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Discipline title Applied Spectroscopy
The address of teaching | Dragomanova st. 50, 79005 Lviv
the discipline

The faculty and
department under
which the discipline is
established

Faculty of Physics, Department of Solid State Physics

Field of knowledge,
code and title of
speciality

10 Natural Sciences / 105 Applied physics and nanomaterials

Lecturer

Head of the Solid State Physics Department, Professor, Dr. of Sci.
Kapustianyk VVolodymyr

Contact information of
the teachers

volodymyr.kapustianyk@Inu.edu.ua
https://physics.Inu.edu.ua/employee/kapustyanyk-volodymyr-bohdanovych

Discipline consultations
are performed

Consultations on the day of lectures and practical classes (by prior
arrangement). Online consultations via e-mail are also available.

Discipline Web page

https://physics.Inu.edu.ua/course/optychna-spektroskopiya-fizyka

Information about the
discipline

The "Applied Spectroscopy™" is a normative discipline of speciality 105
"Applied Physics and Nanomaterials™ for the second (master's) level of
higher education, which is taught in the Il semester in the amount of 5 credits
(according to the European Credit Transfer System ECTS).

Short annotation of the
discipline

The course "Applied Spectroscopy” is one of the most important sections of
physics. The course examines the theory of atomic spectra and spectra of
substances in a condensed state, as well as the principle of operation and
characteristics of various types of spectral instruments. A significant place in
the course is devoted to the practical application of various options of optical
spectroscopy in various spheres of human activity - science, in particular, in
astrophysics and solid state physics, production, medicine, judicial, customs,
environmental examination, etc.

Purpose and objectives
of the disciplines

The purpose of the course: to acquaint students with the basic laws and
concepts of the spectral analysis and spectroscopy of substances in the
condensed state, to acquaint them with various optical-spectral methods of
studying the elemental chemical composition, molecular and crystal structure
of the various substances.

The main goals of the course:

a) to consider the basic concepts and theoretical foundations of applied
spectroscopy;

b) to expand the scientific outlook of the students;

c) to develop skills for independent work on solving both scientific and
applied problems using the optical-spectral methods.

Literature for the study
of the discipline

Basic:
1. V. Kapustianyk, V. Mokryi. Applied spectroscopy. — L.: Ed. center of LNU.
—2009. — 305 p. (in Ukrainian)
2. A. B. P. Lever. Inorganic Electronic Spectroscopy. Amsterdam. :Elsevier.
—1987. - 407 p.
3. Yu. M. Buravlyov, I. A. Grikit et al. Methods of spectral analysis of metals
and alloys.— K: Technique. — 1988. — 215 p. (in Ukrainian)
4. K. Nakamoto. Infrared and Raman Spectra of Inorganic and Coordination
Compounds. New Jersey. — 2009. — 415 p.
5. V. Y. Stadnyk, V. B. Kapustianyk Physics of dielectrics. — Lviv: Ed. center
of LNU, 2020. — 336 p. (in Ukrainian)
6. Kapustianyk V. B. Multifunctional materials based on ferroics / V. B.
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Kapustianyk, Yu. V. Chorniy — Kishyniv: Globe Edit, 2022. — 202 p., ISBN
978-620-0-63562-4 (in Ukrainian).

Additional:

1. V. B. Kapustianyk Physics of ferroics with an organic cation. — Lviv: Ed.
LNU — 2006. — 439 p. (in Ukrainian)

2. V. Kapustyanyk, V. Mokryi. Optical-spectral methods in scientific and
technical examination. Practicum. — L.: Ed. center of LNU. — 2004. — 207
p. (in Ukrainian).

3. Kapustianyk V. Manifestation of the ferroelastoelectric phase transition in
the absorption spectra of (NH4).CuClsx2H20 crystals / V. Kapustianyk,
S. Semak, Yu. Chornii, O.Bovgyra, M. Kovalenko // Physica B:
Condensed Matter. — 2022. — V. 639. — P. 413929 (10 pp.).
https://doi.org/10.1016/j.physb.2022.413929.

Information resources:

1. Eric Weisstein’s World of Physics
http://scienceworld.wolfram.com/physics/

2. Wikipedia. http://www.wikipedia.org

3. http://www.lIbl.gov/abc/Contents.html#experiment

Course duration

1 semester

The scope of the course

150 hours: 48 hours of classroom classes, 16 hours of lectures, 32 of
laboratory classes, and 102 hours of self-work.

Expected learning
outcomes

As a result of studying this course, the applicant should master the following
competencies:

General competencies (GC):

GC 1. Knowledge and understanding of the subject area and understanding of
professional activity.

GC 2. Ability to communicate in the national language both orally and in
writing.

GC 3. Ability to communicate in a foreign language.

GC 4. Skills in using information and communication technologies.

GC 5. Ability to learn and master modern knowledge.

GC 6. Ability to search, process, and analyze information from various
sources.

GC 7. Ability to work in a team.

GC 8. Interpersonal skills.

GC 9. Ability to work autonomously.

GC 10. Skills of performing safe activities.

GC 11. Ability to apply knowledge in practical situations.

GC 12. The ability to evaluate and ensure the quality of the work performed.
Special competencies (SC):

SC 1. The ability to perform an analysis of special literature, to formulate a
statement of a scientific or scientific and technical problem, to choose
methods and techniques of scientific research and scientific and technical
developments in the field of applied physics and nanomaterials.

SC 2. The ability to optimally place material resources necessary for
conducting scientific research or scientific and technical development
(materials, apparatus, equipment, computer equipment, etc.).

SC 3. The ability to analyze the obtained results, present them to specialists
in the field, draw up scientific articles and scientific and technical reports.

SC 4. The ability to carry out scientific and technical developments in the
field of applied physics and nanomaterials in accordance with the assigned
task.

