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INPEANCIIOBUE

Hopozue odesamuraaccruuxu!

CBOH IIpeJCTaBJeHHA O BellecTBaX OKPYHAalllmero MHpa.

BopoBa: «TsaxKeno B yuyeHHH — JIerKo B 0orol»

TaTUBHYI DPOJIb COBpEMeHHOﬁ XHMMHH.

paileHruda ¢ COBpeMEeHHBIMH MaTepHaJaMHi W cpeacTBaMH OBITOBOM XMMMHH.

crema 00O3HAUEHUIT, KOTOPas MMOMOYKET BaM OPUEHTHUPOBATHCS B MaTepuale.

o| Taxk obGosHaueH BOIpOC B Haudajie Kaxjaoro maparpada. Mayums Tekcr mapa-
"~ rpada, BBl 00A3aTeJbHO HalifléTe Ha HEro OTBeT.

Bompoc, Hag KOTOPLIM aBTOPHI IPENJaraloT MOPasMBIIIATE, 4 3aTeM JaTh
J 000CHOBAHHBIN OTBET.

Vuebrnuk «Xumua. 9 xkimacc. BazoBelil ypoBeHb» B OCHOBHOM IIKOJIE€ HPOAOJIKAET
KypC VAMBUTEJBHOIO IpeaMera — XHUMHUH. B sToM y4yeOHOM roay BBl paclilUpUTe

Hexoropble u3 Bac BbIOEPYT XMMHUIO B KadecTBe NPOPUIBHON AUCUUIIIMHBL IJIA
H3yUYeHUA B cpefHeM IIKOoJe, a CJIeJ0BAaTEeNbHO, IIPOJOJKAT OCHOBATEJILHO 3HAKO-
MUTBCA ¢ HeH U B BbIcIieM yueGHOM 3aBefeHuu. Takum pebAaTaM HYKHO YUHUTHIBATH,
YTO MM IIPEACTOMT IIPEOJ0JIeTh [BA CePbE3HbIX HCHBLITAHHA — 9K3aMeHBI 3a KypC
OCHOBHOM mIKOJBI B popme OI'D m 3a Kypc cpemueit miosnsl B Gopme EI'D, mostomy
HeoOXOIUMO IOTOBUTBCA K HUM 3apaHee. BemomHuMm 3mamenutbie cioBa A. B. Cy-

TeM yuarqumcs, KOTOPbIE He BBIOEPYT XUMHIO B KauecTBe HPOMUIBHOHA JUCITHUII-
JUHBI, HEOOXOAUMO MOMHHTB, 4TO 0e3 3HAHMI 10 XHMHUH HEBO3MOXKHO JOOUTHCH
YCIIeXOB B TeXHWYeCcKoil cdepe IeATENBHOCTH, Aa W JIs I'YMaHUTApHeB KapTHHAa
Mupa GymeT HemoJHOW 0e3 eé XUMHUYECKOI COCTABIAINElH. SHAKOMCTBO ¢ XHMHUE-
CKMMH BelllecCTBAMH, MaTepHUallaMy W IIPOIeccaMH II03BOJIAET YeJIOBEKY BCeCTOPOHHE,
MOJTHOIIEHHO W APKO BOCIPHHMUMATH OKPYIKAIOIIMI MHP, BHAETH ero uepe3 NPHU3MY
3HAHUM O BelllecTBAX U XMMHUYECKUX SBJIEHHUAX, OCO3HABATL M CO3HUIATENILHYIO, H He-

Tem m3 Bac, KTO peIIUT BHIOpaTH eCTECTBEHHO-HAYYHBIM Hpouab o6ydyeHHA
B CTApIIMX KJjaccax, HeoO0XoAuMO IIOMHHUTH, 4TO 0e3 riayboKoro mMOHHUMAHUA XUMHUU
HEBO3MOKHO OBJIAJETH CIeIHAJIbHOCTAMMU, CBA3AHHBIMHU C TeXHOJOTHeill, 6uoJioruei,
MEAWUIIHHON, CEeNLCKHUM XO3AHCTBOM u T. 4. lloBCceqHeBHaAA KHU3HL TaxKske Tpebyer
oT J000r0 YejoBeKa 3JeMEeHTAPHON XMMHYECKOHM rpaMOTHOCTH s GesomracHoro ob-

Kak u B Y‘IeﬁHHRB AJIA 8 KJjacca, B Y‘IE6HHRE HJISA 9 kaacca HCITOJbB3yeTcAa CH-

Onpengenenunsa, KOTOPbIe BaM HEOOXOOMMO BBIYUHTDH, 3aKJIIOUEeHBI B PaAMKY.

JlTabopaTopHbIA ONbIT

Mop TakMm 3aronoBkOM OAETCA onucaHue nabopaTopHbIX OMbITOB, KOTOPLIE Bbl GWJ.ETE.‘
CaMOCTOATENBHO MPOBOANTL B KaBWHETE XMMUW.

Q) Tax ofo3HaueHBI OCHOBHBIE IMOHATHA KakIoro maparpada.




B HKOHIIe KaXJoro naparpa(ba BaM IIpegjaraeTcd BBIIIOJHHTE CepHIO Saﬂ,aHHﬁ.

MpoeepbTe CBOW 3HaAHWUNA

B atoit pybpuke cobpaHbl BOMPOChl WU 3afaHus, BCS WHOpMaLMs ONs BbINOJHEHUS KO-
TOpbIX COAEPXUTCH B naparpade.

NMpuMeHUTe CBOU 3HAHUSA

Mpy BLINONHEHWW 3a4aHUi STOW PYOPUKA BaM HYXHO MPUMEHWTL MOSYYEHHbIE 3HaHWS
B KOHKPETHOW CUTyaumnu, Hanpumep rnpu COCTaBfeHUM YPaBHEHWA peakuuili uan pelueHmun
3apad. OTBeTbl Ha pac4éTHble 3a4adn Bbl HaMAETe B KOHUEe y4ebHuka.

Ucnonb3ynte AONONHUTENbHYI0 UHdOoOpMaLuio

Mpw BbINONHEHUM 3aOaHWil 3TOM PYOPUKM HYXXHO KMCMONb30BaTk Martepuan u3 pasHbiX
WCTOYHMKOB.

Bbipasute CBOE MHeHue

Mpw BbIMOMHEHUM 3adaHUIA 3TOW PyOPUKM BaM HY>XXHO He TONbKO OTBETUTH Ha BOMPOC, HO
1 060CHOBaThL CBOI OTBET, AaTb COOCTBEHHYIO OLIEHKY KakOMy-nnbo SBIEHUIO.

ObpaTuTe BHUMAHWE, YTO KPACHBIM I[BETOM BBIJIeJIEHBI HOMepA 3aJ[aHWl, HATIPAB-
JIEHHBIX Ha (IJODMHDOB&HHE MeTalnpeIMeTHBIX pe3yJIbBTaToOB.

B koHme kamaoll riaBbl NIPUBEAEHLI KPATKHe BBLIBOALI — IJIABHOE, UTO CJeAyer
VCBOUTH U3 U3YUYeHHBIX naparpados. Takue BBIBOABI MO3BOJIAKT OBICTPO MOBTOPUTH
y4eOHBIA MaTepHaJ.

VcrexoB BaM B M3YUYEHHUM XMMHM — DTOM MHTEPECHON M HeOOXOAHMMON B JKM3HU
KasKJa0r0 4JejioBeKa HayKu!

Aemopuil



OBOBIIIEHHUE 3HAHHUHU
IO KYPCY & KJIACCA.
XHUMHYECKHE PEAKIIHH



S 1. KIIACCUPUKALIUA
HEOPTAHUYECKUX COEAMHEHUI

B Hactosiuee Bpems uzsectHO 118 xuMMUUECKMX 3/1eMeHTOB. DTU 3/71E€MeHTbl 06-
pasytor 6onee 400 npocTbix BelwecTe U Donee COTHU MUJIIMOHOB CJIOXHbIX.
Kak pa3obpatbcsi B 3TOM OFPOMHOM MHOrooOpasuu XMMMUYECKUX BELLecTs, Kak
pa3fenntb MX Ha rpynnbl, T. €. KnaccudpuuMpoBartb?

IIpocTeiMu BemecTBRAMH HA3BIBAIOT BeIeCTBa, KOTOpble 0Opa3oBaHBI aToOMAa-
MH OJHOTO XHMHYECKOTo ajeMeHTa. YMCJI0 IPOCTBIX BEIIECTB, KOTOpoe 0ojiee ueM
B 4 pasa IpeBBIIIAeT YHCJIO0 00pasyIOIINX MX XHUMHUYECKHX 3JIeMeHTOB, 00BACHIAETCA
ABJIEHNEM AaJIJIOTPOIIHH.

Iiist Toro uTo6Bl OPUEHTUPOBATHCA B OTPOMHOM MUDE CJIOMKHBIX BEIIEeCTB, T. €.
BeIllecTB, 00pa30oBaHHBIX Pa3HBIMM 3JeMEHTAMH, X KJIAaCCH(MUIIMPYIOT O pasIny
HBIM IpusHakaMmM. TaKMUMH HOpU3HAKAMKU MOTYT OBITH 9JIeMEeHTHBIM COCTAB BeIIeCTRB,
HX arperaTHOEe COCTOAHHE, PACTBOPHUMOCTE B BOJe M MHOTHE APYTHE.

Kiraccuuranua HeOPraHMYeCKUX COeJUHEeHWIlI 0 3JeMeHTHOMY COCTaBY

1. BuHapHbBIe COeTUHEHNT

Haspanue panHOW rpyimnbl coegumHeHuu (ot jar. binarius — IBOWHON, COCTOSA-
Uil U3 ABYX YacTeil) yKasblBaeT Ha TO, YTO OHM 00pasoBaHBI aTOMAMH ABYX XH-
MHYECKNX 3JIEMEHTOB.

910 MOTyT OBITH ATOMBI 2JeMeHTA-MeTAaJja M 2JIieMeHTa-HeMeTaJsla, HalpuMep:
NaH — ruzpup sarpus, MggPy — dochun marsua, AlC; — xapbup anoMuHUA.
OueBHIHO, YTO ATOMBI METAJLJIA B TAKHUX COeQUHEHUAX ITPOABIAIT HOJIOKHUTEIbHYIO
CTeIleHb OKHCJIEHHS, aTOMBI HEMeTaJJla — OTpHuIlaTelbHyI0. C YyUIETOM CTEIIEHH OKHE
JIeHUsA aTOMOE B OMHAPHBIX COEAUHEHHAX JIETKO COCTABJATH UX (POPMYJIBI, a TaKiKe
HazBaHUA.

IIpu cocraBieHMM Has3BaHWA OWHAPHOIO COeIUHEHHA, OOpasOBaHHOTO ATOMaMM
MeTaJIa M aToMaM{ HeMeTalljla, K OCHOBE PYCCKOTO HMJM JATHHCKOTO Ha3BaHWA He
MeTa/1a O00aBIAIOT OKOHYaHHEe -ud. PAIOM ¢ MONYyYHMBIIHMMCSH CJIOBOM IHIIYT Ha-
3BaHME MeTaJllla B DPOAUTENIbHOM IIajerKe:

+2-1 +1 .3

CaHy — ruapun xanbpnmsa K3P — qochun xanusa

+2 .4 +3.3

Mg,Si — cununun marsus AIN — muTpua amoMHUHUA

Taxkue OmHApPHBIE COeIWHEHHA, KAaK raJIOTeHUALI MeTaJIoB ((PTOpHUABI, XJIOPHILI,
OpoMHABLI, MOAUIABI), CYIb(MUILI, CeIeHUAbl H HEKOTOpPble APYIrHUe, IPUHATO CUUTATH
COJIIMM COOTBETCTBYIOIIMX KHCJIOT — BOJOPOJHBIX COEAWHEHWH YKAa3aHHBIX HeMe-
TaJJIOB: (PTOPOBOAOPOLHOI, XJOPOBOAOPOAHON, CEePOBOAOPOAHON H Ap.

BunapHble coeIMHEHUS MOTYT OBITh 00paz0BaHbl ATOMAMM ABYX XUMHYECKHX
aJieMeHTOB-HeMeTasioB, Hanpumep: PCl;, SFg, CS,. Ha mepBoe mecto B hopmynax
TAKUX COENWHEHUH, KAK MPABUJIO, CTABAT HEMETAJJI € IMOJOKUTETBHOH CTEINeHBIO
oKmcaeHuA (T. €. MeHee 3JeKTPOOTPUIIATENbHEIN dJIEMEHT B HAaHHOM IIape), HA BTO-
poe — ¢ OTpHIaTeJbHOH CTeNeHbIO OKHCJIeHHuA (T. e. OoJyiee BIEKTPOOTPHUIIATENIHLHBIN




anemenT). Hazpanue coelHHeHHA TaKsKe HAUWHAIOT ¢ HAMMEHOBAHHUA 0oJiee 2JIEKTPO-
OTPUIATENBHOTO HeMeTayia ¢ gobaBiernmeMm cyddurca -ud, zaTeM B POJHUTEITHHOM
majie;ke yKasbIBAIOT HA3BAHUWE HEMETAJLla, CTOSAINero B (popMyJie HAa IIepBOM MecTe:

+4.1

SCly — xuopun cepsi(IV)
+5.2

PoS5 — cyasdun docdopa(V)
+3. 3

BN — wmurpuyg 6opa

Oco0byro rpynny OMHapHBIX COeJHHEHWII ABYX HEMETAJJIOB COCTABIAIOT TaK Ha-
3pIBae€Mble JeTy4ure BONOPOAHBLIE COeJUHEHH:d; ¢ HEKOTOPBIMM M3 HUX Bbl HMO3HAKO-
muinuch B 8 Kiyacce. Yalme Bcero um JaiOT HCTOPUYECKH CIOMKUBINHMECH, WJIU MPU-
suaavHbie, Hazpanua (HoS — ceporomopon, NHg — ammwmak, PH3 — docdun,
BH3 — 6Gopan). BomHble pacTBOpPBHI JEeTYYHX BOJOPOAHBIX COEJUHEHHUIl 3JI€MEHTOB
VIIA- u VIA-rpynn (kpome Hs0) orHOCAT K GecKucIOpogHbIM Kucnoram. Haspauwms
9THX KHCJOT 00pasyioT OT Ha3BAHHA HeMeTa/lla ILIIC CJIOBO <«BOJOPOAHAA» ILIIOC
CJIOBO <«KHCJIOTa», HAIPUMeED:

HCl — xnopoBomopogHas KHCJIOTA
HsS — cepoBomopopHas KuciaoTa
Haubosee smaunMpie OGWHAPHBIE COEIUHEHUSA — OKCHABI. WX BBIZEIAIOT B OT-

IeJbHBII KJjacC XMMHUYECKUX COeIUHEHUH (8CnomMHume, KakKue seulecmeéa HaA3bléa-
om oxcudamu).

ITo croemy xapakTepy OKCHILI IIOAPA3AENdI0T HA OCHOBHEIE, aMQOTEpHbIE U KUC-
noTHbIe. Bce BMecTe OHM COCTABJIAIOT I'PYINY COJIe00pasyloIUX OKCHIOB.

COJ'IEOGPHSYIDI.“HMH oKCUAaMMn Ha3bIBalOT OKCUAbI, KOTOpPble B3aUMOOENCTBY-
0T C KMcnoTamu unm weno4yamm ¢ obpasoBaHVeM COM U BOAbI.

ITomumo co.ueoﬁpaaylomnx OKCHOOB, CYIINeCTBYeT I'PyIIIla HX XVUMHYeCHEHX aHTO-
HMMOB — OKCHIBL Heco.neoﬁpaaymmue.

Heconeo6pasyolimmMm OKCUAAMM Ha3bIBAOT OKCUALI, KOTOPbIE HE B3auMO-
OENCTBYIOT HM C KUCNOTaAMU, HM CO LUenoYamMu u He oBpasyloT COosei.

Heconeobpasyommux OKCHIOB HE TAK MHOT0. JTO OKCHALI HEMETAJLJIOB, TAKHEe KaK
CO, NO, N5O, SiO. Knaccuduranusa OKCUAOB mpeacraBieHa Ha cxeme 1.

Cxema 1

Okcuasl

Heconeobpasywowme J (—[ ConeobpaayioLme

[ OCHOBHbIE AmpoTepHbie [ KucnotHeie ]




Cxema 2

rmapokeuabl ]

!

OcHoBaHwus AmdoTEepPHbIE rTMAPOKCUObI

Kucnopogconepxaiwime
KUCNOTbI

2. MHorosieMeHTHBIe COeIUHEHHT

I'mapoxcuasl. 'mapoKcuAbl — 5TO NPOAYKTHI IIPAMOT0 MJIM KOCBEHHOT'O CO-
eINHEHUsI OKCHUAOB C Bogou. VX moapasmensdOT HAa TPH KJjaacca (cxema 2).

K ocHOBAaHMAM OTHOCAT THAPOKCHABI MeTa/LI0B [A-rpynne! (IIEJIOUYHBIX METAJLIOB)
u ITA-rpynner (kpoMe OepuyLiIns), a TAKiKe HEKOTOPBIX APYIMX METAJIJIOB B HUBIINX
cTeneHax okuciaenus. [IpuMepsl ocHoBaHUE — ruaporcug Harpuss NaOH, rugpoxcuy
kanenua Ca(OH)s, rugporkcup xenesa(Il) Fe(OH).

AmpoTrepHble THAPOKCHIBI XapaKTePHbI AJSA T'MAPOKCUA0B METAaJLJIOB, KaK IIpaBuU-
JI0, B CTeIlleHAX oKmcaeHuA +2, +3, +4. IIpuMepsl aMm(pOTepHBIX COeIUHEHHI — TH-
npokcug 6epuina Be(OH), rugpokcuy skenesa(lll) Fe(OH);, ruapoxkcny omosa(IV)
SH(OH}4.

DopMyJibl THAPOKCHIOB COCTABUTDL MPOCTO: YHMCJI0 'HAPOKCHUJIbHBEIX I'DYIII, CBA3aH-
HBIX C aATOMOM METAaJllla, PABHO €ro CTeIlleHU OKHCJIeHH:d (BAJIeHTHOCTH), HAIIpHMep:

+1

LiOH — rmapoxcup JUTHUsS, OCHOBAHNE

+2

Mg(OH), — ruiapokcmuj Marfsus, OCHOBaHUE

+3

Al(OH)3 — rugpoxcuj ajJlOMUHHUA, aM@OTEPHBIA TUIPOKCHI

K ragpokcupaM TakKe OTHOCAT KHCJIOPOICOAepsKallie KHCIOTHI, KOTOpbIe obpa-
B8YIOTCA HEMETAJLJIAMHM M METAJUIAMH B BBICIIUX CTeleHAX okuciaeHus (+5, +6, +7).
Wx dopmysnsl Ha IepBBIH B3rAL He IIOX0KH Ha (opmyinsl rugpoxcunos: IEBOj,
HyCO3, HyCrO4. YBHOETE B UX COCTABE THAPOKCHUJBHEBIE TDYIIILI TO3BOJAIT CTPYK-
TypHBIe (DOPMYJIBI 3THUX BEIECTB:

SE ER N
H—O—B\ /C=O /Cr\
0—H H—O H—0 0
BopHas KUCIOTA YroilbHad KHCJI0TAa XpoMOBad KHCJIOTA

Comu. ITo caMblil OOJBIION KJIACC HEOPTAHUUYECKHX coeAnHeHWI. HamoMHUM,
YTO COJAMM HA3LIBAIOT COeJUHEHUS, COCTOAIMEe M3 MOHOB MeTalaa (MJIM MOHOB

aMMOHWA NHI) M MOHOB KHMCJIOTHOTI'O OCTaTKa. HpK 9TOM aHHOH MOKeT IIpencraB-
JATE cO0OM KHCIOTHBIN OCTATOK Kak KHCJIOPOACOAEep:KaIeil KHCIOTHI (Hampumep,

NO3, SOi' 5 P()z' ), Tak m Geckucaopoanoi (mampumep, CI, Sz_).

Conu MOKHO paccMaTPHUBaTh KaK MPOJAYKT 3aMelleHHus aTOMOB BOJOPOAA B MoJe-
KyJie KUCJIOTBI aToMaMu MeTajia. Ecjiu B MHOTOOCHOBHOW KHCJIOTE 3aMeIeHbI BCe
aToMBI BOJOPOJA, TO COJIb HA3BIBAIOT CPeAHEH COJbIO:

MgS0O4 — cynabthar MarEusa
NasCO3 — wap6oHaTt HaTpu#d
Cag(PO,4)s — ¢dochar kanbuus




CyI1ecTBYIOT COJM MHOTOOCHOBHBIX KHCJIOT, B KOTOPBLIX He BCe aTOMBI BOJOPOIA
3aMellleHbl aToMaMu MeTajna. Takue colu HA3bIBAIOT KHCIABIMH colsMu. B Hassa-
HHUSAX KHCJBIX COJIeHl YHCJI0O aTOMOB BOJAOPOAA, OCTABIIHXCA HE3aMEIIEHHBIMHU B KHC-
JOTHOM ocTaTke, ofozHauyawT npedurcamu zudpo- uinu uzudpo-, HATIPUMED:

NaHCO3 — rugpoxkapboHaT HaTpusa

KHSO4 — ruapocynbbar kanusa

Ca(H,PO,)s — murmapodochar Kamrbmus

Coln MOMKHO paccMaTpPHBaTh TaK)Ke KaK IIPOAYKT 3aMeIleHHA THAPOKCHJIbHBIX
TPYII B OCHOBAHMAX WK aM(OTEpPHBIX T'HAPOKCHIAX KHCJIOTHBIM ocraTkom. Taxoe
3aMellleHre MOKeT OBITh IONMHBIM (B CPeJHHX COJIAX) WK HEIIOJHBIM. B mociaemHem
cJydae COJM HASHIBAIOT OCHOBHBIMM COJAMM, HallpUMep:

MgOHC] — ruapoxcoxJopuj Mardusa

(CuOH)sCO3 — ruagporkcoxkapborar megu(Il)

Ha mHanmuume B cocTaBe COJMM THIAPOKCHIBLHOW TPYINBl YKasbIBaeT IIpeuKc
2u0poKCcOo- B Ha3BaHWM BeIecTBAa.

KomMmrekcHBIE COJH COCTOAT M3 IIPOCTOTO HMOHA M CJOKHOTO (KOMILIEKCHO-
ro) WMOHa, KOTOPBLIH B (hopMyIax zaxjaiouyaeTcsd B KBaapaTHble CKoOKku. Hampumep:
Na[Al(OH)4], K4[Fe(CN)g], [Ag(NH3)2]Cl.

Knaccupukainuio coJieii 110 coCTaBy HJIIOCTPUPYET cXema 3.

Cxema 3

Conun

| Y

[ Cpeatue J [ Kucneie ) ( OcHOBHBIE ] [ KomnnekcHole J

RJIRCCHQ)HR&HHH HeoOpraHu4YeCKMX CDBI[HHGHHﬁ mo arperaTHOMYy COCTOAHHIO

Ilpu xapaxkTepHCTHKe BeIlleCTBA YaCTO YKas3bIBAIOT ero arperaTHoe COCTOSHHE.
BemiecTBa MOryT cyiiecTBOBATH B TPEX arperaTHbIX COCTOAHUAX — razoodpasHoM,
JKHAKOM U TBEPIOM.

OxapaxkTepuayiiTe arperaTHoe COCTOAHUE BEIECTBA BOAbI. BhI, CKOpee BCero, CKa
JKeTe, UTO BOAA — 9TO JKHUAKOCTHE. Ho Beab BOAA MOMKET HPeACTaBJIATH co0OH M BO-
asHO0l map (ras), um nén (TBéppoe BelecTBO). TeM He MeHee BBl OKasKeTech IIPAaBBI:
Py XapaKTepHCTHKe BelllecTBa YKAa3hIBAIOT €r'o arperaTHoe COCTOsSHUWEe IPU ompee-
JEHHBIX ycaoBHUAX. Hak mpaBuiao, 3To HopmaibHble ycaosus — pasiaerune 10 Ila
u remneparypa 0 °C unu emandapmmuvie ycaosusa — NaBIeHUE 10 ITa u TeMIlepa-
Typa 25 °C.

BonbuminHCTBO TBEPABLIX BEIECTB — 9TO KPHCTAJNJIHYECKHE BellecTBa, T. €. pac-
TIOJIOYKeHHEe B IPOCTPAHCTBE COCTABJAIOIIMX HMX YaCTHI[ (MMOHOB, aTOMOB, MOJEKYJI)
crporo ynopsamoueHo. Ecim coefUHUTH TOYKHU PACIIOJIOMKEHHSA dTUX YacTHIl BoobOpa-
JKAeMBIMH JHHHUAMM, IOJYYaeTcA IIPOCTPAaHCTBEHHAA CTPYKTYpa, HasbIBaeMad Kpu-
CMAAAUYeCcKOl pewémroil.

CyulecTByIOT BelllecTBa HACTOJIBKO BfA3KHE, UTO OHH COXPaHAIOT CBol (dop-
My OYeHb [OJI'Oe BpeMsdA. SHAYUT, UX MOMKHO cuutTaTh TBEpabiMu. OmgHaKo, Kak
M B JKMIKOCTAX, PACIOJIOMKeHWEe 4YacTHI[ B HUX He ynopsamodeHo. Taxkwue TBEpIbIe




BelllecTBa Ha3bIBAIOT aMOP(MHBIMH BellecTBa-
vmu. K HuM oTHOCAT AHTApPh, Hapa(uH, CTEK-
g0, MHOrme maacrmaccel (puc. 1). Kak xe
OTJIMYHUTH UX OT KPUCTAJLIUUYECKUX BelecTs?
Ecniu amopdHOe BellecTBO HArPEeBATH, TO
OHO IIOCTEIeHHO pas3MArdyaeTcd, CTAHOBUTCH
BCcé Oosee TeKy4YMM, IIOKA He IIPEeBPATHUT-
cA B TUOMYHYIO Kuaxkoctb. ClemoBareib-
HO, YV aMOpP(HBIX BeIIeCTB HET OIIpeJeseéH-
HOIl TemMOepaTypbl IIJIaBJIeHUsA, M PeE3KOH
rpaHUIBl MeXKIY aMOP(OHBIMHU U KHUIKHMHA
BelllecTBAMH He cyIlecTByeT. Kpmcraniamde-
CKHe Ke BellleCTBa XapaKTepPH3YIOTCA TOUHOH
TeMIIepaTypoil IJIaBJIeHUs, IIPH KOTOPOM OHM
nepexonAaT M3 TBEPJOrO arperaTHOro COCTOA-
HUA B KHIKOE.

Knaccuduranusa HeopraHUYeCKHX
COeIMHEHHI 10 PAaCTBOPMMOCTH B BOje

CriocobHOCTE KHCJIOT, COJIell 1 OCHOBaAHU I
pacTBOPATHCA B BOJle MOYKHO OIPeNeUTh I10
6 J  rabauie pacTBOPUMOCTH (OHA PACIIOJIONKEHA
Ha obopore o0b6ioKKU yueOHHUKA). B coorBer-
Puc. 1. Mpumepbl aMOpdHLIX BELLECTB: CTBHUH C OOIMeNIpPUHATON KJaccH(pPUKaI e
a — fAHTapb; 6 — CTekno II0 OTHOIIEHHIK K BOJe BCe XMMHUYECHEHe CO-
eIMHEeHUA NOAPasieJadloT Ha PacTBOPHUMBLIE,
MaJopacTBOPHMEBIE M HepacTBOPHMBIE.

PacTrOpumBbie coegTUHEHUS

K »T0ii rpyinme OTHOCAT BeIECTBA, PACTBOPUMOCTL KOTODPBIX IIpeBbiiaer 1 T
B 100 r Bozmpl. XOpoOIIO PACTBOPAIOTCA B BOjJe BCe IIEJOYN, CHIbHBIE KHCJIOTHI,
OOJIBIIIMHCTBO COJIEH IIEJIOYHBIX METAJIOB, COJM AMMOHHWS, MHOTHE COJH CHUJIBHBIX
kucaor. IlpuMepsl pacTBOPMMEIX coegMHeHMH: ruapokcun Kanua KOH, asorHas
kucraora HNOg, cynbdar marpua NasSO,, xmopux ammonms NH,Cl.

MaopacTBOpHMBIEe COeIHHEHHSA

PacrBopumocTs Takux BeinecTB cocraBigeT orT 0,1 go 1 r B 100 r Bogsl. B aToT
V3KHH AWAnasoH IIONafaloT JHUIIh HEMHOTHE COJIM W OCHOBAaHWS, HAIPUMep: cyabdar
ranpnua CaSOy4 xmopup cBunna(ll) PbCly, ruapokceng kansuusa Ca(OH).

HepacTrrOpuMBIe COeIUHEHUA

K aT0if rpyIie yCI0BHO OTHOCAT BEIeCTBa, PACTBOPHUMOCTh KOTOPhIX MeHee 0,1 r
B 100 r Boasl. Ilouemy ycinoBuo? Iloromy 4TO B BOJile OHHM XOTh U B OYE€HB MAaJbIX
KOJIMYecTBax, HO pacTBopsaiorcsa. HepacTBopuMbl B Boge OOJIBIIMHCTBO COJIEH TAMKE-
JIBIX MeTaJUIoB (HanmpuMep, CBHHIA) U cojell ciaabbiX KUCJI0T (Hanpumep, YroJbHOI),
MHOTHE OCHOBaHH:A, a4 TaK:Ke Bce aM()OTepHBLIE I'MAPOKCHJLI.

B Tabaune pacTBOPUMOCTU €CTh XUMUUYECKHE COEQUHEHUS, AIA KOTOPBIX BMECTO
YKasaHuA Ha KX PacTBOPMMOCTh B BOJEe CTOHT IIpodepk. dUto aro smaumt? O pac-
TBOPHMMOCTH TaKHX COEIHMHEHHIl NOBOPHUTHL HE MPUXOJUTCA, IOCKOJNBKY IITPH COIIPH-
KOCHOBEHHUHU C BOAON OHM IIOJIHOCTBIO PA3JIATAIOTCA WU K€ He CYIIEeCTBYIOT.




BuHapHble coeguHeHus. BeckucnopogHbie kucnotel. Okcuael: coneobpa-
ayowme u HeconeoGpasywowme. Mapokcuabli: OCHOBaHUA, amM@oTepHbie
rmapokcuabl, Kucnopoacogepxaiime kucnotel. Conu: cpepHue, Kucnbie,
OCHOBHbI€, KOMIUIeKCHbIe. BelwlecTea: kpuctannuyeckve u amopogHblie

1. Kakne coeguHeHus HasbiBaldT GuHapHbiMM? Kakne BGMHapHbie COeOWHEHWA Ha3blBalT
okcupamn? Ha kakve rpynnbl nogpaspensioT okcewabl? [puBegute npUMepsbl OKCUAO0B
Kaxkgown rpynnel.

2. Kakne rmpopokcuibl Ha3blBaT OCHOBaHUAMK? MpueegnTe npuMepbl OCHOBAHWIA KaX oo

rpynnbl.

3. Ha kakwve rpynnel nogpasgensiioT kucnotel? MNpueegute NnpuMepbl KMCNOT KaXA0W rpyn -
Mnbl.

4. Kakne coeguHeHusa HasbiBalT conamu? Ha kakwe rpynnel nogpaspenatoT conu? Mpwu-

BEAWTE NMPUMEPbLl CONERn KaXAoW rpynnbl.

5. Kak 3aBUCUT XapakTtep OKCWAOB W rMAPOKCUAOB XMMWYECKOro SNeMeHTa OT 3HayeHusl
cteneHn okucneHua? Mpueepute npumMepsl.

6. OxapakTepuayiiTte Ka4eCTBEHHbIN W KONWYECTBEHHbLIN COCTAB CNeayiowmnx COeanHEeHWIA:

— okcwupg, xxenesza(lll)

— rMapoKcua anoMuHUsA

— rugpokapboHaTt Kanbuua

— ruapokcokapboHat meau(ll)

— kapboHat HaTpua

Ins xapakTepucTMKW Ka4yecTBEHHOro cocTaBa COeAMHEHWIA paccyuTanTe MaccoBble 40NN

oBpasylowmx nx XMMUYECKNX INEMEHTOB.

7. CocTaBsTe B 9NeKTPOHHOM Buae 0606LWEHHYID cxeMy knaccudukaumm BeLEecTB Mno co-
ctaBy, 06beamMHUB cxembl 2—3. PacnedaraiTe nofyd4eHHylo cxemy. McnonbayinTe cxemy
Ona onpefeneHns NPUHaANeXHOCTM BELECTBE K TOMY WM MHOMY Knaccy.

8. Pacnpepennte nepevyucrneHHble Huxke (popmMynbl BELECTE HA YeTblipe rpyrnnbl — OKCU-
AObl, OCHOBaHWA, kKMcnoTel, conu: Na SOy, HI, V505, KMnO 4 Co(OH),, HoCrO4, NiO, CsOH,
(NH4)oCr40-, Ca(OH),, Cl0O, HCN. [aiiTe HassaHMA BCEX BELLECTB.

9. BMecTo CnoB «rmagpoKcua» W «CONlb» BMWLIWTE B CXeMbl (POPMYJSbl COOTBETCTBYHOLLMX
BELLUECTB:

a) okcwa Hatpus — TMAPOKCUL — COflb;

6) okcup UMHKaA — rMAPOKCWUAO, — COfb;

B) okcup asora(V) — rmapokcug — Cofb.

YkaxunTte xapaktep kaxnoro ruapokcuaa. Hasosurte conu.

10. Bocnonb30BaBWKWCE CXEMOWM, COCTaBNEHHOW NpPW BbINONHEHWW 3adaHus 7, npuBenu -
Te NpYMepbl U3BECTHbLIX BaM COEAWHEHWIA KaXOOoro Knacca B pPas3nUYHbIX arperatHbiX Co-
ctoaHuax. COBMeCTHO ¢ yynTenem obGecyauTe, B KaXAOM NM KNacce BelecTB eCTb npea-
CcTaBUTENY, Haxogawmecs npu 0BbIYHLIX YCIOBUAX B razoobpas3HOoM, XUOKOM U TBEPAOM
COCTOAHMUSAX,
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Ucnonb3yinTe AONONIHUTENLHYI0O MHpOoOpMaLuio

11. PacTBOpMMOCTL BEWECTB B BOAE 3aBMCWMT OT TEMMepaTypbl. TBEpAbIE BELWECTBA, Kak
npaBuno, NpyY HarpeBaHWW PacTBOPSANOTCA Nydwe, razoobpasdHble — HaobopoT. [laHHbie
O 33aBMCUMMOCTW PacTBOPUMOCTW OT TEMNEPAaTYpPbl MOXHO HaWTW B cripaBoYHmMkax. Hanpu-
Mep, ANs Xnopupa Kanus cnpasoYHble JaHHbIe TakoBbl:

R 10 20 30 40 50 60 70 80 90
PacTBOpUMOCTD, 31,0 34,0 | 37,0 40,0 | 42,6 | 455 | 481 51,1 54,0
r/100 r H,0

MocTponTe rpaduk AaHHOW 3aBUCUMOCTW B KOOpAMHATAX pacTBOPUMOCTbL — Temnepary-
pa, BOCNONL30BaBLLNCE OGUCHBIM NpunoxeHuem Excel.

12. B ooMalHMX yCnoBUAX 3KCNEPUMEHTANLHO M3Y4YUTE PACTBOPUMOCTbL B BOAE creny-
IOWMX BELECTB: COMb, caxap, NMTbeBas coga, BaHWIWH, AMMOHHas kucnota. [ns atoro
NnpMMepHO OAWMHAKOBYIO MAccCy BeLlecTBa (Hanpumep, 4alHylo noxky) npobyite pacTtso-
puTb B onpegenéHHoMm obbEme BoAbl (Hanpumep, 1/4 ctakaHa). CoenanTe BbIBOA, O pac-
TBOPUMOCTW WUCCNEenyeMbIX BELLECTB.

% J

S 2. KIIACCUDUKAIIUSA
XUMUWNYECKUX PEAKIIVI

XHUMHYecKue BellecTBa B3auMOLEMCTBYIOT Apyr ¢ apyroMm. Kak pasobpartbces
B OFPOMHOM MHOroo6pasuu XuMHUeckux npeepaieHuin? Kakue npusHaku nexar
B OCHOBe KJacCH(HUKaLUKM XMMUYECKMX peaKLuin?

KnaccupuiimpoBaTh XHMHYECKHE pPeaKIHM MOMKHO 0 PasMIHUYHBIM IIPH3HAKAM:
IO YMCJY W COCTABY peareHTOB M 00pasyIomIUXCcA BeIeCcTB, 10 TeIIoBoMY a(qder-
Ty, IIO arperaTHOMY COCTOSHHMIO PearupyonIuX BeIIecTB, II0 00paTHMOCTH IIpoIlecca,
o HAJTHYKWI0 KaTajamsaTopa.

Paccmorpum Gostee moapodHO KIAacCU(PUKAIINIO XUMUYECKHX peaKIIui 10 YKa3aH
HBIM IIpHU3HAKaM.

Kaaccnpuranma XuMHYECKNX Peakiiuid 1Mo YHCIy
M COCTaBY pPeareHTOB M 00pPa3yIoIHXCH BellecTB

1. Peaxknuu coegHHEeHHA

PeakuuaMu coefWHeHHUs Ha3BIBAIOT PeaKI[MM, NPH KOTOPBIX M3 JIBYX HJIH 0oJiee
MCXOJHBIX BeIlecTB 00pasyeTcs OZHO CJOKHOE BeIlecTBO.

B peakumsax coemumreHus 00a MCXOAHBIX BEIECTBA MOTYT OBIThH HPOCTBIMHU, KAaK,
HanpuMep, Ha IIePBOIl CTaguM MHOJYYeHHA CePHOMH KUCIOTHI U3 CephI:

S+02=802

Cepa roputT Ha BO3nyxXe roJayboBaThIM ILIAMEHEeM, PACIIPOCTPaHASA Pe3KHE 3amax
obpasyoneroca oxkcuga cepsl(IV) (pue. 2).
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Peaknum coellHEHHS BO3MOMKHBI MEMXKAY IIPOCThIM
W CJOKHBIM BelllecTBaMM. Takad peaKnus JEXHUT B OCHOBE
BTOPOH CTAAUM IOJNYYEHUA CEePHONH KUCIOTHI:
t, KarT.

280, + 0, = 2503

B peaknuu coeguHeHHA MOTYT BCTYHATH ABa CJIOMKHBIX
BemfecTBa uau Gosee. Kucmorubiii oxcup cepsr(VI) pearu-
pyeT ¢ BOJIOH ¢ oOpa3soBaHHEM CEPHOM KUCJIOTHI:

SO3 + Hy0 = HyS0,

Cy1iecTBEeHHBIM TPU3HAKOM 3TOT0 TUIA DeaKIuil ABJIA-
eTcsA MOJIyIeHHe OJHOT'O CJI0XKHOTO BelllecTBa U3 ABYX H 60-
Jlee MCXOTHBIX.

ITposeném ah@PeKTHBIN OMBIT.

Puc. 2. lTopeHve cepsbl

JlaBopatopHsbin onbIT 1

OfHy CTEKNAHHYIO Manoyvky CMOYMTE B PAcTBOPE amMmuaka, Opyryilo — B COMSHON KUCIOoTe.
MogHecuTe nanoyky apyr kK apyry. Yto Habnogaete? Yto coboil npeacrasnsaeT Benviii apim?

Ilapel XJOpoOBOJOpPOAAa M aMMHaKa B3aMMOJEHCTBYIOT APYT ¢ Apyrom, obpasys
MeJbYainide KPHUCTAJUIMKKM HOHHOTO COEJMHEHHA — COJH XJIOPHAA aMMOHMA:

NH;3; + HCl = NH4CI

2. Peakuum pa3s3jiosKeHHs

XMMHUYECKHMM AHTOHHMOM peakIHi CcOeJIMHEHUs ABJAKTCA peaxklliy pasJioxKe-
HusA. Bbl MosKeTe c(opMyJIMpPOBATH CYIIECTBEHHBLIH MPHU3HAK 2TOr0 THUIA peaKIHI:
M3 OJHOIO HUCXOJHOIO CJIOJKHOIO BelllecTBa obpasyeTcda ABa WU Gojiee NPOAYKTa pe-
aKITIH.

Hanpumep, HepacTBOpHUMEBIE THAPOKCHALI IIPKH HarpeBaHUHM pasjaraioTcd Ha OK-
cug U BOOY:

Cu(OH), = Cu0 + Hy0
H,Si03 = Si0Oy + H 0

IIpu marpepanuu pasjaratorcd u cosu. Hampumep, o0KHUIOM M3BECTHAKA IOJNY-
YalT IeHHBIH CTPOUTENBHBIA MaTepuas — Heraményio ussectb CaO:

CaCO3 = CaO + COq

3. Peaknumu 3aMenieHHA

B peakmnuax saMellleHHs aTOMBI IIPOCTOr0 BellleCTBa 3aMeIlaloT aTOMbI KAaKOIo-
Ju00 2JIeMeHTa B CJIOXKHOM BelllecTBe.

BazaumojeiicTBre CONAHON MAM pasbaBIeHHON CEPHOM KMCJIOTHI C METAJJIaMH —
BTO IIPHUMeEP peaKIuu 3amMelnleHnd. Tak, MeTalIUUYeCKUH IIMHK JIETKO BBITECHAET BO
IOpPOJ M3 PACTBOPOB 3THUX KHCJOT (puc. 3):

Zn + HpSO04 = ZnSO4 + HzT
Zn + 2HCI = ZnCly + HyT
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Ecnu Keje3HBIH TBO3Ab HJIH METAJJIHYECKYIO
CKPENKY ONyCTUTHL B pacTBop cyiabhara menu(ll),
IIOBEPXHOCTL METaJlJIa U3MEHHUT CBOM 1BeT (puc. 4).
CyiiHoCTh pPEeaKiiuy 3aKJIYaeTcs B TOM, 4YTO Ke
JIe30 BBITECHAET MeJb M3 PacTBOPA COJIM:

Fe + CUSO4 = Cu + FESO4

Emié oaun mpumep peakIMU 3aMeIleHHs:
Cu + Hg(N03)2 = Hg + Cu(NOQz

4. Peaknuum oOMeHa

B Takux peakImAX ABa CJOMHBIX BelllecTBa 00-
MEHHMBAKTCA COCTABHBIMM YaCTAMH.

Hanpumep, cepHYI0 KHCJIOTY B pacTBOpe MOMK-
HO O0OHAPYIKHUTh C IIOMOIILI XapaKTepHOWl peak-
IWKH C pacTBopoM XxXJgopujga Oapua. llpusHaxom
HAJIHYUA CEPHOW KMCJIOTHI B PAacTBOPE CIYKHUT 00-
pasoBaHme 0eJIOr0 KPHCTAJJINYECKOT0 OCajKa He-
pacTBOpUMOro B Boge cyib(para OGapus, KOTOPBIH
JOJATO He ocaxjaeTcsd HM3-3a OUYeHb MEJKOTO pas-
Puc. 3. B3aumopeicTeme umHKa Mepa KPpHCTAJLJIHNKOB:

C pacTeBOpOM CepHOoW KWUCNOoTbl HZ 804 £ Ba012 - BaSO4~L + 2HCI

Peakuuio, ¢ NOMOLLbIO KOTOPOIM ONPeEAENsoT Halln4me TOro Unn MHOro BeLLecTBa,
HA3LIBAIOT Ka4YeCTEEHHOUW peakiuuei Ha 3TO RellecTBO.

C momommpio XJopuza OGapusa HPOBOSAT KAYECTBEHHYIO PEAKIIHI0 He TOJbBKO

Ha CEepHYI0 KHCJIOTY, HO M Ha BCe eé PAacTBOPHMBIE COJIHM, IOCKOJBLKY CYIIHOCTHL JaH-
HOM peaknuu obMeHa 3aKJOUAeTCA B 00pA30BAHUN HEPACTBOPHUMOTO OcCaaka cyabda-
Ta 0apuaA B peayJbTaTe B3aHMOJAEHCTBHA HOHOB

Ba?' u S0} :
Na,S0; + BaCl, = BaSO4) + 2NaCl
MgSO, + BaCly = BaSOyl + MgCly

CyiecTByeT 0COoOBIH TUII peaKnuili oOMeHa, IIpo-
TeKaIMUX MeXKJY PacTBOPAaMH CHJBHBIX KHCJOT
n menouver. Takue peakuuu NPUBOAAT K o0Opaso-
BAHHIO COJM H BOABI; WX HA3LIBAIOT PeaKIHIMU
HelTpaxausanun. [IpoucxomxgeHnue 9Toro Ha3BaHHUA
MOHATHO: NPH CAWBAHUM peareHTOB IIE/I0Yb U
KHCJIOTA PearupymoT APy ¢ APYroM, M peaxInd
cpeasl 00pasoBaBIIIETOCsA pPacTBOpa CTAHOBUTCA
HeUTpaJbLHOM:

Puc. 4. B pacTtBope cynbdarta H»S04 + 2KOH = K804 + 2H50

menu(ll) xenesHslil reo3gs
NOKPbLIBAETCH CROeM Meau HCl + NaOH = NaCl + HyO

i 3\
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JNaGopaTopHbiA onbIT 2

Haneiite B npobupky 2 mMn pacTtBopa ruapokcuga Hatpus u pobaeste 1—2 kannu de-
HondTanenHa. Yto Habnwopaete? B npobupky no kannsm gob6aBnsaiiTe CONAHYK KUCNOTY
U BCTpsixuBanTe copepxumoe. MNocne pobasneHus o4epenHoid NMopLvu OKpacka pacTBO-
pa ucyeszaetr. O 4Em cBuaeTenbCcTByeT 3TOT dakT? HanuwmnTe COOTBETCTBYIOLLEE YypaB-
HEHWE peakuuu.

Kaaccudpuranusa XMMHYECKHX peakuuii mo temjioBomy 3ddexrty

IMpy xuMHUECKUX PpPEaKIUAX TeIIOTa UJIKM BBIIENAETCA, HIM IOTJIOMIAETCH.
ITo sTomy HnpH3HaKy peakIuN HelAT Ha IK30TepMHUYecKHe (C BbIIeJNeHHeM TeIlIo-
THI) ¥ BHAOTEPMHYECKHE (C IIOTJIOIIeHHEeM TeIlJIOTHI).

KonuyectBo TennoTel, BbiASAKIOWENCA UNX NOrMoLwalruleinca B pesynsrare npo-
TEeKaHNA XMMUYECKOW peakuuu, HasbiBalT eé TennoBbiM 3ddeKkTom.

Tennosoit addext obozuHauaroT OYKBON @ U U3MEPAT B KUIOMKOYIAX (KI[EK)
WM KWUJIOJKOYJIAX B pacuéTe HAa OOHMH MOJb KAKOro-IM00 y4YacTHHKA peakIuy —
MCXOJHOTO BemjecTBa mMau mpoaykTa (kI /mMouas).

Iia sr3oTepMUUECKUX peaKiuil Tenynopoit saddert monoxkutrenex (Q > 0), nus
sHAOTEepMHYeCKUX — orTpuuareneH (@ < 0) (puc. 5).

NabGopaTopHbii onbIT 3

B xumudeckunin ctakad Hanente 20 mn 10%-Horo pacrBopa cepHoi kucnotbl. Momectn-
TE B CTakaH TepMOMETp, MaMepbTe Temnepartypy pacrteopa. Hobasbte B ctakan 20 mn
10%-Horo pacteBopa rugpokcuaa Hatpus. lNepemeluveas CoOoepXuMoe cTakaHa, Habno-
pavite 3a nameHeHuwem Temneparypol. Coenaite BbIBOL, O TErNJOBOM addexTe rnposeneH-
HOW peakuuu.
< J
- oA
TennoTta Tennorta Tennota TennoTta
TennoTta TennoTta
. =

Puc. 5. Tennoson addekT peakuuin: ciesa — 3K30TEPMUHECKUX; cripaBa — 3HOOTEPMUYECKMX
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YpaBHeHHA XMMHYECKHX pPeaKI[Hii, B KOTOPHIX yKasaH
TeryIoBo# adperT, Ha3LIBAIOT TEPMOXHMMHYECKHMH ypaBHe-
muamu. Hanpumep:

HsSO4 + 2NaOH = NagS0O,4 + 2Hs0 + 114 r]lx
(@ = 114 x]llxx unu 57 wllx/mons NaOH,
Q@ > 0, pearkIusa 3K30TEPMHUUECKA)

IK30TePMUYECKMMH  SBJIAIOTCS  pPeaKkIUHd TOpeHud
(puc. 6) m GombIIMHCTBO peakiuii coegumenusa. CooTBer
CTBEHHO IOYTH BCE DEAKIIUH PA3JIOMKEHUA COIIPOBOKIATOT-
cfA IIOTJIOIIEHHEM TEeIJIOTHI, T. €. ABJIAITCA DHAOTEpMHUYe-
Puc. 6. Peakuusi ropeHuss CKHMH, HaIpPUMep peakIua pasJioKeHHd oKcupa cepswl(VI):

2805 = 280, + Oy — 188 k]l

(@ = —188 gl unu —94 kI /Monb, @ < 0, peaklma SHIOTEPMHYECKA)

ITo TepMoXMMHYECKOMY YPABHEHHIO PEAKIIMH MOYKHO PACCUYUTATH KOJTUYECTBO Te-
IJIOTHI, KOTOPOE BBIAEINTCS MJM IIOTJIOTHUTCA IIPH €€ MpPOoTeKaHUH.

Knaccupuranmsa XuUMHYECKHX pPeakIuin
II0 AarperaTHOMY COCTOSHHMIO PeareHTOB M NPOAYKTOB PeaKI[uH

Paccmorpum rasoobpasHblii aMMMaK, pacTBOpAMINUiica B Boae. B maHHOU cu-
cTeMe MOPUCYTCTBYIOT ABe (paswl: razoobpasHad — aMMHUAK U KHUAKAA — PaCcTBOD
amMmuaxka B Bofe. IloBepxXHOCTE KHUAKOCTH OTJeseT ogHyY (pasy oT ApYyTroi.

da3o0ii Ha3BIBAETCA YaCTh CHCTeMBI, MMeIIllad B JI10001 TouKe OOHMHAaKOBEIE CO
CTaB ¥ CBOMCTBA M OTAeJEéHHasA OT APYrux (pas rpaHuileil pasgeia.

I'omorenHbIe peakIMM — 3TO peaKIIMM, B KOTOPBIX pearmpylolllue BellleCTBa M
OPOAYKTHI PeaKIluM HaXOoUATCA B OJHOM arperaTHoM CcOCTOAHHMHM (B omHOI (ase).
K HuM oTHOCATCA BCe pPeakI[UM MeKIy razoo0OpasHbLIMM BellecTBAMM, a TakiKe pe
aKIUU, NPOTEKalolire B pacTBOpax, HalpuMep:

280,(r.) + Os(r.) = 2S04(r.)
H,S0,4(p-p) + NasCO;(p-p) = NSO, + CO.T + H,0

I'eTeporenHble peakmMM — BTO peaKIIM{, B KOTOPBLIX pearvpyrollue BellecTBa
HaxoAATCA B pasHBLIX arperaTHBIX COCTOAHUAX (B pasHbIX (asax). Tax, obkur mm-
pUTa NpOoTeKaeT Ha IpaHHUIlEe pasjeia ABYX (as: TBEpao# (mupuT) m rasoodpasHOn
(rkucaopomn):

4FeSy(T8.) + 1105(r.) = 2Fey05 + 8S0,

JlabopaTtopHbii onbiT 4

Haneitte B npobupky 3 mn pacTBopa CepHO KWCNoThl, A06aBbTeé Ha KOHYMKE wnaTtens
okcupa megu(ll). Harpeitte npobupky. Kakoid npuaHak ykasbiBaeT Ha NpoTekaHue Xumu-
yeckoi peakumn? K kakomy Tuny no MNpu3Haky arperarHoro CocTOSHWUS peareHToB OT-
HOCWUTCH JaHHaa peakuysa? Hanuwute e€ ypasBHeHue.
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Kiracenduranua XuMMHUYeCKHX peaKkmui M0 o0paTHMOCTH

lopenue cepsl Ha BO3AYXE WM B KHUCJOPOAE MPUBOAUT K OOpPA30OBAHUIO OKCHIA
ceps(IV):
S + Oy = SOy
Kakue ObI MAaHUNYIAIIMA BBl HU HOpoBOoAWUaM ¢ oxkcuaom cepbi(IV), nporecru pe-
aKIIMI0O €r0 pasJoKeHHA Ha Cepy M KHCJOPOA BaM He yHacTcHd.

Peakuun, npoTekalowme ToNbKo B OAHOM HanpasfeHuU, HasbiBaoT Heoﬁpa'n-l-
MbBIMU peakuunsammn.

WUnuoe peno oxumcaenme okcuga ceprei(IV) xuciaopomom no oxcupa cepnr(VI):
280, + 09 = 2803

«3epKaJbHBIM OTPaKeHWeM» JTOH peaKIuy ABJIAeTcA obpaTHAs peaKIusd:
2803 = 2809 + 09

ORHBHBE.ETCH, B IIpoIllecce IPOM3BOJACTBAa CepHOﬁ KHCJIOTBI 3TH peaKIIHH IIpoTe-
KanT OOJHOBPEeMEeHHO.

Peakuun, koTopble B OOHUX W TEX Xe YCNOBWUSX MNPOTEKaiT B ABYX B3aWMHO
NMPOTUBONOMOXHBLIX HanpaeneHWsax, Ha3biBaloT oﬁpaTthmu.

B Dﬁp&THMHX pPeaKIIuAX BMeCTO 3HaAKa PaBeHCTBA YacTO HUCIOJB3YVIOT ABE IIPOTH-
BOIIOJIOKHO HaIlpaBJIeHHbIE CTPEJKHW — 3HaK OﬁpaTHMOCTI’I:

280, + 0, & 2S04

RJIaCCHqJI{Ha].lHﬂ XMMHYECKHX pealcnm'i II0 HCIMOJB30BAHHI KaTaJH3aTOopa

ITo npusHaky HMCIOJBb30BAHUA KATAIU3ATODA XMUMHUYECKNE PeaKIlUuM IoApasiesid-
0T HAa KaTaJHTHYEeCKHEe N HeKaTalIMTHYeCKHe.

Hanpumep, BzaumoaerncrBue oxcuga cepbl(VI) ¢ Bomoil mpoTekaer JIErKo, € BbI-
COKOM CKOPOCTBI0 M He TpebyeT MCIOJIb30BAHMA KaKoro-i1mbo KaTaausaTopa:

SO; + Hy0 = H,S0,

A Bot oxmcienue oxcuga cepsi(IV) mo oxcupa cepsi(VI) Kuciaopomom — upesBbI-
yaiiHO MejJieHHAas peaxiusd. Jlake IIpu BBICOKHUX TeMIIepaTypax AJIUTEJIbHOE Harpe-
parue cmecu SOy u Oy He IPUBOAUT K 00pa30BAHUIO 3aMETHBIX KOJIMYECTB IPONYKTA
peakiuy. Y4EHBIM YIaJ0Ch HAWTH BEIIECTBO, KOTOPOE CJIYKHUT B AAHHOW peaKIIHMH

a(p(peKTUBHBIM KaTaiausaTopoM. JT1o okcup BaHagua(V) — KOs,
Peakumuu, mpoTekalomiyue ¢ ydacTHeM OMOJOTHMYECKHX KAaTaJlu3aTOpoB 0eIKOBOI
upupoabl — (DEepMEeHTOB, HA3bIBAIOT (DEPMEHTATHBHBIMH PEAKITHIMHM.

NaGopatopHbiit onbIT 5

B npo6upky HaneiiTte 2—3 M pacTBopa nepokcuga soaopoaa. [Job6aBsTe B HEE HEMHOI0
HAaTEPTOI CbIPOI MOPKOBU Wnn kaptodensa. Yrto Habnopaete?
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Hab6mronaemoe GypHOe BbIfle/IeHHEe KHCIOpPOZa — pesyJbTaT paboTel (epMeHTa
KaTajasbl, COJIep:;Kalllerocs IIOYTH BO BCEeX PACTUTENBHBIX W JKHUBOTHBIX KJeTKaX:

KaTaJjiasa

2H,05 = 2H,0+ 09T

Knaccnduranmua XUMHYECKHX pPeaKIUil 110 M3MeHEeHHIO
cTeneHel OKMCJIEeHHUSA 3JIeMEeHTORB

Peakumn, B Xxo4e KOTOPbIX MPOMCX0OWUT M3MEHEHWEe CTENeHeil OKWUCNeHus 3ne-
MEHTOB, 00pa3yllmnx pearvpyiolyve BeELIecTBa, Ha3biBalOT OKMCIUTENbHO-
BOCCTAHOBUTENbHbIMU peakuuamu (OBP).

BemecTBo (9/IeMeHT B coCTaBe 9TOTO BeIllecTBa), NPHUHUMAIONIee DIIEKTPOHBI, Ha-
3BIBAOT oKucaumesem. IIpuHuMaA 3JIeKTPOHBI, OKHUCIUTENb 80CCMAHABAUBACTCA.

BenrecTBo (pieMeHT B cocTaBe 9TOr0 BellecTBa), OTAAIOIIEe BJIEKTPOHBI, HAa3hIBa-
T 8occmanosumenenm. Ornasas 3JMeKTPOHBI, BOCCTAHOBHUTENb OKUCAACNICA.

Ha cxeme mokasaHbI IpPOIECCHI OKHCJIEHHA M BOCCTAHOBJEHHSA, NPOUCXOAAIINE
C BellecTBAaMH B pPeaKIIMH BOCCTAHOBJEHHUA Keae3oM cyiab(para memm(Il):

OTnaéT anekTpoHsbI, oK1cnsieTcs

[ :

0 +2 +6 -2 +2 +6—-2 0

Fe + CusO, — FeSO, + Cu

| [MpuHUMaET aneKTpoHkl, BOCCTaHaBIMBAETCH T

Peakuun coeguHeHUs, pa3fioXeHus, 3amMmelleHusa, oomeHa. KadyecTtBeHHble
peakumn. IJHOOTEPMMUYECKME U 3IK3oTepMmu4Heckue peaxkuum. TennosBoi
adpdekt peakuumn. TepMmoxmmumyeckoe ypaBHeHue. Peakuum romMoreHHbie
M reteporeHHble. Peakuum obGpatumbie n HeobGpartumblie. Peakuun kara-
NUTUYECKUe U HekaTanuTuyeckue. PepmeHTaTUBHbIe peakuum. Oxucnu-
TenbHO-BOCCTAHOBUTENbHbIE peakuum

MpoeepsTe CBOU 3HAHUSA

1. Kaxk knaccnduumpyloT XMMUYeckne peakuum no H1Mcny U CoCTaBy UCXOAHLIX BeLLecTB
M NPoAyKTOB peakuun? lMNpuseauTe NpuMepkl YpPasHeHWA Takux peakuuii.

2. Kak knaccuduumpyioT xumudeckne peakumn no tennosomy adoekty? Hro Takoe tep-
mMoxmmudeckoe ypasHeHue? [Npueegurte npUMepbl YpaBHEHWIA Takux peakuui. B
3. Kak knaccuduumpyioT XuMuyeckme peakumn rno arperaTHoOMy COCTOSIHWIO peareHToB W
npoaykToB peakumn? [NpuBegute npumMepbl YPaBHEHWIA Takux peakumii.

