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Pabouas mporpamma qUCHMILIMHEI cocTaBieHa Ha ocHoBaHuu @I'OC BO u yyeOHoro mana
HarpaBJIeHUs OATOTOBKU
23.05.01 HazemHbIe TpaHCIOPTHO-TEXHOJOTMYECKHUE CPEICTBA

Cpok aeiicTBus padoueii nporpaMMbl JMCUMILTAHBI 10 «31» aBrycra 2026 r.

COI'JTACOBAHO
3aBenyronuii kKadenpoit «[IpoexkTrupoBaHue M IKCILTyaTaIHs aBTOMOOUIIEH

« » 20 T. A.B. boOopoBckn

(noonucw) (U.0. Damunus)

YTBEPXIEHO

Ha 3acemanuu neHTpa MeIMIIMHCKON XUMUU
(mportokoun 3aceganust Ne 2 ot «27» aBrycra 2021 r.).



1. esab ocBOeHUST TUCHMILIUHBI

Llenbp OCcBOEHMS IUCHUILIMHBI — C(OPMHUPOBATH CUCTEMY XUMHUYECKUX 3HAHMUN (TIOHSATHIA,
3aKOHOB, (DaKTOB, XMMHYECKOIO $3bIKa) KAaK KOMIIOHEHTa €CTECTBEHHOHAYUYHBIX 3HaHMH 00
OKpY’)KalOIlleM MHpEe M €ro 3akoHax, a Takke c()OpMUPOBaTH COBPEMEHHOE IPEICTaBICHUE O
BELIECTBAX, UX CTPYKTYpPE, CBOMCTBAX U B3aHMHBIX IIPEBPALICHUSIX.

2. MecTto nucnumimnabl B crpykrype OITIOII BO

HI/ICHI/IHJ'II/IHBI N TIpaKTUKHW, Ha OCBOCHHH KOTOPBIX 633preTCﬂ JaHHass JUCLHMIIIMHA:

«BrIcIIag MaTeMaTUKa).

I[I/ICI_[I/IHJII/IHBI U IPaKTUKH, 11 KOTOPBIX OCBOCHUC ,Z[aHHOI\/'I JUCHUITIIMHBI H€O6XO,Z[I/IMO KakK

npenuiecTpyromee: «MarepuanoBeieHHe W TEXHOJOTUS KOHCTPYKIIMOHHBIX —MaTepHalioB»,
«Duzukay.
3. IInanupyemsie pe3yJbTaThl 00y4eHHUS
®opmupyemMbie U HNuauxaropsl
KOHTPOJINpyeMble AOCTHKEHU S IInanupyemble pe3yJbTaThl
KOMIIeTeHIIUH KOMIIeTeHIHi1 o0y4eHuUs
(Ko 1 HAMMEHOBAHUE) (K01 1 HAUMEHOBAHME)
OIIK-4. Cnoco6en | OIIK-4.5 JlemoHcTpupyeT | 3HaTh: OCHOBHBIC MOHSTHS U 3aKOHBI
MMpOBOAUTH UCCICAOBAHHNA, | IOHUMAHUC XUMHUYCCKUX | XUMHHU, OCHOBHBLIC 3aKOHOMCPHOCTH,
OpPraHU30BBIBATH MIPOLIECCOB U 3HAaHUE | COMPOBOXKIAIOIINE B3aWMOACUCTBUS
CaMOCTOATCIBHYIO N | OCHOBHBIX 3aKOHOB XUMHHU BCIICCTB, TCXHUKY IINIAHUPOBAHUSA H
KOJUIEKTUBHYIO  HAy4yHO- MIPOBEICHUS XUMHYECKOT0
HCCIIEI0BATENBCKYIO JKCIIEPUMEHTA U METO/IbI
NesITeNIbHOCTD npu KPUTHYECKON OLICHKH u

PCIICHUN HHXXCHCPHBIX U
HAaYYHO-TCXHHUYCCKUX

3a/ad, BKJIFOYAIOLIUX
IUTAaHUPOBaHUE U
IIOCTAaHOBKY CJI0KHOTO
JKCIIEPUMEHTA,
KPUTHYECKYIO OLEHKY H
HUHTEPIPETAIIIO
pe3yNbTaToB

MHTEpIPETALMU PE3YJIbTaTOB

YMeTh: aHANU3UPOBATH MOJTyYEHHBIE
pe3yibTaThl, MPUMEHSTh OCHOBHBIE
3aKOHBI M TIOHSATUS XHUMHUU TIpU
OMHUCAaHUU XHUMHUYECKUX TMPOLECCOB;

TOTOBUTH  pabodee  MeCTO  JJIA
HpOBGI[eHI/IH XUMHUYECCKOI'O
AKCIIEPUMEHTA;,  CIUIAHUPOBaTh M

IMpOBECTU XUMHYECKUU SKCIICPUMCHT
C aHAJIM30M U MHTEpHpeTanuen
pe3yJIbTaTOB

Bnaners: cnenuaibHON XUMHYECKOH
TGpMHHOJ’IOI‘HGﬁ, METOAaMHU aHalln3a
paboThl 00BEKTOB
npodecCHOHATLHON AESITeTbHOCTH U
OlpesieNieHUs] CBOMCTB BEILIECTB U
MCXaHHU3Ma UX y4aCTHUd B HPOLCCCax
XUMHUYECKOTO XapakTepa; TEeXHHUKOH
IJIaHUPOBAHUSA n MMPOBCACHUA
XUMHUYECKOTO  JKCIEpUMEHTa U
METOJaMHU KpHTH‘-IGCKOfI OLCHKU H
MHTEPIPETALMH PE3YIbTAaTOB




4. CTpykTypa u coep:kaHue TUCHHILTHHBI

®opMbI TEKYyILLEr0

. KOHTPOJIS
Moayas (pa3aeJt) BU"H Ha"MeHOBaH?e TEM 3aHITHH CemecTp Oonem, Bbannbl | UnTepakTHB, 4.| (HauMeHOBaHHe
y4eOHoi1 padoThI (yueOHOM padoThI) q.
OII€HOYHOT 0
cpeacTBa)
Monyib 1. Jlexmms (JIek1)  |OcHOBHBIE MOHSITHS M 3aKOHBI XUMHUH 1 2 - -
CtpoeHue u [Ipaktuueckoe  |Pacuersl mo Gpopmynam 1 ypaBHEHUSIM 1 2 - - KontponbHas pabota
cBorcTBa Bemectsa |3anstue ([Ipl) Nel
Jlexums (JIek2) |OcHOBHBIE KJIaCChl HEOPTaHMUECKUX 1 2 - -
BEIIECTB
[IpakTnueckoe  |ATOMHO-MOJIEKYJIIPHOE YUEHUE 1 2 - - KontponbHas pabota
zanstue (I1p2) No2
JlabopaTtopHoe  |OCHOBHBIC KJIacChl HEOPTaHUUECKHUX 1 2 - - Otuer 1o
3ansaTue (JIabl) |BemiecTs mabopaTopHOI
padote Nel
Jlexmms (JIek3) | XuMuueckuii 5KBUBAJICHT 1 2 - -
IIpaktueckoe | XUMHUUYECKHUI S3KBUBAJICHT 1 2 - - KonTtponbHas
zanstue (I1p3) padota Ne3
JlaGopaToproe  |OmnpeneneHre MOJSIPHONW MacChl 1 2 - - Otuer 1o
3anstue (JIaG2)  [dKBUBaJIeHTa MeTallIa mabopaTtopHoOit
padote No2
Jlexmms (JIek4) |Crpoenue atomoB. [lepuoandaeckas 1 2 - -
cucrtema ssemMenToB J[.1. Menpaeneena
[Ipaktnueckoe  |CTpoeHHE aTOMOB 1 2 - - KontponbHas pabota
3anatue (I1p4) Ne4
Jlexmms (JIekS) |Xumuueckas CBsI3b: KOBaJICHTHAs, 1 2 - -
MOHHAs1, METAJUTMYECKasi, BOJOPOIHAS
[IpakTtrueckoe | XuMHuecKas CBS3b. 1 2 - - KoHnTpoibpHas paboTa)

zanstue (I1p5)

[IpocTpaHCTBEHHOE CTPOCHUE MOJICKYJT

Ne5




®opMbI TEKYyILLEr0

. KOHTPOJIS
Moayas (pa3aeJt) BU"H Ha"MeHOBaH?e TEM SaHITHH CemecTp Oonem, Bbannbl | UnTepakTHB, 4.| (HauMeHOBaHHe
y4eOHoi1 padoThI (yueOHOM padoThI) q.
OII€HOYHOT 0
cpeacTBa)
Moaynb 2. Jlexms (JIek6) | TepmoamHaMHuKa XUMHUYECKUX 1 2 - -
TepMoauHaMuKa u npoueccoB. OyHKIMY COCTOSTHUSA:
KUHETHKA BHYTPEHHSIS SHEPTUsl, SHTATIBIIUS
XUMHYECKUX Jlexums (JIek7) |DyHKIIUUA COCTOSIHUS: SHTPOIIHNS, 1 2 - -
[IPOLIECCOB sHeprust [u66ca. Hanpasnenue
MIPOTEKAHUS XUMHUECKHUX peaKInii
JlaGopatopHoe Omnpenenenne SHTAIBIINN PEAKIIMU 1 2 - - Otuer 1o
3ansaTue (J1a63) lmabopaTopHOH
padote Ne3
[Ipaktnueckoe  |TepMoaMHAMUKA XUMUYECKUX 1 2 - - KonTtponbHas paboTal
sanstue (I1p6) peaKkIui N6
Jlexmms (JIek8)  |Xumuueckast knHeTuka. Bnusiaue Ha 1 2 - -
CKOpPOCTb XUMHYECKHX PEaKLUN
KOHIIEHTPALIUH, 1aBJICHUS
Jlexmms (JIek9) |BnusHMe Ha CKOPOCTh XMMHYECKUX 1 2 - -
peakuuil TEMIEPATypBl,
KaTaJau3aTopoB. XUMHUYECKOE
Jlaboparoproe  |CKOPOCTh XUMUYECKUX PEAKITUH. 1 4 - - OTtyer no
3ansaTue (JIab4) |Xummueckoe paBHOBecue (or. 1, 2) lmabopaTopHOH
pabote Ned
IIpaktnueckoe  |KnHeTHKAa XUMHUYECKHX pEaKIUA 1 2 - - KontponpHas padoTtal
sanstue (I1p7) N7
Moayns 3. Jlexmms (JIek10) |PactBopsl. CiocoOBI BRIpaKEHUS 1 2 - -
PactBops! 1 KOHIIEHTPAIIUU PACTBOPOB.
PIEKTPOXUMHUYECKUE KomnnuratuBHble CBOMCTBAa pacTBOPOB
[TPOIIECCHI [IpakTnueckoe CriocoObI BRIpOXKEHHS KOHIIEHTPAIUU 1 2 - - KonTpoibHas paboTa)

zanstue (I1p8&)

pacTBOpOB

Ne&




®opMbI TEKYyILLEr0

. KOHTPOJIS
Moayas (pa3aeJt) BU"H Ha"MeHOBaH?e TEM SaHITHH CemecTp Oonem, Bbannbl | UnTepakTHB, 4.| (HauMeHOBaHHe
y4eOHoi1 padoThI (yueOHOM padoThI) q.
OII€HOYHOT 0
cpeacTBa)

[IpakTnueckoe CgoiicTBa paCTBOPOB HEAJIEKTPOJIUTOB 1 2 - - KonTtponbHas padoTal
sanstue (I1p9) N9
Jlexmms (JIek11) |CoiicTBa pacTBOPOB JIEKTPOIUTOB: 1 2 - -

JYCcCcOLUaIus. HOHHOE ITPOU3BEIECHUE

BOJIbI, IPOU3BEICHIE PACTBOPUMOCTH,

TUAPOJIN3 COJIEH, HAIIpaBIICHUE

OOMEHHBIX PEaKIuii
JlaGopaTopHoe PacTBOpBI 37E€KTPOIUTOB 1 2 - - Otuer 1o
3ansTue (J1ab5) mabopaTopHOI

abote No5

[IpakTnueckoe CBoiicTBa pacTBOPOB JICKTPOJIUTOB 1 2 - - KonTponbhas
zanstue (I[Ip10) padota NelO
Jlexmms (JIek12) |OxucnuTenbHO-BOCCTAHOBHUTEIIbHBIC 1 2 - -

peaxkuuu
[IpakTnueckoe OKuCIUTENbHO-BOCCTAHOBUTEIbHBIC 1 2 - - KonTponbhas
sanstue (Ilpll) |peakuun pabota Nel 1
JlabopaTtopHoe  |OKHCIUTETHEHO-BOCCTAHOBHUTEIIbHBIC 1 2 - - Otuer 1o
3ansTue (JIab6) |peakuuu mabopaTopHOI

pabote Ne6

Jlexnus (JIek13) |DmeKTpOXUMHUYCCKUE CHCTEMBI. 1 2 - -

["anpBaHMYECKHE DIIEMEHTHI
Jlexmms (JIek14) |DnekTponm3 paciiaBoB M BOJIHBIX 1 2 - -

pactBopoB. 3akoHbl Dapajes
Jlexums (JIek15) |Koppo3sust metamnoB. Xumuyeckas u 1 2 - -

AIIEKTPOXUMUYECKAsT KOPPO3HSL.
CnocoObl 3alIUTHl METAIUIOB OT




®opMbI TEKYyILLEr0

. KOHTPOJIS

Mopyas (pa3aen) Buﬂll Ha"MeHOBaH?e TEM SaHITHH CemecTp Oonem, Bbannbl | UnTepakTHB, 4.| (HauMeHOBaHHe

y4eOHoi1 padoThI (yueOHOM padoThI) q.

OII€HOYHOT 0
cpeacTBa)
JlaGopaTopHoe Koppo3zus merannos 1 2 - - Otuer 1o
3anstue (J1ab7) mabopaTopHOI
padote No7

[IpakTuueckoe DIIEKTPOXUMUS 1 2 - - KonTponbhas

sanstue (I1p12) pabota Nel2

Jlexuus (JIek16) | Xumuueckue CBOMCTBA METAIIOB 1 2 - -

[IpakTuueckoe XHUMHUYECKUE CBOMCTBA METAJIIIOB 1 2 - - KonTtponbHas

3anstue (I1p13) padota Nel3

[IpakTrueckoe Hrorosast KOHTpOJIbHAS paboTa 10 1 2 60 - KonTtponbHas

sanstue (IIp14) |kypcy pabota Nel4

[IpakTnueckoe Ntorosoe 3ansitue 1 2 30 -

sanstue (IIpl5)

CamocrosrenbHas | I3yueHne TeopeTHueckoro Marepuanina 1 99,75 - -

pabora (Cpl) 10 KypCy JICKIIUH, TOATOTOBKA K

UTOTOBOMY TECTUPOBAHHUIO (3aUETY)

ITocemaemocts | Ilocemaemocts 1 - 10 IIpucyrcrBue Ha

(ITcmr) BaHATHUAX

[Ipomexxyrounas |IIpomexyrouHas arTectanus (3a4er) 1 0,25 - - Bormpocs! k 3a4ery

arrectanus (ITA) Ne 1-50

Tect utoroBeiii | IToroBoe TecTupoBaHue 1 2 100 - TecToBBIE 3aaHU

(Th) Ne 1-1160

Hroro: 180 200

Cxema pacuera ntoroporo 6amia «(Cymma + Tep)/2» - cymma 0aioB 1o BceM yueOHBbIM MEPOIIPUATHSAM, IPETYCMOTPEHHBIM B Kypce + cpeiHee
apu(pMETHYECKOE TI0 BCEM NMPOMEXKYTOUHBIM TE€CTaM, IPOBOAUMBIM uepe3 OT.




5. Oo0pa3oBaTe/ibHbIE TEXHOJIOTHHU

[Mpu peanu3anuu AMCHUILIMHBI HUCIOJB3YETCS TEXHOJOTHS TPAAWIIMOHHOTO OOy4YEHHUS —
opraHu3arys yaeOHOTo Mpoliecca B By3e, OCHOBaHHAas Ha JIKITMOHHO-CEMUHAPCKO-3a4eTHOH (hopmax
oOydenus. K ¢opmam oO0ydeHUsT OTHOCATCS JICKIIUH, MIPAKTUYECKHE U JIAOOpaTOpHBIC 3aHATHUS, a
TaK)K€ caMOCTOATENbHAss paboTta. Ha JeKkmusax MCHOJIb3YIOTCS HATJISAHBIE M CIOBECHBIC METOJIBI
o0ydeHus, Ha TPAKTHYECKHUX U Ja00paTOPHBIX 3aHITHUSIX — HATJISIIHBIC, CIOBECHBIE U TIPAKTHUECKUE
MeToabl. O1ieHnBaHNE 3HAHUH CTYICHTOB MPOU3BOIUTCS 110 OATEHO-PEUTUHTOBOM CHUCTEME.

6. MeToanuyeckne yKa3aHus 10 OCBOCHUIO TUCHUNIMHBI
Monayas 1. CTpoeHne 1 CBOiicTBa BellecTBA

TeMbl JIeKIIMOHHBIX 3aHATHI:

OCHOBHBIE TTOHSITHSA M 3aKOHBI XHMHH.

OCHOBHBIE KJIaCChl HEOPTaHUYECKUX BEIECTB.

XHUMHUYECKUI DKBUBAJICHT.

Crpoenune atomoB. [lepuoauueckas cucrema snementoB J[.M. Menaeneena.
XuMudeckasi CBsI3b: KOBAJICHTHAs!, HOHHAsI, METAJUTMYECKasi, BOJAOPO/IHASL.

Tembl NpaKTHYECKUX 3AHATHIA:

PacueTs! o hopmynaM U ypaBHEHUSIM.
ATtomHO-MoJeKysipHoe yueHue CTpoeHne aToma.
XHWMHYECKUIN YKBUBAJICHT.

CrpoeHue aTOMOB.

Xumuyeckas cBs3b. [[poCTpaHCTBEHHOE CTPOCHHE MOJIEKYII.

Tempbl 1a00paTOPHBIX 3AHATHI:
OCHOBHBIE KJIaCCHI HCOPTraHNYCCKUX BCIUICCTB.
Onpenenenre MOJISIPHOW MacChl 5KBUBAJICHTa METasla.

