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1. KOHCIEKT JEKIIUA
1. 1 Jleknus Nel (2uaca)

Tema: «Ilpeamet u 3apauu xumuu. Mcropusi pa3sBuTUs XMMUYECKUX 3HAHUIN»
1.1.1 Bonpocsl Jekuum:

1 Ilpencrasienue o nuddepeHuay U UHTErpali €CTECTBEHHBIX HAYK.

2 IlpenMer u 3a1a4u XUMUU. Polib XUMHU3aIMK B TPOU3BOICTBE.

3 OcHoBHOE coJiep>KaHUuE aTOMHO-MOJIEKYJISIPHOTO yYEHUSI.

4 CTexuoMeTpUYECKHE 3aKOHBI:

- 3aKOH COXpPaHEHUS MacChl BEILIECTB;

- 3aKOH ITOCTOSIHCTBA COCTABa BEIIIECTB;

- 3aKOH ABOrajpo;

- 3aKOH PKBUBAJICHTOB

1.1.2 KpaTkoe coaep:kaHue BOIPOCOB:

1. IllpeacraBiienue o (upepeHIHATNNHN U HHTETPAIUN €CTECTBEHHBIX HAYK.

XuMus - Hayka O BEIIECTBaxX, M3y4alollas MX COCTaB, CTPOCHHE, CBOMCTBA, a TaKke
MIPEBPAICHUS BEIIECTB, HA COMPOBOXKIAIOIINECS M3MEHEHUEM COCTaBa aTOMHBIX SJIEp.

Hcnonb3oBaHue Uis HYXI YelOBEKa MPHUPOJHBIX PECYPCOB — Py, KAMEHHOTO YIJIA,
He(TH, MPUPOIHOTO rasza, U3BECTHAKOB, TJIMH, MECKAa — TECHO CBS3aHO C MX XHWMHUYECKOU
nepepaboTkoil. 13 mpupoIHOTO ChIPhs TPOU3BOIATCS pa3HOOOpa3HbIE BEIECTBA, UCIIOIb3yEeMbIE
BO BCEX OTPACIISIX TEXHUKH, B CEJILCKOM XO3SIICTBE U OBITY.

2. IIpeamert u 3axa4uu XxuMum. Pojib XuMH3aunu B NPpOU3BOJCTBE.

XUMH3alMsg HAPOJHOTO XO3SAMCTBA SABJISCTCS OJHAM HW3 pemarmux  (akTopoB
TEXHHYECKOro mporpecca. Mcnonb3oBaHue HOBEHIIMX JOCTMKEHHH XUMHH TO3BOJISIET
3HAYUTEIBHO ITOBBICUTH BBIIUIABKY METAJIOB U3 Py, CO3JaTh CIUIABbl BBICOKOW NMPOYHOCTH U
TEPMOCTOMKOCTH. Pa3zBuTHe, B 4aCTHOCTH, aTOMHOM SHEPIrEeTUKU U KOCMUYECKON TEXHUKH, TECHO
CBSI3aHO C INPUMEHEHHUEM HOBBIX MATEPHUAJIOB, BBICOKOKAJIOPUMHOIO TOIUIMBA M T. XI. Pactér
MOTPEOHOCTh B PA3IUYHBIX IJIACTUYECKUX MaccaX M CHHTETUYECKHX MaTepuaiax, KOTOphIe BO
BCE OOMBIINX MacIITabax MPOU3BOASTCS XUMUYECKON MTPOMBIIIIIEHHOCTBIO.

3 OcHOBHOe coiepKaHNE ATOMHO-MOJICKYJISIPHOTO Y4eHUSI

[lepBriit onpenenun xumuio kak Hayky M. B. JlomonocoB, OH cuuTan, 4To XUMHS J0JKHA
CTPOUTHCS HAa TOYHBIX KOJMYECTBEHHBIX NaHHbIX - "Ha mepe u Bece". [loaTomMy B XHMHIO
KOJMYECTBEHHBIE METOJbl MCCIEOBaHUsI OBLIM BBEICHBI MMEHHO JIOMOHOCOBBIM BO BTOpOM
nonosuHe XVIII Beka.

JIoMOHOCOB cO31all y4YE€HHE O CTPOCHMHM BEIIECTBA, 3aJ0KHJI OCHOBY aTOMHO-
MOJIEKYJISIpHON Teopuu. OHO CBOIUTCS K CIEAYIOIUM IOJIOKCHUSIM, HU3JI0)KEHHBIM B paboTe
"DeMEeHThl MaTeMaTUHYECKON XUMUN'":

1. Kaxmoe BemecTBO COCTOMT W3 MENbuYallimx, fanee (U3n4ecKd HEIeTUMBIX YaCTHI]
(JToMmoHOCOB Ha3BIBAJI UX KOPIYCKYJIaMH, BIIOCIEJACTBUU OHHM ObLTH Ha3BaHbI MOJIEKYJIaMH ).

2. Monekynbl HaX0AATCS B TOCTOSSHHOM, CaMOIIPOU3BOJIbHOM JIBUKEHUH.

3. Monexynbl cocTosAT u3 aToMOB (JIOMOHOCOB Ha3Ball X DJIEMEHTAMH ).

4. ATOMBI XapaKTepU3yIOTCSl OMPEIETIEHHBIM Pa3MEPOM U MACCOM.

5. MoneKyJbl MOTYT COCTOATh KaK U3 OJIMHAKOBBIX, TAK U PAa3JIMYHBIX aTOMOB.

B cepeaune XIX Beka aTOMHO-MOJIEKYJSIPHOE YUYEHHUE 3aBOEBAIO MOJMHOE Npu3HaHue. Ha
MEXIYHAPOJIHOM Che3zie XUMHUKOB B T. Kapicpya (1860 1.) Obuti TpUHSTHI YETKHE OTPEICTICHUS
MOHSTUN aTOMa U MOJIEKYJIBI.

Monexyna — Haumenvbwias yacmuya eujecmsd, CnoCoOOHAsL K CAMOCMOSAMENbHOMY Cyuje-
CMBOBAHUIO U 001A0AIOWASA XUMUYECKUMU CBOLICIBAMU OAHHO20 8elecmEd.

Mornekyna He MOXKET APpOOUTHCA Aalblie 0e3 U3MEHEHHUsI XUMHUUECKUX CBOMCTB BEILECTBA.
Mexnay MoJeKyllaMHM BEIIECTBA CYLIECTBYET B3aMMHOE NPUTSDKEHHUE, PA3JINYHOE Y pa3HbIX
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BemecTB. MoJieKynbl B ra3ax HPUTATHUBAIOTCS JAPYT K JPYTY OYeHb C€i1abo, TOraa Kak MEXIY
MOJIEKYJIAMH JKUJKUX U TBEPABIX BELICCTB CUJIbI IPUTSIKEHUS OTHOCUTEIIEHO BEIUKH.

4. CtexuoMeTpuyecKue 3aKOHbI

3aKOH COXpaHEHHUsI MaCChl BEIIECTB

Macca BemiecTB, BCTYNHBIIUX B pPEaKIMIO, paBHA Macce BEIIECTB, 0Opa30BaBILUXCS B
pe3yJbTaTe peakLuu.

HckmounTenbHoe 3HA4YeHHE M XUMHUU HMEJO YCTaHOBJICHHME 3aKOHAa COXPaHEHUS
Macchl, SIBJISIOIIETOCS CJIEACTBUEM BCEOOIIEro eCTECTBEHHOIO0 3aKOHA COXPAHEHUs MaTepuu
u aBwkeHus, cdopmynupoBanHoro M.B.JlomonocoBemM (1711—1765 rr.) kKak BceoOmui
eCTeCTBEHHbIN 3aKkoH B 1748 r. B muceme k JI. Oiinepy: “Bce mnepeMeHbl, B Harype
CIIy4aroIlllhecs, TaKOro CyTb COCTOSIHUS, YTO, CKOJbKO YEro y OJHOrO Teja OTHUMETCH,
CTOJILKO MPH COBOKYITUTCS K APYTOMY, €XKENH, TAe yOyIeT HeCKOIbKO MaTepUr, TO YMHOXKHUTCS
B Apyrom mecte... Ceil BceoOluil 3aKOH MPOCTUPAECTCS U B CaMble MpaBUiia JIBHKEHUS; KOO
TEJO, JBUKYIIEE CBOEH CHIION JpYyroe, CTOIBKO € OH Yy ce0s TepsieT, CKOJIBKO COO0IIaeT
IpYroMy, KOTOPO€ OT HEro JBIKEHUE IMOIydaer’

3akoH coxpaHeHus sHepruu. C 3aKOHOM COXpPAHEHMsI MacChl BELIECTB TECHO CBA3aH 3aKOH
COXpaHEHHUS SHEPTHH: SHEPTUs HE BOSHUKAET U3 HUYETO U HEe hcue3aeT 0eccieqHo, HO OJHU e&
BUJIbI MOTYT MPEBPAIIATHCS B IPYTUE B CTPOTO SKBUBAICHTHBIX KOJTHYECTBAX.

Taxk mpu pazno’keHUU BOJBI, KUCIOT, IIEJI0YEH WM COJIel MOCPEICTBOM 3JIEKTPUUECKOTO
TOKa 3JICKTPUYECKAs YHEPTHS MPEBPAMIAeTCs B XUMUYECKyr0. To ke HaOIoaeTcs Py 3apsaKe
akkymynaropa. OOpaTHBII MpoLecC — MPEBpallleHue XUMHUYECKON YHEPTHHU B JJICKTPUUECKYIO
— MPOUCXOIUT TP PA3PAIKE AKKYMYIISATOPA.

3aKOH COXpPAaHEHHUs PHEPTUU - OJUH U3 HamOojee (yHIaMEHTAIbHBIX 3aKOHOB, COTJIACHO
KOTOPOMY BaKHEWINAsh (U3MYECKash BEJIMYMHA — DHEPTHUS COXPAHICTCS B HW30JIMPOBAHHOU
cuUcTeMe. DTOMY 3aKOHY MOTYHHSIOTCS Bce 0€3 MCKIIIOUEHHUsI U3BECTHBIE MPOLIECCH B pupoe. B
W30JIMPOBAHHON CUCTEME SHEPTHS MOXKET TOJIKO MPEBPANIaThCs U3 OJHON POPMBI B IPYTYIO, HO
€€ KOJIMYECTBO OCTaeTCs MOCTOSAHHBIM. [Ipu mepexoae cuctemMsl U3 OJTHOTO COCTOSIHUS B APYroe
W3MEHEHUE DHEPruu HE 3aBUCUT OT TOr0o, KaKUM CIocoOOM (B pe3yibTaTe KaKHX
B3aMMOJICHCTBHI) ocyliecTBIsieTcs nepexo. [IpudnHa 3Toro 3akio4yaercss B TOM, 4TO SHEPTHUs
— OJIHO3HAYHas (PYHKIHSI COCTOSHUS CHCTEMBI. VMI3MEHEHHE YHEPrUu B CHCTEME MPOWCXOIUT
IpU COBEpIIEHWH pPabOThl W TpH MepeAade CUCTEeME HEKOTOPOTO KOJIHYECTBA TETUIOTHI.
CoxpaHeHHe PHEPTrUU CBS3aHO C OJHOPOIHOCTHIO BPEMEHM, TO €CTh ¢ TeM (haKTOM, UTO BCE
MOMEHTHI BPEMEHU SKBUBAJCHTHBI M (DU3MUECKHE 3aKOHBI HE MEHSIIOTCS CO BpeMeHEeM. 3aKOH
COXpaHEHHUsI MexaHn4ueckoi sueprun ycranosiieH I'. B. Jleitoaurem (1686), a 3akoH coxpaHeHuUs
SHEeprum it Hemexannueckux siiaeHuit — 0. P. Maitepom (1845), JIx. I1. Ixoynem (1843—
50) u I'. JI. Tenpmronsiiem (1847). B TepmonuHamuke 3aKOH COXPAaHEHUsI DHEPTUU HOCHUT
Ha3BaHME MIEPBOTO HaYalla TEPMOJAMHAMUKH.

3aKOH MOCTOSIHCTBA COCTaBa. 3aKOH COXPAHEHHS MACChI MOCITY KT OCHOBOM /1711 U3y4eHUs
KOJIMYECTBEHHOTO COCTaBa PA3JMYHBIX XUMHUYECKHX COCIMHEHUH. MHOTOUYUCICHHBIE OIBITHI
MOKAa3aJM, YTO KAYECTBEHHBIM W KOJMYCCTBCHHBIH COCTAB PA3JIMYHBIX CJIOKHBIX BEIIECTB
MOCTOSTHEH M HE 3aBHCUT OT CIIOCO0a UX TOTyYEHHUS.

3aK0OH KpaTHBIX OTHOIIEHUN. V3BECTHBI Cilydau, KOT/Ia JBa JIeMEHTa, COSTUHSISICh MEXKTY
co00il B pa3iNMYHBIX KOJUYECTBEHHBIX COOTHOIICHUSAX, OOPa3ylT HECKOIbKO XUMHYECKHX
coenuHeHuil. Tak, yriepoa ¢ KUCIOPOJOM 00pa3yloT JABa COEAMHEHHUsS CIEIYIOIIero COCTaBa:
MOHOOKcH yriaepoaa (yrapubsiii Ta3) CO — 3 BeCOBBIX 4acTH yriepoaa U 4 BECOBBIX YacTu
KHCIIOpoJa; AUOKcuy yriepoaa (yriekucnbii Taz) CO; — 3 BECOBBIX 4YacTH yriaepoja u 8
BECOBBIX YaCTEH KUCIOPOa.

3akoH 00BEMHBIX OTHOIICHUH. OTHAKO aTOMUCTHYECKHUE MPEACTABICHUS CaMH 110 ce0e He
MOTJIM OOBSCHUTH, HANpPUMEpP, KOJIMYECTBEHHBIX COOTHOIICHUH, KOTOpbIC HAONIOMAIOTCS B
XUMHUYECKHUX PEAKIHIX MEX]Y Ta3aMu.



O1H onbITHLIE naHHbIe [ ei-JIlroccak 0000 B 3axoHe 00vémubitl omHuouteHuti: OObEMBI
pearupyoux ra3o00pasHbIX BEIIECTB OTHOCATCS MEXKAY CO00H W K 00beMaM 00pasyromuxcs
ra3000pa3HbIX BEIIECTB KaK HEOOJBIIHE IIeIbIe YKcia.3aKOH ABOraIpo

1. 2 Jlexuus Ne2 (2uaca)

Tema: «OcHOBHbIe KJIACCHI HeopraHuvyeckux coeaunHeHuii. IlonsitTue 00
HAeHTUPUKAINH KATHOHOB U AHMOHOB)»
1.2.1 Bonpocsl JeKuum:

1 ITpocThie U CIIOXKHBIE BEIIECTBA.

2 Oxcunpl. [lonydyenue, cBoiicTBa, IPUMEHEHHUE.

3 Kucnotsl. [Tonyuenue, cBoiicTBa, MpUMEHEHHE.

4 OcHoBanus. [lonydyenue, cBoiCTBa, MPUMEHEHHE.
5. Conm

1.2.2 KpaTkoe conep:kaHue BOIPOCOB:

1. IIpocThle U cI0KHbIE BelleCTBA.

Lenpto mo00i KkIaccuPUKAUU  SBJISIETCS  BBIJCNIEHHE U3 MHOXKECTBa OOBEKTOB
OTrpaHUUYEHHBIX MO0 YUCIEHHOCTH I'PYMII (KJIACCOB), OT/AEIbHbIE 00BEKTHI KOTOPHIX UMEIOT 00111e
MpU3HAKU. DTH MPU3HAKH Ha3bIBAIOTCA KIIACCU(UKALMOHHBIMHU.

B mHactosimee Bpemsi Hambosiee pacmpocTpaHeHa KiaccH(HKAIUs HEOPraHMYEeCKHX
COCIMHEHUIN MMEHHO MO Hauboliee XapaKTEepPHOMY Ji HUX TUIY XUMHUYECKHUX MpPEeBpaIlCHUU.
BriOpaB B kauecTBe Ki1acCH(UKAIIMOHHOTO NMpPHU3HAKA MEPEHOC B ATHX MPEBPALLEHUSIX PA3HOTO
pojia yacTull (IPOTOHBI, AIEKTPOHBI, MIEKTPOHHBIE Maphl U, HAKOHEI], IPOCTO YaCTU MOJEKYII),
MO>KHO MHOTHE U3BECTHbIE HEOPTaHWYECKHUE BeIllecTBa pa3aeauTh Ha 10 kiiaccos:

1. Kucnoter: HCI, HZSO4.

. OcuoBauns: NaOH, NHa'
. Comu: NH4C|, NaZSO4.
. Oxkucinurenu: Clz, KMnO4, Hzoz'

2
3
4
5. BoccranoBurenu: Zn, H2, CO.
2+ 4+

6. Kommiexcoobpasosarenu: CuCl, (Cu ), PtClI . (Pt ).
7

8

9

1

. JIuraumer: NH3, CO, Cl.

. Koopaunarmonnsie coequnenus. [Cu(NH 3) 4]CI 2, KZ[PtCI 6].
. Pagukaisr: NOZ, C|03.

0.Accomuarsr: N204’ C|206I/I T. 1.

2 Okcuapl. Ilonyyenue, cBoiicTBa, IPUMEHEHHUE
Oxcnn — coeAMHEHHE XMMHYECKOTO 3JIEMEHTa C KUCIOPOAOM, B KOTOPOM CaM KHCIOPOJ]
CBSI3aH TOJIBKO C MEHEE JIEKTPOOTPULIATEIbHBIM JIIEMEHTOM.

®opmyna Hazganue ®opmyna Hazganue

CO okcu yriepoaa (1) Fe,03 okcu xenesa (I11)

NO okcua azota (1) CrOs OKCHJ  Xpoma
(V1)

N>Os okcuj azota (V) Mn,0O7 OKCH/]T
mapranna (VII )

a) Ilosryyenmne okcua0B.
v OKHCIICHHE KUCIIOPOIOM



npocTeix Bemects  2MgO +0,=2MgO

CIIOXHBIX Bemects  2H,S+30,=2H,0+2S0,
pasznoxenuem, HarpeBanueM coneit CaCO3=CaO+CO;
narpeBanuem ocHoBanuii  Cu (OH),=CuO+H,0

HArpeBaHUEM KUCIOPOCOAEPIKAIIUX KUCIOT H,S03=H,0+S0,
HarpeBaHUEM BBICIIIMX OKCHJIOB 4Cr0O3;=Cr,03+30,
OKucCIIEHHE HU3IINX OKCUIOB 4Fe0+0,=2Fe,03

AN VN N N N NN

BrITecHeHHe JIeTydero OKCu1a MeHee JeTy4YuM Na,CO3+Si0,=Na,SiO3+CO>,

0) Kinaccudukanmus u xumuieckue CBOicTBa OKCHI0B.

OCHOBHBIE - pearupyrT C H30BITKOM KHCIIOTHI ¢ 00pa3oBaHUEM COJM U BOJbI. OCHOBHBIM
OKCHJIaM COOTBETCTBYIOT OCHOBAHHMSI.

1.B3anmonericTBre ¢ BOJOH(OKCHABI IICIIOYHBIX U IIETOYHO3EMEIbHBIX METAIIOB)

CaO+H,0=Ca(0OH),

2.Bce-c kucnoramu

MgO+2HCI=MgCl,+H,0

3.C KHCIIOTaMU OKCHIAMU

Ca0+C0,=CaCO3

4.C am$poTepHbIMU OKCUIAMU

Li,O+Al,03=2LIAIO,

Amdborepusie (ZnO, Al;03,Cr,03, MnO,)

1.B3anmoieficTBYIOT KaK ¢ KMCJIOTaMU, TaK U C OCHOBAHUSIMHU.

ZnO+2HCI=ZnCl,+H,0

ZnO+2NaOH+H,0=Nay[Zn(OH)4]

2.PearupytoT ¢ OCHOBHBIMHM U KUCIOTHBIMU OKCHJAMU

Zn0+Ca0=CaZnO,

Zn0O+Si0,=ZnSi03

KucnorHele-pearupyoT ¢ u30BITKOM IIETI0UN ¢ 00pa3oBaHUEM COJIM U BOJbI. KucioTHbIM
OKCHJIaM 4aCTO COOTBETCTBYIOT KHCIIOTHI.

1.boNBIIMHCTBO B3aUMOJEHCTBYIOT C BOJOM

SOz+H,0=H,50,

2.Co mienoyaMu

NaOH+Si02=NaZSi03+H20

3.C OCHOBHBIMU OKCHJIAMU

SiO,+Ca0=CaSiO3

4.C am(poTepHBIMH OKCHIAMHU

A|203+3503:A|2(SO4)3

3 Kucaorsl. [losry4yenue, cBOMCTBA, IPUMEHECHHE

KucadTel — 0oMH M3 OCHOBHBIX KJIACCOB XMMUYECKHMX coeauHeHMH. OHM MOTYIHIH CBOE
Ha3BaHME M3-32 KUCJIOTO BKyca OOJBIIMHCTBA KUCJIOT, TaKMX, KaKk a30THas wiu cepHas. [lo
OTIPENIETICHUIO KHUCIIOTAa — 3TO JIEKTPOJIUT (BEIIECTBO, YIACTBYIOIIEE B PEAKIHIX C MEPEXO0I0M
AJIEKTPOHA), OTJAIOMIMA 3JIEKTPOH B pEAKIUU C OCHOBAaHHMEM, TO €CTh BEILECTBOM,
MPUHUMAIOIIUM 3JIEKTPOH. B cBeTe TEOpHH JIEKTPOTUTHIECKON JUCCOIMAIMKI KUCIOTa — 3TO
AIIEKTPOIIUT, TIPU DIEKTPOIUTHUECKON AUCCOIMAIINK U3 KATHOHOB O00pa3yIOTCs JUIIh KATHOHBI
BOJIOpO/IA.

a) Kinaccudukanmus kucjaor

ITo conepkaHuI0 KUCIOPOaA:

e 6eskucnopoansie (HCI, HyS);

e xuciopoaocoaepxarue (HNO3).

I1o OCHOBHOCTH — KOJIMYECTBO KHUCIBIX aTOMOB BOJIOPO/Ia:

e OnoocuoBubie (HPO3);

e JIsyxocHoBubIle (H,SeO,4, A3enanHoBas KUCIOTA);
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e Tpéxocuopubie (H3POy,).

Io cune:

e CunpHblE — JMCCOLMHUPYIOT MPAKTUYECKH IOJHOCTbIO, KOHCTAHTBHI JUCCOIMAIIUU
6ombire 1-10-3 (HNO3);

e Ciabblec — KOHCTaHTa Aucconuanuu Menbiie 1-10-3 (ykcycnas kuciora Kn= 1,7-10-5).

[To ycToitunBOCTH:

¢ Ycroituueie (H,SOy);

¢ Heycroituussie (H2COg).

[To npyuHaUIE)KHOCTH K KJIACCAM XMMHUYECKUX COEAMHECHHM:

e Heopranuueckue (HBr);

e Oprannueckune (HCOOH);

[To neryuectu:

e Jletyuue (H,S, HCI);

e Heneryuue;

I1o pacTBOPUMOCTH B BOJIE:

e PactBopumbiec (H,SOy);

¢ Hepacreopumbie(H,SiO3);

0) XuMHn4yecKue CBOMCTBA KUCJIOT

PacTBOpBI KUCIIOT B3aMMOICHCTBYIOT C OKCUAMHU METAJUIOB C 00pa30BaHUEM COJIU U BOJBIL:

CaO + 2HCI = CaCl, + H,0

Kucnots! B3auMoelicTBYIOT ¢ aM()OTEPHBIMHI OKCHJIaMU C 00pa30BaHUEM COJIU M BOJIBI:

2HNO3+Zn0O = Zn(N03)2 + H,O

Kucnotsl B3anMoIeliCTBYIOT CO II€JI0YaMU C 00pa30BaHUEM COJIU M BOJIbI:

KOH + HCI = KCI + H,0

Kucnotsl B3auMOJIEHCTBYIOT ¢ HEPACTBOPUMBIMH OCHOBAaHUSMHU C OOpa30BaHUEM COJHU U
BOJIbI, €CJIM TIOJTyYE€HHAsI COJIb PACTBOPUMA:

2HCI + Cu(OH);, = CuCl; + 2H,0

KucnoTel B3auMoIeHCTBYIOT € COJISIMH, €CITU BBITIAZAET OCAI0K WUJTH BBIIEIISCTCS ra3:

H,SO4+ BaCl, = 2HCI + BaSO4],

Bonee cunbHBIE KUCIOTHI BHITECHSIOT OoJiee ciiabble U3 UX COJICH:

K3PO4 + 3HCI = 3KCI + H3PO4

K,COj3 + 2HCI = 2KCI + CO,+ H,0

(B nmaHHOM cny4yae HempouHas yrojbHas kuciota H,COs; pacmamaercs Ha BOOy U
YIJIEKUCIIBIN Ta3)

Meramibl, CTOSIIIME B Py aKTUBHOCTH JO BOJOPOJIA, BHITECHAIOT BOJOPOJ U3 pacTBopa
KHUCJIOTHI (KpOME a30THOM), €CJIM NOJyYeHHas COJIb pacTBOpUMA!

Fe + 2HCI = FeCl;, + Hy?1

C a30THOM KHCIOTOM WM KOHIIEHTPUPOBAHHBIMH KUCJIOTAMHU PEAKIIMS UIET WHAYE:

Mg + 2H2804(KOHL[.) = SOQT +2H,0 + MgSO4

st opraHMYecKMX KHCIOT XapakTepHa peakius 3Tepuduxanuu (B3auMOJCHCTBHE CO
CIUpPTaMU C 00pa30BaHUEM CIIOKHOTO d(PUpPA U BOJIBI):

R1-COOH + R2-OH — R1-CO0-R2 + H,0

Hampumep,

CH3COOH + C,H50H — CH3COOC,H;5 + H,O

4 OcnoBanus. [losyuenue, cBoiicTBa, NpUMEHEHUE

1. OcHoBaHMs — (OCHOBHBIE THPOKCH/Ib) — BEIIECTBA, MOJIEKYJIBI KOTOPBIX COCTOST M3
MOHOB METAJJIOB MM HOHA AaMMOHHA W OJHOM (WJIM HECKOJNBKHX) THUIPOKCOTIPYIIIbI
(ruppokcuna) -OH. B BogHOM pacTBOpe AMCCOLMUPYIOT ¢ 00pa30BaHMEM KAaTHOHOB M aHMOHOB
OH-. Ha3Banue ocHOBaHHUS OOBIYHO COCTOMT U3 JIBYX CIJIOB: «THUAPOKCHJ MeETasjla/aMMOHUSI.
X0poI1110 pacTBOPUMBIE B BOJIE OCHOBAHMS HA3bIBAIOTCS LLIEIOYAMH.
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2 CornacHO JpyromMy OMNPENEICHUI0, OCHOBAHUS — OJMH M3 OCHOBHBIX KJIacCOB
XUMHUYECKHX COCTUHEHHM, BEIECTBA, MOJIEKYJIbl KOTOPBIX SIBJISIOTCS aKLENTOPaMH MPOTOHOB.

3. B opranunuyeckod XMMHHM IO TPaJWLKUU OCHOBAHUSIMU HA3bIBAIOT TAaKXE BEIIECTBA,
CIOCOOHBIE JTaBaTh aJITyKThI («COJU») C CUIBHBIMU KUCJIOTaMH, HAllpUMEp, MHOTHUE aJIKaJIOHIbI
OTHCHIBAIOT KaK B JOPME «AITKAIOUI-OCHOBAHHEY, TAK U B BHJIC «COJICH aJIKAIIOUIOBY.

a) Cnoco0ObI moJiy4eHusi 0CHOBAHM I

e [lonyuenue wenouu npu peakyuu CUIbHOOCHOBHO20 OKCUOA C 80001

Tak Kak TOJBKO CHIBHOOCHOBHBIE OKCHJIbI CIIOCOOHBI pearupoBath ¢ BOJOH, 3TOT CIOCO0
MO>KHO HCIIOIb30BATh UCKIFOUUTENIBHO IS MOTYYEHUs CUIIbHBIX OCHOBAHUMN WM ILIEJIOUEH.

CaO(t) + H20(x) — Ca(OH)2(p)

CnaboocHoBHBIE W aM(OTEpHbIE OKCHABI C BOJOH HE pEarupywoT, U MOITOMY
COOTBETCTBYIOIIME UM T'UIPOKCU/IBI TAKUM CIIOCOOOM MOJYYUTh HEJb3l.

e Koceennoe nonyuenue 0CHOBAHUA (SUOPOKCUOA) NPU PEaAKYUU COU CO WEN0UbIO

M'aapokcuibl MaIOaKTUBHBIX METAJUIOB TOJYYalOT MPHU JA00aBICHUU IIEIOYU K PACTBOPaAM
COOTBETCTBYIOIIUX coJiel. Tak Kak pacTBOPUMOCTh CI0OOOCHOBHBIX THIPOKCHJIOB B BOJIE OUYEHb
MaJa, TUJIPOKCH/]I BbIalaeT U3 PacTBOPA B BUJIE CTYAHEOOPa3HON MacCCHhI.

CuSO4(p) + 2NaOH(p) — Cu(OH)2(1)| + Na2SO4(p)

0) Kinaccudukanus ocHoBaHmii

PacTBopuMbIe B BOJIe OCHOBaHUS (ILETOYH)

LiOH, NaOH, KOH, Ca(OH)2 ,Ba(OH)2 ,Sr(OH)2 ,Ra(OH) ,Cs(OH)

[IpakTudecky HEpaCTBOPUMBIE B BOJE THAPOOKCH/IBI

Mg(OH)2, Zn(OH)2, Cu(OH)2, Al(OH)3, Fe(OH)3 ,Be(OH)2

Jlpyrue ocHOBaHUs

NH3 x H20

B) XUMHYeCKHE CBOIiCTBA

1. JleiicTBre HAa MHAMKATOPHI: JJAKMYC - CUHUMN, METUJIOPAHXK - XKENTHIN, (heHondraneny -
MAaJIAHOBBIM,

2. OcnoBanue + kucnota = Conu + Bona NaOH + HCI = NaCl + H20

3. [Iénoup + kucnoTHLIM okcua = coau + Boga 2NaOH + Si0O2 = Na2SiO3 + H20

4. lénous + conmu = (HoBoe)ocHOBaHue + (HoBasi) conb Ba(OH)2 + Na2S0O4 = BaSO4+
2NaOH

5.Conun

Conu IpUHATO NENUTH HA TPU TPYIIBL CPEAHHE, KUCIbIe M OCHOBHBIC. B cpemHuX comsx
BCE aTOMBI BOJIOPOJa COOTBETCTBYIOIIEH KUCIOTHI 3aMEIICHbI Ha METallIa, B KUCIBIX COJSIX OHU
3aMEIICHBITOJIFKO YaCTHYHO, B OCHOBHBIX coisix rpymmbl OH coOTBETCTBYIOIIEro OCHOBAaHUS
YaCTUYHO 3aMEIIEHbl HA KUCIOTHBIE OCTATKH.

CyliecTByIOT Tak)Ke HEKOTOpBIE IPYrHe THIIBI COJIeH, HampuMep: ABOWHBIE COJH, B
KOTOPBIX COJEpXKaTcs /Ba pa3HbIX kaTtmoHa W oawH aHuoH: CaCO3.MgCOs3 (momomut), KCI.
NaCl (cunbBunut), KAI(SO4 ), (amromMokamueBble KBACIbl); CMEIIAHHBIC COJIH, B KOTOPBIX
COJIEP’KUTCS OJIMH KaTuOH U JBa pa3Hbix aHnoHa: CaOCl, (mnmu Ca(OCI)Cl); koMIIeKCHbIE COJIH,
B COCTaB KOTOPBIX BXOJUT KOMITJIEKCHBIA HOH, COCTOSIIIUN U3 IIEHTPATHHOTO aTOMa, CBSI3aHHOTO
¢ Heckosnbkumu suranaamu: K4[Fe(CN)s] (xentas xposiHas coib), K3[Fe(CN)g] (xpachas
kpoBsiHasi conb), [NaAl(OH)s], [Ag(NHs)2]Cl; rumpatHbie conu, B KOTOPBIX COJEpPXKATCs
MOJIEKYJIBI KpHcTaum3anuonHoi Boael: CuSO>4. SH,O (memnbrii kymopoc), Nap,SO,4.10H,0
(rmay0GepoBa couib).

1.3 Jlexnus Ne3 (2uaca)

Tema: «Opranuveckue coequHenus. [loammepsl, npuMeHeHHne»
1.3.1 Bonpocsl Jekuum:

1. Oprannyeckue NoIMMEpBHI.



2. DeMeHTOOpraHN4eCKHE MOJIUMEPBHI.
3. Heopranuueckue nojamMepsl.
4. CTpyKTypa U COCTOSIHUSI TIOJTUMEPOB

1.3.2 KparTkoe cojep:kaHne BOIPOCOB
1. Opranuyeckue MoJuMepbI
Monekynst BMC HazpiBatoT MakpoMosiekynamu, a xumuto BMC — xumueit
MaKpOMOJIEKYJI U MAKPOMOJIEKYJIIPHOU XUMHEM.

B pesynbraTe MHOIOYHCIEHHBIX COCIMHEHHM, OCYIIECTBICHHBIX OIPOMHOM apMHEU
XUMHKOB, (DU3MKOB M TEXHOJOrOB, OBUIO YCTaHOBJIEHO HE TOJBKO CTPOECHHE HEKOTOPBIX
npupoaHbix BMC, HO 1 HaliieHbl IyTH CHHTE3a UX 3aMEHMTEJIEN U3 TOCTYIHBIX BUJOB CHIPbS.
Bo3HuKIM HOBBIE BUBI IPOMBIIUIEHHOCTH, HA4aJ0Ch IIPOU3BOJCTBO CUHTETHYECKOTO KaydyKa,
UCKYCCTBEHHBIX CHHTETHUYECKUX BOJIOKOH, IUIACTUYECKUX Macc, JAKOB U KPAacoK, 3aMEHUTENEH
KOXM U T.1. Ha mepBpIX mapax CHHTETHYECKHE MaTepuallbl HOCWIHM XapakTep 3aMEHMTENIEH
IPUPOJIHBIX MaTepuaoB. B Hacrosiiee Bpems B pe3yabTaTe ycnexoB B xumuu U pusuke BMC u
YCOBEPLICHCTBOBAaHMUSA  TEXHOJOIMH MX  INPOMU3BOJACTBA, Onarojaps  NPUHIMIHAIBHON
BO3MOYKHOCTH COYETaTh B OJHOM BEILECTBE JI00BIE JKeJaeMble CBOMCTBA, cuHTeTHyeckue BMC
IOCTETNIEHHO MPOHUKAIOT BO BCE 00JACTU MPOMBILIIIEHHOCTH, /1€ OHU CTAHOBATCS COBEPLICHHO
HE3aMEHUMBIMHM KOHCTPYKIIMOHHBIMU U aHTUKOPPO3UUHBIMU MaTepHaaMu.

