MUHUCTEPCTBO OBPA30OBAHUSA U HAYKHA
POCCHUHCKOH ®EJEPAIINN
denepanbHOE rOCYIapCTBEHHOE OIOIKETHOE 00Pa30BATEIBHOE YUPEKICHUE
BBICIIET0 00Opa30BaHUs
«BOpOHEKCKHIN TOCYJapCTBEHHBI TEXHUYECKU YHUBEPCUTET)

YTBEPXIAIO
Jlexan (axynpTeTa A.U. Konocos
«30» aBrycra 2017 .

PABOYAS ITPOI'PAMMA
JIUCLUIIIMHBI

«XAMU

Hanpagienue moaroroBku 20.03.01 TEXHOCOEPHA A BE3OINTACHOCTbD

Ipoduan
KBanudpukanus BbIMYyCKHUKA OakataBp
HopmaTuBHbIii mepuoa odyuenns 4 rona/5 yer

dopma oOyueHusi ouHas / 3a04HAs

I'ox Havyasa moarorosku 2017

ABTOp TpOrpaMMbI / /
3apenyroniuii kaheapoit / /
PykoBoaurens OITOIT / /

Boponex 2017



1. HEJIA A 3AJIAYU JTUCIHUAIIJINHBI
1.1. eau AuCIUIIHHBI
CdopMupoBaTh y CTyACHTa IMOJHYH CHCTEMY IpEJACTaBICHUN 00 OOIIMX

Ka4YCCTBCHHBIX MW KOJIHYCCTBCHHBLIX 3dKOHOMCPHOCTAX IIPOTCKAHUA XHMHYCCKHX
IMpoHeccCoB U SIBJICHUM B Pa3INYIHbIX (I)HBI/IKO-XI/IMI/I‘IQCKI/IX CUCTCMAX, OIINPAACH IIPHU
9TOM Ha (bYHI[aMeHTaJ'II)HBIC ITOJIOXKCHUA (I)I/ISI/IKI/I U XUMHU.

1.2. 3axaun ocBOeHNSA TUCHUILIHHBI

3aJI0)KUTh OCHOBBI JJII TTOHMMAaHHUS XMMHUYECKHX TPOIECCOB IMPEBPAIICHUS
BEIIIECTB, KOTOpBIC OyAyT CIOCOOCTBOBATh MPHHATHIO TPAMOTHBIX, HAYYHO
00OCHOBaHHBIX TPO(PECCHOHATBHBIX PEIICHWHA B 00JIACTU  CTPOUTEITHLHOM
TEXHOJIOTHH, a TakKKe CIIOCOOCTBOBATh BHEIPEHUIO JOCTHKEHUNW XUMUU TIPHU
PELICHUH 3TUX TPOOIIEM.

[IpuBUTH HABBIKK OCMBICIICHHOTO PEIICHHS KOHKPETHBIX XMMHUYECKUX 3a7ad,
HAyYUTh HAXOIUTh ONTUMAJbHBIC pPEIICHUS NPOo(ECCHOHATLHBIX 3a7a4, B TOM
YHUCJIE C UCIOJIH30BAHMEM 3aKOHOB XUMHUU, XUMUUECKUX TTPOIIECCOB U BEIIECTB.

2. MECTO JUCHUIIJIMHBI B CTPYKTYPE OIIOII
JucuuninuHa «XuMUs» OTHOCUTCS K JUCIHUIUIMHAM 0a30BOM yacTH OJ0Ka
bl.

3. HEPEYEHD IIVIAHUPYEMBIX PE3YJIbTATOB OBYUYEHUS 110
JUCHUIIJIIMHE
[Tpomecc M3ydeHUss MUCHMIUIMHBI « XMMHUS» HaNpaBiIeH Ha (GOPMUPOBAHUE
CHEAYIOINX KOMIETEHIINN:
OK-4 - KOMIIETEHUHUSMH  CaMOCOBEpPLIEHCTBOBaHUA  (CO3HaHUE
HEO0OXOAMMOCTHU, TOTPEOHOCTH M CIIOCOOHOCTh 00Y4YaThCs)
OK-8 - ctocobHOCTHIO paboTaTh CAMOCTOSTEIHHO
OK-9 - cnocoOHOCTHIO MPUHUMATD PEIICHUS B TIPEIeNIaX CBOUX MOJTHOMOYHMA
OK-10 - crtocoOHOCTBIO K MO3HABATEIHHON JESATEILHOCTH

Pe3yabTarbl 00yueHnsl, XapaKTepu3ylolue

Komnerenuus
chopMHUPOBAHHOCTH KOMIIETEHUMH

OK-4 3HaTh: 0a30BBIC COCTABJISIONINE MPU AHAIU3E 33/1a4.

YMeTh: rpaMOTHO, JIOTHYHO, apTYMEHTHPOBAHO (JOPMHUPOBATH
COOCTBEHHBIC CY)KJICHUSI M OI[CHKH.

Brnaners: undopmanmeit, 00beKTUBHO aHAJIM3UPOBATH €€ IS
pelIeHns MOCTaBICHHOM 3a/1auH.

OK-8 3HaTh: OCHOBbl XHMHUHM W  XUMHUYECKHE  MPOLECCHI
COBPEMEHHOM TEXHOJIOTUH MPOU3BOJICTBA.

YMeTh: IIPUMCHATL IIOJIYYCHHBIC 3HAHUA 110 XUMHWH IIpU
HN3Y4YCHUU NPYIuX JUCIHIIINH.

Brnagers: coBpeMeHHON HAy4YHOU armapaTypou.




OK-9

3HaTh. CBOMCTBA XUMHYECKHUX DJIEMEHTOB U X COC,Z[I/IHGHI/IfI.

YMeTh: IMPUHUMATD PCIICHUA B IIPCACIIAX CBOUX MOJTHOMOYHH.

BJ'IaI[GTB: HaBbIKaMH BCACHUA Q)I/ISI/ILICCKOFO OKCIICPUMCHTA.

OK-10

3HAaTh. MMPAKTHYCCKUC IMMOCIICACTBUS BO3MOKHBIX pCIHCHI/Iﬁ
3aJa4H.

YMeTb: oTIInYaTh (PakThl OT MHEHHM, HHTEPIPETALlUA, OLIEHOK
U T.JI. B PACCYXKJECHUSX JIPYTUX YYACTHUKOB JIEATEIbHOCTH.

BJ'IaI[GTB: CITOCOOHOCTBIO K IMO3HABATEILHOM JACATCIBbHOCTH.

4. OFBEM JUCHUIIJIMHBI

OO6m1ast TpyT0EMKOCTh TUCIUTIINHBI « XUMHS COCTABIISIET O 3.€.
Pacnpenenennie TpyJ0€MKOCTH TUCIUIUIMHBI IO BUAAM 3aHATUN
o4Has popma 00yueHHsI

Bcero | Cemectpsl

Bunbl yue6HOM pabOThI YACOB >
AyIuTOpHBbIE 3aHATHSA (BCEro) 72 72
B Tom uncae:

Jlexknun 18 18
[Tpaktrueckue 3ansatus (I13) 18 18
JlabopaTtopusie pabotsl (JIP) 36 36
CamocrosiTeibHas padora 72 72
Yackl Ha KOHTPOJIb 36 36
Bubl npomMeKyTOYHOM aTTeCTAllUM - YK3aMEH + +
OO6m1ast TPy 10€MKOCTb:

aKaJeMUYECKHUE YaChI 180 180
3a4.ejl. 3) 3)

3a04Hast popma 00y4eHHUs

Bcero | Cemectpsl

Bunbr yue6HOM paboTh YACOB >
AyAUTOpPHBIE 3aHATHS (BCEro) 14 14
B Tom uucie:

Jlexumun 4 4
[TpakTuueckue 3ausatus (113) 4 4
JlaGopatopusie pabotsl (JIP) 6 6
CamocrosiTeibHas padbora 157 157
Yacel Ha KOHTPOJb 9 9
Buapl 1poMeXyTOYHOM aTTECTAllUM - DK3aMEH + +
OO6m1ast TPy 10€MKOCTb:

aKaJEMHUYECKUE YaChl 180 180
3a4.e]. 3) 3)

5.1

5. COAEPKAHME JJUCHUILTAHBI (MOYJIST)
ConepmaHne pa3ne.)10B JUCHUIIJINHBI n pacnpeneﬂenne




TPYAO0EMKOCTH 10 BUIaM 3aHATHIA
ouHasi gopma o0yueHust

HaunmenoBanme TeMbl

Conepxanue pasjena

Jlekng

[Ipax
3aH.

JIab.
3aH.

CPC

Bcero,
yac

CrpoeHue BelecTBa U
peaKIOHHasT
CITOCOOHOCTH BEIICCTB

KBanTOBO-MEXaHMYECKUE MPEACTaBICHUA O
CTpOeHUM artoma. JIBoiicTBeHHass mpupoaa
aJIeKTpoHa. ATOMHas opOuTanb. KBaHTOBEHIE
yycna. [IpyHIUIN MHHUMAaNbHOM SHEPruu.
[IpaBuno Kneukosckoro. Ilpunium 3ampera
INaynu. IlpaBuno I'ynma. OnexkTpoHHBIE
KOH(UTYpaIllMHaTOMOB 1 HOHOB.

[lepromyueckuii 3akOH W HEpHOIMYECKAs
cucTemMa 3JIEMEHTOB. IMepuonuueckue
CBOMCTBa 9JeMEHTOB. Paamycsl aToMoB.
Oueprus noHu3anuu. CpoaCTBO K IIEKTPOHY.
DIIeKTpOOTpHLATENbHOCTE.  [leproanueckoe
U3MCHCHHUE KHCJIOTHO-OCHOBHBIX u
OKHCJIUTEIBHO-BOCCTAHOBUTEIIBHBIX CBOICTB
BEIIECTB.

Xumnueckas cBsa3b. KoBajeHTHas CBS3b.
Merton BaeHTHBIX cBsizeil. OOMEHHBIM U
JOHOPHO-aKLETTOPHBII MeXaHH3M
o0pa3oBaHus KOBAJICHTHOM CBSI3U.
l'ubpuanzanmss  aTOMHBIX — 3JIEKTPOHHBIX
opOuTaneif, TreoMeTpHuecKas  CTPYKTypa
mosiekyn. HonHas cBA3b. Mertammueckas

cBA3b. BogopoaHast cBA3b.

CBoiicTBA W peaKIHMOHHAas CIIOCOOHOCTH
BEIIECTB, COCTAaBJIAIOLINX OCHOBY
CTPOMTENBHBIX MATEPHAIIOB.
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OCHOBEBI XHUMHYECKOH

TEPMOJUHAMUKN
KHHCTUKH

n

Xumuueckass TepMoanHaMHMKa. OCHOBHBIE
MOHSATUS ~ XUMHUYECKOH  TEePMOAWHAMHKU.
[TapameTpsr COCTOSTHUSL.
TepmoauHamMuueckne (YHKIUH: BHYTPEHHSS
SHEpru, SHTAIBIINS, SHTpPOIHS,
n300apHO-U30TEPMHUUECKUI
IepBoe u BTOpoe HawYata TEPMOANHAMHUKH.

noTeHIMal.

DHepreTuka XUMHUYECKUX MPOLIECCOB. 3aKOH
T'ecca u crefCcTBUS U3 HEr0. DHTAIBINN
oOpazoBanus. TepMOXUMHUYECKHE YPaBHEHHSI.
YcnoBust caMONpOU3BOJILHOTO MPOTEKAHUS
MPOLIECCOB B U30JINPOBAHHBIX U
HEU30JIMPOBAHHBIX CUCTEMAX.

Xumudeckast KUHETHKA. CkopocTb
XUMHUYECKUX  PEaKIUH. TTousate 0060
aKTHBHBIX MOJICKYJIaX, DHEPTHH aKTHBAIHH,
AKTUBUPOBAaHHOM KOMILJIEKCE. Y paBHEHUE
AppeHnyca. 3aBHCUMOCTb CKOPOCTH PEaKIHU
OT KOHIEHTPAllMM M TEMIEpaTypbl. 3aKoH
JIENCTBYIOMIMX macc. Kunernueckue
YpaBHEHUS 1T TOMOT€HHBIX U FeTepPOreHHBIX
nporeccoB. [IpaBuio Baut-T'opda. Merop!
PperyIrpoBaHus CKOPOCTH  pEaKIIHi.
Karanu3. Karamuzatopbl n KaTtanuTHYecKue
cucrembl. Teopun katanmmsza. KonebarenbHbie
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24




peakIuu.

XUMHYECKOEe paBHOBECHUE.
TepmoauHaMuueckoe 1 KUHETHIECKOE
ycIoBUsl cocTosiHUSA paBHOBecus. KoHcranTa
paBHOBecusl. BiusiHue n3MeHeHHs BHEIIHUX
yCIOBUIl Ha NOJIOKEHUE XUMUYECKOTO
paBHoBecus. [Ipunnun Jle Illarense. da3oBoe
paBHOBecHeE.

3aKOHOMEPHOCTH XUMHUYECKHUX MPOIECCOB
COBPEMEHHBIX TEXHOJIOTHI IIPOU3BOCTBA
CTPOUTENBHBIX MaTEPHATIOB.

PacrtBopsl. [lucniepcHble
CHUCTEMBI

OOmue mpexcTaBIeHHWS O  pacTBOpax.
I'uppatnas  teopuss  pactBopoB  JI.W.
Memnneneesa. Cnioco0bt BBIpaKCHHS
KOHIICHTpaLUH pacTBOPOB: MaccoBas,
MOJSpHAas JOJNsA, MOJISIpHAs, MOJIUIbHAS
KOHIICHTpaUUs, MOJSIpHas  KOHIICHTpaLUs
SKBHUBAJICHTOB. Bripaxenue 3aKOHa
9KBHBAJIEHTOB JUIS PACTBOPOB.

OO0m1re cBOCTBA pacCTBOPOB: AaBICHHUE Mapa
PacTBOpPOB, KHIICHUE M KPUCTAIUTN3ALINS
pactBopoB. 3akoH Payns. Kpuockomnus,
s0ymmockonust. OcMoC, OCMOTHYECKOE
naenenue. 3akoH Bant-I'odda.

PactBopbl 3JIEKTPOJIUTOB. Teopus
JNEKTPOTUTUICCKON JIUCCOIMAIINN
AppeHnyca. CremeHp W KOHCTaHTa

nucconuanuu.  Peakumm B pacTBopax
JJIEKTPONIUTOB. VOHHBIE paBHOBECHS W HX
CMelleHue.

DNeKTPONUTHIECKAs TUCCOLMANS  BOJBIL.
HonHoe npoussenenue Bosl. Boopoanstii
rnokasaresb. Meronbl onpenenenus pH.
pH-unaukatopsl. I'maponus coneit. Conn,
THIPOU3YIOIIHECS [0 aHHOHY, 110 KaTHOHY,
Heruapoiusyouyecs conu. Msmenenue pH
cpensl ipu ruaponuse. bydepHsie cuctemsl.

JlucniepcHbIE CHCTEMBI, UX KTacCH(UKaIHs,
MeTobI mostydeHust. TepMoanHaMIdecKast
HEYCTOWYHUBOCTD F€TEPOT€HHBIX JUCTIEPCHBIX
cucteM. [10BepXHOCTHBIC SIBICHUS
amcop6uust. KoyutoniHbie pacTBOpPHI.
KuHeTnueckas u arperaTHBHasi yCTOHIMBOCTD
KOJUTOUHBIX cucteM. Koaryssius.
CenuMeHTaLNS.

