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Meroandeckue peKOMEHAAINH TI0 MOATOTOBKE K 3aHATHSIM

5.1 JlaGoparopnas padota Nel JIP-1 CrexuomerpudecKkue 3aKOHbBI

5.2 Jlaboparopuast pabota Ne JIP-2-3 OcHOBHBIE KTacChl HEOPTAaHUYECKUX COCTUHEHUH.
[TonsiTne 06 nneHTU(PHUKAIIMYA KATHOHOB U aHWOHOB.

5.3 JIaboparopnas pabota Ne JIP-4 Opranndeckue coequaenus. [lonumepsl, mpuMeHe-
HUE.

5.4 JIabopartopnas padota Ne JIP-5 CtpoeHne aToma 1 NepuOINIECKUNA 3aKOH.

5.5 JIaboparopnas pabota Ne JIP-6 Xumuueckast cBsi3b. CTpOoCHHE BEIIECTBA.

5.6 JIaboparopnas pabota Ne JIP-7 DHepreTuka v HanpaBiIeHUE XUMUYECKUX MTPOLIECCOB
5.7 JlaGoparopnas padota No2 JIP-8 Xumnueckas kunetuka. Karamus

5.8 JIaboparopnas pabota Ne3 JIP-9 Xumuueckoe paBHOBecHe. PaKTOPbI, BIUSIIONINE HA
CMeIlleHHEe PaBHOBECHUS

5.9 Jlaboparopuast pabota Ne 4 JIP -10 Teopust 3JIeKTPOIUTHIESCKON JUCCOIIUAITIH.
DNEKTPOIUTHI U HEIJEKTPOIUTHI. IOHHBIE ypaBHEHUS.

5.10 JIabopatopuas padora Ne 5 JIP-11 I'mnponu3 coneit. MoHHOE Tpon3BeieHNe BOIBI,
pH. Metonsl onpenenenus pH.

5.11 JIabopatopnas padota Ne JIP-12 O61mas xapakrepucTuka pacTBopoB. PacTBopu-
MocTb BemecTB. CrnocoObl BhIpaKeHUS KOHIEHTPALUK PacTBOPOB.

5.12 JIabopatopHas padora Ne 6 JIP-13 OkucIuTEIbHO-BOCCTAHOBUTEIBHBIC PEAKITUH.
Hanpasnenus OBP.

5.13 JIabopatopuas padota Ne 7 JIP -14-15 Dnextpoxumusi. XUMUYECKUE UCTOTHUKHU
SHEPTUU.

5.14 JIabopatopnas padora Ne 8 JIP-16-17 Kopposus meTamios.



1. OPTAHU3AIIUS CAMOCTOSTEJBbHOM PABOTBI

OpFaHI/I3aI[I/IOHHO-MCTO)II/I‘ICCKI/IC JAAaHHbIC JTHCHUITJINHBbI

KoJnyecTBO 4acoB 10 BHIAM
CaMOCTOATEIbHOM padoThI
Hoaroroska | Iloaroros- Moaro- HN3yuenne Hoaro-
Ne HanmenoBanne Tem KypCoBOii ka PIT'P TOBKa oT/e)Ib- TOBKA K
padoTHhI na3 HBIX BO- 3aHATHAM
NMpocoB
1 CTeXuoMeTpUIeCKHe 3aKOHBI 0,3 0,5 0,9
2 OCHOBHBIE KJIaCChl HEOPTAHMYECKUX
coenunenuii. I[lonaTue 06 unenTHhu- 0,4 0,7 0,9
Kalliy KaTHOHOB M aHMOHOB.
3 Opranudeckue coequaeHus. [Tomume-
0,4 1,3 1,3
PBI, IPUMEHEHHE.
4 CrpoeHue aToMa U IEpUOAUECKUI
0,5 1,1 1,3
3aKOH.
5 Xumuyeckas cBsi3b. CTpOeHHE BELECT-
0,5 1,2 1,7
Ba.
6 OHepreTrKa ¥ HallPaBICHUE XUMUIE-
0,35 1,1 0,9
CKHX TIPOIIECCOB
7 Xumuueckas kuneruka. Karamus 0,35 1,2 1,2
8 Xummudeckoe paBHOBecHe. (paKToOpEI,
0,5 0,9 1,2
BIIHSIOIINE HA CMEIICHNE PAaBHOBECHS
9 OO0mras xapakTepHUCTHKA PACTBOPOB.
PactBopumocts BemecTB. Crioco0bl 0,35 1,1 1,2
BBIPXKCHUSI KOHLIEHTPALMH PACTBOPOB.
10 | Teopus 3MEKTPOIUTUIUECKON JUCCOLIMA-
LK. DIEKTPOIUTHI U HEICKTPOJIUTHI. 0.4 12 1.1
b > 2
MonHble ypaBHEHUS.
11 I'mnponus coneit. MonHoe npoussene-
nue Boasl, pH. MeToae! onpenenenus 0,45 1,2 1,1
pH.
12 OKHCIUTENTFHO-BOCCTAHOBUTEIIEHBIE
0,4 0,7 0,8
peakuuu. Hanpasnenus OBP. ’ ’ ’
13 | DnexkTpoxumus. XMMHUYECKHE UCTOYHU-
0,6 0,8 1,1
K1 SHEPTUHU.
14 ONeKTpOJu3. 0,7 0,9 1,2
15 Koppo3us meramios 0,8 1,1 1,1
Pedepatsl 14
Acce 14




Bcero B cemecTpe caMoCTOSITeIbHAS

pa6ora
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2. METOAUYECKHUE PEKOMEHJALIUHN
IO NOATOTOBKE PE®EPATA/3CCE

2.1 Copepxanue pedepara

Pedepart/acce comepxuTt:

- TUTYJIBHBIH JIUCT;

- COZIepKAHMUE;

- BBEJICHHE;

- OCHOBHAsI YacCTh;

- 3aKJII0YCHHE;

- CIIUCOK MCIIOJIb30BaHHOW JIUTEPATYPHI;

- IPUJIOKCHHS,
2.2 Odopmirenne padoThl
- U3noxxenne Tekcta u opopmieHue pedepara/scce BHITOTHIIOT B COOTBETCTBUM ¢ TPEOOBAHMSI-
mu ['OCT 7.32 — 2001, ’'OCT 2.105 — 95 u 'OCT 6.38 — 90. CTpaHu1sl TEKCTOBOM YacTu U
BKIIFOUEHHBIC B HEE WILTIOCTPALIUU U TaOIUIIBI JOJKHBI cCOOTBETCTBOBAThH hopmaty A4 mo 'OCT
9327-60.
- Pedepat/acce momkeH OBITh BBITIOJHEH JIIOOBIM TIEYaTHBIM CITIOCOOOM Ha MUIITYIIEH MallTiHKE
WIN C UCTIOJIb30BaHUEM KOMITBIOTEpA U MPUHTEPa HA OAHOM cTropoHe Oymaru ¢popmara A4 uepes
noaTopa uHTepBana. L{Ber mpudra gomKkeH ObITh YepHBIM, BBICOTA OYKB, (P U IPYTUX 3HAKOB
He meHee 1.8 (mpudt Times New Roman, 14 mit.).
- Tekct cnenyet nmevararh, COOMIOAAs CIEIYIONTHE Pa3MepPhI MMOJICH: BepxHee U HikHee — 20
MM, jeBoe — 30 mm, mpaBoe — 10 MM. AG3alHbIi OTCTYI JOJKEH OBITH OJJMHAKOBBIM IO BCEMY
TEKCTY U COCTaBIATH 1,25 cM.
- BripaBHUBaHUE TEKCTA 1O MHUPHUHE.
- Pazperaetcs ucnonb3oBaTh KOMIbIOTEPHBIE BO3MOXKHOCTH aKLIEHTUPOBAaHUSI BHUMAaHUs Ha OI-
peAeNneHHBIX TepMUHAX, (HOPMYIIax, MPUMEHSS BBIICICHHUE KUPHBIM MIPUPTOM, KYPCUB, TTOJI-
YepKHUBaHUE.
- [TepeHoc c10B HEOMTYCTHM.
- Touky B KOHIIE 3aroJI0BKa HE CTaBAT. ECliM 3aroJIOBOK COCTOUT U3 IBYX MPEIJI0KEHUMN, UX pa3-
JIEIISIFOT TOYKOM.
- [lomyepkrBaTh 3ar0JIOBKU HE JOMYCKACTCS.
- Paccrosinue Mexay 3aroioBKaMu paszena, mojpasjiesa U MocaeayonuM TeKCTOM TakK ke, KakK
U PAaCCTOSIHME MEX/1y 3ar0JI0OBKaMU U MPEAbIAYIIIMM TEKCTOM, JI0JKHO OBITH paBHO 15MM (2
npobena).
- Ha3zBanue xax70# r71aBbl ¥ aparpaga B TeKcTe paboThl MOXKHO MHCATh 00Jiee KPYIHBIM
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mpudToM, JKUPHBIM MIPUPTOM, YEM BeCh OCTaIbHOM TekcT. Kaxxaast rimaBa HauMHaeTcs ¢ HOBOU
CTpaHUIIbI, aparpadsl (TTOpa3aembl) pacnoiararoTcs IPYT 3a APYTOM.
- B tekcte pedepar/scce pekoMeHyeTcs Yalle MPUMEHSTh KPACHYIO CTPOKY, BB 3aKOH-
YEHHYIO MBICIIb B CAMOCTOSITENIbHBIN a03all.
- [lepeuncnenus, BcTpevaronuecs: B Tekcte pedepara/scce, T0HKHBI ObITh 0POPMIICHBI B BUJIE
MapKUPOBAHHOTO WM HYMEPOBAHHOTO CIIHICKA.
- Bce crpanuipl 00s3aTeTbHO JOMIKHBI OBITH IPOHYMEPOBaHbI. HyMepanust THCTOB O KHA
OBITH CKBO3HOW. HoMmep nucTa mpocTraisercs apaOCKUMH g pam.
- Hymepauust TucToB HauMHAETCs € TPETHEro JiMcTa (Mocie coep KaHus) U 3aKaHYUBAETCS 10-
cnenqauM. Ha Tpetbem mucTe cTaBuTCs HoMep «3».
- Homep cTpanwuiipl Ha TUTYJIEHOM JIMCTE HE MPOCTABISAETCs!
- Homepa cTpanu1l mpocTaBIsitOTCs B IIEHTPE HIDKHEHW YyacTu aucTa 6e3 Touku. CIIMCOK UCTIOJb-
30BaHHOM TUTEpaTyphl U MPUIIOKEHHUS BKIIIOYAIOTCS B OOIIYIO0 HyMEpal1io JTUCTOB.
- Pucynku u TabmuIel, pacmoioKeHHbBIE Ha OT/ICIBHBIX JIUCTAX, BKIIOYAIOT B OOIIYI0 HyMepa-
U0 JIMCTOB ¥ TIOMEIIAIOT 110 BO3MOKHOCTH CJIEJIOM 32 JINCTAMU, Ha KOTOPBIX TIPUBEIEHBI CChLI-
KM Ha 3TU TaOJIMIbI UM WIUTIOCTpaluu. TaOnuiibl 1 WIUTIOCTPAIUU HYMEPYIOTCS MTOCIe0Ba-
TEIHHO apaOCKUMU IUdpaMu CKBO3HOM HyMepaluei. JlomyckaeTcss HyMepoBaTh PUCYHKHU U Ta0-
JUIIBI B TIpEienax paszjaena. B aTom ciaydae HOMep TaOnuIbl (PUCYHKA) COCTOUT M3 HOMEpa pas3-
JIeJia U TIOPSIAKOBOTO HOMEpa TaOIUIIbl, pa3IeICHHBIX TOYKOM.

OdopmieHne murepaTypsl:
Kaxxaplit MCTOYHUK AOIKEH COAEPKaTh CIEAYIoIINe 003aTeNbHbIE PEKBU3HUTHI:
- (hamuTMsL ¥ MTHUIHAIIBI aBTOPA;
- HAUMEHOBAHHUE;
- U3aTEIbCTBO;
- MECTO U3/IaHUS;
- TOJT U3JIaHUSI.
Bce ncrounuku, BKIIIOUEHHBIE B OMOIHOTpaduIo, TOJKHBI OBITH MOCIEA0BATETHHO TPOHYMEPO-
BaHbI U PACIIONIOKEHBI B CIIEYIONIEM OPSIKE:
- 3aKOHOJIaTEJIbHBIE AKTHI;
- moctaHoBneHus [IpaBuTenbCTRA;
- HOPMATHUBHbBIE JIOKYMEHTBI;
- CTaTUCTUYECKHE MaTepHabl;
- Hay4HbIE U JTUTEPAaTypHbIE HCTOUYHUKH — B aJi()aBUTHOM TMOPSJIKE 110 TepBoii OykBe hamMumnu
aBTopa.
B koHI1e paboThl pa3MemarTces MPUIOKeHUs. B TekcTe Ha Bce MPHUIIOKEHUS TOJKHBI OBITh J1a-
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HBI cchlTKU. Kaxkaoe npuokeHue ciieyeT HaunHaTh C HOBOM CTPaHUIIbI C YKa3aHUEM HaBEpXY
nocepeanHe cTpaHulibl cioBa «lIpunoxenne» u ero Homepa. [IpunoxeHue 10JIKHO UMETh 3aro-
JIOBOK, KOTOPBIN 3aIIUCHIBAIOT CHMMETPHUYHO OTHOCHTEIBHO TEKCTa C MMPOIMUCHOM OyKBBI OT-
JIETbHOU CTPOKOM.
2.3 Kputepuu ouenku pedepara/scce:

Kputepun onenkn:
- AKTyaJbHOCTb TEMBI
- CoOTBETCTBHUE COZIEPKAHUSI TEME
- 'nmyOuHa mpopaboTKu MaTepuaia
- [IpaBuIBHOCTH ¥ IOJTHOTA UCTIOIB30BAHUS UCTOYHHKOB
- CootBercTBHE OQOpMIICHHS pedepaTa CTaHIAPTOM.
Ha «omauunon:
1. mpucyTCTBUE BCEX BBINICTICPEUNCIICHHBIX TPEOOBAHUIA;
2. 3HaHME y4YaIUMCs M3JI0)KEHHOT0 B pedepare Marepuana, yMeHlue paMOTHO U apryMEHTHPO-
BaHO M3JIOXKHUTH CYTh MPOOIIEMBI;
3. IPUCYTCTBUE JIMYHON 3aMHTEPECOBAHHOCTH B PACKPHIBAEMOM TeMe, COOCTBEHHYIO TOUKY 3pe-
HUSl, apTYMEHTBI 1 KOMMEHTAapUH, BBIBOIBL;
4. ymenue cBoO60HO Oece1oBaTh 1o J0O00MY MYHKTY IUIaHa, OTBEYATh HAa BOIPOCHI, OCTABJICH-
HbIE YWICHaMHU KOMUCCHH, TI0 TeMe pedepara;
5. yMeHUe aHAIU3UPOBaTh (aKTUYECKUI MaTeprall U CTATUCTUYECKUE TaHHBIE, UCIIOJIb30BaHHBIC
IIpU HamMcaHuu pedepara;
6. HAUIMYUE KAYeCTBEHHO BBIITOJIHEHHOTO MPE3CHTAIMOHHOTO MaTepuaia Win (1) pa31aTouyHoro,
HE TyOIMpPYIOLIEr0 OCHOBHON TEKCT 3alIUTHOTO CJIOBA, A SBJISIOMIETOCS €r0 WIITIOCTPATUBHBIM
dboHOM.
T.e. mpu 3amuTe pedepaTa Moka3arb He TOIBKO «3HAHHUE - BOCIIPOU3BEACIIBY, HO U «3HAHUE -
MOHMMAaHUEY, «3HAHUE - YMCHHEY.
Ha «xopowoy:
1. Mmenkue 3amedanus mo opopmieHuto pedepara;
2. HEe3HAYUTEINIbHbIE TPYAHOCTHU MO OJHOMY U3 MIEPEUNCIICHHBIX BbIIIE TPeOOBaHUI.
Ha «yoosnemsopumenvroy:
1. Tema pedepara pacKkpbiTa HEAOCTATOUHO IMOJHO;
2. HEMOJIHBIM CIUCOK JINTEPATYPhl © HCTOYHUKOB;

3. 3aTpyAHEHUSI B U3JI0KEHUH, apTyMEHTHPOBAHUU.



3. METOJAWYECKUE PEKOMEHIALIMY IO BLINOJHEHUIO
WHINBUIYAJBHBIX JTOMAIIHUAX 3AJAHUI

WnauBuayanbHble TOMAINIHKUE 3a/1aHUS BBIMOIHIIOTCS B JOpME KOHTPOJIBHOM pabOTHI.

Ne  Ba- | Kucnotsl, ocHOBaHHS Ne  Ba- | Kucnotsl, ocHOBaHHUS

puaHTa puaHTa

1 LiOH; Mg(OH),; HNO;; H,CO; 16 NaOH Co(OH), HBrO; H3;BO;

2 NaOH BG(OH)Z HzSO4 HzSO3 17 KOH NI(OH)Z HIO4 Hle’lO4

3 KOH Cu(OH), H,;SeOs HNO, 18 RbOH Bi(OH); HIO; H,S

4 RbOH Cd(OH), H,TeO, HPO; 19 CsOH Pb(OH), H,CrO4 HCIO

5 CsOH AI(OH); HCl H;3;POg4 20 FrOH Mg(OH), HMnO,

H,CO;

6 FrOH CI‘(OH)2 HCIO3 H3PO3 21 Ca(OH)z Zl’l(OH)z HNO3 HQS

7 Ca(OH), Cr(OH); HCIOy4 | 22 Sr(OH), Cu(OH), H,SO, HCIO,
H3ASO4

8 Sr(OH), Mn(OH), HBr H3;AsO; | 23 Ba(OH), Cd(OH), H,SeO, HBrO

9 Ba(OH), Fe(OH), HI H,SO; 24 LiOH AIl(OH); H,TeO; HBrO,

10 LiOH Fe(OH); HBrO, H,S 25 NaOH Cr(OH), HCl H,SiO3

11 NaOH Mg(OH), H,SeO4 | 26 Ca(OH); NH4OH HIO; H,S
H,COs

12 KOH Cd(OH)2 HNO3 H3PO4 27 SI'(OH)Z ZI’I(OH)2 HzCI‘O4

HCIO

13 RbOH AI(OH); H,SOs HNO, 28 CsOH Al(OH); HMnO4 H,CO;5

14 LiOH Cu(OH), HCIO; H,S 29 RbOH Bi(OH); HBr H3;AsO;

15 CsOH Cr(OH), HCIO4 H,Si0; 30 Ba(OH), Fe(OH), HCI H;PO4

3.1 Tembl MHANBHUIYAJIBHBIX TOMAIIHUX 32 aHUI

1. Knaccudukanus okcuaos. ['padudeckne GopmMybl OKCHIOB.

AN L kAW

. ucconuanus KucioT U OCHOBAHUH.
. CiocoOsI moy4deHus CpeAHNX, KUCIIBIX B OCHOBHBIX cosieil. HoMeHnkaTypa cosei.
. Pacuer MOJIApHON MacChbl DKBUBAJICHTA COJICH.

. Pacuer o6beMa razo00pa3HoOro BemecTra.

. Ctpoenne aToma. DIEKTPOHHbBIE KOH(PUTYpPAIUH.

7. 3aBUCUMOCTh XUMHYECKHX CBONCTB JJIEMEHTOB U 00pa3yeMbIX UMH COCIUHEHHUH OT TIO0-
JIO’KEHUS B IIEPUONYECKON cucTeMe MeHieneeBa.

8. PacueTsl TepMOIMHAMUYECKUX BEJIMYMH MO 3aKOHY ['ecca.

9. PacueTsl Mo KHHETUYECKOMY ypaBHEHMIO U ypaBHeHuUIo Baut-I'odda.

10.

11. PacueT KOHIIEHTpaIHil CONEH.
12. I'maponus coneil.

13. PacueT KOHCTaHThI U CTETIEHHU TUIPOIU3A COJICH.
14. CocraBnenue ypaBHenuii OBP.
15. KoMIuiekcHble COeMHEHUSI.

16. CpIpbeBbIE HCTOYHUKU OPTAaHUYECKUX COCTUHEHUN

cDaKTOpI)I, BJIMAIONIME HA CMCIHICHUEC PaBHOBECHU .

17. Aunknuueckue (anupaTudeckue COeTMHECHUS)
18. Ciuptel. Anpneruasl. Keronsl. KapOoHOBBIE KUCTOTHI
19. T'uIpOKCUKUCIOTHI, OPTaHNYECKHUE MPOW3BOJHBIC YTONBHOW KUCIOTHI, aabACTUAO- U
KETOHOKHCIIOTHI (OKCOKHUCIIOTHI)
20. YrneBoas! (caxapa). MoHO3bI, Aucaxapu/pl, ouucaxapuasl. /IpeBecnHa u MpoayKThI
ee mepepadoTKu
21. [IuKIn4eCcKue COCIMHCHUS




22. BeicokomounekynsipHblie coennnenus (BMC)

3.2 ConeprkaHue MHANBUAYAJIbHBIX JTOMAIIHUX 3aJaHUM

1. 3anumuTe SMIUPUIECKHIE U CTPYKTYpPHBIE (POPMYITBI BCEX BO3MOMXHBIX OKCHJIOB
3JIEMEHTOB Balllero BapuanTa. OxapakTepu3yiTe CBOMCTBA OKCHIOB, COOTBETCTBYIOIIUMU
XUMUYECKUMH PEAKIUSIMH.

2. [IpennoxxuTte BO3MOKHBIE SMIUPHUUECKUE U Tpaduieckre popMyiabl KUCIOT U
OCHOBaHUU JJIs 3JE€MEHTOB BAIIETO BapUaHTA. Y KaXKUTE BaJIEHTHOCTH 3JIEMEHTOB,
COCTABJISIFOIIMX JTaHHBIE BellecTBa. [IpuBeauTe ypaBHEHUsS AUCCOLMAIIMN KACIOT U OCHOBAaHUM.

3. CocTaBbTe BO3MOXKHBIC YPaBHEHHUS PEAKIINI MEX Y OJYYCeHHBIMU KUCIOTAMH U
OCHOBaHUSIMHU. 3alUIINTE YPAaBHEHHUS PEAKIMil B MOHHOW W MOJIEKYJIsIpHO# opme. HazoBute
MOJTy4YEHHBIC KUCITBIE, CPETHUE ¥ OCHOBHBIE COTH. Y KAKUTE UX CTPYKTYpPHBIC (DOPMYIIHI.

4. PaccuuTaiiTe MOJISIPHYIO MacCy KHUCIIOT, OCHOBAHHI U COJIEH, MPUBEICHHBIX U
MOJTYYEHHBIX B 3aJaHUSAX. YKaXUTe (PaKTOp SKBUBAJICHTHOCTH, SKBHBAJICHT M SKBUBAJICHTHYIO
Maccy JaHHBIX COeAMHEHUN. PacueT mpou3BoIuTh HE OoJiee yeM s ABYX COSAMHEHHUM KasK0ro
KJ1acca BEILECTB

5. CocTaBbTe OpMYITy IPOCTOT0 ra3000pa3HOTo BEIIECTBA U3 OJTHOTO 3JIEMEHTA BaIIETO
BapHaHTa 3a/anusl. PaccunTaiiTe, kakoil 00beM, KOIMYECTBO BEIIECTBA COOTBETCTBYET Macce
JTAHHOTO COEIMHEHUsS 5 TpaMM. YKaKUTe IKBUBAJICHTHBIH 00BbEM, KOJTMUYECTBO BEIlleCTBA
SKBUBAJICHTA JJIs1 JAHHOM MacChl COeIMHEHUs. PacyeT NaHHbIX BEIUYHUH MPOBOJAUTE MPU
HOPMAJIBHBIX YCJIOBUSX.

6. Hanmummre »yekTpoHHBIE GOPMYIIBI U YKAKHUTE paclpeesieHue BAICHTHBIX JIEKTPOHOB
10 KBAHTOBBIM SYEHKAM 3JIEMEHTOB, IPUBEACHHBIX B 33/IaHUM BAIIErO BapUAHTA.

7. VI3 mpuBeACHHBIX B BAIlIEM 33/IaHUH 3JIEMEHTOB, YKAKUTE PaInyC aTOMa KaKoro
aJIeMEHTa UMeeT OoJplee 3HaueHne, moueMmy? Kakue cBoicTBa 00YyCIOBICHBI JaHHBIM
nokasaresieM. [IpuBenure mpuMepsl ypaBHEHUN XUMUYECKUX PEAKLUN, TOATBEPKIAIOIIUX
naHHble cBoiicTBa. Kakue crenenu okucieHus: Hanbosee XapakTepHbl AJs1 aTOMOB 3JIEMEHTOB,
MPUBEJICHHBIX B 33J]aHUU Ballero BapuanTa. [IpuBennTte npuMepsl COEAUHEHUN C JaHHBIMU
aTOMaMHU JIEMEHTOB, MPEANONI0KUTE U 000CHYHTE XUMUYECKHE CBOMCTBA MPEIOKEHHBIX
BemecTB. CoCTaBbTE U3 AIEMEHTOB BAIlIETO BAPUAHTA MOJIEKYJIbI C PA3JIMYHBIM THIIOM
XUMUYECKOH CBA3U. Kak TMI XUMHYECKOW CBSI3M BIIMSET HA XUMUYECKHE CBOWCTBA IAHHBIX
coenuHeHuil? [IpuBenuTe npumMepsl ypaBHEHUH peakLnui.

8. YKaxuTe 3JIeMEHT Balllero BapuaHTa 3aJaHusl, aTOMbI KOTOPOI'0 MOTYT 00pa3oBaTh
IPOCTOE ra3000pa3HOe BEIIECTBO. 3aMUIINTE PEAKIHIO CUHTE3a CJI0XKHOIO COSAMHEHUS U3
MPEJI0KEHHOT0 ra3000pa3HOro BeulecTBa MPU B3aUMOACHCTBUN C MOJIEKYJIIPHBIM KHCIOPOJAOM
win BojopoioM. Omnpenenute sHepreTudeckuii 3hdeKT u HanmpaBlieHnEe TPOTEKAHUS PeaKIHH
IIPU CTaHAAPTHBIX YCIOBHAX. Y KQXKUTE HA BO3MOKHOCTb ITPOTEKAHUS JAaHHOM peakuu B
IpsIMOM HanpasiieHuu npu temneparype 300K.

9. lns ypaBHEHUS peaKIMi 00pa30BaHUs CI0KHOIO BEIIECTBA, COTJIACHO 3aKOHY
JEUCTBYIOIMX MACC, YKaXKUTE BBIPAXKEHUE CKOPOCTH XUMUUYECKOU peakiuu. Onpeaenure Kak
M3MEHHUTCS CKOPOCTh MPUBEICHHON BaMU XMMHUYECKOM peakliiy B CUCTEME, €CI 00beM Ta30BOM
(a3l yMEHBIIUTG B 3 pa3a; mpu MOBbIIIEHUH Temreparypsl Ha 20°C; mpy NOHUKEHUU
temnepatypsl Ha S0°C.

10. [Ipeanonoxxure, 4To NMPUBEICHHAS B 33JJaHUU PEAKIIMS CUHTE3a CJIIOKHOTO COCIMHEHUS
HaxXOJIUTCA B XUMHUYECKOM PAaBHOBECHUH. Y KQXKUTE, KAK CMECTUTCSI XMMHUYECKOIO PaBHOBECHE
IpH: YMEHBIICHUH 00beMa TaHHOM CHCTEMbI; YMEHBIIICHUN JABJICHUS B JAHHOW CUCTEME;
YBEJIMYEHUU KOHIEHTPAIMU OJTHOTO U3 pEarupyrolnX BEIECTB.

11. PaccuuTaiiTe MaccoBYyIO J0JI10, MOJISIPHYIO KOHIIEHTPAIUIO, SKBUBAJICHTHYIO
KOHIICHTPAIIHIO, TUTP JIFOOOU COJIH, TTOTYyYEHHOM B 3ajaHuu 1.5, IpH YCIOBHUH, U4TO €€ Macca
coctasiisieT 10 rpamm, 00beM pacTBopa 2 JIUTpA.



12. Yro takoe ruaponn3? OT kakux (aKTOPOB M KaK 3aBUCHUT INTyOMHA rHIpoin3a?
[IpencraBpTe B MOJIEKYJISIPHOM U HOHHOM BUJE YPaBHEHUS THAPOIN3A CONEH. Y KaXKHUTE
PEaKLHUIO CPENbl B pAaCTBOPAX 3TUX COJIEH.

13. IlpoBeauTe pacyeT KOHCTAHTHI U CTENIEHU TUIPOJIM3a COJIEH

14. IlpuBenuTe npuMepsl OKUCINTENBHO-BOCCTAHOBUTENIBHBIX PEAKIUI C y4acTUEM dJe-
MEHTOB, IPUBEJICHHBIX B BallleM BapuaHTe, noAdepuTe Kod)PUIMEHTH METOI0M 3JIEKTPOHHOTO
0anaHca ¥ METOJIOM MOJYPEAKIIHA.

15. CocraBbTe hopMyITy KOMIUIEKCHOTO COSTMHEHHUS U3 DJIEMEHTOB 3a1anus. HazoBure
COCTaBJIEHHOE KOMIUIEKCHOE COEIMHEHUE, €0 COCTABISAIONINE. YKaKUTE yPaBHEHUS
JIUCCOLIMAIMNA KOMIUJIEKCHOM COJIM MO MEPBOM M BTOPOU CTYNEHU. 3alUIINTE BbIPAKEHHUE
KOHCTaHTbl YCTOMUYMBOCTH KOMIIJIEKCHOTO MOHA.

16. IlpuBenuTe mpUMeEpPHI CHIPHEBBIX UCTOYHUKOB OPTAHUYECKUX COCTMHEHUN

17. B coeqMHEHNH Balllero BapHaHTa YKAXHUTE THII THOPUIU3AIMH KaXKI0TO aTOMa yriie-
pona. CoctaBbTe CTPYKTYpHBIE (JOPMYJIIBI BO3MOXHBIX H30MEPOB JIJIsl IaHHOTO BellecTBa (He 00-
nee 5). Kakoii BUJ1 n3oMepun XxapakTepeH JUIsl 3TOro kiacca coequHenunii? Hazosure nzomepsl
10 PallMOHAJIBHOM M CUCTEMAaTUYE€CKOM HOMEHKIAType. 3aluIINTe XUMUYECKHE PEaKIIMH, XapakK-
TEpHBIE JJIsl JaHHOTO KJlacca BEIIECTB (Ha MPUMEpe BEIIeCTBA BAIllero BapuaHTa). YKaXHUTe Ka-
YECTBEHHbIE PEeaKIMU. 3aMUIIUTe XUMUUYECKIE PEaKIUU PA3INYHBIX CIIOCOOOB MOTYUYEHHUS J1aH-
HOTO ajKaHa. I3 1eno4Kky yriiepoJHbIX aTOMOB COEAMHEHMSI BAILIErO BapMaHTa COCTABbTE H-
aJIKeH, H-aJIKUH, H-AIKaJUEH. Y KaXXUTe TUIl THOPUIN3alUY KaXKI0ro aTOMa yrieposia B COCTaB-
JIEHHBIX BelecTBax. Kakoil BUJI n30Mepun XapakTepeH Uil JaHHBIX KJI1acCOB COeqUHEHMM? [l
KaXJIOTO TUTIA U30MepuH puBeauTe hopmysisl BemecTs (He 6onee 2-x). HazoBute nzomepsl 1o
pPalMOHATILHON U CUCTEMAaTUYECKOM HOMEHKJIAType. 3alUIIUTE XUMUYECKHE pEaKluu, XapakK-
TEpHBIE JIJIsl JAHHBIX KJIACCOB COCIMHEHMI. Y KaXXUTE KaueCTBEHHbIE peakuuu. [Ipenmoxure
HanOoJiee pacrpoCTpaHEHHBIE CHOCOOBI MOTYyYSHHS COSTMHEHUH TaHHBIX KJIACCOB.

18. IIpennoxure cxeMy MOTy4EeHHS MIPEAETBLHOTO0 OJJHOATOMHOI'O CIIUPTA U3 UCXOIHOTO
IpeJeNbHOrO YrIIeBOIOPO/Ia Balllero BapuanTta. [IpuBeanure npyrue criocoObl MOIYyYEeHUsT OJTHO-
aTOMHBIX crupToB. CocTaBbTe (POPMYIIBI BOZMOKHBIX H30MEPOB, MOJY4EHHOTO OJHOATOMHOIO
cnupra. HazoBuTe UX 10 pallMoOHaNIbHOM U CHCTEMAaTHUECKON HOMEHKIaType. Kakue Bubl uzo-
MEpHUU XapaKTEPHBI U TAHHOI'O KJIacca BEIECTB? 3alUIINTE YPABHEHUS XUMUYECKUX PEAKIUH,
XapaKTEPU3YIOIUX XUMHYECKHE CBOMCTBA MOIYYEHHOTO CITUPTA I10: - PaJUKay, () yHKIIMOHAIb-
HOM CIIUPTOBOM rpymie.

[Ipennoxute cxemy MoJIydeHUs albAeruaa (KEToHa) U3 HCXOJHOTO MPEAEIBHOTO YIIIEBO-
Jopojia Bamiero BapuanTa. [IpuBeaute qpyrue crnocoObl MOITydeHHUs.

CocTtaBbTe QopMyIIBI BOZMOKHBIX H30MEPOB, MOJy4YEeHHOTO0 anbaeruaa (keroHa). HazoBure
UX M0 PaMOHAIIBHON U CUCTEMAaTUYECKOM HOMEHKIaType. Kakue BuIbl N30MEpUH XapaKTEPHbI
IUIS JAHHOT'O KJIacca BeleCcTB?

3anuumnTe ypaBHEHHsI XUMUYECKUX PEAKIMM, XapaKTepU3YIOINX XUMHUYECKUE CBOMCTBA
HOJYYEHHOTO anbJerua (KeToHa) 1o: paaukaity, QyHKIIMOHAIBHOM rpymIie.

W3 nenouku yraepoaHbIX aTOMOB COEIMHEHHS Balllero BapuaHTa cOCTaBbTe GopMyIy Kap-
60HOBOI1 KMCcnOTHL. HazoBuTe ee mo MexxayHapoaHOH HOMeHKIaType. [peaioxuTe crocoOs mo-
JyYEHHUsI TaHHOU KHUCIIOTHI.

3anuuuTe ypaBHEHUS XUMUYECKUX PEAKLUM, XapaKTEpU3YIOLINX XMMUYECKHE CBOMCTBA
MOJIyYEHHOM KUCIIOTHl MO: paauKany, G yHKIHOHAIBHOM rpymnme.

19. [onyuute U3 npeaenbHO MOHOKaPOOHOBON KUCIIOTHI OKCUKUCIIOTY. 3anuimure ¢hop-
MYJIBI ©30MEPOB (HE OoJiee 2-X) MOTYydEeHHON KUCTOTHI:

- 110 YIJIEPOJTHOMY CKEJIETY;
- 1O MOJIOKEHUIO CIIUPTOBOM T'PYMIIBI B LIEMOYKE aTOMOB YIIIEPOa;
- 3epKaJIbHbIE H30MEPBHI.

3anunmMTe XUMUYECKHE PEAaKIUHU, OTPAXKAOIUE CBOMCTBA OKCUKHUCIIOT:

- 110 KapOOKCUIIBHOM rpymIie;
- IO CIIUPTOBOMY T'MAPOKCHITY;
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- peaKIuu, XapaKTepHbIE TOJIBKO JJIsl OKCUKUCIIOT.

20. YraeBoasl (caxapa). MoHO3bI, AWCaxapuibl, Mojaucaxapuabl. J[peBecuHa M MPOTYKThI
ee nepepaboTKH.

21. W3 cOOTBETCTBYIOIIETO YIIIEBOIOPOIa BAIIETO BapHaHTa, COCTaBbTe (OPMYITy apoma-
THYECKOTO YTeBOA0poaa (romosnora 6eH3oia). YKaKUTe CTPYKTYpHbIE (hOPMYITBI BO3ZMOKHBIX
M30MEpOB, Ha30BUTE UX. Kakue BUbI H30MEpUN XapaKTEePHBI AJIs JaHHBIX BEIECTB? 3aluIINTe
BO3MOXHBIE CITOCOOBI MOJIyUEHUS MPEITI0KESHHOTO BAMU apOMaTHUECKOro coequHenus. [pen-
JIOKUTE LIETIOUKY MPEBPALCHUS aJlkaHa B COOTBETCTBYIOIIUN apeH. YKaXUTe ypaBHEHHUE peak-
IIUH 3aMelIeHus B OeH30bHOM sifipe. [loyueHHbIH apoMaTHUECKUi YTIIIeBOJOPO/] TOABEPTHUTE:

- peakuuu HUTPOBAHUS;

- peaKiu rajJoreHUpOBaAHNUS;

- peakmuu cyiab(pupoBaHus;

- peaKIuu aNKUIUPOBAHMUS.

OTMeTbTe, B KAKMX peakIUsaX 3aMelleHusl HaboJaeTcs COrjJacoBaHHOE U HECOTJIaCOBaH-
HOE BIIUSIHUE 3aMECTUTEIIEH.

22. Kakue TpeOoBaHMS NPEIBABISAIOTCS K MOHOMEPAM M3 KOTOPHIX MOJYYalOT MOJTUMEPHI?
Jaiite onpeneneHne MOHATUIO «()YHKIIHOHAILHOCTE MOHOMEPa»

[IpennoxuTe 1eNOYKY MPEeBpALIEHUS UCXOAHOTO aJIkaHa 3a/1aHus Balllero BapuaHTa B MO-
JUMEpPHOE coeMHeHne. Kakol TN coeMHEHNs Bbl HCIIOJIb30BAIN IIPU 3TOM (TIOJIMMEpHU3aLys,
MOJIMKOHCHCALINS), ¥ TIOYeMY?

[Touemy HenpaBUIILHOE UCIIOJIB30BAHUE U YTUIIW3AIUS CHHTETUYECKUX MOJIMMEPHBIX Ma-
TEPHUAJIOB SIBJISIETCS CYIIECTBEHHOM SKOJIOTMUECKOU MpoOIeMOoii?

Kax BbI cuntaere, BUHOBaTa JIn OPraHUYECKAsi XUMHUSI B TOM, YTO MMPOUCXOIUT CETOIHS C
ouocdepoii? Uto sBiseTcs, 1o BalieMy MHEHHIO, OCHOBHOM 3a7adeil «craceHus» ouochepnr?

3.3 [lopsiA0K BBINOJIHEHH S 3aJaHUT

WuauBuayanbHble pabOThl O XUMHUH O(QOPMIISIOTCS B CIIEHUAIBHBIX TETPAASX - TOHKAs
TeTpaab B KJIETOUKY, TOIIHHON 12 - 18 muctoB. OT mpenpiaymieit paboTel oTcTynaroT 3-4 KieT-
KM W 3allUCHIBAIOT JIaTy BBIMOJHEHUS PaOOTHI U Jajiee MocepelnHe CIeAYIOIeld CTPOKH HOMep
BBITIOJTHSIEMOM paboThl. Jlanee, Kaxaplid pa3 ¢ HOBOW CTPOKHU 3alUCHIBAIOT TeMy, 3aaanus. [locme
CTPOKH «XO0J pabOThl» KOPOTKO MO3TANHO MPHUBOAMUTCS ONMKUCAHHE BBHIOIHEHUS WHAMBUIYaNb-
HOI paOOTHI.

