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1. HammeHOBaHMe JUCHUIIINHBI
Chemistry

2. MecTo IMCHHUILIMHBI B CTPYKTYpeE 00pa30BaTeIbHOM NMPOrpaMMBbI

JlucuumniauHa BXOAUT B 00s3aTenbHy0 YacTh bioka « b.1 » oOpa3oBarenbHON IporpaMMBI [0 HANIPaBICHUSIM
MOATOTOBKH (CMEIUATBLHOCTSIM):

Hanpasnenue noaroroku: 05.03.06 Dxonorust 1 mpupo10M0Ib30BaHUE

HAIMPAaBIEHHOCTb DKOJIOTHYECKasi HH)KEHEPHsI U HOBasi SHEPreTHKa



3. [lnanupyembie pe3y/ibTaThl 00y4eHUs M0 AUCHUILINHE

B pesynbrare ocBoenus aucuuminael Chemistry y oOy4varomerocst JOIKHBI OBITh CHOPMUPOBAHBI
CJIEAYIOLINE KOMIIETCHIIHH:

05.03.06 Dxonorust ¥ MPUPOOINIOIL30BaHKE (HAPABIECHHOCTD | DKOJOTHUECKas MH)KCHEPUS U HOBas
JHEPTeTHKA)
OIIK.1 Bianeer 6a30BbIMU 3HAHUSIMH O COBPEMEHHOM HAYYHOUN KapTHHE MUpPA Ha OCHOBE TIOJIOKCHUH,
3aKOHOB U METOJIOB MaTeMaTHUYECKUX U €CTECTBEHHBIX HayK
HNuaaukaropsl
OIIK.1.1 MmeeT npeacraBieHre 0 HAYYHOM KapTUHE MUPA HA OCHOBE IOJIOKEHUH, 3aKOHOB U
3aKOHOMEPHOCTEN ECTECTBEHHBIX HAYK



4. O0beM U coJepkaHue TUCHUTITHHBI

HamnpagsJienune noaroroBku 05.03.06 Oxonorust U MPUPOIONOIL30BaHUE (HAIIPABICHHOCTD:
OKoJoru4eckasi MHXEHEpHsl U HOBasi JHEPIreTUKA)
¢opma o0yuenus OYHas
NeNe TpumecTpoB, 1,2
BbIJICJICHHBIX /151 H3y4YeHUs!
AUCHMILTUHBI
O0beM AUCIHUILIMHBI (3.€.) 7
O0beM JUCHUILIMHBI (AK.YaC.) 252
KonTakTHasi padora ¢ 112
npenoaaBartesieM (aK.4ac.),
B TOM 4HCJIe:
IIpoBenenue JeKIUOHHBIX 42
3aHATHH
IIpoBenenne NpakKTHYECKHUX 14
3aHATHI, CEMHMHAPOB
IIpoBenenue Jad0paTOPHBIX 56
padoT, 3aHATHI 11O
HHOCTPAHHOMY fI3bIKY
CamocrosiTesibHas pabora 140
(ak.4ac.)
®opMBbI TEKYLIET0 KOHTPOJIA HToroBoe KOHTpoIbHOE MeponpusTue (2)
[TucemenHoe koHTposbHOE Meponpusitue (10)
DopMBbI IPOMEKYTOUHOM 3auer (1 Tpumectp)
aTTrecTanuu

Ok3ameH (2 TpumecTp)




5. AHHOTI/IPOBaHHOC OonmucaHue CoaAcpKanusd pasacjaoB U TEM TUCHUIIJIHHBI

General Chemistry
Acquaintance with the main sections of the course of general chemistry, chemistry of elements and analytical
chemistry. The knowledge and practical skills obtained in the course should help future bachelors to deeply
understand the chemical processes underlying the chemical processing of mineral and plant raw materials, to
assess the consequences of the effects of substances on the environment in the process of human activity.

Classes of inorganic compounds and chemical nomenclature
General information. Chemical elements - metals and non-metals.
Classes of inorganic compounds and chemical nomenclature.
Oxides, bases, acids, salts: classification, nomenclature. Prevalence in nature, obtaining.
Structure, physical and chemical properties. Application.

Regularities of the course of chemical processes
Types of chemical reactions. Thermodynamics of physical and chemical processes. Thermochemistry. Enthalpy
of the system. Entropy. Gibbs free energy of the system.
Kinetics of chemical processes. Chemical reaction rate. Activation energy. Catalysis. LeChatelier's principle.

Basic concepts of chemical thermodynamics
Types of chemical reactions.
Thermodynamics of physical and chemical processes. System, its classification (isolated, closed, open).
Chemical processes, their classification (isothermal, isochoric, isobaric). Phase, classification of systems
depending on the phase state of the components of the system (homogeneous, heterogeneous). Internal energy of
the system, its change during the reaction. Work. Heat. The law of conservation of energy (the first law of
thermodynamics).
Thermochemistry. Thermal effect of isobaric and isochoric processes. Enthalpy of the system, its change during
the reaction, Standard enthalpies of formation, combustion of substances. Hess's law and its consequences for
calculating the thermal effects of chemical reactions - changes in enthalpy during the reaction. Thermochemical
equations. Energy diagrams of exo- and endothermic reactions. Fuel calorific value. Calorie content of food.
Macro and micro characteristics of the system. Entropy is the thermodynamic probability of the system.
Boltzmann equation. The second and third laws of thermodynamics. The change in the entropy of the system in
the course of a chemical reaction, its determination based on the standard entropy of the formation of
substances.
The criterion for the spontaneity of chemical processes is the Clausius criterion. Gibbs free energy of the
system, its change in the course of a chemical reaction. Calculation of the change in Gibbs energy based on the
standard Gibbs energies of the formation of substances or changes in enthalpies and entropies in the course of a
chemical reaction.
The magnitude of the change in Gibbs free energy in chemical reactions is a measure of the reactivity of
substances and the direction of the reaction. Enthalpy and entropy factors of processes.

Chemical reaction rate and chemical equilibrium
Kinetics of chemical processes. Mechanisms of chemical processes: radical, ionic. Radicals, ions: their
structure, production, properties. Conditions for homolytic and heterolytic cleavage of covalent chemical bonds.
Limiting stage.
The rate of a chemical reaction and the concentration of reactants in a homogeneous system. The law of the
acting masses. Kinetic equations of reaction. Reaction rate constant. Molecularity, order of reaction by
substance, general order of reaction.
Determination of the order of the reaction by substance. Heterogeneous systems and contact surfaces of
substances. Kinetic and diffuse regions of the reaction.



Chemical reaction rate and temperature. Van't Hoff's rule, temperature coefficient. Arrhenius equation.
Activation energy. Active particles, their change with temperature. Energy diagrams of reaction. Determination
of the temperature coefficient, activation energy.

Reaction rate and presence of chemicals. Catalysis: positive, negative (inhibition), homogeneous and
heterogeneous. Catalysis mechanism.

Initiation. Catalysts, inhibitors, initiators: their main characteristics.

Equilibrium, non-equilibrium reactions. Criteria for equilibrium, non-equilibrium of the reaction. Chemical
equilibrium (true, metastable). Equilibrium constant, its relationship with the change in Gibbs free energy.
Equilibrium concentration of substances, equilibrium yield of reaction products. Balance shift - LeChatelier's
principle.

Examination in chemical thermodynamics and Kinetics
Student should know and operate in the following topics. Thermodynamics of physical and chemical processes.
Thermochemistry. Enthalpy of the system. Entropy. Gibbs free energy of the system. Kinetics of chemical
processes. Chemical reaction rate. Activation energy. Catalysis. LeChatelier's principle.