CTpOI/ITeJ'II)HI)Ie MaTepualibl Kak
NCKYCCTBCHHBIC NUCTIEPCHBIE CUCTEMBI.
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24

DIIEKTPOXUMUYECKHE
HPOLIECCHI

DNeKTPOXUMUIECKHE CHCTEMBI.
DNeKTPOIHbIH MOTEHLHANd, MEeXaHH3M €ro
BO3HHKHOBEHUS. VYpaBuenne HepHcra.
ONEeKTPOXUMHYECKUH  psAA  HampsKCHUH
MeTainoB. THITBI 37IEKTPOJIOB.

12

24




l'anpBannueckue snemeHThl.  M3Mepenue
JNEKTPOABIKYIIEH cuibl. Ilonspusanus u
NepeHanpsokeHne. XUMHIECKHe HCTOYHUKH
TOKa: IIEPBUYHbIC I'aIbBAHMYCCKUE IJIEMEHTHL,
AKKyMYJIITOPBI, TOIUIUBHBIC JJICMEHTBIL.

Kopposus  meramnoB. Bunsl  kopposuu.
MexaHu3M 3IEKTPOXUMHUYECKON KOPPO3HH.
3ammra MeTauIoB OT KOPPO3HU. DIEKTPOIU3.
IIponeccsl, npoTekarooLe OpU IEKTPOIU3Ee
BOJHBIX PacTBOPOB 3JIEKTPONUTOB. 3aKOHBI
Dapapest.

[Tosnumeps! 1 oUromMepsl

DreMeHTHl opranudeckor xumu. [lonsarue o
nojauMepax u onuromepax. Opranuueckue u
HEOpraHUJIecKHe MOJTUMEPBL. Mertozpt
CHHTE3a  IIOJMMEPOB! HOJIMMEepU3aIys,
MOJMKOHEHCalsl. XUMUYECKOE CTPOCHUE U
CBOICTBa TOJIUMEPOB. Hectpykuus
NoJMMepoB. buomnonuMepsl: nonucaxapunel,
TTOJTMHU30IPEHBI, OCIKH.

CrtpouTenbHble  MaTepHaibl Ha  OCHOBE
BBICOKOMOJIEKYJISIPHBIX COEIUHEHHHA.
[IpuMeHeHHEe MOTUMEPOB MPU HU3TOTOBJICHHU
OCTOHOB.
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XuMuueckas
nAeHTH(GUKAIHSA

Xumudeckass — MICHTH(HKAIMS  BCIICCTB.
AHaTUTHYCCKUN CHTHA. OCHOBBI
KaueCTBEHHOI'0 M KOJIMYECTBEHHOTO aHaJIN3a.
KauectBennnie peaknuu Ha HMOHEI.
XHUMHYECKHE, (HU3UKO-XUMUIECKHE u
(¢u3uUecKre  METOABl  aHaIW3a H  HX
HCIOJIB30BAHHE B COBPEMEHHBIX

CTPOUTEIILHBIX TEXHOJIOTHUAX.
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Htoro

18

18

36

72

144

3a04Has (popma 00yueHus

HaunmMeHnoBaHue TeMbI

ConepxaHue pazzena

Jleknn

[Ipax
3aH.

JIab.
3aH.

CPC

Bcero,
yac

CtpoeHne BenmecTBa M
peaKIuoHHAas
CIIOCOOHOCTH BEIIECTB

KBaHTOBO-MeXaHHIECKHE IPEACTABICHUS O
CTpOeHUM aroma. JIBOMCTBEHHas MNpHUpoaa
JJIeKTpoHa. ATOMHas opOutanb. KBaHTOBBIE
yucna. [IpuHIMI MUHUMaTbHOW SHEPrHH.
[IpaBuno Kneukosckoro. [lpunuun 3amnpera
Maymu. IlpaBuno TI'yama. DnekTpoHHBIE
](OH(bI/Il"ypaL[I/II/IaTOMOB H NOHOB.

Ilepuoanyeckuii 3aKOH W IEpUOANYECKas
cucremMa 3JIEMEHTOB. [Tepuoanyeckue
CBOMCTBa 3JIEMEHTOB. Pajuychl aTOMOB.
OHeprus nonusanuu. CpoJcTBO K JIEKTPOHY.
OneKTpooTpUnaTeNnbHOCTh.  [leproandaeckoe
HU3MCHCHHC KHCJIIOTHO-OCHOBHBIX u
OKHCITUTENIbHO-BOCCTAHOBHUTEIIBHBIX CBOMCTB
BEIIECTB.

XuMuyeckas CBsA3b. KoOBalleHTHas CBS3b.
Meton BaleHTHBIX cBsizeil. OOMEHHBIH U
JOHOPHO-aKIEITOPHBIH MeEXaHH3M
o0Opa3oBaHus KOBAJIEHTHOM CBSI3H.

26
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I'mOpuansanust ~ aTOMHBIX ~ 3JEKTPOHHBIX
opbOuTtaneif, reoMeTpHyecKas  CTPYKTypa
mosiekyn. HonHas cBA3b. MeTtammueckas
cBsA3b. BogoponaHas cBs3b.

CBoiicTBA W pEaKUUMOHHAas CIOCOOHOCTH
BEIECTB, COCTaBIISTIOIINX OCHOBY
CTPOMTENBHBIX MATEPHAIOB.

u

OCHOBEI XHMHYCCKOH
TEPMOIUHAMUKH
KUHETHKH

Xumuueckas TepMoauHaMmuka. OCHOBHBIE
MOHATUSL ~ XUMUYECKOH  TepMOAWHAMHKU.
[MTapameTpst COCTOSIHUSL.
TepmoauHamMudeckne (YHKIUH: BHYTPEHHSS
SHEpru, SHTaIBINS, SHTpOMNUS,
n300apHO-U30TEPMHUUECKUI MOTEHIIMAIL.
IlepBoe u BTOpoe Hawyana TePMOAUHAMUKU.

OHepreTuka XHUMHUYECKHUX IPOLECCOB. 3aKOH
I'ecca u cnencTBus U3 HETO. DHTAIBIINI
oOpazoBanus. TepMOXUMHYECKHE YpaBHEHHUSI.
VYcnoBus caMONPOU3BOIBHOTO IPOTEKAHUS
IIPOLIECCOB B U30JIMPOBAHHBIX U
HEHM30JIMPOBaHHBIX CUCTEMAX.

Xumuueckas KHHETHKA. CkopocTb
XUMHUYECKUX  PEAKLHUH. [onsatne 006
AKTUBHBIX MOJIEKYJaX, SHEPIrHU aKTHBAIWH,
AKTUBHPOBAaHHOM KOMIUIEKCE. YpaBHEHHUE
AppeHnyca. 3aBHCUMOCTb CKOPOCTH PEaKIHN
OT KOHIIEHTPAMM W TEMIIEpaTyphl. 3aKoH
JIECTBYIOMIMNX macc. Kunernueckue
YpaBHEHUsI JJIsl TOMOT€HHBIX U F€TePOr€HHBIX
npoueccos. [IpaBuno Bant-I'odda. Merons
PpeTyIupoBaHUs CKOPOCTH  pEaKIHii.
Katamu3. Katanmzatopsl M KaTaJUTHYECKUE
cucrembl. Teopun katanmsa. KonebarenbHsie
peakuu.

XUMH4ecKkoe paBHOBECHE.
TepMoauHamMHu4yecKoe U KUHETUYECKOE
YCIIOBHS COCTOSIHHS paBHOBecHs. KoHCcTaHTa
paBHOBecus. BiusiHue U3MeHeHus BHELIHUX
YCIIOBHH Ha MOJI0KEHNE XUMHIECKOTO
pasuoBecus. [Ipunmun Jle Illarense. da3oBoe
paBHOBECHE.

3aKOHOM6pHOCTI/I XUMHUYECKUX MTPOLECCOB
COBPEMCHHBIX TEXHOJIOTUH IpOU3BOACTBA
CTPOUTECIIBHBIX MAaTE€PHUAJIOB.

26
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PactBopsl. /lucnepchsie
CUCTEMBI

O0me  mpeAcTaBleHHS O  PacTBOpPax.
T'unparnas  teopuss  pactBopoB  JI.M.
Menneneesa. Cnoco0sl BBIPAXKEHUS
KOHI[CHTPAIUH pacTBOpOB: MaccoBas,
MOJIsApHasd J0JI4, MOJIsIpHasd, MOJIsAJIbHAA
KOHIICHTpANUs, MOJISIpHAas  KOHIICHTPAIHS
SKBHUBAJICHTOB. Bripaxenue 3aKOHa
9KBHBAJICHTOB JIJII PACTBOPOB.

OO6u11e cBOMCTBA pacTBOPOB: AaBJICHHUE Mapa
PacTBOpPOB, KMIIEHUE M KPUCTAIUIN3ALUS
pactBopoB. 3akoH Payisa. Kpuockomnus,

26

28




30ymockonusa. OcMoC, 0CMOTHYECKOE
nasnenue. 3akoH Bant-I'odda.

PactBopsl 3JEKTPOJIUTOB. Teopus
IEKTPOIUTHIECKOH JIUCCOIMAIIAN
AppeHuyca. CreneHn U KOHCTaHTa

qucconmanuy.  Peaknuu B pacTBOpax
aneKTponuToB. MoHHBIE paBHOBeCHS U HX
CMEIIEHHE.

DNeKTPONUTHYECKas! JTUCCOLMAUS  BOJBIL.
Honnoe npoussenenue Bosl. Bonopoanslii
nokasaresb. Meroasl onpeaenenus pH.
pH-unnukatopsl. I'maponus coneit. Conn,
THJIPOJIU3YIOLINECS 10 aHUOHY, 10 KaTHOHY,
Heruapoausyrouecs conu. Msmenenne pH
cpensl ipu ruaponuse. bydepHsie cucremsl.

JlucriepCHbIe CUCTEMBIL, HX KIacCUBUKALHS,
METOBI oay4eHus. TepMonuHaMuiecKkas
HEYCTOWYHUBOCTH FETEPOr€HHBIX AUCIIEPCHBIX
cucteM. [I0BepXHOCTHBIC SIBICHUS U
ancop6buust. KomtonHeie pacTBOpPHI.
Kunetndeckas u arperaTiBHas YCTOHYHMBOCTD
KOJUTOUIHBIX crcTeM. Koarysius.
CenuMeHTaLM.

CtpouTensHble MaTepHaIbl KaK
HCKYCCTBEHHBIC JUCIIEPCHBIC CUCTEMBI.

DIEKTPOXUMHUUECKIE
MPOLIECCHI

DNeKTpOXUMUIECKHE CHCTEMBI.
ONeKTPOAHBII TOTEHIMAN, MEXaHU3M ero
BO3HHKHOBEHUS. VYpaBHenue HepHcra.
DNEeKTpOXUMHYECKHH  psAA  HampsDKeHHH
MeTaJIJIOB. THIIBI 2JIEKTPOJIOB.

lanpBannueckue snemeHThl.  M3mepenue
aeKTpoaBrKylIed cuibl. [lonspuzauus u
nepeHarnpsokeHne.  XUMHUYECKHe HCTOYHHKA
TOKA: IEPBUYHBIE FaJIbBAHUYECKHUE JICMEHTBI,
AKKyMYJISITOPBI, TOTUTNBHBIE SJIEMEHTHI.

Koppo3ust  meTannoB. Bumel  kopposun.
MexaHu3M 3JEKTPOXUMHUUECKON KOPPO3HH.
3amuTa METaaIoB OT KOPPO3HHU. DNEKTPOIN3.
[pomeccsl, MpoTeKaOMuUe MPU IJIEKTPOIIH3E
BOJHBIX PacTBOPOB 3JIEKTPOJIUTOB. 3aKOHBI
Dapanes.

26
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HOHI/IMepLI " OJIMT'OMEPLL

OneMeHTHI opranndeckoil xumun. [lonstue o
nonuMepax U oiuromepax. OpraHuueckue u
HEOpPraHM4YeCKHe  MOJIMMEpBI. MeTopt
CHHTE3a  IOJMMEPOB: TOJTUMEpHU3ALHS,
MOJIMKOHICHCAIHS. XHMHYECKOE CTPOCHHUE U
CBOWCTBa HOJMMEPOB. Hectpyxuus
nonuMepoB. BuomonmMmepsl: mosrcaxapuipl,
TMIOJIMU3O0TIPEHBI, OEIIKH.

CrpouTensHble  MaTepuaabl Ha  OCHOBE
BBICOKOMOJICKYJIIPHBIX COCAMHEHUI.
[TpumeHeHne MOMUMEPOB MPU H3TOTOBICHUH

26

28




OCTOHOB.

6 Xumuueckas Xumudeckass — MICHTH(HKAIMS ~ BEIICCTB.
HAeHTH()UKAIHA AHaIUTHYECKUI CUT'HAIL OCHOBBI
KAa4C€CTBCHHOI'O U KOJIMYCCTBCHHOI'O aHaJIM3a.
KauecTBeHHbIE peakun Ha HOHBI.
XuMu4eckue, (U3UKO-XUMHUIECKHE u - 2 27 29
(1)I/I3I/I‘ICCKI/IG MECTOAbI aHaJI3a n ux
HUCIIOJIb30BAHHEC B COBPEMEHHBIX
CTPOUTCIILHBIX TEXHOJIOTHAX.
Hroro 4 4 157 171
5.2 [lepeyeHb J1a60pPaTOPHBIX padoT
ouyHas opma o0OyueHus
Ne | No pazgena TpymoeMKoCTh
pasit HaunmenoBanue 1abopaTopHbix paboT pyA
/0 | IUCLUILIAHEL (uac)
1 1 OCHOBHBIE KJIaCChl HEOPTAHNUYECKUX COCTUHEHUN 2
2 2 OmnpeneneHne TEIIOBbIX () (PEKTOB XMMUYECKUX 2
peakuuii
3 5 CKOpOCTh XMMHUUYECKUX PEAKIINI U XUMHUUYECKOE
' paBHOBeECHE 2
4. 3 OO61mue CBOMCTBA paCTBOPOB U PABHOBECHS B BOJHBIX 2
pacTBOpax 3JIEKTPOJIUTOB
5. 3 ['eTeporenHbie qUCIIEPCHBIE CUCTEMBI 2
6. 4 2
OKHCIUTENTEHO-BOCCTAHOBUTEIBHBIC PEAKIINU
7. 4 2
DIEKTPOXUMHUYECKHE MTPOLIECCHI
8. 5 CBoiicTBa OPraHMYECKUX BEIIECTB U )
BBICOKOMOJIEKYJISIPHBIX COeIMHEHUH (TIOTMMEPOB)
9. 6 KadecTBeHHBIN 1 KOJTWMYSCTBEHHBIN XUMHUUCCKUI 2
aHaIu3
3a04Has popma 00y4eHust
Ne | Ne pazgena TpymoeMKocThb
paslt HaumenoBanue nabopatopHbix paboT pyA
/11 | AUCIIUTUIMHBI (uac)
1 2 XuMHueckasi KHHETHKA. XUMUYECKOE pABHOBECUE 2
2. 3 O6mmue cBOMCTBAa pACTBOPOB M PABHOBECHS B BOJIHBIX 2
pacTBoOpax 3JIEKTPOJIUTOB
3. 4 2
DIEKTPOXUMHUIECKHE TTPOIIECCHI

6. MIPUMEPHASA TEMATHUKA KYPCOBBIX IPOEKTOB (PABOT)

B cootBeTcTBUM C yLIe6HI>IM II'TaHOM  OCBOCHHUC OHMCHHIIIIMHBI

N KOHTPOJIBHBIX PABOT

HC

MpeIyCMaTpPUBAET BBITIOJHEHNWE KYpPCOBOTO MpoeKTa (paOoThl) WIM KOHTPOJIBHOU
paboThI.




