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1. Henu u 3a1a4u yueOHOH TUCHHUILIMHBI (MOYJasl, npakTuku, [HA).

Heap nucuunIuHbl: GOPMUPOBAHUE Y OOYUAIOUIMXCS CUCTEMHBIX 3HAHWI U YMEHUHN BbI-
HOJIHATH PacyeThbl MapaMeTpoB PU3UKO-XMMUUYECKHX IPOLIECCOB, IPU PACCMOTPEHUH UX (PU3UKO-
XUMUYECKON CYITHOCTH U MEXAHHU3MOB B3aUMOJCHCTBHS BEIECTB, IPOUCXOIAIIUX B OPraHU3Me
YEJIOBEKA HA KIETOYHOM M MOJIEKYJSIPHOM YPOBHSX, & TAK)KE ITPU BO3JCHCTBUM Ha KUBOU Opra-
HU3M OKPYKaIOLEH CPebl.

3agauM QM CUMIINHBL:

- 03HAaKOMJICHHE C MMPUHLIUIIAMH OPTaHU3alluH U PadOThl B XMMUYECKOH J1TabopaTopuy;

- 03HAaKOMJIEHHE C MEPOIIPUIATUAMU 10 OXpaHe TpyAa U TEXHUKE O€30IaCHOCTH B XUMHUYe-
CKOH J1ab0OpaToOpuy, C OCYILIECTBICHUEM KOHTPOJIS 3a COOMIOAEHUEM U 00ecriedeHHeM 3KOJIOTU-
YyecKo# 0e30IacHOCTHU IpU paboTe ¢ peaKTUBAMH;

- (opMHpOBaHHE TPEACTABICHUN O (PU3MKO-XMMHUYECKHUX ACHEKTaX KaK O BayKHEHIINX
OMOXMMHUYECKUX MPOLECCaX M Pa3IMYHbIX BHUJAX IOMEOCTa3a B OPraHU3Me: TEOPETUUYECKUE OC-
HOBBI OMOPHEPreTUKH, (HaKTOphI, BIUSIOUINE HA CMEUICHHE PAaBHOBECHS OMOXUMHUYECKUX MPO-
LIECCOB;

- U3Y4YEHHUE CBOWCTB PacTBOPOB, PA3JIMYHBIX BHUJOB PABHOBECHM XMMHUYECKUX PEAKLHUU U
IIPOLIECCOB JKU3HEEATEIBHOCTH;

-M3y4YeHUE MEXaHMU3MOB JIecTBUs Oy(pepHBIX CHCTEM OpraHM3Ma, HX B3aHMMOCBS3b U POJIb
B [IOIJIEP’KAHUU KUCIIOTHO-OCHOBHOT'O T'OMEOCTA3a;

- U3y4eHHE 3aKOHOMEPHOCTEH MpOTeKaHHs (PU3UKO-XUMHUYECKUX MPOIECCOB B )KUBBIX CH-
CTEMax € TOYKM 3PEHUS UX KOHKYPEHLMH, BO3HUKAIOLIEH B pPe3ybTaTe COBMELICHMs pPaBHOBE-
CUH pa3HBIX TUIIOB;

- N3y4YCHHE CBOMCTB BEILIECTB OPraHMYECKON M HEOPraHUYECKOU TPUPOIBI;

- U3y4YEeHHE POJIU OMOTEHHBIX AJIEMEHTOB U UX COSAMHEHUN B KUBBIX CUCTEMAX;

- U3y4eHue (PU3NKO-XMMUYECKUX OCHOB MOBEPXHOCTHBIX SIBJIEHUH U ()aKTOPOB, BIMSIOIINX
Ha CBOOOJIHYIO TOBEPXHOCTHYIO SHEPTHIO;

-U3y4eHue OCOOCHHOCTEN aJcopOlMU Ha pa3IMYHbIX I'paHHlax paszaeno daz; o Gusuko-
XUMHYECKHE 0COOEHHOCTHU AUCIIEPCHBIX CUCTEM U PacTBOPOB OMOIOJIMMEPOB;

- (hopMUpOBaHME HABBIKOB U3yUEHHs HAyYHON XUMHUYECKOM JTUTEepaTyphl;

- (hopmupoBaHue ymMmeHU 1715 penieHus NpoOJeMHBIX U CUTYallMOHHBIX 3aa4;

- (popMHpOBaHUE MPAKTUUYECKUX YMEHHUH MOCTAHOBKHU M BBIMOJIHEHHS 3KCIIEPUMEHTAIbHON
paboTHL.

2. Mecro aumcuuniauHbl (Moayasi, mpaktuku, ['MA) B crpykrype OIIOII mo
HANPABJIEHUIO MOATOTOBKHU (CEHAJTbHOCTH).

Hucnunnuna «XuMus» BXOAUT B miepeueHb 0a3oBoii yactu OITOIT moaroToBku crienuanm-
ctoB 10 crenuaibHocTh 31.05.01 «JleuebHoe aemoy.

OOyueHne CTyIECHTOB OCYIIIECTBISETCS HA OCHOBE NMPEEMCTBEHHOCTH 3HAHWUW M YMEHUH,
MOJYUYEHHBIX B Kypce «XUMHUs» 00IIe00pa3oBaTeIbHBIX YUeOHBIX 3aBelleHUi. SIBisiercs mpen-
MIECTBYIOMIEH TSI M3YYCHHUS! TUCIUTIINH: OMOXHMUS; TUCTOJIOTHS, YMOPUOIIOTHS, IUTOJIOTHS;
HOpManbHast (pusmonorus; MaToGU3NOIOTHs, KIMHUYECKass MaTo(U3NOIOTHs; (apMaKoIOTHs;
TUTHEHA; MUKPOOHOJIOTHS, BUPYCOJIOTHS; KITUHUYECKHUE TUCIUTUTAHEI.

3. IlepeyeHbp NJIAHUPYEMBIX Pe3yJbTATOB OOy4YeHHs] 1O AUCHHUILVIMHE (MOAYJIIO,
npakruke, I'MA), COOTHeCEHHBIX ¢ IUIAHUPYEMbIMH Ppe3yJbTaTaMH  OCBOCHHS
o0pa3oBaTeIbHOM NPOrPaMMBbl.

IlnanupyemMble  pe3yJbTaTbl OCBOCHHUSI  00pa30BaTeJibHOW  NMpPOrpaMmMbl  —
KOMIIeTEHIIUH 00y4aloINXCs, yCTAHOBJICHHbIE 00Pa30BaTeJIbHBIM CTAHAAPTOM:

OIIK-1 TOTOBHOCTH pemiaTh CTaHAAPTHHIE 3a7a4d MPOGECCHOHATHHOU IEATEIBHOCTH C
UCIOJIb30BaHUEM HH(OPMAIIMOHHBIX, OMOINOrpaduIecKux pecypcoB, MEIUKO-OMOIOTHYECKON



TEPMHHOJIOTHH, WH(HOPMAITMOHHO-KOMMYHUKAIIMOHHBIX TEXHOJIOTUH M Y4€TOM OCHOBHBIX Tpe-
OoBaHul MH(MOPMAITMOHHON 0€301TaCHOCTH;

OIIK-7 rOoTOBHOCTh K HMCIIOJIb30BAaHHIO OCHOBHBIX (PH3UKO-XUMUYECKUX, MATEMATUYECKUX
Y MHBIX €CTECTBEHHOHAYYHBIX MOHATHI U METOJIOB MPHU pelieHUuH MpodecCHOHATbHBIX 3a/1a4;

I[Inanupyemble pe3ybTaThl 00y4eHHs MO JUCHUILINHE - 3HAHUS, YMEHUS] U HABBIKH
U (WIH) ONBIT AeATeJIbHOCTH, XapAKTEPU3YOIIHe ITAalNbl (POPMUPOBAHUS KOMIIETEHUMA U
ofecreunBamOIIMe JIOCTHKEHHE TUIAHHPYEMBIX Pe3yJbTATOB OCBOEHHUSI 00pa3oBaTeILHOI
NMPOrpaMmbl.

B pesynbrare u3ydeHus AMCUUIUIMHBI 00yUYarOIIUNACS TOJIKEH:

3HATh!

- TEPMOJAMHAMHYECKHE M KHHETUYCCKUE 3aKOHOMEPHOCTH, OMPEACIISIONINE MPOTCKAHHE
XUMHUYECKHX U OMOXUMUYECKUX MPOIIECCOB;

- (U3UKO-XMMHUYECKUE ACTEKThl BAKHEUITUX OMOXMMHUYECKUX TPOIECCOB M PA3TUYHBIX
BUJIOB TOMEOCTa3a B OPraHU3Me: TEOPETUUECKHE OCHOBBI OMOIHEPTeTHKH, (DAKTOPHI, BIHSIOIINE
Ha CMEIIEHUE PaBHOBECHUSI OMOXMMHUYECKUX TPOIIECCOB;

- CBOMCTBA BOJIbI U BOJHBIX PACTBOPOB CUIIBHBIX U CIA0BIX JEKTPOIHUTOB;

- CIOCOOBI BBIPAKEHUSI KOHIICHTPAIIMU BEIIECTB B PacTBOpax, CIOCOOBI NMPHUTOTOBJICHHS
pPacTBOPOB 33/1aHHOI KOHIIEHTPAIIHH;

- OCHOBHBIC THITHI PABHOBECHUH U MPOIIECCOB )KU3HEACIATCITLHOCTH;

- MEXaHU3MBbI JeicTBUS Oy(epHBIX CUCTEM OpraHM3Ma, X B3aUMOCBS3b U POJIb B MOAJEP-
KaQHUW KUCIIOTHO-OCHOBHOTO TOMEOCTa3a; OCOOCHHOCTH KHCIIOTHO-OCHOBHBIX CBOMCTB aMHHO-
KHUCTIOT U OETKOB;

- 3aKOHOMEPHOCTH TPOTEKaHUs (PU3NKO-XHUMHUYECKUX IMPOILECCOB B JKUBBIX CHUCTEMax C
TOUYKH 3pEHHS WX KOHKYPEHIIMH, BOSHUKAIOIIECH B pe3yJabTaTe COBMEIICHHS PABHOBECUH Pa3HBIX
THUTIOB,;

- (PU3UKO-XUMHUYECKHE METOJIbI aHAIHN3a B MEIUIIMHE (TUTPUMETPUUECKUMN, YEKTPOXUMU-
4ecKuil);

- POJIb KOJIJIOUTHBIX MOBEPXHOCTHO-aKTUBHBIX BEIIECTB B YCBOCHHUU U TEPEHOCE MasoIo-
JISIPHBIX BEIIECTB B )KHBOM OpPTaHHU3ME;

- CTPOCHHE U XUMUYECKUE CBOMCTBA OCHOBHBIX KJIACCOB OMOJIOTHMYECKH BaKHBIX OMOJIOTHU-
YEeCKUX COCJIMHEHHIA;

- pOJIb OMOTE€HHBIX AMIEMEHTOB M UX COSAMHEHUI B KHUBBIX CHCTEMAX;

- (pU3UKO-XUMUYIECKIE OCHOBHI TIOBEPXHOCTHBIX SIBJICHUN U ()aKTOPHI;

- BIIUSIONIME Ha CBOOOJHYIO MOBEPXHOCTHYIO YHEPIHI0; OCOOCHHOCTH aJcopOluu Ha pas-
JMYHBIX TpaHUIaX pa3/enoB ¢as;

- (puzuKO-XUMHUYECKHE OCOOEHHOCTH AUCIIEPCHBIX CUCTEM U PaCTBOPOB OMOMOIMMEPOB.

yMeThb:

- TIOJIB30BAThCS (PU3NUECKUM U XUMHUECKUM 000PYAOBaHUEM;

- paboTaTh ¢ YBEIUIUTEIHLHOW TEXHUKON (MUKPOCKOIIAMH, ONITHYSCKAUMH B TIPOCTHIMU JTY-
TIaMH);

- MMPOTHO3UPOBATH PE3YNIbTATHl (PUINKO-XUMHUYECKUX MPOIECCOB, MPOTEKAIOIINX B YKHBBIX
CUCTEMaXx, ONHPAsICh HA TECOPETUUECKHE MOJI0KCHHUS,;

- HAyYHO 00OCHOBBIBATh HAOIOAaeMbIC SIBJICHUS;

- TIPOU3BOANTH (PU3UKO-XMMHUECKUE M3MEPEHUs, XapaKTepU3YIOIIHe Te WM MHbIE CBOM-
CTBa PaCTBOPOB, CMECEH U APYTUX 0OBEKTOB, MOJICTUPYIONINX BHYTPEHHUE CPE/Ibl OPTaHU3Ma;

- IPE/ICTABIIATH IaHHBIE SKCIIEPUMEHTAILHBIX UCCIEA0BAHUN U BUIE TPaQUKOB U TaOJIHIL;

- TIPOU3BOUTH HAOJIOCHUS 33 TIPOTCKAaHUEM XHUMHUYECKUX PEAKIUil U JIeJIlaTh 000CHOBAH-
HBIC BBIBOJIBI;

- pemath TUMOBbIE MPAKTUYECKHUE 33Ja4d U OBJIA/I€Th TEOPETUYECKUM MUHUMYMOM Ha 0o-
nee aOCTPaKTHOM ypPOBHE;

- pemath CUTyallMOHHBIE 3a/1a4M, ONMUPASICh Ha TEOPETUUECKHE MOJOKEHHS, MOJCIUPYIO-
npe (PU3NKO-XUMUIECKHE MPOIIECCHI, MPOTEKAIOIINE B )KUBBIX OPTaHU3MaX;



- YMEpPEHHO OPHEHTHUPOBATHCS B WH()OPMAIMOHHOM MOTOKE (MCIOIBH30BATh CIIPABOYHBIC

JaHHbIe ¥ OuOIMorpaduIo 1Mo TOW WM HHON PUYHHE).
BJIA/I€Th:

- HaBBIKAMH CaMOCTOSITEIILHON pabOTHl C y4eOHOH, HAYYHOW U CIIPABOYHOMN JIMTEPATYpPOH;

BECTH MOHUCK U JIeJIaTh 0000IIAIOIINE BEIBOIEL;

- HaBbIKaMH 0€30MacHOI pabOThl B XUMUYECKOH 1a00paTOPUU U YMEHUSIMU 00paIiaTbes C
XUMHUYECKOHN MOCY/I0H, peakTuBaMH, padOTaTh C ra30BBIMHU TOPEIKAMH U 3JEKTPUUYECKUMU MPHU-

Oopamu.

4. O0beM AUCHUILUIMHBI (MOAyJisi, mpakTuku, I'MA) u Buabl y4yeOHOW PadOTHI.

OO0wmas Tpy10eMKOCTh AU CHUIIIHHBI

4.1. O0beM TUCHUIIMHBI U BU/bI Y4eOHOH padoThl 10 04HOI (popme 00yueHusl.

OO01as TPY10eMKOCTD AUCHHUIIMHBI COCTABJIsIET 3 3aUeTHbIX exuHuIbI (108 yacos).

N Bcero CemecTpsl

Buj yueoHoii pa6oTni 4acOB/3.c. 5
KonTakTHbBIE Yachl (BCero) 51,35/1,42 51,35/1,42
B Tom uncne:
Jlexrmu (JI) 17/0,47 17/0,47
ITpakTnueckue 3anstus (113) - -
Cemunapsl (C) - -
JIaboparopusie pabotsl (JIP) 34/0,94 34/0,94
KonraktHas pabota B nepuos arrectanmu (KPAT) 0,35/0,01 0,35/0,01
CamocrosTenbHas paboTa MOJ PYKOBOJICTBOM IPEIOIaBaTElIs
(CPIT) - -
CamocrositesibHas padora (CP) (Bcero) 30/0,83 30/0,83
B Tom uncrne:
PacueTHo-rpaduueckue paboThl - -
Pedepat - -
pyeue euowvr CP (eciu npedycmampusaromcs, npusooumcs ne-
peuens 6uoos CP)
1. CocraBnenue miaHa-KOHCIIEKTa, paboTa C JOMOTHUTEIHHOM
JUTEPATYPOH 30/0,83 30/0,83
Kypcogoii mpoekt (pabora) - -
KoHnTpo.nb (Bcero) 26,65/0,75 26,65/0,75
dopmMa MPOMEKYTOUHON aTTECTALINN:
(3x3amen) IK3aMeH IK3aMeH
OO01mast TPYA0eMKOCTh (Yachl/3.e.) 108/3 108/3

4.2. O0beM TUCHUIIMHBI U BUBI Y4eOHOH padoThl 0 3204HOM GopMe 00yueHHUH.

3aounas gopma o0yuenust PI'OC BO no cnennanbHOCTH HE MPeyCMOTpEeHa

5. CTtpykrypa u coaep:kaHue TUCHUIIMHBI

5.1. CTpykTypa AUCHUNIMHBI 151 04HOH (pOPMBbI 00yUeHHSI.

Ne g S | Buabl yueOHoii padoTnl, BKiIo4as | DopMbI TeKky-

- 1

i Paznen qucuunjIMHbI % @ § CAMOCTOSITEIbHYI0 Pa0OTy M TPYAO- | IIero KOH-
= = €MKOCTh TPOJIsA




(B yacax) ycneBaeMoCTH

(no neoenam

2 cemecmpa)

= = dopma npo-

= g § E = 6 MEeKYTOYHOM
= © z aTrecTanuu

= (no cemecm-

pam)
2 ceMecTp

1. |Section 1: Chemical| 1-2 2 4 - - 4 |Omnpoc, BBIOJ-
thermodynamics  and HCHHE Kelic-
Kinetics. 3aJJaHH.

2. |Section 2: Chemical 3 1 2 - - - 2 |Onpoc, BBIIOI-
equilibrium. HEHHE Ketic-

3aJaHUH.

3. |Section 3: Introduction 4 1 2 - - - 2 |Onpoc, BBIOJI-
to volumetric analysis. HEHHE Keiic-

3aaHui

4. |Section 4: Solutions. 5-9 5 10 - - - 6 |Onpoc, BbIIOI-

HEHHUE KeHc-
3aaHUH.

5. |Section 5: Electrochem- 10 1 2 - - - 2 |Onpoc, BBIOJI-
istry. HEHHE Kelic-

3aaHUM.