Solutions
Periodic table and the structure of the atoms of the elements; chemical bond (covalent bond, valence bond
method, hybridization, molecular orbital method, ionic bond, chemical bond in complex compounds); the
structure of a substance in a condensed state, solutions (ways of expressing concentrations, ideal and non-ideal
solutions, activity); electrolyte solutions; equilibrium in solutions; redox reactions; protolytic equilibrium.

General properties of solutions
Homogeneous dispersed systems are true solutions: classification by the state of the solute in solution (solutions
of electrolytes and non-electrolytes), by the state of equilibrium (saturated, unsaturated, supersaturated),
mechanisms, dissolution thermodynamics. Solvation (hydration). Dissolution is a physicochemical process.
Solubility, coefficient of solubility. Factors that determine the solubility of a substance. Henry's Law.
Distribution law (distribution coefficient). Classification of substances by solubility. Extraction (from a mixture
of solids, between two immiscible liquids) and crystallization from solutions (methods of salting out,
precipitation, cooling) as methods of purification and separation of substances. Concentrations of solutions:
mass (molality, mass fraction), volume (volume fraction, molar, equivalent, titer). Mutual transitions between
different concentrations of solutions. Classification of solutions by concentration: concentrated, diluted.

Aqueous solutions of electrolytes
Ideal and imperfect electrolyte solutions. Equilibria in solutions. The theory of electrolytic dissociation.
Quantitative characteristics of dissociation: degree, dissociation constant. Classification of substances by
electrolytic strength. Factors determining the degree and constant of dissociation. Ionic strength of the solution.
Activity. Activity coefficient. Debye-Hiickel equations. Theories of acids and bases: electrolytic, protolytic,
electronic. Protolithic equilibrium. Aqueous solutions of acids, bases, their properties. Ampholytes. The nature
of the environment in aqueous solutions of acids, bases. Aqueous solutions of salts. Properties of salt solutions.
Salt hydrolysis. Chemistry of hydrolysis processes. Reversible, irreversible hydrolysis. Factors determining the
degree of hydrolysis. The nature of the environment in aqueous solutions of salts. Qualitative reactions to ions.
Coloring of flame and solution with ions. Dissociation of water. Ionic product of water. Hydrogen exponent -
pH. Methods for determining the pH value. Acid-base indicators, their nature and essence of action. pH meters.
Reasons that determine the nature of the environment in aqueous solutions of electrolytes. Buffer solutions:
composition, properties (pH, buffer capacity), value. Henderson-Hasselbach equations. Homogeneous and
heterogeneous exchange reactions in aqueous solutions. The condition for the irreversibility of the exchange
reaction. Equations of reactions exchanges. Condition for the formation and dissolution of the precipitate.



Solubility product and its factors. Precipitation is a method of separation and purification of substances.

Redox processes
The oxidation state of the element. Dependence of the oxidation states of elements on their position in the
periodic system of D.I. Mendeleev. Atomic transfer reactions. Electron transfer reactions. Redox reactions.
Oxidizing agent. Reducing agent. Disproportionation. Direction of redox reactions. Oxidation-reduction
potentials.

The structure of the atom. Periodic Table of Chemical Elements. Chemical bond
Periodic law. Electronic structures of atoms. Orbital filling order. Pauli exclusion principle. Gund's rule.
Effective charge of the nucleus. The structure of the periodic table. Periodicity of properties. lonization energy.
Electron affinity. Electronegativity. Orbital radii of atoms and ions.
The nature of the chemical bond. Covalent, ionic, metallic bond. Polar and non-polar covalent bond. Molecular
orbital theory. Order, length, bond energy. The theory of valence bonds. Donor-acceptor interaction. Oxidation
state and coordination number of the central atom.
Spatial configuration of molecules. Coordination number of the central atom of the molecule (complex). The
main types of polyhedra. Repulsion model of valence localized electron pairs. Repulsion of electron pairs and
the spatial configuration of the molecule. Valence angles. Simple and multiple links.
The main types of interaction of molecules. Forces of intermolecular interaction. Hydrogen bond.
Donor-acceptor mechanism of covalent bond formation.
Aggregate state of matter. The chemical structure of a solid. Amorphous and crystalline state of matter. Crystals.
Crystalline lattices. Metallic bond.

Control event
Final test on classes of compounds and laws of chemistry, kinetics and thermodynamics, solutions, RedOx.

Inorganic chemistry
General aspects of inorganic chemistry. Main classes and their reactivity.

Chemistry of non-metals
General characteristics of non-metals. Chemical elements - non-metals: position in the periodic table, electronic
configurations, atomic radii, valence states. Change in the radii of atoms, non-metallic (oxidizing) and reducing
properties, depending on the charge of the nucleus of the non-metal atom. Simple substances - non-metals: the
nature and multiplicity of chemical bonds, the nature of the crystal lattice and the structure of matter (allotropy).
Features of the physical and chemical properties of non-metals, depending on the composition, structure,
thermal stability, nature and type of crystal lattice. The prevalence of non-metals in nature. Methods for
obtaining non-metals. The value of non-metals. Complex substances of non-metals - hydrogen compounds,
oxides, acid hydroxides, salts, their structure, properties and application.

Chemistry of metals
General characteristics of metals. Chemical elements - metals: position in the periodic system, electronic
configurations, atomic radii, valence states. Change in the radii of atoms and metallic (reducing) properties
depending on the charge of the nucleus of the metal atom (effects of compression, shielding and penetration).
Simple substances - metals: the nature of the chemical bond, the nature of the crystal lattice (polymorphism),
features of the physical and chemical properties of s-, p-, d- and f-elements. Features of changes in metallic
(reducing) properties in solid, gas phases and in solutions (voltage series). The prevalence of metals in nature.
Methods for obtaining and purifying metals. Metal alloys. The value of metals and their alloys. Compounds of
metals - oxides, hydroxides (basic, amphoteric), salts, their structure, properties and application.



Complex compounds
The theory of the formation of complex compounds. Classification and nomenclature of complex compounds.
Atoms and ions as complexing agents. Instability constants of complexes. Various types of ligands in complex
compounds. Complex anion compounds. Compounds of complex cations and neutral complexes. Application of
the method of complexation in chemical analysis. Dissociation of complex compounds.

Laboratory work report
Report on laboratory work on inorganic compounds.

Final control
Final control on classes of inorganic compounds.

Analytical Chemistry
Analytical chemistry studies and uses instruments and methods used to separate, identify, and quantify matter.
In practice, separation, identification or quantification may constitute the entire analysis or be combined with
another method. Separation isolates analytes. Qualitative analysis identifies analytes, while quantitative analysis
determines the numerical amount or concentration.

Introduction to Analytical Chemistry
Subject, tasks and methods of analytical chemistry. Classification of methods of analysis. Advantages and
shortcomings of chemical and physicochemical methods of analysis.

Measurements and Their Characteristics. Analytical Signal
Subject, tasks and methods of analytical chemistry. Classification of methods of analysis. Advantages and
shortcomings of chemical and physicochemical methods of analysis.

Quantitative And Qualitative Analysis
Quantitative data analysis includes information about quantities and numbers, as far as qualitative data applies
to things which can be observed but not measured.

Analytical Techiques, Methods, Protocols
Macroanalysis, semi-microanalysis, microanalysis, submicroanalysis, ultramicroanalysis. Systematic and
fractional analysis methods. Analytical reactions: group, specific and selective reactions.
Test tube, drip, demonstration methods of qualitative reactions.

Sampling and Sample Preparation
Sampling and Sample Preparation in Analytical chemistry

Theoretical Foundations of Analytical Chemistry. Chemical Equilibrium
Physicochemical laws and basic provisions of general chemistry applied to Analytical Chemistry. Application of
the law of mass action in analytical chemistry

Equilibrium in a homogeneous system. The Law of the Acting Masses. Protolytic theory of acids
and bases
Application of the law of mass action (MWA) in analytical chemistry. Equilibrium in homogeneous systems - in
solutions of acids and bases, protolytic theory of Bronsted-Lowry. The influence of solvents on acid-base
interactions.

