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ABSTRACT
Specialist’s degree in 08.05.01 construction of unique buildings and structures
Study profile construction of unique buildings and structures
Course title: chemistry

Basic part of Block, 4 credits (includes 4 credit units: 36 hours [J lectures, 18 hours []
laboratory work, 18 hours of practical lessons and 72 hours(] independent work of students).

Instructor: Schegolikhina N.A.

At the beginning of the course, a student should be able to:

The discipline of chemistry designed for students of a direction may "construction of unique
buildings and structures” draws on the knowledge and skills learned while studying chemistry course
of high school, as well as certain sections of high school physics course.

Learning outcomes: The ability to use the basic laws of natural science disciplines in their
professional activities, the use of methods of mathematical analysis and mathematical modeling
(computed), theoretical and experimental research. (GPC-6, GPC-7)

Course description: Basic knowledge acquired by students when studying this discipline
lies in the in-depth examination of the theory about the structure of the atom, chemical bonding,
chemical thermodynamics, chemical kinetics and equilibrium behaviour of molecular solutions, ionic
equilibria, redox processes, including corrosion, as well as information about the constructional
materials
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Form of final knowledge control: exam.
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AHHOTAIUA K padoyeil mporpaMmMe JUCUMILIIHHBI
«XUMHUD)

JucruniauHa paspaboTaHa g CTYIEHTOB, oOydwaromuxcsi mo crnenuanbHoctr 08.05.01
CTpouTenbCTBO  YHHMKANbHBIX  3JaHUA U coopykeHuUH crnenuanuzanus  «CTpPOUTENIbCTBO
TUAPOTEXHUYECKUX COOPY>KEHUH MOBBIIIEHHOW OTBETCTBEHHOCTU», BXOIUT B 0a30BYyI0 uacTth bioka 1
Jucuutumael (Moaynu) yae6Horo miana (uaaekc b1.5.14).

OO6mast TpyI0€MKOCTh OCBOCHHUS AUCIUIUIMHBI cOCTaBisAeT 4 3auérHbie equHunbl (144 gaca).
Y4eOHBIM TUTAHOM MPEAYCMOTPEHBI: JIEeKIHOHHBIE 3aHsATHsS (36 dYacoB), 1abopaToOpHBIC 3aHATHS
(18 yvacoB), npakTudeckue 3ansaTus (18 yacoB) u camocTosiTeNnbHas padoTa cryaeHTa (72 yaca, B TOM
yucie 27 4acoB Ha MOJATOTOBKY K 3K3aMeHYy). B cocTaBe QUCHUILIMHBI IPEIYCMOTPEHO BBITTOJHEHUE
CTyJIEHTaMH KOHTpOJIbHOW paboThl. ucnumniaumua peanusyercs Ha 1 kypce B 1 cemectpe. Popma
KOHTPOJIA 10 AUCIUIUIMHE — SK3aMEH.

Jucuuninuza «XuMus» u3ydaercs Ha 0aze Kypca XMMHUU CpeHEN IKObl. B ¢BsI3u ¢ aTUM ais
OCBOCHMS Kypca CTYJEHT JAOJKEH 3HATh:

1.CUMBOJMKY XMMHUYECKUX 3JIEMEHTOB U YCTPONUCTBO NEPHUOINYECKON CUCTEMBI SJIEMEHTOB.

2.OCHOBHBIE I0JIO)KEHUS AaTOMHO-MOJIEKYJIIPHONU TEOPHUHU.

3. CTpoeHure aTOMOB 3JIEMEHTOB TMIEPBBIX TPEX MEPUOJIOB.

4. OCHOBHBIE TUITBI XUMHUYECKHUX CBSI3EH.

5. OCHOBHBIE XUMUYECKUE TTOHSATUS U 3aKOHBI.

6. Kimaccudukanuo XuMUYeCKUX COCTMHEHUN U X OOIIUX CBOMCTB.

7. OCHOBHBIE TUITBI XUMHUYECKUX PEAKIIHA.

8. IlpocTeiiiine CTeXMOMETPUUECKHE PACUEThI 10 YPAaBHEHUSIM PEaKIIUi.

B cBoro ouepenps oHa sBisieTcss «QyHIAMEHTOMY ISl M3YUYCHUS TUCHUILTAHBI «CTPOUTEIbHBIE
MaTepHaib», «XUMHUS B CTPOUTEITBCTBE» U IPYTHUX.

Heab AUCHUNJIMHBI -yCBOUTH OCHOBBI COBPEMEHHON XHMMHH, MOHSATH CTPOCHHE aTOMOB U
MOJIEKYJI Ha 3JIEKTPOHHOM YPOBHE, a TaK)K€ MPUHIIMIIBI 00pa30BaHUSI XUMHUYECKUX CBSI3€H M 3aKOHHBI,
YIOPABJISIIONINE MPOTEKAHUEM XUMHUYECKHUX IPOIECCOB, HAYYUTHCS MPUMEHSTh BCE ATH 3aKOHBI MPHU
00CYX/ICHUU CBONCTB KOHKPETHBIX XUMHUYECKUX COCTUHECHHI.

3agaun AUCHUNJIHHBI:

- O3HAKOMJICHUE CTYJIEHTOB C OCHOBHBIMU MOHSATHUAMH B 00JaCTH KBAHTOBOW MEXaHUKH aTOMOB
Y MOJIEKYJI, XUHMHUYECKON TEPMOAMHAMUKHI U KHHETUKH;

- popMHUpOBaHKE CHCTEMHOTO B3IJIs/1a HA MUKPO- M MAaKpPOYPOBHHU OpTraHU3AIMH BEIIECTRA,
JIBIDKEHHUE KOTOPBIX TTOYMHEHBI (yH/IaMEHTAJIbHBIM 3aKOHAM;

- pa3BUTHE YMEHUI IPUMEHSITh TEOPETUUECKHUE 3HAHUS B 00JIACTH XUMUHU B IPAKTHUECKOU
(mpodeccroHanbHOMN) 1EATENBHOCTH 00y4aeMoro;

- pa3BUTHE HABBIKOB CAMOCTOATEIHHON PabOThl C HAYYHO-TEXHUYECKOU JTUTEpaTypoii B
MIPOIIECCE CAMOCTOSITEIFHOTO OOYICHHS.

[Tranupyembie pe3ynbTaThl OOyYEHHUs MO JaHHOW TUCHMILIMHE (3HAHUSA, YMEHUS, BIAJCHHS),
COOTHECEHHBIE C IUIAHUPYEMBIMH pE3yJbTaTaMH OCBOCHHUS 00pa30BaTeIbHON IMPOTPAMMBI,
XapaKTEePU3YIOT ATanbl POPMUPOBAHUS CIEAYIOMUX 00MENPOPECCHOHATBHBIX KOMIETEHITUH:



Kox u ¢popmysinpoBka KoMneTeHIHU Jranbl GOPMUPOBAHUS KOMIIETECHIIUU

OIIK-6 3HAET OCHOBBI XMMHUHU U XUMHUYECKHUE MTPOIIECCHI
HCIIOJIb30BAHUEM OCHOBHBIX 3aKOHOB COBPEMEHHOM TEXHOJOTUU IPOU3BOJICTBA
€CTECTBEHHOHAYYHBIX JUCLMIUIUH B CTPOUTEIBHBIX MAaTEPUAIOB U KOHCTPYKUUI
PO eCcCHOHANBHOMN IeATETbHOCTH, yMeeT NPUMEHATE, IOJY4YEHHbIE 3HAHHS 110 XUMUH [IPU
MNPUMCHCHUEM MCTOJ0B MAaTCMATUYICCKOT'O W3YYCHHUU JPYTUX TUCLUIUINH

aHaJIM3a U MaTeMaTUIeCKOTO
(KOMITEIOTEPHOTO) MOJCITHPOBAHUS,
TEOPETUIECKOTO U IKCIIEPUMEHTATBHOTO

BJIAJICET | COBPEMEHHOM Hay4yHOM ammapaTypoil

HCCIEI0BaHuUsA
OIIK-7 3HAET OCHOBHBIC 3aKOHBI M TIOHSITHS

CII0OCOOHOCTBIO BBISIBUTH €CTECTBCHHOHAYYHBIX JUCIUIUIMH 001a1aeT
€CTECTBEHHOHAYYHYIO CYIIIHOCTh HaBBIKAMH OITMCAHUS OCHOBHBIX

po0JeM, BO3HUKAIOIIHNX B X0 €CTEeCTBeHHOHAYYHBIX SBJICHH, 3aKOHOMEPHOCTEH
npo(ecCuOoHaTbHOMN JCATEIBHOCTH, MPOTEKAHUS €CTECTBEHHOHAYYHBIX MPOIECCCOB.

MIPpUBJICYDb UX JJIA PCIICHUSA
COOTBETCTBYIOIIHH (DPU3HKO-
MAaTEeMaTUYECKUN anmapar

yMeer BBISIBJISITh €CTECTBEHHOHAYYHYIO CYIIIHOCTh
po0seM, BOSHUKAIOIINX B X0O/1€
Mpo(heCCHOHAIBHOMN IeATEIbHOCTH, IIPUBJICYb UX
JUTS PELIEHUS] COOTBETCTBYIOLINH (PU3UKO-
MaTeMaTUYECKUI ammapar.

BJIAJCET | BJIAJEET METOJAMHU PELICHUSI KOHKPETHBIX
MPAKTUYECKUX U PACUETHBIX 3a7a4 Ha OCHOBE
HpI/IMeHeHI/IH TeOpCTI/I‘-ICCKI/IX eCT€CTB6HHOHaquBIX
3HAaHUM

HJ’IH (1)OpMI/Ip0BaHI/I5I BBIIIICYKA3aHHBIX KOMHCT@HHI/Iﬁ B paMKax JUCHUIIJIMHBI IIPUMCHAIOTCA
CJICAYIOMUC METOABI AKTUBHOT'O / HHTCPAKTUBHOI'O o6yquI/151: J'IeKI_[I/I}I'6eCeI[a, AUCKYCCHs.



I. CTPYKTYPA U COJAEP)KAHUE TEOPETUYECKOMN YACTHU KYPCA

Pa3znen 1. CTpoeHue BenecTBa, ypoOBHH €ro opranusanu (8 gac).

Tema 1. AToMHO-MOJIeKYJISIPHOe yYeHue (2 yac).

ATOMHO-MOJIEKYIsIpHOE yueHue. OCHOBHBIE MOHATHS U 3aKOHBI XUMHUH. MOJIb KaK KOJIMYECTBO
BEILECTBA. 3aKOHbI CTEXUOMETPHH.

Tema 2. Ctpoenue atoma. Ilepuoanyeckunii 3aK0H 1 MePUOANYECKASI CHCTEMA 3JIeMEHTOB
JO.A. MenaeneeBa. O0masi XxapakTepucTHKA 3JIEMEHTOB S-, P-, d-, f- 2JIeKTPOHHBIX cemeiicTB
(2 yac). ¢ MCNOJIL30BAHHEM METO/Ia AKTUBHOI0 00y4eHHs - JIeKIus — 6eceaa (2 yaca).

KBaHTOBO-MEXaHUUECKasi MOJENb CTPOEHHUs aroma. KBaHTOBBIE YHMCIA, WX B3aUMOCBS3b.
DONeKTpOoHHbIE O0OJIOYKM MHOTORJIEKTPOHHBIX aTOMOB. DNeKTpoOTpUIATEeNbHOCT.  O0Mmas
XapaKTEPUCTHKA 3JIEMEHTOB YETHIPEX AJIEKTPOHHBIX CEMEICTB MEPUOINYECKON CUCTEMBI.

Tema 3. MosekyasipHblii ypoBeHb 00pa3oBaHMs BellecTBa XHMHYECKasi CBf3b, eé
Pa3HOBU/IHOCTH, CTPOEHHE MOJIEKYJI (2 yac).

XuMuueckasi CBsizb, €€ MPUPOIA U OCHOBHBIC XapaKTEPUCTHKU. THUITBI XUMHUYECKUX CBS3EH U
cBorictBa coenuHeHui. KomanenTtHass cBsizb: metonsl BC um MO. HMoHHas cBsi3b U HOHHAs
KpUCTAJZIMYECKasl pelieTka. Merauinyeckas CBsI3b Kak JIelOKaJu30BaHHas, €€ cBolicTBa. 3OHHad
TEOpHsl KPUCTALTUICCKHUX TeJI. BIMsHUE THIIA XUMUYECKON CBSI3U Ha (PU3UKO-MEXaHHYECKHUE CBOMCTBA
KPUCTAJIIMYECKHX TeJl.

Tema 4. HaamogekyJasipHblii ypoBeHb oOpa3oBaHusi BemecTBa. KoMmiekcHble
coeJUHEeHHUs1, PUPOIAa XMMHYECKOIi CBSA3M, CTPOEHHE U CBOicTBA (2 yac).

Cunbr Ban-Jlep-Baanbca u mexmonekymnsipHoe B3aumojielictBue. KomriuiekcooOpa3zoBaHue,
MpUPOJa XUMUYECKON cBsi3u o meTony BC, Bunbl kinaccudukaium, moBeAeHNUE B BOJHBIX PaCTBOPAX,
YCTOMYMBOCTh KOMIUIEKCHBIX MOHOB. PEaKIInKM KOMITJIEKCHBIX COCTMHEHUH.

Paznen 2. Xumnueckass TepMOAMHAMHMKA, JHepreruka mpouecca (8 uac). Tema 1.
XumMHYecKasi TepMOAMHAMHUKA, JHepreTuka mpomecca (2 yac.), ¢ MCHOJIb30BaHHEM MeTO/Aa
AKTHBHOI'0 00y4eHHM - JIeKIUs ¢ pa300poOM KOHKPETHBIX CUTyauumii, (2 yaca).

Tema 1. TepMoguHaMHuuyecKkue cuCTeMbl, UX KJIaccupukanus (1 yac).

OcCHOBHBIE TOHATHUS W 3aKOHBl XWMHUYECKOW TepMoauHaMuku. I[lapameTrpsl cucTteMbl U
TepMoauHamuueckue GpyHkuuu. IlepBoe Hayano TepMOIMHAMUKH U €0 CIIEACTBUSL.

Tema 2. TepmoxumMuyeckne 3aK0OHbI, TepMOXUMHYecKHe pacueTsl (1 yac).

Tepmoxumus kak pazzen TepMoanHaMuku. OCHOBHbBIE TEPMOXMMHYECKHE 3aKoHBI: ['ecca u
JlomonocoBa-JIaByaspe-Jlamnaca, HCIIONB30BaHNE B PELICHUU 33]1a4.

Tema 3. TepmoanHamMu4eckuii MeETOJ ONMCAHMA XMMHMYECKHX peakuuil. Bo3MoKHOCTH
MPOTEKAHUS U HANIPABJIEHHOCTH Ipouecca (2 yac).

TepMoAMHAMUYECKUI METO/ ONMMCAHUS XMMUYECKUX MPOLIECCOB. DHTPOIUA Kak Mepa Xxaoca 1
TpeTbe Hayajlo TepMOAUHAMHUKU. OHeprus [ubbca u BTOpoe Hayalo TEPMOAMHAMHKHU; €r0
WCITOJIH30BAaHNE MTPUMEHUTEIHFHO K XUMHUYECKUM CUCTEMAM.

Tema 4. Kuneruka npouecca u (pakropbl, peryjupywinue CKOpocTh peakumid (2 yac).
Tema 1. O61me cBoiicTBa pacTBOpoB (2 yac.), ¢ HCNOJb30BAHHEM METO/1a AKTUBHOT0 00y4YeHUs -
Jekuusa — O0eceaa (2 yaca).

Kunetnka u MexaHWU3Mbl XUMUYECKHX peaknuii. [loHSATHE 0 CKOpOCTH W MeXaHH3Max
XUMUYECKUX peakIUi. 3aKOH ACHCTBYIOIIMX MACC, KHHETUYECKOE YPAaBHEHHE U KOHCTAHTA CKOPOCTH
peakuuu.



TemneparypHass 3aBHCHMOCTh CKopocTH peakiuu. IIpaBuno Bant-I'opda u ypaBHeHue
Appennyca. OHeprusi aktuBanuu. llensble peaknuu. Peakumu B pactBopax. ['omoreHHeie u
rerTeporeHHble peakiuu. OCHOBBI TEOpUU KaTain3a. DPOTOXMMUYECKHE MPOLECCHI.

Tema 5. Xumnueckoe paBHoBecue (2 yac).

OOpatumble U HeoOpaTHMble peakUud. XHUMHUYECKOE paBHOBECHE, KHWHETHYECKHH U
TepMoAMHaAMU4ecKkuil noaxoasl. KoHcTanTa XuMHueckoro paBHoBecHs. (CMeElIeHHME XHUMHUYECKOTO
paBHoBecus. Ilpunmun Jle-Illarense — bpayna. ®a3oBoe paBHOBecue, TepMOAMHAMHUKA (Ha30BBIX
nepexo10B U npasmio ¢a3z ['mdoca.

Paznen 3. ’Kuakue cucreMbl — pacTBopsl (8 yac).

Tema 1. O0uue cBOMCTBA MOJIEKYJISIPHBIX PACTBOPOB (2 4ac).

XKunkue cucremsl. PactBopeHue, paCTBOPUMOCTD U CIIOCOOBI BBIPAYKEHHSI COCTaBa PaCTBOPOB.
OOmue CcBOWCTBAa pPAacTBOPOB HEDJEKTPOJUTOB. 3akoHbl Payns u Banrt-I'odda. Ocobennoctu
XUMUYECKHUX PEaKIUN B )KUJKUX CUCTEMAX.

Tema 2. KoindecTBeHHbIE XapaKTEPUCTHKH PACTBOPOB 3JIEKTPOJIUTOB (2 yac).

OOmue cBoiicTBa pacTBOPOB AJIEKTPOJIUTOB. Teopusi 3JIEKTPOIUTHUECKON AMCCOLUALNH.
CunpHple U cnalble 3IEKTPONUTHL. PacTBOpBI CHIIBHBIX 3JEKTPOJIMTOB M MX TEPMOAMHAMUYECKHE
XapakTepucTHKH. KoyMraTuBHBIE CBOWCTBA PACTBOPOB AIIEKTPOIHUTOB. CraOble AIIEKTPOJIHTHI,
CTENEHb U KOHCTaHTa JUCCOLUAIMY CJIA0BIX 3JIEKTPOIUTOB. [ naparanus HOHOB B pacTBOPE.

Tema 3. UoHHbIE pacTBOpPBI H HOHHBbIE paBHOBecHs. (2 4ac).

Kucnorel u ocHoBanusi. Teopust KUCIOT U OCHOBaHUU AppeHuyca. OHHOE mNpousBeaeHHe
BOJbl. Bomoponuenii mokaszarens. VHAMKAaTOphl W aHamuTHYeCKWid curHain. OOMEHHBIE pEaKknuud B
pacTBopax. lloHHbIe paBHOBECHS B pacTBOpax: peakluy HEUTpalu3aluy U THIPOJIu3a, IPOU3BEACHHE
pactBopuMocTU. KonuecTBEeHHbIE pacyeThl.

Tema 4. KojutonaHoe cocTosiHue BemecTBa (2 yac).

Konnounnoe cocrosinue BemectBa. [IoBepXHOCTHBIE ABJIEHUS U ancopOIus Ha Mex(a3HbIX
rpaHunax. JIBOMHOW SIEKTPUYECKUN CJOHM, BJIEKTPOKMHETHUYECKHE M OINTUYECKUE SBJICHUA B
KOJUIOMJIHBIX cucTteMax. KuHernueckas M arperaTMBHAas YCTOMYMBOCTb KOJUIOMIHBIX CHCTEM.
Koarynsiuus u e€ 3akoHomepHocTH. CeJTMMEHTAllMOHHOE PaBHOBECHE.

Paznen 4. OkucjanTe1bHO-BOCCTAHOBHUTEIbHBIE NMPolecchl (6 yac).

Tema 1. Kinaccupukanusi OKMCJIMTETbHO-BOCCTAHOBUTEIbHBIX MPOLIECCOB (2 Yac).

OxucauTenn W BOCCTAHOBUTENM. THUIBI OKHUCIUTEIbHO-BOCCTAHOBHUTEIBHBIX PEAKIUN U
METOJIbl COCTaBJICHUS ypaBHEHMH. CTaHJapTHbBIE OKHMCIUTEIbHO-BOCCTAHOBUTENIbHBIE MOTEHIUAIIBI.
Bo3MoXHOCTB MpoIiecca 1 ero HarpaBJeHHe

Tema 2. 3JjekTpoxuMH4YeCKHEe IMPOLECCHI, MPOTEKAKIIME CAMONPOM3BOJIBHO U
NPUHYIUTEIbHO, KOppo3us MeTauioB (6 yac).

DnexTpoxuMuueckue mpouecchl. [loTeHnuanbl METaAIMYEeCKHMX W Ta30BbIX 3JEKTPOIOB.
XYUMHYECKHE HWCTOYHUKHU TOKa. ['ajJbBaHUYECKHE 3JIEMEHTHI. JJIEKTPOJIU3 PacIIaBOB U PaCTBOPOB.
KonuyecTBeHHbIE 3aKOHBI  JNEKTPOXMMHH. [IpumeHeHme dieKTponu3a. IJIEKTPOXHMHUYECKHE
HYHEPrOyCTAHOBKH.

Kopposuss meramnoB. OmnpeneneHue U KiaccuPukanus KOPPO3WOHHBIX MPOIECCOB. Buab
KOPPO3HOHHBIX pa3pyllieHUud. XUMHUYECKas KOpPpO3UsA. ODIEKTPOXMMHMYECKAs KOPPO3Hs. 3aimra
METAJIJIOB OT KOPPO3HH.

Paznen 5. KoHcTpyKunoHHbIe MaTepuaibl (2 yac).

Tema 1. KoHCTpYKIIMOHHBIE METAJIMYECKHE H OPraHMYecKue MaTe puaibl (2 yac).



Baxueimue KOHCTPYKIHMOHHBIC MaTepHajbl: MCTAJJIbI, CIIJIaBbl, KOMIIO3BUTHBIC MaTCpHAJIbI,
BBICOKOMOJICKYJIAPHBIC COCAUHCHU, I1JIaCTMACCHI.

1. CTPYKTYPA U COAEPKAHUE MPAKTUYECKOM YACTH

HpakTnyeckue 3ausitus (18 gac.)
3ansiTue 1. OCHOBBI aTOMHO-MOJIEKYJISIPHOTO y4eHus. (2 4ac.)

1. OCHOBHBIC TTIOHATHS U 3aKOHBI XMMHH B CBETE ATOMHO-MOJICKYJIAPHOI'O YUYCHMU. 3aKoH
OKBHBAJICHTOB.
2. OCHOBHBIC KJIACCHI XUMHYCCKUX COGI[I/IHCHI/Iﬁ N TCHCTUYCCKAsA CBA3b MCIKAY HUMMU.

3ansrtue 2. CTpoeHue aTomMa u nepuoanyeckuii 3axkon JI.U. MenjaeneeBa (2 uac.)

1. KBaHTOBO-MeXaHHWYECKHE TPEACTaBICHUS O CTpoeHuu aroma Ilonarue opOuTaIM.
KBanToBbIe uucna: riaBHoe, OpOUTAIBLHOE, MarHUTHOE M CIIMHOBOE. PacnpezneneHue 37€KTpOHOB B
MHOT'03JIEKTPOHHBIX aTOMax (MPUHUMI MUHUMYMa sHepruu, npuHuun Ilaynu, npasuna KneukoBckoro
, mpaBwiio ['yHpaa).

2. OcHOoBHOE W BO30Y)XACHHOE COCTOSIHHS aTOMOB. [lOHATHE BaJICHTHOCTH W CTENCHH
OKHCJIEHHUS AJIEMEHTA.

3.  Ilepmommveckue 3aKOHOMEPHOCTH B CTPYKType aTOMOB M W3MEHEHHH CBOWCTB aTOMOB.
Ilepnonnueckuil 3akoH u nepuoanueckas cucrema /.M. MeneneeBa B CBeTe TEOPUHU CTPOEHUS aTOMa.

3ansTue 3. XumMu4ieckasi cBsi3b (2 yac.)

1. [TonsiTue XUMHYECKOM CBsi3U, €€ BUJIBl: KOBAJEHTHas, WOHHAs, MeTalJIM4ecKas,
BOJIOpOJHAsl. XapaKTEPUCTUKH PA3IMYHbIX BUJOB CBSI3U.

2. KomniekcHbie coequHenus. Bunbl MexmonekymnsipHbIX B3aumozeicteuil. Cunbl Ban-
Hep-Baanbca.

3ansatue 4. DJjeMeHTbI XUMHYECKOH TepMoguHamMuku (2 4ac.) 3ansatue 2.
3aKOHOMEpPHOCTH NPOTEKAHUSI NMPOLECCOB. 2 4Yac.), ¢ HCHOJb30BAHHEM MeTO0Ja AKTHBHOIO
00y4yeHHsl — TPYNNIOBasi JUCKYyccHA (2 yaca).

1. [IpenMeT n3ydeHHs] XUMHUYECKOM TepMoAuHaMHUKU. OCHOBHBIE TEPMOJIMHAMUYECKHE
(GYHKIIMHM COCTOSIHUS CUCTEMBI: 0003HaYeHHe, (PU3MUECKUN CMBICT, CITIOCOOBI pacuera.

2. [lepBoe Havamo TepMOAMHAMUKU: (HOPMYIUPOBKH, MATEMATUYECKUE BBbIPAKEHMUS,
INPUMEHEHUE K Pa3IMYHbIM CUCTEMAM.

3. TepMoxuMHuueckue 3aKOHBI M TEPMOXHMMHYECKHE pacyeTbl: 3akoHbl ['ecca u
JlomonocoBa-JlaBya3ne-Jlamnaca.

4. Bropoe Hawano TepMoauHAMHUKU: (OPMYIUPOBKH, MaTeMAaTUYECKUE BbIPAKEHUS,
UCIIOJIb30BaHUWE B peleHuu 3ajnad. Kputepuum caMONpOM3BOJIBHOIO MPOTEKAaHUS IPOLECCOB B
pa3IMYHbIX CUCTEMAX.

3anstue 5. XumMH4eckasi KHHETHKA U paBHOBecHe (2 yac.)

1. Cpennss U MrHOBEHHass CKOPOCTHM XHUMHUYeCKOW peakiuu. PakTopbl, BIUSIOLUIME Ha
CKOPOCTh TOMOT€HHBIX U T€TEPOT€HHBIX XUMUYECKUX PEaKIUil.

2.  XuMHYecKoe paBHOBecHe. TepMOJWHAMHYECKOEC W KMHETUYECKOE YCIOBHUS PABHOBECHS.
CniocoObI BbIpayKeHUSI KOHCTAHT XMMHYECKOTO PABHOBECHSI.

3. @akTopbl, BIAMSIONIME HA CIABUT XHMHYecKoro paHoBecws. [lpwaium Jle-Illatemse —
Bbpayna u npaswiio ¢a3 ['n66ca.

3aunsrtue 6. CBoiicTBa pacTBopoB (2 yac.)

1. Knaccuduxkanus pactBopoB. CriocoObI BRIpaXKEHHUSI COCTaBa paCTBOPOB.
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2. KonuraTtuBHble CBOWCTBA paCTBOPOB HEAJIEKTPOIUTOB U 3JIEKTPOIUTOB.

3. MoHHBIE peakiuu U MOHHBIE PABHOBECHS.

4. JlucuepcHble M KOJUIOMJHBIE CHCTEMBbl, HX KadeCTBEHHbIE U KOJUYECTBEHHBIC
XapaKTEPUCTHUKH.

3ansitue 7. CoBMelleHHble PAaBHOBeCHSI PAa3HbIX THIOB B BOJHBIX PacTBOpPax
3JIEKTPOJUTOB (2 yac.) 3ansaTue3. PapHoBecusi B pacTBOpax 3JeKTPOJIUTOB (2 yac.)

MAO - rpynnoBasi iuckyccus (2 yaca).

I'pynnoBoii pa30op pacueTHbIX XUMUYECKHX 3a/1ay.

1. CoBmenieHHble paBHOBeCHsI OAHOTO Tuma. OOImIas KOHCTaHTa COBMELICHHBIX PABHOBECHM
OJIHOTO THIIA U OTIpE/IC/ICHUE HAIPABJIEHMs IIPOLIEcca.

2. CoBMellleHHBIE paBHOBECHSI Pa3HBIX TUMOB. OO0IIas KOHCTaHTa COBMEIICHHBIX PaBHOBECHM
pa3HOro THUIIa U OIIPE/ETICHUE HallpaBJICHUs IIpoLecca.

3ansaTue 8. DjekTpoXuMHuYecKue mpoieccel (2 yac.)

1. ONEeKTpOXUMHS KaK HayKa, H3ydalollas B3aUMOINPEBPAILECHUS XUMHUYECKOW M
nekTpuueckol sHepruu. (OCHOBHOE ypaBHEHHME B3auMOcCBs3u HHeprun [ubbca u DI]JIC.
[TpuHIMNIMATBHOE YCTPOUCTBO 3JIEKTPOXUMHUUECKUX CUCTEM. XMMUYECKHE HCTOUHUKU TOKA.

2. TokooOpazytomue peakuun, pacder OIJC. Ilpomecc anexTponnsa, KaTOIAHOE
BOCCTAHOBJIEHME U AaHOJHOE OKMCIIEHHUE, AJIEKTPOJIM3 paciylaBOB U pacTBOpoB. KosmuecTBeHHbIE
pacyeTsl MPH 3JIEKTPOIIU3E.

3. Kopposus meramnoB. Buasl KOppO3HOHHBIX pa3spyLI€HUM, BUABI KOPPO3UOHHBIX CPEI.
Tunsl KOPPO3HMOHHBIX TpoleccOB. TepMoIMHAMUKA W KHUHETHKA IPOLECCOB XHMHUYECKOM U
AIIEKTPOXUMUYECKON KOppo3uu. CKOpOCTb KOPPO3UOHHOI'O PAa3pyIIEHUs U (aKTOphl, BIMSIOIIME Ha
Hee. CrocoObl 3aIMThl METAJUIOB OT KOPPO3HUHU.

3ansaTue 9. KoncTpyknunonnbie MmaTepuasibl (2 yac)

1. KoHcTpyknmonHbie MeTaiibl. @PU3MUECKUE M XUMAYECKHE CBOMCTBA METAJIOB.

2. Koncrpykuuonnsie BMC. Metozsl cuHTe3a, cCOCTaB — CBOICTBa.

JlabopaTopuble padoTsl (18 uac.)

3ansaTue 1. Knaccel HeopraHudeckux coenHeHuit (2 yac.)

PaccmaTpuBaroTcst criocoObl OJIy4eHUs U CBOMCTBA OKCUIOB, OCHOBAaHUM, KUCIIOT U COJIEH.

3ansaTus 2. Onpenenenne MOJISPHON Macchl SKBUBaJIeHTa MeTaia (2 Jac.)

