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IaTerpanbua 3maTHICTH  PO3B’SA3yBaTH  CKJIQJHI  CHEMiani3oBaHi 3aaadi  Ta
KOMIIETEHTHICTh BUpIIIYBAaTU IPAKTU4HI MpobiremMu y cdepi ekosorii, 0XopoHH
JOBKULIS 1 30aJIaHCOBAHOTO TPUPOJOKOPUCTYBaHHS, abo y mporeci
HaBYaHHS, 110 Tiepeadayae 3aCTOCYBaHHS OCHOBHUX TE€OPii Ta METOIIB
HayK TpO JOBKULIA, Ta XapaKTePU3YIOThCA KOMIUIEKCHICTIO 1
HEBU3HAUYCHICTIO YMOB

3aranpHi 3K 01. 3nanHsa Ta po3yMiHHS HpeAMeTHOI obsacti Ta mpodeciiHoi
KOMIIETEHTHOCTI IIsUTBHOCTI.

CneujanbHi (paxosi) @®K1. 3naHHsS Ta PO3YMIHHA TEOPETHYHHX OCHOB €KOJIOTil, OXOPOHHU
KOMMeTeHTHOCTi JOBKULJIS Ta 30aJJaHCOBAHOTO MPUPOIOKOPUCTYBAHHS.

@®K2. 3paTHiCTP 10 KPUTHYHOTO OCMHCJICHHS OCHOBHHX TEODIH,
METO/IIB Ta IPUHIIUIIIB IPUPOJHUUUX HAYK.

®K3. Po3ymiHHS OCHOBHHX TEOPETHYHHX TOJIOXKEHBb, KOHICMIIINH Ta
MPUHIIUITIB MAaTEMAaTUYHUX Ta COI1aJIbHO-€KOHOMIYHHUX HayK.

O®OKS8. 3paTHiCTh OOTPYHTOBYBAaTH HEOOXITHICTH Ta PO3POOISTH
3aX0/M, CHOPsSMOBaHI Ha 30epeXeHHs JaHAmadTHO-010JIOTIYHOTO
PI3HOMAHITTS Ta (POPMYBAHHS €KOJIOTTYHOT MEPEXI.

@®K13. 3aaTHICT A0 Y4acTi B YIPABIIIHHI IPUPOJTOOXOPOHHUMU JISIMU

Ta/ab0 €KOJIOTTYHUMU MPOEKTaMU B TPAHCIOPTHIM ramysi.

3MICT HABYAJIbHOI JUCHUILJIIHA 3A TEMAMHU

MOJVYJIb 1
MODULE 1
3micTroBuii MOayJib 1. ATOMHO-MOJIEKYJISAPHE BUeHHS, 3aK0HM Ximil. [lepiognunuii
3aK0OH
Content module 1. Atomic-molecular theory, laws of chemistry. Periodic law

Tema 1. IIpeamer ximii Ta ii 3B’A30K 3 IHIIMMH HAYKAMH

XiMis K MpeaMeT TPHPOJ03HABCTBA. 3HAa4YeHHs XiMil y (GopMyBaHHI CBITOTIISALY Y
BUBYCHHI TMPUPOAUM Ta PO3BUTKY TEXHIKM. XiMI3almis HApOJAHOTO TOCMOJapcTBa. XiMis Ta
OXOpPOHAa HABKOJIMIIHBOTO CEPEAOBHUIIIA.

Theme 1. The subject of chemistry and its connection with other sciences.

Chemistry as a subject of natural science. The importance of chemistry in the formation
of a worldview in the study of nature and the development of technology. Chemicalization of the
national economy. Chemistry and environmental protection.

Tema 2. OcHOBHi MOHATTS i 3aKOHH Ximii

[Ipeamer ximii. ®i3uyni Ta XiMmivyai sBuma. OCHOBHI 3aKoHU Ximii. AToMm. BigHocHa
aToMHa Maca. ATOMHa oauHHISI Macu. Mornekyna. BigHocHa MosekymspHa maca. XIMIYHHIMA
eneMeHT. [Ipocra Ta ckinagHa pedoBuHa. Mousb. Yneno ABoraapo. Momsipa maca. MossipHuit
00’em. ['0n0BHI THMHM XIMIYHUX peakiiif. XiMiyHUI ekBiBaleHT. ['a30Bi 3akoHU. PiBHSHHS
Knanelipona—MenneneeBa. XimiuHa Gpopmyna.

Topic 2. Basic concepts and laws of chemistry

The subject of chemistry. Physical and chemical phenomena. Basic laws of chemistry.
Atom. Relative atomic mass. Atomic mass unit. Molecule. Relative molecular weight. Chemical
element. Simple and complex matter. Moth Avogadro's number. Molar mass. Molar volume. The
main types of chemical reactions. Chemical equivalent. Gas laws. The Clapeyron—Mendeleev
equation. Chemical formula.




Tema 3. Ilepionnunmnii 3axkoH Ta nepiognyna cucrema JI.I. Menpaeneesa

[Mepiogumunuii 3akoH JI.I. MenneneeBa ta ioro cydacHe ¢opmyintoBanHs. TaOmuuHe
300payKeHHS CyTi MEePIOUIHOTO 3aKOHY. 3MiHA BIIACTUBOCTEH XIMIYHMX €JIEMEHTIB Ta iX CIOIYK
B Iepiosiax i psagax. 3HaueHHs nepioguyHoro 3akony /[I.I. Menneneesa.

Topic 3. Periodic law and periodic system of D.I. Mendeleev

Periodic law D.l. Mendeleev and his modern formulation. Tabular representation of the
essence of the periodic law. Changes in the properties of chemical elements and their
compounds in periods and series. The meaning of the periodic law D.I. Mendeleev.

3microBuii Mmoayb 2. Kitacu HeopratiyHuX crojyk

Content module 2. Classes of inorganic compounds

Tema 4. Knacu Heopra”iuHux cnojayk

CucremaTrika HEOpPraHiuHUX CIOIYK. Ta iXx HoMeHkIaTypa. OKCHAM, OCHOBH, KUCIOTH 1
cosi (cepenHi, Kucii, ocHOBHI). Onep’kaHHsS Ta BJIACTUBOCTI. PIBHSHHS XIMIYHUX pEaKIIid.
Po3paxyHku 3a XIMIYHUMU PIBHSHHSIMHU.

Topic 4. Classes of inorganic compounds

Systematics of inorganic compounds. And their nomenclature. Oxides, bases, acids and
salts (medium, acidic, basic). Preparation and properties. Equations of chemical reactions.
Calculations based on chemical equations.

Schrodinger's equation. Quantum mechanical model of the atom. Quantum numbers.
Atomic orbitals. Pauli principle. The order of filling atomic orbitals. Gunda rule. Klechkowski's
rule. The structure of multi-electron atoms. The periodic law from the point of view of the
modern theory of the structure of atoms.

MOAYJb 2

MODULE 2
3microBuii MmoayJb 3. BynoBa aToMiB Ta MOJIeKYJI, XiMiuHUI 3B'I30K
Content module 3. Structure of atoms and molecules, chemical bond

Tema 5. BynoBa aromiB

OcHoBHI BioMocTi ipo OynmoBy atomiB. Ckiram aToMHUX saep: 13otonu. [IpupoaHa Ta
MTy4yHa paaioakTUBHICTh. Snepni peakmii. IIpaBuno Conmi-®DasiHca. SnepHa eHepreTHka.
[TopsinkoBuii HOMep eneMeHTa. 3akoH Mosni. KopmyckynsipHO—XBUIIbOBa MpUPOJa €IEKTPOHA.
Hianexktuunuii xapakrep [lepioguunoro 3akony. [Ipupoana i mTy4dHa pagioaktuBHicTb. OCHOBHI
BUJIM Pa/IIOAKTUBHUX TEPETBOPEHb. SnepHa eHepreTuka. PamioaktuBHe 3a0pynHeHHs. Bruus
pa,[[ioaKTI/IBHOFO BHHpOMiHIOBaHHSI Ha B,HOpOB'}I JJFOAUHHU 1 HABKOJIMIITHE CCPCAOBHIIIC.

PiBusinns peninrepa. KBantoBo—MexaniuHa MoJienib atroMa. KBaHTOBI unciia. ATOMHI
op6itani. [Ipunnun [Maymi. [Topsinok 3anoBHeHHs: arToMHUX opOitaneii. [Ipasuno ['ynaa.
ITpaBuno KneukoBcekoro. bynoBa GaratoenekTpoHHUX aToMiB. [lepioquuHmii 3aK0H 3 TOUKH
30py Cy4acHOI'0 BYEHHs Mpo OyJ0BY aTOMiB.

Topic 5. The structure of atoms

Basic information about the structure of atoms. Composition of atomic nuclei: isotopes.
Natural and artificial radioactivity. Nuclear reactions. Soddy-Fayance rule. Nuclear energy.
Serial number of the element. Moseley's Law. Corpuscular-wave nature of the electron.
Dialectical nature of the Periodic Law. Natural and artificial radioactivity. The main types of
radioactive transformations. Nuclear energy. Radioactive pollution. The impact of radioactive
radiation on human health and the environment.