/. OHEHOYHBIE MATEPUAJIbI VIS IIPOBEJEHUSA
INPOMEXYTOYHOU ATTECTAIIMU OBYYAIOIIIUXCA 11O

JUCHUILIAHE

7.1. Onucanue mokaszareJieil 1 KpuTepueB OLEHUBAHUS KOMIIETEHIUMH
HA Pa3IHYHBbIX ITanax UX ()OPMUPOBAHUS, ONUCAHHE IIKAJ OLlEHUBAHUSA

7.1.1 Tan Tekymero KOHTPOJIA

Pe3ynbraThl TEKyIIero KOHTPOJS 3HAHUN M MEKCECCHOHHOW aTTeCTAIUU
OLIEHUBAIOTCS IO CIEAYIOLIEH crucTeMe:

«aTTEeCTOBAHY;

«HE aTTeCTOBAH.

PesyabTaThl 00y4yeHus,

Komme- XapaKTepusyouue Kpurtepuu
Tenmus c¢gpM“p‘z)B:ﬂﬂleTb OHSHHBEHI/IH ATTecTOBaH He arrecroBan
KOMIICTCHIHU
OK-4 3HaTh: 6a30BbIE YKaKUTE KPUTEPUIL Brimonnenue pabor B| HesbinmonHeHue
COCTaBIIAIOLINE [IPU CPOK, paboT B CpOK,
aHajau3e 3a1ad. IIPELyCMOTPEHHBIN B | IPElyCMOTPEHHBIHN B
pabouux mporpammax pabouunx
IporpamMMax
YMmeTs: rPaMOTHO, |yKaKUTe KpUTepuit Brimonnenue pador B|  HesbimonHeHnue
JIOTHYHO, CPOK, padoT B CPOK,
apryMEHTHPOBAHO MIPEAYCMOTPEHHBIN B | IPETyCMOTPEHHBIH B
(dbopmupoBaTh pabodnx mporpaMmax pabounx
COOCTBEHHBIE porpamMmax
CYXJICHHS ¥ OLICHKH.
Bnagers: YKa)KUTE KpUTEPU Brmonaenne pador 8|  HeprimonHeHue
nHpOpManue, CPOK, paboT B CpOK,
00BEKTUBHO IIPEyCMOTPEHHBIN B | IPEyCMOTPEHHBIH B
aHaIN3UPOBATH €e pabounx mporpaMmax pabounx
JUISL peIIeHus porpaMMax
MTOCTaBJIEHHOM
3a7a4u.
OK-8 3HaTh: OCHOBBI | YKa)KUTE KpUTEPUI Brimonuenne pabor B| HesbimonHeHue
XUMHUH U XUMHUYECKHE CPOK, paboT B CPOK,
NIPOLECCHI IIPEYyCMOTPEHHBIN B | IPElyCMOTPEHHBIHI B
COBPEMEHHOHI pabounx mporpaMmax pabounx
TEXHOJIOTHH porpamMMax
IIPOM3BOJICTBA.
YMeTb:  NPUMEHSTH|yKaXXUTe KpUTEPUH Brmonnenue pador B|  Hesbimonnenne
TIOJTyYeHHbIE 3HaHUS CPOK, paboT B CpOK,
o  XUMHH  TIpH IIPEyCMOTPEHHBIN B | IPEyCMOTPEHHBIH B
N3y4eHUN JIPYTUX pabounx mporpaMmax pabounx
JUCLUIUINH. IporpamMmax
Brnaners: YKaXKUTE KpUTEPUil Brmmonnenue pador B|  Hesbimonnenne
COBPEMEHHOU CpPOK, pabor B cpoK,
Hay4YHOH MpPeJyCMOTPEHHBIN B [ IPEAyCMOTPEHHBIH B
anmnapaTypom. pabovmx mporpammax paboumnx
poTrpaMMax
OK-9 3HaTh: CBOHCTBA YKa)KUTe KPUTEPUi Brmonaenne pador B| HesrbimonHaeHue

XUMHYIECKHIX CPOK, paboT B CPOK,
3JIEMEHTOB U UX MIPEIYCMOTPEHHBIN B | IPETYCMOTPEHHEIH B
COEIMHEHU. pabouux mporpammax paboumnx
poTrpaMmMax
YMeTh: IpUHUMATh  |yKaKUTEe KPUTEPUiL Brmonaenne pabor B| HesbimonHenue

peleHus B npejenax
CBOHMX MOJTHOMOYHH.

CPOK,
[IPENYyCMOTPEHHBIN B

paboT B CPOK,
[IPENYCMOTPEHHBIN B

pabouux nmporpaMmax pabounx
nporpammax
Brnaners: HaBbIKaMK  |yKa)XHUTe KPUTEPUH Brinonnenue pador B|  Hemblnonnenne




BEACHUS CPOK, pabor B cpok,
¢busnueckoro IPEYCMOTPEHHBIH B | IPEyCMOTPEHHBIH B
9KCIIEPUMEHTA. pabounx mporpammax pabounx
IporpamMmax
OK-10 3HAaTh: MIPaKTHUECKUE |yKAKUTE KPUTESPHA Brmonaenne pador 8| HeBeimonHeHue
TIOCIIEACTBHA CPOK, paboT B CPOK,
BO3MOXKHBIX MPEAYCMOTPEHHBIN B | IPETyCMOTPEHHBIH B
pelIeHuit 3a1a9u. pabounx mporpammax pabounx
IporpamMmax
YMeTh: 0TIaM4YaTh YKa)KUTe KpUTEPUL Brmonaenne pador 8| HeppimonnaeHue

(aKxTHl OT MHEHUH, CPOK, paboT B CpOK,

HMHTEpIpeTaLHii, MIPEAYCMOTPEHHBIN B | IPEyCMOTPEHHBIHN B

OIICHOK U T.J. B pabouux mporpaMmax pabounx

paccyXIeHUIX IporpamMmax

JPYTUX yYaCTHUKOB

JIeSITeIbHOCTH.

Bnanets: YKa)KUTE KpUTEPUU Brimonnenue pador B|  HesbinmonHneHnue

CHOCOOHOCTBIO K CPOK, paboT B CpOK,

[I03HABaTEIbHOU IIPELyCMOTPEHHBIN B | IPElyCMOTPEHHBIN B

JeSITeTbHOCTH. pabouux mporpaMmax pabounx
IporpamMmax

7.1.2 ITan npoMe:KyTOYHOT0 KOHTPOJIS 3HAHUI

Pe3ynbTaThl MpOMEXXyTOUHOTO KOHTPOJISl 3HAHUHM OIEHHUBAIOTCS B 2 CEMECTPE
Uil o4HOM (popmbI 00yueHus, 2 ceMecTpe sl 3a04HOU (HOpMBbI OOyUYEHUS IO
4eThIpeXx0auIbHOU CUCTEME:

COTIUYHON;

«XOPOLIOY;

«YIOBIETBOPUTEIILHOY;

«HEYIOBJICTBOPUTEIILHOY.

PesynbTaTsl
Komme- 00yuenus, Kputepun
XapaKTepu3yiomue OTau4HO Xopowo YnoBa. Heynosa.
TEHIHS | chopmuposannocts, | ONEHHBAHMSI
KOMIICTCHIIUHU
OK-4 3uaTh: 6azoBeie  |Tect Bemonnenne | Bemonaenne | BrmmonaneHne B Tecte
COCTAaBJISIOLINE tecta Ha 90- | TecTa Ha 80- Tecta Ha 70- menee 70%
TIpH aHAJTN3e 100% 90% 80% MPaBUIIBHBIX
3ajad4. OTBETOB
YMeTs: TpaMoTHO, |Perienne 3anaun IIpomemonctp | IIpomemonctp | 3amaun He
JIOTHYHO, CTaHIapPTHBIX pelieHsl B WpOBaH WPOBaH BEPHBIN pelIeHbI
apryMEHTHPOBAHO | IPaKTHYECKUX MTOJTHOM BEpHBIN XOJ | Xox pemieHus B
(dhopmupoBaTh 3aj7a4 obbeMe U |perieHus BcexX,| OONBITMHCTBE
COOCTBEHHBIC TOJIYYCHBI | HO HE MOJIyYeH 3a7a4
CYXKJIEHUS u BEpHbBIE BEpHBIN OTBET
OIICHKH. OTBETHI BO BCeX
3aJa4dax
Bnanets: Pemenne 3agaun [Iponemonctp | IIponemoncTp 3amauu He
uHpOpManuei, MIPUKIATHBIX peuieHsl B HpOBaH HUPOBaH BEPHBI peueHsl
00BEKTHBHO 3aja4 B IIOJTHOM BEpHBIN X0 | Xox perieHus B
aHAJIM3UPOBATh €€ [ KOHKPETHOM o0beMe U | pemieHus BceX,| OONBIIMHCTBE
JUTSL pellIeHUs MpeAMETHOMI MOJIyYE€Hbl |HO HE MOJIy4YeH 3a7a4
TOCTaBJICHHOM obJactu BEpHbIE BEpHBIN OTBET
3a1a4H. OTBETHI BO BCEX
3a7adax
OK-8 3HaTh: ocHoBbI| Tect Bremonnaenne | Beimonnenune | BrimonHeHne B tecte
XAMHH u tecta Ha 90- | Tecra Ha 80- Tecta Ha 70- menee 70%
XUMHUYECCKHE 100% 90% 80% MPaBUJIBHBIX
TIPOIIECCHI OTBETOB
COBPEMEHHOU




TCXHOJIOT'HHU

MIPOU3BOJICTBA.
YMers: Pewmenue 3anaun IIponemonctp | IIpomemonctp | 3amauu He
MIPUMEHSITh CTaHJIaPTHBIX peuieHsl B HpOBaH WPOBaH BEPHBIN peuieHsl
IOy ICHHBIC TIPAKTHICCKIX ITOJTHOM BEPHBINA X0 | XOJ pemieHHs B
3HAHUSA [0 XUMUH 33134 obpemMe U | pemieHus BceX,| OONBIIMHCTBE
npu H3yYeHUH MONTyYCHbI | HO HE MOJyYCH 3a7a4
JIpYyTUX BEpHEIC BEPHEII OTBET
JUCHUTIINH. OTBETHI BO BCEX
3a7a4ax
Bmaners: Pemenne 3amaun [pomemonctp | [IpomemoHCTp 3amaun HE
COBpPEMEHHOU TIPUKIIATHBIX pereHs! B HUpOBaH HWpPOBaH BEPHBII peteHbI
Hay4HOU 3a7a4 B TTOJTHOM BEpHBIN X071 | Xox perieHus B
anmapartypoil. KOHKPETHOM o0beMe U | pemieHus BceX,| OOJBINIUHCTBE
MpeAMETHO M MOJIYYE€HbI  |HO HE MOJIy4YeH 3a7a4
obnacTu BEpHbBIE BEpHBIN OTBET
OTBETHI BO BCEX
3a7a4ax
OK-9 3HaTh: cBokicTBa |Tect Brmonnenue | Beimonnenue | BrimonHeHue B Tecte
XUMHUYECKHUX tecta Ha 90- | Tecra Ha §0- Tecta Ha 70- menee 70%
AJIEMEHTOB H UX 100% 90% 80% MIPaBUIIBHBIX
COCIUHCHUI. OTBETOB
VYMeTn: Pemenne 3agaun [Iponemonctp | IIponemoncTp 3agaun He
MIPUHUMATH CTaHIAPTHBIX pelIeHBI B HpOBaH HWpPOBaH BEpHBIH peTIeHBI
pelIeHs B MIPAKTHICCKIX ITOJTHOM BEPHBINA X0 | XOJ peIIcHHS B
mpeJenax CBOUX [3amad o0pemMe U | pemieHus BceX,| OONBIIMHCTBE
ITOJTHOMOYHIA. MONYyYCHBl | HO HE MOJyYCH 3a7a4
BEpPHBIE BEPHBII OTBET
OTBETHI BO BCEX
3a7a4ax
Bnanets: Pemenne 3anaun IIpomemonctp | IIpomemonctp | 3amaun He
HaBBbIKAMU MIPHUKJIATHBIX pelieHsl B WpOBaH WPOBaH BEPHBIN pelIeHbI
BEJICHHS 3a7a4 B MTOJTHOM BEpHBIN XOJ | Xox pemieHus B
(bu3nIecKoro KOHKpPETHOU obbeMe U |pelnieHus BcexX,| OONBITMHCTBE
9KCIIEPUMEHTA. peIMETHOM MOJyYeHbl  |HO HE TOJyYeH 3a7a4
obJactu BEPHEIC BEPHEII OTBET
OTBETHI BO BCeEX
3a7a4ax
OK-10 |3Hatsb: Tecr Bemonnenne | Bemonaenne | BrimonaneHne B Tecte
MpaKkTU4YeCcKue Tecta Ha 90- | Tecra Ha 80- Tecta Ha 70- MeHee 70%
MOCHEICTBUS 100% 90% 80% MPaBUIIBHBIX
BO3MOKHBIX OTBETOB
peleHui 3a1aqn.
VYMeTh: oTiinuath |Perrenne 3agaun [ponemonctp | IIponemoncTp 3agaun He
(axThI OT CTaHAapPTHBIX pelieHsl B WpOBaH WPOBaH BEPHBIN pelIeHbI
MHEHHH, MIPaKTUIECKUX ITOJTHOM BEpHBIN XOJ | Xom penieHus B
HMHTEpIIpETALMM, |3a1ad obpemMe M | pemieHus Bcex,| OOJBIIMHCTBE
OIICHOK U T.J. B TOJIYYCHBI | HO HE MOJIyYeH 3a7a4
paccyXaeHHsIX BEpHbBIE BEpHBIN OTBET
JIPYTUX OTBETHI BO BCEX
Y4aCTHUKOB 3a7a4ax
JIeSATEIILHOCTH.
Bnanets: Pemenne 3agaun [Iponemonctp | IIponemoncTp 3amauu He
CIOCOOHOCTBIO K |ITPHUKIIAIHBIX peuieHsl B HpOBaH HUPOBaH BEPHBI peueHsl
MO3HABATEILHOM |3a/1a4 B TTOJTHOM BEpHBIN X0 | Xox perieHus B
JIeATEeIILHOCTH. KOHKPETHOM o0beMe U | pemieHus BceX,| OONBIIMHCTBE
MpeAMETHOMI MOJIyYE€Hbl |HO HE MOJIy4YeH 3a7a4
obnactu BEpHbIE BEpHBIN OTBET
OTBETHI BO BCEX

3agagax




7.2 TlpumepHblii mNepeYyeHb OLEHOYHBIX CPeACTB  (TUNOBBIE
KOHTPOJIbHBbIE 33JJaHUSl WJIH HHble MaTepUajibl, He00X0AMMBbIe VISl OLEHKHU
3HAHUM, YMEHUI, HABBIKOB U (MJIH) ONBITA 1€ATEILHOCTH)

7.2.1 llpumepHbIii NepevYeHb 3aJaHUM I MOATOTOBKHU K TECTHPOBAHUIO
1. TTomydeHue aneTaTHOTOo IIeNIKa U3 EJITI0I03bl BO3MOXKHO OJlarojapsi HAIUYHUIO B

HEW ...