DKCrepUMEHTAIbHBIM TYTEM OIpenesieTcss MoJisipHash Macca HSKBHMBAJIEHTAa HEU3BECTHOIO
MeTaJljla U YCTaHaBIMBAETCS METAIL.

3ansarue 3. KommiekcHbie coeqnHeHns. Buapl XuMudeckoi cBs3u. (2 Jac).

PaccmaTpuBaroTcst peakunu oOpa3oBaHHUsl KOMIUIEKCHBIX COEQUHEHHM, UX peaklUuOHHAs
CIIOCOOHOCTH M YCTOMYHBOCTb.

3ansatue 4. Omnpenenenue TerioBoro d¢dexra XuMUYecKoW peakmuu (2 dac.
OKCHEepUMEHTAIbHBIM IIyTEM C MOMOUIbI0 KaJlOPUMETpa YCTAHABIMBAETCS HHTAIBINS pEaKUuu
HEUTpalIHU3alnN.

3aunsaTue 5. XuMuueckas KuHeTHKa. (2 Jac.)

DKCIepUMEHTAILHO ONpPEENseTcs CKOPOCTh pEeaKIMM M YCTaHABIMBAETCS 3aBHUCHMOCTh
CKOPOCTH peaklUi OT KOHIEHTPALUU PearupyroIinX BEIECTB U OT TEMIIEPATYPHI.

3ansTue 6. PaBHOBecHEe B pacTBOpax AJEKTPOJIUTOB. (2 vac.)

N3yvaercs WOHHOE paBHOBECHE Mpoliecca TUAPOIM3a COJieH, a Tak)Ke BIMSHUE BHEIIHUX
(haKkTOpOB Ha TUIPOJIU3.



3aunarue 7. Komtonaasie cucteMsl. (2 4ac)

PaccmaTpuBaroTCsl OCHOBHBIE METO/BI TOTYyYEHUS KOJUIOUIHBIX cucTeM. M3yuatoTcst cBoiicTBa
KOJUTOM/IHBIX CUCTEM.

3ausTue 8. DICKTPOXUMHYECKHUE TIPOIIECCHI (2 Jac)

PaccmaTpuBaroTcs npoiiecchl B3auMONPEBPAICHUs XUMHUUECKON U 3JIEKTPUUECKOI SHEPTUH.

3ansrue 9. Kopposust metaiios (2 4ac)

N3yvaroTcst mponecchl KOPPO3MOHHOTO Pa3pyLIEHUsT METAIOB, a TaKKE OCHOBHBIE METObI
3alUThl METAJIJIOB OT KOPPO3HUH

111 YYHEBHO-METOJUYECKOE OBECIIEYEHUE CAMOCTOSATEJBbHOM PABOTBI

Y4eOHO-METOIMYECKOE 00ECIICYCHHE CaMOCTOSATEIHbHON Pa0OThl 00YJYAIOIIMXCS TPECTABICHO

B IIPUJIOKEHUN 1.
IV. KOHTPOJIb JOCTWXEHUSA IEJENA KYPCA

(I)OprI TEKYLIECT0 M MPOMEKYTOYHOI'0O KOHTPOJIA MO ITMCHUIIJIMHE

KonTpoaupye Konpb! n 3Tansl OueHovHbIE CpeAcTBA
Ne | mble pa3gesbl (¢popmupoBanns . MPOMEKYTOYHASA
AUCIUILIUHBI KOMIeTeHIii TEKYUMH KOHTPOTH aTTecTanus
AToMO- 3HACT: cobecenonanue (YO-1) 9K3. BONPOCH! No
1 | monexymsiproe | OITK-6.7 yMEeT: Pa3HOYPOBHEBBIC 3aj[aud U 3aJIaHUS 1,2, 3,4,
' (TTP-11)
yHenme BiajgeeT: | naboparopuas pabora (ITP-6)
3HACT: cobecenosanre (YO-1); 9K3. BOMpochl No
VposH tect (TTP-1) 56,7,8,9, 10,
2 | opranmsaum OIIK-6,7 yMeer: koHcrext (I1P-7);
BerecTsa Pa3HOYPOBHEBBIC 33]1aUW U 33aHUS
(TTP-11)
Biajeer: | mabopartopuas padota (ITP-6)
3HAET: cobecenoBanue (YO-1); 9K3. BONpockl Ne
3aKOHOMEPHOC Teet (HP_l). 1-17,
3 | ™a mpotekanus | OIIK-6,7 ymeer: rect (IP-1);
HpOTIECCoB Pa3HOYpPOBHEBBIC 33]]aU U 33/IaHUS
(TTP-11)
BiajeeT: | naboparopHas pabora (ITP-6)
3HACT: cobecenonanre (YO-1); 9K3. BOTPOCHI No
tect (TTP-1) 18,-, 23,
4 Xumuyeckue OIK-6.7 | YMEET: tect (ITP-1);
CHCTEMBI ’ Pa3HOYPOBHEBBIC 3a/1a4H M 3aJaHUS
(TTIP-11)
Biajeer: | mabopartopuas padora (ITP-6)
3HAET: cobecenoBanue (YO-1); 9K3. BOIIPOCH No
SmexTpoxiMH tect (ITP-1) 24 - 29,
5 | geckue OIIK-6,7 ymeer: rect (IP-1);
S pa3HOYPOBHEBBIC 3a/1a4H U 3aJaHUS
(TTP-11)
Biajeer: | maboparopuas pabora (ITP-6)

TunoBble KOHTPOJIBHBIE 3aJaHMs, METOJUYECKHE MaTepHalbl, ONPEIACIAIOIINE IIPOLENYpPbI
OLICHMBAHMsI 3HAHWUH, YMEHUI WM HaBBIKOB W (WJIM) OMNbITAa JEATEIBHOCTH, a TaKK€ KPUTEPUM U
noKaszareiar, HeoOXOAMMBbIE JUIsI OLEHKM 3HAHUHM, YMEHHMH, HAaBBIKOB M XapaKTEPU3YIOIIHE 3TaIbl
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dbopMUpOBaHU KOMIETEHIIMH B IpOIECCe OCBOCHUSI 00pa30BaTeNIbHOM MPOrpaMMBbl, MIPEICTaBICHbI B
[Tpunoxenun 2.

Metoauyeckue MaTepHalibl, OMpPENEeNSIIOIINE IMPOLEAYphl OICHUBAHUS 3HAHUM, YMEHHH H
HABBIKOB, a TaK)K€ KPUTEPUU U TMOKA3aTeNIH, HeOOXOIUMBIE ISl OLIEHKU 3HAHUN, YMEHUN U HAaBBIKOB
MPEJICTaBJICHBI B PUJIOKEHUU 2.

V. CIIACOK YYEBHOM JINTEPATYPHI "
NHOOPMALINMOHHO-METOJUYECKOE OBECIIEYEHUE JTUCHUIIJIMHBI

OcHoBHasi inTEparypa
(onexmponnvle u nevammvie uzoarns)
1. KopoBun, H. B. O0mas xumusi: y4eOHHMK Ui BY30B 10 TEXHUYECKHM HAIPaBICHUSIM U
cnenuanbHOCTAM. M.: Beicmmas mkoira, 2009.- 557 c.
http://lib.dvfu.ru:8080/lib/item?id=chamo:294074&theme=FEFU
2. I'punBya, Hopman. Xumus snementos: B 2 T.M.: BUHOM. Jlaboparopust 3nanwuii, 2008.-

670 c.

http://lib.dvfu.ru:8080/lib/item?id=chamo:274601&theme=FEFU

3. AxmeroB, H.C. OOuias u Heopranuyeckas XUMuUs: y4eOHUK g By30B. M.: Bricmas
mkoJja, 2008.- 743c.

http://lib.dvfu.ru:8080/lib/item?id=chamo:351780&theme=FEFU

4. I'muuka, H.JL. OOmas xumus: yuebnoe mocodbue / H.JL. I'munka. — U3n. crep. — M.:
KHOPVYC, 2013. - 749 c.

http://lib.dvfu.ru:8080/lib/item?id=chamo:694378&theme=FEFU

5. TopmkoB, B.M. OcHoBbl ¢usnyeckoit xumuu / B.M. T'opmkos, B.B. Ky3nenoB. — M.:
BMHOM. JIab6oparopus 3nanuii, 2011. — 407 c.

http://lib.dvfu.ru:8080/lib/item?id=chamo:668096&theme=FEFU

JonotHUTE/ILHAS JIUTEpPATYypa:
(neuamuvie u NeKMPOHHbLE UZOAHUSL)

1. Bonbxun, B. B. OOmas xumus. M30panHbie riaaBbl: yueOHOe MocoOue s BY30B B
oOsactu Texuuku 1 texnosioruu. CII6.: JIans, 2008.- 378 c.

http:/lib.dvfu.ru:8080/lib/item?id=chamo:281664&theme=FEFU

2 Cy66otuHa, H. A. JIleMOHCTpaliuOHHbIE ONBITHI 10 HEOPTAaHUYECKOM XUMHH: yueOHOe
noco6ue 1t By30B /H. A. Cy66otuna, B. A. Anemun, K. O. 3namenkos; nox pen. 0. 1. TpeTbsikosa.
M.: Akanemus, 2008.- 282 c.

http:/lib.dvfu.ru:8080/lib/item?id=chamo:290946&theme=FEFU

3. I'nmunka, H.JI. 3agaun u ynpakHeHus o oouiei XuMuu: yuedHoe nocooue Juist
HEXMMHUYECKUX cnenuaabHocter By3os/ H.JI. I'nunka; nox pea. B.A. Pabunosuua, X.M. PyOunoii. —
M.: KuoPyc, 2014. — 240c. https://lib.dvfu.ru:8443/lib/item?id=chamo:729121&theme=FEFU

5. Jlypwe, F0.1O. CnpaBounuk no ananutuueckoit xumuu / 10.10. Jlypse. — M.: Xumus, 1989.
— 448 c. https://lib.dvfu.ru:8443/lib/item?id=chamo:720634&theme=FEFU

IIepeuyensb pecypcoB HHGPOPMALMOHHO-TEJIEKOMMYHUKALMOHHOU ceTH «AHTEepHeT»

HNuTepHeT-pecypcebl:
http://e.lanbook.com/
http://www.studentlibrary.ru/
http://znanium.com/
http://www.nelbook.ru/
0asza JaHHBIX O BEILECTBAX U MX cBoMcTBax http://www.chemspider.com/ -
0a3a JaHHBIX O BEIIECTBAX U MX cBoMcTBax http://pubchem.nchi.nlm.nih.gov/

ogakrwdE
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http://lib.dvfu.ru:8080/lib/item?id=chamo:294074&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:274601&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:351780&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:694378&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:668096&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:281664&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:290946&theme=FEFU
https://lib.dvfu.ru:8443/lib/item?id=chamo:729121&theme=FEFU
https://lib.dvfu.ru:8443/lib/item?id=chamo:720634&theme=FEFU
http://www.chemspider.com/
http://pubchem.ncbi.nlm.nih.gov/

VI. METOIUYECKUE YKA3AHUS 10O OCBOEHUIO JUCHUIIJIMHBI

PexomeHganum no NJIAHUPOBAHUIO M OPTAaHM3ALMU BPeMEHHU, OTBEICHHOI0 HA U3y4eHue
AUCHUILIUHBI

OcHOBHOM BHUJA JEATENBHOCTH CTYIEHTOB — CaMOCTOsATeNbHas paboTa Haj y4eOHBIM
maTepuaioM. OHa craraercs W3 CIEAYIOUIMX 3JEMEHTOB: HM3Y4YeHHE Marepuaja Mo ydyeOHUKaM U
yu4eOHBIM TOCOOUSM, BBIMOJIHEHHE JA00PATOPHOTO MPAKTUKYMa; BBIIOJHEHHE WHANBHUAYAIbHBIX
3aJJaHu; MOCEIICHNE JIeKIUil, KOHCYJIbTAIlMi; claya SK3aMeHa 1o Kypcey.

1. U3yuaTh Kypc XHMHHM PEKOMEHIYETCs MO TeMaM, MpeIBapUTEIbHO O3HAKOMHUBIIHUCH C
COJIEp’)KaHUEM KaKJOW M3 HUX IO MporpamMme (pacrnojoKeHUE MaTepuaja Kypca B IpOrpaMMe He
BCET/Ia COBMAJIACT C PACIIOJIOKEHUEM €T0 B yUCOHHUKE).

JICKITMOHHBIE 3aHATUS TPEJAHA3HAUYEHBI JJIs  OOCYXKIEHUss HaumOojee BaXKHBIX TEM,
BBI3bIBAIOIIMX 3aTPyJHEHUS IPU CAMOCTOATEIBLHOM HM3Y4eHMM ydeOHOro martepuana. OHU IOMOTaloT
HAMETUTh IUIaH CaMOCTOSATEIIBHOTO W3YyYEHUS JUCUUIUIMHBI, OMPEACNAIOT TEeMbl, Ha KOTOpHIE
HeoOXoauMo o0patuth ocoboe BHUMaHue. [IpopaboTky meKuii HeoOXOIMMO COBMEMIATh C
U3y4eHHEM TEOPETHUYECKOTO0 MaTepuana Mo y4eOHHKaM M y4eOHbIM mocoOusiM. UToObl ydine
3alIOMHUTH U YCBOUTH M3y4ae€MbIi MaTepuai, CIEAYeT COCTaBISATh KPaTKUU KOHCIEKT, COACp KAl
(GOpPMYIMPOBKH 3aKOHOB M OCHOBHBIX TOHATUN XVUMHH, 3HAUCHUSI HE3HAKOMBIX TEPMHUHOB, ()OPMYJIIBI U
YpaBHEHUsI pEaKIMi, MaTeMaTH4YeCKUE 3aBUCUMOCTH U WX BbIBOABI. CleayeT CHCTeMaTU3upoBaTh
MaTepuai: COCTaBbTe Tpadukd, cXxembl, TaOnuipl. OHM 3HAYUTEIHHO OOJETr4aroT 3allOMHHAHHE W
YMEHbILAIOT 00bEeM KOHCIEKTHpyeMoro martepuaina. KpaTkuil KOHCIEKT Kypca OyAeT IoJie3eH Hpu
MOBTOPEHUM MaTepHalia B IEPUO/I TOATOTOBKU K SK3aMEHY.

2. Ilepen MpakTUYECKUM 3aHSATHEM CIIEAYET M3YYUTh KOHCIEKT JICKIIMU U PEKOMEHIOBAHHYIO
npenojaBaTesieM JUTeparypy, oOpaiias BHUMaHUE HAa IPAKTHYECKOE NPUMEHEHHE TEOpUU M Ha
METOJMKY pEIIeHHs THUIOBBIX 00y4YarolnX 3a/1ay 10 COOTBETCTBYIOIIMM pa3zzenaM. Pemenue 3amgay —
JYYIIANA cocod MPOYHOro YCBOGHMS U 3aKpeIJIeHUs] TeopeTnyeckoro Marepuana. Ha mpaktuueckom
3aHSTUU TJIABHOE — YSICHUTD CBSI3b PEIIAEMbIX 3aj[ad ¢ TEOPETHUECKUMU MONIOXKEeHUsAMHU. [Ipu pereHnun
MIPEVIOKEHHOM 3a/1a4i HY)KHO CTPEMHTHCS HE TOJIBKO TOJYYUTh MPABUIBHBIN OTBET, HO U YCBOUTH
001K METOJT pellieHus MoI00HBIX 3a1a4. [[1s BeeHus 3anmuceil Ha MPAKTUYECKUX 3aHATHUAX OOBIYHO
3aBOJIAT OTJEJIBbHYIO TETPAlb.

[Ipu BBIMOJIHEHMM WHIWBHAYATbHBIX 3a/IaHUM, PEIICHHE 3a7a4 U OTBETHI Ha TEOPETHUUYECKHUE
BOIPOCH! JIOJKHBI OBITh 4YETKO OOOCHOBAaHBI, 32 MCKJIIOYEHHEM TEX ClIydaeB, KOrja MO CYLIECTBY
BOIpOCa Takasi MOTHUBUPOBKa He TpeOyeTcs, HampuMep, KOrjJa HYKHO COCTaBUTh 3JIEKTPOHHYIO
dbopmyny, HalMCaTh YpaBHEHUE PEAKIINH U T.I1.

[Ipu BEIMOTHEHNH MUCHMEHHBIX PAabOT HEOOXOAMMO COOITIOIaTh CIEAYIOIIHE MPABHIIA;

- paboTy cienyeT BBIIOJIHATh aKKYypaTHO, OCTaBJIsIs MO 171 3aME€YaHUN PELIeH3eHTa;

- YCIIOBHS 3aj]ad CBOETO BapHaHTa MepPEenuchIBaTh MOJIHOCTbIO;

- TIPU PEUIEHUU JJIA BCEX TOJYyYECHHBIX YHWCIOBBIX 3HAYCHHWH MIOJDKHA OBITH TPUBEJEHA HX
pa3MepHOCTh;

- TOAPOOHO U3JIOKHUTH XOJ PELICHHUS] C MaTeMaTHUYECKUMHU ITPe00pa30BaHUSIMM;

- HCTIOJIb3yeMble ()OPMYJIBI IOJKHBI COTIPOBOKIATHCS TIOSICHEHUSIMU.

Ecin pabora He 3auTeHa, e€e HaJAO BBIIOJHUTH MOBTOPHO C Y4YETOM 3aMEYaHMM
IpenojaBaTess U MpeICTaBUTh BMECTE ¢ MpeAblaylieil paboToi; UCIpaBlIeHUs CJIeyeT BBINOIHSTH B
KOHIIE pa0oThl, a HE B PELIEH3UPOBAHHOM TEKCTE.
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3. Llenbto 1abopaToOpHBIX pabOT MO AUCLUUILUIMHE SIBJISETCS CO3HATEIbHOE U INyOOKOE YCBOEHHE
BR)XHEHIINX TMOJIOKEHUH MporpaMmsbl Kypca oOIiel XMMUH, NMPUOOPETEHHE HABBIKOB OOpAILIEHUS C
XMMHUYECKON MOCYJOH, peareHTaMu M IPOBEACHUS OIPENEIEHHBIX XMMHUYECKMX HMCCIEIOBAaHUN IpU
COOIIOJIEHNH TpPeOOBAaHUM TEXHUKH O€30MaCHOCTH, BBINOJHEHHs pPACYETOB IO IPUBEACHHBIM B
METOAMYECKOM YKa3aHUU YPABHEHUSAM M HAIIMCAHUS YPABHEHUI XUMHUECKUX PEAKLIUH.

ITpu noaroToBke K 1a00PaTOPHBIM 3aHATUAM CTYJEHT JOJKEH:

- M3y4UTh TEOPUIO IO TeMe JabOpaTOPHOM pPAaOOThl, MCHOIB3Ys KOHCHEKT JEeKIMHA Hu
PEKOMEHIYEMYIO JINTepaTypy;

- TIOJYYHUTh JOMYCK K paboTe B J1abOpaTopuu, 03HAKOMHUBIINCH C MHCTPYKIMEH IO TEXHHKE
Oe3omacHOCTH Ha Kadeape;

- O3HAKOMHTBHCS C KOHTPOJBHBIMH BOIpPOCAMU K J1a0OpaTOpPHOH paboTe M OBITH TOTOBBIM
OTBETUTH HA HUX BO BPEMs JIOIYCKa K BBIOJHEHHUIO pabOTHI;

- COCTaBUTH IIJIAH BBITIOJIHEHHS OTBITOB C YIETOM MPABHUJI TEXHUKH OE€30MIaCHOCTH;

- 0OpMHTH OTYET O BBIMOJHEHHOH pabore. OTYET BBIMOIHSAETCS OTICIBHO IO KAKIOH
nabopaTopHoOi pabdore.

B oTuere, kak npaBui0, JOJKHBI OBITH CIETYIOIINE PA3/IEIIbI:

1. Lenb BbINOJIHEHUST PAOOTHI

2. Kparkas TeopeTuueckas 4acTb

3. DKcriepuMeHTaIbHas 4YacTh

4. HeoOxonuMbIe pacd€Thl, ypaBHEHUS peaKIuit

5. BeiBO#OBI;

6. 3alUTUTh UTOTU PaOOTBHI.

4. Ecnu y cTyAeHTa BO3HUKAIOT 3aTPYAHEHUs IIPU U3YYEHUHU Kypca cieayeT oOpamiarbes 3a
KOHCYJIbTalle! K BeyIlleMy MPEno1aBaTeto.

TpeGoBanus K 10MycKY Ha 3a4eT/IK3aMeH

Jliig nornycka K 3a4eTy/3K3aMeHy CTYJIEHT JTOJIKEH:

- 00s13aTeNIbHO TIOCeUIaTh 3aHATHS (U1 OYHOM opMBbl 00yUEHHUs);

- UIMETh KOHCIEKT JIEKIIHIA;

- IMETh MaTepuaibl 0 MPAKTUYECKUM 3aHATHIM,

- HMMETh MaTepuaibl BBINOJIHEHHUS J1a00OpaTOpHBIX pabOT M OTYETHl 1O JabopaTopHOMY
MPAKUKYyMY;

- BBINOJHUTH B MOJTHOM 00bEME 33/J1aHUs K MPAKTUYECKUM 3aHATHSAM (HampuMmep, pelieHHbIe
3aj1a4, pedepar, A0KIaJ U3y4EeHHOrO0 MaTepuaia, NMpeACTaBICHHBI B BHUIE MPE3CHTALUU U MpoUne
3a/laHusl, IPEAYCMOTPEHHBIE pabouell yueOHOW MporpaMMON AMCITUIUITMHBI B PaMKax MPAKTHYECKUX
3aHATUN);

- 3aIIUTUTH KOHTPOJIbHBIE Pa0OTHI U TECTHI (ITPU HAJTMYMU B yU€OHOM IUIaHE);

- 3aIIUTUTH pacdeTHO-Tpaduyeckre padoThl (IpU HATUYUU B y4EOHOM IUIaHE);

- 3aIIUTUTH KYpCOBYIO pabOTy UM KypCOBOW MPOEKT (IIPU HATMYUU B y4eOHOM ILJIaHe);

CryneHT 00s13aH HE TOJBKO MPEICTAaBUTh KOMIUJIEKT BBIMOJHEHHBIX 3alaHuil U MPOYUX
MaTepraioB, HEOOXOAUMBIX JIJISl IOMYCKa K 3a4eTy/IK3aMeHy 110 M3y4aeMON TUCIHUIUIMHE, HO U YMETh
OTBETUTh Ha BOIPOCHI IMperojaBaTesisi, Kacarolluecs pelieHUs KOHKPEeTHOW 3ajaud  Wid
BBIMIOJTHEHHOT'O CTYJICHTOM 3aJJaHUsl.

B cnyuae HEeBBINOJHEHUs BBIIEU3IOKEHHBIX TPEOOBAHUN CTYIEHT He Oonyckaemcsi K crade
3a4eTa WM 3K3aMeHa.
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VII. MATEPHAJIBHO-TEXHUYECKOE OBECIIEYEHUE JTUCHUIIJIMHBI

1. JlekumoHHOW ayUTOPUH, OCHAIICHHON MYJIbTUMEIUIHHBIM 000PYI0BAaHHEM.

2.Cnenuanu3upoBaHHbIe T1a00PaTOPHH MO0 XUMHH, OCHAIIICHHBIC CUCTEMON  BEHTHJISIINY,
naboparopHoit Mmebenbio, MpubopaMu U 000PYIOBaHHEM, HEOOXOTUMBIMHU IS BHITIOTHEHUS
1abopaToOpHBIX PaboT.

3.0OcHamienne yueOHoM 1a00paTopru: CIPaBOYHBIC MATSPUAITBI M TAOIHIIBI Pa31aTOYHBIN
y4eOHO-METOIUYECKUN MaTepual.

HaGopbl MaTepualioB u peakTUBOB, HEOOXOAMMBIX JIJISl BHITIOJTHEHUS JIAOOPATOPHBIX padoT.

4. JTaboparopHas mocyja Juis IPOBEICHUS ONBITOB: pa3IMYHbIC POOUPKH, KOJIOBI, MUTICTKH
AHATUTHYECKHUE, OFOPETKH H T.II.
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IInan rpa¢guk BHINOJIHEHHS CAMOCTOSATENIbHOI PadoThI:

[TpumepHbIe

Ne | Jata/ cpoku N
i | BemonHenus Bun camoctosiTensHON paboThI HOPMBI BpEMEHH dopma KOHTpOIIS
Ha BBIIIOJIHEHHE
1 Wzyuenne TM, Bemonaenne 1/13, Vernsrit onpoc (YO-1),
12 Hexen. CEMHUHAp, O(I)oupMﬂeHI/Ie 0T4eTa I10 Suaca paznenl,remsr 1,2
nmabopaTopHoit padore Nel MMMUCbMECHHAS TIPOBEPKa
(T1P-11)
2 Nzyuyenne TM, cemunap, BBITOTHEHUE Omnpoc (YO-1) paznmenl,
3—4 wenenmu | U/13, opopmienue oTueta mno 3 yaca TeMblI 3,4;TuchbMeHHas
nmabopaTopHOi pabote Ne2 mposepka (TTP-11)
3 Wzyuenne TM, cemuHap, BHITIOTHEHE Ompoc, (YO-1), pazmen
N3, obopmienue oTuera mo 2, Tembl 1.2,3;0T4eT K
5-6 memenmn . 3 gaca >
naboparopHoii paboTeNe3 nabopatopHoii paboTe
(TIP-6)
4 Nzyaenne TM, cemuHap, BHITIOTHEHNES Ycerasiit ompoc, (YO-
7-8 Henemn Nas, oq)opaneHMe oT4eTa Mo 3 waca 1)paznen2,remsr 4,5;
naboparopHoii pabote Ned MMMCHEMEHHAsI POBEPKa
(T1P-11)
5 Nzyuenue TM, cemuHap, BbIIOJTHEHHE VYernbiit onpoc, (YO-1)
9-10 Henenu Nas, oq)opaneHMe oT4eTa Mo 3 waca pasnen3,TeMbl lv,2 OTYET
naboparopHoii pabote Ne5 K mabopatopHoii pabote
(TIP-6)
6 Nzyuenue TM, Beimonnenue N/13, Yerubiit onpoc, (YO-1)
11-12 Henenn CeMHUHap, OQ)OVpMJIeHHe oT4eTa 1o 3 vaca paznen 3,Temsl 3,4; 5
naboparopHoii pabote Ne6 OTYET K TaOOPaTOPHOM
pa6ote (TTP-6)
7 Nzyuenue TM, cemuHap, BbITIOJTHEHHE Yerubiit onpoc, (YO-1)
13-14 nexenmn N3, oq)opaneHHe OTYeTa 110 2 yaca pasnen 4,temsr 1,2
nabopartopHoii padote Ne7 NHCbMEHHAas MPOBEpKa
(TTP-11)
8 N3yuyenue TM, cemuHap, BbIIIOTHEHUE VYerubiit onpoc, (YO-1)
15-16 mexemm W3, oq)opaneHHe oT4eTa 110 3 yaca paszen 4,TeMbl }’2; OTYET
naboparopHoii padote Ne§ K J1abopaTopHoii pabote
(TTP-6)
9 N3yuyenue TM, cemuHap, BBIIIOITHEHUE Yerubiit onpoc, (YO-1)
N3, opopmienue otyera no paznens,remsr 1,2
17-18 uenenu | J1abopatopHoii pabote Ne9 3 yaca MUChbMEHHAS ITPOBEPKa
(TTP-11)
88 WNunuBuayansHOe JOMaITHEe 3aJaHue M0 Cobecenopanue (YO-1)
16-18 Hepenst | TeMe «DNEKTPOXUMUYECKUE TTPOIIECCHI 2 dJac. WJIM TMChMEHHast paboTa
(ITP-11)
9 IToaroroBka K MPaKTHYECKUM 3aHATHIM 18 yac. ycTHbIi onpoc (YO-1),
(1 akax. Ya3 Ha | muchbMeHHas paboTta
1-18 nenens OJIUH Yac (TTP-11)
MPaKTUIECKOTO
3aHATHE)
10 IToaroroBka k mabopaTopHbIM paboTam YCTHBIA OTIPOC
1-18 nenens 274ac. (VO-1), N
OTYET 10 JJabOpaTOPHOM
pa6ore (TTP-6)
11 TToaroroBka k ciade dK3aMeHa MMACEMEHHAs paboTa
ceccus 27 gac.
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XapakTepucTHKA 3aJaHUH VISl CAMOCTOSITEJIbHOM Pad0Thl 00y4al0IIUXCHA U
MeTOAMYeCKHe PEKOMEHAAIUH 110 UX BbINOJHEHHUIO

1. Ilpu noAroToBKe K 1a0OPATOPHBIM 3aHATUSAM CTYACHT JOJDKEH:

- U3YYUTh TEOPHUIO MO TeMe JabopaTopHON pabOThl, HCIONB3ySd KOHCHEKT JIEKIHHA H
PEKOMEHyEMYIO JINTEPaATypy;

- MOJIYYUTh JOIMYCK K paboTe B J1aOOpaTOpHH, 03HAKOMUBILINCH C MHCTPYKIMEH M0 TEXHHUKE
O6e3omacHOCTH Ha Kadepe;

- O3HAKOMHTbHCS C KOHTPOJIbHBIMHU BOIPOCaMH K JJabopaTopHOi paboTe - COCTABUTH ILJIaH
BBITOJIHEHUS OTBITOB C YYETOM MTPABHII TEXHUKH O€3011aCHOCTH;

- 0)OpPMUTH OTUET O BBHIMIOJTHEHHOHN pa0doTe, UCTIOIB3YsI CISAYIONTUH TIIaH:

1. Llenb BBIMTOTHEHHS PaOOTHI

2. Kpatkas TeopeTuyeckast 4acThb

3. DKcriepuMeHTaIbHas 4YacTh

4. HeoOxonuMbIe pacu€Thl, ypaBHEHUS peaKIuit

5. BeiBOABI.

2. Ilepen mpakTUYECKUM 3aHATUEM CJENYET MU3YyYUTh KOHCHEKT JIEKIUH U PEKOMEHJIOBAHHYIO
npenojaBaTesieM JUTeparypy, oOpailas BHHMAaHUE HAa IPAKTHYECKOE INPUMEHEHHE TEOpUU MU Ha
METOJUKY PELIEHMsI TUIIOBBIX O0YUaIOLIUX 3a/1a4 [10 COOTBETCTBYIOLUM pa3jieiaM U3y4yaeMoOu TEMBI.

[Ipu BBINIOJIHEHUU MHAMBUIYAJIbHBIX 3aJaHUM, pellleHue 3a7ay U OTBEThl Ha TEOPETHUECKUE
BOIPOCHI JIOJKHBI OBITH KOPOTKO, HO YE€TKO OOOCHOBaHBI, 3a MCKJIIOYEHUEM TEX CIIydaeB, KOrjaa Io
CaMOMY CYILIECTBY BOIIpOCa Takas MOTHBHpPOBKa HE TpeOyercs, HallpuMep, KOIr/la HYXHO COCTaBUTh
AJIEKTPOHHYIO (hOpMYIly, HAIMCATh YPAaBHEHUE PEAKIIMU U T.II.