4. Kak knaccuduumpyoT XMMUYeckue peakuum no obpatumoctu? lNMpuBeguTe npuMeps
YPaBHEHWIA TakUX peakuui.

5. Kaxk knaccnduumpyloT XMMU4eckne peakuuni no ucnofib3osaHuio karanuaatopa? Mpu -
BeOAUTE NPUMEPbLl YPaBHEHWA Taknx peakuui.
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NMpuMmeHUTe CBOM 3HAHWSA

6. Hanuwmnrte ypaBHeHWs Cnegyiowmx XUMUHECKUX peakLnii:

a) okcupa kanbUua ¢ BOOOW;

6) >kenesa ¢ pacTBOPOM CEPHOW KUCNOThI;

B) pacTBopa HuTpata cepebpa C pacTBOPOM X/OpUaa MarHus.

Onpegenute TUN Kaxgoi peakunn no 4Yncny 1 COoCTaBy peareHTOB U NpPoAayKToB.

7. Paznoxexune kapboHaTta OGapus npegcrtasnsieT coboi SHAOTEPMUHECKWIA Npouece,
Tpebywmnin 3atpar 267 kX TennoTtbl Ha pasnoxeHue 1 Monb conu. 3anuwiute TeEpMO -
XUMWYECKOe ypaBHEHWe peakuum pasnoxeHws kapbodara 6apus. Hanuwurte ypasHeHue
obparHoil peakuun. Kak Bbl gymaeTte, KakoeB e€ TennoBoi adpopekr?

8. No TepMOXMMWYECKOMY YpaBHEHUIO peakuuu ropeHus yrmepoaa

C(tB.) + Oy(r) = CO,(r) + 410 kx

paccuuTanTe:

a) KONU4YecTBO TENNOTbl, KOTOPOE BLIAENUTCH NpW cropaHun 54 r yrnepopja;

6) 06bEM KMCnoOpoaa, WU3PacxofOBaHHLIA B peakuny ropeHvsi, ecnu B pesynbTare Bbl-
penunock 2050 kx Tennotbl.

9. 3aKkoHuYuTe YpaBHEHWA Cnedylolmx XUMUYECKUX peakLnii:

a) Hp+ Clp — ... 8) Al + CuCl, — ...

6) MgO + HoSO; — ... r) BaCl, + ZnSQO4 — ...

YKaxuTe reTeporeHHble W FOMOFeHHbLIE peakuun, a TakXe OKWCIUTENbHO-BOCCTaHO-
BUTENbHbLIE peakumn. YKaxuTe OKWUCAUTENlL W BOCCTAHOBUTENbL, MPOLECCHI OKWUCNEHWUS
M BOCCTAHOBNEHUS.

-

Ucnonb3yite gononHuTenbHyilo uHdopmauuio

10. Tennoeble adpdekTbl peakUnin HEWTpanM3aunun Mexay CONAHON KUCAOTOW W rMapok-
CUAOM HaTPWUs, CEPHON KUCNOTOW W MMOPOKCUAOM Kanus, asoTHOW KUCNOTOW M rMApOK-
CUAOM NUTUA NPUMEPHO oauHakoebl. Kak Bbl gymaete, nodemy? [ns oTBeta Ha BONpoC
ucnone3yte MHTEpHeT.

pateriallOO.t!Ida.ws

§ 3. CKOPOCTHh XUMMNYECKUX
PEAKIIUM. KATAJIN3

OTHOLWEHWe U3MEHEeHUs KaKoW-MOo BenMuuHbl KO BPEMEHM, 3a KoTopoe Mpo-
M3OLW/IO 3TO WM3MEHEHWe, Ha3blBalOT CKOPOCTblo. Kakue BenuuuHbl MCNONb3yoT
ONS pacyéta CKOpPOCTU XMMHUYECKOM peakumu?

O6paruMca K 9KCIIepUMEHTY.

JNaGopaTopHbii onbIT 6

B oBe npobupku HanewTte no 2—3 MmN pacTBopa Tuocynbdara HaTpuda. B nepsyio npo-
6upky nobaBbTe HECKONLKO Kamnesb pacTBopa xyopuaa 6apus, Bo BTOPYH — HECKONBKO
Kanenb CONAHOW KWcnoTel. YTo Habniopaete? B 4ém pasnuuve NpoLeccoB, NPOMCXoas-
wux B 06enx npobupkax?
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B nepBoil npobupKe comep:xuMoOe MyTHeeT B MOMeHT aobaBieHusa peareHra. Ilo-
ABJEHUE OCAZKA — IPHU3HAK MPOTEKAHUS XMMHUYECKON peakiuu. Bo BTOpoii mpobup-
Ke cpasdy mociie fo0aBJIeHUA DeareHTa HUKAKUX W3MeHeHWU He Habmomaercsa. Tonasko
CIYyCTsA HEKOTOPOe BPeM:dA COAeP:KMMOe MPOOHUPKHU IOCTENeHHO MYTHEET 3a CUET BbIIa-
IeHUd ocagxa. B 4éM Jke IJIaBHOE pasiddue MPOTEKAKIIUX B ABYX NPOoOHpKax Ipo-
neccoB? Brl cKakeTe: pasnuUHOE BPeMA IIOABJIEHUA 0CagKa — U OyJeTe COBEPIIEHHO
npaBbl. 3HAYWT, PeaKIUM B ABYX NPOOMpPKAaX IIPOTEKAIOT € PAa3JIMYHON CKOPOCTHIO:

NayS,03 + BaCly = BaSy03l + 2NaCl, peakmus uaér 6uICTpO;
NasSo03 + 2HC] = 2NaCl + SO,T + Sl + H,0, peakuusa uaér meaIeHHO.

CKOpoCTh peakmHuH XapaKTepHuayeT OBLICTPOTY IIpolecca 00pasoBaHHUA IIPOAYK-
TOB PEeaAKIIMM WM PACXO0]a PeareHTOB (IIOCKOJBKY 9TH IPOIleCCHl B3AMMOCBS3AHBI).
3HAUNUT, CKOPOCTh PeaKIM¥ — 9TO M3MeHeHHe KaKoN-Tnbo (PU3HUYecKOH BeJIWYHHBI
B €IUHUIIY BpeMeHH. OTa XapakTepUCcTUKa — KOHIEHTPAL(HsA BellecTBA.

CKODOCTBIO XMMUYECKOW peakuun Has3biBalT U3MEHEHMEe KOHUEeHTpauun Be-
uiectea B eaMHULly BPEMEHMW.

CKOpOCTh XUMUYECKON peakIiu PACCUUTBLIBAIOT IO (hOpMYyJie

Ac

v =—,

At
rae v — CKOPOCTh peaxkmnuu; Ac — H3MeHeHUe KOHIIeHTPAIlMHM BellecTBa (peareHTra
WJIW IPOAVKTA); Af — MIPOMEKYTOK BPEMEHH, 34 KOTOPBIH HIPOM30IILI0 AAaHHOE H3-

MeHeHHe KOHIIeHTpPaIluH.

KoHIleHTpanuo BellecTB HM3MepANT B eQHHHIIAX KOJIHMYeCcTBa BellecTBa (MOJEL)
B eauHHUIlle oO0BEéMa (J1), T. e. B MOJE/JI. ITO TAaK HasblBaeMasd MOJAPHAA KOHIIEH-
Tpaunua. Eciu BpeMa u3MepATh B CEKYHAAX, TO PA3MEPHOCTH CKOPOCTHU XUMUUYECKON
peaknuu OymeT TaxKoBa: MOJIb/J.-.C.

DakTOpPHI, BINANINE HA CKOPOCTH PEaKI[HH
1. Ilpupoaga pearupyroiqux BeHIeCTB
CxopocTu peakIuii MOIYyT O4YeHb CHJIBHO pasiauuarbesa. OIHH BelllecTBa pearu-
PYIOT TaK OBICTPO, UTO MX B3aUMOJeHCTBHE MOMKHO CUHTATH IPAKTHUIECKH MTIHOBEH-

HBEIM. Hanpnmep, Ve B MOMEHT CJIHBaHHA pPaCTBOPOB KHCJIOTHI H T.T.‘l;éJIOTIIrI IIpoTe-
KaeT peaKIInA Heifz'rpannsan,nn:

HCl + NaOH = NaCl + Hy0

s saBepiieHua APYruUxX peaknuit Tpedyerca snauntenbHoe Bpema. K Takum mpo-
meccaM OTHOCATCHA, HAIpHUMep, OpoKeHHe BHHOTPAJHOTO COKA, PIKaBJIEHHE jKejesa.

NaGopaTopHbii onbIT 7 [

B pee npobupku Haneite no 2—3 mn 10%-Hoi conaHoi kucnotel. B ogHy npobupky
ONyCcTUTE KYCOHYEeK Xenesa (CTanbHyl CKPenky), B OPYryld — TakoW Xe KyCco4Yek MarHus.
B kakoli n3 npobupok BbigeneHne Mny3sbipbKOB rada wHTeHcuBHee? lMouyemy? 3anuwwute
YPaBHEHWHA MPOUNCXOAALLMX PeakuniA.
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Peaknusa ¢ MarameM ITpoTeKaeT OLICTpee, UeM C yKeJjle30M, TaK KaK MarHuii 0ojee
AKTHUBHBIH MeTaJJI, 0 YéM CBHUJETEJLCTBYET €Tr0 IOJIOJKEHHE B 3JEeKTPOXUMHUYECKOM
PALY HAUPAXKEHWH MeTaJJIOB.

A 3aBHCHUT JI CKOPOCTh XUMHUUYECKON PEAKINU KUCIOTHI C METAJJIOM OT IIPUPOMABI
KMCJIOTBI?

JlaGopaTopHbii onbIT 8

B ogHy npobupky Haneite 2—3 MmN CONAHON KWUCNOTHLI, B Apyrylo — 2—3 mMn pacTteBopa
YKCYCHOW KMCNOTbl TakoW Xe KoHUeHTpauuw. B kaxaylo u3 npobupok onycTute no of-
HOI rpaHyne uMHka. B kakoil u3 npobupok ob6pasoBaHne Ny3blpbKOB ra3a WHTeHCUBHee?
Mouemy?

ConsiHag KHUCJIOTA OTHOCHUTCA K CHJIBHBIM KHCJIOTAM, CKOPOCTH €€ B3aMMOJeH-
CTBHA C IIHMHKOM OTHOCHTEJBHO BBICOKAaMA:

Zn + 2HC] = ZnCly + HyT

YRCYCHaH KHCJI0Ta OTHOCHUTCH K cJIal0bIM KHCJI0TaM, M ¢ MeTaJlJIH4eCKHM IIHHKOM
OHa pearvdpyeT MelJIeHHee:

Zn + 2CH3COOH = (CH3C00)oZn + H,T
2. Temmnepartypa

JNaGopaTtopHbIA onbiT 9

B npobupky Haneinte 5 mn 5%-HOro pacrtsopa CEpHOWM KUCNOTbl U ONYCTUTE CTaslbHYIO
KHonky. Yto HabnopaeTte?

Harpesaiite cogepxumoe nNpobupkyu Ha nnaMmeHyn cnupToBku. YTo Habniopaete? Kak ua-
MeHunack CKOPOCTL peakumn?

Brr yoeguamcs B TOM, UTO C yBeJHMYEHHEM TeMIIEPATYPHl CKOPOCTH PEeaKIuy yBe-
JUYHABAETCH,
3. KoHIleHTpal s pPearupyrwniux BeliecTB

NaGopartopHbin onbiT 10

B Tpu npoBupkn Haneiite cooTBetcTBeHHO 1 mn, 3 Mn M 5 mn pacTtBopa Tuocynbdara

HaTpusi. B nepsyio npobupky nobaeste 4 mn BOoAbl, BO BTOpylo — 2 M. Bo Bcex Tpéx

npobupkax 06bLEM pacTBOpPOB OAMHAKOB — 5 mn. B kakoit 3 npobupok KOHUEeHTpauma

Tuocynbdara HaTpMa MakcumasbHa, B Kakol — mMuHumansHa? B kaxayio npobupky oo -
6aebTe No 2 Mn consaHoWn kucnotel. Yto HabniopaeTe?

B mepByo0 ouepeAb CTAHOBHUTCA MYTHBIM COIEPIKHMOEe TpeTheill HpoOHpPKH, 3aTeM
0CaZlOK IIOABJISETCS BO BTOPOH IpoOMpKe, a B IepBOH NPoOMpKe peaKkIys IIPOTEeKaeT
emé memyieraHee. TakuM 06pasoM, CKOPOCTh XMMHUYECKON peaKIluy IIPOIOPIUOHAE
Ha KOHIEHTPAIMM Pearupyroniux BeIlecTB.

Ecim B peakimy IpUHUMAIOT YIACTHe razoobpasHble BEIIecTBA, TO YBEJIHUeHHE
[aBJeHNA TaKKe IIPHUBOAUT K YBEJIWYEHHWIO CKOPOCTH XMMHYecKoll peakmuu. Bexns
C yBeJIMUEeHUEM [IaBJIeHUA YBEJIMUMBAETCA M YHMCIIO YACTHUI] rasa B eguHUIlEe 00BEMA,
YTO PABHOCHUJILHO VBEJIUYEHUIO €r0 KOHIIeHTDAI[UH.
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4. Ilnomags CONMPHKOCHOBEHHA PEArHPYIOIINX BeIleCTB

NaGopaTopHeiii onbiT 11

B OBa xMMu4eckux cTakaHa HanenTe no 15 mMn consiHoi KucnoTbl. B nepsblii cTtakaH no-
MECTUTE KYCOYeK Mpamopa BeNWYMHOW C ropoLlUMHY, BO BTOPOW — TakOW Xe KYyCOYek,
npensapuTensHO M3MenedEHHbIR B cTynke. YTto Habnogaete?

Ecin xuMHuuyecKas peakIus IIPOTEKAET MeXKAY BeIleCTBaMU B Pa3JIMYHBIX arpe-
raTHBIX COCTOSHHMAX WJM JABYMA HECMEIIMBAOIMMMCA KHUAKOCTAMM, TO TaKYIO pe-
AKIUI0 HA3BLIBAIOT TreTeporeHHou. B reTeporeHHBIX peaKIUAX B3AUMOJeHCTBUE Be-
IIeCTB IIPOTeKaeT TOJbKO HAa TDaHHUIE MX CONPUKOCHOBEHH:A, IIO3TOMY 4YeM OOJIbIIe
IJIOUIAAb CONIPUKOCHOBEHHUSA PEAareHTOR, TeM BHIIIe CKOPOCTH peaknuu. B mpoBenéH-
HOH peaknuH ILIOIIANbL CONPUKOCHOBEHMS MPaMoOpa U COJAHONA KHCIOTBI YBEJIMYH-
BaeTcsd, ecJU M3MeJbUYHUTh TBEPALII peareHT (Mpamop).

5. Hanmuue xaTammszaTtopa

B 1811 r. pycckui xumuk KoHctaHTuH Curuamynposuy Kupxrod naydan Boamorx-
HOCTb MOJMYYEHUS CaxapoB U3 Kpaxmana noj AewcTeuem eogpl. B npupopge ator
NPOLECC NPOUCXOAWUT B PaCTUTE/IbHbIX KNeTKax MpW CO3peBaHWW NIOLOB W Mpo-
pactaHuu cemsaH. B nabopaTtopHbIX YyCAOBUAX peakuus npotekana MeaneHHo, Npu
LONWTENIbHOM KUMNsSHeHWHM KpaxmanbHoro knenctepa. OpHaxgbi Kupxrod pobaeun
B PeaKLMOHHYIO CMeCb HECKOJ/IbKO Karesib pacTBopa CepHOW KMCIOTbl U OOHapy-
KW, HTO peaKkurAa 3aBepllriacb 3a HECKOJSIbKO MHHYT. ﬂpH 3TOM NO OKOH4YaHHWH
peakuuu KOSIMYECTBO CEpPHOM KWUCIOTbl B pacTBOpe He M3MeHunocb. Kakoe oT-
KpbiTHe coBeplunn y4éHbii? Kak 6bl Bbl OXapakTepW3oBasM po/b CEPHOW KMUC-
notbl B 3TOM peakuun? lNpepnoxkute CBOE Ha3BaHWe HabNOAAEMOMY SBNEHMIO.

Bcekope mocne pabor Kupxroga Opina obHapyskeHa cHoco0OHOCTE M JAPYIrHX Be-
IIECTB YBEJIHYHBATH CKOPOCTH XHMMHUECKHX pearinuii. CHauaga pPeakIuy C y4acTH-
€M YCKOPAWIIUX BeIlleCTB HA3bIBAIM KOHTAKTHBIMH, a B 1835 r. HIBeACKHIA XUMHUK
M. s1. Bepmenuyc TpPeAJOKAI COBpPeMeHHBIE TEPMUHBI — KAMAIU3 U KAMAIU3A-
mop.

KaTtanusaropom HasbiBalOT BELWECTBO, KOTOPOe npu no6aBneHnn B HesHaun-
TENbHOM KONMWYECTBE CYLLIECTBEHHO M3MEHAET CKOPOCTb XUMUYECKOW peakuuu,
HO He BXOOAWT B COCTaB NPOOYKTOB.

YBenuyeHue CKOPOCTU XMMUYECKON peakumn B NpPUCYTCTBUMU KaTanusaropa Ha-
3blBAKOT KaTanu3aom.

KaranuaaTop MoXeT He TOJbKO YCKOPATh XHMHUYECKYI0 peaKI[Wio, HO U Halpas-
JIATH €€ NpoTeKaHwe II0 APYyroMy HOyTH, T. €. IPOAYKTHl KaTaJlUTHYeCKON M HeKara-
JATUYECKOH peakKIIMi MOTYT pasindyaTrbed. Takike cienyer yYWUTBIBATH, YTO B CIY-
yae 00paTHMBIX peakIlMii KaTaJu3aTop OAHMHAKOBO YCKOpAET KaK IpPAMYI0, TaK H
o0paTHYIO peaKIIHH.
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Na6GopaTtopHbii onbiT 12

B xumwu4veckuii ctakan Hanenite 10 mn pactsopa nepokcuga Bogopoaa. lNpy KoMHaTHON
Temneparype pasfiokeHue 3TOro BellecTBa MNpoucxoanT o4eHb MepsieHHo. [obaebte
B CTakaH Ha KOH4YuKe wnaTtens okcwg mapradua(lV). Yro Habniopaete? Mcues nv 4EPHLINA
nopowok okcun mapraHua(lV) no okorvyaHuu peakummn?

Oxcupn mapranna(lV) aeiserca KarajlusaTopoM pPasjlodKeHUA MepoKCcHIa BOIOPO-

Ja Ha BOAY M KHCJIOPOJ:
MnOs
2H202 = 2H20 + 02

Asnenne xaranmsa MU POKO HCIIOJIB3YVHOT B XUMHUecKoll TexmHoJsoruu. OxoJo
920 %) BCeX XMMHYECKHX IIPOU3BOACTB OCHOBAHO Ha KaTalHUTHYECKUX IIpoleccax. He-
OpraHuYecKUe KaTATHU3ATOPBI MCIOJL3VIOT i O0e3BPEKUBAHUSA BBIXJIOMHBIX T'a30B
apromobuieit. Karanusaropsl opranuueckoit npupoabl — (hepMeHThI — HIPUMEHHAIT
B IHNOIEBOM IIPOMBINIJIEHHOCTH, MeIHIIMHE, KO)KEeBeHHOW NIPOMBIIIJIEHHOCTH H IPYy-
rux cepax AeATESLHOCTH.

CkopocTb xumMu4yeckoi peakumu. MongspHasa kKoHueHTpauua. Karanus.
Katanusatop. ®epmeHTsbI

1. UTO Ha3bIBAKOT CKOPOCTbIO XUMWYECKOW peakumn? [puBeoute npumMepbl peakuui,
NpoTeKaLMx C BbICOKOM U HU3KOW CKOPOCTLIO.
2. Kakme dakTopbl BAUAIOT HA CKOPOCTb XMMUYECKON peakumn? KpaTko oxapakTepusyiite
B/IMAIHWE Ka&KOOMO0 M3 HWUX HA CKOPOCTb peakuuwu.

h

3. 3anuwmnTe ypaBHeHWe peakuuu LMHKa € cepHolt kucnotoi. [NpeanoxuTte cnocobbl
YBENMYEHUA CKOPOCTW 3TON peakuuu.

4. HekoTopbie NpoaykTbl MUTAaHWA XPaHAT MPW HU3KWMX TeMneparypax: B XONogunbHUKax,
norpebax, opollexpaHunuuax. NMovemy? MpueBeguTe €LE HECKONLKO NPUMEPOB YBENMYE -
HUS MW YMEHbLUEHWS CKOPOCTEN XMMWYECKUX peakuuii U3 NOBCEAHEBHON XU3HW.

5. B xMMM4EecKon peakuuu, NpoTeKalwLleih no ypaBHEHUIO

2H28 + 802 =38! + 2H20,

KOHLeHTpauus razoobpasHoro cepoBofopona 3a 2 MUH ymeHswunace ¢ 0,86 mone/n
no 0,26 monb/n. Paccuvtaiite CKOPOCTb XMMWUYECKOM peakuMn 3a ykasaHHblid npomexy-
TOK BPEMEHW.

L >

Ucnonbayinte AONONHUTENbHYIO UHDOPMaUUIO

6. Halioute B MHTepHeTe BUAOEO OMbiTa KaTaUTUYECKOW peakumu. 3anuiunTe ypaBHeHue
peakuuu, yKaxuTe, Kakoil katanusatop Obil MCNonb30BaH AnS €€ NpoBeAeHus.
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BbIBO/IbI K IJIABE 1
«OBOBIIIEHUE 3HAHUM I10 KYPCY
8 KIIACCA. XUMHNYECKHNE PEAKIINN»

1. XuMuuecKne BEIecTBA MO YJIEMEHTHOMY COCTABY PAa3[AesIsiioT Ha mpocThie (Me-
TAJJbl, HEMETAJJIBI, OJAropoHbIe rasbl) U CJHOKHBIE: ODMHAPHBIE coeguHeHUs (B TOM
YucJe OKCHABI, BOJOPOAHBIE COEIWHEHUA HEMEeTAJJOB) ¥ MHOTIO3JEeMEeHTHBIE COemH-
HEHUS, COCTOAINHNe U3 TPEX u GoJiee dJIEMEHTOB (THAPOKCHUIBI, COJIH).

2. OKcuIbl OAPa3fesaioT Ha HecoleoOpasyolnue U cojieobpasyiomiue (OCHOBHBIE,
aMmdoTrepHble ¥ KHCIOTHLIE).

3. M'ugpoxkcuasl moapasfendoT Ha OCHOBaHUA, aM(OTepHBIe T'HAPOKCHABI M KHC-
JIOPOACOAEPIKAIIIE KHUCJIOTHI.

4. Conu 1o cocTaBy KJIACCH(PMUUIUPYIOT HA CpeJHHEe, KHCJble, OCHOBHBIE 1 KOM-
IUIeKCHBIE.

5. BemecTBa MOryT CYIIECTBOBATh B TPEX arperaTHLIX COCTOAHMUAX: rasoobpas-
HOM, KHIKOM M TBEPAOM (KPHUCTAIIHYECKOM HJIH aMOpQHOM).

6. ITo pacTBOpuMOCTU B BOJie BEI[eCTBA YCJOBHO IOAPA3JeNA0T HA PACTBOPUMBIE,
MaJIopacTBOPUMEIE U HepacTBOPUMELE.

7. XUMH4YeCKHe PeaKIuu KJaCCH(PUIHUPYIOT M0 CIAeAVIOIINM IIPH3HAKAM:

e YHFCJIO ¥ COCTAB PEareHTOB W IIPOJVKTOB

s TEILIOBOM a(dexT

s arperaTHoe COCTOAHHE BelllecTB

e HAJMUYME KaTajlu3aTopa

¢ o0paTuMOCTB

* M3MeHeHHe CTeleHeil OKMCJIeHHA ATOMOB XUMHYECKHX 3JIEMEeHTOB, 00pasyio-
HIUX BellecTBa

8. CROpOCTbIO XHUMUYECKON pearKlli¥ Ha3bIBAKT HM3MeHeHHe KOHIIeHTpallk¥ Be-
IojecTBa B e€JHMHHILY BpeMeHH.

9. PaxkTOpHI, OT KOTOPHIX 34aBHCHT CKOPOCTH XHMHUECKHX PEaKI[HH:
e TIPUPO/IA PEATHPYIONIUX BEIeCTB [
s TeMIIepaTypa

e KOHIIEHTPAIIUA PEarupyIoIINX BeIlecTB

e ILIOMIaJb CONIPHMKOCHOBEHUA PEarNpPYIOIINHX BeIeCTB
Ha/lId4uhe KaTaJamsaTopa




XHMHYECKHE PEAKIIHH
B PACTBOPAX
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S 4. DIEKTPOJINTUYECKAS
JINCCOITUATIUS

B ABYX XHUMHYECKMX CTaKaHax 6e3 3TUKeTOK Haxogsatca no 10 r CaxapHoro ne-

!
J cKka U noBapeHHoW conu. Kak pacnosHatb 3TM BewecTBa?
Kro-To mpeanoXuT pacmos3HaTh WX IO BKYCY, 3a0BIB O TOM, YTO IpaBHJja TEXHU-
KK 0e30macHOCTH 3alpelialT MCIOJb30BATh TAKOW crocobd B Kabmuere xumuun. Ipy-
rme, ONMpasch Ha IIPOYHBIE 3HAHWA II0 XMMHM, BCIOMHAT, YTO caxap — BeIIEeCTBO
C MOJIEKYJISAPHOH KPHUCTAJJIAYECKON peIléTKoil, CclIefoBaTelbHO, JEerKo IIJIaBUTCH,
a CcoJNb, KAK BENIecTBO C HOHHOHM KpHCTAaJ-
JUYEeCKON pelneéTKo#, TyromiaBga. Taxoi
crmocod paciosHaBaHHA mOoTpebyeT MHOTO
BpeMeHH, a IJIaBJeHHe caxapa OyIeT coIpo-
BOXJAATHCA 00pasoBaHMEM ABIMA.

Iliia pelllieHus MMOCTABJICHHOHN 3aJadyu HC-
noJas3yeM npubop, n3o0paskeéHHbIN Ha PHCYH-
Ke 7. YroJabHBIE 3JIEKTPOJLI, K KJIeMMaM KO-
TOPBIX IIPHCOEIMHEHBlI IIPOBOJA, OIYCKAIOT B
pacTBOp Kakoro-imbo BelmecTBa. BKJOYaioT
npubop B BIEKTPHUECKYIO ceThb. JlamMmoura
3aropaeTcs, €cCJIM PACTBOP HPOBOJHUT 3JEK-
TPUYECKHIH TOK, ¥ HEe 3aropaeTcs, eCcJH pac-
TBOP €ro He IIPOBOJMT.

IIpuroroBuM BOAHBIE pPaCcTBOPBI caxapa M
HOBapeHHOI conu. B pacTBope IOBapeHHON
COJIM JIAMIIOYKA 3aropaercs, a B pacTBope ca-
xapa HerT.

Puc. 7. MNMpubop ana onpegeneHuns
3NeKTponNpoOBOAHOCTKM pacTBOpPOB

BeulecTtea, pacTBOpbl KU pacnnaBbl KOTOPbIX MPOBOAAT 3NEKTPUYECKUA TOK, Ha-
3bIBAIOT 3NEKTPOAUTaAMM.

K JIEKTPOJHUTAM OTHOCAT COJIM, OCHOBaHHA M KHCJIOTHI.

BeulecTBa, pacTBopbl M pacriaBbl KOTOPbIX HE MPOBOAAT 3JIEKTPUYECKUM TOK,
Ha3bIBAIOT HE3NEKTPONUTAMM.

K mesmeKTposmTaM OTHOCAT COHPT, TJIIOKO3Y, CaAXapo3y W APYyrue OpraHnudyecKue
J COeIUHEeHUHA.

- B u4ém npuunHa 3N1eKTPONPOBOAHOCTU PacTBOPOB 3/1EKTPOSIMTOB?

Inss oO'bsACHEHUA ATOr0 ABJIEHUA IMBENCKUIl XMMHK, jaypear HobGeneBckoit npe-
mun CBaHTe AppeHHYC HPEANOJOKHI, UTO IIPU PACTBOPEHUH B BOJE SJIEKTPOJHUTHI




pacnaganoTesa Ha WOHEBI (Aucconuupyior). Ob6paszoBaBuiecs
MOHBI M 00eCIeYMBAIT 3J€KTPOIPOBOAHOCTE PacTBOpA.

I'mooresa AppeHHyca MOJyUYHJIAa HAYUYHOE IMOATBEpPIKIE-
HUe, KOTOpPOe IIPEeBPATHJIO0 €€ B TEOPHI0 3JeKTPOJIHTHYE-
CKOM JuccOonManuu. Boabimod BKJaa B IIPEeBpAIeHHe DTON
rumnoressl B Teopuio BHecam ydeHuxku II. V. Menpeneera
WBan Anexceenu Kabnyxkor u Bragumup AJlekcaHgpoBuY
Kuncraxosckuil. IInsa o6bacHeHNA 2JIeKTPOIUTHYECKON aHC-
COIlMAIINM BeI[eCTB B BOJE PYCCKHEe XUMHUKHU HOPHMEHMNJIN
XUMUUIECKYIO Teopuio pacTBopoB Menpeneesa. Mx pmomon-
HEeHHs K Teopuu AppeHHWyca 3aKJII0YaJNCh B CIEAYIOIIEM:

1. IIpuunHOKA 3JIEKTPOJIUTHYECKON AUCCOLHUAIIUN SBJIA-
eTcs B3aMMOJIeHCTBUE 3JIEKTPOJIUTA ¢ MOJEKYJIaMH BOJEHI,
T. €. ero ruapaTaus.

2. B pacTBOpax 3JeKTPOJMTOB COJep:;KaTcsa He CBODOX-
HbIe HWOHBI, a4 TUAPATHPOBAHHBIE, T. €. «OAeTbie» B 000-
JIOYKY M3 MOJIEKYJI BOIBI.

MexaHM3M DJIEKTPOJIHTHUYECKON AUCCOIMAIINN
HOHHBIX COeJIWHEeHHH

Benomuum crpoerune mosexkyn soxbl HpO. Atom wuc-
Jopona OoJiee 9IeKTPOOTPHUIATE/IEH, YeM ATOMBI BOZOPOJA,
IOATOMY Ha aToMaxX BOAOpoga obpasyeTcA YaCTUYHBINA I10-
JIOKUTENLHBIN 3apsaj, a Ha aToMax KHCJIopoZa — YacTHdU-
HBII oTpHmareabHbIH. Ilonydaercsa, 4YTO MOJIEKyJa BOMIBI
UMeeT ABA IPOTHUBOMIOJOKHO 3apAKeHHBIX IOJI0Cca, T. €.
npeacrasiiser coboit dunouas. Ecam 9JIEKTPOIUT HWOHHOTO
CTpOeHHd, Hanpumep xJugopua Harpua NaCl, moMecTuUTh B
BOJY, TO BOKPYT IOJIOKUTEIbHLIX U OTPUIATENbHBIX MOHOB
KPHCTAJINYECKON PEIIéTKH 9JIEKTPOJIATA JTHUIIONN BOALI CO
PUEHTUDPYIOTCA IIPOTHBOIIOIOMKHO 3apAMKEHHBIMH KOHIIAMH
(puc. 8).

Mexay HWMOHAMH KpHCTAJIa 3SJIEKTPOJUTA W MOJEKY-
JaM#i BOIOBbI BO3HHMEKHET INpUTAMXeHHe, CBA3b MeXOYy HOHAa-
MH ociabeeT, W IIPOMB3OMIET IIepexoJ HMOHOB M3 KpHCTaJ-
Ja B pacTBop. llepemmeainye B pacTBOP HMOHBI OCTAaKTCA
CBSA3AHHBIMU C TPHUCOEIMHWUBIIMMUCA K HUM MOJIEKYIAMU
BOJALI, KOTOpPEIe 00pasyioT ruApaTHy0 000a10uKky moHa. Ta-
KO MOH HA3BLIBAIOT THAPATHPOBAHHBIM.

CrnemoBaTenbHO, TIPH  ZUCCOIHMAIIAN  JJIEKTPOJIHUTOB
C MOHHOM KpHCTAJJINYecKOl PpemIeéTKON IIocieoBaTeILHO
MPOUCXOAAT CJAEAVIOI[HEe IPOIeCCHI:

1) opuenmauyusa MOIEKYJ BOALI — JAWUIOJEH — BOKPYT
MOHOB KPHUCTAJIA;

2) eudpamayus (B3aUMOZEHCTBHE) MOJEKYJ BOJBI
C IIPOTHBOIIOJIOKHO 3apAKeHHBLIMH HOHAMH IMOBEPXHOCTHO
ro cJIoA KPHCTAJLIA;
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CeaHTe ABryct AppeHunyc

(1859—1927)

WMeaH AnekceesuH

Kabnykos (1857—1942)

Bnagpumup
AnekcaHapoBuy
KnctakoBckuia

(1865—1952)
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Puc. 8. Cxema anexkTponuTUYECKOW guccounauvm xnopwaa Hatpus

3) duccoyuayusa (pacmaj) KPHUCTAIIIA BIEKTPOJUTA HA THAPATUPOBAHHBIE MOHBI.
YpaBHEHPle AUCCONHAIlMK XJIOpHIOa HaTpHA:

NaCl = Na® + Cl”

MexaHH3M JMCCOIHMAIMHN 3JEKTPOJUTOB MOJEKYJISIPHOTO CTPOEHHH

Hucconpanus 371eKTPOJIUTOB, MOJEKYJIbI KOTOPHIX 00pa30BaHbBI 3a CYET KOBAJIEHT-
HOU IIOJIAPHOW CBA3U, IIPOTEKAET AHAJOTMYHO AUCCOIUAIIUY HOHHBIX COETUHEHUMH.
B sTom ciayuae 1o AeHCTBHEM MOJIEKYJ BOABLI KOBAJEHTHAs MOJSPHAS CBA3H IIpe-
BpalaeTcsa B MOHHYIO, U MOJIEKYJIbI 9IEKTPOJIMTA PaClafaioTcs Ha MMAPATUPOBAHHbBIE
MOHBI. JTOT IpoIecc IIOKa3aH Ha PUCYHKe 9 Ha npuMepe AUCCOMMAIIAHN XJIOPOBOAOPO-

Puc. 9. Cxema anekTponuTUYEcKor auccouuaummu Mofexkysn xJ0poBoaopoaa
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na. B pesynbprare mgucconmanuy mosekysn HCl B pacTBop mepexoiaT IMApaTHpPOBaH-
Hble MOHBI BOJOPOJAa M XJIOpa. ¥ paBHEHWE JUCCOIHMAIINH XJIOPOBOAOPOAA:

HCl = H' + cI

CreneHsn 3nen’rponn’rnqecmoﬁ AUCCOLIMAIIHH

PasHble 91€KTPOIUTEI B PASHOH CTENEeHW AUCCOIMUPYIOT HA HOHBI. ITO CBOHMCTBO
BJIEKTPOJUTOB XAPAKTEPUIYIOT 0C000il BeNMYWHON, KOTOPYI TAK ¥ HA3BIBAKT —
CTelleHb BIEKTPONUTUYECKON aucconuanuu. Eé obosznayaroT rpedyeckoi OYKBOM o —
«anspar.

OTHOLLIEHWE KONMYEeCcTBa BELLECTBA 3NEKTPONNTA, PacraslIerocs Ha WoHbl (N ),
K 06LieMy KONNYECTBY PACTBOPEHHOTO BEILECTBA (N1 ,) HA3bIBAIOT CTENEHbIO
3NEeKTPONUTUYECKO AuccouuaLm:
n
o=-2
Ny

CreneHb BJIEKTPOIUTHUYECKOH AHUCCOIIMAIINK ONPEHeIA0T ONBITHBIM IIYTEM M BEI-
pakamT B OOJIAX UM npoienrax. Ecaum o = 0, To gucconmuanua OTCYTCTBYET, a ecan
o =1 (100%), To 3MeKTPOJIUT TOJHOCTHIO PACIIAJAETCsHs HA HMOHBI.

B BogHOM pacTBOpe CTEleHb 3JeKTPOJUTUUYECKOH AMCCOIMAIINUA 3aBHCHUT OT IIPK
POABI BJIEKTPOJKUTA W OT ero KoHIeHTpamuu. IIpu pasbaBieHHMM pacTBOpa CTEIeHb
BIIEKTPOJIMTUYECKON AUCCOINAIIUUA YBEJIUYUBACTCH.

Ilo cTeneHu 2/IEKTPOJUTUYECKON AMCCOMHUAIIAN BCE SJEKTPOJUTHI OeJIAT HA CUIb
Hble U cJiabbre.

CunpHBIE 9JIEKTPOJIMTHI B PAcTBOpPe IIOJHOCTBIO pacHajaioTcda Ha HMOHBI (o0 — 1),
T. e. DUCCOLUUPYIOT HeobparuMo. K HMUM OTHOCAT:

e BCE PACTBOPUMEIE B BOJE COJIH;

s TIIEJIOUHN;

o muorue kucigorsl, Hanpumep HCI, HNO;, H,SO;,.

3anuieM ypaBHEHHA 3JIeKTPOJIUTHYECKOH [AHCCONWAIIMHM HEKOTOPBIX CHJIBHBIX
QJIEKTPOJIUTOB:

K80, = 2K+ + 802"

NaOH = Na  + OH

Cnabple 3JIeKTPOJIMTHI JIMIIL YACTHYHO pacnazaiorca Ha moHbl (00 — 0). Hucco-
IUHUPYIOT TaKHe 3JeKTPOJHTHI 00paTHMO, T. €. HApALY C IIPOIEecCOM paclaza MX MOo-
JIEKYJI HAa MOHBI — [AUCCOIHAIUEl — MPOUCXOAUT MPOIlecC COEIUHEHUS MOHOB B MO-
JeKYJIbL — accouuauyusi.

K cinabbiM aJeKTpoJamTaM OTHOCHAT:

* MHOTIHe HeopraHudeckKue KucaoTsel, Hanpumep: HNG,, HyS, HyCO3, HF, HoSOg;

« ruapar ammuaxka NHg.- Hy0;

e oprammdeckue rucjgorTel, Hanpumep CH3COOH (ykcycHasa wmciaoTa).

B ypaBHeHMAX JUCCONHAINK TAKHX SJIEKTPOJHUTOB HCIONIBL3YIOT 3HAK oOpaTuMo-
CTH — JABe IPOTHBOIOJOKHO HAIPaBJIeHHbIE CTPEIKH:

HNO, = H' + NOy

NH; -Hy0 =2 NHy + OH
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Na6opaTopHbiii onbiT 13

B yrnybneHve nnaHweTku On8 3KCNepyuMmeHTa ¢ ManbiMU KOMYeCTBaMi BELeCTB KanHu-
Te C NOMOLLBIO nuneTku 1—2 kannn pacTBopa yKCycHoW kucnotel. Cobniogas npasvna
TEXHUKK 6e30MacHOCTH, NoHIOXaMTe kMenoTy. Y1o otmevaeTe? M3ameHaeTcsa N MHTEHCUB-
HOCTb 3anaxa npu gobasneHuu k kucnote 7—10 kanens Boabl?

YKcycHasa Kuejgora — cjabad Jerydad KHCJA0oTa, obaafamllasd PesKHuM 3allaxoM.
(JleTyurMK HA3BIBAIOT BEI[ECTBA, KOTOPbIE JIETKO IIEPEXOAAT B TrasoobpasHoe Cco-
croauue.) IIpu paszbGaBieHUU OHA KaK cJaabblil SJIeKTPOJIUT MOYTH HE pacrnajaercsa
Ha MOHBI, U MOJIEKYJBI O0YCJIOBJHBAIOT COXpaHeHUe 3amaxa.

T

ANeKTponuTbl. JneKTponutTuyeckas aumccoumaums. uapartupoBaHHble
MOHbI. CTeneHb 3NeKTPONUTUYEeCKon auccoumaummn

1. Kakve BellecTBa Ha3blBAKT 3nekTrponvutTamun?

2. YTo Ha3bIBAIOT 3NEKTPOIMTUYECKOW auccoumaumein?

3. Y710 Ha3bIBAIOT CTENEHbLIO ANEKTPONUTUYECKO aunccoumaumn? Ha kakwe rpynnesl genaT
BELLECTBa N0 CTENEHW 3/IEKTPONUTUHECKOW amccoumaummn?

4, OT kakux (pakToOpPoB 3aBMCWT CTEMNEHb SNEKTPONUTUHECKO auccoumnaummn?

\\
MpumeHnTe cBOWU 3HAHWA

5. Moyemy kKpuCTanIMYeCcKUin XNopuh, HAaTPUA HEe MPOBOAUT SNEKTPUYECKUA TOK, a ero
pacTBop anekTponpoeogeH? O6bACHUTE MEXaHW3M OUCCOUMaLUMKU 3TOW COnu.

6. MOXHO N1 roBOpPUTL O MNPOLECCE accounauMm B pacTBOPax 3NEKTPOSMTOB C MOHHOWN
CBA3bLI0? A C KOBaneHTHOMN?

7. Hanuwute ypaBHEHWA 3NeKTPONUTUYECKOW Auccouvauny chnenyowmx BeLecTs: xno -
pupa xeneaa(lll), cepoBopopoaHoi kucnotel, cynbdarta xenesa(ll), pochara Harpus, ru-
apokcupa HGapusa, a3zoTUCTOW KUCNOThbl, a30THOM KUCNOThI. ModyemMy B OQHWUX ypaBHEHUNAX
Bbl 3aMUCLIBAETE 3HAK PaBeHCTBA, a B OPYrux — 3HakK obpatumocTtu?

8. Yemy paBHa cymma koadduumeHToB nepen, GopMynaMu MOHOB B YPaBHEHUAX aNek-
TPONUTUHECKOW auccounaumn: a) Hutpara xeneaza(lll); 6) xnopuoa anoMUHUSA; B) HUTPU-
Ta Kanus; r) cynsdarta ammoHWA?

9. B pacTtBopax KakuMx coOeouHEHU 3aropuTcst NamMnoYvka Npyu UCNbITAHWMKM UX Ha 3NEeKTPOo-
NMPoOBOAHOCTL: a) cepoBoaopon; 6) azoTvcTas KWMCNOTa; B) ruapokcua Gapus; r) ruapart
amMmmuaka; [i) cepHas kucnoTta; e) cynbdar marHua? [ne namnodka GyneT ropetb ApKOo,
a rge — Tyckno? Kak MOXHO yBENMYUTb MHTEHCUMBHOCTb €€ CBevyeHna?

10. HaignTe KONWYECTBO BELLECTBA KAKO0ro M3 MOHOB, copepxawmxca B 342 r 5%-Horo
pactBopa cynkdara anioMuHUs.

LS

Ucnonb3ayinte AONONMHUTENbHYIO MHPOPpMaLUIO

11. NoaroTtoBbTe coobLleHUe O XU3HW 1 TBopyecTBe C. AppeHuyca.
12. NopgrotosbTe npeseHTauuio Nno teme «Bxknag pycckux XMMWKOB B TEOPUIO 3M1EeKTPO-
NNTNHECKON Anccounaumm=.
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§ 5. OCHOBHBIE IOJOXEHUS
TEOPUU DJIEKTPOJIUTUYECKOU

ANCCOLINAILINN

Teopus (oT rpeu. theoria — HabnioaeHue, uccnepgoBaHue) — COBOKYNMHOCTb Ha-
YUHbIX MOJMIOXKEHWH Kakoro-nnbo yuyerus. MNpeaMeToM XUMUK ABNSIOTCS BelLecTsa,
a NpegMeToM TEOPWUW INEKTPOJSIMTUYECKOW AWMccouMauuu — 3nekTponutsl. Ceow- "

CTBA 3/IEKTPO/IUTOB OOYC/IOB/IEHbl CBOMCTBaAMM OOPAa3YIOWMXCA NPU WX AMCCOLM-
auuu voHos. Kak ccopmysiMpoBaTb OCHOBHbIE MOJIOXKEHUA 3TOM TEOPUMU B COOT-
BETCTBUM C NIOTMYECKOW CXEMOM: BELLECTBA =2 3NEKTPO/IMTbl =2 WoHbI? [Mouemy
B [laHHOW CXeMe WCNo/ib30BaHbl 3HaKW obparumocTu?

W3m0XHUM OCHOBHBIE IOJOMKEHHUA TeoOpHuH 3JIBRTpOJIHTH‘IBCROfI AdUCcCOIHMAaIlMK B CO-
OTBETCTBHH C npennomeﬂﬁoffr CXeMOId.

1. Bce BellecTea no cnocobHoCTH NpPOBOOHTb BHEKTPH'-IECKHFI TOK B BOOHbIX pac-
TBOpaxX WK B pacnnagax OeNAT Ha 3NeKTPOZIMTbl U HEINEKTPONMUTDbI.

2. B pactBope 3NneKTpONUTbI [UCCOLMUPYIOT, T. €. pacnafatoTcs Ha UoHbl. MNpuunHoK
LUCCOLMALMK CNYXKHUT rMapartauus 3N1eKTPosnTa, T. e. ero B3auMOAEWCTBUE C BOJOW.

Honsl (oT rped. ion — UAYLOIWUN, CTPAHCTBYIOIIWUI) — BTO IIOJOKUTENBHO WIH
OTpHUIlATEJBLHO 3apssKeHHbIe YacTHILLI, oOpasylolniuecsa IIpH IIoTepe WJIM Ipuodpere-
HHUHU 3JIEKTPOHOB ATOMAMM HWJIU TPYIIIAMH ATOMOB.

ITo cocTaBy pasiIHuYaiOT MpocThie HOHEBI (Hampumep, Na', Cl -, Sz_, AIF*

) B Ca0K-

He1e woHs! (mampumep, NHj, SO?;‘ ¥

Ilo 3apAny pasjJifnydyarnT IDOJOXKHUTeJIBHEIe M OTPpHIlaTeJIbHBIe HOHBI. TTonoxxuTens-
HBbI€ MOHBI ABHJEYTCA K OTpHIOATEJIBHOMY IIOJIOCY MCTOYHHMKA TOKAa — KaToay, H IIO-
2TOMY HX Ha3bIBAKT KATHOHAMM. K HumM oTHOCAT:

e KaTHOH BOJOpoOIa m

 KaTHOHBI MeTantoB M'"

+
e garuoH amMmonusg NHy

OrpunarejbHbIe MOHBI ABUKYTCA K IIOJIOMKUTEILHOMY IIOJIOCY UCTOYHUKA TOKA —
aHoAy, U IOATOMY MX HA3LIBAIOT aHMoHaMu. K HuM oTHOCAT:

e rugpoxcug-anmon OH

e AHHMOHBLI KHMCJOTHBIX OCTATKOB

3. Obpazytowmecs B pesynbrare AUCCOLMALMUM WOHbI B PacTBOpe rMApPaTUpOBaHbl,
T. €. OKpY>XeHbl 0DONOYKOW W3 MONEKYN BOJb.

CpoiicTBa rHAPATUPOBAHHBLIX MOHOB OTJIMYAKTCH OT CBOMCTE HEIUAPATHPOBAHHbBIX.
Hanpumep, ruapaTHpPoOBaHHBIE HOHBLI MeIH C1?+.-.4H20 MMeIT CHHHH IIBET, a He-
THApATUPOBAHHbBIE HMOHBI MeaH Cu2+ B 0e3BOMHBIX Kpucramaax cyiabgara megu(Il)
CuSO, GecuseTHHI.
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4. Pa3Hble 31eKTPONUTbI MO-PasHOMY [AWCCOLMUPYIOT Ha WMOHbI, MU MO ITOMY NpPU-
3HaKy MX LENAT Ha CUAbHbie U crabble 3NeKTPONUTSI.

KonuuecTBeHHO cr1ocoOHOCTE AJIEKTPOJIHMTOB JHCCOIMHUPOBATE XapaKTepHu3yeT CTe-
IIeHb SJIEKTPOJIHTH‘IECROI?I AUCCOIIHNAIIMH.

RHCJIOT]:I, OCHOBAHHA H COJH KaK 3JeKTPOJIHNTHI

OnNeKkTponuThbl, KOTOPbIE ANCCOUMUPYIOT B BOAE Ha KaTMOHbLI BOAOPOAA W aHWOHbI
KMCNOTHOINo OCTaTtka, Ha3blBaldT KUCAOTaMMW.

OGriiee ypaBHEHHE 3JIEKTPOJUTHUECKON AUCCOIIHAIIMHA KHUCJIOTHEI MOYKHO IIpPeACcTa-
BUTL B BHJE

H,Acd = nH  + Acd",

rae Acd — KHCIOTHBIH OCTATOK; N — BeJHYMHA 3apafa aHMOHA KHCJIOTHOIO
ocraTKa (OCHOBHOCTHL KMCJOTHI).

Ilo umecny aToMOB BOAOPOZA, CIIOCOOHBIX 3aMeINaThCA aTOMaMKM MEeTaJLIOB, KHE
JIOTBI TOAPasfeNdaioT HA TPH TPV

» ogHoocHOBHBIe (Hanpumep, HCl, HNO;, HNOy)

« aByxocHOBHBIe (Hanpumep, HySO4, HoCO3, HyS)

e TpéxocHOBHBIe (Hanpumep, HyPOy)

Ilo HATWYHIO KHCJIOPOAA B KICJIOTHOM OCTATKe KHCJIOTHI OBIBAIOT:

e KHucyopoacoaepxaniue (Hanpumep, HSiO3z, H,S03, HzPOy)

e Geckucaopoausie (Hanpumep, HCl, S, HCN)

Ilo pacTBOpMMOCTH B BOJE KHCJIOTHI HeJAT HA ABe TPYIIILI:

o pacrBopumsle (Hanpumep, HCI, HySO,)

« HepacTBOpHMBIe (Hanpumep, HsSiOj3)

B 3aBHCHMOCTH OT CTEIIEHH SJIEKTPOJUTUYECKON IHMCCOIMAIIMY KHUCJIOTHI OBIBAIOT:

o cunbHble (Hanpumep, HNO;, HCI, H;SOy)

o caabele (manpumep, HyS, CH3COOH, HNO,)

Kak cunpHbIe, TaK W caabble OZHOOCHOBHBIE KHCJIOTHI THCCOIMPYIOT, pacnagasich
HA KAaTHOH BOJOPOJA M AHMOH KHCJIOTHOTO OCTATKA:

HBr = H + Br~

HNO, = H + NG,

MHOrooCHOBHBIE KHCIOTHI JUCCOLMUPYIOT CcTyleH4YaTo. Ha mepsoii cTymeHu oT-
ImenAeTcA NepBbI KAaTHOH BOAOPOJa, HAIIpUMep:

H,S 2 H' + HS

BropomMy KaTHOHY BOZOPOJAA TPHUXOAUTCA OTPHIBATHCA YiKe He 0T HeHTpaJIbHOH
MOJIEKYJIbI, 4 OT OTPHUIATEJbHO 3apAKeHHOI0 MOHA, YTO 3HAYMUTENIbHO CJOMKHee.
CiepoBaTe/IbHO, AUCCONMANMWA KHCJIOTHI (Jaske CHUJILHOI) II0 BTOPOIl CTyIeHH MeHee
BBIpaykeHa, 94eM IO IIePBOM:

HS =2 H + &
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ONeKTpoNnTbl, KOTOPbIE AMCCOUMMPYIOT B BOAE Ha KaTMOHbI MeTasia (U1 MOHbI
aMMOHWS) U TMAPOKCUO-aHNOHbI, Ha3blBalOT OCHOBaHUAMMW.

B o0mem Buge ypaBHEHHE 3JIEKTPOJUTHUYECKOH [AUCCONMUAIMN PACTBOPHUMBIX
B BOJIe OCHOBAHHIU (Imesioueii) BBITJIAAUT TAK!

M(OH), = M"™ + nOH ,

rome M"" — karmon Meramma; n — BeJMYMHA 3apANA KaTHOHA MeTAJLia.

IloMuMO THAPOKCHIOB METAJJIOB, OCHOBHbIE CBOMCTBA IPOABJAET BOAHBLINA pac-
TBOp aMMuara. ['a3000pasHBI aMMHaK He IPOCTO PACTBOpPAETCA B BOAE, HO W Ua-
CTHYHO ¢ HeH B3ammogeiicTByer. Ilpm asToM obpasyeTcss THApPAT aMMHAaKa, COCTAB
KoToporo zamucsiBaroT (opmysoi NH;.-HsO.

ITo uneny ruApOKCUNBHBIX IPYOO, T. €. KHCJIOTHOCTH, OCHOBAHUA HOAPA3HAEIAIOT
Ha JBe T'PYIIILL:

e oAHOKHCJIOTHBIe (Hanmpumep, NaOH, LiOH)

o aByxkuciaoTHbele (Hanpumep, Ca(OH), Ba(OH)s)

ITo pacTBOpPHMMOCTH B BOJe OCHOBaHHA JeJdAT Ha OBe I'PDVIIIIBLI:

e pacTBOopuMEIe, miu ménoun (manpumep, KOH, Ba(OH), NHs-H,0)
» HepacTBopuMbie (Hanpumep, Fe(OH))

B 3aBHCHMOCTH OT CTEIleHHW 3JJIeKTPOJHTHYECKON IHCCOIMAIINHA OCHOBAHUA OBI-
BaIoT:

e cuibHBbIe, mau Imenoun (Hanpumep, NaOH, Ca(OH), Sr(OH),);

e cnabele (Hanpumep, NHs.- HsO).

OcHoBaHHUA AUCCONMMPYIOT B pacTBopax, pacHajgasdch IIPH 9TOM HAa KATHOH Me-
rTajia U rugporcug-annoasr OH :

NaOH = Na" + OH™
Ba(OH), = Ba™ + 20H
T'uppar aMMBaka OHCCONHUUPYET II0-0CO0OMY:

NH;-H,0 = NHj + OH

Il

SﬂeKTDOHHTbI, KOTOpblE AMCCOUMUPYIOT B BOAE HA KaTWMOHbLI MeTanna (UM UOHLI
aMMOHMS) U aHWOHbI KUCNOTHOMO OCTaTKa, Ha3bliBaloT CONAMM.

Pons OOHO3apPAOHOTO KaTHOHa MeTaJJia B COJAX MOMKeT UIrpaThb KaTHOH aMMOHHA
NI‘Q — 3TO TaK Ha3bIBaeMble COJIHM aAMMOHHMA, WJIHN aMMOHHUNHBIE COJIHM, HaIlpHuMep:

NH4Cl — xnopupn ammonmusa, (NHy)2SO4 — cynsdar aMMoHUA.
B saBmCHMOCTH OT PacTBOPHMMOCTH B BOJE€ COJHM, KaK 1 BeIlecTBa APYIUX KJac-
coB, OBIBAIOT:
» pactBopuMmEle (Hanpumep, NaCl, KNGO;)
e masopacTBopuMbie (Hanpumep, CaSO,, PbCly)
» HepacTBopuMkbie (Hanpumep, AgCl, BaSQy)
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Bce conmm — cuabHEBIE 3J€KTPOJUTH. B pacTBope OHM IOJHOCTBIO AMCCOILMUPYIOT,
HaIIpuMep:

2Na" + CO%'
APBT + 3cr

NaOj
AlCl4

Il

NHyBr = NH; + Br~
Cra(S0y)3 = 2021 + 38C%

,H;Jlﬂ HepaCcTBOPHMBIX coJiei YpaBHeHHA [JHCCOOHMAIIMM He 3allMCBIBAKOT, KaK H
AJaA BCeX HepacCTBOPHMBIX COQJJ;HHEHKII:I.

B cocraB cpegHUX coJieil BXOAAT TOJIBKO KATHOHBI MeTaslla M aHWOHBI KHCJIOTHO-
ro ocratrka. Takme cOIM MOKHO PAaCCMATPHBATH KAK IIPOAYKTHI IOJHOTO 3aMEINeHUA
aTOMOB BOIOOpOZa B KHCJIOTe aTOMaMH MeTaJlJIOB.

OZHOOCHOBHBIE KHCJIOTHI KUCJBIX COJIel He 00pasyioT. B MHOTOOCHOBHBIX KHCJIO-
Tax aToMOB BOOOpPOIa HECKOJIBKO. Ecan ne Bce, a4 TOJBKO 4YaCcTh M3 HHX 3aMeCTHTB
arToMaMMi MeTaJlJIOB, IIOoay4dYaTcsda KHCJIbIe COJIH. Hanpnmep, VAaIuB OJWMH KaTHMOH BO-
zopoja B MOJeKyJie YroJbHOo# Kueaorel, noayuum annonHCO; . Sror anmon sxoaur
B cocTaB KucJbIX coieit, Hanpumep: NaHCQ;, Mg(HCO3)s.

Kucnble conn, Kak ¥ MHOIOOCHOBHBIE KHCIOTHI, JUCCOLNHUHPYIOT CTYIIEHYATO:

NaHCO; = Na" + HCOj3
HCO3 = H + CO%

Tak Ke KaK M JUCCOIMAIIUS MHOTOOCHOBHBIX KHCJIOT, JUCCOIHAIAA ITUX COJIeH
OpPOTeKaeT IIPEeUMYIeCTBEHHO II0 IIePBOH CTYIIeHH.

KoMneKcHBIE CONH TOXKe JAUCCOMHUDPYIOT, HallpuMep:

Na[Al(OH)4 & Na' + [AI(OH) T
[Ag(NH3),;]Cl 2 [Ag(NH3)s" + CI°

Teopusa anekTponuTnyeckoi aunccouuauuu. NMpocTteie MoHbI. CRoXHbie UOHBI.
KaTtunoHbl. AHWOHBI

| lposepbTe cBOM 3HaHUA

1. ChopmMmynupyinTe OCHOBHbIE MONOXEHUS TEOPUM INEKTPONUTUHECKONR Auccoumaumn.

2. faite onpegeneHnsi KACNOT, OCHOBaHWIA U CONen C TOYKW 3PEHUA TEOPWUW INeKTPo-
NUTUYECKOW auccounaumm,

3. Ha kakune rpynnbl OensT KUCNOTbl, OCHOBAHWUSA U CONU?

4. B 4éM pasnuyve NpouecCoB 3NMeKTPONUTUYECKON OUCCOUMALUMU CUNbHBIX U cnabbix
3NEeKTPONMTOB? HanuwnTe ypaBHEHUA 3NEKTPONMTUYECKON ANCCOUMaLMKA a30THOW U a3o -
TUCTOA KUCMOT. B kakom ypaBHeHuM HeobBxoaMMO NOCTaBWUTb 3HAK PABEHCTBA, a B Ka-
KOM — 3Hak obpartumoctin?
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NMpumeHnTe cBOM 3HaHUA

5. HanuwmnTe ypaBHEHWA 3NEKTPONMTUYECKOW AMCcCoLMaLmi crneaylowmx BelecTs: bpo-
MUOa Kajuda, MOOOBOOOPOAHOW KMUCNOThl, xnopupda xenesa(lll), cynedara Hatpus.

6. B 4&m Ccx0ACTBO M pasivyne cocTasa pacTBOPOB x0pMAaa Kanusa v xnopuaa Hatpusa?
HazoBUTE WOHBLI, NPUCYTCTBYIOLLME B PACTBOPax 3TUX BELLECTB.

7. Yemy paeHa cymma koadduumeHToB nepen dopmMmynamu MOHOB B YPaBHEHUAX anek -
TPONUTUYECKOW Auccounaunn: a) HuTpara nutus; 6) xnopuaa Hapusa; B) HUTpUTA Kanb-
uns; r) cynodara umHka?

8. Cpeay nepeyvyucneHHbIX BELLECTB YKaXKWUTEe CUNbHbie M cnabble 2NeKTponUThl. Cepo-
BOAOPOAHAA KMCNOTA, a30TUCTaa Kucnota, rmapokcua 6apwa, rugpaT ammuaka, cepHas
Kucnota, cynsdar marHus.

