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1. KOHCHEKT JEKIAM
1.1. Jlekuus Ne 1 ( 2 yaca). «OCHOBHBIC TIOHATHS U 3aKOHBI XUMHUU. CTEXUOMETPUUECKHE
3aKOHBDY
Bonpocsl Jeknun

1. OcHOBHOE coJiepKaHNuE aTOMHO-MOJIEKYJISIPHOTO YUEHHUS.

2. IIpocTeie U CI0KHBIE BEMECTBA. XUMUUYECKHUI 3JIEMEHT. BaleHTHOCTS.

3. AToMmHbIe U MoJIeKyIsIpHBbIE Macchl. Mouib. IToctosiHHas ABoraapo. MosnsipHas Macca.
4. CTeXHUOMETPUUECKHE 3aKOHBI:

- 3aKOH COXPaHEHHUs1 MACChI BEILECTB;

- 3aKOH ITOCTOSIHCTBA COCTaBa BEUIECTB;

- 3aK0H ABOrasjpo;

- 3aKOH DKBUBAJICHTOB.

Kpartkoe coaep:xanue Bonpocos

1. OCHOBHOE COJIEPKAHUE ATOMHO-MOJEKYJISAPHOro y4yeHus. OCHOBBI aTOMHO-MOJIEKYJIIPHOTO
yueHust pazpaboransl B cepenune X VIII Beka BenukuM pycckuM yueHsIM M. B. JIoMOHOCOBBIM.
B Hacrosiee BpeMs aTOMHO-MOJIEKYJISIPHOE yYeHHE (POPMUPYIOT TaK.
1) BemiecTBa cOCTOST U3 aTOMOB, MOJIEKYJI, HOHOB.
2) Yactuipl BemecTBa HaXOAATCS B TIOCTOSSHHOM JIBHYKEHUH.
3) Monekyna- HauMeEHbIIas YacTHUIla BEIIECTBA COXPAHSIONIas €ro COoCTaB |
Ba)XKHEHIINE CBOMCTBA.
4) MoneKybl COCTOAT U3 aTOMOB.
5) AToM — HaWMEHbBIIAs YACTUIA XHMHUYECKOTO JJIEMEHTa. ATOM — XUMHUYECKH
HEeJleIMMas YaCTULA.
6) ATOMBI OJTHOTO XMMHUYECKOTO DJIEMEHTAa OJMHAKOBBI TIO 3apsy aTOMHOTO sjIpa.
ATOMBI pa3HBIX XUMUYECKUX 3JIEMEHTOB Pa3IUYHbI 10 3apsigaM aTOMHBIX SAEp.
7) MomneKybl COXpaHSIIOTCS MPU GU3HUUECKUX SIBICHUSX.
8) CyurHOCTh XUMHUYECKUX PEAKIUH 3aKII0YaeTCsS B TOM, YTO MOJICKYJIBl MCXOIHBIX
BEIIECTB pacHajaloTCsI Ha aTOMBI, a M3 HUX OOpPa3yIOTCS MOJIEKYJBI HOBBIX
BEIIECTB.

2. BemiectBa mpocTele U clOXKHBIE. [Ipocmule 6ewjecmea COCTOAT W3 aTOMOB OJHOTO
XUMHUYECKOTO »ieMeHTa. OHM JensATCs Ha MeTaUlbl M HemeTaulbl. Mertamnbl- Hatpuid Na,
cepebpo Ag, amomuHuii Al, u T.1. DTO BemecTBa C METAUTUYECKUM OJECKOM, KOBKHE,
MJIACTUYHBIC, TETIO U dJIEKTponpoBoaHbIe. HemeTamnsr — cepa S, kucinopon O, , wox L u T.1. y
HUX OTCYTCTBYIOT METAJUTMUECKHUI OJ€CK, OHU XPYTKHE, TUI0XO MPOBOASAT MIEKTPUUECKUI TOK U
TEIUIOTY.

Cnoorcrvle geujecmea COCTOAT U3 aTOMOB HECKOJIBKHX XUMHUYECKHX 3JIEMEHTOB. P,0s
okcup docdopa (V), H.SO4 ceprast kucnora, NaCl conb — Xjgopua HATpust U T. 1.

Xumuueckuii 21emenm — 3TO BUJ aTOMOB C OJMHAKOBBIM 3apsiiloM aTOMHOTO siapa. Bun
aTOMOB C 3apsAJoM siiep +1 — 3To XUMHUYECKU 3JIeMeHT BoJIopoa. B HacTosmiee BpeMst OTKPBHITO
U UCKYCCTBEHHO noiyudeHo 110 xumudeckux snementoB. Ouu nenstcsa Ha metaiuibl (Na, Ca, Mg
u 1.1.), Hemetaiwsl (F, O, S, u T.1.) u nepexoansie 3nemeHTsl (Zn, Al, Pb u 1.1.). kaxmsiit
XMUMUYECKUH 3JIEMEHT MMEET YCIIOBHOE 0003HAUYEHUE: XMMUYECKHI 3HAK, OH COCTOMT U3 OIHOM
WK IBYX OYKB JIATUHCKOTO aiihaBuTa. ITU OYKBBI SABJSIOTCS MEPBOM M MOCIENyIOMIEeH OyKBOi
JIATUHCKOT'O Ha3BaHMSI DJIEMEHTA.

H (amr) — Bomopona, Hydrogenium.

Ag (aprentym) — cepedpo, Argentum.



Kaxxnplii XuMHUYECKMI 3JIEMEHT HUMeEEeT CBOE Ha3BaHue. Ha3BaHusg y XUMHUYECKHX
3JIEMEHTOB HE CITy4aiiHbIE.

BaneHTHOCTh — 3TO CIOCOOHOCTH aTOMOB K 0Opa30BaHUIO XMMHYECKUX cBsA3eil. Valentia-
cuna. (B mepeBojie ¢ JaTHHCKOTO). [ToHATHE BaJ€HTHOCTH BBEJ B XUMHIO B 1852r. AHHMIICKUT
yueHbll O. @paHkinana. BalleHTHOCTh 3aBUCUT OT CTPOEHUS BHELIHETO (S M P - AJIEKTPOHBI) U
npeaBHENTHETO (d — 2JIEKTPOHBI) YHEPTO YPOBHEH aToma, OT YMCIia HECIIAPEHHBIX JIEKTPOHOB.
HecnapeHHble »7eKTPOHBI WAYT Ha 0Opa3oBaHHME XMUMHMYECKHX CBs3ei (0OLIMX 3JIEKTPOHHBIX
nap), 3a CUCT KOTOPBIX aTOMBI CBA3BIBAIOTCA B MOJICKYJIBL. KonnduecTBeHHO BaJIEHTHOCTH paBHa
YUCTy OOLIMX AJIEKTPOHHBIX Map WM YHCIY XUMHUYECKHX CBsA3€H, 0Opa3oBaHHBIX aTOMOM.
(NH4):SO,4 cynbdar ammonus. Atom a3zota B ero mojekyne IV* BaneHnreH , T.k. oOpasyer 4
o011IKe 3JIEKTPOHHBIE Mapbl ¢ YETHIPHMS aTOMaMHU BOJOPO/IA.

3. ATOMHBIC M MOJIEKYJISpHBIC Macchl. MIX BBIpa)KalOT B aTOMHBIX €IMHHUIIAX Macchl (a.e.M.). B

HACTOAIIEE BpeMsl 3a aTOMHYIO €IMHHUIly Macchl NpuHHMaercs 1/12 yacTh Maccel aroma

yraepona — 12 (uzoron '*C), uto cocrapuser 1,66*1077 kr. YToOBI pacCYMTaTh OTHOCUTENLHYIO

Maccy aroma, HaJl0 HalTH OTHOLIeHHe Macchl aToMa K 1/12 yacTu maccel aToma yriepoza-12.

Hanpumep, macca atoma usortona ¢ropa F pasma 3,1553*107° kr. Torma oTHOCHTENbHAs
3,1553-107°63,1553- 1072

atomHas Macca 3toro atoma Ar (°F) coctasut: Ar(F)= 1,66-10727 1,66-107%7 =18998.

OTHOCHUTENBbHYIO MOJEKYJISPHYIO Maccy Mr MOXHO paccuuTaTh, CII0)KUB OTHOCUTEIbHbIE
aTOMHBbIE MacChl Ar 3JIEMEHTOB, U3 KOTOPBIX COCTOMT MOJIEKYyJla, C YYETOM 4HCIa aTOMOB,
Bxomaumx B Mojekyny. Mr (H,SO4) = 1*2+32+16%4=98. JIns BemecTB ¢ KpUCTAUIMYECKOM
(HEMOJEKYJISIpHON) CTPYKTYpPOH OTHOCHUTENIbHYIO MOJIEKYJISIPHYIO MAacCy pacCUMTBIBAIOT IS
YCIIOBHOM MOJIEKYJIbI, COCTaB KOTOPON COOTBETCTBYET MpocTeiimeil popmyie.

Mons. OnHOM U3 OCHOBHBIX (DU3MUECKHUX BEJIMYMH SBIISETCS KOJMYECTBO BellecTBa. B
COOTBETCTBUM C MEXIyHapoaHoi cucremoin enunui (CH) eauHuieil koaudecTBa BeIIECTBa,
U3MEPEHUS, CIY>)KUT MOJIb. MOJIb-KOJIMYECTBO BEIIECTBA, KOTOPOE COAEPKHUT CTOJIBKO
CTPYKTYPHBIX €AMHUI] (T.€. aTOMOB, MOJIEKYJ], HMOHOB, 3JIEKTPOHOB), CKOJIBKO COAEPIKUTCS
aToMoB B 12 r n3zoromna yriaepoaa — 12.

TIocmosnnas Aséozadpo. — 310 TOCTOsHHas BenmuuHa Na=6,02%*10% momb”'. Yucmo
aromoB B 12r C paBno 6,02%*10%. ITocTostHHas ABOragpo MOKa3bIBAET YHUCIO CTPYKTYPHBIX
€IMHUI] B OTHOM MOJIe JII000ro BEeleCTBa.

MossipHast Macca- 3TO OTHOILIIEHHE MAacChl BEHIECTBA K €r0 KOJIMYECTBY.

m(e—ea)m(E—Ea)
M (B-Ba) = R (E —Ed) N|E —Ed] Enuauna CU MonsipHON MaccChl- KI/MOJIb WU T/MOJIb.
Monsipaasi mMacca BemiectBa (B I/MOJIb) YHCJICHHO pPaBHAa OTHOCHUTEIIBHOM AaTOMHOM WITH
MOJICKYJIIpHO# Macce »Toro BemectBa. Mr (H,SO,) = 98.

M (H.SO,) = 98 r/moub.

4. CTexnoMeTpUYECKUE 3aKOHBL:

- 3akon coxpanenus maccol gewecms
OTOT 3aKOH OTKPHIT B 1756 1. pycckuM yueHsiM M.B. JIoMOHOCOBBIM.
« Macca BeiecTB BCTyNUBIIMX B XUMHUYECKYI0 PEAKIIMIO PaBHA MAcCCe BEIIECTB MOJYUYUBIINXCS
B Pe3yJIbTaTe XUMHUYECKON PEAKLIUU».

M.B. JIoMOHOCOB npoKajuBajl METalbl B peTopTe (3amasHHbI cocya) U oOHapyKul,
YTO BEC BEMIECTB JIO M IOCIE PEAKUUH OCTaJICS HEM3MEHHBIM. OTKpPBITHE 3TOrO 3aKOHA
CIOCOOCTBOBAJIO Pa3BUTHIO XUMHUH, KaK HAyKH; YTBEP/KIACHUIO aTOMHO-MOJIEKYJIIPHOTO yUEHMUS;
Ha OCHOBAaHMHM 3TOTO 3aKOHA COCTABIIIOTCS YPABHEHUS XHMHUYECKHUX PEaKIUi W 1O HUM
IIPOBOJIATCS BAYKHBIE PACUETHI.

- 3axon nocmoancmea cocmasa eeujecmsg. OTKpHIT B 1779 r. @paniy3ckum xumukom XK.
JI. IIpycrom. «CoctaB jt000r0 XMMHYECKH YHCTOTO BEIIECTBA ITOCTOSIHEH HE3aBHCUMO OT
croco0a MoyueHHst U MecTa HaXOMXKICHUS.




CormacHo 9TOMY 3aKOHY BCHICCTBA BCTYIAIOT B XUMHUUCCKHUC PCAKINHN B OIPCACIICHHBIX
MACCOBBIX OTHOIICHUAX.

Fe +S ==FeS
56r 32r= =+ 88 r./ cokpatum Ha 8.
Tr:4r = = 11r.
bepem 8r+4r=* = 11lr FeS u Ir Fe B ocraTtke.
bepem 7r+ 5r=* = llr FeS u Ir S B ocratke.

DTOT 3aKOH Jajl XHMHKaM BO3MOKHOCTh BBIPaXaTh COCTaB BEIICCTB MPU IMOMOIIH
xumuuecknx (opmyn: HO Boma, CO, yriekucislii ra3 U T.JI. COCTaB BEIIECTB ONPEACIISICTCS
IKCIIEPUMEHTAIIBHO.

- 3axon Asozcadpo. OTKPHIT UTATBSIHCKAM YYEHBIM ABOTaIpO.

«B PaBHBIX 00BEMAax JOOBIX TA30B MPH OJUHAKOBBIX BHEINIHUX YCIOBHSX (TeMIepaType M
JaBJICHUH) COACPKUTCS OAMHAKOBOE YHCIIO MOJICKYJL.)

CnencrBue U3 3aKkoHa ABorajpa:

« 1 Momp mo0Oro rasa mpu IMOCTOSIHHBIX YCJIOBHSIX BCEr/a 3aHUMAeT OAMH M TOT XKe

00BEM”.

«1 monb mo6oro raza mpu HopMmanbHbIX yeioBusx (0° C wmm 273° K u P = 101,325 «Ila)
3aHHMaeT o0beM 22,4 11.»
[ocrosunas Fm ¥m =224 1/MOIIb Ha3BIBAETCS MOJISPHBIM 00BEMOM Ta3a IpH H.Y.
W3 3akoHa ABOraapo cieayerT, 4To €l 00bEeMbI ABYX I'a30B MPHU MOCTOSIHHBIX YCIOBUSAX PaBHBI,
TO ¥l PABHO YHCJIO MOJICKYJ IBYX T'a30B.
f(f(1 rasa) = ©¢7F (2 raza) OpM  MOCTOSHHBIX  YCIOBHSX.
n (1raza) = n (2 raza)upy DOCTOAHHLEX VCAOEHAX.
n (1rasa) = n (2 rasa)npi NOCTORHHLIX YCAOBHAX. oTCIONA,
Mr(1lraza) Mr{lraza)

+

D razal / razy2= Mr (2raza)Mr(2raza)

7,

D — oTHOcuTeNnbHAs IJIOTHOCTh OJHOTO Ta3a 1O BTopomy. [Ipm pacderax wbamie BCETro
MOJI3YFOTCS. OTHOCHTEIBHBIMH TIOTHOCTSIMHU Ta30B MO BOJAOPOAY Di M 10 BO3AYXY Diosayxa, UX
OTIPEJICTISIOT IKCIIEPUMEHTAIBHO U 110 HAM BBIYHCIISIOT OTHOCUTEIBHYIO MOJICKYJISIPHYIO Maccy
rasa.

- Baxou sxeusaienmos.

« Macchl 3JIEMEHTOB M BEIIECTB, YYACTBYIOIIMX B XUMHUECKUX PEAKIHUAX, OTHOCATCS IPYT K
JPYTY, KaK UX SKBUBAJICHTHD».

MareMaTHuecKoe BhIpaKEHUE 3aKOHA SKBUBAICHTOB: M : M= 31 : 3, WK My: 3= M, : .

Orcrona: 1) siaeMeHThl M BEIIECTBA YYacCTBYIOT B XHUMHYECKHUX pPEaKIUSIX B OJMHAKOBBIX
KOJINYECTBAX UX SKBHBAJICHTOB; 2) Macca DJIEMEHTa WM BEIIECTBA B TPAMMax, YHCICHHO paBHAs
9KBHUBAJICHTY, HA3bIBACTCS TPAMM-IKBHUBAJICHTOM.

BennunHa SKBUBaJieHTa 3aBHCHT OT THIIA U XapaKTepa XUMHUYECKOW PEaKIMH, B KOTOPO
YYaCTBYET JIAaHHBIA AJIEMEHT WJIH BEIIECTBO.

DKBHBAJICHTOM BEIIECTBA HA3bIBACTCS HEKOTOPAs YCIIOBHAs YaCTHIIA ATOTO BEIIECTBA,
KOTOpasi B JaHHOW pPEaKIUH COSAWHSICTCS C OJHUM aTOMOM WM HOHOM BOJOpoja JHOO
3aMeIIaeT ero.

Ca(OH), +2 HCl = = CaCl, +2 H,O
B 31011 peakiuy 0JHOMY HOHY BOJOpOJIa SKBUBAJIEHTHA yCJIOBHas yacTtuua, pasHas /2 Ca(OH),.
D10 W OymeT SKBHBAJCHTOM THIPOKCHAA Kajblmsa. Yucinol/2 HocuT Ha3BaHue QaxTopa
skBuBasieHTHOCTH: f 3kBUBanenra. [ Ca(OH),]=1/2
MossipHasi Macca SKBHBAJICHTa BEIIECTBA BRIYHUCIISIIOT 10 (hopMmyJie:

M skBuBanenra. [ Ca(OH),]= f akB. * M =1/2 * 74 r/mons=37r/MOb.
KonmdecTBo BelecTBa SKBHBAJICHTa — 3TO OTHOIICHHWE MAacChl BEIIECTBA K MOJISIPHOM Macce
SKBHMBAJICHTA BEIIECTBA.



m(e—ea) m(e—Ega)
N 5kB. (B-Ba) = M3kE.(E — Ba]M3KE.(E —Ba) | ecytu m [ Ca(OH),]=100 T,
100r  100Tr

T T
TO N 3KB. [ Ca(OH)z]ZB? Tont o’ TonE =2,7 MOJIb.

1.2. Jleknus Ne 2. Ctpoenne atoma u nepuoandeckuii 3akon /I.1. Menneneena.
(2 yaca)

1.2.1. Bonpocs!l JieKIuu.

1. CoctaB aToM0B. M30TOMBI M 1300aphI, H30TOIIBI

2. KBaHTOBO-MeXaHUYECKash MOJICNIb aTOMA.

- [JIaBHOE KBAHTOBOE YHUCJIO;

- OpOUTAIEHOE KBAHTOBOE YHCIIO;

- MarHUTHOE KBAHTOBOE YHCIIO;

- CIIMHOBOE KBAaHTOBOE YHUCIIO.

3. Pacnipenienenue 31eKTPOHOB B aTOME:

- [IpuHuyn muaumyma 3Hepruu. [pasuno Kieukosckoro;

- [Tpanun [Maynu;

- [IpaBwiio Xynna.

4. DnexTpoHHBIE KOHGUTypaluu aToMOB M HMOHOB. CrocoObl 3amucu 3JIEKTPOHHBIX

KOH(HUTypaIuii.

5. Ilepuonuyeckuil 3akoH. SIBlIeHHE MEPUOTUYHOCTH C TOUKH 3PEHHS CTPOCHHS aTOMa.

CTpyKTypa NepruoIudecKoil CUCTEMBI.

1.2.2. KpaTkoe conep:kaHue BOIPOCOB.
1.CocraB aToMOB. M30TOMBI ¥ U300aPHI.

ATOM J1000r0 XMMHUYECKOTO 3JIEMEHTa COCTOUT M3 SApa MOJIOKHUTEIBHO 3apsyKEHHOTO U
000JIOYKH 3JIEKTPOHHOM OTPHUIIATEIIBHO 3apsSHKEHHON. SIApO COCTOUT U3 MPOTOHOB M HEUTPOHOB.

[IpoTon umeert 3apsa «+» u Maccy 1. HelTpoH anekrpoHenTpaleH, ero macca 1.

DIIEKTPOH UMEET 3apsij] «-», Er0 Macca HMYTOKHO Mana 9,1095%10°r. Bennuuna 3apsga
aTOMHOTO $pa, KOJUYECTBO IPOTOHOB B SIpE U 3JCKTPOHOB B aTOME OMNPENENAIOT IO
MOPSIIKOBOMY HOMEPY XMMHYECKOTO 3jeMeHTa. UTOOBI ONpeNnenuTh KOJUYEeCTBO HEHTPOHOB B
s1ipe, He0OX0JUMO OT OTHOCUTEIBHON MAacCChl AJIEMEHTA OTHSAThH MOPSAKOBBIA HOMED.

M3oTombl — 3TO aTOMBI OJIHOTO XMMHYECKOTO JJIEMEHTA; y HHUX OIMHAKOBBIH 3apsi
aTOMHOTO f]Ipa, OJUHAKOBOE YHMCIIO IPOTOHOB B AJpE U AJEKTPOHOB B aTOME, HO pa3Has macca,
TaK Kak B sIpe pa3HOe YHCIIO HEUTPOHOB.

H Bomopox: 't H nporwuii; % H neiirepmii (J); *1 H tputuii (T)

O xucnopox: ' 0;'s O ;"% O comepkanue B MpUpoOAE COOTBETCTBEHHO 99,76%; 0,04%;

0,2%.
Ar(0)=16*0,9976+17*0,0004+18*0,002=16

M30TOMBI OHOTO XMMHUYECKOIO 3JeMEHTa B XHMHYECKOM OTHOUICHHHM BEAyT ce0s
OJIMHAKOBO,
HO OTJMYAIOTCS HEKOTOPHIMU (U3MYECKUMHU CcBOMcTBaMu. Haumbonbllee 4uCiIO H30TOMOB Yy
3JIEMEHTOB C TMOPSAKOBBIMH HOMepaMu (z)paBHO 40-56. Uucio yCTOMYMBBIX H30TONOB Y
AJIEMEHTOB MEHBIIIC YHCJIa HEYCTOWYMBBIX (paanoakTHBHBIX). M3 19 m30TOMOB #oma ycTONYMB
JUmb U301 ''s3 I, OH BXOAUT B COCTAB MPUPOIHBIX COETMHEHHUN.

N306apel — 3TO aTOMBI OJMHAKOBHIE [0 Macce, HO pasHble Mo 3apsany sapa. K Hum
OTHOCSITCSL:
YAr,*K u *Ca,*Cr u *Fe, "Zn u " Ge. B HEKOTOPHIX Cllydasx JBa >JIEMEHTa UMEIOT JIBE,
TpU W Jaxe 4YeTslpe mapel u3obapoB. Hampumep artomsl ¢ maccamu 124, 126, 128 u 130
u3BecTHb! U Ui Te u s Xe. CyiecTBoBaHre N300apoB 0COOCHHO HAIJISAIHO MOKA3bIBAET, UYTO
cama 1o cebe Macca aToma He SIBJISETCS ONpPEACIISIONIeH s €r0 XMMUYECKUX CBOMCTB.



2. KBaHTOBO-MexXaHHYeCKast MOAeIb aTOMOB. CBOHCTBA 3JEKTPOHOB U JIPYTHX MHKPOOOBEKTOB
HE MOTYT OBbITh ONUCAaHbl HA OCHOBE IMPEICTaBICHUN KJIACCMUYECKONH MEeXaHUKHU. MUKpOYacTHUIIbI
MOMYMHSAIOTCS 3aKOHAM KBAHTOBOM MEXaHMKHM, KOTOpas CTajla OCHOBOM i CO3JaHUS
COBPEMEHHOM MOJIEIHN aTOMA.

OcCHOBHBIE OJI0KEHUS KBAHTOBOW MEXaHUKH.

1) DOueprusi ucmyckaercs W IOIJIOIIAETCS TeJaMU OTACIbHBIMHM MOPLUUSMU — KBaHTAMH.
CrenoBartenbHO, SHEPT U MUKPOYACTHI] U3MEHSETCS CKauKo0Opas3Ho.

2) DAeKTpOHBI U IPYrHe MUKPOUACTHUIBI UMEIOT JIBONCTBEHHYIO MPUPOIY: OHU MPOSIBISIIOT
CBOMCTBA YacTUIIbI( UMEIOT Maccy M 3apsj), IpU JBMKCHUU OHHM 00JIaJat0T CBOMCTBAMHU
AJIEKTPOMATHUTHOM BOJIHBI.

3) KBaHToBass MeXaHHWKa OTpPHUIIAET HAJTUYME OIpPENEICHHBIX OpOUT y MUKpodacTui. s
JIBUKYUIMXCS DJIEKTPOHOB HEBO3MOXKHO OMNPEIENIUTh TOYHOE MecTomnojiokenue. OHu
HaXOJIATCS B MPOCTPAHCTBE BOJM3M AaTOMHOTO siapa. MOXXKHO JMIIb ONPEAEIUTh
BEPOSITHOCTh HAXOXKACHHUS 3JICKTPOHA B PA3JIMYHBIX YACTIX MIPOCTPAHCTBA.

OpbuTans — 3TO MPOCTPAHCTBO BOJIU3MU SApa, B KOTOPOM JIOCTaTOYHO BEJIMKAa BEPOSTHOCTD
HaxoXJeHus dMeKkTpoHa (mpumMepHo90 %). ITo MPOCTPAHCTBO OTPAHUYUBAETCS MTOBEPXHOCTHIO,
T.€. IPEJCTaBIsIeT COO0H 00BEMHYIO TEOMETPUUECKYIO (PUTYPBI.

- 27la8HOe K8AHMOB0E YUC/IO, N ONPENENSIET SHEPTHUIO AIEKTPOHA U pa3MelIeHHE JIEKTPOHHOTO
o0J1aka Ha TOM WJIM MHOM 3HEProypoBHE; UMeeT 3HaueHHs oT 1 110 7.

[Ipu n=1 — 35IeKTPOH PacHOI0KEH HA IEPBOM HHEPrOypOBHE, P N=2 — Ha BTOPOM H T.1.

[Tpu mepexozae «e» ¢ OAHOTO 3HEProypOBHsS Ha JPYroi — sHeprust Tu00 BBIAEIAETCS, JTUO0
MOTJIOUIAETCS: BBIAETSETCS, €ClIM 3JEKTPOH MEePEXOoAUT ¢ Oosiee yIaleHHOIO SHEProypoBHs Ha
Oosnee ONMM3KUM K SApY ; TMOTJIOMIAETCS — €CIHM «e» MNEepeXoAuT ¢ Ooree OIM3KO K SAPY
SHEProypoBHs Ha OoJiee yAajJeHHbIA. 3HaYEHHUS TJIABHOTO KBAHTOBOTO 4YHCJA COOTBETCTBYIOT
HomepoMm nepuoos I1.C.X.0. JI.11. Menneneesa.

