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Hanpasnenus OBP.
2.13 JIaGoparopnas padota Ne 7 JIP -14-15 Dnexrpoxumusi. XUMHUYECKHE UCTOYHUKHU YHEPTHUH.
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1. KOHCIEKT JEKIIUA
1. 1 Jleknus Nel (2uaca)

Tema: «Ilpeamet u 3apaun xumuu. Mcropusi pasBuTus XMMUYECKUX 3HAHUIN»
1.1.1 Bonpocsl JieKum:

1 Ilpencrasienue o nuddepeHuanui 1 HHTErpallui €CTECTBEHHBIX HayK.

2 Tlpenmer u 3aauu XUMHUH. PoJib XMMU3aLMK B MPOU3BOJICTBE.

3 OCHOBHOE coaepKaHNE aTOMHO-MOJIEKYJISIPHOTO YUECHHUSI.

4 CTexruoMeTpUYECKHE 3aKOHBI:

- 3aKOH COXPaHEHHUsI MacChl BEIIECTB;

- 3aKOH MTOCTOSIHCTBA COCTaBa BEIIECTB;

- 3aKOH ABOTajpo;

- 3aKOH PKBUBAJICHTOB

1.1.2 KpaTtkoe cogep:xkaHue BOPOCOB:

1. IlpencraBiienue o (uddepeHIUANIIN ¥ HHTETPALMU €CTECTBEHHBIX HAYK.

XuMHS - HayKa O BEIIECTBaX, M3y4Yarollas MX COCTaB, CTPOCHHE, CBOMCTBA, a TaKkKe
MpEBpAIlCHUS BEUIECTB, HA COMPOBOXK/IAIOIINECS U3MEHEHHEM COCTaBa aTOMHBIX sIJIEp.

Hcnonbs3oBaHue a1l HYXJ 4YEJIOBEKA MPUPOJHBIX PECYPCOB — pPyI, KaMEHHOTO YIJ,
He()TH, TPUPOTHOTO Trasza, U3BECTHSAKOB, IJIMH, MECKa — TECHO CBI3aHO C MX XUMHYECKOH
nepepaboTkoil. 13 mpupoIHOTO CHIPhS MPOU3BOIATCS Pa3HOOOpA3HbIE BEIIECTBA, UCIOIb3YyEMbIE
BO BCEX OTPACIIAX TEXHUKH, B CEIIBCKOM XO3SICTBE U OBITY.

2. Ilpeamert u 3axa4yu xumMun. PoJib XuMHM3anu B NPOU3BOJCTBE.

XuMH3aldsg HApOJHOTO XO3AWCTBA SBISIETCS OJHUM W3 pemarimux (HakTopoB
TEXHUYECKOro mporpecca. lcnonb3oBaHWE HOBEWIIUX JOCTH)KCHUHM XHUMHUHU  IO3BOJISET
3HAYMTEIBLHO MOBBICUTH BBIILUIABKY METAJJIOB M3 Py, CO3/JaTh CIUIaBbl BHICOKOW MPOYHOCTH M
TEPMOCTOMKOCTH. Pa3BuTHe, B 4aCTHOCTH, aTOMHOM SHEPrETUKU U KOCMUYECKON TEXHUKH, TECHO
CBSI3aHO C TMPUMEHEHUEM HOBBIX MATEPHAIOB, BBICOKOKAIOPUWHOIO TOIUIMBA W T. 1. Pactér
NOTPEOHOCTh B Pa3MYHBIX TUIACTUYECKUX MAacCaX M CHHTETUYECKUX MaTephaliax, KOTOpPbIe BO
BC€ OOJBIIMX MacIITabax MPOU3BOAATCS XUMHUIECKOH TPOMBIIIIEHHOCTHIO.

3 OcHOBHOe co/lep;KaHUe AaTOMHO-MOJIEKYJISIPHOTO YUEHUS

IlepBsiii onpenenun xumuo kak Hayky M. B. JlomoHocoB, OH cuuTai, 4To XUMHs AOKHA
CTPOUTHCS Ha TOYHBIX KOJIMYECTBEHHBIX NaHHBIX - "Ha Mepe W Bece". IloaTomy B XUMHIO
KOJIMYECTBEHHBIC METOJbI WCCIICIOBAHMS OBbLTH BBEJACHBI MMEHHO JIOMOHOCOBBIM BO BTOPOM
nosnouHe XVIII Beka.

JloMOHOCOB cO31an  y4yeHHME O CTPOECHHUH BEIIECTBA, 3aJ0KWJI OCHOBY aTOMHO-
MOJIEKYJISIpHOM Teopuu. OHO CBOJAUTCS K CIEAYIOIIUM IOJIOKEHHUSIM, M3JI0KEHHBIM B padore
"DIeMEeHTBl MaTEMaTUYECKOU XUMUU":

1. Kaxxmoe BemiecTBO COCTOMT W3 MeIbYaMIIMX, aajee (PU3HYECKH HEICTUMBIX YaCTHI]
(JTomoHOCOB Ha3bIBAT UX KOPITYCKYJIaMH, BIOCTEJACTBHH OHU OB HA3BaHBI MOJICKYJIAMHU).

2. Monekynsl HaX0AATCsl B IOCTOSSHHOM, CaMOIIPOU3BOJIBHOM JIBUKEHHH.

3. Monekyibl cocToAT U3 aToMOB (JIOMOHOCOB Ha3Ball UX HJIIEMEHTAMHM).

4. ATOMBI XapaKTEepU3YyIOTCS ONMPEICTCHHBIM pa3MEepPOM U MACCOM.

5. MonekyJibl MOTYT COCTOSATh KaK U3 OJJMHAKOBBIX, TAK U PA3JIMYHBIX AaTOMOB.

B cepeaune XIX Beka aTOMHO-MOJIEKYJISIPHOE YUYEHHE 3aBOEBAJIO MOJHOE Mpu3HaHue. Ha
MEXIYHAPOJIHOM Cche3qie XUMHUKOB B T. Kapiicpys (1860 r.) Obutn PUHATHI YETKHE ONPEACTICHUS
MOHATUI aTOMa U MOJIEKYJIBI.

Monexyna — naumenvuwias vacmuya eewecmed, CHOCOOHASL K CaMOCMOAMENbHOMY Cyuje-
CMB08aHUI0 U 001A0AIOWAS XUMULECKUMU CEOUCTN8AMU OAHHO20 8euecmad.

Mornekyna He MOXET APOOUTHCS Aalblie 0e3 N3MEHEHHSI XUMUYECKIX CBOWCTB BEIIECTBA.
Mexnay MoneKylnamMHu BEIIeCTBa CYIIECTBYET B3aUMHOE MPUTSIKEHUE, PA3TUYHOE y Pa3HbIX
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BemecTB. MoJekynbl B ra3ax HPUTATHBAIOTCSA APYT K JPYTy OYeHb €i1abo, TOrjaa Kak MEXITy
MOJIEKYJIAMH JKUJKUX U TBEPABIX BELIECTB CUJIbI IPUTIKEHUS] OTHOCUTEIBHO BEIIUKH.

4. CrexuoMeTpuyecKue 3aK0OHbI

3aKOH COXpaHEHMS MACChl BEILIECTB

Macca BeliecTB, BCTYNMBIIUX B PEAKIMIO, paBHAa Macce BEIIeCTB, 00pa3oBaBIIMXCS B
pe3ysbTare peakiyH.

HckmounTenbHOe 3HAYEHHE JIsi XUMUU HMEJO YCTaHOBJICHHE 3aKOHA COXpaHEHHs
Macchl, SIBJISIONIETOCS CJIEJCTBUEM BCEOOIIETr0 €CTECTBEHHOTO 3aKOHA COXPAaHEHHs] MaTepHH
u aBwkeHus, chopmyaupoBanHoro M.B.JlomonocoBeiM (1711—1765 1T.) Kak BceoOmuiA
ecTecTBeHHbIH 3akoH B 1748 r. B muceme k J[. Oinepy: “Bce mnepeMeHbl, B HaType
CIIy4arolllhecs, TaKOro CyTh COCTOSIHMS, YTO, CKOJBKO 4Yero y OJHOTO Tella OTHUMETCH,
CTOJIBKO TPH COBOKYIIUTCS K APYTOMY, €XKelH, TJe yOyaeT HECKOIbKO MaTepUn, TO YMHOKHUTCS
B 1pyrom mecte... Ceil BceoOIuii 3aKOH MPOCTHPACTCS W B CaMble MpaBHIIA IBHXKCHHS; KOO
TEJIO, IBWXKYIIIEE CBOCH CHIJION Ipyroe, CTOIBKO ke OH Yy ce0s TepseT, CKOJIBKO COO0IaeT
JIPyroMy, KOTOPOE€ OT HEro ABWUXKECHHE MOJIy4aeT

3akoH coxpaHeHus sHepruu. C 3aKOHOM COXpPAHEHMsI MacChl BELIECTB TECHO CBSI3aH 3aKOH
COXpaHEHMsI SHEPTUU: SHEPTUs HE BOZHUKAET U3 HUYETrO M He Mcue3aeT OecciaeHo, HO OHU e
BU/JIbI MOTYT MPEBPALIATHCA B IPYTUE B CTPOTO SKBUBAJICHTHBIX KOIMYECTBAX.

Tak npu pa3noKeHUU BOJIbI, KUCIIOT, IIEJIOYEH WM COJIEH MOCPEACTBOM JJIEKTPUUECKOTO
TOKa AJIEKTPUUECKasi YHEPIrHs IpeBpalaeTcs B XUMHUecKyto. To e HabmogaeTcs mpu 3apsijike
akkymyJstopa. OOpaTHBIN MPOIECC — MPEBPAIICHUE XUMHUYECKON YHEPTUU B DJIECKTPUUYCCKYIO
— MPOUCXOJIUT MPU PA3PSAKE AKKyMYJIATOPA.

3aKOH COXpaHEHHUs PHEPrHH - OJWH U3 Hanbojee (QyHIaMEHTAIbHBIX 3aKOHOB, COTJIACHO
KOTOPOMY BaKHEWIash (U3NYECKash BEIMYMHA — DHEPTUs COXPAHSETCS B W30JMPOBAHHON
cucTeMe. DTOMY 3aKOHY MOJTYMHSIOTCS Bce 0€3 UCKITI0UEHUS 3BECTHBIE MpOIlecchl B ipupoae. B
U30JIMPOBAHHOM CHCTEME SHEPTHsI MOXKET TOJIBKO MPEBpaIaThCs U3 OAHOM GOPMBI B IPYTYIO, HO
€€ KOJIMYECTBO OCTAaeTCs MOCTOSHHBIM. [Ipu mepexoie cUCTeMbl U3 OJHOTO COCTOSIHUS B JIPYroe
U3MEHEHHE OJHEPruM HE 3aBHCUT OT TOro, KakuM CcHocoOoM (B pe3ylbTaTe KakKux
B3aMMOJICHCTBHIT) ocyliecTBisieTcs nepexoA. [IpuunHa 3Toro 3akito4yaercs B TOM, YTO SHEPTUs
— OJHO3HAa4YHast (PYHKIMS COCTOSHUS CHCTEMBbl. VMI3MEHEHUe SHepruu B CUCTEME MPOUCXOIUT
IpU COBEpIIEHWH pabOThl W MpH MepeAaye CUCTEME HEKOTOPOro KOJIMYECTBAa TEIUIOTHI.
CoxpaHeHHE HEPruM CBS3aHO C OJHOPOAHOCTBIO BPEMEHH, TO €CTh C TeM (aKTOM, UTO BCE
MOMEHTHI BPEMEHHU SKBUBAJICHTHBI M (DU3MUECKHE 3aKOHBI HE MEHSIOTCS CO BPEMEHEM. 3aKOH
COXpaHEHHsI MeXaHW4YecKoi sHepruu ycranonieH . B. Jleitoaunem (1686), a 3akoH coxpaHeHHS
SHepruM s Hemexanndeckux sBiaeHuit — 0. P. Maiiepom (1845), JIx. I1. Jbxoymem (1843—
50) u I'. JI. Tenpmromnsiiem (1847). B TepMonmHamMuKe 3aKOH COXPAaHEHHsS] SHEPTHH HOCHT
Ha3BaHME MEPBOro Hayaja TEPMOJAUMHAMUKH.

3aKOH MOCTOSIHCTBA COCTaBA. 3aKOH COXPAHEHMSI MACChI MOCITYKHJI OCHOBOM JJIs1 U3Y4EHUs
KOJIMYECTBEHHOTO0 COCTaBa PAa3jMYHbIX XUMHUYECKHX COEAMHEHUNH. MHOTOUMCIICHHBIE OIBITHI
MOKa3aJii, YTO KAYECTBEHHBIM M KOJUYECTBEHHBIM COCTaB pa3JIMUHBIX CJIOKHBIX BEIECTB
MOCTOSTHEH M HE 3aBHCUT OT CIIOCO0a UX MOTyYEHUSI.

3aKOH KpaTHBIX OTHOIIEHUM. M3BECTHBI cilydau, KOT/a ABa 3J€MEHTA, COSAUHSISACH MEXIY
co00il B pa3aMYHBIX KOJUYECTBEHHBIX COOTHOIICHUSAX, OOpa3ylOT HECKOJIBKO XHUMHUYECKHX
coeauHeHuil. Tak, yriaepoJ ¢ KHCIOPOZAOM OOpa3yroT JBa COCIMHEHHs CIEIYIOLIEro COCTaBa:
MOHOOKCH yriiepona (yrapubiii raz) CO — 3 BeCOBBIX 4acTH yriepoia U 4 BECOBBIX YaCTH
KHCIIOpo/a; AUOKcH yrieponaa (yriaekucnslid raz) CO, — 3 BecOBBIX YacTH yriepoja u 8
BECOBBIX YaCTEW KHUCIOPOA.

3akoH 00BEMHBIX OTHOLIEHUH. OTHAKO aTOMUCTHYECKHE TPEACTABICHUS CaMU 1o ceOe He
MOTJIM OOBSCHUTH, HANpUMEp, KOJIMYECTBEHHBIX COOTHOILIEHUH, KOTOpble HAOMIOAAIOTCS B
XUMHUYECKHUX PEAKIIHIX MEXKY Ta3aMHu.



OtH onbITHLIE HaHHbBIE [ eii-JIroccak 0000Imma B 3axkone 0bvémnubiii omuouwenull: O0bEMBI
pearupyromux razo00pa3HbIX BEIIECTB OTHOCATCS MEXIY COOOW M K o0beMaM 00pa3yroIIuXcs
ra3000pa3HbIX BEUIECTB KaK HEOOJBIIHE IENIbIe Yrciia.3aKkoH ABOTapo

1. 2 Jleknus Ne2 (2uaca)

Tema: «OcHOBHBIE KJIACCHI HEOPraHMYecKHUX coequHeHmii. [lonsitue 00
HACHTH(PUKALUY KATHOHOB M AaHHOHOB)»
1.2.1 Bonpochl JieKIum:

1 ITpocThie U CIIOXKHBIE BEIIECTRA.

2 Oxcunpl. [lonyuenue, cBOMCTBA, TPUMEHEHUE.

3 Kucnotel. [Tonyuenue, cBoiicTBa, MPUMEHEHHE.

4 OcHoBanus. [lonyuenue, cBOMCTBa, IPUMEHEHHE.
5. Comn

1.2.2 KpaTtkoe cogep:xkaHue BOPOCOB:

1. ITpocThle U c10:KHbIE BelIeCTBA.

Henpto o000k KnaccUUKAIMK  SBISCTCS BBIJICJICHUE W3 MHOXECTBa OOBEKTOB
OTPaHUYEHHBIX TI0 YHCICHHOCTH T'PYIII (KJIACCOB), OT/ENbHbIE 0OBEKTHI KOTOPHIX UMEIOT 001IHe
MPU3HAKU. DTH MPU3HAKN HA3bIBAIOTCS KIACCU(UKAITMOHHBIMH.

B mHactosmiee Bpemsi Hamboiiee pacrnpocTpaHEHa KiacCH(PUKAIUs HEOPraHUuIeCKUX
COCTMHCHUN MMEHHO 10 HamOoJiee XapaKTEPHOMY IJisi HUX THIY XUMHUYECKHUX IPEBPAIICHHM.
BriOpaB B kauecTBe KiIacCH(UKAIMOHHOTO MPHU3HAKA MEPEHOC B ATHX MPEBPALICHUSIX PAa3HOTO
poaa dactuil (MPOTOHBI, SJIEKTPOHBI, JIEKTPOHHBIC MMaphl M, HAKOHEI, TPOCTO YaCTH MOJIEKYJ),
MO>KHO MHOTHE M3BECTHBIE HEOPTaHUYECKUE BEIIeCTBA pa3aenuTh Ha 10 ki1accos:

1. Kucaorsr: HCI, H2804.

. OcuoBanmsa: NaOH, NH .

. Comu: NH4C1, NaZSO4.

. Oxucaurenu: Clz, KMnO v Hzoz'
. BoccranoBurenu: Zn, Hz, CoO.

2
3
4
5
2+ 4+
6. KommuiekcoobpazoBarenu: CuCl2 (Cu ), PtClI . (Pt ).
7
8
9
1

. Jluranpr: NH3, CO, Cl.

. Koopnunaarmonsnsle coeTMHEHMS. [Cu(NH3) 4]C12, Kz[PtCl 6].
. Pagukaisr: NOz, C103.

0.Acconmarsl: N204, CIZO6 A T. .

2 Okcuapl. Iloyyenue, cBoiicTBa, NPpUMEHEHHE
Oxchl — coelMHEeHHEe XUMUYECKOT0 3JIEMEHTAa C KHCIOPOAOM, B KOTOPOM CaM KHCIOPOA
CBs3aH TOJIBKO € MCHCC SJICKTPOOTPULIATCIIBHBIM 3JICMCHTOM.

®opmyna HazBanme ®opmyna HazBanme

CO okcu yriepoaa (1) Fe; 03 okcun xenesza (111)

NO okcup azota (1) CrOs OKCHJ  Xpoma
(VI)

N>Os5 okcup azota (V) Mn,0, OKCHI
mapranmna (VII)

a) Ilosryuenne oxkcuaoB.
v OKHCIIEHHE KHCIOPOIOM



npocTeix Bemects  2MgO +0,=2MgO

cnoxubIxX Bemects  2H,S+30,=2H,0+2S0,
paznoxxenueM, HarpeBanueM cosieii CaCO3;=CaO+CO,
HarpeBanuem ocHoBanuii  Cu (OH),=CuO+H,0

HarpeBaHUEM KHUCIIOPOJCOAECPKAIINX KUCIOT H,SO5;=H,0+S0O,
HarpeBaHUEM BBICIIUX OKCUIOB 4CrO3=Cr,03+30,
OkucneHne HU3IIUX OKCUIOB 4FeO+0,=2Fe,05

AN YN N N N NN

BriTecHeHUe eTyuero okcuaa MeHee JeTyInM Na,CO5;+S10,=Na,Si03+CO,

0) Kinaccuukanusa 1 xumMu4yecKkue CBOMCTBA OKCHI0B.

OCHOBHBIE - PearupyroT C H30BITKOM KHUCJIOTHI C 00pa3oBaHUEM COJIM U BOJABI. OCHOBHBIM
OKCHJIaM COOTBETCTBYIOT OCHOBAHHSI.

1.B3zanmonericTBre ¢ BOJOH(OKCHIBI IIEIOYHBIX U MIETOYHO3EMETBHBIX METAJJIOB)

CaO+H,0=Ca(OH),

2.Bce-c kucnoramu

Mgo+2HC1=MgC12+H20

3.C xucioTaMu OKCHUIaMHU

CaO+C0O,=CaCO;

4.C am(poTepHBIMH OKCHIAMH

Li20+A1203=2LiA102

Awmdorepnsie (ZnO, Al,03,Cr,03, MnOy)

1.B3auMoIeliCTBYIOT KaK € KUCIOTaMH, TaK U C OCHOBAaHUSIMHU.

ZnO+2HCl=ZnCl,+H,0

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

2.PearupytoT ¢ OCHOBHBIMHU U KUCJIOTHBIMU OKCHAAMU

Zn0+Ca0O=CaZnO,

Zn0O+S10,=7ZnSi0;

KucnoTHble-pearupyrT ¢ U30BITKOM MIEN0YH ¢ 00pa3oBaHUEM CONH U BOABL. KHUCIOTHBIM
OKCHJIaM 9aCTO COOTBETCTBYIOT KHCIIOTHI.

1.BoNbIIMHCTBO B3aUMOACHCTBYIOT C BOJIOM

SO;+H,0=H,S0O,

2.Co menoyaMu

NaOH+Si10,=Na,Si0;+H,0

3.C OCHOBHBIMM OKCHJIAMH

Si0,+Ca0=CaSiO3

4.C amdoTepHBIMU OKCHIaAMHU

Al,O3+3S03=Al1,(SO04)3

3 Kucaorsl. [losryuenue, cBoiicTBa, NpUMeEHEHUE

KHCHéTBI — OHH N3 OCHOBHBbIX KJIACCOB XHMMHNUYCCKHUX COG,Z[HHGHHﬁ. Ouu MMOJIYy4YHJIN cBOE
Ha3BaHME M3-32 KUCJIOrO BKyca OOJBIIMHCTBA KHUCJIOT, TaKMX, KaKk a30THasg wiM cepHad. llo
OTIPEICNIEHUIO KHUCIOTa — 3TO AJIEKTPOIUT (BEIIECTBO, YIACTBYIOIIEE B PEAKIIUAX C IMEPEX0A0M
9JIEKTPOHA), OTHAIOUIMI JJIEKTPOH B pPEAaKIUd C OCHOBAaHUEM, TO €CTh BEIIECTBOM,
IIPUHUMAIOIIHUM DJIEKTPOH. B CBETE TEOPUH IEKTPOIUTUYECKON AUCCOLMALMMU KUCIOTA — 3TO
AEKTPOJIUT, TIPHU JIEKTPOTUTHUYECKON TUCCOLMAIUU U3 KaTHOHOB 00pa3yroTCs JIMIIL KaTHOHBI
BOZIOpOAA.

a) Knaccuukanus Kucjaor

I1o conepkaHuIO KUCIOpOAa:

e 6eskucnopoausie (HCI, H,S);

e kucnopoaocoaepxkamue (HNO3).

I1o OCHOBHOCTH — KOJINYECTBO KHUCIBIX aTOMOB BOJIOPOJIA:

e OnnoocHoBHbie (HPO3);

e JIByxocHoBHbIe (H,SeO4, A3enanHoBasi KHCIOTA);
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¢ TpéxocHoubie (H3POy).

Io cuine:

e CuibHblE — JMCCOUUUPYIOT MPAKTUYECKH TIOJHOCTHbIO, KOHCTAaHThI JIUCCOLMALUU
oompmie 1-10-3 (HNO3);

e Cnabble — KOHCTaHTa quccormanuu Menbie 1-10-3 (ykcycnas kucnmorta Kn=1,7-10-5).

ITo ycTON4YMBOCTH:

e Ycroiuussie (HSOy);

¢ Heycroiiuussie (H,CO3).

ITo npuHAIEKHOCTH K KJIACCaM XUMHUYECKHUX COCIMHECHUN:

e Heopranmueckue (HBr);

e Oprannueckne (HCOOH);

[To neryuectu:

e Jleryune (H,S, HCI);

e Heneryuue;

I1o pacTBOPUMOCTH B BOJE:

e PactBopumsie (H,SOy4);

¢ HepactBopumsie(H,Si10;);

0) XumMuuyeckue CBOMCTBA KUCJIOT

PacTBOpbI KUCIIOT B3aMMOAEHCTBYIOT C OKCHJIAMU METAJUIOB ¢ 00pa30BaHUEM COJIU U BOJIBIL:

CaO + 2HCI = CaCl, + H,O

Kucnots! B3anMoelicTBYIOT ¢ aM()OTEPHBIMHI OKCHJIaMU C 00pa30BaHUEM COJIU U BOJIBI:

2HNO3+ZHO = ZH(NO3)2 + HQO

Kucnots! B3anMoIeCTBYIOT CO II€JI04aMU C 00pa30BaHUEM COJIU M BOJIBI:

KOH + HCI = KCI1 + H,O

Kucnotsl B3auMoIeHiCTBYIOT ¢ HEpAaCTBOPUMBIMH OCHOBAHUSMH C OOpa3OBaHHWEM COJH U
BOJIbl, €CJIM MOJy4YE€HHAs! COJIb PACTBOPUMA:

2HCI1 + Cu(OH); = CuCl; + 2H,0

Kucnorel B3auMo€HCTBYIOT € COJIIMH, €CITU BBINIAJAET OCA0K MUJIU BBIIEISAETCS ra3:

H,SO4+ BaCl, = 2HCI + BaSOy4]

Bonee cuiabHBIE KUCTOTHI BRITECHSIOT O0iee ciadble U3 MX COJEH:

K;3PO4 + 3HC1 = 3KCl + H3POq4

K2C03 +2HCl =2KCl + C02+ HQO

(B manHOM ciydae HempodHas yroibHas kuciaora H,CO; pacmamaercs Ha BOLy H
YIJIEKUCIIBIN Ta3)

Mertainbl, cTosiue B psAay aKTUBHOCTU JI0 BOJOPOAA, BBHITECHSIOT BOJAOPOJ U3 pacTBOpa
KHUCJIOTHI (KpOME a30THO#), €CITU MOJIy4eHHAas COJIb pacTBOpHUMA:

Fe + 2HCI1 = FeCl, + Hy1

C a30THOM KHMCIIOTON WM KOHIIEHTPUPOBAHHBIMH KHCIOTAMH PEAKLUs UAET HHAYE:

Mg + 2H,SO4(xoH11.) = SO, T + 2H,0 + MgSO4

Jliss OpraHUYecKUX KHCIOT XapaKTepHa peakius sTepuduxanuu (B3aUMOACHCTBHE CO
CIIUpTaMu ¢ 00pa30BaHUEM CIIOKHOTO d(pUpa U BOJBI):

R1-COOH + R2-OH — R1-COO-R2 + H,O

Hanpuwmep,

CH3COOH + C2H5OH - CH3COOC2H5 + HQO

4 OcHoBanus. Ilosyuenne, cBoiicTBa, NpUMEHEHHUE

1. OcHoBanuss — (OCHOBHBIE THAPOKCH/IBI) — BEIECTBA, MOJCKYJIbI KOTOPHIX COCTOST M3
MOHOB METAJUIOB MJIM HMOHAa aMMOHHUSI M OJHOW (MJIM HECKOJBKUX) THAPOKCOTPYIIIHI
(rumpokcuaa) -OH. B BogHOM pacTBOpe AMCCONMHUPYIOT C 0Opa30BaHMEM KATHOHOB M AaHHOHOB
OH-. Ha3Banue ocHOBaHHS OOBIYHO COCTOUT U3 ABYX CJIOB: «THIPOKCHJ METayllla/aMMOHHUS.
X0po1110 pacTBOPUMBIE B BOJIE OCHOBAHUS HA3bIBAIOTCS IIETOYaMH.
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2 CornacHO JpyromMy ONpENEICHUI0, OCHOBaHUSI — OJWH M3 OCHOBHBIX KJIacCOB
XUMHUYECKHX COCTUHEHMH, BELIECTBA, MOJIEKYJIbl KOTOPBIX SBIISIOTCS aKLEITOPAaMHU IPOTOHOB.

3. B opranunueckoi XMMHHU MO TpPAaJULMK OCHOBAaHUSMU HA3bIBAIOT TAKXKE BEIIECTBA,
CIOCOOHBIE J1aBaTh aIyKThI («COJMU») C CUIbHBIMU KUCJIOTaMH, HaIpUMEP, MHOTHE aJIKaIOUIbl
OTHCHIBAIOT KaK B JOPME «AITKAIOUA-OCHOBAHHEY, TAK M B BHJIC «COJICH AIKAIOUIOBY.

a) CnocoObI moJry4eHnsi OCHOBAHM

e [lonyuenue wenouu npu peakyu CUIbHOOCHOBHO20 OKCUOA C 8000U

Tak Kak TOJIbKO CHILHOOCHOBHBIE OKCHJBI CIIOCOOHBI pearnpoBaTh ¢ BOAOH, 3TOT COc00
MO>KHO HCIIOIb30BATh UCKIIOYUTEIBHO JUISl OTYUYEHUS CUJIBHBIX OCHOBAHUN WITU IIEJIOUEH.

CaO(t) + H20(x) — Ca(OH)2(p)

CnaboocHoBHBIE U aM(pOTEpHbIE OKCHIBI C BOJOH HE pearupymT, H TOITOMY
COOTBETCTBYIOIIME UM THIPOKCUJIBI TAKUM CITIOCOOOM MOJTYUUTh HENb3SI.

e Kocgennoe nonyyenue 0CHO8AHUS (2UOPOKCUOA) NPU PeaKYUU CONU CO WeT0UbIO

'apokcuabl MaTOAKTHUBHBIX METAJIOB MOTYYAlOT MPHU J00aBICHUH IIEIOYH K PACTBOpaM
COOTBETCTBYIOIIUX coJiel. Tak Kak pacTBOPUMOCTH CI0000CHOBHBIX THIPOKCH/IOB B BOJI€ OUYEHb
MaJia, THIPOKCH/]I BBITIAIaeT U3 PACTBOPA B BUJIE CTYIHEOOPa3HOW MAaCCHI.

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

0) Kinaccudukanus ocHoBaHuUit

PactBopuMebIe B Bojie OCHOBaHHMS (IIEI0UN)

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

[IpakTHuecky HepaCTBOPUMBIE B BOJIE THAPOOKCH/IBI

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

Hpyrue ocHOBaHUS

NH3 x H20

B) XUMHYeCKHE CBOIiCTBA

1. JleficTBHe Ha MHIMKATOPHI: JIAKMYC - CHHUN, METHJIOPAHXK - JKENTHIHA, (eHondraaens -
MAaJIAHOBBIH,

2. OcHoBanmue + kucinora = Conu + Boga NaOH + HCl = NaCl + H20

3. [Iénmoup + kuciaoTHBIN okcua = coiu + Boaa 2NaOH + SiO2 = Na2SiO3 + H20

4. Ill€noup + comm = (HOBoe)ocHOBaHUE + (HOBas) coib Ba(OH)2 + Na2S0O4 = BaSO4+
2NaOH

5.Cosmn

Conu pUHSATO ACTUTH HA TPHU TPYIIBL: CPEIHUE, KUCIBIE M OCHOBHBIC. B cpeqHUX cosx
BCE aTOMBbI BOJIOPOJa COOTBETCTBYIOIIEH KUCIOTHI 3aMEIIeHbl HAa MeTalljIa, B KUCIBIX COJISIX OHU
3aMEIIEHBITOIBKO YAaCTHYHO, B OCHOBHBIX coJisiX rpymibl OH COOTBETCTBYIOMIETO OCHOBaHUS
YaCTUYHO 3aMeIleHbl Ha KUCIIOTHBIE OCTATKH.

CyllecTBYIOT TakKe€ HEKOTOpbIE APYrM€ THUIBI COJIEH, HampuMep: ABOMHBIE COJHU, B
KOTOPBIX COJEp)KaTcs 1Ba pa3HbIX KatnoHa W onuH aHuoH: CaCO;.MgCO; (momomut), KCL
NaCl (cunbBunut), KAI(SO4 ), (amomokanveBble KBacCIbl); CMEIIAHHBIE COJH, B KOTOPBIX
COJICPKUTCS OJIMH KaTuoH U 1aBa pa3Hbix annoHa: CaOCl, (mmm Ca(OCI)Cl); KoMILIEeKCHBIE COJIH,
B COCTaB KOTOPBIX BXOJUT KOMILJIEKCHBIM MOH, COCTOSIIIMMA U3 LEHTPAIBLHOTO aTOMa, CBA3aHHOTO
¢ Heckonbkumu Juranaamu: K4[Fe(CN)g] (kenras xpossiHas coib), K3[Fe(CN)s] (kpacHas
kpoBsHast coib), [NaAl(OH)4], [Ag(NH3);]Cl; rumpatHbie cOnHM, B KOTOPBIX COJEPIKATCS
MOJIEKYJIBI KpHcTaum3anuonHoi Boasl: CuSO>4. 5SH,O (memnbiit kymopoc), Na,SO4.10H,O
(rmaybepoBa coib).

1.3 Jleknus Ne3 (2uaca)

Tema: «Opranudeckue coennHenus. [losmmeppl, npuMeHeHne»
1.3.1 Bonpocsl JieKnum:

1. Oprannyeckue NOJIUMEPHI.



2. DeMEeHTOOpraHN4eCKHEe MOJIUMEPBHI.
3. Heopranuueckue nojamMepsl.
4. CTpyKTypa U COCTOSIHUSI TIOJIMMEPOB

1.3.2 KparTkoe coaep:kaHue BONPOCOB
1. Opranuyeckue MoJUMepbI
Monekynst BMC HazpiBatoT Makpomonekyinamu, a xumuto BMC — xumuen
MaKpOMOJIEKYJI U MAaKPOMOJIEKYJIAPHOU XUMHEH.

B pesynbrare MHOTOYHCIEHHBIX COCIMHEHMM, OCYLICCTBICHHBIX OIPOMHOW apMHEM
XMUMHKOB, (PU3MKOB M TEXHOJIOTOB, OBUIO YCTAaHOBJIEHO HE TOJIBKO CTPOCHHME HEKOTOPBIX
npupoaHbix BMC, HO 1 HaliieHbl yTH CUHTE3a UX 3aMEHUTENEH U3 TOCTYIHBIX BUIOB ChIPbS.
Bo3HuKIM HOBBIE BUABI IIPOMBIIUICHHOCTH, HAYAJIOCh TPOU3BOJCTBO CHHTETUYECKOIO KaydyKa,
MCKYCCTBEHHBIX CHHTETHMUYECKUX BOJIOKOH, IUIACTUYECKUX Macc, JJAKOB M KPacoK, 3aMEHUTENen
KOXHM M T.1. Ha mepBpIX mapax CHHTETHMYECKHE MaTEpUalbl HOCUJIM XapaKTep 3aMEHUTENIEH
IPUPOJHBIX MaTepuasioB. B HacTosiIiee BpeMs B pe3ybTare ycnexoB B XuMuu 1 pusrke BMC u
YCOBEPLIEHCTBOBAaHMSA  TEXHOJOTMM MX  INPOM3BOACTBA, Onarogaps  MNPUHIMNHAIBHOU
BO3MOXKHOCTH COYETaTh B OJHOM BEIIECTBE JIIOOBIC JKellaeMble CBOICTBa, cuHTeTHueckue BMC
IIOCTETNIEHHO MPOHUKAIOT BO BCE 00JIACTH MPOMBIIUIEHHOCTH, I/1€ OHU CTAaHOBSITCS COBEPILIEHHO
HE3aMEHUMBIMHM KOHCTPYKIIMOHHBIMH U aHTUKOPPO3UMHBIMU MaTepUaJIaMHu.

