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BBEJIEHUE

HucuuminHa «HeopraHnnyeckass XuMus» UMEET BaKHOE 3HAUCHUE
JUTsl TIOJITOTOBKY OOy4YaroIuxcsi pakyiabTeTa BETEPUHAPHON MEIUITUHBI
U TEXHOJIOTUU >KMBOTHOBO/ICTBA 10 crneruaibHoctu 36.05.01 «Berepu-
Hapus» W 1O HampaBieHuto noArotoBku 36.03.01 «BerepunapHo-
CaHUTapHAasl IKCIEPTH3a», TaK Kak OOJerdaeT YCBOCHUE AUCIUIUIMH
OMOJIOTUYECKOTO IUKJIa: OMOXUMUU, MUKPOOUOJIOTHH, (DU3UOJIOTUH HKU-
BOTHBIX, BETEPUHAPHON (PapMaKOJIOTUH U JIp.

Jlekiuu COMPOBOXKIAIOTCA MajibiM J1aOOPATOPHBIM TMPAKTUKY-
MOM, II€JIbI0 KOTOPOTO SBJISIETCSI 3HAKOMCTBO C OCHOBHBIMHU KJIACCAMHU
HEOPraHUYECKUX COCIMHEHUM, UX CTPOCHUEM, CBOMCTBAMH, & TAKKE
pUOOpPETEHHE MHOTOCTOPOHHEN HH(pOPMALIUK 00 OCHOBHBIX XUMHYE-
CKMX TOHATUSIX, (QYHIAMEHTAJIbHBIX 3aKOHaX XUMHUHU M TIpoIeccax,
OOBSACHSIONINX CBOMCTBA U MPEBPAIICHUS XUMHYECKUX DJIEMEHTOB U
WX COCIUHEHHI B OMOJOTUYECKUX CUCTEMAX.

JlaGopaTopHBIN MPAKTUKYM COJEPKUT HEOOXOJIUMBIC CBEIACHUS
O TEXHHUKE OE30MaCHOCTU MpU paboTe B XMMHUUYECKOU J1abopaTopud,
JOBpaueOHOM MOMOIIU MPU 0XKOTaX, OTPABJIICHUSAX U MOpe3ax, Onuca-
HUE [ J1aboOpaTOpPHBIX Pa0dOT, BBHIMOJHSIEMBIX C MPUMEHEHUEM COBpeE-
MEHHOr0 000pyJI0BaHMsI U peakTUBOB. Kaxkmoe nmabopaTopHOe 3aHs-
THE BKJIIOYAET: MPOpPabOTKYy TEOPETUUECKOro MaTepuana, COOTBET-
CTBYIOILIETO T€ME JTaOOpaTOPHOrO 3aHATHS; BBINOJIHEHHUE J1abopaTop-
HOU paboThI, OPopMIIEHHE OTYETA O TTPOICIIAHHOM padoTe.

[Tocne kaxaoi 1adopaTopHON padbOTHl MPUBEACHBI YIIPAKHEHUS
Pa3JIMYHOTO YPOBHSI CIIOKHOCTH, MO3BOJISIIOLIUE 3aKPEMUTh TEOPETH-
YECKHUM MaTepual.

B mpunoxxeHuu coaepikarcsi TECTOBBIC 3aJaHUsl, BBITIOJHECHHE
KOTOPBIX pa3BUBAET a0CTPAKTHOE W JOTHYECKOE MBIIIJIEHHUE, BhIpada-
THIBAET HABBIKM CAaMOCTOSITEJIbHOW PadOThl ¢ y4eOHO-METOANYECKOM
JUTEpPaTypou U yueOHUKaMHU.



ITPABUJIA TEXHUKU BE30ITACHOCTH IIPU PABOTE
B XUMHNUYECKOU JIABOPATOPUU

1. Bo BpemMs paboThl B XUMHUECKOW J1aDOpaTOPUU HEOOXOIUMO
coOJIIOaTh YUCTOTY, MOPSAOK, TUIIHMHY. [IOCHEIMIHOCTh MM HEepsIil-
JMBOCTH YaCTO MPUBOJUT K HECHACTHBIM ciydasiM. [locTopoHHue pas-
TOBOPBI HE JOMYCKAIOTCS, PA3rOBOPHI MO X0y PadOThI CIEAYET BECTU
BIIOJITOJIOCA.

2. He paspemaercsa paboTaTth B XUMHUYECKOHN J1a0OpaTOpuu B OT-
CYTCTBUM JIaDOpaHTa WJIM MPENoaaBaTes.

3. Ilepen BBIMOTHEHUEM KaXKJIOTO OIbITA HEOOXOIUMO IPOBE-
PHUTH LIETOCTHOCTh XUMUYECKOMN MOCYIbl, TPOOUPOK, KOJIO.

4. HarpeBas BellecTBO B MPOOUPKE, HUKOTAA HE CJICyeT HaIlpaB-
JISITh €€ OTBEPCTHE Ha ceOs MJIM Ha COCela, HEJb3sl 3arJisIbIBaTh B MPO-
OMpKY CBEpXY BO M30EKaHUE MO aHNs BEIIECTBA B Ija3a.

5. Jlna mepemMenuBaHusi COACPKUMOT0 MPOOUPKHU yaoOHEe Bce-
ro, Iep>ka MpoOUPKY B OJTHOM PYKe, OCTOPOXKHO yAApsITh €10 O JIaI0Hb
npyroit pyku. Hu B koem ciiydae He CIeAyeT BCTPSAXUBAThH MPOOUPKY,
3aKphIB ee nanblieM. Heobxonumo u3deraTh momnajganus Ha KOxXy, Ka-
KHX OBbI TO HU OBLIO XMMHUYECKHUX BEIIECCTB.

6. Hukakue BemecTBa B jgabopaTopuul HeNb3si OpaTh pykaMu U
poOOBaTh Ha BKYC.

7. Onpenensig 3amax BEIEeCTBa, HY>KHO HAIpaBIISITh CTPYIO BO3-
IyXa B CTOPOHY HOCa JISTKUMHU IBIKCHHUSIMU PYKH HaJl OTBEPCTHEM

cocyna (puc. 1).

Puc. 1. Onpeodenenue 3anaxa XumuuecKux 6euiecmae

8. C BemiecTBaMu, JAIOIMIMMHU OTPABJISIONINE WIIM YIyIIAIONTHAE
napbl, HEOOXOIUMO padOTaTh B BBITSXKHOM IIKady.

9. Eciii B XuMH4YeCKOM 1a00paTopur BO3HUKAET MOXKap, TO Clie-
yeT HEMEJJIEHHO YOpaTh BCE FOPrOYME BEIIECTBA MOAANbBIIE OT OTHS,
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3aChINIaTh MECKOM, WJIM TOKPBITh BOMJIOYHBIM, IIEPCTSIHBIM WU acOe-
CTOBBIM OJICSJIOM ouar rnoxapa. bosibiioe miamst Tymar ¢ MOMOIIbIO
OTHETYIITUTEIS.

10. B xuMu4deckoi 1abopaTopuri MOKHO pabOTaTh TOJIBKO B Xa-
jaTax, 3aCTETMBAIOIIMXCA CIIEPE/Id, TAKOW XanaT B cliydae BOCILIaMe-
HEHHUS JIETKO C ce0sl COPOCHUTh.

11. BeiOpacheiBaTh BCE€ TBEP/IbIC IPEAMETHI U HEHYKHYIO OyMary
HE00X0UMO B 0OJIBIIION Oak WK AIIUK A1 0TX010B. Henb3s 6pocats
CIUYKH, (UIBTPOBAIBHYIO OyMmMary W Jpyrue IUIOXO PacTBOPHMBIC
BEIIIECTBA B PAKOBUHY.

12. Tlepen Tem, kak HaOpaTh Kakoe-TMOO XHMMHUYECKOE Belle-
CTBO, HEOOXOJAMMO BHHUMATEJIBHO IPOYECTh HAAMUCh Ha STHUKETKE

VYV

Orueonacroe BaprisoomacHoe HAaoerToe

BEIIECTEO BEIIECTEO BEIIECTEO
Enroe Pazapa:xkaromee PapnoakTHBEHOE

BEIIecTED E€IIEeCTEOD BEeIIecTBO

Puc. 2. Cumeonnt 0,151 0003HAUEHUA ONACHBIX
XUMUUECKUX 6eU|eCME

13. Hencrnonb30BaHHbIE XMMHUYECKHUE BEILIECTBA HENb3s BO3Bpa-
IaTh OOPATHO B Ty CKJISIHKY, U3 KOTOPOU OHU OBLIH B3SITHI.

14. Pabouee mecTo U mpUOOPHI HA HEM BCETia JOJKHBI COJIEep-
&aTbCd B uucTOoTe. HeoOXoauMo cTaparbCsi HUYEro HE pa3OpbI3ru-
BaTh, HE pacchimarh. Ilocie OKkOHYaHUS 3aHATHS CIENYET cpaszy ke
MIOCTaBUTh HAa MECTO BCE PEAKTUBBI M TOCYAY, B3STHIC JJIsl BBITIOJHE-
HUs J1abopaTopHOM paboThl. Henb3s 3arpomoxkiaath paboyuii CTON
nopThenaIMu U CYMKaMH.

15. B xuMuueckoil 1abopaTtopun HE pa3pelieHo MUTh U MPUHU-
MaTh TUIILY.



JOBPAYEBHAS ITIOMOIIB ITPU OKOT'AX,
OTPABJ/IEHUSAX U ITIOPE3AX

JI1s okazaHUs TEPBOM MOMOIIM MPH HECUYACTHBIX CIydasx Ha Ka-
dbenpe XMMHUHM UMEETCS alTeuKa, CoJieprKaIas;

® OHHTHI, e 3-5% p-p NaHCOg3,

® Bary, e HachkleHHbIN p-p H3BOs3,
o 3-5% cniuproBoii p-p l,, e p-p KMnQy,,

e 1% p-p CH3COOH, e p-p C,HsOH.

1. Tepmuueckue 0r#co2u BbI3BIBAIOTCS OTHEM WJIM PACKAICHHBIMU
npeameramMu. OO00XOKEHHOE MECTO Hajo o0paboTaTh NMPHUMOYKOM H3
pacTBOpa MEpMaHTraHaTa Kajvs WIA 3TWIOBOro cnupta. [Ipu cuibHBIX
0’KOrax MOCTPaJABIIEr0 HEOOXOAUMO HAMPABUTH B MOJUKINHUKY.

2. Xumuueckue o0xcozu 00pa3yroTCsl MpHU TOMAJAHUU Ha KOXY
KHUCJIOTHI, 1IeJI04H, Opoma, peHoa u JIp.

[Ipu momajianuy Ha KOXKY KUCJIOT U IIeJIo4ell HeoOX0auMO Mpo-
MBITh TTIOPAKEHHOE MECTO OOJIBIITUM KOJUUYECTBOM BOBI. 3aTeM, €CIlU
Ha KOXY IoIajia Kucjiaora, oopadorats 3-5% pacTBopoM ruapokapoo-
HaTa HaTpus (COJbl), @ B CIy4ae Momnajaanus menoyu — 1% pactBopom
OpTOOOPHOM MJIM YKCYCHOM KHCIJIOTHI. B TOM M Jipyrom ciydae mopa-
YKEHHOE MECTO HAJI0 CMa3aTh Ba3€JIMHOM U NEPEBS3aTh.

[lpy momajiaHuy KHUCIOTHI B IJ1a3a HEOOXOJIMMO MPOMBITh UX
OOJIBIIIMM KOJUYECTBOM BOJbI, 3aT€M pa30aBICHHBIM PACTBOPOM CO-
IIbl, JaJiee — CHOBA BOJIOM M HANPaBHUTh MOCTPANABILIETO B MOJUKIU-
HUKY.

Ecnu B rnasza momajia 1ieinoyb, HEOOXOIUMO Cpa3y K€ MPOMBIThH
UX OOJIBIIIMM KOJIMYECTBOM BOJIbI, 3aTEM HACBIIIEHHBIM PacTBOPOM
OOpHOM KHCJIOTHI, TIOCJIE YEro BIYCTUTh KaIlIl0 KaCTOPOBOTO Macia.
[TocTpanaBiiero HEOOXOAUMO TaK)KE€ HAIPABUTh K Bpady.

3. Ilpu nonadanuu Kucnom u wienoueil Ha 00excdy HEOOXo-
JTUMO TKaHb Cpa3y IMPOMBITH OOJBIITUM KOJHUYECTBOM BOJbI, MOCIIE
3TOr0 — 3-5% pacTBOPOM COJIbI (B ciiydae Mmornajianust KuciaoT) win 1%
PacTBOPOM YKCYCHOM KHUCJIOTHI (€CIIH ToIasa Iea04b ).

4. Ilope3vt pyk cmexkniom TPOMBIBAIOT CUJIBHOW CTpyeWl BOJbI,
YAQISIOT U3 PaHbl OCKOJIKM CTEKJIa, 3aJIMBAIOT paHy CIIUPTOBBIM PACTBO-
POM 0of1a U TIEPEBSAZBIBAIOT CTEPUIIbLHBIM OMHTOM. Eciii paHeHue CUllb-
HOE, TTOCTPaJIaBIIIeT0 HEOOXOIUMO HAPaBUTh K Bpady.




®OPMA 3AIIUCHU OTUYETA
O NIPOJAEJAHHOHN JIABOPATOPHOU PABOTE

JlaGopatopnast pabota Ne

1. Jlara: « »

2. Tema: « »

3. OnbiT Ne . HazBanue ornbiTa.

4. Onucanue nocredogamenvHocmu 000AGIEHUS PeaKmMUsos u
VCI08Ul ONbIMA.

5. Habnrooenus (uzmernenue okpacku, oopazosanue ocaokd, 6bi-
OeleHue Ny3bIPbKO8 2d3a, pazozpesanue u m.o.).

6. Ypasnenus npomexarowux peaxyuii.

7. BBIBOIBI.

8. BeInmoyiHeHUE 3a1aHUM.




I'nasa 1. OCHOBHBIE ITOHATUSA U 3AKOHbBI
XUMHUN

1.1. OcHOBHBIC XUMHUYCCKHE MOHATHS

Amom — CTpYKTypHas €IMHUIIA BEIIECTBA, HAMMEHbBIIIAs YacTHUIIa,
o0Jasaroiias XMMUYECKUMU CBOMCTBAMU OIPEICTICHHOTO XUMUYECKOTO
AIIEMEHTA. ATOM SIBJISIETCS DJIEKTPOHEUTPAIbHOW YaCTHUIIEH, COCTOSIIEH
U3 TOJIOKUTEIILHO 3apsDKEHHOTO siipa U OTPUIATENIBHO 3apsiKEHHOM
AIIEKTPOHHOHN 00O0JIOUKH.

Monekyna — HaMEHbBITIAs YaCcTUIIA BEIIECTBa, 00Jamaromas Xu-
MUYECKUMH CBOMCTBAMU JIAHHOTO BEIIIECTBA.

Xumuyeckuil 31emenm — BUJl aTOMOB C OJIMHAKOBBIM 3apsiioM
aapa.

Ilpocmoe eeuwyecmeo COCTOUT M3 aTOMOB OJTHOTO XHMHUYECKOTO
anmemenTa. [Ipumepsr npocteix BemecTB: Na, Cu, C, Zn, Hy, Oy, O3, Ny,
Fo, Clg, Br,, I,.

Cnosicroe seugecmeo (coeourenue) COCTOUT U3 aTOMOB HECKOJIb-
KHX XUMHUYECKHX 3JIeMeHTOB, Hanpumep: H,SO,4, H,0O, C,HsOH.

Banenmnocms — onpeieieHHOE YUCIO XMMUYECKUX CBA3CH JIaH-
HOT'O aTOMa C aTOMaMu JIPYTHUX JJIEMEHTOB.

Amomnan eounuua maccot (a. €. M.) — 310 1/12 gacTh Macchl
aToma U30TOoNa yriepoia c, paBHas 1.6605655-10* .

Omnocumenvhas amomuas macca (A;) — Macca aroma, BbIpa-
JKEHHAs B a. €. M.

Ommnocumenvnasa monexynapnas macca (M) — macca MOJEKYJIbI,
BBIpaKEHHAs B a. €. M., paBHa CyMM€ OTHOCHTEJIbHBIX aTOMHBIX MaccC
BCEX aTOMOB, BXOJISIIIUX B COCTaB MOJICKYJIbI.

Konuuecmeo eewecmea (V) — BeaW4MHA, BhIpaXkaromias YHCIIO
CTPYKTYPHBIX €AUHUI] (ATOMOB, MOJIEKYJI, HOHOB) BEIIIECTRA.

Monp — enuHWIIa KOJIUYECTBA BEIIECTBA, | MOJIb paBEH UYUCITY
CTPYKTYPHBIX €AUHUIL B 12 r n3oTomna yriepoaa c.

Yucno A602adpo — 9vciio CTPYKTYPHBIX €OUHUIL B 1 MOJIb BelIe-
crBa, Na= 6,02:10% moms ™.

Monapnaa macca (M) — macca OJJHOTO MOJIb BEIIECTBA, BbIpa-
YKEHHAasl B CTaHJAAPTHBIX €AMHUIIAX Macchl (I/Moiib). MonsipHas macca,
BBIpa)KEHHAs! B T/MOJIb, YHCJICHHO COBIIaJIa€T C OTHOCUTEIHLHON MoOJIe-
KYJISIPHOU MAaCCOW.



Monsapuwtit 06vem (Vy,) — 3T0 00bEM, KOTOPBIN 3aHUMAET 1MOJIb
BEIICCTBA IIPH JAHHBIX YCIOBHAX. IIpyH HOpMaNbHBIX YCIOBHUAX (TEM-
neparypa 0°C (273K), maBnenue latm (101,3kIla)) Imoab mo6oro
rasa saHumMmaeT oobeMm 22,417.

KonuyecTBo BemiecTBa MOXHO paccUUTaTh, MCHOJB3Ys CIEIy-
IOIIE COOTHOIICHHMS:

m V N

MV, N/

r7ie m — mMacca BeliecTBa; M — MoisipHas Macca BelecTBa; V — o0beM
BelecTBa; Vi, — MoJisipHbI 00beM BeriecTBa; N — o0liiee 4nciio CTpyK-
TYpHBIX "acTull Bemiecta; N, — uucio ABoraapo.

Xumuueckum IK6UBAICHMOM HA3BIBAIOT PEATbHYIO WJIH YCJIOB-
HYIO YaCTHIly BEIIECTBa, KOTOpas B KUCIOTHO-OCHOBHBIX B3aWMOJICH-
CTBHSIX CITIOCOOHA MPUCOEAUHUTD, 3aMECTUTh WIIA BHITECHUTH OJUH aTOM
BOJIOPOJIa, @ B OKHUCITMTEILHO-BOCCTAHOBHUTEIBHBIX PEAKITUSIX — IPHUCO-
CIMHUTH WA OTJIATh OJIUH JICKTPOH.

Monsapuas macca sxeusanenma (M) — 5ToO Macca OJHOTO MOJIb
XMMHYECKOTO SKBUBAJICHTA BellecTBa. MoJsipHas Macca SKBHBAJICHTA
MOXKET COCTaBJISITh HEKOTOPYIO IO OT MOJISIPHOM MacChl JTaHHOTO
BEIIECTBA!

v

M3=M'f3KB’

rae f, - hakTop sKBHBaNEHTHOCTH.

Daxkmop IK6ueaIeHmHOCmMU — 3TO YUCIIO, ITIOKa3bIBaOIIEE, Ka-
Kas J0JIs PeaJbHOM 4YacTHUIbl JKBUBAJIEHTHA OJHOMY KATHOHY BOJIO-
poZia B JTaHHOW KUCJIOTHO-OCHOBHOM PEAKLUU WIIA OJHOMY JJIEKTPOHY
B JIAaHHOM OKHUCIIUTEIbHO-BOCCTAHOBUTEIILHON PEAKIIUU.

B oTnnyue oT MOJNSIpHOM MacChl, MOJISIPHAsi Macca SKBUBAJIEHTA
JUI TaHHOTO BEILECTBA HE IMOCTOSIHHA, d 3aBUCUT OT KOHKPETHOU pe-
aKIMY, B KOTOPOM y4acTBYET 3TO BellecTBO. Hanmpumep, B KMCIOTHO-
OCHOBHOM PEaKLHUMU:

H,SO, + NaOH = NaHSO,4 + H,0

DKBHUBAJICHTOM CEPHOU KHUCJIOTHI SIBJISAETCA peajbHas YacTULAa — MOJIe-
KyJIa CEpHOU KUCIIOTHI. DPAKTOP SKBUBAIEHTHOCTH ISl CEPHOM KHCIIO-
THI paBeH 1.

B KHCIOTHO-OCHOBHOU PEaKIIUN:
H,SO, + 2NaOH = Na,SO, + 2H,0

9



SKBHUBAJICHTOM CEPHOM KHUCJIOTHI SBIACTCA YCIOBHAS 4acTUIlA — /2 MO-
JIEKYJIbl CEPHOU KUCIOThI. DAKTOP 3KBUBAJIEHTHOCTH JJISI CEPHOM KHC-
JIOTHI PABEH V5.

Takum o0pa3zom, sl KUCIOT (PaKTOP SKBHUBAJICHTHOCTU PABEH
E€OVHULE, JEJICHHOM HA YMCIO KATUOHOB BOAOPOJA M3 COCTABA KaxK-
JIOW MOJIEKYJIbI KUCJIOThI, YYaCTBYIOIINX B PEAKIIHHU.

Jlnst ocHOBaHU (DaKTOp PKBUBAJCHTHOCTH PaBEH €IMHUIIE, Jie-
JIEHHOW Ha YMCJIO TUAPOKCHUII-MOHOB OCHOBAHWs, BCTYIAIOIIUX B pe-
aKIHIO.

Jlnst coneit pakTop PKBUBAJICHTHOCTH PaBEH €IMHUIIC, JCJICHHOMN
Ha MPOMU3BEJCHHUE YKCIIA KATUOHOB (AaHMOHOB) M HMX 3apsija, B3sITOTO
0 MOJIYJIIO.

B oxucnnTenbHO-BOCCTAHOBUTEIBHON PEAKIIUAMN:

Cu + 2H,S0,4 = CuSO,4 + SO, + 2H,0
SKBHUBAJICHTOM CEPHOM KHUCJIOTHI ABJSECTCSA YCIOBHAS YaCTHUIIA — Y2 MO-
JIEKYJIbl CEPHOM KHUCJIOThI, TaK KaK cepa U3 CTEICHU OKHUCICHUSA +6
BOCCTAHABJIMBACTCS 10 CTEIIEHU OKUCIEHUS +4, MpuHUMas 2 3IEKTPO-
Ha. DakTOp 3KBUBAJIEHTHOCTH JJIs CEPHOM KUCIIOTHI PABEH 2.

Takum 00pa3oM, B OKHCIUTEILHO-BOCCTAHOBUTEIILHBIX PEAKIIUSIX
(bakTop PKBHUBAJICHTHOCTU OKUCIHUTENICH paBeH €IUHUIIE, JACJICHHOW Ha
YUCJIO TIPUHSATHIX JICKTPOHOB, a (PAKTOP SKBUBAJIEHTHOCTH BOCCTAaHOBH-
TEJIEW — €AUHMIIEC, JICJICHHOW HA YUCIIO OTJAHHBIX JIEKTPOHOB.

1.2. 3aKOHBI XUMUH

K OCHOBHBIM 3aKOHaM XUMHUU OTHOCSIT:
1. 3akon coxpanenus maccel (M. B. JlomoHocos, A. JlaByasne):

Macca BemecTB, BCTYNUBIIMX B Peaknui0 paBHA macce 00-
pa3ylolmnxcs BellecTB.

2. 3axon nocmoancmea cocmasa (K. Ilpycr):

Bce coenuHeHMsI UMEOT NMOCTOSIHHbIA XMMHYECKHH COCTAaB,
HE3aBMCHMO OT CI0C00a M YCJIOBHUIM MOJyYCHHUS.

B [1€MCTBUTENBHOCTH COCTAB HEKOTOPBIX COCIMHEHUM MOMKET KO-
ae0aThCsd B ONpPEJENICHHBIX Mpejeax, TaKhe BeIleCcTBa Ha3bIBAIOT
oepmonnudoamu (Vog-130; MNnOy4). CocTaB OONBIIMHCTBA COEIUHE-
HUM CTPOTO COOTBETCTBYET TpeboBaHUAM 3akoHa IIpycra, Takue co-
eIMHECHUS HA3bIBAIOT OA/1bMOHUOAMU.
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3. 3akon xumuueckux rxkeusanrenmos (K. Bennenn, U. Puxrtep):

BemecTBa pearupyror apyr ¢ ApyroM B 3KBUBAJICHTHBIX KO-
JINYeCTBAX.

CuneacrtBue: Macchl BEIIECTB, BCTYNUBIINX B PEAKIIHIO, OTHOCSTCS
JIPYT K IPYTy KaK MOJIIPHBIE MACChI UX DKBUBAJICHTOB:

my My
m,; My,

4. 3axkon Asozaopo (A. ABoraapo):

B PaBHBIX o0beMax ra3os IIPA OJIMHAKOBLIX YC/JI0BHAX CO-
JACPKUTCHA OAUHAKOBOEC YUCJI0 MOJICKYJI.

Ciencrus:
1) Ilpwu H.y. MonsipHbIi 00beM (V) Tr000ro raza pasex 22,4 .

2) MomsipHas macca ra3a (G; paBHa MPOW3BEACHHUIO €r0 OTHOCHTEIILHOM
IUIOTHOCTH TI0 JipyroMy razy DG,(G;) Ha MossipHyro Maccy rasa Go:

M(G1) - DGZ(Gl) | M(Gz)

5. Ilepuoouueckuii 3axon (J1. 1. Mennenees 1869 r.):

CBoliCTBa XHUMHMYECKHMX JIEMEHTOB W 00pa3syeMbIX MMHU IPO-
CTBIX M CJIOKHBIX BEHIECTB HAXOASATCS B MEPUOINMYECKON 3aBUCHUMO-
CTH OT 3apsijia si/ipa UX aTOMOB.

Ocob6ennocth Ilepumoanveckoro 3akoHa cpenu Apyrux ¢yHua-
MEHTAJIBHBIX 3aKOHOB 3aKJIFOYAETCS] B TOM, YTO OH HE UMEET BbIpaxke-
HUS B BUJIE MAaTEMaTHYECKOTO YpaBHECHUS.

I'padrueckum (TaOIMYHBIM) BBIpAKEHUEM 3aKOHA SIBJISIETCS pas-
paboTaHHass MeHIeNeeBbIM TEPUOINYECKAs CHCTEMA XUMHUYECKHUX
HJIIEMEHTOB.
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I'maBa 2. OCHOBHBIE KJIACCbI
HEOPTAHUYECKUX COEAJUHEHUU

2.1. OKCUbI

OKcuobl - CIOXHBIC BEIIECTBA, COCTOSINUE M3 IBYX DIIEMEHTOB,
OJTHUM U3 KOTOPBIX SBIIACTCS KHUCIOPO/ B CTEIICHH OKUCIICHUS —2.

Oxcuabl, I KOTOPBIX HE CYIIESCTBYET COOTBETCTBYIOIIUX CO-
Je#, Ha3LIBAIOT Hecoeoopasyowumu. Takux OKCHIOB HEMHOIO, K
uum otHocarcsa: NO, N,O, CO, SiO.

Oxcu/ibl, KOTOPBIC 00Pa3yIOT pa3IudHbIe COJIU, Ha3bIBAIOTCS CO-
saeoopazyrouwumu. Coieo0pa3yroIIre OKCHUIbI, B 3aBHCHMOCTH OT
IOPOSIBIIIEMBIX MMM XUMUYECKHUX CBOMCTB, IEISATCS HA: OCHOBHbIE,
KUciomuwle, amgpomepnole.

CnocoObl mos1y4eHusi OKCU/10B

1. Okucnenue npocmolx eeujecms:.
2Mg + O, — 2MgO
S+ 02 — SOZ
2. Tepmuueckoe paznodicenue CL0HCHLIX BeUeCmS.

2AI(OH)s & ALOs + 3H0
H>Si03 = Si0s + HhO
CaCOs — CaO + COxt

3. Okucnenue ciloxcHbix seuecms.
CH4 + 202 — C02 + 2H20

XuMH4YeCKHe CBOMCTBA OKCUIOB

1) Ocnosnble okcudbl — TO OKCHUIBI, B3aUMOJICHCTBYIOIINE C
KUCJIOTaMU ¢ oOpa3zoBaHueM cojieil. K HUM OTHOCSTCS Npeumyiie-
CTBEHHO OKCHJbI METAJUIOB CO CTENEHBIO OKUCIeHUs +1 u +2 (pexe
+3). Hanpumep: Na,O, CaO, MgO, FeO, La,0s.

OCHOBHBIE OKCHJIBI B3aUMOJICHCTBYIOT:
1. C 8o0oti, eciu obpazyromes pacmeopumvie 8 600€ OCHOBAHUSL.
Na,O + H,0 — 2NaOH
BaO + H,O — Ba(OH)2

2. C kucnomamu, oo6pa3sys cojb u 800Yy:

Ca0O + 2HCI — CaCl, + H,0
12



3. C kucromuvimu u amgomepHvimu OKCUOaAMU, 00pasys cou.

CaO + SO; — CaSO,
MgO + ZnO 5 MgzZnO,

2) Kucnommnsle okcuodbt — 3TO OKCHIBI, B3aMMOJICHCTBYIOIIUE C
OCHOBaHHSMHU ¢ 00pazoBaHHueM coJie. K HUM OTHOCSTCS BCE OKCHIBI
HEMETAJJIOB (32 UCKIIFOUEHUEM HECOJICO0PA3yIOIINX ), & TAKKE OKCHUJIBI
METAaJJIOB B CTeNeHU okucieHus +5 u Boime. Hanpumep: CO,, SiO,,

P,Os, SO;, CrO3, Mn,0-.

KucnoTHbie OKCHIBI B3aUMOIEMCTBYIOT:
1. C 6o0oii, ecau obpasyromes pacmeopumobie 8 600€ KUCIOMbL.

SO, + H,O — H,S03
CrO3+ H,0O — H,CrO,
2. C ocnosanusmu, obpasys coiv u 800Yy:.
CO;,+ 2KOH — K,CO3+ H,0

3. C ocnosnvimu u amgpomepuvimu okcuoamu, 00pasys couu:
C02 + CaO — CﬁCOg
3505+ Fe,0; — Feg(SO4)3

3) Amgpomepnvie okcuodbl — 3TO OKCHUBI, B3aUMOJICHCTBYIOIIIHE
HE TOJIBKO C KMCJIOTaMH, HO U C OCHOBaHUSIMH C 00pa30BaHUEM COJIECH.
K HEM OTHOCATCS OKCHABI METAJIJIOB CO CTCIICHBIO OKUCIICHUS +2, +3,

+4. Harmpumep: Zn0O, BeO, PbO, Al,03, Fe,03, SnO..
AmpoTepHbIe OKCHUIBI B3aMMOCHCTBYIOT:

1. C ocHoBHBIMU U KUCTOMHBIMU OKCUOAMU, 0OPA3YSL COJIU.
Zn0O + Na,O — Na,ZnO,
ALO; + 3Si0, L5 Al,(SiO5)s
2. C kucnomamu, oo6pa3zysi coib u 800y
Zn0O + 2HNO; — Zn(N03)2 + H,0
3. C ocnosanuamu.
a) npu CniaeIeHul.

AlLO; + 2NaOH -5 2NaAlO, + H,0
Zno + 2KOH £ K,Zn0, + H,0
0) 6 pacmeope:
ZnO + 2NaOH + H,0O — Nay[Zn(OH),]
Al,O; + 2NaOH + 3H,0 — Na[Al(OH),]
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2.2. OCHOBAHUA U AM®OTEPHBIE THIPOKCHUIbI

T'uopoxcuodsl — >TO CIOXHBIC BEIIECTBA, KOTOPHIE MOTYT OBITh
MIPE/ICTABIICHBI KaK COCIMHEHUS OKCUJIOB C BOJIOM.

K ruzmpokcunam OTHOCSTCS OCHOBAHUSA, aM@omepHble SUOPOKCU-
Obl U KUCTIOPOOCcoOepacaujue KUCaioml.

Ocnoeanusa — 3TO TUAPOKCHUJIBI, B3aUMOJICUCTBYIOIIHNE C KUCIIO-
TamMu ¢ oOpazoBaHueM cosieil. O01ue CBOMCTBa OCHOBaHUN 00YCIIOB-
JIeHBI IPUCYTCTBHEM rHApokcHa-anuoHoB (OH ) B pacTBOpe.

Il]enouu — pacTBOpUMBIE B BOJI€ CUJIbHbIE OCHOBaHMsA. K HuM
OTHOCSITCS THAPOKCHUIBI HMIETOYHBIX U HIETOYHO3EMEIbHBIX METAJIOB
(a taxxe Tamums(l)). F'uapokcun ammonns (NH4OH) — pactBoprumoe B
BOJIE, HO c11a00€ OCHOBAHME, MOATOMY K LIEJI0YaM HE OTHOCHUTCA.

Cnoco0bl mosiy4eHusi THAPOKCH/I0B

1. Dnexmpoauz 600HbIX pacmeopos coell.
2NaCl + 2H,0—2FEP2TE 5 H 1T+2NaOH + CI,T
KaToz(-) anon(+)
2. Bzaumooeticmsaue wenounvix u weiouHo3emMerbHbIX Memaios
U UX OKCUOOB C BOOOI.
2Na + 2H,0 — 2NaOH + HZT
CaO + H,0 — Ca(OH),
3. Bzaumooeticmsue conu co ujeaiousio.
a) ¢ obpazosanuem MaiopacmeopuUMou Cou.
Na,SO, + Ba(OH), — BaSO,| + 2NaOH
0) ¢ obpazosaruem MaropacmeopumMo20 OCHOBAHUSL.
FeSO, + 2 NaOH — Fe(OH),4 + Na,SO,

XHUMHYECKHE CBOMCTBA OCHOBAHUM

1. Dnekmporumuueckas ouccoyuayusi OCHOBAHULL.

Yucno rugpokcorpymn B GopMyJsie OCHOBaHHUSI Ha3bIBalOT KHUC-
JIOTHOCTBI. UHCIIO CTYIIEHEW AUCCOLMAIMU OIPEACIISIETCA BEINYHU-
HOM KUCJIOTHOCTH OCHOBAHUS:

Oonokucinomnuoe: NaOH = Na" + OH~

Jleyxkuciomnoe: | crynenp: Mg(OH), = MgOH™ + OH~
Il crynmens: Mg(OH), = Mg** + OH"
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CreneHb TUCCOLMAILIUM 110 BTOPOW CTYIEHU 3HAUYUTEIHLHO MEHb-
e, YeM IO MEePBO. ITO OOBICHIETCS TE€M, YTO, OTPBIB THIAPOKCH-
aHWMOHA OT HeHhTpanmbHON Mosekynsl MQ(OH), TpeOyeT 3HAYMTEIBLHO
MEHBIINX 3aTPAT SHEPTUHM, UeM OTPHIB €ro oT kaTnona MgOH",

['mapokcu1-aHMOHBI BO3JICUCTBYIOT Ha PACTBOPHI MHAUKATOPOB
U U3MEHSIIOT UX OKPacKy: ¢gheHogpmaneun npuoOpeTacT MaluUHOBbLL
LBET; AAKMYC — CUHUL; MEMUIOPAHIC — IHCENMDILL,

2. Bzaumooeticmsue ¢ KUCTOMHLIMU U AMBOMEPHbIMU OKCUOAMU.
2KOH + SO3 — K,S0,4+ H,0
npu cnjiasjileHuy NaZPbOZ n HZO
~="—> Nap[Pb(OH),]

3. Bzaumooeticmaue ¢ amgomeprvimu 2UOPOKCUOAMU.

npu Cl’l]lClG]leHllek KCr02 + 2H20
8 pacmeope K3[Cr(OH)6]
4. Bzaumooeiicmeue ¢ kucromamu (peakyus Heumpanu3ayuu).
2NaOH + H,SO, — Na,S0O, + 2H,0
5. Bzaumooeticmeue ¢ consamu.
a) ¢ 0OpazosarUem MAalOPACMEBOPUMOU CONU.
3Ca(OH)2 + 2K3PO4 — Cag(PO4)2l + 6KOH
0) C obpazosaHuem Maropacmeopumoco 2uOPOKCUoQ.
6KOH + Feg(SO4)3 — ZFE(OH)gl + 3K,S0O,

6. Tepmuueckoe pasznodicerue
(Kpome 2UOpoOKCUO08 WEeNOUHbIX MEMAN08):
o

Cu(OH), 5 Cu0 + H,0

7. Bzaumooeticmaue c memannamu.

PactBOphI 1mIemoyel B3aUMOIEUCTBYIOT C HEKOTOPBIMU W3 Me-
TaJIJIOB, MPOSBISIONIMX B CBOUX COCAMHEHUSIX aM(POTEpPHBIC CBOU-
ctBa (Be, Zn, Al, Sn u ap.), ¢ BeIAEIEHUEM BOAOpOJa U 00pa3oBa-
HHUEM KOMIUIEKCHOU COJIM:

2NaOH + Zn + 2H,0 — Na,[Zn(OH)4] + H,1

Amepomepuvie 2udpokcudvl — 3TO TUAPOKCHU]IBI, B3aNUMO/ICH-
CTBYIOIIIME HE TOJIBKO C KMCJIOTaMH, HO M C OCHOBaHUSMU ¢ 00pa3oBa-
HUEeM cojie. AMQOTepHBIC THIPOKCHUIBI SBISIOTCSA CIA0ObIMU DJIeK-

2NaOH + PbO —

KOH + Cr(OH); —
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TPOJINTAMM JIBOMCTBEHHOM mpUponabl (am@onrumamu), TO €CTh CIO-
COOHBI JTMCCOIMMPOBATh W KaK OCHOBaHHWE, 00Opa3ys THIAPOKCH/I-
AHUOHBI U KATHOHBI OCHOBHOI'O OCTaTKa, U KaK KHUCJIOThI, 00pa3ys Ka-
THOHBI BOJOPOIa M AHMOHBI KMCJIIOTHOI'O OCTaTKa:

[AI(OH) 5],
+H,0 \LT
2
H* +[AI(OH) ,]” & [A(OH),] ... & AI*" +30H"
HpaKTI/IIIeCKI/I BCC aM(I)OTepHBIe T'uAPOKCHUAbI MaJIOPpaCTBOPHUMEI.
HOBTOMy CIIOCOOOM HX IMOJYUYCHHUA ABJIACTCA B3aMMOJICMCTBUE COJIU

COOTBCTCTBYHOIICI'O 3JICMCHTA CO IICJIIOYBIO, ITPOTCKAOUICE C O6p2130-
BAaHHUCM OCadKa aM(l)OTepHOFO T'MApOKCHIA:

ZnS0O, + 2KOH — K,S0O,4 + Zn(OH),4
A|2(804)3 + 6NaOH — 3Na,SO, + 2A|(OH)3\L

pactB

XuMu4yeckne cBOMCTBAa aM(pOTEPHBIX THAPOKCUHTIOB

1. B3aumooeticmeue ¢ KUCTOMHBIMU OKCUOAMU.:
Be(OH), + CO, — BeCO3 + H,0O
2. Bzaumooeticmeue ¢ kucromamu.
Be(OH), + 2HCI — BeCl, + 2H,0

3. Bzaumooeticmsue ¢ 0CHOBHbIMU OKCUOAMU
a) TIPY CIIJIABJICHUU:

Be(OH), + Na,O - Na,BeO, + H,0
0) B pacTBOpE:
Be(OH)2 + Na,O + H,O — Naz[Be(OH)4]

4. Bzaumooeticmsue co ujeio4amu.
a) npu cnaasIeHUU’

Be(OH), + 2NaOH -5 Na,BeO, + 2H,0
0) 6 pacmsope:
BE(OH)Z + 2NaOH — Nag[Be(OH)4]

5. Tepmuueckoe pa3noxKeHUe:
Be(OH), 5> BeO + H,0
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2.3. KUCJIOTBI

Kucnompwt — 3T0 CI10XKHEIE BCIICCTBA, B MOJICKYJIaX KOTOPBIX CO-

JepKaTCsl aTOMbI BOJIOPOJa, CIIOCOOHBIE 3aMellaThCsl Ha aTOMbI Me-
Tajuia. Bce KUCIOTHI ABISIFOTCS BJICKTPOJIUATAMU, MPU JUCCOLUAALINU
KOTOPBIX B KAYE€CTBE KAaTUOHOB 00Pa3yrOTCs TOJbKO KaTUOHBI BOJOPO-
na (H+). MMEHHO KaTHOHBI BOJIOPOJA SIBJISIFOTCS HOCHUTEISIMH OOIIMX
CBOMCTB KHUCIHOT.

CnocoOblI mosiy4eHusi KMCJIO0T

1. beckucnopoomnvie Kuciomosl 00pazyOmMcs nNpu B3aumooeli-
CMeuu 6000p00a ¢ HeMemaniiamu:
C|2 + Hg — 2HC|

2. Bzaumooeticmeue xuciomuvix okcuoos ¢ 8000t (eciu obpasy-
emcs pacmeopumas 8 800e KUCioma,):

SOg + H20 — H2804
3. Bzaumooeiticmsue kuciom c conamu.
a) C 0bpazosaruem MaiopacmeopuUMou Colu.