- opbumanvHoe Keanmogoe yucio «l» xapakrepusyeTr GopMy aTOMHON opOUTAIH ,

I=n-1.

a) mpu n=I1, 1=0. Takoe 3Hayenue (0) xapakTepu3yeT aTOMHbIE OPOUTAIH CO CPepUUEecKOi
( mapoBoi) cUMMeTpHUeil B MPOCTpaHCTBE. DNEKTPOHBI, | KOTOpbIX paBHO 0, Ha3bIBalOTCA S-
anekTpoHamu. Ha mepBoM sHEPTOypOBHE TOJIBKO S-3JIEKTPOHBI HAXOSTCH.

6) mpu n=2, 1=0;1.1=1 cooTBeTcTBYET rantTeneBuaHas (00beMHasi BOCbMeEpKa) ¢popmMa aTOMHOM
opbutamu. DIEKTPOHBI, Y KOTOpbIX |=1 — p-anmektponsl. Ha BTOpOM 53HeproypoBHe MOTyT
HaXOJIUTBCS S U P-3JIEKTPOHBI, OHM O0pa3yloT ABa MOAYpoBHsS: 2S u 2p; B) npu n=3, 1=0;1;2.
I[Ipu 1=2, ¢opma aroMHBIX oOpOHUTaNEe OOJee CIOXKHAsA. DJIEKTPOHBI, y KOTOpHIX |=2-d-
anerpoHsl. Ha Tperbem 3HeproypoBHe Tpu mnoayposHs : 3s,3p,3d; r) mpu n=4, 1=0;1;2;3.
OpOutanbHOMY YHCITy 3 COOTBETCTBYET elie OoJjiee crutomHas (opma aTOMHOW OpOWTaiH.
ONeKTpoHbl, y KOTOphIX |=3, Ha3piBaercs f-anexTpoHamu. Ha ueTBepTOM SHEpProypoBHE -
4eTbIpe MoAypoBHs: 4s,4p,4d,4f.

-Macnumnoe keanmogoe UYUCIO «my XapaKTEPU3yeT IPOCTPAHCTBEHHYI OPHUEHTALUIO
aTOMHBIX OpOHTENEH, «m» MOKET IPUHUMATh 3HAYeHUsI LIebIX uncen oT +1 1o —1 yepes 0.

a) 1=0,m=0cepa nmeeT 0lHy OpPUEHTALIUIO B IPOCTPAHCTBE.

0) I=1,m=+1,0,-1. 'anTens uMeeT Tpu NPOCTPAaHCTBEHHbIE OPUEHTALIUU PX,PY,PZ.

B)I=2,m=+2,+1,0,-1,-2. d-aTomMHBIE OpOUTATN UMEIOT MATH MIPOCTPAHCTBEHHBIX OPUEHTAIIHIH.

r)=3,m=+3,+2,+1,0,-1,-2,-3. f-aromHbIC opOUTaTM WMEIT CEeMb MPOCTPAHCTBEHHBIX

OpHEHTAaLUH.

-Cnunosoe keamosoe uucno. S XapakTepu3yeT BpallleHue 3JeKTPOHA BOKPYT COOCTBEHHOM
OCH: €CJIH «e» BpalllaeTcsi 10 4acoBOi cTpelnke, To S=+1/2; ecnu npotus, To S=-1/2.

CrivH — BeTM4YMHA BEKTOPHAsI, €ro yCIOBHO 0003HAaYar0T cTpesikoi BBepX (+1/2)u BHU3

(-172).

DJEeKTPOHBI, CIUHBI KOTOPBIX UMEIOT OJMHAaKOBBIE 3HaueHUs (S =+1/2; S, =+1/2 unn

S1=-1/2,S=-1/2) — Ha3bIBAIOTCS MapauICIbHBIMK; IPU TPOTHBOMOIOKHBIX 3HAUECHUIX

(S1=+1/2, S,=-1/2) — anTUNapaUIETbHBIMU.



3. PacnipeneneHune JI€KTPOHOB B aTOME:

DJEeKTPOHBI B aTOME 3aHMMAIOT Hanbosee HU3KOE SHEPreTHUECKOe COCTOSHUE, OTBEYaroliee
MaKCUMaJIbHOM yCTOWYMBOCTH, IOATOMY SHEPrOYpPOBHHM 3aIOJIHAKOTCA B nopsake ot 1 mo 7,
noaypoBHu ot S,p,d,f.

-Ilpasuno Kneukoeckozo epBoe - IpU YBEIWYEHHHM 3apsjaa sAapa aroMa
MoCcJeI0BaTeIbHOE 3allOJIHEHUE JJEKTPOHHBIX OpOuTalell NpOUCXOAUT OT opoOuTanei ¢
MEHBIIIMM 3HAYECHHE CYMMBI TJIABHOTO U OpOUTAIHLHOTO KBAaHTOBBIX uncel (n+l) k opburamsm c
OOJIBLIMMHU 3HAYEHUSIMH 3TOUH CYMMBI.

Bropoe mpaBmiio KiedkoBckoro - mpu OoJMHAKOBBIX 3HAUYEHUSAX CyMMbI (n+l) 3anmomHeHue
opOuTasiell MPOUCXOTUT MOCIE0BATEIIbHO B HANPaBICHUU BO3PACTaHUS TJIABHOTO KBAaHTOBOTO
YUCIIA «N.

-Ilpunyun Ilaynu: B aTOMe HE MOXET OBITh JIByX JJIEKTPOHOB, Y KOTOPBIX BCE YETHIpE
KBaHTOBBIX YKcCIia ObUIH OBl OIMHAKOBBIMH.

-Ilpasuno Xynoa: yCTOWYMBOMY COCTOSHHIO aTOMOB COOTBETCTBYET TaKO€ pacrpeiesicHHUe
AJIEKTPOHOB B TIpEJesiax SHEPreTHYecKOro MOAYpPOBHS, MPH KOTOPOM aOCOIIOTHOE 3HAYEHHE
CYMMapHOTO CIIMHA aTOMa MaKCUMAaJIbHO.

4. 3HGKT[20HHBIG KOH(I}HFYQ&QI/II/I aTOMOB 1M MOHOB.

Crioco0rl 3amucy NMEKTPOHHBIX KOH(UTyparuii.
[Topsi10K 3aNI0JTHEHUsI aTOMHBIX OpOUTANEH:

Is— 2s—2p—3s—3p—4d—3d—4p—5s—4d—5p—65s—4f—5d—6p—7s—5f—6d—7p

Howmep 3neroypoBHa. | MakcumanbHOe Pacnipenenenue «e» | Ob6o3HaUeHHE
YHCIIO «€» HA YPOBHE | IO IOLYPOBHAM aTOMHBIX opOuTaei
2n’

1 2 2 Is

2 8 2,6 2s,2p

3 18 2,6,10 3s,3p,3d

4 32 2,6,10,14 4s,4p,4d,4f

Amom xnopa.
15°2572p%3s%3p°3d’ snexmponnas gpopmyna.

Dnexmponnas Gopmyra — 6USUMHAS KAPMOUKA dAeMeHma, cooepicauwas 6o2amyio
UHpOpMAYUIO 0 CMPOEHUU AMOMOE U CEOTICMEAX XUMUUECKUX INEMEHINOE.

TI'paghuueckas ¢opmyna — cocmaenenue ee umeem 6onbUWIOE 3HAYCHUU, OHA NOKA3LIEACT
BANCHMHOCMb 2NEMEHMOE (YUCIO HECNAPEHHBIX JJIeKMPOHOE).

Yucno 6HeuHux 21eKmpono6 ONsl DNeMEHmos A-2pynn (21a6HbIX NOO2PYynn) NOKA3bL6aen
HOMep 2pynnbi.

V onemenmos B epynn (no6ounbix noO2pynn) uucio eHeuHux snekmponos 2 unu I,
y nannaous — (.

Hon xnopa.
15°2572p%3s°3p°3d’

S.Ilepuoouueckuti saxon. Omkpeim J.U. Menoeneesvim 1 mapma 1869 eooa. Ceoticmea
nPOCMbIX mei, a makyice Gopma u ceoUCmea cOeOUHEeHUsE XUMULECKUX DTIEMEHMO8 HAX00SMC A 6
nepuooU4ecKol 3a8UCUMOCIU OM GeIUYUH 3aAPA008 UX AMOMHBIX A0ep.(IMO Co8peMeHHOoe
onpeoeneHue)
Aesnenue nepuoOudHoOCmu ¢ MOYKU 3peHUsl CMpPOeHUs AMoMd.
1) Amommnwviti paouyc. B nepuooax cucmemvr J{.H. Menoeneesa amommuvie paouycwvl
9/IeMeHMO8, KAK NPAasuio, YMEeHbULAIOMCSL C POCIMOM NOIOHCUMENbHO20 3aps0a A0pa.
B npedenax nepuoda suepeus uoHusayuu y8eauuugaemcsi ¢ 603pACMAHUEM 3apso08
amoMHbIX A0ep U YMEeHbUEHUEeM amMOMHbIX paouycos. B enaenvix nooepynnax c
yeenuueHuem amoMHbIX paouycog C8epxy GHU3 SHePeUsl UOHUAYUU YMEHbULAENCS.




B nepuooax memannuunocms ocnabesaem, 8 21a8HbIX NOOSPYNNAX — B03PACMAEM.

2) Owuepeuss uoHuzayuu — dHepeus, HeoOXoOuMas OAs OmMpbLIA INEKMPOHA OM
He8030ydcoenHo20 amoma. B npedenax nepuooa sHepeus uoHU3AYUU y8ETUUUBACMCI C
8o3pacmanuem 3apsi008 AmoMHbIX s0ep U YMeHbULeHUeM AMOMHbIX PAOUYCO8.

B enasmvix nooepynmnax c¢ ysenuyeHuem amoMHbIX pAOUYCO8 CEepxXy 6HU3 IHepIUs

UOHU3AYUU YMEHbULAEMCAL.

B nepuooax memannuunocms ocnabesaem, 8 2na8HbIX NOOSPYNNAX — B03PACMAEM.

3) Dnexmpoompuyamenvnocms. B npedenax nepuoodoe ouna yeenuuusaemcs, 6 2lAGHbIX
NOOSPYNNAX — YMEHbULACTCA.

Cmpykmypa nepuooudeckoii cucmemul.

IL.C XD LU Menoeneesa sensemcs epaguueckum uzodpasdiceHuem nepuoouiecko2o
3akoHa. B nacmoswee epems ouma codepocum 110 xumuueckux snemenmos. IlIpednodiceno
bonvuioe Koruuecmso sapuanmos Ilepuoouueckori cucmemul 21eMEHMOS.

Haubonvwee pacnpocmpanenue umeem KOpOMKas hopma nepuoouyeckoll CUCmemsl.
Kaxcowiti  xumuueckuii  snemenm — 3aHumaem 6 — madauye  cmpoeo  onpeoeneHHoe
nonoxcenue(knemky). Bce 2nemeHmbl NpOHYMEpOB8aHbl 6 NOPAOKe UX NOCIe008aAMeNbHOCHIU.
Omu Homepa HazvlearOm NOPAOKOBbIMU UIU AMOMHBIMU. B Kiemke 3anucviéaemcs XumMuyecKull
CUMBONL 3lleMeHmd, e20 Ha36aHue U OCHOBHble XapaKMepucmuku (nopsaoKoevlil HOMeD,
OMHOCUMENbHASL AMOMHAS MACCA, XAPAKMEPUCMUKA INEKMPOHHO20 CIPOEHUS AMOMO8).

B mabnuye no eopusonmanu snemenmuol oopasyrom cemv nepuodos. (I-VII). Ilepuoowvi
LILIII cocmosm u3 00HO20 psada HA3bIBAOMCS MAIbIMU, Ocmaivhvle nepuodwvt (IV-VII) —
bonvuiue cocmosm uz 08yx psoos. Onemenmsl Il u Il nepuooos /|.U. Memnoeneee nazsan
MUNUYeCKUMU: NO HUM Haubosee HA2IAOHO MONCHO NPOCIeOUms USMEHeHUe CBOUCME
9IEMEHMOB U UX COCOUHEHUIL.

B VI nepuode 6 00motl kiemke 00ONUCaHbl HAX00UMbCs 15 31emenmos, Komopule cX0OHbl
Ha ceolcmeam U Hazviearomcs aaumaroudamu. Aumanoeuuno 6 VII nepuode oona kiemka
00JDICHA BKNIOYUAMb  DJIEMEHMbl CeMelicmed akmuHouoos. B mabnuye 6 coomeemcmeayiouux
KAeMKAax 3anUcanbl MoIbKO CUMBOJIbL JMUX DJIeMEHMO8 U Ux nopsokosvlie Homepa [s;La — 7. Lu u
71Ac-103Lr)], @ no0obHoOe onucanue 3mux 31eMeHMO8 BLINUCAHO 8 HU3 MADIUYbL.

Ilo eepmuxanu 6 mabauye pacnonodceno eocemv epynn (I-VIII). Kasxcoas uz Hux
cocmoum u3 08yx nooepynn.: A(enasnvix) u B(nobounsix). Ilooepynnvl 06vedunsom naubonee
cxooicue no ceovicmeam anemenmol. Ilobounyro nooepynny VIII epynnol cocmaeénsiom 9
anemenmos: cemeticmeo dceneszo (Fe,Co,Ni) u cemeticmso niamunst (Ru, Rh,Pd,Os,Ir, Pt).

1.3. Jleknust Ne 3. Xumudeckasi cBsi3b. CTpoeHue Benjecrna (2 yaca)

1.3.1. Bonpocs! JieKInH.

1. Teopust XUMHUYECKOTO CTPOEHUS. THUIIBI XUMUYECKON CBSA3U.

2. KoBasieHTHas cBsi3b. MexaHU3Mbl 00pa3oBaHusl (OOMEHHBIN U TOHOPHO-AKLENTOPHBIH).
3. CBOiICTBa KOBAJICHTHOM CBS3H:

- JUIVHA;

- DHEprus;

- HACBHIAEMOCTb;

- HAIPAaBJICHHOCTb.

4. I'mbpuan3anus aTOMHbIX opouTaneid. Dopma MOJIEKYJIbI.

5. Buzgpl KOBaJEHTHOM CBS3M: TOJSIpHAsE W HEMNOJSIpHAs. DJIEKTPOOTPUILIATEIBHOCTD.
[Tonsipusanus. NOJIAPHOCTb MOJIEKYIL.

6. loHHas cBsI3b.

7. Mertamuueckas CBA3b.

1.3.2. KpaTkoe coaep:kanue BONPOCOB.
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1.Teopus XMMHUYECKOTO CTPOCHHUS pa3paboTaHa B 60-x r.r. XIX Beka BEIUKUM PYCCKUM
y4YeHbIM XUMHUKOM A. M. bytiiepoBbiM. OCHOBY TEOPHH COCTABISAIOT CIEAYIONINE MOKOJICHHUS:

1) ATomMBI B MOJIEKYJIaX PEAIBHO CYIIECTBYIOT. ATOMBI B MOJIEKYJIaX pacrojararorcs He
OecropsiIoOuHO, OHU COEIMHEHBI JAPYr C JAPYroM XUMHYECKHUMH CBS3IMU B OINpEIENIEHHOU
IIOCJIEIOBATEILHOCTH COIVIACHO BAJIECHTHOCTH.

2) CaoiicTBa BELIECTB 3aBUCAT HE TOJIBKO OT KAYECTBEHHOT'O U KOJIMYECTBEHHOI'O COCTaBa
UX MOJIEKYJ, HO U OT UX « XMMHYECKOIO0 CTPOCHMS», T.€. OT IOPSAAKA COCAUHEHUS aTOMOB B
MOJICKYJIaX M XapakTe€pa UX B3aUMHOI'O BJIHUAHUA. Haubonee cHIbHO BIMSAIOT Apyr Ha Jgpyra
aTOMBI, HETIOCPEICTBEHHO CBSI3aHHbIE MEX1y cO00M U T.1.

XUMHYeCKHe 3IeMEHTHI B MpUupoa€ CymECTBYIOT I'NTaBHBIM O6p330M B BUJC IPOCTHIX U
CJIO’KHBIX BemlecTB. JIumib 6JaropoiHbie ra3bl HAXOAATCA B aTOMHOM COCTOSIHMHM, T.K. UX aTOMBI
HUMCIOT 3aBCPUICHHBIC BHCIIHUC SHCPTOYPOBHH. Y aTOMOB OCTaIbHBIX XUMHYECKHUX DJIEMEHTOB
HE3aBEpIICHHBIE BHEIIHUE YHEPIrOYPOBHHU, HA HUX JABMKETCA OT 1 10 7 2JIEKTPOHOB. 3aBEpILICHUE
BHEUIHUX JHEProypoBHEH OTHUX aTOMOB JOCTUTAeTCsd pa3HbIMH CIOCO0aMHu, TMOITOMY
CYILIECTBYET HECKOJBKO BHIOB XHMHUYECKOM CBSA3M: KOBAJEHTHAsl (HEMOJSApHAs U IOJSIpHAas),
HOHHAas1, ME€TaJlJIMYECCKasdl. XuMHudeckast CBI3b — ITO COBOKYITHOCTE CHJI, KOTOPEIC YACPKUBAIOT
aTOMbl B BEIIECTBaX . XUMHUYECKas CBs3b OOpaszyeTcs TOJIBKO B TOM Ciydae, €CIH IOJIHas
OHEPTHUA CUCTCMBI B3aHMO}IeI>'ICTBYIOHIHX aTOMOB ITpH HUX COJIMKEHUH TTOHMKAETCS.

2. KopanentHasd cBa3b. MexaHusmbl oOpa3oBaHUs (OOMEHHBII M JOHOPHO —
aKienTopHelit). KoBaieHTHast CBsI3b OCYIIECTBISIETCS MMOCPEACTBOM OOIIMX AJIEKTPOHHBIX Hap.
PaccmoTpum MexaHu3Mbl €€ 00pa3oBaHusl.

1) OOMeHHBII MEXaHHU3M — Ha IpUMepe 00pa3zoBaHKe MOJIEKYJIbI Bogopoaa Ho.

Jis 06beMHEHHSI aTOMOB B MOJIEKYJIbI HEOOXOIUMBI YCIIOBUSI:

A) Heo0X0aMMOE PacCTOSIHUE MEKIY aTOMaMM, COU3MEPUMOE C UX pa3MepaMu;

B) a51eKTpOHbI NOJKHBI UMETh aHTHUIIAPAJIJICNIbHbIE CIIUHBI.

VY cOnM3UBIIMXCS IO KacaHUS aTOMOB BOAOpPOJa paccTrosHue Mexay sapamu 0,106 HM.
[TonoxxurenbHO 3apsKEHHOE PO OJHOTO aTOMa HAaYMHAET MPUTATUBATH 3apSKEHHBIN AJIEKTPOH
apyroro atoma u HaoOopoT . IIporcXoauT YacTHUHOE MEepeKphIBaHHE CPEpUUYECKUX ATOMHBIX
opOuTaneil.

00 +0— O— @ S —S KoBasneHTHas HEMoJIIpHAas CBS3b
H H H,
ATom arom MOJIEKYyJ1a

[lonHoe mnepekprIBaHHE ATOMHBIX OpOHTaNell HEBO3MOXKHO, T.K. Ha ONPEIEICHHOM
paccTosiHuM Mexay sapamu atoMoB ( ansa Bogopona 0,074 HM) MOJOXKHUTENBHO 3apsDKEHHBIE
sJlpa aTOMOB HAUMHAIOT OTTAJKUBAThCA APYT oT Apyra. OOpasyeTcs oAHa ABYXAJIEKTOPOHHAs
MOJIEKYyJIsipHasi opOuTanb (oxHA oOLas 3JIEeKTpOHHas mapa), objajaromas MaKCUMaJIbHON
IUIOTHOCTBIO B TPOCTPAHCTBE MEXIYy sApaMu aTtoMoB. OOpa3oBaHHE KOBAJIEHTHOM CBS3HU
COIIPOBOKIAETCS BbIACTICHUEM 5Hepru. KoBaleHTHas CBSI3p TeM IpouyHee, 4eM Oouiblie
NepeKpbIBaHUE aTOMHBIX opoOutaineil. Haubonee mpouyHa KoBaJeHTHasl CBS3b., 0Opasyroliasics

OCEBBIM IIEpEeKphIBAHMEM — 9 © - curMa CcBA3b. ECIM MeXIy aToMaMd BO3HHKAeT OJHa
KOBaJICHTHast CBsi3b, OHa HasbiBaeTcst omuHapHoit ( H-H ; CI- Cl), ecniu Gomblie KpaTHOI:
neoiHoM (O=C=0 yrnekucmnsiii ra3) u TporiHo# ( N = N azor).

2) JIoHOpHO — aKUENTOPHBIM MEXaHU3M — Ha MPUMepe 00pa30BaHUS MOHA TUIPOKCOHUSI.
["a3 XJIOpOBOAOPO PACTBOPSIIOT B BOJIE
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XJI0pOBOAOPOL
XJIOPUJI-UOH

BOJa HOH TUAPOKCOHUMA

Y aToma KHCIIOpojia B MOJICKYJI€ BOJABI €CTh JIBE HEMOICTICHHBIC AJICKTPOHHBIE Maphl, a Y
aToMa XJIopa uxX Tpu. Tak Kak CTeleHb OKUCICHUS KUCIOpOAa M0 BEIHYMHE OONbINe CTEICHH
OKHCJIEHHsI XJIOpa, TO aTOM KHCIIOpPOAa OTphIBaeT mMpoToH H' oT aroma Xjopa M MPHCOEIMHSIET
IPOTOH K CBOEH MOJIEKYJIE 3a CUET OJHOM HEMOJEJIICHHOW JJIEKTPOHHOM mnapsl. JloHOp —
KHCJIOPOJ, OH MPEIOCTaBUJI MPOTOHY TOTOBYIO 3JIEKTPOHHYIO TMapy . aKIENTop — MPOTOH, OH
MPHUHSIT TOTOBYIO DJIEKTPOHHYIO Mapy XJIOpa Ha CBOIO OpOuTanb. B MOHE TUAPOKCOHHS TpH
KOBAJICHTHBIE TIOJISIPHBIC CBsi3U. J[Be M3 HUX 00pa3oBaHBl OOMEHHBIM MEXAaHU3MOM , a TPEThS
JOHOpHO —akuenTtopHeiM. [lo cBoiicTBaM Bce TpW CBSI3M OAMHAKOBBIE, HE3aBHUCHUMO OT
MeXaHHu3Ma UX 00pa30BaHMs.

BriBoA: CyTh JOHOPHO — aKIENTOPHOTO MEXaHW3Ma 0Opa30BaHUsl KOBAJCHTHOW CBS3H:
OHa o0Opa3zyeTcs 3a CYET JBYXDJIGKTPOHHOTO OO0JaKka OJHOTrO aToMa- JOHOpa U CBOOOHOM
aTOMHOM opOUTaN M APYroro aroma — akienTopa. ITo He 0COOBIH BUJ KOBAJICHTHOU CBSI3U.ATO
WHOUM MexaHu3M e€ 00pa3oBaHMUs.

3. CBOICTBA KOBAJICHTHOM CBSA3H:

A) ammHAa — 3TO MEXBAIAEPHOE PACCTOSHHME. XUMHUYECKas CBS3b TEM IPOYHEE,YEM
menbmie eé gumaHa. H — H 0,074 am; C — C 0,154 am; C=C 0,134 am; C = C 0,120 am. C
YBEJIIMYEHUEM KPATHOCTH CBA3M €€ JUINHHA YMEHBIIACTCS.

b) sHeprus cBsA3M- 3TO KOJMYECTBO HHEPrUM HEOOXOAMMOE Jil pa3pbiBa CBSI3U.
Bennuuna sHepruu cBsi3u siBisiercs Mepoi mpounoctu cBszu. H-H 436 x/lx/monb; Cl-Cl 242
kJ>K/MOTB ;

N =N 936 x/[x/mMonb. C yBenmrmueHHeM KPaTHOCTH CBSI3U SHEPTUS CBSI3U YBEIUYHBACTCSI.

B) mHacelmaeMocTh — 1O HEW TOHUMAIOT CIIOCOOHOCTH aTOMOB OOpa3OBHIBATh
OTPAaHUUYEHHOE YHUCJIO KOBAJIEHTHBIX CBS3E€H: aTOM BOAOpPOJAa HMEET OJUH HECHAapEHHBIN
ANIEKTPOH — 00pa3yeT OJHY CBsI3b, aTOM yTJIepojaa UMeeT B BO30YKJIEHHOM COCTOSIHUU YEThIPEe
HECMapeHHBIX D3JIEKTpOHa — oOpasyeT He Ooyiee YETHIpEX CBs3€i, aTOM a30Ta HMMEeT TpH
HECHapeHHBIX JJIEKTPOHA U OJHY HEMOJEJICHHYIO JJIEKTPOHHYIO Mapy — oOpasyeT He Oolee
YETBIPEX CBA3EH.

[') nampaBineHHOCTP — OOyCNaBIMBAEeT MPOCTPAHCTBEHHYI (GOpMYy MOJIEKYHd, T.e. €&
TEOMETPHIO.