6. |Section 6: Surface phe-| 11-14 | 4 8 - - - 8 |Ompoc, BbIOI-
nomena. Dispersion Sys- HEHUE Keiic-
tems. Solutions of bi- 3a/IaHAH.
opolymers.

7. |Section 7: Chemistry of 15 1 2 - - - 2 |Ompoc, BHINOI-
the elements. HEHHUE Keiic-

3aaHUM.

8. |Section 8. Introduction| 16-17 | 2 4 - - - 4  |Omnpoc, BHION-
in bioorganic chemistry. HEHHE Ketic-

3aJaHuH.

9. |lIpomexyrounas arrte-| [lo pac-| - - 1035 | - [26,65| - |Dk3ameH B ycT-
cTarms nuca- HOU popme

HUIO
10. |UToro 17 | 34 | 0,35| - |26,65| 30

5.2. CTpykTypa AUCHUIIMHBI /Il 3204HOI (pOpMBbI 00yUeHHsI

3aounas gopma o0yuenust PI'OC BO no cnennanbHOCTH HE MPeyCMOTpPEeHa




5.3. Conep:xanue pa3iesioB JUCUMILIMHBI (MoayJs, npakTuku, 'MA) «buorexHosiornsi B MequunHe», 00pa3oBare/ibHbIe TEXHOJIOTHT

JleKUMOHHBIN KYypC

Ne | HaumenoBanue tembl | Tpymoem- Conep:xkanue dopmupye- Pe3yabTaTnl ocBOCHUS Oopa3zoBa-
n/n AUCHUITJIMHBI KOCTb (qa- MbI€ KOMIIC- (3HaTL, YMETD, B.]'IaL[eTB) TEJIbHbIC
cbl/3.e/1.) TEeHINH TEXHOJIOTHU
(0]0]0)
1 2 3 4 5 6 7
2 cemecTp
1. |[Section 1: Chemical 2/0,05 Main definitions of chemical| OIIK-1 [3HaTh: ocHOBHbie moOHsATHS u| Caia-
thermodynamics  and thermodynamics. Provide definitions of| OIIK -7 |3akOHBl XMMHYECKOH TEPMOAM-|  JICKI[HS
kinetics. energy, heat and work. Thermodynamic HAMUKH, XAMHYECKOH KHUHETHU-

systems: isolated, closed, opened. Ther-
modynamic parameters, thermodynamic
functions.

First Law of chemical thermodynamics.
Thermochemistry. Hess’s Law. Standard
molar enthalpy of formation of the sub-
stance (AfH0298). Standard molar enthalpy
of combustion of a substance (AcomH0298).
Second Law of chemical thermodynam-
ics. Thermodynamic equilibrium. Carnot’s
Theorems. Entropy (S, J/K). Boltzmann’s
equation.

Calculating free energy changes.
Bioenergetics.

Rate and mechanism of chemical reac-
tions. Homogeneous reactions. Heteroge-

neous reactions. Elementary reactions:
unimolecular, bimolecular, termolecular.
Molecularity.

Rate Laws and rate constants. Overall

KH; DHEPreTHKy XHUMHUYECKUX
peaKuuii; XUMHKO-
TEPMOJMHAMHYECKHE PACUETHI,
TEPMOJIMHAMHYECKHUE  3aKOHO-
MEPHOCTH, ONPEAEISAIOIINE MPO-
TEKaHWE XMUMHYECKUX W OHWOXHU-
MHUYECKHX MPOIECCOB B Opra-
HU3ME; CKOPOCTh M MeEXaHU3M
XUMHYECKON peakluu, 3aBUCH-
MOCTh CKOPOCTH PEaKIUh OT
OPUPOJBI  pEarupyroomux Be-
MIECTB, UX KOHIICHTPAIIUU, TEM-
neparypbl,  Karajau3aTopa ro-
MOT€HHBIE U TETEPOTEHHBIE pe-
aKIUW; TOPSAOK PEaKIUH; Ku-
HETUYECKHE 3aKOHOMEPHOCTH,
ONpeIENAI0IINe MPOTEKAHUE
XUMHYECKHX U OMOXMMHUYECKUX
MPOLIECCOB B OpraHU3Me; IOHS-
THE O Karajau3e, OCHOBBI dep-




reaction order. Zero-order reactions. First-
order reactions. Second-order reactions.
The kinetics of complex reactions. Re-
versible reactions. Parallel reactions. Con-
secutive reactions.

The temperature dependence of reaction
rates. Activation energy. Activated com-

plex.
General principles of catalysis. Activated
complex theory. Positive catalysts.

Negative catalysts. Autocatalysis.

The equation of enzyme Kinetics. Mich-
aelis-Menten equation. Factors affecting
enzymatic reactions (temperature; acidity
and basicity of medium; enzyme inhibi-
tors). Competitive inhibitors.
Noncompetitive inhibitors.

MEHTaTUBHOI'O KaTaJln3a.
yMeTh: T0JIb30BaThCs (husznuye-
CKUM U XUMHUYECKUM 000pyI0-
BaHMEM; IPOTHO3UPOBATH pe-
3yJIbTaThl  (PU3UKO-XUMHUYECKUX
IPOIIECCOB, MPOTEKAIOMIUX B
KHUBBIX CHCTEMax, OIHMPAsCh Ha
TEOPETUYECKHE TIOJIOKECHHS;
pelaTth TUIIOBBIE PAKTUYECKHE
3aJa4d U OBJAJIETh TEOPETHUYE-
CKUM MUHHUMYMOM Ha Oojee al-
CTPaKTHOM YpPOBHE; pelath CH-
TyallMOHHBIE 3aJaud, OINUPAAChH
Ha TEOPETHUYECKHE TOJOKCHHS,
MOJIENTUPYIOIINe ¢bu3zuko-
XUMHYECKHE MPOIECChl, MPOTe-
KalolIHe B )KUBBIX OpraHU3Max

BJIaJeTh: HAaBBIKAMH CaMOCTOS-
TEJIbHOM paboTel ¢ y4yeOHO,
Hay4YHOH M CIIPaBOYHOM JUTEpaA-
Typod; BECTH IOUCK M JIeNaTh
00o00mIaronie BBIBOALI; HABBI-
KaMu 0e30macHOi paboThl B XH-
MHUYECKON J1abopaTopuu U yme-
HUSIMH oOpamarbcs ¢ XUMHUYe-
CKOH ITOCYJI0M, peaKTUBaMH, pa-
00TaTh C Ta30BBIMU TOpeNKaMHU
1 DJIEKTPUIECKIMHU TPUOOpaMHU.

Topic 2:
equilibrium.

Chemical

1/0,02

Chemical equilibrium. Equilibrium con-
centrations. Law of mass action. Equilibri-
um constant (K).

Ways of expressing equilibrium con-
stants. The notation Kc. The notation Kp.

OIIK - 1
OIIK -7

3HaThb: 3aKOH JEHCTBHs Macc;
OCHOBHBIE THUIIBl PaBHOBECUH H
IPOLIECCOB  KU3HEIEATEIBLHO-
cTH; (U3UKO-XMMHUYECKUE ac-
HEeKThl BaXKHEHIINX OMOXHMHUYE-

Craiin-
JIEKIAS




Predicting the direction of a reaction.
Concentration quotient, (Q).

Equilibrium constants and temperature.
Shifts in equilibrium (Le Chatelier’s
Principal). Effects of temperature
changes. Effects of pressure changes.
Change in reactant or  product
concentration. Effect of catalysts.
Equilibrium in aqueous solutions. Water
ionization equilibrium. Equilibrium con-
stant, Kw (the ion-product constant or wa-
ter equilibrium constant). Acid ionization
equilibrium. Base ionization equilibrium.
Hydrolysis. Hydrolysis percent (h).
Hydrolysis of salts which involves a cation
of a weak base. Hydrolysis of salts which
involves an anion of a weak acid. Salt
hydrolysis, which involves both cation and
anion.

CKUX IPOLIECCOB M Pa3IUYHBIX
BUJIOB TOMEOCTa3a B OpTaHU3ME:
TEOpPETUYECKHE OCHOBBI OuHO-
OHEPTeTHKH, (HAKTOPBI, BIUSIO-
M€ Ha CMELICHHE PaBHOBECHS
OMOXHMHUYECKUX IIPOLIECCOB;
3aKOHOMEPHOCTH  IPOTEKAHUs
(U3UKO-XIMHYECKHX TPOIIECCOB
B JKUBBIX CHCTEMax C TOYKHU
3peHHs] UX KOHKYPEHIHH, BO3-
HUKaloIed B pe3yibTaTe COB-
MEIEHHUsI PAaBHOBECHH pa3HBIX
TUIIOB; PAaBHOBECHE B BOJIHBIX
pacTBopax; MOHHOE TPOU3BEIe-
HHUE BOJIbI, BOJOPOJIHBIA M THJ-
POKCHIJIBHBIN IOKa3aTenu; o00-
MEHHbIE pPEaKlUU B pacTBOpax
AJIEKTPOJIUTOB; TUAPOIIN3 COJICH.
yMeTh: T0JIb30BaThCs (huznye-
CKUM U XHUMHYECKUM O00O0pYI0-
BaHMEM; IPOTHO3UPOBATh pe-
3yJIbTaThl  (PU3UKO-XUMHUYECKUX
IpOIIECCOB, MPOTEKAIOIIUX B
KHUBBIX CHCTEMax, ONHPasCh Ha
TEOpPETUYECKHE MOJIOKEHMS,;
MIPOU3BOIUTH ¢buzuKo-
XUMHUYECKHE U3MEPEHUs, XapaK-
TEpU3YIOIINE TE€ WM HWHBIC
CBOWCTBA PaCTBOPOB; MPOM3BO-
JTUTh HAOJIOACHUS 3a TMPOTEKa-
HUEM XHUMHMYECKHX pEaKUUid u
JenaTh 000CHOBAaHHBIE BBIBOJBI,
pemaTh TUIOBBIE MPAKTUYECKHE




3aJa4d U OBJAJETh TEOpEeTUYe-
CKMM MHUHUMYMOM Ha 0oJjee ab-
CTPaKTHOM YPOBHE; pellaTh CH-
TyallMOHHBIE 3aJau, OINHUPAAChH
Ha TEOPETUYECKUE IOJOKECHHUS,
MOJIEIUPYIOIIHE ¢duzuko-
XMMHUYECKHE IPOLECChl, MpOTe-
KaIOIIHE B )KUBBIX OPraHU3MaXx.

BJIaJeTh: HaBbIKAMHM CaMOCTOS-
TEJNbHOW paboTl C y4eOHOM,
HAay4YyHOM U CIIPaBOYHOM JIUTEpA-
TypOH; BECTH IIOMCK M JEJaTh
000011a0IIie BBIBOALI; HaBBI-
KaMu Oe30macHoil paboThl B XU-
MHUECKOM 1abopatopun U yme-
HUSIMH 00pamarbcs ¢ XUMHYe-
CKOM MOCyJI0M, peakTUBaMH, pa-
00TaTh C Ta30BBIMH T'OpEJIKAMH
U JIEKTPUYECKUMU PHUOOpaMH.

Topic 3: Introduction
to volumetric analysis.

1/0,02

Equivalent Law. Equivalent molar mass
(Me). Equivalent factor (fe) for acids, ba-
ses, salts, elements.

Concentration units. Types of concen-
tration units. Percent by mass (o). Mole
fraction (). Molality (Cm). Molarity (Cwm).
Normality (Cn). Titer (T).

Fundamentals of volumetric analysis.
Volumetric analysis (Titration). Primary
standard. Secondary standard. Classifica-

OIlK-1
OIIK -7

3HATh: [IOHSATHE O SKBUBAJICHTE,
3aKOH SKBHUBAJIEHTOB; CIOCOOBI
BBIpQXXEHMSI KOHLIEHTpAllUU Be-
IIECTB B PAacTBOpax, CIOCOObI
IPUTOTOBJICHUS] PAcTBOPOB 3a-
JAaHHOW KOHLEHTPALMU; OCHOB-
Hble (U3UKO-XUMUYECKUE METO-
Ibl aHalu3a B MEIULUHE (KHC-
JIOTHO-OCHOBHOE, OKHUCIIUTEIb-
HO-BOCCTaHOBUTEIIBHOE);  CTe-

tion of chemical reactions involved in vol- MeHb  OKHCIEHHE,  TPOIEeCC
umetric analysis. Classification of titration OKHUCJICHUS U BOCCTaHOBIICHUS,
methods. Direct titration. Back titration. OKHUCJINTEIN, BOCCTAaHOBHTEIH,
Displacement titration. HarpaBJIeHUE POTEKAHUS

Craiin-
JIEKLINS




The theoretical bases for acid-base titra-
tion. Acidimetry. Alkalimetry. Primary
standards. Secondary standards.

General concepts of redox reactions. Ox-
idation-reduction reactions (redox reac-
tions). Reduction. Oxidation. Redox reac-
tions. Oxidation number. Fundamentals
redox reactions. The types of redox reac-
tions: intermolecular reactions, intramo-
lecular reactions, disproportionation reac-
tions. Balancing oxidation-reduction equa-
tions (the electron balance method, the
ion-electron (half reaction) method). Gen-
eral classification of redox titration meth-
ods (permanganatometric titration, iodo-
metric titration, bromatometric titration).

OKHCIIUTEIbHO-BOCCTAHOBUTEb-
HBIX PEaKILMii; JICKTPOIIN3.
yMeTh: I0JIb30BaThCs (huznye-
CKUM M XHUMHYECKHM O00O0pyJIO0-
BaHMEM; IPOTHO3UPOBATh pe-
3yNIbTaThl  (PU3NKO-XUMHUECKUX
IPOILIECCOB, IPOTEKAIOIIUX B
KUBBIX CHUCTEMaxX, ONMMPAsCh Ha
TEOpPETUYECKHE MIOJIOKEHMS,;
IIPOU3BOJUTH ¢duzukKo-
XMMHUYECKHE U3MEPEHUs, Xapak-
TEPU3YyIOIIUE TE€ WIM HHbIE
CBOWCTBA PAaCTBOPOB; MPOU3BO-
JIUTh HAOJIOACHUS 3a TMpOTEKa-
HUEM XUMMYECKHX pEakUuid u
JeJiaTh 00OCHOBAHHEIC BEIBOJIBI,
COCTaBJISATh YPABHEHUS! OKUCIIH-
TEJIbHO-BOCCTAHOBUTEINIbHBIX pe-
aKIuil; pemarb CUTYyallMOHHbIE
3a/la4M, ONUpasChb HAa TEOPETHU-
YECKUE MOJIOKEHUS, MOJAEIUPY-
FOIIINE (hUBUKO-XUMHYECKIE
IIPOLIECCHI, POTEKAIOIINE B KH-
BBIX OpraHU3Max.

BJIaJeTh: HAaBbIKAMH CaMOCTOS-
TeIbHOW paboTel € y4yeOHOM,
Hay4HOHU M CIIPaBOYHOM JUTEpa-
TypOH; BECTH TNOWCK M JENaTh
0000IIafoIe BBIBOABI, HABBI-
KamH Oe3omacHOM paboThI B XHU-
MHYECKOH abopatopuu U yme-
HUSMU 00pamarbcs ¢ XUMHYe-
CKOM MOCYJION, peaKTUBaMH, pa-




00TaTh C Ta30BBIMH TOpEIIKAMH
Y JICKTPUYECKUMU PUOOPAMHL.

Section 4: Solutions.

10/0,27

Solutions and solubility. Solution. Sol-
vent (polar, nonpolar). Classification of
solutions. Heat of solution. Saturated solu-
tions. Unsaturated solutions. Supersaturat-
ed solutions. Solubility (S). Solubility of
gases in water. The Henry’s Law. The Se-
chenov’s equation. Solubility of liquids in
other liquids. The Nernst-Shilov’s Distri-
butional Law. Solubility of solids. Solubil-
ity-product constant (Ksp). Heterogeneous
equilibrium

Colligative (collective) properties of so-
lutions. First Raoult’s Law. Ebullioscopic
Raoult’s Law. Cryoscopic Raoult’s Law.
Cryoscopy and ebullioscopy methods.
Osmosis. Osmotic pressure (m). Hypotonic
solution. Hemolysis. Hypertonic solution.
Plasmolysis. Osmolarity. Osmolality.
Arrhenius Theory of electrolytes disso-
ciation. Electrolyte. Nonelectrolyte. De-
gree of ionization (a). Coulomb’s Law.
Weak electrolytes. lonization equilibrium
constants (Kion). Ostwald’s dilution Law.
Strong electrolytes. Debye-Huckel limit-
ing Law. Mean activity coefficient.
Electrical conduction in solutions. Con-
ductivity(C).  Molar  conductance(}).
Kolrausch’s Law of independent migra-
tion. Degree of ionization (o). Solubility of
electrolytes (S).

Biological functions of electrolytes. Elec-

OIIK -1
OIIK -7

3HATh: CIOCOOBI BBIPAXKECHUS
coJiepKaHus PacTBOPEHHOTO
BEIIECTBA B PacTBOpE, MOHSITHE
O pacTBOPUMOCTH; IHEpreThye-
ckre 3¢dekTsl mpu obpazoBa-
HUU pacTBOpPOB; ¢$uzuKo-
XUMHYECKHE CBOWCTBa pa3das-
JICHHBIX PACTBOPOB HEAJIEKTPO-
JUTOB; TPOU3BEICHUE PACTBO-
PUMOCTHU; PacTBOPHI IEKTPOIH-
TOB; Ca0ble W CHUIIBHBIE DJIEK-
TPOJIUTHI; KOHCTAHTA M CTETICHb
JUCCOLIMAIINH, aKTUBHOCTD
MOHOB; CBOWCTBAa BOJABI M BOJ-
HBIX PaCTBOPOB CHIIbHBIX U Clla-
OBIX DJIEKTPOJMTOB; CBOICTBa
BOJABI U BOJHBIX PacTBOPOB
CUJIBHBIX U CJAOBIX DJIEKTPOIH-
TOB; CIOCOOBI BBIPAXKEHUS KOH-
LEHTpalllul BEUIECTB B PACTBO-
pax, cnocoObl MPUTOTOBJIECHHUS
pacTBOpOB 3aJaHHOW KOHIIEH-
Tpaluu; BOJAOPOIHBINA U TUAPOK-
CHIILHBIN TIOKa3aTeNlH, ACHCTBHE
OJTHOMMEHHBIX HMOHOB; Oydep-
HBIC PacTBOPHI U HMX TpPHUMEHE-
HUE B ME/IULIUHE.

yMeTh: I0JIb30BaThcs (husnue-
CKUM U XUMHUYECKUM 000pY/I0-
BaHUEM; IPOTHO3UPOBATH pe-
3yNbTaThl  (PU3HKO-XMMHUYECKHUX

Cnain-
JIEKIIUSA




trolytes in a human body.