TpeGoBanus K nNpeacTABJICHUIO H 0()OPMIIEHHIO Pe3YJIbTATOB CAMOCTOAATEILHONH PadoThI

[Ipu BBINIOJIHEHNHU TMCHbMEHHBIX PabOT HEOOXOIUMO COOJII0IaTh CIIEAYIONINE IPABUIA!

- paboTy cienyeT BHIIOIHATh aKKYpaTHO, OCTaBIISIS MOJIS ISl 3aMEYaHUM PelieH3EHTa,

- YCIIOBHS 3ajlad CBOETO BapHaHTa MEePENUChIBATH MMOJHOCTbIO;

- IpU PELIEHUH JUIsl BCEX IMOJIyYEHHBIX UYMCIOBBIX 3HAYEHHMH JOJKHA OBbITh MpPHUBENEHA HX
Pa3MepHOCTB;

- IOAPOOHO U3JI0KHUTH XOJ PELIEHHUS] C MAaTEMaTHYECKUMHU NTPeoOpa3oBaHUIMU;

- HCIIOJIb3yeMble (POPMYJIbI JOTKHBI COITPOBOXKAATHCS MOSICHEHUSIMH.

Ecnu pabota He 3auTeHa, ee Ha/0 BBIIOJHUTH MOBTOPHO C YYETOM 3aMEUaHUM MpernojaBaTelis
U IIPEJICTaBUTh BMECTE C MpeAbIAYLIe padoToil; uCIpaBIeHUs CIIEAYET BbIIOIHATH B KOHIIE paObOThI, a
HE B PELEH3UPOBAHHOM TEKCTE.

WnnuBuayanbHble 3a1aHusi, oopmiieHHble 0e3 COOMIOEHUS yKa3aHHBIX IPaBWJ, a TaKxke
paboThl, BHIMOJTHEHHBIE HE TT0 CBOEMY BapUaHTY, HE PELEH3UPYIOTCS U HE 3aCUHUTHIBAIOTCS.

KpurepusiMmu oieHKH pe3y/ibTaTOB CAMOCTOSATEIbHOM PadoThl CTYICHTA SABJISIFOTCS:

— YpOBEHb OCBOEHUS CTYJEHTOM y4eOHOIo MaTepuara;

— YMEHHMS CTY/IEHTa UCIOJIb30BaTh TEOPETUUECKNE 3HAHUS TIPY BHINOJIHEHUN

MPaKTUYECKHX 3ajay;

— 000CHOBAHHOCTb M YETKOCTb U3JI0KEHUS OTBETA;

— oopMIIeHHE MaTepraja B COOTBETCTBUU C TPEOOBAHUSIMH.
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MeToanuyeckne peKOMEHIAIUN U IPUMePbI 3aJaHUH VISl CAMOCTOSITEIbHOH MOAT0TOBKH
o0yyaromuxcs k JjadboparopHoii padore Ne 3.

Cnedyem 3namo:

1.OcHOBHBIE TEPMOAMHAMUYECKUE (PYHKIMH: TEIUIOTY, paldoTy, BHYTPEHHIOIO 3HEPTHUIO,
SHTAJIBIINIO, SHTPOMHIO, U300aPHO-U30TEPMUUECKUI 1 N30XOPHO-U30TEPMUYECKUIN TTOTEHIIUAIIBI;

2. Bunpl TepMoIuHAMUYECKHUX TTPOLIECCOB;

3. IlepBoe Hayamo TEPMOJMHAMUKH, €r0 MAaTEMATHUYECKOE BBIPAKCHHE U TPHUMEHECHUE K
Pa3IMYHBIM MPOIIECCaM;

4. IlpuunHBl BO3HUKHOBEHHSI TEIUIOBBIX 3(QeKToB, 3akoHbl ['ecca n Jlomonocosa- JlaByasbe-
Jlannaca, ux cieacTBus, TEIIOBbIE A3PHEKTHI pa3TUYHBIX IPOLIECCOB;

5. Bropoe Hauano TepMoAMHAMUKMY;

6. [ToHSTHS SHTPOIIUH, TPETHE HAYAIO TEPMOIUHAMUKH.

7.Kpurepun caMompon3BOIILHOTO IPOTEKAHUS TPOIIECCOB B PA3IMUHBIX CHCTEMAX;

8. VYpaBHenwe wu30TepMBblI U H300apbl XUMHUYECKOH pEaKIUd M BO3MOXKHOCTH HX
UCIIOJIb30BaHUS;

Ymemo paccuumuvieame:

1. TerutoBbie 3(h(HEKTHI peakiyii MPU CTAHJAPTHBIX YCIOBUSIX;

2. 3MeHeHue SHTPONHH B PE3yJIbTaTe XUMUYECKON PEaKIny;

3. U3menenue cBoOoaHoM sHepruu ['nb6ca npu 3a1aHHON TemiepaType;

4. KoHCTaHTY XMMHYECKOTO PaBHOBECHS TIPU 33JJAaHHOM TEMIIEpaType.

Onpeodenenue mennogozo rhghexma peaxkyuu neiimpanuzayuu. (TepMmoxuMudeckre 3aKOHbI
U TEPMOXHUMUYECKUE PACUETHI)

CocTosiHME CHUCTEMBI XapaKTepusyercst ee (PU3NYeCKUMH M XUMUYECKUMHU CBOMCTBaMU (00BEM,
JaBJieHWe, TeMIlepaTypa, XUMUYECKM coctaB © T.a.). CBoiicTBa, BBIOpaHHBIE B KauyeCTBE
HE3aBHCHMBIX TIEPEMEHHBIX, Ha3bIBAIOTCS MTapaMeTpaMu COCTOSHUS. Benmnuuna, onpenensemMast 3STUMHU
napaMeTpaMu, OJHO3HAYHO XapaKTepu3ylollas CUCTeMY M He 3aBHCSIas OT MyTH €€ Mepexoja M3
OJIHOTO COCTOSIHHSI B JIpYTroe, Ha3bIBaeTCsa (DYHKIMEH COCTOSHHUS.

Tepmoounamuyeckumu GYHKYUAMU COCMOAHUSL SIBISIOTCSL:

enympennana IHepeusa U XapakTepusyeT OOIIMH 3amac 3HEPTUHM B CHCTEME, HCKIIOYas
KMHETUYECKYIO SHEPTHIO0 CUCTEMBI KaK IIeJIOT0 U €€ MOTEHIIMATbHYIO YHEPTHIO B TIOJIE BHEIIIHUX CHUJT

AU = Uyon — Uyex > 0 BHYTpEHHSISI SHEPTUs CUCTEMBI BO3PACTAET;

anmanvnus H XxapaktepusyeT o0Olee TerIoCoAepKaHUE CHUCTEMbl WM TEIIoBOM 3P ¢heKT
XUMHUYECKON PEaKIMH ITPH MIOCTOSTHHOM JIaBJICHUU

AH > 0 Teruio nornomaercs, HI0TepMUYecKas peakins;

AH < 0 Teruio BeIIEISIETCS, SK30TEPMHUYECKAsT PEAKIUs;

IHmMPOnUa S XapaKTepHU3yeT CTEIICHb OSCIIOPSAT0YHOCTH YaCTHUI] B CHCTEME

AS > 0 cTenenb Gecriopsiika BO3pacTaeT;

AS < 0 crenens 6ecriopsika YMEHbBIIIACTCS;

ceoooonan nepeua I'uooca G v M300apHO-U30TEPMHUUECKUI MOTEHIMAT XapaKTepU3yeT
4acTh DHEPrHH, WIYIIYI0O HAa COBEpIICHHE TIOJIe3HON padOThl TpPHU TOCTOSIHCTBE JABJICHUS W
TEMIIEPATYPhI

AG > () sHEpruUs NOTJIOMIAETCS, YHI0IPTUIECKast PEaKIus;

AG < 0 sHEeprus BhIIEISAETCS, SK309PTUUECKas PEAKIIHS;

ceoboonan mepeusa Ilenvmeonvya F waM  M30XOPHO-M30TEPMHUUECKHM  MOTEHIHAI
XapaKTepU3yeT YacTh SHEPTUH, UAYIIYIO Ha COBEPIICHHE TIOJIC3HOW padOThI IIPH MOCTOSHCTBE 00BeMa
U TEeMIIepaTypBHl.

A F > 0 3Heprus noriomnaercs,

A F <0 sHEeprus BBIACIICTCS
B cootBercTBHH € 3ak0oHOM ['ecca:
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- 0 0
AG peakiuu — Ani AG 06p IPOJTYKTOB A n; AG 06p UCXO/THBIX BEIIECTB

- 0 0
AH peakiuu — Ani AH 06p IPOJTYKTOB — A n; AH 06p UCXO/THBIX BEIIECTB

0 0
Ani S IPOIYKTOB A Ni S HCXOJHBIX BEIIECTB.

AS peakuun
OObeMHEeHHBIN TePMOANHAMHYECKUH 3aKOH
AG peakuuu =AH peakuuu ~ TAS peakuuu:
0 0
Ecmn npenebpeus 3aBucumoctsiMu AH™ n AS™ oT Temneparypsl, TO JJis8 TEPMOJIMHAMHUYECKUX

0_ 0 0
pacyeToB npuMeHAroT ypasaenue AG; = AH,,, — TAS ..

Eciu AG < 0, To Takoil mponecc B COOTBETCTBUM € YCJIOBUSIMH TEPMOJUHAMUKH BO3MOYKEH.
Uem menbme AG, TeM OOJbIIe BEPOSTHOCTh MPOTEKAHUS PEAKIMA B HAIMpPABICHUU OOpa30BaHMS
MIPOJIYKTOB PEAKIIUH.

Ecmn AG > 0, To mpolecc NMpUBOIUT K yBEIMYCHHIO dHeprum ['mbOca W Takas peakumus B
COOTBETCTBUU C YCIOBUSAMHU TEPMOJAUHAMUKH HEBO3MOXKHA.

Ecin AG = 0, To HayaJIbHBIE YCIIOBUS B CHCTEME COOTBETCTBYIOT COCTOSIHUIO PABHOBECHSI.

Kpumepuamu camonpous3601sH020 npomexanus npoueccos sBIsSoTCs

1. B u3onmupoBanHo# cucreme AS > 0;

2. B 3aKpbITOM U OTKpBITOM cucteMax AG < 0 (15 1300apHO-U30TEPMUYECKUX MTPOLIECCOB);

3. B 3aKpbITO M OTKpBITOM cuctemMax AF < 0 (1151 H30XOpHO-M30TEPMUIECKUX MTPOIIECCOB).

IIpumep 1. Ckonbko TemaoThl BblAeNUTCA Ipu cxkuranuu 920r srtanona? Ilpusenute
TEPMOXUMHYECKOE YpaBHEHUE JaHHOW peaKIlnH.

Pewenue: 1lpouiecc ropeHust 3TaHoIa MOXKHO MPEACTABUThH clieAyomuM ypaBuenuem CoHsOH

@ T 302 iy = 2C0O; () + 3H,0y. o nepBomy crenctauio u3 3akona I'ecca AH oy pearmm =2AH 26p co,
+3AH,;,H,0- AHy;, ¢, Hoon - 3AH 0, -

Ucnonw3yst cripaBouHbIe JaHHBIE, HAXOAUM TeruioBOM 3¢ dexT ropeHus | Moib STaHoNa
C,HsOH.

AH g4 peaxim = 2(—393,5) + 3(—285,8) — (-277,6) — 0 = — 1366,8 kJlx

HaxomuMm kommyectBo BemectBa CoHsOH B 920 1:
m(C,H,OH) 920
M(C,H,OH) 462/ moms

CrnenoBaTenbHO, KOJIMYECTBO TEIUIOTHI, BBIIENsONIeeCs Mpu cxuranuu 20 Moib 3TaHOIA,
Oyner pasHo Q , = — AH 298 peacm N (CoHsOH) = 1366,8:20 = 27336 x/x = 27,34 M]/Ix.
Tepmoxumuueckoe ypaBHEHHE MOXKHO 3anucath cienyromum oopazom CoHsOH (4 + 30, () = 2C0,
+ 3H20(r), AH %44 peascnm = —1366,8 kJIxk.

n (C;HsOH) = =20 MOJIb.

OtBert: BoIienuTCs 27,34 MJx Tema.
IIpumep 2. C noMomIp10 TEPMOINHAMUYECKUX PACYETOB HA IPUMEPE PEAKIUN
1.Sn0O, (®) + Sn ® = ZSHO(K) u 2. Pb02(K) + Pb(K) = 2PbO(K) OTBETHLTC Ha BOIPOC 00
YCTOMUMBBIX CTENEHAX OKUCIICHHS OJI0BA M CBMHLA B 3aKpBITOM cucteMe npu temneparype 300 K.

Peutenne: Paccuntaem AG ), 1IEpBOIi U BTOPOH PEAKIIMH 110 YPABHEHUIO AG?= AHY,
— TASY,,.
Jlist mepBoii peakuuu AHS98 peaxmmn —2AH 26p sno — AH 26p sno, — AH 261, sn=2(—286) — (-581) —
0 =9 x/Ix > 0 — TemI0 MOIJIOAETCS, SHAOTEPMUYECKAs PEAKIIHS;
AS %5 peasins = 25 %0 — S, — S%=2:56,5 — 52,3 - 51,6 = 9,1Jxc/K = 0,009 11/K

Crenenp Oecropsiika B CHCTEME BO3pacTaeT, JaHHasg peakius Oyner mpoTeKaTh
CaMONPOU3BOJILHO B U30JIMPOBAHHOMN CUCTEME MPU CTaHIAPTHBIX YCIOBUSAX.
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AG 200= 9 xJIx — 300 K 0,0091 x/Ix/K = 6,27 x/l>x > 0 — 3Heprusi NOTJIOMIAETCS B XOME

PEaKIUu; B 3aKPHITHIX U OTKPHITHIX CHUCTEMaX TEPMOJUHAMUYECKH BO3MOXKHA 00paTHas peakius, T.c. B
yKa3aHHBIX YCIOBHAX Oojiee ycroituns okcup oosa (1V) SnOs.
Jl1st BTOpPO# peakIuy pacyeThbl MPOBOISATCS 110 TAKOH JKE CXEMeE:

AH g pearum =2AH o pho — AH o5 poo, — AHOs,pp = 2(— 219) — (- 277) = 0 = —161k/x < 0 —
TEILIO BBIACTIACTCA, DK30TEPMHUUCCKAsA pCaKIIUA,

AS 95 peacaun = 2S 2o — S ppo, — S%= 2766 — 72 — 65 = - 5 Ji/K = — 0,005 kJ[x/K — crenenb
6ecn0p51;u<a B CUCTCMC YMCHLIIACTCH, B H3OHHpOBaHHOﬁ CUCTCMC JJaHHad pCaKuusd CaMOIIPOHU3BOJILHO
MPOTEKaTh HE OY/ET;

AG),,= — 161 kJlx — 300 K(—0,005k/Ix/K) = — 159,5 k[l < 0 — dHeprust BbIIENSETCS, B

3aKPBITBIX U OTKPBITHIX CHCTEMaX TEPMOJIMHAMHYECKH BO3MOXKEH IMPSIMOH IpoIece, T.€. B YKa3aHHBIX
ycnoBusx 6oinee ycroitun okcun ceunma (1) PbO.

OTBeT: B yKa3aHHBIX YCIIOBHUSX YCTOMYNBOUN CTEIICHBIO OKUCIICHHS TSI

OJIOBA SIBJISICTCS CTENICHb OKHWCIICHUS +4, U1k CBUHIIA — +2.

IIpumep 3. KoHcTaHTHI paBHOBECHS Kg peakuuu 2SO0, 1y + Oy () = 2S03 () pu 727 n 927°C

paBHbl coorBercTBeHHO 3,34 u 0,079. Paccuuraiite cranmapTHylo sHepruro ['ubbca AG$ u

OIpe/eNIUTEe HAIllPaBICHUE CAMOIIPOU3BOJIBHOIO MPOTEKAHUS PEAKIMM MIPU YKa3aHHBIX TeMIlepaTrypax,
a TakKe CcpemHui TermmoBod 3(dekT (cTaHAapTHYIO SHTAIBIHMIO) Mpolecca B MPHUBEICHHOM
TEMIIEPaTypHOM HHTEpBAJe.

Pewenue: B aGconmoTHON 1iKane Temmnepatypsl 727 u 927°C cooTBeTCTBEHHO paBubl 1000 u

1200 K. Benuuuny AG$ paccuMTaeM IO CTaHAAPTHOMY YPaBHEHHMIO ~M30TE€PMbI. XHMHUYECKOMN
peakiuu AG? =—RTIn Kf, :

AG00 = —8,314 JIx/MonsK-1000 K In 3,34 = — 10026 x/moinb = - 10k/1k/MO0Ib;

AG?,0, = —8,314 JIx/MonsK1200 K In 0,079 = 25324 Jix/monb = 25,3 kJIk/MOJIb.

Takum o6pazom, npu 1000 K peakuus nporexaer B npsimom Hampasienun (AGY < 0), npu
1200 K — B o6parroM Hanpasneruu (AG {,q,> 0).

0
Bennunny AH , onpesieninm 1o ypaBHEHHIO ©300apbl B UHTErPAIbHOM BH/IE

K AH® 1 1 RTT,In Iliz
In—% = (= - =). Beipaxaem wu3 ypaBHenus AH Sp = ———1 =
K, R T, T, T,-T,
0,079

8,314 /[orc | morwK1000K1200K In 234
—— =—186779,6 [Ix/momb = — 186,8 xJ[>x/MOIIb.

1200K —1000K
Jlnst ynoOcTBa pacueToB 0ObIYHO TpuHUMAIOT To > Tj.

Oteetr: AGY ), = - 10 kJ[/MOJIb — B IPSIMOM HAIIPABIEHUH IPOTEKAET PEAKIINS,

AG?,00= 25,3 xJlK/MOMb — B 0OpPaTHOM HAIIPABIEHHUH [POTEKAET PEAKIIHS,

peakuus sx30Tepmudeckas AH Bp = — 186,8 xJ[>/Mo1b.
IIpumep 4. Paccuurars 3Hepruro ['m60ca xXMMUUecKol peakiuy CUHTE3a aMMHUaKa
1 3
> Ny () + > Hy ) = NH3 () mpu 298K n oTHOCHTENBHBIX MAapUUanbHbIX AasieHusx Py, = 100,

Py, =100 u Pyp,=1. AG g NH, = — 16,66 KJIK/MOITB.

19



Pewenue: Vicnonp3yeM ypaBHEHHME “U30TEPMbI. XUMHUYECKOH pEaKLMHU B HECTAHAAPTHBIX

P
yenosusix AGogg = AG Yy, + RT In—"2 = — 16,66 kJIx/mos + 8,314-10°° kIx/momsK 298K 2,3- Ig

P2P2
1
11 - =~16,66 +5,698: IgW: - 16,66 + 5,698 -lg 10 = -16,66 + 5,698 (—4) = —16,66 — 22,792
10021002
= — 39,452 xJI>x/MOIb.

AGgeg < 0, peakusi €T CaMOIIPOU3BOJIBHO B IPSMOM HAIIPaBJICHUU B YKA3aHHBIX YCIOBUSX.
OtBeT: AGagg = — 39,452 kJIx/MOIb
KoHTposbHbIE BOIPOCHI:

1. Kakue u3 cieayromux TepMOAMHAMUYECKUX (DYHKIMA OTHOCATCA K (DYHKIHMSAM COCTOSHUS:
TEIUIOTa, SHTPOMUs, cBoOomHass »Heprus ['mb0ca, paboTa pacmmpeHus raza, SHTAIBINS, H30XOPHO-
M30T€PMUYECKUMA MOTEHIMAN?

2. Kakue BBIBOJBI MOXKHO CHAENaTh O KOHKPETHOM XMMHMYECKON peakiuu, eClId HU3MEHEHUe
CICAYIOIIUX TEPMOJAUHAMHYECKUX (YHKIMM OTPULATEIBHO: a) OJHTAIBNUH; O) JHTPOIHUHU; B)
cBoOO1HOM HHepruu ['nd6ca?

3. B kakoMm cnmyudae Juisi OLIEHKH TemioBoro 3>QdeKkra peakiuu HCHOJb3YyeTCs: a) HepBOe
ciencTBue 3akoHa ['ecca; 0) BTopoe cienctBue 3akoHa ['ecca?

4. Kak cBs3aHbI M@Ky c000i Teru1oBoi A GEKT 1 U3MEHEHHE YHTAIBITNN Tporiecca? YKaKuTe
3HaK AH 17151 5K30- M 9HAOTEPMUYECKON PEAKIUU.

5. [lonTBepaute pu3HUECKU CMBICT SHTPOIUU MaTeMAaTUYECKUMU (HOpMYJIaMu U TPUMEpPaMHU.

6. Kakum oOpa3oM mpou3BOAAT pacueT cBOOOmHOM sHeprum [mOOca: a) Mo BeaTUYMHAM
CBOOOIHBIX dHEPTUil 00pa3oBaHUs BEIIECTB; 0) M0 YHTAIBIIUHHOMY M SHTPONUUHOMY (haKTOpam; B) 1O
BEJIMYMHE DJIEKTPOJBIKYIIEH CHUJIBI Tpolecca; I') MO KOHCTaHTE XHWMHUYECKOTrO paBHOBECUS NpPH
3a/IaHHOM TeMIiepatype?

7. IloueMy BBeZleHBI TPU KPUTEPUS HAIPaABJIEHUS CaMONIPOU3BOJIbHBIX IponeccoB AS, AG, AF?

3aganus AJ15 CAMOCTOSITEILHOTO PelIeHMs :

Jljig Ipeiyio’KeHHOM peakuy OTBEThTE Ha CIIEYIOIINE BOIPOCHL:

1) 5K30TepMHUYECKOI MM SHIOTEPMUYCCKON SBIISCTCS JaHHAs PEaKIIMs; ONPEICITUTE TEIJIOBOU
ekt obpazoBaHus 1Kr 1000r0 U3 MPOAYKTOB PEAKIINH;

2) KaKk MeHsIeTCsl CTeleHb OecropsJIKa B X0/1€ PeaKLuy;

3) BO3MO’KHA JIM JJaHHAs peaklys B U30JIMPOBAHHON CUCTEME MIPU CTaHAAPTHBIX YCIOBUSIX;

4) BO3MOKHA JIM JlaHHAsl peaklus B OTKPBITOM cUCTEME IpHU 25°C u 1000 K. IIpn kakoi
TeMIIepaType BblJeIseTcs 00JIbIIe SHEPTUY;

5) xaKkoii hakTop (SHTPONMUUHBINA HIIM SHTAIBIUIHBII) CIOCOOCTBYET MPOTEKAHHIO MPOLECCa;

6) 3anuIIUTE BBIPAKEHHS KHUHETHYECKOH W TepMOAMHAMHYECKOM Kpamuonecus, MOKAXKUTE
B3aWMOCBSI3b MEX1y HIMU;

7) paccuuraiite unciaoBoe 3Ha4eHHE Kiapioseens PU TEMIIEPATYpPE 25°C u 1000 K. [Ipu xakoit
TeMIIepaType BEPOSTHOCTh MPOTEKAHMsI PEaKIUU BbIlIe?

8) ykaxxuTe ONTHMAaJIbHBIE YCJIOBHS MPOTEKAHUS MPSIMOW peaKIMH, UCHONb3ys npuHiun Jle-
[atenbe. (ypaBHATH NPEIOKEHHYIO PEAKIUIO!)

1 Fe,03 m THxp= FeO m T H,0 )
AH006p , KJK/MOITh -822,2 0 -264,9 -241,8
s%, Jix/monsK 87 131 61 189

2 CaC, @t H,O (x) = Ca(OH)z mt CoH» )
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10

11

AH 5, , kJIK/MOITB
S Jik/mons K

AGoo6p, kJ>x/Monb
s, Jx/Mons K

AH® 355, K JTK/MOITH
S%, Ix/monsK

A6006p, kJ>x/Mob

AH006p, kJ>x/Mob

AG s5p, KJIK/MOITB

AH® 55, K JTK/MOITH

AHooﬁp, kJ>x/Mob
s, Jlx/monb K

AH006P, kJI>x/Monb
S, Jix/monsK

AH006p, kJ>x/MONb

AG006p, kJ>x/MONb

AH006p, kJI>x/Monb
S%, Jix/monb-K

AG 5p, K]IKc/MOITH
s, Jx/Mons K

-59,83 -285,8 -985,1 226,75
69,96 69,95 83,39 200,82

NH3 )+ Cly = Nay + HCl
-16,48 0 0 953
192,66 222,98 191,5 186,79

CHs )+ Oy (1 = COz () + H2O ()
-74,85 0 -393,5 -241,8
186,24 205 213,66 188,72

SOz ) + HaS (1) = S (3 + H20 (9
-300,2 33,5 0 -237,2
-296,9 20,6 0 -285,8

CoHa 1) + Oz 1) = COy () + H20 ()
209,2 0 3944 2286
226,75 0 -393,5 -241,8

NO2 ) = NO )+ Ox
34,19 91,26 0
240,06 210,64 205

Fe, O3 a T (6{0) " = Fe mt CO, )
-822,1 -110,5 0 -393,5
87,45 197,55 27,15 213,66

PbS m T 0O, = PbO mt SO, )
-100,4 0 -219,3 -296,9
-08,77 0 -189,1 -300,2

KCIO; (= KCI mt 0, D)
-391,2 -436,7 0
142,97 82,55 205

FeS, ot 0O, M= Fe,O3 ot SO, ()
-166,1 0 -740,3 -300,2
52,93 205 87,45 248,07
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CoHa (i + Ha ) = CoHe ()
AH 55, KJTK/MOITH 226,75 0 -84,67
S%, Ix/monsK 200,8 130,5 229,5

COz (1) + NH3 () = CO(NH3)2 (1) + H20 (1
AHOO6P, kJ>x/Monb -393,5 -45,94 -333,7 -241.8
o , Jx/monp-K 213,66 192,66 104,6 188,72

SiO, o T NaOH (k) = NaZSiO3 m T H,O (%)
AG s5p, KJIK/MOITH -850,7 -419,5 -1468 -237,2
S%, Ix/monsK 46,86 64,43 113,76 69,95

C,Hs0OH o) T O, = CcO, mt H,O D)

AH 5, KJTK/MOITB -276,98 0 -393,5 -241,8
S°, Jix/momsK 160,7 205 213,7 188,7
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IIpunoxenne 2

MUHUCTEPCTBO OFPA3OBAHUS 1 HAYKH POCCUMCKON ®EJIEPALINN
denepaibHOE rOCYAAPCTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE YUPEKICHUE
BBICILIEr0 00pa30BaHUs

«/{aabHeBOCTOYHBIN (eepabHbIN YHUBEPCUTET»
(ABDY)

HKOJIA ECTECTBEHHBIX HAYK

®OH/I OHEHOYHbIX CPEIACTB
0 JUCHMILIHHE «XUMHUI»
CrnennansaocTb 08.05.01 «CTpOUTENBCTBO YHUKAIBHBIX 31aHUN U COOPY>KEHUI»
Crneunanmusanus «CTpOUTEIbCTBO TMAPOTEXHUUECKUX COOPYKEHHUH MOBBIILIEHHOW OTBETCTBEHHOCTH

q)opMa NOATOTOBKHU - OUHasA

BaaauBocTOK
2016
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IMacnopT poH/Ia OLIEHOYHBIX CPEICTB MO AUCHUIUIHHE « XUMHUD)

Koa u ¢popmyimpoBKa KOMIeTEHUNH Itanbl GopMUPOBAHNS KOMIETEHIINH
(OIIK-6) 3HAET OCHOBBI XMMUH ¥ XUMUYECKUE IPOLIECCHI COBPEMEHHOM TEXHOJIIOTHH TPOU3BOICTBA
HCTIOJIb30BaHUEM OCHOBHBIX 3aKOHOB €CTECTBEHHOHAYYHbIX AUCLUILIMH B CTPOUTEINIBHBIX MaTEPHAIOB U KOHCTPYKLIHUI
NPOGhECCHOHANLHOM IeATENHHOCTH, IPHMEHEHNEM METO/I0B yMeeT HPHUMEHSATH, MOIYYEHHBIE 3HAHMS [0 XUMMH TIPU U3y9E€HUH IPYTHX JUCIHILIAH
MaTEMaTHYECKOI'0 aHAIN3a U MaTEMaTHUECKOTr0 (KOMIIBIOTEPHOTO) " " "
BT T BPEMEHHOH Hay4YHOH anmaparypoi
MOJIEJINPOBAHHUS, TEOPETUIECKOrO U IKCIICPUMEHTAIIBHOI'O HCCIIEOBAHUS ajeeT | COBPEMCHHOM HAyHHOM alnapatypo
(OIIK-7) 3HAET OCHOBHBIE 3aKOHBI 1 TIOHATHS €CTECTBEHHOHAYYHBIX TUCIHUILINH 00J1a1aeT
CIIOCOOHOCTBIO BBIIBUTH €CTECTBEHHOHAYUHYIO CYIIIHOCTB IIpo0IieM, HaBBIKAMU OIMCAHMUSI OCHOBHBIX €CTECTBEHHOHAYYHBIX SIBJICHUH, 3aKOHOMEPHOCTEH
BO3HUKAKOIINX B XOA€ Hqu)CCCPIOH&III:HOfI ACATCIIBHOCTH, IPUBJICYD UX IMPOTEKaHUA CCTECTBCHHOHAYYHLIX ITPOLICCCOB.
JUISL PEIIeHHsT COOTBETCTBYIOMIMH QU3MKO-MaTeMaTHIEeCKuii armapat yMeeT BBIABIIATH €CTECTBEHHOHAYYHYIO CYIIHOCTB IIPOOJIEM, BO3HUKAIOIINX B XOJIE
npoQecCHOHATEHON e TETbHOCTH, IPUBJIEYb UX JUIS PELICHUS] COOTBETCTBYIOLIHIA
(u3nKo-MaTeMaTHYECKHI anmapar.
BJaseeT | BIaJEeT METOJIaMH peIIeHUs] KOHKPETHBIX MPAaKTUYECKUX M pacUeTHBIX 3a/1a4 Ha
OCHOBC INPUMCHCHUA TCOPECTUICCKUX €CTCCTBECHHOHAYYHBIX 3HAHUN

HIkana oueHuBanusi YpOBHsI CGOPMHPOBAHHOCTH KOMIIETEH M

Kon u ¢popmyamnposka
KOMIIeTeHIIM U

Jrtansl GopMHPOBAHUA KOMIIETCHIIUH

KPUTEPUH

nmoxKa3artejin

0ana

OIIK-6

CrocoOHOCTE MCIIOJIB30BATh
OCHOBHBIE 3aKOHBI
€CTECTBCHHOHAYUYHBIX JUCIUILIHH B
npodeCcCUOHATLHON IeATETHHOCTH,
HpI/IMeHHTL METOABbI
MaTeMaTUYECKOT0 aHaJIn3a U
MaTeMaTH4YeCKOro (KOMIBIOTEPHOTO)
MOJIETUPOBAHUS TEOPETHUECKOTO 1
3KCHepI/IMeHTaHBHOFO HNCCIICI0OBAHUA
OIIK-7

CIIOCOOHOCTBIO BBISIBUTH
€CTECTBEHHOHAYYHYIO CYIIIHOCTh
npo0JeM, BOSHUKAIOIINX B XO/1¢
npodeCCHOHATBLHOMN eATETHHOCTH,
HpI/IBHeT-H) nux Jid peHIeHI/ISI
COOTBETCTBYIOLIHNH (pr3HKO-

3HaeT

ePoJb 1 MECTO XMMUU B
MO3HAHUU OKPY>KaIOILIEro
MHpa.