Schrddinger's equation.. Quantum mechanical model of the atom. Quantum numbers.
Atomic orbitals. Pauli principle. The order of filling atomic orbitals. Gund rule. Klechkowski's
rule. The structure of multi-electron atoms. The periodic law from the point of view of the
modern theory of the structure of atoms

Tema 6. Bynosa MoJiekyJ1 Ta XiMiuHuUi 3B’ 130K

OCHOBHI THUIM Ta XapaKTEPUCTUKH XIMIYHOTO 3B’s13Ky. KoBaneHTHHMI Ta 1OHHHMA
3B’s30K. Meroa BaleHTHHX 3B’s3kiB. HeHacudeHicth ioHHOro 3B’s3Ky. HacudeHicTh
KOBAJICHTHOTO 3B’s3Ky. CIHpsIMOBAHICTh KOBAJEHTHOTO 3B’53Ky. [i0pmam3aiis BaJICHTHHUX
opOitaneii. [loHATTS Tpo METON MOJEKYIspHHUX opOiraneil. BoaneBuit 3B’s30k. JloHOpHO-
aKIENITOPHUHN 3B’SI30K, SK PI3HOBH]I KOBAJICHTHOTO 3B’53Ky. ByJoBa Ta BIACTHBOCTI MOJICKYI.
MeraneBuii 3B’430K Ta MeTanu. XIMIYHMM 3B’A30K Y HaIIBIPOBIIHHMKAX Ta JIENEKTPUKaX.
OcHoBHI BUIM B3aeMoAii Mosiekyil. CHIIM MDKMOJIEKYISIPHOT B3a€MO/III.
XimiyHa OyznoBa TBepAOTO Ti1a. AHI30Tpomis i 130Tpomid. TUIIM KPUCTATIIUHUX CTPYKTYD.

Topic 6. The structure of molecules and chemical bonding

The main types and characteristics of a chemical bond. Covalent and ionic bond.
Method of valence bonds. Unsaturation of an ionic bond. Covalent bond saturation.
Directionality of the covalent bond. Hybridization of valence orbitals. The concept of the method
of molecular orbitals. Hydrogen bond. Donor-acceptor bond as a type of covalent bond.
Structure and properties of molecules. Metal connection and metals. Chemical bonding in
semiconductors and dielectrics. The main types of interaction of molecules. Forces of
intermolecular interaction.

Chemical structure of a solid. Anisotropy and isotropy. Types of crystal structures.

3microBuii Mmoayab 4. EHepreTnka Ta HanmpaBJIeHICTh XiMiYHHMX MpoleciB

Content module 4. Energetics and directionality of chemical processes

Tema 7. 3aK0HOMIPHOCTI XiMiYHHMX NPOIECiB, €JIEMEHTH TEPMOAUHAMIKH

Enepretniuni  edexktu XIMIYHMX peakifiii. BHyTpimmHS eHeprii Ta eHTalbIis.
Tepmoximia. 3akonu ['ecca. EHTambIliss yTBOpeHHs XIMIYHUX CHOJIYK. EHTpomis XiMIYHUX
peakiriii. YMoBH XiMiuHOI piBHOBaru. KoHcTtanTa piBHOBaru Ta ii 3B 430K 3 TEPMOIUHAMIYHUMU
¢dbysakuisMu. XiMidHa piBHOBara B reTeporeHHUX cucteMax. da3oBa piBHOBara Ta mpaBwiio ¢as.
@Di3UKO-XIMIYHUN aHAI3 JBOXKOMIIOHEHTHUX CHCTEM. PO3MOJT TPEThOro KOMIIOHEHTA MK
JBOMA piguHaMH, sKi He 3MIimyrThcsa. Excrpakiis. CopOmia. [ToBepxHEeBO-aKTUBHI PEYOBUHHU.
AncopOiis. AncopOiriiiHa piBHOBara. ['eTreporensi aucnepcHi cucremu. KooinHi cucremu Ta ix
oaepxanHs. bynosa xonoigaux yactok. Koarymsis. Emynbcii. Cycnensii.

Topic 7. Patterns of chemical processes, elements of thermodynamics

Energy effects of chemical reactions. Internal energy and enthalpy. Thermochemistry.
Hess's laws. Enthalpy of formation of chemical compounds. Entropy of chemical reactions.
Conditions of chemical equilibrium. Equilibrium constant and its connection with
thermodynamic functions. Chemical equilibrium in heterogeneous systems. Phase balance and
phase rule. Physico-chemical analysis of two-component systems. Distribution of a third
component between two immiscible liquids. Extraction. Sorption. Surfactants. Adsorption.
Adsorption equilibrium. Heterogeneous dispersed systems. Colloidal systems and their
preparation. The structure of colloidal particles. Coagulation. Emulsions. Suspensions.

Tema 8. Ximiuna kiHeTHKA.

XiMiyHa KiHeTWKa Ta piBHOBara. [IIBuakicTh XiMiuHOT peakiii Ta i 3aJeKHICTb Bif
KOHIIeHTpalii Ta Temmeparypu. KoHcraHTa mBuAKOCTI peakiii. [‘omoreHHmii KaTauis.
JlaamroroBi  peakiii. @OBBUYHI METOAM TPUCKOPEHHs XiMiuHWUX peaknid. [IBuakicts
reTeporeHHux XiMiuyHux peakiiil. ['ereporennuit karaniz. [Ipunuun Jle-1llarense.



Topic 8. Chemical kinetics.

Chemical kinetics and equilibrium. The speed of a chemical reaction and its
dependence on concentration and temperature. Reaction rate constant. Homogeneous catalysis.
Chain reactions. Physical methods of accelerating chemical reactions. The rate of
heterogeneous chemical reactions. Heterogeneous catalysis. Le Chatelier's principle.

MOJAVYJIb 3
MODULE 3
3micToBuii Moay.b 5. Po3unnu. {ucnepcHi cucremu. Aucouniamis i
KOMIIVIEKCOYTBOPCHHSI.
Content module 5. Solutions. Disperse systems.Dissociation and complex
formation.

Tema 9. /lucnepcHi cucremu.

HMucnepcHi cucremu. [loHATTS npo cTymiHb aucnepcHocti. Knacudikanis qucnepcHux
CHCTEM 3a CTYIIEHEM JIMCIIEPCHOCTI Ta arperaTHAUM CTaHOM JHCIIEPCHOTO cepenoBuia. Po3unHuy,
ix xmacudikamis. Bona sik pozunHHUK. [TOHATTS Mpo KOJIOIMHI CUCTEMHU, 1X pi3HOBUIU. CiocoOu
OTpUMAaHHS KOJIOITHUX PO3YUHIB. BIacTHBOCTI KOJMOITHUX PO3UMHIB. MOJIEKYISPHO-KIHETUYHI U
ONTHYHI OCOOJNMBOCTI, TMOBEpXHEBi sBUINA (IOBEPXHEBO-aKTHBHI 1 IMOBEPXHEBO-IHAKTUBHI
peuyoBuHH). PakTOp CTAOULIBHOCTI KOJOIMHO-AMCHIEPCHUX crcTeM. bynosa winen. Koarymsimis.
[IpaBuno Wynsue-Tapai.

[ToBepxHesi sBuIIa 1 copOIisi. BimbHa moBepXxHEBa eHepris 1 MOBepXHEBUN HATAT. Buau
copOrrii. AxcopOrris Ha MeX1 piuHa - Ta3, TBepAe TUIo - ra3. [IpaBuno Hroxmo-Tpaybe. [3oTepma
aacopo6itii Jlenrmropa. PiBasiHHs ['100ca. SIBuie 3ModyBaHHs. 3HAYCHHs KOJIOTIHUX PO3YHHIB Y
MPUPO/Ii 1 BUPOOHMIITBI.

Topic 9. Dispersed systems.

Dispersed systems. The concept of the degree of dispersion. Classification of dispersed
systems according to the degree of dispersion and aggregate state of the dispersed medium.
Solutions, their classification. Water as a solvent. The concept of colloidal systems, their
varieties. Methods of obtaining colloidal solutions. Properties of colloidal solutions: molecular-
kinetic and optical features, surface phenomena (surface-active and surface-inactive
substances). Stability factor of colloidal dispersion systems. Micelle structure. Coagulation.
Schulze-Hardy rule.

Surface phenomena and sorption. Free surface energy and surface tension. Types of
sorption. Adsorption at the liquid-gas, solid-gas interface. Duclos-Traube rule. Langmuir
adsorption isotherm. Gibbs equation. Wetting phenomenon. The importance of colloidal
solutions in nature and production.

Tema 10. EsiekTpoJIiTH Ta HEeJIeKTPOIITH

BrnactuBocTi po3unHiB HeenekTpoiTiB. CrocoOu BUPaKeHHS KOHLIEHTpAllli pO3YHHIB.
Po3unnHicTh Ta3iB B pimuHax, 3akoH I 'eHpi-/lanmbrona. TemioBi mpoliecd MpH pPO3YMHEHHI.
Ocmoc, 3akoH Bant-I'odda. Tuck HacuueHoi mapu po3uyMHHHKA Haj pPO3YMHOM. 3akoH Pays.
Temneparypa KUMiHHA Ta TeMIeparypa 3amep3aHHs po3uuHiB. EGymiockoniyHa Ta KpiockomiyHa
KOHCTaHTH. AHTU(DPHU3H.

BrnactuBocTi po3umnHiB enekTpodiriB. Teopis enexkTpositTuyHoi aucomianii. Cnalki Ta
CHJIBHI enekTpoJtiTi. CTymiHb Ta KOHCTaHTa Jucolianii. Teopist cuiabHUX enekTpoiTi. JJoOyTok
PO34MHHOCTI. [OHHO-MOJNIEKYSAPHI PIBHAHHS.

Topic 10. Electrolytes and non-electrolytes

Properties of solutions of non-electrolytes. Methods of expressing the concentration of
solutions. Solubility of gases in liquids, Henry-Dalton law. Thermal processes during
dissolution. Osmosis, van't Hoff's law. Saturated vapor pressure of the solvent above the



solution. Raoult's law. Boiling point and freezing point of solutions. Ebulioscopic and cryoscopic
constants. Antifreezes.

