necessary in the logic of the educational process. In the real pedagogical process do not
interact teacher and student, and real people, which the meanings of education brought
together and, in in this context, as the subject of the training is not a goal, but a condition
for the interaction of the participants of the pedagogical process.

With this approach, it becomes clear that no academic discipline has the privilege of
being considered humanitarian in advance. Each may or may not be humanitarian,
depending on how it is taught. Human knowledge is one and always humanitarian, because
it is aimed at obtaining information about the world and at solving practical problems
facing it. Therefore, it is impossible to divide knowledge, as noted by Mikhailov, into
knowledge of nature and human knowledge. The humanitarization of education involves
the rethinking of all components of the learning system: goals, content, methods, forms
and means of learning (T.A. Ivanova).
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One of the aspects of humanitarization of mathematical education is ecological
education of students. Currently, environmental specialties are in demand and function
in many universities, including “Ecology and environmental management”, “Geoecology”,
“Environmental management”, etc. in the process of training in such specialties, students
acquire fundamental knowledge of general ecology, social ecology, geoecology, applied
ecology, the atmosphere, the biosphere, hydrosphere, etc. They form skills and abilities
to apply modern environmental technologies in applied research.

The problem of formation of ecological culture among students finds its development
in the research of not only ecologists, but also mathematicians, physicists, biologists,
philosophers and other specialists. Among them N.V. Belotelov, Yu.l. Brodsky, A.V.
Gagarin, M.M. Elanova, A.V. Ivashchenko, 1.S. Ilyasov, G.I. Kushnikova, E.V. Muravyova,
Yu.N. Pavlovsky, A.P. Petrov, E.V. Rahmatullina, S.A. Stepanov, S.M. Fairushina and
other authors. Yu.N. Pavlovsky drew attention to the creation of a higher level of mutual
understanding of mathematical and humanitarian studies that would allow the introduction
of nature-saving technologies.

Method of research. Currently, humanitarization is a trend in the development of
many scientific and educational fields, among which, undoubtedly, is applied mathematics.
A certain contribution to the formation of ecological culture of University students makes
teaching inverse problems for differential equations, the content of which is formed on
the basis of the theory of inverse problems for differential equations.

Scientific approaches and mathematical methods of inverse problems for differential
equations as a scientific direction of modern applied mathematics are widely used in
applied research (see, for example, [4—6;9; 12; 32—34; 36; 38]). The rapid development
in the 40—50-ies of the last century of the theory and numerical methods for solving
inverse problems for differential equations is largely due to the proposed in 1943. Tikhonov
physically justified the concept of correctness of a mathematical problem and formulated
In 1956 M.M. Lavrentiev’s definition of conditional correctness of the mathematical
problem, involving the use of additional information about the properties of the solution
of this mathematical problem.

A significant contribution to the development of the theory of inverse problems for
differential equations has made the study of Z.S. Agranovich, A.S. Alekseev, A.V. Baey,
M.I. Belishev, A.S. Blagoveshchenskaya, G. Borg, A.L. Bukhgeim, P.N. Vabishevich,
V.V. Vasin, A.O. Vatulyan, .M. Gelfand, M.L. Gerver, V.B. Glasko, A.V. Goncharskii,
A.M. Denisov, S.I. Kabanikhin, M.G. Krein, M.M. Lavrent’ev, V.A. Marchenko,
A.L Prilepko, V.G. Romanov, A.N. Tikhonov, V.A. Yurko and other authors.

The great need for the application of the theory of inverse problems for differential
equations in applied research is explained by the possibility of effective study of hard-to-
reach or inaccessible to human objects and processes of different nature, determining
their location, shape, structure of inclusions, etc., identifying their cause-and-effect
relationships. All this, in many respects, became possible thanks to the use of modern
information and telecommunication technologies. These circumstances explain the
widespread introduction in the educational process of higher education students of
physical and mathematical areas of training teaching inverse problems for differential
equations (see, for example, [1; 5; 6; 9; 11; 12; 14; 16—27; 32—34; 36; 38]).
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In the process of teaching inverse problems for differential equations, students acquire
fundamental knowledge not only in the field of mathematical methods for the study of
such applied problems.

In the process of learning the inverse problems students are instilled features of
humanization. Students acquire the ability and skills to analyze the obtained solutions
to inverse problems for differential equations, to formulate logical conclusions about the
ecological state of the air space, the earth’s environment or the aquatic environment, to
apply numerical results of solutions to inverse problems in the humanitarian analysis of
applied research.

Results and discussion. Such logical reflections in the process of teaching inverse
problems for differential equations contribute to the formation of students’ skills in the
humanitarian analysis of the nature of pollution of the earth’s environment and air space,
the system of knowledge about the role of inverse problems for differential equations in
the humanitarian analysis of the properties of the water environment, the earth’s
environment and air space.