Oprannyeckne BMC sBisitoTCS OCHOBOM ’KMBOM IPUPOJIBI BXOASIIUE B COCTAB PACTEHUH, -
NOJIMCAaXapubl, JUITIMH, OEJIKH, NEKTUHOBBIE BEIIECTBA — BBICOKOMOJIEKYJISIpHBI. LleHHBIE
MEXaHUYECKUE CBOMCTBA JPEBECHHBI, XJIONKA, JIbHbI 00YCIOBIEHBI 3HAUUTEIIHBIM COJIEPKAHNEM
B HHMX BBICOKOMOJIEKYJISIPHOI'O IOJMCaxapuia — LEJUI0JI03bl. [ JTaBHOM COCTaBHOM 4YacTblO
Kaprodelns, NIIEHUIbI, pPXH, OBCa, pUCA, KYKYpPy3bl, SUMEHsS SBISAIOTCS JApyrou
BBICOKOMOJICKYJISIDHBIM  TIoNTMcaxapua — Kpaxman. Topd, Oypblii yroib, KaMEHHBIC YIIH
IpPEICTAaBISAIOT COOONW TMPOIYKTHI T€O0JIOTMYECKOrO IPEBPAIIEHUS PACTUTENBHBIX TKaHEH,
[JIaBHBIM 00pa3oM LEJUIIOJIO3bl M JIMTHMHA, a TaKXKe JIOJDKHBI OBITh OTHECEHBl K
BBICOKOMOJIEKYJISIPHBIM COEAMHEHHUSM.

B ocnoge xuBoro mupa takxke ynexatr BMC — Oenku, sSBISIOIIMECS TJIABHOW COCTaBHOM
YaCThIO IIOYTH BCEX BELIECTB )XMBOTHOTO NMPOUCXOXKIACHMS. MBIIIIBI, COEIUHUTENBHbBIE TKaHHU,
MO3I, KpPOBb, KOXa, BOJIOCBI, LIEPCTh, POI COCTOSAT B OCHOBHOM U3 BBICOKOMOJEKYJSPHBIX
OEITIKOBBIX BEIIECTB.

Heopranunueckne BHICOKOMOJIEKYISIPHbIE COETUHEHUS UTPAIOT TaKYyIO K€ OOJBIIYIO POJIb U
TaK € pacIpOCTPaHEHbl B MUHEPAJILBHOM MUpE, Kak opranndeckrue BMII B xuBoii nmpupoze.

OcHOBHasi 4acTh 3€MHOW KOpbI COCTOMT M3 OKHCJIOB KPEMHHUsS, ATIOMUHUSA U JIPYrHX
MHOT'OBAJIEHTHBIX 3JEMEHTOB, COEIMHEHHBIX, IMO-BUIMMOMY, B Makpomosekynbl. HaumbGonee
pacrnpocTpaHeH Cpead 3THX OKHCIOB KpeMHHeBbIi aHruapua [ SiO , | o , sBISIONIMIACS,
OeccropHO, BBICOKOMOJIEKYISIpHBIM coenuHeHueM. bonee 50% Bcelr maccel 3eMHOro miapa
COCTOMT W3 KPEMHHUEBOIO aHTHJAPHUAA, a B HApYKHOW 4YacTU 3€MHOM KOpPBI COAEpKaHHE €ro
nocturaer 60%. Haubonee pacmpocTpaHeHHOM MoaudUKanuel KPEeMHHMEBOTO aHTUAPUAA
ABJISIETCS KBApI] — BaXKHEiI1as cocTaBHas 4YacTh OOJILIIMHCTBA TOPHBIX MOPOJI U MECKa.

2. D1eMEeHTOOpraHnYecKHe NoJIMMepbl

[TepBoif 0COOEHHOCTHIO XMMHH BHICOKOMOJIEKYJISIPHBIX COSIMHEHU SBIISETCS COBEPIIEHHO
HOBOE IOHSTHE MOJIEKYJISIPHOTO BECA.

J171s1 HU3KOMOJIEKYJIIPHBIX COETUHEHHH BEIMYMHA MOJIEKYJISIPHOTO Beca — 3TO KOHCTAaHTAa,
XapaKTepU3yIollasi HHAUBUAYAIbHOCTh XUMUYECKOTO COEAMHEHU. V3MeHeHne MOIeKyIIpHOTro
Beca BCerjla CBUIETENLCTBYET O Mepexojie K APYyroMy BELIECTBY U COMPOBOXKIAAETCS 3aMETHBIM
U3MEHEHHEM CBOWCTB. C MepexoioM OT OJHOrO IpPEACTaBUTENS IOMOJOIMYECKOro psajna K
Ipyromy (T. €. ¢ UI3MEHEHHEM BEJIMYMHBI MOJIEKYJISIPHOTO Beca) GU3NUYECKHEe CBONWCTBA BEILIECTB
M3MEHSIOTCSI HaCTOJIBKO, YTO, MOJIb3YsACh ITUM MU3MEHEHHMEM, YIAETCsl OTAEIUTh TOMOJIOTH APYT

OT Jpyra.
MonexkynspHbI Bec



CreneHp NONMIUCIEPCHOCTH SIBISIETCS HE MEHEE BAKHOM XapaKTEpUCTHKOM MOJIMMeEpa,
YeM CpEJIHUI MOJICKYJISIPHBIN BecC.

C wu3MmMeHeHHMeM (U3MYECKHX CBOHCTB IO Mepe YBEIUYEHHUS MOJIEKYJISPHOTO Beca
HEMOCPEJCTBEHHO CBs3aHA €Ie OJHAa OCOOEHHOCTh BBICOKOMOJIEKYJSIPHBIX coeauHeHuil. C
YBEJIMUEHUEM MOJIEKYJISIPHOIO Beca JIaBJICHHUE MapOB XMMHUYECKUX COSCAMHEHUN yMEHbLIAeTCs U
3a[0JIT0 O JOCTMIKCHMS 3HAYEHHH MOJIEKYJISIPHBIX BECOB, XapaKTEPHBIX UI BBICOKOMOJIEKY-
JSIPHBIX COEIMHEHMH, NajaeT MpakTU4YecKu 10 Hyisd. [Ipum HarpeBaHMM BBICOKOMOJIEKYIISIPHBIX
COEMHEHUN He HaOIIoAaeTcsl 3aMETHOM JIeTydecTH, a Ipu OIpEleIEHHOW TemIeparype
HACTYIIaeT TEPMHMUECKOE pa3jOKEHUE BELIECTBA C pa3pblBOM XHMHUYECKUX CBA3EH U
NEPErpyNIUpOBKON aTOMOB. BBICOKOMOJIEKYIIAPHBIE COCAVMHEHMS IIPAKTHYECKN HEJIETY4YH U HE
MOTYT OBITh TIEPEBEACHBI B ra3000pa3HOe COCTOSHUE.

B oTiinune 0T HU3KOMOJIEKYJISPHBIX COCIMHEHUH, [UIsl KOTOPBIX U3BECTHBI TPU arperaTHbIX
COCTOSIHUS: TBEPJIOE TEJIO0, )KUIAKOCTb, a3, — I BBICOKOMOJIEKYJISIPHBIX COEAMHEHUN U3BECTHBI
TOJIBKO J[BA arperaTHbIX COCTOSIHUSL: TBEPAOE TEIIO, JKUIKOCTD.

3. Heoprannueckue nojumMepsbl

XapakTepHOH OCOOEHHOCTBIO XMMHUHU BBICOKOMOJIEKYJISIPHBIX COEIMHEHHWH SBISETCs TO,
YTO HAMMEHBIICH «YaCTHIIEH», YUAaCTBYIOUIEH B peakIHUu Wi (PU3UKO-XMMUYECKOM TIpOIlecce,
SBJISICTCA HE MOJIEKYJIa, KaK B KJIACCMUECKOM XMMHUH, a 3JIEMEHTApHOE 3BEHO (MPH XUMHUYECKUX
PEaKIHsIX) WM YY4aCTOK HenH (pu PU3UKO-XUMHYECKUX M (PU3UKO-MEXaHHUECKUX MPoIeccax).

Takoe moBesieHNE MOJIEKYJ BBICOKOMOJIEKYJISIPHBIX CO€AMHEHUH B (PM3UKO-XUMHUYECKUX U
(U3NKO-MEXaHNYECKHUX MPOIecCaxX CBSI3aHO ¢ THOKOCTBIO MaKpOMOJIEKYJ. MOJIeKy IsIpHbIC TN
pasHbIX IOJIMMEPOB O0JIAAAIOT Pa3IMYHOM THMOKOCTBIO, KOTOpas OIpeneseTcs] BEeIUYUHOM
NOTEHLMAIBHOrO O0apbepa CBOOOAHOIO BpaIEHHUsI aTOMOB OTHOCUTENBHO JAPYT Apyra. Bennuuna
HNOTEHIMAJIBHOrO Oapbepa B CBOIO OYepelb 3aBUCUT OT XMMHMUYECKOIO CTPOEHMs IoJIMMepa U
xapakrepa GyHKIHOHAIBHBIX TPYII, UMEIOMIUXCS B LETIH.

MakpoMoneKyabsl  JIMHEWHBIX IOJIMMEPOB  XapaKTEPU3YIOTCS  BBICOKOM  CTENEHBIO
acummetpuu. IloaToMy oOTHEnbHBIE YYaCTKU BBITSHYTOM MOJEKYISIPHON ILeNM HAaCTOJIbKO
yZAajeHsl Apyr OT JIpyra, 4YTO B3aMMHOE BIMSHUE CTAHOBHUTCS HUYTOXHO MalbiM. Benencreue
ATOr0 HEKOTOPbIE YYACTKH MOJIEKYJISIPHOM LIETIH MPU PacTBOPEHUH (KOT/Aa MOJBUXKHOCTh U T'HO-
KOCTb IIeTIM BO3pacTaeT) U B mpoleccax AedopMaiy NOJIUMEPOB BeIyT ce0sl Kak KUHETHYECKU
CaMOCTOSITENIbHbIE €IUHUIBL. Takue y4acTKM MOJIEKYJISpPHOW LENU Ha3bIBalOT CErMEHTaMHU.
BennunHa ydacTka MOJIEKYJSIDHOM L€Nu, NPOSBISIONIETO KHHETHYECKYH) HE3aBHCHMOCTD
(cermeHTa), He SBISETCS MOCTOSHHOM M 3aBUCUT OT YCJIIOBUM, B KOTOPBIX HAXOJUTCS MOJIUMED
(TemmepaTypa M KOHIEHTpalMs pacTBOpa, IPUPOAA PAacTBOPHUTENS, TeMIlepaTypa, BeIMYUHA U
CKOPOCTh IPUJIOKEHUSI HAarpy3KH Mpu JaedopMaiuu). ITO NPUBOJUT K MOSBIECHUIO HEKOTOPBIX
0c0oOEHHOCTEH B CBOMCTBAX pacTBOPOB U B Ipolieccax AeGopMaluy moJIuMepoB.

IIpocremen «4acTULENH», CaMOCTOSTENIBHO YYacTBYIOIIEH B XUMHYECKHMX PpEaKIUsX,
ABIIAETCS DJIEMEHTAapHOE 3BEHO MAaKpOMOJEKyJIbl mnoiumepa. CrenoBaTesNbHO, peakluu
(GYHKIIMOHAIBHBIX TPYII HOJUMEPOB — ATO XUMHUYECKUE PEAKIIMH 3JIEMEHTAPHBIX 3BEHBEB.

Crnenyer OTMETUTb, YTO TMOA (PYHKIMOHAIBHBIMU TPYNNaMU [OJUMEpPa OOBIYHO
MOJIpa3yMeBaroT (PyHKIMOHAIbHBIE TPYIIIbI, BXOISALINE B COCTaB 3JIEMEHTAPHBIX 3BEHHEB LICTIH.
B makpomornekynax OOJBIIMHCTBA MOJIMMEPOB HUMEIOTCS TaKKe KOHIEBbIe (DYHKIIMOHAIbHBIE
IpYNNbl, Kak MpaBWIO, OTIWYAIOIIKEcs OT (PYHKIMOHAJIBHBIX IPYMN 3JIEMEHTapHBIX 3BEHHEB.
OpHako mpu OOJBLIIOM MOJIEKYJISIPHOM Bece MOJIMMEpa M MajloM 4YHCIe KOHIIEBBIX TIpYII
peakusMU KOHIIEBBIX TPYNI B TMOJABISIONIEM OOJBUIMHCTBE XUMHYECKHUX MpeBpalleHui
MOJIMMEPOB MOKHO MTPEeHEOpeyb.

4. CTPYKTYpa M COCTOSIHMA MOJIMMEPOB

B kmaccuueckoil XHMMHM TOJHOTY TPOTEKAaHUS XMMHUYECKOH peakiuu OOBIYHO
XapaKTepU3yIOT YUCIOM MOJIEH MPEBPALEHHOTO BEIIECTBA MJIM BBIXOJOM IMPOJYKTOB pEaKLUU,
IIPUYEM MOJ «MOJIEM» MOHHUMAIOT BIIOJHE ONPEACICHHYIO BEIUYMHY — MOJIEKYJISIPHBIN Bec
BEIICCTBA, BEIPAKEHHBIN B KOHKPETHBIX BECOBBIX €AVHMIIAX.
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WNuaue OOCTOMT Jen0 B XHMMUH BBICOKOMOJCKYJSIpHBIX coeauHeHuil. Tak, mpu
9TepudUKAMKY TOJIUBUHUIOBOIO CIIMPTA OJUH MOJIb YKCYCHOTO aHTHIPUIA PacXoayercs Ha
OJIHO DJIEMEHTAapHOE 3BEHO IIOJIUMEPA, U IOHATHE «MOJIb» CTAaHOBUTCS YCIOBHBIM. B xumuun
BBICOKOMOJIEKYJIIPDHBIX COEIMHEHUH MOJIEM™® Ha3bIBAlOT MOJIEKYJISIPHBIH BEC 3JI€MEHTapHOIro
3BEHA IIOJINMEPA, BEIPAKCHHBIN B KOHKPETHBIX BECOBBIX €UHULIAX.

COOTBETCTBEHHO  IIOJHOTY  XMMHMYECKOM  PEAKUUU  XAPAKTEPU3YIOT  YHUCIOM
IIPOPEAarupoOBABIINX 3JIEMEHTAPHBIX 3BEHbEB. [IOCKOJIBKY 3TH 3BEHbsI HAxXONATCS B OJHOU
MOJIEKYJISIPHOM LIEIH, YHCIIO DJIEMEHTAPHBIX 3BEHBEB, YYACTBYIOIUX B PEAKLUU, TOKA3bIBAET HE
BBIXOJl KOHEUHOI'O INPOAYKTA PEaKLUH, KAK B PEAKIUAX HU3KOMOJIEKYISPHBIX COCAVHEHUH, a
CTEIEHb XMMHMYECKOIO IPEBpAIllEHUs] BBICOKOMOJEKYJSIpHOro coenuHeHus. K Tomy ke
UCXOJHBIE U KOHEUHBIE MPOAYKTHl pEaKUMH OObEIUHEHBI B OJAHONW MOJIEKYJISIPHOM LIENH, YTO
MEHSET IPEACTABICHUS «KIACCUYECKON» XMMHMHM O 4YUCTOM BemecTse. IloaTomy pesynbTarsl
XUMUYECKUX IIPEBPALICHUN BBICOKOMOJIEKYJISIPHBIX COCIMHEHHM IIPUXOJUTCS OLEHUBATH
CTaTUCTUYECKHU.

B Tex cmywasx, korma B pe3ysbTare pEeakUUU TOCTUIHYTAa HCUYEPIBIBANOIIAs IIOJHOTA
IpeBpaleHuss BceX (YHKIMOHAJIBHBIX TPYII, MOJYYEHHBIH NPOIYKT, COIVIACHO MOHATUSAM
KJIACCHYECKOM XMMHH, BCE PpaBHO HE SBJISETCA YUCTBIM  BEUIECTBOM  BCIEACTBUE
HEOJHOPOAHOCTH IOJIUMepa IO MOJIEKYJIIpHOMY Becy. TakuMm o00pa3oM, BBOJSTCS HOBBIE
HNOHATHA: OJHOPOAHOCTh BELIECTBA IO MOJIEKYJISIDHOMY BECY M OJHOPOAHOCTH BEILECTBA IIO
XUMHUYECKOMY COCTAaBY.

Hapsiny ¢ peakuussMu dJ€MEHTapHBIX 3BEHBEB OYEHb BAXKHOE 3HAYCHHUE HMEIOT
MaKpOMOJIEKYJISIpHbIE PEaKIMK MOJMMEPOB. B 3THX peakuusx MakpoMmolieKysia BeleT ceOs Kak
€AMHOE LEJI0C M MO3TOMY CTEXMOMETPUYECKME COOTHOLIECHUS PEarupyroIlUX BEHIECTB PE3KO
OTIIMYAIOTCSL OT CTEXMOMETPUYECKUX COOTHOIICHHUH BELIECTB B PEAKLUAX DJIEMEHTAPHBIX
3BEHBEB I10JUMEPOB.

K MakpOMOJIEKYISIPHBIM PEAKIUAM MOJIUMEPOB OTHOCATCSA MEKMOJIEKYIISIPHBIE PEAKIIUH, B
pe3ysbTaTte KOTOPBIX MEXAY MaKpOMOJIEKYyJIaMH O00pa3yroTcsi XUMUYECKHE CBA3H U JIMHEWHBIE
MOJIMMEPBI IIPEBPALLAIOTCS B IIPOCTPAHCTBEHHBIE, a TAKXKE PEAKIUU XMMHUYECKOW NEeCTPYKLUU
IIOJIMMEPOB, IPOTEKAIOIIUE IO BINIHUEM XUMHUYECKUX PEAreHTOB.

B peakuusx DJIEMEHTApHBIX 3BEHBEB  IIOJIMMEPA, BCICACTBHE  COU3MEPUMOCTH
MOJIEKYJIIPHBIX BECOB JJIEMEHTAapHOIO 3BE€HA M PEAarupyrollero ¢ HUM HU3KOMOJIEKYJSIPHOTO
BEIIIECTBA, YYAaCTBYIOT OOBIYHO COM3MEPHMMBbIE KOJIHWYECTBa MOJIMMEpa U HU3KOMOJIEKYJISIPHOTO
coenuHeHus. [Ipu oOpa3oBaHUM ke MEKMOJIEKYIISIPHBIX CBA3€H B peaklUu y4acTBYET, C OAHOMN
CTOPOHBI, MakKpOMOJIEKyJa IIOJIMMEpPa, a C JApPYyrod — MOJIEKyJla HHU3KOMOJIEKYJIIPHOIO
COCIMHEHMS, MOJIEKYJIIPHBIN BEC KOTOPOTO B COTHH WJIM THICSYU Pa3 MEHbIIE MOJIEKYJISIPHOTO
Beca MOJIMMEDA.

1.4- 5 Jlekuust Ne 4-5 (4uaca)

Tema: «CTpoenne aToma U NEPUOAUYECKHUI 3aKOH»

1.4-5.1 Bonpocs!l Jeknuu:

1. CoctaB atomoB. M30TOMBI M1 M300apHI.

2. KBaHTOBO-ME€XaHUY€ECKasi MOJENb aToMa.

- [JIaBHOE KBAaHTOBOE YHCIIO;

- opOHTaIbHOE KBAHTOBOE YHCIIO;

- MAarHUTHOE KBAHTOBOE YHCJIO;

- CIINHOBOE KBAaHTOBOE YHUCIIO.

3. Pacnipenenenue 3J€KTPOHOB B aTOME:

- [Ipuaiun muanmyma 3aeprud. [Ipasuino Kneukosckoro;

- [Ipaumn [Taynwu;

- [IpaBwiio Xynna.

4. DnexTpoHHbIe KOH(pHrypanmuu atoMoB W HOHOB. CrocoOBbI 3amuCH  AJIEKTPOHHBIX
KOH(UTyparui.
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5. Ilepuoauyeckuii 3akoH. SIBlIEHHE NMEPUOJUYHOCTU C TOYKM 3PEHHUS CTPOEHHUsS aTOMA.
CrpyKTypa NepuoJu4eCcKOd CUCTEMBI.

1.4-5.2 KpaTkoe coaep:kaHne BOIPOCOB

1 CocraB aTomoB. U30TONBI 1 H300apbI

XOoTs CJIOBO amom B TIEPBOHAYAIBHOM 3HAYEHMHM OOO3HAYANIO0 YacTUIly, KOTOpas He
JEIUTCS Ha MEHBIINE YAaCTH, COINIACHO HAYYHBIM MPEJICTABICHUSIM OH COCTOUT U3 00Jiee MEeIKHUX
YacTHUL, Ha3bIBAEMbIX CyOaTOMHBIMHU YacCTHIIAMHU. ATOM COCTOMT U3 RJIEKTPOHOB, IIPOTOHOB, BCE
aTOMBI KpoMe BoJiopoAa-1 cojepxaT Takke HEHTPOHHBI.

DNEKTPOH SIBJISIETCS cCaMOM JIETKOM M3 COCTABISIOIIUX aTOM YacTuil ¢ Maccor 9,11x10-28
I, OTPULIATENIbHBIM 3apsAOM M pa3MepoM, CIHMIIKOM MallbiM JJii U3MEPEHUS COBPEMEHHBIMU
MeTogamu. [IpoToHBI 007a1al0T MOJIOKHUTEIBHBIM 3apsaoM U B 1836 pa3 Tsokenee 3JIeKTpOHA
(1,6726x107** r). HeifTpoHbl He OOGIAZAIOT IEKTPUYECKHM 3apsioM u B 1839 pas Tsmkelnee
snexrpora (1,6929x107** r). TIpu 3TOM Macca siapa MEHbIIE CyMMBI MAcC COCTABILIOIIHX o8
MPOTOHOB M HEUTPOHOB u3-3a 3ddekra nedexkra maccel. HEUTpOHBI W MPOTOHBI UMEIOT
CpPaBHMMBIH pa3mep, 0koio 2,5%10—15 M, XOTs pa3mMepbl 3TUX YACTHIL] OIIPEIEIECHBI IJI0XO.

B crangaptHO#l MoJenu 3ieMEHTapHBIX YaCTHIl KaK MPOTOHBI, TaK K HEUTPOHBI COCTOST U3
AJIEMEHTApHBIX YaCTHI], Ha3bIBa€MbIX KBapkamu. Hapsny ¢ nenToHaMu, KBapKH SIBJISIFOTCSI OJJHOM
U3 OCHOBHBIX COCTABJISIIOIIMX Marepuu. U mepBele M BTOpbIE SBISIIOTCS (DepMUOHAMHU.
CymiecTByeT 1IECTh TUIOB KBAapKOB, KaXblii M3 KOTOPBIX MMEET JPOOHBIA 3IEKTPUUYECKUI
3apsif, paBHbIA +2/3 win —1/3 anemenTapHoro. [IpoToHbl cOCTOSAT U3 IBYX U-KBapKOB M OJHOTO
d-xBapka, a HEWTPOH — M3 OJHOTO U-KBapka M JIBYX d-KBapKOB. DTO pasziuyhe OOBSICHIET
pasHUIly B Maccax U 3apsjax MpoToHA W HelTpoHa. KBapku cBsi3aHbl MeXay cCO00M CHIBHBIMU
AJIEPHBIMU B3aUMOICUCTBUSMHU, KOTOPBIE [IEPEIAIOTCA [IIFOOHAMHU.

2. KBaHTOBO-MexXaHMYeCKas MOJeJIb aTOMAa

- [JIaBHOE KBAaHTOBOE YHCJIO;

- opOHTaIbHOE KBAHTOBOE YHCIIO;

- MarHUTHOE KBAHTOBOE YHCJIO;

- CIIMHOBOE KBaHTOBOE YHUCIIO.

CeronHsi oOLIEIPUHATON SIBISIETCA MOJENb aTOMA, SIBJISIOLIASCS PA3BUTUEM ILIaHETApPHOMN
Mozenu. Cuuraercs, 4To SApO aTOMa COCTOUT U3 MOJIOKUTENIBHO 3apsKEHHBIX IIPOTOHOB U HE
MMEIOLINX 3apsi/ia HEUTPOHOB U OKPY>KEHO OTPULATENBHO 3apsKEHHBIMU eKTpoHamu. O1HaKo
Ipe/CTaBICHNs KBAHTOBON MEXaHUKH HE TO3BOJIIOT CUUTATh, YTO HJIEKTPOHBI IBUKYTCSI BOKPYT
Apa TO CKOJbKO-HHOY/Ab OIpeAeaEHHbIM TPAeKTOPUSAM (HEONpeAeNEéHHOCTh KOOPAWHATHI
3JIEKTPOHA B aTOME MOXET ObITh CPAaBHUMA C pa3MepaMH CaMOro aToMa).

XUMUYECKHE CBOMCTBA aTOMOB OIPEAETSAIOTCS KOHPUrypanuei 31eKTpOHHOW 000JI0UKH U
OIKCBIBAIOTCS KBAaHTOBOM MexaHuKoil. [lonoskeHnne atoma B Tabnuiie MenzeneeBa onpeaemnsercs
KOJIMYECTBOM IPOTOHOB, B TO BpEeMsl KaK KOJMYECTBO HEUTPOHOB HAa XMMHUYECKHE CBOMCTBA
NPaKTUYECKH HE BIIMSET; IPU 3TOM HEHUTPOHOB B sijipe, KaK MPaBUJIO, OOJbINE, YEM NMPOTOHOB
(cMm. crateto 00 atromMHOM szape). Eciam arom HaxoguTcss B HEHUTPAIBHOM COCTOSIHUM, TO
KOJIMYECTBO JJIEKTPOHOB B HEM paBHO KOJIMYECTBY NpoTOHOB. OCHOBHas Macca aroma
COCpeloToueHa B siIpe, a MaccoBas J0Jsl JEKTPOHOB B OOIIeH Macce aToMa He3HAaYMTelIbHa
(HEeCKOJIBKO COTBIX MTPOLIEHTA MACCHI Apa).

Maccy atomMa NpUHATO U3MEPATh B aTOMHBIX €IMHMIIAX MAaCChl, paBHBIX /12 oT Macchl
aToMma cTabMUIIbHOTO U30TOIIA YIIIepoa 2c,

3. Pacnipenesienne 3J1IEKTPOHOB B aTOMe:

- [Ipuaun munumyma suepruu. [Ipasuno KineukoBckoro;

- [Ipaumn [Taynwu;

- [IpaBwiio Xynna.

Jly1a aTroma BoJ1opoJa pacu€Thl CIIEKTPOB Ha OCHOBE Mozenu bopa manu xoporiee cornacue
C DKCIIEPUMEHTOM, HO MJs JPYTHX 3JIEMEHTOB II0JIy4aJoCh CYIIECTBEHHOE PAacXOKJECHUE C
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http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D0%B0%D1%80%D0%BD%D1%8B%D0%B5_%D1%87%D0%B0%D1%81%D1%82%D0%B8%D1%86%D1%8B
http://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D1%80%D0%BA
http://ru.wikipedia.org/wiki/%D0%9B%D0%B5%D0%BF%D1%82%D0%BE%D0%BD
http://ru.wikipedia.org/wiki/%D0%A4%D0%B5%D1%80%D0%BC%D0%B8%D0%BE%D0%BD
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D0%B0%D1%80%D0%BD%D1%8B%D0%B9_%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%B7%D0%B0%D1%80%D1%8F%D0%B4
http://ru.wikipedia.org/wiki/U-%D0%BA%D0%B2%D0%B0%D1%80%D0%BA
http://ru.wikipedia.org/wiki/D-%D0%BA%D0%B2%D0%B0%D1%80%D0%BA
http://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D0%B2%D0%B7%D0%B0%D0%B8%D0%BC%D0%BE%D0%B4%D0%B5%D0%B9%D1%81%D1%82%D0%B2%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D0%B2%D0%B7%D0%B0%D0%B8%D0%BC%D0%BE%D0%B4%D0%B5%D0%B9%D1%81%D1%82%D0%B2%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%93%D0%BB%D1%8E%D0%BE%D0%BD
http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%82%D0%BE%D0%BD
http://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D0%B9%D1%82%D1%80%D0%BE%D0%BD
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD
http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B8%D0%BD%D1%86%D0%B8%D0%BF_%D0%BD%D0%B5%D0%BE%D0%BF%D1%80%D0%B5%D0%B4%D0%B5%D0%BB%D1%91%D0%BD%D0%BD%D0%BE%D1%81%D1%82%D0%B8_%D0%93%D0%B5%D0%B9%D0%B7%D0%B5%D0%BD%D0%B1%D0%B5%D1%80%D0%B3%D0%B0
http://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D0%BA%D0%B0
http://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B8%D0%BE%D0%B4%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D0%BE%D0%B2
http://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BE%D0%BC%D0%BD%D0%BE%D0%B5_%D1%8F%D0%B4%D1%80%D0%BE
http://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BE%D0%BC%D0%BD%D0%B0%D1%8F_%D0%B5%D0%B4%D0%B8%D0%BD%D0%B8%D1%86%D0%B0_%D0%BC%D0%B0%D1%81%D1%81%D1%8B
http://ru.wikipedia.org/wiki/%D0%98%D0%B7%D0%BE%D1%82%D0%BE%D0%BF%D1%8B_%D1%83%D0%B3%D0%BB%D0%B5%D1%80%D0%BE%D0%B4%D0%B0

OMBITHBIMU JaHHBIMH. B 1916 1. Hemeukuii pusuk Apuonsa Morann Bunbreasm 3omMMepdenb
yrouHmI Mmojenb bopa. 3ommepdenba BbIcKazan MPENNONIOKEHHE, YTO KpPOME KPYTOBBIX,
AIIEKTPOH MOXET JBUTAThCS M IO SJUIMNTHYECKUM opOuTaM. Ilpu 3TOM mouTH OJUHAKOBOMY
YPOBHIO SHEPTrUU COOTBETCTBYET YHCIIO THIIOB OpPOUT, PaBHOE IJIABHOMY KBAaHTOBOMY YHCIY.
3oMMepdenb  AOMONHUI  MOJCNb  MOOOYHBIM  (OpOMTAIbHBIM) KBAHTOBBIM  YHCIIOM
(ompenensiroruM - opMy  SJUIMIICOB) M 3aBHUCHUMOCTBIO MAacChl 3JEKTPOHA OT CKOPOCTH.
OcHoBbIBasicb Ha Mojenu aroma bopa-3ommepdernbaa, mpeacTaBIsomeld co00i KOMIIPOMHCC
MEXIYy KIAaCCHUYeCKMMHU M KBAaHTOBBIMU TMPEACTAaBICHUSAMH (B KIACCHYECKYI0 KapTHUHY
BBOJWMJIMCh KBAaHTOBBIC orpanmueHus), Humsc Bop B 1921 r. 3amoxkunn oCHOBBI (pOopMaNbHON
TEOpUHU MEPHOJUUECKON cucTembl. [IpuurHa NMepuoJuYHOCTH CBOMCTB 3JIEMEHTOB, 110 MHEHUIO
bopa, 3akimtouanack B IEpUOANYECKOM ITOBTOPEHUHU CTPOEHHUS BHELIHETO AJIEKTPOHHOIO YPOBHS
aToMma.

B 1925 r. Bonbdranr [laynu omyOmukoBana cBol padoTy, coaepiKamyro (opMyITUPOBKY
MPUHIIMIIA 3aIPeTa, HOCSIIETO0 €ro UMS: B JJAHHOM KBaHTOBOM COCTOSIHUU MOYKET HaXOJUTHCS
TOJIBKO OJUH AJeKTpoH. llaynau ykazan, 4To Il XapaKTEPUCTHKU COCTOSHUS 3JIEKTPOHA
HEOOXOUMO YeThIpe KBAaHTOBBIX YMCJIA: TNIABHOE KBAHTOBOE YHCIIO N, a3UMYTaJIbHOE KBAaHTOBOE
yrcno | n nBa marHuTHBIX yrciaa ml u m2. Bekope mocne Bbixona padots! [laymu momossie
busuku [xopmk FOmxun Ynenbek u Comroan Abpaxam ['ayncMuT BBenH B aTOMHYIO (DU3UKY
NpEICTaBICHUE O CHOUHE OJeKTpoHa. AmepukaHckuid ¢um3uk Aptyp Xomwmm Komnros,
OCHOBBIBASICh Ha ATOMHBIX CIIEKTpax BBICOKOrO paszpemieHusi, emé B 1921 r. BbicKka3biBal
IIPEI0JIOKEHNE O KBAHTOBAHHOM BpAIllEHUH AJIEKTPOHA, a B cieayromuieM rogy Orro llltepH u
Banptep ['epnax »skcrepuMeHTadbHO HaOMIOaNM pas[elieHHe Iydka aToOMOB cepedpa B
MarHMTHOM I0JI€ Ha JBE€ YaCTH, COOTBETCTBYIOIINE OPUEHTALIMH 3JIEKTPOHHBIX CIIMHOB.

B 1927 r. nemeukuii ¢puzuk Ppuapux XyHA cPopMyIUpOBan SMIMPHUUYECKHE IpaBHIIa
3ar0JIHEHUS 3JIEKTPOHHBIX 000104ek. C npumeHeHueM 3anpera [laynu u npuHIMIa HaChILEHUS
ypoBHe# Kk 1927 1. Obla B I1€JIOM MOCTPOEHA DJIEKTPOHHAS CTPYKTYpa BCEX M3BECTHBIX K TOMY
BpeMeHH 92 nsnemeHTOB. Co3/laHME y4Y€HUS O CTPOEHUHU HJIEKTPOHHBIX OOOJIOYEK aTOMOB
HO3BOJMIIO  cO37aTh  (OPMAIbHYIO  (U3UYECKYIO TEOpUI0 MEPUOANYECKOH  CHCTEMBI,
OOBSCHUBIIYIO MPUYUHBI TEPUOJUYHOCTH CBOWCTB AJIEMEHTOB M WX COCAMHEHUH, a Takke
CO3/aTh NEPBBIE TEOPUU XUMUYECKON CBA3H.

4. D1IeKTPOHHbIEe KOH(UIypauuu aToMOB M MOHOB. Cnoco0bl 3anmucH 3J1eKTPOHHBIX
KOH(pUrypaumuu.

Kaxxnolt opOutanu COOTBETCTBYET CBOM YpPOBEHb YHEPTUU. DJIEKTPOH MOXKET MEPEHTH Ha
yYpOBEHb ¢ OoblIei sHepruel, noraotuB GoTtoH. IIpu 3TOM OH OKa)xeTcss B HOBOM KBaHTOBOM
COCTOSTHUU C OOoJjbllel sHeprued. AHAJIOTMYHO, OH MOXKET NMEpPEerTH Ha YpPOBEHb C MEHbIIEH
sHepruei, u3inyuuB (GOTOH. DHeprus (OTOHA MpH 3TOM OyJeT paBHA Pa3HOCTH HHEPruit
AJIEKTPOHA HA ATUX YPOBHSIX .

Macca

[Tockonbky HamOONBIIMK BKJIAJ B Maccy aromMa BHOCST NMPOTOHBI U HEUTPOHBI, MOJHOE
YHMCJIO0 3TUX YaCTUI[ Ha3bIBAlOT MACCOBBIM YMCIOM. Maccy MOKOs aromMa 4acTo BbIpaXKaroT B
ATOMHBIX €IUHUIIAX MAaccChl (a. €. M.), KOTOpasl Takke Ha3blBaeTcs AanbToHOM ([la). OTa enununa
ompenensercs kKak 1/12 4YacTb Macchl IMOKOSI HEWTpaJbHOrO aToMma yriepoaa-12, koropas
npuban3uTeNnbHO paBHa 1,66x10—24 r. Bonopoa-1 — Hauneryaiimmii ©30Ton BOJOPOJIa U aTOM
C HaWMCHBIICH Maccol, HMMEeT aTOMHBIM Bec okoimo 1,007825 a. e. M. Macca aroma
NpUOIU3UTENBHO PaBHA MPOU3BEIECHUIO MAaCCOBOIO YMCIIa HA aTOMHYIO eIMHUIlY Macchl. CaMblit
TSOKEIBIN cTaOMIBHBIN n30TON — cBHHEN-208 ¢ Maccoit 207,9766521 a. e. M.