Development of the acid-base concept.
Arrhenius Theory. Bronsted-Lowry Theo-
ry (conjugate base, conjugate acid). Lewis
Theory.

Acidity and basicity of aqueous solu-
tions. pH. pOH. pH Scale.

pH calculating in aqueous solutions of
weak acids and bases. Law of mass ac-
tion. Acid ionization constant (Ka).base
ionization constant (Kv). Ostwald dilution
Law. Dissociation percent (o).

pH calculating in aqueous solutions of
strong acids and strong bases. Debye-
Huckel theory of strong electrolytes. lonic
strength (I). Activity (o).

Acid-base status of a human body. Aci-
dosis. Alkalosis.

Buffer solutions. Henderson-Hasselbach
equation. Classification of buffer solu-
tions: weak acid and its salt, weak base
and its salt, two acid salts, acid salt and
neutral salt. Buffer capacity of a solution.
Buffer systems of blood. Classification of
buffer systems of blood: hydrocarbonic
buffer system, hydro phosphoric buffer
system, protein buffer system (albumins,
globulins),  hemoglobin-oxyhemoglobin
buffer system.

IPOLECCOB, MPOTEKAIOIINX B
KUBBIX CHUCTEMaX, OMHPAsCh Ha
TEOPETHUYECKHE IOJIOKECHUS,
IIPOU3BOIUTH ¢duzuko-
XUMHYECKHE U3MEpEeHusi, Xapak-
TEPU3YIOIINE TE€ WIH HHBIC
CBOICTBa pPacTBOPOB; MPOU3BO-
TUTh HAOJIOACHUS 3a TpOTEKa-
HUEM XHMHYECKUX pEaKIHid H
JeJiaTh 00OCHOBAHHEIC BEIBOJIBI,
peliaTh TUIOBBIE MPAKTUYECKUE
3aJa4d U OBJAJIETh TEOPETHUYE-
CKUM MUHUMYMOM Ha Oojee al-
CTPaKTHOM YpPOBHE; peliatrh CH-
TyallUOHHBIE 3a/layM, OIMUPASICh
Ha TEOPETHUYECKHE TIOJIOKEHUS,
MOJICTTHPYIOIINE ¢buzuko-
XUMHUYECKHE IPOIIECCHI, MPOTe-
KaloIllKe B )KUBBIX OPTaHU3MaX.

BJIaJIeTh: HAaBBIKAMU CaMOCTOSI-
TeIbHOW paboThl C y4eOHOH,
Hay4YHOH M CIIPAaBOYHOM JUTEpaA-
TypO#; BECTH TOHCK W JeJaTh
00oOmIarone BBIBOALI; HABBI-
KaMu 0e30macHoOi paboThl B XH-
MHUYECKOU JabopaTopuu U yMme-
HUSMHU 00paImaThCs ¢ XUMHUYe-
CKOH ITOCYJI0M, peaKTUBaMH, pa-
00TaTh C Ta30BBIMH TOpEIKAMH
Y DJICKTPUICCKUMU MPUOOPAMH.

Section
chemistry.

5:

Electro-

1/0,02

Review of electrochemical reaction.
Electrochemical reaction. Redox reactions
(oxidation-reduction reactions). Reducing

OIIK - 1
OIIK -7

3HATb: OCHOBHBIC IIOHATHA H
3aKOHBI DJICKTPOXUMHHU, PCIAOKC-
IMPOLCCChI n PCOOKC-

Craiin-
JIEKIAS




agent (or a reductant). Oxidizing agent (or
an oxidant).

Thermodynamics of electrochemical
cells. Reduction potentials (poxred, V).
Nernst equation. Electromotive force (emf
or E, V).

Galvanic cell. Anode. Cathode. Scheme of
Daniel galvanic cell. Membrane potentials.
Electrocardiographic method (ECG). Clas-
sification of Galvanic cells.

Applications of EMF measurements.
Potentiometry. The types of electrodes ap-
plied in potentiometry. Metal electrodes.
Metal-insoluble salt electrodes. Gas elec-
trodes. Potentiometric pH determination.
Potentiometric titration.

paBHOBECHS; 3JIEKTPOJHBIN IO-
TEHUUaJ, BHJIbl 3JIEKTPOJHBIX
HNOTEHIUAJIOB; 3JIEKTPOJ, THUIIbI
ANEKTPOJOB;  TrajJbBaHUYECKUU
JIEMEHT;  MOTEHLUOMETpUYe-
CKOE TUTPOBAHMUE.

yMeTh: I0JIb30BaThCs (huznuye-
CKUM U XMUMHYECKUM O00O0pYI0-
BaHMEM; IPOTHO3UPOBATh pe-
3yJIbTaThl  (PU3UKO-XUMHUYECKUX
IPOILIECCOB, IMPOTEKAIOIIUX B
KHUBBIX CHCTEMax, ONHPAsCh Ha
TEOpPETUYECKHE MIOJIOKEHMS,;
HayyHO OOOCHOBBIBaTh HaOIIo-
JlaeMble SIBJICHUS; MPOU3BOJUTH
HaAOJIOJIEHUsT 3a MPOTEKaHHEM
XMMHUYECKHX peakiuil u jaenarhb
000CHOBaHHBIE  BBIBOJBI, pe-
IIaTh CUTYAI[MOHHBIE 3aJ]ayHu,
ONMMpasiCb Ha TEOPETHYECKHE
NOJIOKEHUS,  MOJAEIUPYIOLINE
(U3UKO-XMMHUYECKUE MPOLIECCHI,
NPOTEKAIOIME B KHUBBIX Opra-
HU3Max.

BJIaJeTh: HAaBbIKAMH CaMOCTOS-
TeIbHOH paboTel C y4yeOHOM,
Hay4HOHU M CIIPaBOYHOM JUTEpa-
TypOH; BECTHM NOWCK M JENaTh
00001I1afoI1e BBIBOABI, - HABBI-
KamH Oe3omacHOM paboThI B XHU-
MHYECKOH abopatopuu U yme-
HUSIMH 00paIiaThCsi ¢ XHUMHYe-
CKOM MOCYJION, peaKTUBaMH, pa-




00TaTh C Ta30BBIMH TOpEIIKAMH
Y 3JICKTPUYECKUMU PHOOPAMH.

Section 6: Surface
phenomena. Dispersion
Systems. Solutions of
biopolymers.

4/0,11

Physico-Chemistry of Surface Phenom-
ena. Surface energy and surface tension.
Adsorption at the mobile interface of phas-
es. Orientation of SAS molecules in the
surface layer. Structure of biological
membranes. Adsorption at the immobile
interface of phases (at the surface of a sol-
id).

Dispersion Systems. The classification of
dispersion systems. The structure of col-
loid(al) particles. The stability and coagu-
lation of dispersion systems. Coagulation
of colloid solutions. Kinetics and coagula-
tion mechanism by electrolytes.  Sol
coagulation by mixtures of electrolytes.
Colloid protection.

Physico-chemistry of solutions of bi-
opolymers. Macromolecular compounds
(MMC). Their classification and chemical
structure. The importance of biopolymers.
Formation of MMC solutions and their
properties. Differences between MMC so-
lutions and sols. Common properties of
MMC solutions and sols. Thermodynamics
of the formation of MMC solutions.
Mechanisms of swelling and dissolving
MMC. Limited and unlimited swelling.
The influence of different factors on swell-
ing and dissolving of MMC. The swelling
degree. Medical and biological signifi-
cance of MMC swelling. Stability of

OIIK -1
OIIK -7

3HaTh: (PU3UKO-XUMHUIO TTOBEPX-
HOCTHBIX SIBICHUH B (PYHKIHO-
HUPOBAHUU >KUBBIX CUCTEM; PU-
3UKO-XUMUIO JIUCIIEPCHBIX CH-
cteM B (YHKIMOHMPOBAHHUH
KHUBBIX CHUCTEM; OMOJIOTUYECKU
AKTUBHBIE  BBICOKOMOJIEKYIISAP-
HbIC BEIIECTBA (CTpOEHHUE, CBOM-
CTBa, ydacTue B (DyHKUHOHUPO-
BAaHME KUBBIX CHCTEM).

yMeTh: I0JIb30BaThcs (huszmue-
CKUM U XHUMHYECKUM O0O0pYI0-
BaHUEM; MPOTHO3UPOBATH pe-
3yJIbTaThl  (PU3UKO-XUMHUYECKUX
IpOIIECCOB, IMPOTEKAIOIIUX B
KHUBBIX CHCTEMax, OMHPasCh Ha
TEOpPEeTUYECKHE MIOJIOKEHMS,;
HayyHO OOOCHOBBIBaTh HaOIIO-
JlaeMble SIBJIIEHUS; TPOU3BOIUTH
HAOJIOJIEHUsT 3a MPOTEKaHHEM
XUMHYECKHUX peaklHid U JenaTh
000CHOBaHHBIE  BBIBOJBI, pe-
IaTh CUTYAI[MOHHBIE 3aj]ayH,
ONMUpasich Ha TEOPETHYECKUE
HOJIOKEHUS,  MOJENUpPYoIIne
(bU3UKO-XMMHUYECKHE MPOLIECCHI,
NPOTEKAIOIME B KHUBBIX Opra-
HU3MaX.

BJIAJIeTh: HaBbIKaMU
CaMOCTOSITENIbHON ~ paboThl ¢
yueOHOi, Hay4yHOU u

Cnain-
JIEKIIUSA




MMC solutions and the ways of extraction
of biopolymers from their solutions. Dena-
turation. Osmotic pressure of MMC solu-
tions. Osmometric method for calculation
of the molar mass of MMC. Galler‘s equa-
tion. The significance of MMC solutions
viscosity for medical and biological inves-
tigations. Proteins as polyelectrolytes. Iso-
electric state and isoelectric point of pro-
teins. The influence of the pH level in the
solution on the charge of proteins. Electro-
phoresis of the solutions of proteins. The
significance of electrophoresis and elec-
troosmosis in medical and biological in-
vestigations and physiotherapeutic prac-
tice.

CIIPaBOYHOM JIUTEPaTypOi;
BECTU  TMOUCK W  JIeNaTh
o0o0I1aroIme BBIBOJBI; -

HaBBIKaMU Oe30macHOil paboThI
B XUMHYECKOIl J1abopaTopuu u

YMEHUSAMHU oOpatuarbcs c
XUMHUYECKOH MOCY/10M,
peakTuBaMu, paboTathb c
ra3oBBIMU ropeIKaMHu u

ANEKTPUUECKUMH NTPHOOpaAMH.

Section 7: Chemistry
of the elements.

1/0,02

Introduction in chemistry of the elements.
s-Elements (alkaline and alkaline earth
metals). Elements of I1IA and IVA groups
(p-elements). Elements of VA and VIA
groups (p-elements). Elements of the VIIA
group (halogens) Transitional elements (d-
elements).

OIIK -1
OIIK -7

3HATh: OHOJIOTUYSCKH aKTHB-
HbIE HU3KOMOJIEKYJISIPHBIE HEOP-
TaHW4YecKHue BellecTBa (CTpoe-
HHUE, CBOMCTBa, Yy4YacTHEe B
(GYHKIIMOHUPOBAHUE JKUBBIX CH-
CTEM); TOHSATHE OMOreHHOCTH
XHMHYECKHX JJIECMEHTOB; XH-
MMIO OHOTI'CHHBIX DJIEMCHTOB S-
010Ka, XMMHUIO OHMOrE€HHBIX dJIe-
MeHTOB O- OJ0Ka, XUMHUIO OHO-
TeHHBIX 3JIEMEHTOB P- OJIOKA.

yMeTh: TIOJIb30BaThCs (pu3mde-
CKUM M XHUMHYECKHM O00O0pyIo-
BaHHMEM; TMPOTHO3UPOBATH pe-
3yNbTaThl  (PUBHKO-XUMHUYECKHUX
MPOIIECCOB, MPOTEKAIONIUX B
JKUBBIX CHCTEMaX, OMHPAsCh Ha

Craiin-
JIEKIAS




TEOPETHYECKHE MIOJIOKEHUS;
Hay4HO OOOCHOBBIBAaTH HAOIIO-
JlaeMble SIBICHHS; NPOU3BOANUTH
HaOJIOIeHUsT 32 TPOTEKAHUEM
XMMHYECKUX PEaKIui W JenaTh
000CHOBAaHHBIE BBIBOJBI, pe-
aTh CHUTYAIlMOHHBIC 3aJa4H,
OIUPasiCh Ha TEOPETUYCCKUEC
HOJOKEHHSI,  MOJEJIUPYIOIIHE
(U3UKO-XMMHYECKHE TPOLECCHI,
NPOTEKAIOIINE B JKUBBIX Opra-
HHU3MaX.

BJIAJeTh: HaBBIKAMHU
CaMOCTOSITENIbHOW ~ paboTBl €
yueOHOH, HAy4YHOM u
CIIPaBOYHOU JUTEPaTypou;

BECTM  TOUCK U  JIeNaTh
oboObmIaronye BBIBOJIEI; -
HaBbIKaMU Oe30macHOil paboThI
B XUMHUYECKOH J1labopaTtopuu H
YMEHUSIMM  oO0pamarbcsi €

XUMHUYECKON IIOCYJI0M,
pEaKTUBaMH, paboTtath c
Ta30BbIMU ropCiiKaMunu n

QJICKTPUICCKUMU HpI/I60paMI/I.

Section 8. Introduction
in bioorganic chemis-
try.
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Introduction into bioorganic chemistry.
Classification of organic compounds. No-
menclature of organic compounds.

Configuration and conformations of or-
ganic substances. The theory of the chem-
ical structure of organic compounds. isom-
erism and its types. Configuration and con-
formation of open-chain organic com-

OIlK-1
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3HATh. KPUTEpUU KIacCU(pUKa-
MM OpPraHMYECKHUX COEOUHE-
HUMN, OCHOBHBIE KJIacChl OpraHu-
YEeCKHUX COEAMHEHUH, (QyHKIHO-
HaJbHbIE TPYIIbI, OCHOBHBIE
IpaBWJa CHUCTEMATHUYECKOH HO-
menknatypsl MIOITAK, Tepmu-
Hbl — pOJIOHAyYaJbHasl CTPYKTY-

Cnann-
JIEKIAST




pounds. Conformation of cyclic com-
pounds.

Conjugated and aromatic systems. Con-
jugated systems. Aromatic systems. Induc-
tive and resonance effects. Organic Reac-
tion Terminology.

Classification and mechanism of organic
reactions. Classification of reagents in-
volved into the chemical reactions. Classi-
fication of chemical reactions in organic
chemistry.

Hydrocarbons. Radical substitution at
sp-hybridized carbon atom. Halogenation
of alkanes. The mechanism of electrophilic
addition to a multiple bond - Ae. Electro-
philic addition to alkenes and alkynes. The
addition of unsymmetrical reagents to un-
symmetrical alkenes and alkynes. Electro-
philic addition to conjugated systems. The
mechanism of electrophilic aromatic sub-
stitution - Se. Ring-activating and ring-
deactivating substituents. Electrophilic ar-
omatic substitution in polycyclic aromatic

hydrocarbons. Electrophilic substitution in
heteroaromatic compounds.

pa, 3aMecTUTENH, XapaKTepH-
CTHYECKHE TPYIIIbI;, IOHITHE 00
U30MEpPUU OPraHUYEeCKHX CO-
€IMHEHUHA U ee Pa3HOBUAHOCTH,
TUINBl TUOPHUIU3ALNN ATOMHBIX
opOuTaneit yriueposaa, BUIBI KO-
BaJICHTHBIX CBSI3€d, MX OCHOB-
HbIE XapaKTEPUCTUKH, DIICK-
TPOHHOE CTPOEHHUE CUCTEM C OT-
KPBITOM M 3aMKHYTOM LENbIO
COTIPSIKEHHSI, COMPSIKEHHE Kak
dakTop CTAOWILHOCTH, JJICK-
TpoHHBIC 3(PPEKTH 3amMecTHUTe-
JIeN U UX BIIMSHME Ha pacrpeze-
JICHHE SJIEKTPOHHOM MIIOTHOCTH
B MOJIEKYJE; TOMOJIUTUYECKUUN
(paauKambHBINA) U TFETEPOKIUTH-
YecKOW (MOHHBINM) pa3pblB XHU-
MHYECKOM CBSI3U, TEPMUHBI —
cy0cTpaT, peareHT, peakIMoH-
HBI LEHTp, DJEKTPOHHOH CTpoO-
eHue CBOOOJHBIX paJuKalloB,
KapOKaTHOHOB, KapOaHHWOHOB U
dakTopel,  00YCIOBIMBAIOIINE
UX TEPMOJAMHAMHUYECKYIO CTa-
OMJIBHOCTB, CBOOOTHOPAIU-
KaJbHbIE PEAKIMH B alKaHax,
LETTHOM XapakTep 3THX peak-
U, peakuuu >JIeKTPOPHUIBLHO-
T0 TPHCOCIWHEHHUS B alIKEHaX,
Oo0IIMii MeXaHU3M, KHCIIOTHBIN
KaTain3, IPUIHHBl PETHOCEIIEK-
TUBHOCTH, MpaBujI0 MapKOBHU-