Fundamental knowledge in the field of inverse problems for differential equations,
skills of using this knowledge in their professional activities, the possession of humanitarian
culture, awareness of the humane relations of their applied activities with the environment
and society contributes to the formation of students’ spirituality, the development of
worldview and awareness of involvement in the civilized development of society.

Conclusion. Orientation of higher mathematical education on humanitarian
development of students is one of the actual principles of functioning of the system of
modern Russian educational space.

Humanitarian-oriented training sessions on inverse problems for differential equations
are aimed at creating situations that require students, based on the results of solving the
inverse problem, to make logical conclusions of applied and humanitarian character, to
overcome moral contradictions, to make a reasonable choice of the right position in
society. From this point of view, inverse problems for differential equations can be
considered as a moral application to various physical, environmental, social, economic,
and other processes and phenomena.

© Kornilov V.S., 2018
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f'ymaHuTapHble 3HaHUSA B coaepXXaHum ooy4yeHuns
oOGpaTtHbIM 3agavyam gna anddepeHumnanbHbIX
YpaBHEHUN

B.C. Kopauiio

MocKOBCKMIA TOPOACKOI IearornuecKuii yHUBepCUTeT
Poccuiickas Pedepayus, 127521, Mockea, ya. Illepememvescrkas, 29

IIpobsema u nesb. B HacTosI1IIee BpeMsi TyMaHUTapy3alus sIBIsieTCsl TeHAeHIMe pa3BUTHSI MHO-
IMX HAy4YHBIX 1 00pa30BaTeIbHbIX 00J1aCTe, K UMCITy KOTOPBIX, OECCIIOPHO, OTHOCUTCSI U MPUKJIA/ -
Hasl MaTeMaTHKa.

OueBuIEeH CyIIECTBEHHBIN BKJIa MPUKIIAAHON MAaTeMaTUKHU B pa3BUTHE YEJIOBEYCCKOM IMBUIM -
3auuu. BMecre ¢ TeM IMpoKo N3BECTHO, UTO B HEKOTOPBIX CIIydasiX MpakTUIecKasi peain3aiius mpu-
KJIaIHBIX UCCIEOBAHM BIeYeT 32 0001 T1obaibHbIe 9KooThnYeckue rnpoodiaemMsl. [Ipoucxonsit
HeoOpaTHUMBble HeTaTUBHBIE TIPOIIECCHl B OKpyXatoleil cpeie. [1omoOHbBIe cCUTyallMiu HEM30eKHO
MIPUBOJIAT K TIPOTUBOPEUNIO COBPEMEHHBIX TOCTHKEHUI MUPOBOI HayKU U €€ COLMaJIbHO-HPaB-
CTBEHHBIX aCITeKTOB. DTO MpobiieMa 0CO3HAETCSI He TOJbKO yueHbIMU. HecyuaiiHo OmHUM U3 Ha-
TMpaBJeHU COBEPIIEHCTBOBAHUS POCCUIMCKON CUCTEMbI 00pa30BaHMSI SIBISIETCSI TyMaHUTAPU3aLIMS
MaTeMaTU4ecKoro oopa3oBaHMsl, KOHIIETIIMS COMePKaHUsI KOTOPOI pa3pabaThiBaThCs C IEBSIHOCTBIX
TOIOB MPOIIJIOTO CTOJETHSI.

OnHMM U3 aCTIeKTOB T'yMaHUTapU3alluy MaTeMaTUIeCKOro 00pa3oBaHuUsI SIBJISIETCS IKOJIOTMIYECKOoe
BOCIIUTaHUE CTyaeHTOB. OnpeaeieHHbII BKIaa B GOpMUpOBaHUE 3KOJOTMYECKOTO BOCITUTAHUS
CTYICHTOB (PU3MKO-MaTeMaTUYECKUX CTIIELIMAIbHOCTEI By30B BHOCUT O0yYeHME OOpaTHBIM 3aJa4am
1151 nudpepeHIIMaIbHbIX YpaBHEHUH, cofiepkaHue KOTOporo (hopMUpYeTCsl Ha OCHOBE TEOPUH 00-
paTHbIX 3a1a4 11t [uddepeHInaTbHBIX ypaBHEHUIA.

B cBs13u ¢ 4eM B mpoliecce 00ydeHUsI 0OpaTHBIM 3a1a4aM Tt udhepeHIInaTbHbIX ypaBHEHUH
peaNm3yIoTCsT TaKKe 1IeJIM, KaK: 3HAKOMCTBO CTYJCHTOB C OCHOBaMM T'YMaHUTapHOTO aHAIM3a TIPH-
KJIaIHBIX UCCIIeIOBAHUI, HayYeHUe CTYIEHTOB CAMOCTOSATEILHO (hOPMYIMPOBAThH JIOTMUECKUE BbI-
BOJIBI MPUKJIAHOTO ¥ TYMaHUTAPHOTO XapaKTepa 1o pe3yJibTaTaM MCClieIoBaHMsI OOpaTHOM 3a1a4u
111 audepeHaaIbHbIX YPaBHEHUI.