Tak kak Macchl Ja)ke caMmbIX TSDKEIBIX aTOMOB B OOBIYHBIX €IUHHIAX (Hampumep, B
rpaMMax) OY€Hb Mallbl, TO B XUMHHU AJI1 U3MEPEHMs ITUX MacC MCIOJB3YIOT Moiu. B ogHOM
MoJie JIF000r0 BEIECTBA M0 OMPENEICHUIO COAEPKUTCA OJTHO U TOXKE YHCIO aTOMOB (IIPUMEPHO
6,022%1023). D10 yucno (unciao ABoraapo) BHIOpaHO TAKMM 00pa3oM, UTO €CIIM Macca 3JIEMEHTa
paBHa 1 a. e. M., TO MOJIb aTOMOB 3TOTO JIEMEHTa OyneT umMeTh Maccy 1 r. Hampumep, yriepon
umeeT Macey 12 a.e.m., moatomy 1 Monb yriaepoaa Becur 12 r.
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http://www.physchem.chimfak.rsu.ru/Source/History/Persones/Pauli.html
http://www.physchem.chimfak.rsu.ru/Source/History/Persones/Uhlenbeck.html
http://www.physchem.chimfak.rsu.ru/Source/History/Persones/Goudsmit.html
http://www.physchem.chimfak.rsu.ru/Source/History/Persones/Compton.html
http://www.physchem.chimfak.rsu.ru/Source/History/Persones/Stern.html
http://www.physchem.chimfak.rsu.ru/Source/History/Persones/Gerlach.html
http://www.physchem.chimfak.rsu.ru/Source/History/Persones/Hund.html
http://ru.wikipedia.org/wiki/%D0%AD%D0%BD%D0%B5%D1%80%D0%B3%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%83%D1%80%D0%BE%D0%B2%D0%B5%D0%BD%D1%8C
http://ru.wikipedia.org/wiki/%D0%A4%D0%BE%D1%82%D0%BE%D0%BD
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%81%D1%81%D0%BE%D0%B2%D0%BE%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%BE
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%81%D1%81%D0%B0_%D0%BF%D0%BE%D0%BA%D0%BE%D1%8F
http://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BE%D0%BC%D0%BD%D0%B0%D1%8F_%D0%B5%D0%B4%D0%B8%D0%BD%D0%B8%D1%86%D0%B0_%D0%BC%D0%B0%D1%81%D1%81%D1%8B
http://ru.wikipedia.org/wiki/%D0%98%D0%B7%D0%BE%D1%82%D0%BE%D0%BF%D1%8B_%D1%83%D0%B3%D0%BB%D0%B5%D1%80%D0%BE%D0%B4%D0%B0
http://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BE%D0%BC_%D0%B2%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D0%B4%D0%B0
http://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B8%D0%BD%D0%B5%D1%86
http://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%A7%D0%B8%D1%81%D0%BB%D0%BE_%D0%90%D0%B2%D0%BE%D0%B3%D0%B0%D0%B4%D1%80%D0%BE
http://ru.wikipedia.org/wiki/%D0%A3%D0%B3%D0%BB%D0%B5%D1%80%D0%BE%D0%B4

ATOMBI HE MMEIOT OTUETIMBO BBIPAXKEHHON BHEIIHEW TpaHUIlbl, MO3ITOMY HX pa3Mepbl
ONpEACIAIOTCA [0 PACCTOSHUIO MEXAY SApaMU COCEAHMX AaTOMOB, KOTOpbIe 0OOpa3oBaliv
XUMUYECKYIO CBSA3b. Pasiyc 3aBUCHUT OT MOJOKEHUS aTOMa, €ro TUIIA, BUAa XUMUYECKOHN CBSI3H,
yyciia OamKalimx aToMoB (KOOPAMHAIIMOHHOTO YKCIIa) U KBAHTOBO-MEXaHUYECKOTO0 CBOMCTBA,
M3BECTHOTO KaK CIUH. B mepuoanyeckoi cucreMe 3J1€MEHTOB pa3Mep aToMa YBEIIMYUBAETCA MPU
JIBUKEHUH CBEPXY BHU3 MO CTOJOIY U YMEHBIIACTCS MPH ABUKEHUU 1O CTPOKE CJIeBa HAIPABO.
CoOOTBETCTBEHHO, CaMblii MaJ€HbKHUN aTOM — 3TO aToOM Treius, UMerlmi paauyc 32 M, a
caMbIii 00JIbIION — aTtoM 1e3us (225 nM). DTU pa3Mephl B THICSYM pa3 MEHBINE JUTHHBI BOJHBI
Buaumoro ceera (400—700 HM), MOATOMY aTOMBI HENlb3sl YBUACTh B ONTUYECKUNA MUKPOCKOII.
OpnHako OTAETbHBIE AaTOMBI MOXHO HaONIOJaTh C TMOMOIIbIO CKAaHUPYIOUIETO TYHHEIbHOIO
MHUKPOCKOIIA.

5. Ilepuoanmyecknii 3aKkoH. SIBJjieHMe MEPHOJAMYHOCTH C TOYKHM 3PEHUSA CTPOEHUS
aroma. CTpyKTypa nepuoan4ecKoi cucTeMbl

[Ipoobpazom HayuHoit [lepuoaryueckoit cucTeMbl 3JIEMEHTOB siBUIach Tadnuia "OnbIT
CHCTEMBI 3JIEMEHTOB, OCHOBAaHHOM Ha MX aTOMHOM BECE M XUMHUYECKOM CXOJICTBE",
cocraBieHHas MenzeneeBsiM 1 Mapta 1869. Ha nmpoTsskeHUH MOCIEAYIOIUX ABYX JET aBTOP
COBEPILIEHCTBOBAJI ATy TaOIUILy, BBEN MPECTABICHUSA O TPYIIax, psAaax U MEeproiax JIEeMEHTOB;
CZIeTIaJ MOMBITKY OLEHUTh EMKOCTh MaJIbIX M OOJIBIINX MEPUOIOB, COJIEPKAIIHX, IO €ro
MHEHHIO, COOTBETCTBEHHO 110 7 1 17 snemenToB. B 1870 oH Ha3Bai CBOIO cUCTEMY
€CTECTBEHHOM, a B 1871 — nepuoauyeckoil. Yxe torna ctpykrypa llepuonnueckoii cucteMsl
AJIEMEHTOB MPUOOpPESIa BO MHOTOM COBPEMEHHBIE OYEPTAHHUS.

UpesBblyaitHO BaXKHBIM JJIs1 HBOItoIMU [leprogundeckoii cucTeMbl 3JIEMEHTOB 0Ka3aloch
BBeIEHHOE MeEH/IeIeeBhIM MPEICTABIICHNE O MECTE JIEMEHTA B CUCTEME; MOJI0KEHUE JIEMEHTA
oTpezesNsaeTcss HoMepamHu repuojia u rpymnmnsl. Onupasich Ha 3TO pefcTaBieHue, Menaenees
PHIIENT K BBIBOAY O HEOOXOIMMOCTH U3MEHEHUS IPHHSITHIX TOTJa ATOMHBIX BECOB HEKOTOPBIX
anemeHToB (U, In, Ce u ero aHanoros), B 4éM COCTOSIIO TIEPBOE MPAKTHUUECKOE TPUMEHEHHE
[Tepuonnueckoii CHCTEMBI JIEMEHTOB, a TAaK)Ke BIIEPBHIE MIPE/ICKa3all CYIIECTBOBAHUE U
OCHOBHBIE€ CBOMCTBA HECKOJIBKUX HEM3BECTHBIX 3JIEMEHTOB, KOTOPBIM COOTBETCTBOBAIIH
He3anofHeHHbIe kiIeTku [1. ¢. 5. Kiaccnueckum npumepom siBIsieTCs MpeAcKa3aHue
"sxaamromunus” (6yaymiero Ga, otkpsitoro I1. Jlekokom ne bya6onpanom B 1875), "axabopa"
(Sc, otkperToro meeackuM yuéubiM JI.Hunbconom u "sxacumuius” (Ge, OTKPHITOr0 HEMEIIKUM
yuénbiM K.Bunknepom. Kpome toro, MenaeneeB npenckasai CylecCTBOBAaHUE aHAJIOTOB
maprasnia (oOynymmue Tc u Re), rennypa (Po), nona (At), nesus (Fr), 6apus (Ra), tantana (Pa).

1.6 Jlekus Ne6 (2uaca)

Tema: «Xumnueckasi cBsi3b. CTpoeHHe BelIeCTBA)

1.6.1. Bonpocsl JieKuunu:

1. Teopust XMMHUECKOTO CTPOEHUs. TUIIBI XUMUUYECKON CBSI3U.

2 KoBanenTHas cBs3b. MexaHu3Mbl 00pa3oBaHus (OOMEHHBIN M IOHOPHO-AKIIETTTOPHBIH ).

3. CBoiicTBa KOBaJEHTHON CBSI3H:

- ITTUHA;

- DHEprus;

- HaCBHIIIAEMOCTh;

- HaIllPaBJICHHOCTb.

4. l'uOpuausanust aToMHbIX opOuTaneir. opma MOJIEKYJIbI.

5. Buapsl KOBaJ€HTHOM CBS3M : MOJSpHAs W HENOJSpHas. DJIEKTPOOTPULATEIBHOCTD.
[Tomstpu3arus. MOJIIPHOCTH MOJIEKYJ.

6. MonHas cBs3b.

7. MeTannunyeckasi CBA3b.

1.6.2 KparTkoe conep:kaHue BOIIPOCOB
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http://ru.wikipedia.org/wiki/%D0%A5%D0%B8%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D0%B2%D1%8F%D0%B7%D1%8C
http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BE%D1%80%D0%B4%D0%B8%D0%BD%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%BE%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%BE
http://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D0%BA%D0%B0
http://ru.wikipedia.org/wiki/%D0%A1%D0%BF%D0%B8%D0%BD
http://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B8%D0%BE%D0%B4%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D0%BE%D0%B2
http://ru.wikipedia.org/wiki/%D0%9F%D0%B8%D0%BA%D0%BE%D0%BC%D0%B5%D1%82%D1%80
http://ru.wikipedia.org/wiki/%D0%A6%D0%B5%D0%B7%D0%B8%D0%B9
http://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%82
http://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D0%BD%D0%BE%D0%BC%D0%B5%D1%82%D1%80
http://ru.wikipedia.org/wiki/%D0%9E%D0%BF%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%BC%D0%B8%D0%BA%D1%80%D0%BE%D1%81%D0%BA%D0%BE%D0%BF
http://ru.wikipedia.org/wiki/%D0%A1%D0%BA%D0%B0%D0%BD%D0%B8%D1%80%D1%83%D1%8E%D1%89%D0%B8%D0%B9_%D1%82%D1%83%D0%BD%D0%BD%D0%B5%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%BC%D0%B8%D0%BA%D1%80%D0%BE%D1%81%D0%BA%D0%BE%D0%BF
http://ru.wikipedia.org/wiki/%D0%A1%D0%BA%D0%B0%D0%BD%D0%B8%D1%80%D1%83%D1%8E%D1%89%D0%B8%D0%B9_%D1%82%D1%83%D0%BD%D0%BD%D0%B5%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%BC%D0%B8%D0%BA%D1%80%D0%BE%D1%81%D0%BA%D0%BE%D0%BF

1 Teopusi XuMH4eCKOro cTpoeHus. TMNIBI XMMHYECKOI CBSA3H.

CBolicTBa BeIECTBA ONPEACTAIOTCA €r0 XUMUYECKUM COCTaBOM, MOPSJIKOM COCIUHEHUS B
MOJIEKYJIy aTOMOB U X B3aMMHBIM BJIMSIHUEM. Teopusi CTpOeHUsSI aTOMOB OOBSACHSIET MEXaHU3M
00pazoBaHMs MOJICKYJ U IPUPOAY XUMUUYECKOHN CBS3H.

BaxwuenmumMu  BugaMHd  XHMHYECKOM  CBS3M  SBIIIIOTCS  HMOHHAs, KOBaJICHTHAd,
KOOPJMHALIMOHHAS, BOJOPOIHAS U METAJUTMYECKAsl.

2 KoBanentHasa cBsa3b. MexaHu3mbl o00pasoBaHusi (O0OMEHHbIi W JOHOPHO-
aKIeNnTOPHbIH)

B ocHOBe Teopun KOBaJEHTHOMW CBSI3U, KAK U TEOPUU UOHHOW CBS3H, JIEXKUT IIPEACTABICHUE
00 0co00¥ yCTOMYMBOCTH aTOMa, MMEIOIIECT0 Ha BHEIIHEM JJICKTPOHHOM Cjo€ O0O0JIOYKY H3
BOCBMHU 3JIEKTPOHOB. OTIMYME KOBAJICHTHOW CBS3M OT MOHHOW COCTOMT B TOM, 4TO NIpH €€
BO3HMKHOBEHHH aTOMBI MPHOOPETAIOT YCTOWYMBYIO KOH(MHUTypalHMio HE IMyTeM OTIAa4d WU
MPUCOSAMHCHUS SJICKTPOHOB, a TOCPEACTBOM O00pa30BaHUsSI OJHON WM HECKOJBKUX OOIIMX
3JIEKTPOHHBIX Hap. B co3manum 31meKTpoHHOI HMaphl MPUHUMAIOT ydacTHe 00a aToMa, OTJaBasi Ha
e€ oOpa3oBaHME TIO OJHOMY DOJEKTPOHY. OTH DJJCKTPOHBI MPUHAJIECKAT HAPYKHBIM
3JICKTPOHHBIM CJIOSIM 000UX aTOMOB, JOTIOIHSS YUCIIO UX AJICKTPOHOB 710 BOCHMH.

Ecamn snexTpoHbl B HApY)KHOM 3JEKTPOHHOM CJIO€ aToMa O003HAYUTh TOYKAMH BOKPYT
CHUMBOJIa 3JIEMEHTa, TO 00pa30BaHME KOBAJEHTHOW CBSI3U B MoJieKylax (ropa M a3oTa MOKHO
IIPEACTABUTD CIIEAYIOLIEH CXEMO:

o+ = @3
W+ I = @e»

VY aroma ¢ropa Ha BHENIHEM CJO€ HAXOJUTCS CEMb 3JIEKTPOHOB. Kaxplii M3 aroMoB
¢dTopa oTHACT IO OJHOMY DJIEKTPOHY Ha 0Opa3oBaHME OOIIEH 3JIEKTPOHHOM Maphl, BCIEACTBHE
yero o0a aTomMa B MoJieKysie (pTopa mpuoOpeTaroT 3JeKTPOHHYIO KOH(UTYpalnio OauKaiiero
6J1aropoIHOrO ra3a — HEOHA. ATOMBI a30Ta, UMEIOIME Ha BHEIIHEM CJIO€ 1O MATh JIEKTPOHOB,
o0pa3yloT TpH oOmume 31eKTpoHHble mapsl. M B 3TOM ciydae atombl B Moiekyine Np
nproOpeTarT YCTOMYUBYIO BOCBMURJIEKTPOHHYIO 00O0JIOUKY.

[Ipumepamu Oosiee CIOKHBIX COETUHEHHUM ¢ KOBAJIEHTHOW CBS3bI0 MEXAY aTOMaMH MOTYT
CIIY’)KUTh BOJIa U aMMHMAK:

eo%e@

B moiekyne BoAbl KaXIbld M3 aTOMOB BOJOPOJA CBSI3aH C aTOMOM KHCJIOpOAa MHapoiu
o0mmux 37eKTpoHOB. IIpu 3TOM y KHCIOpOoJja BOZHUKAET BO BHEIIHEM CJI0€ BOCBMHMIJIEKTPOHHAS
KOH(Urypanus, a y 000ux aTOMOB BOJOpO/ia MOSBISIETCS YCTOMUMBBIN ABYX3JIEKTPOHHBINA CIIOM.
[TonoGHOE 3MEKTPOHHOE CTPOCHHE MMEIOT aTOMBI BOJOPOAA B aMMMAaKe, a CBA3AHHBIM ¢ HUMHU
aTOM a30Ta COJEPXKUT BO BHEIIHEM CJIO€ BOCEMb 3JEKTPOHOB. B monekynax ¢Topa, a3ora u
HEKOTOPBIX JAPYIHX MOJEKYIax, 00pa30BaHHBIX OJTHOMMEHHBIMH MU OJIM3KUMH 110 XUMHUYECKUM
CBOICTBaM aromMamH, BOSHHKAET HEMOJIIpHAs KOBAJIEHTHAs CBS3b, TaK KaK OOIIas AIEKTPOHHAs
napa pacrojoXKeHa CUMMETPUYHO 10 OTHOLICHMIO K siipaM O0OOMX aTOMOB M MPUTITUBACTCA K
HUM C OIMHAKOBOM CHJION.

3 CBoiicTBa KOBAJICHTHOM CBS3H:

- UINHA;

- DHEprus;

- HACBIIAEMOCTb;

- HAIPaBJICHHOCTh

KOBQJICHTHAs CBS3b, SABISIONIASACS PE3YJIbTAaTOM IEPEKPBIBAHUS 3JICKTPOHHBIX OOJAKOB
B3aUMOJICHCTBYIOIINX aTOMOB, PACIIOIaraeTcs B ONPEAEICHHOM HAMPABIECHUH MO0 OTHOLIEHUIO K
3TUM artomMaM. Eciu mnepekpbplBaHUE 3JIEKTPOHHBIX OOJAKOB IPOUCXOIUT B HAMpPaBICHUU

15



PSAMOM, COSTUHSIONIEH sIipa B3aMMOACHCTBYIONINX aTOMOB (T. €., TI0 OCH CBSI3U), TO 00pa3yercs
G-CBSI3b (CUTMa-CBSI3b).

Cxemaruveckoe M300paKEHHE CHTMa-CBS3M B MOJICKYJIaX BOJIOPOJIA, XJIOPOBOAOPOAA H
XJiopa.

[Tpu B3auMOIEHCTBHM P-IJIEKTPOHHBIX 00JIAKOB, HAIPABICHHBIX MEPHIEHIUKYISIPHO K OCH
CBsI3U, 00pa3yroTCs JBe 00JIaCTH NEPEeKPbIBAHUS PACIOIO0KEHHBIE 10 00€ CTOPOHBI OT ITOH OCH.
Takast KOBaJ€HTHas CBsSI3b Ha3bIBACTCSI T-CBA3bIO (IIU-CBSI3b). M-CBSA3b MOXKET BO3HUKHYTH HE
TOJIBKO 32 CYET P-3JIEKTPOHOB, HO TAKXKE 3a CUET MepeKphIBaHMs d- U P-3JIEKTPOHHBIX 00JaKOB
(6) mnu d-ob6makoB (B).

4 I'mOpuan3anus aTOMHbIX opouTaseid. ®opmMa MoJIeKYJIbI

IIpu obpa3zoBaHHU MOJIEKYJIbl 3JEKTPOHHBIE 00JaKka U3MEHSIOT cBowo (Gopmy. Hampumep,
BMECTO HEpPaBHOLEHHBIX S- U P-DIEKTPOHHBIX OOJAKOB MOTYT OOPa30BBIBATHCS PABHOIICHHBIC
ruOpuiHble (CMEILIaHHbIe) 3JEKTPOHHbIE oOsiaka. B pesynbraTe rubpuausaluu 3JI€KTPOHHBIE
obmaka mpuoOpeTaroT 6osee BRITIHYTYIO (hopMy. ITO obecriednBaeT OOJIbIee UX MEPEKPHIBAHUE
U, CJIEJIOBATENIbHO, YBEIMYUBAET SHEPTUI0 KOBAJICHTHOM CBSA3U. BBIMIPHIII SHEPTUU MPEBBIIIACT
3aTpaThl €€ Ha OCYLIECTBJIEHWE TMOpUIN3alluu JIEKTPOHHBIX opOuTanell. Ha puc. 8 mokazana
dopma rubpunHoro sp-obnaka. M3 s- u p-opOutanu oOpa3yroTcs Be THOPHUAHBIE Sp-OpOUTay,
BBITSIHYTBIC B TIPOTHUBOTIOJIOKHBIX HANpaBICHUSIX. B 3aBUCUMOCTH OT 4Hcia W TUTIA OpOUTAaJIeH,
y4acTBYIOUIMX B THMOpHAM3aLMM, B3aUMHOE PpACHOJOXKEHHE TUOpPUAHBIX opOuTaneil B
poCTpaHCcTBE OyaeT pa3nuuHbiM. Ecnu B ruOpuau3anuy NpUHAMAIOT YY4acTHE OHA S- U JIBE P-
opburtanu (sz-FI/I6pI/II[I/I3aI_II/I}I), TO 0Opa3ylTCsl TpU paBHOLIEHHBbIE THOpHJIHBIE OPOUTAIH,
pacrojararoumecss B OJHOW IJIOCKOCTH W OPUEHTHPOBAHHBIE JAPYT OTHOCUTENBHO Jpyra Ioj
yraom 120 °.

Ipy THOPHM3ALMH THIIA SP°, B KOTOPOIl IPHHAMAET Y4acTHE OJHA S- W TPH P-OpOUTAIH,
oOpasyrolyecss paBHOLIEHHBIE YeTbIpe OPOUTAIN BBITSHYTHI B HAlpaBICHUSX K BEpLIMHAM
TeTpas’pa.

VY aromoB osnemeHtoB III u mocneayrommux nepuonoB, umeommx d-opburtanu, B
ruOpuaM3aIid  4acTo MPUHUMAIOT ydacTue ABe d-, ogHa S- W TpHU p-OpOUTAIHU (sp3d2-
ruOpuauzanust). B sTom ciydae oOpasyercs IIecTb PaBHOLCHHBIX THOPHUAHBIX OpOHUTajei,
HAIpaBJICHHBIX K BEPIIMHAM OKTad/Ipa.

0-CBsI3M  OCYIIECTBIIAIOTCA 3a CU€T MEepeKpbIBaHUA Kak TMOPUIM30BAHHBIX, TaK M
HErMOpUAN30BaHHBIX OpOMTaNel, 7-CBA3M — UCKIIOUUTENBHO 3a CU€T MepeKphIBaHUsA
HernOpHUIN30BaHHBIX opOuTaneid. HampaBieHHOCTh G-CBs3e 0O0YCIOBIMBAET CTPYKTYPY
MoJiekynbl. OnuHapHas CBA3b MEXIY aTOMaMu — BCerjia G-CcBA3b. B Monekymnax, coaepkammx
KpaTHbIE CBSI3U, OJIHA G-CBS3b, a OCTaJIbHBIE T-CBA3H. Hampumep, B Mosekyne a3ota, UMEroIen
TpoitHyto cBs3b (:N=N:), conepKuTcs 0/iHa G- U JIBE T-CBS3H.

I'eomerpuueckas opma MONEKYJI COCIMHEHHH 3aBUCUT OT THIIa TUOPHIHBIX OpOWTaseH,
YYacTBYIOUIMX B OOpa30BaHMM KOBAIEHTHHIX CBsized. ['MOpHIHBIM Sp-OopOHMTaIsIM OTBEYaeT
JIMHEiHAs CTPYKTypa MOJEKYJ, Sp>-THOPHIM3AHS TPHBOIAT K OOPA3OBAHMIO IUIOCKHX
TPEYroJbHBIX MOJIEKYJ, TpU Sp -TUOpUIM3AIMK  OOPa3yIOTCSI MOJIEKYNBl TETPadApUUECKOM
DOPMBI, pe3yIIbTaT THOPUAM3AIIH THIIA SP-0° — MOJIEKYJIbI OKTAdAPHUECKOH KOHPHUIYPAILIHH.
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S. Buabl KOBaJICHTHOM CBSI3H: MOJISIPHAsl U HENOJSAPHAs. DJIeKTPOOTPULATEIbHOCTb.
Iossipu3anus. NOJIAPHOCTH MOJICKYJI

IIpu cOmmkeHUM JBYX aTroMOB, HMEIOLIUMX BO BHEUIHUX 3JIEKTPOHHBIX 000JI0YKax
HECIIapEHHBIE JJIEKTPOHBI C aHTUIAPAUICIbHBIMU CIHUHAMH, MEXKIy HUMHM Ha4YHMHAET
JIeCTBOBATh B3aMMHOE MPHUTSKCHHE. B pe3ynbraTe 3T aTombl COMMDKAIOTCS emie Ooiblie,
IPOMCXOIUT 3aMbIKaHUE MOJIeH U 00pa30BaHUE IEKTPOHHBIX nap. OJHAKO pacyeT Mmoka3al, 4YTo
caMo 1o cebe 3aMbIKaHHME€ MAarHUTHBIX TOJEW AJIEKTPOHOB CO CHHUHAMHU MPOTHBOIOJIOXKHBIX
HalpaBJICHUH JaeT JIMIIb OYE€Hb HEOOJIBIIYI0 4acTh TON OOIIel SHEepruu, KOTopas BbLIEIAETCS
npu o0pa3oBaHUM TPOYHOM BAICHTHOM CBSI3M MEXAYy aromMamu. Hamumume HecmapeHHBIX
JJIEKTPOHOB  CIEJyeT paccMaTpuBaTh JIMIIb Kak HEO0OXOAMMOE YCJIOBHE 0Opa3oBaHMs
XUMHUYECKON CBS3H, SBIISIOLICHCS Pe3yIbTaTOM IITyOOKOTO B3aWMOJICHCTBUS 3JICKTPOHHOM Maphl
C siipaMu 0OOUX aTOMOB. /1€ OCHOBHOE 3HAUCHHE UMEIOT IEKTPHUUECKUE CUJIBI.

6. Monnas cBs3b

CornacHo Teopuu MOHHOM CBSI3U, CAMOW YCTONYHMBOMN AJIEKTPOHHOU KOH(UTYpaluei atoma
ABJIIETCS TaKasl, MPU KOTOPOH BO BHELIHEM 3JIEKTPOHHOM CJIO€ HAXOAWUTCS BOCEMb WJIM [Ba
3JIeKTpoHa (MOAOOHO OJIaropoAHBIM raszam). /I0BOJBHO yCTOWYMBBI TAaK)KE aTOMbI, BHEIIHErO
CJIOM KOTOPBIN COJEPKUT 18 31EKTPOHOB.

Bo Bpems XuMHYeCKUX peakUMi aTOMBbl CTpeMSTCs MpHoOpecTH Haubosiee YCTOHYMBYIO
AIIEKTPOHHYIO KOH(MUTypaiuo. JTO JOCTUTaeTcsl B pe3yibTaTe MPUCOEAUHEHMS 3JIEKTPOHOB
aTOMOB APYTUX JIEMEHTOB WM OTAA4YU 3JIEKTPOHOB U3 BHEIIHETO CJI0s APYTUM aTOMaM. ATOMBI,
OTJABIIME YacCTh JJEKTPOHOB, MPHOOPETAIOT TMOJIOKUTEIBHBIA 3aps] ¥  CTAHOBATCS
IIOJIO’KUTEIBHO 3aPSIKECHHBIMU MOHAMU. ATOMBI, IPUCOECIUHUBLINE JJIEKTPOHBI, IIPEBPALIAFOTCS
B OTPHUILATEJBHO 3apsSKEHHbIE MOHBL. Pa3HOMMEHHO 3apsDKEHHBIE MOHBI YAEPKUBAOTCS JPYr
OKOJIO JIpyra CHJIaMH 3JIE€KTPOCTaTHYECKOIO IPUTSKEHUS.

7. Mera/uin4eckas cBf3b

Mertannuueckasi CB3b — 3TO CBA3b, B KOTOPOM 3JIEKTPOHBI KaXJ0r0 OTAEIBHOIO aToMa
INpUHAJJIE)KaT BCEM aTOMaM, HaxoJsAUIMMCS B KOHTakTe. B pesynbrare mnepekpbIBaHUS
BAJICHTHBIX OpOWTaJiell aTOMOB BO3HMKAIOT PHEPreTHUECKHE YPOBHH, OOIIee YMCIO KOTOPBIX
PaBHO YHMCIY B3aUMOJAEHMCTBYIOIIMX aTOMOB. B kpucramie, coaepkalieM OAWH MOJb aTOMOB,
KOJIMYECTBO DHEPreTHUUECKUX ypOBHeI‘/’IzyaBHO 4yucily ABOrajgpo, a pa3sHOCTb JHEPIHM ABYX
coceqHux ypoBHel umeer nopsgok 1077 B. [loatomy oOpa3yercs nmpakTHUECKH HETpepbIBHAsS
HHEpreTUYecKas 30Ha, B Ipejiesiax KOTOpOi Mmepexo/| 3JIeKTpoHa Ha Oyinkaiimii 0osee BHICOKHMA
YPOBEHb IIPOUCXOAUT OUEHb JIETKO.

1.7. Jlekuus Ne7 (2uaca)

Tema: «JHeprernka u HanpapJIeHHEe XHMHYECKHUX NPOLECCOB)

1.7.1.Bonpocskl JieKuum:

1. TemnmoBoi »(PQEeKT XUMHYECKUX peakuuil. DK30- M SHIOTEPMUYECKHE pPEaKlUu.
TepMoxuMHuuecKre ypaBHEHHUSI.

2. BHYTpeHHSs SHEPrus U SHTAJbIINS.

3. 3akoH ['ecca u cneacTBus U3 Hero. JBHXKyIIME CHIIBI XUMUYECKOTO ITPOIIecca.

4. Tlonarue o6 sHTponuu. HampaBieHue caMonpou3BOJIBHOIO MPOTEKAHUS XUMUYECKOI
peaxIuu.

5. Ouneprust [ m66ca XMMUYECKOM peaKiyu.

1.7.2. KpaTkoe coaep:kaHue BONPOCOB
1 TennoBoii 3pdexkT XMMHUYECKHX peaKuMil. IK30- U IHAOTEPMHUYECKHE PeaKIHH.
TepMoxumuveckne ypaBHeHUs!
Tepmoxumusi, paszziesl XUMHUYECKOM TEPMOJIWHAMHUKH, BKIIOYAIOUIUNA OMpPEACIICHUE
TEIIoBOro 3¢ (deKra peakluud U YCTAHOBICHHE €ro 3aBUCUMOCTH OT (DHU3UKO-XUMHUYECKUX
napaMeTpoB. B 3aauy TepMOXMMHH BXOJUT TaKkKe M3MEPEHHE U BBIYMCIIEHUE TEIJIOT (a3oBbIX
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IEPEXOJ0B, PACTBOPEHUs, pa30aBieHHs U JPYrHX IPOLECCOB, HM3YUYEHHE TEIIOEMKOCTEH,
SHTAJIBIIUN U SHTPOIUI BEIIECTB

2. BHYTpeHHsIsl JHEPTUsl ¥ JHTAJIbINUS

OCHOBHBIM  DKCIEPUMEHTAJIbHBIM METOJI TEPMOXUMHHM — Kailopumerpus. HWHorna
UCTIONIE3YIOTCSl HEKAJIOPUMETPUUYECKHUE METOJbI (pacdeT TeIUIOBBIX 3()QEeKTOB M3 Pe3yabTaToB
U3MEpPEHUs] KOHCTAHT PaBHOBECHUS, 3AC M T.I.), OAHAKO B 3TUX CIIydasx pe3yjbTaTbl OOBIUHO
MEHEE TOYHBI.

B 1840 rony xumuk ['ecc oTKpbUT 3aKOH, Ha3BaHHBIM MO3/IHEE €r0 UMEHEM, 3TOT 3aKOH
JaeT BO3MOKHOCTH OIPEACISATh PACUETHBIM ITYyTEM TEIUIOBBIC dPPEKTHI PEeaKIMii 10 TeII0oTaM
00pa3oBaHMUsl MCXOJHBIX BEIIECTB U MPOAYKTOB HJIM IO TEIUIOTAM UX CropaHus. TeM cambiM,
OTKpBIBasi TyTh JUIS OMNpPEIeICHHs] TEIJIOBBIX d3()QPEeKToB peakuuid, KOTOpPBIE TPYIHO
OCYIIECTBUMBI, & UHOTJIa U HEBO3MOKHO. HeoOxonumele uisi pacuera CTaHAApTHBIE TEIIOTHI
o6pazoBanust AH,g,” coOpans! B hyHIaMEHTAIBHBIC TEPMOXUMHIECKHIE CIIPABOYHHKH.

B cepenune XIX Bexa Tomcen u beptio Bbickazanu uaet0, COraacHO KOTOPOH XUMHUYECKHE
peakiuu, MpoucxonsdiMe ©Oe3 TMOABOJA SHEPrMH H3BHE, IMPOTEKAIOT B HAMPABICHUH
MaKCHMaJIbHOTO BBIJICICHUS TEIUIOTHl. MM M MX y4eHHKaMu ObLIM pa3pabOoTaHbl OCHOBHBIE
OKCIIEPUMEHTAJIbHBIC METOJUKH TEPMOXUMHH W HW3MEPEHBI TEIUIOBBIE 3(PQPEKTI MHOTHX
pEeaKIuu.

Xota B obmiem Buze npuHOUN beptiio-ToMceHa okasaiicsi HEBEpeH, HO 32 TEPMOXUMUEH
COXpaHWJIACh BEAYyIas POJb B MCCIEIOBAHUU BO3MOXKHOCTU MPOTEKAHUS XUMUYECKUX PEAKIUi
B 3aJaHHBIX ycnoBusX. Tak, ypasHeHue AH - TAS=-RTInK, sBistomeecs o6o0meHremM nepporo
¥ BTOPOro Havaja TepMoauHamMuku (AH — m3aMeHeHue SHTanbnuu, AS — U3MEHEHHE DHTPOIHU
IpU XUMUYECKOU peakiuu, T — TemmepaTtypa, R — razoBas mocTosiHHasI), TO3BOJISIET PACCUUTATH
KOHCTAaHTy paBHOBecHs Ky 1r000i peakIyy yepes3 TeIIOBbIE BETHYHHBL

N3menenue sHranmbnuu (TEIOBOH 3(PQEKT) OYeHb MPOCTO MOXKET OBITh HM3MEPEH B
naboparopun. OOBIYHO 3TO JENAIOT, OKpPY)Kasg 30HY pEaKIUH: NpU OSTOM IMPOUCXOIUT
sHeprooomeHn. Ecnm peakuus sBiseTcs SK30T€PMHUECKON, TO BOJa HarpeBaeTcs, €ciu
SHIOTEPMUUYECKON — TO OXJaxaaercs. Ecnu u3mMepuTs U3MEHEHHEe TeMIepaTypbl BOJBI U €CIU
M3BECTHA Macca BOJbl M €€ yJeNbHasg TEIUIOEMKOCTb, TO MOKHO BBIYMCIHTH KOJIMYECTBO
MOTJIOIIEHHOW WJIM BBIICJICHHOM B MPOIECCE XUMUUECKON PEAKIIUU SHEPTHUU.