Properties of electrolyte solutions. Theory of electrolytic dissociation. Weak and strong
electrolytes. Degree and constant of dissociation. Theory of strong electrolytes. Solubility
product. lonic-molecular equations.

Tema 11. LigpoJis coueii

Bona sk po3umHHUK. EnexkTpoxiMiuyHa TUCOINAIlisl BOJIM. Wonnmuii N0OYTOK BOJU
Bonnesuii mokasauk cepenosuima. [llkama pH. Nixpomni3 coneit pisHoro tumy. Teopis KUCIOT Ta
OCHOB.

Topic 11. Hydrolysis of salts

Water as a solvent. Electrochemical dissociation of water. lonic product of water
Hydrogen indicator of the environment. pH scale. Hydrolysis of salts of various types. Theory of
acids and bases

Tema 12. KomnuiekcHi (koopauHauiiiHi) cnoJyku

KommiekcHi cronmyku. CTpykTypa KOMIUIEKCHUX crofiyk. KoopauHariiina teopis A.
Bepuepa. KommiekcoyrBoproBaui 1 JiraHad, KoopAauHamiiHi yucna. Homenknarypa
KOMIIJIEKCHUX CIIOJYK Ta iX kinacudikamis. [Ipupona xiMiuHoro 3B s3Ky. [30Mepist KOMIUIEKCHUX
cnoyk Ta 1 Buau. [ucoriamis mmx cmoiayk B po3unmHax. KoHcranTa HecrtiiikocTti. Poub
KOMILJIEKCHUX CIOJYK B OKUBUX opraHidmax. ['emorno6iH, xmopodul. 3acTocyBaHHA
KOMIUIEKCHUX CIIOJIYK B QHATITUYHIA XiMii, MEIUIIMHI, POMHUCIOBOCTI, B TIPOIIECAX OYMIICHHS
BOJIM Ta IHIIHUX TATY3X HAPOJJHOTO TOCIIOIapPCTBA

Topic 12. Complex (coordinating) compounds

Complex compounds. The structure of complex compounds. A. Werner's coordination
theory. Complex formers and ligands, coordination numbers. Nomenclature of complex
compounds and their classification. The nature of the chemical bond. Isomerism of complex
compounds and its types. Dissociation of these compounds in solutions. The instability constant.
The role of complex compounds in living organisms. Hemoglobin, chlorophyll. The use of
complex compounds in analytical chemistry, medicine, industry, water purification processes
and other sectors of the national economy

MOJY.JIb 4
MODULE 4

3micToBuii MOaYJIb 6. OKHCHO-BiTHOBHI npouecu. OCHOBH eJIEKTPOXiMil Ta KOpO3il
Content module 6. Redox processes. Fundamentals of electrochemistry and
corrosion

Tema 13. OxucHo-BigHOBHiI peakuii. OkuWCHO-BimHOBHI peakiii. IToHATTS npo
MIPOLIECH OKHCHEHHS-BIMHOBIIEHHS. CTyIiHb OKMCHEHHA. MeToau CKIaJaHHS PIBHSIHb OKHUCHO-
BITHOBHUX peakiiii. Meroq enekTpoHHOro OamaHcy. TUNU OKHCHO-BIIHOBHUX pEaKIIil.
dakTopu, SKi BIUIMBAIOTh HAa OKHUCHO-BIIHOBHI peakifii. Tunmum XIMIYHUX peakiiil.
MiKMOJIEKYISIpHI IPUPOIHI peaKilii OKUCHEHHS-B1THOBJIEHHS.

Topic 13. Redox reactions. Redox reactions. The concept of oxidation-reduction
processes. Degree of oxidation. Methods of drawing up equations of redox reactions. Electronic
balance method. Types of redox reactions. Factors affecting redox reactions. Types of chemical
reactions. Intermolecular natural oxidation-reduction reactions.

Tema 14. Enexkrtpoximiuni npoumecu. Enextpoximiuni mnponecu. IloHaTTss mpo
eJIEKTPOJ] Ta eNneKkTpoAHui mnoreHmian. IloasiiiHuii enexTpuunHuii 1map. BumiproBaHHs
eNeKTpoAHUX moTeHIianiB. CranmapTHuii BoAHeBUI enekTpona. CraHAapTHI eNeKTPOHI



MOTEHINAIH 1 PSIT aKTUBHOCTI MeTamiB. DakTOpH, BiA SIKUX 3AICKUTh BEIMYMHA €IEKTPOIHOTO
notenuiany. PiBusHus Hepucra. 'anpBaniuHi enementu. BumiproBanus ta oOuncienns EPC.
Axymynaropu. IlanuBHi eneMeHTH. ANbTepHATUBHI JUKEpeia eHeprii.

Topic 14. Electrochemical processes. Electrochemical processes. Concept of electrode
and electrode potential. Double electric layer. Measurement of electrode potentials. Standard
hydrogen electrode. Standard electrode potentials and activity series of metals. Factors on
which the value of the electrode potential depends. The Nernst equation. Galvanic elements.
EMF measurement and calculation. Accumulators. Fuel cells. Alternative Energy Sources.

Tema 15. Exaekrtpoui3. Enektponi3 po3miaBiB i po3uwHiB. 3akoHu Dapanes.
[TocnmimoBHiCTE po3psimy HOHIB 1 MOJeKyn Ha ejnekrponax. Ilepenampyra. Bukopucranss
enekTposizy. EnexkTpomniTudne n0o0yBaHHA Ta OUYHMIIEHHS MeETaliB 1 cruiaBiB. EjexTpoxiMiuHe
BUJTy4EHHS BaXKKUX METaJIB 3 BIIXO/IIB.

Topic 15. Electrolysis. Electrolysis of melts and solutions. Faraday's laws. The
sequence of the discharge of ions and molecules on the electrodes. Overstrain. Use of
electrolysis. Electrolytic extraction and purification of metals and alloys. Electrochemical
extraction of heavy metals from waste.

Tema 16. Kopo3sis. Koposis metamiB i crmaBiB. [loHATTS Ta 0COOGMMBOCTI KOPO3ii
MetaniB. [lutaHHs ekoHOMIKM MOB’si3aH1 3 Kopo3siew. Kiacudikaiis KOpo3iHUX HpPOLECIB.
XimiuHa Kopo3is. EnexTpoxiMivyHa KOpo3is 3 KHCHEBOIO Ta BOJIHEBOIO JCTIOJspU3aiicto. Metoau
3aXHMCTy METaNiB Bill KOpo3ii Ta ix kimacudikariis. EnxekrpoxiMidai Mmetoan (aHOIHUIA, KATOAHUH,
NpOTEeKTOpHHUI). 3MiHa cepenoBuiIa. [HribiTOpy Ta akTHBaTopH Kopo3ii. [Iporiecu macuByBaHHsI
MeTajiB. 3axWCHI TMOKPUTTS Bia Kopo3il. AHOAHI Ta KaTOAHI METATIYHI TOKPHUTTS. 3aXHUCHI
TUTIBKH BiJ KOpo3ii. OKcHTyBaHHS.

Topic 16. Corrosion. Corrosion of metals and alloys. Concept and features of metal
corrosion. Economic issues are related to corrosion. Classification of corrosion processes.
Chemical corrosion. Electrochemical corrosion with oxygen and hydrogen depolarization.
Methods of protecting metals from corrosion and their classification. Electrochemical methods
(anodic, cathodic, protective). Change of environment. Corrosion inhibitors and activators.
Metal passivation processes. Protective coatings against corrosion. Anodic and cathodic metal
coatings. Protective films against corrosion. Oxidation.

MOAYJIb 5
MODULE 5

3micToBHMi MOAYJIb 7. 3arajibHa XapaKTepUCTUKA XIMIYHHMX eJIeMEHTIB

Content module 7. General characteristics of chemical elements

Tema 17. 3arajibHa XapaKTepUCTHKA XIMIYHHMX eJIeMEHTIB.

3aranbHa XapakTEpHUCTUKA MeTalliB. 3alie)KHICTh BIACTUBOCTEH MeTaliB Bl ix
po3TamnnyBaHHs B mepionuuHid cuctemi J[.I. MenpeneeBa. ®opMu 3HAXODKEHHS METATIB y
npupoai. OCHOBHI MeTOAM ojepkKaHHS MmeTaniB. OxepikaHHs yucTuX MeTamiB. OCHOBHI BUIU
Kopo3ii. XiMigHa Kopo3id. EnexTpoximMiuHa Kopo3is. MeTou 3axXucTy Bi KOpo3ii:

3aranpHa XapakTepucTHkKa HeMeTaliB. 11070keHHs HeMeTaliB y MeploJuuHiil cucTeMi.
3anexHICTh BIACTHBOCTEH HEMETaliB Bil iX po3ramryBaHHsS B mnepioguuHid Tabmumi JI.I.
MeneneeBa. 3MiHa METaIIYHOIO Ta HEMETAJTIYHOTO XapakTepy €JIEMEeHTIB 3a TIpynamu 1
nepiogamMu. 3MiHa KUCIOTHO—OCHOBHHMX BJIACTMBOCTEH OKCHIIB 1 TiAPOKCHAIB 3a TpymamMu i
nepiogamu. PopmMu 3HaX0DKEHHS HeMeTaliB y pupoi. Criocodbu 100yBaHHS HEMETAIIB.

Topic 17. General characteristics of chemical elements.