Dissociation degree. Dissociation constant. Ionic strength of the solution. Ion activity. Solubility
constant (product)
The degree of electrolytic dissociation, its calculation. Ostald's dilution law. Strong and weak electrolytes.



Application of the law of mass action to the dissociation process. Dissociation (ionization) constant of acids and
bases. The concept of thermodynamic activity. The law of mass action in heterogeneous systems. Solubility
constant, its calculation.

Electrolytic dissociation of water. Hydrogen exponent. Buffer solutions
Dissociation of water, derivation of the formula for the ionic product of water. Hydrogen and hydroxyl
indicators. Methods for measuring the pH of a solution during analysis. Examples of calculating pH in solutions
of strong acids and bases. Buffer solutions and their use in analytical chemistry.

Theoretical foundations of analytical chemistry (test)
Performing a test on the studied topic "Theoretical Foundations of Analytical Chemistry"

Classical Chemical Methods of Analysis
Goals and objectives of quantitative chemical analysis. Its importance in industry, science, medicine, ecology
and other fields. Classification of analytical chemistry methods.

Methods for expressing the concentration of solutions in analytical chemistry. Quantitative
analysis methods
Various ways of expressing the concentration of solutions: mass, molar, molar, volumetric, titer, substance titer,
mole fraction. Classification of the main methods of quantitative chemical analysis: gravimetry and titrimetry,
their application.

Test Work on Solving Problems
Solution of a qualitative problem containing a mixture of the studied cations and anions.

Methods Based on the Mass Measuring: Gravimetry
Gravimetric analysis describes a set of methods used in analytical chemistry for the quantitative determination
of an analyte (the ion being analyzed) based on its mass. The principle of this type of analysis is that once an
ion's mass has been determined as a unique compound, that known measurement can then be used to determine
the same analyte's mass in a mixture, as long as the relative quantities of the other constituents are known.

Test Work on Solving Problems
Solution of a qualitative problem containing a mixture of the studied cations and anions.

Methods Based on the Volume Measuring: Titrimetry
Titrimetric method of analysis. Analytical signal. The use of indicators when performing the quantitative
determination of a substance. Alkalimetry, acidimetry.

Acid-base Titration
Acid-base Titration. The main provisions of the protolytic theory of acids and bases, the theory of electrolytic
dissociation.

Complexometric Titrations
Complexometric titration. Basics of the method. Direct and back titration. Calculation of mass content,
percentage. The law of equivalents.

Redox Titrations
Redox titration. Its purpose and objectives by the example of methods for the determination of iron in solutions
and ores by various methods (permanganatometry, dichromatometry). Mohr's method, Zimmermann-Reingard
method. Indicators in redox titration.



Precipitation Titrations
Precipitation titration is a way to precisely determine the end point of a titration. Instead of trying to visually
determine when a precipitate stops forming, an indicator is added to the solution and forms a precipitate of its
own with excess molecules from the titrant that is added gradually.

Calculations in Titrimetry
Calculation of mass content, percentage. The law of equivalents.

Test Work on Solving Problems
Solution of a qualitative problem containing a mixture of the studied cations and anions.

Quantitative Analysis Laboratory Workshop
Quantitative Analysis Laboratory Workshop. Solution of a qualitative problem containing a mixture of the
studied cations and anions.

Instrumental methods of analysis
The fundamentals of physical and chemical methods of analysis, their classification, advantages and
disadvantages are considered. Modern instrumental methods of analysis and their practical application in
analytical chemistry.

Laboratory Practice Report
Preparation and submission of a report on the laboratory work performed on the qualitative, quantitative and
physicochemical methods of analysis. Brief physical and chemical analysis of a real object. Determination of
pH, electrical conductivity of a water sample. Comparison of the obtained indicators with regulatory documents
(State and industry standards).

Final control
Final control of qualitative, quantitative and physicochemical methods of analysis.



6. MeToanueckue YKa3aHus /151 00yYaIOUIMXCH 10 OCBOCHHIO JUCIHUIIIHHBI

OcBoeHme JUCIUIUIMHBI TPeOYeT CUCTEMATHYECKOT0 U3YUEHHUs BCEX TEM B TOM IOCIIE0BATEIBHOCTH, B
KaKoW OHM yKa3aHbl B paboueil mporpamme.

OcCHOBHBIMU BUAAMH y4€OHOU pabOTHI ABJISIOTCS ay IUTOpPHBIE 3aHATUA. VX 1ensb - pacmmputh 6a3oBbie
3HaHUA 00yYaIOIIKXCs 10 OCBAMBAEMOM AUCLHUIIIIMHE U CUCTEMY TEOPETHUECKUX OPUEHTHPOB IS
HOCJIEAYIOIEro 6osee riry00Koro OCBOSHHUs IIPOrpaMMHOT0 MaTepualia B X0/1€ CaMOCTOSATEIbHOM PaboOTHI.
OOyuaronieMycst BAXKHO IOMHHUTb, YTO KOHTaKTHas1 paboTa ¢ mpernoaBaTeneM 3(h(HEeKTUBHO TOMOTAET eMy
OBJIa/IETh MMPOTPaMMHBIM MaTepUaioM Ojarogaps pacCTaHOBKE HEOOXOIUMBIX aKLIEHTOB U yAECPIKaHUIO
BHUMAaHMS MHTOHAIIMOHHBIMH MOJTYJISIIIUSIMH TOJIOCA, A TAKXKE MOAKIIIOUYCHUEM ayAHO-BH3YalbHOTO MEXaHU3Ma
BOCIIPUATHS HHPOPMALIUY.

CamocrodTenbHas paboTa MpecienryeT ClIeAyIoHe Heu:

— 3aKpEeIUIEHNE U COBEPIIEHCTBOBAHUE TEOPETUUECKUX 3HAHHUM, TIOTYYEHHBIX Ha JIGKLIMOHHBIX 3aHATHAX;

- (hopMupoBaHKE HaBBIKOB MOATOTOBKU TEKCTOBOW COCTABIIAOLIEH HHpOpMALUK y4eOHOTO U HAy4YHOTO
Ha3HAYEHUs JUIsl pa3sMELCHHs] B PA3JINYHBIX MH(POPMALMOHHBIX CUCTEMAX;

- COBEPIIIEHCTBOBAHUE HABBIKOB [TOMCKA HAYYHBIX MyOIMKaluil 1 00pa30BaTENIbHBIX PECYPCOB,
pa3MeleHHbIX B cetn HTepHeT;

- CAMOKOHTPOJIb OCBOEHUS IIPOrPaMMHOI0 MaTepHaa.

Ooyuatomiemycst HEOOXOAUMO MOMHUTB, YTO PE3YJIbTAaThl CAMOCTOSTENIFHON paOOThl KOHTPOIUPYIOTCS
MIPEeroIaBaTeNIeM BO BPEMSI IIPOBEICHHSI MEPOTIPUSATHIA TEKYIIETO KOHTPOJIS M YUUTHIBAIOTCS TIPH
IIPOMEKYTOYHON aTTECTaLUN.

Ooyuatonmmces ¢ OB3 1 nHBaNMMI0B MPEIOCTaBIAETCS BO3MOXKHOCTh BbIOOpa (popM nmpoBeeHust
MEPONPUATHIA TEKYIIIETO KOHTPOJIS, aTbTEPHATUBHBIX (OpMaM, MPEAyCMOTPEHHBIM pabodel MporpaMMoii
aucuuIuinHel. [IpegycmarpuBaeTcss BO3SMOXKHOCTD YBEJTMUEHUS B Ipejienax | akaJeMHUuecKoro yaca BpeMeHH,
OTBOJIMMOTO Ha BBIIIOJIHEHUE KOHTPOJIBHBIX MEPOIIPUATHI.