SC 5. The ability to independently master new equipment and technologies
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from related industries to solve production problems.

After mastering the academic discipline, students must demonstrate the
following learning outcomes (LO):

LO 1. Use knowledge in the field of applied physics and nanomaterials,
information technologies to perform scientific research and solve production
problems.

LO 2. Find and analyze scientific and technical information in the field of
applied physics and nanomaterials from domestic and foreign sources,
including using modern search systems.

LO 3. To be able to discuss and find progressive and innovative solutions to
problems and tasks when performing professional activities.

LO 4. Establish and argue for new dependencies between parameters and
characteristics of physical systems.

LO 5. Work effectively both individually and as part of a team, evaluate and
ensure the quality of work performed in the field of applied physics and
nanomaterials.

LO 6. Correctly formulate professional conclusions, test them, and convey
them to audiences of various professional levels, using modern scientific and
technical communication methods in Ukrainian and foreign languages.

LO 8. Be able to use modern physical equipment and equipment, assess risks
in professional activities and take preventive actions.

Key words

Applied spectroscopy, molecular spectra, Raman scattering, spectrometer,
spectral analysis, atomic absorption analysis.

Course format

Full-time: conducting lectures, laboratory work, and consultations to better
understand the topics.

Topics

Listed in tables 1 and 2.

Final control, form

Exam in 2 semester.

Prerequisites

The study of the discipline "Applied Spectroscopy™ is based on the
knowledge of students obtained during the study of general and special
disciplines: “Electricity and Magnetism”, “Molecular Physics”, “Optics”,
“Atomic and Nuclear Physics”, “Quantum Mechanics”, “Solid State
Physics”, “Physics and technology of low temperatures”, “Programming and
mathematical modeling”, “Mathematical analysis”, "Differential equations”,
“Applied problems of low temperature physics”, “Physical bases of computer
systems”, as well as a number of subjects of free choice, which consider
problems related to the applied spectroscopy.

Educational methods
and equipment

The following teaching methods are used: a) verbal — lecture, explanation,
conversation, and instruction (introductory and ongoing) during laboratory
work; b) visual - illustrating the lecture material with presentations that
include tables, charts, and diagrams; c) laboratory - performance of
laboratory work that ensures the organization of educational work for
obtaining new knowledge, testing certain scientific hypotheses at the levels of
research, generalization, and analysis, and formation of skills and abilities to
interpret the results of research on various objects.

Necessary devices

Personal computers, operating systems (Windows, Linux), a software
package for processing data of absorption spectra, “CrysTool”, created at the
Department of Solid State Physics, commonly used computer programs, in
particular, software for processing and visualization of measurement results
(MS Office, 365 Excel, corporate license of Ivan Franko National
University), computer projector, laboratory equipment: computerized devices
for measuring of absorption spectra and photo- and X-ray luminescence
spectra, AvaSpec spectrometer with CCD detector - 2048L.

Evaluation criteria
(separately for each type

Control of learning the material includes current control (tests and a
colloquium for two content modules, 2x5 = 10 points), assessment of answers
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of educational activity)

and work in laboratory classes (8x5 = 40 points) — 50 points in total for the
semester; the exam consists of a theoretical part (20x2 = 40 points) and a test
of practical knowledge (10 points) — a total of 50 points.

The total score is 100 points.

Academic integrity by higher education students ensures independent
performance of educational tasks, tasks of current, and final control of
learning results. Writing off, and interfering with the work of other students
are, but are not limited to, examples of possible academic dishonesty. The
detection of signs of academic dishonesty in a student's written or oral work
is the basis for the failure by the teacher, regardless of the extent of the
deception.

Attending classes is an important part of learning. All students are expected
to attend all lectures and practical sessions of the course. Students must
inform the teacher about the impossibility of attending classes. In any case,
students are obliged to comply with all deadlines set for the performance of
all types of work provided for in the course.

Literature. All literature that students cannot find on their own will be
provided by teachers solely for educational purposes without the right to
transfer it to third parties. Students are also encouraged to use other literature
and sources that are not among the recommended ones).

Scoring policy. Points scored on practical and ongoing testing are taken into
account. At the same time, attendance at classes and the student's activity
during classes must be taken into account; inadmissibility of absences and
lateness to classes; using a mobile phone, tablet or other mobile devices
during class for non-educational purposes; plagiarism; untimely performance
of the assigned task, etc.

Any form of academic dishonesty will not be tolerated).

Questions for the exam

1.  The types of spectral analysis. Basic definitions.

2. Characteristic features and possibilities of the spectral analysis.

3. The main directions of the spectral analysis employment. Application
of the spectral analysis in astrophysics.

4. Theoretical basis of the of spectral analysis. Line atomic spectra. Wave
properties of the electrons, quantum numbers.

5. Periodic system of elements and atomic spectra

6. The types of spectra.

7. Generalized scheme of the spectral devices.

8. Basic characteristics of the spectral devices.

9. Classification of the spectral devices.

10. The main types of the spectrometers. Basic requirements for the
photoelectric spectral devices.

11. Methodology for studying the absorption spectra of the condensed
substances in the visible and UV regions.

12. Peculiarities of the optical electron spectroscopy of substances in a
condensed state.

13. Basic aspects of the crystal field theory.

14. The shape of electronic orbitals for different electronic states.

15. Intra-ion transitions.

16. Charge transfer spectra.

17. The models describing the shape and behavior of the absorption edge.

18. Energy levels of the transition metal ions.

19. Sugano-Tanabe diagrams. Energy states in the laser crystals.

20. Simple chromophore groups. Stereochemistry.

21. The shape and intensity of the spectral bands.




22.
23.
24.
25.
26.
217.
28.
29.

30.
31.
32.
33.
34.
35.

36.

Thermochromic effect. Thermochromic materials.