General characteristics of metals. The dependence of the properties of metals on
their location in the periodic table D.l. Mendeleev. Forms of metals in nature. Basic methods
of obtaining metals. Production of pure metals. The main types of corrosion. Chemical
corrosion. Electrochemical corrosion. Methods of corrosion protection:



General characteristics of nonmetals. The position of non-metals in the periodic table.
The dependence of the properties of nonmetals on their location in the periodic table D.I.
Mendeleev. Changes in the metallic and non-metallic nature of elements by groups and periods.
Change in acid-base properties of oxides and hydroxides by groups and periods. Forms of
nonmetals in nature. Methods of extraction of non-metals.

Tema 18. 3aranbHi BJacTHBOCTI MeTaJIiB Ta CILIaBIB.

Ximist MetaiiB. 3arajgbHa XapaKTePUCTUKA METaJliB. 3HAXOPKEHHS METANIB B MPHUPO/I.
OcnoBHi Metoau noOyBanHsA. IlpuymHM MOAIOHOCTI Ta BIAMIHHOCTI (iI3UYHUX BIACTUBOCTEH
MeTalliB. YTBOpPEHHS METAJIYHOTO 3B'SI3KY 32 METOJOM MOJICKYISIpHHX opOitaneit. [Ipumumna
MOMIOHOCTI XIMIYHUX BJIACTHBOCTEH MeTaiiB. XiMIiuHI BJIaCTHBOCTI MeTasiB (BITHOILICHHS 0
NPOCTUX OKHCIIOBAYiB, BOJHM, KUCIOT Ta JyriB). KomriuiekcoyrBopeHus. ®izionoriuna
aKTUBHICTh HOHIB METaJIIB

®Oi3uK0-XIMIYHUI aHaNi3 METaJIeBUX CIIIaBiB. [HTepMeTaniuHi croyyku. Bukopuctanus
METaJIeBUX CIUIAaBIB 1 MOKPUTTIB Yy TeXHIll. DopMU 3HAX0PKEHHS MeTaliB y npupoii. JJooyBaHHS
MeTaniB 3 pyd. OCHOBHI METOJM BITHOBIEHHS MeTamiB. Ojep)KaHHS YUCTUX 1 HAJYUCTUX
METaiB.

S- 1 p-meranu Ta iX crnodykd. JIykH1 1 Jy)KHO3E€MENbHI MeTalld iX eJIEKTPOHHI
CTPYKTYpH, 3HaXO/KEHHS B MpHUpoJi, A00yBaHHA 1 (i3MKO-XIMIYHI BIAaCTUBOCTI. dDi3lonoTidHa
aKTUBHICTh 1 TOKCHYHA Jil CHOJYK LIUX METajiB. AJIOMIHIM 1 CHOpiJHEH] HOMY €JIEeMEHTH.
BrnacTtuBocTi ix cronyk

Jlerki koHCTpykuiiHI Marepianu. OcoOnuBocTi BiacTuBocTed Marsito, bepuutiio,
Amominito, Titany. 3Hax0/KeHHs Y IPUPO/Il, BUAUICHHS Y BUIbBHOMY CTaH1 y BUIJISAL CIIOJIYK.
Buxopucrtanus y TexHii.

Metanu rpymu unaky, [amiro 1 I'epmaniro. [{unk, Kagmiit, Mepkypiit. [amiit, [amii,
Taniit. Tepmaniii, OnoBo, CBHHeIb. IX 0COGIMBOCTI, BIACTUBOCTI, 3HAXO/KEHHS y TPHPOI,
BPII[IJ'ICHH?I y BUILHOMy cTaHi Ta BHUKOPHUCTAaHHA Y T CXHIHI.

Topic 18. General properties of metals and alloys.

Chemistry of metals. General characteristics of metals. Finding metals in nature. The
main mining methods. Reasons for similarities and differences in the physical properties of
metals. Formation of a metallic bond by the method of molecular orbitals. The reason for the
similarity of the chemical properties of metals. Chemical properties of metals (relation to simple
oxidizers, water, acids and alkalis). Complex formation. Physiological activity of metal ions

Physico-chemical analysis of metal alloys. Intermetallic compounds. The use of metal
alloys and coatings in technology. Forms of metals in nature. Extraction of metals from ores.
Basic methods of recovery of metals. Production of pure and ultrapure metals.

s- and p-metals and their compounds. Alkaline and alkaline earth metals, their electronic
structures, occurrence in nature, extraction and physicochemical properties. Physiological
activity and toxic effect of compounds of these metals. Aluminum and related elements.
Properties of their compounds

Light construction materials. Features of properties of Magnesium, Beryllium,
Aluminum, Titanium. Found in nature, release in the free state in the form of compounds. Use in
technology.

Metals of the group Zinc, Gallium and Germanium. Zinc, Cadmium, Mercury. Gallium,
Indium, Thallium. Germanium, Tin, Lead. Their features, properties, presence in nature, release
in a free state and use in technology.

Tema 19. Heoprauniuna ximisi p—esnemeHTiB. Ximisi HAIBIPOBiIHUKIB.

Beryn no xiMmii enemenTiB. Po3noBcromkeHHs B KocMoci 1 3eMHil kopi. CTpykTypa Ta
BJIACTHUBOCTI MMpOCTUX PCUYOBUH, IPUHIHUIIA ix OTPUMAHH.

Ximis HemeraniB. Ilonoxkenus ['igporeHy B mepiofnyHii cucTeMi Ta CHElU(IUHICTDH
fioro BractuBocTei. @i3uuHi Ta XiMiuHi BiracTuBocTi ['inporeny. binapHi cnonyku [inporeny.
INimporen nepokcu, ioro 1o0yBaHHs, (i3UYHI Ta XIMI4HI BIACTUBOCTI 1 3aCTOCYBaHHS.



3arasbHa XapakTepUCTHKAa TaJOTeHIB, iXx goOyBaHHA (i3UUHI BIACTUBOCTI 1
3acTocyBaHHs. ['anorenu B mpupoai. XiMiuHi BIaCTUBOCTI FAJIOTEHIB, iX croiyku 3 ['igporenom i
OxcurenoM. bionoriuna QpyHKIIisl 1 TOKCHYHA JIisl TaJIOTEHIB Ta IX CIIOJIYK.

JloOyBaHHS 1 BJIACTHUBOCTI KUCHIO. 3aCTOCyBaHHA Ta Oionoriya ponb OKCUTEHY B
npupoai. O30H Ta Woro BiIacTUBOCTI. Poib o30HOBOro mapy. Ckiax arMOCEpHOTO MOBITPs
3emui.

Cipka, ii noOGyBanus i BnactuBocti. Cnonyku Cynwsdypy 3 [imporenom i meranamu.
Oxcumn Cynbdypy. CynbditHa 1 cymbdarHa kucinotd Ta ix comi. Tiocymbdaru. biosoriuyna
¢bynkuisa i TokenvHa Aig cnoiyk Cynbdypy, «KUCIOTHI JOIII».

A3oT B mpuponi, n0oOyBaHHS BIACTHBOCTI 1 3acrocyBanHsa. Crnonyku Hitporeny 3
I'imporeHomM, BIAcTUBOCTI 1 3aCTOCYBaHHS AaMOHIaKy, TiApa3uWHy 1 TrigpokcuwiaMminy. Oxcuiau
Hirporeny Tta ix moxigui. HirpuTHa 1 HiTpaTHa KUCIOTH Ta ix coui. bionoriyna ¢yHkiis
Hirporeny Ta TokcuyHa ais HOTO CIIONYK.

[Mommupennss dochopy B mpuposl, ioro moO0yBaHHS, BIACTHBOCTI 1 3aCTOCYBaHHS.
Cnonyku ®dochopy 3 T'imporenom 1 ramorenamu. Oxcumu 1 kucinotu dochopy. biomoriuna
¢yHukuis @ocdopy 1 TOKCUYHA /i HOTO CHOIYK.

Byrnens Ta iforo amoTpomHi BUIO3MIHM B MPUPOJI, iX KOpPOTKA XapaKTepPUCTHKA.
AncopOmis Ha Byrumii. Cnonyku Kapbony 3 mertamamu 1 Hirporenom. Oxcuam KapOowny.
Kapb6onaTtna xucnota 1 ii couni. bionoriuna ¢yskuis 1 TokcuyHa aist cnoiayk Kap6owny. Lianiau.
[TapaukoBHil €PeKT 1 NUIIXH HOTro M0J0TaHHS.

Cuniuiit B npuponi. Moro no6ysanns i Bractusocti. Crionyku Cuminito 3 Tigporesnom,
ranorenamu 1 Oxcurenom. CutikaTHa KucioTta Ta ii coui. [IpupoaHi Ta mMTYy4YHI CHUITIKATH, CKIIO,
KepaMika, 1ieMeHT. biojoriyaa ¢yHKIlis Ta TOKCHYHA Jist criotyk Crutiiito.

SIxicHi peaxii Ha anionn Gioremnux exemenris (CI, Br, I, %, SO %, S0% ,PO*, CO
2 ,Si0* 'NO",NO~,BO% , AsO%* ,As0%)

Enementn namiBnpoBimHuku. HamiBnpoBimHHKOBI crmoiayku. Di3mko—XiMIdHI 3aco0u
00poOKHM HAIIBIIPOBITHUKIB.

Topic 19. Inorganic chemistry of p-elements. Chemistry of semiconductors.

Introduction to the chemistry of elements. Distribution in space and the earth's crust.
Structure and properties of simple substances, principles of their production.

Chemistry of non-metals. The position of Hydrogen in the periodic table and the
specificity of its properties. Physical and chemical properties of Hydrogen. Binary
compounds of Hydrogen. Hydrogen peroxide, its extraction, physical and chemical properties
and applications.