HN3y4yuB 1aHHBIA MOIYJb, CTYAEHT J10JI2KEH:

HMMETh TMPEJICTaBIIEHNE 00 OCHOBHBIX MOHATHUSIX U 3aKOHAX XMMHH; KIIAaCCU(UKAIIUY BEIIECCTB;
CTPOEHHUH aTOMa; TUIaX XUMUYECKOU CBS3H.

3HATh:

- OCHOBHbIE MTOHATHS XUMHUH (MOJIEKYJa, aTOM, XUMUYECKUH 3JIEMEHT, MOJIb, MOJISIpHASI
Macca, XUMUYECKHI SKBUBAJIICHT, MOJISIPHAs. Macca XMMUYECKOTO SKBUBAJICHTA);

— OCHOBHBIE 3aKOHBI XMMHUU (COXpPAHEHHsI MAacChl, MOCTOSHCTBA COCTaBa, OOBEMHBIX
OTHOINICHUH, ABOTapo, ypaBHeHne MeHnaeneeBa-Knaneiipona, 00beJMHEHHBIN Ta30BbIi 3aK0H);

- COBPEMEHHYIO KOPIYCKYJISIPHO-BOJHOBYIO TEOPHIO CTPOEHHUS aTroMa; KBAHTOBBIE
YHClia, MPaBUiia U MPUHIIUITBI COCTABJICHHS SJICKTPOHHOW KOH(UTYpAITN XUMHUYECKOTO IEMEHTA;

- TUIIBI XUMUYECKON CBSI3U (MOHHYIO, KOBAJIEHTHYIO, METAJUIMYECKYIO, BOJIOPOAHYIO),
UX CBOMCTBA M XapaKTEPUCTUKU;

— MPOCTPAHCTBEHHOE CTPOCHHUE MOJIEKYII.

YMeTh:

- MPOBOAUTH XUMUUECKHM SKCTIEPUMEHT U aHAJINU3 MOJTYYCHHBIX Pe3yJIbTaTOB;

- MPOBOAUTDH KOJMUYECTBEHHBIE PACUETHI [0 YPABHEHHUSIM XUMUYECKUX PEaKIUil;

- COCTaBJISITh 3JIEKTPOHHYIO KOH(MUTYPAIINIO0 XUMUYECKUX 3JIEMEHTOB;

- OTIpEeeNATh TUIl XUMUYECKOW CBSA3H B BEILIECTBE U €r0 MPOCTPAHCTBEHHOE CTPOCHHUE;
COCTaBIISITh CTPYKTYPHYIO (POPMYITY BEIIECTBA.

MeToanuyecKkue PECKOMEHAAIUHA 110 H3YYCHUIO MOAYJIA



[Tpu ocBOECHMM MOJTYJIs1 HEOOXOIUMO:

- U3y4ydTh Yy4YeOHBIH MaTepuan IO COOTBETCTBYIOIEMY MOAYNIO JAUCLHUIUIUHBL,
MCIIOJIb3YS JIEKIIMOHHBIM MaTepual v JUTEPATypy MO JAHHON TEMATHUKE;

- AaKLIICHTUPOBATh BHMMAHME HA: OCHOBHBIX IIOHATHAX UM 3aKOHAX XHMMMWH;
KJaccu(UKalMU BELIECTB; OOLIMX XMMHYECKHUX CBOMCTBaxX BELIECTB OJHOIO KJAcca; CTPOCHUHU
aToMa; KBAHTOBBIX YMCIIAX; COCTABJICHUU DJIEKTPOHHON KOH(MUTYpAIlMM XUMHUYECKUX 3JIEMEHTOB;
TUIIAX XUMUYECKOHN CBS3H; IPOCTPAHCTBEHHOM CTPOCHHUH MOJIEKYI.

- OTBETUTH HA KOHTPOJIbHBIE BOIIPOCHI:

1. Uro Takoe oTHOCUTENBHAs aToMHas Macca? PaccunTaiiTe OTHOCUTENBbHYIO aTOMHYIO
Maccy cepbl, eciu m(S)=5,3-10% r, am(C)=2,0-103 r.

2. PaccunTaiite aOCOMIOTHYIO MacCy MOJEKYJIbl CEpHOM KHCIOTBI, €ClIH €€
OTHOCHUTEJIbHAs MOJICKYJISIpHAs Macca paBHa 98.

3. OTtHocuTenbHAs MIIOTHOCTh raza IO BOAOPONY, cojepsamiero 27,27% yriepona u
72,73% xucnopona, pasHa 22. OnpeneauTe OTHOCHUTEIBHYIO MOJIEKYJISPHYIO MacCy ra3a M €ro
XUMHUYECKYI0 (hopmyIy.

4. OTHOCUTENBHBIC TNIOTHOCTH Ta30B MO BO3yXY paBHbL: a) 0,9; 0) 3,17. Onpenenure
Mmaccy | 1 kaxzaoro rasa.

5. Onpenenure, Kakoil 3To0 MeTta, ecnu 1,6 T Kanbuus U 2,615 © IBYXBaJIEHTHOTO
MeTaJljIa BBITECHSIOT U3 KUCIOTHI OJJMHAKOBBIM 00BEM BOJOPOIA IPH OJHHUX U TEX )K€ YCIOBHUSIX.

6. Xnopun Metamia conepxkut 69% xmopa. OTHOcUTENbHAs aTOMHAs mMacca MeTajlia
paBHa 47,9. Onpenennure CTENEHb OKUCIEHHS METAIa B ’TOM COEIUHEHUH.

7. [Tpu Temneparype 100°C u naBnennu 50 atm. ras 3anumaer oosem 10 v, [Tpusenute
00BEM 3TOTO Ta3a K H.Y.

8. Hanummre nonHble 3J1eKTPOHHBIE KOH(GUTYPALIMA AaTOMOB 3JIEMEHTOB C OPSIKOBBIMU
HoMepamu 15 u 23. YkakuTe BaJIEHTHBIE AJIEKTPOHBI ITUX 3JIEMEHTOB.

0. Hanumure >7eKTpoHHbIE KOHOHUIYpaLlMy aTOMOB cephbl U XpoMa 1 HoHoB S* u Cr’',
CpaBHUTE paanyChl aTOMOB U HOHOB.

10. VY KakMX U3 HHXKE MPUBEACHHBIX MOJIEKYJ XUMHUYECKUE CBA3W UMEIOT MOJISIPHBINA
xapakrtep: Oz, CO, HF, N2, NH3.

11. Onpenennure BaIGHTHOCTh AJTIOMUHHSI B OCHOBHOM U BO30Y)KICHHOM COCTOSTHUSIX.

12.  UYemy paBHa macca | MOJIb S5KBUBJICHTOB OJIOBA B PEAKILIMSIX €r0 BOCCTAHOBJICHUS: a)
Sn*" +2e = Sn**; 6) Sn*" +4e = Sn’

13. Paccuuraiite MOJSpHYIO MacCy 3KBUBAJE€HTAa JKelle3a B COEAUHEHMSX €ro ¢
KHUCITIOpOJIoM, coaepkaiux a) 70 u 0) 77,8% xenesa.

14.  Omnpenenure SKBUBAIEHT M MOJSPHYIO MacCy OKBHMBAJIECHTAa HOHOB JK€jl€3a B
NpUBE/IeHHBIX peakimsx: a) Fe’™ +1e = Fe?"; 6) Fe** + 30H = Fe(OH);

15.  PaccunraiiTe MOJIIpHYIO Maccy 3KBHBajieHTa MeTaia, eciu 0,029 r ero BBITECHSIOT

u3 kuciothel 30 M1 Bozopoaa (H.y.).
Monayasb 2. TepmoguHaMHUKa U KHHETUKA XUMHYECKHX MPOLECCOB

TeMbl JIEKIMOHHBIX 3aHATHIL:

TepMmoauHaMHuKa XUMUYECKUX IpoueccoB. DyHKIMM COCTOSHUSA: BHYTPEHHSsS JHEPIusd,
JHTAJIBIINA.

@OyHKIIUN COCTOSIHUS: SHTpomus, sHeprust [ md6ca. HampasneHue nmpoTeKkaHusi XUMUYECKHX
peaKuuii.

XuMruecKkass KUHETHKA. BiusHHE Ha CKOPOCTh XUMHYECKHUX PEAKLHU KOHLEHTPALWH,
JIaBJICHMUSL.

BinsHue Ha CKOPOCTh XMMHUYECKUX PEAKLUM TEMIIEpaTypbl, KaTalu3aToOpoB. XUMUUYECKOE
paBHOBECHE.

TeMbl NpakTUYeCKUX 3aHATHIA:



TepMoaMHaMHKAa XUMUYECKUX PEAKLIAMN.
KuneTnka XuMHYECKUX pEaKIuu.

Tembl 1a00paTOPHBIX 3AHATHI:
OrnpezenieHne SHTAIBIINN PEAKLIUH.
CKOpOCTh XMMHUYECKUX PEaKINil. XUMHUYECKOE PAaBHOBECHE.

HN3y4yuB 1aHHBIA MOAYJb, CTYAEHT J10JIKEH:

UMETb MPEJCTAaBICHUE 00 SHEPTeTUIECKUX U3MEHEHHX B CUCTEMAaX, B KOTOPBIX MPOUCXOAUT
B3aUMOJICHICTBUE MEXKIY BEIIECTBAMM; CKOPOCTH XHMMHUYECKMX peakIuili M MeTrojax ee
peryIupoBaHHUsL.

3HATh:

- TEpMOJIMHAMHYECKUE (YHKIMU COCTOSHUS, CIOCO0 U3 pacyera (3akoH ['ecca u ero
CJICJICTBHE);

- BJIIMSIHAE TEMIIEpaTypbl HAa BO3MOXKHOCTb MPOTEKaHMs PEAKIMUA B 3aBUCUMOCTH OT
YHCJICHHBIX 3HAYEHUH SHTATBIUH U SHTPOITUH PEAKIINH;

- BJIIMSIHUE Ha CKOPOCTb XMMHYECKOH PEAaKIMHM KOHLEHTPALMH (3aKOH JEHCTBYIOIIUX
Macc);

- BJIIMSIHME HA CKOPOCTh pPeaklUuu Temreparypsl (mpasuio Bant-I'opda u ypaBHeHue
AppeHnyca);

- BJIMSIHAE HAa CKOPOCTb PEAKLIUU KaTaJIN3aTOPOB;

— XUMHUYECKOE PaBHOBECHE U CIIOCOOBI ero cMmemenus (nmpunnu Jle [larense)

yMeTh:

- IPOBOJIUTH XMMHUYECKHH SKCIEPUMEHT U aHAJIM3 MOJIyYEeHHBIX PE3yJIbTaTOB;

- OIpEeNeNATh BO3MOXKHOCTb IPOTEKAHUSI PEAKIINH;

- peryaupoBaTh CKOPOCTh XMMUYECKON peaKIuH.

MeTtoauyeckue peKOMeHAALNH 110 H3YYeHUI0O MOLYJIsI

[Tpu ocBoeHNH MOAYISI HEOOXOAUMO:

- U3y4UTh Yy4eOHBIH MaTepuan IO COOTBETCTBYIOIEMY MOAYNIIO JUCHUILIUHBL,
UCIIOJIB3Ys JICKIIMOHHBIM MaTepuai v JINTepaTypy Mo JTaHHON TEMaTHKE;

- aKLIEHTUPOBATh BHUMAaHME HA: JHTAJbIUU 0Opa3oBaHUs, CrOpPaHUS M PEaKIHH;
SHTPONUU BEIeCTBA M peakuuu; sHepruu ['mb0ca; KUHETUYECKHX YpaBHEHUSAX IJIsI TOMO- H
TeTepOTeHHBIX PEaKIUii; JHEPruH AaKTHUBAI[MH; OCOOCHHOCTSX TMPOTEKAHHUS TeTEPOTCHHBIX
MPOLIECCOB; XUMUYECKOM PaBHOBECHU U CIIOCOOAX €ro CMELIEHUSI.

— OTBETUThH HA KOHTPOJIbHBIE BOMPOCHI:

1. IIpn coemunenun 3,2 r xenesa ¢ kuciaoponom Beiaenuiochk 40 k/bx Terua.
Paccuunraiite sHTansnM0 00pazoBaHus okcuaa xenesa (II).

2. PaccuuTaiite TEMI0TBOPHYIO CIOCOOHOCTH METaHa.

3. PaccunTaiiTe KONMYECTBO TeMsa, KOTOPOE BBIIENHUTCSA TpH cropanud 50 m> cMecH,
cocrosen u3 50% kucnopoaa, 25% Bogopoaa u 25% yriekuciaoro rasa.

4. Cpenaiite BBIBOJI O BO3MOXKHOCTH CaMOIPOM3BOJIBHOTO MPOTEKaHUSA PEaKIUh B
CTAHIAPTHBIX YCIOBHUAX, ecd u3BecTHO, uTo AH,Y = - 293 xJIx, AS,” = 27 JIx/K.

5. Paccunraiite suTanbnuio peakiuun: 2NaOHs) + H2SO40) = Naz2SOsey + 2H20 ).

6. Onpenenure 3HAKM W3MEHEHHUS DSHTAIBIMM M OHTPOIMHU JUIS  CIEAYIOLIETO
TepMonHamuyeckoro npouecca: 2Har) + Oz = 2H20 .

7. B kakux ciydasx SHTaIbNMs CTrOpaHUs IIPOCTOrO BEIECTBA paBHA HHTAIBIUU
00pazoBaHMs CIOXKHOTO?

8. Kax BeIpaxkaercs CKOpOCTh XMMHUYECKOH peaklMy IO 3aKOHY JEHCTBYIOLIUX Macc B
TOMOTEHHBIX U F€TEPOre€HHBIX PeaKIUsX?

9. Omnpenenute oOLIMIA U YACTHBIE MOPAIKU IO KOMIIOHEHTaM CIIEAYIOIIEH XUMUYECKOIH

peakuu: 2C2Hg + 702 — 4CO2 + 6H>O0.



10. Bo ckonbko pa3 U3MEHHUTCS CKOPOCTh PEAKIUHU MPU M3MEHEHUHU TeMIlepaTyphbl Ha
30°C, ecnm y = 3,0?

11.  Kak u3meHuTcs vnp razodastoit peakiuu 2A + 3B = 2C npu yBenTU4eHUH JaBICHUS B
2 paza?

12.  Ilouemy vnp peakiuu Na + H2O — oriamnyaercs ot vnp peakuuu Ca + HoO —?

13. Hanumure MatemMaThueckoe BbIpaXxeHHe sl CKopocTy npsiMoit peakiuu CaOm) +
COz(r) — CaCOs3(s).

14. N3meHenne kakux (pakTopoB BEI3OBET CMEIEHNE PABHOBECHS 00paTUMOM peakiuu Na

. 0 _ o
+3H2 ¢ 2NH3; AH ), =-92 kx B cTopoHy NpsiMOii peakiuu?

15.  BbunciInTe HCXOJHBIC KOHIICHTPAIIMHM BEIIECTB, €CIM PaBHOBECHBIC KOHIICHTPAIHH
m3BecTHBI: 2NO + Cl; > 2NOCI, [NO]=1,5 momns/n, [Cl2]=1 mons/1, [NOCI]=0,5 mons/mn.

Mopnyab 3. PacTBOpBI M 3JIEKTPOXHMHYECKHE MPOLEcChI

TeMBI JJeKIMOHHBIX 3aHATHI:

PactBopel. CriocoOBl BhIpa)K€HUS KOHIIEHTpAIMUd pacTBOpoB. KosumuratuBHbIE CBOMCTBA
pacTBOpPOB.

CBoiicTBa pPacTBOPOB 3JEKTPOJIMTOB: JMCCOLMALMSA. HOHHOE IPOU3BEICHHUE BOJBI,
MIPOU3BEICHNE PACTBOPUMOCTH, THAPOIIN3 COJICH, HAMPABICHIE OOMEHHBIX PEaKIUi.

OKHCIIUTENBHO-BOCCTAHOBUTEIBHBIE PEAKIIMH.

DNEeKTPOXUMHUYECKUE CUCTEMBI. ['aibBaHUYECKHE SJIEMEHTHI.

DJIEKTPOJIN3 PACILJIABOB M BOAHBIX pacTBOpoB. 3akoHbl Dapanes.

Koppo3us MeramnoB. XuMmuueckas U IJIEKTpOXUMHUYECKass KOppo3us. CrocoObl 3alluThI
METAJVIOB OT KOPPO3HH.

XUMHUYECKUE CBOMCTBA METAJLIIOB.

Tembl NpaKTHYECKUX 3AHATHIA:

CrniocoObI BEIpayKEHUSI KOHIICHTPAIUH PACTBOPOB.
CBoiicTBa pacTBOPOB HERJIEKTPOIUTOB.
CgoiicTBa pacTBOPOB JICKTPOIUTOB.
OKHCIIUTENbHO-BOCCTAHOBUTEIBHBIE PEAKIINH.
DJIEKTPOXUMHUS.

XUMHUYECKUE CBOMCTBA METAJLIIOB.

HToroBas KoHTpoJIbHAsE paboTa MO Kypcy.

Tema j1a00paTOPHBIX 3aAHATHIA:

PacTBOpBI 271EKTPOIIUTOB.
OKHCIUTENBHO-BOCCTAHOBUTEILHBIC PEAKIIUH.
Koppo3us metanos.

H3yunB faHHBIA MOAYJIb, CTYIEHT J0JI7KEH:

UMETh IPE/CTaBIEHUE O PacTBOpPax; O CHOcO0ax BBIPAKEHMsI KOHLEHTpPALMM pPacTBOPOB;
CBOWCTBaX pacTBOPOB; 00 OKHCIUTENbHO-BOCCTAHOBUTEIIBHBIX DPEAKLUAX; SICKTPOXUMHUECKUX
Ipoueccax: ralbBAHUYECKUX, dJIEKTPOJIN3a, KOPPO3HH.