3. 3akon I'ecca u caeacTBus U3 Hero. JIBHuKyIue CHJIbl XMMHYECKOr0 mpouecca

5 5

obp— “cmop &

[Tonp3ysick TAOTUYHBIMU 3HAYEHUSIMU u EB, MO>HO pacCYUTaTh SHTAIBITUU
pa3IUYHBIX XUMHUYECKHX TMPOIeccOB M (a3oBbIX NpeBpaimieHuii. OCHOBaHHMEM I TaKUX
pacueToB sBiseTcs 3akoH ['ecca, copmynupoBaHHBIN merepOyprckum mpodeccopom [ .
Feccom (1841 1.): «TemmoBoit 3pdeKT (FHTANBITNA) MPOIIecca 3aBUCUT TOJIBKO OT HaYaJIbHOTO U
KOHEYHOT'O COCTOSIHUSI U HE 3aBUCHUT OT IYTH IIEpEeX0a €ro U3 0OJHOr0 COCTOSIHUS B IPYTOE».

Amnanus 3akoHa ['ecca no3BossieT chopMynHpoBaTh CAEAYIOLUIUE CAEACTBUS:

1.DOHTanpnus peakiuu paBHA PA3HOCTH CYMM ODHTAIBINUNA 0Opa3oBaHUS KOHEYHBIX H
HAYaJIbHBIX YYACTHUKOB PEAKIINI C YIETOM UX CTEXMOMETPUUECKHX KOI(DPHUITUEHTOB.

AH = z:AHOGp.KOHeqH -
ZAH06p.Haq

2.0HTaJBIUS pEaKIMM paBHA PA3HOCTH CYMM OSHTAJIbIHUM CropaHus HayalbHBIX U
KOHEYHBIX PEareéHTOB C YU€TOM HX CTEXUOMETPUUYECKUX KOA(P(PUIIUEHTOB.

AH = 2'AHcrop.Haq -
ZAHCFOp.KOHe‘IH

3.DHTanpIUs peakliy paBHA Pa3HOCTU CYMM SHEpruii cBsszeil E.; MCXOAHBIX U KOHEUHBIX
PEareHToB C YYETOM HX CTEXHOMETPUYECKUX KOAIPPHUIIMEHTOB.
4. Ilousitue 00 »3HTponuu. HampaBieHue CaMONPOU3BOJBLHOIO TNPOTEKAHUS
XHMHYECKOH peaKuu
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TunuyHeld BUJ TEMIIEpAaTypHON KPUBOM IIPABUIIBHO IIOCTABICHHOIO KAJIOPUMETPUYECKOTO
OMbITa MPU HU3MEPEHUUIK30TEpMHUECKOro 3(dekTa mokasaH Ha pucyHke 3. Bemuuuny At c
Y4ETOM TerI000MeHa MOKHO PACCUMTATh AHATUTUYECKUM HITH TPaQUUECKIM CIIOCOO0OM.

IIpu rpadpuueckom omnpeneneHur At Ha MWUIMMETpoBOW Oymare Ha ocu abcuucc
OTKJIIbIBAOT BpeMs B Macwmtabe 1 MuH = 1 cM, Ha ocu OpAMHAT — TEMIIEpaTypy, BbIOOD
Macirada KoTopoi 3aBucuT OoT BenuuuHbl At. [Ipu At<1° 1°=10 cm; At>1° 1° — 5 cm. Ilocne
TOrO0 KaK Ha rpaMK HaHECEHbl BCE SKCIIEPUMEHTaJbHbIE TOYKH, Hoiy4aercs Kpuas ABCD.
VYyactok AB Ha3zbiBaeTcst HayasbHbIM 1epruoioM, BC — rinaBabiM, CD — KOHEUYHBIM.

5. DOneprusi 'n60ca xumMmu4eckoi peakuumn

PaboTa npou3BoauTCSA HA yCTAaHOBKE YIPOILEHHOTO THIIA, TO3BOJISIONICH MTPH THIATEIHHOM
IPOBEICHUN  KAJOPUMETPUUYECKUX  ONBITOB M  IPABUIBHO  BBIOPAHHBIX  YCIOBMAX
(IpOIOJKUTENBHOCTh ONBITa HE JOJDKHA IPEBBILIATH S5 MHUH) I[OJIy4aThb pe3yJbTaTbl C
HOTPEIIHOCTBIO 0KOJIO +1%. ['maBHBIMU (akTOpamu, ONpeesOUMMU TOYHOCTh pe3yJbTara,
OyIyT mOrpemHocT At, Tak Kak OIIMOKY B3BEIIMBAHUS HE IPEBBILIAIOT COTHIX J0JIEH MpOLEHTA.
B xanopuMeTpruyeckoi yCTaHOBKE TEMIIEpATyphl U3MEPSIOT IIPU OMOIIM TepMoMeTpa bekmana,
TOYHOCTh OTCYETA II0 KOTOPOMY COCTaBJISI€T B JAHHBIX ycinoBusx okoso +0,005°, moaromy
BO3MOXKHas. NorpemHoctb B omnpeneneHun At cocraButr +0,01°. OrtHocurenpHas omuoOKa,
BHOCHMasl B PE3YyJIbTaT 3a CYET HETOYHOCTU U3MEPEHUs TEMIIEPATYp, BBIPAKAETCS OTHOLIEHUEM
norpemtHocTH K Aty,. Tak, nmpu yka3aHHOM TOYHOCTH M3MEPEHMH IO TepMoMeTpy bekmana u
At=1° norpemHocTtb Aty coctaBiser +1%, npu At=0,1° ona pasaa +10%.

1.8 Jleknusa Ne§ (2uaca)

Tema: «Xumuveckas kuHeruka. Karaaus»

1.8.1.Bonpocel JieKnum:

1. Knaccugukaus peakiuii B XMMU4YecKol KuHeTuke. IIOHSATHE CKOpOCTH XHMHYECKOM
peakuuu.

2. @aKkTOophbl, BIUAIOIINE HA CKOPOCTh XMMUUYECKHUX PEAKLINH.

3. 3aBHCHMOCTh CKOPOCTH PEaKIMU OT KOHIEHTparuu. OCHOBHOM 3aKOH XHMHYECKOU
KMHETUKH. KOHCTaHTa CKOPOCTH.

4. 3aBHCHMOCTb CKOPOCTH peakuuu oT TemmepaTypsl. [IpaBuno Bant-T'opda. Dneprus
aKTUBAIHH.

5. Karamutuyeckne peakiuu. ['OMOreHHBII W TreTeporeHHbI Karanu3. MexaHnusm
Karanau3a. ABTOKATaJu3.

1.8.2. Kparkoe cogep;kaHue BONPOCOB

1 Knaccupukauusa peakuuidi B XuMHYecKoil KuHeruke. IlonsiTme ckopocTu
XHMHYECKOH peaKLHu.

N3ydaeT nmaHHBI pa3fgen MEXaHU3Mbl MNPOTEKaHUS XUMHYECKHUX PpEaKIHil, MOpsAI0K
XUMUYECKOM peaklMy, a TaKKe 3aKOHOMEPHOCTH IIPOTEKaHUs XHUMHUYECKUX pPEaKLHUi BO
BPEMEHU.

Haunem co ckopocTu npoTekaHusi XUMHUECKON peakiuu. CKOpOCTh XMMHUUECKON peaKun
OIIpENIeNAETCs KaK U3MeHeHUue MONAPHOU KOHYEHmpayuu 00OHO20 U3 peasupyrouux eewecms 3a
eounuyy epemenu. CKOPOCTh XUMHMUYECKOW peakIUH - BEJIMYMHA BCErJa MOJOXKHUTEIbHAs,
MO03TOMY €CJIM OHA OIpPENEAeTCs 10 UCXOAHOMY BEIIECTBY (KOHILIEHTPAIHs KOTOPOTO yOBIBAaeT B

IPOIIECCE PEAKIINH), TO MONYyIEHHOE 3HAUCHHUE IOMHOXKAeTCst Ha -1.
ac oA
i} _%c_ o4
Hanpumep, mis peakupn A + B — €'+ D, ckopocTs MOXHO BBIpa3HTh Tak: '~ o ot
B 1865 rony H.H. bekeroeim u B 1867 togy K.M. I'ympabeprom um I1. Baare Obin
copMynHUpOBaH 3aKOH JCUCTBYIOIIMX MAacC, COTJIACHO KOTOPOMY CKOPOCHIb XUMUUYECKOU
peakyuy 6 KaxcOblli MOMEHM 6PeMeHU NPONOPYUOHANbHA KOHYEHMPAYUIM Ped2enmos,

6036€0CHHbIM 8 HeKomopble Cmeneru. KpOMe KOHICHTpAallMKU Ha CKOPOCThb XUMHUYECKOM pcakunn
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OKa3bIBAIOT BIIMSHHUE CIEAYyIOIKe (aKTOphl: MPUPOJA PEarupyroluX BEIIECTB, HAIUYUE
KaTajan3aTopa, TeMIlepaTypa U IUIOIIa/(b MOBEPXHOCTH PEarupyroINX BEUIECTB.

2. @akTOopbl, BIUAIONINE HA CKOPOCTh XMMHUYECKHX peaKuuii

CKopocTh peaklMM 3aBHCUT OT MPUPOJbI pearupyroliux BemecTB. HekoTopsle peakuuu,
HallpuMep B3PBIBbI, MPOTEKAIOT MIHOBEHHO, Ipyrue HAyT rojgamud. Ha ckopocTh peakiuu
BIIUSIIOT MHOTHE (PAaKTOPBI: KOHLIEHTPALIUS, TEMIIEpaTypa, KaTallu3aTopbl, BHEIIHUE BO3ACHCTBHUSL.

3. 3aBHCUMOCTb CKOPOCTH pPeakuuu 0T KOHUeHTpanun. OCHOBHOM 3aKOH XUMHYeCKO i
KHHETHKH. KOHCTAHTA CKOPOCTH

Uro0bl mpom3oIUIa peakius, HEOOXOJAUMO CTOJKHOBEHHWE MOJieKyd. llpu omHOMU
TEMIEpaType YHUCIO CTOJKHOBEHUH pacTET C YBENMYCHHEM YHCIIa PEarupyrolldx 4YacTUIll B
eauHuIe 00bEMa, T.€. C BO3pacTaHUEeM KOHIICHTPALUU pearcHTOB.

CkopocTh HeOOpaTUMOMN PEAKIINHU:

_ nb~nD
v=kC;°Cp
k - xoHcraHTa CKOPOCTH PCAKIIHM, nBI/I nD - KOS(b(bI/ILII/IeHTBI, Ha3bIBACMBIC ITOPAIKAMHA

peakmuu 1o Bemectsam B u D.

4. 3aBucMMOCTH CKOpOcTM peakuuu 0T Temmneparypbl. IIpaBuao Bant-I'odda.
JHeprusi AKTUBALMH

[loBpllIeHNE TEMIEpaTyphl YCKOpsSET OOJBUIMHCTBO XUMHYECKMX peakuuil. CoriacHo
npaBuity Bant-I'opda npu nosbsiuenun temmeparypsl Ha 10 K ckopocTh MHOruX peakuui
yBenuuuBaercs B 2-4 pasa v, = v,y 0

V2 u V1 ckopoctu peakuuit mpu temneparypax 72 u 71, Y xodpduument, 3HadeHue
KOTOPOTO JUISl HAOTEPMHUYECKOW PEAKUMU BBIIIE, YEM IS 3K30TEPMHUYECKOW peakuuu. s
MHOTHX peakiuuii Y JISXKUT B penenax 2-4.

5. Karanutnueckue peakunum. ['oMoreHHblii m rereporeHHblii kKataau3. MexaHusm
KaTaju3a. ABTOKaTaIu3

B xome xuMuueckol peaknuu pa3pyliaroTCs OJHU U BO3HUKAIOT JPYTHE MOJIEKYJbI U
COCMHEHUS, NPOUCXOAUT HU3MEHEHUE XHMHYECKMX CBS3€H, T.€. IIepepaclpeleeHue
AJIEKTPOHHOM TIIOTHOCTU. Eciam OBl cTapple XMMHYECKHE CBS3M B XOJE PEAKIUU Cpasy
MOJTHOCTBIO Pa3pyIIaINCh, TO Ha ATO MOTPeOOBaIoCh Obl OONBIIOE KOIUYECTBO JHEPTUU U
peakuus npoTekana KpaHe MemiieHHo. Kak moka3anu mccieoBanus, B X0/I€ PEaKIUu CUCTeEMa
MPOXOJTUT Yepe3 MEePeXoHOE OJHOPOJHOE COCTOSHUE uepe3 00pa3oBaHME, TaK Ha3bIBAEMOTO,
AKTUBHPOBAHHOTO KOMILIEKCA.

1.9 JIekums Ne9 (2uaca)
Tema: «O0mas xapakTepucTuka pactsopoB. Pacrsopumocts BemecTB. Crioco0b1
BbIPa’KeHHs] KOHIEHTPALMU PACTBOPOB)

1.9.1 Bonpocs! Jekuum:

1. Jucniepcubie cucremsl. KomtoniHeie pacTBOPBI.

2. OO6mas xapaktepucTuka pacTBopoB. Ilpomecc pactBopeHus. PacTBopuMOCTb Kak
(bU3UKO-XMMHUYECKUHN TIPOIIECC.

3. Teopuu pacTBOpOB: XUMUYECKas U PU3NYECKas.

4. IlepechllieHHBIE PACTBOPHI.

5. Ocmoc.

6. 3amep3aHue U KUIIEHUE PaCTBOPOB.

7. CriocoObl BbIpa)KeHUSI KOHIIEHTPAIUU pacTBOPOB. TUTpUMETpUYECKUIT METO
OIpe/EeNIEHUs] KOHLIEHTPAIlMU pacTBOPOB

1.9.2 KparTkoe coaep:kaHne BOIPOCOB
1 MucnepcHble cuctemMbl. KoslsionaHble pacTBOPbI
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JliucniepcHble CUCTEMBI. B Iipupo/ie M TEXHUKE 4acTO BCTPEYAIOTCS JUCIIEPCHBIE CUCTEMBI,

B KOTOPBIX OJIHO BEUIECTBO PABHOMEPHO PACIIPEIEIICHO B BUJI€ YACTULl BHYTPH JIPYTrOro
BELIECTBA.

B nucnepcHbIX cucTeMax pa3inyaroT AUCIEPCHYIO (ha3y — MelKopa3apoOiieHHOe
BELIECTBO U JIUCIIEPCUOHHYIO Cpeay — OJHOPOAHOE BEIIECTBO, B KOTOPOM pacIipesiecHa
nucriepcHas $aza. Hanpumep, B MyTHOM BoJie, COAepIKaIICH TTIUHY, TUCIIEPCHON (a3on
ABJIAIOTCS TBEP/AbIE YACTUUKH TJIMHBI, a JUCIIEPCUOHHON CPeI0 — BOJa; B TYMaHe JUCIEpCHas
¢aza — 4acTUUKHU )KUJIKOCTH, TUCIIEPCUOHHAS cpeia — BO3IyX; B AbIME AucriepcHas ga3za —-
TBEP/IbIC YACTHYUKHU yTJIA, IUCIIEPCUOHHAS Cpe/ia — BO3yX; B MOJIOKE — JTUCIepcHas daza —
YaCTUYKH KUPa, TUCIIEPCUOHHAs Cpe/la — KUJIKOCTh U T. .

K nucnepcHbIM cucTeMaM OTHOCSTCSI OOBbIYHBIE (MICTUHHBIE) PACTBOPHI, KOJIJIOUHBIE
pPacTBOPBI, a TAKKE CYCIIEH3UU U AMYJIbCUH. OHU OTIMYAOTCS APYT OT APyra IMPexIe BCEro
pasMepamu 4acTull, T. €. CTETIEHBIO JUCIIEPCHOCTH (Pa3ApOOICHHOCTH).

2 O0wmas xapaktepucTuka pactsopos. Ilpouecc pacTBopenusi. PacrBopumocTs Kak
(pu3MKO-XUMHUYECKHUI ITpouecc

PacTBOpeHue mporekaer ¢ 00pazoBaHUEM Pa3IUYHBIX MO (HOpPME U MPOYHOCTH MPOTYKTOB -
runparoB. [Ipu 3TOM y4acTBYIOT CHIIBI KaK (PU3MUECKOU, TaK U XUMHUYECKOH mpuposl. [Ipomecc
pPacTBOPEHMSI BCIEICTBUE TAKOTO pOJA B3aMMOJEHUCTBHI KOMIIOHEHTOB COIPOBOXKIACTCS
Pa3IMYHBIMU TEIUIOBBIMU SIBIICHUSIMHU.

DHepreTu4yeckol XapakTEepUCTUKONH pacTBOPEHHS SBISETCS TeIwioTa o0pa3oBaHUS
pacTBopa, paccMarpuBaeMas Kak anreOpandeckasi cymMma TEIUIOBBIX A((EKTOB BCEX JHIO- H
9K30TEPMHUUYECKHX CTaIui mporecca. Haubosee 3HaUNTEIHHBIMU CPEN HUX SIBIISIOTCS:

— MOIVIOIIAOIIME TEIJIO MPOLECCHl - pa3pylIeHUue KPUCTAUINYECKON PEIIETKU, Pa3pbIBbI
XUMUYECKUX CBS3€H B MOJIEKYJIAX;

— BBIICNAIOIIME TEIUIO TMpolecchl - O00pa3oBaHME NPOAYKTOB B3aUMOAECHCTBUS
pPacTBOPEHHOTO BEIIECTBA C PACTBOPHUTENEM (TUAPATHI) U JIp.

3 Teopuu pacTBOpOB: XMMHYecKas U puznvecKas

3aBUCUT OT TPUPOABI JKHUJIKOCTH, Ta3a, TEMIIEpaTyphl, AABJICHUS Tra3a U IPUCYTCTBHUS
HA3bIBACTCS B JKUJIKOCTH JIp. pacTBOPEHHBIX BemiecTB. [Iporecc pacTBopeHus rasza B *KHUJIKOCTH
Ha3bIBaeTcs ajacopOumei. CTporux 3aKOHOMEPHOCTEH OMHMCAHUS 3aBHCHMOCTH PacTBOPUMOCTH
ra3a B JKUJKOCTH OT MX MPHUPOAbI HE nMeeTcs. ['a3bl, MMerolue NOMSAPHYI0 MOJEKYIy, JIydlle
pPacTBOPSIIOTCA B MOJISIPHBIX pacTBopuTensX. HemosspHble B HemodsipHbIX. Eciu cpaBHUBATH
PacTBOPUMOCTD Pa3IMYHBIX HEMOJSPHBIX Ta30B B HEMOJSPHBIX PACTBOPUTEINSX, TO Ta3bl JETKO
C)KMMaeMble B YHUCTOM COCTOSIHUH, oOnajaromue 0osee BBICOKOH KPUTHUYECKOW TeMmmepaTypoi
ABIIsieTCsl 00Jee pacTBOPUMBIMHU. 3aBUCUMOCTh OT JaBiieHMs mpu noctosiHHoM T ompenensiercs
3akOHOM ['€HpH 1O KOTOpOMYy . - JaBI€HHE HaJ IKHIKOCThIO, - KOI(PDUIIUEHT
MPOTOPIIMOHAIBHOCTH, KOHCTaHTa ['eHpu. 3akoH ['enpu 3amuceiBaercs . 3akoH ['eHpu MoxeT
OBITH JIETKO MOJIYY€H U3 YCIOBHM reTepOreHHOr0 paBHOBECHS

4. IlepechllieHHbIE PACTBOPbI

[Tpu HarpeBanuu cmecu conu ¢ Boxoit 1o 1000C mpousoitaér pacteopenue 39,8 r NaCl B
100 r Bogsl. Ecniu Teneps yianuTh U3 pacTBOpa HEPACTBOPHUBIIYIOCS COJIb, & PACTBOP OCTOPOKHO
oxnaguth 10 200C, M30BITOYHOE KOJMYECTBO COJM HE BCErJa BBINAAAET B 0CaJ0K. B sTom
Clly4ae Mbl UMEEM JIEJI0 C MEepEeHACBIIIEHHBIM pacTBOpoM. [lepeHachileHHbIe PacTBOPhl OYEHb
HeycToiunBEl. [loMemmBaHue, BCTpSXUBaHUE, J00ABICHHWE KPYIMHHOK COJMH MOXET BBI3BATh
KPUCTAJIIIM3ALMIO U30BITKA COJIM U TIEPEXO0/]] B HACHIIIEHHOE YCTOWYMBOE COCTOSIHUE.

IlepeHAaChIINIEHHBI pacTBOp - pacTBOp, COJAEpXKAIIMWii OOJbINEe BEIIECTBA, YeM B
HACBIIICHHOM.

5.0cmoc (0T rped. OGLOC — TOMYOK, JABIEHHE) — MPOIECC OJHOCTOPOHHeH audbysuu
Yyepe3 HOJIYIPOHMIIAEMYIO MEMOpaHy MOJIEKYJl pAacTBOPUTENE B  CTOPOHY  OOJbIICH
KOHIIEHTPAllMu  PAacCTBOPEHHOTO BemlecTBa U3 00bEMa € MeEHbIIEH KOHLEHTpauuen
pPacTBOPEHHOI'O BELIECTBA.

6. 3amep3aHue U KMIleHHE PACTBOPOB
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KonnuraruBHsie cBOWCTBa paCTBOPOB — 3TO T€ CBOMCTBA, KOTOPBIE MPH JIAHHBIX YCIOBUSIX
OKa3bIBAIOTCS PAaBHBIMU M HE3aBHUCHUMBIMU OT XUMHUYECKOW MPHUPOIBI pACTBOPEHHOTO BEIECTBA;
CBOICTBa pacTBOPOB, KOTOPBIE 3aBUCAT JIUIIb OT KOJMYECTBA KMHETUUYECKUX EIUHMI] U OT HX
TEIIOBOT'O JIBHKEHUS.

7. Cioco0bl BhIPa:KeHUs KOHIIEHTPALMHU PacTBOPOB. TUTpUMeTpUUYECKUI MeTO
onpeaeleHHs KOHIEHTPAIUM PACTBOPOB

KOHITEHTPAIIMIO BEHIECTB B pacTBopax MOXHO BbIPAa3UTh Pa3HbIMU CIIOCOOAMHU.
Haubonee yacTo HCIONB3YIOT MAacCOBYIO JOJNIK0 PACTBOPEHHOIO BEIECTBA, MOJSPHYIO U
HOPMAaJIbHYIO KOHLIEHTPALIHIO.

MaccoBast nons pactBopéHHOro Bemectsa w(B) - 3To Ge3pazmepHas BennuyuHa, paBHas
OTHOLIEHHIO MaCChl paCTBOPEHHOTO BEILECTBA K OOIIIel Macce pacTBOpa m:

W(B)=M(B)/M

Momnspuass konuentpamusi C(B) mokaspiBaeT, CKOJIbKO MOJb PAacTBOPEHHOIO BEIIECTBA
colepkutcs B 1 IuTpe pactBopa.

C(B)=n(B)/V=m(B)/(M(B) - V),

rae M(B) - monsipHast Macca paCTBOPEHHOTO BEIIeCTBA I/MOJIb.

MousipHasi KOHIIGHTpAIysi U3MEpSeTCs B MOJIB/T M oOo3Hadaercs "M". Hampumep, 2 M
NaOH - nByxMounspHbIii pacTBOp ruapokcuaa Hatpus. OUH JUTP TAKOTO PacTBOPA COACPKUT 2
Motk BeriectBa uia 80 r (M(NaOH) = 40 r/mouns).

1.10 Jlexkmus NelQ (2uaca)

Tema:  «Teopust  JJIEKTPOIUTHYECKOM  JMCCONMANMM.  JJIEKTPOJIUTBI M
HedJIeKTPOJIuThl. MoOHHbIE ypaBHEHUS»

1.10.1 .Bonpocsl JIeKIUH:

1. Ilponecc nuccounanyy B BOAHBIX pacTBOpax.

2. PactBopbl 371eKTponuToB. CHIIbHBIE M Cila0ble 3JeKTpoiauThl. KOHCTaHTa W cTeneHb
JTUCCOLIMAINY.

3. NoHHO-MOJNEKYIIApHBIE YPABHEHUS.

4. Muccoumanus Bobl. BogopoiHblii mokaszares.

5. CMenieHNEe HOHHBIX PAaBHOBECHI.

1.10.2 KpaTkoe coep:kaHue BOIPOCOB

1 Mpouecc uccONUANME B BOTHBIX PacTBOpPax

Huccornmarus (ot nat. dissociatio - pasjeieHue, pazbeAUHEHHE), oOpaTHMBIN pacmaj
YACTHIIBI B-Ba (MOJICKYJIBI, paJIMKaJia WK HOHA). Pa3inyaroT 2JIEKTPOIUTHYSCKYIO TUCCOITUAITUIO
(MOHU3aIIMIO) B P-pax WM paciljiaBax JJIEKTPOJIUTOB - 00pa30BaHUE CMECH TIOJIOKHUT. M OTPHIIAT.
CONBBATUPOBAHHEIX MOHOB U3 MOJEKYT MM KpucTaimmud. ¢asel, Hanp., CH3COOH (p-p) D H”
(p-p) + CH3COO (p-p), NaCl (xpucramns) D Na* (pacmnas) + CI” (pacnnas); TepMUUYECKyIO
ACCOIUAIINIO - O0paTUMOE pa3JIoKeHHEe, 00YCIOBICHHOE TEIUIOBBIM JABM)KEHHUEM YacTHIl B-Ba,
Harp.: CaCO3 (kpuctayuibl) D CaO (kpuctamisr) + CO; (raz), 2HI (raz) D H; (ra3) + I, (raz).

2. PactBopbl 3yekTposiuToB. CHibHBIE M cjaadble 3JeKTpouThbl. KoHcranTa m
cTeneHb JUCCONMAIUH.

Kpome xopotiieit 351eKTponpoBOIHOCTH, PACTBOPHI 3JIEKTPOIUTOB 001a1a10T OoJiee
HU3KUMH 3HAUEHHUSIMU JaBJICHUS TTapa PaCTBOPUTEIS U TeMIIepaTyphl IUIaBJICHUS U Oojee
BBICOKMMH TEMIIEPATyPaMH KHIICHHS 110 CPAaBHEHUIO C COOTBETCTBYIONTUMU 3HAYCHHUSIMHA TSI
YHCTOTO PaCTBOPUTEJIS WU AJII PACTBOPA HEINEKTPOJIUTA B ITOM Ke pacTBoputene. J{isa
0OBSICHEHUS ITHX CBOWCTB miBeaACcKui yueHblt C. Appenunyc B 1887 r. mpemtoxut meopuio
INEKMPOIUMULECKOU OUCCOYUAYUU.

1100 2nekmponumuyeckoli ouccoyuayuerl NOHUMAemcs pacnao MoaeKyl eKMpOoIUma &
pacmeope ¢ 06paz0eanuem NOLOHCUMENbHO U OMPUYAMETLHO 3APAHNCEHHBIX UOHO8 — KAMUOHO8
U GHUOHOB.
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IIpoyecc ouccoyuayuu 60 6cex cryuasx A611emcs 00pamuMslM, NOIMOMY NPU HANUCAHUU
VpasHeHull peakyuu OUCCoyuayuu HeoOXo0UMo NPUMeHAmMs 3HaK obpamumocmu « . Pasnuunvle
9NEKMPOIUMDbL, CO2NIACHO meopuu Appenuyca, Ouccoyuupyom Ha UOHbL 8 PA3IUYHOU CIMENneHuU.
Ilonnoma pacnaoa 3agucum om npupooOsl 1eKmpoIuma, e20 KOHYeHmpayuu, npupoosl
pacmeopumeinsi, memnepamypbi.

Crenens nuccouuanny. OJHUM W3 BaXKHEHIINX MOHATUN TEOPUHU IEKTPOIUTUUECKON
JUCCOIMAU AppEeHHyca SBIIAECTCS MOHATHE O CeneHUu OUCCOYUAYUU.

Cmenenbio ouccoyuayuu a Ha3vlaemcs OMHOUWEHUE YUCIA MONEKY, PACNABUUXCS HA
uonsl (n'), Kk 0bwemy yuciy pacmeopenHvix MOIeKy (n):

o= ﬂ/ .
F

W3 sTOro0 BhIpaskeHUsl OUEBUIHO, YTO & MOXKET U3MEHSThCs OT 0 (Iuccouuanuu HeT) 1o 1
(monnast nuccounanus). CTeneHb TUCCOLMALMU YacTO BHIPAXKAIOT B IIpolieHTaX. CTeneHp
JTUCCOLIMAIIMY JIEKTPOJIUTA MOXKET OBITh OMpeiesieHa TOJIbKO KCIEePUMEHTAIBHBIM ITyTEM,
HaIrpuMep M0 U3MEPEHHIO TEMIIEPATYPhI 3aMep3aHusl pacTBOPA, IO AIEKTPOIIPOBOTHOCTH
pacTtBopa U T. JI.

CuiibHBIC U ClTa0bIe SJIEKTPOIUTHL. B 3aBUCHUMOCTH OT CTETIEHHU TUCCOIMALIMN PA3TUYAIOT
AIEKTPOJIUTHI CUIIBHBIC U Clla0ble. D1eKmpoaumsl co cmenenvio ouccoyuayuu oonvuie 30%
00bIYHO HA3LIBAIOM CUNLHBIMU, CO cMenenblo ouccoyuayuu om 3 0o 30% — cpeonumu, menee
3% — crabvimu snexkmporumami.

K cHIBHBIM 3JIEKTPOJIMTAM OTHOCSITCS ITOYTH BCe coii, HekoTopklie kucioTel (HCI, HBTr,
HI, HNO3, HclO4, HoSO4pa36.)) u nekoropsele ocHoBanus (LiOH, NaOH, KOH, Ca(OH),,
Sr(OH),, Ba(OH),). K cna0biM 31€KTpoinTaM OTHOCHTCS OOJIBIIUHCTBO KUCIOT (0OCOOCHHO
OpPraHUYECKUX ) U OCHOBAHUHU.

Cmenens ouccoyuayuu Kaxk CUIbHbLIX, MAK U CAAOLIX SNeKMPOIUNMOE 3A6UCUN OM
KOHYyeHmpayuu pacmeopa (CTeTeHb TUCCOLIUAIIMU TEM BbIIIE, YeM Ooliee pa3baBieH pacTBOp).

Koncranra nuccounanuu. bosiee TOUHON XapaKTEpUCTUKOW TUCCOLMAIUHN IEKTPOIUTA
ABIISIETCS. KOHCMAHMA Ouccoyuayuu, KOTopasi OT KOHIEHTPAILlMU PacTBOpa HE 3aBUCHT.

BripakeHue 111 KOHCTaHTHI AUCCOLMAIIMN MOKHO TIOJIYYHUTh, €CITU 3al1CaTh YpaBHEHUE
peakiuu aucconuanuu ektponura AK B obmiem Buje:

AK «A-+K".

[Tockonbky AuccomMans siBIsSeTCss 00paTUMbIM PaBHOBECHBIM MIPOIIECCOM, TO K 3TOM
peaKIu MPUMEHUM 3aKOH JIEHCTBYIOIIUX MAacC, © MOYKHO OTPEEIIUTh KOHCTAHTY PaBHOBECHS
KaK

el
[ax] ~

3. HoHHO-MO/1eKy /IsIpHBIE YPaBHEHUSI

Peakiiuu noHHOr0 0OOMEHA 3aMUCHIBAIOT TPEMS YPAaBHCHUSIMU:

-MOJICKYJISIPHBIM;

- TIOJTHBIM HOHHO-MOJICKYJIIPHBIM;

- COKpaIlleHHBIM HOHHO-MOJICKYIISIPHBIM.

B moiHOM HOHHO-MOJIEKYISIPHOM YPaBHEHHUH YKa3bIBAIOT (POPMYIIBI BCEX YACTHII, a B
COKpAIIEHHOM — (POPMYJIIBI YaCTHUII, KOTOPbIE TPUHUMAIOT YUACTUE B PEAKIIUU.

4. [lucconuanus Boabl. Bonopoanbiii mokaszareib.

OpHuM U3 HauMEeHee TUCCOIMUPOBAHHBIX BEIIECTB, 00PA3YIOMIMXCS MPU PEAKITUSIX MEXKTY
WOHAMHU, SBJIsIETCA Boja. YucTas Bojia TIOX0 MPOBOIUT DJIEKTPUISCKUN TOK, HO BCE K€ 00mamaer
HEKOTOPOM  HM3MEPUMON  AJIEKTPONPOBOJHOCTHIO, KOTOpass  OOBSACHAETCS  HEOONBIION
JICCOIIMAIINEH BOJIBI HA BOJOPOIHBIC U MHApOoKcHiIbHbIe HOHBI ( H 20=H++OH- ) .

Bonoponnslii nokasarens, 0003HauaeMblil uepes pH, npeacrasisier coO0i OTpULIATEIbHBIN
norapudM KOHIICHTPaIlUA BOJOPOAHBIX HOHOB: pH= -1g[H+]. Hampumep, ecnu kKoHLIEHTpaIus
BOIOPOAHBIX HOHOB [H+] = 10-5 r* uon/n, To pH=5, ecmu [H+] = 10-9 r* uon/n, To pH=9, u T.x1.

23



OueBHIHO, YTO HENUTpaAJIbHBIE pPacTBOPHI UMEIOT pH= 7, B kucibix pactBopax pH<7, a B
uienouHbix pH>7. B akBapuymHO# npakTuKe BoAa, cooTBeTcTBYtomas pH 2 - 3, cuuraercs
CHJIBHO OKHCJIEHHOIL; 3 - 5 — KHCIoM; 5 - 6 - ci1aboKucIoi; 6 - 7 - oueHb ¢1abOKUCIION; 7 -
HeUTpanbHOM; 7 - 8 - oueHb ciabdorienoyHoit; 8 - 9 - cimadomenounoi; 9 - 10 - menounoii; 10 -
14 - cunbHO MIETIOYHOM!.

N3mepenue pH B JoOManiHuX ycaoBHsIX MOKHO pEKOMEHA0BATh MPOCTHIM criocoboM. Ero
NPUHIUI OCHOBAH Ha IIBETHOM HU(POBOH MIKaje; TouHocTh u3mepenus 1o 0,1 ex. BozmosxHo
usMmepenue pH ¢ momouipio OyMa)KHBIX HHAUKATOPOB, IPOMUTAHHBIX COCTABOM U3
OpraHMYECKUX KpacuTesel; TOUHOCTh u3Mepenus - 1o 0,3 en.

5. CMelieHHe HOHHBIX PABHOBECHH.

PaBHOBecue B pacTBOpax 3JIEKTPOJIUTOB, KAK U BCIKOE XMMHUYECKOE PaBHOBECHE,
COXpaHsieTCs HEM3MEHHBIM, [T0Ka ONPEACIISIONINE er0 YCIOBUS HE MEHSIOTCS; U3BMEHEHHUE
YCTIOBHI BJI€YET 32 COOOW HapylIeHUE PaBHOBECHSI.