4. 'mbpunnsanms aTOMHBIX opbutaneir. PopmMa MOJTEKYII.
KoBasieHTHBIE CBsI3M, 00pa3yeMble MHOTOBAJICHTHBIMH aTOMaMmu ( KHCIOPOJ, a3oT,

yIJIepoa U Jp.) BCErJa MMEKOT IPOCTPAHCTBEHHYIO HAIPABIECHHOCTb. YTJbl MEXKIY CBA3SIMHU
HA3bIBAIOTCS BaJIGHTHBIMU. YacTo 3JIEKTPOHBI, 00pa3yrolie KOBAJICHTHBIE CBSI3U, HAXOIATCS B
Pa3NIMYHBIX COCTOSHUSIX: Hampumep, oAuH B S, npyroil B P opOutansx. Kazamoce Obl u
KOBAJICHTHBIE CBSI3M B MOJIEKYJIE JIOJKHBI OBITh HEPABHOLIEHHBIMH O MPOYHOCTU. OTHAKO OIBIT
MOKa3bIBaET YTO, OHM PABHO3HAYHBI. DTO SIBJICHHE OOBACHSACTCA THOpUAM3ALMEH aTOMHBIX
opburaneii, BBeaeHHbIX JI. [lonmuHroM. DTO BBIpaBHUBAHUE AaTOMHBIX oOpOHTanIeil — OHHU
NPUHUMAIOT (OPMY aCCUMETPHUUYHBIX BOCBMEPOK (raHTelel) U pacroyiaraloTcsi B MPOCTPAHCTBE
MO/l OINpeNeJeHHBIMU BAJEHTHBIMU YIJIaMU. 3aTeM MPOUCXOAUT oOpa3oBaHHE KOBaJEHTHOMN
CBSA3U C aTOMAaMM JPYTUX DJIEMEHTOB: raJOr€HOB, BOJAOPOIA.

dopmyn Tun Banentn [IpocTpanc [TonsipHo
a BEIIECTBA rUOpUAM3ALUK | BIH yTOIL. TBeHHas  (opMa | CTb MOJIEKYJIBL.
aTOMHBIX MOJIEKYJIBL.
opOuTanei
H,O O - SP? 104° 5 Vrnosas [Monspua
A
NH; N - SP’ 107° 3! [Mupamugan IMonspua
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bHasI 5.
CH, C - SP’ 109° 28! Tetpasap HENOoJISAP
Hasl.
CCly C - SP’ 109° 28! Tetpasap HETNOoJIAP
Hasl.
SO, S — SP? bnuzok k TpeyronbH [Tonspua
120° ast .
BeCl, Be - SP 180° JIuneiinas HETOJIAP
Hasl.
BCl, B - SP? 120° Tpeyronbu HETOJIsIP
as Hasl.

BaseHTHBIN yronm B MOJEKyJe BOABI, aMMHaKa HECKOJIBKO MEHBIIE TETPadApHYECKOTO:
(109° 28"). CkaspiBaeTcsi OTTAIKMBAIOIIEE JEHCTBUE HETOENEHHBIX SJIEKTPOHHBIX TAp aTOMOB
KHCIIOPOJIa U a30Ta.

S. Bunpl KOBaJEHTHOW CBSA3U: MOJAPHAS W HEMNOJSIpHAs. DJIEKTPOOTPULIATEIbHOCTD.

Honspusanusd. [[oJ9pHOCTE MOJIEKYJL.
K coennHeHusM C KOBaJE€HTHOW HEMOJSAPHOW CBS3bIO OTHOCATCS MPOCTHIE BEIIECTBA,

o0pa3oBaHHBIE AaTOMaMHU HEMETAJIOB.(BOJOPOJ, KHUCIOPOI, a30T, (TOop, XJop, Opom, o,
rpaduT ,anmmMas, KpeMHu#, 6embiii pocdop, KpacHsIt Gocdop, cepa u T.1.)

DNEKTPOOTPUIIATEILHOCTh Y aTOMOB OJHOTO XUMHUYECKOTO dJIEMEHTa UMEET OJIMHAKOBOE
3Ha4YeHue. B Mosekynax u KpucTaiaXx 3THX BEIIECTB, HAHOOJbIIAsl AJIEKTPOHHAS TUIOTHOCTH B
paBHOW CTEMEHU MPUHAMTICKUT OOOMM aroMaM, CMEIIEHUE OJJIEKTPOHHOW IUJIOTHOCTU HET.
CTeneHpb OKHCIICHHS DJIEMEHTa paBHA HYIIIO.

Ci3C5 HEHE 0707 C°,B°A" P’ urn

KoBajieHTHas MOJspHAs CBSI3b 00pa3yeTcss MEXIy aTOMaMH JBYX JJICMEHTOB, HE PE3KO
OTIMYAIONIUXCST IpYyr OT Jpyra MO OJIIEKTpooTpHuareabHocTH. OOIIas 3JIeKTpOHHAs Mapa
CMEIIaeTcsl B CTOPOHY sijipa 00Jiee JIEKTPOOTPHIIATEIIHHOTO JJIEMEHTA

H +Ce:—

<. H"= = CI' +I1;-1— creneHu okucieHus

XJI0pOBOAOPOA

2.0. (H) =2,1. D.0.(Cl)=2,83. VY xJopa oHa 001mIas 31eKTpOHHAas mapa ¥ Tpu
HETIO/ICIICHHBIE

H,O mmom 0? y KHACIIOpOJa B MOJIEKYJI€ BOJbI JIBE

o0IIMe AIEKTPOHHBIE TTAaphl U ABE HEMOIETICHHBIE

CO’ yriekucnblii ra3 ﬁemm c*

V¥ kaxzaoro aroma kuciopona B Mosiekyie CO; 1o 2-e o0miue 31eKTpOHHbIE aphl U 110 2-
€ HeTo/IeIeHHbIE.

DNeKTPOOTPUIIATEIFHOCTh — CHOCOOHOCTH aToMa B MOJIEKYyJe HpPUTIATrHUBaTh K cebe
3NIEKTPOHBL. DTO noHATHe BBen B xuMuto JI. [Tonunr. B nepuopax 2.0. ¢ yBenuueHueM 3apsaa
ATOMHOTO sdJpa YBCINYNUBACTC.
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B A-rpynmax (rmaBHBIX MOATPYMIAX) C yBEIHUEHUEM 3apsaa atomHoro sjapa D.0.
YMEHBIIIAETCS, T.K. YBEJIMUUBACTCS aTOMHBIN pajuyc. Y 61aropoaHsix ra3oB J.0. OTCyTCTBYET.

Li Na Mg Ca Al Si H C S N O Cl F

1 09 1.2 ,o 1,5 1,8 21 2525 21 35 28 4,1

DTO mIKana 3JIeKTPOOTPULIATETLHOCTH.

[TomstpHOCT,  MOJIEKYJT. B KOBaJN€HTHBIX TIOJSIPHBIX COCAWMHEHUSX OJUH  aTOM

pHOOpETaeT YaCTUYHBIN MOJIOKUTENbHBIN 3apsa & ¢ +, a gpyroil 4acTUYHBINA OTPULIATENIBHBIH
§—.d—.

HCl xnopoBomopon. IlomoOHyro cuctemy (3apsasl  paBHBI [0 BEJIMYMHE, HO
MIPOTUBOMOJIOKHBI TI0 3HAKY), 3apsIbl HAXOASTCS Ha ONPEAeNEHHOM PAaCCTOSTHUU JIPYT OT APYTa,
Ha3bIBAIOT AJIEKTpPUYECKUM aAumnosneM. HampsokeHHOCTh TOJs, Cco3/JaBaeMas — JIUIOJIEM,
MPSIMOTIPOTIOPLIMOHANIBHA ~ TUTIONIBHOMY ~MOMEHTY MOJIEKYJbI, MpPEACTaBIsIomeMy co0oit
Hpou3BeeHnE a0COIIOTHOTO 3HaYeHus 3apsana snekrpona q (1,60 * 107" Ku) ma paccrosHue
MEX1y IIEHTPaMH MOJOXKUTEIbHBIX U OTPUIIATEIbHBIX 3apSI0B B IUIIOIIE.

M=q * 1| JlumomeHBIH MOMEHT MOJIEKYJBl CIY)KUT KOJHMYECTBEHHOW Mepol eé
HOJISIPHOCTH,Er0 00BIMHO u3MepsoT B aedasx ([1). 1= 3,33* 10°°Kn*M.

JIMnonpHBIH MOMEHT- BEJIMYMHA BEKTOpHAs, HANPaBJICHHAs OT MOJIOKHUTEILHOTO KOHLA
IUMOJS K OTPUIATEIbHOMY, TTO9TOMY IUMOJBHBI MOMEHT MHOTOATOMHOM MOJIEKYJNBI CIeIyeT
paccMaTpuBaTh KaK BEKTOPHYI0 CyMMY JAMIIOIbHBIX MOMEHTOB CBSI3€H; OH 3aBUCUT OT
MOJIIPHOCTH KaXKJIOM CBA3M W OT B3aUMHOTO PACIONOXKEHHS STHUX CBsi3ei. B nuHEHHBIX
moutekynnax (BeCl, ; CO,); mnockux tpeyrombHbix (BCls), terpasmpuueckux (CHa, CCly),
kBaapaTHbIX (ABs) nmumonbHbIe MOMEHTHI CBs3eil A-B B3aMMHO KOMIEHCHPYIOT OpYr Apyra H
[03TOMY CYMMAapHbIE€ JMIIOJIIbHBIE MOMEHTBHI MOJIEKYJ paBHbI Hymt0. [lomoOHBIE MOJIEKYJIbI
HEMNOJISPHbIE, HECMOTPS Ha TOJSPHOCTh OTJENIBHBIX CBA3CH.

B yrioeix monekynax( H,O, H,S, H,Se, SO,), mupamunansasix (NHs, PH;, AsHs, SbH;)
BEKTOpHAsl CyMMa JMIOJbHBIX MOMEHTOB cBsizeii A — B ornmuaercst ot O. Takue MOJIEKYIbI
00JTaZaf0T JUITOJIEHBIM MOMEHTOM H SIBJISTFOTCSI TTOJISIPHBIMH.

M(SO,;)=1,61D M (NH;)=1,46 D M (HCl)=1,06 D

[Monspuzanusa cszeil. KoBaneHTHBIE HEMOSPHBICE W MAJIOMOJISIPHBIE CBSI3M 00JIa/Ial0T
CHOCOOHOCTBIO K MOJISIPU3AIUH.

Hanpumep, npu B3auMOJEWCTBUH MOJEKYJ AQJIKEHOB C Tallor€HaMH, IMOJA JEHCTBUEM
YCIOBUHM TpPU KOTOPBIX MPOUCXOAMT PEaKIus, KOBAJICHTHAs HEMOJSPHAsl CBSI3b B MOJIEKYJE
rajloreHa IMOJIIPU3yeTCs: o0IIasi SJIEKTPOHHAS Mapa CMeEIIaeTcst K Sapy OJHOTO W3 aTOMOB, OH

NpuoOpeTaeT YaCTUYHBIA OTPULATENbHBIA 3apsn ©— @ 6—@ Bropoli aroM - YaCTHYHEINA
HOJIOKHUTENbHBIN 3apsan & & +,

o [ ]

g

T

Henonspuas mosiekyna  IoJsipHas MOJIEKYyJIa
2-i1 mpuMep: MOJIEKyJia MeTaHa TPOpearupoBajia ¢ MOJIEKYJION Xjopa.

CH. + Cl, == CH:Cl + HCI
MCTaH XHOpMeTaH
BHeapuBIIHMIACS aTOM TalOreHa OTTSHYJ Ha CeOsl DJIEKTPOHHYIO IUIOTHOCTH OT aToma
yrnepoz[a, a OH B CBOIO Oqepe,ub JJIA KOMIICHCAIIMU BO3HUKIICIO YAaCTUYHOT'O ITOJIOXKHUTCIIBHOI'O

sapaga © & + orTaHyn Ha ceOs SIEKTPOHHYIO IUIOTHOCTh OT atoMoB Bojopoaa. Cesss C-H
YIJIEPOJI-BOJIOPOITHOM CTaJla MOJSPHOM.
6. NoHHas cBsI3b.
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OO6pa3yercs mpu B3aMMOJEHCTBHM aTOMOB, PE3KO OTIMYAIOIIMXCS MEXAy CcOOOW o
ANIEKTPOOTPUIIATETILHOCTU: SIPKUX METAJJIOB: IIEJIOYHBIX, IIEJIOYHO3EMENIbHbIX, MarHus u
raJIoreHOB,KUCIOPOJa.

ATOMBI SPKUX METAJJIOB XapaKTEPHU3YIOTCSI OTHOCUTEIBHO MAJIBIMH 3apsaMu siiep U
OTHOCUTENIFHO OOJBIIMMH PaJUycaMH, cllabo yIepKUBalOT HEOOJbIIOE KOIUYECTBO BHELIHHUX
aneKTpoHOB (1,2), Jerko Ux OTAAIT, OKUCISASACH U MPEBpaIlasch B KaTHOHBI — MOJOXKHUTEIBHO
3apsKCHHbBIE NOHBI.

ATOMBI SIPKHX HEMETAJIJIOB UMEIOT OTHOCUTENILHO OOJIBIINE 3apsi/ibl 7P, OTHOCUTEIBHO
MaJslble pPaJNycChl, MPOYHO YAEPKUBAIOT BHEIIHWE 3JEKTPOoHBI (7,0) W JIErKO NPUHUMAIOT
HezpocTatonue (1,2) 3aBepiias BHEIIHUN SHEPrOypOBEHb, BOCCTAHABINBASCH U 00pa3ys aHHUOHBI
(oTpHLIaTENBHO 3apSKEHHBIE HOHBI)

AHUOHBI U KaTHOHBI NMPUTATUBAIOTCS APYT K JIPYTy Kak MPOTHUBOIOJOKHO 3apsHKCHHbIE
YacTUIIBI U 00pa3ysi HOHHYIO XMMUYECKYIO CBsI3b. K MOHHBIM COeIMHEHUSM OTHOCSTCS:

1) I'anoreHN B MENOYHBIX U MISIOYHO3EMETBHBIX METAJIOB.

2) OKcHUOBI 3TUX K€ METAJLIOB.

3) [Ilenoun — OCHOBaHMUIA 3THX K€ METAJIOB.

4) Comu ILIETOYHBIX u IIEII0YHO3EMEIbHBIX MECTaJIJI0B u
KHUCJIOPOACOAEPKAIIMNX KUCIIOT.

5) I'mapuasl 3THX Ke METAILIOB.

6) Conu aMMOHUS.

7. Merannuyeckas CBs3b JEUCTBYET B MeTaulaX M MX ciuiaBax. Kpucramn meraina
COCTOMT W3 HEUTPAJIbHBIX aTOMOB, MOJIOKHUTEIbHO3APSKEHHBIX HOHOB (KaTHOHOB). MexX 1y HUMH
CBOOOMHO JBUXKYTCS 00OOIIECTBIEHHBIC YJIEKTPOHBI, KOTOPBIE 00pa30BaIlCh U3 HEUTpPATbHBIX
aTOMOB, H Tenepb HpI/IHa}IJ'Ie)KaT BCEM €ro aromam. CBHSB Me>1<)1y 0606IJ_ICCTBJ'I6HHI)IMI/I
AIIEKTPOHAMH (C OJTHOM CTOPOHBI) U KATHOHAMU, HEUTPATHHBIMU aTOMaMU (C IPYTOil CTOPOHBI) —
Ha3bIBAETCSI METAJTMYECKOM.

1.4 Jlekuusi Ne 4 (2gaca) «JHepreTuka U HaNpaBJeHHMe XUMHYECKUX MPOLECCOB)
1.4.1 Bompocsl JeKuum:

1. TeruoBor >(pdexkT XUMHUECKHX peakiui. DK30- W IHIAOTEPMHUYECKHE pEaKIlhu.
TepMoxnmunueckue ypaBHEHMUSL.

2. BHyTpeHHsIs1 S)HEprUs U SHTAJIBIIUS.

3. 3axoH ['ecca u ciencTBus U3 HETO. [IBHXKYIIME CUIIBI XMMUUYECKOTO IIpoLiECcca.

4. lonstue 06 suTponuu. HampasieHne caMonpou3BOJILHOTO MPOTEKAHUSI XUMUYECKON
peaxkuuu.

5. Dueprusa ['m66ca XuMu4eCKON peaKIiu.

1.4.2 Kparkoe coaep:xkaHue BOIPOCOB.

1.TennoBo#t 3dpdekT XMMHUYECKHUX PpPeaKIHil. ODK30- M DHIOTCPMHUYCCKHE PEaKIIHMN.
TepMoaMHaMUYECKHUE YPABHEHUS.

OnHMM W3 NOPU3HAKOB XUMHUYECKOM pEaKUWU SBISIETCS BBIJCICHUE U MOTJIOIICHUE
TEIUIOTHI, POUCXOAAIIEE TP XUMUUYECKUX NPEBPALLCHUSIX OAHUX BELIECTB B Apyrue. Peakunu,
MPOTEKAIOIINE C BBIACICHUEM TEIUIOTHI, HOCAT HAa3BaHUE ASK30TEPMUUYECKUX peakiui. Peakuuw,
MPOTEKAIOLME C TOIJIOUIEHUEM TEIUIOThl, HOCAT Ha3BaHME HSHAOTEpMHUYECKUX peakuuid. K
MEPBBIM OTHOCSITCA, KaK MPaBWIO, BCE PEAKIIMUA COCMHEHHUS,  TUMIMYHBIMU PEAKIIUSIMH BTOPOTO
THIA HA3bIBAIOTCS PEAKLIMU PA3JI0KEHUS.

TennoBeiM 3(p(HEKTOM XHUMHYECKHX PEaKIWid Ha3bIBACTCS KOJIMYECTBO TETUIOTHI,
BBIICTISIFONIEICS UM TOTJIOMIAOIIEHCS P XUMUYecKo peakiuu. OOBIYHO €ro BBIPAXKAIOT B
KUJTIOJKOYIISIX (KJIK).
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CH4(F) + 202(r)_>C02(r) + 2H20(>.<) +891KI[)K
TemoBoit 3¢ pexT XxumMuueckon peakiuy ropeHust Mmetana paseH 891k/[x.
Terutora, KOTOpas BBIAEISACTCS WIHM IOIVIOIIACTCS NPU XUMUYECKHUX PEAKLUAX

SIBJIIETCS CBOCOOPA3HBIM «PEAreHTOM» WIIU «IPOJYKTOM» XUMHUECKON pEaKIMH, MO3TOMY JUIs
COONIIOJICHUS 3aKOHAa COXpAaHEHHMsT W TPEBpallleHUs HHEPruH, KOJIUYECTBO TEIUIOTHI,
COIIPOBOXKAA0IIEEe XUMUUYECKYIO PEAKIIHIO, TOJKHO OBITh BKIIOUEHO B €€ YpaBHEHHE.

TepMOXMMHUYECKMMHU HA3bIBAIOTCS YPaBHEHUs XUMUYECKUX pEaKUUd, B KOTOPBIX
MIPUBOAATCS 3HAYEHUS TEIIIOBBIX 3((HEKTOB.

3HaK «tyIepe] 3HaUYCHHEM TeIIoBOro 3(dexra B mpaBoil yacTu ypaBHEHHS O3HAUACT,
YTO TEIJIOTA BBIJAEISETCS, 3HAK «- « TEIJIOTA MOIJIOIAETCS.

2.BHYTpAHHSS SHEPrUs U SHTAIbIUSL.

Otkyna OepeTcs Temora INMpH XMMUYEeCKMX mpeBpamieHusx? Kaxnoe Tteno umeer
OTpe/ieNIeHHBI 3amac BHYTpeHHEH sHepruu. Buytpensss sHeprus (U)Bkirodaer B ceOsi Bce
BHUJbl DHEPTUH, XapaKTEPU3YIOLIUE TEJIO: SHEPTUI0 IBWXKEHHUS MOJIEKYJ OTHOCHUTEIBHO ApPYT
JpyTra, SHEPTHIO JABMKEHUS JIEKTPOHOB U aTOMOB B MOJIEKYJIE U T.J. 3arac BHYTPEHHEH dHEPrUH
KQKIOro Tejla 3aBUCUT OT INPHUPOABI 3TOTO TENa, €r0 Macchl M YCIOBHM, B KOTOPBIX OHO
HaxoauTcs . [IpoTekaHne XUMHUYECKOM pPEaKIMH COMPOBOXKIAETCS W3MEHEHHUEM BHYTpPEHHEH
SHEPIuu pearupyromux cucreM. Eciu BHyTpeHHss 3Heprusi cucteMbl ymenblnaercs (AU<0), To
MPOTEKaeT HK30TEepMUYECKas peakius, ecinu ysenuuuBaeTcss (AU>0) — sHaoTepMuyeckas
peakuusa. Eciam B pesynbrare NpOTEKaHUS XUMHUYECKOW pEAKIUM CHUCTEMA IOIIOTHIIA
KOJIMYECTBO TEIUIOTHI Q U coBepiimiia paboty A, To U3MeHeHUe BHyTpeHHel sneprun AU=Q-A.

CornacHO 3akoHy coxpaHeHus 53Heprud, AU 3aBHCUT TOJBKO OT HA4aJbHOIO U
KOHEYHOT'O COCTOSHMI CHCTEMbI, HO HE 3aBUCHUT OT croco0a OCYIIECTBIEHHUS Ipolecca
(peakuu). Hampotus,Q M A mnpu pasHbIX crHoco0ax OCYIIECTBICHUs Ipolecca OyayT
pazianuathes: PyHKIMEH COCTOSHUS SBIISETCSA TOJBKO PA3HOCTh 3TUX BEJIMUYMH, HO HE Kaxaas U3
Hux B otnenbHoCcTH. Oynkimu U, Q, A Beipaxator B [k u kJIx.

Ecnu peakius uaet npu nMocToSsHHOM 00beMe, TO paboTa pacUIMpeHUs CUCTEMbI
pasna 0. Ecniu ipu 3TOM He coBepIaroTcs, U Apyrue Buisl padbot, To AU = Q,,rae Q. - TerioBoi
ahdexT peaknum, MPOTEKAIOMEH IPH TOCTOSHHOM o00beme. B ciyuae sKk30TepMUUECKOU
peakuuu Q,<0, st sHHOTEpMHUUYEcKO# peakuun Q,>0.

XUMUYEeCKHEe peakluu uYalle IMPOTEeKalT IMpH IMOCTOSHHOM JaBieHud. B
NOJOOHBIX CIy4asx A XapaKTepUCTUKU Mpoliecca yaoOHee I0JIb30BaTbCs HE BHYTpEHHEH
SHEepTueH, a sHTanbpnueit H xotopas onpenensercs cootHomenuem: H=V+p*AV, T.e. usmenenue
SHTAJBIIMK PAaBHO CyMME HM3MEHEHHUs BHYTpeHHEW sHepruu (AV) M COBEpLICHHOW cucTeMOn
pabotsl pactmmpenus (p*AV). Eciu pu 3ToM He coBepiaroTes Apyrue Buasl padot, To AH=Q,,
rre  Q, — TermoBod 3(QeKT peakuuu, MNPOTEKAIOUIEH NPUIIOCTOSHHOM JaBiieHuH. Jlms
sK30TepMUUecKkoi peakuu Q,<0, mis snnorepmMudeckon Q,>0.

V3MeHeHne BHYTPEHHEH OSHEPrMM WM DSHTAIBIMM IPUHATO OTHOCUTH K
CTaHJIAPTHOMY COCTOSIHHIO HCXOJHBIX BEIIECTB U MPOAYKTOB PEAKIIHH.

CranaapTHBIM COCTOSIHUEM BEIIECTBA IIPU JAaHHOW TEMIIEpAaType Ha3bIBA€TCs €ro
COCTOSIHME B BHUJIE YMCTOTO BEIIECTBA IMPH JAaBICHUHM PAaBHOM HOPMAaJbHOMY aTMOC(EpPHOMY
nasnenuto (101,325kI1a unu 760 MM pT. CcT.). YCIOBHS, IPU KOTOPBIX BCE YYacTBYIOIIUE B
peakiuu BellecTBa HAaXOASTCS B CTAHJIAPTHBIX COCTOSIHUSAX, HA3bIBAIOTCS CTaHAApTHBIMU
YCIOBUSIMU MpOTEKaHus peakunu. OTHECEHHBbIE K CTAaHAPTHBIM YCIOBUSM HM3MEHEHMS
COOTBETCTBYIOIIMX BEJIMYMH HAa3bIBAIOTCS CTAHIAPTHBIMU H3MEHEHHUSAMHU M UX O0003HAUYECHUS
CHa0XKal0TCsl BEPXHUM HHJEKCOM °.AV° - u3MeHeHne BHyTpeHHel sHeprun,AH® - crangapTHoe
M3MEHEHHUE YHTAJIBINH NPU XUMUYECKON peakuu (CTaHAapTHAs SHTAJIbIMS PEaKIIUN).

DOHTaNbIMS U BHYTPEHHsISI SHEPrusi 00pa30BaHUs MPOCTHIX BEIIECTB PABHBI HYIIO.
Ecnu snemeHT 00pa3yeT HECKOJBKO MPOCTBIX BELIECTB, TO SHTAJBIUS M BHYTPEHHSS dHEPIUs
oOpa3zoBaHMs HauboJiee YyCTOHUNBOM MOAN(DUKALIUY TPUHUMAIOTCS paBHBIMHU 0.
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3.3axoH ['ecca v cneacTBUA U3 HETO.

3axoHn I'.M.I'ecca skcniepumenTanbHO ycraHoBieH B 1840r. «TemnoBoit adhdexT peakiuun
3aBHCUT TOJBKO OT HA4YaJIbHOIO M KOHEYHOI'O COCTOSIHMM BELIECTB M HE 3aBUCUT OT
ITPOMEKYTOYHBIX CTAJIUN ITPOLIECCAN.

N3 3akona I'ecca ciemyer, B YaCTHOCTH, YTO TEPMOXMMUYECKUE YPAaBHEHHUS MOXKHO
CKJIaJIbIBAaThb U YMHOXXAaTb Ha YHCJICHHBIC MHOXXHTCJIH.

CnenctBue 3akoHa 'ecca:

«CTAHJAPTHOC N3MCHCHUC SHTAJILIINA XUMHYIECKON p€aKkuu paBHO CYMME CTaHAAPTHBIX
SHTAIBNMUNAOOPA30BaHUS MPOAYKTOB PEAKLMU 32 BBIYETOM CYMMBI CTaHIAPTHBIX SHTAJIBIUN
00pa30BaHMsI UCXOIHBIX BEIIECTBY.

IIpn Ka)xOOM CyMMHMPOBAHHUH CIEAYET YUUTHIBATh YMCIIO MOJIEN Yy4acTBYIOIIUX B
pCaKknuu BEIIECTB, B COOTBETCTBHUH C YPABHCHHUAMU PCAKIHH.