X IMHIO 3JIEMEHTOB U
CTPYKTypa NEPUOANUECKOMN
CHCTEMBI; OCHOBHBIC
MIOHSTHUS U 3aKOHBI XUMUHU.
e DHEPreTuKa U KHHETHKA
MPOLIECCOB

® 3aKOHBI TOBEICHHUS
PacTBOPOB U Pa3IUUHbBIX
AIEKTPOXUMHUICCKUX CHCTEM.

© 3HAET O POJIH U MECTE XUMHH
B II03HAHHH OKPY’KaIOIIETO
MHpa U COBPEMEHHBIX
TEXHOJIOTUAX IMTPOU3BOJICTBA,

® CBOICTBaX Pa3IMYHBIX
XUMHUYCCKHX DJICMCHTOB, O
CTPYKTYpE MepUOIMIECKON
CHCTEMBI;

e3HaeT 00 3HEPreTUKE U
KHHETHKE TPOIECCOB;

® [IOBE/ICHUN MOJICKYJISIPHBIX U
HOHHBIX paCTBOPOB, O
PAa3IUYHBIX
ANEKTPOXUMHIECKUX
cHCTeMax, a TakxkKe
KOHCTPYKIIMOHHBIX
MaTepuaIoB.

Nmeet npescTaBieHus o:

®pOJIHM ¥ MECTE XMMHH B ITO3HAHUHU OKPYIKAIOLIET0
MHpa U COBPEMEHHBIX TEXHOJIOTHSIX;

® CBOICTBaX Pa3IMYHBIX XUMHYECKUX DJIEMEHTOB,
MPOSIBIIIEMBIX B PEAKIUSX, O CTPYKTYpe
MEPUOJUYECKOU CUCTEMBI;

® crioco0ax OMUCaHMs TEPMOJANHAMHYECKHX
XapaKTePUCTUK CUCTEM, pacueTax dHTaJbIINH,
SHTPONMH U 3Hepruu [ 'ub6ca cucrem;

®CKOPOCTH MPOLIECCOB M UX 3aBUCHMOCTHU OT
Pa3INYHBIX (PAKTOPOB, O COCTOSHUM PaBHOBECHS
Pa3INYHBIX POIIECCOB:

® [I0BEICHIH MOJIEKYJIAPHBIX U HOHHBIX PaCTBOPOB;
® 3aKOHOMEPHOCTSIX MMOBEJCHHUS PA3THYHBIX
AIIEKTPOXUMHUECKHX CHCTEM, & TAKKE
KOHCTPYKIIMOHHBIX MaTEPHAJIOB.
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MaTeMaTHYCCKUI amnmnapar

VYMmeeT | e Jlenarh BEPHBIE BHIBOJBI M | ® MCIOJIL30BATh NoaydeHHble | CHOpMUPOBAHHOE BIIaJIEHHE YMEHUAMH U 71-84
yCTaHABIMBATh NPHYUHHO- 3HAaHMS XUMUM [IPY U3YYEHHH | HABBIKAMH B JAHHON 00IacTH
CIIEZICTBEHHBIE CBSI3H B JPYTHX AUCUMIUIMH U B
XUMHUYECKOM UCCIIEN0BAHNN | IPAKTUYECKOM JIEITENHHOCTH:
WIK B PacyeTax napamMeTpoB
CHCTEMBI;
e [[pUMEHATE TOTy4YEHHBIE
3HaHMS 110 XUMUH TIPU
W3y4YEHHH JAPYTHX
JIMCLUILIMH U B
IIPAaKTUYECKOH AEATEIbHOCTH
Bnangeer | Mudopmanueii o e Biiasenue undopmanueii o e [TonHoe BiageHue uHbopMalKeil 06 OCHOBHBIX 85-
HAa3HAYCHUU U 00JaCTIX Ha3HAUYCHUU U 00JIaCTIX MOHSATHUSIX U 3aKOHaX XxuMuu. Branenue merogamu | 100

MPUMEHEHHUS OCHOBHBIX
XUMHUYECKUX DJIEMEHTOB U HX
COCTUHCHMI,

e OCHOBHBIMHY 3HAHUSIMU,
MOJTyYCHHBIMH B
JICKIIMOHHOM KypCe XHUMHH,
HEOOXOUMBIE JIUIS
BBIIIOJIHEHUS
TEOPETUIECKOTO 1
OKCIEPUMEHTAITILHOTO
HCCIIeIOBAHUS, KOTOPHIC B
JabHEHIIIEM TIOMOTYT
pelaTh Ha COBPEMEHHOM
YPOBHE BOIIPOCHI
CTPOUTENIbHBIX TEXHOJIOTHH.

MPUMEHEHUS XUMUIECKIX
9JIEMEHTOB U UX COSAUHEHNUI;
3HAHUSIMH, HEOOXOTUMEBIMU
JUUIS BBITTOJIHEHHS
TEOPETHIECKOTO H
AKCIIEPUMEHTAIHFHOTO
HCCTIEIOBAaHMUSI, KOTOPHIE B
JTATbHEUIIIEM ITOMOTYT peliaTh
Ha COBPEMEHHOM YPOBHE
BOITPOCHI CTPOUTEIBHBIX
TEXHOJIOTHH.

SKCIIEPUMEHTa 1 000CHOBaHHEM 00JIACTH
UCCIIECZIOBAHUS, B TOM YHCIIE B CTPOUTEIHLHBIX

TEXHOJIOTHAX. ®Y MCHHEM pemaTb TCOPETUIECKUE U

[IPAaKTUYECKUE 3a/1a4U B YACTH OCHOBHBIX 3aKOHOB
XuMHH. ¢ONUCHIBATh TEPMOJIUHAMUYECKHEC U
KUHETUYECKUE ITapaMeTPbl CUCTEMBI, PEIIATH
BOITPOCHI O BO3MOXXHOCTH U HAIIPABJIICHUH
mporecca.

e AHATM3MPOBATh NPUHIUIIBI COCTOSHMUS
PaBHOBECHSI B TOMOTE€HHBIX U T€TEPOreHHbIX
CHCTEMAaXx, IPUMEHATh 3TH IPUHLIHAIIBI K HOHHBIM
PaBHOBECUSIM.
¢OnuCHIBaTh Pa3TUYHbIE BUIBI
3JIIEKTPOXUMHUYECKUX MPOLECCOB: XUMUYECKUX
HUCTOYHHUKOB TOKA, IIPOLIECCOB NIEKTPOIIN3A.

e[ [pOBOINTH KaUECTBEHHYIO U KOJINYECTBEHHYIO
OLICHKY TIOBEJICHHSI CUCTEM, B TOM YHUCIIE
METaJUIMYECKUX W OPTaHHUYECKHUX
KOHCTPYKIIMOHHBIX MaT€pHaIOB pa3IMuHON
IPUPOIBI.
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IlepeyeHb THIOBBIX 3K3aMEHALIMOHHBIX BOIIPOCOB

1. OcHOBHBIE TOHATHA M 3aKOHbl XMMHMH. 3aKOH COXPAaHEHHs MacChl W SHEPIHH, 3aKOH
MOCTOSTHCTBA COCTaBa BEILECTBA, Ta30BbIe 3aKOHBI, 3aKOH DJKBUBAJICHTOB. OKBHUBAJICHT, (aKTOp
SKBUBAJICHTHOCTH, MOJISIpHAs Macca »DSKBUBAJEHTAa BEIIECTBA, MOJSIPHBIH 00bEM HSKBHUBAJICHTA
BelecTBa. HaxoxieHne MOIsipHOM Macchl SKBUBAJIEHTA IPOCTHIX U CIOKHBIX BEIIECTB, YYACTBYIOIINUX
B KMCJIOTHO-OCHOBHBIX M OKHCIIUTEIbHO-BOCCTAHOBUTEJIBHBIX PEAKIUSX.

2. Crpoenue aroma. KBaHTOBO-Me€XaHHMUeCKass MOJENb CTPOEHUs aToma. KBaHTOBBIE yucIa.
[Tonsitue opoutanu. [lpuHnun HamMeHbmiel sHepruu, npuHiun [laymu, npaBuno ['yHaa, mpaBuia
KneukoBckoro. CTpoeHHe MHOTOAJIEKTPOHHBIX aTOMOB. OCHOBHOE U BO30Y)KJICHHOE COCTOSIHHSI aTOMA.
BasieHTHOCTB U CcTENeHb OKUCIICHUS.

3. Ilepuoanueckas cucreMa M INEPUOJUYECKHI 3aKOH B CBETE€ YUEHHUS O CTPOEHUHM aroma.
3aBUCUMOCTh CBOMCTB 3JIEMEHTOB U UX COCIUWHEHUU OT TMOJOXKEHHS 3JIEMEHTAa B IMEPUOAUYECKOM
cucTeMe.

4. Xumuyeckas cBsizb. OCHOBHBIC BHJIBI M XAPAKTEPUCTUKU XHUMHYECKON CBSI3H. DHEPTus,
JUIMHA, HAMpPaBJIEHHOCTh, HACHIIMIEHHOCTh. KoOBaleHTHas CBsI3b U €€ XapaKTepUCTUKU. Meron
BAJICHTHBIX CBsi3ed. J[Ba MexaHm3Mma 0O0pa30BaHHS KOBAJCHTHOW CBS3M: OOMCHHBIH M JIOHOPHO-
aKUenTOpHbIA. MIOHHAas CBsA3b, €€ OTIMYUTENbHBIE 0OCOOCHHOCTH. BogopoaHas cBsi3b. Meraiumnueckas
CBSI3b.

5. KommiekcHble coenuHeHus, ux crpoenue no merogy BC. KowmmiexcooOpasosarenu,
JUTaH/bl, KOOPAWHAIIMOHHOE YHCIIO, THUIBl XWMHUYECKOW CBSI3M B KOMIUIEKCHBIX COEIUHEHUSX.
IlepBuuHass ¥ BTOpUYHAs AUCCOLUMALMSA KOMIUIEKCHBIX CO€AMHEHMI. KOHCTaHTa HECTOMKOCTH U
YCTOMYMBOCTH KOMIUIEKCHOI'O HOHA. Peakiiny koMIuiekcooOpa3oBaHusl.

6. 3aKOHOMEPHOCTH MPOTEKaHUSI XUMUYECKUX MpoueccoB. OCHOBHbIE TEPMOAMHAMHUYECKUE
(GYHKIIMM COCTOSHUS: O0003Ha4YeHHs, (PU3MYECKHl cMbIch, crnocoObl pacudera. llepBoe Hauano
TepMOAMHAMHUKHU. TeruioBble 3P ¢eKThl HM300apHBIX M H30XOPHBIX HpoleccoB. 3akoHbl [‘ecca u
JlomonocoBa-JIaByasse-Jlamnaca u ux cineacTBus. TepMOXUMHAYECKHE YPAaBHEHHSI U TEPMOXUMHUYECKUE
pacuetsl. Bropoe Hauano TepMOAMHAMUKH. DHTPONHUS U TPEThE HAYAJIO TEPMOJUHAMUKH. DHEPTHUS
['u60ca n 00beTMHEHHBIN 3aKOH TepMoarnHaMuKu. CBsi3b dHepruu ['m60ca ¢ KOHCTaHTON paBHOBECHS.
VYcnoBus caMONpOU3BOIBHOIO TPOTEKAHUS IPOLIECCOB B Pa3IMYHbIX CUCTEMAX.

7. XrMmuueckass KMHeTHKAa. KMHETMKa TOMOIEHHBIX M IE€TEpPOreHHBIX IpolneccoB. PakTopsl,
BIIMSIONINE HAa CKOPOCTh PEAKIMU. 3aKOH IEHCTBYIOIMMX Macc, mpaBuwio Bant-T'odda, ypaBHeHUHE
Appennyca. OHeprus aktuBanuu. Karamms.

8. Xumwnueckoe paBHOBecue. HeoOpatumbie u oOpaTumble peakuuu. Kunernuyeckoe u
TEPMOJMHAMHYECKOE  YCIIOBHsA  paBHOBecus. KoHCTaHTa  paBHOBECHs: KHHETHYECKas |
TEPMOJIMHAMHUYECKAs JUII TOMOT€HHBIX M Te€TEPOreHHBIX MporieccoB. Biaumocssazs mexay Kc u Kp.
@akTopbl, BIUAIOIIME HAa CIABUI paBHOBeCHs XUMHYeckoro paBHoBecus. [Ipunuun Jle-lllatense u
npasuiio a3 I'nbbca.

9. O6mue mnoHATHS O pacTBopax. TepmoauHamuka mpoueccoB pacTBopeHus. CrnocoOsl
BBIPQXEHHSI KOJIMYECTBEHHOI'O COCTaBa pPacTBOPOB: pPACTBOPUMOCTb, MaccoBas MAOJS, MOJspHas
KOHIICHTpAIMs, MOJISIPHAsT KOHIIEHTPAIMS 3KBUBAJICHTOB, MOJBSUIBHOCTh. KoJmwratuBHBIE CBOWCTBA
PacTBOPOB HEITEKTPOIUTOB U SIEKTPOIUTOB. VX MpakTHyeckoe NCIOIb30BaHUE.

10. OCHOBBI TEOPUHU DIEKTPOJUTHUYECKON aucconranuu. CUIbHBIE W CIa0ble DJIEKTPOJIHTHI.
KoncTanTa u crenens aucconuannu, 3akoH OctBanbaa. oHHOE Tpon3BeeHre BObI, BOJOPOIHbINA U
TUAPOKCUIBHBIN MTOKA3aTEIH.



11. T'maponu3z coiseil. MosekyisipHble W HWOHHO-MOJICKYJISIPHBIE YPAaBHEHUS THIPOJIHM3a.
Koncranra u crenenp rugponusza. dakTopbl, BIUSIOUIME HA CTeNeHb Tuapoiusza. [IpousBeneHue
pPacTBOPUMOCTH U YCJIOBUSI 00pa30BaHuUs 0CAIKa.

12. Komnouanble pacTBOpbl Kak MHUKpPOreTeporeHHble cuctemMbl. CrnocoObl TMOITY4YeHHUS.
CtpoeHre MULEIUTBL, BUJIBI €€ YCTOMUYMBOCTH, KOATYJISIIUS U CETUMEHTALIHS.

13. OxuciuTenbHO-BOCCTAHOBUTENIBHBIE IMPOLECCHl: KIAacCHU(pUKAIUs, METOAbl COCTAaBIICHUS
YpaBHEHUW, KpUTEPUM HANpaBiICHHOCTH. [lOHATHS OKUCIUTENs, BOCCTAHOBUTENS, IIPOIECCOB
OKHCJICHUS U BOCCTAHOBJICHHUS.

14. Tlonsitue 00 OSIEKTPOJHOM TOTCHIMANE W CTAHAAPTHBIA BOJOPOJHBIN DJICKTPO.
3aBUCHUMOCTH OT KOHIIEHTpauu U ypaBHenue Hepucra. Kinaccudukanus 3mexTpoaos.

15. XuMu4eckue NCTOYHUKH TOKA: KIacCH(UKaIs, TOKooOpasyromme peakiuu, pacuet I/C,
u3MeHeHus cBoOoIHOM sHepruu [ mbOca, KOHCTAaHTHI paBHOBECHSI.

16. DnexTponu3 paciiaBoB U pacTtBopoB. llocienoBaTenbHOCTh KATOAHBIX U AHOJTHBIX
IIPOLIECCOB. DJIEKTPOJIU3 C PACTBOPUMBIMU U HEPACTBOPUMBIMM 3JIeKTpojaMu. 3akoHbl Papajes u
BbIXOJ 110 TOKY. [IpumeHeHue anexTpoausa.

17. Koppo3us MeTayuioB: XHMHUYECKass M dJeKTpoxumuueckas. DaxkTopel, BIHAOIINE Ha
CKOPOCTb JIEKTPOXUMUYECKONW KOPPO3UU. AHOAHBIN MPOLECC U PA3HOBUIHOCTHU KAaTOJHOTO MpoIiecca.
CriocoOpbI 321U THl METAIIIOB OT KOPPO3HH.

18. Obuue cBoiicTBa MeTaJI0B. OTHOIIEHHE METAJUIOB K IPOCTHIM U CIOKHBIM OKUCIUTEISM.

19. OcHoBuble moHsTHS Xumuun BMC: MoHOMEp, monmMmep, CTPYKTYPHOE 3BEHO, CTEICHb
noauMepusanuu. Mertoabl mosiydeHuss mnonumepoB. CTpoeHue MOJNIMMEpPOB, B3aWMOCBS3b HX
CTPYKTYPBI U CBOMCTB.

OO0pa3ubl JK3aMEeHAIMOHHBIX OMJIETOB MO TUCHUIINHE «XHUMHI»

JK3aMeHAMOHHBIN Omiter Nel.
OKBUBAJIEHT, MOJISIpHAsi Macca YKBUBAJIEHTA, 3aKOH SKBUBAJICHTOB.
2Beranciuth Macey stuineHrukods (CoHa(OH),), HeoOxoauMyro ISl CHYKEHHS TeMIIepaTyphbl
3amep3anus 5 utpos Boasl 10 — 30 °C.
. 0
3.KoHcranTa ckopoctu HekoTopou peakumu npu temmneparype 40°C pasna 0,003, a npu
100°C yBenunuuinack 10 1,0. KakoBa sHeprus akTuBaliuu JaHHON peakuuu?

3aB. kadenpoii

JK3aMeHALMOHHBIN OnJter Ne2.

1. KoBaneHnTHas xumHu4eckas CBS3b. Mexanusmbel €€ 00pa3oBaHUS, XapaKTEPUCTUKU
KOBAJIEHTHOH CBSI3M M CBOMCTBA COEANHEHHUH.

2. Haiitu BenuuMHY OCMOTHYECKOTO JABJICHHMs BOJHOIO pacTBopa cyib(dara HaTpus, B 1 iutpe
KOTOpOT'0 COJAEPKUTCS 7,1 rpaMMa coiM, eciy KaKylascs CTeleHb auccounanuu cocrasiser 0,69, a
Temrieparypa rnpouecca pasta 17°C.

3. Bo3moxxHo nm ycroiumBoe cymecTBoBaHue okcuaoB: CuO;Zn0O; SnO, B aTtmocdepe
Boziopoaa? OTBET MOATBEPAUTE TEPMOANHAMUUECKUMHU PAacCUETAMHU COOTBETCTBYIOLINX ITPOLIECCOB.

3aB. kadempoii
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Caenyer yMeTh (TUIIOBbIE 3aJaHUA):

1. KnaccudunupoBaTh XUMHUYECKUE COCTUHECHHS.

2. OmpenensTh COCTaB aTOMa, €ro CTPOEHHUE, BIMSHUE AJIEKTPOHHOM CTPYKTYpPhl aTOMOB Ha
KHCJIOTHO-OCHOBHbBIE, OKHCIUTEIbHO-BOCCTAHOBUTENIbHBIE U KOMIUIEKCOOOpa3yIolIe CBONCTRA.

3. OnuceIBaTh CTPOEHUE U CBOMCTBA MOJIEKYJI IO TUITY XUMUYECKUX CBS3EH.

4. OnpenensaTh BUABI MEKMOJIEKYISIPHOTO B3aUMOICHCTBUSI.

5. OnuceiBaTh pa3iMyHbIE TUIBl XMMHYECKHX CHCTEM, UX BaKHEHIIME XapaKTEPUCTHKU U
CBOMCTBA.

6. Ucnonp30BaTh TEPMOJAMHAMUYECKUN M KUHETUYECKUU METOABI ISl OLEHKH BO3MOKHOCTH
MPOTEKAHUSI, HAPABIICHHS U YCIOBUH MPOTEKAHMSI XUMUYECKUX U (PU3UKO-XUMHYECKHX TIPOIIECCOB.

7. OnpenensTh Ka4eCTBEHHbIE M KOJIMYECTBEHHBIE XAPAKTEPUCTUKU PACTBOPOB U IPOLIECCOB
(rugpararum, JIUCCOITMAIINH, TUAPOIIN3A, OCaXKJICHUS, KOMIUIEKCOOOpa30BaHus,
KOJJIOM1000pa30BaHMs).

8. OObscHATH PabOTy XMMHUYECKUX HCTOYHHUKOB TOKa, paccuuTbiBaTh DJC; 000CHOBBIBAThH
BHIOOp TIPOLIECCOB, HAYIIMX Ha OJEKTPOJAAX NPH DJIEKTPOJIM3E C YYETOM OKHUCIUTEIHHO-
BOCCTAHOBUTEIBHBIX MTOTCHIIUAIOB.

9. JlaBaTh XapaKTEPUCTUKY TMPOILECCOB KOPPO3UM PA3TUYHBIX METAIUIMYECKUX CHCTEM B
YCJIOBHSIX Pa3JIMYHOMN JETIOISPU3AIIUU.

10. Xapakrepu3oBaTh CBOMCTBA META/IOB KaK BOCCTAHOBUTEIICH 11O OTHOIICHHUIO K Pa3InIHBIM
OKHUCJIUTENAM (TIPOCTHIM U CIOXKHBIM)

11.06bscHATE 0COOCHHOCTH CBOMCTB BEIECTBA, HAXOIAIIETOCS B TTOJIMMEPHOM COCTOSTHUU.

Kpurepun oneHKH 3HAHUI YMEHHI M HABBIKOB IIPHU TeKYyLlIeH NpoBepKe
l. OueHka yCTHBIX OTBETOB:
Ormerka "OTianyno"

1. JlaH MOJHBIN ¥ MPaBWIbHBIN OTBET HA OCHOBE M3YYEHHBIX TEOPHIA.
2. Marepuan NOHAT U U3y4EH.
3. Marepuan  U3JI0KEH B ONPEACICHHOM  JIOTMYECKOW  MOCIJIEIOBATEIbHOCTH,

JUTEPATYPHBIM S3BIKOM.

4, OTBeT caMOCTOSITEIHHBIM.

Otmerka "Xopouo"

1, 2, 3, 4 — aganmornuno ormerke "OmimyHo".

5. Jonymensl 2-3 HecylleCTBEHHbIE OIIMOKHM, HWCIpPaBIE€HHbIE 10 TpeOOBaHMUIO,
HaOJIr0aIach "MIEpPOX0BATOCTh" B M3IIOKEHUU MaTepHalia.

OtmeTtka "Y10BJIETBOPUTEIBLHO"

1. Y4eOHBIN MaTepran, B OCHOBHOM, H3JIOKEH IIOJIHO, HO TIPH 3TOM JOIYIIEHBI -2
CYILIECTBEHHbIE OIIMOKU (HAampUMep, HEyMEHUE MPUMEHSATh 3aKOHbI U TEOPUU K OOBSICHEHUIO HOBBIX
¢bakToB).

2. OTBeT HEeNoIHbIN, XOTSI U COOTBETCTBYET TpeOyeMol IiTyOnHe, MOCTPOEH HECBSI3HO.

Otmetka "HeynoBiieTBopurteibHO"

1. He3nanue wim HemoHMMaHue OOJbINEH WIIM HanOoJiee CYIIECTBEHHOW YacTH yu4eOHOTO
Marepuana.

2. Jlomnyl1eHsl CylecTBEHHbIE OMIMOKH, KOTOPbIE HE MCIPABIAIOTCS MOCTE YTOUHSIOMINX

BOITPOCOB, MaTCpHral N3JI0KCH HECBA3HO.
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1. Ouenka ymeHus peliaTh 3aJ1a4u:
Ormetka "OTauyHo"

1. B pemennu 1 00bsCHEHUH HET OMIMOOK.

2. XoJ1 penieHus paroHaIbHbIH.

3. Ecnu HeoOxoaumo, pelieHre npou3BeeHO HECKOIBKUMHU CIIOCOOaMH.

4, JomyieHbl OMMOKY 110 HEBHUMATEILHOCTH (OTOBOPKH, OITUCKH).

Otmetka "Xopomo"

1. CyIIeCTBEHHBIX OIMOOK HET.

2. Homymensl 1-2  HecyniecTBEHHBbIE OIIMOKM WM HEMOJHOE OOBACHEHHE, WU

UCTIOJIb30BaHue | croco6a mpu 3aJaHHbIX HECKOIBKHX.
OtMmetka "Ya0BI€TBOPUTEIBLHO"
1. Jonymieno He 60s1ee 0JHON CYIIECTBEHHOH OIIMOKH, 3aIIMCH HETIOJIHBI, HETOYHOCTH.
2. Pemenue BbINOIHEHO € OIIMOKaMU B MaTEMATUYECKUX pacyeTax.
Otmerka "HeynoBiieTBopurteibHO"

1. Pemienne ocymiecTBICHO TONBKO C IIOMOIIBIO MPETIOAaBATEIS.
2. Jlonyl1eHbl Cyl1ecTBEHHbIE OIIMOKH.
3. Pemienue BBINOIHEHO HE BEPHO.

I11. Ounenka nucbMeHHBIX padoT:
Kpurepun te xe. 13 OLEHOK 3a KaKIblil BOIPOC BBIBOAUTCS CPEAHSS WTOIOBAsl OLICHKA 3a
MMCbMEHHYIO padoTy.

TecToBBIC 3a1aHNA

Pasoen 1. Cmpoenue sewjecmea, ypognu e2o opeaHu3ayuu

Tema 1. AmomHo-MmONEKYAAPHOE YUeHUe

1. Hantucats opmyiibl OKCHIOB, cOOTBeTCTBYROLIMX ruapokcuaam: HoSiOs, Cu(OH),, H3ASOy,,
HMnNOy, AI(OH)s.

2. s okeunos CrO, Cry03, CrO3 nmpuBectr (hOpMYITEI COOTBETCTBYIONIUX THIPOKCHJIOB.

3. O6ocHOBaTh xapakTep (OCHOBHBIN, KHUCIOTHBIA, aM()OTEPHBIN) CIEAYIONUX COCAMHCHHIA:
ZnO, Cr(OH)s, Ba(OH),, CO..

4. Kakue KHUCIOThl MOTYT OBITh MOJYYEHBI HEMOCPEICTBEHHBIM B3aUMOJICHCTBHEM C BOJOM
cnenyromux okcuaoB: SOz, SO3, N2Os, NO; ?

5. Kakue U3 nmepednciaeHHbIX KUCIOT 00pa3yroT kucisie comu: HBr, H,S, H3AsO, ?

6. Kakue 13 npuBeieHHBIX OCHOBaHMIA 00pa3yroT ocHoBHBIE co: Cu(OH),, NaOH, Al(OH)3?

7. CoctraButh GOpMynbl CpeJHHUX M OCHOBHBIX coiei ans ruapokcuaa sxenesa (lIl) u
THJIPOKCHU/IA ITINHKA.

8. CocraBuTh ypaBHEHHS peaKIHid, MPUBOIANIMX K oOpaszoBanuio coiieit: KHSO;, K,SOs,
CuOHCI, CuCl,.

9. IpuBectu rpaduueckue Gopmyisl caenyromux coeauneruit: Mn(OH),, KMnOy4, HySeQy,
K2HPQy4, SOs.

Tema 2. Ocno@Hble noHAMUSA U 3AKOHbL XUMUU

1.Uro sBnsercs mpeameToM u3ydeHust xumuu? Jlatiite Hambosnee pa3BepHYTOE OIpenecHHe
XUMHUH KaK Hayku. Beroepure mo0yi0 U3 COBPEMEHHBIX TEXHOJIOTUN M MOKAKHUTE, KAKUe XUMUYIECKUE
MIPOIIECCHI UCTIONB3YIOTCS B ATON TEXHOJIOTHH.

2. Onpenenure MOHIATHUS

a) XUMUYECKHI 3JIEMEHT, aTOM, MOJICKYJIIa;

0) MPOCTOE U CII0KHOE BEIIECTBO;

B) OTHOCHUTEJIbHBIE aTOMHAS U MOJIEKYJISIpHAS! MacCHhl.
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3. YKaxuTe pa3nuyusi FOMOTEHHOM CMECH M XHMMHUYECKOro coenuHeHus. Kakue MeTojbl
MO3BOJISIIOT YCTAHOBHTD, SIBISETCS JIM CIOXKHOE BEIIECTBO CMEChIO 00jee MPOCTHIX BEIIECTB HIIU
coenuHeHueM?

4. TlpoummocTpupyiiTe 3aKOH KPaTHBIX OTHOIICHHWN Ha MpPUMEpPe OKCHJAOB a30Ta, €CIU IO
pe3yJbTaTaM XUMHUYECKOTO aHAJIM3a UX P00 yCTAaHOBJICHBI CIEIYIONINE MACChl YJIEMEHTOB:

a) 18,662r N u 10,672r O;

6) 1,260r Nu 1,440 r O.

CocrtaBbTe SMIupuueckre GopMyibl COOTBETCTBYIOIINUX OKCHJIOB a30Ta.

5. Kakue mapametpsl onpenensior GU3nuecKoe COCTOSIHUE ra3a, U Kakue yCIOBUS COCTOSHUS
ra3a HasbIBalOT HOpMabHBIMU? [IpuBeanuTe GOPMYIUPOBKU T'a30BbIX 3aKOHOB M UX MaTeMaTHYECKHE
BBIPKEHUSI.

6. Uto Ha3pIBalOT MapuuagbHbIM AaBieHHeM raza? CdhopMynupyiTe 3aKOH MaplUaTIbHBIX
naBieHui JlanpToHAa.

7. IlpuBenuTe ompeneneHus YKBUBAICHTA W (hakTopa SKBHUBAJICHTHOCTH. 3HAUYEHUS (akTopa
DKBUBAJICHTHOCTH KHCJIOT, OCHOBAaHWH, OKCHIOB U COJCH; BEIIECTB B  OKHUCIUTEIHHO-
BOCCTAHOBUTEJIbHBIX PEAKIIUIX.

8. Ompenenute MOJSIPHbIE MAacChl SKBUBAJICHTOB BEIIECTB, YYACTBYIOIIUX B CIEAYIOLIUX
PeaKIHsIX:

a) HsPO,4 + 3NaOH = K3PO,4 + 3H,0;

6) 4A1+30,=2 A|203.