9. OnpegenuTte CTENEHW OKUCNEHUS aTOMOB B craeaylolmx kucnotax: 6opHas H 3BO4
metadochopHaa (HPO 3),,, oeyxpomosas HsCr-0;. Hanuwwute ypaBHeHWs CTyneH4artoi
anccoumaumm OBYXPOMOBOW KUCAOTLI, YYUTLIBASA, YTO NO MEPBOW CTYNEeHW ABYXPOMOBas
KMCNoTa AUCCOUMMPYET NONHOCTbID, a NO BTOPOW — 4aCTUYHO.

10. B 1 n Bogpl pacteopunn 4,48 n ammmnaka (H. y.). Halngute maccoeyio ooniw ammuaka
B MOJYy4EeHHOM pacTBOpe.

11. fJaitte HaseaHusa conei, dopmynbl koTopbix: Na »,S05, (NH4).S, KNO,, CuSO,
Cr(NOg3)3, Ca(HCO3)o, NH4HSO,. Hanuwute ypaBHEHWS SneKTPONUTUYECKOW AMccouu-
aunn Kaxagonm w3 aTux conein.

-

/

Boipasute cBOé MHeHue

12. B yém cxoacTeo v pasnuuue auccoumauuu conein K PO, KHPO, n KH,PO,?

§ 6. XUMMWYECKHME CBOIICTBA
KHNCJIOT KAK DJIEKTPOJIUTOB

Bcrnomuute obluee ypaBHEHUE 3NEKTPOJSIMTUYECKON AUCCOUMALMU KUCOT:
H,Acd = nHY + Acd”™

B pacTBOpax KUCNOT NPUCYTCTBYIOT ABa TUNa MOHOB: OJWHaKOBbIE OJ18 BCEX KHC-

JIOT — KaTUOHbI BOAOPOAA U UHAUBUAYANIbHbIE ANS KaXKAOW KUC/NOTbl — aHMOHbI

KMCNOTHOro octatka. Kakue WoHbI, obpasyiouiMecs npu AWCCOLMALUM KUCIOT,
obycrnosnuealoT uUx obluve ceoicTea?

PaccmorpuM ofnipe XMMHUUYECKHEe CBOMCTBA KHCJIOT.

1. Bece kuciiorsl 00J1aaOT KMCIABIM BKycoM. KoHeuHO, IpoBepATh 3TO B Kabu-

HeTe XMMHH KaTeropuyecEH 3alipelgaeTcHd. Bam XOpoIIIo 3HAKOM KUCJBINA BKYC

BeJisi, OOYCJOBJIEHHBIN cojep:kalieiics B HEM HIaBeJeBO# KUCIOTON, MU ATOH CMO-

POAMHBI, GOraThiX JUMOHHONI, A0JOYHOH M aCKOPOMHOBON KHCIOTAMI.

2. PacTBOpuMEbIe B BOJe KHCJIOTHI M3MEHSAIOT OKpPacKy HMHIUKATOpoB. Jlakmyc,
MEeTHJIOBBIA OPAHKEBBIA M VHUBEPCAJNbHBIA MHIMKATOPHI B KHCIOH Cpele OKpalllu-

BalOTCA B KPACHBIN IiBeT, (peHo/IPTalIeMH ocTaércA OecIBETHBLIM.

ma-
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NaGopaTopHbii onbiT 14

MomecTuTe B WTATUB OBE NPOBUPKM C 2 M pacTBoOpa CEpHOW KUCNOoThl, ABe — C 2 MAN
pacTBopa a30THOW KUCNOTbl M ABE — C 2 MJ1 CONAHOM KMCNoTel. B nepeyto, TpeTbio 1 na-
Tylo Npobupku gobaBbTe ¢ NOMOLLBID NUNeTkn 2—3 Kannu pacTeopa nakmyca, B OCTallb-
Hble — MeTWNOBOro opaHxeBoro. Kak uameHunacoe okpacka wHaukatopos? lModemy onsa
akcrnepumeHTa He Obin nNpeanoxeH pacrBop deHondTanemHa?

3. KuciaoTbl pearupyioT ¢ OCHOBAHMAMHE ¢ O0OpA30BAHWEM COJU M BOMBI.

JNaGopaTopHbii onbiT 15

Haneiite B Tpu npoBupku no 2 MA pacTteopa ruapokcuaa Hatpus U pobasBbTe K HUM
no 2—3 kannu deHondTaneuHa. Yro Hadbnwogaere? 3atemM Mo KannsMm nNpuaveanTe B 3TU
NPoBUPKKU KMCNOThI: B NMEPBYID — PACTBOP CEPHOW KMCNOThl, BO BTOPYIO — PacTBOp a3oT-
HOI KWUCNOThI, B TPETBIO — COMAHYIO KUCNOTY A0 Tex nop, rnoka pacrBopsl He obecuBse-
TATCA. O 4EM CBWAETENLCTBYET MCHE3HOBEHWE okpacku uHaukatopa? [loTporainTte AHO
npobupok 1 caenaiTe BbIBOA O TernioBoM 3addekte peakuunu.

J

Sanuiinem YpaBHeHHNA nponenéHme peaEuHﬁ, VYHUTBIBAA, YTO B OIIBITE MCIIOJIb-
30BaJIMCh CHJIBHEIE 2JIEKTPOJIMTEI, ITOJHOCTBIH paclajgallluecd Ha HOHBI.

1) 2NaOH + H,SO, = Na,SO, + 2H,0

3anuch ypaBHeHU: peaKnuil ¢ IoMOI[bi0 ()OPMYJI BeIeCTB HA3LIBAIOT MOJEKY-
JAPHBIM ypaBHeHHMeM peaxkinu. IlepenumieM MoJIeKYJIApPHOe YPaBHEHHE CJeIYIOLIMM
obpasoM: (OPMYIBI CHIBHBIX 2J€KTPOJHUTOB B3alHIIeM B BHAE HOHOB, a (OPMYJIY
BOABI KAaK OUEHBL CJa00T0 sJIeKTPOJIMTA OCTABUM B MOJEKYJISIPHOM BHIE:

2Na™ + 20H + 2H' + SO = 2Na' + SOF' + 2H,0

Takyoo 3anuch HA3LIBAIOT IMOJHBIM HOHHBIM ypaBHEHUEM peaknuu. B mém mpesu-
CTaBJIeHbl BCe YaCTHIbI, pPeaJIbHO CcoJepiKalluecsd B pacTBoOpe.

W3 monHOro MOHHOrO yYpaBHEHHUSA BHJIHO, YTO KATHOHBI HATDPUS 2Na u cynbsdar-
AHUOHBI SOE_ 3alucadbl U B JEBOH, U B mNpaBoil yacTax ypaBHenud. CliegoBaTellbHO,
OHHM He YYACTBYIOT B PEAKIIMH M MX MOXKHO cOKpaTuTh. Ocraércs:

2H" + 20H = 2H,0
H + OH™ = H30

Takum oOpasoM MOJYYalOT COKpPaNIEHHOEe MOHHOE YpaBHEHHe, T. €. TaKoe ypaB-
HeHHe, B KOTOPOM IIOKa3aHO, MerKJy KaKMMH YacTHUIlaMW HAET B3anMOJeicTBHe.

2) NaOH + HNO3 = NaNO3 + HyO — moaexyiapHOe ypaBHeHHe pPeaKIIUU;
Na" + OH™ + H'+ NO3 = Na" + NOj3 + Hy0 — monHoe MOHHOe ypaBHeHHe;
H™ + OH = H30 — coxpaménHoe MOHHOE ypaBHEHUeE.

3) NaOH + HCI = NaCl + HoO — wmoJeryaapHOe ypaBHEeHHe PeaKIINu;
Nat + OH  + H  + ClI” = Na' + €I + Hy0 — mosHOe MOHHOE ypaBHEHUE;
H™ + OH = H30 — coxpaménHoe moHHOe ypaBHeHHe.
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CokpalléHHoe MOHHOE ypaBHEHHEe OJMHAKOBO JJId BCeX IMPOBEIEHHBIX peaKI[uii:
KamuoHvl eodopoda e3aumodeilcmeywm ¢ 2ulpoKCUO-AHUOHAMU € 00pA308aAHUCM
800blL. ITO 3HAYUT, YTO IMPOTEKAeT peakKIud HeWTpaJIU3allHuu:

H" + OH = HO
KHUCJIOTHAA INeJIOYHAA  gefitpansbHAs
cpefia cpeja cpesa

Peakuna HeidTpanmsanuu — 4YacTHBIN ciaydail peaknuii oomena. Peakuum obme-
HA, TPOTEKAaloIlHe B PacTBOPAX C YYACTHEM 3HJIEKTPOJUTOB, HASBIBAIOT PeaKIfHIMH
HOHHOTO OOMeEHA.

PaccMoTpuM B3amMOAeHCTEME 9THX K€ KHCJIOT ¢ HEPACTBOPHUMBIM THAPOKCHIOM
menu(Il).

JNabopaTopHeii onbiT 16

N
Monyunte ocapok rnapokcupa megu(ll) B Tpéx npobupkax: Kk 2 mn pacteopa cynbdara
meau(ll) npuneite 1 Mn pactBopa wWwenoyn. B nepByo npobupky npuieinte CoNsHyo
kvcnoTy (T. e. pacTeop, copepxawwmin noHel H* u CI7), Bo BTOpylo — pacTBOp cepHol
KUCJIOTBI (T. €. PacTBOP, CoaepXalimii noHsl H ™ n SOE'}, B TPETbIO — pacTBOpP a30THOW
KMCNOTHI (T. €. pacTeop, coaepxawmin voHsl H T u NO3). H1o HabniopaeTte? 3anuuute
COOTBETCTBYIOLLME YPABHEHWA peakuui.

B

Bo Bcex Tpéx mpobupkax HaOaO[aeTCa OAMHAKOBBIN a(h@MEKT: 0CaZoK PacTBO-
psaerca u obpasyeTcs pacTBop royyooro usera. MoHBI MeAu M3 OCALKA MEPEXOAAT
B pacTBop:

Cu(OH)! + cunbras kuenora (nH'™ + Acd”) — cu®t + ..

CorslacHO 3aKOHY COXpPaHEHHA 3apAH0B, KOTOPHIH BBl M3yYalld B Kypce (DH3UKH,
B peaknuio ¢ 1 monb rugpokcuaa menu(Il) Berynar 2 mons KaTHoHA Bojopoxa (Tax
Kak oOpasyeTcsa IBYX3apsaAHBIA KaTHOH MeIn Cu'“). OueBHUAHO, YTO BTOPLIM IIPO-
AYKTOM 2TOH peaknum OymeT Bojga. 3alHINeM COKPAIIéHHOE MOHHOe YPABHEHHE BCEX
TPEX IPOBEJAEHHBIX pEaKIIN:
Cu(OH)y + 2H' = cu®" + 2H0
EMy cOOTBeTCTBYIOT TPH MOJIEKVJISAPHBIX YpaBHEHUS:
Cu(OH), + 2HCI = CuCl, + 2H,0
Cu(OH)s + H3S04 = CuSO4 + 2H50
Cu(OH)y + 2HNO3 = Cu(NO3)s + 2H,0

4. Kucaorsl pearipyrwT ¢ OKCHIAMH MeTaJlJIoB C OﬁpaSOBaHHGM COJIM1 1 BOJOHEI.

JlaGopaTtopHbiA onbIT 17

B Tpu cyxmne npobupku nomecTmTe HEMHOro nopolika okcuaa menun(ll) u npuneinte: B nep-
BYHD — CONSHYIO KUCNOTY, BO BTOPYKD — PACTBOP CEPHOW KMUCNOTbl, B TPETbI0O — PAacTBOp
a3oTHOW. Mcnonk3ys nepxatens A5 NpobWpoK, HarpenTe Kaxayw npobupky B rnameHu
cnupToBKU. Y10 Habmogaete? 3anuluvTe COOTBETCTBYIOLLME YPaBHEHUS peakuui.
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CyliHOCTh HPOBEAEHHBIX peaklUil oTpakaeT cxema
CuO + cuapHaa Kucjaora (MH+ + Acd™) — Cu*t + oy
KOTOPO# COOTBETCTBYET CIEeAYIOlee MOHHOE YpaBHEHUE DeaKIIAH:
CuO + 2H' = cu?' + H,0
Emy, B cBOIO OuUepenb, COOTBETCTBYIOT TPH MOJIEKYJIAPHBIX ypPaBHEHUIA:
CuO + 2HCI = CuCly + H30
CuO + HyS04 = CuS04 + HyO
CuO + 2HNO3 = Cu(NO3)s + Hs0

5. Kucnorsl B3aMMOJeHCTBYIOT ¢ MeTaJLIaMu ¢ 0O6pa3oBaHUEM COJIA U BOLOPOAA.

W3 cuabHBIX KHCJIOT MO-0COO0MY B3aUMOJEHUCTBYIOT ¢ MeTANJIaAMU KOHIIEHTPHPO-
BaHHAdA cepHasd KHCJIOTA M a30THAA KHCJI0Ta 000 KOHIEHTpPAIWK. OTH PeaKIluu
BbI OyJeTe M3ydyaTh B HaleM Kypce mosgHee. CienoBaTeslbHO, U3 BCEX CHUIBHBIX
KHCJIOT B3aMMOJEHMCTBHE ¢ MeTaJlJIaMi ¢ 00pasoBaHHEM COJH W BOJAOPOAA XapaKTep-
HO JIJIA COJNIAHOW U pasfaBJIeHHOW CepHOW KHCJIOT. ByAydYH CHJIBHBIMHU 3JIEKTPOJIH-
TaMH, 9TH BEIIecTBa B PAcTBOPE CYIIECTBYIOT He B BHJE MOJIEKYJ, a B BHJe HMOHOB:

HCl=H" + Cl~
H,80, = 2H' + SO}

JlaGopaTtopHbin onbiT 18

Momectute B ABe npobupkn no 1—2 rpaHynsl UMHKA. 3atem npunenTe: B NepBylo Npo-
BUpKy 2 M CONAHOM KMCNOTHI, a BO BTOPYID Npobupky 2 mMA pacTeOpa CEPHON KUCAOTHL.
Y7o Habnwopgaete? 3anuwnTe COOTBETCTBYIOWME YPABHEHUA peakuuid.

Herpyano 3aMeTHUThH BBIJeJIEHHE NY3LIPBKOB BoAopoma. I'paHyJIbl IIMHKA IIOCTe-
IIeHHO YMEHBIAloTCs B pasMepax, T. €. HIUHK B BHAe HMOHOB IIEPEXOJHUT B pPacTBOP:

Zn + cuabHas kuciaora (nH™ + Acd™) — Zno" 4 HyT

OueBHIHO, YTO C IMHKOM B3aMMOJEMCTBYIOT KATHOHBI BOAOPOAAa KHcaoThl. MoH- I(
HOe ypaBHeHHe 2TOro IIpoliecca:

Zn + 2H' = zZn®" + H,

3anuiinMTe MONEKY/NsIpHbIE YPaBHEHHWS peakuui: a) Mexay LMHKOM W COMSIHOM
KUCNOTOW; 6) MeXAy LUMHKOM U CEPHOM KWCIOTOM.

OxHako He BCe MeTAJIbI BHITECHAIOT BOJOPOJ W3 KHUCJIOT. BO3MOMKHOCTHL IPO-
TeKaHUs TaKOil peaKkIuM OIpefesfeTcsA IOJOKeHWeM MeTaljia B PAAY aKTUBHO-
CTH — BJIEKTPOXMMHYECKOM Py HANpPAKeHHH MeTaJlIoB:

Rb K Ca Na Mg Al Mn Zn Cr Fe Cd Co Ni Sn Pb (H) Cu Hg Ag Pt Au
AKTUBHOCTL METAJLJIOB YMEHLIIAETCS -
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Meranibl, cTosAIINe B PALY HAIPAMKEHHNA 40 BOAOpoAa, CIIOCOOHBLI BHEITECHATHL €ro
M3 PacTBOPOB CHJIBHBLIX KHCJOT (HO He a30THOW KHMCJIOTHI M He KOHIEHTPUPOBaHHOM
cepHOit KueaoTel). OueBMAHO, UYTO MeAb C PACTBOPAMH CEPHOW M COJAHOM KHUCJIOT
pearupoBaTth He OyzeT (0OHA HAXOAUTCA B PAAY AKTUBHOCTH METAJIJIOB MMOCTE BOIO
poaa).

NaGopaTtopHbin onbiT 19

Momectute B npobupky kycovyek meaun. lMpuneiite 2—3 mMn CONAHOW KUCNOThL. YTO
Habniopaete?

Ja Toro 4TobBI IIpoNINa peaKIuA MeyKAY PacTBOPOM KHCJOTHI M MeTaJlJIoM, He-
00X0AMMO COOJIIOEHNEe eIé OJHOIO IpaBwja. B pesyiabraTe 2TOM peakiuy AOJDKHA
oOpas3oBaThCAd PacTBOPHMAS COJb.

JNaGopaTopHbin onbiT 20

Momectute B NPOBUPKY Kyco4Yek CBUHUA W npuneite 2—3 mn pactBopa CEPHON KUCNOo-
Tbl. YTo Habniopaete?

PacTBop cepHOII KHCJIOTBI CO CBHHIIOM He B3aWMOJEHCTBYeT, TAK KaK Ha ero IIo-
BepxHOCTH ofpasyerca HepacTBopuMEBIN cyiabdar cBuHNIa(Il). Tem cambiM Hapyua-
eTcA BasKHeIIIIee YCJIOBYe IIPOTEKAHWA XUMHUYECKOH peaKIMM — CONPHUKOCHOBEHHE
pearupyIomiux BeIIecTB.

OTMeTHM TaKiKe, YTO IJIA PAcTBOPOB KHCIOT YPaBHEHHMA pPeaKIUuil ¢ MeTalJiaMu
IA- u ITA-rpynm He 3aIHMCBIBAIOT, TAK KaK 9TH METAJIBI OJHOBPEMEHHO B3aHMO
JeHCTBYIOT M C BOJOI, o0pasysa mEaouys W Bomopoa. PaKTHUECKH B ITOM CJIydae
IPOTEKAIOT JBE PeaKI[uH.

6. KucnoThl B3aMMOJEHCTBYIOT C COJIAMH.

Ecau sta peaknus MpoXOAUT MeXXKIY PACTBOPAME 3JEKTPOJUTOB, TO OHA HIPOTEKAET
II0 IIPaBWIY, YCTAHOBIEHHOMY (pannysckum xumuxkoMm Kiaomom Beprosre.

NMpaeuno Beprtonne. Peakuma mexay pacTBOpamMn 3N1eKTPOSIMTOB BO3MOXHA
TONbKO B TOM Clly4ae, ecnm B pesynbrarte peakuum obpasyercs ras, ocagok vnu
cnabblil 3NeKTponuT (HanpumMmep, Boaa).

Paccmorpum mepBBIil cayuait — ofpasoeaHue zasd.

JNabopatopHsid onbiT 21

B Tpwu npobupku Hanelte no 2 mn pacreopa kapboHata HaTpwus. 3aTemM OCTOPOXHO O0-
6aBbTe B kaxkaylo npobupky no 2—3 Kanjau KWCAOT: B MEPBYIO NMPOBUPKY — CONSHYO
KWUCNIOTY, BO BTOPYKD — PacTBOP CEPHOW KWUCMOThl, B TPETbIO — PacTBOP a30THOW KUC-
notel. Yto HabnwopaeTe? 3anuinTe COOTBETCTBYIOLWME YPaBHEHUS peakuuii.
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Byayum CHJIBHBIM 2JIEKTPOJHTOM, KapOOHAT HATPUA CYIIECTBYeT B PpacTBOpe
B BHJEe HOHOB:

NasCO; = 2Na* + CO§

Bo Bcex mpobGupkax HabniogaeTcda OJAWH U TOT JKe pes3yJbTaT — OypHOe BhIAeJie-
HHUEe YIJIEKHUCJIOTO rasda B PesyJjibTaTe B3aUMOJEHCTBUSA HOHOB:

2H'" + CO§ = H,0 + CO,T

3anuwute TPH MOJIEKYNAPHbLIX YpaBHeHWA, COOTBETCTBYHOUWWX 3TOMY WOHHOMY
YPaBHEHHIO.

PaccMorpum Bropoii ciydait — ewnaderHue ocadka.

C nomoiibo TabIUIbl PACTBOPUMOCTU ONPEIEJSUM, KAKUM 00pasoM MOMKHO CBS-
3aTh KaTHOH BOAOpoOIAa. O‘IeBH,IIHO, B BHIe RpeMHHEBOﬁ KHMCJIOTHI, HOJIYTIEHHOﬁ B pe-
3yJbTaTe peakiluM, COKPAaIléHHOe MOHHOEe ypaBHEHHEe KOTOPOH

2H" + Si0% = H,Si0l

JNaGopaTtopHbiiA onbiT 22

B Tpu npobupkn HaneirTe no 2 ma pacteopa cunukata Hatpus. 3arem pobasnsiite
no KannasmM: B Nepeyld nNpobupky COAsIHYIO KWUCMOTY, BO BTOPYK — PacTBOP CEpPHOM Kuc-
NOTbl, B TPETbID — pPacTBOP a30THOW KUCNOTbl. YTo Habnopaete? 3anuunte COOTBET-
CTBYIOLUME YPaBHEHWUS peakLuuii.

3anuwuTe MoNeKyNapHble ypaBHEHWUs NPOAENaHHbIX PeakuMid, COOTBETCTBYIOWMUX
NPUBEAEHHOMY BbIlE€ UOHHOMY YPaBHEHMIO.

Karuousl BOgopoaa IpeNOCTABJIAET IJA STOH pearIiuu KayKJasd M3 PacCMOTpPeH-
HBIX KHCJOT (KaK CUJIbHBIE 3JIEKTPOJIUTHI), & CUIHUKAT-aHUOH — pPACTBOPUMAA COJIb
kpeMmHueBou KucaoThl (NapSiO3 mum KoSiOg) [lna comaHoM KHCIOTHEL Tpebyemoe
MOJIEKYJIADPHOEe ypaBHEHUE HUMeeT BH]

2HCI + NaySiO3 = HySiO3! + 2NaCl
Amangoruubo c IIOMOIIBIO TaﬁJIHI];H PacTBOpPHMMOCTH OIIpeleJIMM, YTO XJOpHuIA-HOH

MOJKHO IIepeBeCTH B OCaJOK B BHIAe XJIOpHIa cepeﬁpa B COOTBETCTBHH CO CJeIVIOIIIHM
HMOHHBIM YpaBHEeHHeM:

Cl” + Ag" = AgCll
HeobxoguMplil AJid NPOBEAEHNUA 5TOM peaklilMyd KaTHOH cepebpa IpemoCTABUT pac-
TBOpUMasA coJb — HHUTpaT cepebpa AgNO;.

JlaGopaTopHbiin onbiT 23

B npobBupky npuneite 2 MnA CONAHONW KUCNOTH W Ao6aBbTe C MOMOLLLIO MUNETKU He-
CKONMbLKO Kanenb pacTeopa HUTpaTa cepebpa. Yto Habniogaete? 3anuluMte COOTBETCTBY-
lolllee ypaBHEHWE peakuuu.

Ida.ws
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Brinasuinii 6enblil TBOPOIKHUCTHEIA OCAZlOK M IIpeacTaBJAeT coboil xjopua cepebpa.

Cynp(aT-uoH MOMKHO NEPEBECTH B OCAJOK C IIOMOINBI0 PACTBOPOB CJIEAVIOIIHX
comeii: BaCly, SrCls, Pb(NO3)y. Peaknua ¢ xyopugom Oapus OyAeT NpOTeKaTh CO-
IVIaCHO COKPAINEéHHOMY MOHHOMY YpaBHEHHIO

Ba?t + SOZ = BasSO,l

3anuiute aHanoruyHble YpaBHeHHA OnA pacTBOPUMbIX conew CTpOHUHA
W CBHHLUA.

A BoT gna HUTpar-uoHa (aHWOHA a30THOM KHMCJIOTHI) NONOOHOM peakIIMHd HET —
BC€ COJIM DTOH KHCJIOTBI PACTBOPUMEI B BOJE.

MonekynsapHoe ypaeHeHue peakuyuum. lNonHoe MOHHOE ypaBHEeHWe peak-
uun. CokpawéHHOe MOHHOEe ypaBHeHue peakuuum. Peakuun noHHoro o6-
MeHa. JNeKTPoOXUMUYEeCKUn psg HanpsxxeHun mertannos. lNpaeuno Bep-
Tonne

1. Kakuve anekTponuTel Ha3blBaOT KUCNoTamu? Kakue npusHakn nexar B OCHOBE UX KNac-
cudukaumn? lMpuseguTe NpUMEpbl KWUCNOT kKaxaoro Ttuna. OxapakTepusynte CepHyio
1M POoCHOPHYID KACIOTbI MO BCEM YKasaHHbIM BaMW MpU3Hakam.

2. HazoBute o0blpe xumuyeckue cBOWCTBa kucnoT. lNMepeyncnuTe ycrnoBus NpoTekaHus
peakuuMin Mexay pacTBopamMu KUCAOT U MeTannamu.

3. ChopmynupyinTe npaesuno beptonne, T. €. nepe4ynucnnuTe ycnosus MNpoTekaHua peak -
LMIA Mexay pacTBopamu 3NeKTPOosivTOoB,

1

4. 3anuwunte ypaBHEHWS peakunid (B MONEKYNSpHOW U MOHHOWK dopmax), xapakTepusy-
IOLLMX CBOWCTBA: a) CEPHOW KWUCNOThI, B) CONSHOM KUCNOThI.

5. 3anuwmte B MONEKYNSPHON 1N MOHHOW dopMax ypaBHEHUS peakuui Mmexay:

a) as0THOW KUCNOTOW M OKCUAOM KabLus;

6) a30THOI KUCNOTOR W MMAPOKCUAOM KanbLMUS;

B) a30THOW KMCNOTOM 1 kapbBoHaToOM KanbuwWs.

6. C KakuMKn 13 nepeyvyuncreHHbIXx BELLECTB pearvpyeTt consiHas KUcnoTa: asoT, Xeneso,
OKCWA, KanbLMsA, CepHasl KUcnota, rMapokcun antoMuHus, cynbdar HaTpus, HUTpaT ce-
pebpa? Hanuwmnte ypaBHEHUS BO3MOXHbLIX peakuunii B MONEKYNAPHOMA U NOHHOW dopmax.
7. Havpute maccy 10%-HOM CONAHOW KWUCNOThI, HEOODXOOAMMOW ONa HeWTpanM3auum
160 r 5%-Horo pacrtBopa rMapokcuaa HaTpuA.

8. Kakaa macca mpamopa, cogepxallero 96 % xapboHaTa kanbuus, notpebyetca ond no-
ny4eHusa 89,6 n yrnekucnoro rasa (H. y.) npy B3anMOOeNCcTBUM €ro C a30THOW KUCNOTONR?
Kakass macca 20%-HOro pacteopa KWCNoTkl notpebyertca ona 310 peakumn?

N ”

-

Ucnonb3ynte AONONMHUTENLHYIO UHPOPMaLUIO

9. MoprotoBsTe cooblieHne 06 06GnacTax NPUMeHeHWUs CepHOM KUCNOThbI.
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S 7. XUMHWYECKUE CBOIICTBA
OCHOBAHMII KAK DJIEKTPOJINTOB

Bcnomuute obuiee ypasHeHMe 3N1EKTPOSIMTUHECKOW AMCCOLMALMM OCHOBaHWM:
M(OH),, = M™ + nOH~

B pacTteopax u.l.enoqeﬁ NPHUCYTCTBYIOT ABa THMNa MOHOB: 06I.IJ,He ona Bcex OCHO-

BaH_Hﬁ rMapoKcuag-aHMOHblI U UHOWBUAOYaAJIbHbIE O Kax[1Oro OCHOBaHWMA KaTHOHbI

KOHKPETHbIX MeTa/ioB. Kakue HOHBI, o‘6pa3y|ou.|.uecs npyv guccouuvauuHd OCHOBa-

HUM, obycnosnusaloT Ux obuie ceoWcTBa?

Paccmorpum obmnine XxMMUUYECKHe CBOMCTBA OCHOBAHUIA.

1. Bogubele pacTBOpHI IIesiouell MbLIKMe Ha omynb. IIlénoum pasbwemamT KOXKY,
OCTABJIASA HA Hell raybokume xumuueckue osxoru. [losromy paboraTs ¢ pacTBOpamMu
miejoueil Hy»XHO OYeHb OCTOPOXKHO.

2. PacTBOpSBI I[e/I0Uell M3MEHIIOT OKPACKY MHINKATOPOB.

NaGoparTopHbivi onbIT 24

B Tpu npobupkun Haneite no 2 Mmn pacreopa rugpokcuaa Hatpus. B kaxpayio npobup-
Ky nobaBbTe No 2—3 Kaniu PacTBOPOB WHAMKATOPOB: B NepByilo — deHondrtanemHa,
BO BTOPYID — flakMyca, B TPEeTbi0 — MEeTWUIOBOro opawxeroro. Kak unzmenunace okpa-
cka MHOWKATOpOB?

JlakMyc W YHHUBEPCAJBHBIH MHAWUKATOP B IIEJOYHOM cpejle CTAHOBATCS CHHHMM,
METHJIOBBIA OpPAHKEBbIH IpHoOpeTaeT KEITYI OKpacKy, (peHoxdTalenH — Majau-
HOBYIO.

3. OcHoBaHUA pearupyrT ¢ KHCIOTaMHu ¢ 00pa30OBAHUEM COJIM U BOAbI. ITO CBOM-
CTBO BBI JeTaJILHO PacCMOTpeJH Ha npoinaoMm ypokxe. IIlémoum B3auMMOAENCTBYIOT €
CUJBHBLIMHA KHCJIOTAMH B COOTBETCTBHMH C COKPAIIEHHBIM MOHHBIM ypaBHEHHEM

OH + H' = Hy0

HepacTBopuMble B BOJe OCHOBAHUSA PearupyiT ¢ Kucioramu mo-apyromy. Co-
KpaléHHoe MOHHOe ypaBHEHHEe HMeeT BUJL

M(OH), + nH" = M"" + nHy0

MpuBegute no ABa MONEKYNSPHbIX YPaBHEHUS, COOTBETCTBYIOLWMUX NPUBEAEHHBIM
COKpALLEHHBIM MOHHBIM YPaBHEHUAM peakLUWK.

4. IIénouyn pearHpyOT ¢ KHCJIOTHBIMH OKCHIAMH ¢ 00pas3soBaHHEM COJIH U
BOJIBI.




CKkauaH ¢ siaterialloo.ﬁida.ws

JlabopaTopHbiiA onbIT 25

OTKpoiTEe KPbIWKW ABYX HeBONbLIWMX MAaCTUKOBLIX OyTbIIOYEK W3-MNo4, MUHEepanbHon
BO/bl, 3aMnofIHEHHbIX YINeKUCcnbIM ra3om, a 3atem B ofHy u3 Hux npunente 10 mn pac-
TBOpa ruapokcmaa Hatpusa, a B apyryio — 10 mn pacrtBopa rugpokcuga kanus. BHoBb
3aKkpoiTe GyTbIIKA KPbILWKAMKU WU BCTpAxHUTE. YTo Habniopaete?

Yepez 2—3 MHH MOMHO 3aMETHTb, 4YT0 OYTBLIKH Hadaau aedopMHUPOBATBCA
(corMMATHCA) M3-38 B3AUMOEHCTBUA YIJIEKHCIOro rasa co meémnousio. Tax Kax ad-
(hexT B 060oMX caydadX OJUHAKOBBIH, TO OUYEBHAHO, UTO OH BBLI3BAH B3aUMOJEHCTBHU-
eM YIJIeKHCJIOTO ra3a ¢ OJUHAKOBBIMM THAPOKCHI-aHMOHAMH KAaKIOH M3 IIeJI0Yeli:

COy + 20H™ = C& + H40

ITOMY COKPALIEHHOMY HMOHHOMY YPAaBHEHHIO COOTBETCTBYIOT CJIEAVIOIIHE MOJIe-
KYJApHbIE YPaBHEHHA:

COs + 2NaOH = NayCO3 + HyO
COy + 2KOH = KL£O03 + HyO

Il

Ilpu B3ammopeiicTBuu oxcupa yraepopa(lV) co mienouamm obpasyiorcs coau
YIOJBHOM KHCJIOTBI — KapOOoHATHI.

HeobxoauM0 MOMHUTE, UTO IPHU B3aUMOIECHCTBUM OKCHIOB HEMETAJLJIOB CO IIeJo
yaMu 00pPa3yoTCa COMU TeX KUCIOT, KOTOPHIM COOTBETCTBYIOT 9TH OKCHIBI, HATIPUMED:

Ca(OH), + NyO5 = Ca(NOs)y + Hy0
I

20H + NyO5 = 2NO3 + H,0

2NaOH + SOz = NayS0; + H,0
HInu

20H + SO; = SOF + H,0
5. PacrtBopumble B BOJle OCHOBaHMUA pearupyior ¢ coxamu. Taxue peaxknum Tax-

JKe IpPOTeKaloT o IIpaBuUIy Beprojie, T. €. TOJBKO B TOM cJiy4yae, €ClIH B pPe3yib-
TaTe obpasyerca OCAJOK, rad WIN cIalblil 9JIeKTPOJHT.

JNaGopatopHbiii onbiT 26

N
B aBe npobupku Haneite no 2 Mn pacTBopoB coneit ammonna — xnopuga NH 4Cl n Hu-
Tpata NH,4NO5. 3atem gobasbTe B kaxaylo no 1 ma pactsopa WENOHYM — ruapokcupa
HaTpus. lNogorpeiTte copepxXMmoe Kaxnoi npobupkM B MAaMeHu ChWPTOBKM C MNOMO-
wblo aepxarens ansa npobupok. OCTOPOXHO MOHIOXaNTe NMPOAYKT B3aumoaencTsus. YT1o
owyuiaete?

MoaHecuTe K OTBEPCTUIO NPOBUMPKKM BRAXKHYHD YHMBEPCANbHYI0 WMHAUMKATOPHYD 6Gymary.
Yto Habnwpaete?

- J

Ha obpasoBaHue B IPOBENEHHBIX PeaKIMiAX rasa YKasbIBaeT Pe3KU 3amax aMMMH-
axa (Tak IaxHeT HaIIATHIPHBIN cumpT). UHIUKaTOpHAA Oymara yKasbIBaeT Ha IIe-
JIOYHYIO Cpejly pacTsBopa.
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PaccmoTpuM CYIIHOCTE IIPOBENEHHOM XMMHYECKON peaxkliiMu. Byaydm CHUIBHBIMHA
DJIEKTPOJHUTAMHY, COJI aMMOHHSA M IIEJI0YDL CYIIECTBYIOT B PacTBOpax B BHJE MOHOB:

NH,Cl = NH; + Cl~
NH;NO; = NH; + NO3
NaOH = Na* + OH
HerpyaHo caenaTsh BBIBOJ, UYTO CYTh IIPOBEAEHHOIO 3JKCIEPHUMEHTa OTPajkeHa
B MOHHOM YpPaBHEeHHH
NH;f + OH = NH;3T + H,0
Iis monydyeHus ocajKa BO3BMEM IMIEI0Yb — CHJbHBINA BJIEKTPOJUT, HATPUMED
rugpoKcuj 0apus, KOTOPBLIH B PacTBOPE MOJHOCTBIO AMCCOIMHUPYET HA MOHBI:
Ba(OH), = B&™ + 20H
Yrobsl ocazuTh KATHOH 0apmsa, MOMKHO BOCIIOJNIB30BATHCA YiKe 3HAKOMBIM BaM
HOHHBIM YpaBHEeHWeM:
Ba?t + SO} = BaSO,l

Ilna omnpepenleHHA HEPACTBOPHUMOIO BelllecTBa, COAep:;Kalllero MOH OapusdA, HC-
OJB3YIOT Tabauny pactBopuMocTi. KaTmoH Gapusd OIS 9TOH peaKIMM IPegOCTaBHUT
miénousb, a cyiabdar-uoH — aiobasg pacTBOPUMAA COJIb CEPHOI KHUCIOTHI, HAIIDUMED
cyasdar Hatpua NagSO, unm cynbhar ranua KoSO,.

3anuiinte MONEKYNAPHOE ypaBHeHWe, COOTBETCTBYHOLLEe MPUBEAEHHOMY COKpa-
LLEHHOMY WMOHHOMY YPaBHEHHUIO.

FH,I[DORCH,E'HOH MOEHO 0CaIHMTh, HalIpHMep, COI'’TaCHO MOHHOMY YpPaBHEHHIO

Ccu®" + 20H = Cu(OH),l

I'mapokcua-aHMOH JAJIA 3TOM peaKkldy IPeJOoCTABHUT IIEJ0Yb, a KaTuoH meau(ll) —
nobad pacTBOpUMAas COJb 2TOTO MeTaJjia.

3anuwuTe ABa MOJMEKYNINAPHbIX YPABHEHWUS, COOTBETCTBYIOLUX NPUBEAEHHOMY CO-
KpallEHHOMY WMOHHOMY YPaBHEHMIO.

JNaGopaTtopHbiii onbiT 27

[MoBTOpUTE Yy)XXE€ 3HAKOMbIA Bam 3KCnepumeHT. B npobupky HanewTte 2—3 mn pacTBopa
cyneara megu(ll) — mepgHoro kynopoca — w npwiente 1—2 mMn pacTBopa LENOYU.
Y7o HabnwopaeTte?

Copepxumoe nNpobupkn coxpaHuTe AN8 NPoOBeAeHWs cleayloulero onbira.




6. HepaCTBOPHMHe OCHOBaHHMA IIPH HAarpepaHuH pa3jararmTCdA Ha COOTBETCTBYIO-

IINHA OKCHUJ METAaJjla M BOXOY.

JNlaGopaTopHbii onbIT 28
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3akpenute B npobupkogepxatene nNpobupky € NOAYY4EeHHLIM B MNpeablayliem onbiTe cu-
HUM ocaakom. OCTOPOXHO HarpesBaiTe €€ B niamMeHW CNUPTOBKW (He 00 kuneHusa). Yto
Habnogaete?

TTosiBenue YEpPHOTO OCaKa BMECTO CUHEro CBHUAETEJbCTBYET 00 00pasoBaHUU OK-

cuga megu(Il):

t
Cu(OH); = CuO + Hy0O

MpoBepbTe CBOU 3HAHUSA

1. Kakne xmmMunyeckme CBOWCTBA XapakTepHbl OnA uwienoden? Kakwe — Onsa HepacTBO-
PUMbIX OCHOBaHWii? Kakue xumuyeckme CBOWMCTBA XapakTepHbl ansa o6eux rpynn ocHo-
BaHWn?

2. Kakue cBoicTBa OCHOBaHWIA OBYCNOBNEHbLI MMAPOKCUA-aHUOHAMK, 8 Kakue — KaTuo-
HaMu mertanna unu aMmMoHUsA?

3. MNepeuncnure ycnoBusa NpPoTEKaHWA peakuuit Mexy pacTBopamMu LEenovyein u conein.

4. HanuwuTte WOHHbIE WU MONEKYNSpHbIE YpPaBHEHWUS peakuuwid, NnpoTekalowmnx npu Baau-
MOOENCTBUN:

a) pacTBopa rmapokcuaa Hatpus u okcupa asota(V);

6) ruppokcuaa xpoma(ll) u conaHoil KMCNoThbI;

B) pacTBOpPOB cynbdara aMmMOHUA U TMOPOKCUAA HaTpus.

5. Hanuwwute no ogHOMY MONEKYNAPHOMY YPaBHEHWUIO peakuuid, KOTOPbIM COOTBETCTBYIOT
COKPALLEHHBLIE WOHHbLIE ypaBHEHWS:

a) AP* + 30H = AI(OH)5l

6) CO, + 20H™ = CO3 + H,0

g) 2H" + Cu(OH), = Cu?* + 2H,0

6. Haingnte maccy 20%-HOI CONAHOM KMCNOTbI, Heobxogumol ans peakumm co 160 r
25%-Horo pacrtBopa rmapokcuaa HaTpus.

7. Kakoih 06bEm ammmaka (H. y.) obpasyetca npu B3aumopeictsum 535 mr 20%-Horo
pacTBOpa x/iopuaa aMmMoHus ¢ u3bbITKOM pacTeopa rugpokcupga kanua? Kakas macca
40%-Horo pacreopa Weno4dn notpebyercs Ans NpoBefeHUs 3Tol peakummu?

|

Ucnonb3yiite gononHutensHyio MHopmauuio

8. MopgrotoBsTe coobuieHne o6 oBnacTax NPUMEHeHUs U CBOMCTBAX edKMX LLeNovYe.
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§ 8. XUMWYECKUE CBOVICTBA
COJIEM KAK DJIEKTPOJIUTOB

B oT/iM4Me oT CBOMCTB KMC/IOT M OCHOBAaHWH CBOMCTBA COJIEW 3aBMUCHAT KakK OT Ka-
THOHa MeTanna, Tak U OT aHMOHa KWUcNoTHoro octatka. C KakMmMu cBoMcTBaMu
cofiel Bbl MNO3HAKOMM/IUCb MPW W3YYEHWW CBOWCTB KWCNOT U Lienoden?

1. Conu M KHCJIOTEHI Baa}lmoneiflcmy}o'r, eciaIn oﬁpaayeTca ocajgokr, ra3 HJIH cJjia-
OBII BIEKTPOJUT, HATIDUMED:

CaCOj3 + 2HNO;3 = Ca(NOg)y + Hy0 + CO,T
CaCO3 + 2H' = Ca?" + H,0 + CO,T
BaCly, + HyS04 = BaSOsd + 2HCI
Ba?t + SO} = BaSO,l
NaNO, + HCl = NaCl + HNO;

NO; + H™ = HNO,

NaGopaTopHbii onbiT 29

Momectute B npobupky HebonbLIOK Kycodek mpamopa v gobasste 2—3 mn pacTBO-
pa a30THOW KucnoTtel. YTo HabnwpaeTe? Kak MOXHO pacrnos3HaTk Bbloenstowmics ras?

2. PacTBOpSBI cojiell U mieJIoYeil B3aMMOEeHCTBYIOT, ecjin 06pasyercsa OCagoK MU
ras, Hampumep:

Fey(SO4); + 6NaOH = 2Fe(OH)l + 3Nay SO,
Fe’™ + 30H = Fe(OH)3l

JNaGopaTtopHbiii onbiT 30

Haneitte B npobupky 2 mn pacTtBopa cynbdarta xenesa(lll), a satem pobaBbTe B Heé
3 Mn pacTBopa rugpokcuaga HaTpusa. YT1o Habnwopaete?

3. Cuneaymolliee CBOMCTBO COJIEH oIpejesAeTcA CBOMCTBAMH TeX HMOHOB, KOTOpbIE
OHM 00pasyoT IPH AUCCOIIMAIIMH. OTO B3aHMOAeHCTBHE PACTBOPOB OJXHUX COJeil
¢ pacTBEOpPaMH APYTUX COJeil.

HcnoonssyeM TabIUIy PacTBOPHMOCTH AJISA 9KCIePHMEHTAJILHOI'O JOKA3aTelbCTBa
cocraBa COJHM, HaIpuMep cyab(ara Marfams.

Kak CHJIBHBII 2JIEKTPOJIUT, 3TA COJNb B PACTBOPE IIOJHOCTBHIO AHUCCOIHMHUPYET:

MgSO, = Mg?" + SO}
Karunon MarHus MOXKHO OCAAUThL, HAIpuUMEp, B Bume (ocdara:

3Mg?t + 2P0 = Mgy(POysl
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Heobxoaumselit ana aToit peaknum docdar-aHHMOH MOMKET IIPENOCTaBUTH PAaCTBO-
pumada coab (hochopHOl KHcaoTel: KgPOy mau NagPOy

3anuiinTe MOJJEKY/IADHOE, VDABHEHWE DEeAKUMW MEXOV, CV/ibhaToM MarHus
M hocaToM LLeNoYHOro Metanna.

Cynshar-aHuoH MOKHO OCAAUTH B BHAe cyJbdara Gapus:
Ba2" + SO} = BasSo,l

4. BzauMopeiicTBHe PacTBOPOB COJIeH € MeTaJJIAMM OIpelessdeTcs I0JOKeHHeM
MeTaJjla B 3JeKTPOXMMHYECKOM PAAY HANPSIKEHHWN MeTaJJIOB W IIOAYHHAETCA YiKe
8HAKOMBIM BaM HIpaBHJaM (HAIOMHHUM HX):

s MeTajJ, BCTYIAIOIIUH B peaKIMI0 C PACTBOPOM COJIM, JOJKEH PacloJjiaraTh-
cA B DJIEKTPOXMMHUYECKOM DALY HaIPAXKeHWH JeBee MeTallla, BXOAAIIEro B COCTaB
CoJIu;

e KaK MCXOJHad COJb, TaK M COJIb, oOpasymomiascad B pe3yJbTaTe peakKIuH,
JOJIKHBI OBITH PACTBOPUMBIMH;

e TaK KaK IIeJIOYHBIE W II[eJIOYHO3eMeJIbHbIE MeTAaJlJIbl B3aMMOJAEHCTBYIOT C BO-
Ioii, TO B pacTBOpax coJieil OHH pearupyioT B IEePBYIO odepenb MMEHHO C Heli, a IIo-
TOMY IJA IMOAOOHBIX peaKIHil UX He HMCIOJb3VIOT.

Hanpumep, ecau B pacTBop cynabdara mexn(ll) moMecTUTh IUHKOBYIO IJIACTHHKY,
TO Yepe3 HEKOTOPOe BpeMdA Ha Hell MOXKHO OyfeT OOHapyXKUTh KPHUCTAJIBI BBIJEIUB-
meiica meau (puc. 10). CoxpalléHnHoe MOHHOE YpaBHEHHE TOr0 Ipoliecca

Zn + Cu?t = Zn®t + Cul

3anuwute MoseKyNspHblie YpaBHEHUs peakuui, COOTBETCTBYIOWME ABYM Moc/ef-
HUM WMOHHBIM YpPaBHEHUAM.

Puc. 10. BoiTecHeHre meayn UMHKOM K3 pacTBopa cynbdara
megu(ll)
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NaGopaTtopHbiii onbiT 31

MomecTute B Npobupky KaHUENspckylo ckpenky. MNpuneite B npobunpky pacTeop cynbda-
Ta meau(ll) Tak, 4ToBbl CKpenka NoJIHOCTLID HaxoAwnack B pacTBope. Yepe3 HekoTopoe
BPEMSA Bbl CMOXETe OTMETWUTb MPU3HAK NpoTekalowein peakuwn. Kakme nameHeHWs Bbl
HabnopaeTte?

B 9T0i1 peakmum Menb ObLJIa BBITECHEHA JKeNIe30M M IIOKPBLIA CKPEIIKY KpacHO-
BATBEIM HAJETOM:

Fe + Cu’t = Fe2+ + Cul

Bbl MOXKeTe OTMETHTBH, UYTO MBI XapaKTePH30BAJIHW CBOMCTBA TOJBKO CPEIHHUX CO-
neit.

Kucnble conm, B oTinYme OT CpefHMX, Kak IpPaBUJIO, pacTBOPMMBI B Boae. Ha-
npumep, kapbonar kanenua CaCO; HepacTBopuM, a ruaporapbonar Ca(HCO3)s pac-
TBOPUM, OOHAKO 00€ COJIM AaHAJOTUYHO B3AWMOJENCTBYIOT € KUCJIOTAMH. PeakIuio
I KapOoHATAa KaJbIMsA MBI Y3Ke pacCMOTpesH Bbllle. 3aluIleM ypaBHEHHE peak-
OUU AId THApoKapboHaTa KadbIlHA:

2HNO3 + Ca(HCO3); = Ca(NO3)y + 2H,0 + 2CO,T
H" + HCO3 = Hy0 + COyT

Kucisie comu MoKHO ImepeBeCcTH B CpenHUe, HeﬁTpaJII/IBOBaB KaTHOHBI BOOOpOga
B KHMCJIOTHOM OCTaTKe IIEJ0YBIO:

NaHCO; + NaOH = NayCOg+ H,0

HCO; + OH™ = COE' + H,0

| lMpoBepbTe CBOM 3HAHMSA
|

1. Kakue anekTponuTel Ha3biBaOT CONAMU?

2. OxapakTepuayiTe XMMWUYECKME CBOWMCTBA CPEOHWX CONEN.
3. Kax guccoummpyloT kucnsle conu? 3anviumTe ypasHeHus auccoumaumn cynedara n -
Apocynbdara kanusi 1 ypasHeHne peakuvy NpespallieHnsi KUCAOW CONu B CPeaHiolo.

NMpumeHuTe cBOWU 3HaHWUA

4, 3anuwnTe WOHHbIE W MONEKYNsiPHbIe YpaBHEHUsA nonydYeHust cynbdara marHua ¢ uc-
NnoNb30BaHWEM COEAMHEHWIA pas3HblX KNaccoeB (He MeHee nATW cnocobos).

5. Hanuwmnte ypaBHeHWA peakuuid, ¢ NMOMOLLLIO KOTOPbIX MOXHO OCYLLIEeCTBUTb Cleayio-
e npespaleHus:

a) P - POy — H3PO,; — Caz(POy)s

6) Zn — ZnCl, — Zn(OH), — Zn0O — ZnSO,4 — Zn(NO3),

B) NapO — NaOH — NaHCOjz — NajCOz — NaySO4

Peakunun ¢ y4actmem anekTponvToB 3anuuinTe Takke U B MOHHOM BUAe.

%
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/ N\
6. Cynbdar Hapua UcnonbayloT B Ka4ecTBe KOHTPACTHOro BeLecTsa Npu peHTreHockonuu
XKenygo4Ho-KULLeYHOoro TpakTa, B Ka4ecTBe HanoNHUTENS Npu M3rotosneHnn dymaru u pe-
3UHbIl, Kak nurMeHT 6enoit kpacku. Kakas macca 20%-Heix pacTBOPOB cynbdara HaTpus

1 xnopvaa HGapusa noTpebyetca ana nonydeHus 93,2 kr cynbdara Gapua?

7. KenesHyio nnacTUHKY NOrpyswnv B pacteBop cynedara megn(ll), B pedynstarte 4ero eé
macca yesenudunace Ha 1,3 . PaccuuTtainTe maccy meaow, BbIOENMBLUENCS HA MNAcCTUHKE.

9 J

Wcnonb3yite aononHUTensHyw uHdbopmMaumo

8. NoparotoBsbre coobuleHne o6 oBNacTax NPUMMEHEHWS W CBOWCTBax OAHOW W3 CONei:
cpenHen (xnopwp HaTpusa, kapboHaT kanbuus, dgocdar kansumsa), kucnoi (ruapokap6o-
HaT HaTpUa WK KanbUWg), OCHOBHOW (ManaxuT). AprymMeHTuUpyiiTe cBoi BbiGOp conu.

S 9. rmarPoIN3 COJIEN

MpoaHanuaunpyite atuMonoruio ciosa «rugponus». Kakoe onpegeneHue MoXHO
natb npotieccy ruaponusa?

~——

IATuMoJIOTHS HA3BAHUS mpoliecca ruapoausa (or rpeu. hydor — Boga, lysis —
pazoiKeHUe), a TAK)Ke AHAJIMZ COCTARA ero VUACTHHKOB (M BOIA, U CONMU — CJIOXK-
HbI€ BeIllecTBa) MO3BOJAIOT C(OPMYJINPOBATEH CJEAVIOIee OlpelesleHue.

Mpaponu3om Ha3bLIBAlOT peakumm 0OMEeHHOro B3auMOOEeNCTBUA BELIeCTB C BO-
001, NpUBOAALLIME K WX Pa3NOoXEHUIO.

Cosn — DpOAYKTHI HEHTpaJIW3anui OCHOBAHWIT KHCJIOTAMM, CJIeJOBaTeJIbHO, cpe-
Ja B pacTBOpax cojeil mosxkHa ObITh HelTpansHoi. McnbiTaeM ¢ moMouibo (heHOoJI-
(bramenna pacTBOpPBLI ABYX COJIeii: XJIOpHAA HATpUA U KapOoHaTa HaTpud. B mepsom
caydae OKpackKka MHAMKaATOpa He HM3MEHHJach, a BO BTOPOM — CTajlla MaJlnHOBOM.
Kak 00BiacHUTE pesayiabTaT sKcIepuMenTa?

JI1o0yi0 CcoJb MOMKHO IIPEACTABHTL KaK INPOAYKT B3aUMOIEHCTBUA OCHOBAHUA
¢ kucaoroi. Hampumep, KapboHAT HATpUs 00pasoBaH CHIBHBIM ocHOBaHmeM NaOH
u cuaboit kucnoroirt HyCO3. B saBrucuMOCTH OT CHJIBI OCHOBAHUA U KHCJOTHI Kak
9JIEKTPOJIUTOB BCE COJIM MOYKHO PasfZeJNTh Ha UeThipe rpynnel (Tabm. 1).

Tabauua 1
YeThIpe rpyiiibl COJeH B 3aBUCHMOCTH OT CHJIbI KHCJIOTHI M OCHOBAHMSA

CunbHas kucnora Cnabas kucnora
CunbHoe OCHOBaHHWe NaCl, K,SO4, Ba(NO3) Na,COs, K,Si0;, Li,S
Cnaboe ocHoBaHue ZnCl,, Pb(NOs3),, NH4NO; NH4NO,, (CH3COO0),Zn

PaccMoTpuM HOBeIeHHEe COJIed pasiuYHBIX THUIIOB B BOAHBIX PaCTBOpAax.
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BeiOpaHHbIii HAMHM B KadecTBe IpuMepa xKapboHaT HaTpusa 00pasoBaH CHJIbLHLIM
OCHOBaHHEeM M cJIaboll KHCJIOTOM:

NaOH — cusibHOEe OCHOBaHHE
NayCO3 <
H,CO3 — cnabas xuciora
Kapborar HATpHA XOPOIIO PACTBOPUM B BOJE U IIOJHOCTBIO JUCCOIHHPYET:

NayCO3 = 2Na~ + COj

YroapHada KucaoTa — caabblif anekTposnT. ClleqoBaTesibHO, KATHOHBI BOZOPOAA
OPOYHO YAEPKUBAIOTCA KAapOOHAT-aHHOHOM W C TPYAOM OTIENJIAIOTCS B PACTBOD.
2.
BepHo u obparHoe: anmon CO3 0XOTHO HpHCOEAUHAET KATUOH H', orpbiBas ero
OT MOJIeKyJibl Boabl. KapOoHaT-aHMOH IPM 5TOM HpeBpalmiaeTcsa B THIpoKapboHaT-
aHMOH, a OT MOJIEKYJIbI BOJABI B pacTBope ocraércs anuod OH :

CO% + H,0 = HCO; + OH~

MbI moayuuMsy HMOHHOE ypaBHEHMe THApoau3a. B pe3yabrTare HAHHOTO IIPOIEC-
ca B pacrBope HakamauBaiorca amnousl OH , ompegensdiolnue IIeJOYHYIO PEAKIIUIO
cpensl.

KucioTHyo, IIeTOYHYI0O UM HENTPAJNBLHYIO PeaKIlUIO0 Cpelbl XapaKTepuayeT 0co
0as BeJIMYMHA, KOTOPYIO HA3BIBAIOT BOXOPOAHBIM mokxaszartenem pH («me-amr»). na
HedTpansHoi cpeabl pH = 7, mna gucnornou pH < 7, mna menounoinn pH > 7.

B namem cnyuae cpena ienouHas, T. e. pH pacrBopa Goabiie 7.

Comm, 006pa3oBaHHBIE CHIBHBIM OCHOBAHMEM M CJIA00H KHCIOTOH, THIPOJIH3YIOF
CsI II0 AHHOHY.

MonexrynapHoe ypaBHeHHMe THApPoJM3a KapboHaTa HaTPUS HMEeT BH/J

NayCO; + Hy0 = NaHCO; + NaOH

Mouemy dpeHoNpTanenH He U3MEHWN OKPACKy B pacTBope xnopuaa Hatpus?

Xnopujg HaTpUA ABASETCA MNPOAYKTOM B3aUMOJEHCTBUS CHUJIBHOTO OCHOBAHUSA —
NaOH u cunpHoit Kucaotrel — HCI.

Comn, oOpazoBaHHBIE CHJIBHBIM OCHOBAHMEM M CHJIBHONH KHCJIOTOH, THAPOJIUIY
He IMOoABeprarTCs.

B BommHOM pacTBOpe HOZOOHBIX COJEH KATHOHBI MeTajaa (IeJOYHOTO WJIH Ide
JIOYHO3E€MEeJbHOTO) M AHMOHBI KHCJIOTHOTO OCTATKA OKPY/KEHBI THAPATHBIMH 060-
JIOYKaMM, B3aMMOJEHCTBHS C MOJEKYJaMH BOJLI He IPOHUCXOAUT. Pearkmusa cpensl
B pacTBOpe HeTHApOJUyIOmmxcs cojei (manpumep, CaCh, KNO3, NasS0,4, LiCl0y4)
HelrpansHasa, pH pacTtBopa paBen 7.

Kakas peakuus cpegbl bynet y pacteopa conu, obpasoeaHHOM cnabbiM OCHO-
BaHWEM W CH/IbHOW KMCIIOTOW?
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K conam Taxkoro rTuma OTHOCHTCHA, HallpHuMep, HHTPpaAT ODHHKA:

Zn(OH)s — am@oTepHbIii TMIPOKCHUJ B POJIM cJIaboro OCHOBAaHUA
ZD(N03)2<

HNO3 — cunabHasa KUCJIOTA

B BOIOHOM pacTBOpe HHTPAT IIHMHEAa JHCCOIHHPpYeT:
Zn(NO3)y = Zn?" + 2NOj

Tuaponusy mojBepraercsa TOT MOH, KOTOPH N NPUHAIJIEIKUT CaaboMy OCHOBAHUIO.
OTpeiBasg OT MOJEKYJIBI BOABI THAPOKCHA-aHUOH, KATHOH Al CIIOCOOCTBYET HAKOII-
JIEHWIO B PACTBOPE KATHOHOB BOLOPOAA:

Zn%" + H,0 = ZnOH' + H'

MoserynsipHoe YpaBHeHUe TUPOJU3a JIETKO MOJYUYUTh, JOMKUCAB B MOHHOM ypaB-
HEHUW HUTPAT-aHHOHBI:

Zn(NO3)s + Hy0 = ZnOHNO; + HNO;

Conu, ob6pazoBaHHbIe Caa0bIM OCHOBAHHMEM M CHJIBHOH KHCJIOTOH, T'UIPOIN3Y-
0TCA M0 KaTHOHY. Peakinuio cpelbl B PACTBOPE TAKOHW COJIM OUpenesisgeT HaJIUudue
Karuonos H': cpena xkucyotHasi. B atom cayuae pH < 7.

Mouemy 8 Tabnuue pacTBOPUMOCTU MPOTUE (DOPMYNl HEKOTOPbIX CONMEN CTOMUT
NPoYEpPK, O3HayaloWMK, YTO JAaHHAsA COJb He CyLiecTByeT B pacTeope?

dro emé omuH ciaydail rugposusa coseil. Coiau, o0pazoBaHHBIE CJIA0BIM OC-
HOBAHHEM M cJIaboil KHMCIOTOH, MOABEepPraroTcsa THAPOJH3Y KAK 110 KATHMOHY, TaK
M 110 aHuOHY. KaThoH coJu IpHUCcOoeIUHAET IM'IPOKCH/I-aHUOH BOJbI, & AaHUOH COJH —
KaTuoH Bojopoja. Tak IUApoJamusyercsd, HapuMep, cyJb(UI aJIOMUHUA:

Aly,S3 + 6HL = 2A1(0H)3l + 3H,ST

Taxme conm B TabJNWIle PACTBOPMMOCTH OTMEYalOTCA HPOYEepPKOM, TaK KaK OHU
He CYIIecTBYIOT B pacTBopax. I'maposms mx mHeoOpaTHM, TaK KaK OOHH WK o0a IIpo
AYVKTA yAaadgoTces 3 cdepsbl peaKIUM B BHJe OCajKa HJIM rasa.