Physical basis of the luminescence. Radiation centers.

Types of the luminescence. Fluorescence. Phosphorescence.
Information that should be obtained from the luminescence spectra.
Parameters of the luminescence. Excitation spectra.

Exciton luminescence.

Excitons in the nanostructures.

Application of the luminescence and related phenomena in
optoelectronics.

Origin of the molecular spectra.

Raman spectroscopy and resonance Raman spectroscopy.

Vibrations of the polyatomic molecule. Types of vibrations.

IR spectroscopy. Peculiarities of the experimental study of IR spectra
of solids and solutions.

The technique of Raman spectra measuring. Geometry of the
experiment.

Method of group frequencies. Characteristic vibration frequencies of
the functional groups.

Peculiarities of the vibration spectroscopy of the single crystals.
Factor-group analysis.

Questionnaire

An evaluation questionnaire for the purpose of assessing the quality of the
course will be provided at the end of the course.




Outline of the course «Applied spectroscopy»

Table. 1

. Form of activity Literature Duration
Week Topic name
and amount of hours
1-3 | Topic 1. The theoretical basis of the lectures — 4 hours, Basic: 1,2,3 3 weeks
spectral analysis. Basic definitions. self-work — 10 hours. Additional: 2
3-5 | Topic 2. General characteristics and lectures — 3 hours, Basic: 1,2,3 2 weeks
classification of the spectral devices self-work — 10 hours. Additional: 2
6-9 | Topic 3. Absorption spectroscopy of lectures — 4 hours, Basic: 1,2,3,5 4 weeks
the substances in a condensed state self-work — 10 hours. Additional:: 2, 3
10-12 | Topic 4. Luminescence spectra of the lectures — 3 hours, Basic: 1,6 3 weeks
substances in the condensed self-work — 5 hours. Additional: 2
state
13-16 | Topic 5. Molecular spectroscopy lectures — 4 hours, Basic: 4, 6 4 weeks
self-work — 5 hours. Additional: 1, 2
Table 2
Topics of the laboratory classes
Week Topic name Form of activity Duration
and amount of hours
1 Introductory lesson. lab — 2 hours 1 week
2 Digitization of spectra using the "Get lab — 2 hours, 1 week
Data" software package. self-work — 5 hours.
3,4 | Obtaining and approximation of lab — 4 hours, 2 weeks
absorption spectra of compounds with a self-work — 9 hours.
copper chromophore.
5,6 | Obtaining and computer analysis of lab — 4 hours, 2 weeks
derivative spectra. self-work — 9 hours.
7,8 | Calculation of the parameters of the lab — 4 hours, 2 weeks
crystals’ electronic structure. self-work — 9 hours.
9, 10 | Investigations of the thermochromic effect lab — 4 hours, 2 weeks
in the complex compounds. self-work — 9 hours.
11, 12 | Application of Raman spectroscopy for lab — 4 hours, 2 weeks
investigations of the single crystals’ self-work — 8 hours.
structure.
13 Computer processing of complex lab — 2 hours, 1 week
vibrational spectra. self-work — 5 hours.
14, 15 | Study of the exciton spectra of excitation lab — 4 hours, 2 weeks
and photoluminescence of the wide gap self-work — 8 hours.
semiconductors.
16 Final lesson. lab — 4 hours. 1 week
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KonTakTHa indopmaist
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KoncyabTanii no KoHcynpTamii B J€Hb NPOBEICHHS JICKIIA Ta MPaKTHYHUX 3aHATH (3a
AUCIHHUILIIHI MOTIEPEAHBOI0 TOMOBJICHICTIO). Tak0oX MOKIIMBI OH-JIAallH KOHCYJIbTAIIIT uepe3
BiI0YBalOTHCS €JICKTPOHHY MOIITY.
Cropinka Kypcy https://physics.Inu.edu.ua/course/optychna-spektroskopiya-fizyka
Indopmanis npo Juctumnina «[IpuknanHa cekTpocKoIish € HOPMaTUBHOI JUCIUILTIHOIO 31
AUCUHMILTIHY cnermianbHOCTI 105 «[IpuknamgHa ¢isuka Ta HaHOMATEpiaaw» I JAPYroro

(MaricTepchKoro) piBHs BHINOI OCBITH, ska BHKIamaeTbes B Il cemectpi B

o0cs3i 5 xkpenuTiB (3a €Bponeiicbkoro KpeautHo-Tpancdeproro Crucremoro
ECTS).

KopoTtka anoranis
TUCIUILIIHYA

Kypc «IIpuknagHoi CHEKTPOCKOI» € OAHUM 3 HaWBAKIUBIIIMX PO3JILTIB
bi3uku. B kypci posrisigaeTbcs Teopis aTOMHHX CIHEKTPIB Ta CIEKTPiB
PEUOBMH y KOHACHCOBAHOMY CTaHi, a TaKOX MNPUHOHUI podoTH i
XapaKTePUCTHKU DPI3HUX THIMIB CHEKTPAIbHUX NpUIaAiB. 3HAYHE Micle B
Kypcl BiJIBeJIleHE MPAKTUYHOMY 3aCTOCYBAaHHIO DPi3HHX BapiaHTIB ONTHYHOL
CHEKTPOCKOMii B pI3HOMaHITHUX cdepax AISUIBHOCTI JIIOJWHU — HayI,
30KkpeMa, B actpodisuil 1 (i3uili TBEpPAOro TiJIa, BUPOOHHUIITBI, MEIUIIMHI,
CYJIOBili, MHTHIi, €KOJIOTIYHI} €KCIEPTU31 TOIIO.