OdopmiieHre AOKHO OBITh JIAKOHHMYHBIM: TPUBOJATCS ONUCAHMS 33JaHUS, YPaBHEHHS
XUMUYECKUX PEAKUUU, YCIOBUS IPOBENCHUS PEAKIUi, pUCYHKH, OTBETHI Ha BOIPOCHI, BHIBOJBI.
BaxxHbIM sBIISIETCS 3HAHUE U YMEHUE IIPUBOAUTH 3alIMCU YPAaBHEHUM XUMHUUYECKUX peakuui. [Ipu
3TOM HEOOXOAMMO NMPUBOAUTH XUMUYECKUE (OPMYIIbI U Ha3BaHUS BCEX PEAreHTOB M MPOJIYKTOB
peaKIiy, yIIOMUHAHUE O KOTOPBIX BEJIETCS MPH BHIMOJIHEHUH PaOOTHI.

Ecnu B xoze BbImoMHEHUS! pabOThl HEOOXOAWMO OTBETHUTH HAa BOIMPOCHI JJISl BBIACHEHUS
NOHMMAaHHMS CYIIHOCTHU TPOLECCa, TO 3alUCHIBAETCS OTBET, €CIU TpeOyeTcst 0pOPMUTH PHUCYHOK,
3aMOJIHUTH TaOJIUILy, TO COOTBETCTBEHHO BBIMIOJIHACTCS] PUCYHOK MJTU 3aIl0JIHsAETCS TabauIa.

TaGnuipl 3amoMHAIOTCS YETKO M aKKypaTHO, IIPU 3TOM TabiuIlla JOKHA 3aHMMAaTh BCIO
LIMPHUHY TETPATHON CTPAHULIBI.

Bce pucyHkH TOKHBI HMETh 0003HAUYEHUSI COCTaBHBIX YacTeil, 000pynoBaHMs, Ha3BaHUS
pEeareHToB U MPOAYKTOB peakUHUH. PUCYHKHM TOJIKHBI pacIioiaraTbCs Ha JIEBOM CTOPOHE TETPaJl-
HOTO JINCTA, MTOJIIUCH K PUCYHKAM — (C IpaBOW CTOPOHBI HJIU CHU3Y).

Pucynku ¢ nzoOpaxkeHueM Mojesneil mpuOoOpoB, CXeM BBIMOJIHEHUS XUMHUYECKOIO 3KCIie-
PUMEHTA JOJDKHBI OBITh KPYIHBIMH M Y€TKUMHU, BHIIIOJTHEHHBIMU MTPOCTHIM KapaHAamoM (JIomyc-
KaeTcsl UCIOJIb30BaHKE IIBETHBIX KapaHJalleil), cojepkaTh TOJIbKO TJIaBHbIe, HauOoiee Xapak-
TEpHbIE 0COOEHHOCTH.

B KoHIle Ka)K0ro 3a1aHus 00s13aTENIbHO 3aMUChIBAETCS BBHIBOJ IO UTOTaM BBITIOJHEHHOM
paboThI.
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[Ipu BBICTaBIEHUM OLIEHKU 32 WHAMBHUIYAIbHYIO paOOTy MO XMMHUHU YYUTBHIBAIOTCS TaKue
KOMIIOHEHTBI: CAaMOCTOSITEJIFHOE BBIIIOJIHEHNE, 00bEM M Ka4eCTBO BBINOJHEHHOH PabOTHI, mpa-
BUJIBHOCTH HAaIIMCaHUA ypaBHeHI/Iﬁ XUMHUYCCKHUX peaKLII/Iﬁ U BBIBOJOB. Ha cumxenne OLICHKU
JOJDKHBI TTOBJIMATH OLIMOKH, HOIYIICHHBIC B MPOLECCE BBIIOIHEHUS PA0OTHI, OTCYTCTBUE aKKY-
paTHOCTH B paboTe.

Takxke OlEHMBAeTCsl Ka4eCTBO BEICHUS 3aIlMCEl: aKKypaTHOCTb, BBINOJHCHUE CXEM, PH-
CYHKOB U TaGHI/ILI nT.O. Ecaun Tpe6OBaHI/I§I HE BBIINNOJIHAKTCA, TO OLICHKA CHHUXKACTCA.

3.4 IlIpumep BbINOJHEHUS 3a{aHUS

1. 3anumuTe SMIUPUYECKHE U CTPYKTYpPHBIE (POPMYIIBI BCEX BOZMOXKHBIX OKCHJIOB
3JIEMEHTOB Balllero BapuanTa. OxapakTepu3yiTe CBOMCTBA OKCHIOB, COOTBETCTBYIOIIMMU
XUMHUYCCKUMU PCAKIIUAMU.

Hanpumep: Jlanpl snemedTs! Si (kpemuuit), Zn (1uHK),S (cepa) u Na (Hatpuii). OHu o6pa-
3YIOT CJIEYIOIINE OKCUBIL:

dopmyna XapakTep OKCHJIa I'paduueckas hopmyna
1 Heconeobpasyrommuii (6e3pasimy-
S10 HbIH, THIU(GEPEHTHBIN) Si=0
v
S10, KucnotHbrit O= Si=0
v
SO, KucnotHbrit O=S=0
VI O=S=0
50; ||
KucnoTtubrit O
Il
ZnO AmdoTepHsIit Zn=0
I
Na,0 OCHOBHOI Na—O—Na

1. Tlpeasioxute BO3MOXKHBIE SMIIUPUYECKHE U Tpaduyeckue GopMyibl KUCIOT U OCHOBAaHUMN
JUIsl 3JIEMEHTOB BAaIlIEr0 BapUaHTA. Y KAXKUTE BAJICHTHOCTHU AJIEMEHTOB, COCTABIISIOIINX
naHHble BenlecTBa. [IpuBeanTe ypaBHEeHUs AUCCOLUAIIMN KUCIOT U OCHOBAHU.

dopmyiia KUcio-
OnemMeHT TBI U1K OCHOBA- Hasganue I'paduueckas
HUA opmyima
}) -H
Si H,Si105 (opro)Kpemuuenas 0= Si\O
-H
H,S CepoBoaopoiHas H—S—H
-H
H,S03 CepHucras O=S /O
S o-H
O O-H
H,SO4 Cepnas W/
S
/N
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O O-H
Zn Zn(OH), [M'uapokcu uHKa H—0O0—7Zn—0O—H
Na NaOH I'mppoxcun Hatpust Na—O—H
YpaBHEHUS TUCCOLIMALIAHN:
I ctymiens I ctyniens

1) HQSI([)3 T[H+ + I‘ﬁSlO{
_ || |HSsio;
N T

2)H,S & H + HS

_ [} ms7]
ST s
3) H,SO3 <> H + HSO5
_|m}Haso]
0 Tmso]
4) H,SO,4 <> H" + HSO,
5) Zn(OH), <> ZnOH" + OH
Ko - [znoH* |- [or ]

[Zn(OH), ]

6) NaOH < Na' + OH

HSiO; < [Hﬁ [Sing']
_|HT |- [Sio;"
K= HSiO;3

HS < H +S8*

K= [H;_]Igigz_]

HSO; — H' + SO;*
o b

HSO, < H' +S0O,*

ZnOH" < Zn*" + OH"

Ko e 20> ]-[0H ]
ZnOH"

KOHCTaHTy Juccouani BbIBOJUM TOJIBKO JJIA c1a0BIX SJICKTPOJIUTOB.

3. CocTaBbTe BO3MOXKHBIE YPaBHEHHUS PEAKIINI MEX Y OJYYCeHHBIMU KUCIOTAMH U
OCHOBaHUSIMHU. 3alUIINTE YPAaBHEHUS PEAKIMil B MOHHOW U MOJIEKYJIsIpHO# opme. HazoBute
MOJTy4YEHHBIC KUCITBIE, CPETHUE i OCHOBHBIE COTH. Y KAKUTE UX CTPYKTYpPHBIC (DOPMYITHIL.

Hanpumep: Bozsmem H,S103, H;SO4, NaOH u Zn(OH)s.

1. H,SiO; + 2 NaOH =

Na,Si0; + 2 H,O
CUJIMKAT HATPpHUA

H,Si0; +2Na" + 20H =2Na' + SiOs> +2H,0
H,Si0; + 20H = SiO;> +2 H,0

2. H,Si0; + NaOH =

NaHSi0; + 2HO

TUAPOCUINKAT HATPUS
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H,SiO; + Na' + OH = Na' + HSiO; + H0
H,Si10; + OH = HSiO; + H,O
3. HSi03 + Zn(OH), = Zn SiOs

+ 2HO
CUJIMKAT LIUHKA

Honnoe YpaBHCHHUEC HAITUCATh HEJIb34, TaK KaK UCXOJHBIC BEIICCTBA U MPOAYKTHI pEAKIINN
HCPAaCTBOPHUMEI B BOAC. Bo3MOXHO JIHIIE TCOPCTUUCCKOC MMPOTCKAHUC PCAKIINU.

4. 2 HQSIO3 + ZH(OH)2 = Zn (HSIO3)2 +2H20

TUAPOCUIIMKAT LIMHKA
H,Si0; + Zn(OH), = Zn*" +2 HSiO; + 2 H,0
5. HleO3 +2 ZH(OH)2 = (ZHOH)2 SIO3 +2 Hzo
THAPOKCOCHUIIMKAT HHUHKA
H,SiO; +2 Zn(OH), = 2 ZnOH' + Si0s* + 2 H,0
6. HzSO4+ 2 NaOH =Na2 SO4 +2 Hzo

cynbdaT HATpHs
2H "+ SO,> + 2Na" +20H = 2Na" + SO,* + 2H,0
2H + 20H = 2 H,0

7. H,SO4 + NaOH = NaHSO,; + H,O

TUIpoCyb(ar HATPHUS
2H" + SO + Na' + OH

= Na" +HSO, + H,O
2H + SO,* + OH = HSO, + H,0

8. H,SOs +Zn(OH), = ZnSO, + 2 H,0

cynbdar muHKa
2H"+ SO + Zn(OH), = Zn*" +S0, + 2H,0
2H"+ Zn(OH), = Zn*" + 2H,0

9.2 H,SO4 + Zn(OH); = Zn(HSO4), + 2 H,O
THIPOCYIb(AaT UHKA
4H"+2S04” + Zn(OH), = Zn*" +2HSO4 + 2 H,0
10. H,SO4 +2 Zn(OH), = (ZnOH),S0, + 2 H,O

THIIPOKCOCYNb(hAT LIMHKA
2H + S04 +2 Zn(OH), = 2ZnOH' +SO,~ + 2H,0
2H + 2 Zn(OH), = 2ZnOH" + 2H,0

O —Na
1. Cummkat Hatpia O = 51
O —Na
O —Na
2. THIPOCHIHKAT HATPHA O — 81
0O-H

14



|

3. CHnmkaT miHEa O

/ O-H
O =5i
\‘O
4. THIPOCHITHKAT LTHHKA “‘/H 7n
. f"o
O=5 \
O-H

4. PaccunTaiiTe MOJIIPHYIO MacCy KUCIIOT, OCHOBAHUM U COJIEH, IPUBEACHHBIX U
MOJTYYCHHBIX B 33/IaHHSX. Y KOKHUTE (PAKTOp SKBUBAJIECHTHOCTH, SKBUBAJICHT U DKBUBAJICHTHYIO
Maccy JaHHBIX COSAMHECHUN. PacdueT mpon3BOIUTh HE OoJiee yeM sl IBYX COSAMHEHHM KasK0TO
KJlacca BEIIeCTB

M (fixs Na; SO4) = fs (Naz SO4) - M (Na; SO4) =% - 142 v/moinb = 71 r/MOIIb.

M (foxs NaHSO4) = f,; (NaHSO4) - M (NaHSO4) =1 - 142 r/mons = 142 v/mMo1b.

M (f,z (ZnOH),SO4) = f,:((ZnOH),SO4) - M ((ZnOH),SOy4) = % - 260 r/moas = 130
I/MOJIb.

5. CoctaBbTe opMyTy MPOCTOTO ra3000pa3HOTO BEIIECTBA U3 OJTHOTO JIEMEHTA BAIIETO
BapuaHTa 3aanus. Paccuuraiite, kakoit 00beM, KOJTHMYECTBO BEIIECTBA COOTBETCTBYET Macce
JAHHOTO COCIMHEHUS 5 TpaMM. YKaXHUTE SKBHBAICHTHBIH 00bEeM, KOJIMYECTBO BEIIECTBA
SKBHUBAJIEHTA JISl JAHHOW MacChl COeIMHEHUsA. PacueT TaHHBIX BEIUYUH IPOBOAUTE MIPU
HOPMAJIbHBIX YCJIOBUSIX.

Hanpumep: T'azo00pazapiMu okcuamu sBisitores SO, u SOs.

HaxomguM HEOOXOIMMBIE BEIUYMHBI IJISI MACCHI 5 T.

v = , (tme M — monsiprast macca); V =V, - v, (tne Vy, — MOIspHBIH 00beM, paBHBIH

m
M
22,4 1/mons); N=Nj-v, (raeN— uucio ABorampo, passoe 6,02 - 10% moms™)

V(SOs) = — % = 0,078 moms:
642/ monw

V =22,4 n/momasb - 0,078 mons = 1,751
N=6,02 - 10 moms™ - 0,078 moms = 4,7 - 107

V(SO5)= — % = 0,0625 Mo
802/ monw

V =22,4 n/momasb - 0,0625 mons = 1,4 11
N=6,02 - 10 mons™ - 0,0625 moms = 3,76 - 10*

6. Hanumure snekTpoHHbIE GOPMYIIBI U YKAXKHUTE paclpeiesieHue BAICHTHBIX JIEKTPOHOB
110 KBAaHTOBBIM SYE€HWKaM JJIEMEHTOB, IPUBEJICHHBIX B 33JJaHUH BallIer0 BapHUaHTA.

XUMHUYECKUI OnexTtponHas ¢popmyna snementa | CocrtaB siapa (duc-
BJIEMEHT JIO HEUTPOHOB U DJIEKTPOHHOE
IIPOTOHOB) CEMENCTBO
Na 15"25°2p°3s' N,=11
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N,=12 S-DJIEMEHT

Si 1s™25"2p"3s°3p” N,=14
N,=14 P-DIIEMEHT

S 1s™2572p°3s°3p" N,=16
N,=16 P-DIIEMEHT

Zn 157257 2p°35°3p°4s°3d™” N,=30
N,=35 d-311eMeHT

7. VI3 mpuBeACHHBIX B BallleM 33/IaHUH 3JIEMEHTOB, YKAXKUTE PaInyC aTOMa KaKoro
aJIeMEHTa UMeeT Ooblee 3HaueHne, moueMmy? Kakue cBoiicTBa 00yCIOBICHBI JaHHBIM
nokasaresieM. [IpuBenure npuMepsl ypaBHEHUN XUMUYECKUX PEAKLUN, TOATBEPKIAIOIIUX
naHHble cBoiicTBa. Kakue creneHu okucieHus: Hanbosee XapakTepHbI AJi1 aTOMOB 3JIEMEHTOB,
MPUBEJECHHBIX B 33J]aHUU BaIllero BapuanTa. [IpuBennTte npuMepsl COEAUHEHUN C JaHHBIMU
aTOMaMHU JIEMEHTOB, MPEANONI0KUTE U 00OCHYHTE XUMUYECKHE CBOMCTBA MPEIOKEHHBIX
BemecTB. CoCcTaBbTE M3 AIEMEHTOB BAllIETO BapUaHTa MOJIEKYJIbI C PA3IMYHBIM THIIOM
XUMUYECKOH CBA3U. Kak TMI XMMHYECKOU CBSI3M BIIMSET HA XUMUYECKHE CBOWCTBA IAHHBIX
coenuHeHuil? [IpuBenuTe npumMepsl ypaBHEHUHN peakLnuil.

8. YKaxuTe 3JIeMEHT Balllero BapuaHTa 3aJaHtsl, aTOMbI KOTOPOI'0 MOTYT 00pa3oBaTh
IPOCTOE ra3000pa3zHOe BEIIECTBO. 3aUIINTE PEAKIHIO CUHTE3a CJI0XKHOIO COSAUHEHUS U3
MPEJI0KEHHOT0 ra3000pa3HOro BellecTBa MpH B3aUMOIEUCTBUN C MOJIEKYJIIPHBIM KHCIIOPOIOM
Wi BojopoioMm. Omnpenenute sHepreTudeckuii 3hHeKT u HarmpaBlieHHEe TPOTEKAHUS PeaKIHH
IIPU CTaHAAPTHBIX YCIOBHAX. Y KQXKUTE HA BO3MOKHOCTb ITPOTEKAHUS JAaHHOM peaKkuu B
psIMOM HanpasiieHuu npu temneparype 300K.

Hanpumep: BeimucbiBaeM peakiuio 2 SO, + O, 2 SO; + Q

AH"(SO,) = -296,9 kJIx/M01b
AH’(SO3) = -395,8 kJ[/MO1Ib
AH"(05) = 0 xJ[>/MOIb (IIPOCTOE BELIECTBO)

[To cnencTBHto U3 3aKkoHa ['ecca HAXOUM SHTAIBIINIO XUMUYECKOW pPEeaKIUU
AH o = 2 AH 455(SO3) — ( 2 AH’455(SO2) + AH 05(02))

AHop_PIPI = 2-(-395,8) — (2 (-296,9) + 0 ) =- 197,8 (x/Ix)

JlaHHas peakLus SK30TEpPMUYECKasi, TaK KaK AHOP_,,H,I <0

Haxonum >HTpONuIo JaHHOM peakIuu TakKe 10 CIEACTBUIO U3 3aKkoHa ['ecca:
S pm = 28" ogp (S05) = (28" o5y (S02) + 8° o5 (02)
Sy = 2 (256,7) - (2 - 248,1 +205,04) = -187,84 (Jx/monn-K)

Paccuuraem snepruto ' n66ca
AG’ o = 2 AG’u, (SO3) — (2 AG%5p (SO2) + AG g, (02))
AG® pow =2 - (-370,0) — (2 - (-300,2) +0) =-139,6 (k]IK/MOIB)

BriBoa: peaxiusi caMOIIPOU3BOJIBHO NMPOTEKAET MIPU CTAaHJAPTHBIX YCIOBUSIX.

9. 151 ypaBHEHUs peakii 00pa30BaHUs CIOKHOIO BEIIECTBA, COTJIACHO 3aKOHY
JNENCTBYIOIINX MAcC, YKa)XKUTE BBIPAXKEHUE CKOPOCTH XMMHUECKOH peakuuu. Onpenenure Kak
U3MEHUTCS CKOPOCTh MPUBEAEHHON BaMU XMMHUECKON PEAaKLUU B CUCTEME, €CIIM 00beM ra3zoBoi
(a3l yMEHBIIUTE B 3 pa3a; Ipu MOBbIIEHHH Temreparypsl Ha 20°C; mpu NOHUKEHUU
temnepatypsl Ha S0°C.

Hanpumep: V13 51eMEHTOB BbIIIE YIOMSHYTBIX COEIMHEHUN MOYKHO COCTaBUTH Cle-
nyrorue razooopasueie BemiectBa: SO, SOs, O,, HoS, HyO (mmap).

[TpuBenem ypaBHEHHE PEAKIIMU TOJTYYEHHUS OJJHOTO Ta3000pa3HOro BELIECTBA.
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Hoy +Sup = HaS

BeipakeHne cKkopocTH XMMHUYECKON PEAKIMU BBITJISAUT ClIeqyommM oobpazom: v = k
[H,]. KoHueHTpanuio ceppl HE yUUTHIBAEM, TaK KaK OHA SIBISETCS TBEPABIM BELLIECTBOM, CIIEJO-
BaTEJIbHO, MOYKHO U3MEHUTH KOHLEHTPALHIO TOJIBKO BOAOPOA.

[TpenmnonoxumM, UCXOAHAs KOHLEHTpanus paBHa | monw/n. Toraa ypaBHeHHE HadalbHOM
CKOPOCTH IpUMeT cienytomuid Bua: v, = k. [lociie yMeHbIIeHHs] KOHIIEHTpaIuu oHa ctana 1/3
monb/n. Torma v, = k - 1/3. OTHomeHne ckopocTel mpuMeT BUI: Vo/ v = 1/3. CkopocTh peak-
UM YMEHBIIUJIACh B 3 pasa.

Jano: Pemienue:

At=50°C Ilo ypaBHenuto Bant — Todda ve/vg =y “0"°
Yy =25

Haiitu: vo/vi Vo/via = 2,5 S0710

VtZ/th = 97,7 ~ 98
OTBET: CKOPOCTh pEaAKIUM YBEIHUHUTCS B 98 pas.

Hano: Pemenue :
t,=0°C 1) Halinem n3mMeHeHne CKOPOCTH NP NOBBILIEHUH
t,=20°C TeMrepaTypbl
T1 = 2 MMH
y =2 Volvy =y 210
Haiitu: 1, Volvy =2 2010
vo/vy =4

2) Haiinem Bpems peakuuu. Ecim CKOpOCTh peakluu yBEIUYMTCS B 4 pas3a, TO BpeMs
YMEHBIIUTCA B 4 pasa.

2 MUH
T =

= 0,5 muH (30 cek).

10. IIpennonoxute, 4TO NPUBEICHHAS B 3aJJaHUN PEAKIMS CUHTE3a CIIOKHOTO COCTMHEHUS
HaXOIUTCA B XUMHUYCCKOM paBHOB€CI/II/I. YKa)KI/ITe, KaK CMECTUTCA XHUMHYECCKOI'O paBHOBeCI/Ie
MIPU: YMEHBIIICHUH 00beMa JaHHOW CUCTEMbI; YMEHBIIIEHUH JaBJICHUS B JAHHOUW CHCTEME;
YBeJII/I‘IeHI/II/I KOHI_IGHTpaI_[I/II/I OOJHOIo u3 pearnpylomnx BCIICCTB.

Hanpumep: CoctaBuM 00paTUMYIO PEAKIIUIO TIOJYUYESHHsI CEPHOTO aHTHUIPUIA

2S0,+ 0, 2 S03+Q

[so,f
[Soz ]2 '[02]

UToOBI CMECTUTHh PaBHOBECHE B CTOPOHY OOpa30BaHUS CEPHOTO aHTHAPUIIA, HYKHO: a)
YBEJIMYUTH KOHIIEHTPAIIUIO UCXOMAHBIX BEIIECTB WIIM YMEHBIITUTH KOHIIEHTPAIUIO MPOAYKTa (BbI-
BEJlsI €r0 M3 CHCTEMbI); 0) TOHU3UTh TEMIIEPATypy, TaK KaK peakius oOpa30oBaHUs MPOIAYKTA —
IK30TEPMHYECKAsI, B) MOBLICUTH JIaBJICHHE MCXOTHBIX BEIIECTB, TAK KaK YUCIIO MOJbh MCXOJHBIX
BEIIECTB MPEBBIIIAET KOJIMYECTBO BEILECTBA MpoaAyKTa peakiuu (3/2). KaranuzaTopsl He BIUSIOT
Ha CMEIIEHNE XUMHUYECKOTO PaBHOBECHS, TAK KaK OHU U3MEHSIOT CKOPOCTh KaK MPSMOU peakiuu
Tak 1 00paTHOM, IOATOMY OHU JIUIIb YCKOPSIIOT HACTYTJIEHUE PAaBHOBECHSI.

11. PaccunTaiitTe MacCoBYIO I0JI0, MOJIAPHYIO KOHIIEHTPALIUIO, SKBUBAJICHTHYIO
KOHIICHTPAIHIO, TUTP JIFOOOU COJIH, TTOTYIEHHOU B 3aJjaHWU 1.5, IpH YCIIOBHUH, UTO €€ Macca
coctasiisieT 10 rpamm, 00BeM pacTBopa 2 JIUTpA.

[ImoTHOCTH pacTBOpa YCIOBHO MMPUHUMAEM PaBHOM | r/em’.

Hanpumep, macca conmu cynbdara Hatpus Na;SO4 20 1, Mmacca pactBoputens 400 r.

1) PaccuuTaem MaccoBYIO 0O paCTBOPEHHOTO BEILIECTBA B PACTBOPE MO popMyIie:

p
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w=—"P%_ 100%

mp — pa
m (p-pa) = m (p.B) +m (p-1:1)
m (p-pa) =20r+400r=420r

202
202

0= x 100% = 4,76 %

2) Haiimem MOJISIpHYIO KOHIICHTPAIIMIO U MOJIIPHYIO KOHIIEHTPAIUIO0 YKBUBAJICHTA PACTBO-
pa cynbdara HAaTpusl.

v(Na,SO,)

V(p- pa)
v (Na;SO4) = 201/ 142 r/mons= 0,14 mMoib.
V(p-pa)=420T x 1 r/cm’® =420 cm’ = 0,420 1’

C(NaySOy4 p-pa) =

C(Na;SOy p-pa) = 0,14 Mo/0,420 1v’ = 0,3333 Mous/ 1M
Tak kaxk f,; = %2, To C(fys NaSOy4 p-pa) = v (f5xBNa;SO4) / V(p-pa)
v (HHxkBNa,SO4)= 20 /71 r/monb = 0,28 MOJIb.
C(f,xs Na;SO4 p-pa) = 0,28 mous/ 0,420 xv’ = 0,6667 Moub/am’

3) PaccunTaeM MOJISITBHOCTH pacTBOpA.
_ v(Na,S0,)

; MOJIB/KT
m(p — as)

B =0,14 1/ 0,400 kr = 0,35 MOJIB/KT
4) Tutp pacTBopa ompeneisiem o hopmyre T =m (p.) / V(p-pa); r/cm’

T=201/ 420 e’ = 0,047619 r/em’
5) MomnsipHas 10719 pacTBOPEHHOTO BeniecTBa N — OTHOIIEHHUE KOJIMYECTBA PACTBO-
PEHHOTO BEUIECTBA K CYMMapHOMY KOJHUYECTBY BCEX, COCTABIISIOLIMX PACTBOP, BKJIIOYAs pac-
TBOPUTEIIB!

n(p.s.)
n(p.s.)+n(p—aa)

N(p.B.) =

N(p.B.) = 0.14moms — 0,00626
0,14monb + 22,22 monw

12. Yro Takoe ruaponn3? OT Kakux (PaKTOpOB M KaK 3aBUCHUT TITyOHWHA THAPOIN3a?
IIpencraBbTe B MOJIEKYJISIPHOM U HOHHOM BUJIE YPABHEHMS THIPOJIU3A CONEH. YKaXUTe
PEaKIUIO Cpeabl B PACTBOPAX ITUX COJIEH.

Hanpumep: Na,SO4 — cons 00pa3oBaHa CUILHBIM OCHOBAaHUEM M CUIILHOU KHCIOTOH, TH/-
ponusy He noasepraercs, pH = 7.

ZnSQy4 - conb 00pazoBaHa ClIa0bIM OCHOBAHUEM U CHIILHOUW KUCIIOTOM, TUAPOIIH3 1O Ka-
THOHY.

27nS04 + 2HOH = (ZnOH), SO4 + H,SO4
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Zn*"+ HOH = ZnOH" + H" pH < 7, cpexa Kuciasl.

Na,SiO3 — conb 00pazoBaHa CHIILHBIM OCHOBAaHHMEM U C1a00¥ KUCIOTOU, THUIPOIIH3 TI0
AQHHOHY.

NaQSiO3 + HOH = NaH8103 + NaOH

SiO;* + HOH =HSiO; + OH pH > 7, cpena imenodnas

Zn (HSi03), - conb oOpazoBaHa cliaObIM OCHOBAaHHUEM U CIIa00W KHCIOTOH, THAPOIIN3 110
KaTHOHY U aHHOHY

Zn (HSi03), + HOH = Zn(OH), + 2 H,Si03

Zn* 2 HSi0;5™ + 2 HOH = Zn(OH), + 2 H,Si03 pH =7, cpena HeWTpanpHas

13. IIpoBeauTe pacyeT KOHCTAHTHI M CTENIEHU TUIPOJIN3A COJIEH

1.B ciydae rugponmsa coiiu 1Mo aHMOHY KOHCTaHTa PACCUUTHIBACTCS 1O CIeAyIomei hopmy-
e:

K, = K 3 / K xucnorm » TA€ K — KOHCTanTa ruaponusa, K ; — nonnoe npousseaenue Bojbl, K
xucnorer — KOHCTaHTA JIMCCOLMAIIMK KUCIOTHL. pH Takoro pactBopa paccuuThIBaeTCs o GpopMyie:

PH =7-% lg K Knc.J10Tl>I+ ) lg C comn MJIH PH =T7+"% PK KHCJIOTBI ~ Y PC comn

2. B ciayuae ruaponnsa conu 1o KaTUOHY:
KF = K B / K OCHOBAHMSA
pH=7+1/2]gKOCH.-1/21gCC0Jﬂ/l HHHpH=7-1/2pKOCH + l/lpC COJIN

3. B cnyqae I‘I/I,Z[pO.HI/ISa COJIA II0 KaTI/IOHy nu aHI/IOHy KOHCTaHTa FI/II[pOJ'II/ISa BBIYHUCIISICTCA IIO
dbopmyre:

K; =K &/ K xucnors - K ocnosanus » @ pH omnpenensiercs mo ¢popmyie:

PH=7-2%1g K yen. + 218 K oen. Wit pH =7+ %2 pK xuca - 72 pKocn

Hanpumep: w3 3ananus Ne 3 BeiOpana conb ZnSQy. [laHHas conb 00pa3oBaHa CUIBLHOW KH-
CJIOTOH U cabbIM OCHOBaHHUEM, CJIEOBATENIbHO THAPOIIN3 MOMAET MO KaTHOHY, T.€. peakius cpe-
JIbl B paCTBOPE COMU OyIeT KHCIIOM.

pH=7-" pK zoonp + 72 pC zusos

pK znony = 4,4 (cripaBo4HbIE JaHHBIE)

PC 7ns04 = - 1g C zns04 = - 1g 0,001 Mous/n1 = - 1g10™ = 3, ciegoBarensHO

pH=7-"%-44+"%-3=63

pH <7, cpena kucnas.

K=K,/ Kzsos K;= 10'14; K 70504 = 4,0 - 107 (cTipaBOYHBIE JTAHHBIE)

K.=10"4,0-10°=25-10"°

14. IlpuBenuTe npuMepsl OKUCINTENBHO-BOCCTAHOBUTENIBHBIX PEAKIMI C y4acTUEM dJe-
MEHTOB, ITPUBEJICHHBIX B BallleM BapuaHTe, MOA0epUTE KOI(DPHUIIMEHTH METOIO0M 3JIEKTPOHHOTO
OanaHca ¥ METOJIOM MOJYPEaKIIH.

Hanpumep:
OkuciuTenu BoccraHoBuTEIN
0,03, S, SO3,H>SO4 SO,, Na, Zn, H,, H,S, SO,, H,S03, H,O,

H,S0O;, H,O,, Si0,
1) HO, + H,S=2H,0+ S

.
2H" + H,O, +2e =2H,0 | 1 — BoccTaHOBJICHHE, OKHCITUTEIb
S*-2e=8 | 1- OKHCIICHHE, BOCCTAaHOBUTEIIb
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2H' + Hy0, + S* =2H,0 + S
2) H202 + HQSO4 = SOZ + 02 +2H20

SO42' +4H" + 2e = SO, + 2H,0 | 1- BOCCTAHOBJICHHE, OKHCIIUTEIIh
H,0,-2e=0,+2H" | 1- OKHCJICHHE, BOCCTAaHOBHUTEIb

SO +2H" + H,0, = SO, + 2H,0 + O,

3) 4H,SO4 + 3Zn =3Zn(SO4), + S + 4H,0

- +

SO42 +8H" +6e=S +4H,0 | 1- BOCCTAHOBJICHUE, OKMCIIUTEIb
+

Zn—2e=7n’ | 3 OKHCJICHHE, BOCCTAHOBUTEIb

- -+ +
SO, +8H' +3Zn=S + 4H,0 + 3Zn°
15. CocraBbTe hopMyITy KOMIUIEKCHOTO COSTMHEHHUS U3 DJIEMEHTOB 3a1anus. HazoBute
COCTaBJICHHOE KOMILIEKCHOE COEUHEHUE, €r0 COCTABIISIONINE. Y KaKUTE YpaBHEHUS

JICCOLIMAIMNA KOMIUJIEKCHOM COJIM 1O MEPBOM M BTOPOU CTYNEHU. 3alUIINTE BbIPAKEHHUE
KOHCTAaHTHI yCTOfI‘IHBOCTH KOMIIJICKCHOI'O HOHA.

KOMILJIEK- K.u. JIMTaHIbI WNouHbl BHYTpEeHHEH Honbl Koncranra yc-
coobpaszo- cepsl BHEIIIHEH TOMYUBOCTH
BaTesb chepsl
KyCT=
Zn2* 4 OH’ [Zn(OH)4]* Na’ ||Zn(0H)4 P |
[z} -lon~|
Kyar=
70 4 H,0 [Zn(H.0)]** SO | [za(m,0)F
[Zn]2+ -[HZO _4
K yer —
2+ 2- 2 12- + -
Zn 4 SO; [Zn (SO5% )] Na [[Zn( s0,),F
207 ) [s0,
Zn" 4 S* [ZnS>]” Na'
K cm =
Zns, [~
Zn2+ . [S]2
Zn” 4 s’ OH [ZnS(OH),]° - -
" 4 H,0, S* [ZnS(H,0),]" -
Na[Zn(OH)4] - TeTparugpOKCOLMHKAT HATPHs

Na,[Zn(OH)4] <> 2 Na' + [Zn(OH)4]*
[Zn(OH)4]* <> Zn*" +40H
[Zn(H,0)4]SO4 — cynbdar TeTpaakBanuHKa
[Zn(H20)4]S04 <> [Zn(H,0)4]*" + SO4*
[Zn(H,0)4]*" <> Zn** + 4 H,0

Nay[Zn (SO3);] — aucynbPUTOIUHKAT HATPUS

Nay[Zn (SO3),] <> 2Na* + [Zn (SO:% )]

[Zn (SO:% )] > Zn*" +2 SO5™
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JU1st HEUTpaNbHBIX KOMIUIEKCOB YPaBHEHUE IUCCOLMALUYA U KOHCTAHTY YCTOMYMBOCTH HE 3aIlU-
CBIBA€M, T.K. OHM HE SBIISIOTCSA JIEKTPOJIUTAMHU.

4. METOAUYECKHUE PEKOMEH/JIALIMHA ITO
CAMOCTOATEJBHOMY U3YYEHUIO BOITPOCOB

4.1 3akoHn nocrosincTBa cocraBa. Hecrexuomerpuueckue coenuHenus. JaabToHuab1 u 6ep-
TOJIHABI
[Ipu uzydyeHnu Bompoca HeOOXOAMMO OOPATUTh BHUMAHUE Ha CIIEAYIONINE OCOOCHHOCTH.

B 1803 r. ppanmysckuii xumuk K.-JI. beprosie npuriesn kK BBIBOLY, YTO 3JI€MEHTHI MOT'YT
COEAMHATHCSA APYT € APYTOM B JIIOOBIX MPONOPLUAX B 3aBUCUMOCTH OT MacChl pearupyrommx
BeniecTB. OJHAKO MOYTH BCE XMMHKH B T€ I'0JIbl IPUAEP>KUBAJINCH 3aKOHA IIOCTOSTHCTBA COCTaBa
BeIEeCTB, KOTOpbIi chopmynupoBai JK.-JI. [Ipyct. JIumb gepe3 cTo JeT CTaiu HaKaIrIuBaThCs
(axThl, HE TOTUUHSIOUINECS CTEXMOMETPUUYECKUM 3aKoHaM XMMHUHU. OKa3aoch, 4TO CTEXUOMET-
pPHUYECKHUE 3aKOHBI XMMHH JEHCTBUTEIBHBI TOJIBKO JJI MOJIEKYJISIPHBIX COCIMHEHUH, COCIMHEHUI
C KOBQJIEHTHOM CBSI3bI0, MOJIEKYJISIPHBIX U JKMJIKUX BEIleCTB. Takue BellecTBa MoJIy4niIu Ha3Ba-
HUE NaJbTOHUIOB.

K TBepapIM BemecTBaM ¢ MOHHOW XUMUYECKOH CBA3BIO, K OECKOHEYHBIM TPEXMEPHBIM
KpHUCTaJIJIaM 3aKOHBI IIOCTOSTHCTBA COCTaBa M MPOCTHIX KPATHBIX OTHOIIEHUN HENPUEMIIEMBI.
JIro6oi1, naxxe YUCTHIN cTexnomerpuueckuii kpuctasut Beie 0 K Bcerna craner Hectexuomer-
PHUYECKUM M3-3a TEIUIOBOI'O JBUKEHHS aTOMOB MJIM MOHOB, YaCTh KOTOPBIX MOXKET MOKUHYTH I10-
BEPXHOCTb BelllecTBa. [Ipy 3TOM B onpeeeHHbIX NpUeIiax U3MEHEHHS COCTaBa BEILIECTBA €TI0
KPUCTAJZIMYECKAsl CTPYKTYypPa OCTAETCS HEM3MEHHOM. Takue BenecTBa MoJIy4uiid Ha3Ba-
HHUe OepTounoB. Bee cocTabl, BXOASMIIUE B 007aCTh OJHOPOJHOCTH OEpTOINAA PABHOIIPAB-
HBI, U KaXKAbIH MpeCTaBIseT co00i XuMHuUYeckoe coeilnHeHne. Bech OepToin B 1eJI0M ecTh
HENpepPbIBHBIN HA00OP XUMUUYECKUX COSAMHEHUH, 001aJaronX OAHOM 1 TOH K€ CTPYKTYPOH.

bepromnupl 3aHMMArOT IPOMEKYTOYHOE TOJIOKEHUE MEKIY CTEXHOMETPUUECKUMU CO-
€AMHEHUSIMU U TBEPJBIMH PACTBOPAMHU.

4.2 I'azoBbie 3akoHbl. [IapuuajabHoe 1aBJjieHne ra3a. YpaBHenne MenaeseeBa-
Knaneiipona.

[Tpu u3yueHnn Bonpoca He0OX0AUMO 00pPATUTh BHUMAHUE Ha CIIEAYIOIINE OCOOCHHOCTH.

B3suin mopuyio raza HEKOTOPOI MacChl M Hayajau MPOBOAUTH HAJl HEMl sKcriepuMeHThl. Ha-
prUMep, U3MEHTH HEKOTOPBIN mapameTp(Hanpumep, remnepatypy T) u HaOmoanu, Kak u3me-
HSIOTCS ApyTHE JBa mapaMeTrpa (00bem V u paBnenue p). [lpu yBennueHun temmepaTypsbl, MO-
JICKYJIbI ABUT'AKOTCA 6BICTp€€, CoyaapCHUA MpOUCXOAAT Yallc, 3SHAYUT, JABJICHUC YBCIINYNUBACTCA
U Ta3 CTPEMUTCS 3aHATh Oonbluii 00beM. Winu, ecinu yMeHbIIUTh 00beM, TO YaCcTUIAM ra3a cTa-
HOBHUTCA TCCHO, OHU YA€ COYAapsAOTCA, YBEINYNBACTCA JABJICHUC, a4 OT 60.HBI_HOFO qucja Co-
yIapeHuil UX CKOPOCTh MOXKET YBEIMUUBATHCSA, TO €CTh MOXKET YBEIMUUTHCS TeMIepaTypa.