Mpponus. MNMaponus no KatuoHy. MNaponus no aHuoHy. Maponus no kKa-
TUOHY U NO aHWOHY. BopopogHbliid nokasartens (pH)

NpoBepbTe CBOM 3HaHUSA

1. Y7o HasbiBaOT rmaponn3aom? Kakwe sapuaHTsl rmgponusa Bbl 3Haete?
2. Banuwmnte GopMynbl HEKOTOPLIX COMEN, KOTopbiM B Tabnuue pacTBOPMMOCTW COOT-
BETCTBYIOT MPOYEpKU, U YPaBHEHUA peakuuini Ux rmaponnaa.

3. Tonbko NU KUCNOTa 1 OCHOBaHWe MOryT B pesynstate obmeHa obpa3oBark COMb?

4
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\\'
NMpumeHnTe ceBouU 3HaAHUS

4. 3anuwnTe ypaBHEHUs rMaponnasa clefyowmx Conen, ykaxmre Tun rmgponusa n cpeay
obpaszoeasLueroca pactsopa: Cu(NOjz)s, FeSOy, ZnCly, KyS, NaSiOg, NHLCI, Al(NOz)s3.
5. JonvwwnTe neeble 4acTu ypaBHEHWI peakuuii rmaponusa:

a) ... & LiHSiO4 + LiOH

6) ... = MgOHBr + HBr

B) ... = 2Cr(OH)3; + 3HS

6. Cmewanu pacTeopbl kapboHarta HaTpua KU cynbdarta anioMmuHua, Npu aToM BbiAENUNCA
ras v Bbinan ocafok (06bAcHUTE nodemy). HanuwmnTte ypaBHeHWe peaxkumu.

o /

IlpakTuueckas padora 1

PEIHTEHUE BKCITEPUMEHTAJIBHBIX 3AJIAY 11O TEME
«BDJIEKTPOJIMTUYECKAA IUCCOIIUAILIUA»

Bapuaunr 1

1. JlokaxuTe ONBITHBEIM IIYTEM COCTaB:

a) cepHOM KMCJIOTEI;

6) xmopuga xenesa(IIl).

2. HcneiTaiiTe pacTBOPHI XJOPHAA Kajnmd, KapboHaTa Kajduda M XJOpHAa IIHHKA
PACTBOPOM HHIMKATOPA WIN WHAUKATOPHON OGyMaroit um o6bACHUTE DPE3yIbTATHI HC-
ObITaHWI. SaNUIIUTe MOJEKYJApHbIe U MOHHLIE YPaBHEHUA pPeaKkIlUil IHIpoJindaa.

3. IIpakTHYeCKH OCYIIECTBHUTE CJIeAVIOINe HIPEBPAIIeHUA:

CuSO4 —» Cu(OH)3 — CuO — CuClk — Cu

OgopmuTe OTUET 0 HAOGMIOJEHHAX M YCIOBUAX NPOBEAEHUA peakIinii. SalluIrmnTe
VPaBHEHU PeaKIHil ¢ y4acTHeM 3JIeKTPOJHUTOB B MOJIEKYJIAPHON M MOHHOH (GopMax.
Peakmmum ¢ y4yacTMeM HPOCTHIX BeIecTB PACCMOTPHTE KAaK OKMCIHTENbHO-BOCCTAHO-
BUTEJbHBIE.

Bapuaur 2

1. JJoxkasxuTe ONBITHBIM IIYTEM COCTaB:

a) TUAPOKCHUA KalbINdg;

6) cyiab(aTa aMMOHHS.

2. HcneiTaiiTe pacTBOpPHI HHUTpaTa HaTpusd, KapboHaTa HaTpuUd M HUATpATa I[UH-
K& pacTBOPOM HHAMKATOPA MM HHANKATOPHOH 6yMaroil m OOBACHUTE pPes3yIbTATHI
HCOBITAHUI. S3anUIINTe MOJEKYJIsApPHbIe ¥ MOHHBLIE YPaBHEHU:A PeaKkIlUii THAPOJIM3a.

3. IIpakTHYecKHN OCYIIECTBHTE CJeJYIOIINe IIpeBpallleHNus:d:

Fe — FeSO4 — Fe(OH)y — FeCl, — Fe(NO3)s

Odopmure oTUET 0 HAGJIIOOEHNAX ¥ YCIOBHUAX MPOBEAEHUA peaKIuii. 3amuiimTe
HX YpaBHEHHA AJA PeaKIHUil ¢ yJdacTHeM 3JeKTPOJHUTOB B MOJIEKYJIAPHON M MOHHOIM
dopmax. Peaknum ¢ ydacTHMeM IPOCTHIX BeIeCTB PACCMOTPHUTE KaK OKHCIHTEIbHO-
BOCCTAHOBUTEJIbHBIE.
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BuiBoasl Kk rmaBe 11
«Xumunyeckue peakuuu B pactBopaX»

1. Ilpomecc pacmajga BelecTBA HA HMOHBI IIPM PACTBOPEHHM WM PAaCILIABIeHHAN
HAa3bIBAETCA JJIEKTPOJUTUYECKON Auccomuanmeii.

2. IlonoxurenbHO dapdxeHHble HMOHBI Ha3blBaAaKT KaTHOHaAMH, OTPpHIATEeJbHO 3a-
pAXXeHHbIe — aHHOHAaMMH.

3. OcHOBHEIE TOJIOMKEHHUA TEOpHHu BJIeETPOJIHTH‘IeCEOﬁ AUCCOIHMAaIHM.

1) Bce BelmecTBa II0 CIIOCOOHOCTH IIPOBOAUTH 3JEKTPUYECKHII TOK B BOOHBIX pae
TBOpax AeJAT Ha BJIEKTPOJHUTHI U HE3JIeKTPOJIUTHI;

2) B pacTBOpe 3JEeKTPOJUTHEI AUCCOIHUUPYIOT, T. €. pacmajgamTca HA woHBL. [Ipu-
YUHOM OTHUCCONMMANMUHN ABJIAETCA THAPATAINA 3JIE€KTPOJUTA, T. €. ero B3amMOJeicTBHE
C BOJOM;

3) DIEKTPOJNUTEL AeJAT Ha CHUJLHBIe U caabbie,

4. CreneHpI0 DJIEKTPOJUTHYECKON IMCCONMMAIINY HA3BIBAIOT OTHOIIEHHE KOJHYe-
CTBA BellleCTBa 3JIEKTPOJIUTA, DACIABIIEroCs HA MOHBI (1), K 00U[eMy KOJHUYECTBY
PacTBOPEHHOTO BeIecTsa (np): o = ny/n,. B BogHOM pacTBOpe cTemeHb AMCCOLUANNN
83aBUCUT OT IIPUPO/IBI BJIEKTPOJIUTA U OT €ro KOHI[EHTPaAuuu. ¥ CUJIBHBIX BJIEKTPO-
JUTOB (OHHU OUCCOIMUPYIOT HeoOparumo) ¢ — 1, y ciabbIX 3JIeKTPOJIMTOB (OHU JuUC-
conmupyioT obparumo) oo — 0.

5. B zaBucmMocTH 0T 00pasyoOIUXCS TPH AUCCOIHUAIIMH HMOHOB, 3JEKTPOJHUTHI
MOPAa3IeNAT HA KHUCJIOThI, OCHOBAHUSA M COJIH.

6. XmMHU4yecKHe CcBOMCTBA KHCJIOT:

peakuua obmeHa
1) Kmcaora + ocHOBAHHE > COJIb + BoJa

peaknua ofMeHa
> COJIb + BOJA

2) KHcaoTa + OKCHJ MeTasia

ear A 3aMelieHusa
P = ) > COJIb + BOAOPON

3) kumciaoTa + MeTasn

pearknus obmeHa
> HOBasd KHCJOTA + HOBasA COJNb

4) xkuciora + coJab

7. XuMuUYecKHe CBOMCTBA OCHOBAHHWIM:

eakI A o0MeHa
1) ocHOBaHUe + KHUCIOTA L ? CoJIb + BOAA

2) ménoub + OKCHUJ HeMeTaJla —> COJb+ BoJa

- peaxkiua obMeHa
3) mIeJa04s + COJb > HOBOe OCHOBaHWeE + HOBaA COJb

pPeaKIus PasioKeHus
4) HepacTBOPUMOE OCHOBaHHE y OKCHJ MeTajlla + Boza
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8. XmMHuyecKHe CBOMCTBA OKCHJIOB:

peaknus obMeHAa

1) OCHOBHBIH OKCHJ + KHCJOTa > COJIB+ BOMA

2) KHCJOTHBIA OKCHJ + IIEJIOYb —> COJb+ BOJA

i . peaknus CoeguHEeHUs
3) KHCJIOTHBIN OKCHJ + OCHOBHBII OKCHI > COJIb

i eaKIIHA COeIHHEeHHA o
4y FUCHOTHRIL N | ypyg DEARE B > PACTBODHMBII THAPOKCHUL
OCHOBHBIH OKCHJ

9. XuMuyecKkue CBOMCTBA CPEIHUX COJeli:
peaxkiua obMeHa

1) conb + KucaoTa > Ipyras coJib+ Apyras KHUCJIOR
2) conb + MIENOYb ROARTAY COMOHD ., Apyras cojib+ Jpyroe ocHOBamie
3) coyib; + COJiby Dessus obMenn COJIby + COJib

peaknuA 3aMeIleHHd i
4) conb + MeTasl > ApyTrad COJb+ IPYTroil Merasini

10. PasauuaioT Tpu caydas TUAPOJIHU3A COJE:

e COJIM CHJIBHOT'O OCHOBaHHUS M cJab0il KHUCIOTBI — THAPOJHU3 II0 aHWUOHY

* COJH CJI&ﬁOI‘O OCHOBAHHA M CHJIBLHOH KHUCJIOTBI — THAPOJIH3 II0 HATHOHY

e cos caaboro OCHOBAHMA W cnaboil KHCJIOTHEI — THAPOJU3 II0 aHHOHY M Ka-
THOHY

11. Cons CHJIBHOTO OCHOBAHUA U CHJIBLHOW KHCJIOTHI He InoageepraeTrca rmapoamusy.
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S 10. OBIIIASI XAPAKTEPUCTHUKA
HEMETAJLJIOB

HemeTtannsl — 370 XMMWUYECKME AHTOHMMbI MeTannos. Kakumu XapakKTepHbIMH
ocobeHHOCTAMMK CTPOEHHA U CBOWCTB 06nana|0T HemeTanbI?

Ctpoenne aToMOB HeMeTaJJI0B. ATOMBI GOJBIIMHCTBA HEMETAJJIOB COJepsKarT de-
ThEIPpe—CEeMb 3JIEKTPOHOB HAa BHEIIIHEM 3JIEKTPOHHOM cJioe (9HepreTHYeCcKOM YDPOBHE).
Jlasa 3aBeplIeHUs BJIeKTPOHHOH 000JIOUYKH [0 YCTOMUMBOTO OKTeTa HeMeTaJjaM IIpo-
e MPUCOeOUHUTHh OOUH—YeThIpPe 2JeKTpPOHAa (BO3HHMKAeT MOHHAA WM KOBAJeHTHAS
NoNApPHAA CBA3H) MM 0000IIeCTBUTH MX C aTOMaMM 9TOrO Ke HJIHM APYroro Heme-
Tajana (BO3HHKAaeT KOBalleHTHAA HEIOJApHAas W IOJsApHAadA CBA3b), YeM OTHATH YeThI-
pe—ceMb BAJEHTHBIX BJIEKTPOHOB JAPYIrOMY aToMmy.

ITo cpaBHeHHIO ¢ aTOMAMH METAJIJIOB ATOMbI HEMETAJLJIOB TOIl »Ke IPYIIILEl HMET
MEeHBIINI paguyc aToMa.

Taxum obpasoM, aTOMBI HEMETAJJIOB XapaKTePU3YIOTCA OOJIBIIMM HYHCIOM 3JIEK
TPOHOB HAa BHEIIHEM SHEePreTH4YecKOM YPOBHE MJIM HeGOJIBIIMM paglycoM aToMa II0
CPaBHEHHWIO C METAJIaMHU TOH JKe T'PYMIIBL.

K memerannam, Kak mpaBUJI0, OTHOCAT U OJATOPOJHBIE TA3BI, ATOMBI KOTOPBIX
XapakKTepUa3YIOTCHA II0JHOCTbIO 3aIl0JHEHHON JJIeKTPOHHON 000JI0UKON M He CcIocob-
HBI OTHABATE WM OPUHHUMATH 2JeKTPoHBI. MHOTZa 6aropogHble Tasbl BBIAEIAIOT
B OTAEJbHYIO I'DYINY XUMHAYECKUX 3JeMeHToB (cxema 4).

Cxema 4

|

MeTtanns! Hemetannsi BnaropofiHble rassi

CTpoeHne aTOMOB HEMETAJJIOB OIpenendeT HX mojokeHHe B Ilepmommueckoi
cucreme JI. H. MengeneeBa. Biarogapa OONBIIOMY YMCIY BaJ€HTHBIX 3JIEKTPO-
HOB HEeMETa/IIbl 3aHHMAIOT «IIpaBBIA (puaHr» ajeMeHTOB A-rpynn. OHEM pacrojioke-
HBI CIIpaBa CBepXy OT AuaroHaau 60p — acTaT, YCIOBHO pasielIslolleil aJIeMeHTHI
Ha MeTaJIJIbl ¥ HeMeTaJLJIbI.

ATOMEI 5JIeMEeHTOB-HEMETAJJI0B, COeIUHAACH APYr ¢ APYroM, o6pasyioT IIpocThIe
BellleCTBA HeMeTaJIbl. IIpocThle BelljecTBAa HeMETAJILI 00pa3s0BAHBI 3a CUET KOBa-
JeHMHBbLX HeNnOoAAPHbLX C68s3eil. KoBaleHTHBIMU HEMOJAPHBLIMU CBA3AMU B HEMETA-
Jax MOryT ObITH CBA3AHBI APYT C APYroM ABa aroMma (B MoJeKyJaax Kuciaopoza Q,
xyopa Cly, noga Iy), Tpu aroma (B MonexkyJie ozoHa O;), deTbipe aroMa (B MOJIEKyJIe
6emoro gochopa Py m Gomee. Taxkme BelmecTBa MMEIOT MOJEKYJIAPHOE CTPOEHHE H,
KakK CIeJCTBHE, MOJEKYNAPHYIO KPUCMAJLIUYECKYO peulémiKy B TBEPIOM COCTOAHUH.
HamomMuuMM, 4TO B y3JlaX TAKOWl KPHUCTAJLIMYECKON PEIIEéTKM HAXOOATCA MOJEKYJIbI
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Puc. 11. HekoTtopble HEMETaNILl — MNPOCTbe BellecTBa: a — xnop; 6 — 6pom; B — KpacHbIiA
docdop; r — KpemuHuit; 4 — cepa; e — nog

BeIl[ecTBa, OTHOCUTENBHO €JIabo CBA3aHHBIE MEKAY COD0H CHIAMH MEeXMOJIEeKYIAp-
Horo BaaummogeiicTBusA. IlosToMy Hpu OOBIYHBIX YCJIOBHAX HEMETAJJIBI ITPEICTAaBIIA-
10T co00il miam rassl (BOAOPOJ, KHCJIOPOJ, O30H, a30T, (Prop, XJIOp), UIH JIETYIYIO
AKUOAKOCTh (6poM), WM JIerKoIliaBKHe TBEPAbie BelecTBa (Oesbiii ¢docdop, cepa)
(puc. 11).

KoBaleHTHBIMH HEIOJAPHBIMKA CBA3SAMH MOJKET OBITH CBA3AHO APYr C APYroM
MHOKEeCTBO aTOMOB HeMeTaJjlla, TaK 4TO ero obpasel — 9TO OJHA TUTAHTCKAd da-
cTHIa. B Takux BellecTBaxX HEBO3MOJKHO Pa3JIWYHUTL OTJENbHBIE MOJEKYJBI. JTO He-
MEeTAaJIbl HeMOJLeKYJIAPHO020 cmpoerHus. HeMolleKynsipHOe CTpOEHWE WMEIT, Hallpu-
Mep, KPpHCTAIINYeCKU KPeMHUH ¥ aJlJIOTPONHbIe MOAU(MDHUKAIIMK yIjiepoJa — aJMas
u rpadur. ¥ KpeMHHUA W aJIMasa — amoMHas Kpucmaanuieckas pewémra. B ys-
JlaX TaxKoil PeIléTKM PAaCIOJIOMKEHBI OTAEe/JbHBIE ATOMbLI, IPOYHO CBA3AHHBIE CO CBOH-
MM COCeIAMHN KOBAJEHTHBIMU HEIOJAPHBIMU CBA3AMHU. PaspyIINTh TaKyl PEIIéTKY
Ype3BLIYAMHO CJIOMKHO, YTO W CKAas3bIBaeTcdAd Ha (M3MYEeCKHMX CBOMCTBAX ITOJOOHBIX
HEMETAJJIOB. JTO KPHUCTAJLIMYECKHE BeIecTBa ¢ OYeHb BBLICOKUMU TeMIepaTypaMu
IUIaBJIEeHUA, HeJleTy4He, O4eHb TBEpPIBIE.

He o6pasyooT Apyr ¢ APyroM XUMHUUYECKUX CBA3EH TOJIBKO ATOMBI OJATOPOTHBIX
ra3oB. Jlasxe HeCMOTpPS HA CBOK CPABHUTEJIBHO OOJBINYI OTHOCHUTENBHYIO ATOMHYO
Maccy KCeHOH W pPaJioH, PaBHO KaK W rejinii, HEOH, aproH, KPHUNTOH, IIPHX HOPMaJb-
HBIX YCJOBHUAX IIPEACTABIAIOT c0ODOI rassl.

dusnuyeckKne CBOMCTBA HEMeETAJIJIOB

dusnyecKkre CBOWCTBA HEMETAJNJOB HACTOJNBKO pasHooOpasHBI, 4YTO O0BeIWHIET
WX, TOKAJIYH, TOJBKO OJHO: OHH He IIOXO0XKHW HA METAJJIBI.

Kakue e dusuyecKkue cBOHCTBA OTJIHYAKT HeMeTaLlasl 0T Merayios? Ilpuseném
JINIITE HEKOTOPbIe M3 HHX.
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Huskaa 3JIeKTPONPOBOTHOCTH. BOJBINMHCTBO HEMETAJJIOB — AMIJIEKTPHUKHU, T. €.
OHHW TIPAKTHYECKH He IPOBOAAT dJIEKTPpHUecKHU TOoK. OJHAKO 9TO IPaABHUIO HE 00X0-
purcsa 6e3 uckaoueHud. ['padur, ogHa U3 ANJIOTPONHBIX MOAUMUKALUNA YIJIEpona,
onaromapa ocobOMY CTPOEHUIO KPHUCTAJJINYECKOH PEeIIEéTKM XOPOIIO MPOBOAHUT 3JIEK-
TpuYecKuil TOK. KpeMHHI OTHOCHUTCA K HOJMYIPOBOSHHUKAM.

Heob6b1uHyI0 31€KTPOIPOBOAHOCTE IIPOABIAET CEJIEH: MPU OCBEIIEHUU OH IPOBO-
JUT 3JeKTPUUYECKHI TOK B ThICAYY pas JIydllle, 4eM B TeMHOTe. Y Y€Hble NPeIJIOKUIN
MHOT'OYMCJIeHHBIe 00GJacTH MpPUMeHeHHNsA 3TOr'o CBOICTBA: cesJeHOBELIE (POTO3JTEeMeHTHI,
BeIpabaTeIBalOIUe DIEKTPHUYECKHIl TOK IPH OCBeIlleHWH; aBTOMaTHUYeCKHe AATYNKH,
BKJIKOUYAOIN[NE YJIUYHOEe OCBellleHHe IIPH HACTYILIEHUU cyMepeK; (hOTOSKCIOHOMETPHI
B (poroarnmaparTax, perucTpUpyONIAe OCBeIEHHOCTb 00beKTa chéeMKu. CelleH BXOLUT
B COCTAB CBETOUYBCTBUTEJBLHOTO CJIOA, KOTOPBIM IIOKPBITHI paboume GapabaHbl anma
pPaToB A KCEePOKONMPOBAHUA.

IIBer u orcyTcTBMe MeTadaudyeckoro Oiaecka. Hemerannbl oTaMuyarTcad pasHO-
ofpasueM oKpacKu. PTOp MMeeT CBETJIO-}KEJITYI0O OKPacKy, XJIOp — KEJITOo-3eJIEHYIO,
OpoM — OYpPO-KOPUUYHEBYIO, WOJ — UYEPHO-(PHUOJETOBYIO, KPUCTAIMYECKAsS cepa —
JUMOHHO-KENTYI0. Annorponusie mogudukaiuu gochopa Tak U HA3BIBAKT 0 I[BE
Ty BelllecTBa: OeJsiblii, KpacHBIN, 4épHBIN (ocdop.

A BOT MeTamIHUYecKHM OJ€eCKOM M3 HEMETAJJIOB MOTYT «IIOXBACTATBCA» TOJBKO
rpauT, KPUCTAIIMUYECKNHA KPEeMHHH 1 HMOI.

XuMuyecKkHe CBOHMCTBA HEeMeTAJIOB

HemeTtainsl B 3aBUCHMOCTH OT IPUPOJBLI PEATHPYIOIINX ¢ HUMH BEIIECTB MOTYT
BLICTYIIATh KAK B KadyecTBe OKHCIUTelell, TaKk M B KadecTBe BoccraHosureseii. Cro-
cOOHOCTL HEeMeTaJLJIa NPOABJATHL Te€ WM MHBIE CBOMCTBA ONpEAesAeTCA ero 3JIeKTpo-
OTPUIIATEIBHOCTBIO!

F-0-N—-Cl->-Br-S—-C-H

N
7
DJIEeKTPOOTPHUILATEILHOCTS YMEHbIIIAeTCH

PaCCMOTpHM OCHOBHbBIE XMMHUYECKHE CBOMCTBA HEMETAJJIOB B 3aBUCUMOCTH OT TOTO,
KaxKym (bYHR.]IHIO B OKHCIIHUTEeJIBHO-BOCCTAHOBUTEJIBHEIX pPeaKIIMAX OHH BBIIIOJHAIOT.

OkucnumenbHble c80llcmea

BzaumomeiicTBMe HEMETAIJIOB € MeTajiiaMu. B peakmuax MeXAY MeTaTIIoM
H HeMeTaJlJaIoM HOCJIe,E[HHfI BCerga BBINOJHAET POJIb OKHC/IMTEeJIA. HpK 2TOM oﬁpaay-
HOTCA COeJHMHEeHMdA, COCTOAIIINEe M3 IBYX 2JIeMEeHTOB, B KOTOPEIX HeMeTaJJI IIpoABJAeT
OTPHIIATEJIBHYIO CTelleHb OKHCJIeHHA.

Hanpumep, KucJIOpPOA pearupyeTr ¢ MeTaajiaMu ¢ oOpasoBaHUEM OKCHIOB, cepa —
CYyNb(PUIOB, XJIOP — XJIOPUIOB:

0 0 , +2.2
2Ca + Oy = 2Ca0

o 0 +2 2
Fe + S = FeS

cynehng xenesza(ll)

0 0 +3.1
2Al + 3Cl, 2AlCl

XJIopuja aJlloMHHIA

Il
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ITpu BzamMoAeiCTBMM ¢ MeTa/JIaMMU B IMPOJAVETEe peaKIi HeMeTaJJl mpuodperaeT
MUHHUMAaJbHbIE CTeIIeHHW OKMHCIeHUA.
BsanmoeicTsue HeMeTaJLIOB APYyr ¢ Apyrom. IIpm BsauMogeficTBUN HEMETAJIOB
B POJIM OKHCJUTEJNs BBICTYIIaeT TOT HeMeTaJlJ, ¥ KOTOPOTO BBIIIe 3JIeKTPOOTpHIla-
TeJILHOCTh. JTOT HEeMETAJJT B 00pasymoIeMcs COeUHEeHHH HPHoOpeTaeT OTPHIlATENh-
HYI0 (MUHHUMAJbHYIO) CTelleHb OKHUCJIEHUA, a APYIoll HeMeTalJl — IIOJIOMKUTEIbHYIO,
NpUYEM He Bcerjla MaKkcUMalbHyI0. Uem ciyabee HeMeTaJJIMUecKHe CBOMCTBA OKMC-
JUTeNdA, TeM HUKe CTelleHb OKUCIEHUA JPYroro HeMeTaJia B COeqUHEeHUH.
Hanpuwmep, @Top B3amMoaeicTByeT ¢ cepoil ¢ obOpasoBanuem (propuupa cepbi(VI):
0 0 6.1
3Fs + S = SFg
Gropuy cepwi(VI)

B Kucaopoje cepa ropur ¢ o6pasoBaHMeM OKCHAA, B KOTOPOM IIPDOABJSET CTENEHb

OKHCIIeHUdA +4:
0 0 +4. 2
O +8S = SO,
okcuy cepsi(IV)

XpaopoM mpu KOMHATHOHM TeMIIEPATYpDE cepa OKHUCJIAEeTCH YIiKe A0 CTEIeHW OKUC-
JeHnd +2:
0 0 +2.1
Clo + S= SCls

B 1o xe BpeMsaA cepa, 3JeKTPOOTPHUIIATEIBHOCThL KOTOPOI BBIIIE, YeM YV BOAOPOJIA,
BBICTYIIAET B 3TOIl IIape B POJIM OKHUCIHUTEJNA:

0 0 t +1.2
S+ Hy, &= H,S
He monpko cepa, HO ¥ GOJBIUIMHCTBO JAPYrHX HEMETAJLJIOB IIpM HarpeBaHMH pea-

THPYeT ¢ BOAOPOAOM, BEIIOIHAA POJb OKHCINTENsI, ¢ 00pasoBaHMEM JIETYUYHX BOXO-
POAHBIX COEIMHEHUHA:

0 0 +1.1
H, + Cly = 2HCI
0 0 ¢t p,rar. .3+1

N, + 3H, = 2NH;j

OxucieHne HeMeTaJXJIaMH CJIO/KHBIX BeIIecTB. TaKHe CHIbHBIE OKHUCJIHUTENIH, KaK
(Top, KHUCIOPOJ, XJIOP, CIHOCOOHBEI OKHCIATH HE TOJBKO HPOCTHIE, HO M CJIOKHBIE
BelfecTBAa.

®@Top cnocobeH BBICTYNAThL B KAdeCTBe OKHCIHUTENdA Aaske B pPeakIluu C BOHOM.
Boga roput B atmocdepe (propa, ¥ 9TO eAMECTBEHHBIA NIPHUMED pPeaKIMN TOpPeHHd,
B KOTOPOM KUCJOPOJ SABJSETCA He NMPUUYMHON MPOIecca, a ero pesyiabTaToM:

0 .2 1 0
2F, + 2H,0 = 4HF + O,

Hpoueccm OKHCJIeHHA CJIO0MHBIX BellleCTB HeMeTalJlIaMHM IIIHPOKO HCIIOJIB3YVIOT
B IIPOMEBEINIJIEHHOCTH. Hanpnmep, BTOpad cTrTagud IIOJYYeHHA cepnoﬁ KHCJOTHEL 3a-
KJoUyaeTcsa B oxkucieHnu oxcupa cepsi(IV) mo oxcuma cepsi(VI):

+4 0 t +6.2
280, + O = 2SO,
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Ilonyuenme GpoMa M3 IPHUPOAHBIX BOJA C OOJBIIMM COAepiKaHHEeM pPacTBOPEHHBIX
OpPOMHIOB METAJNJIOB TAKyKE IPUMep OKHWCIEHHS CJIO0KHOTO BEIeCTBA HEMEeTaJIJIOM:

.10 .1 0
2KBr + Cl = 2KCl + By

Bocemanosumeanvhble collcmea

BzaumojgeiicTBHe HEMETAJJIOB APYr ¢ APyroM. Beillle MBI yiKe paccMOTpPeNN pe-
aKIU¥, B KOTOPBIX OJAWH HEMETaJIJI BBICTYIIAeT BOCCTAHOBUTEJEM II0 OTHOIIEHUIO
K apyromy. Hampumep, azoT B peaKIlii ¢ KUCJIOPOAOM IIPOABIAET BOCCTAHOBUTEIID-

HBIe CBOMCTBA:
0 0 ¢,xar. +2. 2
N2 + 02 =z 2NO

BoccranoBiieHMe CHOMKHBIX BemlecTB. Hemerasnbl CcmoCOOHBI BBICTYIIATHE B POJIA
BOCCTAHOBHTEJE B PEAKIHUAX CO CJOMMHBIMU BellecTBAMU, IMPOABIAKNIUMHA CHJIb-
Hble OKMCJIHWTEJNBHBIE CcBoicTBa. K TakUM coefMHEHHAM OTHOCAT, HAIpHUMep, KOH-
LEeHTPUPOBAHHBIE CEPHYI0 U a30THYIO KHUCJIOTHI:

0 +6 +4 +4
C + 2H,S04 = COy + 280, + 2H,0
0 +5 +6 +4

S + 6HNO3 = HySO, + 6NOy + 2H,0

BoccranoBuTe bHBIE CBOMCTBA HEMETAJJIOB, B IIEPBYI0 OUepelb YIaepoaa U BOHO-
poza, IMMPOKO HCIIOJb3YIOT B METAJIIYPTHUM:

0 +2 ; 0 42
C+ CuO =Cu + CO

0 +5 ¢ 0 +1
oHs + VKL0O; = 2V + 5H0

K cu/ibHBIM OKHCIUTENAM OTHOCUTCHA COJIb, KOTOPYID XUMHUKH HA3bLIBAIOT X.J0-
pamom Kaiusa UIA 6epmosiemogoil covio. ITo BemecTBO uMeeT dopmynry KCIQ.
BeproseroBa cosb JIErKO OKHCIAET Takue He-
MeTaJJbl, Kak cepa u Qocdop:

0 +H 4 .1
3S + 2KClO; = 380, + 2KCl
0 +H +5 .1

6P + 5KCIO; = 3P505 + 5KCI

Obe »TU peakIUU IIPOTEKAIT IPH MMOMMKHU-
rapun couuku (puc. 12). Cepa u Oeprosero-
Ba COJIb BXOAAT B COCTAB CIMYEYHOH T'OJIOBKH,
a (ochop HaHecéH Ha OOKOBYK 4YacTh KOpoO-
Ka. I[Ipu TpeHUU CHUYKM BCHBIXHBaET KPYIIWUH-
Ka (ochopa m mogkuraer cMech 0epTOJIETOBOI
conm ¢ cepoit. Or 2TOH BakUraTeJLHOU cMecH
sdaropaerca apeBko cnuukm. Keratu, xapaxkTep-
Puc. 12. 3aX1raHue n ropeHne HBIIl 3amax KIKEHBIX CONYEeK O0OVCIIOBJIEH TIJIaB-
CMUYKN — COBOKYMHOCTb CIOXHbIX HBIM 00pasoM BBIZIeIEHHEM MPOAYKTA TOPEHUA
cepbl — okcujaa cepbi(IV).

XMMWYeCKKX npoueccoe

Ltilda.ws
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ﬂBOﬁCTBEHHaH OKHCIHTEeJBHO-BOCCTAHOBHUTEJIbHAaA CHOCOGHOCTB HeMeTaJJIoB, T. e.
BO3MOHOCTE BRICTYIIATE U B KaUuecTBe ORHCHHTeHeﬁ, ¥ B KadecTBe BOCCTAHOBUTEJIEH
APKO IIPOABJIAETCA B CHQHH(I)HTIECRHX pPearKIiAdx, HallpHMep:

0 o +1

Cl, + 2KOH= KCl + KCIO + Hy0
XJIOPHUJ ~ THIOXJIOPHUT
Kainnuda Kamuda

IIpn HarpeBaHHH BTHX JK€ peareHTOB IIPOTEeKaeT Apyras peaxkiiud:

0 i i | +5
3Cl; + 6KOH = 5KCIl + KCIO3 + 3H50

Hmenno Tak B 1786 r. xjopar Kaausa BHepBble IIONAYYWJI (PPAHIY3CKHN XUMHK
Knox Jlym BeproJsie, B 4ecTh KOTOPOIO COJIE M HasBaJm 0epToJIeTOBOH.

1. Yem pasnuyaeTcsi CTPOEHWE aTOMOB MeTalsfoB U HemMeTannos? YkaxuTe nonoxeHue
anemeHToB-HemeTannos B lNepuoauyeckoin cucreme [. M. Menpeneesa.

2. Kakne Tunbl KpUCTaNIM4ECKUX PELUETOK Bbl 3HaeTe? Kakume W3 HUX xapakTepHbl s
NPOCTLIX BELECTB HemeTannoe? lpuBeomte NpUMepbl HEMETANNIOB C Pa3/IMYHBIM TUMOM
KPUCTaAN/IMYECKOWN PELUETKN, YKaXuTe pasnuyna 8 GU3NYecknx CBOWCTBaxX 3TWUX BELLECTB.
3. Hem ¢msnyeckne CBONCTBA HEMETANNOB OTNMHAKTCA OT GU3NYECKMX CBOWCTB MeTan -
nos? OxapakTepuadyiiTe dur3nyHeckmue CBOWCTBA MPOCThLIX BELECTB kucnopoga, asora u
BOAOPOAA.

*

4. B appe atoma XMMW4YECKOro 3NeMeHTa COoaepXuTcs 76 HEeWTpPOHOB, 4TO Ha 24 egwn-
HUUbl Bonble YyMcna NPoOTOHOB. YTO 9TO 3a anemeHT?

5. BanuvwwuTe ypasHEHWs peakuuii Mexay Crneayiowmvmu BellecTBamu:

a) 6poMomM 1 CepoBOAOPOAOM;

6) yrnepogomM M OKCUAOM UMHKA;

B) kucnopogom u cynspugom megu(ll).

6. Mcnonb3yst meToq, anekTPoHHOro HanaHca, CoCTaBbTe ypaBHEHWS peakuuii, COOTBET -
CTBYIOLLME CNEOyLMM NPEBPALLEHUSM:

a) NH3 + 02 — N2 + H20

6) NaOH + Br, — NaBr + NaBrOz + H,0

B) Na,SO; + Cl, + H,O — Na,S0O, + HCI

Onpepenute OKUCAUTENN W BOCCTAaHOBUTENMW.

7. Kakoin 06bEM yrnekucnoro rasa obpasyerca npu cxuranHun 800 n metada CH 4 (H. y.),
copepxauero 5% npumeceit (No o6bEmy)?

8. Cepy maccoin 0,8 r coxmu, nony4eHHblli ra3 pactsopunu B 100 r pacteopa rmapok-
cuaa Hatpua ¢ maccosoi goneil weénoydm 4 %. PaccuyuTaiite maccoBble O0NW BELLecTB
B MOSYy4EHHOM pacTBoOpe.

L9 J/

Mcnone3yinte AONONMHUTENbHYIO MHPOpMaUUIO

9. MNopagrotoeere coobuieHne no Teme «M3 MCTopuKM CO3O4aHUA CAnYeK».
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§ 11. OBIIIAST XAPAKTEPUCTUKA
DJIEMEHTOB VIIA-TPYIIIIBI —
TAJIOTEHOB

B uém CXOoACTBO M pas3nuMyuAa CTpOeHWA aToOMOB ranoreroe? Kak ocobeHHocTH
CTPOEHMA aTOMOB raJloreéHoOB OoTpa*aloTCAa Ha MUX CcBOMCTBax?

VIIA-rpynny Ilepmommueckoil cucrembl XxuMudeckux saemeHToB 1. M. Menpe-
JieeBa COCTABJSAIOT ITecTh sjemenToB: grop F, xjyop Cl, 6pom Br, mox I, acrar At
u reaHeccud Ts. Bece aTu snmeMeHTsI mMeOT obOmiee IPYIIIOBOE HA3BAHWE TAJIOTEHBI.
Hy»xHO oTMeTHTH, YTO acTtaT — pPEJKHIl pagMoaKTHBHBIA 3JE€eMEHT, ero CcBOiicTBa
IUIOX0 M3y4yeHEI. EIIé MeHee M3y4YeH HeJaBHO MOJYUYEHHBINI TEHHECCHH.

Crpoenne aromoB. Ha BHeIIHeM sHepreTHYeCKOM YPOBHE aTOMOB TaJIOTEHOB pac
TIOJIOKEeHO CeMBb JJIEKTPOHOB, CJIENOBATENBHO, [0 ITOJYYeHHS BOCBMHIJIEKTPOHHOTO
CIOSI UM HEJOCTAET TOJBKO OAHOTrO 3jeKTpoHa. [lo 9Toil mpuYMHe TaIoTeHbl — CHJIb-
HbIe OKHCJHUTENN; IPUCOEAUWHAA HeIoCTa-
IOIMHI BJIIEKTPOH, UX aTOMbI IPHOOpPETAIOT
cTelleHb OKHcaeHmA —1.

C yBenmuwueHmeM pajuyca AaATOMOB
oT (grropa K acTaTy yMeHbIIaeTcd 5SJIeK-
TPOOTPHUIIATENLHOCTh T'aJIOTeHOB M, CcJie-
JOBATEJbHO, MX OKHCIAWUTEJIBHAs CIIOCOD-
HOCTb.

CeMb 5JIEKTPOHOB Ha BHEIIHEM SHEp-
TeTHYeCKOM VPOBHE aTOMOB TIaJIOTeHOB
TIO3BOJIAIOT TIPEAIOJIOKHUTH, YTO MaKCH-
MalbHasA CTeIlleHb OKHCJIEHUs TaJloreHOB
B coelMHeHUAX paBHa +7, B YaCTHOCTH,
B Belcmux okcugax I'sOy, rme I' — o006-
MU CHMBOJI [Jisi TAJOTE€HOB. JTOT BBIBO/J
Oymer crnpaBeJiuB JUIIbs oTdactu. llermo
B TOM, 4TO (DTOP — CAaMBIH JJEKTPOOTPH-
HaTeIbHBI XUMHUYECKHUI 3JIeMeHT U II0JIO-
JKUTENIbHBIX CTeleHell OKHCIeHHd He IIPo-
ABJIAET.

T'ajorenst B npHpoae BCTPeYaioTCHA
TOJNBKO B BHJAe coequHenuii. Haubosnee us-
BECTHBIE U3 HUX — (DI100pUM, WIH RAAGU-
roewtit wnam, CaFy (puc. 13), kpuoaum
K3AlFg, xavMeHHass coJb, HWIH 2aJjumn,
NaCl (mogpobHee 0 HEM OymeT paccKasamHo
B naparpade 37, cm. puc. 97), cunvsun
KCl (pmc. 14).

Puc. 14. MuHepan CUnbBUH — MPUPOLAHbIA BosbmunacTBo  coepmHenuit  Gpoma
xnopug, kanus M UMOojla XOpOIIO pacTBOpseTca B Boje,
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II0ATOMY 4dallle BCero 3TH TaJloTeHbl BCTpeda- [ )
I0TCSA He B BHJe MUHEpPaJIOB, a B BOJax MOpei
u oxkeanoB. Hexoropeie Oypble BOIZOPOCIIH, HAa-
npuMep JamuHapus (Mopckasd Karycra), Ha-
KalJIMBalOT 3HAYMTEJbHOE KOJHUYEeCTBO WUOJA.
Orciofa W monb3a X yrnoTpebGieHMA B OHOIY,
U HCIIOJIB30BAHUE B KAUECTBE ChIPHSA HJIA IMOIY
YeHUs STOr0 rajioreHa.

l'anmoremsl — mpocThIe BeHmecTBa HNMEIOT
JABYXaTOMHBIE MOJIEKYJIbl, 00pa3oBaHHLIE 3a CUET
KOBaJIeHTHON HemonapHo# cBasm: Fs, Cly, Bra
u T. . B TBEpAOM cOoCTOAHUM rajoreHsl obpasy-
0T MOJIEKVJISAPHYI0 KPUCTAIINUYECKYIO PEIIETKY.
IIpy OOGBIYHEIX YCIOBHAX CBETJO-2KEJTHIH (TOp
W KEJITO-3eJIEHBIM XJop — rasel, Opom — 0Oy-
POBATO-KOpHUYHEBaA KUIKOCTb, a HUOJ — TBEP-
Joe YEpHO-Cepoe BeIIecTBO C MEeTAJIHYECKHM
6iecrom.

B nipoMbIieHHOCTH (DTOP M XJIOP IOJYYaloT
BIEKTPOJU30M DPACILJIABOB WJIM PACTBOPOB COJIeH
(cm. § 26, 36).

B naGoparopuu XJop HONYyYarOT OKHCIEHH-
eM COJAHON KMCJIOTHI HOAXOAAIIUM CHUJILHBIM OKUCIUTENIEM — COeIUHEHUAMU Map-
rafila WIM XpoMa IIPpM HarpeBaHUH:

4HCl + MnOy = MnCl, + ClyT + 2H50
16HCI + 2KMnO, = 2MnCly + 2KCl + 5ClyT + 8H,0

Puc. 15. Peakuus xenesa c xJlopom

14HCI + KyCry0; = 2CrCly + 2KCl + 3ClyT + 7TH.0

q)TCI[!, XJop M 6[101\'[ OYeHb ATOBUTHI. OHH BBLIZLIBAIOT nmapainu4d AObIXaHH#A, IIO-
PasKaoT KOMKY M CIH3UCTYIO O0OJIOUKY TJiad. XJop — mepBoe GoeBoe OTpaBIAroIiee
BeII[eCTBO, KOTOpoe NPUMEHUJIN repMaHcKue Boiicka B IlepByr MHPOBYIO BOIHY.

XuMuJYecKkHe CBOMCTBA rajioreHos. [[na rajoreHoB HamboJlee XapaKTepPHBI OKHC-
JUTEeJbHBIE CBOMCTBA.

1. T'amorensl B3aMMOAEHCTBYIOT ¢ MeTajaMu ¢ obpasoBaHueM cojeli — rajore-
HuAoB. HarmoMHHM, UTO caM TepMHH «rajoresHsl» (orT rped. galos — conb, genes —
poJi, IPOMCXOMAeHNEe) JOCJI0BHO IEPeBOJUTCA KAK <«POMKAAON[Ue COJH».

I[a:ice MeTaJlJIbI cpe,nHei‘I AaKTHBHOCTH, TaKHe KaK MKeJjle30, TopAT B aTMOCQ)epe
xyopa (puc. 15):

2Fe + 3Cly = 2FeCl3

Won — 6Gosee cimabblil OKHCAWTENB, 4eM (PTOpP, XJOp U OpPOM, IMOITOMY [JIS €ro
peakmmu ¢ MeTa/LiaMu TpebyeTcd HarpeBaHWe HJIM IIPUCYTCTBHE KaTaJIW3aTopa.
B xauecTBe KaTaimsaTropa peaKnUM HOAA C ATIOMUHUEM BBICTyHAaeT OOBIKHOBEHHAS
Boga (puc. 16):

Hy0
2A1+ 3 = 2Allg
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ITopoiok cypbMBI, IIomagad B arMocdepy
XJI0pa, CropaeT KPacCHBBIMH HCKPaMH-3BE3I0U-
KaMu:

0 0 +# .1
2Sb + 5012 — 2813015

2. OpgHa m3 BajKHEMIIMX peakIUi raJo-
TeHOB — UX B3auMOJelicTBHEe ¢ BOZOPOAOM.
B pesyinbrare 00pasyoTea JieTyure BOAOPOIHBIE
coeqVHEeHNA rajJlIorTeHOBOJOPOALL ¢ 0O0Ineit
¢dopmynonn HI', manpumep:

H, + Cly = 2HCI

WMoy ¢ BomopoJoM pearupyeT TOJLKO IPH Ha-
rpeBaHUM, IPHYEM peakKIusa odOpaTUMa:

Hy + I, & 2HI

3. YcHuleHHe OKHCIWTEJIBLHOH cItocobHoCTH
raJoreHOB OT MoJa K (PTopy HIposBJIseTcA B pe-

Puwc. 16. Baaumopgeincteme noaa
C antoMUHUEM

o | 0 : 1 0

2KI + Brs =2KBr + I

XJop, B CBOIO OuYepelb, CIloOcOOEH BBITECHATH M3 PACTBOPOB COJIEil KaK MOM, TaK
u 6pom:

.1 0 23 | 0

2KI + Cly = 2KCI + Iy
.1 0 .1 0

2KBr + Cly = 2K( + Bry

aKIUAX MX B3aUMHOIO 3aMelleHusa. BpoM, Kak
fosee AKTHUBHBIN HeMETAalJl U 0o0Jiee CUIbHBINA
OKHCJIHUTENb, CIIOCODEH BBITECHATH WO W3 pac-
TBOpa MOINUJIOB:

A BoT (QTOop B mnomobHyw peakuuio 6pars
HeJb3d, TaK KaK OH HACTOJNBKO AaKTWBEH, 4TO
pearupyer maske ¢ Bomo (pmc. 17):

2H,0 + 2F, = 4HF + O,

4. T'amoreHbl, Kak M HEKOTOpbLIe Apyrue He-
MeTaJLJIbI, CIIOCOOHBI pearupoBaTh C pacTBoOpa-
MU ImeJjiovyer. BaKHO 3aIOMHHUTB, YTO COCTaB
IIPOAYKTOB pPeaKkIUuM 3aBUCUT OT TeMIepaTyphl.
IIpu 20 °C ot omHOro aroma rajgoreHa K Ipyro-
My IepexoJUT TOJBKO OJUH 3JIeKTPOH:

Puc. 17. Ctpysa dTopa, HanpaBneHHas
Ha NOBEPXHOCTb BOAbl, Bbi3blBAET
noAaBneHme rony60r0 nnameH1

0 | +1

Bry + 2NaOH = NaBr + NaBrO + H50
OpoMuJ  IUIIODPOMHT
HaTpUA HaTpUsA

tilda.ws




CkadaH ¢

led MOBBIIIIEHHON TeMIeparType OKHCIeHHe aToMa TraJioreHa IIpoTerxaeT Yixe
A0 CTeIIeHH OKHNCJIeHHNA +5:

0 ¢ o | +5
3Bry + 6NaOH = 5NaBr + NaBrOg + 3H,0
6pomuz opomar
HATPHUA HaTpHUA

Buoagornueckas POJE M NPpHMEeHeHHEe TraJiIOTeHOB. T'amoreHsr HI'PparwT BayXHYIO
POJIb B MU3HEeNeATe/JIBHOCTH KUBBIX OPraHU3MOB; TaKiKe UX HCIOME .,

naterial100.tilda.ws
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Puc. 18. lNpumeHeHne xnopa v ero coeguHedui: 1 — nonydyeHne woga wu Bpoma; 2 —
NPOW3BOACTBO COJNIAHOW KUCNOTLI; 3 — cpegcTBa 3awnTel pacteHuin; 4 — oTbenuBanne bymaru;
5 — obGeszzapaxwBaHue BoAbl; 6 — MNPOM3BOACTBO pacTBOpUTEneid; 7 — MPOU3BOACTBO
CUHTETMHECKOro Kayyyka; 8 — npOM3BOACTBO MNNACTMKOBBIX EMKOCTEl; 9 — npov3BOACTBO
ckatepteir u candetok; 10 — NPOM3BOACTBO CUHTETUHECKWX BONOKOH; 11 — npou3BoacTBo
nekapcTts




Y
f

L FanoreHsl

MpoBepbTe CBOU 3HAHUSA

1. Oalite oBLUy0 XapakTepucTUKy ranoreHoB Ha OCHOBaHUWM WX nonoxeHus B MNepuogu-

Yeckon cucteme xummndeckux anemerHtos . W. Menpeneega.

2. Pacckaxute 0 HaxoxOeHuu ranoreHoB B npupope. Kakoea pone aTux 3nemeHToB

B XWU3HEAEeATeNbHOCTU OpPraHu3mMoB?

3. Oxapaktepusyinte dusnyeckme CBOWCTBA ranoreHos. Kak uM3ameHsieTcs UBET W NnoT -
HOCTb ranoreHos B pagy Fo — Clo — Brp — 1,7

4, OnpepenuTte BWMA, XMMUYECKOW CBA3U N TUM KPUCTAIVIMYECKON PELETKM B CneayoLwmx

BELLEeCTBAxX: MOM, XNOpua kanus, 6poMoBOAOPOA,.

5. OxapakTepu3yinte XMMMUHECKNEe CBOWCTBa rajoreHoB.

1

6. HanuwmnTte ypaBHeHWs peakLuid, C MNOMOLLBID KOTOPbIX MOXHO OCYLUECTBWUTb Cnenyto-
wMe npeBpalleHns:

a) NaCl — HCl — FeCl, — FeCl; — AgCl

6) KBr — Bro — ZnBr; — HBr — Br, — NaBrOg

Ons peakuwii, npoTekawwmx B pacTBOpax, 3anulinTe WOHHbIE ypaBHeHus. B ypaBHe-
HUSIX OKUCIUTENbHO-BOCCTAHOBUTENBHBIX pPEeakuuili pacctaeste KoadduUumMeHTel METOA0M
ANEeKTPOHHOro HanaHca, yKaxute OKWCNUTeNb U BOCCTAHOBUTENb.

7. Kakoin 06bEM xnopa (H. y.) MoXHO nony4uTts 13 100 mn 25%-HOW CONAHOM KUCNOTHI
(p = 1,12 r/mn) B pesynbrare peakuyin G ABYMs OKUGIVTENAMW — MNEPMaHraHarom Kanus
1 okcngom mapraHua(lV)? Coenanv nv NONy4YeHHble 3HAYEeHUA?

8. Kakyio maccy voga MOxHO nonyduts n3 30 r nognaa Hatpwsa neictevem mabbitka
XNOPHOW BOABI, ECNW BLIXOL NPOAYKTa peakuuu coctaensiet 65 %7?

o J

Ucnone3ynte AONONHUTENbLHYIO MHPOpmaUuio

9. MogrotoBsTe cooblleHWe 06 WUCTOPUM OTKPLITMA, CBOWCTBAxX W NMPUMEHEHUW OAHOrO
M3 ranoreHoB. AprymeHTUpyiTe CBOW BbiBOp ranoreHa.

10. Pazpenutecb Ha rpynnbl Nno 5—6 4YenoBek Ans co3paHusa Konnaxeim no temam «Mc-
Nnonb3oBaHWE CoeaMHEeHUA xnopa B BbiTy» U «[lpuMeHeHne coepuHeHWiA xnopa B npo-
MbllLNeHHOCTW». Pacnpepenute B rpynne oBsa3aHHOCTU W CAENanTe NpeseHTaumio CBoein
paboThl.

- J

-

Bbipasute cBOE MHeHue

11. Munepan nuponosut (MnO 5) paHblue CHMTaNcs PasHOBUAHOCTBLIO MarHUTHOMO Xe-
nesHska (Fes04). B 1774 r. weeackuin xumuk K. Leene npeanonoxun, 4To NUpoOMo3nT
npenctaesnsieT coboi He coenuHeHWe Xenesa, a CoeguHeHue HEeW3BEeCTHOro B TO Bpems
metanna. Kakolh akcnepuMeHT NpuBEn yd4eHOoro k Takomy BbiBoay? Kakow ras nonyywn
Llleene peakuuei CONAHOW KNCNOTbI C NUPOIIO3UTOM?

CkadaH ¢

Vaterial100.tilda.ws
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S 12. COEAMHEHUS TAJIOTEHOB

Mpu cMelwMBaHWM PacTBOPOB X/I0OPMAA HATPHUA U CEPHOM KUCNOTbI He Habnopa-
eTCA NPU3HAKOB XUMUYecKoW peakuuu. OpgHako ecnu B3siTb ANSA PeaKuuu KOH-
LIeHTPUPOBAHHYIO CEPHYIO KMC/IOTY M TBEPAbIM XNOPUA HaTpws, TO HETPYAHO
3aMeTUTb BblSENEHWE rasa C Pe3KWM 3anaxoMm, OCOBEHHO eC/IM peakuus npo-
BOAMTCA Npu HarpeeaHuu. [loyemy? Kak ycnoBus peakuuu BAUSAIOT Ha e€ npo-
TeKaHue?

B nepsoMm cayuae He cobiiofaercsa npasuiio Beprosye aia nNpoTeKaHUA peaKIWi
MeKAY pacTBOpPaMH dJIEKTPOJHTOB, BO BTOPOM — peaKIud CTAHOBUTCA BO3MOMKHOIL
Onaromaps JIeTy4ecTH XJIOPOBOJIOPOAA:

t
HySOy(xonm.) + NaCl(te.) = NaHSO4 + HCIT

Takum ke cmocofoM B JabopaTOpUM MOMKHO TOJNYYHTH (DTOPOBOIOPOI.
IIpu monyuyeHUH MOLOBOAOPOAA M OPOMOBOAOPOAA HCIIOJB3YIOT KUCIOTHI, IS KO-
TOPBIX HE XapaKkTePHbI OKUCIUTEbHBIE CBOMCTBA:

KI(te.) + H3POy(konm.) = KHoPO, + HIT
KBr(rs.) + HgPOy(konmn.) = KHyPO; + HBrT

l'amorenorogopoasl — JIeTy4YHWe BOAOPOAHBIE coenuHenusa. Hawubojiee BaKHBIN
M3 HUX — XJOPOBOAOPOM, KOTOPBIA B MPOMBIIIIEHHOCTH MMOJYYAIOT MPAMBIM CHH-
Te30M M3 XJOpa W BOAOPOAA:

H, + Cl, = 2HCI

l'anoreHoBOAOPOALI — Tasbl ¢ PESKUM YAYILINBBIM s3amaxoM. OHM O4YeHb ALO-
BHUTHI, BBIZBIBAIOT KOPPO3UI0 METAJJIOB, PearupyloT CO MHOTMMM HEOpraHHMYeCcKHMU
U OpraHuvecKuMHu BemjecTBaMu. Hampu-
Mep, rasoobpasHble XJIOPOBOJOPOL M aM-
muak (puc. 19), coegumuAACh: APYT C APY-
roM, 00pa3yIT COJIb — XJIOPHI aMMOHUS:

HCl + NH3 = NH4CI

TamoreHOBOOPOABI IPEKPACHO PACTBO-
pAmTecA B BoJe, 00pasys rajioreHOBOIO-
poaHBIe KHMCIOTBI. Bo BIa)XHOM BOBAyXe
raszoo0pasHblii  XJOPOBOAOPOX Jaxke o00-
pasyeT TyMaH, KOHOEHCHDYS IIapbl BOJBI
M pacTBOpAsCh B HeH. PacTBopel rajo-
TeHOBOJOPOJOB TPOABIAIOT KHCJIOTHBLIE
PUC. 19. ONBIT «abiM 6e3 orHs>. CBOMCTBA, UX HA3BIBAIOT KUCJIOTAMU: (MO-
Maps! XMOPOBOAOPOAA M AMMUAKa, posodopodHoll (naasukosoil), XJA0P0O80-

B3aMMOOENCTBYS, 06pasyioT KPUCTanIUKKu dopodnoit (conanoir), 6pomno8odopodnoiL,
XNnopuaa aMMOHUS, MOXOXWUEe Ha [biM 10008000p0JHOIL.
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Kuciorusie cpoiicTBa rajoreHoeoagopoagoe 06YCJIOBJI€‘H]:I HX CIOCOOHOCTBIO AdHC-
COOUHUPOBaATHE B BOJHOM pacTBOpe C DﬁpaSOBaHHEM KaTHUOHOB BOAOpOOa, HAIIpHUMep:

HCl = H" + CI’

B pany HF — HCl — HBr — HI yBenuuusaercsa anumua cBasu H T (tTak Kax
pacTér paguyc aToMa TalloreHa) M yMeHblllaeTcd €€ IIPOYHOCTh, II03TOMY CIIOCO6-
HOCTHb K JHCCOIHAIIMY B JAHHOM PAJY YCHUJIHMBAETCd: PacTeéT CHJla KHCJIOT.

lanoreHoBOAOPOAHBIE KHUCJIOTHI 00JIAAIOT BCEMM CBOHCTBAMM CHJIBHBIX HeOpra-
HUYECKHX KHCJIOT, KOTOpbie BaM XOpolno 3HakoMbl. OHHM pearMpyioT ¢ MeTa/LIaMH,
CTOAIIMMK A0 BOAOPOZA B OIEKTPOXHMMHYECKOM PAAY HAOPAKEeHUH, OCHOBHBIMH
u aM(pOoTepHBIMU OKCHUAAMN, OCHOBAHUAMHU B aM(OTEPHBIMHU TUJIPOKCUAAMM, COJIAMHA
(npueedume npumepvl YpasHeHUll cOOMEEMCMEYIOULUX PeaKUUll).

IlnaBukoBas KucoTa o0JiafiaeT HEOOBIYHBIM CBOMCTBOM: OHA crocoGHA pearupo-
BaTh ¢ okcuaoMm Kpemuua(IV):

4HF + Si0, = SiFy + 2H,0

HOCROJIBK'Y OKCHJ KpeMHHA BXOJHT B COCTaB CTeKJa, IIIJaBHEOBYIO HKHCJIOTY
HeJIb3A XPaHHUuTh B CTeKJITHHOM nmocynge, HO C MIOMOIBHO IJIABHKOBOM KHCJIOTBI MOMK-

Puc. 20. MNpumeHeHWe CONAHOWM KUCNOTbI: T — O4YUCTKA NOBEPXHOCTU MeTasuoB; 2 — nasHue;
3 — nonyyeHve coneil; 4 — NPoOM3BOACTBO NAACTMAcCC U APYrUX CUHTETUYECKUX Matepuanos;
5 — nonydeHue nekapcTBEHHbIX BELLECTB; 6 — MPOU3BOACTBO KPacok
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HO HAHOCHUTH MATOBBI PHCYHOK HAa CTEK-
go. Ilpomecc xmMudueckol ob6paboTku mo-
BEPXHOCTH KAKOT0-JI1160 MaTepHuaia 4acTto
Ha3bLIBAIOT MPAGLeHUEM.

M3 Bcex rajoreHOBOJOPOIHBIX KHCJIOT
HauboJIbIllee 3HAUYEHHE UMEeT COMAHAA
kucaoma. B GONBIINX KOJHYECTBAX eé
HMCIIONB3YIOT A TOJYYEeHHS XJIOPHUAOB
MeTaJJIOB M3 DPYHA, TPaBJeHHUd METAJLJIOB
(o6paborka HUX IMOBEPXHOCTH C IIEJBIO
OYMCTKHM ¥ TIOATOTOBKM K HAHECEHHIO
BaIIHUTHEIX HOKPBITHH), B XHMHYECKOM
T —— NPOM3BOJACTBE [IJA IIOJYYEeHHUA JeKap-
a — AgCl: 6 — AgBr; 8 — Agl CTBEHHBIX CPEJCTB, ILIACTMACC, KpacuTe-

gei, agoxuMmurkaros (puc. 20).