Oprannueckue BMC sBIISIFOTCSI OCHOBOM HBOW NPUPOJIbI BXOASAIIUNE B COCTaB PACTEHHUI, -
NOJIMCAaxapuabl, JITTIMH, OENKH, MEKTUHOBBIE BEIIECTBA — BBICOKOMOJICKYISPHBI. LleHHBIE
MEXaHUYECKUE CBOMCTBA JPEBECHHBI, XJIONKA, JIbHBI 00YCIIOBIEHBI 3HAUUTEIBHBIM COJIEPKAaHUEM
B HHMX BBICOKOMOJIEKYJISIDHOI'O IIOJIMCaxapuaa — LEJUII0I03bl. [ J1TaBHOM COCTaBHOM 4YacTblO
Kaprodens, IMIIEeHUIbl, pXH, OBCAa, pPHUCA, KYKYpYy3bl, SUMEHs SBIAIOTCA ApYyrou
BBICOKOMOJICKYJISIDHBIN TOJHMcaxapua — Kpaxman. Topd, Oypelii yromib, KaMeHHBIC YIIIH
IPEACTaBISAIOT COOOH MPOAYKTHI TE€0JIOTMYECKOrO IPEBPAIIECHUS PACTUTENIBHBIX TKaHEH,
[JIaBHBIM 00pa3oM LEJUIIONIO3bl M JIMTHUHA, a TakXe JOJDKHBI OBITh OTHECEHBl K
BBICOKOMOJIEKYJISIPHBIM COCAVMHECHUSM.

B ocHoBe xuBoro mupa takxke jgexar BMC — Genku, sABISIONIMECS TJIABHOW COCTaBHOM
4acTbIO MOYTH BCEX BEILECTB KUBOTHOTO MPOUCXOXKIEHUA. MBI, COEAMHUTEIbHBIE TKaHH,
MO3I, KpOBb, KOXa, BOJIOCHI, LIEPCTb, POI COCTOSAT B OCHOBHOM M3 BBICOKOMOJIEKYJISPHBIX
OEIIKOBBIX BELIECTB.

Heoprannueckue BbICOKOMOJICKYIISIPHBIE COSIMHEHHS UTPAIOT TaKyIO K€ OOJBIIYIO POJIb U
TaK e pacIpoCTpaHEHbl B MUHEPAIILHOM MHUpE, Kak oprannyeckue BMII B xxuBoit mpupoze.

OcHOBHasi 4acTh 3€MHOM KOpPbI COCTOMT M3 OKHUCJIOB KPEMHMS, AJIIOMHHMS U APYTUX
MHOTOBAJIEHTHBIX 3JEMEHTOB, COEIMHEHHBIX, IMO-BUIMMOMY, B Makpomosekynsl. HaumbGonee
pactpocTpaHeH Cpeau 3THX OKUCIOB KpeMHHeBbl anruapun [ SiO , | , , sBisiommiics,
OeccriopHO, BBICOKOMOJIEKYJISIpHBIM coeanHeHueM. bonee 50% Bcelt macchl 3eMHOro Imapa
COCTOUT M3 KPEMHHMEBOIO aHTMAPUIA, 4 B HAPYKHOM 4YaCTU 3€MHOM KOpBI COACPIKAHUE €ro
nocturaer 60%. HawuOonee pacnmpocTpaHeHHON MoaudUKanueil KpEeMHUEBOTO aHTHApPUAA
SBIISICTCS KBapI] — BasKHEHIIIasi COCTaBHAs YacTh OOJIIIMHCTBA TOPHBIX ITOPOJI U TECKA.

2. DJ1IeMeHTOOPraHuYeCcKHe MoJIMMepbl

[IepBoit 0COOEHHOCTHIO XMMHUU BEICOKOMOJIEKYJISIPHBIX COCTUHEHUH SIBIISETCS] COBEPIICHHO
HOBOE IIOHATHE MOJIEKYJISIPHOTO BECa.

JI11 HU3KOMOJIEKYJIIPHBIX COEIMHEHUI BEIMUMHA MOJIEKYJIIPHOTO BECAa — 3TO KOHCTAHTA,
XapaKTEepU3yIollasi HHIUBUIYaIbHOCTh XUMHUYECKOTO COEAMHEHUA. M3MeHeHne MOIeKyIIpHOrO
BECa BCETJa CBUJETEILCTBYET O MEPEXOAE K APYIOMY BELIECTBY U COIPOBOXKAACTCS 3aMETHBIM
U3MEHEHHEM CBOWCTB. C mepexoJoM OT OJHOTO IPEACTaBUTENS TOMOJIOTHYECKOro psna K
apyromy (T. €. C U3MEHEHHEM BEJTMYMHBI MOJIEKYJISIPHOTO Beca) (pU3HUecKue CBOWCTBA BELIECTB
MU3MEHSIOTCS. HaCTOJIBKO, YTO, MOJIB3YSCh ATUM M3MEHEHHMEM, YIAeTCsl OTACIUTh TOMOJIOTH APYT

OT Jpyra.
MonekynspHblii BecC



CreneHp NMONUIUCIEPCHOCTH SIBIISIETCA HE MEHEE Ba)KHOM XapaKTEPUCTHKOM MOJIMMeEpa,
YeM CpPEJIHUI MOJICKYJISIPHBIN BeC.

C wusMmMeHeHuneM (U3MYECKMX CBOMCTB IO Mepe YBEJIWYEHHUS MOJIEKYISIPHOIO Beca
HEIMOCPE/JICTBEHHO CBSI3aHA €IIe OJHA OCOOEHHOCTb BBICOKOMOJIEKYJSIPHBIX coeauHeHuid. C
YBEJIMUEHUEM MOJIEKYJISIPHOIO BEca JIaBJIEHHUE NapOB XMMHUYECKUX COSAUHEHUN YMEHBIIAETCS U
32100 A0 JOCTH)KEHHSI 3HAYEHUN MOJIEKYJISPHBIX BECOB, XAPAaKTEPHBIX MJIsI BBICOKOMOJIEKY-
JSIPHBIX COEIUHEHMH, NajaeT MPaKTUYECKU 10 Hyis. [Ipum HarpeBaHMM BBICOKOMOJIEKYIISIPHBIX
COCIMHCHUN HE HaOII0JaeTCsl 3aMETHOM JIeTYy4ecTH, a IpH ONpPEIeIICHHON TeMIiepaType
HACTYIIA€T TEPMHMUECKOE pa3jOKEHUE BEIIECTBA C pa3pblBOM XHMHUUYECKUX CBA3CH U
NEepPErpynnupoOBKOl aTOMOB. BBICOKOMOJIEKYIIIpHBIE COEAMHEHUSI MPAKTUYECKU HEJIETY4YHd U HE
MOTYT OBITh IEPEBEICHBI B ra3000pa3HOE COCTOSHUE.

B oTinune OT HU3KOMOJIEKYJISIPHBIX COEAMHEHUH, 111 KOTOPBIX U3BECTHBI TPU arperaTHbIX
COCTOSIHUSI: TBEPJIOE TEIO, JKUIKOCTb, a3, — I BBICOKOMOJIEKYJISIPHBIX COEAMHEHUN U3BECTHBI
TOJIBKO /1BA arperaTHbIX COCTOSIHUSL: TBEPAOE TENO, KUIAKOCTb.

3. Heoprannueckue noJuMepsbl

XapakTepHOl O0COOEHHOCTHIO XHMHHU BBICOKOMOJIEKYJISPHBIX COECIUHEHHM SBISETCSA TO,
YTO HAMMEHBIICH «YacTHUIICH», YIaCTBYIOLIEH B peakuuu WM (PU3HKO-XHUMHUYECKOM IpoIiecce,
ABIISIETCS. HE MOJIEKYJIa, KaK B KJIACCUYECKOW XMUMHH, a 3JIEMEHTapHOE 3BEHO (IIPH XUMHUYECKUX
PeaKIMsIX) UM YY4aCTOK HemnH (Ipu GU3UKO-XUMUYECKUX U (PU3UKO-MEXaHMUECKUX MpoIeccax).

Takoe moBezeHHE MOJIEKYJI BHICOKOMOJIEKYJISIPHBIX COSAMHEHUN B (PM3UKO-XUMUYECKUX U
(U3UKO-MEXaHNYECKUX MPOIeccax CBSI3aHO ¢ TMOKOCTHIO MaKpOMOJIEKYNl. MOJIEKy IsIpHbIE IIeTTH
pPa3HBIX MOJMMEPOB OONAJAIOT Pa3IMYHOM THOKOCTHIO, KOTOpas OIpeaesseTcs] BEIUMYUHON
MNOTEHIMATIBLHOTO Oaphepa CBOOOTHOTO BpAIIEHUs] aTOMOB OTHOCUTENBHO YT Apyra. Bennunna
NOTEHLMAJIbHOrO Oaphepa B CBOIO OYEpEb 3aBUCHUT OT XMMHUYECKOTO CTPOCHHUS MOJMMepa U
xapakTepa (GyHKIHOHAIBHBIX TPYII, UMEIOIIMXCS B LIEIH.

MakpoMoJIeKysbl  JIMHEHHBIX  TOJUMEPOB  XapAKTEPU3YIOTCA  BBICOKOM  CTEMEHBIO
acummerpuu. IloaTomMy oOTAEnbHBIE YYacTKM BBITAHYTOM MOJIEKYJISIPHOM LIENM HACTOJIBKO
yYAQJIEHBl JPyr OT Apyra, 4TO B3aWMMHOE BJIMSHUE CTAHOBHUTCS HMYTOXHO MajbiM. Bcenencreue
3TOTO HEKOTOPbIE YYaCTKH MOJICKYJISIPHON IIeTH MPU PacTBOPEHUH (KOTAa MOABMKHOCTh U THO-
KOCTh LIETIM BO3PACTaeT) U B Ipolieccax AedopMaluu MOJIUMEPOB BEAYT ceOsl Kak KHHETHUYECKU
CaMOCTOSITENIbHbIE €OUHUIBL. Takue y4acTKM MOJEKYJISpPHOH LENU Ha3bIBAIOT CErMEHTAMHU.
BenmnunHa ywacTka MOJIEKYJIIDHOM LI€NH, IPOSBISIIOIIEIO KHUHETHYECKYIO HE3aBUCHMOCTH
(cermMeHTa), HE SBJIAETCS MOCTOSIHHOM M 3aBHCHUT OT YCIIOBHI, B KOTOPBIX HAXOTUTCS IMOJIUMEP
(TeMIiepatypa UM KOHIIEHTpAIUsl pacTBOpa, MPUPOJa PaCTBOPUTEINS, TeMIepaTypa, BEIUYMHA U
CKOpPOCTh MPUJIOKEHUS HArpy3k Mpu Aedopmaruu). IT0 NPUBOIUT K MOSBICHUIO HEKOTOPHIX
0COOEHHOCTEH B CBOMCTBAX pacTBOPOB M B Mpolieccax aedopmaiuy moJuMepoB.

IIpocreiimei «dacTuLe», CaMOCTOSTENBHO YYacTBYIOIIEH B XHMHUYECKUX PEAKLUSAX,
ABIISIETCSL  DJIEMEHTAPHOE 3BEHO MAaKpOMOJIEKYJbl mnojauMmepa. CregoBaTesnbHO, peakIuu
(YHKUINOHATIBHBIX TPYIIT MOJIMMEPOB — 3TO XMMHUYECKHE PEAKIIUU JIEMEHTAPHbBIX 3BEHBEB.

CnexgyeT OTMETUTb, YTO TMOJA (YHKIHOHAJIBHBIMU TIpYyNIaMH MOJUMEpa OOBIYHO
NOJPa3yMeBalOT (PYHKIIMOHAIbHBIE TPYIIIBI, BXOAAILINE B COCTaB JIEMEHTApHBIX 3BEHBHEB LICIH.
B makpomosnekynax OOJBIIMHCTBA MOJIMMEPOB HUMEIOTCA TaKkKe KOHIEBbIe (YHKIMOHAJIbHBIE
IPYMIbI, KaK MPaBUJIO, OTIMYAIOMIKAECS OT (DYHKIMOHAIBHBIX TPYII 3JIEMEHTAPHBIX 3BEHBEB.
Opnako mpu OOJBIIOM MOJIEKYJISIPHOM Bece MOJMMEpa W MalloM 4YHUCIIe KOHIEBBIX TPYIII
peaKkusIMM KOHILIEBBIX TPYNI B MOJABJISIONIEM OOJBIIMHCTBE XMMHUYECKHUX IPEBpAIICHUI
MOJIMMEPOB MOYKHO MPEHEOPEUb.

4. CTpyKTYpa B COCTOSIHHMS NOJIMMEPOB

B kmaccuueckoil XMMHM TIOJIHOTY TPOTEKAHHWS XWMHUYECKOW pEakIuu OOBIYHO
XapaKTEpU3YIT YUCIOM MOJIEW MPEBPAILEHHOrO BEIIECTBA MM BBIXOJIOM MPOAYKTOB PEAKIIHH,
IPUYEM MOJ «MOJIEM» IOHMMAIOT BIIOJIHE OMNPEICICHHYIO BEJIMYMHY — MOJEKYJISPHBIA BeEC
BELIECTBA, BEIPAKEHHBIM B KOHKPETHBIX BECOBBIX €MHUIIAX.
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WNnaue oOcTtouT J1emo0 B XUMHUH BBICOKOMOJEKYJSIPHBIX —coequHeHuid. Tak, mpu
9TepuUKALMK TOJIMBUHUIOBOIO CIIMPTA OJUH MOJb YKCYCHOTO aHTHIpPUIA PacXoayercs Ha
OJIHO DJIEMEHTAapHOE 3BEHO IOJIMMEpA, U IOHATHE «MOJIb» CTAaHOBHUTCS YCIOBHBIM. B xumuun
BBICOKOMOJIEKYJIIPDHBIX COEIMHEHUH MOJIEM® Ha3bIBAlOT MOJEKYJISPHBIH BEC 3JIE€MEHTapHOIro
3BEHA [IOJINMEPA, BEIPAKCHHBINA B KOHKPETHBIX BECOBBIX €IUHULIAX.

COOTBETCTBEHHO  IOJIHOTY  XMMHYECKOM  pEaKkUUu  XapaKTepU3ylT  YHUCIOM
IIPOPEarupoOBaBIINX 3JIEMEHTAPHBIX 3BEHbEB. IIOCKOJIBKY 3TH 3BEHbs HAXOMATCS B OIHOU
MOJIEKYJIIDHOM LIE€NH, YUCIIO 3JIEMEHTAPHBIX 3BEHBEB, YYACTBYIOIUX B PEAaKLUHU, I0KAa3bIBACT HE
BBIXOJl KOHEYHOI'O INPOAYKTA PEAKLUUU, KaK B PEAKLUUAX HU3KOMOJIEKYJSIPHBIX COCIUHECHUM, a
CTENEHb XMMHMYECKOIO IPEBpAIllEHUsl BBICOKOMOJIEKYJIApHOro coennHeHus. K Tomy ke
UCXOJIHBIE U KOHEYHBIC MPOJIYKTHI pEakiui OObEAMHEHBI B OJHOW MOJIEKYJISPHOM ILeru, YTo
MEHSET INPEACTABICHUS «KIACCUYECKON» XHUMHUHM O 4MCTOM BemiecTBe. [loaToMy pesynbTaTsl
XUMUYECKUX IPEBPALICHUN BBICOKOMOJICKYJIAPHBIX COCIMHEHMM IPUXOAUTCS OLEHUBATH
CTaTUCTHYECKHU.

B Tex cmydasx, xorma B pe3ysibTaTe PEAKLUUM JOCTUTHYTAa HMCUEPIBIBAOLIAsA IIOJHOTA
IpeBpalieHus] BceX (YHKIMOHAIBHBIX TPYMI, IMOJYYEHHBIH HPOAYKT, COIJIACHO MOHATHIM
KJIACCUYECKOM XUMHH, BCE PpaBHO HE SBJISETCA YUCTBIM  BELIECTBOM  BCIEACTBUE
HEOJHOPOAHOCTH IOJIMMEpPA IO MOJIEKYJIApHOMY Becy. Takum o0pa3oMm, BBOISATCS HOBBIE
MOHATUSA: OJHOPOJHOCTb BEILECTBA 10 MOJIEKYJISPHOMY BECY U OJHOPOJHOCTBH BELIECTBA I10
XUMHYECKOMY COCTABY.

Hapsny ¢ peaknusiMu dI€MEHTapHBIX 3BEHBEB OYEHb BAaXXHOEC 3HAYCHUE HMEIOT
MaKpOMOJIEKYJISIPHBIE PEAKIIMH MOJUMEPOB. B 3THX peakiuusx MakpoMOJeKyna BeJeT ceds Kak
€UHOE LEJI0EC U MOITOMY CTEXHOMETPUUYECKHE COOTHOLIEHUS PEarupyrolluX BELIECTB PE3KO
OTIIMYAIOTCS OT CTEXMOMETPUYECKUX COOTHOUICHMM BEIIECTB B PEAKUUAX DIIEMEHTapHBIX
3BEHBEB [10JIMMEPOB.

K MaxpOMOJIEKYIISIPHBIM PEAKLUAM MOJIMMEPOB OTHOCATCA MEKMOJIEKYIISIPHBIE PEAKIIUH, B
pe3yabTaTe KOTOPBIX MEXIY MaKpOMOJEKyJIamMH OOpa3yIOTCs XMMHUYECKHE CBSI3U M JIMHEHHBIC
IIOJIMMEPBI IIPEBPAIIAIOTCS B NPOCTPAHCTBCHHBIC, 4 TAKXKE PEAKIUHA XMMHYECKOM NECTPYKLIUU
IIOJIMMEPOB, IPOTEKAIOLIUE IO BIUIHUEM XUMUUECKUX PEarcHTOB.

B peakumax OIEMEHTApHBIX 3BEHBEB  IIOJIMMEpA, BCIEICTBUE  COM3MEPHUMOCTH
MOJIEKYJIIPHBIX BECOB 3JIEMEHTAapHOIO 3BEHA U PEArMpYIOIIEr0 C HUM HHU3KOMOJIEKYJISIPHOIO
BEILIECTBA, YYaCTBYIOT OOBIYHO COM3MEPHMBIE KOJIMYECTBA IMOJIMMEpPA U HU3KOMOJIEKYJISIPHOIO
coeaunenus. [Ipu 0Opa3oBaHUU K€ MEXMOJICKYIISIPHBIX CBS3€H B PEaKLMU Y4acTBYET, C OJHOM
CTOPOHBI, MAaKpOMOJIEKYJa IIOJIMMEpa, a C JAPYrod — MOJEKyJa HU3KOMOJIEKYISIPHOIO
COCIMHEHUS, MOJIEKYJIIPHBI BEC KOTOPOI'O B COTHM WJIM TBICAYU pa3 MEHBIIE MOJIEKYJISIPHOIO
Beca MoJIuMepa.

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

Tema: «CTpoeHue aToMa ¥ NEPHOANYECCKUH 3aKOH)

1.4-5.1 Bonpocsl Jiekumnu:

1. CocraB atoMoB. M30TOMBI 1 N300apHI.

2. KBa"HTOBO-MeXxaHnueckas MOJEIb aToMa.

- TJ1aBHOE KBAaHTOBOE YHUCIIO;

- OpOHUTAIBHOE KBAHTOBOE YHMCJIO;

- MAarHUTHOE KBAaHTOBOE YHUCJIO;

- CIIMHOBOE KBAaHTOBOE YHUCJIO.

3. Pacnipenenenue 37€KTPOHOB B aTOME:

- [Tpunuun munumyma sHeprun. [Ipasuio KineukoBckoro;

- [Ipauun [laynu;

- [TpaBunio XyHna.

4. DnexTpoHHble KOH(puryparmuu atomMoB U HOHOB. CHOCOOBI 3amMcH 3IIEKTPOHHBIX
KOH(pHTypammii.
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5. Ilepuoauyeckuil 3aKoH. SIBJIIEHME NEPUOJUYHOCTH C TOYKU 3PEHMS CTPOCHMS aroMa.
CTpyKTypa NEpHOIUYECKON CUCTEMBI.

1.4-5.2 KpaTkoe coaeps;kaHue BOIPOCOB

1 CocraB aTomoB. U30TONBI M U300apbI

XoTs CJIOBO amom B TEPBOHAYAIBHOM 3HAYeHMHM OOO3HAYAI0 YacTUIly, KOTOpas He
JIETUTCS] Ha MEHbBILINE YaCTH, COTIACHO HayYHBIM IIPEJCTABICHUSM OH COCTOUT U3 00Jiee MEIKUX
YacTHI], Ha3bIBAEMBIX CyOATOMHBIMU YacCTULIAMH. ATOM COCTOHMT U3 3JEKTPOHOB, IPOTOHOB, BCE
aTOMBI KpOME BOJIOpo/Ia-1 coaepkaT Tak:ke HEHTPOHHBI.

DNEKTPOH SIBIISIETCA CaMOM JIETKOM M3 COCTaBIAIOIIMX aTOM YacTul ¢ maccou 9,11x10-28
I, OTPULATEIBHBIM 3apsAAOM M PAa3MEPOM, CIMIIKOM MAaJbIM JJI U3MEPEHUS COBPEMEHHBIMU
metonaMu. [IpoTOHBI 00JaNaIOT MOJIOKUTENBHBIM 3apsaaoM U B 1836 pa3 Tspkenee 3JeKTpOHA
(1,6726x107** r). HeifTpoHbI He OONANAIOT HICKTPUUYCCKHM 3apsigoM d B 1839 pa3s Tspkenee
JJIEKTPOHA (1,6929%10* 1), IIpu 3TOM Macca sapa MEHbLIE CYMMBI MacC COCTABIISIOIIUX €€
MPOTOHOB M HEUTpOHOB u3-3a 3ddekra nedexra maccel. HEHTpOHBI M MPOTOHBI HMEIOT
CpPaBHMMBIH pa3mep, okojo 2,5%10—15 M, XOTs pa3Mepbl 3TUX YaCTHIL] OIIPEIEIIECHBI III0XO.

B craHpapTHOM MOJENH 3JE€MEHTAPHBIX YaCTHIl KaK IIPOTOHBL, TaK M HEUTPOHBI COCTOSAT U3
AJIEMEHTApHBIX YaCTHIL], Ha3bIBAEMbIX KBapkamu. Hapsay ¢ nentoHamu, KBapKu BISIOTCS OQHON
U3 OCHOBHBIX COCTaBISIIOIIMX Marepud. VM mepBble M BTOpbIE SBISIIOTCA (EPMHUOHAMM.
CymiecTByeT MIECTh TUIOB KBAapKOB, KKIBIH M3 KOTOPHIX HUMEET APOOHBIA 3IIEKTPUUYECKHIMA
3apsan, paBHbId +2/3 win —1/3 anemenTapHOro. IIpoToHBI COCTOAT M3 IBYX U-KBAPKOB U OJIHOTO
d-kBapka, a HEHTPOH — M3 OJHOTO U-KBapKa U JBYX d-KBapKOB. DTO pa3nuuue OOBACHSET
pasHUIly B Maccax M 3apsjax IpoToHa U HelTpoHa. KBapku cBsizaHbl MEXIy COOON CHIBHBIMU
SIIEPHBIMU B3aUMOJAECUCTBUSIMH, KOTOPBIE IIEPENAIOTCS TNIFOOHAMM.

2. KBaHTOBO-MeXaHHYecKas MOJeJL aTOMAa

- [JIaBHOE KBAaHTOBOE YHCJIO;

- OpOHTAIBHOE KBAHTOBOE YHMCJIO;

- MarHUTHOE KBAHTOBOE YHUCJIO;

- CIIMHOBOE KBAaHTOBOE YHUCJIO.

CeronHs OOLICTIPUHATON SBISETCS MOJETb aTOMa, SBIISIONMIASACS PAa3BUTHEM IJIAHETAPHOM
mMozenu. Cuuraercs, 4To AIpO aTOMa COCTOMUT M3 IOJOKUTENBHO 3apPSHKCHHBIX IIPOTOHOB U HE
MMEIOLINX 3apsiia HEUTPOHOB U OKPYKEHO OTPULATENBHO 3apsSKEHHBIMU AJIeKTpoHamMu. OHaKo
IIPEJICTaBICHNs KBAHTOBOM MEXAHHUKH HE MTO3BOJISIIOT CUUTATh, YTO JIEKTPOHBI JBUXKYTCS BOKPYT
SApa IO CKOJbKO-HUOYAb ONpPEACNHEHHBIM TPACKTOPHUSIM (HEONPEaeNEHHOCTh KOOPIUHATHI
9JIEKTPOHA B AaTOME MOXET OBITh CPaBHMMA C pa3MepaMH CaMOro aToMa).

XUMHUYECKHE CBOMCTBA aTOMOB ONPEACIAIOTCS KOHPUTypauen 3JeKTPOHHOM 000JI0UYKH U
OTIMCHIBAIOTCS KBAHTOBOM MexaHUKoH. [Tooxenne atoma B Tabnuiie MeHeneeBa onpeaensieTcs
KOJIMYECTBOM IIPOTOHOB, B TO BpPEMsI KaK KOJMYECTBO HEUTPOHOB HAa XMMHUYECKUE CBOMCTBA
IPAaKTUYECKU HE BIIMSAET; IIPU 3TOM HEUTPOHOB B siApe, KaK MpaBUiIO, 0OJIbIIE, YEM MPOTOHOB
(cM. cratpio 00 aroMHOM sizpe). Eciam atrom HaxomuTcss B HEUTPaJbHOM COCTOSIHUH, TO
KOJIMYECTBO JJICKTPOHOB B HEM paBHO KOJIMYECTBY MNpOTOHOB. OCHOBHasg Macca aToMa
COCpeOTOUEHa B SJpE, a MaccoBas JOJI AJIEKTPOHOB B OOIIel Macce aToMa HE3HAYUTEIbHA
(HECKOJIPKO COTBIX MPOIIEHTA MAaCCHI SIpa).

Maccy aToMa DPHUHATO U3MEPSATh B aTOMHBIX €IMHHUIAX Macchl, paBHBIX 1/12 oT Macchl
aToma cTaGHIBbHOro H30TONa yriaepoaa C.

3. PacnipenesieHue 3J1IeKTPOHOB B aTOMe:

- [Tpunuun munumyma sHeprun. [Ipasuiio KieukoBckoro;

- [IpHuun [laynu;

- [TpaBunio XyHna.

Jliist atoma BOAOPOAa pacy€Thl CIIEKTPOB HA OCHOBE MOZENIN bopa namu xopoiee coriacue
C DKCIEPHUMEHTOM, HO I JIPYIMX DJJEMEHTOB IOIY4aJOCh CYIMIECTBEHHOE PAaCXOXKACHHE C
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OMBITHBIMU JaHHBIMH. B 1916 r. Hemeukuii pusuk Apuonsa Morann Bunbrenasm 3omMepdenba
yrouHms Mmojenb bopa. 3ommepdensba Bbickazand MPeANnoiiokKeHHe, YTO KpPOME KPYroBbIX,
AJIEKTPOH MOXET JBUTAaThCS M IO 3JUIMNTHYECKHUM opOuTam. Ilpu 3TOM mouTH OIMHAKOBOMY
YPOBHIO SHEPrUU COOTBETCTBYET YHUCJIO TUIIOB OPOUT, paBHOE IVIABHOMY KBAHTOBOMY YHCITY.
3ommepdenb  OMOJHWI  MOJENb NOOOYHBIM  (OpOMTAIbHBIM)  KBAHTOBBIM — YHCIOM
(ompenensronuM  (popMy IIITUTICOB) W 3aBUCHMOCTBIO MAacChl 3JIEKTPOHA OT CKOPOCTH.
OcHoBbIBasgich Ha Mojaenu aroma bopa-3ommepdenbaa, npeacTaBisiomeil coboil KoMIpomMuce
MEXIYy KIAaCCUUYeCKMMHM M KBAaHTOBBIMHU MPEACTABICHUSMHU (B KJIACCHYECKYIO KapTHHY
BBOJMJIMCh KBAaHTOBBIC orpanmueHusi), Humsc Bop B 1921 r. 3amoxun ocHOBBI (opMaNTbHON
TEOpUHU MEPHOIUYECKON cucTeMbl. [IpHurHa nMepuoJuYHOCTH CBOMCTB 3JIEMEHTOB, 110 MHEHUIO
Bbopa, 3axiouanach B NEpUOANYECKOM MOBTOPEHUN CTPOEHMSI BHELIHETO 3JIEKTPOHHOTO YPOBHS
aToMma.

B 1925 r. Bonsgranr [laynu omybmukoBan cBoio paboTy, coiepxaiiyio (GopMymupoBKy
IPUHIINIIA 3alpeTa, HOCSIIET0 €ro UMs: B JAHHOM KBAaHTOBOM COCTOSIHUM MOKET HAaXOJUTHCS
TOJIBKO OJUH 3eKkTpoH. Ilaynm ykazan, 4To A8 XapakTEpUCTUKU COCTOSIHMSI AJIEKTPOHA
HEO0OXOUMO YeThIpe KBAaHTOBBIX YMCIIA: [NIABHOE KBAaHTOBOE YHCIIO N, a3UMYTalbHOE KBAaHTOBOE
gucno | u nBa marHuTHeIX unciaa ml u m2. Bekope mocne Bbixona pabotsl [laymu momnossie
busuku xopmk FOmkun Yinenbek u Comroan AbGpaxam ['ayacMuT BBenu B aTOMHYIO (DU3UKY
OpEICTaBICHUE O CHOUHE OJeKTpoHa. AMepukaHckuil ¢usuk Aptryp Xomnn Kowmnrow,
OCHOBBIBASICh Ha AaTOMHBIX CIIEKTpax BBICOKOrO paspemieHus, emeé B 1921 r. BbIcKaszbiBaa
IPEIII0JIOKEHHE O KBAHTOBAaHHOM BpAILlEHUH JIEKTPOHA, a B cienyomeM rogy Orro lltepH u
Banptep I'epnax skcnepuMeHTaldbHO HaOJMIOaNM pasfelieHHe Iydka aToMOB cepebpa B
MarHMTHOM II0JI€ Ha JIB€ YaCTH, COOTBETCTBYIOLINE OPUEHTALIUHU 3JIEKTPOHHBIX CIIMHOB.

B 1927 r. nemenxuii pusuk Ppunpux XyHA chHOPMYTUPOBAT SMIUPUUYECKHUE TPABHUIIA
3aroJIHEHHS SJEKTPOHHBIX 00onouek. C mpuMeHeHueM 3ampera [laynu u npuHIMIA HACKIIICHUS
ypoBHEH K 1927 r. OblIa B 1I€TIOM TOCTPOEHA JIEKTPOHHAS CTPYKTYpa BCEX M3BECTHBIX K TOMY
BpeMeHU 92 nsnementoB. Co3maHue y4eHHS O CTPOCHHUHU SIIEKTPOHHBIX O000JOYEK aTOMOB
MO3BOJIUJIO  co3/aTh  (opManbHyl0  (U3MYECKYI0 TEOpUI0O TEPUOAMYECKON  CHUCTEMBI,
OOBSICHUBIIYIO TPUYMHBI TEPHUOAMYHOCTH CBOWCTB 3JIEMEHTOB M HMX COCJUHEHUH, a TaKxke
CO3/aTh MepBbIE TECOPUU XUMUYECKON CBS3H.

4. JJeKTPOHHbIe KOH(PUTYPAUMH ATOMOB M MOHOB. Coco0bl 3alMCH 3JIEKTPOHHBIX
KOHUrypaumi.

Kaxmoit opOuTanu cOOTBETCTBYET CBOH YPOBEHb SHEPIHH. DJIEKTPOH MOXKET MEeperTH Ha
YPOBEHB C OOJIbIIEH dHEPTHUel, MorIoTuB GoToH. [Ipy ATOM OH OKaKeTCsT B HOBOM KBAaHTOBOM
COCTOSIHUU C OoublIel sHepruei. AHAJOTUYHO, OH MOXKET MEpEeHTH Ha YpOBEHb C MEHBIICH
sHeprueu, u3nyuuB (HOoToH. DHeprusi (PoroHa mNMpu STOM OyaeT paBHA Pa3HOCTH DHEPrHi
JIEKTPOHA HA ATUX YPOBHSIX .

Macca

[Tockonbky HaunOONBIIMKA BKJIAJ B MacCy aToMa BHOCAT MPOTOHBI U HEUTPOHBI, MOJHOE
YUCJIO 3TUX YacCTHUI[ HA3bIBAlOT MACCOBBIM 4YHCIOM. Maccy MOKOS aroMa 4acTO BBIPAKAIOT B
ATOMHBIX €IMHHUIIaX MACCHI (a. €. M.), KOTOpas TaKX e Ha3bIBaeTCs AalbTOHOM (/la). DTa enunHuna
omnpenensercs Kak 1/12 yacTp Maccel NMOKOSI HEWTpalIbHOrO aroma yriepona-l2, kotopas
npubimsuTensHo paBHa 1,66x10—24 r. Bogopoa-1 — Hauneryaifimmii ©30Ton BoJ0opoJa U aToM
C HaWMEHBIIEH MaccoM, uMeeT aToMHBIM Bec okomo 1,007825 a. e. m. Macca aroma
NpUOIM3UTENBHO PaBHA IPOU3BEICHUIO MaCCOBOTO YKCIIa HA aTOMHYIO eAUHUITY Macchl. CambIiii
TSOKEIBINA CcTaOMIBHEIN M30TON — cBHHEN-208 ¢ Maccoi 207,9766521 a. e. m.

