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COJEPKAHUE

Opranuzanus caMOCTOSTETbHON paObOThI

MeTtoauyeckue peKkoMeHIaluy Mo MOATOTOBKe pedepara/scce

2.1 Conepxanue pedepara

2.2 Odopmiienne paboThl

2.3 Kpurepuu onieHku pedepara/scce

MeTtoauyeckie peKOMEHAalUK IO BHITOTHEHUIO MHAWBUIYATbHBIX JOMAIIHUX 3a/IaHUS
3.1 TeMbl HHIUBHUTYaTBHBIX JOMAITHUX 3aJaHHIA

3.2 ConeprkaHre MHAUBUAYATBHBIX JOMAIIHUX 33IaHUK

3.3 Tlops10K BBITIOTHEHUS 3aJaHHHA

3.4 Ilpumep BBITTOTHEHUS 3aIaHUS

MeTtoauyeckue peKOMEHIANUN IO CaMOCTOSITEIbHOMY U3YYEHHIO BOIPOCOB

MeTtoanueckue PECKOMCHAAHH 110 ITIOATI'OTOBKEC K 3aHATHUAM

5.1 Jlaboparopnas paborta Nel JIP-1 Crexuomerpuueckue 3aKOHbI

5.2 JIaboparopuas pabota Ne JIP-2-3 OcCHOBHBIEC KJTaCChl HEOPTaHUYECKUX COCTUHCHHUIA.
[TousiTHE 00 MACHTUDUKAIIME KATHOHOB U aHHOHOB.

5.3 JIaboparopras pabota Ne JIP-4 Opranudeckue coenuaenus. [lomumepsl, mpumMeHe-
HUE.

5.4 JIaboparopnas padota Ne JIP-5 Ctpoenne atoma u nepruoinuecKuii 3aK0H.

5.5 JIabopatopnas padora Ne JIP-6 Xumuueckas cBsizb. CTpoeHHE BEIIECTBRA.

5.6 Jlaboparopuast paborta Ne JIP-7 DHepreTrka v HalpaBICHHE XHMHYECKHUX TPOIIECCOB
5.7 Jlaboparopnas paborta Ne2 JIP-8 Xumuueckas kunetnka. Katanus

5.8 JIaboparopnas padorta Ne3 JIP-9 Xummueckoe paBHOBecHe. PaKTOPHI, BIUSIONIAE HA
CMEILEHUE PABHOBECHS

5.9 JlaGoparopuast padota Ne 4 JIP -10 Teopus 3JIeKTPOIIUTHICCKON JUCCOITUAITIH.
DJIEKTPOIUTHI M HEANIEKTPOJIUTHL. IOHHBIE YpaBHEHUSI.

5.10 JIabopatopuas padora Ne 5 JIP-11 I'mnponu3 coneit. MoHHOE Tpon3BeIeHNE BOIBI,
pH. Metons! onpenenenus pH.

5.11 JIabopatopnas pabota Ne JIP-12 OGmias xapakTeprcTuka pacTBopoB. PacTBopu-
MocTh BemecTB. CriocoObl BeIpaKeHUs1 KOHIIEHTPAILUN pacTBOPOB.

5.12 JIabopatopnas padora Ne 6 JIP-13 OKkuCIUTEIIEHO-BOCCTAHOBUTEIILHBIC PEAKITUH.
Hanpasnenus OBP.

5.13 JIabopartopHast padora Ne 7 JIP -14-15 Dnextpoxumusi. XUMAYECKUE HCTOTHUKHU
SHEPIHUu.

5.14 JTabopatopHas pabora Ne 8 JIP-16-17 Koppo3ust MeTauios.



1. OPTAHU3AIIUA CAMOCTOSATEJBbHOM PABOTBI

Opl"al-[l/l3aIII/IOHHO-MeTOJII/I‘leCKI/Ie JaHHbIC JTUCHUIIJIHHBI

KoaudecTBo 4acoB mo BUAAM

€CaMOCTOATEIbHOM PadoThI

Hoaro- Ioaroros- IHoaro- HN3zyuenne IMoaro-
No HanmenoBanune TeM ToBKa ka PI'P TOBKA OTAEIB- TOBKA K
KYPCOBOi1 HBIX BO-
nuas3 3aHATHAM
padoThI IPOCOB
1 CrexnoMeTpuiecKne 3aKOHbI 0,3 0,5 0,9
2 OCHOBHBIE KJIaCCHl HEOPTAHUIECKHX CO-
enuaeHMiA. [lorsTHe 00 HOeHTHOUKAIINT 0,4 0,7 0,9
KaTHOHOB U aHUOHOB.
3 | Oprannueckue coenuHenus. [lonumepst,
0,4 1,3 1,3
MIPUMEHEHUE.
4 CrtpoeHue aToMa U IepruoIUIECKuit 3a-
0,5 11 1,3
KOH.
5 | Xummuueckas cBa3b. CTpOEHHE BELIECTBA. 0,5 1,2 1,7
6 | DHepreTHka M HampaBJICHUE XUMUYECKUX
0,35 1,1 0,9
TIPOIIECCOB
7 Xumnyeckasi kuaetuka. Katanus 0,35 1,2 1,2
8 | Xummueckoe paBHOBecHE. (DaKTOPHI, BIH-
0,5 0,9 12
SIFOIIIUE HA CMEIICHNE PaBHOBECHS
9 | OOmas xapakTepucTHKa pacTBopoB. Pac-
TBOPUMOCTH BenlecTB. CriocoOsI BeIpa- 0,35 1,1 1,2
JKeHHS KOHIIEHTPAIMH PaCTBOPOB.
10 | Teopwus AIEKTPOTUTHIECKON AUCCOIHA-
LUH. DJICKTPOIUTHI U HEITEKTPOIUTEHIL. 0,4 1,2 1,1
Wonusle ypaBHEHUS.
11 | T'maponu3s coneld. MoHHOE npousBeaeHue
0,45 1,2 1,1
Bozbl, pH. Metozs! onpeaenenust pH.
12 | OxucIUTENbHO-BOCCTAHOBUTENbHBIE pe-
0,4 0,7 0,8
akuuu. Hanpasnenust OBP.
13 | Dnekrpoxumus. XUMUIECKHE UCTOUHUKU
0,6 0,8 11
SHEPruu.
14 DnekTponus. 0,7 0,9 1,2
15 Kopposus meranios 0,8 1,1 1,1
Pedeparsl 14
Acce 14
Bcero B cemecTpe camocToATeIbHAsA
7 15 17
padora
67




2. METOANYECKHUE PEKOMEHJALIUN
IO HOAT'OTOBKE PE®EPATA/3CCE

2.1 Coaep:xanue pedepara

Pedepat/3cce conepxur:

- TUTYJBHBIN JIUCT;

- COZIepKaHMUE;

- BBE/ICHUE;

- OCHOBHasI YacCTbh;

- 3aKJII0YCHHUE;

- CIIMCOK MCIOJIb30BaHHON JIUTEPATYPhI;

- IPUJIOKEHUS,
2.2 Odopmiienne padoThl
- U3noxenue texcra u oopmieHue pedepara/scce BHIMOTHIIOT B COOTBETCTBHH C TpeOOBaHU -
mu ['OCT 7.32 — 2001, TOCT 2.105 — 95 u 'OCT 6.38 — 90. CtpaHuIisl TEKCTOBOM YacTu U
BKJIFOYEHHBIEC B HEE€ WIITIOCTPAIIMU U TAOJIUIIBI JOHKHBI COOTBETCTBOBATH (hopmaty A4 o 'OCT
9327-60.
- Pedpepat/acce nomxeH ObITH BBHITIOTHEH JIFOOBIM [IEYATHBIM CIIOCOOOM Ha MUIITYIIEH MaIlTuHKE
WJIM C MCTIOJb30BaHUEM KOMIIBIOTEPA U MIPUHTEPA HA OAHOM cTOpoHe Oymaru popmata A4 uepes
nositopa uHTepBaia. L{Ber mpudra gomKeH ObITh UEPHBIM, BBICOTA OYKB, HU(PP U APYTUX 3HAKOB
He MeHee 1.8 (mpugt Times New Roman, 14 nrt.).
- TekcT cienyer neyarars, cOOII0as CIEAYIOLINE pa3Mephl oJel: BepxHee u HikHee — 20
MM, jieBoe — 30 MM, ipaBoe — 10 Mmm. AOG3a1HbIi OTCTYH T0HKEH ObITh OJIMHAKOBBIM 110 BCEMY
TEKCTY U COCTaBIATH 1,25 cM.
- BolpaBHUBaHUE TEKCTa MO IUPHUHE.
- Pazpemaercs uCrnonb30BaTh KOMIIBIOTEPHBIE BO3MOYKHOCTH aKIIEHTUPOBAHUS BHUMAHUS Ha
OTpe/ieNIeHHBIX TEPMUHAX, (POpMyax, MpUMEHSs BbIIEJICHHE KUPHBIM MIPUPTOM, KYpPCUB, O~
YepKUBaHHE.
- [IepeHoOC CII0B HEOIIYCTUM.
- Touky B KOHIIE 3aroJIOBKa HE CTaBAT. EciM 3arosoBOK COCTOUT U3 IBYX MPENJIOKEHUN, UX pa3-
JIETISIFOT TOYKOM.
- [loguepkuBaTh 3aroJ0BKH HE JTOMTYCKAETCSl.
- Paccrostnie Mexay 3arojloBKaMu pasjiena, oapas/iena i NOoCIEAYIOUMM TEKCTOM TakK XKe, Kak
U PacCTOSIHHE MEX/y 3ar0OJIOBKaMU M MPEIBIIYIIIMM TEKCTOM, TOJDKHO OBITh paBHO 15MM (2
npoOerna).
- Ha3Banme kaxmoi ri1aBbl 1 maparpada B TEKCTe pabOThl MOKHO MHUCATh 00JIee KPYITHBIM
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mIpu@TOM, JKUPHBIM MIPUPTOM, YEM BECh OCTaIbHOM TekcT. Kaxx1as riiaBa HadyMHaeTcs ¢ HOBOM
CTpaHUIIbl, aparpadsl (TOpa3aesbl) pacnoiararoTcs IPYT 3a IPYTOM.
- B Tekcre pedepar/acce pekoMeHayeTCs Jale NPUMEHSITh KPACHYIO CTPOKY, BBIACIISIS 3aKOH-
YEHHYIO MBICIIb B CAMOCTOSITEJIbHBIN a03all.
- [lepeuncrnenus, BcTpeyaronuecs B TeKcTe pedepara/scce, T0JKHBL ObITh O(OPMIICHBI B BUIE
MapKUPOBAHHOTO WJIM HYMEPOBAHHOTO CITHCKA.
- Bce crpanuibl 00s3aTebHO JOKHBI OBITh MPOHYMEPOBaHbl. Hymepalius TuCTOB JOKHA
ObITH CKBO3HOI. HoMmep mmcta mpocTasisiercst apabckumu nudpamu.
- Hymeparus n1cToB HauMHAETCs C TPETHEro JIMcTa (Iociie CoAepKaHusl) U 3aKaHYMBaEeTCsI 10~
cinennuM. Ha TpeTbeM JucTe cTaBUTCS HOMED «3».
- Homep cTpaHuUIIbI HA TUTYJIBHOM JIMCTE HE TIPOCTABIISICTCS !
- Homepa cTpanuil mpocTaBisitoTCs B LIEHTPE HIDKHEH YacTu Jincta 6e3 Touku. CIUCOK UCIIOIb-
30BaHHOM TUTEPaTyphl U MPUIIOKEHHUS BKIFOYAIOTCS B OOIIYI0 HYMEpAIUIO TUCTOB.
- PucyHku u Ta0nHIBI, paciONOKEHHBIC HA OTCIIBHBIX JIMCTAX, BKIIOYAIOT B OOIIYIO HyMepa-
I[IUIO JINCTOB ¥ TIOMEMIAFOT 110 BO3MOKHOCTH CJICJIOM 32 JINCTAaMH, Ha KOTOPBIX TIPUBEICHBI CChLI-
KM Ha 3TU TAOJIUIBI UM WIUTFOCTpAluu. TaONuiibl 1 WILUTIOCTPAIIUU HYMEPYIOTCS TTOCIe0Ba-
TeNbHO apaOCcKuMu I pamMu CKBO3HOU Hymepaiueil. JlomyckaeTcss HyMepoBaTh PUCYHKHU U Ta0-
JUIBI B TIpesiesiax pasnaena. B aTom cioydae Homep Tabiauiibl (pUCyHKA) COCTOUT U3 HOMEpa pas-
JIeJIa ¥ TIOPSIIKOBOTO HOMEpa TaOIUITbI, pa3/IeJICHHBIX TOYKOM.

Odopmnenue TuTepaTypsl:
Kaxaplit MCTOYHUK JOKEH COJEPKaTh CIEAYIONIne 00s3aTeTbHbIE PEKBU3HUTHI:
- (hamMmITUst M MHUIIAAITBT ABTOPA;
- HANMEHOBAHWCE,
- U3/1aTebCTBO;
- MECTO W3/IaHuUS;
- TOJT U3JTaHUSI.
Bce ncrounuku, BKIrOYEHHBIE B OMOIHOTpaduio, TOHKHEI OBITH MTOCIEI0BATEIHFHO MPOHYMEPO-
BaHbI U PACIIONIOKEHBI B CIIEYIONIEM TOPSIKE:
- 3aKOHOJIATENLHBIC AKTHI;
- mocTaHoBJeHUS [IpaBUTENbCTBA;
- HOPMAaTHUBHBIC IOKYMEHTHI;
- CTATUCTHYECKUE MaTepUabl;
- Hay4HbIC U JTUTEPATypPHBIC UCTOYHUKHU — B ali()aBUTHOM IOPSIJIKE MO MEePBOM OykBe haMuiinu
aBTOpa.
B koH11e paboThl pa3zMenatoTcsi NpuioKeHus. B TekcTe Ha Bce MPUIIOKEHUs JOKHBI ObITh J1a-
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HBI cchlTKU. Kaxkaoe npusokeHue cieayeT HaunHaTh C HOBOM CTpaHMIIbI C YKa3aHUEM HaBEpXy
nocepearHe cTpaHuib ciosa «lIpunoxxenue» u ero Homepa. [IpunoxxeHne JOHKHO UMETh 3aro-
JIOBOK, KOTOPBIH 3aIMMCHIBAIOT CAMMETPUYHO OTHOCHTEILHO TEKCTa C MPOMHCHON OYKBBI OT-
JIETTbHOU CTPOKOM.
2.3 Kputepuu ounenku pedepara/scce:

Kputepuu onenku:
- AKTYyaJlbHOCTb TEMBI
- COOTBETCTBHE CO/ICPKAHUS TEME
- 'my6una nmpopaboTKu MaTepuaa
- [IpaBMIIBHOCTH ¥ MMOJTHOTA MCIIOJIB30BAHMSI HCTOYHUKOB
- CootBerctBue oopmieHus pedepara cTaHIaAPTOM.
Ha «omauunon:
1. mpUCYTCTBHE BCEX BBIIICTIEPEUUCICHHBIX TPeOOBaHMIA;
2. 3HaHWE y4YaIIuMCs M3JI0)KEHHOTO B pedepare MaTtepuana, yMeHHe PaMOTHO B apTyMEHTHPO-
BaHO U3JIOKHTB CYTh MPOOIIEMBI;
3. IpUCYTCTBHE TUYHON 3aUHTEPECOBAHHOCTH B PaCKpPhIBAEMOM TeMe, COOCTBEHHYIO TOUKY 3pe-
HUSl, apTYMEHTBI U KOMMEHTApUH, BBIBOIBL;
4. ymeHue cBoOOHO OeceioBaTh MO J000MY MYHKTY IJIaHa, OTBEUATh Ha BOMIPOCHI, TTOCTABJICH-
HBIE YJIeHAaMU KOMHUCCHH, 110 TeMe pedepara;
5. yMeHHe aHAIU3UPOBATh (PAKTUUECKUI MaTepHrall U CTAaTUCTUYECKHE TaHHbIE, HCIIOIh30BaHHBIC
IpH HamucaHuu pedepara;
6. HaJTMYMe Ka4eCTBEHHO BBITIOJTHEHHOTO MPE3CHTAIIMOHHOTO MaTepraia win (1) pa3IaToqHoOTO,
HE TyOIMPYIONIET0 OCHOBHON TEKCT 3allIUTHOTO CJIOBA, & SIBIISFOLIETOCS €r0 HILTFOCTPATUBHBIM
dboHOM.
T.e. mpu 3amuTe pedepaTa Moka3arh He TOJBKO «3HAHUE - BOCIPOU3BEICIIBY, HO M «3HAHUE -
MIOHUMAaHHE», «3HAHUE - YMECHHUE.
Ha «xopowioy:
1. menkue 3amedanus o ohpopmMieHuro pedepara;
2. He3HAYUTENbHbIE TPYJHOCTHU IO OJTHOMY U3 MEPEUNCIICHHBIX BBIIIE TPeOOBAHUI.
Ha «yooeremeopumenvroy:
1. Tema pedepara pacKkpbiTa HEAOCTATOUHO MOJTHO;
2. HETIOJHBIN CIUCOK JIUTEPATyPhl U UCTOUYHUKOB;

3. 3aTPYAHCHUA B U3JIOKCHUU, APTYMCHTHPOBAHUU.



3. METOJMYECKUE PEKOMEHJALIMHY 11O BLINOJIHEHHIO
WHINBUIY AJTBHBIX IOMAIITHUAX 3AJAHUAN

I/IHI[I/IBI/II[yaJ'IBHBIe JOMaIITHUC 3aJJaHUA BBIITOJIHAKOTCA B (bopMe KOHTpOJ’IbHOfI pa6OTBI.

Ne  Ba- | Kucnotsl, ocHoBaHHUS Ne Ba- | KrucnoTel, ocHOBaHMS

puaHra puaHTa

1 LiOH; Mg(OH),; HNO3; H,CO3 16 NaOH Co(OH), HBrO3; H3;BO;

2 NaOH BG(OH)z H,SO, H,S0; 17 KOH Ni(OH)z HIO; H,MnO,4

3 KOH Cu(OH), H,SeO, HNO; 18 RbOH BIi(OH); HIO; H,S

4 RbOH Cd(OH), H,TeO, HPO3 19 CsOH Pb(OH), H,CrO, HCIO

5 CsOH AI(OH); HCI H3PO, 20 FrOH Mg(OH), HMnO,4

H,CO3

6 FrOH CI’(OH)z HC|03 H3P03 21 Ca(OH)z Zn(OH)2 HN03 HZS

7 Ca(OH), Cr(OH); HCIO, | 22 Sr(OH), Cu(OH), H,SO, HCIO,
H3AsO4

8 Sr(OH), Mn(OH), HBr H3AsO;3 | 23 Ba(OH), Cd(OH), H,SeO, HBroO

9 Ba(OH)z FE(OH)Q HI H,SO; 24 LiOH A|(OH)3 H,TeO, HBrO,

10 LiOH Fe(OH); HBrO; H,S 25 NaOH Cr(OH), HCI H,SiO;

11 NaOH Mg(OH), H,SeO, | 26 Ca(OH), NH4;OH HIO, H,S
H,CO3

12 KOH Cd(OH), HNOj3; H3PO4 27 Sr(OH), Zn(OH), H,CrO4

HCIO

13 RbOH AI(OH); H,SO, HNO, 28 CsOH AI(OH); HMnO,4 H,CO;

14 LiOH CU(OH)2 HC|O3 st 29 RbOH BI(OH)3 HBr H3ASO3

15 CsOH Cr(OH), HCIO4 H,SiO3 30 Ba(OH), Fe(OH), HClI H3PO,

3.1 TembI HHIAUBUAYAJBHBIX JOMAIITHUX 3agaHui

1. Knaccuduxkanus okcunos. ['padpuueckne GopMynbl OKCHIOB.

. Jlucconuarus KUucJiIoT U OCHOBAHUH.

. CrtocoObI mosryyeHust CpeTHUX, KUCIBIX U OCHOBHBIX cojieil. HomeHknatypa cosneit.

. PacueT MossipHOI Macchl SKBUBAJICHTA COJIEH.

. PacueT o06bema razoo0pa3Horo BeecTna.

. CtpoeHue aToMa. DIEeKTPOHHbIE KOH(PUTYPALINH.

. 3aBUCHUMOCTb XUMUYECKUX CBOWCTB 3JIEMEHTOB M 00pa3yeMbIX UMM COEAMHEHUH OT Io-

~N O kW

JIOKEHUS B IEpUOANYECKON crucTeMe MeHeneena.

8. PacueTsl TepMOAMHAMUYECKUX BEJIMYUH 110 3aKoHy ['ecca.

9. PacueTsl Mo KHHETHYECKOMY ypaBHEHHIO U ypaBHeHUI0 Bant-I'odda.
10. daxTOpbl, BAUSAIOMINE HA CMEILIEHHE PABHOBECHS.

11. Pacyet KOHIIEHTpAIHI COJIEH.

12. T'uaponus cosei.

13. PacyeT KOHCTaHTHI U CTENIEHU THAPOJIA3a COJIEH.

14. CocraBnenue ypaBHenuit OBP.

15. KoMmiekcHbIE COETUHEHMUS.

16. CpipbeBble HCTOUHUKH OPTaHUYECKUX COCTUHEHUN

17. Auuknnyeckue (anudaTuueckue COeTuHEHNUS)

18. Criuptel. Anpaeruasl. Keronst. Kap6oHOBbBIE KHCTOTHI

19. T'MAPOKCUKUCIIOTHI, OPraHMYECKUE TPOM3BOTHBIE YTOJIBHON KHCIIOTHI, albJCTHIO- H

KETOHOKHCIIOTHI (OKCOKUCIIOTHI)

20. YrneBons! (caxapa). MoHO3bI, Ucaxapuabl, MOMMcaxapuasl. J[peBecnHa v MpOIyKThI

ee mepepadoTKu

21. lluknnaeckue COeTUHCHUS




22. Beicokomorekyisipasie coequaenus (BMC)

3.2 ConepxaHue HHAMBUAYAJTbHBIX JTOMAIIHUX 3aJaHUH

1. 3anumuTe SMOIUPUYECKUE U CTPYKTYPHBIE (POPMYIIBI BCEX BO3MOXKHBIX OKCHJIOB
JJIEMEHTOB Ballero BapuanTta. OXapakTepu3yHTe CBOMCTBA OKCHIOB, COOTBETCTBYIOIIUMU
XUMHUYECKUMHU pEaKLUsIMU.

2. [Ipeioxxute BO3MOKHBIE SMIIUPUUECKUE U Ipapuueckue GopMyiibl KUCIOT U
OCHOBAHUM I 3JIEMEHTOB BAIIETO BApUaHTA. Y KAKUTE BaJICHTHOCTH 2JIEMEHTOB,
COCTaBJIAIOIMX JaHHbIE BelecTsa. [IpuBennTe ypaBHEeHUs AUCCOLMALMM KMCIOT U OCHOBAHUM.

3. CocTaBbTE BO3MOYKHBIE YPABHEHUS PEAKIUI MEXKY NOJyYEHHBIMU KUCIOTAMU U
OCHOBaHUSMHU. 3alUIINTE YPAaBHEHHUS PEAKIMi B MOHHOW U MOJICKYJIsIpHO# hopme. HazoBute
MOJIyYEeHHBIE KUCIBIE, CPETHIE U OCHOBHBIEC CONU. YKAXKHUTE UX CTPYKTYpHBIE ()OPMYIIBI.

4. PaccunTaiiTe MOJIIPHYIO MacCy KUCIIOT, OCHOBAHHUM U COJIEH, IPUBEACHHBIX U
MOJTYYCHHBIX B 33/IaHUSX. Y KOKUTE (PaKTOp IKBUBAIIEHTHOCTH, IKBUBAICHT U DKBUBAICHTHYIO
Maccy JJaHHBIX coequHeHui. Pacuer npou3BoauTh He OoJiee ueM Ui ABYX COeIMHEHHUH KaxX10ro
KJIacCa BEILECTB

5. CocraBbTe (hopMyTy IPOCTOr0 ra3000pa3HOro BEIIECTBA U3 OAHOIO 3JIEMEHTA BallIero
BapuaHTa 3a1anus. PaccuuTaiite, kKakoii 00beM, KOJMYECTBO BEIIECTBA COOTBETCTBYET Macce
JTAHHOTO COEJIMHEHUS 5 IpaMM. YKa)KUTE SKBUBAJICHTHBIM 00beM, KOJIMYECTBO BEIIECTBA
SKBHUBAJIEHTA I JAHHOM MacChl COEAMHEHUS. PacyeT TaHHBIX BEIMYMH IIPOBOJMTE IIPU
HOPMAaJIbHBIX YCIIOBHUSX.

6. Harmmmre >neKkTpoHHbIE GOPMYIIBI M YKQXKHUTE PAacIpe/iesieHIe BAJICHTHBIX 3JIEKTPOHOB
110 KBAHTOBBIM SY€HKaM 3JIEMEHTOB, IPUBEJCHHBIX B 33JaHUH BallIETO BapHUaHTA.

7. VI3 npuBEACHHBIX B BalllEM 33JIaHUH 2JIEMEHTOB, YKOKUTE PaJuyC aTOMa KaKoro
3lIeMEeHTa UMeeT Oolibliiee 3HaueHue, nouemy? Kakue cBoiicTBa 00ycI0BIEHbI JaHHBIM
nokasaresieM. [IpuBennre mpuMepsl ypaBHEHUN XUMUYECKUX PEAKIUH, ITOATBEPKAAIOIINX
JaHHbIe cBoiicTBa. Kakue crenenn okuciaeHus Haubosee XapakTepHBbI [l aTOMOB JIEMEHTOB,
IIPUBEJICHHBIX B 33JaHUH Ballero BapuaHTa. [IpuBenute npuMepsl COEUHEHNN ¢ JaHHBIMU
aTOMaMM JIEMEHTOB, NPEAINOI0KUTE U 000CHYITE XMMHUYECKHE CBOMCTBA IMPEIOKEHHBIX
BeniecTB. CoCcTaBbTE U3 JIEMEHTOB Balllero BapHaHTa MOJIEKYJIbI C PAa3JIUYHBIM TUIIOM
XUMHUYECKOH CBA3H. Kak TUII XMMMUYECKOH CBSI3U BIMSET HA XMMUUYECKHE CBOMCTBA JaHHBIX
coenuHeHuil? [IpuBenuTe npuMepsl ypaBHEHUH peakiuil.

8. YKakuTe 3JIeMEeHT Balllero BapuaHTa 3aJJaHHsl, aTOMbl KOTOPOTO MOT'YT 00pa3oBaTth
IIPOCTOE ra3000pa3HOE BEIIECTBO. 3AUIINTE PEAKIIUI0 CUHTE3a CJI0KHOTO COEAMHEHUS U3
NPEI0KEHHOT0 Ta3000pa3HOro BELecTBa MPU B3aUMOJIEHCTBUU C MOJIEKYJIIPHBIM KHCIOPOJOM
WM BogopoioM. OmpenenuTe sHepreTuueckuii 3p(eKT 1 HanpaBIeHUE MPOTEKaHUs peakluu
IIPYU CTAaHAAPTHBIX YCIOBUAX. Y Ka)KUTE HA BO3MOKHOCTD ITPOTEKAHUS JaHHON PEAKIMH B
IpsIMOM HanpasiieHuH npu temmneparype 300K.

9. JIns1 ypaBHEHUsI peakiii 00pa30BaHUs CIOKHOTO BEIECTBA, COITIACHO 3aKOHY
JIEHCTBYIOINX MAcCC, YKa)KUTE BBIPAKEHUE CKOPOCTH XUMHUYECKON peakunu. Onpenenure Kak
U3MEHHUTCS CKOPOCTh MPUBEIEHHON BaMH XMMHUYECKON peakilui B CUCTEME, €CIIM 00BbeM ra3oBoi
¢da3bl yMEHBIINTD B 3 pa3a; MpH MOBbIIEHUU TemrepaTypsl Ha 20°C; npu NOHMKEHUU
temneparypsl Ha 50°C.

10. IIpeanonoxure, 4TO NMPUBEICHHAS B 3aJaHUU PEAKLUS CHHTE3a CIIOXKHOTO COCIMHEHUS
HaXOJUTCA B XUMHUYECKOM PAaBHOBECHUH. Y KQXKUTE, KAK CMECTUTCA XUMUYECKOI'O PaBHOBECUE
IpU: YMEHBIIEHUN 00beMa JAaHHOW CHCTEMBI; YMEHBIICHUN JaBJICHUS B JAHHON CUCTEME;
YBEJIUYCHUHU KOHLEHTPALMU OJTHOTO U3 pearupyrolnX BELECTB.

11. PaccunTaiite MacCOBYIO J10JI0, MOJIIPHYIO KOHIIEHTPAIMIO, S3KBUBAJIEHTHYO
KOHIICHTPALIUIO, TUTP 1000 COHU, MOTy4eHHO B 3a1aHuu 1.5, mpu yciaoBuu, 4TO ee Macca
coctapisieT 10 rpamMm, 06beM pacTBopa 2 JIHUTpA.



12. Yro takoe ruaponan3? OT kakux (HaKTOPOB U KaK 3aBUCHUT INTyOMHA rHapoiIn3a?
[IpencraBpTe B MOJIEKYJISIPHOM U MOHHOM BUJIE YPaBHEHHUS FHAPOIIN3A CONeH. YKaKuTe
pEaKUIO CPellbl B paCTBOPAX 3TUX COJIEH.

13. I[IpoBenuTe pacyeT KOHCTAHTHI U CTETIEHU THIPOJIN3a COJei

14. IlpuBenuTe npuMepbl OKMCINTEIBHO-BOCCTAHOBUTENIBHBIX PEAKIUI C yUacTHUEM 3Je-
MEHTOB, ITPUBEICHHBIX B BallleM BapuaHTe, noadepute Ko3hPUIreHTs METOI0M JIEKTPOHHOTO
OaslaHca U METOJIOM MOJIypeaKuil.

15. CocraBbTe (hopMyiTy KOMIUIEKCHOTO COETMHEHUS U3 2JIEMEHTOB 3a/1anus. HazoBure
COCTaBJIEHHOE KOMIUIEKCHOE COEJUHEHHE, €r0 COCTABIIAIONIUE. Y KAKUTE YPaBHEHUS
JUCCOLIMAIIMU KOMIUIEKCHOM COJIH 110 TIEPBOM M BTOPOM CTYNEHU. 3alUIINTE BhIPAKEHHE
KOHCTaHTbl YCTOWYMBOCTH KOMIIJIEKCHOTO MOHA.

16. [IpuBeauTe mpuMepbl CHIPbEBBIX HCTOYHUKOB OPraHUYECKUX COCTUHEHHIM

17. B coenuHEHNH BalIero BapHaHTa YKAXXHUTE THII THOPUIU3AIMH KaXI0TO aTOMa yriie-
pona. CoctaBbTe CTPYKTypHBIE (POPMYIIBI BOZMOXKHBIX U30MEPOB ISl JAHHOTO BelecTa (He 60-
nee 5). Kakoit Bua u3omepun xapakTepeH AJig 3TOro Kiacca coenunennii? HazoBure usoMepsl
0 paIMOHAIbHON U CHCTEMaTUYEeCKOH HOMEHKIIAaType. 3aluIINTe XUMHUUECKUE PeaKkIiu, XapakK-
TEpHbIE /715 JAHHOTO KJlacca BEUIECTB (Ha IPUMEpE BEILIECTBA BAIIET0 BapuaHTa). Y KaXHUTe Ka-
YECTBEHHBIC PEaKIUU. 3alUIINTEe XUMHUUECKHUE PEaKINK Pa3IMYHbIX CIOCOOOB MOJIy4YeHuUs JaH-
HOTO ajKaHa. 3 1erno4ku yriiepoJHbIX aTOMOB COSAMHEHUSI BAalllero BapUaHTa COCTaBbTE H-
QJKEH, H-aJIKUH, H-ATKaJUeH. Y KaXUTe TUIl THOPUIM3AlUY Ka)KI0ro aTOMa yriepojia B COCTaB-
JeHHBbIX BelecTBax. Kakoil BUJ n3oMepun XxapakTepeH Ui JaHHBIX KIacCOB coequHEeHU? [l
Ka)KI0ro TUIIAa U30MEpUU npuBeauTe Gopmyssl BeecTs (He O6onee 2-x). HazoBute nzomepsl no
PaLMOHATILHON U CUCTEMAaTUYECKON HOMEHKIIAType. 3alUIIUTe XUMUYECKUE peaKuu, Xapak-
TEpHbIE 715 JAHHBIX KJIACCOB COEIMHEHUHN. YKaXUTe KaueCTBEeHHbIE peakiuu. [Ipenmoxure
HanboJiee pacpOCTpaHEHHBIE CIIOCOOBI MOIYYSHUSI COCIMHEHHM TaHHBIX KJIaCCOB.

18. Ilpeqyioxure cxemy NOJydEHUs IPEAEIIBHOIO OJHOATOMHOIO CIIUPTA U3 HCXOJHOTO
IpeJIebHOrO YIIIeBO0PO/Ia Ballero BapuanTa. [IpuBeaure qpyrue crocoObl MOJy4eHus: 0JIHO-
aTOMHBIX criupToB. CocTaBbTe (POPMYJIBI BOZMOKHBIX H30MEPOB, MOJIyYEHHOT'O OJJHOATOMHOTO
crupTa. HazoBure nx no panuoHaJIbHON U CUCTEMAaTUYECKOM HOMEeHKIIaType. Kakne BuibI n3o-
MEPHUH XapaKTEPHBI Ul JaHHOTO KJlacca BEIECTB? 3alUIINTE YPaBHEHN XUMUUECKUX PEAaKIIHM,
XapaKTepU3YIOIINX XUMUYECKHE CBOMCTBA MOJIyUEHHOTO CIIMPTA MO: - paguKaly, GyHKIIMOHAIb-
HOH CIIMPTOBOM IpyIIIIE.

[Ipennoxute cxeMy MoJIydeHHUs aibaeruaa (KeToHa) U3 UCXOJHOTO MPEAEIbHOTO YIeBO-
Jopoja Bamiero BapuanTa. [Ipusenure apyrue cnocoObl MoTyyeHHs..

CocraBbTe POpPMYIIBI BOBMOXKHBIX H30MEPOB, MTOJIYYEHHOTO albaeruaa (ketona). HazoBure
UX 10 PallMOHAJILHOW U CUCTEMATUYECKOM HOMEHKIaType. Kakue BUIbl N30MEepUHN XapaKTEPHbI
U JAHHOTO KJIacca BelecTs?

3anuiuTe ypaBHEHHS] XUMUYECKUX PEAKINH, XapaKTepU3YIOIINX XUMUUYECKUE CBOWCTBA
MOJTY4EHHOTO aJibJieTua (KETOHA) M0: paauKany, G yHKIIMOHAILHOMN TPyIIIe.

W3 nenovku yriaepoHbIX aTOMOB COeIMHEHMS BaIller0 BapuaHTa COCTaBbTe (POpMyITy Kap-
O0oHOBOM KHCIOTHL. Ha3zoBuTe ee mo MexayHapoaHo HoOMeHkarype. [Ipenioxkure crnocoOsI mo-
Jy4E€HUS TaHHOM KUCJIOTHI.

3anuuuTe ypaBHEHHs] XUMUYECKUX PEAKIMi, XapaKTepU3yIOIINX XUMUYECKUE CBOMCTBA
MOJYYeHHOM KUCIIOTHI TO: paauKany, GyHKIHOHATIBHOHN IpymIIe.

19. Ilonyuute U3 npeaenbHO MOHOKapOOHOBON KUCIOTHl OKCUKUCIIOTY. 3anuiure ¢pop-
MyJIbl H30MEpOB (He Oosee 2-X) MOTYYeHHOM KUCIOTHI:

- 110 YIJIEPOJHOMY CKEJIETY;
- 10 MOJIOKEHUIO CIIMPTOBOM I'PYIIIHI B LIETIOYKE aTOMOB YIJIEPOJa;
- 3epKaJIbHbIE U30MEPBHI.

3anuiunTe XUMUYECKUE PEAKLIUU, OTPAXKAIOILNE CBOMCTBA OKCUKHCIIOT:

- 110 KapOOKCUIILHOM TPYTIIIE;
- [10 CIIUPTOBOMY THAPOKCHUILY;



- peaKIuu, XapaKTePHbIC TOJIBKO JUISI OKCUKUCIIOT.

20. YraeBonsl (caxapa). MoHO3bI, nucaxapuibl, moaucaxapuabl. JpeBecuHa U IpOAYKThI
ee mepepadoTKH.

21. U3 coOTBETCTBYIOUIETO YIIIEBOAOPO/Ia BAIlIET0 BapuaHTa, COCTaBbTe (PopMyiTy apoMa-
TUYECKOTO YTIIEBOI0poaa (ToMoJiora OeH3011a). YKaKUTE CTPYKTYpPHBIC (DOPMYIIBI BO3MOKHBIX
M30MEpOB, Ha30BUTe ux. Kakue BuAbl H30MEepUU XapaKTEePHbI JJIsl JAHHBIX BellecTB? 3amuIInTe
BO3MOYKHBIE CITOCOOBI MOIyUEHUS MPEITI0KEHHOTO BAMU apOMaTHYECKOro coequHenus. [lpen-
JIOKUTE LIETIOUKY MPEBPALCHHS allkaHa B COOTBETCTBYIOIINI apeH. YKaXHUTe ypaBHEHUE Peak-
IIUH 3aMelIeHus: B 0eH301pHOM siape. [lomydeHHbI apoMaTHYECKUI yTriIeBOAOPO MTOIBEPTHUTE:

- peaKuuu HUTPOBAHUS;

- peaKIMy TaJoreHUPOBAHUS;

- peakuuu cyiab(hUpOBaHUS;

- peaKIMy ATKWINPOBAHHUS.

OTMeTbTe, B KAKMX PEeaKIUsaX 3aMelleHus] HabIogaeTcs COrjacoBaHHOE U HECOTIacOBaH-
HOE BJIMSIHUE 3aMECTUTEIICH.

22. Kakue TpeOoBaHMs MPEABABIAIOTCS K MOHOMEpPAM U3 KOTOPBIX MOTYYarOT MOIUMEPHI?
Jaiite onpeneneHue MOHATUIO «()YHKIIHOHAIEHOCTE MOHOMEPA»

[IpennoxxuTe HEMOYKY MPEBPALIEHUS CXOAHOTO aJIkaHa 3a/laHusl Balllero BapuaHTa B I10-
JMMepHOe coennHeHne. Kakoil THIT cOeTMHEeHNs BB UCTIOIB30BATIH MTPH ATOM (ITOTMMEPHU3AIIHS,
MOJIMKOHCHCAIINA), U TI0YeMYy?

[Touemy HeTpaBUILHOE MCIIOIB30BAaHUE U YTHIIN3AIUS CHHTETHYECKHIX TTOJTMMEPHBIX Ma-
TEPHAJIOB SIBJISIETCS CYIIECTBEHHOM SKOJIOTHYECKON mpobieMoit?

Kak BbI cunTaeTe, BHHOBATA JI OPraHUYECKAsi XUMHSI B TOM, YTO MTPOUCXOUT CETOIHS C
o6uocepoii? Uto siBisiercs, 1O BallleMy MHEHUIO, OCHOBHOM 3a/1adueil «craceHusn» ouocdepni?