CoaH rajIOreHOBOOOPOAHBIX KHCIOT —
raJIOreHHIbI IIPeJCTaBIAI0T cO00M TBEPAble KPHUCTAJNJIWYECKHEe BeIecTBa, OOJMLIITHH-
CTBO M3 KOTOPBLIX XOPOMIO PACTBOPMMO B Boje. K HEMHOTrOYHCIEHHBIM HCKIIOYEHUAM
M3 5TOr0 IpaBUja OTHOCATCA XJ0puz, OpoMupn u uoaup cepebpa. Ha stom cBoiicTee
OCHOBaHO OOHaApy:KeHHe TajloreHuI-aHWuOHOB B pacTBope. ColdaHasdA KHCIOTa U eé
cou — XJOpHABLI Ipu modaBieHWM pacTBOpa HHUTpara cepebpa obpasyor OGeJbii
TBOPOJKUCTHIA ocafok xJopupa cepebpa (pumc. 21, a). MonHoe ypaBHeHHe PeaKIIuU
HMeeT BUJ

Ag" + Cl” = AgCll

IIpu nobGaBiieHMHM TOTO JKe peareHTa K pacTBOPY, cojaepskalleMy OpoMH-aHHUOHBI,
o0pasyeTrcsa CBeTJIO-JKENThIH ocagoxk Opomuuaa cepebpa (puc. 21, 6):

Ag" + Br~ = AgBrl

Homnun cepebpa oOKpallleH eINé HHTEHCHBHee, dTO O0CaJ0K KEJITOro IBera
(puc. 21, &):

Agt + T = Agll

JlabopaTopHbin onbiT 32

BozbmuTte Tpu npobupku. B nepeyio Haneite 2 M pacTtBopa xnopuaa Hatpus, BO BTO-
pylo — 2 mn pactBopa 6pomuaa HaTpusi, 1 B TPeTblo — 2 M pacTBopa vnoguaa Ha-
Tpusa. B kaxpyio npobupky pobaeste no 3—4 kannu pacrteopa HuTpata cepebpa. Yto
Habnopaete? MoXxHO nu No UBeTY ocajka onpenenvTb, KaKoh W3 raioreHua-uoHOB Ha-
XoguTca B npobupke?

J

Taxkum o6paszom, ¢ IMTOMOIIBLIO OJHOTO peareHTa (pacTBopa HUTpaTa cepebpa) MOKHO
MPOBECTH KAYEeCTBEeHHBIE PEeaKINM Ha XIOPHA-, OPOMHI- WJIH MONUA-AHHOHBI. A BOT
(ropup cepebpa pacTBOPUM B BOJE, MOATOMY (PTOPHA-AaHUOH OOHAPYKUBAIOT C IOMO
IILI0 APYTOro peareHTa — pPacTBOPHUMOM COJM KanblHWsA (BhIIajgaeT Oesdblil ocamok):

Ca%t + 2F = CaF,l
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lanoreHoeopopoabl. MANOreHOBOAOPOAHbIE KWUC/OTHI: NNaBUKOBas, CONS-
Had, 6pouoaonoponuaﬂ, vogoeropopoaHas. NanoreHuabl. KadyecTteeHHble
peakuuuun Ha ranoreHuo-voHbI

MpoeepbTe CBOM 3HAHUS

1. Kak nony4aioT ranoreHoBogopofbl B NPOMbILLIEHHOCTU U naboparopun? Kak uame-
HAETCH CKOpOCTb peaxuun CHMHTE3a l'aJ'IOI'EHOBO,D,ODO,ﬂ.OB B 3aBMCMMOCTW OT I'IpMpO,EI,bI
ranoreHa?

2. KakoB cocCTaB BbICLUMX OKCWOOB rasiOreHoB W KakuMW CBOWCTBamMW OHM 06napatT?
MOXHO N1 NONYy4UTb 3TWU OKCWUAbLI M3 MPOCTbIX BELWECTE CUHTE30M?

3. C NnoMoLLbID Kakoro peakTvMBa MOXHO pPacno3HaTb ranoreHva-uoHbl? Kakon MoH B -
nsetca ucknyYeHnem? Kak ero pacrnozHalor?

4, CocTaBkTe cxemMy 06pasoBaHus XMMUYECKOW CBA3U OIS MONEKYS ranoreHoBOAOPOA0B,

Kak meHseTcn MNoNsipHOCTbL CBA3WM W MPOYHOCTbL MOJIEKYNbl ranoreHoBogopogoe ot HF
K HI?

5. OaitTe cpaBHUTENbLHYIO XapakTepUCTUKY ranoreHOBOAOPOAHbLIX KUCNOT. YKaXuTe 4epTbl
cxoAcTea U pasnuuua. CpaBHEHWE XUMUYECKUX CBOMCTB NMPOUNIIIOCTPUPYIATE YypaBHEHUA -
MU XMMWYECKNX peakuMili B MONEKYNSpHOM U WMOHHOK dopmMax.

6. B 4eTbipéx npobupkax 6e3 3TUKETOK HaxogaTcA pacTBopbl ¢Topuaa, xnopwaa, 6po-
Muga v nogupa Hatpus. Kak ¢ noMoLblo 0QHOro peakTuBa pacno3HaTb 9TW BelwlecTtsa?
Hanuwunre ypaBHEHUS COOTBETCTBYIOLWMX peakLui.

7. Nicnonek3ys meTtopd, anekTpoHHoro 6anaHca, cocTaBbTe ypaBHEHWs peakuuil, cooTBeT-

CTBYIOLLME CNenyrLlum npespatleHusim:

a) Fey(SOy4)z + Kl — FeSOy4 + 1, + K, SO,

6) NaBr + Cl, — NaCl + Brsy

B} KBr + Mn02 + H2804 — Bl’z + K2804 o, MnSO4 + H20

YKaxXnTe OKMCNUTENM M BOCCTAHOBUTENN.

8. MNpwn obpaboTtke 5,30 r cmecu xnopwaa HaTpua KU kapboHaTa HaTpWa W3OLITKOM CO-
NAHOW KWCNOThI Bblaenunock 784 mn rasa (H. y.). PaccunTtainite maccoBble JonM KOMMO-

HEHTOB B CMECHU.

9. MonsapHas macca 6poMmvaa ofHOBaNeHTHoro metanna Ha 31 % Gonblie, 4eMm Monap-

Has mMacca xnopuga sToro meranna. Yro ato 3a metann?

.

=y

P

10. O6LEM Npor3BOACTBA CONAHOM KMCNoThl B Poccun coctaBnaeT 1 mnH T B rog. Cpas-

HWTE 9TW OaHHble ¢ 06BEMOM NPOM3BOACTBA CONMAHON KWUCNOTHLI B TPEX-YETBIPEX APYruxX

cTpaHax. Pesynesratr npeacraBste B BUAE AuMarpaMmbl B koopauHaTtax: 06bEM npou3sopn-

cTBa (MNH T) — cTpaHa.

11. NoprotoebTe coobuleHre o6 0BnacTax NPUMEHeHUs OAHOro U3 CReayioLWnX BeLecTs:

a) xnopupa kanusa; 6) dTopnaa Hatpus; B) Bpomuaa kanus; r) xnopuga kanbums.

12. O6bAcCHUTE, NOYEMY aMMWaK WCMONb3YIOT B NPOMBILNEHHBIX XONOAWUMbHbIX YCTAaHOB -
Kax.

Ucnonb3ayinte AONONHUTENbHYI0O UHGOPMaLUIO

o

vaterial100.tilda.ws
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IIpakTuueckas padora 2
M3YYEHUE CBOMCTB COJIAHON KUCJIOTHI

1. B tpu npobupkm HameliTe mo 1—2 w1 pasbaBieHHON COJSHON KHCJIOTHI.
B mnepByio npobupry mgobaBprTe 1—2 Kamau pacTBOpa JaKMyca, BO BTOPYIO —
1—2 gamiam pacTBOpa METHJIOBOTO OPaH;KEBOro, B TpeThbio — 1—2 Kamuiu pacTBopa
denondramenna. Yro mvadmogaere? O0BACHUTE PE3yJIBTATEHI.

2. B mepBy ¥ BTOPYIO NPOOHMPKM M3 TEPBOTO ONBITA HOOABIANTE MO KAIJIAM
I'MAPOKCH] HaATpHMA 00 TeX IIOP, IOKa JaKMyC He cTaHeT CDHOJIETOBI:IM, MEeTHJIOBBII
OpaH}REBHﬁ — OpaHMeBbIM. C,IIEJIaf'ITB BBIBOJ] W HAIIMINNTe YypaBHEeHHE peaKIIHnH
B MOJIEKYJIAPHOI U MOHHOH (opmax.

3. B aBe mpobupru Hajeiite mo 1—2 MJI COMAHOM KHUCIOTHI. B OOHY IMOMECTHTE
rpaHyjy IMHKA, a B APYIryKH — KYCOYeK MeJHOIl IPOBOJOKHU (Wiau cTpy:kKKHu). dTO
mabmogaere? O6bAcHUTE pesyiabraTel. Hanummnre ypaBHeHHE pPeaKIUH B MOJEKY-
JAPHONA M WMOHHOH (hopMax U PACCMOTPHUTE OKHMCIUTENIbHO-BOCCTAHOBHUTEJbHBIE IIPO-
1ecChl.

4. B gBe npobupkm HamelTe o 1—2 mu condaHOM KucIOTHI. B mepByio gobaBbTe
Ha Kouumke mmnarenda oxcup menu(ll) m marpeiite eé. Bo BTOPYIO OIIyCTUTE KYCOUEK
kKapbonara wkaigbiusa (Mena wiu mpamopa). OObscHUTe pPe3yabTaThl HAOIIOJEHU.
Hanuninre ypaBHeHHA pPeaKIUi B MOJEKYJAPHON W MOHHON (hopmax.

5. B npobupry maneiire 1—2 ma pacteopa cyiabdara megu(ll), nobassre 1—2 M
pacTBopa rufpoxkcuaa Harpud. K monyyeHHOMY ocaaKy mo0aBidaiiTe Mo KAMJIAM CO-
JAHYI KHCJIOTY JO0 IOJIHOTO pacTBOPeHHA ocajka. Hanmmmunre ypaBHeHM: peaKIlMil
B MOJIEKYJISAPHOH U MOHHOHN (opmax.

6. B oguny npobupky Hasente 1—2 mu pasbaBieHHON COMAHONR KHUCIOTHI, B APY-
ryio — 1—2 mu pacrBopa xJgopuga Hatpus. B obe npobupkm gobapBbTe HECKOJBKO
Kamenab pacTBopa HUTpaTa cepebpa. Uto Habmiomaere? Hanminmre ypaBHeHHA peak-
OUi B MOJIEKYJIAPHOI W MOHHOM (hopMax.
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S 13. OBIIIASI XAPAKTEPUCTHUKA
DJIEMEHTOB VIA-TPYIIIIBI —
XAJILKOTEHOB. CEPA

Cepa — TunNMuHbBIA MpeAcTaBUTeNb XasbkKoreHos. Byayun Hemertannom, cepa l
cnocobHa MposBAATb KaK OKWUC/IMTENbHbIE, TaK M BOCCTAHOBUTE/IbHbIE CBOWCTBA.
Kakue xumuueckne CBOWMCTBA Cepbl NMOATBEPXKAAKT 3TOT BbIBOA? —y

VIA-rpynna Ilepunoguueckoit cucremsl [I. 1I. MengeneeBa COCTOUT U3 IIECTH XU-
MHUYECKHX dJIeMeHTOB: Kuciaopoa O, cepa S, cemen Se, temnyp Te, momonuii Po u jmu-
Bepmopuil Lv. ¥ aTHX BJIeMEHTOB, KaK W y TJIOT€HOB, €CTh 00Iee IPYIIIOBOE Ha3Ba-
HHEe — XaJbKOreHbI, YTO 03HAYaeT «POoKIalolle Pyabl». B IIOJIHONH Mepe 5TOT TepMUH
OTHOCHTCA K ABYM NEPBBIM IIPEACTABHUTENSAM TI'PYIIILI, BXOAAIINM B COCTAB COTEH IIO-
POJ ¥ MHHEDPAJIOB 3eMHOM Kopbl. KHciiopos — caMbIil paclpoCTpaHEHHBIM 2JIeMeHT
JuTochepsl, CeJieH W TeJJIyp — MOOBOJBHO pegKue ayneMeHTHI. CelleH — KH3HEHHO
BasKHBIH MHKpoajgemMeHT. OH BXOOUT B cOCTaB pdAfa (pepMeHTOB, YYACTBYET B pPeryJis
nuy o0MeHa BeIlecTB, B Oo0OMeHe JKHPOB, OENKOB M YIJIEBOJOB, B OKHCJIMATEJILHO-BOC-
CTAHOBHTENBHBIX mponeccax. [loNoHMII — pegKHil II0 PAcIpOCTPAaHEHHOCTH Pajgro-
AKTUBHBLIN aneMeHT. JIuBepMOpHiT — HeJABHO MOJIYUYEHHBINT MCKYCCTBEHHBIN 3JIeMEHT.

Ha BHemiHeM sHepPreTHYECKOM YPOBHE ATOMOB XaJlbKONeHOB HAXOOHUTCA IIIECThb
2JAeKTPOHOB, 4TO H ollpelejideT HMX INPHHaLJe#HHOCTh K HeMeTaJlJlaM. O}IH&I{.D HeMe
TAJNIUYECKIe CBOMCTBA JIEMEHTOB C POCTOM Daguyca aToMa ociabeBaiT HACTOJIBKO
MHTEHCUBHO, YTO IIOJOHHUH yiKe IPHHATO CYHTATH METAJLJIOM.

Baskueltimui nipeacrasuTesns VIA-rpymnmnel, eé poaoHAYaJdbHUK — KHCJIOpon. Jla
TUHCKOE HasBaHHEe dJieMeHTa — oxygenium. Kuciaopon aBageTcA OTHUM M3 CHIBL-
HEeHIINX OKMCIMUTeNeil, 0 3JEeKTPOOTPHUIATEeNbHOCTH OH YCTYIAeT TOJbKO (TOpy.
B uecTh KuCIOpOAAa MPOLECC IPHCOSIUHEHH:A 3JIEKTPOHOB HA3bIBAIOT OKUCJACHUEM.

Haubonee TunuuyHas cTemeHb OKHCIeHHA Kuciopoma —2. JIlumes B coemuHeHH
fAX ¢ ()TOPOM KHCJIOPOJ NPOABIAET IMOJTOKHUTENbHBIe cTeneHH okucienusa +2 (0K)
u +1 (0O9Fy). Kpome Toro, cyuiecTByeT rpylna BEIIECTB, B KOTOPBIX HPHUCYTCTBYET
mapa aromoB Kmcaopoma . O. O. , cBABaHHBIX APYTr ¢ APYIOM KOBAJEHTHOH HEIO-
JIADHON CBA3bI0 (TaK Ha3bIBAEMBIN KUCAO0POOHLLU MOCMUK). OTU COeIWHEHUA Ha-
3BIBAIOT NepoKcudamu, B HHUX KHCIOPOJ IPOABIAET CTeNeHb OKHcIeHHs —1. Bawm
yiKe 3HAKOMBI (opMyJibl mepokcupa Hatpua NagOy m mepoxcupa Bomopoma HOs.
IlockonbKY B IOMOOHBIX COEIUMHEHHAX €CTh KHCIOPOIHBI MOCTHK, COKpAaIlaTbh HH-
IeKchl B (hopMyJie MMEePOKCHI0B HEIb3sd.

C KuCcI0pOsOM BBI 3HAKOMUJINCH B 8 KJjacce, Telnephb 0oJiee IOAPOOHO PaccMOTPUM
BTOpOTO mpeacrasuTens VIA-rpynnel — cepy.

Crpoenne aToma cepbl. ATOMHBIH HOMep cepsl 16, ciemoBaTeJbHO, B AApe aToMa
cepel 16 mpoTOHOB, 3JeKTPOHHaAA 000J04YKa comep:kKHUT 16 aJIeKTPOHOB, pacHoJIOMKeH
HBIX Ha TPEX YHepreTHYecKMX ypoBHAX. Cxema HMX pacmpeneeHud:

16S 2¢, 8, 6e
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Cepa — THODHYHBIA HeMmertassa. [lna saBep-
IeHUSA BHENIHEr0 3JHEPreTUYecKoro ypoBHA
0 YCTOMYMBOM BOCEMHAJEKTPOHHOM 060JI0UKM
aToMy cepbl HEZOCTAET ABYX 2JIeKTPOHOB. Ilpu-
HUMad 9TH 9JeKTPOHBI OT APYTOro aroMa, cepa
OpPOABJIsIeT OKHUCIUTENbHBIE CBOMCTBA M IIPH-
obperaeT MHHHMAJBHYIO CTeHEeHb OKHNCJIEHHI
—2. Cepa croco0Ha NpPOABIATL U BOCCTAHOBHU-
TeJbHBIE CBOMCTBA, npuobperas B pesyJbTare
OTHa4Yd HJIeKTPOHOB IIOJIOKHUTENbHEIE CTeIle-
HU OKHcJeHus: +2 (BcTpeuaercss pearo), +4
M MaKCHMAaJbHO BO3MOXKHYIO +6.

Cepa B mnpupome BcTpeuaeTcss B CBOOOMI-
Puc. 22. Cepa BynkaHW4eckoro HOM COCTOAHHM, a Tak:ke B (opMme cyiab(puaon
NPONCXOXAEHUS ¥ CymbhaToR.

Bakneiinue cynb(uabl — 3TO0 MUHEpAJbI
ZnS — ceanepum (muHKOBaA obMankKa), PbS —
ezanenum (cBUHIOBBIN Oiaeck), HgS — xunosapw
u FeSy — ocenesnwiit konuedan, miv nupum.

Hamubosnee m3BectHbIe cyabdaTbl — 3TO MH-
mepansl CaS0,.".2H50 — zunc, 2CaS04.*Hy O —
anebacmp, WIA NOAYBOOHGLU 2unc, a TaKxe
NasS04..10Hs0 — zraybeposa coab, MIN MU-
paduaum.

CamoponHas cepa BCTpeYaeTcA B JKepiax
TMOTYXINMUX BYJAKAHOB (pumc. 22), MOITOMY HAIIHA
OpeIKH CYNUTANM €€ COCTABHOI YacThIO ITOA3EM-
HOTO Mupa. M3-3a cm1ocoOHOCTH TOpeThb, pacupo-
crpaHasa Oelblil YAVIILIWUBLIN ObIM, CEpPYy OTO-
JKOECTBIANHA ¢ TEMHBIMH CHJIAMHM.

Cepa kak npocroe BenlectBo. Cepa obpaayer
HECKOJIbKO IIPOCTBIX BEIEeCTB, CIIOCOOHBIX IIpe-
BpAIIATHCA OAHO B APYroe, T. e. JJis Heé xapak-
TEPHO ABJIEHHWE AJJIOTPOIINH. I]

Mosekyibl KPHCTANIHYECKOH CEPhI COCTOSAT
M3 BOCBMH AaTOMOB, 00pasyIOIIUX 3aMKHYTOe
KOJBIO — UHUKJ (puc. 23). 3To TBEPABIE XPYIF
Kue OJecTAllre KPUCTANIBI JTUMOHHO-3KEJITOTO
BeTa, HepacTBOpUMbBIE B Bome (puc. 24).

Ecnmn kpucralindecKyo cepy pACIIaBUTh
¥ Pes3KO OXJaJWTh, BBIIMB B XOJOZHYIO BOZAY,
obpasyerca amopdHAaA alI0TpolHAA OopMa 3TO
TO BelecTBa — ILIacTHyeckad cepa. OHa mpen-
cTaBJasieT CcOBOM TArydyi0 MAacCy KOPHUYHEBOTO
BeTa, HAIIOMUHAIOIIYI0O 0 KOHCHUCTEHIIUH JKe-
BaTedbHYIO pe3uHKy (puc. 25). Ilmacruuecras
Puc. 24. BHewHwnia BuA, cepa o0OpasoBaHa IJWHHBIMH IIeIIOYKaMM AaTo-
KPUCTANNMYECKOW Cepbl MOB, CBABAHHBIX APYT ¢ apyrom (puc. 26).

Puc. 23. CTpoeHue mMonekynbl
KPUCTaNIMHECKON cepsbl




XHMHUYECKHE CBOMCTBA Cepbl

Okxucnumenvible ce0oiicmea cepa IPOABIAET
B OTHOIIEHMM MeTaJlJIOB, BOAOPOJa M APYIHX
MeHee BJIEeKTPOOTPHUIIATEeNbHEIX HEMETAJJIOB.

1. Cepa BzammopelicTByeT ¢ OOJNBIIMHCTBOM
METAJIIOB OpPYU HAarpeBaHuwu, o0pasys coam —
cynb(puabI:

Fe + S = FeS
2A1 + 3S = AlyS3 (puc. 27)

C pryThIO cepa pearupyer Aake IIPH KOMHATHOM
TeMIepaType ¢ ofpasoBaHMEM YEPHOTO CYJIb(]u-
na pryrtu(ll):

Hg + S = HgS

2. OxucauTensHble CBOHUCTBA cepa IIPOABJA-
eT U B PeakIlié C BOLOPOAOM, KOTOpad IIpoTe-
KaeT IPU HarpeBaHWU:

H, + S 2 HoS

IIpu stom oGpasyercsa Jerydee BOAOPOLHOE
coeMHEHHE Cephbl — CEPOBOAOPOL, B KOTODPOM
cepa TakiKe IIPOABJAET MUHMMAJIBHYIO CTEHeHb
oKHcIeHHA —2. ITa peaknusa obpaTmMa M IIpak-
THYECKOI0 3HAYEeHHA He HMeerT.

BocemamnosumenvHnvle c80lcmea cepa IIpO-
ABJIAET B PEaKIUsAX C IIPOCTBIMH MU CJIOKHBIMH
BeI[ecTBaAMHU.

3. IlepeueHb 3JIEMEHTOB, 39J€KTPOOTPHUIIA-
TeJbHOCTh KOTOPBIX BBIIIE, YeM y Cephbl, HeBe-
JIuK: (pTop, KHCIOpPOI, a3or, xjaop, opom. Cepa
pearupyeTr co BCEMH COOTBETCTBYIOIIMMH IIPO-
CTBIMHM BelllecCTBaAMH, KpoMe asora. Ho Juns
¢dTop oOKmciger cepy MO0 BBICIIEHl cTeneHHA
oKmciaeHHaA +6. Ira pearknmda, IPUBOLAIIAA
K oOpasoBammio (Grropmzma cepsi(VI), Bam yixe
3HaKOMa:

Tak:xe B3HaKomMa BaM peaklUud TOpeHnd
CepsI:
0 +4
S+ 0y = SO,

XJop IIpu KOMHATHOU TeMIepaType OKHUCJIA-
eT cepy JIMINb IO CTEeIeHH OKHWCIeHHd +2:

0 +2
S +Cl = SCl,

CkaudaH C

Puc. 25. BHewHmin BUO nnactuyeckon
cepsbl

.

Puc. 26. CtpoeHue dparmeHTa
MOJIeKyNbl MNNacTU4eCcKOn cephbl

Puc. 27. Benbilka cMecu
anoMUHUEBOI Nyapbl C MNOPOLIKOM
cepbl

naterial100.tilda.ws
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4. CnoxxHble BellleCTBa, IPOABJIAIIINE CUIbHBIE OKHCIUTEIbHbBIE CBOMCTBA, TaK-
JKe cIocobOHBI pearupoBaThk ¢ cepoii. B KadecTBe IpoAyKTa TaKHX peakuuil oGpasy-
eTcs, Kaxk mpasmuio, oxcuz cepsi(IV). Hampumep, cepa B3auMOIEHCTBYET C KOHIEH-
TPUPOBAHHOUN CEPHON KHUCJIOTOH 110 YPABHEHUIO:

0 +6 +4
S + 2H,S0, = 380, + 2H,0

KOHHEHTpHpOBaHHaH a30THad KHCJIOTa OKHCJIAeT cepy J0 CTelleHH OKHCJIeHHuA +6:

0 +5 +6 +4
S + 6HNO3 = HyS04 + 6NO, T + 2H, O

IIpepnonoxxkurensHo B VIII B. KMTAWIIBl cTalyd HMCIIOJbB30BAThE CEPY B IHUPOTEXHU-
YeCKHUX CMecAX, B YACTHOCTH NPH HITOTOBJEHHHM nopoxda. OCHOBHBIE KOMIIOHEHTHI
YyépHOro (MM OLIMHOI0) MOopoxXa — HHTpaT KajlWusda, cepa M IPEeBecHBLIM yrojb. ¥ pas-
HEeHHe PeakIluyd TOPeHHs YEPHOTO IIOPOXa BBITVIAAUT TAK:

S + 3C + 2KNO; = K58 + Ny + 3C0;

B macrosamiee Bpemsa paspaboranbl 0ojiee a(ppeKTUBHBIE ITOPOXOBBIE CMECH IS
cHapsKeHUsA DOENPHUIIACOB, OJHAKO MacuIiTadbl IPUMEHEHHUA CEPhL OT BTOT0 HE YMEHb-
IaTCd.

IIpumenenune u Omodornyeckoe szHayeHue. OCHOBHAA dYacTh HOOBIBAEMON Cepbl
HAET Ha IPOU3BOJACTBO CEPHOM KHUCJIOTHI. 3HAYUTEJBLHYIO YacTh IIPOM3BOAMMON Cephl
HCHOJB3YIOT B TPOM3BOACTBE CIUYEK W PEe3WHBI. Pa3paboTaHbl TEeXHOJOTHH ITOJY
yeHusa achanbra ¥ IeMEeHTA Ha OCHOBe cepbl. V3 cephl M3TOTABIUBAIOT TAKIKE I0-
POILIKH [IJIf VHUYTOMKEHUA BpeIuTeliell pacTeHUil, JIeKapCTBeHHBIE ITperapaTh.

Cepa — OJHWH M3 Ba’KHEeMIIUX OMOreHHBIX 3JIEMEHTOB, T. €. 2JIeMEeHTOB, IIOCTOAH-
HO IIPUCYTCTBYIOIUX B JKHUBBIX OPraHMaMax M UIPaOIINX KaKyio-I1ubo OuoJsormue-
CKyI0 posb. OHa, B YaCTHOCTH, BXOIHT B COCTAB MHOTHX 0EJIKOB, U3 KOTOPBIX (Op-
MHPYIOTCA IIIEPCTh KUBOTHBIX, HePbA IITHUI], BOJIOCAHON MOKPOB YeJOBEeKa, a TaKKe
TBEpAble TKAHH: pora, KOIbITA, KOITH, HOrTH. TakiKe cepy CoIep:KaT HEKOTOpbIe
BUTAMHUHEI U (pepMeHTHEI. B opraHmame B3pOCJIOro 4YeOBEKA COJAEPIKHUTCA INPUMEPHO
150—180 r cepnr. McTounukaMu cephl AJsI UYeJOBEKA CHYIKAT AWNIA, TEJIATHHA, MO
JIOKO, TBOPOT, ChIpP, PbIGa M MOPENPOAVKTHI, Kaiycra, 6060BBIe.

XanbkoreHbl. Cepa. Kpuctannuyeckan cepa. lNnacruveckas cepa. buo-
reHHble 3/M1IeMeHTbI

| lMpoBepsTe CBOWM 3HAHWUSA

1. JanTe cpaBHUTENBHYIO XapakTepucTuky anemeHToB VIA-rpynnbl H2 OCHOBaHWMKM MX NO-
noxenus s MNepuogudeckoin cucreme . . MeHoeneeea.

2. JaiiTe xapakTepucTuky afiemMeHTa cepbl Ha OCHOBaHWKW ero nonoxeHws B MNMepuoguye-
ckon cucteme . WU. Menpeneega.

3. PacckaxuTte 0 HaxoxaeHun cepbl B npupoae. Kak nobbiBaloT camopogryo cepy? Ha-
30BUTE OPMYNbl CEpoCcoAepXallyux MUHEPANoB.

4. OxapakTepu3ynTe annoTpornHele mMogudukauum cepbl, GU3NYECKME WU XMMWYECKUe
CBOWCTBA KPUCTANIMYECKOWN cepbl. OTBET NPOMNMIOCTPUPYITE YPABHEHUSMW XUMUYECKNX
peakunin.
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5. 3anuwwuTe ypasHeHWs peakuwi, C NOMOLLLIO KOTOPbIX MOXHO OCYLUECTBUTL Cleayio-
e npeepalLeHus:

a) HO, - 0, —» SO, — SO3 — H,S0, — MgSO,

6) KMnO; — Oy — LibO — LisS — SO,

B) S —» ZnS — H,S — SO, —» SO3 — H,S0, — FeSO, — BaSO,

Ykaxunte TUMN KaxAoW peakuuu no 4vicny W COocTaBy peareHToB M obpasylolmxcs Be-
wecte. [na peakuwii MOHHOro oBmeHa 3anuLunTe Takke WOHHBLIE YPaBHEHWUS peakuui,
Ona oKNCANTENbHO-BOCCTAHOBUTENBHBLIX peakuwnii pacctasbTe KOaddUUMEHTH MeToAoM
anekTpoHHOro GanaHca, ykaXuTe OKUCAWUTENb U BOCCTAHOBWUTESb.

6. MNpn BzanmopeicTenn 3,08 r metanina ¢ M3buITkOM cepbl noaydunu 4,2 r cynshuna
aToro Metanna B cTeneHu okucneHua +2. Kakoih metann Gbin B3AT B peakumio?

7. MNpopykT B3aumopgeicTema 0,46 r Hatpua u 0,85 r cepbl ob6pabotanm 35 mn BOA,
nosny4eHHyio cMmechk npodunsTposanu. Kakoe BewecTBO Okasanock B pacTBOpe M Kakosa
ero maccosas pons?

Ucnonb3ynte AONOAHUTENLHYIO UHDOpPMaUWIO

8. VMcnonb3ya AOMNOMHUTENBHBLIE WCTOMHUKW WHGOPMaUUK, PacCKaxuTe O npoucxoxae-
HUW HA3BaHWUIN U UCTOPUM OTKPLITUS XanbKOreHoB.

9. «Xummn4eckon aHuMKNoneanein» MoXHO HaseaTb pomad XKiwonsg BepHa «TauMHCTBEHHLIN
OCTpOB». HalauTe B pomMaHe OTPbLIBOK, B KOTOPOM YNOMWHAETCH NPOU3BOACTBO OAHOM0
M3 COefVHEeHWA cepsl.

§ 14. CEPOBOIOPOJ
U CYJIb®UIBI

B cepoBogopoge W cynbduiax cepa MMeeT MUHWMAJIbHYIO CTENeHb OKWC/e-
HUA —2, cnepoBaTenbHO, 3TH COEAMHEHMUS NPOABNAIOT B XUMUYECKUX peaKLMUaxX
TO/MIbKO BOCCTAHOBMUTE/bHble CBOWCTBA. B Kakue peakuuu BCTynaloT cepoBOAOPOA
n cynbcuapi?

BricTynas B KadecTBe OKHMCIMUTENA, cepa MPUCOEINHAET 3JIEKTPOHLI ATOMOB ApPY-
THX 5JIEMEeHTOB M cIoco6Ha BOCCTAHABIMBATHECA OO0 MHHHMAJBHON CTeIlleHHM OKHCJIe-
Husi —2. Haubosee TUNHUYHBIE COEIWHEHUS CEPBI B 3TOM CTENEHW OKHCIeHUA — Ce-
poBozopod ¥ OMHAPHBIE COeJUHEHHA CepPhl ¢ MEeTANJIaMM — CYJIB(UIBI.

Ceposomopon. CepoBomopol OYeHbL SAJOBHT. BAbIXaHuWe BO3AYXa ¢ HEOOJBIIUM
ero COMepKAHMEeM BBI3BLIBAET TOJIOBOKPYIKEHHEe, TOJOBHYIO 00k, TomHOTY. OcTpoe
OTpaBJIeHHEe YeJIoOBeKa HacTymnaeT npu KoHueHtpanuax 0,2—0,3 mr/iu, KoHIeHTpa-
nuda BbIe 1 Mr/a — cMmepreabHa. 1IpH oTpaBJIeHMH CEpPOBOJOPOAOM IIOCTPaAaB-
1Iero HeoO0XOAHMMO HeMeIJIeHHO BLIHECTH Ha CcBeXUH Bo3Ayx. OmHaKo B HeOOJIBIINX
KOHIeHTPAIUAX CepoBomopon moieseH. Tak, cepoBOJOpPOAHBIE BAHHBI MCIIOJNB3VIOT
B MeIHIHHE A JiedeHUA 3a00JIeBAHUHM KOXKH, OIMOPHO-ABHTATEJBHOrO amiapara,
cepaeuyHO-COCYJUCTOI CHUCTEeMBI ¥ Jp.
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B mpupome cepoBOmOpPOI COIepKUTCA
B IONYTHBIX raszax He(TAHBIX MeCTOPOK-
JeHUl, B OPUPOJHOM U BYJIKAHHUUYECKOM
razax. OH MoOKeT cojep:KaThbCciad B IOJI-
3eMHBIX BOJAaX, BBIXOAAIIMX Ha IIOBEpX-
HOCTH B BHJe MHHePaJbHBIX HCTOUYHHNKOB
(puc. 28). Ceporosopon obpaszyercsa Tak-
JKe IIPU pasyioyKeHUU OeJIKOBHIX BeIlecTB,
IOTOMY €ro 3amax accollMupyerca C 3a-
HaxXoM TYXJBIX SUIL.

B mpombINIIeHHOCTH CepoBOAOPOa 00-
pasyeTca B KadecTBe IIODOYHOTO TPOAVK-
Puc. 28. CepoBogopoaHbliA UCTOYHUK Ta nOpua nepepaborke He(TH, IPUPOLHO-
B6nm3n r. OHrensca Caparosckoit obnactu ro rasa, KaMeHHOTO yris. BriGpaceiBaTh

B aTMoc(epy ero Hejlb3s H3-3a BBICOKOMU
TokcuuHOCTH. OUUNITAIOT IPOMBIILJIEHHBIE BBIOPOCHI OT CEPOBONOPOMAA, OKUCIIAS €ro
[0 cepbl. B KauecTBe OKHMCJINTEJIS WCIOJB3VIOT OKcHua cepbsi(IV):

2H,S + SO, = 38l + 2H,0

Ecnau B xauecTBe OKHCIUTENS MCHOJB3YIOT KIHCJIOPOL BO3AYXA, TO BO3AYX OepyT
B HEJOCTATOYHOM KOJHNYECTBE:

2H,S + Oy(memocrarox) = 280 + 2Hy0

B uz0piTKe e KHUCI0pPOJa CepoBOAOPOJ ropuUT ¢ obpasosaHumeMm oxcuiaa cepbi(I1V)
W BOJAHBIX IIAPOB:

2HoS + 309(uzberTor) = 280 + 2H50

B yKasaHHBIX IIPOIlECCAX CEPOBOAOPOJ IMPOSABISIET CUJIbHBIE BOCCTAHOBHUTEJbHBIE
CBOMCTRA.

B nabopaTOpHBIX VCIOBHAX CEPOBOAOPOM MOJNYyYalOT peaklideil obOMeHa Memxay
cyasdugom merania (uaiie Bcero cyiabbumom xenesa(ll)) u pasbasirenHoit cepHOi
KHCJIOTOM.

FeS + HyS04 = HyST + FeSOy4

NaGopaTtopHbii onbiT 33

B npobupky ¢ 2 mn pacTeBopa cyneduga Hatpus aobasste 2 MmN CONAHON KMcnoTel. OcTo-
POXHO NOHIOXaTe coaepxkumoe npobupku. 4710 owywaete? O 4EM CBUOETENLCTBYET Mo- |
ABMBLUMIACSA 3anax? HemenneHHo nomecTute Npobupky B BbITSXHON Likad.

CepoBOJIOPOJ MAJIOPACTBOPUM B BOJAE, €0 PACTBOD HA3BIBAIOT CEPOBOAOPOIHON
KHCJIOTOH.

CepoBOgOpOTHAA KHCIOTA OTHOCUTCA K CHAOBIM KHCJIOTAM, MOITOMY B MOHHBIX
VPaBHEHHUAX peakIuil e€ (popMyJly 3alHCBIBAIOT B MOJEKYJIAPHOM BHJE.

CepoBoJIopoAHAA KHCJIOTA pearupyer co IeJoyamMu, obpasysd colu — cyabpudbt:

HyS + 2NaOH(us6eiTor) = NaS + 2H,0

(Banuwume WOHHOE YpasHeHUE PeaKuul.)
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BoccraHoBUTEIBLHBIE CBOMCTBA CEPOBOJIOPOJ COXpPaHAET W B BOJHOM pPacTBOpE.
IIpu me#icTBMHM Ha CEePOBOAOPOAHYIO KHCIOTY OKHCIWTEJelH, HaIlpuMep pacTBopa 6po-
Ma B Bojie (6pomnoil 600vt), obpa3yercsa cepa, BhIIIajarollad B OCATOK:

H,S + Bry = Sl + 2HBr

Bonee cuabHBIE OKHCIHUTENHM CHOCOOHBI OKMCJIATH CEpPOBOJAOPOJA OO0 OKCHIA
cepei(IV) m gaxke g0 cepHOIl KHCIOTHI:

H,S + 3HpSO0(xomI.) = 4S0,T + 4H,0
HyS + 8HNOy(komm.) = HySO, + 8NO,T + 4H,0

Cynsdunsi. Kaxk u cepoBomopon, cyab(HUIBI MIPOABIAIT BOCCTAHOBUTEIbHBIE
CBOiiCcTBa, HaIpUMeEp, B peaklUAX 00KHUra cyJab(pHIOB:

2ZnS + 805 = 2Zn0 + 280, T

B aToil peaknum cysab(ua MeTalyia 3a CYET aTOMOB Cepbl B MHUHHMAJBHOH CTe-
MeHW OKHWCJIEHHUS BBICTYIIAET B KAYeCTBE BOCCTAHOBUTEJIS.

Muorue cyas(UAbI, HCIIOJIb3VeMble B IPOMBIIIJIEHHOCTH, IOJYYAIT B3aUMOMEH-
CTBHEM cepbl ¢ MeTaaMH. Peaknmsa mporexaeT OYpPHO, ¢ BbIAeJeHHMeM OOJIBIIIOro
KOJIMYEeCTBa TemJaoThl. lIpumMep — B3aumMOeHCTBHUE IIOPOINKOB Cepbl M AJIIOMHUHUA
(cm. puc. 27): 3
3S + 2Al = AlsSy

BonpmuHCTBO CyAb(UAOB, 3a HCKJIIUYEHHEM CYIL(DHAOB I€JOYHBIX W IIeJI04-
HO3EMEJIbHBIX METaJJIOB, HepacTBOpuMO B Bome (cynbQup KaJbIIUA — Majiopac-
TBOpHUMasa coJab). HepacTBopuMBIe CyJIbL(HUIB MOMHO TOJYYUTH peakiiueili obmMeHa.
Haunpumep, obpaszoBanme uépHoro ocanka cyiabbuma ceuHIa(ll) mcmonssyior aas
obHapyKeHHUA CEepoBOJOPOJHOM KHMCJOTHI M €€ coJieil B pacTBope:

Pb2t + 82 = PbSl

IJT0 KaYeCTBEHHASI pPeakiusa Ha CYJab(HI-HOH.

Cynsdpunsr Taxénsx metajuior (CuS, CdS, PbS u ap.) HMCIOJIB3YIOT B KadeCTBE
MOJIYIPOBOJHUKOBBIX MaTepHaJsoB, JJIA H3T0o
TOBJIEHUA KPacoK uU Hp.

Cyneduasl 1esoyHOo3eMeNTbHBIX MeTaJJoB,
nuaka u xaamuma (CaS, SrS, ZnS, CdS) o6-
JamaoT MHTEPEeCHBIM ONTHYECKUM CBOHCTBOM.
OHu cnocoOHBI NpeoOpas3oBBIBATH MOIJIONIae-
My sHepruio B cBer. Takue BellecTBa Ha3bl-
BaoT JaomuHopopamu. Hanpumep, cyabhusm
IUHKA I[I0CJe OCBelleHUsA COJHEUHBIM CBETOM
crmocobeH CBETUTHCA B TeMHOTe. Bul, HaBepHoe,
BcTpeuanu nogobHEIe cyBeHHpPH! (puc. 29), 06-
panajiy BHUMAHKWE HA CBeTAIIUECA B TEeMHO-
Te CTpPeaKu U TmU@pPsl 4acoB. TOHKHM CJIoeM
JroMHuHOGMOPa MOKPBIBAIT 3YKpaHbl NpHOOPOB
(ranpumep, ocnuiagorpadoB), U ABHIKYIIUICA
9JIEKTPOHHBIN JIy4 PUCYeT Ha HEM CBETAINEECT Pyc, 29. PucyHok Ha dyTBONKe,
naobpakenue. BbIMONHEHHbIA IOMUHOPOPOM
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Cepoeopopon. CepoBogopopgHas kucnorta. Cynbdupbl. KauyecTBeHHas
peakuus Ha cynbdua-moH

1. CocTasbTe cxemy 0oBpas3oBaHWA XMMUYECKO CBA3W B MONeKyne ceposBofopoaa.

2. Oxapaktepusyinte GuUsn4eckue 1 xMMUYecKne CBOMCTBa CepoBoaopoaa.

3. 3anuwnte CoKpallEHHbIe MOHHbIE YPaBHEHWS Ka4yeCTBEHHbIX peakuuni Ha cynbdua-
MOH 1 cynbdaT-uoH.

MpumeHnTe CBOU 3HAHUA .

4. Hanuwute MONeKkynsipHble U WOHHblE YpaBHEHWS peaxkuuilt CepoBOAOPOAHON KWUCHO-
Tbl C XIOPHOW BOOOW, FMAPOKCMAOM nuTusA, HUTpatom ceuHuUa(ll), okcmoom cepsoi(lV).
B ypaBHEHWAX OKWCNUTENbHO-BOCCTAHOBMUTENbHBLIX peakuuini pacctaBbTe KO3apPUUNEHTHI
MeTOAOM 3NeKTPOHHOro GanaHca, yKaXuTe OKWUCAUTENW U BOCCTAHOBUTENN.

5. BanvwwuTe ypasHeHWs peakuwii, C NOMOLLLID KOTOPbIX MOXHO OCYLLECTBUTL CNeaylo -
e npespalieHus:

ZnS — HS - S — FeS — S0,

Ons okncnuTenbHO-BOCCTAHOBUTENLHBIX peakuuii pacctassTe KO3(pOUUMEHTB METOAOM
3NeKTPOHHOro GanaHca, ykaxute OKUCIUTENN M BOCCTAaHOBUTENW.

6. Hanuwwute no ogHOMY MONEKYNAPHOMY YpaBHEHWIO peakuuu, COOTBETCTBYIOLLEMY
KaXKAOMY U3 Cneaylolx WOHHbLIX YypaBHEHWA:

a) H,S + OH™ = HS™ + H,0

6) H,S + 20H™ = S2° + 2H,0

B) HS" + OH™ = 82" + HO

r) 8 + Ccu®* = cusl

7. B xumuyeckoi peakuuu, NpoTekalowein no ypasHEeHWo

H,S + Cly = S + 2HCI,

KOHUEeHTpauus rasoobpasHoro xnopa 3a 3 MuH ymeHbwunace ¢ 0,063 monb/n
no 0,027 monb/n. PaccuuTtaiTe CKOPOCTb XMMWYECKON peakuuni B AaHHbIA MPOMEXYTOK
BpEMEHU,

8. B cocTtaB 6enoin kpackn (CBUMHLOBLIX Benun), Hepeako MCcnonb30BaBLUENCH paHee ans
HanucaHusa WKoH, Bxopawun cynedar csuHua(ll). Cnycta anurtensHoe Bpemsi Genas kpa -
cka Takmx WKOH YepHena n3-sa B3aumMofencTBuA cyfbdara CBUHLA C CepoBOAOPOAOM.
O6pasyowmincs cynbdun, cemHua(ll) — cone 4épHoro ugerta. [ns BoccTaHoBNeHua Ge-
NblX TOHOB WKOHY obpabartbiBann pacTBOPOM Mepokcuia Bogopoaa, npw atom cynbdpum
ceuHua(ll) BHoBb okucnanca no cynedara ceuHua(ll). CoctaBeTe ypaBHeHWe 3TOW peak-
UMK, pacctaBbTe KO3hOUUMEHTb METOADM 3MEKTPOHHOro HanaHca, yKaxkuTe OKMCnvTeNb
M BOCCTAHOBUTENb.,

.

Ucnonb3yiiTe AONONHUTENbHYIO MHpOpMaLMio

9. MoproToBeTe COOBLUEHWE O HAaxoXOeHUuW B Npupoae, CBOCTBax, 061acTax npumeHe-
HUA U MONY4YeHUM CepoBOAOPOaA.
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§ 15. KMCIOPOIHBIE
COEAVNHEHUS CEPHI

B coeauHeHusix ¢ KMCNIOPOAOM cepa NposBAsieT CTeneHu okucneHus +4 u +6.
Kakumu cBoucTBamMu xapakTtepusyloTcs 3Tu coepuHenus? Kakue u3 atux Be- :
LLLEeCTB NPOSBASIOT TONbKO OKWUC/NWUTE/IbHbIE CBOMCTBA, @ KaKMe — W OKUC/IUTENb- p
Hble, U BOCCTaHOBWTE/IbHbIE?

CoeguHeHHs Cepbl B CTeNEHAX OKHUCIeHHA +4 u +6 MIHPOKO pacupocTpaHeHbI
M UMEIOT BaKHOe IpaKTHYecKoe 3HadYeHHe. K HMM OTHOCATCA OKCHUIBI Cepbl, KIC-
JopojcoiepAxKaniie KHUCIOTEI — CepHHUCTAsd U cepHasd, a TaKie COJNM B3TUX KHCJIOT.

Oxrcupasl cepsi. Cepa ob6pasyer nBa oxcuga — orcun cepsi(IV) u oxcup cepsi(VI).
O6a sTHX OKCHJAA IIPOABJIAIOT KHUCJIOTHBIM XapakKkTep.

Oxcunx cepsi(IV) SO (AmokcH cepbl, WIN CEPHHCTHIN Tras) IpejcTaBiIdAeT CO-
Ooil OecuBeTHBIN ras ¢ XapakTepHBIM pes3KHM 3amnaxoMm. Hapsaay ¢ cepoBogopomom
¥ IapaMH¥ cepbl CePHHCTHII ra3 BhIOpachIBaeTcs B aTMoc(epy IIPH U3BEPIKEHUH BYJII-
KaaoB. CUMTAOT, YTO UMEHHO SJOBHTBIE CEPHUCTBIE COEAUHEHUA CTAIU TPUUYNHON
rubenn KUTeJell ApeBHEPUMCKoOro ropoja Ilommen Bo BpeMs M3BEep)KeHHA BYJIKaHA
BesyBuii B 79 r. (puc. 30).

Puc. 30. K. Bptonnos. «[MNocnegHuin aeHb MNMomnens»
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JlabopaTopHBIIl crocof IOJyYeHH:A CEPHUCTOrO rasa 3aKJJYaeTcsd B IPOBEIeHUU
peakmum oOMeHa MeXKAY CYJAbB(PUTAMH MeTaJJIOB M CHILHBIMH HEOPTaHUYECKHMH
KHMCJIOTaM1, HAIpUMep:

NaySO3 + 2HCI = 2NaCl + SO;T + H,0

Oxcun cepsi(IV) xoporro pacrsBopaerca B Bojge. Tawroit pacTBOp HA3BIBAIOT cCep-
HUcmoit Kuciomoit.
Ecam B m0KeYKY IJIA CIKHUTAHUA BEI[eCTB IIOMECTHUTh HOPOIIOK Cephl 00BEMOM
C TOPOIIMHY U HOJKeub ero, To MOXKHO 3aMeTUTb HeOGOJbIIIOe CHHEeBATOEe IIJIaMs.
Ecam BHecTH TopAImIyio cepy B KoJi0y ¢ KHCJIOPOAOM M HAJNWTOM HA MJHO BOJOH,
TO MOMKHO YBHIeTh, UTO cepa pasropaeTcd APKUM CUHHUM IaamMeHeMm. IIpm saTom
KoJsiba samosiHseTcA OesIbIM AbIMOM, KOTOPBIH XOPOIIO PACTBOPAETCA B BOJE U OKpa-
IIBaeT PacTBOP JaKMyca B KPACHBIM IIBeT, TaK KaK obOpasyeTcs CepHHCTAs KHC-
nora:
+4 +4
S0y + HyO = H5S0g
Oxcupn cepwi(IV) KAk KHCIOTHBIN OKCHUJ, B3aMMOJEHCTBYET ¢ OCHOBHBIMU OKCHA-
MH W IIeJ0YaMu ¢ 00pasoBaHUEM COJie¥ CEePHUCTON KHCJIOTHI — CYJAbYUMOE:

SO, + CaO = CaSOj
SO, + 2KOH = K,S03 + H,0
OxucaumenbHble ¢80ICMBA CEPHUCTOTO rada BHIPAXKEHBI cjiabo, W TOJBKO B OT-

HOIIEHUH CUJBHBIX BOCCTaHOBHUTeNeil. Hampumep, B Kepjlax BYJIKAHOB CEPOBOAOPOL,
orucagerca oxkcuuom cepbl(IV) mo ceobomHO cephl:

+4 2 0
SO, + 2HyS = 3S + 2H,0

Bocemamnosumeanvhnble ceoiicmea okcupn cepbl(lV) mpodBageT 1m0 OTHOIIEHUIO
K CHJIBHBIM OKHCIHTeNAM. llponmyckanme CepHHCTOTO Tasza uepes TOPAYYI0 KOHIIEH-
TPUPOBAHHYIO a30THYI KMCJIOTY NPHUBOAHUT K 00pa30BaHHUIO IPYroil KMCIOTBI — Cep-
HOM:

+4 +5 +6 +4
SO, +2HNO; = HyS04 + 2NO, T

B pearkmuu coepmueHua ¢ xjopoM oxcup cepsl(IV) Takike IposBIseT BOCCTAHO-

BUTeJILHBLIE CBOIICTBA:
+4 0 +6 .1
SOz +Clz = 802012

AUXJIOPUI-THOKCHI Cepbl

Oxcun cepei(IV) obmamaer ABYMA BaKHBIMU CcBoMcTBaMu. Bo-mepBBIX, OH obec-
IBEUUBAET KPACHUTENU W IM0ITOMY MPUMEHAETCA B NPOMBIIIJIEHHOCTH A OTOeIH-
BaHUSA IMEPCTH, IIEJIKA, COJOMBI. BO-BTODBIX, CEPHHUCTBIM Ta3 — MpPeKpacHoe mae-
suHpHUIUpyomee cpeacTBo. l'opsimeil cepoil oKypuBaioT morpeba W IIOABANBI AJIA
YHUYTOKeHusa rpubka m mueceHu. Kpome rtoro, okcup cepsi(IV) mcmoassyior mpum
KOHCEePBUPOBaHUM (DPYKTOB, COKOB, BHH.

Oxcnpg cepsr(VI) SOz mpexacrasasger coboil GecrBeTHYO KHAKOCTH. OCHOBHOMH
criocod ero moJIiy4yeHHA — B5TO OKHciaeHue okcuzga cepsl(IV) KuciopogoM B IIPUCYT-
CTBHHM KaTajlusaTopa:

t, V205
2505 + Oy &————— 2804
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Oxrcup cepwl(VI) npoasiaser ApKo BhIpa)KeHHbIe KHCIOTHBIe cBoiicTBa. Ilpu B3a-
UMOAEHCTBHH ¢ BOAOH OH 00pasyeT OAHY M3 CAMBIX CHJIBHBIX KHCJIOT — CEPHYIO:

SO; + Hy0 = HpS0,

B pesynbraTte pearnum okcuga cepbl(VI) co mienouamMu obpasyioTca COJMH CEepHOM
KHCJIOTBL — cYJlib@ambt:

SO; + 2NaOH = NayS0,; + H,0

Kucmopoacoaepskaimme KHCIOTHI cepbl. [[BYM KHCIOTHBIM OKCHIAM CEPBI COOT-
BETCTBYIOT JBe KHCJIOPOACOoAep:;Kall[ie KHCIOThI: cepHHucTad U cepHasa. Kak u B cay-
Yyae ¢ OKCHJIaMH, KHCJOTHBIE CBOMCTBA STHX BEIIleCTB YCHUJIMBAIOTCA C YBeJIMYEHHEM
CTeIeH! OKUCJEHHUS aTOMa CephI.

Cepaucrana kuciaora HoSO3 — Heopramudeckas KHUCJIOTA CpefHell CUJIBbI, KOTOpasa
CYIIIeCTBYeT TOJBKO B pas3baBJIeHHBIX BOJHBIX pacTBopaxX. IIpH IONBITKE BBIJAEINTH
BTY KHCJIOTY B YHUCTOM BHAe WJIH IIPH He3HAUYUTEeJLHOM HarpeBaHMM pacTBOpa IIPo
HCXOAUT pasjiosKeHHe BelllecTBa, T. €. peaknusa, obparHasg o0pa3soBaHHI0 KHUCJIOTHI
us okcuna cepoi(IV) u BogbI:

H,S03 = SO,T + Hy0

CepHucTas KHCIOTA, KAaK M COOTBETCTBYIOINHI el okcupn cepwi(lV), mpoasnser
CHJIBHBIE BOCCTAHOBUTEJBLHBEIE CBOMCTBA M TaKKe IpUMeHAeTcAa AJA oTOeTMBAaHUA
Pa3INUYHBIX MaTepHAaJOB.

Cepuasa kucaora HoSO4 — OIMH U3 OCHOBHBIX IIPOAYKTOB XMMUYECKOI'O IIPOM3-
BOJICTBA. 3a roJi B Mupe mojy4yaioT mouTu 250 MJIH T 3TOr0 BelllecTBa — B CpPeJHEM
okoJ0 30 Kr Ha KasKIOoro »KurTens 3emin!

KounenrpupoBanHada cepHasd KHCJIOTA IIPEICTABISAET co00i OecliBeTHYIO BIA3KVIO
skuakocTb. OHa Xopolo pacrtBopseTcda B Bole. HamomHuM, uTOo npu pasbaBieHUH
CepHYIO KHCJIOTY NPHJHMBAIOT B BOAY, a He HaobOpoT.
Taroit TOPALOK CMENIMBAHUSA BEIeCTB 00YVCJIOBIEH TEM,
YTO IIPU PACTBOPEHHUM CEPHOM KUCJIOTHI B BOJE BbIIEJF
eTcA DOJBINOE KOJTUYECTBO TEILJIOThHI M MOPIMUA BOILI, HO-
faByieHHas B KHCJOTY, MOMKeT 3aKUIeTh, pas30phI3rmBasd
eIKYIO KHUAKOCTE (puc. 31).

B pasbaBieHHOM BOJHOM pacTBOpe cepHasd KHUCJO-
Ta — CHJBHBIH 2JIEKTPOJHUT. Takoil pacTBOpP IPOABIA-
eT BCe CBOHCTBA KUCJIOT, O0YCIIOBJIEHHBIE IIPUCYTCTBU-
eM KaTuoHOB Bojopoaa H' (scnommume amu ceoiicmea
U 3anuuiume YpasHeHUs COOMEEMCMEYIUUX PeaAKyull
8 MOJCKYAAPHOU U UOHHOU hopmax).

CpoiicTBa KOHIIEHTPUPOBAHHON CEpHON KHCJIOTHI 3Ha-
YUTEJBHO OTJIMYAIOTCSA OT CBOICTB pasbaBiieHHOI.

Bo-nepBbIX, KOHIIeHTPUPOBAaHHAA cepHasd KHCJI0Ta —
CHJIbHOE BOAOOTHHMAaMOIee cpexnctso. OHA o0yramBaer
bymary, TKaHU, APEBECHUHY, OCTABJIAET HA KOKe Iiy6o-
KHe, JOJI'0 He 3arKWBaIUIfe OXKOTH. N —

Bo-BTOpBIX, KOHIIEHTPHUPOBaHHAA cepHasd KHCJIOTa — ANaKaT no Npasuiam
CHJIBHBIH oKHcauTenb. OHa crmoco6HA B3aUMOAEHCTBO-  toxuuky 630MaCHOCTU
BaTb C MeTajlJlaMM, CTOAIIMMM B SJEKTPOXHMHYECKOM npun pasbaBneHnn CepHOMn
pALy HaUpAMKeHWH KakK A0, TaKk M I0cJe BOLOpPOAA. KUCMOTh
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B Takmx peaknuAXx cepHad KHCJIOTA ABJAETCS OKHCIHTEJEeM 3a CYET aTOMOB CEephI
B BBICIIIEH CTEIIeHHW OKHCJEHHUs +6, Io9TOMY B pesyabTaTe B3aHMOAEHCTBHA o6pasy-
I0OTCA MPOAYKTHI BOCCTAHOBJIEHMA cepbl. Hampumep, Meab pearupyer ¢ KOHIEHTPH-
POBaHHOM CEpPHOH KHCJIOTOM B COOTBETCTBUH C ypaBHEHHEM

0 +6 +2 +4
Cu + 2Hp SOy (xoH1) = CuSOy + SOT + 2H,0
0 +2
Cu. 2¢— Cu — mnpomecc oxucnenus, Cu — BOCCTAHOBUTEJb;
+6 +4
S +2¢ - S — mpomecc BoccraHoBieHusa, HySO, — oxucaurens.

Yem axTHBHee MeTasJ, TEM CHJIbHEe BOCCTAHABJIMBAETCA aTOM cepbl. IloMumo
oxkcupa cepsl(1V), mpoaykTaMu BOCCTAHOBJEHHA CEPHOH KUCIOTHI MOT'YT OBITH cepa
HJIA CepPOBOJOPOJ.

Hexoropsie MeTanyibl, HANPUMEDP AJIOMHHHHN, Keae30, XPOM, HACCHUBUDYIOTCS
KOHIIeHTPHUPOBAHHON CepHOH KHMCJIOTOM NpHM KOMHATHOH TeMmIieparype. Bcé perno
B TOM, YTO B pPe3yJbTaTe OKUCJIEHUS Ha HNOBEPXHOCTU MeTajyia obpasyerca TOHUAR
mas 3al[UTHAsd IJIEHKA, IIPeJIoXPaHAIIAad ero oT JajbHEHIIero paspylleHH:dA.

Coau cepHHCTOH KHCIOTHI — CYJIABMPHUTEI. BOJBIIMHCTBO COJell CEPHUCTON KHMCJIIO-
Tl MAJOPACTBOPUMO HJIM HEPACTBOPHUMO B Boje. VICKJIIOUEHUS COCTABJIAIOT PACTBO-
puMbIe CYJIb(MUTHI MIEJOUYHBIX METAJIIOB U AMMOHMA.

Ilpu meiicTBMM Ha CYJAB(MHUTHI CUJIbHBIX KMCJIOT B pe3yJbTaTe Peakiiii HOHHOTO
obMeHna obpasyerca cepHHUCTas KMCJIOTA, KOTOpas IIPH He3HAYMTEJILHOM HArpeBaHUH
pacmajzaeTca Ha BOAY M CEePHHUCTHIA ra3d. 9Ty PeaKIHWIO0 MCIIOJB3YIOT AJMA JabopaTop
HOTO moJyuenusi oxkcuga cepsi(lV).