Tak kak Macchl Jaxe CaMbIX TSDKETBIX aTOMOB B OOBIYHBIX €OUHHIAX (Hampumep, B
rpaMMax) Ou€Hb Mallbl, TO B XMMHHU JJI1 U3MEPEHHs] STUX MacC HCIOJIb3YIOT Moju. B ogHoMm
MoJie JTF000T0 BEIIEeCTBA M0 ONPEACTICHUIO0 COACPKUTCS OJHO U TOKE YUCIO aTOMOB (IIPUMEPHO
6,022%1023). 310 uncino (uuciao ABoraapo) BEIOpaHO TaKUM 00pa3oM, UYTO €CIIM Macca JIeMEHTa
paBHa 1 a. e. M., TO MOJIb aTOMOB 3TOTO 3JIeMeHTa OyJeT uMeTh Maccy 1 r. Hanpumep, yriepon
nmMeeT maccy 12 a.e.M., moaroMy | mosib yriepona Becut 12 r.
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ATOMBI HE MMEIOT OTUYETIMBO BBIPAXKEHHON BHENIHEH T'paHUIIbI, MO3TOMY HUX pa3Mepbl
OTIpPECNAIOTCS [0 PACCTOSHUIO MEXAY SApaMU COCEIHMX aTOMOB, KOTOpbIE OOpa3oBaiiu
XUMHUYECKYIO CBA3b. Pasiiyc 3aBUCHUT OT MOJIOKEHUS aTOMa, €ro TUIla, BUAA XUMUYECKOHN CBSI3H,
yycia OauKalimx aroMoB (KOOPAMHAIIMOHHOTO YHCIia) U KBAHTOBO-MEXaHUYECKOTO CBOICTBA,
M3BECTHOTO KaK CIUH. B mepuoanyueckoi cucreMe 3J€MEHTOB pa3Mep aToMa YBEITMUUBAETCS MPU
JBUKEHUH CBEPXY BHU3 MO CTOJOIY U YMEHBIIACTCS MPH JBUKEHUH TI0 CTPOKE CJIeBa HaIPaBo.
COOTBETCTBEHHO, CaMblii MaJCHbKUA aTOM — 3TO aTOM Treius, UMEIUi paauyc 32 1w, a
caMbIii O0JBIION — aToM 1e3us (225 nM). DTU pa3Mepbl B THICSYN pa3 MEHBINE JUTHHBI BOJHBI
Bugumoro csera (400—700 HM), TO3TOMY aTOMBI HENb3sl YBUAETh B ONTUYECKHI MUKPOCKOII.
OpHako OTAENbHBIE AaTOMBI MOYKHO HaOJIOaTh C TOMOIIbIO CKAaHUPYIOUIETO TYHHEIbHOIO
MHUKPOCKOIIA.

5. Ilepuoanyecknii 3aKkoH. SIBJieHMe NEPUOAUYHOCTH € TOYKHU 3PEHHUS] CTPOEHUS
aroma. CTpyKTypa nepuoanvecKoi cucTemMbl

[TpooGpazom HayuHo# [lepronuueckol CHCTEMBI JIEMEHTOB sBHIach Tabauma "OnbIT
CHUCTEMBI 3JIEMEHTOB, OCHOBaHHOM Ha MX aTOMHOM BECE M XUMHYECKOM CXOJACTBE",
coctaBiiecHHass MenaeneeBbM 1 mapta 1869. Ha npoTsskeHrU NOCHeAYIONIUX ABYX JIET aBTOP
COBEPIIICHCTBOBAJ 3Ty TaONHILY, BBENT MPEACTABICHUS O TPYIINAX, PsAaaX U MeprUoaax JIEMEHTOB;
CZieJial MOMBITKY OLEHUTh EMKOCTh MaJIbIX M OOJIBIINX MEPUOOB, COJIEPKALINX, TIO €r0
MHEHHIO, COOTBETCTBEHHO 110 7 1 17 snemenToB. B 1870 on Ha3Bais CBOIO cUCTEMY
€CTEeCTBEHHOM, a B 1871 — mepuoauueckoil. Yxe Toraa ctpykrypa llepuoguyeckoit cucteMsl
AJIEMEHTOB MPUOOpesia BO MHOTOM COBPEMEHHBIC OUEePTAHHUS.

Upe3BbIuaitHO BaXHBIM ISl 3BOJOIMH [leproanyueckoil CucTeMbl 3JIEMEHTOB 0Ka3aJ10Ch
BBeIEHHOE MeEH/1e1eeBbIM NPE/ICTABICHUE O MECTE DJIEMEHTA B CUCTEME; MOJI0KEHHE 3JIEMEHTA
orpezesnsaeTcss HoMepamu rnepuojia u rpymnmsl. Onupasch Ha 3TO IpejcTaBieHue, Menaeneen
TpUIIEN K BBIBOAY O HEOOXOIMMOCTH U3MEHEHHUS MIPUHSTHIX TOTJ[a AaTOMHBIX BECOB HEKOTOPBIX
anemeHToB (U, In, Ce u ero aHanoron), B 4éM COCTOSIIO TIEPBOE MPAKTUIECKOE MPUMEHEHUE
[Tepuoanueckoil cucTeMbI AIEMEHTOB, a TAK)KE BIEPBBIC MPECKA3al CYIIIECTBOBAHUE U
OCHOBHbBIE CBOMCTBA HECKOJIBKUX HEM3BECTHBIX 3JIEMEHTOB, KOTOPHIM COOTBETCTBOBAIIU
He3anoJHeHHble kiaeTku [1. ¢. 3. Kiaccuueckum npumepoM siBiisieTcs MpecKa3aHue
"sxaamomunusa" (Oymymiero Ga, orkpsitoro I1. Jlekokom ae byaboapanom B 1875), "sxabopa"
(Sc, otkpeiToro mBeackuM yuéHbsiM JI.Hunbconom u "sxacumummst" (Ge, OTKPBITOT0 HEMEIIKUM
yuénbiM K.Bunkiepom. KpoMe Toro, Menaenees npeckasan CylieCTBOBAaHUE aHAJIOTOB
mapranna (Oynymue Tc u Re), Temnypa (Po), nona (At), uesus (Fr), 6apus (Ra), rantana (Pa).

1.6 Jlekuus Ne6 (2uaca)

Tema: «Xumnyeckasi cBsizb. CTpoeHue BelleCTBa

1.6.1. Bonpocsl JieKuunu:

1. Teopust XMMUYECKOTO CTPOCHUSA. THUITBI XUMHYECKON CBSI3H.

2 KoBanenTHas cBsi3b. MexaHu3mbl 00pa3oBanusi (0OMEHHBIN U JOHOPHO-AKIIEITOPHBIN ).

3. CBOICTBA KOBAJICHTHOM CBA3U:

- JUTHHA,

- SHEpPrus;

- HACHIIIAEMOCTh;

- HaIlpaBJICHHOCTb.

4. I'mOpuau3anus aTOMHBIX opOuTasneir. @opma MOJIEKYIIbI.

5. Buabl KOBAJICHTHOM CBSI3M : MOJISIpHAs W HEMOJSIpHAas. DJIEKTPOOTPULIATEIIBHOCTD.
[Tonsipu3zanusi. MOISIPHOCTH MOJIEKYIL.

6. loHHas cBA3b.

7. Metamnunueckast CBA3b.

1.6.2 KpaTkoe coaep:kaHue BONPOCOB
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1 Teopusi XuMH4YeCKOr0 cTpoeHusi. THIIBI XMMHYECKOIl CBA3H.

CBoiicTBa BeIECTBA ONMPEACISIOTCS €r0 XUMUYECKUM COCTABOM, MOPSAKOM COECIUHEHHUS B
MOJIEKYJTy aTOMOB M MX B3aUMHBIM BIIUSHUEM. Teopusi CTpOeHUsI aTOMOB OOBSICHSIET MEXaHU3M
00pa3oBaHUs MOJIEKYJ U MPUPOTY XUMHUUECKON CBS3H.

Baxuneimmmu  BUJaMM  XMUMHUYECKOW  CBSI3M  SIBISIFOTCA ~ MOHHAs, KOBAJICHTHAs,
KOOPJIMHALIMOHHASL, BOJOPOAHAS U METANINYECKAS.

2 KoBanentHasa cBa3b. MexaHu3mbl o0pa3oBaHusi (O0OMEHHBIi MW JOHOPHO-
aKIeNTOPHbIH)

B ocHOBE Teopuu KOBaJEHTHOMW CBSI3H, KAK U TEOPUU HOHHOW CBS3H, JIEKUT IIPEIACTABICHUE
00 0co00¥ yCTOMYMBOCTH aTOMa, UMEIOMIETO0 Ha BHEITHEM SJEKTPOHHOM CJ0€ 000JIO0UYKY W3
BOCBMHU 3JIEKTPOHOB. OTIMYME KOBAJICHTHOW CBS3UM OT MOHHOW COCTOUT B TOM, YTO HpH €€
BO3HUKHOBEHUU AaTOMBbI MPUOOPETAIOT YCTOWYHMBYIO KOH(MUTypaluio HE IyTeM OTAaud WU
MPUCOSAMHECHUS SJIEKTPOHOB, a TOCPEICTBOM O00Opa30BaHUS OMHON WJIM HECKOJIBKUX OOIIMX
3JIEKTPOHHBIX Nap. B co3manuu 35eKTpoHHOM apbl MPUHUMAIOT ydyacTue o0a aToMa, OT/laBas Ha
e€¢ oOpa3oBaHHE 10 OJHOMY DSJCKTPOHY. OTH OJJIEKTPOHBI TPUHAIUIEKAT HAPYKHBIM
3JIEKTPOHHBIM CJI0SM 000MX aTOMOB, AOMOJHSSA YUCIO UX DJIEKTPOHOB 0 BOCHMH.

Ecnu sneKkTpoHBI B HApY»KHOM 3JIEKTPOHHOM CJI0€ aromMa 0003HAaYWTh TOYKAMU BOKPYT
CHUMBOJIa 3JIEMEHTa, TO 00pa3oBaHUE KOBAJEHTHOW CBS3U B MOJIEKyJlax (Topa U a30Ta MOXKHO
IIPEACTABUTH CIEAYIOIIEH CXEMOM:

VY aroma (Topa Ha BHEIIHEM CJIO€ HAXOAUTCS CEMb 3JIEKTPOHOB. Kaxplii M3 aToMoB
dbTopa OTHAET MO OJTHOMY JJICKTPOHY Ha 0Opa3oBaHWE OOIIEH JIEKTPOHHOM Taphl, BCIEIACTBUE
yero 06a atomMa B MoJieKyJsie (Topa MpUOOPETAIOT JIEKTPOHHYIO KOH(PUTYpaLuio OimKaiiiero
6J1aropoIHOro ra3a — HEOHA. ATOMBI a30Ta, UMEIOIME Ha BHEIIHEM CJIO€ 10 MATh IEKTPOHOB,
0o0pa3yloT Tpu oOOIIMe 3JeKTpOHHbIE mapbl. M B 3TOM ciaydae aToMbl B MoJekyiae Nj
MpUOOPETAIOT YCTOMYHBYIO BOCBMHUAJIEKTPOHHYIO 000JIOUKY.

[Tpumepamu Oosiee CIOXKHBIX COEIUHEHHUH C KOBAIEHTHON CBA3BIO MEXy aTOMaMHU MOTYT
CIIY’)KUTh BOJIa 1 aMMHAK:

ee%e@

B mosekyne Boabl KaxkAbli M3 aTOMOB BOJOPOJA CBSI3aH C aTOMOM KHUCJIOpOJa Iapou
00mux 37eKTpoHOB. [Ipy 3TOM y KHCIOpO/Ia BOZHMKAET BO BHEIIHEM CJIO€ BOCBMHAJICKTPOHHAS
KOH(HTrypanus, a y 000ux aTOMOB BOJOPO/ia MOSBISIETCS YCTOMUMBBINA IBYXAJIEKTPOHHBIN CIIOM.
[TonoGHOE PIEKTPOHHOE CTPOEHHE MMEIOT aTOMBI BOJOPOJa B aMMHAaKe, a CBS3aHHBIA C HUMHU
aTOM a30Ta COJCPXKUT BO BHEIIHEM CJIO€ BOCEMb 3JIEKTPOHOB. B Mmonekynax ¢ropa, a3ora u
HEKOTOPBIX APYTHX MOJIEKYJIaX, 00pa30BaHHBIX OJHOMMEHHBIMH WIJIH OJU3KUMU 110 XUMUYECKUM
CBOICTBaM aToMamH, BOSHHKAET HETIOJISIpHAST KOBAJICHTHAsSI CBS3b, TAK KaK OOIIasi SJEKTPOHHAs
mapa pacrojio)keHa CUMMETPHUYHO 1O OTHOIICHHIO K siapaM 0O0OMX aTOMOB W NPHUTSATHBACTCS K
HHUM C OJUHAKOBOM CHJIOMH.

3 CBoiicTBa KOBaJIECHTHOM CBSI3M:

- JUTAHA;

- DHEPTHUS;

- HACHINIAaEMOCTh;

- HaIIpaBJICHHOCTh

KOBAJICHTHAsI CBS3b, SIBIISIONIASCS PE3yJbTaTOM TNEPEKPBIBAaHUS JJIEKTPOHHBIX 00JIAKOB
B3aMMOJICHCTBYIOIINX aTOMOB, PACIIOJIAracTcsa B ONPEICIICHHOM HAMPABIECHUH IO OTHOLIEHUIO K
3TUM aromaM. Ecim mepekpbiBaHHE >JEKTPOHHBIX OO0JIAKOB IPOUCXOMUT B HANPABJICHUH
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IPSMOM, COETUHSIONIEH siipa B3aMMOACHCTBYIOIUX aTOMOB (T. €., IO OCH CBSI3M), TO 00paszyercs
G-CBSI3b (CUTMa-CBS3b).

Cxemarnveckoe M300paKEHHE CHTMa-CBS3M B MOJICKYJIaX BOJIOPOJA, XJIOPOBOAOPOAA H
XJIopa.

[Tpu B3auMOAEHCTBUU P-IJIEKTPOHHBIX O0JAKOB, HAMIPABJICHHBIX MEPICHIUKYISIPHO K OCH
CBSI31, 00PA3yIOTCS JIBE 00JIACTH TIEPEKPHIBAHKS PACIIONIOKEHHBIE IO 00€ CTOPOHBI OT ATOM OCH.
Takasi KOBaJIeHTHasl CBSI3b HA3bIBAETCS T-CBS3bIO (MH-CBA3B). M-CBSI3b MOXKET BO3HMKHYTH HE
TOJIBKO 3a CYET P-3JIEKTPOHOB, HO TAKXKeE 3a CYET MEPEeKpbIBaHUSA d- M P-3JIEKTPOHHBIX 0OJAKOB
(6) mu d-ob6makoB (B).

4 I'mOpuan3anus aTOMHBIX opOuTajei. ®opmMa MOJIEKYJIbI

[Tpu o6pazoBaHMK MOJIEKYIBI DJIEKTPOHHBIE 00JIaka W3MEHSIOT CBOIO dopmy. Hampumep,
BMECTO HEpPaBHOLEHHBIX S- U P-3JIEKTPOHHBIX O0JAKOB MOTYT OOpa30BHIBATHCS PABHOIICHHBIC
ruOpuIHbIe (CMEIIaHHbBIE) AJIEKTPOHHBIE oOjaka. B pesymbTate rubOpuamu3anuu 3JIEKTPOHHBIE
obmnaka mpuoOpeTaroT 0osee BRITIHYTYIO (hopmy. ITO oOecreunBaeT Oobilee UX MepeKpbIBaHNe
U, CJIeI0BATENIbHO, YBEIMUMBAET SHEPIHIO KOBAJIEHTHOW CBS3H. BBIMTPHII SHEPTrUU MpeBbIIIaeT
3aTparhl €€ Ha OCYILIECTBICHHE TMOpUAM3alMN 3JIEKTPOHHBIX opOuTtanei. Ha puc. 8 mokazaHa
dbopma rubpuaHOTO Sp-obyaka. M3 s- u p-opOuTanu oOpa3yroTcs 1Be THOPUIHBIE SP-OpOHTAIH,
BBITSIHYTHIC B TIPOTHUBOTOJIOXKHBIX HAMPABICHHUIX. B 3aBUCHMOCTH OT YHCIia M TUTIA OpOUTANCH,
YYaCTBYIOIIMX B THOpHUIW3AIMK, B3aUMHOE pACIOJIOKEHUE THOPUIHBIX opOWTameld B
npocTpaHcTBe OyaeT pasnuyHbiM. Ecinu B THOpUIU3aluy MPUHUMAIOT Yy9acTUe OJHA S- U JBE P-
opGuTany (sp’-ruOpuamsanys), TO 0Opa3yOTCs TPH PABHOLCHHBIC THOPHIHBIC OpOHTAIH,
pacronararomuecss B OJHOH IUIOCKOCTH M OPHEHTUPOBAHHBIE JIPYT OTHOCHUTEIBHO Jpyra MoJ
yriom 120 °.

[Ipy ruGpPUAM3ALMK THIIA SP°, B KOTOPOH NPHHMMAET y4acTHE OJHA S- M TPU P-OPOHTAIH,
oOpa3zyromuecs pPaBHOLIEHHBIE YEThIpe OpOMTANU BBITAHYTHl B HANpaBiICHHUSIX K BepIIMHAM
TeTpa’Ipa.

Y aromoB oanemenTtoB III w mocremyromux mepuoaoB, uUMeEONMX d-opOuTtanu, B
rUOpUAM3aMM YacTO MNPHUHUMAIOT ydactue aBe d-, OlHAa S- U TpU p-opOUTAIU (sp3d2-
rubpuanzamusi). B aToM ciyuae oOpasyeTrcss IIECTh PaBHOICHHBIX THOPUIHBIX OpOUTANICH,
HATPABJICHHBIX K BEPIIMHAM OKTadpa.

o-CBSI3M  OCYHIIECTBIIAIOTCS 32 CUET MepeKphIBaHUS Kak T'HOPUAM30BAHHBIX, TaK U
HErMOpHUIN30BAHHBIX OpOUTallel, T-CBSI3UW — HWCKIIOYUTENBHO 3a CYET MepeKpbIBaHUs
HErnOpUAN30BaHHBIX opOuTaneil. HampaBiaeHHOCTH G-CBs3el OOYCIOBIUBACT CTPYKTYPY
MoJiekyibl. OJUHapHAas CBSA3b MEXy aTOMaMH — BCET/Ia G-CBsA3b. B Mosekynax, cojaepxKamux
KpaTHbIE CBSI3H, OJIHA G-CBS3b, a OCTANbHbIE T-CBs3U. Hampumep, B Mosekyse a3ora, UMeoen
TpoitHy10 CBs3b (:N=N:), COmEepXHUTCs OJTHA G- U JIBE TT-CBSI3U.

I'eomerpuueckast (popma MOJIEKYJT COCAMHEHUI 3aBUCHT OT THIA THOPUIHBIX OpOUTaNEH,
YYacTBYIOIIMX B 0Opa30BaHWM KOBAJEHTHBIX CBs3el. [ MOpUIHBIM Sp-OpOUTAISIM OTBEYAET
JIMHEHHAs CTPYKTypa MOJNCKYI, Sp’-THOPHAM3aLHs [PHBOAMT K OOPA3sOBAHHIO ILIOCKHX
TPEYrOJbHBIX MOJIEKYN, MpH Sp -TUOpUAM3ALUK 00pa3yIOTCS MOJEKYJbl TETPadApUUYEcKO
DOPMBI, pe3y/IbTaT rHOPHAM3AIIH THIIA SP d” — MOJIEKYJIbI OKTAdIPHUECKOH KOHPHUIYpALIHH.
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S. Buabl KOBaJIeHTHOI CBSI3H: NMOJISIPHAsi H HeMOJIsIPHasl. DJIEKTPOOTPHIATEIbHOCTD.
IHonsipu3anusi. MOJSIPHOCTH MOJIEKY.JI

[Ipu cOmmKeHMHM JBYX AaTOMOB, HMEIOIIMX BO BHEIIHUX 3JEKTPOHHBIX O000JIOYKAX
HECIIAPEHHBIE JJIEKTPOHBl C AHTUNAPALIEIBHBIMM CIHHHAMM, MEXAY HUMU HAYWHAET
JIeiCTBOBAaTh B3aMMHOE MNpPHUTSDKEHHE. B pesynbrare 3TH aTOMBI CONMMKAIOTCA elie Oosblie,
MPOUCXOIUT 3aMbIKaHUE TOJeil 1 00pa3zoBaHue 3IEKTPOHHBIX Map. OAHAKO pacyeT MmoKasal, YTo
caMo 1o cebe 3aMbIKaHHME MAarHUTHBIX TOJEH 3JIEKTPOHOB CO CHMHAMHU MPOTHBOIMOJIOXKHBIX
HaAIpaBJIEHUHN JaeT JIUIIb OYeHb HEOONbIIYI0 YacTh TOM OOIIE 3HEpruu, KOTopas BBIIENAETCS
npu o0Opa3oBaHUM TPOYHON BAJICHTHOM CBS3M MEXAy aTomMamu. Hamuume HecnmapeHHBIX
JJIEKTPOHOB CJEAyeT paccMaTpuBaTh JIMIIb Kak HEOOXOJUMOe YCJoBHE 00pa3oBaHUs
XUMHUYECKON CBSA3H, SIBIISIOUICHCS PE3yabTaTOM ITTyOOKOTrO B3aMMOJACHCTBHS SJICKTPOHHOM Maphl
C siApaMu 000X aTOMOB. I'Jie OCHOBHOE 3HaYEHHE UMEIOT AIEKTPUUECKUE CHIIBI.

6. Nonnas cBs3b

CoracHO TeoOpuH HOHHOM CBSI3U, CAMOM YCTOWYMBOM AJIIEKTPOHHON KOH(UTyparueit atoma
SIBJIIETCS Takasl, IpM KOTOPOH BO BHEIIHEM D3JIEKTPOHHOM CJIOE€ HAaXOJUTCS BOCEMb WM JIBA
3JeKTpoHa (TMOJ00HO OJIaropoAHBIM Ta3aM). J[0BOJIBHO yCTOWYMBBHI TaKKE€ aTOMBI, BHEUTHETO
CJIOM KOTOPBIN CONEPKUT 18 31EKTPOHOB.

Bo BpeMsi XxuMHUYECKMX peakIii aTOMBI CTPEMSTCS MPUOOpecTH Hauboyiee YCTOMYMBYIO
AIIEKTPOHHYIO KOH(HUrypamuio. JTO JOCTUTAETCS B pe3yibTaTe MPUCOCTUHEHHUS AIIEKTPOHOB
aTOMOB JIPYTHUX AJIEMEHTOB WJIM OTAAYU 3JIEKTPOHOB U3 BHEUIHETO CJI0s IPYTUM aroMaM. ATOMBI,
OTJABIIME YacTh JJEKTPOHOB, TNPUOOPETAIOT TOJIOKUTENBHBIA 3apsii W  CTAHOBSTCA
MOJIOKUTENBHO 3apsSHKEHHBIMM MOHAMH. ATOMBI, IPUCOECIUHUBILNE 3JEKTPOHBI, IPEBPAILIAFOTCS
B OTPHUILATEIBHO 3apsSKEHHbIE MOHBl. Pa3HOMMEHHO 3apsDKEHHBIE MOHBI YAECPKHUBAKOTCS JPYyT
OKOJIO Jpyra CHJIaMH 3JIEKTPOCTATUYECKOTO IPUTSHKEHHUS.

7. Mera/uin4eckas cBf3b

Merammueckas CBsi3b — 3TO CBSA3b, B KOTOPOW 3JIEKTPOHBI KaXX10I0 OTIAEIBHOTO aroMa
IpPUHAJJIE)KaT BCEM aTOMaM, HaxoJsUIMMCs B KOHTakTe. B pesynbrare mnepekpblBaHUs
BaJICHTHBIX OpOMTAaeil aTOMOB BO3HUKAIOT DHEPreTUYECKHE YPOBHHU, OOIEe YHCIO KOTOPBIX
PaBHO YHMCIY B3aUMOJCHCTBYIOIIMX aTOMOB. B kpucramie, coaepkaleM OAMH MOJb aTOMOB,
KOJIMYECTBO SHEPreTUYECKUX YPOBHEH paBHO 4YMCIYy ABOTapo, a Pa3HOCTb SHEPrUU JBYX
COCEIHUX YPOBHEU MMEET MOPSAIOK 10% B. [TosTomy oOpasyeTcst MPaKTUYECKH HETpephIBHAS
SHEpreTHYecKas 30Ha, B IIpeiesiax KOTOpOH Mepexo/1 AJIEKTPOHa Ha OyKaluii 60Jjiee BBICOKHI
YPOBEHb IIPOUCXOAUT OUYEHb JIETKO.

1.7. Jleknus Ne7 (2uaca)

Tema: «JHepreTuka u HanpapJieHHe XUMHYECKHX MPOIECCOB»

1.7.1.Bonpocel JieKIUM:

1. TermoBod 3(PdeKT XUMUYECKHUX peakmuil. DK30- W DHAOTEPMHYECCKHE PpEaKIIUH.
TepMoXuMHUUECKUE YPAaBHEHUS.

2. BHYTpEHHsISl SHEPTUs U SHTAIBITHUA.

3. 3axoH ['ecca u cieacTBUs U3 HEToO. [[BHXKYIINE CUIIBI XUMUYECKOIO IIpOLECCa.

4. Tlonstue 06 sHTponuu. HampaBieHue caMONpOU3BOIBHOTO MPOTEKAHUS XUMHUUYECKON
peaKkiuu.

5. DHeprus ['m66ca XUMHUYECKON PEaKIIuH.

1.7.2. KpaTkoe coaep:kaHue BONPOCOB
1 TenuoBoii 3(pdeKT XUMHYECKHX peaKuuil. JK30- U IHAOTEPMHYECKHE pPeaKIUM.
TepmoxumMHu4ecKue ypaBHeHHA
TepmoxuMmus, pasaesl XUMHYECKOM TEPMOAMHAMMKH, BKIIOYAIOLUN OIpPEACIICHUE
TEIIOBOro 3¢ ¢eKTa peakluuyd M YCTAHOBJIEHUE €ro 3aBHUCUMOCTU OT (DU3MKO-XUMHUYECKUX
napameTpoB. B 3amady TepMOXUMHUH BXOAUT TAKXKEe U3MEPEHUE U BBHIYMCICHUE TEIUIOT (ha30BBIX
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IIEpEXOJ0B, PACTBOPEHHUs, pa30aBiIeHHs U JPYTrUX IPOLECCOB, H3YUEHUE TEIIOEMKOCTEH,
SHTAJIBIIUN Y SHTPOIUIA BEIIECTB

2. BHYTpeHHsIsl SJHePTUs ¥ JHTAJIbINS

OCHOBHBIM  JKCHEPUMEHTAIIBHBIM METOJ TEPMOXMMHHM — Kajopumerpusa. HMHorma
UCTIOJIB3YIOTCSl HEKAIOPUMETPUUECKUE METO/bI (pacueT TEIUIOBBIX A(P(PEKTOB U3 pe3yIbTaToB
U3MEpEHUs] KOHCTAaHT PaBHOBECHSI, 3JC M T.I.), OJHAKO B ATHX CIy4asiX pe3yJbTaThl OOBIYHO
MEHEE TOYHBI.

B 1840 rogy xumuk ['ecc OTKpbUT 3aKOH, HA3BaHHBIN MO3/IHEE €r0 UMEHEM, 3TOT 3aKOH
JIa€T BO3MOKHOCTB OINPEAEIATh PACUETHBIM IMYyTEM TerjioBble 3(p(eKThl peakuuii Mo TeroTam
00pa30oBaHMsl MCXOJHBIX BEIIECTB U MPOAYKTOB WM MO TEIUIOTAM HUX CropaHusi. TeM cambiM,
OTKpBIBas MYyTh JUIsI ONpPEACNCHHUS TEIUIOBBIX A(P(PEKTOB peakiuid, KOTOphIe TPYIHO
OCYIIIECTBUMBI, & MHOTJa U HEBO3MOKHO. HeoOxonumele uisi pacuera CTaHAApTHBIE TEIIOTHI
o6pazoBanus AHygs,” cOOpaHs! B hyHIAMCHTAIBHBIC TEPMOXUMHYECKUE CIIPABOYHHKHL.

B cepenune XIX Beka Tomcen u bepTiio Beickazanu uaer0, COrJIacHO KOTOPO XMMUYECKUE
peakiuu, TNpOUCXOofsImue ©Oe3 I0/ABOJAa DSHEPrUM HU3BHE, MPOTEKAIOT B HAlpaBICHUHU
MaKCHMaJbHOTO BBIJIEICHHS TEIUIOTh. MMM M uX ydyeHUKaMu ObUIM pa3paboTaHbl OCHOBHBIE
OKCIIEPUMEHTAIbHbIE METOJMKH TEPMOXMMHUU M HU3MEPEHbI TeIUIOBble 3((EKThl MHOTUX
peaKuuii.

Xota B obuiem Buje npuHUui beptiio-ToMcena oka3zaiicsi HeBEpeH, HO 32 TEPMOXUMUEH
COXpaHMJIACh BEAyIlas PoJib B UCCIEAOBAHUU BO3MOXKHOCTH NMPOTEKAHUSI XUMUYECKUX PEaKLIUn
B 3a1aHHbIX ycnoBusx. Tak, ypauenue AH - TAS=-RTInK, spnstomeecs 060011ieHEM IEPBOTO
U BTOPOro Hauan TepMoauHaMuku (AH — m3aMeHeHMe sHTanbnuu, AS — U3MEHEHHE SHTPOIHU
MIpU XUMUYECKON peakiuu, T — remneparypa, R — ra3oBast mocTosiHHas), MO3BOJIIET PacCUNTATh
KOHCTaHTy paBHoBecus K 1100011 peakiuu yepes TemnoBble BEIUYHHBL.

N3menenne sHrambnuu (TEIoBOM 3(P¢eKT) oueHb MPOCTO MOXKET OBITh M3MEPEH B
naboparopun. OOBIYHO 3TO JENAOT, OKpY)XKasg 30HY pPEAKIHMU: MPU OSTOM HPOHCXOIUT
sHeprooOmeH. Eciam peakuusi sBiseTcss 3K30TEPMUYECKOW, TO BOJla HArpeBaeTcs, eclu
HAOTEPMUUYECKON — TO oxJaxaaercsi. Eciin u3mMepuThs U3MEHEHHE TeMIIEpaTypbl BOJBI U €CIIU
W3BECTHA Macca BOJbl M €€ yJelbHas TEIUIOEMKOCTb, TO MOYKHO BBIYMCIHTH KOJIMYECTBO
MOTJIOLIEHHOW WJIM BBIJICJIEHHOM B MPOLECCE XUMUYECKOW PEAKLIUH SHEPTUH.

3. 3akoH I'ecca u ciaeacTBus U3 Hero. JABu:Kynue cCujibl XUMHYECKOI0 NMpouecca

° °
EIIHDEP:MCPDP =

[Tonb3ysich TaOMMYHBIMHA 3HAYCHUSMHU u EB, MO>XHO pacCUUTaTh SHTAIbIUU
pa3IMYHBIX XMMHUYECKHX TIpoleccoB W (a3oBbIX npeBpameHnid. OCHOBaHMEM IS TaKHUX
pacyeToB siBIsAeTCS 3akoH [ecca, chopmynupoBaHHBIN TeTepOyprckum mnpodeccopom . U.
Feccom (1841 r.): «TemnoBoii 3deKT (IHTANBINSA) MPOIIEcCca 3aBUCUT TOJIBKO OT HAYAIBHOTO U
KOHEYHOT'O COCTOSIHMSI M HE 3aBUCHUT OT ITyTH IIEPEX0JIA €r0 U3 OJHOTO COCTOSIHUSA B IPYTOEM.

Amnanu3 3akoHa ['ecca mo3BossieT copMyIUpOBaTh CIEAYIOIINE CIEACTBUS:

1.OHTanenuss peakiuu paBHA Pa3HOCTH CYMM OJHTAIBIHN 00pa30BaHUS KOHEUHBIX M
HAYaJIbHBIX YYACTHUKOB PEAKIIHH C YIETOM UX CTEXHOMETPHUYECKUX K0d(hpUimeHTos.

AH = EAHOGp.KOHC‘{H -
z:AHoﬁp.Haq

2. 0HTaNbIUg pEaKIUU paBHA PA3HOCTH CYMM OSHTAJIBIUN CrOpaHWs HayajJbHBIX U
KOHEYHBIX PEareéHTOB C YY€TOM HX CTEXHOMETPUIECKUX KOA(P(HUITMESHTOB.

AH = Z:AHcrop.Haq -
ZAHCFOD.KOHC‘{H

3.OHTanpnus peaklMy paBHA Pa3HOCTU CYMM DHEPIrHil cBsi3el Ec; MCXOMHBIX M KOHEUHBIX
pEeareHToB C y4eTOM UX CTEXHOMETPUUYECKHX KOI(DOUIIMEHTOB.
4. Ilonsatme 00 »>HTponuu. HamnpabijeHne CcaMONPOU3BOJIBHOIO TPOTEKAHUS
XHMHYECKOH peakunu
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TunuyHelid BUJ TEMIIEpaTypHON KPUBOM IIPaBUILHO ITOCTABICHHOIO KAJIOPUMETPUUECKOTO
OTBITa TP H3MEPEHUUIK30TepMHUUecKoro 3(ddekra mokazan Ha pucyHke 3. Bemmuumny At ¢
Y4ETOM TerI000MeHa MOKHO PacCUUTaTh AHATUTUYECKUM WIIN TPapUUECKUM CIIOCOOOM.

[Ipu rpaduyeckom ompeneneHnn At Ha MIJLTUMETPOBOW Oymare Ha ocH aOCIHCC
OTKJIaJbIBAIOT Bpemsi B Macmrtabe 1| mMuH = 1 cM, Ha OcH OpJIMHAT — TEMIEpPaTypy, BHIOOP
MacmTaba KOTopoil 3aBucuT oT BenndyuHbl At. [Ipu At<1° 1°=10 cm; At>1° 1° — 5 cm. Tlocne
TOTO KaK Ha rpaduKk HAHECEHBI BCE IKCIIEPUMEHTAJIbHBIE TOUYKH, Tmojiydaercs kpuBas ABCD.
VYyactok AB Ha3zbiBaeTcst HayanbHbIM niepuoaoM, BC — rnaBabiM, CD — KOHEUYHBIM.