3.3 ITopsiioK BBLIMOJHEHUS 3aJaHUI

NunuBuayanbHble paboThl 0 XUMHUH OQOPMIISIOTCS B CIIEHUANbHBIX TETPAiX - TOHKas
TeTpajb B KJIETOUKY, TONMUHON 12 - 18 mucroB. OT npeapiayiieit paboTel oTcTynaroT 3-4 kier-
KM U 3alMCHIBAIOT ATy BHINOJHEHUS padOThHI U Jajee MOCepelnHe CIEAYIOed CTPOKH HOMED
BBINOJIHsAEMOHN paboThl. Jlanee, KaXablil pa3 ¢ HOBOM CTPOKHM 3alUCHIBAIOT TeMY, 3aiaHus. [Tocne
CTpOKU «XO0Jl pabOThD» KOPOTKO MO3TANHO MPUBOAUTCS ONKCAHUE BHIOIHEHUS] MHAWBHYalb-
HOU pabOoTHI.

Odopmienne JOMKHO ObITh JaKOHWUYHBIM. MPHUBOJATCS OINUCAHUS 3aJaHMsI, YpaBHEHUS
XUMHUYECKHUX PEaKLMH, YCIOBHS NIPOBEIEHUS PEaKLUi, pUCYHKH, OTBETHI Ha BOIPOCHI, BBIBOJBI.
BaxHbIM sIBIISIETCS 3HAaHUE U YMEHHUE IPUBOANTH 3aIMCH YPABHEHUN XUMHUYECKHUX peakiui. [Ipu
3TOM HEOO0XOJMMO NMPUBOJUTH XUMHUUECKUE (GOPMYJIbl U HA3BAHUS BCEX PEareHTOB U MPOJYKTOB
peaxkiuy, yHIOMUHAHNUE O KOTOPBIX BEJETCS MPHU BHIMOIHEHUH PabOTHI.

Ecnu B xoe BbImonHeHUs: paboThl HEOOXOAUMO OTBETUTH Ha BOIPOCHI JUISl BBISICHEHUS
MOHMMAaHHUS CYIIHOCTH IPOIIECCa, TO 3alUChIBAETCSI OTBET, €CIIU TpeOyeTcsl 0pOPMUTH PUCYHOK,
3aIM0JIHUTH TAOJIUILY, TO COOTBETCTBEHHO BBIMOIHACTCS] PUCYHOK WJIM 3aIOJIHACTCS TabauIa.

TaOnuipl 3aMoNHAIOTCS YETKO U aKKypaTHO, MPU ATOM Tabiula JI0JDKHA 3aHUMAaTh BCHO
HIMPUHY TETPAJHOW CTPAHMILIBI.

Bce pucynku nomxHbBI UMETh 0003HAUEHUS COCTABHBIX YacTeil, 000pya0oBaHMs, Ha3BaHUS
peareHToB U MPOAYKTOB PEaKLMU. PUCYHKH JOKHBI pacrojaraTbCsl Ha JEBOM CTOPOHE TETpal-
HOTO JIUCTA, MOANKCU K PUCYHKaM — (C IIPaBOM CTOPOHBI UJIU CHU3Y).

Pucynku ¢ nzobpaxenuem mozeneil mpubOpoB, CXeM BBINOJIHEHUS] XUMHUYECKOTO JKCIIe-
PUMEHTA JIOJKHBI ObITh KPYITHBIMU U YE€TKHUMH, BHITIOJIHEHHBIMU MIPOCTHIM KapaHalioM (J10myc-
KaeTcsl MCIOJIb30BaHUe IIBETHBIX KapaHJalleil), coJepaTh TOJIBKO IJIaBHbIE, HanOoJee Xapak-
TEepPHBIE OCOOCHHOCTH.

B KoHIle Ka)X70r0 337aHusl 0053aTENIbHO 3aMMCHIBACTCS BBHIBOJ I10 UTOTAaM BBITOJHEHHOM
paboTHI.
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[Ipu BBICTaBIEHUM OLIEHKU 32 WHAMBHUIYAIbHYIO paOOTy MO XMMHUHU YYUTHIBAIOTCS TaKue
KOMIIOHEHTBI: CaMOCTOSITEJIbHOE BBIIIOJIHEHUE, 00bEM M Ka4eCTBO BBINOJHEHHOH PaboThI, Mpa-
BUJIbBHOCTh HAaIIMCAaHUA ypaBHeHI/Iﬁ XUMHUYCCKUX peaKI_II/Iﬁ 1 BBIBOJOB. Ha cumxenne OLICHKU
JIOJDKHBI TTOBJIMATH OLIMOKH, AOMYLICHHBIC B MPOLECCEe BBIIOIHEHUS Pa0OThI, OTCYTCTBHE aKKYy-
paTtHOCTH B paboTe.

Takke olEHHBAeTCsl KaueCTBO BEICHHS 3alUCEH: aKKypaTHOCTh, BBIIOJHEHHE CXEM, PHU-
CYHKOB U Ta6JII/II_I nT.O. Ecmn TpeGOBaHI/IH HEC BBIIIOJIHAKOTCS, TO OICHKA CHHUXACTCA.

3.4 Ilpumep BHINOJTHEHUSA 3aJAHUS

1. 3anumuTe SMIUPUIECKHUE U CTPYKTYPHBIC (DOPMYITBI BCEX BO3ZMOKHBIX OKCHJIOB
2JIEMEHTOB Balllero BapuanTa. OxapakTepu3ynuTe CBOMCTBa OKCHIOB, COOTBETCTBYIOIUMHU
XUMHUYECKHUMH PEAKIUSIMHU.

Hanpumep: Jlanpl snemenTs! Si (kpemuuii), Zn (uuHK),S (cepa) u Na (matpuii). Onu oOpa-
3YIOT CIIEAYIOIINE OKCUIBL:

dopmyia XapakTep OKcuia I'pacduueckas hopmyna

I Heconeo6pasyromwuii (6e3pasimy-

SIO HBIH, UHAU(PEPEHTHBI) Si=0

v

SI0; KucnorHsrit 0= Si=0
v

SO, Kucnornslit O0=S=0
Vi O0=S=0
50: ||

KucnorHsrit @)

I

Zn0O AmdoTepHsIit Zn=0

[
Na,0 OcHOBHOM Na— O —Na

1. Tlpeanoxxute BO3MOKHBIE SMIIUPHUUYECKHE U Tpaguueckue GopMysbl KUCIOT U OCHOBAaHUH
JUI 3JIEMEHTOB Balllero BapHaHTa. Y KaXKUTE BAJICHTHOCTH JIEMEHTOB, COCTABIISIFOIINX
JaHHbIe BenlecTBa. [IpuBenuTe ypaBHEHHs JUCCOIMALINY KUCIOT U OCHOBAaHUI.

dopmyna KucCio-
DJIeMEHT TBI UJIX OCHOBA- Ha3Banue I'paduueckas
HUSA dopmyra
/O -H
Si H»>Si0; (opro)Kpemuueas 0=Si".
-H
H,S CepoBojopo tHast H—S—H
p -H
H,SO; CepHucras O=S
S "O- H
O O-H
H,SO4 CepHas N\ /
S
I\
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0] O-H
Zn Zn(OH); ['uapoKcu I IUHKA H—0—Zn—O—H
Na NaOH IM'uapokcun Hatpust Na—O—H
YpaBHEHUS TUCCOLIMALIAHN:
| crynens Il crynens

l) H,SiO3 < H* + HSiO3
[H+][Hsio; ]

K =
T TH,s10,]

2) HoS <> H" + HS'

_ ] ms ]
[H,S]

3) H,SO; < H + HSO3

Ko =

4) H,SO4 <> H + HSO4

5) Zn(OH); <> ZnOH" + OH"

[znoH*]-[oH ]

T znon),]

6) NaOH < Na* + OH’

HSiO3 < H +Si0s*
[H*][sioz ]

K =
e HSIO,

s L

HSO; «» H' + SO3%

_ [H7] [soz]
HSO4 < H' + SO~

ZnOH" < Zn*" + OH"

_[z0*] Jor]

KoHcTanTy aucconuaniy BEIBOJAUM TOJIBKO IS CIA0BIX 3JIEKTPOIUTOB.

3. CocTaBbTE BO3MOXKHBIE YPABHEHUS PEAKIIMI MEX 1y OJYyYCHHBIMA KUCIOTAMH U
OCHOBAHMSIMU. 3aMMIIUTE YPABHCHUS PEaKIIMii B MOHHOM U MOJIeKysipHOi (hopme. HazoBute
MOJIy4YE€HHBIE KUCIIbIE, CPETHUE U OCHOBHBIE COTH. Y KaXKUTE UX CTPYKTYpHBIE (DOPMYIIBI.

Hanpumep: Bozemem H,Si03, H,SO4, NaOH u Zn(OH)s.

1. H,SiO3 + 2 NaOH =

N&zSiOg + 2H,0
CUJIMKAT HATpHA

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

2. H,SiO; + NaOH =

N&HSiOg

+ 2 H,0

TUAPOCUIIMKAT HATPUS
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H,SiO; + Na" + OH = Na" + HSIOj3 +  H,0
H,Si0O; + OH = HSIO; + H,O

3. H,SiO; + Zn(OH)z = ZnSi0; + 2H,0
CUJIMKAT OUHKA
HMonnoe YpaBHCHHE HallMCaTh HEJIB3, TaK KaK HCXOAHBIC BEMICCTBA U IIPOAYKTBI pCaKIIUun
HCPAaCTBOPHUMEI B BOAC. Bo3MoxkHO 1uIb TCOPCTUUCCKOC ITPOTCKAHUC PCAKIINH.

4. 2 H,Si03 + Zn(OH), = Zn (HSiO3),; +2 H,0
TUAPOCUIIMKAT NUHKA
H,SiOs + Zn(OH), = Zn** +2 HSiO; + 2 H,0

5. H,SiO3z + 2 Zn(OH)2 = (ZnOH)2 SiO; +2 H,O
TUAPOKCOCUJIMKAT HHUHKA
H,SiO; +2 Zn(OH), = 2 ZnOH" + SiOz* + 2 H,0

6. H,SO;+2 NaOH = Na, SO, +2 H,O
cynbdar HaTpus
2H"+ SO, + 2Na* +20H = 2Na* + SO,> + 2H,0
2H"+ 20H = 2H,0

7. H,SO; + NaOH = NaHSO, + H,0O
THIpOCYIb(aT HATPHUS
2H"+ SO + Na" + OH = Na" +HSOs + H;0
2H"+ SO,2 + OH = HSO; + H,0

8. H,SO, +Zn(OH)2 = ZnSO4 + 2 H,O
cynbdar UHKa
2H"+ SO/ + Zn(OH), = Zn*" +S0,/ + 2H,0
2H"+ Zn(OH), = zZn** + 2 H,0

9.2 H,S0, + Zn(OH)2 = Zn(HSO4)2 +2 H,O
rupocysnb@ar HUHKa
4H"+2S0,” + Zn(OH), = Zn** +2HSO, + 2H,0

10. H,SO, +2 Zn(OH)2 = (ZnOH)ZSO4 + 2 H,O
THIPOKCOCYNb(AT HUHKA
2H"+ SO% +2 Zn(OH), = 2 ZnOH" + S0, + 2 H,0
2H"+ 2 Zn(OH), = 2ZnOH" + 2 H,0

O —Na
1. Cumkat HaTpIA O = S1
O —Na
(O —Na
2. THAPOCHTHEAT HATPHA O — 51
O-H
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3. CHumEaTIHHEa O =53

/ O-H
0 =51
\\O
4, THAPOCHTHKAT LIHHKA H/H zn
.f"O
0=5 \
O-H

4. PaccunTaiiTe MOJIIPHYIO MacCy KUCIIOT, OCHOBAHUM U COJIel, IPUBEACHHBIX U
MOJIYUYEHHBIX B 3aJJaHUSX. YKaXUTe (PaKTOp SKBUBATCHTHOCTH, SKBUBAJICHT 1 SKBUBAJICHTHYIO
Maccy JaHHBIX coequHeHni. Pacyer mpon3BoauTh He OoJiee YeM I ABYX COSIMHEHHN KaXI0TO
KJ1acca BEIeCTB

M (foxs Naz SOy) = o (Naz SO4) - M (Nap SOy) = % - 142 r/moib = 71 1/Moub.

M (f,s NaHSO,) = f,; (NaHSO4) - M (NaHSOy4) = 1 - 142 r/moinb = 142 r/Moib.

M (foxs (ZNOH)2S04) = f.xs((ZNOH)2SO4) - M ((ZNOH),SO04) = %4 - 260 t/Monbs = 130
I/MOJIb.

5. CocrtaBbTe HOpMYITy MIPOCTOTO Ta3000pa3HOTO BEIIECTBA U3 OJHOTO 3JIEMEHTA BaIlero
BapHaHTa 3aJaHusl. PaccuuTaiite, kakoil 00beM, KOTMYECTBO BEIIECTBA COOTBETCTBYET Macce
JAHHOTO COETMHEHMS 5 rpaMM. YKa)XuTe SKBUBAJICHTHBIN 00BEM, KOJIMYECTBO BEIIECTBA
HKBHMBAJICHTA JIJIS IaHHOW MacChl cOeIMHEHHs. PacueT JaHHBIX BETUYHMH MTPOBOAUTE MIPH
HOPMAJIBHBIX YCIIOBHUSX.

Hanpumep: T'azo00pa3ubivMu okcunamu sBisitoress SO, u SO3.

HaxonuMm HeoOX0uMble BETMUUHBI IJIST MACCHI S5 T.

m
\% :W , (tne M — monspuas macca); V =V - v, (tne Vi — MOJSIpHBIN 00beM, paBHBIN
22,4 n/mons); N =Na-v, (raeNa—uucio ABoraapo, paBuoe 6,02 103 Monb'l)
5e
v(SOy) = — =0,078 mob;
642/ monw

V =224 n/mons - 0,078 monb = 1,75 n
N=6,02 10 moms™ - 0,078 moms = 4,7 - 10%

V(SO5) = — 2% —0,0625 Mo
802/ monw

V =224 n/mons - 0,0625 moas = 1,4 n
N =6,02 - 102 moms™ - 0,0625 moms = 3,76 - 10?

6. Hanmumure OJICKTPOHHBIC (I)OpMyJIBI H YKQXKXUTC pACPCACIICHUC BAJICHTHBIX 3JICKTPOHOB
10 KBAHTOBBIM sTUCHKaM OJICMCHTOB, IMPUBCJACHHBIX B 3alaHWHW BAIllICTO BapHWaHTa.

XUMHYECKUH OnektponHas popmyna anemenTa | CocrtaB siapa (dwuc-
JJIIEMEHT JI0 HEUTPOHOB U DNEKTPOHHOE
MIPOTOHOB) CEMEHCTBO
Na 15°25°2p°3s" Np=11
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N,=12 S-DJIEMEHT

Si 15°25°2p°3s”3p° N,=14
N,=14 Pp-DIIEMEHT

S 15°25°2p°3s”3p” N,=16
N,=16 Pp-DIIEMEHT

Zn 15°25°2p°3s°3p°4s°3d™ N,=30
N,=35 d-anemeHT

7. VI3 npuBEAEHHBIX B BAILIEM 33JIaHUU JIEMEHTOB, YKAXKUTE PaJNyC aTOMa KaKoro
3JIEMEHTa UMeeT Oolbliee 3HaueHue, nouemy? Kakue cBoiicTBa 00yCIOBIEHBI JaHHBIM
nokasaresieM. [IpuBenure npuMepsl ypaBHEHUN XUMUYECKUX PEAKIUH, TIOATBEPK JAIOIINX
JaHHbIe cBoicTBa. Kakue crenenn okuciaeHus Haubosiee XapakTepHBbI Ul aTOMOB JIEMEHTOB,
IIPUBEJICHHBIX B 33JaHUM Ballero BapuanTa. [IpuBenure npuMepsl COEUHEHNUN ¢ JaHHBIMU
aTOMaMH JIEMEHTOB, NPEAIOI0KUTE U 000CHYITE XMMUYECKHE CBOMCTBA IPEIOKEHHBIX
BeniecTB. CoCTaBbTE U3 JIEMEHTOB BAIllEr0 BaApHUAHTA MOJIEKYJIbI C PA3JIMYHBIM TUIIOM
XUMHUUYECKOH CBA3H. Kak TUII XMMMUYECKOH CBSI3U BIMAET HA XMMUUYECKHE CBOMCTBA JaHHBIX
coenuHeHuil? [IpuBenuTe npumMepbl ypaBHEHUM peakuil.

8. YKakuTe 3JIeMEeHT Balllero BapuaHTa 3aJJaHusl, aTOMbl KOTOPOT'O MOT'YT 00pa3oBaTth
IIPOCTOE ra3000pa3HOE BEIIECTBO. 3AMUIINTE PEAKIUI0 CUHTE3a CJI0KHOTO COEAMHEHUS U3
IPEI0KEHHOI0 Ta3000pa3HOro BELeCTBA IPU B3aUMOJEHCTBUU C MOJIEKYJIIPHBIM KHCIOPOJOM
WM BoJoposioM. OrpenenuTe sHepreTuueckuii 3peKT u HanpasieHUue NPOTEKaHUs PeaKLUU
IIPYU CTAaHAAPTHBIX YCIOBUAX. Y Ka)KUTE HA BO3MOKHOCTD ITPOTEKAHNS JaHHON PEAKIMU B
psIMOM HanpasiieHuu npu temneparype 300K.

Hanpumep: BeinmuceiBaeM peakiuio 2 SO, + Oy -2 SO3 + Q

AH’(SO,) = -296,9 kJ[/MOIb
AH®(SO3) = -395,8 kJlx/MOIb
AH%(05) = 0 k/[K/MOIB (IIPOCTOE BELIECTBO)

ITo cnencrBurO U3 3aK0HA ['ecca HAXOAMM DHTAIIBIIUIO XUMUUYECKOU PEaKLIUU
AH®, = 2 AH455(SO3) — ( 2 AH 16,(SO2) + AH 45,(05))

AHOP.Im = 2-(-395,8) - (2-(-296,9) +0) = - 197,8 (x/Ix)

JlanHas peaknus SK30TepMHUYECKasl, TaK Kak AHOp_HH <0

HOaXOI[I/IM Bé{TpOHI/IIO I[aHHOCI;/'I peakIun Ta1<0>1<e 10 CJICACTBHIO 13 3akoHa I'ecca:
SO p-uu =28 o0p (803) - (28 obp (SOZ) +S obp (02))
S% = 2 (256,7) - (2 - 248,1 +205,04) = -187,84 (JIx/monb-K)

Paccunrtaem snepruro 'n66ca
AG® = 2 AG'o5y (SO3) — (2 AG 5 (S02) + AG o, (02))
AG® p =2 - (-370,0) — (2 - (-300,2) +0) =-139,6 (k/Ix/M0Jb)

BeIBOI: peaknnsi caMOIPOU3BOIBHO MPOTEKAET MPU CTAHAAPTHBIX YCIOBHAX.

9. Inst ypaBHEHUSI peakiii 00pa30BaHUs CIOKHOTO BEIECTBA, COITIACHO 3aKOHY
JIEHCTBYIOINX MAcCC, YKaXKUTE BBIPAXKEHNE CKOPOCTH XMMHUUYECKON peaknnu. Onpenennre Kak
U3MEHHUTCS CKOPOCTh MPUBEIEHHON BaMH XMMHUYECKON peakilui B CUCTEME, €CIIH 00BbeM ra30Boi
¢da3bl yMEHBIINTD B 3 pa3a; MpH MOBbIIEHNU TemrepaTypsl Ha 20°C; npu NOHMKEHUU
temneparypsl Ha 50°C.

Hanpumep: 13 31€MEHTOB BBIIIE YIOMSIHYTBIX COCIMHEHUN MOKHO COCTaBUTH Ce-
nyrorue razoodpasneie BemectBa: SOy, SOz, Oy, HyS, Ho0 (map).

IIpuBenem ypaBHEHHE PEaKLIMU MOTY4YEHUS OJHOIO ra3000pa3HOro BEIIECTBA.

15




Hy) +Sap) = HaS
BeipaskeHrne CKOPOCTH XMMUYECKOW PEaKIIMK BBITJISIUT CleayonmM oopazom: VvV = K
[Hz]. KoHueHTpamnuio cepsl HE yUUThIBAEM, TaK KaK OHA SIBJISIETCSI TBEP/BIM BELIECTBOM, CIIEIO-
BaTEJIbHO, MOKHO U3MEHHUTh KOHIIEHTPALIMIO TOJIBKO BOJOPOAA.
[Ipenmonoxum, UCXOAHAS KOHIICHTpaIus paBHa | Moub/n. Torga ypaBHeHHE HAYaIbHOW
CKOpOCTH mpuMeT cieayromuii Bua: Vi = K. [Tocne ymeHbIeHus KOHIIEHTpAIUU oHa crana 1/3
monb/n. Torma Vo = K - 1/3. OTHOmeHHEe ckopocTel mpumet BU: Vo/ Vi = 1/3. CkopocTh peak-

MU YMEHBIIWIACH B 3 pasa.

[aHo: Pemenue:

At=50°C I[To ypaBHenuto Baut — I'odda vip/Va =7y AU10
Yy =25

Haiitu: violvi VplViy = 2,5 50110

Vel = 97,7 = 98
OTBeT: CKOPOCTh PeaKLUU yBEIUIUTCS B 98 pa3s.

Hano: Pemenue :
t,=0°C 1) Haiinem n3MeHeHHe CKOPOCTHU TMPH MOBBIIICHUN
t,=20°C TEeMIIEPaTyphl
Ty = 2 MHH
Y = 2 Vt2/Vt1 =Y AVI0
Haiitu: 1 Viplviy = 2 2010
Vt2/Vt1 =4

2) Haiinem Bpems peakuuu. Eciu CKOpoCcTh peakluu yBeIUYMUTCS B 4 pas3a, TO BpeMs
YMEHBUIUTCS B 4 pasa.

2MUH
T2 =

= 0,5 muH (30 cek).

10. Ilpennonoxxute, 4TO MPUBEACHHAS B 3a/JaHUU PEAKLIUs CUHTE3a CII0)KHOTO COETUHEHUS
HAXOJUTCS B XUMHUYECKOM PABHOBECUU. YKAXXHUTE, KAK CMECTUTCS XHMHUYECKOTO paBHOBECHE
IpU: YMEHbIIEHUN 00beMa JaHHOM CUCTEMbl; YMEHbIIICHUHN JaBJICHUS B JAHHOW CHUCTEME;
YBEJIMYEHUH KOHILIEHTPALUU OJIHOTO U3 PEarupyroIInX BEIIECTB.

Hanpumep: CoctaBuM 00paTUMYIO PEAKILIUIO MOJYUYEHUsI CEPHOTO aHTUAPUAA

2802+02<—>2803+Q

[SO,f
[802 ]2 '[Oz]

YroObl CMECTHTHh PaBHOBECHE B CTOPOHY OOpa30BaHUS CEPHOTO AHTHJPHIA, HYXKHO: a)
YBEJTUYUTH KOHIICHTPAIIUIO MCXOIHBIX BEIIECTB WJIM YMEHBIIIUTH KOHIICHTPAIIUIO MTPOIYKTa (BBI-
BEJISl €T0 U3 CHUCTEMBI); 0) MOHU3UTH TEMIEPATYPy, TaK KakK peakius oOpa3zoBaHUsS MPOIyKTa —
HK30TE€PMHUECKasi, B) MOBBICUTH JaBJICHHE MCXOJHBIX BEIIECTB, TAK KaK YHCIO MOJb MUCXOJTHBIX
BEIIIECTB MPEBHIIIAET KOJIMUYECTBO BEIECTBA MPOAYyKTa peakiuu (3/2). KaranuzaTopsl He BIUSIOT
Ha CMeIlleHue XUMUYECKOTO PaBHOBECHS, TAK KaK OHU U3MEHSIOT CKOPOCTh KaK MPsIMON peakluu
Tak ¥ 00paTHOM, MOATOMY OHU JIUIITH YCKOPSIFOT HACTYIJICHHE PABHOBECHSI.

11. PaccuuTaiite MacCOBYIO JI0JI0, MOJIIPHYIO KOHIIEHTPAINIO, SKBUBAJIEHTHYIO
KOHIIEHTPALUIO, TUTP 1000 O, MOTy4eHHO B 3aaHuu 1.5, mpu yciaoBuu, 4TO ee Macca
coctasisieT 10 rpamMm, 00beM pacTBOpa 2 JUTPA.

[InoTHOCTH pacTBOpa YCIOBHO MPUHUMAEM paBHOH 1 r/em’.

Hanpumep, macca conu cynbdara Harpus Na;SO4 20 1, macca pactBoputens 400 T.

1) Paccumraem MaccoBYIO JIOJFO PaCTBOPCHHOTO BEIIECTBA B PACTBOPE 1O GopMyIie:

p:
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o= "% 100%

mp — pa
m (p-pa) = m (p.B) + M (p-Jis1)
m (p-pa)=20r+400r=420Tr

0= 2% % 100% = 4.76 %
0z

2) Haitnem MONSpHYIO KOHIIEHTPAIIUIO U MOJIIPHYIO KOHIICHTPAIMIO SKBUBAJICHTa PACTBO-
pa cynbdara HATpHSL.

v(Na,S0,)

V(p - pa)
v (Na;SOy4) = 201/ 142 r/mons= 0,14 mMoub.
V(p-pa) =420 x 1 r/em® =420 cm® = 0,420 xv®

C(NaSO4 p-pa) =

C(Na,S0; p-pa) = 0,14 Monb/0,420 am® = 0,3333 Mo/ am°
Tak kak f; =%, T0 C(fyxs Na2SO4 p-pa) = v (faxkBNa,SO4) / V(p-pa)
v (f3xBNa,SO4)= 20 1/71 r/moib = 0,28 MOIIb.
C(fyxs Na2SOy4 p-pa) = 0,28 mous/ 0,420 ,Z[M3 =0,6667 MOJ'IB/,Z[MB

3) PaccuntaeM MOJSIITBHOCTE pacTBOpA.
N
m(p — )

B =0,14 1/ 0,400 xr = 0,35 MOIB/KT
4) Tutp pactBopa omnpezensem no Gopmyne T =m (p.B) / V(p-pa); /oM’

T=20 1/ 420 cM® = 0,047619 r/cm®
5) MOJ’ISIpHaSI J0JIA paCTBOpeHHOFO BEIICCTBaA N — OTHOIICHHUEC KOJINYCCTBA paCTBO—
peHHOFO BCIICCTBA K CyMMapHOMy KOJ'II/I‘-ICCTBy BCE€X, COCTABJIIAIOIINX paCTBop, BKJIFOYas1 pac-
TBOpI/ITeJ'ILZ

n(p.s.)
n(p.s.)+n(p— )

N(p.B.) =

N(p.B.) = 014xom = 0,00626
0,14 momb + 22,22 monw

12. Yro takoe ruaponan3? OT kakux (aKTOPOB U KaK 3aBUCHUT INTyOMHA rHIpoian3a?
[IpencraBbTe B MOJIEKYJIIPHOM U MOHHOM BHUJI€ YPaBHEHHUS FMAPOJIU3a CONiel. YKaKuTe
PEAKIUIO CPEIbl B paCTBOPAX 3TUX COJIEH.

Hanpumep: Na;SO4 — conmb 00pa3oBaHa CHIIbHBIM OCHOBAHHUEM W CHIIBHOW KHCIIOTOMU, TH/I-
posn3y He noasepraercs, pH = 7.

ZnSO, - conb 00pa3oBaHa CIa0bIM OCHOBAHHEM M CHUIBHOW KHCJIOTOM, TUAPOIN3 TT0 KaTH-

OHYy.
2ZnS0O4 + 2HOH = (ZnOH); SO4 + H,SO4
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Zn** + HOH = ZnOH"* + H* pH <7, cpena xucnas.
Na,SiO3 — cosib 00pa3oBaHa CHIIBHBIM OCHOBaHHEM H CJ1a00i KUCIOTOU, TUAPOJIH3 110 aHH-
OHY.
Na,SiO; + HOH = NaHSiO3; + NaOH
SiOz> + HOH = HSiOg + OH" pH > 7, cpena menounas
Zn (HSiOg3); - conb oOpa3zoBaHa cliabbIM OCHOBAaHUEM U CJIA00H KUCIOTOM, THAPOIIU3 IO
KaTHOHY U aHHOHY

Zn (HS|03)2 + HOH = Zn(OH)z + 2 H,SiO;
Zn?* +2 HSiIO5" + 2 HOH = Zn(OH), + 2 H,Si0O3 pH =7, cpena HeitpanpHas

13. IlpoBeauTe pacyeT KOHCTAHTBI U CTENIEHU TUIPOJIN3a COJeH

1.B ciydae ruaposmsa coiu Mo aHHOHY KOHCTaHTa PAaCCUUTBIBACTCS IO CICAYIONICH hopMy-
Je:

K; =K 3 / K xucnorm » T€ K — KOHCTanTa ruaponusa, K ; — nonnoe npousseaeHue Bojbl, K
xcnorss — KOHCTAHTA JIMCCOIMAIIMY KHCTIOTHI. pH Takoro pacTBopa paccuuThIBaeTCs 1o GpopmyIe:

PH =7-% lg K kncaorsr T Y lg C comn WJIH PH =T7+% pK KHCJIOTBI ~ Va PC coyn

2. B cJIydac rupoJiisa COJIM 110 KaTHOHY:
K; =K 5 / K ocuoanns
pH=7+1/21gKOCH.-1/21gCCOJﬂ/[ HHI/IpH=7-1/2pKOCH + l/zpCcoﬂH

3. B cirydae ruaponm3a cou 1Mo KaTHOHY M aHHOHY KOHCTAHTa THPOJIN3a BBIYUCIISETCS 110
dbopmyre:

K =K 3/ K xucaorsr * K ocnosanns » @ pH onpenensiercs mo ¢popmyse:

PH=7-2%1g K yen. + 212 K ocn. it pH =7 + %2 pK xuca - 72 PKocn

Hanpumep: w3 3ananus Ne 3 BeiOpana coinb ZNSO,. JlanHas conmb 00pa3oBaHa CHIIBHOW KHUC-
JIOTOH M c1a0bIM OCHOBaHUEM, CIIEOBATEIHHO THAPOIIN3 MOUAET O KaTHOHY, T.€. PEaKIUs CPEIb
B PAcTBOpPE COJIM OYJET KUCIIOM.

pH=7-" pKznonp2 + 2 pC znsos

pK znoH)2 = 4,4 (cipaBOYHBIE TaHHBIE)

PC znsos = - 19 C znsos = - 19 0,001 monb/a = - IglO'3 = 3, caegoBaTeabHO

pH=7-%-44+%-3=6,3

pH <7, cpena kucnas.

K.=K.,/Kzsos K= 10'14; K zns04 = 4,0 - 10° (cripaBOYHBIC JAHHBIE)
K, =10"4,0-10°=25-10"
14. IIpuBeauTe NpUMEpPHI OKACIUTEIBHO-BOCCTAHOBUTEIBHBIX PEAKIIMM C YHACTHEM dJIe-

MEHTOB, IIPUBE/ICHHBIX B BallleM BapuaHTe, nojdepure K03()GUIUEHTH METOIOM JIEKTPOHHOTO
OaslaHca 1 METOJIOM TMOJIypeaKIuil.

Hanpumep:
Oxkucaurenu BoccranoBurenu
0,03, S, SO3,H,S0,4 SO, Na, Zn, H,, H,S, SO,, H,SO3, H,0,

H,S0Os3, H,0,, SiO;
1) H,O, + H,S=2H,0+ S

2H" + H,0, + 2e = 2H,0 | 1- BOCCTAaHOBJICHHE, OKHCIIMTEIIh
S*-2e=S | 1 — okucieHne, BOCCTAHOBHTEID
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2H" + Hy0, + S =2H,0 + S
2) H,O, + H,SO4 = SO, + O, +2H,0

SO42' +4H" + 2e = SO, + 2H,0 | 1- BOCCTAaHOBJICHHE, OKHCIUTEID
H,0,-2e=0,+2H" | 1- OKHCJIEHHE, BOCCTAaHOBUTEb

S0,~ + 2H* + H,0, = SO, + 2H,0 + O,
3) 4H2804(K) +3Zn = 3Zn(SO4)2 + S + 4H,0

2- +
SO, +8H" +6e =S + 4H,0 | 1- BOCCTAaHOBJIEHHE, OKUCIUTEID
Zn—2e=27n* | 3- OKHCJICHHE, BOCCTAHOBUTEIb

SO,~ + 8H" +3Zn =S + 4H,0 + 3Zn**

15. CocraBbTe (1)OpMy.]'Iy KOMILIEKCHOI'O CO€IMHEHUS U3 2JIEMEHTOB 3aaanus. HazoBure
COCTaBJICHHOC KOMIIJICKCHOC COCIMHCHHUC, €I'0 COCTaBJIAIOIINC. Vkaxunre YpaBHCHUA
JHUCCOLIMAIMY KOMIUIEKCHOM COJIM MO HepBOfI n BTOpOﬁ CTYIICHU. 3anummure BbIPAXKCHUC

KOHCTAaHTBhI YCTOﬁqHBOCTH KOMIIJICKCHOI'O MOHA.

KOMIIJICK- K.u. JINTaHAbI HNonnl BHYTpeHHeﬁ Honrl Koncranra
coobpa3o- cdepsl BHEUIHEW | yCTOWYMBOCTHU
BaTeJb cthepsl
KyCT:
Zn? 4 OH' [Zn(OH)a]* Na’ [zn(oH).F ]
[znf* o~ |
K yer =
Zn?* 4 H,0 [Zn(H,0)a]* 80~ | [izn(H,0)F]
[znF* -[H,0 |
K ycr =
72t 4 SO5* [Zn (SO5%)2)* Na" [[Zn(SOS)Z ]Z_J
[zn*] [0, |
Zn“* 4 s* [ZnS,]* Na*
Kyem =
[zns, [
zn* |.[sF
Zn% 4 S° OH [ZnS(OH),]° - -
ZnZ* 4 H,0, % [ZnS(H,0),]° -

Nay[Zn(OH)4] - TeTparuapoKCOMHKAT HATPUS
Na,[Zn(OH),] <> 2 Na* + [Zn(OH)4]*
[ZN(OH)4]* <> Zn?* +40H
[Zn(H20)4]SO4 — cynbdat TeTpaakBanuHKa
[ZNn(H20)4]S04 <> [Zn(H20)4]%* + SO~
[Zn(H,0)4]*" <> Zn*" + 4 H,0

Naz[Zn (SO3),] — nucynbHUTONMHKAT HATPHUS
Nay[Zn (SOs),] <> 2Na* + [Zn (SOs%),]*

[Zn (SO5%),]* <> Zn** + 2 SO5*
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JI1st HEeUTpanbHBIX KOMIUIEKCOB YPaBHEHUE IUCCOLUALMN U KOHCTAHTY YCTOMYMBOCTU HE 3allU-
CBbIBa€M, T.K. OHM HE SBJISIOTCS JIEKTPOJIUTAMU.

4. METOAUYECKHUE PEKOMEH/JALIMHA ITO
CAMOCTOATEJBHOMY U3YYEHUIO BOITPOCOB

4.1 3akoH nmocrosincTBa cocTaBa. Hecrexuomerpnueckue coeaunenus. JaabTonuanl u oep-
TOJIHABI
[Ipu n3yuenun Bonpoca HEOOXO0AUMO OOPATUTH BHUMAHHUE HA CIEAYIOIUE OCOOEHHOCTH.

B 1803 r. ¢panmysckuii xumuk K.-JI. beprosuie npumien K BEIBOLY, YTO JIEMEHTHl MOTYT
COEAMHATHCA JIPYT C APYroM B JIHOOBIX HPOMOPLHUSAX B 3aBUCUMOCTH OT MAacChl pearupyromux
BeniecTB. OIHAKO MOYTH BCE XUMHKHU B T€ TOAbI IPUAECPKUBAIINCH 3aKOHA MIOCTOSIHCTBA COCTaBa
BeIecTB, KOTophlii chopmynuposan XK.-JI. [Ipyct. Jlump yepes cro JieT cTaau HaKarIuBaTbCs
(dakThl, HE TOIYUHSIOUIMECS CTEXHOMETPUUECKIM 3aKOHaM XUMuUHU. OKa3ajioch, 4YTO CTEXHUOMET-
pPHUECKUE 3aKOHBI XMMHHU AEHCTBUTEIbHBI TOJIBKO JJIs1 MOJIEKYJIIPHBIX COCIUHEHUH, COeIMHEHUN
C KOBAJICHTHOM CBSI3bl0, MOJIEKYJISIPHBIX U JKUJKUX BellecTB. Takue BelecTBa NOJyYyuId Ha3Ba-
HUE JAJIbTOHUJIOB.

K TBepapiM BemiectBaM ¢ MOHHOM XMMHMUYECKOH CBS3bIO, K OECKOHEUHBIM TPEXMEPHBIM
KpHUCTalJlaM 3aKOHbI IOCTOSHCTBA COCTaBa M IMPOCTBIX KPATHBIX OTHOIIEHUH HENpUEeMIIEMBI.
JIro6oii, maxke YMCTHIA cTexnoMmeTpuueckuii kpuctam Beime 0 K Bcerma craHer HecTexmomer-
PUUYECKUM H3-3a TEIJIOBOIO JIBUKEHUS aTOMOB MJIM MOHOB, YaCTh KOTOPBIX MOXKET OKUHYTH I10-
BEPXHOCTb BelecTBa. [Ipy 3ToM B ornpeneneHHbIX NMpUaeaax U3MEHEHHUsl COCTaBa BEIECTBA €T
KPUCTAJIZIMYECKAsl CTPYKTypa oOcTaeTcsi Heu3MeHHoW. Takue BellecTBa NOJIy4YWIM Ha3Ba-
Hue OepTounaoB. Bee cocTaBbl, Bxoasmre B 00J1aCTh OJJHOPOJAHOCTH OepToiua paBHOMNPAB-
HBI, ¥ KXl IpecTaBisier co00i XumMuueckoe coequHeHrne. Bech OepTouma B LEIOM €CTh
HETPEPHIBHBIA HA0Op XMMUYECKUX COCTMHEHUM, 00JIaalONIUX OJHON U TOU K€ CTPYKTYPOM.

bepTomnmipl 3aHMMArOT IPOMEKYTOYHOE TOJIOKEHNE MEKIY CTEXHOMETPUUECKUMU CO-
€MHEHUSIMU U TBEPJIBIMH PaCTBOpPaMHU.