H,SO, + BaC|2 — BaSO4l + 2HCI
0) ¢ obpazosanuem MaiopacmeopumMou, HeCmouKou Uiy Jjiemy-
yeu KUCI0maul.
2HCI + NﬂgSiOg — H28|03l + 2NaCl
2HCI + K,S — H,S1 + 2KCI

B) Oelicmeue KOHYEHMPUPOBAHHOU CEePHOU KUCIOMbL HA CyXue
COJIU JIeMYYUX KUCIOM NPU HACPEBAHULL:

H,SO, + 2KNO,——K_,SO, + 2HNO, 1
H,SO, + 2NaCl—-—Na,SO, + 2HCI 1

XHUMHYECKHE CBOMCTBA KHUCJIOT

1. Dnekmporumuueckas ouccoyuayusi KUCIOM.
OCHOBHOCTBH KHCJIOT ONPEAECTIETCS YUCIOM KaTHOHOB BOJIOPO-

71a, CIIOCOOHBIX MPHU AIEKTPOIUTUUECKON TUCCOIMAIIUUA OTIIETUISITHCS
OT MOJIEKYJIbl KUCJIOThI. B BOJHBIX pacTBOpax KUCIOTHI JUCCOIUUPY-
IOT Ha KaTHOHBI BOJIOPOJIa U aHWUOHBI KUCJIOTHBIX OCTATKOB, MPUYEM
YUCJIO CTYTIEHEW AUCCOLMALINU ONPEIEIISIETCS BEIMYMHON OCHOBHOCTH
KHUCJIOTEL:

Oonoocnosénas. HNO; — H" + NO;~
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Tpexocnosnan: | crynens: HsPO,— H* + H,PO,
Il crynens: H,PO, — H™ + HPO,*
Il crymens: HPO,” = H* + PO,*

OO6pa3ytoiyecs: Mpu JUCCOIMALUA KUCIOT KaTHOHBI BOJIOPOJA
BO3JCUCTBYIOT Ha PACTBOPBI MHIMKATOPOB U U3MEHSAKOT UX OKPACKY:
Memua0pandic OKPAIINBACTCS B PO30680-KPACHBIU 1BET; JIAKMYC — B
KkpacHviti. Denongpmaneun B pacTBOpax KUCIOT OCCIBETEH.

2. Bzaumooeticmeue ¢ memaiamu.

a) OKHCIUTEIbHAsI CIOCOOHOCTh KHUCIIOTHOTO OCTaTKa BhIpakeHa
ciabee, yeM KaTHOHOB Bojopoaa (B3aumozeiicrsue HF, HCI, HBr, HI,
H2SO4(pass) C aKTUBHBIMHM METATLIAMH )

2HCI + Fe — FeCl, + H,?1
H2SO4(pa36) +/7n — ZnS0O, + HzT
0) OKHCJIHMTEIbHAs CIIOCOOHOCTh KHMCIOTHOIO OCTATKA BhIpajkKeHa
cunbHee, 4eM KaTnoHoB Bogopoa (s3aumozencteue HNO3, HySOypcomm
C aKTUBHBIMH 1 MaJIOAKTUBHBIMU METaJLIAMH ):

1) Metamxa + HNO; — nurpar merayia + X + H,O

YCUJICHUC aKTUBHOCTH MCTAJlJId

X = NHg4NO3z, NH3t, Naof, NoOT, NOT, NO1

yBenuuenue kKonnenTpanun HNO;
Harmpumep: 4Mg + 10HNO; (pas6) —> 4Mg(N03)2 + NH;NO3 + 3H,0
Cu + 4HNO4 (korm) — CU(N03)2 + 2N02T+ 2H,0

2) Metana + HySOyomm) — cyabat metamia + X + H,O

X = lHZST ’ Sl: SOZT

YCUIICHUC aKTUBHOCTH
MeTajia

HaHpI/IMep: 4Mg + 5H2804 (xonw) 4MgSO4 + HzST + 4Hzo
Cu+ 2H2304 (koHw) CUSO4+ SOZT'I' 2H20

I(ouueﬂmpupoeanuble azomHas u Cepuasn Kucsiomsl ¢ Xxpomom,
HCEIE30M U ATIOMUHUEM HE e3auM00eﬁcmeylom!
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3. Bzaumooeticmeaue ¢ 0CHOBHbIMU U AMGDOMEPHBIMU OKCUOAMUL'

2HNO; + Ag20 — 2AgN03 + H,O

H,SO, + ZnO — ZnSO,+ H,0O
4. Bzaumooeticmeue ¢ OCHOBAHUAMU U AM@PDOMEPHbIMU SUOPOKCU-
oamu:
2HCI + Ca(OH)2 — CaCl, + 2H,0
3H,S0O, + 2AI(OH); — Al,(SOy4); + 6H,0

5. Bzaumooetlicmaue ¢ consimu.
a) ¢ obpazosanuem MaiopacmeopuUMou Cou.

H,SO, + B&(NOg)Z — BaSO4l + 2HNO;
0) ¢ obpazosaruem crabol KUCIOmol.

2HCI + Na,WO, — H,WO,| + 2NaCl
#COy1

2HCI + K,CO;3 — 2KCl + H,CO;,
NH,0

24. COJIN

Conu — CIIOXHBIE BEIIECTBA, MPEICTABISIIONINE COOOM IIEKTPO-
JIUTHI, TIPU JAUCCOIUAIIMU KOTOPBIX OOpa3yrTCsl KaTHOHBI OCHOBHBIX
OCTaTKOB M aHHOHBI KUCIIOTHBIX OCTaTKOB.

Kanaccudpukauus cosei

] N

cpeoHue cou KUCTIbLE COMUL OCHOBHbLE COJU
NaCI, N&HCOg, B&OHCL
K>SOy, Mg(HSO4)2, (CUOH)ZSO4,
Al(NO3); Ca(H,PO,), Fe(OH):NO3
oeoiuinvle, KOMNJIeKCHbIE COU
CMeulaHHble Colu Na,[Zn(OH),],

Cnoco0bI MOJIy4eHUs CPeTHUX COJIeH

1. Bzaumooevicmaue memanios ¢ Hememaiiami.
2Fe + 3C|2 — 2FeC|3
2. Bzaumooeticmsue memaniog ¢ KUCiomami.
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2HCI+ Zn — ZnCl, + H,?
3Cu + 8HNO; (pas6) —> 3CU(N03)2 + 2NOT+ 4H,0

3. Bzaumooelicmsue memainoe ¢ CoasiMu.

Fe + CuSO, — Cu + FeSO,

4. Bzaumooeticmsue Memaniog ¢ OCHOBAHUAMU (WeouamuL):
2KOH + Al + 10H,0 — K[AI(OH)4(H,0),] + 3H,71
5. Bzaumooeticmeue meaicoy okcuoamu.
a) OCHOBHBIU OKCUO + KUCIOMHBIU OKCUO:
Na,O + SO, — Na2803
0) ocHosublll OKCUO + ampomepHblil OKCUO:.
Kzo + PbO — KszOz
B) KUCTIOMHBLU OKCUO + ampomepHbiil OKCUO.
CO, + BeO — BeCO4
6. Bzaumooeticmeaue oxcudos ¢ KUCIomamu.
a) OCHOBHBIU OKCUO + Kucioma.

CaO + 2HNO; — Cﬁ(NOg)z + H,0
0) amgomepHnwili oxcuo + xucroma.
A|203 + 6HC| — 2A|C|3 + 3H20
B) OCHOBHbII OKCUO + amghomephbiil 2UOPOKCUO:
Na,O + 2Fe(OH); — 2NaFeO, + 3H,0
7. Bzaumooeticmeue ocrnosanuti (uenouetl) ¢ Hememauiamu.
4NaOH(KOHH) + Si — Na4SiO4+ 2H2T
6KOH(KOHH) +4S — 2K28 + KzSzOg + 3H20
8. Bzaumooeticmsue 0CHOBAHUL C OKCUOAMU.
a) ocHoBaHue + KUCIOMHbBIU OKCUO.
Fe(OH)2 + N205 — FE(NOg)Z + Hzo
0) ocHosanue + amgpomepHulli OKCUO:
2KOH +A|203 — 2KA|02 + HZO

B) amgomepHulli 2UOPOKCUO + KUCTOMHBIU OKCUO'
Pb(OH)2 + 803 — PbSO4+ Hzo

9. B3zaumooeticmsue 0CHO8AHUL ¢ KUCIOMAMU.
NaOH + HCI — NaCl + H,0

10. Bzaumooeticmsue oCHOBAHUIL C CONAMU.

6NaOH + Cr2(804)3 — 2Cr(OH)3l + 3Na,S0O,

11. Bzaumooeticmsue conell ¢ HemMemaiiamil.
2Nal + Br, — 2NaBr + |
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12. Bzaumooeticmsue coneti ¢ OKCUOAMU.
FeCO3; + SO3; — FeSO, + CO,1
13. Bzaumooeticmsue coneti ¢ KUCIOMamMu.
BaCl, + H,SO, — BaSO,| + 2HCI
14. Bzaumooeticmaue mexncoy conimu.
CuSO,4 + Na,S — CuS| + Na,SOq,

XuMHYeCKHE CBOMCTBA CPEIHUX COJIeH

1. Dnexmporumuueckasn ouccoyuayus.
NaCl= Na’ + CI~
Ca(HCOs), = Ca*" + 2HCO;

AIOHSO, = AIOH** + SO,*~
2. Bzaumooevicmeue C memaiiamu:

2AUCl; + 3Zn — 2Au + 3ZnCl,
3. Bzaumooeticmeue ¢ kuciomamu:

3C8(N03)2 + 2H3PO4 — Cag(PO4)2l + 2HNO;

4. Bzaumooeticmasue ¢ 0CHOBAHUAMU (Welouamu).
ZnCl, + 2NaOH — Zn(OH),| + 2NaCl
5. Bzaumooelicmsue c conamu:
MgCl, + K,CO; — MgCO3| + 2KCl
Pb(N03)2 + Na,SO, — PbSO4l + 2NaN03

6. Tepmuueckoe pasznodicenue.
a) Ha KUCTOMHbIU U OCHOBHBIU OKCUODL.

MgCOs -5 MgO + CO,?
0) cocmasé npodykmos 3asucum om npupoobl COU.
2KMnO, - K,MnO, + MnO, + O,?
2KC10; 5 2KCl + 30,1
B) mepMuiecKoe paznoxcenue HUmpamoes 3asucum om noaodice-
HUSL Memania 8 psi0y HAnpsA#CeHull.
M Me(NO), + Oyt
M C
L8R > MeOy + NO,t + 0,1
nocne Cu Me + NO,1 + 0,1

NHNO; -5 N,O1 + 2H,0

o

~

MG(NOg)n
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Jlaboparopuas padora Nel

Ceoiicmea 0CHOBHbBIX K1a4CCO8 Heop2aHuuUeCKux COCOUHEHUIL

PeakTUBbBI U IPUHALJIEKHOCTH:

nutpar ceunna (Il), 11. p-p;

Woau Kamus, 1H. p-p;

xnopua xenesa (I11), 11. p-p;
TUOIMAHAT Kaius, 1H. p-p;
Hutpat Bucmyrta (III), 11. p-p;
Hutpar cepedpa (1), 11. p-p;
XJOpua Kanus, 1H. p-p;
rekcaranodeppat (I11) xamus, 11. p-p;
KapOoHat kanus, 1H. p-p; cyabdart xenesza (1), kpucranmmy;
XJIOpUA Kanblys, 1H. p-p; MeTtuiopanx, 0,1% BoaH. p-p.
xJyiopup 6apus, 1H. p-p; O IITaTUB C MAJIBIMH IIPOOUPKAMHU.

COJIIHAsl KUCIIOTA, 1H. p-p;
cepHas KUCIoTa, 1H. p-p;
a30THas KUCIIOTa, 1H. p-p;
TMAPOKCUJ HATpHsl, 1H. p-p;
TMAPOKCUN Kanus, 1H. p-p;
XJIOpUJ Maruus, 1H. p-p;
cynbdar maprasra (1), 11. p-p;
cyiabdaT UMHKa, 1H. p-p;

OnbIT 1. B3aumooeiicmeue coneii co wienouamu

[IpurotroBbTE ABE MPOOUPKHU: B MEPBYIO MMOMECTUTE 3 KaIlIA pac-
TBOpa XJIOpHJAa MarHus; BO BTOPYIO — 3 KaIlJid pacTBoOpa cylbdara
mapranna (I1). B xaxayro npoOupKy J100aBbTe IO KaILIIM PacTBOP
THAPOKCHIA HATPUsI 10 00pa30BaHUs OCAKOB.

3ananmue: Hanmmure ypaBHEHUS pEAKIIUN:

1) x;mopua Maraus ¢ TUAPOKCHIOM HaTpPHS,

2) cynbdata mapranma (I1) ¢ ruagpokcumom HaTpHSL.

Ilpumeuanue:. Ilonyuennvie ocadku 2UOPOKCUOO8 MAHUS U
mapeaunya coxparume 0 npogeoeHus: onblma 2.

OnbIT 2. B3aumooeiicmeue kuciiom u 0OCHOGAHUIL
(Peakuus neumpanuzayuu)

a) Heumpanuzayus weio4u
B npobupky nomectute 5 Karenab pacTBOpa TMIPOKCUAA HATPUS U
1 karumro wHAMKaTOpa MeTwiopawxka. JloO0aBbTe B 3Ty MPOOHPKY IO
KaIuIsiM pacTBOP CEPHOM KUCIIOTHI JI0 U3MEHEHUS OKPACKU MHIUKATOPA.
3aganue: Hanumure ypaBHEHHE PEAKIMU THAPOKCUIA HATPHS
C CEpHOM KHCJIOTOM.
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0) Helimpanuzayus MaiopacmeoPUMbIX OCHOBAHULL
K momy4yennomy B ombiTe 1 0cagKy THAPOKCHAA MarHus J00aBbTE
TI0 KaruIsiM PacTBOP a30THOM KHCJIOTHI, & K OCaJIKy THIPOKCH/IA MapraH-
na (I1) — pacTBop cepHoii kuciotel. Ytro HaOmomaere?
3aganme: Hanmimure ypaBHEHUS peaKIUu:
1) ruppokcua Maruus ¢ a30THOM KUCIOTOM;
2) ruapokcua mapranna (I1) ¢ cepHoi KHCIOTOM.

Onbit 3. Iloayuenue amgpomepuvix 2u0poKcuoo8 u ux
g3aumooeiicmeue ¢ KUCI10mamu u uiei0uamu

B npoOupky nomectute 3 Karid pacTBopa cyibdara 1uHka. Jlo-
0aBbTE B ATy MPOOUPKY IO KAIJISIM PaCTBOP THAPOKCHUAA HATPHUS 10 00-
pazoBanust ocajka. CoaepkuMoe NpoOUpPKHU pasfieuTe Ha Be yacTu. K
OJIHOM U3 HUX J00ABBTE PACTBOP COJISTHOM KUCJIOTHI, a K APYroi — u30bI-
TOK pacTBOpa TMAPOKCU]IA HATPUSA A0 PACTBOPEHHUS OCATKOB.

3aganme: Hannmure ypaBHEHUST pEAKIU:

1) cynbdara muHKa ¢ THAPOKCHIOM HATPHS;

2) THIPOKCHJIA ITMHKA C COJISTHON KHCJIOTOM;

3) ruApOKCHIa IIMHKA C TUAPOKCHIOM HaTpHS.

OnbiT 4. B3aumooeiicmeue coneit ¢ kuciomamu

A) B mpoOupky moMmecTute 5 Kareiab pacTBopa kapboHaTa Ka-
nusi. JlobaBbTe B 3Ty MPOOUPKY MO KAILISIM PACTBOP COJISTHOM KUCIIOTHI.
Yrto "HaOmomaere?

3ananue: Hanumnre ypaBHeHUE peakiiuu KapOoHaTa Kausl C
COJISHOM KHCJIOTOM.

b) K 3 kamisim pacTBopa kapOoHaTa Kaius J00aBbTe 3 Karuid XJIo-
puna kaimpiusi. OCTOPOKHO CIIEMTE PacTBOP HAJl OCAJIAKOM W MOACH-
CTBYHTE Ha 0CaJI0K COJITHOW KUCI0TOM. UTo Habmonaere?

3aganmue: Hannmure ypaBHEHUS pEaKIUM:

1) xapOoHaTa Kaus ¢ XJIOPHUIOM KaJIbITHs;

2) kKapOoHaTa KaJBIHS C COJITHOW KUCIIOTOM.
B) B npoOupky momectuTe 5 Kameinb pacTBOpa XJopuja Oapus W 10
KaIlIsiM 100aBIISITE PACTBOP CEPHOM KHUCIIOTHI 10 O0Opa30BaHUs OCaIKa.

3aganme: Hamuimure ypaBHEHUE peaklMM Xjopuja Oapus ¢
CEPHOU KHUCJIOTOM.
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OnebIT 5. B3aumooeiicmeue coneit ¢ coaamu

B mpoOupky momectute mo 3 Kaljd pacTBOPOB BEIIECTB, COOT-

BETCTBYIOIIUX CXEMaM PEaKIUiA;
1. Pb(NOs), + KI —

FeCl; + KSCN —
FeSO, + K3[F€(CN)G] —
Bi(N03)3+ Kl —
AgNO; + KCI —

3apmanme: Hanumure ypaBHeHus peakuuil. PacctaBbTe K03 du-
[UEHTHL. YKaXKUTE IBET MOJYYECHHBIX OCATKOB.

AR N

YIIPA’KHEHUSA

1. Hanumure dopmyiibl CIEAYIONIUX BEIIECTB: CyJbdaT IUHKA;
okcua xyopa (VII); asornas kuciora; rugpokcua kodambra (11); xmo-
pun rugpokcoxkenesa (I1); mMetacunukaTr anrOMUHUS, [UAHUI Kajlb-
WS, XJIOpHAs KUCJIOTA; TUXPOMAT JIUTHUS;, TUAPOCYJIbPUT Oapusi; HUT-
pat meau (ll); okcua HaTpus; TUXpOMAT HATPUSL; MEPXJIOpaT MarHus,
autput cBuHIa (I1); anerar xene3a (II); kapOoHAT aMMOHUS. Y KaKu-
T€, K KaKOMY KJIaCCy U TUITy OTHOCSITCS 9TH BEIECTRA.

2. C KaKuMHM U3 TIEPEUHCIICHHBIX BEIIECTB OYJIET pearupoBarh Co-
JIsTHasT KUCTIOTA: YTIICKUCTIBINA Ta3, OKCUJ KaJbIHs, CEpHask KHCIIOTa, TH/I-
pOKcHU Oapusi, MarHUii, KapOOHAT KaJlvisl, HUTPAT HATPUsI, MEb, XJIOPHU]T
ruipokcormaka? CocTaBbTe YpaBHEHUS BOZMOXKHBIX PEAKIIHM.

3. C KakuMu M3 TMEPEUYUCIICHHBIX BEIECTB OYyNeT pearupoBath
TUAPOKCUJT HATpUsl: OKCU Kanusi, okeua ¢ocdopa (V), a3oTHas Kuc-
J0Ta, TUAPOKCHUT KaJblius, TUApOKapOoHaT HaTpus, xjaopua meau (11),
rugpokcun xenesa (I11)? CoctaBbTe ypaBHEHUSI BO3MOXHBIX PEaKIU.

4, OcyliecTBUTE CIEIYIONINE TPEBPAILICHUS:

a) Fe — FCClg — FC(?H)g — FG(NOg)g — FGZO;J, — Fez(SO4)3

Ks[Fe(OH)e]
6) Mg —MgS0O, —Mg(OH), — MgCl, — MgCO; — CO,

!
MgO
B) CUC'Z — CU(OH)Q — CuSO,— CuCO3— CuO — CU(N03)2
!
Nax[Cu(OH),]
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5. JIig KaxXJ10ro U3 MPUBEJECHHBIX BEIIECTB: OMPEACIUTE CTere-
HUA OKHMCJICHUSI XMMHYECKUX DJIEMEHTOB; YKAKUATE K KAaKOMY KJIACCy H
TUITy OHU OTHOCSITCS; JANTE HAa3BaHUE; COCTABbTEC YPABHEHUS PEaKIIUi,

XapaKTEPU3YIOIIUE XUMUYECKUE CBOMCTRA.

No DopMyIIbl COETMHEHUI
BapHaHTa

1 HNO; K,O CU(OH)2 Cag(PO4)2

2 Zn0O B&CIZ H2503 Mg(OH)Z

3 ZnS0O, NaOH SO, H,S

4 Ca(O H)2 HCN CU(N 03)2 Fe,04

5 CO, MgO Fe(OH)Z Na,SO3

6 BaO K,SO, HgSlOg Zn(OH)2

7 MgCO; NH,OH Na,O HNO,

8 Fe(OH)3 HMnO, (N H4)QS CO,

9 H,SO, Cr,03 AI(OH)3 Na,SO,
10 A|203 NaCl HC|O3 Ba(OH)g
11 NH4N03 Pb(OH)2 CuO H,CrO,
12 Be(OH)2 H3PO4 CuS0O, AggO
14 P,Os CaCO, HCI Mn(O H)2
15 K,S0O4 Cr(OH)g CaO HC|02

6. CocTaBbTe ypaBHEHHUS peaKUUi MOJTYYSHHs CPEIHUX, KUCIBIX U
OCHOBHBIX COJIE B pe3yJibTaTe B3aMMOJICHCTBUS TUAPOKCUIOB, (hopMy-

JIbl KOTOPBIX MPUBEICHBI B Tabnuile. HazoBuTe 00pazyronmecs cou.

Popmyna Popmyna

No OCHOBaHHE, Ne OCHOBAaHME,

BapuaHTa | aM(pOTEPHBIM | KHCIOTa | BapuaHTa | aM(OTEpHBIN | KUCTOTa

THIPOKCHU]T TUAPOKCH]T

1 Zn(OH), H,CO; 9 Ba(OH), | H;BO;
2 NaOH HsPO, 10 NH,OH H,SO,
3 Cu(OH), HNO; 11 Fe(OH), HBr
4 Al(OH); HCI 12 KOH H,Si03
6 Ni(OH), H,S 14 Fe(OH); HI
7 Mg(OH)Z HngO4 15 Pb(OH)2 HMnO4
8 Cr(OH)g H,SO; 16 I\/In(OH)2 HClOz
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I'maBa 3. XUMHNYECKAA KNHETUKA U
XUMHNYECKOE PABHOBECHE

3.1. XuMHuuyecKkass KHHeTHKA

ITox ckopocmovio xumuueckoii peakyuu MTOHUMAIOT U3MECHEHHUE
KOHIICHTPAIIUM OJHOI'0 U3 pearupyrommx uin o0pa3yroIluxcs B peak-
MM BEUIECTB B €AWHUIY BPEMEHU B E€IUHUIIE PEAKIIMOHHOTO IMPO-
cTpaHcTBa (0O0beMa WM IUIOMIATN MOBEPXHOCTH). XUMHUYECKHE Peak-
1K, TIPOTEKAIOIINE MEXAY BEIIECTBAMU B OJIMHAKOBOM (pa30BOM CO-
CTOSIHUH, HA3bIBAIOT 20MO2EHHbIMU, & B PA3HOM — 2eMepPO2eHHbIMU.

JI711 TOMOTEHHBIX PEAKIUN €IUHUIECH PEAKIIMOHHOTO MPOCTPaH-
CTBA SBJISETCS SIUMHUIIA 00OBEMA (M3 WJIW JT), 1JISI TETePOreHHBIX — €M~
HUIA TUIONIA I TOBEPXHOCTHU pa3jieiia (M2 WIH CMZ). CrnenoBaTeabHO,
JUTSI TOMOTE€HHOU PEAKIIUH:

Av

—+ =
AtV

HOCKOJII)Ky KOJIMYECTBO BCIIECTBA B CAMHHUIIC 00BbEMa COCTaBIIS-
€T MOJIAPHYIO KOHICHTPAIMIO, T. €..

U

c=—,

Vv

TO BBIPAXKCHUC HJISI CKOPOCTHU TOMOI'CHHOM peakurun MOXKHO Hpeo6pa-
30BAaTh.

AcC
vL=1+—
AT
C Brllie npuBeeHHBIE BBIPAXKEHUS CO-
c OTBETCTBYIOT IOHSTHUIO CPEIHEU CKOPOCTHU
2

PEaKINU 3a MPOMEKYTOK BpeMeHU At. 3HAK
«T» OTHOCHUTCS K MPOAYKTaM pEaKUHH, a
3HAK «-» — K P€arcHTaM, TaKk KaKk B XUMH4E-
CKOM MPOILECCE PEArcHThl PaCcCXOMYHOTCS, a
KOHLIEHTPALMS TTPOJYKTOB YBEJIUYUBACTCS.
OOBIYHO CKOPOCTh PEaKIIMU PACCUUTHIBAIOT
[0 W3MEHECHUIO KOHIIEHTPAlMU IPOJIYKTOB, T.K. CKOPOCTh JOJDKHA
OCTaBaTBhCS IMOJIOKUTEILHON BEIINUYNHOM.

l’l L2 L
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3aBUCHMOCTb KOHIIEHTPAIIMU BEIIECCTB B PEAKIIMOHHOM CMECHU OT
BPEMEHHM MpoIecca OMUCHIBACTCS KPUBBIMH, ITOKa3aHHBIMU Ha pHC. 3.
B cocTossHMuM paBHOBECHS KOHIICHTpAllMM BEIIECTB B PEAKIIMOHHOMN
CMECH HE 3aBUCAT OT BpeMeHHU. COCTOSTHUE CUCTEMBI B 3TUX YCIOBHSX
OnpeaesaeTcs 3aKOHaMU TEPMOJIMHAMUKH.

B o06nactu, korjga He JOCTUTHYTO PAaBHOBECHOE COCTOSIHUE CU-
CTEMbI, IPOIIECC OMMCHIBACTCS 3aKOHAMU XUMHUYECKOM KUHETHKH.

& nPOOYKMbl
oonacmo ooacmo
KUHemuKu mMepmMoOUHAMUKU
peazenmul

T

Puc. 3. 3asucumocmo Kkonuenmpayuu eewecms (c)
om eépemenu (t) 0,1 00pamumMoill Xumuueckoil peakyuu

Ha BenuurHy CKOPOCTH XMMHWYECKON PEAKIUM BIHSIOT pa3indy-
HbIe (haKTOPHI:

1. Xumuueckas npupooa peazupyrowjux eeujecms.

2. Konyenmpayus pea2upyomux euiecms.

[ToBhIllIeHNE KOHIEHTPAIIMU PEarupyrommx BeIIeCTB YBEIUYU-
BaeT CKOPOCTh PEAKIINU COTIIACHO 3AKOHY Oelicmeayroujux macc (pu
IIOCTOSIHHOM TeMmIeparype):

CkopocTh XUMMYECKOH peaKkUuu NMPAMO NMPONOPUHOHAIBHA
NPOM3BeIeHUI0 KOHLEHTPAUMH pearupyrouux BellecTB B CTere-
HAAX, PABHBIX UX CTEXHOMETPUYECKUM KOIPPUIIUEHTAM.

Taxk, ecnu Mexy BeniectBamu A u B npoxoaut peakuusi:

aAd + bB = cC,
TO CKOPOCTh PEAKIMHU 0 B JAHHOM MHTEPBAJIC BPEMEHU MOXKET OBITh
3anucaHa Kak:
v =kc?A)c"(B),
rne K — koHCcTaHTa CKOPOCTH, 3aBHCAIIAST OT MPUPOJIBI Pearupyromux
BemiecTB U Temneparypsl; c(A), ¢(B) — koHIIeHTpaIuu peareHToB; a, b
— CTEXHMOMETpUUECKrE KOIPPUIIUECHTHI.
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Hampumep, nia npssMont peakiiuv B3aUMOJCUCTBUsS a30Ta C BO-
nopoaom B razoobpasznoit popme 2N, + 3H, — 2NHj3 BoipakeHue 3a-
KOHA JEUCTBYIOIIMX MAcC UMEET BU/I;

0= k- c?(Ny - c3(Hy).

Eciu B peakiuy y4acTBYIOT TBEpJIbI€ BEIECTBA, TO HA CKOPOCTH
peaKkIu B MEPBYIO ouyepeab OyJIeT BIMITh CTCICHb MX Pa3apoOJIcH-
HOCTH (Qucnepcrhocmit), KOTOPYIO Ha MPAKTHKE YYECTh OUYEHb TPYIHO.
[ToaTOMy, KOHIICHTpAIMI0 TBEPJOTO BEIIECTBA HOPMHUPYIOT U MPH-
PaBHUBAIOT K CAUHUIIC.

Hanpumep, BbIpakeHHE 3aKOHA JCHCTBYIOIIUX MacC IS peak-
muu C (1) + 2H; ) — CHy () nMeer Bua:

v=Kk 'Cz(Hz).

3. Cmenenb oucnepcrocmu euyecms.

B cnydae reTreporeHHOu peakuuyu B3aMMOJCHCTBHUE MEXIY 4Ya-
CTHIIaMU TIPOMCXOJIUT Ha TpaHuIile pasnena ¢asz. [lortomy, yem Gonblie
TJIOIIA (b TPAHUIIbI pa3jiesia, TEM BBIIIE CKOPOCTh PEaKITUH.

4, Temnepamypa.

Bnusaue temnepatypsl B uatepaie ot 0 1o 400°C Ha cKOpOCTh
XUMHUYECKOMN peakiuu onpeaensercs npasuiom Baum-I'ogga:.

IIpu noBbIlIeHUH TeMIEpPaTypbl Ha Kaxabie 10° ckopocTh

00JILIIMHCTBA XUMHUYECKHUX PeaKkluid Bo3pacraert B 2 — 4 pa3a:
U_E — }/ 10
L?'l E
rJie Y — TeMIEepaTypHbld KOA((UIIMEHT CKOPOCTH PEaKlUu, VU, — CKO-
POCTh peakiuu rpu remneparype T, V1 — CKOPOCTb PEAKIUHU [PU TEMIIE-
parype Ty, tie T, > T;. Bennuuna y 3aBUCUT OT IPUPOIBI PEArUPYIOIIUX
BELLIECTB.

[IpyunHOM BIMSHHUS TEMIEPATYpPbl Ha CKOPOCTh XUMHYECKOU
pEaKIUU SIBIAETCS YBEIMUCHUE YUCIIA MOJIEKYJI, 001adarolnX MOBHI-
IICHHOW CKOPOCTBIO, a, CJIEIOBATEIbHO, SHEPrUeu. UeM BbIlIE dHEP-
T'Usl MOJIEKYJ, TeM OOJIBIIIE BEPOSITHOCTh CTOJIKHOBEHUM MOJIEKYJI pea-
TE€HTOB, IPOTEKAIOIIUX C PA3pbIBOM XUMUUYECKUX CBA3EU, TO €CTh BbI-
1€ CKOPOCTh PEAKIIUHU.
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B mmpokom nuanazoHe Temieparyp 3aBUCHUMOCTh CKOPOCTH pe-
akuu (0oJiee TOYHO — KOHCTAHThI CKOPOCTH) OT TEMIIepaTyphbl BbIpa-
XKaeTcs ypasnenuem Appenuyca.

[IBenckuit xumuk CpaHte AppeHuyc B 1884r., uccnenysa pas-
JUYHBIE XUMUYECKUE MPOLECCH], MOJYyYUJI YPAaBHEHHE 3aBUCHMOCTH
KOHCTaHTbI CKOPOCTH OT TEMIIEPaTypHhl:

Ed

k= A4-e &

rae A — NpeI3KCIOHEHIIMAIIBHBIN MHOXHUTEND, XapAKTEPU3YIOIIAN Ya-
CTOTY CTOJKHOBEHUW PEArHPYIOIIUX YaCTHUIl, € — OCHOBAaHHE HATY-
panbHOTO Jorapudma, £, — sHeprusi akTuBaluu, R — yHuBepcaibHas
ra3oBasi OCTOsIHHAs, T — abCOII0THAS TeMIepaTypa.

Ha ocHOBaHWM 3THX TaHHBIX UM MPEIOKEHA TUNIOTE3a AKTUBHBIX
coynapeHuid. CorjacHO 3TOM THUIOTE3€ HE BCE CTOJKHOBEHUS MEKIY
MOJIEKYJIaMU IIPUBOJAT K Pa3pbIlBy XUMHUUYECKHUX CBA3eU. J[y1A pa3peiBa
CBSI3M HEOOXOAMMO, YTOOBI MOJIEKyIa 00Jaaia onpeaeIeHHON SHEePIu-
€M, IPEBBIIIAIOIIECH CPEIHIOK BEJIMYUHY SHEPTUU MOJIEKYII.

MunumanbpHasi YHEPIrHsi, KOTOPOU JTOJDKHBI 00J1a/1aTh MOJIEKYJIbI
pearupyromumx BEIIECTB, YTOObI BCTYNUTh BO B3aWMOJICHCTBHE HA3bIBA-
ercs anepeuen akmusauyuu (E,).

DHeprus akTUBAallMM MEHBIIE SHEPIUU CBSA3EH B MOJIEKYJIE, TAK
KaK JIJIs TPOTEKaHUS PEAKIIUU JOCTATOYHO TOJIBKO OCIaOUTh 3TH CBS3H.

[Ipu B3ammopaeiicTBuu Mosekyn A, + B, = 2AB sneprus cucre-
MBI U3MEHAETCSI COTJIACHO CXEMe, MoKa3aHHOW Ha puc. 4. Eciu mone-
KyJibl Ay 1 B, IocTUrator HEKOTOPOro HEPreTUYECKOr0 YpOBHS, TO
OHU 00pa3yIOT MPOMEKYTOUHOE COEIUHEHHUE, HA3hIBAEMOE AKMIUGU-
POBAHHBIM KOMNJIEKCOM. AKTUBUPOBAHHBIN KOMIUIEKC HEYCTOMYUB U
€ro pacraj MpuBOJAUT K 00pa3zoBaHUIO0 MpoaykTa peakiuuu AB. Uem
HUKE DHEPreTUUYECKUi Oapbep (IHEprus akTUBALMU) TeM OO0JbIIE MO-
JIEKYJI MOTYT €r0 MPEOJ0JIETh, U TEM BBIIIE CKOPOCTh PEAKIIHH.

DHeprusi akTUBAIIMK MOXKET OBITh paccuuTaHa Ju0o rpadhudecku
U3 3aBUCHUMOCTH Jiorapudma CKOPOCTH OT BEJIUYUHBI, OOpaTHON TEeM-
nepaTtype, JIn0O 1Mo ypaBHEHUIO:

= ﬁ(m k,—Ink,)

1 2

a
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rne 71 u T, — Temmeparypsl, K; 1 K; — COOTBETCTBEHHO KOHCTaHTHI
CKOPOCTH.

AxmueuposaHHslil
KOMRIEKC

Peazenmuoi

IIpodyrmsl

X00 peaxkuiu

Puc. 4. Juepzemuueckan ouazpamma npomeKaHus peaKyuu ¢
00pazoeanuem aKmueuUpPOBAHHO20 KOMNIEKCA

5. Ilpucymcemesue 6 cucmeme cneyughuueckux geujecms:

Kamanu3 — siBieHue U3MEHEHUS CKOPOCTH XUMHUYECKOW peak-
MU TIpU J00aBIECHUH CHENU(PUIECKUX BEIIECTB, KOTOPhIE CAMH B pe-
aKIIMU HE PACXOAYHOTCS.

Kamanuzamopsl yBenIMYMBAIOT CKOPOCTh peakuuu (MOJ0XKHU-
TEJbHBIA KaTalun3).

Hueudbumopsr yMEHBIIAIOT CKOPOCTh PEaKIuU (OTpUIlATEIbLHBIN
KaTanu3). XapakTepHOH OCOOCHHOCTBHIO KaTaau3aTOPOB M MHTHOUTO-
POB SIBIIIETCSl X U30HUpATENbHOE JeCTBUE. BhICcIel cTenenbo n3ou-
paTeNbHOCTH 00J1aat0T OMOJIOTHYECKUE KaTalu3aToOphl — (DEPMEHTHI.
depMeHTBI — 3TO OeTIKH ¢ 0OIBIION MoJeKyIIpHOM Maccoi (~500 000
a.e.M.). Opranu3M 4YejoBEKa COJICPKUT OKOJO THICAYU Pa3IUUYHBIX
dbepmenToB. OHU 00sa1al0T KpaitHe AuddepeHIIMpOBaHHBIM KaTaJlu-
TUYECKUM JIEUCTBUEM, A0COTIOTHOMN CIIEU(PHUUHOCTBIO.
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Abconomnasa cneyuguunocms — 310 AchcTBUE (PepMeHTa Ha
BEIIECTBO CTPOTO OINpPENENEHHOro cocraBa. PepMeHT ypeas3a Ieu-
CTBYET TOJIbKO HA MOYEBHUHY, MEINCUH — PACIICIUISET UCKIIFOYNUTEIBHO
Oenku u T. 1. [elicTBUe KaTalin3aTOpPOB Ha CKOPOCTh XMMHUYECKUX Pe-
aKIHN 3aKJIH0YAETCS B OCYIIECTBIEHUH MPOLIECCOB, SHEPTUSl AKTUBALIMU
KOTOPBIX OTJIMYAETCS OT DHEPrUU aKTUBAIMU HE KaTAIM3UPYEMBIX pe-
aKuuii. B nmpucyTCTBUY KaTalnn3aTOPOB HEPIUsl aKTUBALIUUA CHIDKACTCS,
a B ClIyyae MHTHUOMTOPOB — yBenuuuBaeTca. B pesynbrare m3meHsercs
3HAYEHUE KOHCTAaHTBl CKOPOCTH PEAKIMH, U camMa CKOPOCTh PEAKIIUU
TaK>XE€ MEHSETCS.

MexaHu3M JeHCTBUS KaTaau3aTOPOB OOBSCHSICT mieopus npo-
Medxncymounvlx coeounenuul. CoOrjiaCHO 3TOW TEOPUH, KaTalu3aTop
o0pa3yeT ¢ OJJHUM W3 PEarcHTOB HECTOMKOE MPOMEKYTOYHOE COEIH-
HEHHUE, KOTOPOE 3aTEM B3aUMOJAECHCTBYET C APYTHUM PEAreHTOM, B pe-
3yJbTaTe 4ero oopa3yercs MPOAYKT, a KaTaIu3aTop BHICBOOOKIAETCS.
Hanpumep, peakiusi:

A+B=AB (1)
0e3 KatayM3atopa NpoTeKaeT MeJIeHHO. BBeI€HHBIN B MIpoIiecc KaTa-
muzatop K, B3auMOAEHCTBYET C OJHHUM M3 MCXOJHBIX BelecTB (A) u
o0Opa3zyeT HelmpodHoe mpomMexyTodHoe coeauHenne (AK):

A+K = AK* (2).

DTO coeNMHEHUE C OOJIBIION CKOPOCTBIO pearupyer ¢ APYruM
HCXOJHBIM BEIIIECTBOM, MPU 3TOM 00OpaszyeTcsl MpOAYKT peakuuu AB,
a KaTaJIn3aTop BHIJEIAETCS B CBOOOIHOM COCTOSIHUU:

AK*+B=AB + K (3).

CKOpOCTh peakiiuy 2 MEHBbIIIE, 4YeM Peakiuu 3, HO OOJIbIIIE, YeM
CKOpPOCTb peakiuu 1, u 1mosToMy oOIasi CKOpOCTh Mpoiiecca B MpHU-
CYTCTBHUM KaTaJIN3aTOpPa YBEIMUYUBACTCS.

Bce xumuueckne Mmpouecchl IENSTCA Ha MPOCTHIE U CIOXKHBIC.
[IpocTbie, unu 3J1€eMEeHTapHbIE MPOIIECCHI, MPOXOST B OAHY CTAAMIO, a
CJIOKHBIE B JIB€ U Oosiee cranuil. Teopusi MpOMEKYTOUYHBIX COEIUHE-
HUW MOKA3bIBAET, YTO KATAIN3 ABJISETCS CIOKHBIM MPOILIECCOM.

Karanu3 ObIBaeT ABYX BUJIOB:
® 20MO2eHHbLIl — KATaIU3aTOp U PEaAKIMOHHA CMECh 00pa3yloT O-
HOPOJHYIO (01HO(A3HYIO) CUCTEMY;
® 2emepoceHHblIl TOPA30 0OJIee CIOKEH, TO €CTh MPOTEKAET B He-
CKOJIbKO cTajuil. [Ipu rereporeHHOM KaTajlu3e XUMUYECKas peaKius
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MPOXOJUT Ha TpaHuIlle pazaena nByx ¢a3. [Ipu sTom karammzatop,
KaK MpaBuiio, 00pasyeT TBEPAYIO (a3y, a peareHThl HaXOAATCA B Ta-
3000pa3HOM COCTOSIHUU WJTH B KHUIKOM.

3.2. XumMu4eckoe paBHOBecHe

Peakiuu, mpoTeKarne 0JJHOBPEMEHHO B MIPSIMOM U OOpaTHOM
HaIlpaBJICHUSX, HA3bIBAIOT 0OPAMUMBIMU.

Xumuueckoe pagnogecue — COCTOSTHUE CUCTEMBI, KOT/la CKOPO-
CTH TIPSIMOI M OOpaTHOM peaKIUK PaBHBI.

[Ipy HACTYIJIEHUN XUMHUYECKOTO PABHOBECHSI YCTAHABIMUBAIOTCS
MOCTOSIHHBIE BO BPEMEHU 3HAUCHUSI KOHLICHTPAIIUN BCEX YYACTHUKOB
OpsMOTO M OOpPaTHOTO MPOIECCOB. DTHU KOHILEHTPALIMM HAa3bIBAIOT
PABHOBECHBIMU.

CwmernieHre XMMHUYECKOTO PAaBHOBECHUSI 3aKJIIOYAETCS B yCTaHOB-
JIEHWHM HOBBIX 3HAYEHHI KOHILIEHTPAlUid BCEX YYaCTBYIOIIMX BO B3au-
MOJICUCTBUU BEIIECTB U MPOUCXOJUT MPU HAPYLICHUH TOCTOSHCTBA
BHEIIHUX (HaKTOPOB: KOHIIEHTpALMil BEIECTB, TEeMIEpaTypbl WU
JABJICHUSL.