5. Dneprusi 'n60ca XumMu4YeCKOM peakuu

PaboTa npou3BoauTCSA HA YCTAaHOBKE YIPOILEHHOTO TUIIA, MO3BOJISIONICH MTPH THIATEIHHOM
INPOBEJCHUN  KaJOPUMETPUYECKHMX  ONBITOB W  MPaBWIBHO  BBIOPAaHHBIX  YCJIOBHSIX
(MIPOJOKUTENIFHOCTS OMNBITa HE JOJDKHA MPEBBINIATh S5 MHH) IOJNy4aTh pe3yiabTaThl C
MOTPEIIHOCThI0 OKOJI0 +1%. I'maBHbIMU (hakTOpamu, ONpeneNsIoIIMMHU TOYHOCTh Pe3yNbTara,
OyAyT MOTrpemHocTy At, TaKk KaKk OIIMOKHU B3BEIIMBAHUS HE MPEBBIIIAIOT COTHIX J0JIEH MPOLIEHTA.
B xanopuMeTpuyecKkoi yCTaHOBKE TEMIIEPATypPbl U3MEPSIOT IIpU IToMoIu Tepmomerpa bexkmana,
TOYHOCTh OTCYETa MO KOTOPOMY COCTaBJISIET B JaHHBIX ychoBHsX okono +0,005°, mostomy
BO3MOXKHasE TOTpemHocTh B ompenenennn At cocraButr +0,01°. OTHocuTenbHas ommoOKa,
BHOCHMas B PE3YNbTAT 3@ CUET HETOYHOCTH MU3MEPEHUs TEMIIEpATyp, BbIPAXKAETCS OTHOLIEHUEM
MOTPEIHOCTH K Atyy. Tak, pu yka3aHHOM TOYHOCTH M3MEPEHHUH 10 TepMomeTpy bekmana u
At=1° norpemrHocTh At,,; coctasisier +1%, npu At=0,1° ona paBna +10%.

1.8 Jleknus Ne8 (2uaca)

Tema: «Xummnuyeckas kuHetuka. Karaaus»

1.8.1.Bonpocel JieKum:

1. Knaccudukarmst peakiuii B XUMHIECKOW KuHETUKe. [[oHATHE CKOPOCTH XHMMHYECKOM
peakiuu.

2. @aKkTOpHl, BIUAIONIME HA CKOPOCTh XUMUYECKUX PEAKIIHIM.

3. 3aBUCHUMOCTb CKOPOCTHU PEAKIMU OT KOHUEHTparuu. OCHOBHON 3aKOH XHUMHYECKOM
KMHETUKN. KOHCTaHTa CKOPOCTH.

4. 3aBUCHMOCTb CKOPOCTH peakuuu oT Temneparypsl. IIpaBmio Baut-I'odda. Dueprus
aKTHBALUU.

5. Karanmutmyeckue peakuuu. ['OMOr€HHBII M TE€TEPOTeHHBIM KaTanu3. MexaHu3M
Karannsa. ABTOKaTaaus.

1.8.2. Kparkoe coaep:xaHue BOPOCOB

1 Knaccupukanusi peakumii B XuMHYecKoil KuHeruke. IlonsaTme ckopocTH
XHMHYECKOH peaKkumu.

N3yuaer naHHBIA pas3fesl MeEXaHU3Mbl IMPOTEKAHUS XUMHUUYECKMX pEAKLUN, MOPSIOK
XUMHUYECKOM PEaKUUU, a TAaKXKe 3aKOHOMEPHOCTH IPOTEKaHWs XHMHYECKUX PEaKIUd BO
BPEMEHH.

Haunem co ckopocTu npoTeKaHusi XUMHUYECKON peakiuuu. CKOPOCTh XUMUYECKOW peaKinu
ONPEACIACTCS KAK UIMEHEHUEe MONAPHOU KOHYEHMPayuu 0OHO020 U3 peasupyioujux eujecms 3a
eounuyy epemenu. CKOPOCTb XUMHMUYECKOW peakIUM - BEJIMYMHA BCErJa MOJOXKHUTEIbHAs,
MIO3TOMY €CJIM OHA OTPEAEISECTCS IO UCXOHOMY BEILECTBY (KOHLIEHTPAIHs KOTOPOro yOBIBAaET B

HpoLecce Peakiiy), TO TOIyYCHHOE 3HAaYeHHEe JOMHOKaeTcs Ha -1.
a0 9A
. _oo_ o4
Hanpumep, mas peakuun A + B — €'+ D, ckopocTs MOXKHO BEIpa3suTh Tak: °~ o ot
B 1865 rony H.H. bekeroBeim u B 1867 rogy K.M. I'ynmpnbeprom u II. Baare Obin
cOpMyIHpOBaH 3aKOH JIEHCTBYIOIIMX MAacC, COTJIACHO KOTOPOMY CKOPOCHIb XUMUUECKOU
peakyuu 6 Kajxcovlii MOMEeHm 6peMeHU NPONOPYUOHAbHA KOHYEHMPAYUsmM peazeHmos,

6036C0EHHbIM 6 HeKomopble CmeneHu. KpOMe KOHICHTpAalIU Ha CKOPOCTh XUMHYSCKOM pC€aKknuuun
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OKa3bIBAIOT BIMSHUE CIEAYIOUME (aKTOphl: MPHUPOJA PEarupyrolluX BEIIeCTB, HAJIWYHE
KaTaJan3aTopa, TEMIIEpPAaTypa U IUIOIIA(b IOBEPXHOCTH PEarupyrOINX BEIIECTB.

2. ®aKTOpPHI, BJUAIONINE HA CKOPOCTh XUMHUYECKUX peaKIuii

CKOpoOCTh peakIMM 3aBHCHT OT IPUPOJIBI Pearupyroumux BeniecTs. HexkoTopsle peakuuu,
HalpuMep B3pbIBbI, MPOTEKAOT MTHOBEHHO, Apyrue uayT roxamu. Ha ckopocth peakuuu
BJIMSIFOT MHOTHE (DaKTOPBI: KOHIIEHTPALlUs, TEMIIEpATypa, KaTaJln3aTophl, BHEIIHUE BO3EHCTBUS.

3. 3aBHCUMOCTB CKOPOCTH pPeaKkuuu 0T KOHHeHTpanuu. OCHOBHOM 3aKOH XUMHYeCKOI
KHHETHKH. KOHCTAHTa CKOPOCTH

YroObl mpou3olmIa peakuus, HEOOXOIUMO CTOJIKHOBEHHWE MoJekya. Ilpu omxHOMH
TEMIIEPATYPE YHUCIIO CTOJKHOBEHUH PACTET C YBEIMYCHHMEM YHUCIIA PEArupyMOIIHUX YacTULl B
enuHuIe 00bEMa, T.€. C BO3pacTaHUeM KOHIICHTPALUU PeareHTOB.

CkopocTh HeOOpaTUMOM PEaKITNHU:

_ nb D
v=kCy; C}
k - KOHCTaHTa CKOPOCTH PEaKUUH; n,Hu n, - K03()(OHULHUEHTHI, Ha3bIBAEMBIE MOPSIKAMH

peakuuu no Bemiectsam B u D.

4. 3aBucuMOCTH CKOpocTHM peakuuu 0T Temmepatypbl. IlpaBuio Bant-TI'odda.
JHeprusi aKTUBALMH

[ToBbIIeHNE TeMIeEpaTyphl YCKOpPSIET OONBIIMHCTBO XUMHUYECKMX peakuuid. CoriacHo
npaBuny Bant-I'obda npu mombimennn temmeparypsl Ha 10 K cKOpoCTh MHOTHX peakIuid
yBeIM4MBaeTcs B 2-4 pasza v, =y B0

v2 u vl ckopocTH peakuui npu Temreparypax 72 u TI, Y xosbdunmeHT, 3HaUeHHE
KOTOPOTO JUISl HAOTEPMHUYECKOW PEAaKUMU BBILIE, YEM JUIS 3K30TEPMHUYECKOW peakuuu. st
MHOTHX peakiuil Y JeXuT B npenenax 2-4.

5. KarasmmTuyeckue peaknuu. I'oMOreHHbI M rereporeHHblil Kataamns. MexaHM3M
KAaTaJIn3a. ABTOKATAJIMN3

B xome xuMuueckod peakuuu pa3pylmialoTcs OJHU M BO3HUKAIOT JAPYTU€ MOJIEKYJIBI U
COCIMHEHMS, TMPOUCXOAUT M3MEHEHHE XHMMHYECKUX CBSI3€d, T.e. IepepacupeesieHue
DJIGKTPOHHOW TUIOTHOCTU. Ecnmu OBl cTapble XWMHUYECKHE CBSI3M B XOJI€ PEAKIUU Cpasy
MOJIHOCTBIO Pa3pylalnch, TO Ha 3TO MOTPeOOBAIOCH OB OOJBIIOE KOJIUYECTBO DHEPTUU U
peakius npoTekaiia KpaiiHe MeasieHHo. Kak rmokasanu uccieoBaHusl, B XOJ€ PEakiui cUCTeMa
MPOXOJUT Yepe3 MEPEeXoJHOE OJHOPOJHOE COCTOSIHHME uepe3 00pa3oBaHME, TaK HA3bIBAEMOTO,
AKTUBUPOBAHHOTO KOMILIEKCA.

1.9 Jleknus Ne9 (2uaca)
Tema: «O01mas xapakTepucTuKa pacTsopoB. PactBopumocts BemecTB. Crioco0bl
BbIPA’KEeHNSI KOHUEHTPAIUN PACTBOPOB)»

1.9.1 Bonpocsl JieKnum:

1. MucnepcHsble cuctemsl. KonongHblie pacTBOPSI.

2. OOmass xapaktepuctuka pacTBopoB. IIpomecc pacTBopenms. PacTBopuMOCTh Kak
(U3UKO-XMMHYECKHI ITpoIiecc.

3. Teopuu pacTBOPOB: XUMUYECKast U PUIUYECKASI.

4. IlepechIlieHHbIE PACTBOPHI.

5. Ocmoc.

6. 3amep3aHne U KUIIEHUE PACTBOPOB.

7. CriocoObl BbIpaKEeHUsI KOHIIEHTPAILIUN PACTBOPOB. TUTPUMETPUUECKUN METO.T
ONpeeNeHUs] KOHLIEHTPAllUh PacTBOPOB

1.9.2 Kparkoe coaep:kaHue BOIPOCOB
1 IncnepcHblie cucrembl. KoslsiouaHbIe pacTBOpPBI
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JlucniepcHble CUCTEMBI. B miprpo/ie M TEXHUKE 4acTO BCTPEYAIOTCS JUCIIEPCHBIE CUCTEMBI,

B KOTOPBIX OJIHO BEUIECTBO PABHOMEPHO PACIIPEIEICHO B BUJE YACTULl BHYTPH IPYroro
BELIECTBA.

B nucnepcHbIX cucTeMax pa3inyaroT AUCIIEPCHYIO (ha3y — MelKopa3apoOieHHOoe
BELIECTBO U IUCIIEPCUOHHYIO CpEAy — OJHOPOJHOE BEILIECTBO, B KOTOPOM pacIpeieieHa
nucriepcHas (aza. Hampumep, B MyTHOM BoJie, CoiepKaliei riIuHy, TUCIIepCHON (a3oi
SIBJISIIOTCS TBEP/IbI€ YaCTUYKH TJIMHBI, 8 JUCIIEPCUOHHON CpeIol — BOJIa; B TyMaHe AUCIIepCHast
(aza — 4aCTUYKHU )KUJIKOCTH, TUCIIEPCUOHHAs cpelia — BO31yX; B AbIME AucrepcHas ga3za —-
TBEp/IbI€ YACTHUKHU YTJIS, AUCIIEPCUOHHAS Cpe/la — BO3JyX; B MOJIOKE — JTUCIepcHas ¢aza —
YaCTUYKH KHUPa, TUCIIEPCUOHHAS CPela — KUIKOCTh U T. 1.

K nucniepcHbIM cucTeMaM OTHOCATCS] OObIYHBIE (HCTUHHBIE) PACTBOPHI, KOJIJIOUIHbIE
pacTBOPBL, a TAK)KE CYCHEH3UH U OMYJIbCUU. OHU OTINYAIOTCA APYT OT ApYyra IMpek]e BCEro
pa3Mepamu 4acTHI, T. €. CTENEHBIO JUCTIEPCHOCTH (pa3IpOOJICHHOCTH).

2 Oomas xapakrepuctuka pactsoposn. [Ipounecc pacrBopenusi. PactrBopumMocts kak
(pusuKo-xuMHYECKHUI nIpouece

PacTBopeHue mporekaer ¢ 00pazoBaHUEM Pa3IUYHBIX MO (HOpPME U MPOUYHOCTU MPOTYKTOB -
rupatoB. [Ipu 3TOM yyacTBYIOT CHIIBI KaK (PU3MUECKON, TaK U XUMHUYECKOU mpuposl. [Iporece
pacTBOpPEHUsI BCIJIEICTBHE TAaKOro poja B3aUMOACHCTBUN KOMIIOHEHTOB CONPOBOXKAAETCS
Pa3JIMYHBIMU TEIJIOBBIMU SIBIICHUSIMHU.

DHEPreTUYEeCKON  XapaKTePUCTUKONW pPacTBOPEHHUsS SBISETCA TEIUIoTa 00pa3oBaHUS
pacTBopa, paccMarpuBaeMas Kak anreOpandeckasi cymMma TETUIOBBIX A()(EKTOB BCEX JHIO- H
9K30TEPMHUUECKHX CTaui nponecca. Hanbosee 3HaUNTENbHBIMU CPEN HUX SBISIOTCS:

— MOIVIOIIAOIIME TEIJIO MPOLECCHl - pa3pylIeHUue KPUCTAUIMYECKON PEIIETKH, Pa3pbIBbI
XUMUYECKHUX CBSI3€U B MOJIEKYJIAX;

— BBIIGJSIONIME TEIUIO TpOIecCchl - O00pa3oBaHHE NPOAYKTOB B3aUMOJCHCTBUS
pacTBOPEHHOTO BEIIECTBA C pAaCTBOPUTENIEM (TUIPATHI) U JIP.

3 Teopuu pacTBOpPOB: XUMHYecKas U puznyeckast

3aBUCUT OT NPUPOABI KUJIKOCTH, Ta3a, TEMIIEpATypbl, JaBJICHUS Ta3a U IPHUCYTCTBUS
Ha3bIBACTCS B J)KUJKOCTH JIp. pacTBOPEHHBIX BewlecTB. IIpolecc pacTBopeHUs raza B KUAKOCTU
HasbIiBaeTcs anacopOruen. CTporux 3aKOHOMEPHOCTEH OMHMCAHUsSI 3aBHCHUMOCTH PacTBOPUMOCTH
ra3a B JKHJIKOCTH OT MX NPHUPOABI HE UMeeTcs. ['a3pl, NMEIoLUe MOJIPHYI0 MOJIEKYIY, JIydIle
pacTBOPSIOTCS B MOJSAPHBIX pacTBOopuTensax. HemomsipHele B HenosisApHbIX. Ecnu cpaBHHUBaTh
pPacTBOPUMOCTh Pa3IUYHBIX HEMOJSPHBIX TA30B B HEMOJSPHBIX PACTBOPUTEINSIX, TO Ta3bl JIETKO
C)KUMaeMbI€ B YMCTOM COCTOSIHMH, OOJiajaromue 00jiee BHICOKOW KPUTHUYECKON TeMIiepaTypoin
ABIIsieTCS 0oJiee paCTBOPUMBIMH. 3aBUCUMOCTh OT JaBJICHUS MPHU MOCTOAHHOW T ompenensercs
3akOHOM ['eHpy 1O KOTOpOMY . - JaBJI€HHE HaJ JKUIKOCTbIO, - Kod(PHUIHEHT
IPONOPLUOHAIBHOCTH, KOHCTaHTa ['eHpu. 3akoH ['eHpu 3anuceiBaercs . 3akoH ['eHpu MokeT
OBITH JIETKO MOJIYYEH U3 YCIOBUN FeTepOreHHOTO0 PaBHOBECHS

4. IlepechlilieHHBbIE PACTBOPHI

[Tpu nHarpeBanuu cmecu cosm ¢ Boaoi a0 1000C mpousonaér pactBopenue 39,8 v NaCl B
100 r Boxel. Eciiu Tenepp ynaauTh U3 pacTBOpa HEPACTBOPUBILYIOCS COJIb, @ PACTBOP OCTOPOKHO
oxnaguth 10 200C, u30BITOYHOE KOJIMYECTBO COJM HE BCErja BHINAJAAaeT B 0Cagok. B »ToM
Cllydae Mbl UMEEM JI€JI0 C MEPEHACHIEHHBIM pacTBOpoM. llepeHachlleHHble pacTBOPbl OUYEHb
HeycToiuuBbl. [loMemmBanue, BCTpSXHMBaHUE, A00aBICHHE KPYMHUHOK COJM MOJKET BbI3BATh
KPUCTAITU3AINIO U30bITKA COJTM U MIEPEXO0J] B HACHIIIEHHOE YCTOWYHBOE COCTOSHUE.

[TepeHachIIEHHBIA _PAacTBOP - PacTBOpP, COAEPXKAIIWKA OOJIbIIE BEIIECTBa, YEM B
HaCBILIEHHOM.

5.0cmoc (0T rped. OGHOC — TOTYOK, JABIEHHE) — MPOLECC OJHOCTOPOHHEH auddy3uu
yepe3 IMOJYINPOHHIIAEMYIO MEMOpaHy MOJICKYJ pPacTBOPUTENS B CTOPOHY  OOJbIiei
KOHI[EHTPAIlMU  PAacCTBOPEHHOTO BeIIecTBa U3 00bEMa C MEHBIIEH KOHIEHTpaluen
pacTBOPEHHOT0 BEUIECTBA.

6. 3amep3aHue 1 KMIIEHHE PAaCTBOPOB
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KomnratuBHble CBOMCTBAa pacCTBOPOB — 3TO T€ CBOWCTBA, KOTOPBIE IIPU TaHHBIX YCIOBHIX
OKa3bIBAIOTCS PaBHBIMU M HE3aBHCHUMBIMU OT XUMUYECKOW MPHUPOABI pACTBOPEHHOTO BEIECTBA;
CBOMCTBa pacTBOPOB, KOTOPBIE 3aBUCAT JIMIIL OT KOJMWYECTBA KMHETUYECKUX €IUHMII U OT MX
TEIJIOBOTO IBHKEHUS.

7. Crioco0bl BbIpaKeHHs1 KOHIEHTPAIMN PacTBOPOB. TUTpUMeTpHUYeCKHii MeTOX
onpeaeleHHs KOHIEHTPALlUM PACTBOPOB

KOHITEHTPAITMIO BEIIECTB B pacTBOpax MOKHO BBIpa3uTh pa3HbIMHU CIIOCOOaMHU.
Haubonee yacTo HCIONB3YIOT MAacCOBYIO JOJI0 PACTBOPEHHOIO BELIECTBA, MOJSIPHYIO U
HOPMAaJIbHYIO KOHIIEHTPALIUIO.

MaccoBas nonst pactBopéHHOTro BemectBa w(B) - 9T0 Oe3pasmepHas BeauMvnHa, paBHAs
OTHOILIEHHIO MacChl paCTBOPEHHOTO BelecTBa K 00IIel Macce pacTBopa m:

W(B)=MB)/M

MonsipHas koHnentpamus C(B) mokasbiBaeT, CKOJIBKO MOJIb PAaCTBOPEHHOTO BEIIECTBA
coJiepkuTcs B 1 IuTpe pactBopa.

CB)=nB)/V=m(B)/(M(B) - V),

rae M(B) - monsipHas Macca pacTBOPEHHOTO BEIIECTBA I/MOJIb.

ModsipHasi KOHLEHTpAIMs U3MepsieTcss B MoJib/l 1 obo3Hauaerca "M". Hanpuwmep, 2 M
NaOH - aByxmouisipHbIil pacTBOp TUApoKcHIa HATpuUs. OMH JUTP TAKOTO PacTBOpPA COAEPKHUT 2
Mok BerectBa unu 80 r (M(NaOH) = 40 r/mons).

1.10 Jlexuus NelQ (2uaca)

Tema: «Teopusi  JIEKTPOIUTHYECKOH  JMCCOLUALUM. JIEKTPOJIHUTHI U
HEYI1eKTPOJUThI. NOHHBbIEe ypABHEHUSD)

1.10.1 .Bonpocsl Jekuum:

1. IIponecc arccounanuiv B BOAHBIX PaCTBOpax.

2. PactBopbl anekTponuToB. CuibHBIE M cllabble AJeKTpoJUThl. KOHCTaHTa M CTEeTNeHb
JUCCOLIMALINY.

3. NOHHO-MOJIEKYJISIPHBIE YPABHEHUS.

4. uccoumanus Boabl. BogopoaHblil mokas3ares.

5. CMelleHne NOHHBIX PAaBHOBECHIA.

1.10.2 KpaTkoe coaep:xkaHue BONPOCOB

1 IIpouecc AucconUANNN B BOAHBIX PAcCTBOPax

Huccommarust (ot nat. dissociatio - paszaeneHue, pazbeAuHEHHE), 0OpaTUMBIN pacmajy
YaCTHIIBI B-Ba (MOJICKYJIIBI, paUKalla WK HOHA). Pa3nnyaroT 2JIeKTPOTUTHYECKYIO TUCCOIUAITUIO
(MOHM3AIMIO) B P-paxX WM PACILJIaBax AJICKTPOJIUTOB - 00PAa30BAHUE CMECH TTOJIOKHUT. U OTPHUIIAT.
CONbBATHPOBAHHEIX MOHOB M3 MOIEKYN MM KpucTamimd. ¢assl, Hamp., CH;COOH (p-p) D H'
(p-p) + CH3COO" (p-p), NaCl (kpucramis) D Na® (pacma) + Cl (paciuiaB); TepMHUYECKYIO
MUCCOLMAIINIO - 00OpaTHUMOe pa3iokKeHHe, 00YCIOBIEHHOE TEIUIOBBIM JBM)KCHUEM YacTHII B-Ba,
Harp.: CaCO; (kpuctamisl) D CaO (kpucramist) + CO, (ra3), 2HI (ra3) D H; (ra3) + I, (ras).

2. PacTBopbl 3jeKTpoauToB. CHJbHBbIE W ciaa0ble JjaeKkTpoautbl. KoHcranTa u
cTeneHb IMCCONMAIUM.

Kpome xoporieii 31eKTporpoBOIHOCTH, pACTBOPBI AIEKTPOIUTOB 00J1aAat0T Ooiee
HU3KUMH 3HAUYE€HUSIMU JaBJICHUA [Tapa pacTBOPUTENS U TeMIIepaTyphl IUIaBJIeHUs U OoJjee
BBICOKMMH TEMIIEPATypaMH KUIICHHSI 10 CPABHEHHUIO C COOTBETCTBYIOIIMMU 3HAYCHUSMHU JIJIS
YHCTOI'0 PACTBOPUTENS WU IS pacTBOpa HEIIEKTPOIUTA B 9TOM ke pacTBopuTtene. Jis
00BSICHEHUS ITUX CBOWCTB MIBeACKHH yueHblii C. Apperuyc B 1887 r. mpeioxui meoputo
INEKMPOIUMULECKOU OUCCOYUAYULU.

1100 snexmponrumuyueckoi ouccoyuayuel NOHUMAEMcs pacnao MOLeKyl JIeKMmpoIuma 6
pacmeope ¢ 06pazosanuem NOI0HCUMENbHO U OMPUYAMETLHO 3APANCEHHBIX UOHO8 — KAMUOHO8
U AHUOHOB.
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IIpoyecc ouccoyuayuu 80 6cex CIyuasax A61Aemcs 00PaAMUMbIM, NOIMOMY NPU HANUCAHUU
VpasHeHull peakyuu OUCCoyuayuu HeoOXo0UMo NPUMEHAMs 3HaK obpamumocmu « . Paznuunsie
NEKMPOIUMDbL, CO2NIACHO meopuu Appenuyca, Ouccoyuupyom Ha UOHbL 8 PA3IUYHOU CMeneHuU.
Ilonnoma pacnada 3asucum om npupoosl d1eKMpPOaIUmMA, €20 KOHYeHMpayuu, npupoosl
pacmeopumens, memnepamypbl.

Crenenp nucconunanyu. OTHUM U3 BaXKHEUIINX MOHITUN TEOPUU AJIEKTPOTUTHYECKON
JUCCOIMAUU AppeHHyca SBIISETCS MIOHITHE O CIeneHUu OUCCOYUaYUU.

Cmenenvio ouccoyuayuu a Ha3vl8aemcs OMHOUEHUE YUCIA MONEKYIl, PACNAGUIUXCS HA
UOHbL (1), K 06WeMY YUCTY pACTNBOPEHHBIX MONEKYI (T):

o= ﬂ/ .
i

N3 3TOT0 BBHIpAXKEHUST OYEBHJIHO, YTO @ MOKET U3MEHATHCS OT 0 (uccomumanuu HeT) 110 1
(momuast qucconuanusi). CTeneHb TUCCOLUAIMN YaCTO BRIPAXKAIOT B IpolieHTaxX. CTeneHpb
JUCCOLIMAIIMY 3JIEKTPOJIUTA MOXKET OBITh ONpeiesieHa TOJIbKO SKCIEPUMEHTAIBHBIM ITYTEM,
HaIlpuMep Mo U3MEPEHUIO TEMIIEPATyphl 3aMep3aHusl pacTBOPA, MO ANEKTPOIPOBOAHOCTH
pactBopa u T. 1.

CunpHBIC U ClTa0dble IIEKTPOIUTHL. B 3aBUCHMOCTH OT CTETIEHH JUCCOIUAIINHN Pa3TUnIa0T
3JIEKTPOJIUTHI CUJIBHBIE U Clla0ble. Dekmpoaumsl co cmenenvio ouccoyuayuu oonvuie 30%
00bIYHO HA3BIBAIOM CUNLHLIMU, CO cmeneHbio ouccoyuayuu om 3 0o 30% — cpeonumu, meree
3% — cnabvimu 31eKmMmpoIUmamiu.

K cunbpHBIM 3JIEKTPOIUTAaM OTHOCSITCS OYTH Bee coliu, HekoTopbie kucioTsl (HCI, HBT,
HI, HNOs, HelOs4, HySO4pa36.)) u mexotopsie ocHoBanus (LiOH, NaOH, KOH, Ca(OH),,
Sr(OH),, Ba(OH),). K cmaGeiM 31eKTpouTaM OTHOCUTCS OOJIBITUHCTBO KHCIOT (0COOCHHO
OpPTaHWYECKUX ) 1 OCHOBAHHM.

CmeneHb ouccoyuayuu Kaxk CUNbHbIX, MAK U C1AObIX JNeKMPOIUMO8 3a8UCUM OM
KOHYenmpayuu pacmeopa (CTETIeHb TUCCOIMAMU TEM BBIIIE, 4eM OoJiee pa30aBiieH PacTBOp).

KoncranTa nuccounanuu. bonee TO4HON XapakKTepUCTUKONW JUCCOLUALIMH dIEKTPOIUTA
ABIIIETCS. KOHCMAHmMa ouccoyuayuu, KOTopasi OT KOHIICHTPAIlUU pacTBOpa HE 3aBUCHT.

BripakeHue 111 KOHCTaHTBI AUCCOLMAIIMN MOKHO MOJYYUTh, €CIIU 3aMUCATh YpaBHEHUE
peakiuu aucconnanuu dekrposnta AK B o0mem Bue:

AK «A-+K".

[TockonbKy Auccomaus sBisieTcs 00paTUMbIM PABHOBECHBIM MPOIIECCOM, TO K ATON
peaKIuu IPUMEHUM 3aKOH JIEUCTBYIOIIMX MACC, 1 MOKHO ONPEEIUTh KOHCTAaHTY PAaBHOBECHS
KaK

otz
[ax] ~

3. UoHHO-MOJIEKY/JISIPHbIE YPABHEHU S

Peakuuu noHHOTO 0OMEHA 3aMMCHIBAIOT TPEMST YPaBHEHUSIMU:

-MOJIEKYJISIPHBIM;

- TIOJTHBIM HOHHO-MOJIEKYJIIPHBIM;

- COKpAIEHHBIM HOHHO-MOJIEKYJIIPHBIM.

B motHOM MOHHO-MOJIEKYISPHOM YpaBHEHUH YKa3bIBAIOT ()OPMYIIBI BCEX YaCTHII, 4 B
COKpAIIEHHOM — (POPMYJIBI YaCTHUII, KOTOPBIE MPUHUMAIOT Y4aCTHE B PEAKIIUH.

4. Iucconuanus Boabl. Bonopoaublii mokasareJib.

OpHuM U3 HaMMEHee TUCCOLMHUPOBAHHBIX BEIIECTB, 00Pa3yIOUIUXCS IPU PEAKLIUIX MEXKIY
MOHAMH, SIBTISIeTCS Boja. YucTast BojJa IIioXo MPOBOIUT SIIEKTPHUUECKHI TOK, HO BCE ke 00a1aer
HEKOTOPOW  W3MEPUMOW  DJIEKTPOIPOBOJHOCTHIO,  KOTOpas  OOBSICHSAETCS  HEOOJBIION
JTUCCOoLIMaIiMei BOIbI Ha BOJAOPOIHBIC U TUApOKcuabHbIe HOoHBI ( H 20=H++OH- ) .

Bomopoansriii mokazarens, 0003HauaeMblil uepe3 pH, mpencrapiser co00il OTpUIIaTETbHBIN
Jorapugm KOHIEHTpaIMK BOIOpOIHBIX HOHOB: pH= -1g[H+]. Hanpumep, eciiu koHIIeHTpanus
BOZ0poaHBIX HOHOB [H+] = 10-5 e non/n, To pH=S5, ecniu [H+] = 10-9 r* non/n, To pH=9, u 1.11.
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OueBHIHO, YTO HENUTpPaAJIbHBIE PacTBOPHI UMEIOT pH= 7, B kucibIX pactBopax pH<7, a B
mienounbix pH>7. B akBapuymHO#M npakTuKe BoAa, cooTBeTcTBYIomas pH 2 - 3, cuuraercs
CHUJIBHO OKHMCJICHHOM; 3 - 5 — KHCIIOH; 5 - 6 - c71a00KKCIION; 6 - 7 - 0YCHb CIIA00KHCIION; 7 -
HEUTpaNbHOM; 7 - 8 - oueHb crabdorienoyHoi; 8 - 9 - cimadomenounoit; 9 - 10 - menounoii; 10 -
14 - cuIIbHO LIETOYHO.

N3mepenne pH B toManiHuX yCIOBHUSX MOKHO PEKOMEHI0BATh MPOCTHIM criocoooM. Ero
NPUHIUI OCHOBAH Ha IIBETHOM LM(pOBOIA 1IKase; TOUHOCTh u3Mepenus 110 0,1 exn. BoamoxxHo
usMmepenue pH ¢ momorpio OyMaKHBIX HHAUKATOPOB, IPOMUTAHHBIX COCTABOM U3
OpPraHMYECKUX KpacuTesel; TOUHOCTh u3Mepenus - 1o 0,3 en.

5. CMmelieHHe HOHHBIX PABHOBECHI.

PaBHOBecue B pacTBOpax 3JIEKTPOIUTOB, KAK U BCIKOE XMMHUYECKOE PaBHOBECHE,
COXpaHsieTCs HEM3MEHHBIM, [T0Ka ONPEAEISAIONINE er0 YCIOBUS HE MEHSIOTCS; U3MEHEHHUE
YCJIOBUI BJI€YET 32 COOOW HapyLICHHE PABHOBECHUS.

Tax, paBHOBecHe HapyIlIaeTCs MPU U3MEHEHUU KOHIIEHTPAI[MH OJHOIO U3 YUYaCTBYIOIIUX B
TOM PaBHOBECHH MOHOB: MPHU €€ YBEIIMUECHUU MPOUCXOJUT MPOLECC, B X0JI€ KOTOPOTO 3TH MOHBI
cBs3bIBatOTCs. Hampumep, eciii B pacTBOp YKCYCHOM KMCJIOTBI, JUCCOLMUPYIOIIECH COrJIaCHO
YPaBHEHUIO BBECTH KaKYIO-IMOO COJIb ATON KUCIOTHI U TEM CAMBIM YBEITUYUTH KOHIIEHTPAIIHIO
nonoB CH3COO-, To, B cootBeTrcTBUU ¢ npuHiunom Jle [llarense, paBHOBECHE CMELIAETCS
BJIEBO, T. €. CTENEHb JUCCOLMAIIUU YKCYCHON KUCIIOThI YMEHBIIIAETCS.

CH3COOH « CH3COO- + H+

OTcrona cinenyeTt, 4To BBEJIEHUE B PaCTBOP CIIA00TO IEKTPOIUTA OJHOMMEHHBIX HOHOB (T.
€. MIOHOB, OJIMHAKOBBIX C OJTHUM U3 HOHOB AJIEKTPOJINTA) YMEHBIIAET CTENEHb TUCCOLUALIUN
9TOrO ANMeKTpouTa. Hao6opoT, yMeHbIIIeHNEe KOHIIEHTPAIIMHA OJHOTO U3 MOHOB BBI3BIBACT
JUCCOLIMAIIMIO0 HOBOTO KOJIMYECTBa MoJieKyn. Hanmpumep, npu BBeIeHUH B pacTBOp yKa3aHHOM
KHUCJIOThI TUPOKCHUI-UOHOB, CBSI3BIBAIOIINX MOHBI BOJIOPO/IA, AUCCOLMALINS KUCTOTHI
BO3pacTaer.