3HATh:

- COCTaBHBIE YaCTH PACTBOPOB;

- KOJIMYECTBEHHOE BBIPAKEHUE COCTaBa PaCTBOPOB;

- CBOMCTBa paCTBOPOB HEAJIEKTPOIUTOB U IJIEKTPOJIUTOB;

- HarpaBJIeHuE OOMEHHBIX MPOLIECCOB B PaCTBOPAX JIEKTPOJIUTOB;

- METOJbl  ypaBHUBAHUS  OKUCIMTEIbHO-BOCCTAHOBUTEIBHBIX peakUuil (MeTox
3JIEKTPOHHOTO OajaHca v MOypeaKIuii);



— raJIbBAHUYECKHE TIPOIECCHI ¥ padOTy ralbBAHMYECKHUX JJIEMEHTOB;
- 3JIEKTPOJIU3 PACIUIaBOB U BOJIHBIX PACTBOPOB 3JIEKTPOIHUTOB;

- 3aKOHBI 3JIEKTPOJIN3a;

- BU/JIbI KOPPO3UHU U MEXAHU3MBI UX TPOTEKAHUS;

- CIOCOOBI 3aIIUTHl METAJIOB OT KOPPO3HUHU.

- IIPOBOJUTH XUMUYECKHUM DKCIIEPUMEHT U aHAJIU3 II0JyYCHHBIX PE3YyJIbTaTOB;

- OTIPECIIATh KOHIICHTPAIIUIO PACTBOPOB;

- OTIPENIeNATh CBOWCTBA PACTBOPOB;

- paccTaBisITh KOOQPHUIMEHTH B OKHCIUTEIHHO-BOCCTAHOBHTEIBHBIX PEAKIINX;

- COCTABJIATh TAJIbBAHUYECKHE TIPOIECCHI, OMPEACTATh AIEKTPOIABIKYIIYIO CHITY
raJlbBAaHUYECKUX JIIEMEHTOB;

— COCTaBIISITh MPOIIECCHI DIIEKTPOIIN3a PACILIABOB M BOJHBIX PACTBOPOB AJIEKTPOIIUTOB;

— OTIPEICIIATh KOMYECTBA O0PA3YIOMIMXCS HA AIEKTPOAaX BEIIECTB MPH IJICKTPOIH3E;

— COCTaBIISITh MPOIECCHl XMMUUYECKOHN U AIEKTPOXHUMHUUYECKON KOPPO3HH,

— moaOHUpaTh CIOCOOBI 3alTUTHI METAJIJIOB OT KOPPO3HH.

MeToauyeckne peKOMEHIAUMHU 10 U3YYEHUI0 MOIYJIsl

[Ipu ocBoeHNH MOAYISI HEOOXOAUMO:

— U3YYUTh Y4YeOHBI Marepwal IO COOTBETCTBYIOIIEMY MOIYIIO JUCHUIUINHBEI,
UCIIOJB3Ys JICKIIMOHHBIN MaTepuai v JIUTepaTypy Mo JaHHON TEMaTHKE;

- aKLIEHTUPOBAaTh BHHMaHHWE HAa: COCTaB pacTBOPOB; CIOCOObI  BBIPAXKEHUS
KOHIEHTPAllUU pACTBOPOB; JJIEKTPOJUTHI U HEINEKTPOIUTHI; CBONCTBA HEINEKTPOJIUTOB U
AIIEKTPOJIUTOB; METOIbI JJIEKTPOHHOTO OaaHca v MOTypeakIuii; ralbBAHHUECKUE MPOIIECCHI; paboTy
raJlbBAaHMYECKUX 351eMeHTOoB; pacueT J/[C; aHoJHbIE U KaTOIHBIE PEAKIIUU MTPU AIEKTPOIIN3E; 3aKOHBI
@dapajes; TAMBI U MEXaHU3MBl PA3IMYHBIX BHUJIOB KOPPO3HMH, CHOCOOBI 3aIUTHI METAIJIOB OT
KOPpO3UH.

— OTBETUTH HA KOHTPOJIbHBIE BOMPOCHI:

16.  KakoB TN XMMHMYECKOH CBsI3U B 3jekTponurax? Kakue 37€KTpOoiMThl Ha3bIBaIOT
noTeHIManbHeIMU? UcTHHHBIMU?

17.  Hanmmmute qucconuanuio a) cyabpuTa HaTpus U 0) ruapodocdara Kanus mo nepBoi
Y BTOPOM CTYIEHSIM.

18. BripasuTe koHCTaHTY quccoranuu opropocdopHoil KUCIOTHI IO IEPBOM CTYIICHH.

19. Onpenenure crenensb gucconuanuu 0,001 M pactBopa yKCYCHOM KUCTIOTBI, €CIIU €€
Kn=1,74-10".

20. Uro moxka3wiBaeT M30TOHWYECKUM Kod(pduiment? Kakas CBsA3b CYIIECTBYET MEXKIY
CTETICHBIO JUCCOLUAIMH JIEKTPOINTA U U30TOHUYECKUM K03 urimeHTom?

21. Onpenenure TemrepaTypbl kuneHus u 3amep3anus 0,01 m pactBopa cynbdata
HaTpUs, €CJIA CTENEHb IUCCOLMALUU cOCTaBIAET 54%.

22. Uto Ha3bIBaIOT MOHHBIM MPOU3BEICHUEM BOJIbI? YemMy OHO paBHO?

23.  Omnpenenute pH a) 0,1 M pactBopa KOH u 6) 0,1 M pacrBopa NH4OH (Kg=1,74-10
5
).

24. OnpenenuTe pacTBOPUMOCTS THAPOKCHIA aMIOMHUHHS, eciu ero ITP = 5,7-1072,

25. Paccunraiite ocmotrueckoe paienue 0,002 M pactBopa OeH3071a IpH TeMIIEpaType
17°C.

26. Hanummre ruaponaus caeayomuyx cojie U OnpeaeuTe Cpeny UX BOJAHBIX PACTBOPOB:
NaNOs, ZnCl,, Na>S, CH3COONHa4.

27. [ToxaxuTe CTPOCHHME MHUIICIIBI MPU TPHIMBAHUHK HM30BITKA pacTBOpa THUIPOKCHIA
HaTpHs K pacCTBOPY XJIOPH/IAa LIMHKA.

28. [Tokaxkute CTpoeHHME MHUULEIBI MpPU NPUIMBAHUK H30BITKA XJOpUAA IMHKA K

pacTBOpHU THAPOKCH]IA HATPUSL.



29.  Kakyro cuctemy Ha3bIBaOT AIEKTPOXUMUYECKON?

30. CocTraBbTe CXE€MY JABYX rajJbBaHMUECKHX JJIEMEHTOB, B OJTHOM M3 KOTOPHIX KOOAIBT
ciyXu1 Obl KaToZoM, a B IPyroM — aHoJIoOM. Hamuimmre ypaBHEHUS peakiuid, MPOUCXOIAIINX TpU
paboTe ITUX DIIEMEHTOB.

31. lanbBaHMYECKUI AIEMEHT COCTOUT U3 XPOMOBOTO AJIEKTPOJIa, nmorpyxeHHoro B 0,01
M pactBop CrSO4, 1 cTaHIaPTHOTO BOJOPOIHOIO AeKkTpoaa. Hanmummre ypaBHEHUS 3IEKTPOIHBIX
npoueccos. YeMy paBHa ero 3.1.c.?

32. Kakum ypaBHEHHEM KOJUYECTBEHHO OMUCHIBAECTCS JIEKTPOIU3?

33.  Yto paccuuThIBaIOT C MOMOIIbIO ypaBHeHus1 HepHera?

34. CoctaBbTe CXeMy 3JIEKTPOJIM3a BOAHOTO PAaCTBOpa XJOpHAA HUKEIS HAa MHEPTHBIX
DIIEKTPO/IAX.

35.  CocraBbTe CXEMBI AJIEKTPOIN3a BOJAHOTO pacTBopa xjopua xenesa (II), ecnu: a) anon
KeJNEe3HBIH; 0) aHOJ| YTOJIbHBIM.

36.  PactBop comepxut monsl Zn>", Ni**, Fe*", Cu*" B onuHakoBoii koHIeHTparuu. B

KaKOW TOCIEeIOBATEIIbHOCTH 3TH METAIUIBI OYIYT BBIACIATHCS MPH AJIEKTPOIIU3E, €CIU HAIIPSHKCHHE
JIOCTATOYHO IS BBIAEICHUS JII000r0 MeTasa?

37. Brruncnure Maccy HUKes, BBIAEIUBIIETOCA HA KaTOJE IIPU IIPOITYCKAHUH TOKA CUJION
20 A depe3 pacTBOp HUTpaATa HUKENSA B TEUEHUU 22 4aCOB.

38. [Ipu snexktponusze pactBopa conu onosa (II) Mmacca karona yBenuumiace Ha 4 r. Uto
IIPOU30LUIO IIPU 3TOM Ha OJIOBIHHOM aHoAEc?

39. PaccunTaiite 06beM KHUCIOPOAA, KOTOPBIH MOKET OBbITh MOJIYY€H MpPU DJIEKTPOIU3E
TOKOM 5 A B T€YEHHE 2 4aCOB, €CJIM BBIXOJ MO TOKY cocTaBisieT 85%.

40.  Ilpu npoxo0KJIE€HUU Yepe3 pacTBOP COJIM TPEXBAJIEHTHOIO METajlja Toka cuioit 1,5 A

B TeueHnu 30 MUH Ha Katojie Bbiaenuiock 0,18 r metamia. BerancinTe MOJISIpHYIO MacCcy MeTajljia U
pacxo AMEKTPOIHEPTHH, €CIIM U3BECTHO, UTO HAIIPSHKEHHUE B CETU paBHO 6 B, a BbIxo/ 110 ToKy 72%.

41.  Kakoii KOHTaKT sSIBJIsIETCSl HanboJiee Koppo3noHHOOIacHbIM J1s xene3a: Fe/Cu, Fe/Sn,
Fe/Ag?

42. B KOHTakTe ¢ KaKUM U3 METAJUIOB MEJIb ABJISIETCS AHOJIOM: XPOM, 30JI0TO, HUKEIIb.

43. Hanummre 371eKTpoXuMHYECKHE TTPOIECCH (AHOIHBIA U KaTOMHBIH ), TPOTEKAIOIIUE B

koHTakTe Al/Cu B pacTBOpE XJ0puaa HATPHUS.



7. OueHoYHBIE CPeICTBA

7.1. IlacmopT OEHOYHBIX CPEICTB

Koa koHTpO/ImMpyemMoii KoMIieTeH U HaumeHoBaHue

Cemect
p (WJ1H ee 4acTH) OLICHOYHOI'0 CPeACTBA

1 OIIK-4 Kontponbabie paboter NoNe 1-14
OtueTsl o 1abopaTtopHbIM padoTam NeNe
1-7

TecTtoBsie 3aganust NeNel-1160

Bomnpocsr! k 3auety NeNel-50

7.2. TunoBble 3aJaHWsi WJIH HHbIe MAaTepHaJibl, HeOOXOAMMBbIe ISl TeKYIIero
KOHTPOJIA

7.2.1. KoHTpoJbHas padoTa

Tunossle npuMepsbl 3a1aHUM

Tema «Pacuersl o (popmMy1amM H ypaBHEHHAM

Bapuanrt 1

3amanue 1

HazoBute mo mexayHapoaHOW HOMEHKIAType cienytomue Bemiectsa: Oz, Fe O3, Ca(OH)o,
H2S0s.

3amanue 2

IIpousBennute pacueTsl IO YPaBHEHUIO peakluu (H.Y.):

7r 121 X, T y, I

Zn) + HClp-p) = ZnClagp) + Ha).

3amanue 3

Omnpenenure NpoLEHTHOE COAEpKaHue Kanus B MaHraHare kanus KoMnOa.
3amanue 4

Onpenenure 06bem 40 T metana CH4 npu Temnepatype 18°C u nasnenuu 1,2 atm.
3amanue 5

Hanummre ypaBHEeHUs peakivil, XapaKTepU3yIOIIKE CIEAYIOIINE IPEBPALLEHU:
Ca —Y Ca(OH), Ca —2 5 CaCl,

Ca —3 CaCO; Ca —% 5 CaO

Tema «ATOMHO-MOJIEKYJISIPHOE YYeHHEe»

Bapuanr 1

3amanue 1

Okcun umHkKa coaepxkut 19,66 % wmacc. kucnopona. Paccuurtarh MOJSIpHYIO Maccy
SKBHUBAJICHTA I[UHKA B OKCH/IE.

3ananue 2

Paccunrtate 06bem 20 kr ammuaka (NH3) pu H.y.

3aganue 3

Paccunrtate 06beM, koTOpHI 3aHuMaeT 150 r ammuaka (NH3) mpu 330 mm.pr.ct. 1 470C.

3aganue 4

Paccunrarh 00beM BO3/1yxa, HEOOXOAUMBIi asist cxxuranus 1 kr 96 %-noro cnupra (C2HsOH).

3aganue 5

Omnpenenuts Maccy kapobamuaa NHoCONH», kotopast moTpedyercst 4To0bI BHECTH B TIOUBY
70 xr a3oTa.



Tema « XuMHUYECKHUIT IKBUBAJIEHT»

Bapuanrt 1

3amanue 1

Onpenenure XUMUYECKUN SKBUBAJIEHT (hochopa B ciieayronux coequnenusx: P2Os, P20s.

3ananue 2

Onpenennre XUMUYECKHE SKBUBAJICHTHI U MOJISIPHBIE MACChl IKBUBAJIEHTOB CJICYIOLIUX
BeriecTB: FeoO3, Cu(OH)2, H3PO4, Al2(SO4)s.

3amanue 3

Omnpenenure YUCIO MOJIb U YUCIIO SKBUBaAJIEHTOB B 280 T cepHOil kucnotsl H2SO4.

3amanue 4

Onpenenure 00beM 2,8 SKBUBAJICHTOB yriekucioro raza CO: (H.y.).

3amanue 5

Okcun umHkKa coaepxkut 19,66 % wmacc. kucnopona. Paccuurtarh MOJSIpHYIO Maccy
SKBUBAJICHTA IUHKA B OKCHUJIE.

Tema «CTpoeHnue aTroma

Bapuanr 1

Jlst snementoB 37 u 79 Ilepuoanveckoit TabIUIIbI

3amanue 1

Ompenenure cOCTaB aToOMa: KOJIMYECTBO MTPOTOHOB, JIEKTPOHOB, HEHTPOHOB.

3amanue 2

CocraBpTe AJIEKTPOHHYIO W Tpaduueckyro (Hopmyiy 3JIEMEHTa, ONMPEACIIUTEe CEMEHCTBO
AJIEMEHTa U BAJICHTHBIE JIEKTPOHBI.

3amanue 3

CocTtaBbTe OpMyTy BBICIIETO OKCHA M ONIPEIEIUTE €r0 XapaKTep.

3amanue 4

Omnpenenure HAOOP KBAHTOBBIX YUCEI IS TOCIEIHETO SJEKTPOHA DJIEMEHTA.

3amanue 5

Omnpenenure MOTOKEHUE DJIEMEHTA B MEPUOIUYECKON TaOIMUIlE U CPABHUTE €0 pPaauyc u
3JIEKTPOOTPHUIIATENHHOCTD C PAANYCAMH M 3JIEKTPOOTPHUIIATEILHOCTSIMU COCETHUX aTOMOB.

Tema «XumMuveckas cBsi3b. [IpocTpaHcTBEHHOE CTPOECHUE MOJIEKYJD)

Bapmuanr 1

Js BemectB LiF, PHi;, BeCly, monb3ysach B3HAUYCHHUSIMH DJIEKTPOOTPHIATEIIBHOCTEN
AJIEMEHTOB:

3amanue 1

Omnpenenure TUN CBSI3U B MOJIEKYJIaX.

3amanue 2

PaccmoTpuTe 06pazoBaHrne XUMHUYECKOH CBA3H B MOJICKYJIaX MO METOAY BaJICHTHBIX CBSI3EH.

3amanue 3

Jlnist TpeThel MOJIEKYJIbl PACCMOTPUTE THOPUAN3ALIMIO IICHTPATILHOTO aTOMa.

3amanue 4

Omnpenennure NpoCTPaHCTBEHHOE CTPOEHUE MOJIEKYII.

3amanue 5

CocrtaBbTe CTPYKTypHBIE ()OPMYIIBI BEIIECTB.

Tema «TepMoaMHAMUKA XUMHYECKUX pPeaKIUii»

Bapuanrt 1

3amanue 1

[Ipu B3aumopericteun 10 1 a3zora ¢ 20 m Bomopona (H.y.) Bbyaenuioch 29 kJ[k tema.
PaccuuTath SHTaNBINIO 00pa30BaHUs AMMHAKA.

3amanue 2



OnpeieuTh BO3MOXKHOCTb BOCCTaHOBJIeHHs okcua THTaHa TiO2q anmromunnem npu 1500°C
o peakiuu: TiO2w) + Al = Tiw) + ALO3w).

3aganue 3

OnpenenuTh BO3MOXKHOCTh BOCCTaHOBJICHHS oOkcuaa THTaHa TiOrk) aTIOMUHHEM IpU
CTaHJAPTHBIX YCIOBUAX 10 peakiuu: TiOxw) + Alw) = Tiw) + ALO3 ).

3aganue 4

PaccunTaTh KOJIMYECTBO TEMIOBOH YHEPIHH, BhIAENIsOmEiics pu cropanun 20 M> Ta30Boi
cMmecH, coaeprkaniei 20 00. % stana C2Hs 1 80 00. % mponana C3Hs.

3amanue 5

PaccuuTath TemnoTBopHyto criocoonocts 6yrana C4Hio.

Tema «KnHeTHKa XMMHU4YECKHX peaKkuiDy

Bapuanrt 1

3amanue 1

Hauanbnas xonuentpamus PCls B peakuun: PCls < PCl3 + Cla cocrasnsier 0,2 mons/i1. K
MOMEHTY HAaCTyIUIEHHsI paBHOBecus mnpopearupoBano 50% wucxonHoro BemiectBa. Haiitu
PaBHOBECHbBIEC KOHILIEHTPAIIUU BEILIECTB U KOHCTAHTY PABHOBECHSI.

3amanue 2

Kak w3amenntcs ckopocth peaknuu N»> + 3H> <> 2NHs, ecnu o0bemM ra3oBoii cMecu yBe-
JUYUTH B 2 paza?

3aganue 3

Bo CKONBKO pa3 yBEIMUHUTCS CKOPOCTh PEAKIMM TIPU MOBBIIEHHH TemmepaTypsl Ha 30°C,
eciu y=4?