WHTYUTUBHO IPUIILIM K 3aBUCHUMOCTHU TPEX MAaKpOIIapaMeTPOB ra3a, KOTOPYIO BBIBEI
dbpanmy3ckuii puszuk b. Knaneiipon

P — daneus
¥V — obwem

T — mesiepanppa

pV pll'l;f; B ngg [p]=lﬂ'a [V]=1M3 [T]=1K
L =rcronst —_— = mar. constanta - MOCTOAHHAA, HEH3MEHHAT
T I—lr TQ TO, ¥MO SENUNLHA AENACMICA HOTIOARHOL,
WUIn obaskasarem kax U = const
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B mt060M cocTOSTHIM OJTHOM ¥ TOM e TOPITUHU Ta3a BeTuIrnHa T ocraercs MOCTOSHHOI.
J.. Mennenees nccinenoBal BIMSHUE U3MEHEHMs MacChl ra3bl Ha MakponapaMmerpsl. [1o-
JY4HJT 3aBUCUMOCTb, KOTOPOE HOCUT Ha3BaHuE ypaBHeHHEe MeHneneeBa-Kianeiipona, oHO xe
ypaBHEHUE COCTOSIHUS UICAIbHOTO ra3za
P — danenue
¥ — obvea
T — memneparpypa
BO— MACCR 223

M — amonapraz Mmacca 2dasa

}? R — mongpuras sasosas nockpannas B =331 Ao

I AT -
RT [p]=1Ta  [F]=1s [T]=1& ‘

V
P M

[]= lxe [#]=1 i [R]:lﬂ—m
ML Ao K
Llne
R=831—"——— MOAPHAA 2A308aA NOCIMOAHHAA
Mone - K

Hcnionb3ys hopMysbl XUMHUECKUX XapaKTEPUCTUK BEIIECTBa, OCHOBHOE YPAaBHEHHE BO3-
MOJKHO 3aII1CcaTh B ”HOM SKBUBAJICHTHOM BHJC.
4.3 HecoJsieoOpasyoime OKCHIbI

[Tpu u3ydeHnn Bonpoca HeOOXOAMMO OOPATHTh BHUMAHHE Ha CJICAYIONMNE OCOOCHHOCTH.

HeconeoGpa3ytomme OKCHUIBI - OKCHUJIBI HE TIPOSIBIISIONINE HA KUCIOTHBIX, HU OCHOBHBIX,
HU aM(POTEPHBIX CBOWCTB U HE 00pasyroliye cou. PaHble Takue OKCUIbI Ha3bIBAIH HHIAU(e-
PEHTHBIMU WM 0€3pa3IMYHBIMHU, HO 3TO HE BEPHO, T.K. 10 CBOCH XUMHYECKOU MPUPOJIC JaHHBIC
OKCH/IbI IOCTATOYHO PEaKIIMOHHOCTIOCOOHBI. 10 CpaBHEHUIO ¢ APYTUMHU BUIaMHU, KOJTUYCCTBO
HECO0JICOOPA3yIOIINX OKCHIOB HEBEIIMKO, UX KaK MPAaBMIIO 00pa3yIOT OHO- U JBYXBAJICHTHBIC
HeMeTaJUTbl. TUTTMYHBIMH MPEJACTAaBUTEIISIMU TaKUX OKCHJIOB SIBJISIOTCS TE€MHUOKCH] a30Ta (3a-
kuch a3ota) N,O, Monookcus azota NO, monookcun yriaepoaa CO, Monookcu kpemuus SiO.

4.4 Ilepoxcuanbl

[Tpu u3yyeHnn Borpoca HEOOXOUMO OOPATUTh BHUMAHKE Ha CIIEIYIOIINE OCOOCHHOCTH.

[lepokcuibl — XUMUYECKUE BEIIECTBA, KOTOPBIE COJIEPKAT 2 aTOMa KUCIOPO/a, CBA3aHHbIE
C APYTUM XUMHUYECKUM 3ieMeHToM: H,0,, Ba0,, K;O, u T.1.

[Tepokcuapl mosy4yaroT MyTeM B3auMOJEHCTBUSA aTOMOB METAJIOB M Kuciopoaa. [lepokcu-
b1 IIIETTOYHO-3EMENIbHBIX METAIIJIOB MOIYYal0T IyTeM OoJiee JTUTEIHHOTO HAarPEBAHUs, HEXKEIH
MEPOKCU/IBI HIEIOYHBIX METAIJIOB (HAIpUMep, 7S TOJy4YeHHs epoKcuaa 0apusi, peakiuio He-
ob6xomumo Harpesats 10 700 °C).

4.5 /IBoiiHbIE M CMENIAHHbIE COJTH

[Ipu uzydeHnun Bompoca HEOOXOAMMO OOPATUTh BHUMAHUE Ha CIIEAYIONIE OCOOCHHOCTH.

CoisiMU Ha3bIBAIOTCS COCIUHCHMUA, 06pa3y10ume npu gucconranry B BOJHOM paCTBOpPEC
MMOJOXHUTCIIbHO 3apsAXKCHHBIC HOHBI METAJIJIOB U OTPHULATCIbHO 3apsAKCHHBIC HOHBI KHMCJIOTHBIX
OCTaTKOB, @ MHOT'/1a, KpOME HUX, HOHBI BOJIOPO/IA U TUIPOKCUI-HOHBI.

Comn ACIIATCA Ha CPCAHUEC, KUCJIBIC U OCHOBHBIC.

CylecTBYIOT TaKke€ HEKOTOPbIE IPYTHe TUIIBI COJIEH, HaPUMED: ABOMHBIE COJIH, B KOTO-
PBIX COACPIKATCA ABAa PA3HBIX KaTUOHA U OAUH aHU-
oH: CaCO3;UYMgCO; (momomut), KCI-NaCl (cunbBunut), KAI(SO4), (amromokaaueBbie KBac-
I_IBI); CMCHIAHHBIC COJIN, B KOTOPBIX COACPIKUTCA OANH KAaTUOH U ABA PAa3HLIX aHHUO-
Ha: CaOCl, (mmm CaCl(OCl)) — kanbrueBas cosb cossiHoi u xaopHoBatuctoi (HOCI) kucnor
(X.HOpI/II[-I‘I/IHOX.HOpI/IT KaIIBI_II/I}I). KomiiekcHrbie COJIMCOACPKAT KOMIIJICKCHBIC KATUOHBI UJIN
aunonsl: K3 [Fe(CN)6] >, K4 [Fe(CN)s] ™, [Cr(H20)sC1]* CL, .

CornacHo cOBpeMEHHBIM HOMEHKJIATYPHBIM ITpaBUJIaM, Ha3BaHU coJieil 00pa3yroTcs u3

Ha3BaHWA aHHUOHA B UMCHUTCIIBHOM IMaJCKE U Ha3BaHUsS KaTHOHA B POAUTEIILHOM ITaJICKeE. Ha-
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npumep FeS - cynbdun xenesa (I1), Fe,(SO4); - cynbdar xenesza (I11I). ATom Bogopoaa, BXoas-

IIUI B COCTAaB KUCIION COM, 0003HavaeTcst mpucTaBkoi eudpo- (NaHSOs —runpocynsdur Ha-

Tpus), a rpynna OH™ — npucraskoit eudpokco- (Al(OH),Cl — turuapoKcoxaopu altOMUHUS).
[Ipu uzydeHnun Bompoca HeOOXOAMMO OOPATUTh BHUMAHUE Ha CIIEAYIONINE OCOOCHHOCTH.

Knaccuduxanus:

* K KucibIM cosiM OTHOCSTCS Takue, B KOTOPBIX aTOMBI BOAOPO/Ia B KUCJIOTE YaCTUYHO 3aMeHe-

HBI aTOMaMH MeTajuia. FIX MOXHO MOIY4UTh C MOMOIIBIO0 HEHTpaIn3alui OCHOBAHHS U30BITKOM

KHUCIIOTBI.

* K cpemHuM costsiM MM Kak MX ellle HOPMaJIbHBIM, OTHOCATCSI TAKHE COJIH, Y KOTOPBIX B MOJIe-

KYyJIax KHUCJIOThI BCE aTOMBI BOJIOPO/a 3aMEIleHbl Ha aTOMbI MeTaslla, HalpuMep, TaKUX, KakK

Na2CO3, KNO3 u 1.1.

* K 0OCHOBHBIM COJISIM OTHOCSITCS T€, TJI€ Y KOTOPBIX MTPOUCXOJUTH HETIOJIHOE UM YaCTUYHOE 3a-

MeIlleHHE THIPOKCUIIBHBIX TPYI OCHOBAaHUI KHCIOTHBIMU OCTaTKaMHU, TAKMMH, KaK:

AI(OH)SO4 , Zn(OH)Cl u T.x1.

* B cocraBe IBOWHBIX COJIEH HaXOAUTCA J1BA PA3JIMYHBIX KATUOHA, KOTOPBIE IIOJIY4arOTCs C I10-

MOIIBIO KPUCTATU3ALIMN U3 CMEIIAHHOTO pacTBOpa CoJieil ¢ pa3HbIMH KaTHOHAMU, HO OJIMHAKO-

BBIMU aHHOHAMH.

* Ho, a k cMelIaHHbIM COJISIM OTHOCSITCS] TAKUE, B COCTaBEe KOTOPBIX HAXOATCS JIBa Pa3IMUHbIX

aHuoHa. * Taxke CyIEeCTBYIOT KOMIUIEKCHBIE COJIM, B COCTaB KOTOPBIX BXOJIUT KOMIUIEKCHBIN

KaTHOH UM KOMILIEKCHBIM aHHOH.

4.6 Oprannyeckue NoJuMepbI

4.7. Jj1eMeHTOOpPraHu4ecKne, HeOpraHnyeckne noJauMepbl

4.8 Ucropusi pa3BuTHs Y4eHHs 0 cTpoeHnu atoma. [lepBbie Moaes 11 aTOMOB.

[Tpu u3yuennu Bonpoca He0OX0AUMO 00OPATUTH BHUMAHHUE Ha CIEAYIOIINE OCOOCHHOCTH

OTKpBITHE CIIOKHOTO CTPOSHUS aTOMa — BaKHEUIIIUN dTaIl CTAHOBJICHHUSI COBPEMEHHOM (pu-
3uKH. B mporiecce co3anus KOMMYecTBEHHON TEOpUHU CTPOEHUS aTOMa, TI03BOJIUBIICH 00bsiC-
HUTh aTOMHBIE CUCTEMBI, ObUTH C(HOPMUPOBAHBI HOBBIE MPECTABIEHUS O CBOMCTBAX MUKpOYAC-
THL], KOTOPBIE ONUCHIBAIOTCS KBAHTOBOW MEXAHUKOM.

[IpencraBienue 06 aToMax Kak HEJEIUMbIX MEIbUalINX YacTUIIaX BEILEeCTB, KaK y)Ke OTMeva-
JI0Ch BBIIIE, BOZHUKJIO €lIe B aHTUUHbIE BpeMeHa (emoxput, Onukyp, Jlykpeuuii). B cpennue
BeKa yuyeHue o0 aToMax, Oyydn MaTepuallCTUYECKUM, HE MOTy4Yuio npusHanus. K nauamy
XVIII B. aTOMUCTHYECKas! TEOPUS TPUOOPETAET BCe OOMBIIYIO MONYIsIpHOCTE. K 3TOMY BpemeHH
pabotamu ¢paniry3ckoro xumuka A. JlaByasbe (1743—1794), Benukoro pycckoro yueHoro M.B.
JlomoHOCOBa 1 aHrIHIicCKOTO XUMHKa U ¢usuka [1. lanerona (1766—1844) Obuia nokazaHa pe-
aJIbHOCTh CYHIECTBOBAaHUS aTOMOB. OZJTHAKO B 3TO BpPEMsI BOIIPOC O BHYTPEHHEM CTPOECHHH aTo-
MOB J1a)K€ HE BO3HUKAJI, TAK KaK aTOMbl CYUTAIUCh HEJIEITHUMbBIMHU.

BoJibiiyto posb B pa3BUTHU aTOMUCTUYECKOM TEOPUHU ChITPAIT BBIIAIOIIUNACS PYCCKUN XHU-
muk /.. Mennenees, pazpabotaBuuii B 1869 r. mepuoanyeckyto CUCTEMY JI€MEHTOB, B KOTO-
poii BIiepBbIe HAa HAYYHOUW OCHOBE OBLI MTOCTAaBJICH BOMPOC O €IWHON pHpoe aTOMOB. Bo BTO-
poii monoBuHe XIX B. ObUIO SKCIIEPUMEHTAIBFHO JOKA3aHO, YTO JIEKTPOH SBJISIETCS OJJHON U3
OCHOBHBIX YacTel JTF000ro BellecTBa. DTU BBIBOJIbI, & TAKKE MHOTOUYHCIIEHHBIE SKCIIEPUMEH-
TaJbHBIE JAHHBIE IPUBEJIM K TOMY, 4TO B Hadaje XX B. CEPbE3HO BCTaJ BOIIPOC O CTPOECHUNU
aToma.

Cy1iecTBoBaHNE 3aKOHOMEPHOM CBSI3U MEXKy BCEMH XUMUYECKUMHU 3JIEMEHTAaMU, SIPKO BbIpa-
JKEHHOE B IEPUOJINYECKON cucteMe MeHeneeBa, HaTAIKMBAET Ha MBICIIb O TOM, YTO B OCHOBE
CTPOEHUS BCEX aTOMOB JIEKHUT 001Iee CBOWCTBO: BCE OHU HAXOJATCS B OJIM3KOM POJICTBE IPYT C

JIPYTOM.
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Opnnako 1o koHna XIX B. B XMMHH TOCIIOACTBOBAIO MeTadhU3HMUECKOE YOSKICHUE, YTO
aTOM €CTh HAaMMEHbIIAs YacTHUIlA IPOCTOr0 BEUIECTBA, NOCIEIHNUN MPEAEIT JENUMOCTH MATEPHUN.
[Ipu Bcex XMMUYECKUX MPEBPALEHUAX Pa3pyILIaAlOTCs U BHOBb CO3JJAl0TCS TOIBKO MOJIEKYJIBI,
aTOMBI JK€ OCTal0TCS HEM3MEHHBIMHU U HE MOTYT JPOOUTHCS Ha OoJiee MEKHUEe YacTH.

Paznuunble mpeAnoaoxeHust 0 CTPOCHUH aToMa J0JTroe BpeMs He MOATBEPKAATUCh KAaKUMHU-
00 dKCTIEPUMEHTATBHBIMU JaHHBIMU. JInumbs B koHIe XIX B. ObUIH cliemaHbl OTKPBITHS, MTOKa-
3aBIINE CIIOKHOCTh CTPOEHUSI aTOMa U BO3MOKHOCTb MPEBPAICHUS TP OINPEICIICHHBIX YCIOBU-
X OJJHUX aTOMOB B Jpyrue. Ha ocHOBe 3TUX OTKPBITUN Hauajao OBICTPO pa3BUBATHCS yUEHHUE O
CTPOECHHUH aTOMa.

[lepBble KOCBEHHBIE MTOATBEPHKICHHUS O CJIOKHOM CTPYKTYpe aTOMOB OBLIN MOJIYYEHBI IPU
M3YYEHUU KaTOJIHBIX JTy4yel, BOZHUKAIOLIUX MPU FIEKTPUUECKOM pa3psijie B CHIIBHO pa3pekeH-
HBIX razax. M3ydueHue cBOMCTB 3THX Jydel IPUBEIIO K 3aKIFOYEHHUIO, YTO OHHU MPEJICTABISIOT CO-
00 MOTOK MeNbYAMIIINX YaCTHII, HECYIIUX OTPULATEIbHBIN AIEKTPHUUECKU 3aps U JIETAIIUX CO
CKOPOCTBIO, OJIU3KON K CKOpOCTH cBeTa. OcOoOBIMH NMpUEMaMH YAaJIOCh OIPEIEIUTh Maccy Ka-
TOAHBIX YACTHI] M BEJIMUMHY UX 3apsi/ia, BHIICHUTD, YTO OHU HE 3aBUCST HU OT MPUPO/IbI rasa,
OCTalOIErocsi B TpyOKe, HU OT BEIeCTBa, U3 KOTOPOTO CAeNIaHbl 3JeKTPOAbl, HU OT MPOYUX YC-
noBul onbita. Kpome TOro, KaTo/IHbIE YaCTUIIBI U3BECTHBI TOIBKO B 3apSXKEHHOM COCTOSIHUM U
HE MOT'YT OBbITh JINIIIEHBI CBOMX 3apSA0B U MPEBPALICHBI B JJIEKTPOHEUTPAIbHbBIE YACTHIIBI: AJIEK-
TPUYECKUI 3aps]l COCTABISAET CYLIHOCTh UX MPUPOJIbI. DTU YACTUIIBI, TOJTYUHBIINE Ha3Ba-

HUE 91eKmpOoHO8, ObLTN OTKPBITH B 1897 1. anrnmiickum ¢gusukom Jx. TomconoMm.

4.9 Atomuble cniekTpsl. [loctynarsl bopa

[Tpu u3yueHnn Bonpoca He0OX0AUMO 00pPaTUTh BHUMAHUE Ha CIIEAYIOIINE OCOOEHHOCTH.
IlepBast mOMBITKA MOCTPOUTH KAUECTBEHHO HOBYIO - KBAHTOBYIO - TEOPHUIO aToMa Obli1a mpe-
npunsaTa B 1913 r. narckum puszuxom Huibcom bopom (1885--1962). On mocraBui nepes codoit
LIeJIb CBSA3aTh B €IMHOE LIEJI0€ DMIIMPUYECKUE 3aKOHOMEPHOCTH JIMHEUYATBIX CIIEKTPOB, SIIEp-
HYIO0 MoJiesib aToMa Pe3epdopa n KBaHTOBBIN XapakTep U3IydeHHUs U MOTIoIeHus cBera. B oc-
HOBY CBO€M Teopur bop mosioxui gBa nocrynara.

Ilepssiii noctynar bopa (mocTynat cTallMOHAPHBIX COCTOSIHUMN): B aTOME CYLIECTBYIOT CTa-
[IMOHApHBIE (HE U3MEHSIOIINECS CO BPEMEHEM) COCTOSIHUS, B KOTOPBIX OH HE M3JIy4aeT SHEPIHH.
CraroHapHBIM COCTOSIHUSIM aTOMa COOTBETCTBYIOT CTallHOHAPHBIE OPOUTHI, 10 KOTOPHIM JBH-
XKYTCsI 3JIEKTPOHBI. JIBUKEHHE IEKTPOHOB 10 CTAllMOHAPHBIM OPOUTaM HE COIIPOBOXKAAETCS U3-
Jy4EHUEM DJIEKTPOMArHUTHBIX BOJIH.

B cTannoHapHOM COCTOSIHUM aToMa 3JIEKTPOH, JBUTasiCh 110 KPYroBOM OpOUTE, OIKEH
UMETh IUCKPETHbIE KBAHTOBAHHBIE 3HAUEHUSI MOMEHTA UMITYJIbCA, YAOBIETBOPSIOIINE YCIOBHIO

r.o=nhk (n=1 3, ...
mor, (r=1,23,.), 10.1)
rJIe m, - Macca dJIeKTPOHA, V - €0 CKOPOCTh 110 N-if OpOUTe paauyca ry,

h =h/(2p).
Bropoii moctynar bopa (mmpaBuiio 4acToT): pu epexoe IEKTPOHA C OJTHOM CTaIllHOHAp
HOW OpOUTHI HA APYTYIO U3TydaeTcs (Toriomaercs) oauH (OTOH C SHepruei

hy=E,—Eq, (210.2)

paBHOM Pa3HOCTH SHEPTUI COOTBETCTBYIOLIUX CTallMOHAPHBIX cocTosiHUHU (E, 1 Ey, - cooT-
BETCTBEHHO YHEPIHH CTALIMOHAPHBIX COCTOSIHUIM aToMa 10 U 1OCJIe U3JIy4eHUs (IIOTJIOIIEHHS)).
[Ipu E,,<E, npoucxoauT uzinydeHue (oToHa (mepexoa aToMa U3 COCTOSHU ¢ O0JIb 11el YHepru-
el B COCTOSIHHE C MEHBIIICH SHEpTUEH, T. . IepeXo/] JIEKTpoHa ¢ OoJiee yaaneH HOH OT sapa op-
O6uThl Ha OoJiee OnM3NexKaILyI0), pu E,,>E,- ero noriouieHue (mepexo/ aroMa B COCTOSIHUE C
OoJIbIIIel PHEPTUEH, T. €. IePEX0/I AIEKTPOHA Ha OoJiee yIaJeHHYIO OT siipa opouty). HaGop
BO3MOXHBIX TUCKpeTHBIX 4acToT V = (E, — Ej,)/h KBaHTOBBIX 1EpexX0/10B U ONpeaessieT TUHeH-
YaThIN CIEKTP aToMa.
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4.10 IIpeanochblIKN BOSHUKHOBEHHS MEPHOANYECKOIr0 3aK0HA. 3HAYeHHe OTKPBITHA Ie-
PHOAMYECKOI0 3aKOHA
[Tpu u3yueHnn Bonpoca He0OX0AUMO 00pPATUTh BHUMAHHUE Ha CIIEAYIOIINE OCOOEHHOCTH.
Hano ckasarp, 4To B TeUEeHHE MEPBHIX AeciaTiieTnii XIX B. B pa3BUTUU XUMHUHU HAOJIIOAAIT-
cs ObICTpBIH porpecc. Bo3HukIas B caMoM Havalie CTOJICTHsI, XMMUYeCKas aTOMUCTHKA SBU-
Jach MOIIHBIM CTUMYJIOM I pa3pabOTKU TEOPETHUECKUX MPOOIEM U pa3BUTHS SKCIIEPUMEH-
TaJbHBIX UCCIIEI0BAHUM, KOTOPBIE IPUBEIN K OTKPHITUSM OCHOBHBIX XUMUYECKHX 3aKOHOB
[IepBble MONMBITKN CUCTEMATU3UPOBATh U3BECTHBIE K TOMY BPEMEHU AJIEMEHTHI MPEATPUHSLII
B 1789r. A.JlaBya3be B cBoeM yueOHHKe xumuu. Ero Tabnuia npocTeix Ten BKiItoyana 35 mpo-
CTBIX BEIIECTB. A K MOMEHTY OTKPBITHSI IEPUOJNYECKOT0 3aKOHA UX YK€ HaCUUTHIBAIOCH 63.
Hano cka3atb, uto B nepBoii monosuHe XIX B. ydeHble npeyiaraau pa3inuHble KIacCu(pUKAITIH
3JIEMEHTOB, CXOJHBIX IO CBOMM cBOMCTBaM. OHAKO MONBITKM YCTAHOBUTH 3aKOHOMEPHOCTH U3-
MEHEHHU CBOWCTB B 3aBUCUMOCTH OT aTOMHOI'0 BECa HOCHUJIU CIIy4YalHBIN XapaKkTep U OrpaHUu4U-
BaJIMCh OOJIbIIEH YaCThIO KOHCTaTallUeN OT/ENbHBIX (PAKTOB MPaBUIIbHBIX OTHOLIECHUH YUCIIEH-
HBIX 3HaYEHUI aTOMHBIX BECOB MEX]y OTAEIbHBIMU 3JIEMEHTAMHU B IPYyNIaxX CXOAHBIX 3JIEMEH-
toB. Harmpumep, Hemenkuii xumuk M. J[g6epeitaep B 1816 — 1829rT. mpu conocTaBieHnn aToM-
HBIX BECOB HEKOTOPBIX XMMHUECKH CXOJHBIX 3JIEMEHTOB HaIIENl, YTO JUIsl MHOTHX IIMPOKO pac-
MPOCTPAHEHHBIX B MPUPOJIE JIEMEHTOB 3TH YKCIIa IOBOJBHO OJM3KHU, a 71l TAKUX IJIEMEHTOB,
kak Fe, Co, Ni, Cr, Mn, oHH IpaKTHYE€CKH OJMHAKOBBI. KpoMe TOro, OH OTMETHII, YTO OTHOCH-
TeIbHBIN aTOMHBIN Bec SrO mpeAcTaBisieT co00i NpubIu3UTeIbHOE CpeiHee apu(hMETUIECKOe
u3 aroMHbIX BecoB CaO u BaO. Ha 3Toit ocHOBe [lebepeitHep mpeniokKuiI 3aK0H TpUa, Co-
CTOSIIUHN B TOM, UTO CXOJIHbIE 10 XUMUYECKUM CBOMCTBAM AJIEMEHTHI MOTYT ObITh CBE/ICHBI B
TPYIIIBI IO TpH AseMeHTa (Tpuasl), Hanpumep Cl, Br, J unu Ca, Sr, Ba. IIpu 3ToM aTOMHBIN Bec
CpEIHEro dJIeMeHTa TpUaabl OJU30K K IMOJIOBUHE CYMMBbI aTOMHBIX BECOB KpalHUX 3JIEMEHTOB.
Cpenu apyrux uccienoBarteineid, 3anumaBiuxcs B 60-x rogax XIX Beka comnocraBieHUsIMHU
ATOMHBIX BECOB JIEMEHTOB C YYETOM UX Pa3IUYHBIX CBOMCTB, MOKHO Ha3BaTh HEMELIKOTO XHU-
muka JI.Meiiepa. B 1864r. on ony6nukoBan kHury CoBpeMEHHbIE TEOPUU XUMUU U UX 3HAYCHUE
JUTSI XUMHYECKOW CTaTUKU B KOTOPOU MpUBeeHa Tabauia u3 44 31eMeHTOB (M3BECTHO B 3TO
BpeMs 63), pacCTaBIIEHHBIX B LIECTH CTOJIOIAX B COOTBETCTBUU C UX BAJICHTHOCTBIO MO BOJIOPO-
ny. V3 3ToM TabnuIel BUIHO, 9TO Melep cTpeMuIics, Pekie BCero, KOHCTaTUPOBATh MPABUIIb-
HOCTh B Pa3HOCTSIX 3HAYCHUH aTOMHBIX BECOB B IPYIIIAX CXOAHBIX 3JIeMeHTOB. OHAKO OH ObLI
JTaJIeK OT TOT0, YTOOBI 3aMETUTh HauOoJIee CYIIECTBEHHYIO YePTy BHYTPEHHEH CBSA3H MEXKIY
3JIEMEHTaMH — NEPUOANYHOCTD UX CBOWCTB. Jlaxe B 1870r., yxe nocie nosiBjaeHus] HECKOJIbKUX
coobmenuii JI.M1.MenneneeBa o mepuogudecKoM 3aKoHe, Meiiep, omyOIMKOBaBIINA KPUBYIO
NEepUOINIECKOTO U3MEHEHHS aTOMHBIX 00bEMOB, HE CMOT YBHJIETh B 9TON KPUBOH, IPEICTAB-
JISOTIEH cOO0M OHO M3 BRIPAXKEHUH MTEPUOIMUECKOT0 3aKOHA, OCHOBHOTO IMPU3HAKA 3aKOHA.
Mexay TeM, uepe3 HECKOJIBKO MecALeB TociIe MosBIeHHs epBbix coodmennii J[.M.Menaeneea
00 OTKPBITOM UM MEPUOANIECKOM 3aKkoHe, JI.Meiiep BBRICTYNIII ¢ IPETEH3UEH HAa PUOPUTET ITO-
IO OTKPBITUS U B TEYEHHE PsAA JIET HACTOMUMBO BBICKA3bIBAJl IPUTA3AHMS 110 3TOMY IIOBOJY.

4.11 UcTropuyeckue npeanocblIKi Pa3BUTHS TEOPUH CTPOCHHUS BellecTBa.

[Ipu uzydyeHnun Bompoca HeOOXOAMMO OOPATUTh BHUMAHUE Ha CIIEAYIONINE OCOOCHHOCTH.
PaGots! npenmectBenHukoB A. M. byTiieposa
1. Beenenue dpaniry3ckumu xumukamu JI. 'uronom ne Mopso u A. JlaBya3be TepMUHA «pajiv-
KaJI» U UCTOJIKOBAaHUE OPTraHNYECKON XMMHUM KaK XUMHH CI0XKHBIX pagukainos (K. Jroma u @.
Benep).
B 20—30-x rr. XX B. npomwioro cronetus copMupoBanack Teopus pamukanos (M. Bepremnyc,
1O. JIu6ux, XK. [lroma), SBUBIIASICS OJTHOM M3 MEPBBIX MOMBITOK OOBSICHUTH MMPUPOJTY OPTaHHYE-
CKUX BemecTB. CUMTAIOCh, YTO OPraHMYECKHUE BELIECTBA TIOCTPOEHBI U3 PAIUKAIIOB — IPYII
aTOMOB, 0€3 U3MEHEHHS MePEXOAAIINX U3 OJHOTO COEIMHEHUS B APYroe NMpu XUMUYECKUX peak-
nusax. Pagukansl paccMaTpuBalId Kak «I10JIMHHBIE JIEMEHTBI OPraHUYECKONH XUMHUNU» U CUUTAIIN
UX YCTOWYMBOCTb MMOCTOSIHHBIM CBOMCTBOM. Takue mpeacTaBIeHUs MOTYT ObITh OIIEHEHBI KaK
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OJIHOCTOPOHHUE, XOTSI UX MPU3HAIOT U B HACTOALIEE BPEMs, KOT1a T0Ka3aHO CYLIECTBOBAHHUE Op-
FaHUYECKUX PAJUKAIOB KaK MPOMEXKYTOUYHBIX YAaCTHI], BO3HUKAIOIIMX B X0/I€ XUMUYECKHUX PeaK-
[I1il. DTUM HE UCUEPIIBIBAETCS MHOTOO0Opa3Has MPUPOAa OPraHNYECKUX BEIIECTB U MX MpeBpa-
mieHuit. 2. Co3manne Teopuu TUNOB ¢paniy3ckumu xumukamu JK. roma, I1. XKepapom u O.
Jlopanom (1848—1853), cornacHo KOTOpOI OpraHMyYecKHE BEIIECTBA pacCMaTPUBAIOT KakK MPo-
W3BOJIHBIE TPOCTEUIINX HEOPTAHMYECKUX BEIIECTB: BOAOPO/IA, XJIOPOBOIOPOA, BOJIBI, AMMHUAKA.
Taxue hopMysbl HECKOIBKO MTOX0KH Ha COBpeMeHHbIe. HO CTOpOHHMKM TEOpUU THIIOB HE CUH-
TaJIM UX OTPAKAIOLIUMU pealbHOE CTPOCHHE BEIECTB U MHCATU MHOXKECTBO PA3IMUHBIX (HOpMYIT
OJIHOTO COEAMHEHMSI B 3aBUCUMOCTU OT XMMHUYECKHUX PEaKIMi, KOTOpBIE IIBITAIUCh 3aIIUCaTh C
NOMOMUIbI0 3TUX opMyi. CTpoeHUEe MOJIEKYJ OHU CUMTATIN MPUHIUIHAIBHO HETI03HABAEMbIM,
YTO HAaHOCHJIO BPEJ Pa3BUTHIO HAYKH.

3. Beenenne U. Beprienycom B 1830 T. TepMUHA «H30MEPHsD» ISl IBICHUS CYIIECTBOBAHMUS
BEIIIECTB OJMHAKOBOT'O COCTaBa, 00JIaIal0INX Pa3IMYHBIMU CBOHCTBAMH.

4. VYcmexu B CHHTE3€ OPTaHMUYECKUX COSIMHEHUH, B PE3YJIbTaTe KOTOPBIX OBLJIO pa3BEsHO yue-
HHE O BUTAIU3ME, TO €CTh O «CKU3HEHHOM CHJIe», IO/ BIMSHUEM KOTOPO SKOObI B OpraHu3Me
YKUBBIX CYHIECTB 00pa3yloTCs OpraHN4ecKHe BEeIeCTBa:

* B 1828 1. ®. Benep u3 HeOpraHM4eCcKoro BELIECTBA (LlHaHATa AMMOHUS) CHHTE3UPOBAJl MOYe-
BHHY;

* B 1842 r. pycckuii xumuk H. H. 3uHNH nonyunsn aHuIuH;

* B 1845 r. Hemenkuit xumuk A. Koab0e CHHTE3UPOBaAT YKCYCHYIO KHCIIOTY,

* B 1854 1. ¢ppanmy3ckuit xumuk M. bepTiio cuHTE3MpOBa KUPHI, U, HAKOHEII,

* B 1861 . cam A. M. ByTliepoB CHHTE3HPOBAJ CaXxapono100HOE BEIIECTBO.

5. B cepenune XVIII B. xumust craHoBUTCS OoJiee cTporoit Haykoil. B pezynprare pador 3.
O®panknanga u A. Kekyne yrBepauinoch NOHATHE O BAJIEHTHOCTH aTOMOB XUMUYECKUX 3JIEMEH-
TOB. Kekyiie pa3Buil IIpeACTAaBICHUE O YETBIPEXBAJICHTHOCTH yriiepoja. biaronaps tpynam Kan-
HUIIAPO YeTYE CTAIU MOHATHS 00 aTOMHBIX M MOJIEKYJISIPHBIX MaccaxX, YTOUYHEHBI UX 3HAYEHUS U
CTIOCOOBI OTIpeIeIeHusI.

B 1860 1. 60mee 140 Beqymux XMMUKOB U3 Pa3HBIX CTpaH EBpOIbI cOOpainch Ha MEXKTyHAPO/I-
HBII KOoHrpecc B I. Kapiicpys. Konrpecc cran oueHb BaXXHBIM COOBITHEM B UCTOPUM XMMUU: ObI-
71 0000IIeHBI YCIIEXH HAayKH U MOATOTOBIIEHBI YCIOBUS /JIsi HOBOTO ATara B pa3BUTUU OpraHU-
YECKOW XMMUU — MOSBJIEHUS TEOPUH XUMHUYECKOIO CTPOEHUSI OPraHNYECKuX BemecTB A. M.
bytneposa (1861 r.), a Taxke ms pyaaamentanbHoro otkpeitus 1. 1. Menneneea — Ilepuo-
JIMYECKOTO 3aKOHA U CUCTEMbI XUMUUYECKHX d1eMeHTOB (1869 T.).

B 1861 r. A. M. byTtiiepoB BBICTYIIII Ha ChE3]I€ Bpaueil U ecTecTBoUCHbITaTeNnel B I. Ilneiepe ¢
JOoKIa10M «O XUMHUYECKOM CTPOCHUU Te». B HEM OH M3JI0KHII OCHOBHI pa3paboTaHHON UM
TEOPHH XUMHUYECKOTO CTPOEHUSI OPraHUYECKUX COeTMHEHMU. [10] XUMUYECKUM CTPOEHHUEM y4e-
HBII TOHMMAJI IOPSAJOK COEAMHEHNS aTOMOB B MOJIEKYJIaX.

4.12 CeoiicTBa MOJIEKYJI ¢ Pa3JJMYHBIM THIIOM CBSI3H

[Ipu uzydyeHnun Bompoca HeOOXOAMMO OOPATUTh BHUMAHUE Ha CIIEAYIONINE OCOOCHHOCTH.

Menpuaiinieii yacTuiiel BellecTBa sBISIETCS MOJIEKYa, 00pa3yromiasicsi B pe3yybTare
B3aMMOJICHCTBHS aTOMOB, MEXAY KOTOPBIMU JAEHCTBYIOT XMMHUUECKHE CBA3HM WM XUMUYECKas
CBSA3b. YYCHHE O XUMUYECKOH CBA3U COCTABIISIET OCHOBY TEOPETUYECKON XUMUU. XUMUYECKAs
CBSI3b BO3HHMKAET MIPH B3aMMOJICHCTBHH IBYX (MHOTAA Oosiee) aromoB. OOpa3oBaHUE CBS3H IIPO-
UCXOJUT C BBIIEJICHUEM SHEPTUU.

XuMudeckas CBSI3b — 3TO B3aUMOJIECTBUE, KOTOPOE CBSA3BIBAET OT/EJIbHBIE ATOMBI B MOJIe-
KYJIbl, MOHBI, KPUCTAJLIBI.

XuMudeckas CBSI3b [0 CBOEH IMPUPOJIe €ANHA: OHA UMEET 3JIEKTPOCTaTUYECKOE TPOUCKOXK-
nenue. Ho B pa3Ho0Opa3HbIX XUMHUYECKUX COSAMHEHUSIX XUMUYECKask CBS3b OBIBACT PA3INYHOTO
TUMAa; HanboJiee BayKHbIE TUIIBI XMMUUYECKOM CBSI3U — 3TO KOBaJIeHTHas! (HEMoJIsipHasi, oJIIpHasi),
MOHHAasl, MeTAJIIIN4ecKasl. Pa3HOBUIHOCTSIMM 3TUX TUIIOB CBSI3U SIBJISIOTCS JOHOPHO-
aKIENTOpHas, BOJOPOAHAS U Ap. Mex a1y aToMaMH METalJIOB BO3HUKAET METAJUTMUECKask CBA3b.
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XuMH4ecKas CBsI3b, OCYIIECTBIIIEMas 32 CYET 00pa3oBaHus OOIIEH, UK MOAeIEHHOM, Ta-
PBI HUIM HECKOJIBKHUX TTap AJIEKTPOHOB, HA3bIBACTCS KOBAJICHTHOU. B oOpa3zoBanue oaHOM 001Iei
naphbl AJEKTPOHOB KaXk bl ATOM BHOCHUT IO OJHOMY 3JIEKTPOHY, T.€. y4aCTBYET «B PaBHOM J10-
ne» (JIstouc, 1916 1.). Hike npuBeneHbl CXeMbI 00pa30BaHUsI XUMHUYECKUX CBSA3EH B MOJICKYJIax
H2, F2, NH3 u CH4. DnekTpoHbl, MpUHaUIekKaIUe pa3IuyHbIM aToMaM, 0003HAYECHBI pa3iiny-
HBIMU CUMBOJIaMHU.

B pe3ynbrate 00pa3oBaHUs XUMUYECKHUX CBS3€H KaKIbI U3 aTOMOB B MOJICKYJIE HUMEET
YCTOHYMBYIO IBYX- U BOCBMHUAJIEKTPOHHYIO KOHPUTYpALIUIO.

[Tpy BO3HUKHOBEHHH KOBAJICHTHOW CBSI3H MPOUCXOIUT MEPEKPHIBAHKE AIEKTPOHHBIX 00JIa-
KOB aTOMOB C 00pa30BaHUEM MOJIEKYIISIPHOTO 3JIEKTPOHHOTO 00J1aKa, COMPOBOKIAIOIIeecs BbI-
UTPBIIIEM dHeprur. MOJIEKYISIPHOE AIEKTPOHHOE 00JIaK0 pacroiaraeTcs Mexay [eHTpaMu
0o0oux siep 1 001a1aeT MOBBIIIEHHOHN 3JIEKTPOHHOM MIIOTHOCTHIO IO CPABHEHMIO C IJIOTHOCTHIO
ATOMHOTO JIEKTPOHHOTO O0JIaKa.

Ocy1iecTBiieHrE KOBAJIEHTHOM CBSI3M BO3MOKHO JIMIIb B CIIy4ae aHTHUNAPAJIIEIIbHBIX CIIHU-
HOB HECMAPEHHBIX AMEKTPOHOB, MPUHAJICKAIIUX PA3IUYHBIM aToMaM. [1pu napainenbHbIX Cru-
Hax 3JIEKTPOHOB aTOMbI HE IPUTATUBAOTCS, a OTTAIKUBAIOTCS: KOBAJIEHTHAS CBSI3b HE OCYILECT-
BIsieTCsl. MeTO/ OMHMCcaHuss XUMHYECKOH CBsI3H, 00pa3oBaHUe KOTOPOU CBSI3aHO ¢ 0OIIEH dIek-
TPOHHOM IMapoii, Ha3bIBAETCS METOIOM BajieHTHBIX cBsizeld (MBC).