Pa3zoen 2. Cmpoenue amoma u xumuyeckas c6s3v

Tema 1. Cmpoenue amoma, nepuoouueckuti 3akon /[.U. Menoeneesa

1. VkaxuTe DdJEMEHT, KOTOPOMY COOTBETCTBYET OJJEKTpOHHas QopMmyna aroma
15°25%2p°3523p°®3d*%4s%4p?;

a)Ca; 0)Zn; B)Ge.

2. YKaXWuTe IOJIHOE YHCIO JJEKTPOHOB B aTOME, BAJIEHTHAs CTPYKTypa KOTOPOTO HMEET
dopmyiy 3d'%4s?:

a)30; 06)18; B)20.

3. [lng aroma ¢ MaccoBbIM 4MCIOM 36 a.e.M. U MOPAIAKOBBIM HOMepoM 17 B mepuoguuecKkue
CUCTEMBl YKa)XKUT€ YHCIO TPOTOHOB (p) U HEUTpOHOB (N) B sIpe M YHUCIO DJIEKTPOHOB (€) B
AJIIEKTPOHHOU 000JI0UKE HEUTPATLHOTO aToMa:

a) p=17,n=19,e=17;  6) p=19, n=17, e=17, B) p=17, n=17, e=17.

4. Uzoromsl kakoro anmemeHta (Ni, Zn, Si) uMerT B siIpe COOTBETCTBYOIIEE KOIHYECTBO
POTOHOB (p) ¥ HEUTPOHOB (N):

a)p=14,n=14; 6) p=14,n=15; B) p=14, n=16?

5. CKoNbKO He capeHHbIX IEKTPOHOB UMEET aToM Mapraniia Mn B OCHOBHOM COCTOSIHUU:

a)7; 0)5; B)2

6. ATOM KaKoro 3JIeMEHTa B OCHOBHOM COCTOSIHMH COJICPXKHT TpU CBOOOIHBIX 4d- opOuTamu:

a)Sc; 0)V; B)Zr?

7. YuuteiBag mnpaBuwiio XyHJA, OIpPEIEIUTE, aToMy KaKOro »JJIEMEHTa COOTBETCTBYET
AIIEKTPOHHAsE KOH(UTypalus BaJIEHTHOH CTPYKTYpbI 15%25%2p®3s'3p® B BHICIIEM HHEPreTUYECKOM
COCTOSIHUU:

a)P; ©0)As; B)Si.

8. I'mapoxcup kakoro amementa: Na, Mg uinu Al siBnsiercst 0oiee CHITbHBIM OCHOBaHHEM:

a)Na; ©60)Mg; )AL

9. T'mapokcu Kakoro 3MeMEHTA: AIFOMHHHUS (HA|02), KPEMHHUS (H 25i03) w ¢docdopa
(H,PO,) sBusteTcs Goee CHIbHOM KHCIOTOI:

a)Al; 06)Si; B)P.
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10. 3HayeHWs NEpBbIX MOTEHLIMAIOB HOHU3ALMHM 3JIEMEHTOB | Tpynmbl MepuogrnvecKoit
CHCTEMBI COOTBETCTBEHHO paBHbI (B BoabTax): Li (5,4); Cu (7,7); Ag (9,2). Ykaxure, y Kakoro
JJIEMEHTA METAJUINYECKHE CBOWCTBA BHIPAYKCHBI CHIIbHEE:

a)Li; 06)Cu; B)Ag.

Tema 2. Xumuueckas céa3v

1. CKOJIbKO 2JIEKTPOHOB yYacCTBYET B 00pa30BaHUM XUMUYECKUX CBS3CH B MOJICKYJIC aMMHAKa:

a)8; 0)6; B)3.

2. YKaXUTe BEIIECTBa, HMEIOIIUE TOJbKO KOBAJICHTHBIC CBSI3U:

a) NaCl, HCI,Cu,H,0;

6) COz, CH4, H2804, Jo;

B) SO, HNO,, NaOH, PbO.

3. B KakoMm psiiy MOJIEKYJIBI PaCIIOJIOKEHBI B TIOPSIIKE YBEITUUCHUS ITOJISIPHOCTH CBSI3CH?

a) HF, HCI, HBr;

6) NHs, PH3, AsHs;

B) ste, HzS, Hzo.

4. OTmeTbTe POPMYIIBI COSTUHEHUH C OJIMHAKOBOW CTEIICHBIO OKMCIICHUS a30Ta:

a) MgsN2;  6)NO; B)NO,;  r)NHs.

5. B KaKuX 4acTHIAX HaGII0ACTCS TOIBKO SP°- THOPUAN3ALHS LIEHTPAILHOTO ATOMA:

a) NHs, H,O, C,Hs, [Zn(NHs).]*;

6) H20, NH3, CoHp,  [Hgda*;

B) NHs, NH,", CHy | [Zn(NH3)J]*".

YKaKUTE IPYrue TUTTBI THOPUIN3AIUN B 3TUX COCAMHCHHUSX.

6. BaneHTHOCTh aTOMa a30Ta YUCIIEHHO paBHA €r0 CTEIICHU OKUCIICHUS B MOJICKYJIC:

a) aMMHuaka;, ©) a30THOM KHCIJIOTHI, B) a30Ta; r) okcuaa azora (II).

Pazoen 3. Komnnexcnvle coeounenus

Tema 1. Komnnexcuvie coeounerust

1. 3 puBEICHHBIX YaCTHI[ YKaXUTe BO3MOXKHBIE KoMIuiekcoobpasosaremm: Na* Fe**| AP,
Ba2+,J' 1 00BSICHUTE TTOYeMYy?

a) Na*, Ba*";

6) Fe**, AI*;

B) Ba?*, J’

2. Onpenenurte CTENEHb OKHCIECHUS KOMILJIEKCOOOpa3oBaTesi B KOMIUIEKCHBIX COCTUHEHUSX:
Ka[Zn Cly], [Ni(NH3)4]Cl , [Pt(NH3)Cl;]

a)+2; ©0)+3; B)+4

YKaKUTE cpeii HUX KOMIUIEKCHBIC KATHOHBI, aHUOHBI, MOJICKYJIBI.

3. Ompexnenute HIEKTPOHHYIO KOH(PHUTYpaIMI0 KOMILIEKCOOOpa3oBareiass B COSAMHEHUU
[Zn(NH3)4]Cl; 1 ykaxxuTe THI €10 THOPHUIU3AIHH.

a) 3d™° 4s%

6) 3d' 4s°;

B) 3d° 452,

4. Noaun kanust ocaxkaaer cepeopo B Buae AgJ uz pacrsopa [Ag(NH3)2]NOs Ho He ocaxmaer
noHoB Ag’ m3 pactBopa K[AQ(CN);] Toif ke KoHmeHTpanun. KakoBO COOTHOIIEHHE MEXITy
3HAYEHHSMH KOHCTaHT HecToiikocT noHoB [Ag(NH3),]" - (Knry u [Ag(CN),]™ - K.

a) Kyt > Km;  0) K = Ky B) K < K

5. Bo3moxHO 11 00pa3oBaHWE IMAHHIHOTO KOMIUIEKca MpH J100aBIEHUHM B  PacTBOP
amMmMuakata cepeopa nona CN’ mo peaknuu:

[Ag(NH3),]"+2CN = [Ag(CN), ] +2NH; ?

Ky K>
Ecnun xoHCTaHTHI yCTOMUMBOCTH 3TUX KOMIUIeKcoB Ki=1,5- 10" Ko=1- 10%
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a)ma; 0) HET; B) HACTYNHT PaBHOBECHE

OOBscHUTD TTOUEMY?

Pazoen 4 Meoxxcmonexynsaproe gzaumooeticmaue

Tema 1. Mescmonexynaproe s3aumooeticmsue

1. KakoBa mpupoaa mnpeoOiafaoliux CUJI MEXKMOJIEKYISIPHOIO B3aUMOJICHCTBUS B CHCTEME
H202 — HF:

a) TUCIIEPCUOHHOE M UHIyKI[MOHHOE;

0) OpUEHTAIIMOHHOE U JJOHOPHO-aKIENTOPHOE;

B) BOJIOPOAHOE ¥ OPHUEHTALIMOHHOE.

2. VYKaxuTe KaKk M3MEHSeTCs Ipupoja MpeolialaroluX CHI  MEXMOJIEKYJISIPHOTO
B3aMMOJICHCTBHA B )KHUJIKUX BeulecTBax mnpu nepexozae or COz k HyS:

a) OT IUCIIEPCUOHHOTO K OPUEHTALIMOHHOMY U BOJOPOTHOMY;

0) OT TUCTIEPCUOHHOTO K HHAYKIIMOHHOMY;

B) OT OPUEHTAI[MOHHOTO K BOJIOPOJAHOMY.

3. OObscHHUTE, IOYEMY TaKHE XHIKOCTH, KaK CIUPTHL, YKCYCHAs KHUCIIOTA, aMMHAK, UMEIOT
0oJiee BBICOKHE BSI3KOCTh U TEMIEPATyphl KUIEHUS, B OTIMYME OT apOMATUYECKUX COCAMHEHUN —
HUTPO(hEHOIIa ¥ CATTUIMIOBOTO albAeTuIa:

a) HaJIM4Ke MEXMOJIEKYJIIPHON BOJAOPOJHOMN CBA3H;

0) OTCYTCTBHE MEKMOJICKYIISIPHON BOJIOPOTHOM CBSI3M;

B) HAJIMYME BHYTPUMOJICKYISIPHONU BOJAOPOIHON CBS3H.

4. B xakoil U3 IpUBEAEHHBIX CUCTEM BO3MOKHO JOHOPHO-AaKIIENTOPHOE B3aUMOICHCTBHE:

a) ZnC|2 - NHg;
6) ZnC|2 - BF3;
B) FEC|3 - Hzo.

5. Ha ocHOBaHWU THITA MEXMOJIEKYJIIPHOTO B3aUMOJICHCTBUS B KPUCTALTMICCKUX BEIICCTBAX
NHj3, CO,, CH3COOH, J; ykaxute ux cBoictBa Ty, Tiy, MPOYHOCTH, TBEPAOCTS:

a) BBICOKHE;

0) HU3KHeE.

Tema 2. Aepecammuvie cocmosanusl geujecmea

1. Onpenenure MONEKyYISIpHYIO Maccy rasa, eciu 0.824r ero 3auumaror oobeM 0.2601 (H.y):

a) 71r; 6) 35,0r; B) 142r.

2. T'a3000pa3Hoe COENMHEHHE a30Ta C BOAOpPOAOM coaepkuT 12,5 % Bomopona (mo macce).
[TnoTHOCTE coeAMHEHUS TIO BOJIOPOY paBHA 16. OnpenenuTe MOJEKYIIpHYIO GOPMYITy COSTUHEHUS.

a) NH3; 6) NH, ; B) N2H,.

3. [ono6HO Ta3am, KUAKOCTH 00J1a/1al0T TAKUMHU CBOMCTBAMH KaK:

a) BBICOKAs COKUMAEeMOCTh M HU3Kasl INTIOTHOCTH;

0) UMEIOT COOCTBEHHBIN 00BEM;

B) HE UMEET ONpeAeTeHHON (HOPMBI;

') HEOTPAHHUYEHHO CMEIIMBAIOTCS IPYT C IPYTOM.

4. CBoiicTBa, XapaKTepHbIE JJISl BEIIECTB C MOJEKYJISIPHON KPUCTATITMYECKOU PEIIETKOM:

a) MJIACTHYHOCTb, TYTOILIABKOCTh, 3JIEKTPOIPOBOTHOCTS;

0) XpYIIKOCTb; JIETKOTIJIABKOCTb, U30JIITOPHI;

B) TEIUIOMPOBOIHOCTH, PACTBOPHUMOCTH B BOJIE, TBEPIOCTD.

5. Kakue, U3 nepeunciIeHHbIX HUXKE BEIIEeCTB, HMEIOT TOIBKO!

a) MOJIEKYJISIPHYIO; 0) aTOMHYIO KPUCTAJUTHUYECKUE PEIIETKH?

a) CO,, NaCl, BaO, Zn;

6) CO,, CH3COOH, J5, H,0:;

B) Si0y, Ge, CaC,, ZnS;

r) Cu, H20, NazCOs, Camas).

32



6. O0BsSICHUTE MIPUUKHY, [0 KOTOPOI aJiMa3 KMEET BBHICOKYIO TBEPAOCTb, a Ipyrasi aluIOTPOITHAS
Pa3HOBUIHOCTH Yriiepoa — rpauT — MATKOE BEIIEeCTBO:

a) HaJM4Ke MOJIBUYKHBIX 3JIEKTPOHOB T-CBA3EH B rpadure;

0) HaMMYUE HEPOUHON XUMUUECKON CBS3H;

B) Haju4ue cIaboro MeXMOJIEKYJISIPHOTO B3aUMOJICHCTBHSI MEXKTy CIIOSIMH aTOMOB YTJIepoJia B
KpucTaiie rpadura.

Pa3zoen5. Xumuueckas mepmoounamura

Tema 1. Tepmoxumuyeckue 3aKOHbL U MEPMOXUMULECKUE PACYEMbL.

1. Jlnda cnenyromux peakium:

a) CoH, ot 5/2 O, o= 2CO, ot HzO(r);

6) C6H5 (%) +15/2 02 )~ 6 C02 ) +3 HzO(;K).

YKaXXHUTE MPaBUIBLHOE COOTHOILIEHUE CTaHAAPTHBIX H3MeHeHHH sHranbnuu: AH, > AHg wnun
AH, < AHg.

2. He ipon3BO/Is BBIYUCIICHUHN, YKOKUTE, IS KaKUX U3 MPHUBEICHHBIX MPOIECCOB U3MCHCHHE
SHTPOMUHU IOJIOKUTEIBHO?

a) CoHg ot 7/202(r) =2C0O, ot 3H,0O o)

6) CgHs ot 15/202 ® = 6CO, o T 3H20(r);

B) NH; ) + HCI = NH4C| ()

F) 4HCI ) + 02 = 2C|2 ) + 2H20 ()

3. B kakoMm U3 crneayronmx ciay4yaeB peakius HeocyllecTBUMa MpH Jt000ii Temneparype?

a)AH>0,AS>0; 6)AH>0,AS<0;8)AH<0,AS<O0.

4. Vicxoma us 3naxa snavenns  AGYgq crieyrommx peauuit:
PbO, o +Pb=2Pb0 ) AGjes <0,
SN0y + SN =2SN0(y  AGHeg >0

CclIeaiTe BHIBOJ O TOM, KaKHe CTEIICHH OKHCIICHHs 00JIee XapaKTepHBI JJIsi CBHHIIA M OJIOBA:

a) Pb*?,Sn*?;  6) Pb™,Sn™; B)Pb™,Sn*?; r)Pb™, Sn™

5. YuntsBas, uto NO, () okpamen, a N,O4 () OecuBeTeH, U MCXOJAd M3 3HaKa M3MEHEHUS
saTpormu B peakiuu 2NO; ) = N2Oy4 () mpenckaxuTe, kak m3MeHUTCS okpacka B cucteme NO; () /
N2O4 (1) ¢ pocTOM TeMIeparypsl:

a) YCHIIUTCS; 0) ocrnabeer.

Pa3zoenb. Xumuueckas xunemuxa

Tema 1. Kunemuka Xumuyeckux npoyeccos u Xumuieckoe pagHogecue

1. Kak n3menutcs ckopocts peakiuu 2 NO ) + Oy ) = 2 NO; (), ecitt 06beM peakiiuOHHOTo
COCYyZia YBEIMUUTS B 2 pa3za?

a) YMEHBIINUTCS B 4 paza;

0) yMeHbIIUTCS B 8 pas;

B) Bo3pacTeT B 4 pasa;

') BO3pacTer B 8 pas.

2. Yem 00BsCHSETCS MOBBIIIEHUE CKOPOCTH PEAKLIMU IPU BBEICHUH B CUCTEMY KaTanuzaropa’?

a) YMEHBIICHUEM dHEPTHH aKTHBAIHH,

0) yBeJIMYEHHEM CpelHel KUHETUYECKOW SHEPTUN MOJIEKYJ;

B) BO3pacTaHUEM YHCIIa CTOJIKHOBEHMI;

') POCTOM YHUCJIa aKTUBHBIX MOJIEKY.

3. Kakoe BiusiHME OKa3bIBAET YBEIMUYEHUE CTEMEHH JUCIIEPCHOCTH KOHACHCHPOBAHHOM (ha3bl
Ha CKOPOCTh MPOTEKAHUS T€TEPOreHHON XUMHYECKON peakiuu?

a) YBEIMYNBACT CKOPOCTh PEAKIINH;

0) He BIMET Ha CKOPOCTh PEAKIIUU.
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4. Tlpu 293K KOHCTaHTa CKOpPOCTH HEKOTOpPOHl peaklHuH paBHA 10* vun™ | a npu 323K
CKOPOCTb paBHa 8- 107 mun™ YeMy paBeH TemIepaTypHblid KO3 PHUIHEHT CKOPOCTH peaKkuu?

a)2; 0)3; B) 4.

5. Ecnu s IByX peakuuid KOHCTaHTa CKOPOCTH IMEpBOM OOJbIlle YeM KOHCTAHTa CKOPOCTH
BTOPOI1, TO KAKOBO COOTHOILIEHUE MEX]Ty SHEPTUSMHU aKTUBALUU ITUX pPEaKLMi?

a)E’>E”; 0)E’ <E”; B) HEJIb3s1 OIIPEIEIUTD.

6. Kakxme Bo3geiictBus Ha peakuuonHyo cucreMy 4HClyy+ Oz =2 Clyry+ 2 HoO
MPUBEAYT K CMELICHUIO PABHOBECHS BJIEBO?

a) yBeJIMYEHUE KOHIIEHTPAIIMH KHCIOPO/a;

0) yBennueHHE KOHIICHTPALUHU XJI0Pa;

B) IIOBBIILIEHHUE JaBJICHUS;

I) yBeJIMYEHHE 00beMa PEaKIIMOHHOTO COCY/Ia.

7. Qs vexkotopoit peakiuuAG < 0. Kakue 3 npuBeIeHHBIX YTBEPKIACHUHN PABUIHHBI?

a) KOHCTaHTa paBHOBECHS peaKLUU OOJIbIlIE EAUHUIIBL;

0) KOHCTAaHTa PABHOBECHS PEAKIIMY MEHBIIIEC €TMHULIBI;

B) B paBHOBECHOU cMecH IpeodIagaroT UCXOIHbIE BEIIECTBA;

') B paBHOBECHOU CMecH MPeo0IaaloT IPOAYKTHI pEaKIIUU.

8. C pocroM  TemiepaTypbl  3HAuY€HHE  KOHCTAaHThl  PABHOBECHUS  PEAKIUU

Hy0 ) = Ha vy + 1/2 O () Bo3pactaer. Kakos 3Hak AH;’% 3TOM peakuu?
a) AHggs >0;
6) AHjg <0;

B) 110 JJAaHHBIM 3aJ]a4U HEJb35 ONPEACTUTh.

9. Jlns HeKoTOpoi caMonpou3BOJILHO NMpoTekatomielt peakiun AS < 0. Kak OyneT u3MeHsAThCs
KOHCTaHTa PABHOBECHSI C TIOBBIIICHHEM TEMITEPATyPhI?

a) YBEJIMYUBATHCS;

0) yMEHBIIAThCS;

B) 110 IaHHBIM 33/1a4H HEJb3S ONPEICTUTh.

10. Koncranra paBHOBecHusi HeKoTopod peakuuu npu 293 K paBHa 510%a npu 1000 K
cocrasisier 2-10°°. Kaxos 3nax AH® oroit peakrin?

a) AH’>0; 6)AH’<0.

Paszoen 7. Obwue ceedenus o pacmeopax

Tema 1. Obwue ceoticmea MOIEKYIAPHLIX PACMBOPO8

1. Onpegenure CymHOCTh XUMUUYECKOU U (DU3UIECKOIN TEOPUHU PACTBOPOB.

2. JlaiiTe IOHATHE PAaCTBOPUMOCTH U YKaXHTe (PaKTOPHI, BIUSIOLINE HA HEe.

3. Onpenenure 3aBUCUMOCTb PACTBOPUMOCTH ra3a B BOJIE OT TEMIIEPATYpPhl U JaBICHHUS.

4. OxapakTepu3yiiTe TErIoTy pacCTBOPEHUSI.

5. OxapakTepu3yiite criocoObl BEIpaKEHHs COCTaBa pacTBOPOB.

6. MaccoBasi 10711 Kakoro M3 pacTBOpOB OoJiblle (IUIOTHOCTH PAcTBOPOB MPUHSATH PaBHBIMH
equnmiie): a) 0,01 M CaCly; 6) 0,01 M NaCl?

7. Bpraucnure MOJSIPHYIO KOHIIGHTPAIIUIO Ka)XJAO0TO M3 CIEAYIOIMUX pacTBOpoB: a) B 200 mu
pactBopa conepxutcs 111 r CaCly; 6) 10 M 1 M pactBopa H,SO,4 pazbasmmm 10 200 Mit; B) MOJTBHAS
noist HCI pasna 0,1; mmotHocTs pacTBopa paBua 1,1 Kr/i.

8. Vkaxure QaxTOpbl, NPUBOAALINE K IOHIKEHHUIO JaBJICHHUS HACBHIIICHHOTO Mapa Haj
pPacTBOPOM.

9. PaccuuraiiTe OCMOTHYECKOE NaBJIEHHE OJHOMOJIIPHOTO pacTBOpa JIt0OOT0 HEIIEKTPOIUTA
npu 0° C.
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10. B xakux cuctemMax MOXHO HaOIr0/aTh siBjieHue ocmoca? IlpuBeanre mpuMepbl MPUPOIHBIX
OCMOTHUYECKUX SIBJICHUI.

Tema 2. Honnwvie pacmeopul

1. O6bsacuuTe, MouemMy TeMiepatypa 3amep3anus 0,1M pacrBopa NaCl B gBa pasa Huxe, uem
0,1M pactBOpa caxapa.

2. Kakue BeiecTBa Ha3bIBalOTCS 3JIEKTPOJIUTAMU?

3. YKaxuTe NPUYUHBI JIEKTPOIUTHUECKOM TUCCOMALINU.

5. OxapakTepu3yiWTe BEIWYMHY CTENEHU JUCCOLMAIIMU CHIIBHOTO 3JIEKTPOJIHTa, cIaboro
AJIEKTPOJIUTA U HEIJICKTPOIIUTA.

6. [IpuBenuTe ypaBHEHUS PEAKIMNA 3JIEKTPOIUTUYECCKON IHCCOIMALUMHI BEIIECTB: THIPOKCHAA
MarHusi, KapOoHaTa HaTpHsl, COJSTHON KUCIIOTHI.

7. Onpenenure, B kakoM u3 pactBopoB — 0,1M HCI mwmm 0,1M HCN KoHIeHTpamus HOHOB
Bogopoza ( H ) 6onpime.

8. Paccumraiite aiekTponpoBoanoctu pactBopos: a) 0,01M HClu 0,1M HCI 6) 0,1M CaCl, u
0,1M NaCl ) 0,01M HCl u 0,01M HCN. OGcyaute pe3ysibTarhi.

9. IlpuBeauTe ypaBHEHUS pPEaKIUil AUCCOIMAIIMHA U BBHIPAXKEHUS COOTBETCTBYIOIIUX KOHCTAHT
nuccormanuu st snekrpoiuros: HCl, HNO,, HCIO, NaOH, NH,OH.

10. [IpuBenuTe ypaBHEHUS pPEAKUWH JAUCCOLUMAIMH W BBIPAKEHUS KOHCTAHT MCCOIUAINN
anektponutoB: HyS, Zn(OH),, H3PO,4. Cr(OH);.

11. OObsicHUTE 3aBUCUMOCTb CTEMEHHU AMCCOIMAIMM U HM30TOHHYECKOro koddduimenta ot
pa30aBieHUs pacTBOpa.

12. TlpuBeauTe 3HAUCHUSI HOHHOTO MPOU3BECHUS BOIbI: a) pu 25°C, 6) mpu 80°C?

13. Pacmionoxxute B MOpSIKE BO3pacTaHUs 3Ha4eHUs1 PH 3IeKTPOIUTHI OTMHAKOBON MOJISIPHOM
konueHrpanuu: a) HF 6) CH;COOH B) HCN r) HCI.

14. TlpuBeaute B oOlIeM BUE BbIpa)KEHUE, KOHCTAHTa PABHOBECHS KOTOPOIO Ha3bIBaeTCs
“npou3BesieHne pacTBOPUMOCTH .

15. IMpuBeaute Boipaskenus [P mis cieayromux snektponuTtos: Agl, Ag,S, Bi,Ss, BaSO,.

16. K naceimenHomy pactBopy AQCl moGaBumu: a) xmopuj Hatpusi 0) HUTpAT HaTpPHs B)
HHUTpAT cepedpa r) colsiHyto KUucaoTy? B kakom cirydae pactBopumocts AQCI usmenurcst?

18. Kak wu3MEHSTCS KOHILEHTpalUU BCEX KOMIIOHEHTOB PAaBHOBECHOTO IpoIiecca: a) IMpu
J0OABJIEHUH CUJIBHOM KHCIIOTHI K pacTBOPY CJIa00M KUCIOTHI, 0) Mpu T00aBICHUH CIa00N KUCTOTHI K
pacTBoOpy €€ coiu?

19. O6bscHUTE, TOYEMY MOJIEKYJIIPHOMY YPAaBHEHHIO COOTBETCTBYET OJIHO HOHHOE YpaBHEHHE,
TOTJa KaK HMOHHOMY YpPaBHEHHIO COOTBETCTBYET IIENBIA PSI PABHOBEPOSTHBIX MOJICKYISIPHBIX
YpaBHEHUM.

20. CocraBbTe ypaBHEHHUSI MOJIEKYJIIPHBIX ¥ HOHHO-MOJIEKYJISIPHBIX PEAKLIUH, IPOTEKAIOIUX B
pacTBOpax MeXJy: a) COJSHOM KHCIOTOM M KapOoHaToM Kanblus; O) a30THOW KHUCIOTOH U
THIPOKCUIIOM JIUTHS; B) CYyAb(QHUIOM HATPUS W HUTPATOM MEIH; T) THAPOKCHUIIOM IIMHKA M €KUM
HATpOM; /1) OpOMHIOM aMMOHHUS U BOJIOM; €) TUIPOCYIb(OUTOM HATPHUS U BOJOM.

21. TlonGepute COOTBETCTBYIOIINE MOJIEKYJIIPHBIE YPaBHEHUS K KPAaTKUM HOHHBIM:

a) 2Br~ + Pb?* =PbBry

6)H'+F =HF

B) 2H" + 805> =H,0 +S0, T

r) Fe** +6F =[FeFe]*

1) S* +H,0 = HS™ + OH~

¢) Cu** +H,0 = CuOH" + H*

22. Kakas u3 cojeil B paBHOW MOJSIPHOW KOHIIEHTpAllMM MMeeT HauOoibliee 3HaueHue pH:
NaBr, NaHS, NaHSO3, NaF?

Pazoen 8. Jlucnepcuvle cucmemoi
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Tema 1. Konnouonwvie pacmeopwi

1. luciepcHBIMUA CUCTEMAMH SIBJISTFOTCSI CHCTEMBI:

a) reTepPOreHHBIE; 0) TOMOTEHHBIE; B) olHO(a3HBIE.

2. JIucriepCHOCTh CHCTEMBI XapaKTePH3yeT:

a) Mepy pa3ApoOIECHHOCTH AUCTIEPCHON (ha3bl;

0) KOJTMYECTBO KOMIIOHECHTOB B CUCTEME;

B) MPUPOTY JUCTIEPCUOHHOMN CPEJIbI.

3. KoytoniHbie CHCTEMBI OTHOCSTCSI K CHCTEMaM:

a) CyOMUKpPOT€TepOTCHHBIM;

0) rpyboarCTIepCHBIM;

B) MOJIEKYJISIPHO-UCIIEPCHBIM.

4. lucriepcHoii ¢da3oii Ha3bIBaeTCs ¢aza:

a) KOTOpast pacipeernseTcs;

0) B KOTOpOW UIET pacupeesieHue aApyrou (assr;

B) pacTBOpUMas B JUCIIEPCUOHHOM Cpejie.

5. ArperatuBHasi yCTOWYMBOCTh KOJUIOUIOB OTIPEIIEIISCTCS:

a) IMCIIEPCHOCTHIO U HAJIMYUEM CTAOUIIM3aTOPa B CHCTEME;

0) TOJIBKO AMCIIEPCHOCTHIO;

B) TOJIbKO HAJIMYMEM CTAOMIIN3ATOPA B CHCTEME.

6. Kakas TexHnueckas )KUJIKOCTb OTHOCUTCS K KIJIACCy dMYJIbCUNA?

a) CMa304YHO-OXJIAXKIAONIAsT KHUJIKOCTh;

0) OcH3UH;

B) IU3€JIbHOE TOIUIMBO.

7. Kakoii mo 3HaKy 3apsii HECYT YaCTHIlbl MPHPOTHOTO KOJUIOHMJA, UMEKIEro (Gopmyny
MULEJUIBI {[mS|O 2]' nHSlO; . XI_I " } (n — X)H+')

a) OTpULIATENbHBIN;  0) MONIOKUTEIBHBIN; B) HYJIEBOM.

8. Kakoe BemecTBO C YyBEIWYCHHEM KOHIICHTPAMHA OYyJIeT YMEHBINATh IMOBEPXHOCTHOE
HaTsDKEHUE BOJHOTO pacTBopa?

a) moboe Moroliee cpeicTBo;  0) caxap;  B) a30THAs KUCIOTA.

9. Kakast ¢opmynaa cOOTBETCTBYyeT cTpoeHuto muieiibl 30 AJCl, crabunu3upoBaHHOTO
XJIOPUCTBIM HaTpUeM?

a) {{mAgCI]-nCI"-xNa'} (n—x)Na";

6) {{MAQCI]-nCIxAg'} (n—Xx)Ag";

B) {{mNaCl]-nCI"-xAg*} (n—x)Na".

10. Kakoit non 6yner 06sagaTe HanOOIBIIEH KOATYTHPYIONMIEH CIIOCOOHOCTRIO JIJIsl PUPOTHOM

KOJUTOMJIHOM cUCTeMBI, UMEIoIIe (popMyTy MULIEILITBI
{[mAI;03]'nAlO; - XH+}_ ‘(l’l-X)H+?

3+ 2- 3-
a) Al 6)S0%; ) PO, .
Paszoen 9. OxuciumensHo—60CCmano8umenbHble npoyecchl

Tema 1. OkucaumenbHO—80CCMAHOBUMENbHBLE PEAKYUU
1. YkaxuTe, Kakve U3 CIEIYIOUIUX PEAKIUI SBISIOTCS OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIMU:

a) 2Rb+2H,0 =2RbOH + H,;
6) 2Cul, =2Cul + 1,;
B) NH,OH =NH, + H,O.