3amanue 4

Cmech ra30B HaJ yIieM B COCTOSHMHM XMMHYECKOTO PaBHOBECHUs IMPHU JlaBiieHUH 1,2 aT™M u

1100 K umeer cocraB % (00.): W,,=48,96, Wio =2,07, W, =48,96. Paccuutats K, K. u AG

peakuun: Cir) + HDO < CO + Ha.

3aganue 5

OHueprus aktuBanuu paBHa 10 x/[/Moib. Bo CKOJIbKO pa3 U3MEHUTCS CKOPOCTh PEaKIUH MpU
TIOBBIIIIEHHH TeMIepaTyphl ot 27 1o 37°C?

Tema «Cnoco0bl BbIpa:KeHHs] KOHIEHTPAIM PACTBOPOB»

Bapuanrt 1

3amanue 1

605,09 r cynbdarta xenesa Fex(SOs)3 pactBopwmm B 907,67 T Boabl u nomyunau 1044 mi
pacTBopa, JUIsl KOTOPOIO pPacCYUTATh: MOJIIPHOCTb, HOPMAJIbHOCTh, MOJISUIBHOCTH, IPOLEHTHYIO
KOHIICHTpaInto, MOIbHY0 10710 Fea(SO4)s.

3ananue 2

Onpenennths WIOTHOCTH 12,7%-r0 pacTBOpa MEIHOrO KyHopoca, MCHOJIb3ysl CIPABOYHBIE
JTAaHHBIE.

3amanue 3

Onpenenutb 00beMbl 8%-r0 U 26%-r0 pacTBOPOB a30THOM KHCIOTHI, HEOOXOAUMBIE IS
npurorosieHus 500 mi 20%-ro pacTBOpa a30THOM KHMCIIOTHI.

3aganue 4

Kakoii o6vem Bonbl Hy:kHO npwinth K 300 r 16%-ro pactBopa cynbdara HaTpus s
nostyueHus 6%-ro pacrsopa 3Toil conu?

3amanue 5

Yemy paBHa MOJISIPHOCTh pacTBOpa CEPHON KUCIOTHI, €Clii Ha TUTpoBaHue 50 mi pacTBopa
cepHOM Kuca0Thl 3aTpadeHo 30 mi 0,5 H. pacTBOpa TUAPOKCHIA HATPUS?

Tema «CBoiicTBa paCTBOPOB HEIJIEKTPOJIUTOBY
Bapmuanr 1



3ananue 1. B kakux o6beMax Hy)HO cMemath stunenrmukoidb CoHeO2 (p=1,1088 r/em?®) u
BOJY, 4TOOBI MONYUHTh 2 7 aHTH(pH3a, TeMrepaTypa 3amepsanus kortoporo -5°C. ITToTHOCTH
anTH(pHU3a IPUHATH paBHOit 1 r/cm’,

3ananue 2. Beruucnure ocmorudeckoe nasienue 4% pactBopa caxapa Ci2H22011 pu 20°C,
ecJIi TJIOTHOCTH pacTBopa pasHa 1,014 r/cm?.

3amanue 3. JlaBneHue mapa Boxbl Haj pacTBOpoM Hednektposmrta npu 100°C paBHo 95,76
kIIa. CKOIbKO MOJIb BOJIBI IPUXOAUTCS HA OJIUH MOJIb PACTBOPEHHOT'O BEIIECTBA B ’TOM pacTBOpe?

3amanue 4. PactBop, comepxammii 3,8 r ioga B 100 r xmopodopma, kunut npu 61,78°C.
Omnpexnenute cocTaB MOJIEKYIBI H0/1a, €CIIM TeMIepaTypa KureHus xaopodopma pasHa 61,20°C.

3aganue 5. PaccumTailiTe KpHOCKONMMYECKYIO KOHCTAHTY I[MHKA, €CJIM IMPUMECh 0JIOBA B
konudecTse 1,1% TOHMKAET TeMIepaTypy ero IiabieHus Ha 3,66°.

Tema «CBolcTBa pacTBOPOB JIEKTPOJIMTOB

Bapuanrt 1

3amanue 1. Onpenenure cpeay BOAHOTO pacTBopa cynbpura kanus KoSOs. O6ocHyiiTe OTBET.

3ananue 2. PaccunTaiiTe Temneparypy KUIEHHsS U KpUCTAIM3auuKu 8% BOJHOTO pacTBOpa
XJIOpUJIA KaJlusl, CTENEHb IUCCOLMAMU KOTOpOro 85%.

3amanue 3. PaccunTaiiTe MpOIEHTHYIO KOHIIEHTPAIMIO HACBHIIMIEHHOTO PAacTBopa Cyibhuaa

kaamus, eciu TP = 17,9107,

3ananue 4. Paccunraiite pH 0,5% pactBopa HCN. [ImoTHOCTH pacTBOpa cunTarh paBHOM 1
/ML

3aganue 5. Onpenenure OCMOTUYECKOE JAaBJICHUE PAaCcTBOpA XJIOpHAA KaIbLHS MPHU 30°C,
ecsu B 250 mi1 pacTBopeHo 15 r comnu, creneHs aucconuanuy KoTopoit cocrasisger 86%. IlnotHoCT
pacTBopa cuutarh paBHou 1,1 r/mi.

Tema «OKUCINTETbHO-BOCCTAHOBUTEIbHbIE PeaAKIIHI»

Bapuanr 1

3aganue 1. VYpaBHANTE  OKHUCIHUTEIbHO-BOCCTAHOBUTEIBHYIO  PEAKIHMI0  METOJIOM
nostypeakuuii. Onpeaenure TUI OKUCIUTEIbHO-BOCCTAHOBUTEIIbHON PEaKILIUU:

HCIO4 + H>SO3 — HCI + H2SOa4.

3amanue 2. VYpaBHANTE  OKHUCIUTEIbHO-BOCCTAHOBUTEIBHYIO  PEAKLHUI0  METOJOM
nonypeakuuil. OnpeaenuTe TUIT OKUCIUTETbHO-BOCCTAHOBUTEILHON PEAKIUN:

KMnO4 + NO + H2SO4 — MnSO4 + NO; + K»2SO4 + H20.

3aganue 3. YpaBHANUTE  OKHUCIHUTEIbHO-BOCCTAHOBUTEIBHYIO  PEAKIHMI0  METOJIOM
nostypeakuuii. OnpeaenuTe TUI OKUCIUTEIbHO-BOCCTAHOBUTENIbHON PEaKILIUU:

Cr(NO3); + NaBiO3 + HNO3; — H2Cr207 + Bi(NO3)3 + NaNO3 + H»O.

3amanue 4. VYpaBHANTE  OKHUCIUTEIBbHO-BOCCTAHOBUTEIBHYIO  PEAKLHUIO  METOJOM
nonypeakuuil. OnpeaenuTe TUIT OKUCIUTETbHO-BOCCTAHOBUTEILHON PEAKIUN:

As>S3; + HNO3; — H3AsO4 + SOz + NO» + H2O.

3aganue 5. Omnpenenure HaNpaBICHUE OKHUCIUTEIbHO-BOCCTAHOBUTEIBHON pEaKIUH,
OHHC&HHOﬁ CHGI[YIOH_II/IMI/I HO.HypeaKLII/ISIMI/I, " COCTAaBbTC ypaBHeHHe:

Zn0»* +2H,0 + 2e — Zn+ 40H7; ¢°=-1,22 B

CrO4* + 4H,0 + 3e — Cr(OH); + 50H7; ¢° =-0,13 B.

Tema «JaeKTpoXuMHS»

Bapuanrt 1

3amanue 1

Boruuciute DJIC TraibBaHMYECKOTO AJIEMEHTA, HAMKMCaTh MPOILIECCHI, MPOUCXOMSIINE Ha
anekrponax: Cr/ CrClz, 0,01 mons/n // 0,001 momns/n, CrCla/ Cr.

3amanue 2



Hanucath 35eKTpoiHbIe MPOIIECCH U PacCUUTATh KOJIMUYECTBA 00PA3yIOIIUXCSl HA MHEPTHBIX
9JIEKTPOJIaX BEIIECTB MPH AJIEKTpoJM3e BoaHoro pactBopa MnCly mpu mpomyckanuu 25A-4
AJIEKTPUYECTBA.

3amanue 3

Paccunrarh pacxoj 3NMEKTPOIHEPTUU U BpeMsl, HEOOXOIUMOe ISl MOTydeHus | T Maprafia
31eKTposin3oM paciiaBa MnSOq4, ipu cuite Toka 10 A, Beixoae no Toky 75% u Hanpsbxkenun 12 B.

3aganue 4

Hanucath ypaBHEHHUS AJIEKTPOAHBIX NMPOILIECCOB, MPOTEKAIOIIUX MPHU AIEKTPOXUMUYECKOU
Koppo3uu KoHTakta Fe/Cr B 1meno4Hoit cpene.

3amanue 5

Kakoii n3 kontaktoB — Fe/Cd nnu Fe/Ni — sBisiercst 6oiiee KOppO3HOHHOOMACHBIM?

Tema «XuMH4YecKHe CBOICTBA METAJLJIOB)

Bapuanrt 1

3amanue 1

CocraBbpTe ypaBHEHHUS PEAKIUH B3aMMOJICUCTBHUS KOHIICHTPHUPOBAHHOM, pa30aBIICHHOM,
OYCHb pPa30aBJICHHON A30THOM KHUCJIOTHI C MarHueM. YpaBHSNTE ypaBHEHHUS pEaKIUil METOI0M
3JIEKTPOHHOTO OajaHca.

3ananue 2

CocraBpTe ypaBHEHHS PEaKIMi B3aUMOJICMCTBUS KOHIICHTPUPOBAHHON W pa30aBIICHHON
CepHOM KUCIIOTHI C MarHUEM. Y paBHANTE YpaBHEHUS peakIMil METOJJOM 3JIEKTPOHHOT O OanaHca.

3amanue 3

CocraBbTe ypaBHEHMsI peaKLUil B3aMMOJECHCTBHS BOJbI C MarHUeM. Y paBHANWTE ypaBHEHUS
peakuuii MeToIOM 3JIEKTPOHHOTO OanaHca.

3aganue 4

CocraBbTe ypaBHEHHUS pEaKIMil B3aUMOJICUCTBUS pacTBOpa TUAPOKCUIA KAl C MarHUEM.
VYpaBHANTE ypaBHEHUS pEakIfii METOJOM 3JIEKTPOHHOTO OanaHca.

3amanue 5

PaccmotpuTe mporecchl, NpoTeKaroIMe B FETEPOreHHOM CUCTEME: OJI0BO + HUTPAT TUTaHA
(III). YpaBHsiiTe ypaBHEHHs peaKIUii METOIOM JIEKTPOHHOTO OajaHca.

Kpurepun oneHku:

- OLIEHKA «3a4YTEHO)» BBICTABIISICTCS CTYJCHTY, €CIIM BEPHO BBINOJIHEHBI 3-5 3aMaHuit
KOHTPOJILHOHM paboTHl;

- OLICHKA «HE 3a4TEHO» BBICTABIICTCS CTYACHTY, €CIIM BEPHO BhITOIHEHB! 0-2 3amanns
KOHTPOJILHOM paboTHI.

Tema «ATorosasi KOHTpPOJbHAsA PadoTa MO KypCy»

Bapmuanr 1

3amanue 1

Onpenenuts 06bem 0,82 Mosib Bo3ayxa npu -21°C u naBiaenuu 720 MM pT. CT.

3amanue 2

Ipu cxuranum 1 r TpexBajeHTHOro MeTajlia npu Aasnenuu 625000 ITa u temneparype 100°C
u3pacxosioBano 1377 mu kucnopoja. PaccuntaTh SKBUBaJICHTHYIO U MOJIIPHYIO MacChl METaJLJIA.

3aganue 3

[Tpu B3auMoOIEHCTBUU CEPOBOOPOJA U JMOKCHIA YTiepoaa B ra3oBoil (aze oOpasyrorcs
napsl BoJsI 1 cepoyrinepona CSy. PaccunraTs TemnoBoi 3QexT peakium.

3aganue 4

PaccunTaTh KOJIMYECTBO TEIJIOBOM SHEPrUH, BBIACIAIOLICHCS MpU cropaHun 482 wm
areTriieHa u 618 m° stusena.

3amanue 5

3



Jst peaktiun MgOs) + Als) ¢ Mgas) + Al2O3(s) paccunTaTh M3MEHEHHE CTaHAAPTHOU
cB0OOIHOI sHeprun ['M66ca U caenaTh BHIBOJ O HaNpaBIeHNnH TIpoliecca pu Temmeparype 1028°C.
Paccunrars TemmepaTypy paBHON BEpOSTHOCTH MPSMOTO U 0O0paTHOTO mporieccoB. CaenaTh BEIBOA
0 HaIlpaBJICHUHU MIPOLIECcca BBIIIE U HUXKE 3TOM TeMIlepaTypsbl.

3aganue 6

Kaxk n3menurcst ckopoctb romoreHHoi peakuuud A + B — 2C ot Hauana 10 MOMEHTa, KOT1a
KOHIIEHTpanus BemectBa A coctaBuT 32% OT ucxoaHoi? McxoaHble KOHIIEHTpaIui, Mob/1: Ca=
0,8, Cg=1,4.

3amanue 7

PaBHoBecue B peaknuu Hyr) + Ipe) < Hlr) ycTaHOBUIOCH TIpH KOHIIEHTPAIUSAX, MOJIB/JI:
[H2]=0,27, [12]=0,41, [HI]=1,62. Paccuutath K¢, Kp, AG peaknuu n ncxoaHble KOHIIEHTPALMH 0/1a
1 Bogoposa ripu 12°C.

3aganue 8

Jlns 28,2% pacteopa CaCly (p=1,112 r/cm’) paccuurtaTh MOJNSAPHYIO, HOPMAILHYIO,
MOJISTTFHYIO KOHIIEHTpauu U MolibHY0 oo CaCly.

3amanue 9

Paccunrarh ocMoTHUECKOE JaBlIeHHUE pacTBOpa, coaepskaiero 0,19 r ximopuaa kaneius B 250
r Bozisl. ITmoTHOCTH pacTopa 1,02 r/cm?, kaxymascs creness auccomuanuu CaCly B pacTBope paBHa
83%.

3amanue 10

VY paBHATH ypaBHEHHE METOIOM 3JIeKTpoHHOTr0 Oananca MnO: + Oz + KOH = K>2MnO4 + H2O.

Samanue 11

PaccuuTaTh BpeMs M pacXoj SIeKTPodHepruu 1 noayderns 0,2 m° (H.y.) BOZOPOJa TOKOM
4,5 A npu HanpspkeHUU B ceTH 6 B 1 Beixoze 1no Toky 84%.

3ananue 12

Omnwucarb nporieccbl aTMoc(hepHO KOPPO3HUH Kejle3a, TOKPHITOr0 XPOMOM M HUKEJIEM Mpu
HAPYIICHUU 3alUTHOU TUICHKU

Kputepun onenkn:

K utoroBoii KOHTpOJIBHON paboTe MO KypCy JOMYCKAIOTCs CTYAEHThI, UMEIOLIHNE «3a4TEHOY
110 9 u3 13 KOHTPOIBHBIX PabOT MO TeMaM Kypca. MToroBasi KOHTpoJIbHAs padoTa 1Mo Kypcy COCTOUT
u3 12 3amanuii. 3a Kak10€ BEPHO BBIITOTHEHHOE 3a7aHue — 5 6amnoB. MakcuManbHbIH 62t — 60.

7.2.2. OT4er MO JJA00OPATOPHOM padoTe

JlaGoparopuasi padora Nel «OcHOBHBIE KJIACChl HEOPTAHUYECKUX BelleCTB)
Lesnb: 3akpernyenne 3HaHui 00 OCHOBHBIX KJIaccaX HEOPTaHUYECKUX COCTUHEHUH.
Onpit 1. IosryyeHue OKCHIA OKUCIEHUEM JJIEMEHTA

1. OnbIT NPOBOAUTCS B BHITSDKHOM HIKady!

2. B xumunueckuii crakan Ha 50-100 mu maneitte 10-15 M qucTHUINTMPOBAHHOM BOBI.
[Tonmocky cuHel 1akMycOBOM OyMaru OKyHUTE B BOJLY U OTMETHTE €€ OKPAcKYy.

3. B Mmetamimnueckyro JI0KEYKY MOMECTUTE HEMHOI'O CEpPhl M HAarpeuTe €€ B IIAMEHU
CUpPTOBKU B TeueHHe 30 CEeKyHI.

4. Jloxkeuky ¢ ropsiei cepoil BHECUTE B CTakaH ¢ JNUCTHUJUIMPOBAHHOW BOJOMW, MOCIIE
YEro JO0XKEUKY yJajauTe.

5. B monyueHHbIi pacTBOp BHOBb OKYHHUTE MOJIOCKY HHIMKATOPHON OyMaru u OTMEThTE
€€ OKpackKy.

6. CocTaBbTe YpaBHEHUS MPOBEACHHBIX PEAKIIUIA U CIEIIANTE BBIBOJI.

OmnbiT 2. B3anmoaeiicTBHe OKCHIA MeTAJLJIa ¢ BOJOM

1. [TomectuTe B mpobupky 1 mmarens okcuma kampims u npuieite 10-15 kamens

JUACTUIUIMPOBAHHOMN BOJbI, IEPEMEILIANTE.



2. K nonyuennomy pactBopy nob6asbre 1-2 karum genondranenta, oopaTute BHUMaHUE
Ha OKPacKy MHJHMKATOpa.

3. CocraBbTe ypaBHEHUE PEAKIIMH U ClIETAlTEe BBIBOJI.

OmnbIT 3. B3anuMoaelicTBHe 0CHOBHOI'0 OKCHIA ¢ KUCJIOTOM

1. Buecute B npobupky mmatens okcuna menu (II) u no6assre 4-5 xamenb pactBopa
CEpPHOM KHUCJIOTHI.

2. Ecnu B3anMopeiCcTBHS BEIIECTB B MPOOUMPKE HE HAONIOJACTCs, TO €€ COIACPKHUMOE
Harpemre.

3. OTMETBhTE OKpPaCKy pacTBOpa M OOBSICHUTE €€ TOSIBIICHUE.

4. CocTaBbTe YypaBHEHUE PEAKIIMU U CIICTIAUTE BHIBOJ K OIBITY.

OmnbiT 4. B3anMoeiicTBe KHCJIOTHOTO OKCH/IA ¢ OCHOBAHHEM

1. Haneiite B mpoOupky 2-3 M1 U3BECTKOBOM BOJIBI (PACTBOPA TUAPOKCHAA KATBITH).

2. [Iponycture 4Yepe3 M3BECTKOBYIO BOAY YIVIEKHMCIBIM Ta3 (cAelaiTe HECKOJIbKO
BBIZIOXOB B PaCTBOP 4epe3 TPyOOUKy).

