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AHHOTanus padoyeil NPOrpaMMsl 10 JMCIHUIIHHE
OO01mas U1 HeOpraHuyecKass XUuMMsi

Ienp npenogaBaHus JUCHHUIINHBI

O3HAKOMJICHHE CTYIEHTOB C OCHOBHBIMM 3aKOHAMHU XUMHUU U BO3MOYKHOCTSAMHU HX
IPUMEHEHHs TIpU PEILICHUH 3ajad, BO3HMKAIOIIUMX B HMX IOCIeayroled npodeccnoHaabHON
JIeATEIbHOCTH.

3agaum uzyyeHust
OBIIaJIcHUE (PYHJAaMEHTATbHBIMU TNPUHIMUIIAMH W METOAAMHU PEHICHUS HayYHO-TEXHHYECKUX
3ajay B o0OnacTu XUMuUM; (GOPMHPOBAHHME HABBIKOB IO NPUMEHEHUIO IOJOXKEHUH XHMHUHU K
IPAMOTHOMY Hay4YHOMY aHAJIU3y CUTyallUul, C KOTOPBIMU MHXKEHEPY NPUXOIUTCA CTAIKUBATBHCS
IIPYU CO3/IJaHUU HOBOW TEXHHMKHU M HOBBIX TEXHOJIOTMI; OCBOCHUE OCHOBHBIX XUMUYECKUX TEOPHUH,
MIO3BOJIAIOIIMX OIKMCATh SIBJICHMS B INPUPOJE, U INPEIAEIOB NPUMEHUMOCTH 3THUX TEOPUH s
pEILIEHUSI COBPEMEHHBIX U MIEPCIEKTUBHBIX TEXHOJIOIMYECKUX 3a/1a4; O3HAKOMJICHUE CTYICHTOB C
VCTOPHUEN U JIOTUKOW Pa3BUTHUS XMMHUHU U OCHOBHBIX €€ OTKPBITHIA.

B xome u3ydeHus JMCUMIUIMHBI Y oOy4amouierocss (pOpMHPYIOTCS CJeaylolme
KOMIeTEeHIHH:

OIIK-1 CriocobeH pemath 3aa4d, OTHOCAIIMECS K MPO(ECCHOHATBHON JeITEeIbHOCTH,
NPUMEHSS METOABl MOJEIMPOBAHMSA, MAaTEMaTHYECKOTO aHalnu3a, eCTeCTBECHHOHAYYHBIC WU
OOLIEMH)KEHEPHBIE 3HAHUS



1. IlepeyeHb NJIAHUPYEMBIX Pe3YyJbTATOB O0Oy4YeHHs] MO JAUCHHUILUIMHE (MOIYJIIO),
COOTHECEHHBIX € INIAHUPYEMbIMH pPe3yJIbTATAMHU 0CBOEHHS 00pa30BaTeIbHOM POrpaMMbl
1.1. llesan npenogaBaHusi AUCHUILINHBI
03HAKOMJICHHE CTYAEHTOB C OCHOBHBIMHM 3aKOHAMHM XMMHU U BO3MOXXHOCTSMH UX INPUMEHEHUS
IIPH PEIICHUU 33724, BO3HUKAIOIINX B X TOCTIEAYIONICH MpodeccuoHAIbHON IeITeIhHOCTH.

1.2. 3apaum uzyvenus

oBiajeHNe (YHIAMEHTAIBHBIMU MPUHIMIIAMA ¢ METOJaMH PEIICHUS HaydHO-
TEXHUUYECKUX 3aJa4 B 00JacTu XUMHUU; (pOopMHpOBaHHE HABBIKOB MO MPUMEHEHUIO MOJIOKEHUN
XMMUUA K TPAaMOTHOMY HAyYHOMY aHaJIHM3y CUTyallud, ¢ KOTOPBIMU HHXKEHEPY HPUXOIUTCS
CTaJIKMBAaThCSl NPHU CO3JAHMM HOBOM TEXHUKM M HOBBIX TEXHOJOTMH; OCBOCHHUE OCHOBHBIX
XUMUYECKUX TEOPUM, MO3BOJISIONIUX OMKCATh SIBJICHUS B MPUPOJIE, U MPEJEIOB MPUMEHUMOCTH
STUX TEOpUN [UIsl PELICHUS COBPEMEHHBIX M NEPCHEKTUBHBIX TEXHOJOTMYECKHX 3a/ady;
03HAKOMJICHHE CTYIECHTOB C HCTOPUEM U JIOTUKOM pPa3BUTUS XMMHUU U OCHOBHBIX €€ OTKPBITHH.
1.3. Komnerenunu odyuyarmierocsi, GopmMupyemMblie B pe3yJbTarTe 0CBOCHHUS JIUCHUIIAHBI
(Mmonxy.Jist)

Ne i/ Kox u naumenoBanme KoMIeTeHIINN Munexc
KOMITCTCHITNH
Ob6menpodeccuonansusie (OIK)
1. CrniocobeH pemiath 3a1a4M, oTHocsmuecs K npogdeccuonansuoil | OITK-1
NeSITeNIbHOCTH, pUMEHSIS METO/IbI MO/JIETTUPOBAHUS,
MaTeMaTH4eCKOIro aHaJIu3a, €CTECTBEHHOHAYYHBIE u

O6H.I€I/IH)KeHepHBIC 3HaHHUA

B pe3ynbrare ocBOEHUS AUCHUIIIMHBI O0yYaIOLIUICS TOJIKEH:

3HaTh: OCHOBHBIE XHMHYECKUE SIBIICHHS W OCHOBHBIE 3aKOHbl XWMHM; TIPaHHUIBI HUX
IPUMEHUMOCTH, IPUMEHEHHE 3aKOHOB B BAKHEUILNX MPAKTUYECKUX MPUIOKEHUSIX; OCHOBHbBIE
XUMHUYECKHE BEIMYMHBI M XMMUYECKHE KOHCTAHTBI, UX ONpEAEJeHHEe, CMBICI, CHOCOOBI U
€AMHMIIBI UX M3MEPEHHUS; XMMUYECKHE OMBbITHl U UX pOJIb B Pa3BUTHM HAyKW; Ha3HAuUEHUE U
NPUHIUIBI 1eHCTBUS BaXKHEUIINX (PU3UKO-XUMUYECKUX TPUOOPOB;

YMETb: OOBSICHUTH OCHOBHBIE HaONI0/aeMble MPUPOAHBIE M TEXHOTEHHbIE SIBICHUS U
3pPeKThl ¢ MO3MIMH XMMHUYECKMX B3aMMOJICHCTBUH; yKa3aTh, KakHe€ 3aKOHBI OIMCBIBAIOT
JAaHHOE€ sIBJIEHUE WM A(PQPEKT; HCTOJIKOBBIBATH CMBICI XUMHUYECKHX BEIMYMH W TOHATHUH;
3alMChIBaTh YPaBHEHHMS XUMMUYECKHX peakiuil; padoraTb ¢ mnpubopamu U 00O0pyHOBaHHEM
XUMHYECKON naboparopuu; HCIIOJIb30BaTh pasyInyHbIE METOANKHU o0paboTku
AKCIEPUMEHTAIbHBIX TaHHBIX;

BJIQJIETh: UCIIOJIb30BAaHUEM OCHOBHBIX XMMHUYECKHUX 3aKOHOB U MPHUHIIUIIOB B BaKHEUIINX
IIPAKTUYECKUX MPWIOKEHUSAX; IPUMEHEHUEM OCHOBHBIX METOJOB XMMHUYECKHMX aHAJIU30B IS
pelIeHNs €CTeCTBEHHOHAYYHbIX 3a/ay; IPaBWJIbHOM SKCIUlyaTallueld OCHOBHBIX NPUOOPOB H
000pyIOBaHUEM XUMHUYECKON J1abopaTopuu; 0OpaboTKONW M MHTEPIPETUPOBAHUEM PE3yJIbTaTOB
HKCIIEPUMEHTA.




2. MecTO AMCHUILIUHBI B CTPYKTYpe 00pa3oBaTe/IbHOM MPOrpaMmbl

2.1. IlepeyeHb AMCUMILIMH, OCBOCHHE KOTOPBIX CTYACHTAMH HeO00XOAMMO IJIsl M3y4YeHHs
JAAHHOM M CUMIJIMHBI
JucuumnirHa OTHOCUTCS K 00sI3aTebHBIM AUCHUIUIMHAM TIPOrpaMMbl. V3ydeHue AUCIUIUINHBI
ONMMpaeTCsl Ha 3HAHMS, YMEHHS M HaBBIKM, MPHOOPETEHHbIE BO BpEMsi OCBOEHHUsS BbICIIEH
MaTeMaTHKH, (PU3HUKH.
2.2. IlepeyeHb OMCHUILIMH, H3yYeHHE KOTOPbLIX Oa3upyercsi HAa MaTepuaJe JaHHON
AUCHHUILIMHBI

dbu3nvecKkass XHUMHS; KOJUIOWJHAS XUMHUS, MaTepHAJIOBEICHUE, XUMHUsA HedpTH | Tasa,
KOPPO3HOHHAS 3alIUTa 000PYAOBAHHUS.
3. CTpyKTYypa M coepKaHue TUCHMIIINHBI:
OO6m1ast TpyI0EMKOCTh TUCIMIUIMHBI: 3a4€THBIC STUHUIIBI — 4
yacel — 144
O6miee copepkanne TUCHUILTMHEI IO pa3jenam (Mpyu HeOOXOAUMOCTH):
3.1. O6beM IMCUMILIUHBI M BU/bI Y4eOHOH padoThl
o § 2 B tom uncne 2 KIL, KP, -
5 S °E = &) S PI'P S| 5
) T S & o = = , KOHTP. c% o
5 o |EEE S = pas, 2| &
o 2 S Jlek | JIa6 | Ilp n3 | AK i pedepat ™
OYHas
1 144 36 16 16 2 2 81 27 +
HUTOro 144 36 16 16 2 2 81 27 +




3.1.1. O0beM 4acoB M 32aY€THBIX eIUHHI[ 10 AUCIHHUIIINHE

HawnmenoBanue pasnemna (MOIyIst) dopmupyembie AynuTopHbIe B TOM 4YHCJIE
Bcero yacos CPC
HanmeHoBaHHE TEMBI TUCIATUTAHBI KOMITETCHIINH 3aHATHUS JCKIMN | naGoparopHble | mpakTHYecKHe
1 cemecTp

1. OcHOBHBIEC TIOHSTHS ¥ 3aKOHBI XUMUH 26 OTK-1 6 4 2 20
2.CtpoeHue BeniecTBa 28 OIlK-1 8 4 4 20
3.BBeieHne B HEOPraHMUECKYIO0 XUMHIO 8 OIIK-1 8 4 4 20
4. XuMUs 3J1€MEHTOB 31 OIIK-1 10 4 6 21
n3 2 X X X X X
AK 2 X
KonTpoan 27 X X X X x x
Bcero yacon 144 X 32 16 81




3.1.2. HaumeHOBaHUe TeM, HX COjAep:KaHUe, 00beM B 4YacaxX JEKUHOHHBIX 3aHATHH (MO
ceMecTpam)

Ne
TEMBI

HaunmenoBanue
TEMBI

OcHoOBHOE COACPIKAHNUE TEMBI

Kom-Bo
qacoB

OcCHOBHEIE
HOHATHA U
3aKOHBI XUMUU

1.1. OcCHOBHBIC MOHATHS B XUMHM. aTOM, XHMHUYCCKUI
AJIEMEHT, U30TOMHBIN COCTaB aTOMOB, MOJICKYJIa, MPOCTHIC U
CJIO’KHBIC BEIIIECTBA. Annorpomnusi. BaneHTHOCTS.
XHUMHYECKUH SKBUBAJICHT, MOJISIpPHAs Macca YKBHBAJICHTA.
1.2. ®yHpnaMeHTanbHbBIE U YaCTHBIE 3aKOHBI. 3aKOH
COXpaHEHUS  MAaCChI-DHEPTHMH;  3aKOH  DKBHBAJICHTOB,
MOCTOSIHCTBA COCTaBa, KPAaTHBIX OTHOILIEHUM, ABOTajapo,
npaBuio Jlrononra-Iltu. YpaBHeHrne COCTOSHUS HICATLHOTO
rasa.

Ctpoenue
BELIECTBA

I  Crpoenne artoma. XapakTEepUCTHKa 3JIE€MEHTapPHBIX
yacTul, cocraBisomux aroM. CocraB snapa. M3oTomsl.
Hcropust pa3BUTHS MPEACTABICHHN O CTPOEHHUH aToOMa.
Teopernueckre OCHOBBI COBPEMEHHOM TEOPUM CTPOECHUS
aToMa - KBAaHTOBOW MEXAHUKHU: KBAaHTOBAaHHWE DJHEPrUu
JJIEKTPOHA B aTOMe, JBOMCTBEHHAs IIPUPOJA 3JIEKTPOHA,
BEPOSITHOCTHBINA XapaKTep 3aKOHOB MUKpoMHpa. KBaHTOBBIE
qyruciaa. ATOMHBIE OpOMTalM, SHEPreTUYECKUE YPOBHH U
MOAYPOBHHU, OCHOBHbIE€ TPUHIUIIBI UX 3aMI0JHEHUS: IPUHLUIT
HavMEHbIIEW sHepruu, npuHuun Ilaymm, npasuno ['yHna.
DneKTpoHHBIE (OPMYIIBI aTOMOB, BaJE€HTHBIE 3JEKTPOHBIL
SIBneHne «poBana» 3JI€KTpoHA. BaleHTHBIE BO3MOXHOCTH
aTOMOB.

2.2. Ilepnonnyeckuii 3akoH U nepuoandeckas cucrema 1. U.
MenneneeBa. Ilepuomnueckuii 3akoH [I[.JMI. MeHnneneesa.
OnpiTel Mo3mu. CBs3b AJIEKTPOHHOTI'O CTPOEHHUS aToMa C €ro
II0JIO)KEHHUEM B Nepuoandeckon cucreMe. CBONCTBa aTOMOB,
NePUOANYECKH U3MEHSIONINECS B 3aBUCUMOCTH OT aTOMHOTO
HOMEpa: paguychl aTOMOB M HMOHOB, DHEPrusl MOHU3ALNH,
CPOJICTBO K 3JIEKTPOHY, JIEKTPOOTPHULATEIBHOCTb.
2.3.XuMHuecKas CBs3b U CTpO€HHE MOjeKyl. OCHOBHbIE
OCOOEHHOCTH XMMMYECKOTO B3aWMOJAECUCTBHUS U MEXaHU3M
00pa30BaHUs XMMHUYECKON CBA3HM. THIBI CBsI3€il U BIUsHHE
XapakTepa XUMHUYECKON CBSI3M HAa XUMHYECKHE CBOMCTBA
BEUIECTB. JHEPrusl CBSI3U, JUIMHA CBSI3U, BAJECHTHBIA YIOJI,
XapaKTepUCTUKU TMOJISPHOCTH CBS3U: JUIOJIbHBII MOMEHT,
3¢ dEeKTUBHBIN 3apsij, CTENEeHb MOHHOCTH, UX B3aUMOCBS3b.
KoBanentnas cBsizb. CiocoObl pacCMOTpEHUsI KOBaJIEHTHON
cBsi3u. OOMEHHBI U JTOHOPHO-AKIENTOPHBIA MEXaHU3MBI
00pa3oBaHUs KOBAJIEHTHOU cBs3u. Teopus rudpuanzanuu u
IIPOCTPAHCTBEHHAsl CTPYyKTypa MoJiekyn. VloHHas cBs3b, ee
SHEPTUs, OCOOEHHOCTH COCAMHEHUN C HWOHHOW CBS3BIO.
OcoOeHHOCTH XMMUYECKOH CcBs3M B MeTayutax. Bogopoanas
CBsI3b, €€ IPUPOJA U SHEPIHUSl.

2.4 KomiuiekcHble coequHeHusa. CTpoeHHe KOMIUIEKCHBIX
coenunenuit (KC), xnaccuduxamus m HomeHknatypa KC.
IloBeneHne KOMIUIEKCHBIX COEIMHEHUH B pacTBOpax,
KOHCTaHTBl HECTOMKOCTH.




BBenenue B
HeOopraHuyec-
KYI0 XUMHUIO

PacnipocTpaHeHne XUMHUYECKHX 3JIEMEHTOB B KOCMOCE U
3eMHOM kope. Kiapk. PacnpocTtpaHeHHble, penkue,
paccesHHbIE, OsaroposiHebIe, pasllOaKTUBHEIE,
HCKYCCTBEHHbBIC JJIEMEHTHI. ITpocTeie BEIIECTBA,
NePUOIMYHOCTb B U3MEHEHUH UX CBOMCTB. B3aumoneiicreue
MPOCTBIX BEWIECTB C KHUCIOTaMH, IIEJI0OYaMU U BOIOM.
bunapHble coeauHeHus (OKCHUIbI, XalbKOI€HUbI, THAPHIBL,
HUTPUBI), 3aKOHOMEPHOE M3MEHEHHE KHCIOTHO-OCHOBHBIX
CBOWCTB OJTHOTUITHBIX OMHApPHBIX COEIMHEHU.
TpexsneMeHTHbIE COCIMHEHUS - THUAPOKCHIBI (KHCIOTHI,
OCHOBaHMs1, aM(OJIMTHI, COJIH).

XUMHUS
3JIEMEHTOB

Bonopoa u ranorensl. Kuciaopoa u xaibKOTreHsl. p-
DJIEMEHTHI IATOU IPYIIbL. P-DJIEMEHTHI YETBEPTOM T'PYIIIIHI.
p-OJeMEHThI TPEThe! Ipyninbl. XUMHS S — 3JIEMEHTOB.
Xumus d — metamwtoB. Xumus f - aneMeHnToB. biaropoanasie
rasbl.

UTOro

16

3.1.3. HaumeHoBaHue TeM (BONPOCOB), BbIJEJEHHBIX JJf1 CAMOCTOSTEJILHOH PadOTHI
CTYAE€HTOB

NoNe

TEM

HanmenoBanue
TeMbl (BOIpPOCA)

O0BeM B
yacax

OcHOBHOE coJiep>KaHUE TEMBI (BOIIPOca) Jlutepatypa

1.

Crpoenue
BElIECTBA

YaCTULAMU. Kpucrannmyeckas u
amop¢Has CTPYKTYpPBI TBEPAOTO
coctossHus. Kiaccudukanus KpucTaiioB
[0 THUIY XWUMHYECKOW CBSI3H MEKIY
YaCTULAMU. HedexTHoCTb u
HEMOCTOSHCTBO ~ COCTaBa TBEPABIX
BEILECTB.

ArperaTHble  COCTOSHMSI  BEIIECTBa C 20 OJ11-5
MO3UIMNA XUMHUYECKUX CBS3EM MEXIY €ro JJI 5-8

XUMHUS JIEMEHTOB

razpl. JlomMeHHBII cnoco® moydyeHus
4qyryHa, cHnocoObl Iiepeiena dYyryHa B
CTaJlb. [IpumeHenue IIJIJATUHOBBIX
METAJUIOB U UX COCIMHECHUM.

[IpumeHeHre TMPOCTBIX W CIOXKHBIX 20 OJI'1-5
COCIMHEHUI p-2JIEMEHTOB. biaropoansie JUI5-8

XUMHUS JIEMEHTOB

p-DeMeHThI YeTBEPTOM TPYIIIILL. P-
OneMEHTHI TpeThel TpyNIbl. XUMusa S —
aneMeHToB. Xumus d — MetannoB. Xumus
- 3JIEMEHTOB. biaropoiuble rassl.

Bonopon u ranorensr. Kucnopon 20 OJI'1-5
XaJIbKOT€HBI. P-DJIEMEHTHI ISATON IPYIIIHL. JUJI5-8

Kiaccer
HEOPTaHUYECKUX
COoeTUHEHUN

IIPOCTBIX  BEIIECTB  C  KHUCIOTaMy,
LeJI049amMu 51 BOJIOM. bunapusie
coequHEHUsT  (OKCHJIbI, XaJbKOTE€HUBI,
TUAPUABI,  HUTPUJBI),  3aKOHOMEPHOE
U3MEHEHUE KHCIOTHO-OCHOBHBIX CBOWCTB
OJTHOTUIIHBIX ~ OWMHApHBIX  COEIWHEHUH.
TpexaneMeHTHbIE COCIMHECHMUS -

IIpocTeie BemiecTBa, NEPUOJUYHOCTH B 21 OJI'1-5
W3MEHCHUN WX CBOWCTB. B3zammoseiicTBue J1J1 5-8




THAPOKCUAB  (KHCIIOTHI,
aM(OJIHTHI, COJIH).