Brnaromapsa Hanuuuio aTOMOB CEPBI B CTEIEHU OKUCHeHUA +4 cyab(UThl MEeTaJI0B
NPOABJIAIOT CHJIbHBIE BOCCTAHOBUTENRHBLIE cBoiicTBa. KakK BoccTaHOBUTENb CYJIL(MUT
HATPHUA MUCIOJL3YIOT IJIA YAAJeHUs H30BITKA XJopa IIocje OTOeJMBAaHUA TKaHeM:

+4 0 +6 o |
NapySO3 +Cly + b O = Na SO + 2HCI

IIpu BzauMOmEHCTBUM C KATHOHAMU Oapus cyaIb(PUT-UOHBI 00pasyioT Oe/blil KpH-
cTalJIudecKUN ocaJjok cynak(dura b6apma BaSOj:

BaCl, + NaySO; = BaSO3| + 2NaCl
Ba?" + S0% = BaS0;|

9T0 KauecTBeHHAsA peakuusa Ha cyabdur-uonsl. Cynbdur OGapusa pacTBOpseTcA
B pa3baBJIeHHBIX COJAHOM W a30THOM KHCJIOTaX C BHIJEJEHHEM radoobpasHOro oKcuja
cepsl SOy, HampuMep:

BaSO3; + 2HNO; = Ba(NOg)y + SOyt + Hy0

Conu cepHoOii KMCJIOTHI — cyiabgarel. B nNpoTHBOIONOXKHOCTE cyabduramMm 60J5
IIMHCTBO COJIell CePHOM KHCJOTHI (38 MCKJIUYEHHEM CYJAb(aTOB IIeJ0YHO3EeMeIbHBIX
MEeTaJJIOB U CBHUHIIA) pacTBopuMo B Boje. Cynb(aTsl CKIOHHBI K 00pasOBAHUIO KPU-
cmaanozudpamoé (HanpuMmep, MexHbll Kymopoc CuSQ...5Hs0, xesesHblit Kynopoc
FeS0,.-.TH;0, raaybepora conb NasSO 4. 10H 50).

KauecTBeHHOI peakuueil Ha cyiabharT-uoH (CEPHYIO KHCIOTY U €€ pacTBOPUMBIE
COJIM) CJOY:KHUT B3aMMOJEMCTBHE C PACTBOPOM XJIOPHAA WJIM HUTpaTa Oapusd.
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JlabopaTtopHbiii onbiT 34

B ogHy npobupky Haneite 2 mn pacteopa cynbdara HaTpus, B APYrylo — 2 Mmi pactBo-
pa CepHoW KMUCAOTbl. 3arem npuneiTe B kaxayio npobupky no 1 mn pacreopa xnopuga
Gapusa. Yto Habniopaete? CocTaBbTe MOJIEKYNSAPHbIE U UOHHbIE YPaBHEHWUS peakuui.

B pesyibTaTe sKcIepMMeHTa BbI HAOJIOJATH BEIIIaJeHWe HEPACTBOPHMOIO B BOJe
ocanka Oemoro mBera — cyab(para Oapua. Yactuuku cyinbdara 0apya HACTOJIBKO
MaJIbl, YTO OCAJOK HEKOTOpPOe BpeMsdA He OCeJaeT, W CMeCh IO BHEITHeMY BHUAY OYeHb
HanmoMuHaeT Mosioko. OOpasoBaHme cyibdara 0apud IPOMCXONHUT 3a CUYET COeIUHEe-
HUS WOHOB 0apms M cyab(aT-mOHOB:

Ba?" + S0 = Baso,l

B oramume or cynehura Gapma, cyabdar Gapusa He pacTBOpAeTcA B KHCJIOTaX.

-

Okcup cepbi(lV). Cepuucrtaa kucnota. Cynbdutel. KasecTteeHHas peakuus
Ha cynbduTt-uoH. Okcup cepoi(Vl). CepHaa kucnorta. Cynedarbl. Kaue-
CTBEHHaa peakums Ha cynbdar-uoH

lNpoeepbTe cBOM 3HaAHUSA

1. [laiiTe CcpaBHUTENbLHYIO XapaKTepWCTUKY OKCWAOB Cepbl B CTeneHax okucneHws +4

n +6. Csoin OTBET NPOWIIOCTPUPYATE YPABHEHWAMU XMMUHECKUX peakuuii B Moneky-

NAPHON 1N MOHHOW dopmax.

2. JaiTe xapakTepucTuKy CEPHUCTON KMCNOThl 1 €€ coneil. Kak pacnozHatb CynbhuT-nmoH?

3. OaliTe xapakTepuUCTKKy CEpPHOI KUCNOTbl U e€ coneil. Kak pacno3Hatb cynbdar-noH?

4. Mouemy ceoncTBa pasbaBNeHHOW WU KOHLLEHTPUPOBAHHOW CEpHOW KWCNOTbl pasnuya -
loTca?

5. Kakoe npaBuno gomkHo cobniopatbest Npu pasbasneHn CepHOM KUCNoThI?

'\

6. 3anuwunTe ypaBHEHWS peakuMid, ¢ NOMOLLBK KOTOPbIX MOXHO OCYLUECTBUTb CNeayto-
LwMe npespaleHns:

a) § - 80, - 805 — Na,S0, — BaSO,

6) H,SO, — SO, - K;S0; —» MgS0O; — SO,

Ona peakuuwin, NpoTekawoWx B pacTBOpax, 3anuiunMTe WOHHbLIE YpaBHEHWS, a B ypaBHe-
HUAX OKWUCIUTENBHO-BOCCTAHOBUTENBHbBIX Peakumili paccTaBste KOapUUUEHTE METOOOM
ANEeKTPOHHOrO HanaHca, YKaxuTe OKWUCNAWUTENb W BOCCTAHOBUTESb.

7. Maccogble [onM XMMWYECKUX I1EMEHTOB B CONM COCTaBnsioT: kanuin — 49,4 %,
cepa — 20,2 %, kucnopon, — 30,4 %. Onpepenute dGopmyny CoW, HA30BUTE eE.

8. B 1960 r 5%-Horo pacTBopa CepHOW KWUCNOThl pacTBopunu 2,24 n ammuaka (H. y.).
Paccuutante maccosyio O0NK0 CONMM B NOJYYEHHOM pacTBOPE.

9. XenesHyto nnacTtuHKy norpysmnu B pacteop cynbdara megu(ll). Yepes nHekoTopoe
BpeMs mMacca nnactvHkM yBenudunacs Ha 0,4 r. BolducnauTte maccy mMegw, BblaenvBLUEN -
CA Ha MmnacTuHKe.
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e N
10. Maccoeas nonsi Boabl B Kpuctannoryapare cynbdara xeneaza(ll), koTopblii HasblBalOT
>Kenes3HslM Kynopocom, coctasnseT 45,3 %. Boieegute dopmyny kpuctannorvgpara.

11. B Tpéx npobupkax 6e3 aTMKeTOK HaxoOAaTcs PacTBOPbl cynbduaa, cynbduta U cyrb-
¢dara kanma. Kak ¢ nomMowpsio OAHOro peakTyMBa pacnos3HaTth 3TWM BewecTtea? Hanwwwnte
ypaBHEHWA peakuuii B MOAEKYNAPHOW W MOHHOW dopmax.

12. Paspenute nuct Gymark nononam BepTUKaNbHOW nuHWein, Hanuwwnte ypaBHEHUs
BOCbMW peakLUii, XapakTepusyloLlwmx XMMU4eckne CBOWCTBA CEPHON KWUCNOTbI, Tak, YTO -
6bl Neeas 4acTb PABEHCTBA OKasanacb Ha NEBOW MOJIOBMHE NWUCTA, 3HAK paBeHCTBa —
Ha 4epTe, a npaeas 4acTb ypaBHEHWS — Ha MPaBOW MONOBUHE nucta. Paspexesre nuct
no NMHWW, ABE MOMOBMHKWM OTAANTe ABYM CBOMM OAHOKIaccHWkam. Mx 3agaya — BoccTa-
HOBWTb HeAOCTalLME MONOBMHLI YPaBHEHWIA peakumii. [poBepbTe nx paboTy, NOCTaBb-
Te CBOW OTMeTKy. JonuwmnTe ypaBHEHWUA peakuuid Nno NONOBWMHKAM NUCTOR, MONYYEHHbIX
OT ABYX [APYrnX OAHOK/IACCHWKOB,

IIpakTyeckas padGora 3
MU3YYEHUE CBOMCTB CEPHOUW KHMCJIOTHI

1. B tpu mpobGupkm HameidTe mo 1—2 M pasbaBiaeHHOW CEePHOW KHCJIOTHI.
B mepByio mpobupry pmobaseTe 1—2 Kamaum pacTBOpa JAaKMyca, BO BTOPYIO —
1—2 kamniam pacTBOopa METHJIOBOI'O OPaHKEBOT'0, B TPeThbI0O — 1—2 KalJam pacTBopa
denondramenna. Yro mabawogaere? O6BACHATE Pe3yIbTATHI.

2. B mepeyio H BTOPYIO OPOOHPKHN M3 IIEPBOrO ONBITA AOOABIANTE IO KAILJISIM
THAPOKCHUJ HATPHUA A0 TeX IIOp, IOKa JIAKMYC He cTaHeT (DHOJIETOBBIM, METUJIOBBIH
OpaH:KeBBII — opaHKeBBIM. CpenaiiTe BBIBOJ, W HANUWIINTE ypPaBHEHUE peaKIUH
B MOJIEKYJAPHOH M MOHHOH (dopmax.

3. B ogay mpobupKy HOMECTHTe TPAHYJIY IHUHKA, & B APYIYI0O — KYCOUEK Mel-
HOU NpoBoJOKH (mnam cTpy:xKm). B o6e nmpobupkm HameliTe mo 1—2 mMJ pacTBopa
cepHO# KucaoTel. Yto Habmomaere? O0bAcHHUTEe pedyabTaThl. Hanuninre ypaBHeHUe
peakIuy B MOJEKYJAPHOH M HMOHHOI ¢dopMax. PaccMoTpHTe OKMCIUTEILHO-BOCCTA-
HOBUTEJIbHEIE ITPOIIECCHI.

4. B ogny mpoOUpKY IMOMeECTHTe Ha KOoHUMKe rmmarens oxcun mexnwu(Il), Bo BTO-
PYI0 — Ha KOHYHMKE IIIATeJs MOPONIOK KapboHara HATPHUA (TEXHHUUYECKYIO COIY).
B ob6e nmpobupku HameiiTe mo 1—2 mJ pacTBopa cepHoOM kKucaorel. O0BAcCHHTE pe-
syabTraTrhl. Hanumnure ypaBHeHHUA PeaKIMi B MOJEKYJIAPHONM M MOHHON (popMax.

5. B nmpobupry Haneiire 1—2 M pacrBopa cynsdara meau(Il), no6asere 1—2 M
pacTBopa r'HApPOKcuAa HATpUA. K moayueHHOMY ocafky Ho0aBidAlTe 110 KAILIAM Cep-
HYI0O KHUCJOTY [0 IIOJIHOTO PacTBOPEHHMs ocajxa. Hamummmre ypaBHeHHA peaxkiui
B MOJIEKYJIAPHOW M WMOHHON (hopMax.

6. B oxuy nmpobupry Hasmelfite 1—2 MJ pacTBOpa CepHOII KHCJIOTHI, B APYIYIO —
1—2 mu pacrtBopa cyib(para Harpud. B o6e npobupKku no0aBbTe HECKOJLKO Kallelb
pacTBopa xjopuga Gapua. Uro Habammaere? HamuimmTe ypaBHeHHS pPeaKIMil B MO-
JIeKYJIAPHON M MOHHOM (opMax.
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S 16. OBIIIASI XAPAKTEPUCTHUKA
DJIEMEHTOB VA-TPYIIIIbIL. A30T

LLiotnanackuin yuénbii JlaHuwens Peszepcopa 8 1772 r. npoBoaun 3KCNepUMEHTbI
NO CXKWUraHWio NoJ CTEKNSHHBIM KOJINAKOM [LPEeBECHOro yris, cepbl U cocdopa.
MNpopyKTbl ropeHus noraowanuch pacTBopoM LWEnoun. Pesepcopa ycraHoeun,
4YTO OCTalOWANACA NOCNe 3KCNepuMMeHTa 4YacTb BO3fyxa — 3TO ras3, B KOTOpOM
CBEYa He ropuT, a Mbiwb rubHetr. O Kakom rase UAET peub?

VA-rpyuny Ilepuopmueckoin cucremsr . WM. MeHgenreeBa COCTaABISAIOT IIECTH
XHUMHAYECKnX ajieMeHToB: asor N, Qochop P, memubax As, cypbma Sb, sucmyr Bi
u mockosBuit Me.

Ha BHemimeM 5HepreTH4ecKOM YPOBHE aTOMOB STHX 3JIEMEHTOB pacmoJiaraeTcs
OATH 9J€KTPOHOB, T. €. A0 3aBEePIIEHHUS 3JIEKTPOHHON 0D0JOUYKHM aTOMOB O YCTOWYN
BOTO OKTETA He XBaTaeT TPEX 3JIEKTPOHOB. A30T U docdop — HeMeTallIbl, & BUCMYT
aTo y:xe mertasa. Haubosee seKTPOOTPHUIATENBLHBIA 3J€MEHT TPYIIBI — a30T; ero
3HAUEHWE 3JIeKTPOOTPUIIATENIBHOCTH YCTYIAET TOJBKO B3HAYEHHIO 3JIEKTPOOTPHILR
TeJIFHOCTH (PTOpa M KHCJIOPOAA.

Briciiasi cTemeHb OKHCIEHHS aTOMOB »oJeMeHTOB VA-rpymnel paBHa +5. Kpome
TOTO, BCE DTH DJIEMEHTHI, KPOME BHCMYTa, IPOABIAIOT MUHUMAILHYIO CTEIIeHb OKHC
neruss —3. CooTBeTcTBEHHO (POPMYJIa BBICHINX OKCHIOB A30TAa M €r0 3JeKTPOHHBIX
anamoros J505, dopmysia JeTyunx BOAOPOAHEIX coenmnHenuit dHg, roe 9 — siaemeHT.

Asor B nmpupope. Hassanme <«asor» (or rped. azotos — OEe3:KU3HEHHBIN) IIpPEI-
noxun (ppannysckuil xuMuk AHTtyan Jlopan JlaByaswe. Takoe HaszBaHue, II0 MHe-
auio JlaByasbe, AOJIKHO OBLJIO MOAYEPKHYTEH CBOMCTBA razoobdpasHoro asora, KOTOPEIN
He IPpUTojeH AJdA AbIXaHUA KU He Hnoaaep:xkuBaer ropenue (puc. 32). OgHako BCKope
BBIACHHUJIOCH, YTO «0E3;KHM3HEHHBIN» a30T — OAWH W3 IJIABHBIX 9J€MEHTOB JKH3HH.
B :KuBBIX OpraHmaMax ATOMBI a30Ta BXOIAT B COCTAB MOJEKYJ BaKHEUINIHX opra-
HUYECKHMX BelLleCTB — OEJIKOB ¥ HYKJIEMHOBBIX KHCJIOT.

ITomumo rasoobpasHoro npocroro sBemiecTsa Ny, mpu-
CYTCTBYIOIIIEro B aTMocdepe, dJIeMeHT a30oT IpeAcTaBJIeH
B JuTocepe 3eMJIM HECKOJBKMMHN MuHepanamu. Hawu-
Ooslee BajKHBIe M3 HHUX — 9TO CEJWUTPBI: UYHJIHICKaA
NaNO3; un maguiickas KNOjz.

IIpocroe BemecTeo azor N, — OGeciBeTHEBI ras, 6es

zamaxa, mMajgopacTBopuM B Bojme. CozmeprxaHme asoTa B
arMmocheprom Bozayxe (78 % 1o 006BEMY) 3HAUUTEIILHO
TIPEBBINIAET COAEPKaHue KHCIOPOoIa.

Ilpu OOBIYHBIX YCIOBHAX a30T MAaJOaAKTHBEH H IIO
CBOEH peaKIMOHHOW CHOCOOHOCTH YCTYHaeT He TOJBKO
rajoreHaM ¥ KHCIOPOAY, HO U cepe. IIpu ymepeHHBIX
TeMIIepaTypax OH He B3aUMOJEHCTBYET C KHCJIOPOIOM, ‘. J
KOHIIEHTPUPOBAHHBIMH KHCJIOTAMHU H IEI0YaMU, MeTa
Jamu. PaHbIlle razsoo0pasHBIM a30TOM 3al0JHAJIH BHY- Puc. 32. A3oT
TPEeHHUII O0BEM paguo- W JIEKTPOJIAMII, XHMHYECKHX He NOANEepXMBaEeT ropeHue
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PeaxkTopoB AJiA CO3JaHUA HHepPTHOU arMocdepsl. B uéM Ke NpUYMHBI TAKOH XUMU-
YeCKOH ITacCHUBHOCTH?

XumMudyeckada CBA3b B MOJIEKYJe a30oTa — KoBajleHTHad HenonsapuHaa. IIpu obpa-
30BAaHUM XHMHUYECKOM CBASH JBa aToMa asoTa 00pasyloT Tpu o00IHe 3JeKTPOHHBIE
mapsl:

IN-++N:——:NEIN: N=N

Takum o6pasoM, CBA3b B MOJEKYyJe azoTa mpoiHas, T. e. obpadoBaHa TpeMs
O0IIUMH 3JIEKTPOHHBIMH TIapaMH, YTO M OOYCJIOBJIMBAET €€ BHICOKYIO TTPOYHOCTE.

XuMHUYecKkHe CBOMCTBA a3oTa

OxucaumenvHble c80lLCcMEa a30T MPOSBIAET IPHU HArpeBaHWH, B MEPBYIO OUYepeb
IO OTHOIIEHWIO K MeTajanaMm. IIpMHHMAasA TPH HEAOCTAIOIIUX 2JeKTPoHAa, ATOM as3oTa
npuobperaer cTemeHb OKWUCJICHUST —3.

BunapHble coefuHeHHA a30Ta ¢ MeTAJJIAMKU Has3bpIBAalOT HUTpHaaMmu. Tak, Harpe
BaHMe HaTpuA B arMocdepe a3oTa MPHBOAUT K 0OPA30BAHWIO HATPUAA HATPHUSA, AJIO-
MHHHUHA B IIOZOOHBIX YCJOBHAX 00pasyeT HUTPHUJA ATIOMHUHNA:

0 =
6Na + Ny = 2NagN

0 .3
2Al1 + Ny = 2AIN

OkucauTeNbHBIE CBOMCTBA a30T HPOABJIAET U B peak-
Ouu ¢ BomopojgoM. B peayabraTe peaknuu obOpasyercs
aMMHaK — OJAWH W3 Ba)KHEHINIUX HNPOAYKTOB XHUMHUE-
CKOT'0 IIPOM3BOJICTBA:

0 0 t, p, ®KaT. 31
Ns +3Hy = 2NHg3

Bocemanosumenvrvle €60UCMEG A30T IPOABIAET
[0 OTHOIIEHUIO K KHUCJIOPOAY, PEAKIUA ¢ KOTOPHIM IIPO-
TeKaeT IPU TeMIepaType 3JIEKTPUYECKOH AYTH:

0 0 +2. 2
Puc. 33. JlionuH No + & 2 2NO

B kpyrosopore azora B IpPHPOAE PemIaoOIIyVIO POJb
UrpamT KuBble opraHuamMbl. Ocobble OaKTepHM, KU-
ByIllMe Ha KOpHAX O0000BBIX pacTeHHWN — JIIONHHA
(puc. 33), kaesepa (puc. 34), ropoxa (puc. 35) u ap., —
CBA3BIBAIOT aTMoc(epHBI as3oT, mpeBpallasd ero B MH-
HepaJIbHBIE COJH. DTH COJH YCBAMBAIOTCS PACTEHHUAMM.

IIpumenerue. A30T B OCHOBHOM WCIIOJB3YETCS IJIs
CHHTe3a aMMHaKa, KOTOPLIH CHAYMKUT HCXOAHBIM BeIle-
CTBOM B IIPOHM3BOJCTBe yAOOpeHHWIi, as0THOW KHCJIOTHI,
KpacuTe/eil, JeKapCTBeHHBIX IIPeHapaToB, B3PbIBUYATHIX
Puc. 34. Knesep BelecTB. ['a3000pasHbIil a30T IPUMEHAKT AJIA CO3TaHUA
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HHEPTHOH armocdepbl IIpHU HOJVYEHUH CHHTE-
THYECKHUX BOJIOKOH, YMCTBIX METAJJOB W CILJia-
BOB. B JKHMIKOM asoTe, UMEKIIeM TeMIepaTypy
—196 °C, xpaHAT KJeTKH, OpPraHbl, TKaHU, ApPY-
rue OuojorndecKkre o0BEeKThHI. B Kocmerosorum
KHAKHUH a30T IPUMEHAIT A JedeHHA KOMK-
HBIX 3abojeBanuii. B muImeBoil MpOMBIILJIEHHO-
CTH JKHJIKHM a30TOM 3aMOPaKMBAIOT IPOJYVKTHI
n mnonygabpurarsl. IlpuponHble coeluHEHHUA
azoTa — CeJUTPHl — MCHOJL3YIOT B KadecTBe
KOMIIOHEHTOB IIOPOXOB M B3PBLIBUATHIX BEIIECTB,
a TakiKe [IJA IIPOM3BOJCTBA Aa30THBIX yaobpe-
HUA.

Puc. 35. lopox

[ Azor. Hutpupel. Kpyroeopor asorta B npupoae

1. Daiite obLyl0 xapakTepucTuky anemeHToB VA-rpynnbl Ha OCHOBAHWK WX MONOXEHWUA
B [epuoagnyeckoin cucteme . WM. MeHpoeneeBa. YkaxuTe 3aKOHOMEPHOCTU W3MEHEHWS
paguyca atoma, 3M1eKTPOoOTPULATENBHOCTY, HEMETA/NIMYECKUX CBOWCTB C POCTOM artoMm-
HOro HOMEepa 3neMeHTa.

2. B 4éM Npu4MHBLI Manoi XMMUYECKON akTMBHOCTW MPOCTOro BelwlecTea asora?

—

anMEHHTe CBOWM 3HaHWA )
3. Ucnonb3ya 3HaHus no Guonorumn, oxapaktepu3yinte Buonornyeckyio pone azoTa. Ha-
puUCyiiTe Cxemy KpPyroBopoTa asoTa B Mnpupone.
4. Kakoi 06bEmM razoobpasHoro azota MoxeT Obimb nonyydeH na 1000 m 3 Bo3ayxa (H. y.),
ecnu noTepu B npouecce (GpPakuMOHHOW NMEePEeroHKU GXMXKEHHOrO BO34yxa COCTaBMAlOT
15 %? O6bEmHas [0ns a3oTa B BO3ayxe cocTasnaet 78 %.

o

Bbipasute CBOE MHEHue

5. Bbl yxe 3HaeTe, 4TO Ha3BaHue «as3oT» npemnoxun AdTyaH JlopaH JlaByasbe. 3710
npouzowno B 1787 r. Kak nepesogutcs 310 cnoeo? lMovyemy HEKOoTOpble COBPEMEHHUKU
YY4EHOro CHMTANIM JaHHOE UM HaseaHue HeyaadyHbiM? OTpaxaeTr N OHO cBOWCTBa asoTa?
AprymMeHTUpynTe CBOIO TOYKY 3PEHWS.

Ucnonb3yinte AONOAHUTENbHYIO MHDOpPMaLUIO

6. Moarotosbre coobuleHne 06 as3oTHbLIX yOoobpeHusx.
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§ 17. AMMMUAK. COJITM AMMOHUS

CoeguHeHus, copgep>kalliye a3oT B MUHUMa/IbHOW CTeneHW OKUC/eHUss —3, MoryT
NPOSIBNATL TO/IbKO BOCCTAHOBWUTE/bHble cBOWCTBA. Kakue peakuuu xapakTepHbl
ONS TAaKUX COeauHeHun?

AvMuak npepcrasiasgeT coboil GeclBeTHBIN ra3 ¢ pe3skUM XapaKTepHBIM 3allaxXxoM,
Jerde Bo3ayxa (paccuumaiime OMHOCUTNEAbHYIO NAOMHOCMbL AMMUAKA N0 6030YXY).
AMMHBaK Oo4eHb XOPOIIIO pacTBOpsercsa B Boje. Taxoil pacTBOP UCIOJB3YIOT B MeIU-
IuHe ¥ B OBITY IIOJ HasBaHMEeM aMMHadHada Boga, a 10% -HbI pacTBOp amMMHaka
B Boje Dojiee M3BeCTeH IIOJ Ha3BaHHEM HANIATHIPHBIH CIHPT.

IIpu pacTBOpeHUH B BOJE KarKIas MOJIEKYJa aMMHaKa COeJUHAETCH ¢ OOHOH MO-
JIEKYJI0# BOABI, 00pa3ysd rHAPAT aMMHaKa — BellecTBO, COCTAB KOTOPOrO OTParKaloT
dhopmysoit NHs..H50.

JNlabopaTopHbiii onbiT 35

~

Cobepute npubop onsa nojiydeHus rasa v NpoBepbLTe ero Ha repMeTuHHOCTb. B npobupky
npubopa NOMEecCTUTe CMECh KPUCTA/UIMYECKUX XNOopuaa aMMOHUS W WEnovn. 3akpouTte
npobupky nNpobkoi ¢ ra3oo0TBOAHON TpyOKoi. KoHew TpybkuM nogHUMUTE BBEpPX WU Ha-
OeHbTe Ha Hero cyxyio npobupky. Mop Taron nporpeiite npobupky CO CMEChi, & 3aTeM
HarpesawTe €€ B TOM MeCTe, IAe HaxoadaTcs peareHTol. HYTo owywaerte? Yepes MuHyTy
CHUMUKTE NMPOBKMPKY C aMMWAKoOM U, HE NMepeBopaYymnBas, OnNycTuTe OTBEPCTUEM B KpucTan-
nuaatop ¢ BoaoW. Yto Habnwopaete? 3akpoiiTe oTBepcTve Npobupku nanbuem nof Bo-
0O, nepeeepHUTE €€ C NONyYeHHbIM pacTeopom, ybepute naneu n pobasbte B pacTBop
HEeCKONbKO Kanenb pacTtsopa deHondtanenHa. Yto Habnogaete? 3anuwunte ypaBHeHWs
peakuun nonyyeHns ammuaka. Kakoi cnoco® Bbi MCNonb3oBany ong ero cobupanua?

- _J

BO,I[HI:-IIui pacTBOp aMMHaKa HMeeT IIeJIOYHVIO peaKIIHIO. Jro obBACHAETCA TeM,
UTOo r¥gpar aMMBarKa — caabbIin QIEeKTPOJHUT, OH He3HAYHTeJIbHO MJHCCOIIHHPYET

HAa KATHOH aMMOHHUSA NHZ u ruapokcun-anvnon OH :

NH;.-Hy0 = NH, + OH

Hannuue B BOJAHOM pacTBOpe aMMHAaKa THAPOKCHI-MOHOB 00yCJIOBIMBaeT H3Me-
HEeHUe OKpacKku (peHoM(PTasernHa HA MaJIUHOBYIO.
ITockonbKy B aMMHMaKe aToM asorTa obJjagaeT MMHMMAJbLHOW CTEIeHbI0 OKHCJIe-
Hus (—3), aMMUaKk IPOABIAET G0CCMAHOBUMENbHbLE CBOULCMEA.
AMMHaAK TOPUT B YMCTOM KUCJIOpOJe, IIPH 3ToM obpasyeTcdA asoT U BOAAHLIE
mapel:
.3 0 0 i B
4 NH3 + 303 = 2Ny + 6HLO
Ecan npoBoAWUTE AAaHHYIO PeaKIHUI0 B IPHUCYTCTBHHM KaTajamsaTopa (IjaaTHHA, OK-
cug xpoma(Ill)), To nporexkaer Gojee raybOKoOe OKHCIIEHHEe aMMHaKa — ¢ oOpasoBa-
HHeM oxcmpaa asora(ll):

.3 0 +2.2 2
4NH; + 505 = 4NO + 6H,0




Crauan ¢ material100.tilda.ws

B nmamHOM ciiyuae KaTaJgu3aTop He YCKOPAeT XHMHYECKVIO PeaKkIlUio, a Halpag-
JSIeT eé 10 APYroMYy IIyTH.
BoccranoBuTenbHBIE CBOMCTBA aMMHaKa TPOABIAITCA W B PeaKIUM ¢ HEKOTO-
PBIMH OKCHIAMM METAJIJIOB:
3 +2 0 0

2NHj3 + 3Cu0O = Ny + 3Cu + 3H0
Kax rasoo0pasublii aMMUaK, TAK U BOJHBIII PACTBOP BTOr0 BEIECTBA PEarupyioT
¢ KHCJIOTaMH, 00pas3ysa COJM aMMOHHUA:

NHj3 + HCI = NH4Cl
2NH; + HySO4 = (NH4)2S04
Ob6pasoBaHue KaTHOHA AMMOHHA IPOUCXOJUT B pe3yabTaTe BO3HHKHOBEHHA KO-
BAJIGHTHOH CBA3M MeXKJy aTOMOM as30Ta, MMEIOIIMM CBOOOJHYIO 2JIEKTPOHHYIO IIapy

(e€é HABBIBAIOT HEMOJEIEHHOIN JIEKTPOHHON mapoi), W KAaTHOHOM BOAOPOAa, KOTO-
DbI# IIEPEeXOJUT K aMMHUAKY OT MOJIEKYJ KHCJIOTBHI. ATOM a30Ta HA3BIBAIOT JOHOPOM

DJEeKTPOHOB, a aTOM BOJAOpPOJa — aKIeIITOPOM:
+
H H
H:N:+0H" — |H:N:H|, wwm HpN:+0OHY —> NH]
i—i Karuon H
BOAOpoOLAa
Anmvuax Karuon amMmoHuA Jlonop Axuentop
271eKTPOHOB BJIEKTPOHOE

Taxkoin mMexaHusM o00pasoBaHUA KOBAJEHTHOH CBA3M HAa3BIBAIOT HOHOPHO-AKIIEI-
TOPHBIM.

IIpumenenne. AMMUAK — HCXOJHOE BEIeCTBO IJIA IOJYYEeHHA a30THOH KHCJIOTHL
M coJieif aMMOHMA. AMMHAaK TaK:Ke HCIOJb3YIOT B KadecTBe XJIaareHTa B IIPOMBIIII-
JIEHHBIX XOJIOAHJBHBLIX ycTaHOBKax. OH JIETKO COKHIKAeTcA IIPHM IOBEBIIIEHHWH aBiie-
HuA (puc. 36), a UcmapeHHe CONIPOBOXKAAETCS IIOTJIOINEHHeM TeIJIOTHI, B pes3yabTaTe
Yero M IPOUCXOAUT OXJIAMKAeHUE.

Conu ammonua. B cocras cojeil, IIOMHMO
KaTHOHOB MeETAJIJIOB, MOKeT BXOJAUTH KATHOH

aAMMOHUS NHZ. dToT KaTHOH o0pasyeT CcoJu
¢ OOJBIIMHCTBOM KHCIOTHBIX OCTATKOB. Bce
COJIM aMMOHHS — TBEPAble KPUCTAJIHYECKHe
BeIlecTBa, XOPOIIO PACTBOPUMEBIE B BOJE.

IIpu marpeBanuu GOJIBIIIMHCTBO COJIEH aMMO-
HUs pasjaraercs, HalpHUMep:

t
NH4Cl = NH3 + HCI

ITy peaKIIuio MCIIOJNIb3YIOT OPH HasgHHM, Tak
Kay o6pasyronuiica XJIOPOBOAOPOA OUYHUIIAET 0~
BEPXHOCTh METAJLJIOB OT OKCHAHONH MJIEHKH.

Ecnu KwucioTHBEIR ocTaTok o6JajaeT OKHC-
JIUTEJLHBIMH CBOMCTBaMHM (HampuMep, 3a CUET

Puc. 36. Xugknin ammmak xpaHaT
M TpaHCnopTupyloT B BannoHax
KENTOro upeta
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aToMa 9JIeMeHTa B BBLICIIEH CTeIleHH OKHCJIe-
HUA), Pa3JIoKeHNe OpeAcTaBiIdAeT coboi oxmeau-
TeJIBHO-BOCCTAHOBUTENBHYIO peaknui. B pesyib-
TaTe ATOMBI A30Ta B KATHMOHE AMMOHUS OKHCIIA-
I0TCA, Kak IIpaBuWJo, J0 cBobomHOro asora. Tax
TIPOHUCXOAUT B PeaKIMM PA3JIOIKEeHHA JHXpomara
aMMOHHNA, HAOMHHAIOIIE HM3Bep:KeHHe BYJIKaHa
(puc. 37):

t
(NH4)2CI‘207 = CI‘203 I Nz -+ 4H20

PasnoskeHne HUTPUTA aMMOHHsS — Jaboparop-
HBIH croco0 IoJIVYeHHsA asoTa:

t
NH4N02 = Nz + 2H20
Puc. 37. PasnoxeHue auxpomara
aMMOHUS (XMMUYECKUIA BYNKaH) KauecTBenHOIl peaKimueil HA KATHOH aMMOHHA

CHYKUT B3aUMOAEHCTBUE PACTBOPA COJH CO IMIEJO-

ypio. Peaknus maeéT npm HarpeBaHuu. B pesyib-
TaTe peakiuu obMmeHa oOpasyercsa ciaboe oCHOBaHME — THUApPAT AMMHAKA, KOTO-
poe dake TpHM KOMHATHOM TeMmIeparype, TeM OoJiee npH HeOOJBIIOM HarpeBaHHW,
pasnaraercs. Boigensmomuiica aMMHaK O0HAPYKMBAIOT 0 3alaXy WIH IOCHHEHHUIO
BJIaKHOM JTaKMycoBoil Oymaru. B MoHHOM BHuJe ypaBHeHHe KadyeCTBEeHHOH peakIiuu
Ha KATHOH aMMOHHUSA HMeeT BH[I

NH; + OH = NH3T + H,0

JlaHHOMY MOHHOMY YPaBHEHHIO COOTBETCTBYET, HAIIPUMEDP, MOJEKYJISPHOE ypaB-
HeHHEe peaKIiuyi MeXXIy PAcTBOPOM CyJib(para aMMOHUA U THAPOKCHIOM KaJHudA:

(NH,)3S0; + 2KOH = K580, + 2NH;T + 2H,0

C noMoIIboo IIOZOOHON peakIUM MOJYYalT aMMHUaK B Jab0paTOpPHBIX YCIOBHAX.
Ina 5TOW Lean XJIOPHJ aMMOHHS HarpeBalT € ralléHOW HM3BeCThIO:

t
2NH,Cl + Ca(OH); = CaCl, + 2NH3T + 2H,0

NabopaTopHbii onbiT 36

B npobupky Hanewte 2 mMa pacTtBopa xJopwaa aMMoHuMa W gobasste 2 Mn pacTtBopa
rugpokcuga Hatpusa. Harpeiite npobupky. [logHecute K OTBEpCTUO Npobupku
BNaXHYIO nakmycosyto Bymary. Yto Habmopaete? O 4éM CBUOETENLCTBYET U3MeHeHue
OKpPacky UHAMKATOpHO Bymaru?

Con aMMOHHSA HMCIOJB3YIOT B KadecTBe yaobpenuit (doedarhl, XJIOPHUT, HUTPAT
aMMOHH:), KAK KOMIIOHEHTHI B3DPBLIBUATHIX BeNIecTB (HUTpaT aMMOHHA, MM aMMH-
auyHad CeJuTpa), B IHIIeBONM NPOMBIIINIeHHOCTH (rugpoxapboHar, KapboHAT, XJIOpPHUI
aMMOHMS), IPHU BbIJEIKe KOXH (cynsdar aMMOHHSA).
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AMmmmnak. AMMuadyHas Boga. HawartbipHbii cnupTt. MMpgpat ammuaka. Conum
ammoHua. KauecTBeHHas peakuus Ha WOH ammMmoHud. HenogenéxHHaa anek-
TPOHHaA napa. [loHOop 23NeKTPOHOB. AKUenTop 3NeKTpPoHoB. [LOHOpHO-
aKLenTopHbLIA MexaHu3M 00pa30BaHUf KOBANEHTHOW CBA3WN

1. CoctaBsTe cxemy 06pazoBaHna XMMWYECKO CBA3W B MONEKyne aMMuaka.

2. OxapakTtepu3syiite GU3NYECKME N XUMUYECKME CBOMCTBA ammuaka. CBaxunTte Mx ¢ 06-

nactamu NpUMeEHeHWUs1 3TOr0 CoeaMHEHWS.

3. Mo4yemy aMMuaK B OKUCINTENbHO-BOCCTAHOBUTENBHbLIX peaxkuusax NposiBNgeT CBOWCTBA

BOCCTaHOBUTENA?

4. B 4é€M COCTOUT OOHOPHO-aKUENTOPHbIA MexaHnamMm o6pasoBaHUs KOBANEHTHOW CBA3N?

Kakoit ewgé mexaHusam oGpazoBaHWa KOBANEHTHOM CBA3M Bam kaBecTeH? lMoarBepawuTe

CBOW PacCYyXOEHUS PacCMOTPEHWEM CTPOEHWS KaTMOHa aMMOHWA.

5. 3anuwuTe cokpawEHHOe MOHHOE ypaBHEHWE KAa4yeCTBEHHOWM peakuuyM Ha KaTMoH am -
MOHWA.

1

6. Hannwnte ypaBHeHWs1 peakuuidi NonyyeHWUss HUTPUAA HaTpus KU ero B3auMOgencTBus
c Bopoi. Kakas M3 aTtux peakumii SBNSETCA OKWUCIWTEIbHO-BOCCTAHOBUTENLHON?

7. C kakuMKn U3 NepeyvymciieHHbIX BEeLEeCTB pearmpyet aMmmuak: BoAopoa, a3oTHaa KMCNo-
Ta, KMCNopoa, MapoKcua, HaTpus, Boda, xnopwua kanua, okcwa megu(ll), xeneso, cynbe-
dar aMmMoHuA? 3anuinMTe YpaBHEHWUA COOTBETCTBYIOLMX PeakLuii.

8. B pByx npobupkax 6e3 noannucuM HaxonaTcs pacTBOPLI XNopuga aMMOHUA W XNopu-
ha Hatpusa. Kakumun cnocobamm MoXHO pacrno3HaTb 3Tu Bewectsa? OTBeT noareepaute
YpaBHEHUAMW COOTBETCTBYIOLUMX pPEeaKLMiA.

9. B 150 mn Boabl pactBopunu 67,2 n ammuaka (H. y.). PaccuutaidiTe mMaccoByio OO0
amMmmMuaka B MoNy4eHHOM pacTBoOpe.

o /

Boipasute cBOE MHeHue

10. MocTponTe KPyroBbie Auarpammbl, OTpaKaloLMe MaCCOBLIE 0NN XUMUYECKUX ane-
MEHTOB B CNeayloLmMx CONsSx: HUTPaT Kanus, HWTPAT aMMOHWS, HUTPAT KanbUWs, Cyb-
dar ammoHusa. Kakyio M3 3Tux conei Bbl Bbl pEKOMEHA0BaN UCNoNL30BaTk B Ka4ecTee
as3oTHOro ypobpeHna?

Ucnonb3yinte AonosiHUTeNbHYI0 UHbopmMauuio

11. NMogroTtoebTe coobuieHne no Teme «[poussoacTBo ammuaka: ot [abepa no cospe-
MEHHOCTU»,

12. OB6bACHWUTE, NOYEeMY aMMWaK KCMOoMb3YIOT B NPOMBbILLUAEHHbLIX XONOAWIbHBLIX YCTAHOB-
Kax.
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IIpakTuyeckass padora 4
IHOJIYYEHUE AMMMAKA U U3YYEHUE EIO CBONCTB

Honyuerme aMMHAKa M ero BOOHOIO pacTeopa

1. Ha snmcrre Oymaru nepemeniaiTe npubIM3UTENBLHO pPaBHBIE MacChl KPUCTAJN-
auueckux xjopupa ammonusa NHyCl m rugpoxcuza xanemusi Ca(OH) (manpuwmep,
mo aBa IIIIaTeJdA TOr0 M APYroro BeIllecTsa).

2. TIpuroToOBIEHHYIO CMEChH BHECHTE B IIPODHUPKY Ha1/5 eé obnéma.

3. 3akpoiiTe TpobUPKY MPOOKOH ¢ razooTBOLHONI TPYOKON M TpoBephbTe npubdop
Ha repMeTHYHOCTD.

4. 3axpenute npubOpP B IMITATHBE TOPUB0HTAIBLHO ¢ HEOOJBIIINM HAKJIOHOM B CTO-
poHy npobKu Tak, 4ToOBI OTBEPCTHE NPOOUPKU OBLIO UYTH HUIKE AHA: 9TO CBA3AHO C
TeM, YTO O0pasyioluecs KaIllJ¥ BOABI He MOJIKHBI CTEKaTh Ha AHO, MHaYe IIPOOHpPKA
MOJKET JIOITHYTE.

5. HageHnbTe cyxyio npoOHUpPKY — NPUEMHHK I'a3a Ha rasooTBOAHYIO TPYOKy, Ha-
IPaBJIEHHYIO BBEPX.

6. 3amrure cuuproBry. HarpeiiTe npobuUpKy CO CMEChI0 B ILJIAMEHU CIHUPTOBKH,
cobmiofas Bce IIpaBHIIA.

7. Onmpegenure HaaIWdWe aMMHaka B IpoOUpKe-mpuéMHHKe. 1a aToro Kyco-
YeK YVHHUBepCaJIbHOM HHIMKATOPHOI OyMard CMOYHTE BOAOH U IIHUHIIETOM HMOAHECHUTE
K oTBepcTHi0 npobupku. Yro Habamopaere? 3anMIInTe YpaBHEeHHE peaKIIUM.

8. Ilpekparure HarpeBaHme. CHUMHTE IPOOHPKY ¢ aMMHAKOM € Ta300TBOJHOM
TpyOKH, He mepeBopauunsas eé. KoHell razooTBogHON TPYOKH cpasy ke MocJie CHATUA
¢ Heé NMPOOHUPKHU-NIPUEMHHKA 3AKPOITEe KYCOUKOM MOKPOI BATEI.

9. HememyieHHO 3aKpoiiTe OTBEPCTHE MPOOUPKU-TIPUEMHHUKA MPOOKON ¢ mepikare-
JeM U OIycTuTe HmpobupKy B crakadH ¢ Bomo#. ToJabKO mOJ BOMOW BBIHBTE MPOOKY
U3 OTBEePCTHS NMPOOMPKHN C IMOMOIIBIO AeprKaTesd.

10. Cnerka mokaumBasi TPOOUPKY, pacTBopuTe cobpaHHBII rad B Boge. Kor-
Ja Boja IIOJHHUMETCS B IIPOOMPKY, CHOBa 3aKpoiTe OTBepcTHe NPOOHUPKM IPOoOKOIil
c gep)kareseM M BBIHbTE IPOOMPKY M3 cocyna.

KSY‘IGHKB XMMHYECKHX CBOMCTB BOJHOTO pacTBOpa aMMHaKa

1. Comep:xumoe IIPOOUPKH € MOJYIEHHBIM PACTBOPOM aMMHAaKa pasjeliuTe Ha JBe
npobupku. B ogHy mobaBeTe 2—3 Kamau (denoadramenna. Uro Habmomaere?

2. B a1y e npoOHpPKY HpPHUJIeiTe PACTBOP COJAHON KHCJIOTHI (MIHM A30THOH KHC-
JIOTBI) O MCYE3HOBEHUA OKPACKH. SalMIINTEe YPpaBHEHUA PeaKkIlUM B MOJIEKYJIAPHOMN
1 MOHHOH (opmax.

3. B apyryio npobupky npuieite 1—2 MJ pacTBopa XJIOpHAa AdlOMHHUA. HTO
Habmogaere? 3anMIIuTe YPaBHEHUS peaKkIlMy B MOJIEKYJIAPHOM M MOHHOM (opMax.

4. CHuMuTe BATKY € Ta300TBOAHON TPYOKH M CHOBa HArpewnre IIpPOODUPKY
CO CMeCBhI0 THMIPOKCHIA KaJbIIUA M XJI0PUAA aMMOHUA.

5. ITogHecuTe K OTBEPCTUIO MA300TBOAHON TPYOKHM MMAJIOUKY, CMOUEHHYIO COJAHOMN
kucaoroin. Uro mabuaropaere? 3anuiiunre ypaBHEHUE DeaKI[HU.

PasbGepuTe yCTAHOBKY W IIPHBEAHTEe B NOPALOK pabouee MecTo.
Odgopmure oTUET.
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§ 18. KNCJIOPOJIHBIE
COEJIMHEHUS A30TA

B coeauHeHusx c KWCIOPOAOM as30T MNposBASET cTeneHu okucnewws +1, +2,
+3, +4, +5. Kakumun cBoicTBaMM xapaktepusyrotcs 3TM coefuHenus? Kakoe
U3 HUX NMPOABNAET TOJIbKO OKHUCIUTEIbHbIE CBOI:ICTBB., a KaKkue — KW OKUCNUTenNnb-
Hble, U1 BOCCTaHOBWTE/bHbIE?

Oxcuaer azora. C KHCIOPOAOM a30T pearupyeT TOJNLKO IIPH TeMIIepaType BBIIIe
2000 °C — remmeparype aJieKTpuuecKoro paspazga (puc. 38). Ilpu atrom obpasyercs
oecrBeTHERIN okcuya asora(ll):

0 0 t +2.2
Ny + Oy = 2NO

Kpome aToro oxcmza, asor oOpasyeT eIlé YeThIpe OKCHAA, (POPMYJBI KOTOPBIX:
N3O, NyO3, NOg, NoOs. IIpu o6b1unbix yeinosusax okceup, azora(l) — GeciiBeTHblit raz
C NPHATHBIM CJaJKOBaThIM s3amaxom, oxkcun asora(lll) — sxuakocTb cHMHEro IBera,
okcug azora(IlV) — Oypseiiz ras, oxkcun aszora(V) — OecuBeTHBIE JeTy4ue KPUCTAJIE.
ITH OKCHUABI IIOJIYyYAKT KocBeHHBIM nyrém. Hampumep, oxcupn asora(lV) obpasyercsa
n3 okcuga asora(ll) oxkumcieHHMeM KMCJIOPOIOM BO3IyXa:

+2 2 0 +4 2
2NO + Oy = 2NOy

Oxcupg aszora(l) NoO u okcunm azora(ll) NO — Heconeobpaayroiiue, T. €. OHU
He pearvpyloT HH ¢ KHCJIOTAaMH, HH C OCHOBAaHHMAMM ¢ o0pasoBaHUEM COJIEH.

OcrajibHbIEe OKCHUABI a30Ta KUCJIOTHLIE.

Oxcuny asora(Ill) N5Og coorBeTcTBYyeT azoTucTas KHCJI0Ta, KOTOpad o0pasyercs
IpH PearI[iU 9TOT0 OKCHUIA C BOJOI:

N;03 + Hy0 = 2HNO,

Oxcuny azora(V) NoOs coorsercTByeT
asoTHas KHCJIOTa:

N205 + H20 = 2HN03

Orcug azora(IV) NO; B sTom oTHOIIe-
HUH O4YeHb HeoObrueH. KHCIIOTBI, B KOTOPOIl
a30T NPOABJAN OBl CTelleHb OKHCIeHuA +4,
He cymiecTByeT. I TeM He MeHee 3TO KHCJIOT-
HBIA OKCHJI, NIPH B3aUMOJEMCTBUM C BOJOK
OH 00OpasyeT cpas3y JBe KHCJOTHI, a30THCTYIO
W a30THVIO:

Puc. 38. Bo Bpems rposbl nNpu paspsge
+3 +5 MONHUKM B atmocdepe obpasyeTcs okcup,

+4
2NOy + H,O0 = HNO; + HNO; azora(ll)
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Asorucras Kuciaora. B ¢cBOGOAHOM COCTOAHHM IONYYUTH 3Ty KHCIOTY He yaa-
éTcsA, TAaK KaK OHA JIETKO pasjaraercd. B BOOAHOM pacTBOPEe A30THCTAS KHCIOTA —
cyIabblil BJIEKTPOJUT, 0OPATUMO AHUCCOIMUUDPYET B COOTBETCTBUH C ypPaBHEHUEM

HNO, = H" + NO;

HOCK.OJII:RY aTOM a30Ta B a30THCTOM KMCIOTe HaxXxogHuTCA B HpOMe.}RYTO"lHOf‘I cre-
IIeHH OKHCJIeHHnA +3, 1A Heé XapakKTepHa OKMCJIIUTeJIbHO-BOCCTaHOBHUTEeJIbHaA ,D;BOﬁ‘
CTBEHHOCThL. B peaKnmuAX ¢ CHJBHBIMH OKHCJIHUTEJNAMH a3oTHCTad KHCJI0Ta OKHCJIA-
ercda go a30THOﬁ, IIpOABJIIAA CBOMCTBa BOCCTAHOBUTEJIA:

+3 0 +5.2
2HNO, + O, = 2HNO;

O,HHB_RO OHAa MIpoAaBJgdeT M cyiabble OKMCJIHUTE/bHBIE CBONHCTBA:

+3 I | 0 +2
2HNO, + 2HI = Iyl + 2NOT + 2H,0

C OCHOBHBIMU OKCHUAAMH M IIEJIOYAMM a30THCTad KUCJI0Ta oOpasyeT COaM — HHU-
TPUTHI:

HNO, + NaOH = NaNO, + Hy0

Coamt 230THCTOH KHCIOTHI (HUTPUTBI) — Oesible KpUCTAJLINUYeCcKUe BelecTBa. Hu-
TPUTHI AKTHBHBIX METAJIJIOB PACTBOPHMBI B BOJe, B BOJHBLIX PACTBOpPax IMPOABIAIT
OKHMCIHNTEJbHO-BOCCTAHOBUTEJIBHYIO JTBOHCTBEHHOCTE.

Ocobble XMMHUYECKHE CBOMCTBA IMPOABIAET HUTPUT aMMoHusA. Ilpu mHeboabiiom
HarpeBaHMM OH pasjiaraercsd:

.3 +3 0
NH,NO; = Ny + 2H,0

].-.[pH 2ATOM IlepexoJ 2JIeKTPOHOB IIPOHMCXOJHUT OT aToMa as3oTa KaTHOHa aMMOHHA

NHI (BoccTaHOBHTENB) K aToMy aszorta HUTpHUT-moHa NO; (oxmcaurens). Pasioxe-
HUEeM HUTPUTA aAMMOHHSA B JaGOPATOPHBIX YCAOBUSAX IMOJIYUAIOT YUCTHINA A30T.

A3zorHaa kuciaora. Kasamoch Obl, A IOJYYeHUs Aa30THOM KHMCJIOTHI JOTHAY-
HO B KaudeCTBe MCXOJHOT'O BeIleCTBA MCIIOJL30BATh aTMOC(EepHBIH a30T, UCTOUHUK
KOTOpOTo IpakTuuYecKkn Heucdeprnaem. Ho BcmoMHHTe, HACKONBKO XUMHYECKH UHED-
THO O5TO BeIleCTBO, ¢ KaKHUM TPYAOM M B KaKHUX KECTHHUX YCJIOBHUAX a30T OKHC-
IdgeTcA KHCIopomoM. A30THas KHCJIOTA, IIOJYYeHHAs M3 asora, CTOMJA OBl OUYEHB
JOporo.

XUMUKHA TIPEeJJIOMKHIIA HCIOJbB30BATh B IIPOMBIIIJIEHHOM IIOJYYEeHUHM Aa30THOM J
KHCJIOTEI amMmMuak., [louemy, Beab aMMHUAK M CAM SBJAAETCA IEHHBIM IIPOAYKTOM XH-
Muuyeckoro npomsBogactea? Ileno B ToM, 4TO B aMMHAKe HET TAKUX MPOYHBIX TPOIi-
HBIX CBA3€IH, KAKWMH CBA3AHBI MeKAy c000il aTOMBI B MOJIEKYJIe a30Ta, IIO9TOMY
OKHCJIUTh AMMHAaK Jierde, a CJeJ0BATEJIbHO, W AeIleBJe.

Ilepraa cragma DONYUYeHHA a30THOM KHUCJIOTHI — KATAJIUTHYeCKOoe OKHCIIeHHue
aMMHaKa KHCJIOPOJOM:

Kart

{, Kar.
4NH; + 50, — 4NO + 6H,0

B kauecTBe KATAJIM3aTOpPa 9TOH PeaKIMU MCIOJIL3VIOT ILJIATUHY.
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Bropaa cragus nporekaer Jgerko — okcupg asora(ll) oxkumciaserca KHCIOPOJAOM
BO3ayxa ¢ obpasoBaHmeM okcmpa asora(lV):

2NO + O, = 2NO;

OcTaérca NMOBLICUTEH CTeNeHL OKHCJIIeHHdA a30Ta emé Ha OOHY eJHHHILY. Ha Tpe-
Thell craguu npoiiecca oxcua azora(IlV) B mpucyreTBUHM KHUCIOpPOAA DEarupyeT ¢ BO-
noi. CIOMKHYI COBOKYITHOCTH XMMHUYECKHX peakiuii, NPOTEeKalIMUX [IPU 3TOM,
MOMHO YHPOH.I;éHHO janmrcaTh CIeayVIIMM XHMHYeCKUM YpaBHEeHHeM:

4NOy + 2Ho0 + Oy = 4HNOg

Tax moayuawnT pacTBOP a30THOM KHMCJIOTHI ¢ MaccoBoM poJseit mo 60 % . Ilaa 6oub-
mIuHCTBA 06JacTell IPUMEeHEeHUA TaKasd KOHIEHTPAUA KHUCJIOTHI BIIOJHE HMpUeMIeMa.

A30THad KHCJI0TA IpeAcTaBideT co00il OeCIBETHYIO JKHAKOCTb, KOTOpasa MIpH Xpa-
HEeHHM YacTUUHO pasjaraerca M IpuobperaeT OyphIi oTTeHOK. Ero mpumaéT KucIoTe
OAWH K3 NPOAVKTOB peakuuu — okcup asora(lV):

4HNO;3 = 4NOy + Oy + 2H,0

A3zoTHAs KHUCIOTAa — CHJIBHBIN 3JIEKTPOJIUT, B BOAHOM DPACTBOPE IOJHOCTBIO JHUC-
coumupyer ¢ obpasoBaHMeM KAaTHOHOB BOAOPOJA M HUTPAT-aHUOHOB:

HNO; = H + NOj3

Brarogapss HaAIUYKWIO B PACTBOPE KATUOHOB BOAOPOAa A30THASA KHCJIOTA IPOSBJIA-
eT xXapakTepHbIe XMMHUYECKHEe CBOMCTBA KHCIOT: pearupyerT ¢ OCHOBHBIMU U aMdo-
TEPHBIMH OKCHIAAMH, IIEJOYaMH W HepacTBOPUMMBIMH B BOJE THAPOKCHAAMY MeTa-
JIOB, C COJIAMH II0 PeaKIUN HMOHHOTO 0OMeHA.

Na6opartopHbiii onbiT 37

B npobupky nomectute HEeMHOro (Ha kKoH4uke wWwnatens) okcupa meau(ll) n pnobasbte

2 MNI pacTBOpa a30THOW kucnoTel. Harpeite npobupky. Yto Habnopaete? O 4ém cBu-

OeTenscTBYeT M3MEHEeHMe OKpacku pactsopa?

B npobupky Haneinte 1 mn pacTtBopa ruapokcuaa HaTpusa u gobaeste 2 kannu pacTteopa

deHondTanemHa. Jobasnainte B Nnpobupky pacTBop as3oTHOW KKucnoTel. YT1o Habnwnaete?

Moyemy mcyesna okpacka uHaukaropa?

Monyuute ruppokcua meagu(ll). Ona atoro k 1—2 mn pacTeBopa cyibdara mean nobdaebte

HEMHOro pacTeopa rugpokcuaa Hatpua. MNpuneiite B NpobUpKy pPacTBOP a30THOW KUC -
notel. Yto HaGnopaeTe? Movyemy pacTBopuncs ocanok rugpokcuaa mepu(ll)? 3anuwnte

MOJIEKYNSPHLIE U MOHHbLIE YPaBHEHWSA peakumia.

. 4

B peaKMAX ¢ MeTalJaaMH M pa3ﬁaBJIEHHaH, H KOHIEeHTPpHpOBaHHaA a3oTHad KHC-
JIoTa IIPpOoABJAET ocobenHble cBolicTBa. OKHcIHTeNeM B TaKHX pPeaKIHAX ABJIAETCHA

He KaTHOH BOAOPOAA, KaK B APYIUX KHcIoTax, a anunoH NOjz. CiegoBaTesbHO,
H IPOAYKTOM BOCCTAaHOBJIEHHA ﬁy,z:e'r He BOIOpoa, a coeJHMHeHHA a30Ta B bonee HU3-
KHAX CTemeHAX oKmciaeHusa. Kakue MMeHHO COG,IIHHEHHH? ITO 3aBHUCHUT KaK OT KOH-
IeHTPAIIUN KHCJIOTHI, TAK M OT AKTHBHOCTH MeTajjIa. deM MeHbIe MaccoBasg MOJA
KHCJIOTBI B PacTBOpPe M BBIIIIe aKTHBHOCTL MeTaJja, TeM IIOoJIHee IIpoTeraeT BOCCTa-
HOBJIeHHE a30Ta.
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Hanpumep, Ipu B3auMOAEHCTBAH KOHILEHTPHPOBAHHOMN
a30THOM KHCIOTHI ¢ MEABIO (MeTAIIOM MAJOAKTHBHBIM,
CTOAILMM IOCJE BOAOPOAA B 3JEKTPOXUMHUYECKOM DALY Ha-
OpAMKEeHHNI), TOMHMO COJIM MeTajljla W BOABI, obpasyercs
oxkcun azora(lV) (puc. 39):

0 +5
Cu + 4HNOgz(xoH1,.) =
+2 +4
= Cu(NO; ) + 2NO,T + 2H,0
PaszbarnenHada asoTHasd KHUCJIOTA pearupyer ¢ MeJblo
yiKe ¢ oOpasoBanmeM okcupga asora(ll):

0 +5 +2 +2
3Cu + 8HNO3(paz6.) = 3Cu(NO3)y + aNoOT + 4H50

Heneso, amoMUENNE U XPOM KOHIIEHTPHUPOBAHHON a30T-
HOWl KHMCJIOTOW MACCUBUPYIOTCH.

Conm azorHOM KNCJIOTHI (HHTPATHI) TIPEACTABIAIOT CO-
00#1 TBEPABIE KPUCTAJLINUECKHNE BEI[eCTBA, XOPOIIO PACTBO-

Puc. 39. ijm puMble B Bojge. HuTpaThl IIeJIOYHBLIX, IEJ0UYHO3eMeJbHBIX
BRavmaacyETR MEeTaJJIOB M aMMOHHSA HA3BIBAIOT CEJHTPAMM
KOHUEHTPUPOBaHHOW P :
ABOTHOH KUGHOTE Ilpu marpesanmu HUTpaTbl pasiararorca. Cocras 1po-
C Meapio oayH AYKTOB pAasjioiKeHus 3aBUCAT OT AKTHBHOCTU MeTajia,
13 NPOayKTOB BXOAAIIEr0 B cocTtaB coyn (cxema H). HurpaThl akKTHUBHBIX
peakumn — OBypbld OKCUA,  MeTaslIoB (INeJIOYHBLIX U I[eI0YHO3eMeJbHBLIX) PasiararTesa
asota(lV) ¢ oOpazoBaHVeM HUTPUTA MeTasja U KUCJI0poja, HallpuMep:
~450 °C
2KNO3 = 2KNOj3 + Oy

HurpaTbl MeTaJIsIOB, PACHOJIOJKEHHBIX B PAAY HaAUPAKEHHH OT MarHmda J0 Meau
BKJIIOUHMTEJBbHO, pasjaraioTcs IIPH HarpeBaHWMH HA OKCHJ Merasa, okcmpy asora(lV)
u Kucaopoxn. Hampumep:

>170°C
ZCU(N03)2 = 2Cu0 + 4N02 =+ 02
Hurpatbl mMeHee akTUBHBIX, UEM M€[b, METAJIJIOB DA3jaramTcs ¢ obpasoBaHueM
MmeraJsia, okcuuga asora(lV) m Kmciopoma, Hanpumep:

350°C
2AgNO; = 2Ag + 2NO, + O,

Cxema 5
Tepmuueckoe pasjioikeHHe HUTPATOB MeTAaJJIOB
- i
HUTPUT MeTanna + KNCnopoa,
oM
L (no Mg) »
t f okcua meTanna + okeupg azora(lV) + kucnopon h
uTpart MeTann
IRETTnnG (oT Mg ao Cu)

- ,

~ !

meTann + okcwpg asorta(lV) + kmcnopog
(nocne Cu)




CkadaH ¢

Okcupbl aszorta. Asotuctas kucnota. Hutputbi. AsoTHas kucnota. Hurtpa-
Tbl. Cenutpsbl

-

1. 3anuwwnte popmynbl BCEX OKCUAOB asoTa 1 gaite UM HaseaHus. Pasgenurte ux Ha age
rpynnbl. Kakoi kputepuin knaccudpurkaumy Bbl UCNONbL30BANW NPU aTOM?