3. OtmerbTe OOpa3oBaHMe O€IOro oOcajgka W €ro pacTBOpEHHE INpU JalbHEeHIeM
MPOMYCKAHUM YIJIEKUCIIOTO Tasa.

4. CocraBbTe ypaBHEHUE PEAKIIMH U CIIETaNTE BBIBOJI.

OnbIT 5. B3anuMoaelicTBHE COJIH C IEJ0YLIO

1. Buecute B aBe nmpobupku no 10 xanens pactBopa cyiabdara meau (II).

2. B onny npoGupky m06aBbTe OHY KaIuTKO THAPOKCHIA HATpHUA, a BO BTOpyro — 10
Karelb TUPOKCH/Ia HATPHSL.

3. OO6paTtuTe BHUMaHHE Ha Pa3IMYUe OKPACKU MOJYYEHHBIX OCAIKOB.

4. Harpeiite comepxumoe mnpoOupok. OTMeTbTe, B Kakod NpoOHpKE MPOU3OILIU
WU3MEHEHUS.

S. CocraBbpTe ypaBHEHMsI peakLUi U cliejaiTe BHIBO HA OCHOBAaHUH OIIBITA.

OnbIT 6. B3auMoaelicTBHE COJIM ¢ METAJLJIOM

1. Breiite B mpoOupky 20 kanens pactBopa cyibdara menu (II).

2. [TomecTuTe B IpOOUPKY C paCTBOPOM JKEJIE3HYIO CKPETKY.

3. Yepes 2-3 MUHYTHI 00paTUTE HA U3MEHEHUE OKPACKH ITOBEPXHOCTU CKPETIKH.

4. OOBsicHUTE TIPOUCXOMSAIIEE SBJICHHE, COCTABbTE YpPaBHEHWE PEAKIMHM U CHeianTe
BBIBO/I.

OnpIT 7. CBolicTBa aM(poTEpPHOTr0 rMAPOKCHIA

1. HaneiiTe B 1Be npoOupKH 10 5 Karesb pacTBOpa HUTpATa aIIOMUHUS.

2. Jlo6aBbTe B 00€ MPOOUPKH MO KATUISIM THIPOKCHU HATPHUS JI0 TIOSIBIICHHS OCaJIKa.

3. K ocanxy B nepBoii npobupke 106aBbTE PAaCTBOP CEPHOM KUCIOTHI, K OCAIKY BO
BTOPOU MpoOUpKe 100aBbTE PACTBOP THAPOKCH]IA HATPHSI.

4. OtmeTbTe HaOMOAeHHS B 00€NX MPOOHpKax, HAMIINUTE YPaBHEHUS pEaKkIuil u

CIeJIalTe BBEIBOI.

JlaGoparopHasi padora Ne2 «OnpeaesieHue MOJISIPHOM MacChl IKBUBAJIEHTA MEeTAJIIA))

Heab: onpenenenrne MOJISIPHONW MAcChl SKBUBAJICHTAa METaJllIa YKCIIEPUMEHTATIbHBIM ITyTEM.

OnpiT. OnpeneneHue MOJSIPHOH MAacchbl JKBUBAJIEHTa MeTa/LIa M0 00bEMY BOJA0OPO/A,
BBITECHEHHOI'0 U3 PACTBOPA KHCJIOTHI.

Omnpenenenne MPOU3BOAUTCS C TTIOMOIIBIO TIprbopa (puc.1), COCTOSIIETO U3 U3MEPHUTEIBHON
oropetku (1) Ha 25...50 My, nByxkosneHHOU mpobupku OcTBanbia (2) U ypaBHUTEIbHON CKISIHKH
num O6ropeTku (3).

1. B omno u3 xomen mnpobupku OctBanbna (2) NOMECTUTE HABECKYy MeTallia,
MOJIYYCHHYIO y JJabopaHTa.

2. B npyroe koneno Ha 1/4 yactb ero 06b&ma HanelTe pacTBOpP COMSTHON KUCIOTHI.

3. [TnotHO 3akpoiite npodbupky OcTBanbaa (2) mpoOKOW 1 3aKpenuTe €€ B IITATHUBE.

4. [IpoBepbTe THpuUOOP HAa TEPMETUYHOCTb, IS HYEro ypaBHHUTENbHbIM cocyx (3)

nogaumuTe Ha 10...15 cM 1 3akpenuTe B ’TOM MOJ0KEeHUH. Eciu mpubop repMeTH4eH, TO YpOBEHb



KUJKOCTH B HEM OCTAaeTCs MOCTOSIHHBIM. Ecnmu mpubop He repMeTHYeH, MPOBEphTE, TUIOTHO JIN
3aKkpbITa Mpodbupka OcTBanbaa (2) MPOOKOii.
5. Ycranosure Oroperky (1) u cocyn (3) Takum oOpa3om, YTOOBI KUIKOCTH B HHX

HaxO0JIUJIaCh Ha OJJHOM ypoBHE. OTMETHTE MOJIOKEHNUE YPOBHS KUAKOCTH (MEHHCKA) B OtopeTtke (1) —
Vi.

6. OcCTOpOXKHO MOBEPHUTE TPOOUPKY (2) TaK, YTOOBI KMCIIOTA TIEPENTUIach B KOJICHO, T]ie
HaxoauTcda METaJll.
7. [Tocne mosHOroO pacTBOpPEHUsI METAJLIA IPUBEIUTE MOJI0KEHHUE )KUJIKOCTH B OIOpeTKe
(1) u cocyze (3) kK OTHOMY YPOBHIO.
8. TodHO OTMETHTE TOJIOKEHUE MEHHUCKA XUAKOCTH B OtopeTke (1) — V2. Onpenenure
00BEM BBIJICIHUBILETOCS BOAOPOIA.
0. OTMeThTe MOKa3aHusl TEPMOMETpa U OapoMeTpa.
10.  PesynbraThl 3amMepoB 3aHecuTe B Tabauiy 1.
1. JlaBneHne HACBIIIEHHOTO BOJISTHOTO Mapa BBIMUIINTE W3 TAOJIHIIBI 2 TIPU TEMITepaType
OIlbITA.
12.  TlpuBenute 00BEM BBIASIHMBIIETOCS BOJIOPOa K HOPMAIbHBIM yCIOBUAM (H.y. — P° =
760 mm. pr. cT., T° =273 K):
Py V. _ Py Vi, 0 _ Py Vy T
T° r " TP
13. PaccunTaiiTe MOJSIpHYIO MacCy SKBUBAJICHTa METaJljIa:
My, _ Vi, m. = M,
m, Vs,V

2

rjae Vgo[[2 = 11200 mu1/mM01b — MOJISIPHBIN 00BEM SKBUBATICHTA BOJOPOA (H.Y.).

bropeTku yKperuisiroTcs B IITATUBE U 3aMOIHSIOTCS BOJAOM. B HCX0THOM COCTOSTHUY )KUIKOCTh
B cocynax | u 3 nomkHa HAXOJUTHCS HAa OJTHOM YPOBHE.

Pucynoxk 1. Cxema mpubopa 1j1st onpenesieHuss MOJIIPHOM Macchl SKBUBaJieHTa MeTaia: 1 —
U3MepuTeNbHas OropeTka, 2 — IByxKoJieHHas nmpooupka OcTBanbia, 3 — ypaBHUTEIbHAs OI0peTKa

Tab6muna 1
Pe3ynbrarhl 3KciepuMeHTa
HaunmenoBanue O6o03HaueHNe 3HaueHue En. nsmepenus
Hagecka meramna m r
YpoBeHb B OIOpPETKE 10 ONbITA Vi MUIT
YpoBeHb B OIOpETKE MOCIIE OIbITa V> MJT




OO6beM BbIIETUBIIETOCS BOJOPO/Ia Vi, =V2-Vi MII
TemmepaTypa OIbITa t e
Temneparypa onbita T'=t+273 K
JlaBjieHrE HACBIIEHHOT'O BOASIHOTO Iapa h MM PT. CT.
ATMochepHOe TaBJICHHE P MM PT. CT.
JlaBneHue Bo1opoJia P, =P-h MM PT. CT.
Ta0nuua 2
JlaBiieHMEe HAaCBIIIEHHOIO BOASHOTO Mapa
Temneparypa, [aBnenue Temneparypa, JlaBnenue
°C HACBILLEHHOTO °C HACBILLEHHOT O
BOJSIHOTO Tapa, MM BOJISIHOTO TIapa, MM PT.
pT. CT. CT.
14 11,99 21 18,63
15 12,79 22 19,80
16 13,63 23 21,03
17 14,52 24 22,33
18 15,47 25 23,71
19 16,47 26 25,16
20 17,52 27 26,68
14. Ilo monsipHOI Macce SKBHBAJCHTa METalJla METOAOM IMoa0O0pa BaJIEHTHOCTEH,

OIpECaACIINTE, KaKoli MeTasl ObII HCITOJB30BaH B OIBITE.

15. PaccunraiiTe OTHOCUTEIILHYIO OLTHOKY SKCIIEPUMEHTA:
m, —m
3”130 33)(("1
A=+—""—".100%
mameop
16.  CnemnaiiTe BBIBOJ K paborte.

JlabopaTopHas padoraNe3 «OnpeeeHne JHTAIbINH PeaKINID)
Heab: onpenenenue TemioBoro 3Pgexra CUCTEMbI, B KOTOPOH MPOUCXOJUT XUMHUUYECKas
pCaKklyd, U SHTAJIBIHWU PCAKIIUN B HCCTAHAAPTHBIX YCIIOBUSAX.

OnpiT 1. HeliTpaau3anusi CEpHOl KUCJIOTHI THAPOKCHOM HATPHUS B OIHY CTAANIO

JUist HEWTpanu3aluyu CEPHOM KHCIIOTHI TMAPOKCHUIIOM HATPUS B OJHY CTAJMIO0 CMEIIMBAIOT
9KBHUBAJIEHTHBIE KOJIMYECTBA KUCIOTHI U IIEJI0YH 0 00pa3oBaHusl Cyab(paTa HaTpuUs:

H>SO4+ 2NaOH = Na;SO4 + 2H>0; AH;

1. OTMeppTe UMIMHAPOM 3aJaHHBIM TIpernojaBareiieM O0bEM pacTBOpa KHCIOTHI,

BBUICHTE €r0 B TEPMOCTATUPOBAHHBIN cTakaH. OMyCTUTE B CTAKaH TEPMOMETP, 3aMEPHTE U 3aIIULINTE
B Tabnuny 1 remnepaTypy pactBopa. TepMoMeTp He BBIHUMAWTe U3 CTaKaHa 10 OKOHYaHMs OIIbITA.

2. OTMepbTe IpYrUM HMIMHAPOM TAaKOH jke 00BbeM pacTBOpa MIETOYH U OCTOPOKHO, HO
OBICTPO BBUIEHTE B CTAKaH C PACTBOPOM KHCIOThL. OCTOPOAKHO NEepeMeIIaiTe, OTMEThTE HauboJIbLIee
U3MEHEHHE TeMIIepaTyphl IpU 00pa30BaHUM Cyab(paTa HATPUs.

3. BbiHbTE TEpMOMETpP, BBUIEHTE pacTBOp M3 TEPMOCTATUPOBAHHOIO CTaKaHA,
¢mIbTpoBaNIbHOM  OyMaroi THIATENbHO BBICYIIMTE CTEHKHM M JHO CTaKaHa, MOMECTUTE B HETO
TEPMOMETP U JTAUTE OCTHITH /10 MPEKHEN TeMIIEpaTypHhl.

4. 3amonuTe Tabmuiy | (BEeMMYMHBI TEMJIOEMKOCTEH U IUIOTHOCTH PacTBOPOB
BBINMUIINTE U3 TaOIUIb! 3). BelnoaHuTE pacyeTsl.

Ta6muma 1-Pe3ynbpTaThr onbiTa 1



Bemectro | V, t, D, C, n, 0, AH,
MJT °C r/em’ JIx/T-°C | Mmonb | JIox/n MOJIB kJ>K/MOIb

H>SO4
NaOH
NazSOs4

OnpIT 2. HeliTpaauzanus CEPHOIl KUCJIOTHI THAPOKCHI0OM HATPHS B JIBe CTAAUM
[Ipu HeWTpanu3auuu CEpHOM KHUCIOTHI THAPOKCUAOM HATPHS B JIBE CTAJUU 3KBUBAJICHTHBIN
00beM IeI0YN BHOCST B J]Ba IIpUEMa:

H>SO4+ NaOH = NaHSO4 + HO; AH>
NaHSO4 + NaOH = Na>SO4 + H»O; AH> >
1. OTMepbTe HWIMHAPOM 3a/laHHBIN B ombITe 1 00beM pacTBOpa KUCIOTHI, BHUICHTE B

TEPMOCTATHPOBAHHBIN CTaKaH, H3MEPhTE TEMIIEPATypy pacTBopa. TeMreparypsl pacTBOPOB CEPHOU
KHCJIOTHI B OMBITaX 1 ¥ 2 MOJDKHEI OBITh OJMHAKOBEI.

2. M3mMepbTe IpyruM DUIHHIPOM MOJOBHHY SKBUBAICHTHOTO 00beMa pacTBOpa MIEI0un
U OCTOPOXHO, HO OBICTPO BBUICHTE B CTaKaH C PAacTBOPOM KHUCIOThL. OTMEThTE TEeMIIepaTypy
00pa3zoBaHus pacTBopa THAPOCYIb(ara HaTpus.

3. OTMepbTe MWIMHAPOM €Ille TaKOH ke 00beM pacTBOpa LIENOYH U BBUICHTE €ro B
crakad. [lepeMemaiiTe moJIy4eHHBIA pacTBOP Cyib(hara HATPHUS U 3aMUIINATE €r0 TEMIIEpaTypy.
4. BrbiHbTE TEpMOMETp M BBUICHTE COIEPKMMOE CTaKaHa, (HIBTPOBAILHONW Oymaroit
BBICYIIIUTE CTEHKH M JIHO CTakaHa. 3anojHuTe Tadsmiry 2. Cienante pacueTsl.
Tabmuma 2.
Pe3ynbTaThl onbiTa 2
Bemecrtso | V, t D, C, n, 0, AH,
MIT °C r/em® Jx/r-°C | moas | JI>k/n MOJIB kJI>x/Momb
H>SO4
NaOH
NaHSOq4
NaSO4
Tabmuma 3
TennoeMKoCTh ¥ TNIOTHOCTh PACTBOPOB
PactBop t, °C p, r/cm® C, JIx/r-°C
H>SO4, 1 M 12 1,061 2,75
14 1,060 2,81
16 1,060 2,87
18 1,059 2,93
20 1,059 2,99
22 1,059 3,04
24 1,058 3,10
26 1,058 3,15
NaOH, 2 M 12 1,079 3,41
14 1,078 3,44
16 1,077 3,47
18 1,076 3,50
20 1,075 3,53
22 1,074 3,56
24 1,073 3,59
26 1,072 3,62




NaHSO4, | M 20 1,050 3,73
22 1,046 3,74
24 1,042 3,75
26 1,038 3,76
28 1,034 3,77
30 1,030 3,78
32 1,026 3,79
34 1,022 3,80
NaxSO4, 1 M 24 1,074 3,74
26 1,066 3,76
28 1,058 3,78
30 1,050 3,80
32 1,042 3,82
34 1,034 3,84
36 1,026 3,86
38 1,018 3,88

JlabopaTtopnasi paGora Ne4 «CkopocThb XHMHYECKHX peaknuil. XuMHYecKoe
paBHOBecHe»

Hesab: u3ydeHue BIUSHUSA PA3TUUHBIX (PAKTOPOB HAa CKOPOCTh XUMHUYECKUX PEAKIMHA U
COCTOSIHUE XMMHUYECKOI0 PaBHOBECHS B TOMOT€HHBIX CUCTEMAX.

OnpiT 1. Baiusinne KOHIEHTPaLMU Pearupyrouux BellecTB HA CKOPOCTh XMMHYECKHX
peakuuit

Peakuust maBeneBoii KMUCIOTHI C IEPMAHTaHATOM KaJlusl IPOTEKAET 110 YPABHEHUIO:

4H>C204 + 2KMnO4 — K2C204 + 2MnO; + 4H20 + 6CO2

Kunernueckoe ypaBHEHHUE PEAKIUU:

4 2
d=x CH2C204 CKMno4
3a XO00M pCaKl U CICAAT 11O UBMCHCHHUIO OKPACKU paCTBOpaA MCpMaHraHaTta Kajius.

1. B mste mpoGupok BHecuTe 1o 10 Karmenb pacTBOPOB MIABEJIEBON KUCIOTHI Pa3IMIHON
koHneHTpanuu (0,2; 0,3; 0,4; 0,5; 0,6 M).

2. [TocnenoBarensHO BO BCE MPOOUPKHU ¢ MHTEpBAIOM 1-2 ceKyH bl 100aBbTe 1o 1 Karuie
pacTBopa nepMaHraHaTa Kajius U BKIIOUUTE CEKYHJIOMED.

3. He BbIKiIIOYasi ceKyHAOMEpa, OTMEThTE BpeMsl M3MEHEHMSI OKpPAacKH IepMaHraHaTa
Kausl B KaX 10l IpoOupKe.

4. PesynbTaTh! omnbiTa 3aHecuTe B Ta0IUITY 1.

5. Omnpenenure yCIOBHYIO CKOPOCTh PEAaKIMH KaK BEIUYMHY, OOpaTHYIO BpEeMEHHU
MIPOTEKAHUs PEAKIIUH.

6. [octpoiiTe rpaduk 3aBUCUMOCTH CKOPOCTH PEAKIUU OT KOHLEHTPAIMH IIaBeJIeBON

KHCJIOTHI, IPOaHAIM3UPYHUTE MOTYUSHHYIO 3aBUCUMOCTD. 3alIUIINTE HAOIIOIEHUS U ClIeTaiiTe BBIBOJ.