ITponetypa onieHMBaHUS Pe3yJIbTATOB 00YUEHHS MHBAJIUAOB U JIUI C OTPaHUYEHHBIMU BO3MOXKHOCTSAMU
3JI0POBbsI [0 JUCLUIUIMHE MPEeIyCMaTPUBAET MPeA0CTaBIeHUE HHPOpMaLH B (popMax, aTanTHPOBAHHBIX K
OIPaHUYEHUSM UX 310pPOBbS U BOCIIPUATHSA HHPOPMALIUY.

ITpu npoBeieHNH TEKYyIEro KOHTPOJI IPUMEHSIOTCS OLIEHOUHBIE CPEACTBA, 00eCIeUnBaroLIe nepeaavy
nH(popMalnu, OT 00yyaroLIerocs K IpernoaaBaTesio, C y4eToM ICUX0(PU3N0IOTHYECKUX 0COOEHHOCTEN
3I0POBBST O0YJAFOIITIXCS.

7. llepedyeHb y4eOHO-MeTOAMYECKOT0 00ecTiedeH s AJIsl CAMOCTOSAITEIbHOM PadoThI
o0y4aromuxcs o JUCIUIINHE

[Ipu camocTosTeNbHON paboTe 00yUaIOMIUMCS CIETYET UCIOIB30BaTh!

— KOHCIIEKTHI JIEKITHIL,

— JINTEPATypy U3 MEePEYHSI OCHOBHOU U JOTOJTHUTEIHHOM Y4eOHOH TUTEpaTyphl, HEOOXOIUMOMN ISt
OCBOCHMS TUCIUIUIUHBI (MOJTYJIST);

— TEKCT JIEKIUN Ha SJIEKTPOHHBIX HOCUTEISX;

— pecypchl HH()OPMAITMOHHO-TEIIEKOMMYHHUKAITMOHHOH ceTn "MHTepHeT", HEOOXOAMMBIE JIIST OCBOCHUS
JTUCIUTUIUHBL,

— JIMIIEH3UOHHOE U CBOOOIHO pacpOCTpaHIEMOE MPOrpaMMHOE 00eCTIeUeHNEe U3 TIEPEUHSs
MH(OPMALIMOHHBIX TEXHOJIOTHH, UCIIOJIb3YEMbIX IIPHU OCYIIECTBICEHUH 00pa30BaTeIbHOrO MpoIecca mno
JUCIUIUINHE;

— METOAMYECKHE yKa3aHUs i1 00y4arOIIUXCs 0 OCBOSHUIO AUCIUILTUHBIL.



8. IlepeyeHb OCHOBHOM M IONOJTHUTEILHON Y4eOHOH JTUTEPATYyPHI
OcHoBHas:

1. Fundamentals of analytical chemistry/Douglas A. Skoog, Donald M. West, F. James Holler, Stanley R.
Crouch.-9-e uzn..-Belmont:Brooks/Cole, Cengage Learning,2014, ISBN 978-0-495-55828-6.-958471824.-
Vkaz.oc. -1

2. McMahon P. E.,McMahon R. F.,Khomtchouk B. B. Survival guide to general chemistry/P. E. McMahon, R.
F. McMahon, B. B. Khomtchouk.-Boca Raton:CRC Press,2019, ISBN 9781138333628.-532.
http://search.ebscohost.com/login.aspx?direct=true&scope=site&db=nlebk&db=nlabk & AN=2029923

3. K. Danzer Analytical Chemistry. Theoretical and Metrological Fundamentals. Springer-Verlag Berlin
Heidelberg, 2007. Online ISBN 978-3-540-35990-6. Tekct: 21eKTpOHHBIH//
https://link.springer.com/book/10.1007/978-3-540-35990-6#toc https://link.springer.com/book/10.1007/978-3-
540-35990-6

JdomosHuTeILHAS:

1. Birdi K. S. Surface and colloid chemistry:principles and applications/K. S. Birdi.-Boca Raton:CRC
Press,2010, ISBN 9781420095036.-244.
http://search.ebscohost.com/login.aspx?direct=true&scope=site&db=nlebk&db=nlabk & AN=295669



9. Ilepeuenn pecypcoB cetu UHTEpHET, HEOOXOAUMBIX /IJII OCBOCHHUSA TUCIUILINHBI

[Ipu ocBOEHUYU JUCHUILIMHBI UCIIOJIB30BAHUE PECYPCOB ceTH VIHTEpHET HE MPEeyCMOTPEHO.

10. Ilepeuyenb MHGOPMANIMOHHBIX TEXHOJIOTHIA, HCTIOJIb3yeMbIX NP OCYIIECTBJIEHUH
00pa3oBaTeJIbHOI0 IpoLecca Mo JMCHUILJINHE

O6pazoBaTenpHbIH nporiecc no auciumanHe Chemistry npeamnonaraet UCMoJIb30BaHUE CIIEAYIONMIETO
MIPOTPAaMMHOTO 0OecrieueHus] 1 MHPOPMAIIMOHHBIX CIIPABOYHBIX CUCTEM:
1. Presentation materials (slides on the topics of lectures and practical classes);
2. Online access to the Electronic Library System (ELS)
3. Access to the electronic information and educational environment of the university.
4. An application that allows you to view and play media content of PDF-files "Adobe
Acrobat Reader DC ".
5. Programs, demonstration of video materials (player) "WindowsMediaPlayer".
6. Program for viewing Internet content (browser) "Google Chrome".

[Tpu ocBoeHMM MaTepHalia U BHITOJHEHHS 3aITaHHH 10 JUCIUIUINHE PEKOMEHYETCs HCTIOIh30BaHNE
MaTepuasoB, pa3MemeHHbIX B JImunbix kabuHeTax ooyuaromuxcss ETUC [ITHUY (student.psu.ru).

[Ipu opranuzanuu AMCTaHIIMOHHOM paOOThI U MIPOBEICHUH 3aHATHI B peXKUME OHJIAWH MOTYT
WCTIOB30BAThCS:

cucteMa BueoKoH(pepeHIcBs3u Ha ocHoBe miatdopmer BigBlueButton (https://bigbluebutton.org/).

cucrema LMS Moodle (http://e-learn.psu.ru/), koTopast moaIep>KkuBaeT BO3MOKHOCTh HCIIOJIb30BAHHS
TEKCTOBBIX MaTEPHAJIOB U MPE3EHTALNH, ayINO- ¥ BUJICOKOHTEHT, a TaK K€ TECTHI, IPOBEPSEMbIE 3a1aHus,
3aJJaHuA JJ11 COBMECTHOI paboThI.

cuctema tectupoBanus Indigo (https://indigotech.ru/).

11. Onucanue MaTepuaJIbHO-TEXHUYECKOH 0a3bl, HEOOXOAUMOM VIl OCYLIECTBJICHUS
00pa3oBaTeJIbHOIO Npouecca 1no AMCUMIINHe

To conduct lectures and seminar-type classes, an audience is required that is equipped with presentation
equipment (projector, screen, computer / laptop) with the appropriate software, chalk (s) or marker board.
Laboratory classes are held in the Laboratory of General and Inorganic Chemistry and the Laboratory of
Qualitative and Quantitative Analysis, which are equipped with specialized equipment. The composition of the
equipment is specified in the Laboratory Passport.
To conduct group, individual consultations, you need an audience equipped with presentation equipment
(projector, screen, computer / laptop) with appropriate software, chalk (s) or marker board.
The current control is carried out in an auditorium equipped with a chalkboard (s) or marker board.
To carry out independent work, you need an audience equipped with computer equipment with the ability to
connect to the Internet, provided with access to the electronic information and educational environment of the
university.