4.2 T'a3oBble 3akoHbl. [IapuuanbHoe 1aBieHne raza. YpaBHenue MeHjaeseeBa-
Kaaneiipona.
[Ipu u3yyenun Borpoca HEOOXOUMO 0OpaTUTh BHUMAaHKE Ha CIEIYIOINE OCOOCHHOCTH.
B3snm nopiuio raza HEKOTOpOH Macchl M Hadald IPOBOAMTH HAJl HEW JKCIIEPUMEHTHI.
Hanpumep, u3MeHsIu HEeKOTOphIN napaMmeTp(Hanpumep, TeMieparypy T) u HaOmroaanu, Kak u3-
MEHSIIOTCS JIpyrue JiBa napamerpa (oovem V u nasienue p). [Ipu yBennueHUHM TemIeparypsl,
MOJIEKYJIbI IBUTAIOTCS OBICTpEE, COyAapeHus MPOUCXOAAT Yallle, 3HAUUT, JIaBJICHHE yBEIUYnBa-
€TCs U ra3 CTPEMUTCS 3aHATh OobInii 00beM. ViH, eciin yMeHbIIUTh 00bEM, TO YaCTHULIAM Ta3a
CTaHOBUTCS TECHO, OHM Yallle COYIapsIFOTCs, YBEJIWMYUBACTCS JaBJI€HHUE, a OT OONBLIOro Yucia
COyAapeHul UX CKOPOCTh MOXET YBEIMUNUBATHCSA, TO ECTh MOXKET YBEIMUUTHCS TEMIIEpATypa.
WHTYUTHBHO NpUIUIM K 3aBUCHMOCTH TpPEX MaKponapaMeTpoB Tra3a, KOTOPYIO BBIBEI
dpaniysckuii puzuk b. Knaneiipon
P — danskue
V' — obwea

T — memuepandpa

pV pll'l;f; B ngg [p]=lﬂ'a [V]=1M3 [T]=1K
L =vcronst —_— = mar. constanta - MOCTOAHHAA, HEHSMEHHAT
T I—lr 2 TO, ¥MO SEIUNLHA RENACMICA HOTHOAHHOL,
UIu obaskayaram kax U = const
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B m060M COCTOSHHH OJHO# 1 TO# e TOPINHI Ta3a BEIMUMHA ¢ OCTAaeTCsl OCTOSHHOIM.
J.W. MeHnneneeB ucciien0Ball BIMSHAE U3MEHEHUSI MAcChl Ta3bl HA MakpomnapameTpsl. [1o-
Jy4us 3aBUCHUMOCTb, KOTOPO€ HOCUT Ha3BaHHe ypaBHeHHe MeHnaeneeBa-Kianeiipona, oHO xe
YpaBHEHHUE COCTOSIHUS UAECATBHOIO ras3a
P — danewnue
V- ofves
T — memneparppa
BT MACoX 23

M — MmonzpHas Macca 2dia

}? R — mongpuras sasosas nockpankas R =13731 e

.-I AT -
RT [z]=1a  [V]=1s [T]=1% ‘

V
Y M

[m]=tee  [M]=1-22 [8]=1-2%
AL Aoy K
Lle
R=831—"——— MOMAPHAA 2A308AA NOCIMOAHHAA
Mons - K

Hcnonb3ys GopMyIibl XUMUYECKUX XapaKTEPUCTHK BEIIECTBAa, OCHOBHOE YPaBHEHHE BO3-
MO>KHO 3aITUCaTh B MHOM 3KBUBAJICHTHOM BH/JIC.
4.3 Hecos1ieo0pa3yionye OKCH/bI

[Tpu u3y4yeHnn Borrpoca HEOOXOMMO 0OpPATUTh BHUMAHHE Ha CIICAYIONUE OCOOCHHOCTH.

HeconeoOpa3yromue OKCHABI - OKCUABI HE MPOSBISAIONINE HU KUCIOTHBIX, HI OCHOBHBIX,
HU aM(OTEPHBIX CBOWMCTB M HE 00pa3yromiue coiau. Panble Takue oKcHIpl Ha3biBaliu HHIUGhe-
PEHTHBIMU WJIM O€3pa3IUYHBIMU, HO 3TO HE BEPHO, T.K. [0 CBOEH XMMUYECKON MPUPOJIe TaHHBIE
OKCHJIbI JIOCTaTOYHO PEAKIMOHHOCTOCOOHBI. [0 cpaBHEHHIO C APYrMMU BUAAMH, KOJIUYECTBO
HECOJIe00Pa3yIIUX OKCUIOB HEBEIUKO, X KaK MPaBUIO 0Opa3yrOT OJHO- U JIBYXBallCHTHBIC
HeMeTaJuTbl. TUNMUYHBIMUA MPEJCTABUTEISIMUA TaKUX OKCHUJOB SIBIISIFOTCS TEMHOKCHJ a30Ta (3a-
kuch azota) N2O, monookcu azota NO, monookcua yriaepoaa CO, MoHookeua kpemuaust SiO.

4.4 Tlepoxcuabl

[Tpu u3y4yeHnn Borrpoca HEOOXOIMMO 0OpaTUTh BHUMAHHE Ha CIICAYIONUE OCOOCHHOCTH.

[Tepokcuibl — XUMUYECKUE BEIIECTBA, KOTOPBIE COJEPKAT 2 aTOMa KHCIOPO/1a, CBA3aHHbIE
¢ IpyruM xuMmudeckuM arementom: H,0,,Ba0;, KO, u 1.1

[TepokcuIbl MOMY4arOT MyTeM B3aUMOJAEHCTBUSI aTOMOB METaJIOB U kuciopona. [lepokcu-
JIBI TIETIOYHO-3eMENTbHBIX METAJUIOB TOJyJaloT MyTeM OoJiee JIUTEIBbHOTO HarpeBaHUs, HEeXeEIN
MEPOKCUIBI IEJOYHBIX METAJIOB (HampuMmep, A7 TOJy4eHHUs MepoKCHaa Oapusi, peakiuio
Heobxoaumo Harpesath 10 700 °C).

4.5 JIBoiiHble U cMelIaHHbIe COJIH

[Tpu u3yueHun Bompoca HEOOXOAMMO 0OPATUTh BHUMAHHUE HA CIICAYIOIINE OCOOCHHOCTH.

ConssMu Ha3BIBAIOTCS COCIMHEHHs, 00pa3yrolie MpH JAUCCONHUAIIMA B BOJHOM pPacTBOpPE
MOJIOXKHUTEIBHO 3apsKEHHBIE MOHBI METAJUIOB M OTPUIATEILHO 3apsKCHHBIE HOHBI KHUCIOTHBIX
OCTaTKOB, & HHOT/Ia, KPOME HHUX, HOHBI BOJOPOa U TUAPOKCH/I-HOHBI.

Couu iesITCs Ha CpeHKe, KUCIIbIE U OCHOBHBIE.

CyIecTBYIOT TaKXe HEKOTOPbIE JAPYrHe TUIIBI COJICH, HAPUMEp: JBOMHbBIC COJH, B KOTO-
PBIX cojiepIKaTcs JIBa pasHbIX KaTHOHA u OJTHH aHu-
on: CaCO3YMgCOs; (momomut), KCI-NaCl (cunbBunut), KAI(SO4), (amroMokasieBbie
KBAaCI[bl); CMEIIIAHHBIE COJIH, B KOTOPBIX COAEPKUTCS OJMH KATHOH M JBa Pa3HBIX aHHO-
Ha: CaOCl; (mm CaCl(OCl)) — kanbiueBas coib consiHod u xjopHoBatuctor (HOCI) kucmor
(XJIOPHI-TUIIOXJIOPUT KaulbIusl). KOMIUIEKCHBIE COMUCOAEpKAT KOMIUICKCHBIC KATHOHBI HIIH
anmonsr: K3 [Fe(CN)g] 3, K4 [Fe(CN)s] ™, [Cr(H,0)sCI]**Cl, .

CoriacHo COBpeMEHHBIM HOMEHKJIATYPHBIM IIpaBHJIaM, HAa3BaHUsS COJIEH 00pa3yroTCs W3

Ha3BaHUsA aHWOHA B HMMCHHUTCIIBHOM IMAACKC W Ha3BaHUA KATHOHA B POAUTCIILHOM IIAACIKC.
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Hanpumep FeS - cynbdun xenesa (I1), Fea(SOy)s - cynbdar xenesza (I11). Atom Bomopoxaa, Bxo-
JAIIAA B COCTaB KHCJIOH coyd, oOO3Hadyaercs mpuctaBkoit euopo- (NaHSOjz; —ruapocysibdur
Harpus), a rpynna OH™ — npucraBkoii eudpokco- (Al(OH),Cl — nuruapokcoxopua amoMUHUS).
[Tpu n3yueHnn Bompoca HEOOXOIMMO 00OPATUTh BHUMAHKE Ha CIEIYIOIUE OCOOCHHOCTH.
Knaccudukarus:
* K KHCJIBIM COJISIM OTHOCSITCSI TAKHE, B KOTOPBIX aTOMBI BOJIOPOJIa B KHCIIOTE YaCTHYHO 3aMEHE-
HBl aTOMaMHU MeTaiuia. X MOKHO MOJIYYUTh C MTOMOIIBIO HEUTpAIU3allii OCHOBAHUS H30BITKOM
KHCJIOTHI.
* K cpeHUM COJISIM WM KaK MX €Ille HOPMAJIbHBIM, OTHOCSTCS TaKUe COJIM, Y KOTOPBIX B MOJIe-
KyJlaX KHCIIOTHI BCE aTOMbl BOJIOpPOJIa 3aMEIIEHbl Ha aTOMBI METaylla, HApUMEp, TaKhX, KaK
Na2CO3, KNO3 51 T.J.
* K OCHOBHBIM COJISIM OTHOCSTCS T€, TJI€ Y KOTOPBIX MPOUCXOUTh HEMOJHOE WM YaCTHYHOE 3a-
MCIICHUE TUIAPOKCHWIBHBIX TPYII OCHOBAaHWN KHCIOTHBIMH OCTaTKaMH, TaKUMH, Kak:
AI(OH)SO4 , Zn(OH)CI u T.J.
* B cocraBe ABOWHBIX cOJiell HAXOMUTCS JBAa Pa3IMYHBIX KAaTHOHA, KOTOPBIE TOJIYYalOTCs C I10-
MOIIbI0 KPUCTAUTU3AIUH M3 CMEIIAHHOTO PAcTBOpA COJICH ¢ pa3HBIMH KaTHOHAMU, HO OJMHAKO-
BBIMU AQHHMOHAMH.
* Ho, a Kk cCMEIIaHHBIM COJISIM OTHOCSITCS TaKHe, B COCTaBE KOTOPHIX HAXOISTCS JIBa Pa3IUUHbIX
aHMOHA. * TaKke CyIIeCTBYIOT KOMILICKCHBIC COJIM, B COCTaB KOTOPBIX BXOJIUT KOMIUICKCHBIH
KaTHUOH WJIM KOMIUICKCHBIH aHUOH.

4.6 Oprannyeckue noJuMepsbl

4.7. 3J1eMeHToopraaneclme, HECOPraHNvI€CKUE MOJINMEPLI

4.8 Hcropus pa3sBUTHSA YUeHHs 0 cTpoeHuH aToma. [lepBbie Mogen aToMOB.

[Ipu u3yyenun Borpoca He0OXOUMO 0OPAaTUTh BHUMAHHE Ha CIIEAYIONNE OCOOEHHOCTH

OTKpBITHE CII0XXHOTO CTPOEHHSI aTOMa — Ba)KHEHIINI ATall CTAHOBJIEHUS! COBPEMEHHON (hu-
3uKku. B mporecce co3gaHus KOJIMYECTBEHHOW TEOPUHM CTPOEHUS aToma, MO3BOJIMBILIEH 00bsC-
HUTb aTOMHBIE CUCTEMBbI, ObLTM CPOPMHUPOBAHBI HOBbIE MPEICTABICHUS O CBOMCTBaX MHUKpOYa-
CTHII, KOTOpBIE OITACBHIBAKOTCS KBAaHTOBOM MEXAHUKOM.
[TpencraBiaenne 06 aToMax Kak HEJSIMMBIX MEIbYaMIINX YaCTHULAX BEIIECTB, KaK yXe oTMeda-
JIOCh BBIIIIE, BO3HUKJIO €II€ B aHTU4HbIE BpeMeHa ([lemoxpur, Onukyp, Jlykpenuii). B cpennue
BeKa y4yeHHe o0 aromax, Oyqy4d MaTepUalIMCTHUECKUM, HE MOIXydwio npusHaHus. K Hauamy
XVIII B. aromucTudeckas Teopusi IpuodpeTaeT Bce OONbIINYI0 MOMyJsIpHOCTh. K 3 TOMy Bpemenu
pabotamu ¢paniy3ckoro xumuka A. JlaByasbe (1743—1794), Benukoro pycckoro yyenoro M.B.
JlomonocoBa u anrimiickoro xumuka u pusuka J{. Janstona (1766—1844) Obuta mokaszaHa pe-
AJIBHOCTh CYIIECTBOBAHUSA aToMOB. OHAKO B 3TO BPEMsI BOIIPOC O BHYTPEHHEM CTPOEHUU aTo-
MOB Jla)k€ HE BO3HUKAJI, TAK KaK aTOMbl CUUTAINCh HEJIEITUMbBIMHU.

bonbiiyto posib B pa3sBUTHM aTOMUCTHYECKON TEOPUU CBITPAJl BBIIAOLIUICS PYCCKUN XU-
muk .. Mennenees, pazpabotaBiiuii B 1869 r. mepuoandecKkyro CUCTEMY JIEMEHTOB, B KOTO-
poii BIepBbIe HA HAYYHOH OCHOBE OBLI IMOCTABJIEH BOMPOC O €AWHOM mpupozae atomoB. Bo BTO-
poit monoBuHe XIX B. OBUIO 3KCHEPUMEHTAIBHO JOKA3aHO, YTO AJIEKTPOH SIBIIAETCS OJHOU W3
OCHOBHBIX YacTei JII00Oro BemiecTBAa. DTH BBIBOJbI, a TAaKKE€ MHOTOYHCIIEHHBIE HKCIEPUMEH-
TaJbHbIE JTAHHBIE MPUBEIN K TOMY, 4TO B Hadajge XX B. CEpbE3HO BCTaJ BOMIPOC O CTPOCHUH
aToMa.
CymiecTBoBaHNE 3aKOHOMEPHOW CBSI3M MEXJYy BCEMU XMMHMUYECKHMHU DJIEMEHTaMH, SIPKO BbIpa-
JKEHHOE B NEPUOJNYECKON cucTeMe MeHzeneeBa, HaTAJIKUBAET HA MBICIb O TOM, YTO B OCHOBE
CTPOEHHS BCEX aTOMOB JISKUT 00Illee CBOMCTBO: BCE OHU HAXOMAATCS B OJIM3KOM POJICTBE IPYT C

JIPYTOM.
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Onnako 1o xoHna XIX B. B XMUMHM T'OCHOJCTBOBAIO MeTapU3NYECKOe YOEKICHHE, UTO
aTOM €CTh HaMMEHbIIasg 4acTHUIlA IPOCTOr0 BELIECTBA, NOCIECIHUN TIPeie IETUMOCTH MATEPUN.
IIpy Bcex XMMMUYECKHUX IPEBPALICHUAX Pa3pPYyLIAIOTCA U BHOBb CO3JAIOTCA TOJIBKO MOJIEKYIIBI,
aTOMBI K€ OCTAlOTCS HEU3MEHHBIMHM M HE MOTYT JpoOuThbcs Ha Oojiee MENKUE YacTu.
Paznuunble NpeanosoKeHuss 0 CTPOEHUU aToMa JO0JI0€ BPEMsS HE NMOATBEPKIAIUCh KaKUMM-
100 SKCIIEPUMEHTANBHBIMUA AaHHBIMU. JIuib B koHe XIX B. ObUIHM CAENaHbl OTKPBITHS, TOKa-
3aBLIME CIIOKHOCTh CTPOCHHUSI ATOMA U BO3MOKHOCTD IIPEBPALEHUS [IPU ONPEEICHHBIX YCIOBU-
X OJHUX aTOMOB B Jipyrue. Ha ocHOBe 3TUX OTKPBITUI Hayano ObICTPO pa3BUBATHCA YUEHUE O
CTPOCHHMHM aTOMA.

[lepBbie KOCBEHHBIE TOJATBEPKICHHUS O CIOXHON CTPYKTYpPE aTOMOB OBLIM MOJYYEHbI MpPU
WU3Y4YEHUHU KATOJHBIX JIy4el, BOZHUKAIOIIUX IIPU IEKTPUYECKOM Pa3psiiec B CHIBHO pa3peKeH-
HbIX razax. Ml3yueHue cBOMCTB 3TUX JIyded MPUBEIIO K 3aKJIIFOUEHHIO, YTO OHU MPEACTABISAIOT CO-
00l MOTOK MeIbYalIINX YaCTUL, HECYIIIMX OTPULATENbHBIN 3JEKTPUUECKUN 3aps]] U JETSIINUX CO
CKOpOCTBIO, OJIM3KON K cKopocTu cBeTa. OcoObIMU MpUEMaMH YAAJIOCh OMPEAETIUTh Maccy Ka-
TOAHBIX YaCTHUIl U BEJIMYMHY UX 3apsAJa, BBIICHUTH, YTO OHU HE 3aBUCAT HU OT IPUPOABI rasa,
ocTarolerocss B TpyOke, HU OT BEIIECTBA, U3 KOTOPOTO CHENAHBI AJIEKTPOJIbI, HU OT MPOYHX
ycioBHi onbiTa. Kpome TOro, KaTo{HbIE 4YaCTULIBI U3BECTHBI TOJIBKO B 3aPSKEHHOM COCTOSIHUU U
HE MOTYT OBITh JIMIIEHBI CBOMX 3aPs/I0B U MPEBPAILEHBI B JIEKTPOHEUTPAIbHBIE YACTHIIBI: JICK-
TPUYECKUN 3apsii COCTABISET CYIIHOCTh MX HPUPOJBL. ODTH YacTUILIbl, IOJIy4YMBIIHE Ha3Ba-
HUE 91eKmpOoHO8, ObLIN OTKPBITHI B 1897 1. anrnmiickum ¢usukom Jx. TomMmcoHoM.

4.9 Atomuble cnekTpsl. [loctynarsl bopa

[Tpu n3yueHnn Bompoca HEOOXOIMMO 0OPATUTh BHUMAHKE Ha CIIEIYIOINUE OCOOCHHOCTH.
IlepBasi momnbITKa MOCTPOUTH KAYECTBEHHO HOBYIO - KBAHTOBYIO - TEOPUIO aToma Oblia Ipen-
npunsaTa B 1913 r. garckum ¢pusukom Hunbcom bopom (1885--1962). On nocrasui nepea co0oii
LeNIb CBA3aTh B €JMHOE LI€JI0€ 3MIMPUYECKHE 3aKOHOMEPHOCTH JINHEHYAThIX CIIEKTPOB, SLIEP-
HYI0 MoJienb atoMa Pesepdopia 1 KBaHTOBBIN XapakTep U3Iy4eHUs U TOTIOLIeHUs cBeTa. B oc-
HOBY CBO€M Teopun bop mosioxui aBa nocrynara.

[lepBsiit mocTynar bopa (moctynar crallmOHApHBIX COCTOSIHUM): B aTOME CYIIECTBYIOT CTa-
[IMOHApHBIE (HE U3MEHSIOIUECS CO BPEMEHEM) COCTOSTHUS, B KOTOPBIX OH HE M3TydaeT SHEpPIrUH.
CrannoHapHbIM COCTOSIHUSIM aTOMa COOTBETCTBYIOT CTAallMOHAPHBIE OPOUTHI, IO KOTOPHIM JIBU-
HKYTCSI SJIEKTPOHBI. J[BU)KEHHE 3JIEKTPOHOB IO CTAIMOHAPHBIM OpOUTaM HE CONPOBOXKIACTCS U3-
Jy4EHUEM 3JIEKTPOMArHUTHBIX BOJIH.

B cranvoHapHOM COCTOSIHMM aToMa 3JIEKTPOH, ABHUrasiCh IO KPYroBOW OpOHTE, JOJKEH
UMETh IUCKPETHbIE KBAHTOBAHHBIE 3HAUEHUSI MOMEHTA UMIIYJIbCa, YAOBIETBOPSIOLIUE YCIOBUIO

r.=nhk (=1 3, ...
meor, (a=1,23,.) (210.)
TJIe m, - Macca 3JIEKTPOHa, V - er0 CKOPOCTH 110 N-if opbuTe paauyca Iy,

h =h/(2p).
Bropoit noctynat bopa (mpaBuio 4acToT): mpu Mepexojie dMEeKTPOHA C OJHOM CTaIMOHAP
HOM OpOMTHI HA APYTYIO U3TydaeTcs (TIOrIomaeTcs) OAuH (POTOH ¢ IHEprUeH

hy=E,—En, (210.2)

PaBHOM pPa3HOCTU SHEPTUN COOTBETCTBYIOIIMX CTallMOHAPHBIX cocTosiHUU (En u En - coot-
BETCTBEHHO SHEPIHM CTAllMOHAPHBIX COCTOSHUN aToMa JI0 U MOCJe U3Iy4eHus (TOTJIOIIECHNUs)).
[Tpu E,,<E, npoucxoauT u3iydeHue GoroHa (Mepexoa aroma U3 COCTOSIHUA ¢ 00JIb 1Iei IHEepru-
eil B COCTOsIHUE ¢ MEHbILIEH HEPTuei, T. c. Mepexo IEKTPoHa ¢ OoJiee yaaleH HOH OT sipa op-
OuThl Ha Oojee Onu3nexamnlyw), npu E,>E,- ero norjiomieHre (mepexoj; aToMa B COCTOSTHUE C
OombIIel PHEpPTrHeH, T. €. MepPexo AIEKTPOHA Ha Ooliee yAalleHHYIO OT siapa opbuty). Habop
BO3MOXHBIX TUCKpeTHBIX 4acToT V = (E, — Em)/h KBaHTOBBIX mepexoloB U OnpeeNnser JInHen-
4aTblid CIIEKTP aToMa.
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4.10 TIpeamochblIKH BO3SHUKHOBEHHS MEPHOANMYECKOr0 3aK0OHA. 3HaYeHHe OTKPbITHUS NepH-
0MY€eCKOr0 3aKOHA
[Tpu u3yuennn Bompoca HeOOXO0IMMO 00pPATUTH BHUMAHHUE Ha CIEAYIOINE OCOOCHHOCTH.
Hano cka3zate, yTo B TeueHUe nepBbIX AecaTuaeTHi XIX B. B pa3BUTUN XUMUU HAOJII01aI1-
csl ObICTpBIN Mporpecc. Bo3HuKIIasi B caMOM Haydaje CTOJETHs, XUMHUUYECKash aTOMHCTHUKA SIBU-
Jach MOILHBIM CTUMYJIOM JUIsl pa3pabOTKH TEOPETUYECKUX MPOOJIEM U Pa3BUTHUSA SKCIIEPUMEH-
TaJbHBIX UCCIIEI0BAHUM, KOTOPBIE MPUBEIHN K OTKPBITUSM OCHOBHBIX XMMHUYECKUX 3aKOHOB
IlepBble NONBITKYA CUCTEMATU3UPOBATh U3BECTHBIE K TOMY BPEMEHH JIEMEHTBI IIPEIIIPHUHSI
B 1789r. A.JlaBya3be B cBoeM yueOHuke xumun. Ero Tabmimma mpocTeix Ten Bkirodana 35 mpo-
CTBIX BEIIECTB. A K MOMEHTY OTKpPBITUS IEPUOJUYECKOrO 3aKOHA UX YK€ HACUUTBHIBAIOCH 63.
Hano cka3atp, uyTo B nepBoii nojoBuHe XIX B. ydeHbIe Mpeaaraiy pa3inyHble KIacCH(PpHUKaIuu
3JIEMEHTOB, CXOHBIX 110 CBOUM CBOMCTBaM. OHAKO IOMBITKU YCTAHOBUTH 3aKOHOMEPHOCTHU H3-
MEHEHHM CBOMCTB B 3aBUCUMOCTH OT aTOMHOI'0 BECa HOCHJIM CIIyYalHbIN XapakTep U OrpaHU4dU-
BAJIUCh OOJIbIIEH YacThIO KOHCTATAl[Med OTJENIbHBIX (PaKTOB MPABUIBHBIX OTHOILEHHH YHCIICH-
HBIX 3HAYEHUH aTOMHBIX BECOB MEX]y OTAEIbHBIMU 3JIEMEHTAMU B TPYIIAX CXOAHBIX AJIEMEH-
toB. Hanpumep, Hemenkuii xumuk W.JI€6eperinep B 1816 — 1829rr. npu conocraBieHUHd aTOM-
HBIX BECOB HEKOTOPBIX XMMHMUECKU CXOJHBIX 3JEMEHTOB HallleJ, YTO Ui MHOTHX IIMPOKO pac-
IPOCTPAHEHHBIX B IPUPOAE TEMEHTOB 3TH UYMCIIA AOBOJBHO OJNM3KH, a /Uil TaKUX 3JIEMEHTOB,
kak Fe, Co, Ni, Cr, Mn, oHM paKTUYECKU OJWHAKOBBI. KpoMe TOro, OH OTMETHII, YTO OTHOCH-
TeJIbHBIM aToMHBINA Bec SrO mpencTasisieT co00il mpubIM3UTENbHOE cpefiHee apupMeTHIECcKoe
u3 aromubix BecoB CaO u BaO. Ha stoii ocHoBe [lebepelinep mpeioxkuil 3aKOH TPHaj, COCTO-
AU B TOM, YTO CXOJIHbIE IO XUMHUYECKUM CBOMCTBAM 3JIEMEHTHI MOT'YT ObITh CBEJIEHBI B IPyI-
bl 110 TpH dyieMenTa (Tpuanabl), Hanpumep Cl, Br, J wnu Ca, Sr, Ba. IIpu 3TomM aTomHBII Bec
CPEIHEro 3JIeMEHTa TpUa/abl OJIM30K K [TOJIOBUHE CYMMbl aTOMHBIX BECOB KpailHUX 3JI€eMEHTOB.
Cpenu apyrux uccneaonarteneid, 3anumabmuxcs B 60-x rogax XIX Beka conocraBieHUusIMH
ATOMHBIX BECOB JJIEMEHTOB C YYE€TOM MX Pa3JIMYHBIX CBOMCTB, MOXXHO Ha3BaThb HEMELKOIO XH-
muka J.Meiiepa. B 1864r. on ony0nukoBan kHury CoBpeMeHHbIE TEOPUH XUMHUHU U UX 3HAUECHUE
JUI XMMHYECKO CTaTWKM B KOTOpOM mpuBereHa Tabnuua u3 44 31eMEeHTOB (M3BECTHO B 3TO
BpeMmsi 63), pacCTaBIE€HHBIX B IIECTH CTOJIONAX B COOTBETCTBUHU C MX BAJIEHTHOCTHIO IO BOAOPO-
ny. U3 aToii Tabnuiel BUIHO, yTOo Meliep cTpeMusics, Mpexae BCero, KOHCTaTUPOBAaTh MPAaBUIIb-
HOCTb B Pa3HOCTSX 3HAYEHHUI aTOMHBIX BECOB B IpyMIax CXOJHBIX 371eMEeHTOB. OJIHaKO OH ObLI
Jlafiek OT TOro, YTOOBI 3aMETUTh HauloJiee CYIIECTBEHHYIO YepTy BHYTPEHHEH CBSI3U MEXIY
AJIEMEHTaMH — MEPUOJUYHOCTh UX CBOMCTB. [laxke B 1870r., yke mocie nosiBI€HNs HECKOJIbKHUX
coobmenuit /I.M1.MenneneeBa o mepuoauvyeckoM 3akoHe, Melep, onmyOIMKOBAaBIINM KPHUBYIO
NEPUOANYECKOr0 U3MEHEHHSI aTOMHBIX 00bEMOB, HE CMOT' YBHUJIETh B ATOW KPUBOM, MpeACTaBIISI-
fouieid co0oi 0JHO M3 BBIPAKEHHH NEPHOAMYECKOrO 3aKOHA, OCHOBHOIO IPH3HAKa 3aKOHA.
Mexny Tem, yepe3 HECKOJIbKO MECSIIEB MOCe MosABIeHUs nepBbix coobennii [I.11.Menneneesa
00 OTKPBITOM UM NMEPHOAMUECKOM 3aKoHe, JI.Meiiep BBICTYIUII ¢ IpeTeH3UeN Ha IPHOPUTET 3TO-
rO OTKPBITUS U B TEUEHHE PsiAa JIET HACTOMUMBO BBICKA3bIBAJl IPUTSA3AHUS 110 3TOMY MOBOJY.

4.11 UcTropuyecKkue NpeanocbliKi Pa3BUTHS TEOPUHM CTPOEHHUS BelllecTBa.

ITpu u3yueHnn Bompoca HEOOX0AMMO OOPATUTH BHUMAHHUE Ha CIEAYIOIUE OCOOCHHOCTH.
PaGoTsr MPEIIECTBEHHUKOB A. M. Bbytneposa
1. Benenue ¢paniyzckumu xumukamu JI. 'ntonom e Mopso u A. JlaByasbe TepMHUHA «pajaul-
KaJl» U UCTOJIKOBAaHUE OPTaHWYECKOM XMMHUM KaK XUMHH CIOKHBIX pagukaino (K. [roma u .
Benep).

B 20—30-x rr. XX B. mpomuioro cronetus chopMupoBazack Teopus paankanos (M. Bepuemnyc,
1O. JInbux, XK. J{roma), ssBUBIIASCS OJHOM U3 MEPBBIX MOIBITOK OOBSCHUTH MPUPOAY OpraHuYe-
CKMX BemecTB. CYMTANIOCh, YTO OPTaHMYECKHUE BEIIECTBA IOCTPOCHBI U3 PAJUKAIOB — IPYII
aTOMOB, 0€3 U3MEHEHHS MEPEXOIAIINX U3 OJHOTO COCUHEHUS B IPYTroe MPU XUMUYECKUX Peak-
nusx. Panukanel paccMaTpuBaiy Kak «OUIMHHBIE 3JIEMEHTBI OPraHMYECKON XUMHUW» U CUATAIH
UX YCTOWYMBOCTH IOCTOSHHBIM CBOMCTBOM. Takue NMpeacTaBICHHS MOTYT ObITh OLIGHEHBI Kak
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OJIHOCTOPOHHHUE, XOTs UX MPU3HAIOT U B HACTOSIIEE BPEMs, KOT/Ia I0Ka3aHO CYILIECTBOBAHHUE OP-
TaHUYECKUX PaJMKAIOB KaK MPOMEKYTOUYHBIX YaCTHII, BO3HUKAIOUIUX B X0/1€ XUMUYECKUX peak-
Ui, DTUM HE MCUYEPIBIBACTCS MHOTOOOpa3Has MPUPOAa OPraHUYECKUX BEIISCTB M MX IpeBpa-
meHuit. 2. Co3mpanue Teopun TUNOB (ppanmysckumu xumukamu K. roma, 1. XKepapom u O.
Jlopanom (1848—1853), coriiacHO KOTOPOH OpraHMYECKUE BEIIECTBA PACCMATPUBAIOT KaK IMPO-
M3BOJIHBIE MPOCTEUIINX HEOPraHMYECKUX BEIIECTB: BOAOPO/Ia, XJIOPOBOIOPOAA, BObI, aMMHUAKA.
Takue GpopMybl HECKOJIBKO MOX0KH Ha COBpeMEeHHbIE. HO CTOPOHHUKM TEOpHH TUIIOB HE CUH-
TaJIM UX OTPAXKAIOIIKMMHU PeabHOE CTPOEHHUE BEIIECTB U MUCATH MHOXKECTBO PA3IMYHBIX (HOpMYIT
OJIHOTO COEJIMHEHMS B 3aBUCHUMOCTH OT XMMHUUYECKHX PEaAKIUi, KOTOPbIE MBITATUCH 3alucaTh C
nomouibio 3tux (opmyn. CTpoeHUE MOJIEKY OHHM CUMTAIU MPUHIMIIMAIBLHO HEMO3HABAEMBbIM,
YTO HAHOCUJIO BPEJl Pa3BUTHUIO HAYKH.

3. Beenenne M. Bepremuycom B 1830 T. TepMHHA «H30MEpHs» ISl SABICHHS CYIIECTBOBAHUS
BEIIECTB OJMHAKOBOT'O COCTaBa, 00JIa/IAl0IINX Pa3IMYHBIMU CBOMCTBAMHU.

4. VYcnexu B CHHTE3€ OPraHMUYECKUX COCTUHEHUI, B pe3yabTaTe KOTOPBIX OBLJIO pa3BesiHO yue-
HUE O BUTAJU3ME, TO €CTh O <CKU3HEHHOU CHIe», MO BIUSHUEM KOTOPOU SIKOOBI B OpraHU3MeE

JKUBBIX CYIIECTB o0Opa3yrTcs OpraHUYecKue BEIIIeCTBA:
* B 1828 r. ®. Benep 13 HEOpraHUYECKOTO BEIIECTBA (IIMAHATA AMMOHHMS) CHHTE3UPOBAJI MOYe-
BUHY;

. B 1842 r. pycckut  xumuk H. H. 3uHMH  nDoayuwsn — aHWIMH;

B 1845 r. mnemenkuii xumuk A. Konbbe cHHTE3HpOBaNI YKCYCHYIO KHCIOTY;
B 1854 1. ¢panmysckuii xumuk M. beptio cuHTE3WpoBan JKUpH, U, HaKOHEI,
B 1861 r. cam A. M. bByrmnepoB cuHTE3upoBal caxapomoJo0HOE BELIECTBO.
5. B cepenune XVIII B. xumusi CTaHOBUTCS OoJiee CTporoit Haykoi. B pesynbrare pador D.
@panknanga u A. Kekyne yTBepAuIoCch HOHATHE O BAJIEHTHOCTH aTOMOB XMMHMUYECKHX JIEMEH-
ToB. Kekyne pa3Buil peicTaBiIeHUE O YETbIPEXBAJICHTHOCTH yriiepoja. binarogaps tpynam Kan-
HUIIIAPO YeT4e CTAIHU MOHATHS 00 aTOMHBIX U MOJIEKYJISIPHBIX MaccaX, yTOUHEHbI UX 3HAUCHUS U
CIoCcoObI OTIpeIeTICHUSI.
B 1860 r. 6osiee 140 Benymux XUMHKOB U3 pa3HbIX cTpaH EBpormbl coOpanuck Ha MeXAyHApOI-
HBII KOHrpecc B I. Kapicpys. Konrpecc ctan oueHb BaXXKHBIM COOBITHEM B UCTOPUU XUMHHU: ObI-
a1 0000IIEHBI yCIIeXU HayKH U MOATOTOBJIEHBI YCIOBUS Ul HOBOTO 3Tana B pa3BUTHMU OpPraHu-
YECKOM XMMHHM — TMOSIBICHUS TEOPUU XUMHUYECKOI'O CTPOCHHSI OpraHMYecKkux BemecTtB A. M.
byrneposa (1861 r.), a Takxe 11 dynaamentansHoro otkpbitist J. M. MenneneeBa — Ilepuo-
JTUYECKOTO 3aKOHa " CHUCTEMBI XUMUYECKUX 3JIEMEHTOB (1869 r.).
B 1861 r. A. M. bytiepoB BbICTYNWII Ha Che3/€ Bpadel U ectecTBoucneiTareneil B r. [Ineiepe ¢
noknagoM «O XMMHMUYECKOM CTPOCHMM Tel». B HEM OH M3JI0XKHWII OCHOBBI pa3paboOTaHHOW UM
TEOPUU XUMHUYECKOIO CTPOCHUSI OPTaHUYECKUX coeAMHEHUN. 1o XMMUUECKUM CTpOEHUEM yue-
HBII MOHUMAJI IOPSAJOK COEIMHEHUS aTOMOB B MOJIEKYJIax.

4.12 CBoiicTBa MOJIEKYJI € Pa3JIMYHBIM THIIOM CBSI3H

ITpu u3yueHnn Bonpoca HEOOXO0IMMO OOPATUTh BHUMAaHHE Ha CIIETYIOIUE OCOOCHHOCTH.

Menpyaiinieit yacTuilel BEIecTBa SBISIETCS MOJIEKysia, 00pa3yromascs B pe3ybTare B3a-
UMOJZICICTBUS aTOMOB, MEK1Y KOTOPBIMU JACUCTBYIOT XMMUYECKUE CBA3U UM XUMHUUYECKAs CBS3b.
VYueHne 0 XUMHYECKON CBSI3U COCTABISIET OCHOBY TEOPETUYECKON XUMUU. XUMUYECKasl CBSI3b
BO3HHMKAeT IPU B3aUMOJIeHCTBUH ABYX (MHOTa Oojiee) aroMoB. OOpa3oBaHKe CBSI3U MPOUCXOIAUT
C BBIJICJICHUEM DHEPIUH.

XuMHYECKas CBA3b — 3TO B3aUMOJECUCTBUE, KOTOPOE CBA3BIBAET OTACIIBHBIE aTOMBI B MOJIE-
KYJIbl, MOHBI, KPUCTAJUIBI.

XUMHYECKas CBA3b 10 CBOCH MPUPOJAE €IMHA: OHA UMEET JIEKTPOCTATUYECKOE IIPOUCXOXK-
nenue. Ho B pa3HOOOpa3HbIX XUMUYECKUX COEMHEHUAX XUMUYECKas CBSI3b ObIBAET PA3IMYHOTO
TUIa; HauboJiee BayKHBIE THITHI XUMHUYECKON CBSI3U — 3TO KOBAJICHTHAs (HETIOJIsIpHAs, TTOJIpHast),
MOHHAs, METAJIINYECKast. Pa3HOBUIHOCTAMHU 3THX THIIOB CBSI3U SIBJISIFOTCS JOHOPHO-
aKILENTOpHAas1, BOJOPOAHAS U Ip. MexXy aTOMaMHu METAJIOB BOZHUKAET METAJNINYECKAsI CBA3b.
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XuMH4eckas CBs3b, OCYIIECTBIIIEMAs 32 CYET 00pa30BaHusl OOIIEH, WK MOCTICHHOM, T1a-
PBI WJIM HECKOJIBKUX Iap 3JEKTPOHOB, Ha3bIBAETCS KOBAJIEHTHOI. B 0Opa3oBanue ogHoi 00111eit
Iapsbl AJIEKTPOHOB KaX bl aTOM BHOCHUT 110 OHOMY 3JIEKTPOHY, T.€. y4aCTBYET «B PaBHOM J10-
ne» (JIstouc, 1916 r.). Huke npuBeneHpl cXemMbl 00pa30BaHUs XMMUYECKUX CBS3CH B MOJICKYJIaX
H2, F2, NH3 u CH4. DnekTpoHsbl, MpUHAIekKAIIUE Pa3IMYHbBIM aTOMaM, 0003HaYeHbI pa3iny-
HBIMU CUMBOJIaMHU.

B pe3ynbrate 00pa3oBaHus XUMHUYECKHUX CBSA3CH KK/ U3 aTOMOB B MOJICKYJIC HUMEET
YCTOHYMBYIO IBYX- U BOCBMHUJIEKTPOHHYIO KOH(PUTYypaIHIO.

[Ipy BOBHUKHOBEHUH KOBAJIEHTHOM CBSI3U IIPOUCXOIUT MEPEKPHIBAHUE AIEKTPOHHBIX 00J1a-
KOB aTOMOB C 00pa30BaHUEM MOJIEKYJISIPHOTO 3JIEKTPOHHOTO 00J1aka, COMPOBOXKIAIOIIEECs Bbl-
UTPBILIEM YHEPTUU. MOJIEKYISIPHOE AIEKTPOHHOE 00JIaKO pacroiaraeTcsi MexIy IeHTpaMu
00oux siaep 1 001a/1aeT MOBBIIICHHOMN 3JIEKTPOHHOM MJIOTHOCTHIO IO CPABHEHHUIO C TUIOTHOCTHIO
aTOMHOT'O 3JIEKTPOHHOT'O 00JIaKa.

Ocy1ecTBiieHHE KOBAJIEHTHOM CBSI3U BO3MOKHO JIMILb B CJIy4ae aHTUNAPAJUICIIbHBIX CIIU-
HOB HECIIAPEHHBIX AICKTPOHOB, MPUHAJIEKAIMX Pa3IndHbIM aroMaMm. [Ipu napamienbHbIX criu-
Hax 3JICKTPOHOB aTOMbI HE IPUTATUBAIOTCS, a OTTAIKUBAIOTCS: KOBAJICHTHAS CBSI3b HE OCY-
HIecTBIsLeTCs. MEeTO OMMCaHusl XUMUYECKOH CBS3H, 00pa3oBaHHE KOTOPOI CBS3aHO C 00IIen
AJIEKTPOHHOMW Mapoi, Ha3bIBAE€TCS METOJIOM BalleHTHBIX cBsizell (MBC).