MeTta Ta miji
TUCIHHUILTIHA

Meta kypcy: O3HAaHOMHUTH CTYJICHTIB 3 OCHOBHHUMH 3aKOHOMIPHOCTSIMU Ta
HOHATTSIMM ~ CIIEKTPAJIbHOIO  aHali3y Ta CIEKTPOCKOMNiI pPEYOBHH B
KOHJEHCOBAaHOMY CTaHi, O3HAlOMUTH 3 PI3HUMHU ONTHUKO-CHEKTPATbHUMU
METOaMHU JOCHTIKEHHS €JIEMEHTHOIO XIMIYHOTO CKJIaay, MOJIEKYJSPHOI i
KPUCTAJIIYHOI CTPYKTYPH PI3HUX PEUOBHH.

OcHoBHi miJii Kypcy:

a) PO3IJISHYTH OCHOBHI
CHEKTPOCKOITIi;

0) pO3UIUPUTH HAYKOBHUH CBITOTJISA]] CTY/ICHTIB;

B) BUPOOMTH HABMYKU JI0 CaMOCTIMHOT poOOTH 3 BHpIIIEHHS SK HAayKOBHUX,
TaK 1 NPUKJIAIHUX 3a/1a4 13 3aCTOCYBaHHSAM ONTHKO-CIEKTPAJIbHUX METO/IB.

MNOHATTA 1 TEOPETUYHI OCHOBU TPHUKJIAJHOT

Jliteparypa nist
BUBYCHHSA AUCHMILIIHA

ba3oBa:
1. B. Kanyctsanuk, B. Moxkpuii. [Ipuknaana cnekrpockomis. - JI.: Bug. uentp
JIHY im. I. ®panka.- 2009.-305 c.
2. A.B.P. Lever. Inorganic Electronic Spectroscopy. Amsterdam. :Elsevier.-
1987.- 407 p.
3. FO.M. bypasnwoB, .A. T'pikiT Ta iH. MeToaM CHEKTPaIbHOIO aHaNi3y
metaniB u cruiaBiB.-K.: Texnika.-1988.-215 c.
4. K. Nakamoto. Infrared and Raman Spectra of Inorganic and Coordination
Compounds. New Jersey.- 2009.- 415 p.
5. Cragunk B.J., Kanycrsank B.B. ®isuka nienexrpukis. — JIbBis : By,
JIHY imeni IBana ®@panka, 2020. — 336 c.
6. Kanyctsauk B. b. baratodyHkiionanpHi MaTepiaii Ha OCHOBI epoiKiB /
B. b. Kanyctsuuk, FO. B. Yopniii — Kumunis: Globe Edit, 2022. — 202,
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ISBN 978-620-0-63562-4.

JlonmomizkHa:

1. B.b. Kanycrsanuk. ®i3uka ¢epoikiB 3 opraniyHuM kKartionom. - JI.: Bun.
nentp JIHY im. [.dpanka.-2006.- 439 c.

2. B. Kamycrsanuk, B. Mokpuii. OnTuko-crieKTpaibHi METOAM B HayKOBO-
TexHIuHIA excriepTusi. [Ipaktukym.-JI.:Buna. nentp JIHY im. [.dpanka.-
2004.-207 c.

3. Kapustianyk V. Manifestation of the ferroelastoelectric phase transition in
the absorption spectra of (NH4).CuClsx2H20 crystals / V. Kapustianyk,
S. Semak, Yu. Chornii, O.Bovgyra, M. Kovalenko // Physica B:
Condensed Matter. — 2022. — V. 639. — P. 413929 (10 pp.).
https://doi.org/10.1016/j.physb.2022.413929.

Indopmaniiini pecypeu:

1. Eric Weisstein’s World of Physics
http://scienceworld.wolfram.com/physics/

2. Wikipedia. http://www.wikipedia.org

3. http://www.lIbl.gov/abc/Contents.html#experiment

Tpusajictb Kypcy

1 cemectp

O0csar kypcey

150 ronuH, 3 sxux 48 TOAMH ayJUTOPHUX 3aHSTh, 3 HUX 16 TOAMH NeKiii, 32
T'OJIMH JIA0OPATOPHUX 3aHATH, Ta 102 TOMHM caMOCTIIHOI poOOTH

OuikyBaHi pe3yabTaTn
HABYAHHA

B pesynbraTi BHBYEHHA LBOrO Kypcy 3100yBau Mae OBOJIOJITH TaKUMHU
KOMITETEHTHOCTSIMH:

3araabHi komnerenTHOCTI (3K):

3K 1. 3HanHs Ta pO3yMiHHS MPEIMETHOI 00JacTi Ta po3yMiHHS IpodeciiHol
TSUTBHOCTI.

3K 2. 31aTHICTh CHNIKYBaTHCS JEPKABHOIO MOBOIO SIK YCHO, TaK 1 TUCHMOBO.
3K 3. 31aTHICTh CTIUIKYBAaTUCS 1HO3EMHOIO MOBOIO.

3K 4. HaBuuku BuUKOpUCTaHHS 1HGOpPMAUIMHUX 1 KOMYHIKaIIHHUX
TEXHOJIOT1H.

3K 5. 31aTHICTh BUUTHCS 1 OBOJIO/IBaTH CyYaCHUMH 3HAHHSIMH.

3K 6. 3naTHicTh 10 TOUIYKY, 0OpoOJeHHs Ta aHamii3zy iHpopMauii 3 pi3HUX
JDKEpedt.

3K 7. 3naTHICTh MpaIoBaTi B KOMaHII.

3K 8. HaBuuku MixocoOucTicHOT B3aeMoil.

3K 9. 3xaTHicTh MpaltoBaTH aBTOHOMHO.

3K 10. HaBuku 3xitficHeHHs Oe311€4HOl TiSIIIBHOCTI.

3K 11. 3naTHicTh 3aCTOCOBYBATH 3HAHHS Y MPAKTUYHUX CUTYALisX.