O »snokcuaHbiX pparMeHTOB O TUAPOKCUIIBHBIX TPYIII

O  METWIEHOBBIX IPYIII O uukIU4eckux (parMeHToB

2. O6beM pacTBOpa XJIOpHAA KaIbIUs C MOJISIpHOM KoHueHTpauuei 0,1 Momb/m,
HEOOXOUMBIN JJIs1 OCaKIeHUs kKapOoHaT-noHOB 13 200 Mu1 pacTBOpa KapOoHaTa

KaJlis ¢ MOJISIpHOM KoHIeHTpanuen 0,15 Monb/i, paBeH  MUJUTAIUTPAM.
O 200 O 100

O 150 O 300
3. Kucinbie conu o0pa3yrorcs B peakiusaX, CXeMbl KOTOPBIX UMEIOT BUJ ...
o Zn(OH), + HCI o KOH + H,SO,

o CaCOs3+ H,O + CO, o 2KOH + H,S0,

4. B COOTBETCTBUU C TEPMOXUMUYECKUM YPABHEHUEM

FeO(1g) + H, (r) = Fe(yg) + HoO(1), A H® = 23k /]x

Ui nostydeHus 560 r xeneza HeoOX0IUMO 3aTpaTUTh K/ Terma.

O 23 O 230

O 560 O 115

5. Ilpu HarpeBaHuu O€IKOB B BOAHBIX PACTBOPAX KUCIIOT U LIEJIOYEH
MIPOUCXOJNT UX ...

O BwicanuBaHue O okucnenue

O koHueHcanus O ruaponus

6. JIJ1st KaueCTBEHHOTO OOHAPY>KEeHUS KapOOHAT-MOHA UCTIOIB3YETCSl PACTBOP
O cpennelt conu O  cWIBHOTO OCHOBAHMS

O opraHnyeckoro MHAMKaTOpa O  CHJIBHOM KUCHOTHI

7. Ha BHellTHEM SHEPreTUYeCKOM YPOBHE aToMa 3JIEMEeHTa, 00pa3yIoliero
BBICIINH THAPOKCH cocTaBa HOO3 - CONepKUTCA  AIEKTPOHOB.

O 6 O 7

O 5 O 4

8. Ilpu paboTe raibBAHUYECKOTO JIEMEHTA, COCTOSIIIETO U3 CEPEOPSHOTO U
MEJIHOTO 3JIEKTPOI0B, TOTpykeHHbIX B 0,01 M pacTBOpBI KX HUTPATOB
(E°(Ag+/Ag)= 0,80 B, E°(Cu**/Cu)= 0,34 B), Ha KaTo/Ie IPOTEKAET PEaKIIs,
ypaBHEHUE KOTOPOIl UMEET BUI...

O Cu*+2&=Cu° O Ag°-&=Ag+

O Ag'+e=Ag° O Cu°®-2& =Cu’+

9. Peaknueit noJiMMepu3alii MOXHO IMOJYYUTh BELIECTBO, HA3BAHUE KOTOPOTO
O nepioH O anTpOH



O  HailsloH O Tedrnon
10. CBeueHue aTOMOB, MOJIEKYJI WJIM JIPYTHX YaCTHUL, BO3HUKAIOLIEE IPU
ANIEKTPOHHBIX NIEPEX0Aax U3 BO30YKIEHHOT'O COCTOSIHUS B OCHOBHOE, HAa3bIBACTCHAL. ..

O »smuccuen O penakcauuen

O moMuHECUEHIUEN O  ¢doromerpueit

11. Atomsl yraepoaa B mosiekyne C,H, HaxonsTcst B COCTOSSHUM -
TUOpUAN3AIIH

0O sp° O sp

O sp’ o sp

12. Jlnst cMeleHust paBHOBECHS B CUCTEME

Hy(r) + S(78)=H,S(r), AH® = -21x I

B CTOPOHY 00pa30oBaHus CEPOBOIOPOJA HEOOXOIUMO ..

O NOHU3UTH JABIICHUE O NOBBICUTH JTaBJIEHUE

O  BBECTH KaTaJIM3aTop O  TNOHU3UTH TEMIIEPATypPyY

13. B kauecTBE HU3KOMOJIEKYJISIPHOT'O BEILIECTBA B PEAKIIUAX MMOJIUKOHICHCAIIUN
yaiie Bcero oopasyerc ...

O H,S O HO

O CO; O NaCl

14. BemecTBo, M3MEHSIONIEE CBOIO OKPACKY B 3aBUCHUMOCTH OT pH cpensl
Ha3bIBAETCA ...

O kpacurenem O  snexTponuTOM

O pearenTom O wuHOMKaTOpOM

15. lns nmpurorosnenus 2 1 0,1 M pactBopa NaOH tpebyercst 1
TUIPOKCUJA HATPHS

O 40 O 4

O 16 O 8

16. /1151 nOBBIIIEHUS TEMIIEPATYPBI KUIIEHHS pacTBopa Ha 1,04°C
(Enz0 = 0,52rpaa.kr/Moib) He0OX0IMMO, YTOOBI KOHIICHTPALIUS

PacTBOPEHHOTO B HEM HERJIEKTPOJIMTA COCTABJISIA MOJIB/KT.
O 2 O 02
O 01 01

17. KoaddunmeHnt nepea MOJIEKyI0i BOCCTAHOBUTENS B YPABHCHHUH PEAKIIUH
K>Cr,07 + NaNO, + H,SO,4 = Cr,(SO4)3 + NaNO; + K,SO,4 + H,O pasen

O 3 O 2

O 1 O 4

18. IIpoaykTamMu, BEIACISIONIMMHUCS HA HHEPTHBIX AJIEKTPOJIAX MPU DIICKTPOIU3E
BOJIHOTO pacTBOpa Ccyibh(hara HaTpus, BISIOTCS ...

O NawuO, O Nawu SO,

O H;uO, O H,uS



19. ITpu oMo JJakKMyca MOKHO Pa3JIMYUTh PacTBOPBI COJIEH

O FeCl, u A1Br3 O Na,SO, wu NaCl

O NaCl u Na,SO; O K,SO,u CaBr,

20. Ecnu yBenuuuth AaBiieHue B 10 pa3, TO CKOPOCTb NPSIMOM peakiuu

H; (r) + Br, (r) = 2HBr(T), npu yclI0BuU €€ 3J1€EMEHTAPHOCTH, YBEITUUUTCA B

pas.
O 5 O 20 O 50 O 100

7.2.2 IllpuMepHbIi epeyeHb 3a1aHUi ISl pelieHus CTAHIAPTHBIX 3a71a4

Tema 1. ATOMHO-MOJIEKYJISIDHOE YYeHUE
3amava. BzauMmopeicTBHE alIOMHHHUSI C PAcTBOPOM COJSTHOM KHCJIOTBI
MPOTEKAET MO CIAEAYIOEN PEAKIUU:

2Al + 6HCI — 2AICIl3 + 3H;1

B peakuun ydactByrorT 2,7 Kr amoMuHus. Paccuuraiite 00beM Bopopoja,
BBIJICTIMBILIETOCS B XO€ PEAKLINH, TPOTEKAIOIIEN IPU HOPMAIBHBIX YCIOBUSAX, a TaK
xe mpu Temneparype 28 °C u maBmenumu 102 kIla; aGCOMIOTHYIO IUIOTHOCTD
BOJOPOZA U IJIOTHOCTH BOAOPOJA IO BO3AYXY; Maccy oOpa3oBaBIIEroCs XJIOpHAA
AIIOMHUHUS Y MAaCCOBYIO JOJIIO AJIFOMUHMS B HEM.

Pemenne. Peakiyst mpoTeKkaeT o ypaBHEHUIO

B BUAC Ta6J'H/II_[BI npeaAcTaBuM MOJIAPHBIC MACChl, KOJUMYECTBO MOJIb H
COOTBCTCTBYIOIIHUEC UM MACChl Y4YAaCTBYIOIIHUX B PCAKIINH BCHICCTB.

Al AICl; H,

M, r/mone | 27 |27 +3-35,5=133,5 | 2

v, MOJIb 2 2 3

m=Mwv, T | 54 267 6

YroObl HaWTH 00BEM BOJIOPOAA, BBHIACTHBIIETOCS B PEAKIMHU TPU HOPMAIBHBIX
YCIJIOBUSIX, COCTaBUM IPOIOPIIHIO:

54 r Al BeiensiroT 3 kucioTsl (22,4:3) 1 Bogopoza (10 ypaBHEHUIO PEAKIIUN)
2700 r Al BeizenstfoT U3 KUCa0ThI V, 71 Bogopo/a (1o yCIOBHIO 3a/1a4H);

2700-22,4-3
54
Jlnst ycnoBWiA, OTJIMYHBIX OT HOPMAJbHBIX, OOBEM Ta3a paccuuTaeM IO
YPaBHEHHUIO:

Vy = =3360 1.

_v-R-T _3360-831-(273+28) _

Vx=T5 22,4-102

3678,4 1,




WIH 110 PopMyJI€:

 py-VoT _101-3360- (273+28)

\% =3678,4 1.
X D 273.102 8
AOGCOIIOTHYIO TNIOTHOCTH BOJIOPO/IA PaccunuTaeM 1o popmyiie:
M,y 2

PH,= Vi —22’420,091“/&

OTHOCHTEINBbHYIO IJIOTHOCTh BOJIOPO/IA 10 BO3/IyXY paccuruTaeM mo ¢popmyiie:

6030 _ M(HZ) :i
(H2) M(@OS’()) 29

Maccy O6pa3OBaBIHeFOC$I B pPCAKIHUHU XJIOpHIA KCJIC3a PACCUHHUTACM IIO
YPAaBHCHHUIO pCaKLMHU, COCTAaBHUB IIPOIIOPLHIO.

D =0,07.

2700 Al obpasyioT mA|c;|3

54r Al oo6pasytor 267 r AlCI;;

2700-267
m =———— =13350r.
AlCI, 54 T

MaccoByito moimo xene3a B AlCI; paccunTaem, UCXoast COOTBETCTBECHHO M3
aTOMHBIX U MOJISIPHBIX MacC aTOMOB U MOJIEKYT:
133,5 r AICl; cocrasmsror 100 %
27r Al cocTaBisAloT  x %;
27-100
X =

1335
Tema 2. Kitaccbl HeOpraHm4ecKux coenHeHuit

= 20,22 %.

3anaqa 1. Kakue u3 MNCPCUYNCIICHHBIX HHUKC BCIICCTB ABJIAIOTCA OKCHUIAMMU:

H,CO;, BeO, K,0, SO,, Mg(NOs),? Ykakute ux cBoicTBa (OCHOBHBIE, KHCIIOTHBIE,
amborepHbie). Hamuiumre ypaBHEHUS peakluid, [TOKa3bIBAIOIIUX XapakTep
OKCHJIOB.

Pemenue. B Hamem mpuMepe KUCIOTHBIM OKCHIOM SBISIETCS OKCHI SO;.
[Ipu B3auMopAeiCTBMM C BOJOW OH OOpasyeT cepHUCTyO Kuciory H,SOs, ¢
OCHOBAHUSIMHU U OCHOBHBIMHU OKCHJIAMH — €€ COJIU:

802 + H20 — HgSOg,
802 + 2LIOH — L|2803 + HzO,
802 + NGQO — NCleO;J,.

Okcun K,O mposiBiISIET OCHOBHBIE CBOMCTBA, PacTBOPSETCS B BOJAE C
oOpa3oBaHHE€M OCHOBaHUS. B3auMonIeWcTByeT C KUCIOTAMH M KHUCJIOTHBIMU
OKCHUJaMU C 00pa30BaHUEM COJICH B COOTBETCTBUU CO CIEAYIOIIMMH PEaAKIUSIMHU:



KO + H,O — 2KOH;
KO + 2HClI —2KCl + H)0;
K20 + COZ — K2C03.

BeO — amdorepHsiii okcujl, HEpaCTBOPUMBIN B Bojie. EMy COOTBETCTByeT
TUAPOKCH]T, TPOSBIISIFONINI KUCIOTHBIE cBONcTBA (H,BeO, — knucnora) u OCHOBHBIE
cBoiictBa (Be(OH), — ocHoBaHme). AMQOTEpHBIE OKCUIBI B3aUMOACHCTBYIOT C
KUCJIOTaMU U IIEJ0YaMH, a TaKXe C KHUCIOTHBIMH M OCHOBHBIMH OKCHAAMHU C
oOpa30BaHUEM COJICH:

BeO + 2HCI — BeCl, + HO;
BeO + CO, — Be(COs
BeO + 2NaOH — Na,BeO, + H,0;
BeO + K,0 — K;BeO..

3agaua 2. CocTaBbTe€ ypaBHEHUS PEAKIUN TMOJYYCHHS BCEX BO3MOKHBIX
coJiel TIpY B3aUMOJICHCTBUU THAPOKCHU]IA Oapus U CEpHUCTOM KUCIOTHI. HazoBute
MOJTyYEHHBIE COJIH.

Pemenne.
Ba(OH), + H,SO; — 2H,0 + BaSO; - cynbdut 6apus.

IIpu HemocraTouHOM [UIsi 00pa30BaHUS CpPEOHEH COJIM KOJUYECTBE
OCHOBAHUS MOJIy4aeTcsl KUCIas COJIb:

Ba(OH), + 2 H,SO;— 2H,0 + Ba(HSOs),— ruapocyabhut 0apusi.

Jlns mpeBpamieHuss KHUCIOH COJMM B CPEAHIO HEOO0X0auMO J00aBUTH
OCHOBAHHE:

Ba(HCOg)g + Ba(Ol‘I)z — 2BaCO; + 2H,O0.

ITpu HEmOCTAaTOUHOM Il 0Opa30BaHUs CPEAHEH COJIM KOJUYECTBE KUCIOTHI
MOJIy4AETCS. OCHOBHASI COJIb:

2Ba(OH), + H,SO;—2H,0 + (BaOH),SO3— ruapokcocyabhut dapusi.

HeoO6xomumMo TOMHUTH, 4YTO MPABUIBLHOCTH COCTABJICHUS XUMHYECKOU
dbopMysIbl TIpOBEpPSIETCS MO PABEHCTBY BAJCHTHOCTH (CTEMEHU OKHCIICHUS)
OCHOBHOIO M KHUCJIOTHOIO OCTaTKOB. BajleHTHOCTP OCHOBHOTO OCTaTKa
ONPENEISIETCS YUCIOM 3AMEUJeHHbIX 2UOPOKCOZPYNN B MOJIEKYJIE OCHOBaHHSA Ha



KHUCJIOTHBIM OCTAaTOK, BAJICHTHOCTB (CTeHeHB OKI/ICJ'ICHI/IH) KHCJIOTHOI'O OCTaTKa —
YUCIOM 3AMEWEHHbIX amomoe BOAOPOAAa B MOJICKYJIC KHCJIOTBI Ha OCHOBHOM
OCTaToOK.

3agaua 3. IlpuBeaute ypaBHEHUE pEAKIUU TIOJYUYECHHUS] THUIAPOKCHIA
amomuHusa. OnpenenuTe ero cBoMcTea (mpupoay). Hanuiure ypaBHeHUs peakiu,
JTIOKa3bIBAIOIINE HX.

Pemenue. FI/II[pOKCI/II[ AJIIOMUHUA HCJIb3s IIOJYYUTh HCIIOCPCACTBCHHBIM
B33HMO,Z[CI>'ICTBI/I€M OKCHJaa aJIIOMHHHS C BOHOﬁ, T.K. OKCHO HC paCTBOpUM B BOJC,
IMO3TOMY €I'0O MOKHO ITOJIYYHUTH CIICAYIOIIUM ITYTCM:

AI(N03)3 + 3NaOH — AI(OH)3 + 3NaNO,.

I'mapokcun amroMuaus obnamaer aM(pOTEpHBIMM CBOWCTBaMH, T.C.
JIBOMCTBEHHOW IPUPOJION, CIEHOBATEIBHO, MOKET B3aMMOJICCTBOBATh KaK C
KUCJIOTHBIMH, TaK U C OCHOBHBIMU OKCHIAMH, TUIPOKCUIAMHU.