OCHOBaHHS,

UTOoro

81

3.1.4. [IpakTnyeckue 3aHATHS, UX COleP:KaHHe U 00beM B Yacax (110 ceMecTpam)

Ne HanmeHnoBanue nmpakTHYeCKUX OCHOBHOE cOJIepKaHle Kom-Bo
TEMBI 3aHATUHN (CEeMUHAPOB) MPaKTUYECKUX 3aHATUI (CEeMUHAPOB) | YacoB
1 CTpf)eHI/Ie aToMa M TMEPUOTMMHOCTD | © sazay 5
CBOICTB 3JICMCHTOB.
2. XuMHUecKas CB3b. Pemenue 3agau 2
3 XUMHUYECKUE CBOMCTBa, MoJjiydueHue W | Pemenwue 3amay 2
MIPUMEHEHUE BOJIOPOa U raJIOr€HOB.
XUMHUYECKUE CBOMCTBa, MoJjiydeHue W | Pemenwue 3amay
4. IpUMEHEHHE KHCJIOpO/a u 2
XaJIbKOI'€HOB.
XUMUYECKUE CBOMCTBa, MoJiydueHUe W | Pemenwue 3amay
5. npuMeHenue p-3mementoB Il u IV 4
TPYIIIL.
5 XuMuYeckue CBOMCTBa, monyueHue u | Pemienue 3amau 4
' npuMeHeHne d-MeTauioB
HUTOT'O 16

3.1.5. JlaGopaTopHble 3aHATHSI, UX HAUMEHOBAHUE M 00bEeM B Hacax

Homep pabotsl

HaumenoBanue nabopaTopHoil paboThI

O0BeM B yacax

He npenycmotpeno

2

3.2. IlepeyeHb TeM KYpPCOBBIX POEKTOB (padoT)

NoNe -1

HawnmenoBanue mpoekTa (paboThl)

He npenycMotpeHo

3.3. llepeuens Tem PI'P

NoNe -1

HanmeHnoBanue npoexTa (paboThl)

Ha npenycmotpeno

3.4. Ilepeyennb TeM pedepaToB

NoNe -1

HanmeHoBaHue nipoexTa (paboThl)

He npenycmoTrpeHo

3.5. IlepeyeHb TeM KOHTPOJIbHBIX padoT

NoNe 11-11

HawnmenoBanune npoekTa (paboThl)

1

Ha npenycmoTrpeno

3.6. NHTepakTUBHbIE 00pa3oBaTebHbIe TEXHOJOTHH, HCHOJIb3yeMble NMPH TPOBeIEHUH
Y4eOHbIX 3aHATHI

Bun 3anaTuii
Cemectp (netcryem, Tema PopmHpyemas WHuTepakTus Koxr-0
MPaKTUYECKUE, KOMIICTEHIIHS 4acoB
J1a00paTOpPHEIE)
1/1 Jleknmsa CTpOCHI/IC OIIK-1, OIIK-4 HpO6HCMHa${ 4
BElEeCTBA JIEKLIHAS




1/1 Jlexmus Beenenue OIIK-1, OIIK-4 Hp06_]'[eMHa;[ 4
HEOPTaHUYECKYIO JIEKIIHS
XHUMHMIO

1/1 IIpaxr. Pab Kaccel OIIK-1, OIIK-4 O6yquHe Ha 4
HEOPTaHHYECKUX OCHOBE OITBITa
COCIUHCHUI

171 Ipaxr. pad Merasmis (Sn, Pb, | OIIK-1, OIIK-4 | OGy4eHue Ha 4
Fe,Cr) OCHOBE OITBITa
UTOI'O 16

4. TlepeuyeHb Y4ueOHO-METOAUYECKOr0 o0ecmedeHUs] I CAMOCTOSITEJbHON PadoThI
00y4alomuxcd Mo JAUCHHUIUVIMHE, OCHOBHOW M JIONOJHHUTEJIbHOW Y4eOHOH JIMTepaTyphbl,
He00X0AUMOM /151 0CBOEHUA TUCUMILINHBI

4.1. OcHOBHAasi M JONOJIHUTEJILHAS JIUTEPATypa

NoNe

II-IT

ABTOp ¥ HAUMEHOBAaHUE

Bun
mocoous

T'on
U3JaHus

Koma-Bo
JK3. B
ounbanoreke

OCHOBHasl JIUTepaTypa:

OJI-1

OO0m1as 1 HeopraHUYecKas XUMUs : yueOHOe
nocobue / B. B. [lenucos, B. M. Tananos, 1. A.
Henucona [u ap.] ; nox penakuueit B. B.
Henucos, B. M. TananoB. — Pocrtos-Ha-/[oHy :
®enukc, 2013. — 576 ¢. — ISBN 978-5-222-
20674-4. — Texkcr : 2NIEKTPOHHBIN // DIEKTPOHHO-
oubnuoreynas cucrema IPR BOOKS : [caiir].

VII

2013

http://www.ip
rbookshop.ru/
58967.html.

OJI-2

Mudraxosa, H. III. O6mias u Heopranudeckas
xumus : yaueOHoe nocobue / H. IIl. Mudraxosa, T.
I1. ITerpoBa. — Kazans : Kazanckuii
HallMOHAJIbHBIN UCCIEN0BATEIbCKUN
TeXHOJorn4eckuii yausepcutet, 2017. — 408 c.
— ISBN 978-5-7882-2174-8. — Tekcr :
AIIEKTPOHHBIHN // DAEKTPOHHO-OMOIMOTEUHAS
cucrema [IPR BOOKS : [caiit].

VII

2017

http://www.ip
rbookshop.ru/
80237.html.

OJI-3

I'muuka, H. JI. O0mrast xumust : y4eOHUK JUTst
By30B/ H. JI. 'muaka. — 24-e u3n., ucnpasir. —
JI. : Xumus. Jlenunrp. ota-e, 1985. — 702 c.-
TekcT: HenmocpeACTBEHHBIN

1985

70

OJI-4

Smkuneauna, C.I1. O6mmas xumus [D1eKTpOHHBIN
pecypc]: Yuebno-meroanaeckoe mocodwue / C.I1.
SImkunpauHa. - YxT1a : U31-Bo0 YXTHHCKOTO
TOCYJapCTBEHHOTO TEXHHYECKOTO YHUBEPCUTETA,
2014. - 102 c. — TeKcCT : SNEeKTPOHHBIH.

VII

2014

http://lib.ugtu
.net/book/185
92

JIOTIOJTHUTEJIbHAS IUTEpaTypa:

TU1-5

Paruep, H. 1. Xumus. Ctpoenue aroma
[DnexTpoHHbIN pecypc]: MeToandeckne ykazaHus
/ Hatanbst UropeBHa PaTtuep ; YXTuHCKUN
rOCYJapCTBEHHBIN TEXHUYECKUIM YHUBEPCUTET,
Bopkytunckuii punmuan YI'TY. - Yxra : U3a-Bo
VYXTHHCKOTO TOCYJJapCTBEHHOTO TEXHUYECKOTO
yHuBepcuteta, 2016. - 16 c. — Tekcr:
HEMOCPEICTBEHHBIN + TEKCT : 3JIEKTPOHHBIN.

MY

2016

40
http://lib.ugtu
.net/book/275

19



http://www.iprbookshop.ru/58967.html
http://www.iprbookshop.ru/58967.html
http://www.iprbookshop.ru/58967.html

TUT-6

babkuna, T. A. Xumus. BeinoHeHnne MY
KOHTPOJIBHBIX paboT [DIIeKTPOHHEIH pecypc]:
Meroanueckue ykazanus. Y. 1 / TaTbsina
AmnaronbeBHa baOkuna. - Yxta : U3a-Bo

VY XTHHCKOIO roCy/1apCTBEHHOT0 TEXHUYECKOTO
yHuBepcuteta, 2016. - 26 c. — Tekcr :

AJIEKTPOHHBIMN.

2016

http://lib.ugtu
.net/book/274
52

TUT-7

Amnapres, A. 1. O0miast 1 HeopraHu4eckas VII
xuMmus. Y.2. Xumus 37€MEHTOB : yueOHOe
nocobue / A. M. Anapues, JI. B. IlleBHuIbiHa. —
Hosocubupck : HoBocubupckuit
rOCYIapCTBEHHbI TEXHUYECKU YHUBEPCUTET,
2015. — 90 c. — ISBN 978-57782-2738-5. Tekct

: QIIEKTPOHHBIN // DNEKTPOHHO-ONOIMOTeUHAS
cucrema IPR BOOKS : [caiit].

2015

http://www.ip
rbookshop.ru/
91626.html

T1-8

OOmas n Heopranndeckas xumus. B 2 tomax. T.1
: 3akonbl ¥ koHnenuuu / E. B. CaBunkuna, B. A.
Muxaiinos, FO. M. Kucenés [u np.] ; mox
penakuei A. FO. [luBagze. — Mockaa :
JlaGopartopus 3nanuid, 2018. — 492 ¢c. — ISBN
978-5-00101-602-1 (t1.1), 978-5-00101-601-4. —
TekcT : 3JEeKTPOHHBIN // DIEKTPOHHO-
oubnmoreunas cucrema IPR BOOKS : [caiiT].

2018

http://www.ip
rbookshop.ru/
88928.html

IIpumeuyanmue:

MOHOTpadus 1 Ipyras JUTeparypa.
4.2. Meroandeckue mocoOus U yKa3aHHs

1. [MopsaxoBas Hymepalus ckBo3Hasi, neyxunaekcuas (OJI-1, OJI-2, OJI-3 u 1.1.);
2. YcnoBHble o0o3HaueHUst BUpa mocobus: Y — yuebHuk, YII — yuebHoe mocobue, [p —

NeNe Ton Kon-Bo
HaumenoBanue U3JaHuS
i (cocrtaBa) S

1.| Muckaitkuna, M. M. Xumus. Tuaponus coneit. Jlabopatopusriit | 2015 http://lib.u
NpakTUKyM : Meronuueckue ykazanus / Mapus MuxaiinoBHa gtu.net/bo
[MuckaiikuHa. - YxTa : U31-B0 YXTHHCKOTO TOCYAapCTBEHHOTO 0k/24392
TEXHUUYECKOTo yHuBepcurera, 2015. - 7 c¢. Pexum nocryna:

2.| MMuckaiikuaa, M.M. Koppo3us metainios : MeTonuueckue 2013 | http://lib.u
yKa3aHus K 1a00paTopHOMY NMPAKTUKYMY IO JHCIUILIHHE gtu.net/bo
"Xumuga" / M. M. Iluckaiikuna. - Yxra : Usn-so YI'TY, 2013. - 0k/8352
12 c.

3.| OmpeneneHue KOHIICHTPAIIMK PACTBOPA IO €ro IIOTHOCTH : http://lib.u
Meromuueckue ykazanus / Tatbsina AnatonbeBHa baOkuHa. - 2016 gtu.net/bo
VxTa : U31-B0 YXTHHCKOTO rocy1apCTBEHHOTO TEXHUYECKOTO ok/27484
yHuBepcuteta, 2016. - 11 c.

4.| baokuna, T. A. Xumus. Peakiiuu HOHHOTO 0OMeHa : 2015 http://lib.u
Metoaunueckue ykazanus / T. A. baOkuna. - YxTa : U3n-Bo gtu.net/bo
YXTHHCKOTO TOCYJapCTBEHHOTO TEXHHUYECKOTO YHUBEPCUTETA, 0k/24382
2015. - 10 c.

5.| Kpynenckuit, B.W. Tectobie 3ananus k BPC : Metoanueckue 2013 http://lib.u
ykaszanus no gucuumuinae "Xumus" / B. . Kpynenckuii. - (2-e gtu.net/bo
u3.). - Yxta : U3n-Bo YI'TY, 2013. - 80 ¢ 0k/8312

6.| babkuna, T. A. Xumus. Peakiiuy noHHOro oOMeHa : 2015 http://lib.u
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http://lib.ugtu.net/book/8312
http://lib.ugtu.net/book/24382

Meroanueckue ykazanus / T. A. babkuna. - YxTa : U31-B0 gtu.net/bo

YXTUHCKOTO rOCyJapCTBEHHOT'O TEXHUYECKOT'O YHUBEPCUTETA, 0k/24382
2015. - 10 c.

7.| Muckaiikuna, M. M. Xumus. Karanus : Metoanueckue 2016 http://lib.u
yKa3aHUsI K BBITIOJHEHUIO JIAO0OpaTOpHOU paboThl / Mapust gtu.net/bo
MuxaiinoHa [luckaiikuna. - Yxta : I31-B0 YXTHHCKOTO ok/27514
roCyJIapCTBEHHOI0 TEXHUYECKOr0 YHUBepcurera, 2016. - 9 c.

8.| [Muckaiikuna, M. M. OmpeziesieHue Macchl SKBUBAJICHTA 2017 | http://lib.u
MeTasuia : MeToauuecKkue yKazaHus K JJabopaTopHOMY gtu.net/bo
OpakTUKyMy 1o auctumuinie "Xumus" / Mapust MuxaiinoBna 0k/27934

[Tuckaiikuna. - YxTa : U31-B0 YXTHHCKOTO rOCy/1apCTBEHHOIO
TEXHMUYECKOro yHusepcurera, 2017. - 8 c.

9.| 3acoBckas, M. A. Xumus. Tepmoxumust : Metoandeckue 2016 http://lib.u
yka3zanus / Mapust AnekcanapoBna 3acoBckas. - Yxra : U3a-Bo gtu.net/bo
YXTUHCKOTO TOCYJapCTBEHHOT'O TEXHUYECKOTO YHUBEPCUTETA, ok/27497
2016. - 10 c.
10 | Kpyneuckwuii, B.1. Xumust. XuMudeckasi KHHETUKA U 2014 http://lib.u
XUMHYECKOEe paBHOBecHe : MeTtoauueckue ykazanus / B.1. gtu.net/bo
Kpynenckuil. - YxTta : U31-B0 YXTUHCKOTO rOCy1apCTBEHHOTO 0k/19372

TEXHUUYECKOro yHuBepcurera, 2014. - 11 c.:

5. lIporpammHuoe obecnieuenue u HTepHeT-pecypcebl

5.1. Ilepeyenb pecypcoB HHGOPMALMOHHO-TEIEKOMMYHUKAIIMOHHOW ceTu 'HWHTepHer",
He00XO0IMMBbIX /ISl 0CBOEHUSI THCIUTIIMHBI

KaTtajor o0pa3oBaTeiIbHBIX HHTEpHET-pecypcoB http://www.edu.ru/

XUMHYECKUH KaTajor: XuMU4Yeckue pecypcol Pynera http:// www.ximicat.com/

[TopTtan pyHaaMeHTaIBbHOrO XUMUYECKOTo oopa3oBanus Poccun http:// www.chemnet.ru
XuMuK: caiiT o xumuu st XUMHKOB http://www.xumuk.ru/

Xumuueckuit cepsep http://www.Himhelp.ru.

5.2. IlepeyeHr HH(POPMALMOHHBIX TEXHOJIOTHIl, IPOrPaMMHOIO o0ecnmeYeHUs H
HH(OPMANMOHHBIX CHCTEM, MCIOJb3yeMbIX NMPH OCYILIECTBJICHUHM y4eOHOro mpouecca 1o
AUCHHUILIMHE

6. ®oHJ OLICHOYHBIX CPEACTB IJIsl NMPOBEACHUS TeKyllell W NMPOMEKYTOYHOH aTTeCTAluH
o0yyaromuxcs 1Mo AMCHUIIMHe npeacTasieH B [Ipuioxenue 1

7. Omnucanue MaTrepHaJbHO-TeXHHMYeCKOH 0a3bl, He0OXOQUMOIl A OCyHIeCTBJICHHUS
00pa3oBaTeIbHOIO NMpouecca Mo JUCHUIIHHE

Jlexuuu 10 TUCUUTUIMHE MPOBOAATCS B ayJUTOpUU OOIIEeH M HeOpraHudecKon Xxumuu. B
ayIUTOPUU HUMEIOTCS HEOOXOIUMBbIE ydeOHO-HarisaHbie mocobust — [lepuonnueckast tabiuia
J.W1. MenpeneeBa, psJ HanpsHKeHUI METaIOB, Ta0IHIIa pACTBOPUMOCTH COJIEH.

JIaGoparopHble 3aHATHS MPOBOAATCSA B YU€OHBIX J1abopaTopuu Kadeapbl CTPOUTEIHCTBA
U DKOHOMHKHM  (OOmIas Tmuiom@anb — KB.M.), OCHAIEHHBIX BCEM HEOOXOTUMBIM Y4EOHBIM
71ab0paTOpHBIM 00OPYJIOBAaHHEM U pEaKTUBAaMHU, B TOM UHUCIE: JlabopaTopHas mMeOenb (CTOJbI
XUMHUYECKHe, IKa] BBITSHKHOW, MOWKM W J1p.); mpouee JaboparopHoe oOOpyAOBaHUE U
pUOOPHI, HEOOXOAMUMBIE ISl IPOBEEHUS YIeOHOTO dKCIIepUMeHTa: pH-MeTphl, THTPOBAIbHBIC
YCTaHOBKHM, CTEKJITHHass W ¢aphopoBas XUMHUECKas TOCYJa, XMMHYECKHE PEAKTHBBI U JIp.;
yaeOHo-Harsaaabie mocoous: Ilepuomnueckas tabmuma /.M. MennaeneeBa, psiia HanpspKeHUN


http://lib.ugtu.net/book/24382
http://lib.ugtu.net/book/24382
http://lib.ugtu.net/book/27514
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http://www.himhelp.ru/

MeTaJuIoB, TabiuIla pacTBopuMOCTH cojeil. Ha xadenpe mmeercs HeoOXoauMoe KOJIUYECTBO
1K, a Takxe MPUHTEPOB, CKAHEPOB W KOIMMPOBAJIBHBIX aNNapaToB JIJs MPOBEACHUS yueOHOTO
npouecca. Bee IIK noaxirodeHs! K pa3BUTON BHYTPUBY30BCKOW KOPIIOPATUBHON KOMITBIOTEPHON
ceTd, OOBENMHSIONICH JIOKAJbHBIE CETH BO BCEX AayAUTOPUSIX YHHBEPCHUTETAa B EIUHBIN
anmapaTHO-IPOrPaMMHBII KOMIUIEKC.
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1. Tlepeuyenb KoMNeTeHUM U 3TaNbI UX GopMHUPOBAHUS

Kox u HaumeHoBaHue Jranbl popMupoBanus | JleCKpUNTOPHbIE XapaKTEPUCTUKHA
KOMIIETeHIIH U KOMIIETeHIIH U KOMIIeTEeHI[UH (OCHOBHBbIE IPU3HAKH)
(cemecTp/ pazaes/Tema
AUCHMILINHBI)
OIIK-1 Pasnensr 1-4 3HATEL: COBPEMEHHBIE  METOABl U
CrniocobeH pemiatb cpe/cTBa AKCIIEPUMEHTAIbHBIX u
3aJ]a4uM, OTHOCSIIIIHECS K 71a00PAaTOPHBIX UCCIIETOBAHUIA.
npodeccuoHaIbLHON YMers:
NESITENIbHOCTH, - BBIIIOJIHATh ~ OKCIEpUMEHTAIbHBIE U
MIPUMEHSIS METO/IbI nabopaToOpHbIE UCCIIETOBAHMS;
MOJIeJIUPOBaHUS, - HHTEPIPETUPOBATH HOJTy4YeHHbIE
MaTEMaTHUYECKOT O pe3ynbTaThl, COCTaBJIATh W 3alUIIATh
aHainus3a, OTYETHI.
€CTECTBEHHOHAYYHBIE U Baaners:
OOLIEeHKEHEPHbIE - HaBbIKaMU TUTAHUPOBAHUS
3HAHUS IKCIIEPUMEHTA;
- COBPEMEHHBIMH CpPEJCTBaMH 00pabOTKU
AKCIIEPUMEHTAJIbHBIX JIAHHBIX.
2. INacnopt ¢oHIA OLIEHOUYHBIX CPEACTB
KoHnTtponmpyemslie Konx dopma HanmenoBanue
Ne | nupakTudeckue KOHTPOJIUPYEMOH | KOHTPOJIS OLICHOYHOT'O CPEJICTBA
/T | eAUHUIIBI (pa3Iesbl, KOMITETCHIINH
TEMBbI) TUCIUILUIMHBI (vt ee 9acTH)
1 Paznen 1-4 OIlK-1 TectupoBanue, Tectbl pybexHOTO
9K3aMeH KOHTPOJIS,
9K3aMEHAIIMOHHBIN TECT,
3a/1auu JyIs
CaMOCTOSITENTLHOM paboThI,
BOIPOCHI K IK3aMEHY

3. Ioka3arenu u KPHTCPHUHA OLICHUBAHUSA KOMHeTeHHHﬁ, OIMHUCAaHUEC IKAJ OHCHUBAHUA

Kon IToka3zarenu [Ikana orleHUBaHUS Kputepun orieHnBaHus
KoMmneTre | copMHpPOBAaHHOCTU
HITUU
Ilopoeoeuiti ypoeenv | 3HaTh. - OCHOBBI IIJIJAHUPOBAHMS,
(0Os13aTenbHBII) IIPOBEJICHUS u 00paboTku
PE3yJIbTaTOB dKCIEPUMEHTa, OCHOBBI
3HaTh: METOJIOB ~ OLIEHKM  pe3yJlbTaToB
COBPEMEHHBIE HCCIEA0BaHUM, CIocoObl
METOBI M CPECTBA MPECTAaBICHUS HAyYHO-
OIllK-1 JKCIIEPUMEHTAIBHBI TEXHUYECKON MHpOopMaluu
X U J1abOpaTOpHBIX -TEOPETUUYECKHI KOHTPOIUPYEMBIi
HUCCIIENOBAHUIA. Matepuaia 10 50%
Tlosviwennwiii 3HaTh TEOPETUYECKUN
VpOB8eHb KOHTPOJIMPYEMBI MaTepuai 10 99%
(TI0 OTHOIIICHHUIO K
MTOPOTOBOMY YPOBHIO)




Ilopocosuviii yposenv | Ymems -TpaBUIBHO HCIOJIB30BATh
(0Os13aTeNBHBII) JOCTUKCHMSI HAyKU IIPU ITOCTAaHOBKE
U TPOBEACHUM OKCIIEPUMEHTa B
obnacTu MIPOEKTHUPOBAHUS,
TEXHOJIOTHH u AKCIUTyaTalluu
VMeTn: AJIEKTPOHHBIX CPEZACTB, TPABHIBHO
’ KJIacCU(PUIIMPOBAaTh M HAXOAUTh
- BBITIOJIHATH
HAyYHO-TEXHHUYECKYI0 HH(POPMALIUIO
9KCIIEPUMEHTAIbHBI
B obnactu MIPOEKTUPOBAHMS,
€ 1 J1abopaTopHbIe
TEXHOJIOTHH u AKCIUTyaTaIH
UCCIIEIOBAHMUS;
ANEKTPOHHBIX CPEJICTB, MPABUIBHO
- HHTEPIPETUPOBATH
oopmIATH pe3yabTaThl
MOJIy4YEeHHBIE .
UCCJIEJIOBaHUM B obrnactu
pe3yJbTaThl,
MPOCKTUPOBAHUSA, TEXHOJOTUU U
COCTaBJISITh U
JKCILTyaTaluu AIIEKTPOHHBIX
3alIUIIATh OTYETHI.
CPEICTB;
-pemarb TUTIOBBIE 3a/auu,
BBITIOJTHATH THITOBBIC 3aJIaHUS
Tlosviuennuwiii YMmeThb pemarb 3aJ1a4u
VposeHb HOBBIIIEHHOTO YPOBHS
(TI0 OTHOIICHHUIO K
MIOPOTOBOMY YPOBHIO)
Ilopozoswiii yposensv | Bianersb -TEOPETHYECKUMH
(o0s13aTenbHbIN) OCHOBaMH (hPM3UKO-MATEMATUIECKOTO
anmapara s TEOPETUYECKOro U
HKCHEPUMEHTAIHHOTO
Baagern:
UCCIIeIOBaHMUS.
- HaBBIKaMU
-HaBBIKAMH TUTAHUPOBAHUS "
TUTAHUPOBAHUS
IpOBEICHUS IKCIIEPUMEHTA,
IKCIEPUMEHTA;
HaBBIKaMU MIPUMCHCHUS
- COBPEMEHHBIMH
COBPEMEHHBIX MIPOrPaMMHBIX
cpeacTBaMu
CpeICTB, HaBBIKAMU aHaIm3a
o0paboTku o .
HayyHOW wuH(opMamuu B CBOeH
IKCIIEPUMEHTATHHBI N
MPEAMETHOM 00JIaCTH 3HAHUS,
X JIaHHBIX. -
Tosviwenmwiii Brnagetrs mpakTUYeCKHMMH HaBBIKAMU
VpoBeHb paboTel ¢ (HU3UKO-MATEMATUYECKUM
(110 OTHOIIEHUIO K anmapaTroM s TEOPETUYECKOIo U
MIOPOTOBOMY YPOBHIO) | 9KCIIEPHMEHTAILHOTO UCCIIEIOBAHHS

4. KomnereHTHOCTHO-OpHeHTHPOBaHHbIe 3a1anusa (KO3)
OCHOBHBIM ~ CpPeICTBOM  (DOPMUPOBAHMSA KOMIIETEHTHOCTEH  BBICTYHNAIOT KOMIIETEHTHOCTHO-
PHEHTHPOBAHHBIC 33AHUS:
- TECThI pyO€KHOro KOHTpouis 1-2;
- 3a]1a4M JUISI CAMOCTOSTENIbHOM paboTs! 1-2;
- BOTIPOCHI 151 HIOATOTOBKH K 3a4eTYy;
Hannapie KO3 mpeactaBisioT co0oil KOMIUIEKCHBIE 3aJaHHs, NpPEIHA3HAYCHHBIC ISl KOHTPOJIS
YPOBHSI yCIIEBa€MOCTH U OCBOECHHUSI KOMIIETEHLHUH Yy CTyAEHTAa IO BCEM pasjeslaM JUCLUILIHHBI
«Duznyeckas XuMus».
Jis  Tekymero - KOHTpOJsl  NPUMEHSIOTCS  cOOecelOBaHMs, CaMOCTOSTENIbHBbIE  PaOOTHI.
CobecenoBanue - 3TO CPEACTBO KOHTPOJs, OpraHU30BaHHOE Kak clenuanpHas Oecena
npemnojaaBaress ¢ 00y4JaroUMMCs Ha TEMbI MO0 KaXXIOMY pa3zesly AUCUUIUIMHBI U PacCUYUTaHHOE Ha
BBISICHEHHE 00beMa 3HaAHU 00yJaromerocs.