4.Ilonsatue 06 sHTponmu. HampaBieHne caMONpOW3BOJIBHOTO MPOTEKAHUS XUMHUYECKOM

pCAKIINH.
HanpaBneHne CaMOIIPOU3BOJIBHOTO IMPOTCKAHUA XHUMHYICCKOMN p€akiuruu OIPEACIIATCA

COBMECTHBIM JIeHCTBHEM JIBYX (DaKTOPOB:
1)TenaeHuuet K nepexoy CUCTEMbI B COCTOSIHUM C HAaMEHbIIEH BHYTpEHHEH SHeprueit
(B ciry4ae n300apHBIX MPOLIECCOB — C HAMMEHBIIIEH SHTANIBITUEH).
2)TenaeHuni K TOCTHXKEHUIO HauOOJIee BEPOSITHOIO COCTOSIHUS, T.€. COCTOSIHUSI, KOTOPO€E
MOXET  OBbITh  pEaIM30BAaHO  HAaWOONBLIIMM  YHCIOM  PABHOBEPOSITHBIX  CIOCOOOB
(MHKPOCOCTOSTHUI).
Mepoii mnepBoil W3 ATUX TEHAEHIMH M H300apHBIX IPOLECCOB CIYKUT
W3MEHEHUE SHTAJIbIIMM B XHMHMUYECKOM peakuuu: OTpulaTesbHbli 3HaK AH ykaspiBaeT Ha
YMEHBIICHUE, a MOJIOKUTEIIbHBIN — Ha BO3PACTAHUE DHTAJIBIIUU CUCTEMBI.
Mepoil BEpOSATHOCTH COCTOSIHUSI CHCTEMBI B TEPMOJMHAMUKE MPHUHATO CUNUTATh
SHTPOINUI0 S — BEIMYMHY, NPONOPLUOHAIBHYIO JIOrapudMy Uucia pPaBHOBEPOSITHBIX
MUKPOCOCTOSIHUM, KOTOPBIMU MOXKET OBITh PEali30BaHO JIaHHOE MAaKpOCOCTOSHHE. DHTPOIMHUS
UMeeT pa3MEpHOCTh JHEpPruM, JCNCHHONH Ha TeMIeparypy; OOBIYHO €€ OTHOCAT K MOJIO
BellecTBa (MoJibHas 3HTponus) U BbIpaxaloT B JIx/(Monp*K). DHTpommsi Bo3pacTaer mpu
Nepexo/ie BEeIECTBA U3 KPUCTAITMYECKOTO COCTOSTHUS B %KMIKOE M M3 )KHMJIKOT0 B ra3000pa3Hoe,
IIPU PACTBOPEHUM KPHUCTALIOB ,IIPHU PACIIMPEHUU Ta30B,IpU XMUMHYECKUX B3aUMOJACHCTBUSX,
OPUBOAALIMX K YBEJIMYEHUIO YHMCIa YacTUL, M TPEeXKIEe BCEro 4YacTUI[ B Ta3000pa3HOM
coctossHMM. HampoTuB, Bce Mpouecchl, B pe3yJbTaTe KOTOPBIX YHOPSAIOYEHHOCTb CHUCTEMBI
BO3pacTaeT (KOHJIEHCAlMs, NOJUMEpH3alus, CXaThe, YMEHbIIEHHEe YHuClia YacTull),
CONPOBOXKIAKOTCS YMEHBIIEHUEM YHTPOIIUH.
«VI3MeHeHHe 3HTPOIHMH CUCTEMBI B pe3yJibTaTe XMMHUYECKoi peakuuu (AS) paBHO
CyMME SHTPONUHN IPOJYKTOB PEAKIIUN 3a BBIYETOM CYMMBI SHTPOIIUNA UCXOJIHBIX BEIIECTBY.
CyMMupoBaHuE TaKXe MPOBOJAT C yY4E€TOM YHUCIIa MOJIEH, Y4YacTBYIOLIUMX B PEAKIUHU
BEIIECTB.

5.0Heprusa ['n606ca XUMHYECKON PEaKITHM.

OyHKIHEH COCTOSHUS, OJTHOBPEMEHHO OTpa)aroliei BIMsHIE 00eUX BBHIIICYTOMSIHYTBIX
TCHJICHIINH HAHAMPABJICHUE TMPOTEKAHHUS XHUMHYECKHUX MPOIIECCOB, CIYXHT 3Heprusi ['mdOca,
CBSI3aHHAs C OSHTanbued u sHTpornueil cootHomenueM C = H-T*S, rome T —abconroTHas
TeMIieparypa.

Oueprus ['mb6ca uMeer Ty ke pa3MepHOCTh, YTO WU DHTAIBIHUS U TMOITOMY OOBIYHO
BBIp@XACTCS B JPKOYJISIX U KWIOMKOYIsX. st m300apHO — M30TEPMHUUECKUX TMPOIIECCOB (T.€.
MPOLIECCOB, MPTEKAIOLIUX MPH MOCTOSHHBIX TEMIIEpaTypax W JIaBJIEHUU) U3MEHEHHE SHEPruu
['u606ca pasHo:

AC=AH - TAS
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«M3menenue sHeprun ['m66ca B pe3ynbraTe XUMUYECKOW pPEaklii PaBHO CYyMME SHEPTUit
['u60ca oOpa3zoBaHMs MPOMYKTOB PEaKIMM 3a BBIYETOM CyMMBI dHepruii [ m606ca oOpazoBanwms
UCXOIHBIX BemecTB». CyMMHUpOBaHHE MPOBOMAAT C YYETOM YHMCIA MOJIEH Y4YacTBYIOIIUX B
peaknuu BemecTB. JHepruio [ mo6ca 00pa3oBaHus OTHOCAT K | MOJIO BEIIECTBA U BHIPAKAIOT B
k/x/mMons, mpu 3ToM AC® oOpa3oBaHHsl yCTONYMBOW MOIU(UKAIMK TMPOCTOTO BEIIECTBA
MIPUHUMAIOT PABHOU HYIIIO.

[Ipy mocTOSIHCTBE TeMIlepaTypbl W JaBICHHUS XUMHUYECKUE PEAKIMH MOTYT
CaMOITPOU3BOJILHO TPOTEKATh TOJBKO B TOM HAIpPaBIICHWH, TPH KOTOpoM 3Heprus ['mbOca
cuctembl yMeHbInaercs (AC<0)

1.5 Jleknma Ne 5 (2 yaca) OOmas XapakTepucTHKa pacTBOopoB. PacTrBopmMocTh
BeulecTB. Crioco0bl BbIpaKeHUs U ONpe/ie/ieHNs] KOHIEHTPALMU PACTBOPOB
1.5.1. Bonpocsl JieKuunu.

1. O6mas xapakTtepucThka pacTBOpoB. [Ipomecc pactBopeHms. PacTBOpHUMOCTH Kak
(U3UKO-XUMHUYECKHUH ITpoIiecc.

2. Teopuu pacTBOPOB: XMMUYECKast U (PU3UIECKAsI.

3. IlepechltieHHBIE PACTBOPEI.

4. OcMmoc.

5. 3amep3aHue U KUTIEHUE PaCTBOPOB.

6.CiocoObl  BbIpaXKEHMsI KOHILIEHTpAllMM pacTBOPOB. TUTpUMETpUUYECKHUH METOJ
OIpeeTICHUS KOHIIEHTPAIMU PacTBOPOB.

1.5.1 Kparkoe conepskaHue BOIPOCOB.

OOrmas _xapakTepucTuka pacTBOpoB. IIporecc pacTBopeHms. PacTBOpUMOCTh Kak
(OU3HKO-XMMHYECKUN TIPOIIeCC.

PacTtBOpOoM Ha3bIBaeTCs TOMOTEHHAS CUCTEMA IMEPEMEHHOTO COCTaBa, COCTOSIIAS U3 IBYX
uiu 60s1ee KOMIIOHEHTOB, KOTOPBIE Pa3ipoOJIEHBI 10 pa3MEpPOB aTOMOB, HOHOB HJIM MOJIEKYJI.

PacTBOp COCTOUT M3 PaCTBOPEHHBIX BEIIECTB U PACTBOPUTEIIS, T.€. CPEIbI, B KOTOPOU ITH
BEILIECTBA PAaBHOMEPHO paclpe/iesieHbl B BUJE MOJIEKYJ WJIM HMOHOB. OOBIYHO PACTBOPHUTENIEM
CUMTAIOT TOT KOMIIOHEHT, KOTOPBIH B YHCTOM BHJIE CYIIECTBYET B TAaKOM J>K€ arperaTHoM
COCTOSIHUM, 4YTO U TIOJYYECHHBIH pacTBOp(Hampumep, B Ciydae BOJHOIO pPacTBOpa COJIH
pacTBOpHUTElIeM KOHEYHO, sBIseTcS Boaa). Ecim ke o00a KOMIIOHEHTa JO pPacTBOPEHUS
HaxOJIUJIUCh B OJIMHAKOBOM arperaTHOM COCTOSIHMM (Hampumep, COUPT H BOjAA), TO
PacTBOPHUTENIEM CUYNUTACTCS KOMIIOHEHT, HAXOAIITUICS B OOJIbIIIEM KOJTUYECTRE.

[To arperaTHOMy COCTOSTHHIO PAacTBOPHI OBIBAIOT KUJIKHUE, TBEPABIE W Ta3000pa3HBIC.
[IpumepoM KHAKUX PAcTBOPOB MOTYT OBITH PacTBOPHI COJICH B BOJIE; MPUMEPOM TBEPABIX —
CIUTaB HUKEJSI U MeIU (U3 KOTOPBIX JIENal0T pa3MeHHYI0 MOHETY) WIH CIUIaB cepedpa U 30J10Ta ;
MPUMEPOM Ta3000pa3HBIX — CMECH Ta30B, Bo3Ayx. Haumbonbliee 3HaUYe€HHWE HWMEIOT >KHJIKUE
(BOJHBIE) PACTBOPHI..

2. TGO[QI/IH pPaCTBOPOB: XUMHUYCCKAA U ghmnqecxaﬁ.

PactBopenne — 3TO CHOXHBIA (QHU3UKO — XHUMHUYECKHH TMPOIECC, MNpPU KOTOPOM
IIPOUCXOIUT B3aUMOJIEHCTBUE (IEKTPOCTATUUECKOE, JOHOPHO — aKIIENTOPHOE, 0Opa3oBaHUE
BOJIOPOJTHOM CBSI3M) MEXKIY YacTUIIAMHU PAaCTBOPHUTENS M PacTBOPEHHBIX BemlecTB. B xonme XIX
BEKa TOJyYWiIa pacnpocTpaHeHue (u3Myeckass TEOpHs pPAacCTBOPOB, B KOTOPOW IPOILIECC
pacTBOpEeHHUs] BEIIECTB paccMaTpHUBAlCSd KaK WX paclpeneieHHe B HWHEPTHOH cpene Oe3
XUMHUYECKOTO B3aWMOJICUCTBUA. B COOTBETCTBMM C 3TOW TEOpUEH NPEANOJIarajoch, 4YTO
JBWKEHUE YACTHI] PACTBOPEHHOT'O BEIECTBA AHAJIOTMYHO XAOTUYECKOMY JBHKEHHUIO MOJIEKYJ
rasza. Ou3nyeckas TCOpHA NPpUMCHHMMA K I'a30BBIM pPaCTBOpPaM. Bosnpmas POJIb B YCTAHOBJICHHUU
MPUPOJBI MpoLEeccax pacTBopeHus npuHaiexkut [[.1. MenaeneeBy — co3gaTeno XMMUYECKOM
TEOpUHU PpaCTBOPOB. B  COOTBETCTBMM € 3TOM TEOpHEN  PACTBOPUTENb XHUMHUYECKH
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B3alMOJEICTBYET C PAaCTBOPEHHBIMHM BELIECTBAMHM. 3HAYUTENBHBIM BKJIAJ B pPa3BUTHE
XUMHUYECKOH TeopuH pacTBOpoB BHecH pycckue yuensle [l. I1. Konosanos, 1. A. KaGnykos, B.
A. KHCTAKOBCKHH.

PacTBopenue 1000r0 BellecTBa COMPOBOXAAETCS BBIICICHHUEM WM IOTJIOLIEHUEM
TEIUIOTBI, YTO XapaKTepHO JUId XMMHMUYECKHX peakuui. [Ipm pactBopeHum B Boje 1 Mounb
razoo0pa3Horo amMmmuaka Bbiaensercs temnora (34 k/[x), mpu pactBopeHun 1 Monb xyopuaa
aMMOHHMS TerioTa norjomtaercs (14,8 kJx).

[Tpu pacTBOpeHHH HEKOTOPBIX BEIIECTB MOIY4aroTCsl OKpalleHHble pacTBOpbl. OKpacka
pacTBopa O00YyCIIOBJIEHA XMMUYECKUM B3aHMOJCHCTBHEM PACTBOPEHHOTO BEIIECTBA C BOJOM.
besBonnblii cynbdar meau (1) — 6ecuiBeTHOE BelIecTBO, paCTBOP K€ €r0 B BOJIE UMEET TOIy0yIo
OKpackKy.

CMmenieHre KOMIIOHEHTOB pacTBOpa HE SBIISETCS MEXaHMYECKUM IpoieccoM. Tak, eciau
cmematb 100 M 6e3BoaHo dochophnoii kucmotel 1 100 Mt Boasl, To obpasyercs He 200 mu, a
195 mn pactBopa. DTO SBIECHHE TO K€ YKa3blBaeT HAa XHMHUYECKOE B3aWMOJICHCTBUE
pacTBOPUTEIIS C PACTBOPEHHBIM BEILIECTBOM.

[TponykTamu B3aUMOJEHCTBUS PACTBOPUTENSI C PACTBOPEHHBIMU BEILIECTBAMU SIBIISIFOTCS
COJIBBATHI, a TpOIlecC MX 00pa30BaHMs cosibBaTaleld. YacTHBIM CiydaeM COJbBaTalllH SBISETCS
rujapaTanys — B3aUMOJCICTBHE PACTBOPEHHBIX BEILIECTB C BOJAOH, B pe3yjbTaTe KOTOPOTO
o0pa3yloTcst ruapaTbl. MoKyl pacTBOPUTENss MNpPU  COJbBATallMM HE pa3pylIaloTcs.
BonbIIMHCTBO CONBBATOB — MallOyCTOMUMBBIE coeAuHeHHs. OJHAKO HEKOTOpble TUAPATHI
YAEP>KUBAIOT BOJY Ja)K€ B TBEPAOM KPUCTAIUIMUECKOM COCTOSIHHM.

3. [epechIllICHHbIC PACTBOPBI.
PacTBopuMOCTE — 3TO  CIOCOOHOCTH  BellecTBa  00pa30BBIBATH  PACTBOPHI.

HenachllieHHBIM Ha3bIBA€TCSl PAacCTBOP, B KOTOPOM MOXET OBITh PACTBOPEHO €IIe HEKOTOpoe
KOJIMYECTBO PAcTBOPSEMOTO BellecTBa MpU JaHHOW Temmeparype. HachllieHHbIM Ha3bIBaeTCs
pacTBOp, HaXOIALINICS B PABHOBECUH C PACTBOPEHHBIM BEIIECTBOM.

B (xpucramnmnueckoe) # # B (B pactBope) IlepechilieHHBIE pPacTBOPBI COAEpIKAT
KOHIEHTPALUIO paCTBOPEHHOTr0 BellecTBa 00jIee BBICOKYIO, YEM HYKHO JUIs HacbhllieHus. Takue
pacTBOPBI JIETKO pa3pylIAlOTCs; 00Opa3yeTcsl HACBIICHHBIH pPacTBOP, U BbLAESAETCS H30BITOK
PacTBOPEHHOIO BELIECTBA.

Macca BemecTBa (B I'), HachlLaromas npu AaHHeIXx ycioBusx 100 r. PactBopurtens
Ha3bIBaeTCs KO3()PUIMEHTOM pacCTBOPUMOCTH.

B Boze pacTBOpsIOTCS BCe HEOPraHUYECKHUE BELIECTBA, €CIM TOJIbKO OHU IPU KOHTAKTE C
BOoIoM He pasnaratorcsi. Ilo pacTBopumocTu BemiecTBa AensaT Ha pactBopumbie (1 r B 100 T
BOJibI), MasiopactBopumbie (0,1 r — 1 r B 100 r Boabl) ¥ NpakTUUYECKH HepacTBOpUMBIE ( MeHee
0,1 r B 100 r BozbI). PacTBOpUMOCTH TBEpJBIX BEIIECTB B BOJE KaK IMPABHJIO YBEIMYHUBAETCS C
MOBBILIEHUEM TEMIIEpaTypbl. PacCTBOPUMOCTE HEKOTOPBIX Ta30B B BOJE HEBEIUKA: BOAOPOL,
KHCIIOPOJ, a30T. JTO OOYCJIOBIEHO CJIA0BIM XHUMHYECKHM B3aUMOJCHCTBHEM OTHX Ta30B C
BozioM. Hekoropsble ra3pl, CEpHUCTBIN ra3, XJ0pOBOAOPOJ, AMMHUAK CHUJIIBHO B3aMMOAECHCTBYIOT C
BOJIOM M MX PACTBOPUMOCThH BeJIMKa. PacCTBOPUMOCTh Ta30B yBEIMYUBAETCS C POCTOM JIaBJICHUS U
YMEHBILAETCS] C POCTOM TEMIIEPATYPBHI.

4. Ocmoc.

OcmMmoc — 3T0 0AHOCTOPOHHSAS U Py3ust yepe3 MOJyNPOHUIIAEMYIO MEPErOPOAKY. ITOT
npolecc MpOTEKaeT, KOrja MeXIy JABYMS pacTBOPaMU IIOMENIAIOT IOJYNPOHEaeMyto
MIEPErOpoIKY: PACTBOPUTEIL MOXKET NMPOHUKATH Yepe3 Hee, a pACTBOPEHHOE BEIIECTBO HE MOXKET
KOJINYECTBEHHON XapaKTEepPUCTHKOW OCMOca SBISETCS OCMOTHYECKOE JaBiieHHEe. SIBieHus
OCMOCa WUIPAIOT OYEHb BAXKHYIO pOJIb B JKM3HU XKUBOTHBIX M pacTeHui. biaromaps ocmocy B
KJIETKaX JKUBBIX OPraHU3MOB Yepe3 000JI0UKH KJIETOK MTOCTYTMAaeT BOJa.

Beanumaa ocMoOTHYECKOTO JaBJICHUA 3aBUCHUT OT KOHICHTpaluM pacTBOpa U
TEeMIIepaTypbl, HO HE 3aBUCUT OT IPUPOAbI PACTBOPHUTENS U pacTBOPEHHOI0 BemiecTBa. B 1886 r.
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Bant — I'opd moxazan, yTo JUIsi pacTBOPOB — HE DJIEKTPOJUTOB HEBBICOKMX KOHIIEHTpALUi
3aBHCHUMOCTh OCMOTHYECKOTO JaBJE€HHMs OT KOHIEHTpAallMu U TeMIepaTyphl pacTBOpa
BbIpa)kaeTcsi ypaBHeHHeM ( 3akoH Bant — 'odda)

P=C*R*T.

P — ocmoTtHnueckoe naBnenue , klla.

C — MossipHast KOHLIEHTpALMs pacTBOPa, MOJIb/JI

R — yHuBepcanpHas razosas nocrostusas, 8,314 JHx/mons * K

E — aGcomnroTHas Temneparypa pacTBopa.

5. 3amep3aHue U KHIIEHUE PacCTBOPOB.

W3ydass 3amep3aHue M KWUIIEHHE pPAacTBOpoB (panmysckuil ¢usuk Payns B 1887 r.
YcTaHoBUI, YTO AJisi pa30aBICHHBIX PAacCTBOPOB HEDJIEKTPOJIUTOB IOBBIIIEHUE TEMIEPaTyphbl
KHIIEHUS U TIOHKEHHUE TEMIIEPATYPhI 3aMEP3aHUs IPONOPIIMOHAIBHBI KOHIIEHTPALMU pacTBOpA!
AA ¢, =E*m A B¢, =K*m

M — MosisipHasi KOHIIEHTpaLusi( MOJIIPHOCTb) MOJIb/KT BOJIBI.

E — s0yminockonuyueckasi KOHCTaHTA.

K — xprockonuyeckass KOHCTaHTA.

E u K 3aBucaT TONBKO OT MPUPOABI PACTBOPUTENS, HE 3aBUCAT OT IPHUPOJBI
pactBopeHHOro0 BemecTBa. Koo = 1,86, Euom = 0,52, Koeisona = 5,07, Egensona = 2,0.

Ha wu3mepeHusx Temneparyp KUIIEHMS U 3aMep3aHMs pPAacTBOPOB  OCHOBAHBI
70YNIMOCKONMUYECKUNH M KPUOCKOMMYECKUA METOJbl OMNPEICNICEHNUs MOJIEKYJSIPHBIX Macc
BEIIECTB.

6. Cr1ocoObl BBIpaXEHUs KOHIIEHTPAIIMH PACTBOPOB.
1) MaccoBasi 10151 paCTBOPEHHOI'O BEUIECTBA B PACTBOPE.
mie — ea)mi(e — ea)
W(B-Ba) = m(e — Ea)m(e — Ba) ppipaxkaercs B 10X oT 0 10 1 ¥ B mporeHTax.
2) MoutsipHast KOHIICHTpAIHsI pacTBOpa (MOJIIPHOCT ).
n(e —ea)n(e — ga) mm m m

Cm = vip —pa}v(p —pa) (monw/n), k. n=MM, ToCM=M-UM-U

2M pactBop H>SO, conepxut 2 Monb KUCIOTHI B 1 J1 pacTBOpa.

3) DOKBHUBAJICHTHAs WM HOpMaJbHasi KOHIIEHTPAIIHSL.

n{axe.} N{EB.)
Coxs. = VP — pa)v(p — pa) (vouw/m)
m(e — ea) m(e — ea)

C,. = Maxe(E —Ea)=+v(p —pa) M>ake(e — ea)+v(p— pa) (Monb/1)

2H H,SO4 — pactBop 1 1 comepxkut 2 mMosb — 3kBuBajieHToB H,SO, -98 1., T.k. f 9KB.
H,SO, =1/2, M k8. (H,SO,) = 49 r/momns.

4) MousipHasi KOHLIEHTpaUs( MOJIIPHOCTB)
n n

m = m (eogu)m (Eogut)  (MOJIB/KT BOJIBI)

m (p-pa H.SO4) = 2 MOAB/KT BOJBI.

B aToM pacTBOpe Ha KaXblil KI' BOJbI IPUXOAUTCS 2 MOJIb CEPHOU KHUCIIOTHI, T.€. 98 1 X 2
=196 r 6e3Boano0I H>SO4.

M (H,SO,) = 98 r/mMmob.

5) MonsipHast 0711 — OTHOIIEHHE KOJIMYECTBa PACTBOPEHHOIO BellecTBa (WiId
pacTBOpUTEIIS) K CyMME KOJIMUYECTB BCEX BEILECTB, COCTABIISIFOIIMX PACTBOD.

Ny = (18 — Balli{[n( — ga) + n(p — ag]) [(1(2 — =a)li([n(2 — Ba) + n(p — ag))

Ny = (1@ = 18)([n(2 — Ba) + n(p — as)) (n(2 — 20)((n(= — B2) + n(p — As)

TUTpUMETPUUECKUI METOI ONPEIEICHUS KOHLIEHTPALlUU PACTBOPOB.

Turpumerpuyeckuii  aHanu3  OObEAMHAET TIPYNIy METOJOB  KOJUYECTBEHHOTO
XMMHMUYECKOTO aHalNu3a, OCHOBAHHBIX HAa M3MEPEHUU OOBEMa pPACTBOpPA peareHTa TOUYHOU

20



KOHIIGHTPallMH, HEOOXOJUMOIo Uil B3aHUMOJACUCTBUSL C  OINpPENENeHHBIM KOJIMYECTBOM
AHAIM3UPYEMOTO BEIIECTBA.

OCHOBHOW TpHEM METO/a- TUTPOBAHHE- 3aKIIOYAETCS B TOCTOSHHOM J00aBICHHM K
OTIpEe/IeNIIEMOMY BEILIECTBY pPACTBOpAa peareHTa TOYHOM KOHLEHTPALUU JI0 JOCTHIKCHUS
HKBUBAJIEHTHOT'O COOTHOILIEHUS MEXy HUMH.

MOMEHT OKOHYaHMSI peakIMy MEXAYy B3aUMOJEUCTBYIOIIMMH BELIECTBAMH HA3bIBAETCS
TOYKON IKBUBAJIEHTHOCTH (TEOPETUYECKON TOUKON KOHIIA TUTPOBAHUA).

Ha npakrtuke B npoiiecce TATPOBaHUS (PUKCUPYIOT KOHEUHYIO TOUKY TUTPOBAHMSL.

1.6 Jlexnus Ne 6 (2 yaca) «Teopus 3J1eKTPOJIUTUYECKON JUCCOLMALMID)
1.6.1. Bonpocwkl JeKkumnu.

1. Ilpouecc aucconuanuu B BOJHBIX pacTBOpax.

2. PactBopb! anekTponuToB. CUIIbHBIE U C1a0ble AIeKTponuThl. KOoHCTaHTa M cTeneHb
JIFCCOIHAITIH.

3. NoHHO-MONEKyIsIpHbIE YPABHEHUSI.

4. Jluccoumanus Boasl. BogopoaHbIil moka3aTensb.

5. CmenieHre HOHHBIX paBHOBECHIA.

1.6.2. KpaTkoe coaep:kaHue BONPOCOB.

D10 Teopus, OOBACHsIOMAS 0c000€ TIMOBEICHUE BEIISCTB JJIEKTPOJUTOB (COJH,
OCHOBAHUS, KHUCJIOTHI) B pPAacTBOPEHHOM M PACIUIaBJICHHOM COCTOSIHHSIX JHCCOIUAITUEH
(pacnazioM) MX Ha HOHBI.

Jluccorumanuss — 9TO pacmaj BEHIeCTB HAa HOHBI (KaTHUOHBI W aHWOHBI) TPHU
pacTBOpEHUH B BOJIC U paCIUIABICHUH.