Peakiuu, moaTBep xAatOINE KUCIOTHBIE CBOMCTBA THIPOKCUIA:

Al(OH); (HAIO,;) + KOH — KAIO, + 2H,0;

2Al(OH); (HAIO,) +  BaO — Ba(AlO,), + 3H,0.
Peakiuu, moareepkAarone OCHOBHBIE CBOMCTBA THIPOKCUA!

2A|(O[‘I)3 + 3H,CO; — Alz(COg)g + 6H,0;

2A|(O[‘I)3 + 3S0; — A|2(504)3 + 6H,0.

Tema 3. JHepreTnka ¥ HANPABJEHHOCTH XUMHYECKHUX MPOLIECCOB

3apnanme 1. Paccuumraiite TemoBol AS(O@PEKT XUMUYECKON pEakIuu,
MpOoTeKaloNme B CTAHJAPTHBIX  W300apHO-U30TEPMHUYECKUX YCIOBUSX, IO
YPaBHEHUIO:

CH4(2) + COZ(z) — ZCO(Z) + 2H2(e)s €CJIN
ANHPCH, = —74,8 x]Ix/MOIIB; AH? C O, = —394,0 kJx/MOJIB;
AMHCO = -1 10,5 xJIx/Moib; AHPH, =0 K JI>K/MOJIb.

VYkaxure, Kakas 9TO peakius 2K30- WIM dHAoTepMHUYecKkas. Kakoe KoJIndecTBO
TeIJIOTHI OyIeT 3aTpaueHo Ha noixyuyenue 30 kr Bogoposa’?

Pemenne. TemnoBoit a3¢exkT XUMHUUIECKON peakiuu AH° , MPOTEKAIOIIECH B
CTaHJAPTHBIX H300apHO-U30TEPMUUECKUX YCIOBUSX, pPACCUUTaEM, TOJIb3YsICh
cneacTBueM 3akoHa ['ecca (3.1):

AHO= 2 V'AfHOnpod,peaK - V'AfHOucx.e-m

AH’= (2-AH?CO .y + 2-AHPH 5 () — (BMHP CHy ) + AH?CO50)).



AH’=2- (-110,5)+2: 0 — (— 74,8 —394,0) = 247,8 kJIx.
Tax xak AH> 0, T0 MPOIIECC IHOOMEPMUYECKULI.

W3 ypaBHEHMS peakLMK CIEAYET, YTO JJIs OJTydeHHs 2 Mosien (V1) uium 4 r (M
= v - M) Bomopona tpebyercs 3arparuth 247,8 k[ Termnorel. Eciiu B pe3yibrare
mpolecca o0Opa3yeTcss HWHOE KOJMYECTBO BemiecTBa (v;), TO  TEIUIOTY
paccuutbiBaem o popmyne AH= v -AH° v,

v, = m/M, v, = 30-10%2 = 15:10° moueii,
AH = 15-10%- 247,8/2 = 1,8585-10° k JIx.

3az1aqa 2. Bo3MO0XHO 1 CaMOIIPOU3BOJIBHOC BBaHMOHeﬁCTBHG Kap60HaTa
KaJlbIWA U OKCH/Ja KPEMHU, ITPOTCKAIOIICC 110 YPABHCHHIO

CdCOg(Kp)+ SiOZ(Kp) — CaSiO3(Kp) + COZ(z)
B CTAaHIAaPTHBIX I/I3063pH0-H30TepMI/I‘-I€CKI/IX YCJIOBI/IHX?

Pemenne. Kputepuem caMonpou3BOJIBHOTO MPOTEKaHUS TMpoliecca B
3aKPBITOM CHCTEME B H300apHO-U30TECPMHUYCCKUX YCIOBHUSAX SBISICTCS YOBLIb
0 .

sHepruu ['n66ca. Paccunraem wu3menenue sHepruu ['m6oca AG™ B xoje TaHHOM

0
peakuuy, Bocmoib3oBaBumich ypasaenmeM AG° = AH — T-AS°.Bemnummy
W3MCHECHUS YHTATBITHH PEAKIINH PACCUYNUTAEM 110 YPABHEHUIO:

AH=(AH® COy.) + AH® CaSiOsq,)) — (AtH® SiOgp) + AH® CaCOsyy)).

OHTanenuu 00pa30BaHUs BCEX YYACTHUKOB PEAKIIUU OepeM U3 TaOIUIIbI
CTaHJAAPTHBIX (PU3UKO-XUMUYECKUX BEJIMYHUH .

AtH® CO,(.) = —393,5 kJIx/Momb; A(H® CaCOsy) = —1206,0 kJIK/MOIE;
AtH SiO2,) = —859,3 xJIx/Monb; A¢H°CaSiOs, = —1584,1kIx/MoJb.
IToxcraBuB 3Ha4YEHUS B ypaBHEHHUE, OJIYYUM
AH® =-3635-1584,1 — (—859,3 — 1206,0) = 87,7 k/Ix.

0 .
Boruncnum  u3MeHeHue SHTponuu AS /uid  peakiuu, NpoTeKaroleid B
CTaHJIAPTHBIX YCIIOBUSX, UCIOJIB3YS TaOIU4HbIE NaHHbIe (Tabmn.3.1).

g° CaCOgs,,= 92,9 Iix/monb-K; g° S04 = 42,1 I /MonbK;
S° COyy =231,5)x/MonbK; S°CaSiOs(q) = 82,0 Jlx/MombK.

ASO = v Sonpod -2y Soucx.e-m



AS®=5"CO,, + S° CaSiOs,) — S° SiOyz, — S° CaC0sy,),
AS°=82,0+231,6-92,9-42,1=178,6 JIx/Kmm AS°=0,179 xJx/K.
Paccuuraem AGO, BOCITOJI30BABIINCH HalieHHbIMK 3HadeHusaMu AH u ASY:
AG°=87,7 — 298 - 0,179 = +34,36 kJIx.

0 .
[Tockonbky AG~ > 0, TO nHaHHBIA MPOIECC B CTAaHAAPTHBIX YCIOBUSX
CaMOMPOU3BOJILHO NIPOTEKATH HE MOXKET.

Tema 4. XumMnuyeckasi KHHETHKA U PABHOBeCHe

3apaua 1. PaccuuTaiite, BO CKOJBKO pa3 HU3MEHUTCS CKOPOCTh PEaKIUu
oOpazoBanus okcuja cepsl (VI), mpoTekatroiieid Mo ypaBHEHHUIO

250, + O,) — 2803,
a) MpY yBEJIMUEHUU KOHIIEHTpaluu okcuaa cepol (1V) B 2 pasa;
0) MpHU yBEJIIMYEHUHU BHEILIHETO JJABJICHUS B 3 pasa.

Pemenne. KuHeTmyeckoe ypaBHEHHME peakUMM, COITIACHO  3aKOHY
JEUCTBYIOIIUX MacC, HMMEET BUL:

—k-c2 .
v—kcSOZ Co, .

a) 3amuIleM KUHETHYECKOe ypaBHEHHE Tpu KoHieHTpanuu SO, B 1Ba pasza
00JIbIIE UICXOIHOM:

v'=k-(2Cs0,)*-Co, =4-k-(Cso, )?-Co, .
3aTeM HaX0IMM OTHOILIEHHE CKOPOCTEil Tporiecca:

v _4-k-(C502)2-CQ2 _

v Kk-(Cso,)*Co,

Taxkum oOpazoM, mpu yBenudeHuH KoHieHTparuu SO; B 2 paza CKOpOCTh
peaxkuuu Bo3pocia B 4 pa3a;

0) B JaHHOM pEaKIINU BCE BEIIECTBA HAXOMATCS B Ta3000pa3HOM COCTOSTHUH,
MOATOMY MPU YBEJIMUCHUH JaBJICHUS HaJl CUCTEMOM B 3 pa3a 00beM YMEHBIIUTCS B
TPU pasa, a KOHLUEHTpAIUS KaKJIOr0 U3 Pearupyroliux BEIIECTB, CJIeI0BaTEIbHO,
yBenuuutcd B 3 pasza. Torga KWNHETUYECKOE YPABHEHHE 3aAITUILIEM:



U_’:k’(SCSOZ )? -3Co, = 27-|(-(CSO2 )? -Co, .

z)_': 27-k - (C302)2-002

% 97,
k-(cso,) o,

CnenmoBarteibHO,

Takum o0Opa3om, mpu yBEIWYEHHUH JaBJICHUS B 3 pa3za CKOPOCTh PEaKIUH
yBEIUYHTCS B 27 pas.

3agaua 2. OKuUCIIEHHE CEephl MPOTEKAET IO YPABHEHUIO
Sty + O = SO20)

Kak u3MEHUTCA CKOPOCTh 3TOM pEaKUWMU NPHU YBEIUYEHUN PEAKIHOHHOIO
o0béma B 3 paza?
Pemienue. B ciydyae reTeporeHHbIX peakunii B ypaBHEHUE 3aKOHA JEHCTBUS

Macc BXOASAT KOHIIEHTPAIIUU BEILIECTB, HAXOASIIUXCS B Ta30BOM (pa3e uim pacTBope.
Kunernueckoe ypaBHEHHE JJIs T€TEPOTCHHOM peakiiuu 00pa3oBaHuUsl OKCHJIa CEPBI
JI0 U3MEHEHUS JTaBJICHUS UMEET BUJL:

v=Kk-co,,
nocie yBeaundeHnn o0bEMa B 3 pa3a KOHIIEHTPALHS KUCIOPOa YMEHBIIUTCS TAKKE

, 1
B 3 paza: DIK'E'COZ :

l)'_l'k-Co2 _1

» 3 k-co, 3°

CraenoBaTtebHO,

Takum oOpa3om, IpH yBEIMYEHUU 00bEMA PEAKIIMOHHOIO cocyna B 3 pasa
CKOPOCTb PEaKLIMA YMEHBIIUTCS B 3 pasa.

3anaua 3. Bo ckoyIbKO pa3 BO3pacTeT CKOPOCTh PEAKIUH, €CIIH TEMIIepaTypa
yBeanuutcs Ha 40 °C? TemneparypHbiii KOG PHUIUEHT peakiuy paBeH 2.

Pemenne. CornacHo ypaBHenuto Baut-I'opda (3.10)

t—t
21
”i_ylo

(¥

Y

PaccuntaeM, BO CKOJIBKO pPa3 YBEIUYHUTCS CKOPOCTh XUMHUYECKON peakiud,
MIOJICTABUB B YPAaBHEHUE JIAHHBIE U3 YCIIOBHS 3aJa4H:



o, L0
22 - 102416,

Uty

Takum 00pa3om, TpH MOBbIIIeHHH TeMiepaTypbl Ha 40 °C CKOPOCTh TaHHOM
pEaKIuy yBEIUYUTCA B IECTHAALATH Pas.

Bamaua 4. Peakuus npu Temneparype 20 °C mporekaer 3a 45 c.
TemmnepatypHubiii  kod(puimeHT CcKOpocTH peakiuu paBeH 3. Kakoe Bpems
noTpedyeTcs I 3aBepiieHus 3toi peakiuu npu 40 °C?

Pemenue. PaccuntaeM Bo CKOJIBKO pa3 BO3pAacTaeT CKOPOCTh PEAKINH IpPU

YBEIMYEHUN TEMIIEPATYpPhl, BOCIIOJIL30BABIINCH ypaBHeHneM Bant-T'odda
(3.10):

t,—t
2 "
Zﬁ —y 10 |
tl
40-20
Uyo %)

Yem BbIllIE CKOPOCTh pEAKIMH, TeM 3a 0oJee KOPOTKUNM MPOMEKYTOK
BPEMEHU OHa MPOTEKaeT, TO €CThb BpeMsl MPOTEKaHWUs peakiuu (7) oOpaTHO
NPOTNIOPIUOHAIILHO €€ CKOpOCTH (v) (3TO OTPaKEHO B ypaBHEHUH 3.5).

Ptg _ Tty
Py Tty
Uon-T 1
__~20 *20
Orcrona Ly~ , Tpo=—"45=3..
V40 9

ITpu 40 °C peakiuus 3aKOHYHTCS 3a 5 C.

3agaua 5. Hanummre BbIpaXXe€HUs JJIs KOHCTAHT PaBHOBECHS CIEAYIOIINX
pEaAKIINK:

ZCO(Z) + 02(2) s 2C02(e),
Ca(Ol‘I)g(Kp) + COQ(Z) s CCZCO3(KP) + H20(,,C).
Ot kakux QaKkTOpOB 3aBUCUT KOHCTAHTA PAaBHOBECHS?

Pemenne. Peakumus 2CO) + O, S 2C0O,, romoreHHas. Bripaxenue



JJIs1 KOHCTAHTBI paBHOBCCHUA UMCCT BU/IL:

[COz ]2

“ =lcoro

Peakiusa Ca(OH)»u, + COspy S CaCOjsuy + HyOpy — reTeporeHHasl,
II0O9TOMY B BBIP@XEHHE JUII KOHCTAHTHI PABHOBECHS BXOMAAT KOHICHTPALMH
BEIIECTB, HAXOMIIMXCS B JKHIKOM WM Ta3000pa3HOM arperaTHOM COCTOSHUH.
BripaskeHHe KOHCTAaHTBI PAaBHOBECHS UMEET BUJI:

[HzO]
[COz]

K = .
KoncranTta PaBHOBCCHA 3aBUCHT OT IIPUPOAbI PCArupyrolmux BCHICCTB H
TEMIICPATYPbl, HO HC 3aBUCUT OT KOHICHTpPALIMKX BCUICCTB U AABJICHMA.

3anaqa 6 B CUCTEMC yCTaHOBI/IJIOCL paBHOBeCI/IGZ
2HI,,, S Hyp+ 1y, AH® >0

Kaxk Haa10 U3MCHHUTH TCMIICPATYpPY, AAaBJICHHUC W KOHLCHTPAINIO PpCarcHTOB,
YTOOBI CMECTHTH PaBHOBCCHC B CTOPOHY TCUCHHA HpHMOﬁ peaKHI/II/I?

Pemenmne.

1. Tpsimas peakrms suporepmmdeckas (AH® > 0). CormacHo mpuHIHITY
Jle llaTenbe npy yBEIMUYEHUM BHEIIHEN TEMIIEPATYPhl PABHOBECHE CMEILAETCS B
CTOPOHY SHJOTEPMHUYECKOI0 Ipolecca (UIYIIEro ¢ MOTJOIIEHUEM TEIIOTHI).
CrnepoBarenbHO, JUIsl CMEUIEHUS pPAaBHOBECUS BIPABO TEMIEPATYpYy HAJIO
YBEIUYHTb.

2. B peakuum u3 asyx moiseit HI monydaercs mo ognomy momro Hou |y, T.e,
BCETO JBa MOJIS, IO3TOMY M3MEHEHHE JIaBJICHUS He OyJeT OKa3bIBaTh BIMSHUE Ha
CMEIIICHHE PaBHOBECHS CUCTEMBI.

3. CMelleHHEe paBHOBECHS BIOPABO MOXHO JOCTUYL YBEIMYEHUEM
KoHueHTpaiuu H| wunu yganenuem w3 cucrembl Hp; u |, 4to mpuBeder K
YBEJIMYECHHUIO CKOPOCTHU MIPSIMOM peaKITnu.