Tak, paBHOBecHe HapyIIaeTCs MPU U3MEHEHUH KOHIIEHTPAIMK OJHOTO U3 yYaCTBYIOIIUX B
ATOM PaBHOBECHH HMOHOB: MPHU €€ YBEIIMUYECHUU MMPOUCXOIUT MPOIECC, B XOJI€ KOTOPOTO AT MOHBI
CBs3bIBalOTCA. Hanmpumep, eciiu B pacTBOpP YKCYCHOM KUCIOTHI, JUCCOLUUPYIOIIECH COTIacHO
YpaBHEHUIO BBECTH KAKYIO-JIMOO COJIb 3TOM KHUCIOTHI M TEM CaMbIM YBEITUYUTH KOHIIEHTPAIUIO
nonoB CH3COO-, To, B cooTBeTcTBUU ¢ npuHiunom Jle [llarenbe, paBHOBECHE CMENIAETCS
BJIEBO, T. €. CTENIEHb JUCCOIMAIIUN YKCYCHON KHCIIOTHI YMEHBIIACTCSI.

CH3COOH < CH3COO- + H+

Orcrona ciemyer, 4To BBEICHHE B paCTBOP CJIA00TO AIEKTPOJINTA OTHOMMEHHBIX HOHOB (T.
€. MIOHOB, OJIMHAKOBBIX C OJTHUM U3 MOHOB AJIEKTPOJINTA) YMEHBIIIAET CTEIIEHb TUCCOLUAIIUU
3TOrO 3MeKkTponuTa. Hao60poT, yMeHbIlIeHHE KOHIIEHTPALIUKA OJHOTO U3 MOHOB BBI3BIBACT
JUCCOLIMAIIMIO0 HOBOTO KOJIMYeCTBa MoJieKyi. Hanmpumep, npu BBeIEeHUH B paCTBOP yKa3aHHOM
KHUCJIOTBHI TUPOKCHUI-UOHOB, CBS3BIBAIOIINX MOHBI BOJOPO/IA, AUCCOLMAILIHS KACTOTHI
BO3pacTaer.

1.11 Jlexuusi Ne 11 (2gaca)

Tema: «I'maponus coqeil. Monnoe npoussenenue Boabl, pH. Meroabl onpeneieHus
pH»

1.11.1.Bonpocs! Jekuuu:

1. Tunsl ruaponu3a (1o KaTUOHY, 0 aHUOHY, 110 KATUOHY M aHUOHY).

2. NoHHble ypaBHEHUS THIPOIH3A.

3. KoHcTaHTa U cTeneHb ruapoiamn3a.

4. PacdeT KOHCTaHTBI THIPOJIN3A.

5. BiiusiHue Ha cMelleHne paBHOBECHS THIPOJIN3A PA3TUYHBIX (aKTOPOB

1.11.2 Kpartkoe coaepkaHue BOIPOCOB
1 Tunsl ruapoau3a (0 KATHOHY, 10 AHUOHY, 10 KATHOHY U AHHOHY)
I'uaponus coneid — 3TO B3aMMOJEHCTBME HMOHOB COJM C BOAOH ¢ oOpa3oBaHHEM
MaJIOINCCOLNUPYIOIINX YaCTHIL.
I'maponus, 1OCIOBHO, - 9TO pa3jIoKeHUEe BOLOM. JlaBas Takoe ONpPEEICHUE PEaKLUU
TUAPOIN3a COJIEH, MBI MTOJAYEPKUBAEM, YTO COJIM B PACTBOPE HAXOMAATCS B BHJIE MOHOB, U 4TO
JBIDKYILEH CHIION peakiuu sBJseTcss oOpa3oBaHHE MaJIOJMCCOLUHUPYIOMUX yacTull (oOriee
MIPABUJIO JIJIs1 MHOTHX PEaKIfil B pacTBOpax).
Bcerna nu uoHBI crmocoOHBI 00pa3oBbIBaTH C BOAOH MaJOJHCCOLMUPYIOIIHE
yacTuubl? Pa3bupas 3TOT BOpoc ¢ y4eHUKaMHU, OTMEYaeM, YTO KaTHOHBI CUIILHOTO OCHOBAHUSA U
AQHMOHBI CHJIBHOW KHCJIOTHI TaKMX 4YacTHIl 00pa30BaTh HE MOTYT, CIEA0BATEIbHO, B PEAKIUIO
TUAPOIN3a HE BCTYNALOT.
Kakue tunsl rugponansa Bo3MOKHbI? [10CKOIBKY COJIb COCTOMT M3 KaTUOHA M aHMOHA, TO
BO3MOKHO TPU THIIa TUAPOJIN3A:
e TH/IPOJIN3 110 KaTHOHY (B PEAKIUIO C BOJIOM BCTYMAET TOJIBKO KaTHOH);
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e TUJPOJIU3 110 aHUOHY (B PEAKIIMIO C BOJIOM BCTYIMAET TOJIHKO aHUOH);

e COBMECTHBIN TUJIPOJIN3 (B PEAKIIMIO C BOJIOM BCTYIAET U KATHOH, U aHUOH);

2. UoHHbIe ypaBHEeHH S THAPOJIN3A.

Hanuca ¢dopmyny oOpa3oBaBiieiics 4acTHIIbI, TYT ke OOCYKJaeMm, 4yTO 3TO 3a
gacTuia, OyleT Ju OHAa MMETh 3aps]l U KaKoH, MPUXOINM K BBIBOJY, YTO, KaK IMPABHIIO, 3TO
THUPOKCOKATHOH. A 4TO OCTaHeTcs OT MOJIEKYJbl BoJbl? Kakyio peakiuio BOJHOTO pacTBopa
oOycnaBnuBaeT H30bITOK 3TUX YacTUIl? KakoBa Oyzaer peakiust ”HAUKaTopa?

Tuopoausz no kamuony npueooum K 00paA306aHUI0 2UOPOKCOKAMUOHO8 U UOHO8
6000pooa (cpeda pacmeopa Kucaas).

OtmeuaeM, 4TO TOJIBKO MHOTIA, IPU N=1, BMECTO TUAPOKCOKATHOHOB MOTy4aeM MOJIEKYJIIbI
ciaboro OCHOBaHMUSI.

A MOXET JIU TUIPOKCOKATUOH BCTYNHUTh B PEAKIUIO CO CIEAYIOUIEH MOJIEKYJIOH BOJbI?
Coo0mraem, 4To 3TO OyIeT BTOpasi CTYNEHb TUAPOJIHM3a, M YTO KaXKIas CIEAYoIas CTYICHb
MpPOTEKaeT B THICAYM pa3 cialdee, yeM MpeAblayliasi, uYTo Jaxke IepBasi CTYNEHb MPOTEKaeT
00BIYHO Ha 707K TpolieHTa. [1oaToMy, Kak MpaBUil0, pacCCMaTPUBAETCS TOJIBKO MEpBasi CTYNEHb
THAPOIIU3A.

I'maposu3 no aHuoHy pazOupaeM aHAJIOTHYHO, 3aMKCHIBAEM YPaBHEHHUE:

An™ + H-OH 0 HAN™" + OH"

[TogBoAMM Y4EHUKOB K BBIBOJY:

T'uoponus no anuony npueodum K 00pa3z08anulo 2uOPOAHUOHOE U 2UOPOKCUO-UOHOB
(cpeoa pacmeopa wienounasn).

3. KoHCcTaHTa U cTeneHb THAPOJIH3a

[Tox creneHpi0 TUAPOIHM3A MOHUMAETCS OTHOILIECHUE KOJIMYECTBA (KOHIICHTPALIMM) COJIH,
MOJIBEPraoIeiicss THUIPOIN3y, K O0IIeMy KOJIWYecTBY (KOHIIEHTpAIMH) PACTBOPEHHOW COJIH.
O06o3Hauaercs o (vm Newp);
U Crup/Cour)- 100 %

T2I€ Cryzp — YHCIIO MOJEH T'MIPOIM30BAHHOM CONH, Copy — OOIEE YMCIIO MOJIEH PacTBOPEHHON
COJIU.
CreneHs TUIPOJIM3a COJTU TEM BBIIIE, YeM cliladee KHCIIOTa WM OCHOBaHUeE, €€ 00pa3yrolue.

SBnsieTcs KOJTMYECTBEHHON XapaKTEPUCTUKON TUIPOIU3A.

KoncranTta ruponmn3a— KOHCTaHTa PABHOBECHS THAPOJIUTUUECKONU PEaAKIIHH.

4. Pacyer KOHCTAHTHI rujapo/m3a.Tak KOHCTaHTa THIPOIN3a COJIM PaBHA OTHOIIECHUIO
MIPOU3BENICHUS PABHOBECHBIX KOHIIEHTpAIMHA TMPOIAYKTOB PEAKIIMU THUIPOJIU3a K PaBHOBECHOM
KOHIIEHTPAIIUU COJIH C YUETOM CTEXHOMETPHUECKUX KOI(PPUIIEHTOB.

5. Bausinue Ha cMellleHHe PABHOBECHSI THAPOJIN3a PA3JIUYHBIX (PAKTOPOB

1 MES

+HO SNILHE+HT g npunnuny Jle-Illatenpe yMeHbIIeHHE KOHIICHTPAIUH
WOHOB BOJIOPOJIa CMECTHT pPaBHOBECHE BIIPABO, T.€. YCWJIHT THAPOIW3. UTOOBI YCHIUTH
TUAPOIIN3, HY)KHO T0OABUTH CHITBHYIO IIEN0UYb, CBS3BIBAIOIYI0 HOHBI BOAOPO/IA.

JloGaBrieHre MOHOB BOJOPOJA (KHUCIOTHI) — TOMABISIET THUAPOJIU3, CMEIIash paBHOBECHE
TUAPOIIN3a BIIEBO.

2 CH.COO™ + H,0 & CH.COOH +0H~

Jlo6aBnenne cunbHO# kucnotsl (H') cMecTuT paBHOBECHE THAPONK3a BIPABO, TAK KAK HPH
3TOM OyIyT CBS3BIBATHCS MOHBI I'HJIpOKCHIIa. JJoOaBieHne meoun MoAaBIsSEeT THIPOIH3.

3. 'uponmn3 npoXOoauT 10 KOHLA, €CIIU B pe3y/bTaTe MOJIy4yaloTCs HE PaCTBOPUMBIE B BOJIE
COEIMHEHUS U ra3bl.

Hamnpuwmep:

Con S, +6H.0 = 20n{OHy, 4+ +3H.5 7

Conu, 06pa3zoBaHHBIE MHOTO3apSTHBIMA KATHOHAMH (Cr3+, Fe**, AI3+) U OYCHH CITaOBIMU
KHUCJIOTaMU (YroJIbHOW, CEPHUCTOM, CEPOBOIOPOTHOM, KPEMHHEBOI ) — B BOJTHOM PacTBOpE HE
CYIIECTBYIOT, TaK KaK MOJBEPraioTcss HEOOpaTUMOMY THAPOITU3Y.
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1.12 Jlexnust Nel2 (2uaca)

Tema: «OKHCIUTEIbHO-BOCCTAHOBHUTEIbHBIE peakuun. Hanpasiaenus OBP»

1.12.1. Bonpocs! Jeknuu:

1. [Tonsitrie 06 OKMCIEHUU-BOCCTAHOBICHUH. CTENEeHb OKUCIICHUS AJIEMEHTOB.

2. Knaccugukamus OKACINTEIbHO-BOCCTAHOBUTEIIBHBIX PEaKIUii.

3. Baxwueiimmne okucCAMTENM U BOCCTaHOBUTENU. OKUCIUTENHbHO-BOCCTAHOBHUTEIbHAS
JIBOMCTBEHHOCTD.

4. BnusiHue cpepl Ha MPOTEKaHHE OKUCIUTEIHLHO-BOCCTAHOBUTENBHBIX peakiuii. Hampasnenue
nporekanus OBP.

5. IIpaBuna cocraBienne ypaBHenui peakuuii OBP MeTog0M 371€KTpOHHO-HOHHOTO OaaHca.

6. OxucauTeNbHbIE CBOMCTBA A30THOM U CEPHOMN KUCIIOT.

1.12.2. KpaTkoe cojepkaHue BOIPOCOB
1 IlousiTue 00 OKUCIEHUH-BOCCTAHOBJIeHUH. CTeneHb OKMCIeHHUS 3JIEMEHTOB.

OBP - p€akiru, B KOTOPBIX HU3MCHAIOTCA CTCICHHU OKUCJICHUSA 3JSJIEMCHTOB, TO €CTb
AJIEKTPOHBI TEPEXOJAT OT OJHOTO aTOMa WM BellecTBa (BOCCTAHOBUTENS) K APYromy
(oKHCIUTENIO).

A cTerneHb OKUCIICHUS — TO 3apsif, KOTOPbIM uMen Obl aToM, eciiu Obl Bce 00pa30BaHHbBIE UM
MOJIAAPHBIC CBA3U CTAaJIU MOHHBIMMH. Ecan cBs3m IIGIZCTBHTGJII)HO HOHHBIC, TO C.O0. COBIAAACT C
3aps7I0M dIeMeHTapHoro HoHa, HampuMep, K'F. Ecim He Bce CBA3M MOHHEIE, TO CTEIEHb
OKHCJIEHHS — 3TO YCIIOBHOE IOHSTUE, HE UMEIOLIEE CTPOroro CMbICIIa, HO MOJIE3HOE.

2 Knaccnpukanus OKHCJIUTEILHO-BOCCTAHOBUTEIbHBIX PeaKIuil.
Bce xummueckne PCaKiu MOXHO pa3JAC/IMTh Ha JIBa TUIIA. K IMEPBOMY U3 HUX OTHOCATCA
peaxiuu, npoTeKaromme 6e3 N3MEHEHUs CTETIeHU OKUCIICHUH aTOMOB, BXOSIIHUX B COCTaB
pearupyromux BemiecTB. Harmpumep, B peakiiuu oOMeHa HU OJ[UH 3JIEMEHT B Pe3yJIbTaTe
peaklMK He U3MEHSET CTENIEHU OKUCIICHUS:
H"N"0%; + Na"0?H"" -> Na"'N*°0 % + H™,07

Ko BTOpOMY THITY OTHOCSTCS peaklnu, UIYIIHE C U3MEHEHUEM CTEIIEHU OKUCIIEUUs aTOMOB
pearupyromux Benects. Hanmpumep
1%, + 0° > H*L,07
2K*'C1°07% > 2K*'CIt + 30%

Peakunu BTOpOro Tvra Ha3bIBAIOTCA OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIMU. XUMHYECKHE
peaKkuuu, NPOTEKAIOIINE C U3MEHEHUEM CTENIEHN OKUCIIEHUS aTOMOB, BXOJISIIUX B COCTaB
pEearupyromnx BEMIECTB, HA3bIBAIOTCA OKUCIUTEIbHO-BOCCTAHOBUTEIIBHBIMU. B OKMCIUTENBHO-
BOCCTAHOBUTEJIbHBIX PEAKIUAX BCETa MPOUCXOIUT NPUCOECAUHEHNE UIIA OTa4a JIEKTPOHOB
aToMaMH 3JIEMEHTOB. [Ipuuem 370 enMHBIN B3aMMOCBA3aHHbIN npouecc. Eciu atoM, HOH
WJIM MOJIEKYJIA B MIPOLIECCE PEAKLIMHU OTAAOT JIEKTPOHBI, TO OHU HA3bIBAKOTCS
BOCCTAHOBUTEISAIMH, a CaM MPOLECC OTAAa4YM MIEKTPOHOB — OKHCIIeHHnEM. Hanpumep:

Al° -3¢ > Al
Fe*?-1e -> Fe®

B Hpouecce OKHCJICHHUA BOCCTAHOBUTCIIH ITOBLIIIIACT CBOKO CTCIICHb OKMCJICHUS. ECJ‘II/I aToM,
HNOH HUJIN MO.IICKYJ'Ia B npouecce peaKI_II/II/I HpI/IHI/IMaIOT BHGKTpOHLI, TO OHHU HA3BIBAKOTCA
OKHCIIMTCIISIMU, a CaM npouecc HpI/ICOGJII/IHeHI/ISI 3J'IeKTpOHOB — BOCCTAHOBJICHHUCM. HaHpHMep:

S0+ 2¢ ->§?
N* +1e -> N™

B Mponecce€ BOCCTAHOBJIICHUA OKHUCINUTEIIb IIOHMXKACT CBOIO CTCIICHD OKHUCJICHUS. O
CIIOCOOHOCTH TOT'O MJIK MHOTO BCIICCTBA NPOABIIATL OKHCIHUTCIBHBIC, BOCCTAHOBUTCIILHBIC NI
,I[BOI\/'ICTBCHHI)IG (KaK OKHCJIIMTCIBbHBIC, TAK U BOCCTaHOBI/ITeJ'II)HBIe) CBOMCTBA MOYKHO CyOUTh IO
CTCIICHU OKHCJICHHUA aTOMOB, BXOJAIINX B COCTAaB COOTBCTCTBYIOIIUX BCUICCTB. AToM TOro unu
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WHOTO 3JIEMEHTA, HAXO/ISIIUIACS B CBOCH BBICIICH CTETICHH OKUCIICHHSI HE MOKET €€ IMOBBICUTh
(OTHATD AMEKTPOHBI) U MPOSIBIISAET TOIBKO OKHCIUTENbHBIE CBOUCTBA. ATOM 3JIeMEHTa B CBOEH
HU3IIEH CTEMEHN OKHUCIICHUS HE MOXET €€ TOHU3UThH (IIPUHSITH SJICKTPOHBI) U MPOSIBISIET TOJIBLKO
BOCCTAaHOBUTEJIbHbBIE CBOMCTBA. ATOM 3JIEMEHTA, UMEIOIIUN TPOMEKYTOUHYIO CTEIIEHb
OKHCJICHUS, MOKET MPOSBIIATH KaK OKUCIIUTEIbHBIC, TAK K BOCCTAHOBUTEILHBIC CBOICTBA.

3. BaxHellllMe OKHCJUTEIM M BOCCTAHOBUTENH. (OKHUCIUTEIHHO-BOCCTAHOBUTEIbHAA
JABOMCTBEHHOCTD.

OKHCITUTENIbHO-BOCCTAHOBUTEIBHBIE PEAKIIUH - 3TO PEAKIIH, KOTOPbIE UIYT C U3MEHEHUEM
cTerneHen oKuciaeHus 3neMeHToB. CTerneHb OKUCICHUS - 3TO YCJIOBHBIN 3aps]l aToMa B MOJIEKYJIE,
/1€ BCE MOJISIPHBIE CBSI3H CYUTAIOTCSI HOHHBIMH.

OKHCIIEHHE - 3TO MPOIECC OTJAYH IJICKTPOHOB.

Boccranonenue - 3To mponecc NpucoeTuHEHHS 3JIEKTPOHOB.

OKHCIHTEIb - 3TO aTOM, MOJIEKYJa UJIK UOH, KOTOPBII NPUHUMAET 3JIEKTPOHBI U TIOHUYKAET CBOIO
CTETeHb OKUCIICHHS], T.€. BOCCTAHABIIMBAETCS.

BoccranoBurens - 3To aToMm, MOJIEKYJIa UJIA UOH, KOTOPBIM OTJAET 3JIEKTPOHBI U TMOBBIIIACT
CBOIO CTETIEHb OKUCJICHHUS, T.€. OKUCISIETCS.

BoccranoButenu:a) MeTasuibl - 4eM MEHbIIIE MOTEHIIUAT HOHU3AIIMU, TEM CHUJIbHEE
BOCCTaHOBUTEJIbHBIE CBOMCTBA; 0) COEIMHEHUS HJIIEMEHTOB B HU3IIMX CTETICHAX OKHCIICHUS

(NHs, H2S, HBr, HI 1 1p.), y KOTOpBIX BCe OpOUTAIIH 3aIIOJHEHBI 1 MOT'YT TOJIBKO OTIaBaTh
JEKTPOHBI.

Oxwucnurenu:a) Hemetamisl (Fa, Cly, Bry, Oz u 1p.) - ueM Oosibliie CpoACTBO K 3JICKTPOHY, TEM
CHIIbHEE OKUCIIHTEIIBHBIC CBONCTBA; ) HOHBI METAILIOB B BBICOKHX cTenensx okucienus (Fe*,

Sn‘”, Mn** u 1p.); B) COEIMHEHHUS DJIEMEHTOB B BhICIIUX cTeneHs X okuciienus (KMnOy,
K2Cr,07, NaBiO3, HNO3, H,SO4(ko0HI1.) 1 [ip.), Y KOTOPBIX YK€ OTJaHbI BCE BaJICHTHbIC
JIEKTPOHBI U MOT'YT OBITH TOJIBKO OKHCITUTEIISIMHU.

CoenMHeHUs HIEMEHTOB B MPOMEKYTOUHBIX creneHsax okucineHus (HNO,, H,SOs, H20; u ap.)
MOTYT MPOSIBJIATH OKUCITUTEIHHBIC U BOCCTAHOBUTEILHBIC CBONCTBA B 3aBUCUMOCTH OT
OKHUCJIUTEIHbHO-BOCCTAHOBUTENBHBIX CBONCTB BTOPOTO pEareHTa.

H,SO3 + 2H,S = 3S + 3H,0
OKHCJI. BOCCT.

H,SO; + Br, + H,O = H,SO,4 + 2HBr
BOCCT. OKHUCII.

4 Buausinue cpeabl HAa TMPOTEKAHHE OKHCIUTEJIHbHO-BOCCTAHOBUTEIBHBIX PeaKkuMid.
Hanpasaenue nporekanust OBP.

B BoaHBIX pacTBOpax KOHIICHTpAIlUsl HMOHOB BOJOPOJAa MEHSETCS B OYCHb IIHMPOKUX
TpeJIenax - OT HeCKOIBKHX MOJIB/T B KHCIBIX pactBopax 10 10 - 10™° mous/n B menodssIx, T0
ecth Ha 15 mopsiakoB. [lostomy, ecnmu B OBP 00pa3yroTcss wiin pacxoayroTcsi HOHBI BOJOPO/Ia
WM TUAPOKCHIA, TO pH O4YeHb CUIBLHO BIMSET HA HANpaBlieHUE TaKUX peakuuid. PaccMoTpum Ha
puMepe Tpex BapHaHTOB BOCCTAHOBIICHUS IEPMaHTaHaTa.

(1) MnO4 +8H" +5¢ = Mn?* + 4H,0; ¢°% = 1,51 B;

(2) MnO4 +4H" +3e = MnO; + 2H,0; ¢°% = 1,69 B;

(3) MnO, + e = MnO4%; ¢’ = 0,56 B.

@1 = ¢° + (0,0591B/5)lg([MnO, J[H*1¥[Mn*]) = 1,51B + (0,0591B/5)lg([MnO,]/[Mn**]) -
(8*0,0591/5)pH. Ecin npuHATH cTaHAApTHBIMU BCE KOHIEHTpaLuu, Kpome pH, To

¢1=1,51B -0,0946B*pH. [Ipu pH=7 310 naer 0,85B.

Amnanoruuso @2 = 1,69B - 0,0788pH, npu pH=7 nonyuaercs 1,14B, a npu pH=14 = 0,59B.
5. IlpaBmiaa cocraBjieHHe ypaBHeHuHl peakuuii OBP MeTonoM 3/IeKTPOHHO-MOHHOIO
OaJsiaHca.

HNonHno-3nekTpoHHbI MeTo] coctaBienuss OBP

HNoHHO-371eKTPOHHBIN METO/I (MIJIM METOJ MOJTypeaKIlfil) HCTIONb3yeTcs 11t coctaBienus OBP
MPOTEKAIONIUX B pacTBopax. OCHOBAH OH HAa COCTABIICEHUHU OTJENBHBIX MOYPEAKIIHA IS
MIPOLIECCOB BOCCTAHOBJICHUS U OKHUCIICHUS B BUJE HOHHO-MOJIEKYJISIPHBIX ypaBHeHuH. [Ipu sTom
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HEO0OXOIMMO YUUTHIBATH NMPABUIIA HAMTMCAHUS HOHHBIX YPaBHEHUI peaKluii: CUITbHBIE
3JIEKTPOJIUTHI 3aIIMCHIBAIOTCS B BUJIE MOHOB, a cIa0ble 3JIEKTPOIUTHI M MaJIOPACTBOPUMBIE
BELIECTBA - B BUJE MOJIEKYJI.

1. 3anuceiBaeTcs JieBasi 4acTh MOJIEKYJIsipHOrO ypaBHeHust OBP, onpeaensieTcs OKUCIuTeIb 1
BOCCTAHOBUTEb.

2. 3anuchIBAIOTCA MOMypEaKIUU OTIEIBHO IS MIPOLECCOB BOCCTAHOBJICHUS M OKUCIICHUS B BUJIE
MOHHO-MOJICKYJIIPHBIX YPaBHEHUH, B KOTOPBIX JIeBasl U MpaBasi 4acTh (M30BITOK WM HEAOCTATOK
KHCJIOpO/ia B JIEBOM 4acTH) ypaBHHUBAIOTCS ¢ yueToM pH pactBopa ¢ momouisio monekyn H,O,
nosoB H" umu OH:

6. OxkucanTe/IbHbIE CBOMCTBA a30THOM M CEPHOM KHCJIOT.

OkucnureneM B MOJIeKyIie (CM. Takke "A30THas KUCIIOTA'") a30THOM KUCIIOTHI SBJISIETCS N*,
KOTOpBIii B 3aBUcUMOCTH OT KoHIleHTparui HNO3 u cuibl BocctaHoBHTENS (Harpumep,
AKTUBHOCTH METaJlJIa - CM. TakKe TeMy " A30THasi KucjioTa'") mpuHUMAaET oT 1 10 8 3JIeKTpOHOB,
o0pa3zys

N*0,; N*20; N,™0; No% N H3(NH;NO3);

1) Cu®+ 4HN*®0O5(kon1.) [ Cu*?(NOs), + 2N™0, + 2H,0

AJICKTPOHHBIN OaJlaHC:

cu’—2& 0 Cu™ 1
N* +& N 2

METO/]I OypEeaKInii:

Cu’-2& 0 Cu™ 1
NOs + 2H  +& [ NO, + H,O 2

Cu’+ 2NO;3 + 4H" [0 Cu®* + 2NO, + 2H,

1.13-14 Jlexums Nel3 -14 (4gaca)

Tema: «uexkTpoxumus. XuMHYeCKHEe HCTOYHUKH JHEPrUID)

1.13-14.1.Bonpocs! JeKuuM:

1.IIpenmer as1eKTpoXUMHUS. DIEKTPOXUMHUUECKAs CUCTEMA.

2.D5eKTpoibl, UX PA3HOBUIAHOCTH.

3. JIBOMHOM 3JIEKTPUYECKUNA CIION U 3JIEKTPOJHBIA NOTEHLINA.

4.T"anbBaHUYECKUN AJIEMEHT, MpUHIUN ero padoTel. J/1C ralbBaHUYECKOT0 3JIEMEHTA.

5.CTaHapTHBI BOJOPOAHBINA IEKTPOJ CPaBHEHUS U BOAOPOJHAs WIKala JJIEKTPOIAHBIX
noTeHImanoB. YpaBuenne Hepucra. 3akonsr @apazes.

6.KuHetnka 9JEKTpPOAHBIX IpoLEcCOB. SIBI€HHME TONApU3ALMM  JJIEKTPOAOB U
nepeHarpsHKeHue.

1.13-14.2. KpaTkoe coepkaHue BOIPOCOB

1 IIpeameT 3/1eKTPOXUMHS. JJIeKTPOXUMHUYECKas] CHCTEMA

DONeKTpoXuMHs - pazzen (U3NYeCKOW XHMUHM, H3YHaIOUIMH XUMHMYECKHE IPOLECCHI,
KOTOpBIE€ COMPOBOXKIAIOTCS MOSBICHUEM 3JIEKTPUUYECKOT0 TOKa WM, HA00OPOT, BO3HUKAIOT MO
JNEHCTBUEM JJIEKTPUUYECKOTO TOKa. lIpeaMeToM aJIeKTpOXMMHYECKMX HCCIIEIOBaHUM Takxke
SBIISIIOTCS JIEKTPOJIUTHI U YCTAaHABIUBAIOLIUECS B HUX PABHOBECHS.

MHorue XMMHUYECKHE PEAKIMK NIPOTEKAIOT JIMIIb NPU MOJBOJAE dHEPruu u3BHe. YacTo ux
MPOBOJSAT B AJIEKTPOJUTHUECKHUX sAUeiKax (DJIEKTpOIM3epax) Ha 3JEKTPoAax, COCIMHEHHBIX C
BHEIIIHUM HMCTOYHUKOM ToOKa. M3ydyeHue 3TuUX peakiuuil gaer HHPOpMalUI0 O NPUPOAE U
CBOMCTBaxX pa3IUYHBIX BEILECTB, a TAKXK€ IMO3BOJISIET MOJy4yaThb C MOMOUIBIO 3JEKTPOCHUHTE3a
HOBBIE XMMHUYECKHE COECOUHEHMS. DJIEKTPOXMMMUYECKUE IPOLIECCHl IMIMPOKO IPHUMEHSIOTCS B
MIPOMBIIITIEHHOCTH

2.2J1eKTpPOaBbl, HX PA3HOBHIHOCTH.

OneKkTpoasl B IEKTPOXMMHHU, 3JIEKTPOHHO-TPOBOJAIINE (Da3bl, KOHTAKTUPYIOIIHE C
VOHHBIM TIPOBOJHUKOM (JIEKTpoJUTOM). YacTo moj 3JEKTPOAOM MOHUMAIOT JIMLIL OAHY
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3NIEKTPOHHO-TIPOBOAIYIO (a3y. [Ipu mpormyckaHuu TOKa OT BHEII. HCTOYHHKA YEpe3 CHCTEMY
U3 JIBYX DJIEKTPOJOB, COEAUHEHHBIX JPYr C JAPYyroM 4epe3 JJIEKTPOJIUT, Ha 3JIEKTpoAax
IIPOTEKAIOT JIBa MpoOIiecca: 3apsHKEHNE IBOMHOTO 3JIEKTPUYECKOIO CJI0s ¥ AIEKTPOXUM. p-1ius. B
oTnu4ure OT (Pa30BBIX KOHTAKTOB METAJUI-METallll, METaUI-MIOJIYIPOBOJHUK, IMOJIYIPOBOIHUK-
HOJYIPOBOJHUK U T. . Ha TpaHuUIle (a3, COCTABIAIOUINX MIEKTPOXUM. CUCTEMY, BUJI HOCHTEICH
TOKAa MEHSETCS, T. K. B JIEKTPOJUTE TOK IEPEHOCUTCS MOHAMM, a B JIEKTPOHHO-IPOBOIALICH
¢aze - anexkrpoHamu. HenpepbIBHOCTh MPOXOXKICHHUS TOKa 4Yepe3 rpaHully (a3 B 3TOM ciydae
oOecrieunBaeTcs DSJCKTPOAHOW p-IMei. DIEKTpoJ Ha3. aHOJOM, €ClIM Ha €ro IOB-CTU
npeobiiaaeT p-Lus, IPUBOAIIAs K TEHEPUPOBAHUIO 3JIEKTPOHOB, T. €. IPOUCXOAUT OKUCIIEHUE
B-B, COACPXKAIIUXCS B DICKTPOIUTE, JTUOO MOHMU3AIMS MeTajyla aHoJa. DIIEKTPO]] Ha3. KaToIoM,
€CJIA C €ro MOB-CTU DJEKTPOHBI MeTajlla MEePEXOASIT Ha YaCTHUIIbl pearupyroliuxX B-B, K-pble IpU
3TOM BOCCTaHaBJIMBAIOTCS.

3. IBOiiHOM 3JIEeKTPUYECKH CJIOH M IJIEKTPOAHBII NOTEHIHAJ.

OcHOBHbBIE 3JEKTPUUYECKUE IMapaMeTphl JIIEKTPOXMMUYECKUX SYEeK — cujla ToKa (ee
U3MEpSIOT B amrepax, A) U noreHuuan (u3mepseMslil B BosibTax, B). Cuna Toka onpeaensercs
CKOPOCTBIO 3JIEKTPOJHBIX PEAKUMH, a MOTEHUHUAT — XMMUYECKOM SHEpruedl MpOTEKAIOIINX B
aueiike mpoueccoB. OH paBeH sHepruu (uU3MepsieMod B JOKOYIsIX, JIK), OTHECEHHOM K
KOJIMYECTBY 3JeKTpuuecTBa (M3MepseMoMy B KyiaoHax, Ki), Te. 1 B = 1 JIx/Km
CrnenoBaTenbHO, MOTEHIIMAN 3JIeMeHTa (dieKTpoaBrkymias cuia, IJC) — 3To Mepa sHEpruu,
BbIpabaThIBa€MOI B X0/i€ MPOTEKAIOIINUX B HEM peakuuii. Eciiv BHeUIHSS 1lenb pa3oMKHYTa, TO
HUKAKHE 3JIEKTPOJAHbIE PEAKIIUU HE UAYT.

4.I'anbBaHMYeCKNUH 3JIeMEeHT, NpUHOMI ero padorel. I/AC raabBaHN4ECKOro
3JIeMeHTA.

B npoctoMm ranpBannueckom snemMeHTe JlaHuens nepeMenieHne Kaxablx IBYX 3J€KTPOHOB
10 BHEIIHEH IeNH NMPUBOJAUT K OKHUCIEHUIO OJJHOIO aTOMa LIMHKA U OCAKJIEHHUIO OJTHOTO aroma
Menu. DJIeKTPOHEHTPaIbHOCTh PAaCTBOPOB 00ECIIEUYMBAETCS C MOMOIIBIO COJIEBOTO MOCTHKA.

[IpocTtoii ragpBaHMueCKHil AMeMeHT, co3ganHbii B 1836 JIxk.[Januenem (puc. 1), coctout
U3 JIBYX DIEKTPOJOB: IIMHKOBOTO, MOTPYKEHHOTO B BOJHBIM pacTBop cyibdaTa LHUHKA, U
MEIHOI0, MOTPYKEHHOI0 B BOJHBIN pacTBop cynbdaTta menu (II). Takoil anmeMeHT aHalornyeH
MEIHO-IITUHKOBBIM MApaM B BOJBTOBOM cToiiOe. [Ipu 3aMKHYTOM BHEUTHEH e aTOMBI ITWHKA Ha
MOBEPXHOCTHU IIUHKOBOTO 3JIEKTPOJa OKUCISIOTCS O HOHOB C BBICBOOOKICHUEM 3JIEKTPOHOB: Zn
® Zn** + 2e" . Dm 3JIEKTPOHBI MEPEMEIIAIOTCS MO BHEIIHEW LIeMM Ha MEIHBIN AJIEKTPOJ U
BOCCTAHABJIMBAIOT UOHBI MEAU 10 aTOMOB: Cu?* + 2¢- ® Cu. Iotok AJIEKTPOHOB BO BHEIIIHEH
[eNu — ATO U €CTh TOK, BhIpabaThIBaeMblil dnmeMeHToM. CyMMapHasi peakiiusi, MPUBOAAIIAS K
XUMHYECKOMY MPEBPALLEHUIO U K T€HEPAINH IEKTPUUECKON SHEPTruu, UMEET BUJT

(1 Cu?* 4+ Zn — Cu+Zn®*

5.CtanaapTHblii  BOJOPOAHBIA JJIeKTPOJA CPaBHEHMST M BOJAOPOAHAsA IIKAJA
3JIeKTPOJHBIX MOTeHINAN0B. YpaBHeHne HepHucra. 3akonsl @apapes.