4.13 Tunbl KPUCTAIIHYECKHX PelIeTOK

[Tpu u3y4yeHnn Borrpoca HEOOXOIMMO 0OpAaTUTh BHUMAHHE HA CIICAYIONUE OCOOCHHOCTH.

B coBOKYITHOCTH pa3iaM4HbIE TUIBI KPUCTALIMYECKUX PEIIETOK BEIIECTB MPEACTABISIOT
Cc000M CETKH C pa3IUIHON IPOCTPAHCTBEHHON OPUEHTAIIMEH, B Y3JIaX KOTOPHIX PACIIOIararoTCs
MOHBI, MOJIEKYJIBI UJIM aTOMBL. JTO CTAa0MIBHOE T€OMETPUUYECKOE TPOCTPAHCTBEHHOE MOJIOKECHHE
Y Ha3bIBAETCS KPUCTALNIMYECKOM PEIIETKOM BellecTBa. PaccTosiHue Mexay y3J1aMu OJTHOUM KpHU-
CTaJUIMYECKOW YEHKHN HA3bIBAETCS EPUOIOM UIACHTUYHOCTU. [IpoCTpaHCTBEHHBIE YTIIIbI, MO
KOTOPBIMHU PACIOJIOKEHBI Y3JIbI SSUCHKH, Ha3bIBAIOTCS MapaMmeTrpaMu. [1o cocoOy moctpoeHust
CBSI3€H KpUCTANTMYECKUE PEIIETKH MOTY OBITh POCTHIMU, 02301IEHTPUPOBAHHBIMU, TPAHEIICH-
TPUPOBAHHBIMH U 0OBEMHO-IIEHTPUPOBAaHHBIMH. ECITH 4acTUIIBbI BEIIECTBA PACIIOIOKEHBI JIUIIH B
yrilax napajuiesienureia, Takask peleTka Ha3bIBaeTCs IPOCTOM.

Ecnu, kpoMe y3710B, 4aCcTHUIIBI BENIECTBA PACTIONOKEHBI U B CEPEAMHE MPOCTPAHCTBEHHBIX
JTUaroHayiel, To TaKoe MOCTPOSHHE YacTHIl B BELIECTBE UMEET Ha3BaHUE 00BEMHO-
LHEHTPUPOBAHHON KPUCTATNYECKON PEIIETKH.

Ecau xpome y3710B B BepIIIMHAX PELIETKH UMEETCS Y3€ll U B MECTE, /i€ IEPEeCeKarOTCs BO-
oOpakaeMble TUaroHaJIM MapajuieNienuIiesia, TO epe BaMu - TpaHeIEeHTPUPOBAHHBIN THUII pe-
HIETKU.

4.14 BopopoaHas cBsi3b

[Tpu n3yueHnn Bonpoca HeOOX0IMMO OOPATUTh BHUMAHUE Ha CIIEAYIOIINE OCOOEHHOCTH.

MexMoeKyaspHble BOJIOPOIHBIE CBSA3H 00YCIOBIMBAIOT aCCOLUALIMIO0 MOJIEKYIT, YTO IIPH-
BOJIUT K MOBBILICHUIO TEMIIEPATyp KUTICHU U IJIaBJIeHUs BellecTBa. Hampumep, STHI0BBIH
ciupt CoHs0OH, criocoOHBIi K acconpanyu, KUuT npu +78,3°C, a AMMETUIIOBbBIN 3hup
CH30CH3, He o6pa3yromnuii BOZOpOAHbIX cBsi3eil, b npu 24°C (MonekynsipHas popmyna
o6oux BemectB C,HgO).

O6paszoBanue H-cBsizell ¢ MosiekyiaMu pacTBOPUTEINS CIOCOOCTBYET YIIYUILIEHUIO PacTBO-
pumoctu. Tak, metunosslil u 3tunnoBeli ciuptsl (CH30H, C,HsOH), 06pasys H-cBsizu ¢ more-
KyJIaMH BOJIbl, HEOTPAaHUYEHHO B HEW pacTBOPSIOTCA.

BuyTpuMonekymsipHas BOJOPO/IHAs CBSA3b 00pa3yeTcs Npu OJIaronpusTHOM IPOCTPaH-
CTBEHHOM PAacIOJIOKEHUH B MOJIEKYJIE COOTBETCTBYIOLIMX TPYII aTOMOB M CHIEIIU(PUUECKH BIIU-
seT Ha cBocTBa. Hanpumep, H-CBsI3b BHYTpH MOJIEKYJT CATTUIIMIIOBOM KUCIOTHI MOBBIIIAET €€
KHCJIOTHOCTb.
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4.15 BHyTpeHHSsISl JHEPTUsI CHCTEMBbI

ITpu n3yuenuu Bonpoca HEOOXOUMO OOPATUTh BHUMAHHE Ha CIENYIOLUE OCOOEHHOCTH.

BuyTpeHHs dHEeprus TEpMOAUHAMUAYECKON CUCTEMBI OIIPEEIeHa C TOYHOCTBIO J0 IPOU3-
BOJIBHOM MOCTOSIHHOM BEJIMYUHBI.

BuyTpeHHss dHeprus TepMOAMHAMAYECKON cUCTeMbl U COCTOUT U3 SHEPIUU ABUKECHUS
MOJIEKYJI, SHEPIUi MOJIEKYISIPHOT0, BHYTPUATOMHOI'O U APYI'UX B3auMmojeicTBuil. B obmem
CiIy4ae IIpu TEPMOAMHAMUYECKOM aHAIN3€ BHYTPEHHIOIO SHEPTHUIO HE Pa3JeisaOT Ha COCTaBIIsA-
IOLIME YaCTH, & CYUUTAIOT, YTO OHA ABJSETCA (PYHKIMENH COCTOSHUS, T.€. ONpe/eNsieT BHYTpEHHEee
COCTOSIHME CUCTEMBI U 3aBUCUT OT I1APAMETPOB COCTOSHHSI.

OKCIIEpUMEHTAIIBHBIE HCCIIEI0BAaHUS CBOMCTB ra30B MOKAa3aJIM, YTO BHYTPEHHSSA SHEPI U
UJICAIBHOTO I'a3a 3aBUCUT TOJIBKO OT €ro TEMIIEpaTyphl U HE 3aBUCUT OT JAABJICHUSA I'a3a U 3aHU-
MaeMoro UM o0beMa.

N3meneHne BHYTpeHHEN S3HEPIrUU TEPMOJINHAMUYECKON CUCTEMBI BCET]a COIIOCTABIISAETCS C
(bU3NUEeCKUMU BETMYMHAMU: KOJIMYECTBOM pabOThl, KOJIMYECTBOM TEPMHUUYECKOIO BO3AECUCTBYS,
KOJIMYECTBOM XMUMHMUYECKOT'O MIIN JIEKTPUYECKOTO BO3ICHCTBHSL.

B 3aBucuMOCTH OT CBOIMCTB U KOHKPETHBIX YCIOBUN CHCTEMY MOXHO 3aCTaBUTh JIMOO Ie-
penaBaTh 4YacTh CBOEH BHYTPEHHEH 3HEpruu, JInO0 BOCHIPUHUMAThH BO3/IEHCTBHS OT OKpYKato-
e Cpeasbl.

V3meHenne BHYTpEHHEN SHEPTrUU TEPMOINHAMUYECKON CHCTEMBI PABHO PA3HOCTH MEXKY
KOJINYECTBOM TEIIOTHI U KOJIMYECTBOM MEXaHUYECKOH paboThI.

Bo BHYTpPEHHIOIO S3HEPTUIO TEPMOJAMHAMUYECKON CUCTEMBI HE BKJIIOYAIOT ITIOTEHIIUAIBHYIO
SHEpruio, 00yCIOBICHHYIO TOJI0KEHUEM CUCTEMBI B IPOCTPAHCTBE, a TAKKE KUHETHYECKYIO
SHEPTHUIO IBUKEHUS CUCTEMBI KaK L[EJI0T0.

V - BHYTpEHHSs SHEPTUsl TEPMOJMHAMUYECKOH cuctembl; Et - sneprus ( - ro Tena okpy-
MKAIOLIEeH cpesibl; / - 00IIee YUCIIO0 TaKUX TeIl.

4.16 O0paTuMble peakuuy B TEXHOJIOTHYECKHX Mpoleccax
ITpu n3yuenun Bonpoca HEOOXO0IMMO OOPATUTh BHUMAaHHE Ha CIEIYIOIHEe OCOOCHHOCTH.

OObpaTumble 1 HEOOpAaTUMBIE XMMHUECKHUE MPOLECChl. XUMHUECKOoe U (pa3oBOe paBHOBE-
cun. PaKkTOpbl, BO3ACHCTBYIONME HA XMMUYECKOe paBHOBecHE. MeTo/Ibl yIpaBlIeHHUs] TEXHOJIO-
THYECKUMH TIPOILIECCAaMU, OCHOBAaHHBIE HA M3MEHEHUH CKOPOCTH XUMHUECKUX PEAKINA U CMelIie-
HUHM XMMHYECKOTO PABHOBECHS.

Peaknus, nporekaromiast 10 KOHIIA, TO €CTh JI0 MOJTHOIO U3PACXOJOBAHUSI OJHOIO U3 pea-
THPYIOLIUX BEIIECTB Ha3bIBACTCS HEOOPAaTUMOH.

Hanpumep: B3aumoeiicTBUE aIFOMUHMS C COJSTHOW KUCIOTON uaeT Heoopatumo. OOpat-
HBII TpOLIeCC B3aMMOJEHCTBHS XJIOpU/IA aIOMUHUS U BOJOPOZA C IMOJIyYCHHEM AITIOMHUHUS U
COJITHOM KUCJIOTBI HEBO3MOKEH.

OnHako OGONBIIMHCTBO XUMHUYECKUX PEaKLUil MPOTEeKaeT He 0 KOHIIA, KOrJla HU OJTHO U3
MCXOJIHBIX BEIIECTB HE PACXOIYETCS TIOTHOCTHIO. Takue peakiny Ha3bIBalOTCSl 00PaTUMBIMHU.

B ypaBHeHMSIX 00OpaTUMBIX peakiMii BMECTO 3HaKa PaBEHCTBA OOBIYHO CTABAT Pa3HOHa-
IIPABJIEHHBIE CTPEJIKH, KOTOPbIE XapaKTepU3yIOT OJJHOBPEMEHHOE TPOTEKAaHUE MPOIIECCOB B JIBYX
B3aMMHO MTPOTHBOIOJIOKHBIX HAPaBICHUAX:

Hy+ 1, & 2 HI

4.17 IopsAaoK U MOJIEKYJISIPHOCTH peaKkuuu
[Tpu n3yueHnnn Bonpoca HeOOX0IMMO OOPATUTh BHUMAHHE Ha CIEAYIOIE 0COOEHHOCTH.
Yucno MoneKyi, BCTYHNAOMIUX B PEAKIIUIO, ONPENENIAIOT MOJIEKYISIPHOCTD PEAKLIUU.

Tak, ecnu B peakliMio BCTYIIAET OJHA MOJIEKYJIa, TO TaKasl peaKls Ha3bIBa€TCsl MOJIEKY-
JspHOM peakuueld. Ecnu B peakiiny yuacTBYIOT JIB€ MOJIEKYIIbI (0e3pa3iuyHo, OJUHAKOBBIE WU
HET), TO TaKas Peaklys Ha3bIBaeTCsl OMMOJIEKYISIpHON. BeTpedaroTest Takyke TpUMOJIEKYIISIpHbIE
PEAKIHH.
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Peaxiiuu Gosiee BHICOKOI CTENEHN MOJIEKYISIPHOCTH KpalHe peIKH N3—3a MaJloi Bepo-
ATHOCTH OZHOBPEMEHHOI'O CTOJIKHOBEHHSI OOJIBILIOrO YHCIa MOJIEKYJI.

[TosTOMy GOJBIIMHCTBO pEeAaKLUi MPOTEKAIOT B HECKOJIBKO 3JIEMEHTAPHBIX, MPOCTHIX
CTaJuil, B KOTOPBIX y4acTBYET HEOOJIBIIOE YHUCIIO MOJIEKYIL.

Onpenenutb TakUe CTaJUU — 3HAUUT ONPEACIUTh MEXAHU3M, WIH IIyTh PEaKLUU.

CkopocTb Beell peakiy ONpeiessieTcsi CKOPOCThbIo €€ HanboJiee MeJIEHHON CTauH,
KOTOpasi U OIIPEACIIACT MEXaHU3M.

ITo3TOMY 3aKOH JEHCTBYIOIIMX MACC CIPABEIUIMB TOJIBKO IS TAKMX JIEMEHTapHbIX CTa-
AU.

MoeKynspHOCTb peaKLiy JIETKO OIPENEIUTD B CIydae MPOCThIX PEaKLUi, IPOTEKaI0-
IIMX B O/IHY CTa/ini0. B OOJBIIMHCTBE K€ CIy4aeB JOBOJBHO TPYAHO HAWTH MOJIEKYIISPHOCTD
peaxkuuu.

ITosTOMY BBOIUTCS MOHATHE MOPSIAKA PEAKLUU, KOTOPBIA MOKHO HAaUTU U3 KUHETHYE-

CKHX YpaBHEHMI, [TOJIyY€HHBIX YKCIIEPUMEHTAIBHO.

[Topsaok peakuy 0 JaHHOMY BEILIECTBY PABEH CTEIEHH, B KOTOPOW KOHIICHTPALIUs
JTAHHOTO BEILECTBA BXOAUT B YPABHEHUE CKOPOCTH PEaKLUU.

CymMma nokasaTesieil CTerneHel, B KOTOPbIX KOHLIEHTPALMsI BCEX UCXO/IHBIX BELIECTB
BXOJUT YPaBHEHHME CKOPOCTH PEaKLM{, PaBHA MOPSAJKY peakuuu B 1enoM. [lopsanok xummuue-
CKOM peaKIMy 10 BEIIECTBY COBIAAAET CO CTEXHOMETPHIECKUM KOI(D(HUITMESHTOM peaKIiu
JIMILIB B OYEHB IIPOCTBIX PEAKLUAX, HAIPUMED B PEAKLIUU CUHTE3a HOAUCTOr0 BOJOPOIA:

H, + |, ® 2HI.

[Topsimok 3TOM peakuuu o BoAopoy (epBblit) U oy (IepBbIit) paBHbI CTEXHOMETPU-
YecKUMHU Kod(ppuireHTamu, a o0Immii MOPsIIOK peakiu (BTOPO) paBEH CyMMe CTEXHOMETPH-
4eCKUX KO3((UIIMEHTOB B YpaBHEHUH CKOPOCTHU PEaKIUH

B nopasinsromneM 60JIbIIMHCTBE CIIY4aeB MOPSIIOK PEAKIUU 110 BEIIECTBY OTIHYA-
eTcs OT CTEXMOMETPUYECKUX KOI((HUIIMEHTOB YpaBHEHUS pEaKkIMM Ui 3TOTO BELECTBA.

CoO0TBETCTBEHHO OOIIMI MOPAIOK peaKIIMKU OOBIYHO HE paBEH CyMME CTEXHOMETpUYe-
CKUX KOA((PHUIMEHTOB ypaBHEHUS PEAKIINU.

Hamnpuwmep, peakus

NO;+ CO® CO; + NO,
IIpH TeMIleparypax, MeHbIux 298K, mpoTekaeT no cieayneMy MEXaHu3My:
nepBas cragus nporecca: NO; + NO, ® NO3z + NO

BTOpas ctaaus npouecca: NOs;+ CO® CO; + NO;,

MPUYEM JIMMUTUPYIOIIEH, T.€. CKOPOCTh ONPEIEIISIONICH CTaueH SIBIIICTCS MIepBasi CTaIus
npoiiecca:
NO;+ NO, ® NO3 + NO
CornacHoO BTOPOMY MOCTYJIATY XUMHUYECKOW KHHETUKH, KOTOPBIN YTBEPKIAET, YTO CKO-
POCTh 3JIeMEHTapHOU (OHOCTAIMIHO ) PeaKIIUHU MPOIOPIIHOHATIBHA KOHIIEHTPAIIMH Pearupyro-
X BCHICCTB B CTCIICHAX, PABHBIX CTCXUOMETPUICCKUM KO3CI)(1)I/II_[I/IeHTaM, IIOJIYYHM 3aBUCHU-
MOCTBh CKOPOCTH PEaKIIHU
NO,+ CO® CO; + NO
OT KOHIICHTPAIIUH PEarupyroIInuX BEIIeCTB:
OO6paTtuTe BHUMaHKE, YTO CKOPOCTh peaKlnuu
NO,;+ CO® CO, + NO
HE 3aBHCHUT OT KOHIICHTpaIuu okcuja yrirepoaa CO.
YpaBHEHUE, BRIPAXKAIOIIEE 3aBUCUMOCTh CKOPOCTH PEAKIMK OT KOHIICHTPAI[UH KaKI0TO
BEIIIECTBA, HA3bIBAIOT KUHETHYCCKUM YPaBHCHUEM peakinu B auddepeHnmansHoi Gopme.
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K coxanenuto, KHHETHYECKOE YPaBHEHHE PEAKIIUU MOXKET OBITh MOJyYSHO TOJIBKO IpU
e€ SKCIIEPUMEHTAILHOM M3y4EHUU U HE MOXKET ObITh BHIBEIEHO U3 CTEXUOMETPUYECKOTO YpaB-
HEHUS.

4.18 Hennsbie U poTOXUMUYECKHE PeAKIHU

[Ipu u3yyenun Borpoca HEOOXOMMO 0OpPATUTh BHUMAHUE HA CIEAYIOIIUE OCOOCHHOCTH.

[lenmHbIe peakIuy UTPAOT BAKHYIO POJIb BO MHOTHX OTPACIISIX XHMHH, B YACTHOCTH, B (po-
TOXMMHH, B OPraHUYECKON XUMHH, B POLECCaX MOIyYeHus a1epHoil s3Hepruu. Cropa-

HHE TOIUIMBA B JIBUTATEIISIX BHYTPEHHETO CTOPaHUsl, KPEKUHT YIJIEBOAOPOIHOIO ChIPbS, MPOLIEC-
ChI IOJIUMEPU3ALIMH - BCE 3TO MPOLECCHI, IPOTEKAIOIINE 10 HEMHOMY MEXaHNU3MYy. XapaKTepHOI
O0COOCHHOCTBIO I[EMTHBIX PEAKIU SBISETCS YIacTHE B HUX aKTUBHBIX YacTHII (CBOOOIHBIX aTO-
MOB, PaJIMKaJIOB, BO30YXKJIEHHBIX MOJIEKYI U Jp.), KOTOPbIE CTATKUBAsCH C MOJIEKYJIaMU UCXO/I-
HBIX BEIIECTB, 00pPa3yr0T KOHEYHBIC TPOAYKTHI M HOBBIC aKTHUBHBIC YaCTHUIIbI, KOTOPHIC BHOBb
BCTYMAIOT B peakiuio u T.1. LlenHble peakiuu mpoTeKkarT 0OBIYHO C OOJIBIION CKOPOCTHIO U Ya-
CTO UMEIOT XapaKkTep B3phIBa.

LlenHas peakiusi COCTOUT UX TPEX CTaAMIL:

1.Cragus uaunuupoBanusi. Ha 3Toif craguu noja 1eiCTBUEM CBETa, HArPEBaHUs, PAAHOAK-
TUBHOTO U3Ty4YeHHsI UM OJaroaapsi MpUCYTCTBHIO B CUCTEME CIEIHAbHBIX BEIIECTB - MHUIUA-
TOPOB, 00Pa3yIOTCS AKTUBHBIE YACTHUIIBI, HATIPUMEP, PaJUKAIIBI.

2.Cragus pazsutus 1enu. Ha 310l cTaguu akTUBHBIE YaCTHUIbI B3aUMOJIECHCTBYIOT C UC-
XOJIHBIMU MOJIEKYJIaMU ¢ 00pa30BaHUEM ITPOYKTOB PEAKIIMU U aKTUBHBIX YacTull. CTaaus pasz-
BUTHS LIEIM COCTOUT U3 MHOTHX ThICSIY U MUJIJIMOHOB TAKUX 3JIEMEHTAPHBIX aKTOB.

3.Cranus oOpsiBa 1ienu. Ha 3Toii cTaguu MporucXoauT pa3pynieHHe aKTHBHBIX YaCTHI]
BCJIE/ICTBHE UX CTOJIKHOBEHHUS MKy COOOM, CO CTEHKaMU COCYy/1a WM MO/ JEHCTBUEM CIICLIH-
aJbHBIX BEIIECTB - UHTMOUTOPOB. Ha 3TOM 11enmHas peakuus mpeKpaaeTcs.

B xauectBe npuMepa LEenHON peaklui pacCCMOTPUM B3aUMOJIEMCTBUE BOAOPOA C XJIOPOM,
KOTOPOE MPOTEKAET CO B3PHIBOM O] ACHCTBUEM CBETA!

Ha cragun mHMIMUpOBaHUs TPOUCXOIUT Pa3pbiB KOBAJIEHTHOM CBSA3U B MOJIEKYJIE XJI0pa C
00pa3oBaHNEM JIByX aTOMOB, UMEIOIINX HECTIAPEHHBIE JIEKTPOHBI, T.€. PAIUKAJIOB:

[TosiBneHMe paguKanoB XJiopa, a, 3HAUYUT, U LIENHYIO PEAKLUI0, MOKHO BbI3BaTh U B TEMHO-
T€, €CJIM BBECTH B CMECh ra30B HEOOJIBIIIOE KOJTMYECTBO MAPOB HATPHUsI, KOTOPHIA Oy/IeT B3auUMO-
JIEWCTBOBATH C XJIOPOM 110 YPABHEHUIO:

Na + Cl, = NaCl + YCl

Ha craguu pazButus Lenu npoTeKaroT MPOLECCHI:

CHM+H:H®H:Cl+4YH

HY+Cl:CI® H: Cl+4Cl

1 Tak nanee. Ha cragum oOpbIBa 11eny peakius MpeKpaiaeTcs: BCIEACTBUE CTOJIKHOBEHUS
paauKaioB:

HY+YH® H: H

CH +4Cl ® Cl: Cl

HY+4YCI® H: Cl

DOTOXMMUYECKUMHU HA3BIBAKOTCS PEAKLMHU, IPOTEKAIOIINE 101 JEHCTBUEM CBETA.

[Ipu hoToXMMHUECKMX peaKIMsIX SHEPTHsI, HEOOX0auMast JTs TIOJIIEPIKAHMS PEaKITUU WITH
ee BO30YKJIeHHUs, TOJIBOAUTCA B (DOpPME IEKTPOMArHUTHBIX KoseOanuit. K ¢poroxumuueckum
peaKIusIM OTHOCATCS (POTOCUHTE3 (CHHTE3 YIJIEBOJIOB U3 IMOKCH/IA YTIEPO/ia U BOJBI B PACTECHU-
1x), (poTorpaduueckuii mporecc, BHIIIBETAHUE KPACOK, JTFOMUHecHeHIus u ap. K poroxummue-
CKUM PEAKIUIM OTHOCHTCS M B3aUMO/JIEUCTBHE BOJIOPO/IA C XJIOPOM, pACCMOTPEHHOE BHIIIIE.

DOTOXUMHUYECKOE JIEUCTBUE CBETA COCTOUT B TOM, YTO MOJIEKYJIbI PEArUPYIOLIETO BEIlle-
CTBa, TIOTJIOIIAs KBAHTHI CBETA, BO30YKIAIOTCS, T.€. YBEIMUYUBACTCS UX BHYTPEHHSIS DHEPTHUS U
CTaHOBSITCS PEAKIIMOHHOCTIOCOOHBIMHU.

DOTOXUMUYECKHE PEAKIIMM MOKHO PA3AEIIUTh HA JBE IPYIIIbL:
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1.Peakiuu, KOTOpble TEPMOAMHAMUYECKH JOJDKHBI IIPOTEKATh camonpon3BoiibHOo (DG < 0),
HaIpUMep, peakius BoAOpoa ¢ XJiopoM. CBET UTpaeT TOJIBKO POJIb BO3OYAUTENS peaKlHH, T.€.
CIOCOOCTBYET MPEOI0JICHUIO TIOTEHIIMAIBHOTO Oapbepa.

2.Peaknuu, TepMoAMHAMUYECKH HecamonpousBosibHbIC (DG > 0). st ux nmpoBeacHUs
Heo0Xo/1MMa 3aTpaTa YHEPTUU U3BHE, KOTOPast JOCTAaBIsETCS B (hOpMeE 3JIEKTPOMATrHUTHBIX KO-
nebaHui.

4.19 ABTokaTaau3

[Tpu u3yuennu Bompoca HEOOXO0IMMO 0OOPATUTh BHUMAHHE Ha CIEIYIOIUE OCOOCHHOCTH.

ABTOKaTaIM3 — KaTaJau3 XMMUYECKON PEaKIUU OJHUM U3 €€ MPOIYKTOB I UCXOIHBIX
BemecTB. OqHUM U3 HanboJiee IIMPOKO U3BECTHBIX MPUMEPOB aBTOKATAIN3A SIBJISCTCS OKUCIIE-
HHE IaBEJICBON KUCIOTHI IIEPMAaHTaHATOM:

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

KaTansaTopoM 9Toil peakiun sBisoTest Houst Mn®". TIpy KoMHATHOIT TemMrepatype 3Ta
peaxIysi BHa4Yaje MPOTEKaeT MEAJICHHO, HO 110 MEepe HAKOIUICHHSI B PACTBOPE MPOIYKTa-
KaTaJn3aTropa, OHA YCKOPSETCH.

ABTOKaTaNM3 UrPaeT KIFOYEBYIO POJIb B ABOJIOIMOHHON XUMHUH, TOCKOJIBKY peaKLus, Ka-
TalM3upyemMasi COOCTBEHHBIMH IPOyKTaMH, TTOJTy4aeT MPEUMYILIECTBO Mepe]l peaKusIMu, IOoTy-
YarOIIMMH KaTaJlu3aTop U3BHE (TeM OoJiee — mepes] HeKaTAINTHIECKUMU PEaKIUsIMH), 4TO CO-
371a€T YCIOBUS JUIS €CTECTBEHHOTO 0TOOpAa.

4.20 ®epMeHTAaTHUBHBIN KaTaJIu3

[Tpu n3yueHnn Bompoca HEOOXOIMMO 0OOPATUTh BHUMAHKE Ha CIIEIYIOINE OCOOCHHOCTH.

®EPMEHTATUBHBIN KATAJIN3 (6uokaTanus), yCcKOpeHHe OMOXMM. p-IMii NpH yda-
CTUU OCITKOBBIX MaKPOMOJICKYJI, Ha3biBaeMbIX (pepMeHTamMu (dH3UMaMu). DepMEHTATUBHBIN Ka-
TauM3- Pa3HOBHIHOCTh KaTajim3a, XOTs TepMuH "depmeHTtanus” (OpoKEHUE)H3BECTEH C AaBHHX
BpEMEH, KOT/Ia ellle He ObUIO MOHATHS XUM. KaTalln3a.

IlepBoe uccnenoBanne pepMEHTATUBHOTO KaTalnu3a KaK XUM. Ipolecca ObUIO BBIOJHEHO
K. Kupxrodowm, k-peiif B 1814 nponemonctpupoBan pep-MEHTaTUBHYIO KOHBEPCHUIO Kpaxmalia B
pacTBOPUMBIE YIIIEBOJIBI.

3aMeTHBIN BKJIAJ B MPEJCTABICHHE O MpHpoae (HepMEHTATUBHOTO KaTaln3a BHECIN pado-
Tel W. bepuenuyca u 3. Muuepiuxa, K-pble BKIIOYWIN (PEPMEHTATUBHBIE P-IIMU B KaTETOPHIO
XUM. KaraauTud. 1mporeccoB. B kon. 19 B. DO. ®umep BbICKazal THUIOTE3Y
0 cnenu(pUUHOCTH (PEepMEHTATUBHBIX p-IMA M TECHOM CTepUY. COOTBETCTBUU  MEX-
yCyOCTpaTOM M aKTUBHBIM IIEHTPOM (epmeHTa. OCHOBBI KUHETUKH (EPMEHTATHBHBIX p-IIHIi
OBLTH 3a5105keHbI B paboTtax JI. Muxas-nuca (1913).

4.21 THruouTOpHI XMMHUYECKOI0 Npolecca
[Tpu n3yueHnn Bompoca HEOOXOIMMO 00PAaTUTh BHUMaHKE Ha CIIEIYIOIHE OCOOCHHOCTH.
WHrubuTopsl XMMHYECKHE, BEIIECTBA, TOPMO3SIIIE pa3HOOOpa3HbIe XUMHUUECKUE PEaKIIIH;
HAXOJAT IUPOKOE MTPUMEHEHHE JIJIS TIPEIOTBPAIICHUS FITH 3aMEeUICHUS] HeXKeNaTeIbHBIX MPO-
[IECCOB, HAIIPUMEP KOPPO3HMOHHOT'O pa3pyIICHUs] METAJIOB, OKUCIIEHHS TOIUTUB, CMAa30YHBIX Ma-
Cell ¥ MAIIEBBIX MPOAYKTOB, OJMMEPH3AINH, CTAPSHHUS TIOJTMMEPOB U JIp. XapaKTEPHOU 0CO-
OEHHOCTHIO MHTUOMTOPOBXUMHUYECKUX ABISETCA 3PPEKTUBHOCTh UX B Ma-
JIBIX KOHIIEHTPALUIX — OT THICAYHBIX A0 % 10 HeCKONbKUX %. DPPEeKTUBHOCTH HHTHOUPO-
BaHU 3aBHCUT OT MPUPOJIbI UHTMOUTOPA XMMUYECKOTO M XapaKkTepa HHTHOupyeMoiipeakiuu, a
TaKXe OT KOJIMYeCTBa MHTHOUTOpAa XUMHUECKOTO, BPEMEHH €r0 BBEICHUS B PEAKIIMOHHYIO Cpe-
Iy, TeMIIEPaTyphl, COACPKAHUS APYTUX BEIIECTB, BIUSAIOMNX HA 3 PEeKTUBHOCTE HHTUOHUTOPA.
WHrubuTOphl KOPPO3MH BBOAST B KOPPO3ZHOHHO-aKTUBHYIO CPEIy JUIS 3alllH-
Tl METAJUIOB OT KOPPO3UH.MIHTHOUTOPBI KOPPO3UHU OTHOCATCS K Haubosee 3(pPpeKTUBHBIM cpe-
cTBaM 0OpBOBI C KOPPO3KEH N HAXOAAT IUPOKOE MPUMEHEHHUE IPU TPABJICHUN METAJUIOB C Iie-
JbIO Y/IaJICHUS OKAJIMHBI, JUTSL 3alIUTHI SHEPIreTUYECKOro 000pyAOBaHMs, IPU J0OBIYE U Iepepa-
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0oTke He(hTH U Ta3a, B MPOMBIIUICHHOM U OBITOBOM BOJIOCHAOXEHUH, B OXJIQAUTEIHLHBIX CHCTE-
Max MPOMBIIIIEHHOTO 000PYAOBAaHUS U TPAHCIIOPTHBIX CPEJICTB (IBUraTeNId BHYTPEHHETO CTo-
paHwusl), 1JIs 3aIUTHI OT aTMOC(EPHON KOPPO3HH U3ICTHI MAITUHOCTPOCHUS, TIPU THIPOUCITBI-
TaHusAX U T. 1. 1Iupoko UConb3yI0T HHTHOUTOPBI XUMUYECKUE JJIs 3alIUThI AeTajeil MaliuH 1
puOOPOB BO BPEMsI MEXKOIEPALIMOHHOTO XPaHEHUSI, KOHCEPBALIMK U TPAHCIIOPTUPOBKH. 3aIUT-
HOE JICIICTBIE UHTUOUTOPOB KOPPOIUUOTIPEACIIAETCS NX CIOCOOHOCTHIO U3MEHATh KUHETUKY
AIIEKTPOXUMHUYECKHUX PEaKIiii, 00yCIOBIMBAIOIINX KOPPO3HOHHBIH mporiecc. B 3aBucumocTu ot
TOT0, KaKyI0 U3 3JIEKTPOXUMUYECKUX PEaKIUil CUIIbHEE TOPMO3SITUHTUOUTOPBI KOPPO3UH, OHU
JIENATCS HA aHOJHBIC, KATOJIHbIC U CMelIaHHble. K aHOHBIM MHTHOUTOpaM KOPPO3HHOTHOCSATCS,
HaIpUMep, TaKHe OKUCIUTEH, KaK XpOMAaThl 1 HUTPUTHI, IIUPOKO IPUMEHSEMBbIE B IPOMBIIII-
JICHHOCTH (aBHAIIMOHHOW, XMMUYECKOU, HedTenepepadaThIBAIONICH U T. II.).

4.22 ®a30Bble paBHOBECHS

[Ipu n3yuenuu Bonpoca HEOOXO0IMMO OOPATUTh BHUMAHHE Ha CIEIYIOIUE OCOOEHHOCTH.

PaBHOBECHE (a3 B TEpMOAMHAMHUKE — COCTOSIHUE, IPH KOTOPOM (a3bl B TEPMOTUHAMUYEC-
CKOM cHUCTEeMe HaXOJATCs B COCTOSIHUU TETJIOBOT0, MEXaHUYECKOT0 UXMMHUYECKOI'O PABHOBECHSI.

Tunsl (pa30BbIX PaBHOBECHUI:

TemnnoBoe paBHOBeCHE 03HAYAET, YTO BCe (ha3bl BELIECTBA B CUCTEME UMEIOT OJAMHAKO-
BYIOTEMIIEPATYPY.

MexaHnueckoe paBHOBECHE 03HAYAET PABEHCTBO JaBJICHU 110 pa3Hble CTOPOHBI TPAHULIBI
pasnena conpukacatomuxcs ¢a3. CTporo roBops, B peajgbHbIX CUCTEMaX 3T JIaBJICHHUS PABHBI
JMIIB TPUOIMIKEHHO, Pa3HOCTh JAaBJICHUN CO3/1a€TCsl MOBEPXHOCTHBIM HATSDKEHUEM.

XUMHUECKOE PABHOBECHE BHIPAKACTCS B PABEHCTBE XUMUUECKUX MOTEHINAJIOB BeeX (a3
BEIIIECTBA.

4.23 CB0o0OO/IHASI ¥ CBSI3AHHASI JHEPTHUSI CHCTEMbI
ITpu n3yuenuu Bonpoca HEOOXOIUMO OOPATUTh BHUMAHKE Ha CIEAYIOIUE OCOOCHHOCTH.
Bocnonb3oBauincs cipaBounukoM b.SIBopckoro u A.Jletnada (1990), pabotoit B.OTkuna
(2006) u cioBapHBIMU OIPEAETICHUSIMH, MBI CXEMaTU3UPOBAJIM Ha MPEACTABICHHOM PUCYHKE
TEPMHHOJIOTHIO, OTHOCSIIYIOCS K TIOHATHUIO “OHEprus’ B repmoanHamuke. Ha 3Toit cxeme mbl
BOCIOJIb30BAIMCh OOLIENPUHTON cUMBOJIMKOM. Ha cxeme yuTeHakmaccupuKkanus YHEPriu 1o
dopmam u BuaM, onybaukoBaHHas B paborax M.Korana (2007, 2009).

B 1882 r. I'.I'enbMronbll BBEN eTIieHHE BHYTPEHHEH YHEPTUU CUCTEMbI Ha CBOOOIHYIO
SHEPTHUIO U CBS3aHHYIO dHEpruto. CBOOOHAS SHEPTUS — ITO PabOTOCTIOCOOHAsI YaCTh BHYTPEH-
HEl DHePrUU CUCTEMBI. A CBsI3aHHAs YHEPIHsl — ITO HEPaOOTOCTIOCOOHAs YacTh BHYTPEHHEH
SHEPTHUU CUCTEMBI, CBA3aHHAA C XaOTUYCCKHUM JIBKCHUEM COCTABJIAIOIIUX CUCTEMY YaCTUL, NI
TaK Ha3bIBaeMas “‘obecyeneHHas’ dSHEPTUS CUCTeMbI. Ee Ha3bIBalOT Takxke sHeprueit I eapMrob-
oa. KJ'IaCCI/I(bI/IKaHI/IH FCJ'H)MFOJ'II)Ha IIOKa3aHa Ha CXEME€ IITPUX-IYHKTUPHBIMU JINHUSIMU.

4.24 3axon pa3dasiaenus OcTBanbaa

ITpu u3yueHnn Bonpoca HeOOXO0IMMO OOPATUTh BHUMAaHHE Ha CIEIYIOIHUEe OCOOCHHOCTH.

Crenens nuccornuanui (0y,.) ¥ KoHCTaHTa aucconuanuu (Knuc) cmadoro snexkrponura Ko-
JIMYECTBEHHO CBSA3aHbI MEXly co00ii. BrIBeeM ypaBHEHHE 3TOM CBsI3U Ha IpuMepe ciaboit o1-
HOOCHOBHOM KHMCJIOTHI THITa HAN.

U3 ypasuenus HAn bl H' + An” BuaHO, 4T0 M3 OHOM MOJIEKYIIbI KUCIOTHI B PacTBOPE B
pe3ynbTaTe AMCCONMALMY TIosBIseTcs oauH Katnod (H') u oxua anmon (AN'). 3uas, KaKkas 9acTh
JIEKTPOJINTA B PaCTBOPE MPOAUCCOLMUPOBaAIa, MO)KHO PacCUUTATh KOHIEHTPALIMIO HOHOB B
pactBope. IlycTs KOHIIEHTpays KUCIOTH B pacTBope paBHa C, (MOJIB/ 1), CTENEHb TUCCOLUALAN
KHCJIOTHI B 3TOM PAacTBOPE - Oy, TOT/IA!

KoHnreHTpamus KucioTsl, Kotopas npoaucconuupoBana - Cy me(HAN) = ay C, (HAN)

Konnentparus 1oHOB B pacteope - C,, (H) = C sue(HAN) = a C,, (Monb/1),
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Cu (ANY) = Cy uc(HAN) = aye Cyp e (MOIIB/T).
YacTh KOHIEHTpALIMS KUCIOTHI, KOTOpasi He MPOAUCCOLMUPOBATIAa U HAXOJUTCS B PAaCTBOPE
B MOJICKYJISIpHOM (hopme:
Cyu(momn) = Cy, (HAN) - Cy; sue(HAN) = Cy (HAN) - ague Cy (HAN) = (1-a5) Cy.
Torna sanumem Beipaxkenue sl Kyyz € y4€TOM CIENaHHBIX BBIYMCIICHUN:
Kue = Cu(HV-Cu(AN) = (e Cu) (8ume Cu) = (@)’ (Cu)® = (aue)’ Cu
CM (mom) (1'a;lnc) CM (1'azmc)

Cu (1-a4uc)

JUi cnaObIX AJIEKTPOJIUTOB Ay << 1, mo3ToMy ypaBHeHue ais K, MOXKHO yIIpOCTUTH:!

KJ‘II/IC = a,uncz CM

OT0 BBIpa)KEHUE HOCUT Ha3BaHUE 3aKOHA pa3daBiieHuss OcTBaJIbAa U ONPEEIISET 3aBU-
CUMOCTb &y OT KOHLIEHTPALUK €J1a00r0 3JIEKTPOJIUTA B PACTBOPE: e = (Kyue /
C,(HAN)*.