Tema 5. CTpoenue atoma. Xumn4ieckasi CBA3b

3agauya 1. CocrtaBbTe DJEKTPOHHBIE (OPMYIBI aTOMOB JJIEMEHTOB C
nopsAkoBeIM HoMepoM 20 u 35, um3o0pasute pacnpeeseHue 3JIEKTPOHOB B
KBaHTOBBIX siyeilkax. OmnpelnenuTe MOJOXKEHHE 3JIEMEHTOB B MNEPUOJUYECKON
CUCTEME, CBSI3aB €ro CO 3HAYCHHEM COOTBETCTBYIOIIMX KBAHTOBBIX YHCEN H



KOJIMYCCTBOM BAJICHTHBLIX 3JICKTPOHOB. OHpeI[eJII/ITe BaJICHTHOCTb JJICMCHTOB B
HOPMAJIbHOM U B036Y)KI[€HHOM COCTOSHUAX.

Kaxkue cBoiicTBa MMPOABJIAIOT ATOMbBI 3TUX JJICMCHTOB (BOCCTaHOBI/ITeJIBHI)Ie
N OKHCJIHTCJILHI)IG), JJIA KaKOI'0O U3 HUX BBIITIC SHGKTpOOTpI/IHaTCHLHOCTL?

Pemenue. Ilo Ttabmune JI.M. MenaeneeBa HaxoquM CHMBOJIBI AJIEMEHTOB,
3alUChIBa€M MX, BHHU3Y CJIEBAa OT CUMBOJIA CTaBUM IOPSIKOBBIM HOMEDP, KOTOPHIN
yKa3bIBaeT 3apsijl Aapa aToMa M KOJIMYECTBO DJICKTPOHOB B aTOME.

Jlanee 3anuceIBaeM 3IEKTPOHHYIO (OPMYIIy aTOMa, paclpeIessist JeKTPOHBI
110 YPOBHSM M IIOAYPOBHSM, PYKOBOJCTBYSCH MNPUHIMIIAMH SHEPreTHYECKOU
BbIrOAHOCTH W Ilaymu. DHepreTndyeckuil ypoBeHb 0003Ha4yaeTcs HUPpOH u
COBMAJacT CO 3HAYEHHEM TIJaBHOTO KBAaHTOBOIO dYHCiaa N; IOJYpPOBEHb
obo3Havaercs OykBamu S, P, d, f, kKoTOpwsle COOTBETCTBYIOT OpPOWTAIBHBIM
KBaHTOBBIM dYHCIaM |, CBepxXy cmpaBa Haa KOTOPBIMH 3allMCBIBACTCS YHCIIO
3JIEKTPOHOB, PACIIOJIOKCHHBIX Ha HUX (Ha S-OpOUTAIN — MAaKCHMAaJIbHO JIBa, Ha TPEX
9KBUBAJICHTHBIX P-OpOMTAISIX — MaKCHMAJIbHO II€CTh, HA ISATH 3KBHUBAJICHTHBIX
d-opOuTansiax — MaKCHUMaJIbHO JCCSTh).

0Ca 15°25%2p°3s%3p°4s,

MakcuManbHOE 3HaUC€HHE INIaBHOTO KBAHTOBOI'O YMCJIA, T.€. KOJIUYECTBO
3aMO0JIHSIEMBIX YHEPreTUUECKUX YPOBHEH, COBMAAAET C HOMEPOM MEPUOA, B
KOTOPOM HAaXOJUTCS NAHHBIN BJIEMEHT: Npax = 4, mepuon 4.

Howmep rpynnel ganHoro snemenTa ll, T.e. oH coBnajgaer ¢ KOIM4eCTBOM
BAJEHTHBIX AJEKTPOHOB. Kanbluili OTHOCHUTCS K 3JIEMEHTaM S-CeMeHCTBa U
COOTBETCTBEHHO HAXOJUTCA B TJIaBHOW MOATPYIIIE.

Pacnpenenenue 3€KTPOHOB MO ssUeiKaM OyJIeT UMETh BU/:

S P d f
411
R I R A
2 I R A
11

B HoOpManbHOM COCTOSHHUM y aToMma KallbMsg HET HeCHapeHHBbIX
3JEKTPOHOB, TMO3TOMY €ro BaJIeHTHOCTh OyneTr paBHa Hynwo. Ilpu
BO30YXJE€HUU aTOMa, T.€. COOOIIEHUU €My HEKOTOPOIl SHEPTUHU, FJIECKTPOHBI



MOCJEAHEr0 HHEPreTUYECKOro YPOBHS pacnapuBarOTCI, W Y Kalablus
MOSBJISETCS ABa CBOOOIHBIX DJICKTPOHA: OJMH B COCTOSIHUHM 4S, npyroi — 4p, a
BMECTE C 3TUM BAJICHTHBIC BO3MOXXHOCTH KaJIbIIUs YBEIMUYUBAKOTCS C HYJIS J10
JIBYX.

Kanpuuii — munuunwviii memann, KOTOpbIM NpHU OTAAaY€ ABYX JIEKTPOHOB
C TMOCJTEIHEr0 JHEPreTHYecKOro ypOBHS TNpeBpamiaercs B non — Ca”',
00Maaloluil  YCTOMYUBBIM 3JIEKTPOHHBIM CTPOSHUEM MPEIIECTBYIOIIETO €My
MHEPTHOTO ra3a aproHa ¢ BOCbMHUAJIEKTPOHHOMN BHEIIHEH 000I0UKOH.

PaccMoTpuM B TakoM e MOpPAIKE 3JEMEHT, CTOSIIUN B Tabiuie Mox
HOMepoM 35. DTo OpoMm:

sBr  15225%2p°3s%3p°4s23d*%4p°.

[To hopmyie MOKHO BHIETh, YTO 3TO AJIEMEHT 4-r0 nepuoaa (Nyax= 4), VII
rpynmel  (Ha TOCJIEIHEM SHEPreTHUYECKOM YPOBHE CEMb JJICKTPOHOB),
p-ceMenCTBa II1aBHOM MTOATPYIIIIBI.

DnekTpoHHO-TrpaduvecKkoe n3o0paxeHue aroma Opoma OyIeT UMETh BUIL:

S p d f
ALttt
O N T U O I I U R B RO I
21t
i1l

B HopmanmbHOM cocCTOSSHUM y Opoma OJWH HECHapEeHHBIM JJIEKTPOH,
MO2TOMY €ro BaJICHTHOCTH OynieT paBHa 1. [Ipu morynomennu sHEprumn cHavana
pacmapuBarOTCsA P-3JICKTPOHBI, a 3aTeM S-dJIEKTPOHBI Ha CBOOOJHBIC
d-opOuTanu 3TOro K€ SHEPTEeTUUECKOr0 YPOBHS U y OpoMa 00pa3yroTcs TpH,
IsTh, CEMb OJWHOYHBIX, PACMapEHHBIX JJEKTPOHOB, U COOTBETCTBEHHO OH
MOKET MPOSABIIATH BAJICHTHOCTh B BO30yxaeHHOM cocTosiHuu |1, V, VII.

bpoM — munuunweiii Hememann, €ero aToM ropas3io Jerdye MpUHUMAET OJUH
DJCKTPOH, TMpEeBpamaercs B OTPUIATEIBLHO 3apsHKeHHBIM HWOH Br ¢
KOH(UTrypanmei »1eKTpoHOB Onmxkaiiiero nuepTHoro raza Kr, yem oTmaer cemb
JJIEKTPOHOB, mpeBpamasice B Br'’ ¢ xondurypammeii Ar. Bpom o6magaer
3HAYUTEIHLHO 00JIe€ BHICOKOM AJIEKTPOOTPUIIATEITLHOCTHIO, YEM KaJIbITUH.



Tema 6. PacTBOpPBI 2JIEKTPOJIUTOB

3agaua 1. CocTaBbTe MOJCKYJSPHBIC W MOHHO-MOJICKYJISIPHBIC ypaBHEHUS
peakuuii B3aumoericTBus Mexay pactBopamu BaCl, u Na;SO4, Na,CO3z u HySOy,
CH3COONa u HCI, Fe(OH); u HNO:;.

[Tpu cocTaBneHNE HOHHO-MOJICKYJISIPHBIX YPAaBHEHUH ATH COCTMHEHUS 3aIMCHIBAIOT
B MOJICKYJISIPHOH (pOopMe, CUITbHBIE PACTBOPUMBIE SJIEKTPOIUTHI — B BHJIC HOHOB.
Jns peakuuu:
BaCl, + Na,SO, —BaSO,| + 2NaCl (monekynspHOe ypaBHEHUE),
p P H p
CUNbH.DJI.  CUTIbH.IIL. CUNBH.II. CUTbH.OI]I.

Ba®* + 2CI~+ 2Na* + SO, — BaSO,| + 2Na* + 2CI~ (monHoe HOHHO-
MOJIEKYJIIPHOE YPaBHEHHUE),

Ba®" + SO,*~— BaSO,| (COKpaIeHHOE HOHHO-MOIIEKYISIPHOE ypaBHEHNUE).

Peakiuss BO3MOXKHa, TaKk Kak OHa COMPOBOXKIAETCS OOpa30OBaHUEM
TpyJIHOpAacTBOpUMOTO coenunenust BaSO,.

Na,CO; + H,SO, — Na,SO, + H,0O + COzT

p p p cnab.on.  eas
CUTbH. D] CUNBH.DI.  CUTILH.IIL.

2Na* + CO”+ 2H" + SO,2~— 2Na* + SO,2~+ H,0 + CO,?

2H" + CO5*™— H,0 + CO,?.

Peakrus mpoTekaer, Tak Kak COMPOBOXKIAECTCS 00pa30BaHUEM 2A3000pA3HO20
coeournenuss CO, u crabozco snexmpoauma Hy0 .

CH3COONa + HCl — CH3COOH + NacCl,

P P 'z p

CUTbH.ON.  CUNBbH.ON.  C1A0.9N.  CULbH.IIL.

CH;COO™+ Na” + H" + CI"— CH;COOH + Na™ + CI;

CH;COO™+ H" — CH3;COOH.

B pesynbTate a10# peakuuu odpaszyercs cinabdsiii anexrpoaut CH;COOH.

Fe(OH); + 3HNO; S Fe(NO3); + 3H,0

H p p cnab.o.

CNa6.31. CUNbH.II. CUTbH.IIL.

Fe(OH); + 3H" + 3NO;~ 5 Fe** + 3NO;+ 3H,0

Fe(OH);+ 3H" S Fe** + 3H,0.

Peakmus oOpaTima, Tak Kak CpeId UCXOTHBIX BEIISCTB M CPEAH MPOIYKTOB
PEaKIMM €CTh CJIA0BIC ATICKTPOJIUTHI.

3apauya 2. Bwriunciure pH pacTBopa THUIPOKCHJIA KaJblMS C MOJISIPHOU
koHieHTparmei 0,005 monb/n, cunras aucconuanuto Ca(OH), noaHOM.

Pemenne. pH = — Ig [H']. Tuapokcua Kamblius NP TUCCOLHMALUN
obpasyer HOHBI Kaibliisi M ruapokcua-momsl: Ca(OH), S Ca’" + 20H-
KonuenTtpauus noHoB OH cBf3aHa ¢ KoHIeHTparumeii noHoB H' HOHHBIM
nponssenerneM Bogsl: [H'] - [OH] = 10™*. Orcroma [H] = 107/ [OH .

W3 ypaBHEHUSs TuCCOUAIUU  CIIETYET, YTO

[OHT] =2 [Ca(OH),] =2 - 0,005 =0,01 moab/m.



[H]=107%0,01 =10 ** mons/n; pH =—1g 107 = 12.

Tema 10. JjieKTpOoAHBbIE NOTEHIMAJBI M TAJIbBAHUYECKHE JIEMEHThI

3agaya. ['anpBaHUYECKUI JIEMEHT COCTOMT M3 XPOMOBOTO M OJIOBSHHOTO
AJIIEKTPOJOB B pacTBopax HX HUTpaToB. COCTaBbTE CXEMY TaJbBaHUYECKOTO
AJIIEMEHTA, HAIMIIUTE YPaBHEHUS AJIEKTPOJHBIX NPOLECCOB M TOKOOOpasyrolen

C.3, C
peaximy. Beraucinre DJIC: a) NMpH CTAaHAAPTHBIX ycloBHAX ( Cr° = sn®* = 4

c C
MOJIB/IT); 6) IIPH KOHIIEHTpAIMsX Cro' = ~Sn®* =0 01 MO/,

Pemrenne. IIpu cxemaTnyeckom 3almucu rajJbBaHUYECKOro dJIEMEHTA IPaHuLA
paszena MeXIy METalIoM U PacTBOPOM 0003HAYaeTCs BEPTUKAIBHOM YEpPTOW,
rpaHulla MEXIy pacTBOPAMH DJIEKTPOJUTOB — JBOMHOM BEPTUKAIBHOU YEPTOM.
AHOJI 3aIIUCBHIBAETCS CIICBA.

CpaBHMM  CTaHIapTHbIE  DJJEKTPOJHBIE  IOTEHIHMAIbl  METaJUIOB:

0 0
ECV3+/CVO =-0,74 B, ES”2+/S”O = - 0,14 B. Xpom, kak 0ojiee aKTHBHBIA METaJL,
SIBJISICTCSI aHOJIOM, a OJIOBO — KaTOJIOM.
3anuiieM cxemy rajJbBaHUYECKOro JIeMEHTa:
(-) Cr | Cr(NO3)s || Sn(NOs), | Sn (+)
I () Cr]cr® | sn* | sn (+);
AIEKTPOIHBIC MPOIIECCHI:
anomusiii:  Cr°— 3¢ — Cr’*  (mporecc oKucieHs), X2
katomublit:  Sn°" + 2¢” — Sn° (mporecc BOCCTaHOBJICHUS); x3
ypaBHEHHE TOKOOOPA3yIOIIeH peaKIuu:
2Cr°+3sn** — 2Cr*" + 39n°,
Berauciaum snextpoasmxkyiyto cuny (31C):
a) crammaptayio IJIC €°% t0 ects DJC SmeMEHTa TP CTAHAAPTHBIX
YCIIOBUSX, KOT/Ia KOHIICHTPAIIMA MOHOB METAJIa PaBHBI | MOJIB/J, pacCUYUTaeM IO
YPaBHEHUIO:

E° =
EO - Eommoaa B EOaHOOa = Sn2+/sn0 — Cr3+/CrO

£°=-0,14 - (- 0,74) = 0,60 B;
6) B YCIOBHAX OTIMYHBIX OT CTAHAAPTHBIX CHadalla pacCcHuTaem II0

YPaBHCHUIO HCpHCTa OTACJIBbHLBIC DJICKTPOAHBIC TIOTCHIIMAJIBI MCTAJIJIOB!

0 0,059I c
sn2+/sn0 _  Egn2+/gn0 2 g Cgpn2+ ’
E. 2+
s /sn® = 0,14 + 0’259 Ig102=-0,14 + 0’259 +(-2) =—0,20 B;



0,059

E 0
crd3*/er0 _ ECr3+/CrO + 3

0,059
3

g CCr3+

ECI’3+/CI’O - 0’74 +

1910 =-0,74 +

0’259 - (-2)=—0,78 B;

a 3arem 1o (opmyne BbruucauM JJIC, yduThIBasg, 4TO OJOBO OCTAJIOCH
KaTo/IOM, a IMHK — aHOJIOM:

E E
c = sn2+/sn0 Cr3+/Cr0,+

£=-020-(-0,78)=0,58 B.

7.2.3 IlpumepHbIii epedeHb 3aJaHUi 11 pelleHus1 MPUKJIATHBIX 32124
Tema 12. Koppo3usi 1 3a11UTa MeTANINYECKNX KOHCTPYKIUIA

3amaua 2. M3aenue u3 xene3a ¢ MPUMEChI0 HUKEIISI HAXOIUTCSI BO BIAXKHOM
cpene, CoepkKaEN yIIIEKUCIBIN ra3. Y KaKUTE, IO KAKOMY MEXaHU3MY NPOTEKAET
KOPPO3HWOHHBIN MPOIIECC, M HATTUIIIUTE €r0 YPaBHEHUS.