2. Kakue 13 npuBeIeHHBIX PEaKLMH ABIIAIOTCA [TPOLIECCAMH IUCITPOIIOPLIMOHUPOBAHUSA?

a) 4KCIO, = KCl+ 3KCIO,;
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6) 35+6KOH = K,SO, + 2K,S+3H,0;

B) 2AgNO, = 2Ag+2NO, + O, ;

r) 2Au,0, =4Au+30,.

3. Kakue npoaykTsl MOTYT 00pa30BaThCsl MPU OKUCICHUH BOJIBI?

a) O,uH; 6) OH uH,; B8) 20H.

4. BonHblii pacTBOp HZS o0nasaeT BOCCTAaHOBMUTEIbHBIMU cBoWcTBaMu. Kakue wu3

NEPECUUCIICHHBIX HOHOB MOXHO BOCCTAHOBUTBH 3TUM paCTBOpOM?
a) Fe*" o Fe*;  6) Cu® no Cu*; ) SN** 1o Sn*" .

5. Ha pactBop cynbdara meau (1) neiicTBYOT XJIOPUAOM Kaausl WU HOAUAOM Kaius. B kakux
ciyuasx meab (1) Oyner BoccranaBnuBathbest 10 meau (1)?

a) B 000UX CIIyJasx;

0) npu B3aumoeiicteuu ¢ KCI;

B) nipu B3aumoiericteuu ¢ Kl;

') HU B OJTHOM U3 CIIy4Yaes.

6. Kakue u3 npuBEIEHHBIX pEaKkLUUi MOTYT CaMOIIPOU3BOJBHO IPOTEKaTh MpU JAEUCTBHUU
BOJIHOTO PacTBOpA MEpPMaHraHaTa Kajus Ha cepedpo?

a) MnQ, + Ag=MnO; + Ag";

6) MnO, +8H" +5Ag = M** +5Ag" +4H,0;

B) MnQO, +2H,0 + 3Ag = MnO, +3Ag" +40H".

7. Kakue U3 NPUBEIEHHBIX PEAaKIUH MOTYT CaMOIPOMU3BOJIBHO NPOTEKATh B HEHUTPAIBHOM
BOJTHOM pacTBope?

a) MnQ, +CI" =MnQO, +Cl,;

6) MnQ, +Br = MnQ, + Br,;

B) MnQ, +1I"=Mn0O, +1,.

Tema 2. DnekmpoOHvle npoyeccvl U 21eKmpoosudxcywue cuivl. Xumuyeckue UCMOYHUKU
anekmpudeckoul snepeuu. I anoeanuyeckue s1emMeHmol.

1. TanpBaHMYECKUN 3JIEMEHT COCTOMT M3 METAJTIMYECKOro IMHKa, norpyxkeHHoro B 0,1M
pacTBOp HUTpaTa LMHKA, U METaUIMYECKOrO0 CBUHIA, norpyxeHHoro B 0,02M pactBop HuTpara
cuHUa. Berancnoure O.J[.C. aneMeHTa, HaNUIINTE YpPaBHEHUE JJIEKTPOAHBIX IMPOLIECCOB, COCTABbTE
AIIEKTPOXUMHUYECKYIO 1IETIb.

2. BpruncanTe moTteHuuan cepeOpsHOro ayieKTpoja B HacklleHHOM pactBope Ag Br ( IIp =
6-10'13), coJziepskarieM kpome toro, 0,1 Monp/n Opomuia Kamusl.

3. BelumciuTte akTUBHOCTH MOHOB H' B pacTBOpe, B KOTOPOM IOTEHIHa] BOAOPOIHOIO
ANEKTpoJa paBeH — 82 MB.

4. Onpenenute 2./1.C. ralbBaHUUECKOTO JIEMEHTA

Ag|AgNO;(0,001M)||Ag NO3 (0,1M)|Ag

B xakom HampaBieHHH OyAyT nepeMeniaTbes SIeKTPOHbI BO BHEIIHEH 11enn?

5. CocTaBbTe CXEMBI JABYX TI'aJIbBAHUYECKUX DJIEMEHTOB, B OJHOM U3 KOTOPBIX MEIb CIIYXKHJIa
OBl KaTO/I0M, a B IpyroM — aHojioM. Hanummnre ypaBHeHHe peakiuil, IpOUCXOASIIUX PU paboTe 3TUX
AJIEMEHTOB, M BBIYUCIINTE 3HaueHue ctanaapTHeix O.J[.C.

6. Bpluncnure 31E€KTpOAHbBIE MOTEHIMANIBI MArHUS B pacTBOPE €r0 COJIM MPU KOHIEHTPALUAX
rona Mg?* - 0,1; 0,01 u 0,001 Mous/11.

7. Onumure paboTy KaaMHEBO-HHKENEeBOro akkymyssropa ¢ ydactuem Ni(OH); u Cd B
HIEJIOYHOU cpelie.
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Tema 3. Onekmponus

1. CocTtaBbTe ypaBHEHHE IPOLECCOB, MPOTEKAOIUX IMpH 3JekTponu3e pacruiaBoB NaOH u
NiCl, ¢ vHepTHBIMHU 3JIEKTPOIaMHU.

2. CocTaBbTe CXEMBI 3JIEKTPOJIM3a BOJHOTO pacTBOpa XJIOpU/A IIMHKA, €CITH

a) aHOJ — IIMHKOBBINA; 0) aHOJ — YTOJIbHBIN.

3. Umeercs pactBop, conepxammii KCl u Cu(NO3),. [Ipeanoxure Hanbosee mpocToii crnocod
norydeHus mpaktuuecku yuctoro KNO3

4. Tlpu snexrponuse pactBopa CUCl, ma anome Beigenmioch 560 mur rasa (d.y.). Haiinure
Maccy MeJIH, BbIICTUBIICICS HAa KaToOAE.

5. Ilpu onextponusze BomHoro pactBopa Crp(SOg)stokom cuoii 2 A Macca KaTtoja
yBenuuuiach Ha 8r. CKOJIBKO BpEMEHU MPOBOIMIM IEKTPOIN3?

6. Ilpu mpoxoKAeHHH 4Yepe3 pacTBOp COJIM TPEXBAJIIEHTHOrO MeTajlla Toka cwioil 1,5 A B
teuenre 30 MUHYT Ha KaTtonae Beiaenwiochk 1,071 r mertamia. Berauciaure MOJSpHYIO Maccy aToma
MeTaia.

7. Beruucnure maccy cepedpa, BbIAECIUBIIETOCS HAa KaTo/1€ MpU MPOIMYCKAHUU TOKA CHIION 6 A
yepes pacTBOp HUTpaTa cepedpa B TeueHue 30 MUHYT Mpu BbIxoe 1o ToKy 80%.

Tema 4. Kopposus u 3awuma memaios

1. OnumuTe KOPPO3HOHHBIE MPOIECCHI, MPOTEKAIOIINE TPU SKCIUTyaTallii OLIMHKOBAHHOTO
xkenesa B armocdepe. [Ipusenure GopMyITy IEKTPOXUMHUYCCKOHN TICTIH.

2. TlpuBenuTe peakiyy, NPOTEKAIOIIUE B KHUCIOW cpele MpU HapYyIIEHUU [EeTOCTHOCTH
MOKPBITHUS: a) OLIMHKOBAHHOTO KeJe3a, 0) JTyKEHOro Kelesa, .

3. [IpenyioxxuTe MeTaIlI, MPUTOIHBINA JJISi UCIIOJIB30BAaHMS B KA4eCTBE MPOTEKTOPA ITHHKOBOTO
W3JIeIUs TP DKCILTYyaTallii B HEUTPAIIBHOM CpeJie.

4. Yto umeeTcst B BUAY, KOTJa TOBOPST, YTO JUIS MIPEIOTBPAICHHS] KOPPO3UU OJHOTO METaslia
eMy MIPUHOCAT B )KEepPTBE APYroi MeTan?

5.XpoMupoBaHHasl IeTallb aBTOMOOMIISI COCTOUT U3 XKeJle3a, HOKPHITOrO TOHKUM CJIOEM HHUKEJI,
KOTOpPBIH B CBOIO OYepeb MOKPHIT CJI0EM XpoMa. Pacnonokure 3T MeTaJuIbl B P IO CIOCOOHOCTH K
okucneHno. Kakyio posb urpaer HukeneBoe MNokpbiTHe? s 4Yero HyXeH CJIOoH XpOMOBOTO
HOKPBITHS?

6. Onpenenure CKOPOCTh KOPPO3UOHHOTO Pa3pPYIICHHS] KOHCTPYKIIMU B (MM /4, MM /TOM) €CIH
TOJIIIIMHA CIIOS METajla, MOTEPSTHHOTO 3a 1 ro; cocTaBmiia 2 MM.

7. Onpenenurte CKOPOCTb KOPPO3UH METAIUIMUECKOH IIIIACTUHBI JUIMHOM 1M u mmpuHoil 10 cMm,
€cJIu ToTepsi Macchl coctaBuia 1 rpamm 3a 0,5 rona.

Pa3zoenl(. Koncmpykyuonnvie mamepuanol

Tema 1. Koncmpyxkyuonuvle memaivl

1.ITpuBenute 00OCHOBaHME pa3MeIllEeHUE XpOMa, MOIMOIeHa U Bolb(pama B OAHOW TpyIIe U
HOATpYIIE MEePUOANYECKON CUCTEMBI.

2.0xapakTepu3yiTe CBOICTBA MapraHila, yKa3aB CTPOCHHE €ro aroMa M TIOJIOKEHHE B
MIEPUOTUYECKON CUCTEME.

3.0mpenenuTe Maccy TMepMaHTaHaTa Kaius, HEOOXOAMMYIO /sl OKHCIEHHS cyhbdara
xenesa(ll), maccoit 7,6r B CepHOKHCIOM pacTBOPE.

4. OxapakTepu3yiTe OTHOIIICHUE Keje3a, KoOaIbTa U HUKENS K KHCIOTaM.

5. YkaxuTe MeTam, KOTOpbIA OyzneT pa3pyumiaThCsi MEPBbIM HA MOBPEXKIEHHOM MOBEPXHOCTH
HUKEJIMPOBAHHOTO, OIIMHKOBAHHOTO U JIY>KEHOT'0 JKeJe3a.

6. Kak MeTasibl OTHOCSITCS K 9JIEMEHTAPHBIM OKUCITUTETISIM?

7. OTHOIIEHNE METAJUIOB K BOJHBIM PacTBOpPaM KHUCJIOT M IIEJIOUEH, K paciiaBaM LIET0YEei.

8. OxapakTtepu3yiTe KHCIOTHO-OCHOBHBIE CBOMCTBAa OKCHIOB U THAPOKCHUIOB METAIUIOB B
HUBIIUX, TPOMEKYTOUHBIX U BBICIIUX CTETICHIX OKUCIICHUS.
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9. KakuMu OKHCIHUTEIbHO-BOCCTAHOBUTEIBHBIMA CBOWCTBAMHM 00J1aal0T HOHBI P- u d-
METAJIJIOB B PA3JIMYHBIX CTENEHSIX OKUCICHUS?

10. Yem BbI3BaHa CKJIOHHOCTh HOHOB MHOTHX METAJJIOB K KOMIUIEKCOOOpa30BaHUIO?

11.ITpuBeauTe ypaBHEHHUS PEAKIIMM:

a) Zn + NaOH + H,0=

0) Zn + HNOs (p) =

B) Zn + HNOj; (k)

12.YcranoBuTe, Kakue U3 MpeUI0KEHHBIX BOCCTAHOBUTENEH MOTYT BoccTaHaBiIuBaTh Fe,03 10
CBOOOJHOIO MeTaJlIa.

a)Zn; 60) Ni; B)Cu.

Tema 2. Ilonumepnvie mamepuansl

1. IlpuBeaute cxXxeMmbl peakUMil MOJMMEpH3aluu JTuiaeHa u aueTwieHa. CpaBHUTe
JIIEKTPUYECKUE CBOMCTBA MOJYYEHHBIX MOJIUMEPOB.

2. Hanumure ypaBHEHHE peaklMK NOJMMEpU3aly nponuieHa. [IpuBenqure n30TakTHYECKYIO,
CUHAMOTAaKTUYECKYI0O U ATaKTUYECKYIO CTPYKTYpbl nonumepa. CpaBHUTE UX BO3MOXKHbBIE (pa30BbIE
COCTOSTHUSI 1 MEXaHUYECKYIO TPOYHOCTb.

3. CocraBpTe cXxeMy peakiuu NOJUMEpU3aluu MeTuiMerakpunata. OxapakTepusyiite
CBOMCTBA MPOIYKTA U YKAKUTE 00JIACTH €ro MPUMEHEHHUS.

4. YkaxxuTe pa3inyie CBOMCTB MEXy KaydyKOM U PE3UHOM, IIOJYyYEHHON Ha €r0 OCHOBE.

5. CoctaBbTe CXeMy peaklHH MOJUKOHAeHcanuu ¢eHona u Gopmanpaeruna. lIpeanoxure
METO/I TIOyYeHHUS] TEPMOPEAKTUBHOTO MOJIUMEDPA.

6. Onpenenure MOHIATHE OJIUTOMEP» U YKaXUTE 00JIaCTH UCIOIb30BaHUS OJIUTOMEPOB.

7. BplunciauTe W3MEHEHHE SHTAJIbIMM PEaKUUU IOJIMMEpPHU3alluy IMPOMNEHAa IO BEIMYMHAM
SHEPrui CBs3EH.

JlabopaTopHbIi NPAKTHKYM 10 AUCHHUIIMHE «XHUMHD)

Jladoparopnasi padora Nel
Omnpenesienne MOJISIPHON MacChl JKBHBAJIEHTA MeTaJLjia

Ilenv pabomwr: TO3HAKOMUTHCS C MCHOJIB30BAaHUEM 3aKOHA HKBUBAJIEHTOB MJIs OMpEIEICHUs
MOJIIPHOW Macchl ’KBUBAJIEHTa METaJLIA.

Pekomenoayuu: Tpu TOATOTOBKE K pabOTe HEOOXOIUMO YIEIUTh BHUMAHHE TOHATHUIO
HKBHUBAJICHT U 3aKOHY JKBHMBAJIEHTOB, a Takke 00O3HAUEHUSM M €IUHHIIAM U3MEpeHHs (PU3MUecKHux
BEJIMYKH.

Bascnenwue nonamus:

ATOM, MOJIEKya, NOH, OTHOCUTENIbHAs aTOMHAs Macca, MOJIEKYyJIsipHasi Macca, MOJIb.

DOKBUBaICHT (DAKTOp OSKBUBAJICHTHOCTH (YHCIO OSKBUBAJCHTHOCTH), MOJSpHas Macca,
MOJISIPHBIA 00BEM, MOJISIpHASI Macca SKBUBAJICHTOB BEIIECTBA, YKBUBAJICHTHBINA 00BEM.

Cnedyem ymemb. 5aBaTh ONPEACIICHHUS BAXKHEWIIUM TOHATHAM, (OpMyIHpOBaTH
CTEXMOMETPUYECKHE 3aKOHBI: ONpPENesATh OSKBUBAJICHT BEIIECTBA B KHCJIOTHO-OCHOBHBIX U
OKHUCJIUTEITbHO-BOCCTAHOBUTENBHBIX PEAKIIHIX; PACCUUTHIBATH MOJSIPHBIE MAacChl OSKBUBAJICHTOB
BEIIIECTB; TOJB30BaThCS JUISI PACYETOB 3aKOHOM DKBHBAJIICHTOB; OOBSACHATH, KaKyl0 HH(OpPMAIIHIO
HECeT ypPaBHEHNE XMMHYECKOW PEaKIIiu.

Konmponwsnwvie éonpocwt u 3a0anusn:

1. laTe onpeneneHust arToMy, MOJIEKYJI€, HOHY, SKBUBAJICHTY.

2. TloueMy »OKBHBAJIEHT sBisieTcs ycloBHOW uactuied? IloscHUTh TepMuUH «daKTop
SKBUBAJIEHTHOCTH.

3. OmnpenenuTh SKBUBAJECHT CEPHOM KHCIOTBHI, THUAPOKCHAA HATpws, cyiabdara meaun B
KHCJIOTHO-OCHOBHBIX PEAKIIHIX.
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4. PaccunTarh MOJSIpHBIE MAacCChl SKBHUBAJICHTOB, MPOSBISEMBbIC B PEaKIUAX OOMEHa, IS
BCIICCTB: Ca(OH)z, CaClz, H3PO4, KzCI‘zO7.

5. Berancaute MOJISIpHYIO Maccy skBuBaieHTa H3PO,4 B peaknusax oOMeHa, eciii U3BECTHO, YTO
00pa3yroTCs TOIBKO KUCIIbIE COJIH.

6. Metamn, Maccoii 4,081, BBITECHSET U3 KHUCIOTHI BOAOPOA, oobeMoMm 1,41 (H.y.). DTa xe
Macca Merajuia BhITeCHseT 12,951 cBUHIIA U3 PacTBOPOB €ro cojiei. BBIYMCIUTL MOJSPHYIO Maccy
SKBHUBAJICHTA CBUHIIA.

7. Mblbsik 00pa3yeT 1Ba OKCUAA, MAacCOBast 10JI MBIIIbSKA B KOTOPBIX COOTBETCTBEHHO paBHA
65,2 u 75,7%. Paccuntarh MOJISPHYIO MacCy SKBUBAJICHTA MBIIIbSIKA B 3TUX OKCHUAX.

JKCNepUMeHTATbHAasA YaCTh

B pabote s HAXOXIEHUS MOJSPHONW MacChl IKBHUBAJICHTA METaIa MCIOJB3YETCS METOJ
BBITECHEHHS BOJOPOJAa M3 KHUCIOTHl C MOCIEAYIOIIUM H3MepeHueM ero obwvéma. Heobxomammo
YUUTBIBaTh, YTO BOJIOPOJA coOupaeTcs BMecTe ¢ napamu BoJbl. [loaTomMy TpeOyeTcsi BBECTH MOMPABKY
Ha MapIUaIbHOE JAaBJICHUE BOASHBIX MAPOB MPU TEMIIEpAType MPOBEACHUS OTIbITA.

Memoouka évinoinenusn onvima

B HeGonpuryro mpoOupky HayeldTe 5 M pa30aBICHHOTO PAacTBOpa COJITHOM KHUCIOTHI MPH
MOMOIIM TMHIETKH TaK, YTOObl HE CMOYHUTH KHUCIOTOW cTeHKU MpoOupku. [IpoOupky ¢ kKucimoroi
OCTOPOKHO HAaKJIOHUTE U MOJIO)KUTE HABECKY MeTalljla, CIe/s 3a TeM, YTOObI METalI IPEKIEBPEMEHHO
HE TIONaJI B KUCIOTY. B TakoM moyokeHHH MpOOHPKY 3aKpOHTE MPOOKOHM C Ta300TBOJAHON TPYOKOI,
paHee MPUCOETUHEHHOU K OropeTke. Heo6XoanMo OTMETUTh YPOBEHb JKUKOCTH B OIOpeTKe 0 Havama
peakiuu. BeTpsxHyB npoOUpKy, CTOJIKHUTE MeTall B KucioTy. Habmonaiite BolieieHue BOAOpoia U
BBITECHEHHUE BOJIbI U3 OIOPETKU B JIpYyryro OropeTKy. [1lo OkoHUYaHUM peakIuu, ONPEIeIUTE U 3aUIITUTE
00BEM BBIJICIIUBIIIETOCS BOAOPO/IA M YCIIOBHUS IIPOBECHMS OIBITA B TAOIUIHYIO (hOpMY.

Pacuémut u ob6cyscoenue pe3yromamos

Pacuér M,(Me) MOXHO BBITIOTHHUTH JBYMSI CIIOCOOAMHU.

Ilepeuviii cnocob:

o m
1. IlpumenuB ypaBHEHHE COCTOSIHUSA uaeainbHOro raza Kimanelpona-Menneneesa PV = wrr

BBE/Sl TIOMPABKYy Ha MaplidalbHOE JaBiieHue BojsHoro mapa (P-h), BeumciuTe mMaccy Boaopoja B
U3MEPEHHOM BaMU 00BEME.

2. Ha ocHOBaHuU 3aKOHA SKBHBAJICHTOB BBIUMCIUTE MOJISIPHYIO MAacCy SKBUBAJICHTA MeTalljIa:

m(Me) _ My(Me)

m(H;)  Ma(Hp)’

3. PaccuuTaiite aToMHYI0 Maccy MeTajula, BOCIOJB30BaBIIMCh BAaJCHTHOCTHIO MeTala H,
CleI0BaTeNbHO, (PAKTOPOM SKBHBAJIEHTHOCTH:

M,(Me)=1/z -A ,. rne A — aToMHas Macca MeTalIa; Z — YKCJIO0 3JCKTPOHOB, YUaCTBYIOMIHX B
peaKIuu.

4. CpaBHUTE TOJYYCHHYI0O HAMH OKCICPUMEHTAIBHYIO BEIUYHUHY MOJSIPHOW MAaccChl
HKBHUBAJIEHTa METaJlJla C TEOPETUYECKUM €€ 3HAUYCHHEM, HaWJeHHBIM IO MEePHUOJUYECKON CcHCTeME,
BBIYHCITUTE OTHOCHUTEIIBHYIO ONTHOKY OTIBITA.

5. Bec TabauYHbBIC U SKCIIEPUMEHTAIBHBIC JaHHBIC 3aHECUTE B TAOJHITY.

rae M,(H2)=1 r/momnsb.

Bmopoti cnocob:

1. IIpuBeauTE 1O ypaBHEHHIO 0OBEAMHEHHOTO rA30BOT0 3aKOHA!

PV PoV,

T T 1,

2. 3amenuTe Maccy Bogopoaa u Mn(H,) B 3aKOHE PKBMBANEHTOB HAa MPONOPIHMOHATLHBIE HM
00BEMHBIE 3HAYEHHS ¥ TIONYINTE PACUETHYIO HOPMYIY:

m(Me)-V,(Ha)
Ma(Me) = i 2

Jlanee pacd€T mpoAoKaiTe ¢ MyHKTa 3 MPEABIAYIIEro crnocooa.

o0beM BoienuBIIerocs Bogoposaa k H.y. (Vo(Hz)).

riae V5(H,) — sxBuBaneHTHBIN 006EM BOIOpOIa, paBHbIH 11200Mmi1.
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JlabopaTopnasi paGora Ne2
KomniekcHblie coeTuHeHHS

I[ens padompl: T03HAKOMUTHCS CO CTPOSHHEM M CBOMCTBAMHU KOMILICKCHBIX COCTUHCHUH.

Pexomenoayuu: nipu TMOITOTOBKE K pabOTEe MOBTOPUTE XMMUYECKHE CBSI3M U MEXaHU3MBI
00pa3oBaHUs CBSI3EH; OTBETHTE HA KOHTPOJILHEIC BOITPOCHL.

Baxcneinmue nonamusn: KOMIJICKCHOE COSIMHEHUE, KOMITJIEKCOO0pa30BaTeib, TUTAH/I,
KOOPJIMHAIIMOHHOE YUCIIO, BHYTPEHHSISI M BHEIIHSIS C()epbl, MOHU3AIUs B pacTBOpPE (MIEPBUYHAS H
BTOPUYHAS TUCCOIUAIINS), KOHCTAHTBI HECTOMKOCTH M YCTOWYUBOCTH.

Cnedyem ymemsp: XapaKTepH30BaTh COCTaB KOMIUIEKCHOTO COCIUHECHHUS; 1aBaTh OIpPEICIICHUE
MOHSTHSIM: KOMILIEKCOOOpa30BaTenb, JIMTaH/A, CTENEHb OKHUCICHHUS W KOOPJUHAIIMOHHOE YHCIIO
KOMIUIEKCOoOOpa3zoBatens. [lo CTemeHW OKUCICHUS ONPEeAeNsATh D3IEKTPOHHYIO KOH(HTryparuio
KOMILIEKCO00pa30Bates, 0 YUCITy CBOOOJHBIX aTOMHBIX OpOUTAJICH ONpeaessTh KOOPAUHAIIMOHHOE
YHCJIO W TUN TUOPUAM3ALMU KOMILIEKCOOOpa3oBatTels. BelpaxkaTh ypaBHCHUSMH DPEaKIUU
00pa3oBaHUs U MOHU3ALUU KOMIUIEKCHBIX COEAMHEHHH B pacTBOpE, 3alUChIBaTh BbIpakeHUA Kogp
(kOHCTaHTBI YCTOMUUBOCTH) U Kyecroiik. (KOHCTAHTHI MOHU3ALIUN ) KOMILJIEKCHBIX COCIMHEHUM.

Konmponwvnsie 6onpocwt u 3a0anus

1. TlpuBemensl mpuMepsl KOMILICKCHBIX — coemuHenuii:  Ky[ZnCly], [Zn(OH,)4]Cly,
[Ni(NH3)6]Clz, [Cr(NH3)3(OH2)s]Cls,

a) OTMCTHTh BHYTPCHHIOO H  BHCIMHIOW chepy  KOMIUIGKCHBIX  COCAMHCHHIA,
KOMILIIEKCOOOpa30BaTeb U JINTAHIbI;

0) onpeaenuTh  3apsl, ~ CTCNEHb  OKUCICHUS W KOOPAMHAIMOHHOE  YHUCIIO
KOMIUIEKCOOOpa30BaTeIs.

2. OnpenenuTh CTEIICHb OKUCIICHUS B DJICKTPOHHYIO KOH(PUTYPALIUI0 KOMIUIEKCOOOpa30oBaTeIIs
B coeaunenun Ky[Zn(OH)4]. KakoB Tun rudpuau3anuy opOUTaiei HeHTPaabHOro aroma?

3. Hanucars ypaBuenust nonusaiu [CA(NH3)4]Cl, u Ko[Cd(CN)4] B pacTBope U ypaBHEHHUS
WOHM3AINH (BTOPUYHOU JUCCOITUAITNH ) KOMITJICKCHBIX HOHOB.

Konmponwsnwie eonpocwt u 3a0anusn

1. TlpuBemensl mpuMepbl KoMIUleKCHbIX coemauueHuii:  Ky[ZNnCly], [Zn(OH2)4]Cly,
[Ni(NH3)e]Cl2, [Cr(NH3z)3(OH2)s]Cls,

a) OTMECTHTh BHYTPCHHIOO W  BHEIMHIOW chepy  KOMIUICKCHBIX  COCAMHCHHIA,
KOMILJIEKCOOOPa30BaTENh U JINTAH/IBI,

0) ompeaenuTh  3apsj,  CTENEHb  OKHUCIEHUS W KOOPJWHAIMOHHOE  YHUCIO
KOMILIEKCOOOpa3oBaTes.

2. OnpenenuTh CTENEeHb OKWCICHUS W JJIEKTPOHHYIO KOH(HTYpaIruio KOMIUIEKCOOOpa3oBaTeNs B
coenunennu Ky[Zn(OH),]. KakoB tun ruGpuan3aiiuu opouTaeil IeHTPpaIbHOro aroMa?

3. Hanwucares ypaBHenus nonmuszanuu [Cd(NH3)4]Cl, u K;[CA(CN)4] B pacTBope U ypaBHEHHS
MOHM3AINH (BTOPUYHON AUCCOIUAIINH ) KOMITJIEKCHBIX HOHOB.

4. TlpuBectn OOIIME KOHCTAaHTHI YCTOMYMBOCTH W HECTOMKOCTH JJII KOMIUIEKCHBIX HOHOB,
MIPEJICTABICHHBIX B 3aJIaHUU

5. CocTaBuTh ypaBHEHUS PEaKIHMi MOTYYeHHUS KOMILIEKCOB, rcxoas u3 pactBopa AgNO; u
B3sB B KadecTBe MapTHEepoB 1o peakiuu pacTBopsl NH3, NayS;03, NaNO, u KCN.

JKCNEepUMEHTAIbHASA YaCTh

Onwvim 1. ITonyuenue KOMnaeKcHvIX COCOUHEHUTL

B nBe mpoOupku, cormacHO BapuaHTy pabOThI, HallelTe MO JBE — TPU Kalld BEIIeCTBAa, B
COCTaB KOTOPOTO BXOAUT KOMILIEKCOOOpa3oBaTeb. 3aTeM MO KaruisiM 100aBbTe BTOPOE BEUIECTBO 10
00pa30BaHUs OCa/IKa U €T0 PACTBOPEHHUS.

Tabmuna 2.1

JlanHble K onbITy |

Bapuant \ Peaxuu \ Bapuant Peaknuu

41



1 N ZnCl,+NH,OH 6 CuSO4+NH,OH
) CoCl,+NH4SCN AI(NO3)s+KOH
9 CuSO4+NH,OH 7 Ni(NO3),+NH,OH
FeCl,+NaF CoCl,+NH4SCN
3 Ni(NO3),+NH,OH 8 CoClI;+NH,OH
Hg(NO3), Hg(NO3),+KI
4 CoCl;+NH,OH 9 AgCI+NH,OH
Bi(NO3)s+KI CoCl+KNO,
5 ZnCl,+NH,OH 10 CuSO4+NH,OH
FeCl;+NH4,SCN ZnCl,+KOH

(AQCI monyunts u3 AGNO3z 1 NaCl. PeareHToB B34Th 110 OJHOI Karuie. )

Onvim 2. Pa3pyuienue KOMNIEKCHbIX UOHO8
K momyueHHOMY B OmbpITe 2 KOMIUIEKCHOMY COCIMHEHHIO J100aBBTE PEAKTHB (COTIACHO

BapI/IaHTy') 10 UBMCHCHUA OKPACKHU.

Tabnuma 2.2
JlaHHbIE K ONBITY 2
Bapuant Peaknus Bapuant Peakius
1 NaF 6 HCI
2 HCI 7 NaF
3 HNO3 8 KNO,
4 KNO3 9 HNO3
5 NaF 10 HCI

Onvim 3. Yuacmue KOMNIEKCHbIX UOHOE 6 PeaKyUAX 00Mena
B npoGupky, cornacHO BapHaHTy, BHECUTE JIBE-TPU KaIlsId CpeAHEW coyiu. 3aTeM MO KaruisiMm
N00aBbTE€ KOMILIEKCHOE COEAMHEHUE JI0 MOSIBIICHUS OCAJIKA.

Tabnnna 2.3
JlaHHbIE K ONBITY 3
Bapuant Peaknus Bapuant Peaknus

1 FeSO,+Ks[Fe(CN)e] 6 C“gif:éj';'HHé)ﬁ[3'é%%ﬂ;')4]

2 KNO3;+Naz[Co(NO,)e] 7 FeSO,4+K3[Fe(CN)sg]

3 CuCl,+K4[Fe(CN)g] 8 KNO3+Naz[Co(NO;)]

4 ZnCly+(NH4),[Hg(SCN)4] 9 CoCly+(NH4)2[Hg(SCN)4]

5 Fe(NO3)s+K,[Fe(CN)g] 10 CuCl,+K4[Fe(CN)g]

Onwvim 4. /luccouuauus KOMNIeKCHbIX U 0BOUHBIX COJle

Bosbpmute nBe npobupku. [IpoBeauTe kauecTBEHHBIE PEAKIIUU HA HAJTMYKE U OTCYTCTBUE
[EHTPAIHLHOTO HOHA B PACTBOPE MCCIEAYEMOTO BellecTBa. J[J1s 3T0oro BHECUTE B MPOOUPKY MO IBE —
TPU KaIlUTM UCCIEAYEMOTO BEIIECTBA U CTOJIBKO K€ peareHTa Ha LIeHTPaJIbHbII HOH.