4.13 Tunbl KPUCTAIMYECKHUX PeLIETOK

[Tpu u3yyeHnn Borpoca HEOOXOUMO 0OPATUTH BHUMAHKE Ha CIEIYIOIINE OCOOCHHOCTH.

B coBOKyIHOCTH pa3iau4HbIE TUIBI KPUCTANINYECKHUX PEIIETOK BEIIECTB MPEICTABISIOT
co00#1 CeTKH ¢ Pa3IMYHON MPOCTPAHCTBEHHON OPHEHTAILIUEH, B y3JIaX KOTOPBIX PAcIoIaralTcs
MOHBI, MOJIEKYJIbI UJIM aTOMBL. JTO CTa0MIIBHOE T€OMETPUUECKOE TPOCTPAHCTBEHHOE MOJI0KEHHE
Y Ha3bIBAETCSI KPUCTALNIMYECKOM PELIETKOM BelecTBa. PaccTosHue MexXay y3J1aMu OJHOM KpH-
CTAJUINYECKON YEHKHU HA3bIBAETCS IEPUOIOM UIACHTUYHOCTH. [IpocTpaHCTBEHHBIE YIIIbI, IO
KOTOPBIMH PACIIOIOXKEHBI y3JIbI SIMeHKH, Ha3bIBatoTCs napamerpami. [1o cmrocoOy mocTpoeHus
CBsI3eM KpUCTANIMYECKUE PEIIETKH MOTY ObITh IPOCTHIMU, 0a301IEHTPUPOBAHHBIMY, IPAHEIICH-
TPUPOBAHHBIMU U 0O0BEMHO-IIEHTPHUPOBAHHBIMU. ECITH YacTHIIBI BEIIECTBA PACIIONOKEHBI JIUIIb B
yrilax napajulesieluIe1a, Takas pemeTKa Ha3blBaeTCsl IPOCTOM.

Ecnu, xpoMe y3I10B, 4aCTUIbI BELIECTBA PACIOJIOKEHBI U B CEPEIMHE TPOCTPAHCTBEHHBIX
JaroHajiel, To TaKoe MOCTPOSHHE YaCTHIL B BEIIECTBE UMEET Ha3BaHHE 00 BEMHO-
LEHTPUPOBAHHON KPUCTAINYECKON PEILIETKH.

Ecnu xpome y3710B B BEpIIMHAX PEIIETKH UMEETCS y3€l U B MECTE, I/I€ IEPECEKA0TCs BO-
oOpakaeMble TUarOHAIH MapaUleNienuIeaa, To Mepel BaMHu - TpaHelleHTPHPOBAHHBIN TUII pe-
LIETKU.

4.14 BonopoaHasi cBsi3b

[Ipu uzydyeHnun Bompoca HeOOXOAMMO OOPATUTh BHUMAHUE Ha CIIEAYIONINE OCOOCHHOCTH.

MexMOTNIeKyIsIpHBIE BOJOPOIHBIE CBA3U 00YCIOBIMBAIOT ACCOLUAIIMIO MOJIEKYJI, UTO MIPHU-
BOJIUT K MOBBILIEHUIO TEMIIEpATyp KUTIEHUS U IJIaBJIeHUs BellecTBa. Hanmpumep, STHIIOBBIIM
ciiupt C,HsOH, cniocoOHBIi K accoruanuu, KUnut mnpu +78,3°C, a TuMeTUII0BbIH 3hup
CH;3;0CHs3, He oOpa3yromuii BOZOPOAHBIX CBs3el, uiib pu 24°C (MosnekymspHas hopmyra
o6oux BemectB C;HgO).

O6pazoBanue H-cBsa3elt ¢ MosieKyaaMu pacTBOPUTEIS CITOCOOCTBYET YIIYUIICHHIO PACTBO-
pumoctu. Tak, metumnoBerit u 3tunoBeii ciimptel (CH3OH, C,HsOH), o6pasys H-cBsizu ¢ more-
KyJIaM{ BOJIbl, HEOTPAaHUYEHHO B HEMl pacTBOPSIOTCA.

BryTpumonexynspHas BOJOPOIHAS CBSA3b 00pa3yeTcst IpH OJIaronpusTHOM MPOCTPAHCT-
BEHHOM PaCIOJI0KEHUHU B MOJIEKYJIe COOTBETCTBYIOIIUX TPYII aTOMOB M CIEU(PUUECKU BIUSET
Ha cBoyicTBa. Harmpumep, H-cBsA3b BHYTpU MOJIEKYJI CaTULUIIOBOM KUCIIOTHI IIOBBIIIAET €€ KU-
CIIOTHOCTb.
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4.15 BHyTpeHHsIsl JHePTUs CHCTEMBbI

[Ipu uzydyeHnun Bompoca HeOOXOAMMO OOPATUTh BHUMAHUE Ha CIIEAYIONINE OCOOCHHOCTH.

BHyTpeHHss sHEprus TEpMOAMHAMUYECKON CHCTEMBI ONPEIENIEHA C TOYHOCTBIO JI0 ITPOU3-
BOJIbHOM IMOCTOSIHHOM BEJINYHHBI.

BuyTpeHHss dHeprus TepMOJAMHAMUYECKOU cUCTEMBbI U COCTOUT U3 SHEPIUU ABUKEHUS
MOJIEKYJI, SHEPTUH MOJICKYJISIPHOTO, BHYTPHATOMHOTO M IPYTHUX B3anMoJIecTBHil. B o0mem
Clly4ae IIpU TEPMOJMHAMUYECKOM aHAIN3E€ BHYTPEHHIOIO YHEPTHIO HE Pa3JeIsloT Ha COCTaB-
JSIFOIIME YacTH, @ CYMTAIOT, YTO OHA SABJSIETCA QYHKIMEH COCTOSHUS, T.€. ONpe/eNsieT BHYTPEH-
HEE COCTOSIHME CUCTEMBI U 3aBUCUT OT ITaPAMETPOB COCTOSHUS.

OKCIIEpUMEHTAIIBHBIE HCCIIEI0BAaHUS CBOWCTB ra30B MOKA3aJIH, YTO BHYTPEHHSS SHEPT U
UJEAIBHOTO a3a 3aBUCUT TOJIBKO OT €ro TEMIEPATyphl U HE 3aBUCUT OT JABJICHUS r'a3a U 3aHU-
MaeMoro uM o0bema.

N3meneHne BHYTpEHHEN YHEPTUU TEPMOJAUHAMUYECKON CUCTEMBI BCETja COIIOCTABIISAETCS C
(GU3NYECKUMU BEIMYMHAMH: KOJIMYECTBOM PabOThI, KOJTMYECTBOM TEPMHUECKOTO BO3EHCTBUS,
KOJIMYECTBOM XMMHUYECKOIO I JIEKTPUUECKOTO BO3ACHCTBHSL.

B 3aBuCcUMOCTH OT CBOICTB U KOHKPETHBIX YCIOBUN CHCTEMY MOXHO 3aCTaBUTh JIMOO Ie-
pelaBaTh 4YacTh CBOEH BHYTPEHHEH SHEprHUH, IMOO BOCIIPUHUMATH BO3ICHCTBHUS OT OKpPYXKAaro-
ied Cpebl.

W3MeHeHne BHYTPEHHEN YHEPTUUA TEPMOJAUHAMUYECKON CUCTEMBI PABHO Pa3HOCTH MEXIY
KOJINYECTBOM TEIIOTHI ¥ KOJIMYECTBOM MEXaHUYECKOM paboThI.

Bo BHYTpPEHHIOIO SHEPTUIO0 TEPMOAMHAMUUYECKON CHCTEMBI HE BKIIIOUAIOT IOTEHLUATIBHYIO
9HEPruio, 00yCIOBICHHYIO MOJI0KEHUEM CUCTEMBI B IPOCTPAHCTBE, a TAKKE KHHETUYECKYIO
SHEPIHI0 ABM)KEHUS CUCTEMBI KaK LIE€JI0TO.

V - BHYTpEHHsIS DHEPTUS TEPMOIMHAMHYECKOH cucTembl; Et - aHeprus ( - ro Tena okpy-
KaroIei cpensrl; / - odliee YMcao TaKuX Tell.

4.16 O6paTnMble peakuMu B TEXHOJIOTHYECKHUX Npoleccax
[Ipu uzydeHnun Bompoca HeOOXOAMMO OOPATUTh BHUMAHUE Ha CIIEAYIONINE OCOOCHHOCTH.

OOpatuMble 1 HEOOpaTUMBbIE XUMHUECKUE MPOLIECCHl. XUMHUECKoe U (pa3oBoe paBHOBeE-
cun. akTopsl, BO3ACUCTBYIONINE HA XMMUYECKOE PaBHOBECHE. MeTOBI yIIpaBICHHs TEXHOJIO-
TMYECKMMHU MPOLIECCAMU, OCHOBAHHBIE HA U3MEHEHUHN CKOPOCTH XUMUYECKUX PEaKLUil U cMelle-
HUY XUMHUYECKOTO PAaBHOBECHS.

Peakuus, nporekaromiast 10 KOHIIA, TO €CTh /10 IIOJIHOTO U3PAacX0J0BaHMs OJJHOTO U3 pea-
TUPYIOLIUX BEIIECTB Ha3bIBAETCS HEOOPAaTUMOH.

Hanpumep: B3anMoeiicTBHE aTIOMUHHS C COJITHOW KHCTIOTOW uaetT HeoOparumo. O6pat-
HBIA ITPOLIECC B3aUMOJEHCTBUS XJIOPUAA ATIOMUHUSA M BOJOPOJA C IMOJyYEHUEM AIFOMUHHS U
COJISTHOU KUCJIOTBI HEBO3MOKEH.

OpnHako OONBIIMHCTBO XUMUYECKUX PEAKLUH MPOTEKAaeT He JJ0 KOHIA, KOT/1a HU OJIHO U3
MCXOJIHBIX BEILIECTB HE PACXOAYETCs MOJTHOCThIO. Takue peakiuy Ha3bIBal0TCsl 0OPaTUMBIMH.

B ypaBHeHMsSIX 00paTUMBIX peakiMii BMECTO 3HAaKa PABEHCTBA OOBIYHO CTABAT Pa3HOHa-
IIPABJIEHHBIE CTPEJIKH, KOTOPHIE XapaKTEPU3YIOT OJHOBPEMEHHOE ITPOTEKAHUE ITPOLIECCOB B ABYX
B3aMMHO IIPOTHBOIIOIOXKHBIX HAIIPABICHUSX:

H2 + Iz «— 2 HI

4.17 llopsAnok U MOJIEKYJIAPHOCTH PeAKIMHU
[Ipu uzydyeHnun Bompoca HeOOXOAMMO OOPATUTh BHUMAHUE Ha CIIEAYIONINE OCOOCHHOCTH.
Yucno MoNeKyJ, BCTYNAIOUINX B PEAKIUIO, ONPEAEISIOT MOJIEKYJISIPHOCTD PEAKIUH.

Tak, eciii B peakIMIo BCTYIAeT OJJHA MOJIEKYJIa, TO TaKasl PEaKIUs Ha3bIBACTCS MOJIEKY-
JsipHOM peakuueit. Ecin B peakiiuy yuacTBYIOT JABE MOJIEKYJBI (6e3pa3inyHO, OJJMHAKOBBIE WIIN
HET), TO TaKas peakliys Ha3blBaeTCsl OMMOJIEKYISIpHON. BeTpedaroTes Takke TpUMOJIEKYIIsIpHbIE
peaxuu.
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Peakiiuu Gosiee BHICOKOI CTENEHH MOJIEKYISIPHOCTH KpaliHe peAKH h3—3a MaJlol Bepo-
ATHOCTH OJHOBPEMEHHOI'O CTOJIKHOBEHUS OOJIBIIOrO YKCIIa MOJIEKYII.

[TosTOMy GONBIIMHCTBO PEAKLUI MPOTEKAIOT B HECKOJIBKO 3JIEMEHTAPHBIX, IIPOCTHIX
CTaJuil, B KOTOPBIX y4acTBYeT HEOOJIBIIOE YUCIIO MOJIEKYIL.

Onpenenuts Takue CTaAUM — 3HAUUT ONPEAEIUTh MEXaHU3M, WIH ITyTh PEaKLUU.

CKOpOCTh BCel peakiy ONPEACIIIETCS CKOPOCThIO €€ Hanboiee MeIJIEHHON CTa/IuH,
KOTOpast U OIIPEACIIAeT MEXaHU3M.

IToaTOMYy 3aKOH NEHCTBYIOIIMUX MACC CIIPABEIIUB TOJIBKO JIJIS TAKUX IIEMEHTAPHBIX CTa-
TAH.

MoseKkynspHOCTb pEaKLnu JIETKO ONPENEIUTD B CIIy4ae MPOCTBIX PEaKui, IPOTEeKaro-
KX B OJIHY CTa/ini0. B OOJIBIIMHCTBE K€ CITy4aeB JOBOJIBHO TPYAHO HAUTH MOJIEKYIIIPHOCTD
peakuuu.

ITosTOMY BBOIUTCS IOHATHE MOPSAAKA PEAKLIUN, KOTOPBIA MOKHO HallTH U3 KUHETHUYE-

CKHX YPaBHEHMM, TOJIyY€HHBIX YKCIIEPUMEHTAIBHO.

ITopsimok peakuu 1o JaHHOMY BEILECTBY PABEH CTEIIEHU, B KOTOPOU KOHIIEHTPALVs
JTAaHHOTO BEIIECTBA BXOAUT B YPABHEHUE CKOPOCTH PEaKIUU.

CymMa nokasatesnell CTeneHel, B KOTOPBIX KOHIIEHTPAIUs BCEX UCXOAHBIX BEILIECTB
BXOJUT YPaBHEHHE CKOPOCTH PEaKIIMH, PaBHA MOPAIKY peakluu B neiaoM. ITopsanok xumunye-
CKOM peakIMy MO BEIIEeCTBY COBIAAET CO CTEXMOMETPUUECKUM K03 PULIMEHTOM peakinu
JIMILB B OYEHB ITPOCTHIX PEAKIMAX, HAIIPUMED B PEaKLIUU CUHTE3a HOIUCTOrO BOIOPOAA:

H, + 1, ® 2HL

[Topsimok 3TOM peakiuu 1Mo BOAOPOY (IEepBbIi) U o1y (TTepBbIii) paBHBI CTEXUOMETPH-
YeCKMMHU Kod(ppuireHTamMu, a OOl TOPSIIOK peakiuy (BTOPOii) paBeH CyMMe CTEXHOMETPH-
4eCKUX KOd(DPHUITMEHTOB B ypaBHEHUH CKOPOCTH PEAKIIUH

B nonasnsroniemM OOMBIIMHCTBE CIY4aeB MOPSAO0K PEAKLIMH 110 BEIIECTBY OTIMYA-
€TCsl OT CTEXMOMETPUUECKIX KOA((UIIMEHTOB YpaBHEHUS PEAKIIUH JIJIsl 3TOrO BEIIECTBA.

CoOTBeTCTBEHHO OOIIHIA MOPSAAOK PEAKLUU OOBIYHO HE PaBEH CyMMeE CTEXHOMETpHUYe-
CKHX KOA(DPHUITMEHTOB ypaBHEHUS PEAKITHH.

Hamnpumep, peakmus

NO;,;+ CO® CO, + NO,
IIpHU TeMIIepaTypax, MeHbInX 298K, mpoTekaeT no cieayeMy MEXaHU3MYy:
nepBas ctagud npouecca: NO, + NO, ® NO3; + NO

BTOpas craaus npouecca: NOz+ CO® CO, + NO;,

MpUYEM JIMMUTUPYIOIIEH, T.€. CKOPOCTh ONPEETSAIONIEH CTaIuel SIBISETCS epBasi CTaaus
nporecca:
NO;+ NO, ® NO3; + NO
CoriacHo BTOpOMY MOCTYJIATy XUMHUYECKOW KHHETUKH, KOTOPBIA YTBEPKAAET, YTO CKO-
POCTB 2JIEMEHTApHOH (OTHOCTAAMIHON) PEaKIIUU MPOTMOPIIMOHATBHA KOHIICHTPAIINH pearupyro-
IIMX BEIIECTB B CTENEHSX, PABHBIX CTEXUOMETPUIECKUM KOd((PpHIIMEeHTaM, TOTYyINM 3aBUCH-
MOCTb CKOPOCTH PEaKIINH
NO,+ CO® CO; +NO
OT KOHIEHTPALIUN PearupyroInX BEeIIeCTB:
OOpaTtuTe BHUMaHKE, YTO CKOPOCTh PEAKIIUU
NO,+ CO® CO, +NO
HE 3aBUCHUT OT KOHIIEHTpauuu okcua yriaepoaa CO.
VYpaBHeHMe, BhIpaXkaroliee 3aBUCUMOCTb CKOPOCTH PEaKIIMU OT KOHLEHTPALUU KaXKI0ro
BEIIIECTBA, HA3BIBAIOT KUHETUYECKUM YpaBHEHHEM peakiuu B AuddepeHnnaip-Hon hopme.
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K coxanenuro, KHHETHYECKOE YPaBHEHHE PEAKIIUU MOXKET OBITh MOJIyYEHO TOJIBKO MPU
e€ SKCIepUMEHTAIIbHOM M3YUYE€HUHU U HE MOXKET OBITh BHIBEIEHO M3 CTEXMOMETPHUUECKOIO ypaB-
HEHUS.

4.18 llennbie u (pOTOXUMHYECKHE PEAKIIUT

[Ipu uzydeHnun Bompoca HeOOXOAMMO OOPATUTh BHUMAHUE Ha CIIEAYIONINE OCOOCHHOCTH.

[lenmHbIe peakIuu UTPAIOT BAXKHYIO POJIb BO MHOTHUX OTPACISX XUMHH, B YACTHOCTH, B (PO-
TOXUMHH, B OPraHMYECKON XUMHH, B TIPOIIECCAX MOJIyUYeHHUs siaepHoi sHepruun. Cropa-

HUE TOIUIMBA B IBUTATEIIIX BHYTPEHHETO CrOpaHusl, KPEKUHT YIJIEBOJOPOAHOTO ChIPhS, IPOLIEC-
ChI MTOJIMMEPH3AIUH - BCE 3TO MPOLECCH, MPOTEKAIOUIHE 110 [IEMTHOMY MEXaHU3MYy. XapaKTepHOI
O0COOCHHOCTBIO I[EMHBIX PEAKIIUN SBISETCS YIacTHE B HUX aKTHBHBIX YaCTHI] (CBOOOIHBIX aTo-
MOB, PaIMKaJIOB, BO30YKJIEHHBIX MOJIEKYI U Jp.), KOTOpPbIE CTAIKUBAsCh C MOJIEKYJIaMU UCXOJ-
HBIX BEIIECTB, 00Pa3yr0T KOHEYHBIC TPOYKTH M HOBBIE aKTHBHBIC YaCTHUIIbI, KOTOPHIC BHOBb
BCTYMAIOT B peakuio U T.1. LlenHble peakiiny MpoTekaroT 0ObIYHO ¢ O0JIBIION CKOPOCTHIO U
4aCTO UMEIOT XapaKTep B3phIBa.

[lenmHas peakus COCTOUT UX TPEX CTATUM:

1.Cranusa naunuupoBanus. Ha aToil craguu noa NeicTBUEM CBETa, HAarpeBaHus, paguoaK-
TUBHOT'O U3Ty4YeHHsI U OJaroaapsi IpUCyTCTBHUIO B CHCTEME CIEI[MAIbHBIX BEIIECTB - HHUIHA-
TOPOB, 00Pa3yIOTCs AKTUBHBIE YACTHUIIBI, HATIPUMEP, PAJIUKAIIBI.

2.Craaus pa3Butusd nenu. Ha 3Tol cTaguy aKkTUBHBIE YaCTUIBI B3aUMOJICUCTBYIOT C HC-
XOJTHBIMH MOJIEKYJIaMH ¢ 00pa30BaHUEM MMPOJTYKTOB PEAKIIMU U aKTUBHBIX YacTull. CTaaus pas-
BUTUS LIEMHU COCTOUT U3 MHOTUX THICSIY U MIJIJTMOHOB TaKUX 3JIEMEHTAPHBIX aKTOB.

3.Cranus oOpsiBa 1ienu. Ha 3Toii cTagnu MpoucXoauT pa3pylieHue aKTUBHBIX YaCTHIT
BCJIE/ICTBHE UX CTOJIKHOBEHHUS MKy COOOMH, CO CTEHKaMU COCY/1a WM MO IEHCTBUEM CIIECLIU-
QITBHBIX BEIIECTB - UHTUOUTOPOB. Ha 3TOM 1iemHas peakius mpeKkpaniaercs.

B xauectBe mpuMepa emHON peakiiyu pacCMOTPUM B3aUMOJICHCTBHE BOAOPOA C XJIOPOM,
KOTOpPOE MPOTEKAET CO B3PHIBOM IO/ IEWCTBUEM CBETA!

Ha cranuu uHUIIMMpPOBaHUS MPOUCXOAUT Pa3phIB KOBAJICHTHOH CBSI3U B MOJIEKYJIE XJIOpa C
o0pa3oBaHUEM JIBYX aTOMOB, UMEIOIINX HECTIAPEHHBIC AJICKTPOHBI, T.€. PaIUKAIIOB:

[TosiBieHue paiuKanoB XJopa, a, 3HAYUT, U LEMHYIO0 PEaKI[HI0, MOKHO BbI3BAaTh U B TEMHO-
T€, €CJIU BBECTH B CMECh ra30B HEOOJIBIIIOE KOJTUIECTBO ITAPOB HATPHS, KOTOPHIH OyneT B3auMo-
JEICTBOBATH C XJIOPOM I10 YPaBHEHUIO:

Na + Cl, = NaCl + YCl

Ha craguu pa3BuTHs 1lenH MPOTEKAIOT MPOLIECCHI:

CH+H:H®H:Cl+YH

HY+Cl:CI® H: Cl+4Cl

u Tak ganee. Ha ctaguu oOpeiBa 1INy peakilus MpeKpaniaeTcs BCISICTBUE CTOTKHOBEHUS
paaNKaoB:

HY+YH®H:H

ClH+4Cl ® Cl : Cl uim

HY+YCI® H: Cl

DOTOXMMHUYECKUMU HAa3bIBAIOTCS pEaKLUU, IPOTEKAIOLIIE MO IEHCTBUEM CBETA.

[Tpu PoTOXUMUYECKUX PEAKITUAX SHEPTHUs, HEOOXOAMMasl ISl TTOICPKAHUS PEAKIIUU WIIN
ee BO30YKIICHHUsI, IOJBOAUTCS B (hOpME IIEKTPOMArHUTHBIX Kojebanuii. K ¢hoToxumuueckum
peaKIusM OTHOCSATCS (POTOCHHTE3 (CHHTE3 YIJIEBOIOB M3 JUOKCHIA YTIIIEPOIa ¥ BOJBI B PACTCHU-
x), poTorpadudecKuil MpoIiecc, BHIIIBETAHNE KPACOK, IToMuHecteHus u ap. K dotoxumuue-
CKHMM PEaKIUsIM OTHOCUTCSI U B3aUMOJIEHCTBUE BOJOPOA C XJIOPOM, pACCMOTPEHHOE BBILIIE.

DOTOXMMHUYECKOE JICHCTBIE CBETa COCTOUT B TOM, YTO MOJIEKYJIbl PEarupyIoIIero BemecT-
Ba, TOIJIONIAsE KBAaHTHI CBETA, BO3OYKIAIOTCS, T.€. YBEIUUHBACTCS UX BHYTPEHHSS SHEPTHS U
CTaHOBSTCS PEAKIIMOHHOCTIOCOOHBIMHU.

DOTOXUMUYECKHUE PEAKIIMN MOKHO Pa3JeIUTh HA JIBE TPYIIIIbI:
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1.Peakiuu, KOTOpble TEPMOJMHAMUYECKH JOJKHBI IPOTEKATh camoIpon3BoisHO (DG < 0),
HaIpUMep, peaklrs BoAopoa ¢ xJiopoM. CBET UrpaeT TOJIBKO POJIb BO30OYAUTENS peaKlHH, T.€.
CIOCOOCTBYET NMPEO0ICHUIO0 TOTEHIIMATIBLHOTO Oapbepa.

2.Peaknuu, TepMoagHAMUYECKH HecaMmornpou3BoibHbIe (DG > 0). /[ ux mpoBeneHus He-
00xoaMMa 3aTpaTa SHEPTHH U3BHE, KOTOPAsi TOCTABISIETCS B (JOPME AIIEKTPOMArHUTHBIX KOJIe-
OaHMii.

4.19 ABTokaranus

[Tpu u3yyeHnn Borpoca HEOOXOUMO 0OPATUTh BHUMAHKE Ha CIEIYIOIINE OCOOCHHOCTH.

ABTOKaTanu3 — KaTaJlu3 XUMHUYECKON PEeaKIMK OJHUM U3 €€ MPOIYKTOB MIIH UCXOTHBIX
BCUICCTB. OI[HI/IM u3 HaI/I6OJIee IIUPOKO U3BCCTHLIX MMPUMCPOB AaBTOKATAJIN3a ABJISICTCA OKUCIIC-
HUE I11aBeJIeBOM KUCIOTHI IEPMaHTaHATOM:

2MnO,~ +5C,04” + 16H" = 2Mn”" + 10CO, + 8H,0

KaTtanuzaTopoM 3TOl peakiuu ABISIOTCS HOHBI Mn?". [Ipu kOMHATHOM TemmepaType 3Ta
peakius BHaYalle MPOTEKaeT MEJIEHHO, HO 10 Mepe HAKOIUJICHUSI B PACTBOPE MPOIAYKTa-
KaTajan3aTopa, OHa YCKOpPSIeTCA.

ABTOKaTalIM3 UIPaeT KJIIOUYEBYIO POJIb B 3BOIIOLMOHHON XUMUH, IOCKOJIbKY PEAKIus, Ka-
Tanu3upyemasi COOCTBEHHBIMU MPOAYKTaMU, TIOTyYaeT MPEUMYILECTBO Mepel peakusiMu, MoIy-
YAIOIMIMMHK KaTallu3aTop U3BHE (TeM Oosiee — Tepe]] HeKaTATUTUIECKUMU PEaKIUSIMHU ), 9TO CO3-
JTaeT yCJIOBUS JJI €CTECTBEHHOI0 0TOOpA.

4.20 ®epMeHTATUBHBINA KATAJIU3

[Tpu u3yueHnn Bonpoca He0OX0AUMO 00pPATUTH BHUMAHUE Ha CIIEAYIOIINE OCOOEHHOCTH.

OEPMEHTATUBHBIN KATAJIU3 (GnokaTanus), yCKOpPeHHe OHOXHM. p-LHil IpH yda-
CTHH OEJIKOBBIX MaKpPOMOJIEKYJI, Ha3bIBaeMbIX epMeHTaMu (dH3uMaMu). DepMEeHTATUBHEIN Ka-
TaJu3- Pa3HOBHIHOCTH KaTajin3a, XOTs TepMuH "depmenTarusa" (OpoKeHHE)U3BECTCH C TaBHUX
BpPEMEH, KOT/Ia eIle He ObLIO MOHITHS XUM. KaTalu3a.

[lepBoe nccnenoBanue ¢pepMEHTaTUBHOTO KaTalld3a KaK XMM. IMpoliecca ObUIO BBIOIHEHO
K. Kupxrodom, k-psiit B 1814 nmpopeMmoHcTpupoBai (pep-MEeHTaTUBHYIO KOHBEPCHIO KpaxMaja B
PacTBOPUMBIE YTIIEBOIBI.

3aMeTHBIN BKJIAJ B MPEJCTaBICHUE O MpUpoJe (EePMEHTATUBHOTO KaTaln3a BHECTU Pado-
Tl U. Bepuenuyca nu 3. Muuepiuxa, K-pble BKIIOYWIA (EPMEHTATUBHBIE P-IIMH B KaTETOPHUIO
XUM. KaranuTud. 1nporeccoB. B kon. 19 B. D. ®umep BbhICKa3al THUIOTE3Y
o crienu(UyHOCTU (PEPMEHTATUBHBIX p-IMH U TECHOM CTE€PUY. COOTBETCTBHHM  MEX-
TycyOCTpaTOM U aKTUBHBIM IeHTpoM (epmeHTa. OCHOBBI KMHETHKU (DEpMEHTATHBHBIX P-IIUN
ObLTH 3a710KeHBI B padoTtax JI. Muxas-nuca (1913).

4.21 MHruduTopbl XMuMHYECKOI0 Mpoiecca
[Tpu u3yyeHnn Borpoca HEOOXOUMO OOPATUTH BHUMAHKE Ha CIEIYIOIINE OCOOCHHOCTH.
WNHruburopsl XuMu4ecKkue, BeIeCTBa, TOPMO3AIINE pa3HOOOpa3Hble XUMHUUECKHUE PEaKIUH;
HaxXo4dAT IUPOKOC MPUMCHCHUEC IJI NPCAOTBPAIICHUA NI 3aMCIJICHUA HCXKCIIATCIIbHBIX ITPO-
[IECCOB, HAIIPUMEP KOPPO3UOHHOTO pa3pyLIEHUSI METAJIOB, OKUCIIEHUS TOILTUB, CMa30YHbIX Ma-
CeJl U NUILEBBIX IPOAYKTOB, IIOJUMEPU3ALNH, CTAPEHUS ITOJIUMEPOB U Ip. XapaKTEpPHON 0CO-
OCHHOCTHIO HHTHOUTOPOBXUMHUYECKUX SABJsETCS 2 (HEKTUBHOCTH UX B Ma-
JBIX KOHIICHTPAIMSIX — OT THICSYHBIX JA0JeH % 10 HeCKOIbKUX %0. DPHEKTUBHOCTH HHTHOUPO-
BaHUs 3aBHCUT OT MPUPOABI HHTHOUTOPA XUMUYECKOTO U XapaKTepa MHTMOUpyeMOpeakInm, a
TaK»XK€ OT KOJIMYECTBA I/IHI‘I/I6I/ITOpa XUMHYECCKOIro, BpEMCHHU €TI0 BBECACHU B PCAKIIMOHHYIO CPC-
Iy, TEMIEPATYpbl, COAEPKAHUS IPYTUX BEIIECTB, BIUAIOIUX HA 3P(HEKTUBHOCTh HHTUOUTOPA.
WHrubuTopsl KOPpO3UH BBOAAT B KOPPO3UOHHO-aKTUBHYIO CpEy IS 3alllH-
ThI METAJIOB OT KOPPO3uu.VTHTHOUTOPHI KOPPO3UU OTHOCSTCS K Hanbosiee 3 PeKTUBHBIM Cpeji-
cTBaM OOpHOBI ¢ KOPPO3UEH U HAXOAAT IUPOKOE MPUMEHEHHE IPU TPABJICHUU METAJIOB C I1e-
JIBIO yJAJeHUsI OKaJIMHBI, IJIS 3alIUThl DHEPIeTUYECKOT0 000pYI0BaHUs, IIPH 100bIUE U TIepepa-
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60TKe He(pTH U ra3a, B IPOMBIIIICHHOM U OBITOBOM BOJAOCHA0XEHUH, B OXJIAIUTEIIbHBIX CUCTE-
Max IPOMBIIIJIEHHOTO 000PY10BaHMsI U TPAHCIIOPTHBIX CPENICTB (JBUTaTENIN BHYTPEHHETO Cro-
paHus), JUIA 3alIUTHI OT aTMOC(HEPHON KOPPO3UH N3N MATHHOCTPOCHUS, IPH THIPOUCTIHI-
TaHUSIX U T. 1. [LIMpoKo HCIoNb3yI0T MHHTMOUTOPBI XUMUYECKUE JUISl 3aLUThI IeTaleil MalluH U
prOOPOB BO BpEMsI MEKOIEPAITMOHHOTO XPaHEHHUsI, KOHCEPBALUU M TPAHCIOPTUPOBKH. 3aIUT-
HOE JIeHiCTBHE NHIMOUTOPOB KOPPO3UUOIIPENENIAETCS UX CIIOCOOHOCThIO U3MEHATh KHHETUKY
AIIEKTPOXUMHUYECKHUX PEaKIiii, 00yCIOBIMBAIOIINX KOPPO3HOHHBIN mporiecc. B 3aBucumocTt oT
TOT0, KaKyl0 U3 3JIEKTPOXUMHUECKUX PEAKLIUI CUIIbHEE TOPMO3SITUHIHOMTOPBI KOPPO3UH, OHU
JIeNSATCS Ha aHOAHbIE, KaTOJHbIE M cMeIaHHble. K aHoTHBIM HHTHOUTOpaM KOPPO3UHMOTHOCSTCS,
HaIpHUMep, TAKME OKUCIUTEIHN, KaK XpOMAThl U HUTPUTHI, ITUPOKO IPUMEHSAEMBIE B ITPOMBIIII-
JICHHOCTH (aBHAIMOHHOW, XUMHUECKOM, HeTenepepadaThIBatOIen 1 T. 11.).

4.22 ®a3oBble pABHOBECHS

[Ipu uzydeHnun Bompoca HeOOXOAMMO OOPATUTh BHUMAHUE Ha CIIEAYIONINE OCOOCHHOCTH.

PaBHOBECHE (a3 B TEpMOJMHAMHUKE — COCTOSIHUE, TIPU KOTOPOM (ha3bl B TEpPMOIUHAMUYC-
CKOH crcTeMe HaXOsATCS B COCTOSIHUN TEIJIOBOT0, MEXaHHUUECKOT0 MXUMHUYECKOTO PaBHOBECHSI.

Tunb! pa3oBEIX paBHOBECHI:

TemuioBoe paBHOBECHE O3HAYAET, YTO BCe (a3bl BEIIECTBA B CUCTEME UMEIOT OJIMHAKO-
BYIOTEMIIEPATYPY.

MexaHnueckoe paBHOBECHE O3HAYAET PAaBEHCTBO JABJICHUI 110 pa3HbIE CTOPOHBI IPAHUILIBI
pazzena conpukacaomuxcs ¢a3. CTporo ropops, B peajibHbIX CUCTEMAaX 3T JIaBJICHUS PABHBI
JUIIb NPUOIMKEHHO, Pa3HOCTh JIABJICHUM CO3/1aeTCsl TOBEPXHOCTHBIM HATSKEHUEM.

XUMHUYECKOE PaBHOBECHE BBIPAXKAETCS B PAaBEHCTBE XMMUYECKHUX IMMOTSHIIMAJIOB BeexX (a3
BElIeCTBaA.

4.23 CBoOoxHasi M CBSI3AHHASI JHEPIUSl CHCTEMbI
[Tpu u3yueHnn Bonpoca He0OX0AUMO 00pPATUTh BHUMAHHUE Ha CIIEAYIOIINE OCOOEHHOCTH.
Bocnons3oBasmmck cipaBounukom b.SIBopckoro n A.Jletnada (1990), paboroii B.OTkunHa
(2006) n cioBapHBIMU OINPEAEIECHUSIMH, Mbl CXEMAaTU3UPOBAIIN Ha MPEACTABIIEHHOM PUCYHKE
TEPMHHOJIOTHIO, OTHOCSIIIYIOCS K IOHSATHIO “OHEprus’ B TepMoanHaMuke. Ha 3Toit cxeme Mbl
BOCIIOJIb30BAJIMCH OOIIECNPUHATON CUMBOIMKON. Ha cxeme yureHakiaccupuKaIys SHEPTHU 10
dbopmam u BuaaM, onyonukoBaHHas B padorax M.Korana (2007, 2009).

B 1882 r. I'.I'erpMrosibil BBEIN JIeJICHUE BHYTPEHHEH YHEPTHUU CUCTEMBI Ha CBOOOHYIO
SHEPTHUIO U CBSI3aHHYIO 3Hepruto. CBoOOIHAs SHEPTHs — 3TO pabOTOCIIOCOOHAs YacTh BHYTPEH-
HEeW PHEPTUU CUCTEMBI. A CBsI3aHHAs DHEPTHUS — ITO HEpabOTOCIIOCOOHAs YaCTh BHYTPEHHEH
SHEPTUU CUCTEMBI, CBS3aHHAS C XaOTUYECKUM JIBH>KEHHEM COCTABIISIONINX CUCTEMY YaCTHIL, N
TaK Ha3bIBaeMas “‘obecyenenHas’ YHEPTUS CUCTEMBbl. Ee Ha3bIBalOT TaKke SHeprueit I enpMroib-
na. Kimaccuduxkanms ['enpmromnbiia moka3zana Ha CXeMe IITPUX-TYHKTHPHBIMUA JTHHHASIMH.

4.24 3axon pa3zoaBienust OcTBaabaa

[Ipu uzydyeHnun Bompoca HeOOXOAMMO OOPATUTh BHUMAHUE Ha CIIEAYIONINE OCOOCHHOCTH.

Crenens auccormanu (0,,.) ¥ KoHCTaHTa Auccoruanmu (Knuc) cnaboro anekrponura Ko-
JUYECTBEHHO CBSI3aHBI MKy cO00i. BrIBeneM ypaBHEHHE ATOU CBS3HM HA MpUMeEpE C1aboit oJ1-
HOOCHOBHOMU KHUCJIOTHI TUa HAn.

U3 ypasuenns HAn bl H' + An” BUIHO, 9TO M3 OHO MOJIEKYIIbI KUCIOTHI B PACTBOPE B
pe3ynbTaTe AMCCOLMALMH TosBIseTcs oauH KatnoH (H') n omuH annon (An’). 3Has, Kakas 4acTh
3JIEKTPOJIUTA B PACTBOPE MPOIUCCOLUUPOBAIIA, MOKHO PACCUMTATh KOHLEHTPALIUIO HOHOB B
pactBope. IlycTh KOHIIEHTpaIsl KUCIOTHI B pacTBOpe paBHa C,, (MOJIB/ 1), CTENIEHb JUCCOLUALINU
KHUCJIOTBI B 3TOM PACTBOPE - Oy, TOTIA!

Konuenrtpanust Kuciotsl, kotopast npoauccoruupoBaia - Cy uc(HAn) = ay,. C, (HAn)

Kounentpamust nonoB B pactBope - Cy (H') = Cy me(HAN) = a Cy, (M01IB/1),
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Cy (An) = Cy uc(HAN) = ayye Cy e (MOMTB/I).
YacTh KOHIEHTpALMS KUCIOTHI, KOTOpasi He MPOJUCCOLIMUPOBaIa U HAXOIUTCS B PaCTBOpE
B MOJIEKYJISIpHOM (hopme:
Cu(mom) = Cy; (HAn) - Cy; jue(HAN) = C,, (HAN) - age Cy (HAN) = (1-ay) Cy.
Torpa sanumem Beipaxkenue 11l Kyaz € y4€TOM CIENaHHBIX BBIYMCIICHUN:
Kie = Cu(HDCy(AN) = (e C) (e Co) = (e’ (Cu)’ = ()’ Cy
CM (mom) (l'azmc) CM (l‘azmc)

CM (1 ‘a)mc)

Jlnst cnabbIX AIEKTPOIUTOB Ay << 1, mo3TOMY ypaBHeHHE A Ky MOXKHO YIIPOCTUTH:

KJ'H/IC = al[lflcz CM

DTO BbIpa)KEHHUE HOCUT Ha3BaHUE 3aKOHa pa3daBiieHuss OCTBabAA U ONPEIETSET 3aBU-
CUMOCTb &y OT KOHIIEHTPAIMU ¢J1a00r0 AJIEKTPOIUTA B paCTBOPE: Ane = (Kiue /
Cu(HAn))"2.