KOBa, PEaKIH JIEKTPOPHUIBLHO-
rO 3aMEUICHUs B apeHax, oO0muii
MEXaHU3M, AJIKWIMPOBaHME, Ia-
JIOTEHUPOBaHUE U CYIb(pUpOBa-
HUe OeH30jla M €ro IMpOU3BOJ-
HBIX, MpaBHJia OPHEHTAIMU 3a-
MECTUTENIeH W HUX BIMSIHHME Ha
PEaKIIMOHHYIO CrocoOHOCTh
IPOM3BOJIHBIX OCH30J1a, peak-
UM OKHUCIICHHS ABOWHBIX yIJIe-
POJ-yIJIepOIHBIX CBSI3€H B 3aBH-
CUMOCTH OT YCJIOBUH M PEaKLUU
OKHCJICHHs TOMOJIOrOB OeH301a.
yMeTh: OIpENeNiTh IO CTpPOe-
HUIO YIJIEPOJHOIO CKelleTa IpHU-
HaIJISKHOCTh OpraHUYeCcKUX
COEMHEHUH K COOTBETCTBYIO-
M KJ1acCU(hUKAMOHHBIM
rpynnaM, yCTaHaBIUBaTh IO
CTPYKTYpHOU (opMylie Haln4ue
(YHKIMOHATBHOM  Tpynmsl B
MOJIEKYJIe U OTHOCHUTH OpTaHH-
YecKoe COEJMHEHUE K Ompee-
JEHHOMY KJlacCy, COCTaBJIATh
Ha3BaHUE OPraHUYeCKOro Co-
eIWHEHUs] TI0 HOMEHKJAType
HIOITAK (3amecTuTenbHOU H
paaukano-QpyHKIHOHAIbHON) U,
HAa00OpOT, MO HAa3BaHUIO CO-
CTaBISITH CTPYKTYPHYIO (hopMy-
7y, TPEACTaBIATH BO3MOKHBIE
CTPYKTYpHBIE HM30MEpbI  KOH-
KPETHOTO OpPraHWYeCcKOro Co-




€MHEHHUS; ONpeNesITh THUIl THU-
Opuau3aluu aroma yriepoja B
HACBIIICHHBIX, HEHACBIIICHHBIX
U apOMATHYECKUX COCTMHCHHUSX,
n300pakarh TpapUUEecKu dJIeK-
TPOHHOE CTPOEHUE OJMHAPHBIX
u JTBOMHBIX yraepos-
YIJIEPOJIHBIX CBSA3€H, OIpese-
JSTh BIUSHUE WHIYKTUBHOTO U
Me30MepHOTO 3P (HEKTOB IJIeK-
TPOHOJOHOPHBIX U AJIEKTPOHO-
AKIENTOPHBIX 3aMECTUTENICH Ha
(hopMupoBaHre B MOJIEKYJIE IO-
TEHI[UATBHBIX PEaKIIMOHHBIX
HEHTPOB; MPUBOIUTH YPaBHEHHUS
peaKuuii paguKalIbHOTO 3aMe-
HICHUS IS alIKaHOB, PEaKINH
AIEKTPOPUIHHOTO MPUCOETUHE-
HUS JUIS  aJKEHOB, pPEaKINH
AIEKTPOPUIBLHOTO W HYKJIEO-
(UITBHOTO TPUCOECTUHEHUS IS
QIKWMHOB, PEAKIHH  AJIEKTPO-
¢uapHOTO W PaaUKaIBLHOTO
NPUCOSANHCHUS JUIS  JINCHOB,
peakuuu >IeKTpopuIbHOrO 3a-
MEIIEHUS] Ui apeHOB, WCIOJb-
30BaTh MpaBUja OPUEHTHPYIO-
IIEr0 BJIUSHHUS 3aMECTUTEIICH
JUISL peaKuid AIIEKTPOPHILHOTO
3aMEIIeHUsT B IPOU3BOJIHBIX
apeHoB, IKCIIEPUMEHTAILHO
MPOBOJNTh KA4YEeCTBEHHBIC pe-
aKIIUY Ha YTIIEBOJOPO/IBI.




BJIA/IeTh: HaBbIKaMHU
CaMOCTOSITENIbHOW ~ paboThl €

y4eOHOH, Hay4YHOH u
CIIPaBOYHOU JUTEPaTypou;
BECTH  IOUCK U  JeJaTh
00o001aronme BBIBO/JIBI;

HaBBIKAMH 0€301acHOil PabOTHI
B XUMHUYECKOH Jlabopatopuu u
yMEeHMsIMH ~ oOpamatbcsi  C

XUMHUYECKOU MOCY/10M,
peaKkTUBaMH, paboratb c
Ta30BbIMU FOp CJIKaMHU n

INEKTPUYECKUMU TpUOopamu.

Hroro

17/0,47




5.4. IlpakTHYecKHe U CEMHUHAPCKHUe 3aHATHS, UX HAaMMEHOBaHHe, CO/iepKaHue U 00b-

€M B Hacax
O0bem B ya-
Ne Ne paznena HaumenoBanue cax /
n/n JUCHUIIIMHBI NMPAKTUYCCKUX U CCMHUHAPCKUX 3aHATHH TPYAOEMKOCTD
B 3.€.
2 ceMecTp
1. |Section 1: Chemical thermo-|Topic 1. Elements of chemical thermody- 2/0,05
dynamics and kinetics. namics.
2. |Section 1: Chemical thermo-|Topic 2. Elements of chemical Kinetics. 2/0,05
dynamics and kinetics.
3. |Section 2: Chemical equilib-|Topic 3. Kinetics and thermodynamics of 2/0,05
rium. chemical equilibrium.
4. |Section 3: Introduction to|Topic 4. The equivalent law. Different 2/0,05
volumetric analysis. concentration units. Fundamentals of volu-
metric analysis.
5. |Section 4: Solutions. Topic 5. Colligative properties of solu- 2/0,05
tions.
6. |Section 4: Solutions. Topic 6. Electrolyte solutions. 2/0,05
7. |Section 4: Solutions. Topic 7. Heterogeneous equilibria. 2/0,05
8. |Section 4: Solutions. Topic 8. Acidity and basicity of aqueous 2/0,05
solutions. pH.
9. |Section 4: Solutions. Topic 9. Buffer systems. 2/0,05
10. |Section 5: Electrochemistry. |Topic 10. Potentiometry. 2/0,05
11. |Section 6: Surface phenome-|Topic 11. Physico-chemistry of surface 2/0,05
na. Dispersion Systems. Solu-|phenomena.
tions of biopolymers.
12. |Section 6: Surface phenome-|Topic 12. Physico—chemistry of dispersion 2/0,05
na. Dispersion Systems. Solu-|systems.
tions of biopolymers.
13. |Section 6: Surface phenome-|Topic 13. Coarsely dispersed systems. 2/0,05
na. Dispersion Systems. Solu-
tions of biopolymers.
14. |Section 6: Surface phenome-|Topic 14. Physico-chemistry of solutions 2/0,05
na. Dispersion Systems. Solu-|of biopolymers.
tions of biopolymers.
15. |Section 7: Chemistry of the|Topic 15. General properties of s-, p-, d- 2/0,05
elements. block elements.
16. |Section 8. Introduction in|Topic 16: Classification and nomenclature 2/0,05
bioorganic chemistry. of organic compounds. Isomerism and its
types.
17. |Section 8. Introduction in|Topic 17: Structure, properties and reac- 2/0,05
bioorganic chemistry. tivity of hydrocarbons.
10. |Hroro: 34/0,94

5.5. JlabopaTopHbIe 3aHATHS, HX HANMEHOBAaHHe M 00bEeM B Yacax

JlaGopaTopHbIe 3aHATHUS 110 TUCIHUILIMHE y4eOHBIM IUIAHOM HE MPETyCMOTPEHBI.

5.6. IIpumepHasi TeMaTHKAa KypPCOBBIX IIPOEKTOB (pador)




KypcoBoii npoekt (paboTa) 1m0 AUCHUILUIMHE YICOHBIM IIJITAHOM HE ITPEYyCMOTPEH.

5.7. CamocTosiTeibHasA padoTa CTY/ICHTOB

Copneprxanue 1 00beM CaMOCTOSITENILHONW Pa0OTHI CTYACHTOB

Oo0beM B
N Ilepeyenb JoOMalIHUX 32-
Ne Pasjieant u Temb1 padoeii JaHUH U Apyrux BonpocoB | Cpoku BbINOJI- uacax /
/| POTPAMMBI CAMOCTORTENL= | ) o 2 MocTOsITE L HOTO HEeHUA TPy10eM=
HOI'0 M3y4YeHHusl KOCTb B
U3yYeHHst
3.e.
1 cemecTp
1. |Section 1: Chemical thermody-|PaGora ¢ AOmONHHUTEIHHON 1 nenens 2/0,05
namics and Kinetics. JUTEPATYPOH, BBIMOJHCHUE
Topic 1. Elements of chemical|ketic-3ananmuii.
thermodynamics.
2. |Section 1: Chemical thermody-|Pabota ¢ nomosHUTENLHON 2 Henens 2/0,05
namics and Kinetics. JUTEPATYPOi, BBIMOJHCHUE
Topic 2. Elements of chemical|ketic-3ananmuii.
Kinetics.
3. |Section 2: Chemical equilibri-|Pabota ¢ nomosHHUTENEHON 3 Henens 2/0,05
um. JUTEPATYPO, BBIMOJHCHUE
Topic 3. Kinetics and thermo-|ketic-3amanmuii.
dynamics of chemical equilibri-
um.
4. |Section 3: Introduction to vol-|Pabora ¢ gomoJHUTEILHOM 4 genens 2/0,05
umetric analysis. JUTEPATYpOH, BBIMOIHCHUE
Topic 4. The equivalent law.|keiic-3amanuii.
Different concentration units.
Fundamentals of  volumetric
analysis.
5. |Section 4: Solutions. PaGora ¢ J0OMOJHUTETBHOM 5 nenmens 2/0,05
Topic 5. Colligative properties|muteparypoii, BBITOIHEHHE
of solutions. Keiic-3aJaHui.
6. |Section 4: Solutions. PaGora ¢ [MONMONHUTENBHOM 6 Hemens 1/0,02
Topic 6. Electrolyte solutions.  |nmuTepaTypoii, BBITOJIHEHUE
KEeNC-3a1aHu M.
7. |Section 4: Solutions. Pabora ¢ [OMOIHUTENLHON 7 Henens 1/0,02
Topic 7. Heterogeneous equi-|nmurepaTypoii, BBIMOJTHEHHE
libria. Kelc-3a1aHunii.
8. |Section 4: Solutions. PaGora ¢ [IOIOIHUTEIBLHOU 8 Henens 1/0,02
Topic 8. Acidity and basicity of|nureparypoli, BbINOTHEHHE
aqueous solutions. pH. Kelic-3a1aHuii.
9. |Section 4: Solutions. Pabora ¢ [OMOIHUTENBLHON 9 Henens 1/0,02
Topic 9. Buffer systems. JUTEPATYpOi, BBIMOIHCHUE
KEeNC-3a1aHu M.
10. [Section 5: Electrochemistry. Pa6ora ¢ pomomauTensHOM| 10 Hemens 2/0,05
Topic 10. Potentiometry. JAUTEPaTypOr, BBHIMOIHEHUE
KeHc-3aJaHui.
11. |Section 6: Surface phenomena.{Pabora ¢ momonautensho#| 11 Hemens 2/0,05

Dispersion Systems. Solutions of
biopolymers.

JINTEPATYpOH, BBITIOJTHECHHUE
Kenc-3aJaHuil.




Topic 11. Physico-chemistry of
surface phenomena. Surface
energy and surface tension.

12.

Section 6: Surface phenomena.
Dispersion Systems. Solutions of
biopolymers.

Topic 12. Physico—chemistry of
dispersion systems.

PaGora ¢ HOmonHUTENBHOU
JIUTEPATypPOH, BBIMOJTHCHHE
Kenc-3aJaHuil.

12 uenens

2/0,05

13.

Section 6: Surface phenomena.
Dispersion Systems. Solutions of
biopolymers.

Topic 13. Coarsely dispersed
systems.

PaGora ¢ HOMOMHUTEIBHON
JUTEPATYPOM, BBITTOJIHEHUE
KeHc-3aJaHui.

13 menens

2/0,05

14.

Section 6: Surface phenomena.
Dispersion Systems. Solutions of
biopolymers.

Topic 14. Physico-chemistry of
solutions of biopolymers.

PaGora ¢ mgomomHUTEIBLHON
JTUTEPaTypOi, BBIMOJIHEHHE
Kenc-3aJaHuil.

14 wenensa

2/0,05

15.

Section 7: Chemistry of the el-
ements.

Topic 15. General properties of
s-, p-, d-block elements.

PaGora ¢ mgomomHUTEIIBLHON
JTUTEPaTypOi, BBIMOIHEHHE
Kenc-3aJaHunil.

15 menensa

2/0,05

16.

Section 8. Introduction in
bioorganic chemistry.

Topic 16: Classification and
nomenclature of organic com-
pounds. Isomerism and its

types.

Pabora ¢ mgomomHUTEILHON
JTUTEPaTypOi, BBIMOIHEHHE
Kenc-3aJaHunil.

16 menens

2/0,05

17.

Section 8. Introduction in
bioorganic chemistry.

Topic 17: Structure, properties
and reactivity of hydrocarbons.

PaGora ¢ mgomomHUTEIBLHON
TUTEPaTypOi, BBIMOJIHEHHE
Kenc-3aJaHunil.

17 nenens

2/0,05

18.

Hroro

30/0,83

6. Ilepeyenb y4uyeOHO-METOAMYECKOr0 O0ecmeveHHs ISl CaMOCTOSITEIbHOH PadoThI
00y4aroIUXCcH M0 JUCHUILIUHE (MOLYJIIO0).

6.1. MeToanuyeckue ykazanus (cOOCTBEHHbIEe pa3padOTKH)

OTtcyTCTBYIOT

6.2. JIuteparypa 111 CaMOCTOATEIbHOMH PadoThI

1. 3ypabsHn, C.3., Fundamentals of bioorganic chemistry = OcHoBbsl GHOOpraHUYECKOMH
XUMHUH [ DJIEKTPOHHBIH pecypc]: yueOHuk / Zurabyan S.E. - M.: I'D0TAP-Menua, 2015. - 304 c.

9bC «KoHcynpTaHT

CTYACHTa» -

http://www.studentlibrary.ru/book/ISBN9785970434437.html

Pexxum

JOCTYTIa:

2. Davydov, V.V. Principles of Medical Biochemistry. Tutorial on biochemistry for foreign
students of medical department of higher education institutions / V.V. Davydov, E.R.
Grabovetskaya. - Ryazan; Saint Petersburg: Eco-Vector LLC, 2016. - 552 p.

7. ®oHAA OLIEHOYHBIX CPeACTB /JIsl POBeIeHNs NPOMEXKYTOYHOH aTTrecTanuu o0y4a-



http://www.studentlibrary.ru/book/ISBN9785970434437.html

HOIIUXCS M0 TUCHUILINHE (MOIYJII0)

7.1. IlepeyeHb KOMIIETEHIMI C YKa3aHMEM 3TANOB UX ()OPMUPOBAHUSA B Npoiecce 00-
pa3oBaTeibHOI MPOrpaMMbl

Jransl popmupo- | HammeHoBanne y4eOHbIX JUCHUILINH, GOPMUPYIOIINX KOMIIETCHIIUH
BaHUs KOMIIETEH- B IIpoLecce 0CBOCHHUsI 00pPa30BaTeJbHOH NPOrPaMMbI
107071
(HoMep cemecTpa
COIJIACHO y4eOHOMY
IJIAHY)
Buj nesiTeJIbHOCTH: MeIMIMHCKAS, OPTraHM3ALMOHHO-YIIPABJIeHYeCKas, HAYYHO-
HCCIEC0BATEIbCKASA
OIIK-1: roTOBHOCTBHIO peliaTh CTAHAAPTHBIE 32/1a4M NPO(ecCHOHATBHOM 1eATeJbHOCTH €
HCII0JIb30BAHMEM HH(POPMAIMOHHBIX, O0H0IHOTrpadUIEeCKUX PecypcoB, MeJUKO-
0M0JI0THYeCKOil TEPMUHOJIOTHH, HHPOPMALMOHHO-KOMMYHHKANMOHHBIX T€XHOJIOTHH 1
Y4€TOM OCHOBHBIX TPeOOBAHNH MH(OPMALMOHHOM 0e30I1aCHOCTH

2 Xumus
1,2 VIamunckull 431K
1,2 \buonozus
1,2, 3 Anamomus
2,3 \buoxumus
2 buoopeanuueckas xumus
2,3 [‘ucmonoaus, 2MOpUOIO2US, YUMOTO2US
3 Meouyunckasn ungopmamuxa
3 Mopgonoecus
3,4 Hopmanvras ¢usuonoeus
4,5 Muxpobuonoeus, eupyconoaus
56 Dapmakonocus
56,7 [lamoghusuonozus, KiuHu4eckas namMopuUonI02usl
56,7 Ilamonozuyeckas aHamomusl, KIUHUYECKAasi NAMOoaA02UYeCKask AHAMOMUsL

6 DKOHOMUKA 30PABOOXPAHEHUe

6 Menedacmenm u mapKemune 8 30pagooXpaHeHul

6 OcHo8blL bepedciueo2o npou3o0Ccmad

7 ObwecmeenHoe 300posbe U 30pasooXpanHeHue

B Knunuueckas gpapmaxonozust

C Meouyuna xkamacmpog

1 VII Ilpakmuka no noayueHuro nepeuyHvix npoghecCUoHAlIbHbIX YMEHUU U
HABbIKOB, 6 MOM YUC/le NepsuyHvlX ymenuti u Hagvikoe HUJ] (Vxoo 3a
DONLHBIMU MEPANEBMUUECKO20 U XUPYPULECKO20 NPODus)

1 Knunuueckas npakmuxa (¥Yxo0 3a 001bHbIMU MePAnesmuyecko2o u Xupyp-
euueckozo npopuns)

2 [1I1 Ilpakmuxa no nony4yeruro npogheccuoHaIbHbIX YMEHUl U ONbIMa Npo-
peccuonanvrot deamenvrHocmu (Ilomownux maraowe2o MeOUYUHCKO2O
nepconana)

4 [II1 TIpaxmuka no noayuenuro nPopheccuoHaIbHblX YMEeHUl U Onbima npo-
peccuonanvrou dessmenvrocmu (IlomowHuk naramuou meocecmpot)

C ["ocyoapcmeennas umo2os8as ammecmayusl




OIIK-7: roTOBHOCTBHIO K HCIOJIb30BAHUI0O OCHOBHBIX (PU3HKO-XUMHYECKHX, MATEMaTHYe-
CKHMX M HHBIX €CTeCTBEHHOHAYYHBIX MIOHATHI M METO/I0B MPHU pellleHNnH MPodeccnoHab-

HBIX 327124
1 Mamemamuxka
2 Xumusn
1,2 \buonozust
1,2,3 Unamomus
2 Duzuxa
2 buoopeanuueckas Xumus
2,3 ["ucmonozcus, smMopuoIOcUsL, YUMON02US
3 [ lymu ¢hopmuposanusi 300poso2o oopasa
3 Mopdghonoeus
2,3 \buoxumus
3,4 HopmanvHas ¢huzuonoeus
4 Meouyurnckas sKo102usl
4 Hmmynonozus
4.5 Mukpobuonozcus, supyconozus
4,5 [ ucuena
7,8 Tonoepaguueckas anamomus u ONepamusHasi Xupypeust
7,8, C Meouyurckas cenemuka
9 Dnudemuonous
4 [1I1 IIpakmuxa no noiyuyeHuro NpoGeccuOHAIbHLIX YMEHUU U ONbIMd Npo-
peccuonanvrou Oesmenvrocmu  (Ilomownuxk naramuou MeOUYUHCKOU
cecmpboi)
C ["ocyoapcmeennas umoeosas ammecmayusl




7.2. Onucanue nokasarejieid ¥ KpUuTepueB OLEHMBAHUSA KOMIIETEHUUI HA Pa3jIMYHbIX dTanax ux (OpMHPOBAHHUS, ONUCAHUE IIKAJIbI

OICHUBaAHUA

IInanupyemble pe3y/ibTaThl OCBOCHHSA
KOMIIeTeHIIUH

Kpurtepun oneHuBanus pe3yibTaToB 00y4eHHUs

Hey/10BJIETBOPHUTEIHLHO| y10BJI€TBOPUTEIbHO ‘

X0pOo1I0

OTJIMYHO

HaumenoBanue
OLIEHOYHOI0 Cpe/-
CTBa

HOW 0€301MaACHOCTH

OIIK-1 - roTOBHOCTH peliaTh CTaHJAAPTHBIE 3a1a4H NPO¢ecCHOHAIBHOM 1eSITeILHOCTH ¢ HCMOJIb30BaHHEM HH(POPMALMOHHBIX, OMOTHOrpaduIecKuX pe-
CYPCOB, MeIUKO0-0HO0JIOTHYECKOI TEPMHUHOJIOTUI, HH(POPMANMOHHO-KOMMYHHUKANMOHHBIX TEXHOJIOTHI M Y4€TOM OCHOBHBIX TPeOOBaHUI1 HH(POPMALIMOH-

3HaTh: OCHOBHEIC ITOHATUS U TCOPCTUYCCKUC
OCHOBBI XMMHUH.