JlanHBbIE K ONBITY 4

Tabmnura 2.4

Hccenenyemsle BemecTsa Pearent Hccenenyemsle BemecTsa

1-5 KFe(SO,), NH4,SCN KpacHoe okxpammBaHue CBUIETEIBCTBYET O
K3[Fe(CN)g] NH,SCN nammune Fe**

6—10 | (NH,).Fe(SO,). Ks[Fe(CN)s] O nanuunu Fe”* cBHIETEeNbCTBYET MOSIBICHIE
K4[Fe(CN)g] Ks[Fe(CN)sg] ocajika CHHETO IIBEeTa
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JlabopaTopnasi paGora Ne 3.
Onpenenenue Tenja0Boro 3¢ggexra peakuun HeHTPATU3aALUH

Ilenv pabomwr: 0CBOUTH METOAMKY SKCIIEPUMEHTAIBLHOTO ONPENENICHUs TEIUIOBOro 3ddexra
peaKuu HeuTpau3aluu.

Pexomenoayuu: npu NOATOTOBKE K paboTe HEOOXOJMMO MOBTOPUTH paszjed «XHUMHUYecKas
TEPMOJIMHAMHKAY, OTBETUTh HA KOHTPOJIbHBIE BOIIPOCHI.

Basxcneinmue nonamusa: cuctema (TOMOTeHHass M TETEPOreHHas); TEPMOJUHAMUYECKUE
cucTeMbl (OTKpBITasi, 3aKpbiTas, H30JUPOBAHHAS); TEPMOJMHAMUYECKUE IapaMEeTPbl COCTOSHUSA
(9KCTEHCHBHBIE M MHTEHCUBHBIC); TEPMOAMHAMHUYECKUE (YHKIUU COCTOSIHHS, BHYTPEHHSS SHEpPrus,
SHTAJBINA, SHTPONHS, CBOOOAHAsA >Heprusi ['mbOca, sHTANBNUs 00pa30BaHMA, SHTAIBIUS CTOPAHUS,
CTaHJApTHBIC COCTOSHHUS M YCJIOBUSA, TEIUIOBOM A(PQEKT, 5K30- M SHAOTCPMHUECKUE PEaKIHH,
TEPMOJMHAMHUYECKAs BEPOSITHOCTh CUCTEMBI, TEPMOXUMHUSI.

Cnedyem ymemp: OOBSICHATH BCE BaKHEHINNE MOHATUS U UX OMNPEICIICHUS; ONPEAEATh TUI
CHCTEMBI; IPUBOJUTHh TEPMOXHUMUYECKHE YPAaBHEHHS; PACCUNTHIBATH TEIUIOBHIE 2(PPEKTH XMMUIECKHX
U PU3UKO-XMMHUYECKHX TPOLIECCOB;

OLICHUBATh TEPMUYECKYI0 YCTOWYMBOCTH COEIWHEHUI Ha OCHOBaHMM 3akoHa ['ecca;
paccuuThIBaTh M3MEHEHUE BHYTPEHHEH SHEpruu, SHTPONUH U CBOOOJHOW DSHEPIUU CHCTEMBI B
pa3IMYHBIX nporeccax; OOBSICHATH TEPMOTUHAMUYECKHE KPUTEPUH BO3MOKHOCTH
CaMONPOM3BOJILHOTO IPOTEKAHUS TPOIIECCa U COCTOSIHUSI PABHOBECHSI.

Konmponwvusie 6onpocwt u 3adanusn:

1. Kak u3MeHseTCs SHTANBINS CUCTEMBI, €CIIA PEAKIUs HIET C MOTIOIMIEHUEM Teria?

2. Boruucnute temnoBoit apdekr peaknuu: NaH)+H200=NaOH,)+Hy(r) no cranmnapTHbIM
SHTAIBNUAM O0O0pa30BaHMUS BEIIECTB, YYACTBYIOIIMX B pEaKIUH, €CIH AH§98(NaH(k)): -56,94
kJlx/Monb, AHygg (NaOH ) = —469,47 kJIx/Mosb, AHJgg (H200) = —285,84 kIx/MOIb.

3. Onpenenurte 3HaK U3MEHEHUS SHTPOIIUH B CIEIYIOLUINX PEAKLUAX:

a) 4N H3(r)+302(r):6H20(>K)+2Nz(r) ;

0) CH4()K)+4C|2(r):CC|4(;K)+4HC|(F) ;

B) CO(r)+3H2(r):CH4(r)+H20(;K).

4. B xakoM HaIpaBJIeHUH HIDKENPUBECHHAS peakius OyeT MpoTeKaTh CaMOIIPOU3BOIBHO?

Nory+2H201) <> NHiNO, ),

ecin AG 208(NH;NO; )= | 15,94k Ixc/Moib, AG a08(H20(r))= 228,85k [Ik/MOTB.

JKCNepuMeHTAIbHAA YacTh

Memoouxa nposedenus onvima

TennoBoil 3¢ ¢exT peakuuu HEHUTpaln3aLUU ONpeAeseTcs B IMPOCTEHIeM KallOpUMETpe.
OOBeMBbl pacTBOPOB MCXO/IHBIX BEIECTB NMPHUBEIEHBI B Ta0.3.1 cOriIacHO BapHaHTYy.

Tabnmma 3.1
OOBbeMbI paCTBOPOB MCXOJIHBIX BEIIECTB
Bapuant 11 22 33 44 55 66 77
OO0BEM KHCIIOTHI, MIT 660 650 750 770 760 750 555
OO0BeEM MHIETTOYH, MIT 660 655 660 770 665 765 665

[Ipu momMo1y MEPHOTO MJIMHIPA TOMECTUTE PACTBOP OJHOIO U3 PEarupyroLINX BEIIECTB

BO BHYTPEHHMH CTakaH KajopumeTpa. TepMOMeTpoM H3MephTe HAYabHYIO TEMIIepaTypy pacTBopa
Ty. Iloce aToro yepe3 BOPOHKY OBICTPO J00aBbTE BTOPO KOMIOHEHT pEakIMM, OTMEPEHHBIN TaKXke C
MOMOUIBI0 MEpHOro HuiauHiapa. Ilocie HeMemIeHHOro nepeMenBaHus OTMETHTE CaMYIO BBICOKYIO
Temneparypy (koHeunyr) Ty. Pe3ynbTaTsl usmepenuii u pacyeToB 0opopMUTE B BUI€ TAOIUIIBI.

Oopabomka pe3ynomamos IKcnepumenma

1. Onpenenure n3menenue temneparypsl pactBopa AT =T, — Ty.

2. Paccuuraiite konnuecTBO TernoThl Q(/x), BbIIEIUBLICHCS B X0/1€ PEAKIIUH:
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Q =(Mye + My )AT-C+W-AT,
TI€ Myyue U Mye; — MAcChl KUCIOTHI W IEJIOYH, PaBHbIE UX OOBEMam (p=1F/CM3); C — ynenbHas
TEIJIOEMKOCTh pa30aBiIeHHOr0 BOJHOTO pacTtBopa (Bombl) 4,184 JIk/(r'K); AT — wu3MeHeHue
temriepatypbl; W — moctossHHas kajgopumerpa (140,6 JIx/K).

3. BerauciauTe onpITHOE M3MEHEHHE dSHTABINH (K/[>K/MOJIB):

Q-10°

Vih,0

AHOHLITH ==

__ (AH°-AH

4. PaccunraiiTe OTHOCHTEIbHYIO IOTPEUIHOCTh OIbITa, %: a AHOO"”T) 100%.

BCPOATHOCTL CaMOIIPOU3BOJIBHOI'O COBCPILICHHUA PCAKIIUH.

JlaGoparopHasi padora Ned
XuMHn4yecKkasi KHHEeTHKA

Ileny pabomwi: wccienoBaHHWE 3aBUCHMOCTH CKOPOCTH XHMHYECKOW peakiuu OT
KOHLIEHTPALlUU PEarupyrolux BEMIECTB U TEMIIEPATYPBI.

Pexomenoayuu: 1MO3HAKOMBTECh C TEOPETHUECKUMU OCHOBAMH PabOTHI IO JIUTEPATYPHBIM
HMCTOYHHKAM.

Bascneiimuue nonamua: WCTUHHAs U CPEIHSAs CKOPOCTH PEAaKLUM, KOHCTaHTa CKOPOCTH,
KMHETUYECKOE YPaBHEHHUE, MOJIEKYJIIPHOCTh U MOPSIOK PEAKLNU, SHEPTUsl aKTUBALIUH, KUHETUYECKHE
YCIIOBUSI CAaMOIIPOU3BOJIbHBIX MPOIECCOB, MEXAaHU3M peakluu, oOpaTUMbIe U HEOOpaTUMbIE PEaKIINH,
XHMHYECKOE PABHOBECHE, CMEILICHUE PABHOBECHS.

Cnedyem ymemps: 3anvChIBaTh KWHETUYECKUE YPABHEHHMsS JJIsI TOMOT€HHOW M T€TEPOTCHHOU
peaklMM; pacCUUTBIBATh CKOPOCTb XUMHUYECKOM peakluy B HAdYaJbHbIK MOMEHT M Korja
[IpOopearupoBajia 4acTh BELIECTB; ONPENEATh U3MEHEHUSI CKOPOCTU MPHU M3MEHEHUU KOHLEHTpaluu
BEIIIECTBA, TEMIIEPATyphl U JaBJICHUS; PACCUUTHIBATH DHEPTHUIO0 aKTHUBAIIMA U KOHCTAHTHI CKOPOCTH;
3alUCHIBaTh BBIPAXKEHUS KOHCTAHTHI PABHOBECHSI; PACCUMTHIBATH M CBS3bIBATh €€ CO CBOOOTHOM
sHeprueil ['mOOca; ompenensTh HAMpaBICHUS CMEIICHUS PABHOBECHS W ONTUMANbHBIE YCIOBUSA
MpPOTEKaHUsl TMpoleccoB, ucnoiab3yd npunnun Jle Ilatense; paccuuThiBaTH TEMIEPATYPY
PaBHOBECHOTO COCTOSIHUSI CUCTEMBI.

Konumponwsnusie gonpocwt u 3a0anusn:

1. Kakue dakTopbl BIUSIOT HA CKOPOCTh XMMHUYECKUX PEAKIHii B TOMOTEHHBIX M IeTEPOTEHHBIX
cucremax?

2. Kak BamsieT XuMUYecKas TPHUPOJA PEarupyroldx BeEIIeCTB Ha CKOPOCTh XUMHYECKHUX
peakuuii? [lpuBenure npumepsl.

3. Ot kakux GakTOpOB 3aBUCUT KOHCTAHTA CKOPOCTH XUMHYECKON peaKiuu?

4. ChopMynupyiTe U MPUBEAUTE 3aKOH JCHCTBYIOLIUX MACC JIJISl PeaKIINH:

2NO(F) + Oz(r) = 2N02(r)

5. [loueMy TtemmepaTypa BIHSET Ha CKOPOCTh XHUMHYECKMX peakuuii? Kak uzmensercs
CKOpPOCTb TOMOTEHHOH peaklMH MpH MOBbIIeHMH TemrepaTtypbl Ha 40°C, eciu TemmnepaTypHbII
ko3 unueHT pasex 27

6. Uto Ha3bIBaeTCs SHEpruen aktupanuu? B Kakux equHHAIIAX OHA BhIpaKaeTcs?

7. Kakast peakuus nmporekaer ¢ 00Jplieil CKopocTbio?

CO + H0 = CO; + H; (sneprus aktuarmu 98 kJ[>k/MoIb) (D)

2H1 =H; + |, (oneprus aktuBanuu 186,4 xJ>x/Mob) 2

8. UTto Ha3pIBaeTCs COCTOSITHMEM XUMHUYECKOro paBHOBecus? [IpuBeawre mnpuMepsl s
TOMOTEHHBIX U TE€TEPOr€HHBIX CUCTEM.

9. YUrto Ha3bIBaeTCSl KOHCTAHTOM PaBHOBECHS, U OT KaKUX (PAKTOPOB OHA 3aBUCHUT?

10. Chopmynupyiite npunnun Jle- Illarense. Kak BausieT n3MeHeHHe BHEITHUX YCIOBUH Ha
COCTOSIHME PaBHOBECHS 0OpaTUMOI XMMHUYECKOUN peaKIuu?
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CaCO3(T) = CaO(T) + COZ(I—); AH =176,1 xJ]>x/MOIIb.

JKCNePpUMEHTAIbHAS YaCTh

Onoim 1. 3agucumocms cKkOpOCmMU XUMUYUECKOU PeaKyuu Om KOHUECHMPAyuu peazupyroujux
eeuecme

JIist iiccrienoBaHus MPeJIaraeTcsl peaKiusi:

Na;S;03 + H,SO4 = NapSO4 + SO, + S| + H,0

Peakuust B MOHHO-MOJIEKYJISIPHOM BHJIE:

S,052 +2H" = SO, + S| + H,0.

[Ipexxae yem mpucTynarh K BBIIOJHEHHUIO SKCIIEPUMEHTA, PACCMOTPUTE IPUMEHUMOCTh 3aKOHA
JNEUCTBYIOIIMX MAacC I JAaHHOW peakiuu (Ui YIPOILEHUS] HCIOJb3YHTE ypaBHEHUE pEakluh B
WOHHO-MOJIEKYJIsipHOM Bue). [IpuBeaure rpaduuecku BHI 3aBHCHUMOCTH CKOPOCTH PEAKIUH OT
KOHIIGHTpAaIlud THOCYJbGaTa HaTpus, yciaoBHO oOo3HaumB ee kak C, 2C, 3C (mpu mOCTOSHHOM
KOHIEHTPAllUU CEepHOM KHUCIOTHI). Omnpenenure MOPSAOK PEakIud IO THOCYIb(GAaTHBIM HOHAM.
OOcynute TakXe BHJ 3aBUCUMOCTH CKOPOCTH PEaKIMH OT KOHIEHTpAI[Md CEPHOM KHUCIOTHI U
n300pasute rpaduuecKu BUJ TOW 3aBUCHUMOCTH, €CIM KOHIICHTPAIMIO THOCYIh(aT-HOHOB CUYHTATH
MOCTOSTHHOM. YKaXUTE MOPSAIOK PEAKIMH [10 HOHAM BOJIOPO/A.

Memoouxa évlnonneHus onvima

[TpuroroBbTE TPH pacTBOpa THOCYINb(haTa HATPHS PA3TUYHON KOHIEHTpanuu. st 3Toro B TpH
npoOupku Haneiite: B epByro — 1 mit pactBopa NaS;03 u 2mi HyO; Bo BTropyro — 2 mir NapS;03 u 1
mi H;O; B Tpetbio — 3 mut Toro ke pactBopa NaS;03. 3atem B kaxayro npoOupky no6aBbTe mo 1 mi
pactBopa HySO4 u u3MepbTe BpeMsi B CEKyHAaX OT MOMEHTa J00aBJICHHSI KUCIOTHI J0 TOSBICHUS
MEPBLIX MPU3HAKOB TMOMYTHEHMS BCJICACTBUE BBIMAJACHHUS CEpbl. Pe3ynpTaThl OIbITA 3aHECUTE B
TaOJIMIy W TIOCTPOWTE TpadUK 3aBHCHMOCTH CKOPOCTH PEaKIUU OT KOHIICHTPAIMH THOCYJb(aTa
HaTpUAL.

Onvim 2. 3agucumocms CKOPOCHU PeaKyuu om memnepamypol

Uccnenyiite smnupudeckoe mnpaswio Bant-I'opda u ypaBHeHue Appenumyca, rpaduueckoe
pelieHne KOTOpOro MO3BOJISET OMPEIETUTh YHEPTUIO AKTUBAIIMH PEAKIIHH.

Memoouxa évinoinenusn onvima

B 1pu npoOupku Haneite mo 2 ma pactBopa NaS;0s3, mocTaBsTe B cTakaH ¢ Topsiuel BOJIOW U
yepe3 3 — 5 MUHYT U3MEphTE TeMIIEpaTypy BoJbI TepMoMeTpoM. J[00aBbTe B MepByIO MpoOUpKy 1 Mt
pactBopa H,SO, m oTMmerbTe BpemMsi OT MOMEHTa JOOABJICHHS KHCIOTHI JIO TOSBJICHHS TEPBBIX
MPU3HAKOB OMYTHEHHUs. MI3MeHss1 Temneparypy cucTeMbl (AOJIMBAas XOJOJHYIO WM TOPSYYI0 BONY),
MPOBEUTE PEAKIIMI0 BO BTOPOMl M TpeThed mpoOupkax. Pe3ynbTaThl ombiTa BHECHUTE B TaONHILy U
MOCTpOWTE TpaduK, OTKIAIbIBas MO OCH OPJAUHAT OTHOCHUTEIBHYIO CKOPOCTh, a MO OCH abcIucc —
temneparypy (i, t + 10, t + 20).

PaccuuTaiite cpennuit TeMnepaTypHbiil KO3 (UIMEHT peaKkLnu:

cp = \’1';_\’2’ ey = V(:/;tm); Y2 = %-

Jlnst rpaduueckoro pacyera SHEPIUH aKTUBAIMHU MocTpoiite 3aBucumocTs Inv = f(1/T) u no

TaHTEHCY YIJia HaKJIOHA MPSIMOU OTPEIEIUTE BETHUNHY SHEPTUU aKTUBAIUH.

JlaGoparopnas padora NeS
I'maposus coueit

Ileny pabomer: w3yyeHue mpolecca TUAPOIU3Aa COJIEW pa3HOro THUIMA, YCTAaHOBJICHHE
KOJIMYCCTBCHHBIX XapPaKTCPUCTUK ITpOLECCa TNAPOInN3a, U3YYCHHUE BJIIMAHUA Pa3JINIHBIX q)aKTopOB Ha
CTEeTNeHb TUAPOIH3A.

Pexomendayuu: 10 JIATEPATYpHBIM HCTOYHMKAM O3HAKOMBTECh CO  CIEIYIOIIMMHU
TCOPCTUUICCKUMU OCHOBAMU - «oHHOE IMMPOU3BCACHUC BOIBI», «CunpHbIE U cna61>1e OJICKTPOJIUTHI»,
«'uaponus comen».
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Baxcneiimue nonamua: TUOPOIN3 COJel, 0Opa3oBaHME MHOTOSACPHBIX KOMILIECKCOB,
BOJIOPOJIHBIN MTOKA3aTeNb, CTETICHh U KOHCTAaHTA THAPOIIN3A.

Cnedyem ymemp: CpaBHUBATH OTHOCUTENIBHYIO CKJIOHHOCTh K THAPOJIU3Y HOHOB B
3aBHCHUMOCTH OT WX 3apsijia U pa3Mepa, CBS3bIBaTh CKIOHHOCTb K THIPOJIHM3Y aHHOHOB M KaTHOHOB C
CUJIOM COOTBETCTBYIOLIMX KHUCJIOT M OCHOBaHWM, 3HadeHUSAMU K. COOTBETCTBYIOIIMX CTYyIICHEHR
VMOHM3AIMM KHUCJIOT U OCHOBaHUM. BplpaxaTh mnporecc Truiposib3a C I[OMOIIBIO HOHHBIX U
MOJICKYJISIDHBIX ypaBHEHHil. OOBSICHATh BIMSHHE TEMIIEpaTyphbl, KoHIeHTparmu uoHoB H' n OH',
OJIHOMMEHHBIX HOHOB Ha CMEIIEHHE HOHHOTO PABHOBECHSI.

Konmponwvusie 6onpocwt u 3a0anus:

1. Yro Ha3pIBaeTCS MOHHBIM MPOU3BEIEHUEM BOJIbL, €r0 3HaueHue it 298 K?

2. Uro Ha3zmiBaeTcsi BojaopoaHbiM mokaszareneM (pH)? Kak ero BenmuunmHa cBsizaHa ¢
TUAPOKCHIIbHBIM TToKa3zateneM (pOH)?

3. Onpenenute 3Hauenne pH B pacrBopax NaOH u HSO3; npm ux KOHICHTpanuu
0,001 mouns/m1.

4. Kak MOKHO OIIpeJIeNNTh ABJIEHUE THAPOIHU3a?

5. Kakue conu moaBeprarTcs TupoIn3y 1o KaTHOHY, a Kakue — 1o anuony? Kakue conu He
nozBepratoTcs ruaponusy? [lpuBenure npumepsl, 3anUcaB ypaBHEHHE THAPOIN3a B HOHHOM BHJIE.

6. OxapakTepu3yiTe TOHATHS «CTEHEHb I'HIIPOJIN3a», «KKOHCTAHTA THIPOIIHA3AY.

7. Ot kakux (paKTOPOB 3aBUCUT CTENICHb THIPOJIN3a?

8. Paccuuraiite koncTanty runponusa conu NH4Cl, a Takxke creneHp ruipoiinsa B pacTBOpE ¢
koHeHnrpanuei 0,001 Momb/m.

JKCIEePUMEHTAJIbHAS YaCTh

Onvim 1. Peakyus cpeovt 600H020 pacmeopa conu

Pabota BeImoaHseTcs 1Mo BapuanTam (1abdi.5.1).

Tabmuma 5.1
JlanHbIe K onbITy 1
BapuanTt Conn
1 2 3
1 ZnC|2 NaCl Na,SO3
2 Na,SO4 CU(N03)2 NaHC03
3 MgC|2 KCI Naz;BO3
4 K»SO4 AI(NO2)s KNO,
5 NaNO; Pb(NOg)z K>,CO3
6 ZnS0O, K>CrOy4 KCI
7 KNO; NH4C| Na28i03
8 MgC|2 NaH>PO4 K>S0O4
9 Ni(NO3), CHsCOONa NaCl
10 A|2(SO4)3 KBr Na,SO3

Jns mpennokeHHbIX coisied Bamiero BapuaHTa oOmNpeAenuTe BO3MOXKHOCTb IMPOTEKAHUS
TUAPOJIN3a, TUTI TUIPOJIU3a — MO0 KaTUOHY WJIM 1O aHWOHY. [[JI1 3TOTO BOCHONB3YHTECh 3HAYCHHUSIMU
KOHCTaHT JUCCOIIMAITNH CJIA0BIX KUCJIOT U OCHOBAHHIA.

Memoouxa évinonnenusn onviima

B Tpex mpobupkax pacTBOpPHUTE B AUCTUILIMPOBAHHOMN BOJE HECKOJBKO KPUCTAIUTMKOB KasKIOM
coim, n00aBbTe 1-2 KamiM yHHUBEPCATBHOTO WHAMKATOpa uisi u3MepeHuss pH u cpaBHuUTE HBET
pacTBOpa €O MIKAJIOW IIBETHOCTH WHAWKATOPA. 3alUIIUTE pe3yabTaThl onpeaenenus pH u ypaBHeHHs
peaKiuu TUAPOIM3a B HMOHHOM U MOJEKYISIPHOM BHJE, YYHUTHIBAS CHEHU(PHUKY THAPOIU3A
MHOT'03apsIIHBIX HOHOB. B BBIBOJIE OTMETHTE, MPABUIILHO JIM BbI onpeaenuau Tun coiu

Onwvim 2. Bauanue paznuunvix pakmopoe na cmenens 2uopoau3a

Onwvim 2.1. Brusnue pazoasnenus Ha cmenetsb 2UOPOIU3A
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B cyxyro mpoOupky BHecWTe ¢ NOMOIIbi0 numneTku 10-15 kamens HACHIIEHHOTO pacTBOpa
arierara Hatpus u 1 karmmo pactBopa ¢geHondpranenHa. OTMEThTE MOSBICHUE OKPACKH WHAMKATOPA,
CBsA3aHHOE C ruaponu3zoM conu. Coaepxumoe NpoOUpKU pazfenuTe Ha ABe 4acTh. OQHY 4acTh
OCTaBbTE JJIsi CpaBHEHHS, BO BTOpPYIO J100aBbTe 5 Kamelb AUCTULIUPOBAHHOW Bonabl. OTMeTbhTe,
COIVIACYIOTCS JIM 3KCIEPUMEHTAJIbHBIE JIAaHHBIE C TEOPETUYECKH IpelaraembiMu. [IpuBeaurte
COOTBETCTBYIOLIUE YPABHEHUS PEAKLU.

Onvim 2.2. BrusHue memnepamypbl Ha cmeneHs 2UOpoIu3a coiu

B cyxyto npobupky BHecute 10-15 kamenb HaCBIIEHHOTO pacTBOpa alerara HaTpus U OIHY
KAl uHAuKatopa (pactBop ¢enondranenna). OTMeThTe TMOSBICHHE OKPACKU HHAMKATOPA,
cBsizaHHOE ¢ ruapoim3oM conu. Coxmepkumoe pasgenure Ha JBe npodoupku. OOHYy ocTaBbTe 0€3
W3MEHEHUH, APYTYI0 HarpeuTe, MpoCiIeanTe 3a U3BMEHEHUEM OKPACKH, CIEJIANTE BBIBOBI.

Onvim 2.3. Bausnue cunvl Kuciomsl, 00pasyrowell coitb, Ha CMeneHb 2UopoIu3a

Omnpenenute pH 0,1 M pactBopa (kap6onara Hatpusi) Na; SOs u (cynbdata Hatpus) Nay COs.
s aroro B HeOONbIION O0BEM pacTBOpa KakIoM conM J100aBbTe 1 Kalilo yHHMBEpPCAIbHOIO
WHIUKATOpA.

Onpenenure BenuuuHy pH, uUCHONB3ys CTaHOApTHYIO IIKATy 3HAYEHUH  OKpacKu
YHHUBEPCATHHOIO MHAMKATOPA.3aMHIINTE COOTBETCTBYIOIINE YPAaBHEHHsS PEAKIMil B KPaTKOW MOHHOMN
(dopMax, yuuThIBasi CTYII€HYAThIM XapakTep Impouecca.

Jladoparopnasi padora Ne 6
KousionaHbie pacTBOpbI

Ilenvy pabomei: 1ONY4YUTH KOHJEHCALMOHHBIM METOJOM psii KOJUIOMJHBIX PacTBOPOB,
OIpPEAENIUTh 3HAaK KOJUIOMIHBIX YaCTHULI, IPOBECTH UX KOAryJsALHUIO.

Kpamkue meopemuueckue ocHoebl:

KonnonaHbM pacTBOpOM Ha3bIBAaeTCS CUCTEMA, COCTOSAIIAs W3 YAacTUI[ AUCHEPCHOU (azbl U
JUCIIEPCUOHHON cpefbl. YacTuilbl KOJUIOMHOrO pacTtBopa uMmeroT pasmepsl oT 1 no 100 mwm. Ilo
pasMepaMm yacTHll (pa3bl KOJJIOMJHBIE PAacTBOPBl 3aHMMAIOT HPOMEXKYTOYHOE MOJIOKEHUE MEXITY
rpyOOIMCIIEPCHBIMM CHUCTEMaMH ¥ HCTHMHHBIMHU pacTBOPAMH, MOITOMY K IOJYYEHHUIO BELIECTB B
KOJIJIOUJHOM COCTOSIHUM MOXHO TOJOHTH C JIBYX CTOPOH: JMOO MOJydyaThb WX IyTe€M JpOOJIeHUS
KPYIHBIX YacTHIl, MO0 myTeM o0pa3oBaHHs arperara M3 OTAEIbHBIX MOJIEKYJI. MeTo/bl molydyeHus
KOJUIOMJIHBIX PAcTBOPOB IMEPBBIM CHOCOOOM HAa3bIBAIOTCS JUCHEPCHUOHHBIMH, a BTOPBIM —
KOHJICHCAIlUOHHBIMH. B HEKOTOPBIX ciydasx, KOTJa MOJIEKYJa BEIeCTBa OYEHb BEJIMKA, KOJJIOUTHBIN
pacTBOpP MOKET OBITh MOJYY€H HEMOCPEICTBEHHBIM PACTBOPEHUEM JAHHOTO BEILECTBA B MOAXOJIAIIEM
pacTBopuTene. JlucneprupoBaHHe BEIIECTBA OCYIIECTBISETCS Yalle BCEro B  CIEHUAIbHBIX
KOJUTOMJIHBIX MenbHMIIaX. KoHIeHCaIlIMOHHBIE METO/IbI MOXKHO OCYIIIECTBIISATH!

a) MyTeM KOHJICHCAIIUH [1apOB BEILIECTBA;

0) myreM 3aMeHbl PacTBOPUTENS TaK, YTOOBI BEIIECTBO M3 PACTBOPUMOIO CTaHOBUIIOCH
HEPACTBOPHUMBIM;

B) IMyTeM XHUMHUYECKUX peakUuid B pacTBOpPax, COIMPOBOXKIAIOIIUXCSI OOpa3oBaHHEM
MaJIOpacTBOPUMBIX BELLIECTB.

CBoiicTBa KOJJIOUTHBIX PACTBOPOB ONPEAEISIOTCS IITaBHBIM 00pa3oM pa3MepaMu KOJTOUTHBIX
YacTUIl U BEJIWYMHOW KX ToBepXHOCTH. KoyoumaHble yacTHlbl, SBJISSACH arperaraMud M3 MHOTHX
MOJIEKYJI, UMEIOT OOJIBIITYI0 TOBEPXHOCTh, @ MO3TOMY JUIsSl HUX XapaKTepHa u30uparenabHas ajacopOnus
U3 OKpY’Karollen cpesbl. BeneacTBue 3Toro KoJuIouIHbIe YacTUIIBI M30MpaTeIbHO MOTIOMAIOT HOHBI U
3apspKaloTCs  OJHOMMEHHO. TakuMm  oOpa3oMm, s KOJUIOMAHBIX — PAacTBOPOB — XapaKTEpHBI
JEKTPOIUTUYECKUE CBOMCTBA, MPOSIBISIIOIINECS B OJTHOMMEHHOM 3apsijie BCEX YacTUIl JAHHOTO 30JIA.
B anexTpuueckom mosie KOJUIOMAHBIE YaCTUIBI IBUXKYTCA TOJBKO K OJHOMY M3 3JIEKTPOJIOB U BO3JIE
Hero paspymatorcs (3nmekrpodopes). Benencrsue u3dupaTeibHON ancopOIu, KOJUIOUIHBIE YaCTHIIBI
00pa3yIoT COJNIbBATHYIO, WIIM B CITy4yae BOJbI, THIPATHYIO 000JI0UKY.
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Pa3smep KOJUIOMAHBIX YACTHI] COM3MEPUM C JJIMHOW BOJHBI CBETA, MO3TOMY [UIsI HHUX
XapaKTepHbl ONTHYECKHUE CBOWMCTBA, NPOSBIAIOLIMECS B CBETOpaccesHMM (KoHyc Tunpansa) u
pa3IMYHOI LIBETHOCTH B OTPAKEHHOM U IIPOXOJISIIIEM CBETE.