HampaBnenue cMmemieHus: XMUMHUYECKOTO PAaBHOBECHS OIMCHIBACT
npunyun Jle Illamenve: ecau HA CUCTEMY, HAXOASAILIYIOCH B COCTOSI-
HMHU PAaBHOBECHSsI, MPOM3BOAUTCS BHeEIlIHee BO3/1eiliCTBHE, TO PABHO-
BeCHe CMeIAeTCsd B CTOPOHY TO#l M3 JABYX NPOTHBOINOJIOXKHBIX pe-
aKIU#, KOTOpas 0¢JIa0JIfeT 3TO BO3/AelCTBHE.

1. Bausinue uzmenenus KoHyeHmpayuu Ha cMeujeHue Xumuye-
CKO20 pasHOBeCUsl:

® [IpY MOBBIINIEHWH KOHIICHTPAIMU PEarvupyronux BEIIECTB (MM
IIPU YMEHBIIICHUN KOHIIEHTPAIIMKM MPOTYKTOB), XUMUYECKOE paBHOBE-
CHE CMEIIAETCA B CTOPOHY 00pa30BaHus MPOAYKTOB peakiuu (BIpaso,
B CTOPOHY IPSIMOW PEAKIINH );

® [IpY MOBBIIICHUN KOHUEHTPAIIUU MPOIYKTOB peakuu (WA OpH
YMEHBIIEHUH KOHIEHTPAIIMU PEAreHTOB), XMMHYECKOE PaBHOBECHE
CMEIIIAETCsl B CTOPOHY 00pa30BaHUs pearupyronux BeiecTB (BJIE€BO, B
CTOPOHY 00paTHOM peakIum).

2. Biusinue usmeneHus memnepamypvl HA CMewjeHue Xumuye-
CKO20 paBHOBECUsL:

® [IpY NOBBIIIEHUHM TEMIEPATypbl XMMUUYECKOE PABHOBECHE CMeE-
I[AETCS B HAIMIPABJIICHUU SHJOTEPMUUECKON pPEaKIMU, MPOTEKAIOIIEH C
noryomenrem teria (—Q, +AH);
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® IIpU TIOHM)KCHUH TEMIIEpaTypbl XMMHYECKOE PABHOBECHE CMeE-
IaeTCs B HAMPABICHUH DK30TEPMUUYECKON PEaKIIUH, TMPOTEKAIOIIEH C
BhIJIesieHHeM Teria (+Q, —AH).
3. Buuanue usmenenusi O0asienusi Ha CMmeujeHue XUMuveckKoco
pasHosecust (8 ciyuae, eciu 8 peakyuu y4acmeyiom 2azvl).
® [IpH IMOBBIIICHUN JAaBJICHNS XUMHUYECKOE PABHOBECHE CMEIIACTCS B
CTOpPOHY 00pa30BaHMsI MEHBIIIETO YHCIIa Ta3000pa3HbIX MOJICKYT,
® [IpU MMOHWKCHUU JABJICHUS XUMUYECKOE PAaBHOBECHE CMEIIACTCS B
CTOpPOHY 00pa3oBaHMs OOJIBIIETO YHCIIa Ta3000pa3HBIX MOJICKYIL.
IIpu paBeHCTBE Umcia ra3000pa3HBIX PEareHTOB U MPOIYKTOB H3-
MEHEHUE JIaBJICHUS HE BIIMSCT HA CMEIIEHUE XUMHUYCCKOTO PaBHOBECHSI.
CocTosiHME XMMHYECKOTO PAaBHOBECHUSI XapaKTEPHU3YETCS COOT-
HOIIICHHEM PaBHOBECHBIX KOHIICHTpAIIUH KOMIIOHCHTOB PEaKIIMOHHOM
cMecHu, KOTOpOE Ha3bIBaeTCA KOHCmanmoii pasnogecus (K,).
Jis peakiuu: aA + bB < ¢C + dD maTemaTuueckoe BbIpake-
HUE KOHCTAHTBHI PAaBHOBECHS B COOTBETCTBHU C 3aKOHOM JEHCTBYIO-
IIIUX MacC MMEET BU/:

_[CT-[Dr"
* " [AF-[BT

p

K, =%
K
nin

rae K — koncranra CKOPOCTH TIPSIMOM peaKIni, K — koncranra cxo-
poctu obpatHori peaknuw; [C], [D] — paBHOBECHBIC KOHIICHTpPAIUH
npoaykToB; [A], [B] — paBHOBeCcHBIE KOHIIGHTpAI[MU PearcHToB; a, b,
C, d — crexuomerpuueckue kodHPHUITHEHTHI.

KoHcranTa paBHOBecus ompefenseT TNyOMHY MpPOTEKaHUs XH-
MUYECKOTO B3aMMOJICHCTBUS K MOMEHTY JOCTHKEHHSI PAaBHOBECHOTO
coctosinus. Yem Oosbiie BenmuunHa K, TeM OOJbINE CTENeHb MpeBpa-
IICHUS] HICXOAHBIX BEIIECTB B IPOIYKTHI PEAKIIHH.

BennumHa KOHCTaHTBHI PAaBHOBECHUS 3aBUCUT OT MPHUPOIBI pearu-
PYIOIIMX BEIIECTB U TEMIIEPATYPhl, HO HE 3aBUCUT OT KOHIICHTpAIIU
peareHToB M MPUCYTCTBUS Kartanu3aropa. Karanuzatop B paBHOM cTe-
MIEHU BJIUSET HA CKOPOCTh KaK MPSIMOM, Tak U 0OpaTHOM peakiuu, mo-
ATOMY OTHOIICHHUE 3TUX BEJIUYHH OCTAETCS TOCTOSIHHBIM.
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JlabopaTopHnasi padora Ne2

Xumuueckan KuHemuka u Xumuueckoe pasnoeecue
PeakTuBBI N NPHHAAJIC)KHOCTH.

trHocyibdar Hatpus, 0,1M p-p; O IITATUB C OONBIIMMU IPOOUPKAMH;
cepHas kuciota, 0,1M p-p; O IITAaTHB C MAJICHHKUMU MTPOOUPKAMIL;
xiopun sxenesa (I11), Hacprmr. p-p; © OOpeTKH 3 miT.;

THOIIMAHAT KaJIus, HAachIl. p-p; ~ © PC3MHOBBIC IPOOKH;

XJIOPHJL KaJNsl, KpUCTAJIINY; © %eKyHHOMep;
JUCTUIIMPOBAHHAS BOJA; © Oymara MIJLTUMETpOBas.

OnbIT 1. 3asucumocmev ckopocmu peakuuu om
KOHUeHmpauuu peazupyrouux 6euiecme

N3yuyuM BIWsSIHUE KOHIIEHTPAIMHA PEArupyrolnxX BEIIECTB Ha
CKOPOCTh pEAaKIUM Ha TMPUMEPE B3aAUMOJACUCTBUA THOCYIb(haTa
HaTpHsl C CEPHOUW KHUCIOTOM, KOTOpasi COMPOBOXKIAECTCSA BBIICICHUEM
ocajika cepsl (TUAPO30JIs):

N&zSgOg + HZSO4 - NagSO4 + Sl + SOZT + HQO

CkopocTh JaHHOW peakuuu (IpU TMOCTOSIHHOM TeMIEepaType)
OmpeaeIsIETCA B UHTEpPBAJie BPEMEHHU OT Haualla CMEIIMBAHUS pearu-
PYIOIIHMX BEIIECTB JO MOSBJICHUS MOMYTHEHUsS! (0Opa3oBaHUs TUIPO-
30J151 cepbl). B KaX10M OMbBITE YyBCTBUTEIBHOCTh YEJIOBEUECKOTO TJia-
3a TIO3BOJISIET OMNPEACTUTh Hayajlio MOMYTHEHUS TP OJUHAKOBOM
KOHIICHTPAllUX BBIJCTUBIINXCS MPOIYKTOB, MO3TOMY IPHU Pa3HBIX
KOHIICHTpAIIUSIX peareHTOB CKOPOCTh JaHHOW peakiiuu 0yieT oOpaTHO
MPOTNOPIIMOHATILHA BPEMEHU MTOMYTHEHUSI pacTBOpA.

Memoouka Ixkchepumenma

3anoyHUTE TPU OIOPETKU:

® [IEPBYIO — JUCTUIUIMPOBAHHOM BOJOM;

e sTOpYyI0 — 0,1M pactBopom THOCyIb(ara Hatpus (Na,S,03);
e Tpetbio — 0,1 M pacTBOpoM CEpHOM KHUCITOTBHL.

BospmuTe aBe Oonblve MpoOUPKH: B MEPBYIO C MOMOIIBIO OFO-
PETKHU OTMEpLTE 6 MJI paCTBOpaA CEPHOM KUCIIOTHI; BO BTOPYIO — OIPEIe-
JIEHHOE KOJIMYECTBO THOCYJIb(paTa HATPUS U JUCTUILIMPOBAHHOM BOIBI.
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O0bembl THOCYIb(hATa HATPUS U BOJIBI B KAXKJIOM BapUaHTE OIbITA
npecTaBieHbl B Tabmuie 1:

Ta0muma 1
Konnenrparws Bpewms (T);;I:;;;
Ne O0Bem, M Na;S;03, HOMYTHEHHA |~ o opocTs
OIIbITa MOJIB/TI (t), C (VomH)
Na,S,04 H.O H,SO,
1 6 — 6 0,100
2 4 2 6 0,067
3 3 3 6 0,050
4 > | 4 | 6 0,033

bricTpo cmemanTe pacTBOPHI, OTMETHTE BPEMS Hadajla peaKUUu
(c moMoOIIBI0 CEeKyHAOMEpPA), MPOOUPKY 3aKpOoWTe MPOOKOW M TIIa-
TeJIbHO Tepemeniaiite. HabmrogaliTe Hayaao MOMyTHEHHMsI, OCTAaHOBHUTE
CEKYHJIOMED U 3aMUIIUTE BpeMs TIOMYTHEHUS B Ta0uILy 1.

[ToBTOpUTE OMNBIT C APYTrMMHU KOHIICGHTPAIUMSIMU THOCYJb(aTa
HaTpus. B KaKI0M U3 BapUaHTOB OIIbITA CTAPAUTECh JOXKAATHCS OAUHA-
KOBOM MHTEHCUBHOCTH IIOMYTHEHUS.

3ananmue:

1) Paccunraiite OTHOCUTEILHYIO CKOPOCTh PEAKIUH 110 (PopMyIIe:

_ tmin
th

2) Tloctpoiite rpaduk 3aBUCUMOCTH OTHOCHTEIHLHOW CKOPOCTH Pe-
aKIMHU OT KOHIICHTPALIMU THOCYJIb(aTa HATPHSI.

3) Hammmmmre mMareMaTH4ecKOoe BBIPaKCHHE 3aKOHA JCHCTBYIONIUX
Macc Il UCCIENYEMON PEAKIINH.

4) Cnenaiite BBIBOA O BIIMSHUU KOHIICHTPAIIMU pEarvpyroliux Be-
IIECTB HA CKOPOCTh XUMUYECKOUN PEAKITUU.

VOI’I’lH

OnbIT 2. Bauanue konuyenmpayuu Ha cmeuieHue
XUMUUECKO20 PABHOBECU

Peakuus B3aumoaeiicTBus Mexay xiopuaom sxenesa (I11) u tuo-
[IMAHATOM KaJIMsl SIBJISIETCSI OOpaTUMOI:

FeCl; + 3KSCN — Fe(SCN); + 3 KCI
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OOpa3yromuiicss B pe3yJbTaTe€ peaklMu pacTBOp THOIMAHATa
xene3a (II1I) okpaiieH B KpOBaBO-KPACHBIM LIBET, UHTEHCUBHOCTh KO-
TOPOT0 3aBUCUT OT KOHIICHTPAIMU, KAK PEAreHTOB, TaK U MPOJYKTOB
pEAKIMU, TOATOMY CMEIICHHE XHMHUYECKOTO PAaBHOBECHUS MOMXHO
HaAOJII0aTh MO U3MEHEHUIO OKPACKH PEAKIIMOHHOW CMECH.

Memoouka Ixkcnepumenma

B Gonpiryro npoOupky Hajente 10 M IUCTHUIIMPOBAHHON BO-
nel. JloGaBbTe 3 Karivm HACHIIIEHHOTO pacTBopa xjuopuaa kenesa (I11)
M 3 KalUIM HAaCBIIIEHHOI'O pacTBOpa TUOLMAHATa Kajus, 3aKpouTe
POOHPKY MPOOKOH U IIepeMEIIaiTe PaCTBOPHI.

[TosmyyeHHBIN PACTBOP PA3JEUTE MOPOBHY B YETHIPE MAJICHBKUE
NpoOUPKU: B MEPBYIO MPOOUPKY M00aBbTe | Karito HACBIIIEHHOIO
pactBopa xjopunaa xkeneza (III); Bo BTopyro mpodupky — 1 Karuio
HACBHIIIEHHOTO PacTBOpa THOLIMAHATA Kajus;, B TPEThIO MPOOUPKY — C
MOMOIIBIO IIMHAaTeNs 100aBbTE€ HEMHOTO KPUCTAUIMYECKOTO XJIOpHUJIA
KaJIisi, B30OJITaliTe; YETBEPTYIO MPOOUPKY OCTaBbTE JJIsi CpPaBHEHUS
(KOHTpOJIB).

OOparuTe BHUMaHWE HA M3MEHEHUE WHTEHCUBHOCTH OKPAcKH pe-
aKIIMOHHOM cMecH B mpoOupkax 1, 2, 3 Mo CpaBHEHHUIO ¢ KOHTPOJIHHOM.
B cootBeTcTBUM C HAOIIOCHUSIMU 3AITOJTHUTE TAOIHITY 2

Tabmnura 2
N3menenue Hampasnenue
No JloGaBiaeHHOE
MHTCHCUBHOCTHU CMEIICHUS
npooUpKH BEILIECTBO
OKpACKH paBHOBECHS
1
2
3
3ananue:

1) Jlns paccMaTpuBaeMoi peakIMy HAIMIIATE MaTEMaTHYCCKOC
BBIPAYKECHUE KOHCTAHTHI PABHOBECHS.

2) Ha ocnoBanum mnpunnumna Jle IllaTenbe cpemalite BBIBOJ O
BIIMSIHUN KOHUEHTPAIMH BEMIECTB HA CMEIICHUE XUMUYECKOTO
PaBHOBECHS.
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YIIPA’KHEHUSA

1. Bo CKOJIBKO pa3 yBEIUYUTCS CKOPOCTh PEAKIIMHU:
NO () + O3 ;) = NOy (1 + Oz )
IIpU yBEJIMUYECHUU OOIIIEeTO JaBJieHus B 2 pasza’?
2. Bo CKOJIBKO pa3 YMEHBIITUTCS CKOPOCTh PEAKITHHN:
SOZ (r) + 2H28 (r) — S (TB) + 2H20 (r)
IIPU YMEHBIIICHUM JAaBJICHUS CEPOBOAOpoaa B 3 paza?
3. Beruncnure TtemmnepaTypHbI KOA(DPHUIIMEHT CKOPOCTH peak-

[IAH, €CIU MPH NOBbIIeHUU TemrepaTypsl HaA 40°C ee CKOpOCTh BO3-
pactaet B 16 pas.

4. ITpu 120°C cKOpOCTh peakIuu COCTaBJsLIa 2MMOJIB/(J1:MUH).
[Ipu Kkakoil TemmepaType CKOPOCTh pEaKIMd CTaHEeT paBHOU
18MMmoub/(J1-MUH), €ciii TeMIepaTypHbIil KO3 PUITUEHT CKOPOCTH pe-
aKI1U paBeH 37

5. B xakom HaIlpaBJICHHUN CMCCTHUTCA PABHOBCCUC PCAKITUHU:

2CHy 1y + 302 1y +2NH3 n &= 2HCN () + 6H,0 (;
AH =— 939k ]Ix

a) IpY OHUKEHUH TEMIIEPATYPHI;
0) npu NMOBBIIICHUN TaBJICHUS?
Hanumure MmateMaTH4eCKOE BhIPAXKEHNUE KOHCTAHTHI PABHOBECHS.

6. YBennuurcs u BBIXO/ ITPOAYKTOB PCAKIINHU:
7.C (t8) T 2H,0 (r) = CO, ot 2H, (0); AH = 131,3x/Ix

IIPU OJTHOBPEMEHHOM TMOBBIIICHUH TEMIIEPATYPhl U TaBICHUS?
Hanummre MareMaTn4eckoe BhIpaXKEHUE KOHCTAHThI PABHOBECHS.
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I'maBa 4. PACTBOPBI

4.1. Kanaccudukanusi pacTBOpPOB

Pacmeopsl — TOMOTEHHBIE CUCTEMBI MEPEMEHHOTO COCTaBa, CO-
CTOSIIIIME U3 PACTBOPUTENS, PACTBOPEHHOI'O BEIIECTBA M MPOAYKTOB MX
B3aUMOJICMCTBUSA. PacTBOPBI SIBISAIOTCS NPENCIBHBIM CIy4aeM CMECEU
BEILIECTB C BHICOKOU CTENEHbIO U3MENIbUEHUS (AUCTIEPCHOCTH ).

[lon pacmeopumocmovio NOHUMAIOT CIIOCOOHOCTh BELIECTB pac-
TBOPATHCS B KAaKOM-JIMOO pacTBopurese. B Xxumuu cymiecTByer npuH-
AN PACTBOPUMOCTHU — «HOOOOHOE pacCmeopiaemcs 6 n00O0OHOM», T.€.
BEILIECTBA C KOBAJICHTHBIM MOJISIPHBIM WJIM MOHHBIM TUIIOM CBSI3U XO-
POIIIO PACTBOPSIIOTCS B MOJISIPHBIX PACTBOPUTEIISIX U HA00OPOT, Bellle-
CTBa C KOBAJEHTHBIM HEMOJISIPHBIM THIIOM CBSI3M XOPOIIIO PacTBOPSI-
IOTCSI B HEMOJISIPHBIX PACTBOPUTENSX.

Pacmeopenue — 310 (PU3MKO-XUMHYECKHUI TPOIECC, KOTOPBIM
COIIPOBOXKAAETCA:

1. BuviOenenuem unu no2nowjeHuem mend.

2. M3menenuem obvema.

3. Obpazoeanuem conbEAMUPOBAHHBIX (SUOPAMUPOBAHHBIX — 8
mom cayuae, eciu pacmeopumens — 600a) yacmuy.

ITpu pacTBOpeHUU MOJSIPHBIE MOJIEKYJIbI BOJABI BCTYMAIOT B DJIEK-
TPOCTATUUECKOE B3aUMO/ICHCTBUE C MOJIEKYJIaMU WJIM HOHAMHU PacTBOPSI-
eMoro BelecTBa (puc. 5). B pacTBop nepexoasT CTPYKTYPHbBIE YaCTHUIIbI
PacTBOPSIEMOT0 BEIECTBA, CBSI3aHHBIC CIIAOBIMH MEKMOJIEKYIISIPHBIMU
CWJIaMU ¢ (PMKCUPOBAHHBIM WUJTU TIEPEMEHHBIM YUCJIOM MOJIEKYJ BoAbL. B
pe3ysibTate 00pa3yIOTCsl XMMHUYECKUE COEIUHEHHUS PACTBOPSIEMOTO Be-
IIIECTBA C BOJION. DTH COSIMHEHUS HA3bIBAIOT 2HOPAMAMU, A TIPOLIECC UX
oOpa3oBaHus — cudpamayue.

['vnparsl yaille BCEro HEYCTOMUYMBBI M pa3pyIIalOTCs MIPU BbIJEIIE-
HUU PAaCTBOPEHHOI'O BellleCTBA U3 pacTBopa. Ho nHorma B3anMoeicTaue
PACTBOPEHHBIX YACTHI] C BOJON HACTOJBKO CHUJIBHOE, YTO MPHU KPUCTAII-
JM3alMU BEIIECTBA YaCTh TMIPATHBIX MOJIEKYJ BOJbI BKIIFOUAETCS B
CTPYKTYPY KPUCTAUITMUECKON pelIeTKu. Takue KpUCTaUTNIECKUE Bele-
CTBa, COJAEpXkallNe TUAPATHYIO BOJY, HA3BIBAIOTCS KPUCHMALI0ZUOPA-

mamu.
Hampumep: CuSO4 5H,0, AlCl3-:6H,0, Na,SO,4-10H,0.
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Puc. 5. Obpazosanue cudpamuposanHvix Yacmuy npu
pacmeopenuu Xaopuoa Hampus

[lepemieninme B pacTBOp TUAPATUPOBAHHBIC YACTHIIBI, YAAPSSCH O
MOBEPXHOCTh €IlI€ HEPACTBOPHUBIIIETOCS TBEPAOTO BEILECTBA, TEPSIOT
THJIPaTHYIO BOAY U CHOBA BCTPAMBAIOTCS B KPUCTAJUTMUECKYIO PEILIETKY.

TakuM oOpa3oMm, OJTHOBPEMEHHO MPOTEKAIOT JBA MPOTHUBOMOJIOXK-
HBIX TIpOIEcca: MPOLECC pa3pylieHust (a3bl pacTBOPSIEMOro BEIIECTBA
MOJT ICCTBUEM MOJIEKYJI pacTBOpUTENS (MPOIIECC PACTBOPEHHUS) U TIPO-
LIECC BO3BpAIICHHS pACTBOPEHHBIX YACTHI] B (Da3y pacTBOPSIEMOro BeIlle-
cTBa (Tporiecc BhIEIeHUS 13 pacTBopa): kpuctamt + H,O 2 pactsop.

B MOMCHT, KOraa CKOpPOCTH 3THUX IIPOLCCCOB CTAHOBATCS PaBHBIMU,
B paCTBOPC YCTAHABIMBACTCA TUHAMHUYCCKOC PABHOBCCHC.

Kuaaccupukanusi 1McrnepcHbIX CHCTEM

1. Hcmunnsie pacmeopwt (pazmMep vactuil MeHee | HM, Meib-
qaimras yacTulla — MOH, MoJiekyJa). K HCTUHHBIM pacTBOpaM OTHOCST
BOJIHBIE PACTBOPHI KHUCJIOT, OCHOBAHUH, COJICH, B KOTOPBIX CTPYKTYp-
HbIC €IUHUIIBI KaXXJI0Tr0 KOMIIOHCHTa PaBHOMEPHO pacIpee/ICHbI 110
BCEMY O0BEMY CUCTEMBI;

39



2. Konnouonste pacmeopwt (pazmep yactuil ot 1 g0 100 HM,
MeJlbuauimas yactuia — muiiesia). Kommonaaele pacTBOPHI CoiepKar
MHKPOCKOIIMYECKHE YaCTHUI[bI KaKOro-au00 KOMIIOHEHTa, 00pa3yro-
e camMocTosTeNbHYI0 ¢azy. KosmoumHple pacTBOpHI 3aHUMAIOT
MIPOMEKYTOYHOE TOJ0KEHHUE MEXIY UCTHHHBIMH PaCTBOPAMH U Tpy-
OOMCTIIEPCHBIMHA CMECSIMH. DTO MYTHBIC CpEIbl, B KOTOPBIX HAOIIO-
TAIOTCS Pa3IMIHBIC ONTHYSCKUE SBICHUS (HAIIpUMED, OIMAJICCIICHIIHS).
[IprumepamMu KOJUTOUIHBIX PACTBOPOB SIBISIOTCS PACTBOPHI HEPACTBO-
PUMBIX KHCJIOT, OCHOBAHHUM, COJIel, a TakkKe MHOTHEC MPHUPOJIHBIC CH-
CTEMBI: MOPCKasl WM pedHasi BOJa, MOJIOKO U T.1.;

3. I'pybooucnepcuvie cucmemot (pazmep dvactuir 6omee 100 HM,
MeNbyaiinas 4acTWlla KpyMHas JIETKO pasiauunMasi Tiazom). [laHHbIe
pPacTBOPhl HEYCTOWYMBBI, TIOJ] JCHCTBHUEM CHJIbI TSHKECTH KPYITHBIC Ya-
CTHIIBI OCAKIAIOTCS, T.€. BBINAJAIOT B OCAJIOK (CEIMMEHTHUPYIOT) U pac-
TBOp pacciamBaercsa. K rpy0oaucnepcHbIM CHCTEMaM OTHOCST B3BECH
TIECKa, TJIMHBI, H3BECTH, a TAKXKE YMYJILCUU Macja B BOJIC.

Kunaccudpukanusi pacrBoposn

1. Ilo arperaTHOMY COCTOSHUIO:

a) meepovle (CIIaBbl METAJIIOB);

0) arcuoxue (BoHBIC PaCTBOPHI KHCIIOT, IIIEI04YEH, COJICH; OCH3HH);

B) 2azooopaszuvie (Bo3nyx: 78%00. Ny, 21%006. O,, 1%006. Ar).

2. 1o pacTBOPUMOCTH

a) HacvlueHHble — PACTBOPHI, B KOTOPBIX MPH TAHHON TEMIIEpaType
BEIIIECTBO OOJIbIIIE HE PACTBOPSAETCS;

0) HenacbluenHble — PACTBOPHI, HAXOSAIIUECS B PAaBHOBECHH C pac-
TBOpsifOIIMMCS BemecTBOM. CojiepKaHrue pacTBOPEHHOTO BEIIECTBA B
HEHACBIIIICHHOM PacTBOPE MEHBIIIE, YEM B HACHIIIICHHOM PAacTBOPE NpPHU
TEX K€ YCIOBUSIX;

B) nepecwlujeHHble — PACTBOPHI, B KOTOPBIX pAcTBOPSIETCS OOJbIIIe
BEIIIECTBA, Y€M B HACBHIIIEHHOM pPacTBOpe (TEPMOJUHAMUYECKH HE-
YCTONYUBBIE).

3. [Io OTHOCUTEIBHBIM KOJIMYECTBAM PACTBOPUTENS M PACTBO-
PEHHOT'0 BEIEeCTRA.

a) KOHyeHmpuposanuvle (3TU KOJIUYECTBA COM3MEPUMBI, T.€. OJ-
HOTO nopska, Harpumep, 20 T conu Ha 100 M1 BOJIBI);

0) paszobaenennsvie (3T KOJIMYECTBA HECOU3MEPHMBI, HaMpUMED,
0,01 r conu Ha 100 M1 BOJIBI).
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4.2. Cnoco0bl BbIpaskeHUs1 KOHIEHTPAIUU PacTBOPOB

Konuyenmpayua — 5TO KOJMYECTBEHHAS XapaKTEPUCTHUKA CO-
JepKaHUsI PAaCTBOPEHHOTO BEIIECTBA B €MHUIIE MacChl, 00bEMa pac-
TBOPUTEJISL UIIM PacTBOPA.

1. Maccoeasa 0o1a pacmeopennozo éeuiecmea paBHa OTHOIIECHUIO
Macchl paCTBOPEHHOI'O BEIIECTBA K Macce BCEro pacreopa. Mac-
coBas J0JIs1 OOBIYHO BBIPAXKACTCS B IMPOIICHTAX

w(e—ea)= M-]Gﬂ %
m(p—pa)

2. Monapuasa konuenmpauus (MOJAAPHOCMB) — KOIUUYECTBO MOJIb
PacTBOPEHHOTO BEIIECTBA B €MHHIIE 00hEMa pPacTBOpA.

v(e—ea) _ m(e—ea)
V(p-pa) M(e—ea)V(p-pa)

C

= MO [ 11

3. Moaapunasa konuenmpauus IxKeueaneHma (HOpMAaaIbHOCMb) —
KOJIMYECTBO MOJIb SKBMBAJICHTOB PACTBOPEHHOI'O BEIIECTBA B
eAuHuIle 00beMa pacTBopa:

_ n(e—ea) _ m(e—ea)
Vip—pa) M ;(e—6a)V (p-pa)

,Moae [

H

Pacuer MomsipHON Macchl 3KBUBajJ€HTa U (paKTOpa SKBUBAJICHT-
HOCTH JIJI IPUTOTOBJIEHUS] PACTBOPOB 33JaHHON HOPMAJIBHOCTH

Monsipaas Macca SKBUBaJIeHTa M5 paBHa MpOU3BEICHUIO (ak-
TOpa 3KBUBAJIEHTHOCTH HA MOJIIPHYIO MACCY BEIIECTBA!

My =M: f5x¢

rae T, - hakTop SKBUBaNEHTHOCTH.

st kucnnoT (akTop 3KBUBAIICHTHOCTH — 3TO BEJIWYMHA 00paT-
Hasi OCHOBHOCTH KHUCJIOTHI:

1 1
foxe (HCI) =1 foxe (HZSO4):E; foxe (H3PO4):é

J1J11 OCHOBaHMi — 3TO BeMUMHa 00paTHasi KUCIOTHOCTH OCHOBAHUSI:

1
farg (NaOH ) =1, f,6 (Ca(OH), ) = >
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Jl1st conieit — 3TO BeIMUYMHA OOpaTHasi MPOU3BEACHUIO YHCIIA Ka-

TUOHOB (AHMOHOB) U MX 3apsijia, B3ATOrO MO MOAYJIIO:
1

1
foxe (NaC|) =1 foxe (Ca(NO3)2) = E; foxe (Alz (504)3) = 5

4. Monanvnasa konyenmpayusa (MOJAAALHOCHIB) — KOJTUYECTBO
MOJIb PAaCTBOPEHHOT'O BEIlIeCTBA B 1 KI' paCTBOPUTEI:

v(ie—ea) _ m(e—ea)

M= . Moas [ Ke

m(p—aa) M(e—ea)m(p—naa)
5. Tump — Macca pacTBOPEHHOT'O BEIllecTBa B 1 MJ1 pacTBOpa:

m(e—ea)
V(p-pa)

T(e—ea)= .2/ mn

4.3. JJaekTpoaMTHYECKAS AUCCOLMAIUS

Anekmponumuyeckans OUCCOyUayua — 3T0 PACIa] MOJEKYJ WU
KPUCTAJIJIOB BEIIECTBA HA TMOJIOKUTEIILHO M OTPUIIATEIILHO 3apsKEHHBIC
YacTULIbI (MOHBI) MIPU PACTBOPEHUU B IMOJIIPHOM PACTBOPUTEIIE WM pac-
TUIABJICHUU.

Anekmponumsl — CIOKHBIE BEIIECTBA, MOJIEKYJbl U KPUCTAIUIbI
KOTOPBIX B PACTBOPE PACMAJAIOTCA HA MOHBI BCIEACTBUE JICKTPOJIUTHU-
YEeCKOM UCCOIMAINK. DJNEKTpoInUThl — npoBoaHuku |l poma, obmagaro-
II1e MIOHHOM TIPOBOAUMOCTEIO. K ajiekTposiuTaM OTHOCST KUCIOTHI, OC-
HOBaHUS, aM(POTEPHBIE TUAPOKCHUJIBI U COJIH.

OCHOBHBIE N10JI0KEHUS TEOPUHU FICKTPOJIUTHYECKOH
JTUCCOLMALIMH:

1. DNeKTpOIUTHI PU PACTBOPEHNH CIIOCOOHBI TMCCOLMUPOBATH HA
VIOHbI W3-3a B3aWMMOJEUCTBUs C MOJIeKyJlamMu pactBopurens. [lon nei-
CTBUEM OJJIEKTPUUECKOIO TOKA, IOJIOKHUTENBHO 3apPSHKEHHBIE YACTULIBI
(KaTHOHBI) IBIXKYTCSI K KaTOy, a OTPULIATENBHO 3apSyKEHHBIE YaCTHUIIbI
(aHMOHBI) ABUKYTCA K aHOMy. OOpa3oBaHUE MOHOB B BOJIHOM PAaCTBOPE
CONPOBOXKAAETCS UX THApATAUMENd — BO3HUKHOBEHHEM JJIEKTPOCTaTUYE-
CKOT'0 B3aMMOJICUCTBHS MEXIYy HOHAMH U MOJIEKYJIAMH PACTBOPUTEIIS.

2. DNEKTPOIUTHUECKON TUCCOIMAIIMY TIOABEPTaloTCs HE BCE BElIe-
CTBa, a TOJBKO T€, KOTOPHIE UMEIOT UOHHBIN WM KOBAJICHTHBIN MOJIIP-
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HBIA TUIT CBSI3M MEXKIYy aTOMaMHU. OJIEKTPOJIUTHYECKAs JIUCCOIMAIINS
MPOTEKAET TOJBKO B MOJISIPHBIX PACTBOPUTEIISX.

3. DIEeKTPOIUTHYECKass JUCCOMAIMsl — OOpaTUMBIA IIpoIIecc,
HapsAy € pacmajoM MOJEKYJ Ha HMOHBI (JIMCCOIMAIe) MPOUCXOIUT
00BbEIMHCHNE NOHOB B MOJICKYJIBI (accoyuayusi).

Jlo71s1 MOJIeKyJ1, pacaBIIMXCS B COCTOSSHUM PAaBHOBECHS HA MOHBHI,
KOJIMYECTBCHHO XapPAKTEPHU3YETCS CHIENEHbI0 I1eKMPOJIUMUYECKOT
ouccoyuayuu (o).
~n
=N
rJie N — YUCJIO MPOJAUCCOIMUPOBABIINX MOJIeKyJ, N — o01iee 4ucio mMo-
nekys. CTerneHb TUCCOIMAIIIN YacTO BRIPAKAIOT B IIPOIICHTAX.

[lo BemuuMHE CTETIEHU AUCCOIUAIIMH TP KOMHATHOM TEMIIepaType
s 0,1 H. pacTBOPOB BBEJICHO YCJIOBHOE JICIICHUE ICKTPOJIMTOB TI0 CHJIC.

o Cunvnote rnekmpoaumst (a > 30 %). K cHiIbHBIM 3J1eKTpoIUTaM
oTHOCATCS pa3daBiieHHas cepHas H,SO,, xmopoBopopoaHas (costHas)
HCI, azornas HNO3z; u nap. Kucimothl, mEnoun (THAPOKCUABI HATPHS
NaOH, xamus KOH, 6apus Ba(OH), u n1p.), a Takke NMpakTUYECKU BCE
COJIH.

e dnexmponumot cpeonen cuavt (3% < a < 30%). K naHHBIM
IEKTPOJIUTaM OTHOCST, Hampumep, maseneByto H,C,04 u oprodoc-
dbopuyto H3PO,4 kuCHOTHI.

e Cnaovie rnexkmpoaumut (o < 3 %). K cnabeim amekrponutam
OTHOCATCS TIPAKTHYECKH BCE OPraHUYECKUE KHUCIOTHI (YKCYCHas
CH3COOH wu ap.), HEKOTOpbIe HEOPTaHUYECKUE KUCIOTHI (YyroiabHas
H,CO3;, cepoBomopoanas H,S, mmanoBomgopognas HCN u np.), mamo-
pacTBopuMbIe OCHOBaHUS U ruapokcua ammonust NH,OH.

94

DakTOpHI, BJAUAIINE HA CTENEHb JIEKTPOJUTHYECKOU
AUCCOIUALNMN:

1. Ilpupooa snexkmponuma u pacmeopumers: 4eM TOJISIPHEE XU-
MHYECKasl CBS3b B MOJIEKYJIC WM KPUCTAJUIE BEIIECTBA W BBILIE JU-
ANIEKTPUUYECKasi MPOHUIAEMOCTh CPEIbl PACTBOPUTENSA, T€M OOJIbIiie
CTEIIEHb IUCCOIUAIIAN DJICKTPOJIUTA.

2. Temnepamypa pacmeopa: ¢ yBeIU4EeHUEM TeMIIepaTyphbl CTe-
IICHb JUCCOIMAIINY IICKTPOJIUTA BO3PACTAET.

3. Konyenmpayus snekmpoauma: C YBEJIMYEHHEM KOHIIEHTpa-
[IAH JIEKTPOJIUTA €0 CTENEHb TUCCOUNAIAN YMEHBIIACTCS.
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4. Bruanue oOHoumenHo20 uoHa: py 100aBJICHUH OJJHOMMEHHOIO
HMOHA CTETICHb TUCCOIMAIINH CIAa00TO IJIEKTPOINTAa YMEHBIIACTCS.

PaccmoTprM oOpaTUMBIN TIPOIECC AUCCOIMAIIUM CJIA00T0 DJICK-
Tponuta KA:

KA — K"+ A",

€ro MpOTEKaHHE MOYKHO XapaKTepH30BaTh KOHCTAHTON paBHOBECHS,
KOTOPYIO Ha3bIBAIOT KOHCManmou ouccoyuayuu K.

KA
T KA
rre [K'], [A ] — paBHOBeCHbIC KOHIICHTPAIINH KATHOHOB M AHUOHOB B
pactBope, [KA] — paBHOBecHas KOHLIEHTPAIUs MOJIEKYJI BEIICCTRA.
CreneHp aucCOIMAIIMUA CJIA00T0 AJCKTPOJIUTAa CBA3aHA C €ro
KOHCTaHTOMU 10 3aKoHy pazbaesienus Ocmeanvoa.
_C- o’
l-o
I7€ ¢ — MOJIIpHAsi KOHLIEHTPALMS JICKTPOIUTA.
Kucinomet — 3T0 3JI€KTPOJUTHI, KOTOPbI€ NMPH JUCCONHALUAA
00pa3yloT B Ka4yecTBe KATHOHOB TOJIbKO HOHBI BOJIOPOA.
CuiibHBIE KMCIOTHI TUCCOLMUPYIOT MPAKTUUECKU HEOOpaTUMO, B
OJHY CTYTICHb:

K

A

HCl — H" + Cl
MHOrooCHOBHBIE CJIa0bl€ KUCTOThI JUCCOLMUPYIOT 0OpATUMO TIO
CTYIICHAM, 4YHUCIO KOTOPBIX OMINPCACIIACTCA HUX OCHOBHOCNIbIO. HpI/I
9TOM K&)I(I[Oﬁ CTYIICHHU COOTBCTCTBYCT CBOSA KOHCTAHTA AUCCOIUAIINU.
Hampumep:
1) H,S = H'+HS™ Ky =9,510"
2) HS =— H"+S* Kpp=1,0-10"

Ocnoeauuﬂ — 3TO 3JIeKTpO.]'II/ITI>I, KOTOpre npu JUCCOIINAIINH
06pa3y10T B Ka4YeCTBe aHUOHOB TOJBKO l"l/[[lpOKCI/II[-I/IOHbI.
CuibHBIE OCHOBAHUS JUCCOLIMUPYIOT HEOOPATUMO U TIOJIHOCTHIO B
OJIHYy CTYIICHb: .
NaOH — Na* + OH
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Cnabbie — 00paTUMO U O CTYNEHSIM, YHUCIO KOTOPBIX PABHO KuUC-
JIOMHOCMY OCHOBAHUS, U KaXJ0W COOTBETCTBYET COOCTBEHHOE 3Haue-
HHUE KOHCTaHTHI Jucconyanyy. Hampumep:

1) Pb(OH), == PbOH" + OH Kj;=9,6:10"
2) PbOH" == Pb*" + OH Kj,=3,0-10"°

Eciu cpaBHUTH KOHCTAHTHI MEPBOW U MOCHEAYIOIIUX CTYIICHEU
JTUCCOLMAIMA MHOTOOCHOBHBIX KHCJIIOT M MHOT'OKHCIIOTHBIX OCHOBa-
HUM, TO MOXKHO CJIeJIaTh BBIBOJ: KaK/1asi MOCJIeNyoIiasi CTyleHb J1C-
COIMALIMM TPOTEKAET TPYHEE MPEAbITyIIEH.

Amepomepnuovie cudpokcuonl (amghorumost) — 310 THAPOKCUIBI,
CIOCOOHBbIE TUCCONMUPOBATH KAK M0 THILY KMCJOThI, TAK U 10 TH-
ny ocHoBaHmsi. Bce amdoTrepHble THIPOKCUAB MAJOPACTBOPUMBI U
ABJISIFOTCSL CA0OBIMU DJIEKTPOJIMTAMU. Te€M HE MEHEE, pacTBOPEHHas
B BOJIe 4acTh amM(ouTa, HAXOAIIascsa B paBHOBECUH C TBepAou (a-
30M, CIOCOOHA AMCCOIMUPOBATHL C OOpa30BaHUWEM KHUCIOTHBIX U
OCHOBHBIX OCTaTKOB.

Hampumep: +
2.+ 20H +2H 2+
BG[(OH)4] D — BC(OH)Z —> Be™ +2 HzO

Conu — 3TO IJIEKTPOJHUTHI, 00pa3yoiue MpH JUCCOHANUM
KATHOHBI OCHOBHBIX OCTATKOB M AHHOHBI KHCJIOTHBIX OCTATKOB.

[TpakTUYeCKn BCE CONM SIBISIFOTCS CHUIIBHBIMH 3JIEKTPOJIUTAMH U
IIPH PACTBOPECHHH IOJTHOCTHIO THCCOIUUPYIOT:

Pb(NOs), — Pb?*+2NO;

MasiopacTBOpUMBIE COCAMHEHUSA, HAXKE €CIU OHU OTHOCATCS K
CUJILHBIM JICKTPOJIUTAM, B CUJIY ITIJIOXOW PacTBOPUMOCTH 00pasyroT B
pacTBOpE OTHOCUTEIBHO HEOOIBIIIOE KOJTUYECTBO HOHOB.

ITosTOMy mpM COCTaBICHWM HOHHBIX M HMOHHO-MOJEKYJISPHBIX
YPaBHECHHUM CIIETYET NPUACPKUBATHCS MPABWIIA: TUCCOLMAIUS HA MOHBI
3aIMCBIBACTCS TOJIBKO IS CUIbHBIX PACHEOPUMbBIX IJIEKMPOSIUMOE.
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4.4. NoHHble ypaBHEHMS peaKkuuil

HNonHble ypaBHeHHUs peaKMid — 3TO peaKl My, POTeKaolue
MeK/]1y MOHAMH B pacTBope.