Tabmuma 1.
Pe3ynbratel oneira |
No Konuenrpanus Bpewms, CKOpOCTh peakiuu
POOUPKHU KHCIIOTHI, C, 7,C B YCJIOBHBIX €IMHUIIAX, V
MOJIB/TT =100/, ¢!
1 0,2
2 0,3
3 0,4
4 0,5
5 0,6




OnbIT 2. Bansinue TeMnepaTypbsl Ha CKOPOCTb XHMHYECKHX peaKknuii

JIy1st ombITa HEOOXOIUM CTaKaH—TEPMOCTAT, HAIOJTHEHHBIN BOJAOU M 3aKPBITHIM KPBIIIKOHN C
OTBEPCTHUSIMH JIJIsl IPOOHPOK U TEPMOMETPA.

1. B Tpu npoOupku, BCTaBICHHBIEC B KPBIIIKY TepMOcTaTa, Haselre mo 10 kamens 0,5 M
pacTBopa IIaBeseBOl KHUCIOTHL. B derBEpryro mpoOupky Ha 2/3 e€ oObéma BieiiTe pacTBOp
nepMaHTraHaTa Kajaus (TUIEeTKY OCTaBbTE B IPOOUPKE).

2.  3anumure TemmepaTtypy. B ogHy u3 mpoOupok mo6aBpTe | Karumo mepMaHTaHara
KaJIAs U BKJIKOYUTE CEKYHIOMED.

3. HM3meppTe BpemMs OT MOMEHTa A00aBliCHHs IepMaHraHata Kajus J0 W3MEHEHHS
OKpacKH pacTBopa.

4.  Harpeiite Boay B crakane Ha 10° BbllIe npenpiayiiei temnepaTypsl. CHUMUTE CTaKaH
C TUIUTKU U IOBTOPUTE OTBIT B APYTOil MPOOHUpKE.

5. IIpoBenute onbIThI Ipu 4 Temneparypax, oTiinyaromuxcs Ha 10°.

6. [TomydeHHBIC TaHHBIE 3aHECUTE B TAOIHUITY 2.

7. PaccuuraiiTe mecTb 3HaUCHHI TeMnepaTypHoro ko3dduuuenra (y). Haliaure cpennee
3HAYEHHUE ).

8.  CpnemaiiTe BBIBOA O 3aBUCHMOCTH CKOPOCTH JAHHOM XWMHUYECKOM peakuuud OT
TeMIIepaTyphbl.
Tabmua 2.
Pesynbrats! oneita 2
No Temnep Bpe Koncranra TemnepaTypHbIii
npob | arypaombita, | Ms, 7,C | CKOPOCTH k B yCIOBHBIX KOX(PPHUIMEHT Y
UpKH t,°C emnHunax, k= 100/t Y Yep
.
1
2
3
4
9. Hcnonp3ys ypaBHeHHEe AppeHUyca M BETUYUHBI KOHCTAHT CKOPOCTU MPU PA3IUYHBIX

TeMrepaTypax, ONpEAETIUTE SHEPrui0 aKTHUBAIMM JAHHOW peakuuu. YpaBHEHUE AppeHHyca B
JorapudpmuueckoM Buae: /nk = Ink, — E/RT MOXXHO paccMaTpuBaTh Kak JUHEHHOE ypaBHEHUE ) = b
—ax (v = Ink, b = Ink, a = EJ/R, x = 1/T). I'paduuecku Takoe ypaBHEHUE OMUCHIBACTCS MPSIMOH B
KoopauHatax /nk — I/T. TanTeHC yriia HaKJIOHA IIPSAMOi K ocH abcuuce paBeH Bennuune Eq/R.

10.  Hns noctpoenus rpaduka /n k = f(1000/T) 3anonaute Tadbmuiy 3.

Tabnuna 3.
Jlannble a5 rpaduyeckoro onpeaeeHns SHEPTUU aKTUBAIIUN
Ne n/mn Ink 1000/T

1

2

3

4
11.  Tlocrpoiite rpaduk B koopaunatax In k— 1000/T.
12.  OmnpenenuTe TaHTE€HC yria HAKJIOHA MPSMON K ocu alcIuce.
13. Brruncnure sHEprur0 akTUBALIUU PEAKIUN:

E.=tga'R, rme R=8,314 Jx/(monb-K)



OnpiT 3. Bausinue n3MeHeHNs] KOHIIEHTPALMHU PearupyrolnX BellecTB HA paBHOBecCHe
XHMHMYECKOH peaKkunu

Peaknusa mexay xiaopuaom sxenesa (III) u poganuioMm aMMOHUST OUCHIBACTCS] YPABHEHHUEM:

FeCls + 3NH4CNS < Fe(CNS); + 3NH4Cl

I. Buecure B mpobupky Ha 1/3 ee o0bema AUCTUIUIMPOBAHHON BOJBI, 100aBbTE MO 2
Karu pactBopoB xyopuaa kenesa (I11I) u ponanuaa ammonus. Paznenure mosydeHHBIH pacTBOp Ha
TpU IPOOUPKH.

2. Onny mpoOUpPKyY COXpaHUTE JIJIsl CPaBHEHHUSI PE3yJIbTaTOB OMbITa (3TaIOH). B mpyryro
no6asbTe 4-5 xanens pactBopa FeCls, B TpeThio — Heckonbko KpuctaiukoB NH4Cl u BcTpsixHuTe
eé.

3. Kak wu3MeHHIach WHTEHCUBHOCTh OKpPAaCKM pPacTBOpa M B KAaKOM HaIlpaBlICHUU
CMECTHJIOCh paBHOBecue AaHHOW cuctembl npu gobaenenun FeCls m NH4Cl? OOmsicHuTe casur
paBHOBECHSI.

4. Hanummre BeIpakeHre KOHCTAaHTHI PAaBHOBECHS HU3ydyaeMOl 00paTUMOM peaKInu.

JlaGoparopHasi padora NeS «PacTBopbI 3J1IEKTPOJIUTOBY»

Ieib: n3ydeHne HEKOTOPBIX CBOMCTB BOJHBIX PACTBOPOB 3JIEKTPOIUTOB.

OnpIT 1. D1eKTPONPOBOAHOCTH BOJHBIX PACTBOPOB

N3ydeHne 31eKTpONpPOBOAHOCTH MPOBOJSAT C MOMOIIBI0 MPUOOPA, COCTOSIIETO M3 JIAMITBI
HaKaJMBaHUs, CTaKaHa C paCTBOPOM, IpapUTOBBIX 3JIEKTPOI0B. OO AIIEKTPONPOBOIHOCTU CYAST MO
HaJIMYNI0 1 UTHTCHCHUBHOCTH CBCUYCHUA JIaMIIbl HAKaJINBAHUA.

1. Crakan émkocThio 50 M1 HaroJHUTE Ha 1/2 ero 00bEMa TUCTHITUPOBAHHOM BOJIOM.

2. Brnrounte npubop B ceTh. 3anumuTte HaOmoaeHus. O0namaeT MUCTUILTUPOBAHHAS
BO/Ia AJIEKTPONPOBOJHOCTHIO?

3. OtxmrounTte pubop. [IpunoaHSB KPHIIIKY C 2JIEKTPOAaMU, BHECUTE B CTaKaH C BOJIOM
1-2 mmaresns U3MeNIbYeHHOTO caxapa U MepeMelianTe.

4. OnycTtute 3JEeKTpoABl B pacTBOp. Brmoumte mnpubop. 3anumuTe HAOIIOJCHUS.
SIBnsieTcst pacTBOp caxapa MpOBOJHUKOM?

5. Otxmounte mpubop. B crakan émkocteio 50 mu Hanelite Ha 1/2 ero oOwbema
0€3BOJTHOM YKCYCHOW KHUCIIOTHI.

6. OmnycTuTe 37MeKTPOAbI, BKIIIOYUTE TPUOOp. 3anuIuTe HaOI0IeHHS.

7. Otxirounte npudop. OTielTe u3 crakana npuMepHo 1/4 o00beMa YKCYCHON KHCIIOTHI,
n00aBbTe AUCTUILTUPOBAHHOM BOABI 10 MPEKHETro 00bEMa, pa3MeriaiTe pacTBop.

8. Onyctute  anektponbl.  Bxmroumte  mpubop.  HaGmromaiite  m3meHeHue
JIEKTPONPOBOIHOCTH PacTBOpA.

9. [ToBTOpUTE pa3daBiieHHE pacTBOpA U ONpPEAETIECHUE FTEKTPOIPOBOAUMOCTH elIé pas.

B kakyro cTOpoHy cMelaeTcsi paBHOBECHE AUCCOLMAIIMH YKCYCHOM KHCIIOTHI TpH pa3dasnenun? Kax
3aBUCUT CTENEHb JUCCOLMAIMH YKCYCHON KUCIIOTHI OT pa30aBiieHHs pacTBopa’?

10.  Otkmrounte npudop. B crakane eMkocTbio 50 MJI IPUTOTOBBTE PACTBOP MOBAPEHHON
COJIM, pa3MeIlIaB B 25 MJI IUCTUJUIMPOBAHHOM BOJIBI 1-2 mImaTesns Xjaopuaa HaTpusl.

11.  Omnycrute nsnexTpoasl B pactBop. Brmouute mnpubop. IlpoBomut mm pactBop
MMOBAPEHHOM COJIA SJIEKTPUUECKUMN TOK?

12.  Cpenaiite BBIBOJ K ONBITY (OOpaTUTe BHUMaHME Ha TUIBI XUMHYECKOH CBS3HM B
BEILIECTBAX, JIEKTPONPOBOAHOCTh BOJHBIX PACTBOPOB KOTOPHIX U3y4Yalld B IaHHOM OIIBITE).

OnpIT 2. CMenIeHHe paBHOBECHSI I CCOLUALMH €1a00r0 3J1eKTPOJINTA

1. Haneiite B aBe mpoOupku mo 5-7 xamens 0,1 H. pacTBOpa YKCYCHOW KHCIIOTHI.

2. B kaxnyro mpoOupky no0aBbTe MO OJHOHM Karuie METHIOBOTO OpaHxeBoro. Kak
OKPACHJICS MHJMKATOP MO/ BIMSHMEM HOHOB H?

3. OnHy mpoOUpPKy OCTaBbTE B KaUeCTBE KOHTPOJIBHOM, B APYr'yIo MpubaBbTe 1 1mmaTens
anerara Hatpuss CH3COONa.

4. [lepememaiiTe pacTBOp W CpaBHHUTE IBET IOJYYEHHOI'O pacTBOpa C ILIBETOM B

KOHTPOJIbHOW TTPOOHpKE.



S. Hanumure ypaBHeHHE qUCCOLMALUU YKCYCHOM KUCIIOTHI U BBIPAKEHUE KOHCTAHTHI €€
JUCCOLALUN.

6. OOBscHUTE, KaK CMEILIaeTcs PaBHOBECHE AMCCOLMALUMHU cIa00ro 3JIEKTPOIUTa IpU
YBEJIMYEHUHU KOHLEHTPALUU OQHOIO U3 BUJIOB HOHOB 3TOro djeKTponuTa? Kak MeHserca npu 3TomMm
€ro CTENEHb Juccolnanun?

OnpiT 3. HanpasyieHne 00MeHHbIX HOHHBIX MIPOLIECCOB B PACTBOPAX JJIEKTPOJUTOB

a) B CTOPOHY 00pa30BaHus ¢J1A00ro0 3JIEKTPOJIUTA

1. Haneiite B ABe mpoOupku 1o 5-7 karmemns 2 H. pacTBOpa TUAPOKCHIA HATPHSI.

2. B kaxxayio no6aBbTe 1o o HOH Karuie penondranenna. [log BIusHuEeM KaKuX HOHOB
dbenondTanenH OKpacuics B MaJTMHOBBIH 1IBET?

3. B omny mpoOupky mobaBnsiiTe Mo KamisM 2 H. pacTBOpa COJITHOH KHCIIOTHI, BO
BTOPYI0O — 2 H. pacTBOpa YKCYCHOM KHUCIOTHI [0 OOECIBEYMBAHMsI pPacTBOpa (KOJIMYECTBO
M3PACXO00BAHHBIX Kallelb KUCIOT OTCYUTATH!).

4. Yem o0O0BsICHsAETCS HCUE3HOBEHHE OKpacku? B kakoMm ciydae oOecrBeunBaHUE

pactBopa HacTynwio Obictpee? Ilouemy paBHOBECHE MOHHOTO IPOLIECCA CMEIIAETCS B CTOPOHY
o0Opa3oBaHHsl BOJABI MPU HAIMYUU B JIEBOM YacTH PAaBEHCTBA MaJIOJMCCOLMHPOBAHHBIX MOJIEKYI
YKCYCHOM KUCJIOTBI?

0) B CTOpPOHY 00pa3oBaHMsi MAJIOPACTBOPUMOIO BelllecTBA

1. B onny mpobupky BHecute 10 Kamenb pacTBopa XJopuia Kaiblus, B apyryio 10
KareJb XJOpUAa CTPOHIHS.

2. Jlo6aBbTe 10 5-6 Kamenb pacTBOpa CEpHOM KUCIOTHL. B 00eux nu mpobupkax BbIIa
ocanok? OOBSICHUTE pa3Inuus, MONb3YsCh BeauurnHamu [1P myist cynb(haToB KanbIus U CTPOHITHS.

3. Jlo6aBbTe B IPOOMPKY C PaCTBOPOM COJIH KalbIHsl 3-4 Karuld KOHIIEHTPUPOBAHHON
cepHoii kucioTel. Habmomalite oOpa3oBaHue ocajika u O0BSICHUTE IPUYUHY €TI0 BBITIAJICHUS.

4. BrruncinTe KOHUEHTpALMK HOHOB S04, HeoOXomuMBble TS ocaxaeHus noHoB Ca’'

u Sr*" w3 pacTBOpoB paBHOi (1 M) kouuenTpaumm, ecmn 1Pz, =6,1-107, IIPg, =28107.

OnbIT 4. I'maposus coJieit
a) Onpenenenue pH pacTBopoB coJieit

1. Hanecute xammo pactBopa NaNOs Ha MOJOCKY YHUBEPCAJIbHOM MHAMKATOPHOMN
Oymaru.

2. CpaBHUTE OKpacKy C 3TaJIOHOM. 3anuiuuTe BeanuuHy pH pactsopa.

3. [IpoBeauTte anamoruuHbie onbITH ¢ pacTBopamMu Na,CO3, NaHCO3;, AI(NO3)s.

4. Kakas cpena B kaxx10M U3 B3TbIX pacTBopoB? [louemy?

0) Bausinue Temneparypbl Ha CTelleHb THAPOJIN3a COJIH

1. Haneiite B mpobupky 15-20 xanens IUCTHIUIMPOBAHHON BOJIBL.

2. Brecute B He€ 1-2 mmarens anerata HaTPUs U BCTPSIXHUTE MPOOUPKY.

3. Jlo6asbte 1-2 kammu penondranenna. OOparuTe BHUMaHUE HA OKPACcKy MHIMKATOpa.

4. Harpeiite coaepxumoe TpoOMpPKHM B IIJIaMEHHM CHUPTOBKU. JlaiiTe oOBsCHEHUE
HalromaeMoMy sBieHHIO. HanumuTe ypaBHEeHHE peaklnu.

5. Oxmanure npoOUPKY B XO0NomHOM Bozae. I[Ipomcxoaut nm CHOBa CMeEIIEHHUE
paBHOBeECHS?

6. CaemnaiiTe BbIBOJ O BIMSHUM TEMIIEPATYPhI HA CTEIIEHb THAPOIN3A.

B) Biusinne usmenenusi pH cpenbl Ha cTeneHb rHAPOJIN3a COJIM

1. Brecute B mpobupky 10 xamens JUCTHILTAPOBAHHOW BOJIBI.

2. HoGaBere 1-2 kpucramma xmopuna onoBa (II) u  BerpsxHHTE HPOOHUPKY.
OO6pa3yromuiics Oenplii 0caoK MpeacTaBiseT co0oi ocHOBHYIO coib osioBa (II) Sn(OH)CI.

3. Hanumure noHHOe ypaBHEHUE COOTBETCTBYIOLIEN pEAKIIMK TMAPOIIU3A.

4. Jo6aBbTe 5-10 kamenb pacTBOpa COJISTHON KHUCJIOTHI, YBEIMYHUB dTUM KOHIICHTPAIHIO

MOHOB Bojopoja. PactBopuiics nu ocanok? Kak nosnusino ymenbiienue pH pactBopa Ha cTeneHb
TUPOJIN3a COMU?

r) HeoOpaTumplii ruapo/ius coJiei

1. B npobupky HaneiiTe 6-8 Karmenb pacTBOpa HUTpaTa ATFOMUHUS.



2. Jlo6aBbTe Takoi xe 00beM pacTBopa KapOOHaTa HATPUSI.

3. OtMeTbTe OOpa3oBaHME OCaJIKa THAPOKCHIA AFOMUHUS M BBIJCICHHE Iy3bIPHKOB
okcupa yraepona (IV).
4. Hanummure ypaBHenus peakuuid. Cuenaite BEIBO/L.

JlaGoparopHasi padora Ne6 «OKHCIUTEIbHO-BOCCTAHOBUTEIbHbIEC PEaKIIUN»

Ienb: mnpoBeneHHE OKUCIMTEIbHO-BOCCTAHOBUTENBHBIX PEAKIMA M COCTABIECHUE UX
YpaBHEHUU.

OnbIT 1. Peakuumn 1ucnponopuoHNpoOBaHUs

a) Peakuusi 1ucnponopuMoHMpoOBaHus Cyab(UTA HATPUSA
B onny nmpobupky nomectute 1-2 KpucTayuivka cyiab(pHUTa HaTpHsl.
Bo BTOpyto mpoOupky nomectute 1-2 KpucTauIMKa MPOKAJIEHHOTO CyIb(uTa HATPHSI.
B 06e mpoOupku BHECUTE 10 5-6 Karenb AUCTUIUIMPOBAHHON BOJIBI.
PacTBopuTe conm, HaxosIIecs B MPoOUpKax.
Jlo6aBbTe B KaXIyt0 MPOOHPKY 10 2-3 Karum pactBopa cyiabdpata meau (II).
. OTMeTbTE OKpacKy OCaJKOB B 00eWX MpoOMpKax (YEpHBIA OCAIOK MPEACTABISET
cob6oii cynbdun meau (II)).