1.11 Jleknus Ne 11 (2uaca)

Tema: «I'maponus coneil. Monnoe npoussenenue soabl, pH. Meroabl onpenejeHus
pH»

1.11.1.Bonpocskl JJeKnuu:

1. Tunsl ruaponusa (0 KaTHOHY, 10 aHUOHY, 110 KATHOHY U aHUOHY).

2. VloHHble ypaBHEHUS THIPOIMU3A.

3. KoHcTaHTa ¥ CTENEeHb THAPOIN3a.

4. PacueT KOHCTAHTBI THIPOJIN3A.

5. BnusHue Ha cMelleHre paBHOBECHSI THAPOJIN3a Pa3InyHbIX (PaKTOPOB

1.11.2 KparTkoe coaep:kanue BONPOCOB
1 Tunsl ruapon3a (110 KATHOHY, 110 AHUOHY, 110 KATHOHY U AHHOHY)
luaponu3 comeld — 95TO B3aMMOJEWCTBHE HMOHOB COJIM C BOJOW ¢ 0Opa3oBaHUEM
MaJIO,Z[I/ICCOLII/II/IpyIOH_II/IX qacTum.
I'maponus, 10CIOBHO, - 3TO pasyioKeHHe BOJOM. [[aBas Takoe onpenesaeHue peakimu
I‘I/I,Z[pO.HI/ISa COJIGI>'I, MBI HOI[‘IepKI/IBaeM, YTO COJIN B paCTBope HaxoadaTCda B BUAC MOHOB, U 4YTO
JIBIDKYIICH CHUJION pEakIMH SBIISETCS 00pa30oBaHUE MAaJIOAMCCOIMHMPYIOMNX dYacTull (oOIiee
IIPABUJIO JIJI1 MHOTHX PEAKIUIl B pacTBOPAx).
Bcerma nm woHBl crmocoOHBI 00pa3oBBIBATH C BOJOH MAaJOIUCCOIUUPYIOIIHE
‘-IaCTI/ILIBI? Pa361/1pa;1 3TOT BOHpOC C y‘IGHI/IKaMI/I, OTMCYACM, 4YTO KaTUOHbI CHJIBHOI'O OCHOBAaHUA U
AQHUOHBI CHJIBHOW KHCJIOTHI TaKWX YacTHUIl 00pa30oBaTh HE MOTYT, CJIEAOBATEIIbHO, B PEAKIIHIO
I‘I/I,Z[pO.HI/ISa HEC BCTyHaIOT.
Kakue tunsl rugponmsa Bo3mMoxkHbI? [10CKOIBKY COTb COCTOMT M3 KaTHOHA U aHMOHA, TO
BO3MOXHO TpI/I TUIIA mnponma:
e THUJPOJIU3 10 KaTUOHY (B PEAKIIUIO C BOJAOU BCTYIAET TOJIHKO KaTHOH);
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e TUJPOJIU3 110 aHUOHY (B PEaKLUIO C BOJIOM BCTYMAET TOJIBKO aHUOH);

e COBMECTHBIN TUJIPOJIN3 (B pEaKLMIO C BOJOM BCTYIMAeT U KAaTHOH, M AaHUOH);

2. NoHHble ypaBHEHUS THAPOJIH3A.

Harmmmca dhopmyny oOpa3oBaBIICHCS YacCTHIBI, TYT ke O0OCYXJaeM, 4TO 3TO 3a
yacTuia, OyJeT M OHAa UMETh 3apsi U KaKOW, MPUXOIUM K BBIBOJY, YTO, KaK MPABUIIO, ITO
TUJIPOKCOKATUOH. A 4YTO OCTaHETCS OT MOJIEKYJbl BoAbl? Kakyro peakiuio BOAHOTO pacTBOpa
o0ycnaBnuBaeT n30bITOK 3TUX YacTul? Kakosa Oyzaer peakuus HHIUKaTopa?

Tuopoausz no kamuony npueooum K 00paA306aHuUI0 2UOPOKCOKAMUOHO8 U UOHOG
6000pooa (cpeda pacmeopa Kucaas).

OtmeuaeM, 4TO TOJIBKO MHOTIA, IPU =1, BMECTO TUAPOKCOKATHOHOB MOJy4aeM MOJIEKYJIbI
ciaboro OCHOBAHWUSI.

A MOXET JIM TUIPOKCOKATUOH BCTYNHUTh B PEAKIUIO CO CIIEAYIOMIEH MOJIEKYJIOW BOJIbI?
CooOmraem, 4To 3TO0 OymeT BTOpas CTYIEHb THAPOJINM3a, M YTO KaxKJas CIEIyIoIIas CTYIEHb
IpOTEKaeT B THICAYM pa3 cialdee, yeM MpeIblaylasi, 4To Jaxke IepBas CTYNMEHb MPOTEKaeT
00BIYHO HA J0JM TpoleHTa. [loaToMy, Kak MpaBUIIO, paCCMaTPUBAETCS TOJBKO TepBasi CTYIEHb
TUAPOIIU3A.

I'uaposiu3 mo aHMoHy pa3zdoupaeM aHAIOTUYHO, 3allMChIBAEM YPABHEHHE:

An™ +H-OH (1 HAn""" + OH"

[TonBOIMM YYEHHKOB K BBIBOJTY:

Tuoponuz no anuony npueooum K 00pa308aHur0 2UOPOAHUOHOE U 2UOPOKCUO-UOHOE
(cpeda pacmeopa wienounasn).

3. KoHCcTaHTa U cTeneHb THAPO0JIn3a

[Tox cremeHbl0 TUAPOIHM3A TMOHMMAETCS OTHOIICHHE KOJWYECTBA (KOHIICHTPAIMH) COJIH,
MOABEPTAIOIICHCS TUIPOJIN3Y, K OOIIEMy KOJIMYECTBY (KOHIIEHTpAIlMH) PACTBOPEHHOW COJIH.
Oo6o3HauaeTcs o (nmu Brump);
O Crunp/Cosm)* 100 %o
TJ€ Crypp — YHCIIO MOJIEH THAPOIU30BAHHON COJIH, Copy — OOIIEE YUCIO MOJIEH pacTBOPEHHOM
COJIH.

CremneHb THIPOIN3a COJU TEM BEHIIIIE, YeM c1abee KUCI0Ta WM OCHOBaHUE, €€ 00pa3yromiue.

SIBNsIeTCSt KOJIMYECTBEHHOW XapaKTEPUCTUKON THAPOIIN3A.

KoHcTaHTa ruiposin3a— KOHCTaHTa PABHOBECHS TUAPOIUTUYCCKON PEaKIUU.

4. Pacyer KOHCTAHTBI IHAPOIU3a.TaKk KOHCTaHTA TMIPOJIM3a COJM pPaBHA OTHOUIEHUIO
MPOU3BE/ICHUSI PAaBHOBECHBIX KOHIICHTPAIMA MPOAYKTOB PEaKIMH THIPOJIN3a K PAaBHOBECHOU
KOHIEHTPALUU COJIM C YUETOM CTEXMOMETPHUUECKUX K0P PUIIUEHTOB.

S. BiusiHue Ha cMeleHHe PABHOBECHS THAPOJIM3a Pa3JIHYHbIX (DAKTOPOB

1. AH: +H,

@ SNHLH+H o ppuanuny Jle-1llatense yMeHbIICHHE KOHLECHTPALMHA
HOHOB BOJIOPOJIa CMECTHT PAaBHOBECHE BIPABO, T.C. YCHIUT THAPOIU3. YUTOOBI yCHIUTH
THPOIN3, HY’KHO J0OABUTH CHIIBHYIO IIEJI0Ub, CBA3BIBAIONLYIO HOHBI BOJOPOJIA.

JloGaBieHrue MOHOB BOAOPOAA (KUCIOTHI) — IIOAABIAECT TMAPOJIM3, CMEIIas PaBHOBECHE
TUPOINN3a BIIEBO.

, CH.COO™ + Hy0 < CH.COOH +0H

JloGaBnenue cumbHO# kuctoTsl (H') cMECTHT paBHOBECHE THAPONK3a BIIPABO, TAK KAK IPH
9TOM OyZyT CBSA3BIBAaTbCS MOHBI rUApOKcHia. Jlo6aBIeHHe MIEeI04YH OIaBIIET THAPOIIN3.

3. I'maponun3 npoxXoauT 10 KOHLA, €CIIU B Pe3y/IbTaTe MOJy4atoTCs HE PaCTBOPUMBIE B BOJIE
COCIMHEHUS U Ta3bl.

Hanpumep:

S, +6H.0 = 20H{0H ), v +3H.5 T

Coun, 06pa3oBaHHEIe MHOTO3apsiaHbME KatnoHamu (Cr’ ', Fe®, AI'") u ouens cnaGpivu
KHCI0TaMU (YrOJIbHOM, CEPHUCTOM, CEpOBOAOPOIHON, KPEMHUEBOW) — B BOJHOM PacTBOPE HE
CYLIECTBYIOT, TaK KaK IOJBEPratoTCs HEOOpATUMOMY THIPOJIU3Y.
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1.12 Jleknus Nel2 (2uaca)

Tema: «OKHCIUTENbHO-BOCCTAHOBUTEIbHBIE peaknun. Hanpasiaenus OBP»

1.12.1. Bonipocsl JieKnuu:

1. [TonsiTrie 06 OKMCIEHUU-BOCCTAaHOBICHUH. CTENEeHb OKUCICHUS SJIEMEHTOB.

2. Knaccudukanus OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKITUH.

3. BaxnHedmme OKHCIUTENM U  BOCCTaHOBUTENU. OKHUCIUTEIBHO-BOCCTAHOBUTEIbHAS
IBOMCTBEHHOCTD.

4. BnustHue cpeapl Ha MPOTEKAaHUE OKUCIUTEIbHO-BOCCTAHOBUTENBHBIX peakiui. Hanpapienue
nporekanus OBP.

5. IlpaBuna cocraBnenne ypaBHeHui peaknuiit OBP MeTo10M 351eKTpOHHO-MOHHOTO OaiaHca.

6. OxucauTENbHBIE CBOMCTBA A30THOM U CEPHON KUCIIOT.

1.12.2. KpaTkoe coep;kaHne BOPOCOB
1 IlonsiTHe 00 OKMCJICHUN-BOCCTAHOBJIEHUH. CTeneHb OKUCJICHUS 3JIEMEHTOB.

OBP — peakiuu, B KOTOPBIX H3MEHSAIOTCS CTENEHM OKHUCIEHUS D3JIEMEHTOB, TO €CTh
AJIEKTPOHBI MEPEXOJIAT OT OJHOTO aToMa WM BelecTBa (BOCCTAHOBUTENS) K JPYyromy
(OKHCTTUTEINIO).

A cTerneHb OKHCIICHHS — 3TO 3apsijl, KOTOPBIA UMeI ObI aTOM, €clii Obl Bce€ 00pa30BaHHBIC UM
MOJISIPHBIC CBA3U CTAaJIU MOHHBLIMMU. Ecmu cBsa3u I[eﬁCTBHTGHBHO HMOHHBIC, TO C.O0. COBIAAACT C
3apsIoM dIeMeHTapHoro uoHa, Hampumep, K'F. Ecim He Bce CBS3M HOHHBIC, TO CTCIEHb
OKHUCJIEHUS — 3TO YCIOBHOE MOHATUE, HE UMEIOLIEE CTPOrOro CMbICIIA, HO MOJIE3HOE.

2 Kinaccnpukanus OKMCJIUTEIbHO-BOCCTAHOBUTEIbHBIX PeaKIHuil.
Bce xumuyeckue pCaKkuu MOKHO pa3JCIMTh Ha JIBa TUIIA. K TMEPBOMY U3 HUX OTHOCATCA
peakuuu, npoTeKaroue 6e3 N3MEHEHUs CTENeHH OKUCICHUH aTOMOB, BXOISIINX B COCTaB
pearupyromux Beuiects. Hanpumep, B peakuuyu oOMeHa HU OJMH 3JIEMEHT B pe3yJibTaTe
peakuuy He U3MEHSIET CTENIEHU OKHCIICHUS:
H''N02 + Na''02H'! > Na''N™0%, + H',07

Ko BTOpOoMy THIY OTHOCSTCS peakliiy, UAYIIHE C U3MEHEHUEM CTETIEHN OKUCIIEUUs aTOMOB
pearupyromux seuects. Hampumep
o1, + 0° > 1,072
2K"'C1707; > 2K Cl! + 30

Peakuuu BTOpOro Trma Ha3bIBarOTCS OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIMU. XUMHYECKHE
peaKIHH, MPOTEKAIOIINE C U3MEHEHHEM CTEIIEHU OKHCIICHHUS! aTOMOB, BXO/IAIIMUX B COCTAB
pearupyromux BEMIECTB, HA3bIBAIOTCS OKUCIUTEIbHO-BOCCTAHOBUTEIIBHBIMU. B OKMCIUTENBHO-
BOCCTAHOBUTEIbHBIX PEAKIIUAX BCETIa MPOUCXOAUT MPUCOEAMHEHNUE WIIM OT/Iada 3JIEKTPOHOB
aTOMaMH 3JIEMEHTOB. [Ipuuem 3710 enMHBIN B3aMMOCBS3aHHBIN npolecc. Eciu atom, HOH
WJIM MOJIEKYJIa B MPOLIECCE PEAKIIMU OTAAIOT SJIEKTPOHBI, TO OHU HA3bIBAIOTCS
BOCCTAHOBUTEISIMH, a CaM MPOLECC OTAAYM MIEKTPOHOB — OKHcIIeHueM. Hanpumep:

Al’- 3¢ > Al”
Fe'? - le ->Fe®

B Hpouecce OKHUCJICHHUA BOCCTAHOBUTCIIBb ITOBBIIIACT CBOIO CTCIICHL OKUCIICHUA. ECJII/I aToM,
NOH NN MoneKyna B npouecce peaKHI/II/I HpI/IHI/IMaIOT SHCKTPOHI)I, TO OHM HA3BIBAKOTCA
OKHUCIUTCIIIMU, a CaM Hpouecc HpI/ICOGI[I/IHeHI/IH Z-).HGKTpOHOB — BOCCTAHOBJICHHECM. HaHpHMep:

S +2e ->S2
N+5 + le' -~ N+4

B npouecce BOCCTaHOBIEHUS OKUCIUTEND IOHUKAET CBOKO CTEIIEHb OKUCIICHUS. O
CIIOCOOHOCTH TOT'O MJIM HHOTO BEIIECTBA MPOSBIATH OKHCIUTENbHBIE, BOCCTAHOBUTEIbHBIE WU
JIBOMCTBEHHbIE (KaK OKUCIUTENbHbBIE, TAK U BOCCTAHOBUTEJIbHBIC) CBOMCTBA MOXKHO CYAUTH 11O
CTENEHU OKUCIIEHUS aTOMOB, BXOJSIIUX B COCTaB COOTBETCTBYIOLIUX BEUIECTB. ATOM TOI'O WU
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MHOTO 3JIEMEHTa, HAXO/ISIIUICS B CBOCH BBICIIEH CTEIIEHU OKHCIICHUSI HE MOXKET €€ MOBBICUTh
(OTAATDH AMEKTPOHBI) U MPOSIBIISIET TOJBKO OKUCIUTEIbHBIE CBOMCTBA. ATOM AJIEMEHTA B CBOECH
HU3IIEH CTETIEHH OKUCIICHUSI HE MOYKET €€ MOHU3UTh (IPUHSATH 3JIEKTPOHBI) U MPOSIBISET TOJIBKO
BOCCTAHOBUTEIIbHBIE CBOMCTBA. ATOM 3JIEMEHTA, UMEIOIIUI MPOMEXKYTOUHYIO CTENIEHb
OKHUCIICHUS, MOKET MPOSIBISATh KaK OKUCIUTENbHBIC, TAK U BOCCTAHOBUTEIbHBIE CBOMCTBA.

3. BaxHellllMe OKHCJIUTEJHM M BOCCTAHOBHTEJH. OKHCIUTEJIbHO-BOCCTAHOBHUTEIbHASA
JIBOMCTBEHHOCTb.

OKHCTUTENbHO-BOCCTAHOBUTEIBHBIE PEAKIIUH - 3TO PEAKIIMH, KOTOPBIE YT C U3MEHEHUEM
cTeneHen oKucieHus 3neMeHToB. CTeneHb OKUCICHHUS - 3TO YCIOBHBIN 3aps]l aToMa B MOJIEKYJIE,
I/I€ BCE MOJISIPHBIE CBSI3M CYUTAIOTCS HOHHBIMH.

OKWHCIIEHHE - 3TO MPOLECC OTJAYH IJIEKTPOHOB.

BoccranoBnenue - 3To mporecc NpucoeTuHEHUS JIEKTPOHOB.

OKHCIHUTEND - 3TO aTOM, MOJIEKYJa UJIA UOH, KOTOPBII MPUHUMAET 3JIEKTPOHBI U TIOHUKAET CBOIO
CTENEeHb OKUCIICHHUS], T.€. BOCCTAHABIINBAETCS.

BoccranoBurens - 3T0 aToM, MOJIEKYJa WIA HOH, KOTOPBIN OTIAET MIEKTPOHBI U MOBBIIIAET
CBOIO CTETIEHb OKUCJICHHUSI, T.€. OKUCIISETCS.

BoccranoButenu:a) MeTasuibl - 4eM MEHbIIIE MOTEHIIMAT HOHU3AIMU, TEM CUIIbHEE
BOCCTaHOBUTEJIbHbBIE CBOMCTBA; 0) COEIMHEHNUS AIIEMEHTOB B HU3IINX CTETIEHAX OKHCIICHUS
(NH3, H,S, HBr, HI u 1p.), y KOTOpBIX Bce OpOMTaNIN 3a1I0JTHEHBI U MOT'YT TOJIBKO OTJaBaTh
3EKTPOHBI.

Oxucnurenu:a) Hemetasuibl (Fa, Cly, Bray, Oy 1 11p.) - ueM Gouibliie CpoACTBO K SIEKTPOHY, TEM
CHIIbHEE OKHCITHTENbHBIC CBOMCTBA; 6) MOHBI METAIUIOB B BRICOKHX CTerneHsx okucienus (Fe'’,
Sn4+, Mn*" u 1p.); B) COEIMHEHUS DJIIEMEHTOB B BBICIIHNX cTeneHsX okucieHus (KMnOy,
K,Cr,07, NaBiO3, HNO3, H,SO4(koH11.) 1 1p.), Y KOTOPBIX YK€ OTJaHbI BCE BaJICHTHBIC
AJIEKTPOHBI U MOT'YT OBITh TOJBKO OKHCIUTEIISIMU.

CoenuHeHus 3JEMEHTOB B TPOMEKYTOUHBIX cTeneHsx okucienus (HNO,, H,SOs3, H,O, u 1p.)
MOTYT IIPOSIBJISITH OKUCIUTENIbHBIE U BOCCTAHOBUTEJIbLHBIE CBOMCTBA B 3aBUCUMOCTH OT
OKHUCJIUTEIHbHO-BOCCTAHOBUTENBHBIX CBONCTB BTOPOTO pearcHTa.

H,SOs; + 2H,S =3S + 3H,0

OKHCJI. BOCCT.

H,SO; + Br, + H,O = H,SO4 + 2HBr

BOCCT. OKHCIL.

4 BuusiHue cpeabl HAa TNPOTEKAHHE OKHMCJIHUTEIbHO-BOCCTAHOBUTEIBHBIX PpPeaKkuuid.
Hanpasienue nporekanust OBP.

B BomHBIX pacTBOpax KOHLEHTpalUs HOHOB BOJOpPOJa MEHSETCS B OUYEHb LIMPOKHUX
npejenax - OT HECKOJIBKHX MOJIb/J B KUCIIBIX PACTBOPax J10 10" - 10" Moub/n B mEnOYHBIX, TO
ecth Ha 15 mopsinkoB. IToaTomy, ecnmu B OBP o0pa3yrorcs win pacXoayroTcs HOHBI BOJIOPOIA
WM TUApOKCUia, To pH odeHb cUIIbHO BIMSIET Ha HAIpaBlIEHUE TaKuX peakiuil. PaccMoTpuM Ha
puMepe TpexX BapUaHTOB BOCCTAHOBIICHUSI IEPMAHTaHATA.

(1) MnO4 +8H" +5¢ = Mn®" + 4H,0; ¢", = 1,51 B;

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

(3) MnO4 + ¢ = MnO4~; 9" =0,56 B.

@1 = ¢° + (0,0591B/5)lg([MnO4 J[HT¥/[Mn*']) = 1,51B + (0,0591B/5)lg([MnO, }/[Mn*"]) -
(8*%0,0591/5)pH. Ecnu npuHSTH CTAaHAAPTHBIMHU BCE KOHIIEHTpaIuu, kpome pH, To

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

Amnanoruuso ¢, = 1,69B - 0,0788pH, npu pH=7 nony4aercs 1,14B, a npu pH=14 = 0,59B.
5. IlpaBuia cocraBjieHue ypaBHeHWil peakunuii OBP meTromom 3/1eKTPOHHO-MOHHOIO
0aJsiaHca.

NouHo-31eKkTpoHHbIA MeTo1 cocTaBieHus OBP

MoHHO-271EKTPOHHBIN METO (MIM METOJ MOIYPEaKINil) HCIOIb3yeTcs 1 cocTaBieHuss OBP
MPOTEKAIOIIUX B pacTBopax. OCHOBaH OH Ha COCTABJIICHUU OTIEIbHBIX MOITYPEaKIUil 115
MPOLIECCOB BOCCTAHOBJICHUS U OKHMCIICHUS B BUJIE HOHHO-MOJIEKYJISIPHBIX ypaBHEeHUU. [Ipu 3TOM
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HEOOXOIMMO YUUTHIBATH NMPABUJIa HAITMCAHUS NOHHBIX YPAaBHEHUHN peaKIHii: CUIIbHBIC
3JIEKTPOJIUTHI 3aIIMCHIBAIOTCS B BUJIE HOHOB, a ca0ble 3JIEKTPOIUTHI M MaJIOPAaCTBOPUMBIE
BEILIECTBA - B BUJIC MOJICKYIL.

1. 3anuceiBaeTcs JieBasi 4aCcTh MOJIEKYJIsIpHOrO ypaBHeHust OBP, onpenensiercs OKucauTensb u
BOCCTAHOBUTEb.
2. 3anuchIBAIOTCS MOMYpEaKIUU OTAEIBHO IS MTPOILECCOB BOCCTAHOBIICHUS M OKUCIICHUS B BUE
MOHHO-MOJIEKYJISIPHBIX YpaBHEHUH, B KOTOPBIX JIeBasl U MpaBasi 4acTh (M30BITOK WIIM HEAOCTATOK
KHCJIOPO/Ia B JICBOM YacTH) ypaBHHBAIOTCS ¢ yueToM pH pacTBopa ¢ momorbio mosiekyn H,O,
vonos H' wm OH:
6. OxucanTe/bHbIE CBOMCTBA a30THOM M CEPHOM KHUCJIOT.
OxucnuteneM B MoJieKyie (CM. Takke ""A30THast KUCTIOTA') a30THOM KUCIIOTHI SIBIISIETCS N,
KOTOPBIX B 3aBUCUMOCTH 0T KoHIeHTpanun HNOj3; u cuitbl BoccTaHOBHTENS (HAIIpUMED,
AaKTUBHOCTH METaJlIa - CM. TaKXke TeMy " A30THast KucioTa'") NpUuHUMAET OT 1 70 8 31eKTpOHOB,
obpazys
N™0,; N?0; N,''0; Ny’ N H3(NH,NO3);

1) Cu’+4HN"0s(konw.) [ Cu™*(NOs), + 2N™0, + 2H,0
AIIEKTPOHHBIN OanaHc:

cu’-28 1 Cu”? 1
N¥ +e I N™

METO/I TOTYpPEaKIIU:

cu’-28 1 Cu” 1
NO; +2H" +¢& [1 NO,+ H,O

Cu’+ 2NO; +4H" [1 Cu*" + 2NO, + 2H,

1.13-14 Jleknus Nel3 -14 (4uaca)

Tema: «aekTpoxumus. XuMHUYecKHue UCTOYHUKH IHEPTUm»

1.13-14.1.Bonpocsl JieKnMu:

1.ITpeameT »neKTpoXuMHusl. IIEKTPOXUMHUYECKAs] CUCTEMA.

2.251eKTpOibl, UX PA3HOBUIAHOCTH.

3. JIBOIHOM 3NEKTPUUECKUI CIION U AIEKTPOJHBINA MOTEHIIHAI.

4.I'anpBaHMUYECKUI 37I€MEHT, MpUHLUT ero padoTsl. DJ[C raqbBaHUYECKOr0 IEMEHTA.

5.CtaHaapTHBIM BOJOPOJHBIA JJIEKTPOJA CPAaBHEHUS M BOJOPOJHAS IIKada 3JIEKTPOIHBIX
noteHuuanos. YpaBHeHnue HepHera. 3akonbl Dapanes.

6.KuHetnka HNEKTPOAHBIX MPOILECCOB. SIBIEHHE TONSAPU3ALMUU  BJIEKTPOJOB U
nepeHanpsHKeHue.

1.13-14.2. KpaTtkoe coaep:xkaHue BOPOCOB

1 Ilpeamer 31eKTPOXUMHUS. DJIEKTPOXUMHUYECKasi CHCTeMA

DNeKTpoXuMHsl - pasfen (U3NIECKONH XUMHUH, HW3Y4alomUid XWMHYECKHE ITPOIIECCHI,
KOTOPBIE COMPOBOXKIAIOTCS MOSBICHUEM SJICKTPUYECKOTO TOKA WIIH, HA00OPOT, BO3HUKAIOT MO
JEHCTBUEM DJIEKTPUYECKOrO0 TOKa. [IpeamMeToM >3IeKTpOXMMHYECKHUX HCCIEIOBAHUNA TaKXKe
SIBJISIFOTCS DJIEKTPOJIUTHI M YCTAHABIIMBAIOIIUECS B HUX PABHOBECHSI.

MHorue XuMHYECKUE PEAKINH MPOTEKAIOT JIMIIb IIPU MOJABOJIE SHEPIUH U3BHE. YacTto nx
MPOBOJAT B 3AIEKTPOJUTUUYECKUX sSUEHKaxX (DJIEKTPOJIM3EpAX) HA BJEKTPOAAX, COCAMHEHHBIX C
BHEIIHUM HMCTOYHMKOM ToOKa. W3ydeHue OSTuX peakuuili naeT uHPOpMAIMI0O O TpUpOLEe U
CBOMCTBAxX pa3JIMYHBIX BEHIECTB, @ TAKXKE IO3BOJISECT MOJYydYaTh C MOMOIIBIO 3JIEKTPOCUHTE3A
HOBBIE XUMHUYECKHE COEIMHEHHS. DJIEKTPOXMMHUYECKUE IMPOLECCH HIMPOKO NPHUMEHSIOTCS B
MPOMBIIUIEHHOCTH

2.2J1eKTPO/bl, UX PA3HOBUIHOCTH.

DNeKTpoasl B DICKTPOXUMHH, JJICKTPOHHO-IPOBOASIINE (a3bl, KOHTAKTUPYIOIIHE C
MOHHBIM TPOBOJHUKOM (JIEKTpOJUTOM). YacTo moj 3JEKTPOAOM TIOHHMMAIOT JIMIIb OIHY
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3IIEKTPOHHO-MPOBOAILYIO (a3y. [Ipu mpomyckaHuu TOKa OT BHEII. HCTOYHHKA Yepe3 CHCTEMY
U3 JIBYX DJIEKTPOJOB, COEJUHEHHBIX JpPYr C JAPYrOM 4Yepe3 JJIEKTPOIUT, Ha dJIEKTPoAax
IIPOTEKAIOT JIBa MpoOIiecca: 3apsLDKEHNUE IBOMHOTO 3JIEKTPUYECKOIO CJI0sl ¥ ANEKTPOXUM. p-1ius. B
oTinu4Kre OT (Pa30BBIX KOHTAKTOB METaJUI-METallll, METaUI-MOJYIPOBOIHUK, MOJYIPOBOIHUK-
MOJYIIPOBOJHUK U T. I. HA TpaHule (a3, COCTABIAIONINX IEKTPOXUM. CUCTEMY, BHJI HOCUTEIEH
TOKAa MEHAETCS, T. K. B JIEKTPOJUTE TOK MEPEHOCUTCS MOHAMM, & B JIEKTPOHHO-NPOBOASAIICH
¢aze - anexkrpoHamMu. HenmpepbIBHOCTh MPOXOXKICHHUS TOKA 4Yepe3 rpaHully (a3 B 3TOM cilydae
obOecreunBaeTCsl AJNEKTPOJHON p-IMeH. DIeKTpoa Ha3. aHOAOM, €CIIM Ha €ro IOB-CTH
npeoOiagaeT p-1usi, NPUBOASAIIAs K TeHEPHUPOBAHUIO DJICKTPOHOB, T. €. IPOMCXOIUT OKUCICHHUE
B-B, COAEPXKAIIUXCS B DICKTPOIUTE, TUOO MOHHU3AIMS METayla aHoJa. DIIEKTPOJ Ha3. KaToJI0M,
€CJIM C €ro MOB-CTH DJEKTPOHBI METajyia MEePEXOAT Ha YACTHULbl PEarupyrollux B-B, K-pble MpU
3TOM BOCCTaHaBJIMBAIOTCS.

3. IBOiHOM 3JIEKTPUYECKHI CJIOH M 3JIEKTPOAHBIH NOTEHNAJ.

OCHOBHBIE 3JEKTPUUYECKUE IapaMeTphbl AJIEKTPOXUMUYECKUX SYEeK — cujia Toka (ee
U3MEPSIOT B amriepax, A) v MOTCHIHAN (M3MepseMblii B BoibTax, B). Cuia Toka omnpenensercs
CKOpPOCTBIO AJIEKTPOJHBIX PEAKIMA, a MOTEHIHAT — XMMHUYECKON 3HEpPrHell MPOTEKaIoUUX B
suelike mporeccoB. OH paBeH 5Hepruu (uU3MmepsieMol B KOYJIsAX, JIK), OTHECEHHOH K
KOJMYECTBY OJJIeKTpudecTBa (m3MepseMoMy B KymoHax, Km), te. 1 B = 1 Jx/Kin.
CrnenoBarenbHO, MOTEHIMAN 3JIeMeHTa (deKkTpoasmxkymas cuna, DJ1C) — 3To mMepa sHepruw,
BbIpa0aThIBaeMOI B X0/i€ MPOTEKAIOMIUX B HEM peakuuil. Ecnu BHeWIHAsA 1ens pa3oMKHYTa, TO
HUKaKHE 3EKTPOIHbIE PEAKIIUU HE UIYT.

4.I'aibBaHMYECKH 3JIeMeHT, NpuHUOMN ero padorbl. IJC rajabBaHHMYECKOrO
JJIeMeHTA.

B nmpoctom raneBannueckom snemeHTe [laHuens nepeMeneHne KaxaplxX ABYX 3JIEKTPOHOB
MO0 BHEUIHEH LENMU MPUBOAUT K OKUCIECHUIO OJHOTO aToMa IIMHKA U OCAXACHHUIO OJHOTO aToMa
Meau. DIEeKTPOHEUTPAIbHOCTh PACTBOPOB 00ECTIEUNBACTCS C MTOMOIIBIO COJIEBOIO MOCTHKA.

[Tpocroii ranpBaHUYECKHI dNIeMEHT, co3nanubiii B 1836 [[x./lanuenem (puc. 1), coctour
U3 JBYX DJEKTPOJOB: IMHKOBOIO, MOTPYKEHHOTO B BOJHBIM pacTBOp cyibdaTa LHUHKA, U
MEJIHOTO, MOTPY>KEHHOTO B BOAHBIN pacTBop cyibdara meau (II). Takoil sanemMeHT aHaNIOTHYeH
MEIHO-IIUHKOBBIM ITApaM B BOJBTOBOM cToJi0e. [Ipu 3aMKHYTOI BHEIIHEH 1€ aTOMbI IMHKA Ha
MIOBEPXHOCTH IITMHKOBOTO 3JIEKTPOJIa OKUCIISAIOTCS 0 MOHOB C BEICBOOOXKICHHEM AJIEKTPOHOB: Zn
® Zn*" + 2¢ . Dt 3JIEKTPOHBI MEPEMENIAIOTCSA MO BHEIIHEH LIEMM Ha MEIHBIA JJIEKTPOA U
BOCCTaHABJIMBAIOT HOHBI Mexy 10 atomoB: Cu’’ + 2¢” ® Cu. Iorok AJIEKTPOHOB BO BHEILIHEU
Henu — 3TO U eCTh TOK, BhIpabarbiBaeMblil 3eMeHToM. CyMMapHasi peakiusi, MpUBOIALIas K
XUMHUYECKOMY MPEBPALICHUIO U K TEHEPALNH 3JIEKTPUUECKON IHEPTUU, UMEET BU/T

(D Qu?* 470 > Cu 420t

S5.CtanaapTHbIii  BOJOPOAHBIA JJIEKTPOA CPAaBHEHHMST M  BOJAOPOAHASA IIKAJA
3JIEKTPOJAHBIX MOTeHIIHAN0B. YpaBHeHue HepHcra. 3akonnl @apanes.

IloTreHnan rajapbBaHUYECKOrO JJIEMEHTA IIPU PAa3sOMKHYTOM BHEIIHEH LENu Jaer
uH(pOpPMaILIMIO 0 TEPMOAMHAMHUKE ero peakiuii. [loTeHan sneMenTa, IpeaCTaBIEHHOTO Ha pUC.
1, mpu koHUEHTpanusax pactBopoB 1 M u temneparype 25° C — ero ctanaapTHbIA oTeHIMan £°
— paBen 1,10 B. CooTBercTByomas eMy SHEpTHs, TEPMOJIWHAMHYECKH moTeHIman ['mb0ca,
DG®, onpenensercs BbIpakeHUEM

{4) A = —nFE°

IJIe 7 — YHUCIO 3JEKTPOHOB, MEPEHOCHMBIX B XOJ€ peakiuu (B JaHHOM ciydae 2), F —
gucino Dapanes (96 485 Ki/mons). [loTeHIman raibBaHUYECKOTO SJEMEHTa PAaBEH Pa3HOCTH
MOTEHLIMAJIOB JIBYX €T0 MOJY3JIEMEHTOB, T.€. PA3HOCTHU €T0 3JIEKTPOIHBIX OTEHIUAJIOB.

6.KuHeTruka »3JIEKTPOAHBIX TMpoueccoB. SIBJieHHMe MOJSAPHU3ANUM IJIEKTPOAOB M
nepeHanpsiKeHue.

[loreHnmomeTpuyeckue  M3MEPEHHUsT NPOBOAAT B YCIOBHAX, KOraa TOK B
IIEKTPOXUMUYECKON SYEWKE OTCYTCTBYET. DTO 3HAUUT, YTO B HEH HE MPOUCXOJUT HUKAKUX
CYMMAapHBIX XUMUYECKUX U3MEHEHUH, a n3MepsieMblii TOTeHIIuaN (PaBHOBECHBIN) OMpeensercs
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TEPMOJIMHAMHUKON peakuuii. B 3Tux ycnoBusax Takue (pakTopbl, Kak pazmep u ¢popma 3J1eKTPOI0B
WIM NHTEHCUBHOCTD NIEPEMEIIUBAHUS PACTBOPA, HE BIMAIOT HA U3MEPSAEMBIN TOTCHIIHAIL.