HNonnble ypaBHEHHS UYT 10 KOHIIA, €CIIU:

1. Oopazyemcsa ocaoox:.

Pb(NOs), + 2 KI — Pbl,|+ 2 KNO;
Pb®* + 2NO; + 2K" + 21 — Pbl,|+ 2K" + 2NO;
Pb%" + 2NO; +2K" + 21 — Pbl,|+ 2K" + 2NO,
Pb®* + 21 — Pbl,|
2. Boioensemcs 2a3:
Na,CO; + 2HCI — 2NaCl + CO,?1 + H,0
2Na* + CO5;> + 2H* + 2Cl — 2Na* +2Cl + CO,1 + H,0
2Na" + CO7 ™+ 2H" + 2C1 — 2Na" +2C} + CO,1 + H,0
CO;* + 2H" — CO,1 + H,0
3. Obpazyemcs cnadvlit 31eKmMpoaum:
2CH;COONa + H,S0, — Na,SO, + 2CH;COOH
2CH,COO + 2Na* + 2H* + SO, — 2Na" + SO,* "+ 2CH;COOH
2CH,COO0 + 2Na* + 2H" + S0,/ — 2Na* + S8, + 2CH;COOH
CH3;COO + H"— CH;COOH
4. Obpazyemcsa KOMNIEKCHbLIL UOH
Zn(OH), + 2NaOH — Na,[Zn(OH),]
Zn(OH), + 2Na* + 20H — 2Na* + [Zn(OH),]
Zn(OH), + 2Na" + 20H — 2Na* + [Zn(OH),]
Zn(OH), + 20H — [Zn(OH),] >~
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Jlaboparopnas padora Ne3

Inekmpoaumuueckan OUCCouuayus

PeakTuBBI N NPHHAAJIC)KHOCTH.

IIUHK (KyCOYKH);

COJIsIHAsI KUCNOTA, 1H. p-p;
YKCyCHasi KHCIJIOTa, 1H. p-p;
cepHasl KUCJoTa, 1H. p-p;
TMJIPOKCHU] HaTpus, 1H. p-p;
XJIOpUJA Maruus, 1H. p-p;
TUAPOKCUI aMMOHHS, 1H. p-p;
cyiabdaT aqtoMUHusA, 1H. p-p;
cynsdar menu (1), 11. p-p;
xnopuna xkenesa (I11), 11. p-p;
BOJIb(pamat HaTpusd, 1H. p-p;
KapOoHaT Kanus, 1H. p-p;
nutpat ceunna (1), 11. p-p;

cyiabdat kanus, 1H. p-p;

xyopup 6apus, 1H. p-p;

XpoMmar Kanusd, 1H. p-p;

Hutpart cepeopa (1), 11. p-p;
nuxpomar Kanus, 1H. p-p;
XJIOpUA Kanblus, 1H. p-p;
rekcaranogeppart (1) kanus, 11. p-p;
aleTaT HaTpus, KPUCTAILINY;
XJIOpPUJ] aMMOHUS1, KPUCTAJUINY;
metuinopanx, 0,1% BoaH. p-p;
dbenondraneun, 0,1% crnupt. p-p.

O ITaTHuB C MAJICHBKMMHU HpO6I/IpKaMI/I.

OnsiT 1. Cpasnenue cmenenu ouccouuauuu Kucjiom

B nBe npoOupku HayieiTe mo 6-8 Karejlb pacTBOPOB COJSTHOW U
YKCYCHOM KHCJIOT OJMHAKOBOM KOHIIEHTpaluu. B kaxayro u3 npoOu-
POK momecTtuTe 1Mo 1 Kycouky muHka. Yepes3 HECKOIBKO MUHYT ITOCIIE
HayaJla OIbITAa CPABHUTE HWHTEHCUBHOCTH BBIJICJICHUS BOJOpPOJIA B

Ka)XJI0M TpoOupKe.

3ananue:

1) OOBsicHuTe HAOJIFOIaeMOE Pa3IMuue B MHTCHCHBHOCTH BBIfIC-

JICHUA BOAOpOJAA.

2) Harmumire ypaBHEHWE pEaKIMM IWHKA C PacTBOPOM COJISTHOM

KHCJIOTBI B MOJICKYJIIPHOM U MOHHOM BU/IC.

OnmIT 2. Cpaeﬂelme cmenenu 0uccouuauuu pacmeopumblx

OCHOBAHUUL
B nBe nmpoOupku HayeiTe mo 6-8 Kareib pacTBOpa XJIOpHUJIa Mar-
Hus. B oqHy no0aBeTe 1 Kamio ruipokcuaa HaTpus, a B Apyryio — 1
KaIuTiO TUJPOKCHIa aMMOHHUS.
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3ajganue:
1) OOBsICHUTE TPHYKMHY HEOAMHAKOBOTO KOJWUYECTBA OCaJKa B

NEepBOM U BO BTOPOU MpoOUpKax.
2) HamumuTe ypaBHEHHE peaKI[Mu paCTBOPOB XJIOPHIa MarHus C
TUAPOKCHJIOM HATPUS B MOJIEKYJISIPHOM U MIOHHOM BHJIE.

Onbit 3. Bauanue oonHoumennozo uona Ha CMmeneHs
ouccoyuayuu caaodwvlx INeKmpoaIumos

a) 6nusiHUEe 0OHOUMEHHO20 UOHA HA CMENeHb
ouccoyuayuu YKCyCHOU KUCJI10mbl

B npobupky naneiite 15 kanens 0,1 M pacTBopa yKCYCHOM KHC-
JOTHI U 100aBbTe | Karuio MeTuiiopanxa. Pazaenure conep:kumoe Ha
nBe npooupku. OHY OCTaBbTE JJIsI CPAaBHEHMUS, 2 BO BTOPYIO J00aBb-
Te | mmarenp KpUCTAIIMYECKOrO areTara HaTpus U pa3MellanTe 10
MOJHOTO pacTBOpeHusA. CpaBHUTE OKPACKY MHAMKATOPA C KOHTPOJIb-
HOM TTPOOUPKOM.

3aganue:

1) 3anuIuTe HWOHHO-MOJICKYJIIPHBIC YpPaBHEHHS IPOIECCOB

JMCCOIMAIIMY YKCYCHOW KHUCJIOTHI U alleTaTa HaTpus.
2) Kak 1 moyemy M3MEHSETCS CTCICHb JUCCOIMAIIMKM YKCYCHOMH
KHUCJIOTHI B IPUCYTCTBUU AllETaTa HATPHUS ]

0) 6nusiHUEe 0OHOUMEHHO20 UOHA HA CMeNneHb OUCCOUUAYUU
2UOPOKCUOA AMMOHUS

B npoOupky naneite 15 xanens 0,1 M pacTBopa rugpokcuaa
aMMOHUsA M no0aBbTe 1 kammio ¢enondranenHa. Paznenurte conep-
KUMOE Ha JiBe NpoOupku. OQHy OCTaBbTE IJIA CPABHEHHUS, a BO BTO-
pyto go6aBbTe | MmIMaTenb KPUCTAIMYECKOTO XJIOPUJA aMMOHHS H
pasMeIanTe 10 MOJHOTO pacTBOpeHus. CpaBHHUTE OKpPacKy HHIWKAa-
TOpa C KOHTPOJIBHOW MPOOUPKOM.

3aganue:

1) 3anumuTe HMOHHO-MOJCKYJISAPHBIC YpPaBHEHHS IPOICCCOB

JUCCOIMAIMY TUAPOKCHIA AMMOHUS M XJIOPUJA aMMOHMUSL.
2) Kak 1 mouemy M3MEHSIETCS CTENEHb TUCCOIMAINN THIAPOKCH-
Jla aMMOHMUS B IPUCYTCTBUU XJIOPUJA aMMOHUSA?
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OubiT 4. Bauanue cpedvt pacmeopa Ha OUCCOUUAUUIO
amghoruma

K 10 karuisim pactBopa cynbdara aTtoMUHUS J00aBbTE MO KaIljIsiM
pacTBOp TUAPOKCHIA HATPUs IO TMOSIBICHUS OCAJKa THIPOKCHUIA alto-
muHus. Paznenure comepkumoe Ha ABe MpoOupku. B oaHy noGaBbTe
U30BITOK CEPHOW KHUCJIOTHI, a B JPYryl0 — HU30BITOK THIPOKCHUIIA
HATpUS J0 MOJHOTO PACTBOPEHUS OCaAKA.

3aganme: Hanumure ypaBHEHUs pEakUWM B MOJEKYJISIPHOM M
WOHHOM BHJIE:

1) cynbdaTa aTFOMUHHS C TUAPOKCHIOM HATPHS;

2) THIPOKCH/IA ATFOMHHUS C CEPHOU KHUCIIOTOM;

3) ruApOKCHIA ATIOMUHUS C THIPOKCHUIOM HATPHSL.

OnbiT 5. Honnwie peakyuu
@) nonyueHue mpyoHOPACMEOPUMBIX OCHOBAHULL

[IpuroToBbTE ABE MPOOUPKU: B MEPBYIO MOMECTUTE 6-8 Karelb
pactBopa cyibdara menu (II); Bo BTOpyro — 6-8 kamenb pactBOpa
xynopuzaa >kenesa (II1). B o6e npoOupku n1o6aBsTe Mo 5 Kamenb pac-
TBOpPA TUAPOKCH]IA HATPHS 10 00pa30BaHUs OCAJIKOB.

3aganme: Hanmmmre ypaBHEHUs peakiuii B MOJICKYJSIPHOM H
WOHHOM BHJIE!

1) cynedara meau (I1) ¢ ruapokcuIoM HATPHS,

2) xnopunaa xkenesa (I1I) ¢ ruapoxcuom HaTpus.

0) nonyuernue mpyoOHOPACMBOPUMBIX KUCTIOM

B onny npobupky HaneiTe 6-8 kamenb pacTBopa Bojib(dpamara
Hatpus (Na,WO,) u nobGaBbTe 5 Kameib pacTBOpa COISHON KHUCIIOTHI
710 00pa30BaHMs OCAJIKA.

3aganme: Hanumure ypaBHEeHHs peakinil Bojdb(pamaTa HaTpus
C COJISTHOM KHCJIOTOW B MOJIEKYJIIPHOW U HOHHOU (hopMe.

8) nonyueHue 2a3z000pPaA3HbIX BeUlecms

B nmpobupky Hamneiite 6-8 kamenb pacTBOopa KapOoHaTa Kajaus W
n00aBbTE MO 5 Kaneiab pacTBOPA COISTHON KUCIIOTHI.
3aganme: Hanumure ypaBHEHHE peaklMM KapOoHaTa Kaiaus C
COJISHOM KUCJIOTOM B MOJIEKYJISIPHOIM M HOHHOU opMe.
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2) nonyueHue mpyoHopacmeopuMblx couell

Hcnonb3yss UMEIOIMIMECS B IITATHBE PEAKTHUBBI, MOJIYYHUTE CIE-
IyIOIUe TpyJaHOpacTBOpumMbie coiu: cyibdar cBuHua (II); xpomar
Oapust; nuxpomat cepedpa (I); kapboHaT KanbplLMs; rekcananodeppar
(IT) sxeneza (I11).

3ananue: Hanumivure gaHHbIE YpaBHEHUS PEAKIMl B MOJIEKY-
JSIPHOM Y MOHHOU popme. YKaKUTE LBET MOTYUYEHHBIX OCAIKOB.

YIIPA’KHEHUSA

1. Hanumute ypaBHEHUS DJIEKTPOIUTUYECKON JAUCCOIUAIINU
YIOJIBbHOM KHUCJIOTHI 10 JBYM CTYNEHSM U BBIPAXKECHUS JJIsi KOHCTAHT
JACCOLMALINY 10 KAXKIO0U CTYIICHHU.

2. Beruncnure creneHp auccoruanui (B %) a30TUCTOM KHCIOTHI
B 0,01 M pactBope.

3. BeruncnnuTe KOHCTaHTY AUCCOIUAIIMA MYPaBbUHOW KHCIIOTHI B
0,2 M pacTtBOpe, €Clii €€ CTENEeHb Aucconyanuu paBHa 3,2%.

4, Hanumwute B MOJICKYJISIPHOW X MOHHOM popMe ypaBHEHUS pe-
aKIUM:

1) MgO + HNO; —
2) AI(OH); + HCI —

3) KOH + CO, —

4) NH,NO; + NaOH —

5) (CH;COO0),Cu + H,SO, —
6) ZnCl,+ NaOH —

7) K3PO, + Ca(NO5), —

8) Fe(OH); + KOH —

9) (NH,),SO, + BaCl, —

10) FeSO, + Ks[Fe(CN)s] —
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I'masa 5. KUCJIOTHO-OCHOBHbBIE PABHOBECHUA
B BOAHbBIX PACTBOPAX

5.1. BomopoaHblii moka3areJib

Bona siBisieTcsi oueHb cinabbiM anekTpoautoM. IIpornece aucco-
[AAIMHA BOJbI ONTUCHIBACTCS CICIYIOIIUM YPaBHEHUEM:

H,O — H +OH
Tornma koHcTanTa aucconuanuu K; Boasl OyJeT paBHa:

[,0]
[TpeoOpa3oBaHue 3TOr0 BEIPAKCHHMS JTAET:
[H] [OH "1=Ky(H,0)[ H,0]
DKCIIEPUMEHTAIBHO YCTaHOBNCHO, uto Ky (H,0) = 1,86:107™° mpu
22°C. Tak Kak CTEleHb TUCCOIMAIMM BOJBI KpailHe HH3Ka, TO MOXHO
CUUTATh, YTO KOHIICHTPALIMS €€ MOJICKYJ — BEJIMIMHA IIOCTOSHHASL.

Onun nutp Boabl nmeet maccy 1000 r, Torga paBHOBECHAS MO-

JsipHast KOHIICHTPAIUs BOABI B BOjIe OyET paBHa!
m 10002

M-V 182/ monw-1n

[ToncTaBuB YKCIIOBBIE 3HAYECHUS B YPABHEHUE, TTOJYUHM:

+ — 14 2
Kw=[H//OH /=10 """ (Monb/mn)
o + —

IIponsBenenne paBHOBECHBIX KOHIEHTpanuid noHoB H™ u OH B
BOJIE U BOJHBIX PACTBOPAX IMPHU ONPECTEHHON TeMIIEPaType €CTh BEIJIH-
YHHA TIOCTOSIHHAS ¥l HA3BIBACTCS UOHHBbIM npouseedenuem 600wl (K,).

Tak Kak MOHHOE MPOU3BEICHUE BOJIbI €CTh BEJIMYMHA MOCTOSH-
Hasl, TO YBEJIMYECHHE COJICP>KAHUSA B paCTBOPE OJHOTO U3 COCTABJISIO-

+ — o

nmx ero noHoB (H™ mmu OH ) BeO€T K COOTBETCTBYIOIIEMY CHUXKE-
HUIO COJIEp)KaHUsI KOHIEHTpanuu aApyroro. I[Ipu paBeHCTBE KOHIIEH-

) + ) +
tparuii [H]=[OH ] peakuus cpens! neiitpansnas, ecau [H]>[OH ],

) + )

TO cpena OyaeT kucioi, a mpu [H™ ]<[OH ] — memounoii.

Tak Kak KOHIEHTpalMM MOHOB BOJAOPOJA M THAPOKCHIIA BbIpa-
JKEHBI OTpHUIIATEIBHON cTeneHbto uncia 10, 3To co3maét Heyao0CcTBa
IIPU pacy€Te KOHICHTPALMH.

=5556m016/ 1

[H20]=

o1



Hatckuii ¢puzuko-xumuk u onoxumuk Cépencen B 1920r. BBEN

HIOHSTHE «8000p0OHbLIL nokazamens (pH)»:
pH =g [H']

Besnunna pH pacrBopa — 310 oTpMUATEIbHBIA AeCATHYHBIN
Jorapugm, B3ATbIil 0T PABHOBECHO! KOHLEHTPALUM KATUOHOB BO-
JI0pPO/Ja B 3TOM pacTBoOpe.

AHaJIOTUYHBIM 00pa30M KOHIIEHTpAIlUsl TUIPOKCUI-UOHOB MO-
KET OBITh BHIPAYKECHA KaK:

pOH =—-Ig [OH ]

JlorapugMupoBaHue ypaBHEHHUS [JiI HOHHOTO IPOU3BEICHUS

BO/JIbI U IEPEMEHA 3HAKA JAFOT:

—Ig[H"]+ (Hlg /OH ]) =14
pH + pOH = 14

Ha npakTtuke mjisi onpeneneHus peakiuu cpepl Beamuunoi pOH
HC HOJ'IBSyIOTCH, TaK KaK OHa 3aBUCUT OT pH y SHAUCHMU:], KOTOpOFO Jd0cTa-
TOYHO, tITO6I)I OX&paKTepHSOBaTI) KHUCJIOTHOCTb HIIN IlIéJ'IO‘—IHOCTI) pac-
TBOpa. Ha BeJ'II/IIII/IHy HOHHOI'O HpOI/I3BCI[eHI/I$I BOAbI 3HAYUTCIIbHOC BJINA-
HHUEC OKA3bIBACT TeMHepaTypa. C ITOBBINICHHUCM TeMHepaTprI YBCHI/IIII/IBa-
€TCs CTENEHb TUCCOIMAIIMY BOJIBI, a, CJIEAOBATEILHO, M 3HaueHue K,

B Tabnune 1 nokazansl 3aBucumoctu K, u pH, XapakTepu3yroime
HEUTPaIBHYIO Cpeay, OT TEMIIEPaTyPHhl.

Tabmnunia 1

3asucumocmu K, u pH om memnepamypuot
T,K Ky, pH
273 1,139 - 10™° 7,97
291 5,702 - 107 7,11
298 1,008 - 10™ 6,99
323 5,474 - 107 6,63
373 5,900 - 103 6,12

B 3aBucuMoOCTM OT CTENECHU OTKJIOHCHMUS BEIUMYMUHBI pH oT
HCI\/'ITpaJII)HOI\/'I Cpcabl YCIIOBHO IMPUHATO BBIACIIATDH CH&6OKI/ICHI)IC, CHJIb-
HOKMHCIJIBIC, CJI&6OIHCJIO‘IHBIC M CUJIBHOIICJIOYHBIC BOJHBIC paCTBOPHI.

0O 1 2 3 4 5 6 7 8 9 1011 12 13 14

PH | 1 1
cpena | CHJIBHO- | crabo- | cra6o- | CHJIBHO-
KHCIag KHCIIad IeIouYHAad [eI0YHadg
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[lIxama pH we orpanmuuBaetrcs npenenamu ot 0 no 14. Hanpu-
Mep, KOHLEHTPUPOBAHHBIE PACTBOPHI MHUHEPAIbHBIX KHCIOT MOTYT
uMeTh 3HaueHus pH menblie 0, a menoueit — 0ompie 14.

Tabauma 2
Ipumepwl 3nauenuit pH nekomopulx eeugecme
pH PactBOp
0,5 AKKYMyYJIITOpHAsi KHCJIOTa (CepHast)
1,5-2,0 JKenynouHslil COk
2,4 JIMMOHHBIN COK
2,5 Koxka-xoia
2,9 Ykcyc
3,5 AnenbCUHOBBIA COK
4,5 [TuBo
MmeHee 5,6 KuciaoTHbeIN DOXIb
5,0 Kode
55 IToBepXHOCTHBIN CI0H KOXKH, MOYa
6,5 MoJ10K0
7,0 Yucrag Boja
6,5-7,4 CaroHa
7,34-7,45 KpoBb, ciesbl
7,5 JImmda
8,0 Mopckas Boja
9,0-10,0 [TueBas cona
11,5 Mpzbu10
12,5 OtOenmnBarein
13,5 CpeAcTBO i1 IPOYMCTKU CTOYHBIX TPYO

CymectBytomnue npuoopsl s u3Mmepenuss pH (uomnomepot),
MO3BOJISIIOT U3MEPATh pH pacTBOpOB B peaenax ot —1 go +19.
Pacuér pH nnga pacTBOpPOB 3JIEKTPOJUTOB PA3HOW CHIIBI OCY-
HIECTBIISIETCSA IO CICIYIOMMUM (POpMyJIIaMm:
1) Jlns pacTBOpa CUIILHOM KUCITOTHI:
pH = _Ig(n . CK—mbz)

r71€ N — OCHOBHOCTb KUCJIOTHI, Cy..pypy — MOJISIPHAS] KOHIIGHTPALIHS PACTBOPA.
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2) Jlns pacTBOpa IIEIIOYH:
pH =14+ Ig(m-COCH)

rae M — KUCIOTHOCTh OCHOBAHMS, C,., — MOJISIPHAsT KOHICHTpA-
U1 PACTBOPA.
3) s pacTBOpa ci1aboii KHCIOTHI:

1 1
PH == pKy 1y — =19 G
2 2 :
rae pKi.my — cunoBoit nokasarenb pKipmy= —19K o wemes Crome — MOTIAP-

Has KOHUEHTpAIUs pacTBopa.
4) [t pacTBOpa ¢l1aboro OCHOBAHUS:

1 1
pH =14- E PKoen + E 19 Cocr

1
rae pK,., — cunosoit nokazarensd pK,.,= —19K,en); Coew — MONApHAS
KOHILICHTpAIMS pacTBOpA.

Ilpumepvr pacuema pH
1. Paccuutats pH 0,1 M pactBopa azotHo# kuciaoTsl HNO;:
pH =—1g(01) =—Ig1l0* =1
2. Paccuurars pH 0,005 M pactBopa cepHoii kuciaotsl H,SOy:
pH =—1g(2-0,005) =—1g(0,01) —1g10* =2
3. Paccuurare pH 1 M pactBopa cununbHOM KnucimoTel HCN:

pH:%-Q,Zl—%-Ig1=4,605

4. Paccuntats pH 0,01 M pactBopa ruapokcuaa kamus KOH:
pH =14+1g(0,01) =14 +1g102 =14 —2 =12

5. Paccuurats pH 0,05 M pactBopa runpokcuaa 6apus Ba(OH),:
pH =14 +1g(2-0,05) =14 +1g10 " =14 -1=13

6. Paccuutats pH 0,001 M pactBopa ruapokcuaa ammonust NH,OH:

pH =14-1.475+ 1 .190,001=14-1.475+ L 1910 =
2 2 2 2
=14-2375-15=10,125
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5.2. BydepHble pacTBoOpbI

byghepnuvim oOeiicmeuem Ha3bIBa€TCA CBOMCTBO PAaCTBOPOB CO-
XpaHsATh OmnpeaeaeéHHoe 3HaueHue pH mpu BBeJeHUM B HUX OMpeje-
JIEHHOT'O KOJWYECTBAa CUJIbHOW KHUCJIOTHI WU IIEJIOYH, a TAKXKE MPHU
paz0OaBieHun (WM KOHILEHTpUpPOBaHMM). PacTBOphl, oOnamaroniue
OydepHbIM JeliCTBUEM, HA3bIBAIOTCS OyghepHbiMU CMecAMU.
Bydepubie pacTBOpBl coaepkaT KOMIIOHEHTHI, JUCCOLUHUPYIO-
e ¢ 00pa3oBaHUEM OJHOUMEHHBIX MOHOB, HO OTJIUYAIOIIUECS TIO
CTEIECHU JUCCOIHAIINY.
[To xumuyeckomy coctaBy OydepHble cMecu ObIBalOT HECKOJIb-
KHUX BHJIOB.
1. Cmech ci1aboit KUCIOTHI U €€ COJIM, HAallpuMeED,
ayemamnasa (CH;COOH + CH3COONa).
2. CMech ¢1ab0T0 OCHOBAHUS M €T0 COJIH, HAIIPUMED,
ammuaunan (NH,OH + NH,CI).
3. CMmech IBYX KUCIBIX COJIEH, HampuMep,
gocipamnan (NaH,PO, + Na,HPO,).
4. CMech KUCIION U CPEIHEH CoJieli, HampuMmep,
xapoonamnas (Na,CO3z; + NaHCO5).
[To xapaktepy cpensl OydepHbIE CMECH ACISAT Ha KUCivle |
OCHOBHbIE:

Kucnas oyghepnan cmecw: Ocnoenas oyghepnasn cmeco:
Cwmech c1aboi KUCTIOTHI U €€ Cwmech c1ab0TO OCHOBAHHMS U €T0
COJIM, HAITpUMED: COJIM, HAITPUMED:

ayemamuasn ammuauHas
CH3;COOH + CH;COO NH,OH + NH,"

MexanuzMm OydepHOro IEMCTBUS 3aKJII0YaeTCs B TOM, YTO MPHU
no0aBieHn B Oy(QepHBIl paCTBOP KUCIOTHI WM IIETOYU €r0 KOMIIO-
HEHTHI CBA3bIBaIOT HOoHBI H' i OH B MallofHCcCOIMUPOBaHHBIE CO-
eauHeHus. PaccMOTpuM 3TO Ha npuMepe aneraTHol 0ydepHon cMeCH.
KommnoneHTs! Oy(hepHOoil cMecH TUCCOLMUPYIOT COTIACHO YPaBHEHUSIM:

CH;COOH — CH;COO +H"
CH;COONa — CH3;COO + Na*

Anerat HaTpUs KakK COJIb SIBJISIETCS CWJIBHBIM 3JICKTPOJUTOM M
JUCCOLUUPYET TOJHOCTBHIO. [[eMCTBME OMHOMMEHHOIO arerar-uoHa
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MOJABJISET JAUCCOIMALMIO CJIA00T0 3IEKTPOJIUTA — YKCYCHOM KHCIIO-
Tbl. TakuM 0Opa3oM, KOHIICHTpAIIUS alleTaT-uOHOB B PAacTBOPE OIpe-
JENSAETCS TOJIBKO TUCCOLMALMEN COJIM, @ YKCYCHAsI KUCIIOTa HAXOIUT-
Csl MPAKTUYECKU B HEJIUCCOLMMPOBAHHOM BUJIE.

Ecnu k nanHoi cMecHu 00aBUTh PaCTBOP CHJIBHOM KUCJIOTHI, TO
obpasyromuecs noHsl H', B3auMoeiicTBYs ¢ areTaT-moHAMH, CBS3BI-
BAIOTCS B MAJIOAUCCOLMUPOBAHHOE COCIMHEHNE — YKCYCHYIO KUCJIOTY:

CH,COO +H'=—= CH;COOH )
Ecnu x pactBopy 100aBUTh pacTBop 1ignouu, To nousl OH B3a-
MMOJICICTBYIOT C TeM HEOGOIBIINM KONHIecTBOM HOHOB H', KoTopsie
00pa3yroTcsl MPU TUCCOLUAIMU YKCYCHOM KHUCJIOTHI, C 00pa3oBaHUEM
HEKOTOPOT'0 KOJIMYECTBA AIIETAT-UOHOB U BO/IBI:

CH3COOH + OH == CH3COO +H,0O

Kak ykcycHas kuciora, oOpa3yromasicsi npu J00aBJI€HUU B pac-
tBop H'-nonoB, Tak m Boga, obpasyromascs npu gobasnesnn OH -
FIOHOB, SBIISIOTCS CIAa0BIMH dIeKTponuTamMu. Cs3piBaHue HoHOB H' 1
OH xommnoHneHTamu OydepHO cMecu mpeAoTBpaIlaeT Pe3KUe U3Me-
HeHus pH cucremsl.

HecmoTpsi Ha mojaBieHUE IUCCOIMAIIUM YKCYCHOW KHCIIOTBI
aneTaT-uoHaMu coJid, BeauunHa pH pacTBopa BCE ke ompenensercs
CTEMEHBIO JUCCOLMAIMUA KHUCIOThI B OydepHOW cMecHu. 3amuiliem
ypaBHEHUE ISl KOHCTAHTHI JUCCOIMAITUN KUCTIOTHI:

_[H"]-[CH,COO]
“ [CH,COOH]

Tak kak ykcycHasi KUCJIOTa MPAKTUUYECKH HEIUCCOLIMUPOBAHA, TO
MOHO MPHUHATH, YTO KOHIIEHTPALUS €€ MOJEKYJ MPAKTUYECKH paBHA
oO1Iel KOHLIEHTPALMU KACIOTHI:

[CH3COOH] = Cr-mon
B 3TOM CJIy4yae KOHIEHTpAIMs alleTaT-HOHOB paBHA KOHLIEHTPAIUK COJIH:
[CH3COO 1= ceom

[Tocne moacTaHOBKM ATUX JIaHHBIX B ypaBHEHHE W MaTeMaTH4e-

CKUX MpeoOpa3oBaHUMN MOTYUHM:

C
_ K—mbl
PH = pKy _ 1 _Ig C
comu '’
rae Benuuuna pK,.,,,= — 19K, Ha3bIBaeTCs cunosvim nokasamenem.
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AHaJIOTUYHBIM 00pa3oM MOXHO MOKa3aTh, YTO JJISI CMECH, CO-
Jepokaiie ciaboe OCHOBAHHUE M €Tro cojb, pacu€ét pH moxer ObITh
IIPOBEJIEH 110 YPABHEHUIO:

COCH
pH =14- pK, ., +lg—/———
CCO]ZL[

Takum oOpaszom, 3Hauenne pH, cozmaBaemoe OydepHBIMH CMe-
CSIMM, 3aBUCUT OT CHJIOBOI'O IOKa3aTeyisi ¢J1Iadoro 3JEKTPOJIUTA, BXO-
JSIIET0 B COCTaB CMECHU U OT COOTHOIICHUS KOHIEHTPAIUNA KOMIIO-
HEeHTOB. Tak Kak npu pa30aBICHUH CMECU KOHIEHTPAIlU KOMIIOHEH-
TOB U3MEHSIIOTCSI OJJMHAKOBO, TO pa30aBJIiCHUE MPAKTUUECKU HE BIUSECT
Ha BeJnuuHy pH.

bydepHoe aeiicTBUEe MOXKET MPOSBIATHCS B OMPEACIEHHBIX Mpe-
nenax. XapakTepuCcTUKoW OydepHBIX pacTBOPOB SIBISIETCS OydepHas
EMKOCTb.

bygepnaa émkocmsv BBIpaXaCTCAd KOJIUYECTBOM MOJIb-3KBHUBA-
JICHTOB CHUJIbHOM KHMCJIOTBI WJIM OCHOBAHMSI, KOTOPOE HEOOX0uMO J00a-
BUTH K 171 OydepHOTro pactBopa, uToObl U3MEHUTH €ro pH Ha 1.

bydepnas €MkocTh TeM OOJbIIE, YEM BBINIE KOHIEHTpAIUs
KOMIIOHEHTOB, oOpa3yromux OydepHyro cmech. Eciu cmectuts pH
OydepHoii cMecu OoJjiee yeM Ha eAuHUIlY, TO OydepHOoe IelcTBHE
MpPEKPAIIACTCSI.

Kaxnas 0ydepHasi cMech XapakTepusyercs IpeiesioMm, B KOTOpOM
MOXXET OBITh HCIIOJIb30BaHA. Tak, Mpeiesibl JeUCTBUS aleTaTHOM Oy-
depHoil cMecu HaxoasaTcs npu pH=4-6; dopmuarnoit — pH=3-5; ammo-
HuitHoi — pH=8-10; pocharnoit — pH=6-8.
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Jlaboparopnas padora Ned

Booopoouwiit nokazamens. byghepnvie pacmeoput

PeakTuBBI N NPHHAAJIC)KHOCTH.

COJIsIHAas KHCJIOTa, O, IM pP-p; O YHHUBCpPCAJIbHAsA MHAUKATOpHAsA 6yMara;
YKCyCHas KHCJIOTA, 0’1M p-p; O HITAaTUB C MAJICHBKUMU HpO6I/IpKaMI/I;
TUIPOKCHUJ HATPUS, O,IM pP-p; O MCPHBIC TUIMHAPBI 2 IIT.,

rugpokcuy aMmmonus, 0,1M p-p; O KOHHYECKHE KOJIOBI 2 IT.,
anierar Hatpus, 0,1M p-p; O CTEKJISTHHAS ITajodKa.
xaopua ammonus, 0,1M p-p;

JTUCTUWITUPOBaHHAS BOJIA;

Onbit 1. Onpeoenenue pH npu nomouwiu
YHUBEPCANbHO20 UHOUKAMOPA

Onpenenute pH pacTBOPOB, YKa3aHHBIX B Tabswuie 1, Ay 3Toro
HAHECUTE KAaIUII0 pacTBOpa HAa HHJMKATOPHYIO OyMakKKy M cpasy
CPaBHHUTE C ILIBETHOW IIKaJIOW. 3amuIIUTE MOJYYECHHbIE 3HAYCHHS B
Tabnuy 1:

Tabmnura 1
SMeKTpomHT Konuenrpanus, pH pH
MOJIB/TT (n3mepeHHoe) (paccunTaHHOE)
HCI 0,1
NaOH 0,1
CH3;COOH 0,1
NH,OH 0,1
H,O —

3aganme: PaccuuTaiite 3HaueHUs pH 19 yKa3aHHBIX PAaCTBOPOB
M0 COOTBETCTBYIOIIUM (POpMYJIaM M CPaBHUTE C U3MEPECHHBIMHU 3Ha-
yeHussMu pH.

Onsit 2. Ilpuzomosnenue oygheprvix pacmeopos
a) npucomosienue ayemamuozo oygeprnoz2o pacmeopa

C nmomompro MmepHoOTO 1MHApa otMepbTe 20mi 0,1 M pacTBopa
ykcycHoU Kuciotel U 20mi 0,1 M pacTtBopa anerata Hatpusd. CMmenaii-
T€ 3TU PACTBOPHI B KOHUUECKOH KOJI0e.
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6) npucomosnenue ammuasHo2o bygheprnozo pacmeopa

C nomoribro mepHoro muanHapa otmepete 20Mi1 0,1 M pactBopa
rugpokcuga ammonuss v 20mi 0,1M pactBopa xjopuja aMMOHMS.
CwmemaiiTe 3TU pacTBOPHI B KOHUUECKOM KOJIOE.

3aganme: Onpenenure W paccuuTaWTe 3HAYEHHWE pl1 HAHHBIX
Oy epHBIX pacTBOPOB.

Omnnbit 3. Bygheproe oeiicmeue
Tabmuna 2

bydepHrbiii pacTBOp pH

ArneratHsbiit 0ydepHbIi p-p

AneratHeiii OydepHsii p-p + 1kamas HCI

Auerarsbiii 0ydepnsiii p-p + 1kamas NaOH

Aueratssiii OydepHbIil p-p, pazbaBieHnsbii B 10 pa3

a) enusiHue 0006asIeHUs HeOONLUUX KOJUUeCm8 KUCI0Mbl UIU
wenoyu Ha 3Havenue pH o6ygepnvix pacmeopos

B nBe mpobupku HanenTe mo 1ma ameratHoro OydepHOro pac-
TBOpa. B onny nmpobupky nobasste 1 kario 0,1M pacTBopa cosisiHOM
KHUCIIOTHI, a B APYryro npooupky — 1 karmto 0,1M pactBopa rugpox-
cunaa Hatpusi. Kaxaplii pacTBOp MepeMENIanTe ¢ MOMOIIBIO CTEKIISIH-
HOW NaJIOYKHU.

3ananue: Onpenenure 3HaueHUe pH B KaxJI0M MpoOUpKe, cpas-
HUB €r0 C UCXOJHBIM. 3alUIINTE OJyYCHHbIC 3HAUYCHUS B TA0IUILY 2.

0) enuanue pazoasnenus na pH 06ygepHnvix pacmeopos

B OGounbiryro npodbupky nmomectute 1mi aneratHoro 0ydepHoro
pacTtBopa U pazdaBbTe cojepxkumoe npooupku B 10 pa3. Paz0asien-
HBIM pacTBOp MepeMelIaiTe ¢ MOMOIIBIO0 CTEKISTHHON MaJ0UKH.

3amanme: Onpenenure 3HaueHue pH pazdaBieHHOTO OydepHO-
ro pacTBOpa, CPABHUB €0 C UCXOJHBIM. 3AIMHUILIUTE MMOTYYEHHOE 3Ha-
YeHue B Ta0nuILy 2.

OnwiT 4. Ilomeps o0yghepnozo oeiicmeus

Haneiite B mpobupky 1min ammuagHoro OydepHOro pacTtBopa.
Hob6asnsitte o karmisim 0,1M pacTBop COJISIHOM KUCIIOTHI, ONPEeAeIsis
pH mocne kaxoi 700aBIEHHON KaIluli, MPEIBAPUTEIBHO MepEeMEIIn-
Basi pacTBOP.
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3ananme:
1) IMony4yeHHBIC 3HAUCHHUS 3AIHUIINTE B TAOIHITY 3:

Tabnumna 3
V(HCI), mn pH

0,05
0,10
0,15
0,20
0,25
0,30
0,35
0,40
0,45
0,50

2) ITo moaydeHHBIM pe3yJabTaTaM MOCTPOTE IpaduK 3aBUCUMOCTH
pH amvuaunoro OydepHoro pactBopa ot ooObema J00aBJICHHOU
constnoit kuciotel V(HCI). Tlpu moctpoenun rpaduka ciemyer
IIOMHHTbB, YTO 3aBUCUMOCTH JIOJDKHA OBITh BBIPa)KCHA ILJIABHOM
KPUBOU, a HE JIOMAaHOW JIMHUEH.

Yucino
kaneiap HCI

'5©OO\ICDCYI-I>OOI\JI—\

YIIPA’KHEHUA

1. Beruucnute pH pactBopos: 1) 0,001 M HBr; 2) 0,5M H,CrQy,,
3) 0,01 M HCN; 4) 0,001 M HCOOH, 5) 0,1 M KOH; 6) 0,005M
Ba(OH),, 7) 0,01 M pactBopa NH,OH.

2. Beruucnute pH aneratHoro OydepHoro pactBopa, cojaepka-
miero: 1) 0,1 M pactBop ykcycHoi kuciotel 1 0,01 M pacTBop arera-
ta Hatpus; 2) 0,01 M pactBop ruapokcuaa ammonud u 0,1 M pactBop
XJOpUAa AaMMOHHUSL.

3. Beruncinre pOH, KOHIIEHTpAIMIO KATUOHOB BOJAOPOIa M KOH-
LHEHTPAIUIO THIPOKCUII-AaHUOHOB B pacTBOope, pH KoTOpOTO paseH 4.

4. Beraucnure pH KpoBU KPYITHOTO poratoro CKoTa, KOHIICHTpaIus
KaTHOHOB BOAOPOJA B KOTOPOU cocTaBisieT 4,27+ 10 monb/.

5. Berunciute pH Bozsl B peke J{oH, KOHIIEHTpAIUs THAPOKCHUT -
aHUOHOB B KOTOpPOM cocTtasiseT 1,58: 10 °Mmonb/11.

6. Beruncnure pH anenbcuHOBOTO COKa, B 250 MJI KOTOPOTO CO-
nepxkutcs 0,25MMO0JIb KAaTHOHOB BOJOPOAA.

60



I'masa 6. T'UIPOJIN3

6.1. Tunsl ruapoIU3a cosei

IIpu pacTBOpeHHU COJIM B BOJAE B PE3YJIbTATE JTUCCOLIMALIUU TIPO-
HUCXOOUT 00pa3oBaHWE MOHOB OCHOBHOT'O M KHCJIOTHOTO OCTAaTKOB. B
3aBUCUMOCTH OT MX IIPHUPOJIbI 00pa3yromuecs KaTHOHBI 1 aHUOHBI MO-
I'yT JUOO BCTYIIaTh B PEAKIIMIO C PACTBOPUTEIEM — BOJIOM, JTHOO HE
BCTymaTh. UTOOBI OTBEeTHTH Ha Bompoc: «Kakwe moHBI B3amMojeii-
CTBYIOT C BOJOI?» — pa3depeM HECKOJIbKO IPUMEPOB.

1. Conu, o6pazoeannvie cunbHoll KUCIOMOU U
CUTIbHBIM OCHOGAHUEM '

HClI + NaOH —  NaCl + H,O
CUJIbHAA CUJIbHOE pacmeopumas Colb Cfla6bll:i
Kucioma OcHosanue (CUNbHBILL DIEKMPOIUM) — DeKMPOTIUM

H' + OH — H,0

PeaKHI/IH H€fITp3J'IPI33HPIH MCKAY CHIBbHBIMH JSJICKTPOJIMTAMHA
IIPpOTCKACT H€O6paTI/IMO, TaK KaK B pC3yJbTaTe O6p33yeTC$I O4YCHb CJia-

OBIi1 IIEKTPOJIUT — BOJIA.
[TosToMy HOHBI cOJield, 00Pa30BAHHBIX CHJIBHBIMH JIEKTPO-

JIUTAMHU, C BOAOM He B3aMMOACHCTBYIOT.

2. Conu, 06pazosanusvle ciadoil KUCI0MOU u
CUTILHBIM OCHOGAHUEM.

HCN + NaOH = NaCN + H,0
cnabast CUIbHOE pacmeopumasi cob cnaowlil
Kucioma OCHOBaHUe (CUNbHBI SIeKMPOIUM)  INeKMPOIUM

HCN + OH = CN + H,0

B nanHOM ciiydae BO3MOXHO MpOTEKaHHWE OOpaTHOTro Mpoliecca
— B3aHMMOJICHCTBUS aHMOHA COJIM C BOJIOM, COINPOBOXKIAIOMIETOCS 00-
pa30BaHUEM THIPOKCHUI-aHMOHOB, 00YCIaBIMBAIOIIMX IICJIOYHON Xa-
paKkTep Cpepbl.

TakuMm 00pa3oM, aHUOHBI KUCJIOTHBIX OCTaTKOB COJIeH, 00pa3o-
BAaHHBIX CJIA0OBIMH KHCJIOTAMH M CHJIBHBIMH OCHOBAaHHUSMH, B3aHMMO-
JIEUCTBYIOT C BOJOM.
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3. Conu, obpazosannsvle CUIbHOU KUCIOMOU U
c1advlm OCHOBAHUEM:

HCI + NH,OH < NH,CI + H,O
CUTbHASA cnaboe pacmeopumas coio cnaovlil
Kucuoma OCHOBaHUe (CUNbHBIL 2NIeKMPOaUm)  2J1eKmMpOoaUm

H" + NH,OH = NH," + H,0

Kak u B mpenpiaynieM npumepe, peakiuus HEUTpaaIu3alud HOCHUT
oOpatumblii xapakTep. BzaumonelicTBre KaTHOHA COJIM C BOJOM MPUBO-
JTUT K 00pa30BaHUIO0 KaTUOHOB BOJOPOa, OOYCIIABIMBAIOIINX KHUCITYIO
Cpelly pacTBopa.