@parMeHTapHbIe 3HAHUS

Henosnuwle 3HaHus

CdopmupoBaHHbIE,
HO COZIepIKaIlye oT-
JIeJIbHbIE MPOOEbI
3HAHHUS

CdopmupoBaHHBIE CH-
CTEeMAaTUYECKUE 3HAHUSI

'YMeTh: mosib30BaThcs y4eOHOM, Hay4HOM,
HAYYHO-TIONYJSIPHOW ~ JINTEPATypOd, CEThIO)
HHTepHeT; TPOBOANTH JJIEMEHTAPHYIO CTaTH-
CTHUECKYI0 O0O0pabOTKy HaHHBIX; 0000IIaTh
[Pa3IMYHbIC UCTOYHUKHA WH(POPMAITUHU C TENBIO
MpHOOpEeTeHUsT HOBBIX MPOGECCHOHATBHBIX]
SHAHMIA.

YacTuuHble yMEHUS

Henonnsle ymenus

Y4enwns nojHbIE, 10-
MycKaroTcsi HeOOob-
[I1e OIMHUOKHU

CdhopmupoBaHHbBIE yMe-

HUsA

Bianers: 0a30BBIMH TEXHOJIIOTUSIMH TIpeoOpa-
30BaHUsl MH(POpPMAIMH: TEKCTOBBIE, TaOIWY-
HbIE pEaKTOPBI, IOUCK B ceTu VHTepHeT; Be-
CTH TIOWICK U JIeJIaTh 00O00IIAIONINE BHIBOJIBI.

YactuuHoe BJIaJACHUC
HaBbIKaMH

Hecucremarnueckoe
HpI/IMeHeHI/Ie HABBIKOB

B cucrematnueckom
MNPUMCHCHUN HaBbI-
KOB JIOITYCKAIOTCS
poOeJb

YcnentHoe u cucreMma-
THYCCKOC HpI/IMeHeHI/Ie
HaBBIKOB

Ormpoc, keiic-
3aJlaHusl, KOJUIO-
KBHUYM, 3K3aMEH B

yCTHOU opme

OIIK-7- roTOBHOCTH K HCII0JIb30BAHUIO OCHOBHBIX (PM3MKO-XUMHYECKUX, MATEeMATHYECK

HUX U MHBIX €CTECTBCHHOHAYYHBIX MOHSATHH U METO/10B IIPpH pe-
HICHUHN HpO(l)eCCI/IOHa.]'ILHLIX 3agad

3HATD: TEPMOANHAMHUYCCKUEC U KUHCTUYCCKHUC]
BAaKOHOMCPHOCTHU, OIPCACIIAOINE IMPOTCKA-
HUE XHMHYECKUX M OMOXUMHYESCKUX mponec-
COB, (bI/I3I/IKO-XI/IMI/I"ICCKI/Ie ACIICKTBI Pa3JInY-
HBIX BHJO0B I'OME€OCTa3a B OPraHU3MeE:. TCOPC-
TUYCCKHUEC OCHOBBI 6H03HepFCTHKI/I, (baKTopBI,

BJIMAIOINNE HA CMCIICHUC PABHOBCCHUA onoxu-

@parMeHTapHbIe 3HAHUS

Henomusle 3Hanus

CdopmupoBaHHbIe,
HO coziep Kallye oT-
JieJIbHbIE TPOOeTbl
3HAHUS

CdopmMupoBaHHbIE CH-
CTeMaTUYECKHE 3HAHUS

Omnpoc, keiic-
3aJaHus, KOJUIO-
KBUYM, DK3aMCH B

ycTHOM hopme




MHUYECKHX MPOLECCOB; CBOMCTBA BOJBI U BOJI
HBIX PACTBOPOB CHJIBHBIX U CIA0BIX 3JIEKTPO-
ITUTOB; CIOCOOBI BBIPAKEHUS KOHIICHTpAIUHY|
BELIECTB B pacTBOpax, CIOCOObI IPUTOTOBIIE-
HUsI PACTBOPOB 33JJaHHON KOHILIEHTPALUH; OC-
HOBHBIE TUIIbl PABHOBECHUIl U MPOLIECCOB HKH3-
HEeAesITeNbHOCTH; MEXaHU3MbI JecTBUs Oy-
(bepHBIX CHCTEM OpraHMW3Ma, X B3aUMOCBS3b
1 poJib B MOJACPKAHUUA KUCIOTHO-OCHOBHOIO|
rOMEeOoCTas3a; 0COOEHHOCTH KHUCJIOTHO-
OCHOBHBIX CBOICTB aMHHOKHCIOT U OEJIKOB;
(DU3NKO-XMMHUYECKHE METOJABI aHAJIM3a B Me-
MUIUHE (TUTPUMETPUUECKUN, DIIEKTPOXUMHU-
YECKHil); POJIb KOJUIOMIHBIX IMOBEPXHOCTHO-
AQKTUBHBIX BEUIECTB B YCBOCHHUHM U IIEPEHOCE
MaJIONOJIIPHBIX BELIECTB B dKUBOM OPTaHU3ME;
CTPOCHHE M XMMHUYECKHE CBONCTBA OCHOBHBIX
KJIACCOB OMOJIOTMYECKM Ba)KHBIX Ouosoruye-
CKUX COEJAMHEHUH; pojb OMOT€HHBIX 3JEMEH-
TOB U HUX COEIMHEHUN B JKUBBIX CHCTEMAX;
(bU3MKO-XMMHUYECKUE OCHOBBI TOBEPXHOCTHBIX|
SIBJIGHUN M (paKTOphI; BIMSIOIIME HAa CBOOOJ-
HYIO TIOBEPXHOCTHYIO SHEPTHI0; 0COOEHHOCTH]
a71copOILIMU Ha pa3IMYHBIX IPAaHUIAX pa3/IEoB
(ba3; pu3MKO-XMMHUYECKHE acCIeKThl AUCIEepC-
HBIX CUCTEM U PacTBOPOB OMOIOIMMEPOB.

YMeTh: I0JIb30BaThCsl (PU3NYECKUM M XHMH-
YecKuM 000opyJoBaHHEM; paboTaTh C YyBEJH-
YUTEIbHOM TEXHUKOH (MHKPOCKOIAMH, ONTHA
YECKUMH U MPOCTHIMU JIyTIaMH); MPOTHO3UPO-
BaTh pe3yJAbTaThl (PU3MKO-XUMHUYECKUX PO
HECCOB, MPOTCKAIOIIMNX B XXHBBIX CHCTEMAX,

OINMUPAadACh Ha TCOPCTHYCCKUC TI0JIOKCHUA,

YacTuuHkle YMCHUA

Hemnonnakie YMCHHA

VueHus NonHkeIE, 10-
MyCcKaroTcsl HeOOJb-
[IHE OLIUOKHU

CcdhopmupoBaHHbIE yMe-
HUS




Hay4yHO OOOCHOBBIBaTh HaOJIOAaeMble sIBIIE-
HUS; TPOU3BOIUTH (PH3HKO-XMMUYECKHE W3-
MEpPEHUs, XapaKTepU3yloIlue T€ WM HHbIE
CBOICTBa pacTBOPOB, CMeCe U IPYruX 00bEK-
TOB, MOJEJIUPYIOIIUX BHYTPEHHHE CpPEeAbl Op-
raHW3Ma; MPEICTABIAThH JaHHBIE YKCIIEPUMEHH
TaJbHBIX HCCIIEOBAaHUM M BUAE IpaduKoB Y
TaOJIUI; TPOU3BOANTH HAOIIOACHUS 33 MPOTE-
KaHUEM XMMHUYECKHX peakiuil u JenaTb 000cH
HOBAHHBIEC BBIBOJIBI; PEUIATh THIIOBBIC MTPAKTH-
YEeCKHe 3aJjaud M OBJaJeTh TEOPETHUECKUM|
MUHAMYMOM Ha 0Oojiee aOCTpaKTHOM YpOBHE;
pelaTh CUTYaIl[MOHHBIE 33Ja4M, ONUPAsCh Ha
TEOPETUYECKHE TTOJIOKEHUS, MOJCITUPYIOIINE
(U3UKO-XMMHUYECKHE TPOLECChl, IPOTEKalo-
1€ B )KUBBIX OpPraHU3Max; YMEPEHHO OpPHEH-
TUPOBATHCS B MH(GOPMALIMOHHOM IMOTOKE (MCH
[0JIb30BAaTh CIPABOYHbIE JIaHHbIE W OUOIMOA
rpaduio Mo TOH MM UHOW NPUYHHE).

Buiaserb: HaBBIKAMU CAMOCTOSITENILHONW Pabo-
Thl ¢ y4eOHOH, HayYHOW U CHPAaBOYHOW JIMTE-
[paTypoii; BECTH IIOUCK U JIeaTh 000011aronue]
BBIBOJIbI; HaBbIKaMM Oe30macHoOil paboThl B
XUMHUYECKON 1a0opaTopuu U yMEHHUSIMH 00-
palaTbCs ¢ XMMUYECKOW MOCYJOU, peaKkTUBa-
MU, pabOTaTh C ra30BBIMH TOpPEIKaMU U 3JIEK-
TPUYECKUMH TPUOOPaMH.

YacTUYHOE BJIaJIEHUE
HaBBIKaMU

Hecucremarnueckoe
NIPUMEHEHNE HABBIKOB

B cucremarnueckoM
MIPUMEHEHUN HaBbI-
KOB JIOITYCKAIOTCS
pooeb

YcnenrHoe u cucreMa-
TUYECKOE TPUMEHEHUE
HaBBIKOB




7.3. TunoBble KOHTPOJILHBbIE 32JaHNS U MHbIe MATEPHUAJIbI, HEO0OX0AUMBbIE /1JIsl OllCeH-
KM 3HAHMA, YMEHHH, HABBIKOB U (MJIM) ONbITA AeSITeJbHOCTH, XapAKTEPU3YIOIIHUX ITAINbI
(opMupoBaHUA KOMIIETEHLIMI B MPoLiecce 0OCBOEHHUs 00Pa30BaTeIbHOMH MPOrpaMMbl

KOHTpOJIbHLIe BOIIPOCHI JIA TEKYIIECI0 KOHTPOJIsA (KOJIJIOKBI/IyM)

1. Provide definitions of energy, heat and work.

2. Compile a list of as many state functions as you can identify.

3. The evolution of life requires the organization of a very large number of molecules into
biological cells. Does the formation of living organisms violate the Second Law of thermody-
namics? State your conclusion clearly and present arguments to support it.

4. Each of the following statements is false. Rewrite that each makes a correct statement
about free energy:

(@) In any process at constant T and P, the free energy of the universe decreases.

(b) When T changes during the process, the free energy of the system always decreases.

(¢) A/G > 0 for any spontaneous process.

(d) ArG = ArH + TXArS.

5. A certain reaction is known to have A/G value of -122 kJ. Will the reaction necessarily
occur if reactants are mixed together?

6. According to the second law of thermodynamics, the entropy of an irreversible process
in an isolated system must always increase. On the other hand, it is well known that the entropy
of living systems remains small. (For example, the synthesis of protein molecules from individu-
al amino acids is a process that leads to a decrease in the entropy.) Is the second law invalid for
living systems? Explain.

7. Without referring to any table, predict whether the entropy change is positive, nearly ze-
ro, or negative for each of the following reactions:

(a) N2(g) + O2(g) —2NO(g)

(b) 2 Mg(s) + O2(g) — 2MgO(s)

(c) 2 H202(l) — 2H20(1) + O2(g)

(d) Ha(g) + CO2(g) — H20(g) + CO(g)

8. What is meant by the rate of a chemical reaction?

9. What are the units of the reaction rate?

10. Can you suggest two reactions that are very slow (take days or longer to complete) and
two reactions that are very fast (reactions that are over in minutes or seconds)?

11. Distinguish between reaction order and molecularity/

12. Explain what is meant by the order of a reaction.

13. On which of the following quantities does the rate constant of a reaction depend? (a)
concentrations of reactants, (b) nature of reactants or (c) temperature.

14. Use the Arrhenius equation to show why the rate constant of a reaction (a) decreases
with increasing activation energy and creasing temperature.

15. For the energy profile presented below, which of the following statements is true?

(a) Ea (forward) = Ea (reverse).

(b) A represents the energy of the starting material.

(c) Ea (forward) =B - C.

(d) Ea of the forward reaction is less than Ea of the reverse reaction.

16. How does a catalyst increase the rate of a reaction?

17. What are the characteristics of a catalyst?

18. Why does a catalyst must affect the rate of the reaction in both directions

19. A certain reaction is known to proceed slowly at room temperature. Is it possible to
make a reaction proceed at a faster rate without changing the temperature?

20. Are enzyme-catalyzed reactions the examples of homogeneous or heterogeneous catal-
ysis? Explain.



21. The concentrations of enzymes in cells are usually quite small. What is the biological
significance of this fact?

22. Define the terms (a) a turnover number, (b) the sequential mechanism of enzymatic re-
actions, (c) the nonsequential mechanism of enzymatic reactions, (d) competitive inhibitors, (e)
noncompetitive inhibitors.

23. Discuss the features, advantages, and limitations of the Michaelis-Menten mechanism
of enzyme action.

24. Define homogeneous equilibrium and heterogeneous equilibrium. Give two examples
of each.

25. What do the symbols Kc and K represent?

26. Taking into consideration the rate constant, explain why the equilibrium constant de-
pends on temperature.

27. List the factors that can shift the position of equilibrium. Does the addition of a catalyst
have any effects on the position of equilibrium? Explain.

28. Use the ionization of HCN in water as an example to illustrate the meaning of dynamic
equilibrium.

29. Specify which of the following salts will undergo hydrolysis: KF, NaNOs, NHsNO3,
MgSO., KCN, CeHsCOONa, Rbl, Na,CO3z, CaCl, HCOOK.

30. Predict the pH(>7, <7, or =7) of the aqueous solutions containing the following salts:
(a) KBr, (b) A1(NO3)3, (c) BaCly, (d) Bi(NO3)3

31. A certain salt, MX (containing the M* and X ions), is dissolved in water, and the pH
of the resulting solution is 7.0. What can you say about the strength of the acid and the base from
which the salt is derived?

32. Define the following terms: (a) titration, (b) equivalence or end point of titration, (c) an
analyte.

33. Chemical reactions applied in volumetric analysis are defined as titrimetric reactions.
Name the main features of these reactions.

34. Primary standards are prepared by dissolving of standard compounds. What require-
ments should standard compounds meet?

35. Titration methods are classified by a type of chemical reactions. What types of chemi-
cal reactions are applied in volumetric analysis?

36. Define acid-base titration, standard solution, and equivalence point.

37. Describe the basic steps involved in acid-base titration. Why is this technique of great
practical value?

38. Explain how an acid-base indicator works in a titration.

39. What are the criteria for choosing an indicator for a particular acid-base titration?

40. The amount of indicator used in acid-base titration must be small. Why?

41. Referring to Table 4.1, specify which indicator or indicators you would use for the fol-
lowing titrations: (a) HCOOH versus NaOH, (b) HCI versus KOH, (c) HNO3 versus NHa.

42. For each of the following, decide whether the pH at the equivalent point is greater than,
less than, or equal to 7:

(@) NaClO (aq) titrated with HCI (aq);

(b) HNOs (aq) titrated with KOH (aq);

(c) NaNO:- (aq) titrated with HCIO (aq);

(d) NH4ClI (aq) titrated with NaOH (aq).