N3 ypaBHEHUs BUAHO, TIPH YMEHBIIICHUH KOHIIEHTPAIIMH CJIA00TO JIEKTPOJIUTA B pacTBOPE,
CTCIICHb AUCCOIHNAIIN €TI0 YBG.HI/I‘-II/IBaeTCH. I[JBI MHOT'OOCHOBHBIX KHUCJIOT IT1O 3aKOHy pa36aBH€-
Hus OcTBaJIb/Ia CTENEHb TUCCOITUAIIMN PACCUUTHIBACTCSA ISl KaXKJIOW CTYNEHHU OTHEIHHO.

4.25 lIporoamTnyeckasi teopusi bpencrena-Jloypu

[Tpu u3yueHnn Bonpoca He0OX0AUMO 00PATUTH BHUMAHUE Ha CIIEAYIOIINE OCOOEHHOCTH.

[IpoTonuTnueckas Teopust KUCIOT U ocHOBaHU bpencrena-Jloypu.

B 1923 rony bpencren u Jloypu pa3zpadoTanu IpOTOHHYIO TEOPHIO KUCIOT M OCHOBAHHIA.
CornacHo 3TO¥ TEOpHH:

- Kucnotoit Ha3bIBalOT BCAKOE BEIIECTBO, MOJICKYJISIPHBIE YACTHUIIBI KOTOPOTO (M MOHBI)
CIOCOOHBI OTJIaBaTh MPOTOH, T.€. OBITH JOHOPOM MpoToHOB. (HB)

- OCHOBaHUEM HA3bIBAIOT BCSIKOE BEILIECTBO, MOJIEKYJISIPHBIE YaCTUIBI KOTOPOTO (1 MOHBI)
CIOCOOHBI IPUCOCTUHATH MMPOTOHEI, T.€. OBITH aKIIENTOPaMH MPOTOHOB.(B)

Mornekyna 1 MOH WIH 2 MOHA, OTJIMYAIOIIMECS APYT OT JApyra Ha NepeaaBaeMblil IPOTOH,
Ha3bIBAIOTCS COMPSKEHHOW KUCIOTHO-OCHOBHOM Mapoi.

B BogHBIX pacTBOpax KUCIOT U OCHOBAHUN MOKHO BBIJICIIUTH 2 CONPSOKEHHBIC TIAPHI, OTHY
U3 KOTOPBIX 00pa3yeT pacTBOPUTEIIb.

PaBHOBecue, ycTaHaBIMBAIOILIEECS B PACTBOPAX MEXKIY KUCIOTAMU U CONPSHKEHHBIMH OC-
HOBaHHSIMH, Ha3bIBAETCS IPOTOIUTHUECKUM PAaBHOBECHEM WJIM KUCJIOTHO-OCHOBHBIM paBHOBE-
CHUEM.

B BomHBIX pacTBOpax s mpou3BosibHON KuciIoTel (HB) GyHKIMI0O OCHOBaHMSI BBITTOTHSET
BOJIA.

2 KHCJIOTHO-OCHOBHAs apa

HB+H20=B+H3O

Kucnoral ocHoBanue2 ocHoBanuel kuciaora

| KMCIOTHO-OCHOBHAA Mapa

(compspk€HHas mapa)

Cuna KUCIIOT OIpeneseTcsi UX ClIOCOOHOCTHIO OTAABaTh MPOTOH, & OCHOBAHUI — MPUHU-
MaTh €ro.

Mepoii 3TO# CIOCOOHOCTH CITYKUT COOTBETCTBEHHO KOHCTaHTa KuciotHoctu (Ka) u oc-
HoBHOCTH(KD).

KoncraHTa BhITIENIpUBEAEHHOTO TIpoliecca Oy1eT UMETh BUI:

K=[B-]*[H30+]/ [HB]*[H20]

[Tockonbky konuentpanus [H20] —const, To uK[H20] —const, Torna

KoHcranTa kucnorHoctu

Ka=[B-]*[H30+] / [HB] = K[H20]

J151s por3BOJILHOTO OCHOBaHUSI BB BoJIHOM pacTBope GyHKIUIO KUCIOThI OyIE€T BBINOJ-
HSTH BOJIA.

B+H20=BH+OH-
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OcHoBanuel kucnora2 kuicoral ocHoBaHuEe2

KoncTtanta ocHOBHOCTH

Kb= [BH+]*[OH-] /[B]

KoHCTaHTBI KHCTTOTHOCTH U OCHOBHOCTH B COTIPSDKEHHOM TIape JJIsi BOAHOTO pacTBOpa CBSI-
3aHBI MEXKTY COO0N COOTHOIIICHHEM:

Ka*Kb=Ku=[H30] [OH-] — nonHoe npoun3BeiIecHUE BOIbI.

Uem cuibHEe KUCIIOTA, TEM cllabee CONpsHKEHHOE el OCHOBaHUE, M HA000POT.

Jlist ynoGcTBa pacy€ToB 4acTO MOJIB3YOTCSl HE CAMUMH KOHCTAaHTaMH, a UX MTOKa3aTelIsIMH,
T.€. IECATUYHBIMHU 1g, B3ATHIMHU CO 3HAKOM «MUHYC .

pKa=-IgKa

pKb=-1gKb

pKa+pKb=14

Knaccudukanus kuciot u ocHoBanuit bpencrena:

Kucnotel mogpa3zaensitores Ha:

1). Heiitpansasie: HC1,H2SO4,H3PO4.

2) Katnonnsie: NH4+,H30+

3). Auuonnsie: HPO4-,H2PO4-

OcHoBaHus:

1). Heitrpansusie: NH3,H20

2). Katnonnsie: NH2-NH3+

3). Aunonnsie: OH-, CH3COO-, CI-

DJekTpoHHas Teopus JIpronca

OTIUYUTENBHBIN PU3HAK KUCIOT U OCHOBaHUH JIblorca SBISETCS TO, YTO OHU B3aUMO-
JEHCTBYIOT JIPYT C IPYTOM ¢ 00pa30BaHMEM JTOHOPHO-AKIIETITOPHBIX CBSI3EH.

I[To JIsroucy:

- Kucnora — 370 BemecTBo, mpruHUMAIOIIEE JJICKTPOHHYIO Mapy, T.€. aKIENTOP IEKTPOHA.

- OcHOBaHUE — ATO BEIIECTBO, MOCTABJISIIONICE AIEKTPOHBI IS 00pa30BaHUS XUMUYECKOM
CBSI3H, T.€. JOHOP DJIEKTPOHOB.

B pe3ynbrate mpuoOpeTaroTcs maphl SJIEKTPOHOB, ATOMOM, OTBETCTBEHHBIM 32 KUCIOTHBIC
CBOMCTBA pacCMaTPUBAEMOI'0 COSAMHEHUS YaCTO BOSHUKAIOT 3aBEPIIEHHBIC AJICKTPOHHBIC KOH-
durypamum.

OcHoBanus JIpronca nomkHBI 00J1a71aTh OJTHON TTApOX BaJIGHTHBIX YJIEKTPOHOB, KOTOPHIE
OHH CITOCOOHBI PEIOCTABUTH MAPTHEPY LIS 00pa30BaHMUsI KOBAJICHTHOMN CBSI3H.

K ocHoBanusim JIpronca OTHOCATCS TallOT€HUI-MOHBI, aMMHUaK, aau(aTuiecKre U apoMaTH-
YecKHhe aMHUHbI, KucliopoHble coequHenuss R2CO(R— oprannueckuii pagukai).

Kucnotsr JIpronca — 310 100b1€ COETMHEHHS CO CBOOOTHON OpOUTANIBI0. DTO TAIOTCHUIBI
0opa, aTIOMUHUS, KPEMHHS, OJIOBA U IPYTHE COCTMHEHUS.

JocTtonHctBa Teopun JIptonca:

- MPUMEHUMOCTH K IIUPOKOMY KPYTy pEaKIuil.

PaccMmoTpenHbie TEOpUU AUCCONMAIIMK KUCIOT U OCHOBAaHUHN HE MPOTUBOPEYAT, a JOTOJ-
HSIOT JPYT APyTa U UMEIOT TTTyOOKYI0 BHYTPEHHIOIO CBsI3b. TaK, KUCIOTHI, 0 bpeHcremy, Mox-
HO pacCMaTpUBATh KaK YACTHBIN CIy4ail JTbIOMCOBCKHUX KHUCIIOT, ITOCKOJIbKY IMMPOTOH XapaKTepH-
3yeTcsi OOJNBIINM CPOACTBOM K AJIEKTPOHHOM Mape U MOKET paccMaTpuBathes, 1o JIptoncy, kak
KHCIIOTA.

4.26 Kucsorsl 1 ocHoBaHu#A JIbonca
[Tpu u3yyeHnn Borpoca HEOOXOUMO 0OPATUTh BHUMAHKE Ha CIIETYIOIINE OCOOCHHOCTH.
Cuna xucioT u ocHoBaHui JIbronca onpenensieTcss KOHCTAaHTOM paBHOBe-
cust K oOpa3oBanus mpoaykTa HeiiTpanuzanuu AB:
K=.(3.2)
B OpeHcTe0BCKIX KHCIIOTHO-OCHOBHBIX PEaKIIMsIX OCHOBAHUS BCET1a KOOPAHMHHUPYIOTCS C
poToHOM. Ecin e naHHas MOJIeKyJa WIM aHUOH KOOPANHUPYETCS C OJJTHOM U3 MUJIJIMOHOB
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BO3MOXKHBIX KHCIIOT JIbIOMCa, TO 3Ta MOJIEKYJIa WU HOH y)K€ CUUTAIOTCs OCHOBaHUEM JIprouca.
Takum 06pa3om, OCHOBHOCTH 110 bpeHCTe 1y MOKHO ONpeIeNIuTh KaK YaCTHBIA ClTydaid OCHOBHO-
ctH 1o JIpIouCy, B KOTOPOM OCHOBaHUsI 00Pa3yiOT CBSA3b C IPOTOHOM.

Kucnots! JIptorica MOKHO pa3/ieuTh Ha KJIACChl B 3aBUCUMOCTH OT TOTO, C KAKUM aTOMOM
KHUCIIOTHI KOOpAWHUpPYeTCs ocHoBaHue. Hampumep, BFsmoxHO cuutath 60p-kucnoroit (B-
KHCJIOTOM ), TOCKOJIBKY pearupyrolinee OCHOBaHUEe 00pa3yeT cBsi3b ¢ bopom. Kormampem-
OYTUJIHHBIN KATHOH KOOPIUHUPYETCS C XJIOPUI-HOHOM U JaeTmpem-OyTHIIXIOPUI, €T0 MOKHO
cunrath C-kucnoroii. Mon uurporns (NO,") B GONBIIMHCTBE peakiuil aeiicTByeT kak N-
KHCJIOTA U T.]I.

Kncnotst BF; (CH3);C" NO," CH;0"
JIprouca B- C- N- O-
KHUCJIOTa KHUCJIOTa KHUCJIOTa KHCJIOTA
Kucnotst CH;NO, CH;NH;" CH;OH
bpencrena CH- NH- OH-
KHCJIOTa KHCJIOTa KHUCJIOTa

Cuia ocHoBaHUs B, onpenenseMast KOHCTaHTOM paBHOBecHsI B ypaBHeHHH (3.2), eCTecT-
BEHHO, 3aBHCHUT OT MPUPOABI KUCIOTHI A. DTO CBSI3aHO C TEM, YTO YHEPTHUS B3AUMOCHCTBHUS 3a-
BHUCHUT OT OTHOCUTEILHOTO NoJioxkeHus1 ypoBHeH B3MO ocHoBanus 1 HCMO kucnoTsr (pas.
2.3.4, 171. 2), a IOJI0KEHUE 3TUX YPOBHEW CBA3AHO C 3JIEKTPOOTPULIATENBHOCTHIO JAHHOTO Jle-
MeHTa. Tak, cuia ocHoBaHMS B peakiuu ¢ C-kucinoraMu (KapOOKaTHOHAMH) Ha3bIBAETCSI OCHOB-
HOCTBIO T10 YTIIepoay, B peakiuu ¢ BF3- ocHOBHOCTBIO TI0 Oopy U T.1. ChenyeT 0XXuaaTh, 4To
OCHOBHOCTb, HaIllpUMep, 110 yIIIEPOy, JUIsl JAaHHOTO OCHOBAHMS HE OYAET MOCTOSHHOM JIJIsl BCeX
C-kucnot;KB ypaBHeHUH (3.2) T0JDKHA, MOXKET OBITh, U B HEOOJIBINION CTETIEHHU, HO BCE K€ U3ME-
HATHCS IPU U3MEHEHUHU KapOOKaTHOHA, C KOTOPBIM KOOpAMHHUpYeTcs ocHoBaHUe. CiienoBaTeb-
HO, HYKHO pa3JinyaTh U OCHOBHOCTH I10 CH;', C¢Hs ', (C6H5)3C+, CH;-C'=O u T.11.

AHaIOTUYHO KHUCTIOTaM, ocHoBaHus JIbtonca (u bpencrena) MoxxHO KilacCUPUITUPOBATH
kak C- (manpumep, CN°), N- unu O-ocHOBaHUSI.

Jly1st opranrdeckoil XuMuK Hanbosiee BaXKHOE 3HaYeHHe UMEIOT C-KUCIIOTHI, T.€. KapOoKa-
THOHBI, 1 C-OCHOBaHMSI, T.€. KAPOAHUOHBI. DTH, KaK MMPaBUIIO HECTAOMIIBHBIE YACTHUIIBI 00pa3y-
I0TCS B KAYECTBE MHTEPMEANATOB BO MHOTHUX PEaKLIMsIX U OynyT MOAPOOHO paccMaTpUBATHCS B
JTAHHOW U TIOCTICIYIOIIMNX TTIaBax.

4.27 BygepHble cuCTEeMBbI

[Ipu uzydyeHnun Bompoca HeOOXOAMMO OOPATUTh BHUMAHUE Ha CIIEAYIONINE OCOOCHHOCTH.

BydepHpiMu Ha3bIBAIOT pacTBOPHI, pH KOTOPHIX MPaKTUYECKU HA U3MEHSIETCS OT T00aBe-
HUS K HUM HEOOJIbIINX KOJIMYECTB CHIIBHON KUCJIOTHI WJIH LIEI0YH, a TAKXKe MPU pa3BeIeHUN.
[Ipocreiimmii OydepHbIl pacTBOP - 3TO CMECH CJIA00M KUCIOTHI M COJIH, UMEIOIIEH ¢ ITOW KH-
cJ0TOM o0 aHnoH (HarmpumMep, cMech yrkcycHou kuciaorel CH3COOH u anerata HaTpus
CH3COONa), 1160 cmech ¢1ad0ro OCHOBAaHHUS U COJIM, UMEIOIICH C 3TUM OCHOBAaHHUEM OOIIHIA
KaTHoOH (Hampumep, cMech ruapokcuaa ammonnss NH4OH ¢ xmopunom ammonust NH4CI).

C Touku 3peHust IpoTOHHOHN Teopun COIIaCHO MPOTOHHOW TEOPUH, KUCIOTON HA3bIBAIOT
BCSKOE BEIIECTBO, MOJIEKYJISPHBIE YaCTULIBI KOTOPOT'O (B TOM YHKCJI€ U MOHBI) CIIOCOOHBI OT/AA-
BaTh MPOTOH, T.€. OBITH JOHOPOM IPOTOHOB; OCHOBAHHWEM HAa3bIBAIOT BCSIKOE BEIIECTBO, MOJIEKY-
JISIPHBIE YACTHUIBI KOTOPOTO (B TOM YHCJI€ U HOHBI) CIIOCOOHBI TPUCOCIUHSITH MPOTOHBI, T.€. OBITh
aKIIETITOPOM MPOTOHOB. Oy(epHoe neiicTBIE pacCTBOPOB O0YCIOBIEHO HATMYUEM KHCIOTHO-
OCHOBHOT'O paBHOBECHS OOIIETO THUIIA:

Bocuosanue + H+ BH+conpskenHas kuciora
HAxucnora H+ + A-conpsi>keHHOE OCHOBaHHE

ComnpsikeHHBIE KUCIOTHO-O0CHOBHBIE Tapel B /BH+ u A- /HA HasbiBatoT OydepHbIME cuc-

TEMaMH.
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Bydepnbie pacTBOpHI UTParOT OONBIIYIO POJIb B KUZHEAEATEIBHOCTH. K yncily HCKITIOUn-
TEJIbHBIX CBOMCTB )KMBBIX OPraHU3MOB OTHOCUTCS X CLIOCOOHOCTH MOJIEPKUBATH MTOCTOSHCTBO
pH OGmonornyeckux >KUaKocTel, TKaHeil 1 OpraHoB - KUCIIOTHO-OCHOBHOW TOMeOcTas3. JTo Io-
CTOSIHCTBO OOYCJIOBJIEHO HAJTMYMEM HECKOJIbKUX Oy(epHBIX CUCTEM, BXOJISALINX B COCTAB ATUX
TKaHEH.

Kinaccudukamnms kucaoTHO-0CHOBHBIX Oy(epHbIX cucteM.bydepHbie cucTeMbl MOTYT OBITh
YEeTHIPEX THUIIOB:

Cnabas kucnora u ee anHuoH A- /HA:

aneratHas 0y¢depnas cucrema CH3COO-/CH3COOH B pactBope CH3COONa u
CH3COOH, o6nacts nerictus pH 3, 8 - 5, 8.

Bonopon-kapoonarnas cuctema HCO3-/H2CO3 B pactBope NaHCO3 u H2CO3, obnactp
eé nevctBus - pH 5,4 - 7, 4.

Cnaboe ocHOBaHMe 1 ero katnoH B/BH+:

ammuauHas 0ydepnas cuctema NH3/NH4+ B pactBope NH3 u NH4CI,

obnacth ee aeiictBus - pH 8§, 2 - 10, 2.

AHMOHBI KUCIION U CPEIHEN COJIM WUJIN JIBYX KHUCJIBIX COJICH:

kapbonarHas Oydepnas cucrema CO32- /HCO3- B pactBope Na2CO3 u NaHCO3, 06-
nacth ee neiictBust pH 9, 3 - 11, 3.

docharnas 6ydepnas cucrema HPO42-/H2PO4- B pactBope Na2HPO4 u NaH2PO4, 06-
nacth ee neiictBus pH 6, 2 - 8, 2.

OTH coseBble Oy(hepHbIe CUCTEMBI MOKHO OTHECTH K 1-My TUIY, T. K. OJJHAa U3 COJIEH 3THX
Oy(depHBIX CUCTEM BBIMOJHACT (DYHKINIO c1ab0l KUCIOTHI. Tak, B pocdaTHOM OydepHOit crc-
teme aunoH H2PO4- sBisiercs c1aboil KUCIOTOM.

4. Vlonsl 1 MoJieKyibl aM(poanuToB. K HUM OTHOCST aMUHOKUCIIOTHBIC U OENIKOBBIEC Oydep-
HBIE CUCTEMBI. ECTTH aMHUHOKHCIIOTHI HJIM OEITKH HAXOJISITCS B H303JIEKTPHUUECKOM COCTOSTHHH
(cyMMapHBIi 3apsii MOJIEKYJIBI paBEH HYJII0), TO PACTBOPHI 3TUX COECIUHEHHM HE SBISIOTCS OY-
¢depupiMu. OHM HAYMHAIOT MPOSBIATH OyepHOoe JelicTBUE, KOTria K HUM J00aBISIOT HEKOTOPOE
KOJIMYECTBO KUCJIOTHI UM enoun. Toraa yacte Oenka (aMuHOKUCTOTHI) iepexoaut u3 NOC B
bopmy “OenoK-KUCI0Ta” WK COOTBETCTBEHHO B (popmy “Oenok-ocHoBanue”. Ilpu 3ToM 06pa3y-
eTcst cMech nByX GopM Oenka: (R - MakpoMoIeKyIIpHBII OCTaTOK OeKa)

a) cinabas “0emok-KuciaoTa” + cob 3TOM caboi KUCIOTHI:

COO- COOH

R-CH+H+R-CH

N+H3 N+H3

ocHOBaHue A- conpsbkeHHas kucinota HA

(comp Oenka-KumoThl) (OETOK-KUCIIOTA)

0) cnaboe “0enoK-0CHOBaHME™ + COJIb ATOrO CJIa00T0 OCHOBAHMS:

COO- COO-

R -CH+ OH-R - CH + H20

N+H3 NH2

kuciora BH+ conpsbxkenHoe ocHoBanue B

(comp Genka-ocHOBaHMs) (0€T0K-OCHOBAHHE)

Taxum 00pa3oM, 1 ITOT TUIT OYPEpHBIX CUCTEM MOKET OBITh OTHECEH COOTBETCTBEHHO K
O0ydepHbIM cucTeMaM 1-T0 U 2-r0 THUIIOB.

4.28 3HaveHue rUAPOIU3A COJIEeH B IPUPOE, OBITY, CEJILCKOX0351iICTBEHHOM MPOU3-
BO/ICTBE

[Ipu uzydeHnun Bompoca HEOOXOAMMO OOPATUTh BHUMAHUE Ha CIIEAYIONIE OCOOCHHOCTH.

JKusrie OpraHru3Mbl OCYHICCTBIIAIOT I'MAPOJINU3 PA3JITMYHBIX OPTraHUYCCKUX BCIICCTB B XOA€
peaKHI/Iﬁ KaTtaboms3ma pnu ydaCTuun (bepMeHTOB. HaHpI/IMep, B XOZ€ rHApOJin3a IIpru y4aCTuun
MHUIICBAPUTCIIbHBIX (I)GDMGHTOB 6€JIKI/I pacCICINIAITCA Ha aMUHOKHCIIOTHI, )KUPbI — Ha I''IMIC-
PHUH U KUPHBIE KUCJIOTHI, IOJUCaxapuabl (HalpuMep, KpaxMai U LeJTi0j103a) — Ha MOHOcaxa-
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puabl (HallpuMep, Ha IIII0K03Y) , HYKJIEMHOBBIE KUCIIOTH — Ha CBOOOHBIE HYKJICOTHIBI.

IIpu runposnse )KUPOB B MIPUCYTCTBUU IIEIOYEH I10TYy4arOT MBLIO; TUAPOIIN3 )KUPOB B IIPUCYT-
CTBHUHM KaTaJIM3aTOPOB MIPUMEHSETCA IS OJYYECHUS TIMLEPUHA U )KUPHBIX KUCIOT. ['uaponnsom
JPEBECHHBI MOJIYYaIOT 3TaHOJI, a IPOIYKTHI THAPOSIU3a TOP(a HAXOAAT MPUMEHEHHUE B IIPOU3-
BOJICTBE KOPMOBBIX IPOXOKEH, BOCKA, YA0OOpEeHUH U Jp.

4.29 OKHCIUTETbHO-BOCCTAHOBUTE/IbHbIE MPOLECCHl B MPOU3BOJACTBEHHOM NMPaKTUKe
U ¢/X.

[Ipu uzydeHnun Bompoca HeOOXOAMMO OOPATUTh BHUMAHUE Ha CIIEAYIONINE OCOOCHHOCTH.

OKUCIUTENEHO-BOCCTAHOBUTEIBHBIC TTPOIECCHl — OJTHU M3 BAXXHEHUINIUX MPOIIECCOB MPHU-
pOIbl. DTU peakuu OTHOCSITCA K YUCITy Hanboliee paclpoCTPaHEHHBIX XUMUUECKUX PEaKIUi 1
UMEIOT OTPOMHOE 3HAUEHUE B TEOPHUH U TIPAKTHKE. K HIM OTHOCSATCS:

OCHOBHBI€ ITPOLIECCHI KUZHEEATEIIbHOCTH — JIbIXaHUe U OOMEH BEUIeCTB B JKUBBIX Opra-
HU3MaX, THUEHUS U OpoxkeHHsI, HOTOCUHTE3 B 3€JIEHBIX YaCTsAX pacTeHuil. Hanpumep, B mpoiiec-
ce pOoTOCHHTE3a U3 YIIIEKUCIIOT0 ra3a u BOJbI MO/ IEHCTBUEM CBETa 00pa3yIOTCsl OpraHuyecKre
BellecTBa U Bbiaensercs kuciopon: 6CO2 + 6H20 — C6H1206 + O2.

OCHOBHBI€ ITPOLIECCHI B IPUPOJIE: KPYTOBOPOT 3JIEMEHTOB B IPUPOJIE, TIPOLIECCH KOPPO3HH,
CTOpaHHUsI BEIIECTB, U3BEPIKEHUE BYJIKaHA C 00pPa30BaHUEM CEpPbl, CBS3BIBAHNE aTMOC(HEPHOTO
a30Ta KacaHMEM XO/JIe TPO30BbIX pa3psI0B, IOTEMHEHUE CepeOPSAHbIX BElIEH;

OKHCINTENHEHO-BOCCTAHOBUTEIHHBIC TIPOIIECCHI B IPUPOJIC

OCHOBHBI€ MTPOLIECCHI YEPHOM U LIBETHOM METayUTypruu: 100bIYa METaNIOB, KUCIIOT, 1IN0~
4eil, aMMuaka, 1 MHOTHE JIPYTHe IEHHBIX TPOAYKTOB, JIEKTPOXUMUIECKOE TPOU3BOJICTBO.

[Ipeo6pa3oBaHre XMMUYECKON SHEPTUH B AIEKTPUUYECKYIO HIIH TETUIOBYIO SHEPTUIO MPO-
JyKTOB CTOPaHMSI.

[Ipoueccel, pouCXosIIKe B TaIbBAHUYECKUX JIEMEHTAX U aKKyMYJISTOpax.

Ha okucnuTenbHO-BOCCTAHOBUTENIBHBIX PEAKIUSIX OCHOBAHBI METOIBI O0BEMHOTO aHAIH3a
B QHAJIUTUYECKON XUMUH.

[TpupomooxpaHHble MEPOTIPUATHSI, OOPHOA C BPEIUTEISIMH CETHCKOTO XO35HUCTBA, 00e33a-
pakHBaHUs OBOIIEXPAHWIUII U IPOYEE; OUUCTKH Pa3IMYHbIX BEUIECTB, IPUPOAHBIX U CTOUHBIX
BO/JI, BBIXJIOITHBIX T'a30B U TOMY OJJOOHOE.

4.30 OKHCIAUTETBHO-BOCCTAHOBUTEIbHAS IBOIICTBEHHOCTH

[Ipu uzydeHnun Bompoca HEOOXOAMMO OOPATUTh BHUMAHUE Ha CIIEAYIONINE OCOOCHHOCTH.

OKUCIUTEIHLHO-BOCCTAHOBUTEIbHAS HBOﬁCTBGHHOCTB — 3TO CHOCO6HOCTB aToMa, Haxoas1-
HIETOCsI B IPOMEXKYTOYHON CTETIEHH OKUCIIEHHUsI, ObITh KaK BOCCTAHOBHUTEJEM, TaK U OKUCIIUTE-
JICM, B 3aBUCUMOCTH OT TOI'0, C KaKUM BCIHICCTBOM OH pCarupycr.

Hanpumep, OKHCITUTEIBHO-BOCCTAHOBUTEIBHYIO IBOMCTBEHHOCTD MPOSBIISAIOT BCE HEME-
TaJIBI (KpoMe (Topa U KUCIOpOia), HUTPUTHI, CYJIb(UTHI, HEKOTOPBIE CIIOKHBIE BEIIECTBA:

+4 +3

SO,, HNO,

4.31 PaBHOBecHe NOBEPXHOCTH 3JIEKTPOJA — IPUCTEHHbIN PacTBOP

[Ipu uzydyeHnun Bonpoca HEOOXOAUMO OOPATHTh BHUMAHUE Ha CIEAYIONMNE OCOOCHHOCTH:
B AJIEKTPOXHUMHUH IIMPOKO UCTOIB3YETCS MOHATHE IEKTPOIHBIN NOTEHINAN. DIEKTPOAHBIN IO~
TEHI[MaJl BOSHUKAET Ha TIOBEPXHOCTH pa3jiesa - 3JIEKTPO/JI - paCTBOP MPHU NOTPYKEHUH MeTaslia
(Me) B BOZY MJTH pacTBOP, Coep Kaniuii HOHbI faHHOro MeTamta (Me”"). Ha rpannue MeTait -
PAacTBOp yCTaHABIMBAeTCs paBHOBecHe Me «»Me” + Ze, KoTopoe 00yCIOBINBAeT 00pa3oBaHHe
JIBOMHOTO AJIEKTPUUYECKOTO CIOSI.
Hanuuue 060tino2o s1ekmpuiecko2o cos npugooum K 603HUKHOBEHUIO PA3HOCMU NOMEHYUATI08
MedAHCOY MEMAIOM U PACMEOPOM, KOMOPYIO
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APUHAMO HA3bI8AMb INEKMPOOHBIM NOMEHYUATOM MEMAlla U 0603HAYAMb

pMe™"/Me. VI3mMepsieTcs MOTEHIMAN B BoabTax (B). DIEKTPOI MPHHATO H300paKaTh B BUIE CXe-
MBI:

Me|Me”" riie BepTHKaNbHAs YepTa 0003HAYAET TTOBEPXHOCTh Pa3/ieNia MeTaIlI -pacTBOp.

Ecnu memann onywen 6 pacmgop cobcmeerHHoU cou ¢ Konyenmpayuetll KamuoHo8 Memaiid,
pasHoti 1 monv/n npu memnepamype

298 K (25 °C), mo go3nuxaowuti NOmeHyua Hasvléaiom CMaHOapmHbIM U 0003HAYAIOM
goMeZ+/Me. HenocpenctBeHHO onpeaenuTh MOTEHIIMUA OTACIBHOTO 3JIEKTPOAa HEIb3S, €ro U3-
MEpSIOT IyTEM CPaBHEHHUS CIIOTEHIIUAIOM 3TAJIOHHOTO 3JIeKTpoza. Yalie Bcero asis 3Toi 1enu
UCIOJIB3YIOT CTaHIaPTHBIN BOJIOPOAHBIN 3JIEKTPO/], KOTOPBII CXeMaTHUYEeCKH U300paXkaeTcsl TaK:
Pt, H2 | 2H". [InaTuHa He y4acTBYeT B OKHCIHTEIbHOBOCCTAHOBUTENLHON PEAKIIHH U BHITIONHS-
€T poJib MPOBOJAHMKA JIEKTPOHOB. Ha rpanuiie paznena ga3 B BOLOPOAHOM IIEKTPOJIE yCTaHAB-
JIMBAETCS PAaBHOBECHE:

Hy>2H +2e.

BenuunHy moTeHInana Takoro 3JeKTpo/ia MPUHUMAIOT 32 HOJIb (TIPU BCEX TEMIEpaTypax) U Ha-
3BIBAIOT CTAHIAPTHBIM MOTEHIIMAIOM BOJIOPOIHOTO 3IeKTpoa ¢y /i> = 0.Pacromaras MeTasisl
B TIOPSIIKE BO3PACTaHUS 3HAUCHUHN MX CTaHAAPTHBIX JIEKTPOAHBIX MOTSHIIMAIOB, MTOJIyYa-

10T 21eKkmpoxumuyeckutl pso Hanpsixcenui memannog: Li, K, Ba, Sr, Ca, Na, Mg, Al, Mn, Zn,
Cr, Fe, Cd, Co, Ni, Sn, Pb, H2, Sb, Bi, Cu, Hg, Ag, Pt, Au.

YucnoBble 3HaYeHHsI CTaHAPTHBIX MOTEHIIMAIOB METAJIJIOB IPUBECHBI B TAOIUIaX, UMEIOIINX-
cs B yueOHMK?" 1o o01mieit XumMuu. Psig HanpshpKeHUH XapaKTepu3yeT XUMHUECKUE CBOICTBA Me-
TaJIOB: YeM MEHbIIe anredpandeckoe 3HadeHne ¢’ 1" /i, TEM CHIbHEE BBIPAKCHEI
BOCCTAaHOBUTEJIbHBIE CBOMCTBA METAIIOB, T.€. JIErYe OKUCISAIOTCS (OTHAIOT JIEKTPOHBI) U TPYA-
HEee BOCCTAaHABJIMBAIOTCS U3 CBOMX MOHOB.

BennunHa 37EKTPOIHOTO TTOTEHIMANA METAIIA Qyze - /pre 3ABUCHT OT BEJINUH-

161 " ye” " /vte KOHIIGHTPAIIHH €ro HOHOB B pactBope, Cye” , TemrepaTypsl T 1 BBIpakaeTcs ypas-
menmem Heprera: Pre /e = s fe + (2.3 RTVZF 1gCu™

rae R - razoBas mocrosinaas paBnas 8,3 Jx/(monp*K); F - uncino ®@apanes.

o 0,059

lva!'l'bu =g m“-fu.e +

s Fad
VpaBuenne Hepucra ipu T = 298 K npunumaet Bu; 1gCou e

4.32 JIBOMHOM dJIEKTPUYECKHUI CJIOI U 3JIeKTPOIHbIN MOTEHIHAJ

[Tpu u3yyeHnn Borpoca HEOOXOUMO OOPATUTh BHUMAHKE Ha CIEIYIOIINE OCOOCHHOCTH.

JIBOWHOM 3JIEKTPUUYECKUN CJIOW, TOHKUM MOBEPXHOCTHBIM CIIOM M3 MPOCTPAHCTBEHHO pa3-
JIEJICHHBIX AJIEKTPUY. 3apsI0B MPOTHBOIIOIOKHOTO 3HAKA, 00pa3yIOUIUIiCcs Ha TpaHUIle IBYX (a3.
[TockonbKy MPOCTPAHCTB. pa3JielIeHUE 3apsiI0B BCET/Ia COMPOBOXKIAETCS BOSHUKHOBEHUEM DJIEK-
TpUY. Pa3HOCTU NMOTEHUHAIOB, JBOMHOW AIEKTPUUECKUN CIOM MOYKHO pacCMaTpuBaTh KaK CBOE-
00pa3Hblii MUKPOKOHIEHCATOP, PACCTOSTHUE MEKIY OOKJIaJKaMu K-POro OIpeaesseTcs] MOJIEKy-
JSpHBIMU pa3zMmepamu. OOpazoBaHUEe JBOWHOTO AIEKTPUUYECKOTO CIOSIOKA3BIBAET CYIIECTBEHHOE
BIIUSTHUE Ha CKOPOCTb JIEKTPOTHBIX MPOIIECCOB, aJCOPOLINI0 HOHOB U HEHTpasb-
HBIXMOJIEKYJI, YCTOMYMBOCTh TUCIEPCHBIX CHCTEM, CMAaYMBA€MOCTh, KOX(. TPEHUS U JAp. CB-Ba
Mex(ha3HbIX TpaHull. BOMoJ. cuctemax mporecchl 00pa3oBaHMs U Pa3pyIICHUs JBOWHOTO dJIeK-
TPUYECKOTO CJIOS Ha KIETOYHBIX MEMOpPaHaXCOMPOBOXKIAIOT PACIPOCTPAHEHUE IJIEKTPUY. HM-
MyJIbCOB BJIOJIb HEPBHBIX U MBIIIEYHBIX BOJOKOH. Haub. nertanbHOCTpOeHHE JBOMHOIO 3IEKTPH-
YECKOI'0 CJIOSl U3YYEHO Ha TpaHUle MEXIy METAJUIU4. 3JIEKTPOJOM U p-pomasiekTponuta. [Tpu
HOTPYKEHUHU MeTaJIIN4. 3JIeKTpoaa M B P-p DJIEKTPOJINTA, coJiepka-
1M HOHBI 5TOr0 MeTamta M (MoTeHIMANoNpeIeNsoNIie HOHBl), YCTAHABIHMBACTCS  BJIEKTPO-
XUM. paBHOBECHE, COIPOBOXK/IaEMOE BBIPABHUBAHUEM 3JIEKTPOXHMM. MOTEHIIMAIIOB 3TUX HOHOB B
KPUCTAJUIMY. peIIeTKe MeTaulau B p-pe. Ecnum mnepBoHAuaabHO 3IEKTPOXHUM. TMOTEHIIM-

T =P
n
an noHoB M’ B meramie HM* Gbu1 Gombire JJIEKTPOXUM. ITOTEHIHAJIa 3TUXHUOHOB B P-pe "LH:*',
+
TO B IIPOLIECCE BBIPABHUBAHUS 3TUX BEJIUYMH HEK-POE KOJ-BO MOHOB M IEPEXOIUT U3 METAJIAB
P-p ¥ HOB-CTh METAJLJIA 3apsyKaeTCsd OTpUUATENbHO. [IpUTSIHYThIE K HEW KYJIOHOBCKMMHU CHJIA-
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+ ~
MU KaTHOHBI U3 pP-pa (He 00s3aTeIbHO M) 00pa3yroT MOJIOKHUT. OOKIIAKy JBOWHOTO DJIEKTPUYE-
ckoro ciosi. Bo3HuKaromasi mpu 3TOM AJIEKTPUY. Pa3HOCTh TMOTEHIIMAIOB MPETSTCTBYET Jajlb-
o +
HelleMy Tepexoy HOHOB M U3 MeTauia B p-p, 4TO U MPHUBOJUT K YCTAHOBJICHHUIO DJIEKTPO-

-~ ~P
XUM. paBHOBecHs. Ecnu mnepBoHauanbHO IJ-:+ < P+ , TO TIpU YCTAaHOBIIEHUHU DJIEKTPO-
X¥M. PAaBHOBECHS 4acTh HOHOB M’ M3 p-pa TIepexoJuT Ha METall, 3apskas ero MoB-CTh IOJIO-
xuTenbHo. OTpunaT. OOKIaAKYy IBONHOTO 3JEKTPUYECKOrO CJOS B ATOM CIy4ae COCTaBISIOT
MPUTSHYTHIS K MOB-CTH METAJJIAAHUOHBI P-pa. [Tyrem moa0o-
pa KOHIIEHTpAIMH MOTEHIHATONPEIEIISIONINX HOHOB B P-pP€ MOKHO TOOUTHCS TaKOW CHUTYyallHH,

M P
= +
YTO YCIIOBHE M+ = Pt e TpeOyeT Imepexona HOHOB M M3 MeTaljla B p-p WX HaoOopoT. B
9TOM CIIy4ae 3apsij MOB-CTH MeTaJlJla paBeH HYJII0, a €ro MOTEHIINA, U3MEPEHHBIH OTHOCHTEb-
HO K.-JI. DJICKTPOJa CPaBHEHUS, Ha3. MMOTSHIIMAJIOM HYJIEBOTO 3apsija.

4.33 Bbixox o Toky

[Ipu uzydyeHnun Bompoca HeOOXOAMMO OOPATUTh BHUMAHUE Ha CIIEAYIONINE OCOOCHHOCTH.
BbIX0/10M 110 TOKY B TaJIbBaHOTEXHUKE HA3bIBAIOT BHIPAXKEHHOE B MTPOLIEHTAX OTHOIIEHUE KOJIH-
gyecTBa (PaKTHUECKH MPOITYIIEHHOTO Yepe3 AIEKTPOIHT 3apsana (Jy K TEOPETHUECKH HEOOXOIMMO-
My O 7151 OCYIIECTBICHUS (PaKTUUECKH HAOII01aeMOT0 MaccorepeHocant;.

Bg = % - 100%.

WHoraa BEIXO/ IO TOKY PACCUUTHIBAETCS KaK OTHOILIEHHE Macchl MpU (PaKTUYECKOM Maccomepe-
HOCE 7y K TEOPETUYECKOMY MAaCCONIEPEHOCY /;, PACCYMTAHHOMY 110 1-My 3akony Dapanes:

B, = L . 100%

ey

4.34 JJ1eKTPOJIN3 C PACTBOPUMBIM M HEPACTBOPUMBIM aHOI0M
[Tpu u3yueHnn Bonpoca He0OX0AUMO 00pPATUTh BHUMAHUE Ha CIIEAYIOIINE OCOOEHHOCTH.