Pemienne. YTieKkuchblil ra3 B3auMOJEHCTBYET ¢ BOJOM M o0pasyeT ciaadyro
yronmpHy0 kuciory CO, + H,O S H,CO; KoTopas JIHUCCOIMUPYET TIO
ypaBHenuto H,CO; S H' + HCO; . Takum 00pa3oMm, pacTBOp, B KOTOPOM
HAXOJIUTCS u3ziesne, OyIeT MPOBOAUTH ANEKTPUUECKUI TOK, U OKHCIUTEIIEM B HEM
apasiorcs  katmonel M. Kopposus, clenoBaTenbHO, MPOTEKAaeT 110
ANEKTPOXUMUYECKOMY MEXaHHU3MY.

3anuiieM cXxeMy BO3HHUKILIETO KOPPO3UOHHOTO AJIEMEHTA!

Fe|H™,HCO; |Ni.

Kenezo Fe Oonee akTUBHBIN MeTa ( Egez fE0 T 0,44 B) ueM HHUKENb, OHO
- O _
sBisieTcs aHoqoM, @ NI — katogom (ENi2 Ni0T T 0,25 B).

Ha mnoBepxHocTH >kene3a  (aHOIA) MPOUCXOIUT TMPOIECC OKUCICHUS.
VpaBHeHue anognoro npouecca (anox Fe):  Fe® — Fe™ + 2¢~,

YKereso B Bue HOHOB Fe*" mepexomuT B pacTBOP, a HIEKTPOHBI EPETEKAIOT
Ha HUKEIb. [[OBEpXHOCTh HUKENS 3apspKaeTcsi OTPUIIATSIIBHO, K HEW M3 pacTBOpa
MOJIXOJISAT KATHOHBI BOJIOPO/Ia, IPUHUMAIOT AJIEKTPOHBI M BOCCTAHABIMBAIOTCSI.

YpaBHeHHEe KaTOAHOTO Tporecca (KaTton Nio): 2H + 2¢™— H,.

7.2.4 IlpumepHbIii NepeYyeHb BONPOCOB JIS1 MOJATOTOBKHU K 3a4eTy
He npenycMoTpeHO y4eOHBIM TUIAHOM

7.2.5 IlpumepHbIii epedeHb 3aJaHUI VI pellleHUs1 NPUKJIATHBIX 32124

Cmpoenue geuwjecmea u peaKyuoHHas CROCOOHOCMb 6euiecme
OCHOBHBIE KJIACChl HEOPraHMYECKUX COCIUHEHUH: OKCUAbl (KUCIOTHBIE,



OCHOBHBIC, aM(OTEpHBIC), THAPOKCUILI (KUCIOTHI, OCHOBaHHUS, aM(pOTEpHBIC
TUAPOKCUIIBI), coJid. [IpuHIUI KHUCIOTHO-OCHOBHOTO B3ammojenctBus. Conu
KHCJIbIE, CPEJHUE, OCHOBHBIE.

OOmue KBAaHTOBO-MEXAHMUYECKHE TPEJICTABIEHUS O CTPOCHHE aroMma:
BOJTHOBAs MPUPOJa MUKPOYACTHI] M DJICKTPOHOB, AJIEKTPOHHBIE 00JIaka, aTOMHBIE
opobutamm, sapo aroma. YpaBHeHnue Illpemunrepa. KBanTOBBIE umcia Kak
XapaKTepUCTUKAa COCTOSHUSL JJIEKTPOHOB B aTome: TIJaBHOE, OpOUTAIbHOE,
MarHuTHOE, CIMHOBOE. Tumbl aTroMHbIX opOuTaneil. [IpuHIMIBI pacnpenaencHue
AJIEKTPOHOB B aTome. [locineaoBaTeNbHOCTh 3alOJHEHUS aTOMHBIX OpOUTaliel B
cooTBeTcTBUM ¢ ux »Hepruen. IIpaBuno KieukoBckoro. Ilpunnun Ilaymn wu
npaBuio ['yHaa. DiaeKTpoHHbIE KOH(DUTYypaliui aTOMOB U HOHOB.

[Tepunonnueckuit 3akoH [[.U. Menneneesa. Ilepuonuueckas cucrema J[.H.
MeHnneneeBa Kak €CTECTBEHHas kKiaccudukanus 23jeMeHTOB. CTpyKTypa
MEPUOJIMYECKONM CHUCTEMBL: MEPUOA, PAM, rpymnmna u noarpynna. I[lepumogunyHocTs
W3MEHEHHE CBOMCTB A3JIEMEHTOB B IMpEAENaX MMEPHUOJIOB U TJIABHBIX IMOATrPYIII.
OHeprus HWOHHU3AlUU, CPOJCTBO K JJIEKTPOHY, BJIEKTPOOTPUIATEIBHOCTD.
M3MeHeHne KUCIOTHO-OCHOBHBIX M OKHUCIIUTEIbHO-BOCCTAHOBUTEIBHBIX CBOMCTB
COCIMHEHUM.

Mexanusm  oOpa3oBaHusl ~ KOBajJeHTHONW  cBa3u.  OOMEHHBIH U
JIOHOPHO-AKIENITOPHBIM MEXaHU3M O0pa3oBaHUsl KOBaJEHTHOU cBs3u. CBoMCTBa
KOBAJICHTHOM CBsi3u. CHUrmMa- W TH-CBA3W, HANPABICHHOCTH W JHEPTUS CBS3H.
['mbpunuzanus aToMHBIX oOpOuTalel, TeoMeTpuuecKas CTPYKTypa MOJICKYIL.
KoBaneHTHas cBsA3b nosisipHas U HenossipHasd. [lossipHocTe Mosekyn. HMonHHas
cBs3b. CTpOEHUE COEIMHEHHI C MOHHBIM THUIIOM CBSI3H. BalEeHTHOCTH 3JIEMEHTOB B
HOPMAJIbHOM U BO30YKJICHHOM COCTOSIHUSIX: CTETICHb OKMCIICHUS U 3aps]i aTOMOB B
coeuHEHUAX. OKUCIUTEIbHO-BOCCTAHOBUTEIIbHBIE —Mpouecchl. OKHUCIHUTEINH,
BOCCTAHOBUTEH. Crenenb OKHUCJICHUS. Onpenenenue
OKHUCJIMTEIbHO-BOCCTAHOBUTEIIBHON POJIM COCIMHEHUS] IO CTENEHU OKHUCIICHUS
atomoB. PacctaHoBka KO3(p(OUIIMEHTOB B OKHCIUTEIHLHO-BOCCTAHOBUTEIHHBIX
peakIusX METOJ0M IJIEKTPOHHOTO OanaHca.

Xumuueckas mepmoOUHAMUKA U XUMUYUECKAA KUHEMUKA

OCHOBHBIE TEPMOJUHAMHYECKHE TMOHATHS: CHUCTEMa, TOMOI€HHas U
rEeTEPOreHHAasl CUCTEMa, W30JMPOBAaHHAS 3aKpbITasg CHUCTEMA, CUCTEMA OTKpPHITas,
napaMeTpbl COCTOSIHUSI CHUCTEMbI, TepMOAMHaMUueckue (yHKIuU. BHyTpeHHss
SHEpPrusi W HHTaNbNusA. TermmoBoit 3¢GGdexT peakuuu. DHAOTEPMHUYECKUE U
AK30TEpPMHUYECKHUE TMPOLIECChl. 3aKOH ['ecca U CIEeACTBUS, BBITEKAIOIIUE M3 HETO.
CrangapTHas SHTaJIbIUS O0pa30BaHUS CIIOKHOTO BEMIECTBA. Te€PMOXUMHUYECKHE
ypaBHEHUS. DHTPOINHUS U U300apHO-N30TEPMUIECCKUN TOTeHIHAI. HanpaBieHHOCTh
xumudeckux npoueccos. |, || Hauana TepmoaunaMuku.



Xumuyeckass KaHeTHKAa. CKOpPOCTh XUMHUYECKHUX peakuuil. DHeprus
akTUBalUUHM. YpaBHEHUE AppeHuyca. 3aBUCUMOCTh CKOPOCTHM pEakIHUH OT
KOHILICHTPAIIMM PEArvupyrolnX BEHIECTB W JABJICHHUS. 3aKOH JCHCTBHUS Macc.
Kunetnueckue ypaBHeHus. KoHCTaHTa CKOPOCTH peakIuu.

BnusiHne temmepaTypbl Ha CKOPOCTh XHMMHYECKOM pEaKIUd, ITPABUIIO
Bant-T'od¢a, Temneparypusbiit kodddunnent. BiusHue kaTannzaropa Ha CKOPOCTh
peakiuu. CyluiHOCTb KaTaiu3a.

[Tpomeccet  oOpatuMble U HeoOpaTuMble. XHUMHUYECKOE paBHOBECHE.
Koncranta xwumuueckoro paBHoBecus. Ilpunnun Jle-Illatense. BnusiHue
TEMIEPATYpbl, KOHLEHTpPALlMM, [aBJICHUS M Karaau3aTopa  Ha CMELICHUE
paBHOBECHS.

Pacmeopuwt. /lucnepcuvie cucmemut

OO6mras xapakTepucTuka pacTBOpoB. CrocoObl BhIpaKEHUsI KOHIIEHTpaIUU
pacTBOpoB. MouisipHasi, MOJIsTIbHAsE KOHIEHTPALMSA, MOJSpHAsl, MaccoBas JOJI,
MOJIIpHAsl KOHLIEHTpalXs SKBUBAJICHTOB. [[aBieHue napa pacTBOpoB. 3aKkoH Payms
JUIl pacTBOPOB HEANEKTPOJHUTOB. [loOHMMKEHHE TeMIeparypsl 3amep3aHusl U
MOBBIIICHUE TEMIIEPATypbl KUIIEHUS pacTBOpoB. Kpuockomus, 30yImuockonus.
Ocmoc, ocMoTrueckoe napienue. 3akod Baut-T'odda.

Teopust AIEKTPONUTUYECKOM JUCCOLMALMM AppeHuyca. OJIEKTPOIUTHI
cuibHble U ciabbie. CTeneHb U KOHCTAHThI JUCCOLUUAIIMU. DJIEKTPOIUTHYECKAsS
JIMCCOLUAIINS CUJIBHBIX M CJIa0BIX DJIEKTPOJIUTOB: KHUCIJIOT, OCHOBAaHUM, COJeH B
Bojie. CtyneHuartas auccounanus. MoHHbIe peakiuu. Y CIOBUS TE€YEHUS PEaAKIUN
oOMEHa B PacTBOpax OJJIEKTPOJIUTOB. DIIEKTPOIUTHUECKAS IHUCCOIUAIUS BOJBI.
HNonnoe mnpousseaenue Boawsl (Kw). Bomopoassiii mokazarenr pH kak mepa
KUCIIOTHOCTH U WIeNOYHOCTH cpeabl. pH kucnor u ocHoBanuit. [lonsitue 006
nHarKkaTopax. OKkpacka MHANKATOPOB B pa3InuHbIX cpenax. ['maponus coneit. Conun
TUIPOJIM3YIONIMECS MO AaHUOHY, MO KATHOHY, HETUIAPOJM3YIOIIUECS COJIH.
N3menenue pH cpeasl npu ruaponuse. BrusiHue BHEMIHMX (aKTOpPOB HAa CTENEHb
MOJIHOTHI THAPOJU3a. bydepHbie cucTeMBl.

[ToBepxHOCTHBIE siBIEHUS U ajncopOuums. JlucrepcHbIE CHCTEMBI, HUX
knaccudukanmsa. Kommongasie cucteMbl. Y CTOWYUBOCTD AUCTIEPCHBIX CUCTEM.

Xumus HeopeaHUUeCcKUX GANCYUIUX GEULEC 8

[Tonyuyenne, MeXaHW3M TUApaTallid W KPUCTAJUIM3AIlMU, CBOMCTBA
BO3AYIIHBIX BSOKYIIUX MaTepuajioB (CTpOUTEIbHAs BO3YyIIHAS W3BECTh, THIIC).
[TonydyeHnue, MEXaHU3M T'HAPATALIMNA U KPUCTAJUIM3AIMU, CBOMCTBA TUIPABINYECKUX
BSDKYIIUX MarepuagoB (THApaBIMYECKas W3BECTh, IMOPTIaHAIIEMEHT). beToH,
KOppo3wusi 0€TOHA B PA3IMYHBIX Cpeiax.

Inekmpoxumuueckue cucmemol

DONEKTPOHBIA TOTEHIMANl, MEXAaHW3M €ro BO3HUKHOBEHHS. YpaBHEHUE



HepHcTa. DneKkTpoXuMUYECKUi psiJl HANPSKEHU METAJUIOB. THITBI 3JIEKTPOAOB.

['anbBaHMYECKME BJEMEHTHL. M3MepeHue dSIEKTPOJBMKYLIECH  CHIIBL.
[Tonspuzanuss ¥ nepeHanpspKeHue. XUMHAYECKUE MCTOYHMKHA TOKA: IEPBHYHbBIC
raJlbBAHUYECKUE 3JIEMEHTHI, aKKyMYJISITOPBI, TOIUIUBHBIE 3JIEMEHTHI.

Koppo3uss mMeraiuioB. Buabl koppo3un. MexXaHu3M 3JIEKTPOXUMHYECKOU
KOPpO3HH. 3alliTa METAJUIOB OT KOPPO3HH. MeTauInueCKUe MOKPBITHSL.

Hoaumepol u onuzomeput

[lonsitue o nonumepax u onuecomepax. OpraHU4eCKUE€ M HEOPTraHUYECKHE
noJuMepbl. MeToabl MOy4eHUs MOJIMMEPOB: MOJTUMEPU3ALIUS, TIOJTUKOHICHCAIU.
XHUMUYECKOE CTPOEHUE U CBOMCTBA MOIUMEPOB. JleCTpyKIUs MOTUMEPOB.

bruononumepsl: noaucaxapuibl, MOJIUU30IPEHBI, OCIKH.

Memoobt Xxumuueckozo uccied08anus 6euyecme

Xumuyeckass ujeHTU(PUKAIMS BelecTB. AHATUTUYECKUN curHaia. OCHOBBI
KA4ECTBEHHOIO0 M KOJIMYECTBEHHOI'O aHan3a. KauecTBEHHbIE peakIMM HAa HOHBL.
XuMHuecKre, PU3NKO-XUMUYECKUE U (PU3NUECKUE METO/IbI aHAIIHU3A.

Opzanuueckue éaxcywjue cmpoumenbHvle Mamepuaivl

Knaccudukanuss opraHM4eCKMX BSDKYIIMX CTPOUTENIbHBIX MaTepHalloB.
burymHsble Bsoxymue. [lonyduenue, cBoicTBa, MEXaHU3MBbI TBEPACHUS.

7.2.6. MeToauka BbICTABJIEHHMS  OIEHKH TPH  TNPOBEAEHHH
NMPOMEKYTOUYHOM aTTeCTALUMN

DK3aMeH MPOBOAUTCS MO TeCT-OMIeTaM, KaKIbId U3 KOTOPHIX coaepx uT 10
BOIPOCOB M 3a7auy. Kaxaplif mpaBuIbHBIN OTBET HA BOMPOC B TECTE orleHuBaeTcs 1
Oamtom, 3amava onenuBaercs B 10 6ayos (5 0amioB BepHOE pelieHue U 5 6aios
3a BEpHBIN OTBET). MakcUMaIbHOE KOJUYECTBO HAOpaHHBIX OamtoB — 20.