43. Describe the changes in the pH that take place during the titration of a weak acid with a
strong base.

44. Describe the changes in the pH that take place during the titration of a weak base with
a strong acid.

45. Describe the changes in the pH that take place during the titration of a strong base with
a strong acid.



46. What is solvation? What are the factors that influence the extent to which solvation oc-
curs?

47. Based on intermolecular force consideration, explain what «like dissolves like» means.

48. Define the following terms: saturated solution, unsaturated solution, supersaturated so-
lution and crystallization.

49. What are colligative properties? What is the meaning of the word «colligative» in this
context?

50. How is the lowering in vapor pressure related to a rise in the boiling point of a solu-
tion?

51. For intravenous injections great care is taken to ensure that the concentration of solu-
tions to be injected is comparable to that of blood plasma. Why?

52. Explain how colligative properties are used to determine molar mass.

53. Define the following terms: electrolyte, nonelectrolyte, and hydration.

54. Water, as we know, is an extremely weak electrolyte and therefore cannot conduct
electricity. Yet we are often cautioned not to operate electrical appliances when our hands are
wet. Why?

55. Identify each of the following substances as a strong electrolyte, a weak electrolyte, or
a nonelectrolyte: (a) H20, (b) KC1, (c) HNOg, (d) CH3COOH, (e) C12H220131, (f) Ba(NO3)2, (g)
NaOH.

56. Classify each of the following species as a weak or strong base: (a) LiOH, (b) H20, (c)
NaOH, (d) NH4OH, (e) Ba(OH)>, (f) Fe(OH)3, (g) Cu(OH)>.

57. Classify each of the following species as a weak or strong acid: (a) HNOs, (b) HF, (c)
H2SOs, (d) H2CO3, (e) HCI, (f) HNOz, (g) HCN.

58. Predict and explain which of the following systems are electrically conducting: (a) sol-
id NaCl, (b) molten NaCl, (c) an aqueous solution of NaCl.

59. Explain why a solution of HCI does not conduct electricity but in water it does.

60. Discuss the general features of the Debye-Huckel theory of a strong electrolyte solu-
tion;

61. Discuss the factors responsible for the magnitude of the activity coefficients of ions in
aqueous solutions.

62. Define Kolrausch’s law of independent migration.

63. What does the ionization constant show in the strength of an acid?

64. Which of the following solutions has the highest pH? (a) 0.40 M HCOOH, (b) 0.40 M
HC104, (c) 0.40 M CH3COOH.

65. Identify the strong and weak acids among the following: (a) HNOs, (b) HOC1, (c)
HOH, (d) CH3OH.

66. Write all the species (except water) that are present in a phosphoric acid solution. Indi-
cate which species can act as a Bronsted acid, which as a Bronsted base, and which as both a
Bronsted acid and a Bronsted base.

67. The pKa of two monoprotic acids HA and HB are 5.9 and 8.1, respectively. Which of
the two is the stronger acid?

68. The pKy for the bases X , Y , and Z are 2.72, 8.66 and 4.57, respectively. Arrange
the following acids in order of the increasing strength: HX, HY, HZ.

69. Define a buffer solution. What constitutes a buffer solution?

70. Specify which of the following systems can be classified as a buffer system: (a)
KC1/HC1, (b) NH3/NHsNOs, (c) NazHPO4/NaH2PO4 (d) KNO2/HNO2, () KHSO4/H2S04, (f)
HCOOK/HCOOH.

71. Discuss the role of redox reactions in electrochemical processes.

72. Distinguish between galvanic and electrolytic cells.

73. Describe the basic features of a galvanic cell. Why are the two components in a galvan-
ic cell separated from each other?

74. What is the function of a salt bridge in a galvanic cell?



75. Define the following terms: anode, cathode, electromotive force, and standard reduc-

tion potential.

76. Describe a method for the determination of the standard potential of a cell.
77. Describe a method for the determination of the pH of an aqueous solution.
78. Write the equation relating AG® and K to the standard emf of a cell. Define all the

terms.

ous:

79. Which of the following is the strongest oxidizing agent?

(@) H202 in acid

(b) H202 in base

(c) MnO4_-inacid

(d) MnO4 in base

(e) CrO4 inacid.

80. Use the overall cell potentials to predict which of the following reactions are spontane-

(a) Cu(s) + 2Ag*(aq ) — Cu?*(aq) + 2Ag(s) E°=0.46 V

(b) 2Fe®*(aq) + 2C1 (aq) — 2Fe?*(aq) + Clz(g) E°=-0.59 V
(c) 2Fe®*(aq) + 21 (aq) — 2Fe?*(aq) + lo(aq) E°=0.24V
(d) 2H202(aq) — 2H,0(l) + Ox(aq) E°=1.09 V

(e) Cu(s) + 2H"(aq) — Cu®*(aq) + Hz(g) E°=-0.34V

TecToBble 3aJaHUS JJIsI MPOBEACHUSA TEKYILICI0 KOHTPOJIsA (KO.J'I.]'IOKBI/IyM)

1. A closed system is the system which:

a) exchanges with the environment only by the substance;

b) exchanges with the environment only by energy;

c) exchanges with the environment both by the substance and by energy;
d) exchanges with the environment by neither energy nor the substance.

2. There is a thermodynamic process in the system if:

a) the system volume decreases;

b) the temperature in the system is increased by 1 °C;

c) the chemical composition the substance of the system is changed,;
d) the system is moving in the environment.

3. Indicate the kind of the process at which the energy conducted to the system in the

form of heat is equal to the change of enthalpy of the system:

a) isothermal;
b) isochoric;
c) isobaric;
d) adiabatic.

4. The rate of a chemical reaction is defined as:
a) a period of time, which is required to complete interaction between substances:
b) a period of time, which is required to decrease the concentration of a reactant to half of

its initial concentration;

¢) a change in the concentration of reactants or products per unit time;
d) an amount of products prepared as a result of a chemical reactions.

5. Point out the correct statements:
a) mechanism of a chemical reaction is defined as a number of elementary steps by which

reactants turn into products;

b) an elementary step is a reaction that represents the progress at the molecular level;



c) all chemical reactions involve several elementary steps;
d) enzymatic reactions involve only one elementary step.

6. Elementary reactions may be:

a) unimolecular: an elementary step involves one molecule;

b) bimolecular: an elementary step involves two molecules;

c) termolecular: an elementary step involves three molecules;
d) tetramolecular: an elementary step involves four molecules.

7. Indicate the right statements:

a) the pressure of the saturated vapor above the solution will decrease with the increase of
the mole fraction of the solvent;

b) the boiling temperature of liquids and their solutions depends on the outer pressure;

c) with the increase of the number of particles of the solute non volatile substance in a unit
of mass of the solvent the freezing temperature of the solution will decrease;

d) at the same conditions aqueous solutions of non volatile electrolytes and non-
electrolytes with the same molality have different boiling temperatures;

e) at the same temperature aqueous solutions of non volatile electrolytes and non-
electrolytes with the same molar concentration have the same osmotic pressure.

8. Indicate the osmolarity (mol/L) 0,15 M of sodium chloride solution (here and in the
following tests the apparent degree of salt dissociation should be taken as 1):

a) 0,1;

b) 0,15;

c)0,3;

d) 0,45;

e) 0,75.

9. There are 5 different aqueous solutions with the molality of 0,05 mol/kg. The solu-
tion of which of the substances indicated below has the highest freezing temperature at the
same conditions:

a) MgSQOq;

b) CaCly;

¢) CeH120s;

d) AICls;

e) NaCl?

10. How will the dissociation constant of acetic acid change at the dilution of the solu-
tion in 4 times?

a) will increase in 2 times;

b) will decrease in 2 times;

¢) won’t change;

d) will decrease in 4 times.

11. Choose the right statement:

Dissociation degree of a weak base in the solution;

a) depends on the nature of a weak base and a solvent;

b) will decrease with the increase of temperature;

c) will decrease with the increase of base concentration;

d) will increase with the addition of sodium hydroxide into the solution.



12. How will the dissociation degree of propionic acid change at the dilution of the so-
lution in 4 times?

a) will increase in 2 times;

b) won’t change;

c¢) will decrease in 2 times;

d) will increase in 4 times.

13. Choose the right statements:

lon activity coefficient in the solution

a) shows the deviation measure of properties of a real solution from the properties of an
ideal solution;

b) depends on the ionic force of the solution;

c) is the lower, the higher is the ion charge;

d) is the greater, the greater is the electrolyte concentration in the solution.

14. The activity ion coefficient in the solution of HC1 will decrease at:
a) the addition of NaCl;

b) the dilution of the solution;

c) the lowering of temperature;

d) the rising of temperature.

15. Active acidity of digestive juice is 0,04 mol/L. What is the pH of this liquid?
a) 1,4,
b) 1,8;
C) 2,6;
d) 4,0.
Keiic-3apanus 1isl TeKyuero KOHTpoJis (KOJVIOKBUYM)

Problem 1. Calculate the standard enthalpy for the following reaction, using standard enthalpy
of formation:
A1,03(s) + 3S03(g) — Al2(SO04)3(s)

Substance State ArHCgg, kd/mole
Al,03 S -1.675
SOs g 395.2
Al2(S04)3 S 3.434

Problem 2. Calculate the standard enthalpy for the following reaction using standard enthalpy of
combustion:
CsH1206(s) — 2C2HsOH(I) + 2C0O2(Q)

Substance State AcomH%gg, ki/mole
CsH1206 S -2.810
C2HsOH | -1.370

CO2 g 0

Problem 3. Write the rates for the following reactions in terms of the disappearance of reactants
and appearance of products: 302 — 203

Problem 4. In healing some forms of cancer a medicine, containing radioisotope Ir-192 is used
(its half-life is 74.08 days). Calculate how much of Ir-192 will be contained in a human body
through 10 days.



Problem 5. Certain of first-order reaction is 34.5 % complete in 49 min at 298 K. What is its rate
constant?

Problem 6. The following equilibrium process has been studied at 230°C: 2NO(g) + O2(g) «>
2NO2(g). In one experiment the concentrations of the reacting species at equilibrium are found to
be [NO] = 0.0542 M, [O2] = 0.127 M, and [NO:] = 15.5 M. Calculate the equilibrium constant
(Kc) of the reaction at this temperature.

Problem 7. The equilibrium constant Kp for the reaction: PC1s(g) «» PCls(g) + Clx(g) is found
to be 1.05 at 250°C. If the equilibrium partial pressure of PC1s and PCl3 are 0.875 atm and 0.463
atm, respectively, what is the equilibrium partial pressure of Cl, at 250°C?

Problem 8. The equilibrium constant (Kc) for the reaction: N2Os(g) <> 2NO2(g) is 4.63x107 at
25°C. What is the value of Kp at this temperature?

Problem 9. Calculate the pH and pOH of sulphuric acid solution, if in 1 L of this solution there
are 0,049 g of H2SO..

Problem 10. Calculate the pH of 0,001 M of acetic acid solution, if its dissociation degree is
0,0134.

Problem 11. How will the pH of the medium change at adding 30 mL of 0,2 M of sodium hy-
droxide solution to 300 mL of water?

Problem 12. Will AgClI precipitate at pouring together of equal volumes of 0,001 M of AgNO3
solution and 0,002 M of NaCl solution? Ks(AgCl) = 1,8x1071°,

Problem 13. Will Agl precipitate at pouring together of equal volumes of a saturated solution of
AgCl and 0,002 M of KI solution? Ks(AgCl) = 1,8x1071% Ks%(Agl) =8,3x10717,

Problem 14. Calculate the pH of a buffer solution, 1 L of which contains 18,4 g of formic acid
and 68 g of sodium formate if pKa(HCOOH) = 3,75. How will the pH change at diluting the so-
lution in 50 times?

Problem 15. Calculate the pH of the acetate buffer mixture which is made up of 100 mL 0,1 M
of CH3COOH solution and 200 mL 0,2 M of CH3COONa solution if Ka(CH3COOH) = 1,75 10~
°. How will the pH of this buffer solution change at adding of 30 mL 0,2 M of NaOH solution?

Bonpoce! 1Jisi npoBeIeHUsI MPOMEKYTOYHOI aTTecTanuu (IK3aMeH)

1. Subject and tasks of chemical thermodynamics. Chemical thermodynamics as the basis
of bioenergetics. Isolated, closed and open systems.

2. The first law of thermodynamics. Internal energy, heat and work. Isobaric and isochoric
thermal processes. Enthalpy.

3. Hess’s law and its corollaries. Standard formation and combustion heat. Thermochemi-
cal calculations and their usage for energetic characteristic of biochemical processes.

4. Interconnection between the processes of metabolism and energy exchange. Caloric val-
ue of main constituents of food and some food products. Energy consumption at different modes
of moving activity.

5. Thermodynamically reversible and irreversible processes. The second law of thermody-
namics. Entropy. Statistic and thermodynamic explanation of entropy. Standard entropy.



6. The Gibbs free energy (isobaric-isothermal potential). Enthalpy and entropy factors. Ex-
and endergonic processes in the organism.

7. Thermodynamics of chemical equilibrium. Reversible and irreversible reactions. Con-
cept of chemical equilibrium. Constant of the chemical equilibrium. The interconnection be-
tween the constant of chemical equilibrium and the Gibbs free energy. Equations of isotherm and
isobaric curve of a chemical reaction.

8. Main concepts of chemical kinetics. Simple and complex, homogeneous and heteroge-
neous reactions. The speed of homogeneous chemical reactions and methods of its measuring.

9. The main postulate of chemical kinetics. The order of reaction and the reaction speed
constant. The Law of mass action for the speed of the reaction and its sphere of application.

10. Kinetic equations of the reactions of zero, first and second order. Period of semi-
transformation. Molecularity of the reaction.

11. Theory of active collisions. Arrhenius’ equation. Energy of activation. Vant-Hoff’s
rule. Temperature coefficient of the reaction speed for enzymatic processes.

12. The concept of the theory of transition state. The main equation of the theory of transi-
tion state.

13. Catalysis and catalysts. The theories of catalysis. The mechanism of homogeneous and
heterogeneous catalysis. Enzymes as biological catalysts, peculiarities of their action.

14. Chemical Equilibrium. Ways of Expressing Equilibrium Constants. Predicting the Di-
rection of a Reaction. Equilibrium Constants and Temperature

15. Shifts in Equilibrium (Le Chatelier’s Principal).

16. Equilibrium in Aqueous Solutions.

17. Key rules for writing the reactions of hydrolysis

18. Types of hydrolysis reactions.

19. Calculations of pH values of the solutions of the salts . Hydrolysis constant (Kh) and
degree of hydrolysis (h).

20. Irreversible hydrolysis

21. Mutual hydrolysis.

22 The Equivalent Law and its application in volumetric analysis/

23. Concentration Units. Types of Concentration Units. Concentration units are intercon-
vertible

24. Define the following terms: titration, equivalence or end point of titration, (an analyte).

25. Chemical reactions applied in volumetric analysis are defined as titrimetric reactions.
Name the main features of these reactions.

26. Primary standards are prepared by dissolving of standard compounds. What require-
ments should standard compounds meet?

27. Titration methods are classified by a type of chemical reactions

28. What types of chemical reactions are applied in volumetric analysis?

29. Define direct, back and displacement titration methods.

30. Thermodynamics of solution formation.

31. Osmose and osmotic pressure of solutions. Vant-Hoff’s law.

32. Osmotic pressure, osmolarity and osmolality of some biological fluids. The concept of
isotonic, hypertonic and hypotonic solutions.

33. The role of osmotic phenomena in biological processes.

34. The pressure of saturated vapor of solvent above the solution. Raoul’s first law.

35. Boiling and freezing temperatures of solvents. Raoul’s second law. Cryoscopy. Ebulli-
oscopy.

36. Colligative properties of electrolyte solutions. Isotonic coefficient.

37. Thermodynamic (°Ks) and concentration (Ks) solubitity constants of a heterogeneous
process equilibrium.

38. Interconnection between the solubility S of a sparingly soluble strong electrolyte and
its °%Ks >> K.



39. Conditions of formation and dissolution of precipitates in heterogeneous systems.

40. Competitive heterogeneous equilibria of the same type.

41. Competitive heterogeneous equilibria of different types (the formation of complex
compounds, a slightly dissociated acid, oxidation or reduction of one of the ions of a slightly
soluble compound).

42. Heterogeneous equilibria in the vital activity of the organism. Conditions of calcium
phosphate formation in slightly alkaline solutions.

43. Pathology of bone tissue (influence of Be?*, Sr*, Sr*®) and physicochemistry of a
pathological formation of calculus in the organism.

44. The theory of weak electrolyte solutions. Main characteristics of a weak electrolyte: a,
Kion, pKion.

45. The theory of strong electrolyte solutions. Main characteristics of a strong electrolyte:
a, fa, l.

46. Protolytic (proton) theory of acids and bases.

47. The ion product of water. Hydrogen ion exponent pH.

48. Calculation of solution pH of weak and strong acids and bases.

49. Determination of hydrogen ion exponent.

50. Role of hydrogen ions in biological processes.

51. Buffer systems, their classifications.

52. Calculation of pH of acid and basic buffer solutions.

53. Mechanism of action of buffer systems.

54. Buffer capacity.

55. Basic buffer systems of the organism. Acidosis. Alkalosis.

56. Hydrocarbonate buffer system, mechanism of action.

57. Hemoglobin buffer system, mechanism of action.

58. Phosphate buffer system, mechanism of action.

59. Protein buffer system, mechanism of action.

60. Electrode and oxidation-reduction (OR) potentials, the mechanism of their appearance
and the dependence on different factors. Nernst-Peters’ equation for calculating of potential val-
ues.

61. Galvanic elements (chemical and concentration): action mechanism and calculation of
EMF. Measuring of electrode and OR-potentials.

62. Reversible electrodes of the first and the second type (hydrogen and silver chloride).
lon-selective electrodes (glass electrode). Structure and mechanism of potential origin.

63. Electrodes of comparison and electrodes of determination (indicating) used in potenti-
ometry.

64. The essence of potentiometric determination of pH.

65. Potentiometric titration, its essence and its usage in quantitative analysis and medicobi-
ological investigations.

64. Special features of the energy state of phase interfaces. Surface energy and surface ten-
sion.

65. Surface active and surface inactive substances. Surface tension isotherms. Ducklo-
Traube rule. Stalagmometric method of measurement of surface tension in liquids.

66. Adsorption at the interface liquid-gas and liquid-liquid. Gibbs’equation and its analy-
sis. Molecule orientation in the surface layer; the structure of the lipid biolayer of biological
membranes.