Takum 00Opa3oM, KaTHOHBI OCHOBHBIX OCTaTKOB COJjieil, oOpa3o-
BaHHBIX CWJIbHBIMH KHCJIOTaMH M CJIIa0ObIMHA OCHOBAHUSIMHU, B3aUMOJICHi-
CTBYIOT C BOJIOM.

4. Conu, oopazosannsvle c1ad0ll KUCIOMOIL U
C1adbIM OCHOBAHUEM.

HCN + NH OH <= NH,CN + H,O
caabas caaboe pacmeopumas coib cnaowlil
Kucioma OCHOBAHUE  (CUNLHBLI HNIeKMPOIUM) INEKMPOAUM

HCN + NH,OH = NH," + CN + H,0

KaTnonbsl u aHUOHBI, 00pa3yIONMIMECS MPU TUCCOLMALIUK COJIEH
Ca0BIX KUCJIOT M CJIa0bIX OCHOBAHUM, BCTYIAIOT B PEAKIIMIO C BOJIOM.
Onpenenute peakiuio Cpelbl MOKHO CPAaBHEHHEM KOHCTAHT JIHUCCO-
UAIMU 00pa3yIOIINXCS KHUCJIOThI U OCHOBAHUAI.

B nannom ciydae Kpoen™> Kien, IOITOMY peaxnus cpensl pac-
TBOpA JIOJDKHA OBITH ciaborienounon (pH>7).

I'mapoan3oM Ha3bIBaeTcs B3anmMOJAelCTBHE MOHOB COJIM C
BOJIOH, Beylee K 00pa30BaHUIO CJIA0BIX JJIEKTPOJINTOB.

B Tabnuue 3 npencTaBieHbl TUIBI THIPOIN3A PA3IMYHBIX COJIEH
Y PEaKIHs CPelibl B X BOJIHBIX PACTBOpPAX.
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Tab6mauna 3
Tunot 2uopoausa conei

Cunvnas Cnabas
Conb
Kucioma Kucioma
THAPOJIN3 HE HAET THAPOJIN3 110 AHHOH
Cunvnoe AP . a AP y
cpelia — HelumpaibHas cpella — wenoyHas
OCHOBAHUE
pH=7 pH>7
THAPOJIN3 0 KATHOHY
THAPOJIN3 U 110 AHUOHY
Cnaboe 10 KATHOHY cpena — Kucaas, Ciu:
OCHOBAaHUe cpelia — Kucaias Kiaemn > Kioeny PH <7
pH <7 cpela — wenouHas, eCiu:
KI[(K-TBI) < KZ[(OCH)1 PH > 7

Kak u npoune oOpaTuMble peakiuu, TUAPOIN3 MOIYUHSAETCSA 3a-
KOHY JEHCTBYIOIIUX MAacC M XapaKTEPU3yeTCd KOHCTAHTON paBHOBECHS.

Jst Eatinit: o\~ 4 H,0 == HCN + OH™

_ [HCN]-[O0H]
p - —_
[CN"]-[#,0]
[IpousBenenune NByX MOCTOSAHHBIX (KOHCTAHTHI paBHOBECHS TH/I-
pOJIN3a ¥ KOHIIEHTPALIMU BOJIbI) HA3BIBAECTCSI KOHCHAHMOU 2UOPOIU3A

(Ky):

[HCN]-[OH ]
[CN7]
YMHOKHM YUCIUTENIb U 3HAMEHATENIb JTAHHOTO BBIPAKCHHS Ha
. p
[H'] u momyunm:

KF = Kp '[H20]:

_[HCN]-[0H] [H'] K,

r _
[CN7] [H"] K,(HCN)
AHaJIOTUYHO BBIBOJSTCS (POPMYJIBI JJIsi pacueTa COOTBETCTBYIO-
IIUX KOHCTAHT JJIs1 BCEX TUMOB TUAPOIIN3A.
JIpyroy KOJIMYECTBEHHON XapaKTEPUCTUKOU SIBIISICTCA CHIENEHb
euopoausa (N) — OTHOIIICHHUE YKCIA MOJICKYJ, MOIBEPIIIHUXCS THIPO-
a3y (N), k obmeMy unciay pactBopeHHbIX Mojeky (N). JlaHHOe BBI-
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pakeHHE PABHOLIEHHO OTHOIIEHHMIO KOHIIEHTPAIMH COJIM, IIOJBEPI-
mencs TuaApoan3y (C.ugp) K OOIIEH KOHIIEHTpAlUu COJIM B PAcTBOPE
(Co6w):

n Czuap
N C

06wy

Ob6wue 3aKOHOMEPHOCMU NPOMEKAHUS 2UOPONU3A COJIeH.

1. Creniens rugponn3a (sl CaydaeB TMAPOIU3a TOJIBKO MO Ka-
THOHY WJIM TOJIKO MO aHHOHY) YMEHBIIAETCS MPU YBEIUYEHUH KOH-
LHEHTpalMu pacTtBopa conu. nsg ruaposnsa, TpOTEKAOIIEro OJHO-
BPEMEHHO MO KaTHOHY U aHUOHY, OTCYTCTBYET 3aBUCUMOCTh CTEIICHU
TUAPOJIA3a OT KOHIIEHTPAIUHU.

2. CTeneHp TUIpoInu3a 3aBUCUT OT CHJIbI KMCJIOThI MJIM OCHOBa-
HUS 00pa3yrolUX JTaHHYIO COJIb: YEM MEHbIIE KOHCTAHTa JAUCCOIMA-
MU KUCJIOTHI WJIK OCHOBAHUS, TEM B OOJIBIIEH CTENEHU THAPOIU3YET-
CsL COJIb.

3. C yBenuueHrueM TeMIlepaTyphl CTETIEHb THAPOIN3a BO3PACTAET,
TJIABHBIM 00pa30M M3-3a CHJIbHOM 3aBUCUMOCTH Ky OT TemMmepaTyphbl.

4. Tak Kak THIPOJIM3 — MPOILECC OOpaTUMbIMA, TO ISl CMEIICHUS
PABHOBECHS B HY’KHOM HAIPABJICHUU UCTIONB3YIOT puHiui Jle [larense:

a) YCWIUTh THIAPOJIU3, T.€. CMECTUTh PABHOBECUE €r0 PEAKIINU
BIIPAaBO, MOJKHO CBs3bIBaHMEM ob6pasyromuxca OH  wm H'-noHoB mpu
N00aBJICHUM B IIEIOYHOW paCTBOP COJM — KUCJIOT, @ B KMCIIBIM — I1IEJI0-
4eil; yAaJieHueM MPOYKTOB PEAKIINU, a TAKXKE pa30aBICHUEM pacTBOpa
JUTsL OOJIBIIIMHCTBA COJIEH;

0) g ociabyieHus TUAPOJIM3a PAaBHOBECHE CMEILAIOT BIIEBO, B 3a-
BUCHUMOCTHU OT THUIIA COJIM, 100aBJICHUEM U30BITKA NPOAYKTOB PEAKIINH,
HaIlpyuMep, CUJILHON KHCIJIOTHI WA OCHOBAHWS; YBEJIMYCHUEM KOHIICH-
Tpauu coju. Takoe NIeHCTBUE HAa3bIBAIOT HOOAGAEHUEM CUOPOIU3A.

5. 'maponu3 coneil MHOrOOCHOBHBIX KHCJIOT M MHOTOKHCJIOTHBIX
OCHOBAHUU MPOTEKAET CTyIeHYaT0. MHOro3apsiiHbie HOHBI TTOCJIEI0BA-
TEJIbHO BCTYMAIOT B PEAKIMIO C MOJIEKYJIaMH BOJbI BIUIOTH 10 00pa3o-
BaHUs CJ1a00M KUCIIOTHI WK cJIaboro ocHoBaHUs. Kaxkas cTyrneHb ru/i-
pOJIN3a XapaKTEPU3YETCS BEJIMYMHOM KOHCTAHTHI rujponmnsa. Kaxmas
MOCJEAYoIasl CTyNEHb THAPOIN3a MHOT03apPAHOTO HOHA ITPOTEKAET

TPYJHEE TTPEIBITYILECH.
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6.2. CocTaBiieHne ypaBHEeHHUII THAPOIH3A COJIeH

Conu SBIAIOTCA CHIBHBIMHU 3JIEKTPOJUTAMH, MPAKTUYECKH IOJI-
HOCTBIO PACIaJAIOIIMMHUCA Ha WMOHBI B BOJHOU cpexe. [loatomy umx
JTUCCOIMALIMI0 MOXHO CUMTAaTh HeoOpaTUMbIM MporeccoM. OHako
WOHBI COJIEN BCTYIAIOT B PEAKIMIO Tuiposn3a oopatumo. [Ipu cocras-
JIEHUW YPABHEHUM THJIPOJIU3A COJIEU CIIENYET MPUICPKUBATHCS CIEAY-
FOLIEr0 TOPSAJKA JCUCTBUM JJ1s1 KAXKIOW CTYIICHU TUAPOJIN3A:

1. 3anucath ypaBHEHUE TUCCOLMALMU COJIU U OXapaKTEPU3OBATH
AIIEKTPOJIUTUYECKYIO CHIIY KHCJIOTHI U OCHOBaHUSI, OOpa3yIolInX COJb.
Onpenenuts UOH COJIM, COOTBETCTBYIOIIMKA C1a00OMy 3JIEKTPOJIUTY, KO-
TOpBI Oy/IeT B3aUMOACHCTBOBATH C MOJIEKYJIAMU BOJIBI.

2. OnpenenuTsb TUI U KOJIUYECTBO CTYNEHEN TUIPOJIN3a, a TAaKKe
XapakTep Cpelibl pacTBOpaA.

3. 3anucaTth COKpaIEHHOEe HOHHOE YpaBHEHUE THAPOIIN3A.

4. CocTaBuTh MOJTHOE UOHHOE ypaBHEHUE. JJIst 3TOro B JIEBYIO U
MPaBYI0 YaCTH COKPAIIEHHOTO MOHHOI'O YpaBHEHHUS JT00ABUTH MOHBI,
HE YYaCTBYIOIIME B PEAKIINU TUAPOJIN3A.

5. CocTaBUTh MOJIEKYJISIPHOE ypaBHEHHUE THUIPOJIN3a, COCIUHUB
Pa3HOUMEHHO 3aps’)KEHHBIC MOHBI OJHOTO MOHHOTO YPaBHEHUS B MO-
JIEKYJIBI.

IIpuBenemM mpuUMEpHl COCTABICHUS YPABHEHHUM THUIApOIM3a IJIs
PAa3HBIX TUIIOB COJIEHU:

1. Conb 00pa3zoBaHa CUIbHBIM OCHOBAHUEM U CIAOOU KUCTOMOIL.

KCN — K"+ CN™ ‘ KOH — cunbHOE ocHOBaHME

‘ HCN — ci1adaa kucJaora

CocraBiisieM COKpallleHHOE€ MOHHOE ypaBHeHHe. [[nanuma-anuon
IIPU B3aMMOJICUCTBUU C MOJIEKYJIOW BOJIbI IIPUCOCAUHSAECT KATUOH BO-
nopojaa, 00pa3yrTcs MoJIeKyia cj1adoi [TMaHOBOJOPOAHON KUCIOTHI U
TUJIPOKCUA-AaHUOH, MPUIAIOIINN PACTBOPY LICJTOYHYIO PEAKIIUIO:

_ N _
CN +H OH — HCN + OH

CocraBiiieM MMOJHOEC MOHHOE ypaBHEHUE. [[J11 3TOro B JIEBYIO M

MpaByI0 YacCTH COKPAIICHHOTO MOHHOTO ypaBHEHMs J100aBjsieM IO OJ-

HOMY KaTHOHY KaJlvsl, KOTOPBIM 00pa3yeTcst MpH IMCCOLMAIIMY [IUaHuIa
KQJIAS U B pEAKLIUUA TUAPOIIN3a HE IPETEPIIEBACT HUKAKUX U3MEHEHUI:

K'+CN +H"OH — HCN+OH +K'
H_J H_J
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CocraBiisieM MOJEKYJISIPHOE ypaBHEHUE TUApoiu3a. B momHom
MOHHOM YPaBHEHHHM COEIUHSIEM PAa3HOMMEHHO 3apsiKEHHbIC HUOHBI B

MOJIEKYJIBL:
KCN + H,O — HCN + KOH

Conp KCN — CWIbHBIA SJEKTPONUT U JAUCCOLMHPYET TOJHO-
ctbio. Katron 3toii comu (K') He MOXeT CIBUHYTH PaBHOBECHE JIHIC-
COITMALIMM BOJIbI, TAK KaK THAPOKCHUJ KaJdusl TOXE CUJIbHBINA 3JIEKTPO-
muT. Huanuna-uonsl (CN'), Ha060pOT, CBSI3BIBAIOT MOH BOJIOPOJIa C 00-
pa3oBaHUEM CIa00i IIMaHOBOJOPOIHOM KUCIOTHI. B pesyinbraTe cpena
00pa30BaBIIErocsi pacTBOpa OMPEACIACTCS HAIMYUEM CBOOOIHBIX
TUAPOKCH/I-UOHOB, U er0 pH HaxoauTcs B IIETOYHOM 00JIaCTH.

2. Conb 00pa3oBaHa ¢1a0biM OCHOGAHUEM U CUTbHOU KUCTIOMOIL.

NH.Cl — NH, + Cl_‘ NH,OH — cnaboe ocHOBaHME

‘ HCI| — cunpHasg kuciora

CokpanieHHOEe HOHHOE YPaBHEHUE:
NH," + H" OH = NH,OH +H’
ITosiHOE MOHHOE yYpaBHEHHUE:
CI +NH,+H OH — NH, OH+H" +CI”
%_/ H_/
MouiekyJisipHO€ ypaBHEHHUE:

NH,ClI + H,O0 — NH,OH + HCI

B naHHOM ciiydae CABUT PaBHOBECHS JHUCCOLMALIMM BOJbI ITPOUC-
XOJINT U3-3a CBSI3BIBAHHSA THAPOKCHI-aHHOHOB HoHamu NH,' ¢ o6paso-
BaHneM ciaboro smekrpoiauta NH,OH. HMowsr Bomopoma xmopua-
MOHAMU HE CBS3BIBAIOTCS, TAK KaK COJISIHAS KUCJIOTA SIBISIETCA CHUIIBHOM.
B pesynbrare ruaponusa pH pactBopa HaXOAUTCS B KUCIIOM O0JIACTH.

3. Conb 0Opa3oBaHa c/1adbIM OCHOGAHUEM U C1AOOT KUCTIOMOUL:

NH.CN — NH,* + CN_‘ NH4OH — cnaboe ocHoBaHmE

‘ HCN — cnabas kucnora
HNonHnoe ypaBHEHHUE:

NH,”+CN +H" OH — NH,OH + HCN

MosnekynspHOe ypaBHEHHE:
NH,CN + H,0 — NH,OH + HCN
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Peakius cpenpl 3aBUCUT OT COOTHOIICHHWS BEJIMYHMH KOHCTAHT
TUCCOLMAITMA O0pa3yroNIUXcs CiIadbIX djekTpoiautoB. Ecimm OGonee
cnaboi siBsieTcs oOpasyrolasics Kuciiora, To pH pactBopa Beiie 7, a
eciu Oojee cinabbIM sBIIIETCS OCHOBaHue, To pH pactBopa Huxke /.
PacTBop nmmaHnga aMMOHMSI UMEET LIEJTOYHYIO PEAKIHI0, Tak Kak pK
LIMAaHOBOJOPOJAHOM KUCIOTHI 9,21, a ruapokcuia ammonus 4,73.

4, Conu, oOpa3oBaHHbIE MHOTOOCHOBHBIMU CJIA0BIMH KHCJIOTaMU
U CHJIBHBIMH OCHOBAHHSIMH, & TaKK€ MHOTOKHCIOTHBIMH CJIA0OBIMHU OC-
HOBAHUSMU U CUJIbHBIMU KHUCJIOTAMU, 2HOPOJIUYIOMCA CHIYREHYAMmO.

Hanpumep, rugponun3 kapOoHaTa HaTpusi MPOTEKAET CIEAYIO-
M 00pazoMm:

Na,CO; — 2Na" + CO,*~ ‘ NaOH — cuinsHOE OCHOBaHUE

‘ H,CO; — c1abas kuciora

| cmynens:
CoxkpalieHHOe HOHHOE YpaBHEHUE:!

CO;”~ + H,O = HCO; +OH

[TomHOE MOHHOE ypaBHEHHUE:
2Na’ + CO4”~ + H,O0 == HCO; +OH_+ 2Na’
1 1

MouiekyJisipHO€ ypaBHEHHUE:
Na,CO; + H,O —= NaHCO; + NaOH

Il cmynens:
CokpallleHHOE HOHHOE ypaBHEHUE:

HCO; + H,O — H,CO; + OH

ITlonnoe noHHoe YPaBHCHHUC:
Na" + HCO; + H,O0 =— H,CO3; + OH +Na'
%—/ H—J

MOJIeKyJISIpHoe YPAaBHCHHUC!
N&HCOg + H,O =— HgCOg + NaOH

'maponus Takux coJied MPOTEKAET MPEUMYIIECTBEHHO IO MEp-
BOM CTYIIEHH, HA KOTOPOU PEAKLMS MPAKTUYECKU 3aKAHYNBACTCHI.
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Heobpamumo zudponusyomeca 1€ COIW, TPOAYKTHI THIPOIU3A
KOTOPBIX yXOJST M3 pacTBOpa B BUIE HEPACTBOPUMBIX WJIM raz000-
pPa3HbIX COEIWHEHUM, T.€. HE CYIIECTBYET BOJIHBIX PACTBOPOB 3TUX
conen. Hampumep:

AI2(804)3+3N3.28+6H20—>3N3.2804+2A|(O H)3l+3stT
CUC|2+N&2C03+H20—>2N3C|+CU(OH)2l+C02T

B tabnuue 4 npuBeneHbl GOpMYyJIbl IS pacdeTa KOHCTAaHTHI U
CTETIEHU THUIPOJIN3A.

Tabnuua 4
Koncmanmut u cmenenu 21101)0]1”3(1
Koncranra CreneHb
Tun ruaponmsa THIPOJIN3A THJIPOJIN3A
Kr h
I'moponus K, %
= h — W
110 aHUOHY r B \/ ——
(KCN) K, (k — mot) K ; (k —mw1) - C(comu)
Mupponus K 1%
1O K&THOTY re W(V;ICH) h= \/K (ocn) \-NC (conu)
(NH,4CI) A A
Mupponus
110 aHUOHY U _ Ky _ Ky
KaTHOHY " K 4 (k=mwt)- K (oc) K ; (k —mo1)- K ; (ocn)
(NH4,CN)

B Tabnuie 5 nokaszaHbsl npumepsl pacuéta pH pacTBopoB ruspo-

JIA3YIOLIUXCS COJIEH.

Dopmynwl pacuéma pH pacmeopoe cudponusyrwouiuxca coneii

Tabnnua b5

Tun ruaposnsa

dopmyna s pacuéra

I'maponus no anmony
(KCN)

pH =17 +%pl{(z< — mbi) +%|g C(comu)

FI/I)IPOJ'II/IS 10 KaTHOHY

(NH,CI)

pH =17 —%pK(OCH) —% lg C(conu)

I'maponus no katnony
U aHUOHY

(NH,CN)

pH =1

+%pl{(1< — mbl) —%p[{(ocn)

68




Ilpumepur pacuema pH pacmeopoes zudponusyromuxcs conei:
1. Paccunrats pH 0,1 M pactBopa nuanua kamust (pK(HCN) = 9,21):
1 1
pH=T7+ > 9’21+E lg10™* =111

2. Paccuurars pH 0,01 M pacTBOpa xjiopuga aMMOHUS
(pPK(NH,OH) = 4,75):
1

1
H=7-=-475-=1g102=5,6
p > > g

3. Paccunrars pH pacTBopa 1uanuga aMMOHHS
(JTFO00# KOHIIEHTPAIINH):

pH=7+%-9,21—%-4,75:9,2
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Jlaboparopnas padora NeS

T'uoponus conen

PeakTuBBI N NPHHAAJIC)KHOCTH.

aneraT Hatpus, 1H. p-p;
KapOoHat Kanus, 1H. p-p;
optodocdar Hatpus, 1H. p-p;
XJIOpHUJT aMMOHUS, 1H. p-p;
nutpat ceunna (II), 11. p-p;
xsnopua cypsmsl (111), 1H. p-p;
anerar aMMoHus, 1H. p-p;
KapOoHAT aMMOHUs, 1H. p-p;
Hutpat Bucmyta (I11), 11. p-p;

a30THas KUCJIOTa, 1H. p-p;
cyabdaT amoMunus, 1H. p-p;
dbenondraneun, 0,1% crmpt. p-p;
aleTaT HaTpHs, KPUCTAJLINY. ;
JAMCTUILTUPOBAHHAS BOJIA.

YHUBEpCaIbHAs HHAUKATOpHAs Oymara;
MITaTUB C MAJICHbKUMH MPOOHPKaAMU;
CIIHPTOBKA,;

AepxKaTelb A1 IPOOUPOK.

O O O O

OnbiT 1. Onpedenenue xapakmepa cuoponusa coei

C nmomoIpi0 YHUBEPCAIBHOTO UHANKATOpa onpeaenute pH pac-
TBOPOB COJIeH, yKa3aHHBIX B Tabnuie. Pe3ynbrarel onpeneneHuil 3a-
MUIINATE B TAOIHUILY:

dopmyJia conu pH pactBOpa Xapakxrep cpebl

K,COs

Nas;PO,

NH,CI

Pb(NO;),

SbCl;

CH3;COONH,

(NH4)2CO4

3aganme: Hanumure MOHHBIE U MOJIEKYJIIPHBIE YPAaBHEHUS Pe-
aKIUi TUAPOJIN3a JaHHBIX cojieid. OOBSICHUTE MPUYMHY KHUCJIOTO WJIU
HIEJIOYHOT0 XapaKTepa Cpelbl PACTBOPOB 3THX COJIEH.

OnbIT 2. Bauanue memnepamyput na 2udponus coei

B nipoGupke ¢ 1M1 qUCTWIIIMPOBAHHOM BOABI pacTBOpUTe 1 MUK-
poOIIIAaTeNib KPUCTATUIMUECKOTO aleTara HaTpus U 100aBbTe 1-2 Karm
denondranenna. Harpeiite pactBop, 0OpaTUB BHUMAaHUE HA U3MEHE-
HUE OKPACKH MHAUKATOPA.

3aganue: CaenaiiTe BBIBOJ O BIMSHUM TEMIIEPATypbl HA TUAPO-
JIU3 COJIEN.
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OnbiT 3. Bauanue pazoasienus na 2uopoaus coiei

Haneiite B mpoOupky 3-5 kamnens pactBopa HuTpara ucmyta (I1I)
U 10 KaIuIsiM J00aBisiTe BOAY /10 0Opa3oBaHuUs OEIOro ocajaka OCHOB-
HOM coni — HuTpaTa auruapokcopucmyta (I11).

3apanue: CremaiiTe BBIBOJ O BIWSHUM pa30aBlIeHUs Ha MPO-
1[eCC TUIPOJIn3a.

Onwvim 4. Oopamumocms cuopoauza

K pactBOpy ¢ 0cagkOM OCHOBHOM COJIM, ITOJYYEHHOU B IIPE/IbI-
JYIIEM OIBITE, IPUJIECHUTE PACTBOP a30THOM KUCIIOTHI O PACTBOPCHUS
ocajnka. JlobaBpTe Boay. Uto HabmogaeTe?

3aganme: Hanwmmre ypaBHEHME peEakIMU B3aMMOICKUCTBHS
Hutpara nuruapokcoBucmyta (1) ¢ a30THOM KUCTOTOIA.

Onvitm 5. Heoopamumutii (noanwtit) cuoponus

K 3-4 xamism pactBopa cynbdara amoMUHUS Tipusieite 4-5 Karesb
pactBopa kapOoHaTta kanmusi. HaOmromaiiTe BhiIazeHue OENoro ocajka
TUJIPOKCH/IA ATFOMUAHHUS U BBIJIETICHUE ITY3bIPHKOB YTJIEKUCIIOTO Ta3a.

3aganme: Hanwmmre ypaBHEHME pEakIMU B3aMMOICKUCTBHS
pacTBopa cyJib(aTa aJlOMUHUS C PACTBOPOM KapOOHATa Kajusl.

YIIPAYKHEHUSA
1. VkaxxuTe, Kakue U3 MPUBEICHHBIX COJIEH T'UIPOINU3YIOTCS:

NaNO;, K,SO4, CuCl,, K,S, KBr, CrCl;
JInst maHHBIX COJIEH COCTaBbTE MOHHBIE U MOJICKYJISIPHBIE YpaBHEHUS
TUAPOJIN3a, YKAKUTE PEAKIINIO CPEIBI.

2. B xakux ciaydasx Mpu TUIpon3e o0pa3yroTcsl KUCIIbIE U OC-
HOBHbIE conu? [IpuBeauTe mpuMeEphl KaXXIOTO Ciiydas C HalMCaHUEM
YPaBHEHUM pEaKLUU THAPOIIU3A.

3. Kakas u3 coneit menu (II) moasepraercss HeOOpaTUMOMY TH/I-
pOJIM3Y: XJIOPHUJ, HUTpAT, alerar, CcylbPuT? 3anuiuTe ypaBHEHHE
JAHHOU peakluy B MOJIEKYJISIPHOU (popme.
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I'maBa 7. OKUCJIIUMTEJIBHO-BOCCTAHOBUTEJIBHBIE
PEAKIINU

7.1. CTtenneHb OKHUCJICHUS

OKucaumenbHo-60CCMAHOBUMEIbHBIE PEAKYUU — DTO Peak-
MH, MPOTEKAIONIME C W3MECHEHUEM CTENEHEW OKHCIICHUSI aTOMOB,
BXOJSIIIIMX B COCTAB MOJIEKYJI UJIK NOHOB.

XHUMU3M  OKHCIHUTEIHHO-BOCCTAHOBUTEIBHBIX MPOIECCOB CBO-
IUTCS K TIEpefaye 3JEKTPOHOB OT OJHOr0 aToMa K JIpyromy IMpu pas-
pBIBE M 00pa30BaHUM XMMUYECKHUX CBsI3el. [103TOMyY SKBHBaJIEHTOM B
OKHCJIUTEIbHO-BOCCTAHOBUTEIBHONW PEAKIIMU SIBJISIETCS YCIOBHAS WJIU
peanbHas 4YacTHUIIa, OTIAI0NIAs WK MPUHUMAIOIIAS OJIUH 3JIEKTPOH.

MosipHast Macca SKBUBAJICHTa PacCUUTHIBAECTCS 0 Popmyie:

M

Moy=M-f, . =—

g

rae Ng — YUCIo SIEKTPOHOB.

Cmenens oxucienus — yCIOBHBIN 3apsii aTOMa 3JIEMEHTA B CO-
€IMHCHUM, BBIYMCICHHBIA W3 MPEANOJIOKEHUS, YTO BCE XUMUUYECKHE
CBSI3U HOCSIT MOHHBIN XapakTep.

[Ipy BBIYMCIIEHHM CTENEHEW OKHUCJIEHHUSI HUCHOJIb3YIOT CIEMYIO-
1ue rpaBuia;

1. B npocThIX BELIECTBAX CTENEHb OKUCJIEHUS aToMa 3JIEMEHTa
paBHa HYJIIO.

2. ITocTOSTHHYIO CTETIEHb OKUCIICHUSI B COCIMHEHUSIX TTPOSIBIISIIOT
CJIEAYIOLIUE PJIEMEHTHI:

a) 6000p00 (B COCIUHEHUAX C HEMETAIUIAMU) U U{e10UHble Me-
mainisl UMEIOT CTETICHb OKUCIIEHUS +1;

0) Memanivl 6mopoil 2pynnvl NEPUOIUUECKON CUCTEMBI (KpoMe
PTYTH) — CTEIIEHb OKUCIICHUS 12

B) O0p, antomuHnuil, CKAaHOUil, ummpuil, 1auman (1 HEKOTOPHIC
JTAHTAHOUIBI) — CTCTICHh OKMCJICHUS +3;

r) ¢pmop (BO BCEX COCAMHEHUSIX) U OCTAIbHBIE rajJoreHsl (B Oec-
KHUCJIOPOJIHBIX COEAMHEHUSIX ) — CTEIIEHb OKUCIICHUS —1;

1) Kucaopoo (BO BCEX COCAWMHCHMAX, 3a HckimoueHueM OF, u
MIEPOKCOCOCAMHEHUM ) — CTETICHb OKUCIIEHUS —2.,
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3. B c10XHBIX BCIICCTBAX OOJIBIIMHCTBO XMMHUYECKUX DJIEMEH-

TOB MOTYT UMETh IIEPEMEHHYIO CTEIIEHb OKUCIICHUA.
4, Cymma cTerneHed OKHUCICHHUS BCEX aTOMOB, BXOSIIUX B CO-
CTaB MOJIEKYJIbl paBHA HYJIIO. BbIYMCINM CTENEHb OKUCIIECHHS a30Ta B

MOJIEKYJIE a30THOW KUCJIOTHI:

+1 X -2
HNO;

1+x+(-2)-3=0
X=+b

5. CyMMa CTENEHENl OKUCIEHHSI BCEX aTOMOB, BXOJSIIMX B CO-
CTaB MHOTOATOMHOTO WJIA KOMILUIEKCHOIO MOHAa paBHA 3apsay 3TOTO
VMOHA. BIYKCINM CTENEHb OKUCIIEHUS XpPOMa B JUXPOMAT-aHUOHE

2X -2
Cr,0/*~
2X+(-2)7=-2
X=+6

Jlns OONBIIMHCTBA DJIEMEHTOB A-IOATPYII BBHICIIAS CTEIEHb
okucieHus: (C.0.na) paBHa HoMepy rpymmbl, a Husmas (C.O.min) —

paBHa pazHOCTH C.O.max — 8.
Habop BO3MOXKHBIX CTEMIEHEW OKUCICHHMS JIsl SJIEMEHTOB TJIaBHBIX

TIOJITPYIIT PUBEJICHBI B TaOJHIIE O:
Taomuma 6

Bo3moocnvie cmenenu okucienus snemeHmoes 2j1a6HblX nodepynn

I'pynna A A | IIIA | IVA | VA |VIA | VIIA

-1,

A N

Cmenenu 0, 0, +1’ 0, 0, +2’ +1,

oxucirenus | +1 +2 ' +2, +3, ’ +3,
+3 +4

+4 +5 +6, +5,

+7
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7.2. Teopusi OKHCJIUTETbHO-BOCCTAHOBUTEIbHBIX peaKINl

1. OxuciieHre — IpoIecc OTAAYM 3JIEKTPOHOB. CTENEHb OKHUCIIE-
HUS TIpU 9TOM BO3pacTaeT. BelecTBa, OTIar0Me 3JIEKTPOHBI, Ha3bl-
BAIOTCS 60CCHMAHOBUMENAMU.

2. BoccTtaHoBieHHE — MpPOLIECC MPUCOSTUHEHUS] DICKTPOHOB.
CreneHb OKHUCIEHMS NPU 3TOM yMEHbIaercs. BemiecTtBa, mpuHUMa-
IOIIKE DJICKTPOHBI, HA3BIBAIOTCS OKUCTUMENAMU.

3. IIporiecchl OKUCIEHUST U BOCCTAHOBJIEHUS MPOTEKAIOT Mapai-
JIEIBHO APYT APYTY, T.€. SBJISIIOTCS CONMPSKEHHBIMHU.

K eaxcueinuuum éoccmanoeumenam (10HOpaM JIEKTPOHOB) OTHOCHT:

1) meTtabr;

2) 0ECKHCIOPOIHBIC KUCIOTHI M X COJIH;

3) BOJIOPOJT M YTIICPO/I.

K earxcneituium okucrumenam (akuentopam 3J1€KTPOHOB) OTHOCHT:

1) memetainis (Oy, S, Cly);

2) kuciopoacoaepxkampe KUCIOThl u  uX comn  (K,CrOy,
K,Cr,05, KMnO4),

3) MOHBI ITEPEXOIHBIX METAJIIOB;

4) o30n Ox;

5) okcuapl metaiioB (MnO,, CuO u np.).

Pe3koil rpaHUIlbl MEKy BOCCTAHOBUTEIISIMU M OKUCIIUTEIISIMU HE
CYILIECTBYET, HAIIPUMEDP, BOJIOpO 1 B peakimu ¢ okcuaoM meau (II) siss-
€TCsl BOCCTAHOBUTEJIEM:

+2 0 0 +1
CuO + Hz — Cu+ Hzo
H,’—2& — 2H™ ,

12 | A= 0
Cu“+2e—Cu 1 — oKHUCHIUTEND, BOCCTAaHOBJICHHE,

1- BOCCTAHOBUTCJIb, OKHCJICHUC,

4 B pcakuuu € MCJIOYHBIMHU U MICJIOYHO3CMCJIIbHBIMU MCTAJLJIAMU —
OKUCIINTECIIEM.

0 0 +1 -1
2Na + H, —» 2 NaH
H20 +28 —2H* 1 — okucauTENDL, BOCCTAaHOBJICHHE,
_ 1
Na’- 16 — Na* 2 — BOCCTaHOBHTEIb, OKHCJICHHUE,

Cuna OKUCIHTENS WIM BOCCTAHOBUTENS — BEIIMYMHA OTHOCH-
TEJIbHASI, OHA 3aBUCHUT OT MPHUPOJIBI pearupyromux BemecTB. Kpome
TOr'0, OKUCIIUTEIbHO-BOCCTAHOBUTEIILHBIE PEAKIIUUA B JECUCTBUTEIILHO-
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CTH SBIISIOTCS OOpaTuMbIMH. [lo3TOMYy Ha CMeElNIeHHE pPaBHOBECHS
BIIMSIIOT TeMIIepaTypa M KOHIICHTpAIlMs YYaCTHUKOB mporiecca (B TOM
gucie pH cpensr).

B ocHoOBe cocraBieHUs ypaBHEHHH OKHCIHWTEIHBHO-BOCCTAHOBH-
TEJbHBIX PEAKIIUN JICKUT MPABUIIO:

Yucno omoanuvix eoccmanosumenem u NPUHAMbBIX OKUCTU-
meiem I1eKMpPOHO8 O0NHCHO COBNRAOAMb, MAK KAK 8 Ue10M XUMU-
Yyeckas cucmema — I1eKmpoHeimpaibHa.

JIns HaXOXKICHUS CTEXHOMETPHUYCCKUX KOA(DPHUIIMEHTOB OKHC-
JUTEIbHO-BOCCTAHOBHUTEIFHON pPEaKIMU CYIIECTBYET JIBa OCHOBHBIX
MeTOJila — 3TO METOJ dJESKTPOHHOTO OajlaHca W METOJ JJICKTPOHHO-
MOHHOTO Oasianca (MmoJiypeakiuii).

Paccmotpum memoo snexkmponnozo 6ananca, KOTOPhIA 3aKITO-
JaeTCs B HAXOXKJICHUHU OajlaHCca OTAAHHBIX W IMPUHATHIX JICKTPOHOB, C
y4€TOM MU3MEHCHHS CTEIIEHEH OKHCIICHHUS YYaCTHIUKOB PEAKIINH:

1. BeiumncnsieM M paccTaBisieM CTEIICHH OKHCJICHHUS aTOMOB B
MOJIEKYJIaX HCXOIHBIX BEIIECTB W MPOAYKTOB peakmuu. Haxomum

dTOMBI, MCHAOIIUEC CTCIICHU OKHCIICHUA.
+1-2 41 +7 -2 +1-1 0 +2 -1 +1-1 +1 -2

K,;S + KMnO,4 + HCI —_S + MnCl, + KCI + H,0
2. sl KaXA0ro Takoro aToMa COCTAaBJIsIEM IOJIypeakLUUd BOC-
CTAHOBJICHUS M OKHWCIICHHMS, OINPEAEIIIEM YMCIO OTAAHHBIX U IPHUHS-
TBIX 3JIEKTPOHOB, a TaKXe N00aBOYHbIE MHOXXHUTENIH Ji1 YpaBHUBA-
HUSA:

S%_28—§° 20 5 — oKucIIeHUE;

+7 - +2
Mn " +5e — Mn 2 — BOCCTAHOBJICHUE.

3. PaccraBngem mosiydeHHbIE KOA(DPUIUEHTHI-MHOXKUTEIN B
YPaBHEHUM PEAaKLIHUH C YYETOM HHJIEKCOB B MOJIEKYJIaX BEIIECTB.
YpaBHUBAEM KOJMWYECTBO ATOMOB, HE MPUHUMAIOIINX y4acTUE B IIPO-
11eCCax OKUCIIEHUS U BOCCTAHOBJICHUS:

5K,S + 2KMnQO,4 + 16HCI — 5S + 2MnCl, + 12KCI + 8H,0

4. TIpoBepsieM MPaBUILHOCTh PACCTAHOBKHU KO3 (UITMEHTOB MO
YUCJIy aTOMOB KUCJIOPO/ia B JIEBOU M MPaBOW YaCTH YPaBHEHUSI:
8=8
KoadduimeHnTsl HailieHbI U pacCTaBJICHBI MPABUIIBHO.
B naunoit OBP K,S ( 3a cuer S™) sBisieTcst BOCCTaHOBUTEIIEM, a
KMnO, (3a caer Mn*") — okucimrenem.

75



7.3. Knaccuukanusi OKHCJINTEILHO-BOCCTAHOBUTEIBLHbBIX
peakuum

(Memoo snexkmponnoco banranca)
1. Mesicmonekynapnsle peakiuy IMPOTEKAIOT MEXIY pPa3HbIMU
BEIIECTBAMH B COCTAB KOTOPBIX BXOJAT ATOMbI OKUCIIMTEIS U BOCCTA-

HOBUTEJIA.
-3+41 0 +2-2 +1 -2

NH3+02—>NO+H20
-3 - +2
N0 5¢e - N . 20 4
O, +4e — 20 5
4NH3+502—>4NO+6H20

2. BuympumoneKkynapHnule peakiuy MPoOUCXOIsIT ¢ U3MEHEHUEM
CTEIIEHU OKHCJICHHS aTOMOB Pa3HBIX AJIEMEHTOB, BXOJSIIMX B COCTaB
B OJIHOTO U TOT'O € COCIMHEHMUS:

+145-2 +1-1 O
KCIO; — KCI1+ O,

207 - 48 — O, 1 3

CI™ + 68 — CI'* 2
2KClO; — 2KCl + 30,

3. Peakyuu OucnponopyuoHupoeanus mpoTEKAIOT C OJHOBPE-
MEHHBIM YMEHBIIICHUEM M YBEJIWYEHHEM CTETICHU OKHUCJICHHS aTOMOB
OJIHOTO M TO K€ DJIEMEHTA.

+1+5-2 +1 +7 -2 +1 -1
KCIO; — KCIO,+ KCI

5 Az +7

CI™-2e -l 6 3

5 o= 1
CI™” + 68 — Cl 1
+5

Tak kak Cl™> 0MHOBPEMEHHO SIBJIICTCS OKHCIUTEIIEM M BOCCTa-
HOBUTEJIEM SIBJISIETCS JOOABOUHBIE MHOXHUTEIN CKIaabIBatoTCs: 3 + 1
= 4. B ypaBHeHuHU peakiuu nepea GopmyJsiol peareHTa JAOJKEH CTO-

ATb KO3 ULMEHT 4:
4KClO; — 3KCIO, + KCI
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4. Peakyuu KOMRpONOPpUUOHUPOBGAHUA OCYUIECTBISIIOTCS MPU
y4aCTHH BEIIECTB, COJICPKAIIUX aATOMbI OJTHOTO M TOTO K€ JIEMEHTA B
Pa3HBIX CTEIEHIX OKUCICHUS:

0 +2 -1 +1 -1
Cu + CuCl, — CuCl
Cu’-1e — Cu™ . 1

Cu”+1e—>cCcu| |1

Tak kak atomsl pearentos CU° u Cu®* mocne mporexaHus peax-
IIMA OKA3bIBAIOTCS B COCTABE OJHOTO MPOJIYKTa, TO J0OABOYHBIC MHO-
xuTenu ckmaaeBatotTcs: 1 + 1 = 2. B ypaBHeHun nepen dopmyion
MIPOJIYKTa PEaKIuu JOJDKEH CTOSATh KO3(PGUIIHESHT 2:

Cu + CuCl, — 2CuCl

J1J151 OKUCIIUTENBHO-BOCCTAHOBUTEBHBIX PEAKIIUN C YUACTHEM
nepoKcuoa 6000pooa 1pyu COCTaBIECHNUU CXEM AJIEKTPOHHOTO OanaHca
yA00HO MOJIb30BATHCS CIECIYIOIIUMH MOTYyPEAKIUSIMU:

H->O»

//\

B KHCIIOTHBIX pacTBOpax B IETOYHBIX pacTBOpax
60CCIMAHOGHUINEND: OKHCIHMeENb:
H>O;-2¢ — 2H" + 071 H>O, +2€& — 20H

PaCCMOTpI/IM HCCKOJIbKO IIPUMCEPOB:

+6 -1 +3 0
1. K,Cr,O; + H,0, + H,SO,— Cr2(804)3+ K,SO,+ 02T+ H,O

H,0,-26— 2H"+ 0,71 6
2Cr*° + 68 — 2Cr™ 1 — oKHUCIUTEND;

K,Cr,O; + 3H,0, + 4H,S0,— Crz(SO4)3+ K,SO,+ 302T+ 7H,0

3 — BOCCTaHOBMTECII;

2. FS0, + Hy0 + NaOH —> Fe;05 + NaySO; + HyO
Fe*?-16 — Fe™ ) 2 — BOCCTaHOBHTEJIb;
H,0O, +2¢ — 20H 1 — okuCIUTEND,
2FeSO,4 + H,0, + 4NaOH — Fe,03 + 2Na,SO,4 + 3H,0
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Jlaboparopnas padora Ne6

OKucaumenbHo-60CCMaHOBUME/IbHbBLE peaxkuuu

PeakTuBBI N NPHHAAJIC)KHOCTH.