W3 ypaBHEeHHUs BUAHO, IPU YMEHBIIEHUU KOHLIEHTPALUU CJIa00ro 3JIeKTPOIUTa B PacTBOPE,
CTENEHb IUCCOLIMALIMYU €r0 YBEIUNUMUBAETCA. J{J11 MHOTOOCHOBHBIX KUCIIOT 110 3aKOHY pa30aBiie-
Hus OcTBanbJa CTENEeHb AUCCOLMALIUN PACCUMTHIBACTCS JUIsl KaX/10# CTYNEHU OTAEIbHO.

4.25 Mlpororutnyeckasi reopusi bpencrena-Jloypu

[Tpu n3yueHnn Bompoca HEOOXOIMMO 0OOPATUTh BHUMAHKE Ha CIIEIYIOINUE OCOOCHHOCTH.

[IporonuTnyeckas Teopust KUCIOT U OcHOBaHUU bpencrena-Jloypu.

B 1923 rony bpencren u Jloypu pazpaboTtanu mpOTOHHYIO TEOPUIO KUCIOT U OCHOBaHHH.
CornacHo 3Toil Teopuu:

- KucnoTtoit Ha3pIBalOT BCAKOE BEIIECTBO, MOJIEKYJIIPHBIE YaCTUIIBI KOTOPOTO (M MOHBI)
CITOCOOHBI OTJIaBaTh MPOTOH, T.€. OBITH JOHOPOM MpoToHOB. (HB)

- OcHOBaHMEM HA3BIBAIOT BCSAKOE BEILIECTBO, MOJICKYJIIPHBIC YaCTUIIBI KOTOPOTO (M MOHBI)
CIIOCOOHBI MPUCOEIUHATH IPOTOHBI, T.€. OBITh aKIIENITOpPaMU MPOTOHOB.(B)

Mornekyina 1 MOH WIH 2 MOHA, OTJIMYAIOIIHUECS IPYT OT JIpyra Ha Mepe1aBaeMblil MPOTOH,
HAa3bIBAIOTCS CONPSKEHHOW KHUCIIOTHO-OCHOBHOM ITapOM.

B BonHBIX pacTBOpax KUCIOT U OCHOBAaHUH MOKHO BBIICIIUTD 2 CONMPSHKEHHBIE TTAPhl, OJTHY
U3 KOTOPBIX 00pa3yeT pacTBOPUTETb.

PaBHOBecue, ycTaHaBIUBAIOIIEECS B PACTBOPAX MEXKIY KHUCIOTAMHU U COMPSKEHHBIMU OC-
HOBaHUSMHM, HA3bIBAETCS IPOTOJIMTUUYECKUM PABHOBECHUEM WIJIM KUCIOTHO-OCHOBHBIM pPaBHOBE-
CueM.

B BognbIX pacTBOpax [uist mpou3BosibHOM KUCIoTh (HB) QyHKk1MIO OCHOBaHMS BBHITOIHSAET
BOJIA.

2 KACIOTHO-OCHOBHAs mapa

HB+H,0=B+H30

Kucnoral ocHoBanue2 ocHoBanuel kucnora2

I KHCIIOTHO-OCHOBHAS Tapa

(conpspk€HHas napa)

Cuiia KUCIIOT ONpeesieTCs] UX CIIOCOOHOCThIO OTJAaBaTh MPOTOH, & OCHOBAHUH — MPUHU-
MaTh €ro.

Mepoii 3T0# cIOCOOHOCTH CIYKUT COOTBETCTBEHHO KOHCTaHTa kKuciaotHoctH (Ka) u oc-
HoBHOCTH(KD).

KoHncranTa BeimenpuBeIEHHOTO TIpoiiecca O0y1eT UMETh BUI:

K=[B-]*[H30+]/ [HB]*[H20O]

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

Koncranrta kucnotHoctu

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

J11s TpOU3BOILHOTO OCHOBaHUS BB BOJTHOM pacTBOpe (GYHKIIHIO KACIOTHI OyIET BBIMOJ-
HATH BOJA.

B+H20=BH+OH-
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OcHoBanuel kucnora2 kuicoral ocHoBaHue2

Koncranra ocHoBHOCTH

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

KoHcTaHTBI KHCIOTHOCTH U OCHOBHOCTH B CONPSDKEHHOM Hape AJis BOAHOIO pacTBOpa CBsI-
3aHBI MEXKy COO0N COOTHOIIICHHEM:

Ka*Kb=Ku= [H30] [OH-] — nonnoe mnpou3sBeaeHne BOIBI.

Uem cuibHEE KUCIIOTA, TEM cllabee COMpsHKEHHOE el OCHOBAHUE, U HA00OPOT.

Jliig yno6cTBa pacu€ToB 4acTo MOJIb3YIOTCA HE CAMUMH KOHCTaHTaMU, a UX MOKa3aTessiMu,
T.€. ICCATUYHBIMHU 1g, B3ATHIMHU CO 3HAKOM «MUHYC) .

pKa=-lIgKa
pKb=-gKb
pKa+pKb=14

Knaccudukanus xucnot u ocHoBanuii bpencrena:

Kucnots! noapasaenstorcs Ha:

1). Hetitpansasie: HCI,H2SO4,H3POA4.

2) Katnonnsie: NH4+,H30+

3). Aunonnsie: HPO4-H2PO4-

OcHoBaHus:

1). Heitrpansasie: NH3,H20

2). Katnonnsie: NH2-NH3+

3). Auuonnsie: OH-, CH3COO-, Cl-

DnexTpoHHas Teopus JIptonca

OTIMYUTENBHBIN IPU3HAK KUCIOT U OCHOBaHUi JIptonca sBiIseTcs To, 4TO OHU B3aUMO-
JIENCTBYIOT JPYT € APYrOM C 00pa30BaHUEM JOHOPHO-AKIENTOPHBIX CBSI3EH.

ITo JIsroucy:

- Kucnora — 310 BemecTso, NpuHUMAIOLIEE IEKTPOHHYIO N1apy, T.€. aKLENTOP IEKTPOHA.

- OCHOBaHUE — ATO BEIIECTBO, OCTABISIONIEE AIEKTPOHBI Il 00pa30BaHUS XUMUYECKOU
CBSI3H, T.€. JOHOP JJIEKTPOHOB.

B pe3ynbrare nprobpeTaroTcs maphl 31€KTPOHOB, aTOMOM, OTBETCTBEHHBIM 3a KHCJIOTHbBIE
CBOICTBA pacCMaTpUBAEMOI0 COEAMHEHHSI YaCTO BO3HUKAIOT 3aBEPLIEHHBIE DJIEKTPOHHBIE KOH-
burypanuu.

OcnoBanus JIbronca 10mKHBI 00/1a1aTh OIHOM MApOil BaJIEHTHBIX 3JIEKTPOHOB, KOTOPBIE
OHM CITIOCOOHBI IPEIOCTABUTH MAPTHEPY JUIsl 00pa30BaHuUsl KOBAJIEHTHOM CBS3U.

K ocHoBanusim JIbtorca OTHOCSITCS TAIOT€HUI-UOHBI, aMMHUaK, anudaTuiecKkue U apoMaTh-
YeCcKHe aMHUHBI, KucIopoaubie coequnenns R2CO(R— oprannueckuii pagukain).

Kucnotst JIbtonca — 370 m100b1€ COeIMHEHHSI €O CBOOOIHOM OpOUTaNIBIO0. DTO ralOreHH bl
0opa, aTIOMUHUS, KPEMHHUS, 0JIOBA U IPYTHE COETUHEHUS.

HocrounctBa Teopuu JIpronca:

- IPUMEHUMOCTh K UIUPOKOMY KPYTy peaKiuii.

PaccmoTpenHbIe TEOpUH 1MCCONMALIMN KUCIOT U OCHOBaHUI HE MPOTUBOpEYAT, a J10I0JI-
HSIOT JPYT ApyTa U UMEIOT TI1y0OKYyI0 BHYTPEHHIOIO CBA3b. Tak, KUCIOTHI, 110 bpeHcreny, Mox-
HO pacCMaTpUBATh KaK YACTHBIN CIIydail TbIOMCOBCKUX KHUCIIOT, IOCKOJIBKY MTPOTOH XapaKTepu-
3yeTcsi OOJIBIIUM CPOJICTBOM K AJIEKTPOHHOM Mape U MOXKET paccMaTpuBaThCs, 1Mo JIbouCy, Kak
KHCJIOTA.

4.26 Kucnorsl n ocHoBanus JIbronca
[Ipu usyyenun Borpoca HEOOXOIUMO 0OPATUTh BHUMAHUE HA CIIEAYIOIUE OCOOEHHOCTH.
Cuna xucnot u ocHoBaHui JIbronca onpenensiercs KOHCTaHTON PaBHOBE-
cust K oOpa3oBaHus npoaykTa HelTpanuzanuu AB:
K=.(3.2)
B OGpeHcTe0BCKUX KUCIOTHO-OCHOBHBIX PEAKIIMAX OCHOBAHUS BCET/1a KOOPIUHUPYIOTCS C
IpOTOHOM. Ecin ke naHHas MoJIeKysa WIM aHUOH KOOPAMHUPYETCS C OJHON U3 MUJUIMOHOB
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BO3MOXKHBIX KUCIOT JIbIonca, TO 3Ta MOJIEKYJIa UM MOH YK€ CUUTAIOTCSl OcCHOBaHUeM Jlbtouca.
Takum o0pa3zoM, OCHOBHOCTb 110 bpeHcTery MOKHO OINpeIeuTh KaK YacTHBIN ciy4yail OCHOBHO-
ctH 1o JIpIoUCy, B KOTOPOM OCHOBaHUsI 00pa3yroT CBSI3b C IPOTOHOM.

Kucnotsl JIpronca MOKHO pa3fennTh Ha KJIACCH B 3aBUCUMOCTH OT TOTO, C KAKMM aTOMOM
KHUCITIOTHI KOOpAUHUpPYeTCs ocHoBaHue. Hampumep, BFsMoxxHO cuntaTh 60p-kucnoroit (B-
KHCJIOTOM ), TOCKOJIBKY pearupyroliee OCHoBaHHEe oOpa3yeT cBs3b ¢ Oopom. Kormampem-
OYTHJIBHBIN KATHOH KOOPIUHHUPYETCS C XJIOPUI-HOHOM H JaeTmpem-OyTHIXIIOPHI, €T0 MOKHO
cunrath C-kucnotoid. Mon rutporns (NO;") B GONBIIMHCTBE peakIuii aefcTByeT Kak N-
KHUCJIOTA U T.JI.

Kucnotsr BF; (CH3)sC” NO," CH;0O"
JIpronca B- C- N- O-
KHCJIOTa KHCJIOTa KHCIIOTa KHCJIOTA
KucnoTsr CH3N02 CH3N H3+ CH3OH
bpencrena CH- NH- OH-
KHCJIOTa KHCIIOTa KHCJIOTa

Cuna ocHoBanus B, onpenensemas KoHCTaHTOW paBHOBecUs B ypaBHeHuH (3.2), ecte-
CTBEHHO, 3aBHCUT OT IIPUPOJIbI KUCIOTHI A. DTO CBA3aHO C TEM, YTO YHEPIHs B3aUMOACUCTBUS
3aBHCHUT OT OTHOCUTENBHOTO NoJoxkeHus: ypoueit B3MO ocnoBanust 1 HCMO kuciotsl (pasa.
2.3.4, 171. 2), a IOJIO’KEHUE 3TUX YPOBHEW CBA3AHO C 3JIEKTPOOTPULIATENIBHOCTHIO JAHHOT'O 3JIe-
MeHTa. Tak, cuiia ocHOBaHus B peakiuu ¢ C-kucnoramu (KapOoKaTHOHAMM) Ha3bIBAETCSI OCHOB-
HOCTBIO T10 yriiepoay, B peakiuu ¢ BF3- ocHoBHOCTBIO 110 60py U T.1. Cienyer 0ku1aTh, 4To
OCHOBHOCTb, HAaII[pUMeEp, 110 YIIIEPOY, Ui JAHHOTO OCHOBAHUS HE OYAET MOCTOSIHHOM sl BCeX
C-kucnot;KB ypaBHeHUH (3.2) 10JKHA, MOXKET OBITh, U B HEOOJIBIIION CTENIEHU, HO BCE K€ U3Me-
HATBCS IPU U3MEHEHUN KapOOKaTHOHA, C KOTOPBIM KOOPJAUHUPYETCst OCHOBaHHe. CieoBaTeb-
HO, HY»KHO pa3jinyaTh U OCHOBHOCTbH IO CH;", CeHs", (C6H5)3C+, CH3;-C=O u 1.11.

AHanoruuHo kucnortam, ocHoBanus JIstouca (u bpencrena) MoxHO KiaccupuIupoBaTh
kak C- (marmpumep, CN’), N- win O-ocHOBaHHUSL.

Jlnist opraHnyeckoi XuMuu HanboJsiee BaxKHOe 3HaueHHe UMeroT C-KHUCIIOTHI, T.€. KapOoKa-
THOHBI, U C-OCHOBaHUs, T.€. KAPOAHMOHBI. JTH, KaK MPABUIIO HECTAOMIHHBIC YACTHIIBI 00pa3y-
I0TCS B KAUYECTBE MHTEPMEAINATOB BO MHOTHUX PEaKIUIX U OyIyT MOAPOOHO paccMaTpUBATHCS B
JTAaHHOW M MOCJIEIYIOIIMNX IIaBax.

4.27 Bydepubie cucTeMbl

ITpu n3yuennn Bonpoca HEOOXO0IMMO OOPATUTh BHUMAaHHE Ha CIEYIOIUEe OCOOEHHOCTH.

BydepHubiMu Ha3bIBatOT pacTBOPHI, pH KOTOPBIX MPaKTUYECKH HA U3MEHsIETCS OT Jo0aBe-
HUS K HUIM HEOOJIbIINX KOJIMYECTB CHIIBHOW KUCIOTHI MIIH ILEJI0YH, a TAKXKe IIPU Pa3BeICHUH.
[Tpocreiimmii 6ydepHbIit pacTBOP - ITO CMECH CIA00W KUCIOTHI U COJIU, UMEIOIIEH ¢ 3TOM KHC-
J0TOM 00K aHUOH (Hanpumep, cMmech ykcycHoi kuciaotel CH3COOH wu anerata Hatpust
CH3COONa), 1160 cmech c1aboro OCHOBAHUS U COJIM, UMEIOIICH C 3TUM OCHOBAaHWEM OOTIHIA
KaTHOH (Hampumep, cmech ruapokcuaa ammonust NH4OH c xnopunom ammonust NH4CI).

C Touku 3peHust TpOTOHHOU Teopun COrIacHO MPOTOHHOW TEOPUH, KUCIOTOM HA3bIBAOT
BCSIKOE BEIIECTBO, MOJIEKYJISIPHBIE YaCTUIBI KOTOPOTO (B TOM YHMCJIE M HOHBI) CIOCOOHBI OT/1a-
BaTh IIPOTOH, T.€. OBITH JOHOPOM MPOTOHOB; OCHOBAHMEM HA3bIBAIOT BCAKOE BEIIECTBO, MOJIEKY-
JSIPHBIE YaCTHIIBI KOTOPOTO (B TOM YHCIIE U HOHBI) CIIOCOOHBI MPUCOEAUHATH MPOTOHBI, T.€. OBITH
aKIIETITOPOM MPOTOHOB. Oy(depHoe JeiicTBre pacTBOPOB 00YCIOBIEHO HATMUYHUEM KHUCIOTHO-
OCHOBHOTI'O paBHOBECHs OOILIETro THIIA:

Bocuosanne + H+ BH+conpskenHas kuciora
HAxkucnora H+ + A-conpsieHHOE OCHOBaHUE

CornpsixeHHbIE KUCIOTHO-0CHOBHBIE TTapsl B /BH+ 1 A- /HA HazbiBaroT OydepHbIMEU CH-

CTEMaMH.
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Bydepnbie pacTBOpHI UTParOT OONBIIYIO POJIb B KU3HEAEATEILHOCTH. K 4iCTy HCKITFOUH-
TEJIbHBIX CBOMCTB JKUBBIX OPTaHM3MOB OTHOCUTCS HX CITOCOOHOCTB MOJICPIKUBATh MIOCTOSTHCTBO
pH OGronornyeckux >KUaKocTei, TKaHeil 1 OpraHoB - KUCIOTHO-OCHOBHOW TOMEOCTas3. JTo Mo-
CTOSTHCTBO OOYCJIOBJICHO HAJIMYUEM HECKOJIBKUX OY(EpHBIX CHCTEM, BXOJSIINX B COCTAB 3TUX
TKaHEeH.

Kiaccudukanms KucaoTHO-0CHOBHBIX Oy(depHbIX cuctem.bydepHbie cucTeMbl MOTYT OBITh
YETHIPEX THIIOB:

Cnabas kucnora u ee aHuoH A- /HA:

arieratHas 0ydepnas cucrema CH3COO-/CH3COOH B pactBope CH3COONa u
CH3COOH, o6nacts nerictus pH 3, 8 - 5, 8.

Bonopon-kapbonarnas cuctema HCO3-/H2CO3 B pactBope NaHCO3 nu H2CO3, obnacts
eé neiictBus - pH 5,4 - 7, 4.

Cnaboe ocnoBanue u ero katuon B/BH+:

ammuaunas 0ydepnas cucrema NH3/NH4+ B pactBope NH3 u NH4Cl,

obmacts ee aelictust - pH 8, 2 - 10, 2.

AHVOHBI KUCJION U CPEIIHEH COJIM MJTH JIBYX KUCIIBIX COJICH:

kapbonarnas Oydepnas cucrema CO32- /HCO3- B pactBope Na2CO3 u NaHCO3, 06-
nacTh ee peiicteus pH 9, 3 - 11, 3.

docharnas Oydepnas cuctrema HPO42-/H2PO4- B pactBope Na2HPO4 u NaH2PO4, 06-
JacTh ee aeiicteus pH 6, 2 - 8, 2.

OtH conerbie OyhepHbIE CHCTEMBI MOKHO OTHECTH K 1-My THITY, T. K. OJJHA U3 COJICH ITUX
OydepHBIX crcTeM BBIMOIHAET PyHKIMIO cnaboit kucioTel. Tak, B pocdarHoit OydepHoit cu-
cteme annoH H2PO4- sBnsercs cnaboil KUCIOTOM.

4. Nonsl u Monekynbl aMm(poianToB. K HUM OTHOCST aMUHOKHUCIIOTHBIE U OeTKoBbIe Oydep-
HBIC CUCTEMBI. ECTTM aMIUHOKHCIIOTHI HITH OCITKA HAXOSATCS B H303JICKTPHUECKOM COCTOSIHUN
(cyMMapHBI# 3apsii MOJIEKYJIBI pPaBEH HYIII0), TO PACTBOPHI 3TUX COSAMHEHHI HE SBISIOTCS OY-
¢depubiMu. OHM HAUMHAIOT MPOSIBIIATH OydepHoe AeiicTBre, KOTia K HUM J100aBIIsSIOT HEKOTOPOe
KOJIMYECTBO KUCIIOTHI W 1ienioud. Torna yacte 6enka (aMUHOKHUCIIOTHI) epexoauT uz M9C B
dbopmy “OeoK-KUCI0Ta” WU COOTBETCTBEHHO B popMy “Oenok-ocHoBanue”. [1pu aToM oOpazy-
eTcsi cMech aBYX (opm Oenka: (R - MakpoMoneKynsspHbIA 0CTaTOK Oenka)

a) cmabas “0esoK-KuciaoTa” + coib 3TOU cI1aboi KUCIIOTHI:

COO- COOH

R-CH+H+R-CH

N-+H3 N+H3

ocHOBaHHe A- compsikeHHas kuciota HA

(conb Genka-KuIoThl) (OeT0K-KUCIIOTa)

0) cmaboe “0enoK-0CHOBaHHE™ + COJIb ATOTO CJIa00TO OCHOBAHUSI:

COO- COO-

R-CH+ OH-R - CH + H20

N+H3 NH2

kuciora BH+ conpsixenHoe ocHoBanue B

(conp Genka-ocHOBaHUS) (OETOK-OCHOBAHUE)

Takum 006pazom, u 3TOT THN OyhEepHBIX CUCTEM MOKET OBITh OTHECEH COOTBETCTBEHHO K
OydepHbIM cucTeMaM 1-T0 U 2-TO THUIIOB.

4.28 3HauyeHMe rHAPOJIM3A coJleil B IPUPoOIe, ObITY, CeJILCKOX03HCTBEHHOM MPOU3-
BOJICTBE

ITpu u3yueHnn Bonpoca HEOOXO0IMMO OOPATUTh BHUMAaHHE Ha CIEIYIOIHUEe OCOOCHHOCTH.

Kusrnie OpTraHru3MbI OCYIICCTBIIAIOT T'MAPOJIN3 Pa3JINIHBIX OPTraHUYCCKUX BEIIECTB B X04€
peakiuii katabonu3ma npu ydactuu pepmeHToB. Hanpumep, B X0/1e TUIPOIH3a MPU yIaCTHH
MUIICBAPUTCIIbHBIX (bepMCHTOB Oenkn PacCHICIUIAIOTCA Ha aMHUHOKHCIIOTHI, JKUPbI — Ha I'IHIC-
PHH U KUPHBIE KUCIIOTHI, IIOJMCaXapyuabl (HallpuMep, KpaxMal 1 LEJUI0J103a) — Ha MOHOcCaxa-
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pHIBI (HarpuUMep, Ha TII0KO03Y) , HYKJICMHOBBIE KUCIOTH — Ha CBOOOJHBIC HYKICOTH/IBL.

[Ipu ruznposiuze )KUPOB B MPUCYTCTBUU IIETOUEH MMOTYUAIOT MBLJIO; TUIPOIIU3 )KUPOB B IPUCYT-
CTBHUHM KaTaJIM3aTOPOB IIPUMEHSETCA ISl OJIYYEHUS TJIMLUEPUHA U )KUPHBIX KUCIOT. ['uaponnsom
JIPEBECUHBI MOJYYaIOT 3TAHOJ, a MPOAYKTHI THIp0oJin3a Top(dha HAXOASIT IPUMEHEHUE B MPOU3-
BOJICTBE KOPMOBBIX IPOXOKEH, BOCKA, YAOOpEHUH U JIp.

4.29 OKHCIUTEIBLHO-BOCCTAHOBUTEIbHBIE NMPOIleCChl B MPOU3BOJICTBEHHON NMPaKTHKe
U c/X.

[Ipu u3yyenun Borpoca HEOOXOUMO 0OpPATUTh BHUMAHUE HA CIEAYIOIUE OCOOCHHOCTH.

OKMCIINTEIFHO-BOCCTAHOBUTEIIbHEIE mpoueccCbl — OJJHU U3 BaKHEHIITNX IMpOLCCCOB IpU-
POJIBL. DTU peakuy OTHOCATCS K YUCIIy HauOoJiee paclipOCTPAHEHHBIX XUMHUUECKUX PEeaKIi U
HMCIOT OI'POMHOC 3HAUYCHHEC B TCOPUHU U IMPAKTHUKE. K anM oTHOCATCS:

OCHOBHBI€ MTPOLIECCHI KUZHEEATEIbHOCTH — JBIXaHUE U OOMEH BEUIECTB B JKUBBIX Opra-
HU3MaX, THUEHUS U OpoxeHus1, POTOCHHTE3 B 3€JIEHBIX YacTsAX pactenuil. Hanpumep, B mpoiiec-
ce pOTOCHHTE3a U3 YIIIEKHCIOr0 ra3a u BOJBI O] IEHCTBUEM CBETa 00pa3yIOTCsl OpraHUYECKre
BEIIECTBA U BbIAEsieTcs kucinopoa: 6CO2 + 6H20 — C6H1206 + O2.

OCHOBHBIE ITPOLIECCHI B IPUPOJIE: KPYTOBOPOT JIEMEHTOB B IPUPOJIE, IPOLIECCH KOPPO3HH,
CTOpaHUs BEIECTB, U3BEP)KEHHE BYJIKaHA C 00pa30BaHUEM CEpbI, CBA3BIBAHUE aTMOC(HEPHOTO
a30Ta KaCaHHEM XOJIe TPO30BBIX pa3ps0B, IOTEMHEHUE CEPEOPSIHBIX BEllEH;

OKHCIIUTEILHO-BOCCTAHOBUTEIbHEIE IMPpOLCCChI B ITPUPOIC

OCHOBHBI€ MTPOLIECCHI YEPHOU U LIBETHOM METaJUTypruu: 100bI4a METaNIOB, KUCIIOT, IIE0-
'—IGfI, aMMHaKa, U MHOI'MC APYTrUue€ NCHHBIX MPOAYKTOB, SJICKTPOXUMHUYICCKOC IPOU3BOACTBO.

[Ipeobpa3oBaHre XUMHUECKOI SHEPTUU B ANEKTPUUECKYIO WU TETJIOBYIO SHEPTHUIO MPO-
JIYKTOB CTOpaHus.

ITpornecchl, NporCXOaAIINE B TAIbBAHUYECKUX JIEMEHTaX M aKKyMYJIsATopax.

Ha oxucnuTerbHO-BOCCTAHOBUTEIBHBIX peaKkuiaX OCHOBAHbI METO/bI 00BEMHOI0 aHAIN3a
B AHAIUTUYECKOU XUMHH.

[Ipuponooxpanubsle MeponpusaTus, 60pb0a ¢ BpeIUTENISIMU CEIbCKOT0 X035HCTBa, 00e33a-
pa’KuBaHMsI OBOLEXPAHWINII] U IPOYEe; OUYMCTKU PA3TUUHBIX BEIECTB, IPUPOIHBIX U CTOUHBIX
BOJI, BBIXJIOITHBIX Ta30B  TOMY MOJIO0HOE.

4.30 OKHCIANTEIbHO-BOCCTAHOBUTEILHAS IBOIICTBEHHOCTh

ITpu n3yuennn Bonpoca HEOOXO0IMMO OOPATUTh BHUMAaHHE Ha CIEIYIOIUEe OCOOEHHOCTH.

OKuCINTENIBHO-BOCCTAHOBUTEIIBHAS IBOICTBEHHOCTD — 3TO CIIOCOOHOCTh aTOMa, HaXO1s1-
IIErocst B MPOMEXYTOYHON CTENIEHH OKUCIIEHUs, ObITh KaK BOCCTAHOBUTEJEM, TaK U OKUCIIUTE-
JIeM, B 3aBUCUMOCTH OT TOTO, C KAKMM BEILLECTBOM OH pearupyer.

Hanpumep, OKMCIUTEIBHO-BOCCTAHOBUTEIBHYIO IBOMCTBEHHOCTD MTPOSBIISIOT BCE HEME-
Tajuiel (Kpome (pTopa U KUCIOPO/Ia), HUTPUTHI, CYIb(PUTHI, HEKOTOPHIE CIIOKHBIE BEIIECTBA!

+4 +3

SO,, HNO;

4.31 PaBHOBecHe MOBEPXHOCTH JIEKTPOAa — MPUCTEHHbI PaCTBOP

[Tpu u3yyeHunn Borpoca HEOOXOMMO OOpPAaTUTh BHIMAHKE Ha CIIEIYIONHNE OCOOCHHOCTH:
B AJICKTPOXHUMHH IIMPOKO UCTIOTB3YETCS MOHATHE IEKTPOIHBIN MOTSHIIHAT. DIICKTPOIHBIN 1MO-
TEHIIMAJl BOBHUKAET Ha IOBEPXHOCTH PA3eIia - JJIEKTPOJ] - pACTBOP MPHU MOTPYKEHUH MeTallia
(Me) B BOJTy HIJIH pacTBOD, COJIEpIKAIMiA HOHBI faHHOTO MeTasuta (Me”). Ha rpanwuIie MeTat -
pacTBOp ycTaHABIMBAETCs paBHOBecHe Me «»Me” + Ze kxoTopoe 00yCIoBINBAeT 00pa30BaHHE
JIBOMHOT'O AJIEKTPUYECKOTO CIOA.
Hanuuue 0sotinozo snekmpuueckozo cios npusooum K 03HUKHOBEHUIO PA3HOCMU HOMEHYUAN08
MedHcOy Memaniom u pacmeopom, KOmopyo
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APUHAMO HA3bI8AMb INEKMPOOHIM NOMEHYUATOM MEeMaila u 0603HaAYams

pMe™* /Me. I3mepsiercs HoTeHIMAN B BoIbTax (B). DeKTpo1 IPHHATO H306paXaTh B BUJIE CXe-
MBI

Me|Me** rie BepTuKanpHas yepTa 0603HAUAET OBEPXHOCTH Pasziesa METAII -pacTBoOp.

Ecnu memann onywen 6 pacmeop coocmeennoll coiu ¢ KoHyenmpayueu KamuoHos Memaiid,
pasHoti 1 monwv/n npu memnepamype

298 K (25 °C), mo so3nuxaowuti NOmeHyual Ha3vléaiom CMaHOapmHbIM U 0003HAYAIOM
@pMe""/Me. HemocpeicTBEHHO OTIPENeUTh MOTEHIMHAN OTAETBHOTO AEKTPO/Ia HElb35I, €70 H3-
MEpSIOT IyTEM CPaBHEHHUS CIIOTEHIIMAIOM 3TAJIOHHOTO 3JIeKTpoja. Yaiie Bcero asis 3Toi 1enu
UCIOJIB3YIOT CTaHIAPTHBIN BOJIOPOAHBIN 3JIEKTPOJ], KOTOPBIN CXeMaTHUYEeCKH U300paXKaeTcsl TaK:
Pt, H2 | 2H". [InartuHa He y4acTBYET B OKUCIUTENHHOBOCCTAHOBUTELHOM PEAKIINH U BBIIOJHS-
€T poJib MIPOBOJAHMKA IEKTPOHOB. Ha rpanuie paznena a3 B BOJOPOJAHOM 3JIEKTPOJIC yCTaHAB-
JIMBAETCS PAaBHOBECHE:

Hye>2H " +2e.

Benuunny noteHImana Takoro 3JIeKTpoaa MPUHUMAIOT 3a HOJIb (IIPU BCEX TeMIeparypax) u
HA3bIBAIOT CTAHIAPTHBIM MOTEHIIUAIOM BOJIOPOJAHOTO 3IIEKTPO/Ia ¢OH+/H2 = (.Pacnonaras meran-
JIBI B MIOPSIZIKE BO3PACTAHMSI 3HAYCHUHN UX CTaHJIAPTHBIX AJIEKTPOIHBIX MOTEHIIMAIOB, MMOTy4a-
10T 271eKmpoxumudeckutl pso nanpsiscenuti memannos: Li, K, Ba, Sr, Ca, Na, Mg, Al, Mn, Zn,
Cr, Fe, Cd, Co, Ni, Sn, Pb, H2, Sh, Bi, Cu, Hg, Ag, Pt, Au.

YucnoBble 3HaYCHHsI CTAaHAPTHBIX OTEHIIUAIOB METAIIJIOB IPUBEACHBI B TAOIUIIAX, HMEIOIINX-
csl B yueOHHK?" 110 o01mmieit xumMuu. Psij HanpspokeHni XapakTepu3yeT XUMHUUECKUe CBOMCTBA Me-
TaJJIOB: YeM MEHBIIIE ajlredpanyeckoe 3HauCHUe ¢0Mez+/ Me, TEM CHIIbHEE BBIPAKECHBI
BOCCTaHOBUTEJIbHbBIE CBOMCTBA METAJIJIOB, T.€. JIETY€ OKUCIAIOTCS (OTIAIOT 3JIEKTPOHBI) U TPYI-
HEe BOCCTAHABJIMBAIOTCS U3 CBOMX MOHOB.

BenuuiHa 51eKTPOIHOTO MOTEHIIUATA METAIA Qyre - /e 3ABHCHT OT BEJTHYH-

HBI ¢OMeZ+/ e KOHIIGHTPAITNH €T0 HOHOB B pacTBope, Cye’ ', TeMIepaTypsl T ¥ BhIpakkaeTcs ypas-
HEeHUuEeM HepHCTa; ‘Pnez'/m = CPOMez./M.-*- (2.3 RTVYZF 'lgCMcz.

rae R - razoBas nocrosinnas pastas 8,3 JIx/(monp*K); F - uncno ®apanes.
0.059

"t = @ e # == 180" e

Vpasuenune Hepucra npu T = 298 K npunumaet Bua:

4.32 J1BoitHOM dJIeKTPUYECKHUI CJIOH H 3JIEKTPOAHBbIN MOTEeHIHAJ

[Ipu uzydyennun Bonpoca HEOOXOAMMO OOPATUTh BHUMAHUE Ha CIEAYIONIE OCOOCHHOCTH.

JIBOMHOW 3HEKTPUYECKUN CIIOM, TOHKUW MOBEPXHOCTHBIA CJION W3 MPOCTPAHCTBEHHO pa3-
JIEJICHHBIX AJIEKTPHUY. 3aps/I0B MPOTHUBOMOIOKHOTO 3HAKA, 00pa3yIOIIHMIICS HA TpaHUIlEe ABYX (da3.
[TockonmbKy mPOCTPAHCTB. pa3JielICHUE 3apsi0B BCET/IA COMPOBOXKAAETCS BOSHUKHOBEHHUEM 3JICK-
TpUY. PA3HOCTH IOTEHIINAJIOB, JBOMHOMN JJIEKTPUUYECKUN CIIOM MOKHO pacCMaTpuBaTh KaK CBOE-
00pa3HbIii MUKPOKOH/ICHCATOP, PACCTOSTHHE MEXKy OOKJIAIKaMH K-POTro OMpPEIeseTCs MOJICKY-
JSpHBIMH pazMepamu. OOpa3oBaHue JTBOWHOTO SJEKTPUUYECKOTO CIIOSOKA3bIBAET CYIIECTBEHHOE
BJIUSIHUE Ha CKOPOCTB 3JIEKTPOIHBIX MIPOIIECCOB, aCOPOITUIO HOHOB U HEUTpaJIb-
HBIXMOJIEKYJ, YCTOMYUBOCTh AUCIEPCHBIX CHUCTEM, CMAaYMBAEMOCTh, KOd(. TPEHUS U ZIp. CB-Ba
Mex(ha3HbIX TpaHull. BOMo. cucTtemax mporecchl 00pa3oBaHKS U Pa3pylICHUs ABOHHOTO 3JIeK-
TPUYECKOTO CJIOSI Ha KJIETOYHBIX MEMOPaHaXCOMPOBOXKIAIOT PACTIPOCTPAHEHUE IJICKTPUY. HM-
MyJIbCOB BJIOJIb HEPBHBIX U MBIIIEYHBIX BOJIOKOH. Hano. meTaibHOCTpOEHNE TBOMHOTO AJICKTPH-
YECKOT0 CJIOSl MU3YYEHO Ha TPAHUIE MEXKIY METAJUIAY. SJIEKTPOJIOM U p-pomaiiekTponuTa. [Ipu
MOTPYKEHUH METAJIINY. dJIeKTpoja M B P-P PAEKTPOIIUTA, cojiepxa-
I HOHBI 3TOT0 MeTanna M (OTeHIMaTonpeIeNAOIMe HOHBI), YCTAHABIMBAECTCS — JNEKTPO-
XHWM. PAaBHOBECHUE, COMTPOBOKIAEMOE BBIPABHUBAHUEM 3JIEKTPOXUM. MOTECHIIMATIOB 3THUX HOHOB B
KPHUCTAJUIMY. PENIETKE MeTalla i B p-pe. Eciam mnepBoHa4YalibHO SJIEKTPOXHUM. IOTEHIU-

- =P

an noroB M B mera;ie #M* Gbu1 Gonblle SIEKTPOXHM. MOTEHIMANA STHXHOHOB B p-pe HM+,
+

TO B IIPOLIECCE BBIPABHUBAHUS ITUX BEJIMYHMH HEK-POE KOJ-BO HOHOB M IEPEXOIUT U3 METaJIaB

pP-p 4 MOB-CTb METAJIJIA 3apsKACTCA OTpULIATENIbHO. [IpUTAHYTBIE K HEH KYJIOHOBCKMMH CHUJIa-
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MH KaTHOHBI U3 p-pa (He 00s13aTensH0 M) 006pasyroT MOMOKUT. 00KIAAKY ABOHHOTO deKTpUde-

cKoro ciosi. Bo3HuKaromass mpu 3TOM 3JIEKTPHY. Pa3HOCTh MOTCHIUAIIOB MPEMATCTBYET NAJb-
v +

HeleMy mnepexoy HOHOB M M3 MeTajuia B p-p, 4TO ¥ IPUBOJUT K YCTAHOBJICHHUIO DJIEKTPO-

. ~P
XUM. paBHOBecus. Ecnu nepBoHauanbHO p::* < M+ , TO TPU YCTAaHOBIIEHUU BJIEKTPO-
XHM. paBHOBECHS 4acTh HOHOB M" M3 p-pa TIEpexoauT Ha METAIll, 3apskas ero MOB-CTh MOJIO-
xuTesbHO. OTpunaT. OOKIaAKY JBOMHOTO 3JEKTPHUYECKOTrO CJIO0S B 3TOM CJy4yae COCTaBJISIOT
MPUTSHYTHIE K MOB-CTH METaJUIaaHUOHBI P-pa. [lyrem no100-
pa KOHILIEHTPAIMH MMOTEHIIMATIONPEACIISIONIUX HOHOB B P-P€ MOXKHO TOOUTHCS TaKOW CHUTYyallHH,

=M -P
= +
YTO YCJIOBHE P+ = Put e TpeOyeT nepexoa MOHOB M~ u3 MeTasuia B p-p Wik Haobopot. B
9TOM CITydae 3apsi MOB-CTH METajllIa paBEeH HYJII0, a €ro MOTCHIMAI, U3MEPEHHBIH OTHOCHUTEIb-
HO K.-JI. 3JICKTPO/JIa CPAaBHEHUs, HA3. IOTEHIIMAJIOM HYJIEBOTO 3apsi/ia.

4.33 BbIXxo0/ 10 TOKY

[Tpu u3yueHnn Bompoca HEOOXOIMMO 00OPATUTh BHUMAHHUE Ha CICAYIOIINE OCOOCHHOCTH.
BbIX010M 110 TOKY B rajlbBaHOTEXHUKE HA3bIBAIOT BRIPAXKCHHOE B MPOIICHTAX OTHOIICHUE KOJIH-
yecTBa (PaKTHUECKU MPOITYIICHHOTO Yepe3 AIEKTPOIHT 3apsiaa Qf K TeOpEeTHUECKH HEOOXOqMMO-
My Qi uTst ocymiecTBIeHHs (PAaKTHYECKH HAOJII01aeMOTo MaccomnepeHocam;.

Qi
MHorza BBIXOJ] 110 TOKY PACCUUTHIBAETCS KaK OTHOLIEHHE MacChl IPH (PaKTHYECKOM Maccorepe-
HOCE Mf K TEOPETUYECKOMY MacCONEPEHOCY My, paccUUTaHHOMY 110 1-my 3akony Dapazes:

B, = 2L .100%

iy

4.34 D1eKTPOJIM3 ¢ PACTBOPUMBIM U HEPACTBOPUMBIM AHOI0M
ITpn u3ydeHnn Borrpoca HEOOXOAUMO OOPATUTh BHUMAHKE HA CIIETYIOIINE OCOOCHHOCTH.