CamocrosrenbHas paboTa — 3TO CPEACTBO MPOBEPKH YMEHUI MPUMEHATH MOJTyYEHHBIC 3HAHUS IS
pelieHus 3a1a4 ONpeAeSIEHHOTO TUIIa 10 TEME WU pa3ely.
[TpoMexyTOUYHBIH KOHTPOJIb MIPEICTaBIseT cO00M K3aMeH.

4.1. TecTnl py0eKHOT0 KOHTPOJISI
Tema: «XuMH4ecKasi TePMOAMHAMUKA»
Bapuant 1
1. Cxema CS2(I') = CS2(2K) oTpakaet mporiecc:
1. Xumnueckuit; 2. Bosrouku; 3. Kounencauuu; 4. [Inasnenus; 5. Ucnapenus.

2. M npouecca C2H50H(K) + 302(I") = 2C0O2(T") + 3H20O(K) cnpaBeyinBo
VY1BepxkaeHue:

. AH<0; spnoTepMuyeCcKuii; TEMIIEpaTypa B CUCTEME IOHUKAETCS;

. AH>0; sHI0TEepMHUYECKHIl; TEMIIEpATYpa B CUCTEME ITOHUKACTCS;

. AH<0; sx30TepMuYeCcKuii; TeMepaTypa B CUCTEME MMOHMKAETCS;

. AH>0; sHaoTepMUUYECKUii; TEMIIEpAaTypa B CUCTEME MTOBBIILIAETCS;

. AH<0; sx30TepMHUECKHii; TEMIIEpaTypa B CUCTEME MOBBIILIAETCS.

OB~ WN -

. Termmosoii s ekt npouecca Ca(K)+CI12(I')=CaCl2(K) npu 298 K numeer Ha3BaHHE:
. CranapTHas SHTaJIbINS 00pa30BaHMs BEIIECTBA;

. CTanapTHas TEIJIOTa CrOPaHHUs BEIIECTBA;

. CrangapTHas TeIIIoTa ruipaTooOpa3oBaHus;

. IHTerpasbHas Temiora pacTBOPEHNUs;

. Termora pa3z6aBiieHus pacTBOpA.

hn A~ W - W

4. KanopuiiHOCTh MPOYKTOB (IO CTaHAAPTHBIM TEIUIOTaM CropaHus, KJI>k/MoJb)
B psAy BeliecTB: GpyKTo3a - riroko3a(a) - riaroko3a(f)

- 2827,0 - 2802,6 - 2808,0

M3MEHSETCS CIEeIYIOIUM 00pa3oMm:

1. VBenuuuBaercs; 2. Ymensiaercs; 3. [IpoxoauT yepes Makcumym;

4. IIpoxoaut uepe3 MUHUMYM; 5. [IpakTHyecKu HE U3MEHSETCS.

9]

. Ana peakiuun H20(K) + CaO(K) = Ca(OH)2(K) cripaBennnBo cOOTHOIIIEHKE
.AH=AU, 1. x. An=0; 2. AH < AU, T1. x. An<0; 3. AH > AU, 1. k. An >0;
.AH=AU, 1. x. An>0; 5. AH= AU, 1. x. An< 0.

QN

. [lepBbIil 3aKOH TEPMOAMHAMUKH - 3TO 3aKOH:

. CoxpaHeHus PHEPIuy;

. Bo3pacTtanust SHTpOIIMU B U30JIMPOBAHHON CUCTEME;

. CtpemsieHne >HTpONUH BellecTBa K Hymo pu T — 0;

. HezaBucumoctu TemnoBoro 3¢gdekra oOT MyTH MpoIecca;
. IlocTosiHCTBA cOCTaBa CUCTEMBI.

DA W N =

7. MaTtemaTtnueckoe BbIpaxeHue | 3akoHa TepMOJIMHAMUKU UMEET BUJL;

.TdS >6Q; 2. QV =AU; 3.dS=8Q /T, 4. TdS>dU + W; 5. Q = AU + pAV.

—

. Bropoii 3akoH TepMOAMHAMUKH - 3TO 3aKOH:

. CoxpaHeHus HHEPIUY;

. Bo3pacTtanus >HTPOITUM B H30JIMPOBAHHOM CUCTEME;

. CtpemsieHre SHTpONHH BemiecTBa K Hyto ipu T — 0;

. HezaBucumocTu TemoBoro 3¢gdekra OT myTH MmpoIiecca;
. IlocTostHCTBA cOCTaBa CUCTEMBI.

DB~ WN =0



9. Outponus B psany Bemects H2(I') - C(ITPA®UT) - CH4(I') uzmensiercs
CJIETYIOIINUM 00pa3oM:

1. YBenuuuBaercs; 2. Ymensiaercs; 3. [IpoxoauT yepe3 MakcCuMyM;

4. IIpoxoaut yepe3 MUHUMYM; S. [IpakTHUUeCKH HE U3MEHSETCA.

10. DHTpONMs YBETUYMUBAECTCS B PSIIY BEIIECTB:
1. S(POMB) - SO2(I") - SO3(I)

2. H20(K) - H20(I') - H20(K)

3.12() - C12(T') - F2(I")

4.S02(I") - C(TPAD) - CO2(T)

5.03() - O2(I") - O(I).

11. DOHTponus yBeIMUMBAETCS B PE3YyJIbTaTe IPOTEKAHUSI pEaKLIUU:

1. 2H2(I') + CO(I") = CH3OH(I'); 2. CO2(I") + H2(T") = CO(I') + H20(I);
3. H2(I') +12(I") = 2HI(T'); 4. 2NO2(I') = 2NO(T") + O2(I);

5. CPADUT) + O2(I') = CO2(I).

12. HaumeHee nipouHbIM siBisieTcs coeauHenue: AGO
298, xJIx / Monb

1. GeO2(K) -500,79

2. Sn0O2(K) -519,83

3. PbO2(K) -217,55

4. CO2(I") -394,37

5. Si02(K) -856,67.

13. Kpurepuem caMonpou3BOIbHOTO MIPOTEKAHUS IPOIEcca B U30JIUPOBAHHOM
CUCTEME SIBJIIETCS U3MEHEHUE (QYHKIINH:

1. AS>0; 2. AH>0; 3. AA<O; 4. AG<0; 5. 2 i dni<0.

14. Kpurepuem caMonpou3BOIbHOTO MPOTEKAHUS ITPOLIEcca B OTKPBITOM
cUCTeME SIBIIIETCS] U3MEHEHUE (DYHKIMH:
1. AS>0; 2. AH>0; 3. AA<O0; 4. AG<0; 5. 2ui dni<0.

15. Peakiust Zn(K) + 2HCI(P) = ZnCI2(P) + H2(I") mpoTekaeT caMomnpon3BOJILHO
npu P = const u T = 298K, moTomy 4TO CcripaBEeAINBO YTBEPKICHUE!
1. AS<0; 2. AH<0; 3. AG<0; 4. AA<O; 5. AS>0.

Tema: «XumMHUYeCKOe paBHOBeCHE»
Bapmnanr 1.

1. TepMOJIHHaMquCKHM HpI/ISHaKOM XUMHUYCCKOTO paBHOBeCI/ISI SABJIACTCA
YTBEpKICHUE:
1.AH=0;2.AG=0;3.Ci=const;4.v=Vv;5. AS=0.

2. KonnuecTBEeHHOM XapaKTePUCTHUKON XMMHUYECKOTO PABHOBECHS B UCATLHOM
CUCTEME SIBIITIOTCS 00€ KOHCTAHTHI XHMHUYECKOTO PaBHOBECHSI:
1.KPu Kf; 2. Kau Kf; 3. KcuKa; 4. Kcu KP; 5. Kau KC .

3. dns peakun: CO(I') + H20(K) < CO2(I") + H2(T') BoipaskeHue aiisi KOHCTaHThI
XUMHYECKOTO PABHOBECHS UMEET BUI:

4. KoncranTta xumuaeckoro paBHoBecusi KP 6e3pa3zmepna, ecnu cobmomaercs



Ycnosue:
1.An>0;2.An=0;3.An<0;4.An=1;5. An< 1.

5. Bausiaue TEMIICPATYPEI ITPU P = const Ha BCJIIMYMHY KOHCTAHTBI XUMHUYCCKOI'O
PpaBHOBECHUA BBIPAKACT YPABHCHUC!

1. AG = RT (In[IP- InKP); 2. dInKC / dT = AU/RT2; 3. dInKP /dT = AH/ RT2;
4. AA = RT (InIIC' - InKC) ; 5. KP = KC(RT)An.

6. C yBenuueHnuem temieparypsl npu AH>0 KOHCTaHTa XUMHYECKOTO paBHOBECHSI
KP u3mensiercs ciaenyronmm oopazom:

1. YBenuuuBaercs; 2. YMenbiaercs; 3. [I[poxoaut yepe3 MakCUMyM;

4. Ilpoxonut uepe3 MuHUMYM; 5. [IpakTHyecku HE U3MEHSETCS.

7. Uto6s1 cMecTuTh paBHoBecue peakunu 4HBr(I') + O2(I") < 2H20 + 2Br2(T')
BIIPaBO, HEOOXOIUMO U3MEHUTH 00€ BETUUHHBI:

1. YBenuuuTh fAaBiieHNE U YMEHBIINTD KOHIEHTpauuio 2 O ;

2. YBeIUuUTh AaBJIEHUE U YBEIMUUTh KOHIEeHTpaluo HBr;

3. YMEHBIINTD AABJICHUE U YBEIUUNTh KOHIEHTpauuio 2 O ;

4. YMEeHbLINUTD JIaBJICHUE U YBEJIIMYUTH KOHLIEHTpauuio 2 Br ;

5. VBenuuuth KoHIeHTpanuo 2 HO u 2 Br.

8. s peakuuu 2CO2(T") < 2CO(I') + O2(T") mexny konctantamu KP u KC
CIIPABETMBO COOTHOIIICHHUE:!

1. KP > KC, 1. k. An>0; 2. KP=KC , 1. x. An=0; 3. KP > KC , T. k. An<0;

4. KP =KC, 1. k. An>0; 5. KP < KC, 1. k. An<0 .

. PaBHOBecue CMCIIACTCs BIIPABO IIPH IMOBBIIICHUHN JaBJICHHA B CUCTCMC:
. H2(T) + I2(T") < 2HI(T);

.2CO(T) + 02(T) < 2CO2(T);

. CaCO3(K) < CaO(K) + CO2(T);

. 2NH3(T) < N2(T) + 3H2(D);

. NH4OH(P) < NH3(I") + H20(XK) .

gl B~ W N — O

10. MakcumanbHbIi Beixo npoaykra B peakuuu 2H2(I') + O2(I') < 2H20(T"), AH<0
COOTBETCTBYET YCIOBUSIM:

1. Beicokoe naBiieHnE; HU3Kas TEMIIEpaTypa;

2. Huzkoe naBieHue; BbICOKasi TEMIIEPATypa;

3. Huzkoe naBiieHne; HU3Kasi TEMIIEpaTypa;

4. JlaBieHue He BIMSIET HA IPOILECcC; HU3Kas TeMIepaTypa;

5. /laBiieHue He BIMSIET HA MPOIECC; BBICOKAs TeMIEpaTypa.

Tema: «PacTBOPBI JIEKTPOJHMTOB. JJIeKTPUYECKasi IPOBOAMMOCTH PACTBOPOB)

Bapmnanr 1
1. Cpennee uncno vactull vt st anekrponura Na3PO4 onpexnensercs no
dbopmyre:
1. (13 -31)1/2; 2. (11 - 33)1/4; 3. (32 - 13)1/5; 4. (11 - 33)4; 5. (13 - 32)5.

2. NonHas cuna B 1- monsipuom BogHOM pactBope AlCI3 paBHa BennumnHe:
1.25;2.6;3.5;43;5. 4.

3. 3aKOHOM He3aBUCUMOTO JIBHKeHUS HOHOB Konbpayia siBisercs
MaTE€MaTU4YeCKOEe BBIPAKCHUE:



1L Mho=1fA;2. =2 - V; 3L =a(A++ A-); 4. koo = Ao
+ + Aoo
— B A=A0o-BC.

4. MonsipHas 3JeKTpUYecKas MPOBOJIUMOCTh BOJHOTO pactBopa CuSO4 ¢
YBEJIUYCHUEM KOHIIEHTPAIIUU U3MEHSIETCS CIIEIYIOLIUM 00pa3oM:

1. VBemmuupaercs; 2. He usmensercs; 3. YMeHbIIaeTC;

4. Ilpoxonut uepe3 MuHUMYM; 5. [Ipoxoaut yepes MakcUMyM.

5. Dnexrpuueckas nmpoBoauMocTs 0,1 - MOJIIPHBIX BOJIHBIX PACTBOPOB
YMEHBIIAETCS B PAAY BEILECTB:

1. CH3COOH - HCI - NaOH;

2. NaOH - CH3COOH - HClI;

3. KCI - NaOH - CH3COOH,;

4. CH3COOH - NaOH - HCl,

[op}

. NH4OH 3aBucumocts A = f C npsimosnHeiHa 151 3JeKTPOIIUTA:
. NH40H; 2. CH3COOH,; 3. HF; 4. HCI; 5. H2SO3.

[HEN

. Ha xoHCTaHTy mucconnanuu ciaboro 3JIeKTPOIUTa BIUSET BEIUYMHA
. Monnas cuiia pactBopa;

. Konuenrpanus;

. AKTUBHOCTE;

. JlaBneHue;

. Ilpupona snexrponura.

DN AW =

8. MetonoM uzMepeHus 3IeKTpruueckoil mposoaumoctu pactsopa H2S04 moxHO
OINPEIEIINTD BEIUUNHY:

1. IIpousBenenne pactsopumoctu [1P;

2. Koncranty auccouuanuu Kn;

3. NonHoe npousBeneHune Boasl Kw;

4. KoappuuueHT 31eKTpruuecKoi mpoBoIuMocTH fA;

5. PactBopuMoOCTS S.

9. AHOMaJILHO BBICOKAS MOJIBMYKHOCTh HOHA BOJOPO/ia B BOJJHOM PacTBOpe
00ycJI0BJIeHa CIEAYIOUIMM (PaKTOPOM:

1. Maneim pa3mMepoM HOHa;

2. ManbIM 3apsi10M MOHa;

3. OcoOBIM MEXaHU3MOM JIBHKCHHS HOHA;

4. Murpanuei MoHa;

5. Hanuuuem npyrux MoHOB.

Tema: «XuMHUYECKasi KHHETHKA U KATAJIHM3)

Bapuanr 1

1. dns peakun CS2 (k) + 302 (1) = CO2 (1) + 2SO2 (T) BeIpaxkeHHe 3aKOHA
JNENCTBYIOIINX MAacC UMEET BUI:

l.v=k;2.3020=kC;3.3CS2 02v=KC -C;4.CS2v=kC;5.CS202v=kC -C.

2. Iopsgok ¥ MOJIEKYJISIPHOCTh PEAKIIMU COBMAAI0T, €CJIU CIIPABEIMBO
YTBEPK/ICHHE:

1. Peaknusa MHOTOCTaIMiHAS,

2. Peakuus rereporeHHas;



3. Peakuus npoctasi oqHOCTaAUMHAS;

4. KoHIIEHTpaly BEIIECTB BEIUKH;

5. KonneHrparus mpoayKToOB peakiiu OOJbIIe KOHIIEHTPAIUN UCXOTHBIX
BCIICCTB.

3. IMopsnok peakunu 2A+ B = C+ /[ paBeH HyIt0, €CIM €€ CKOPOCTh BbIpaXaeTcs
YpaBHEHHUEM:

1.v=kCA;2.v=kC-CAB;3. v=kCA

2:4.v=k;5.v=kC-CAB2.

4. Ilo Buny kxunetnueckoro ypaBueHus k =t1InCCO mopsijok peakiuy paBeH
BEJIMYUHE!

1.3;2.1;3.0;4.2;5.15.

5. KoHcTanTa CKOpOCTH peakIluu BTOPOro MOpsiKa UMEET eUHUIIBI U3MEPEHUS:
1. Moae-1 *a -mMuH -1; 2. Mons-2 ‘12 - muH -1; 3. Mun -1,

4. Moinbn -1 -mMuH -1; 5.Mun -2.

5. Iyt peakiiuu HyJI€BOTO MOPSAKA BpeMs MOITYITPEBPAIICHUS UCCIIETYEMOTO
BCIICCTBA OIIPCACIIACTCA 110 CI)OpMYJ'IeZ

1.kC Ct01|2—=;

2kin2t12=;

3.012 kC1t=;

4.201]2 2kC3t =

5.2kCt 012 =.

6. Jlist peakiuu TPEThero MopsiiKa JTUHEHHAs 3aBUCIMOCTh KOHIICHTPAITUN OT
BPEMCHU NIPOTCKaHHA pCaKIIUU Ha6J'IIOI[aCTC$I B KOOpAUHATAaX:
1.InC-t;2.C-t;3.Ct2—-;4.1C12—;5.tC1-.

7. Ilpu yBenuuenuu temmneparypsl Ha 40 K npu y = 2 ckopocTh peakuuu
WU3MEHUTCS CJIEIYIONIUM 00pa3oM:

1. He u3menurcs;

2. YBenuuutes B 8 pas;

3. VBenuuurcs B 2 pasa;

4. YBenuuurcs B 16 pas;

5. Ymensmures B 16 pas.

8. YpaBHeHue AppeHnyca B SKCIIOHEHIIMAIbHOM (hopMe uMeeT BUL:
1.1/20tClk=;2. RTEAk B—=-e; 3. y =TT 10kk + =2 + 4; 4.C CC Ct1k00-—=; 5. C = COe-kt.