General characteristics of halogens, their extraction, physical properties and
applications. Halogens in nature. Chemical properties of halogens, their compounds with
Hydrogen and Oxygen. Biological function and toxic effect of halogens and their compounds.

Extraction and properties of oxygen. Application and biological role of oxygen in
nature. Ozone and its properties. The role of the ozone layer. The composition of the Earth's
atmospheric air.

Sulphur, its extraction and properties. Compounds of Sulfur with Hydrogen and
metals. Sulfur oxides. Sulfite and sulfate acids and their salts. Thiosulfates. Biological
function and toxic effect of Sulfur compounds, "acid rain".

Nitrogen in nature, extraction properties and application. Compounds of Nitrogen
with Hydrogen, properties and use of ammonia, hydrazine and hydroxylamine. Nitrogen
oxides and their derivatives. Nitric and nitric acids and their salts. Biological function of
Nitrogen and toxic action of its compounds.

Distribution of Phosphorus in nature, its extraction, properties and application.
Compounds of Phosphorus with Hydrogen and halogens. Oxides and acids of Phosphorus.
Biological function of Phosphorus and toxic action of its compounds.



Carbon and its allotropic changes in nature, their brief characteristics. Adsorption on
coal. Compounds of carbon with metals and nitrogen. Carbon oxides. Carbonic acid and its
salts. Biological function and toxic effect of carbon compounds. Cyanides. Greenhouse effect
and ways to overcome it.

Silicon in nature. Its extraction and properties. Compounds of silicon with hydrogen,
halogens and oxygen. Silicic acid and its salts. Natural and artificial silicates, glass,
ceramics, cement. Biological function and toxic effect of silicon compounds.

Qualitative reactions to anions of biogenic elements (CI-, Br-, I-, S2-, SO 24—, SO
2—,PO3—,C0O2-,8i02—,NO—-,NO~-,BO2—,4s0 2—, AsO 2—)

Semiconductor elements. Semiconductor compounds. Physico-chemical means of
processing semiconductors.

3micTroBuii Moay b 8. CnenianbHi po3aiim Ximii
Content module 8. Special sections of chemistry

Tema 20. Ximisi B’SZKy4nX pe4OBHH.

BusnauenHsa Ta kiacu@ikailis B’SKy4UX PEUOBHMH Ta ix BiacTuBOCTI. IloBiTpsHi Ta
rifpaBiiuHi B sxy4l peyoBuHu. [loptnang uement. [Iponecu 3xBauyBaHHs Ta TBepiHHS. beToH.
Kopo3sis 6eToniB Ta MeToau 60POTHOH 3 HEIO.

Topic 20. Chemistry of binders.

Definition and classification of binders and their properties. Air and hydraulic binders.
Portland cement. Capture and hardening processes. Concrete. Corrosion of concrete and
methods of combating it.

Tema 21. Ximina Boau.

BbynoBa mosiekyn Ta BiactuBocTi Boau. [IpupoaHi Boau Ta ix ckinan. TBepaicTh BOIU.
Metoau oM’ skieHHst Boau. KooinHi pedoBHHU TPUPOJHUX BOJI Ta X YCYHECHHS.
[ToM’siKIIIEHHS Ta 3HECOJIFOBAHHS BOIU. METOIN 0caKEHHs, I0HHOTO OOMiHY Ta MeMOpaHHi
METOJH.

Topic 21. Water chemistry.

Structure of molecules and properties of water. Natural waters and their composition.
Water hardness. Water softening methods. Colloidal substances of natural waters and their
elimination. Water softening and desalination. Deposition, ion exchange and membrane methods

Tema 22. EjqemenTu opradiynoi ximii. Opraniuni nmoJsiimepHi marepianu. bynosa,
kinacudikaiiss Ta BIACTHBOCTI OpPraHIYHMX CIOJYK. XiMig MoJjiiMepiB. MeToau oJep>kaHHS
nmoJriMepiB. 3aJeKHICTh BIACTHBOCTEH MOJIMEPIB Bil CKIAAy 1 CTPYKTYpH. XiMis MOJTIMEPHHUX
KOHCTPYKIIHHUX MarepianiB. XiMis KOMIO3HUIIHHUX MarepianiB. [lomiMepHi TOKPUTTA Ta KIei.
XiMis TOJTIMEPHUX JTieTEKTPUKIB. XiMis TOJIMEPHUX TIPOBITHUKIB.

Topic 22. Elements of organic chemistry. Organic polymeric materials. Structure,
classification and properties of organic compounds. Chemistry of polymers. Methods of
obtaining polymers. Dependence of polymer properties on composition and structure. Chemistry
of polymeric structural materials. Chemistry of composite materials. Polymer coatings and
adhesives. Chemistry of polymer dielectrics. Chemistry of polymer conductors.

Tema 23. Ximisi Ta 0XOPOHA HABKOJMIIHLOIO CEPeIOBUIIIA.

Texuiunuit mporpec Ta ioro exoJyoriuHi npodieMu. Posb xiMii B BUpillIeHH1
eKOoJIOTTUHUX NpobeM. [IpoayKTH ropiHHs NanyBa Ta 3aXUCT MOBITPSIHOTO OaceiiHa Bif
3a0pynHeHHs. MeToau MasloBiIXiTHOT TexHoJorii. OXOpoHa BOJHOTO OaceiiHy. XapaKkTepucTHKa
CTIUHUX BOJ. MeTOoau OUMILEHHS CTIYHUX BOJ. MeToI1 3aMKHEHOTO BOJI000IrYy.

Topic 23. Chemistry and environmental protection.

Technical progress and its environmental problems. The role of chemistry in solving
environmental problems. Fuel combustion products and air pool protection from pollution.
Methods of low-waste technology. Water pool protection. Characteristics of wastewater.
Wastewater treatment methods. Methods of closed water circulation.



MOJY.JIb 6

MODULE 6

3micToBuii Moayab 9. OcHoBu Oioreoximii. Ilpukiaagni acnekTn OioreoxiMmivHmx
AOCJHiIKeHb Ta BHKOPHCTAHHSl TeOXiMiYHOIO iHCTpyYMeHTapil0 NpM BHPilleHHI
€KOJIOTiYHMX NpodJieM

Content module 9. Basics of biogeochemistry. Applied aspects of biogeochemical
research and the use of geochemical tools in solving environmental problems

Tema 24. Bioreoximisn ik Hayka. 3amadyi, miclie B CUCTeMi NMPHPOJIO3HABUMX HAYK,
3B’30K 3 T'€OXiMi€r0, 0IOJIOTi€l0 Ta eKOJIoTier0; 3aBaaHHs Haykd. OCHOBHI 3akoHHU (OiOreHHOT
Mmirpauii Knapka-Bepnancekoro, 0610J0T14HOrO0 KpyrooOiry, BeKTOpa pO3BUTKY, €JHOCTI
OpraHi3aMy 1 CEpelIOBMINA, 3arajilbHOr0 PO3CIIOBAHHS XIMIYHMX €JIEMEHTIB, KOHCTAaHTHOCTI
6iocepu, miHiMymy Jlibixa, abo Tpiagu poarouocTi, obopotHocTi Oiochepu [lancepo,
tonepantHocTi Illendeopna, nHoochepun BepHaacbkoro, (BUKO-XIMIYHOI €IHOCTI >KHUBOT
peuoBunn Bepnaacekoro). T'onoBui 3akoHoMipuocti ([apkinca, ycepeanenus, ®depcmana,
€BOJIIOIIMHOTO PO3BUTKY, NepeBakaHHS B JITOochepl €lIeMEHTIB, aTOMHI Macu SKHX KpaTHI
YOTHPHOM, TIEpEeBaKaHHS B JIITOCHEPl MIOCTUX 32 MPOTOHHUM YHCIIOM ab0 HEMapHUX €JIEMEHTIB
y TepioaudHiid Tabmuii xiMiuHuX eneMeHTiB). O0’ekT mociimkeHHs Oioreoximii. ITpuHIumm
Oioreoximii (akryamismy, bayepa, Jlana, Peni, eneprernunumii). IlpaBuma Oioreoximii (J1.1.
MenneneeBa, Onno-I'apkinca, O.1. Tlepensmana, momupeHHs KOJOIMHUX cuUCTeM B Oiocdepi,
depc-mana). Metozonoris  Oioreoximii. 3HaueHHs OIOreOXiMIYHOT HAyKH JUIS ITi3HAHHS
oiocepu. Ponr B.I.Bepnancbkoro B ii cTaHOBJIEHHI Ta PO3BUTKY. BHECOK Cy4acHHKIB Ta
nociinoBaukiB B.I. BepHancekoro B 6ioreoximiro. KopoTka icTopisi BAHMKHEHHSI 1 PO3BHTKY
“reoximii manmmadgty”’. Pobotu B. B. [lokyuaesa, B. I. Bepnaacekoro, A. E. ®epcmana, O. 1.
[Tepensmana, b. b. [TonruHOBa B Taiy3i 6ioreoximii Janamadris.

Konmnenii 6iochepu. Kua pedoBuHa, OI0KOCHI CHUCTEMH, OIOTEOXIMIYHI UK JH, 5K
TEOpPETUYHI OCHOBM HaykW. bymoBa wmerabiocdepu 3a M.B. Bac-coeBuuem. Enepreruxa
6iocepu. Ctpykrypa 6iochepu, 1i komnoneHTH. OcoOaUBOCTI 1 BIaCTUBOCTI Olocdepu. Tumm
pedyoBuHU B Oiocdepi. )KuBa pedoBHHA SIK HAUTOTYXHIIIa TeoJioriyHa cuia 6iochepu. EBomroris
oiocepu. Cy-uacHuii craH HOOcC(EepHOI KOHIEMIl 1 MOTEeHIIHHI NUsIXu ii po3BHUTKY. Poiib
OioJsoriyHOTO (paKkTOpa B CAaMOOYMILICHHI OiocdhepH.