3K 12. 3naTHicTh OIiHIOBATH Ta 3a0€3MevuyBaTH AKiCTb BUKOHYBaHUX POOIT.
Creunianbhi (¢paxosi) komnerentHocti (CK):

CK 1. 3naTHICTh BUKOHYBATH aHali3 CHeliaIbHOI JIiTepaTypu, GopMyIroBaTH
MOCTAaHOBKY HayKOBOi a00 HayKOBO-TE€XHIYHOI 3ajaui, oOMpaTH METOIu Ta
METOJMKHA HAaYKOBHX JOCII/KEHb T4 HAyKOBO-TEXHIYHUX PO3POOOK y Tary3i
NpUKIaaHO1 (Pi3MKHM Ta HAHOMAaTEepiaiB.

CK 2. 31aTHICTh ONTUMAJIBHO BU3HAYUTH MaTepialibHI 3aco0M, HeoOXiTHi
JUI TIPOBEJICHHSI HAYKOBOT'O JIOCII/PKEHHST a00 HayKOBO-TEXHIUHOI PO3POOKHU
(matepianu, anaparypa, o0J1aJJHaHHS, O0YMCITIOBaTbHA TEXHIKA Ta 1HIIE).

CK 3. 3parHicTh aHali3yBaTH OTPUMAaHi pe3yjibTaTH, MPE3eHTYBaTH iX
daxiBusgM y JnaHid ramgy3i, oQOpMIIIOBAaTH HAyKOBI CTaTTi Ta HAyKOBO-
TEXHIYHI 3BITH.

CK 4. 31atHICTh BIAMOBIAHO 0 TMOCTaBIICHOI 3a7a4l BUKOHYBaTH HAayKOBO-
TEXHIYHI pO3pOOKHU B Tamy3i IpUKIaaHOi (Pi3UKH Ta HAHOMATEPIaiB.

CK 5. 3natHicTh caMOCTIMHO OIAHOBYBAaTH HOBY amapaTypy Ta TEXHOJIOTIi, B
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TOMY YHCII 13 CyMDKHHX Tay3el, Ui po3B’i3aHHs BUPOOHUYMX 3a/1ad.
[Ticns  3acBO€HHS ~ HABYAIBHOI  JUCHUIUNIHM  CTYIEHTH  MaroTh
IPOIEMOHCTPYBATH TaKi MPOrpPaMHi pe3yJIbTATH HABYAHHSL:

IIPH 1. BuxopucTtoByBaTH 3HaHHS B Taly3l MNpUKIAAHOI (I3UKK Ta
HaHOMarepiaiiB, i1H(GOPMALIMHUX TEXHOJOTIH MJJii BUKOHAHHS HAyKOBHX
JOCITIJIKCHD Ta PO3B’S3aHHS BUPOOHUYHX 32]1a4.

IIPH 2. 3naxomuTH Ta aHali3yBaTH HAyKOBY Ta HAyKOBO-TEXHIYHY
iH(opMarliro B raixy3i NpukiIaaHoi Gi3UKA Ta HAHOMATEpiaiB i3 BITYU3HIHUX
Ta 3apyODKHHMX JDKEped, B TOMY 4YHCII 3 BHUKOPHCTAaHHSIM Cy4YacCHHX
MIOITYKOBUX CHUCTEM.

ITPH 3. BmiTi 00roBoproBaT Ta 3HAXOAWUTH MPOTPECUBHI Ta iHHOBAIiWHI
piteHHs mpo0JIeM 1 3aBIaHb MPHU 3IMCHEHHS TPOdECiifHOT TIsITEHOCTI.

IIPH 4. BcranoBmoBaTH Ta apryMEHTYBaTH HOBI 3aJ€KHOCTI MIiX
napamMeTpamMH Ta XapaKTepPUCTUKaMU (Pi3UIHUX CUCTEM.

ITPH 5. E¢exTuBHO MpamroBaTH K iHIUBITYaTbHO, TaK 1 B CKJIaJiI KOMaH]IH,
OIlIHIOBAaTH Ta 3a0e3leuyBaTd SKICTh BHUKOHYBaHHUX pOOIT Yy Tramysi
npuKIaaHo1 (Pi3UKU Ta HAHOMAaTEpiaiB.

ITPH 6. KopektHo dopmyntoBatu npodeciiiHi BUCHOBKH, anpoOyBaTu iX Ta
JIOHOCHUTH JI0 ayTUTOPii pi3HOrO (haXxOBOTO PiBHS, BHKOPHCTOBYIOUHM CydYacHi
METOJMKH HAYKOBOI Ta TEXHIYHOI KOMYHIKAIll yKpaiHChKOIO Ta 1HO3EMHHUMHU
MOBaMH.

ITPH 8. Bwmitu BUKOpPHCTOBYBaTH cydacHy (i3uuHy amapaTypy Ta
o0TafHaHHSA, OI[IHIOBAaTH PU3UKH Y MpodeciiiHiil AisTbHOCTI Ta 31CHIOBATH
3an001KH] .