[Tomemnenust Hayunoi 6uomuorexku [ITHUY mnst oGecniederHust caMoCTOSITEIbHON PaboThl 00yUYarOIIMXCS:

1. Hayuno-6ubnuorpadudeckuii otaen, kopi.l, ayn. 142. O6opynoBan 3 mepcoHaIbHBIMH KOMIIBIOTEPA C
JOCTYTIOM K JIOKaJIbHOM U T7100aIbHONW KOMIIBIOTEPHBIM CETSIM.

2. YuranbpHbli 3271 TyMaHUTApHOU JIUTEPATYphl, KopIl. 2, aya. 418. O0opyaoBaH 7 nepcoHaIbHBIMU
KOMITBIOTEPAMH C IOCTYTIOM K JIOKaJIbHOH H TTT00AIBHOW KOMIIBIOTEPHBIM CETSIM.

3. YnTanbHbIN 3a11 €CTECTBEHHON IUTEpaTyphl, Kopi.6, aya. 107a. O6opynoBaH 5 nepcoHaIbHbIMU
KOMITBIOTEPAMH C IOCTYTIOM K JIOKaJIBbHOHM H TTT00AIBHOM KOMIIBIOTEPHBIM CETSIM.

4. OTnen nHOCTpaHHOU NIUTEpaTyphl, Kopi.2 aya. 207. O6opyaoBaH 1 nepcoHaIbHBIM KOMIBIOTEPOM C



JOCTYTIOM K JIOKaJbHOM U T7100aIbHONW KOMIBIOTEPHBIM CETSIM.

5. bubnuoTteka opunuyeckoro axkynprera, kopmn.9, aya. 4. O6opynoBana 11 nepcoHaIbHBIMU
KOMITBIOTEPAMH C JOCTYIOM K JIOKaJbHOW U T7100a1bHONH KOMIBIOTEPHBIM CETSIM.

6. UnuranbHbli 3a1 reorpadudeckoro dakynaprera, kopn.8, aya. 419. O6opynoBan 6 nepcoHaIbHBIMU
KOMIIBIOTEPAMH C JOCTYIOM K JIOKaJbHOW U T7100a1bHONH KOMIIBIOTEPHBIM CETSIM.

Bce koMIbloTephl, yCTAaHOBIIEHHBIE B IOMEIIEHUAX HAYYHON OMOIMOTEKH, OCHAIIEHBI CIIETYIOIINUM
MIPOTrpaMMHBIM 00€CTICUeHUEM:

Omnepanuonnas cuctema ALT Linux;

Oducnerii maker Libreoffice.

CrnpaBouHo-nipaBoBas cucreMa «Koncynprantliroc»



DoH/IbI OLIEHOYHBIX CPEACTB JJIsl ATTECTAIMHU MO TUCHHUILIHHE

Chemistry

I[lnannpyembie pe3yabTaThl 00y4eHHsl 0 TUCHUILIHHE IS GOPMUPOBAHUS KOMIIETEHIIUM.
NuaukaTopbl M KPpUTEPUU UX OLleHMBAHUS

OIIK.1

Baageer 0a30BbIMH 3HAHMSAMM O COBPEMEHHOH HAYYHOH KaAPTHHE MHPA HA OCHOBE IOJIOKECHM,
3aKOHOB M METOJA0B MAaTEMATHYECKUX U €CTECTBEHHBIX HAYK

Komnerenuus IInanupyemble pe3y/bTaThl Kpurepun oneHuBanus pe3yibTaToB
(MHAUKATOP) o0y4eHust o0y4eHust
OIIK.1.1 Know: HeynoBJierBopures

Nmeet npeacrapiienue o
Hay4YHOU KapTHHE MHUpa
Ha OCHOBE II0JI0KCHUM,
3aKOHOB U
3aKOHOMEPHOCTEMN
€CTECTBEHHBIX HAYK

- basic laws of chemistry; have an
idea of the modern structure of the
atom, the structure of matter;
chemical properties of the main
classes of inorganic compounds;
have an idea of the direction of
the chemical reaction, the state of
chemical equilibrium and the
conditions for its displacement.

- theoretical foundations of
analytical chemistry; the law of
action of the masses; Ostwald's
dilution law; mathematical
expression of hydrogen and
hydroxyl indicators, ionic strength
of a solution; balance between
liquid and solid phases; solubility
product; ways of expressing the
concentration of solutions;
calculations in titrimetric methods
of analysis.

Be able to:

- draw up equations for exchange
chemical reactions, redox
reactions and complexation
reactions; carry out calculations
according to the equations of
chemical reactions (calculate the
mass of a substance, the mass of a
solution, the concentration of a
solute in a solution, the pH of a
solution), problems with an excess
or deficiency of a substance, using
gas laws.

Student has no idea of the chemical nature of
material objects and is not able to apply them in
solving practical problems in their professional
activities in the field of biology, geology,
geography and related sciences.

YnoBaerBopuTebH
Know:
- basic laws of chemistry; have an idea of the
modern structure of the atom, the structure of
matter; chemical properties of the main classes
of inorganic compounds; have an idea of the
direction of the chemical reaction, the state of
chemical equilibrium and the conditions for its
displacement.
- theoretical foundations of analytical chemistry;
the law of action of the masses; Ostwald's
dilution law; mathematical expression of
hydrogen and hydroxyl indicators, ionic strength
of a solution; balance between liquid and solid
phases; solubility product; ways of expressing
the concentration of solutions; calculations in
titrimetric methods of analysis.

Xopouo

Know:
- basic laws of chemistry; have an idea of the
modern structure of the atom, the structure of
matter; chemical properties of the main classes
of inorganic compounds; have an idea of the
direction of the chemical reaction, the state of
chemical equilibrium and the conditions for its
displacement.
- theoretical foundations of analytical chemistry;
the law of action of the masses; Ostwald's
dilution law; mathematical expression of
hydrogen and hydroxyl indicators, ionic strength




Komnerenmnus I[nanupyembie pe3yJibTaThI Kpurtepun onennBanus pe3yjbTaToB
(MHAUKATOP) o0y4eHust o0y4eHust
- to carry out basic operations to Xopouio

conduct a qualitative analysis
using a semi-micro method;
calculate the amount of substance
required to prepare a solution with
a given concentration; carry out
calculations related to the
transition from one concentration
to another; use measuring utensils;
prepare and fill in the burette
correctly; choose a suitable
indicator; correctly count the
titrant volume; calculate the
results of titrimetric
determinations.

Acquire skills: in the
implementation of a qualitative
analysis of an unknown substance;
in determining the alkalinity and
total hardness of water; in
calculating the results of
quantitative determinations; in
solving computational problems;
in the presentation of the analysis
results and in the correct
maintenance of the work log.

of a solution; balance between liquid and solid
phases; solubility product; ways of expressing
the concentration of solutions; calculations in
titrimetric methods of analysis.

Be able to:
- draw up equations for exchange chemical
reactions, redox reactions and complexation
reactions; carry out calculations according to the
equations of chemical reactions (calculate the
mass of a substance, the mass of a solution, the
concentration of a solute in a solution, the pH of
a solution), problems with an excess or
deficiency of a substance, using gas laws.
- to carry out basic operations to conduct a
qualitative analysis using a semi-micro method;
calculate the amount of substance required to
prepare a solution with a given concentration;
carry out calculations related to the transition
from one concentration to another; use
measuring utensils; prepare and fill in the
burette correctly; choose a suitable indicator;
correctly count the titrant volume; calculate the
results of titrimetric determinations.