9.Ilpu yBenuueHUU TeMIepaTypbl CKOPOCTh PEAKIIMH YBEIUYUBAETCS, TaK KaK
CIIPaBEJINBO YTBEPKICHUE:

1. YBenuuuBaercs CKOPOCTh ABUKEHUS MOJIEKYJT;

2. YBENMYMBAETCS YUCIO AKTUBHBIX MOJIEKYI;

3. Beigensiercst Teninora npu NpoTEKaHUH PEeaKIuu;

4. YMEHbIIAETCSA YUCIIO aKTUBHBIX MOJIEKYIT;

5. Ilornomaercs TerioTa npu NpOTeKaHUU PEaKLUH.

10. Peakmust TepMOIMHAMUYECKH BO3MOXHA, & KHHETUYECKH HE BO3MOXKHA MTPH
W3MEHEHUH BEJTHYH:

1.AG=0; EA >5x0; 2. AG<0; EA — 0; 3. AG > 0; EA - «;

4. AG<0; EA —> ;5. AG=0; EA = const.



11. I'eTeporeHHas peakuus IpoTeKaeT B KHHETUYECKOHM 00JacTu, eciau i Heé
XapakTepHbl 00€ 3aKOHOMEPHOCTH:

1. Ha ckopocTh peakiiuu BIMSIET IEPEMELLIMBAHUE PACTBOPA U TEMIIEpATYpa;

2. Ha ckopocThb peakLuy He BIMSET epeMelIMBaHUEe PacTBOPA; SHEPIHsI
aKTHBalLlMU MaJa;

3. Ha ckopocCTh peakuuy BIHsSET IEPEMEIIMBAHUE PACTBOPA; SHEPIHs
aKTUBALMU BBICOKA;

4. Ha ckOpOCTb peakliuy HE BIMSET NEPEMEIINBAHUE PACTBOPA; YIHEPI s
aKTUBALMU BBICOKA;

5. TemnepaTypHblil K0O3(GUIMEHT peaKLUN U SHEPTUsl aKTUBALUU MaJIbl.

11. o Teopun XUMUYECKOH KHHETUKU CTEPUUYECKHUI (DAaKTOp — ATO BEJINYHHA!
1. Xapakrepusyroiiasi MUHUMaJIbHBIN 3a11ac HEPTrUU YaCTHUIbl B MOMEHT
CTOJIKHOBEHUSI, HEOOXOIMMBIN JIJIsl B3AUMOJICHCTBUS;

2. Onpenensoias OpUSHTAIIMIO YACTHI] B MOMEHT CTOJIKHOBEHHS;

3. YuuThIBaIoOIIas J0JI0 aKTUBHBIX KOMIUICKCOB, IIPEBPATUBIINXCS B TPOIAYKT
peakuuu;

4. Xapaktepusyronias OOIIHi 3arac SHEPTrHUH YaCTUIIBL;

5. YMeHbIIaromas SHEPTHI0 aKTUBAIIUHN PEarupyroIIeH YaCTHIIB.

12. KaTaJme.aTop YBCIHUYNBACT CKOPOCTb PCAKIIUHU, TAK KAK USMCHSCTCA BCIIMYNHA:

1. KoHcTanTa paBHOBECHS YBEIMUUBAETCS;
2. Terutora BbIIENSACTCS;

3. KoHcTaHTa paBHOBECHSI YMEHbBILIAETCS;
4. Terunora morsomaercs;

5. DHeprus akTUBALlUU YMEHbILAETCS.

13. BemecTBo, OBHIMIAIONIEE AKTHBHOCTH TBEPIOTO KAaTAIN3aTOPa, UMEET
Ha3BaHHUE:
1. Uauumatop; 2. Uuruburop; 3. Ilpomotop; 4. MynbTtumier; 5. @epMmeHT.

4.2. JK3aMeHALMOHHBINA TeCT

Bapmuanr 1
1. PaccuuTats TennoBoit 3¢dexr a) -1560
peakuuu (x>x/Moib) 0) -1234
C2H6 + 3,502 =2C0O2 + B) 636,1
3H20(x) r) -897,3
2 PaccuuTats TennoBoit 3¢dexr a)-25,4
peakmuu (kI>x/mMoib) 0) -13,2
FeO(kx) + CO = Fe(x) + CO2 B) 74,4
3 PaccuuTats TemmoBoit 3¢ dexr a) -935,4
peakiuu (x>x/MoIb) 0) -354,0
Fe203 + 2Al = AI203 + 2Fe B) -847,7
r) -538,2
4 Paccuurats TemmoBoit 3¢ dexr a) -32,6
peakimu (k>k/Mob) 6)-92,0
CaO + H20(x) = Ca(OH)2 B) -44,3
r) -65,1
5 PaccuuTats TemmoBoit 3¢ dexr a) -1530
peakiuu (x>x/MoIb) 0) -640,5
4NH3 + 02 = 2N2 + 6H20(x) B) -1232
r) — 959,2
6 [Tporecc mpeacTaBiaeH B BUIE CIAEAYIOMIETO 1. a) BripaBo 0) BIEBO B) BIEBO




YpaBHEHUS:
2NO + 0, 2NO,; AH <O0.

2. a) BIeBO 0) BpaBo B) BIIPABO
. @) BJIEBO 0) BJICBO B) BIIPaBO

(98]

Kyna cmemnaercst paBHoBecue 4. a) BripaBo 0) BIPaBO B) BJICBO
npu a) P16) T1 B) Co2|
7 [Ipomecc nmpeacTaBiaeH B BUJIE CIASAYIOMIETO 1. a) BripaBo 0) BIpaBo B) MpaBo
ypaBHEHUS: 2. a) BIIEBO 0) BJICBO B) BJICBO
CO 2+ H > CO + H »,0(x) 3. a) BiipaBo 0) BJIEBO B) BIEBO
AH <0. 4. a) BIIeBO 0) BIIPaBO B) BIIPaBO
Kyna cmemiaercs paBHOBecHe
ripu a) P1 6) T1 B) Ccot
8 [Iporecc nmpeacTaBiaeH B BUJIE CIASAYIOMIETO 1. a) BieBO 0) BIEBO B) BIIPaBO
ypaBHenust: 3H 2 + N <> 2 NH 3 AH<0 2. a) BpaBo 0) BICBO B) BIEBO
Kyna cmenaercst paBHOBecue 3. a) BripaBo 0) BIIPaBo B) BIIEBO
nipu a) P11 6) T1 B) CH2| 4. a) BIeBO 0) BIIPaBO B) BIIPaBO
9 [Iporecc nmpeacrasieH B BUJIE 1. a) BripaBo 0) BIEBO B) BIEBO
CHEAYIOUIEr0 YPAaBHEHUSA: 2 a) BrpaBo 0) BOPABO B) BIEBO
250 ,+0,; <~ 2S03 AH<O0. 3. a) BneBo 0) BJIEBO B) BIIPABO
Kyna cmermaercst paBHoBecue 4. a) BneBo 0) BIIPaBO B) BIIPABO
npu a) P| 6) T| B) Co21
10 [Iporecc nmpenacrasieH B BUjie 1. a) BieBo 0) BIpaBo B) BIEBO
CJIETYIOIIETO YpaBHEHUS: 2. a) BrpaBo 0) BIIEBO B) BIIPAaBO
4HCl + O, & 2Cl 2+ 2 H,0(1) 3. a) BrpaBo 0) BJIICBO B) BICBO
AH < 0. 4. a) BeBO 0) BIpaBo B) BIIPABO
Kyna cmenaercs paBHoBecue
npu a) P| 6) T| B) Ccl21
11 Cymma k0dpunmeHToB a) 4
B YPaBHEHUH JIEKTPOIUTHUECKOM 0) 5
JUCCOLMAIMH CYlIb(aTa aMMOHUS paBHA B) 6
r) 7
12 Kpatkomy nonHomy ypaBHe- a) AgNO3 u HCI
Huto Ag+ + Cl- — AgCl cooTBeTcTBYET 6) AgNO3 u PbCI2
B3aUMOJICHICTBUE MEXY BEIIECTBAMHU B) Ag20 u HCl
r) Agu HCI
13 Yucno HOHOB B KPaTKOM MOHHOM YpaBHEHUH | a) 3
peakimu kapOoHaTa KaJIbILUs ¢ COISTHON 0) 4
KHUCJIOTOM B) 5
r) 6
14 OO0pa3oBanue ocasika Oyaer a) (NH4)2S04
HaOII0aTHCS TIPH B3aUMOJICH CTBUH 0) MgSO4
dochopHoit kucaoTh ¢ BemectBoM, hopmyna | B) KCI
KOTOPOTO r) Na2SO4
15 Cymma k03¢ puiineHToB B a)6
YpaBHEHHUH AJIEKTPOIUTHIECKOM 0)5
mucconuanuu cynsgata xpoma (I1I) paBna B) 4
r)7
16 pH <7 orBeuaeT pacTBOpam a) Na2CO3, K2Cr207
cosieil B Habope 0) Cr2(S04)3, Na2S04
B) ZnCl2; FeSO4
r) NaCl, KJ
17 CymMma K03(ppHUIIHEHTOB B COKpaIIEHHOM a) 8
WOHHOM yYPaBHCHHUH THIAPOJIN3a COJIH, 0) 6




dhopmyna kotopoit Cr(NO3)3 paBHa B) 4
r)2
18 W3 npenoskeHHBIX COJIEeH: a) Bce
CuBr2, Al2(S0O4)3, 0) Al 2(SO4) 3
CH3COONa ruaponu3sy B) CuBr ;
IlonBeprarorcs r) CH3COONa
19 CymMma ko3 puiineHToB a)3
B MOJICKYJISIPHOM YPaBHEHUU 0) 4
ruaposnsa conu FeSO4 paBna B) 5
r) 6
20 I'maponus mporekaer a) NaCl
ITOJIHOCTBIO JIJIS1 COJIH, 0) Al ,S 3
dhopmysa KoTopoit B) Na,S
r) FeSO4
21 Maccoast noins (%) ruapokcua HaTpus B a) 20
250 r pactBOpa, coaepxkaiiero 0,5 Moib 0) 8
IIEJI0YH, paBHA B) 6,3
r) 7,4
22 Maccoas nons (%) xnopuna a) 14,9
KaJiusl B pacTBOpE, KOHIEHTpalus kotoporo 2 | 6) 15,7
MOJIB/N 1 TIIOTHOCTH 1,09 1/cM3, paBHa B) 13,67
r) 10,5
23 Macca BojsI (T), KOTOpYIO HaJ0 100aBUTh K | a) 600
150 r 20%-Hor0 pacTBOpa HUTpATa 0) 450
HaATpHUsL, YTOOBI TONYYUTH S%-bIi1 pacTBOp, B) 200
paBHa r) 100
24 Macca (1) conu, kotopast comepxutcs B 500 | a) 30
mi 0,5 MossspHOTO pacTBopa cyibgaTa 0) 33
MarHus, paBHa B) 20
r) 22
25 Jnst mpuroToBieHus 2 1 68-Ho# a30THOU a) 902,4
KHCJIOTHI C INIOTHOCTHIO 1,41 T/cM3, k 0) 500
Macce BEIeCTBa HEOOXOMUMO 100aBUTh B) 1500
00BEM BOJIBI (MIT), paBHBIN r) 800

4.3. Bonpocsl 1J1s1 caMOCTOATEIbHOI padoTsl Mo TeMe «CTpoeHne aToMay

1. Kak pazBHBaJINCh IIPEICTABIECHUS O CTPOEHUU aTomMa. MoJiens CTpoeHHs aToma
bekerosa, Tomcona, Pezepdopaa. Onbitel Pezepdopna.

2. Tlonarue kBanTOBaHusa sHeprum [lmanka. Iloctymarer M. bopa m Teopus
crpoenus aroMa o M. bopy.

3. OCHOBHBIE MTOJIOKEHUSI KBAHTOBOW MEXAHUKHU. /[BOMCTBEHHAs! KOPITYCKYJISIPHO-
BOJIHOBAs IIPUPOJa MUKPOYACTHUL] U DJIEKTpOHA, B 4yacTHOCTU. IIpencrasinenue o BonHax JI. [le
bpoiinsa. Ypasuenue JI. Jle bpoiinsg u ero ¢usuueckuii cmpici. [IpuHuun HeompeaeneHHOCTH
[eiizenOepra. Ypasuenue lllpenunrepa u npejacraBieHne 0 BOJIHOBON (QyHKIMU. PU3NUECKUI
CMBICT KBaJ[paTa BOJHOBOU (PyHKLIHU.

4. TlonsTHEe «3NEKTPOHHAs OpOUTANIb» C MO3ULMU KBAHTOBOW MexaHuku. Kax
Ha3bIBAIOTCS YETHIPE KBAHTOBBIX YHCIIA 3JIEKTPOHA U KAKUE 3HAYEHUS] OHU MOTYT IPUHUMATH?

5. YUto ompenensieT riaBHOe KBaHTOBOe yncio? UTo xapakTrepu3yer opOUTaibHOe
KBaHTOBOE YHMCJIO U KaK OHO BbIpa)kaeTcs?



6. Kakoe 13 KBaHTOBBIX YHCEN OMPEACIIIeT OPUECHTAIINUIO DJIEKTPOHHOTO 00JIaka B
npoctpancTtBe? CKOJBKO TMPOCTPAHCTBEHHBIX OpHEHTAIMd BO3MOXKHO s s-, p-, d-, f-
AJIIEKTPOHOB?

7. YTo XapakTepu3yeT CIMHOBOE YUCIIO JIEKTpOHA?

8. IlpuHIMIBI 3aMOJHEHUsT JIEKTPOHAMU AJIEKTPOHHBIX opOutaneit. 3amper B.
[Taynu. ITpaBunio @. I'yaga. IlepBoe u BTOopoe npaBwia KineukoBckoro. [IpuBeaure mpumepsl
3aMOTHCHHS DJIGKTPOHAMHU D3JIEKTPOHHBIX oOpOuTaneil. B yem CymHOCTH sIBIEHHS MpoBajia
JJIEKTPOHA.

IIpumepsl pelieHHs1 TUIIOBBIX 3a/1a4

JIEKTPOHHAsI CTPYKTYPa aTOMOB

[Tpumep 1. Kakoii monypoBeHb 3aIlOJIHAETCS B aTOME AJIEKTPOHAMHU I1OCIE 3alOTHEHUS
noxypoBHs 4p?

pemienune. [logypoBHio 4p orBewaer cymma n+l, paBHas 4+1=5. Takoi xe cymmon n+l
xapakrepusyiorcs nogypoBau 3d (3+2=5) u S5s (5+0=5). Ognako cocrosHuio 3d orBeuaer
MeHbIIIee 3HaueHue n (n=3), 4eM COCTOSHHUIO 4p; MO3TOMY HOAypoBeHb 3d OyAeT 3amoaHATHCS
paHblie, yeM mnoaypoBeHb 4p. CiemoBaTenbHO, IOCHE 3aloidHEHUs NOAypoBHS 4p Oyner
3aMONHATHCA MOAYPOBEHb 5S, KOTOPOMY OTBEYAeT Ha €IWHUILy OoJiblliee 3HaYCHHE TIaBHOTO
KBaHTOBOTO 4uciia n (n=5).

[Tpumep 2. Kakoii moiypoBeHb OyA€T 3aMONHITHCS BCIEA 32 MOAYPOBHEM 4s?

Pemenue. IlonypoBHio 4s coorBercTByeT cymma n+l=4+0=4. Takoi >xe cymmon n+l
XapaKTepu3yeTcs MOAYPOBEHb 3p, HO 3aMOJIHEHHUE ATOT0 MOAYPOBHS MPEIIIECTBYET 3aII0THEHUIO
MOIYpOBHS 4S, TaK Kak IOCIEAHEMY OTBEYaeT OoJIblee 3HAUCHHE TIIABHOTO KBAHTOBOTO YHMCIIA.
CrnepnoBarenbHO, TOCIE 3alOTHEHUS MOAYPOBHS 4s OyAeT 3aloNHAThCS MMOAYPOBEHb C CYMMO
n+l=5. [Ipuyem u3 Bcex BO3MOXKHBIX KOMOMHAIMI n+l, COOTBETCTBYIOMIUX 3TOU cymme (n=3,
1=2; n=4, I=1; n=5, 1=0), nepBoil OyaeT peanu30BBIBATHCS KOMOWHAIUS C HAUMEHBIINM
3HaUE€HUEM TIJIaBHOIO KBAHTOBOI'O uHMCia, T.€. BCIEA 3a MOAYpOBHEM 4s OyneT 3amojHAThCA
noaypoBeHs 3 d.

[Tpumep 3. CocTaBUTH 3JEKTPOHHYIO (OPMYIly aTOMa KPEMHHUS U rpapUuecKyro cXemy
3aI0JIHEHHSI SJIEKTPOHAMU BAJIGHTHBIX OpOUTajel 3TOro aToMa B HOPMaJIbHOM U BO30YKJIEHHOM
COCTOSTHUSIX.

Pemenne. CocraBisieM 3JIEKTPOHHYIO aroma KpeMHUs: 1522522p63s23p2. BaneHTHBIMU
OpOUTANIIMU B 3TOM aTOME SBJISIIOTCS. OPOUTAIN BHEIIHETO (TPETHET0) ANEKTPOHHOTO CIIOos, T. €.
3s- u 3p- u He3anoaHeHHble 3d-opouTtanu. ['paduyeckas cxema 3alOTHEHUS SIEKTPOHAMHU 3THX
opOuTasel UMeeT CaelyOUINi BUI:

T T
1
3s 3p 3d

PasMenienue 3JIEKTPOHOB Ha TPETbEM IOAYPOBHE IIOKA3aHO 31E€Ch B COOTBETCTBUM C
npaBuiaoM XyHJa: CyMMapHbIM CIIMH aTOMa MMEET IIPU 3TOM MAKCHUMaJbHOE 3HadueHue. [[pyrue
BO3MO>KHOCTH pa3MEIIEHUS 3JIEKTPOHOB Ha 3p MOAYPOBHE, HAIIPUMED,

T
3p
HNIn
i) !
3p

OTBeualoT HYJIEBOMY 3HAUEHHUIO CYMMapHOTO CIHHA aroMa, U CJEeJI0BATEIbHO
COOTBETCTBYIOT BO30YK/IEHHOMY COCTOSIHUIO aToMa.

[Tpu 3aTpaTe HEKOTOPOI SHEPTUU OJUH UX 3S-DJEKTPOHOB aTOMa KPEMHHUS MOKET OBITh
nepeBe/iecH Ha BakaHTHYIO 3p-opOutanb. [lpm 3TOM DHEprus aromMa BO3pacTaeT, TaK dYTO



BO3HHKAIOIIAsl JIEKTpOoHHas KoHpurypauus 1s22s22p63s13p3  Taxke COOTBETCTBYET OJHOMY
U3 BO3MOXHBIX BO30YK/ICHHBIX COCTOSIHUI KPEMHHUS:

T T T
|

3s 3p 3d

IIpumep 4. Ha xakoM OCHOBaHMHM XJIOp M MapraHel] NOMEUIAIOT B OJHOM TIpyImne
MEePUOIUYECKON CUCTEMBI 3JIeMeHTOB? [loueMy MX moMeniarT B pa3HbIX NOArpynnax?
Pemenue. DneKTpoHHBIE KOH(UTYpAIIH aTOMOB
Cl  1s22s522p63s23p5 Mn  1s22522p63523p63d5452
BanenTtHbie a5ekTpoHbI Xjiopa - 3s23pS, a mapranma - 3d54s2; Takum oOpazom 3TH
AJIEMEHTBhl HE SBISIOTCS SJEKTPOHHBIMHM AHAJIOTAMM U HE JOJDKHBI pa3MeliaThCs B OJIHOU
noarpynne. Ho Ha BaJeHTHBIX OpOUTANSAX aTOMOB 3THUX AJIEMEHTOB HAXOAMUTCA OIMHAKOBOE
YHCIIO 3JIEKTPOHOB - 7. Ha 3TOM ocHOBaHUM 00a 371€eMEHTa [TOMEILAIOT B OJIHY U TY K€ CEIbMYIO
rpyny NEPUOANYECKON CHCTEMBI, HO B PA3TUYHbIC MTOATPYIIIIHI.
3agauu AJ151 CAaMOCTOSITEILHOTO PelIeHus!
1. Kakue yeTplpe KBAaHTOBBIX 4YHCJA XApAaKTEPU3YIOT COCTOSHUE AJIEKTPOHOB B
atome? Kakue 3HaueHUs MOXKET MPUHSTH KaX10€ U3 HUX?
2. Kakue »1eKTpOoHBI B aTOM€ Ha3bIBalOTCA S-, P-, d- u f-ajgexTponamu? Kakosa
npocTpancTBeHHas KoHpurypanus dxy, dxz, dyz,, dz2 atomHbIx opOuTanen?
3. YUeMy paBHO KOJIMYECTBO OpOUTANIel B aTOME, JJI1 KOTOPBIX TNIABHOE KBAHTOBOE
quClIo N=57 YKaXuTe 3HAYCHUS n, | 1 mlis Kakaou U3 3TUX OpOUTAIIeH.
4. Cxonbko opOuTanel Kakaoro ykKa3aHHOTO HKIKE THIAa MMEETCS B aToMe: a)
3px; 0) 5d; B) 3s; 1) 4p; 1) 3dxy?
5. Kakue 3HaueHus: UMEIOT KBAaHTOBBIE yKcia n, |, ml mist cnexyronmx opOuTanei:
a) 2s, 0) 3p, B) 4d, ) 51?7
6. Kakue 13 nmepeuncieHHbIX HIbKe 0003HaUYeHUI aTOMHBIX OpOUTaIel He UMEIOT
cMmeicna: 1p, 2d, 3s, 44, 3d, 31?
7. Cdopmynupyiite mnpaBuna KieukoBckoro? Kakue opOutamu aroma
3aMOJIHAIOTCS JJIEKTPOHAMH B MEpBYI0 odepenb: 4s unu 3d, 5s win 4d? [louemy?
8. Kakue 3HaueHus MOKeT NMPUHMMATh MarHUTHOE KBAaHTOBOE 4ucio ml st
JTAHHOTO OpOUTANBHOTO KBaHTOBOTO uncial =0, 1,2 u 3?
9. CocraBbTe 31MEKTPOHHBIE (POPMYJIBI Ui aTOMOB 3JIEMEHTOB C MOPSAKOBBIMU
Homepamu 35 u 47, 33 u 41, 16 u 25. Ha ocHOBaHMM AJEKTPOHHON (POPMYIIBI OMpENeTnuTe
MEPUOJI U TPYNITY MEPUOANYECKON CUCTEMBI AJIEMEHTOB, B KOTOPBIX HaXOJAUTCA 3TOT SJIEMEHT.
10. Kakyro BBICHIYIO W HH3IIYKO CTENEHb OKHCIEHUS TMPOSIBISIIOT YIJepon,
MBIIIBSK, cepa U xyuop? Iloyemy? CoctaBbTe (GOpPMYIbl COSCAMHEHUN ITAaHHBIX JJIEMEHTOB,
OTBEYAIOIIUX ITUM COEAUHEHUSIM.