67. Adsorption on the interface solid-gas and solid-liquid. Langmure and Friendlikh’s ad-
sorption isotherms. Langmure’s and Friendlikh’s equations, their analysis.

68. Importance of surface phenomena in biology and medicine. Usage of adsorption in
medicine and medical-biological research.

69. Dispersion systems, their peculiarities and classification.

70. Molecular-kinetic properties of colloidal systems. Sedimentation.



71. Optical properties of colloidal systems. Opalescence.

72. Structure of colloid particles.

73. Methods of obtaining and purification of colloidal systems. Peptization.

74. Structure and mechanism of double electric layer of sol particles.

75. Electrokinetic and electrothermodynamic potentials, their appearance, mechanism and
factors determining them.

76. Electrokinetic phenomena in colloidal solutions.

77. Electrophoresis of colloidal solutions. Factors determining the rate of electrophoresis.

78. Proteins as polyelectrolytes. Isoelectric state and isoelectric point of proteins. The in-
fluence of pH of the solution on the ionization character of proteins.

79. Electrophoresis in the solutions of proteins.

80. The significance of electrophoresis and electroosmosis in medicalbiological investiga-
tions and physiotherapeutic practice.

81. Kinds and factors of colloidal system stability.

82. Coagulation of colloidal solutions and factors causing it.

83. Coagulation of colloidal solutions by electrolytes. Coagulation threshold.

84. Kinetics and coagulation mechanism of colloidal solutions.

85. Coagulation processes at purification of drinking water and sewage.

86. Colloid protection and its importance.

87. Classification and general properties of coarsely dispersed systems.

88. Suspension, its obtaining and properties. Pastes.

89. Emulsions, their classification, properties and methods of obtaining.

90. Emulsifiers, their nature and mechanism of action.

91. Methods of determining the type of emulsions.

92. Biological importance of emulsions.

93. Aerosols, their obtaining and properties. Powders.

94. Macromolecular compounds (MMC). Their classification and chemical structure. The
importance of biopolymers.

95. Formation of MMC solutions and their properties. Differences between MMC solu-
tions and sols. Common properties of MMC solutions and sols.

96. Thermodynamics of the formation of MMC solutions.

97. Mechanisms of swelling and dissolving MMC. Limited and unlimited swelling. The
influence of different factors on swelling and dissolving of MMC. The swelling degree. Medical
and biological significance of MMC swelling.

98. Stability of MMC solutions and the ways of extraction of biopolymers from their solu-
tions. Denaturation.

99. Osmotic pressure of MMC solutions. Osmometric method for calculation of the molar
mass of MMC. Galler‘s equation.

100. The significance of MMC solutions viscosity for medical and biological investiga-
tions.

101. Proteins as polyelectrolytes. Isoelectric state and isoelectric point of proteins. The in-
fluence of the pH level in the solution on the charge of proteins.

102. Electrophoresis of the solutions of proteins.

103. The significance of electrophoresis and electroosmosis in medical and biological in-
vestigations and physiotherapeutic practice.

104. The electron configurations of the s-, p-, d-block elements and their simple ions.

105. The characteristic properties of the s-block elements essential to life:

106. The characteristic properties of the p-block elements essential to life:

107. The characteristic properties of the transition elements essential to life:

108. The equations of test reactions on cations of s-, p-, d-block elements.

109. Introduction into bioorganic chemistry: the definition of subject, objects learned by
bioorganic chemistry.



110. Classification of organic compounds: according to the carbon chain structure; accord-
ing to the functional groups.

111. Nomenclature of organic compounds: trivial (or common) nomenclature, systematic
nomenclature IUPAC.

112. An electronic and dimensional structure of sp2-hybridized carbon atom.

113. Conjugated systems. Conjugation energy.

114. Cyclic conjugated systems. Aromaticity. Huckel’s rule. Aromaticity of benzoic and
non-benzoic systems.

115. Aromaticity of heterocyclic systems (pyrrole, pyridine).

116. Inductive effect. Mesomeric (or resonance) effect.

117. Electron donating and electron withdrawing substituents.

118. Isomerism and its types

119. Stereoisomerism. Classification of stereoisomers.

120. Chiral and achiral molecules. Chiral centers. Optical activity is the property inherent
chiral molecules. Fisher's projective formulas. Enantiomers. Diastereoisomerism. Stereoisomers
of tartaric acid. Racemic mixtures. Methods of racemic substance division.

121. Relative D-, L-nomenclature of stereoisomers. Glyceraldehyde as the configuration
standard. R, S-system of a configuration designation.

122. Organic reaction mechanism definition. Homolytic and heterolytic mechanisms of
bond cleavage. Classification of reagents in organic reactions.

123. Organic reactions classification according to the direction and result of reaction.

124. Reactions of radical substitution (Sr). Alkanes and cycloalkanes.

125. Electrophilic addition (Ag) to alkenes: hydrogenation, halogenation, hydrohalogena-
tion and hydration reactions. The Markovnikov’s rule.

126. Mechanism of electrophilic substitution reactions (Sg) in aromatic compounds. | and
Il sort directing substitutients.

127. The formulas of ethane, propane, butane, hexane, benzene, methylbenzene, benzoic
acid and their isomers.

7.4. MeToanuyeckne MaTepuaJbl, ONpeAe/sOmMe NPOoueAypbl OLCHMBAHUS 3HAHUIA,
YMEHHIl ¥ HABBIKOB, H ONbITA JAEATEJIbHOCTH, XaPAKTEPU3YIOLIUX 3Tanbl ()OPMUPOBAHUSA
KOMITeTeHI U

TpeOoBanus K NPOBeCHUIO ONIPOCA

Omnpoc - cpeACTBO KOHTPOJIs, OPTAaHM30BAHHOE KaK CIIelMalibHAs Oeceia mpernoaBaTes ¢
00ydJarmuMcsl Ha TEMbI, CBS3aHHBIE C U3y4aeMOUl JUCHIUIUIMHON, U PaCCYMTAHHOE Ha BBIICHE-
HUE 00beMa 3HAaHUH 00YJaroIIEerocs Mo ONPEASIICHHOMY pa3eily, TeME, MPOoOIeMe U T.I1.

KpuTtepun oneHkH 3HaHUI NPH NPOBEIEHUH ONPOCA:

OueHka «OTJIUYHO» - CTYJICHT TMOJIHO M3JIaraeT U3y4eHHBIH MaTepHall, JaéT MpaBHIBHOE
ompejieNieHue MOHITHIA, O0OHApYKUBAaeT MOHUMAHUE MaTepuaa, MOXET 00OCHOBAaTh CBOU CYXK-
JIEHUs, TPUMEHUTD 3HAHUS HA MPAKTHKE, TPUBECTH HEOOXOIUMBIE TIPUMEPHI HE TOJIBKO 10 yueo-
HUKY, HO ¥ CaMOCTOSITEIbHO COCTAaBJICHHBIE; U3IaraeT Marepuall mpodeCcCUOHATBHBIM SI3bIKOM C
WCITOJIb30BAHNEM COOTBETCTBYIOLIEH CUCTEMBI IIOHATHI U TEPMUHOB.

OneHka «X0poIIO» - CTYJAEHT Ja€T OTBET, YAOBIETBOPSAIOIINUN TeM k€ TPeOOBAHUSIM, YTO
JUTISL OIIEHKH «OTIMYHOY», HO JOMycKaeT 1-2 omuOKu, KOTOPhIE caM e HCHIpaBIsIeT, U 1-2 Hemo-
4yéTa B OCIEA0BATEIHLHOCTH U SI3bIKOBOM O(OPMIICHUH HU3JIaraeMoro.

OuneHka «yJA0BJIETBOPUTENbHO» - CTYJCHT OOHApYKUBaeT 3HAHUE M MOHUMAHUE OCHOB-
HBIX TOJOXXEHUW JAaHHOW TEeMbl, HO M3J1araeT MaTepual HEMOJHO U JIOMYCKAaeT HETOYHOCTH B
OTpe/ieNIeHuU TOHATUN WIH (GOPMYIUPOBKE MPaBUJI; HE YMEET AOCTATOYHO ITyOOKO M JoKa3a-
TEThbHO 00OCHOBATH CBOM CYXKJICHHUS U MPHUBECTH CBOU IMPUMEPHI; U3JIaraeT MaTepuai HEemocie-
JIOBATEJILHO U JOMYCKAEeT OMIMOKH B SI3bIKOBOM O(OPMIIEHUH U31araeMoro.



OneHka «HeyI10BJIeTBOPUTEIbHO» - CTYACHT OOHapy)XHBaeT He3HaHHWE OOJbIIEH YacTh
COOTBETCTBYIOILIETO pa3lieia M3ydaeMoro Marepuaia, AOMYycKaeT OIUOKH B (OpMYIUPOBKE
OIpEENICHUI U MPaBUJI, UCKaXKAIOLME UX CMBICI, OECIIOPSAI0UHO U HEYBEPEHHO U3JIaraeT Mare-
pHai.

TpeOoBaHMsl K NPOBeIEeHNI0 KOJJIOKBUYMA

Ko/s10KBHYM - CpEJCTBO KOHTPOJISI YCBOCHHS YYEOHOrO0 MaTepHuayia TEeMbI, pa3jena Wiu
pa3ziesoB AUCIUIUIMHBI, OPraHU30BaHHOE KaK yuyeOHOE 3aHATHE B BUJIE COOECEeIOBAHMS MPENo-
JaBatesis ¢ 00yJaronuMHUCS.

KpuTtepun onieHKH 3HAHUIH NIPU NPOBEeHNH cO0eceI0BAHNS:

OueHka «OTJIUYHO» - TITyOOKOE M MPOYHOE YCBOCHHUE MPOTPaAaMMHOTO MaTepuala; IoJ-
HbIE, MOCJEA0BATENIbHbIC, TPAMOTHBIE U JIOTUUECKH HW3JIaraeéMble OTBETHI MPHU BUAOU3IMEHEHUU
3aJ1aHusl; CBOOOJHO CITPABJISAIONIMECS C TIOCTABJIICHHBIMU 3aJladyaMH, 3HAHUS Marepuania; npa-
BWJIbHO OOOCHOBAHHBIC MPHUHATHIE PEUICHUS; BIAJCHUE Pa3HOCTOPOHHHMH HAaBBIKAMHU W TIpHE-
MaMH BBITTOJTHCHUS TTPAKTHYCCKUX 3a]1a4.

OueHka «Xopouo» — 3HaHUE TPOTrPAMMHOTO MaTepuaia; TPpaMOTHOE U3JIOKEeHHE, 0e3 Cy-
IIECTBEHHBIX HETOYHOCTEH B OTBETE Ha BOIPOC; MPABUILHOE MPUMEHEHHE TEOPETUUYCCKUX 3HA-
HUH; BIaJIeCHUE HEOOXOMMBIMU HaBBIKAMH IIPH BBITOJIHCHUW IPAKTHYECKUX 3a/1a4.

OueHka «yA0BJIETBOPUTEIbHO» — YCBOCHHE OCHOBHOI'O Marepuaia; IpH OTBETE JIOIYC-
KAIOTCS HETOYHOCTH; TIPU OTBETE HEAOCTATOYHO MPABHIIbHBIC (POPMYIUPOBKH; HAPYIIEHUE T10-
CJIEIOBATENLHOCTH B M3JI0KEHUH MPOTPAMMHOT0 MaTepuana; 3aTpyJHEHHs B BBIMOJIHEHUH MPaK-
TUYECKHX 3aJJaHUHN.

OueHka «Hey10BJIETBOPUTEIbHO» — HE 3HaHHUE NMPOrPAMMHOIO MaTepuana; Mpu OTBETE
BO3HHUKAIOT OIIMOKH; 3aTPYAHEHHS TIPH BBIMOTHEHUHU MIPAKTUYECKUX 3aJaHUH.

TpeGoBanusi K NPOBeIEHUIO TECTOBOIO 3aJaHUS

Tecr - cucTeMa CTaHIAPTU3UPOBAHHBIX 3aJIaHUH, TIO3BOJISAIONIAS aBTOMATH3UPOBATE IPO-
HeAypy U3MEpEeHHs YPOBHS 3HAHUN U YMEHUN 00y4aroIerocs.

Kputepun oneHkn 3HAHUH CTY/IEeHTOB NMPH MPOBEIeHNU TECTHUPOBAHUSI:

OneHka «OTJIMYHO» BHICTABISETCS MPU YCIOBUH MPABUIBLHOTO OTBETA CTY/ICHTA HE MEHEe
geM 90% TeCTOBBIX 3aJJaHUM;

OneHKa «XOpPOLI0» BBICTABISETCS MPH YCIOBUH MPABHILHOTO OTBETA CTYJCHTA HE MEHEe
geM 80% TEeCTOBBIX 3aJJaHUM;

OuneHka «yI0BJEeTBOPUTEIbHO» BBICTABISACTCS MPHU YCIOBUHU MPABUIHHOTO OTBETA CTY-
nenrta He menee 70%;

OneHka «HeY/IOBJIETBOPUTEIbHO» BBICTABISIETCS TPHU YCIOBHH MPABHIBHOTO OTBETA
cTynenta Menee yeM Ha 70% TEeCTOBBIX 3aJJaHUM.

TpeOoBaHMs K NPOBeAEHUIO Kelic-3aaHU

Keiic-3agaua - mpoOieMHOe 3a/1aHue, B KOTOPOM 00yJaroIeMycst peiaraloT OCMBICIHTD
peabHyI0 MPOECCHOHATHHO-OPUEHTUPOBAHHYIO CUTYAIIMI0, HEOOXOIUMYIO JUTsl pEeIIeHUs daH-
HOU mpoOieMbl. CyITHOCTh JAHHOTO METOJIa COCTOMT B TOM, YTO yYICOHBIN MaTepHall M0IaeTCs
CTyJEHTaM BHUJE peajbHBIX MPO(EeCcCHOHANBHBIX MPOOIeM (KEeCOB) XapaKTepHBIX JUIS OIpejie-
JICHHOTO BHUJIa MPOQECCHOHAIBHOMN JesATeIIbHOCTH. PaboTast Hax penieHueM Kelica, CTyJIeHT TpH-
oOperaer mpodeccHoHaIbHBIE 3HAHUS, YMEHHS, HAaBBIKM B pPE3yJbTaTe aKTUBHOW TBOPYECKOM
pabotel. OH caMOCTOATENbHO (HOPMYIUPYET LU, HAXOAUT U coOMpaeT pa3IuvHyro HHpOpMa-
U0, aHAJM3UPYET €€, BBIABUIaeT TUIOTE3bl, UIIET BapUAHTHI PEUICHUs MpoOIeMBbl, HopMyH-
PYET BBIBOJIbI, 0OOCHOBBIBACT ONTHMAaJIbHOE pelieHre cutyanuu. [Iporecc perienus, mpomMexy-
TOYHBIC ¥ UTOTOBBII Pe3yIbTaThl Pa0OTHI CTYJCHTA IO PELICHUIO Kelca MoAIeKaT KOHTPOJTIO.



Kpurepun oneHky 3HAHMI NPH NPOBEIeHUH Kellc-3alaHU:

OneHka «OTJIMYHO» - NPABWIBHOE pELICHHE Kelca, MoApoOHas apryMEeHTalusi CBOErO
pelleHne, XOpOoIlIee 3HAHNE TEOPETUYECKUX ACIIEKTOB PELIECHUS KeHca.

Onenka «Xopomo» - MPaBUIBHOE PEIIEHUE Keica, JOCTaTOYHAs apryMEHTalus CBOETO
peleHue, onpeneaCHHOe 3HaHUE TEOPETUYECKUX aCIIEKTOB PELICHUS KeHca.

Onenka «ya0BJIETBOPHUTEJIbHO» - YaCTUYHO NPAaBWJIBHOE PEIICHUE Ke¥ca, HEeAoCTaTou-
Hasl apryMEHTalLHs CBOETO pELICHUE.

OneHka «Heyl0BJIeTBOPUTEIbHO» - HENPAaBWIbHOE pellleHHe Keica, OTCYTCTBHE HEoO-
XOJMMBIX 3HaHHE TEOPETHUUECKUX ACIIEKTOB PEIIECHUs KeHca.

Tp060BaHI/Iﬂ K IIPOBEACHUIO IK3aM€E€HAa

JK3aMeH 0 AUCHUIIIMHE (MOYIIO) IPECIeIYIOT Lelb OLIEHUTh paboTy CTYJAEHTa 3a Kypc
(cemecTp), OJyYEHHbIE TEOPETHUECKUE 3HAHMSI, IPOYHOCTh UX, PA3BUTHE TBOPUYECKOI'O MBIIILIE-
HUS, IPUOOPETEHNE HABBIKOB CaMOCTOSITEIIbHOM pabOThl, YMEHUE CUHTE3UPOBATh IOJyYEHHBIE
3HAHUA U IPUMEHATH UX K PEIICHUIO IPAaKTUYECKUX 3a7a4

Kpurepun oneHKH 3HAHUH NIPH NPOBEJECHUH IK3aMeHa

OneHka «OTJIMYHO» - BBICTABIIAETCS CTYIEHTY, I0KAa3aBIIEMY BCECTOPOHHHE, CUCTEMATH-
YeCKHe M TITyOOKHE 3HaHUS y4eOHOI MporpaMMbl AUCHUIUIMHBI U YMEHHS YBEPEHHO MPUMEHSTH
UX Ha MpaKTHKE NPU pelIeHHMM KOHKPETHBIX 3a/ad, CBOOOJHOE M NpaBUIbHOE OOOCHOBAaHHE
IIPUHSATBIX PELICHUM.

Onenka «X0poII0» - BBICTABIISIETCA CTYIEHTY, €CJIM OH TBEPAO 3HAET MaTepHall, rpaMoT-
HO U 110 CYHIECTBY U3JIaraeT €ro, yMeeT IPUMEHATh II0Jy4YEHHbIE 3HaHUsI HA IPAKTUKE, TOIyCKa-
€T B OTBETEC WJIN B PELICHUM 33a4 HEKOTOPbIE HETOUHOCTH, KOTOPHIE MOXKET YCTPAHUTH C I10-
MOIIIBIO JOTIOJHUTEIBHBIX BOIIPOCOB MTPENOIABATEIIS.