OT1iu4HO
Know:
- basic laws of chemistry; have an idea of the
modern structure of the atom, the structure of
matter; chemical properties of the main classes
of inorganic compounds; have an idea of the
direction of the chemical reaction, the state of
chemical equilibrium and the conditions for its
displacement.
- theoretical foundations of analytical chemistry;
the law of action of the masses; Ostwald's
dilution law; mathematical expression of
hydrogen and hydroxyl indicators, ionic strength
of a solution; balance between liquid and solid
phases; solubility product; ways of expressing
the concentration of solutions; calculations in
titrimetric methods of analysis.

Be able to:
- draw up equations for exchange chemical




KoMnerennus
(MHAUKATOP)

IInanupyemble pe3y/bTaThl
o0y4eHust

Kpurepun oneHuBanus pe3yibTaToB
o0y4eHust

OtiamnuyHo
reactions, redox reactions and complexation
reactions; carry out calculations according to the
equations of chemical reactions (calculate the
mass of a substance, the mass of a solution, the
concentration of a solute in a solution, the pH of
a solution), problems with an excess or
deficiency of a substance, using gas laws.
- to carry out basic operations to conduct a
qualitative analysis using a semi-micro method;
calculate the amount of substance required to
prepare a solution with a given concentration;
carry out calculations related to the transition
from one concentration to another; use
measuring utensils; prepare and fill in the
burette correctly; choose a suitable indicator;
correctly count the titrant volume; calculate the
results of titrimetric determinations.

Acquire skills: in the implementation of a
qualitative analysis of an unknown substance; in
determining the alkalinity and total hardness of
water; in calculating the results of quantitative
determinations; in solving computational
problems; in the presentation of the analysis
results and in the correct maintenance of the
work log.




OueHoYHbBIE CPEACTBA TEKYIIEr0 KOHTPOJISI M IPOMEKYTOUYHOM aTTecTanun

Cxema gocTaBku ;. ba3zoBas

Buja meponpusiTusi NPOMeKYTOYHON aTTeCTANMHU : 3a4eT

Cnoco6 npoBeeHNst MEPONIPUATHS MPOMEKYTOUHOM aTTecTanmum : OlLieHKa M0 JUCHUIUIMHE B paMKax
MIPOMEKYTOUHOM aTTEeCTAIlH ONPEENSIeTCS Ha OCHOBE 06a/ioB, HAOpaHHBIX 00YYArOIIMMCS Ha KOHTPOJIbHBIX
MEPOTNPHUITUSIX, TPOBOJIMMBIX B T€UEHHE YUYEOHOTO TIEpUO/Ia.

MaxkcuMajbHOe KoJIndecTBo 0amios : 100

KonBepranusi 60a/U10B B 0TMETKH

«otau4Ho» - ot 81 g0 100

«xopomo» - ot 61 1o 80

«YJOBJIETBOPUTEJbHO» - OT 48 10 60
«HeYI0BJIETBOPUTEIbHO)» / «<He3a4TeHo» MeHee 48 Oaiia

Komnerenuus Meponpusitue KonTpoanpyemble 3j1eMeHTbI

(mHaUKaTOP) TeKYILero KOHTPoJIs pe3yJbTaToB 00y4eHHs
OIIK.1.1 Examination in chemical Types of chemical reactions.
Wwmeer npencrapienue o Hay4yHou | thermodynamics and kinetics | Thermodynamics of physical and chemical
KapTHHE MHpa Ha OCHOBC IucbsMenHOe KOHTPOJILHOE | processes. Thermochemistry. Enthalpy of
TIOJIOKCHUM, 3aKOHOB MeponpusiTue the system. Entropy. Gibbs free energy of
3aKOHOMEPHOCTEH ECTECTBEHHBIX the system. Kinetics of chemical processes.
HayK Chemical reaction rate. Activation energy.

Catalysis. LeChatelier's principle.




Komnerenuus Meponpusitue KonTpoaupyembie 3jieMeHTbI
(MHaUKATOP) TeKYyIero KOHTPOJIs pe3yJbTaTOB 00yYeHUs
OIIK.1.1 Aqueous solutions of Knowledge of the general properties of

Nmeet npeacTaBieHre 0 HAy4YHOH
KapTHUHE MHUpa Ha OCHOBE
IMOJIOKESHUH, 3aKOHOB B
3aKOHOMEPHOCTEH €CTECTBEHHBIX
HayK

electrolytes
ITncbMeHHOE KOHTPOJIbHOE
MeponpusiTue

solutions; concepts of strengths and
weaknesses electrolytes, solubility; degrees
and constants of dissociation of weak
electrolytes; Ostwald's law; fundamentals
theories of dilute strong electrolytes,
activity and activity coefficient; ionic
product of water and hydrogen index (pH);
solubility products; hydrolysis of salts;
dissociation constants of complex ions; ion
exchange; oxidation state. Ability to write
equations for the processes of ion hydration
and electrolytic dissociation of electrolytes;
calculate the degree of dissociation of a
weak electrolyte and the concentration of
ions in this electrolyte; calculate the ionic
strength of the solution and the activity of
ions in a strong electrolyte solution;
calculate the pH of solutions of weak acids
and bases, strong acids and alkalis;
determine the pH of the solution using
indicators; calculate the solubility and
solubility product of poorly soluble
compounds; write the equation for the
hydrolysis of a particular salt; calculate the
degree of hydrolysis and concentration of
hydrogen and hydroxide ions; write the
equations of the stepwise dissociation of
complex 1ons and the dissociation constant.

OIIK.1.1

Nwmeer npeacraBiieHre 0 HAY4YHOU
KapTUHE MHUpa Ha OCHOBE
MMOJIOKEHUH, 3aKOHOB B
3aKOHOMEPHOCTEN €CTECTBEHHBIX
HayK

Redox processes
ITncbMeHHOe KOHTPOJIbHOE
MeponpusiTHe

The oxidation state of the element.
Dependence of the oxidation states of
elements on their position in the periodic
system of D.I. Mendeleev. Atomic transfer
reactions. Electron transfer reactions.
Redox reactions. Oxidizing agent.
Reducing agent. Disproportionation.
Direction of redox reactions.
Oxidation-reduction potentials.




Komnerenuus Meponpusitue KonTpoaupyembie 3jieMeHTbI
(MHaUKATOP) TeKYyIero KOHTPOJIs pe3yJbTaTOB 00yYeHUs
OIIK.1.1 The structure of the atom. Periodic law. Electronic structures of

Nmeet npeacTaBieHre 0 HAy4YHOH
KapTHUHE MHUpa Ha OCHOBE
IMOJIOKESHUH, 3aKOHOB B
3aKOHOMEPHOCTEH €CTECTBEHHBIX
HayK

Periodic Table of Chemical
Elements. Chemical bond
ITncbMeHHOE KOHTPOJIbHOE
MeponpusiTue

atoms. Orbital filling order. Pauli exclusion
principle. Gund's rule. Effective charge of
the nucleus. The structure of the periodic
table. Periodicity of properties. lonization
energy. Electron affinity. Electronegativity.
Orbital radii of atoms and ions. The nature

of the chemical bond. Covalent, ionic,
metallic bond. Polar and non-polar covalent
bond. Molecular orbital theory. Order,
length, bond energy. The theory of valence
bonds. Donor-acceptor interaction.
Oxidation state and coordination number of
the central atom. Spatial configuration of

molecules. Coordination number of the
central atom of the molecule (complex).
The main types of polyhedra. Repulsion
model of valence localized electron pairs.
Repulsion of electron pairs and the spatial
configuration of the molecule. Valence
angles. Simple and multiple links. The

main types of interaction of molecules.
Forces of intermolecular interaction.
Hydrogen bond. Donor-acceptor
mechanism of covalent bond formation.