Bomnpocsl 111 caMocToATeIbHOM padoThl 110 TeMe «XUMHYeCKasi CBA3b»

1. Yro moHMMArOT MOJA XUMHYECKON CBs3bl0. JlaliTe onpeneneHue OCHOBHBIM
BUJAM XuMHYecKoM cBs3u. KoBaneHTHas, HOHHas, Merainyeckas cBsi3b. CrocoObl
00pa30BaHUs U OCHOBHBIE XapaKTEPUCTUKHU CBSI3H.

2. KoBaneHTHas CBsI3b M €€ CBOWMCTBA JIJIMHA, YDHEPT U, KPATHOCTh, HACBIIIAEMOCTh
U HAIpaBJIEHHOCTb, IIOJSAPHOCTh, MOJIApU3YeMOCThb. Ilepeunciure TUIBI TEPEKpPBIBAaHUS
AIIEKTPOHHBIX 00JIAKOB MPU 00pa30BaHUU KOBAJEHTHOM CBA3U. B 4eMm oTianune Mexay G-CBSA3bIO
U T-CBsI3b10. Kak cOCTaBUTH 3NIEKTPOHHBIE U CTPYKTYpPHBIE (POPMYJIIBI MOJIEKYIL.

4. Onumure OOMEHHBIH U JOHOPHO-AaKLUENTOPHBIA MeXaHH3M 00pa3oBaHUs
KOBaJIEHTHON cBs3u. [lpuBenute mnpumep oOpa3oBaHMs OJMHAPHOW, IBOWHOM W TPOHHOM
KOBaJEHTHON XMMUYECKOU CBS3U MEXKIy aTOMaMHU. 3alUIIUTE CXeMbl 00pa30BaHUs MOJIEKYII.



5. Uro moHuMaoT moj THOpHAM3aIMeld aTOMHBIX opOutanei. M3obpasute
MIPOCTPAHCTBEHHOE cTpoeHue Mosekyn xjopuna Oapust (II), xmopuma Oopa (III), merana,
aMMuaKa, BoJIbl, eHTaxjopuaa gochopa, rekcagTopuaa cepel.

6. Uro Takoe cTemeHL OKHCICHHA? YTO Takoe BaJICHTHOCT, M KaK OHa
onpenensiercs. [loueMy y HEKOTOPBIX aTOMOB NPOSBIISIETCS MEpPEMEHHAas BaJEHTHOCTb, a Y
JIPYTUX BAJICHTHOCTD IMOCTOSTHHA?

7. OOpazoBaHuE MOHHOM CBSI3U U €€ XapaKTEPUCTHUKHU.

8. IlpuBenute mpuMep MOJAPHBIX M HEMOJSIPHBIX MoJieKysld. Kak paccuutarh
JIATIOJIbHBIA MOMEHT MOJISIPHOM MOJIEKYJIBL.

9. Merammnueckass CBSI3b U €€ XapaKTePUCTUKH. THIBI KPUCTALIUYCCKUX
METaJUIMYECKUX PEIIETOK.

10. BomopoaHast ¢Bsizb M ee cBOMCTBA. Poib BOJOpOAHOM CBSI3M B 00pa3oBaHUU
MPOCTPAHCTBEHHOU CTPYKTYPHI OCITKOBBIX MOJICKYIL.

IIpumepsl pelieHHs1 THIIOBBIX 3a/1a4

[Tpumep 1. Onpenenure THI XUMUYECKOW CBSA3H B MOJIEKYJIE BOJIOPO/IA.

Pemenne. B monexyne Bogopona H2 koBaneHTHas cBsi3b (G- CBSI3b), 0Opa3oBaHHas B
pe3ynbTaTe MePEeKPhIBAHUS IBYX S-AIEKTPOHHBIX 00JIAKOB C aHTHUIIAPAIIEIbHBIMU CIIHHAMHU.

Ha pucynke npusenena cxema oOpa3oBaHusl cBsi3u B MoJiekysie H2, u3 koropoil BuaHoO,
YTO pacCTOSTHUE MEXKIY AlIpamMu B MoJiekyne H2 meHble, ueM cymma paguycoB U30IHPOBAHHBIX
aTOMOB BOJOpPOJIa, TaK KakK »3JIEKTPOHHbIE oO0Jlaka IpH B3aUMOJEHCTBUHM IEPEKPHIBAIOTCS,
o0Opa3yst oOuiee anekrporHoe obnako. [Ipu stom Beensiercs 435,1 kJ[X/MOnb  TEIUIOTHI.
OO6utacte HaMOOJBIIEH TIOTHOCTH CBSI3YIOIIETO 3JICKTPOHHOTO O0JIaka B MOJIEKYJIe BOAOPOJa
pacrosoXeHa Ha paBHOM PacCTOSIHUM OT sjep o0oux aToMoB. Mosekyrna oOpa3zoBaHa aTOMaMu
OJIMHAKOBOH 3JIEKTPOOTPULIATEIBHOCTH, MO3TOMY XMMHUUYECKasl CBSA3b HETIOJISIPHASL.

[Tpumep 2. Onpenenure TN XUMUYECKOH cBA3M B Mosiekyie Cl2.

Pemenne. Cxemarnyecku o0pazoBaHUE CBSA3H MOXKHO M300pa3UTh OKTETHOM cXeMOil, rae
TOYKaMU H300pa’KeHbl 3JEKTPOHBI BHELIHET0 3HEPreTHUECKOro YPOBHS aTOMOB XJIopa,
KPECTHUKaMHU - 3JIEKTPOHBI, Y4YacTBYIOIME B 00pa3oBaHUMM  OOWIEH AJIEKTPOHHOM Mapel U
COOCTBEHHO 3JIEKTPOHHAs Iapa.

O6nacTe HauOOJbIIEH 3IEKTPOHHOW MJIOTHOCTH B MOJIEKYJIE PpACIOJIOKEHAa Ha PaBHOM
paccTOSHUM OT AJEP aTOMOB, UMEIOLIUX PABHYIO JIEKTPOOTPULIATENBHOCTh. [l03TOMY CBS3b B
MOJIEKYJIe KOBAJICHTHAsI HETIOJIIpHasl.

[Tpumep 3. Onpenenure THUII XMMUYECKOH CBSI3U B MOJIEKYyJie OpoMUIa HATPHSL.

Pemenue. [TockonbKy 37€KTPOOTPULIATENHHOCTH aTOMOB HaTpHsl U OpoMa CyIIECTBEHHO
pasnuyaercs (1,01. u 2, 74 cOOTBETCTBEHHO), B3aMMOICHCTBIE HEUTPAIBHBIX aTOMOB IPUBOJUT
K TIepEeX0ly BaJIEHTHOTO 3JIEKTpOHA HaTpus K Opomy. OOpa3zoBaHHE MOHOB M3 aTOMOB MOKHO
CXEMaTHUYECKH MPEICTABUTh AIEKTPOHHBIMU YPaBHEHUSIMHU:

Na - 1e - — Na+

Br + le - —»Br-

[Tpu sneKkTpocTaTUYECKOM MPUTSHKEHUH MOHOB 00pasyetcsi coeanHenne NaBr ¢ moHHOM
XUMUYECKOU CBA3BIO.

Na+ + Br- — NaBr

Tun xak u3MeHsercs npoyHocTh coeauHenwii B psay HF, HCI, HBr, HL.

3agaum 118 CaMOCTOSITEJILHOTO PeLICHH S
1. BaneHTHOCTD (KOBaJIGHTHOCTH) DJIEMEHTA PaBHA 00IIIEMY YHCITYy OpOUTajeii ero
aTOMOB, TPUHUMAIOLIMX YydyacTHe B OOpa3oBaHUM XHMMHUYECKUX CBsized. Yemy paBHa
MaKcHMasbHasi KOBaJIEHTHOCTh aroma O6opa? Kakoll MexaHusMm oOpa3oBaHMsI XMMHUYECKOH CBS3U
ocymiectBisiercs B monax BF4- u BH4- ?



2. B deM CyIIHOCTh JIOHOPHO-AaKIIEITOPHOTO MEXaHW3Ma 00pa30BaHUSA
KOBaJICHTHOM cBsi3u? UeMy paBHa MakCUMallbHasi KOBAJEHTHOCTh a30Ta? [1o kakoMy MeXaHU3My
oOpa3yercs cBs3b B MOHE aMMoHMsI NH4+7?

3. Ompenenure xapaktep cBs3u B mojiekynax RbCI, 12, CIF, CI3N. Kakue
OCHOBHBIE€ CBOMCTBA XapaKTEPU3YIOT HOHHYIO U KOBAJICHTHYIO CBSI3b?

4. Kak meron BC o0bsicHseT TMHEHHYIO CTPpYKTYpY MosieKysbl CO2? CkobKo G-
U T- CBS3CH M 3a CUET KAKUX JJIEKTPOHOB 0Opa3yeT yriepoi B 3Toi Mosekyine? Mmeer nm
Mosekyaa CO2 snexkTpuyeckuit MOMeHT aunoiist? [louemy?

Bomnipocsl 11 camocTosiTe/IbHOM padoThl 110 TeMe «IlepuognyecKuii 3aK0H U
nepuoanyeckas cucrema /[.U. Mengeneesa»
1. Chopmymnupyiite nepuoauyueckuii 3akoH .M. Menaeneea. OxapakTepusyire
CTPYKTYpY MEPUOTUICCKOM TAOIHUIIBI.

2. B yem nposiBisieTcss IEPHOAUIHOCTh U3MEHEHHS CBOMCTB MPOCTHIX BEIICCTB U
UX COeOUHEHNN B TAOIIHIIE.

3. YTo NOHMMAIOT MOJI Pa3MEPOM aTOMOB, 3JEKTPOOTPULIATEIbHOCTBIO, SJHEPTUEH
MOHU3ALMA U CPOJICTBOM K 3JIEKTpOHY. Kak M3MEHAITCS 3TH XapaKTEPUCTHKHA AaTOMOB B
rpynmnax u nepuojax. Kak H3MEHSIOTCS OKHCIHUTENIbHO-BOCCTAHOBUTEIbHBIE M KHCIOTHO-
OCHOBHBIE€ CBOWCTBA 3JIEMEHTOB U UX COCMHEHUN B IEPUOC U rpyIe?

IIpumepsnl pelleHHs1 TUIIOBBIX 32/1a4

IIpumep 1. B kakoli rpynne u B KakoM nepuoze cucreMsl 2ineMeHToB .M. Menneneesa
HaXOJUTCS aTOM C MOPSAJIKOBBIM HOMEpOM 427

Pemenne. PacnososkeHue 371€MEHTOB B MEPUOJUYECKON TaOIUIle B COOTBETCTBHHU CO
CTPOEHHEM HMX aTOMOB CIIeJyIOllee: B IEPBOM MEpHUOe 2, BO BTOPOM Mepuojie 8, B TPETbeM 8.
Tpetuit nepro/ 3aKkaHIYUBACTCS SJIEMEHTOM C TTOPSIAKOBBIMU HOMepoM 18 (2+8+8). B ueTBepTom
nepuoae 18 31eMeHTOB, T.€. OH 3aKaHUMBAETCS JJIEMEHTOM C INOPSAAKOBBIM HOoMepoM 36. B
IATOM nepuojie Toxe 18 anemenToB. [103ToMy 37€MEHT ¢ MOPSAKOBBIM HOMEPOM 42 TONaaeT B
nATeld nepuoa. OH 3aHMMAET HIECTOE MECTO, CIIEOBATEIbHO, HAXOAUTCS B LIECTOM IpyIIe
(moGo4HOM OATpYyIINe). DTOT JIEMEHT - MOJIMOIEH.

[Tpumep 2. Kakoil snemeHT - nauTUH WM Kamuil - oOnagaer Oojee BBIPAKCHHBIMU
METaJITIMY€CKUMU CBONCTBAMU?

Pemrenne. CTpoeHHE AJIEKTPOHHBIX O0OJIOUYEK AaTOMOB JIMTHS W Kallusl TPEICTaBISIEM
cnenyrommM oopazom: Li - 152251 K -1522s22p63s23p64sl  wim cokpamenno [Helsl , [Ar]sl.
Kak BuauM y 00OMX aTOMOB Ha BHEIIHEM JHEPreTUYECKOM YPOBHE HAXOIHUTCS 1O OIHOMY
anekTpony. OIHAKO Y aToMa KaJlusl BHELTHUHN JJICKTPOH PaclojIokKeH Aajblie OT spa, cnadee K
HEMY NPUTATHBACTCS U, CIEJA0BATEIbHO, Jierde OTphiBacTcs. I[lOCKONBKY MeTalTH4ecKue
CBOWCTBA OOYCIIOBIIEHBI CIIOCOOHOCTHIO OT/AaBATh SJCKTPOHBI, OHH CHIIbHEE BBIPAXKCHBI Y KA.

[Tpumep 3. OnuImMTEe XMMUYECKHAE CBOMCTBA DJIEMEHTA C MOPSIKOBHIM HOMEpPOM 23 1o
€r0 TOJIOKEHUIO B TAOJIHIIE.

Pewenne. Ilo mepuogudeckoil cucreMe OIpPEAENsAeM, YTO JJIEMEHT C IOPSAIKOBBIM
HOMEpPOM 23 HaxOJIUTCS B YETBEPTOM Iepuojie U B MOOOYHOU moarpymme V Tpynmnbl. DTOT
BIIEMEHT - BaHA/UH. DNeKTpoHHAas (hopMysia BaHAIMS:

V 1522522p63s23p63d34s2 wnu cokparienno [Ar]3d34s2. CrnenoBarensHo BaHauil - d-
DJIEMEHT.

DJIEMEHT MOXKET JIETKO OT/IaBaTh 2 JIEKTPOHA C 4 YPOBHS, MPOSBIISAS CTETICHh OKUCICHUS
+2. DnemeHnt obpasyer okcun coctaBa VO u ruapokcua cocraBa V(OH)2. Dtu coenuHeHus
MPOSIBJISIIOT  OCHOBHBIE CBOMCTBA. ['a3000pa3HBIX BOJOPOAHBIX COCIUHCHHWM BaHAIul HE
00pa3yeT, MOCKOJIbKY HAXOIUTCS B TOOOYHOM MOATPYIIIIE.



ATOM BaHAIUA MOXET OTAABaTh TaKXKe AJICKTPOHBI C d-TMIOAYPOBHS MPEANOCICTHETO
SHEPreTHYECKOro YPOBHS (3 2JIEKTpOHA) M, TaKMM O0pa3oM, MPOSBIATH BBICIIYIO CTENEHb
OKHUCJICHUSI PaBHYIO +5 (YUCICHHO paBHA HOMEPY TPYMIIBI B KOTOPOM PACIOJIOKEH 3JIEMEHT).
Okcua, COOTBETCTBYIOIIMM BBICHICH cTerneHn okuciaeHus, V205. Dtor okcupa obiamaer
KUCJIOTHBIMU CBOKCTBaMU. B KauecTBe THAPOKCHMIA €MY COOTBETCTBYET HEYCTOMYMBAs
MeTraBaHanueBas kuciotra HVO3 (ee conu - BaHaAaThl - YCTOMYHMBBIC COSAUHEHUS).

33)13'1]/] AJISl CAMOCTOATEC/ILHOI'O PCIICHUA

1. Kakyro BbICIIYyIO M HH3IIYIO CTENEHb OKHUCIEHHUS MPOSIBIAIOT YIJIEPOJ,
MBIIIBSK, cepa U xjop? [louemy? CocraBbTe (GOPMYNBI COCIMHEHHMH MAHHBIX 3JIEMEHTOB,
OTBEYAIOIIUX ITUM COCAMHEHUSIM.

2. Ha xakoM OCHOBaHUH XPOM U cepa, (pocdop 1 BaHAHMI PACTIONOKEHBI B OHOM
rpyImme nepuoandeckoil cucremsr? [loueMy X NOMENIAOT B Pa3IMYHbIX MOATPYIIax?

3. OnummMre XMMHYECKHE CBOMCTBA AJIEMEHTA C MOPSAKOBBIM HomepoMm 31 u
CBOWCTBA €r0 COEMHEHUH 110 MOJIOKEHUIO 3JIEMEHTA B IEPUOANYECKON TabuuLe.

4. Tlouemy Maprasen, nposBISET METaNIMYECKHE CBOMCTBA, a XJop -
Hemertanueckue? Hanmumunte GpopMyiibl OKCHIOB U THAPOKCUIOB 3TUX COCAMHEHUI.

5. Kakyro Hu3IIYIO CTENEeHb OKUCIIEHUS MIPOSBISAIOT BOJOPO, PTOp, cepa U a3otr?
[Touemy? CocrtaBbTe (HhOpMYINBI M Ha3BAaHUS COCTUHEHHM KallbliMi C JAHHBIMHU DJIEMEHTaMH B
HUBIICH CTETIEHU OKUCIICHUS.

6. Y Kakoro u3 p-3JIeMEHTOB IATOM TPYIIbI NEPUOANUECKON cUCTEMBI - ochopa
WIN CypbMBbl - CHJIbHEE BBIP@XEHBI HEMeTa/uimueckue cpoiicTBa? Kakoe H3 BOJOPOIHBIX
COETMHEHUH TaHHBIX 3JIEMEHTOB SABIIETCS O0Jee CUIILHBIM BOCCTAHOBUTEIEM?

7. Kakyro BBICHIYIO CTEIIEHb OKHMCIICHHsSI MOTYT IPOSIBJIATH T€pMaHHUM, BaHAIUU,
mapranery u KkceHoH? [louemy? CocTtaBbTe GOpPMYIBIl OKCHIOB JAHHBIX COCAMHECHHIA,
OTBEYAIOIINE dTOU CTEIIEHU OKHUCIIEHUS.

Bonpocsl 14151 camocTosiTe/IbHOIH padoThl N0 TeMe «OCHOBBI TEPMOAMHAMUKN

1. IIpenMeT n3ydeHnss XUMHUYECKON TepMOIMHAMUKU. J[aliTe onpeneneHus caeayonmm
HNOHSTUSIM: cucTeMa, (pasza, mapamerpsl U GyHKIUU cocTosiHU. Kitaccupuuupyiite cucTeMsl o
crioco0y oOMeHa sHepruei 1 BeLIECTBOM C OKpysKaroliel cpefoil. UTo B XMMHUU Ha3bIBAIOT
npoueccoM. Kak knaccupuuupyroTt pa3inyHble TPOLECCHI.

2. ChopmynupyiTe OCHOBHOE CBOMCTBO (DYHKIIUN COCTOSTHHUSI.

3. ChopmynupyiTe epBblil 3aKOH TEPMOIUHAMHUKHN U TIOSICHUTE CMBICIT BXOSIINX B
YPaBHEHHE 3aKOHA BEJIMYUH.

4. Yto sBisieTcst mpenMeToM uzydeHust tepmoxumun. Chopmynupyiite 3akon U.I'ecca u
CIeCTBUSA U3 3aKoHa ['ecca. 3anuimTe ypaBHEHUS, KOTOPBIE UX BBIPAXaroT.

5. IlonsATHE O 3K30TEPMUUECKUX U SHIOTEPMHUUECKUX peaknusax. Kak onpenenuts
TETI0BOM 2P PEKT XMMUYECKON peaKkIui. DHTAIbIHS.

6. [Tonsitue suTponuu. ChopmMynupyiTe BTOPOH 3aKOH TEPMOIMHAMUKH.
Chopmynupyiite HOHATHE O TEPMOJANHAMHUYECKON BEPOSTHOCTH CUCTEMBI U 3aUIIUTE (hopMyy
bonpmaHa.

7. Kak paccuntsiBaeTcst cBoO0aHas sHeprus [ mb0ca - 4To oHa XapakTepusyer.
CranpaptHas sHeprus ['u60ca.

IIpuMepsI penieHUs: THIIOBBIX 32124

[Tpumep 1. Beruncauts temnoBoit agpdekt xumuueckoi peakuuu mpu 298 K:
1) npu P = const; 2) pu V = const.



Pemenne. TemnoBoit 3¢¢dexktT oOpazoBaHMs BEIIECTB NMPH CTaHAAPTHBIX YCIOBHSX HAWUTH IO
Ta0NMIle CTaHJAPTHBIX TEIJIOT OOpa3oBaHuUs BemiecTB B KpaTkom cmpaBoyHUKE (PU3HKO-
XUMHYECKUX BeJIMYMH [9].

4ANO o T 6H,0 (%) = 4NH; ot 50, )

1. Tak kak B YCJIIOBUHU 3a/ladyll PEKOMEH]IYEeTCS MPUMEHUThH TEIIOThI 00Pa30BaHUS yYIAaCTHHKOB
peaxkiuu, To JJs pelieHus 3a1a4l MPUMEHSIOT IIEpBOE CIIECTBUE U3 3akoHa [ ecca.

2. @opMynIHpoOBKa MEPBOTO CIEACTBHS M3 3aKoHa [ecca: TemmoBoil 3PQeKT XuMHUECKOi
peaxkiuu, MpOoTEKalolell MpU MOCTOSIHHOM JaBJICHHM, PaBEH CyMME JHTANbIUN 00pazoBaHUs
MPOJYKTOB PEAKIIMHU 32 BBIYETOM CYMMBI HTAJIBIINI 00pa30BaHMs MCXOJIHBIX BEIIECTB C YIETOM
CTEXMOMETPUUYECKHX KOIDPHUITUEHTOB.

3. IlepBoe crenctBue u3 3akoHa l'ecca B OOmIeM BHAE MAaTEMAaTUYSCKU 3alMCHIBACTCS
CIIeIyIOIHUM 00pazom

AH® ; 298 = ZViAH 208, f (pony - ZViIAH 208, f (uex) (1.1),

rae AH® r.298 - TETJIOBOM A(D(PEKT XMMUYIECKOM pEeaKInu;

ZViAH()zgg, f (apon), ZviAHogg& f (ucx) AIreOpanyeckasl cyma TEIUIOT 00pa3oBaHUs IPOIYKTOB U
HCXOJHBIX BEIIECTB COOTBETCTBEHHO;

Vi - 9YHCII0 MOJIb JAHHOTO YYACTHUKA PEAKITHH.