Knapk sk oIuHUIS CcepeqHbOrO0 HAXO/KEHHS eleMeHTa y 3eMHild kopil. Kiapk
KoHIeHTpamid. biodinpHicTs. Kitacudikamis OloreHHUX €IEMEHTIB 3a KUIBKICHHM 1
dizionorivHuM KpuTepiem (Makpo-, MIKpo-, YIbTPaMIKPOCIEMEHTH; CIEMEHTH, KJIApK SIKMX HE
BU3HAUCHHI; €JICMEHTH, sKi HE 3HaWIeHI y uBill pedyoBuHi). JlehiuuTHI Ta HaUTUINIKOBI
enemenTH Ha rpadiky depcmana (3aeKHOCTI KJIapKiB Bif mMpoToHHOrO umcia). KoedimieHT
010JIOT1YHOTO MOTJIMHAHHS )KUBO1 PEUOBHHH

Topic 24. Biogeochemistry as a science. Tasks, place in the system of natural sciences,
connection with geochemistry, biology and ecology; task of science. Basic laws (Clark-
Vernadsky biogenic migration, biological cycle, vector of development, unity of organism and
environment, general dispersion of chemical elements, constancy of the biosphere, Liebig
minimum, or triad of fertility, reversibility of the Dansereau biosphere, Shelfeord tolerance,
Vernadsky noosphere, physico-chemical unity of living Vernadsky substances). The main
regularities (Harkins, averaging, Fersman, evolutionary development, predominance in the
lithosphere of elements whose atomic masses are multiples of four, predominance in the
lithosphere of the sixth in proton number or odd elements in the periodic table of chemical
elements). Object of biogeochemistry research. Principles of biogeochemistry (actualism, Bauer,
Dana, Redi, energy). Rules of biogeochemistry (D.I. Mendeleev, Oddo-Harkins, O.l. Perelman,
distribution of colloidal systems in the biosphere, Fers-man). Methodology of biogeochemistry.



The importance of biogeochemical science for the knowledge of the biosphere. The role of V. I.
Vernadskyi in its formation and development. Contribution of contemporaries and followers of
V.l. Vernadsky in biogeochemistry. A brief history of the emergence and development of
"landscape geochemistry”. Works of V. V. Dokuchaev, V. I. Vernadsky, A. E. Fersman, O. I.
Perelman, B. B. Polynov in the field of biogeochemistry of landscapes.

Concepts of the biosphere. Living matter, biological systems, biogeochemical cycles as
theoretical foundations of science. The structure of the megabiosphere according to M.B. Vas-
soevich. Energy of the biosphere. The structure of the biosphere, its components. Features and
properties of the biosphere. Types of matter in the biosphere. Living matter as the most powerful
geological force of the biosphere. Evolution of the biosphere. The current state of the noosphere
concept and potential ways of its development. The role of the biological factor in self-
purification of the biosphere.

Clark as a unit of the average occurrence of an element in the earth's crust. Clark
concentrations. Biophilicity. Classification of biogenic elements according to quantitative and
physiological criteria (macro-, micro-, ultra-microelements; elements whose Clark is not
determined; elements that are not found in living matter). Deficient and excess elements on the
Fersman graph (dependence of Clarks on the proton number). Coefficient of biological
absorption of living matter

Tema 25. Kaacudikanis BuaiB mirpamii.. MexaniuHa wMirpamis, il MOKa3HHK.
BuyTpimiHi i SoBHIlIHI MOKa3HUKK (Bi3MKO-XiMiuHOT Mirpanii (fonHuii nmoTenian Ka-priemxka,;
eHepreTuyHi Koedirientu oHiB 3a O.€. depcmanom). ['eoximiuHi Kiacudikaiii eJeMEHTIB 3a
Mmirpariiiaumu  ocoouBocTsamu (B.I. Bepuaacekoro, B.M. Tompmmminra, O.I. Tlepenbmana,
O.I1. Bunorpasosa).

Konmenmiss reoximiunoro ©Oap’epa, 1 aBtop O.l. Ilepenmpman. Kacudikarris
reoxiMivHuX Oap’epiB. a) 3a macmiTabHicTIO, 0) 3a THIIOM Mirpailii, B) 3a Ha-KOIMWYyBaHHIM
XIMIYHHX €JEMEHTIB, T) 3a HampsAMKOM MirpamiiHoro motoky. OCHOBHI XapaKTepPHCTHKU
Oap’epiB. KOHIIGHTpAIlli €JeMEHTIB Ha Oap’epi, Tpami€eHT 1 KOHTPACTHICTh. DopMyBaHHS
MPUPOIHUX, IITYIHUX, TEXHOTEHHHUX, COLIATbHUX 1 KOMIJIEKCHUX Oap’€epiB.

Konneniis kpyroo6iry: nmpea0ioTHYHUN MIHEpAIBbHUHN ITUKI, OI0TMYHUMA, O10JIOTIYHHM,
reOJIOTIYHUI, BEIMKUN OloreoxXIMIYHMI 1UKIM. KUIBKICHI DIOKa3HUKH OIOreoXIMIYHOTIO
KOJIOOOIry: 1HJEKC 0I0reoXiMIYHOro Kpyroooiry, iHAeKC BOJHOI Mirpartii, koedimieHT po3naxy
ocany. [ToxomKeHHs KHUTTS 1 €BOJIONISA 0I0T€OXIMIYHUX ITUKIIIB Ol0TeHHUX elleMeHTiB: KapOony,
Hirporeny, ®@ocdopy, Kampmiro, Cwrimito, ®epymy, Oxcureny i cnoayk HoO, CO2 Tomio.
TexnorenHi ¢dakTopu NOpyIIeHHS X Kpyroooiry. TexHoreHHa Mirpaiisi XiMiYHUX €JIeMEHTIB Ta
ix TexHodinpHicTh. Kpyroo0Oir Baxkux metaniB. TexHOTeHHI reoxXimMidHi aHomaiii B 6iocdepi,
MPpOoOJIEeMH 1 IUISIXH X pO3B'sA3aHHS.

Topic 25. Classification of types of migration. Mechanical migration, its indicator.
Internal and external indicators of physico-chemical migration (Cartledge's ionic potential;
energy coefficients of ions according to O.E. Fersman). Geochemical classification of elements
according to migration characteristics (V.l. Vernadskyi, V.M. Goldshmidt, O.I. Perelman, O.P.
Vinogradov).

The concept of geochemical barrier, its author O.l. Perelman. Classification of
geochemical barriers: a) by scale, b) by type of migration, ¢) by accumulation of chemical
elements, d) by direction of migration flow. The main characteristics of barriers: concentration
of elements on the barrier, gradient and contrast. Formation of natural, artificial, man-made,
social and complex barriers.

The concept of circulation: prebiotic mineral cycle, biotic, biological, geological, large
biogeochemical cycles. Quantitative indicators of the biogeochemical cycle: biogeochemical
cycle index, water migration index, sediment decomposition coefficient. Origin of life and



evolution of biogeochemical cycles of biogenic elements: Carbon, Nitrogen, Phosphorus,
Calcium, Silicon, Ferrum, Oxygen and H20, CO2 compounds, etc. Man-made factors of
disruption of their circulation. Man-made migration of chemical elements and their technophilic
nature. Circulation of heavy metals. Man-made geochemical anomalies in the biosphere,
problems and ways to solve them.

Tema 26. Opraniuna reoximisi. YuikaneHicTh KapOony B 0Gioctepi. Opranidna
peUOBMHA SIK TeoXiMiuHUH akymymsrop.. Kimacudikamis opraniuHnx pedoBuH. Kitacudikaris
ByrieBoaHiB. bioreoximiuni ¢aktopu ¢opmyBaHHsS HadTH 1 BimkianeHb keporeHy. Ckian
HadTH, pupoHOTO razy. HoMmenknaTypa opranivamx croiyk 3a npasmiamu [UPAC 1993 p. i
pexomenaaniii YHKoXiTepH. Ormsan npupoanux pkepen, Gi3sMuHUX 1 XIMIYHHX BJIACTHBOCTEH
BYIJIEBOJIHIB, OKCHUI'€HOBMICHUX Ta TE€TEPOLUKIIYHUX CIIOJYK, IX €KOJOriYHa HeOe3neka sk
MNOTEHIIHAX TMOJIIOTAHTIB NOBKULIA. SIKiCHI peakiiii Ha OpraHivyHi CIONYKH (QJIKEHH, aJIKiHH,
apeHH, cnupTH, HSHOIH, abJIeTiii, KapOOHOBI KUCIIOTH, aMiHOKHCIIOTH, ByriieBou). [IpupomHi
010J10T1YHO-aKTUBHI PEUYOBMHHU 1 OlOMONIMEpPHU: TyMiH, T'YMYCOB1 Ta (yIbBOKUCIOTH IPYHTY,
aMIHOKHCIIOTH, TENTHAM, TPOTEIHM, JIMiAW, JICHIH, BYIJIEBOJAW, HYKIETHOBI KHUCIIOTH.
Oco0arBOCTI KPYrooOiry OpraHiYHMX peuyoBUH