1.[Ipoiiecc AMCCONMAIIMK B BOTHBIX PACTBOPAX.

a)BEILIECTB C MOHHOW XMMHUYECKOM CBS3bIO — cojiell u ocHoBaHuil. Kpucramn
MOHHOTO COEJAMHEHHUS OImycKaeM B BoAy. OH CO BCEX CTOPOH OKpY’KaeTcsi MoJeKyaamMu Bofbl. K
KaTHOHAM MOJICKYJIBI BOJBI TPHTATUBAIOTCS OTPHUIATCIIEHO3APSHKCHHBIMH  TTOJTFOCAMH, a K
aHMOHAaM — TIOJIOKUTENIbHO3aPsKeHHBIMU. [ Maparanys MOHOB OCHA0JIsSeT XUMHUYECKHUE CBS3U
MEXTy HOHAMHU ¥ HOHBI TIEPEXOJIAT B PACTBOP B THAPATUPOBAHHOM COCTOSIHHHU.

[IpuurHa AriccOUAIII HOHHOTO COSIMHEHUS — THApaTAIlHs HOHOB;

0)BEIIECTB C KOBAJEHTHOW TOJSIPHOM CBSI3pIO — KHUCIOT. PaccMoTpum

JUCCOIMAITNIO Ha MPUMEPE JUCCOLMAIIUHN XJIOPOBOIOPO/IA.

H,O 4+ HCl & H,0* + CI~
["a3 x70poBOOPO/ PACTBOPSAIOT B BOJE. ATOM KHCIOpOZAa BOJbI UMEET OOJIbLIYIO IO
BEJIMYMHE CTENEHb OKHUCIEHHA -2, 4eM XJIOp XJOpPOBOJOpOJAa -1, MOATOMYy aToM KHUCIOpoAa
oTHUMaeT nporoH H' y atoma xyopa W mpucoenuHseT K cebe 3a CueT OJHOM CBOOOIHOMN
(HemoiesieHHOM) 3JEKTPOHHON maphl. Tak oOpa3yercsi TpeThsl KOBaJIEHTHAsI MOJIIpHAsl CBSA3b IO
JOHOPHO-aKIENTOPHOMY MexaHu3My. JloHOp — KHCIOpOA, OH JAaeT HENOJEJIECHHYIO
NIEKTPOHHYIO Napy. AKLENTOpP — MPOTOH, OH NMPUHMMAET HEMOJEJICHHYIO 3JEKTPOHHYIO Mapy
KHCJIOpOJla Ha CBOIO opOuTainb. [[Be Ipyrue KOBaJeHTHbIE MOJSPHBIE XUMUYECKUE CBSI3U B
KaTHOHE aMMOHHMS 00pa30BaINCh paHee OOMEHHBIM MEXaHU3MOM.
Bce Tpu KoBasieHTHBIE MOJISIDHBIC CBSI3M B HOHE ruapokcoHus H;O" HO
CBOWCTBaMHM OJINHAKOBBIE, HE3aBUCUMO OT MEXaHH3Ma WX 00pa3oBaHusl.
BeIBOA: mpu pacTBOpEHHMM KHCJIOT B BOJAE KOBAJIEHTHAs IOJISIPHAS XUMHYECKas
CBA3b MEXY aTOMaMH BOJOPOJA U KHUCIOTHBIM OCTAaTKOM IO JAEWCTBUEM IOJIIPHBIX MOJIEKYI
BOJIbI IIEPEXO/IUT B MOHHYI0. OOpa30BaBIINECs HOHBI IEPEXOAST B PACTBOP B THAPATUPOBAHHOM
COCTOSIHUH.
[IpuunHa AucconMalMy KUCIOT B BOJE — TUApaTanus (ColabBaTalys).
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2.PacTBOpBI 31eKTPoaUTOB. CHIbHBIE M cla0ble 31eKTpoiauThl. KoHCTaHTa M CTENeHb
IMCCOLIMAIINN.

DJNEeKTPOIUTHl B PAacTBOpax HE MOJHOCTHIO JUCCOLMHMPYIOT HA HOHBI, a JHUIIb

YaCTUYHO, TTOITOMY APpPEHUYC BBEI MTOHATHE CTENICHEW IIEKTPOITUTUICCKOM TUCCOIHAIINN — 3TO

OTHOLICHHE YHCIIa MOJIEKYJT SJIEKTPOJINTA, PACTIABIIMXCS B JAHHOM PAacTBOPE HA HOHBI K 00IIeMy

YHCITy €ro MOJIEKy1 B pacTtBope. CTemeHb 3IEeKTPOTUTHYECKOW AMCCOIMAIME 0003HAYaeTCs

OykBoil a (anbda).

n

E{:E

IJI€ N — YKCJI0 MOJIEKYJI paCTBOPUBLIMXCS HA MOHBI; N — UHCJIO PACTBOPUBIIUXCS MOJIEKYJI.

CremneHp HSIEKTPOJIUTHYECKON TUCCOLMAIMU 3aBUCUT TMPEXJE BCEr0 OT MPHUPOJIbI
AIIEKTPOJINTA.

[To nmpupoze PMEKTPONUTHI IETATCS Ha:

a)CWJIbHBIE 3IEKTPOIUTHI, 0 >30%. DTO OOJIBIIMHCTBO PAaCTBOPUMBIX COJIEH, OCHOBAHUS
IETOYHBIX u HIETOYHO3EMENBbHBIX METaJIJIOB (menoumn),
KHCJIOTBI:COJISIHAs, XJI0pO-,0pOMO-,110/I0BOIOPO/IHAS,a30THASL, CEPHAs U JpyTrHe;caMas CUiIbHas U3
kuciot — xyiopaas HC104$

0)cnadbie KUCIOTHL, o <3%. DTO HEKOTOPbIE PACTBOPUMBIE U BCE MaJO- U MPAKTUUECKU
HEPAacTBOPUMBIE B BOJIE COJM W OCHOBAHUS, IIENOYb — THUIAPOKCH] AMMOHUS; KHUCIOTHI —
IUTABUKOBAsi, CEPHUCTAsI, yTOJIbHAsA, KpEMHHUEBAs, CEPOBOJIOPO/IHAS, XJIOHOBATUCTAS U JIP.

B)asieKTponuThl cpenHe Hcwibl, 30% > o > 3%. CremeHb »IEKTPOIUTHYECKON
JMCCOLMAIH BhIpaXkaeTcs B 10X oT 0 10 1 u B porieHTax.

K xumuueckomMy paBHOBECHIO, KOTOpPOE YCTaHABJIMBAETCS B pacTBOpe ciaboro

ANEKTPOJINTA MEXAY MOJIEKyJIaMH M HMOHAaMH, MOXKHO TPUMEHUTh 3aKOHbl XHMHUYECKOTO
paBHOBECHSI U 3aMKCaTh BbIpaXKEHHE KOHCTAaHTHl PABHOBECHSI.

Hanpumep, a1t nucconumanuy a30TUCTON KUCTIOTBI

HNO.eH* + NO;
[F+]1-[Nog] [F+]1-[Nog]

KoHCTaHTa paBHOBECHS UMEET BHI: [HNO,] [HNO,]

3nech B 9yHMCIaUTENIE APOOU CTOST KOHIICHTPALMKU HOHOB MPOMYKTOB JMCCOIMAIUH, a B
3HaMEHATEeJIe — KOHIICHTpAIlWsl HEIUCCOIMUPOBAHHBIX MOJIEKyJd. KoHcTaHTa paBHOBecwHS,
OTBEYAOMIAs JMCCOIMAIUN CJIA00TO AJIEKTPOJIMTA, HA3hIBACTCS KOHCTAHTOW JIUCCOIMAIINU.
Benuunna k 3aBHCHT OT TPUPOIBI AJIEKTOPIUTA M PACTBOPHUTENS,OT TEMIIEpaTyphbl, HO HE
3aBHCHUT OT KOHIICHTpaluu pactBopa. K xapakTepu3yer crnocoOHOCTh JIEKTPOIUTA PACTIAAAThCS
Ha VOHBI: YeM BBIIIE K, TEM Jierde AUCCOIUUPYET IICKTPOIIUT.

V CHIIBHBIX 3IeKTpoiuToB k > 1, y cnabeix k < 107/

3.M1oHHO-MOJIEKYIISIPHBIE YPABHEHHUS.

CyTh XUMUYECKUX PEAKIUH MEXIy PACTBOPAMH DJIEKTPOJIUTOB BBIPAKAIOT MPH TTOMOIIH
MOJICKYJSIPHBIX M HMOHHBIX (TIOJIHBIX W KPAaTKUX) YpaBHEHH, T.K. B PacTBOpax CHIIbHBIC
AJIEKTPOJIUTHI HAXOMSATCS B BHJIE MOJICKYIL.

H*+0H — H;0
CuS0y, o + 2K0H,_, _. Cu(0OH), . K250y, _»

CoJb eT04Yb OCHOEBaHHEe ~ COMb
Cuslypp o 2K0H, , _ Cu(OH); L+ K250, 5
CoMb LIeT04Yb OCHOEAaHHE COJb

Cu* + 507~ +2K* + 20H™ — Cu(OH); | +2K* + 507~
Cu?* + 20H™ — Cu(OH); |
CO;” +2H* — H,04+CO; 1
Cu(OH), + 2H* 4+ S0F — Cu’* + 507 + 2H,0
Cu(OH); + 2H* — Cu®* + 2H.0
NaOH,_, + HF NaF H,0
eT04Yb CHABHEIH 3JIEKTPOTHT KHCJO0Ta CA40BIH COMb CHJABHEIH CAadRIH
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Na* 4+ OH™ + HF - Na* + F~ 4+ H,0
OH™ + HF = F~ + H,0

KpaTkoe noHHOE ypaBHEHHE TTOKA3bIBAECT CYyTh XUMHUUECKON PEeaKIIUH.

Peaxiust MeX/1y CHIIBHBIMH SJIEKTPOITMTAMH MPAKTHYECKH MPOTEKAIOT JI0 KOHIIA.

H* + OH™ — H;0

Cu®* + 20H™ — Cu(OH); |

CO3™ +2H* — H,0+CO, 1

Peaknmy, mpu KOTOPBIX MOJIEKYJIBI CIa0O0IMCCOIMUPYIONINX BEIIECTB HAXOJSATCS U B
UCXOIHBIX BEIIECTBaX U B MPOAYKTaX peakluu, MPOTEKalT He A0 KoHna. OHU JOXOHAAT 10
COCTOSIHUSI paBHOBECHSI, IIO3TOMY MOHHO-MOJICKYJISIPHBIC YPAaBHEHUSI TAKUX PEAKINi TpaBUIIbHEE
3aMuChIBaTh CO 3HAKOM OOPaTUMOCTH.

Cu(OH); + 2H* « Cu** + 2H,0

OH 4+ HF & F~ + H,0

4.luccouanys Boabl. BoiopoaHblil moKa3aTels.

Boxa cnabblif 3JI€KTPONUT, IHUCCOLMHUPYET B HE3HAUUTENBHON CTemeHdu, oOpa3ys
npotousl H' u ruapokcubabie noust OH

H,0 e H* + OH"

DTOMY MPOIECCY COOTBETCTBYET KOHCTAaHTAa PAaBHOBECHS:

[F+1-[0H"]
~ [Hz0]

CremeHp  JOucCONMAllMM  BOJBI  OYEHb  Maljla, paBHOBECHAas  KOHIICHTpAIUS
Henucconunposanueix Monekyn Boasl LHzO1[Hz0]1 papna o6mieil konuenTtpamuu BobLT.e.
1000:18=55,55 ™monp/n. B pa30aBIeHHBIX BOJHBIX PACTBOpPAX KOHIEHTPAIMS BOJBI Mallo
U3MEHSETCS, €€ MOXHO CUMTATh BEIMYMHON MOCTOSHHOW. Toraa BbIpakeHUE AJisi KOHCTAHTBI
JUCCOITMAIIIH BOJIBI MOYKHO TIPe0Opa3oBaTh CICAYIOMUM 00pa3oMm:

[H*]-[087] — k-[H:01 = kg0

Koncranta Fez0 Kez0 paBHas TPOW3BEICHUIO KOHIeHTpamwii noHoB H™ m OH,
MpecTaBiIseT co00i MOCTOSHHYIO IPU JaHHON TeMIiepaType BeIWYHHY M Ha3bIBae€TCS MOHHBIM
MIPOM3BEICHUEM BOJIBI.

B uymcToii BoJe KOHICHTpaIMs HOHOB Bojopoaa H™ u rumpokcuiabHbix HoHOB OH
OIMHAKOBEI U 1pu 25°C Kpy0 Ka0 =101,

[TockonbKy Aucconuanys Mporece HIO0TEPMUUYECKHM, TO C POCTOM TeMIepaTypbl OHa
YCHJIMBACTCH, U 3HAUCHUC Ko Keyo BO3pacTacrT.

PacTBOpBbI, B KOTOPHIX KOHLIEHTPALUKA HOHOB BOJOPOAA U THIPOKCHIBHBIX HOHOB PaBHBI,
Ha3bIBAIOTCSl HENTpaibHbIMU pacTBopaMu. Tak npu 25°C B HEUTpaJIbHOM pacTBOpE

[H71=[0HT1=107[H7]=[0H1= 107" yonp/n. B xucneix pactsopax [H71=[0H]
[£7] = [0H7], B menounsix

[7]1<[OHTNIH"] < [0H7].

BMecTo KOHIEHTpalMM HMOHOB BOJOpPOJa M THIPOKCHWIBHBIX HOHOB ya00Hee
MIOJIb30BATHCS UX JECATUYHBIMH JIOTApU(PMaMH, B3ITHIMH C OOpPAaTHBIM 3HAKOM. DTH BEJIHMYHHBI
o6o3Hauarorcs cumposiamu pH=-1glA71LH™]; pOH=-1g[OH ][OH"]

Jlorapumupys COOTHOILIEHHE (71 [O87] = ko HT1 [OHT1 = ka0 y mensist 3Hakn
Ha 0OpaTHBIE. TTOTYYHM:

pH + pOH = pkH:G Kez0 . [Ipun 25°C pH + pOH = 14; B HeliTpanbHbIX pacTBopax pH =
7, B xucnblx — pH <7, B menounsix —pH . 7.

5.CmMerieHne MOHHBIX PABHOBECHH.

HononHenue k Ne3

XHUMHYECKOE paBHOBECHE MOJOOHBIX peaKITuil

Cu(OH); + 2H* — Cu®* + 2H,0
OH™ + HF » F~ + H,0

OyJleT CMEIEHO B CTOPOHY OOpa30BaHUs HAaMMEHEEe IUCCOIMUPYEBIX BEIICCTB.
Hanpumep B peaxiuu
O+ HF = F" + H;0 OH" + HF = F" + H:0  yuacTeyror 1Ba cnabbIx d1ekTposnura — ciabas
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kucnota (HF) u Bona. [Ipu 3ToM paBHOBEcHE CHIIBHO CMEIICHO B CTOPOHY 0Opa3oBaHus Ooiiee
cnaboro oJeKTposuTa — BOABL. KoHcramTta amccommanuu  Kotopoit (1,8%107%) wmembime
KOHCTAHTHI JMCCOLMAIMHI IUIABMKOBOU KHCIOTHI (6,61*10). OxgHako 10 KOHIA Takas peaKius
MpoTeKaTh He OyJeT: B pacTBOpPE OCTAaHETCS HEOOJBIIOE KOJIWYECTBO HEIUCCOIMHPOBAHHBIX
monekyn HF u monoB OH’, Tak uTo peakuus pacTtBopa OyAeT HE HEUTpaJIbHOM (Kak MpHu
B3aMMOJICHCTBUM CUIIbHOW KHUCIIOTHI C CUJIBHBIM OCHOBAaHUEM), & CJIa0OIIEIOYHOM.
AHaJI0rM4HO peaxkuus

CulOH); + 2H™ — Cu* +2H;0 Cul0H); +2H* = Cu®” +2H;0 0 koHua He mpoTeKaer,
paBHOBECHE CUJIBHO CMEIIEHO BIIPaBO — B CTOPOHY 00pa30BaHUs CJ1a00ro 3JIEKTPOJINTA BOJbI, HO
OpU  JOCTIKEHHMM  paBHOBECHS B PAacTBOpPE  OCTaHETCS  HEOOJNbIIOE  KOJIMYECTBO

Henuccoruuposanubix Monekyn CulOH); Cul0H): y nporonos H, peakuust pactBopa Oymer
CI1a0OKHUCIION.

1.7. Jlexknus Ne 7. OKHCIUTEJIBbHO-BOCCTAHOBUTEIbHbIE peakunu(2 yaca).

1.7.1. Bonpocs!l JieKIuM.

1. [TonsTre 06 OKMCIEHUU-BOCCTAHOBICHUH. CTENeHb OKUCIICHHUS DIIEMEHTOB.

2. Knaccudukanus OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKITUH.

3. Baxueiilme OKHUCIUTEIM M BOCCTaHOBUTENU. OKHCIUTEIbHO-BOCCTAHOBUTEIbHAS

JIBOMCTBEHHOCTD.

4. BuugHue cpenbl Ha NPOTEKaHHE OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIHI.

Hanpsnenue npotexanus OBP.

5. IlpaBuna cocraBieHue ypaBHeHUU peakiuii OBP MeTooM 3JeKTpOHHO-HOHHOIO

Oananca.

6. OKHCIUTENIbHBIE CBOMCTBA @30THOM U CEPHOM KHUCIIOT.

1.7.2. KpaTkoe coaepkaHue BOIPOCOB.
1.[TonsaTre 06 OKUCACHUH — BOCCTAHOBJICHNUU. CTENEHb OKUCICHUS 3JIEMEHTOB.

OKHCIIUTENHEHO — BOCCTAHOBUTEJIbHBIMU HA3bIBAIOTCSI TAKUE PEAKIIMH, B XOJE KOTOPBIX Y
AJIEMEHTOB, BXOSIINUX B COCTAB PEarupyroliux BEIIeCTB, y OJHOTO WU HECKOJIBKHUX JIEMEHTOB,
MU3MEHSIETCSl CTENEHb OKUCIICHUSI.

OxkucneHre — 3TO HPOLECC OTIAa4YM AJIEKTPOHOB aTOMAaMM WJIM HMOHAMU XHMHUYECKOTO
JJIEMEHTA.

BoccranoBnenue — 3T0 mpoliecc MPUHSATHS AJIEKTPOHOB aTOMaMH WM HOHAMH XHMHYECKOTO
JJIEMEHTA.

BemectBo, B cocTaB KOTOPOrO BXOJIUT OKHCISIOIIUMHCS DJIEMEHT, Ha3bIBAETCS
BOCCTAaHOBUTEJIEM.

BemiecTBo B cocTaB KOTOPOro BXOAMT BOCCTaHABIMBAIOIIMKCA 3JEMEHT, HA3bIBACTCS
OKHCIIUTEJIEM.

CrerneHb OKHCICHHS IMOKA3bIBAE€T YHUCIIO OTAAHHBIX 3JEKTPOHOB (IIOJIOKUTEIbHAS) U
YUCJIO TMPUHATHIX BJIEKTPOHOB (OTpHIIATENIbHAS]) XUMHUYECKHMMH DJJIEMEHTaMH B  XOJE
OKHCIIUTEIbHO-BOCCTAHOBUTENILHOM peakinu.

+4-2 +4-2 +1 +4 -2 +1 +4 -2 +1 +5 -2 +1 +5 -2
50, S0, Na; 5 O3 Nag 5 0O, H Cl 0, H Cl 0,

2. Knaccudukanys OKUCIUTEeIbHO-BOCCTAHOBUTENBHBIX DEAKIIUT

MeD/CMOJleKyﬂﬂprle OKUCIIUMENTbHO-60CCMAHOBUNIENIbHbLE peaKYUU

OKHCIUTETh U BOCCTAHOBUTEIH HaxXoIATCsa B Pa3sHbBIX BCHICCTBAX; obMeH OJICKTPOHAMH B 3THUX
peakuaX NpOUCXOAUT MCIKAY Pa3JIMYHbBIMHA aTOMaMU WX MOJICKYJIAMU:

SO+ Ozo — S+402_2
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S - BOCCTAHOBHUTCIIb, O, - OKHCIUTEIIb

Cu™0 + C?0 — Cu’ + C™0,
CO - BoccranoButelb; CuO - OKHUCINTEIIb

Zn’ + 2HCl — Zn™Cl, + Hy®
Zn - BocctanoBuTenb; HCI - okucuTens

Ml’l+402 + 21{1l + 2H2$O4 — 120 + KzSO4 + MH+ZSO4+ 2H20
KI - BoccranoButens; MnQO; - OKUCIUTENb.

CIO,[[a K€ OTHOCATCA PCAKIUHU MCKAY BCIICCTBAMH, B KOTOPBIX aTOMbI OAHOTO U TOI'0 KC

SJICMECHTA UMCIOT Pa3HbIC CTCTICHHU OKHUCJICHUA
2st_2 + HzS+4O3 — 380 + 3H20

BHympuJVlOJZEKyJZ}Zprle OKUCIIUMENIbHO- 60CCMAHOBUMENIbHblIE pedKYUU

Bo suympumonexynsipneix peakuusix OKHCIUTETb U BOCCTAHOBUTENb HAXOIATCSA 8 OOHOU U Mo
Jice MoJIeKyJie. BHyTpHMOJIeKyIsIpHbIC peakMy TPOTEKAIOT, KaK IPaBUIIO, HPHMEPMULECKOM

pasjioocenuu BCIECTB, COACPIKAIINUX OKUCIIUTCIIbL U BOCCTAHOBHUTCIIb.

2KCI705?% — 2KCI' + 30,°
CI? - oxucnurens, O? - BOCCTAHOBUTEID

N_3H4N+SO3 SN N2+IO + 2H,0
N™ - okuciurens; N - BOCCTAHOBHTEIb

2Pb(N"0572), — 2PbO + 4N70, + O,°
N**- okuciurens; O - BOCCTAaHOBUTEb

OneIt. Pasnoxkenne quxpoMara aMMOHUS
(N_3H4)2CI'2+6O7 SN CI'2+3O3 + N20 + 4H20
Cr'®- okucnutens; N - BOCCTAHOBUTEIT.

ﬂucnponopuuoz—mpoeaﬁue - OKHUCIIMTCIIBHO-BOCCTAHOBUTCIIbHAA pPCaKIus, B KOTOpOfI OJJVH

9JICMCHT OJHOBPCMCHHO MOBLIIIACT U IMTOHUKACT CTCIICHb OKHUCJICHU .

Cl,’ + 2KOH — KCI''O + KCI'' + H,O

3K,Mn"0, + 2H,0 —-2KMn"’04 + Mn*™0, + 4KOH
3HN+302 — HN+SO3 + 2N+20 + Hzo

2N™0, + 2KOH — KN"0; + KN"0, + H,O

3.BaxkHele BOCCTAHOBUTEIN U OKUCIUTEIN

Boccranosurenu Oxucaurenu

Mertansl, I"anorensl.

BOJIOPOI, ITepmanranat xkamusi(KMnQOy);
YIOJIb. manraHat kanus (KoMnO,);
Oxkwuce yraepona (II) (CO). okcupa mapranna (IV) (MnQO,).
Ceposoaopon (H.S); Huxpomar kanus (K,Cr,0);
okcup cepol (IV) (S0Oy); xpomart kanus (K,CrOs).

cepauctas kucinota H.SOs u ee comnm.

FaJ'IOl"eHOBOI[Opo,Z[HBIe KHCJIOTBI 1 UX COJIH.

Azotnas kuciora (HNOs).
Cepnas kucnora (H.SO4) koHIL.
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KaTtnonst METAJLJIOB B HU3IIUX crenensax Oxcun meau(1l) (CuO);

okucieHus:SnCl,, FeCl,, MnSOs, Cry(SO4)s. okcup ceuHna(1Vv) (PbO,);
A3zotucras xkucinora HNO,; okcua cepedpa (Ag0);
ammuak NHj; nepokcu Bonopoaa (H>O,).
ruapa3sud NH,NH»; Xnopun xkeneza(Ill) (FeCl).
okcuna azota(ll) (NO). beptomnerona conb (KCIOs3).
Karox mpu snexrpomiuse. AHOJ TIpH 3JIEKTPOIIH3E.

4.BnugHue cpelibl Ha NPOTEKAHNE OKUCIUTENbHO-BOCCTAHOBUTEIBHBIX PEAKIIUMA
Peakuunu OKHMCIIEHUS-BOCCTAHOBIIEHUSI MOTYT NPOTEKaTh B pa3IUYHbIX cpeaax (KUCIIOH,

HEUTpaJbHOW M IIETOYHOM), IPU 3TOM B 3aBUCHUMOCTU OT CPEAbl MOXKET U3MEHSITHCS XapakKTep
MPOTEKAHUSI PEAKIIMU MEXIYy OJHMMHM U TEMH K€ BellecTBaMH. PaccMOTpuM B3auMoJelCTBUE
MepMaHraHaTa Kalus ¢ Cyab(UTOM Kallus B Pa3IMYHBIX cpefax.

a) Kucnas cpena:

2KM1’17+O4 + 5K2$4+O3 + 3stO4 —>2M1’12+SO4 + 6K2$6+O4 + 3H20

Mn" + 5¢ Mn** 2

S*-2eS%5

0) HeiirpanpHas cpena:

2KM1’17+O4 + 3Kzs4+03 + HzO —>2M1’l4+02 + 3K2$6+O4 + 2KOH

Mn" + 3e Mn* 2

S*-2eS%3

B) lllemounas cpena:

2KM1’17+O4 + Kzs4+03 + 2KOH —’Kle’l6+O4 + 2K2$6+O4 +H20

Mn"™ +e Mn®" 2

S*-2eS%1

S5.I1paBuna coctaBineHus ypaBHeHUH peaknnii OBP MeTo/10M 3JeKTpOHHO-HOHHOTO OanaHca.
a) CocTaBUTh CXEMy peakIMi C YKa3aHWEM HCXOJHBIX M O0pa3yroNIuXCsl BEIIECTB, OTMETHUTH

AJIEMEHTBI, U3MEHSIOIINE B PE3yJIbTaTe€ PEaKLUUU CTENEHb OKUCIEHHOCTH, HAUTH OKHUCIUTEND U
BOCCTaHOBUTEIb;

6) CocTaBUTh CXEMbI MOIYpEaKIUH OKHCICHHS M BOCCTAHOBIICHHUS C yKa3aHMEM HCXOJHBIX H
00pa3yIOIIUXCsl PealIbHO CYLIECTBYIOIIUX B YCIOBUAX PEAKIIMA HOHOB MM MOJIEKYJI;

B) YpPaBHSTH YMCIIO aTOMOB KaXKJOI'O 2JIEMEHTA B JIEBOW M MPaBOM yacTeW MOJIypeaKiHii; HalO0
MOMHHTB, YTO B BOJHBIX pPacTBOpax B PEaKIHUSIX MOTYT y4acTBoBaTh Mojekynbl H,O, non H' u
OH

r) YpaBHATh CyMMapHOE€ YHUCIIO 3aps/0B B 00€MX YacTAX KaKIOM MOJypeakluu; A 3TOro
npuOaBHUTH K JIEBOM M MPABOil YacTAM MOJIYypeaKUy HEOOXOIMMOE YUCIIO SJEKTPOHOB;

n) Ilomobpate MHOXkUTENN (OCHOBHBIE KOO(POUIIMEHTHI) JUISl MONYypeaKkiuil Tak, YTOObl YHCIIO
3JIEKTPOHOB, OT/IaBAE€MbIX MPU OKUCIIEHUH, OBUIO PABHO YHCIY 3JEKTPOHOB, IPUHUMAEMBIX MPH
BOCCTaHOBJICHUH;

¢) CIoXHUTh ypaBHEHUS OJTYPEAKIUNA C yIeTOM HalIeHHBIX OCHOBHBIX KO3 (PHIINEHTOB;

x) PacctaBuTh KOO GUITUEHTHI B ypaBHEHUH PEAKIIUM.