Aggregate state of matter. The chemical
structure of a solid. Amorphous and
crystalline state of matter. Crystals.
Crystalline lattices. Metallic bond.

OIIK.1.1

Nwmeer npeacraBiieHre 0 HAY4YHOU
KapTUHE MHUpa Ha OCHOBE
MMOJIOKEHUH, 3aKOHOB B
3aKOHOMEPHOCTEHN €CTECTBEHHBIX
HayK

Control event
ITncbMeHHOe KOHTPOJIbHOE
MeponpusiTue

Laws of chemistry. Classes of compounds
and laws of chemistry, kinetics and
thermodynamics, solutions, RedOx.

OIIK.1.1

Nmeet npeacTaBiieHre O HAYYHOU
KapTHHE MHUpa HAa OCHOBE
IMOJIOKEHUH, 3aKOHOB B
3aKOHOMEPHOCTEN €CTECTBEHHBIX
HayK

Complex compounds
IIncbMeHHOE KOHTPOJIbHOE
MeponpusiTue

Understanding of chemistry laws and
general aspects of inorganic chemistry.
Main classes and their reactivity. Properties
of elements, compounds, mixtures and
solutions.




Komnerenuus Meponpusitue KonTpoaupyembie 3jieMeHTbI

(MHaUKATOP) TeKYyIero KOHTPOJIs pe3yJbTaTOB 00yYeHUs
OIIK.1.1 Laboratory work report Understanding of chemistry laws.
Hmeer npesicTaBienye o HayqHol | HroroBoe koHTpoibHoe | Properties of elements, compounds,
KapTHHE MHUpa Ha OCHOBE MeponpusiTiue mixtures and solutions.
MTOJIOXKEHUH, 3aKOHOB U
3aKOHOMEPHOCTEHN €CTECTBEHHBIX
HayK
OIIK.1.1 Final control Possession of the skills of conducting a
Mwmeer npencrapieHue o HAy4YHOH | ITOroBoe KOHTPOJIbHOE chemical experiment, elementary
KapTUHE MHpa Ha OCHOBE MeponpusiTue calculations. Ability to analyze and
MOJIOKEHUM, 3aKOHOB H summarize results.
3aKOHOMEPHOCTEW €CTECTBEHHBIX
HayK

Crnenupuxanuss MeponpusiTuid TEKyero KOHTpoJIf

Examination in chemical thermodynamics and Kkinetics

[TpomomKUTETLHOCTD TPOBEACHUS MEPOTIPHUSTHS IPOMEKYTOUHON aTTeCTalluu: 2 yaca
VYcnoBust MPOBEACHUS MEPOTIPHUSATHS: B YAChl CAMOCTOSATEIbHOI padoThI
MaxkcumanbHbIi 0ai, BEICTAaBIsIEMbIi 32 MEPONPUATHE IPOMEKYTOUHOM aTTectanuu: 20
[Tpoxonnoii 6amn: 9

Iloka3aTesin oneHUBaAHUSA Babl
The correct answer to question number 4 9
The correct answer to question number 3 6
The correct answer to question number 2 3
The correct answer to question number 1 2
Aqueous solutions of electrolytes
[TpomomKUTETHLHOCTD TPOBEACHUS MEPOTIPUSTHS IPOMEKYTOUHON aTTeCcTalluu: 2 yaca
VYcnoBus npoBeAEHUS MEPONIPUATHUS: B YAChl ayANTOPHOH padoThI
MaxkcumanbHbIi 0ai, BEICTAaBIsIEMbIi 32 MEPONPUATHE IPOMEKYTOUHOM aTTectanuu: 10
[TpoxoaHnoii 6amt: 5
Iloka3aTesin oneHUBaAHUSA Babl
The correct answer to question number 2 5
The correct answer to question number 1 5
Redox processes
[TpomomKUTETLHOCTD TPOBEACHUS MEPOTIPHUSTHS IPOMEKYTOUHON aTTeCcTaluu: 2 yaca
VYcnoBus npoBeAEHUS MEPONIPUATHUS: B YAChI ayANTOPHOH padoThI
MaxkcumanbHbIH 0ai, BEICTaBIsIeMbIi 32 MEPONPUSATHE TPOMEKYTOUHOM aTTectanuu: 10
ITpoxoaHoii 6amt: 5
Iloka3aTesin oneHUBaHUSA Bajubl




The correct answer to question number 2

The correct answer to question number 1

The structure of the atom. Periodic Table of Chemical Elements. Chemical bond

[Tpo0mKUTETLHOCTD MTPOBEICHUS MEPOTIPUSATHS IPOMEKYTOUHOM aTtTecTanuu: 1 yaca
Y coBUs TPOBEICHUS MEPOTIPUATHSA: B YACHI aAYIMTOPHOMH padoThI

MaxkcuMaibHBIN 0aJl1, BEICTABIIIEMBIH 32 MEPONPHUATHE MPOMEKYTOUHOM aTTecTanuu: 10
[TpoxoaHoii 6amt: 5

IMoka3aTenu oneHUBAHUS Bannbl
The correct answer to question number 2 5
The correct answer to question number 1 5
Control event
[TpopomKUTETLHOCTD IPOBEACHUS MEPOTIPHUSITUS IPOMEKYTOUHOU aTTecTanuu: 4 yaca
YcroBusl MPOBEACHUS MEPOTIPHSITHS: B 4AChl CAMOCTOSITEJILHOI PadoThI
MaxkcuManbHbIH 0ai, BEICTABIISIEMbIi 32 MEPOTIPUSATHE TPOMEXKYTOUHOM aTTectaryu: 10
[TpoxoxHoii 6amt: 5
IMoka3aTenu oneHUBAHUS Bannbl
Solving practical problem 5
Theoretical question answer 5
Complex compounds
[TpoaomKUTETLHOCTD IPOBEACHUS MEPOTIPHUSITUS IPOMEKYTOUHOU aTTECTAIUU: 2 Yaca
YcioBusl MPOBEACHUS MEPOTIPHSITHS: B 4aChl CAMOCTOSITEJILHOI PadoThI
MaxkcumanbHbIH 0al, BEICTABISIEMbIi 32 MEPOIPUATHE TPOMEKYTOUHOM aTTectaryn: 10
[TpoxoxHoii 6amt: 5
IMoka3aTenu oneHUBAHUS Bannbl
Theoretical question answer 5
Solving practical problem 5
Laboratory work report
[TpomoKUTETLHOCTD IPOBEACHUS MEPOTIPHUSITUS IPOMEIKYTOUHOU aTTECTAIMU: 2 Yaca
Y ciioBHsl MPOBEACHUS MEPOTIPHSITHS: B YacChl AyINTOPHOI PadoThI
MaxkcuMainbHbIN 0, BRICTABISCMBIi 32 MEPOIIPUATHE TPOMEKYTOUHOM aTTectaruu: 10
[TpoxoxHoii 6amt: 5
Iloka3aTesin oneHUBaAHUSA Babl
A report on laboratory work is written and protected 5
Successfully completed laboratory work 5

Final control

IIpoaomKUTENLHOCTD IPOBEAECHUS MEPONIPUATHUS IPOMEKYTOUHOM aTTecTanuu: 8 yaca




VYcnoBus mpoBeeHUS MEPONIPUATHUS: B YAChI CAMOCTOSITEIbHON PadoThl
MaxkcuMaibHbIi 0aJu1, BEICTABIIIEMBIH 32 MEPONIPUSATUE POMEKYTOUHON aTTecTauuu: 20
IIpoxoaHoii 6ann: 9

IToxa3aTeiu onleHUBAHUS Baaasl

The correct answer to question number 4 9

The correct answer to question number 3

The correct answer to question number 2

N W &

The correct answer to question number 1

Bua MmeponpusiTusi NpOMeKYTOYHOM aTTeCTALMHU : DK3aMEeH

Crnoco0 npoBeieHHsI MEPONIPUATHS MPOMEKYTOUYHOM aTTecTanuu : OLEHKa MO0 JUCHUIUIMHE B paMKax
HpOMeHCYTOqHOﬁ arrecraiguu onpe;[ensleTc;I Ha OCHOBC 63.JIJIOB, Ha6paHHBIX O6y‘IaIOH_II/IMC}I Ha KOHTpOHI:HBIX
MEPOIPHUATHIX, TPOBOJAUMBIX B TEUCHHUE YUEOHOTO MIEPHOA.