Topic 26. Organic geochemistry. The uniqueness of Carbon in the biosphere. Organic
matter as a geochemical accumulator. Classification of organic substances. Classification of
hydrocarbons. Biogeochemical factors in the formation of oil and kerogen deposits. Composition
of oil, natural gas. Nomenclature of organic compounds according to the rules of IUPAC of
1993 and recommendations of UNKoHiTerN. Review of natural sources, physical and chemical
properties of hydrocarbons, oxygen-containing and heterocyclic compounds, their ecological
danger as potential environmental pollutants. Qualitative reactions to organic compounds
(alkenes, alkynes, arenes, alcohols, phenols, aldehydes, carboxylic acids, amino acids,
carbohydrates). Natural biologically active substances and biopolymers: humin, humic and
fulvic acids of the soil, amino acids, peptides, proteins, lipids, lignin, carbohydrates, nucleic
acids. Features of the circulation of organic substances

Tema 27. MeToau BHBYeHHsi Oioreoximii.. BriuB 3a0pynHIOOYMX pPEUYOBHH Ha
biocdepy. XapakrepucTrka 3a0pyaHIOBauiB O0iocepu Ta 1X HACTIIKU: BaKKi MeTanu (XBopobOa
MinamaTa, MepKypiami3m, iTai-itai, KaHIIEpOTreHe3, ajeprisa), IEeMEHT, a30ecT, MU, MiHepalbHi
n00pHBa, JETCPreHTH, BYIJCBOIHI (ajKaHM, AJKEHH, alKiHH, HUKIOAIKaHH, apeHH), HadTa,
MOJIIMKITIIYHI apoMaTtuuHi ByrieBoaHi ([IAB: Gens[a]mipen, antpareH, GiyopanTeH), JIOKCHH,
xjopo- 1 (QuyopoByriaeBoaHl, (eHosn, anpiaeriad, nectuiuad. CHHEpri3aM 1 KOH Iorartis
Olonuanux crpecopiB. HeoOxiaHicTh 010T€0XIMIUHOTO pailoHyBaHHsS TepuUTOpid. bioreoxiMiuHi
npoBiniii. bioreoximiuni enaemii i pons Mikpoenemenris (rajgo-renis, Cu, Zn, Co, Mn, B, Mo,
Pb) B ix nposiBi. O.I1. BunorpasioB — nepioBiakpruBad 6ioreoXiMiyHUX MPOBIHINN 1 €HAEMIYHHX
XBOPOO

OcHoBu 6Oioinukanii. CyTHicTe OloiHaMKamii 1 6ioTectyBanHa. Tunu Oio-iHAUKAIT B
3aJIGKHOCTI Bim Oloingukaropa, Buam 1 (opmu OloiHamkanii @Di3io-I0riyHUN Jianma3oH
TOJICPAHTHOCTI ¥ ekoJoriuHi nmoTeHii. Yacosi Tunu Oioinaukariii. PiBHi Gloinaukanii. Metoau
OloiHaMKAaIlil. OcCHOBHI  HampsIMH bi-ToiHaUKAaIiT: 0loreoxiMivyHa, raJIOTHIAKALLIS,
TiIpOIHIWKAllig, arpoiHIuKallig, KIIMaTU4HA, CO30€KOoJoriyHa. Makpo- 1 MIKPOCKOMIuH1
MOP(}OJIOTiuH1 3MiHH, 1110 BUKOPUCTOBYIOTh IIpH (hiTo- Ta OloinaMKaii. TecT-pocinuHu, TepireHHi
Ta BOJHI TBapMHHU SIK MOKa3HUKU TEXHOTeHHMX aHomaiiil. [li cTpecopiB Ha mpolecu karabo-
Ji3My 1 aHa0oJI3My B poCIMHaX. TBapuHH, MIKPOOPTaHI3MHU 1 BIpYCH K 0101HAUKATOPH.

Cknan noepxueBux Boj (I1B) i unHHUKH, sKi oo BU3HA4Yar0Th. ['iapocdepa.

Bbynosa i cknag. Crnocobu kmacudikamii [1B. BusHaueHHs 1 cnocoOH OIIHKK BMICTY
opraniunux peyoBuH y I1B. biorenni enxement. MikpoenemenTH y ckianui I1B.



Topic 27. Methods of studying biogeochemistry. The influence of pollutants on the
biosphere. Characteristics of biosphere pollutants and their consequences: heavy metals
(Minamata disease, mercurialism, itai-itai, carcinogenesis, allergy), cement, asbestos, dust,
mineral fertilizers, detergents, hydrocarbons (alkanes, alkenes, alkynes, cycloalkanes, arenes),
oil, polycyclic aromatic hydrocarbons (surfactants: benz[a]pyrene, anthracene, fluoranthene),
dioxin, chloro- and fluorocarbons, phenols, aldehydes, pesticides. Synergism and conjugation of
biocidal stressors. Necessity of biogeochemical zoning of territories. Biogeochemical provinces.
Biogeochemical endemics and the role of trace elements (halogens, Cu, Zn, Co, Mn, B, Mo, Pb)
in their manifestation. O.P. Vinogradov is the pioneer of biogeochemical provinces and endemic
diseases

Basics of bioindication. The essence of bioindication and biotesting. Types of bio-
indication depending on the bio-indicator; types and forms of bioindication Physiological range
of tolerance and ecological potentials. Time types of bioindication. Levels of bioindication.
Methods of bioindication. The main directions of phyto-indication: biogeochemical, halo-
indication, hydro-indication, agro-indication, climatic, socio-ecological. Macro- and
microscopic morphological changes used in phyto- and bioindication. Test plants, terrigenous
and aquatic animals as indicators of man-made anomalies. The effect of stressors on the
processes of catabolism and anabolism in plants. Animals, microorganisms and viruses as
bioindicators.

The composition of surface water (SW) and the factors that determine it. Hydrosphere.

Structure and composition. Methods of classification of PV. Definition and methods of
assessment of the content of organic substances in PV. Biogenic elements. Microelements in the
composition of PV.

Tema 28. ®izuko-ximiuni npouecu B riapocdepi. Byrinekucnorna piBHoBara B I1B.
ArpecuBHa i Boau Ha OeroH. Boam CBiToBOro OkeaHy i1 mxepena coseil B Hux. [IB cymi i
neonoBuku. Ilimzemni Boau. IloxomkenHs Bomu Ha 3ewuti. PiBHSHHS BogHOTO OanaHCcy B
rigpoctepi. ['eoximiuHa ponb BoAM B 3eMHINM Kopi. Ximiuyauid ckman [IB 1 yuHHMKM HOTO
dbopmyBaHHSA. AHTpOMOreHH1 3MiHM XiMiuHoro ckiany IIB 1 ix macmigku. TBepmicte Bomu, ii
Buau Kimacudikariist Boj 3a TBepaicTO. EBTpodikaliis BOIONWM, TPUYHHHM 1 HACTIIKH.

Topic 28. Physico-chemical processes in the hydrosphere. Carbonic acid balance in
PV. Aggressive effect of water on concrete. World ocean waters and sources of salts in them. SW
land and glaciers. Underground waters. The origin of water on Earth. The water balance
equation in the hydrosphere. The geochemical role of water in the Earth's crust. Chemical
composition of PV and factors of its formation. Anthropogenic changes in the chemical
composition of PA and their consequences. Water hardness, its types Classification of water by
hardness. Eutrophication of water bodies, causes and consequences.

Tema 29. ®izuko-ximiuni npoumecu B armocdepi. Atmocdepa. bymosa, ckian i
MOXOKEeHHS. ['0JIOBHI, JPYropsaHi KOMIOHEHTH 1 MIKpOKOMIOHEHTH aTmochepu. Icropis i
reoxiMiuHa poJb KHCHIO, a30Ty, BYIJICKHUCIOTH Ta IHIIUX KOMIIOHEHTIB. AHTPOIMOIeHHI
3a0pynHioBaul atMocdepu. ['eoxiMiyHa pojib aTMochepd B CY4aCHOMY T€OJIOTTYHOMY
cepenoBuii. Ximis ctpatochepu. XiMidHI MEPEeTBOPEHHS OPraHIYHUX PEUOBHH B Tpomocdepi.
Cknan 1 OynoBa atmocgepu. YTBOpPEHHs 1 pyHHYBaHHA O30HY B arMmocdepi. PaaukanbHuit
MeXaHi3M peakliil pyiiHyBaHHs 030HY. [lepeTBopeHHs JoMimok B Tponocdepi. BunbHi pagukanu
B Tponocgepi. XiMiuHi IepeTBOPEHHS OPraHIiyHUX CHOJIYK B Tpomocdepi.

Topic 29. Physical and chemical processes in the atmosphere. Atmosphere. Structure,
composition and origin. Main, secondary components and microcomponents of the atmosphere.
History and geochemical role of oxygen, nitrogen, carbon dioxide and other components.
Anthropogenic atmospheric pollutants. The geochemical role of the atmosphere in the modern
geological environment. Chemistry of the stratosphere. Chemical transformations of organic



substances in the troposphere. Composition and structure of the atmosphere. Formation and
destruction of ozone in the atmosphere. Radical mechanism of ozone destruction reactions.
Transformation of impurities in the troposphere. Free radicals in the troposphere. Chemical
transformations of organic compounds in the troposphere.