4. Jlna paccMaTpuBaeMOM peakiuu

AH® | 208 = (4AH 205 £ () + 5AH 208, 1()) - (4AH 98 1 () + 6AH 205 £ ()

5. BeinucbiBaeM TepMOJAMHAMUYECKHNE KOHCTAHTHI Y4aCTHUKOB PEAKIIUU

BemectBo AHOZQ& £, K[/ MOIB
MPOIYKTHI

NH3 () - 46,19

02 0

HNCXOJHBIC BEIIECTBA

NO 90,37

H20 () -285,84

AHP | 508 = (4%(- 46,19) + 5%0 ) - ( 4x90,37 + 6x (-285,84)) =

=-184,76 - (361,48 - 1715,04) = - 184,76 - (-1353,56) = 1168,8 xJ]x.

OOpaTtuTe BHUMaHKHE Ha pa3MEPHOCTb BETUYUH

6. TTo M3BECTHOMY 3HAYEHHIO TeMmI0Boro >ddexra peariun AHC | g PH OCTOSHHOM JaBICHHN
MO’KHO pacCUMTaTh TEIIOBOM 3(h(PeKT peakunu npu noctosHHOM oobeMe Qy = AU.

IIpn ycnoBuu, uro P = const u T = const B3auMOCBS3b AH? r208 1 AU onpenensercs
BBIPAXKEHUEM

AHO r208 = Qp = AU +PAV =AU + (PV; - PVl) =AU + (nRT -n;RT) = AU + AnRT

AHC 55 = AU + AnRT (3.1.2),

rzie An - u3MeHeHHe Yrcia MoJieil ra3000pa3HbIX MPOYKTOB PEaKIIMHM U UCXOTHBIX BELIECTB
An =2n (pox) ~ >n (cx)s

Takum 060pa30M TEIUIOBOM AP PeKT peakuu npu NocTossHHOM o0beme AU paBeH

AU = AH" (298 - AnRT

s paccmarpuBaeMoii peakiuu An = (4 +5) - 4 = 5 Mo,

7. ObpaTuTe BHUMaHHUE HA Pa3MEPHOCTb SHTAJIBIINU peakiuu u ciaraemoro AnRT:

Onranbmus peakiuu 1168,8 k[ nomkHa ObITh IEpeBeneHa B Jx.
AU=1168,8x10° -5x8,314x298 =1168800 -12387,86 = 1156412,14 = 1156,4 kJx
Otser: AH® r208 = 1168,8 xJIx; AU = 1156,4 xJ[x.

HpHMep 2. CO(I—) + 3H2(r) = CH4(1—) + HQO (r)

1. [{nst yka3aHHOW peaKiuu npu CMaHOapmHuIX YCA08USX BHIYUCTUTH:

- U3MEHEHHUE SHTAJIBIINY;



- U3MEHEHHUE SHTPOIIHH;
- OINpEAeTUTh H3MEHEHHE H300apHO-U30TEePMHUUECKOr0 IOTEHIMalla U CclelaTh BBIBOJ O
BO3MO>KHOCTH IIPOTEKAHUS PEAKIIMU B JAHHBIX YCIOBUSIX.

2. Paccumtarh KOHCTaHTY paBHOBecHs miis Temmeparyp 298 K. CaenaTh BBIBOJI O COCTOSHHH

paBHOBECHSL.

Pemenue.

1. BoinuineM Ta0aMyHbIE JAaHHBIE, HEOOXOIMMBIE ISl PEIIEHUS:

Bermectsa AHogg& ¢ |S° 208 f C% 208, Cp=1(T) TemmneparypHbIii
kJIx/Moub | Jx/monb- K| Jx/MonsK |4 b-10°2 |c-10°% |¢’-10 °|unTepBaN

CHyy - 74,85 186,19 35,79 17,45 |60,46 |-1,117|- 298-1500

H20 -241,84 (188,74 33,56 30,00 (10,71 0,33  |298-2500

COqy -110,5 197,4 29,15 28,41 (4,10 -0,46 |298-2500

Hy 0 130,6 28,83 27,28 (3,26 |- 0,502 |298-3000

2. OmpenensieM U3MEHEHUE YHTAIBIINN MPH CTAHJAPTHBIX YCIOBUSIX IO MIEPBOMY CIICACTBUIO U3
3akoHa ['ecca (cMoTpuTe MyHKTHI 2° 1 3° pemienus 3anauu 1, ypasaenue (1.1):

AH® ; 208 = ZViAH %08, f(upon) - ZViAH 208, fiucx)

AH? [ 205= (1%(-74,85) +1%(-241,84)) - (1x(-110,5) + 3x0) = -206,19 kJlx =

=-206190 JIx. AH? r208<0, CIIEIOBATEIILHO PEAKIIUSI IK30TEPMHUUECKASI.

3. DHrpomusa - 310 (GYHKIUS, XapakTepusyrolas Mmepy Oecnopsiika. B cucreme HaxonsTcs
TOJIBKO Ta3000pa3HbIe BEIIECTBA, W B PE3YJbTaTe PEAKIUH KOJIWYECTBO MOJIEH YOBIBaer.
CrnenoBarenbHO, B pe3yIbTaTe Peakiui TO SHTPOIUS CHUKACTCS.

KonmyecTBeHHO W3MEHEHHWE SHTPONHU OINpeneNuM Mo (GopMmyle, aHaJOTHYHOW (opmyre
nepBoro ciencTBus 3akona ['ecca:

AS® ¢ 208=2viS"208. (pox) = ZViS 298, (ucx)

AS®, 208=(1x186,19 + 1x188,74) - (1x197,4 + 3x130,6) = 374,93 - 589,2

AS®, 208=-214,27 /K

4. OnmnpenensieM HW3MEHEHUE HW300apHO-MU30TEPMHUUECKOT0 MoTeHIana (dHepruu [ub6ca)
peaxiyu Mo 0000IIEHHOMY YpaBHEHHIO TIEPBOTO U BTOPOTO HAYall TEPMOAMHAMUKH:

AG? | 29= AH | 208 - TXAS? 208 = 206190 JIk. - 298 Kx(-214,27) /K

AG®, 208= -206190 + 63852,46 = -142337,5 [l = -142,34 JIx

[IpoTekanue peakuuu B MPsIMOM HANpaBI€HUW NPU JAHHBIX YCIOBUSX TEPMOIMHAMUYECKU
paspernieHo, mocKoIbKy AG', 295<0.

5. KoHcTaHTa paBHOBECHS PEaKLIMU paBHA

Bemnunny K, mpu T = 298 K paccuntaeM 1o ypaBHEHUIO U30TEPMBI PEAKIIMH IIPU CTAHAAPTHBIX
YCIIOBHSIX.

AG°=-RTIn K,

1nK,= -(AG% /RT);

10K, 208 = - (-214,39x10%)/(8,31x298) = 86,5 Kp08) = 3,8x10°

ITo Bennuune K, MOXKHO clieTaTh BEIBOJL O COCTOSSHUU PABHOBECHS B CUCTEME.

e Ecmm K,menpme 1, TO cucrema pajexka OT COCTOSSHMS PaBHOBECHS M PEAKIMA
(baKTHUECKHU B TaHHBIX YCIOBUAX NMPOTEKAET B 0OPaTHOM HaIPaBJICHUU.

e Ecmu K, 6mm3ka k 1, To cucrema 0113Ka K COCTOSHHIO PABHOBECHS.

e B paccmarpuBaemom ciyuae mpu T = 298 koHctanTa paBHOBecus K, oueHb Benuka,
CJIEZIOBATEIILHO, PEAKIUs TIPOTEKAET B MPSIMOM HAIIPABIICHUH U PABHOBECHE TIPAKTUICCKU
MOJTHOCTBIO CMEIIEHO B CTOPOHY 00pa30BaHuUs MPOIYKTOB.

VYBenuyeHne TeMIepaTypbl BbI3BIBACT HE3HAUMTEIFHOE CMEIIEHHUE pPAaBHOBECHS B CTOPOHY
MCXOJIHBIX BEIIECTB, UTO OTBeUYaeT kKauecTBeHHOMY Ipasuiry Jle [llaTemnsbe.

Orser: AH? | 508 = -206,19 kJIk; AS® | 208.= -214,27 JI/K; AG;, 208 = -142,34 ]Ik

Kpos) = 3,8%10%"; Kys00) = 1,2x10™




3ana'm AJIAA CAMOCTOATECJIBbHOI0 PCIICHUSA

1.  BbruucauTh TeII0BOM 3 PeKT XuMHUecKoi peakuuu npu 298 K:
1) mpu P = const; 2) mpu V = const.
TernoBoit a3 dexT 00pa3oBaHUs BEUIECTB NMPHU CTAHJAPTHBIX YCIOBUSAX HANTH MO TabIuIle
CTaHJAapPTHBIX TEIJIOT 00pa30BaHUsl BEIIECTB.
2. Jlnig yKa3aHHOM peakuuu npu CmaHOapmubvlx YCl06UsAX BbIYUCIUTS:
- U3MEHEHUE YHTAJIBITUY;
- UI3MEHEHHE YHTPOITUH;
- OINpEeAeNTuTh H3MEHEHHE H300apHO-U30TEPMUUECKOr0 IOTEHIMalla U CclelaTh BBIBOJ O
BO3MOKHOCTH ITPOTEKAHUS PEAKLIUU B TAHHBIX YCIOBHSX.
3. PaccumraTth KOHCTaHTy paBHOBecus miisa Temiepatyp 298 K. CnenaTh BBIBOJ O COCTOSIHUU
paBHOBECHS.

Tabnuia BapuaHToB

No BapuanTa|Peaknus Ne BapuanTa|Peakuus

1 2H; + CO = CH30H %, 14 SO, + Cl, = SOCl,

2 4HCI + O, = 2H0px) + 2Cl, |15 CO + 3H; = CH4 + H2Ox

3 NHClzs) = NH; + HCI 16 2C0O + SO; = S;0i6 + 2CO2
4 2N; + 6H2001=4NH3 + 30, |17 CO + Cl, = COClyry

5 4 NO; +6H20x)= 4NH3 + 50,18 CO; + Hy=CO + Hz0x

6 2NO; = 2NO+ O, 19 CO; + 4H; = CH4 + 2H,0x
7 N>O4=2NO, 20 2C0,=2CO + 0Oy

8 Mg(oH),= Mgo+ H2O(r 21 CH4 + CO, =2CO + 2H»

9 CaC03=Ca0+CO; 22 CoHg = CoHy + Hy

10 Ca(oH); = Cao+ H2Ony 23 C2HsOH k) = CoHa + HoOpx
11 SpomstH2001)=SO2+2H; 24 CH3CHO(y + Hz = CoHsOH
12 Spomst2C0O2=S0,+2CO 25 CeHepryt 3H2 = CeH12

13 250,+0, =2S03

Bonpocsl 11 caMmocTosTeIbHOM PadoTh 0 TeMe «XUMUYeCKAsi KHHETHKA U
XHMHYECKOe PAaBHOBeECHE»

1. Ilpenmer xumuueckoi KuHETHKHU. [lOHATHE O CKOPOCTM XUMHYECKOH PpEaKIUH.
CpenHsAss M UWCTUHHAsg CKOPOCTh peakuuu. @OU3HYECKHl CMBICI KOHCTaHTBI CKOPOCTH
XUMUYECKOU PEaKLIUHU.

2. Ot kakux (pakTOpOB 3aBUCUT CKOPOCTh MPOTEKAHUS XUMUYECKUX PEaKIuii?

3. ChopmynupyiiTe 3akoH ACHCTBYIOIMX Macc. Kak 3aBUCHUT CKOPOCTh pPEaKIUUd OT
temriepatypbl. Chopmymupyiite npaBwio Bant-T'odda, 3anummre ypaBHeHune AppeHuyca u
MOSICHUTE CMBICII BCEX BXOJSIINX B YPABHEHUE BETUYMH.

4. Yrto Takoe oHeprus akthBaluu. Hapucyiite 5>HEpreTM4ecKyro Iuarpammy
HK30TEPMHUUYECKON XUMUYECKON PEAKIUU.

5. ChopmynupyiiTe OCHOBHBIC TIOJIOKCHHUSI TEOPHUSI aKTUBHBIX CTOJKHOBEHHH W TEOPHS
IIEPEXOJHOTO COCTOSHUSA.



6. Kakoe SIBJICHWE Ha3bIBaeTCs Karajau3oM. llepeuncivre OCHOBHBIE 3aKOHOMEPHOCTH
karanu3a. OObsACHUTE POJIb KaTadu3aTopa B XUMUYECKUX IMpoLieccax.

7. UYto Takoe XUMHUYECKOE paBHOBecue? 3alUIINTE BBIPAKEHHUE I KOHCTAHTHI
XMMHUYECKOT'O paBHOBECHUS AJIS )KUAKO(A3HBIX U ra30(pa3HbIX XUMUYECKUX PEaKIUil.

8. Jlunamudeckuii Xxapakrep xumuueckoro paBHoBecus. Chopmymnupyiite npunuun Jle
[Matense. CMmeleHne XMMHYECKOTO PABHOBECHS IIyTEM H3MEHEHUS TEMIEPATyphl, 1aBICHUS,
KOHLICHTpaL UK.

9. ITo kakOMy NPHU3HAKY PEAKINU TOAPA3IEIIAIOTCA Ha IPOCTHIC U CIIOKHBIC, TOMOT €HHBIE
Y T€TEpPOreHHbIE?

10. Kakue peakunu Ha3bIBalOTCS CIOKHBIMU? Kakas cTagus CIOKHOU PEaKIUU SBJISETCA
JUMUTHPYIOIIEH?

11. Ilepeuncnute GakTophl, OT KOTOPHIX 3aBUCUT CKOPOCTH PEAKIIUU.

12. Kak popmynupyeTcss ¥ Kak 3aliChIBAeTCs B MATEMAaTHYECKOM BUJIE MpaBuio BaHT-
I'odda?

13. Kakas sHeprusi HasbiBaeTcsi 3Hepruei aktuBanuu? Kak oHa BIMSET Ha CKOPOCTh
XUMUYECKON peakuunu? 3aBUCUT JIM OHA OT TEMIEPATYPbI?

14. KakoB (u3udecKuii CMBICT MPEAIKCIOHCHIIMATHHOTO MHOXXHTEIS B ypaBHEHUU
Appenunyca? OT yero oH 3aBUCUT U HE 3aBUCUT?

15. Kunernueckoe ypaBHeHue peakmuu umeeT Bua V = keCA+C. Kak u3MeHHTCS
CKOPOCTh MpHU yBEIMYEHUH KOHLIEHTpauuii A u B B 2 paza? Kak npu 5ToM U3MEHHUTCS KOHCTAHTa
CKOpOCTH?

IIpumepsbl pelieHHs1 TUIIOBBIX 3a/1a4

1. Ilpu HexoTOpol TeMmmeparype KoHcTaHTa ckopocTH peakuuu H2(r) + 12(r) = = 2HI(r)
paBHa 0.16 wmonb/n. YactHble mopsaku mo H2 u 12 coBmajmatoT co CTEXMOMETpUUYECKUMHU
Koo unreHTaMn B ypaBHEHHH peakiuu. VIcXomHbIe KOHIICHTPALUU PEarupyIoNINX BEIIeCTB
C(H2) = 0,04 monw/n, C(12) = 0.05 monb/n. BeryncnuTe Ha4albHYIO CKOPOCTh PEAaKIUU U €e
ckopocts npu C(H2) = 0.03 mounb/1.

2. Paccumraiite, kak uU3MeHUTCS cKOpocTh peakuuu 2NO(r) + O2(r) = 2NO2(r), ecnu: a)
YMEHBIINTh 00bEM, 3aHMMaeMblii razamu, B 2 pasza; 0) yBenuuutb C(CO) B 3 paza, a C(O2) B
2 paza. YacTHble NOPSAKU PEAKLUU COBMAJAIOT C COOTBETCTBYIOLIMMHU CTEXHOMETPUUYECKHUMU
KO3 UIIMEHTaMH.

3. Bo cKOIbKO pa3 yBeIMUYHUTCS CKOPOCTb pPeakluu, MpoTekaroliei B razosoil gaze C2Cl4(r) +
Cl2(r) = C2Cl6(r), ecnu Ttemmeparypy moBbicuTh oT 10 mo 100 °C? TemmepaTypHbIit
KO3 PUIIMEHT peakuu paBeH 3.2.

4. IIpu 80°C HekoTopas peakius 3akaHuuBaeTcs 3a 16 muH. CKoJbKO NOTpeOyeTcst BpeMeHU st
npoBesieHus: Toi ke peakuuu: a) npu 120°C; 6) npu 60°C? TemnepaTypHblii KO3(hOHUIMEHT
JTAHHOM PEaKLUU paBeH 2.

5. CocraBeTe B 00mIeM Bue KuHeTHUeckoe ypaBHeHHe peakuuu 2CO(T) + O2(r) = 2CO2(Tr).
Bbruncnute  BO CKOJBKO pa3 M3MEHHUTCS CKOPOCTh MpPSIMOW peakuu TMpu YBEIWYEHHH
temneparypbl oT 40 1o 60°C, ecnmu TemrepaTypHblii KO3 (GUIIMEHT peakuy paBeH 4.

6. CocTaBbTe KMHETHUUECKOE YPaBHEHHE W OIpeAenuTe oOmmil nmopsaok peakuuun H2 + Br2 =
2HBr, nporekaromieid B ra3oBoil (aze, ecau mpu yBedHMueHHHM KoHIeHTpauuu H2 B 3 pasa
CKOPOCTh PEaKIMM BO3pAcTaeT TAKXKE B 3 pasa, a MPU yBEJIIMYEHNUN KOHIEHTpanuu Br2 B 16 pa3
CKOPOCTb peakluMu Bo3pacTaeT B 4 pa3a. BelunmcinuTe, BO CKOJIBKO pa3 M3MEHMUTCS CKOPOCTb
peaKuuy Npy yMEHBIIECHUH 1aBJICHUS B CUCTEME B 9 pas.



7. Temnieparypubiii kodhdummeHT nporekaronieir B romorenHoi cucreme peakiuu CH3CHO(T)
= CHA4(r) + CO(r) paBeH 2.5. BBIYHCINTE BO CKOJIBKO pa3 YBEIHMYHUTCS CKOPOCTh PEAKITUHU MPU
u3MeHeHuu Temiepatrypsl ot 293 no 333 K. 3anummure KUHETUYECKOE YPaBHEHUE PEAKIUU B
o011eM BUE.

Bonpochl /151 caMOCTOATEILHOH padoThl 10 TeMe «Teopusi YJIeKTPOTUTHYECKOH
JMCCOM AL

1. Kakoli mpoiiecc Ha3bIBAIOT 3JIEKTPOJIMTUYECKON aucconuanueii. Hanummre ypaBHeHus
JIACCOLMAIIMN KHUCIOT, OCHOBAHUM, COJIEH U KOMIUIEKCHBIX COJIEH.

2. Crenenp auccormanuu. KimaccuuuupyiTe 3JIEKTPOIUTHI IO CTENEHU JTUCCOIHAIIHH.
[Tepeunciure hakTOpPHI, BIUSIOMINAE HA CTEIIEHb JUCCOIUAIIMH CIa0bIX JIEKTPOJIUTOR.

3. 3anummuTe ypaBHEHUE TUCCOLMAIMU CIA00T0 3JIEKTPOJIUTA W 3AIUIIUTE BBHIPAKECHUE
JUISE KOHCTaHThI aucconmanuu. Chopmynupyiite 3akoH pasdarieHus OcCTBajabia M 3aIUIIATE
dbopmyiy.

4. B yem 3aKkioyaeTcss OCOOCHHOCTH IOBEJICHHUS CHIJIBHBIX 3JICKTPOJIMTOB B BOJHBIX
pactBopax? Kak BBIUMCINTH aKTHBHOCTh ¥ KO3(DPHUIIMEHT aKTUBHOCTH CHIILHOTO 3JICKTPOIHTa. B
9YeM CMBICIT TCOPUH CHIIbHBIX AJIEKTPOInuTOB J{eOast-Xrokkens?

Bomnpocel 11t caMocTosITeIbHOM padoThl 10 TeMe «['uaposus coJiei»

1.Kaxoii npouecc Ha3bIBa€TCsI TUAPOIIN30M COJIEH.

2. IlpuBeaute BUAOB TUApoiu3a cojeil. Kak omnpenenutb peakiuio cpeasbl pacTBOpa
TUApONU3YyIoIeics conu?

1. 3anumute GOpMyNbl IS ONpEAENeHUS CTENEeHH TUAPOJIM3a M KOHCTAHTHI
ruponusa o paaiite ompeneneHus. Kakum o0pa3oM MOXKHO CMECTUTh PaBHOBECHE pEaKIUU
TUAPOIU3A.

2. [Tepeuncnure ¢akTopsl, BIMAIONIME Ha CTeNeHb ruaponusa. Kak BiusaooT Ha
CTeNeHb TUAPOIN3a TeMIepaTypa, pasdasienue, pH cpensl.

IIpuMeps! pelieHns THIIOBBIX 32124

Pacuyer pH B pacTBOpax ruapoiu3yOLmXxcs coJiei
Mpumep  1.Paccumrate pH u  cremems ruapommsa B 0,1mons/nm® pactope
CH3COONa, Kcnscoon = 1,75-10,
Pemenne. Conp 00pa3oBaHa KaTHOHOM CHUJIBHOTO OCHOBaHMSI MU aHMOHOM CJIa0ON KHUCIIOTHI, T.€.
THJIPOJIM3YETCS B PACTBOPE 110 aHUOHY. 3alMCHIBAIOT YPAaBHEHHE THPOIIN3a
CH;COO "+ HOH CH3COOH+  OH- pH>7
[OH] = = =0,75 - 10™ mous/mm>
pOH =-1g[OH]=-1g 7,5 10°=5,12
pH=14-512 = 8,88 cpelia OCHOBHAs

h=0,75-10°/0,1=0,75-10"* w1 0,75-102 % cpena ocHoBHas

Hpumep 2. Boruucouts pH 1 pOH 0,01 MOJ‘IB/)IMS pactBopa NH4Cl, Knys o = 1,8 10°
Pemenne. Conp 0Opa3oBaHa KaTHOHOM ca00r0 OCHOBaHMS M aHUOHOM CHJIBHOM KHCIIOTHI, T.€.
THIIPOJIM3YETCS B PACTBOPE 110 KATHOHY. 3alMCHIBAIOT YPaBHEHHUE THPOIIN3a

NH;"+ HOH NH,OH +H" pH <7

[H]== =237-10° moms/mm’®

pH =-1g[H=-1g2,37 -10° =562 ; pOH = 14 - 5,62 = 8,38 cpena cnaboKucIas

33Ila'-ll/l AJISA CAMOCTOATECJIBbHOI'0 PCINCHUS



1. B 500 mn pactBopa conepxkutcs 2,52r Nap,COs. Onpenenuts pH u crenens ruaponunsa
COJIH.

2. B 0,5 1 pactBopa conepxkurcs 4,1r CH3COONa. Beruucnuts pH u crenens rugponaunsa
COJIH.

3. B 200 mn pactBopa coaepxurca 0,651 KCN. Onpenenuts pH u crenens ruaposnusa
com.K 20mn Boasl pubaBuiau Smit 3M pactBopa KNO,. Beruucauts pH pactBopa u creneHb
TU/IPOJIN3A COJIU.