1.15 Jlexkuus Nel5-16 (4uaca) Tema «JieKTpPOIU3»

1.15-16.1. Bonnpochl JJeKIHUU:
1.2nekTponu3 pacniaBoB U pacTBOPOB.
2.IlocnenoBaTeNnbHOCTh PA3PSIAKA MOHOB MPU COBMECTHOM MPHUCYTCTBHM B PAacTBOpax  Kak
(GyHKIIMS paBHOBECHBIX OTEHILIMATIOB.
3. DAEKTpOAN3 C paCTBOPUMBIM U HEPACTBOPUMBIM aHOJOM.
4.IlpakTUyeckoe MPUMEHEHHE OJJIEKTPOJIM3a: JJIEKTPOJIUTUYECKOE IMOJlyYeHUEe M OYHCTKa
MCTaAJJIOB, HAHECCHUC IaJIbBAHUYCCKUX HOKpBITI/II\/'I HuT.O.
5.XuMUYeCKHE HCTOUYHUKH TOKA. AKKYMYJIATOPbl pa3HbIX THUIOB, HUX MNPUHLHUIIHAAILHOE
YCTPOMCTBO U IIPOLIECCHI IPH 3aPSAKE U pa3psiaAKe.
6.Ilpumenenne XUT B c-Xx NMpOU3BOACTBE U AJIEKTPOHHOM TexHUKE. [IOHATHE O TOMIMBHBIX
DJICMCHTAX.

1.15-16.2. KpaTtkoe cogep:xaHue BOPOCOB
1 DJIeKTpoJIM3 pacNJaBoOB U PACTBOPOB
DONEKTPOJIN3 — 3TO COBOKYIMHOCTH IPOLIECCOB, MPOTEKAIONIMX B PACTBOPE WM pacrliaBe
AJNIEKTPOJIUTA, TPHU TMPOMYCKAHUU YEPe3 HEro HJIEKTPUUYECKOTO TOKA. IDJIEKTPOJIU3 SIBISETCS
OJIHUM U3 BaXHEHIIINUX HAMPABICHUN B AIEKTPOXUMHUHU.

2.I1ocseq0BaTeIbHOCTDL PA3PsAAKH HOHOB IIPH COBMECTHOM IPHCYTCTBHHM B PAaCTBOpax Kak
(pyHK1USA pABHOBECHBIX NOTEHLHAIOB

DIEKTPOIN3 NMPOTEKAET TOJNBKO B T€X CpelaX, KOTOPBIE IMPOBONAT JJIEKTPUYECKHN TOK.
CriocoOHOCTBIO TIPOBOJIUTH TOK O0JAJAIOT TaKXKE BOJHBIE PACTBOPHI OCHOBAaHMHA M COJEH.
be3BomHBIE KHCIOTBI — OYEHb IIOXHE NPOBOJHUKH, HO BOIHBIE PACTBOPHI KUCIOT XOPOLIO
IPOBOJAT TOK. PacTBOpBI KMCIIOT, OCHOBAaHUN M COJIEH B APYrHX >KUIKOCTSAX B OOJBIIMHCTBE
CIIy4aeB TOKAa HE MPOBOIAT, HO M OCMOTHYECKOE IABJICHHE TAaKHX PACTBOPOB OKA3bIBACTCS
HOPMAJIBHBIM, TOYHO TaK, K€ HE IIPOBOJAT TOKA BOJHBIE paCTBOPBI caxapa, CIIUPTa, INIMLEPUHA U
JpYTHE PaCTBOPBI C HOPMAJIBHBIM OCMOTHYECKHUM JaBICHHUEM.

3. DJIeKTPOJIM3 C PACTBOPUMBIM U HEPACTBOPUMBIM aAHOA0M

Kakue WMEHHO JIIEKTPOXMMHUYECKHE TMPOIECChl OyIyT MPOTEeKaTh y SIEKTPOJOB IMPHU
JJIEKTPONIN3e, MPEXJE BCEro, OyneT 3aBUCETh OT COOTHOIICHMS 3JIEKTPOIHBIX MOTEHIUAJOB
COOTBETCTBYIOIIUX JJIGKTPOXUMUYECKUX CHCTEM. OTO O3HA4YaeT, 4YTO Ha KaToje OyayT
BOCCTAHABIIMBAThCS OKHUCJICHHbIE (OPMBI DJIEKTPOXUMHUYECKHX CUCTeM. M3 HECKOJIbKHUX
BO3MOXXHBIX TIPOIECCOB OYAET NPOTEKaTh TOT, OCYIIECTBICHHE KOTOPOTO COMNPSDKEHO C
MUHHUMQJIBHOW 3aTpaToil SHEPruu. IJTO O3HAYaeT, YTO Ha Karoje OyIayT BOCCTAHABIMBATHCS
OKHUCJICHHbIE (OPMBI IIEKTPOXHUMHUYECKUX CHCTEM, HMEIONINX HaWOONBIINA SJICKTPOIHBIN
MOTEHLIMal, a Ha aHofAe OYAyT OKHCIATHCS BOCCTAHOBJIEHHBIE (DOPMBI CHCTEM C HAaMMEHbIIUM
AJNIEKTPOJHBIM MOTeHUHATOM. Ha mnpoTekaHne HEKOTOPBIX JIIEKTPOXUMHUYECKUX IIPOLIECCOB
OKa3bIBaeT TOPMO3sIIIee AeUCTBUE MaTepral JIeKTPoa; TaKhe cydyal OrOBOPEHBI HIDKE.

PaccmarpuBas kaToIHBIE POLECCHI, TPOTEKAIOIINE TIPH 3IEKTPOJIU3E BOJHBIX PACTBOPOB,
HY)KHO YYMTHIBAaTh BEIMUYMHY IMOTEHIIMAJa MpoIecca BOCCTAHOBIEHUS MOHOB BOAOPOJA. DTOT
MNOTEHI[MA 3aBUCUT OT KOHIIEHTPAllUM MOHOB BOJOPOJa M B Clly4ae HEUTpaJIbHBIX PacTBOPOB
(pH=7) uMeeT 3HAYCHHE
¢=-0,059*7=-0,41 B. Otciona siCHO, YTO €CJH JIEKTPOJIUT 00pa30BaH METAJUIOM, HJIEKTPOIHBIN
MOTEHIMAI KOTOPOr0 3HAYMTENIBHO TNoyiokuTelnbHee, yem —0,41 B, To u3 HeWlTpasbHOrO
pacTBopa y Karojaa OyAeT BhIICIAThCS MeTall. Takue MEeTalulbl HaXOIATCS B PSAY HAIPSHKCHUIA
BOIM3M BOJOpoJa (HayMHAs MPUOJM3UTENBHO OT 0JIOBAa) W mocjie Hero. HaoGopot, B ciyuae
DIIEKTPOJIUTOB, METAIT KOTOPBIX MMEET MOTEHIUANl 3HAYUTEILHO 0O0Jiee OTPUIIATEIbHBIN, YeM —
0,41 B, metann BoccTaHaBIMBAThCA HE OyJeT, a MPOM3OHAET BhIAENeHUE Bojmopoaa. K takum
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MeTallJlaM OTHOCSTCS METa/UIbl Hadala psaa HanpsHKSHUH—IpUOIU3UTENFHO /10 THUTaHA.
Hakonen, ecnu moTeHiman mertamia 6au3ok k BenmuuuHe —0,41 B (Meramiel cpegHei yactu
psaina—Zn,Cr,Fe,Ni), To B 3aBUCHMOCTH OT KOHILIEHTpPAI[MM PacTBOpa M YCIOBHUH 3JEKTPOIHU3a
BO3MOYKHO KaK BOCCTAHOBJICHHE METaJlIa, TaK W BBIJICICHUE BOJAOPOA; HEPEAKO HAOIIOIAETCs
COBMECTHOE BbIJIEJIEHHE METaJlla U BOJIOPOa.

4. IlpakTH4YecKkoe MPUMEHEHHE YICKTPOJIHN3a: NIEKTPOJUTHYECKOE NOJyYeHHe U 0YHMCTKA
MeTaJIOB, HA DJIEKTPOJIU3 UIMPOKO MPUMEHSETCS B Pa3IMUHbIX OTPACIISIX TPOMBIIIIEHHOCTH. B
XUMHYECKON MPOMBIIIIEHHOCTHU 3JIEKTPOIM30M MOIY4aroT TaKUE BaKHbIE IIPOAYKTHI KaK XJIOp U
HIEJIOUH, XJIOpaThl U MEPXJI0paThl, HAJACEPHYIO KHUCIOTY M Mepcynb(arsl, MepMaHTaHaT KaJus,
OpPraHUYECKHUE COCIMHEHHS, XUMHUYECKH UHUCTBIE BOAOPOJH, KHCIOpOd, (GTOp WU psl APyrux
LEHHBIX MPOJYKTOB.

B uBeTHOW MeTaUTypruH 3JeKTPOJIU3 UCHONb3YyeTCs A padUHUPOBAHUS METAJUIOB, JJIS
U3BJIEYEHHS] METAJUIOB U3 pyA. MeTamibl, KOTOpble HE MOT'YT OBITh BBIAENEHBI W3 BOJHBIX
pacTBOpPOB  BCJIEJICTBUE BBICOKOI'O OTPHULIATENBHOIO IOTEHIMAJA IOJIy4alOT B LIBETHOM
METAJTyPruM 3JIEKTPOJIM30M PACIUIaBIEHHBIX Cpell, B KaueCTBE KOTOPBIX CIYKAaT COJH ITHX
METaJUIOB, COAEpXKallue M00aBKU PA3IMUYHBIX COCIUHEHUH, BBOAMMBIC C LEIbIO MOHWKCHHS
TEMIEpaTypbl IJIABJICHMSI pacIljiaBa, IOBBIMICHUS JJIEKTPONPOBOJHOCTH M T.A. K umcmy
METAJIJIOB, MOJIyYa€MbIX JIEKTPOJIM30M PACIUIABICHHBIX CPEN OTHOCATCS AJIOMHHMM, MarHui,
IUPKOHUMN, TUTAH, YpaH, OCpUIUIHIA U P APYTUX METAIIIOB.

ONEeKTPOAN3 NPUMEHSAIOT BO MHOTMX OTpaciiiX MAaIlMHOCTPOEHHUS, PaJUOTEXHUKHU,
ANEKTPOHHOU, NOAUTpaduUYecKod MPOMBIIUICHHOCTH [JJIs HAHECEHUS TOHKHX MOKPBITHIA
METAJIJIOB HA MOBEPXHOCTh M3JAEIUM [UIsl 3alUTHl UX OT KOPPO3UH, NPHUJIAHUSA IE€KOPATUBHOIO
BU/Ia, TOBBIIIEHUS] N3HOCOCTOMKOCTH, )KaPOCTOMKOCTH, TOTy4YEHUSI METAJUTMUECKUX KOTHMA.

B ocHOBy kiaccu(uKaluMu MPOMBIIUIEHHBIX BaHH MOTYT OBITh TOJIOXKEHBI Pa3JInYHbIC
npusHakd. Hampumep, 1o Tumy TMOJAPHOCTH BaHHBI MOTYT OBITb MOHOIOJISIPHBIMH,
OUIIOJIIPHBIMU ¥ KOMOMHUPOBAHHBIMH.

B mpoMblsieHHBIX BaHHAX NPUMEHSIOTCS pa3jMyYHble THUIIBI KaTOJOB: HEMOABM)KHbBIE
LEIbHOMETAIIINYECKHE, MOJBUKHBIE 1IEIbHOMETANINYECKUE(JIEHTA), HENOJABUKHBIE IIOPUCTHIE
HEMETaJUIMYeCKHEe, HACBIITHbIE METAaNINYECKUE U T.1.

AHOJIBI %K€ MOTYT OBITh pacxolyeMble(BCTYIAIOIINE B XUMHUECKYIO PEAKIIHIO),
pacTBOpUMBIE TBEpAbIE, PACTBOPUMBIC >KHUJKHE, HEPACTBOPUMbBIE TBEpIble U TOPHUCTHIE,
HEPACTBOPHUMBIE.

HECEHHE raJIbBAHMYECKUX TOKPBITHIA U T.JI.

5.XuMunyeckue MCTOYHHKH TOKA. AKKYMYJSATOPHI Pa3HbBIX THNOB, UX NMPUHIHMIHAIbHOE
YCTPOWCTBO U NMPOIECCHI PH 3apsi/IKe U pa3psiake.

CoueTaHne pa3HBIX THIIOB aHOJOB M KaTOJOB C y4YETOM IEJEH DIIEKTPOIH3a MPHUBOAHUT K
CICAYIOIUM THUIIAM 3JICKTPOJIU3CPOB: TOPU3OHTAJIBHBIC C KHUAKHM PTYTHBIM KaTroaoMm, C
BEPTUKAIBHBIMUA KaToJaMu W (pruibTpyromieil nuadparmoii, ¢ TOpU3OHTAIBHON nuadparmoit, ¢
IMPOTOYHBIM JJICKTPOJIUTOM, C ABUKYIIUMUCA SJICKTPOAAMHU, C HACBIITHBIMUA 3JICKTPOAaMHU U T.I.

JIsist DIIEKTpONIM3a MOTYT OBITh WCIOJB30BAHBI CICIYIONIUE THITHI 3JCKTPOJIUTOB: BOJIHBIC
pacTBOpPHBI COJIEH, KICIIOT, OCHOBAaHUI; HEBOJHBIC PACTBOPHI B HEOPTaHUYECKUX PACTBOPUTEIX;
HEBOJHBIC PACTBOPHI B OPraHUYECKHX PACTBOPUTENSNX; PACIUIABICHHBIC COJIM; TBEP/bIC
SJICKTPOJIUTHI; T'a3bl.

6.Ilpumenenue XUT B c-X Mpou3BoACTBe U JIEKTPOHHOH TexHuKe. [loHsiTHE 0 TOMIMBHBIX
3JIeMEHTaX.

[Tpu mpoeKTUPOBAHHUHU JTFOOOTO IEKTPOXUMHUYECKOTO MPOU3BOCTBA HEOOXOAUMO BBISICHUTD
BCE BO3MOXHOCTH ONTHUMH3ALMM 3JIEKTPOJU3HBIX IporeccoB. OnrtuMmuzanus yCIOBUH
AIIEKTPOJIN3a UMEET OOJIBIIIOE 3HAUCHHUE, KaK MPU COCTABICHUU YHEPTEeTHUECKOro OaiaHca, Tak U
IIPU OTNIPEJEICHUM KaIlUTaIOBIOKEHUN.
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OnTuMu3auu JOJKHBI ObITh TMOJBEPTHYTHl YMCIO BaHH, CIIOCOOBI OYHMCTKH AJICKTPOJIUTA,
KOHCTPYKIMU BaHH, MaTepUalbl 3JIEKTPOJOB, TUIIBI 3JEKTpoJoB. Kpome TOro oueHb BaxHO
OIICHUTH ONTUMAaJIbHbIE 3HAUEHUSI CUJIbI TOKA, CONTPOTUBIICHUS SJIEKTPOITU3ZHOMN STUCHKU.

1.17 Jleknus Nel7 (2uaca)

Tema: «Koppo3usi MmeTa/s10B»

1.17.1.Bonpocskl JieKIuM:
1. Knaccudukarus KOppo3MOHHBIX MTPOLECCOB M BUJOB KOPPO3HH.
2. XuMuyeckas M DJIEKTPOXUMHUYECKas KOpPPO3Hs, MPUYUHBI BO3HUKHOBEHHS, YCIOBUS
IIPOTEKAHUS.
3. 3amuch ypaBHEHHUsI pEaKlUil, MPOTEKAIOIUX MPU KOPPO3UHM B PA3IMYHBIX Cpeaax:
aTMocgepHasi, ToOYBEHHast, OMOKOPPO3HUs, DIEKTPOKOPPO3US H T.JI.
4. IIpuHIMIIBI 321U THl METAJIIIOB U CIUIABOB OT KOppo3uu. JlerupoBanue, U30JHOHHbBIE
HNOKPBITHUS, METAJUIMYECKUE TOKPBITHSL, TPOTEKTOPHAs 3alUTa U AIEKTPO3aIlINTa,
WHTUOMPOBAHHE.

1.17.2. KpaTkoe coaep:kaHue BONPOCOB

1 Knaccupukanus KOppo3NOHHBIX IPOLECCOB M BH/I0B KOPPO3HH.

CnoBo KOppO3Usl MPOUCXOAUT OT JIATUHCKOTO corrodere, 4TO O3HAYaeT pa3benaTh. XOTS
KOPPO3HMIO 4Yallle BCETO CBS3bIBAIOT C MeETaUlaMH, HO €H MOABEpPraioTcs TakKe KaMHH,
IJIACTMACChl U ApYrue MOJMMEpHbIE MaTepuaisl U aepeBo. Hanmprumep, B HacTosee BpeMs Mbl
SIBJISIEMCSI CBHJICTEIISIMU OOJIBIIOT0 OECIIOKOMCTBA IIMPOKUX CIOEB JIOAEH B CBSI3H C TEM, YTO OT
KHUCJIOTHBIX JOXKJAEH KaTacTpopUUecKH CTpajaloT MaMATHUKH (30aHUSI U CKYJBITYpHI),
BBITIOJIHEHHBIE U3 U3BECTHAKA WM MpaMopa.

Takum o00pa3om, Koppo3ueld Ha3bIBAIOT CaMOIPOW3BOJBHBIN MPOIECC Pa3pYIICHHS
MaTepUAIOB W M3JACIMA W3 HUX MOJ XHUMUYECKUM BO3JCUCTBUEM OKPYXKAIOIIEH Cpebl.
[Tpoueccrl pu3myeckoro paspyiieHuss K KOPpO3UU HE OTHOCHT, XOTS YacTO OHM HAHOCAT HE
MEHBIINN BpeJl NaMsATHUKAM KyJIbTyphl. IX Ha3bIBAIOT UCTUPAHUEM, H3HOCOM, SPO3HUEH.

Knaccudukanus Koppo3noHHBIX MPOLIECCOB

[To Buay (reoMeTpudyecKOMy XapakTepy) KOPPO3HOHHBIX pa3pylIeHUH Ha MOBEPXHOCTH
WK B 00bE€ME MeTasIa.

[To MexaHW3My peakmuii B3aMMOICHCTBHS MeTallla CO Cpenol (XUMHUYecKas H
INEKTPOXUMUYECKAsE KOPPO3HS).

ITo TuIIy KOPPO3UOHHOM Cpebl

Ilo xapakTepy JONMOJTHUTEIbHBIX BO3ICHUCTBHI

2. XumMuyeckasi H JJIEKTPOXHUMHYECKAsi KOPpPO3Usi, NPHUYMHBI BO3HHKHOBEHMS,
YCJIOBUSA NIPOTEKAHMS.

Koppo3us sBisieTcst 3J1eKTPOXUMUYECKOM, €CIIM MPU BBIXOJE U3 METAJNINYECKONW PEIETKU
oOpa3yromuiics KaTHOH BCTYNAaeT B CBsI3b HE C OKHUCIUTENEM, a C JPYTMMH KOMIIOHEHTaMU
KOPPO3MOHHOM CpeZbl; OKHCIUTENI0 € IepelaloTcsi AJIEKTPOHBI, OCBOOOXKIAIOMIMECS MpH
00pa3oBaHUM KaTHOHA. TaKoM MPOIECC BO3MOXKEH B TE€X CIIy4asX, KOTJa B OKpY)Karolleh cpese
CYIIECTBYIOT JBa THIA pPEAreHToB, M3 KOTOPbIX OJHHU (COJBBATHPYIOUIUE  WJIU
KOMILIEKCO0Opa3yIoIIKe) CIOCOOHBI COSANHITHCS YCTOWYMBBIMU CBA3SIMU C KATHOHOM MeTajia
0e3 ydacTus ero BaJICHTHBIX SJEKTPOHOB, a Jpyrue (OKUCIUTENIH) MOTYT MPUCOECIUHSATH
BaJICHTHBIE 3JIEKTPOHBI METalIa, HE YAEPKUBasi OKOJIO ce0sl KATHOHBI.

Koppo3ust siBasieTcss XMMUYECKOW, €ClM MOCe pa3pblBa METAUIMYECKON CBSI3U aTOMBbI
MeETaJIa HEMOCPEACTBEHHO COEANHSIOTCS XUMUYECKON CBA3BIO C TEMU aTOMAMM WJIM TpynnaMu
aTOMOB, KOTOpPbIE BXOJSIT B COCTaB OKHCIHUTENEH, OTHUMAIOIIUX BAJICHTHBIC SJIEKTPOHBI
MeTauia. XUMUYeCKass KOppo3usi BOZMOXHA B JIFOOOK KOPPO3MOHHOM Cpejie, OHAKO Yallle BCEro
OHAa HAONIOMAeTCs B TEX CIIy4asX, KOrJla KOPPO3WOHHAs cpefa He SIBISIETCS SJCKTPOIUTOM
(razoBasi KOppO3Hsl, KOPPO3HUs B HEIJEKTPOIPOBOAHBIX OPTaHUYECKUX JKUIKOCTSIX). CKOpOoCTh eé
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yaie BCero ompenensercs AudQy3ueil 4acTull MeTajula U OKUCIUTENS Yepe3 MOBEPXHOCTHYIO
IIEHKY TMPOAYKTOB KOPPO3UHU (BBICOKOTEMIIEPATypHOE OKHUCIIEHHE OOJBIIMHCTBA METAJIOB
razaMm), MHOIJla — pAacTBOPEHUEM WM MCIIAPEHUEM 3TOM IUIEHKH (BBICOKOTEMIIEpATYpPHOE
okucnenne W unmu Mo), e€ pactpeckuBanueM (okuciieHne Nb mpu BBICOKMX TeMIeparypax) u
U3peaKa — KOHBEKTUBHOM JOCTaBKOM OKHMCIIUTENS U3 BHEIIHEH cpenbl (TP OYEHb MAaJIbIX €ro
KOHIICHTPAITHsX ).

3. 3anuch ypaBHeHHUs peaKluii, NPOTEKAKIIUX NPH KOPPO3UH B PAa3JHYHBIX Cpeaax:
aTMoc(epHasi, NOYBEeHHas1, 0MOKOPPO3HUsl, IJTeKTPOKOPPO3HUS H T.[.

Koppo3us MeTanioB yaiie BCEro CBOAUTCA K UX OKUCIEHHUIO U IPEBPALICHUIO B OKCUBL. B
YaCTHOCTH, KOPPO3HUSI JKejle3a MOKET OBbITh OMKMCAaHa YIPOIEHHBIM YPaBHEHUEM

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

4. IlpuHuMnbl 3alMTHl METAUIOB H CIUIABOB OT Koppo3uu. Jleruposanme,
H30JISIIUOHHbIE TMOKPBITUSI, MeTAINYEeCKHEe TMOKPbITHS, NPOTEKTOPHAs 3allUTa H
3JIEKTPO3aIUTA, MHTHOUPOBaHHe

3ammTy OT KOPPO3UH CieyeT HAaYMHATh C MPaBHIIBHOTO MOJ00Pa XMMUYECKOT'O COCTaBa U
CTPYKTYpHI MeTaiiia. [Ipu KoHCTpyupoBaHUU HE0OX0aUMO n3beraTh (OpM, CIIOCOOCTBYIOIINX
3aJepKKe BiIary. J{Jst 3amuTsl MeTamia OT KOPPO3UH MPUMEHSIOT Pa3IUYHbIE CIIOCOOBI.

JlernpoBaHue cTanu MOBBIIIAET €€ AaHTUKOPPO3UOHHBIE CBOMCTBA. Hanpumep,
COBEPILEHHYIO CTOMKOCTh K aTMOC(EpHON KOPPO3UHU TIOKA3bIBAIOT HEPIKABEIOIIHE
JIETUPOBAHHBIE CTAJIH, COJIEpKAIUE B OOJIBIIOM KOJUYECTBE XPOM, KOTOPBIH, 00pa3ys Ha
MOBEPXHOCTU OKCHU/IHBIE IJIEHKU, IPUBOAUT CTallb B NACCUBHOE cOCTOsIHNE. CyIIECTBEHHO
noBeImaercs (B 1,5...3 paza) Koppo3noHHAsI CTOMKOCTh CTPOUTENBHBIX CTAJICH MPU BBEJACHUH B
ux coctaB meau (0,2...0,5 %). IToBbIIEHHON CTOMKOCTH HEPYKABEIOLIUX CTaJlEel IPOTUB
KOPPO3UU CIOCOOCTBYIOT TaKkKe UX OJJHOPOJHOCTb U HEOOJIBIIOE COAepKAHUE BPEIHBIX
IIpUMeceH.

3aluTHBIE MOKPBITUS MPEACTABIAIOT COO0H MIIEHKH (METAIIIMYECKHUE, OKCUIHBIE,
JAaKOKPAaCOYHbIE U T.I1.).
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2. METOAUYECKHUE YKA3AHMUA 110 BBIIIOJIHEHHUTIO
JIABOPATOPHBIX PABOT

2.1 JlabopatopHas padora 1 (2 yaca)
Tema: «CTexuomeTpuueckne 3aKOHbD)

2.1.1 Heap padoThl: Ha TpUMEpax MPAKTUKH 3aKPEMUTh 3HAHUSI OCHOBHBIX
CTEXHOMETPUUYECKUX 3aKOHOB U TIOHSITHI XUMHH

2.1.2 3apauu padoThl: cYoOpMUPOBATH MOHATHE O TUCIUTIIINHE KaK HAYKH, U3YJarOIIeH
MaTeputo. Pa3o0parh OCHOBHBIC MMOHSATUSI XUMUU: aTOM, MOJIEKYJIa, XHMHUUYECKUN DJIEMEHT,
BEIIECTBO, MPOCTHIE U CIOKHBIE BEIIECTBA, UX OCOOCHHOCTH.

2.1.3 Ilepevyenn npuOOpoOB, MAaTEPHAJIOB, HCIIOJIb3YeMbIX B J1Aa00paTOpHON padore:

1. Peaxmuevl: Pacmeopui: kapooHat HaTpus Na,COs, cynbdat Hatpust Na,SOq, cymnbdar
amomunus Aly(SOs);, aterar Hatpust CH3;COONa; HHAUKATOPHI - TakMyc, peHon(TanenH.
NccnenyeMsblit pacTBOp - BOAHAS BBITSKKA MOYBHI.

2. Obopyoosarue: mepHble TUHAPHI Ha 100 M1, KoIObI KOHIYecKHe Ha 250 Mt ¢
npoOKamu, mumeTky Ha 20 M1, OropeTku Ha 25 MJI, cTakaHIUKH Ha S0 M1, MPOOUPKH, CTUPTOBKA,
JepKaTeb.

2.1.4 Onucanue (xox) padoThi:

Onvim 1. VI3MeHeHNEe peakuy Cpeibl

Haneiite B Tpu mpOupKu 10 2 MIT pacTBOPOB coJiel cyab(arta HaTpusi, kKapOoHaTa HATPHS,
cynbdata amoMuHus. [[o0aBbTe 1Mo 2 Karumm HHANKATopa JakMyca. OTMEThTe TSl KaKI0TO
ciydast BeT nHauKaropa. Kakue conu noasepratoTcst rTHApoIn3y?

3anuwume ypasnenue peakyuu (8 MOIEKYIAPHOM U UOHHOM 6ude). Coenavime bl800.

Onvim 2. BnusitHue TeMieparypbl Ha peakiuu

B npobupky Haneiite 3 M1 pacTBopa anerara HaTpusi, npudaBbTe 3 Karm GeHoadTanenHa.
Harpelite moutu 10 KUMEHUs, OTMETHTE U3MEHEHHE OKpackH pacTBopa. Kak BiusieT
TeMIepaTrypa Ha THIpOIn3?

3anuwume ypasnenue peaxyuu (8 MOIEKYIAPHOM U UOHHOM 8ude). Coenatime 6bl800.

2.2 JlaGopaTtopHas padora 2-3 (4 yaca)
Tema: «OcHOBHBIE KJIacChl HEOPraHM4YecKuX coennuenuii. [lonsaTne 00 uaeHTHPuKanun
KaTHOHOB M aHHOHOB»

2.2.1 Heab padoThl: NPOBEPUTH U 3aKPENHUTH 3HAHUS XUMHUYECKON MTPUPOIbI OCHOBHBIX
KJIACCOB HEOPTaHMYECKHUX coequHeHN. OCBOUTH MPUHITUIIBI KAYECTBEHHOTO aHAIH3a
XUMHUYECKHUX BEUIECTB

2.2.2 3agauu padoThI:

1. YSCHUTBH NpUHIMIIBI KJIacCU(PUKAIIMA HEOPTAHUUECKUX COSTUHEHUHN

2. Pa3oOparb 0COOEHHOCTH CTPOCHHSI, METOIOB TIOTYYEHUS M XUMUIECKIX CBOMCTB
OKCHJIOB, TUJIPOKCHJIOB, KUCJIOT, UX MPAKTUYECKOT0 3HAUEHHUS B CEIbCKOXO035UCTBEHHON 1
TEXHOJIOTMYECKOU IPAKTUKE

3. Ocoboe BHUMaHHWE yIEIUTh U3yYEHUI0 KOMIUICKCHBIX COSAMHEHUN

2.2.3 Ilepevyenn npudOpPoOB, MAaTEPHAJIOB, HCIIOJIb3YeMbIX B JIAa00paTOpHON padore:

1. Peakmusoi:

Pacmeopwr (2H): xapbonat Hatpus Na,COs, cynedar Hatpus Na,SO,, ceproit H,SO4 n
constHoM HC kucnotsr, ruapokcun Hatpust NaOH u kanmus KOH, xmopun sxenesa (1) FeCl,,
xsopua amomunus AlCls, cynbdar nuaka ZnSOy, cynbdar menu CuSOq, XJT0pHU aMMOHHS
NH4Cl, xnopua 6apust BaCl,, xnopun Bucmyta BiCly, runpoxcun ammonust NH4OH, autpar
pryta Hg(NOs),, noaun xanust KJ, sxenezoammonuiinbie kBaciibl (NHy),SO4-FeSO4-6H,0,
rexcanranodeppat (I1) kamus K4[Fe(CN)g], ponanua xamus KCSN.

2.060pydosanue: ITaTUB C MPOOUPKAMHU, MEPHBIE TPOOUPKHU, TTUIIETKH, PpappopoBas
yaika, CIUpTOBKa, JaKMycoBasi Oymara.
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2.2.4 Onucanue (xox) padoTsbl:

OmeiT 1. AMdOTEpHOCTH THAPOKCHIOB

B vetsipe npobupku HaseiTe 1o 1 My pacTBOpoB coseid xiopuaa xenesa (1), cynspara
[IMHKa, XJIOpUAa aJlOMUHUs, cyibdaTta Meau. J[o0aBbTe K KaKJOMY pacTBOPY MO KaIJIsiM
ruapokcua Hatpust. [lomydeHHbIe OCaiK pa3/IeuTe Ha IBE YaCTH U MIPOBEPHTE UX
pPacTBOPUMOCTb B MUHEPAJIbHBIX KUCIOTAX U LIEN0YaX. Januuiume ypasHeHus peakyuil (8
MONEKYAPHOM U uoHHOM 8ude). Coenatime bl800.

OmnpiT 2. [TonyyeHue jieTy4ero OCHOBaHUS U3 COJIU

K 1 mu pactBopa xnopuzna ammonus npuieite 0,5 M pacTBopa THIPOKCHIa HATPUS U
coJiepKUMOe MpoOUpPKHU Harpente. Hax mpoOupkoit MOMECTHTE MOJOCKY JJAKMYCOBOM Oymaru,
CMOYEHHOW JUCTUITUPOBaHHOM BoAo#. Uto Habmonaere? 3anuwume ypasHerue peakyuu.
Coenatime 6v1600.

Omnprit 3. [TonyyeHne KOMIIJIEKCHOTO KaTHOHA

K 1 M pactBopa cynbsdara menu npubaBbTe Takoi e 00beM pacTBOpa €IKOTO HATpa.
Habmionaiite oOpazoBaHue ocajaka roayooro BeTa.

K o6pazoBanHOMY OcajKy Mo KarisiM 100aBbTe pacTBOpP aMMHaKa /10 TIOJHOTO €ro
pactBopenusi. O0pazoBaHNe aMMHaKa MEIH, COAEPIKALIETO KOMIUIEKCHBIA KaTHOH [Cu(NH3)4]>,
BbIpA3UTE ypaBHEHUE peakiuu. 3anuwume ypasuenue peaxyuu. Coenatime 61600.

Onpit 4. [TosnydeHne KOMIUIEKCHOTO aHUOHA

K 0,5 mi pactBopa Hutpara prytu (I1) mpudaBsTe 2-3 Karmim pacTBOpa HOAMIA KaJHs.
Habmionaiite oOpazoBaHue SpKO-OpaHKEBOTO ocajka noauaa pryth. [Ipogomxkaiite no6aBnenue
pacTBopa HOaUAA Kallus J0 MOJIHOTO PacTBOPEHUS 0cajKka U 00eCIIBEUHBAHUS pacTBOPA.
[Monmyyaromuiicst OeCIIBETHBIM pacTBOpP CBUAETEIBCTBYET 00 00pa30BaHNU KOMITJIEKCHOTO
aHMOHA [HgJ4]2'. 3anuwume ypasuenue peaxyuu. Coenaiime 8b1800.

OmnpIT 5. Peakiust okpaiinBaHusi jIaMeHu

[11aTHHOBYIO UM HUXPOMOBYIO IIPOBOJIOKY OYHCTUTE HEOTHOKPATHBIM CMauyUBaHUEM B
KOHIICHTPUPOBAHHON COJISTHOM KHCIIOTE M MPOKAINTE B IJIAMEHU TOPEJIKH JI0 TEX MOop, MoKa
IJ1aMsl HE IEPECTaHeT OKpaInBaThCsl. OUUIIEHHONW MPOBOJOKOW MOETTUTE KPUCTAILIT
IPEIOKEHHON COJIM M BHECUTE B OCHOBaHHE TUIAMEHH CITUPTOBKH, a 3aTEM MEPEBEANTE B YaCTh
TJIaMEHU ¢ HauBBICIIeH Temneparypoid. Habmronalite okpammBanue miamenu. Coenatime 661800.

OmpitT 6. OGHApYKeHHe KaTHOHA cepebpa Ag'

B npobupky BHecuTe 2 MJI pacTBOpa HUTpaTa cepedpa u MpujIeHTe KarIo pacTBOpa
xyopuna Hatpus. Uto Habmonaere? 3anuwume ypasnenue peaxyuu. Coenatime 6b1800.