’KEJIE3HBIN CTEPKEHB;

cyabdat menu, 1H. p-p;

oW Kanus, 1H. p-p;

OpoMHas BOja;

Kpaxmain, 5% BOIH. p-p;
nepMaHraHar kanws, 1.H p-p;
cepHas Kuciora, pazo. p-p (1:4);
cynbdur Hatpus, 1H. p-p;
TUAPOKCUT Kamus, 1H. p-p;

AUXpoMar Kajius, 1H. p-p;
HUTPUT HATpus, lH. p-p;
xsopua xpoma (II1), 11. p-p;
TMJIPOKCHU]T HaTpus, 1H. p-p;
NEPOKCUJ BOJIOpoAaa, 1H. p-p;

O IITaTUB C MAJIEHBKUMHU MTPOOUPKAMU;
O CIHPTOBKA,;
O JepKaTesb 17 MPOOUPOK.

2+
OnbIT 1. Boccmanoenenue uonoe Cu” memannuueckum dHeene3om

B mpobupky ¢ 10-15 xamnsamu pactBopa cynbdara meau (II) mo-
MECTHUTE KeJIe3HbIN cTepeHb. Yepe3 5-10 MuHyT onumute HabI01a-
€MbIE U3MEHEHUS IOBEPXHOCTH CTEPKHS U LIBETA PACTBOPA.

3aganme: Hanummure ypaBHeHue nporekaromeid peakuuu. Co-
CTaBbTE CXEMY DJIEKTPOHHOrO OajaHca. YKaXuTe OKHUCIUTENb U BOC-
CTAHOBUTEb.

OnbIT 2. OKucienue uoOuo-uonoe 6pomom

K 5-6 kamnsam pacTBopa noauaa Kanvs n00aBbTe 1 Karuwio cBe-
KEMPUTOTOBIEHHOTO PAaCTBOpA KpaxMayia U 1 Karuio OpoOMHON BOJbI
(pactBOp Bry B Boze). O yem CBUIIETENHCTBYET U3MEHEHHE OKPACKU
pactBOpa?

3aganme: Hannmure ypaBHEHUE PEaKIMU B3aUMOICHUCTBUS HO-
nuna kamus ¢ 6pomom. PacctaBbTe K03Gh(UIIMEHTH METOIOM 3JIEK-
TPOHHOTO OalnaHca.

OnbIT 3. OKucnumenvHvle ceOlCMEa nepmanzcanam-uoOHoe6

@) OKUCAeHUe HUMpPUmM-uoH08 NepMaHeaHam-uoHamu
8 KUCJIOU cpede

K 3-4 karmusim pacTBOpa nepMaHraHarta Kajaus 100aBbTe 3-4 kam-
a1 pa30aBIEHHOTO PAacTBOpPAa CEPHOM KHUCIOTHI M HECKOJIBKO Karelb
pacTBOpa HUTPUTA HATPHUA 10 NUCUE3HOBEHUS OKPACKU MEPMAHTaHATA.
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Peakuus nporekaer o cxeme:
NaNO, + KMnO, + H,SO, — NaNO3 + MnSQO, + K,SO, + H,0O

3ananue: K qanHol cxeme peakiuu nogoepure Ko3HPUIUeHTHI
METOJIOM 2JICKTPOHHOI'O OanaHca.

6) oKuclieHue HUMPUM-UOHO8 NEPMAH2AHAM-UOHAMU
8 HellMpaibHOol cpeoe

K 3-4 kammsam pacTBopa mnepMaHraHara Kajiusi J00aBbTe He-
CKOJIBKO KalleJlb pacTBOpa HUTPUTA HATPHsS A0 OOpa3oBaHMs OCaaKa
okcuaa maprasia (IV):

NaNO; + KMnO, + H,0O — NaNO3; + MnO,| + KOH

3ananme: [TongOGepute KOdPPUIIUEHTHI K JAHHON CXEMEe peaKIuu
METOJIOM DJIEKTPOHHOTO OaaHca.

8) OKUCIeHUe HUMPUM-UOHO8 NePMAHSAHAM-UOHAMU
8 WEeN0UHOU cpeoe

K 3-4 kamnsiMm pacTBOpa nmepMaHraHata Kajius 1o0aBbTe 6-8 Ka-
neiab pacTBOpa TUAPOKCHIA Kaldusl U HECKOJbKO Karellb pacTBOpa
HUTpPUTA HATpUs N0 Tepexoja (UOJETOBOM OKpacKu TepMaHTaHaT-
HMOHOB B 3€JICHYI0 OKPAacKy MaHraHaT-UOHOB:

NaNO, + KMnO, + KOH — NaNO; + K,MnO, + H,O

ManraHat-uoHbsI B BOAHOM PACTBOPE HEYCTOMYUBHI U CITYCTSI HEKOTO-
poe BpeMsi 3eJIeHbId pacTBOp MaHTraHaTa kanus Oypeet. [Iporekaer
peaKus TUCTPOTTOPIIMOHUPOBAHUSA:

KoMnO,+ H,O — KMnO, + Mn02l + KOH

3aganme: K naHHbIM cxeMaMm peakiui noadepure kod(pduiim-
€HTBI METOJIOM JIEKTPOHHOTO OalaHca.

OnbIT 4. OKucienue uoOUO-uOH08 NEPMAHZAHAM-UOHAMU
6 KUc1oii cpeoe

K 5-6 kamnsam pacTBopa moauga Kaius go0aBbTe 5-6 Kamenb
pa30aBICHHOTO PACTBOpPA CEPHOM KHUCIOTHI M 2-3 KaIlJld pacTBOpa
NepMaHraHaTa Kajius 1O HMCYE3HOBEHUS (PHOJETOBOM OKpPACKU Iep-
MaHraHaTa U MOSIBJICHUS KEJITOM OKPACKU HOJIA.
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Peakuus nporekaet 1o cxeme:
Kl + KMnO, + H,SO, — |, + MnSO, + K,SO, + H,O

3ananue: K qanHoi cxeme peakiuu noaoepure KodHPUIueHTHI
METOJIOM 2JICKTPOHHOI'O OanaHca.

OnbIT 5. OKucaumenvHvle c6OUCMEaA OUXPOMAM-UOHOB
@) OKUC/IeHUe HUMpum-uoHo8 OUXpoMam-uoHamu 8 KUCI0U cpeoe

K 2-3 kamism pacTBopa JuxpomMara Kaivs 100aBbTe 3-4 Karuiu
pa30aBICHHOTO PacTBOpa CEPHOM KUCIIOTHI U 4-5 Kareilb pacTBOpa HUT-
puta Hatpusa. CMech OCTOPOKHO HArperTe J0 MEepexoja OpPaHKEBOU
OKpaCKH IMXPOMAT-UOHOB B U3YMPYIHO-3€JIEHYIO OKPACKY UOHOB Cr’:

NaNO, + K,Cr,O; + H,SO, — NaNO; +Cr2(SO4)3 + K,SO,4 + H,O

3ananme: [Togoepure k03 PUIMEHTH K JaHHOM CXEeME PeaKINu
METOJIOM 3JIEKTPOHHOTO OanaHca.

0) oxucnenue cynbGumM-UoH08 OUXPOMAM-UOHAMU 8 KUCTIOU Cpede

K 2-3 xamnsam pactBopa auxpomara Kaius a00aBbTe 3-4 Karuu
pa30aBIEHHOrO PacTBOPA CEPHOM KUCIOTHI U HECKOJIBKO Karlellb pac-
TBOpa CyJIb(pUTa HATPHUS JI0 TIEPEX0/Ia OPAHKEBOM OKPACKH JUXPOMAT-
MOHOB B U3YMPYJHO-3€JICHYI0 OKPACKy HOHOB Cr'*:

Na,SO5+ K,Cr,0; + H,SO,— Na,SO, + Crz(SO4)3 +K,SO, + H,O
3ananue: [longoepute K03 PUIMEHTHI K JaHHON CXEME peaKuu

MCTOAOM 3JICKTPOHHOTO Oajanca.

OnbIT 6. OKUCIUMENBHO-60CCMAROBUMEIbHBLE CEOUCMEA
nepoKcuoa 6000pooa

2+
a) okucienue uonoé Mn“" nepoxcuoom eooopooa

K 3-4 kammsim pactBopa cynbdara mapranna (I1) no6aBpre 3-4
Karid pacTBOpa THAPOKCUAA HATpUs U 3-4 KaIljlu pacTBopa MEPOKCH-
na Bojopona. B pe3ynbprare B3auMOISHCTBHS BBIICISIETCS 0CaTI0K OK-
cuna mapranua (IV):

MnSO, + H,0O, + NaOH — Na,SO, + MﬂOzl + H,0O

3apanue: [logoepure K0OAHPUIIMEHTHI K JaHHON CXEeMe peaKIuu
METOJIOM 3JIEKTPOHHOTO OanaHca.

80



0) 6occmanosnerue nepmMaHeaHam-uoH08 NePOKCUOOM 8000POOaA

K 3-4 karmusim pacTBOpa nepMaHraHara Kaiaus 1006aBbTe 3-4 kan-
a1 pa30aBICHHOTO PACTBOPA CEPHOM KUCIOTHI M HECKOJIBKO Karelb
pacTBOpa MEPOKCHIa BOJOPOJA 10 MCUE3HOBEHUS OKPACKH MepMaHTa-
HaTa. Peakius NpoTeKaeT mno cxeme:

KMnO, + H,0, + H,SO, — MnSO, + K,SO, + OzT + H,0

3ananue: K nanHol cxeme peakuuu nogoepure Ko3HPUIUeHTHI
METOJOM 3JIEKTPOHHOTO OajaHca.

YIIPA’KHEHUSA

[Ton6epute k03 PUIUESHTHI MemoOoM noaypeaxyuil, 100aBIsis,
r7Ie HE0OXO0IMMO, BOJIY B MPABYIO WIIH JICBYIO YaCTh YPaBHEHUSI.

Berancimte MOIsSpHBIE MacChl SKBHBAJICHTOB OKHUCIIUTENS U BOC-
CTAHOBHTEIIS:

. FeSO, + H,0, + KOH — Fe(OH);3 + K,SO,

Al + NaNO3 + NaOH — Na3[AlI(OH)s] + NH;

Mg + HNO; — Mg(NOs), + NH4NO4

K>Cr,07 + HyS + H,SO, — Crp(SOy)3 + S + K,SO,

MnSO, + PbO, + HNO3z — HMnO, + PbSO,4 + Pb(NO3),

Cl, + KOH — KCI + KCIO,

ZnS + HNO3; — Zn(NOs), + H,SO, + NO

Cu,S + HNO; — Cu(NO3), + H,SO, + NO

. K4[Fe(CN)e]+KMnO,+H,S0,—K3[Fe(CN)s]+MnSO,+K,SO,
10. SnCl, + H[AuCl,] — SnCl, + Au + HCI

[

© 0o N o bk W
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I'maBa 8. KOMIIVIEKCHBIE COEIUHEHUA

8.1. CTpoeHHne KOMILIEKCHBIX COeTUHEHU I

Komnnexcrhbimu Ha3bIBAIOT COCIUHEHHS, B KOTOPBIX IMPHUCYT-
CTByeT XOTs Obl OJHAa CBsI3b, OOpa3oBaHHAs IO JOHOPHO-
aKIIEITOPHOMY MEXaHU3MY.

CtpoeHne KOMIUIEKCHBIX COCIMHEHUN OOBICHSACT KOOPOUHAU-
OHHAA Meopus CMpoeHUs.

1. BOMBITMHCTBO 3JIEMEHTOB MPOSBIIAET JIBa THIA BaJICHTHOCTH —
IJIABHYIO U MO0OYHYI0. ['JTaBHBIE BaJICHTHOCTH (XMMHYECKHE CBSI3H)
aToM (opMHUPYET 3a CYeT OOMEHHOTOo, a MOOOYHBIE — JOHOPHO-
aKIIEITOPHOTO MEeXaHW3Ma 00pa30BaHUS XUMHUECKOM CBS3H.

2. [ToG0o4HBIC BAJICHTHOCTH CTPOTr0 (PUKCHUPOBAHBI B IIPOCTPAH-
CTBE W OIpPEACISIIOT TEOMETPUIO KOMIUIEKca U ero cBoicrBa. Kowm-
TJICKCHBIC COCIMHEHUS XapaKTEPU3YIOTCS CTPOTO ONPEACICHHON reo-
METpHUYECKON (HOPMOH.

3. B cTpoeHun KOMIUIEKCHBIX COCIMHEHHUH BBIJCISIOT BHYTPEH-
HIOIO M BHEIIHIOW cdephl. BHYTpeHHIO0 chepy KoMIuiekca 00pa3yroT
Komniexkcooopazoeamenb U au2anovl. YUcino NUraHaoB Ha3bIBAETCSA
KOOPOUHAUUOHHBIM YUCTIOM (K. U.).

E[Pe(@d\‘ KOOPAHHALIHOHHOE

JHCIIO
BHEIHAA | BHYTPEHHAA
cthepa ctepa JIHTaH[(BI

KOMILTICKCOO ﬁpﬂBOBﬂTﬁJB

4. 3apsi BHELIHEN cepbl COBMAIAET C 3apsiiloM BHYTPEHHEN cde-
PBI, PaBHBIM CyMME 3aps10B KOMIUIEKCOOOPa30BaTesl U JIUTAH/IOB.

5. Ecnin 3apsin BHyTpeHHEW c@epbl paBeH HYIIO, TO BHEIIHSS
cdepa orcyrcrByet, Hanpumep: [PtCly].

8.2. HomeHk/1aTypa KOMILIEKCHBIX COeTMHEHU

Ha3Banme KOMIJIEKCHOIO COCAMHCHUA COCTOUT M3 JABYX CJIOB,
0603HaanOHII/IX Ha3BaHME aHMOHA M Ha3BaHue KaTtuoHa. CHauaja
HAa3bIBAOT aHNOH, 3aTEM KATHUOH.
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B HazBaHuu BHyTpeHHEH cepbl MEPEUUCIISIIOT BCE €€ COCTaBHBIE
YacTH CIpaBa HAJIEBO: KOOPJMHALIMOHHOE YHUCIIO, JIUTAaH Ibl, KOMIUIEKCO-
oOpa3oBareib C YKa3aHUEM B CKOOKaX PUMCKUMH LHU(paMu €ro crerme-
HU OKHUCJICHUSI.

Jlist 0603HaYEHUsT KOOPIMHAIIMOHHOTO YHUCJa MCIOIb3YIOT Tpe-
yeckue npuctaBku: 1 — MoHo; 2 — nu; 3 — Tpu; 4 — TeTpa; 5 — neHTa; 6
— reKca.

[To xonmu4ecTBy CBsi3eil, 00pa3yeMbIX ¢ KOMILJIEKCOOOpa3oBareiem
B KOOPJIMHAIIMOHHOM cepe, IMraHibl AT HA MOHOOEHmAmHble U No-
audenmammusle (OUJICHTATHBIC, TETpaJIeHTaTHLIE W T.A.). B Tabmuie 7
NpUBEJICHBI HA3BaHUS HAaNOOJIee PACTIPOCTPAHEHHBIX JIUTAHIOB:

Taomumna 7
Hazeanusa ruzanooe

MoHoaeHTaTHbIE: IlomneHTaTHbIE:
Ompuuyamenvhuie:. C2042' — OKCanaro;
F "— ¢ropo; HoN — CH,— CH,— NH, — stunenanamus;
Cl™— XJI0pO; “O0C-H,C-_ - . CH.—COO ~

> ERLLVASN e 2~

Br —6 : - N-CH,—CH,—N
I ono; O0C-HC™ = ™ CH,co0 -
OH — FI/I,’Z[pOKCO; ATUJICHIUAMHUHTETPAAIETATO

CN ™ — nuano;

SCN ™ — Tnonuanaro;
NO, ~— HuTpO;
Heumpanvnuwie:

H,O — akBa;

NH;— ammun;

CO — xapOonu;

HaszBanus Hambosiee pacnpoCTpaHEHHBIX KOMILIEKCOOOpa3oBa-
Tesie (Tabi. 8) MPOU3HOCAT, Ha3bIBas JEMEHT IO-JaThIHU C J00aB-
nenuem cybdukca -am:

Tabnuia 8
Haszeanus komnnexcoobpazosameeii

Al |amomunar | Bi | Bucmyrat | Fe | deppar |Pb| mmomOar
As | apcenar |Co |kobanbtar | HQ |mepkypam | Pt | nnatunat
Ag | aprentatr |Cr| xpomar | Mo | moimubnar | Sb |anmumonam
Au| aypar |Cu| kympar | Ni | Hukemar |Zn| IIMHKAT
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[TpumMepsl Ha3BaHUN KOMIUIEKCHBIX COSIMHECHUN:

1) Coeounenus c ne3apaxcennol KOMNIEKCHOU chepoir.
CHauvasila Ha3bIBalOT KOOPJAMHAIMOHHOE YHCIO, 3aTeM JIMTaHJbI,
Janee KOMIUIEKCOOOpa30oBaTelb MO-PYCCKH B MUMEHUTEIHFHOM IaJIekKe:

[Fe(CO)s)] — nenTakapOoOHUIKEIE30;
[PtCl,] — TeTpaxmnopomnarusa.

2) Coedunenus ¢ KOMNIEKCHbIM KAMUOHOM
CHauayia Ha3pIBaIOT KMCIOTHBIM OCTATOK, 3aT€M KOOPAMHAIIMOH-
HO€ YHCIIO, JINTaHJbI, KOMIUIEKCOOOpa30BaTelh IMO-PYCCKU B POJIHU-
TETHHOM MaJIeXKe C YKa3aHUEM CTEIIEHU OKUCIICHUS:
[Zn(H,0)4]SO4 — cyibdaT TeTpaakBanuHKa,;
[AI(NH3)s]Cls — xmmopu rekcaaMMUHATIOMHHMS.

3) Coedunenus ¢ KOMNIEKCHBIM AHUOHOM.

ChHavana Ha3bIBAIOT KOOPAMHALMOHHOE YHUCIIO, JINTAHIbI, KOM-
MJIeKcooOpa3oBarTeib MO-JAaThIHA: OKOHYaHUE «yM» 3aMEHSIOT Ha
«aT» ¢ yKa3aHHEM CTEIECHU OKHCJICHHMS, 3aTeM HOHBI BHEITHEN cepbl
MO-PYCCKHU B POJIUTEIBHOM IAJIEKE:

K4[Fe(SCN)g] — rekcatnonmanarodeppar(ll) xamus;
H,[CuCl,] — terpaxmopokympar(ll) Bogopona;

8.3. Kuaaccuduxanus KOMIJIEKCHBIX COeIMHeHUIt

1. ITo 3HaKy 3apsiga KOMIUIEKCHOTO MOHA!
a) HellmpanvHble:

Ni + 4CO — [Ni(CO),)] — TeTpakapOOHHIHUKEIID,
0) kamuonnwvle:

CuCl, + 4H,0 — [Cu(H»0),4]Cl, — ximopun terpaakBamenu(ll);
B) AHUOHHbLE:

Fe(CN);+3KCN—K;[Fe(CN)g]-rekcanmanodeppar(l1) xamus;
2. ITo npuHaAICKHOCTH K KJIacCy COSTUHCHMIA:
a) Kucjaiomol:

CoCl,+2HCl—H,[CoCl }-TeTpaxmopokobansrat(ll) Bogopoa;
0) ochoeanus:

ruapokcu auammuHcepeopa(l)
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B) coau:
Bil; + Nal — Na[Bil,] — Tetpanogosucmyrtar(lll) naTpus;

3. 1o Tumy nurasmaos:
a) AKBAKOMNJIEKCDL:

AICl;+ 6H,0—[Al(H,0)6]Cl; — ximopu rexcaakBaaTFOMUHHS,
0) ammuaxkamot:

PbSO4 + 4NH4OH—> [Pb(NH3)4]SO4 + 4H20
cyabdar terpaammuHcBuHIA(1)
B) AUUOOKOMNIEKCHL:

Cr(SCN)3+3KSCN—K3[Cr(SCN)g]
rexkcatuormanaroxpomat(l1l) xanus;
T') 2UOPOKCOKOMNIIEKCHL.

Zn(OH),+2NaOH—Na,[Zn(OH),]
TETPAruAPOKCOLIMHKAT HATPH,
4. I1o mpoCTpaHCTBEHHOMY CTPOEHHUIO:
a) npocmauie: BCC IICPCUNCIICHHDBIC BBIIIC,

0) yuxknuuecxkue (xenamet ot nat. chela - knemrns):

NaOOC-H,C _CO0—
a 2C\_CH,_CH,_N~CHz-COO

—OO0C-H,C~ \ / ~CH,—COONa
Zn

Puc. 6. Xenam kamuona yuHka u
IMUTECHOUAMUHMEMPAYKCYCHOU KUCI0Mbl
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8.4. JImccomuanusi KOMILIEKCHBIX COeIMHEeHMIi

Y cTONUYNMBOCTh KOMIUICKCHBIX COSAUMHECHUN 3aBHUCUT OT MOHHOI'O
U MOJIEKYJISIPHOIO COCTaBa pacTBopa, B TOM umciie u pH, a Ttakxe
temmeparypbl. IIpy OOBIYHBIX YCIOBHUSAX OOJIBITMHCTBO KOMILJIEKCHBIX
COCJIMHEHUM CYIIECTBYIOT B TBEPAOM (KPUCTAULIMYECKOM) COCTOSIHUH.

HeiTpanbHble MONEKYJISIPHBIE KOMIUIEKCHI K JUCCOLMAIIMNA HECIIO-
COOHBI. BOJIBIIMHCTBO M3 HUX BOOOIIE HEPACTBOPUMEI B BOJIE, HO MOT'YT
PacCTBOPSITHCS B HEMOJIIPHBIX PACTBOPUTEIISIX, HAPUMEP, OCH30JI€E.

B BoaHBIX pacTBOpax KOMIUIEKCHBIE COCAMHEHUSI AUCCOLUUPY-
10T C OTIIEIICHHEM HOHOB BHEIITHEH Cephl:

K,[Zn(OH),] = 2K" + [Zn(OH),]*~

o o 2—
Oo0pa3yromnuiics koMmiuiekcHbld woH [ZN(OH)4]° He obnamaer
a0COJIIOTHOM YCTOMYMBOCTBIO M CHOCOOEH K JalibHEHIel auccoiuya-

RU [Zn(OH),]* == Zn*" + 40H"

Huccounarusa BHYTpeHHeN cdepbl (akTUUECKH MPeJCTaBIsET
co00#l pacraj KOMIUIEKCHOTO HOHA. JIMraujbl KOOPJAWHAIMOHHOMN
chepsl MOCIEeI0OBATEIBHO HUCCOIUUPYIOT, 3aMEIasCh HAa MOJEKYJIbI
BO/IBL.

JIaHHBIN PaBHOBECHBIN MTPOLIECC XAPAKTEPUIYETCS KOHCMAHMOU
HeCcmouKocmu 1 KOHCMAHmMOU yCmouyueocmu. IT0 B3auMooOpat-
HBIC BEJIUYUHBI:

r __ 1 _[[Zn(OH),I" ]
YK [Zn**]-[OH"]*

Hecm

8.5. Kommjiekchbl ¢ MAKPONUKINIECKUMH COeTUHEHUIMHU

Hawnbonee pacnpocTpaHeHbl B )KMBOW MPUPOJE TETPAACHTATHBIC
MaKpOIUKIIbl — MOppupUHbL. K HUM OTHOCSTCS MaKpOLMKINYECKUE
JUTaH/Ibl, 00pa3yrolue TeMOrI00uH U XJIOPO(PHUILT, KOTOPHIE SABJISIOT-
Cs IPUPOIHBIMU KPACALIUMU BELIECTBAMU.

B ocHOBe JaHHBIX MakpOILMUKIOB JISKUT PO nopduHa, COCTOo-
AIIEe W3 YEThIPEX IMUPOJIBHBIX KOJIEL, COCAUHEHHBIX METHUHOBBIMHU
IPYIIIAMH.
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I'emoznobun — cinoxHoe OEIKOBOE BEIIECTBO IPYIIIBI XPOMOIIPO-
TEUIOB, COCTOSIIEE U3 PACTBOPUMOTO B BOJIE MPOCTOro OenKa IiioonHa
Y KpacsImero BenecTpa — reMa.

I'eM KpOBM COIEPKUT HOH KeEJe3a (Fez+), CBSI3aHHBIN ¢ TOpPUHOM
B BHUJIe KOMILIEKca (puc. 7).

i

(l:H CH;
CH
ché(/ YZ%CHCHZ
— ~
\ / CH

e

HC
N\ N A
N N
HsC \ \ \ / CH;
HOOCCH,CH o CH,CH,COOH

Puc. 7. Cmpoenue zema Kpoeu

B opranusme reMorinoOuH, COEAUHSACH C KUCIOPOAOM, MpeBpa-
HIaeTCs B OKCUTEMOIJIOOMH, KOTOPBIM, OT/laBasi KUCJIOPOM, BHOBb Iie-
pEXoIUT B reMoryioonH. Ha 3ToM 0CHOBaH MepeHoC KUCIOPoia B KPO-
BU KMBOT'O OpraHu3Ma.

Xnopoghunn — 3eneHbld NUTMEHT, OKPAIIMBAIOIIMK XJIOPOILIa-
CTBl pacTeHUU B 3eJeHbIM LBET. [Ipu ero yyactum OCyILIECTBIAETCS
nporecc dorocuHTe3a. XIOopoPuaI mpeAcTaBisieT co00M KOMILICKC
rona maramst (Mg®") ¢ mopdupusom (prc. 8). B pacteHmsx Berpeda-
€TCS1 HECKOJIBKO BUAOB XJOPO(HUIIIIOB, KOTOPbIE HEMHOTO OTINYAOTCS
IpyT OT Apyra CTPOCHUEM OOKOBBIX PAJHMKaJIOB.
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HggCZOOOC— éHZ

|
COOCH;3

Puc. 8. Cmpoenue xnopoghunna

B reme xpoBu noH Fe’ u B XJIOporsIIe MOH Mg2+ KOOpArHA-
IIMOHHO HEHACBHIIMICHBI, TaK KaK 00pa3yroT 4 CBS3H, TOTJa KaK MOTYT
oOpasoBarh 6. B )KMBBIX OpraHm3Max 3a cueT oOpa3oBaHHS elle 2 CBs-
3¢ MOJIEKYJIBI TeMa W XJopo(driuia MPUKPEIUIIIOTCA K MOJIEKYJIam
OeJIka.
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Jlaboparopnas padora Ne7

Komnnexcuwie coeounenus

PeakTuBBI N NPHHAAJIC)KHOCTH.

e CoJIsIHasA KUCIIO0Ta, 1H. p-p; exsnopun meau (1), 11. p-p;

enutpat cepedpa (1), 11. p-p; ecynbdar nukens (1), 11. p-p;
ecynbdart meau (II), 11. p-p; erekcarmanogeppart (1) kamus, 11. p-p;
exusiopun xenesa (II), 11. p-p; ®COJISIHAsI KMCIIOTA, KOHIL. P-D;
®THOLIMAHAT Kajus, 1H. p-p; ®IUIPOKCHUJ] aMMOHMSI, KOHLL. P-P;
euutpat Bucmyta (III), 1. p-p; ®THOLIMAHAT KAJINsI, KPUCTAJLINY,
eyioAua Kanus, 1H. p-p; ¢ IMCTHJIJIMPOBaHHAs BOJA.

exnopun kobansTa (II), 14. p-p; O LITaTUB C MAJICHBKMMH IIPOOHPKAMH.

OmnbIt 1. Coeounenusn ¢ KOMniIeKCHbIM KAMUOHOM
a) oopaszosanue komniekcho2o kamuona cepeopa (1)

B npobupky momectute 3-4 karum pactBopa Hutpata cepeopa (1)
AgNO; u 3-4 karmu pactBopa coyistHOM KucioThl. K BeimaBiemy 6eo-
My ocaJiky xjopuzaa cepeopa (l) mo karism n106aBbTe KOHIICHTPUPOBAH-
HbId pacTBop ruapokcuna ammonus NH,OH, comepxumoe mpoGupku
nepememaite. OOpa3yercs pacTBOpuMasi KOMIUIEKCHAs COJIb — XJIOPH/T
nrammuHcepeopa (1).

3ananue: Hanmummre B MOJIEKYIIPHOM M HOHHOM BHJIC YpaBHE-
HUS peakiuii o0pa3oBaHus.

1) xmopunaa cepedpa (I);

2) xoMrutekcHoU cosm cepedpa (1).

0) oopaszosanue komniekchozo kamuona meou (11)

B mpo6upky nmomecture 3-4 karmmu pactBopa cynbdara memu (1)
CuSO, u 1o kamsaM 100aBbTEe KOHIICHTPUPOBAHHBIA PaCTBOP THAPOK-
cuga aMMOHUS. SIpKO-CHHHI IBET MOJYYEHHOTO PacTBOpa YKa3bIBacT
Ha 06pa3oBanus KoMILIekcHoro kartuona Mexnu (11) — [Cu(NH;)4]*".

3aganme: Hanumure B MOJEKYJIIPHOM M MOHHOM BUJE YpaBHE-
HUS peaknuu oOpa3oBaHus cyibdara Terpaammuamesnu (11).
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OnbIt 2. Coeounenus ¢ KOMRJIEKCHbIM AHUOHOM

a) obpazosanue komniekcno2o anuona dicenesa (111)

K 2-3 kammsm pactBopa xiopuaa xkeinesa (111) FeCl; no6asere 2-
3 xamu pactBopa Tuonmanara kanuss KSCN. MHTeHcuBHOE KPOBaBo-
KpacHOE OKpalllMBaHUE NPUHAUICKUT THOIMAHATHBIM KOMILICKCAM
xenesa (111) — [Fe(SCN)g]* .

3ajganue: Hanmummmre B MOJIEKYJIIPHOM M MOHHOM BHUJIC YPaBHEHHS
peakiun oOpa3oBaHus rekcaruoranarodeppara (1) xamws.

0) obopazosanue komniekcrno2o anuona sucmyma (111)

K 3-4 xamnsam pactBopa Hutpara Bucmyta (I11) Bi(NOs3); mo-
0aBbTe 2-3 KammM pactBopa noauaa kaaus Kl 1o BelmageHuss 4epHOTo
ocaaka noauaa sucmyta (l11). 3atem B 3Ty npoOupky no6aBbTe N30bI-
TOK pacTBOpa MOAMAA KaJlus 0 MOJHOTO pacTBopeHus ocaaka. Obpa-
TUTE€ BHUMAHHUE Ha IBET MOJYYEHHOTO KOMIUIEKCHOTO aHHOHA BUCMY-
ta (1) — [Bily] .

3aganme: Hanuimure B MOJIEKYJIIPHOM M MOHHOM BHUJIE YpaBHE-
HUS PCAKIIUN:

1) oOpa3oBanus noauna sucmyta (111).

2) oOpasoBanus TerpanogoBucmytara (1) kamus

8) obpazosanue komniexkcuvix anuornos koovarema (1) u meou (11)

B onny npoGupky nomectute 3-4 Karim pacTBOpa XJIopujia Ko-
oanbta (1), a B npyryto — 3-4 karm pactBopa xiopuaa meau (I1). B
KK]IYI0 MPOOUPKY MPUIIEHTE MO KATUISIM KOHIEHTPUPOBAHHYIO COJISA-
HYI0 KHCJIOTY JI0 U3MEHEHHUs OKpacku. B nmepBoii mpobupke HabmIt01a-
eTcs cuHe-(HOJIETOBOE OKPAIIMBAHUE KOMIIJIEKCHOTO aHHMOHA KOOaJb-
ta (1) — [COC|4]2' , BO BTOpOM MpOOUpPKE — 3eJICHOE OKPAIIMBAHUE
xomiuiexcHoro arnona meau (11) — [CuCl,]”.

3ananue: Hanuiuvre B MOJEKYJIIPHOM U MOHHOM BHJIE YpaBHE-
HUS PEAKIUN:

1) oOpa3oBanus TerpaxsiopokobansTaTa (11) Bomopona;

2) oOpasoBanus Terpaxiopokynpara (I1) Bogopona.

OnbIT 3. Coedunenue ¢ KOMRIAEKCHbIMU KAMUOHOM U AHUOHOM

B nipobupky ¢ 2 karusimu pactBopa cyibgdarta Hukeas (1) NiSO,
no0aBbpTe 8 Karejab KOHIICHTPUPOBAHHOI'O PAacTBOpa THAPOKCHIA aM-
MoHusi. OGpasyercst kommuiexcHsiii katios aukens (11) — [Ni(NHg)s]*.
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Pa36aBbTe MOMydYeHHBIH PacTBOP PaBHBIM OOBEMOM JAUCTUILIH-
pPOBaHHOM BOJBI U J100aBbTE 2 Kallld pacTBopa Trekcanuanodep-
pata (ll) xamus Ky[Fe(CN)g]. Comepxumoe nmpoOUpKU mepeMeIanTe.
W3 pacTBOpa MOCTENEHHO BBIJCSIOTCS OJICTHO-TMIIOBBIC UTOJbUYAThIC
Kkpuctaiuibl rekcanranodeppata (1) rekcaamvunnukens (11).

3aganue: Hanmummure B MOJIEKYJIIPHOM M MOHHOM BHUJIE YpaBHE-
HUS PEAKIUN:

3) obpa3oBanus cynbdara rekcaammuauukens (11).

4) B3aumojeicTBUS pacTBopa cyibdara rekcaammuaaukens (11) ¢

pactBopoM rekcannanodeppara (1) xamus.

OnbIT 4. Yemotiuueocmv komniekcHvix uonoe
Cl) KOHCmAaHma ycmoﬁqueocmu KOMNJIEKCHbIX UOHOB

B npobupky nomecture 3-4 karwm pactBopa xyopuaa kooaiasra (11)
U 100aBbT€ HEMHOTO KPUCTAJUTMUYECKOTO THOI[MaHATa Kalus 10 o0pa-
30BaHMS, OKPAIIEHHOT'O B CHHHUH 1IBET KOMIUIEKCHOTO aHMOHA KOOaJIb-
ta (1) — [Co(SCN),]%.

K momydeHHOMY pacTBOpy MO KaruigM MPUICHTE KOHIEHTPUPO-
BaHHBIA PACTBOP THAPOKCHIA aMMOHUS JI0 TIOSIBJICHUS TPA3HO-KEITOM
OKPACKH KOMILIEKCHOTo KatnoHa kobaista (11) — [Co(NH3)e]*".

3aganue:

1. HanmummuTe B MOJIEKYJISIPHOM M MOHHOM BHJIC ypaBHEHHUS pe-
aKIMi 00pa3oBaHMA M pa3pylIeHUs TeTpaTtHolmanatokooanbrara (I1)
KaJIus;

2.00BsICHATE pe3yJbTaT OIbITa, CPABHUB 3HAUYCHUS KOHCTAHT
YCTOMYUBOCTH:

Kyen([CO(SCN),]*) =1,0:10%; Kyen([CO(NHg)6]*") =7,7:10".
5) 6/IUAHUEe KOHYeHnmpayuu Ha KOMI’Z]Z@KCOO6pCl308aHM€

K 3-4 xamnsm pactBopa xnopuaa koOaneta (II) noGaBeTe He-
MHOTO KPUCTATHYCCKOTO THOIMAHATa KaJlus 0 00pa30BaHUs, OKpa-
IICHHOTO B CHHHMH IIBET KOMILIEKCHOTO aHuoHa koOambra (1) —
[CO(SCN),]*. TonyueHHblil pacTBOp pa36aBbTe BOIOM A0 MOSBICHHS
pO30BOM OKZpaCKI/I, XapakTepHOH I akBakomiuiekca kooOambTa (I1) —
[Co(H,0)e]™".

3ananme: Hamummre B MOJICKYJIIPHOM M MOHHOM BHJIC YpaB-
HEHUE peakiuyu 00pa30BaHMs aKBaKOMIUICKCA THOIMAHATa IeKcaaKBa-
kooOanpTara (I1).
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YIIPA’KHEHUSA

1. Ykaxure KOMILIEKCOOOpa3oBaTelib M €ro CTENEeHb OKHCIIe-
HUSI, JIMTAH/bl, KOOPJAUHAIIMOHHOE YKCJIO, BHYTPEHHIOIO U BHEIIHIOIO
chepbl KOMILJIEKCA, HAMTUIIIUTE CXEMY JTUCCOLMAIUN CIAETYIOMNX KOM-
IJIEKCHBIX COJIEH:
a) rekcaxyoporuiatuHar(lV) kanvs;  B) XJIOPUJT TETPAaaMMHHIIMHKA,;
0) Terpanomomepkypar(ll) kanpuus; 1) cyabdar TerpaakBameu(ll).

2. JlaliTe Ha3BaHWE KOMILUIEKCHOMY COEAMHEHUIO U COCTaBbTE
BBIPAKECHUS JIJIs1 KOHCTAHT YCTOMYMBOCTH
a) K4[Fe(CN)g]; B) K[AuUCl,];
6) [Fe(H20)6]SO4; r) [Ni(NH3)s](NO3)2.

3. KoopauHaliioHHOE YHCIIOo pt** paBHO 6. Hamuiure hopMysisl
BO3MOXHBIX KOMIUJIEKCOB, OOpa30BaHHBIX STUM HOHOM B KaueCTBE
KoMILIeKcooOpa3oBareis, ¢ moynekyaamu NHs u vonamu Cl B kaue-
CTBE JIUTaH10B. Ha3oBUTE 3TH COeAMHEHUA.

4, JIns ynaneHusi TOKCUYHBIX 3JIEMEHTOB U3 OpraHU3Ma YeJIoBeKa
VICTIOJIB3YIOT Mpenapar cyKyumep:

HOOC—(IEH—{EH—COOH
SH SH
Onpenenure YuciIo JOHOPHBIX ATOMOB B MOJIEKYJIE 9TOI'O BELIECTBA.

5. YKaxuTe TUN TUOpUIM3alMU OpOUTaell KOMILIEKCO00pa3o-
BaTelld M TeOMETPUYCCKYI0 KOH(PUTYpaIliio BHYTPEHHEW KOOpAMHa-
MOHHOU Cephl:

a) muimanoaprenTaTa(l) xamus;

0) Terpabpomorumrombara(ll) HaTpus;
B) rekcabpomoBucmytara(lll) meswms;
r) hropun quammuameu(l);

1) cyibdara TeTpaakBallMHKA.

6. K 200 mn 1M pactBopa monuna kamus npubasuwim 200 mu
0,01M pactBopa noauaa Kajamusi. BbIUUCIUTE KOHIIEHTPAIIUIO KOM-
mwiekcHoro aunona [Cdl,]* B mony4eHHOM pacTBope.
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10
11

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

XUMUYECKUN JTUKTAHT

Bapuant Ne 1

['mapokcna kanus;

Oxcup auTus;

CepHucrast KUCIIOTA;
KapOonat anroMunus;
Terparuapokcokynpar(ll) narpus;
Hurpar Oapusi;
I'mapocynbdar sxenesa(Ill);
bpomMua ruipoKCOIMHKA;
Oxcun xaopa(V);

. Metadocdopnas kucmnora;
. XJ10pug aMMOHHUS;
JluxpomaT Marxusi;
YKCyCHas KUCJIOTa,
IMuppoxcua kodansta(ll);
Oxcun cepei(VI);
I'uapocynedua HaTpus;
Cumukat ruapokcooiiosa (11);
XJIOPHOBATHUCTasl KUCJIOTA;
Oprobopar HaTpus;
Nonun ceunna(Il);
Kpemuunesas kuciora;
XJopar [[UHKA,;
Mapranuosast KUcJora;
Hutpur anromMmunus;

DOTOPOBOAOPOAHAS KUCIIOTA.
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10.

11,
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

Bapuant Ne 2

. A30THas KUCIIOTA;

CynbbuT Kanus;

. Oxcua maraus;

I'uppoxenp xene3a(ll);
['unpooprodocdar anroMunus;
[Tepxmopar Kanbuus;
['excaruapokcodeppat(Ill) kamus;
dTopun cepedpa(l);

. Hutpat nuruapokcoxpoma(Ill);
Oxcupa azora(IV);
CepoBoaopoaHasi KMCJIOTA;
['mapokcua HaTpus;
['unoxJsioput cTpoHLUS;
VYTronbHas KACIIOTA,;

Oxcup dochopa(V);
Optodochopnas kuciora;
['uapocynedat autus;
Cynbhua rupOOKCOIMHKA;
MetabopHast KUCIIOTa;
[lnanng amxoMUHMS,
Mertadocdat maruus;
XJIOpHOBATAas KUCJIOTA,
AnietatT aMMOHHS;

Hutpur onosa(Il);

XpOMOBast KUCIOTA.
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1
2
3
4
5.
6
7
8
9

10

11.
12.
13.
14.
15.
16.
17,
18.
19.
20.
21.
22.
23.
24.
25.