2. CpaBHuTe NO CBOWCTBaM ABe KUCNopoaconepxaluve Knucnotel azota. OTeeT noareep-
AWUTEe YpaBHEHWUAMKW COOTBETCTBYIOLLMX peakuui.

3. Kakve ocoGeHHOCTM as30THOW KWCMOTbl CNedyeT y4uThiBaTb MPU PacCMOTPEHUM eé
peakumii ¢ metannamn? OTBeT NOATBEPAUTE YPaBHEHUAMK COOTBETCTBYIOLUMX peakLui.
4. 3anuwuTe ypaBHEeHWs peaxkuuii, C NOMOLLLIO KOTOPLIX MONy4aioT a30THYIO KUCIOTY.

MpumennTe cBOM 3HaHUSA

5. Mcnonek3ysa meton anekTpoHHoro GanaHca, coCTaBbTe YypaBHEHWA OKUCIMTEeNbHO-BOC-
CTAHOBUTENBHbLIX PeakuWii, MpOoTeKaoLWmx No CXxemam:

a) NO, + P - N, + P,Og

6) I, + HNO3; — HIO; + NO, + H,0

8) FeCl, + NaNO, + HCI — FeCl; + NaCl + NO + H,0

B kaxpon peakumn ykaxmte oKUCANTENb W BOCCTAHOBUTENb.

6. 3anuwnTe ypaBHEHUS peakuwil, C MOMOLLbIO KOTOPbIX MOXHO OCYLLECTBUTb CNeaylo-

Line npespawieHns:

Ons peakuuid, NpPoOTEKaOLMX B pacTBopax, 3arnuinTe WMOHHLIE YypPaBHEHWA, a B ypaBHe-

HUAX OKUCNNTENBHO-BOCCTAHOBUTENBHbLIX peakunii pacctaBsTe KO3(p@UUUEHTb METOAOM
anekTpoHHOro GanaHca, ykaXuTe OKMCAUTENb U BOCCTAHOBWUTENb.

7. Mpw paanoxeHnn 66,2 Mmr HUTpaTa MeTanna B CTeneHun okmcneHun +2 obpas3osanock
44,6 mr okcuga aTtoro metaa. YcraHosute opmMyny HUTpara v Hanuwuie ypaBHeHue

peakunu pasnoxeHums.

8. Ona HeTpanuzaumn 25,0 Mn pacTBopa asoTHON KUcnoTel (nnoTHocte 1,115 r/mn) no -
Tpeboeanock 31,9 mn 10 %-Horo pacteopa rugpokcuga Hatpusa (nnotHocts 1,11 r/mn).

Onpepenute MaccoBylo AONI0 KUCNOTkl B UCXOAHOM pacTBOpe.

o

9. K kakoi rpynne (KMCNOTHbIX Unu Heconeobpasyiowmnx) OKCUA0B cnesyeT OTHeCTU OK-
cup, asoTa(lV)? OBocHyinTe CBOIO TOYKY 3pPEHUS.

10. Bypbiii ObiM, BbIXOAALWMIA M3 TPYD HEKOTOPLIX XMMWUYECKUX MPEeanpuaTWiA, Ha3biBalT
«MMCUIA xBOCT». Kakoe BewecTBO npuaaéT Boibpocam Gypyl okpacky? Kakme xumunde-
cKkue NpeanpuaTua 3arpasHalT atMocdepy aTuM BewecTBOM?

11. Mepen okkynauwein JaHuu rMTNEpPOBCKUMKM BOWCKaMK Bblaalowwmincs ¢uank Hunbc
Bop cnac oT koHdUCKauMM CBOIO 30/10TYI0 HOBEeneBckylo Mefasb, PacTBOPUB €€ B «Lap-
ckoin Boake». MNMocne ocBoboxpaeHus Esponbl B 1945 . Bop Bbioenun 30n0T0 M3 pacTsBo-
pa, n HoBeneBCcknin KOMUTET OTYHEKAHWN Mefanb 3aHOBO. Hanuwute ypasBHeHue peakuuu
B3aMMOOeNCTBMA 30/10Ta C «UapCKO BOOKON».

S

Ucnone3yiTe AONONHUTENbHYIO MHPOpMaUUIO

\aterial100.tilda.ws
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S 19. ®ocoor u Ero
COEJIMHEHUS

Anekcangp EsreHbeBuy DepcmaH, pyCCKUH rEOXMMUK U MUHEPANor, OAuH U3 oc-
HOBOMO/IOXXHUKOB FEOXMMUM, «NO3T KaMHS», Kak ero Hasbisan Anekcer Toncrou,
yTBEpXKAasn, 4to ochop ABNSETCHS «INEMEHTOM >KU3HW W Mbicau». lNouemy?

Crpoenne aroma. AToMHBIA HOMep docdopa 15, caemoBaresbHO, B AApe aroma
dochopa 15 mpoToHOB, a 3NEKTPOHHYIO 000J0UYKY cocTaBafioT 15 amexTponos. Ilo-
CKOJBKY (rocop — BJIEMEHT TPeThero Imepruojia, 3JeKTPOHBL B aTOMe pPacliojararTcs
HA TPEX 9HEPreTHYECKUX YPOBHAX:

5P 2¢, 8¢, 5¢

Dochop — TunuuHbM HeMerasa. JliA 3aBeplieHUs BHEIIIHETO SHEPIETHUYECKOTrO
VPOBHA A0 YCTOHMYMBOW BOCHEMHAJIEKTPOHHOH o6Gogoukm atomy ¢docdopa HeZOCTaeT
TPEX 2JEeKTPOHOB. B oTinuue oT aromMa asoTa, MATH BHEINHUX 3JEKTPOHOB HAXOIAT
ca Ha 60JIBIIeM PacCTOAHHM OT AApa aToMa M MeHee IIPOYHO ¢ HUM cBaAszaHbl. Ciaeno-
BaTeJbHO, HEMeTa/llInyecKue cBoiicTBa y (ocdhopa BbIpaskeHbl ciabee, ueM y asora.
Tem He MeHee Ipu 0o6pa30BAHUU CBsA3elH ¢ aTOMaMM MeHee BJIeKTPOOTPUIATEIBLHBIX
3JIeEMEeHTOB, B IePBYI0 odepelb METAJIJIOB U BoJopoja, aToM (qocdopa MpUHAMAET He-
JocTaloliue TPH BIEKTPOHA M IpuobperaeT MUHMMAJILHYIO CTelNeHBb OKHCIeHHA —3.
MaxcuManbHasA e cTeleHb OKHMCIEeHHA, KOTopyio (hochop MpoABIAeT B cOeJUHEHH-
ax ¢ 6oslee BIEKTPOOTPHUILATEIBLHBIMK 3JIEMEHTAMM, ONpeAeiseTcs UNCIOM BAJIEHT-
HBIX 2JIEKTPOHOB M paBHa +5,.

Haxo:mxgenue B npupoge. @ocdop B cBOOOIHOM COCTOAHUN He BCTpeUaeTCA. ITOT
9JIEeMEHT OTHOCHUTCSA K JOBOJIBHO PacupocTpaHEHHBIM H obpasyer okoso 190 mumue-
panor. Camblie riaaBHbIE M3 HUX — anarTurtsl U (ocopUTHI, B COCTAB KOTOPBIX IIpe-
umyniecTBeHHO BXoguT Cag(POy)s.

Dochop — OuozeHHbLIL 3eMeHNM, OH BXOJUT B COCTAB BCeX JKUBBIX OPraHU3MOB.
Ocobernno MHOTO (hochopa B IJIOJAX M CEMEHAX, B JKHMPOBOH TKaHHW. BoJabIloe Ko-
JINYECTBO ATOr0 3JIeMEHTAa COHEPIKUTCA B IOJOBHOM Moare. Borarsie ¢ocdopom mnpo-
AYVKTBHI TUTaHHA (Hampumep, pbiba, AiIla, MOJIOKO) IOJIE3HBI AJA YMCTBEHHOH Hes-
renbHocTH. CKeler yeloBeKa M JKUBOTHBIX (hopMHUpyeTcsa INIaBHBIM o0pasoM 3a CUéT
coequHeHHnil (pochopa M KaIBINA, BOT IMOUEMY B IePHOJ] pOCTa OpraHus3Ma B IHIIe
B OCTATOYHOM KOJHUYECTBE MOJIKHBI CONEPIKATHCA 3TH 3JIeMEHTHI.

W3 rypca 6uosiorum BBl 3HaeTe, UTO B KaXKJOH KJETKe COAEPIKUTCA CoeJUHeHHe
dochopa adenosunmpupocgopraa kucaoma (ATP). Ona nocraBiageT 3HEPrHAI0 A
BCEX IIPOIECCOB, MPOUCXOAAIIUX B KIeTKe.

docdop Kar nmpocroe BemecTBo. Pochop obpasyeT HECKOJILKO AJJOTPONHBIX MO
nuduranuil, cpeau KOTOPbIX HauboJsiee M3BeCTHBI OeJiblli M KpacHBIN (docdop.

Beasnit ¢ochop — BocKommojoGHOE BeIlleCTBO, JETKO pesKeTcdA HOMKOM, IJIaBUTCA
yi:xe npu temmeparype 44 °C (puc. 40, a). B TBEpAOM COCTOSHHUH WMEeT MOJIEKY-
JAPHYIO KPUCTAIJIMYECKYIO PEIEéTKY, a ero MOJEeKYJbl COCTOAT M3 YeThIPEX aTOMOB,
PACIIOJIO}KEeHHBIX B BePINIMHAX IIPaBUIbHOro terpasapa (puc. 40, 6). Umenuo moaro-
my (dopmynay 6esoro ¢ocdopa zanuceBaloT Tak: Bj.




Beunsrit pocop oueHb peaKIMOHHOCIOCOOEH.
Ilpm orpaHHmYeHHOM JOCTYIIe BO3AYyXa OH OKHC-
JadeTcA KHCJIOPOJOM, HpH 3TOM HabmmogaeTca
3€JIeHOBATOE CBeUYeHHWe, JTO SABJIEHUE HA3LIBAIOT
xemualomunecyenyueil. Bo nsbexanne okmcie-
Husi Oenbiit dochop XpaHAT IOL CIOEM BOJBI,
B KOTOPOH OH IPaKTHUYECKH HEPaCTBOPMM.

Beunrsrii ocdop upesBblUaiiHO AZOBUT, caMoO-
BOCIIJIAMEHAETCA Ha OTKPBITOM BO3AyXe, a TaK-
JKe IpPHU KOHTaKTe ¢ KOMKeil.

Ilpn marpesanuu 0e3 pgocryma Bosayxa Oe-
aelit (Qocdop mpeBpaliaeTca B APYLYIO AaJlo-
TPOMHYIO MomumpuKamuio — KpacHbIi (¢ocdop.
IJTO TBEpJOEe BeIlecTBO KpacHOo-Oyporo Iisera.
Kpacupiii dochop MeHee aKTHBEH, YCTONYUB
Ha BO3Jyxe, HeTOKCHYeH, He o0JajaeT cIoco0-
HOCTBIO CBETHUTHCA HA BO3AYXE, HO IIPU IIOIIKU-
raHWM JIETKO 3aropaeTcd W TOPUT APKHUM ILIa-
MeHeM C BBIIeJIEHHUEeM TyCTOTro 0esoro AsIMa.

Xumuuyeckue cpoiictea ¢ocedopa

OxucaumenvHovle caoticmea Ghocdop MpPosB-
JAeT II0 OTHOIIeHHWIO K MeraynaM. lIpoayKTwI
B3aMMOJIeHCTBUsA, B KOTOPBIX (ocdop IpoABid-
eT CTeneHb OKHCJIeHWA —3, HasbelBaioT ¢ocdu-
mamu. Hanpumep, unpu uHarpepanum docdopa
¢ MeTaJMIHUYeCKHM KaJbIlieM 00pasylTcs Kpac-
HO-KOpPHUYHEBbIe KPUCTAJLIBI (hochuaa KaJabIlUsd:

0 0 I3 +2 .3
3Ca + 2P = CagP»

@ochuabl MIETOYHBIX U IeJ0YHO3EeMEeJbHBIX METAJJIOB JIErKO pasjaraiTcs BO-
o, TIpW 3TOM obpasyeTcs JieTydee BOJOpPOAHOe coeanHeHue (dochopa — dochun:
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Puc. 40. Benwiii pocdop:
a — BHeWwHun eug, 6 — mopens
MONEKYNbI

CazPy + 6H,0 = 3Ca(OH), + 2PH3T

PochuH — OGecHBEeTHBIH Tras ¢ pPe3KHM HEIPHUATHBIM 3aIaXoM WCIOPYeHHOI

pBIOBI, HA BO3AYXEe CAMOBO3TODAETCS:

2PH3 ++ 402 = P205 + 3H20

Bocemanosumeavhule cgoitcmaea pocdop MPOABIAET MO OTHOIIEHUIO K KUCJIOPO-
Iy, TaJoreHaM, a TaKiKe CJIO0XKHBIM BellleCTBAM — OKHCAHTeasM. Hampumep, B atT-

mocdepe xaopa Gocedop cropaer ¢ obpazopanumem xjopuga docedopa(V):

0 0 +5. 1
2P + 5Cly = 2PCl;

KonmeunrpupoBaHHas a3oTHasd Kucjgora okuciaser (gocedop a0 GhocdopHOH KUCITOTHL:

P + 5HNO; = H3PO, + 5NO, + H,0

Dochop obOpasyer JBa KHCJIOTHBIX OKCHZAA:

docdopa(V).

okcupg (ochopa(lll) m orcupg
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Oxcup docdopa(Ill) P,O3 — Genoe kpucrajiddyecKkoe BelleCTBO € HEIPUATHBIM
sanaxoMm. Emy cootBetcTByeT (pocopucrasa Kucaora HBPOg.

Oxcun docedopa(V) PsO5; — TBEpaoe BemecTBO 6esloro mBera, 04eHB THI'DOCKO-
IU4YeH, T. €. HHTEHCHUBHO IIOIJIOLIAEeT BOAAHBIE IIapbl. Biarogapa saToMy CBOHCTBY €ro
HCIONB3YIOT AJA ocyInKH rasoB. Orxcup (dochopa(V) — THOWYHBEIN KHCJIOTHBIH OK-
cun. OH JIerKo B3aUMOJAEHCTBYeT co IesodaMu, obpasysa conu (GocdopHOH KHUCIOTHL:

P,05 + 6NaOH = 2NasPO, + 3H,0

®octopuasa xucaora HyPOy. IIpm pactBopernm okxcupa dochopa(V) B usbeITKe
ropadeir Bojbl obpasyerca pacTBop GochOpHON KUCIOTHI:

P,0; + 3H,0 = 2H3PO,

DochopHaa kucaora (e€ apyroe Haspanue — oprodochopHas KMUCIOTA) — TBEP-
nmoe Oemoe BemecTBo. Kaxk m okcmp docecdopa(V), oHa HACTOJBKO THTPOCKOIIMYHA,
4TO IIPH HENPOAOJIKHUTEeIbHOM XPaHEHMH Ha BO3AyXe e€é KPHCTAJJILI PACILIBIBAIOTCA
¥ TPeBPaANIaioTCd B BASKYIO JKUAKOCTH.

dochopHada KHUCIOTA NPOABIAET XapaKTepHble CBOMCTBA HEOPraHMYECKHX KHe
JIOT: B3AUMOJIEACTBYET C OKCHIAMY ¥ I'MAPOKCHUAAMHU II[EJIOYHBIX U H[EJOUHO3EMEb-
HBIX METAJIJIOB, a TaKyKe C COJIAMM:

2H,PO, + 3Na,0 = 2NazPO, + 3H,0
H3P04 + 3KOH = K3P04 == 3H20
2HzPO, + 3NayCO3 = 2NagPOy + 3H,0 + 3CO,T

B ornnume or asoTHON KHCIOTHI, (ochopHAA He IMPOABIAET OKHUCIUTENILHBIX
CBOHMCTB 3a CUYET KHCJOTHOT'O OCTaTKa. Epome TOoTro, OHa MAJOTOKCHYHA. (I)OCQ)OP'
HYI0 KHCJOTY HCIOJb3YIOT B KadecTBe numieBoi pobasxku (koxm E338) mpu mpous-
BOIOCTBEe TadHMPOBAHHBIX HAIIMTHEOE OJAdA INPpHAAHHA M KHCJIOBATOI'O BKYCAa.

Pasb6asienayo GochopHYIO KUCIOTY mOJydarT 00paboTkoit dochaToB pacTBOpom
CepHOﬁ KHCJIOTHI.

C&3(P04)2 + 3H2804 = 303.804 + 2H3P04

KoHIleHTpUPOBAHHYIO KHCJIOTY MOJYYAOT OKHCIeHMeM KpacHoro (ocdopa ¢ mo-
caeayOIIUM pacTBopeHHeM okcupa (ocehopa(V) B Boge.

I'maubie moTpeburenu GochopHON KUCIOTEI — 3TO 3aBOJLI II0 IPOU3BOACTBY M-
HepalbHBIX YAOOPEeHHMiII M KOPMOBBIX A00aBOK IJd KHMBOTHOBOACTBa. Kpome Toro,
OHA BXOJHT B COCTAB CPEACTB A YAaJeHUA PyKaBUIMHBI. TaKkue CpeACcTBAa HE TOJIBKO
PacTBOPAIOT HAJNET OKCUAOB ’Kejes3a, HO U 00JafaroT AaHTUKOPPO3UOHHBIM AeiCTBU-
eM, TOCKOJBKY 00pasymoluiics HepacTBOPHMEBIN B Boge Qocdar :Kenesa obGpasyer
Ha MOBEPXHOCTH METAJJIA 3AIUTHYIO IIEHKY:

Fey O3 + 2H3PO, = 2FePOyl + 3H,0

Conu docdopuoii Kucaorsl — ¢rochaTsl HEPACTBOPHUMEL B BOJe 3a HCKJIIOUEHHEM
thochaToB HATPUA U KalUA.

KauecrBensnoii peakuueii Ha dochar-anuon (QochopHYIO KHCIOTY U €€ PacTBO-
pUMEBIe B BOJZe COJIM) ABJAETCA B3aUMOIeHCTBHE ¢ PacTBOPOM HUTpaTa cepedpa c 00-
Pa30oBaHUEM KEJITOr0 OCajiKa.
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B npobupky Haneite 2 mn pacteopa docdata HaTpus 1 AobaBbTe C NOMOLLLIO MUNEeTKU
HECKONbKO Kanenb pacteopa HuTpara cepebpa. Y10 Habniopaete? CoctaBbTe MOSEKY-
NAPHOE N WOHHOE YpPaBHEHUS peakuun.

N

Beneii pocoop. KpacHeii pochop. Pochuasl. PochuH. Okcup doc-
dopa(lll). Okcup dochopa(V). PocdopHaa kucnora. Pocdarel. Kaue-
CTBEHHas peakunsa Ha docdar-uoH

\

MpoBepbTe CBOM 3HAHUSA

1. Dante xapaktepuctuky ¢dochopa Ha OCHOBAHWKM ero nonoxeHusa B [lepuoguyeckon
cucteme . . MeHoeneesa.

2. CpaBHuTe annoTtponHble mogubukaumm docdopa, T. €. HaARgUTe 4YepTbl CXOAcTBa
M pasnuuus mexay HuMu.

3. Oxapaktepu3yite nosy4YeHue, CBOWCTBA W NpumeHeHue kKpacHoro ¢docdopa. Orteer
NoATBEPANTE YPaBHEHUAMWU COOTBETCTBYIOLLMX PeaKLMii.

NMpumeHnTe CBOM 3HaAHUSA

4. 3anuunte ypasHeHWS peakuuil, ¢ NOMOLLbIO KOTOPbIX MOXHO OCYLLECTBUTL Cleaylo-
Lwue npespalleHus:

Ana peakuwii, NpoTekawWMx B pacTBopax, 3arnilunTe WoHHble ypaBHeHus. B ypasHe-
HUAX OKUCMTENbHO-BOCCTAHOBUTENbHBIX Peakuuii pacctaebre kK0adduuMeHTbl MeToaomM
3NeKTPOHHOro GanaHca, ykaxute OKUCIUTENW WM BOCCTAHOBUTENN.

5. Haipmte maccy 2%-Horo pacteopa $hocdopHOi KMCNOTbl, HEOBXOAUMON AnsA HelTpa-
nunzaumn 30 r 8%-Horo pacTBopa rugpokcnga Hatpus. PaccyuTainte maccy nony4eHHoro
¢docdara.

6. OgmH n3 cnocoboB nonyyeHuss GochOpPHON KMCNOTel — okucneHune ¢ ochopa KOHLEH-
TPMPOBAHHOW a30THOW KMcnoToil. Mcnonb3ys meTon anekTpoHHoro H6anaHca, cocTaBbTe
ypaBHEHMEe OaHHOW peakuun, npoTekaioweir no cxeme: P + HNO 5 + Hy,O — HzPO, +
+ NOT. Kakas macca ¢pochopHoii KUCnoTsl 06pasyeTcsi Npu okucneHun 17,2 r TexHuye-
ckoro kpacHoro ¢ocdopa, cogepxauwero 10 % npumecein?

.

Bbipasute cCBOE MHeHue

7. CpasHuUTe NpoayKTbl peakuuu ropeHus pochuHa ¢ NPoayKTaMmu ropeHust U KaTanutu-
4ecKoro okucneHuss ammuaka. Kak Bbl iymaeTte, C 4em CBS3aHO pasnuyune?

.

Ucnonb3yinTe AONONHUTENBHYIO MHGOPMAaLUMIO

8. OpvH w13 ropogoe Poccun pacnonoxeH B CHeayluwen To4dke 3emMHOoro Lwapa.
67°34'03" c. w., 33°23'36" B. AO. Kak HasbiBaeTca 3TOT ropon? Kakoe oTHOweHWe
K M3y4aemMoi teme oH umeeT? CocTaBbTe KpaTKylo MHMOPMALMOHHYIO cnpaBky o6 aTom
ropoge.

%
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S 20. OBIIIASI XAPAKTEPUCTHUKA
DJIEMEHTOB IVA-TPYIIIIBI.
YIJIEPO/I

Byayuu HemeTtannom, yrnepop cnocobeH MNpoOsBAATb KaK OKWUCAWTENbHblE, TaK
M BOCCTaHOBWTe/IbHble cBoMcTBa. Kakue xuMUuyeckue cBOWMCTBa yrnepopa nog-
TBEPXKAAOT 3TOT BbiBOA?

daemenTsl IVA-rpynne1 comep:kaT Ha BHEIIHEM JHEPTETHUYECKOM YPOBHE aTOMOB
yeTsIpe aJeKTpoHa. [ia co3maHusa yCTOMUYMBOUN 3JIEKTPOHHOU OGOJOYKHM COOTBETCTBY-
oIero GJaropogHOTO rasa ATOMBI BTHX JJIEMEHTOB MOJIYKHBI JUOO OTAATHL UYeThIpe
9JIEKTPOHA, JU00 MPUCOEIHHUTL POBHO CTOJNBKO Ke. CKIOHHOCTE 9JIeMeHTOB IIOATPYII-
Obl yIJIepoZa K OTAade WU IIPHCOEJUHEHUIO SJIeKTPOHOB OIPeIeNIsieTcd PaguycoM
MX aTOMOB. YTJIEPOJ M KpeMHUii, HMeloline HeGoJIbIINe paguychl aTOMOB, OTHOCATCS
K "Hemerasuiam. OJI0OBO U CBUHEIN, PAJUYChl ATOMOB KOTOPBIX 00JIbIle, — 3JIEMEHThI-
meTasnbl. ['epMaHMii codyeTaeT CBOMCTBa 3JIeMeHTa-MeTalllla M 3JeMeHTa-HeMeTallIa.

MakcumanbHas CTEeIeHb OKUCIEHUA aTOMOB ajeMeHTOB IVA-rpynner +4, Bce oHH
oOpas3yioT BeICIINe OKCUALI cocTaBa J(0,. MUHUMaNBEHYIO CTeNeHb OKHCIeHUuA —4 Mo-
I'YT OPUHUMATE TOJIBKO VIJIEPOH U KPEeMHHIA.

Paccmorpum Gosiee nogpoGHO YIJIepon.

Crpoenne aroma yraepoma. CrpoeHHe dSJIIeKTPOHHOH OOOJOUKH aTroMa yriepoga:

6C 22, 4e

¥raepox B npupoae. B cBoOOJHOM COCTOAHHMM YIJIEPOJ BCTPedYaeTcd Ha 3eMJie B
Buje anMaza u rpadura. B Bume coeiuHeHUA yriaepoj BXOIUT B COCTAB IIPUPOIHOIO
rasa, HedTH, rOpOYHX CJAHIEB M KapOOHATHBIX MHHEPaJIOB, a TaKiKe OpraHmde-

ckux BemecTB. Orxcup yriepopa(lV) — yriexucibri
~ =  rasd — comep:KUTcA B arMocdepe ILJIAHETBI, & B pac-
TBOPEHHOM BHJle — B IPHUPOJAHBIX BOJAax. ¥ IVIEKHCJIBII
ras WUrpaeT BAYKHYIO POJib B KPYroBOpPOTE yriiepoma
B npupoae. PacreHHmsa u HeKOTOpble OaKTepHy IIO-
TJIOUIAI0T YIVIEKUCBIH ra3 B mnporecce (OTOCUHTE3A;
BCe JKHWBBIE OPraHM3MBI BBIAEJIAIOT €ro B pPe3yJbTaTe
anixanua. KpoMme TOro, yriieKHUCJABIH ras B OOJIBIINX
KOJIMYecTBaX ImonajaeT B armocdepy KaK IIPOAYKT
CIKUraHUA NPAaKTUYeCKU BCEX BUIOB TOILIMBA. YIJe
KHCJIBII ras, pacTBOPEHHEBIH B Bojgax MwupoBoro oxe-
aHa, yCBaMBAeTCA MOJLIIOCKAMH U MPOCTEHIIMMH, a
nocyie uxX rubenr B BHUAEe KapOOHATHBIX OTJOMKEHHN
yriiepoJ BHOBB HomagaeTr B JHTochepy.
Puc. 41. Mogens CumuTaroT, YTO MOBHIIIEHHE COLEPIKAHUS YIJIEKHC
KDVCTANANYECKON PEETKM Joro rasa B armocdepe IPUBOAUT K TaK HA3LIBAEMO-
anmasa My naprukosomy agppexmy (cm. § 38). [




CkauaH ¢ material100.tilda.ws

¥raepox Kak mnpocroe BemectBo. Camble
pacrupocTpaHEHHbIe AaJUIOTPOIIHbIe MOIUPUKA-
ouM yraepoma — aiamas u rpadur. B mocruen-
HHUE JeCATUNIeTUs ObLIM OTKPBITHI M HCCIEqOBA-
HBI TaKHWe aJJIOTPOIHBIe (DOPMEI yriepoja, Kak
KapbuH, (pyanepensl, rpadeH u ap.

Avas — mpospauyHOe KPHUCTALIHYecKoe Be-
I[ecTBO, camMoe TBEpAOe M3 BCeX IIPUPOJHBIX
BemecTB. OH CHY)KHT DTAJOHOM TBEPAOCTH MO
Tak HasbiBaemoit mrane Mooca m mo gecATH-
fanapHONH  cHcTeMe OIEeHHBAaeTCsa  BBICHINM
b6amnom 10. Takasa TBEpaocTs ajMasa o0yclioBIe-
Ha 0CO00H CTPYKTYPOIH €ro ATOMHOM KPUCTAJLIIN-
yeckoi pemérku (puc. 41). B Hell KasKaplii aToMm
VIJIEPOoa OKPYIKEH YeThIPDBMA TAKHMHM JKe aToMa-
MM, PaCIIOJIOMKEHHBIMU B BepIIIMHAX TeTpasapa.

Kpucrannsr anmasa o0bIuHO OecIiBeTHBIE, HO WHOIJA 3a CYET IIpUMeced Ipuobd-
perapT CHHIOI, ToJy0yio, KpacHyo HJIH 4YépHyIo oKpacKy. OHm o6gagaioT ouyeHb
cuJbHBIM OseckoM Oyarozapd BbICOKON CBeTONPEJOMJIAIINEH M CBeTOOTparKarollei
cII0ocOOHOCTH.

Anmagbl ObLIM M3BeCTHBI eIé B apeBHocTu. CaMo CJI0BO «aiMas» IIPOUCKOIUT
HJIA OT apabCKoro a/mdac, YTO O3HaYaeT «TBepAeHInnii», WJIW OT I'pedecKoro ada-
Mac — «HECOKPYIIMMEBI», «HEIpPeomoNIUMbIii». Maccy aiMas’0oB M HEKOTODPBIX APY-
IHX [OparoieHHBIX KaMHel H3MepAlOT B Kaparax, 1 xapar coorBercTByer 200 mr.
OrpaséHHbIe IPO3pPAYHbIe aJIMas3bl HA3BIBAIOT Opusauanmamu (puc. 42). Bpunnuan-
Tbhl — OJHH H3 CaAMbIX [OPOI'HX H KPACHBBIX HBEJIHPHBIX KaMHeH.

Kpymnuble anmMassl BCTPEUYAOTCS HOBOJIBHO PEAKO, IIO3TOMY U I€HSTCS OYeHb BbI-
coko. HekoTopsle n3 HUX Jake UMelOT coOGCTBeHHBIe MMeHa W Ouorpadupo. Cambii
KPYIHBIM M3 HaWJAeHHBIX aaMas’oB — 8To <«Kymmu-

Haa» u3 Ioxuoir Adpuru (3025 xkapar). I[leuans-

HYI0O H3BecTHOCTE Ipuobpeén «Illax» (88,7 xapara), ( il
xpaggmuiica B Anmasuom ¢orme. O ObLT Iepeman
umnepaTropy Hurkonaro [ nepcuiackum TIpaBUTeNE
CTBOM B 3HAK NpuUMUpeHHA mocje youiicrsa B Tere-
pase B 1829 r. gumiomara M HM3BECTHOIO PYCCKOTO
nucarensa A. C. I'puboenora.

Anmasbl — He TOJIBKO MaTepuasl 1oBeaupoB. Bua
roapsa UCKJIIOYUTEJIBHO BBICOKOW TBEPAOCTH UX IIPH-
MEeHAIOT [AJA M3roTOBJIEHUA OYpOB, CBEpJ, HLIH(O-
BaJIBHBIX MHCTPYMEHTOBR.

KpynHeiinive MecTOpOMKJIeHUS ajJIMasdoB HAXOIAT-
ca B Omuoii Appure. B Poccunm ammassl goOBIBAIOT
B fxyrum, IlepmMcxkom Kpae m ApxaHreibCcKon o00-

Puc. 42. BpunnuaHt — OrpaHéHHbIN
anmas

JIACTH. L 3
I'padbur — TémHO-cepoe, JKUPHOE HA OUIYIb KPHU-

CTAJITNYECKOEe BEIeCTBO C METANINYeCKUM OJeCKOM. pyuc. 43. Mopens

B ornuuue or anmasa, rpaguT — OYEHb MATKUN, HE-  KpUCTANNNYECKOR PeLlETKv

npoapaquIi»’I MaTepHaJy, XO0poIlno IIPOBOIMT TeIlJIOTy rpagura
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¥ DJIIEKTPHUYECKHWIl TOK, TyromiaBKuMi. MArkocts rpadura, ero cmoco0HOCTH OCTaB-
JIATHh CePhIN CJej HA MMOBEPXHOCTAX APYIHUX MATEPUATIOB O00YCIIOBJIEHBLI €ro CJAOUCTOM
CTPYKTypoO#i. B KpucTaminmueckoil peméTke rpadura aToMBI YIJIepoja, JerKallne
B OZHOH IIJIOCKOCTH, IIPOYHO CBA3AHBI B IIECTUYTOJBHHUKH, & BOT CBA3H MEXKIY CJIO
AMH OTHOCHTEJNBHO caabsle (puc. 43).

M3 rpadura mM3roTaBIMBAIOT AJIEKTPOABI, TBEDPALIE CMasKM TPYIIHUXCS AeTaliei,
3aMe[JINTeI HeHNTPOHOB B AAePHBIX peaKTopax, CTEeP:KHHU IJsd KapaHmalmeli.

CxomHoe ¢ rpa@)uTOM CTpPOEHHE MMEIOT Pa3HOBHIHOCTH TaK HAa3bIBAEMOI'0 aMopdg-
HOTO yriaepojga — ca’ka U APEeBeCHBIN yrojib. [J1aBHOe orTamune amopdHOTo yriepoaa
oT rpaduTa COCTOUT B TOM, YTO MeJbUalInne KPHUCTAJLIUKN B aMOP(HOM BeIIecTBe
PacIoJIO)KeHbl He YIOPALOYEeHHO, a XaOTHYEeCKH.

Caky mOJy4aroT pPAa3JIOKEeHMEeM MPH BBICOKOH TeMmepaType IIPUPOAHOTO Tasa.
OcHOBHaA cocTaBJAIIAA IpupogHoro raza — meran CHy pasnaraercsa Ha yriepon
M BOJOPOM:

t
CH4 = C+ 2H2

Caxy HCIONB3YIOT B NPOMBIIIJIEHHOCTH IIPYA M3TOTOBJIEHWM PEe3WHbI (MMEHHO II0-
9TOMY ABTOMOOHWJIbHBIE MOKPBLIMIKM W MHOTHE APYIHe Pe3MHOBBLIe U3AEJUS HMEIOT
YE€pHBIN IIBET), OHA BXOJAMT B COCTAB UEPHBIX KPAacoK, B TOM YHCJE AJA IPHHTEPOB,
a TaK)Ke NPUMEHSETCHA Jd M3TOTOBJIEHUS XUMHUYECKHUX HMCTOUYHHMKOB TOKA.

JlpeBecHsbIii yrois o0pasyercda IPH HATPEBAHWU KYCOUKOB JPEBECUHBI IIPU BHICG
Ko TeMmeparype 0e3 ZocTyla Bo3ayxa. Ero obpasoBaHme 00BSACHAETCA PA3JIOKEHH-
eM CJIOJKHBIX VIJVIEPOJCOAEPIKAIINX BEIeCTB APeBeCHHEBI ¢ YAAJIeHHeM rasoobpasHbIX
NPOAYKTOB. B peayibTaTe mpoliecca pasyioKeHHUs OCTaéTcda HeKoe Iofodue yriiepoj-
HOTO Kapkaca, OBIBIIEro paHee PACTUTEILHBIMH BOJOKHaMH. IloaToMy IpeBecHBIH
YIroJIb UMeeT MOPUCTYIO CTPYKTYPY, BHYTPU OH TNPOHU3AH MHOTOUYUCIEHHBIMHU I10JIO-
CTAMMK, KaHaJlaMH, IIyCTOTaMH. Bilarogaps 3TOMY APEBECHBIA yrojb objagaeT CIO-
CcOOHOCTBIO IIOIJIOIIATH ra3bkl M PACTBOPEHHEIE BellecTBa. Takoe CBOICTBO HAa3BIBAIOT
agcopbuuneit. lna yBenumdyeHHsa aacoOpOIIMOHHONM CIOCOOHOCTH APEBECHOI0 YIVIA ero
obpabareiBal0oT BOAAHBIM IapoM. I[lomydueHHBIH TakuM 00pasoM yrojbk HA3BIBAIOT
AKMUBUPOBAHHLLM. AKTUBUPOBAHHLIN YroJb HMCIONB3YIOT AJA OYHCTKU CAXapHBIX
CHPOIIOB B CBEKJIOCAXAPHOM ITPOHM3BOJCTBE, B (PMIBTPYIOIINX HPOTHBOrasax IJs II0
TJIOIIEeHUSA OTPABIAIOIIUX BEINECTB, HMPHU MHUINEBBIX OTPaBJIeHUAX (B BHUAe TABIETOK).

I HYKI MeTaJIyprudecKoil IpPOMBIIIJIEHHOCTH TpebyeTcs OorpoMHOE Koaude-
CTBO YIJIepojia, MCIOJb3YeMOro B KauyeCcTBe BOCCTAHOBHUTEJA. Ero mosyuaroT M3 0CO-
0oro THMIA IPUPOJAHOTO0 KAMEHHOTO YIJIA — Kokcyluwuxca yzreii. Kycoukn kameH-
HOTO YT/ HATPEBAIOT B CIENUAJBHBIX meuax mao Temmepatyps! cBeiiie 1000 °C 6e3
moctymna Bos3ayxa. Ilpu Takoif TemmepaType Bce OpraHMYeCcKHe BeIecTBa, BXONAILIHE
B cocTaB KaMEHHOI'O YIJIdA, pasjaraloTcs, cojepskanimecd B HeOOJBIINX KOJIWYe
CTBaX 3JEMEHTHI KHUCJIOPOJ U BOAOPOJ BBIZEIAIOTCA B BHE ra3000pasHBIX BEIECTB
(yrieKmcaoro rasa W IIapoB BOAbBI), a4 KYCOUKH KaMEHHOr0 YIJId IIpeBpallfaiTca
B KOKC — MpaKTUYeCKM YHMCTBIN yriepoi. Takoe IpPOM3BOACTBO HA3LIBAIOT KOKCO
XHUMHYIECKHM,

B pesyabrTaTe KOKCOBAHUA KaMEHHOI'O YIJIA IIOAYYAKOT: KOKCO8bLi 243, COCTO-
ANUA TPeNMYNIeCTBeHHO M3 MeTaHa; KAMeHHOY20JbHYI0 CMOJY, CONEPIKAaIyI0 He-
CKOJIBKO COTEeH Pa3jIMYHBIX OPraHUYEeCcKUX COeJWHEeHUl, B ToM ducie Gensos, (heHOD
¥ ID.; AMMUAYHYI0 800y, COIEPIKAIIYI0, KPOME PACTBOPEHHOT'0 aMMUAaKa, HEKOTOPhIe
apyrue BemlecTBa (puc. 44).
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Puc. 44. MNMpoaykTbl KOKCOXMMWYECKOr0 NpOV3BOACTBA

XuMHYeCcKHe cBoiicTBa yriaepoga. IIpyM oOGBIYHBIX YCJIOBHAX YIVIEPOJ — MAaJo-
akTuBHOe BerlecTBO. Ocobyi0 XMMUYECKYI0 MHEPTHOCTh IIPOABIIAET TaKad ero ajijio-
TpomHad MoauM@UKaIMA, Kak aiamas. TeM He MeHee B TOKe KHCJIOpPOJa aaMas IIpH
cpaBHUTENBHO HeOobmIoN Temmeparype (600—700 °C) cropaer ¢ oGpasoBaHueM
VIJIEeKHCJIOro rasa:

t
C(a.rmas) + 0y = COy

BocemarnosumenvHvle C60iiCMEaA yriaepol IPOABIAET U B peaKIUAX CO CIOKHBI-
MH BellleCTBAMH-OKHCIHTeNAMH. Hanmpumep, ropadas KOHIEHTPHPOBAHHAA cepHad
KHCJIOTA B3aUMOMEHCTBYeT ¢ YIriIepoJoM, OpU 2TOM HabmwomaeTcsa OypHOe BbIIeJieHUe
VIJIEKHCJIOTO ¥ CEPHHCTOrO T'a30B:

C + 2H,S04 = COyT + 28057 + 2H,0

Ha nporekanuu sToil peakiuu ocHOBaH 3(PQeKTHBIN XMUMHUYECKHN ONBIT — <«4Yep-
Hoe 3cKuMO». Ecam K caxapHO# Iyape, DOMEIIEHHOH B cTakaH, N06aBUTL HEMHO-
ro KOHIEHTPUPOBAHHON CepPHOI KHMCJIOTHI, TO Yepe3 HEKOTOpOoe BpPeMs peaKIHOoHHAA
cMech HauYWHaeT BCIEHHBATHCA M B BHJe YEPHOIH Macchl, BRITAJKWBAaeMOH 00pasyio-
IMUMUCSH TasaMu, BBIIOJ3aTh M3 crakama (pumc. 45).
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Puc. 45. Baanmogencrene caxapa ¢ KOHUEHTPUPOBAHHOW CEepHOM KWUCNOTON

HpaRTH‘IECROB S3HavYeHHe IIMeeT HCIIOJb30BaHHEe KOKCa B KadeCcTBe BOCCTaAHOBH-
TeJd B MeTaJIJIYPTrHum:

t
C + ZnO = COT + Zn

OxucaumenvHble ceoitcmea. Ilpm HAarpeBaHWU YIJIEPOJ B3aWMOJEHCTBYET C Me-
rannamu. OOGpasyromiumecsa BellecTBA HocAT oOiee HasBanue Kapouasi. CrexaHue
KOKCa C aJiMHHHeM IIPHBOJHT K IIOJIYYEeHHIO Rapﬁn,u;a alIoMHWAHHAA:

0 0 ; +3 .4
4 Al +3C = Al4C3

Yriepon BeICTYHAET B POJIM OKUCIUTENA U IIPH B3aMMOJAEHCTBHHU C HeMeTaJLJIaMH,
UMEIINMH MeHBIIIee 3HAUeHHEe dJIeKTPOOTPUIlATeIbHOCTH. TaK, IPU HPOKAIUBAHUHT
cMecHu yriepoja ¢ KPeMHUeM IM0JIyJ4aioT KapOuj KpeMHUusA, WIu KapiopyHo:

;.4
Si+C =SiC
IIpn BzauMOAeiCTBUM € BOLOPOIOM VIJIEPOJ TAaKiKe MPOABJIIET OKUCIHTeIbHLIE
cBOMCTBA:
;41
C+2H, = CHy4 |

Obpaayioiieecs BeIIECTBO HA3bIBAIT MemaHom. IIpuBenéHHoe ypaBHeHHEe XUMU-
YEeCKOIl peakIUU JIEXKUT B OCHOBE IIPOMBIILIEHHOTO Ipollecca YTHIH3ANHH MEJIKOH
YIOJILHOW MBLIN, 00pa3yIOecs B KAYECTBE 0TXO0a KOKCOXUMUUYECKOrO IIPOU3BOJI-
CTBA.

Yrnepoan. Kpyroeopot yrnepona e npupoge. Anmas. padur. Caxa. Ope-
BecHbli yronb. Apcop6uus. Kokc. Kokcoxumuueckoe npoOU3BOLACTEO.
Kapo6ugbi
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MNMpoBepbTe CBOWU 3HAHUS

1. [JainTe xapakTepuCcTUKy 3/leMeHTa yrmepoga Ha OCHOBaHWW ero nonoxeHusa B lMepuo-
audeckon cucteme . M. MeHpeneesa.

2. CpaBHuTe cBoiicTBa anmasa v rpadwura.

3. Y1o npepcTtasnsiet coboii amopdHblii yrnepoa? Kakue BuAObl TAKOro yrmepoga pas-
nm4awT? Toe nx NpUuMeHsoT?

4, Y1o Takoe apcopbuma? Pacckaxute O NpUMEHEHWW 3TOro fBfieHUs (Ha npumepe ak-
TUBMPOBAHHOIO yms).

5. OxapakTepuayiite xMMuyeckue ceoiicTea yrnepoaa. OTBeT noaTBEpAUTE YpaBHEHUAMMW
COOTBETCTBYIOLLMX PEAKLNNA.

6. Kakown npouecc HasbiBalOT KOKCOBAaHMEM KaMeHHOro yma? HazoBwuTe npoaykTbl KOK -
COXUMUHECKOTO MPOW3BOACTBA.

A

7. Vicnonb3ya meTon SnekTpoHHoro ©GanaHca, onpegenuTte koadppUUWEHTbI B CXeme
peakumm

C + HN03 — CO2 + N02 + H20

YKaxumte oKUCIUTENb U BOCCTAHOBUTENb.

8. Hannwute ypaBHeHMs peakuwii yrnepoga ¢ okcupgom menu(ll), cepoit, okcuaom
cBuHUa(lV), marHuem. Onpepenute, Kakme CBOWCTBA — OKWUCIUTENbHbIE WU BOCCTaHO-
BUTE/NbHbIE — MPOABNAET YIMEepoa B KaXA0i M3 peakuuii.

9. Kakass macca kokca (ycnosBHO 4uCTblld yrnepop) notpedyeTtca Ons8 noay4eHus uuHkKa
nm3 216 T pyoHOro KOHUEeHTparTa, coaepxawero 75 % okcuaa UMHKAa, ecni KoKe Heobxo-
AMMO B3ATb B OBYKpPaTHOM M306bITKE?

. J/

Ucnonb3yinte AONOAHUTENbHYIO MHPOpMaUuuio

10. Meps.biAi B Poccun anmas 6bin HaingeH 5 uwona 1829 r. na Ypane B [epmckoid ry-
6epHuM Ha KpecToBO3ABMXEHCKOM 30/10TOM NPUUCKE YETbIPHAALATUNETHUM KPENOCTHBLIM
Maesnom MonoebiM. MNpuuck Gbin pacnofioxeH Hepaneko oT nocénka lNMpomeicna lNopHosa-
BOACKOro paioHa lNepmckoro kpasa. Hailgute 3TO MECTO Ha CepBUCE 3NEKTPOHHbLIX Kapr,
pacrneyaranTe KapTy W CNyTHUKOBYIO CLEMKY OKpecTHocTelr nocénka [Mpombicna, onpe-
penute ero reorpaduyeckme KOOpAWHaThl M pPacCTORAHME A0 pPaioHHOro ueHTpa lopHo-
3aBofcka U ctonuusl kpas MNMepmu.

11. Kaknm ob6pasom MMs BblOAOLWErOCsH PYCccKoro xumuka Hukonaa Omutpuesnyda 3ennH-
CKOro CBfi3aHo € xumuen yrnepopna? Kakoe texHuyeckoe nzobpereHue Obio caenaHo um
COBMECTHO C MHXeHepom 3ayapoom KymmaHtom? MNogrotoBbTe cooblieHne O NpuHuMne
OeACTBUA W yCTpOUCTBE UNLTPYIOLLEro NpoTuBorasa.

12. MoproToBbTe coobuieHWe 06 OOHOW W3 annoTPOnHbIX MoauduKauwia yrnepoga —
dynnepeHax, rpadeHe unu ymepoaHbIXx HaHOTpybkax.

e o

Bbipasute CBOE MHeHue

13. KokKCcoxumMuyeckoe npomM3BOLACTBO OTHOCWTCS K B3pblBoonacHeiM. Kak Bbl aymaete,
nodemy?
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§ 21. KUCJIOPOJHBIE
COEJIUHEHUS YIUIEPOJIA

Mpu 0bpazoBaHUKU XMMUUYECKUX CBA3EH C KUC/IOPOAOM Yriepop MpUHUMaeT mno-
NOXWUTENbHbIE CTeneHu okucnenus: +4 u pexxe +2. Kakue okucnutenbHo-soc-
CTaHOBUTE/IbHbIE CBOMCTBA XapaKTEepU3YIOT 3TU coefuHeHus? B Kakux peakumsx
yrnepog He M3MeHsieT CBOK CTENeHb OKUCNeHWUn?

Oxcuasl yraepoga. YrJjepol T'OPUT Ha BO3AYyXe M B KHCJIOpPOIe ¢ 00pasoBaHUEM
VIJIEKHCJIOrO Tasa:

0 0 +4. 2
C+ 0y = CO,

Ecnu kwuciopoja HeJOCTATOUHO, oOpasyloliquiica yIJIeKHCJBIH ras pearupyer
C pacKaJIEHHBIM yIJIepoAOoM, npm 3ToM obpasyercsa oxcup yriepopa(ll):
0 +4 i +2
C+Co, =200

CrnemoBatensHO, yriepoj ofpasyer aBa okcujga. JTo OecliBeTHbIe I'a3sl 0e3 3a-
naxa.

Oxcun yraepoma(Il) CO maspiBaror Takike yzapHulm zazom. OTKyza Takoe Ha-
gpaame? AmoBuTHIIT BO3AYX, comepskamimii oxkcup yraepozxa(ll), ma Pycm maswrBaam
yrapom, OTCIOa M TJIATOJ <«yropeTh». YTAPHBINA ra3 4Ypes3BBIUYANHO TOKCHUYeH. Kro
MOJIEKYJIbI, IIOJOOHO MOJIEKYJaM KHICIOpPOAa, CIOCOOHBI COEIUHATHCA C IeMOTJIOOH
HOM KpOBU, mpuuéM obpasymoleecsa coeguHeHue (KapGoOKCUTeMOrIoOWH) IIPOYHEE,
yeM KOMILIEKC KHcJopoja c¢ remoryiobnHoM (oxcuremorsotuu). KapGoxcuremorio-
OMH IPensATCTBYET HOPMAaJIBHOMY HACBHIMIEHWIO KPOBHM KHCJIOPOAOM, BOSHHKAET KHC-
JIOPOJHOe TOJOLAaHMEe OPraHm3Ma, 4YTO IPHUBOAUT K CMEPTH.

VrapHBIil ras coOmep:KUTCA B BBIXJOIHBIX rasax aBroMobmiei. Ilo TeXHHMUYECKHM
HOpMaM ero o0bEMHAA HOJA B IPOAYKTAX CrOpPaHHsA TOILIMBA He JOJIXKHA IPEBHIIIATH
0,5 % . Ho maske mpaBUJIBLHO OTPETYJIHPOBAHHBIA ABUTATEH, PAOOTAIOMNIT B 3aKPhi
TOM HOMeIlleHHuH (Halpumep, rapaske), npeicrapideTrT cob0il MCTOUHHMK CMepTeJbHON
OTACHOCTH. YTapHBIA ra3d OUYeHb KoBapeH. IlepBoe BpeMsA UEJTOBEK He OIIYIAeT HI-
KaKMX NPU3HAKOB OTpPaBJIeHWU:d, 3aTeM BHe3allHO cjabeer, TepdeT co3HaHMe. Ecau
IpU 3TOM OTPABJIEHUE TPOAOJIMKAETCH, TO OHO IIPUBOAUT K JETAIBHOMY HCXOIY.

Oxcupg yraepopna(ll) orHOCAT K Hecosreo0pasyOIIAM OKCHIAM.

IMockonbKy cTeneHb OKUCHeHUs +2 [OaAA yriaepoja SBISETCA MTPOMEKYTOUHOH
u HexapawxTepHoH, oKcmp yraepopa(ll) — cmabHBIE 6occmanoeumens. llpuBeném
IOKAa3aTe/IbCTBA 9TOT0 YTBEPIKIEHUA.

Bo-tiepBeIX, 9TOT ras ropuT, T. €. B3BANMOJEHCTBYET C KHCJIOPOJOM IIO0 YPaBHEHHIO

+2 +4
2C0 + 03 = 2C0y

Bo-Bropeix, oxcmpa yriuepopa(ll) BoccramaBnuBaeT MeTANIbl M3 HUX OKCHIOE,
YTO HUCHOJB3YIOT B META/JIYPrAYecKuX mnpomneccax. Tak, IpH NOJYYEeHHH YYIyHa
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B ,HOMEHHOﬁ IIeqyy InpoTexaeT OoAHa W3 OCHOBHBIX peaanni»‘x BOCCTAaHOBJIEHHA e-
Jeasa:

t
4CO + Fe304 = 4CO,T + 3Fe

Oxrcupg yraepoma(IV) CO, xopomro msBecTeH BaM IIOJ, HasBaHUEM Y2J/eKUC/bLil
2a3. B mpoMblnieEHOCTH oKcHp yriaepona(lV) moayuaioT pasiosKeHHEM NPHPOIHBIX
xapboHaToB Kanbluda (MeJI, M3BECTHSK) IIPH BBICOKOH TeMIlepaType:

t
CaCO3 = CaO + CO,T

B nmabopaToOpHBIX VCIOBUAX A MOJYYEeHHA YIJIEKHCIOro rasa Ha KapboHAaT
Kanenug (Mpamop) AeHCcTBYIOT CONAHOM KHCJIOTOIM:

CaCO3 + 2HCI = CaCly + CO,T + H0
Oxcug yraepoza(lV) me obnamaer BOCCTAHOBUTENLHBIMH CBOHCTBaAMHU (nowemy?),
a nposaBaseT cyabble OKUCIUMeNbHble ceoiicmeéa. B oroM BbI MOraM y0eauTh-

cA Ha MpHUMepe IPUBEIEHHON BBIIIE PeaKIUU YILJEKMCIOoro rasa c¢ yriaepomom. OH
He IOJJepKHUBaeT IOPEeHUs, W TOJNBKO MarsMi ropuT B ero armocoepe:

t
COy + 2Mg = 2MgO + C

VYriaeKucnaslii ra3 — THIIWYHBIA KHCJIOTHBIM OKCHJI, KOTOPOMY COOTBETCTBYET He-
npoyHasa Jierydas yrosbpHad kucigora HyCO3z. OH B3aumoneiicTByeT ¢ OCHOBHBIMHU
OKCHIaMH U IejouaMu ¢ 0O6pasoBaHUEM COJeit:

Na20 + COg = NaQCOQ,
Ca(OH); + COy = CaCO3zl + H,0

Kak BBHI 3HaeTe, MOCIEIHAS PEAKIIHA JIEKUT B OCHOBE OOHAPY/KEHUS YIJIEKHCIOTO
rasa (IIoMyTHeHHEe H3BECTKOBOH BOJEI).

Yronpnaa kucaora HpCO3. B TexHuKe, B NuINeBoil NPOMBINIJIEHHOCTU YIJIEKHUC-
J0TOI HA3BIBAIOT He YIOJBHYIO KUCJIOTY, a yriaexkuciibiit ra3. Ilaxke Ha ué€pHbIX Oam-
noHax ¢ okcugom yriaepozpa(IV) ecrs Oenmaa mam KEITAdA HAANHCH: «YTJIEKHCIOTa».
C XmMHuYecKOH TOYKH 3PEHHsS YroJbHAs KHCIOTA — 9TO IPOAYKT PEaKIINH COeau-
HeHMsA KHcJIoTHOro okcuga yruaepoxa(IV) ¢ Bomoii.

JNNaGopaTtopHbin onbiT 39

CobGepute npubop ans nony4yeHus rasos. NMomectute B npubop Kyco4ek mMpamopa, npuv-
nente 3—4 M CONAHON KNCNoTbl. 3akpoiTe npubop NpobKon ¢ M3OTHYTOW ra3o0TBOAHON
Tpybkoi. MNMponyckaiTe yrnekucnoiii ras 4epes 3—4 M BoAbl C HECKOABKUMUW Karnismu
nakmyca. Yto Habnwogaete? O YEM CBULAETENBCTBYET U3MEHEHWE OKpacku uMHaukaropa?
OcTtopoxHO HarpeiTe cogepxumoe npobupkn. Yrto Habmopaete? [lodemy okpacka
WHOVKATOpPa BHOBb KM3meHunacsk? Coenainte BbiBOA 00 YCTOMYMBOCTW YrOJIbHOM KMCIOTHI.

J

ITpu crasgapTHBIX VCIOBUAX YIVIEKUCJBIA ras pacTBOpserca B BOJe HE3HAUYHU-
TeJIbHO: B OJHOM 00BEMe BOJALI IIPUMEPHO OAMH 00BEM yriaekucijoro rasa. M aums
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He3HAUYUTENBbHAs YacTh PAacTBOpPEHHOT0 oxkcuaa yriepoxaa(lV) Bcrymaer ¢ BoJoO# B XH-
MHAUYECKYI0 peaxiiiio ¢ o0pasoBaHHMEM YroJbHOH KHCJIOTHI:

CO, + HyO &= HyCOy

JlagHaa peaknus obparmuma, Oojee TOro, paBHOBECHEe CMEIIeHO BJIEBO. JTO O3HA-
4aeT, YTO B pacTBOpe IpeodiajaloT BOAA M PACTBOPEHHLIN YIVIEKHCIBIN ras, a yrojb-
HO# KHCJIOTHEI COBCEM HEMHOTO.

To HesHAYUTENBHOE KOJUYECTBO YrOJBHONI KHCIOTHI, KOTOpPoe obpasyeTcda B pac-
TBOpe, IO Bepraercsa 00paTUMON 2JIEKTPOIUTUYECKON Aucconuanuu. Ho nuins omHa
M3 CTa THICAY MOJIEKYJ 3TON KHCJIOTHL CTYIMEHUATO PACHAAETCH HA HOHBI:

H,CO3 = H" + HCO4

rugpokapboHAT-aHHUOH

HCO; = H + CO%

rapboHAT-aHWOH

Kax Bce OBYXOCHOBHBIE KHCJIOTHI (HaIpuMep, cepHas, CEpHUCTAasd, CEPOBOLOPOA-
Hasdg), YroJbHas KHCJI0Ta o0pasyeT aBa pAaa cojiell — cpeaHUe U KHUCJBIE.

Conu yronsHo# Kucaorhl. CpefHre U KUCABIE COJIM YTOJBHOM KHCIOTHI Pa3iuda-
IOTCS TeM, UTO B IepBBIX (kapOomHarax) ofa aTomMa BOAOPOJa 3aMeIlleHbl MeTaJJIOM,
a BO BTOPHIX (rHAPOKapOoOHATAX) M3 JBYX ATOMOB BOAOPOJA METAJIJIOM 3aMeIlaeTcs
TOJABKO OJWH, APYrO# e ocTaéTcsA B KUCIOTHOM OCTATKe.

Kap6oHarsi Fwppokap6oHarbl
Na,CO; — kapboHar HaTpus NaHCO3; — rugpokapboHat Hatpus
CaCO; — «kapboHar kanbuus Ca(HCO3), — ruppokapboHar kanbuus

KapboHaThl METAJJIOB — TBEPAbIe KPUCTAJJINYECKHE BEIeCTBA, JIUINL HEMHOTHE
n3 HUX (KapOoHATHI IIEJOUYHBIX METAJIJIOB, a TaKKe aMMOHHS) PACTBOPHUMEI B BOJE.
Kucnasle conn, ruipoKapboHATE]l, PACTEROPAIOTCH JYUIIe CPeIHUX: IOMHUMO I'HApPOKap-
GOHATOB IIEJOYHBLIX METAJIJIOB PACTBOPHMBI TaKiKe I'MJpPOoKapboHATHLI MArHUI, Kajb-
HusA, CTPOHIUA 1 Dapusd.

KauecTBeHHOI peakiueil Ha COJH YroJdbHOH KHMCJIOTHI CIYKHUT HX B3aUMOJAEH-
CTBHE C KHCJOTaMH: COJITHOM, cepHOU, azoTHOH. MoHHOe ypaBHeHHe BTOH peaKIInH:

CO5 + 2H" = CO,T + Hy0

HezaBucumo or TOro, Kakoil us KapOoHATOB
¥ Kakasd M3 KHUCJIOT B3ATBl B pPeakIui, IpH
B3aUMOJEMCTBUH PACTBOPOB OyaeT HabmomaThCs
OypHOe BBIZieJIeHHe YIJIeKHCJIOro rasa.