O L

7. OO0BsicHUTE Pa3TUYHBIC OKPACKH OCATKOB.

8. Hanummure ypaBHEHUE pEakIMU pazloKEHUs Cylb(pUTa HATPUS, YYUTHIBAs, UYTO
OJIHUM U3 MPOJIYKTOB MIPOKAJIMBAHUS BISETCS CyIbhaT HATPUSI.

0. CocTaBbTe HOHHBIC U MOJIEKYJISIPHBIC YPABHEHUS PEAKIUil OOMEeHa.

0) Peakuus nucnponopunoHnpoBanus xjaopuaa ojosa (II)

I. B npo6upky Haneiite 6-8 kamenb pactBopa xiaopuaa onosa (II).

2. Jlo6aBbTe MO KarwisiM pacTBOp IIETOYM A0 TOSBICHHUS OCaaKa W JATbHEUIIEro €ro
pacTBOpEHUSI.

3. [Tpunetite k pactBopy 10-12 kanenb IUCTUILUIMPOBAHHON BOBI.

4. HarpeiiTe pacTBOp 10 NOSBIEHUS YEPHOTO OCATKAa METAJUIMUYECKOTO OJIOBA.

5. Hamumure ypaBHeHuss peaknuii  oOpaszoBanms: ruapokcuma onoa  (ID);

terparuapokcocranHara (II) HaTpus; onosa u rekcaruapokcocransara (IV) marpus.
OnbIT 2. BHYyTpUMOJIEKYJISAPHbIE OKHCJIUTEIbHO-BOCCTAHOBUTEIbHbIE PeaKIuu

1. B npobupky nomecrute 2-3 kpuctauika 6uxpomara aMmmoHus (NH4)2Cr207.

2. ConepxuMoe POOUPKH HArpeiTe HaJ MJIaMEeHEeM CIUPTOBKHU JI0 TEX IOp, MOoKa He
POM30UEeT OYypHOE Pa3iIoKeHUE COJIH.

3. Hanumure ypaBHeHuEe peakluu, YYUTHIBas, YTO 3eJieHas OKpacka MpPUHAJICHKUT

okcuny xpoma (III). Kpome Toro, B peakiiun 06pa3yrorcst a30T U apbl BOJIBL.
OnpIT 3. Biansinue cpeabl Ha NPOTEKAHNE OKUCIUTEIbHO-BOCCTAHOBUTEILHBIX pPeaKkIuil
a) Bansinue pH cpeabl Ha xapakTep BOCCTAHOBJICHHS IEPMAHTAaHATA KaJUs

1. B tpu mpoOupku BHecHTE 1O 2 KaIljld pacTBOpa NepMaHTaHaTa KaJlusl.

2. B oany npobupky mo6aBbTe 2-3 Kariu 2 H. pacTBOPa CEPHOUN KUCIOTHI

3. Bo BTOpYyI0 mpoOupky BHECUTE 2-3 KaIlju BOIBI.

4. B Tpethio mpoOupky npuienTe 2-3 Karm pacTBOpa MIET0YH.

5. Bo Bce Tpum mnpoOupku BHeCHUTE MO 2 MHKpOIINATeNs Cyiabdura HATpus H
nepeMenIaiTe pacTBOpBI 0 MTOJIHOTO pacTBOPEHUSI KPUCTAIIIIOB.

6. Hab6nronaiiTe 3a n3MeHEHHEM OKPAcCKHU PAaCTBOPOB BO BCEX TPEX CIydasx.

7. HanumuTe ypaBHEHUS! peaklMii BOCCTAHOBIICHUS NEpMaHraHaTa Kajius Cyab(UTOM

HATpUsA B Pa3HBIX CPENax, YUUTHIBAS, YTO B COCIAMHEHUS MapraHiia B Pa3jIMYHBIX CTEICHSIX €ro
OKHCIJIEHUS UMEIOT XapaKTepHble okpacku: HoH MnO , - ¢puoneTosslit, nvoH MnO i_ - 3es1enblit, Mn?*
- GeCIBETHBII, a OKCHT ¥ rHApokcu ] Mn*" - ManiopacTBOpUMEIE BeleCcTBa KOPMYHEBOTO IIBETA.

8. K xakomMy Tumy OKHCIHUTEIbHO-BOCCTAHOBUTEIIBHBIX  pEaKUUNd  OTHOCSTCS
MIPOBEJICHHBIE B OMNBITE 3a peakiuu?

0) Buusnue pH cpeapl Ha cMelmeHHMe PaBHOBeCHSI B  OKHCJIHMTEJbHO-
BOCCTAHOBHUTE/IbHBIX PEAKIUAX



1. [TomecTute B poOUpKy HEOOIBIION KPUCTAIUIMK HOa.

2. Jo6aBbTe 8-10 Kamenb pacTBOpa IIETOYH.

3. [lepemeraiiTe conepxumoe MPOOUPKH 10 TOTHOTO paCTBOPEHHUs Hofa.

4. K ob6pa3zoBaBmemycsi O6eciiBeTHOMy pactBopy mnpubaBbre 10-14 kamens pactBopa
CEpHOM KUCIIOTHI JI0 MOSBICHUS OypOoil OKpAaCKU pacTBOpa.

5. [Tonb3ysick pacTBOPOM Kpaxmaia, JOKaKUTe, 4To Oypasi OKpacka BbI3BaHa OOPATHBIM
nporeccoM obpa3zoBaHusi CBOOOIHOTO Hofa.

6. Hanummure ypaBHEHHS peakldii, yYUThIBasA, YTO IMPHU PACTBOPEHUM 0/1a B PaCTBOpE

nienour o0pa3yrTcs conu omxoBoaopoaHoi HJ u fiomnoBatucroit HJO xucnor.

OnpIT 4. OKHCINTENBLHO-BOCCTAHOBUTEIbHAS ABOHCTBEHHOCTh 3JIEMEHTOB, BXOASIIUX
B CO€ITMHEHHUS B IPOMEKYTOYHOM CTeNeHN OKUCIeHUS

a) BzanmoneiicTBre MepoOKCUIa BOAOPOA C NIEPMAHTAHATOM KaJIusl

1. K 1-2 kamnsam pacTBopa nepmaHraHara Kajnus 100aBbTe 2-3 Kaluld pacTBOpa CEpHOM
KHCJIOTHI.

2. Jlo6aBbTe K mMONydYeHHOMY pacTBopy 2-3 kKammu 3%-HOro pacTBOpa HEpOKCHIA
BOZIOPOAA.

3. Kax n3menunace okpacka pactsopa? Kakoii ra3 Beiaenserca?

4. Hanumure ypaBHeHue peakunu. Kakue cBOWMCTBa MNPOSIBISET B HEH MNEPOKCHU
BOoZOpoaa?

0) BzanmoneiicTBre mepoKCcUIa BOAOPOAA C MOAUAOM KM

1. K 3-4 xammsam pactBopa Moauaa Kanus npuieite 3-4 kaminm pacTBopa CEpHOMN
KHCJIOTHI.

2. [IpuGaBpTe K MomyyeHHOMY pacTBopy 1-2 kammm 3%-HOro pacTBopa IEepoKCcHIa
BOZOPOZA.

3. Jlig Kakoro BellleCcTBAa XapaKTepHa IOSBUBILIAsCS OKpacka pactBopa? Ilonb3ysich
pacTBOpOM Kpaxmaia, JOKaXHTe, 4To Oypas OKpacka BbI3BaHa 00pa30BaHHEM CBOOOHOIO HoJa.

4. Hanumwure ypaBHenue peakumu. Kakue cBoiicTBa NpOSIBISIET B HEM NEPOKCH]
BOJI0pOIa?

OmnpiT 5. Oprannyeckue BelecTBa B Ka4eCTBe BOCCTAHOBHUTeJIel
a) BoccranoBJieHne OMXpoMaTa Kajaus

1. B nmpobupky nomecture 5-6 karneib pacTBopa OUxpomara HaTpHUsL.

2. Bnecute B Hee 2-3 Kamiu KOHIIEHTPUPOBAHHOW CEPHOM KUCIIOTHI.

3. Ho6asbte 4-5 kamnens sTrnoBoro cimpra C2HsOH.

4. OTMeThTe U3MEHEHHE 1[BETa PACTBOpA U IMOSBICHHUE CIEHU(DUUECKOTO «SIOJIOYHOTO»
3amaxa, npucyuero ykcycHomy ansaeruny CH3CHO.

5. Hamnummre ypaBHeHHE peakIuu, yYuThIBasi, oopasyercs coyib xpoma (I1I).

0) BoccraHOoB/1eHHe IEPMAHTAHATA KAJIUSA

1. Brecute B mpoOupKy mo 5-6 kameinb pacTBOPOB I1aBEJICBOM KUCIOTHI M 2 H. pacTBOpa
CEpPHOM KHUCJIOTBI.

2. Jo6aBbTe 2-3 Kariy nepMaHraHaTa Kajius U HaOIo1aiTe yepe3 HEKOTOpoe BpeMs 3a
o0eclBeYMBaHMEM TIepMaHraHaTa Kajlus.

3. CocrtaBpTe  ypaBHEHHME  pEaKIMH,  Y4YUThIBas,  4YTO  I€pMaHraHAT-UOH

BOCcTaHaBNuBaeTcs 10 nona mapranna (11). B peakuuu takke Boiaensercs okcup yriepoaa (IV), no
KOTOPOT'O OKUCJISIETCS IIIaBeJIeBasi KUCIIOTA.

JlaGoparopuas padora Ne7 «Koppo3usi MeTa1JI0B»

Heab: o3HaAKOMIIGHHWE C DJIEKTPOXUMHUYECKOW KOPPO3HEi; (akTopaMu, BIHSIOIMIMMU HA
KOPPO3HIO; METO/IaMH 3alIUThl OT KOPPO3UHU.

OnpiT 1. Binsinue aKTUBHOCTH KOHTAKTHPYIOLIET0 METAJJIa HA KOPPO3HI0

1. BospmuTe Tpum ckpenku s Oymar. B ogHy BCTaBbTE TOHEHBKHMHA KYCOYEK
METaJUIMYECKOT0 0JI0Ba, BO BTOPYIO — MEJIU, TPETHIO OCTABbTE B KAUECTBE KOHTPOJISL.



2. JloGaBbTe B TpH MPOOUPKH C BOJOM IO OJHOM Karlie pacTBOPa COSTHON KHCIIOTHI, IO
2-3 xarum pacTBopa kpacHou kpoBsiHOU conmn K3[Fe(CN)g] 1 omycTruTe B HUX CKPETIKH.

3. OTMeThTe MHTEHCHUBHOCTb OKPACKU BO BCEX TPEX MPOOHPKAX.

4. Cnaemnaiite BBIBOJBI O CKOPOCTH KOPPO3UH B KAXKJIOM CIy4ae U HAMMIIUTE KaTOIHBIE U
AQHOJ/IHBIC PEAKILIUH.

OnpIT 2. Biusinue cpeabl HA CKOPOCTh KOPPO3UU

1. BozbMmuTe Tpu npoOupku. B nepByto HasnelTe pacTBOp XJIOpHAa MarHusi, BO BTOPYIO —
pPacTBOpP COJISTHOM KHUCIIOTHI, B TPETHIO — TUCTHUTUPOBAHHYIO BOY.

2. OnHOBpPEMEHHO OMYCTUTE BO BCE IPOOHUPKH 110 OJJHOU CKpEIKe.

3. Ho6aBbTe uepe3 5-10 MUHYT B KaxAyr0 MPOOHMPKY MO 3 Karulkd pacTBOpa KpacHOU
KPOBSHOU COJIH.

4. OO0BsICHUTE HHTEHCUBHOCTH OKPACKH (BO BCEX JIM TPOOUPKAX?), HAMTUIITUTE YPaBHEHUS

IIPOTEKAIOIIUX PEAKIUH, CIeIIalTe BBIBO.
OnpIT 3. DJIeKTPOKOPPO3US MeTaJLIAa

1. Haneiite B U-00pa3Hyro TpyOKy pacTBOp XJIOpHIa HATPHSL.

2. Jlo6aBpTe B KaKJ0€ KOJEHO MO 2 Kaljld pacTBOpa KPacHOW KPOBSHOW COJH W
deHondranenna.

3. [Torpy3ute B pacTBOp KeJI€3HbIE AJIEKTPOIbI (CKPETKHU) U MOAKIIOUUTE K JIEKTPOJIaM
MTOCTOSIHHBINA TOK.

4. OO0BsicHUTE HAOTIOJICHUS U 3aMUIIATE aHOAHBIA U KaTOIHBIHN MPOIECCHI.

OnbIT 4. AHOAHBIE M KATOHBIE OKPBITHS

1. Haneiite B n1Be mpoOupku no 15-20 kamenb pacTBOpa CEpHON KUCIOTHI U J00ABHTE 1O
2 Karui pacTBOpa KpacHOM KpPOBSHOM COJH.

2. Onycrtute B 0JIHY IPOOUPKY MOJIOCKY OLIMHKOBAHHOTI'O JK€JI€3a, B IPYTYI0 — JIYKEHOTO,
MpeBAPUTENHLHO CIIEIaB Ha UX MOBEPXHOCTH IIYOOKHE [apAITMHBI HOKOM.

3. OtMetbTe Yepe3 5-10 MUHYT MOSBIICHHE CHHEW OKPAacCKH B MECTE IaparnuH (B KaKon
npooupke?).

4. OO0bsicHuTe HAOIIONCHUS U 3AMTUIITUTE aHOTHBIN W KATOJAHBIA MPOIECCHI JUTSl KaKI0H
rajbBaHONapBHI.

OnpIt 5. IIpoTekTopHas 3amurTa

I. JloGaBbTe B JBE MPOOMPKH C JUCTHJUTMPOBAHHOW BOJOW MO OJHOW Karule COJISTHON
KHUCJIOTBI U 1O JBE KaIlJIM PaCTBOPA KPACHOW KPOBSIHOM COJIH.

2. Onycrtute B 0JIHY TPOOUPKY CKPETIKY, B APYTYIO — CKPETIKY B KOHTAKTE C ATFOMUHUEM.

3. OTMeThTE MOSIBIICHUE HHTCHCUBHOM CHHEH OKpacKu (B Kakoil mpooupke?).

4. OObsicHuTe HAOMIOACHUA. 3alUININTE KAaTOAHBIA U aHOAHBINA mpouecchl. CaenmaiTe

BbIBOJI. Kakyto posib BBINOJHSIET aTFOMUHUN?
OnbIT 6. [IppMeHeHre HHTHOMTOPOB

I. Haneiite B n1Be mpobupku 1%-Hblii pacTBOp cepHON KUCIOTHI U 100aBbTE 1O 2-3 Kariu
pacTBopa KpaCHOU KPOBSIHOM COJIH.

2. PactBopute B oHOM nTpoOupke ypoTponwuH (1 mmarens).

3. Omnyctute B 006e npobupku o oxHoi ckpenke. Kakoit nadbmogaercs apdexr? Kakyro

POJIb BBIMOJHSET YPOTPOIUH?

Kpurepun oneHku:

MakcumanbHOE KOJIMYECTBO OajuloB 3a JIabOpaTOPHBIA TMPAKTHKYM, BKIIIOYAIOIIUH
nabopaTtopubie paboTer NeNe 1-7, — 30.

- 30 GayI0B BBICTABIIAETCS CTYACHTY, €CJIM OTUETHI BHIITOJHEHBI 0€3 3aMevaHui;

- 20-29 GamnoB BBICTABISETCS CTYACHTY, €CIM B OTYETaxX cojJepxkKarcs HeOOJbIIne
HEJI0YETHI;

- 3-19 GaynnoB BBICTABISAETCS CTYACHTY, €CIIM B OTYETAX COJEPXKATCS CYIIECTBECHHBIC
OIINOKH;



- 1-2 Gamna BBICTABISIETCS CTYAEHTY, €CIM OTYEThl HE O(OPMIIEHBI, HO pPaOOTHI
BBITTOJTHCHBI.

7.2.3. IlocemaeMocThn

Kpurepun oneHku:

MaxkcuManabHOE KOTUYECTBO OayioB 3a mocemieHue 3anatuii — 10. 3a mocemenue § 4acoB
ayIUTOPHBIA 3aHATHH — 1 Oay. 3a mpormyck 8 4acoB MO HEYBAXUTEIBHOW MPUYMHE — «MHUHYC |
Oamm.



7.3. OueHo4HbIe CpeACTBA JJIsl MPOMEKYTOYHOH ATTECTALMHM [0 MTOraM OCBOCHUS

JUCIUIITHHBI

7.3.1. Bonpochl K NPOMeKYTOYHOM aTTecTaAluU

Cemectp 1

Ne Bomnpocel Kk 3xk3aMeHy

n/n

1 OcHOBHbBIE MOHATUS XUMHUHU: MOJIEKYJa, aTOM, 3JIEMEHT, BEIIECTBO (IIPOCTOE, CIOXKHOE),
IMIIUPHYECKasi, Tpaduueckas, MOJIEKyJIsIpHas (GOpMyYJIbl BEIIECTBA, XUMHUUECKAs PEaKIys,
CTEXMOMETPUUYECKHII KOdPDUITUECHT

2 Knaccudukanus v HOMEHKIATypa HEOPraHMYECKUX COCIMHEHUI: OKCHIbI, KHUCIOTHI,
OCHOBaHMs, COJIU

3 Crexuomerpusi. 3aKOHOMEPHOCTH HW3MEHEHUS U CHOCOOBI OMpeAeNieHUs KOIMYeCTBa
BeniecTBa. OCHOBHBIE omNpeeneHus: (opMylibHAs €MHUIIA BEIIECTBA, MOJb, TOCTOSHHAS
ABorazpo, MoJspHas Macca, MOJSPHBIA 00BEM, MOJsIpHAs Macca XHMHUYECKOTO
SKBHUBAJICHTA, MOJISIPHBIN 00beM XMMHUECKOTr0 SKBUBAJICHTA.