Jlumass KOJUIOMJAHBIE YacCTHIBl 3apsia WM COJbBAaTHOM O0O0OJOYKM, MOXHO BBI3BAThH
paspylieHue 30i8 (KOoaryJasluio) M 3aTeéM OCaXJIEHUE €ro 4YacTHll, T.€. CEeJUMEHTauuioo. Tak,
KOAryJIsIIMI0 MOKHO BbI3BaTh BBEJICHUEM 3JIEKTPOJIUTOB M 30JI€l IPOTUBOIOJIOKHOIO 3apsiaa. Tak Kak
pa3pylIeHHe 3011 HACTYIaeT, KOr/la YacTUlla JIMIIAeTCs 3apsiia, TO KOJIMYECTBO MPUOABISIEMOTO 30Jis
WM DJIEKTPOJIUTA HE JIOJDKHO IPEBBIINIATH ONPEAEICHHOrO0 3HAYCHHs, TaK KaKk B MPOTUBHOM CITy4yae
MOJKET MPOU30UTH Mepe3apsaIKka KOIONIHBIX YaCcTHII.

Pa3pyiienue 30158 MOKHO BbI3BaTh U IIYTEM H3MEHEHHUS TEMIEpaTyphl, KOTOpasl BIMSET Ha
aIcCOpOIIMI0O MOHOB M MOJIEKYJI PAacTBOPUTENS KOJUIOMIHBIMU YacTUlaMu. Kak mpaBuiio, MOBBIIICHUE
TEMIEPaTypbl BeIET K pa3pyLICHUIO 30JIel, OJHAKO, U3BECTHBI Cly4dau KOAaryJsiuu 30Jei U mpu
MOH)KEHUU TeMIIepaTyphl.

JKCIePpUMEHTAJIbHAS YaCTh

Onwvim 1. Ilonyuenue 301a kanughonu

B kon0Oy, conepxarnryto 50 mi Boabl, 1o0aBbTe 3 — 4 KaIjiu CIUPTOBOTO pacTBopa KaHU(oOIH,
nepeMeniaiite U HaOmOJalTe 3a MOBEJCHHEM pacTBOpa B MPOXOAAIIEM U OTpaxkeHHOM cBere. K
KaKOMYy METOJy OTHOCHUTCS JTaHHBIH crioco0 moirydenus 3oiiei? CoxpaHuTe 30J1b ISl ONpEaeSICHUs
3HaKa 3apsijia ero 4acTull.

Onvim 2. Ilonyuenue 3013 2udpokcuoa rcenesa

Harpeiite B kos16e 10 kumnenust 30 M1 TUCTHIUITMPOBAHHOW BOABI M MPUOABHTE B KUIISIILYIO BOAY
10 KaruiiM KOHLIEHTPUPOBaHHBIN pacTBOp xsopuja xxenesa (111) no noayyenus pactsopa ycToiuuBoro
TEMHO-KpacHOro nsera. Hanummure ypaBHeHHE peakuuu, npoucxoxsmeil npu stoMm. OObsicHUTE,
nouemy ruapokcuna xeneza (I11) ne obpaszyer ocanka? IlpuBeaute cxemy CTpOSHHSI KOJUIOMIHON
yacTuibl 301 rugpokcunaa xenesa (l11). TlomydeHnHsllt 3051b coxpaHuTe Ui AadbHEMIINX OIBITOB.
Kakum MeTo0M NOTyyeH aHHbIN 307167

Onwvim 3. Kanensnotii Memoo onpedenenus 3HaKa 3apaoa KoJ10UOHBIX YACHUY

B caydae monoXuTENBHOrO 3apsijia KOJUIOMJHBIX 4YacTUI[ Karuld 307, HAaHECeHHas Ha
¢uibTpoBaNbHYI0 OyMmary, pacciaMBaeTcs, Tak Kak Oymara B BOJE 3apshKaeTcsi OTPULATENbHO, U
MOJIO’KUTEIBHO 3apSKEHHbIE YACTHIIBI aCOPOUPYIOTCS B LIEHTPE Karliu.

B ciyuae oTpunarenbHOro 3apsjaa KOJUIOMIHBIX YAaCTHI] TAKOTO PE3KOI0 PaccIoeHus Ha Oymare
He HalOJoJaercs.

HanecuTe mo karuie moylydyeHHbIX paHee 30Jieil Ha ¢(uibTpoBanbHYyI0 Oymary. Ompenenure B
KaXKJOM CIIy4ae 3HaK 3apsiia KOJUIOMIHBIX YacTHII.

Onoim 4. Koazynayusa 3oneit om oeilicmeus 31eKmpoaumos

a) B TpH NPOOMPKH HaJeHWTe OJMHAKOBOE KOJMYECTBO IMOJIyUEHHOTO BO BTOPOM OIBITE 30JIs
runpokcuaa skenesa (l11) u mpuneiite B mepBylo NpoOHPKY HECKOJIBKO Kameilb pacTBOpa XJIOpHIA
HaTpus, BO BTOpyI0 — Qocdara HaTpus, B TpeTbi0 — cyibdaTa HaTpusi. KoHIIEHTpalus pacTBOpOB
AIIEKTPOJIUTOB JIOJKHA OBITH OJJUHAKOBASI.

Yepe3 HECKOJIBKO MHUHYT IMOCMOTPUTE, YTO MPOU3OMLIO B Mpodupkax. OTMeThTe, B KakoW U3
npoOUpOK OBICTpEi BBIMAIAET 0CAOK U TOYeMy?

0) B Tpu HpoOHMpPKH HaJeiTe OJMHAKOBOE KOJUYECTBO THUIPO30Js CyldbhuIa CypbMbl H
npuienTe B KaXIyl0 MPOOUPKY MO HECKOJBKO Karejdb COOTBETCTBEHHO PAaCTBOPOB XJIOpWIA HATpUs,
XJIOpUAA KalbLUs M XJOpHUJA AITIOMHUHUS OJWHAKOBOW KOHIEHTpamuu. Yepe3 HECKOJIbKO MHUHYT
MOCMOTPHTE, YTO MPOU3OILIO B Mpodupkax. OTMETbTe, B KaKOil M3 MPOOUPOK OBICTpEl BbIMajaeT
0CaJI0K U moyemy?

B kauecTBe BrIBOJa MpuBEUTE (POPMYIIBI H30AJIEKTPUUECKUX COCTOSHUN MUIIEILI.

Onwvim 5. Ilpakmuueckoe ucnonv3o6anue A61eHUA KOA2YIAUUU
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B nBe mpoOupke Haneiite mo 2 — 3 MJI MYTHOW BOABI, COAEpXAalled TIHHY WIM KOAJIWH
(Al,03:2Si0,-2H,0). B oany npoOupky mpuieite 2 — 3 MiI pacTBOpa allOMOKAIMEBBIX KBACIIOB
KAI(SOy),, a npyryro mpoOUpKy OCTaBbTE IJIs CPABHEHHS.

Yro mpu srom Habironaere? OOBSCHUTE NMPOUCXOAAIICE SBICHHE U YKKUTE, BO3MOXKHBIC
00JIaCTH TPAKTHYECKOTO UCIIOJIb30BAHUSL.

JlaGoparopHas pabora Ne 7
DJIeKTPOXUMHYeCcKHe MPoLecchl

Ilenv pabomwbi: TO3HAKOMUTBCA C TPOIECCAMU B3aUMHOIO MPEBpPALICHUS XUMUYECKOU U
ANEKTPUYECKOU DHEPIUil.

Pexomenoayuu: NOBTOPUTE TEOPUIO OKUCIUTEIBHO-BOCCTAHOBUTEIBHBIX MPOLIECCOB, YCIOBUS
CaMOIIPOU3BOJILHOTO MPOTEKAHUSI XUMUYECKUX PEAKIUH.

Baxcuenmue nonamus:

DOnexTpoasl , CTaHAAPTHBIM AJIEKTPOJAHBIM MOTEHIMAJ, BOJOPOAHAs IIKaja IOTEHLUAJOB,
PaBHOBECHBIA DJIEKTPOAHBIM TOTEHIMAN, TAJIbBAHUYECKUM DIJIEMEHT, SJIEKTPOXMMHYECKas CcXxema
9JIEMEHTA, SJIEKTPOJIBUKYIIIAs CHIIA DJIEMEHTA. DJIEKTPOIN3, aHO (MHEPTHBIN U pacCTBOPUMBI), KaTo,
MOCIIEA0BATEIHHOCTD AJIEKTPOIHBIX POIECCOB, BBIXOJ M0 TOKY, SJEKTPOXUMHUECKUN SKBUBAJICHT.

Cnedyem ymembs:

CocTaBisATh  AJIEKTPOXUMHUYECKUE CXEMBbI JJIEMEHTOB C TIPUBJICUYCHHEM CTaHIAPTHBIX
MOTEHIIMAJIOB; 3alKChIBaTh ypaBHEHUE pEaKlMid, MPOTEKAIOIUMX Ha OJIIEKTPOJaxX; PacCUUTHIBATH
PaBHOBECHBIN MOTEHIIMAN 0 YpaBHEHUIO HepHcTa, 31IeKTPOIBIKYIIYIO CHUILY DJIEMEHTA; CBA3BIBATH €€
co cBOOOIHOM 2HEeprueii [ mb0ca; 3anuchBaTh ypaBHEHUS PEAKIIUi, TPOTEKAIONINX HA aHOJE U KaTOJIe
IIPU AJIEKTPOJIN3E PACTBOPOB U PACILIIABOB; IPOBOAUTH KOJIMYECTBEHHBIE PACUEThI, UCIIOJb3YS 3aKOHBI
®apanest.

Konmponvuwvie sonpocwt u 3a0anus:

1.Yro Takoe anexTpoa?

2. KakoBbl IpUYHHBI BOSHUKHOBEHUS SJIEKTPOJIHOTO MOTEHITAaa?

3. Tloyemy OAHM MeETaJIbl MPU TMOTPYKEHUU B PACTBOP COOCTBEHHOM CONHM 3apsKAOTCS
OTPHULIATEINIBHO, a IPYTUE - OJ0XKUTEIBHO?

4. Beruucnute ¢ momoisio Gpopmynel HepHeTa 251eKTpOIHBIN MOTEHIIMAT [IMHKA, OMYIIIEHHOTO
B PACTBOP €0 COJIH C KOHIGHTpaImel HoHoB Zn>" 0,01 Mos/1n.

5. OmpenenuTe TOTEHIMAN BOJOPOJHOTO SIEKTPOJa, €CIM KOHIEeHTpauus uoHoB H' B
pacTBope paBHa 3,8 - 10" mos/11.

6. OxapakTepusyiiTe OKHCIHTENbHbIE CBOICTBA KaTHOHOB Bojopoaa (H') meitrpamsHoro,
IEJIOYHOTO U KUCIIOTO PaCTBOPOB MO OTHOIIEHUIO K METaJUIaM.

7. llpuBenute cxeMbl JABYX TaJIbBAHUYECKHUX JJIEMEHTOB, B OJHOM M3 KOTOPBIX IUHK —
OTPULIATENIbHBIN AJIEKTPOJ, B IPYTOM — MOJOKUTEIbHBIN.

8. CocraBiieHa KOHIIEHTPAlMOHHAs TAIbBAHUYECKAs LEIb:

Pt, H,/ 0,001 1 HCOOH || 1s CH3COOH / Hy, Pt.

Koncrantel nmucconmanuu  KUcIOT paBHBL  Kyypaemn=1,77 10'4; Kyxeyen =1,75 107
Onpenenuts /IC uenmu.

9. Ilpemnoxure TAIbBAHUYECKUN AIEMEHT C MAaKCUMaJIbHO BO3MOXHBIM JJIC, moyb3ysich
PSAZIOM CTaHAAPTHBIX SJEKTPOJHBIX TOTCHIMAIOB.  YKaXKWUTE OJJIEKTPOJHBIE TPOILECCHl B ATOM
AJIEMEHTE U CYMMApPHYIO OKUCIUTEIbHO-BOCCTAHOBUTENIbHYIO PEAKIIUIO.

10. 3anummmTe cxemy 3IEKTPoiu3a BOAHOTO pacTBopa ZNSOy4, aHO — UHEPTHHIN.

11. TIpu Toke cumort 2 A B TedeHue 40 MUHYT BBIIEIUIOCH Ha Karoae 4,54 r© HEKOTOpOro
MeTasuia. BeraucinuTe SIeKTpOXUMHYECKUI SKBHBAJICHT 3TOTO MeTasuia B /(A - 1).
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12. BbIxoJ 1o TOKY HpH MOJIYYEHUH METAUIMYECKOTO KalbIUsl MPH 3JIEKTPOJIM3E pacIliaBa
xaopuga kaiabius paBeH 70 %. CKOJIBKO 3JEKTpUYECTBA HAAO MPOMYCTUTh YEpe3 AJIEKTPOJIU3ep,
yT00BI Oy4nuTh 200 T KaabIus?

IKCNepUMEHTAIbHAS YaCTh

Onvim 1. Meono - yuuHKo6blIIl 2a1b8AHUUECKUIL ITIEMEHM

B nBa crakanumka Haneiite 1M pacTBopbl: B nepBblid — pacTBop ZNSO4 U Tyda e OMyCTUTh
LUHKOBBIM 371€KTpoA, BO BTOpoil — pacTtBop CuSO,s ¢ morpyXeHHbIM B HEro MEIHBIM 3JIEKTPOJOM.
["anpBaHOMETp, BCTPOCHHBIH B IEMb, MOKAKET HAIUYUE DIEKTPUUECKOro Toka. OIbIT MOBTOPUTE C
JIpYroi KOHIIEHTpaIuei kaToaHoro pacteopa (0,1 M).

Onwvim 2. I'anveanuueckuii 31emenm Bonvma

CobepuTe Takyro ke CXeMy, YTO U B OIbITE 1, HO B Ka4eCTBE KaTOAHOI'O pacTBOpa UCIIOJIb3yHTe
IM pactBopa H»SO,4. OGecrieubTe BHYTPEHHIOIO IIENb M YOSIUTECh B HATMYUHU JICKTPUUYECKOTO TOKa
BO BHEIIHEN IENHU.

Onwvim 3. dnekmponu3 600H020 pacmeopa cyivhama Hampus

B anexrpommmzep Hanelite pactBop Na,SO,, morpy3ute yrojibHbIC JIEKTPOIBI, ITOAKITIOYCHHBIC
K HMCTOYHHMKY IIOCTOSHHOTO OJJIEKTPUYECKOTrO0 TOKa. B KaTrogHOe MpOCTPAHCTBO AIIEKTPOJIM3Epa
no0aBbTE HECKONBKO Kamellb HHANKaTopa GeHondranenHa u Bkitounte npuodop. Kakue mporeccsl Ha
KaTOJIE M aHOJIE MPOTEKAIOT MPH JIEKTPOIIN3E BOJHOTO PACTBOPA Cyb(aTa HATPHUs?

Onvim 4. Inekmponu3 600H020 pacmeopa HoOUCHm 020 Kaaus

B anektponuzep momecture pactBop Kl u omycture yroibHble 31eKTpoisl. [IpomycTtute
anexkTpudeckuit Tok. Uro nabmomaere? [IpuBenurte ypaBHEHHs peakUi.

Onovim 5. dnexmponus pacmeopa ceproil KUc10mul ¢ AKMUGHBIM AHOOOM

B snextponuzep nomecture 2M pacTBOp cepHOM KUCIOTHI. B KauecTBe KaToa UCIOIb3yUTe
YTOJIBHBIN JIEKTPOJ, a B KA4ECTBE aHO1a — MEHBIN. IIpomycTuTe yepes cucreMy OCTOSHHBIN
AIIEKTPUYECKUI TOK (MCHOIb3YyHTE BHIIPSIMUTEND OT BHEIIHEN ceTH). UTo Habmonaere? Kakue
IPOLIECCHl POTEKAIOT Ha ekTpoaax? [IpuBenure ypaBHEHUS peakLni.

JlabopaTopnasi pa6ora Ne 8
Koppo3us meranios

Ilens padomui: N3yueHne BaXXHENIINX MTPOLIECCOB, MPOTEKAIOIINX IPU KOPPO3UH METAJIOB.

Konmponwvuwvie éonpocwi:

1. KakoBbl 0COOEHHOCTHU 3JIEKTPOXUMHUYECKOH Koppo3uu? B uem ee oTianuue OT XUMHUYECKOM
Koppo3uu? Kakyro poiib HTpar0T OKCHIHBIC TUICHKH B ITOBeeHUH MeTauioB Zn, Cr, Fe?

2. CpaBHUTE XUMHYECKYIO CTOMKOCTb JK€Jie3a B KOHTAKTaX C aIFOMUHHUEM U OJIOBOM.

3. AmoMuHHEBas [€Tajlb HAXOAUTCA B IOCTOSIHHOM KOHTakTe€ C MEIAHBIM IPOBOJOM B
YCIIOBUSAX TIOBBIIIEHHON BJIQXXHOCTU B BO3AYIIHOW cpene. Ompenennure aHOA M KaToOJ, 3aNUIINATE
AIIEKTPOJIHBIE MPOIIECCHI.

4. B MOBEpXHOCTHOM CJIO€ CTAJIbHOM OTJIMBKHM HaXOJATCsA BKparwieHus yriepona. IIpusenure
YPaBHEHHUS PEAKLIUU 3JIEKTPOJHBIX MPOLECCOB, MPOTEKAIOUINX TPU KOPPO3UHU CTAJIBHBIX U3JIEIHN, €CIIN
cpena HeUTpaabHasl.

JKCNEepUMEHTAIbHASA YaCTh

Onoim 1. Hccnedosanue omnocumenvHoll CKOpoOCmu Koppo3uu xycene3a 6 NpUucymcmeuu
PA3TUYHBIX MEMAJI108

Koppo3us kak nporecc caMOIpou3BOJIbHBIHN, TPOTEKAET OJHOBPEMEHHO 10 BCEM BO3MOYKHBIM
MexaHu3MaM. MUKPO3JIEMEHT MOKET BOSHUKHYTH B JIFOOON TOUKE M3JENUA: JOCTaTOYHO IMOMaJaHus
KaIlJIM pacTBOPa Ha MECTO COIIPUKOCHOBEHUS ABYX METAJIOB.

IIpn 3eKTPOXMMUYECKOW KOPPO3UHM OJHU YYACTKH MOBEPXHOCTU METajlla CIy’KaT aHOJAMH,
apyrue — Karojgamu. Ha KaTtopHble y4yacTKM MPUTEKAIOT M30BITOYHBIE SJIEKTPOHBI, KOTOPHIE
IIPUCOEANHSIOTCS K IOJIOKUTEIBHO 3apsUKEHHBIM HMOHAM MeETajlla WM HEUTPAIBHBIM MOJEKYJIaM
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pacTtBopa.
Haubosnee yacTo BCTpedaroTcsi KAaTOAHbIE MPOLIECCHI, CBSA3aHHBIE C BOCCTAHOBJICHUEM HOHOB BOJIOPOJIA
(2H+ + 2e = Hj), numu monekyn kuciopoaa (Oz + 2H,0 + 4e = 40H™ wmm O, + 4H" + 4e = 4H,0 B
3aBHCHUMOCTH OT XapakTepa cpefibl). B mepBom ciyuae mpoiiecc Ha3bIBAalOT KOPPO3UEH ¢ BOAOPOIHON
JIenoJisipu3anuei, a BO BTOPOM — KOPPO3UEH C KUCIOPOJAHOM ACTOSpU3alUeid. DTU MPOLIECChl MOTYT
IIPOTEKATh OJTHOBPEMEHHO.

Ponp anonma BeimosnHser Oosiee aKTUBHBIA MeETalsl, HMEIONIUNA MEHBIIYI0 BEIHYUHY
3IEKTPOAHOIO MOTEHIIMANA.

Bo3pMuTe Tpu 0AMHAKOBBIX KYCKa KE€JIE3HOM MPOBOJIOKH. OMH U3 HUX MOKPOUTE Meabto. Jlis
ATOT0 XOPOUIO OYHUCTHTE MPOBOJIOKY HaXKAauyHOW Oymaroi u moMecTure Ha 2 — 3 MUHYTHI B PacTBOP
COoMM Meau. 3aTeM MPOBOJIOKY IpoMoiTe Boaod. Ko BTOpOHl NpPOBOJOKE MPUKPEIUTE KyCOUYEK
UHKOBOM MJIACTUHKHM (WJIM BO3bMUTE TAaKOW e IO pa3MepaM KyCcOueK OIMHKOBAHHOTO JKEje3a).
TpeTbio MPOBOJOKY OcCTaBbTe 0O€3 M3MEHeHMH aiid KOoHTposs. Omyctute o0pasibsl B MPOOUPKH,
conepxame npudmmsurensHo mo 1 mum 0,02 N pactBopa cossiHOM KHCHOTHL. Uepe3 msITb MUHYT
IPOBOJIOYKH BBIHBTE U J100ABBTE K KAXKJIOMY PacTBOPY o 2 — 3 Karuim peaktuBa Ha noH xene3a (11)
Ks[Fe(CN)g]. Peakiust ooHapyxenust nonos xeinesa (11):

3Fe?* + 2K3[Fe(CN)s] = Fes[Fe(CN)g], + 6K*

TEMHO-CUHSI OKpacKa

[lo MHTEHCHMBHOCTM OKpacKuM HHJIUKATOpa CHENAalTe BBIBOJ O KOJHWYECTBE PACTBOPEHHOIO
JKelnesa M O BIUSHUM MEAM M ILHMHKa Ha CKOpOCTh Koppo3uu xkene3a. CocTaBbTe CXEMbl
raJIbBAHMYECKUX PJIEMEHTOB. 3alUIIUTE YPaBHEHUS PEAKIUi, MPOXOAAIINX Ha AIIEKTPOIaX.

Onoim 2. Bauanue uonoe xnopa na npoyecc KOppo3uu aitOMuHusA

B nBe mpoGupku Haneire mo 2 — 3 mur 0,5 M CuSO4 u B KXyl TMPOOHPKY MOTPY3UTE IO
KyCOUKY aJIOMHUHHEBOW MpoBOJOKH. Kakue wu3MeHeHus mpousouuid B mnpoOupkax? B omny wu3
MPOOMPOK BHECUTE KPUCTAIITMYECKU XJopua HaTpus. Uto Habmonaere? OObsICHUTE BIMSHNAE HOHOB
XJIOpa Ha Tporecc Koppo3uu. Hammmmure peaknnu koppo3uu amomuraus B pactBope CuSO,4. HazoBute
BUJI KOPPO3HMH U THIT KATOJHOHN JCTIOSPU3ALINH.

Onoim 3. H3yuenue 3auummuvix ceoiicme memanauyeckux noxkpvimui. Kopposus
OUUHKOBAHHO20 U TIYIHCEHO20 cene3a

Koppo3us meramia, 3aliMIIEHHOrO0 MOKPHITHEM, HAYMHAETCS NPU HApYIIEHUWU LIEJTOCTHOCTH
MOKPBITUS (HAallpuMep, IPU HaHECEHUH TIIyOOKOW LapamnuHbl); MPU 3TOM B KOHTaKTE C OKpYKarolen
cpenoif HaxoATcs 00a MeTallia; U 3alUIIaeMblil, U METaJIJ TOKPBITHSL.

B nBe nmpobupku naneiite mo 4 — 5 man 0,1 M pactBopa cepHoil kucinorsl u no 0,5 mn
Ks[Fe(CN)s]. B oany u3 mpoOHpOK MOrpy3uTe IUIACTHHKY OIMHKOBAHHOTO ejie3a, B JIPYTyI0 —
MJIACTUHKY JY>KEHOTO >Kene3a. B kakoit mpoOupke MosiBIseTCS cUHee okpamuBanue? Hamummre
YpaBHEHHUS PEAKIIUI KOPPO3UH OIMHKOBAHHOTO U JIY)KEHOTO JKele3a.

Onvim 4. Hncubumopnasn 3auyuma memainia om KOppo3uu 6 KUC10l cpeoe

Ha 1Ba 49acoBBIX cTeKkia TMOMECTHTE IO TpaHylie IMHKa M MO Heckoibko Kamenb HCI,
paz06aBnenHoi B cooTHomeHuu 1 : 1. Korma HavyHeTcsi WMHTEHCHMBHAs pEakilys, HA OIHO CTEKJIO
N00aBbTE€ HECKOJIBKO KPUCTAIUIMKOB ypoTporuHa. UTo npu 3ToM Habmonaetca? 3anuimre ypaBHeHne
peaKuu IHMHKa C KUCIOTOW. B BBIBOJE OOBSICHUTE CYyTh WHTUOMTOPHOW 3alllUTHl METaUIOB OT
KOPpO3UH.

JlabopaTopnasi paGora Ne 9
OO0mme cBOCTBAa METALIOB
ILlenv pabomwi: V3y4nTh XMMHYECKHE CBOMCTBA METAIJIOB — BAXXHEHIMX KOHCTPYKIIMOHHBIX
MaTepuaioB. OEHUTh XUMUYECKYI0 YCTOWYMBOCTh METAJJIOB B Pa3JIMYHBIX arPECCUBHBIX Cpe/iax.
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Pexomenoayuu: oxapakTepu3yinTe OOIIME CBOWCTBA METANIOB, IMPHPOLY METAUIMYECKOU
CBSI3U, BO3MOXHBIE CTENEHU OKUCIEHUS, 3aBUCUMOCTH CBOMCTB OT HAaXOXJEHHUS B MEPUOJUUYECKOMN
CUCTEME IJIEMEHTOB; YCIOBHS CAMOIPOU3BOJIBHOTO MPOTEKAHNUS XUMHUECKUX PEaKIIUM.

Basxcuenuwue nonamusa: CTaHIapTHBIN AJIEKTPOIHBIN MOTEHIMAN — KaK Mepa OKUCIUTEIbHO-
BOCCTAaHOBUTEJIBHON aKTHBHOCTH METaJljla, PsJl HAIPSDKEHUH METalIoB, METAJUIMYECKasl CBS3b — Kak
NpUYHHA 0COOBIX (PU3UKO-MEXaHUYECKUX CBOHCTB METAJLIOB.

Cnedyem ymemsb: OUpPENENSATh OTHOCUTEIbHYIO XHUMHUYECKYI0 aKTHBHOCTh MeTajula 10
3HAYEHHUIO €r0 CTaHJAPTHOTO AJIEKTPOJHOIO MOTEHIIMAa, ONPEAesaTh BBHIOOP MeTaljia B KauecTBe
KOHCTPYKIIMOHHOT'O MaTepraja B TeX WU UHBIX YCIOBHUSX.

Konmponwvnuie 6onpocwl u 3a0anun:

1. [ToueMy Bce MeTaIbl 00JIAAIOT BOCCTAHOBUTEILHBIMHA CBOHCTBAMU?

2. Kakue cBoiicTBa NPOSBIISAIOT KATUOHBI METAJUIOB IPY B3aUMOJCHCTBUU C METaJLIaMu?

3. OxapakTepu3yiiTe OKHCIHTEIbHBIE CBOWCTBA KaTHOHOB Bojopona (H') wmeiirpansHoro,
IIEJIOYHOT0 U KUCJIOTO PaCTBOPOB IO OTHOIIEHUIO K METAJUIaM.

4. O6bsicHuTE JeiicTBUE pa30aBIeHHON U KOHLEHTPUPOBAHHON CEPHOM KMCIOTHI HA METaJLJIbI.

5. [IpuBenuTe peakiiyu, ONUCHIBAIOININE TIOBEICHUE Kelle3a, UMEIOIIEr0 CBUHI[OBOE MOKPHITHE,
OpyU  HApYIIGHWH  IEJIOCTHOCTH  MOKPBITUS ~ BO  BJI&XHOM  Bo3ayxe mnpu  pH=7,

eciu (008n2+/5n° =-0,14 B; (DOFe2+/Fe =-0,44 B;)?

a) Fe’ — 2e — Fe?*; 6) Sn** +2e — Sn% B) Sn°—2e — Sn?".

JKCNepUMEHTATbHAS YaCTh

Onwvim 1. Pao nanpascenuit memainnioe

VYcraHOBUTE CPABHUTEIBHYIO AaKTUBHOCTh HEKOTOPBIX METaUIOB HAa OCHOBAaHMM pPEaKIUM
BBITECHEHHS METAJUIOB U3 MX COJICH OPYruMH MeTayutaMu. [l 3Toro Haneiite B MpoOHPKH pacTBOPHI
CIIEYIOIIUX COJel: cynb(ara IMHKA, HUTpaTa CBUHIIA, cylb(dara xkenesa, cyibdpaTa MEIU U OMyCTUTE
B KaXAyl0 MNpoOMpPKYy MO Kycouky IuHKa. Yepe3 2 — 3 MuHYTH HaOmoAaiTe HW3MEHEHHS,
MIPOUCXOSAIINE Ha TTOBEPXHOCTH IIMHKA. AHAJIOTHYHBIE OIBITHI MPOJIETANTE ¢ JKEeJIe30M, CBUHIIOM H
MeJIbI0. 3aNUIITUTE YPaBHEHUSI PEaKITHil.

Onwvim 2. /leticmeue Kuciom na memainivl

XapakTep EeWCTBHUS KUCJIOT Ha METaUIbl 3aBHUCUT OT CBOMCTB M KOHIIEHTPALIMU KHUCIIOTHI, a
TaK)Ke 0T XUMUYECKOI0 XapaKTepa MeTajlla, OIpeesIsieMOro MoJI0KEHUEM €ro B psAy HanpsbkeHuil. B
JBE NPOOMPKH I[OMECTUTE IO KYCOUYKY ILMHKAa M TpwiedTte B OAHY MnpoOupky 1 -2 Mia
KOHIIEHTPHUPOBAHHOM, a B APYTyI0 — pa30aBiIeHHON CEpHOIl KUCIOTHL. UTo HabmonaeTe? AHalIOTUYHbIE
OIBITHI Ipoenaiite ¢ Mmetaiutamu: Fe, Cu, Al, Zn. 3anuiunTe ypaBHEHUs PEaKIInii.

Onwvim 3. /leticmeue wenoueii Ha Mmemanivl

HcneiTaiiTe neiicTBue menoden Ha ciaeayomye MeTaulbl: ATFOMAHUMN, IIMHK U Meb. [{71s 3Toro
B OTJENbHBIE MPOOUPKHA TIOMECTUTE IO KYCOYKY HA3BAHHBIX METAUIOB U TPHIEHTE B KaXKIYIO
KoHIeHTpupoBaHHbI pacTBop NaOH. Ecnum peakuus He HAET, COAEPKUMOE MPOOUPKU HArpeuTe B
MJIaMEHU CIUPTOBKU. YKAKUTE, KAaKWe W3 TPHUBEICHHBIX METAJIOB PACTBOPSIOTCS B IIEIOYH.
3anuIInTe YpaBHEHUS COOTBETCTBYIOIIMX PEAKIUM.
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