Tema 30. IpynTH i ix reoxiMiuna poub.. 3emna xopa. CydacHi ySBIEHHS IIPO «3eMHY
kopy». bynoBa i ckmaa. [ToHSATTS MpO «HABKOJMIIHE CEPEIOBHUINEY», «T'COXIMIYHI CHCTEMUY,
«reoXIMIYHMIA (POHY», «TeOXIMIYHI MPUPOIHI 1 aHTponmoreHHi aHomanii». [loxomkenns reocgep
3eMHOi Kopu. OCHOBHUI reoximMidawmii 3akoH ['ompamminra. PopmMu 3HaXO/DKEHHS XIMIYHHX
€JIEMEHTIB B 3eMHIl KOpi. 31aTHICTh XIMIYHHX €IEMEHTIB JI0 KOHIIEHTPALl 1 PO3CISTHHSI.
YuHHUKY TpyHTOYTBOpeHHA. CKIIaI0Bl YaCTUHU TPYHTY, iX poib Y QyHKIIOHYBaHHI IPYHTY,
3MiHa ii XxIMi4HOTO ckiany. @opMu 3HaAXOIKEHHS XIMIYHUX €IEMEHTIB B IPYHTaX, OCIAAHHAX 1
MOPOoAax, iX BIUIMB Ha MIrpalliiHy 3/1aTHICTh €JIEMEHTIB, JOCTYIHICTb iX POCIIMHAM.

Topic 30. Soils and their geochemical role. Earth's crust. Modern ideas about the "earth's
crust". Structure and composition. Concepts of “environment™, “geochemical systems",
"geochemical background”, "geochemical natural and anthropogenic anomalies”. The origin of
the geospheres of the earth's crust. Goldschmidt's basic geochemical law. Forms of finding
chemical elements in the earth's crust. The ability of chemical elements to concentrate and
disperse.

Factors of soil formation. Soil components, their role in soil functioning, changes in its chemical
composition. Forms of finding chemical elements in soils, sediments and rocks, their influence
on the migration ability of elements, their availability to plants.

PE3YJIbTATU HABUAHHA
[Tporpamni [IPH-02. Po3ymiTH OCHOBHI €KOJIOT14H1 3aKOHH, MpaBWJIa Ta MPUHIUIH
pe3yNbTaTH OXOPOHH JIOBKULISA Ta MPUPOJIOKOPHUCTYBAHHS.
HaBYaHHS I[TPH-03. Po3ymiTH OCHOBHI KOHIEIIIi, TEOPETHUYHI Ta MPAKTUYHI

npoOjeMyu B Taly3l NPUPOTHUYMX HAYK, IO HEOOXITHI Ui aHamizy i
NPUHHATTSA pilIeHb B cepi eKOoJIOTil, OXOPOHU JOBKULIS Ta ONTUMAIBHOTO
IPUPOIOKOPUCTYBAHHS.

[TPH-06. BusiBnsatu dakTtopu, 10 BU3HAYAOTh (POpMYBaHHS JIaHAIA(THO-
010JIOTTYHOTO PI3HOMAHITTS.




OLITHIOBAHHS

@opMH ITIOTOYHOTO Ta [HoTtounuit koHTpOIH — 20 OaNiB
MiJICYMKOBOT'O KOHTPOJIIO [IpomibkHUN KOHTPOJH - 40 GaiB
[MincymkoBuit koHTpOJIb — (icnut) - 40 GasiB

KPUTEPII OLIIHIOBAHHS PE3VJIbTATIB HABUAHHS

[TincymkoBi 6anu 3 HaBYAIBHOT JUCHUIUTIHY BU3HAYAIOTHCS SIK cymMa 0ajliB, OTpUMaHUX
3100yBavYeM MPOTIATOM CEMEeCTpy Ta OalliB, HAOpAaHUX HA ITICYMKOBOMY KOHTPOJII (€K3aMeH,

3aliK).
[TincymkoBi 6aym = 3araibHa KuTbKicTh O0aniB (mepen  + KimbkicTh OaiiB 3a
HaBYAJIbHOT TUCIUIUTIHN M1ICYMKOBHUM KOHTPOJIEM) M1ICYMKOBUM
KOHTpOJIEM
HIKAJIA OLIHIOBAHHA: HALIIOHAJIBHA TA ECTS
O1igka O1iHka 3a Origka 3a mxkainoro ECTS
B Oaymax | HaroHainbHOIO | OriHKa ITosicuenust
IKAJIOI0
90-100 Binminzo A «BinMIHHO» - TEOpPeTHMYHUN 3MICT KypCy OCBOEHMH
(«3apaxoBaHOY) IUTKOM, HEOOXiMHI MpPaKTUYHI HABUYKH POOOTH 3
OCBOEHUM MaTepiaioM c(hOpMOBaHI, BCl HaBYaJbHI
3aBJaHHA, fKI TependayeHi MporpaMor0 HaBYaHHS
BUKOHAaHHI B TIOBHOMY O00Cs3i, BigMiHHa pobOoTa 0e3
IIOMHJIOK 200 3 OJIHICI0 HE3HAYHOKO ITOMIUIKOIO.
80-89 Hobpe B «dyxe mobOpe» - TeOpeTHYHHH 3MICT KypCy OCBOEHUU
(«3apaxoBaHOY) IUTKOM, HEOOXiJHI TMpakTHYHI HABUYKA PpoOOOTH 3

OCBOEHHM MaTepiajJjoM B OCHOBHOMY c(OpMOBaHi, BCi
HaBUaJbHI 3aBIaHHS, fAKI TMepeadadeHi MporpamMoro
HaBYaHHS BUKOHAHHI, SKICTh BUKOHAHHS OUIBIIIOCTI 3 HUX
OLIIHEHO YHCJIOM 0ajiB, OJU3BKHM J0 MAaKCHMAaJIbHOTO,
po0oTa 3 1BOMa — TPhOMa HE3HAYHHMHM ITOMHJIKAMHU.

75-79 C «/loOpe» - TeopeTHUHHI 3MICT KypCy OCBOEHUH IUIKOM,
NPaKTUYHI HaBUYKH POOOTH 3 OCBOEHHM MaTepiajioM B
OCHOBHOMY c(OpMOBaHI, BCi HaBUYajbHI 3aBJIaHHS, SKI
nepeadadeHi MporpamMor0 HaBYaHHS BUKOHAHHI, SKICTh
BUKOHAHHS JKOJHOTO 3 HHUX HE OIIHEHO MiHIMaJIbHUM
yuciaoM OajiB, [esKI BHAM 3aBJaHb BHKOHAHI 3
NOMWJIKAaMH, poboTa 3  JCKUIbKOMa  HE3HAYHUMH

IIOMHJIKAMH, a00 3 OJHICI0 — JBOMa 3HAYHHUMH

ITOMMJIKAMH.
65-74 3a10BLILHO D «3a70BUILHO» - TEOPETHUHUHN 3MICT KypCy OCBOEHUU HE
(«3apaxoBaHO») MOBHICTIO, aJi¢ TMPOTAIMHU HE HOCITh ICTOTHOTO

XapakTepy, HEOOXiJHI MpakTHUYHI HAaBUYKU pPOOOTH 3
OCBOEHMM MaTrepialoM B OCHOBHOMY c(opMoOBaHi,
OUIBIIICTH  MepeldayeHuX  MPOrpaMor0  HaBYAaHHS
HaBYaJIbHUX 3aBJaHb BHUKOHAHO, JEsIKI 3 BHKOHAaHUX
3aBJlaHb, MICTATh MOMMIIKH, poOOTa 3 TpbOMa 3HAUHUMHU
HOMUJIKaAMH.

60-64 E «JlocTaTHBO» - TEOPETHYHUH 3MICT KypCy OCBOEHHIA
YaCcTKOBO, JEsAKl MpaKTU4YHI HAaBUYKH poOOTH HE
chopMOBaHi, YacTMHa mepeAdauyeHUX  MPOrpamoro




HaBYaHHSA HAaBYAJIBHMX 3aBIaHb HE BHKOHAHI, a00 SKICTH
BUKOHAHHS JI€IKMX 3 HHX OI[HEHO YHCIOM Oaiis,
ONMM3BKUM JI0 MIHIMAIBHOTO, po0OTa, MO 3aJ0BOJIBHSE
MIHIMYM KpUTEPIiB OI[IHKH.

21-59 HezanmoButpHO FX | «YMOBHO HE33JI0BUIBHO» TEOPETUYHHHA 3MICT KYypCy
(«He OCBOEHHMI YaCTKOBO, HEOOXiJHI NpPaKTU4YHI HABHUYKU
3apaxoBaHO») pobotn He chopMmoBaHi, OUTBIIICT mEpeaOAYCHUX

nporpaM HaBYaHHS, HABYAIBHHMX 3aBJIaHb HE BUKOHAHO,
a00 SKICTh IXHHLOI'0 BMKOHAHHS OI[IHEHO YKCIIOM OalliB,
OMM3PKMM /10  MIHIMaIbHOTO; TPU  JIOJATKOBIN
CaMOCTIHHIA po0OTI Haja MaTrepiajJoM Kypcy MOKIIUBE
MIJBUIIEHHS SKOCTI BUKOHAHHS HAaBYAJbHUX 3aBAaHb (3
MOXJIMBICTIO TIOBTOPHOTO CKJaJaHHs), poboTa 110
noTpedye 1opoOKu

1-20 F «be3yMOBHO HE3a/I0BUIBHO» TEOPETUYHHUI 3MICT KypCy
HE OCBOEHO, HEOOX1JHI MPAaKTUYHI HABUYKU POOOTH HE
chopmoBaHi, BCl BUKOHAHI HaBUYaJIbHI 3aBJIaHHS MICTITh
rpy0i TOMMIKH, JOJAaTKOBa CcaMOCTiiHA poboTa Haj
MarepiaJoM Kypcy He TpuBele A0 3HAaYMMOIo
MIZBUINEHHS] SKOCTI BUKOHAHHS HaBYAJILHUX 3aBlIaHb,
poboTa, mo moTpedye MOBHOT epepoOKH
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