4. B pactBOpe KakoW COJIM OJAMHAKOBON KOHIIEHTpamHMH cpena Oonee menouHas: NapS
i Na,COs; Na,CO3 uimn CH3;COONa; NazPO,4 mitm CH;COONa?

5. Kakyto cpeny (KHMCIyr0, HEHTPaJIbHYIO WM LIEJIOYHYIO) UMEIOT BOJHBIE PAcTBOPHI
coien (NH4)2C03, NazPOy,, A|2(SO4)3, KC', Hg(N03)2, SnC|2, BiC|3, CH3COONa, NaCI,
Pb(NO3),, BiCl3?

6. B 500mn pactBopa conepxkutcs 2,52r NayCOs. Onpenenuts pH u crenens ruaponusa
COJIH.

7. Beruncnute crenens rugponusa u pH 0,1M pactBopa Hutputa kamust. Kyno2 = 4 10 .
OTser: 1,58 10'5, 8,20.

8. Kakyro HaBecky arerata HaTpus ciieqyeT pactBopuTh B 500 cm Bombl, uToObl pH
pacTtBopa 6bu1 paBeH 9? (8,5800 r)

9. Beruncnuts pH 0,03 mMons/nm pactBopa HuTpata ammonust u 0,05 Mons/aM pactBopa
xjopuaa ammonus. (5,39; 5,28)

10. Paccumtath KoHcTaHTy, creneHb ruzaponusa, pH u pOH anerata xamus B 0,1
MOJTB/IM® PacTBOPE STOM COIL.

11. IlpuBenuTe npuMepbl pacTBOPUMBIX B BOJIE€ COJIEH, Cpela PacTBOPOB KOTOPBIX
HelTpanpHas, Kucias, uienoyHas. Hanummure ypaBHEHUS UX TMIPOJIM3a B MOJIEKYJISIPHOM M
MOHHO-MOJIEKYJIIPHOM BHJIE.

12. IIpuBeauTe npuMepsl coliei, FTUIPOIN3 KOTOPBIX UIET TOJIBKO MO KATHOHY, TOIBKO IO
AQHUOHY, U 1O KAaTHOHY M 10 aHMOHY OJHOBpeMeHHO. Hamummre ypaBHEHUS MX THIPOJIHM3a B
MOJIEKYJISIPHOM M HOHHO-MOJIEKYJISIPHOM BHJIE.

13. IlpuBeauTe mpuMepsl Cojiel, TUAPOIN3 KOTOPBIX BO3MOXEH 0 OJHOM, TBYM U TPEM
cTyneHsM. Hamummre ypaBHEHHs UX THAPOJIM3a B MOJIEKYJISPHOM M HOHHO-MOJIEKYJISIPHOM
BUJIE.

14. Hanummre B MOJIEKYJIIPHOM M HOHHOM BHUJI€ YPaBHEHUsSI COBMECTHOTO THPOIN3A: a)
cynbdarta xpoma (III) u kapOoHaTa HaTpus u 0) HUTpATA ATIOMUHUS U CyIb(UIa KAJIUS.

15. Kak Bmuser no6asnenue pactBopoB KOH, ZnCly, NapS, consHOl KHCIOTB U
tBepaoro NaCl Ha runponus kapOoHara Kanus (THAPOIU3 YCUIHBAET, OCIA0SETCs, BIUSHUS HE
HaOro1aeTCs).

16. Kak Biuser no6asnenue pactBopoB NaOH, Na,COs, Aly(SO4)s, cepHoii KHCIOTHI U
tBepaoro K,SOy Ha ruaponu3 xinopuaa HUHKa (TUAPOJIU3 YCHIIMBAET, OCIA0IAeTCs, BAUSHUS HE
HaOroIaeTCs).

17. Hanumnrte B MOJIEKYJIIPHOM U MOHHOM BHJIE YPaBHEHHS TPEX CTENEHEH T'MIpoju3a
xnopuna xenesa (III). O6bscHuTe, MoYeMy Ipu KOMHAaTHOM TeMIEpaType THIPOIU3 UAET TOJIBKO
10 NIEPBOM CTYIIEHH, a IPU KUIITYEHUH PacTBOpa - [0 BCEM TPEM.

18. B ogHOMOJIIpHOM pacTBOpe HUTpaTa IIMHKA BOJOPOAHBIN moka3arens (pH) pasen 2.
Yemy paBHa cTeneHb ruaponusa conu (%)?

I[IpumepsbI pelieHUs1 TUIIOBBIX 3a/1a4
Onpenenenne aKTHBHON KOHIEHTPALMH PACTBOPA M HOHHOM CHJIBI
ANTOpPUTM peleHus:
e 1. Hanucate ypaBHEHHE NUCCOLMALIMNA CUIIBHOTO DJIEKTPOJIUTA.
e 2. OnpeaenuTh MOJSIPHYIO KOHIEHTPALIMIO HOHOB B PacTBOPE.
e 3. BpIUMCIUTh HOHHYIO CHIIY PacTBOpA.



e 4. Paccuutarh WM HaWTH 3HAYCHHUS KOX(PQPUIMEHTOB AKTUBHOCTH B CIPABOYHON
JUTEpaType.
e 5. Paccuurarh aKTUBHOCTH HOHOB.

IIpumep 1. Paccuntarh akTUBHOCTh MOHOB B PACTBOPE XJIOpUJa LMHKA ¢ KoHIeHTpaueit 0,005
MOJ'IB/I[M3
Pemenne.
1. ZnCl, — Zn** + 2CI
2. Czno+ = 0,005 Moms/mv’; Cer. = 2Cznps =2 - 0,005 = 0,01 moms/mm’
3.1=1/2 (Czng+ 2% + Cgi. -1 = 1/2 (0,005 - 4+ 0,010 - 1) = 0,015
4. fz+ = 0,64 ; fc.=0,88 - maxomsar mo Tabnumam crpaBounuka [O.JO.JIypee wiun
pPacCUYMTHIBAIOT TaK Kak B mpumepe 1.
5. aznp+ =f-C=10,64- 0,005 = 3,2-10" moms/mm’
aci. =f:C=0,88:0,010 = 8,8-10"° moms/nm°
INpumep 2. PaccunrtaTh akTHBHOCTH MOHOB Na' U SO B pactBope, B 1 e KOTOpOTO
coaepxutcs 0,005 moab NaySO4 1 0,002 moas CH3COOH.
Pemenne.
1. Na,SO; — 2Na" + SO~
Honm3anueil MOJIeKyJI YKCYCHOM KHCJIOTHI TPEHEOPEraroT, TaK Kak cladble AJICKTPOJIUTHI HE
BHOCSIT CYIIIECTBEHHOT'O BKJIaJla B HOHHYIO CHITY.
2.Cna+=2 - 0,005=0,01 MOJIB/ M : C 504 = 0,005 MOJIB/ M
3.1=1/2(0,01 - 12+ 0,005 - 2% = 0,015
4. fnas = 0,89-0,01 = 8,910 moms/nm;
fsos= 0,63-0,05 = 3,15-10°mous/am® - HaxomsT 10 TAGIUIAM CIIPAaBOYHHUKA [ |pacCUUTHIBAIOT
TaK Kak B pumepe 1.
Ipumep 3. Paccuntarth MOHHYIO CHIy pacTBOpa, IMOJYUYEHHOTO IPH CMEIIMBAHWUU PAaBHBIX
065bEMOB 0,3 MO/ M pacTBOpOB KapOOHATa, XJIOPU/IA U THAPOKCHIA aMMOHHUSI.
Pemenne.
1. (NH4)>CO3 — 2NH,* + CO5*
NH,CI — NH," + C1°
Honm3anueil MOJEeKyd THIPOKCHIA aMMOHHUsS TPEHEeOperarT, TaK Kak Ciadble SJICKTPOIHTHI
MOYTH HE BIIUAIOT HA HOHHYIO CHITy pacTBOpa.
2. Ilpu cnuBanum oOmMKA O00BEM TOJYYEHHOTO pAacTBOpa YBEIWMYWICS B TPH pasa,
CJIeIOBATENbHO, KOHIIEHTPALIUY UOHOB CTAJId PABHBI:
Cnha+=3-0,1=0,3 MOJ'II)/I[MS;
C co3-=0,1 MOJ'IL/,Z[M3 ;
Cci-=0,1 MOJIB/ M
3.1=1/2(0,3-12+0,1-12+0,1-1% = 0,4

Bonpocs! 1u1s1 camocTosATe/IbHOM padoThl 10 TeMe «OKHCINTENbHO-
BOCCTAHOBMTE/IbHbIE PeaKINU»

1. [aiiTe onpeneneHue CTeNeHN OKUCIEHUS dnieMeHTa. [IpuBenure npumepsl.

2. JlaiiTe onpeneneHue npoleccaM OKUCIEHUs U BoccTaHOBIeHus. [IpuBeauTe npumepsl.

3. UTo Takoe OKHUCIHUTENb U BOCCTAHOBUTENb. [lepedncinTe TUMHYHBIE OKUCIUTENH U
BOCCTAHOBUTEIIH.

4. Kak cBsi3aHbl OKHCIUTEIbHO-BOCCTAHOBUTEIbHBIE CBOMCTBA 3JIEMEHTOB C UX CTENEHbIO
OKHCIICHUS.

5. Kak paccuntaTh SKBUBJICHTHI OKUCIUTENIEH U BOCCTAHOBUTEIIEH.

6. Ilepeunciure OCHOBHBIE THUIIBI OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIHA U
MIPUBEIUTE IPUMEPHI.

IIpumepsl pemieHrs: TUMOBBIX 32124



CocraBiieHue ypaBHEHHIl OKHCJIUTEIbHO-BOCCTAHOBHUTEIbHBIX PeaKIui

IIpumep 1. PaccraButh KO3GUIMEHTHI B ypaBHEHHWU OKUCIUTEIHHO-BOCCTAHOBHUTEIBHON
PEaKIMU TI0 METOY JIEKTPOHHO-MOHHOTO OanaHca.
KMnQO, + HCl —-KCl1 + MnCl, + Cl, + H,O
Pemienue: Ilpu coCTaBiIeHUM OKHUCIMTEIBHO-BOCCTAHOBUTEIBHBIX PEAKLUUNA II0 METOAY
3JIEKTPOHHO-MOHHOTO OajlaHca NPUAEP>KUBAIOTCS CIEAYIOIIEN I0CIe0BaTEIbHOCTH:
1) 3anuchIBaOT CXEMY pEaKLMH.
KMnO, + HCI — KCI + MnCl; + Cl; + H,0
2) 3anucChIBAIOT BCE BEIIECTBA-3JICKTPOIUTH B HIOHHOM BHUJIE.

K*+MnO, +H"+CI'— K" +CI'+ Mn** +2CI +Cl, + H,0
3) U3 yacTul, U3MEHUBIINX CBOE COCTOSIHME B PE3YJbTAaTe PEAKLUMH, BBIICISAIOT MOJYpPEaKLUIo
OKHCJICHHUS U TIOJypEaKLUIO0 BOCCTAHOBIICHUS.
4) YpaBHUBAIOT YKCJIO aTOMOB Ka)J/0I0 3JIEMEHTA B JIEBOM U INPABOMl 4aCTAX MOJypeakUui ¢
Y4ETOM pEaKLUU CPEbl.
5) YpaBHMBAIOT CyMMapHO€ YHUCIIO 3apsA0B B O0EUX YacCTAX KaXKJ0M MOoJgypeakuuu; g 3TOro
npuOaBUTH K JIEBOM M IPABOM YacTsAM MOITYpeaKkLUd HEOOXOIMMOE YUCIIO 3JEKTPOHOB.
6) [MonbuparoT MHOXHTENH (OCHOBHBIE KOA((MUIIMEHTHI) Ul MOIYPEAKIHi TaK, 9TOOBI YUCIIO
3JIEKTPOHOB, OTAABAEMBIX IPH OKHMCIEHUH, OBbLJIO PAaBHO YUCIY 3JIEKTPOHOB, IPUHUMAEMbIX IPU
BOCCTAHOBJICHUH.
7) Clo>XuTh ypaBHEHUS MOJIypeaKkLuil ¢ y4eTOM HalJJeHHbIX OCHOBHBIX K03()()ULIMEHTOB.
8) Ilepenocsar HaiiieHHBIE KOA(D(OUIMECHTH B yPABHEHUE PEaKITUH.

2CI - 26 — |cl 5
MnO, +8H" + 56 —  |Mn*" + 4H,0 2
10ClI + 2MnO, +16 H' —  |5Cl, +2 Mn*" + 8 H,0O

2KMnO; + 16HCI — 2MnCl, + 5CI,° + 8H,0 + 2KClI

Cnenyer uMeTh B BUAY, UYTO B BOJHBIX PAacTBOpAaxX CBSI3bIBAHUE M30BITOYHOTO KHCIOpPOAa
IIPUCOEAVHEHNE KHCIOpPOJa B BOCCTAHOBHUTENIEM IIPOMCXOAMT IO-Pa3HOMY B  KHCIIOW,
HEUTpaJbHOW M ILIEJIOYHOU cpenax. B kucnbIx pacTBopax M30BITOK KUCIOPOJa CBSA3BIBAETCS
HMOHAaMH BOJIOpO/ia € OOpa3oBaHMEM MOJIEKYJ] BOJbl, @ B HEHUTPalIbHbIX M IIEIOYHBIX -
MOJIEKYJIaMH BOIbI C 00pa30BaHUEM T'MIPOKCH]L - AaHHOHOB.

Hwxe mnpuBeneHbl NpuUMeEpbl COCTABICHUS 3JIEKTPOHHO-WMOHHOTO OanaHca s THIIWYHBIX
OKHCIIUTEIbHO-BOCCTAHOBUTEIIBHBIX PEAKIIMIA.

Peakuuu ¢ ygyactueM nepmMaHraHaTa Kajus B KAU€CTBE OKHCIUTEIS

1. Peakiuu B KHCIION cpefe

5K3S03 + 2ZKMnO4 + 3H,SO4 ® 6K3SO4 + 2MnSO, + 3H,0

MnO, + 8H* + 5& — Mn* + 4H,0 2

SO* + H,0 - 2@ — SO,& + 2H* 5

2MnO, + 16H" + 5505 + 5H,0 — 2Mn?* + 8H,0 + 550,% + 10H"

wim 2MnQOg4 + 6H' + 5503% — 2Mn?" + 3H,0 + 550,%

5K,S03 + 2KMnOQO, + 3H,S0O4 — 6K»,S04 + 2MnSO,4 + 3H,0

®uonetoBeiit pactBop KMnO4 obeciiBeunBaeTcs npu godasienun pactsopa K,SOs.
2. Peakuuu B HEUTpaIbLHOU cpejie

3K,S03 + 2KMnO, + H,0 — 3K,S0O, +2MnO, + 2KOH

MnO4 + 2H,O + 3¢ — MnO;+ 40H 2

SO + 20H - 2¢ — SO, +H,0 3

2MnO, + 4H,0 + 3S05% + 60H — 2MnO, + 80H™ + 35S0, + 3H,0

wim 2MnOy4 + H,0 + 35S05% — 2MnO, + 20H + 350,%




®uoneroBbiii pactBop KMnO, mociie okoHYaHMS peakiuu oOeclBEYMBAETCS M HAOIIOAaeTcs
BBITIaZICHUE OYpOTro ocajka.

3. Peakiuu B mienoyHoi cpeze

K>S0;3 + 2ZKMnO4 + 2KOH — K,S504 + 2K,;MNnOy4 + H,O

S05* + 20H - 26 — SO4* + H,0 1

MnO4 + ¢ — MnO,* 2

SO5* + 20H + 2MnO4 — SO4* + H,0 + 2MnO,*

®uonetoBbiit pactBop KMnO4 mipeBpartiaercs B 3eneHoBatbiii pactBop KoMnOg,.

Takum oOpaszom,

Peakuuu ¢ 1uxpoMaToM KaJusi B KauecTBe OKUCIUTEsI

Cremnenb OKHCIEHUSI XpoMa NoOHmXKaeTcs ¢ +6 go +3. Habmiomaercss u3MeHEHHE OKpacKu
PEAKIIMOHHON MaCCHI C KEITO-OPaHKEBOTO I[BETA JIO 3€JICHOTO WK (DHOJIETOBOTO.

1. K>Cr,07 + 3H5S + 4H,50, — K»,SO,4 + Cl"z(SO4)3 + 380_ + 7H,0O

Cr,0-% + 14H" + 6" — 2Cr%" + 7TH,0 1

H,S° -2¢ — S° + 2H* 3

Cr,0-% + 8H" + 3H,S — 2Cr3" + 7H,0 + 3S°

2. K>Cr,0O7 + 6FeSO,4 + 7TH,SO,4 — 3F62(SO4)3 + K,SO, + Cr2(804)3 + 7H,0

Cr,0% + 14H" + 6" — 2Cr*" + 7H,0 1

Fe?*- ¢ — Fe' 6

6Fe®" + Cr,0,% + 14H" — 2Cr*" + 6Fe*" + 7H,0

3. K,Cr,0; + 14HCI — 3Cl,’ + 2KCI + 2CrCl; + 7H,0

Cr,0°+ 14H" + 6 — 2Cr*" + 7TH,0 1

2CI - 2¢" — CI,’ 3

Cr,0-% + 6Cl + 14H* — 2Cr** + 3CI,° + 7H,0

HQPOKCI/III Bozmpona B OKHMCJIUTEJIBHO-BOCCTAHOBUTCIBHBIX pealcumlx
O6I>I‘IHO HepOKCI/I)I Bonopona I/ICHOJ'II)3y10T KaK OKHUCJIIUTCIIb.
H,0, +2HI — 1,° + 2H,0

2I'-2¢ — 1,0 1

H,0, + 2H" +2¢ — 2H,0

21"+ H,O, + 2H" — I, + 2H,0

HpI/I I[GﬁCTBI/II/I CIWJIBHBIX OKHUCIIHUTENEHN NIEepoKCUJ BOAOpPOAA MOKCET OKHUCIIATHCA, O6pa3yﬂ
KUCIIOPOJ X BOJLY.
5H,0, + 2KMnO,4 + 3H,S0, — 5 020 + K,SO, + 2MnSQO, + 8H,0

MnO, + 8H* + 5¢" — Mn*" + 4H,0 2

H,O;5 -2¢ — O, + 2H"

2MnO, + 5H,0, + 16H" — 2Mn?*" + 8H,0 + 50, + 10H"
wm 2MnOy + 5H,0, + 6H — 2Mn?* + 8H,0 + 50,

OxucianTe/bHbIC CBOMCTBA 2a30THON KHCJIOTHI
OkucnureneM B MOJEKYJIE€ a30THOM KHCIOTBI SBJISIETCS. HUTPAT-aHUOH N*0y, KOTOPBIA B
3aBucUMOCTH OT KoHueHTparnmu HNOjz u cunbl npuHuMaer ot 1 10 8 »1IeKTpoHOB, o0pa3ys

CJIETYIOIINE TPOAYKTHI:

N0,  N*™0; N2"'O; N NP®H;  (NH4NO3);
1. Cu®+ 4HNO3 (oun) — CU(NO3); + 2NO; + 2H,0
Cu’-2¢ — Cu™ 1

NO3 + 2H +¢ — NO, + H,0

Cu’+ 2NO; + 4H" — Cu®** + 2NO, + 2H,0




3. 3Ag° + 4HNO3 (onu) — 3AGNO3 + NO + 2H,0

Ag’ - ¢ - Ag' 3

NO; + 4H" + 3¢ — NO +2H,0 1

3Ag°+ NO5 + 4H" — 3Ag" + NO + 2H,0

4. 5C0° + 12HNO3(pa:6) — 5C0(NO3), + N,° + 6H,0

Ca’ - 2¢” — Co™? 5

2NO3z + 12H" + 10 e — Ny + 6H,0 1

5C0o°+ 2NO; + 12H" — 5C0*" + N, + 6H,0

5. 4Ca’ + 10HNO3(ou. pa36.) — 4Ca(NO3), + NH;NO; + 3H,0

ca’ - 28 — Ca™ 4

NO;z + 10H" + 8¢ — NH," + 3H,0 1

4Ca°+ NO3 + 10H" — 4Ca®* + NH," + 3H,0

[Ipu B3aumoneiictBun HNO3 ¢ HemeTamuiamu BblaenseTcs, kKak npasuio, NO:

6. 3C%+ 4HNO; — 3CO, + 4NO + 2H,0
C%+ 2H,0 - 4¢" — CO, + 4H* 3
NO; +4H" + 3¢ — NO + 2H,0 4

3C°+ 6H,0 + 4NO3 + 16H* — 3CO; + 12H" + 4NO + 8H,0

umn 3C° + 4NO3™ + 4H" — 3CO; + 4NO + 2H,0

7. 3PY+ 5HNO; + 2H,0 — 3H3PO, + 5NO
P+ 4H,0 - 5¢° — PO,> + 8H" 3
NO;3 + 4H" +3 ¢— NO + 2H,0 5

3P°+ 12H,0 + 5NO; + 20H" — 3PO,> + 24H" + 5NO + 10H,0
wi 3P° + 2H,0 + 5NO3” — 3PO,> + 4H" + 5NO

33[[3““/[ IS CAMOCTOATEC/ILHOI'O PCIICHU S

1. YKaX(I/ITe, KaKM¢ U3 YKa3aHHbIX BCIICCTB MOI'YT IMPOABIATL OKHCIHUTCIBHO-
BoccTaHoBuTeNbHYIO fABoMicTBeHHOCTH: Kl, Cly, Na;SO3, H,0,, KoCr,07, HS, SOs.