MeTtononorus. J1ocTrXeHWEe OTMEUEHHBIX BbILIE AUAAKTUYECKUX 1eieid 00yuyeHuss 0OpaTHBIM
3amadam /Ui nuddepeHInaabHbIX ypaBHEHU I BO MHOTOM 00€CIeYrBaeTCsl TeM, HACKOJIbKO yCTIel-
HO OyZyT OCYLLECTBJIEHbI Ha NPAKTUKE CJIEAYIOLINE TUIAKTUYECKHE 3a1a4l OOyUEeHUSI:

1) peanuzanusi ryMaHUTapHOTO TTOTEHIIMAaIa 00yuYeHUs oOpaTHBIM 3amadaM it TuddepeHI-
aJIbHBIX YPaBHEHUIA;

2) dbopMUpOBaHUE y CTYACHTOB YMEHW1 1 HABBIKOB CAMOCTOSITEIbHOTO aHAJIM3a IIPUKJIATHOTO U
TYMaHUTApHOTO XapaKTepa pe3yJIbTaTOB UCCIeI0BaHUS 00paTHBIX 3a1a4 11s auddepeHImanbHbIX
YPaBHEHMIA;

3) 060CHOBaHME POJIM TIPUKJIATHON M BEIYUCIUTEILHON MaTeMaTUKK B Pa3BUTHUH YeJIOBEYECKOM
[IMBWIM3AIIAN.

Kpowme Toro, B mpoiiecce o0y4eHUsI CTYAEHTOB 00OpaTHBIM 3afavyam I AuddepeHIInanbHbIX
YpaBHEHMH 11e1eCO00pa3HO PeasIn30BbIBATh CUCTEMY I'YMaHUTAPHO-OPUEHTUPOBAHHBIX YIEOHBIX
3aHSATUN.

DTO 00YCJIOBJIEHO TEM, UTO B MPOLIECCE TAKOIO OOYUEHUsI CTYICHThI MPUOOpeTaloT (PyHIaMEH -
TaJbHbIe 3HaHUSI HE TOJIbKO B 00JIaCTU MaTeMaTUYeCKUX METOIOB UCCIEN0BaHUs MOAOOHbBIX TTPU-
KJIamHBIX 3a1a4. B rporiecce o0yuyeHrst oOpaTHBIM 3aadyaM CTyJAeHTaM IPUBUBAIOTCSI YePThI TyMa-
HUTapU3aIUHU.

Pesyasratel. B npoiiecce 00yyeHus oOpaTHBIM 3a1a4am Uit tuddepeHnaabHbIX ypaBHEHU I
CTYICHTBI MPUOOPETAIOT YMEHUS 1 HABBIKY aHAJIM3MPOBATh MOJIyYeHHBIE pEllleHUsT 0OpaTHbBIX 3a/1a4,
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opmynupoBaTh JIOTMYECKHUE BHIBOIBI 00 SKOJIOTUYECKOM COCTOSIHMYM BO3IYIIIHOTO MTPOCTPAHCTBA,
3eMHOI WM BOAHOI Cpe/ibl, MPUMEHSTh UUCIEHHbIE Pe3yJIbTaThl peLIEHUI 00paTHbBIX 3a7a4 B rymMa-
HUTAPHOM aHaJIM3e MPUKJIATHbBIX UCCICTOBaHUIA.

3akmouenne. DyHgaMeHTaIbHbIC 3HAHUSI B 00J1aCTH 00paTHBIX 3a1a4 1uist 1 depeHIInaTbHbIX
YpaBHEHUIi, YMEHMST U HABBIKW UCTIOJIb30BAHUSI 3TUX 3HAHU I B CBOEi TpoheCcCUOHATbHOM AesTeb-
HOCTH, 00JIagaHre TYMaHUTApHOM KyJIBTYPOii, 0CO3HAHUE TYMaHHBIX OTHOIIIEHUI CBOEI MPUKIIaTHOK
NIesITeJIbHOCTHU € OKpYyXKatouleit cpefoil U o01IecTBOM CrTocOOCTBYET (POPMUPOBAHUIO Y CTYACHTOB
JIyXOBHOCTH, Pa3BUTHUIO MUPOBO33PEHUS U OCO3HAHUS CONMPUYACTHOCTU K IMBUIM30BAHHOMY pa3-
BUTHUIO OOIIIECTBA.

KimoueBbie ciioBa: 00yueHue 00paTHBIM 3a1avyam ist AMddepeHIIMaTbHbIX YypaBHEHU I, TyMaHU-
TapHbIC 3HAHUS, TIPUKJIaIHAst MAaTEeMaTHKa, CTYICHT
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