Omerr 7. OGHapyxeHne HoHOB xenesa (II) Fe 2

[Momecture B mpobupky 3 kamu xmopuna xxenesa (I1I) u npuneiite 2-3 xammm
rexcanuano-deppara (III) kamms. Uto Habmonaere? 3anuwume ypasnenue peakyuu. Coenavime
6b1600.

Omerr 8. OTKpbITHE KaTHoHOB skene3a (I11) Fe'*

[Tomecture B mpobupky 3 karu conu xaopuaa xenesa (I111), mogkucnure pactsop 1-2
KaIuIsIMH COJITHOM KHUCTIOTHI M TprbaBbTe 2-3 Karuiu pacTBopa rekcarmanodeppara (I1I) kamms.
Uro nabmogaere? 3anuwume ypasnenue peaxyuu. Coenatime 8b1800.

OmpiT 9. O6HApY)eHue Xyopua noHoB Cl°

K 2 mn1 pactBopa xmopuia HaTpust 1o0aBbTe 3 Karjiu pacTBopa HUTpara cepedpa. Uto
HaOmonaete? 3anuwume ypasrenue peaxyuu. Coenaiime 8b1800.

Omsit 10. O6Hapyxenne kapbonat HoHos COz™

B npobupky nmomectute 1 Mt pacTBOpa kapOoHaTa HATPHSs, MpUJIeHTe 2H PacTBOP
COJISTHOM KHCIIOTHI U OBICTPO 3aKpoiiTe MpoOUpPKY MPOOKOii, B KOTOPYIO BCTaBJICHA OTBOIHAS
TpyOKa. [[pyroit KoHel 3Toi TpyOKH OIYCTUTE B TPOOUPKY, B KOTOPYIO HAJIUTA U3BECTKOBAS
Boja. Uto Habmomaere? 3anuwume ypasuenue peaxyuu. Coenaiime 8bi1800.

2.3 JlaboparopHasi pabdorta 4 (2 4aca)
Tema: Opranunuyeckue coequHenus. [loumepsl, npuMeHeHue
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2.2.1 Hennb padoThI: N3Y4UTh HA IPAKTUKE CBOMCTBA IIOJUMEPOB, OCBOUTH METObI
HOJIy4EeHHUs IOJIMMEPOB.

2.2.2 3agauu padoThI:

1. JlaTh XapakTEepUCTUKY MOJIMMEPAM

2. moka3aTh Ha KOHKPETHBIX MPUMEpPaX Pa3IMUYHOE TPOUCXO0XKICHHUE MTOJTUMEPOB,
KJIacCU(PUKAITHIO

3. yKa3aTh Ha OCHOBHBIE CIIOCOOBI MOTYYEHUS TTOJIMMEPOB

2.2.3 Ilepeyenb NpudOpPOB, MATEPHUAJIOB, HCIIOJIb3YeMbIX B J1a00paTOPHOii padoTe:

Peaxkmueoi:

Kycouku pe3unbl u kaydyka.

Pacmeopui: xenatun, 6en3on C¢Hg, cunmkar nHatpust Na,SiO; (20%-i1), consiHast KUCIIOTa
HCI (1n), xnopug kamus KCI (1n), ponaaug ammonus NH4CNS (11), cynbdar Hatpus Na,SOy4
(11).

Oobopyooseanue:

TEXHOXUMHUYECKUE BECHI, BOJISTHAS OaHs MU TEPMOCTAT, IITATUB JJIsi MPOOUPOK, MMUHIIET,
bunbTpoBaIbHAsA Oymara, OI0KC, 4aCOBOE CTEKJIO, CTEKIISTHHAS TTAJIOYKa, CTaKaH, KOJIOBI Ha
50— 100 mu.

2.2.4 Onucanue (xox) padorbI:

Omnpit 1. Habyxanue u onpezesieHrne CTENeHN HaOyXaHHs KaydyyKa U Pe3UHBIL.

1. B Hauane 3aHATUS TOMECTUTE KYCOUEK KayuyKa B OIOKC ¢ O€H30JI0M U 4epe3 Kax/ble
30 MuH oTMeHaiiTe cocTosiHUE Kayuyka. CHauana KaydyK yBeJIMUMBaeTCs B 00beMe, 3aTeM
rpaHulia MeXxay OCH30JI0M U KaydyKOM Ha4MHAET Pa3MbIBaThCs, TaK KaK MaKPOMOJIEKYJIbI
OTPBIBAIOTCS U MEPEXOST B pacTBOp. Uepe3 3 — 4 4 kayuyk MOJTHOCTBIO paCTBOPSETCS B
Oenzone. KakoB By HaOyxaHus Kaydyka B OeHzose?

2. [lnst ompeneneHus CTereHn Ha0yXaHus B3BEChTE YaCOBOE CTEKJIO Ha
TEXHOXUMHUYECKUX BecaX. Bo3pbMuTe Kycouek pe3uHbl, OJ0KUTE Ha YaCOBOE CTEKJIO U
B3BECHTE €III€ Pa3 HA TEXHOXMMUUYECKUX BECax.

3anuinTe Maccy 4acoBOTO CTEKJIAa b M MacCy 4acOBOI'O CTEKJIa C pe3MHON 710 HaOyxXaHus
¢. Macca pe3unsl 10 HaOyxaHust paBHa (c- b). 3aTeM MOTPY3UTE HABECKY PE3UHBI B OIOKC C
OeH30710M (TTOIabIIe OT OTHs!).

UYepes 20 MUH BO3bMHUTE HABECKY PE3WHBI TUHIIETOM, 000TpHUTE (PUIBTPOBATLHOMN
Oymaroi, IoJIOXKUTE Ha 4acOBOE CTEKJIO M B3BechTe. [1o Macce yacoBoro crekia ¢ Habyxiei
PE3UHO OTpeAenTe KOTMIECTBO MOTJIOMIEHHON KUAKOCTH (d-c). BhIancnuTe cTeneHp
HaOyxanwus 3a 20 MmuH 110 popmysie:

d—rc
o =——-100%
c—b

[Tocne 3TOro BHOBB MOTPY3UTE PE3UHY B OCH30JI U ONPE/ICINTE CTENeHh HA0yXaHus 3a
40, 60 muH. [1o moyyeHHBIM TaHHBIM ITOCTPONUTE KPUBYIO HA0YXaHUs, OTKJIAIbIBas IO OCH
abcIuce Bpemsi, a 10 OCH OpJIMHAT — CTETICHh HAOyXaHMUS.

Omnpit 2. [TonyyeHue cTyHS KpEMHUEBOMN KUCIIOTHI

B crakanumk Haneite 10 min 20%-ro pacTBOpa cuiamkara HaTpus, TOMEIINBAs
CTEKJIIHHOW NaJIOUKOii, 100aBbTe 5 MJI 2H pacTBOPa COSTHOM KHCIOTHI

Yepes HECKOIBKO MUHYT 00pa3yeTcsi O€Iblil CTy/IeHb KPEMHUEBOM KHUCIIOTHI.
[TosydeHHBIH CTYIeHb OCTaBbTE CTOSITH M HAOJIOIAlTE Yepe3 Jac MOsIBICHUE Karelh BOJIbI Ha
MOBEPXHOCTHU CTYIHSI.

Hanuwume ypasnenus peaxkyuu NOTy4eHUs! CTYAHS KPEMHUEBON KUCIIOTHI.

ObwscHume, Kakoi TpoLecC MPOUCXOIUT MPHU MOSIBIEHUU BOJBI Ha CTYIHE.

Omnpit 3. BiusiHre KOHIIEHTPAIIUU Ha CKOPOCTH 00pa30BaHUs CTYTHEN

Ha rexHoxumuueckux Becax B3BeChTe TpU HaBeckH kematuHa: 0,4; 0,6; 0,8 r.

[TomecTrTe HaBECKH KeNaTHHA B TPU KOJOOYKHU U, MPUIIUB Ty1a 1o 15 MIT BOJHI,
ocTaBbTe cTOATH uX Ha 30 muH. [IpoucxoauT mporecc HabyxaHuUs KeJaTHHA.
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[Tocne ucredyeHus ykazaHHOTO BPEMEHH OMYCTUTE KOJIOOYKHU B KUIISIIYIO BOASHYIO
0aHIO 10 TIOJIHOTO PACTBOPEHUS KelaTuHa. B Kaxayro kKoabouky n1o6aBeTe emie mo 15 M1 BOJbI.
Conepxxumoe B30onTaiiTe u oxyagute B Tepmoctare 10 +15°C.

OTMmeThTe BpeMsl MOTPYKEeHHs KOJIOOUEK B TEPMOCTAT U MOMEHT 00pa30BaHUs CTY/IHS.
PazHuma Mexay BpeMeHeM MOTPYKEHUSI © MOMEHTOM 00pa30BaHUSI CTYTHEH SIBIISICTCS
BpeMeHeM 3acTynHeBanus. [Ipolecc 3acTyJHEBaHUS CUMTAETCS 3aKOHYEHHBIM, €CJIN KEJIaTUH
HE BBUIMBAETCS MPH MEPEBOPAUYNBAHUH KOJTOOYEK.

Ha ocHoBaHMU JaHHBIX OMBITa MOCTPONTE TpaduK, OTKIAABIBAS 10 OCH abCIHCC
KOHIICHTPALIUIO PacTBOPA, a 0 OCU OPJMHAT — CKOPOCTH 3aCTYAHEBAHMUS.

VYkaxxuTe, Kak BIUAET KOHLEHTPALHs pacCTBOPA Ha CKOPOCTh 3aCTyAHEBAHUS U
MEXaHUYECKUE CBOMCTBA CTYIHEN.

OmnpiT 4. BiiustHue 31€KTPOJIUTOB HA CKOPOCTh 00Pa30BaHUsI CTYTHEH

B3BechTe Ha TEXHOXUMHYECKUX Becax TpU HaBecku 1o 0,4 T kenaTuHa, IOMECTUTE UX B
koi0ouku u mpuiierite mo 10 mut Boael. [locne ncreuenust 30 MuH HaOyXaHUs KelaTHHA
OITYCTHUTE B BOJSHYIO KUIIAIIYIO OaHIO 0 00pa30BaHuUsl pPacTBOPOB.

B nonydennsie pacTBOpHI jkenaTuHa 100aBbTe 1Mo 10 MIT CIeAyIOIINX BEIIECTB: B
nepByto Kos16ouky 10 M 11 pacTBopa xmopuia kanus, Bo Bropyto 10 mi 1H pactBopa
pomanuaa Kamus, B TpeTbio 10 M 1H pacTBopa cynbdara Kaius.

Omnpenenute BpeMs 3aCTyJHEBAHUS U OTMETHTE, KaK BIUSIOT aHUOHBI CI, SO42', CNS
Ha CKOPOCTh 00pa30oBaHUs CTyTHEH.

2.4 JlabGopaTtopHas padora NeS (2 yaca)
Tema: «CTpoeHue aToMa ¥ NEPHOANYECKUH 3aKOH))

2.4.1 Henpb padoThI: 3aKpENUTh 3HaHUS O CTpOeHUH atoMa. Hayuntscs onpenensarsb
CTPOEHHUE aTOMa U XUMHUUYECKUE CBOICTBA AJIEMEHTOB, HCXOS U3 UX MOJIOKEHHS B
NEPUOANYECKON CUCTEME DJIEMEHTOB.

2.4.2 3agauu padoThI:

1. YTOUHUTH NPEANOChUIKH OTKPBITUSL CTPOEHUS aToMa

2. BBISIBUTH ~ pa3iUuusi B TEOPUSAX  CTPOSHHWSI  aroma,  MpeIOKEeHHBIX JIK.
TomconoMm u 3.Pezepdopaom, nX HEOCTATKH

3. YACHUTH COBPEMEHHYIO MOJICTTb aTOMA U TEOPUH, OOBSICHSIOIINE €€

4. ¢ y4eToM MPHUHIMIIOB 3allOJHEHUS DJICKTPOHHBIX OpOUTANel HAYYHUTh COCTABIISATH
AJIEKTPOHHBIC (POPMYITBI SJIEMEHTOB.

2.4.3 Ilepeyenb NpudOpPOB, MATEPHUAJIOB, HCIIOJIbL3YEeMbIX B J1a00pPaTOPHOI padoTe

BrinonHenue npakTukyMa He peayCMOTPEHO

2.4.4 Onucanue (xox) padoTni:
[1nan xapakTepUCTUKHU AJIEMEHTA 110 €0 MOJO0KEHUIO B IEPUOANYECKON CHCTEME
XUMHUYECKHUX HJIEMEHTOB
1. IlonoxxeHue aneMeHTa B iepuoanueckoil cucreme. llepuon, rpynmna, noarpynmna.
2. ITopsiakoBBIiA HOMEP, OTHOCUTEIIbHASI aTOMHAs Macca, 3apsj sapa, KOJTUIECTBO
IIPOTOHOB, KOJINYECTBO AIEKTPOHOB, KOJIMUECTBO HEUTPOHOB.
3. DnexkTpoHHOE cTpoeHue atoma. CeMeincTBo.
4. Bo3MOXHbI€ BaJICHTHBIE COCTOSIHUS aTOMA.
5. Meramn, HemeTas1, aM(pOTEpHBIN METaJLI.
6. CoiicTBa 311eMeHTa (OKUCIUTENbHBIC, BOCCTAHOBUTEIBHBIE).
7. BeIcImii OKCHJT 2JIEMEHTA, €r0 XapakTep (KUCIOTHBIN, aM()OTEPHBII UM OCHOBHBIN).
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8. 'uapokcu aIeMenTa, ero Xxapakrep.
9. [Ipumep bopmy comei.
10. ®opmyna eTy4ero BOAOPOIHOIO COSAMHEHUSI.

2.5 JlaboparopHasi padota Ne6 (2 yaca)
Tema: «Xumunueckas cBsizb. CTpoeHue BelleCTBA

2.5.1 Heab padoThl: 3aKpENUTh MOJYYCHHBIE HA JIEKIUSAX 3HAHUSA O IPUPOJIE U TUIAX
XUMHYECKOH CBA3H. Hay‘-II/ITBCH OIMPCACIIATDL THUIL XUMHYECKOH CBA3U B COCANHCHUAX U (bI/IBI/IKO-
XUMHYECKHE CBOMCTBA BEIIECTB, ONPEAEIsieMbIE TUIIOM CBSI3€i MEX]ly aTOMaMH.

2.5.2 3apayu padoThI:

1. OnpeaenuTh OCHOBHBIC YEPTHI U apaMETPhl XUMUYECKOU CBSA3U

2. ySACHUTH CIIOCOOBI 0003HAYECHUSI XUMUYECKOU CBS3H

3. BBIIETUTH BUbI XUMUYECKOM CBSI3U, MEXaHU3MbI NX 00pa30oBaHMs, CBONCTBA

4. 03HAKOMUTH C 0OCOOEHHOCTSIMU KOBAJICHTHOW CBSI3U, €€ 00pa30BaHUEM, OMUCHIBAEMOM
o meronam BC u MO

5. YyTOYHHTSH SIBJICHUE THOPUAM3ALINN aTOMHBIX OpOuTaseil.

2.5.3 Ilepevyenn npud0OpoB, MAaTEPHAJIOB, HCIIOJIb3YyeMbIX B J1a00paTOpHON padore:

BrinosiHeHUE TpaKTUKYMa HE TPEAYCMOTPEHO
2.5.4 Onucanue (xox) padoTsbl:

I'ubpuauszanys - 3TO CMEIIEHHE pa3IMYHBIX 0 JHepruu u ¢opme opOHTanei aToma,
OpUBOJANINE K OOpa30BaHMIO TAaKOIO e KOJUYECTBa OJMHAKOBBIX IO 3HEpruu u ¢dopme
rHOpHUIIHBIX OpOHTajel. DKBUBAJCHTHOCTh THOPUIHBIX OpOUTaneld 00yCIOBIMBAET HE TOJBKO
o0Opa3oBaHHe PaBHOLEHHBIX MO SHEPTUU CBsI3€H, HO U OJMHAKOBBIC BaJICHTHBIC YIJIbl MEXKIY
CBSI3AMH, OOpazyeMbIMH STUMH opOutamsimu. CienyerT HOAYEpKHYTh, uTo TuOpuaHsie AO
00pa3yroTcs y OJJHOTO aTOMa, UMEIOIIETO pa3Hble OPOUTAIN, TPHUYEM OOBEKTOM THOPHAN3AIINN
SIBJISTFOTCSI OpOUTaIH, UMEIONTNE OJIM3KUE 3HAYCHUS SHEPTUH.

Meroa MoneKyIsIpHBIX opOuTaneit. [Ipu ncrnonb30BaHUKM METOIa MOJIEKYIISIPHBIX
opOuTaNel CUNTaeTCs, B OTIMYUE OT METOJIa BAJICHTHBIX CBSI3EH, UTO KaXIbIA SJIEKTPOH
HaXOJUTCs B mosie Beex sizep. [Ipu a3Tom cBs3b He 00s13aTebHO 00pa3oBaHa Mapoil 3JEKTPOHOB.
Hanpumep, 1o H," cOCTOUT U3 ABYX MPOTOHOB ¥ OJHOTO NMEKTPoHA. MekTy IByMs
IIPOTOHAMHU JEHCTBYIOT CHJIBI OTTAIKUBAHUS, MEKIY KaXKIbIM U3 IPOTOHOB U AJIEKTPOHOM -
CHWJIBI TIPUTSDKEHUS. XUMUYECKasi 9acTUIa 00pa3yeTcs JIUIIb B TOM CIIydae, eCJIi B3auMHOE
OTTaJIKMBAaHHE IPOTOHOB KOMIEHCUPYETCS UX MPUTSKEHHEM K 3JIEKTPOHY. ITO BO3MOXKHO, €CIIH
AIIEKTPOH PACTIONOKEH MEXKIY SIPAMHU - B 00JIACTU CBSA3BIBAHUSA. B IPOTUBHOM CITy4ae CHIIBI
OTTaJIKWBAHUA HE KOMIICHCUPYIOTCS CUJIaMH MPUTSKEHUSI - TOBOPAT, UTO SJIEKTPOH HAXOIUTCS B
00JacTH aHTUCBS3BIBAHUS, HIIA PA3PHIXIICHUS.

B meTone MontekynsspHbIX opOuTanei 11t ONMCaHus pacipeaesIeHUs dJIEKTPOHHOM
IUIOTHOCTH B MOJIEKYJI€ UCIIOIB3YETCsl MPEICTaBICHUE O MOJIEKYIIIpHON opOuTany (mogo6Ho
aTOMHOW opOuTaNN JUIsl aTOMa). MoJIeKyIsipHbIe OPOUTAIIH - BOJTHOBBIC (DYHKITMH JIEKTPOHA B
MOJIEKYJIe WIH JPYroii MHOTOATOMHOM XMMUYecKoi yactuue. Kaxxaas MonekynsipHas opouTaib
(MO), kak u atomHast opoutans (AO), MOKET OBITh 3aHITA OJJHUM WJIH ABYMS JIEKTPOHAMHU.
CocTosiHHE AJIEKTPOHA B 00JIACTH CBS3BIBAHUS OINMCHIBACT CBA3BIBAIOIIAS MOJICKYIISIPHAS
opOuTah, B 00JaCTH Pa3PHIXJICHUS - Pa3PhIXJIAIONIas MOJEKYIsIpHas opouTans. Pacnpenenenue
DJIEKTPOHOB IO MOJIEKYISPHBIM OPOUTAIISIM IPOUCXOAMT IO TEM XK€ IMPaBUIaM, 9YTO U
pacrpenienenue 3JIeKTPOHOB 0 aTOMHBIM OpOUTAJISIM B U30JIMPOBAHHOM aTOME.
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2.6 JlaboparopHas padota Ne7 (2 yaca)
Tema: «JHepreTuka u HanmpapJieHUe XUMHYECKHX MPOIECCOB»

2.6.1 Llesan padoThI: 3aKpENIUTh HA MMPAKTHKE TMOHATHE 00 dHEpreTnyeckoM ¢ dexre
XUMHUYECKHX MpoleccoB. HaydnTs CTy€HTOB ONpeAesTh YHEPreTUUECKUN 1 TEIIOBON AP PeKT
Y HaIlpaBJICHUE MTPOTEKAHHUS XUMUYECKON PEaKIiy 10 TEeIUIOTaM 00pa30BaHUs BEIECTB,
BCTYMAOIINX & PEAKIIUI0 U 00Pa3yIOIIUXCS B pe3yIbTaTe PEaKIuu.

2.6.2 3agauu padoThI:

1.V SICHUTH OCHOBHBIEC TEPMUHBI M IOHATHS TEPMOINHAMUKHI

2. OCMBICJIMTH 3aKOHBI K CJICACTBHA U3 3dKOHOB TCPMOANHAMUKHU, HA OCHOBAHUU KOTOPBIX
YMETb MTPOU3BOJUTH TEPMOXUMHUYECKHE PACUCTHI

3. BBISIBUTDH MPaKTUICCKOC MPUMCHCHUC MOHATHUN U 3aKOHOB TCPMOANHAMHKHU B
TEXHOJOTUYECKUX TpoIeccax.

2.6.3 Ilepeyenb NpuOOpPOB, MATEPHUAJIOB, HCIIOJIb3YEeMbIX B J1a00paTOPHON padoTe:
Peaxmuswi: 11 pactBop HCIL, 1 u pactBop NaOH.
IIpubopwl: TMIMHIAPHI MEepHBIE, cTakaHbl Ha 100 M1, KamopuMeTp.

2.6.4 Onucanue (xox) padoThi:

OrnpezeneHue TEIIOTHI PEaKIMK HEUTPATU3aALINH.

Hanuts B cyxoii crakan 25 mi 1 H pacTBopa 111eJ1041, OyCTUTh B HETO TEPMOMETP U
MOCTaBUTh B cTakaH ¢ uzossiueit. Yepes 10 — 15 mun 3ameputh TeMiiepaTypy pactBopa
miesnour. OTMEpUTh MITMHAPOM 25 Mt 1 H pacTBOpa COJITHOW KUCJIOTHI M OBICTPO BBUIMTH €T0 B
pactBop menound. OCTOPOKHO MOMEIINBAsI TEPMOMETPOM, 3aMEPUTH MAKCUMAIIbHYIO
TEMIIepaTypy pacTBopa.

[IpuHuMast yaenbHYI0 TEIIOEMKOCTh PacTBOpa paBHOMU 1, MIIOTHOCTH pacTBOpa TaKkKe
paBHOI 1, pacCUUTHIBAIOT KOJIMYECTBO TEIUIA, BbIIEICHHOE IPU peakui. UTOObI BEIUNCIUTD
TEIJIOTY PeaKlUU HEUTpaIu3aluu, HY>KHO PaCCUMTaTh KOJIMYECTBO TEIjia, KOTOPOE BBIAEITHIOCH
ObI pu HeHTpaym3aruu 1 1 pactBopa menodn. Pacteop NaOH ogHOHOpMaNbHBINA. DTO 3HAYUT,
yTO 1 3KBUBaJIEHTHAsI Macca IIeJIoYH coaepkutcs B 1 11 3Toro pactsopa. CocraBisieMm
nponopiuio: 25 mi pacteopa — Q JIx, 1000 Mt pactBopa — x JIk, rie X ¥ €CTh TEII0Ta
HEUTpaIU3aLUU.

2.7J1adopaTopHas padora Ne§ (2 yaca)
Tema: «Xumuueckass kuuertuka. Karaans»

2.7.1 Heab padoThl: HAYYUTH CTYICHTOB SKCIIEPUMEHTAIBHBIM U PACUETHBIM MTyTEM
OIIPENENATh CKOPOCTh XUMUUECKOU PEaKLMKU B 3aBUCUMOCTH OT YCIOBUN CPEAbl U XUMUYECKON
IIPUPOJBI PEAreHTOB

2.7.2 3apayu padoThI:

1. Yka3aTp Ha pa3nuuue roMo-u reTepOreHHbIX peakuii

2. TOSICHUTH 3aBHCHMOCTb CKOPOCTHM OT KOHILIEHTpAaLMM PEArupyroniuX BEHIECTB, OT
temrneparypsbl. [IpoBoguTh pacueTsl no ypaBHenuto. Bant-I'opda

3. 000CHOBAaTh MEXaHU3M JICHCTBUS KaTaJINu3aTOPOB

2.7.3 Ilepevyenb NpuOOpPOB, MATEPHUAJIOB, HCIIOJIb3YeMbIX B J1a00paTOPHON padoTe:

1. Peakmugwi:

- Kpucmannuueckue: autpat kanust KNO3, uunk Zn, Hutput kanmust KNO; , okcun
maprasua (IV) MnO,;

- Pacmeopwi: cepnas kucnota HySO4 (2 H), Tmocynbdart mHatpust NayS,03 (2 n),
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ruapokcua Hatpust NaOH (1 1), xmopun ammonust NH4C1(2 H), nepmanranar kamust KMnOy
(0,1 n), nepoxcun Bogopoaa H,O, (3%-Hbiit).
2. Obopyoosanue:
LITaTUB C IPOOUPKAMH, CEKYHJOMEP, CIUPTOBKA, JTyYUHKH.

2.7.4 Onucanue (xox) padorTni:
Onvim 1. BausHUEe KOHILIEHTpAlMU BEIIECTB HA CKOPOCTb XUMHUYECKOU pEaKIH.
3anoJIHATE TPU NPOOUPKHU COTIACHO TAOTUIHBIM JTAHHBIM:

1 2 3
PactBop
trocynbdat Harpus Na,S,0;3 (2H) 1 M 2mi 3 M
Boja nuctwiuMposanHas H,O 2 M Imn -
cepHas kuciota H,SO4 (2H) 1 M 1 M 1 mu

[TocnenoBaTeNbHOCTL 3alOMHEHUS: B Havalleé BO BCE MPOOMPKH HAIMBAIOT THOCYIb(dar
HaATpUs, 3aTe€M BOJAY U B IOCJIEIHIOI Ouepelb CEepHyI0 KHUcIoTy. B mMomeHT poOaBieHus
CEpHOM KHUCJIOTHI BKJIOYUTE CEKYHJOMEpP M 3aCEKUTE BpEeMs [0 MOSABICHUS MEPBBIX
NPHU3HAKOB MTOMYTHEHUS. J[aHHBIE TTO KaXa0H nmpoOupke 3aHecute B Tabnuny. CpaBHUB
BpeMsi MOMYTHEHHUS pacTBOpa B KaxJIoH mNpoOUpKe, coenatlime 661600 O BIUSHUU
KOHIEHTPAIlUU BEIIECTB HAa CKOPOCTh PEaKLUU. 3anuuiume ypagHeHUs: peakyuii.

Onvim 2. BnusiHue TemmnepaTypbl Ha CKOPOCTh XMMUYECKOM peakiuu.

K 1 M pactBopa xsopuna aMmMmonus npubasbte 0,5 M1 pacTBopa THAPOKCHIA

Hatpud. Omrytute cnadblii 3anax ammuaka. Harpeiite cogepxumoe npoOoupku Ha
CIIUPTOBKE - YyBCTBYETCS CUIIbHBIN 3amax aMMHaKa.

Coenatime 661600 O BIUSIHUN TEMIIEPATypbl HA CKOPOCTh XUMHUECKOH peakuuu. 3anuwiume
VPasHeHUsl peakyuil.

Onvim 3. OMOTEHHBIN KaTanus.

B Tpu mpobupku Hameidte mo 2 mu 2H pacTBOpa CepHOM KHCAOTHI U 1o 2 mu 0,1H
pacTBOopa mepMaHraHata kKamus. B mepByr mpoOUpPKY HACBINIBTE HECKOIBKO KPYMHHOK
HUTpAaTa Kajus, 3aTeM B MIEPBYIO U BO BTOPYIO MPUOABbTE MO TPU KyCOUYKa IPaHYIUPOBAHHOTO
nuHKa. TpeThs mpoOupKa CAYKHUT FTATOHOM UCXOJHONU OKPACKH PacTBOpA.

MexaHu3M peakiuu:

5Zn+5HS04=5 ZnSO4+ 10H"

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

ATOMapHBI BOJOPOJI, BBLACIAIOLIUINCS M3 KUCIOTHI, BOCCTAHABJIMBAET IE€pMaHTraHatT
KaJusl.

Hutpar kamus wrpaer poilb Karaauszaropa. 3Jech HMEEeT MecTo oOpa3oBaHUE
MPOMEKYTOYHOTO MPOIYKTa, & UMEHHO:

KNO;+2 H'=KNO, +H;0

Hutpur kammss KNO2 ,0bicTpO BOCCTaHaBIMBAaeT TNI€PMAHTAHAT Kajus, TMPH OSTOM
MpPEBpAIIAeTCsl B UCXOAHOE BEIIECTBO - HUTPAT KaJIHS:

2KMnOs+5KNO»+3H,S04=2MiiSO4+5KNOs+K,S04+3H,0

Coenatime 6b1600 00 N3MEHEHUH CKOPOCTHU PEaKIIUHU OT BBEJICHUSI B CUCTEMY KaTalu3aropa.

Onvim Ne 4. I'eTepOreHHbIN KaTalus.

B npoOupky nanelite 1 mi 3%-HOro pacTBopa NepeKucu BOJIOPOJIa U BHECUTE TICIOIYIO
nyguHKy. Uto Habmogaere? 3areM mpruOaBbTe HECKOJIBKO KPYIMUHOK TUOKCHA MapraHiia u
BHOBb BHECHTE TJICIOIIYIO Ty4yuHKY. UTo HaOmonaere? 3anuwume ypasneHue peaxyuu
(paznmosxeHus nepekucu Bogopoaa). Coenaiime 6b1600 0 TETEPOTEHHOM KaTallu3e.

2.8 JlaGopaTropHasi padora Ne9 (2uaca)

Tema: «XuMu4eckoe papHoBecue. (PaKTOPbI, BIUSIOLIME HA CMellleHHe PABHOBECHS»
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2.8.1 Heab padoThl: cHOpMUPOBATH YETKOE MPEACTABICHUE O 3aKOHOMEPHOCTSIX
MPOTEKaHUs PABHOBECHBIX XUMHUECKUX PEaKIIUM.

2.8.2 3agauu padoThI:

1. laTb yeTkoe omnpe/eseHre o0paTUMbIM U HEOOPAaTUMBIM PEAKIUSAM

2. yKa3aTb Ha YCIIOBHsI HEOOPaTUMOCTH PEaKIIHii

3. MOsICHUTD (PaKTOPHI, BIHIONNE HA cMenieHue paBHoBecus. [Ipunaiun Jle [llatense
4. YKa3aThb BJIUAHUC PA3JINIHBIX q)aKTOpOB Ha CMCIICHHUC XUMHUUYCCKOI'O PaBHOBCCHUA

2.8.3 Ilepeyenb npudOpPOB, MATEPHUAJTOB, HCIOJIb3YeMbIX B J1a00paTOPHOi padoTe:

1.Peaxmusbl:

Kpucmannuuecxkue: xnopug ammonnst NH4CI;

Pacmeopwvr: xnopun xenesa FeCls (pa36. m koni.), ponanun ammonus NH4CNS
(pa30. 1 KOHIL.).

2.06opyoosanue:

HITaTUB C MPOOMPKAMHU, TUTIETKH.

2.8.4 Onucanue (xox) padorThi:
CMmenieHre XMuMHUYECKOTO PaBHOBECHS N3MEHEHHEM KOHLIEHTPALUN

XUMHUYECKOE PABHOBECHUE U €T0 CMEILEHUE N3MEHEHUEM KOHIICHTPALUU BEIIECTB.

B mpoOupky Hazmeiite 5 M pa30aBIeHHOTO pacTBOpa XJOpUIa >keie3a U S5 Mi
pa30aBlIeHHOro pacTBOopa pojaaHuaa amMMmMoHusA. IlomydeHHBI pacTBOp pasjenuTe Ha
YyeThIpe paBHbIC YacTu. IlepBas mpoOupKa CIyKUT 3TaJOHOM OKPAacKH, BO BTOPYIO J00aBbTe 2
KalUId  KOHLEHTPUPOBAHHOTO  XJIOpHJA Kelle3a, B  TPEeThl0 MNpoOMpPKYy 2  KaIiau
KOHLICHTPUPOBAHHOTO pacTBOpa poOJAaHUAA AaMMOHUS H B YETBEPTYIO HpPOOHUPKY -
HECKOJIBKO KPUCTAJUIMKOB XJ0puJa aMMOHHUA. CpaBHUTE OKPACKHU IOJY4YCHHBIX PACTBOPOB C
MHTEHCUBHOCTBIO OKPACKH dTajioHa. [Ipednodcume ypasHeHue peakyuu.

3anuuInuTe BEIPAXKECHUE KOHCTAHTBHI XMMHYECKOIO PAaBHOBECHUS JJId JAHHON PEaKLHH.
OTMeThTe U3MEHEHHS OKPACKU B MPOOUPKAX U CAENAWTE BHIBOJ O CMEIIEHUU XUMHUYECKOT0
PaBHOBECHS IIPY U3MEHEHUN KOHIICHTPALMY PEarnpyrOINX BEIIECTB.

2.9 JIabopaTtopHas padota Nell
(2 yaca)

Tema: «Teopusi 3JIEKTPOJTUTHYECKOH TUCCONUANUN. DJIEKTPOJIUTHI U HEIIEKTPOJIUTHI.
HNonHble ypaBHEeHU

2.9.1 Leab padoThl: HAYYUTH CTYICHTOB TOTOBUTH PACTBOPHI U3 HABECOK BEUIECTB U
0oJiee KOHIIEHTPUPOBAHHBIX PACTBOPOB, a TAKIKE OMPEACTSATH KOHIICHTPAIIUH BEIIECTB TI0
IUIOTHOCTH PACTBOPOB; OCBOUTD MOHAITHE IEKTPOIUTUYECKON ucconnanuu. Ha mpakTuyeckux
MpUMEpax HAYYUTh ONPCACIATh CTCTICHb AUCCOMAIIMNU BCIICCTBA, PACCUUTHIBATE KOHCTAHTY
AIEKTPONUTUYECKON TUCCOLMAIIMU BEIIECTBA U TPOU3BEIEHUE PACTBOPUMOCTH.