Bapuant Ne 3

. Cyns(un Harpus;
. [IupodochopHas KucaoTa;
. 'mapoxcua cBUHIIA;

. Oxcun Oepuius;

HuTtpar ruapokcoxeneza(lll);

. Kapbonat pyOunus;
. 'mapocunukar meau(1l);

. XJIOpUT AJIIOMUHUS;

Jurunpoxcoaprentat(l) kanms;

. lmanoBoj0po/iHAs (CUHUJIbHAS) KUCIIOTA;
Oxcup mprtbsika (111);

XpomMmar 1e3us;

I'mapoxenn sxenesa (111);
A3BoTHCcTasg KHUCJIOTA;

Oxcup cenena (VI);

Cepnas KucnoTa;

XJI0pu1 TUTUAPOKCOUTFOMUHUS;
[M'uapocynbput aMMOHUS;
XJIOpUCTas KUCIOTA;

Auerat 0apusi;

bpomun maraus;

Hutput Hatpus;
MaprasunoBucrasi KUCJIO0Ta;
Cynbdat kodanpra(Ill);

X1opoBOAOpOAHAA (COJISIHAS) KUCIIOTA.
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Bapuant Ne 4

. Okcun cepoi(1V);

['mapokcua anroMuHUS;

. Oprodocdar maruaus;

bpomMoBogOpOAHAS KUCIIOTA;

. Cynbdat ammoHus;

I'excarunpokcokoOanbrat(I1l) nutus;

. Hutpar ruipoKCoKaIbIHNS;

XJopuj KaabLus;

. Oxeup CTpoHLUS;

. 'mapoxcun Gapus;

. CepHuCTas KUCIOTA;

. [TepmaHranat aJlfOMUHUS;
. A30THas KMCJIOTa;

. 'mapocunukar aMMoHUS,
. Oxcup xenesa(lll);

. XJIOpHAast KUCJIOTA;

. Cynb(dUT ruIpOKCOINHKA;
. 'mapocynbdun Mmaraus;

. OpToOOpHas KUCIOTA;

. 'UIOXJIOpUT KaJIbLINS;

. Hutput umnHka;

. XpoMoOBas KUCIIOTA;

. Huanun Gapusi;

. KapOonar kanus;

. TruocepHas Kuciora.
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Bapuant Ne 5

['mapokcny kanpLus;
Hutpar cBuHLIa;

Oxcup dpocdopa(Ill);
CepHas KuCIIOTa;
['unpocynbdat 6apus;
Meradocdar anroMuHM;
KapOonat ruapokcoMaruus;
dropup xenesa(lll);
Terparuapoxcoaypart(Ill) Harpus;
. YrosibHas KUCIIOTA;

. Okcu UHKA;

. XJIOpUT pyouIus;

. A30THCTas KUCJIOTA;

. Auerar meau(ll);

. Oxcup cepei(IV);

. MapraHiioBasi KUCJIOTa;

. Xnopua ruapokcoxene3a(ll);
. 'mapocynbdut HaTpus;

. MonoBoopoHas KHCIoTa;
. MaHraHat KaJjabIus;

. Merabopar nuHka;

. Hutput marnus;

. XJIOpPHOBATHUCTasA KACJIOTA;
. Auxpomar kanus;

. OpTOKpeMHUEBas KUCIIOTA.
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BapuaHnt Ne 6

. YKCyCHasl KUCJIOTa;
. Okcup azota(V);

. Hutpurt xene3a(ll);

['uapokcny antOMUHUS,

. Cynbdart ruipoKCoOMarausi;

Anerar CTpOHIHUS;

. Terparuapoxcormmrom6at(Il) xamms;

[Mepxnopat meau(1l)

. 'mapoxapoonat xpoma(Ill);

. A30THast KUCJIOTA;

. Okcup nes3us;

. Xpomar xene3a(Ill);

. CepoBOoOpOHAS KUCIIOTA;
. [Tupodochar ammouus;

. Oxcup xpoma(Il);

. Moy ruapoKCoIMHKa;

. MetabopHasi KUCIIOTa;

. I'mapocynbdua kanbius;

. [lmaHoBOIOpOIHAS KUCIIOTA;
. OpTobopat KanbLus;

. Hutpat marnus;

. Xnopuxa aukesns (111);

. AuxpoMoBas KucCIoTa;

. 'mnoxnoput Hatpus;

. XJIopUcTas KUCIoTa.
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Bapuant Ne 7

. KapGomnar 6apus;

A3BOTHas KHUCJIOTA;

. Oxcup xenesza(1l);

['mapokcua Maruus;

. 'mapocynbGuUT HUHKA;

ITepmaHraHar Kajublus;

. FCKC&FI/I,Z[pOKCOEUHOMI/IHaT OEe3usi,

Xnopuna kooansra(ll);

. Oxcup 60pa;

. CepHas KuC0Ta;

. Cunmukat ruapokcoko6anpra(ll);
. Xnopar xkene3a(1ll);

. XJI0pHOBaTasi KUCJIOTA;

. Hutpar ctponius;

. Oxcup mapranmna(Vl);

. Meradocdopnas kucmnora;

. Hutpur Oapus;

. Huanug rugpoxcomenu(1l);

. OpToOOpHas KUCIOTA;

. Cynbdua antoMuHuS;

. Jluxpomart KaJbIus;

. MeTakpemMHUEeBast KUCIIOTA;

. Jurunpooprodocdar maraus;
. [Tupodocdar narpus;

. bpoMoBOIOpOIHAS KHCHIOTA.
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Bapuant Ne 8

. 'mapoxkcua aMmMoHuS;

. Auierat xene3a(IIl);

. XJIOpHas KUCJIOTA;

. Oxcun meau(I1);

. TeTparuipOKCOMHKAT KaJIus;
. Hutpar anromMunus;

. 'mapokapOoHaT 1MHKA;

. llmanng Maraus;

. Cynbdat rugpoxcoxenesa(Ill);

. CepHucTas KHUCIIOTA;

. Oxcun kpemuus(I1V);

. Manranar ko6ansta(Ill);
. A30THas KUCJIOTA;

. Cynbdua aMMOHUS;

. Oxenp HaTpus;

. bBpoMoBoIOpOAHAS KUCHOTA,;

. XJIOpI/IT AUTHAPOKCOAIFOMUHUA,

. 'mapocynbduT 1e3us;
. MetabopHasi KUCIIOTa;
. [Tupodocdar dapus;

. Moaun nuaka;

. XpoMoOBas KUCIIOTA;

. XJIOpU1 HATPHS;

. MeTtadocdar xanbius;

. YToJbpHag KHUCJIOTA.
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Bapuanrt Ne 9

. Oxcup kanms;

. [IupodochopHas KucaoTa;

['mapokcua HaTpus;
Cynbbua Kanpius;
I'mapocunukar kodansTa(lll);
XJ10pu1 MarHus;
Terparuapokcokynpar(ll) mutus;
®ropun ceunma(ll);

Hutpat ruapokcobapusi;

. A30THCTas KUCIIOTA;

. Oxcup cepsi(11);

. Xpomar sxene3a(ll);

. CepoBOoOpOHAS KUCIIOTA;

. Kapbonat amMoHus;

. Oxcup xobanpra(Ill);

. YKCyCHas KHCIIOTa;

. Cynbdat runpoxcomenu(Il);
. 'mapooprodocdar xanus;

. XJIOPHOBATUCTAS KUCJIOTA,;

. OpTo6opat meau(1l);

. XJopat KaJblIus;

. MeTakpemMHUEeBast KUCJIOTA;

. [lepmarnanar HaTpus;

. CynbpuT amroMUHUS;

. Oprodochopnas kucaoTa.
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Bapuant Ne 10

. Hutpart cepebpa;

['uapokena HUHKA;

. Oxcun Mbrubsika(V);

CepHas KuCIIOTa;

. KapOoHnat ruapokcoantoMiuHus;

Cynbdat Hatpus;

. 'uapocynbbu Kanbius;

[Muanug kanus;

. Oxcug maprauama( VII);

. MeradocdopHnas kuciora;

. Cunukat aMMOHMS;

. 'ekcaruapokcokobansrar(Ill) pyounus;

. 'unoxsoput xkene3a(Ill);

. XJIOpUCTast KUCIIOTA;

. [lupodocdar maruus;

. Oxcun kpemuwnsi(1D);

. A30THas KMCJIOTa;

. 'mapocynbut Kanus;

. Xnopun ruapokcosxeinesza(lll);
. XJIOpOBOIOPOIHAS KHUCJIOTA;
. bpomu g anroMuHus;

. Anierar HaTpus;

. MapranuoBas Kuciora;

. Auxpomar nurus;

. YKCyCHas KUCJIOTA.
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Bapuant Ne 11

. OpTOKpEMHHUEBAS KUCJIOTA;

Oxcun Oapusi;

. Hutpar xene3a(1l);

I'uppoxcuna xpoma(Ill);

. 'mapokapOoHaT TUTHS;

Cynbdut HaTpus;

. Cynbdat IurupoKCOUTIOMUHUS;

Xiopu OepuILIns;

. Terparugpokcokaamar(ll) kanbuus;

. Okcun xmopa(Ill);

. A30THCTas KUCJIOTA;

. [lepmanranar nesus;

. CepHas kucnoTa;

. Oprodocdar kaapLus;

. Oxcup xpoma(VI);

. XJIOpHOBATas KUCJIOTA;

. DTOPUI TUIPOKCOMArHus;
. 'mapocunukar arroMUHUS;
. uxpomoBas KUCI0Ta;

. AlietaTt IUHKa;

. Hutpur xanpuus;

. MonoBoopoHas KHCI0Ta;
. OpTo6opaT aMMOHHS;

. [lepxnopart maruus;

. [lmanoBO1OpOIHASA KUCIIOTA.
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Bapuant Ne 12

. XJIOpHJI [INHKQ;

Oxcup alfOMUHUS;

. 'mapoxcun uesus;

DTOPOBOAOPOAHAS KUCIIOTA;

. 'ekcaruapokcoxpomat(IIl) Harpus;

Hutpatr ammonus;
['unpocynbdar CTpOHIIMS;
Nomun xams;

Kap6onat ruapokcomenu(Il);
. OKcu Kaapums;

. YKCyCHas KHCJIOTa;

. XJ10pat Marxus;

. TronraHoBOAOPOIHAS] KUCIIOTA;
. Cunukar aJrOMHHUS;

. Oxcup pyouaus;

. MetabopHasi KUCIIOTa;

. Jurugpooprodocdar kanus;
. Hutput runpokcokanbius;

. [Tupodocdopnas kuciora;

. Cynbpdup xenesa(Ill);

. XpoMaT aMMOHHS;

. Hmanug kanbLus;

. XJIOpHasi KUCJIOTA;

. 'nnoxnopur kanus;

. MapranuoBucTas KUCJIO0Ta.
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BapuanT Ne 13

. 'mopoxcup xenesa(1ll);

CepHas KUCIIOTa;

. Cunuxat cepe6opa(l);

Oxcup azora(Il);

. Juruapooprodocdat Kanpuus;

Hutput menu(Il);

. XJ10pat ruApOKCOLINHKA;

bpomua amMmmoHus;

. Oxcun panus;

. OprodocdopHas Kuciora;

. XpoMmar Oapus;

. I'excaruapoxcodeppat(Il) natpus;
. A30THas KMCJIOTa;

. Cynbdar aqroMUHUS;

. Oxcup yraepoga(I1V);

. XJIOpHOBATHUCTAsI KUCJIOTA;

. Hutpar ruapokcoko6anpra(Ill);
. 'mapoxapOoHaT HATpHS;

. MapraHnoBast KUcjioTa;

. dropun Kanbuus;

. Auerat ceunna(Il);

. Merabopar amoMUHMUS;

. YToJbHas KUCJIOTA;

. Auxpomar maraus;

. MogoBonopoiHas KUCIIOTA.
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Bapuant Ne 14

XJ10poBOAOPOIHAS (COJIsIHAS) KUCIIOTA;
I'mapoxcun meau(l);

Oxcun yriepoaa(1l);
OpTtodocdar 6apus;
Terparuapoxcocrannat(Il) kanus;
Xnopur kobanera(lll);
['uapokapOoOHAT aTIOMUHUS;
Xopug OepuiIus;

HuTtpar ruapoxcocurma(ll);

. OpToOOpHas KUCIOTa;

. Okcup azota(l);

. MaHnraHar kauaus;

. CepoBoOpOIHAS KUCIIOTA;

. Cynbput aMmmMoHus;

. Oxcun ocmus(VIID);

. KpemHueBas kuciora;

. 'mapocynbdat kanus;

. Cynbdua ruIpoKCOKaIbIUs;
. A30THCTas KUCJIOTA;

. Monuy mMarnus;

. AlietaTt aJrOMUHUS,

. XJIOpUCTast KUCIIOTA;

. [lepmanranar Oapus;

. Hutput nurus;

. XpoMOBasi KUCJIOTA.
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Bapuant Ne 15

. Cynb(at uuHKa;
. Okcup xiopa(VIN);

. A30THAasI KHCIIOTA;

I'mapoxcun vHukemns(1l);

. Xnopuz puruapokcoxenesa(lll);

Cunukat kooansTa(Ill);

. 'ekcaruapokcoxpomat(ll) kanus;

[Muanug nyuHKa;

. Oxcup cBuana(1V);

. MeradocdopHas kucnora;
. Auxpomar nurus;

. 'mapocynbdut 6apus;

. MomoBomopoiHast Kuciora,
. Hutpar menu(II);

. Oxcupn nukens(1l);

. [Tupodocdopnas kucoTa;
. 'mapokapOboHAT aMMOHMUS;
. Cynbdua ruipoKCOMarHus;
. XJI0pHOBaTasi KUCJIOTA;

. XpoMar Hatpus,

. Hutpur xene3a(1ll);

. 'mnoxnoput maruus;

. AuxpoMoBas KucCIoTa;

. [lepxuopat amroMuHUA;

. YKCyCHas KUCJIOTA.
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TECTbI TEKYLIEI'O KOHTPOJI151 3HAHUI

IIpu pemrenun 3aganuii o teme «OCHOBHBIC TMOHSTUA U CTE-
XMOMETPUYECKHE 3aKOHBI XUMUW» HCHOJB3YIOT CIEIYIOIIHE COOTHO-
HICHUS:

Vv N M
TR re
m A H2
Vv — KOJIMYECTBO BEIIECTBA, MOJIb; Na — uniciio ABoranapo,
M — mMacca BeIlecTna, T; Na=6,02- 10% moms™;
M — monsipHas Macca, T/MOJIb; Vi, — MOJISIPHBIM M1 MOJIb-
V — 06béM rasa, am; HBIN 00BEM Ta3a, MPH HOP-
N — 4KCJIO CTPYKTYPHBIX €IUHUII MaJIbHBIX YCIOBUSIX (H.Y.) —
(aTOMOB, MOJIEKYJI UJIK UOHOB); nasinennn 101,3 klla
I:)|-|2 — IUIOTHOCTB T'a3a 10 BOJOPOAY. TeMiIepaType 3200C’
V=224 oM.

B 3anmanusix, rae Tpedyercs cBsA3aTh MEXKIY CO00H 00BEM raso-
00pa3HOro BENIECTBA U €ro MacCy WJIM KOJMYECTBO BEIIECTBA, HC-
MOJIb3YWUTE YPAaBHEHHE COCTOSIHUS MI€ATIbHOIO rasa:

PV =vRT
rae P — nasnenue, [la; 7' — temneparypa rasa, K;
R — yHuBepcanbHas razoBas noctosiHHast R = 8,31 I[)K-Monb'l-rpaz['l.

3anganus, TpeOyIMe pacueToB MO CTEXMOMETPUUECKOU (op-
MYyJI€ WJIH YPABHEHUIO PEAKIIAH, PEIIAIOT, COCTABJISAS TPOTIOPLHUIO.

Tecm 1.

OcHoeéHble nOHAMUA U cmexuomempuiecKue 3aKOHbl xumuu

1. CkoIbKO CTPYKTYPHBIX eAuHHUIL coaepxkutcs B 0,558 1 xenesza?
Omeemui:

a) 6,02-10%; B) 3,01-10%;

6) 6,02-10°%; r) 10

2. Kakoii 06beM 3aHnMarot 6,02+10% MOJIEKYJI KHUCJIOPO/Ia TIPH H.Y.?
Omeemui:

a) 22,4 n; B) 11,2 m;

0) 44,8 x; r) 2,24 7.
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3. Berunciaure maccy coiau CaHPO,, oGpasyromeiics u3 46r opro-
dbocopHOH KUCITOTHI IPU B3aUMOJICUCTBUH C THAPOKCHUIOM KaJbITHS.
Omeempt.

a) 136,5; B) 34 1;

0) 136 T; r) 63,8 T.

4. CKoabKO aTOMOB Hatpus coaepkutcs B 451 Na,CO3?
Omeempyl.

a) 5,11-10%; 8) 1,08-10;

6) 6,02:10%; r) 3,01-10%,

5. Beruucaure maccy 0,5 Moib rasza, €Ciiu €ro IIOTHOCTb IO BOJIOPO-
Jy paBHa 22.

Omeemput.

a) 44 r; B) 11T

0) 22 1; r) 12,2 r.

6. CKOJIbKO MOJIb THIPOKCH/Ia aJTFOMUHUS BCTYIIAE€T B PEAKITHIO
C TpeMs MOJIb OpTO(POoCchHOPHOM KUCIOTHI IPU 00pa30BaHUHU
ruapokcodocdaTa aTrOMUHUS?

Omeempyt.

a)2;, 0)3; B)1, 1)6.

/. Beruucnnre KOJIMYECTBO MOJiel 85T rasza, €Ciiv MpH H.y. €ro MIOTHOCTh
0 BOJIOpO1y paBHa 17.

Omeemul:
a) 2,5; B) 9,
0)17; r) 22,4.

8.Kakoi 00beM 3aHMMaloOT 3 MOJIb a30Ta HPI/I JaBJICHUU 101,3-103Ha "
temmeparype 223°K (R = 8,31 x-moms K ™7)?

Omeemput.

a) 0,5488 m°; B) 5,488 Mm°;

6) 0,05488 m°; r) 54,88 M°.

10. Ckonpko MoJiekys Bojgopoaa coaepxkutcs B 1001 sToro raza mpu
H.y.?

Omeemut.

a) 6,02:10%; B) 3,01-10%;

6) 26,87-10%; r) 9,06:10%.
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11. Kakoii 06bem 3auumaror 3,01-10%° moJiekyJs1 CO nipu H.y.?
Omeemui.

a) 1,12 m; B) 11,2 m;

0) 44,8 x; r) 2,24 1.

12. Kakas Macca KUCI0po/ia, HE0OX0auMa JiJisi OKUCICHUS 8T aTlOMU-
HUS 10 okcuaa?

Omeemul.
a) 9,67 t; B) 7,11 r;
0) 3,25 ; r) 6,82 r.

13. CxoabKo MOJIb yriiepoia cojiepkutcst B 180T yKCyCHOM KMCIOTHI?
Omeemui.

a) 2; B) 10;

0) 12; r) 6.

14. Beryuciure maccy S5 MoJIb raza, €CJIM €ro IJIOTHOCTh MO BOJIOPOY
paBHa 15.

Omeempyt.

a) 120 r; B) 88 1;

0) 150 T; r) 75 .

15. Kakast macca cepHOM KHCJIOTHI MOJHOCTbIO HehTpaauszyetr 198,8r
TUAPOKCHU]IA IIMHKA 10 00pa30BaHus CpPEIHEN COH?

Omeemut.
a) 98 r; B) 196,8 1;
0) 164 1; r) 19,68 r.

16. Kakoe naBieHue B cocyae 00beMoM 1M co3garoT 37,75 Mok rasza
npu temnepatype 323°K (R = 8,3 1 Jx-momp K™)?

Omeembul:

a) 10,13 xlIa; B) 105 xlI1a;

0) 101,3 klIa; r) 202,6 kIIa.

17. CkoNbKO MOJEKYJ KUCIOPOAA COEPKUTCS B cocyne o0beMoM 11
pHu H.y.?

Omeemul:

a) 0,269-10; B) 6,02:10%°;

6) 3,5-10%; r) 1,12-10%.
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18. Cxonbko AUTPOB BojOpoAa (H.y.) MOKHO TOJYUYUTh U3 MATH MO-
JIeW COJISTHOM KHUCJIOTHI IPU €€ B3aUMOJCUCTBUU C IIMHKOM?

Omeembi.

a) 96; B) 67,2;

0) 2,24, r) 2,5.

19. Beruucinure MOJISIpHYIO Maccy rasa, eciu npu H.y. 80r ero 3aHu-
MaroT 88,711.

Omeembl.:
a) 80 r/MOIBb; B) 160 r/moub;
0) 96 T/M0b; r) 20,2 r/MOJIb.

20. CKkoJIbKO aTOMOB HaTpusi cojiepkutcs B 7,1t cynbdara Hatpus?
Omeemui.

a) 3,01-10%; B) 1,2:10%;

6) 3,01-10%; r) 6,02-10%,

21. Kakoit o0beM amMMmuaka (H.y.) MOXKHO MOJYYUTh U3 4 MOJIb a30Ta
IIPU €r0 B3aUMOJAEHCTBUH C BOJIOPOIOM?

Omeemput.

a) 22,4 n; B) 67,2 m;

0) 179,2 x; r) 44,8 7.

22. CKOTBKO aTOMOB JKeJie3a COACPKUTCSA B 116T Keae3H0M OKaJIuHbI
(F9304)?

Omeemput.

a) 6,02-10%; B) 9,05-10%°;
6) 3,01-10%; r) 18,06-10%.
23. Onpenenure Maccy 81 aMMHaKa IpH H.Y.
Omeempui.

a) 56,67 r; B) 6,43 1;

0) 136 T; r) 1792 r.

24. Kakoit 06bem CO (H.y.) HE0OXOaUM JJIT BOCCTAHOBJICHHS 55,8T
xenesa u3 okeuna FeO?

Omeemul:
a) 22,4m; B) 67,2m;
0) 2,24u; r)2,5m.
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25. Kakoit 00beM 3aHuMaroT 16r kuciaoposa mpu H.y.?
Omeemui:

a) 1,14 n; B) 2,28 1;

0) 22,4 x; r) 11,2 n.

26. CKOJIBKO MOJIEKYJ YTJIEKUCIIOro ra3a COACPKUTCS B coCyie 00be-
Mowm 0,751 ipu H.y.?

Omeembi.
a) 3,35-10%; B) 3,01-10°";
6) 2,01-10%; r) 7,510,

27. Kakoil o0beM mpu H.y. 3aMET YTJIEKHUCIBbIM Ta3, MOJTy4YeHHBIN
cxkuranvem 0,5 Moy meTaHa?

Omeemui.:
a) 22,4 n; B) 67,2 m;
0) 5,60 x; r) 11,2 n.

28.Kakoe KOJIMYECTBO raza COJIEPXKUTCS B COCyAe 00BEMOM 1M pu
nasiennn 101,3-10%a u temneparype 323°K?
(R = 8,31 x-momp K ™)

Omeemol.:
a) 30 MoJIb; B) 9 MOJIb;
0) 37,7 MoJb; r) 75,5 MOJIb.

29. Beruncinuth 00beM, KOTOPHBIH 3aiiMeT OJHa TOHHA aprOoHa MPHU H.Y.
Omeemui:

a) 6,7-10° 1 B) 1,4-10° 1;

6) 5,6:10° r) 7-10* .

30. Kakoit 00beM kucioponaa (H.y.) norpedyercst nisi cxuranus 10r
BOJI0poAaa’?

Omeemui.

a) 44,8 1, B) 56 I;

0) 22,4 x; r) 25,5 1.

31. CkonbKO MOJb aTOMOB KHCJIOpOAa colepkutcsi B 49r cepHoii
KHUCJIOTHI?

Omeemul:
a) 6; B) 4,
0) 3; r) 2.
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32. Onpenenure Maccy rasa, 3aHumaroiiero 22,4 i npu H.y., €Ciu ero
IJIOTHOCTH 1O Bojopoay 14.

Omeemui.:
a)22,4r; B) 28 1;
0) 14 1; r)7,5r.

33. Kakoit 06bem kuciopojaa (H.y.) HEOOXoauM il moiaydenus: S0r
okcuna u3 30r metama?

Omeempl:
a)22 m; B) 7,2 1,
0) 14 m; r) 25 1.

34. Kakoit 00beM 3aiMyT pu H.y. 5,5T Ta3a, e€ciik ero MmIOTHOCTh 10
BO31YXY 1,52 ( Mgy = 29 r/MO7B)?

Omeemur.

a) 3 i, B) 7 1;

0) 2,8 1; r) 9 5.

35. Ckonbko mounekyn |, conepxutcs B 50,8r noga?
Omeempui.

a) 1,204-10%; B) 4,816 -10°°;
6) 6,02:10%; r) 2,408 10°°r.
36. Kakyto maccy pocdopa Hago cxeub ais nojydeHus 7,1t okcuaa
P,0Os5?

Omeemui:

a) 12,4 r; B) 31l r;

0) 6,2 T; r)3,1r.

37. Onpenenure Maccy 0,018M3 XJI0pA, HAXOISIIETOCS MO JABJICHU-
em 202,6:10°I1a u mpu Temmeparype 293°K (R = 8,31 lx-moms K™
M(Cl,)=71 r/moinp).

Omeemul:
a) 11,82 r; B) 59,1 1;
0) 106,5 T; r) 236 T.

38. Cxompko atoMoB (ocdopa coaepkurcsa B TeTpadocdope P, mac-
coun 155r?

Omeembi.
a) 6,25-10%; B) 30,1-10%°;
6) 8,39:10%; r) 7,53-10%,
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39. Kakoii 00beM BOJ0pO/Ia BBIJIETUTCS MPH H.Y., eciu 10,8 anromMu-
HUS TTOJTHOCTHIO PACTBOPUTH B COJISTHOM KUCTOTE?

Omeemui.:
a) 13,44 n; B) 11,2 m;
0) 22,4 m; r) 67,2 .

40. CxkoapKO MOJb aTOMOB OOpa COJIEpKUTCS B TeTpabopare HaTpus
Na,B,0; maccoii 40,41?

Omeembl.:

a) 0,4, B) 8;

0) 4; r) 0,8.

41. KakoBa Macca a3oTa, coJepxauerocss B cocyjae oobemoM 33,611
pu H.y.?

Omeembul:

a) 28 r; B)42r;

0) 14,3 ; r) 48 T.

42.Kakue Macchl METALIMYECKOTO HATPHUSl U MOJIEKYJISIpHOTOo Opoma
noTpeOyroTcs A noiaydenus 5,15t Opomuaa HaTpus?

Omeempui:

a) 1,15r Nau 4 r Bry; B)4r Nawu 1,15 r Bry;

0)2r Nawu 3,15 r Bry; r)3r Nawu 2,15 r Br,.

43. Kaxkas macca cepsl coaepkutcs B 24r nuputa FeS,?
Omeembi.:

a)8r; B) 6,4 1;

0) 5,6 T; r) 12,8 r.

44, TInoTHOCTH HOAO0BOJOpOJAa IO BO3ayXy paBHa 4,41. Omnpenenute
IJIOTHOCTB 3TOTO rasa 1no Bogopoay (Mg, =29 r/mons).

Omeembul:

a) 64, B) 32;

0) 128; r) 16.

45. Kakas macca cyibdarta O6apus oOpasyercsl mpu B3aUMOJEHCTBUU
62,4r xyopuaa 6apusi ¢ CEpHOU KUCTOTOM?

Omeemul:
a) 208 r; B) 57 T;
0) 70 T; r) 233 r.
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Tecm 2. Knaccol HeopzanuuecKux cOeOuUHeHuUll

Oxcuapl ZNO u P,Os aBag10TCS COOTBETCTBEHHO:
Omeemui.

a) OCHOBHBIM U KHUCJIOTHBIM;

0) KUCJIOTHBIM U aM(OTEPHBIM;

B) aM(OTEPHBIM U KUCIOTHBIM;

I') OCHOBHBIM U aM(OTEPHBIM.

YKaXkuTe OKCUJl, B3aUMOJICMCTBYIOIINN U C KUCIIOTOM, U C OC-
HOBAHMEM ...
Omeempt.

a)BeO, 6)SiO, B)CO, r)K,0.

Tonbko MET0UM paCTIOIOKEHBI B PSIAY ...

Omeemur.

a) Al(OH)3;, Cu(OH),, LiOH;

0) KOH, Ba(OH),, NaOH;

B) CSOH, Fe(OH),, Zn(OH),;

r) KOH, Sn(OH),, Cr(OH)a,.

MeTtaioM, CrIocOOHBIM PacTBOPATHCS KaK B pa30aBICHHOM
pactBope H,SOy4, Tak u B pactBope KOH, siBnsiercs ...
Omeempui:

a) Melib, 0) UHK,

B) HUKEJb, T) PTYTh.

Xnopun meau (1) moxker pearupoBats c ...
(HEeCKONbKO 6apUAHmMO8 omeema,)

Omeemui.

a) THAPOKCUJIOM HaTpusl,

0) XJIOpUJAOM ITUHKA,

B) (pocaTrom HaTpus,

T') JKEJIE30M.

CocTaBbTe ypaBHEHHS BO3MOXKHBIX PEAKIIUil THIAPOKCH 1A
HaTpus ¢ BemectBamu: CO,, CaCl,, Li,O, H,SO,.
Omeembi. :
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7.

10.

11.

VYkakuTe TpUBUAIbHbIE Ha3BaHUS BEICCTB:

1) NaCl a) MUThEBas COJIa
2) NaHCO; 0) men

3) CaSO,4-nH,0 B) THIIC

4) CaCO; I') IOBapCHHAS COJIb
Omeempt.

1) :

2) :

3) :

4) :

dopMyra BBICIIETO OKCH/IA 3JIEMEHTA, AJIEKTPOHHAs KOH(H-
20e29 620295

rypaiusi atoma kotoporo 15°2s°2p-3s°3p°, umeer BuUf ...

Omeemui.

a) 9,07,

6) 302,

B) D03,

F) 3205.

[Tpu B3aumozpeiicTBun okcuao CaO u Cl,0O; obpasyercs:
Omeempt.

a) Ca(ClOy),,

6) Ca(ClOs).,

B) Ca(ClO,),,

r) Ca(ClO),.

ToJIbKO KMCJIOTHI PACTIONIOKEHBI B PAMY. ...
Omeemut.

a) CuSO,, CuOHCI, HCI;

0) NHs3, CH,4, HBrOy;

B) HBr, Hgse, PH3,

F) HC|O4, H,CrOy, H25|03,

JKeneso He pearupyer C ...
Omeemui:

a) COJISTHOUM KHUCIIOTOM;

0) KOHII. CEpHON KUCITIOTOM;
B) TUJPOKCHUJIOM KaJlus;

I') CEpOH.
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12,

13.

14,

15.

16.

17,

Kucnas conb 00paszyeTcs B peakIuu:
Omeemui.

a) 2KOH + H2804 —

0) KOH + H,S0, —

B) 3NaOH + H3;PO, —

r) NaOH + HCI —

KapOoHnat HaTpus pearupyeT ¢ KaxKJIbIM U3 BEILIECTB. ...
Omeemoui.

a) CH;COOH u ZnCl,;

0) HNO3; u Ca(OH),;

B) S|02 154 KZSO4,

r) Cuu HCIL

CocraBpTe YPaBHCHHA BO3MOKHbBIX peaKHI/Iﬁ CepHOﬁ KHCJIOTHI

¢ BemectBamu: CO, CaCOs3, BaO, Ca(OH),:
Omeemouir.

AmdoTepHbIMH CBOMCTBaAMHU 00J1aJ1a€T OKCHUI. . ...
OTBeETHI:

a) CrO,,

0) CrO,

B) Cr,03,

1") CrO..

C XJI0pOBOJOPOTHOM KUCIIOTON B3aUMOAECHCTBYFOT OKCHU/IBL. .
Omeemut.

a) SrO u K,0,
0) CO, u NO,
B) MgO u P,0Os,
F) A|203 u CO.

PazbaBiieHHas cepHas KHCIOTa pearupyer ¢ ...
(HEeCKOJIbKO 8apuanmos omeema)
Omeemyt.

a)Mg, 6)Cu, B)Na,SiOs, r)Ca(OH),.
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18.

19.

20.

21.

22.

[TpoaykTamMu B3auMOJIEUCTBUS MEIU U pa30aBICHHON a30T-
HOM KHUCJIOTHI SIBISIIOTCH. ..

Omeempui.

a) CU(NOz),, H,

6) CU(NOg)g, N»O3, H,O

B) CU(NOg)Z, NO,, H,O

F) CU(NOg)z, NO, H,O

TonbKO CpeaHHUE COU PACIIOJIOKEHBI B PALY
Omeemput.

a) CuCOs, FeOHCI, Rbl

6) C&(CIOg)g, KoCrQy, C&COg

B) AIN, (CuOH),COs;, LiBro,

r) NaBr, KHS, CaH,

CocTtaBbTe ypaBHEHHUS BO3MOXKHBIX pEeaKLHil cynb(ara me-
au (IT) ¢ BemectBamu: NaOH, K3;PO,4, Pb(NO3),, HCI
Omeemour. ,

OcCHOBHBIE OKCHUJBI 3TO ...
Omeemut.

a) CuO u Al,Os,

0) CO, u K,0,

B) SOQ )41 C1207,

r) CaO u Na,O.

Ykaxure TPUBHUAJILHBIC HA3BAHUA BCIICCTB.

1) CO, a) TIIMHO3EM

2) CaO 0) mecok

3) SIO, B) #OKEHAS U3BECTh
4) Al,O; T') YIJIEKUCIIBIN Ta3

Omeemout.
1) .
2) .
<)
4) .
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23.

24,

25.

I'mapokcua nUHKA pearupyer ¢ KaKIbIM U3 BEIIECTB. ..

(HeCKOJIbKO 8apuUanmos omeema)
Omeemur.

a) B&(OH)Z u CO,,

0) SiOwu Li,SOy,

B) HNO3 u CaO,

r) Pb(OH), u Cu.

KommiekcHas coinb 00pasyercst B peakiiui. ..

Omeemour.

2) AI(OH)s + KOH —-5

6) BeO + NaOH + H,0 —
8) Zn(OH), + LiOH —
r) Pb(OH), + KOH —

C o0OpazoBaHuEM COJIM MOT'YT pearupoBaTh APYT C IPYTOM. ..

Omeemput.

a) CaO u FeO,
0) NO u CO,,
B) CO, u CaO,
F) A|203 u CO.
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Tecm 3. Xumuueckue ceoicmea HeOP2aAHUYECKUX COCOUHEHUT

1. Kakas conb oOpa3zyercs MpHu B3aUMOJECUCTBUU JBYX MOJIEKYJ THI-
pPOKCHJa HATpUsi C OAHOM MOJIeKYyJIoil opTohoCchHOpHONU KHUCIOTHI?
Hanuiute ypaBHEHHE peakiiui U CTPYKTYpPHYIO (popMyity comu.
Omeembl.:

a) ruapodocdar HaATpus; B) pocdar HaTpus;

0) nurunpodocdat HaTpus; r) ¢pocdat ruipoKCOHATPUSI.

2. Beieniure dopmyiry aruapua xiaopHor kuciaotel (HCIO,)
Omeembl:

a) CIZO, B) C|207,

6) C|205, F) Cleg.

3. C KaKuMH U3 IIEPEUYKCICHHBIX B OTBETaX BEILECTB pearupyeT OKCH/T
yraepona (1V)? Hamummmre ypaBHEHUS PEaKIIUi.

Omeemui:
a) TMAPOKCHUJ] aMMOHWUS; B) BOJIA;
0) coJisiHast KUCJIOTa; I') aMMHAaK.

4. OnpenenuTe CTEMECHb OKUCIACHHS XpoMa B coeanHeHusx: Cr,0s,
CrO3, K,Cr,04, Cr(OH)g

Omeemul:
a) +3, +2, +6, +3; B) +2, +6, +7, +3;
0) +3, +7, +6, +2; r) +2, +6, +6, +2.

5. C KakuMU U3 TIEPEUUCICHHBIX B OTBETAX BEIECTB pearupyer I'vi-
pokcua HaTpus? Hanumure ypaBHEHUS pPEAKIIUN.

Omeemul:
a) CepHasl KUCIIOTa,; B) OKCHJI KaJIbITHSI;
0) TUIPOKCHU]I ITMHKA; ) BojA.

6. Kakas popmyna coorBeTcTByeT runpodocdary kanbiusa? M3o0pa-
3UTE CTPYKTYPHYIO (DOPMYITY CONH.

Omeembi.
a) Ca3(PO4)2; B) Ca(H2P04)2;
6) CaHPO,; r) (CaOH)sPO,.
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7. Kakoe BemiecTBOo oOpa3yeTcs MpHU B3aUMOACHCTBUM OKCHJA allto-
MHHUSA C TUAPOKCUAOM HaTtpusi? Hanuimmre ypaBHEHUE PEaKIIUH.
Omeemol.:

a) Al(OH)3; B) NaAIlO,;

0) NazAlOg; r) AI(OH),.

8. Uto xapakTepu3yeT OCHOBHYIO cojib? Hamumure dopmyny kapOo-
HaTa TUJIPOKCOMATHHUS.

Omeemui:

a) HAIMYUC HE3aMCIIICHHBIX HOHOB B) OTCYTCTBHE HE3aMEIICHHBIX
BOJIOPO/IA; MOHOB BOJIOpOJa U THAPOKCHUIIA;

0) HaTM4KMe HE3aMEIICHHBIX HOHOB T) HAJIMYHE HE3aMEIICHHBIX Ka-
THJIPOKCHIIA,; THOHOB MCTAJIJIOB.

9. BeiBenute hopMyIly aHTHAPHUIA A30THOM KUCTIOTHI.
Omeempui.

a) N,Os; B) NO;

6) N,Os; F) NO.

10. Kak Ha3bIBaIOTCS COJIM CEPOBOIOPOTHON KUCIOTHI?
Omeempul:

a) CyJb(aThl; B) CYyIb(MUTHI;

0) cynbhuIbI; ') THOCYJIb(ATHI.

11. C kakuMH U3 MEPEUUCITICHHBIX B OTBETaX BEUIECTB pEarupyer BO-
na? Hanmmure ypaBHEHUS pEeaKInid.

Omeemui:
a) okcua mMapranmna (1V); B) aMMHUaK;
0) oxcun pocdopa (V); ') OKCHU/T aJTFOMUHUSL.

12. K xakoMy THIy OKCHUJIOB OTHOCHUTCSI OKCHJ ajmtoMuHus? Hanuim-
T€ ypaBHEHUS peaKuii, TOATBEPKIAIOIINE €r0 CBOMCTBA.

Omeemui:

a) OCHOBHBIN; B) aM(OTEPHBIIi;

0) KUCIIOTHBIN; I') HecoJ1e00pa3yoIIui.

13. Uemy paBHa CTENeHb OKUCJICHUS a30Ta B a30TUCTON KUCTOTE?

Omeemul:
a)+3; 0)+4; B) +5; T1)+2.
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14. Kakas conb oOpa3yeTcsi Ipu B3aUMOJICUCTBUU OJHON MOJICKYJIbI
THAPOKCHUIA Kajus ¢ OJHON MOJEeKynaoi opTodochOpHON KUCIOTHI?
Harmumure ypaBHeHHE peakIuy U CTPYKTYPHYIO (OpMYJTy COJIH.
Omeemyl:

a) hocdar kamus; B) nuruapodocdar Kanus;

0) runpodocdar Kauus; ') KapOOHAT KaJusl.

15. Onpenenure CTENEHb OKUCICHUS CEPbl B COCIMHEHUSIX: Cyabdua
HATpUs, CyIbPUT HATPUS, CyIb(aT HATPUSI.

Omeemul:
a) +4, +6, —2; B) —2, +4, +0;
0) +6, +4, -2; r) 0, +3, +6.

16. C xakuMHU U3 TIEPEUYUCICHHBIX BEIIECTB pearupyeTr TUAPOKCHU]L
amomMuHus? Hanumure ypaBHEHUS pEeaKIuu.

Omeemul:
a) BOJIA; B) THAPOKCHI HATPHSI;
0) coJisiHast KUCJIOTa; I') aMMHAaK.

17. CocTaBbT€ OCHOBHYIO COJIb MEAMW U YIrOJIbHOW KUCHOTHIL. M300pa-
3UTE €€ CTPYKTYpHYIO (hopmyily.

Omeemul:
a) CU(HCO:,),; B) CuCOsg;
0) (CuOH),COg; r) CUOHCO:s.

18. C xakuMu U3 TIEPEUYUCIICHHBIX B OTBETAX BEILIECTB pearupyeT aM-
Muak? Hanummre ypaBHEHUs peakuid.

Omeembul:
a) cepHas KUCJIO0Ta; B) BOJIA;
0) OKCUJ KaJIbIIUS; r) OpoM.

19. BeiBegute dpopmyny anrugapuga metadhochopHoil KuciaoTsl. Yemy
paBHa CTENEeHb OKHUCIeHUs Pocdhopa B 3TOM COCTUHEHUU?

Omeembi:

a) +3; B) +5;

0) —3; ) +7.

20. Kaxkast conbp obpasyercst mpu B3aUMOJICHCTBUHU JBYX MOJICKYJ TH/I-
POKCHJIa KaJbIUs C OJTHOM MOJIEKYJION CEPHOU KUCIOTHI?
HanummTe ypaBHEHHE PEaKIIUU U CTPYKTYPHYIO (opMyITy COJH.
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Omeemul:
a) CpeaHsIs; B) OCHOBHAI;
0) Kucnas; ') KOMIUIEKCHAs.

21. C kakuMU U3 TIEPEYUCITICHHBIX B OTBETaX BEIIECTB pEarupyer xe-
ne30? Hanumure ypaBHEHUs peaKLni.

Omeembl:
a) TUJIPOKCH] HATPUSI; B) BOJIA;
0) cossiHas KUCIOTa, r) cyJbdar Meu.

22. Omnpenenurte CTENCHb OKUCIICHUS CelieHa B coenuHeHusax: H,Se,
Se0,, Na,SeQ,, Se0s.

Omeemuwl:
a) +2, +4, +6, +3; B) —2; 16, +4, +6;
0) -2, +4, +4, +6; r) -2, +4, +6, +6.