DEeKTPOIU3 — MPOLECCHI, TPOUCXOIAIINE Ha AIEKTPOJaxX Mo IeHCTBUEM 3J1. TOKA, 110/1aBa€MOr0
OT BHEITHET0 UCTOYHMKA. Ha aHoze B mepByIo odepenb pearnpyroT Hanbosee CHiIbHbIE BOCCTa-
HOBMTENIM — BElI-Ba, UMEIOIINE Hanboee oTpulaTelbHblil noTeHuuan. Eciu notenuuan meran-
JMYECKOT0 aHOJa UMeeT 0oJiee OTpUIAaTeIbHOE 3HAUYCHNE, YeM TIOTSHIIHA HOHOB WJIH JIp. BEII-B,
IPUCYTCTBYIOLIUX B pacTBOpPE, B ra3oBoi (pa3e OKOJO JIEKTPOjAa MU Ha 3JIEKTPOJIE, TO MPOHC-
XOAUT pacTBOpeHue Metamia. [Ipu 3ToM mpoTekaeT JIeKTPOIN3 ¢ pacTBOPUMBIM aHo oM. Eciu
MNOTEHIMAJ METAUINYECKOT0 aHoJa OJM30K K MOTEHLHUAIY Jp 3JIEKTPOAHBIX MPOLECCOB, TO Ha
aHO/Ie MTPOTEKAIOT U Jp MpOoIecchl. B 3TOM citydae Taxske rOBOPST 00 3JIEKTPOIM3E C pacTBOPU-
MBIM aHOJIOM, HO YYHMTBHIBAIOT TAKK€ M JIp aHOJHBIE Mpouecchl. Ecin nmoTeHuuan MeTamia uin
Jp. TIPOBOJIHHKA NEPBOTO POAA, MCIIOIB3yEMOro B Kad-B€ aHOJa, UMeeT Oonee + 3HaYeHHE, TO
IPOTEKAeT 3JEKTPOJIU3 C HEPACTBOPUMBIM aHOJIOM. B Kady-Be HepacTBOPUMBIX aHOJIOB IpUMe-
HATOT 30JI0TO U INTAaTUHOBBIC METAJIJIBI, AMOKCHU I CBHHIA, OKCHUJ] PYTCHUA U AP BEII-Ba, UMCIOIIUC
+ 3HaYeHMs PAaBHOBECHBIX HJIEKTPOAHBIX MOTEHIMAJIOB, a Takke rpadut. HekoTopsle MeTasuibl
MPAKTUYCCKU HE PaCTBOPAKOTCA M3-3a BBICOKOH aHO)IHOﬁ MoJIApU3aInu. SIBnenne TOPMOXKCHUA
AQHOJIHOTO PACTBOPEHMsI MeTalljia M3-3a 00pa30BaHMs 3AIIUTHBIX CJIOEB HA3-CS MACCHBHOCTBIO
MeTaa.

4.35 JlernpoBanue, H30JISINMOHHbIE MOKPBITHS, METAJJIMYECKHE MOKPBHITHSA, IPOTEKTOPHAS
3a1UTA U 3JIeKTPO3alUTa, MHTHOMPOBaHHe

[Ipu u3yyenun Borpoca HEOOXOAUMO 0OpPATUTh BHUMAHUE Ha CIEAYIOIUE OCOOEHHOCTH.
Ecnu noTeHuman merasia nojxoXuTelbHee MOTeHIMalla BOJOPOJHOTO IEKTpo/ia (MTOCIeAHUN
PaBeH HYJIIO B KHCIbIX cpefax nmpu pH= 1 u cocraBnser okono — 0,41 B B HelTpasibHOU cpenie
npupH= 7) u oTpunaTenpHee MOTEHIHANA KUCIOPOJHOTO 3MekTpoaa (obnactsll), To Kopposus
BO3MOYHA C MOIJIOLIEHUEM KUCIIOPOJIa U HEBO3MOXHA C BBIJIEICHUEM BOJIOPOJIA.
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N

Ecnu moteHnman Meraia oTpuriaTelibHee MOTEeHIaIa BOAOPOIHOT0 AiekTpoaa (oomacts 1), To
BO3MO’KHA KOPPO3Hs KaK C IMOIVIONIEHUEM KHCIIOPOJa, TAK U C BblIEIEeHHEM Bojopoaa. K Takum
MeTaJlIaM OTHOCSITCS IICJIOYHbBIE, IIEJIOYHO3EMENbHBIC, ATIOMUHUHN, IIUHK, U JP.
Ckopocmw anekmpoxumuieckol kopposuu. JIeiCTBUE raJlbBAaHUYECKUX JIEMEHTOB B 3HAUUTEIIb-
HOM Mepe 3aBUCUT OT MOJSIPU3ALUU U Jenoisipu3auu. [Ipu 3ToM MOKeT MPOUCXOAUTh KaK Io-
JspuU3alys aHoAa, KOTopasi BRIPaXXaeTcs B TOM, YTO €r0 MOTEHI[UAJl CTAHOBUTCA 0OJIee MOI0KU-
TEJbHBIM, TaK U MOJIIPU3ALIMS KAaTO/1a, BbI3bIBaeMasi CMEIICHUEM €ro MOTeHIMala B OTPULIATEb-
HYIO CTOPOHY.
[Tonstpu3anus CHUXKAET CKOPOCTh KOPPO3UU BO MHOTO pa3. bes nmonsipuzanuu MHOTHE METAILIBI,
B TOM YHCII€ U 3K€JIe30, KOPPOAUPOBAIIU OBl C TAKOW BBICOKOW CKOPOCTHIO, UTO MOTEPSITIU ObI
CBOE TEXHUYECKOE 3HAUCHHUE.
CKOopoOCTb IMEKTPOXUMUYECKOM KOPPO3UU MOKHO OIIPENIEIUTD 0 Gopmyie:

E

TR+ 411

rze |— cua Toka, BemMurHa KOTOPOTO YKa3bIBaeT Ha CKOPOCTh KOPPO3UHU;R — omMHyeckoe co-
NPOTHBIICHHE PacTBOpa dJekTponuTa; [1,— nonspusanus anona, [1,— nonspusanus karona;F—
AIIEKTPOABIDKYIIAS CHIIA.
B 3aBucumocTu ot Toro, kakas u3 BenmuuH (R, I1,, 1) oka3piBaeT OrpaHUUUTENILHOE ACHCTBUEC
Ha CKOPOCTH IMPOIIECCa, Pa3IHYal0T KOPPO3HUIO C PA3IMYHBIM KOHTPOJIEM:

R>>(I1,+I1) — OMHUYeCKHIi KOHTPOJIb,

[1,>>(R+I1,) — KaTOAHBII KOHTPOJIb;

I1,>>(R+11K) — aHOIHBINA KOHTPOJIb.
KonTtponupyromas craaus sBIsETCS JUMUTHPYIOWIEH I BCETO MPOLecca, T.e. OrPaHUYUBACT
CKOpPOCTh KOPPO3HUH B II€JIOM, TaK KaK IMPOTEKACT ME/IJICHHEE APYriuX. Bo3MOXKEH U CMEIIaHHbIN
KOHTPOJIb, KOTJIA cTIaraeMble B 3HAMEHATEIIe MPUOTM3UTEITLHO PaBHBI IO BEJTHYUHE.

ITpu n3yuenun Bonpoca HEOOXO0IMMO OOPATUTh BHUMAaHHE Ha CIEIYIOIUEe OCOOCHHOCTH.

5. METOAUYECKHUE PEKOMEHIALIUN
IO NOAT'OTOBKE K 3AHATUAM

5.1 JlaGopaTopHas pa6ora 1 (2 yaca). Tema: «Ctexnomerpuiyeckue 3aKOHbD)

ITpu NOATOTOBKHM K 3aHATHIO HEOOXOAMMO 0OpaTUTh BHUMAHUE HA CIIEAYIOIINE MOMEHTHI.

OnHO U3 NepBBIX ONpENeIeHUH XUMHUH KaK HayKH JaJl BETUKUN PYCCKUN yUeHBIN
M.B.JIomoHOCOB: «XUMHYECKas HAYKa paCCMAaTPUBACT CBOMCTBA U U3MEHEHHS TEII...COCTaB
TeN...00BSCHIET IPUUYHUHY TOTO, YTO C BELIECTBAMH NPU XUMUYECKUX MPEBPALIEHUSIX TPOUCXO-
JUT».

CBoO€ OpUTHMHAJIBHOE U OYE€Hb TOYHOE ONPENEICHNE XUMUU JaJl PYTOl BEJIMKUN PYCCKUI
xuMuK J[.M.MenneneeB B 3HameHuTOM kHUTEe «OCHOBBI XUMum». [lo MenaeneeBy, xumus — smo
yuenue 00 371eMeHmax u ux coeOUHeHusx.

XUMHS OTHOCUTCS K €CTECTBEHHBIM HayKaM, KOTOPBIE U3y4alOT OKPYKAIOLIUKA HaC MUP.
OHa TecHO cBsi3aHa C IPyTUMU €CTECTBEHHBIMH HayKaMu: (PU3UKOW, OMOJIOTHEH, Te0I0rHeH.
MHorue pa3iensl HayKu BO3HUKIIU Ha CTBIKE 3TUX HayK: (hU3HUecKast XUMHUs, TEOXUMUSI, ONOXH-
MU U Ap.

B coBpemMeHHO# XMMHH BBIJICIIUIOCH MHOTO CAMOCTOSTEIBHBIX Pa3JIesioB, Hanboee Bax-
HBIE U3 KOTOPBIX, KPOME OTMEUYECHHBIX BBIIIE€, HEOPTaHNYECKAs] XUMHMSI, OPTaHUUIECKasi XUMHUS,
XHAMHS TTOJIMMEPOB, AHAJIMTUYECKAsA XUMUS, DIEKTPOXUMUSL, KOJUIOUIHASI XUMUS U IPYTHE.

Bo Bce BpeMeHa XMMUS CITYKHUT YEIOBEKY B €r0 MPAaKTUYECKOM aesTenpbHocTr. Eme B
JPEBHOCTH BO3HUKIIA PEMECIIA, B OCHOBE KOTOPBIX JIEIKAIU XUMUYECKUE IIPOLIECCHI: TIOJIyYCHUE
METaJUIOB, CTEKJIA, KEPAMUKH, KPACUTENIEH.
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Bonbiiyio posb urpaetr XuMusi B COBpeMEHHON MPOMBIIIIIICHHOCTH. XUMUYecKasi 1 Here-
XUMHUYECKasl IPOMBIIIICHHOCTD SIBJISIOTCSA BAKHEHIIMMU OTPACIISIMU, O€3 KOTOPBIX HEBO3MOMXKHO
(yHKIMOHUPOBAHUE SKOHOMHUKH.

Pa3BuTre MHOTHX OTpacieil MPOMBIIUIEHHOCTH CBA3aHO C XUMHUEH: METAJUTyprusi, Mallu-
HOCTPOEHHUE, TPAHCIIOPT, 3JIEKTPOHUKA, JIETKasl, IUILEBAsl IPOMBIIIJIEHHOCTh — BOT HEMOJIHBIN
CIUCOK OTpacieil 5KOHOMHUKH, IIUPOKO UCHOIB3YIOUINX XUMHUUECKHUE TPOIYKTHI U MPOLIECCHI.

HckmounTensHo 00IbIIOE 3HAU€HUE XUMHS UMEET B CEITLCKOM XO031CTBE, KOTOPOE HC-
MO0JIb3yeT MUHEpANIbHbIE YA0OPEHHUS, CPEJICTBA 3aLIUTHl PACTEHUIN OT BPEAUTENCH, PETyIsTOPHI
pocTa pacTeHUl, XUMUYECKHE T00aBKU U KOHCEPBAHThI K KOPMaM JUIsl )KUBOTHBIX U JPYTUe Ipo-
IyKThbl. Mcrionbp30BaHNE XUMUYECKHX METOJIOB B CEITCKOM XO3SICTBE MPHUBENIO K BOZHUKHOBE-
HUIO CMEXHBIX HayK, HAIPUMEp, arpPOXUMHH U OMOTEXHOJIOTUH, IOCTHKEHHUS KOTOPBIX B HACTO-
11ee BpeMs IIMPOKO MPUMEHSIOTCS B TPOU3BOJICTBE CETBCKOXO3SIIICTBEHHON MPOAYKIIUH.

OCHOBOI XMMMH SABJIIOTCS CTEXMOMETPUUYECKUE 3aKOHBI, Ta30BbIE 3aKOHBI, C [IOMOILBIO
KOTOPBIX MOKHO ITPOBOJUTH PACUETHI.

Jlns penienus 3a1a4, CBA3aHHBIX C pacyeTaMM 110 3aKOHAM aTOMHO-MOJIEKYJISIPHOTO yye-
HUS ¥ Ta30BbIM 3aKOHAM, BaKHO YSICHUTh, YTO B XMMHUHU MIPUMEHSIETCS Mepa KOJIM4YeCcTBa Belle-
CTBAa, Ha3bIBaeMas «MOJb». MoJIb BXOJUT B MEKIYHApOIHYI0 cucteMy enunun CU.

Morb- 3T0 KOTMYECTBO BEIIECTBA, co/iepskaiiee ynucio ABoraapo N

(6,02 10%% CprKTy%)HI)IX eAUHULL (MOJIEKYJI, aTOMOB, MOHOB, 3JIEKTPOHOB). OANH MOJIb
aToMOB coaepkuT 6,02:10 8 aTOMOB, OJMH MOJIb SKBUBajJIeHTOB — 6,02 -10% >KBUBANEHTOB U
T.4. TakuM 00pa3om, YMCIIO YAaCTHI] B OJJHOM MOJIE OJTHO U TOKE, OHO HE 3aBUCHUT OT BHJIa Ya-
CTHII.

Macca MoJIst pa3IMUHbBIX YaCTHUIl (MOJIEKYJT pa3IMYHbBIX BEIIECTB, HOHOB, SKBUBAJICHTOR)
pasinyHa, T.K. OHa OMPEICIIACTCA YMHOKEHHEM MaCChl OHOM 4acThIlbl Ha unciio ABoraapo (N)
YaCTHUII, COJIEPKAIINXCS B OJTHOM MOJIE.

CornacHo 3aK0HY ABOTAJIPO, 8 PAGHBIX 00BEMAX N0ObIX 2A308, 63AMbIX NPU OOHOU U MOl
Jrce memnepamype u 00OUHAKOBOM 0ABIeHUU, COOEPAHCUMCSL OOUHAKOBOE YUCIO MOJIEK)]L.

WHBIMU CTTOBaMU, OTHO U TOXE YMCIIO MOJIEKYJI JIF0OOT0 Ta3a 3aHUMaeT PU OJUHAKOBBIX
YCIIOBHSIX OJIMH M TOT %e 00heM. BMecte ¢ TeM 1 Moib 1100010 Ta3a COIEepPKUT OJJMHAKOBOE
quciao Mosekyn. CienoBareiabHO, IPH OIMHAKOBBIX YCIOBUAX 1 MOJIb JH000T0 ra3a 3aHMMaeT
OJIMH U TOT k€ 00beM. DTOT 00BEM HA3BIBAETCS MOJIBHBIM 00BbEMOM Ta3a U IPU HOPMAJIbHBIX
yenoBusix (0°C, naBnenun 101,325 kIla) pasen 22,4 1.

[Tpu paccMoTpeHHH JaHHOW TEMbI HEOOXO0IMMO 00paTUTh BHUMAaHKME Ha CIIOCOOBI OIpeie-
JIEHHSI MOJIEKYJISIPHBIX MacC BEIECTB B ra3000pa3HOM COCTOSHUM. J1JIsl 3TOr0 ClIeayeT YACHUTb,
YTO IPU ONPEEICHUN MOJIEKYJIIPHOM MacChl BEIIECTBA OOBIYHO HAXOAT YNCIEHHO PaBHYIO el
MOJIBHYIO Maccy BelecTBa B I/Moiib. Hanbosee pacipocTpaHeHHBIMH clIOCOOaMU ONpeAeIeHUs
MOJIEKYJISIPHBIX Macc ra3000pa3HbIX BEIIECTB SBISIOTCA:

— OIIpe/IEIICHHE T10 TUIOTHOCTH Ia3a;

— T10 MOJILHOMY 00BEMY;

— 1o ypaBHeHuto Knaiinepona — Menieneena.

[Ipu pemeHnn HEKOTOPBIX 33]1a4, COAEPKANTUX CBEACHUS 00 00beMax raz000pasHBIX
YYaCTHHUKOB PEaKIInH, L1e1eco00pa3Ho MOJIb30BaThCsl 3HAUEHUEM SKBUBAJICHTHOTO 00beMa.

OKreusaneHmuvimM 00beMoM Ha3bIBACTCSI 00bEM, 3aHUMAEMBbIN MTPU TAaHHBIX YCIOBUSIX OJI-
HUM 3KBHBAJIEHTOM BELIECTBA.

OKeusaneHmom eewyecmaea Ha3bIBaeTCs TAKOE €ro KOJIMYECTBO, KOTOPOE COETUHSAETCS C
OJIHUM MOJIEM aTOMOB BOJIOPOJA MJIHM 3aMEIAET TO K€ KOJIMYECTBO aTOMOB BOJOPO/1a B XMMHUE-
CKUX peaKIIMsIX.

3HavyeHre SKBUBAJIEHTHOTO 00beéMa BELIeCTBA, HAXOAIIEr0Cs B ra3000pa3HOM COCTOSIHUM,
MO’KHO HAaWTH, 3Hasl, 4YTO B MOJIBHOM 00BbEME JIF00O0T0 ra3a, COCTOSIIEr0 U3 OJTHOATOMHBIX MOJIE-
KYJI, COIEPKUTCS | MOJIb aTOMOB, COCTOSIILIETO U3 IBYXaTOMHBIX MOJIEKYJ — 2 MOJIb aTOMOB U
T.J.
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5.2 JlabopaTopHas padora 2-3 (4 yaca)

Tema: «OCHOBHBIE KJIACCHI HeOPraHuvecKux coequHeHuil. [lonsaTue 00 naeHTupuranumn
KATHOHOB U AHMOHOB)»

[Ipuctynas k pemieHuro 3a1a4 1Mo XUMUU, HEOOXOAUMO, MPEXKJIe BCEro, 0OpaTUTh BHUMAaHHUE Ha
CBSA3b M B3aMMHbIE IIPEBPAIICHUS MEXIY pa3IudyHbIMU Kiaccamu coeauHeHui. [loaToMy Tak
BaKHA KJacCHU(PHUKAIUS XMMHUECKUX COEIMHEHUI, M0 KOTOPOW MOHUMAIOT 00beAMHEHUE pa3-
HOOOpa3HBIX COCTMHEHUN B OIpEEeIICHHBIE KJIACChl, 00JIaar0IIne CXOJHBIMU CBONCTBAMHU (OK-
cunbl, conu U T.7.). Kimaccudukanus ectecTBeHHbIM 00pa3oM CBsi3aHa ¢ MpoOIeMoil HOMEHKIIa-
TYpBblL, T.€. CACTEMOM HAa3BAHUM BEIIECTB. XMMUYECKUE CBOMCTBA BEIIECTB MPOSBISIOTCSA B pas3-
HOOOPAa3HBIX XUMUYECKHX PEAKIHAX, KOTOpbIE TaKkKe KIacCU(DUUHUPYIOTCS 10 Pa3InYHBbIM IPH-
3HakaM. Hy>XHO yMeTh pacrio3HaBaTh OCHOBHBIE THUIIBI XMMUUECKUX pEaKLUi: COeAUHEHNUS, pa3-
JIOKEHUS, 3aMelIeHHs, o0paTuMble, HEOOpAaTUMBbIe, OKHCIUTEIbHO-BOCCTAHOBUTENbHBIE U T.J.
Kak HOMeHKJaTypa, Tak U KIacCU(PHUKAIMI COSIMHEHUH (a TakKe XMMHUYECKUX PEaKIMi) CKIla-
JBIBAIIUCS. HA MPOTSHKEHUHM CTOJETHM, MTOATOMY OHU HE BCErJa SBJSIOTCS JIOTUYECKHUMH U Tpe-
OYIOT BIyMUHUBOI'O OCMBICIIMBAHHUS.

Baxxneiimmm nmpaBuiioM 100011 HOMEHKJIATYPHI SBJSETCS TpeOOBaHUE OJJHO3HAYHOTO
CMbIciIa Ha3BaHus BellecTBa. Hanpumep, okcn IMHKA - OJHO3HAYHOE HA3BAHUE, TIOCKOJIbKY
UHK 00pa3yeT ToJbKo ouH okcua ZnO. OgHako, HapuUMep, OKCHJT a30Ta — HEOJHO3HAUHOE
Ha3BaHME, IOCKOJBbKY a30T o0pa3yeT Heckosbko okcuaoB: NoO, NO, NO; u ap. Ilostomy no cu-
CTeMe XUMUYECKOW HOMEHKIIATYphl, pa3padoTaHHON MexXayHapOAHBIM COI030M TEOPETHUECKOM
u npuxsagHoi xumuu (MIOITAK), N2O naseiBatoT okcuom aszora (1), NO — okcuniom azora (11),
NO, — okcuom azota (IV).

Conu npuHATO NEAUTh HAa TPU IPYNIbL: CPEHUE, KUCIIbIE U OCHOBHBIE. B cpeHux coisix
BCE aTOMBI BOJIOPOJIa COOTBETCTBYIOIIEH KUCIOTHI 3aMEIIEHbl HA METaJJIa, B KUCIIBIX COJISIX OHU
3aMEILIEHBITOJIBKO YAaCTUYHO, B OCHOBHBIX coJisix rpynnbsl OH cooTBeTCTBYIOLIEr0O OCHOBAHUSA
YaCTUYHO 3aMEIIEeHbl HAa KUCIIOTHBIE OCTATKU.

Cyl1ecTBYIOT TakKe HEKOTOpBIE IpYrHe TUIIbI COJIeH, HalpUMep: ABOWHBIE COJIH, B KOTO-
pBIX cojiepaKarcs Ba pa3HbIX KatuoHa W oauH aHuoH: CaCO3.MgCO;3; (nomomur), KCI. NaCl
(cunbBuHUT), KAI(SO4 ), (amroMoKanreBbie KBACIlbl); CMEIIAHHBIC COJIH, B KOTOPBIX COACPIKUTCS
oJIMH KaThoH U 1Ba pasHbix aHuoHa: CaOCl; (unu Ca(OCI)Cl); KOMIUIEKCHBIE CONM, B COCTaB
KOTOPBIX BXOJUT KOMIUIEKCHBIM HMOH, COCTOAIIMI M3 ILIEHTPAJIbHOI'O aTOMa, CBSI3AHHOIO C He-
ckonbkumu nurangamu: K4[Fe(CN)g] (skentast kpoBsiHasi comnb), K3[Fe(CN)g] (kpacHast KpoBsi-
Hast coib), [NaAl(OH)4], [Ag(NH3)2]Cl; ruapaTtHbie COJHM, B KOTOPBIX COJEPIKATCS MOJIEKYJIbI
Kpuctamu3anuonnoil Boasl: CuSO>4. SH,O (meansrit kynopoc), Nay;SO4.10H,0 (rnaybepoBa
COJIb).

5.3 JlaGoparopuas padora 4 (2 yaca). Tema: Opranuueckue coequnenus. [losmmepsl,
NpHUMeHeHHe
[Tpu MOAroTOBKE K 3aHATHIO HEOOXOAMMO aKIIEHTUPOBATh BHUMAHUE HA CIEAYIOLIEM: TEPMUH
«monumepus» 061 BBeaeH B HayKy M.beprienuycom B 1833 roay myis 0003HaueHUst 0c0O0r0 BU-
Jla ©30MEpUH, IPU KOTOOM BelecTBa (ITOJIMMEpPHI), UMEIOIINEe OIMHAKOBBIHN coCTaB, 00J1aJaloT
Pa3IMYHON MOJIEKYIISIPHON Maccoi, HalpuMep STHIJIEH U OyTHIIEH, KUCIOPOA U 030H. Takoe co-
Jep>KaHue TepMUHA HE COOTBETCTBOBAJIO COBPEMEHHBIM IPEICTaBICHUAM 0 onumepax. «Hc-
TUHHBIEY» CUHTETHUECKHUE MOJIMMEPHI K TOMY BPEMEHH ellie He ObLIM N3BECTHBI.

XuMUs TIOJTMMEPOB BO3HHKIJIA TOJIBKO B CBS3U ¢ co3nanueM A.M.BytiepoBbiM Teopun xu-
MUYECKOro cTpoeHusd. A.M.byTnepoB H3ydasn CBS3b MEXAY CTPOEHHEM U OTHOCUTEIBHOMN
YCTOMYMBOCTBIO MOJIEKYJ, MPOSBISIOLIEHCS B peakiusx mnoiaumepusanuu. JlanpHeiliee cBoe
pa3BUTHE HayKa O MOJHMMEpax IMOJy4yusia IIaBHbIM 00pa3oM Ojarojgaps MHTEHCHUBHBIM MTOMCKaM
CrocoOOB CHHTE3a KayuyKa, B KOTOPBIX y4YacTBOBAJIM KpYIHEIIME Y4YEHbI€ pa3HbIX CTpaH
(I'.bymapna, Y. Tunznen, K.I'appuec, 1.JI.Kongakos, C.B.JIebenes u npyrue).

XuUMHS BBICOKOMOJIEKYIApHBIX coenuHeHunit (BMC) sBisieTcst 0THON M3 MOJIOABIX U OBICT-
pPOpa3BUBAIOIIMXCS OTPACIIEd HayKH U MPOMBIIIIEHHOCTH. OHA M3y4aeT 3aKOHOMEPHOCTH CHH-
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Te3a, crpoeHue u cBoiictBa BMC. Takue coelnHEeHUs B 3aBUCUMOCTH OT UX MPUPOABI U IPOUC-
XOXKJCHHUSI SIBJISIFOTCSI OPraHUYECKUMH UM HEOPTaHUYECKUMHU.

OrpomHast TOTpeOHOCTh B pa3HOOOPA3HBIX MOJIUMEPHBIX MaTepuaiax, KOTOpbIe YK€ JaBHO
paccMaTpUBAIOTCSA HE KaK 3aMEHHUTENIM HaTypalbHBIX MPOAYKTOB, IIpHUBela K OypHOMY pa3Bu-
TUIO XUMUHU U (PU3UKU TOJTUMEPOB. DTOT MPOLECC 0COOEHHO MHTeHCUBHO uzet ¢ 50 — 60 rr. XX
B. YHHKanbHble cBolicTBa BMC pean3oBaHbl B TaKMX HEOOXOJMMBIX YEIOBEKY MaTepuanax,
KaK CUHTETUYECKHE U UCKYCCTBEHHBIEC BOJIOKHA, KayyyK M PE3HHA, IJIEHKU, UCKYCCTBEHHAs KO-
’Ka, KOHCTPYKIIMOHHBIE MaTEPUAJIbI U JP.

[Tporpecc B 60IBIIMHCTBE 00JacTEll COBPEMEHHOW TEXHUKE, JIEKTPOHHUKE, CTPOUTEIHCTBE,
CEJIbCKOM XO035UCTBE, MEAUIIMHE, MUIIEBON U JIETKOW MPOMBIIUIEHHOCTH B 3HAYUTENBHOM CcTere-
HU OIpeeIsAeTCs LIMPOKUM IIPUMEHEHHEM NouMepoB. K HacTodiemMy BpeMEeHH MUPOBOE IPo-
U3BOJCTBO MaTepuanoB u3 BMC CHHTETHYECKOro W MPUPOJHOrO MPOUCXOXKICHUS 1O 00BEMY
IIPEBOCXOUT IPOU3BOACTBO YEPHBIX METAIIIOB. B CBS3M cO CKa3aHHBIM, U3Yy4EHHE OCHOB XUMUU
COEIMHEHUI STOro Kiacca MpH MOATOTOBKE KBATU(UIMPOBAHHBIX CIEUAINCTOB, SBISETCS
BaXHOU 3aJlauell JTaHHOIO Kypca XUMHUH.

[TonuMepsl — XUMUYECKUE COSTUHEHHS C BBICOKOM MOJEKYISIPHON Maccoil (OT HECKOIBKHUX
TBHICSIY 10 MHOTUX MHJJIMOHOB), MOJIEKYJIbI KOTOPBIX (MAaKpOMOJIEKYJIbI) COCTOAT U3 OOJBIIOrO
Yrclia MOBTOPSIOIINUXCS TPYNIUPOBOK (MOHOMEPHBIX 3BEHBEB). ATOMBI, BXOSIINE B COCTaB
MaKpOMOJIEKYJI, COEIMHEHbI JPYT C JIPYroM CHJIaMU TJIaBHBIX M (WJIM) KOOPJIMHAIMOHHBIX Ba-
JIEHTHOCTEM.

[To mpoUCXOXKACHUIO MOTUMEPHI IETATCSA Ha TPUPOAHBIE (OMOMIOIMMEPHI), HAIIpUMep, Oell-
KU, HYKJICMHOBBIE KHUCJIOTHI, IPUPOJHBIE CMOJIbI, 1 CUHTETUYECKUE, HAIIPUMED, MOIUITUIICH, TO-
JMIPOIIWIICH, (PeHOI0-(POPMaTbIETHIHBIE CMOJIBI. ATOMBI WM aTOMHBIE TPYIIBI MOTYT PacIio-
JaraTbCsi B MaKpOMOJIEKYJI€ B BUJE: OTKPBITOM LIENMU WU BBITSHYTON B JTUHUIO MOCIEI0BATENb-
HOCTH IIUKJIOB (JIMHEHHBIC MOJUMEPHI, HAIPUMEP Kay4dyK HaTypajbHBIN); IIEMU C Pa3BETBICHUEM
(pa3BeTBIIEHHBIC MTOJIMMEPHI, HAIIPUMEDP aMUJIONIEKTHH ), TPEXMEPHOU CETKHU (CIIBITHIE TTOTUMEPHI,
HanpuMep OTBEPKJIEHHBIE AMOKCUAHBIE cMOJbl). [loaumepnl, MOJIEKYIbl KOTOPBIX COCTOSIT W3
OJINHAKOBBIX MOHOMEPHBIX 3BEHBEB, HA3BIBAIOTCS TOMOIOJIUMEpaMH (HampuMep, MOIMBUHIII-
XJIOpUJI, TOJHANPOaMHU/I, EJITI0I034).

[Tonumepsl, MaKpOMOJIEKYJIbI KOTOPBIX COJAEPKAT HECKOJIBKO TUTIOB MOHOMEPHBIX 3BEHbEB,
Ha3bIBAIOTCS COMOJIMMEPAMH.

B 3aBucumocTH OT cocTaBa OCHOBHOM (IJIaBHOM) IIEMU MOJIMMEPHI, JAENAT Ha: TeTepoLer-
HbIE, B OCHOBHOM 1€ KOTOPBIX COJEPKATCS aTOMbI Pa3IMYHBIX 3JEMEHTOB, Yallle BCEro yrie-
pona, azoTa, KpeMHHs, (ocdopa, U TOMOLEMHbIE, OCHOBHBIE IIENH, KOTOPHIX MOCTPOEHBI U3
OJIMHAKOBBIX aTOMOB. M3 romouenHex MOJUMEpOB Hambojee paciHpoCTpaHEHbl KapOOoIleNHbIe
MOJIMMEPHI, TJaBHBIE IIENU KOTOPBIX COCTOSIT U3 aTOMOB YIJIEpO/A, HAlpUMEp MOJIUATUIIEH, TTO-
auMeTuIMeTakpuiar. [IpuMepsl reTeponenHbiX MOJIMMEPOB - MOJUAGUPHI (ITOJUITHUIIEHTEPE-
dranar, monukapOOHATHI), MOIUAMUIBI, MOYEBHHO(DOPMAITLIETUIHBIE CMOJIBI, OEIKH, HEKOTO-
pble KpeMHHUOprannyeckue noiauMepsl). OTAeNbHYIO TPYIIY MOJIUMEPOB 00pa3yloT HEOPTaHU-
YecKHe MOJTMMEphI, HallpUMep TUIacTU4ecKas cepa, moaudocHOHUTPUIXITIOPHU.

[Tonyuenne nonmumepoB. Ilpupoansie mommMepsl 00pa3yroTcst B mpoliecce OMOCHHTE3a B
KJIETKaX HUBBIX OpraHu3MoB. C MOMOIIBIO SKCTPAKIHUH, (PPAKIIMOHHOTO OCAKICHHS U JIPYTHX
METOJ/IOB OHM MOTYT OBITH BBIIEIIEHBI U3 PACTUTEIHLHOTO U YKUBOTHOTO CBHIpbi. CHHTETUYECKHE
MOJIMMEPHI TIONYYaIOT MOoJMMEpH3aIue u nonukoHaeHcanuu. Kapoonenssie moiuMepsl 00bI4-
HO CHUHTE3UPYIOT MOJMMEpHU3AIel MOHOMEPOB C OJHON MM HECKOJIBKUMH KPaTHBIMH yTIJIEpO-
HBIMH CBSI3SIMU WJIM MOHOMEPOB, COJIEPKAIINX HEYyCTONYHBBIE KapOOIIMKINIECKIE TPYIITHPOBKU
(HampuMmep, U3 LUKIJIONpPONaHa U €ro MPOU3BOAHBIX). ['eTeporienHple MoJIMMeEpsl MOJIy4YaroT Mo-
JUKOHJIEHCAIlMEH, a TaK)Ke MOJMMEpHU3aleil MOHOMEPOB, COJEPKAILIUX KPaTHbIE CBS3HU YIIepo-
noanementa (Hanpumep, C=0, C=N, N=C=0) unu Henpo4Hble TreTepOIUKINIECKIE TPYIITUPOB-
KH.

N3 CBOWMCTB M BaXHEHITUX XapaKTEPUCTUK TMOJTUMEPOB HEOOXOIUMO OTMETHTH: CIOCOO-
HOCTH OOpPa30BBIBATH BBICOKONPOYHBIE AHM3OTPOITHBIE BHICOKOOPHUEHTHUPOBAHHBIC BOJOKHA U
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IUIEHKH, CHOCOOHOCTh K OOJNBIIUM, JJTUTEIHHOPA3BHBAIOIIUMCS OOpAaTUMBIM JehOpMalusiM;
CIIOCOOHOCTH B BBICOKOAJIACTUYHOM COCTOSIHMM HaOyxaTh Hepe] pacTBOPEHUEM; BBICOKAs BSI3-
KOCTb PacTBOPOB. DTOT KOMILIEKC CBOMCTB OOYCJIOBJIEH BBHICOKOIN MOJIEKYJISIPHOM MAacCOM, Ier-
HBIM CTPOEHHUEM, a TAKXKE TMOKOCTHI0 MAaKPOMOJIEKYIL.

PactBopst BMC 1 HEKOTOpBIE KOJUIOWIHBIE CHCTEMBI CIIOCOOHBI TIPH OIIPEIEICHHBIX YCIIO-
BUSIX TEPATh TEKYUYECTh M MPEBPALLATHCA B Iellb WIH CTYACHb.

['enu UrparoT BaKHYIO POJIb B IPAKTUYECKOH JACATEIBHOCTH YEJIOBEKA U B OMOIOTHYECKUX
nporueccax. 3HaueHUe rejiei BeMKO B Ipolieccax MoYBo0Opa30BaHus U )KU3HU MOYBBI, TaK KaK B
IIOYBE KOJUIOUbI HAaXOATCS IPEUMYIIECTBEHHO B COCTOSIHUH redsl. K rensiM oTHocATCS pa3iny-
HBIE MIOPUCTHIE 1 HOHOOOMEHHbBIE aJICOPOCHTHI, TAKME MUHEpasbl, KaK oraj U arar, yapTpapuib-
TPBI, HICKYCCTBEHHBIE MEMOpaHbI, BOJIOKHA MBIIICYHBIX TKaHEH, KOXa, XPSIIH, KICTOYHbIE 000-
JIOYKU U Pa3InYHble MEMOpaAHbI B OpraHU3Max.

[Tomumepsl MOTYT BCTYIATh B CIEIYIOIINE OCHOBHBIC TUIIBI PEaKIUii: 00pa3oBaHHE XUMHU-
YEeCKUX CBSI3eH MEXIy MaKpOMOJIeKylaMH (TaK Ha3bIBAEMOE CIIMBaHWE), HAIPUMED, IIPU BYJIKa-
HU3AIMHA KaydyyKoB, TyOJCHUU KOXH, pacraj MaKpoOMOJEKYyJl Ha OTHENbHbIe, 0ojiee KOPOTKHE
dbparMeHThl, peakuu OOKOBBIX (PYHKIIMOHAIBHBIX TPYII MOJIMMEPOB C HU3KOMOJICKYIISIPHBIMH
BELIECTBAMM, HE 3aTparuBalOlIe€ OCHOBHYIO II€Mb (TaK Ha3blBa€Mble IOJIMMEpPaHAIOTUYHbIE
MpeBpalleHus]); BHYTPUMOJCKYISPHBbIE PEaKIUU, MPOTEKAIoUIe MEXIy (QYHKIHOHATbHBIMU
rpynmnamu oAHONH MaKpOMOJIEKYJIbI, HAIIPUMEDP, BHYTPUMOJIEKYJISIPHAS. LIUKIIN3ALIHS.

CBoiicTBa MOJIMMEPOB CYIIECTBEHHO 3aBUCAT OT BAXXHEHIINX XapAKTEPUCTHK: XMMHYECKO-
ro COCTaBa, MOJIEKYJSIPHOM MAacCChl, MOJIEKYJISIPHO-MACCOBOI'O PacCIpeNeIeHUs, CTEPEOPETYIAP-
HOCTH U JIPYTHUX.

5.4 JlabopaTtopHasi padoTa Ne5 (2 yaca). Tema: «CTpoeHne aToMa M mepHOIHYECKHI
3aKOH»

[Tpu MOATOTOBKH K 3aHSATHIO HEOOXOJMMO OOpaTUTh BHUMAHUE Ha CIEAYIOIUE MOMEHTHI:

[Ipu perieHrH BONIPOCOB, CBSI3aHHBIX C AIEKTPOHHON CTPYKTYpPOH aTOMOB, CIIEIYEeT UCXO-
TUTH U3 TOTO, YTO JII000€ YCTOMYMBOE COCTOSTHUE STIEKTPOHA B aTOME XapaKTepU3yeTcs omnpee-
JICHHBIMH 3HAYEHUSAMH KBAaHTOBBIX uucen N, |, m u s. CocTosiHUE 37EKTPOHA B aTOME, OTBEYAI0-
1ee Onpe/Ie/ICHHBIM 3HAUCHUSIM KBAaHTOBBIX Ynces N, | 1 M, Ha3bIBAETCS AaTOMHOM JIEKTPOHHOM
OopOUTaIBIO.

Kaxxnas aromuas opourans (AQO) xapakTepu3yercs OomnpeeIieHHbIM pacipeeIeHUeM B
MIPOCTPAHCTBE BOJIHOBOU (PYHKIIMH \, KBaPAT KOTOPOH OMPEIEIISIET BEPOSITHOCTh OOHAP Y )KCHHUS
AIIEKTPOHA B COOTBETCTBYIOIIEH 00IAaCTH MPOCTpaHCTBA. ATOMHBIE OPOUTAIIN, KOTOPBIM OTBE-
yaroT 3HaYeHus |, pasubie 0,1,2 1 3, Ha3BIBAIOTCS COOTBETCTBEHHO S-, P-, d -u T — opOuTansmu.
CTpyKTypy aTOMOB 3JIEMEHTOB MOYKHO OTOOPa3UTh HAMMCAHUEM JIEKTPOHHOMN (POPMYIIBL.