Kuarouosi ciioBa

[pukanHa CHEKTPOCKOIIisl, MOJIEKYJISIPHI CIIEKTPH, KOMOIHAIIIIHE pO3CIFOBaHHS
CBITJIA, CHEKTPOMETD, CIICKTPAJLHUN aHaJIi3, aTOMHO-a0CcOopOIiitHuI aHami3

dopmart Kypcy OuHuii: MPOBENCHHS JEKIii, JIAOOPaTOPHUX POOIT Ta KOHCYNIbTAIl IS
Kpaloro po3yMiHHs TeM
Temu HaBeneHo y Tabnuisix HIOKYE
HincymxoBuii Icniut y 2 cemectpi
KOHTPOJIb, popMa
IIpepexBizuTn BuBuenns nuciumiuinu  «IIpukiagHoi CcHEKTpOCKOMiD» IPYHTYEThCS Ha

3HAHHSX CTYJIEHTIB, OJIEpP’KaHUX NPU BHBYEHHI 3arajbHUX Ta CHEIlaJbHHUX
mucuuiutil: «Enektpuka 1 Maraetusm», «ModekyispHa (izukay, «OnTukay,
«AtomHa 1 sigepHa ¢Qi3ukay, «KBaHTtoBa MexaHikay, «Di3uka TBEpAOro Tilay,
«®di3uKa 1 TeXHIKa HU3bKUX Temreparyp», «IIporpamyBaHHs 1 MaTeMaTH4He
MOJICNIIOBaHH», «MareMaTnyHuil a”amizy, «JudepeHiianbai piBHIHHSIY,
«IIpuknagai npoGneMu (i3MKM HU3BKHX Temreparyp», «®Di3uuHi OCHOBH
KOMIT'FOTEPHUX CHCTEM», a TAaKOXX HHU3KU JUCLMILUIIH BUIBHOIO BUOOpPY, B
SKHMX PO3IJISIal0ThCS MPOOJIeMH, NOB’sI3aHi 3 MPUKJIAAHOIO CIIEKTPOCKOMIE0.

HaB4yaanHui MmeToan Ta
TeXHIiKH, fAKi Oy1yTh
BHKOPHMCTOBYBATHCS i/l
yac BUKJIAJaHHS Kypcy

BukopuCTOBYIOTBCSI Taki METOJM HaBYaHHSA: a) CJIOBECHI — JIeKIid,
MOSICHEHHsI, Oecizia, IHCTPYKTaX (BCTYIMHHUM Ta MOTOYHMI) MiJ] 4YaCc BUKOHAHHS
nabopaTopHUX poOIT; 6) HAOYHI — UIIOCTPYBaHHS JEKIIHHOrO MaTepiaiy
NpEe3eHTAllisIMH, SKi BKJIIOYalOTh B cebe Tabiuii, cxeMu Ta rpadiku; B)
nabopaTopHi — BUKOHaHHS Ja0opaTopHUX poOOIT, 10 mependadae
OpraHizaiilo HaBYaJbHOI pOOOTH Ui OTPUMAaHHS HOBHUX 3HaHb, MEPEBIPKH
MEeBHUX HAyKOBHX TIMOTE3 Ha PIBHI JAOCTIHKEHB, y3arajJbHeHb Ta aHAII3y Ta
¢opMyBaHHS BMiHb 1 HABHYOK IHTEpIIpeTalii pe3yibTaTiB JOCITIIKEHb
PI3HOMaHITHUX 00’ €KTIB.

HeoOxigne o01agHanue

[lepconanbHi KoM 'toTepH, omepaiiini cuctemu (Windows, Linux),
OporpaMHUN MakeT Juis OOpoOKM JaHMX aOCOpOLIMHMX  CHEKTpiB
“CrysTool”, crBopenmii Ha kadenpi GI3MKH  TBEpIOro  Tiia,
3arajlbHOBKMBaHI ~ KOMIT'IOTEpHI  NpOrpaMH, 30Kpema, IMporpaMHe
3abe3neyeHHs g oOpoOKHM Ta Bizyasizauii pe3ysbpTaTiB BUMipioBaHb (MS
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Office 365 Excel, xopmnoparuBHa mninensis JIHY imeni IBana ®panka),
KOMIT FOTEpHHI TMPOEKTOp, JabopaTopHe 0OJagHAHHS: KOMIT IOTEPH30BaHI
YCTaHOBKH JJIsi BUMIpIOBaHHs a0COPOLIMHUX CIIEKTPIB Ta CHEKTPiB GOTO- 1
peHTreHoominecteHIii, cuexkrpomerp AvaSpec 3 II33 nmerektopom —
2048L.

Kpurepii ouiHroBanHs
(oxpeMo 1JI51 KOKHOTO
BH/1y HABYAJIbHOI
AiSILHOCTI)

KouTtponb 3acBoeHHs Marepialy BKJIIOYa€ MOTOYHHM KOHTPOJb
(KOHTpOJIbHI POOOTH 1 KOJIOKBIyM 3a BOMAa 3MiCTOBUMHU MOIYJsiMH, 2%5 = 10
OaJtiB), OIIIHKY BiJIOBIiZEH Ta poOOTH Ha JabopaTOpHHUX 3aHATTAX (8x5 = 40
OaiiB) — paszoM 3a cemectp 50 OariB;

ICTIUT — CKJIAJIA€ThCA 3 TeopeTuyHOoi yacTuHU (20%2 = 40 6aiiB) 1 mepeBipKH
npakTHIHUX 3HaHb (10 6aniB) — pasom 50 GaitiB.
CymapHna orrinka — 100 GaiB.

AxkaneMmiyHa go0pouecHicTh 3100yBauamMu BHIOi OCBITH nepeadadae
caMoCTiiHEe BHKOHAHHS HaBYaJbHUX 3aBJlaHb, 3aBJlaHb IIOTOYHOTO Ta
MiICYMKOBOT'O KOHTPOJIIO pe3ysbTaTiB HaBYaHHA. CHUCYyBaHHS, BTPyYaHHS B
po0OOTy 1HIIMX CTYJIEHTIB CTaHOBIIAThH, aje HE OOMEXKYIOTh, IPHKJIAJH
MOJKJIMBOI aKaJeMiuyHoi HelxoOpouecHOCTi. BHSIBICHHS O3HaK akaJIeMidHOT
HEA0O0POUYECHOCTI B MUCHMOBIH UM yCHIi poOOTi CTyAIGHTa € MACTaBOO JUIS 1l
He3apaxyBaHHs BHKJIaZadeM, HE3AJICKHO BiJ MaciiTabiB oOMaHy.