DIEKTPOIN3 — MPOLECCHI, MPOUCXOIANINE HA MIEKTPOAAX MO AEHCTBUEM JII. TOKA, T01aBAEMOT0
OT BHEIIHEro UCTOYHMKA. Ha aHoze B mepBylo ouyepenb pearnpyroT Hanbojee CHIbHbBIE BOCCTa-
HOBUTENIM — BElI-Ba, UMEIOIINE Hanbosee oTpulareabHblil noTeHMan. Eciau noreHuuan merai-
JMYECKOTO aHOJa UMeeT OoJiee OTpUIaTeIbHOE 3HAUCHHEe, YeM TTOTEHIIHal HOHOB WM JIp. BEIl-B,
IPUCYTCTBYIOLIMX B PacTBOPE, B ra3oBOM (pa3e OKOJIO 3JIEKTPOAA WM Ha JIEKTPOJE, TO MPOUC-
XOJIUT pacTBOpeHHE MeTasuia. [Ipu 3TOM mpoTekaeT 3JIeKTpOoJIn3 ¢ paCTBOPUMBIM aHOAOM. Ecin
HOTEHIMAJ METAUINYECKOr0 aHoJa OJM30K K MOTEHLHUANy JAp 3JIEKTPOAHBIX MPOLECCOB, TO HA
aHoJle POTEKAIOT U AP MpoLecchl. B 3ToM cityuae Takxke TOBOPAT 00 3JIEKTPOJIU3€E ¢ paCTBOPH-
MBIM aHOJOM, HO YYMTBIBAIOT TAK)K€ M Jp aHOAHBIE Ipoueccsl. Eciim moTeHnuan meraiia win
Jp. IPOBOJHMKA TIEPBOTO pOJia, UCIOIB3YEeMOT0 B Kay-Be€ aHOJa, UMEET Oosee + 3HaueHHE, TO
IIPOTEKAET JJIEKTPOJIU3 C HEPACTBOPUMBIM aHOIOM. B Kay-Be HEpacTBOPHMBIX aHOIOB IPHUME-
HSIOT 30J10TO U IJIATUHOBBIE METAJLIbl, JUOKCH]I CBUHLA, OKCHJI PYTEHMS U Ip BEI-Ba, UMEIOINE
+ 3HAuYeHMs] PaBHOBECHBIX AJIEKTPOAHBIX MOTEHIMAJIOB, a Takxke rpaput. HekoTopsle MeTambl
IIPAaKTUYECKU HE PACTBOPSIOTCS M3-32 BBICOKOW aHOIHOM MOJISpHU3alUU. SIBICHUE TOPMOKEHUS
aHOJHOT'O PACTBOPEHMsI MeTajja M3-3a 00pa30BaHMs 3aIUUTHBIX CIOEB HA3-Csl MACCUBHOCTBIO
MeTala.

4.35 JlerupoBaHue, H30JSINMOHHbIE MOKPBITHS, MeTAJIMYECKHE MOKPBHITHS, MPOTEKTOPHAs
3alMTA ¥ J1eKTPO3alUTa, HHTHOUPOBaHUe

[Tpu u3yueHnn Bonpoca He0OX0AUMO 00pPAaTUTh BHUMAHUE Ha CIIEAYIOIINE OCOOEHHOCTH.
Ecnu noreHuunan Merania nojoKuTeIbHee MOTeHIIHala BOJOPOIHOTO 3eKTpoa (OoCIeIHII
paBeH HYIIO B KUCIbIX cpenax npu pH= 1 u cocrasnser okono — 0,41 B B HeliTpanibHOH cpene
npupH= 7) u oTpuiarenbHee MoTeHMaza KUCIOpOoaAHOTO ekTpoaa (obmactell), To Kopposus
BO3MOYKHA C TIOTJIOIEHHEM KHCIIOPO/ia 1 HEBO3MOYXKHA C BBIJICIEHHEM BOJIOPO/IA.

39



—

Ecnu noTeHnman mMerasmia oTpuLaTelbHee MOTeHIMana BOAOPOAHOTO 31ekTpoa (0bmacts 1), To
BO3MO>KHA KOPPO3Hs KaK ¢ MOTJIOIEHUEM KUCIOPOAa, TaK U C BblAeleHneM Bojgopoaa. K takum
MeTaJlIaM OTHOCSITCS IIEJIOYHBIE, IIIEJIOYHO3EMENbHBIE, ATFOMUHUN, IIUHK, U JP.
Ckopocmb a1ekmpoxumuyeckoli koppo3uu. JIeficTBUe ralbBaHUUYECKHUX 3JIEMEHTOB B 3HAUUTENb-
HOI Mepe 3aBUCUT OT MOJSIPU3ALMH U Jenoysipu3auu. [Ipu 3ToM MOXKeT NPOUCXOIUTh KaK MO-
JspuU3alys aHoAa, KOTOopasi BIpakaeTcs B TOM, YTO €ro MOTEHIMa CTAaHOBUTCS 0oJiee MOI0KH-
TEJIbHBIM, TaK U MOJIIPU3ALIMS KaTo/a, BbI3bIBaEMasi CMEIIEHUEM €r0 MOTeHI[Mala B OTPULIATEb-
HYIO CTOPOHY.
[Tongpuzanus cHUXAET CKOPOCTh KOPPO3UH BO MHOTO pa3. be3 nmossgpuzanum MHOTHE METAJLIbI,
B TOM YHCII€ U JK€JI€30, KOPPOAUPOBAIU OBl C TAKOW BHICOKOW CKOPOCTBIO, UTO MOTEPSIIU ObI
CBOE TEXHUYECKOE 3HAUCHHUE.
CKOpOCTb IMEKTPOXUMUYECKON KOPPO3UU MOKHO OMPENIEIUTD 110 PopMyIIe:

i

41l 111
-7 a - K
]

rae [— cuina Toka, BeJIMYrMHa KOTOPOTO YKa3bIBAE€T Ha CKOPOCTh KOPPO3UM;R — OMHUUYECKOE CO-
MIPOTHUBJICHHE pacTBOpa dekTponnTa; [1,— nonspusanusa anona, [I,— nonsgpuzanus karona;E—
ANEKTPOJBIIKYIIAS CHIIA.
B 3aBucumocTu ot Toro, kakas u3 BenuuuH (R, I1,, I1;) oka3piBaeT orpaHM4nuTeNbHOE ACHCTBIE
Ha CKOPOCTb MPOIECCA, PA3IMUAIOT KOPPO3HUIO C PA3TUYHBIM KOHTPOJIEM:

R>>(T1,+I1x) — oMUYeCKHi1 KOHTPOIIb;

[I>>(R+11,) — KaTOaHBII KOHTPOJIb;

[1,>>(R+I1x) — aHOHBIN KOHTPOJIb.
KOHTpOJ’II/IpYIOH_Ia}I cTaausd sIBJIsSACTCS JII/IMI/ITI/IpyIOH_Ieﬁ IJI BCEro npouecca, T.C. OI‘paHI/I‘II/IBaeT
CKOPOCTh KOPPO3HUH B IIETIOM, TaK KaK MPOTEKAaeT MeIJICHHEee ApyTruX. Bo3MOKeH 1 cMeaHHbIN
KOHTpOJIB, Koraga cjara€MbIi€ B 3HaAMCHATCIIC HpI/I6HH3HTGHBHO paBHBI I10 BCJIMYHUHCE.

[Ipu uzydeHnun Bompoca HeOOXOAMMO OOPATUTh BHUMAHUE Ha CIIEAYIONINE OCOOCHHOCTH.

5. METOAUYECKHUE PEKOMEHJIALIUN
ITO HOAT'OTOBKE K 3AHATUAM

5.1 JlaGopatopHuasi pa6ora 1 (2 yaca). Tema: «CTexuoMerpnyecKue 3aKOHbI»

ITpu NOArOTOBKM K 3aHATHIO HEOOXOJMMO OOpaTUTh BHUMAaHKE Ha CIIEIYIOUE MOMEHTHI.

OnHO U3 NepBBIX ONPEAETICHUN XUMMUH KaK HAyKH J1ajl BEIMKUM PyCCKUM y4EHbII
M.B.JIoMoHOCOB: «XUMHUYECKasg HAyKa pacCMAaTPUBAET CBOMCTBA U U3MEHEHUSI TEI...COCTaB
TeJl...00BSCHIET IPUYUHY TOTO, YTO C BEIIECTBAMH ITPH XMMUYECKHUX MPEBPAILICHUSAX TPOUCXO-
JAT.

CBo€ OpUTMHAIIBHOE U OYEHb TOYHOE ONPEEIICHNE XUMHUHU Jall APYTroil BEIMKUM PyCCKHM
xumuk [[.M1.MenzaeneeB B 3HaMeHUTON KHUTE «OCHOBBI XUMuUn». [1o MenneneeBy, xumus — omo
YyueHue 0b 31eMeHmax u ux coeOUHeHUsx.

XUMHSL OTHOCUTCS K €CTECTBEHHBIM HayKaM, KOTOPBIE U3Yy4alOT OKPY KA HAC MUD.
Omna TecHO CBsi3aHa C APYTUMH €CTECTBEHHBIMHU HayKaMH: (PU3UKOMH, OMOJIOTHEN, Te0JIOTHEH.
MHorue pa3ienbsl HayKH BO3HUKIIM Ha CTHIKE 3TUX HayK: (pu3HuecKas XUMHs, T€OXUMUS, OMOXH-
Mus U JIp.

B coBpeMeHHOI XMMHHU BBIJEINUIOCh MHOTO CAMOCTOSATENbHBIX Pa3/iesIoB, HanboIee Bak-
HBIE U3 KOTOPBIX, KPOME OTMEUEHHBIX BBILIE, HEOPraHUYECKasi XUMUS, OpraHudecKasi XUMHs,
XUMHUS MOJIMMEPOB, AaHATTUTUYECKAs XUMHUS, dJICKTPOXUMHUSL, KOJUIOMIHAS XUMUS U IPYTHE.

Bo Bce BpeMeHa XUMUS CIIYKUT YEJIOBEKY B €ro NIPAaKTUYECKOU eATeIbHOCTH. Ele B
JPEBHOCTH BO3HUKIIM PEMECIIA, B OCHOBE KOTOPBIX JIEKAIN XMMUYECKHE IIPOLECCHI: ITOJIyYCHUE
METaJUIOB, CTEKJIa, KEPAMUKU, KPACUTEIICH.
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Bonburyio ponb urpaetr XuMusi B COBpeMEHHON MPOMBIIIIJICHHOCTH. XUMUYecKas U Here-
XUMHYECKasl MPOMBIIIJIEHHOCTD SBJISIOTCSA BaXKHEHIIMMU OTPACIIIMU, 6€3 KOTOPBHIX HEBO3MOMXKHO
(GYHKIIMOHUPOBAHUE SKOHOMHUKHU.

Pa3BuTre MHOTHX OTpaciieil MPOMBIIUIEHHOCTH CBSI3aHO ¢ XMMUEW: METaJLTypIusi, Mallu-
HOCTPOEHHUE, TPAHCIIOPT, JIEKTPOHUKA, JIETKasl, MUILIEBAsl IPOMBIIIJIEHHOCTh — BOT HEMOJIHBIN
CIIUCOK OTpacieil 3KOHOMHUKH, IUPOKO UCHOJB3YIOIUX XUMUUECKHE MTPOTYKTHl U MPOIIECCHI.

HckrounTenbHO 0OJBIIOE 3HAYCHNE XUMUS UMEET B CEJIbCKOM X03SICTBE, KOTOpOE UC-
M0JIb3yeT MUHEpAJIbHbIE YA0OPEHHUs, CPEJICTBA 3aLIUTHI PACTEHUI OT BpeAUTENEH, PEryasiTOPhI
pOCTa pacTeHH, XUMUYEeCKHe J0OABKH U KOHCEPBAHTHI K KOPMaM JIJIsl )KUBOTHBIX M IPYTUeE MPo-
IyKThl. Mcrionap30BaHNE XUMUYECKUX METO/IOB B CEJIbCKOM XO03sIIICTBE MPUBENIO K BOZHUKHOBE-
HUIO CMEXHBIX HayK, HAIpUMep, arpOXUMHUH U OMOTEXHOJIOTUH, IOCTUKEHUS KOTOPBIX B Ha-
CTOSIIEE BpeMs LIMPOKO MPUMEHSIOTCS B IPOU3BOJICTBE CENbCKOXO03SHCTBEHHONW MPOAYKIIUH.

OCHOBOI XMMHH SBIIIOTCA CTEXMOMETPUUYECKUE 3aKOHBI, Ta30BbI€ 3aKOHBI, C IOMOIIIbIO
KOTOPBIX MOKHO ITPOBOJUTH PACUETHI.

Jlnd pemienus 3a1a4, CBA3aHHBIX C pacueTaMH 110 3aKOHaM aTOMHO-MOJIEKYJIIPHOTO yue-
HUS ¥ Ta30BbIM 3aKOHAaM, BaKHO YSICHUTh, YTO B XMMHH NIPUMEHSIETCS Mepa KOJIMYECTBA BEIeCT-
Ba, Ha3bIBaeMasl «MoJib». MoJIb BXOJUT B MEXIyHApOIHYIO0 cucteMy eanHun CH.

Mosb- 3TO KOJIMYECTBO BEILIECTBA, COAEpIKaliee Ynucio ABoraapo N

(6,02 102 CTPYKTYPHBIX €IUHUIL (MOJIEKYJI, aTOMOB, HOHOB, 3JIEKTPOHOB). OJIUH MOJIb
aTOMOB COJEPKUT 6,02-1023 aTOMOB, OJWH MOJIb SKBUBaJIeHTOB — 6,02 -10% HKBHBAIEHTOB U
T.1. Takum 00pa3oM, YUCIIO YACTHUI] B OHOM MOJIE OJJHO M TOKE, OHO HE 3aBUCHUT OT BHJIA Yac-
THUL.

Macca MoJIs pa3IMYHBIX YacTUI] (MOJIEKYJT Pa3IMYHBIX BEIECTB, HOHOB, SKBUBAJIECHTOB)
pa3Iuy4Ha, T.K. OHA OIpeAeNseTCcs] YMHOKEHHEM MacChl OJTHOM YacTHIIb Ha ynucio ABoraapo (N)
YacTHIL, COJIEPKAIMXCS B OTHOM MOJIE.

CormacHo 3aK0HY ABOTaJIPO, 8 PABHLIX 0OBEMAX JHObIX 24308, 83MbIX NPU OOHOU U MOU
JHrce memnepamype u 0OUHAKOBOM OABNIEHUU, COOEPHCUMCI OOUHAKOBOE YUCTO MOTEKVIL.

WHpIMU c10BaMHU, OJTHO U TOKE YHCIIO MOJIEKYJT JIF00OT0 raza 3aHUMaeT MpU OJIMHAKOBBIX
YCIIOBUSAX OJIMH U TOT e 00beM. BMmecTe ¢ Tem 1 Mouib 11100010 ra3a coepKuT OAMHAKOBOE
ymciio Mosiekyi. CiienoBaTelbHO, IPU OJUHAKOBBIX YCIOBUAX | MOJIb 0000 ra3a 3aHUMAET
OJIUH U TOT k€ 00beM. DTOT 00bEM Ha3bIBAETCS MOJIBHBIM 00BEMOM Tra3a U MPHU HOPMAIbHBIX
yenoBusix (0°C, nasnennn 101,325 kIla) paBen 22,4 .

[Ipu paccmoTpeHnu 1aHHON TeMbl HEOOXOMMO 0OpaTUTh BHUMaHKE Ha CIIOCOOBI orpeie-
JICHUS] MOJIEKYJISIPHBIX MacC BEIIECTB B ra3000pa3HOM COCTOSIHUU. J{J1s1 3TOTO clieyeT ySICHUTb,
YTO MPH ONpPEIeICHIH MOJIEKYIISIPHOM MacChl BeIECTBa OOBIYHO HAXOISAT YMCIEHHO PABHYIO €1
MOJIBHYIO MaccCy BelecTBa B I/MoJib. Hanbosee pacipocTpaHeHHBIMU CITIOCOOAMHU OTIPeIeTICHHUS
MOJIEKYJISIPHBIX MacC Ta3000pa3HbIX BEIIECTB SIBISIOTCS:

— OoIpesieNIeHHE 0 TUIOTHOCTH Ta3a;

— I10 MOJILHOMY 00BbeMYy;

— 1o ypaBHeHuto Knaitnepona — Menpeneena.

[Ipu pemeHnn HEKOTOPHIX 337134, COJEPKAIIUX CBEACHUS 00 0ObeMax ra3000pa3HbIX yya-
CTHUKOB pEaKIIMHU, 1IeIeCO00Pa3HO MOJIb30BATHCA 3HAYEHUEM SKBUBAJIEHTHOTO 00beMa.

Okeusanenmuvim 06vemMom Ha3bIBaCTCS 00BEM, 3aHUMAEMBbIH MTPH JAaHHBIX YCIOBUAX OJ1-
HUM 3KBHBAJICHTOM BEIIECTBA.

Oxeusanenmom seujecmea Ha3bIBaeTCsl TAKOE €r0 KOJIMYECTBO, KOTOPOE COENUHSETCS C
OJIHUM MOJIEM aTOMOB BOJIOPOJa WUJIH 3aMEIIAET TO ke KOJIUYECTBO aTOMOB BOJIOPOA B XUMUYUE-
CKUX PEaAKIIMSIX.

3HaueHue 3KBUBAJICHTHOIO 00beMa BEIIeCTBA, HAXOASIIErocsl B Ta3000pa3HOM COCTOSIHUH,
MOYKHO HaiTH, 3Hast, YTO B MOJILHOM 00BbeMe JII000Tr0 ra3a, COCTOSIIETO U3 OJTHOATOMHBIX MOJIe-
KYJI, COJIEP’KUTCS | MOJIb aTOMOB, COCTOSIIIIETO U3 IBYXaTOMHBIX MOJIEKYJ] — 2 MOJIb aTOMOB U
T.J.
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5.2 JlabopaTopHas padora 2-3 (4 yaca)

Tema: «OCHOBHBIE KJIACCHI HeOPraHudecKux coequHenunii. [lonsaTue 00 ngeHTUgUKaAUA
KATHOHOB U AHHOHOB»

[Tpuctynas x penieHuro 3aaay Mo XUMUU, HEOOXOAUMO, MPeXk/Ie BCEro, 00OpaTuTh BHUMaHUE Ha
CBS3b W B3aWIMHBIE TPEBPAIICHHUS MEXIY Pa3IUYHBIMU Kiaccamu coefauHeHui. [loaTomy Tak
BaKHa KJacCHU(PUKaAIUs XUMHUUYECKUX COEIWHEHUH, O]l KOTOPO MOHMMAIOT 0ObEeTUHEHHE pa3-
HOOOPAa3HBIX COCAMHEHUN B OMPEECIICHHBIC KJIACChI, 00JaIaroIIne CXOHBIMUA CBOHCTBAMH (OK-
CUIBI, conu U T.1.). Kimaccudukamus ectTeCTBEHHBIM 00pa3oM CBsi3aHa ¢ MPo0JIeMOil HOMEHKIIa-
TYpBbI, T.€. CHCTEMON Ha3BaHMUM BEIIECTB. XUMUYECKUE CBOMCTBA BELIECTB MPOSBIAIOTCS B pas-
HOOOPAa3HBIX XUMUYECKUX PEAKIUAX, KOTOpPhIE TaKkKe KIacCU(PUIMPYIOTCS MO Pa3InYHBIM MPH-
3HakaM. Hy>KHO yMeTh pacrio3HaBaTh OCHOBHBIC THITHl XUMUYECKHUX PEAKIUN: COSAUHECHHUS, pa3-
JIOKEHUS, 3aMeleHus, oOpaTuMble, HEOOpaTUMbIe, OKHCIUTEIbHO-BOCCTAHOBUTENIbHBIE U T.1.
Kak HOMeHKIaTypa, Tak U KiacCUpUKAIUs COSTUHEHHUN (a TaKkKe XMMHYECKHX PEaKIIHii) CKia-
JBIBAJIUCS] HA MPOTSHKEHUU CTOJIETHM, MOATOMY OHM HE BCErJa SIBISIOTCS JIOTUYECKUMHU U Tpe-
OYIOT BIyMYHUBOTO OCMBICIIUBAHHUS.

BaxxHeiimmmM npaBuiioM JIF000 HOMEHKIIATYPHI SBJISIETCS] TpeOOBaHNE OJTHO3HAYHOTO
CMBICTIa Ha3BaHUs BelecTBa. Hanpumep, okcu IMHKA - OJHO3HAYHOE HAa3BaHUE, TTOCKOIBKY
IIMHK 00pa3yeT ToiabKo oauH okcua ZnO. OnHako, HampUMep, OKCU] a30Ta — HEOJHO3HAYHOE
Ha3BaHHE, MOCKOJIBKY a30T 00pa3yeT HecKoIbKo okcuaoB: NoO, NO, NO; u np. [Tostomy o
CHUCTEME XMMUYECKOH HOMEHKJIATYyphl, pa3padoTaHHOW MeXTyHapOaHBIM COI030M TEOpETHYEC-
ckoii u npuknagHoit xumuu (MIOITAK), N,O nassiBatoT okcugom azota (1), NO — okcugom azo-
ta (II), NO; — okcunom azora (IV).

Conu pUHATO AETUTH HAa TPU TPYIIBL: CPEIHHE, KUCIBIE 1 OCHOBHBIC. B cpemHuX comsix
BCE aTOMBI BOJIOPOJa COOTBETCTBYIOIIEH KUCIOTHI 3aMEIIeHbl HAa MeTalljIa, B KUCIBIX COJISIX OHU
3aMEIEHBITOIBKO YAaCTHYHO, B OCHOBHBIX coJisiX rpymibl OH cOOTBETCTBYIOIIETO OCHOBaHUS
YaCTUYHO 3aMeIlleHbl Ha KUCJIOTHBIE OCTaTKH.

CylIecTBYIOT TaKkyKe HEKOTOPBIE IPYTHE THITBI COJICH, HAIPUMEp: JBOWHBIE COJU, B KOTO-
pBIX cojaepxaTcsi 1Ba pa3HbIXx kathoHa u oauH aHuoH: CaCO3;.MgCO; (momomurt), KCI. NaCl
(cunmpBuHUT), KAI(SOy4 ), (amroMokanueBbie KBACIbl); CMEIIAHHBIC COJIH, B KOTOPBIX COJIEPIKUTCS
oJMH KaThoH | ABa pasHbix aHnoHa: CaOCl, (wm Ca(OCI1)Cl); KOMIIJIEKCHBIE COJIH, B COCTaB
KOTOPBIX BXOJUT KOMIUIEKCHBIH HMOH, COCTOSIINI M3 IIEHTPAIBHOTO aTOMa, CBSI3aHHOTO C HE-
ckonpkumu Juranaamu: K4[Fe(CN)g] (kentas xkpoBsias coib), K3[Fe(CN)s] (kpacHast KpoBs-
Hast coib), [NaAl(OH)4], [Ag(NH3),]Cl; runpaTtabie conu, B KOTOPBIX COAEPKATCS MOJICKYIIBI
Kpuctaumm3annoHHoi Boael: CuSO>4. SH,O (Memnswiii kymopoc), Na;SO4.10H,O (rmaybeposa
COJTb).

5.3 JlabopaTtopHuasi padota 4 (2 yaca). Tema: Opranudeckue coennueHus. I[loanmepsl,
NpUMEHeHHe
[Ipu moAroTOBKE K 3aHATUIO HEOOXOIMMO aKI[EHTUPOBAaTh BHUMAHUE Ha CIEAYIOIIEM: TEPMHUH
«mmonuMepus» ObuT BBeneH B HayKy M.bepriennycom B 1833 roay mist o603HaueHuss 0cob0ro BH-
Jla ©30MEpUH, IIPH KOTOOH BellecTBa (ITOJUMEPHI), UMEIOIIHE OJIMHAKOBBIN cOCTaB, 00J1a1al0T
Pa3IMYHON MOJICKYJISIPHOM MacCOM, HAIpUMeEp STHIICH U OyTUJIeH, KUCIIOPO M 030H. Takoe co-
JIep’KaHUE TEPMUHA HE COOTBETCTBOBAJIO COBPEMEHHBIM IIPEICTABICHUAM O noaumepax. «Hc-
TUHHBIE» CUHTETUYECKHUE MOJIMMEPBI K TOMY BPEMEHHU ellle He ObLTN U3BECTHBI.

X¥MHUS OJUMEPOB BO3HHUKJIA TOJIBKO B CBSI3U C co3faaHueM A.M.ByTiepoBeIM T€OpUH XU-
MHUYECKOTO cTpoeHus. A.M.ByTiepoB u3ydasl cBA3b MEXIY CTPOEHHUEM M OTHOCUTEIBLHOW YyC-
TONYMBOCTBIO MOJIEKYJI, MIPOSIBIIAIOLIEHCS B peaklusaxX noauMepusauuu. [ansHenmniee cBoe pas-
BUTHE HayKa O MOJIMMEpax MOJy4yusia TJIaBHBIM 00pa3oMm Oisarojgapsi MHTEHCHBHBIM IOMCKaM
CHoco0OB CHHTE3a KaydyKa, B KOTOPBIX YYacCTBOBAJIM KpYIHEIIWE y4YeHBbIE Pa3HBIX CTpaH
(I'.bymapna, ¥Y.Tunnen, K.I'appuec, N.JI.Kongakos, C.B.JIebenes u apyrue).

XuMUS BBICOKOMOJIEKYISApHBIX coeanneHuit (BMC) siBisieTcst oqHON U3 MOJOABIX M OBICT-
POPA3BUBAIOLIUXCS OTPACIEd HayKW M NPOMBINUIEHHOCTH. OHA M3y4aeT 3aKOHOMEPHOCTH CUH-
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Te3a, crpoeHue u cBoiictBa BMC. Takue coenvHeHus B 3aBUCUMOCTU OT UX NPUPOABI U MPOMC-
XO0XKJICHUS SBJISIIOTCA OPraHUYECKUMH WJIM HEOPTaHUYECKUMHU.

OrpomHast TOTpeOHOCTh B pa3HOOOPA3HBIX NOJIMMEPHBIX MaTepualax, KOTOPbIE yXKe 1aBHO
paccMaTpuBalOTCS He KaK 3aMEHUTENH HaTypajbHBIX MPOIYKTOB, NMpUBeEia K OypHOMY pa3Bu-
TUIO XUMUU U (PU3UKU MTOTUMEPOB. DTOT Mpolecc 0co0eHHO nHTeHCHBHO ueT ¢ 50 — 60 rr. XX
B. YHuKaibpHbIe cBoMicTBa BMC peann3oBaHbl B TaKMX HEOOXOIMMBIX YEIIOBEKYy Marepuaiax,
KaK CUHTETUYECKHE U HCKYCCTBEHHBIE BOJIOKHA, KayuyyK U pE3HHA, IUIEHKH, HCKYCCTBEHHAas KO-
’Ka, KOHCTPYKIIMOHHBIE MaTE€pHaIIbI U JP.

ITporpecc B 60IBIIMHCTBE 00JacTell COBPEMEHHOM TEXHUKE, JIEKTPOHHUKE, CTPOUTEIHCTBE,
CEJIbCKOM XO03SIMCTBE, MEIUIIMHE, MUIIEBON U JIETKOW MPOMBIIIUIEHHOCTH B 3HAYUTEILHOU CTeme-
HU OIpEeIsAeTCs LIMPOKUM IIPUMEHEHHEM NonuMepoB. K HacTosieMy BpeMEHH MUPOBOE IIPO-
M3BOJICTBO MaTeprayioB 13 BMC CHHTETHYECKOTO M MPUPOJHOTO MPOUCXOXKICHUS M0 00BEMY
IIPEBOCXOIUT IPOU3BOACTBO YEPHBIX METAIIIIOB. B CBS3M €O CKa3aHHBIM, U3Yy4EHHE OCHOB XUMUU
COEMHEHUIN 3TOro Kijacca MpH MOATOTOBKE KBaTU(UIMPOBAHHBIX CIEHUAIHNCTOB, SBISETCS
BAYKHOH 3aJ1ayeil JAHHOTO Kypca XUMUHU.

[Tonumepsp! — XUMUYECKHE COSTMHEHUS ¢ BBICOKOH MOJICKYJISIPHON Maccoi (0T HECKOIBKUX
TBICAY 10 MHOTHX MUJUTHOHOB), MOJIEKYJIBI KOTOPBIX (MaKpOMOJIEKYINBI) COCTOST U3 OOJIBIIOTO
YHClia TOBTOPSIOMIMXCS TPYHNIUPOBOK (MOHOMEPHBIX 3BEHBEB). ATOMBI, BXOJSIINE B COCTaB
MaKpOMOJIEKYJI, COEIMHEHBI IPYr C JPYyroM CUJIaMM IJIaBHBIX U (WMJIM) KOOPAMHALIMOHHBIX Ba-
JIEHTHOCTEM.

ITo mpoucxoxIeHUIO TOIUMEPHI AENATCS Ha MPUPOIHBIe (OMONOIMMEpPHI), HalIpuMep, Oel-
KM, HyKJICHHOBBIE€ KUCJIOTHI, IPUPOJHBIE CMOJIbI, U CHHTETHYECKHUE, HAIIPUMED, MOJIUITUIIEH, TIO-
JMIIPOIIMIIEH, (PeHON0-(POopMaTbIeTuIHbIE CMOJIBI. ATOMBI WM aTOMHBIE TPYMIIBI MOTYT Pacrio-
JaratbCsi B MaKpOMOJIEKYJIE B BUJE: OTKPBITOM LIETIH WX BBITSHYTOM B JIMHUIO TOCIIEIOBATENb-
HOCTH LIMKJIOB (JINHEHHBIE NTOJIMMEPBI, HAIPUMEP KaydyK HaTypaibHbIN); HEMH C pa3BETBICHUEM
(pa3BeTBIIEHHBIE MTOJIMMEPHI, HAIIPUMEP AMUJIOTIEKTHH ), TPEXMEPHOI CETKH (CHIBIThIE TOJUMEPBI,
HalpUMep OTBEP)KJIECHHBIE SMOKCUAHBIE CMOJbI). Ilomumepbl, MONEKyIbl KOTOPBIX COCTOST U3
OJIMHAKOBBIX MOHOMEPHBIX 3BEHBEB, HA3bIBAIOTCS TOMOIOJIMMEpaMHu (HampuMmep, MOJUBHUHUII-
XJIOpUJ, OJIHANPOAMUI, LEIII0I034).

[Tonumepsl, MaKpOMOJIEKYJIBI KOTOPBIX COJIEPKAT HECKOJIIBKO TUIIOB MOHOMEPHBIX 3BEHbBEB,
Ha3bIBAIOTCS COIOJIMMEPAMH.

B 3aBucumocTH OT cocTaBa OCHOBHOM (TJIABHOM) IIEMU MOJMMEPHI, JACNAT Ha: TeTepOoIe-
HbIE, B OCHOBHOM IIEMM KOTOPBIX COAEPKATCS aTOMBI PAa3JIMYHBIX JIEMEHTOB, Yallle BCErO yIJle-
pona, a3oTa, KpeMHus, (pochopa, U TOMOIETHbIE, OCHOBHBIE LIETIH, KOTOPBHIX MOCTPOEHBI U3
OJIMHAKOBBIX aTOMOB. M3 TOMOIIETIHBIX MOJIMMEPOB HanOojiee pacnpocTpaHeHbl KapOolernHble
MOJIMMEPBI, TJIaBHBIE IIENU KOTOPBIX COCTOST U3 aTOMOB YIVIEpOAA, HAIIPUMEP MOJIMU3TUIIEH, TO-
JUMEeTUIMeTaKpuiar. [IpuMepsl reTepouenHbix NOJUMEPOB - NOAMAI(GUPHI (MOTMATUIIEHTEped-
TajaT, MOJUKapOOHATHI), TTOJIMAMH/IBI, MOUYEBHHO(POPMAJIBIETHIHBIE CMOJIBI, OCJIKH, HEKOTOPhIE
KpeMHUHOpraHudeckue nosumepsl). OTAEIbHYIO TPYMILYy MOJUMEpPOB 00pa3yloT HeOopraHude-
CKH€ MOJIMMEPBI, HAIpUMED IIacTUYeCKas cepa, NoIupOCPOHUTPHIIXIOPUL.

[Tonyyenue nonmmepos. IlpupoaHbie moauMepsl 00pa3ylOTCsl B Mpolecce OMOCHHTE3a B
KJIETKaX *UBBIX OpraHu3MoB. C MOMOIIbIO 3KCTPAKIUU, PPAKIIMOHHOTO OCAXKIACHUS U IPYTHX
METOZ0B OHM MOTYT OBITH BBIIEIEHBI U3 PACTUTEIBHOTO M KUBOTHOTO ChIpbi. CHHTETHYECKHE
MOJIMMEPHI TOJY4YaloT MoJuMepH3anueil u nonukonaeHcanuu. KapoouenHpsie noiuMepsl 00bI4-
HO CHUHTE3UPYIOT MOJIMMEPHU3ALUEN MOHOMEPOB C OJHON MM HECKOJIBKMMH KPaTHBIMU YIJIEPOJI-
HBIMU CBSI3MHU WJIM MOHOMEPOB, COJIEpKalINX HEyCTONUYMBBIE KapOOLUKINYECKUE TPYNIUPOBKU
(HampuMmep, U3 LMKJIONpPONaHa M €ro MpOM3BOAHBIX). I'eTepolienHble MOMMMEpH! MMOIY4atoT M0-
JMKOHJEHCAIlMEH, a TAaK)Ke MOJMMEpHU3alliell MOHOMEPOB, COJIEPKAIIMX KPAaTHBIE CBA3U YIJIEpO-
noanementa (Hanpumep, C=0, C=N, N=C=0) unu Henpo4Hble IreTepOLUKINIECKHE TPYIINPOB-
KH.

W3 CBOWCTB M BaXHEWIIMX XapaKTEPUCTUK MOJIMMEPOB HEOOXOAWMO OTMETHUTH: CIIOCOO-
HOCTb OOpPAa30BBIBATh BBICOKOIPOUHBIE AHU3OTPOIHBIE BHICOKOOPHUEHTHPOBAHHBIE BOJIOKHA U
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IUIEHKH, CHOCOOHOCTh K OOJBIINM, JIUTEIHHOPA3BHBAIOIIUMCS OOPAaTUMBIM JehOopManusiM;
CIOCOOHOCTh B BBICOKOJIACTUYHOM COCTOSIHUM HaOyXaTh NEpes PAaCTBOPEHHEM; BBICOKAs BSI3-
KOCTb PAacTBOPOB. DTOT KOMILIEKC CBOMCTB OOYCIIOBJIEH BBICOKON MOJIEKYJISIpPHOW Maccoi, 1emn-
HBIM CTPOEHHUEM, a TaK)Ke THOKOCThI0 MAKPOMOJIEKYII.

PactBopst BMC 1 HEKOTOpBIE KOJIOMIHBIE CUCTEMBI CIOCOOHBI TIPH OIIPEICTICHHBIX yCII0-
BUAX TEPATH TEKYYECTh U NPEBPAILATHCS B T€JIb WIN CTYJCHb.

['enu UrparoT BaKHYIO POJIb B IPAKTUYECKOHN JESITEIHHOCTH YEIOBEKa U B OMOIIOTHYECKUX
npoleccax. 3HaueHue Teel BeIMKO B IIpolieccax MouYBOOOpa30BaHMs U )KU3HM ITOUBBI, TaK KaK B
IIOYBE KOJUIOMBI HaXOATCS IPEUMYILIECTBEHHO B COCTOAHMH reds. K rensiM oTHocATCs pa3innd-
HbI€ MOPHUCTHIE U MOHOOOMEHHBIE aJCOPOCHTHI, TaKW€ MHUHEpasbl, KaKk OMaj M araT, yjibTpa-
(GUIBTPBI, HCKYCCTBEHHBIE MEMOpPaHbl, BOJIOKHA MBIIICYHBIX TKaHEH, KOXa, XPAIIM, KIETOUHBIE
000JI0YKH U pa3InuHble MEMOpaHbI B OpraHU3Max.

[Tommmepsl MOTYT BCTYIATh B CIEAYIOIINE OCHOBHBIE THUIIBI PEaKLUii: 00pa3oBaHNEe XUMHU-
YECKHUX CBA3EH MEX1y MaKpOMOJIEKyJaMH (TaKk Ha3bIBaeMOE CIIMBAaHUE), HAIIPUMED, NPH BYJIKa-
HU3AIMKM Kay4dyyKoB, NyOJEHUU KOXKH; pacraj] MaKpOMOJIEKYJ Ha OTAeNbHBbIE, 0ojee KOpOTKHE
(parMeHThl, peakiuyu OOKOBBIX ()YHKIIMOHAJIBHBIX TPYII MOJIUMEPOB ¢ HU3KOMOJEKYISPHBIMU
BELIECTBAMM, HE 3aTParuBalOLIME€ OCHOBHYIO II€Mb (TaK Ha3bIBa€MblE IOJIMMEpPaHAIOTUYHbIE
IPEBpALLCHNs]); BHYTPUMOJIEKYJISIPHBbIE DPEaKLMHU, MPOTEKAoLIe MeX1y (yHKIMOHATIbHBIMU
rpynnamM ogHONH MaKpOMOJIEKYJIbl, HAIIPUMEDP, BHYTPUMOJIEKYJISIPHAS. LIUKIIA3ALIHSL.

CBolicTBa NMONMMEPOB CYIIECTBEHHO 3aBUCAT OT BaXKHEUIINX XapAaKTEPUCTHK: XUMUYECKO-
ro COCTaBa, MOJEKYJISIPHOW Macchl, MOJIEKYJISIPHO-MAaCCOBOIO pacIpeneIeHus], CTEPEOPETYJIp-
HOCTH U APYTHUX.

5.4 JlaGopaTtopHasi padora NeS (2 yaca). Tema: «CTpoeHue aToMa ¥ MePpUOANYECKUI
3aKOH»

[Ipu mOATOTOBKH K 3aHATHIO HEOOXOUMO 00OpaTUTh BHUMAHKE Ha CIEAYIOINE MOMEHTHI:

IIpu pemreHnH BOIIPOCOB, CBSI3aHHBIX C DJIEKTPOHHOM CTPYKTYpPOM aTOMOB, CIIELYET UCXO-
JTUTH U3 TOTO, 4TO JIF000€ YCTONYMBOE COCTOSTHUE 3JIEKTPOHA B aTOME XapaKTepU3yeTcs onpee-
JICHHBIMU 3HAYCHHUSIMHU KBAaHTOBBIX yucel N, I, m u s. CocTosiHME 27IEeKTPOHA B aTOME, OTBEYAIO-
11ee ONnpeesIeHHbIM 3HaUeHUSIM KBAaHTOBBIX YHCEN N, | 1 m, Ha3pIBaeTCs aTOMHOM 3JIEKTPOHHOM
opoUTaNbIo.

Kaxxnas aromuas opourtans (AO) xapakTepusyeTcs ONpeAeICHHBIM pacipeiesieHUeM B
MPOCTPAHCTBE BOJIHOBOM (PYHKIIMH \y, KBaIpaT KOTOPOU OMpPEeNsieT BEPOSITHOCTh OOHAPYKEHHUS
3JIEKTPOHA B COOTBETCTBYIOLIEH 00J1aCTH MPOCTPaHCTBA. ATOMHBIE OpOUTANIN, KOTOPHIM OTBE-
yaroT 3Ha4yeHus |, pasabie 0,1,2 u 3, HA3BIBAIOTCSI COOTBETCTBEHHO §-, -, d -u f — opOuTansImMu.
CTpyKTypy aTOMOB 3JIEMEHTOB MOYKHO OTOOPa3UTh HAIMMCAHUEM JIEKTPOHHON (POPMYIIBL.