4 KonuuecTBeHHBIE 3aKOHBI NPOTEKAHUS XUMHUYECKHX pEaKLUUH: COXpPAaHEHHsSI MaccChl
BEIIIECTB, MIOCTOSTHCTBA COCTAaBa, KPATHBIX OTHOIIECHUH, 00BEMHBIX OTHOIIICHHUH, ABOTaIpO
U ciencTBus u3 Hero, MenneneeBa-Knaneiipona, 00beJMHEHNH Ta30BbIi, TapUaTbHBIX
naBieHui JlanbToHa, 3aKOH YKBHBAJICHTOB

5 Teopun ctpoenus aroma. CoBpeMeHHass TEOPUSI CTPOCHUSI aTOMOB. ATOMHBIE OpOUTAIH.
KBanToBsie uncia. [I[puHIMIBEI ¥ TpaBUIIa 3aMIOJTHEHHS] aTOMHBIX OpOUTANICH

6 [Tepnonnueckwuii 3akoH. Ctpykrypa [leprogmdeckoii Tabauibl

7 Ileproav4HOCTE HM3MEHEHUs CBOWCTB 3JIEMEHTOB. PacmpoCTpaHEHHOCTbh XUMHUYECKHUX
3JIEMEHTOB

8 XuMHYecKasi CBSI3U: DHEPrus, JUIMHA, Yroyl cBA3M. Buubel xumuueckoi cBsizu. CBolicTBa
KOBAJICHTHOM CBS3U: HAIPaBICHHOCTb, HACBIIIAEMOCTb, MOJSAPHOCTb. VOHHas CBs3b:
NOJIIPU3YEMOCTh U MOJIApU3YyIollee AelcTBUe. MeTalandeckasl CBSI3b: 30HHas TEOPHS
KpucTajuioB. BogopoaHas cBsi3b

9 Metoxa BaJIeHTHBIX CBs3€H, ruOpuan3anus. MeToa MOJEKYISPHBIX OpOHUTaNel: MOpsI0K
CBS31, MArHUTHBIE CBOKCTBA MOJIEKYJ U HOHOB

10 Merop ['nmnecny: npoCTpaHCTBEHHOE CTPOCHUE MOJIEKYJI U HOHOB

11 MeXMOJIEKYIIpHBIE B3AUMOACHCTBUS

12 OcCHOBHBIE TIOHATHS U ONPEEIICHUS XUMUYECKONH TEPMOAMHAMUKH: TEPMOJIMHAMUYECKAs
cucrteMa (M30JIMPOBAaHHAs, OTKPBITas, 3aKphiTas), ¢aza, TOMOTCHHBIE M TETEPOTCHHBIC
CHCTEMBI, TTapaMeTpbl COCTOSHUS (IKCTEHCHBHBIC, NHTCHCUBHBIC), (DYHKIIMU COCTOSHHUS,
XUMUYECKHH  TEPMOJMHAMUYECKHH TIporecc (CaMOINpOM3BOJbHBIN, PaBHOBECHBIMH,
HEpaBHOBECHBIN), (pa30BbIN Epexo, BHYTPEHHsIs YHEPTUs, TEIUIOTa, paboTa

13 [lepBBlii 3aKOH TEPMOJMHAMUKHA M €r0 NPUIIOKEHUE K IIpoleccaM B HICAIBHOM rase:
H30XOPHOMY, U30TEPMHUUYECKOMY, U300apHOMY

14 [Monarue TemoBoro 3¢p@dexkra XUMHUYECKOW peakIMH: TeIIoBOi A(PQEeKT peakuuy,
TEPMOXMUMHYECKOE U TEPMOIUHAMUYECKOE YPABHEHHU S, CTAHAAPTHBIE TEPMOINHAMUYECKUE
YCJIOBHMSI, CTAH/IAPTHASL SHTAJIBIUS PEaKIINU

15 CraHmapTHBIE SHTAIBIINNA 00pa30BaHUs U CTOPaHUs BEIECTB

16 3akoH ['ecca u ciecTBUs U3 HETO

17 BTtopoii 3ak0H TepMOIMHAMUKU. DHTPOIHS KaK (YHKITUS COCTOSTHUSI CUCTEMBI

18 TpeTnii 3aK0OH TepMOAMHAMUKHU. AOGCOIIOTHbBIE 3HAYCHUSI CTAHJAPTHBIX SHTPOINUI BEIIECTB

19 Kpurepun HammpaBi€eHHOCTH CaMONPOM3BOJIBHOTIO IPOLIECCA B 3aKPBITOM cucTEME

20 Kunernka xumuueckux peakiiuii. OCHOBHBIE TOHSTHUS U ONPEICTICHUS




21 OCHOBHOM MOCTYJIAT XUMUYECKOW KUHETUKH

22 Biistnue Temneparypsl Ha CKOPOCTb XMMUYECKUX PEAKIUI

23 TeopeTnyeckne NpeACTaBICHUS O CKOPOCTAX AIEMEHTAPHBIX PEAKII

24 Oco0eHHOCTH KMHETHUKH TeTePOTeHHBIX peakiuil. Peakiuu Ha rpaHuiie paszaena TBEpIOe
TEJIO — ra3 ¥ TBEPJO€ TENO — KUAKOCTh

25 OcHoBbl KaTanmu3a. OCHOBHbIE NOHATHUS U ONpeAesieHus. MexaHu3Mbl NPOTEKaHUS
KaTaJIUTUYECKUX PEaKIil

26 Xumnueckoe paBHoBecue. OOpaTumble U HEOOpaTHUMblE XMMHUYECKHE peakuuu. Bunel u
0COOCHHOCTH XMMHUYECKOT0 paBHOBecHs. KonmmuecTBeHHbIE XapaKTePUCTHKN XUMUIECKOTO
paBHOBECHS

27 Brusinue pasnuyHbix (BakTOpoB Ha XHMHUYECKOe paBHoBecue. OCOOEHHOCTH OINMMCAHUS
paBHOBECHSI B T€TEPOTCHHBIX CUCTEMAaX

28 O6mue croiicTBa pacTBOpoB. OCHOBHBIC MMOHATHS M ONPEICICHUS

29 CriocoObI BeIpaKCHHST KOHIICHTPAIIMK PACTBOPOB

30 XHMMHUYECKUE PABHOBECHUS B PACTBOPAX: COJIbBATALIUS

31 TepmonrHaMHYeCKUE XapaKTEPUCTUKH TIpoliecca 00pa3oBaHUs PaCTBOPOB

32 KonnuraruBabie cBolicTBa pacTBOPOB

33 Bnusiaue pa3nnyHbIX (aKTOPOB Ha CBOIMCTBA PACTBOPOB IEKTPOIUTOB

34 Jucconmarus ciaabbIX 2JIEKTPOIUTOB

35 PacTBOpBI CHIIBHBIX 3JIEKTPOJIMTOB

36 HNoHHble paBHOBECHS B BOJHBIX PACTBOPaX 3JIEKTPOJIUTOB

37 I'mpponus coneil: 1o KaTMOHY, IO AaHUOHY, NOJAHBIA ruaponu3. CreneHp u
KOHCTaHTaruApoJm3a

38 [TpousBeeHne pacTBOPUMOCTH. Y CJIOBHE 00pa30BaHUs 0CaIKa

39 HamnpaBnenne 0OMEHHBIX TPOIIECCOB B PACTBOPAX AJICKTPOJIUTOB

40 OKHUCIMTEbHO-BOCCTAHOBUTENBHBIC peakiiu. MeTo 1 3JIEKTPOHHOTO OajlaHca

41 DJIEKTPOAHBIE MPOIECCHI: OCHOBHBIE ONPECICHHS

42 3akonbl Dapanes

43 [ToreHnumanel 3JIEKTPOXUMUYECKOW CUCTEMBI. JIBOMHOM AJEKTPUUECKUN CIION.

44 CraHgapTHBIA BOJOPOJHBIM AJEKTPOA. Psa CTaHZApPTHBIX 3JIEKTPOIHBIX MOTEHIIUAJIOB
MeTauioB. YpasHeHue HepHera

45 XHUMHUYECKUE U KOHIIEHTPAIIMOHHBIC TaIbBAHUYECKHE MIEMEHTHI. DieMeHT Jlanmais-SAxkoou

46 Onektponns. [loTeHman pa3nokeHus, Mocae0BaTeIbHOCTh MPOIIECCOB HA AIIEKTPOIax

47 Knaccudukanus Koppo3nOHHBIX Cpef, pa3pylieHui U npoueccoB. [lokazarenu ckopocTu
KOppO3HHU

48 XuUMHUUYECKasi KOPPO3Usi: BUIbl U Pa3HOBUIHOCTU

49 DJIEKTPOXMUMUYECKasi KOPPO3HS: TPUUMHBI 1 MEXAHU3M BO3HHUKHOBEHUS

50 3amura OT KOPPO3UHU: JIETUPOBAHUE METAJUIMUYECKUX MaTepHaloB; U3BMEHEHUE COCTaBa U
CBOMCTB KOPPO3UOHHOM CPEIbl; SJEKTPOXUMHUUECKas 3alliTa: BUIbl 1 MEXaHU3M JEHCTBUS;
3aIUTHBIC TTOKPBITUS: BUBI, METOIbl HAHECCHUS U 00JaCTH IPHUMEHCHHUS

7.3.2. Kpurepuu u HOPpMBbI OLIEHKH

®opma
NpoBeICHUs
CemecTtp . Kpurepun u HOpMbI OLIEHKH
NMPOMeKYTOYHO
arTecTaumu
1 3auer (1o Tekymuii pEeUTUHT COCTaBIISIET
«3a4TEHO»
HAKOIHUTEIbHOMY 55-100 GayoB
€UTUHT Texymuit peiTuHr cocraiset 0-
P y) «HE 3aYTCHO» P
54 GainoB




8. Y4eOHO-MeTOAMYEeCKOEe M HHPOPMALMOHHOE 00ecTiedeHue U CIUTIIUHbI

8.1. Oos3areabHasi quTeparypa

Tun (yueOHuK, yueOHOE

Ne nocooue, yaeoHoO-
ABTOpBI, COCTABUTEJIN 3arnaBue (3arojioBoK)
n/n MeTOoINYEeCKoe mocoomne,

NMPaKTHKYM, JIP.)

I'ox n3nanus

KoauuecTBO B
HAy4YHOH
ouodanorTexe /
HaumMmeHoBaHue
9BC

1 | H.C. AxmeroB OO0m1ast 1 HeopraHu4YecKast XUMUsl: Y4eOHHK / YueOHuK
H. C. AxmeroB. - 11-e u3g., crep. - CaHKT-
[etepOypr: Jlanp, 2020. - 744 c. - ISBN 978-

5-8114-4698-8.

2020

9BC «Jlaab»

OOmast xumusa. [DIEKTPOHHBIA pecypcl: VYuyebHoe mocobue
Teopuss M 3amadu: y4ueO. mocobme / H. B.
Koposun [u np.]; nox pea. H. B. Koposuna,
H. B. Kynemoga. - U3n. 2-e, crep. - CaHKT-
[etepbypr: Jlamp, 2017. - 492 c.: un. -
(YueOnukm s By3oB. CrenuanibHas

autepatypa). - ISBN 978-5-8114-1736-0.

2 H.B. KopoBuH [u ap.]; noxa
pen. H. B. Koposuna, H. B.
Kynemosa.

2017

9BC «Jla"by»

Heoprannueckas xumus. TeopeTuyeckue YueOHUK
OCHOBBI U JTa0OPAaTOPHBIA  MPaKTUKYM:
yaeOHuk / O. A. AnekcanmpoBa. - 3-€ u3I.,
crep. - Cankt-IlerepOypr: Jlans, 2020. - 396

c. - ISBN 978-5-8114-3473-2.

3 D.A. AnekcanapoBa

2020

9BC «JIa"b»




8.2. lomoJiHMTeILHAS JIMTEPATypa

KosunyecTtBo B
Tun (yueOHuK, ydueOHOE

HAy4YHOH
Ne nocooue, yaeoHoO-
ABTOpBI, COCTABUTEJIHN 3arnaBue (3arojioBoK) I'ox n3nanusa ounodaunorexe /
n/n MeTOoINYEeCKoe mocoome,
EpAKTHKYM, AD.) HaumMmeHoBaHue
p y b p' 3BC
1 | JI.Z. bop3oBa OcHOBBI  00mIEH XUMHH [ DJIEKTPOHHBIN VYuyebHoe mocobue 2014 OBbC «Jlanb»

pecypc]: yue6. mocooue / JI.JI. Bop3ona,
H.IO. Yepnukosa, B.B. fkymes. - CaHKT-
[TerepOypr: Jlawb, 2014. - 469 c.: w1 -
(YueOnuku s By3oB. CneunanbHas
muteparypa). - ISBN 978-5-8114-1608-0.

2 | H®. Crace Pemenne 3amau  mo  oOmedt  xumuu Y4eOHoe mocodue 2016 OBC «Jlanby»
[DnexTponHEbIi pecypc]: yued. mocobue / H.
®. Cracs, A. B. Kopurynos. - U31. 3-e, crep.
- Cankr-IletepOypr: Jlanp, 2016. - 168 c.: ui.
- (YueOnuku mans By3oB. CnenmanbHas
muteparypa). - ISBN 978-5-8114-2274-6.

3 | KIO. Tapxos O0mass ©u  HEOpraHWYecKas  XUMHUS. Y4eOHoe mocodue 2019 OBC «Jlanby»
OKHUCIUTEEHO-BOCCTAHOBUTEIIEHBIC
peakuMM W XUMHYECKOe paBHOBECHE.
COopHUK 3aJaHUld ¥ BAapUAHTOB: ydeOHOE
nocobue / K. HO. TapxoB. - CaHKT-
[TerepOypr: Jlans, 2019. - 80 c. - ISBN 978-
5-8114-3302-5.

4 | H.H. IlaBnos OO6mias 1 HeopraHuYecKasi XUMHUs: Y9eOHHK / YueOHUK 2011 OBC «Jlanby»
H. H. IlaBnoB. - 3-e wu3Ag., ucop., AOM. -
Cankrt-Ilerepoypr : Jlans, 2011. - 496 c. -
ISBN 978-5-8114-1196-2.




8.3. Ilepeyenb mpogeccHOHAIBHBIX 0a3 JaHHBIX U HH(POPMAIMOHHBIX CIIPABOYHBIX
cucTeM

- byTtnepoBckue coolrieHus [DIeKTPOHHBIN pecypc| : MHOTOMPEAMET. Hayd. KYpH. /
00O «/HHOBaMOHHO-N3MaTeNbCKUN JOM «byTiepoBckoe Hacieaue». — DJIEKTPOH. JKypHal. —
Kazanp : OOO «/HHOBanMOHHO-U3AATENbCKUN q0M «byTiepoBckoe Hacieaue», 1999- . Pexum
JOCTyTA K KYpH.: http://butlerov.com/stat/reports/view.asp?lang=ru

- XUMHUS B MHTEpPECAX YCTOMYMBOIO Pa3BUTHUA [DJNEKTPOHHBIA pecypc| : MexIyHap.
Hayd. xxypH. / Cubupckoe otaenenue PAH. — Dnextpon. xxypHai. — HoBocubupcek : M3gaTenbcTBO
CO PAH, 1999- . Pexxum nocryna K xypH. http://www.sibran.ru/journals/Hviur/

8.4. IlepeyeHb MPOrpaMMHOro odecneYeHust

Ne Hanmenosamie IO PexBU3HUTHI norms?pa
n/n (nara, HOMep, CPOK AeMCTBUA)
1 | Windows: noroop Ne 757 ot 04.07.2018, cpoxk
WinPro 10 RUS Upgrd OLP NL Acdmc NENCTBUSI — OECCPOUHO;

KOHTpakT Ne 1653 ot 14.12.2018, cpoxk
NENHCTBUSI — OECCPOUHO

2 | Office Standard: noroBop Ne 690 ot 19.05.2015, cpok
Office Stdandard 2013 Russian OLP NL | meiictBust — 6eccpouno
AcademicEdition

8.5. Onmcanue MaTepHaJIbHO-TEXHMYECKOM 0a3bl, HEOOXOAUMOI1 1JIs1 OCYLIECTBJICHUSI
o0pa3oBaTeIbHOIO Mpolecca 1o JMCHUIINHE

HaumeHoBaHue 000PYyI0BAHHBIX Y4EOHBIX

Ka0MHeTOB, 1a0opaTopuii, MACTEPCKUX U

Ne JP. 00beKTOB J1JIfl IPOBeIeHMSI

N/ | NPaKTHYeCKUX U JA00PaTOPHBIX 3aHATHIA,
NoOMeIeHUuH JJISI CAMOCTOSATEILHOM

padoThl 00y4yaromuxcs (HoMep ayAuTOPHH)

IlepeyeHb OCHOBHOI0O 000OPY10BAHUSA

1 JlexuroHHast ayUTOpHUS. CTonpl y4YyeHUYECKHE TPEXMECTHbIE |
A-125 JIBYXMECTHBIE MOHOOJIOKH, CTOJI
[IPENOAABaTENbCKHM, CTYII

npenojaBaTeNbCKuif, Kadenpa, gocka
MEJIOBasi. 3KpaH HaBECHOM, MPOEKTOp,
MIPOLIECCOP. MBIIIb KOMIL., TYJIbT.

2 JlaGopatopus oOmeld u Heopranuyeckor | Cton nmabopaTopHBIH, CTOJ NMPHOOPHBIH,
XHUMUH. BBITSDKHOUM miKad, mKad uisi peakKTHBOB,
A-310 mKad I MOCyabl, MapTa yueHUYecKas,

CTOJI MHCHbMEHHBIH, TyMOBI, MOWKH,
TaOypeThl, I0CKa MEJIOBAasl.

3 KomnbroTepHslil kiiacc. Croubl YYEHUYECKUE, CTON
VIJIK-812 [IPENOAABATEIbCKUN, CTYJIb
yUEHHUECKHe, JI0CKa ayJUTOpHas
(mapkepnas), IIK ¢ BbIxogoM B ceTh
HNuTepner
4 AyIuTOopHs Ui CAMOCTOSTEIbHONW PaOOTHI. Croubl, CTybs, KOMIIBIOTEPHI.

I'-401



http://butlerov.com/stat/reports/view.asp?lang=ru
http://www.sibran.ru/journals/Hviur/
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