N3zydast 3Ty TeMy HEOOXOIMMO HAYIHTHCS 3aIMCHIBATE JIEKTPOHHHBIE (POPMYITBI JIEMEH-
TOB | T10 TIOJIOKEHUIO B TIEPUOMUYECKOM ccTeMe CyMeTh IPeICKa3aTh CBOMCTBA dJIEMEHTa U OC-
HOBHBIX €T0 COSJIMHECHUN. DIEKTPpOHHAs popMyJa sSBIsieTcs rpadUIecKuM WITH aHATUTHICCKHM
M300paXeHHEeM pa3MeIIeHHsI SJICKTPOHOB aTOMa 10 YPOBHSIM U MTOTYPOBHSIM.

JIis HarTucaHus SJIEKTPOHHBIX (OPMYIT yI0OHO IMOIH30BATHCS CISAYIONUMU TPABUIAMH H
MOPSIIKOM IEUCTBUM:

1) ompenensiem oOIee KOJIUIECTBO IEKTPOHOB dIeMeHTa (OHO PaBHO €r0 MOPSAKOBOMY
HOMEpY B MEPHOJUIECKON CUCTEME);

2) ompeensieM YKCIIO0 JIEKTPOHHBIX YPOBHEH, (OHO COOTBETCTBYET HOMEPY MEPHUO/Ia, B
KOTOPOM PaCIOJIOKEH dJIEMEHT);

3) omnpezaensieM KOJIHYECTBO 3JCKTPOHOB BHEITHETO CIIOS;

4) pasMeriaeM 3JIEKTPOHBI 0 OTACIbHBIM YPOBHIM (MaKCUMAILHOE KOJUYECTBO AJICK-
TpoHOB Ha 1, 2, 3, 4 ypoBHAX paBHO COOTBETCTBEHHO 2, &, 18, 32);

5) o6o3HauaeM HOMEp ypOBHs Oosbiion 1udpoii (1,2 .... W T.1.), MOAYPOBHU OYKBaMu
(s, p, d, f), a unciio 377eKTPOHOB B JTaHHOM YPOBHE HAIACTPOUYHBIM HHICKCOM (B BH/IC TOKA3aTEIIs
CTETIeHH ). 3aMMChIBACM DJICKTPOHHYIO POPMYITy, YUUTHIBASI, YTO MAKCUMATHHOE KOJTHYECTBO
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AJIEKTPOHOB MTOAYPOBHS OJIMHAKOI'0 Ha BCEX YPOBHSX: TaK, S- NOJYPOBEHb MOXKET COEPKATh HE
Oosiee 2-X AIIEKTPOHOB, - He Oonee 6, d- He Gosiee 10 aaekTpoHOB, T - He Oonee 14.

[Tpu rpaduueckom n300paskeHNH OpOUTAIb IPUHATO N300pakaTh B BUJIE KIIETOUYKH, JJICK-
TPOH — CTPEJIKOM, HalpaBjeHHe KOTOPOil CBSI3aHO CO 3HAKOM CIIMHOBOT'O KBAHTOBOI'O YHCIIA.

[Tpu cocTaBieHUM IEKTPOHHOM (HOPMYJIIBI aTOMA JIEMEHTa HEOOXOAMMO PYKOBOICTBO-
BaThcs npuHuumom [laynu, npasmiamu KneukoBckoro, npaBuioM XyHJa.

Cornacno npunuuny Ilaynu, B arome He MOXKET OBITh IBYX 3JEKTPOHOB, XapaKTEPU3YIO-
HIMXCS OJIMHAKOBBIM HA0OPOM KBAaHTOBBIX uucell. 13 aToro cienyer, 4to Kaxaas aToMHast opOu-
TaJIb MOXET OBITh 3aHsTa He 0oJiee YeM ABYMs SJIEKTPOHAMHM, IPUYEM MX CIIMHOBBIC KBAHTOBBIC
YHClia JOKHBI ObITh PAa3TUYHBIMHU.

Y CcTOWYNBOMY COCTOSTHUIO MHOTO3JIEKTPOHHOI'O aTOMa OTBEYAET TAaKOE pacIpeielcHIe
37eKTpOHOB 10 AQO, Ipu KOTOPOM 3HEPTUs aToMa MUHUMaJIbHA. [TloaToMy AO 3anosHstoTCs B
NOPSJIKE NOCIIEA0BATEIBHOIO BO3PACTAHUS UX 3HPIUM (IIPPH 3TOM HE JJOJDKEH HapyIIaThCs
npunnui [laynu!). Ilopsaok 3anonnenus snexkrponamu AO onpenensiercs npasuiamu Kieu-
KOBCKOT'0, KOTOPBIC YYUTHIBAIOT 3aBUCMOCTh SHEPIHU OPOMTANIN OT 3HAYCHUI KakK riaaBHOro (N),
tak 1 opoutansbHoro (1) kBantoBbIX uncesn. CoriacHo 3TuM mpasuiam, AO 3amoHSIOTCS JJIEK-
TPOHAaMH B OPSIJIKE MOCIIEI0BATEIbHOT0 yBeaumueHus cymms N +l (1-e npasuio Kieukosckoro),
a MpU OJIMHAKOBBIX 3HAYCHHSIX ATOW CYyMMBI — B TOPSIKE MOCIEA0BATEIHLHOIO BO3PACTAHUS
IJIAaBHOTO KBAaHTOBOTO uncia (2-e mpaBmio KiieukoBckoro).

Pa3memenue snextponoB o AO B mpefennax 0JJHOro SHEPreTHIeCKOro Mo lypoBHS OIpe-
Jensercs npaBuwiioM XyHJa, COrJacHO KOTOPOMY MUHUMAaJIbHOM HEPTUU aTOMa COOTBETCTBYET
TaKoe pacrpeieneHne MeKTpoHoB o AO 1aHHOTO MOAYPOBHS, IPH KOTOPOM a0COIIOTHOE 3Ha-
YeHHE CYMMAapHOTO CIIHA aTOMa MaKCUMAIIbHO; IIPH JTF0O0M JIPYrOM pa3MeIeHHH HJIEKTPOHOB
aToM OyJeT HaXOAUTHCS B BO30YKJACHHOM COCTOSIHUH, T.€. OyJeT XapaKkTepu3oBaTbcs 0oJiee BbI-
COKOH DHEPTHUEH.

HexoTtopbie 351eMeHTbI HeyCTOWUYMBBI: UX SApa pacnagaroTcs CaMOIPOU3BOIbHO. Takue ya-
CTHIIbl HA3bIBAIOT PAIMOAKTUBHBIMU. B mpoliecce pacnaaa Takux siiep UCIycKaroTces o- 1 f3-
YaCTHIIbl, UHOTJa COTPOBOXKAIOIUECS Y-U3Ty4eHueM. Takoi paJuoakTUBHBINA pacnal mpouc-
XOJIUT €CTECTBEHHO M HE BBI3BIBACTCS KAKUMH- THOO BHEITHUMH IpUYHHAMU. B mocneacTBun
BBISICHUJIOCH, YTO PaJMOaKTHBHBIE IPEBPAIIeHUs ObIBAIOT HE TOJIKO €CTECTBEHHBIE, HO MOTYT
OBITH BbI3BaHbI HCKYCCTBEHHO, HAIIPUMEP IMyTeM «O0MOapIMPOBKM» aTOMOB ITPOTOHAMH,
HEHUTPOHAMU UITU (- YACTUIIAMHU.

Heo0xo1uMo MOMHUTB, YTO B SAEPHBIX PEAKIUAX COOTIOAeTCs 3aKOH COXPaHEHMsI MacChl
U 3apsjia: CyMMa Macc U CyMMa 3apsi10B JIEBOM YacTH ypaBHEHUS JIOJKHBI ObITh PaBHBI COOTBET-
CTBEHHO CyMME Macc U 3apsi/10B IPABOM YaCTH ypaBHEHUS.

5.5 JlaGoparopuasi padora Ne6 (2 uaca). Tema: «Xumuueckas cBsizb. CTpoeHHe Belle-
CTBa»

HpI/I IIOATOTOBKE K 3aHSTUIO HGO6XOJII/IMO O6paTI/ITB BHUMAaHHE Ha CICAYIOINE MOMCHTEI:

du3nyecKue U XUMUYECKHE CBOICTBA BEIECTB BCErIa CBA3AHBI C XapaKTePOM B3aUMO-
HeﬁCTBHﬂ ATOMOB B MOJICKYJIaX 3TUX BCIICCTB, 4 TAKKEC C MCKMOJICKYJIAPHBIM BSaHMOHeﬁCTBH-
em. [Ipobrema XUMHUYECKOI CBS3H, TAKUM 00pa30oM, SIBISIETCS [IEHTPATbHON MPOOIeMOi X UMUHU.
XuMu4eckas CBsI3b 00YCIIOBIICHA B3aUMOJICHCTBHEM aTOMOB, BO3HUKAIOIUM TP TIEPEKPHIBAHUT
AIIEKTPOHHBIX 00JIAKOB, KOTOPOE COMPOBOKAAECTCS YMEHBIIIEHHEM YHEPTHH BHOBb 00pa3yroleii-
CsA CUCTEMBI — MOJICKYJIBI.

Haubonee npocroe o0bsicHeHHEe 00pa30BaHUSI XUMUYECKOU CBSI3U CBSI3aHO C PACCMOTpe-
HUEM 3JICKTPOCTATUIECKOTO B3aMMOICHCTBHS YacTHIl. [101€3H0 MpOoCIeIuTh 0COOCHHOCTH TaKO-
T'0 B3aMMOJICHCTBHS B BBIJICIICHHBIX TPEX THIIAX CBS3E€U — HOHHOW, KOBaJCHTHOMN, MeTaInye-
CKOI.

HCO6XOI[I/IMO PasrpaHUIruTb HCKOTOPLBIC MMOHATHUS, CBA3AHHBIC C pA3JIMYHBIMU THIIAMU CBS-
3eH.
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BanentHocTs — ciocoOHOCTH aTOMa K 00pa30BaHUIO0 XUMUYECKUX cBs3eil. KomnuecTBeHHO
BaJICHTHOCTh XapaKTEPU3YETCs YUCIOM XUMHUYECKHUX CBA3EH, KOTOpoe 00pazyeT JaHHBIH aTOM.

OcTaHoBHMCS Ha MOHATHAX, KOTOPBIE MOXKHO CYMTATh YACTHIO OOIIETO MOHSTHUS «BAJCHT-
HOCTB.

KoBaJleHTHOCTD — KOJIMUECTBO XUMHUYECKUX CBSA3EH, BOSHUKAIOIIUX 32 CUET 000OICHHBIX
AIEKTPOHHBIX Tap.

DJEKTPOBAJICHTOCTh — XapaKTepu3yeT 00pa30BaHNE HOHHBIX CBA3EH. DIIEKTPOBAIEHTHOCTh
3JIEeMEHTa YHCIICHHO PaBHA 3apsJly €ro MOHa s BeIeCTBA C HOHHBIM TUIIOM CBSI3H.

CreneHb OKUCIICHHS — YCIIOBHBIN 3JICKTPUUECKUH 3apsi]] aTOMa B MOJIEKYJIe, BEIYUCICHHBIN
B IIPEJIIIOJIOKEHUH, UTO BCE CBSI3U, KPOME CBSI3€H MEXI1Yy aTOMaMH OJTHOTO U TOTO K€ DJIEMEHTA,
SBIISIIOTCSI HIOHAMU.

KoopauHaiuonHoe 4iciio — YMCio aTOMOB, HOHOB MJIM MOJIEKYJ HAXOAAIIUXCS B HETIO-
CPeACTBEHHOW OJIU30CTH OT JaHHOT'O aTOMa B KOMIUIEKCHBIX COSAMHEHHSX HJIM KPUCTAIUIAX.

OOpatuTe TaKke BHUMaHUE Ha TaKHe XapaKTePUCTHKHU CBS3U KaK JJMHA CBSI3U, DHEPTUS
CBSI3M, paclpeziesieHUue U IPOCTPAaHCTBEHHAsI HAIIPABJIIEHHOCTD 3JIEKTPOHHOr0 00J1aka, o0pa3yo-
IETO CBSI3b, YTIIbI MEXKY CBA3SIMHU.

J151s1 KBaHTOBO-MEXaHUYECKOTO OIMCAHNS KOBAJICHTHOM CBSI3M M CTPOCHUS MOJIEKYJI MOTYT
OBITH IPUMEHEHBI JIBA TIOJIX0/a: METO BAJICHTHBIX CBSI3€H U METOJ MOJIEKYJISIPHBIX OpOUTasIeH.

B ocHoBe MeTozna BaieHTHBIX cBsa3eit (MBC) nexar cienyroniie nojoxxeHus:

1. KoBaneHTHas XxuMH4ecKas CBSI3b 00pa3yercsi AByMsI SJIEKTPOHAMU, 00JIaJar0IIMMHU MIPO-
THUBOIIOJIO’KHO HANPABJICHHBIMU CIIMHAMH M MIPUHAJICKAIINX IBYM aTOMaM, MEX]Ty KOTOPBIMHU
OCYIIIECTBIISICTCS CBSI3b.

Taxast 0Om1ast 2IeKTPOHHAS Iapa MOKET 00pa30BaThCs KaK B PE3yJIbTaTe CIIAPUBAHUS JIBYX
HECHapeHHBIX AJIEKTPOHOB, MPUHAJUICKAIIUX Pa3HBIM aToMaM (OOBIYHBIA MEXaHU3M 00pa3oBa-
HUS CBSI3M), TAK U 3a CUET Maphl 3JICKTPOHOB OJJHOTO aTOMa — JOHOPA — M BAKAHTHOW OpOHTAIH
BTOPOI0 aTOMa - aKIenTopa (JOHOPHO-aKLENTOPHbIH MEeXaHU3M 00pa30BaHUs CBS3H).

2. KoBasieHTHas CBSI3b TEM MPOYHEE, YEM B OOJIBINEH CTENEHH MEPEKPBHIBAIOTCS B3aUMO-
JecTByroIME 3JeKTPOHHbIE 001aka. [loaToMy KOBaneHTHast CBA3b 00pa3yeTcsi B TAKOM HaIlpaB-
JICHWUH, TIPH KOTOPOM 3TO MEPEKPhIBAHNE MAKCHUMAJIBHO.

Merton monexymspHbix opoutaneit (MMO) HCXOIUT U3 MPEANOT0KEHUS, UTO COCTOSHUE
AIIEKTPOHOB B MOJIEKYJIE MOKET OBITh ONMMCAHO KaK COBOKYITHOCTh MOJICKYJISIPHBIX dJIEKTPOHHBIX
opbuTanei (MOJIEKYJIIPHBIX JIEKTPOHHBIX 00IaKOB), TPUUEM KaXKIOH MOJIEKYIIpHON opOUTanu
(MO) cooTBeTCTBYET ONpeAeaeHHbI HAOOP MOJIEKYIIPHBIX KBAaHTOBBIX uncen. Kak u moboii
JPyroif MHOTO3JIEKTPOHHON CHCTEME, B MOJIEKYJIE COXPaHsET CBOIO CIIPABENINBOCTb MPUHIIHIT
[Taynu, Tak uTo Ha Kax a0 MO MOTYT HaXOIUTHCS HE 00JIee IBYX SIEKTPOHOB, KOTOPHIE JTOJIK-
HBI 00J1a1aTh MPOTHUBOMOJIOKHO HAMIPABICHHBIMU CIMHAMU. J[eHiCTBYeT Takke MpaBmiio XyH/a,
COIIACHO KOTOPOMY MMHHMMAJIbHOM SHEPTUU COOTBETCTBYET TAKOE PACIIPEACIIEHNE IEKTPOHOB
10 PHEPTEeTUYECKU PaBHOLIEHHBIM OpOUTAIISIM, IPH KOTOPOM a0COIOTHOE 3HAUEHHE CYMMapHOTO
CIMHA MOJIEKYJIbI MakcuMaibHa. Ecin Ha MO uMeroTcs HeciapeHHbIE AJIEKTPOHbI, MOJIEKYa
napaMarHUTHA; €CJIM BCE JIEKTPOHBI CIIAPEHBI - TUAMarHUTHA.

B yacTHOM ciiydae MoJIeKyJISIpHOE 3IEKTPOHHOE 00J1aK0 MOXKET OBITh COCPEAOTOUEHO
BOJIM3M OJTHOTO U3 aTOMHBIX S7IEp, BXOJSIINX B COCTAB MOJIEKYJIbI: TAKOH aTOMHBII 3J1€KTPOH
NPaKTUYECKH MPUHAIICKUT OJHOMY aTOMY M He IPHHUMAET y4acThsl B 00pa30BaHHUH CBSI3H.
[Togo6HbIe MO Ha3bIBalOT HECBSI3BIBAIOLINMH, TI0 SHEPTUU OHU COOTBETCTBYIOT AO H30IUpO-
BaHHBIX aTOMOB.

Ecnu npeo6iiagaromnias 4acTh 3JIEKTPOHHOTO 00JIaKa MPUHAMISKUT JIBYM WM HECKOIBKUM
SpaM, 5TO OTBEYAET 00Pa30BaHUIO JIBYX- HII MHOTOIIEHTPOBBIX CBSI3€H COOTBETCTBEHHO. B 1mo-
JMOOHBIX CIIydasx MOJIEKYJISpHasi BOIHOBAs (QYHKIIUS MOXET OBITH MPEICTaBICHA B BUJIC JIMHEH-
HOU KOMOWHAIINY aTOMHBIX BOJIHOBBIX (DYHKIIMI B3aWMOJICHCTBYIOIINX JIEKTPOHOB (METOJ JTH-
HEHOI KoMmOuHaIM aToMHBIX opbutaineir — MO JIKAO).

Ecnmu komObunupytores ne AO (Hanmpumep, 1s- AO nByx aTOMOB BOJIOpOJa), TO 00pasy-
1oTcst 1Be MO, oTIIMYHBIE 110 3HEPTUH 0T UcX0oAHBIX AQ; 0/1HA U3 HUX COOTBETCTBYET Oolee
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HU3KOW SHEPTUH JIEKTPOHOB (cBs3biBarommas MO), a Bropast — 60Jiee BEICOKOW YHEPTHH dJICK-
TpoHOB (paspeixisitomas MO) 1o cpaBHeHUIO ¢ Ux 3Heprueit Ha AO.

B o6mem cirydae u3 n ucxoanbix AO ob6pasyercs n MO. Xumudeckast CBsi3b MEXKTY aTo-
MaMU peaqn3yeTcs B TOM cly4yae, KOTr/ia YUCIIO 3JIEKTPOHOB Ha cBs3biBatonux MO npesbliaer
YHCII0 3J1EKTPOHOB Ha pazpsixiitomux MO. [Tox kpaTHocThIO (TIOpsAAKOM) CBA3H B MeToge MO
MOHUMAIOT MOJIYPa3HOCTh YHCIIA CBA3BIBAIONINX U YHCIIA PA3PBIXJISIIONIMX IEKTPOoHOB. Opau-
HapHas CBA3b COOTBETCTBYET JIBYM CBSI3bIBAIOILIUM JIEKTPOHAM, HEKOMIIEHCUPOBAaHHBIM Pa3-
PBIXJISIFOIIMMU AJIEKTPOHAMHU.

UYeM BBIIIE KPATHOCTH CBSA3H, TEM MEHbIIIE IJIHA CBS3U M OOJIbIIIE SHEPTHUS pa3pbiBa CBSI3U.

5.6 JlaGopaTropuasi padora Ne7 (2 yaca). Tema: «IHepreruka U HampaBJieHHe XUMU-
YecKHX MPoIeccoB»

[Tpu mOATOTOBKM K 3aHATHIO HEOOXOIMMO OOpaTUTh BHUMAHUE HA CIEAYIONINE MOMEHTBI:

K BakHelmMM BeTU4YMHAM, XapaKTEPU3YIOIIUM XUMUUYECKHUE CUCTEMBI, OTHOCSITCSI BHYT-
PEHHSIS DHEPTHSI, SHTAIBINS, SHTpOIHS U dHeprus [ mboca (m300apHO-U30TEPMUICCKHUI TOTEH-
nuan). Bce 3TH BeMUMHBI IPEACTABISAIOT COO0M (YHKIIMH COCTOSIHUSA, T.€. 3aBUCAT TOJIBKO OT
COCTOSIHUSI CHCTEMBI, HO HE OT CII0c00a, KOTOPBIM 3TO COCTOSTHHE JJOCTUTHYTO.

B mporiecce npoxoxkaeHus XUMHUECKON peakliuy MPOUCXOIUT Pa3pbiB CBA3EH B HCXOIHBIX
COCIMHEHUSX U 00pa30BaHME HOBBIX CBS3CH B KOHEYHBIX MPOIYKTaX peakiuu. [Ipu atom
HaOII01aeTCs BBIJCIICHNE WIH MOTJIONEHUE SHEPTUH (CBETOBOI, TEIJIOBOM U T.J.) B 3aBHCUMO-
CTH OT COOTHOIICHUS SHEPTHI pa3pbiBa U 00pa30BaHMs COOTBETCTBYIOIINX CBS3CH.

Peakuuu, conpoBoxkaaromuecs NOriaoueHHeM SHEPTUH, Ha3bIBAIOTCS SHI0TEPMHUUECKUMU,
a peaxIu, TPy KOTOPHIX HAOIIOAETCS BBIIEICHUE SHEPTHH, HAa3bIBAIOTCS SK30TEPMUYECCKIMH.

KonruecTBo TEmIoThI, BEAETISEMOE WIIH MOTIONIAEMOE B MPOIIECCE PEAKINK, — 3TO Tel-
70BOM 3P PEKT TaHHOW PEeaKIIHH.

Y CIOBUIUCH CUNTATH MOJOKUTEIBLHBIM TEIIOBOM 3(PPEKT F3HITOTEPMUIECKIX MTPOIIECCOB.

[Tockonbky TerioBo# A(PEKT peakiuy 3aBUCUT KaK OT arperaTHOTO COCTOSIHHS BEIECTB,
TaK ¥ OT YCIIOBHIl MPOBEACHUS PEAKIIUN — TEMIIEPATYPHI U JABJICHUS, €r0 OTHOCST K YCIOBHO
BBIOpaHHBIM TaK HA3bIBAEMBIM CTaHAAPTHBIM YCIOBUSIM M K OJTHOMY MOJITIO BeliecTBa (00BIYHO
[[EJIEBOT0 MPOAYKTa peakiuu). CTaHJapTHBIMU CUUTAIOTCS CIEAYIOLIUE YCIOBUS: TeMIIepaTypa
298 K (25°C) u naBnenue 101325 I1a. TennoBoii 3ppexT, OTHECEHHBIN K CTaHAAPTHBIM yCIOBU-
SIM, Ha3bIBAIOT CTAHJIAPTHHIM TETIOBBIM (P (EKTOM (CTaHAAPTHOM YHTANBIINEH peakinu) U 000-
3HauatoT AH. TennoBoil 3ppexT peakuu BhIpaKaeTcst B HKOYIISIX.

IUPAC pazpeliieHo 1Moib30BaThCsl B XUMUHU U BHECUCTEMHBIMU €AMHHUIIAMU YHEPTUH. Tak,
B XMMHYECKUX HCCICIOBAHMSX TOB3YFOTCS AMeKTpoHBOMbTOM: 1 9B = 1,602 - 10™° JIx.

B TepmoanHaMuKe OCHOBOIONIATAIOIINMH SIBISIOTCS: 3aKOHBI TEPMOJAMHAMUKH, 3aKoH ['ec-
ca, CIIeZICTBHA U3 3aKkoHa ['ecca, MprMeHeHHe KOTOPBIX YIIPOIaeT MHOTHE TEPMOXUMHUECKHE
pacueTsl.

5.7JIabopaTtopuas padora Ne§ (2 uaca). Tema: «Xumnueckas kuHeruka. Kataams»

[Ipu mOATrOTOBKM K 3aHATHIO HEOOXOAUMO 00paTUTh BHUMAHUE Ha CIEAYIOIIUE MOMEHTHI:

KuHeTnka — yueHne o CKOpOoCTH Pa3IMYHBIX MPOLIECCOB, B TOM YHUCIIE XUMUYECKUX PEaK-
uit. Kputeprem nNpuHIUNUATBHON OCYIECTBUMOCTH peakiuil aBiseTcsa HepaBeHCTBO AGy; < 0.
Ho 310 HEepaBeHCTBO He sBISETCS €Ilie MOJHOM rapanTHel (aKTHUECKOro TeUeHHs Ipolecca,
T.K. CKOPOCTb XUMHUYECKHX PEAKINI 3aBUCUT OT MHOTHX ()aKTOPOB, OCHOBHBIE U3 KOTOPBIX —
KOHIIEHTpaLus (JaBJIeHUE) peareHToB, TeMIlepaTypa 1 JeicTBHE KaTaTu3aTOpOB. IJTH ke (ak-
TOPBI ONPENEIAIOT U JOCTHKEHUE PABHOBECHSI B pEarupyrollen CUCTEME.

B xumunyeckoli KHHETHKE NMPUHATO UCIOIb30BaTh MOJISPHBIE KOHLIEHTPALMK PEarupyro-
IIUX BEIIECTB, TO €CTh BBIPAKATh UX KOJIMYECTBOM MOJIEH B | TUTpE CHCTEMBI.

Ob6parute oco00oe BHUMaHKE Ha 3aKOH JIEHCTBYIOIIMX MAcC, KOTOPBIN yKa3bIBaeT Ha 3aBU-
CHUMOCTB CKOPOCTH XMUMHUYECKON PEAKIUHU OT KOHLICHTPALMU pearupyomux semects. Ha ocHoBe
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3aKOHA JIEHCTBHUS MacC pacCMaTPUBACTCS U COCTOSTHUE PAaBHOBECHs B 00paTUMBIX peakuusix. B
3TOM COCTOSIHUU CKOPOCTbH MPSMOM peakliuu paBHa CKOPOCTU 0OPATHOTO MpoIiecca.

VIMEeHHO MO3TOMY KOJIMYECTBA KOHEUHBIX MPOIYKTOB, 00pa3yIOIIUXCcs B X0/1€ IPSIMOM pe-
aKIIM{, PaBHBI UX KOJIMYECTBAM, IPEBPALIAIOLIMMCS B UICXOAHbIE BEIIECTBA, M KOHIIEHTPAIUH
BCEX pearupymolux BEIIECTB OCTAIOTCS HEU3MEHHBIMHU.

OnuceiBaeMas 3aKOHOM JICHCTBYIOIINX MAcC 3aBUCUMOCTb CKOPOCTH XUMUYECKOH peak-
LIMU OT KOHIIEHTPALMH pearupyolnx BEIIECTB CIIPABEJINBA JIUIIb IS peaKLUH, IPOXOALINX B
TOMOT'€HHOH (OAHOPOHOMN) — ra30BOM WM KUAKON — (a3e, U He paclpoCTpaHseTcs Ha TeTepo-
TEHHYIO (HEOJHOPOJIHYIO) CUCTEMY, JUIsl KOTOPOH CYIIECTBEHHO BIMSIHUE TOBEPXHOCTU COINPHU-
KOCHOBEHHSI pearupyromux Bemects. CKOpoCTh TeTepOreHHON PeakI|u MPsiMO MPOIOPIIUO-
HaJIbHA IJIOLIA/N TOBEPXHOCTU CONPUKOCHOBEHHUSI PEArNPYIOLIUX BEILECTB.

Bonbiioe BiMsHUE HA CKOPOCTh XMMHUECKHUX PEaKIIMi OKa3bIBaeT TeMIlepaTypa.

Bant-TI'odhd chopmymupoBan npubamkeHHOE MPABUIIO, COTIACHO KOTOPOMY C TIOBBIIIICHU-
eM TemriepaTypsl Ha Kaxabie 10°C ckopocTh TOMOT€HHOM peakliiy yBeTUYHBACTCS IPUMEPHO B
2 — 4 paza.

C NOBBILLIEHUEM TEMIIEPATYPhI YUCIO CTOJTKHOBEHUH B €IMHUILY BPEMEHHU yBEINYHBACTCS,
HO HE TaK CHJIBHO, KaK CKOpPOCTh pekiuu (~Ha 1 — 2 %). Oka3pIBaeTCsl, 4TO BO B3aMMOJICHCTBUE
BCTYMAIOT TOJILKO T€ MOJIEKYJIbI, SHEPTUSI KOTOPBIX MPEBHIIIAET HEKOTOPYIO OMPEACICHHYIO AJIs
JAHHOW PEKIMH BEJIMYMHY — TaK Ha3bIBAEMYIO SHEPIHIO AKTUBALUU Egyr.

3aBUCUMOCTH JiorapupMa KOHCTAHTBI CKOPOCTH PEAKIIMH OT 0OpaTHOM a0COTIOTHOM TeM-
nepaTypbl BbIpakaeTcsl ypaBHEeHUEM AppeHuyca:

lgK=A/T+B,

rae A u B — xapakTepHsbie 11 TaHHOW peaKIUH KOHCTAHTBHI,

npudeM A = -E ./ R.

B psine cnyyaeB CKOpOCTh XUMHUYECKOM peaKIuy MOYKET ObITh 3HAUUTEIbHO U3MEHEHA B
pe3yJIbTaTe BBEACHMSI KaTaIn3aTopa.

KaranuzaTop — 3To BeLIECTBO, CHIIBHO U3MEHSIOLIEE CKOPOCTh XMMHUECKOH peakliuu, HO B
pe3yJIbTaTe peaklUy OCTAIOIIEECS] XUMUUECKHA HEU3MEHHBIM.

PaznnuaroT rOMOreHHBIN U reTepOreHHbIN KaTanu3. B mepBoM cirydyae karanusarop u pea-
THPYIOLIME BELIeCTBAa HAXOIATCS B OIMHAKOBOM arperaTHOM COCTOSIHMM (00pa3yroT oaHy (azy),
BO BTOPOM — B Pa3HbIX arperaTHbIX cOCTOSHUAX ((a3zax).

Ocob6oe BHMMaHuE HEOOXOJUMO OOpaTUTh Ha OMOJIOTMUYECKUE KaTalnu3aTopbl — (PEPMEHTHI.
Jl1s ocyliecTBIIEHNS MHOTOUHCIIEHHBIX MTPOLIECCOB PACTEHUS U OOJIbIIasi YaCTh MUKPOOPTaHHU3-
MOB, OJYYaIOIUX U3 OKpY’Karollel cpe/ibl OrpaHMYEHHbIN HAOOP NCXOAHBIX COEANHEHHH,
JOJIKHBI pacrioyiaraTb 3TUMHU CHCTEMaMHU.

[Tponiecc mouBo0Opa30BaHuUs OCYIIECTBISIETCS TAKKE C ydacTHeM (PepMEHTOB MOYBHI (MH-
BepTasa, pocoTasa, ypeasa, 1eruiporeHassl 1 T.11.).

B Hacrosiee BpeMs UMCIIO pa3IMYHBIX U3BECTHBIX PEaKIMii, KaTaTU3UpyeMbIX (hepMeH-
TaMU, COCTaBJISIET OKOJIO JIBYX THICSIY U UX YUCIIO HETIPEPHIBHO Bo3pacTaeT. J1Jis Toro 4ToOsl
OpPUEHTHPOBATHCS B 3TOM MHOXKECTBE OMOXMMHUYECKUX MPEBpAIlleHHH, Hy)KHAa HEKOTOpasi CHCTe-
Matuka. OHa co3mana MexTyHapOaHBIM COI030M TT0 OMOXMMHH M PEKOMEHI0BaHA K TIOBCEBMeE-
CTHOMY HCIOJIb30BaHuI0. COrNIacHO 3TOM Kilaccudukanuu Bce (PepMEHTHI AENATCS Ha 1IeCTh
KJIACCOB.

Kaxaplii kjacc — Ha MOAKIACCHI, a KaXKAbIN MOJKIIACC — Ha MOANOAKIAcChl. Bee oHn nme-
I0T CBOM HOMEpA.

BonpImIMHCTBO XUMUYECKUX PEAKIUI HE TPOTEKAET 10 KOHIA. Peakiny, KOTopble MOTyT
OJIHOBPEMEHHO MPOTEKaTh B JIBYX B3aMHO IIPOTUBOMOJIOKHBIX HApPaBICHUIX, HA3bIBAIOTCS 00-
paTHUMBIMHU.

CocTosiHME CUCTEMBI, KOTJ]a B HEW MPOTEKAIOT JIBa IPOTUBOMOJIOKHO HAMIPABJIEHHBIX XH-
MHUYECKHX ITPOLIEcca C OIMHAKOBON CKOPOCTbHIO, Ha3bIBAETCS COCTOSIHUEM XUMUYECKOIO PaBHO-
BECHSI.
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Bakueiilen XxapakTepUCTUKON COCTOSIHUS PABHOBECHS SIBIIIETCS KOHCTAHTA PABHOBECHSL.
KoHcTanTa paBHOBECHS ONPEENIeT COOTHOEHUE KOHIIEHTPALMi HCXOJHBIX U KOHEYHBIX MPO-
JYKTOB B paBHOBECHOM cMecH. Kpome Toro, oHa okas3plBaeT, BO CKOJIBKO pa3 CKOPOCTh IPSIMOM
peakuuu O60blIe CKOPOCTH OOPAaTHON NpH IaHHON TeMIlepaType U KOHLIEHTPALUsIX, paBHbIX 1
(T. €. HE COOTBETCTBYIOIINX PAaBHOBECHIO).

CocTosiHre XMMUYECKOTO PAaBHOBECHUS 3aBUCHUT OT LIEJIOTO psiia (aKTOPOB, OCHOBHBIE U3
KOTOPBIX — TEMIIEPATypa, IaBICHUE U KOHIICHTPALUsl KOMIIOHEHTOB. MI3MeHeHne XoTs OBl 0JJHO-
r'o U3 3TUX (PaKTOPOB MPUBOAUT K CMELICHUIO PABHOBECHS.

Bnusiaue pa3nuuHbIX (aKTOPOB Ha COCTOSIHUE XUMUYECKOTO PAaBHOBECHS KAUE€CTBEHHO
OIKCBIBAETCS IPUHLMIIOM cMeleHus paBHoBecus Jle Illarenbe, koTopslii 6611 chOpMYIHPOBAH
B 1884 r. CoryiacHO 3TOMY IPHUHLIMITY [IPH BCSIKOM BHEIIHEM BO3/CHCTBUM HAa CUCTEMY, HAXO/ -
LIYIOCSA B COCTOSIHUM XMMHUYECKOTO PaBHOBECHS, B HEW ITPOTEKAIOT IIPOLIECCHI, TPUBOIALINE K
YMEHBILIEHUIO 3TOTO BO3JIEHCTBUS.

[TpyHIMI cMelIeHNs paBHOBECHSI IPUMEHUM TOJIBKO K CUCTEMaM, HaXOAAIUMCS B COCTO-
SHUW UCTUHHOI'O XMMHUYECKOT0 paBHOBecHs. [[09TOMY B KOH/IEHCPOBAHHBIX CUCTEMaX, IpOLEC-
CBbl B KOTOPBIX 4aCTO 3aTOPMOKEHBI, IPUMEHEHHUE ATOIO IPUHIIUIIA OTPAHUUYEHO.

5.8 JlabopaTopuas padora Ne9 (2uaca). Tema: «Xumuueckoe paBHoBecHe. (pakTopsbl,
BJIUSIIONIME HA CMellleHre PABHOBECUS»

[Tpu MOATOTOBKY K 3aHATHIO HEOOXOAMMO OOPATUTh BHUMAHHUE HA CIICAYIONINE MOMEHTBI:

-PaBHoBecue B cucteme Hy(r)+12(r)=2HI(T), ycTaHOBMIIOCH MpU CIIEAYIOMINUX KOHIIEHTPa-
musix: [Hz]=0,025 moms/m, [12]=0,005 mois/n, [HI]=0,09 monbe/n. OnpeaenuTe KOHCTaHTY paBHO-
BECHsI PEaKIMK U HCXO/IHbIC KOHIICHTPAIIUHU H0/1a U BOIOPO/A.

-Jlns peakuy, MpeIyIOKEHHOW BaMH B WHIUBHIYAIbHOUM paboTe, onmpeenTe, Kyaa cMe-
CTUTCSI XUMUYECKOE PAaBHOBECHE €CIIH:

1) mOBBICHUTH TEMIIEPATYPY;

2) yBEIUYHUTH JaBJCHUE,

3) yBeIMUYUTH 00BEM;

4) yYMEHBIINUTH KOHIIEHTPAIMIO UCXOIHBIX BEIIECTR;

5) BBeCTH B CHCTEMY KaTaJlu3aTop.

-O0BSICHITE MEXaHM3M CMEIICHHS PABHOBECHS ITPU PA3HBIX YCIOBHSIX.

5.9 JIadopaTopuas padora NelO (2 yaca). Tema: «Teopusi 2JIeKTPOJIUTHYECKOI THC-
COLMALMU. DJIEKTPOJIUTHI M Hed1eKTPoauThl. MoHHbIe ypaBHEeHUD)
[Tpy NOATOTOBKHM K 3aHATHIO HEOOXOAUMO 0OpaTUTh BHUMAHHUE Ha CIIEAYIOIINE MOMEHTHI:

HpI/I CMCHIMBAHWH BCUICCTB B 3aBUCUMOCTHU OT UX IMPUPOIBLI U YCHOBHﬁ, B KOTOPBIX OCY-
IIECTBIIAETCS ONEpaLUsi CMEIINBAHUS, BO3SMOXHBI TPU MPEAETbHBIX CIyYas.

1. BemectBa He usmenstores. O0paszyercsi MexaHn4eckasi cMech. Ee cocTaB mepeMeHHBbIH,
BEIIIECTBA MOT'YT HAXOJMUTHCS B HEll B JTI0OBIX OTHOIIEHHIX. CBOMCTBa MEXaHUUYECKON CMECH
MIPEICTABIIIOT COOOW CyMMY CBOMCTB 00pa3yIOIINX €€ BEIIeCTB.

2. Ilpousoiiner xumMuyeckas peakuus. B 3Tom ciydae npu cMeMBaHUM BelIecTBa OyayT
B3aMMO/ICICTBOBATh B ONPE/IEIEHHBIX OTHOLICHUSX, B pe3yJbTaTe 00pa3yercs HOBOE BEIIECTBO,
CBOMCTBO KOTOPOT'O OTJIMYAOTCS] OT CBOMCTB MCXOIHBIX BEILIECTB.

3. O6pazyetcs pacTBOp.

PacTtBOp — 9TO XMMHUECKas cucTeMa, 00pa3oBaHHAsE HECKOJIBKMMU BEIIECTBAMH, MEXY KO-
TOPBIMHU HET MOBEPXHOCTEN pas3zena.

BemiectBa, oOpasytomiye pacTBOp, Ha3bIBAIOTCS KOMIIOHEHTaMH pacTBopa. OJIMH U3 KOMIIO-
HEHTOB PAacTBOpPa — PACTBOPUTEINb.

Crnemyet ysICHUTB, 4TO MPOLIECC PACTBOPEHUS — 3TO HE (PU3MUYECKUH MPOIIECC CMEIICHHS,
pacTBOp — HE CMECH, TaK KaK €ro CBOMCTBA HE PaBHbI CyMMeE CBOMCTB KOMIIOHEHTOB. Ho BmecTe ¢
TEM MPOIIECC PACTBOPEHUS HEIb3sl OTHECTH K COOCTBEHHO XUMUYECKUM PEAKIIMIM, TaK KaK pac-
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TBOP HE TPEACTaBISAET cOO0M XUMUYECKOTO COCIMHEHHS, TIOAUUHSIIOIIErOCs 3aKOHY ITOCTOSHCTBA
COCTaBa; COCTaB PacTBOPA MOXKET U3MEHATHCS B IIMPOKUX Mpeeiax.