N3ydast 53Ty TeMy HEOOXOAMMO HAYIUTHCSI 3aMCHIBATh JIEKTPOHHHBIE (JOPMYIIBI DIIEMEH-
TOB U T10 TOJIOKEHUIO B IEPUOANYECKOI cucTeMe CyMeTh IpeIcKa3aTh CBOMCTBA dJIEMEHTa U OC-
HOBHBIX €T0 COSIMHECHUN. DNEeKTpOoHHAs popMyna SBIsieTcs rpauuecKuM Uil aHATUTHYECKUM
M300pakeHHeM pa3MelIeHHsI 3JIEKTPOHOB aToMa 110 YPOBHSIM U IOAYPOBHSM.

Jl1is HanucaHus SNIEKTPOHHBIX (OPMYIT yI0OHO MOIB30BATHCS CICAYIOIIUMHU MPABUIIAMHU U
MOPSIIKOM JI€MCTBUIA:

1) ompenensiem o0IIee KOTHMYECTBO FICKTPOHOB 3JIEMEHTA (OHO PABHO €T0 MOPSAKOBOMY
HOMEpY B MEPUOJUYECKON CUCTEME);

2) ompeaenseM YHUCIIO IEKTPOHHBIX YPOBHEH, (OHO COOTBETCTBYET HOMEDPY IIEPHUOAA, B
KOTOPOM PacIOJIOKEH 3JIEMEHT);

3) ompenensieM KOJUYECTBO JIEKTPOHOB BHEILIHETO CIIOS;

4) pa3melaeM AIEKTPOHBI IO OTAEIHHBIM YPOBHSIM (MaKCUMaIbHOE KOJMYECTBO 3JIEK-
TpoHOB Ha 1, 2, 3, 4 ypoBHSAX paBHO COOTBETCTBEHHO 2, &, 18, 32);

5) o6o3Havaem HOMep ypOBHS 00ubIoH 1udpoit (1,2 .... u T.1.), MTOOAYpPOBHU OyKBaMH
(s, p, d, f), a 4rcIO PIEKTPOHOB B TAaHHOM YPOBHE HAICTPOYHBIM UHICKCOM (B BUJE IMTOKA3aTeNs
CTEMeHH ). 3alKChIBaeM 3JIEKTPOHHYIO (OPMYITy, YUUTHIBAsI, YTO MAKCUMAaJIbHOE KOJTUYECTBO
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AJIEKTPOHOB MOIYPOBHS OJIMHAKOTO HA BCEX YPOBHSAX: TaK, S- MOAYPOBEHb MOKET COAEPKATh HE
OoJiee 2-X DJIEKTPOHOB, p- He 6osee 6, d- He 6omee 10 a5ekTpoHOB, f - He Oonee 14.

ITpu rpaduueckom n300paskeHNH OpOUTAIb IPUHATO U300paKaTh B BUJIE KIIETOUYKH, dJIEK-
TPOH — CTPEJIKOM, HalpaBJeHHe KOTOPOIl CBSA3aHO CO 3HAKOM CIIMHOBOI'O KBAHTOBOT'O YHCIIA.

[Tpu cocTaBiieHnH AIIEKTPOHHON (HOPMYITBI aTOMA dTIEMEHTA HE0OX0IMMO PYKOBOJICTBO-
BarhbCs npuHIunoM Ilaynu, npaBrmiamu KiieukoBckoro, mpaBujioM XyH/a.

CornacnHo npunnuny [laynu, B aToMe HEe MOKET OBITh IBYX JJIEKTPOHOB, XapaKTEPU3YIO-
HIMXCS OIMHAKOBBIM HA0OPOM KBAaHTOBBIX uucel. M3 aToro cienyer, 4To Kaxaast aroMHasi opOu-
TaJbh MOXET OBITh 3aHsTa HE OoJiee YeM IBYMS dJIEKTPOHAMHU, IPUYEM MX CITMTHOBHIE KBAHTOBBIC
YHclia JOKHBI ObITh pa3TUYHBIMHU.

VY CTOWYNBOMY COCTOSTHUIO MHOTO3JIEKTPOHHOT'O aTOMa OTBEYAET TaKOE pacIpeieiCHUE
31eKTpoHOB 0 AQO, Tpu KOTOPOM 3HEPTHs aToMa MUHUMaJIbHA. [TloaToMy AO 3anosHstoTCS B
MOPSIIKE TOCIIEA0BATEIHFHOTO BO3PACTAHUS UX SHPTUM (TIPPH 3TOM HE JOJHKEH HAPYIIAThCS
npuniun [aymu!). Tlopsnok 3anomuenus snexkrponamu AO onpenensieTcs npasuinamu Kied-
KOBCKOT'O, KOTOPBIE€ YUYUTHIBAIOT 3aBUCUMOCTb YHEPTUHU OPOUTATH OT 3HAYEHU KaK riIaBHOTO (1),
Tak u opoutasnbHOro (1) kBaHTOBBIX uKcen. CormacHo ATuM mpaBuiaM, AO 3amoTHSIIOTCS dJIeK-
TPOHaMU B TIOPSJIKE TIOCIIEIOBATEIBHOTO yBeNIU4deHs cyMMbI n +1 (1-e nmpaBuio KieukoBckoro),
a MpU OJIMHAKOBBIX 3HAYEHUSIX ITOW CYyMMBI — B TOPSIKE MOCIEA0BATEIHLHOIO BO3PACTAHUS
IJIaBHOT'O KBAHTOBOTO uncia (2-e npasuiio KiieukoBckoro).

Pazmemnienue snexktponoB no AO B mpeienax 0JTHOr0 SHEPreTUIECKOro MO IypOBHS OIpe-
JeNseTCs MpaBmiioM XyHa, COTJIACHO KOTOPOMY MUHUMAIILHOM SHEPTUU aTOMa COOTBETCTBYET
TaKoe pacrpeenenne MeKTpoHoB 1o AO 1aHHOTO MOAYPOBHS, IPU KOTOPOM aOCOIIOTHOE 3Ha-
YeHHE CYMMApHOTO CIIMHA aTOMa MaKCHUMAJIbHO; IPH JIFOOOM IPYroM pa3MeIeHHH IEKTPOHOB
aToM OyZeT HaXOJIUThCS B BO3OYKJICHHOM COCTOSIHUH, T.€. Oy/IeT XapaKTeprU30BaThCs 00JIee BbI-
COKOH DHEPrUEH.

HexoTopbie 31eMeHThI HEYCTOMUYMBBI: UX Spa pacnagaroTcsl CaMOIIPOU3BOJIbHO. Takue
YaCTHIIBI HA3bIBAIOT PAAHOAKTUBHBIMU. B mpoIiecce pacmaga Takux siiep UCIYCKAIOTCS O UITH 3-
YaCTUIIbI, MHOT'/Ia COTIPOBOXAAIOIINECS Y-U3TydeHreM. Takoil paaroakTUBHBIN pacnaj Mpouc-
XOJIUT €CTECTBEHHO U HE BBI3BIBACTCS KAKMMHU- JTMO0 BHEIIHUMHU TpHUMHAMU. B mocnenctun
BBISICHIJIOCH, YTO Pa/IOaKTUBHBIE MPEBpAIlleHUs OBIBAIOT HE TOJIHKO €CTECTBEHHBIE, HO MOTYT
OBITH BBI3BaHBI HCKYCCTBEHHO, HAITPUMEP ITyTeM «O00MOapAUPOBKM» aTOMOB IMPOTOHAMU, HEM-
TPOHAMU WU 0- YACTUIIAMH.

Heo0xo1uMo MOMHUTB, YTO B SACPHBIX PEAKIUSIX COOMIOIACTCS 3aKOH COXPAHEHUS MacChl
U 3apsijia: CyMMa Macc ¥ CyMMa 3apsiioB JI€BOM YaCTH YpaBHEHUSI JOJIKHBI OBITH PABHBI COOTBET-
CTBEHHO CyMME MAacC U 3apsI0B IPaBOW YacTH ypaBHEHUSI.

5.5 JIabopatopHas padora Ne6 (2 yaca). Tema: «Xumnueckas cBs3b. CTpoeHue Beme-
CTBa»

HpI/I IIOATOTOBKE K 3aHATHUIO HCO6XOI[I/IMO O6paTI/ITB BHUMAaHHC Ha CICAYIOINEC MOMCHTLI:

Ouznyeckue 1 XUMUYECKHE CBONCTBA BEILECTB BCEr/la CBA3AaHbI C XapaKTepOM B3aUMO-
I[CﬁCTBHH ATOMOB B MOJICKYJIaX 3TUX BCIICCTB, 4 TAKKC C MCKMOJICKYJISIPHBIM BBaHMOHCﬁCTBH-
eM. [IpoGaema XUMUYECKO# CBSI3H, TAKUM 00pa3oM, SIBIIICTCS IEHTPATLHON MPOOIeMON XUMUH.
XuMHUECKas CBsI3b 00YCIIOBJIEHA B3aUMOJICHCTBUEM aTOMOB, BOSHUKAIOIIUM IIPH MEPEKPHIBAHUU
3IEKTPOHHBIX 00JIAKOB, KOTOPOE COMPOBOKIAETCS YMEHBIIIEHUEM YHEPTUU BHOBb 00pa3yromuieii-
CsA CUCTEMBI — MOJICKYJIBI.

HaunGoiee nmpoctoe 00bsicHEHNE 00pa30BaHMsI XUMUUECKOU CBSI3U CBSI3aHO C pacCMOTpe-
HUEM 3JIEKTPOCTATUIECKOTO B3aUMOJIeHCTBUS YacTull. [loie3Ho mpocaeauTh 0COOCHHOCTH TaKo-
r0 B3aMMOJEHCTBHUS B BBIJICJICHHBIX TPEX TUIAX CBA3EH — HOHHOM, KOBAaJEHTHOM, METAJIIINYE-
CKOM.

HeoOxoaumo pa3rpaHuyuTh HEKOTOPbIE MOHSATHS, CBSI3aHHBIE C PA3INYHBIMU TUIIAMH CBSI-
3ei.
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BanentHocTh — ciocoOHOCTH aToMa K 00pa30BaHUI0 XUMUYECKUX cBs3eil. KonmnuecTBeHHO
BaJICHTHOCTh XapaKTEPU3YyeTCsl YUCIOM XMMHYECKHUX CBA3€H, KOTOpoe 00pazyeT NaHHBIM aTOM.

OcTaHOBHMCS Ha MOHATHUAX, KOTOPBIE MOXKHO CYMTATh YACThIO OOIIET0 MOHATHUS «BAJICHT-
HOCTB.

KoBaneHTHOCTh — KOMTMYECTBO XUMUYECKUX CBSA3€H, BO3HUKAIOIINX 33 CUET 0000IIEHHBIX
3JIEKTPOHHBIX Tap.

DJEeKTPOBAJICHTOCTh — XapaKTepu3yeT 00pa3oBaHNEe HOHHBIX CBSA3EH. DIIEKTPOBATIEHTHOCTh
3JIEeMEHTa YHCIICHHO paBHA 3apsly €ro HOHa ISl BEIIeCTBA C MOHHBIM TUIIOM CBSI3H.

CreneHb OKUCIIECHHS — YCIIOBHBIHN 3JEKTPUUECKUH 3aps]] aTOMa B MOJIEKYJIe, BEIYUCIICHHBIN
B IIPEJIIIOJIOKEHUH, UTO BCE CBSI3U, KPOME CBSI3EH MEXAy aTOMaMHU OJIHOTO M TOTO )K€ AJIEMEHTAa,
SIBJISTFOTCS] HOHAMM.

KoopaunanuonHoe 4iciio — YMCI0 aTOMOB, HOHOB MJIM MOJIEKYJI HAXOAAIIUXCS B HETIO-
CpeACTBEHHOW OJIM30CTH OT ITaHHOTO aTOMa B KOMIUIEKCHBIX COEMHEHHX HIIM KPUCTALIaX.

OOpatuTe Tak)ke BHUMaHUE Ha TaKHe XapaKTePUCTUKU CBSI3U KaK JJIMHA CBSI3U, SHEPT U
CBSI3H, pacrpeie]IeHre U MPOCTPAaHCTBEHHAs HANIPaBIEHHOCTh 3JIEKTPOHHOr0 001aka, 00pasyro-
IIETO CBSI3b, YIIIbI MEXKY CBA3SIMHU.

J1s1 KBaHTOBO-MEXaHUYECKOTO OIMCaHHsI KOBAJIEHTHOM CBSI3U M CTPOCHHUS MOJIEKYJI MOTYT
OBITH IPUMEHEHBI JIBa IIOJIX0/Ia: METOJ] BAJIEHTHBIX CBSI3€H U METOJ MOJIEKYJISIPHBIX OpOUTaseil.

B ocHoBe MeToza BaneHTHBIX cBsa3elt (MBC) nexat cieayroniye nojgoxxeHus:

1. KoBaneHTHas xumMmu4ueckast CBsi3b 00pa3yercs AByMsl 3JIEKTPOHAMU, 00JIaJaloINMHU TIPO-
THUBOTIOJIO’KHO HAMPABICHHBIMU CIIMHAMHU U TIPUHAJICKAIIUX JBYM aTOMaM, MEXTY KOTOPBIMU
OCYIIIECTBIISIETCS CBSI3b.

Taxas oO11ast JEKTPOHHAS TTapa MOKET 00pa30BaThCsl KaK B PEe3yIbTaTe CIAPUBAHUS IBYX
HECHapeHHBIX AJIEKTPOHOB, IPUHAISKAIINX Pa3HbIM aTOMaM (0OBIYHBIA MeXaHU3M 00pa3oBa-
HUS CBSI3H), TAK U 32 CUET Mapbl 3JIEKTPOHOB OJJHOI'O aTOMa — JJOHOpPA — M BAKAHTHOW opOUTaNu
BTOPOTO aTOMa - aKIEenTopa (TOHOPHO-AKIIETITOPHBIA MEXaHU3M 00pPa30BaHUS CBSI3H).

2. KoBanieHTHas CBSI3b TEM MPOYHEE, YEM B OOJIbINEH CTENEHH MEPEKPHIBAIOTCS B3aUMO-
JeicTByroMIME 3JIeKTPOHHbBIE oOaka. [1oaTomy KoBaneHTHast cBsI3b 00pa3yeTcs B TAKOM Harpas-
JICHUH, TIPH KOTOPOM 3TO MEPEKPHIBAHNE MAKCUMAJIBHO.

Metona MonexymsipabIx opouTaneir (MMO) uCXoIuT U3 MPEANOI0KEHHS, YTO COCTOSIHAE
3JIEKTPOHOB B MOJIEKYJIE€ MOKET OBITh ONMUCAHO KaK COBOKYITHOCTb MOJICKYJISIPHBIX AJIEKTPOHHBIX
opOuTasneit (MOJEKYISIPHBIX JIEKTPOHHBIX 00JIAKOB), MPUYEM KaXKI0W MOJIEKYIISIPHOM opOuTaIn
(MO) coOoTBETCTBYET OINpEIEICHHBIH Hab0p MOJIEKYIISIPHBIX KBAaHTOBBIX unceln. Kak u mro60it
JIPYTroil MHOTO3JIEKTPOHHOM cHCTeMeE, B MOJIEKYJIE COXPaHSET CBOIO CIPaBEIMBOCTh MPUHIIUIT
[Maynu, Tak uTo Ha Kaxa0i MO MOryT HaX0IUThCS HE 00Jiee IBYX IEKTPOHOB, KOTOPHIE JOJIK-
HBI 00J1a1aTh MPOTUBOIOJIOKHO HAMIPABICHHBIMHU CIMHAMU. J[elicTByeT Takke mpaBuiio XyHAa,
COIIACHO KOTOPOMY MMHHMMAJIBHOM SHEPTUU COOTBETCTBYET TAKOE PACIPEEIIEHUE JIEKTPOHOB
10 SHEPreTUYECKH PAaBHOLICHHBIM OPOUTAJISIM, IPU KOTOPOM aOCOTIOTHOE 3HaYEHHE CYMMapHOTO
CIHMHA MOJIEKYJIbl MakcuMaibHa. Eciu Ha MO uMmeroTcst HecriapeHHbIE AJIEKTPOHBI, MOJIEKYJa
napaMarHuTHa; €CJIM BCE JIEKTPOHBI CIIapeHbl - TUaMarHuTHA.

B yactHOM citydae MOJIEKYISIpHOE SJIEKTPOHHOE 00JIaKO MOKET OBITh COCPEIOTOUYCHO
BOJIM3U OJHOTO U3 aTOMHBIX SIJIEP, BXOAAIIUX B COCTaB MOJIEKYJIbI: TAKON aTOMHBIN IEKTPOH
MPAKTUYECKH MPUHAICKUT OJTHOMY aTOMY M HE IPUHUMAET y4acTUsl B 00pa30BaHHUH CBSI3U.
[Tono6uBIe MO Ha3bIBaIOT HECBA3BIBAIOIIMMHE, TI0 YHEPTUH OHU COOTBETCTBYIOT AO M301MpO-
BaHHBIX aTOMOB.

Ecnu npeo6agatoniast 4acTh 3J€KTPOHHOTO 00J1aKa MPUHAMJICKHUT JBYM MU HECKOJIBKUM
SJIpaM, 3TO OTBeyaeT 00pa30BaHUIO ABYX- HJIM MHOTOIIEHTPOBBIX CBsI3€il COOTBETCTBEHHO. B mo-
JTOOHBIX CIIydasx MOJIEKYJsIpHasl BOJIHOBasi GyHKIUS MOXKET ObITh MpeACTaBlieHa B BUE JTUHEH-
HOW KOMOMHAIIMK aTOMHBIX BOJIHOBBIX (DYHKIIMI B3aMMOIEHCTBYIOIINX 3JIEKTPOHOB (METO/T JIU-
HEWHON KOMOMHAIMu aTOMHBIX opouTaneit — MO JIKAO).

Ecnu xomO6unupytores nse AO (Hanpumep, 1s- AO aByX aTOMOB BOAOPOAa), TO 00pa3y-
totcst 1Be MO, oT4HbBIE TI0 SHEPTUH OT UCXOAHBIX AQ; 0JIHAa U3 HUX COOTBETCTBYET OoJiee
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HU3KOW SHEPTUH JEKTPOHOB (cBs3biBarommas MO), a Bropas — 0oJiee BHICOKON YHEPTHH dJICK-
TpoHOB (paspeixistommas MO) 1o cpaBHeHUIO ¢ Ux dHeprueit Ha AO.

B o0miem ciydae u3 n ucxonusix AO obpasyercs n MO. Xumuueckas CBsI3b MEXIY aTo-
MaMHM peajn3yeTcsl B TOM CiIy4ae, KOT/a YMCIo 3JIEKTPOHOB Ha cBs3biBaroinx MO mpeBbliaeT
YHCIIO 3JIEKTPOHOB Ha paspeixisirominx MO. Ilox kpaTHOCTEIO (IOpsAAKOM) cBsA3U B MeToae MO
IOHUMAIOT N0JIyPa3HOCTh YHCIIA CBA3BIBAIOIIUX U YHCIIA PA3PBIXJIAIOMUX eKTPoHOB. Opu-
HapHas CBA3b COOTBETCTBYET JIBYM CBSI3BIBAIOIIUM IEKTPOHAM, HEKOMIIEHCUPOBAaHHBIM pas3-
PBIXJIIOLIMMHU IEKTPOHAMH.

UYeM BBIIIIE KPATHOCTH CBSI3HM, TEM MEHBIIIE JJTMHA CBSA3U U OOJIbIIIE SHEPTUS pa3pbiBa CBSI3U.

5.6 JlabopaTtopuasi padora Ne7 (2 yaca). Tema: «JHepreTuka u HanpaBJieHUe XUMMH-
YeCcKHMX MPoI1eccoB»

ITpu MOATOTOBKM K 3aHATHIO HEOOXOJMMO OOpaTHTh BHUMAaHUE Ha CIEIYIONIIEe MOMEHTHI:

K BaxHEHIIMM BeIMYMHAM, XapaKTEPU3YIOLUIUM XUMUYECKHE CUCTEMBI, OTHOCATCS] BHYT-
PEHHSS PHEPTUS, SHTAIIBINS, SHTponus U sHeprus [ m66ca (M300apHO-U30TEPMUUYECKHI TOTEH-
nuain). Bee 3Tu BemM4MHBI IPEICTABIAIOT COOOH (QYHKIIMU COCTOSIHUS, T.€. 3aBUCST TOJIBKO OT
COCTOSIHUSI CHCTEMBI, HO HE OT C1I0c00a, KOTOPBIM 3TO COCTOSIHHE JOCTHTHYTO.

B npornecce npoxoxkaeHnss XUMUYECKOH peakMi IPOUCXOIUT pa3phiB CBSI3€H B HCXOAHBIX
COCMHEHUSX U 00pa30BaHME HOBBIX CBSI3eH B KOHEUHBIX MPOAYKTax peakuuu. [Ipu sTom Ha-
OJr071aeTCs BBIJEICHNE WK MOTJIOIEHHE SHEPTUHU (CBETOBOM, TEIUIOBOM U T.J.) B 3aBUCUMOCTH
OT COOTHOILIEHUS SHEPTHIA pa3pbiBa U 00pa30BaHM COOTBETCTBYIOIIUX CBS3EH.

Peaxiuu, corpoBoxaaromuecs: NorioeHueM SHEPriy, Ha3bIBatOTCS S3HOTEPMUYECKUMU,
a peaxIfu, TPy KOTOPhIX HAOIIONAaeTCs BbIICIEHUE SHEPTHH, HA3bIBAIOTCS 3K30TEPMUYECKIMHU.

KonngecTBo TEI0THI, BBIAEISIEMOE WM MOTIOIIAEMOE B MPOLIECCE PEAKIMH, — 3TO Tel-
J0BO# 3¢ (eKT JaHHOW peakLnu.

VY CIIOBIIINCH CUUTATH MON0KUTENBHBIM TEIUIOBOM 3(D(PEKT IHAOTEPMUUECKUX POLIECCOB.

[Tockonbky TennoBoil 3 (eKT peakuy 3aBUCUT KaK OT arperaTHOI0 COCTOSIHUS BEILIECTB,
TaK ¥ OT YCJIOBHI IPOBEAECHUS pPeaKLUi — TEMIIEPATyphbl U JaBJIEHUS, €F0 OTHOCAT K YCIOBHO
BBIOPAHHBIM TaK HAa3bIBAEMBIM CTAHAAPTHHIM YCIOBHUSM U K OJJHOMY MOJIIO BellecTBa (OOBIYHO
LIeJIEBOro MpoAyKTa peakiuu). CTaHIapTHBIMU CUUTAIOTCA CIEAYIOLIME YCIOBUA: TeMIIepaTypa
298 K (25°C) u naBnenue 101325 I1a. TernoBoit 3pdeKT, OTHECEHHBIH K CTaHIAPTHBIM YCIOBU-
SIM, Ha3bIBAIOT CTAHJAPTHBIM TETJIOBBIM 3P eKkToM (CTaHAAPTHON SHTAIBIINEH peaKkIun) U 000-
3HavyaroT AH. TemnoBoit 3¢pext peakunu BeIpakaeTcs B JHXKOYIAX.

IUPAC pa3penieHo noyib30BaThCs B XMMUU M BHECUCTEMHBIMU €IMHUIIAMU dHEpruu. Tak,
B XMMHUYECKHX MCCIEA0BAHUAX MOIb3YIOTCS 3JEKTPOHBOIbTOM: 1 3B = 1,602 - 107" k.

B TepmoauHaMuke 0CHOBOIOJIATalOLIMMH SIBJISIFOTCS: 3aKOHBI TEPMOJIMHAMUKH, 3aKOH ['ec-
ca, CIIeZICTBUA U3 3aKoHa ['ecca, MprUMeHEeHHe KOTOPBIX YIPOIaeT MHOTHE TEPMOXUMHUYECKUE
pacueTsl.

5.7J1a6oparopHasi padora Ne§ (2 waca). Tema: «Xumuueckass kuHetuka. Karaaus»

[Tpu MOATOTOBKM K 3aHSATHIO HEOOXOIMMO OOpaTHTh BHUMAHUE HA CIEAYIOIUE MOMEHTHI:

Kuneruka — ydeHue o CKOpOCTH pa3IMYHBIX MPOIECCOB, B TOM YHCIIE XUMUYECKUX peak-
nuid. Kpureprem NpHHIMIIHAIBEHON OCYIIECTBUMOCTH PEAKLUii ABsgeTcs HepaBeHCTBO AG, < 0.
Ho 3T0 HEepaBeHCTBO HE SBIISETCS €IIe TTOJIHOW TapaHTHeW (paKTUUEeCKOro TeUEHUs IpoIiecca,
T.K. CKOPOCTh XUMHUYECKUX PEAKIUI 3aBUCUT OT MHOTHX (DaKTOPOB, OCHOBHBIE U3 KOTOPHIX —
KOHIIEHTpaIus (aBJIeHUE) peareHTOB, TEMIIEpaTypa U IeUCTBUE KaTaIu3aTopoB. ITH ke (ak-
TOPBI OIIPENEISIIOT U TOCTUKEHUE PABHOBECHS B PEAarMpyIOIIEH CUCTEME.

B xummnueckoil KHHETHKE MPUHSITO UCMOIb30BaTh MOJISIPHBIE KOHLIEHTPALMH Pearupyro-
IIMX BEIIECTB, TO €CTh BBIPAXKATh UX KOJIMYECTBOM MOJIEH B |1 TUTPE CUCTEMBI.

OO6parute 0cob0e BHUMaHUE Ha 3aKOH JIEHCTBYIONINX MAacC, KOTOPBIM YKa3bIBAaeT Ha 3aBH-
CUMOCTb CKOPOCTH XUMUYECKON peaKuy OT KOHIIEHTpAIMU pearnpyomux semects. Ha ocHoBe
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3aKOHA JEHCTBHUS MacC pacCMaTPUBACTCSI U COCTOSIHUE PABHOBECHS B OOPATHMBIX peakiusx. B
3TOM COCTOSIHUU CKOPOCTbH MPSAMOI peaklinuu paBHa CKOPOCTH 0OPaTHOTO MpoIliecca.

HIMeHHO MOATOMY KOJIMYEeCTBAa KOHEYHBIX TPOAYKTOB, 00Pa3yIOIIUXCs B X0/ MPSIMOH pe-
aKILIMY, PaBHBI UX KOJIMYECTBAM, IPEBPALIAIOLIIMCS B UICXOAHbBIE BEIIECTBA, M KOHIIEHTPAIUH
BCEX Pearupyroux BEIIEeCTB OCTAIOTCS HEM3MEHHBIMU.

OnuceiBaeMasi 3aKOHOM JEHCTBYIOIIMX MAcC 3aBUCUMOCTb CKOPOCTH XMMHUYECKOM peak-
I[UU OT KOHIICHTPAIIUH PearupyronuX BEIIEeCTB CIIPABeINBA JIUIIh TS PEaKIIUid, TPOXOSIIIIX B
TOMOTEHHOH (OJTHOPOIHOM) — Ta30BOM MJIH KUAKON — (Da3e, M He paclpoCTPaHIETCS Ha TeTEPO-
TeHHYIO (HEOJHOPOJIHYIO) CUCTEMY, JUIsl KOTOPOH CYIIECTBEHHO BIMSIHME TOBEPXHOCTH COIPH-
KOCHOBEHHMSI pearupyromux BemectB. CKOpocTh TeTeporeHHON peakiiy MpsiMo MPOoropIuo-
HaJIbHA MJIOIA/IM TOBEPXHOCTH COMPUKOCHOBEHUS PEarupyrouX BEIIECTB.

Bonbiioe BiusHUE HA CKOPOCTh XUMUUECKHUX PEAKIIM OKa3bIBaeT TeMIiepaTypa.

Bant-T'odh¢d chopmynuposan npubimkeHHOE MPaBUIIO, COTIIACHO KOTOPOMY C IOBBILICHH-
eM TemrepaTypsl Ha Kaxabie 10°C cKkopocTh TOMOTE€HHOM peaKIMy yBEIMUYHNBAETCS PUMEPHO B
2 — 4 pa3za.

C noBBILLIEHUEM TEMIIEPATYpPhl YUCIO CTOJKHOBEHUH B €IMHUILY BPEMEHU YBEITUUUBACTCH,
HO HE TaK CHWJIbHO, KaK CKOpPOCTb pekumHu (~Ha 1 — 2 %). Oka3biBaercs, 4TO BO B3aUMOJIEHCTBUE
BCTYMAIOT TOJIBKO T€ MOJIEKYJIbI, SHEPTUsl KOTOPBIX MPEBHIIIAET HEKOTOPYIO OMPEEICHHYIO s
TAHHOW PEKIUH BEIMYMHY — TaK HAa3bIBAEMYIO SHEPTHIO aKTUBAITUU Eqyr.

3aBUCHMOCTS JioraprdMa KOHCTAHTBI CKOPOCTH PEAKIIMK OT 00paTHOM abCOMIOTHOM TeM-
nepaTyphl BIpaKaeTcsl ypaBHEHHEM AppeHnyca:

lgK=A/T+B,

rae A u B — xapakTepHsie JIs1 JAHHOW peaklMi KOHCTAHTHI,

npudeM A = -Eu/ R.

B psige cnyuaeB CKOPOCTh XUMUYECKOUW PEAKIIUK MOXKET ObITh 3HAUUTEIHHO U3MEHEHA B
pe3ynbTare BBEJEHUS KaTalu3aTopa.

Karanuzarop — 3T0 BemecTBo, CUIbHO H3MEHSIONIEe CKOPOCTh XMMUYECKON peakIiuy, HO B
pe3ynbTare peakiK OCTaroIIeecs XUMIUUYEeCKH HEN3MEHHbIM.

Pa3nn4aroT TOMOT€HHBIN U FE€TEPOreHHBIN KaTanu3. B mepBoM cilydae KaTaau3aTtop U pea-
TUPYIOIIHE BEIIEeCTBA HAXOATCS B OJMHAKOBOM arperaTHOM cocTosiHuu (00pasyrot oany dasy),
BO BTOPOM — B Pa3HBIX arperaTHbIX COCTOSHUAX ((hazax).

Oco6oe BHIMaHUE HEOOXOUMO 00paTUTh Ha OMOJIOTHUECKHUE KaTaau3aTopbl — PEPMEHTHI.
JIJist ocyIiecTBIIEHNUSI MHOTOUHCIICHHBIX MPOIIECCOB PACTEHUS M OOJIbIIAS YaCTh MUKPOOPTaHU3-
MOB, TIOJIYYAFOIIUX U3 OKPYXKAIOIIEl CpeIbl OTpaHUYEHHBIN HA0OP UCXOIHBIX COCTUHECHHM,
JOJIKHBI PACIIONIaraTh STUMU CHCTEMaMHU.

[Iporecc mouBooOpa30BaHMS OCYIIECTBISIETCS TAK)Ke C ydyacTheM (PepMEHTOB IMOYBHI (UH-
Beprasa, Gpocdorasa, ypeasa, AETHIPOreHA3bI U T.1I.).

B HacTosIee BpeMs YUCIIO pa3InyHbIX U3BECTHBIX PEaKINii, KaTaTu3upPyeMbIX GepMeH-
TaMU, COCTABJISIET OKOJIO IBYX THICSIY M MX YUCIIO HETIPEPHIBHO BO3pacTaet. JlJist TOro 4ToOsI
OpPUEHTUPOBATHCS B ITOM MHOXKECTBE OMOXMMHUUYECKUX MPEBpallleHUH, Hy)KHa HEKOTOpasi CUCTe-
matuka. OHa co31ana MexIyHapOIHBIM COI030M 110 OMOXMMHHU U PEKOMEHI0BaHa K IIOBCEBMeE-
CTHOMY HCTIOJIb30BaHMI0. CoriacHo 3To# kiaccudukauu Bce pepMeHTHI AeNATCS Ha IIeCThb
KJIACCOB.

Kaxxae1ii Kj1acc — Ha ITOJIKIIACCHI, a KaKIBIA IOKIacC — Ha IMOANoAKIacchl. Bece oHN nMme-
I0T CBOM HOMEDA.

BonbIIMHCTBO XUMUYECKHUX PEeaKIINil He MPOTEeKaeT 10 KOoHIa. Peaknu, KOTopbie MOTYT
OJTHOBPEMEHHO MPOTEKATh B IBYX B3aMHO MPOTHUBOMOJIOKHBIX HAPABICHUIX, HA3bIBAIOTCS 00-
paTUMBIMHU.

CocTosiHHE CUCTEMBI, KOTJ]a B HEW MPOTEKAIOT JIBa IPOTUBOTIOIOKHO HAMIPABICHHBIX XH-
MHUYECKHX Ipoliecca ¢ OIMHAKOBON CKOPOCTHIO, HA3bIBAETCS COCTOSTHUEM XUMUYECKOTO PaBHO-
BECHSI.
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Baxueiilen XxapakTepUCTUKON COCTOSIHUS PABHOBECHS SIBIIICTCS KOHCTAHTA PABHOBECHSL.
KoHcTanTa paBHOBECHS ONPEENIET COOTHOIEHUE KOHIIEHTPAIMM HCXOJHBIX M KOHEYHBIX IPO-
IYKTOB B paBHOBECHOH cMecH. Kpome Toro, oHa noka3blBaeT, BO CKOJIBKO pa3 CKOPOCTb MPSIMON
peakiuu O0JIbIIe CKOPOCTH 00paTHOM MpU JTAaHHON TeMIepaType U KOHIIEHTPAIHUIX, PaBHBIX |
(T. €. HE COOTBETCTBYIOIIMX PABHOBECHUIO).

CocTosiHMEe XMMUYECKOTO PABHOBECHUS 3aBUCHUT OT LIEJIOTO psifia (aKTOPOB, OCHOBHBIE U3
KOTOPBIX — TEMIIEPATypa, IaBICHNE U KOHIIEHTpalusl KOMIIOHEHTOB. VI3MeHeHHne XOTs Obl 0JTHO-
r0 U3 3TUX (PaKTOPOB MPUBOAUT K CMELICHUIO PAaBHOBECHSL.

Bnusiaue pa3nuyHbIX (aKTOPOB HA COCTOSTHHE XMMUYECKOTO PAaBHOBECHSI KAUECTBEHHO
OIKCBIBAETCS MPUHLIUIIOM cMeleHus paBHoBecHs Jle [llatenbe, koTopslil ObUT CHOPMYIHPOBAH
B 1884 r. CorynacHo 3TOMY IPUHLMITY IIPH BCSIKOM BHEIIHEM BO3JEHCTBUHU HAa CUCTEMY, HAXOAsI-
LIYIOCSA B COCTOSIHUM XMMHUYECKOTO PaBHOBECHS, B HEH ITPOTEKAIOT MTPOLIECCHI, TPUBOIALINE K
YMEHBILEHHUIO 3TOTO BO3JIEHCTBUS.

[TpyHIMI cMelIeHNs paBHOBECHS IPUMEHUM TOJIBKO K CHCTEMaM, HAXOAAIIUMCS B CO-
CTOSIHUM UCTUHHOTO XMMHUYECKOI0 paBHOBecHUs. I103TOMy B KOHAEHCPOBaHHBIX CUCTEMAX, IIPO-
LIECCBI B KOTOPBIX YaCTO 3aTOPMOXKEHBI, IPUMEHEHUE 3TOr0 IPUHILIUIIA OTPAHUYEHO.

5.8 JlaGopaTtopHas paGora Ne9 (2uaca). Tema: «Xumudeckoe papHoBecue. GpakTopsbl,
BJMSAIOIIHE HA CMellleHHe PABHOBECHSI»

[Ipu MOATOTOBKY K 3aHATHIO HEOOXOIUMO 0OpATUTh BHUMAHHUE HA CIICAYIOIINE MOMEHTHI:

-PaBHOBecue B cucreme Hy(r)+1x(r)= 2HI(Tr), ycTaHOBUIIOCH TIPH CIIEAYIOIINX KOHIIEHTpa-
musix: [H,]=0,025 mons/m, [1,]=0,005 mons/n, [HI]=0,09 monb/n. OnpenenuTte KOHCTAHTY PaBHO-
BECHS PeaKIMK U UCXOJHbIE KOHIICHTPAIlMH oa U BOAOPOa.

-J11s1 peakiuu, npeasioKeHHON BaMU B MHAMBUAYaJIbHOU paboTe, ONpeaenure, Kyaa cMe-
CTUTCSI XUMUYECKOE PAaBHOBECHE ECIIH:

1) moBBICHUTH TEMIIEPATYPY;

2) yBEIWYUTH JABJICHUE;

3) yBeIMUYUTH 00BEM;

4) yMEHbBIINUTh KOHIEHTPALUIO HCXOJHBIX BEIIECTB;

5) BBECTH B CUCTEMY KaTaau3aTop.

-O0BsACHUTE MEXaHN3M CMEILICHUSI PABHOBECHSI IIPU Pa3HbIX YCIIOBUSIX.

5.10 JlaGopaTopHas pa6ora NelQ (2 yaca). Tema: «O0mas xapakTepucTHKa PacTBOPOB.
Cnoco0bl BbIpakeHUs] KOHIEHTPALUM PACTBOPOB)»
[Ipu MOATOTOBKY K 3aHATHIO HEOOXOIUMO 0OpATUTh BHUMAHHUE HA CIICAYIOIINE MOMEHTHI:

BaxHoi1 KOTMYECTBEHHON XapaKTepUCTUKON MPOLECCa TUCCOLMAIAN SIBJISIETCS] KOHCTaHTa
JUCCOIMAIIMY AJIEKTPOJIUTA, KOTOpasi OIPeIesieTCs KaK OTHOILIEHHE TPOU3BEICHUN KOHIICHTpa-
IIUU KOHOB, 00Pa3yIOLIUXCs MPH TUCCOLMALINN, K KOHIIEHTPAIIUN UCXOIHBIX YaCTHUII.

CBsi3b MEX1y KOHCTAHTOM JMCCOLUAIIMY U CTETIEHbIO AUCCOLMALIMK HA3bIBAIOT 3aKOHOM
pazBenenust OcTBanbaa:

K= (*/1-0)-C

OpHuM U3 cnadbIX 3JIEKTPOIUTOB SBISETCS BoJa. BripaxkeHne KOHCTaHTBI AUCCOIMAIINH
JUTSL BOJIBI BBITJISLAMT CieyrommmM oopazom: K = [H+] -[OH7], Tak Kak ee KOHLIEHTpaLUsl IpU
JUCCOLIMAIIMU OCTAETCs MPAKTUYECKU OCTOSTHHONW. DTO BBIpa)keHUE HOCUT Ha3BaHHE HOHHOTO
MPOU3BE/ICHUS BOJIBI.

B uncroii Boge [H'] = [OH . Hcnonb3ys 3HaYUeHME HOHHOTO TPOU3BEACHUS BOJIbI, HAXO-
v [H'] = [OH] =V10"*= 10" mons/x.

[Tpu noGaBneHNH K BOJI€ KUCIOTHI, KOHIIEHTPAIMsl HOHOB BOJIOPOa B paCTBOPE YBEIUUUT-
cs1, a kKoHueHTpanus noHoB OH™ ymensimutcs. HampoTtus, eciu k Boge 100aBUTH IIEN0Yb, TO
koruenTparus OH yBenmuutes, a H' ymenbmmTes.