2.9.2 3apayu padoThI:
I.YKa?)aTI: Ha Hpouecc Jucconuanuu BOAbI, ITIOHATHUC BO,Z[OpO,Z[HOFO ITIOKa3aTesd
2. OTIPENICTUTh YCIIOBHUS, HEOOXOAUMBIE /Ui CMEIICHHS] HOHHBIX PaBHOBECHI
3. Haqu/ITb OHpeI[eJIHTI: CHUJIBHBIC, cna6me BJICKTpOJII/ITBI

2.9.3 Ilepevyenn npuOOpPoOB, MAaTEPHAJIOB, HCIIOJIb3YyeMbIX B J1Aa00paTOPHON padore:
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1.Peakmusbi:
Pacmeopwi: tuapoxcun xene3a Fe(OH)s (301b), 3THIIOBBIN criupT, p-p Mbuia (2%-Hblil),
pactutensHoe Macio, xiopu xene3a FeCls (2%-ubrit), Hutpat cepedpa AgNO; ,
rexcarmanodeppar kamus K3(Fe(CN)g) (0,0011.), cynsdat xamus K,SO4(0,0011.), xmopu
Hatpus NaCl (2n.), cepHokucnbiii ammonuit (NH4),SO4 (Hack.), nen.

2. Obopyoosanue: SIEKTpOHATPEBATEILHBIN MPUOOP, TUAIN3ATOP, OIOPETKH, IUIUHAP Ha
1711, koowt Ha 10 1 100MII, THIIETKH, IEpIKATENh, ITATUB C TPOOUPKAMU, MEPHBIE TPOOUPKH.

2.9.4 Onucanue (xox) padoThi:

Onwvim 1. TlomydeHue v 0YMCTKA KOJUIOUAHBIX CUCTEM.

a) B mpoOupky ¢ Xoponio mogorHaHHON MPOOKON HAIEHTE 5 M

JTUCTUIITUPOBAHHON BOJIBI, TpHOaBbTe 1 MII paCTUTENBHOTO Macia. 3aKpoiTe MpoOupKy
npoOKo# 1 sHeprudHO B3OoaTaiiTe. [[poOMpKy MOCTaBhTE B IITATUB U OTMETHTE BPEMSI,
IpoILeALIee O MOTHOTO PACCIOCHUs )XUIKOoCcTel. Bo BTOpoii mpoOupKe OIbIT OBTOPHUTE,
npubaBUB KpoMe BOABI U Macia 2 Ml 2%-HOro CnupToOBOro pacTBopa Mbuta. CHOBa OTMETHTE
BpEMsi, IPOIIE/IIee 10 MOJTHOTO pacciaauBaHus XuIkocTei. OOBsICHUTE POJIb MbIIa B
MOBBIIIEHUH YCTONYUBOCTH IMYIIbCHH.

Coenaiime 6b1800.

0) B koHnueckoit konbe HarpenTe 85 MJI TUCTHIIUPOBAHHOM BOJBI 10 KUITSTYCHHS
U OCTOPO’KHO TprOaBbTe K Kursmieit Boae 15 mi 2%-Horo pactBopa xiopuna xenesa (I11)
(BmuBaiTe mocteneHHo). PacTBop kumsatute 3-5 MuH.

Hanummure ypaBHeHHEe THIPOIN3a XJIOPUIA Kee3a.

[Tony4eHHBIN KOIOUIHBIA PACTBOP OXJIAJUTE B XOJOJHOM BOJI€ U BBUICHTE OCTOPOKHO
B JIUAIM3ATOP - CTEKJSIHHBIA COCY[, THO KOTOPOTO CAENAHO M3 IMOIYIMPOHUIIAEMOW MEMOpPaHHBI.
Cocyn onyctuTe B HHJIMHAP ¢ BoJHOM. Yepe3 10 MUH. BO3BMHUTE M3 MWIMHApPA MUIETKON 3 M
BOJIBI B MpOOMPKY M mpubaBbTe 3-4 Karum pacTBopa HUTparta cepebpa. Uro Habmomaercs?
Kakve wmoHBI CBOOOMHO TMpOXOAsAT uepe3 mMemOpany? M3MmeHsieTcs 1M OKpacka BOABI B
nuiunaape? Cxemy auanusaropa 3apucyure.
Oneim 2. Tenota pacTBOpEeHUS.

B nBe npobupku Haneiite (10 1/3) Boasl u u3MephTe ee Temneparypy. B mepByro
IpOOUPKY BCHIMBTE 2-3 T @30THOKUCIIOTO aMMOHHUSI, OCTOPO’KHO IEepEeMEIIaliTe TEPMOMETPOM U
OTMEThTE CaMyI0 HU3KYIO TemrepaTypy. Bo BTopyio npoOupky moMecTuTe HeCKOIbKO KyCOUKOB
€/IKOT'0 KaJIM U 1OCJIe IEPEeMELIMBAHNUS OTMEThTE CaMyIO BBICOKYIO TEMIIepaTypy.

Crenaiite BBIBOJI O TEIUIOBBIX () (eKTax mpu paCTBOPEHUH STHX BEUIECTB.

Onvim 3. I3meHenne o0beMa pu pacTBOPEHHH.

Haneiite B mpoOupky (10 1/3) Boabl M OCTOPOKHO T00aBHTE PaBHBIM 00bEM CITUPTA.
OTMeThTE MOJIOKEHUE BEPXHET0 YPOBHS KUAKOCTH. 3aKpoiiTe MpoOUpKy MPOOKOH M XOPOIIIO
nepemenraiite. [locime oxnaxkaeHns HaOMIOAANTe MOHWKEHUE YPOBHS pacTBopa. OOBsICHUTE
npoucxojsiiee sBienue. Coenatime 6v1600.

2.10 JIadbopaTopnas padora Nel2 (2 yaca)

Tema: «'mapoan3 coseil. Monnoe npoussenenne Boabl, pH. MeToasl onpenenenus pH»

2.10.1 Hesan padoThi: pa3odpaTh Ha MPAKTHKE CBOMCTBA M XapaKTep KUCIOTHBIX,
IIEJ0YHbIX U HEUTpaIbHbIX pacTBOpoB. Hayunthcs paccuntsiBaTh pH pacTBOpPOB B 3aBUCMMOCTH
OT KOHIIEHTPALUH CUJIBHBIX U CIa0bIX 3JIEKTPOIUTOB B pacTBope. CHopMupoBaTh MOHATHE O
O0ydepHbBIX pacTBOpax.

2.10.2 3agaum padoThI:
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1. YKa3aThb BJIUAHUC BOAOPOAHOTO IMOKA3aTCJIsd HAa X0 TCXHOJIOTHICCKUX
MIPOLIECCOB

2. YTOYHUTH 3aBUCUMOCTH OMOJIOTHUECKUX MPOIIECCOB OT 3HaYeHus pH

3. IPOIEMOHCTPUPOBATH CIIOCOOBI 3MepeHus pH.

2.10.3 Ilepeyens npuOOPOB, MATEPHATOB, HCIOJb3yEeMBbIX B J1a0OpaTOpHOii padoTe:

1. Peaxmuevl: Pacmeopui: kapooHat HaTpus Na,COs, cynbdat Hatpust Na,SOq, cymnbdar
amomuuus Aly(SOs);, aterat Hatpust CH3;COONa; uHAUKATOPHI - TakMyc, peHoN(TanenH.
NccnenyeMsblit pacTBOp - BOAHAS BBITSKKA MOYBHI.

2. Obopyoosanue: npudbop Muxasnuca, HOTCHIMOMETD, CTSKJITHHBINA 1 XJI0pCcepeOpsTHHBIN
ANEKTPOAbI, BCTPSXUBATENIbHAS MallIMHA, MEpHbIe IUIUHIAPHI HA 100 M1, KOTObI KOHUYECKHE Ha
250 mut ¢ mpoOkamu, mumeTku Ha 20 M1, OropeTky Ha 25 mil, cTakaHduKH Ha 50 MII, MpOOHpPKH,
CIHPTOBKA, JIepKaTeb.

2.10.4 Onucanne (xox) padoThI:

Onvim 1. I3MeHEeHME peakiuy Cpe/ibl PU TUIPOJIA3E COJICH.

Haneiite B Tpu mpOupku 1o 2 Mi1 pacTBOpPOB coJlel cynb(ara HaTpus, KapOoHaTa HATpus,
cynbdata amomunus. Jlo6aBeTe 1o 2 Karum HHAMKATopa Jakmyca. OTMETbTe JUIsl KaKI0To
citydast IBeT nHAnKaTopa. Kakue comym moaBepraroTcsi THAPOIU3Y?

3anuwume ypasnenue peaxyuu (8 MOAEKYAAPHOM U UOHHOM 8ude). Coenatime 6bl800.

Onwvim 2. BnusiHUE TeMIiepaTypbl Ha THIPOJIH3.

B npobupky Hayelite 3 Mi1 pacTBOpa arerara HaTpus, nmpuoaBsTe 3 Karum GeHondTanenuHa.
HarpeiiTe mouTtu 10 KUMEHMs, OTMETHTE U3MEHEHHE OKpacku pacTBopa. Kak Brnusier
Temreparypa Ha TUApOIu3?

3anuwume ypasnenue peakyuu (8 MOIEKYIAPHOM U UOHHOM 6ude). Coenavime bl800.

Oneim 3. KonopuMerpuueckuii MeTo 1 ornipeaeneHusi pH moYBeHHON BBITSHKKU

YcrpoticTBo nmpubopa Muxasnuca.

Ilpubop Muxasnuca cocmoum U3 CKIAHKU C  VHUBEPCANbHBIM — UHOUKAMOPOM,
nosgonsiowum onpederumv pH npu unmepeane om 3 00 8, CKIAHOK ¢ OOHOYBEMHBIMU
uHouxamopamu  (a-OUHUMPOPEHONOM,  Y-OUHUMPOPEHONOM,  D-HUMPOPDEHOTIOM, m-
Humpogenonom), 35 3anasaHHblX amnynl ¢ OygepuviMu pacmeopamu — IMALOHAMU,
KOMnapamopa ¢ npoOUpKaMuU, Y8eMHOL WKAIbL, AK8APETbHOU YAUKU.

IIpobupxu smanonwl denamesa Ha yemvipe paoa. Kaswcowiii psao coomeemcmeyem
ONnpeoeeHHOMY UHOUKAMOP) .

1 pao: anvgpa - ounumpodghenony ¢ ouanazonom pH om 2,8 oo 4,4,

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

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

4 psio: mema - Humpodghenony ¢ ouanazonom pH om 6,8 oo 8,4.
XoJ onpezieneHns: akTUBHOM peakuuu cpebl (pH) mOYBEHHOM BBITSKKH.

1. ITpuroToBhTE MOYBEHHYIO BHITSKKY. JJ1s 3T0r0 10 I MOYBBI HOMECTUTE B IIJIOCKOAOHHYIO
konOy Ha 100 mu1, mpuneire 50 M1 JUCTHIIMPOBAHHOM BOABI M IPOU3BOJUTE BCTPSIXUBAHHE B
TeueHue 5 MUHYT. OTQUIBTPYHTE COAEPKUMOE KOJOBI Yepe3 CKIauaThiid (GUIBT.

2. Onpenenure mpubIMKEHHOE 3HaUeHUE pH MOYBEHHOMN BBITSKKH.

B dapdopoByro uwamky Hameiite I mMi umcciaemyeMoro pactBopa, A00aBbTe 2 Karlid
YHHUBEpcallbHOTO MHIMKaTopa. [1o okpacke, cornacHo mikane, onpenenute pH pactBopa.

2. Onpenenure ToyHOE 3HaueHue pH.

B npobupky ormeppTe 6 MII HCCIEAyeMOW >KHUIKOCTH M J00aBbTe | MII 4acTHOTO
UHAMKATOpa, y KOTOPOro 30HA IMEpexoJa OKpaCKH HaXOAWUTCS B Mpefenax MNpUuOIMKEHHOTO
3Hayenus pH wuccnenyemoro pactBopa. CopepkuMoe MPOOHPKHM TepeMellaiTe W HalguTe
9TaJOH, COOTBETCTBYIOUIMI HMHTEHCHUBHOCTHM OKpacku ero cogepxumoro. IIpu stom stanon
JOJKEH COIEpkKaTh TAKOW K€ MHINKATOP, KaK U MHIUKATOp, T0OaBICHHBIN K pacTBopy. [Togbop
3TaJIoHa MMPOU3BOJUTE MPHU MOMOIIM KOMIapaTopa, omenias IpoOUpKy C OMBITHBIM PacTBOPOM
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B CpellHEe T'HE3/0, a 3TAJOHBI - B IIPAaBOE M JIEBOE THE3/A PSIOM C HUCCIENYEMBIM PacTBOPOM.
3aMeHsisl 3TaJIOHbI, OAOEpPUTE TaKOH pacTBOP, Y KOTOPOTO MHTEHCUBHOCTh OKPACKU OJMHAKOBA
C MCCIeAyeMOM )KUIKOCThIO. 3alMIIUTe TOUHOe 3HaueHue pH uccienyemoro pacteopa.

2.11 JlabopaTopHasi padora Nel0 (2 yaca)
Tema: «OO0masi xapakTepucTHka pacTBopoB. Cnoco0bl BbIpakeHHs] KOHLEHTPaLHUU

pacTBOpoB»

2.11.1 Hesan padoThl: HAYYUTh TOTOBUTH PACTBOPHI U3 HABECOK BEIIECTB U OoJiee
KOHIEHTPHUPOBAHHBIX PACTBOPOB, a TAKXKE OMPEIEIISITh KOHLIEHTPALUK BEUIECTB 10 TUIOTHOCTH
pacTBOpoB

2.11.2 3apauu padoThI:

1. Omnpenenuth pacTBOPUMOCTH BEIIECTB, (PAKTOPHI, BIUSIOIMIME Ha PACTBOPUMOCTH
(Temmeparypa, Mpyupo/ia BEIIECTBA, MPUPOJIa PACTBOPUTEIIS)

2. Hayuutp ompenenars croco0bl BhIPaKEHUSI KOHIEHTPAIIMM PACTBOPOB: MAcCOBasi OIS
pPacTBOPEHHOTO BEUIECTBA B PAcCTBOpPE, MOJIIpHAs KOHIICHTpAIUsS, MOJISIpHAsh KOHIICHTpAIUs
HKBUBAJICHTA, MOJISUIbHASL KOHLIEHTPAIS, TUTP, MOJIbHAS J10JIs, 00beMHast OIS

2.11.3 Ilepeyenb npudOpPOB, MATEPHAIOB, HCIOJb3yEeMBbIX B J1a0opaTopHOii padoTe:
1. Peaxmuswi: pactBop cepnoit H,SO4 nnm constaoit kucnoter HCI
2. Obopyoosanue: apeometp, nuauaap Ha 1000 mut, xumudeckuid crakad Ha 1000 mut.

2.11.4 Onucanue (xox) padoThbI:

[Tpurorosnenue 8%-Horo pacrBopa NaCl u3 pactBopa ¢ 60bIIel KOHIEHTpaluuen

1. YcranoBnenue MaccoBoii 1ou ucxoanoro pactsopa NaCl 1o ero mioTHOCTH.

B uunuHIp ¢ ueeneayeMbiM pacTBOPOM OCTOPOKHO OIYCTHTh apEOMETP, MPUIEPKUBAs
€ro pyKoH, 1oka He yOenuTech B TOM, YTO apeoMETp CBOOOIHO IIJIaBaeT B pacTBOpE (eciu
apeoMeTp OIMYCKAeTCs Ha IHO WM BBITAJIKUBAETCS U3 PAacTBOpa €ro HY>KHO 3aMeHuTh). [locie
TOTO KaK apeoMeTp OCTAaHOBUTCS, clienaTh orcueT. HeoOXoaumMo cienuTh, YTOObI BO BpeMs
OTCUETa apEOMETP HE KacaliCid CTEHOK LMJIMHJpA. JeneHue, IpoTUB KOTOPOro HaXOJUTCS
BEpXHUH Kpall MEHUCKA JKUJIKOCTH, COOTBETCTBYET INIOTHOCTH pacTBopa. Bo Bpems orcuera ria3s
JIOJKEH HaXOJIUThCS HA YPOBHE MeHUCKA. C MOMOIIBIO apEOMETPA IIIOTHOCTh ONPEAEIISIETCS C
touHocTbIO +0,003. TToBTOPUTE ONpeneneHue eue 2 pasza. /st 3Toro apeoMerp HyKHO
MPUIIOJHATH HA | — 2 ¢M, OITyCTUTH €r0 U CHOBA CHATH MOKa3aHus. Haiitu cpennee
apu(MeTHUECKOE TPeX U3MEPEHUH.

ApeoMeTp BBIMBITh, 0OCYIIUThH GUIBTPOBAILHON OyMaroil 1 moJI0KUTh B QYyTIIsP.
[Tonb3ysck TabnuIel, ONpeneauTh MPOIIEHTHOE COIePKAHKUE COJIM, OTBEUAlOIee HallICHHON
IJIOTHOCTHU. J[aHHBIE ONBITA M PE3yNIbTAThI 3aKCaTh MO Gopme:

N3mepenue [InoTHOCTH pacTBoOpa, Maccosas nois, %
/M
l-e
2-¢
3-e

Cpennee 3HaYCHUE

2. ITo mpaBuy KpecTa HAMTH MacCy UCXOTHOTO PacCTBOPA U PACCUUTATh €T0 00BEM U
00BEeM BOJIbI, HYXKHBIH JUIs pa30aBiIeHHUS.

3. OT™epuTh OropeTkol B Koj0y Ha 250 M1 pacCYUTaHHBIN 00BEM UCXOTHOTO PacTBOpa
NaCl, npuiuth K HeMy HY>KHO€ KOJIMYECTBO BOJbI, U3MEpeHHOE HMIUHAPOoM. ConepKumoe
KOJIOBI TIepeMeIIaTh.
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2.12 JlabopaTopHasi padora Nel3 (2 yaca)
Tema: «OKHCIUTENbHO-BOCCTAHOBUTEIbHBIE peakuun. Hanpasiaenus OBP»

2.12.1 Hean padoThl: pa3o0paTh Ha MPAKTHICCKUX TPUMEPAX YCIOBUS MPOTEKAHUS U
HaIlpaBJICHUEC OKUCIIUTCIIbHO-BOCCTAHOBUTCIIBHBIX PCAKIIUAX

2.12.2 3agaum padoThI:

1. Hayuutp ompenensiTh CTENEHb OKHUCIEHUS DJJIEMEHTOB. Peakuum, nporekamue c
WU3MEHEHUEM CTEIIEHN OKUCIIEHUS YJIEMEHTOB.

2. yMETb BBIAEIATH BAKHEHIINE OKUCIUTEIN U BOCCTAHOBUTENH

3. MOKa3aTh KHUCIUTEIbHO-BOCCTAHOBUTEIBHYIO JBONCTBEHHOCTh Ha IpPHUMEpPE NEpPOKCUaa
BOZIOpOAA

4.Hay4YUTh COCTABJIATH OKUCIUTEIBHO-BOCCTAHOBUTEIIBHBIE PEAKIIUU

- METOJIOM 3JICKTPOHHOTO OasiaHca;

- METOJIOM 3JIEKTPOHHO-UOHHOTO OaslaHca

2.12.3 Ilepevyenb NnpuOOPOB, MATEPHATOB, HCIOJb3yEeMBbIX B J1a0opaTOpHOii padoTe:

1. Peaxmueni.

Pacmeoper: noqun xamus KI; xmopun sxene3a FeCls, cepras kuciora H,SO,, nepexuch
Bogopoaa H,O,, nepmanranar kanust KMnQO, , KpaxManbHbIN KIEHCTED.

2. Obopyoosanue:

MPOOUPKH, MEpHAs 1OCYy/1a, TTUTETKH.

2.12.4 Onucanme (xoa) padoThi:

Onwvim 1. OxucnurtenbHBIE cBOKCTBA HOHOB xemne3a (I11).

K 0,5 M pacTBOpa noauaa Kaius MpudaBbTe paBHBIA 00BEM pacTBOpa XJIOpHUIA JKele3a
(IIT), paz6aBbTe BOAOM A0 3 M U JOOABHTE HECKOJILKO Karelnb KpaxMaabHoro kiekcrepa UTo
HabOmogaere? O yeM CBUACTENLCTBYET MOSIBJICHNE CHHETO OKpaluBaHus pacTBopa’?
3anuwume ypasnenue peaxyuu. Coenatime 6b1800.

Onbim 2. OKUCIHUTENBHO-BOCCTAHOBUTEIbHBIE CBOMCTBA IEPEKUCH BOJIOPOIA.

B npobupky ¢ 0,5 M pacTBopa MOoAM1a KaJIKs TPUOaBbTE TAKOH jke 00beM CepHON
KHCJIOTHI M HECKOJILKO Karelb pacTBOpa MEPEKUCH BOJOpoa. Brinensercss cBOOOIHBIH WO,
HAJIMYUE KOTOPOT'O MOKHO OOHAPYKUTh KPaXMallOM.

B npobupky ¢ 0,5 M mepMaHraHara Kajiaus IpruOaBbTe TaKOE K€ KOJIUYECTBO PacTBOpPA

CEpPHOM KHCIOTHI M HECKOJIbKO Karellb pacTBOpa IMEpPEeKHUCH BOAOpOJa 10 00eclBEeYMBaHUS.

HaoOironaiite Beinenenue rasa. Yro 7o 3a ras?

2.13 JlaGopaTopHas padora Nel4-15 (4 yaca)

Tema: ((3HeKTp0XI/IMI/Iﬂ. XuMHYeCKHEe HCTOYHUKH JHEePrum»

2.13.1 Hesan padoThI: 3aKpENUTh TEOPETUUECKUE 3HAHUS O IIPOLIECCaX OKUCIICHNUS-
BOCCTaHOBJIEHHS B 3JIEKTPOXUMUU. V3ydnTh MEXaHU3M BOZHUKHOBEHHUS JBOHHOIO
AIIEKTPUUYECKOTO CJIOSI U IPUHIUI pabOThI raJIbBAHUYECKUX 3JIEMEHTOB. Y CTPOHCTBO
CTaHJAPTHOI'O BOJIOPOIHOIO 3JIEKTPoAa. M3yunTh aHOJHBIE U KATOIHBIE IIPOLIECCHI,
IIPOTEKAIOIME TIPU IEKTPOJIN3€E PACTBOPOB U PACIIABOB 3JIEKTPOJIUTOB.

2.13.2 3apaum padoThI:

1. U3yunTh MeXaHU3M BO3HUKHOBEHHUS ABOMHOTO JIEKTPUUYECKOTO CIIOA
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2. HU3YUUTh aHOAHBIC U KATOAHBIC IMPOLCCCHI
3. BBISIBUTDH IIPHUHIMAIT pa6OTBI TaJIbBAaHUYCCKOI'O 2JICMCHTA.

2.13.3 Ilepeyenb npuOOPOB, MAaTEPHATOB, HCIOJIb3yEeMBbIX B J1a0opaTOpHOii padoTe:

PactBopsr: cepras kucnora H,SO4 (21); cynbdar meau CuSOy; xnmopun Harpus NaCl,
xsopun maraust MgCl, (10%), constnas kucnora HCI (10%), rekcaumanodeppar kanust (kpacHas
kpossiHas coiib) K3[Fe(CN)g] (2%), auctuimupoBaHHas Boja.

O6opynoBanue: MpoOUPKHU, MEpPHAs MOCYIa

2.13.4 Onucanme (xox) padoThi:

IIpuroroBjieHHe H AHAJIN3 AKKYMYJIATOPHON CEPHOI KHCI0THI

Oneim 1. IIpurotoBiieHNE pacTBOpa CEPHOM KUCIOTHI ISl aKKYMYJISITOPOB.

AKKYMYJSTOpHAs CepHasi KUCIOTAa TOTOBUTCS pa30aBIeHHEM XUMUYECKH YHCTOU CEPHOM
KHCIOTHI. UTOOBI 3HAaTh, B KAKOM COOTHOILIEHUH HYKHO pa30aBUTh UCXOJHYIO KUCIIOTY,
HE00X0AUMO XOTs ObI MPUMEPHO 3HATh €€ KOHIEHTpaluio. JlJis 3TOro ¢ mMoMOIIbI0 apeoMeTpa
M3MEephTE TIOTHOCTh UCXOJIHOM KUCIIOTHL, @ 3aTEM 110 TabJaulle HalJuTe MacCOBYIO JI0JIIO
CEpHOI KUCIOTHI B Y.

3Has UCXOJHYIO KOHIIEHTPALINIO CEPHOM KUCIIOTHI, IO MPAaBUITY KpecTa pacCUUTalTe, B
KaKOM COOTHOIICHHH HYXHO pa30aBUTh ee BOJOH, yToObI mpurotoButh 100 r 28% cepHoit
KHCJIOTHI.

Otmeputs nunuHIpoM Ha 100 M1 B cTakaH pacCUNTaHHOE KOJIMYECTBO BOJbI, OTMEPUTH
IUIUHIPOM Ha 50 MJT pacCUMTaHHOE KOJUYECTBO CEPHOM KUCTOTHI. OCTOPOKHO, HEOOIBIIIUMH
MIOPLIUSAMU BIUBATH CEPHYIO KUCIIOTY B BOJY, [IOMEILINBAs CTEKIIHHON Nal04YKou. J[aTh
OXJIAAUTHCS MPUTOTOBIEHHOMY PacTBOPY A0 KOMHATHOM TEMIIEPATypPbl 1 U3MEPUTH C TOMOILIBIO
apeoMeTpa €ro MIOTHOCTb.

Onbim 2. AHanu3 TEXHUYECKOW CEPHON KUCTOTHI

3aKJII04YEHNE O IPUTOAHOCTH CEPHON KMCIIOTHI 7S 3JIMBKU aKKYMYJIITOpa MOKHO
CZEJIaTh TOJIBKO MOCJIE UCCIIENOBAHMS IO HOPMaM.

Opnaxo, B psiie ClIy4aeB MOYKHO OTPaHUYUTHCS IPEIBAPUTEIbHBIMY Kau€CTBEHHBIMU
HCCIEA0BAHUSMU Ha COJIEPKAHUE HEKOTOPBIX MPUMECEH.

1) oTkpbITHE HOHA XJI0pa

B npobupky HamuTh 1 MII HccaeayeMoin KUCIIOTHI 1 0Kojio 0,5 MJT pacTBOpa HUTpaTa
cepebpa. PacTBop B mpoOHpKe BCTPSAXHYTh M HAOIIOAATh 00pa30BaHUE OCAJKa WIIM TOMYTHEHHE
pactBopa. Ecnu pacTBop ocTaercst Npo3payHbIM, B HEM OTCYTCTBYIOT HOHBI XJIOpa.

Hanwucares ypaBHeHHE peakIiui MEX/1y HOHaMU XJIopa u cepelpa.

2) OTKpBITHE aHHMOHA a30THOW KHCIIOTHI

Ha npenmeTHoe cTekio Hanectu 1 - 2 kammu pacTBopa AudeHniaMuHa B
KOHIICHTPUPOBAHHOM CEPHON KHUCIIOTE M 100aBUTH | - 2 KAl UCCIeAyeMOI KUCIOTHI.
[losiBNieHME CMHETO OKpALIMBAaHUS CBUAETEILCTBYET O IPUCYTCTBUN AHUOHA A30THOW KHCIIOTHI
win ee anruapuaa. CylmHOCTh peakliy COCTOUT B OKUCICHUH TU(EHUIaMUHA B TPOAYKT
CHHETO LIBETA, IO3TOMY TaKyI0 )K€ PEAKLUIO Jat0T MOHBI TPEXBAJIEHTHOIO XKeJe3a U Ipyrue
OKHUCIIUTEIH.

3) OTKpBITHE HOHA TPEXBAJIEHTHOTO XKeJle3a

K 1 M uccnemyemoii KuciaoThl J00aBUTh HECKOJIBKO Karlelb pPacTBOpa
rekcarmmanodeppara kamus Ks[Fe(CN)g]. [TosiBneHune cuneil oOkpacku yKasbIBaeT Ha
MIPUCYTCTBUE MOHOB TPEXBAJIEHTHOIO JKeJie3a B pacTBope. HanucaTe ypaBHEHUE peakuuy MexXIy
nonamu Fe’ u [Fe(CN)e]*.

2.14 JIadopaTopHas padora Nel6-17 (4 yaca)

Tema: «Koppo3usi MeTa1J10B»
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2.14.1 lean padoThI: U3yYUTh CYLITHOCTh PAa3pYLICHUS METAINIOB, XUMU3M KOPPO3UHU U
METO/bI 3aIUThl METAJIIOB

2.14.2 3anaum padoThI:

1.3yunTh XUMHU3M KOPPO3UHU
2. BeIIBUTH OCOOCHHOCTH Pa3IMYHBIX BUIOB KOPPO3UOHHBIX MPOIECCOB
3. onpeaenuTh CocoObl YCTpaHEHUs MOBPEXKACHUS METAIIIOB.

2.14.3 Ilepeyenb NpudOPOB, MATEPHUAJIOB, HCIOJb3yEMbIX B JIa00OpaTOpHOii padore:

Mennas u anoMHUHHEBasi IPOBOJIOKH, TBO3/IU, IIUHK, [TOJIOCKH OLIMHKOBAaHHOTO U
JTy>KEHHOTO Xene3a, cepHas kucinora HySO4 (2n); cynsdar menu CuSOy; xmopun Hatpus NaCl,
xsopun maraust MgCl, (10%), constnast kucnora HCI (10%), rekcaumanodeppar kanust (kpacHas
kpossiHas coiib) K3[Fe(CN)g] (2%), muctummupoBanHas Boga. [IpoOupku, MepHast mocyna.

2.14.4 Onucanue (xox) padoThi:

Onwvim 1. Koppo3usi, BO3HUKAIOLIas IPY KOHTAKTE IBYX Pa3IMYHbIX METAJIJIOB.

K 1 M1 2 H pacTBOpa cepHOM KUCIOTH TPHOABUTH KYCOUEK METANTHYECKOTO ITUHKA.
VHTeHCHBHO N1 BBIAEISIETCS BOJOPO/ U3 KUCIOTHI? 3aTeM MEIHOM MPOBOJIOYKONH KOCHYThCS
KyCOYKa IIMHKa B pobupke. 3MeHsieTcs 11 MHTEHCUBHOCTb BbIJENIeHNs Bojgopoaa? Ha kakom
MeTalie BbIAENsIeTCs BOAopoa?

OTHSATH MEIHYIO IPOBOJIOUKY OT LIMHKA U YOEIUTHCS, YTO MHTEHCUBHOCTD BbIICTICHUS
BOJIOPOJIa U3MEHUJIIACK.

OO0BsICHUTD HAaOTIOJaEMBIC SIBJICHUS, YUUTHIBAs 00pa30BaHUE TalIbBAHO-TIAPHI IPH
KOHTAaKTe IIMHKa ¢ Melblo. KakoBO HampaBiieHue rnepexo/ia 3JeKTPOHOB B Mape HUHK - Me/Ib?
CocTaBuTh CXEMY aHOJHOTO U KaTOJIHOTO MPOIIECCOB.

Onvim 2. BaustHUE 2J€KTPOIUTOB HA KOPPO3HIO METAJLIOB.

1) B Tpu mpoOupKu HaIUTH - B o11HY 10% pacTBOp XJ1opuaa MarHusi, Bo BTopyto - 10%
pacTBOp COJSTHOM KUCIIOTHI, B TPETHIO - JUCTULTUPOBAHHYIO BOAY. Bo Bce mpoOupku
OJIHOBPEMEHHO OIYCTUTH MO OAHOMY XOPOILIO OYHUILIEHHOMY U 00€3KUPEHHOMY I'BO3AUKY. Uepes
15 MHH B KaXIyt0 TPOOMPKY HAIUTH IO HECKOJIBKO Karenb 2% pacTBopa rekcanuatogpeppara
Kaimust. 1oHBI [Fe(CN)6]37 SIBJISIFOTCSI PEAKTUBOM Ha MOHBI Fe3+, naBas ¢ HUMU CUHUH OCalIloK.

3 Fe*™+ 2 [Fe(CN)s]>” = Fes[Fe(CN)s]a |

OTMeTUTh U3MEHEHNE OKPACKH PacTBOPOB. B kakom ciydae nmocuHeHue HauOospiee? B
Kakoil mpobupke nocuHenus Het? O uem roBopAat HabroAaeMble siBieHUsA? OOBSICHUTD POJb
MOHOB B3SITBIX 3JIEKTPOJIUTOB B KOPPO3UU HKEJe3a.

2) B nBe mpoOUpKHU MOMECTUTH 110 KYCKY aJTIOMHUHHEBOM MPOBOJIOKU M MPUIUTH 1O | MII
pactBopa cyibdara Menu. B ogHy 13 mpoOUpoK 100aBUTH 10 HECKOJIBKO Karelb pacTBOpa
NOBAapEeHHOM conu. B kakoM ciryuyae BbLessieTcs: O0MbIe MM U PeakLus MPOTeKaeT ckopee?

3anucarh ypaBHEHUE peaklMu U 00BbSICHUTH HaOM0AaeMble sBiieHnsa. Heo0xoammo nmeTsb
B BUJ1Y, YTO HEKOTOPBIE HOHBI CIIOCOOHBI pa3pylIaTh 3alIUTHBIC TUIEHKU METAIOB. Takue nOHbI
HA3bIBAIOTCS aKTUBATOPAMU KOPPO3UU. 3HAUUTEIbHBIM aKTHBUPYIOIIUM JeHCTBHEM 00J1a0at0T
TOHBI BOZAOPOJAA U XJIOPA.

Onbim 3. AHOAHOE M KaTOJTHOE MOKPBITUS

B nBe npoOupku ¢ pacTBOPOM MOBapEHHON COJIH, K KOTOPOMY MPUOABICHO HECKOIBKO
kanenb rekcanuanodeppara kamus K; [Fe(CN)g] omycTuTh moiaocku

OLIMHKOBaHHOTO U JIY>)KEHOTO XeJie3a, PeIBAPUTEIbHO ClICJIaB Ha UX MMOBEPXHOCTH B
OTJIENbHBIX MECTaX ITyOOKHE apanHbl HOKOM.

Uro nabmonaercs? Kakoif oOpasen ckopee noasepraercst koppo3uu? Ha ocHoBanumn
KAaKUX U3MEHEHHI MOYKHO OTBETHTh HA IMIOCTABIEHHBIN BOIPOC?
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CocTaBUTh CXEMbl aHOAHOTO U KaTOJITHOT'O MTPOLIECCOB ISl JIY)KEHOTO M OLIMHKOBAHHOTO
kene3a. CrenaTh 3aKII0YSHUE O HAJICKHOCTH aHOHOTO U KaTOJHOTO TTOKPBITHH.
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