1. Ouenka «HeynoBieTBOPUTENHHO» CTAaBUTCS B CiIy4ae, €CIH CTYJICHT
HaOpas MeHee 6 0asnIoB.

2. OneHka «Y OBJIETBOPUTEIHLHOY CTABUTCA B CIydae, €CJIM CTYASHT HaOpa
ot 6 1o 10 6amnoB

3. Ouenka «XopoIio» CTaBUTCS B ClIydae, eclii CTy/IeHT Haopain ot 11 mo 15
OaIoB.

4. Onenka «OTIMYHOY» CTABUTCS, €CIU CTyAeHT Haopai oT 16 no 20 Gamios.

7.2.7 I1acnopT OlIEHOYHBIX MATEPHAJIOB

No 11/t KoHnTponupyemblie pa3ienbt KOHTp(fJi(IiIJII)yCMOﬁ HanmMenoBaHue OIIEHOYHOTO
(TeMbI) TUCIIUILIAHBI KOMIIETEHIIIH CpencTBa
1 Crpoenue BeniecTBa u OK-4, OK-8, OK-9, |Tecr, konTpONbHAs paboTa,
pEeaKMoHHass CIOCOOHOCTH OK-10 3allUTa J1aDOPATOPHBIX

pabor, 3amura pedepara,
TpeOOBaHUs K KYpCOBOMY
IPOEKTY....

BCIICCTB

2 OCHOBEI xumuaeckoii [OK-4, OK-8, OK-9, [Tect, koHTponbHas padora,




TEPMOJIUHAMHUKU U KUHETUKHU OK-10 3aImuTa 1a00paTOPHBIX
pabor, 3amura pedepara,
TpeOOBaHUSA K KYPCOBOMY

IIPOEKTY....
3 PactBopsl. Qucnepcubie cuctemsr |OK-4, OK-8, OK-9, |Tecr, konTponbHas paboTa,
OK-10 3amTa J1abopaToOPHBIX

pabor, 3amura pedepara,
TpeOOBaHUs K KYpCOBOMY

MIPOCKTY. ...
4 Dnekrpoxumuueckue mporeccel  |OK-4, OK-8, OK-9, |Tecr, koHTponbHas paboTa,
OK-10 3aIuTa Ja00paTOPHBIX

pabort, 3amura pedepara,
TpeOOBaHUS K KypCOBOMY

MPOEKTY. ...
5 [TonumMeps! U OTUTOMEPHI OK-4, OK-8, OK-9, |[Tecr, koHTpONBHAs paboTa,
OK-10 3aIuTa 1ab0opaTOPHBIX

pabort, 3amura pedepara,
TpeOOBaHUS K KypCOBOMY

MIPOCKTY....
6 XuMudeckas uIeHTH(OUKAIHS OK-4, OK-8, OK-9, |Tect, koHTpOIbHas paboTa,
BEIIECTB OK-10 3aIyTa JJabopaTOPHBIX

pabor, 3amura pedepara,
TpeOOBaHUS K KYpCOBOMY
MPOEKTY. ...

7.3. MeToauyeckue MaTepUAJIbl, ONpeesIlONe MPOIETYPhI
OLlECHMBAHUSA 3HAHUI, YMEHHUIi, HABBIKOB U (MJIM) ONBITA AeSATEJILHOCTH

TecTupoBanue OCyIIECTBISETCS, JIMOO TMPU TOMOIIM KOMIBIOTEPHOM
CUCTEMBI TECTUPOBAHUS, JMOO C MCIOJIH30BAHMEM BBIJIAHHBIX TECT-33JlaHUN Ha
oymaxxuom Hocutene. Bpemss tectupoBanus 30 MuH. 3aTeM OCYIIECTBISETCS
MPOBEpPKA TECTa 3K3aMEHATOPOM M BBICTABIISIETCS OLIEHKA COTJIACHO METOAUKH
BBICTABJICHUS! OLICHKH MPH MPOBEACHUU TPOMEKYTOUHON aTTECTALINU.

Pemienne craHgapTHBIX 3a7a4  OCYIIECTBISAETCS, JIMOO TIPU TOMOIIH
KOMITBIOTEPHOU CUCTEMbI TECTUPOBAHUS, JIMOO C UCTIOI30BAaHNEM BbIJJAHHBIX 3a71a4
Ha OymakHoMm Hocutene. Bpems pemenus 3agad 30 MuH. 3aTeM OCYIIECTBIISACTCS
MpPOBEpPKA pEIICHUs 3a/]ad IK3aMEHATOPOM M BBICTABJISIETCS OIEHKA, COIJIACHO
METOJIMKH BBICTABJICHUS OLICHKU MPU MPOBEICHUH IPOMEXKYTOUHOM aTTECTaIllUH.

Pemienne mnpukiIagHbIX 3a7ad4  OCYIIECTBISETCA, JHUOO TMpU TTOMOIIH
KOMITBIOTEPHOU CUCTEMbI TECTUPOBAHUS, JIMOO C UCIIOJI30BAaHNEM BbIJJAHHBIX 33124
Ha OyMakHOM HocuTene. Bpems pemenus 3agad 30 MuH. 3aTeM OCYIIECTBISETCS
MpPOBEpPKA PEHIEHUs 3a/ad HK3aMEHATOPOM M BBICTABISETCA OIEHKA, COIJIACHO
METOJMKH BBICTABIICHHS OLIEHKH MPU MPOBEICHUHN IPOMEXKYTOUHOMN aTTECTAlIUH.

8 YYHEBHO METOAUYECKOE U UH®POPMALIMOHHOE
OBECIIEYEHME JUCIUIIJIMHBI)

8.1 Ilepeuenb yueOHOI JHUTepaTypbl, HEOOXOAUMOM ISl OCBOEHUSI
AUCHHUTLTHHBI




1. 'munka, Hukonait Jleonugosua. OO6mras xumus [Teker] : yue6. mocodue:
nonymeHo MO CCCP / I'nunka, Hukonait JIeonuaoud ; moxa pen. B. A. Tlonkosa,
A. B. baOkoga. - 18-¢ u3zn., nepepad. u mgom. - M. : FOpaiit , 2012

2. Xumus [Tekcr] : yuebHOe mocobue / BopoHek. roc. apXUTEKTyp.-CTPOUT.
yH-T ; o o6mr. pen. I'. I'. KpuBnaeBoii. - Boponex : [0. u.], 2013

8.2 IlepeyeHb HMH(MOPMANUOHHBLIX TEXHOJIOTHI, HCHOJb3yeMBbIX MPH
OCYIIeCTBJIECHMH 00pa30BaTeJIbHOI0 Mpolecca MO JAUCIHHUIJIMHE, BKJIIOYAs
nepevYeHb  JIMHEH3MOHHOI0  NPOrPaAaMMHOIO  o0ecle4YeHHUsi, PeCcypcoB
HH(POPMALMOHHO-TEJIEKOMMYHUKAUMOHHOMN ceT « MHTEepHeT», COBPEeMEHHBIX
Nnpo¢ecCHOHAIBHBIX 0a3 JAHHBIX 1 HHPOPMALMOHHBIX CIIPABOYHBIX CUCTEM:

1. Yrenue neKUUiA OCYIIECTBISETCS C HCIOJIb30BAaHUEM IMPE3EHTAlUM B

nporpamme «Microsoft PowerPointy.

2. Jlns BBIMOJMHEHUS JAOOPATOPHBIX pabOT HCHONB3YyeTCs y4eOHbIN
7a00paTOpHBIN  KOMIUIEKC «XuMus», coBMecTuMbIi ¢ I[IK u cHaOXeHHBIH
MPOrpaMMHBIM 00ECIICUEHUEM.

3. Xwmuueckni karasmor. Heopranmdeckas xumus. CalTbl M KHHTHU
http://www.ximicat.com

4. Chemnet - odunuanbHOE JJICKTPOHHOE W3AaHHEC XHMHYCCKOTO
dakynsTera MI'Y http://www.chem.msu.ru/rus

5. CnpaBouHo-uH(GOpMaIMOHHBIH caiT o xumuwn http://www.alhimikov.net

9 MATEPUAJIBHO-TEXHUYECKAS BA3A, HEOBXOANUMAS J1JIsA
OCYHWECTBJIEHUSA OBPASOBATEJIBHOI'O ITPOLHECCA
Yueono-navopamopnoe ooopyoosanue

1. YuebHO-1200paTOPHBIN KOMIUIEKC «XUMUS -ayn. 6421

2. Monomep H-160 - ayn. 6421
3. Jlabopatopnsrii pH-metp JIITY-01 - ayn. 6421
4. IlIxad ¢ BBITSXKHON BEHTUIISIIUEN - ayn. 6421
5. JlabopaTopHas XMMU4ecKas mocya - ayn. 6421
6. AKBaIUCTUILISATOP - ayn. 6422

Texnuueckue cpeocmea o0yuenus

1. HoytOyk - oTaen opranu3anuu 1 obecrneyeHus: yueOHOTo mpoiiecca
MeauanpoekTop nporpamMmm - OTJel OpraHu3aluy U oOecreyeHus: yueOHOro
npoiiecca.

10. METOJIUYECKHE YKA3AHUS JJISI OBYUYAIOLUXCSI 1O
OCBOEHMUIO JUCHUIIIAHBI (MOLY.JIST)
IIo AUCHUITIINHC «XUMHUA» YUTAIOTCH JCKIIHU, HpOBO,Z[SITCSI HpaKTI/IquKI/IC
3aHSTHS U J1aOOpaTOpHbIE PAOOTHI.
OcHoBoMt N3Yy4YCHUA OUCHUIIIIMHBI  ABJAIOTCA JICKIIMKM, Ha KOTOPLIX
W3J1ararTcsl Hanoosee CYIICCTBCHHBLIC U TPYAHBIC BOIIPOCHI, @ TAKKC BOIIPOCHI, HC


http://www.ximicat.com/
http://www.chem.msu.ru/rus

HaIIeAMNIe OTPAKEHUS B YICOHOU TUTEpATypE.

[IpakTuueckue 3aHSTHS HaIpaBieHbl HAa NPHOOPETEHHE MPAKTUYECKUX
HAaBBIKOB pacyeTa mpoQecCHOHANIBHBIX 3a/1a4. 3aHATHS MPOBOJATCS IIyTEM PELICHUS
KOHKPETHBIX 33/1a4 B ayIUTOPUHU.

JlabopaTopHbie paOOThI BBHIMOJIHSIOTCS Ha JaOOpaTOPHOM 00OPY/IOBAaHUU B
COOTBETCTBHUH C METOJMKAMHU, IPUBEJICHHBIMHU B YKA3aHUIX K BBIMOJHEHUIO PadOT.

Bunx yaeOHbIX
3aHSATHHU

J_IGSITGJH)HOCTB CTYACHTA

Jlexusa

Hamnucanune koHcHeKkTa JIEKIUN: KpaTKO, CXEMAaTHYHO, IOCIEI0BATEIHHO
(uKCcUpOBaTH OCHOBHBIE MOJIOKEHHUS, BBIBOBI, (POPMYITHPOBKU, 0OOOIICHHUS;
IIOMCYAaTh BAXKHBIC MBICJIW, BBIACIATH KJIFOYCBLIC CJI0OBA, TCPMUHBI. HpOBepKa
TEPMHHOB, MIOHATHI C TOMOIIBIO YHIUKIONEANA, CIOBapei, CIIPaBOUYHUKOB C
BEINIMCBHIBAHUEM TOJIKOBaHUH B TeTpaib. O003HAYCHHE BOIIPOCOB, TSPMHUHOB,
MaTrepuanga, KOTOpbI€ BBI3BIBAIOT TPYAHOCTH, IIOMCK OTBETOB B
peKomMeHyeMor  juTeparype. Ecim  caMOCTOSATENIbHO HE  yJIaercs
pazobpaThcsi B MaTepuaie, He00X0auMO cPOpMYIUPOBATH BOMPOC U 3a/1aTh
IpernoaaBaTe/JIr0 Ha JICKIWUW WKW Ha NPAKTUYCCKOM 3aHATHUH.

IIpakTrueckoe
3aHSATHE

KoHcnexktupoBanue pekoMeHAyeMbIX HCTOYHUKOB. PaboTa ¢ KOHCHEKTOM
JIEKIMI, TOArOTOBKAa OTBETOB K KOHTPOJBHBIM BOIPOCaM, IPOCMOTP
pexomeHayemoi nureparypsl. IlpocnymuBanue ayauo- v Buieo3anuce 1mno
3aJlaHHOM TeMe, BBIMIOJHEHUE pacueTHO-TpapUUecKUX 3aJaHHi, pelieHue
3aJ1a4 110 aJIFOPUTMY.

JlaGopaTopHas
pabora

JIaGopaTopHbie pabOThI MO3BOJSIOT HAYYUTHCS MPUMEHSITh TEOPETUUECKUE
3HaHUA, MMOJIYYCHHBIC HA JICKIWUW ITPHU PCIICHUKU KOHKPETHBIX 3ajady. YT1o0OBI
Hauboyiee palMOHAIBHO M TIOJHO UCIOJNb30BaTh BCE BO3MOXHOCTH
1a00PaTOPHBIX AJSI MOATOTOBKM K HUM HEOOXOIMMO: CIeayeT pa3o0paTh
JIEKIUIO 110 COOTBETCTBYIOIEH TeMe, O3HAKOMUTCS C COOTBETCTBYIOLIUM
paszenoM ydyeOHUKa, HOpopadoTaTh JOMOJHUTENbHYIO JIUTEpaTypy U
VCTOYHMKH, PEHIMTh 33a4H U BBIIIOJHUTH JPYTUe MUCbMEHHbIE 3a/IaHMsL.

CamocTosTenpHast
pabota

CamocrosiTenbHass paboTa CTYAEHTOB CIOCOOCTBYET INTyOOKOMY YCBOEHHUS
y4yeOHOro MaTepuajlla M  pa3BUTHIO  HABBIKOB  camMoOOpa30BaHUS.
CamocTosTenbHas paboTa NpenoaaraeT cleyIolIue COCTaBISIOIIHE:

- pabota ¢ TekcTaMu: y4yeOHUKaMH, CIPAaBOYHMKAMH, JOMOJIHUTEIILHOM
JUTEPATYPOH, a TAaK)Ke MPOPadOTKa KOHCIIEKTOB JICKIIHIA;

- BBITMIOJIHEHHUE JIOMAITHUX 3a/I1aHUH U pacyeTos;

- paboTa HaJl TEeMaMH JUIsl CAMOCTOSATEIBHOTO H3YYCHUS;

- yyacTHe B paboTe CTy/IeHUEeCKUX HayYHBIX KOH(PEPEHINH, OMMMITHa;

- MOJITOTOBKA K MPOMEKYTOYHOH aTTECTAIUH.

IloaroroBka k
MTPOMEKYTOUHON
aTTecTalluu

l'oToBUTBCS K NMPOMEXYTOUHOW aTTECTALUU CIEAYeT CHUCTEeMATHUYeCKH, B
TCUCHHUC BCEIO ceMeCTpa. I/IHTeHCI/IBHaﬂ IIOATrOTOBKA MAOJI’)KHA HA4YaThbCs HE
MO3/IHEEe, YEM 3a MECSL-IIONTOpa 0 MPOMEKYTOUHOM aTTecTaluu. J(aHHbIe
nepes PK3aMeHOM, HK3aMEHOM TpH JHS d(PQeKTUBHEE BCETO MCIOIH30BaTh
JUTsl TOBTOPEHUS U CUCTEMAaTHU3allii MaTepHraa.