23. Kak Ha3bIBAaIOTCS COJIM CEpHUCTOM KUCIOTHI? [IpuBenure npumep
U HaMUIIUTE CTPYKTYPHYIO (OPMYITY COJIH.

Omeemui:
a) cynb(datsr; B) CYJIb(UTHI;
0) cynbusl; ') THOCYJIb(ATHI.

24. C xakuMH U3 MEPEUMCIICHHBIX B OTBETaX BEIIECTB pPearupyer OK-
cul nnHKa? Hanmummre ypaBHEHUS peakui.

Omeemul:
a) cepHas KUCJIO0Ta; B) BOJIA;
0) TMAPOKCHU KAJIbIIUS; I') aMMHaK.

25. Kakas gopMyna cOOTBETCTBYET aHTHAPUJLY XJIOPHOBATUCTOM KHC-
no1bl? Hanummre ero CTpyKTypHYIO GOpMydTy.

Omeemul:
a) C|207, 6) C|203, B) Clzo, F) C|205.

26. Kakas comp oOpa3yeTcs Mpu B3aWMOJICHCTBHHM OJHOW MOJIEKYJIBI
TUJIPOKCHUAA KaJusl ¢ OJHOW MOJIEKYJIOW YTrOJIbHOW KHMCIOThI? Hamu-
IITUTE YPaBHEHUE PEAKIIMU U CTPYKTYPHYIO (POPMYITy COJIH.

Omeembi.

a) CpeaHsIs; B) OCHOBHa;

0) xucnas; ') KOMIUIEKCHAasI.
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27. Kakas xuciora oOpa3yeTcs mpu B3aUMOACHCTBUU JIByX MOJIEKYJ
BOJIbI C OJTHOM MoJiekysiol okcuaa gocdopa (V)? Hanummre ypaBHe-
HUE PEaKIMH U CTPYKTYPHYIO (POPMYITYy KUCIIOTHI.

Omeemul:
a) metadochopHasi; B) opTodochopHas;
0) nupodochopHas; ') opToOOpHas.

28. K kxakoMy THIy OKCHUJOB OTHOCHUTCS OKCHJ HuHKA? Hamwmmmre
ypaBHEHUS peaKIuid, MOATBEPKAAIOIINE €r0 CBOMCTRA.

Omeemvl:

a) OCHOBHBIU; B) aM(OTEPHBIIi;

0) KUCIIOTHBIN; T') HECos1e00pa3yoIIUi.

29. Kakast conp oOpa3yercs NMpu B3aUMOJICHUCTBUM OJHOW MOJIEKYJIbI
TUIPOKCUA JINTUS C OJTHOW MOJICKYJIOM cepHOM KUCIoThl? Hanuimmre
ypaBHEHHE PEAKIIUMU U CTPYKTYPHYIO (POPMYJTy COIH.

Omeembul:
a) CpeaHsIs; B) OCHOBHAI;
0) Kucnas; ') KOMIUIEKCHAS.

30. BeiBeguTe opMysy aHTUIpUJIA MAPTAHIIEBOM KHUCJIOTHI U HaIlM-
ITUTE CTPYKTYPHYIO (OPMYITY KUCTOTHI.

Omeemul:
a) MnQOy; 6) MnOQOg; B) Mn,0Oy; r) MnO.

31. CkoJIbKO MOJIEKYJI CEpHOM KHUCIIOTHI HEOOXOAUMO JIJIsi B3aUMO/ICH-
CTBHS C JIByMs MOJIEKYJIaMHU THAPOKCHIA MEIH MPH 0Opa30BaHUH OC-
HOBHOH coymn? Hamumure ypaBHEHHE peakIuy U CTPYKTYpHYHO (op-

MYy COJIH.
Omeemui:

a)l; B) 3;
0) 2; r) 4.

32. C KakuMU U3 MEPEUYUCICHHBIX BEIIECTB BCTYMAET B PEAKIUIO OK-
cup cepsl (1V)? Hanuimure ypaBHEeHUS peakiuil.

Omeemul:
a) YIJIEKUCIIbIN Ta3; B) a30THAsi KUCJIOTAa;
0) Boza; ') KAUCIIOPO.
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33. Ompenenure cTeneHb OKHcIeHUs xjopa B coemuHeHusx: Cly0,
HCIO,, HCI, CI,0s.

Omeemul:
a)+1, +3, +5, +7; B) -1, +7, +1, +3;
0)+1,+7,-1, +3; r)—1, +7, +3, +5.

34. CKOJIBbKO MOJICKYJ a30THOM KHUCJIOThI HEOOXOAUMO IS B3aMMO-
JNEUCTBUA C OJTHOM MOJIEKYJION THIPOKCUA MarHusi Ipu oOpa3oBaHUU
OCHOBHOM conu? Hanummre ypaBHEHHWE pEaKLUMU U CTPYKTYPHYIO
hopMyI1y COJIH.

Omeembl:

a)l; 0) 2; B) 3; r) 4.

35. BeiBenute dopmyny aHTHApHAa a30THOM KHUCIOTHL. Hamumumre
CTPYKTYpHBIE (hOPMYJIbI A30THOM KUCIOTHI M €€ aHTUIPHUIA.

Omeempui.

a) N,O; B) NO;

0) N2Os; 1) N2O3,

36. Kakas conp 0Opasyercst mpu B3auMOJICHCTBUU JIBYX MOJICKYJ THI-
POKCH/JIa MarHusi C OHOM MOJIEKYJION CEpHOUN KUCIOTHI?

Omeembul:

a) CpeaHsIs; B) OCHOBHas;

0) Kucnas; ') KOMIUICKCHAs.

37. Kakas conmb oOpa3yercsi nmpu B3aUMOJCHUCTBUHU OJTHOW MOJIEKYJIbI
THAPOKCHIA Oapusi ¢ IBYMSI MOJICKYJIaMU CepHOM KUCIoThl? Hamumiu-
T€ ypaBHEHHE PEAKIIUU U CTPYKTYPHYIO (GOPMYJITY COJIH.

Omeemvl:

a) CpeaHsIs; B) OCHOBHas;

0) Kucnas; ') KOMIUIEKCHAs.

38. BriBeaute hopmyity aHruapuaa CEPHUCTON KUCIOTHL. YeMy paBHa
CTEIIEHb OKUCIICHUS CEPBI B 3TOM COEIUHEHUN?
Omeembul:

a) +6; 0) +4; B) +2; T)-2.

39. C xakiuMH U3 MEPEYUCIICHHBIX B OTBETAX BEIECTB OyAET pearupo-
BaTh pazOaBieHHas cepHas kuciora? Hanummre ypaBHEHUs peaKiuil.
Omeembi:
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a) MeJlb; B) IIUHK;
0) oKCHI aTFOMUHUS; ') KACIOPOJ.

40. Ckonpko MoOJIeKya (GochopHOil KHCIOTHI HEOOXOAMMO ISl B3aH-
MOJEHCTBUS C IBYMs MOJICKYJIaMH THIPOKCHIA aJTlOMUHHS IIpH 00pa-
3oBaHuu rugpodochara amromunansa? Hanmumure ypaBHEHHE PEaKITUU.
Omeempi:

)l  6)2, B3 14

41. C xakuMH 13 TIEPEUNCICHHBIX B OTBETAX BEIIECTB OYyJIET pearupo-
BAaTh OKCUJI Kanblusa? Hanuimmre ypaBHEHUS peaKIuu.

Omeemui:

a) BOJa; B) TUJIPOKCUJ] HATPUS;

0) okcun kpemuus (1V); r) okcua meau (11).

42. Kak Ha3bpIBalOTCS COJIU cepHOM kucnoThl? [IpuBenute npumep co-
JIU ¥ €€ CTPYKTYPHYIO (GOopMyITy.

Omeemui:
a) CyJb(U/IbI; B) Cyib(daThi;
0) cynb(UTHI; I') THOCYJIb(ATHI.

43. Kakas conb oOpasyercss mpu B3aMMOACHCTBUU OJHOM MOJICKYJIbI
TUJIPOKCUA Kadusd C OJIHOM MOJIEKYJION KpeMHEeBOM KuciaoThl? Hamnu-
IIMTE YPAaBHEHUE PEAKIIMU U CTPYKTYPHYIO (POpMYITY COJIH.

Omeempvi:

a) CpenHsis; B) OCHOBHasI;

0) Kucnas; ') KOMILUIEKCHAS.

44, Kak Ha3bIBaIOTCS COJIM a30TUCTOUM KHUCHOThI? [IpuBenure mpumep
COJIH.

Omeembul:
a) HUTPAThI; B) HUTPHJIBL;
0) HUTPUTHI; ') KapOOHATHI.

45. C xakuMH 13 TIEPEUNCICHHBIX B OTBETaX BEIIECTB OyIeT pearupo-
BaTh T'UIPOKCH Kanblws? Hanmummre ypaBHEHHs peaKIni.

Omeemul:

a) BOJa; B) JK€JIE30;

0) oxcup yrieponaa (1V); T') COJISTHAs KUCJIOTA.
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TECTBI U'TOIOBOI'O KOHTPOJI51 3HAHUI

1. ®opmyna okcuia Kanus:

Omeemui.:

a) HNOg; B) K,0;

0) CaO; r) KOH.

2. IlpuBenuTe Ha3BaHME BeElIECTBA, XUMHUYecKas (hopMyjia KOTOpPOro,
AICIg:

Omeemul:

a) kKapOOHAT HATPUS, B) XJIOPHU]I AITFOMUHHUS;
0) cynbdaT KaJbIs; T) OKCHUJ AJIFOMUHUS.

3. Illenourio SBIISCTCS:

Omeemui.:

a) K,0; B) CaSOy;

0) HNOg; r) NaOH.

4. CepHas KUCJIOTa UMeeT popMyIy:
Omeemui.:

a) HNOg, B) HZSO4,

5. OCHOBHBIM OKCHJIOM SBJISAETCS:
Omeembui.

a) COy; B) Na,0;

6) SO;; 1") P,0:s.

6. K npocTsiM BelmecTBaM OTHOCHTCS:
Omeemui.:

a) COy; B) HCI,;

6) Oy,; F) KN03

7. CII0XHBIM BEIIECTBOM SABJISIETCH:
Omeembi.

a) Ny; B) Al,

0) Oy; r) KNOs3.
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8. Hazosute nannoe coenuaenune SO3?

Omeemui:
a) OKCHJI CEPHI; B) cepa;
0) cepHasi KUCJIOTa; I') TUJIPOKCHU HATPHSI.

9. Kucnora, koTopast sSBIs€TCSI HECTOMKON U JIETKO pasyiaraeTcs C BbI-
JEJIEHUEM YTIIEKUCIIOTO ra3a — 3TO:

Omeempl:

a) HCI, B) H2CO3,

6) H,SOy,; F) HNOs.

10. Okcuay KanbIys COOTBETCTBYET (hopMyJia:
Omeemol:

a) Ky0; B) K20O3;

0) Ca,0; r) CaO.

11. Ilpu gucconmaruy OKCUAa aTlOMUHUS 00pa3yrOTCs HOHBI:
Omeemui.

a) A’ 1 30H; B) H u AI’";

6) 2AI°" u 30%; ') OKCUJIbI HE JUCCOLIMUPYIOT.

12. ITpu B3aumoeiictBun okcua cepbi( V1) ¢ Bomoit oopasyercs:
Omeembul:

a) HCI, B) NaOH,;

0) H,SOy; r) Na,SO,.

13. YriekucioMy ray COOTBETCTBYET opmyJia:
Omeemui:

a) HCI, B) NaOH,;

6) K3POy; F) CO:..

14. ITpu B3auMOJEUCTBUU OKCUAA KaJlUsl C YIJIEKUCIBIM ra3oM (OKCHU-
nom yriepona(lV)) odpasyercs:

Omeemul:
a) KCl, B) KZSO4,
6) K>,COgs; F) K3PO,.

15. IIpu TepMHUUECKOM Pa3I0KEHUU THAPOKCHUIA MarHusi 00pa3yroTcs:
Omeemui:

a) K;,O u CO,; 6) MgO u H,O; B) CaO u SO3; 1) MgO u CO..
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16. IIpu B3auMOAEHCTBUM OKCHAA KaJbLIUS U XJIOPOBOJOPOIHOM (CO-
JISTHOM ) KUCTIOTHI 00pa3yIoTCs:

OTBETHI:

a) C&COgl, B) K2804 )51 HzT,
6) KC|O4 u H,0,; F) C&Clg u H,0.
17. K CHIIbHBIM 3JIEKTPOJIUTAM OTHOCHUTCA
Omeemul:

a) HCI; B) CH;COOH,;
6) H,COs; F) H28|03

18. Ilpu qucconmanuu CEPHOM KUCIOThI 00pa3yrOTCH:
Omeembul:

a) H u SO,”; B) Na" u OH " ;
6) 2H" u SO,”; r) H u NO5

19. Jlucconumanus — 3To mporecc:

Omeemol.:

a) B3aUMOJEHCTBUS KUCIIOTHI C OCHOBAHHUEM;
0) pacmnajia BelllecTBa Ha UOHBI;

B) YCKOPEHUS XUMUYECKOU PEaKITnu;

') 00pa3oBaHUs KOMIUICKCHOT'O MOHA.

20. Oxcuapl — 3TO:

Omeempui.

a) MPOCTHIC BEIIECTBA HEMETAJLIBI;

0) CJIOKHBIE BEILIECTBA, COCTOSIINE U3 2-X DJIEMEHTOB, OJMH U3 KOTO-
PBIX KUCIOPOI;

B) CJIOJKHBIE BEIIECTBA, COCTOSIINE U3 KATUOHOB BOJOPOJa U aHUOHOB
KHUCJIOTHBIX OCTaTKOB;

I') IPOCTHIE BEIIECTBA METAJIIBI.

21. Kucmora HNO; na3eiBaercs:

Omeemul:
a) coJIsiHas; B) a30TUCTAs;
0) a3oTHas; ') cepHasi.

22. Conu cepHOM KUCIIOTHI Ha3bIBAKOTCS:
Omeemui:
a) xaopuael; 0) cynbPuasl; B) CyJdb(aTrbl; T) CYJIb(PUTHIL.
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23. AmbOTepHBIM OKCUJIOM SIBIISICTCS:

Omeembi.

a) COy; B) Na,0;

6) H.0; r) ZnO.
24. K miemoyaM OTHOCHUTCS:

Omeembui.

a) Al(OH)s; B) Zn(OH),;
0) Mg(OH);; r) NaOH.

25. Ilpu B3auMoaeiCcTBUU OKCUA HATPUsI C BOJOM 0Opa3yeTcs:
Omeempul:

a) HCI; B) NaOH;

6) H,SOy,; F) Na(OH)2

26. Ilpu nuccolmanuu XJIOpuja HaTpUsi 00pa3yrOTCs:
Omeempl:

a) Na" u OH; B) K" uCl;

6) Na"uCl ; r) 2Na" u SO,~ .
27. Ilpu B3auMOJEHCTBUN CEPHOU KUCIOTHI C OKCHUJIOM HaTpusi oOpa-
3YIOTCSL:

Omeempl:

a) Na,SO, u H,0; B) NaCl u H,0;
6) Na,COs;u H,0; F) Na[Al(OH)4]
28. K KHCIBIM COJISIM OTHOCST:

Omeemul:

a) Na,SOy; B) MgOHCI,

0) KHCOg; r) Na[AI(OH),].
29. K OCHOBHBEIM COJISIM OTHOCSIT:

Omeemol:

a) Na,SOy; B) MgOHCI,

0) KHCOg; r) Na[AI(OH),].
30. ®opmyna rHAPOKCUIA KATBITHS:

Omeemol:

a) K,0; B) KOH,;

0) Ca,0; r) Ca(OH),.
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31. HepacTtBopuMO#l B BOJI€ KUCJIOTOU SIBJISICTCS:

Omeemul:

a) HCI; B) H,SiO3;

6) H,SOy,; F) HNO;.

32. K menoyam HE OTHOCHUTCS.

Omeemui.:

a) NaOH,; B) Ba(OH),;

0) Mg(OH),; r) KOH.

33. KaTrnoHbl Maraus 1 cyjiab(aT-aHHOHBI 00pa3yIOTCs MPU JUCCOIHA-
1805070

Omeembi.

a) MnSOy; B) CU(NOg)z,

0) MgCly; r) MgSO,.

34. B peakiuio HeUTpanu3auy BCTYIAIOT:

Omeemui.:

a) OKCHJ ¥ BOJIa; B) COJIb M IIICJI0Yb;

0) OKCHJI M KUCJIOTA; ') KUCJIOTa U 1IEJIOYb.

35. I'maponusy He MoABEpraeTcs:

Omeemul:
a) CU(NO3),; B) K;SOy;
0) NazPOy; r) CH;COONH.,.

36. [Ipu nuccornuaryy THAPOKCUAA KaJlis 00pa3yroTCs:

Omeempui.

a) H u OH; B) K" uOH;

6) Ca’ u OH; r)H u SO,

37. MosnsipHasi KOHIIGHTpAIHsl pACTBOPOB PACCUUTHIBAETCS IO (hopMyIIe:
Omeembi.

a)a)(e—ea):M-lOO%- 6) Cu = Ml —6a) :
m(s — 6a) : M(e—e6a)-V(p— pa)’
m(s —6a)
T(6—6a) = —2 ) _ qaC.t
)1 (6 —6a) Vp—pa)’ r) pH=-1gCy
38. KHCIIOTHBIM OKCHUIOM SIBIISIETCS:
Omeemol:

a) CO,; 6)Ca0; B)NaO: r1)AlLO;.
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39. Cojm a30THOM KHUCJIOTHI HA3BIBAKOTCS

Omeembl.:
a) XJIOPUJIbI; B) Cyib(daThl;
0) HUTpATHI; ') KapOOHATHI.

40. CoM COJITHOM KHUCIOTHI HA3BIBAKOTCH:

Omeemol.:

a) HUTPATHI, B) cyib(daThl;
0) XJIOpHUIBI; r) pocdaTtsl.
41. K cpelHUM COJISIM OTHOCSIT:

Omeemol.:

a) NaySOy; B) MgOHCI;
0) KHCOg3; r) Na[AI(OH),].
42. Conu docdatsl oOpasyer:

Omeemul:

a) H3PO4, B) HCI,

0) HNOg; r) H,SO,.

43. [llemoun — 3TO:

OTBETHI:

a) — 9TO HEPACTBOPUMEIC OCHOBAHMUS;

0) — 9TO pacTBOPHUMbBIE OCHOBAHUSI;

B) — 3TO MPOAYKTHI B3aUMOJEHCTBHS MPOCTHIX BEIISCTB C KHUCIOPO-
IOM;

') — 3TO IPOCTHIE BEILIECTBA.

44. Tlpu B3aUMOACHCTBUM COJSTHOM KHMCIIOTHI C THIPOKCHUIOM Oapus

oOpa3ytoTcs:

Omeemol:

a) BaSO,u H,0; B) Ba(NO;g)zI/I H,0;
6) BaCIQI/I H,0; F) BaC|2 54 HzT

45. Kucnota, kKoTopas 00pa3yeT COJIM HUTPAThl —3TO:
Omeemul:

6) HNOg, F) H2504.

133



46. Paz0baBiieHHas cepHasi KMCJI0Ta B3aUMOJICHCTBYET C:
Omeemui:

a) Mg; B) AJ;

0) Cu; r) Au.

47. CepoBOJIOpOIHAS KUCIOTa 00pa3yeT COJIH:
Omeembul:

a) cyJbdathl; B) Cyiab(uabI;
0) CyIb(UTHI; I') XJIOPU/IBL.

48. BogopoaHblii OKa3aTesb — 3TO:

Omeemol.:

a) JeCATUYHBIN Jorapudm, B3SIThII OT KOHIICHTPAIIMKA KaTUOHOB BO10-
poJia B pacTBOPE;

0) oTpHUIIaTEeNbHBIN IECATUYHBIN Jorapu(M, B3SIThII OT KOHIICHTPAIIMH
KaTHOHOB BOJIOPO/Ia B PacCTBOPE;

B) OTpUIIATEIIbHBIN IECATUYHBIN JorapudmM, B3IThIi OT KOHIIEHTPAILIMU
TUJIPOKCUA-aHUOHOB B paCTBOPE;

I') KOHIIEHTpAaIUs KaTHOHOB BOJAOPO/ia B PaCTBOPE.

49. MaccoBas 105 pacTBOPEHHOI'O BEIECTBA PAaCCUUTHIBACTCS I10

dbopmye:

Omeempl.:

2) (6 — 6a) = %-100% ;
c - m(e — 6a) _

O T M= 6a) V(p - pa)’

m(s — 6a)

T(6—6a)=——=-

)76 = 0a) V(p-pa)’

r) pH=—-1gCy"

50. B 0,11. pactBope HCI BogopoaHbIii mokazaTesb paBeH:
OTBETHI:

a)0; ©0)1;, B)7, 1)1l

51. CUIbHBIM OKUCJIUTEJIEM ABJISICTCH:

Omeemul:
a) HZO, . B) H2,
6) K>Cr,07 F) Mg
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52. MeTunoBbIii OpaHKEBBIN OKPAIIMBAETCS B PO30BO-KPACHBIN IIBET

Omeemol.:

a) KUCJIOM;

0) HeUTpaTbHOM;

B) ILIEJIOYHOM;

I') OKUCIUTEIIbHO-BOCCTAHOBUTEILHOM.

53. I'maponus — 310 mpouecc:

Omeemui:

a) B3aMMOJICUCTBUS KHCJIOTHI C OCHOBaHUEM;
0) pacmnajia BelllecTBa Ha HOHBI,

B) YCKOPCHHS XUMHIECKOU PEaAKIINH;

T') B3aUMO/ICHCTBUS BEIIECTB C BOJIOM.

54.pH=78B........... cpene.
Omeemol.:

a) KUCIIOM;

0) HeNTpaIbHOM;

B) ILIEJIOYHOM;

I') OKUCITUTEIIbHO-BOCCTAHOBUTEIHLHOM.

55. bydepHbie pacTBOPBI — 3TO PACTBOPHI:
Omeembul:

a) clocOOHBIE COXpaHITh PH MOCTOSHHBIM;
0) CHJIBHBIX JIEKTPOJIUTOB;

B) TBEPbIC PACTBOPHI (CIUIaBBI METAILJIOB);
r) pe3ko MeHstomue pH.

56. OKUCIUTEIBHO-BOCCTAHOBUTENBHBIE PEAKIIUN — 3TO PEAKIIUU:
Omeembul:

a) MpoTeKarolme 0e3 U3MEHEeHUsI CTETICHNU OKUCIICHHUS;

0) mpoTeKarole ¢ U3BMEHEHUEM CTEIICHU OKUCIICHUS;

B) IpoTeKaroIue 6e3 n3meHeHus pH;

I') IPOTEKAIOIINE MEXKTY KUCIOTON U OCHOBAHUEM.

57. B 0,11. pactBope NaOH BogopoaHbIii moka3zaTenib paBeH:
Omeembul:

a)0; 0)1, 811, 1)l3
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S8.pH=12B ............ cpene.
Omeembi.

a) KUCJIOM;

0) HENTpaIbHOM;

B) IICJIOYHOM;

I') OKUCJIMTEIbHO-BOCCTAHOBUTEIBHOM.

59. I'maponus no katuony (kucias cpeaa, pH<7) mpoTekaer B pac-
TBOPE COJIH:

Omeemol.:

a) MgCly; B) KCI;

0) NaNOsg; r) Na,SO,.

60. ®eHondTasienH OKpPaIIMBACTCs B MAJTMHOBBIM IIBET B .......... cpene.
Omeembul:

a) KHCJIOW;

0) HeNTpaIbHOM;

B) ILIEJIOYHOM;

I') OKUCIUTEIbHO-BOCCTAHOBUTEIBHOM.

61. [1pu pazdaBnenun pH anerarHoro 0ydepHoro pactpopa:
Omeembul:

a) YMEHBILIUTCS;

0) yBEJIMUUTCS;

B) HE UBMEHUTCA.

') CHa4yaja YMEHBIIINUTCS, a 3aTEM YBEIIUUUTCS.

62.pH=1B.......... cpexne.

Omeemui:

a) KUCJIOH;

0) HEUTpaIbHOM,;

B) LIEJIOYHOM;

I') OKUCIUTEIbHO-BOCCTAHOBUTEIIBHOM.

63. B HeliTpanpHOM cpejie BOJAOPOIHBIN MTOKAa3aTellb PaBEH:
Omeempui.

a) 0; B) 7;

0) 1; r) 10.
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64. [Ipu nucconmanuy HUTpaTa MarHusi 00Pa3yroTCs:

Omeembi.

a) Mg®* u SO,”™"; B) Mg®" 1 2NO; ;
6) Mg~ u 20H ; r) Mg®* u 2NO, .
65. B peakuun: Cu + 4HNO; (konm) — Cu(NOs), + 2NO,1 + 2H,0
BOCCTAHOBHUTEIIb OTAAET ..... JICKTPOHOB.
Omeembi.

a) 1¢; B) 3¢;

0) 28; r) 4€.

66. K KOMIIIEKCHBIM CO€IUHEHUSIM OTHOCHUTCS:
Omeempui.

a) H,0; B) NaOH,;

6) H2804; F) Kz[zn(OH)4]

67. CKOJBKO T XJIOpUJIa Kadus HaJA0 B3STh, YTOOBI MPUroToBUTH 100 T
3% pacTtBOpa?

Omeemui.:

a) I B) 10 1;
0)3r; r)30r.
68. CUIbHBEIM BOCCTAHOBUTEJIEM SIBJISIETCS.
Omeembi.

a) Mg; B) H,0;
6) H,SOy,; F) HNO;.
69. AueratHast OydepHasi CMECh COCTOUT M3:
Omeemour.

a) CH;COOH + CH;COONa;

0) HCI + KClI;

B) NH,OH + NH,CI,;
F) HNOg + KN03

70. ITpu B3aMOIEMCTBUU COISTHOM KUCIOTHI C IIMHKOM 00pa3yIoTCs .
Omeembul:

a) ZnCIZI/I HzT, B) ZnC|2H H,0;

6) ZnSO4I/I HZO, F) ZnSO4I/I H2T
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71. Ilpu B3aMMOAEHUCTBUM a30THOW KHUCIIOTHI C TUAPOKCUIOM HATpHUS

oOpa3yroTcs.

Omeemol.:

a) Na,SO,u H-0; B) NaNO; u H,0;

0) NaHCO3; u H,0; r) Na[AI(OH)4] u H»7.

72. I'maponu3 mo aHuony (1enounas cpena, pH>7) nporekaet B pac-
TBOpE:

Omeemui:

a) MgCly; B) KCI;

0) NaNOs; r) Na,COs.

73. Ilpu mo6aBiaeHUN HEOOJIBIIOTO KOJUYECTBA COJISTHOM KUCIOTH pH
aneTaTHoro 0ygepHoro pactopa:

Omeembul:

a) YMEHBILIUTCS;

0) yBEJIMUUTCS;

B) HE U3MECHUTCS;

') CHayajia yBEJIUYUTCS, a 3aT€M YMEHBIIIUTCSI.

4. HpI/I BSaHMOHeﬁCTBHH CepHOﬁ KHUCJIOTBI C THAPOKCHIAOM KaJIusid

oOpa3ytorcs:

Omeemui:

a) KZSO4I/I HQO, B) KNOgI/I Hzo,
6) CaSO,u H,0; F) K,SO, 1 HzT
/5. YronbHas KUCIOTa 00pa3yeT COoJu:
Omeembul:

a) HUTPATHI, B) KapOOHATHI;
0) XJIOpHIBL; r) ¢pocdarsl.

76. OKHCIUTEIN — DTO:

Omeempui.

a) — 9TO BEILIECTBA, OTAAIOIINE FJIEKTPOHBI;

0) — ATO BellleCTBa, MPUHUMAIOIIUE JIECKTPOHBI;

B) — 3TO BEIIECTBA, U OTJAIONINE U MPUHUMAIOIIUE dJICKTPOHBI;
') — 3TO BEIECTBA, B3aUMOJICHCTBYIOIINE C KUCIOTAMU.

138



77. Ilpu noGaBneHUM HEOOIBIIOTO KOJWYECTBA THUAPOKCHUJIA HATPUS
pH aneratnoro OydepHoro pactBopa:

Omeemul:

a) YMEHBIIIUTCS;

0) yBEIHMYHUTCS;

B) HE U3MEHUTCS;

I') CHauaja yBEJIUIHUTCS, a 3aTeM YMCHBIIIUTCS.

78. BOCCTaHOBUTENM — 3TO BEIIECTBA:
Omeemol.:

a) OTJIAIOIIKE DJICKTPOHBI;

0) MPUHUMAIOIITHE YJIEKTPOHBI;

B) B3aUMOJICHCTBYIOIIUE C KUCTOTAMU;
I') MOJIBEPTAIOIIHAECS TUAPOIIU3Y.

79. Ilpu B3auMOACHCTBUM a30THOM KUCIOTHI C TUIPOKCUIOM KaJbIUs

oOpa3ytorcs:

Omeempul:

a) CaSO,u H,0; B) C&(NOg)gI/I H-,0;
6) CaC|2H H,0,; F) C&(NOg)zl/I HzT
80. NonHoE mpon3BeAEHUE BOIbI PABHO:

Omeemul:

a) Kw=10"" B) Kyw=10'*

6) Kw=10"" r) Kw= 10",
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[Tpunoxenue 3

Xumuueckue ceoiicmea HeopZcanudYeCcKux COCOUHECHUIL

Memann Booa Ocosnbiil Ocnosanue Conb
OKCUO
C0JIL
Hememann — — - —
@)
LEe10E + €J104b THAPOJIN3
Booa BOJIOPOJ — m — Ap
(7) (6)
2
Kucnomnuwriii B KHCJIOTa Co0JIb coJIb + BO/IA B
OKCUO 5) (8) (10)
COJIb + HOBaf COJIb +
Co0JIb + BOJA C0JIb + BOJA
Kucnoma BOJIOPOJ — ) (11) HOBas1 KHCJIOTA
3) (13
HOBAad COJIbL + HOBAas COJIbL + JIBE€ HOBBIE
C . THAPOJIN3
0/1b HOBBII MeTaJLJI 6) — HOBOE OCHOBAHHE coJIu
4) (12) (14)

1) Fe + S — FeS

2) 2Na + H,0 — 2NaOH + H,1. C Boji0# B3aUMOJCHCTBYIOT TOJIBKO TE€
METaJIJIbI, KOTOPBIC B PSITY HANPSKSHUS META/UIOB CTOST J0 MarHHMs.

3) Zn + 2HCI — ZnCl; + H,1. C consiHol, pa30aBiieHHON CEpHOMU, OPTO-
dochopHOI KHCIOTAMH B3aMMO/ICHCTBYIOT TOJIBKO aKTUBHBIC METAJUIBI, CTOSI-
IIKME B PSAY HANpsDKEHUS J10 Boiopoaa. KoHIeHTprupoBaHHas CepHast KHCI0Ta U
a30THAs KUCIIOTA PEarupyroT ¢ METaJUIAMH 10-IPYTOMY.

4) Fe + CuSO4 — FeSO, + Cu. bosee akTHBHbIE METAJUIbI BLITECHSIOT MEHEE
aKTUBHBIEC U3 PACTBOPOB UX COJIeH (CM. Ta0I. «Psii HAnpsHKEHU METAIIOBY ).

5) 803 + Hzo — HZSO4

6) Na,CO3 + H,O0 — NaHCO; + NaOH. Conu, 00pa3oBaHHbIC CHIILHOM
KHUCJIOTOM M CHJIbHBIM OCHOBAaHUEM, THAPOJIN3Y HE ITOBEPTAIOTCSI.

7) BaO + H,0 — Ba(OH),. C Bomoii pearupyroT OKCHIBI TOJIBKO TEX Me-
TaJUIOB, KOTOPbIE 00Pa3yloT HIeI0YH (PACTBOPUMBIE B BOJIE OCHOBAHMS).

8) CaO + CO, — CaCQO;

9) MgO + H,SO,— MgSO, + H,0

10) 2NaOH + CO, — Na,CO3 + H,0

11) NaOH + HCI — NaCl + H,0

12) FeCl; + 2KOH — Fe(OH),|+ 2KCl. Peakuus nporekaet, eciu oOpa-
3yeTcs 0CaZioK (HEPacTBOPUMOE OCHOBAHHE MITM HEPACTBOPUMAS COJIb).

13) K,S+ 2HCI — 2KCI + H,S1. Bosiee cuibHast KHCI0Ta BBITECHSIET ME-
Hee CHJIBHYIO M3 PacTBOpa €€ COJIM, MeHee JieTydas — OoJiee JeTydyro. Y CIIOBHE
NIPOTEKAHUS PEAKITNH — 00pa30BaHKE OCaJIKa WU BBIJICIICHHC Ta3a.

14) Ba(NOs3), + Na,SO, — BaSOQ,4| + 2NaNOs. YcnoBue npoTekaHus pe-
aKIUu — 00pa3oBaHUE OCAIKA.
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[Tpunoxenue 4

Tunwvt xumuueckux peakuuﬁ

KiaccudukannoHHbIi

— Kitaccsl peaknui [Ipumep
OKuciumenvHo-
Hsmenenne 60CCMAHOBUM EIbHDLE 250, + 0, — 2805
CTeNeHHU
OKHCICHHSE be3 usmenenusn KOH + HBr — KBr + H,0
cmenenu OKUC1eHUs
Coeounenue H,+ Cl, — 2HCI1
X Pasznorcenue 2KClO3 — 2KCI + 30,71
apaxkTep
fiponecca 3amewenue Fe + CuSO,— Cu + FeSO,
Obmen KOH + HCl — KCI + H,O
Oopamumpwie N, + 3H, = 2NH;
Ob6paTumoctsb
Heoopamumvie AGNO; + HCl — AgCl] +
HNO;
) T'omonumuuyeckue cl, Ii 2CL
Tun pa3pbiBa cBsizel
T'emeponumuueckue HCl — H" + CI”
Telm10Boii Axzomepmuueckue C+0,— CO, +Q (-aH)
Ippext Anoomepmuueckue | CaCO3;—CaO +CO,1-Q (+aH)
NaOH + HCI — NaCl + H,0O
Fomozeﬂ”ble (BCC BCIICCTBA HAXOAATCA
ArperaTtHoe B BOJTHOM PacTBOpE)
cocrosinue (pas 4FeSQ(TB) + IIOZ(F%) —
I'emepozennvie
2F€;03(15) + 85027 (ras)
Haanuune win Hexamanumuueckue H, +S — H,S
OTCYTCTBHE V.0
KaTaJau3aTropa Kamanumuueckue 250, + 0, — 2805
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Ha3zeanus kuciaom u ux conei

[Tpunoxenue 5

dopmyia Haspanue Kucnorueiii| Ha3sBanue
KHCJIOTBI KHCJIOTBI OCTaTOK COJIM
dbTOpOoBOAOPOTHAS ]
HF (uTaBUKOBAsT) i Gropur
HC XJIOPOBOJIOPOTHAS Ccl- XTOPH
(consiHas)
HBr OpOMOBOIOPOIHAS Br opomu
HI HOJIOBOJIOPOIHAS |~ WOJTNT
H,S CEPOBOJOPOTHAS S% CymbhuI
HCN [IUAHOBOJIOPOIHAS CN S
(cuHUIIBbHAS)
HSCN | THOUMAHOBOZIOPOMHAS | o~ - THOITMAHAT
(pomanoBas) (posiaHun)
HNO; a30THas NO;" HUTpAT
HNO, a30THCTAas NO," HUTPUT
H,SO, cepHas SO, ~ cysbdar
H,SO; CEpHUCTAs SO,° CyJIbGUT
H,S,05 THOCEpHas S,05° THOCYJIb(DaT
HPO; meTtadochopHas PO;3" metadocdar
optodochopHas 3
H3PO, (bocdhopas) PO, optodocdar
mudocdopHas 4 mudocdar
H4P207 (mupodochopnas) P07 (mupodocdar)
H,CO3 yToJIbHast CO,° KapOoHaT
H,Si0, METaKpeMHHUEBas Si0,% METaCHIIKaT
(KpeMHHEBas) (cuimkar)
H;SiO, OPTOKPEMHHEBAS Sio,* OpPTOCHJIUKAT
HBO, MeTabopHas BO, MeTabopar
opToOopHas 3 optobopart
H3BO; (6opHas) BO; (6opar)
HCIO, XJIOpHAas ClO,” nepxJopar
HCIO; XJIOpHOBATAs ClOz” XJIOpaT
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HCIO, XJIOPHCTAS CIO,” XJIOPHUT
HCIO XJIOPHOBATHCTAs ClO - THITOXJIOPUT
H,CrO, XpOMOBasi CrO,% Xpomar
2- TUXpoMar
H,Cr,0- IUXPOMOBAs Cr,0; (6uxpomar)
HMnO, MapraHioBas MnO," MEpMaHraHaT
H,MnO, MapraHIOBUCTAas MnO,~ MaHTaHaT
CH3COOH oranonai CHsCOO™ | anerar
(YkcycHasi)

[Tpunoxxenue 6

OmuocumenvHble dieKkmpoompuuamejibHocnmu 3,1emMeHmoeé

L [ [ wv [ v [wv]v Vil
H He
2,10 -
Li| Be|] B| C| N| o] F Ne
0,97 | 1,47| 2,01| 2,50| 3,07 350/ 4,10 .
Na| Mg| AI| si| P| s| cl Ar

101|123 | 147| 1,74| 2,10| 2,60 | 2,83 -

K Ca| Sc Ti V Cr Mn | Fe Co | Ni
091| 104|120 |1,32 (145 |156 1,60 |1,64 [1,70|1,75

Cu |Zn Ga Ge AS Se Br Kr
1751166 | 1,82 2,02| 2,20| 2,48 | 2,74 -

Rb Sr|Y Zr Nb Mo |Tc Ru Rh |Pd
089 099111 (122 (123 |1,30 |1,36 [1,42 |1,45 |1,35

Ag |Cd In| Sn Sb| Te I Xe
1421146 | 149] 1,72| 1,82| 2,01 | 2,21 -

Cs Ba| La Hf Ta wW Re Os Ir Pt
086 097|108 |1,23 1,33 |1,40 1,46 [152 [155 1,44

Au | Hg Ti Pb Bi Po| At Rn
142 1144 | 144| 155| 167| 1,76 | 1,90 -
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[Tpunoxxenue 7

Pacmeopwnocmb Kucjiom, OCHOBAHUIL U COJlell 8 600¢

(O02%HD

S*

P

M

OH| CI'|NO;3| SO, SO:¥| COs7| Si0s7| PO,

H

H

Li"

Na"

NH,"

Ba®*
ca*

Mg*| H
AP

crit

=

Fe3*

Ni?*

Co?"

Mn?*

Zn?*

ngz+ _

Pb2+

Cu2+
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Pao nanpsasxcenuit memanioe

[Tpunoxenue 8

YpaBHeHUE CranmapTHbIN
OneKTpos 3TEKTPOTHOTO TIOTEHIUAT
nporecca (¢°) mpu 25°C, B
Li*/ Li Li* +e = Li -3,045
Rb*/ Rb Rb* +e =Rb -2,925
K/ K K'+e =K -2,924
Cs'/ Cs Cs"+e =Cs -2,923
Ca’*/Ca Ca’" +2e =Ca -2,866
Na'/ Na Na" +e = Na 2,714
Mg“*/ Mg Mg°* + 2e" = Mg -2,363
NG AP + 3¢ = Al -1,663
Ti*ITi Ti*" +2e = Ti -1,630
Mn“*/Mn Mn“" + 2e" = Mn 1,179
Cr**/Cr Crf +2e =Cr -0,913
Zn“*1zn Zn“t +2e = 7n -0,763
Cr*/Cr Cr* +3e =Cr -0,744
Fe’*/Fe Fe’" + 2 = Fe -0,440
cd“*/cd Cd** +2e =Cd -0,403
Co**/Co Co*"+2e =Co 0,277
Ni“*/Ni Ni“* + 2e" = Ni -0,250
Sn“*/Sn Sn“* +2e = Sn -0,136
Pb“*/Pb Pb“" +2e = Ph -0,126
Fe**/Fe Fe>* + 3e = Fe -0,037
2H*/H, 2H" + 2¢" = H, 0
Bi**/Bi Bi*" + 3¢ = Bi +0,215
Cu“*/Cu Cu“+2e =Cu +0,337
Ag'/Ag Ag"+e = Ag +0,799
Hg~*/Hg Hg™ + 2e = Hg +0,850
Pt**/Pt Pt*" + 2e” = Pt +1,188
Au'/Au Au'+e = Au +1,692
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[Tpunoxenue 9

Koncmanmot u cmenenu 0uccouuauuu JdJieKkmpojiumaoe

5 K K o1 o )
JICKTPOJIUTHI o ,1 HP-
p (mpu 25°¢) P Enpn II§°IC))
Kuciaotnl
HCI, HBr, HJ, HNO, 92,00
H,SO, 2 58,00
HS0s | Teait | 120 | 00
—_ —2
woo, | RZEIT T AE T w0
K,1=7,59-10 2,12
HsPO, K,,=6,31-10"° 7,20 27,00
K,5=4,79-10" 12,32
HF K,=6,61-10" 3,18 8,50
HCOOH K,=1,78-10"" 3,75 4,20
CH;COOH K,=1,74 -10" 4,76 1,30
K, 1=4,47-10"' 6,35
H2C0s K§;:4,79-10_11 10,32 0.17
K,:=1,02:10 6,99
H,> K,=25110% | 1260 0.07
H;BO; K,=7,08:107" 9,15 0,01
HCN K,=5,01-10"* 9,30 0,001
OcHoBanus
NaOH, KOH 91,00
Ca(OH), 75,00
Ba(OH), 69,00
NH,OH K,=1,76-10" 4,755 1,30
Coan
M*A 80-90
M'A,, My"A” 70-80
M= A* 35-45
H,0 K,=1,82-10 ™ 15,74
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