BinBinanus 3aHATH € BOXIMBOIO CKJIaJ0BOI0 HaB4YaHHSA. OUiKyeThCH,
IO BCi CTYACHTH BIJIBIJAIOTh yCi JIEKHii 1 MpakTH4YHI 3aHATTS KypcCy.
Crygentu MaroTh iH(QOpMyBaTH BHKIIaJada MPO HEMOKJIUBICTH BiJBiIaTH
3aHATTS. Y OyIb-sIKOMY BHITaJKy CTYACHTH 3000B’s13aH1 JOTPUMYBATHUCS yCIX
TEpPMiHIB, BH3HAUYEHUX ISl BUKOHAaHHS YCIX BHAIB poOOIT, mepeadadeHux
KypCOM.

Jlitreparypa. Ycio nmiteparypa, SKy CTyIEHTH HE 3MOXYThb 3HAWUTHU
caMocTiiiHO, OyJae HaZaHO BHKJIAJayaMH BHKIIOYHO B OCBITHIX HUIIX 0e3
npaBa ii mepemaBaHHS TpeTiM ocobam. CTyIeHTH 3a0XOUyIOThCS 0
BUKOPHCTaHHS TAaKOXX M 1HIIOI JIITEpaTypw Ta JDKEpeN, SKUX HEeMae cepen
PEKOMEH/IOBaHHUX.

IosiTuka BUcTaBjeHHs OajiB. BpaxoByroTbcs Oanmu, HaOpaHi Ha
71a00paTOPHUX 3aHATTAX Ta MOTOYHOMY TecTyBaHHI. [Ipu 1boMmy 000B’S3K0OBO
BPAaxXOBYIOThCSl NMPHUCYTHICTh Ha 3aHATTAX Ta AKTHBHICTh CTYJAEHTa IiJ] 4yac
3aHATTS; HEJAOMYCTUMICTh MPOITYCKiB Ta 3ali3HEHb Ha 3aHATTS; KOPUCTYBaHHS
MOOUTBHUM Tene(oHOM, IUIAHLIETOM YM IHIIMMU MOOLIBHUMHU TNPUCTPOSIMHU
MiJ Yac 3aHATTA B IUIAX, HE TOB’A3aHUX 13 HAaBUAHHSAM; CIHCYBaHHS Ta
IUIariaT, HECBOE€UAaCHE BUKOHAHHS IMOCTABJIEHOIO 3aBJaHHA 1 T. 1H.

XKonHi popmu akageMiyHOi HeTOOPOUECHOCTI HE TOJIEPYIOThCS.

ITuTanHga 10 ek3aMeHny

1.  TloHATTS mpo BUAM CIIEKTPAIbHOrO aHaiizy. OCHOBHI BU3HAUEHHS.

2. XapakTepHi 0COOJIMBOCTI Ta MOKIMBOCTI CIIEKTPAJIBHOIO aHAMI3y.

3. OO6macTi BUKOPUCTAHHS CIIEKTPAILHOTO aHaJi3y. 3aCTOCYBaHHS
CHEKTPAIBbHOTO aHaNi3y B acTpOoQi3HLLi.

4.  TeopeTH4HI OCHOBU CHEKTpaIbHOTO aHami3y. JliHiliyacTi aToMHI

CHEKTpHU. XBUIIbOBI BIACTUBOCTI €JIEKTPOHIB, KBAHTOBI YHCIIA.

[lepioguuHa cucTema eJIeMeHTIB 1 aTOMHI CIIEKTPH.

Tunu crexTpis.

[TpuHIIMIIOBA CXEMa CHEKTPATbHUX MPHIIA/IIB.

OCHOBHI XapaKTePUCTUKU CIEKTPAIBbHUX MPUIIA/IIB.

Knacudikaiist ciekTpanbHUX NpUiIaiB.

10. OcHoBHi THIH cieKTpoMeTpiB. OCHOBHI BUMOTH JI0
(OTOECTIEKTPUIHUX CIIEKTPATHHHUX MPHUIIAIIB.

11. Meroauka MAOCHTIDKEHHS CIEKTPIB TMOTIUHAHHSI KOHJIEHCOBAHHUX
pedoBHH y BuauMmiil Ta Y@ obnactsax.

12.  Oco0nMBOCTI ONTHYHOI eJNEeKTPOHHOI CHEKTPOCKOIMii pPEYOBUH B

©o~No O
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13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
217.
28.
29.

30.
31.
32.
33.

34.
35.

36.

KOHJICHCOBAaHOMY CTaHi.

Jlesiki acieKTH Teopii KPUCTATIYHOTO TTOJIS.

dopma eneKTpoHHHUX OpOiTasielt Ut pi3HUX eIeKTPOHHHUX CTaHIB.
BHyTpilnHR010HHI IEPEX0/IH.

CriekTpu nepeHeceHHs 3apsy.

Mogerni, 110 OMUCYIOTh (HOPMY 1 MMOBEIIHKY KParO MOTJINHAHHS.
Eneprernuni piBHi 10HIB IEPEXiTHUX METAIiB.

Hiarpamu Cyrano-Tana6e. EHepreTruHi piBHI B JIa3€pHUX KpUCTaJIaX.
[Tpocti xpomodopHi rpynu. Crepeoximis.

dopma Ta IHTCHCUBHICTh CIIEKTPAIbHUX CMYT.

Tepmoxpomuuii epexT. TepMOXpOMHI MaTepiau.

di3uuHI OCHOBH JIFOMiHecHeHIIi1. [leHTpu cBidYeHHs.

Bunu mominecuennii. @iyopecteniis. ocdopecieHirisi.
IHdopmariis, sKy MO’KHA OTPUMATH 31 CIIEKTPIB JIFOMIHECIICHITII.
[Tapametpu mominecueniii. CnekTpu 30y KeHHS.