2. PaccraBbre KOX(PQUIMEHTH B ypaBHEHHAX CIEAYIOIIMX peakiui. Onpenenure
SKBUBAJICHTHI OKUCIIUTEJIEN U BOCCTAHOBUTEIIEH

KNO; + KMnO4 + HCI = MnCl, + KNO3z + KCI + H,0

I, + MnO, + H,SO,4 = MnSO,4 + HIO, + H,0

I, +Cl, + H,0 = HIO; + HCI

PbO, + MnSO, + HNO3; = HMnO, + Pb(NOg)z + PhSO, + H,O

KCIO3; + KI + HCI = I, + KCI + H,0

KCIO3 + CrCl3 + KOH = KCI + K,CrO4 + H,0O

K>Cr,07 + HCI = CrCl; + Cl, + KCI + H,0

KBr + KMnQO4 + H,SO,4 = MnSO4 + Bry + K,SO,4 + H,O

3. 3aBepmnre ypaBHEHWs peakMi W paccraBbre Kod(puimentel. Onpenenure
SKBUBAJICHTHI OKUCIIUTEJIEN U BOCCTAHOBUTEIIEH

Zn+H,SO, =S + ...

Mg + HNO; = N,O +

Kl + KMnOy4 + HySO4 = MNnSOy4 + ...

HzS + KMnO4 + H2804 + = MnSO4 + ...

FeO + HNO3; = NO; + ...

Br, + KNO; + KOH = KNO3 + ...



Bonpocs! 1J1s1 caMOCTOATEILHOMH PadoThI 110 TeMe
«JIeKTPOIHbIE MOTEHIUAJIBI M JIEKTPOABMAKYIIMEe CHJIbL. XapakTepucTtuka XUT»
1.Kakue ycTpoiicTBa Ha3bIBatOTCSl XUMUYECKUMU UCTOYHUKAMU 3JIEKTPUUECKON SHEPTUH.
OnumuTe yCTPpOMCTBO M MPUHIIMIT ISHCTBHS TaIbBAaHUUECKOT0 d1eMeHTa Akoou-Jlanmais.
2. Yto TaKoe 3NeKTPOAHbIN moTeHuan. Kak oH MOXeT ObITh OIpe/ieNeH.
3. Kak onpenenuts HanpaBieHue nporekanus OBP.

IIpumepsl pelleHHs1 TUIIOBBIX 32124

Ipumep 1. 'anpBaHUYECKUH 3JIEMEHT COCTOUT M3 METAJIMYECKOr0 IMHKA, MOorpykeHHoro B 0,1
M pactBOop HUTpaTa LIMHKA, U METAUIMYECKOTO CBHUHIIA, IMOTPYKEHHOTO B pPAacTBOpP HHUTpaTa
cBuHua. Berancauts 3/1C snemenTa, HanucaTh ypaBHEHUS 3JIEKTPOIHBIX IIPOIECCOB, COCTABUTD
CXEMY 3JIEMEHTA.

Pemienue. Yto06b1 ompenenute IJ[C anemeHTa, HEOOXOAMMO BBIUHCIUTH OSJIEKTPOIBIC
noTeHIManbl. M3 TaOnuIbl CTaHAAPTHBIX 3JIEKTPOAHBIX MMOTEHIIMAJIOB BHIMTMCHIBAEM 3HAYCHUS
CTaHAAPTHBIX YIEKTPOAHBIX OTCHLHUANOB cucTeM: Zn2 /Zn (-0,76 B) u Pb>*/Pb (-0,13 B), a
3aTeM PacCUMTHIBAEM 3HAUYCHMS (P 1O ypaBHEeHUIO HepHera:

Haxomum 3J1C snemenTa:

[TockonbKy MOTEHIIMAN CBUHIIA UMEET 00Jiee TOJOKUTEIbHOE 3HAaUeHHEe, TO Ha CBUHIIOBOM
ANIEKTpOAE OyAeT MPOUCXOIUTH BOCCTAHOBJICHHUE, T.€. OH OYAET CIIY)KUTh KaTOAOM:
Pb*?+2¢ " =Pb
Ha nuakoBoMm aexTpoze OyneT npoTekaTh NPOLecC OKUCICHUS
Zn-2e” =2Zn" 1501051 Zn=27n"? +2e" ,
T.€. 3TOT ANEKTPOJ OyJIET AaHOAOM.
Cxema paccMaTpHUBaeMOro TajJbBaHUYECKOTO AIEMEHTA UMEET CIACAYIOUIUI BUI.

'Zn | Zn(NOg), (0,1M) || Pb(NOs), (0,02M) | Pb*
IIpumep 2. YcTaHOBUTH, B KAKOM HAIPABICHUH BO3MOXKHO CAMOIIPOU3BOJIBHOE MMPOTEKAHUE
peakin NaCl + Fey(SO,4)3 = 2FeSO,4 + Cl, + NapSO4
Pemenne: 3anucpiBaloT ypaBHEHHE PEAKIMK B COKPAILIEHHOM HOHHO-MOJIEKYISIPHOM opme:
2CI" + 2Fe*" = 2Fe*" +Cl,
BhIMHUCHIBaIOT CTaHAAPTHBIE DIIEKTPOIHBIE TOTEHIHAIBI ATEKTPOXUMHUUYECKUX CUCTEM,
YYaCTBYIOIIUX B PEAKIIHH:
Cl, -2¢~ = 2CI BOCCTAHOBUTEIh
Fe** +e¢° = Fe* OKHCITUTEh
[TockonbKy TO OKUCIUTENIEM OYIET CIY>KUTh XJIOP, @ BOCCTAHOBUTENEM - HOH
Fe?*: paccMarpuBaeMas peakius OyAeT MpOoTeKaTh ClpaBa HaJIEBO.
Ipumep 3. 3anucaTh ypaBHEHHS] aHOJJHOTO U KaTOAHOTO MPOLECCOB, MPOUCXOAAIINX MPH
pabore I'.3., cocTaBIeHHOTO U3 TUIACTUHOK MAarHus U HUKEJIsI, IIOTPYKEHHBIX B PAaCTBOPHI
OJIHOMMEHHBIX ¢ HUMU cojiel ¢ koHeHTparusamMu CM(Mg2+) = 0,01M u CM(Ni2+) = 0,001 M.
Haiitu 5/1C nanHOro 351€MeHTa M 3anMcaTh CyMMapHOE YpaBHEHHUE MPOLECCa, MPOXOISIIETO B
mauaom [.0.
Pemenue:
Cxema (I'.2.): (anom) Mg|Mg2+ || Ni2+|Ni (katox).
Maruuii SIBII€TCS aHOJOM, T.K. OH UMEET MEHBIINNA CTAHAAPTHBIN 3JIEKTPOIHBIA MOTEHIUA.
TakuMm 00pa3oMm, ypaBHEHHUS KaTOJAHOTO U AaHOAHOTO MIPOIECCOB OYIYT BBITISAAETH CIEAYIOLUTUM
obpazoM:
Mg — 2& — Mg2+ (anopa — okucienue Mg)
Ni2+ + 2& — Ni (kaTox — BocctaHoBiieHne Ni2+)
Huns pacuera DJIC (AE) cnenqyet umets B Buay, uto I/1C He MOKeT OBITh OTpHULIATEIEHON
BEJIMYUHOM, IOITOMY:
AE = E(xar.) — E(an.).



3J'I€KTpO,Z[HBIC MOTCHIUAJIBI KaTOJ[a U aHOAAa paCCUUTBIBAIOTCA 11O YPABHCHUIO HepHCTaZ

AE = E(xar.) — E(an.) = -0,339B—(-2,459B) = 2,120B.

Ypasaenne OBP, xapakrepusytorieit paboty nansoro ['.9., moirydaem, CI0KUB J1Ba
AJIEKTPOHHBIX YPaBHEHHSI, TOJJOOHO TOMY KaK CKJIaJIBIBAIOTCS MOTYPEAKIMHU (€CTH HE0OXO0AUMO,
YMHOXHUTh YPaBHEHMSI HA COOTBETCTBYIOIINE MHOKUTENH JUIsl COKPAILEHUS JJIEKTPOHOB):

Mg + Ni2+ — Mg2+ + Ni.

CyMMapHOe ypaBHEHHE B MOJICKYJIIPHOM BHUJI€ MOXKET OBITh TAKUM:

Mg + NiSO4 = Ni + MgSO4.

3agaum AJ1sl CAMOCTOSITEILHOI0 peleHust

1.Beruncnuth 3JIEKTPOIHBIN IOTEHLHU AT cepebpa, OITYLLIEHHOTO B pacTtBop
ero cosin koHreHTpanueit 0,001 mosb/1.
2.CocTaBUTh CXeMy paboThI raJIbBAaHUYECKOIO JJIEMEHTA, COCTaBJICHHOTO

Y3 IJIACTUH AJIIOMUHMSA U CBUHIIA, OMYIIEHHBIX B paCTBOPHI UX cosield koHueHTpamuen 0,002
Monb/n. Paccaurars DJIC asiemeHTa.
3.B  kakoM HampaBieHUM OyAyT MepeMemarbCcs JJSKTPOHbBI BO  BHEIIHEH

LeIM  CHCAYIOUMX TalbBAaHMYECKMX odiemMeHToB: a) Mg | Mg® || Pb®* | Pb;
6) Cu | cu® | 49" | AgQ, ecimm Bce pacTBOpHI 3JIEKTPOIMTOB  OXHOMOIISP-
Heie? Kakoil MeTasni OyAeT pacTBOPSTHCS B KAXKAOM U3 ITUX CITydaeB?

4. .BBIYUCITUTh MOTEHITHAT BOJIOPOTHOTO AIEKTPO.IA, MOTPYKEHHOTO:

a) B pactBop ¢ pH 4; 6) B pactBopc pH 11.

5.0NeKTpOABMKYIIas CHJIa DJJIEMEHTA, COCTOSIIIETO0 U3 MEIHOTO U CBUHIIOBOTO
3JIEKTPOJIOB, OMYIIIEHHBIX B OJHOMOJISIPHBIE PACTBOPHI COOTBETCTBYIOIIUX COJIEH, paBHA
0,47B. Usmenutcsa nu DJC, ecnu B3aATh pacTBophl ¢ KoHueHTpanueid 0,001 monn/n?
OTBeTHI MOATBEPAUTH PACUECTOM.

4.4. Bonnpochl K 3K3aMeHY
Pa3znen 1 — Ctpoenne atoma. XumMuveckasi CBs3b.

JIBOMCTBEHHOCTH IPUPOJIBI JIEKTPOHA.
KBaHTOBEIE UHCIIa.

ITpunnun [aynn.

dopmyna 3JIEKTPOHHOTO pacTpeIeIeHUSI.
IIpaBuno XyHna.

Ileproauueckue CBOMCTBA HEUTPAIBHBIX aTOMOB.
Ilepnonnueckuii 3aKOH U CUCTEMA DIIEMEHTOB.
['uGpunn3anust aTOMHBIX OpOUTANIEH.
CTpyKTYypBbl MOJIEKYIL.

0. ITpupona xMMHUYECKOI CBS3H.

11. CpoiicTBa XUMHYECKOH CBSI3H.

12. Buabl XUMHUYECKON CBSI3H.

13. BomopoHast cBS3b.

14. KoMmieKCHbIE COSTUHEHUS.

BOoo~NoOR~WDNE

Paspnen 2 - XumMnuyeckasi TepMOANHAMHUKA.

Knaccudukanus cucrem.

OcCHOBHBIE TEPMOJMHAMUYECKHE (PYHKIIUH.
Ouranbnus. TernoBbie 3QPeKxTrl peakiuii.
OHTpomnusl.

CBobopgnas sneprus ['u60ca.
HanpaBieHHOCTh XUMHUYECKUX PEaKIH.
TepMoauHaMUYeCKHE pacyeThl.

NoakownE



BoOoo~NoO~wWNE

CoNoOA~WNE

O N
~AWNEO

BOoo~NoOR~WNE

0.
. ObpaTumble peaxkuu.
12.
13.
14.

0.
. DIIEKTPOXUMHUYECKAsT KOPPO3HSL.
12.
13.
14.
15.

Pa3zgen 3 - XumMunuyeckass KHHETHKA.

CKOpOCTh XUMUYECKUX PEAKIUH.

@DaKTOpHbI, BIUSIOLUINE HA CKOPOCTh PEAKIIHIA.

3akon ['ynpnbepra-Baare.

[TpaBuno Bant-I'odda. Teopus akTHBHBIX MOJICKYI.
biaronpusiTHeie coyapeHus MOJEKYIL.

KoncTanTa ckopocTH peakiui.

MonekyJiapHbI€ pEaKLUH.

[lenHbIe peakum.

['omoreHHslii KaTanus.

['eTeporennsiil Karanus.

Xumunueckoe paHoBecue. [Ipunuun Jle-Illatense.
Kunernka u paBHOBeCHE B F€TEPOreHHBIX CUCTEMAX.
Pacuer Temneparyp U KOHCTaHT PaBHOBECHSI.

Pa3znen 4 — PacTBOpbI.

OO0m1ue cBeACHUsS 0 pacTBOpax.

CriocoObI BEIpaKEHUST KOHIICHTPAITUH PaCTBOPOB.
dusndeckas 1 XUMHYECKasi TCOPUU PaCTBOPOB.
3aKOHBI PACTBOPOB HEIJIEKTPOJIUTOB.
DJIEKTPOJIMTHYECKAS JUCCOIHALIMS.

3aKOHBI PACTBOPOB JIEKTPOJIUTOB.

Crna6wpie anekTponnThl. 3akoH OCTBaIbaA.
CUIIbHBIC AJIEKTPOIIUTHI.

Teopust CHIIBHBIX 3JIEKTPOJIMTOB.

. NoHHBIE peaknyi.

. HMucconmanus Boael. pH u pOH.

. I'mpponns comnent.

. Teopus KUCIOTHO-OCHOBHBIX UHAUKATOPOB.
. Bydepunbie pacTBOpHI.

Paznea 5 — Dnekrpoxumus.

DNEeKTPOAHBIC TTIOTECHITUABI.

VYpasuenue HepHcra.

Bonpopoanslit anextpos.

DNEKTPOAbl CPAaBHEHUS.
OKHCIUTENbHO-BOCCTAHOBUTENIBHBIE CUCTEMBI.

OKHCIUTEIBHO-BOCCTAaHOBUTEIBHBIC NMOTCHIUAJIBI U UX U3MCEPCHUC.

I'anpBanmyeckue dIeMEHTHI.
DIEKTPOABUKYILAS CUJIA.

Koppo3us meTamioB u €€ pa3sHOBUIHOCTH.
XuMuyeckast Koppo3usl.

Metobl 3aIMTEl OT KOPPO3HH.

DJIEKTPOIN3 PacIUIaBOB U paCTBOPOB.

3aKOHBI JIEKTPOJIN3A.

AKKYMYJISTOPBI (CEpHOKUCIOTHBIN, IIETOYHOMH).



5. Meroauyeckue MaTepuaJibl, ONpeaesaoiue Npoueaypbl OleHNBAHUSA 3HAHUNA, YMEHUI,
HABBIKOB M (MJIM) ONBITA JeSITeJIbHOCTH, XaPAKTEPU3YOIIUX 3TAnbl GOPMUPOBAHNS
KOMIIeTEeHIH I

OneHka 3HaHUM, YMEHHMM, HaBblKa M (WJIM) OIBITA AESITEIBHOCTH, XAPaKTEPU3YIOLIUX
3Tansl GOPMHUPOBAHUS KOMIIETEHIIMH 110 TUCLUIUIMHE IPOBOIUTCA B (hopMe TEKYIIero KOHTPOJIs
Y UTOTOBOM aTTECTALUU.

Texymuii KOHTPOJb IMPOBOIAUTCS B TEUEHUE CECCHM C LEIBI0 ONPENEICHHS YpPOBHS
YCBOGHHsI OOYyYaroIMMUCS 3HaHWH, (OpPMUPOBAHHMS YMEHHM M HaBBIKOB, CBOCBPEMEHHOI'O
BBISBJICHHMSI IIPENOJaBaTeleM HEIOCTaTKOB B IOATOTOBKE OOY4YalOIIMXCS W NPUHATUS
HEOOXOJUMBIX MEp II0 €€ KOPPEKTHPOBKE, a TaK K€ i1 COBEPLICHCTBOBAHMSI METOAMKHU
o0yuyeHMsl, OpraHM3alUu Yy4eOHOH paboThl M OKa3aHUsA OOYYarOIIMMCS WHIAUBHyalbHON
nomoui. K TekylieMy KOHTPOJIO OTHOCSTCS IPOBEpKA 3HAHWN, YMEHUI, HaBBIKOB WU (WJIN)
OIBITA JAEATEIbHOCTH 00yYarOIUXCs:

- Ha 3aHATHAX (OmpoC, pelIeHHEe 3aJad, OTBEThl (IMCbMEHHBIE WJIM YCTHBIE) Ha
TEOPETUYECKHE BOIPOCHI, PEIIEHUE MPAKTUYECKUX 3aJad M BBIIOJHEHUE 33JaHUA Ha
IIPAKTUYECKOM 3aHSATUH, BBIIIOJIHEHNE KOHTPOJIbHBIX padoT);

- 110 pe3y/bTaTaM BbINOJIHEHUS UHIMBUYaIbHBIX 3aJaHNH;

- 10 pe3yJbTaTaM IPOBEPKU KayecTBa KOHCIEKTOB JIEKIMM, pabouux TeTpajeil U MHBIX
MaTEepUasos;

- [0 pe3yiapTaTaM oOT4yeTa OOY4YAIOIIMXCS B XOJE€ HHIAUBUAYAIbHOM KOHCYJbTallUU
npenojaBaTesns, I[POBOAMMOM B  4Yachl CaMOCTOATENBbHOM pabOThl 1O  HMMEIOUIMMCS
33JJ0JDKEHHOCTSIM.

- roroBsle ucnbITanus (3K3aMeH) IPOBOJATCS MPENoAaBaTesieM, BEAYILUM JIEKIIMOHHbIE
3aHSTHSI 110 TaHHOM TUCIUILIMHE.

- HWHBanmuapl M JMIAa C OrPaHUYEHHBIMH BO3MOXXKHOCTSIMH 3JI0pPOBBbSI, HMEIOLIUE
HapylIeHHUs OINOPHO-ABUIaTENIbHOIO ammnapaTa, MOTYT JOINYCKaTbCs Ha AaTTeCTAllMOHHbIE
UCIBITAaHUS B CONPOBOXKJIEHUU ACCHCTEHTOB-CONPOBOXAAOIIKMX. BO BpeMs aTTecTalMOHHBIX
UCIBITAaHUHN 00y4YaroIuecs MOTYT MOJIb30BaThCsl pabodel mporpaMMon AUCHHUILUINHBI, @ TAKXKE C
pa3peleHus IpernoaaBaress ClpaBOYHON 1 HOPMATUBHOM JINTEPATYPOH, KAJIbKYISTOPAMHU.

- BpeMs noaroroBku oTBeTa ImpH cAaue 3K3aMeHa B YCTHOM (popme TOJIKHO COCTaBISATh
He MeHee 40 MUHYT (IO KeJaHUIO OOYyYaroIlerocsi OTBET MOXKET ObITh JTOCPOUYHBIM). Bpems
oTBeTa — He Oosee 15 MUHYT.

- IIpu moAroToBKe K yCTHOMY 9K3aMEHY dK3aMEHYEMbIil, Kak NpaBUio, BEAET 3allCH B
JIMCTE YCTHOT'O OTBETA, KOTOPBIN 3aTeM (110 OKOHYaHUH dK3aMeHa) CAAETCS IK3aMEHATOpY.

- Ilpu mnpoBeneHMHM YCTHOTO »HK3aMeHa OHK3aMEHAIlMOHHBIM OWJIeT BBIOMpaeT cam
DK3aMEHYEMBIN B CIIy4aifHOM MOPSIKE.

DK3aMeHaTOpy NpPeAOoCTaBIseTCS IpaBO 3a7aBaTh OOYYAIOIIMMCS JIOTOJHUTENbHBIE
BOIPOCHl B paMKax IMPOrpaMMbl JUCHUIUIMHBI TEKYILIEro CeMecTpa, a Takke, [OMUMO
TEOPETUYECKUX BOIIPOCOB, JaBaTh 3aau, KOTOPbIE U3yYaINCh HAa IPAKTUUECKUX 3aHATHUAX.

- Onenka pe3ynbTaTOB yCTHOTO  aTTECTAlMOHHOTO  MCHBITAaHUS  OOBSBIAETCS
oOyyaromuMcsi B JIeHb ero ImpoBefeHus. llpu mpoBeneHHMM MUCHMEHHBIX AaTTECTAllMOHHBIX
UCIBITAHUN WM KOMIIBIOTEPHOTO TECTHUPOBAaHUS — B JIEHb UX IPOBEICHUS WM HE TO3/HEee
CJIEAYIOIIETO paboyero JHS MOcCie UX MPOBEIEHHS.

- Pe3ynbTarhl BBINOJHEHUS! aTTECTAI[MOHHBIX HCHBITAHUM, MPOBOAUMBIX B IMUCHMEHHON
dopme, Gpopme UTOrOBOH KOHTPOJIBHOW pabOTHl MM KOMIIBIOTEPHOTO TECTUPOBAHMS, JOJIKHBI
OBITH OOBSABICHBI OOYUYAIOLIUMCS U BBHICTABJICHBI B 3aUETHBIE KHIDKKH HE MO3HEE CIIEYIOIIETO
pabouero THS MOCIe UX MPOBEICHHUS.
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