6. OKHCINTENbHBIE CBONCTBA A30THOW KHCIOTHI. XapaKTEPHBIM CBONCTBOM a30THOM KHCIIOTHI
ABIISICTCA €€ SPKO BBIPaAKEHHAsi OKUCIUTENIbHAs CHOCOOHOCTh. A30THasi KUCIOTa— OJIMH M3
SHEPIrUYHEHIINX OKUCIUTENIe. MHOrue HemeTayulbl JIETKO OKHCIISIIOTCS €10, MPEBpallasch B
COOTBETCTBYIOIIME KHUCJIOTHL. Tak, cepa NpH KHUIITUEHUH C A30THOM KHUCIOTOH IMOCTENEHHO
OKHCJISIETCSI B CEPHYIO KUCIOTY, ochop — docdopHyto. Tneronmit yroiek, morpyKeHHbINA B
koHueHTpuposanHyto HNO, sipko pasropaercs.

A30THas KuCiIOTa JAEWCTBYeT MOYTH Ha BCE MeETaIbl (32 MCKIIOUYEHUEM 30JI0Ta,
IJIATUHBI, TaHTana, POAMs, WPUIUs), NpeBpalllas MUX B HUTPAThl, & HEKOTOPbIE METaIbl—B
OKCH/JIBI.

26



Konuenrpupoannas HNO; naccuBupyet HekoTopble MeTaiuibl. Ente JIOMOHOCOB OTKpbLI, UTO
KeJe30, JIETKO pacTBOpPSIONIEeCs B Pa30aBICHHON a30THOW KHCIOTE, HE PacCTBOPSETCSB
xoJoHoM KoHIeHTpupoBaHHOW HNO;. T1o3xe ObUTO yCTaHOBIEHO, YTO aHAIOTHYHOE JCHCTBHE
a30THAs KUCJOTa OKAa3bIBAET HA XPOM M AIFOMUHHI. DTH METaJUIbl MEPEXOJAT MO/ ACHCTBUEM
KOHIIEHTPUPOBAHHOW a30THOM KHMCIJIOTHI B IACCUBHOE COCTOSIHUE.

CreneHb OKMCIEHHOCTH a30Ta B a30THOM KHUCIIOTE paBHa 4-5. BeICTymast B Ka4eCTBE OKUCIUTENS,

HNO; MoxeT BocCTaHaBIUBATHCS A0 pa3JINYHBIX MMPOAYKTOB:
]

+i¥ +.0T +Ir +I -Ir

NO; N0, NO NO N,  NH NO,
Kakoe u3 stmx BCIIICCTB o6pa3yeTc;1, T. €. HACKOJIBKO I‘J'Iy6OKO BOCCTaHABJIMWBACTCA a30THas
KHCJIOTa B TOMWJIM UHOM CJIy4dac, 3aBUCHUT OT NPHUPOAbI BOCCTAHOBUTCIIA U OT yCJIOBI/If/'I pcakuuu,
mpexKAC BCCTO OT KOHUOCHTpAlUWHW KHCJIOTHI. YeM BhIIIE KOHIOCHTpaluunu HNO3, TEM MCHEC

rIyOOKO OHAa BOCCTaHaBiHMBaeTcs. [Ipu peakiusix ¢ KOHIIEHTPUPOBAHHON KUCIIOTOW YaIlle BCETO

BBIJACIIACTCA NOE . HpI/I BSaHMO,Z[efICTBHH p836aBJ'IeHHOI71 a30THOHM KHUCJIOTHI C MaJIOAKTUBHBIMU

METaJlJIaMH, Hampumep, ¢ Meablo, Beiaensercs NO. B ciydae Ooniee aKTHBHBIX METaIOB —

xKenesa, IUHKa, —o0pazyercs N0 . CunbHO pa30aBieHHas a30THAsI KUCIOTa B3aUMOJICHCTBYET
C AKTUBHBIMH METaJlJIJaMU—--IINHKOM, MarHueM, allOMHMHHAEM — C

00pa3oBaHHEM MOHA AMMOHUS, TAIOLIETO ¢ KUCIOTON HUTpaT aMMOHUS. OOBIYHO OJTHOBPEMEHHO
00pa3yroTCsl HECKOJIBKO MPOJYKTOB.

JUIsi WUTIOCTpAallMM TPUBENEM CXEMbl PEAKILUN OKUCIEHUS HEKOTOPBIX METAJUIOB a30THOMU
KHCJIOTOM;

U + ANO (korn ) — Cul(MOL), + NOY T +H,0
Cu + ANC (ppasbaen. — Cu(NOL), + NO T +H,0

Mg + HNO,(pasbasn) — Mg(NO), + N0 T +H,0
Zn + ANO (ouenr pasbaen.) — Za (N ), + NH, NO, + 5,0

[Ipu nelicTBUM a30THOM KUCIIOTHI HA METAJLJIbI BOAOPO, KaK MIPABUIIO, HE BBIIEIISAECTCS.
[Ipu okuclieHHH HEMETalNIOB KOHUEHTPUPOBAHHAS a30THAs KUCIOTA, KaKk U B CIIyyae
METaJIJIOB, BoccTaHaBiuBaercs 10 NO,, Hanpumep

S+ 6HNO, = H,50, +6N0, T+2H,0

Bbonee p8.36aBJ'I€HHaH KHCJIOTa OOBIYHO BOCCTAHABINBAETCS a0 NO, HaIlpuMcep:
3P+ SHNO, +2H,0 = 3H,P0, +5NO T

[IpuBeneHHbIE CXeMbl WJUTIOCTPUPYIOT HauboJiee TUMUYHBIC CIIy4Yau B3aUMOJECHCTBUS
a30THOM  KHCIOTHI C MeTaylaMd U HeMmeTaulaMu. BooOmie ke, OKHCIUTEIbHO-
BOCCTaHOBHUTENbHbIEpEAKINH, uayle ¢ yuactueM HNOs, mpoTekaroT cliokHO.

Cmech, coctosimas u3 1 obbema a3oTHOM M 3—4 00BEMOB KOHIIEHTPUPOBAHHOM
COJITHOM KHUCIIOTBI, Ha3bIBae€TCA yapckou e6o0kou. llapckas BoJka pacTBOPSIET HEKOTOpHIE
METaJIJIbl, HE B3aMMOJCHCTBYIOIIUE C a30THOM KHUCIOTOW, B TOM YHCIE U «Iapsi METaIOB»—
30510T10. JleiicTBUE ee 0OBACHAETCS TEM, UTO a30THAsI KUCIOTA OKUCIISIET COJIIHYIO C BbIIEJICHUEM

CBOOOTHOTO XJIOpa HoOpazoBanueM xzopoxcuda azoma(lll), wnu xropuda numpo3suna, NOCT
+¥ +00
ANO+3HCI =CL + 2H,0+ N OC
Xnopua HUTPO3HIIA SBISIETCS IPOMEKYTOYHBIM MPOAYKTOM PEAKIIUU U pa3iaraeTcs:

2NOTI =2NO + O

XJ10p B MOMEHT BBIJCJIEHUS COCTOMT M3 aTOMOB, 4YTO U OOYCIIOBIMBAET BBICOKYIO
OKHMCJIMTEIbHYIO0 CHOCOOHOCTh LApCKOM BOAKM. Peakuum oOxucieHHs 3070Ta M IUIATHHBI
IIPOTEKAOT B OCHOBHOM COIJIACHO CIIEAYIOIIMM YPaBHEHUSM.
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Au+ HNO, +3HC! = AuCl, + NO T 42H,0
3Pt +AHNC, +12HCI =3P:Cl, +4N0 T 484,

C usObiTkOM  consHOM  kucioThl  xsopun  3oiota(lll) u  xmopua mmatuner  (IV)

00pa3yIOTKOMITJICKCHBIE COeTMHEHUS H[HHC‘E‘* ] nH, [Pr’mﬁ]

CepHasi KHCJIOTA - JOBOJBHO CHJIBHBIA OKHCIUTEIb, OCOOCHHO TIPH HarpeBaHUMU;
okucisier HI u wactmuno HBr no cBoGomubixramorenos, yriepon - g0 CO,, S - go SO,
okucisier MHorue metauibl (Cu, Hg u np.). [Ipu 3TOM cepHasi KHCJI0TAa BOCCTAaHABIUBACTCS 0
SO,, a Hambonee cuIBHBIMH BoccTaHoBHTENsIMH - g0 S W H,S. KonmnenrpupoBannas
H,SO, wactnuno BoccraHaBiuBaercsi H,, M3-3a 4ero He MOXET MPHUMEHSTHCS JUIS €r0 CYIIKH.
Paz6aBnennass  H,SOs B3aumojeiicTByeT €O  BCEMH  METaUlaMH, HaxOJAIIMMUCS B
AIIEKTPOXUMHUYECKOM Py HANpsDKCHUH JieBee BOJOpOJa, ¢ BeiaesneHrueM H,. OKuciIHUTENbHBIC
cBoiicTBa i pazdasienHo H,SO, Hexapaktepubl. CepHasi KMCJI0TA JTaeT J1Ba pPsijia COJCH:
cpenue - cynbdaTtel W KUCIble - THApocyibdarel a Takke d¢upsl. M3BecTHBI
nepokcomonocepHas (kucnota Kapo) H,SOs u nepokconucepnas H,S,Os kucnotsl
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2. METOAUYECKHUE YKA3AHUSA 110 BBIITOJIHEHUTIO
JJABOPATOPHBIX PABOT

2.1. JlaGopaTopHas padora Nel (2 yaca)

Tema: «OcHOBHBIE OHATHUS U 3aKOHBI XUMHU. CTEXHOMETPHUUECKHUE 3aKOHbBD)

2.1.1. Henap pabGorbl: 3yunTh OCHOBHBIE NOHATHS XUMHUU U CTEXUOMETPUUYECKUE
pacuerTsl.

2.1.2. 3apaumn padoThI:

1. /IaTh MOHATHE XUMHUYECKHI 3JIEMEHT, MPOCTOE U CIOXKHOE BemecTBo. OnpeaeneHue
OTHOCHUTEIBHBIX AaTOMHBIX M MOJIEKYJSpPHbIX Macc. (OCHOBHBIE IIOJIO)KEHHS ATOMHO-
MOJIEKYJISIPHOTO YUECHHS.

2. Natb nonstue KonnuectBo BemecTsa, Moib. MossipHas macca.

3. llatb popMynmHMpoBKY 3aKOH COXPaHEHHsI MAacChl BEHIECTB. PacdeTsl Mo ypaBHEHHUSIM
XUMHUYECKUX PEAKLINM.

4. [Matp ¢opmynupoBky 3akoH ABoraapo. MomsipHelii o0bem. Omnpenenenue
MOJICKYJISIPHBIX MacC BEIIECTB, HAXOAALIUXCS B Ta3000pa3HOM COCTOSIHUU.

5. Jlate moHsTHe XUMHUYECKHMU >KBUBaJIEHT. MousipHass macca skBHuBajeHTa. daktop
SKBUBAJIEHTHOCTHU. 3aKOH 3KBHUBAJICHTOB.

2.1.3. llepeyenb MpudOPOB, MATEPHAJIOB, HCIIOJIb3YEMBbIX B J1a00paTopHON padore:

[Iepuonnueckas cucreMa xuMmuueckux aneMeHToB .M. Menzaeneesa.
2.1.4 Onucanue (xox) padoTsl.

Pewrenue 3ana4 1 ynpaKHEHUN:

1. 250 M3 HEM3BECTHOIO Ta3a, B3ATOr0 MPU HOPMAIBHBIX YCIOBUAX, UMEIOT Maccy 0,357
r. OnpenenauTs MOJISIPHYIO Maccy rasa.

2. OnpenenuTs MOJIIPHYIO Maccy rasa, €ciii €ro IjI0THOCTh 0 BO34yXy pasHa 0,965.

3. OmnpenenuTh IIOTHOCTH XJIOPA 1O BOAOPOAY M KHCIOPOAY, €CIM Macca 1 J1 ero mpu
H.y. 3,16 T, macca 1 1 Bonopoaa 0.089 r u 1 i1 kucnopona - 1,43 r.

4. 100 t raza mpu 47° C u naBnenmu 405.2 klla 3anumaer oobem 41 1. Haiitu
MOJIEKYJISIPHYIO Maccy rasa.

5. HaliTu SKBUBaJIGHT MeTalljla, €CIUM €ro OKCHUJ colepxut 79,9% wmertamna u 20,1%
KHCIIOpO/JIa.

6. Ilpu coemunenuu 4,5 r TpexBaJCHTHOrO MeTaljga ¢ cepoil oOpaszoBanoch 12,5 T
cyasduaa aroro meramuia. OnpenenuTs SJKBUBAJIEHTHYIO MacCy M Ha3BaHHE MeTalla.

7. Haiitu skBuBaneHTHeie Macchl cienytomux Bemiects: HCL, H,SOs, KOH, Cu(OH),,
FeCl;, Alz(SO4)3, Na20, P205.

8. HemnsBecTHbI ra3 UMeeT OTHOCUTENBHYIO IIOTHOCTH IO Bo3ayxy 1,31. Onpenenure
Maccy obpasliia 3Toro raza oobemom 168 1.

9. 3aMkHyTBIH cocyn c¢ okcuaoMm cepbl (IV) conmepuT mpu HOPMaNbHBIX YCIOBHUSX
2,1-10* monexyi. OnpenennTe BMECTUMOCTD COCY/Ia M MAcCy HaXOIAIIErOCs B HEM rasa.

10. Beruncnute OTHOCUTENbHYIO TUIOTHOCTH 1O BOJOPOAY T'a30BOM CMECH, COCTOSIIEH U3
okcupa yriepoaa (II) oosemom 56 1 u okcuna yraeposaa (IV) oobemom 28 1.

2.2. JlabopatopHas padora Nel (2 yaca)

Tema: «CTpoeHue aToOMa ¥ NEPHOANYECKUH 3aKOH)

2.2.1. Heap padorbl: M3yunTh COBpEMEHHBIE MNPEACTABICHUS O CTPOCHUHM aTOMa U
CBOMCTBax JIEKTPOHA.

2.2.2. 3anaum padoThI:

1. PaccmoTpeTh ABOICTBEHHBIE CBOMCTBA 3JIEKTpOHA. KBaHTOBBIE UKCIIa.
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2. PaccmoTpeTh npaBuiia 3a110JHEHUS AJIEKTPOHAMU YPOBHEHN U MOy POBHEN.

3. PaccMoTpeTh NepruoInYECKrid 3aKOH B CBETE TEOPUN CTPOEHUS aTOMa.

2.13.3. Ilepeyenp npudOpPOB, MaTEPHAJIOB, HCIIOJIb3YeMbIX B JIA00PATOPHOM padoTre:

1. Ilepnonnueckas cucteMa xumuaeckux 3aeMenToB .M. Menneneesa

2.2.4 Onucanmne (xox) padoThI:

BelntonHeHne yrnpaxxHEeHU.

1. He monp3ysich NepuoOaUYECKON CHUCTEMOM, ONPENEINTE, B KAKOM IPyIIE U B KAKOM
MIEPHO/I€ HAXOIUTCS DJIEMEHT C OPSAIKOBBIM HOMEPOM 49.

2. IlokaxkuTe pacnpeneneHue NEKTPOHOB M0 SHEPIETUYECKUM YPOBHIM B aTroMax as3ora,
TUTaHa, TN, 1Ie3Us], BOJIb(pama.

3. Hanummre 31eKTpoHHBIE (hOPMYJIIBI 3JIEMEHTOB € MOPSAKOBBIMM HOMepamu 13, 27 u
56. K KakuM THIIaM 3J1€MEHTOB C TOYKH 3PEHHS CTPOCHUSI aTOMa OHH OTHOCSITCS?

4. Hanmmure 351eKTponHble popmysisl oHoB: Na®, Cl, Fe", S, Bi*™".

5. DIeMEeHTBI KaKOW TIpyINIbl MEPUOJAUYECKON CHCTEMBI MMEIOT JJIEKTPOHHOE CTPOEHUE
BHEIIHETO YHEPTETHYECKOTO YPOBHS 5°p°

JlaGopaTopHasi paGora Ne 3 (4 yaca)

Tema: «XumMnueckas cBsizb. CTpoeHHe BelIeCTBA»

2.3.1. Heab padoTbl: M3yunTh MexaHHU3MBbl 00pa30BaHUsl KOBAJCHTHOU CBSI3M, CBOWCTBA
¥ BUIBI KOBAJCHTHOM CBS3M.

2.3.2. 3apaumn padoThI:

1. PaccmoTpeThs MexaHU3Mbl 00pa30BaHMsI KOBAJIEHTHOM CBsA3M (OOMEHHBIH U JOHOPHO-
aKIIETITOPHBIN)

2. PaccMoTpeTh BUbI KOBAJIEHTHOM CBsI3U (TMOJsIpHAs U HETIOJSIpHAs)

3. JlaTb noHsTHE THOPUAN3ALINSA ATOMHBIX OpOUTANIEH.

2.16.3. Ilepeuenb npudOpPOB, MAaTEPHAIOB, HCII0JIb3yeMbIX B J1a00paTOpPHOIl padoTe:

1. Ilepuoanueckas cucrema xuMudeckux anemenToB .M. Meneneesa.

2.16.4.0nucanue (xo1) padoThbl:

BelnonHenue ynpaxxHeHUM:

1. B kakux W3 MpUBEACHHBIX BELIECTB XUMUYECKas CBS3b MOJIIPHA, a B KAKUX — HET: a)
Hy;

6) H-O; B) Cl»; ) HCI1?

2. Kakue TUIbI XUMHUECKOW CBSA3M CBS3M CYLIECTBYIOT B CIICAYIOIIMX BemecTBax: a) Lil ;
0) N, ; B) BaCly; 1) CH4?

3. Kak m3MmeHsieTcs MpOYHOCTh XUMUYECKOW CBSI3M B MOJIEKYJIaX CIEAYIOIIHUX BELIECTB:
HF, HCL, HBr, HI?

4. IlpuBemute mpHUMEPHl BEIIECTB, KOTOpbIE O0JQJAAal0T HOHHOW, AaTOMHOM W
MOJIEKYJISIPHOM KpUCTAJUIMUECKUMHU perieTkamu. Kakoe u3 3TuxX BewiecTB OyJeT UMETh Camylo
HU3KYIO TEMIIEPATypPy IUIABIEHUS, KAKOE — CaMYIO BBICOKYIO.

2.4. Jlabopatopnas padora Ne 4 (2 yaca)
Tema: «DHepreTrka 1 HallpaBICHUE XUMHUECKUX MPOIIECCOBY»

2.4.1. Hleab paborbl: M3yuyuTh OCHOBHBIE JHEPreTHUYECKHE MpeoOpa3oBaHMUs,
MIPOUCXOSIINE B PE3yJIbTaTe XUMUYECKUX PEAKIUH.

2.4.2. 3apauu padoThI:

1. JlaTh OHATHE 3K30- ¥ YHIOTEPMHUUYECKUX MPOIIECCOB.

2. Hayuuthbcs ompeneisiTb B J1a0OpaTOPHBIX YCIOBHSX TEIUIOTY, BBIICNAIONIYIOCS B
pe3yJIbTaTe XMMUYECKON pEaKIIHH.

2.4.3.1lepeyenb npuOOpPOB, MATEPHUAJIOB, HCIIOJIb3YEMbIX B J1a00paTOPHOIi padoTe
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XYUMUYECKUH CTaKaH ¢ TEIUIOU30JISIHEeH (TepMOoCTar),
cyxoii crakad Ha 100 My, TepmomeTp,

2 nunueapa Ha 50 mui,

| H pacTBOpBI €AKOTO HATPa U COISTHON KUCIOTHI.

i e

2.4.4. Onucanue (xox) padoTsbl.

Temsora HeWTpanu3alud — 3TO KOJMYECTBO TEIUIOTHI, BBIAEISAIOUIETOCS IPU
HEWTpalM3aluy | HKBUBAJEHTHOW MaccChl IIEIOYM | HKBHBAJIEHTHOW Maccol KUCIOTHI. Ee
MO>KHO U3MEPUTH 110 U3MEHEHUIO TEMIIEPATYPbl PEAKIIMOHHOW CMECH /10 U MOCJIE PEAKIUH:

Q=V:p-C-At,Tne

Q — KONMYECTBO BBIJEINBIIENCS TETJIOTHI

V — 00BeM pacTBOpa

p — IJIOTHOCTh pacTBOpa

C — yzenpHas TEIJIOEMKOCTh PACTBOPA

At — pa3HOCTb MEX Iy KOHEUHOM M Ha4aJIbHOM TeMIlepaTypaMH pacTBopa.

Hamute B cyxoil crakan 25 mul 1H pacTBOpa ILIENOYM, OIYCTHUTh B HETO TEPMOMETP U
IIOCTaBUTh B CTakaH ¢ Ttemtonsossinued. Yepes 10 — 15 MuHyT 3ameputh TeMmmeparypy
pactBopa NaOH.

Otmeputh UUAUHAPOM 25 M 1H pacTBOpa CONSIHOM KHCIOTHI U OBICTPO BBUIUTH €0 B
pactBop 1mienoyd. OCTOPOXKHO TOMENIMBas TEPMOMETPOM, 3aMEPUTh MAKCHUMAJIbHYIO
TEMIIEPATypPy PacTBOPA.

[IpyHrMast yaenbHYH TEIUIOEMKOCTh pacTBOpa PaBHOM |, MIOTHOCTH pacTBOpa pPaBHOM
1/cM?, pacCUMTHIBAIOT KOJIMYECTBO TEIIIOTHI, BLIAEIECHHOE MIPH PEAKIIUH.

UroObl paccuuTaTh TEIUIOTY HEUTpaIM3allM, HY>KHO PacCYUTaTh KOJIUYECTBO TEILIOTHI,
KOTOpPO€ BBIICOUTCS Mpu HeuTpammsauuu | 1 pactBopa menoun. PactBop NaOH
OJIHOHOPMAJIBHBII. DTO 3HA4YUT, 4TO | SKBHUBAJEHTHAs Macca IIEJIOYM COAEPXKHUTCS B 1 1
3TOrO PacTBOpA.

CocrasisieM PONOPLHIO:

25 mu pactBopa NaOH — Q JI2K

1000 mi pactBopa NaOH — x JI)K, rae x — 1 ecTh TemioTa HERTpaIu3aluy.

2.5. JlaGopaTopHas padora Ne 5 (2 yaca)
Tema: «Xumuueckass kuHeTuka. Karanmnszy»

2.5.1. Lean padoTsi: M3yunTs (hakToOphl, BIUSIONINE HA CKOPOCTh XHMHUYECKOHN peaKIlny.

2.5.2. 3apauu padoThI:

1. [laTp TOHATHE CKOPOCTM XMMHYECKOM peaknuu. ['OMOreHHble M I'eTepOreHHBIE

peaKkiuu.

2. YCTaHOBUTD 3aBUCUMOCTh CKOPOCTH OT KOHLIEHTPALIUK PEATUPYIOLIUX BEIECTB.

3. YCTaHOBUTH 3aBUCUMOCTBH CKOPOCTH OT TEMIEPATYPBHI.

4. N3yuuTh BIUSHUE KaTAIU3aTOPOB HA CKOPOCTh XUMUYECKON PEAKIIUH.

2.5.3. Ilepeyenb npubOpPOB, MATEPUAJIOB, HCIOJIL3YyEMbIX B JIa00paTOpPHOii padore:

[TpubOphI U PEaKTUBBI: MITATUBHI C MPOOUPKAMH, CEKYHAOMEp, CTUPTOBKA, 2 H. pacCTBOP
H,SOs, 2 1. pactBop Na,S,0s, 2 H. pactBop NaOH, 2 H. pactBop NH4CI, 0,1 H. pactBop KMnO,,
kpuctaumnueckuit KNOs, rpanysnibsl iHKa, mopoiok MnQO,, 3% pactop H»O,, myunHku.

2.5.4. Onucanue (xoa) padoTbl.

Onvim 1. Bausnue xonyenmpayuu Ha CKOpOCms XUMUYECKOU PeaKyuu.

3anonHuTh 3 MPOOUPKHU COTVIACHO TaOIMYHBIM JAHHBIM:

PactBop | 1 | 2 | 3
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Na»S,0; 2 M1 4 mn 6 MII
H,O 4 mn 2 MII -
H,SO, 2 M 2 M 2 M
Bpems nomyTHEHUS
pacTBopa

Bnauane Bo Bce Hp06I/IpKI/I HaJIUBAIOT TI/IOC}’J‘II)(i)aT HaTpusda, 3aT€M BOAY U B IOCJICIHIOIO
o4epe€ab CEPHYIO KHCIIOTY. B mMomeHt I[O68.BJ'ICHI/I$[ cepH0171 KHUCJIOTBI ITYCKAaT CCKYHIOMED U
34CCKAIOT BPpEMA A0 IMOABJIICHHSA IIEPBLIX ITPU3HAKOB ITIOMYTHCHUA. HaHHBIe 3aHOCAT B Ta6J'II/IIIy.

CpaBHI/IB BpEMs ITIOMYTHCHUA pacTBOpa B KaXXJI0M np061/1p1<e, cAciaTh BbBIBOJ O BJIHMAHUU
KOHIICHTpaIU Ha CKOPOCTh PCAKIINH.