PacTBOpenune — pU3NKO-XUMHUYECKHIA IPOLIECC, COYECTAIONINN (PHU3UUECKUE U XUMHUECKHE
ABJICHUSL.

[Tpu u3ydyeHunu nporecca pacTBOPEHUsI HE00X0AUMO 00PATUTh BHUMAHUE HA TIPUPOLY
MEXMOJIEKYJISIPHBIX CHJI B pacTBOpax: cuiibl Ban-nep-Baanbca (opueHTaliMoOHHbIE, MHIYKIIMOH-
HBIE, IUCIIEPCUOHHBIE); HOH-TUIIOJIBHOE B3aUMOJIEHCTBUE, BOAOPOAHYIO CBS3b.

Tak kak pacTBOpPBI — BEIIECTBA IIEPEMEHHOI0 COCTaBa, TO OT KOJIUYECTBEHHOI'O COCTaBa 3a-
BUCST €ro CBOWCTBA, HOTOMY IPU ONMMCAHUH CBOWCTB paCTBOPa HEOOXOAMMO YKa3bIBAaTh €TO CO-
CTaB.

CocraB pacTBOpa XapakTepU3yl0T OTHOCUTEIbHBIM COJEPKAaHUEM B HEM paCTBOPEHHOIO
BenlecTBa. [ IpuHATO BBIpaXkaTh COCTaB PACTBOPOB Y€PE3 AOJIM WIA KOHLICHTPALIWH.

B 3aBucumocTH ot a30BOro COCTOSIHUSL PACTBOPUTEIISE M PACTBOPEHHOTO BELIECTBA, pac-
TBOpPBI OBIBAIOT I'a3000pa3HBIMHU, TBEPIBIMU U KUJIKUMU. B Ononornueckoit npakTuke HauOob-
11e€ 3HaYCHUE UMEIOT JKUJKUE pacTBOPBL. B 3TuX pacTBopax 0OBIYHO IPOTEKAET OOIBIINHCTBO
peakuui, Tak KaK OHU CO3/1al0T BeCbMa OJ1aronpUaTHbIC YCIOBHS, KakK JIsl IepeMEIeH s MoJie-
KyJI, TaK ¥ JUI TECHOTO UX COMIMKEHUS, HEOOXOAUMOTO JJIsi XUMHUYECKOTO B3aMMO/ICHCTBHSL.

PazbaBneHHbIe pacTBOPBI NPUOIMKAIOTCS K UI€AJIbHBIM, U UX CBOMCTBA OIUCBIBAIOTCS 00-
JIee IPOCTBIMHA YPABHEHUSMU.

B Guonornueckux nporeccax BaKHYIO pOJib UTPAIOT BOJHbBIE PACTBOPBHI.

Tak, pacTeHHE COCTOUT U3 CyXOI'O BEIECTBA U COJAEPKUAT 3HAUNTEIBHOE KOJIMYECTBO BOABI.
B GonplMHCTBE BEreTaTUBHBIX OPraHOB CEIbCKOX03AHCTBEHHBIX KYJIBTYP COAEP/KaHUE BOJIBI CO-
craBisier 70 — 95%, a B cemenax — ot 5 10 15%.

O0becneueHHOCTh PACTUTENBHBIX KJIETOK BOJIOW BO MHOT'OM ONpPENENsieT CKOPOCTh U
HaIIPaBJICHHOCTb IIPOLIECCOB KU3HEACATEIBHOCTH B PACTUTEILHOM Opranusme. B cBoro ouepens,
YCIIOBUSI MUHEPAJIBHOTO MTUTAHUS, @ TAKXKE YCIOBHS BOJIOCHA0KEHUS 1 OMOJIOTHnYeCcKrue 0COOCH-
HOCTHU PacTeHHUH ONpeAeNsoT YPOBEHb COJIEpKaHus B HUX BOJbl. OCHOBHYIO 4acTh BOJIbI pacTe-
HHE NoTpeOIIseT U3 MOYBEHHOI'O PacTBOpa.

5.10 JlaGopaTropHasi pa6ora Nell (2 waca). Tema: «'uaposnn3 coJieii. MonHoe npo-

usBeneHue Boabl, pH. Meroabl onpenenenus pH»

[Tpu MOATOTOBKH K 3aHSATHIO HEOOXOIMMO 0OpaTUTh BHUMAaHUE HA CIEAYIOIINE MOMEHTHI:

Bce BemiecTBa mpUHATO YCIOBHO JEIHUTH MO WX TTOBEJICHHUIO B PACTBOPAX Ha JBE KaTero-
pHH: a) BEIIECTBA, PACTBOPBI KOTOPBIX MPOBOJAT AIIEKTPUUECKHUI TOK (NIEKTPOIUTHI); O) Bellie-
CTBa, PACTBOPHI KOTOPBIX HE MPOBOJST TOK (HEINEKTPoJuThI). K a5ekTponuram oTHOCUTCS
OOJBIIMHCTBO HEOPTAaHUYECKUX KUCIIOT, OCHOBaHUH 1 cosield. K HeanmekTpoauTam oTHOCATCS
MHOTHE OPTaHHYECKHE COCTMHEHMUSI, HAIpUMEP KETOHBI, YTIEBOAbI. Pacman a31eKTpoauToB Ha
MOHBI TIPY PACTBOPEHUHU B BOJI€ HA3BIBAIOT AJIEKTPOIUTHYECKON Auccoruaiueit. J{ist oobsicHe-
HUS CBOWCTB PACTBOPOB 3JIEKTPOIMTOB ObLTa pa3padoTaHa TEOPHS DIICKTPOTUTHIECKOMN TUCCO-
ruaruu. [Ipu u3yueHnn 1aHHOW TeMbl HEOOXOIUMO YSICHUTh €€ OCHOBHBIE TIOJIOKEHUS:

1. [Ipu pacTBOpeHUH B BOJIC AIEKTPOJIUTHI PACIIaIat0TCs HA MOJIOKUTEIBHO U OTPUIIATETb-
HO 3apsDKEHHBbIC HOHBI. [Ipoliecc ArcconuaIiy siBiseTcs 00paTuMbIM.

2. Ilox neicTBUEM DIEKTPUIECKOTO TOKA TOJIOKHUTEIIbHBIC HOHBI (KATHOHBI) IBUKYTCS K
KaTo/y, OTpUIIaTeIbHbIC (AHUOHBI) — K aHOY.

3. CteneHb AMCCOLMAIIMH 3aBUCUT OT MPUPOJIBI JICKTPOIUTA U PACTBOPUTEISI, KOHIICH-
TpalUu AJIEKTPOIUTA U TEMIEPATYPHI.

CremneHp AMCCOIMAIMY O — 3TO OTHOLIEHHE YUCIIa MOJIEKYI, pacnaBmuxcs Ha noHbl (N'), K
o0miemMy yrciy pacTBOpeHHBIX MoJekya (N).

Ha ocHOBe 3Ha4YeHUs CTEMEHN JUCCOIMAIIUN TIPUBEIUTE MPUMEPHI CUIIBHBIX U CITA0BIX
AJIEKTPOJIUTOB.
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BaxHO0# KOJIMYECTBEHHOW XapaKTEPUCTUKON MpoLecca TUCCOLMALNU SBIISIETCS KOHCTAHTa
JUCCOLMALMU AIIEKTPOIUTA, KOTOpask ONPEEsAeTCsl KaK OTHOLIEHUE IPOU3BEACHUN KOHLIEHTpa-
[[UU FOHOB, 00Pa3YIONIUXCS MPH TUCCOIMAIINHU, K KOHIICHTPAIIUN UCXOIHBIX YaCTHII.

CBs13b MEX1y KOHCTAHTOM IMCCOLUMALIMN U CTENIEHBIO AUCCOLMALIMY HA3bIBAIOT 3aKOHOM
pa3BeneHus OcTBanpja:

K= (’/1-a)-C

OpnauM U3 cnabbIX JICKTPOIHMTOB SBISETCS BOJA. BrIpakeHre KOHCTAHTHI IUCCOIMAIINN
JUISL BOJIBI BBITIISUT clieyrorqum obpasom: K = [H'] - [OH], Tak Kak ee KOHIICHTPALHS IPH
JIUCCOIMAIIMN OCTACTCS MPAKTUYECKU MMOCTOSIHHOM. DTO BhIpaXKEHHE HOCUT Ha3BaHHUE HOHHOTO
IIPOU3BEICHUS BOJBI.

B uncroii Boge [H'] = [OH ]. Micnonb3ys 3HaueHHE HOHHOTO MIPOM3BEICHNUS BOJIBI, HAXO-
qum [H']=[OH]=+10"*= 10" mons/n.

[Ipu noGaBieHUH K BOJIE KUCIOThI, KOHLIEHTPAIMs HOHOB BOJIOPO/Ia B PACTBOPE YBEIUUYUT-
cs1, a koHueHTpauus noHoB OH™ ymensimurces. HanpoTtus, ecnu k Bojie 100aBUTH 11IETI0Yb, TO
koHuentpanus OH™ yBenuuures, a H' YMEHBIIUTCS.

KoHLeHTpanum HOHOB BOJIOPO/Ia B PaCTBOPAX Pa3HOM KUCIOTHOCTH MOTYT U3MEHSTHCS Ha
MHOTO TTOPsIAKOB. J[J1s1 y100CTBa 4aCTO UCIIONB3YIOT 00JIee TJIaIKO U3MEHSIONIYIOCS BEJIMYMHY, a
MMEHHO Jiorapu(M KOHIIEHTPALIUA HOHOB BOJIOPOa — TaK Ha3bIBaeMbIi BOJOPOIHBIN MOKa3a-
tenb (pH):

pH =-lg [H'].

st Beruncnenus pH MHOTOOCHOBHBIX C1a0bIX M CUIIBHBIX KUCJIOT, CPEIHUX, KUCIIBIX CO-
JIel yYUTBHIBAIOT Pa3JIMYHbIE CTYMEHU AUCCOIUAINH U UCTIONIB3YIOT CIIEIMATU3UPOBAHHbBIE POP-
MyJIbI 11O onpeaeneHuto pH pacTBopos.

Bonopoausiii mokasarens (pH) urpaet BaxxHyro pojib B OMOJIOTMYECKUX U TEXHOIOTHYE-
CKHX Tporieccax. Tak, akTHBHOCTh Pa3IMIHBIX (PEPMEHTOB KUBBIX OpTaHU3Ma, a TAKKE CIICIIH-
¢buKa MPOUCXOIANINX B TKAHAX OMOXUMHUYECKHUX MPOIECCOB TECHO CBsI3aHa C Y3KUM HHTEPBAIOM
pH. Ucnonb3oBanue pacTeHUSIMU PA3TUIHBIX TUTATEIBHBIX YJIEMEHTOB U3 TIOYBHI B 3HAUNUTEIb-
HOM Mepe 3aBUCHUT OT pH mouBeHHOTr0 pacTBopa. [losToMy HEOOXOAMMO yMETh OMPEENATh 3HA-
YeHHUE BOJOPOJIHOTO MOKA3aTeNs, HCTIONB3Yys JUIsl 3TOTO Pa3IMYHBIE CIIOCOOBI.

W3ydas MONEKyIsIpHO-AUCTIEPCHBIE CUCTEMBI (MICTUHHBIE PACTBOPHI) OOMbINNE TPYAHOCTH
BBI3BIBAET HAMMCAHUE YPABHEHUN PEaKIIUM THAPOIH3A.

[ToaTOMY IPUBOAMTCS AITOPUTM HAMMMCAHMS PEAKIUN THAPOIJINA3A!

1. Hanmcars ypaBHEHHE 31EKTPOIIUTUYECKON JUCCOLUALUU COJIN.

2. JI1 OJTy4eHHBIX B IEPBOM PEAKIIMM KaTHOHOB M aHUOHOB HAIlMCaTh COOTBET-
CTBYIOIIIME UM KUCJIOTY U OCHOBaHHUE.

3. BeiOpate ruaponuzyromuecs MoHbI. [ 3Toro no tabnuie creneHei uin KoH-

CTaHT JucCouan ONpeACINTE CUITY KUCIIOTBI NI OCHOBAHUS. I/IOHI)I, KOTOPBIM COOTBECT-
CTBYIOT CHJIBHBIC 3JICKTPOJIUTLI, TUAPOJIN3Y HC IMOABCPTAOTCA.

4. 3anucath (HOpMYIIbI IPOTYKTOB TUAPOIIN3A.

5. CocTaBUTh COKpAILIEHHOE HOHHOE YPAaBHEHHE THIPOIIN3A.

6. OTMETHUTH peaKkLHuIo CPeibl.

7. Eme pa3 nepenucars Bce UMEIOIIMECS B paCTBOPE MOHBI (THIPOJIM30BaHHBIE U HE
MOJIBEPIILIUECS TUIPOIH3Y).

8. CoctaBuTh (OPMYIIBI MOJIEKYJ U3 UMEIOIIUXCSl HOHOB.

9. CocTaBHUTh MOJIEKYJISIPHOE YPaBHEHHE THAPOIIN3A.

5.11 JlaGoparopnas padora Nel2 (2 yaca). Tema: «O0mas XxapakTepucTuKa pacTBOpOB.

Cnoco0bl BbIpaKeHUs1 KOHIEHTPALIMH PAaCTBOPOB)»

[Tpu MOATrOTOBKH K 3aHATHIO HEOOXOAMMO OOpPaTUTh BHUMAaHUE Ha CIEAYIOLINE MOMEHTHI:
BaxHO0# KOJIMYECTBEHHON XapaKTEPUCTUKON MpoLecca TUCCOLMALIUN SIBIISIETCSI KOHCTAHTa

JUCCOLHUALINY JIEKTPOJIUTA, KOTOpas ONPEAEIAETCS KaK OTHOLUICHHE TPOU3BEIECHUN KOHIICHTPa-

IIUM HOHOB, 00pa3yIOIUXCs IPU AUCCOLUAINH, K KOHLIIEHTPAI[MHM UCXOIHBIX YACTHII.
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CBs13b MEX1y KOHCTAHTOM AMCCOLUALIMY U CTETICHbIO AUCCOLIMALIMK HA3bIBAIOT 3aKOHOM
pa3Benenus OcTBanbaa:

K= (0?/1-a)-C

OpnnuM 13 cnabbIX JIEKTPOIUTOB SBISETCS BoJa. BripakeHrne KOHCTaHTHI IMCCOLMALINN
JUIS BOJIBI BRITIISUT clieyrorum obpasom: K = [H'] - [OH], Tak Kak ee KOHIEHTpALHs pH
JUCCOLMALMN OCTAETCS MPAKTUYECKU TOCTOSIHHOW. DTO BBIPAXKEHHE HOCUT HAa3BaHUE HOHHOTO
MIPOU3BEICHUS BOJIBI.

B uncroii Boge [H'] = [OH “]. Mcnonb3ys 3HaYeHNE HOHHOTO POU3BE/ICHHS BOJIBI, HAXO-
mam [H'] = [OH] =V10™= 107 mouns/x.

[Tpu noGaBneHNH K BOJIE KUCIOTHI, KOHIIEHTPAIUSI HOHOB BOJIOPO/A B PACTBOPE YBEIHUUT-
cs1, a koHueHTpanus noHoB OH™ ymenwmmrces. HanpoTtus, eciu k Bojie 100aBUTH MIEI0Yb, TO
koruenTpanus OH” yBennuntes, a H ymenbmuTes.

KoHueHTpanuu noHOB BOJIOPO/Ia B paCTBOPAX Pa3HON KUCIOTHOCTH MOTYT U3MEHSITHCS Ha
MHOT0 MOPsiAKOB. [ yno6cTBa 4acTo UCMOIB3YIOT OoJiee TagKo U3MEHSIONIYIOCS BETUYHHY, a
UMEHHO Jiorapu(M KOHIIEHTPAIUA HOHOB BOJIOPOa — TaK Ha3bIBAEMbII BOJOPOIHBIN MTOKa3a-
tens (pH):

pH =-Ig [H'].

st Berurcnenust pH MHOTOOCHOBHBIX CIIA0BIX M CUJIBHBIX KUCIIOT, CPEIHUX, KHCIIBIX CO-
JIel YYUTHIBAIOT PA3JIMYHBIC CTYIIEHU JUCCOIUAIIMU U UCTIOJB3YIOT CIIeIIMaIN3upOBaHHBIE POp-
MyJIbI IO onpeaenieHnto pH pacTBopos.

Bonoponusriit mokasarens (pH) urpaer BakHyio poJib B OMOIOTHYECKUX U TEXHOJIOTHYE-
CKHUX mpo1ieccax. Tak, akTUBHOCTh Pa3UYHBIX (PEPMEHTOB KUBBIX OpraHU3Ma, a TAKKe CIeIH-
(duKa TPOUCXOSIINX B TKAHIX OMOXUMHUYECKHIX MPOIECCOB TECHO CBsI3aHa C Y3KHM HHTEPBAJIOM
pH. Wcnonp3oBanue pacTeHUSIMU Pa3IUYHbIX TUTATEJIbHBIX JIEMEHTOB U3 MIOYBHI B 3HAUUTEIIb-
HOU Mepe 3aBucuT oT pH nouBeHHoro pactBopa. IloaTomy HEOOXOAMMO yMETh ONPENEINIATh 3HA-
YeHHE BOJAOPOTHOTO MOKA3aTeNsl, UCTIONb3Yys JJIs TOTO Pa3IMYHbIE CITIOCOOBI.

5.12 JlaGoparopHass paGora Nel3 (2 waca). Tema: «OKHCIUTEIBHO-
BOCCTaHOBUTEJbHbIE peakuun. Hanpasiaenus OBP»

ITpu mOATOTOBKM K 3aHATHIO HEOOXOIMMO 0OpaTUTh BHUMAHUE HA CIIEAYIOLINE MOMEHTBI:

Wonnble peakiiyu, CONpoBOXKAAIOIINECS N3MEHEHUEM CTETNIEHH OKHCIIEHHsI aTOMOB B MOJIe-
KyJlaX pearupyronux BeIeCTB, Ha3bIBAIOTCS OKUCINTEIbHO-BOCCTAHOBUTEIbHBIMU PEAKLIUSIMHU.
[Ton cTeneHbro OKUCIEHUSI IOHUMAIOT TOT YCIIOBHBIN 3apsi]l aTOMa, KOTOPBIN BBIYUCIIAETCS U3
IIPEIIIOJIOKEHHNS, YTO MOJIEKYJIA COCTOUT TOJIBKO U3 NOHOB. OKHCIIEHHE - BOCCTAHOBJIIEHUE — 3TO
€MHbIN B3aUMOCBS3aHHBIN npouecc. OKUCIEHNE TPUBOJUT K MOBBIIIEHUIO CTENIEHN OKUCIICHUS
BOCCTAaHOBUTEIIS], @ BOCCTAHOBJICHUE K €€ IOHWKEHUIO Y OKUCIIUTEIIS.

[ToBpIlIEHNE UM TIOHUKEHHUE CTENIEHN OKUCIICHHUSI aTOMOB OTPaXKaeTcsl B 3JIEKTPOHHBIX
YPaBHEHHUAX UCXO/s U3 TOTO, YTO OKUCIUTENb IPUHUMAET JIEKTPOHBI, & BOCCTAHOBUTEID UX OT-
naet. [Ipu 3ToOM He yuuThIBaeTCs, NEPEXOIAT JIM AIEKTPOHBI OT OHOI0 aTOMa K JPyromy IMOJIHO-
CTBbIO U 00Pa3yIOTCS MOHHBIE CBS3H, WM AJIEKTPOHBI TOJIBKO OTTATUBAIOTCS K 00JIee 31EKTPOOT-
pHUIIATEIbHOMY aTOMY U BO3HHKAET MOJIApHas cBs3b. O BO3MOKHOCTH TOTO MJIM HHOTO BEIIECTBA
IIPOSIBIIATE OKUCIIUTENBHBIE, BOCCTAHOBUTEIbHBIE WIIH JIBOMCTBEHHBIE (KaK OKUCIUTEIbHBIE, TAK
Y BOCCTaHOBUTEIIbHBIE) CBOMCTBA MOKHO CYJUTh IO CTENIEHU OKUCIICHHS aTOMOB, HECYIIIUX 3TH
byHKINN.

ATOM TOTO WJIK UHOTO 3JIEMEHTa B CBOEH BBICIIECH CTENIEHN OKHCIECHUS HE MOXKET €€ MOBbI-
CHUTb (OTAATh AJIEKTPOHBI) U MPOSIBIISET TOJIBKO OKUCIUTEIbHbBIE CBOMCTBA, a B CBOEH HHU3IIEH
CTETNeHH OKUCJICHHSI HE MOKET €€ MOHU3UTH (MPUHSATH 3JIEKTPOH) U MPOSIBIISIET TOJIBKO BOCCTa-
HOBUTEIIbHBIE CBOMCTBA. ATOM K€ DJIEMEHTA, UMEIOIINN IPOMEKYTOUHYIO CTEIIEHb OKUCIICHNUS,
MOJKET MPOSBIATh KaK OKUCIMTEIbHBIE TaK U BOCCTAHOBUTEINIbHBIE cBOMcTBA. Hanpumep: atom
azota B crerneHu okucieHuu +5 (HNO3) nmposBiisieT TOTbKO OKHCITUTENBHBIC CBONCTBA; B CTETIC-
uu okucienus +4 (NOy), +2 (NO), 0 (Ny), -1 (NH,OH), -2(N2H) niposiBiisieT Kak OKHCJIH-

51



TENbHBIC, TAK U BOCCTAHOBUTEIbHBIC CBOMCTBA; pH cTeneHu okuciaenus -3 (NHs) — Tonbko Boc-
CTaHOBUTEJIbHbBIE CBOICTBA.

Jli1g cocTaBieHusl ypaBHEHUIN OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX IIPOLIECCOB UCIIOJIB3YET-
Csl IBa METO/1a: 3JIEKTPOHHOI'O U 3JIEKTPOHHO-MOHHOTO OajaHca (MeTOo[ MOIypeakLui).

IIpu cocTaBieHnn ypaBHEHUN OKUCINTEIbHO-BOCCTAHOBUTENIBHBIX PEAKIIUI pEKOMEHAYET-
Csl IPUIEPIKUBATHCS CIIEYIOLIEro MopsaKa:

1. CocTaBUTbH CXEMY PEAKIIMH C YKa3aHUEM MCXOJHBIX U 00pa3yloIUXCs BEIIECTB, OT-
METUTh 3JIEMEHTBI, U3MEHSIOIINE B pE3yIbTaTe PEAKLUU CTENICHb OKUCICHHS, HAUTH OKUCIUTEIh
Y BOCCTAaHOBUTEIIb.

2. CocCTaBHUTb CXEMBbI [TOJYPEAKIMI OKUCICHHS U BOCCTAHOBJIEHUS C YKa3aHUEM HUCXO/-
HBIX U 00Pa3YIOMIUXCS peabHO CYIIECTBYIOIIUX B YCIOBUAX PEAKIIMH HOHOB MM MOJICKYIL.

3. YpaBHATbH 4MUCIIO aTOMOB Ka)JI0T'0 JIEMEHTA B JIEBOI U IIPaBOil yacTsAX MoJIypeakuii;
IIPU 3TOM CJIEYET IOMHUTB, YTO B BOAHBIX PACTBOPAX B pEaKLUsAX MOI'YT y4acTBOBATh MOJIEKY-
JIbI BOAbI, HOHBI H* wm OH'.

4.  YpaBHATb CyMMapHOE YKCJIO 3apsAA0B B 00€HUX YaCTAX KaKJ0M MOITypeaKiuu; JIIs
3TOro NPUOABUTH K JIEBOM U MPaBOM YacTAM MOITypeakuy HEOOXOJUMOE YUCIIO HJIEKTPOHOB.

5.  IlomoGparb MHOXKUTETH (OCHOBHBIE KOA((MUIIMESHTHI) IS MTOIYPEaKIUil TaK, YTOOBI
YHCII0 3JICKTPOHOB, OTAABAEMbBIX IIPH OKUCIIEHUH, ObUIO PAaBHO YHUCITY 3JEKTPOHOB, IPUHUMAE-
MBIX IIPU BOCCTAHOBJICHUH.

6.  ClI0XUTb ypaBHEHHs [OJIypeaKI1il ¢ y4eTOM HalA€HHBIX OCHOBHBIX KO3 (uIeH-
TOB.

7. PacctaBuTh KOA(QPUUHUEHTH B YPABHEHUH PEaKIUH.

Crnenyer UMeTh B BUY, YTO B BOJIHBIX PacTBOpax CBS3bIBAHUE N30BITOUHOIO KUCIOPOJa U
IPUCOETUHEHNE KUCIOPOJa BOCCTAHOBUTEIEM IIPOUCXOJIAT 110 pa3HOMY B KMCJION, HEUTpaIbHOM
U ILEJI0YHOU cpenax. B KucibIx pacTBopax N30BITOK KMCIOPO/ia CBA3BIBAETCS HOHAMU BOAOPOJA
¢ 00pa3zoBaHMEM MOJIEKYJ BOJIbI, a B HEUTPAJIBHBIX U IETOYHBIX — MOJIEKYJIaMH BOJIbI ¢ 00pazo-
BaHUEM TUJPOKCH]I — HOHOB.

IIpucoearHeHne KUCI0pO1a BOCCTAHOBUTENIEM OCYIIECTBIISIETCS B KUCION U HEUTpAIbHOU
cpelax 3a cYeT MOJIEKYJI BOJIbI C 00pa30BaHMEM HOHOB BOJIOPO/IA, @ B ILIEJIOYHOM cpesie — 3a CUET
THJIPOKCUA-UOHOB C 00pa30BaHUEM MOJIEKYJT BOJIBI.

JlaHHBIN TUIT peakuu UMeeT OOJIbIIOe PacCIpPOCTPAHEHNE B IPUPOIE (B TOM UUCIE NTPU
OMOJIOTMYECKOM OKUCIICHUH NMUTATEIbHBIX BEIIECTB B OPraHU3Me KUBOTHOTO U YE€JIOBEKa, MPo-
1ecce (OToCHHTE3a B 3€JIEHBIX YACTAX PACTEHUI), TEXHOJIOTMYECKUX MPOIIEcCcax.

2.13 JladoparopHasi pagora Neld-15 (4 yaca). Tema: «daekTpoxumusi. XUMHYECKHE
HCTOYHUKH IHEPIUM»

[Tpu MOATrOTOBKH K 3aHATHIO HEOOXOAMMO OOpPATUTh BHUMAaHUE Ha CIEIYIOLINE MOMEHTHI:

Ecnn MeTannmyeckyro MIaCTUHKY OIYCTUTh B BOJlY, TO PACIIOJIOKEHHBIE HA €€ IOBEPXHO-
CTH KaTHOHBI MeTasia OyIyT THJIpaTUPOBATHCS MOJIIPHBIMUA MOJIEKYJIAMU BOJbI U IEPEXOIUTH B
pactBop. [Ipu 3TOM 31IEKTPOHBI, B U30BITKE OCTAIOIIMECS B METAIJIE, 3apsHKAIOT €ro MOBEPXHOCT-
HBIN cJI0M oTpuIaTeNbHO. BO3HUKAET 31eKTpocTaTuuecKoe MPUTSHKEHHE MEX 1Y Meperie MU
B PACTBOP rMAPATUPOBAHHBIMHU KaTHOHAMH U ITOBEPXHOCTHIO MeTasuia. B pe3ynbrare 3TOr0
YCTaHaBIIMBAETCS TIOJIBUKHOE PaBHOBECHE:

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

B pacTBoOpe Ha MeTaJlie

I7ie N — YHUCII0 AMEKTPOHOB, IPUHUMAOIINX y4acTHe B mpouecce. Ha rpanune merami —
AKUJIKOCTh BOZHUKAET JIBOMHON NMEKTPUUECKUN CIOU, XapaKTEPU3YIOLIUICS ONPEIETIEHHBIM
CKa4YKOM TOTEHIIMajIa — SJIEKTPOJHBIM MOTEHIHANIOM. AOCOIIOTHBIE 3HAUEHUS SJICKTPOIHBIX 10~
TEHIIMAJIOB U3MEPUTh HE YAeTCA, TAK KaK OHU 3aBHUCAT OT psja (pakTopoB (IPUPOJIbl METAILIA,
KOHIICHTPALUH, TEMIIEPATYpHI U T.1.). Il03TOMY OOBIYHO OIPEEINAIOT OTHOCUTENBHBIE YJICK-
TPOJHBIC NOTCHINANBI B ONIPEACICHHBIX YCIOBUAX, HA3bIBAEMBIX CTaHAAPTHBIMU DJIEKTPOIHBIMU
norerrmanamu (E°).
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CmanoapmHulym 21eKmpOOHbIM NOMEHYUATOM MEeMAla HA3bIBAIOT €ro 3JIEKTPOIHBIN TO-
TEHI[MaJI, BOZHUKAIOIINI MpU MOTPYKEHUH METaJlJIa B pacTBOP COOCTBEHHOTO MOHA C KOHIICH-
Tpauueil 1 aKTUBHOCTBIO, PaBHOH 1 T-MOH/J, M3MEPEHHBIN M0 CPABHEHHIO CO CTAHIAPTHBIM BO-
JIOPOJIHBIM 3JIEKTPOJOM, OTEHIIUAI KOTOPOro mnpu 25°C yCI0BHO IPUHUMAETCS PaBHBIM HYIIIO.

Pacrionaras merasuibl B psJi 10 MEpe BO3pAaCTaHUs UX CTaHIAPTHBIX JIEKTPOAHBIX ITOTEH-
1IAaJIOB (EO), MOJTy4aeM TaK Ha3bIBACMbBIN psi0 HANPANCEHUI.

[Tosio’keHrE TOrO UM MHOTO METAJUIA B PSAY HAIPSDKEHUN XapaKTepU3yeT €ro BOCCTaHo-
BUTEJIBHYIO CIOCOOHOCTD, a TAK)KE OKUCIUTEIbHbIE CBOMCTBA €0 HOHOB B BOAHBIX PACTBOpaX
TP CTAHAAPTHBIX yCIOBHsIX. UeM MeHbIre 3HaueHne E°, TeM GOMbIIMMI BOCCTAHOBHTEIbHBIMHA
CIIOCOOHOCTSIMU 00J1a/IaeT TaHHBIM MeTalll B BUE MPOCTOT0 BEIIECTBA U TEM MEHBIIE OKUCIIU-
TEJIbHBIE CIIOCOOHOCTH MPOSBISIOT €ro HOHBL. M Ha000pOT. DNEKTPOHBIE TOTEHIIUANIBI H3Me-
PAIOT B IpuOOpax, KOTOPBIE MOJIYUUIIN Ha3BAaHUE 2alb8aHU4ecKux dnemenmos. OKUCIUTENbHO-
BOCCTAHOBUTEJIbHAS peaKLusl, KOTOPast JEKUT B OCHOBE Pa0OTHI TaJlbBAHUYECKOIO AJIEMEHTA
MIPOTEKAET B HaIpaBieHUH, B KoTopoM D/[C aneMeHTa nMeeT MOI0KUTENbHOE 3HAUCHHE.

Bcsikuii ranpBaHUYECKUI DJIEMEHT COCTOUT U3 ABYX JIEKTPOJOB - AHOJIA M KaTO/a.

[Tpu cxemaTnueckoM H300pakeHUH TaTbBAHUYECKOTO SJIEMEHTA TPaHUIa pasjiena MexIy
METAJIJIOM U PacTBOPOM 0003HAYAETCsl BEPTUKAIBHON YEPTON, TpaHUIla MKy pacTBOpaMH
3JIEKTPOJIUTOB - IBOMHOW BEPTUKAIIBHON YEPTOM.

N3ydeHre JaHHON TEMBI COITPOBOXKAAETCS HEOOXOJUMOCTBIO OOBSICHEHUST UCIOIb30BaHUS
B [IPAKTUUYECKOU JIEATEIbHOCTH 3JIEKTPOXUMHUYECKUX MPOLECCOB, HATUCAHUEM YPaBHEHUH, OT-
pakaroIKUX CYUIHOCTh JIaHHBIX SBJICHUM.

OCHOBHBIMU UCTOYHHKAMU, B KOTOPBIX UCHOJB3YIOTCS 3JIEKTPOXUMUYECKUE ITPOLIECCHI,
ABJISIOTCS TOIUIMBHBIE 3JIEMEHTHI U aKKYMYJISTOPBI.

["asibBaHUMYECKUI 3IEMEHT, B KOTOPOM OKHCIIUTEIbHO-BOCCTAHOBUTENbHAS PEAKIUS MO~
JIep’KUBAETCsl HENPEPHIBHOM MoJauell peareHToB (OKUCINUTENSI U BOCCTAHOBUTENS) U yJlaJI€HUEM
IIPOJAYKTOB B3aUMOJECHCTBHS, Ha3bIBACTCS MONAUSHBIM INEMEHIOM.

B BOZ10pOIHO-KUCIIOPOAHOM 3JIEMEHTE B 3JIEKTPUUECKYIO SHEPTHIO MPEBPAIIAETCS IHEPTHS
XUMHYECKON pEeaKIuu

2Hy(r) + O2(r) = 2H20(x)

DNEKTPOIUT — PACTBOP LIECIOYH.

Ha aHozie mpoucxoauT OKKMCIeHUe Boiopoa (BoccTaHoBUTEMb Hp):

Ha(r) + 20H (p) — 2¢” = 2H,0(k)

Ha kaTone mpoucxoauT BoccTaHOBIIeHUE KUCIOpoa (okuciauTesb Oz) 3a CUET IIEKTPO-
HOB, NIEPEXOASIINX OT aHOZA K KaTOLy:

O,(r) + 2H,0(k) + 4e = 40H (p)

CymmapHas peakuus, OCylEecTBIsieMas B BOJOPOAHO-KACIOPOJHOM TOIIMBHOM 3JIEMEH-
TE!

Ha(r) + 20H (p) — 2e- =2H,0(kx) 2

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

2H,(1) + O2(r) = 2H,0(x)

["anpBaHWYECKUI DIEMEHT, B KOTOPOM DJIEKTPHUECKast YHEPTHUS peodpaszyeTcs B XuMuie-
CKYIO, a [10 Mepe HEOOXOMMOCTH aKKyMYyJIMPOBaHHAsI XUMUYECKas SHEPrus mpeodpaszyeTcs B
AIIEKTPUUECKYIO, HOCUT HAa3BaHHUE AKKYMYIAMOopa.

B CBHHIIOBOM aKKyMYJSITOpE 3JEKTPOJaMHU SIBJISIOTCS CBUHEN U okcu cBuHLa (IV); anek-
TPOJIUT — CepHasi KUCIIOTa.

[Tpu pa3psiake akKyMyJsiTOpa Ha aHO/Ie CBUHEI] OKUCIISIETCS:

Ph(t) + S04 % (p) — 2¢ = PbSO4(1)

Ha xarone oxcup ceunna (IV) BoccranaBiuBaeTcs:

PbO,(t) + 4H*(p) + SO4 % (p) + 2¢ = PbSO4(T) + 2H,0()

CyMMapHBIi TPOIECC OTBEUAET YPABHEHUIO PEAKIINU:

Pb(t) + PbO,(T) + 4H'(p) + 2S04 % (p) = 2PhSO4(1) + 2H,0(x)

53



B mporecce 3apsaku akkyMynsTOpa BHEITHAM UCTOYHUKOM TOKA MPOUCXOJISAT OOpaTHBIE
MIPOLIECCHI, YTO OTBEYAET CYMMAapHOMY YPaBHEHUIO:

2Pb SO4(t) + 2H,0(%) = Pb(T) + PhO(1) + 4H*(p) + 2504 % (p)

B pesynbrate PhSO, npeBpaimmacercs B Pb Ha ogHoM sekTpose u B PO, Ha 1pyrom siek-
tpoae. IIpu 3Tom oOpasyercs cepHast KUCIIOTA.

[Tpu u3ydyeHun qaHHOTO paszzesia, KpOMEe paCCMOTPEHHBIX BOIPOCOB, YTOUHUTE CYLITHOCTh
npoliecca KOppo3uu METAIJIOB, €€ BUIOB U METOJIbI OOPHOBI ¢ KOPPO3UEH.

2.14 JlabopaTropuas padora Nel6-17 (4 yaca). Tema: «Koppo3usi MmeTa/sioB»

ITpy NOATrOTOBKYM K 3aHATHIO HEOOXOAMMO 0OpaTUTh BHUMAHUE HA CIIEAYIOIIME MOMEHTHI:
CnoBO KOppO3Hs MPOUCXOTUT OT JIATHHCKOTO corrodere, YTO O3HA4YaeT pa3zbenaThb. XOTs KOppo-
3MI0 Yalle BCErO CBS3BIBAIOT C METAJUIAMM, HO €M MOABEPraloTCs TaKKE KaMHH, IUIACTMACChl U
JIpyrue IoJuMEpPHbIE MaTepHualibl U aepeBo. Hanpumep, B HacTosiliee BpeMsl Mbl SIBISIEMCS CBH-
JeTeasiMU 00JIbIIOro OECIOKOMCTBA MHUPOKUX CIIOEB JIIOJIEH B CBSI3U C TEM, YTO OT KUCIOTHBIX
TOX/IeH KaTacTpo(hUUIECKH CTPAJAr0T MAMATHUKY (34aHUS U CKYJIBITYPHI), BBITIOJTHEHHBIC U3 U3~
BECTHSKA WM Mpamopa.

TakuMm o0Opa3om, KOppo3uell Ha3bIBAIOT CaMOIIPOU3BOJIBHBIN MPOLIECC Pa3pyLICHUs MaTEpPUAIOB
U U3JIeNUil U3 HUX 0] XMMHUYECKHM BO3JeiicTBUEeM Okpysxarouiei cpensl. [Iponeccsl ¢puznue-
CKOT'0 pa3pylLIeHHs] K KOPPO3HH HE OTHOCST, XOTSI YaCTO OHU HAHOCST HE MEHBIINHA Bpe] MaMsT-
HUKaM KyJIbTYpbl. FIX Ha3pIBalOT UCTUPAHUEM, U3HOCOM, PO3UEH.

Knaccugukanus Koppo3nOHHBIX IMPOLIECCOB

[To Buay (reoMeTpuyecKOMy XapakTepy) KOPPO3HMOHHBIX pa3pyLICHHH Ha MOBEPXHOCTH WIM B
00BEME MeTalIa.

[To MmexaHu3My peakuuil B3aMMOAEHCTBHS METalla CO Cpeloi (XUMHUYecKass M JIeKTPOXUMUYe-
CKasi KOppo3usi).

ITo Ty KOppO3MOHHOU CpEbI

Ilo xapakTepy TOMOTHUTEIbHBIX BO3JICHCTBHIA
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[Tpunoxenue 1

OO0pasen TUTYJIBLHOTIO JIHCTA U co/lep:kaHus pedeparta/scce

OEJIEPAJBHOE I'OCYJAPCTBEHHOE BIO/KETHOE OBPA30BATEJIBHOE
YYPEXJIEHUE BBICIIEI'O OBPA3OBAHUA
«OPEHBYPT' CKHAM IT'OCYJIAPCTBEHHBIN ATPAPHBIA YHUBEPCUTET»

Kadenpa «xumum»

PE®EPAT/OCCE

11O JUCIHHUIIIINHE: « »
Ha TCMY: « »
Broinmoauin:
CTYAEHT Kypca, Ip.
ITposepun:

Openoypr 201 .
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