MakcuMaJbHOEe KOJIH4YecTBO 0ayioB : 100

KonBepTanusi 6a/U10B B 0TMETKHU

«oTauaHo» - otT 81 mo 100

«xopomo» - ot 61 1o 80

«yIOBJIETBOPHUTENBbHO» - OT 44 10 60
«HEyI0BJIeTBOPUTEIbHO» / «<He3auTeH0» MeHee 44 Ganna

Komnerenuus Meponpusitue KonTposmpyembie 3jieMeHTBI
(mHaUKaTOp) TeKylero KOHTPoJIst pe3y/1bTaToB 00y4eHHs




Komnerennus
(MHaUKATOP)

Meponpusitue
TeKylero KOHTPOoJIs

KonTposnpyemble 3jieMeHTbI
pe3yJbTaTOB 00yYeHUs

OIIK.1.1

Nmeet npeacTaBieHre 0 HAy4YHOH
KapTHUHE MHUpa Ha OCHOBE
ITOJIOKESHUH, 3aKOHOB B
3aKOHOMEPHOCTEH €CTECTBEHHBIX
HayK

Test Work on Solving
Problems

ITncbMeHHOE KOHTPOJIbHOE
MeponpusiTe

Knowledge of the general properties of
solutions; concepts of strengths and
weaknesses electrolytes, solubility; degrees
and constants of dissociation of weak
electrolytes; Ostwald's law; fundamentals
theories of dilute strong electrolytes,
activity and activity coefficient; ionic
product of water and hydrogen index (pH);
solubility products; hydrolysis of salts;
dissociation constants of complex ions; ion
exchange; oxidation state. Ability to write
equations for the processes of ion hydration
and electrolytic dissociation of electrolytes;
calculate the degree of dissociation of a
weak electrolyte and the concentration of
ions in this electrolyte; calculate the ionic
strength of the solution and the activity of
ions in a strong electrolyte solution;
calculate the pH of solutions of weak acids
and bases, strong acids and alkalis;
determine the pH of the solution using
indicators; calculate the solubility and
solubility product of poorly soluble
compounds; write the equation for the
hydrolysis of a particular salt; calculate the
degree of hydrolysis and concentration of
hydrogen and hydroxide ions; write the
equations of the stepwise dissociation of
complex ions and the dissociation constant.

OIIK.1.1

Nwmeer npeacrasiieHre 0 HAY4YHOU
KapTUHE MHUpa Ha OCHOBE
MMOJIOKEHUH, 3aKOHOB B
3aKOHOMEPHOCTEHN €CTECTBEHHBIX
HayK

Test Work on Solving
Problems

IIncbMeHHOE KOHTPOJIbHOE
MeponpusiTue

Determination of cations and anions. Basics
of Gravimetric analysis. Applications and
laws.

OIIK.1.1

Nmeet npeacTaBiieHre O HAYYHOU
KapTHHE MHUpa HAa OCHOBE
ITOJIOKEHUH, 3aKOHOB B
3aKOHOMEPHOCTEN €CTECTBEHHBIX
HayK

Test Work on Solving
Problems

ITncbMeHHOe KOHTPOJIbHOE
MeponpusiTue

Titrimetric method of analysis. Analytical
signal. The use of indicators when
performing the quantitative determination
of a substance. Alkalimetry, acidimetry.
Acid-base Titration, Complexometric
Titrations, Redox Titration, Precipitation
Titrations, Calculations in Titrimetry.




Komnerenuus Meponpusitue KonTpoaupyembie 3jieMeHTbI

(MHaUKATOP) TeKYyIero KOHTPOJIs pe3yJbTaTOB 00yYeHUs
OIIK.1.1 Final control Possession of the skills of conducting a
Hwmeer npencrapienue o Hay4yHo! | [TuchMeHHOE KOHTPOJbLHOe | chemical experiment, elementary
KapTHHE MHpa Ha OCHOBE MeponpusiTiue calculations. Ability to analyze and
TIOJIOKCHHH, 3aKOHOB H summarize results.
3aKOHOMEPHOCTEH €CTECTBEHHBIX
HayK

Cneundukanusa MeponpusTHH TEKylIero KOHTPOJIS
Test Work on Solving Problems

[IpoK0mKUTENTBHOCTE IPOBEACHMS MEPOIIPUATHUS IIPOMEKYTOUHOM aTTECTAlUu: 2 yaca
VY cnoBus IpOBENCHNSI MEPOIIPUATHUS: B YaChl CAMOCTOATEIbLHON PadoThI
MaxkcuManbHbIi 0aJul, BEICTABIIIEMBIH 32 MEPONIPUSATUE TPOMEKYTOUHON aTTecTauuu: 20
[IpoxoaHoii 6ann: 9

IToxa3aTeiu onleHUBAHUS Baaasl
The correct answer to question number 4 9
The correct answer to question number 3 6
The correct answer to question number 2 3
The correct answer to question number 1 2
Test Work on Solving Problems
[Ipo0mKUTETBHOCTE IPOBEACHMS MEPOIIPUATHUS IIPOMEKYTOUHOM aTTECTAlMu: 2 Yaca
VYcnoBus TpoBEAEHUS MEPONIPUSITHUS: B YAChl CAMOCTOSATEJILHON padoThI
MaxkcuManbHbIN 0aJu1, BEICTABIIIEMBIH 32 MEPONIPUSATUE IPOMEKYTOUHON aTTecTauuu: 20
IIpoxoaHoii 6ann: 9
IToxa3aTeu oneHUBaHUS Baaasl
The correct answer to question number 4 9
The correct answer to question number 3 6
The correct answer to question number 2 3
The correct answer to question number 1 2
Test Work on Solving Problems
[IponomKUTENTBHOCTE TPOBEACHHS MEPOIIPUATHUS TPOMEKYTOUHOM aTTECTAlMU: 2 Yaca
VYcnoBus TpoBEAEHUS MEPONIPUSTHUS: B YAChl CAMOCTOSAITEILHON padoThI
MaxkcuMainbHbIi 0aJul, BEICTABIIIEMBIH 32 MEPONIPUSATUE TPOMEKYTOUHON aTTecTauuu: 40
[Ipoxonnoii 6amn: 17
IToxa3aTeu oneHUBaHUS Baaasl
The correct answer to question number 5 10
The correct answer to question number 4 10
The correct answer to question number 3 7




The correct answer to question number 6 6
The correct answer to question number 2 4
The correct answer to question number 1 3

Final control

[Tpo1oKUTETBHOCTD MIPOBEACHHS MEPOIIPUATHS IPOMEKYTOUHON aTTecTaluu: 2 yaca

VY cnoBus MpoBeIeHUS MEPOTIPUSTHS: B YAChl CAMOCTONITEJILHOM PadoThI

MakcumanbHbIH 0as1, BEICTABISIEMBII 32 MEPOIIPUSATHE IIPOMEKYTOUHOH arTecTanuu: 20

[TpoxoaHoii 6amn: 9

IMoka3aTenu oneHUBAHUS Bannbl

Correct solution of second practical problem 9
Correct solution of first practical problem 6
Correct answer to second theoretical question 3
Correct answer to first theoretical question 2