Na28203 + HzSO4 — Nast4 +S+ SOz + HzO

Onwvim 2. Bausnue memnepamypvl Ha CKOpOCHb XUMUYECKOU PeaKyuu.

K 1 mn pactBopa xsiopuga ammoHusi mpuOaButh 0,5 M1 pacTBOpa THMAPOKCUAA HATpUS.
3amax aMMuaka 4yBCTByeTcs cierka. HarpeTb conxepkumoe NHpOOMpPKH Ha CIHMPTOBKE -
YYBCTBYETCS] CWIBHBIN 3alaX aMMHAaKa.

Hanucath ypaBHEeHHE peakiMM B MOJEKYJSpHOM M moHHOW (opme. Crenath BBIBOJA O
BIIMSIHUM TEMIIEPATypPbl HA CKOPOCTh XUMUYECKON PEAKLIUN.

Onvim 3. I'omocennvlil kamanus.

B Tpu npoOupku HaiauTh Mo 2 MJ pacTBOpa CEPHOM KHCIOTHI M MO 2 MJ pacTBOpa
nepMaHrasaTta kKainus. B mepByro mpoOupKy HachlaTh HECKOJIBKO KPYHNHHOK HUTpaTa Kaus,
3aTeM B IIEPBYIO U BO BTOPYIO MPOOUPKU MPUOABUTH 110 TPU KyCOUKa IPaHyIMPOBAHHOTO IIMHKA.
TpeTbst mpoOHMpKa CIIy’)KUT 3TAJOHOM HCXOJHOM OKpacku pacTtBopa. Hutpar kamust ciyXuT
KaTaJIn3aTOPOM.

MexaHu3M peakiuu ClIeyOIUN:

5Zn + 5 HSO4 = 5ZnS0O, + SHT
2KMHO4 + 3HZSO4 + 5H2 = KzSO4 + 2MHSO4 + 8H20

Bonopon, BBIAEISIONIMICA U3 KUCIOTHI, BOCCTAHABIMBAET IIepMaHraHar kanus. Hurpar
KaJIMsl UTPaeT pojb KaTaau3aropa. 37ech UMeeT MECTO 00pa30BaHUe MPOMEKYTOUHOTO MPOAYKTa
10 CXEME:

KNO3 + Hz = KN02 + Hzo

KNO; BoccTranaBnuBaeT nepMaHrasar kaiaus, a cam okucisercs 10 KNOs. (Karanuzarop
ocraeTcsi 0e€3 CyIIECTBEHHbIX HU3MeHeHu#). YUroObl yOeauTbcs, UYTO HUTPUT Kalud
BOCCTaHABJIMBAET IE€pMaHraHar, J00aBbT€ B TPEThIO MPOOMPKY HECKOIbKO KpymuHOK KNO,.
Oxpacka pacTBOpa MOYTH MOMEHTAJILHO UCUE3aET.

Onvim 4. I'emepozennviii kKamaaus.

B npobupky Hamuth 1 M pacTBOpa MepoKcHa BOJOPOa U BHECTH TJICIOIIYIO JIYUUHKY.
Yro nabmomaercsa? 3areM npuOaBUTh HECKOJIBKO KPYNHMHOK MOPOIIKa okcuaa Mapranua (IV) u
BHOBb BHECTH JIy4HHKY. C IOMOIIIBIO TICIOIIEH JTYUYUHKU YOEIUTHCS, YTO BBIIESAETCS KUCIOPO.

HanucaTh ypaBHEHHME peakIMM pa3JokKeHHs Mepokcuia Boxopona. OOBACHUTH POJb
okcuaa mapranmna (IV).

2.6. JlaGopaTopHas padora Ne 6 (2 yaca)

Tema: «Xumuyeckoe paBHoBecHe. PAKTOPBI, BIUAKOIIME HA CMEIIEHHE XUMUYECKOTO
pPaBHOBECHSI»

2.6.1. Lleab padoThl: M3yunuTh SBICHHE XMMHUYECKOTO paBHOBECHUS U (DaKTOPHI, HA HETO
BIIMSIOLIME.

2.6.2. 3agaumn padoThI:
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1. JlaTh XapakTepUCTUKy OOpaTUMbIM W HEOOpaTMMBIM peaklus, YCJIOBHUS

HEoOpaTUMOCTH peakLuil.

2. HayunTbcs BBIBOJUTH KOHCTAHTY PaBHOBECHSL.

3. U3yunTh BIUSHUE pa3IUYHbIX (DAKTOPOB HA CMEIIEHNE XUMUYECKOTO PaBHOBECHS

2.6.3. Ilepeyenb npudOpPoOB, MaTepPHaIOB, HCIOJIL3yeMbIX B J1a00paTopHOii padoTe:

[TprOopbl U peaKkTUBBI: MITATUBLI C IPOOHPKaMHU, pa30aBieHHbIE M KOHLIEHTPUPOBAHHbBIE
pactBopsl FeCls, NH4SCN, kpuctamisr NH4Cl.

2.6.4. Onucanue (xox) padoTsbl.

Onvim 1. Cmewjenue xumuiecko2o pagHo6ecus usmeHeHuem KOHYeHmpayuu.

B npobupky Hamuth 5 Mi pa30aBiIeHHOrO pacTBOpa XJOpHIa >Keie3a W S5 M
pa30aBIECHHOTO pacTBOpa pojaHuaa aMMOHMA. [lodydeHHBIH pacTBOp pa3feiuTh Ha dYeTbIpe
YacTH.

[lepBas mpoOupka CIyKHUT TAJOHOM CPaBHEHHs, BO BTOPYIO MPOOUPKY 100aBUTh 1 — 2
KaIlJTi KOHIEHTPUPOBAHHOTO XJIOpUJA Kelie3a, B TPeThlo — 1-2 Karull KOHIIEHTPUPOBAHHOTO
pacTBopa poJaHu]a aMMOHHS M B YETBEPTYIO MPOOUPKY — HECKOJIBKO KPUCTAJUIMKOB XJIOPUA
amMmMoHHA. CpaBHUTh OKPACKH TOJYYEHHBIX PAaCTBOPOB C MHTEHCHUBHOCTHIO OKPACKU AITallOHA.
Hanucate ypaBHEHHME peakluMy B3aUMOACWUCTBHS XJIOPHUJA JKEIE€3a C POJAHUIOM aMMOHMSL.
3anucaTh BBIPAKEHHE KOHCTAHTHI XMMUYECKOTO paBHOBECHs JUIsl JaHHOW peakiuu. OTMETHTbH
MU3MEHEHUE OKPAaCKM U CENaTh BBIBOJ O CMEIIEHUU XUMUYECKOTO PaBHOBECHSI NIPU U3MEHEHUU
KOHIEHTPALUU pearupyronx BEIIeCTB.

2.7. Jlabopatopnas padora Ne 7 (2 yaca)

Tema: «OOmas xapakTepucTuka pacTBOpoB. PacTBopuMocTh BeriecTB.CriocoOsl
BBIPQKEHUS KOHIIEHTPAIIMU PaCTBOPOBY.

2.7.1.0eap padorbl: Omnpenenurb MECTO PacTBOPOB B CHCTEME JUCHEPCHBIX CHCTEM.
N3y4uTth criocoObl BhIpaXeHHUsI KOHIIEHTPAIIMH PACTBOPOB.

2.7. 2. 3apaum padoThI:

1. JIaTb XapaKTepUCTUKY TUCIEPCHBIX CUCTEM. VICTHHHBIE U KOJUIOUIHBIE PACTBOPHI.

2. JlaThb MOHATHE PACTBOPUMOCTH BEIIECTB, (DAKTOPHI, BIUSIOIIME HA PACTBOPHUMOCTD
(Temmepartypa, MpUpoOIa BEUIECTBA, IPUPOIA PACTBOPUTEIS).

3. Bblyuuth cnocoObl BBIpRKEHHUS KOHIGHTpAllUM pacTBOPOB: MaccoBas OIS
pPacTBOPEHHOI0 BEIIECTBa B PACTBOPE, MOJSPHAs KOHUEHTpALUs, MOJSpHAas KOHIIEHTpAIUs
HKBUBAJIEHTA, MOJISUIbHASL KOHLIEHTPALHS, TUTP, MOJIbHAs! JI0JIsl, 00bEeMHAst JI0Is1.

4. O3HaKOMMTHCS C IPUHIMIIOM TUTPUMETPUYECKOTO aHAIN3a. PacyeTsl B TATpUMETPHH.

2.7.3. Ilepeyenb npudOPOB, MaTepHaI0B, HCIOJb3yEeMBbIX B J1a00opaTopHOii padoTe:

1. TaGmu1sl pacCTBOPUMOCTH, KPUBBIE TUHTPOBAHMUS

2. JJaboparopHas nocyaa Juisi TATPOBAHUS

2.7.4. Onucanue (xox) padorobl.

Pemrenue 3a1a4u v ynpaxHeHuUn.

1. K 500 M pactBOpa comsinoit kucioTsl (p = 1,10 r/mut) mpubaBumu 2,5 11 BOJBI, OCTE
4ero pactBop crai 4%-HeM. OnpenennTe NpoLUEHTHOE COAEPKaHUE PACTBOPEHHOTO BEILIECTBA B
HCXOJHOM PacTBOPE.

2. Ompenenure MOJSPHYIO KOHIIGHTPALUIO pacTBopa cyibgpaTta kamus, B 200 mi

KOTOpOro coaepxurcs 1,74 r pacTBOPEHHOTO BEIIECTBA.
3. Omnpenenute MOJIIpHYIO KOHLEHTpauuio 10%-HOro pactBopa CepHOM KHUCIOTHI (p =
1,07 v/mm).

4. Jlo xakoro odwvema cienyet pazdaButh 1,5 1 20%-Horo pacTBopa XJIopuaa aMMOHUS (p

= 1,06 r/mi), uro06b1 moayuuth 10%-ub1# pacTtBop (p = 1,03 r/mm)?
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5. Cxonpko MWIIHIUTPOB 36%-HOTO pacTBOpa coisHOW kucioTel (p = 1,18 r/mn)
Tpedyetcs st mpurotosyienus 4 1 0,5 M pactBopa?

6. CxoJIbKO MIJITWIIMTPOB BOABI cienyeT npudaButh k 25 mi 40%-Horo pactBopa KOH
(p =1,40 /™), uToOBI MOMYuuTH 2%-HBIN pacTBOp? a) OmnpenenuTe MPOIEHTHOE COACPKAHUE
pactBopeHHoro BemiectBa B 0,25 M pactBope ruapokcuna Hatpus (p = 1,01 r/mi). 6) Cxoabko
muwumutpos 0,1 M pactBopa HCl moxuo npuroroButs u3 20 mu 0,5 M pactBopa 3TOit
KHCIIOTHI?

7. Paccuurtare HOpMasibHOCTB pacTBOpa Ca(OH),, Tutp kotoporo 0,003700 r/mu.

8. B 500 mn pactBopa comepxkurcs 2,6578 r Na,COs. BbluMCIUTh TUTP U MOJIIPHYIO
KOHIEHTPALMIO SKBUBAJIEHTa PacTBOPA.

9. Ha turposanue 20,00 mu pactBopa HNO; 3arpayeno 15,00 ma 0,1200 H pactBOpa
NaOH. Berancnure HOpMabHOCTB, TUTP 1 KoauwdecTBO HNO; B 250 mit pactBopa.

10. Ha TutpoBanue 10 mi 0,1 1 pactBopa H,SO4 Gb110 3aTpayeno 9,5 mu pactsopa KOH.
Paccuntate HOpManbHOCTh, TUTP U MONPAaBOUYHBIN K03 duieHt pacrsopa KOH.

11. Ha tutpoBanue 10 ma pactBopa KOH 65110 3atpayeno 10,5 min 0,1 1 pactBopa HC1
(K=0,95). Cxonbko rpammoB KOH conepsxurcs B 500 M pactBopa?

12. Ha turpoBanue 10 ma pactBopa Oypel Na,B;O;10H,O, mnpuroroBieHHOro
pactBoperuem 2,0000 r Oypsl B mepHOU Kkoibe Ha 100 mu, Obuto m3pacxomoBano 11,0 mu
pactBopa HC1. Haiitu tutp pactopa HCI.

13. Kakoit o6sem 0,1500 H. pactBopa NaOH mnoiinet Ha TutpoBanue a) 21,00 mm 0,1133
H. pactBopa HCI; 6) 21,00 mn pactBopa HC1 ¢ Turpom 0,003810 r/min?

14. Onpenenute HOPMAITBHOCTH 65%-HOW a30THOM KUCIOTHI C TUIOTHOCTRIO 1,44 /M.

15. Ha tutpoBanue 20 mia pactBopa coasl Na,CO;, NPUTOTOBIEHHOTO pPacTBOPEHUEM
0,5356 r ee B MepHoi kosnbe Ha 100 mu, moumwto 19,7 mn pacTBopa COJSHOW KHUCIOTHI.
Onpenenuts HOPMaIbHOCTD COJSTHOM KMCIIOTHI.

16. Cxombko M1 96 %-HOW cepHOW KHCIOTHI (p = 1,84 T/MJ) HYXKHO B3SITh JIA
npurotoBieHus 2 i 0,2 H. pactBopa?

17. K 550 M 0,1925 M HCI1 npu6asuiu 50,00 mu pactBopa HC1 ¢ tutpom 0,02370
r/MJ1. BBIYHCIUTE MOJISIPHYIO KOHIIGHTPALIMIO ¥ TUTP TOJTYYEHHOTO PacTBOpa.

18. Kakoif 06beM pacTBOpa CEPHOM KHCIOTHI ¢ MaccoBoit poneit 9,3% (p = 1,105 r/em?)
notpedyercs st npurorosnenust 40 mi 0,35 M pactBopa H.SO4?

19. Kakoii o6bem xyiopoBogoOpoAHON Kuciaotel (p = 1,19 r/mn) Heobxomum s
npurotosienus 1 10,1000 M pactBopa?

20. s mpurotoBieHuss 500 mn pactBopa Obuto B3siTo 20,00 MIT XJIOpOBOAOPOTHOM
kucnothl (p = 1,19 v/mi1). BEIYUCIUTE MOJSIPHYIO KOHIIEHTPAIUIO MOJyYeHHOTO PacTBOpA.

2.8. JlabopaTtopnas padora Ne 8 (2 yaca)

Tema: «Teopus 3IEKTPOIUTAYECKON AUCCOIUALIII).

2.8.1.11leapb padoTsbi: J[aTh onpeneneHue MEKTPOIUTHYECKON AUCCOLUUALINU, PACTBOPAM
AJIEKTPOJIUTOB, (PaKTOpaM, BIUSIOIIUM Ha 3JIEKTPOIUTUYECKYIO IUCOIHALIHIO.

2.8.2. 3apaumn padoThI:

1. Jatb nonsitue npouecce auccounanuu. [lonoxenus TO/.

2. JlaTh OHSITUE PACTBOPHI JIEKTPOJIUTOB.

3. OxapakTepu3oBaTh TPYAHOPACTBOPUMBIE BIEKTPOJIUTHI. [IpousBenenue
PacTBOPUMOCTH.

4. Jlath XapaKTEpUCTHUKY pEaKIMii MOHHOTO OOMEHA. YCJOBHUS MPOTEKAHUS PEaKIIHil
MOHHOTO 0OMeHa. VIoHHbIe ypaBHEHUSI.

5. PaccMOTpeTh CBOMCTBA KUCIIOT, OCHOBAHUM U COJIel ¢ TOUKH 3peHust TO/]

2.8.3. Ilepeyenb npudOPOB, MaTepHaIOB, HCIOJb3yEeMBbIX B J1a00paToOpHOii padoTe:

1. 2 H. pacTBOpHI alleTata CBUHIA, CyJbdara HATpUS,

2. consiHasl KMCIIOTa, CEpHAast KUCIIOTA,

3. yKCyCHasl KUCJIOTa, alleTaT HaTpus,
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4. TMIPOKCHUI aMMOHUS, XJIOPUJ aMMOHHUS,
5. beHondTanenH, METHIIOBBIN OPaHKEBbIH,
6. KyCOUKH Mpamopa,

7. CTEKJISIHHbIE TTaJIOUKH, TPOOUPKH.

2.8.4. Onucanue (xox) padorol.

Onwvim 1. Ilonyuenue manopacmeopumusix conetl.

B nBe npoOupku BHecTH 1o 2-3 Karuiu pacTBopa aleraTa cBUHIA. B nepByro — 100aBUTH
HECKOJIBKO KaIleJlb CEPHOM KUCIOTHI, BO BTOPYIO — CyJb(aT HaTpusl.

Kako#l ocajok BbIITaaeT B TOM W Jpyrom ciydae? HammcaTte ypaBHEHMsS peakuuii B
MOJICKYJIIPHOM U MIOHHOH (opme.

Onvim 2. Bzaumooeticmaue consiHOU U YKCYCHOU KUCTIOM C MPAMOPOM.

B onny npoOupky 1 mi pacTBopa COJNSIHON KHUCIOTHI, B APYTYIO — CTOJBKO )K€ pacTBOpa
YKCYCHOM KHCITOTBI. B Kaxayro OpocuTh 1o Kycouky Mpamopa. Kakoii ra3 Beigensiercs? B kakoi
npobupke mporecc uaer Oonee sHepruyHo? Ilouemy? HammcaTh ypaBHEHHs peakiuii B
MOJIEKYJISIPHOM 1 HOHHOM (opMe, clienaTh BHIBOJ O CUJIE UCCIEAYEMBIX KUCIOT.

Onvim 3. Brusnue conu cnaboil Kuciomsl Ha OUCCOYUAYUIO IMOU KUCTONb.

B nBe mpoOupku HaIUTh MO 2 MJ YKCYCHOM KHCIOTHI U J100aBUTH MO OJHOM Karuie
MeTuiaoparka. OTMETUTh OKpacKy UWHAMKaTtopa. B oaHy mnpoOHpKy BHECTH HECKOJIBKO
KPHUCTAJUIMKOB aleraTa HaTpHus M IMEepeMellaTh CTEKISIHHOW Mamodkoil. CpaBHUTH OKpacKy
MOJIyYEeHHOTO pPacTBOpa C OKpackol pacTBopa B Apyrod mnpodupke. OOBSCHUTH CMELICHHE
paBHOBECHSI TUCCOLIMALIMU KUCIOTHI MPHU 100aBJIEHUU K HEil alleraTa HaTpusl.

Onvim 4. Brusinue conu c1ab6020 0CHO8AHUA HA OUCCOYUAYUIO MOS0 OCHOBAHUA.

B naBe mpoGupku HanuTh Mo 2 MJI pacTBOpa aMMuaka M J0OaBUTh MO OJHOW Karuie
¢denondranenna. OTMETUTh OKpacKy HHAMKaTopa. B onHy mpoOHpKy 100aBUTH HECKOJIBKO
KPUCTAJUIMKOB XJOpUJAa aMMOHHS W IEpeMelaTh pacTBOpP CTEKISIHHOW Naloykod. CpaBHUTH
OKpacKy TOJY4YeHHOIO pacTBOpa C OKpacko pacTBopa B Jpyroil mpoOupke. OOBICHUTH
CMeEIlIeHNEe PaBHOBECHUS AUCCOIUAIIMN OCHOBAHMS TIPH 100aBIIEHUU K HEMl XJI0pH/1a aMMOHHSL.

2.9. JlabopaTropHas padoraNe 9 (2 yaca)

Tema: «Monnoe npoussenenue Boasl. pH. Merons! onpenenenus pH»

2.9.1. lleabpaboTsi: BeiBecTn HOHHOE TIPOU3BEACHUE BOBI; TAaTh MTOHSITHE BOJAOPOIHOTO
[I0Ka3aTelis, TUAPOIIN3a COJIEH

2.9.2. 3axaum padboThI:

1. Pa3o6pate AuiccoruaIiio BOIbI, BHIBECTH HOHHOE MTPOU3BEICHNE BOJIBI.
2. Jlath onpenesieHrue BOJOPOTHOMY MTOKA3aATEIIO.

3. O3HaKOMUTBCS ¢ MeToamMu onpeneneHust pH.

4. Pa300paTh OCHOBHBIE CITy4au TUAPOIN3a U (PAKTOPHI, HA HETO BIHUSIOIINE.

2.9.3 Ilepevyennb npudOpPOB, MaTEPUAJIOB, HCII0JIb3YEMbIX B J1a0opaTopHOii padoTe:

1. 2 H. pacTBOp COJITHOM W CEPHOM KHUCIIOT,

2. 0,2 H. pacTBOp TUAPOKCH/Ia HATPUS I KaJus,

3. 11 pacTBOpHI coneit: cynbdara HaTpusi, kKapOoHATa HATPHS, alleTaTa HaTPus, Cyibdara
ATIOMHUHMS, THAPOKapOOHATa HATPUS, XJIOpUIa aMMOHUS, XJIOpUIa IMHKA, XJopuaa xenesa (111),
XJIOpHUIa BUCMYTa, KOHIICHTPUPOBAHHAS COJISTHAS KUCIIOTA.

4. mrratuB ¢ ipodupkamu, papdopoBas Jaiika, CIUPTOBKA.

2.9.4 Onucanme (xox) padoThI:
Onvim 1. Omkpevimue KamuoHa 6000pooa 8 pacmeope.
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B tpu npoOupku HamuTH M0 1 MIT pacTBOpa CONSTHON KUCIOTHL. B 0fHY M3 HUX 100aBUTH
3 — 4 kammM JakMmyca, B IpYryw0 — 3 — 4 Kaliu METWIOpaHXka, B TPETBIO — CTOJIBKO K€
¢denondranenna. OTMETUTh HM3MEHEHHUE OKpPACKHM WHAUKATOpoB. (Pe3ynpTaThl BHECTH B
TaOuILy).

Onwvim 2. Omkpvimue 2uOpOKCUO-UOHA 8 PACEope.

B Tpu npoOupku HanuTh 1o 1 Mi1 pacTBopa ruJjpokcua HaTpusl. 3aTeM B KaXAyI0 U3 HUX
n06aBUTh MO 3 — 4 Kamiu pacTBOPOB JIaKMyca, METHJIOpaHxka, ¢eHondranenna. Habmonars
M3MEHEHHE OKPAaCKH MHIUKAaTOpOB. (Pe3yapTaThl BHECTH B TaOMIHILY.)

Nuaukarop HCI NaOH

Jlakmyc

Metunopasx

denondranenH

2.10. JIadopaTopnas padora Ne 10 (2 yaca)
Tema: « I'uapoaus coJiein»
2.10.1. HeanspadoThbl: M3yunTh TUIIBI THAPOJIM3A COJIEH U (DaKTOPBI, HA HETO BIIUSIOIIHE.

2.10.2. 3agauu padoThbI:

1. PaccMOTpeTh OCHOBHBIE CiTydad TUpOJin3a COJIEH.
2. paccMOTpPETh (haKTOPBI, BIUSIOIMINAE Ha THAPOIIN3.

2.10.3 Ilepeyenbs NpuOOPOB, MATEPHAJIOB, HCIIOJIb3YEMBbIX B JIa0OpaTOpHOM padoTe:

1. 2 H. pacTBOp COJIIHON U CEPHON KUCIIOT,

2. 0,2 H. pacTBOp THUAPOKCHUA HATPUSA WIN KaJIus,

3. 1u pacTBOpSI conel: cynbdaTa HaTpus, KapOOHATa HATPUS, alleTaTa HATPuUs, CyJbdara
AJIFOMUHUS, THIpOKapOOHaTa HaTpHsl, XJIOPHIa aMMOHMSI, XJIOpUa IIMHKa, Xjopuaa xenesa (11I),
XJIOpHU/Ia BUCMYTa, KOHIICHTPUPOBAHHAS COJISIHAS KUCIIOTA.

4. mraTuB ¢ npobupkami, ¢papdopoBas yalika, CIUPTOBKA.

2.10.4 Onucanme (xoa) padoThi:

Onvim 1. H3menenue peaxyuu cpedvl npu 2UOpoau3e coell.

Hamute B 5 mpoOupok mo 2 mi pacTBOpOB cojieil cyibdara HaTpusi, kapOoHaTa HATpus,
cyibdara aTIOMUHHMS, anierata HaTpHs, TUCTUUIMPOBAHHOW Boapl. JloGaBuTh mo 1 Mi pactBOpa
JAKMyca B JUCTWUIMPOBAHHOM Bojge. OTMETUTH ISl KaXIOro ciydas IBeT MHIuKartopa. Kakue
COJIM TIO/IBEPratoTCsl TUAPOIIN3Y.

CocTaBUTh ypaBHEHHUS pEaKIMid THUAPOJIM3a B MOJIEKYJSIPHOH W HMOHHOM (opmax.
OOBICHUTB, YeM 00YCIIOBJIEHA PEaKLUs CPe/Ibl B KAXKIIOM CiIydac.

Onwvim 2. Brusinue memnepamypbl Ha 2UOPOIU3.

B mpobupky Hamute 3 M pacTBOpa arerara Harpus, NpUOaBUTH 3 KaIuld PacTBOpa
¢benongranenna. Harpers moutu 10 KUNEHUS, OTMETUTh M3MEHEHHME OKpacku pactBopa. Kak
BJIMAET TemIeparypa Ha rujposun3? HammcaTh ypaBHEHHE peakLUU THAPOJIN3a B MOJIEKYJISIPHOM U
HMOHHOM (popMmax.

Onwvim 3. Cmewenue pagHogecus 2uOpoau3a.

Hamute B mpobupky 3 M Xjopuaa BUCMyTa M MpUOAsATh MO KarwisiM Boay. Brimamaer
0CaJIoK TUApOKcoxyopuaa BucMyTa. Ilpu moakuciaeHun pacTBopa KOHUEHTPUPOBAHHOM COJISTHOM
KHCJIOTOM 0Ca/IOK pacTBOPSIETCS U BHOBb BBITIAIAET MPH TOBTOPHOM pa30aBI€HIH BOJOH.

Hammucars ypaBHEHHS IPOMCXOIAIIMX PEAKLUIA.

2.11. JIaboparopHas padora Ne 11 (2 yaca)
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Tema: «OKHCIANTETbHO-BOCCTAHOBUTEIbHbIE PEAKIINH

2.11.1. Heab padorbl: M3yunTh NpoIecChl OKHUCIECHUS-BOCCTAHOBJIEHUS Ha IPUMEpE
repMaHraHaTa Kajausi ¥ IEPOKCHIa BOJIOPOJA.