KonuenTpaunnu noHOB BOAOPOA B pacCTBOpaxX pa3HOU KMUCIOTHOCTH MOTYT U3MEHSATHCS Ha
MHOTO MOPsIAKOB. J1Jis y1oOcTBa 9acTo UCTIOIB3YIOT O0JIee TIIaK0 H3MEHSIONTYIOCS BETUYHHY, a
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UMEHHO Jiorapu(M KOHLIEHTPAIIMH HOHOB BOJOPOA — TaK Ha3bIBAEMBIN BOJIOPOIHBIN TIOKa3a-
tens (pH):

pH =-lg [H'].

Jns Berurcnenuss pH MHOTOOCHOBHBIX CIA0BIX M CHIIBHBIX KUCIIOT, CPEAHUX, KUCIIBIX CO-
Jei yYUTHIBAIOT pa3IMyHble CTYIIEHU AUCCOLUAIMH U HCIIONB3YIOT CIIEIMATU3UPOBaHHbIE (op-
MyJIBl ITO onpeneneHuio pH pactBopos.

Bonopoansrii nokazatens (pH) urpaer BaxxHy0 pojib B OMOJOTHYECKUX U TEXHOJIOTHYE-
CKHUX Iponeccax. Tak, akTUBHOCTb PAa3JIMYHBIX ()EPMEHTOB JKUBBIX OPraHU3Ma, a TaK)Ke CIeLH-
(urKa MPOUCXOAAMINX B TKAHIX OMOXUMHUECKUX MPOIIECCOB TECHO CBSI3aHa C Y3KUM MHTEPBAJIOM
pH. Hcnonb3oBanue paCTCHUSMH Pa3IMYHBIX MUTATEIBHBIX JJIEMEHTOB U3 II0YBBI B 3HAYUTEIIb-
HOU Mepe 3aBUCHT 0T pH nouBeHHOTO pactBopa. IloaToMy HE00X0AUMO YMETh ONpeNeNiTh 3Ha-
YEeHHE BOJOPOJHOIO TIOKA3aTeNsl, UCTIONb3Ys JUIsl 3TOTO PAa3IMYHbIE CIIOCOOBI.

5.11 JladopaTropunasi padora Nell (2 uaca). Tema: «Teopusi 3J1eKTPOJUTHYECKOMH
AUCCONUANNH. DJIEKTPOJIUTHI U HEAIEKTPOJIUTHI. IOHHBIE ypaBHEHUD)
[Tpu MOATrOTOBKH K 3aHATHIO HEOOXOAMMO 00paTUTh BHUMAHUE Ha CIEAYIOLUE MOMEHTHI:

[Ipu cmemmBaHUM BENIECTB B 3aBUCUMOCTH OT UX MPUPOJIbI U YCIOBUM, B KOTOPBIX OCYIIIE-
CTBJISIETCS OTIepallysi CMEIIMBAHUS, BO3MOKHBI TPU MPEIEIbHBIX CIIydasl.

1. BemectBa He m3MmeHsr0TCs. O0pazyeTcst MexaHnuecKkasi cMech. Ee cocTaB nmepeMeHHbIiH,
BEII[ECTBA MOTYT HAXOJAUTHCS B HEH B JIIOOBIX OTHOIIEHUIX. CBOMCTBA MEXaHUYECKON CMECH
IPEACTABIAIOT COO0 CyMMY CBOMCTB 00pa3yroIIuX €€ BEIIECTB.

2. [Iponsoiiner XumMu4eckas peakius. B 3ToM ciyyae npu cMeIMBaHUU BENIECTBA OYIyT
B3aMMO/ICICTBOBATH B OTPE/ICIIEHHBIX OTHOIICHUSX, B PE3yJbTaTe 00pa3yeTcs HOBOE BEIIECTBO,
CBOMCTBO KOTOPOT'O OTJIMYAIOTCS OT CBOMCTB HCXOHBIX BEILIECTB.

3. Obpaszyercst pacTBop.

PacTBOp — 3TO XMMHYeckas cucTtemMa, 00pa3oBaHHAasl HECKOJILKUMHU BEIIECTBAMU, MEXIY KO-
TOPBIMHU HET MIOBEPXHOCTEN pas3zela.

BemiectBa, oOpasyroiue pacTBOp, Ha3bIBAIOTCS KOMIIOHEHTaMHU pacTBopa. OJIMH U3 KOMIIO-
HEHTOB PacTBOpa — PACTBOPHUTED.

Crnenyet ysICHUTb, YTO MPOLIECC PACTBOPEHHS — 3TO HE (PU3UYECKUI MPOLIECC CMEIIEHHUS,
pPacTBOp — HE CMECh, TaK KaK €ro CBOMCTBAa HE paBHBI CyMMe CBOMCTB KOMITIOHEHTOB. Ho BMecTe ¢
TEM MPOIIeCcC PACTBOPEHUS HEIIb3sI OTHECTU K COOCTBEHHO XUMUYECKUM PEaKIIMsIM, TaK Kak pac-
TBOP HE MPEACTaBISAET COO0M XMMHUECKOTO COSAMHEHUS, TOUYUHSIONIETOCS 3aKOHY IMMOCTOSHCTBA
COCTaBa; COCTaB PacTBOPA MOXKET U3MEHATHCS B IIMPOKUX Mpezenax.

PacTBOpenue — pU3NKO-XUMHUYECKHIA TPOLIECC, COYETAIONINN (PU3UUECKUE U XUMHUECKHUE
SIBJICHHUSL.

[Ipu u3ydennn nmporecca pacTBOPEHUsT HEOOXOAUMO O0OpaTUTh BHUMAHKE HA IPUPOIY
MEXMOJIEKYJISIPHBIX CHII B pacTBOpax: cuibl Ban-nep-Baanbca (opueHTallnoHHbIE, HHIYKIIMOH-
HbI€, TUCIIEPCUOHHBIE); HOH-IUIIOIBHOE B3aUMOJIEUCTBUE, BOJAOPOIHYIO CBS3b.

Taxk kKak pacTBOpPHI — BEIIeCTBA IIEPEMEHHOI0 COCTaBa, TO OT KOJIMYECTBEHHOI'O COCTaBa 3a-
BUCST €r0 CBOWMCTBA, TOTOMY IIPU OMUCAHUU CBOMCTB PacTBOpa HEOOXOAMMO YKa3bIBaTh €0 CO-
CTaB.

CocraB pacTBOpa XapakTepu3ylOT OTHOCUTEIBHBIM COICPKAHUEM B HEM PACTBOPEHHOTO
BeniecTBa. [IpuHATO BbIpaxaTh COCTaB paCTBOPOB Uepe3 JA0JIU WA KOHIICHTPAIIUH.

B 3aBucumocTH oT (pa30BOro COCTOSIHUS PACTBOPUTEISI U PACTBOPEHHOTO BEIIECTBA, Pac-
TBOPBI OBIBAIOT Ta3000pa3HBIMU, TBEPABIMHU U )XKUIKHUMH. B Ono0rm4eckoil mpakTuke HandoJIb-
1Iee 3HaYCHUE UMEIOT JKUKUE PACTBOPBL. B 3THX pacTBOpax 0OBIYHO MPOTEKAET OOJIBIIIUHCTBO
peaxuuii, Tak Kak OHM CO3Jal0T BeCbMa OJIaronpusITHBIE YCIOBUS, KaK JIJIs IepeMeIlleHUs] MoJie-
KYJI, TaK ¥ JUIsl TECHOTO UX CONMKECHUS, HEOOXOAUMOTO ISl XUMHYECKOTO B3aUMOICHCTBHSIL.

Paz0aBieHHbIe pacTBOPHI MPUOINKAIOTCS K UCATBHBIM, U UX CBOWCTBA OMUCHIBAIOTCS 00-
Jiee MPOCTHIMUA YPAaBHEHUSIMHU.

B Guosnoruyueckux mnporeccax BaxHYIO POJib UTPAIOT BOJHBIE PACTBOPBI.
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Tak, pacTeHHe COCTOUT U3 CyXOro BEUIECTBA U COACPKHUT 3HAYNTEILHOE KOJIUYECTBO BOJIBI.
B GoJIbIIMHCTBE BEreTaTHBHBIX OPTaHOB CEIbCKOXO03SIMCTBEHHBIX KYJIBTYP COACPKAHUE BOJIBI CO-
crasiser 70 —95%, a B cemeHax — ot 5 10 15%.

OO0eCIIeYeHHOCTh PACTHTEIBHBIX KIIETOK BOJOW BO MHOTOM ONpEeIIIeT CKOPOCTh U Ha-
MPaBIEHHOCTH MPOIIECCOB JKU3HEIEATEILHOCTH B PACTUTEIILHOM OpraHu3Me. B cBoro ouepep,
YCIIOBUSI MHHEPAJILHOTO IMUTAHMS, & TAKKE YCJIOBHS BOJOCHAOKEHUS M OMOJIOTHIECKHE 0COOCH-
HOCTHU paCTeHI/Iﬁ OHpe,Z[GJI}IIOT ypOBeHB COI[ep)KaHI/IH B HUX BOJBI. OCHOBHYIO Y4acCTb BOABI paCTe-
HUE MOTPeOJIIeT U3 ITOYBSHHOTO PacTBOPA.

5.10 JIabopaTtopnas paGora Nel2 (2 yaca). Tema: «I'maposu3 coseii. MonHoe npo-
usBeaenne Boabl, pH. Meroasl onpeaeaenus pH»

[Ipu mOATOTOBKH K 3aHATHIO HEOOXOUMO 00OpaTUTh BHUMAHKE Ha CIEAYIOINE MOMEHTHI:

Bce BemiecTBa mpuHATO YCIOBHO JEIUTH MO UX MOBEACHUIO B paCTBOpaXxX Ha JIBE KaTero-
pHH: a) BEUIECTBA, PACTBOPHI KOTOPHIX MPOBOJIST dJEKTPUUECKHUIA TOK (IJIEKTPOJIUTHI); 0) Belle-
CTBa, PACTBOPHI KOTOPBIX HE MPOBOJST TOK (HEINEKTpoauThl). K anekTponuram oTHOCUTCS
OOJIBIIMHCTBO HEOPTaHUYECKUX KUCIIOT, OCHOBaHUM U coneil. K HeanekTponuTam oTHOCSTCS
MHOTHE OPTaHMYECKUE COCIMHEHUS], HAIPUMEP KETOHBI, YIIIeBObL. Pacmaa 31eKTpoIuTOB Ha
MOHBI TIPY PACTBOPEHUHU B BOJI€ HA3bIBAIOT AJIEKTPOIIUTHYECKON aucconuanueil. [{ns oobsacHe-
HUSI CBOMCTB PaCTBOPOB 3JIEKTPOIUTOB OblIa pazpaboTaHa TEOPHUS IIMEKTPOIUTUIECKON TUCCO-
nuanuu. [Ipu u3yyeHun 1anHoM TeMbl HEOOXOIUMO YSCHUTh €€ OCHOBHBIE TOJIOKEHUS:

1. [Ipu pacTBOpeHUU B BOJIE AIEKTPOJIUTHI PACIaal0TCs Ha MOJOKUTENIbHO U OTPULIATEb-
HO 3apsbKeHHbIe HOHBI. [Ipoliece Arcconuanuy sBiseTcs 00paTUMbIM.

2. Ilox neiicTBUEM HIIEKTPUUECKOTO TOKA MOJIOKHUTENIbHbIE HOHBI (KATUOHBI) IBUXKYTCS K
KaToJy, OTpHIIaTeIIbHBIC (AHUOHBI) — K aHOITY.

3. CteneHp AMCCOLMALIMY 3aBUCUT OT MPUPO/IBI JJIEKTPOIUTA U PACTBOPUTEIS], KOHIICH-
TpalMH IEKTPOIUTA U TEMIIEPATYPBhI.

CreneHnp aucconuanyy o — 3T0 OTHOUIEHHE YHMCIIa MOJIEKYJI, pacnaBiuxcst Ha noHsl (N'), k
001eMy YrciTy pacTBOpEHHBIX MOJIeKyI (N).

Ha ocHoOBe 3Ha4YeHMsI CTENEHU AUCCOIUAINH IPUBEAUTE IPUMEPHI CUIIBHBIX M CITa0bIX
3JIEKTPOJIUTOB.

BaxHo# KOJIMUECTBEHHON XapaKTEPUCTUKON MpoLiecca JUCCOLMALINU SBIIAETCS KOHCTaHTa
JUCCOLIMAIIMU 3JIEKTPOJIUTA, KOTOpasi ONpeAeNsieTcs] Kak OTHOUIEHHE MTPOU3BeIeHU KOHIIEHTpa-
IIUU FOHOB, 00Pa3yIOIIUXCS P TUCCOIMAIINY, K KOHIICHTPAIIUN HCXOIHBIX YaCTHII.

CBs13b MeX/1y KOHCTaHTOM TMCCOLMALIMY U CTETIEHBIO TUCCOLMAIIUU HA3bIBAIOT 3aKOHOM
pa3Benenust OcTBanbaA:

K= (a’/1-a)-C

OpHuM U3 cnadbIX SJEKTPOIUTOB SBISETCS BOJa. BripakeHHe KOHCTAaHTBI TUCCOIUAINH
JUTSL BOJIBI BBITJISIIUT ClIeayromuM oopazom: K = [H+] -[OH], Tak Kak ee KOHIIEHTpalus Mpu
JIUCCOIIMAIIMN OCTAETCS MPAKTUYECKU MTOCTOSIHHOM. DTO BBhIpaKeHHE HOCUT Ha3BaHUE HOHHOTO
IIPOU3BEICHUS BOJBI.

B uncroii Boge [H'] = [OH ']. Mcnonb3ys 3HaueHNEe HOHHOTO MPON3BEICHNS BOJIBI, HAXO-
mam [H]=[OH]1=10""= 10" mons/.

[Ipu noGaBneHUy K BO/I€ KUCIOTHI, KOHIIEHTPALIUS HOHOB BOAOPO/Ia B PACTBOPE YBEIUIHT-
csl, a koHueHTpauus noHoB OH™ ymensmmrces. Hampotus, eciu k Boge 100aBUTH IIEN0Yb, TO
xounenTpanus OH yBenmuures, a H' ymeHbIIHUTCS.

KonnenTpanuu 1oOHOB BOJIOPO/a B pacTBOpax pa3HOM KMCIOTHOCTH MOTYT U3MEHSTHCS Ha
MHOTO MOPsIAKOB. J1Jis ymoOcTBa 9acTo UCOIB3YIOT O0JIee TIIaK0 H3MEHSIONTYIOCS BETUYHHY, a
MMEHHO Jorapu(m KOHLEHTPALUA HOHOB BOAOPOa — TaK Ha3bIBaeMbIH BOJIOPOIAHBIN ITOKa3a-
tens (pH):

pH =-lg [H'].

51



Jist Beramcnenus: pH MHOTOOCHOBHBIX CJIA0BIX M CUIIBHBIX KUCIIOT, CPEHUX, KUCIIBIX CO-
JIeil yYUTBHIBAIOT PA3JIMYHBIE CTYNEHU AUCCOLUAIMH U UCIIONIB3YIOT CIEIHaIU3UpOBaHHBIE (Op-
MYyJIbI 11O onpeaeneHuto pH pacTBopos.

Bonopoansrii mokazarens (pH) urpaer BaxHyrO poiib B OMOJIOTHYECKUX M TEXHOJIOTHYE-
CKHX mporieccax. Tak, akTHBHOCTh Pa3IMYHBIX (JEPMEHTOB KUBBIX OpraHU3Ma, a TAKXKE CICIIH-
¢duKa MPOUCXOIANIMX B TKAHAX OMOXUMHUYECKUX MPOLIECCOB TECHO CBSI3aHa C Y3KMM MHTEPBAIOM
pH. Hcnonb3oBanue pacTeHUSIMU Pa3TUYHBIX TUTATEIbHBIX HJIEMEHTOB U3 TIOUBHI B 3HAUUTEIb-
HO# Mepe 3aBucuT oT pH mouBeHHOTO pacTBopa. [ToaTOMy HEOOX0AMMO YMETH OPEIEATh 3HA-
YeHHE BOJOPOJHOTO TIOKA3aTelNsl, UCTIONb3Ys JUISl 3TOTO PA3IUYHbIE CIIOCOOBI.

N3y4as MONEKyIspHO-AUCTIEPCHBIE CUCTEMBI (MICTUHHBIE PACTBOPHI) OOJIbIINE TPYAHOCTH
BBI3bIBACT HAIIMCAHUE YPAaBHEHUN PEaKLMi THIPOIN3a.

[ToaToMy mpUBOIUTCS aJTOPUTM HANMCAHUS PEAKIIMI THAPOIIN3a:

l. Hanucars ypaBHEHHE 37IEKTPOIIMTUUECKON JUCCOLUALIUN COJIH.

2. JI71s1 moTy4eHHBIX B IEPBOM PeakIMu KaTHOHOB M @aHMOHOB HANlMCaTh COOTBETCT-
BYIOIIIME UM KHUCIIOTY U OCHOBAHHUE.

3. Br16path rugponusyromuecst HOHbI. J[J1s 3TOro mo Tabnuile cTeneHei win KOH-

CTaHT AUCCOLMALINY ONPEACIUTD CUITY KUCIOTHI WJIM OCHOBaHUs. IOHBI, KOTOPBIM COOTBETCT-
BYIOT CHJIbHBIE 3JIEKTPOJIUTHI, TUAPOIIN3Y HE MOABEPTatoTCs.

4. 3anucatb (HOpMYIIbI IPOAYKTOB THIPOIIN3A.

5. CocTaBUTh COKpAIIEHHOE HOHHOE YPaBHEHUE THUAPOJIN3a.

6. OTMETUTH peakLUIO CPEbI.

7. Ee pa3 nepenucaTh Bce UMEIOIIKECS B PACTBOPE UOHBI (TUIPOIUM30BaHHBIE U HE
MOABEPTLINECS THAPOIIHU3Y).

8. CocrtaBuTh (GOPMYITBI MOJIEKYJT U3 UMEIOIINXCSI HOHOB.

9. CocTaBUTh MOJIEKYISPHOE YPAaBHEHUE THIPOIIH3A.

5.12 JlaGopatopnas pabdora Nel3 (2 yaca). Tema: «OxkucanTeabHO-
BOCCTaHOBHUTe/bHbIe peakuuu. Hanpasiaenuss OBP»

[Tpu MOATOTOBKM K 3aHSATHIO HEOOXOIMMO OOpaTHTh BHUMAHUE HA CIEAYIOIUE MOMEHTHI:

Honnble peakiinu, CONMPOBOKAAIOIINECS N3MEHEHUEM CTETIeHH OKHUCIICHHSI aTOMOB B MOJIe-
KyJaxX pearupyrorx BeUEeCTB, Ha3bIBAIOTCS OKUCIUTEILHO-BOCCTAHOBUTEILHBIMU PEAKLIUSIMHU.
[Ton cTeneHbio OKKUCIEHUSI TOHUMAIOT TOT YCIIOBHBIN 3apsij aTOMa, KOTOPbI BBIYHCIISETCS U3
MPEANOI0KEHHS, UTO MOJIEKYJIa COCTOUT TOJIKO U3 MOHOB. OKHUCIIEHHUE - BOCCTAHOBJIEHUE — 3TO
€MHbIN B3aUMOCBS3aHHBIHN nporecc. OKuCIeHNe TPUBOIUT K MOBBIIICHUIO CTENIEHU OKHCIICHUS
BOCCTAHOBUTEJS, @ BOCCTAHOBIIEHUE K €€ MOHMKEHUIO Y OKUCITUTES.

[ToBpIlIEHNE WU TIOHWKEHHE CTENIEHU OKUCIIEHUSI aTOMOB OTPAXKaeTCsl B 3JIEKTPOHHBIX
YpaBHEHUSAX UCXOJISl U3 TOTO, YTO OKUCIUTEIh IPUHUMAET 3JIEKTPOHBI, 8 BOCCTAHOBUTEH X OT-
naet. [Ipu 5TOM He yuuThIBaeTCS, NEPEXOJAT JIU AIEKTPOHBI OT OJHOI0 aTOMa K JPYyromMy IMOJIHO-
CTBIO U 00Pa3yIOTCS NOHHBIC CBSI3H, UM SJICKTPOHBI TOJILKO OTTATUBAIOTCS K 00JIee IMEKTPOOT-
pULATEIbHOMY aTOMY M BO3HUKAET MOJsipHas cBA3b. O BOZMOKHOCTH TOT'O MJIM MHOTO BEILlECTBA
MPOSIBIISITH OKUCIUTENbHBIEC, BOCCTAHOBUTEIBHBIE WJIM JBOMCTBEHHBIE (KAK OKUCIUTENbHbIE, TaK
¥ BOCCTAHOBUTEIIbHBIE) CBOMCTBA MOKHO CYJIUTh MO CTEMEHH OKUCICHHS aTOMOB, HECYIIIUX 3TH
byHKIMN.

ATOM TOTO WJIK UHOTO 3JIEMEHTa B CBOEH BBICIIECH CTENIEHU OKHCIEHUSI HE MOXKET €€ MOBbI-
CUTh (OTATh BJEKTPOHBI) U MPOSBIIAET TOJIHKO OKUCIUTENIbHbIE CBOMCTBA, a B CBOEH HU3IIEH
CTEMEeHH OKUCJICHHSI HE MOKET €€ MOHU3UTH (MPUHSATH 3JIEKTPOH) U MPOSBIISIET TOJIBKO BOCCTA-
HOBUTEJIbHBIE CBOMCTBA. ATOM K€ AJIEeMEHTa, UMEIOLTUN TPOMEKYTOUHYIO CTEIIEHb OKHCIICHUS,
MOJKET MPOSBIATH KaK OKUCIUTEIbHBIE TaK U BOCCTAHOBUTENIbHBIE cBOMCTBA. Hanpumep: atom
azora B creneHu okuciienud +5 (HNO3) nposiBIisieT TONbKO OKUCIUTEIbHBIE CBOMCTBA; B CTEIIE-
Hu okucnenusa +4 (NO,), +2 (NO), 0 (N), -1 (NH,OH), -2(N,;H4) nposiBiisieT kak OKHCITH-
TeJbHbIE, TAK U1 BOCCTAHOBUTEJIbHBIE CBOMCTBA; MpHU cTenenu okucienus -3 (NHs) — Tonbpko Boc-
CTaHOBUTEJIbHBIE CBOICTBA.
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JIi1st cocTaBiieHUs ypaBHEHUM OKUCIUTEIbHO-BOCCTAHOBUTENIBHBIX MPOLECCOB UCIOJIb3YET-
Csl IBa METO/A: SJIEKTPOHHOTO U DJIEKTPOHHO-MOHHOTO OanaHca (METOJ MOJIyPEaKIInii).

[Tpu cocTaBiieHnN ypaBHEHUH OKUCIUTEIHHO-BOCCTAHOBUTEIILHBIX PEAKIINI PEKOMEHTYET-
sl IPUIEP>KUBATHCS CIETYIOIIErO MOPSIKA:

1.  CocTaBUTh CXeMY pEaKIUU C YKa3aHUEM HCXOIHBIX U 00Pa3yIOMUXCsl BEIIECTB, OT-
METHUTH 3JIEMEHTbI, U3MEHSIOUINE B PE3yJIbTaTe PEaKIMK CTENIEHb OKUCIECHUS, HAUTH OKUCIIUTENb
Y BOCCTAaHOBUTEb.

2. CocTaBuTh CXEMBI MOITYPEAKIINIl OKUCICHHUS U BOCCTAHOBJIEHUS C YKa3aHUEM UCXO/I-
HBIX ¥ 00pa3yIOIUXCs PEAIbHO CYIIECTBYIONIUX B YCIOBUSAX PEAKIIMA MOHOB WJIH MOJICKYIT.

3. YpaBHATH YUCJIO aTOMOB KaXKJI0T'0 3JIEMEHTA B JIECBOW M MPaBOM YACTAX MOTYPEAKIIHA;
IIPH OTOM CJIEIyeT MIOMHUTH, YTO B BOAHBIX PACTBOPAX B PEAKIIUSAX MOTYT Y4aCTBOBATh MOJIEKY-
JIBI BOJIBI, HOHBI H' wm OH.

4. YpaBHATH CYMMapHOE YKCIIO 3apsSA0B B 00€UX YACTAX KaXKIOW MONTYpeaKIIuH; JIJIs
3TOr0 NMPUOABUTH K JIEBOM U MPaBO YaCTSIM MOIYpEaKIK HEOOX0IUMOE YUCIIO 3JIEKTPOHOB.

5. TlomoOGparb MHOXUTETH (OCHOBHBIE KOA((UIIMEHTHI) IS TOJTypEaKIfil TaK, YTOOBI
YHCIIO 3JIEKTPOHOB, OTAABAEMbIX ITPU OKHCIIEHUH, ObLIO PAaBHO YUCIY 3JIEKTPOHOB, IPUHUMAae-
MBIX TIPH BOCCTAHOBIICHUH.

6.  CIOXUTbh ypaBHEHUS MOJYPEAKIIUHA C YI€TOM HalJIEHHBIX OCHOBHBIX KOd(duimeH-
TOB.

7. PacctaBuTh K03()PUITMEHTHI B YPABHCHHH PEAKITUH.

CrnemyeT UMeTh B BUJy, YTO B BOJHBIX PaCTBOpaX CBSA3BIBAHNUE U30BITOYHOTO KUCIOPOIa U
MPUCOEANMHEHNE KUCIIOPO/1a BOCCTAHOBUTENIEM IIPOUCXOIAT 110 Pa3HOMY B KUCIIOH, HEUTpaJIbHOM
U IEJIOYHOM cpenax. B KUCIBIX pacTBOpax W30BITOK KHCIOPO/Ia CBA3BIBACTCS HOHAMHU BOJIOPOAA
¢ 00pa3oBaHMEM MOJIEKYJI BOJIbL, @ B HEUTPAIbHBIX U LIEJIOYHBIX — MOJIEKYJIaMH BOJIbI ¢ 00pa3o-
BaHUEM TUJIPOKCH]I — HUOHOB.

[Ipucoenunenre KUCI0poa BOCCTAHOBUTEIEM OCYIIECTBIISIETCS B KUCIION U HEUTPAIBbHOM
cpedax 3a cyeT MOJIEKYJI BOJIbI C 00pa30BaHMEM MOHOB BOJOPO/IA, a B IIETIOYHOM Cpesie — 3a CUeT
TUAPOKCUA-UOHOB ¢ 00pa30BaHUEM MOJIEKYJI BOJIBI.

JIaHHBIN THIT peakiuu UMeeT OOJBIIOe PACIIPOCTPAHCHHE B IPUPO/IE (B TOM YHCIIE TIPU
OMOJOTUYECKOM OKMCIICHUU MUTATEeNbHBIX BEIIECTB B OpraHM3Me KMBOTHOTO U YeJIOBEKa, IIPo-
recce (OTOCHHTE3a B 3€JIEHBIX YACTAX PACTEHUI), TEXHOJIOTHUYECKUX MPOIIECCaX.

2.13 JlaGopaTopHas padora Nel4-15 (4 yaca). Tema: «aekTpoxumusi. XUuMHYECKHe
HCTOYHUKHU IHEPIUM»

[Tpu MOATOTOBKM K 3aHATHIO HEOOXOIMMO OOpaTUTh BHUMAaHHE Ha CIEIYIOIUE MOMEHTHI:

Ecin MeTannieckyro IIaCTHHKY OITYCTUTh B BOJY, TO PacIOJIOKEHHBIE Ha €€ TOBEPXHO-
CTH KaTHOHBI MeTaJl1a OYAyT THAPATUPOBATHCS MOJISPHBIMUA MOJIEKYJIaMU BOJIBI U IEPEXOAUTH B
pactBop. IIpu 3TOM 371€KTPOHBI, B U30BITKE OCTAIOLIUECS B METAJIIE, 3apsXkKatOT €ro OBEPXHOCT-
HBII CJION OTpULIATEIbHO. BO3HUKAET 3JIEKTPOCTATUYECKOE MPUTSKEHUE MEKY IepeIle MU
B PACTBOP IMAPATUPOBAHHBIMHM KaTHOHAMH U ITOBEPXHOCTBIO MeTauia. B pesynbTare 3TOrO yC-
TaHAaBJIMBACTCS I10JIBU’KHOE PAaBHOBECHE:

Me + m H,0 < Me (H,0) "', + ne

B pacTBOpe Ha MeTajuie

TZI€ 1 — YHACJIO MIEKTPOHOB, IPUHUMAOIINX y4acThe B mpouecce. Ha rpanune meramr —
JKUJKOCTb BO3HUKAET JBOMHOM DJIEKTPUYECKUN CIIOM, XapaKTEPU3YIOLUNCS OIIPENCICHHBIM
CKa4YKOM MOTEHIIMAaja — 3IEKTPOJHBIM MMOTEHIUATIOM. AOCOIIOTHBIE 3HAYEHUS 3JICKTPOIHBIX 110-
TEHIIMAJIOB U3MEPUTH HE yJAeTCs, TaK KaK OHU 3aBHCAT OT paja (pakTopoB (IPHPOJIBI METAILIA,
KOHIIEHTPALUH, TEMIEepaTypsbl U T.1.). [IoaTOMy 0OBIYHO ONpeneNnsoT OTHOCUTENIbHBIE IEK-
TPOJHBIE NOTEHLIAJIBI B ONIPEAEIEHHBIX YCIOBUAX, HA3bIBAEMbIX CTAaHAAPTHBIMU JIEKTPOAHBIMU
norennuanamu (E).

Cmanoapmuuim 371eKMpoOHbLIM NOMEHYUALIOM Memaiia Ha3bIBalOT €ro 3JIEKTPOHbIN HO-
TEHIIMAJI, BO3HUKAIOIINI P MOTPYKEHUN MeTajljla B pacTBOP COOCTBEHHOT'O HOHA C KOHIIEH-
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Tpauueil 1 aKTUBHOCTBIO, paBHOM 1 T-MOH/J, U3MEPEHHBIN 10 CPAaBHEHHIO CO CTAHIAPTHBIM BO-
JIOPOJIHBIM 3JIEKTPOJOM, IOTEHIIMAN KOTOpOro mnpu 25°C yCcI0BHO MPUHUMAETCS PaBHBIM HYIIIO.

Pacnionarast MmeTayuibl B psiji 10 ME€pe BO3pacTaHUsl UX CTAHAAPTHBIX JEKTPOIHBIX MOTEH-
nranos (E%), momyuaeM Tak Ha3bIBAeMBIH psiod HANpAdsCeHuil.

[TonosxeHnue TOro UM HHOTO MeTaJljia B PsIy HAIPSKEHUN XapaKTEPU3yeT ero BOCCTaHO-
BUTEJIBHYIO CIOCOOHOCTD, a TAK)KE OKUCIUTEIbHBIE CBOMCTBA €0 HOHOB B BOJAHBIX PACTBOpaXx
MIPU CTAaHJAAPTHBIX YCJIOBHIX. UeM MeHbIIe 3HaUeHUE E°, TeM GOIBIIMMHU BOCCTAHOBHTEIbHBIMH
CIOCOOHOCTSIMU 00J1aJIaeT NaHHBIM MeTalll B BUE MPOCTOT0 BEIIECTBA U TEM MEHBIIE OKHCITHU-
TeTbHBIE CIOCOOHOCTH MPOSIBISIFOT €T0 HOHBL. 11 HA060pOT. DIEKTPOAHBIE TTOTEHIIUAIBI H3Me-
pAIOT B prOOpax, KOTOPbIE MOIYUYUIIU Ha3BaHUE 2alb8aHu4eckux snemenmos. OKUCIUTENbHO-
BOCCTaHOBUTENIbHAS PEAKIIUsI, KOTOPAasl ISXKHUT B OCHOBE PabOTHI TaTbBAHUYECKOTO PJIEMEHTA
MPOTEKAET B HaNpaBjieHUH, B KoTopoM DJIC rr1eMeHTa UMEET MOJI0KUTETbHOE 3HAUEHHUE.

Bcsikuii ranpBaHUYECKUH DIIEMEHT COCTOUT U3 ABYX JIEKTPOJOB - aHOJIa U KaToAa.

[Tpu cxemaTrueckoM N300pakeHNUU TalIbBAHUYECKOTO 3JIEMEHTA IPaHuLa pa3jiena MeXIy
METAJIJIOM U PacTBOPOM 0003HAYAETCS BEPTHKATHHON YEPTOM, TpaHUIAa MEXKIY PACTBOPAMH
3JIEKTPOJIUTOB - TBOWHOM BEPTUKAIBHON YEPTOM.

N3ydenne naHHOW TEMBI COMPOBOKAAECTCS HEOOXOIUMOCTHIO OOBSICHEHHUSI MCTIOB30BaHUS
B [IPAKTHUYECKOU JIEATEIbHOCTH 3JIEKTPOXUMHUYECKUX MPOLECCOB, HATMCAHUEM YPABHEHUH, OT-
pakaroUuX CYUIHOCTh JIaHHBIX SIBICHUH.

OCHOBHBIMU UCTOYHHMKAMH, B KOTOPBIX UCIOJIb3YIOTCS JJIEKTPOXUMUYECKHE MTPOLIECCHI,
SIBJISIFOTCS TOTUTMBHBIE 3JIEMEHTHI M aKKYMYJISITOPHI.

["anibBaHMYECKNI 3JIEMEHT, B KOTOPOM OKHCIUTEIbHO-BOCCTAHOBUTENbHAS PEAKLINS MO~
JEP>KUBAETCSl HEMPEPHIBHOM TOlauell peareHToB (OKUCIUTENS U BOCCTAHOBUTEIS ) U YAAJICHUEM
MIPOJIYKTOB B3aUMOJICUCTBUS, HA3bIBACTCS MONAUGHBIM INEMEHMOM.

B B010pOIHO-KUCTOPOAHOM 3JIEMEHTE B AJIEKTPUUECKYIO IHEPTHUIO MPEBPAIACTCS YHEPTUS
XUMHYECKON peaKiuu

2H,(r) + Oy(1) = 2H,0(x)

DIIEKTPOJIUT — PACTBOP IIETOUH.

Ha anozge npoucxonur okucieHue Bogopoaa (BoccranoBurens Hy):

Hy(r) + 20H (p) — 2¢” = 2H,0(x)

Ha katonie mpoucxoauT BoccTaHOBIIEHUE KUCIOpoia (okucauTenb O;) 3a CUeT 3JIEKTPO-
HOB, IEPEXOAAIIMX OT aHOJA K KaTONy:

O,(r) + 2H,0(k) + 4e” = 40H (p)

CyMMapHas peakiys, OCyIIEeCTBIIsIEMasi B BOJOPOJHO-KUCIOPOJIHOM TOIUIMBHOM 3JIEMEH-
TE!

H,(r) + 20H (p) — 2e- = 2H,0(x) 2

O,(r) + 2H,0(x) + 4e- =40H(p) 1

2H,(1) + O,(r) = 2H,0(x)

["anpBaHMYeCKUl IEMEHT, B KOTOPOM 3JIEKTPHUECKas SHEPTUS IPeoOpazyeTcsi B XuMuye-
CKYIO, a 110 Mepe HEOOXOJUMOCTH aKKyMYJIMPOBAHHAS XUMHUYECKasi SHEPTUs peodpa3yeTcs B
JIEKTPUUYECKYIO, HOCUT Ha3BaHUE aKKYM)IAmMopa.

B cBUHIIOBOM aKKyMyJsITOpE JEKTPOAAMH SIBISIOTCS cBUHEN U okcu cBuHLa (IV); anek-
TPOJIUT — CepHasi KUCJIOTa.

[Ipu pazpsiake akKkymyJsaTopa Ha aHOJI€ CBUHEIl OKUCIISAETCS:

Pb(t) + SO, *(p) — 2¢” = PbSO4(T)

Ha katone oxcup cBunua (IV) BoccranaBnuBaeTcs:

PbO,(t) + 4H'(p) + SO4 7 (p) + 2¢ = PbSO4(T) + 2H,0()

CyMMapHbI# TpoliecC OTBEYAET YPABHEHUIO PEAKLIUU:

Pb(t) + PbO,(T) + 4H (p) + 2S04 *(p) = 2PbSO4(T) + 2H,0()

B mporuecce 3apsaku akkyMyasTOpa BHEITHAM HCTOYHUKOM TOKA MPOUCXOIAT 0OpaTHBIE
IIPOLIECCHI, YTO OTBEYAET CYMMAapHOMY YPaBHEHHUIO:
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2Pb SO4(t) + 2H,0(%) = Pb(T) + PbOs(1) + 4H'(p) + 2S04 > (p)

B pesynwsraTe PbSO,4 npeBpamaercs B Pb Ha ogaHoM snektpone u B PbO, Ha apyrom asmek-
tpoae. [Ipu 3Tom oOpasyeTcst cepHasi KUCIIOTA.

[Tpu u3yueHnn JaHHOTO pa3jeia, KpoMe pacCCMOTPEHHBIX BOIPOCOB, YTOYHHUTE CYIIIHOCTh
mporecca KOPPO3uH METAJLIOB, €€ BUIOB U METOIbI 0OPHOBI ¢ KOPPO3UEH.

2.14 JlaGopaTopHas padora Nel6-17 (4 yaca). Tema: «Koppo3usi MeTa/L.10B»

[Tpu MOATrOTOBKH K 3aHATHIO HEOOXOAUMO O0OpaTUTh BHUMAHUE Ha CIEAYIOLIUE MOMEHTHI:
CnoBo KOppoO3ust MPOUCXOIUT OT JIATUHCKOTO corrodere, 9TO 03HAYaeT pa3beaarh. XOTs KOPpo-
3MI0 4Yallle BCErO CBA3BIBAIOT C METAJJIAMHU, HO € MOJBEPrarTCs TaKXKEe KAMHH, IUIACTMACCHI U
JIpyrue nojuMepHble MaTepuaisl U aepeBo. Hanpumep, B HacTosiIiee BpeMsi Mbl SIBJISIEMCS CBH-
JeTeNnsIMU OOJBIIOro OeCOKOWCTBA MIMPOKUX CIIOEB JIFOJEH B CBSA3HM C TE€M, YTO OT KHCIOTHBIX
TOXKIeH KaTaCTpOPUIECKH CTPATAIOT MAMSITHUKHU (3[IaHUSI U CKYJIBITYPHI), BBIMIOJTHCHHBIE U3 U3-
BECTHSIKA WM MpaMopa.

TakuMm 00pa3om, KOppo3uel Ha3BIBAIOT CaMOIMPOW3BOJIBHBIN MPOIIECC pa3pyIICHHs] MaTepHAIOB
U M3ICUA U3 HUX T0JI XUMUUYECKHM BO3JICUCTBHEM OKpykaromieil cpeapl. [Iporeccrr duzmye-
CKOI'0 pa3pylLIeHUsI K KOPPO3UU HE OTHOCAT, XOTS YACTO OHM HAHOCST HE MEHBIINI BpeJ| MaMsIT-
HUKaM KyJbTypbl. IX Ha3bIBalOT HCTUPAHUEM, U3HOCOM, IPO3HEM.

Knaccudukanust KOppo3nOHHBIX MPOIIECCOB

[To Buay (reomMeTpuyecKkoMy XapakTepy) KOPPO3HOHHBIX pa3pylIeHHI Ha MOBEPXHOCTH WM B
00BEMeE MeTaa.

[To MexaHu3My peakiuii B3aMMOJICHCTBHS METAIlJIa CO CPEelor (XUMHUYECKass M dJIEKTPOXHUMHUYE-
CKasl KOppo3us).

[To Ty KOPPO3UOHHOU CpeIbI

JIo xapakTepy JOIOIHUTENBHBIX BO3IEHCTBUI

[Tpunoxenue 1
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