[ToTeHman ragbBaHUYECKOTO »HJIEMEHTA TMPU PA30OMKHYTOM BHEIIHEW Ienu JaeT
UHOPMaLIKIO O TEPMOAMHAMUKE ero peakiuil. [loTeHuan sneMeHTa, IpeACcTaBIeHHOro Ha PUC.
1, mpu KoHUeHTpanusax pactBopoB 1 M u temneparype 25° C — ero ctanaapTHbINA noTeHuuan E°
— paBen 1,10 B. CootrBercTBylolIasi eMy 3HEprus, TepMoauHaMHU4yeckuil moreHnuan ['nboca,
DG®, onpenensieTcs BRIpaKeHUEM

(4 A =—nFE"

rae N — YKucio 3JEKTPOHOB, MEPEHOCHMBIX B XOJI€ peakiuu (B JaHHOM ciydyae 2), F —
yucio Dapanes (96 485 Kiu/mons). [ToTeHInan rajgpBaHHUECKOTO 3JIEMEHTA PaBEH Pa3HOCTU
MOTEHIINAJIOB JIBYX €r0 MOJY3JeMEHTOB, T.€. PA3HOCTHU €T0 3JIEKTPOIHBIX OTEHIUAIOB.

6.KuHeTHKa JJIEKTPOAHBIX MpoLeECcCOB. SIBjeHHe NOJSAPU3ALMH JJIEKTPOIOB H
NepeHanpsKeHme.

[loTeHuMOMeTpHUYECKHE  MU3MEPEHUs  NPOBOAAT B  YCJIOBMSAX, Korga TOK B
AJIEKTPOXMMHUYECKON SYEHKE OTCYTCTBYET. DTO 3HAYMUT, YTO B HEHl HE MPOUCXOJUT HUKAKUX
CyMMapHbIX XUMHUYECKIX U3MEHEHH, a U3MepsieMblil oTeHaN (PaBHOBECHBIN) onpeaensieTcs
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TEPMOJIMHAMHUKON peakuuii. B aTuX yciaoBusx takue (pakTopsl, Kak pa3mep U (popma 37eKTpoI0B
WJIM NHTEHCUBHOCTD IIEPEMEIIMBAHUS PACTBOPA, HE BIMAIOT HA U3MEPSAEMBIN TOTCHIIHAIL.

1.15 Jlekuus Nel5-16 (4uaca) Tema «DJaeKTPOIH3»

1.15-16.1. Bonpocsl JleKIuM:
1.OnexTpoau3 paciiaaBoB M pacTBOPOB.
2.IlocnenoBaTenbHOCTh pa3psIKd MOHOB IIPU COBMECTHOM IPUCYTCTBUHM B PAacTBOpax Kak
(GyHKIMS paBHOBECHBIX MOTEHIIUAIOB.
3. DAEeKTpOIU3 C paCTBOPUMBIM U HEPACTBOPUMBIM aHOOM.
4.IlpakTHyeckoe NPUMEHEHUE HJIEKTPOJIU3a: 3JIEKTPOJUTUYECKOE IIOJIyYEHHME M OYHUCTKa
METAJIJIOB, HAHECEHUE raJIbBAHUUECKUX MOKPBITUH U T.JI.
5.X¥MHYECKME MCTOYHUKH TOKA. AKKYMYJATOPbl pPa3HbIX THUIIOB, HUX IPUHLUUIHAAIBHOE
YCTPOMCTBO M MPOLIECCHI IIPU 3aPSAIKE U pa3psaKe.
6.1lpumenenne XUT B c-X NMpOM3BOJACTBE U AJIEKTPOHHOM TexHUKE. [IoHATHE O TOIIMBHBIX
AIIEMEHTAaX.

1.15-16.2. KpaTkoe coaep:kaHne BONPOCOB
1 DaekTpoM3 pacnjiaBoB U pacTBOPOB
DJEKTPOIN3 — 3TO COBOKYIHOCTb IIPOLECCOB, MNPOTEKAKOLIMX B PAaCTBOPE WM pacIljiaBe
AIIEKTPOJINTA, NPU MPOIMYCKAHWU YEpe3 HEro 3JEKTPUYECKOro TOKa. DJIEKTPOJU3 SBISETCS
OJIHMM M3 BaKHEUILNX HAMPABICHUN B JIEKTPOXUMUHU.

2.IToc/1e10BaTEILHOCTL PA3PSIKH HOHOB NPH COBMECTHOM NMPHUCYTCTBHH B PACTBOPAaX KakK
(p)yHKI M pABHOBECHBIX IOTEHINAJIOB

OJEeKTpOIU3 MPOTEKaeT TOJBKO B TEX Cpelax, KOTOPbIE MPOBOIAT 3JIEKTPUUYECKUN TOK.
CrocoOHOCTBIO TIPOBOJIUTH TOK O00JANAIOT TaKKe BOJHBIE PACTBOPHI OCHOBAHWUN M COJICH.
be3BoHbIE KHCIOTHI — OYEHb IUIOXME INPOBOJHUKH, HO BOAHBIE PACTBOPBI KHCIOT XOPOIIO
IPOBOAAT TOK. PacTBOpBI KHUCIOT, OCHOBAaHUI M COJieH B JAPYIUX XUAKOCTAX B OOJBIINHCTBE
CIIy4aeB TOKAa HE IMPOBOJAT, HO MU OCMOTHYECKOE JABJIEHUE TaKUX PAaCTBOPOB OKAa3bIBAETCS
HOpPMAaJIbHBIM, TOYHO TaK, K€ HE IPOBOST TOKA BOJHBIE PACTBOPHI caxapa, CIUpPTA, TIULEpUHA U
JpYTHe PacTBOPBI ¢ HOPMAJIBHBIM OCMOTHUYECKHUM JABJICHUEM.

3. DJIeKTPO/IN3 C PACTBOPUMBIM H HEPACTBOPUMbIM AHOIOM
Kakne MMEHHO SIIEKTPOXMMHUYECKHE TMPOIECCHl OYyAyT MPOTEKaTh y JJIEKTPOJOB MpPH
AIIEKTPOJIN3E, NpPEeXke BCero, OyJIeT 3aBHCETh OT COOTHOILEHUS 3JEKTPOJHBIX MOTEHLUAIOB
COOTBETCTBYIOIIMX JJIEKTPOXMMUYECKHX CHCTEM. OJTO O3HA4aeT, 4YTO Ha Karoxe OyayT
BOCCTaHABIIMBATbCSl OKUCIIEHHBIE (OPMBI DJIEKTPOXUMHUUYECKUX CUCTEM. M3 HECKONbKHX
BO3MOXXHBIX HPOLECCOB OYAET NPOTEKaThb TOT, OCYIIECTBICHHE KOTOPOTO COMPSKEHO C
MUHHMaJIbHOM 3aTpaToil sHepruu. DTO 03HAYaeT, YTO Ha KaToje OYyAYyT BOCCTaHABIMBATHCS
OKHCIICHHBIE (DOPMBI IIEKTPOXMMHUYECKUX CHCTEM, HMEIONINX HAaWOOJIBIIUN 3JICKTPOIHBINA
MOTEHIIMAJ, a Ha aHoJe OyAyT OKHCISATbCS BOCCTAHOBJIECHHBIE (POPMBI CUCTEM C HAUMEHBIIUM
DIIEKTPOAHBIM TOTEHIHMaIoM. Ha mpoTekaHwe HEKOTOPBIX AJIEKTPOXHMMHUYECKUX ITPOIIECCOB
OKa3bIBaET TOPMO3sIIIee ACHCTBIE MaTepHall JIEKTPO/1a; TaKHe CIIydaul OrOBOPEHBI HIDKE.
PaccmarpuBast KaTOAHbBIE TIPOIIECCHI, MPOTEKAIOINE TTPH AIIEKTPOIIH3E BOJHBIX PACTBOPOB,
HYXXHO YYHMTBHIBaTh BEIMYUHY MOTEHIIMANa MpoIlecca BOCCTAHOBJIEHUS HMOHOB BOAOPOAA. DTOT
MOTEHIIMAJ 3aBHCUT OT KOHIICHTPAllMd WOHOB BOJOPOJA W B Cllydae HEHTpPAIBHBIX PacCTBOPOB
(pH=7) AMEET 3HAYECHUE
=-0,059*7=-0,41 B. Otcrona siCHO, YTO €CITH JEKTPOIUT 00pa30BaH METAIOM, JICKTPOTHBII
MOTEHIMAJ KOTOPOro 3HAUMTENbHO mHojoxurenbHee, yeM —0,41 B, To M3 HelTpanbHOroO
pacTBopa y Katoja OyJeT BBIICIATHCS METaUl. Takue METaJuTbl HaXOMATCS B PSAY HaNPsHKCHHN
BOJMIM3M BojOpona (HauMHash MpUOJIM3HTENBHO OT 0JIoBa) W mocie Hero. HaoOopot, B ciyuae
3JIEKTPOJIIMTOB, METAJT KOTOPHIX UMEET MOTEHLMANl 3HAYUTEJIbHO 00Jiee OTPULIATENbHBIN, YeM —
0,41 B, meramn BoccTaHaBIMBaThCs HE OyAeT, a MPOU30HAET BhieieHue Bogopoaa. K takum

30



METaJlJlaM OTHOCSTCS METaJUIbl Hadalla psija HaNpsHKeHHH—IPUONIU3UTENIFHO /0 THUTaHA.
Hakonen, ecnmu moteHmuan metamia 6nu3ok k BenuwuumHe —0,41 B (Meramiel cpemHed yactu
psina—2Zn,Cr,Fe,Ni), To B 3aBUCUMOCTH OT KOHIICHTPAIIMHA PACTBOpPA U YCJIOBUH DJIEKTPOJIN3A
BO3MOKHO KaK BOCCTAHOBJICHHE METaJlla, TaK W BBIJICICHUE BOJOPOA; HEPEAKO HAOIIOIAETCs
COBMECTHOE BbIJIEJIEHHE METaJula U BOJOPO/Ia.

4. IlpakTH4yecKoe MPUMEHEHHE IJIEKTPOJIN3a: IEKTPOJIUTHYECKOE MOJIyYeHHe U OYUCTKA
MeTAJJIOB, Ha DJICKTPOJIU3 IMHUPOKO IPUMEHSIETCS B PAa3JIMYHBIX OTPACIISIX MPOMBIIIICHHOCTH. B
XUMUYECKON MPOMBIIIJIEHHOCTH 3JIEKTPOIU30M MOTYUYalOT TaKUE BAXKHBIE IPOIYKTHI KaK XJIOP U
IIEJIOYH, XJIOpaThl U TEPXJIOPAThl, HAJICEPHYIO KUCIOTY U NepCyabdarhl, MepMaHTaHAT KaJlus,
OpPTaHWYECKHUE COCAMHCHHS, XMMHYECKH YHCTHIE BOAOPOJ, KHCIOpOA, (TOp W PsSa APYTrUX
IIEHHBIX MMPOIYKTOB.

B nBeTHON MeTaTypruu 3JE€KTPOJIU3 UCIONIb3YeTCs i padUHUPOBAHUS METAJUIOB, JJIs
U3BJICYCHHS] METAJUIOB U3 pyld. MeTaibl, KOTOpble HE MOTYT OBITh BBIIEICHBI W3 BOJHBIX
pacTBOpPOB BCJEACTBHME BBICOKOTO OTPHUIATEIHHOTO TMOTCHIMANA TOJYy4al0oT B ILIBETHOM
METAJTYPrUH 3JIEKTPOJIU30M PACIUIaBIEHHBIX Cpell, B KaYeCTBE KOTOPBIX CIY>KaT COJIM ITHX
METaJUIOB, COJIEpIKAIIUe J00aBKH PA3IMUHBIX COCAMHEHUH, BBOAMMBIC C IEIBI0 MOHUKEHUS
TEMIEpaTypbl IJIABJICHUS pAcIliaBa, IOBBIIICHUS DSJIEKTPONPOBOAHOCTH u T.a. K uuciy
METaJUIOB, MOJYYaeMbIX 3JIEKTPOJIM30M PACILIABICHHBIX CPEJ OTHOCSTCS ATIOMUHHM, MAarHuu,
UPKOHUMN, TUTAH, ypaH, OEPUIUIHHA U PsiI JPYTUX METAJUIOB.

DNEKTPONIN3 TPUMEHSIOT BO MHOTHX OTpacisiX MAalIUHOCTPOCHHUS, PaTUOTEXHUKH,
3JICKTPOHHOM, TMONMHUrpaduuecKord MPOMBINUICHHOCTH JIi HAHECEHUsS TOHKUX TIOKPBITUH
METaJUIOB Ha MOBEPXHOCTh M3JEIHUM IS 3alIUThl UX OT KOPPO3WHU, MPHUIIAHUS TEKOPATUBHOTO
BU/Ia, TOBBIIIEHUS U3HOCOCTOMKOCTH, )KaPOCTOMKOCTH, TONyYEHUSI METAJUTHUECKUX KOTIHMA.

B ocHOBY kiaccuduKanuyd TPOMBINUICHHBIX BaHH MOTYT OBITH IOJIOKECHBI pa3IUYHBIC
npu3Hakd. Hampumep, 1O THUNY TONSPHOCTH BaHHBI MOTYT OBITh MOHOMOJSPHBIMH,
OUTIOJIIPHBIMU U KOMOMHUPOBAHHBIMH.

B npombllieHHBIX BaHHaX MPUMEHSIIOTCS pa3jW4HbIE THUIBI KAaTOAOB: HEMOJBHKHBIC
[ETbHOMETAIUTMYECKHE, TIOJIBIXKHBIC IEIbHOMETAUTMYECKUS(JIEHTa), HEMOABUKHBIC TTOPHUCTHIC
HEMETAJNIMYSCKHE, HACKIITHBIE METAIUTNYECKHE U T.1I.

AHOJIBI )K€ MOTYT OBITh pacxo1yeMble(BCTYMAIONINE B XUMUYECKYIO PEAKIIHIO),
pacTBOpPUMBIE TBEPJIbIE, PACTBOPUMBIE KUIKHUE, HEPACTBOPUMBIE TBEPAbIE U IOPHUCTEHIE,
HEpacTBOPUMBIE.

HECEHUE TraJIbBAHUYECKUX OKPBITUN U T.J.

5.XuMnuyeckue MCTOYHUKHM TOKA. AKKYMYJSITOPbl Pa3HbIX THIIOB, UX NPHHUHIHNAJIBHOE
YCTPONCTBO U NMpolecchl PH 3aps/iKe U pa3psiake.

CoueTtaHue pa3HbIX THUIIOB aHOJOB M KaTOJOB C YYETOM LeJNeH DJIEKTPOjH3a MPUBOIAUT K
CIIEIYIOIIMM THUIIAM JJIEKTPOJIU3EPOB: TOPU3OHTAJIbHBIE C KHUJAKUM PTYTHBIM KaTo/IOM, C
BEPTUKAJIBHBIMU KaTOJaMU M (UIbTpYyIOIIel nuadparmMoil, ¢ ropu3oHTalIbHONW nuadparmMon, ¢
IIPOTOYHBIM 3JIEKTPOIUTOM, C ABMKYIIUMHCS IEKTPOIAAMHU, C HACBIITHBIMU 3JIEKTPOAAMHU U T.JI.

JUist 3IeKTposIu3a MOTYT OBITh HCIOJIB30BAaHBI CIEAYIOUINE TUIBI JIEKTPOJIUTOB: BOJHBIC
pacTBOpPHI COJIEH, KUCIOT, OCHOBaHMI1; HEBOJHBIE PACTBOPHI B HEOPraHUUYECKUX PACTBOPUTEIIAX;
HEBOJHBIE PACTBOPHl B OPraHWYECKUX PACTBOPHUTENSAX; paCIUIaBICHHBIE COJIM; TBEpJIbIe
AIIEKTPOJIUTHI; Ta3bI.

6.Ilpumenenue XHUT B c-X npousBoacTBe U 3JIEKTPOHHOH TexHuKe. [loHsITHE 0 TONJIMBHBIX
3JIeMEeHTAaX.

[Ipu mpoekTHPOBaHUH JTFOOOTO IEKTPOXUMUIECKOTO MPOU3BOICTBA HEOOXOIUMO BBISICHUTH
BCE BO3MOXHOCTH ONTHUMHU3ALMKM 3JIEKTPOJU3HBIX IMporeccoB. OnTuMuzanus YCIOBUH
3JIEKTPOJIN3a UMeeT OO0JIbIIOE 3HAYEeHUE, KaK IPU COCTAaBIIEHUU YHEPreTHUECKOro OaiaHca, Tak U
[IPU ONIPEAEIIEHUN KAIIUTaJOBI0KEHUM.
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OHTI/IMI/I?)aI_[I/II/I JOJI2KHBI OBITE MNOABCPTHYTHI YMUCJIO BAaHH, CIIOCOOBI OYMCTKH S3JICKTPOJINTA,
KOHCTPYKIIMM BAaHH, MaTCpuajibl 3JICKTPOAOB, THUIIBI 3JICKTPOIOB. KpOMe TOI'O OYCHBb BaAXXKHO
OLCHUTH ONTUMAJILHBIC 3HAYCHU A CUJIBI TOKA, COIPOTUBJICHUA BHGKTpOHI/BHOﬁ STYCHKH.

1.17 Jlexknus Nel/ (2uaca)

Tema: «Koppo3usi MeTa1J10B»

1.17.1.Bonpoce! nekuuu:
1. Knaccudukanus KOppo3UOHHBIX MTPOLECCOB U BUJIOB KOPPO3HH.
2. XuMuyeckas M DJEKTPOXUMHUYECKas KOpPpO3Hsl, IPUYUHBI BO3HUKHOBEHMS, YCIIOBUS
MPOTEKAHUS.
3. 3anuce ypaBHEHHs peEaklMi, NPOTEKAIOIIMX @PU KOPPO3UM B Ppa3IMYHBIX Cpeaax:
atMocepHas, moYBeHHas1, OMOKOPPO3HUSL, FIEKTPOKOPPO3US U T.J1.
4. IlpuHIMIIBI 321U THl METAJJIOB U CIUIAaBOB OT KOppo3uu. JlerupoBanue, U30JUOHHbBIE
MOKPBITHUS, METAJUIMYECKUE TOKPBITUS, TPOTEKTOPHAS 3allIUTa U AJIEKTPO3AIINTA,
MHTMOMPOBAHUE.

1.17.2. KpaTkoe cojep:kaHne BONPOCOB

1 Knaccundukanus KOppo3HOHHBIX MPOLECCOB M BHI0B KOPPO3UH.

CnoBo KOppO3Usl MPOUCXOIUT OT JIATUHCKOTO corrodere, yTo O3HA4YaeT pa3benaTh. XOTs
KOPPO3MIO 4Yalle BCErO0 CBA3BIBAIOT C METalIaMHM, HO €l IOABEpPrarTcs TakkKe KaMHU,
IUIACTMACChl U Ipyrue MoJIMMepHble MaTepuaisl U aepeBo. Hanpumep, B HacTosiee BpeMs Mbl
ABIISIEMCSI CBHJICTEIISIMHA OOJIBIIOTO OECITOKONCTBA HIMPOKUX CIIOEB JOJEH B CBSI3U C TEM, UTO OT
KHUCJIOTHBIX JIOKJAEH KaTacTpopUUECKH CTpajaloT MaMATHUKH (30aHUSL U CKYJBITYpHI),
BBIIIOJIHEHHBIE U3 U3BECTHAKA WM MPaMopa.

Takum o00pazoMm, KOppo3Weil Ha3bIBAIOT CaMOIPOM3BOJIBHBIA TPOLECC Pa3pyLICHUs
MaTepUajgoB M W3LCIUMH W3 HUX IOJ XHMHUYECKHM BO3JEHCTBUEM OKPYXAlOUIEH Cpenpl.
[Tpoueccrl pu3nmyeckoro paspymieHusi K KOPpOo3UH HE OTHOCHT, XOTS 4acTO OHM HAHOCST He
MEHBIINN BpeJ] MaMATHUKAM KyJIbTYpbl. MIX Ha3bIBaIOT HCTUPAaHUEM, H3HOCOM, dPO3HUEH.

Krnaccudukanys KOppo3nOHHBIX MTPOLIECCOB

ITo Buay (reoMeTpUyecKOMY XapakTepy) KOPPO3HOHHBIX pa3pylIeHHH Ha MOBEPXHOCTH
WK B 00bEME MeTala.

IIo MexaHuM3My peakuMid B3aMMOJAEHCTBHMS MeTaljla CcO Cpelod (XuMHuyecKas M
AIIEKTPOXUMHUYECKAsT KOPPO3HS).

ITo Ty KOPPO3UOHHOM Cpeb

Jlo xapakTepy JONOJIHUTEIbHBIX BO3ICHCTBUM

2. XuMnuyeckass M JJIEKTPOXHMHYECKasi KOPPO3MsA, NPHYHHBI BO3HUKHOBCHHS,
yCJ10BHSI IPOTEKAHUS.

Koppo3us sBisieTcst 31eKTpOXUMUYECKON, €CIIM P BBIXOJE U3 METAIUIMYECKON PEHIETKH
oOpa3yromuiics KaTHOH BCTYNAeT B CBSI3b HE C OKUCIHUTENEM, a C JAPYTUMU KOMIIOHEHTaMH
KOPPO3MOHHOM Cpebl; OKHCIUTENIO e IepelaloTcsi AJIEKTPOHBI, OCBOOOXKIAIOIIMECS MpH
o0Opa3oBaHuM KaTHOHA. Takol mpoiiecc BO3MOXKEH B TE€X ClydyasiX, KOTr/la B OKpYyKarollel cpeze
CYLIECTBYIOT JiIBa THUIAa PpEareHTOB, U3 KOTOPbIX OJHM  (COJNBBATHPYIOIIHME  WIIHU
KOMILJIEKCOOOPAa3yIOIIHE) CITIOCOOHBI COSTUHATHCS YCTOMYMBBIMHU CBSI3SIMH C KATHOHOM METalia
0e3 ywacTusi €ro BaJICHTHBIX 3JEKTPOHOB, a JApyrue (OKHUCIMTENIM) MOTYT TNPHUCOEAUHATH
BaJICHTHBIE 3JIEKTPOHBI METalIa, HE YAEepPKUBasi OKOJIO ce0sl KATHOHBI.

Koppo3usi sBisieTcss XMMHUYECKOW, €CIM TOCIE pa3pblBa METAIJIMYECKOW CBSI3U aTOMBI
MeTaJljla HEMOCPEJACTBEHHO COECIUHSIOTCS XUMHUYECKOM CBA3BIO C TEMU aTOMaMU WJIU TpyINIaMu
aTOMOB, KOTOpBIE BXOJSAT B COCTaB OKHUCIIUTENEHW, OTHUMAIOIIMX BAJEHTHBIE DJIEKTPOHBI
MeTaiia. XUMHUYEcKas KOppo3Hsi BO3MOKHA B JIF000M KOPPO3HMOHHOM cpesie, OJHAKO Yallle BCEero
OHa HaOJIOMaeTcss B TeX CllydyasX, KOTJa KOPPO3HMOHHAs Cpeda HE SBISIETCS AIIEKTPOIUTOM
(razoBasi KOppO3usl, KOPPO3Us B HEINEKTPOIPOBOJAHBIX OPraHUUYECKUX KUAKOCTAX). CKOPOCTH €€
yamie Bcero omnpenensercss auddysueil yacTui Metamia U OKUCIUTENS Yepe3 MOBEPXHOCTHYIO
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MIEHKY TMPOIYKTOB KOPPO3UHU (BBICOKOTEMIIEPATYPHOE OKHCIECHUE OOJBIIMHCTBA METAJIOB
razamu), MHOT/Ia — PAacTBOPEHHUEM WM HCIAapeHUEM 3TON IUIEHKH (BBICOKOTEMIIEpATypHOE
okucienne W wim Mo), e€ pactpeckuBanueM (okucieHre Nb Ipu BBICOKHX TeMIlepaTypax) U
u3peaKa — KOHBEKTUBHOI JOCTaBKOM OKHCIUTENSA U3 BHEIIHEH cpenbl (IPU OYeHb MaJIbIX €ro
KOHIICHTPAIUSX ).

3. 3anuch ypaBHeHMs peaKIUil, IPOTEKAIIUX NPH KOPPO3UH B PA3JIHYHBIX Cpeaax:
aTtMoc(epHasi, NIOYBEHHas1, 0MOKOPPO3Hsl, JJTeKTPOKOPPO3HUs U T.1.

Koppo3ust MetanioB yaiie BCero CBOAUTCS K MX OKHCIICHHUIO U MTPEBPAILCHUIO B OKCUbL. B
YaCTHOCTH, KOPPO3HSI KeJe3a MOKET ObITh ONHCaHa YIPOILIEHHBIM YpaBHEHHUEM

4Fe +302 + 2H20 = 2Fe203-H20

4. TIpuHOMObBI 3alIMTHI METAJUIOB H CIUIAaBOB OT Koppo3uu. JlermpoBaHme,
H30JISIMMOHHbIEC TNOKPBITHS, MeTA/NIMYeCKHe IOKPbITHS, NPOTEKTOPHAs 3alluTa |
3JIEKTPO3alUTAa, MHTHONPOBaHHE

3ammTy OT KOPPO3UH CIIeAyeT HAUUHATh C MPAaBUIBLHOTO MOAOOpa XMMHYECKOTO COCTaBa
CTpYKTYpbI MeTaiita. [Ipu kKoHCTpyHpoBaHUM HEOOX0IUMO U30eraTh (HopM, CIIOCOOCTBYIOIINX
3afiep>KKe Braru. JlJis 3aiuTsl MeTallia OT KOPPO3UH MPUMEHSIIOT Pa3InYHbBIE CTIOCOOBI.

JlerupoBaHue cTany NOBBIIIAET €€ aHTUKOPPO3UOHHBIE CBOMCTBA. Hanpumep,
COBEPIICHHYIO CTOMKOCTh K aTMOC(EpHOI KOPPO3UHU MOKA3bIBAIOT HEPKABEIOIIHE
JIETUPOBAHHBIE CTAIIM, COJICPIKAIINE B OOJIBIIIOM KOJMYECTBE XPOM, KOTOPBIH, 00pa3ys Ha
MOBEPXHOCTU OKCUJIHBIE IVIEHKH, IPUBOJUT CTallb B MACCUBHOE cOCTOsiHUE. CyIIECTBEHHO
noBeImaercs (B 1,5...3 paza) KOppo3nOHHAsi CTOMKOCTh CTPOUTENIBHBIX CTAJICH NMPU BBEICHUH B
ux coctaB menu (0,2...0,5 %). [ToBbIlIIeHHON CTOWKOCTH HEPXKABEIOUINX CTaJel MPOTUB
KOPPO3HHU CIIOCOOCTBYIOT TaK)KE€ MX OJJHOPOJAHOCTH M HEOOJIBILIOE COCPKAHNE BPEIHBIX
puMecei.

3aluTHBIE TOKPBITUS MPEACTABISAIOT COO0H MIIEHKH (METAJUIMYECKNUE, OKCHUJIHBIE,
JAaKOKPACOYHBIE U T.I1.).
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2. METOAUYECKHUE YKA3AHMSA 110 BBITIOJIHEHHUIO
JIABOPATOPHBIX PABOT

2.1 JlabopatopHas padora 1 (2 yaca)
Tema: «CTexuoMeTpuyecKue 3aKOHb»

2.1.1 Hean padoThl: Ha IpUMEpax MPAKTUKH 3aKPEMUTh 3HAHUSI OCHOBHBIX
CTEXHOMETPUYECKHUX 3aKOHOB M MMOHATUN XUMHH

2.1.2 3apauu padoThl: cOpPMUPOBATH MOHATHE O TUCHUIIINHE KaK HAYKH, U3YJarOIICH
Mmatepuio. Pa3obpaTh OCHOBHBIC MOHATHS XMMUU: aTOM, MOJIEKYJIa, XUMHUECKUI 2JI€MEHT,
BEIIECTBO, MPOCTHIE U CIOKHBIE BEIIECTBA, UX OCOOCHHOCTH.

2.1.3 Ilepeyenn npudOpPoOB, MaTEPHAJIOB, HCIIOJIb3YyeMbIX B J1a0opaToOpHO#i padoTe:

1. Peaxmuewl: Pacmeopwi: xapoonat Hatpus Na,COs, cynsdat Harpust Nap;SO,, cymbdar
amomunust Aly(SO.)s, atlerar Hatpust CH3COONa; unaukaTopsl - lakMmyc, GeHoa(TanenH.
Hccnenyemblil pacTBOp - BOJHAS BBITSKKA [TOYBBIL.

2. Obopyoosanue: mepHbie TMHAPHI HA 100 M1, KOJIOBI KOHMYEcKHe Ha 250 M1 ¢
npoOkamu, nunetku Ha 20 M1, OropeTKu Ha 25 Mi1, cTakaHYuKy Ha 50 M1, TpOOUPKH, CIIUPTOBKA,
JiepKaTeb.

2.1.4 Onucanue (xox) padoTsbI:

Onvim 1. I3MeHeHne peakiiuu cpebl

Haneiite B Tpu npOupku 1o 2 M1 pacTBOPOB coliel cynbdara HaTpus, kapOoHaTa HATpus,
cynbdara amomunus. JJo6aBpTe MO 2 KAy HHAMKAaTopa JakMmyca. OTMEThTE ISl KaXKI0TO
ciydast IBeT uHAnKaTopa. Kakue conu moasepraroTcst rTuapoau3y?

3anuwume ypasnenue peaxyuu (8 MOAeKYIAPHOM U UOHHOM ude). Coenatime 6bli600.

Onvim 2. Briusinue TeMiepatypsl Ha peakiuu

B npobupky Hamneiite 3 M1 pacTBopa anerara HaTpus, mpudasbTe 3 Karm (GeHoaTanenHa.
HarpeiiTe moutu 10 KUMEHUs, OTMEThTE U3MEHEHUE OKpackH pacTtBopa. Kak Biauser
TeMIepaTrypa Ha THJIPOIn3?

3anuwume ypasnenue peakyuu (8 MOIEKYIAPHOM U uoHHOM 8ude). Coenaiime 6b1600.

2.2 JlabopaTopHasi padora 2-3 (4 yaca)
Tema: «OcHOBHBIE KJIacChl HeOpraHuveckux coeannenuii. [lonsatue 06 naeHTHPpuKaUN
KATHOHOB M AHHOHOB)»

2.2.1 Heanb paGoThl: TPOBEPUTH U 3aKPEIUTh 3HAHUS XMMUYECKOHN MPUPOJILI OCHOBHBIX
KJIACCOB HEOPTaHMYECKHUX COeTUHEHMH. OCBOUTH MPUHITUITHI KAYECTBEHHOTO aHAJIN3a
XUMHYECKHUX BEIECTB

2.2.2 3anauu padoThI:

1. VSCHUTH MPUHIIMITBI KJIACCU(DUKAIIMU HEOPTAaHUYCCKUX COCIMHEHHIM

2. Pa306path 0COOEHHOCTH CTPOCHMUSI, METOJIOB TIOJYUYCHUSI I XUMUYECKUX CBONCTB
OKCHJIOB, THJIPOKCHJIOB, KUCIIOT, UX MPAKTUYECKOTO 3HAUCHUS B CEIbCKOXO3SHCTBEHHON U
TEXHOJIOTHYECKOH TPAKTHUKE

3. Ocoboe BHUMaHKE yIETUTh U3YYCHHIO KOMIUIEKCHBIX COeTMHEHUN

2.2.3 llepevyeHb NpuOOPOB, MATEPHAJIOB, HCIOJIL3YeMbIX B J1a00paTOPHOIi padoTe:

1. Peaxmuewi:

Pacmeopur (21): kapoonat Hatpust Na,COs, cynsdat Harpus Na,SO,, ceproit H,SO4 1
consinort HCI xucnoter, ruapokcua Hatpust NaOH u kamus KOH, xnopun sxenesa (1) FeCly,
xsopua amomunust AlCls, cyabdar uaka ZnSOy, cynbdar meaun CuSOy4, XT0pHT aMMOHHS
NH,ClI, xnopun 6apus BaCl,, xnopuna Bucmyra BiCl,, runpoxcun ammonnss NH,OH, Hutpar
prytu HQ(NO3),, noaun kamus KJ, sxenezoammonuniinbie kBacipl (NH;)2,SO4-FeSO4-6H,0,
rekcanmanodeppat (1) kanmus K4[Fe(CN)g], ponanun kamus KCSN.

2.060pyoosanue: MTATUB C POOMPKAMHU, MEPHBIC TPOOUPKH, TTUTIETKH, (papdopoBas
YaIka, CIUPTOBKa, JTJAKMyCOBasi Oymara.
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2.2.4 Onucanue (xo1) padoThI:

OmpiT 1. AMdOTEpHOCTD THAPOKCHIOB

B getpipe npobupku HanelTe mo 1 M pacTBopoB coneit xinopuaa xenesa (I1), cynsdara
LMHKa, XJIOpUAa aJlOMUHUs, cyibdaTa Meau. [JJo6aBbTe K KaKJOMY pacTBOPY MO KaIljisiM
rupokcu HaTpus. [lomyueHHbIe Oca Ky pa3/ieuTe Ha ABE YaCTH U IPOBEPhTE MX
pPacTBOPUMOCTh B MUHEPATILHBIX KUCIOTaX U HIeNouax. Januwume ypasHenus peakyuil (8
MONEKYAAPHOM U uoHHOM 6ude). Coenavime bl800.

OnpiT 2. [TonyyeHue neTy4ero OCHOBaHUS U3 COJIU

K 1 mn1 pactBopa xiopuna aMmMmonus npuieire 0,5 M1 pacTBopa rAPOKCHIA HATPUS U
coJiep;kuMoe npoOupku Harpeiite. Hag npoOupkoiil momecTuTe mojiocKy JaKkMycoBO# Oymaru,
CMOYEHHOW JUCTUITUPOBAHHOM Bo#oi. Uto Habmonaere? 3anuwume ypasHenue peakyuu.
Coenatime 6v1600.

Omnpit 3. [TosyueHne KOMIUIEKCHOTO KaTHOHA

K 1 mi pactBopa cynbdara mean npudaBbTe TaKo ke 00beM pacTBOpa €IKOT0 HaTpa.
Habumonaiite oOpa3oBanue ocazika rosy0oro 1sera.

K o6pazoBanHOMY OcajKy Mo KarisM 100aBbTe paCTBOP aMMHAaKa J10 MOJHOTO €ro
pacTBoperus. OGpa30BaHIe aMMHAKa MEJIH, COACPIKALLEro KoMIutekcHblii karroH [Cu(NHz)a]*,
BBIpA3HUTE ypaBHEHUE peakiuu. 3anuwume ypasHenue peaxyuu. Coenatime 661600.

Onpit 4. [losydeHne KOMIUIEKCHOTO aHHOHA

K 0,5 mn pactBopa mutpata prytu (l1) mpubaspTe 2-3 Kammu pacTBopa HOIKIA KAJIHS.
Habmonaiite oOpa3oBaHue spKO-OpaHKEBOro ocajka noauaa pryru. Ilpogomkaiite nobasnenue
pacTBopa MOAMIa KaJus 0 TOJTHOTO PACTBOPEHHS OCaIKa M 00eCIIBeUNBaHUS PACTBOPA.
[MTonyvaromuiicst 6eCBETHBIA PaCTBOP CBUICTEIHCTBYET 00 00pa30BaHIH KOMILIEKCHOTO
aHUOHA [HgJ4]2'. 3anuwume ypasnenue peaxyuu. Coenatime 8b1800.