2.11.2. 3agaum padoThI:

1. ITo3HaKOMUTBCS ¢ BAKHEUITUMU OKUCTUTEISIMU U BOCCTAHOBUTEIISIMU.

2. PaccMoTpeTh OKHCIHMTEIbHO-BOCCTAHOBUTENIBHYIO JBOMCTBEHHOCTh Ha THpUMEpE

MIEPOKCH]IA BOIOPOAA.

3. HayuuThcs cOCTaBIATh YpaBHEHHSI OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKLINMI:

- METOJIOM 3JICKTPOHHOT0 OajiaHca;

- METOJIOM 3JIEKTPOHHO-HOHHOTO OaJiaHca.

5. PaccmoTtpets BrusiHue cpenbl Ha xapakrtep OBP (Ha mpumepe mepmaHraHaTa Kamus,

COEIMHEHHI XpoMa, MEPOKCUIA BOAOPOIA).

2.11.3. Ilepeyenb npudOPOB, MATEPHAJIOB, HCIIOJIb3YeMbIX B JIA0OPATOPHON padoTre:

1. mpobupku,

2. pactBopst KI (0,1 1.), FeCl; (0,5 1), H,O, (3%),

3.H,SO, pazb6aBnenHnas,

4. KMnO; (0,5 ),

5.NaOH (2 n.),

6. Na,SO; (2 H.),

7. Kpaxmad.

2.11.4.0nmncanme (xox) padoThI:

Onwvim 1. Oxucnumenvhvie céoticmsa uona Fe'.

K 0,5 M1 pacTBOpa noauaa kanus npuOaBUTH TaKOH ke 00BEM pacTBOpa XJIOpUIA JKeJe3a
(I1I), pa3baButh BogoM A0 3 — 4 M1 U JOOaBUTH HECKOJIBKO Kalesb KpaxMallbHOTO Kieicrepa.

[osiBneHne cuHel OKpacKy CBUIETENLCTBYET O HAJTMYUU B pacTBOpe CBOOOIHOTO Hoja.

Hanucatp ypaBHeHHE peakIIii METOAO0M MOJypeaKni.

Onvim 2. OKuciumenbHo-60CCMAHOBUMENbHbIE CEOUCNBA NEPOKCUOA 8000POIA.

B mpobupky c 0,5 mun pactBopa monuaa Kajius NpuOaBUTh TaKoe K€ KOJIMUYECTBO
pacTBOpa CEpHOM KHCJIOTBI M HECKOJIBKO Kallellb pacTBOpa NEpoKcHIa Bojopona. Beiaensercs
CBOOOIHBIN HO/I.

B npobupky c¢ 0,5 ma pactBopa KMnO, npubaBuTh Takoe ke KOJIMYECTBO pacTBOpa
CEpHOI KHCIIOTBI M HECKOJIbKO KalleJb pacTBopa MEpPOKCHAa BOAOpoAa 10 00ecHBEeYMBAHUS.
Breinensercs ras.

Kak noxazate Hamuuame cBOOOHOTO #o1a B iepBoi mpodupke? Kakoit ra3 BeigenseTcs BO
BTOpO# poOupke? Hanucars ypaBHEHUS peakiiuii METOJOM MOJTypEeaKIUi.

Onwvim 3. Brusnue cpedvl na oKucieHue-60CCmanosienue.

B Tpu npoOupku HanmuTh mo 1 M pacTBOpa nepmMaHraHata kaiaus. B nmepByro q100aBuTh 1
MJI CEpHOM KHMCJIOTBI, BO BTOPYIO — | MJI pacTBOpa 1IeJI04YH, B TPEThIO — 1 MJT BOJIbI. B Kaxayto n3
3TUX MpoOUpOK n00aBuTh Mo | wmn cynbdura Hatpus. Kakue u3MeHEHHS MPOU3ONUIA B
npobupkax? 3anucaTh ypaBHEHUS PEAKIIHA.

2.12. JIaGopaTopHas padora Ne 12 (2 yaca)

Tema: «Knaccudukanus HOHOB Ha aHaTUTHUYECKUE TpymIbl. KauecTBeHHbIE peakiuu Ha
KAaTHOHBI U AHUOHBI»

2.12.1. Heas padothl: [To3HakoMuUThCA ¢ Hanboiee UCIOTIB3YEMbIMU KauyeCTBEHHBIMU
peakiusMy Ha KaTUOHBI U aHUOHBI.

2.12.2. 3apaum padoThI:

1. JlaTh mOHATHE KadyeCTBEHHOTO aHaimu3a. YyBCTBUTEIBHOCTh U CHEIU(PUIHOCTH
aHAJMTUYECKUX peakiuil. BHemHuii ananutuaeckuii 3pQexr.
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2. JlaTb NOHATHE aHAJIUTHYECKUE Ipynnbl KaTHOHOB. CepoBOAOpOAHAas U KHUCIOTHO-
OCHOBHasl KJlJacCU(pUKALUS.

3. J1aTb NOHSATHE aHATUTUYECKUE TPYIIIIBI AHUOHOB.
2.12.3. IlepeyeHb npudOpPOB, MATEPHAIOB, HCII0JIb3yeMbIX B J1a00paTOpPHOIl padoTe:

. 2 H. pacTBOPBHI alleTaTa CBUHIIA, Cyb(aTa HaTpHs,
. COJIsIHasl KUCJI0Ta, CepHas KUCJIOTa,

. YKCyCHas KHCIIOTa, alleTaT HaTpHus,

. THAPOKCH]T aMMOHHUS, XJIOPU AMMOHHSI,

. henonranaenH, METUIOBBII OpaH>KEBBIi,

. KYCOUKH Mpamopa,

. CTEKJITHHBIE TTAJIOYKH, POOUPKH.

NN W=

2.12.4. Onucanme (xoa) padoThbi:
HpOBGCTI/I Ka4CCTBCHHBIC PCaKIHWHM B COOTBCTCTBUM C TCMHU, KOTOPBIC NPUBCACHBI B

TadJuLIE.
KavecTBeHHbIE peaKIi HA HEKOTOPbIe KATHOHBI
Katuon PeakTuB AHajguTuyeckuii ypdexr
Na3[C0(N02)6] 2KCl + Na3[CO(N02)5] =
K" rekcanutpokobansTat (I11) K;Na[Co(NO»)s] |+ 2 NaCl
HATpHS YKENTHIA KPUCTAJUTMYECKUN 0CaI0K
KCI + NaHC4H406 = KHC4H406 l,+
NaHC4H4O6 NacCl
THIPOTApPTApT HATPUS OeIbIif KPUCTAIITUNYECKHI 0CaI0K
Na’ K[Sb(OH)s] NaCl + K[Sb(OH)s] = Na[Sb(OH)s]|
rekcarupokcoanTumonar (V) Oeblif KPUCTAIITNYECKHH 0caloK
KaJIust + KC1
[enous OH NH,"+ OH — NH;+ H,O
NH,' Brinenenune raza (aMMuaka) ¢ pe3Kum
PeaktuB Heccnepa (cmech
koMIuiekcHou conu KyHgly ¢ 3aIIaxXOoOM:
KOH
NH4C1 + 2K2[HgI4] +4KOH —
[Hg,ONH1| + 7KI + KCI1 + 3H,O
0CaJI0OK KpacHO-0yporo IBeTa
Ag’ CI Ag" + Cl' = AgCl]
ConstHast KUCIIOTa U €€ COJIN OenbIif TBOPOKUCTHIN 0CaT0K
K,CrO,4 Ag"+ CrOs = AgCrO4]
Xpomart Kalus KpacHO-OyphIi 0caioK
Ca” (NH4)2CO3 C&Clz + mH4)2CO3 = CaC03¢ +
KapOOHAT aMMOHUS 2NH4Cl
(NH4),C,04 OeJIbIi METKOKPUCTAINIMYECKHUI 0CaI0K
OKcajaT aMMOHHS CaCl, + (NH4)2C,04 = CaCy04)+
2NH.Cl
OeIbIif MEJTKOKPUCTAJUIMYECKUN 0CaIOK
Ba* SO42— Ba* + SO42_ = Ba SO, l,
CepHas KHCJIOTa U €€ Oenblii KpUCTAIITMYECKHM. 0CaIOK ,
pacTBOPUMBIE COJIU HEPACTBOPHUMBIN B KUCIOTaX
chr207 2BaC12 + 2K2CI'207 = 2BaCrO4l+ 4KC1
JUXPOMAT KaJusi KEJITHI KPUCTAIUTUYECKUI 0CaZioK
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Al [lenous OH (amdoTrepHbIe A1’"+30H = A1(OH);|
CBOMCTBA THAPOKCH]IA) O€IIBIN XJIOIIBEBUIHBINA 0CaI0K
A1(OH); pacTBOpsieTcsi B M30bITKE
C14HsO2(OH), miesioun ¢ oopazoBanueM Na[A1(OH)]
Ammzapus (1,2- AICl; + 3NH4OH + C4HsO>(OH), =
JTMOKCUAHTPAXUHOH ) AI(OH),C,4HsO,(OH)| + 3NH.4CI +
H,O
SIPKO-KPACHBIN 0CaJI0K
Zn* K4[Fe(CN)s] ZnSO4+K4[Fe(CN)g]= K»Zn
rexcanuranodeppat (I1) kamus [Fe(CN)s]|
(>xenTast KpOBsIHasA COJIb) Oenblif ocaok
+ K5S04
Fe* K;3Fe(CN)g 3Fe* + 2[F6(CN)6]3' — FesFe(CN)g |
KpacHasi KpOBsiHas COJlb CUHUI 0CaZioK
(TypHOyIIEBa CHHB)
[enous OH Fe* + 20H = Fe(OH),|
aMOpQHBII 0CaIOK TPSI3HO-3EJIEHOTO
1[BETa
NH4SCN Fe’* +3SCN ~ Fe(SCN),
Fe** Ponmannn ammonus KpOBAaBO-KpPAaCHBIN pacTBOp
K4[F€(CN)6} 4Fe’ + 3[FC(CN)6]- —Fe 4[FC(CN)6}3l
JKeNTas KpOoBsiHas COJIb 0CaJIOK TEMHO-CHHETO IIBETa
(OepnuHCKas 1a3ypb)
lenour OH Fe** + 30H = Fe(OH);|
amMop(QHBII 0caoK KpacHO-Oyporo
IBETA
Cu** NH,OH (B u30bITKE) CuSO4 + 4NH,OH = [Cu(NH3)4]SO4 +
BaCHJIbKOBO-CHHEE OKpPAIIMBAHNE
4H,0

KauecTBeHHBIE PC€AKIIMM HA HCKOTOPbIC AHUOHBI

AHHMOH PeakTuB Anagntudeckuii 3pdexr
CI Ag’ Ag" + ClI"~ AgCl|
Hurpat cepebpa OeJIbIN TBOPOKUCTHIM 0CaTOK
Br Ag’ Br + Ag"— AgBr]
Hurpat cepebpa JKEJITOBATHIN 0CAI0K
I Ag’ I'+Ag """ Agl|
HuTtpar cepebpa JKEJITBIH 0CaI0K
CO32_ +2H" — H,O + CO,
Brienenue rasza 0e3 3amnaxa,
COs* PactBopsI BBI3BIBAIONICTO IIOMYTHEHUE THIIPOKCH 1A Oapust
kucnot H' Ba(OH),
CO32_ + Ba* — BaC03¢
S* Pb(NOs), S*+Pb* - PbS|
Hurpar YEPHBIN 0CaJI0K
ceuHa(Il)
SO~ Ba* SO, + Ba* — Ba SO4|
Conu Gapus Genbrii ocanok
NO5 (C¢Hs)NH ®durosIeTOBOE OKpAIINBAHUE
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Jundenmnamun

PO43' ng+ PO43' ‘|‘31Axg+ - Ag3 PO, l
Hutpar cepebpa SAPKO-)KEITHIA 0CaJ0K
CrO* Ba* CrO4* + Ba** »Ba CrO,|
Conu Gapus JKEITBIA 0CaZOK
SCN- Hurpat cepebpa, Ag"+SCN — Ag SCN|
cyabdar meau (II) ocaziok Oenoro 1BeTa

Cu*" + SCN" = Cu (SCN),|
0CaJIOK YCPHOr'o IBETa

NOy WNomnn xanmus KI 2I'+ 2 NOy +4H' - I, + 2H,0 + 2NO
B KHCJIOH cpefie I, okpammBaeT pacTBop B OyphbIil IIBET
( umm o0pasyercsi TeMHO-CEPhIN 0CaJIOK)
CH;COO FeCl; 3CH;COO" + Fe** — Fe(CH;COO0);
Xnopunu KpacHO-OypBIi pacTBOP
xenesa(I1l) Fe(CH;COO); + 2H,0 —
FC(OH)QCH3COO
+CH3COOH

2.13. JlabGopaTopHas padora Ne 13 (2 yaca)

Tema: «Turpumerprudeckuii aHamu3. MeTo]] KUCIIOTHO-OCHOBHOI'O TUTPOBAHMSD)

2.13.1. Heab padorbl: O3HAKOMHUTHCS C OCHOBHBIMM IpHEMaMH TUTPOBAaHUSA U
pacueTaMu B TUTPUMETPUYECKOM aHAJIM3E.

2.13.2. 3agauu paGoThI:

1. JlaTh MOHATHE KUCIIOTHO-OCHOBHOMY METOly TUTPOBAHUSI.

2. Hayuntbcst mogOupaTh HHIUKATOPHI B METOJIE KUCIIOTHO-OCHOBHOTO THTPOBAHHUSL.

3. HayuuThcsl pacCUUTHIBATh KOHLIEHTPALIUIO U TUTP UCCIIEAYEMOI0 pacTBOpA.

2.13.3. llepeuenb NMpudOpPOB, MaTEPHAJIOB, HCIIOJIb3YeMbIX B JIA00PaTOPHON padoTre:

1. 0,11 pactBop HCl

2. 0,11 pactBopNaOH

3. 0,11 pactBop H,C,04

4. ¢penondranenH, METUIOBBIA OPAHIKEBBIN

5. IUNETKU

6. KOJIOBI JIsl TUTPOBAHUS

2.13.4. Onucanue (xo1) padboThI:
Onwvim. OnipeienieHue CoAepKaHMsI COISTHON KUCIOTBI B pacCTBOPE

HCI+NaOH = NaCl + H,O
H+OH = H,O

1. Cranmapru3zanus padodero pactsopa meinoun (NaOH) mo masenesoit kuciore HoC,04
+ 2N3.0H = N32C204+ 2H20
1.1. BropeTky nnsi THUTpOBaHMs 3amojJHUTH pabouumm pactBopoMm tienoun (NaOH), npen-
BapUTENIBHO OMOJOCHYB €€ 3TUM PacTBOPOM.
1.2. B konOy st THTpOBaHUs eMKOCThIO 50-100cM® nuneTkol otmeputs 10cM® cTangapTHOTO
pacTBopa IaBeneBoil KUCIOThl U 1-2 Karum uHIuKaTopa (GeHondTanenHa.
1.3. OTTtuTpoBaTh pacTBOp IIABEIEBOM KHUCIOTHI pabO4YMM pacTBOPOM IIEIOYM 10 OnenHo-
pO30BOif OKpacku, He ucuesatomeid B TeyeHue 30 cekyna. TurpoBate 3 pasza. Paccuurath
cpelHee 3HaueHue oObeMa IEeJI0YM, a 3aTeM MOJIIPHYIO KOHIEHTPALUIO IKBUBaJEHTa (HOpP-
MaJIBHOCTB) ILEJIOYH, TUTP U KO3 uIMeHT nonpasku. Ecin 1Ba pesynprara COBMAIM, MOXXHO
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OTPaHUYUTHCS IByMsI TUTPOBAHHSIMHU. PacXOKJACHHE MEKIY MapajuieIbHBIMU OIPEACICHUIMU
JOJIXKHO OBITH He Gosee 0,2 cm’.

2.0mpeneneHne KOHIGHTPALMU COJISTHOM KUCIOTHI B PAaCTBOPE.
2.1. BropeTky mis TUTPOBaHMs 3amoJHUTH paboumm pactBopoM tmenoun (NaOH), mpen-

BapUTEIIHHO OTOJIOCHYB €€ 3THM PacTBOPOM.

2.2. B xon0y my1s TutpoBanus eMKOCThIO 50-100 cM® numeTkoi otmeputs 10 cm® uceexyemoro
pacTBOpa COJISIHOM KHCIOTHI U 100aBUTh 1 -2 Kamiu uHauKaropa ¢peHondraienHa.

2.3 OTTuTpOBaTh HCCIEAYEMbIIl PACTBOP KHUCJIOTHI pabOYUM PAcTBOPOM IIEJIOYM 10 OJIeHO-
po30BOI OKpackH, He ucue3awoomeid B teueHue 30 cexyna. Turposars 3 pasza. Paccuurars
CpeAHee 3HaueHue oObeMa IIEeNIOUH, a 3aT€M MOJISIPHYIO KOHIICHTPALMIO SKBUBAJIEHTA COJISTHOU
KHCJIOTHI ¥ €€ Maccy B 1M’ MccieryeMoro pacTBopa.

2.14. JIadopaTopHnasi padora Ne 14 (2 yaca)

Tema: «OKHCIUTEIBHO-BOCCTAHOBUTEIbLHOE TUTPOBaHMe. [lepmanranaromerpus»

2.14.1. leab padoTrbi: M3yunTh HMCHOJIB30BAHUE OKUCIUTEIBHO-BOCCTAHOBUTEIHHBIX
peaxkuuil Npy KOJIMYECTBEHHOM OINpEeIEHUH BEIIECTB.

2.14.2. 3agaum padoOThI:

1. [lo3HaKOMUTBCS C OCOOEHHOCTSIMM NPUMEHEHMSI IEpMaHIaHaTa B KauyecTBe pabouero

pacTBopa.

2. PaccMoTpeTh NpUMEHEHUE UHIMKATOPOB B METO/IE IEPMAaHIaHATOMETPHUH.

3. PaccMOTpETh MPUMEHEHKE TIEPMAHTaHaTa KaJlus I ONpeIelieHns xene3a Fe?

2.14.3. Ilepeuenb npudOPOB, MAaTEPHAJIOB, HCIIOJIb3YeMbIX B JIA0OpaTOpHON padoTre:

1. 0,1 H pacTBOp EepMaHraHara Kajaus.

2. 0,1 H pacTBOD 11aBEJIEBON KHCIIOTHI

3. 2 H pacTBOp CEpHOM KUCIOTHI.

4. KONOBI 1711 THPOBAHUSI, TUTIETKH, OIOPETKH.

2.14.4. Onucanme (xoa) padoThbIi:

1.Crannapruzanus pabodero pacTBopa nepMaHraHata Kajiwusl.
1.1. TIpuroroButs 100cM’ 0,11 pactBopa KMnQ,, pa30aBuB HaIUTHIA B KOOy pabouuii pacTBOp
JI0 METKHU JUCTUUITMPOBAHHOM BOJIOM. [lociae mpuroToBiieHus: pacTBOp NMEPEMEIIATh.
1.2. 3anoysHUTh GIOPETKY MPUTOTOBIEHHBIM pacTBOpoM KMnQO,, npenBapuTebHO OMOJIOCHYB €€
3TUM PAacTBOPOM. Y CTAaHOBUTH HYJIEBOI YpOBEHb pacTBOpa Ha OIOpPETKE MO BEPXHEMY MEHHUCKY
pacTBopa.
1.3. B kos10y 1y1st THTpOoBaHust eMKOCTIO 50 — 100 cM® muneTkoii otmMeputsh 10cM® cTaHaapTHOTO
pacTBopa LIABEJIEBOM KHUCIOTHI, MPEABAPUTEIBHO OIOJIOCHYB IHUIETKY A3THM pPacTBOPOM.
JloGaButh 10cM’® 2H pacTBOpa cepHOM KHCIOTHI W Harpeth g0 70 — 80 °C (He momyckas
kunsgueHue). OTTUTpOBaTh PacTBOpP LIaBENEBOM KHUCIOTHI padounm pactBopoM KMnO, no
0J1eAHO-PO30BOI OKpacku, He ucyesarouieil B reuenue 30 cekyna. Tutposats 3 pasza. Paccuutars
cpenHee 3HaueHne oobema KMnQOy, a 3aTeM MOJSpHYIO KOHLIEHTPALMIO YKBUBAJIEHTA (HOpMaJlb-
HOocTh) KMnOs, TuTp M k03ddumuenT nonpaBku. Ecim nBa pesynbprata COBMAid, MOXKHO OT-
PaHUYMUTBCA JBYMsS TUTPOBaHMAMHU. PacxoxklIeHue MexIy HapayielIbHbIMU ONpeeIeHUSIMU
JOJIKHO OBITH He 6onee 0,2 cm®

2. Onpenenenue conepxxanus xenesa (1) B pactBope ero cosnn.
2.1. 3anoaHuTh OrOpeTKy padounm pactBopoM KMnQO., mpeaBapHUTENbHO OMOJOCHYB €€ 3TUM
pacTBOpOM. YCTaHOBHUTh HYJIEBOM YpOBEHb pacTBOpa Ha OIOpETKE IO BEPXHEMY MEHHCKY
pacTBopa.
2.2 B xon0y ajis TMTpoBanHus eMKocThio 50-100cM’ mumnetkoit otmeputs 10cM’ mccexyemoro
pactBopa comu xene3a (II), mpeaBapuTebHO OMOJIOCHYB MUIETKY 3TUM pacTBOpoM. J[00aBHUTH
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10c™® 2H pacTBOpa CepHO KHMCIOThI. OTTUTPOBATH MCCIEayeMblii pacTBop conu xeiesa (I1)
pabounm pactBopom KMnO, no OienHO-po30BOM OKpacku, He ucdesaromed B TedeHue 30
cekyna. TurpoBath 3 pasza. Paccuutare cpennee 3Hauenue oobema KMnOy, a 3aTeM MOJISIpHYIO
KOHILIEHTPAIMIO SKBUBACHTa (HOPMAJIbLHOCTH) PAcTBOpPA COJIM JKENE3a M ero maccy B lam’
pacTBopa.

C{EMnO4) « V(IEMnO4)
C(Fe*)y =

ViFeSOy)

2.15. JIaboparopHas padota Ne 15 (2 yaca)

Tema: «KommiiekcHble coequHeHusi. KomimiiecoHomeTrpuyeckoe TUTPOBaHUe.
OmnpenesieHue 0011€ei :KeCTKOCTH BOIbI »

2.15.1. Heabpadorei: M3yyuTh CBOMCTBA KOMIUJIEKCHBIX COCTUHEHUH.

2.15.2. 3agauu padoThI:

1. JlaTb MOHATHE KOMILJICKCHBIM COEIMHEHUSIM.

2. PaccMOTpeTh CTpOEHHE U HOMEHKJIATYpy KOMIIJIEKCHBIX COEJUHEHUM.

2.15.3. Ilepeyenb NnpudOPOB, MATEPHAJIOB, HCII0JIb3yEMbIX B JIA00paTOPHOIi padore:

1. PactBOpHI cynbhaTa Meau, TUAPOKCHIA HATPHSL, PACTBOP aMMHUAKa.

2. PactBops! xmopuna xenesa (I1), (I1I),

3. PacTBOpHI Hoanaa Kanus U HoAnuaa pTyTH.

2.15.4.0nucanme (xoa) padoThbi:

Onwvim 1. Ilonyuenue KOMNIEKCHO20 KAMUOHA.

K 1 mn pactBopa cynbdara Meau npuOaBUTh TaKOW ke 00beM pacTBopa THIPOKCHUIA
Hatpus. HabmonaTe 00pa3oBaHue ocaika roay0oro mBera.

K o6pa3oBaBiieMycsi ocajiky Mo KarjisiM J00aBsTh PacTBOpP aMMHUakKa JI0 MOJHOTO €ro
pacteopenus. O6pasyercs aMMHaKaT MEIH, COAEpKaMi KoMiuiekcHbli katnon [Cu(NH;)4]*
CHHETO LIBeTa. 3anucaTh ypaBHEHUS peaKIUii B MOJIEKYJISIPHON 1 HIOHHOU (hopmax.

Onvim 2. [lonyuenue KOMNIEKCHO20 AHUOHA.

K 0,5 mut pactBopa mutpara prytu (II) mpubaButh 2 — 3 Karim pacTBopa Hoauaa Kajus.
Habmronate oOpazoBaHMe SPKO-OpPaHXKEBOrO Ocaaka Womuaa prytu. IIpomomkars nobOaBieHne
pacTBopa Honuaa Kajus A0 IOJHOTO PAacTBOPEHMsI Ocajka U oOeclBeUHMBaHHS pacTBOpA.
[Tonyyaromuiicst OecuBETHBIH pacTBOP CBHUAETEIBCTBYET 00 0Opa30BaHMHM KOMILIEKCHOTO
annona [Hgl,]*.

3anucaTh B MOJICKYJISIPHOM M HOHHON (pOpMax ypaBHEHUS MPOUCXOAAIINX PEAKIIUH.

Onvim 3.

1. 3amomuuth OrOpeTKy st TUTpoBaHus paboumm pactBopoM IATA (tpuimon b),
MIPEJIBAPUTENILHO OIMOJIOCHYB €€ 3TUM PAaCTBOPOM.

2. B kos10y st TutpoBanus Ha 250 —500 cM’ nuneTkol otmeputs 100 cM’ BomonpoBo-
HOM BOJIBI, IPUOABUTH 5cM’ aMMuadHOro OydepHoro pactsopa ¢ pH 8-10 u Ha KoHIE IMATENs
20-30 mr cyxoil cMecH UHAMKATOpa XpOMOI'€H YEPHOTO € XJIOPUJOM HaTpPHUSL.

3. OTTUTpOBaTh BOJy CTaHIapTHBIM pactBopoM D TA 10 nepexoaa okpacku u3

BUHHO-KPAaCHOH B CHUHIOIO.

4. TutpoBath 3 pasa, paccuuTaTh cpeaHuii oOveM pacTBopa JJITA, momemmuii Ha
TUTPOBAHUE M BBIYHCIUTH OOILYIO )KECTKOCTH BOIBI.

5. OnpenenuTs TUIT BOJIBI.
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