ExcuronHa roMiHeCIeHITis.

EXCUTOHM B HAHOCTPYKTYpax.

3acTocyBaHHSI TIOMIHECIEHIIIT 1 CIOPIAHEHUX SIBUIIL B
OTITOEJICKTPOHIII.

[ToxoKeHHST MOJICKYJIIPHUX CIIEKTPIB.

Crektpockorist KPC i pezonancua KP criekrpockorris.

KosmBanus 6araroaroMHoi MoJieKyJsid. THITH KOJIMBaHb.

I4 cniexktpockoris. OcoOIMBOCTI €KCIIEPUMEHTAIBHOTO JOCIIKEHHS
IY cniekTpiB TBEPAMUX Tijd 1 pO3YHHIB.

Metoauka BuMiproBanHs criekTpiB KPC. ['eomeTpist ekcriepuMeHTy.
Mertox rpynoBUX YacTOT. XapaKTePUCTUYHI KOJHMBHI YacCTOTH
GYHKIIIOHANTBHUX TPYIL.

Oco0imBOCTI  KOJIMBHOI CHEKTPOCKOIMIi MOHOKpucTainiB. dakrop-
IpyTHOBHIA aHaTI3.

OnuryBaHHsA

AHKETYy-OIlIHKYy 3 METOI0 OIIIHIOBaHHS SKOCTI Kypcy Oyle HaJaHo TIo
3aBEPIICHHIO KypCY.




Cxema kypcey «IIpukiagHa cneKTpPOCKOMis»

Tabmurs 1

Tux- Hassa Teu dopma JisITEHOCTI Jliteparypa Tepmin
JICHb Ta 00CAT rOJIMH BUKOHAHHS
1-3 | Tema 1. TeopeTnuHi OCHOBH Jekii — 4 ron, basosa: 1,2,3 3 THOKHI
CIEKTPAILHOTO aHali3y. 3arajibHi camocriiiHa podora — | JlomomixkHa: 2
IOJIOKEHHS 10 ron.
3-5 | Tema 2. 3aranpHa XapakTepUCTUKA nekuii — 3 rog, bazosa: 1,2,3 2 THXKHI
1 kiacudikairisi CHeKTpaTbHUX camocTiiina po6ora — | JlomomixHa: 2
npusIaiB 10 rox.
6-9 | Tema 3. AGcopOmiitna JeKwii — 4 rox, basosa: 1,2,3,5 4 TYKHI
CIIEKTPOCKOIIisl PCUOBHUH B camocriiiHa pobora — | [lomomixHa: 2,
KOHJICHCOBAHOMY CTaHi 10 ron. 3
10-12 | Tema 4. CniekTpu JTIOMiHECIEHITI T nekuii — 3 rox, basosa: 1,6 3 THOKHI
PEUOBHH B KOH/IEHCOBAHOMY camocTiiiHa poboTta — | JlonmomixHa: 2
cTaHi S ron.
13-16 | Tema 5. MonekynsipHa Jekwii — 4 ron, basosa: 4, 6 4 TyxHI
CIIEKTPOCKOTIist camocriiiHa pooora — | [lomomixHa: 1,
5 ron. 2
Tabmuns 2
Temu n1abopaTopHUX 3aHATh
Twux- Hassa Teu dopMma JisIbHOCTI Tepmin
JCHb Ta 00CST TOIMH BUKOHAHHS
1 Bcerynne 3aHATTS. 1aboparop. 3aHATTS — 2 T0J1 | THXAEHD
2 OuudpoByBaHHS CIEKTpiB 13 n1abopatop. 3aHATTS — 2 IO/, 1 TmxnEeHb
3aCTOCYBaHHSIM  TIPOTPAMHOTO  TMAKETy caMmocTiitHa po6oTa — 5 roj.
«Get Datay.
3,4 | OtrpuMaHHS 1 ampoKCHMAIlisl CIEKTPIB naboparop. 3aHATTA — 4 roj, 2 THXHI
MOTJINHAHHS CHOJIYK 3 MIJIHUM camocTiiiHa poboTa — 9 ro.
XpOoMO(hOpOM.
5,6 | OrpuMaHHs Ta KOMIT'IOTEpHMH aHaii3 nabopatop. 3aHATTS — 4 To[, 2 THXHI
MOXITHUX CIIEKTPIB. camocriifHa pobota — 9 roj.
7,8 | Po3paxyHok mapameTpiB  eIeKTPOHHOI nabopatop. 3aHATTS — 4 T/, 2 THXHI
CTPYKTYPH KPHCTAIIB. camocriifHa pobota — 9 roj.
9,10 | HocmipkeHHS TEPMOXPOMHOTO €(eKTy B nabopatop. 3aHATTS — 4 T/, 2 THXHI
KOMIUIEKCHUX CIIOJIYKaX. camocriifHa pobota — 9 roj.
11, 12 | Bukopucranusi crekrpockomii KPC s naboparop. 3aHATTA — 4 roj, 2 TYDKHI
JOCTIPKEHHS CTPYKTYPU MOHOKPHUCTAJIIB. camocrTiifHa poboTa — 8 roj.
13 Kowmm’torepHa 00poOka CKJIaIHUX nmabopartop. 3aHATTS — 2 TO[, 1 THxIEHD
KOJIUBHUX CHEKTPIB. caMmocTiiiHa poboTa — 5 ro.
14,15 | BuBueHHs €KCUTOHHUX CIEKTpIB naboparop. 3aHATTA — 4 roj, 2 THXHI
30y IKeHHs 1 doromomiHeceHii camocriiiHa poboTa — 8 rox.
ITMPOKO30HHHUX HAMiBIPOBITHUKIB.
16 3aKJIoyHe 3aHATTS. n1abopaTop. 3aHATTS — 2 TOL. 1 THKJIEHD