Omnpit 5. Peakuust okpalivBaHus MjaaMeHu

[T1aTHHOBYIO UM HUXPOMOBYIO IIPOBOJIOKY OYMCTUTE HEOTHOKPATHBIM CMAaUUBAHUEM B
KOHIICHTPUPOBAHHOMN COJISTHOHM KHCJIOTE M MTPOKAIUTE B IJIAMEHHU TOPENIKH JI0 TE€X TOp, TIOKa
IU1aMs He NepecTaHeT OKpalnBaThest. OUUIIEHHOM MPOBOJIIOKON MOIENNTEe KPUCTAILT
NPEUIO’KEHHON COJIM M BHECUTE B OCHOBAHHE TUIAMEHH CITUPTOBKH, a 3aTeM MEPEBEANTE B YaCTh
IUIaMeHH ¢ HauBbIcIIel TemnepaTypoit. Habmoaiite okpammBanue niaamenu. Coenatime 661600.

OmwiT 6. O6HApY)eHHe KaTHoHa cepebpa Ag”

B npoOupky BHecHuTe 2 MII pacTBOpa HUTpaTa cepedpa U MpUIIeiTe KarIo pacTBOpa
xjopuaa Hatpus. Uto Habmomaere? 3anuwume ypasuenue peaxyuu. Coenaiime 8b1800.

Omeit 7. O6HapyxeHue noHos xene3a (11) Fe 2

[Tomectute B mpobupky 3 kamnu xiaopuaa xkenesa (1) u npuneitre 2-3 xanmu
rekcanuano-geppara (l11) kanua. Yro nHabmonaere? 3anuwume ypasnenue peaxyuu. Coenaiime
8b1600.

OmnpiT 8. OTKphITHE KaTHOHOB Kene3a (111) Fe*

[TomecTuTe B mpoOupky 3 kKarum conu xyopuma xenesa (111), mogkucnoure pacteop 1-2
KaIUISIMU COJISTHOM KUCIIOTHI M pu0OaBbTe 2-3 Karum pacTBopa rekcanuanodeppara (1) xanus.
Uro nabmrogaere? 3anuwume ypasruenue peaxyuu. Coenaiime 8b1800.

Omeit 9. O6Hapyxenue xnopua nonos Cl°

K 2 M1 pactBopa xjopuia HaTpus 100aBbTe 3 Karumi pacTBopa HATpara cepedpa. Uto
Habmonaete? 3anuwume ypasnenue peaxyuu. Coenatime b1800.

Omsit 10. O6HapyxeHne kapboHaT HoHoB COz”

B nmpobupky nomectute 1 M pactBopa kapOoHaTa HaTpUs, IpUIEHTE 2H pacTBOP
COJISTHOM KHUCIJIOTBI ¥ OBICTPO 3aKpoiTe MpOoOUPKY MPOOKOI, B KOTOPYIO BCTaBJI€HA OTBOIHAS
TpyOka. Jlpyroii KoHel 3Toil TpyOKH OMyCTHTE B MPOOUPKY, B KOTOPYIO HAJIUTa U3BECTKOBAsS
Boza. Uro Habmonaete? 3anuwume ypasnenue peakyuu. Coenatime 6vi800.

2.3 JIaGopaTopHuas padora 4 (2 yaca)
Tema: Oprannyeckue coenqunenusi. [losmmepsl, npuMeHenue
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2.2.1 Henp padoThI: N3YYUTh HA IPAKTUKE CBONCTBA IIOJUMEPOB, OCBOUTH METOBI
HOJIy4EeHHUs IOJIMMEPOB.

2.2.2 3agaum padoThI:

1. JlaTh XapaKkTepUCTUKY OJUMEPAM

2. I0Ka3aTh HAa KOHKPETHBIX IPUMEpaX pa3IMuHOE IPOUCXOKIACHHUE MTOJIUMEPOB,
KJ1IacCU(PUKAITHIO

3. yKa3aTbh Ha OCHOBHbIE CIIOCOOBI IOIY4YEHHSI TOJTUMEPOB

2.2.3 llepeyeHb NpuGOPOB, MATEPHAJIOB, HCIOJb3YeMbIX B JIa0opaTopHOii padoTe:

Peaxkmueoi:

Kycouku pe3unsl u kaydyka.

Pacmeoput: xenatun, 6en3on CgHg, cunukat Hatpust NapSiO3 (20%-i1), consiHast Kuciiora
HCI (1n), xmopun kamust KCI (11), pomanug ammonust NH4CNS (1H), cyiabdar matpus Na,SO,4
(1n).

Obopyooeanue:

TEXHOXMMHUYECKHE BECHI, BOJISTHAS OaHs MM TEPMOCTAT, IITATUB ISl TPOOUPOK, TUHIIET,
dbunbTpoBanbHas Oymara, Or0KC, 4aCOBOE CTEKIIO, CTEKIISIHHAS MaJl0uKa, CTaKkaH, KOJIObl Ha
50 — 100 mu1.

2.2.4 Onucanue (xoa) padoTsI:

Omnpit 1. Habyxanue u onpejenieHne cTeneHr HaOyXaHus KaydyKa ¥ pe3UHBI.

1. B Hayasie 3aHATHS IOMECTUTE KyCOUYEeK Kaydyka B OIOKC ¢ OEH30JI0M U 4epe3 KaK/ble
30 MuH oTMeYaiiTe cocTosiHre Kayuyka. CHadalla KayqyK YBETUIHBACTCS B 00bEME, 3aTEM
rpaHUIia MeXaAy OCH30JI0M U Kay4YyKOM HauWHAET Pa3MbIBAThCs, TaK KAK MaKpOMOJIEKYJIbI
OTPBIBAIOTCS U MEPEXOIAT B pacTBop. Uepes 3 — 4 4y KayuyK [HOJIHOCThIO PacCTBOPSIETCS B
Oensoine. KakoB Bua HaOyxaHusi Kaydyka B OeHzose?

2. [1ns onpeneneHus CTENEHU HaOyXaHusl B3BEChTE YaCOBOE CTEKIIO Ha
TEXHOXUMHUYECKUX Becax. Bo3pbMUTE KyCcOUEK pE3HHBI, IOJO0KUTE HAa YACOBOE CTEKIIO U
B3BECHTE €lll€ Pa3 Ha TEXHOXUMHUYECKHUX Becax.

3anuuiMTe Maccy 4acoBOTO CTEKIa b 1 Maccy 4acoBOro cTekiia ¢ pe3uHoi 10 HabyxaHus
¢. Macca pe3unsl 10 HaOyxaHus paBHa (c- D). 3aTem morpys3urte HaBeCKy Pe3UHBI B OIOKC C
OeH30II0M (ToJalbIIe OT OTHsA!).

UYepes 20 MUH BO3bMHUTE HABECKY PE3UHBI MUHIIETOM, 000TpUTE QUIBTPOBAILHON
Oymaroii, moyiokuTe Ha YacOBOE CTEKJIO U B3BechTe. [1o Macce yacoBoro crekna ¢ HaOyxIen
PE3MHOI ONpeeNnTe KOJIMISCTBO MOTIOMICHHOW kuaKocTH (0-C). Beruucnure creneHb
HaOyxaHus 3a 20 muH o hopmye:

d—c
a=——-100%
c—b

IToce 3TOro BHOBb MOTPY3UTE PE3UHY B O€H30J1 M ONPEIEIUTE CTeIIeHb HA0yXaHUs 32
40, 60 muH. [1o mony4eHHBIM TaHHBIM NTOCTPOITE KPUBYIO HAOYXaHUsI, OTKJIAAbIBAs IO OCH
abcrucce Bpems, a 1o OCH OpJIUHAT — CTeNeHb Ha0yXaHuUs.

Omnert 2. [TonydeHne cTyiHS KPEMHUEBON KHCIIOTHI

B crakanuuk Haneire 10 mu 20%-ro pacTBopa cuiaukara HaTpusl, IOMENIUBast
CTEKJISTHHOW MaJOYKOM, 100aBbTE 5 M1 2H pacTBOpa COJSTHOM KUCIOTHI

Yepes HECKOJIBKO MUHYT 00pa3yeTcst Oelblid CTyZeHb KPEMHUEBOM KHCIIOTHI.
[TosryueHHBIH CTy/IeHb OCTaBbTE CTOATH U HAOJIOaliTe Yyepe3 yac MosBJIeHUE Karellb BOAbl Ha
MOBEPXHOCTHU CTYIHS.

Hanuwume ypasnenus peaxyuu norydyeHust CTyAHS KPEMHUEBON KHUCIOTHI.

Obvsacuume, KaKoi MpoIecC MPOUCXOIUT MIPU MOSABICHUN BOJIBI HA CTYTHE.

OmnpiT 3. BiiustHue KOHIIEHTpAlMA Ha CKOPOCTh 00Pa30BaHUsI CTYTHEH

Ha texnoxumuueckux Becax B3BeChbTe TpU HaBeckH xkenaruna: 0,4; 0,6; 0,8 r.

[ToMecTrTe HaBECKH JKeJIaTUHA B TP KOJIOOYKHU U, IPUJIMB TyAa 1O 15 MJI BOJIHI,
ocraBbTe cTOATH UX Ha 30 muH. [Ipoucxoaut nporecc HabyxaHus KeJaTHHA.

36



[Tocne ucreyeHus ykazaHHOTO BPEMEHHU OMYCTUTE KOJIOOUKH B KUTISAIIYIO BOASHYIO
0aHIo /10 IOJTHOTO pacTBOPEHHUsI JKelaThHa. B kaxayro koia0o4ky 100aBbTe erie 1o 15 M1 BOJbI.
Conepxxumoe B30onTaiiTe u oxyagute B repmoctare 10 +15°C.

OTMmeThTe BpeMsl MOrpyKEeHUsI KOJIOOUYEK B TEPMOCTAT U MOMEHT 00pa30BaHUS CTYIHS.
Pa3nuia Mexy BpeMeHeM MOrpyKEeHHUsi K MOMEHTOM O00pa30BaHUSs CTYIHEH sBIseTCS
BpeMeHeM 3acTynHeBanus. [Ipoiecc 3acTyiHeBaHUS CUUTACTCS 3aKOHUEHHBIM, €CIIU KEJIATUH
HE BBUIMBAETCS MPU MEPEBOPAYMBAHUU KOJIOOYEK.

Ha ocHoBaHMU JaHHBIX OMBITa MOCTPONTE TpaduK, OTKIAAbIBAs IO OCH abcIuce
KOHIICHTPALIUIO PacTBOPA, a [0 OCH OPAUHAT — CKOPOCTH 3aCTYAHEBAHMUS.

VYkaxkuTe, Kak BIUsAET KOHLEHTPAILHsI paCTBOPa Ha CKOPOCTh 3aCTYyIHEBAHUS U
MEXaHUYECKHE CBOICTBA CTYAHEM.

OmnpIT 4. BiiustHue 3IEKTPOJIUTOB Ha CKOPOCTh 00pa30BaHUs CTYTHEH

B3BechTe Ha TEXHOXMMHUYECKUX Becax Tpu HaBecku 1o 0,4 r xenaTuHa, TOMECTUTE UX B
kos100uku 1 npuieite nmo 10 mu Boasl. [locne nucreuenus 30 muH HaOyxaHus KelaTHHA
OITYCTUTE B BOJSHYIO KHIIAIIYIO OaHIO 10 00pa3oBaHUs PacCTBOPOB.

B nonydennsie pacTBOpHI xKenaTuHa Jo0aBbTe 1Mo 10 MII CeAyIONX BEIIeCTB: B
nepByro kosi6ouky 10 M 1H pactBopa xiopuaa kanus, Bo Bropyto 10 ma 11 pactBopa
ponanuaa kanus, B TpeThio 10 M 11 pactBopa cynbdara Kaaus.

Omnpenenute BpeMs 3aCTYAHEBAHUS U OTMEThTE, Kak BIusAOT aHnoHbI Cl, S0,%, CNS
Ha CKOPOCTh 00pa30BaHUs CTYIHEH.

2.4 JIaGopaTopuasi padora Ne5 (2 uyaca)
Tema: «CTpoeHHe aTOMA M MEPHOANYECKH A 3aKOH»

2.4.1 Heap padoThl: 3aKpENUTh 3HAHUS O CTPOSHUH aToMa. HayuuTbcs onpenenstsb
CTPOEHHE aTOMa U XMMHUYECKUE CBOMCTBA JJIEMEHTOB, UCXO/S U3 UX MOJIOKECHUS B
NEPUOANYECKON CHCTEME DIIEMEHTOB.

2.4.2 3anauu padoThI:

1. YTounuts MMPECAITOCHIIKHA OTKPBITUSA CTPOCHHUA aTOMaA

2. BBISIBUTH ~ pa3iHuds B  TEOPUAX  CTPOEHUS  aroma,  MpeIokKeHHBIX JIXK.
TomconoMm u D.Pe3epdopiom, ux HeTOCTATKU

3. ySICHUTb COBPEMEHHYIO MOJIENIb aTOMa U TEOPUH, OOBSICHSIOIINE €€

4. ¢ YUCTOM MPHUHOHUIIOB 3allOJIHCHUA JBJICKTPOHHBIX 0p61/1Tanel71 HAay4YuTb COCTaBJIATH
AIIEKTPOHHBIE (POPMYIIBI SJIEMEHTOB.

2.4.3 TlepeyeHb NpUOOPOB, MATEPHATOB, HCII0JIb3yEeMbIX B J1a00paTOPHOIi padoTe

Brinmonsenue MMPpaKTUKyMa HEC IPCAYCMOTPCHO

2.4.4 Onucanmue (xo1) padoThI:
[1nan xapakTepUCTUKHU AIIEMEHTA 10 €T0 MOJI0XKEHHUIO B IEPUOANYECKOI cucTeMe
XUMHYECKHUX IJIEMEHTOB
1. IlonoxxeHnue anemeHTa B nepuoandeckor cucreme. [lepuon, rpynna, noarpymma.
2. [MopsinkoBEIit HOMEpP, OTHOCUTENIbHASI AaTOMHAs Macca, 3aps sSApa, KOTUIECTBO
IMPOTOHOB, KOJIUYCCTBO SJICKTPOHOB, KOJIMYCCTBO HeﬁTpOHOB.
3. DnekTpoHHOE cTpoeHue aroma. CeMencTBo.
4. Bo3MOXHbI€ BAICHTHBIE COCTOSIHHS aTOMA.
5. Merann, Hemertasul, aM(pOTepHBIN MeTalI.
6. CBoiicTBa hyieMeHTa (OKHCIUTEIbHBIE, BOCCTAHOBUTEIILHBIE).
7. Beicuuii OKCHI 2JIEMEHTA, €T0 XapakTep (KUCIOTHBIN, aM()OTEPHBINA UM OCHOBHBIN).
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8. 'mapokcu aeMeHTa, ero Xxapakrep.
9. [Ipumep dopmy comei.
10. ®opmyna geTydero BoJJOPOJHOTO COCTUHEHHUS.

2.5 JlabopaTopHasi padoTa Ne6 (2 yaca)
Tema: «Xumnueckasi cBsizb. CTpoeHue BelecTBa»

2.5.1 Heab padoThl: 3aKpPENUTh MOJYYCHHBIE HA JICKIMUAX 3HAHUS O TIPUPOJIE U TUIIAX
XUMHUYECKOH CBsI3H. HayuuThCs ONpeIensiTh THII XUMUIECKON CBSI3HM B COSTMHECHUAX U (PU3UKO-
XUMHYECKHE CBOIMCTBA BEILIECTB, ONPEAEIsiEMbIe TUIIOM CBSI3€H MEKy aTOMaMH.

2.5.2 3apayu padoThI:

1. Onpenenutb OCHOBHBIE YEPTHI M NapaMeTPbl XUMUUYECKON CBSI3U

2. ySICHUTb c110COOBI 0003HAYEHUSI XUMUYECKOU CBS3U

3. BBIICIUTH BUJIbI XMMUYECKOH CBSI3U, MEXaHU3MbI UX 00pa30BaHus, CBOMCTBA

4. 03HaKOMUTb C 0COOEHHOCTAMHU KOBAJEHTHOM CBSI3U, €€ 00pa30BaHNUEM, ONHUCHIBAEMOM
o metogaM BC u MO

5. yTOUYHUTH SIBJIEHUE THOPUIU3ALMU aTOMHBIX OpOUTanei.

2.5.3 llepeyenn npudOpoB, MaTEPHAJIOB, HCIIOJIb3YeMbIX B J1a00paTOpPHON padore:

BrinosiHeHUE TpaKTUKYMa HE MPELYCMOTPEHO
2.5.4 Onucanue (xoa) paéoTsbl:

['ubpumuzanus - 3TO cMelIeHWe Pa3UYHBIX MO dHEpruu u Qgopme opOurtanei atroma,
OpUBOAALIME K OOpa30BaHMIO TAaKOTO JK€ KOJMYECTBA OJUHAKOBBIX MO 3HEpPruu u (opme
THOpUAHBIX OpOuTanei. DKBUBAJIEHTHOCTh TMOPUIHBIX OpOUTaneil 00yCIOBIMBAaET HE TOJIBKO
0o0pa3oBaHUE PaBHOLIEHHBIX 10 PHEPTUM CBs3€il, HO M OJMHAKOBBIC BAJECHTHBIE YIJIBI MEXIY
CBA3SIMH, OOpa3yeMbIMH 3TUMHU opOuTamsiMu. Crenyer NOAYEpKHYTh, 4yTO TruOpuaHsle AO
00pa3yloTCsl y OHOTO aTOMa, UMEIOLIEro pa3Hble OpOUTalu, MpHUYeM 0OBEKTOM TMOpUIU3aluU
ABIIAIOTCSA OpOUTANIN, UMEIOIINE OJIN3KUE 3HAUEHUS SHEPTUH.

Metoa MoneKyspHbIX opOuTanei. [Ipu ncnoap30BaHUU METO/1a MOJIEKYIISIPHBIX
opOuTasnei CUMTaeTCsl, B OTIMYHE OT METO/1a BAJICHTHBIX CBS3€H, UTO KaX bl AIEKTPOH
HaXOJUTCs B moJie Beex siiep. Ilpu 3Tom cBsA3b He 00s13aTennbHO 00pa30BaHa Mapoii 3JeKTPOHOB.
Hanpumep, non Hy* cOCTONT M3 IBYX IPOTOHOB M OJTHOTO 3JIEKTPOHA. MExX Ty ABYMSI
IIPOTOHAMM JEMCTBYIOT CHJIBI OTTAIKUBAHUS, MEKIY KaXKIBbIM U3 IPOTOHOB U 3JIEKTPOHOM -
CWJIBI IPUTSDKEHUS. XUMUYecKasi 4acTulla 00pa3yercs JIMILIb B TOM CiIydae, eClId B3auMHOE
OTTaJIKMBAHNE IPOTOHOB KOMIIEHCUPYETCS UX MPUTSHKEHUEM K JIEKTPOHY. ITO BO3MOYKHO, ECIIH
AIIEKTPOH PACIOJIOKEH MEXKIY AIpaMHU - B 00J1aCTH CBA3BbIBaHUA. B MPOTUBHOM ciiyyae CHUJIIbI
OTTAJIKWBAHUS HE KOMIIEHCUPYIOTCS CUJIaMH NPUTSHKEHUSI - TOBOPST, YTO 3JIEKTPOH HAXOJUTCS B
00J1acTH aHTUCBSA3BIBAHUS, I PA3PHIXIICHUS.

B mMeTozne MonekynspHbIX opOUTaeit 17151 ONMCAaHUs paclpeieeHUs AIEKTPOHHON
IJIOTHOCTH B MOJIEKYJIE MCIIOJIb3YETCs MPEACTABIEHNE O MOJIEKYJISIPHOI opOuTaiu (mogooHo
aTOMHOU opOuTanu A aroma). MonekynsipHble OpOUTaIH - BOJTHOBbIE (DYHKIIMM SJIEKTPOHA B
MOJIEKYJIE€ WM IpYyroil MHOTOaTOMHOM XxumMudeckoi yactuue. Kaxnas MonekynspHas opoUTaIb
(MO), xak u atoMHasi opouTais (AQO), MOKET ObITh 3aHATA OAHUM WU IBYMS DJIEKTPOHAMHU.
CocTosH1E AJIEeKTpOHA B 00JIACTH CBSI3bIBAHUS OIMCHIBAET CBA3BIBAIOIIAS MOJIEKYJISIpHAS
opbuTanb, B 00JIaCTH pa3phIXJICHUS - Pa3phIXJIAIONIas MOJIEKYIIsIpHas opouTtais. Pacnpenenenue
3JIEKTPOHOB 110 MOJIEKYJSIPHBIM OpPOUTANIIM TPOUCXOIUT 10 TEM XK€ MpaBUiIaM, 4YTO U
pacrnpeziesieHue 3JeKTPOHOB IO aTOMHBIM OPOUTAISIM B U30JIMPOBAHHOM aToOME.
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2.6 JlabopaTtopHasi padoTa Ne7 (2 yaca)
Tema: «JHepreTuka M HANMpaBJeHHEe XUMHYECKHX MPOLECCOB)

2.6.1 Ilesb padoThI: 3aKPENHUTHh HA MPAKTHKE MOHATHE 00 dHEpreTrnueckoM 3 dexre
XUMHUYECKHX TpoIeccoB. HayuuTh CTYACHTOB ONpeAesaTh YHEPreTHIECKHUA U TETUIOBOM Y dekT
U HaIlpaBJICHHE MTPOTCKAHUS XMMUYECKOHN PEaKIiK MO TEIIOTaM 00pa30BaHHMsI BEIIECTB,
BCTYNAIOIIMX a PEAKLUIO U 00pa3yIOIUXCs B PE3y/IbTaTe PEaKIIHH.

2.6.2 3agaum padoThI:

1.V SICHUTH OCHOBHBIEC TEPMUHBI M IOHSATHS TEPMOJANHAMUKI

2. OCMBICTUTD 3aKOHBI U CJIEICTBHUS U3 3aKOHOB TEPMOJAMHAMUKH, HA OCHOBAHUHU KOTOPBIX
YMETb MIPOU3BOJUTH TEPMOXUMHYECKUE PACUETHI

3. BBISIBUTH MPAKTUYECKOE MPUMEHEHHE MOHATHI U 3aKOHOB TEPMOJMHAMUKHU B
TEXHOJOTUYECKUX Tpoleccax.

2.6.3 Ilepeyenb npuOOpPOB, MAaTEPHAJIOB, HCIIOJIb3yeMbIX B JIa0OPAaTOPHOIl padore:
Peaxmuswi: 11 pactBop HCI, 1 1 pactBop NaOH.
IIpubopol: TUIUHAPEI MEpHBIE, cTakanbl Ha 100 M1, KaJopuMeTp.

2.6.4 Onucanue (xox) padoTsbI:

Onpenenenre TEIIOTHl PEaKIIMK HEUTpaIN3alllu.

Hanuts B cyxoii ctakan 25 mu1 1 H pacTBOpa L1eJI104YH, OIYCTUTh B HETO TEPMOMETP U
MOCTaBUTH B cTakaH ¢ u3osmueil. Yepes 10 — 15 muH 3amMeputh TeMiiepaTypy pacTBopa
menoyr. OTMepHUTh IMHAPOM 25 Mil 1 H pacTBOpa COISIHOM KUCIIOTHI U OBICTPO BBUIUTH €r0 B
pacTBop 1eaouu. OCTOpOKHO MOMEIINBAsE TEPMOMETPOM, 3aMEPUTH MAKCUMAJIbHYIO
TEMIIEPATYPY pPacTBOpA.

[IpuHMMast yaenpHy0 TEIIOEMKOCTh pacTBOpa paBHOM 1, MIIOTHOCTh pacTBOpa TaKxke
paBHOH 1, pacCUMTHIBAIOT KOJIMUYECTBO TEIJIa, BBIICIEHHOE MPU peakiyui. YToOb!l BEIYMCIUTD
TEIUIOTY peaKluu HeUTpanu3aiuu, Hy>KHO pacCUUTaTh KOJIUYECTBO TEIUIA, KOTOPOE BBIAETUIOCH
65l pu HelTpanu3auuu 1 11 pactBopa menouu. Pactop NaOH onHOHOpManbHBINH. DTO 3HAYHT,
yTO | SKBUBAJIEHTHAsl Macca LIeJI04H coiepkuTes B 1 11 aTOro pacrsopa. CocrasisieM
nponopuuto: 25 mi pactBopa — Q Ik, 1000 M pactBopa — X Ik, rie X U ecThb Tenjaora
HEUTpalIU3aLUu.

2.7Jlaboparopuasi pa6ora Ne8 (2 yaca)
Tema: «Xumudeckass KuHeTuka. Karamans»

2.7.1 Heap paGoThbl: HAYYUTh CTYACHTOB SKCIIEPUMEHTAIBHBIM U PACYETHBIM IIyTEM
OTIPEeAEIATh CKOPOCTh XUMUYECKOW PeaKI[Mi B 3aBUCUMOCTHU OT YCIOBUH Cpeibl U XUMUYECKOM
IIPUPOJIbI PEAreHTOB

2.7.2 3agaum padoThbI:

1. Yka3arp Ha pa3amyue roMo-u reTeporeHHbIX peaKkIuil

2. TOSICHUTHb 3aBUCHMOCTb CKOPOCTHM OT KOHLEHTPALlMM PEarupyrolluX BEIIECTB, OT
temneparypsl. [IpoBoauTh pacuersl no ypaBHeHuto. Bant-I'opda

3. 060CcHOBATh MEXaHU3M JICHCTBHS KaTalIU3aTOPOB

2.7.3 IlepeyeHb NpUOOPOB, MAaTEPUATOB, HCI0JIb3yeMbIX B J1a00paTOPHOIi padoTe:

1. Peakmueul:

- Kpucmannuueckue: autpat kanust KNO3, uuak Zn, autput kamus KNO- , okenn
maprania (1V) MnOy;

- Pacmeopwi: cepras kuciota HSOy4 (2 H), Tnocynbdat Hatpus Na;S;03 (2 H),
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ruapokcua Hatpus NaOH (I 1), xmopun ammonus NH4C1(2 H), nepmanranar kamust KMnO,
(0,1 1), mepokcua Bomopoaa HyO, (3%-HbIit).
2. Obopyoosanue:.
IITaTUB C TPOOUPKAMH, CEKYHIOMED, CITUPTOBKA, JIYYUHKH.

2.7.4 Onucanue (xox) padoTnbi:
Onvim . BausitHue KOHIIGHTPAIMKM BEIIECTB HAa CKOPOCTh XHUMHYECKOW PEaKIIHH.
3aroIHUTE TPH MPOOUPKHU COTTIACHO TAOJMYHBIM JAHHBIM:

1 2 3
PactBop
trocynbdar Harpust Nap,S;03 (2H) 1 Mo 2mi 3 M
Boja nuctwiuposanHas HoO 2 mn Imn -
cepuas kuciaora H,SO4 (2H) 1 M 1 M 1 M

[TocnenoBaTenbHOCTH 3alOIHEHUS: B Hadajlle BO BCE MPOOWMPKM HAIMBAIOT THOCYIb(daT
HATpUs, 3aT€M BOJY U B MOCJIEIHIOI OYepelb CEepHYI KUCIOTy. B MomeHT poOaBieHus
CEpHOW KHUCIJIOTHl BKJIOUHUTE CEKYHIOMEpP MU 3aCEKUTE€ BpEeMS [0 IMOSBICHHUS IEPBbIX
NPU3HAKOB TOMyTHEeHUA. JlaHHBIE MO KaXkaA0i mpoOupke 3aHecute B Tabnuny. CpaBHUB
BpeMs IOMYTHEHHUs pacTBOpa B KaxXJI0W mNpoOHpKe, coenaiime 61600 O BIUSHUU
KOHIIEHTPAIIUHU BEIIECTB HA CKOPOCTh peaKkUuu. 3anuuume ypagHeHUs peaKyui.

Onvim 2. BnusiHue TeMIepaTypbl Ha CKOPOCTh XMMHUUYECKOH peaklnu.

K 1 mn pactBopa xnopuna ammonus npubassre 0,5 M1 pacTBopa ruAPOKCUAA

Hatpus. Ouryrure cnadbrii 3amax ammuaka. Harpeiite comepkumoe mpoOupKu Ha
CIIUPTOBKE - YyBCTBYETCS CUJILHBIN 3amax aMMHUaKa.

Coenatime 661600 O BIMSTHUU TEMIIEPATYPhl HA CKOPOCTh XUMUYECKON PEAKIUH. Januuiume
VPasHeHUsl peakyuil.

Onvim 3. TOMOTEHHBIN KaTalu3.

B 1pu nmpoOupku Haneiite mo 2 Ma 2H pacTtBopa cepHOi kucinoTsl U mo 2 mua 0,1H
pacTBOpa mepMaHraHara kKajius. B mepBylo NmpoOHUpKY HAchIIbTE€ HECKOJBKO KPYHMHHOK
HUTpAaTa Kajus, 3aTeM B MIEPBYIO U BO BTOPYIO MPUOABbTE MO TPHU KyCOUYKa TPAHYIUPOBAHHOTO
nuHKa. TpeTbs mpoOupKa CIyKUT ITATIOHOM UCXOJHON OKPACKH pacTBOpa.

MexaHu3M peaKiiu:

5Zn +5 H,S0,=5 ZnSO,+ 10H"

2 KMnO4 + 3 H,S04 + 10H" = K,S04 + 2 MnSO, + 8 H,0

AToMapHBI BOJOPOJ, BBIACISIOMIMIICA W3 KHUCIOTHI, BOCCTAHABJIMBAET IE€pPMAHraHAT
KaJusl.

Hutpar kamuss wurpaer posib Karanuzaropa. 3/Jecb HMEET MeCTo oOpa3oBaHHeE
MPOMEXYTOYHOTO POAYKTA, & UMEHHO:

KNO3z+2 H = KNO,+ H,0O

Hutpur xamus KNO2 ,0pIcTpo BOCCTaHAaBIMBaeT TME€PMAaHTaHAT Kaius, TMPU ITOM
MPEBPALIAETCS B UCXOJHOE BEIIECTBO - HUTPAT KaJHs:

2KMnO4+5KNO,+3H,S04=2MiiSO4+5KNO;+K;S04+3H,0

Coenatime 61600 00 U3MEHEHUU CKOPOCTH PEAKLIMHU OT BBE/ICHHS B CUCTEMY KaTallu3aTopa.

Onvim Ne 4. I'eTepOoreHHbI KaTaius.

B nmpo6upky naneiire 1 ma 3%-Horo pacTBopa nepekucu Bo10poia U BHECUTE TIICIOLIYIO
nyanHKy. Uto Habmrogaete? 3aTeM mpuOaBbTe HECKOIBKO KPYITUHOK TMOKCH/Ia MapraHiia u
BHOBB BHECUTE TICIONIYIO JIY4uHKY. UTo HaOmonaere? 3anuwiume ypasuenue peaxyuu
(paznoxeHus nepekucu Bogopoaa). Coenatime 6b1600 0 TETEPOTCHHOM KaTaJIH3e.

2.8 JIaGopaTopHas padora Ne9 (2uaca)

Tema: «XuMn4yeckoe paBHOBecue. (aKTOPHI, BJIUAIOIIME HA CMELIeHHEe PABHOBECHS»
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2.8.1 LHean padoThi: chOpMUPOBATH YETKOE MPEICTABICHUE O 3aKOHOMEPHOCTSIX
NPOTEKAHUS PABHOBECHBIX XUMUYECKUX PEAKIIHIA.

2.8.2 3agaum padoThI:

1. Jlatb yeTkoe onpexaeneHne 0OpaTUMbIM M HEOOPAaTUMBIM PEAKIUAM

2. yKa3aTb Ha YCJIOBHs HEOOPAaTUMOCTH PEaKIIHi

3. mosicHUTH (haKTOPBI, BIUSIOMINE HA cMenieHne paBHoBecus. [Ipuniumn Jle [llatense
4. yka3aTb BIUSHHE PA3IMYHBIX (PaKTOPOB HA CMEIICHNE XUMHUECKOTO PABHOBECHS

2.8.3 Ilepeyenb NpuOOPOB, MATEPHAJIOB, HCIIOJIb3yeMbIX B JIa0opaTopHOii padoTe:

1.Peaxmuebl:

Kpucmannuueckue: xnopun ammonnst NH,Cl;

Pacmeopur: xnopun xenesa FeCls (pa36. u koni.), pomanua ammonus NH4CNS
(pa30. 1 KOHIL.).

2.06opyoosanue:

IITATUB C IPOOMPKAMHU, TUTICTKH.

2.8.4 Onucanue (xox) padoThI:
CMmernieHue XUMHYECKOTO PABHOBECHS M3MEHEHHEM KOHIICHTPAIUH

XUMHYECKOE PABHOBECHUE U €TI0 CMEIIICHHE N3MCHEHHEM KOHIICHTPAIIMH BEIICCTB.

B mnpoOupky HanediTe 5 My pa30aBICHHOrO pacTBOpa XJOpUIa XKelaeza u S5 M
pa30aBIeHHOI0 pacTBOpa poJaHuga aMMOHHUs. [lolydyeHHBIH pacTBOp pa3AciuTe Ha
YeThIpe paBHBbIC YacTu. [lepBas mpoOHMpKa CIIY)KUT STAIOHOM OKPAacKH, BO BTOPYIO 100aBbTe 2
KalUIM  KOHLEHTPUPOBAHHOTO  XJIOpHJA Kele3a, B TPeThi0 MpOOMPKY 2  KaIlju
KOHIICHTPUPOBAHHOTO pAacTBOpa pOJAHHWAA AaMMOHUS H B YETBEPTYI TMPOOUPKY -
HECKOJIbKO KPUCTAJNIUKOB XJIopuaa aMMoHMs. CpaBHUTE OKPACKU MOJYyYEHHBIX PACTBOPOB C
WHTEHCHUBHOCTBIO OKPACKH dTaJloHA. [Ipednodcume ypasHeHue peakyuu.

3anuIInTe BHIPAXKEHUE KOHCTAHTHl XUMHYECKOTO PaBHOBECHS JUUIsl TaHHOM peaKIH.
OTMeThTe U3BMEHEHHS OKPACKU B TPOOMPKAX ¥ CHIETANTEe BBIBOJ O CMEIICHUH XMMHYECKOTO
paBHOBECHsI MPU U3MEHEHUH KOHLEHTPALMU Pearupyomux BeIIecTB.