OuneHka «yI0BJIETBOPUTEJIBHO» - BBICTABIIAETCS CTYACHTY, ITOKa3aBLIeMy (parMeHTap-
HBII, pa3pO3HEHHBIH XapakTep 3HAHWW, HEJOCTATOYHO NpPaBUIIbHbIE (HOPMYJIHUPOBKH 0a30BBIX
MOHATUH, HAPYILIEHUs JIOTUYECKOU TOCIEN0BATEIILHOCTH B U3JI0KEHUU IIPOrPAaMMHOIO MaTepua-
Ja, HO MIPH 3TOM OH BJIaJIe€T OCHOBHBIMU pa3jielaMH Y4eOHOH mporpaMMbl, HEOOXOAUMBIMH IS
JabHEeHIero o0y4eHuss 1 MOKeT MPUMEHATh MOJyYeHHbIE 3HaHUA 10 00paslly B CTaHAAPTHOM
CUTYaLVH.

OneHka «Hey10BJIeTBOPHUTEIbHO» - BBICTABISIETCS CTYJCHTY, KOTOPBI HE 3HaeT 0OJIb-
IIel 4yacTH OCHOBHOI'O COJepKaHUsl Y4eOHON mporpamMmbl AMCLUMILUIMHBI, JONYyCKaeT IpyObie
OoMOKH B (POPMYIMPOBKAX OCHOBHBIX MOHSATHH JUCHUIUIMHBI U HE YMEET MCIOJIb30BaTh MOJY-
YEHHBIE 3HAHUS [IPU PEIICHUH TUIIOBBIX IMPAKTUYECKUX 3a/a4.

8. YueOHO-MeTOoANYeCKOE U HH(POPMAIHOHHOE 00ecTieYeHre TUCIUIIMHBI (MOaYJIsl, 8.
Y4eOHO-MeTOoAMYECKOEe U HH(OPMALTMOHHOE o0ecredeHne JUCHUILIMHBI (MOAYJIsl, PAKTH-
ku, THA)

8.1. OcHoBHas quTEparypa

1. 3ypabsH, C.D., Fundamentals of bioorganic chemistry = OcHoBbsl GHOOpraHHYECKOM
XUMUH [DnekTpoHHSIiH pecypc]: yueOnuk / Zurabyan S.E. - M.: T'9OTAP-Menua, 2015. - 304 c.
9bC «KoHcynbTaHT CTyICHTa» - Pexum JOCTyTIA:

http [Iwww.studentlibrary.ru/book/ISBN9785970434437.html

8.2. JlonoTHUTeIbHAS JTUTEPATYypa

1. Davydov, V.V. Principles of Medical Biochemistry. Tutorial on biochemistry for foreign
students of medical department of higher education institutions / V.V. Davydov, E.R.
Grabovetskaya. - Ryazan; Saint Petersburg: Eco-Vector LLC, 2016. - 552 p.


http://www.studentlibrary.ru/book/ISBN9785970434437.html

8.3. UnpopManMoHHO-Te1eKOMMYHHUKAIIHOHHBIE pecypchl ceTH « AHTepHeT»

1. O6pazoBarenpubiii moptasn @PI'BOY BO «MI'TY» [DnekTponHsIid pecype]: Pexum mo-
cryna: https://mkgtu.ru/

2. Odummanehsiii caiit [IpaButensctBa Poccuiickoit @enepanuu. [DNeKTpOHHBINA pecypc]:
Pexxum moctyma: http://www.government.ru

3. UudopmanmonHo-mpaBoBoi moptan «l'apant» [DaeKTpoHHBIH pecypc]: Pexxum nocry-
na: http://www.garant.ru/

4. Hayunas onextponHas Oubmmoreka Www.eLIBRARY.RU — Pexum pocryna:
http://elibrary.ru/
5. DNEeKTPOHHBIN Karajor Ooubimorexku — Pexum nocryma://

http://lib.mkgtu.ru:8004/catalog/fol2;
6. Enunoe okHO jgoctynma K oOpa3zoBarenbHbIM pecypcam: Pexum pocryna:
http://window.edu.ru/

9. MeToguveckne yKa3aHus IS 00YyYAKOIIUXCS 110 OCBOCHUIO TUCIHUIIIMHBI
BOleOCLI, BBIHOCUMbIC HA NIPAKTUYCCKHE 3AHATHUA
Section 1: Chemical thermodynamics and Kinetics.

Topic 1. Elements of chemical thermodynamics.

Main questions on the topic:

1. Subject and tasks of chemical thermodynamics. Chemical thermodynamics as the basis
of bioenergetics. Isolated, closed and open systems.

2. The first law of thermodynamics. Internal energy, heat and work. Isobaric and isochoric
thermal processes. Enthalpy.

3. Hess’s law and its corollaries. Standard formation and combustion heat. Thermochemi-
cal calculations and their usage for energetic characteristic of biochemical processes.

4. Interconnection between the processes of metabolism and energy exchange. Caloric val-
ue of main constituents of food and some food products. Energy consumption at different modes
of moving activity.

5. Thermodynamically reversible and irreversible processes. The second law of thermody-
namics. Entropy. Statistic and thermodynamic explanation of entropy. Standard entropy.

6. The Gibbs free energy (isobaric-isothermal potential). Enthalpy and entropy factors. Ex-
and endergonic processes in the organism.

7. Thermodynamics of chemical equilibrium. Reversible and irreversible reactions. Con-
cept of chemical equilibrium. Constant of the chemical equilibrium. The interconnection be-
tween the constant of chemical equilibrium and the Gibbs free energy. Equations of isotherm and
isobaric curve of a chemical reaction.

Topic 2. Elements of chemical kinetics.

Main questions on the topic:

1. Main concepts of chemical kinetics. Simple and complex, homogeneous and heteroge-
neous reactions. The speed of homogeneous chemical reactions and methods of its measuring.

2. The main postulate of chemical kinetics. The order of reaction and the reaction speed
constant. The Law of mass action for the speed of the reaction and its sphere of application.

3. Kinetic equations of the reactions of zero, first and second order. Period of semi-
transformation. Molecularity of the reaction.

4. Theory of active collisions. Arrhenius’ equation. Energy of activation. Vant-Hoft’s rule.
Temperature coefficient of the reaction speed for enzymatic processes.


https://mkgtu.ru/
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http://window.edu.ru/

5. The concept of the theory of transition state. The main equation of the theory of transi-
tion state.

6. Catalysis and catalysts. The theories of catalysis. The mechanism of homogeneous and
heterogeneous catalysis. Enzymes as biological catalysts, peculiarities of their action.

Section 2: Chemical equilibrium.

Topic 3. Kinetics and thermodynamics of chemical equilibrium.

Main questions on the topic:

1. Chemical Equilibrium. Ways of Expressing Equilibrium Constants. Predicting the Di-
rection of a Reaction. Equilibrium Constants and Temperature

2. Shifts in Equilibrium (Le Chatelier’s Principal).

3. Equilibrium in Aqueous Solutions.

4. Key rules for writing the reactions of hydrolysis

5. Types of hydrolysis reactions.

6. Calculations of pH values of the solutions of the salts . Hydrolysis constant (Kh) and de-
gree of hydrolysis (h).

7. Irreversible hydrolysis

8. Mutual hydrolysis.

Section 3: Introduction to volumetric analysis.

Topic 4. The equivalent law. Different concentration units. Fundamentals of volumet-
ric analysis.

Main questions on the topic:

1 The Equivalent Law and its application in volumetric analysis/

2. Concentration Units. Types of Concentration Units. Concentration units are intercon-
vertible

3. Define the following terms: titration, equivalence or end point of titration, (an analyte).

4. Chemical reactions applied in volumetric analysis are defined as titrimetric reactions.
Name the main features of these reactions.

5. Primary standards are prepared by dissolving of standard compounds. What require-
ments should standard compounds meet?

6. Titration methods are classified by a type of chemical reactions

7. What types of chemical reactions are applied in volumetric analysis?

8. Define direct, back and displacement titration methods.

Section 4: Solutions.

Topic 5. Colligative properties of solutions.

Main questions on the topic:

1. Thermodynamics of solution formation.

2. Osmose and osmotic pressure of solutions. Vant-Hoff’s law.

3. Osmotic pressure, osmolarity and osmolality of some biological fluids. The concept of
isotonic, hypertonic and hypotonic solutions.

4. The role of osmotic phenomena in biological processes.

5. The pressure of saturated vapor of solvent above the solution. Raoul’s first law.

6. Boiling and freezing temperatures of solvents. Raoul’s second law. Cryoscopy. Ebulli-
oscopy.

7. Colligative properties of electrolyte solutions. Isotonic coefficient.

Topic 6. Electrolyte solutions.



Main questions on the topic:

1. The Arrhenius Theory of electrolytes dissociation.

2. The theory of weak electrolyte solutions. Main characteristics of a weak electrolyte: a,
Kion, pKion.

3. The theory of strong electrolyte solutions. Main characteristics of a strong electrolyte: a,
fa, I

4. Electrical conduction in solutions.

5. Biological functions of electrolytes.

Topic 7. Heterogeneous equilibria.

Main questions on the topic:

1. Thermodynamic (°Ks) and concentration (Ks) solubitity constants of a heterogeneous
process equilibrium.

2. Interconnection between the solubility S of a sparingly soluble strong electrolyte and its
OKs >> K.

3. Conditions of formation and dissolution of precipitates in heterogeneous systems.

4. Competitive heterogeneous equilibria of the same type.

5. Competitive heterogeneous equilibria of different types (the formation of complex com-
pounds, a slightly dissociated acid, oxidation or reduction of one of the ions of a slightly soluble
compound).

6. Heterogeneous equilibria in the vital activity of the organism. Conditions of calcium
phosphate formation in slightly alkaline solutions.

7. Pathology of bone tissue (influence of Be?*, Sr2*, Sr*%) and physicochemistry of a patho-
logical formation of calculus in the organism.

Topic 8. Acidity and basicity of agqueous solutions. pH.

Main questions on the topic:

1. Protolytic (proton) theory of acids and bases.

2. The ion product of water. Hydrogen ion exponent pH.

3. Calculation of solution pH of weak and strong acids and bases.
4. Determination of hydrogen ion exponent.

5. Role of hydrogen ions in biological processes.

Topic 9. Buffer systems.

Main questions on the topic:

. Buffer systems, their classifications.

. Calculation of pH of acid and basic buffer solutions.
. Mechanism of action of buffer systems.

. Buffer capacity.

. Basic buffer systems of the organism. Acidosis. Alkalosis.
. Hydrocarbonate buffer system, mechanism of action.
. Hemoglobin buffer system, mechanism of action.

. Phosphate buffer system, mechanism of action.

. Protein buffer system, mechanism of action.
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Section 5: Electrochemistry.

Topic 10. Potentiometry.

Main questions on the topic:

1. Electrode and oxidation-reduction (OR) potentials, the mechanism of their appearance
and the dependence on different factors. Nernst-Peters’ equation for calculating of potential val-
ues.



2. Galvanic elements (chemical and concentration): action mechanism and calculation of
EMF. Measuring of electrode and OR-potentials.

3. Reversible electrodes of the first and the second type (hydrogen and silver chloride).
lon-selective electrodes (glass electrode). Structure and mechanism of potential origin.

4. Electrodes of comparison and electrodes of determination (indicating) used in potenti-
ometry.

5. The essence of potentiometric determination of pH.

6. Potentiometric titration, its essence and its usage in quantitative analysis and medicobio-
logical investigations.

Section 6: Surface phenomena. Dispersion Systems. Solutions of biopolymers.

Topic 11. Physico-chemistry of surface phenomena.

Main questions on the topic:

1. Special features of the energy state of phase interfaces. Surface energy and surface ten-
sion.

2. Surface active and surface inactive substances. Surface tension isotherms. Ducklo-
Traube rule. Stalagmometric method of measurement of surface tension in liquids.

3. Adsorption at the interface liquid-gas and liquid-liquid. Gibbs’equation and its analysis.
Molecule orientation in the surface layer; the structure of the lipid biolayer of biological mem-
branes.

4. Adsorption on the interface solid-gas and solid-liquid. Langmure and Friendlikh’s ad-
sorption isotherms. Langmure’s and Friendlikh’s equations, their analysis.

5. Importance of surface phenomena in biology and medicine. Usage of adsorption in med-
icine and medical-biological research.

Topic 12. Physico—chemistry of dispersion systems.
Main questions on the topic:
1. Dispersion systems, their peculiarities and classification.
. Molecular-kinetic properties of colloidal systems. Sedimentation.
. Optical properties of colloidal systems. Opalescence.
. Structure of colloid particles.
. Methods of obtaining and purification of colloidal systems. Peptization.
. Structure and mechanism of double electric layer of sol particles.
7. Electrokinetic and electrothermodynamic potentials, their appearance, mechanism and
factors determining them.
8. Electrokinetic phenomena in colloidal solutions.
9. Electrophoresis of colloidal solutions. Factors determining the rate of electrophoresis.
10. Proteins as polyelectrolytes. Isoelectric state and isoelectric point of proteins. The in-
fluence of pH of the solution on the ionization character of proteins.
11. Electrophoresis in the solutions of proteins.
12. The significance of electrophoresis and electroosmosis in medicalbiological investiga-
tions and physiotherapeutic practice.
13. Kinds and factors of colloidal system stability.
14. Coagulation of colloidal solutions and factors causing it.
15. Coagulation of colloidal solutions by electrolytes. Coagulation threshold.
16. Kinetics and coagulation mechanism of colloidal solutions.
17. Coagulation processes at purification of drinking water and sewage.
18. Colloid protection and its importance.
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Topic 13. Coarsely dispersed systems.
Main questions on the topic:



. Classification and general properties of coarsely dispersed systems.
. Suspension, its obtaining and properties. Pastes.

. Emulsions, their classification, properties and methods of obtaining.
. Emulsifiers, their nature and mechanism of action.

. Methods of determining the type of emulsions.

. Biological importance of emulsions.

. Aerosols, their obtaining and properties. Powders.
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Topic 14. Physico-chemistry of solutions of biopolymers.

Main questions of the topic:

1. Macromolecular compounds (MMC). Their classification and chemical structure. The
importance of biopolymers.

2. Formation of MMC solutions and their properties. Differences between MMC solutions
and sols. Common properties of MMC solutions and sols.

3. Thermodynamics of the formation of MMC solutions.

4. Mechanisms of swelling and dissolving MMC. Limited and unlimited swelling. The in-
fluence of different factors on swelling and dissolving of MMC. The swelling degree. Medical
and biological significance of MMC swelling.

5. Stability of MMC solutions and the ways of extraction of biopolymers from their solu-
tions. Denaturation.

6. Osmotic pressure of MMC solutions. Osmometric method for calculation of the molar
mass of MMC. Galler‘s equation.

7. The significance of MMC solutions viscosity for medical and biological investigations.

8. Proteins as polyelectrolytes. Isoelectric state and isoelectric point of proteins. The influ-
ence of the pH level in the solution on the charge of proteins.

9. Electrophoresis of the solutions of proteins.

10. The significance of electrophoresis and electroosmosis in medical and biological inves-
tigations and physiotherapeutic practice.

Section 7. Chemistry of the elements.

Topic 15. General properties of s-, p-, d-block elements.

Main questions of the topic:

1. The electron configurations of the s-, p-, d-block elements and their simple ions.

2. The characteristic properties of the s-block elements essential to life:

(a) their acting in redox reactions.

(b) their ability to form a range of complex compounds with different ligands;

(c) their salts hydrolysis;

(d) Basic character of their oxides and hydroxides, amphoteric character of BeO and
Be(OH).

3. The characteristic properties of the p-block elements essential to life:

(a) their acting in redox reactions.

(b) their ability of p-block metals to form a range of complex compounds with different
ligands;

(c) their salts hydrolysis;

(d) Basic character of their oxides and hydroxides, amphoteric character of BeO and
Be(OH).

4. The characteristic properties of the transition elements essential to life:

(@) their acting in redox reactions.

(b) their ability to form a range of complex compounds with different ligands;

(c) their salts hydrolysis;

(d) Amphoteric character of some oxides and hydroxides containingd-block elements.



5. The equations of test reactions on cations of s-, p-, d-block elements.
Section 8. Introduction in bioorganic chemistry.

Topic 16. Classification and nomenclature of organic compounds. Chemical bond
structure and electronic effects in the organic molecules. Isomerism and its types.

Main questions on the topic:

1. Introduction into bioorganic chemistry: the definition of subject, objects learned by
bioorganic chemistry.

2. Classification of organic compounds: according to the carbon chain structure; according
to the functional groups.

3. Nomenclature of organic compounds: trivial (or common) nomenclature, systematic
nomenclature IJUPAC.

4. An electronic and dimensional structure of sp?-hybridized carbon atom.

5. Conjugated systems. Conjugation energy.

6. Cyclic conjugated systems. Aromaticity. Huckel’s rule. Aromaticity of benzoic and non-
benzoic systems.

7. Aromaticity of heterocyclic systems (pyrrole, pyridine).

8. Inductive effect. Mesomeric (or resonance) effect.

7. Electron donating and electron withdrawing substituents.

9. Isomerism and its types

10. Stereoisomerism. Classification of stereoisomers.

11. Chiral and achiral molecules. Chiral centers. Optical activity is the property inherent
chiral molecules. Fisher's projective formulas. Enantiomers. Diastereoisomerism. Stereoisomers
of tartaric acid. Racemic mixtures. Methods of racemic substance division.

12. Relative D-, L-nomenclature of stereoisomers. Glyceraldehyde as the configuration
standard. R, S-system of a configuration designation.

Topic 17. Structure, properties and reactivity of hydrocarbons.

Main questions on the topic:

1. Organic reaction mechanism definition. Homolytic and heterolytic mechanisms of bond
cleavage. Classification of reagents in organic reactions.

2. Organic reactions classification according to the direction and result of reaction.

3. Reactions of radical substitution (Sr). Alkanes and cycloalkanes.

4. Electrophilic addition (Ag) to alkenes: hydrogenation, halogenation, hydrohalogenation
and hydration reactions. The Markovnikov’s rule.

5. Mechanism of electrophilic substitution reactions (Sg) in aromatic compounds. I and 11
sort directing substitutients.

6. The formulas of ethane, propane, butane, hexane, benzene, methylbenzene, benzoic acid
and their isomers.
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