2.9 JIaGopatopHas padora NelO (2 yaca)
Tema: «OO0masi xapakrepucTHka pacTBopoB. Cnoco0bl BbIpaKeHHS KOHLECHTPALMHU

PacTBOpPOB»

2.9.1 Lenn paGoThl: HAYYUTh TOTOBUTH PACTBOPHI M3 HABECOK BEIIECTB U OoJiee
KOHICHTPUPOBAHHLIX PACTBOPOB, a TAKXKE ONPEACITIATh KOHICHTpAIN BEIICCTB 110 IJIOTHOCTHU
pacTBOpOB

2.9.2 3agaum paéoThI:

1. Omnpenenuth pacTBOPUMOCTH BEINECTB, (DAKTOPHI, BIUSIONIME HA PACTBOPUMOCTH
(TemmiepaTypa, MPUPOIa BEIIECTBA, IPUPOIA PACTBOPUTEIS)

2. HayuuTb ompenesth Croco0bl BBIPOKEHHsI KOHIICHTPAIIUK PACTBOPOB: MaccoBas JIOJIS
pPacTBOPEHHOTO BEIIECTBA B PacTBOPE, MOJIIPHAs KOHIIEHTPALMSA, MOJISIPHAs KOHIIEHTPAIIHS
DKBUBAJICHTA, MOJISUTbHASL KOHIICHTPAITHUS, TUTP, MOJIbHAS JIOJIs, 00beMHast J0JIsI

2.9.3 llepeyenb NpuGOPOB, MaTEePUAIOB, MCII0JIb3YeMbIX B J1a00PaTOPHOIi padoTe:
1. Peaxmuswi.: pactBop cepHoii H,SO4 mmu consiroit kucnorst HCI
2. Obopyoosanue: apeometp, muauaap HA 1000 Mut, xumudeckuii crakad Ha 1000 mut.

2.9.4 Onucanue (xox) padoThbI:
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[purorosnenue 8%-uoro pactBopa NaCl uz pacrBopa ¢ Gosblieii KOHIICHTpaIen

1. YcranoBnenue maccoBoii 1oiu ucxoaHoro pacrsopa NaCl no ero miotHoctn.

B uununap ¢ uccaenyemMbIM pacTBOPOM OCTOPOXKHO OIYCTUTh ApEOMETP, MPUAEPKUBASL
€ro pyKoH, 1oka He yoeuTech B TOM, 4TO apeoMETp CBOOOAHO IJIaBaeT B pacTBOpPE (€ciu
apeoMEeTp OIYCKAETCsl Ha IHO WJIM BBITAJKHUBAETCS U3 PacTBOpA €ro HYKHO 3aMeHUTh). [Tocie
TOr'0 KaK apeoMeTp OCTAaHOBUTCS, clienarh orcyeT. HeoOxoaumo ciennts, 4ToObl BO BpeMs
OTCYETa apEOMETP HE KacaJICsl CTEHOK LMWIMHJpa. Jlenenue, IpoTUB KOTOPOT0 HAXOAUTCS
BEPXHUM Kpail MEHUCKa KUAKOCTH, COOTBETCTBYET INIOTHOCTU pacTBopa. Bo Bpems oTcuera a3z
JIOJIKEH HaXOJIUThCS Ha ypOBHE MEHHMCKA. C MOMOIIBIO apeOMETpa IJIOTHOCTh OIIPENEISIETCS ©
touHocThio £0,003. [ToBTOPUTH OmNpeaeneHue eme 2 pasa. s 3Toro apeoMeTp Hy)KHO
IPUIOAHATH Ha | — 2 cM, OIIyCTUTD €ro U CHOBA CHATH Noka3aHus. Halitu cpeqnee
apu(MeTHUECKOe TPeX U3MEPEHUH.

ApeoMeTp BBIMBITh, 00CYIIUTH (PUIBTPOBATILHON OyMaroi u MmoyoKuTh B QyTIsp.
[Tonw3ysck TabauLe, onpeaeauTb MPOLEHTHOE COJEpKAHUE COJIM, OTBEYAIOIee HallIeHHON
IUIOTHOCTH. JlaHHBIE OIBITA U PE3YJIBTATHI 3aIHCATh MO opMe:

N3mepenne [ImoTHOCTB pacTBOpa, Maccoas nosst, %
/M
1-e
2-¢
3-e

CpeL[Hee 3HAa4YCHUC

2. Ilo mpaBuiTy KpecTa HalTH Maccy MCXOJIHOTO PacTBOpPA M PACCYUTAThH €ro 00beM U
00BbEM BOJIBI, HYXHBIH [T pa30aBICHHUS.

3. Ot™epuTh Or0peTKoM B K00y Ha 250 MIJT pacCUYUTaHHBIN 00BEM UCXOHOTO pacTBOpa
NaCl, mpuianuTh K HEMY HY)KHOE KOJIMYECTBO BOIbI, H3MEPEHHOE IIMITHHAPOM. ComepiKuMoe
KOJIOBI ITepeMenaTh.

2.10 JIaGoparopHasi pa6ora Nell(2 gaca)

Tema: «Teopus 3/1eKTPOJINTHYECKON AUCCOUATMHI. DJIEKTPOJUTHI M HEIJIEKTPOJIUTHI.
Honnbie ypaBHeHHA»

2.10.1 leanb paboThI: HAYYUTH CTYJEHTOB TOTOBUTH PACTBOPHI U3 HABECOK BEIIECTB U
0oJiee KOHIIEHTPUPOBAHHBIX PACTBOPOB, a TAKKE OMPEIEIATh KOHIIEHTPAIIUU BEIIECTB 10
MJIOTHOCTU PACTBOPOB; OCBOUTH MOHATHUE AIIEKTPOIUTHUECKOM nucconnannu. Ha mpaktnueckux
puMepax Hay4duTh ONPEACNIATh CTETICHb IUCCOIIMAIUN BEIIECTBA, PACCYUTHIBATH KOHCTAHTY
ANEKTPOIUTUYECKOHN AUCCOLUALIMH BEIIECTBA U MPOU3BEAECHHE PACTBOPUMOCTH.

2.10.2 3axauu padoThI:
1.Yka3aTh Ha TpoIlecc AUCCOLUAIMH BO/IbI, TOHATHE BOJAOPOAHOTO IMOKa3aTeNs
2. OTIpeNieNTh YCIOBUS, HEOOXOAUMBIE ISl CMEIIEHUS HOHHBIX paBHOBECUI
3. HAyYUTh OMPEIEISITh CHIIbHBIE, CTTA0BIE DIICKTPOUTHI

2.10.3 Ilepeuenb NpuOOPOB, MATEPHAJIOB, HCIOJIb3yeMbIX B JIa0opaTopHOii padore:

1.Peakxmuebi:
Pacmeopor: tunpoxeun xeneza Fe(OH)s (301b), STHIIOBBIN ciupT, p-p MbLIa (2%-HBbIN),
pactutenbHoe Macio, xaopun xeinesa FeCls (2%-ubrit), Hutpar cepedbpa AgNO3 ,
rekcaranodeppar kamms Ks(Fe(CN)g) (0,0011.), cynbdart kamus K,SO4(0,0011.), xmopu
narpus NaCl (2n.), ceprnokucibiit ammonnii (NH4)2SO, (Hackim.), e,

2. Obopyoosanue: >NEKTpOHArpeBaTEIbHBIN IPUOOp, TUATH3AaTOP, OIOPETKH, IIMIMHIP Ha
111, kon6b1 Ha 10 1 100MIT, TUTIETKH, IepIKaTENb, IITATUB ¢ IPOOUPKAMH, MEPHBIC TIPOOUPKH.
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2.10.4 Onucanue (xoa) padoThI:

Onwvim 1. IlonyyeHne 1 O4UCTKA KOJUIOMIHBIX CUCTEM.

a) B mpobupky ¢ Xopomio moJorHaHHoi NpoOKoi HaneiTe 5 M

JTUCTUJITUPOBAHHOM BOJBI, MpubaBbTe 1 MJI paCTUTEIBHOIO Macia. 3aKkpoiTe MpoOUpKy
npoOKoi 1 dHEpruyHO B30onTalTe. [IpoOupKy mocTaBbTe B MITATHB U OTMETHTE BPEMS,
Ipouieiee 10 MOJIHOTO PacciIOeHus )KUIKocTeil. Bo BTopoii mpoOupKe OIBIT IOBTOPUTE,
npubaBUB KpoMe BOJIbI U Macia 2 mil 2%-HOro CiupToBOro pactopa Mbuia. CHOBa OTMETHTE
BpeMsi, MPOIIE/IIee 10 MOJTHOI0 pacciauBaHus xuakocTe. OObSICHUTE POJIb Mblia B
MOBBIIIEHUH YCTOWUYHUBOCTU SMYJIbCHUH.

Coenaiime 6b1600.

0) B konnueckoi kon0e HarpeiTe 85 MJI JUCTUILIMPOBAHHON BOJABI /10 KUISTYCHUS
U OCTOPOKHO MpubaBbTe K Kumsiieit Boge 15 mn 2%-Horo pactBopa xiopua xkemnesa (111)
(BnuBaiiTe nocreneHHo). PactBop kunsarure 3-5 MuH.

Hanumure ypaBHEeHUE TUApOIN3a XIOpHIa Kele3a.

[Tony4deHHBIM KOJJIOMAHBIM PACTBOP OXJIAJUTE B XOJOJAHOU BOJE U BBUIEUTE OCTOPOXKHO
B JIUAJIM3ATOP - CTEKJISIHHBIA COCYJ, THO KOTOPOTO CAENaHO U3 IMOJYIPOHUIIAEMOM MEeMOpaHHBI.
Cocyn onyctute B MWJIMHIP ¢ BojaHOW. Yepe3 10 MuH. BO3BMHUTE M3 LUIUHIpPA MUIIETKON 3 M
BOJBI B MpoOMpKY W mpubaBbTe 3-4 Kamium pacTBopa HHUTpara cepedpa. Urto nHabmromaetcs?
Kakue wnonsl cB0OOAHO mpoxoasT depe3 meMOpany? l3meHsiercss 1M OKpacka BOJbI B
uuinuHape? Cxemy auanu3aropa 3apucyure.
Onwvim 2. Tennora pacTBOpPEHHUS.

B nBe npoOupku Haneiite (10 1/3) Boasl M U3MEphTE €€ Temneparypy. B mepByro
MPOOUPKY BCHINBTE 2-3 T a30THOKUCIIOTO aMMOHUS, OCTOPOKHO TIepeMENIaiiTe TEPMOMETPOM H
OTMEThTE CaMyI0 HU3KYIO TeMmIiepaTypy. Bo BTopyro npoOupKy moMecTUTe HECKOJIBKO KYCOUKOB
€IKOr0 KaJId U T0CJIE NEPEMEIINBAHNS OTMETHTE CaMyIO BBICOKYIO TEMIIEPATYPY.

Crenaiite BbIBOJI O TEIUIOBBIX 3((HEKTaxX MpU PACTBOPEHUU ITHX BEIIECTB.

Onwvim 3. U3MeHeHne o0beMa Ipy pacTBOPEHUH.

Hanelite B mpo6upky (10 1/3) Bosibl 1 OCTOPOKHO 100aBbTE paBHBIA 00bEM CIIUPTA.
OTMeThTe M0JIOKEHUE BEPXHET0 YPOBHS KUAKOCTH. 3aKpoiiTe mpoOUpKy MPOOKOH 1 XOPOIIOo
nepemeraiite. [locne oxnaxkaenus HaOMOAalTe MOHWKEHUE YPOBHS pacTBOpa. OOBsICHUTE
npoucxosiiee sisneHune. Coenaiime 8v1600.

2.11 JlabopaTropuas padora Nel2 (2 uaca)

Tema: «I'mapoaus conei. Monnoe npoussenenue soabl, pH. Meroab! onpenenenus pH»

2.11.1 Hean padoThl: pa3o0paTh Ha MPaKTHKE CBOMCTBA M XapaKTep KUCIOTHBIX,
HIEJIOYHBIX U HEUTPaJIbHBIX pacTBOPOB. HayunThcs paccunteiBaTh pH pacTBOpOB B 3aBUCHMOCTH
OT KOHIIEHTPALUH CUJIBHBIX U cIa0BIX 3JEKTPOIUTOB B pacTBope. ChopMupoBaTh MOHATHE O
OydepHBIX pacTBOpax.

2.11.2 3apauu padoThI:

1. YKa3aThb BJIMAHUC BOAOPOAHOTO IMOKA3aTCIA Ha X0 TEXHOJIOTHYECKUX
HPOLIECCOB

2. yTOYHUTH 3aBUCUMOCThH OMOJIOTMUYECKUX MPOIIecCcoB OT 3HaueHus: pH

3. IpoJIeMOHCTPUPOBATH CIIOCOOBI 3MepeHus pH.

2.11.3 IlepeyeHb NpUOOPOB, MATEPHAJIOB, HCIIOJIb3YEMbIX B J1a00paTOpHOii padoTe:
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1. Peaxmugvl: Pacmeopui: xapoonat nHatpus NapCOs, cynbdat narpus NapSO4, cynbdar
amomunans Aly(SQy)s, anterar Hatpust CH3COONa; nuaukaropsl - 1akmyc, GeHoIpTaIeHH.
Hccnemyemblii pacTBOp - BOAHAS BBITSHKKA TIOYBBL.

2. Obopyoosanue. ipudop Muxasnuca, MOTCHIIMOMETP, CTEKIITHHBIA U XJI0pCcepeOpTHHBIN
AIIEKTPOIbI, BCTPSIXUBATENbHASL MAIIMHA, MEPHBIC IMHAPHI HA 100 M1, KOTObI KOHUYECKUE Ha
250 mu ¢ mpoOkamu, nurneTky Ha 20 M1, OropeTky Ha 25 MJI, CTakaHYUKH Ha S0 M1, MPOOUPKH,
CIIUPTOBKA, IEPKATEIb.

2.11.4 Onucanue (xoa) padboThi:

Onvim 1. I3MeHeHne peakliuu cpebl IpU THIAPOJIU3E COJIEH.

Haueiite B Tpu npOupku 1o 2 M1 pacTBOPOB coiel cynb(dara HaTpus, kKapOoHaTa HATpus,
cynbdara amomunus. J[o6aBbTe Mo 2 KAy HHAMKAaTopa JakMyca. OTMEThTE AJIsl KaXKI0TO
ciydast BeT uHAuKaTopa. Kakue coiu noasepraroTcsi rTiApoIu3y?

3anuwume ypasHnenue peaxyuu (6 MOLEKYIAPHOM U UOHHOM 8ude). Coenatime 8bl800.

Onvim 2. Briusinue TeMrepatypsl Ha TUIPOIINS.

B nipobupky Hamneiite 3 M1 pacTBopa anerara HaTpus, mpudaBbTe 3 Karm GeHoadTanenHa.
HarpeiiTe moutu 10 KumeHus, OTMETbTE U3MEHEHUE OKpacKu pacTBopa. Kak Brnusier
TeMIeparypa Ha THJIpOoIu3?

3anuwume ypasHenue peaxkyuu (6 MONEKYIAPHOM U UOHHOM 8ude). Coenatime 8bl800.

Onwvim 3. Konopumerpuyeckuili Mmetoa onpenenenus pH nouBeHHOM BBITSHKKU

VYerpoiictBo mpubopa Muxasimuca.

Ilpubop Muxasnuca cocmoum u3 CKIAHKU C  YHUBEPCANbHLIM — UHOUKAMOPOM,
nossoaawum onpederumv PH npu uwmepeane om 3 0o 8, ckuAHOK ¢ 00HOYBEeMHBIMU
uHouxkamopamu  (a-OUHUMPOpeHoiom,  Y-OUHUMPOPDEHONOM,  P-HUMPODEHOIOM, m-
Humpocgenonom), 35 3anasuubix amnyr ¢ OygepHuIMu pacmeopamu — IMANOHAMU,
KOMRApamopa ¢ npooupKamu, YeemHou uKabvl, akeapeibHOU YauKuU.

IIpobupxu smanoust denames Ha yemvipe psoa. Kaswcowii pso coomseemcmeayem
ONnpeoeeHHOMY UHOUKAMOpP) .

1 pao: anvgpa - ounumpoghenony ¢ ouanaszonom pH om 2,8 oo 4,4,

2 pso: eamma - ounumpogernony ¢ ouanazonom pH om 4,0 0o 5,4;

3 pao: napa - Humpogenony ¢ ouanazonom pH om 5,4 oo 7,0;

4 psio: mema - Humpodghenony ¢ ouanazonom pH om 6,8 oo 8,4.

XoJ onpezeneHns akTUBHOM peakuuu cpeibl (pH) NOYBEHHON BBITSKKH.

1. IlpuroToBHTE NOYBEHHYIO BHITSDKKY. J{71s1 3TOT0O 10 T MOYBBI MOMECTHUTE B TIIOCKOJOHHYIO
konOy Ha 100 mu1, mpuneire 50 M1 AMCTHIIMPOBAHHOM BOABI M IPOU3BOJMTE BCTPSIXUBAHHE B
TeueHue 5 MUHYT. OTQUIBTPYHTE COAEPKUMOE KOJOBI Yepe3 CKIaTIaThiii (GUIBTP.

2. Onpenenute npuOIMKEHHOE 3HaUeHHe pH MOYBEHHON BBITSKKH.

B dapdopoByro wamky naneitre | M wuccimegyemoro pactBopa, A00aBbTe 2 Kariu
yHUBepcalibHOro nHankaropa. [lo okpacke, cornacHo mkase, onpeaenure pH pactsopa.

2. Onpenenute ToYHOE 3HaYeHUE pH.

B mpobupky ormeppTe 6 M HcCAeIyeMOM JKMAKOCTH M J100aBbTe 1 MIJI 4acTHOTO
WH/IWKAaTOpa, Y KOTOPOTO 30HA Iepexoja OKPAacKW HAXOAWTCS B Tpeaeiax MpUOIMKEHHOTO
3HayeHus pH wuccnemyemoro pactBopa. CopepkuMoe NpOOMpPKM Iepemelnnaiite M HaiauTte
ITAJIOH, COOTBETCTBYIOIIMK WHTCHCHBHOCTH OKpacKd ero cojnepkumoro. Ilpm sTtom sTanoH
JIOJDKEH COZIep KaTh TAKOW e MHIUKATOP, KaK U MHAMKATOp, 100aBIeHHBIN K pacTBopy. Ilogbop
ATaJIOHA MMPOU3BOANTE MPH TTOMOIIM KOMIApaTopa, IoMemasi MpOOHPKY ¢ ONMBITHBIM PaCTBOPOM
B CpeJIHEe T'He3/10, a STAJOHBI - B MIPABOE U JIEBOE THE3/a PAJOM C UCCIETyeMbIM PAaCTBOPOM.
3aMeHsisl 3TAIOHBI, MOI0EPUTE TaKOH PacTBOpP, Y KOTOPOTO HHTEHCHBHOCTh OKPACKH OJMHAKOBA
C MCCIeyeMOH JKUAKOCThIO. 3auIIuTe TOYHOe 3HaueHue pH ucciegyemoro pactsopa.

2.12 JlabopaTtopHasi padota Nel3 (2 yaca)
Tema: «OKHCIUTEIbHO-BOCCTAHOBHUTEIbHBIE peaknun. Hanpasiaenus OBP»

44



2.12.1 Hean padoThl: pa3o0parh Ha MPAKTHUECKUX MPUMEPAX YCIOBHS MPOTEKAHUS U
HAaIpaBJICHUE OKUCIUTEIbHO-BOCCTAHOBUTEIIFHBIX PEAKIHIX

2.12.2 3apauu pabdoThI:

1. HayuuTp ompenensiTh CTENEHb OKUCICHHUS SJEeMEHTOB. Peakumu, mnpoTekamme c
W3MEHEHHUEM CTEIEHU OKHCJIEHUS 3JIEMEHTOB.

2. YMETb BBIJCIATH BAKHEHIITNE OKUCITUTEIN U BOCCTAHOBUTEITN

3. MOKa3aTh KUCIUTEIbHO-BOCCTAHOBUTEIBHYIO JIBONCTBEHHOCTh Ha MpPUMEpPE MEPOKCHIA
BOZIOpO/A

4.Hay4YUTh COCTABIISATH OKUCIUTEIHHO-BOCCTAHOBUTEILHBIE PEAKIIUU

- METOJIOM DJIEKTPOHHOTO OaJlaHCa;

- METOJIOM 3JIEKTPOHHO-MOHHOT0 OanaHca

2.12.3 Tlepeyenb NpudOPOB, MATEPHUAJIOB, HCIIOJIb3YeMbIX B JIa00paTOpPHOI padoTre:

1. Peaxmuebi:

Pacmeopuor: nonun kanus Kl; xmopun sxenesa FeCls, ceprast kucinora H,SO,, epekuch
Bonopoaa HyO,, mepmanranar xkamust KMnO, , kpaxManbHBIH KieicTep.

2. Obopyoosanue:

MPOOHUPKH, MEPHAS TIOCY/1a, TUTICTKH.

2.12.4 Onucanue (xoa) padoThbl:

Onweim 1. OxucnuTenbHble cBoMicTBa HOHOB xeme3a (111).

K 0,5 M1 pacTBopa nomuia xanusi mpuOaBbTe PaBHbI 00BEM PACTBOPA XJIOPHIA JKee3a
(1), pa3baBbTe BOMO# 10 3 MIT ¥ J0OABHTE HECKOJIBKO Karelb KpaxMaJlbHOro Kjieiictepa Uto
Habmonaere? O yeM CBUIETENHCTBYET MOSBICHUE CHHETO OKpAIIMBaHUs pacTBopa?
3anuwume ypasuenue peaxyuu. Coenavime 6b1800.

Onwvim 2. OKUCIUTEIHHO-BOCCTAHOBUTEIHHBIE CBOMCTBA MIEPEKUCH BOJOPO/IA.

B mpo6upky ¢ 0,5 M pacTBopa noauaa Kanus mpudaBbTe TaKoH ke 00beM CepHO
KHUCJIOTHI U HECKOJIBKO Kallellb pacTBOpa NEPEKUCH BOJ0poia. Briensiercst cBOOOHBIN 1o,
HAJIMYUE KOTOPOT'O MOKHO OOHAPYKUTh KPAaXMaJlOM.

B npobupky ¢ 0,5 Mn mepmaHranara kanvs NpuOaBbTe€ TaKoe K€ KOJIMYECTBO PacTBOpa

CepHOI\/JI KHCJIOTBI M HCECKOJIBKO Kall€JIb pacTBOpa MNEPCKUCHU BOAOpOAa IO O6CCHB€‘II/IBaHI/I${.

HaoOmronatite Beinenenue rasa. Yro 3to 3a ras?

2.13 JladopatopHas padora Neld-15 (4 gaca)

Tema: «3.]'ICKTI)OXI/IMI/IH. XHMHYECKHE HCTOYHUKH IHEPrum»

2.13.1 Heab padoThI: 3aKpENUTh TEOPETUUECKUE 3HAHUS O MPOLIeccax OKUCICHHUS-
BOCCTAHOBJICHUS B 3JICKTPOXHWMMUHU. I/I3qu/ITI) MEXAaHU3M BO3HUKHOBCHUSA }1BOI71HOFO
AIIEKTPUUYECKOTO CJIOSI U IPUHIUI pabOThI raJibBAHUYECKUX IEMEHTOB. Y CTPOICTBO
CTaHJapPTHOTO BOAOPOIHOTO J1eKTpoa. MI3ydnuTh aHOAHBIE M KaTOHbIE POLIECCHI,
IPOTEKAOIME MPH IEKTPOIN3E PACTBOPOB M PACIIIIABOB AJIEKTPOJIHUTOB.

2.13.2 3apauu padoThI:

1. U3yunTh MEXaHW3M BO3HUKHOBEHUS JBOMHOTO 3JIEKTPUYECKOTO CII0SI
2. U3y4UTh aHOJHBIC M KaTOJIHBIE TIPOIIECCHI
3. BBIABUTB IPUHIMI PAOOTHI FAJIbBAHMYECKOTO IEMEHTA.
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2.13.3 IlepeyeHb NpudOPOB, MATEPHAJIOB, HCIIOJIb3YEMbIX B J1a00paTOPHOii padoTe:

PactBopsr: cepnas kucnora HySO4 (2H); cynsdar meau CuSOy; xmopun Hatpus NaCl,
xnopua Maraus MgCl, (10%), consinas kucnora HCI (10%), rekcarmanodeppar kanusi (KpacHast
kpossiHas coiib) Ks[Fe(CN)g] (2%), auctrimupoBaHHas Boja.

OO0opynoBaHue: MPOOUPKHU, MEPHAS TIOCYIa

2.13.4 Onucanue (xoa) padoThI:

IIpuroroB/jieHHe U AHAJIU3 AKKYMYJISITOPHOI CEPHOM KMCJIOThHI

Onwvim 1. IlpuroroBieHre pacTBOpa CEPHON KUCIOTHI JUIsl aKKYMYJISITOPOB.

AKKyMYJISTOpHas cepHasi KUCI0Ta TOTOBUTCS pa30aBieHHeM XUMHUYECKU YUCTOM CepHO
KHUCIOTHL. UTOOBI 3HAaTh, B KAKOM COOTHOIIEHUH HYXHO Pa30aBUTh UCXOIHYIO KUCIIOTY,
He0o0X0IMMO XO0Ts OBl MPUMEPHO 3HATH €€ KOHIIEHTPAIHIO. J{JIs 3TOT0 C MOMOIIBI0 apeoMeTpa
M3MEphTE TUNIOTHOCTh UCXOTHOW KUCIIOTHI, @ 3aTEM I10 TabJIuIle HAaliIuTE MACCOBYIO JI0JIIO
CEpHOI KUCIJIOTHI B Y.

3Hast UCXOJIHYIO KOHILIEHTPALIMIO CEPHOU KHUCIIOTBI, 10 MPABUILy KPECTa pacCUUTalTe, B
KaKOM COOTHOILIEHUHU HYXKHO pa30aBUTh ee BOAOH, 4ToObI mpurotoBuTh 100 T 28% cepHoit
KHCIIOTBHI.

Ot™meputh nuauHApoM Ha 100 M1 B cTakaH pacCUUTaHHOE KOJIMYECTBO BOJbI, OTMEPUTh
LHMIMHIPOM Ha 50 MJI pacCUMTaHHOE KOJIMYECTBO CEPHOM KUCIOTHL. OCTOPOKHO, HEOOIBIINMU
MOPLUSAMU BIUBATH CEPHYIO KUCIOTY B BOJY, [IOMEIIMBAsI CTEKISIHHON najioukoil. JlaTe
OXJIaINTHCS IPUTOTOBIEHHOMY PacTBOPY O KOMHAaTHOM TeMIIEPATypPbl U U3MEPUTH C IIOMOILBIO
apeoMeTpa ero IIOTHOCTb.

Onvim 2. AHanu3 TEXHUYECKOM CepHON KUCIIOThI

3aKIroYeHue O MPUTrOAHOCTH CEPHOW KUCIIOTHI ISl 3aJIMBKU aKKYyMYJISITOPa MOXKHO
C/IeNIaTh TOJIBKO I1OCJIE UCCIIEOBAHUS 10 HOpMaM.

Opnaxo, B psijie ClIy4acB MOXXHO OTPaHUYUTHCS MTPEIBAPUTEIBHBIMU Kau€CTBEHHBIMU
HCCIIEIOBAaHUSIMH Ha COJIEpP)KaHNE HEKOTOPBIX MPUMECEH.

1) OTKpBITHE HOHA XJIOpa

B npoOupky Hanuth 1 mMit uccieayeMoi KucioTel U okoJio 0,5 M1 pacTBopa HUTpaTa
cepebpa. PacTBop B mpoOHpKe BCTPAXHYTh U HAOII01aTh 00pa30BaHKE OCaKa UM TOMYTHEHHE
pactBopa. Eciu pacTBop octaeTcsi mpo3pauHbIM, B HEM OTCYTCTBYIOT HOHBI XJIOpa.

HanucaTh ypaBHEHHE peakiMi MEXy HOHAMH XJIopa 1 cepedpa.

2) OTKpBITHE aHMOHA a30THOU KHUCIJIOTHI

Ha npenmetHoe cTekino HaHecTH 1 - 2 Karu pacTBopa 1 eHIaMIHa B
KOHLEHTPUPOBAHHOM CEpHOM KUCIIOTE U J00aBUTH | - 2 KaIIu uccaeayeMoil KUCIOTHI.
IlosiBNIeHME CMHETO OKpalIMBaHUS CBUAETEILCTBYET O IPUCYTCTBUU aHMOHA a30THOM KUCIIOTBI
win ee aHrupuia. CylHOCTbh peakuu COCTOUT B OKUCIICHUN AU(PEHUIaMUHA B IPOAYKT
CHHETO LIBETA, IO3TOMY TaKyI0 K€ PEAKLUIO Jat0T MOHBI TPEXBAJIEHTHOI'O XKEJIe3a U Ipyrue
OKHUCJIUTENH.

3) OTKpBITHE HOHA TPEXBAJIEHTHOIO XKEJIe3a

K 1 M uiccneryemoii KuciaoTel 100aBUTh HECKOJIBKO Kamelb pacTBopa
rekcarmanodeppara kanust Ka[Fe(CN)g]. [TosiBieHre cuHei OKpacku yKa3bIBaeT Ha

MIPHUCYTCTBUE HOHOB TPEXBAJICHTHOTO elle3a B pacTBope. HamucaTh ypaBHEHHE PEaKIIMK MEKTY
nonamu Fe®* u [Fe(CN)e]*.

2.14 Jla6oparopuas padora Nel6-17 (4 uaca)

Tema: «Koppo3ust MeTa1710B»

2.14.1 Hean paboThl: H3yYUTh CYIIHOCTh Pa3pyIICHHUS METAILUIOB, XUMHU3M KOPPO3UH U
METOABI 3allIUThI METAJIJIOB

2.14.2 3apauu padoThI:
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1.M3yunth XUMHU3M KOPPO3UHU
2. BoIsiBUTHh OCOOCHHOCTH Pa3IMYHBIX BHJIOB KOPPO3HUOHHBIX IIPOIIECCOB
3. oIpeneNuTh CIOCOObl YCTPaHEHHUsI TOBPEIKICHHUS METAILIOB.

2.14.3 IlepeyeHb NpUOOPOB, MATEPHAJIOB, HCIIOJIb3YEMbIX B J1a00paTOPHOii padoTe:

MenHasi ¥ aTFOMUHHEBAsI TIPOBOJIOKH, M'BO3/TH, IIUHK, TIOJIOCKH OIAHKOBAHHOT'O U
JTY)KEHHOTO kene3a, cepHas kucinora HoSO,4 (21H); cynbdat mean CuSOg; xnopua Hatpust NaCl,
xmopua Maraust MgCly, (10%), consinas kuciora HCI (10%), rekcarmanodeppat kanust (kpacHas
kpossiHas coiib) Ks[Fe(CN)g] (2%), auctrmmupoBadnas Boja. [IpoOoupku, MepHas mocya.

2.14.4 Onucanue (xoa) padoThI:

Onwvim 1. Koppo3us, BO3HHKAIOIIAS IPY KOHTAKTE JIBYX Pa3JIMUYHBIX METAJLJIOB.

K 1 mn 2 H pacTBOpa cepHON KUCIOTHI MPUOABUTH KYCOUEK METAILTUYECKOTO LIMHKA.
WMHTEeHCUBHO JTU BBIICTIAECTCS BOJOPO U3 KUCIOTHI? 3aTeM MEIHOM MPOBOJIOYKON KOCHYTHCS
KyCOUKa I[UHKa B IpoOupke. VI3MeHsieTcs 11 MHTEHCUBHOCTD BblAeNIeHus Bojiopoaa? Ha kakom
MeTaJljIe BBIAENIAETCS BOAOPO?

OTHSATH MEIHYIO IPOBOJIOYKY OT LIUHKA U YOEAUTHCS, YTO MHTEHCUBHOCTh BBIJICICHUS
BOJI0POJIa U3MEHWIIACK.

OO0bsicHUTH HAOIIOIaeMBbI€ SIBIICHUS, YUUTHIBAsi 00pa30oBaHKe rajibBaHO-TIAPhI PU
KOHTAaKTe IIMHKA ¢ Mepl0. KakoBo HampasiieHHe Mepexoa IEKTPOHOB B Mape IHHK - MeIb?
CocTaBuTh CX€MY aHOJHOTO U KaTOJIHOTO MPOIIECCOB.

Onvim 2. BnusiHuE 3J1€KTPOJINTOB HA KOPPO3UIO METAIJIOB.

1) B Tpu npoOUpKH HATKUTSH - B 07HY 10% pacTBOp XJI0pHaa MarHus, Bo BTopyto - 10%
pacTBOp COJSTHON KUCIIOTHI, B TPETHIO - AUCTUILTUPOBAHHYIO BoAy. Bo Bce nmpobupku
OJTHOBPEMEHHO OMYCTHUTh IO OJTHOMY XOPOIIO OYHMILEHHOMY M 00€3)KUPEHHOMY I'BO3/IMKY. Uepe3
15 MUH B KaX1yI0 MPOOUPKY HATUTH IO HECKOJIBKO Kareb 2% pacTBopa rekcairanodeppara
Kamust. Moust [Fe(CN)g]®~ siBstrores PEaKTHBOM Ha MOHBI Fe®*, naBas ¢ HMM CHHHIT OCAIIOK.

3 Fe?*+ 2 [Fe(CN)e]*™ = Fes[Fe(CN)e2 |

OTMeTuTh U3MEHEHUE OKPACKU PacTBOPOB. B kakom ciydyae nocuHeHue HanOombiiee? B
Kakoi mpooupke nocuHeHust HeT? O ueM roBopAT Habogaemble BIeHUS? OOBSCHUTH POJIb
MOHOB B35TBIX JIEKTPOJIMTOB B KOPPO3HUH XKele3a.

2) B nBe npoOupKH MOMECTUTD MO KYCKY aJIFOMMHUEBON IPOBOJIOKU U HPUIHUTH 110 1 M
pactBopa cynbdara meau. B onny n3 mpobupok 100aBUTH 110 HECKOJIBKO Kareib pacTBOpa
MIOBApEHHOI conu. B kakoM cirydae BbIIEIsIeTCs OONBIIE MEN U PeaKIus IMPOTEKaeT ckopee?

3anucarh ypaBHEHHE peakLUu U 00BsICHUTH HaOmoiaemble sBieHus. Heo6xoaumo nmersb
B BUJIY, YTO HEKOTOPBIEC HOHBI CTIOCOOHBI pa3pylIaTh 3alllUTHBIC TUIEHKH METAJUIOB. Takue HOHBI
Ha3bIBAIOTCS aKTUBATOPAMHU KOPPO3UH. 3HAYUTEIbHBIM aKTUBUPYIOIINUM JIeHCTBUEM 001a1at0T
TOHBI BOJIOPOJA U XJIOpA.

Onvim 3. AHOJHOE M KaTOJJHOE MOKPBITUS

B nBe mpoOupku ¢ pacTBOPOM MOBAPEHHOM COJIM, K KOTOPOMY IPHOABICHO HECKOIBKO
Kanenb rekcarmanodeppara xamus Ks [Fe(CN)g] omycTuts monocku

OIIMHKOBAHHOTO H JIY’)KEHOTO XKeJle3a, MPEeIBAPUTEIHHO CIIENIaB Ha UX MTOBEPXHOCTH B
OTJENIbHBIX MECTaxX TIyOOKHE [apalHbl HOXKOM.

Uro nabmrogaercs? Kakoit o6paserr ckopee nmojBepraercst kopposuu? Ha ocHoBaHun
KaKMX U3MEHEHHUI MOKHO OTBETUTH Ha MOCTAaBJIEHHBIN BOIIpOC?

CocTaBUTH CXEMBI aHOJHOTO W KaTOTHOTO TIPOIIECCOB IS JIY’)KEHOTO U OIIMHKOBAHHOTO
xene3a. Crenarp 3aKkI0YeHUE O HaJIS)KHOCTU aHOAHOTO U KaTOTHOT'O TTOKPBITHIA.
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