Cropayma KYPHHOTO SWIa COCTOUT B OC
Puc. 46. BaaumoaeiicTane kapbonara HOBHOM W3 KapboHaTa KaJabIus. B 9TOM JeTKo

KarbLWMs CKOPAYMbl KYPUHOro siiua y0eaguThCs, MOTPYSUB AUINO B PACTBOP YKCYCHOU
C YKCYCHOI KUCAOTOWM Kucyaorsl (puc. 46).
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Puc. 47. CranakTtuThl Puc. 48. Cranarmutsl

I'uapokapboHATE METAJIOB IPM HATPEBAHHMH IIPEBPAINAIOTCA B KapGOHATHI:
t
2N3H003 = N32003 + COgT + H20

t
Ca(HCO3); = CaCOgl + CO.T + H0

ITonyuenwe KHCJIOW COJIM W3 CpeAHEeH ToxKe BOo3MoykHO. Tak, KapOoOHaTHBIE IIO-
poAbl (M3BECTHSAK, MAOJIOMHT) IIOJ AeiicTBMeM BJIATH M YIJIEKHCJIOTO Tra3a BO3ayXa
IonajaT B IIPUPOJHBIE BOALI, IIPpeBpallasichk U3 HepacTBOPUMOro KapboHaTa B pac-
TBOPUMBIH THAPOKapOOHAT:

CaCO3 + COy + HyO = Ca(HCO3)s

B mnpupone B peayibraTe 00paTHOIrO IMpeBpallleHUs PaCTBOPHUMOTIO TI'uaporapbo-
HaTa KaJbIMsA B HEPACTBOPHMBIN KapOoHaT B mellepax (POPMHPYIOTCA CBHCAIOIIHE
BHH3 KaMeHHbIe «COCYJIbKH» — cmanaakmumst (puc. 47), a co agHa Imelep Bbipac-
TAIOT HABCTPEUY MM He MeHee NPUUYYAJHUBBIE KOJOHHBI — cmaJndazmums. (puc. 48).

W3 nanGosee u3BecTHHIX B OBITY KapOOHATOB PACCMOTPHUM /IBE€ COMBI.

TexHUYECKY 0, NN CTHPAIBHYIO, coxy NayCO3 B IIOJTHOM COOTBETCTBHUU C €€ Ha-
3BaHUEM HCIIOJL30BAJIA IIPU CTHUPKe OelbA AJaA yJaleHUsA M3 BOAbI KATUOHOBR KaJlb-
oA U Margdd:

Ca®* + COZ = CaCOsl

Mg®* + CO5* = MgCOsl

TexHUYECKYIO COAY IIUPOKO MCIOJB3VIOT AJIA NPOM3BOJCTBA CTEKJIa U Oymarm.

IIureeByro, unau numerylo, cony NaHCO; ucnonssyior B xJiebolleueHUU, IIPO-
M3BOJCTBE KOHIUTEPCKHUX H3HeJIMH, IPHUTOTOBJIEHUNM HAOHUTKOB. PacTBOpP HHUTBEBOM
COABI MCIOJB3YIOT B KAUYECTBE AHTHCENTHKA [IJd IMOJOCKAHHUS Tropja, a TaKke Kak
YUCTAIIEe CPeACTEO.
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Okcup, yrnepopa(ll). Okcup yrnepopa(lV). YronbHaa kucnota. Kap6oHathbl.
KauyecTBeHHas peakuus Ha kap6oHaT-uoH. Mlmapokap6oHaTbl. TexHu4yeckas
copa. NMuuesas cona

NMpoeepsTe cBOM 3HaAHUSA "

1. Kakune okcupgbl obpasyeTt yrnepon? Kakue rpynnbl OKCUOOB OHW MPeacTasBnsioT?

2. OxapakTepuayiiTe nony4eHue u ceBoicTBa okcupa yrnepopa(ll). OTeeT noateepauTe
YPaBHEHUAMW COOTBETCTBYIOLLMX PEeaKLMA.

3. Oxapaktepuayite nosy4yeHue, cBoWcTBa U npumMmeHeHwe okcupa yrmepoga(lV). OTser
noaTEepaAnTe YpaBHEHWUSMW COOTBETCTBYIOLMX peakLinii.

)

4. Kakol w3 razoB — YIEKUCAbIA UNKW yrapHell — Taxenee Bo3gyxa? OTBeT noarsep-
OuTe pacHeéToM NNOTHOCTM 060MX ra3zoe No BO3AOYXY.

5. BenomHuTe, kakoe cTpoeHue umetoT monekynsl CO u CO,. Hapucyiite B Tetpagu
cxembl 06pa3oBaHUs 3TUX MONeKyn.

6. 3anuwuTe MONekynsipHble ypaBHeHUs peakunid, COOTBETCTBYIOLLME KaXAO0MY W3 npu-
BEAEHHBIX WOHHbLIX YpaBHEHWA:

a) C&* + CO§ = CaCOgl

6) CO, + OH™ = HCOj

B8) CO, + 20H™ = CO% + H,0

r) HCO3 + H" = H,O + CO,T

n) MgCO; + 2H" = Mg?" + CO,T + H,0

e) CO3 + 2H' = CO,T + H,0

7. HanuwvTte ypasHeHUs peakuWil, C NOMOLLBIO KOTOPbIX MOXHO OCYLLECTBUTbL Clenyto-
e npeBpaLLeHus:

a) CO, — CaCO3 — Ca(HCO4) — CO, — CO

6) C — CO; — Na,CO5 — BaCO45 — CO,

Ansa peakumin, NpoTekawlux B pacTBopax, 3aruwimMte WOHHbIe ypaBHeHus. B ypasHe-
HUAX OKWCNUTENLEHO-BOCCTAHOBUTENbHLIX peakLUMiA paccTaBsTe KOapUUUEHTEI METOAOM
aNeKTPoHHOro GanaHca, ykaxute OKUCITUTENW 1 BOCCTAHOBUTENW.

8. Kakyto maccy u3BecTHAka, copepxaulero 92 % kapboHata kanbuwa, Heobxoaumo
B3ATb AN NMpoKanMBaHus, 4Tobbl nonydyits 156,8 n yrnekucnoro rasa (H. y.)?

\. >

WUcnonb3yinte AOonoOnHUTENbHYIO MHPOPpMaLUIO

9. B ckazke B. @. Opoesckoro «Mopo3 KeaHoBu4» Mopo3 roeoput PykogenbHUUE:
«...Beb A 3HAlD, eCTb TakMe HEepsxu, H4TO MEeYKy WCTOMUTbL WCTONSAT, a Tpydy... 3aKpolorT,
Ja He BOBpemsd, korga elle He BCe YroNbki MpOoropeny, a oTToro B rOpHULLE YrapHo
ObiBaeT, ronoBa y nogeid 60onuT, B Masax 3efeHo; Aaxe 0T yrapa yMepeTb MOXHO».
OT kakoro BellecTBa «B ropHuUe yrapHo ObiBaet»? OTkydma oHo 6Gepértca? MoarotoBbTe
npeseHTauuio o6 yrapHom rase.
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IIpakTuyeckaa padora 5

IHOJIYYEHUE VYIVIEKNCIIOTO T'A3A.
KAYECTBEHHASA PEAKIIMA HA KAPBOHAT-MOHbI

1. B aBe npobupku HaneiTe nmo 20 Kamenab AUCTUJJIMPOBAHHON BOABI U J0OaBLTE
o 3—4 Kamnau pacTBopa (PHOJIETOBOTO JaKMyca. B TpeThio IpOGHPKY BHECHTE HIPH-
mepHo 20 Kamesb pacTBOpa M3BEeCTKOBOM BOJBI. YCTAHOBUTE NPOOHUPKU B ILNTATHB.
Tyna ke IIOMeCTUTEe M TPH IIyCThble IIPOOHPKH.

2. B mpubop pas mosyueHHs TasoB BHecuTe 2—3 HeOOJBIINX KYCOUKA MpPaMo-
pa u 3akpernure npubop B Jlanke mTaTuBa. B BOPOHKY HajJelTe HEMHOT'O COJAHON
KHCJOTHI, 4TOOBI OHA IIOKPBIBAJa KYCOUKH Mpamopa. ['asooTBogHy0 TpyOKYy mpubopa
OIyCTUTE B MPOOUPKY C BOJAOH, MOAKPAIIEHHON pacTBOpoM Jakmyca. Uro Habmaroga-
ere? 3anuinuTe YpaBHEHUS pPeaKUU B MOJEKYJIAPHON U MOHHOHN (dopmax.

3. TIpomycraiiTe BBIAEIAOIIUACA OK- , ~
cug yraepona(IV) uepes Bogy mo Tex mop,
IIOKa PAaCTBOP JaKMyca He IIpHOOPeTeT
KpacHyoo okpacky. OObsacHuTe HabI0OmA-
eMoe M B3alHIInTe YpPaBHEHUs peaKIluu
B MOJIEKYJIIPHOM M WOHHOH (popMax.

CpaBHHUTEe OKpACKy pacTBopa € OKpa-
CKOH pacTBOpa B KOHTPOJBLHOW IIpoOHpKe.

4. IIpomoiiTe KOHel[ TIa300TBOJHOI
TpyOKH B craxkaHe ¢ Bogoii. Ilocie aroro
KOHeI] Na3zo0TBOAHON TPYOKHU IepeHecuTe
B IIpOOUPKY C HU3BECTKOBOM BOJOH M IIPO-
nycKaiTe ras A0 IIOMYTHEHHS pacTBopa
(puc. 49).

9. IIpopmomkaiiTe mpomycKaThk ras ye-
pe3 MOMYTHEBINHUI pacTBop. YUrTo HabmIio-
paere? 3anuimuTe ypaBHeHUsA pearunum Puc. 49. MNpubGop aona nonyvyeHus
B MOJIEKYIAPHOH M MOHHO#N (hopmax. yrmekucnoro rasa

Ca(OH),

~ (pacTBOp)

S

ITpumevanue. Ecin CKOpPOCTH BEIAEJIe-
HUS rasa 3aMeIujach, TO B HPOOUPKY ¢ MPAMOPOM MOYKHO MOOABUTH HEMHOTO CO-
JAHON KHCJIOTHI.

6. IIpomoiiTe KOHeI rasooTBOAHON TPYOKH B crakaHe ¢ Boaoii. IlepeHecure raso-
OTBOJHYIO TPYOKY B YEeTBEPTYIO IPoOHUPKY, ONYCTHUB eé no aHa npodupku. Cobepure
ras3 MeTOAOM BBITECHEHHS BO3AyXa (IOUeMy HMEHHO STHM MeTOoZoM?).

7. 3axKrure JIYYHHKY W BHecuTe eé B npobupry. Yro mHabmogaere? OO0bAcHUTe
HabomaeMoe.

8. B ogmy umcTyio mpobWMpKy HajehTe 2 MJ pacTBopa KapboHara HATPHUA, B
Apyryr — 2 mu pacrBopa kKapbonara kanusa. [[obaBbTe B KaMMAy0 HpPobupry 1—
2 MJ pacTBopa cepHOM KHcaoThI. UTo Habmiogaere? 3amuINNTe YPaBHEHUA pPeaKIIHit
B MOJIEKYJISAPHONM M HMOHHOU (opmMax.

Pasbepure yCTAaHOBKY W IIPHBEIHTE B HOPALOK pabouee MeCTO.

Odgopmure oTuér.
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S 22. YIVIEBOJIOPO/IbI

B HeopraHM4ecKOM XMMHMU 4Yallle WCMONb3YIOT MOHATUE «CTENeHb OKWUC/IEHUA»,
YEeM MOHATUE «BANEHTHOCTb», @ B OPraHWYeckol XMMuW — Haobopot. CpasHuTe
3TW MOHATUSA Ha NMpUMepe BeLLecTB, O KOTOPbIX NMOMAET pedyb B naparpade.

B cocraB Bcex IPUPOOHBIX OpPraHuYeCKHWX BelllecTB, HalIIpuMep 66JIROB, HHUPOB,
YIJIeBOJIOB, 00s3aTe/IbHO BXONAT aToOMbl yriiepoza. OpraHudyecKue BellecTBa SBJIIA-
HOTCA IIpeaMeTOM H3y4YeHHdA ocoboro pasgesa XUMHWUYECKOM HayKHl — oprannqecnof{
xumuu. OpraHnuecKyo XUMHUK MOMKHO CUUTATH XUMUEH COeIUHEHUN yriaepona, Kpo-
Me HEeKOTOPBIX: aJlJIOTPONHBIX MOAM(MHUKAIIMK yrjepoja, ero OKCHAOB, KapOHAOB,
VIOJILHOW KHUCJIOTHI U €€ coJieil. ITH COeAUHEHUs YyIJIepoga Mo TPAAUIUN OTHOCAT K
HeopraﬂnquHoﬁ XHUMHH.

Mesxay opraHUYecKoOll ¥ HeOpraHMYeCKOH XMMHeH HeJb3s IPOBECTH Pe3KOH rpa
HHIIBI, O yem CBHUIeTeJIbCTBYET, B 4aCTHOCTH, B3aMMOCBA3b Rapﬁnnon (HeOpI‘aHI{‘IE'
CKHMX BeIlecTB) M YIJEeBOJAOPOAOB (OpraHMYecKHX BEIIeCTB, COCTOANINX H3 aTOMOB
yriepoga u Bogopoaa). Kapbuabl — coeluHEHHA yIrjepoja ¢ MeTa/llaMHd U HEeKOTO-
PBIMHM HeMeTaJlJIaMKi — IIpH BBaHMO,I[eﬁCTBHH c BO}IOﬁ IIOoOBeprawnTca HeoﬁpaTnmomy
rugponusy. Hanpumep, rugponmns kxKapbuja aloMHHHUA IIPUBOAUT K 00pasoBaHHIO
JIETyYero BOZOPOJHOTO coeAWHeHHs yriepoga — merana CHj:

AlyC; + 12H50 = 3CH4T + 4Al(OH)
KapﬁH,[[ Kajlbl¥d I'MIpojmnusyeTcd B COOTBeTCTBHH C YpaBHeHHeM
CaCy + 2H30 = C3H,T + Ca(OH),

W1 BHOBBL B KadecTBe IIPOAYKTA THAPOJIH3a o0pasyeTcs JieTydee BOZOPOLHOE COeIH-
HeHue yriepoja, HO yske apyroro cocraBa: GHs. 9To ras ameruiieH.

CKOMBKO Ke BOJOPOAHBIX coeauHeHHH y yraepogma? Ilomaraem, 9To OTBeT Ha 9TOT
BOIIPOC OyAeT IJs BaC HeOKHIAHHBIM. Bo-IIepBLIX, TOYHOE YMCIIO HE CMOKeT HasBaTh
HHUKTO, BO-BTOPBIX, MX 3HAYMUTEJbHO Oosbile gecatu. He mTyk, a Teicau! Bo Bcex
9THUX BelllecTBaX yIJepol IPOABJAET OTPUIATENLHVIO CTelleHb OKHCIeHUA (MHOTrIa
HYJIeBYIO), Bce OHH HOCAT o0Ilee HasBaHWe «yriaeBogoponbl». Ha xapaxrepucruxe

9THX BeIlleCTB OCTAHOBHMMCS HEMHOro mogpobHee.
r N B mpocrefimem yraesomopose — wmerane CHy, xax
M BO BCeX OPraHWYECKUX COEJUHEHUAX, aAMOM Yyziaepoda
yemulpéxeanenmer, a BaJIEHTHOCTHL aToMa BOJAOpPOLa, Kak
U B JIOOGBIX JPYrHX BellleCTBaX, paBHA eQUHUILE.

Ha pucyure 50 uzobpasxena o6 bEMHAA MOAETbL MOJIEKY
JBI MeTaHa. B TaKHMX MOJEeJsX ATOMBLI PA3HBIX 2JIEMEHTOB
u300pakamT B BHJle NMIAPUKOB PasHOro pasmepa W IiBeTa.
AToM yriepoma IPHMHATO M300paskaTh YEPHBIM IIapUKOM,

BOJOpoOma — GenbIM, KHCIOPOJa — KpacHBIM, M T. .
\ J PaccMoTpuM XHMHUUYECKOe CTPOeHHe eIlé OJHOTO YIJIeBo
popoga — araHa CoHg (puc. 51). ATomoB yriepoaa B MO-
Puc. 50. Mogens JeKyJie pTaHA OBA, OHW CBABAHLI OJHON oO0IIell BJIeKTPOH-

MOnNeKkynbl MeTaHa HOM mapoi, T. €. OOHOU KOBAJIEHTHOU CBsA3b10. Ocrasiiinecs
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TPH 3JIEKTPOHA Y KajKJOro aTroMa yriepoja pacxony- [ )
oTcsa HAa 0o6pasoBaHMEe KOBAJIEHTHBIX CBA3EH ¢ aToMa-
MM BOJIOPOZA.

3anuIineM CTPYKTyYpHyIo ¢opmyay »raHa, T. €.
opmyny, oTparkamIlyl IOPAA0K COeIUHEHHA aTo-
MOB B MOJIeKyJe. BaleHTHbBIMH IITpuxaMu o6o3Ha-
yuM o0Iue 3JIeKTPOHHBIE IIaphl:

e
H—C—C—H - J
||
H H Puc. 51. Mogens monekynbl
aTaHa

ITo cTpyKTypHOii QopMyJe BelllecTBa JETKO OIIpe-
AeIWUThH BaJeHTHOCTHL KaskJoro aroma. KEmié pas oOpa-
TAUTEe BHUMAaHHKe, YTO B 2TaHe, KAK U B JIOOLIX APYrHX OPraHHMYeCcKUX BelllecTBax,
BaJICHTHOCTHL BOJOPOJIa paBHA eIWHHIE, YIJIepojla — 4YeThIPEM. B 3ToM yriesomopoje
BAJIEHTHOCTHL ATOMOB YIUVIepOAa HEe COBIAAAeT ¢ HX CTEeIeHbI OKHCIIEeHU:

.3+1
C.Hg

CoepuHeHuA MOA00HOTO CTPOEHHUA HASBIBAIOT MpeaeJbHBIMH MJI HACBIIIEHHBIMH,
TaK Kak B UX MOJIEKYJIAX BCe BAJEHTHOCTU aTOMOB yIJiepojia A0 IIpejesia HACBIIIIEHbI
aTroMaM#u BOAODO/A.

MonekyaspHble (DOPMYJIBI OPraHUYecKNX BeIeCTB MaJOMH(OPMAaTHBHEI, ITOCKOIb
KV IIOKa3bIBAIOT TOJBKO KAYECTBEHHBIN (M3 KAKMUX 3JeMEeHTOB MOCTPOEHO NaHHOe Be-
I[eCTBO) ¥ KOJHUYECTBEHHBIH (CKOJIBKO aTOMOB KajyKJOT0 2JIeMeHTAa BXOJUT B COCTaB e€ro
MOJIEKYJIBI) COCTAB BeIlllecTBa, HO He TOPAJOK COeJMHEHHs aTOMOB B MOJIEKYJe, KO-
TOPBIA OTPaAKAIT CTPYKTYpHBIE (hopmyibl. HemocraTok mocinegHux — IpPOMO3IKOCTH
M300parkeHusA, MOITOMY XHUMHKH YACTO HCIOJNB3YIOT COKPAUWLEHHbLE CMPYKMYPHbLLE
¢gopmyavi. B HUX ITOKA3BIBAIOT JIUIIL NOPANOK COeIWHEHUS [PYr ¢ IPYroM aTOMOB
yrieposa, a m3obpajkeHHe aTOMOB BOZOPOAA <CBOpPAYMBAIOT». Hampumep, COKpaIléH-
HYIO CTPYKTYpHYIO (popmysy sraHa sanuckiBaior tak: CHi. CH3, a coxpamiéHuyio
cTpyKTypHYIO (opmysy mnponmana GGHg — rax: CHgz. CHy. CHj.

OpgHO W3 BaKHEHINHUX XHMHUUYECKUX CBOWCTB
npeaeibHBIX YIJIEBOAOPOAOB — HX CIIOCOOHOCTH
ropeTb ¢ BbIJeJIEHUEM O0OJBIION0 KOJUUYEeCTBa
TeIJIOTHI:

CHy + 205 = COy + 2H,0 + Q

Bnarogapa sToMy CBOMCTBY IIPUPOIHBIIL
rasz, KOTOPBIH IpPaKTHUYECKH IIOJIHOCTBIO COCTO-
UT U3 CMecH IpeAesIbHLIX YIJIeBOJOPOJOB (MeTa-
Ha, TaHA U NPOIIaHAa), UCIOJIB3YVIOT B KadecTBe
TonyiuBa (puc. 52).

Jliis mpenenbHBIX YIVIEBOJOPOAOB XapakKTep-
Ha eIl[é oJHa peakKIludA, HazblBaeMas peaKIH-
e npermapupoBanua. Ilpexncrasere cebe, YTO Puc. 52. BbITOBOI ra3 — 3T0 CMECH
MOJIEKYJia 3TaHa TepdeT ABAa aToMa BOJIOPOJA. npefenbHbiX YreBo4opoaos
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¥V kamgoro aroma yrjepoja IoABJIAeTCA II0 OAHOW cBobomHON BaleHTHocTH. Ko-
HEUYHO, 9THU YIJIEPOJHBIE ATOMBI Cpasdy Ke 0OpasyoT APYT ¢ APYIoM BTOPYIO CBS3h:

H H
|| N/
H—C—C—H — C=C + H—H
‘ | 7 N
H H H H

IMouaTHo, moueMy TaKOW IIpPOIECC HA3BIBAKT AeTHMAPUPOBAHMEM: dYacTuiia de-
O3Ha4dvaeT ymajJleHHue, a 3u6pozeuuym INO-JIaTBIHW — BOOOPOI. ypaBHeHHe 9TOM peaKn
MOJKHO 3alllCaTh C MOMOINBIO COKPAIEHHBIX CTPYKTYDPHBIX (opmMyJI:

t T.
CH;. CH; — CH;=CH, + H,

Yrobel He mepenyTaTh ABOMHYIO CBABL CO 3HAKOM pPaBeHCTBAa, B YPaBHEHUAX
peaknuii ¢ ydJacTHeM OpraHMYeCKHX BeIeCTB BMECTO IIOCHeIHEero MCHOJIb3YIOT
CTPENKY.

Hapany ¢ BogopoAoM HpPOAYVKTOM pPeaKIuM AeTHUAPHUPOBAHWA dTaHA ABIAETCA Be-
mecTBo, uMemwIee cTpykTypayio dopmyny CHy=CHs 1 cOOTBETCTBEHHO MOJIEKYJIAD-
Hyio opmyny CGHy, — sTuaen. OTujneH — IepBBIH IPeJCTABUTENb YIJIEBOJOPOAOB,
KOTOpPbIe HAa3bIBAIOT HelpeIeJbHBIMH MM HeHACHIIIeHHBIMH, TAK KaK B HUX BAJIEHT-
HOCTHM aTOMOB yIJiepoja He HAaCLIIIeHbl 0 IIpegesia aromMamu Bogopopga. Oramyu-
TEJIHHON YepPTOH XMMHUYECKOrO CTPOEHHA TAKHMX YIVIEBOLOPOAOB SABJAETCA HAIHUIHE
B MOJIEKYJIe ABOMHON yriaepopa-yriaepoanounn casu G=C.

K rpymnie mempeme/bHBIX YIVIEBOAOPOIOB, IIOMUMO 3THJIEHA, OTHOCAT €INEé OIUH
YIJIEBOJOPOJA, O KOTOPOM IIIJIa pedb B Hayalie aToro maparpaga, — aunermieH. Ka-
KOBO e ero crpoenue?

IIpeacraBeTe, UTO OT MOJIEKYJBI 3THJIeHA OTHAJH eIé [BAa aToMa BOAOpOIa —
110 OJHOMY OT Ka’KJOr'0 YIJIEPOAHOIO aToMa. 3a CYET OCBOOOJUBIINXCA BaJeHTHOCTEM
aToMbl yriepoza o06pasoBasu IPYr € APYIOM TPETHI0 XMMUYECKYIO CBA3H!

H—C=C—H

Monexkynapaas cdopmyna anerusneHa GH,, um Bel moHMMaeTe, ImoueMy HHJIEKCEI
B aTo# (hopMyJie HeNlb3d COKpAIATh.

Ob6partuTe BHUMAHHUE, UYTO CTENEHb OKHUCIEHUSA aTOMa YIJIepoAa B AlleTUJIEHE pPaB-
Ha —1, a BaJIEHTHOCTHL — 4YeTHIPEM. XMMMHWUYeCKas CBA3L MEKAY aToMaMm yriepozia
B alleTH/IeHe TPOHHasd, 9TOT YIJIEBOAOPOJ TAKMKe OTHOCHUTCA K HelpeAelbHBIM.

ITouemy BOAOPOAHBIX COEAWHEHWH y yriaepoga Tak maOro? IJIaBHOW TPUYHMHOHN
TAaKOT0 MHOroo0Opasus ABJAeTcA YHHKaJIbHAd CIIOCOOHOCTH aTOMOB yriiepoja odpaso-
BBIBATH APYI € APYTrOM LENOUYKH Pas3/IMYHON AJMHBI, DAa3BeTBJEHHBIE IIENM, a TaKiKe
CBSA3BIBATHECS MEyKAY CO00M ONWHAPHBIMH, ABOWHBLIMHA W TPOWHBIMH CBA3AMU. ITO
OJlHA M3 IPHYUH MHOroo0Gpasusd OPraHMYecKHMX COeIUHEHWH, KOTOPBIX B HACTOAIIee
BpeMsaA HacuuTeIBaeTca Gomxee 100 muH.

OpraHuyeckas xumusa. Yrneeogopopgsi. lMpenensHsie yrnesoaopoabl: Me-
TaH, 3TaH, nponaH. HenpepgenvHble (HeHacbiWEHHbIE) YrNeBoAOPOAbI:
aTuneH, auetuneH. CtpyktypHas ¢opmyna. Peakuus aermapupoBaHus
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MpoBepbTe CBOM 3HAHUSA

1. Y10 aBnAeTca NpeaMeToM U3y4eHWst OPraHuYyeckon Xumunum?

2. Y1o Takoe xmmuyeckoe ctpoeHne? Yto obo3HavaeT BaneHTHbIA WTPUX B CTPYKTYPHbIX
dopmMynax opraHuMYHeckux BewlecTs?

3. Kakve opraHuyeckue BellecTBa Ha3biBaOT ymesogopopamn? Ha kakume rpynnesl Ux
noopasnensanT?

4, NaiiTe cpaBHUTENbHYIO XapakTepUcTUKy MeTaHa W aTaHa. HaiiguTte 4YepTbl cxoAcTBa
M pasfinuma B MX CTPOEHWUK.

5. JainTe cpaBHUTENLHYIO XapakTepucTuky aTaHa, aTwieHa v auetwneHa. Hanoute 4epTol
CXOACTBA W pPasnuyus B UX CTPOEHWM W cocTaee.

\

6. Hanuwwute ypaBHeHWs peakunil, C NOMOLLbIO KOTOPbLIX MOXHO OCYLLIECTBUTL Cheaylo-
wwue npespaweHna: C — Be,C — CHy — CO, — CaCOg,

7. PaccuuTtainte cteneHyn OoKUCNEeHWUs aTOMOB yrmepoga B mMeTaHe, 3TaHe, aTuneHe u aue-
TUNeHe.

8. MNpu obpabotke 41,7 r TexHnyeckoro kapbuaa kanbums U3ObITKOM COASHOW KWCNOTbI
Boigenunock 13,44 n aueTuneHa (H. y.). PaccyvTaiite mMaccoBylo gonio kapbuaa kanbums
B TexHudeckom obpasue.

o o

Ucnonb3ynte AONONHUTENbHYIO MHDOpMaULUIo

9. MoaroToBkTe COOBLLEHNE O XU3HW U AEATENbHOCTU BENMKOIO PYCCKOro Xummuka Anek-
caHopa Mwuxainosuya byTtneposa.

§ 23. KNCIOPOICOIEPKAIINE
OPTAHUYECKUE COEJIVWHEHWUA

Kpome yrnepopa v BOJOpOAa, MHOTME OpPraHWYECKUe COEeAMHEHUS cofeprKar
B COCTaBe CBOWX MOJNEKY/ M aTOMbl KMC/IOPOAA. ITHU MHOrOYMC/IEeHHble Coeau-
HeHus obbenuHeHbl B Knaccbl. YTo npencraensior cobok 3TH K/acChl M KakoBbl
UX BaKHeWlIWe npeactaButTenu?

BTHJIGH, KaK HellpeneJbHOe coeJHUHeHHe, BCTYIIaeT B peaKIMHM IIPDHCOeJHHEeHMA.

OmgHa M3 BaKHEHIIUX TAKUX PEAKIMH — peariusa IpHUcoeAuHeHusa Boabl. CxemaTtu-
YeCcKH 2TOT NPOIlecc MOKHO M300pasuTh TakK:

| I
CH,=CH, + HOH — CH,—CH, + HOH — CH;—CH,—OH
\-____./

JlBoiiHasa CcBA3L B MOJIEKYJIe dTHJIeHA DPa3pLIBAETCH, 34 CUET OCBODOAUBIIMHXCH Ba-
JIEeHTHOCTel OJWH M3 ATOMOB yIJiepojia NPHCOeIHMHAET BOJOPOJI, APYIod — TIHAPOK-
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cunpuyo rpynny —OH (rumgpokcorpynmny). YpasHe-
HUEe PeaKIMy 3aIlIUCBIBAIOT CJAeIYIOIUM oGpasoMm:
CHy,=CHy; + Hy0 —» CyH;0H

O6pasyiomieecss BeIIECTBO HA3BIBAIOT STHUIOBBIM
cnuprom (puc. 53). Ero orHOCAT K KJjaccy CHHPTOB.

I9rnanoeeiii cnupr GH;OH — npoaykr MHOro-
TOHHAKHOTO XHMHUYECKOro IpomssoactBa. OH ciy-
JKHAT CBIPDBEM [JIs IMOJNYUYEHHS MHOTHX OpPraHHYeCcKHX
BEIIleCTB, €r0o MCIOJL3YIOT B MeIHUIIMHE, IITHIIeBOM
OPOMBIIIJIEHHOCTH, KaK KOMIIOHEHT Iap(pMepHbBIX
M KOCMeTHYEeCKHX IIperapaTroB. B HeKOTOpBIX cTpa
HaX DTHJIOBBIH CIIMPT HMCIOJB3YIOT B KAYeCTBE MOTOP-
HOTrO TOILJINBA B cMecH ¢ DEH3WHOM HJIM JaKe B YHCTOM BHJE.

OTUIOBBIM cOoupTt objagaeT IPEKpPacHoll pacTBOpAoiel crocobHocThio. OH
JIETKO PacTBOPAET KUPBLI U JPYTrHe OpraHudecKHe BeIecTBa, IO3TOMY eTro HCIIOJIb3Y-
IOT KaK KOMIIOHEHT PAacCTBOPHUTeNeH I JaKoB, KPACOK, SMajied, cpeAcTB OBITOBOM
XUMHUAHA.

OTUJIOBBIH CIIUPT BXOAWUT B COCTAB AJKOTOJbHBIX HAanmuTKOB. [layke mpum pasoBoM
VIOTPeOJIeHUH CIIUPTHOTO paboTa HEPBHOI CHUCTeMBI HapYIIAeTCA, a TPUEM DOIBITHX
103 3THJIOBOTO CIIMPTA MOKET IIPHUBECTH K cMepTH. Ecam ke ymorpebjeHHe CIIUPT
HBIX HAIWUTKOB, JaKe caab0oaIKOTOJLHBIX, CTAHOBUTCH CUCTEMATUUYECKUM, Y UYeJI0Be-
Ka MOJKeT PasBHTHCA HeM3JIeUMMOe XPOHMUecKoe 3aboseBanme — aakoroiamsm. IIpwm
9TOM B OpraHM3Me IIPOMCXOIAT HeoOpaTHMble M3MeHeHHdA; OombHOMY Tpebyercsda IIo-
CTOAHHOE IIOCTYILJIEHWE B OPraHU3M HOBBIX HOpIMi cuupra. IlormGarT He TOIBKO
HEepBHBIE KJETKH, HO W KJeTKH IleYeHH, Hapymiaercsa padoTa cepala, CHUKaeTCd
BEPOATHOCTh POJKJAEHUS 3JJOPOBOTO peGEéHKA.

B mMozekyie sTHJIOBOro CIMPTa OJHA I'HMIPOKCHJIbHaA rpymnnoa. Takue cOIHpPTH Ha
3BIBAKOT OJHOATOMHBIMH ClII-[pTaMl{.

MoJsiekyJjia OpraHM4ecKoro BelllecTBa MOJKeT COAepPKaTh He TOJILKO OIHY, HO U JBe
n OoJiee THAPOKCHUJIBHBIE TPYHIILEI. B aTOM ciaydae CIMPTHI HAa3BIBAIOT MHOTOATOMHBI-
MH CIHPTAMH.

Pwc. 53. Mopgens monekynel
3TWUNOBOro cnupTa

Monpobynte M306pasnTb CTPYKTYPHYH (hOpMy/y NpoCTeWlero cnupra, comep-
»Kauero Tpu ruapokcuabHeie rpynmbl. Kaxgas rpynna . OH gomkHa 6biTb cBs-
3aHa co CBOMM COBCTBEHHbIM aTtoMoM yrnepoga. MomHuTe, 4To aTtoMbl yrnepoga
B OPraHWYecKuX BeLLeCTBaX YeTbIPEXBAIEHTHbI.

Jlas Toro 4To6BLI pa3MeCcTHUTE B MOJIEKYJIe TPH THAPOKCHJIbHBIE I'PYIIIILI, BeIleCTRO
JOJIKHO COoZep:KaTh KaKk MUHUMYM TpU aTroMma yriaeponaa. HerpynHo morajgarbes, 4To
«IpapoAuTeNreM» TAaKOTO BEIIleCTBA MOMKHO CUYHTATH YIVIEBOZOPOJ HpOIaH. 3aMeHHM
B MOJIEKyJie IpolaHa [0 OJHOMY aToMy BOJODOJAA IPH Ka)KIOM YIJIEpOLe T'UIPOK
CUJBHOU TPYIINON:

ImpomaH |

OH OH OH

MINIEePHH
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Mpr  monyumaun  QOpMyJay — TIAHIepPHHA
(puc. 54). 'nmunepuH mpeacraBiasgeT coboil TPEx-
ATOMHBII CIIMPT, IIOTOMY 4YTO COAEPIKUT B MO-
JeKyJe TPH THAPOKCHUILHBIE rpynnsl. O6paTture
BHUMaHMe, YTO KasKIBIH aToM yrjepoja ocTal-
CA YeTBHIPEXBAJIEHTHBIM, BOLOPOJ OJHOBAJEHTEH,
a KHCJIOpPOJ ABYXBaJICHTEH.

I'aunepus, MOJOOHO STHUJIOBOMY CHHPTY, He-
OrpaHUYEeHHO pacTBOPUM B Boge. Bosee Toro, oH
OUeHb 2UZPOCKONUYEH, T. €. IOIJIOIIAEeT BJIATY
M3 BO3AyXa. JTO CBOMCTBO IIMPOKO HMCIOJb3VIOT
B map(ioMepHOH IIPOMBIIIJIEHHOCTH: TJVIHIIePHH
BXOAUT B COCTAB MHOT'OYHCJIEHHLIX KPEMOB, IO
Man, 3yOHBIX IacT, IPeAOTBPAIlas WX BBICHIXA-
HHe W CIIOCOOCTBYSA YVBIAKHEHUI0 U CMAMYEeHWI0 KOXHU. B KO)KeBeHHOM IIPOU3BOJICTBE
M TeKCTUJIBHOH IIPOMBIIIJIEHHOCTH TVIMIIEPUH HCIOJNB3VIOT AJIA IIpefoXpaHeHUA KOMK
OT BBICBIXAHUS U NPUAAHUA TKAHAM MATKOCTH H IIEJKOBUCTOCTH. BOOHBINA pacTBOp
TIMIepHHA 3aMep3aeT IIPH OYeHb HU3KOH TeMueparype. Takwe cMecH B TeXHHKe Ha
BBIBAIOT AHMUPPUIAMU.

Couprel He eJWHCTBEHHBIH KJIACC OPTaHWYECKMX BEIeCTB, B COCTAB KOTOPBIX
BXOAUT KIMCJIOPOJI.

C maBHHUX IOp JIOOM IOJYYATN YKCYC IIPH CKUCAHWUM BHHA, COAepPIKaIlero 9THJIO
BbIM CHHUPT. YKCYC HMCIOJB3VIOT KaK IIPUIPABY K OHUINE. ¥ 000 X034MKH Ha KyX-
He HaHAETCA OYTHIIOYKA CTOJOBOTO YKCYCA, KOTOPBIN COAEPIKHT YKCYCHYIO KHCIOTY
CH;. COOH (puc. 55).

YKcycHasa KHCJIOTAa — OPEACTABHUTENE eINé OJHOT0 KJacca KHUCJIOPOACOAePIKaIluX
OpPraHUYecKHX BeIecTB — KapOOHOBBIX KHCIOT.

PacTBOpEI KapOOHOBBIX KHCJOT HMMEIOT KHCIBIA BKYC, BbISBIBAIOT H3MEHEHUe

Puc. 54. Mopgenb monekynst
ruuepuHa
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OKPAaCKM HMHIMKATOPOB.
C TOYKH 3PEeHHA TEOPHH DIEKTPOJUTHYECKOH AHCCONMALMN KHCIOTAMH SABJIF
IOTCA BeIecTBa, AWUCCOIMUPYIOIINE B BOJHOM pacTBOpe C OTIIeIIEHHMeM KaTHOHA
Bomoposa. KapboHoBble KMCJIOTHI — HE HCKJIOUEHWE, B PACTBOPAX OHM TAKIKE JIHUC-
COIIMMPYIOT HA KATHOH BOJOPOJa M AaHMOH KHC-
JIOTHOTO OCTaTKa. PaccMOTpUM, HAIIpUMeED, KAk
AHCCOIIMUPYET YKCycHas KHCJIOTAa:

~

CH;. COOH & CH;. COO™ + HY

CTpesKM BMeCTO 3HAKA PABEHCTBA B ypaBHe-
HUH JUCCOIMAIINN KapOOHOBOM KMCJIOTHI YKAa3bI-
BAlOT Ha 00paTHMOCTDL IIpoIecca, T. €. Hapagy
C TIpOIeccoM pacmaja MOJIEKYJ HAa HOHBI BO3-
MOKHO ¥ OOpaTHoe SBJeHHe: KaTHOH BOAOpoOAa
M AQHHMOH KHCJIOTHOIO OCTATKa O00beJUuHAITCA
B MoJieKyJany. KapOoHOBBIE KHMCJIOTBI, B TOM 4WC | [y
Je yKcycHad, — cJjabble 2JeKTPOJUTHI: JIHIIbL
HeGonblIasA [0 MOJEKYJ BellecTBa, HAXOAA- Pyc. 55. Mogenb Monekysbl YKCYCHOIA
1ieroca B pacTBope, pacnajgaerca Ha MoHBI. Ilo-  kucnotsi
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PTOMY B MOHHBIX YPaBHEHUAX pPeaKIlnii (popMyay KapOOHOBOI KHCJOTHI 3aIMCHIBAIOT
B MOJIEKYJIAPHOM BHZE, a He B BHIEe MOHOB.

KuciioTHBEIN 0CTATOK YKCYCHOM KHCJIOTHI (€ro HA3LIBAIOT auemam-uoH) uMeeT 3a
pan munyce (—). 3Had 3TO, JIEFKO COCTABAATH (POPMYJELI COJIell YKCYCHOH KHMCJIOTHIL.
B kap6oHOBBIX KMCJIOTAX aTOM BOJOPOJA, KOTOPBIM 3aMellaeTcA MeTAJJIOM, 3allhCaH
B (hopMyJie HaA IIOCJIeITHEM MecTe, a He Ha IIePBOM, KaK B IIPUBBIYHBIX JJId BAC HEOP
rapudyeckux Kuciaorax. Kax mpaBuio, XUMUYECKUHA 3HAK dJIeMeHTa-MeTalljla B COOT-
BETCTBYIOIINX COJIAX TAKIKE 3aNUCBIBAIOT IOCJEJHUM, HA MecTe Bomopoaa. [lostomy
hopmyibl cosieil Ka)KyTcsa MEePEeBEPHYTLIMH: CHa4dala AHMOH KHCJIOTHOTO OCTATKA,
IOTOM KaTHOH MeTaJlia:

CH3COONa — amerar HaTpus
(CH3CO0)Cu — amerar memu(II)

Cos yKCYCHOM KMCJIOTHI HAa3BIBAIT alleTaTaMH.

IloMmrMO KHCIOTO BKyCa W AeHCTBHUA HA HMHAWKATOP, KapOoOHOBBIE KHCIOTHI 06
JajJaoT OCTAJBLHBIMH CBOMCTBAMH KHCJIOT.

OHu pearwpyioT ¢ MeTaJJlaMH, CTOAIIMMH B PANY HaNpPsSiKeHWIH OO0 BOLOPOXA:

2CH;3;COOH + Mg — (CH3COOpMg + Hol
Kucaors! pearupywoT C OCH(’)BHHMH OKCHIaMH C OﬁpaSOBaHI‘IeM COJJM ¥ BOJBI:

2CH3;COOH + Ca0 — (CH3C00)5Ca + H,0

HpH BaaHMOHEﬁCTBHH RaDGOHOBHX KHCJIOT C OCHOBAHHAMM TaKiKe oﬁpaay:ﬁo'rca
COJIBb M BOJA:

CH3;COOH + KOH — CH3COOK + H,0

C conmaMH YKCYCHAs KHCJI0TA B3aMMOJEIICTBYET TOJbKO B TOM cJydae, €Clid OJUH
u3 o0pasymoiiuxca IPOAYKTOB BBIJENAETCA B BHE rasa HJIM BBIIAZAET B OCAIOK,
HaIpUMep:

2CH;COOH + Na,CO3 — 2CH5COONa + Hy0 + CO,T

CnupTtbl. 3TUNOoBLIA cnNUpPT. TPEXaTOMHBLIA cnupT rMuuepuH. KapGoHoebie
KMCNoThl. YKCYCHasi kucnora. AuertarTbl.

1. Kakve BellecTtBa HasbiBalOT cnuptamui? Ha kakue rpynnbl Oenat BellecTsa 3TOro
Knacca opraHudeckux coeguHeHuin? lNpuBegute npumepsl.
2. Kakue BellecTBa HasbiBalT KapboHOBbIMKU kucnoTamm? MpuBegute npyumMepsl.
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3. Hanuwunte ypaBHeHne peakuuyu MNoAy4eHUs 3TWNOBOro CnupTa W3 aTuneHa.

4. OxapakTepusyiiTe oBGnacTu NpUMEHEeHWA 3TaHona, ero GU3NoNorudeckoe AeicTeve
Ha OpraHvu3M Yenoseka.

5. B 4ém 3akn4aeTcs npuHUMnMansHoe OTAnYMe MHOMOaroMHbIX CMMPTOB OT OAHOATOM -
HBIX?

6. Hanuwwute, kakve BellecTBa BCTYNWNM B peakuun, ecnu B peaynstare nonay4uiunch
cnepylolive BellecTea:

a) ... - 2CH3COOK + CO, + H, O

6) ... = (CH3COO)Zn + H,

B} sy, 2CH3COON3 + H20

r) = (CHscOO}QMg + 2H20

CocTaBkTe ypaBHEHUA peakuui.

7. Kakyto maccy Boabl HyxHo aobasutb k 40 r 70%-Horo pacrtesopa rauuepuHa, 4Tobbl
nony4ute 5%-Helid pacTeBop?

8. Cmewanun 90 r 10%-Horo pacrtBopa ykCycHoW kmcnotel n 160 r 5%-Horo pacresopa
ruapokcuaa Hatpus. PaccuntailTe MaccoBble J0NM BELECTB B MOSy4eHHOM pacTBOpe.

N i

Ucnonb3yite AONONHUTENBHYIO MHPOPMALMIO U BbIpa3uTe CBOE MHEHue

9. MogrotoesTe cOOBLIEHWE MO TEME «AnNKOronuam M ero npogunakTukas, UCNonbays
BO3MOXHOCTKU WMHTEpHeTa.

10. MoaroToBbTe cooblleHMe 0 cocTaBe KU BUONOrMYEcKor ponyu O4HOro M3 Kiaccos 6Mo-
Nornyecku akTUBHbIX CoeduHeHu (no Beibopy): a) Benku; 6) Xupbl; B) yrnesoabl.

§ 24. KPEMHUI1 U ETrO
COEAVMHEHUS

Ecnu yrnepoa — rnaBHbi¥ 3/1EMEHT >XMBOW NMPUPOAbl, TO KPEMHWH — TrNaBHbIN
3/1IEMEHT HEeXWBOW npupogbl. Mouemy?

Crpoenne aroma. ITocroabKy KpemHuii pacmnosio:keH B Ilepumonmueckoii cucreme
anemenToB II. 1. MenpgeneeBa B TpeTrheM nepuoje, B IVA-rpynme, To cxema cTpoe-
HHUS ero aroMa CJeayIolias:

1451 2e, 8e, 4e

HM3-3a Goabpliero paguyca atoMa KpeMHHI npoaBiser OoJiee ciabble HeMmeTas-
JAuYecKHe CBOHCTBA, ueM yriaepox. Popmysa OKCHIA KPEMHUS B BBICIIEH CTEeleHN
okucaenusa — SiOy. Kpemnuii obpasyer Jjerydee BOJOPOAHOE COEJUHEHHE COCTaBa
SiH; — cunan.

Kpemuauit 8 npupoae. Ilo comep:xaHuio B 3eMHOI Kope 3JeMeHT KPEeMHUH 3a-
HUMAaeT BTOPO€ MECTO IIocje KHucjaopomza. B cBoGOZHOM COCTOAHWM KPEeMHHWIH B IIpH-
pole He BCTPeYAeTcdA, CAMBIM DPACHPOCTPAHEHHBIM COeAWHEHHEM KPEeMHHSA CUHTAIOT
ero OKCHI, Ha J0JII0 KOTOPOIO B COYETAHMH ¢ OKCHAAMH MeTaJIoB npuxozurcs 90 %
Maccbl auTochepsl.
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KpemHuii m kKucaopog o0/agaoT YHHKAIb-
HOM CcHOCOOHOCTBIO B3aMMOAEHCTBOBATE APV
c Apyrom, o0pas3ydA IIPOCTPAHCTBEHHBIN KapKac
C aTOMHOH KpPHUCTAJJIMYECKOM pPemIéTKOl:

| I |
o] 0 0

—Si—0—Si—0—Si—
| I |
Takme cBA3M MOrYT cJjaraTbCcda B IIeTIOYKH,
Puc. 56. Acbect obnapaeTt CJIOM W TIIPOCTPaHCTBEHHEBIE CTPYKTYpPRI. Ilpm
BOJIOKHUCTON CTPYKTYpPOM ATOM YACTh ATOMOB KpPeMHUs ObIBaeT 3aMelleHa
aroMaM¥ MeTaJlJIoB.

ITpuMepoM NPHUPOAHOTO BellecTBa, COAeps;Kallerc IeNoYKHM CBA3ed KpeMHUH —
Kucjopon, apadercs acbecm (puc. 56). Ito Marepuas BOJIOKHHCTOI'O CTPOEHU:A, 06
JAZAaoIIUE [IpeKpacHOR TepMOCTOMKOCTBIO (BbIZep:kuBaer Harpepanue no 1500 °C),
HHM3KOM 3BYKO-, TeILJIO- M 3JIeKTPOIPOBOAHOCTHIO, KUCJIOTOYNOPHEINA. Panniie acbect
OIPUMEHAIN B KAYECTBE 3JIEKTPOUIOJSIUOHHOTO M TEIVIOUSOJAIMHOHHOTO MaTepHasa,
OJis U3TOTOBJIeHUA acbolleMeHTHBIX IIJIWUT, TPyD, OTHECTOMKMX MAaTEepUAJIOB (TKaHEl,
oymaru, kaprona). Ceiiuac npuMeHeHue acbecTa OrpaHHYEHO B CBA3HM C ero KaHIle
POTeHHLIMM CBOMCTBaMH.

Hexkoropsie nmpupoiHble MUHEpAaJbl HA OCHOBE OKCHUIA KPEeMHHUA, COAepsKalue
B CBOEM cOCTaBe AJIOMUHMI, HAa3bIBAIOT aJdlomMocunrukamamu. K HUM oTHOCATCA
rauHbl (Hampumep, Oejiasg raWHA — KAOJWH), MOJEBbIe MINAThI (ATBOUT, OPTOKJIA3)
M CIIIOJBI.

ITpumMepoM aJIFOMOCHJIMKATA CJIOUCTOTO CTPOEHUA, COCTOAIEro M3 TOHYANIIIMX
IJIACTUHOK, MOKET CIYKUTH cawda (puc. 57). Kpucraanasl caoOabl MOMKHO paciie
OUTE HA TOHKHWE IIPOYHBIe W ynpyrue auctoudxku. [loMumo okcuga KpeMHHSA, B COCTaB
CHIOABl BXOMAT OKCUABI AJIOMUHHA U IIEJOUYHBIX MeTasioB. Ciaroja — IpeKpacHBIH
DIEeKTPOMBOJIAIIMOHHEIN MaTepuan. Ciaiofa ycToMuuBa He TOJBKO K HarpeBaHMIO,
HO W K AeHCTBUI0 XUMWYECKUX BellecTB. VM3 Heé M3roTaBiuBaiOT CHeIHAJbLHBIE O
Tuyeckue cTéraa. MoJOTYIO COIOY HMCIONB3YVIOT B KayecTBe HAOJHUTE NS IPU HU3To-
TOBJIEHUHU ILJIACTMACC, KPACOK M T. [I.

IITuporko pacHmpocTpaHeHBI B MPHPOAE pPas-
HoBHAHOCTH oOKcuaa KpemuuA(IV): KpemnHeséwm,
KBapll, ropHbIil Xxpycrans (puc. 58), HeKOTOpbIe
noJayaparomeHHble W HOJeJIOYHbIe KaMHM: aMe-
THCT, arar, CepHoJiuK, OIlaj, dAIMa, XalleloH.
Peunoii mecox — aTo Toxxe oxcujg KpemHuA(IV),
JKeJITOBATYIO OKPACKY KOTOPOMY HPUAAIOT TPH-
MecH CcoeJMHEHHWH ’Kesesa.

IIpocToe BemecTBO KpPeMHHI IIpeACTaBJIsAET
coboli TEMHO-cepoe KPHUCTANINUYeCKOe BeIecTBO
Puc. 57. Cnioga nerko pacuiennsietcs C MeTaJJIHYeCKHNM GHECROM, oﬁﬂanafomee IIoJy-
Ha TOHKWE Npo3payHble NAacTUHKK TIPOBOJHUKOBBIMH CBOMCTBAMH.
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B coBpeMeHHBIX AJIEKTPOHHBLIX HIpubOpax Hc-
TONIB3YeTCsA KPeMHHH OYeHBb BBICOKOH YHCTOTBI.
Cogep:kaHue IpHMeceil B KpHCTaljle He TOJIHK-
"o mpesbimars 0,00000001 %! Takoit ¢danTa-
CTUYECKM YHCTHIII KpeMHUII [MONy4YarnT Jubo B
peayJjbTaTe 04eHb CJIOXKHOTO TeXHOJOTHYECKOro
mporecca yaaJeHus IpumMmeceii, Jubo pasyosre-
HHUEeM JeTy4ero BOAOPOJHOTO COeIHHEHUA KpeM-
HHAS — CHJIaHa:

t
SiH, = Si + 2H,

Xumnyeckue cBoicTBa KpeMHusA. IIpy 00bIY-  pyc. 58. Kpuctannsl ropHoro
HBIX YCIOBHUAX KPEeMHUII XMMHUYECKH HHEPTeH. xpycrans

OrucaumeJibHble €60ICMEG ITOT HEMETAJLI
IPOABIAET TOJBKO 110 OTHOINEHHIO K MEeTaJLJIaM.
Peaknuu coequHeHUA HPOTEKAIOT IIPU OY€Hb BBICOKHUX TeMIlepaTypax W IIPUBOIAT
K obpasoBaHWI0 cuiaunuaoB. Hanpumep, pacniaBieHHBIN KaJbI[Hil pearupyer ¢ II0
POIIIKOM KpeMHHU#A ¢ 00pa3oBaHMEM CHJIMIIMAA KaJlbIlUA:

0 0 ; +2.4
2Ca + Si = CagSi

Kpemuuii He pearmpyeT ¢ BOZOPOAOM, HO o0OpasyeT JeTydee BOIAOPOJHOE COEIH-
HeHme. CHIaH TOJIy4YalOT AeHCTBHEM BOABI MW KHCJIOT HA CHJIHIMHAALI AKTHBHBIX
MeTaJLJIOB:

CaySi + 4HCI = 2CaCly + SiH T

BocecmanosumenbHble ceolicmea KPeMHWH IIPOABJAET IIPH B3auUMOJAeHCTBHM
¢ HeMmerajdjaamMu (rajJoreHamMu, KHCJIOPOAOM), a TaKiKe C HEKOTOPBIMH CJIOMKHBIMU
BelljecTBaMH.

Mz HemeTa/JIOB IIPUM KOMHATHO#l TeMIlepaType KpPeMHUH pearupyer TOJbKO
¢ (ropom:

Si+ 2F = SiFyT
(propu
KpPeMHHs

C TakUM CUIIBHBIM OKHUCJIHUTENeM, KaK KUCIOPO, KPeMHUI pearupyer JUIb IPH
remmeparype Bbimie 1000 °C ¢ obpaszoBanmem oxcuaa kpemuua(IV):
Si + 0y = Si0,T
Crnoxxuble BelllecTBa, objajgarollue CUIbLHBIMH OKHCJINUTEILHLIMU CBOMCTBAMU,
TaK’Ke B3aUMOJIEMCTBYIOT ¢ KpeMHHeM ¢ obpasoBanmeMm oxcuma kpemuusa(IV):
Si + 4HNO3 = Si0Oy + 4NO,T + 2H,0

ITpu HarpeBaHMM KpPEeMHHI B3aWMMOJAEHCTBYET C KOHIEHTPUPOBAHHBIMH PACTBO-
pamu 1mesoueit. IIpogyKToM OKHCJIEeHUA ABIAETCA COJb KPEeMHHEBOM KMCJOTHI:

Si + 2KOH + Hy0 = K,Si03 + 2H,T

Oxcupg kpemansa(IV) Si(y — 3T0 KUCIOTHBIH OKCHJI, €My COOTBETCTBYET KPEeMHU-
esaa kucaoma HySi03. C Bomoit oxkcupn kpemHuA(IV) He B3amMopgeiicTByeT, IMO3TOMY
KPEeMHHEBYH KHCJIOTY IIOJYYalT KOCBEHHBIM IIYTEM.
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Kak u mnonaraerca KHCIOTHBIM okKcugaMm, oxcujg xpemuaua(lV) pearupyer
¢ OCHOBHBIMH OKCHIAMH M IIeJ0UYaMM ¢ 00pasoBaHHEM COJeHl KPeMHHEBOH KMCJOTHI:

t
NayO + Si0y = NaySiOg

t
2KOH + Si0, = KySiO; + H,0

CUIMKATBI IIEJOYHBIX M IMeJOUYHO3eMeJbHEIX METAJJIOB HOJYJYaloT TAKJiKe CILIaB-
neHnueM okcuga kpemHuA(IV) ¢ xapbomaramm:

t
CaCOg3 + Si0y = CaSiOg + CO,T

Kpemanesasa kucaora HpSiOg. IIpn geiicTBMM Ha pacTBOP CHIMKaTa HATPUA WJIHN
KaJiis CUJILHOM KHCJIOTOU B Pe3yabTATe peaknuu obOMeHa o0pasyeTcd CTYAHEBUIHBIH
0oCaJlOK HepacTBOPHMMOI1 B BOoJe KPeMHHEBOII KMCJIOTHI:

K,Si03 + 2HC] = HySi03l + 2KCI

Popmyna HySiOz nuine ycJI0oBHO oTpa)kaeT COCTaB KPeMHHUEBOIl KHCJIOTHI; Ha
caMoM JpJeJie M3BeCTHa He OJlHa, a MHOI'O pPa3JIMYHBIX KPeMHHMEeBBIX KHCJIOT C oﬁm;efi
dopmynoit nSiOy - mH,O0.

RpeMHHeBaﬂ KHCJI0Ta O4YeHb cnaﬁaﬂ. HOCROJH:RY OHa HepacTBOpHMa B BOle,
TO He pearvpyerT HH C MeTalJlaMHl, HH C OCHéBHHMH OKCHIJaMHi, HH C COJAIMH.
B memouax e ocaJOK KPeMHMEBOH KHCJOTBEI pacTBopdaeTca Oiarojgapsd IelCTBUIO
T'MIPOKCHI-aHHMOHOB:

H,Si0; + 20H = Si0% + 2H,0

NaGopaTtopHbin onbiT 40

Cobepute npubop ana nosyvyeHus rados. MMonyuute yrmekucnblid ra3 B3aumMoaencTBUEM
Mpamopa C CONAHON kucnotoi. lNponyckanTe yrnekucnslid ras Yepes pacTtBop cunukara
HaTpus. YTo HabnopaeTe? CpaBHUTE CWNY YrofibHOM M KPEMHUEBOWM KWCINOT.

IIpu momBITKE BBHIAENUTH KPEMHHEBYIO KHCJIOTY B TBEPAOM COCTOSHUM OHA JIETKO
TepseT BOAY W mpeBpamiaerca B okcuj kpemuusa(IlV) B Bume mopucToi Macchl — Tak
HA3LIBAEMBIN cuaukazenlb. CUINKArelb HAXOAUT IIMPOKOE INpPHMeHEeHHe B KadecTBe
TIIOTJIOTUTENsT BOOAHBLIX IIAapOB M JAPYIHX ra3000pasHBIX BeIECTB, T. €. KaK aacop-
6enr. CunukarejgeBble MIAPDUKYU Bbl MOMKeTe O0OHAPYIHUTH B KOPOOKax ¢ obyBhIO, yia-

KOBKax C 3JIERTp0HHOﬁ TexHukoit. Mx szagaua — Inogaep:XHueaTb BHYTPH YVIaKOBKH
IMOCTOAHHYIO BJAXKHOCTH BO3AyXa.
Conu Rpermmenoii KHCJIOTBI — CHJIMKATBI. BOJIBIIMHCTBO CHUIMKATOB HepacTBO-

PUMO B BOJe, W JHIIb COJNH HATPUA M KaauA o6pasyroT pactsopbl. Ilpm Gosbinoit
KOHIIEHTPAIlM¥ PAcCTBOPEHHOTO BeIlecTBA TaKHe PACTBOPBI CTAHOBATCA BASKHMH.
X HaSbIBAIOT HCUOKUM CMEKJOM, MOCKOJIBKY [P BBICBIXAHUU OHM 06pasyloT Kpy- |
NUHKYA CUJIHKATOB, HAIIOMMUHAIOIINE OCKOJKHM CTEeKJIa C OCTPBIMM KpasMmu. Jlupkoe
CTEKJIO MCIIOJb3YIOT IPH M3TOTOBJIEHMH OyMarm, KapToHA, OTHEYIOPHBIX MaTepua-
JIOB, CUJIMKATHBIX KPACOK, a TaK:Ke B KauecTBe OOBIYHOT'O CHUJIMKATHOTO KJed.
Coegunennsa kpeMHus B sxkuBoil nmpupoge. Oxcug kpemauA(IV) Boimosraaer QyHK-
U0 CBOeoOPA3HOrO KECTKOrO Kapkaca, Oiarogapsa KOTOPOMY JIHMCTbA U cTeban
pacreHUil obOsamaroT ynpyrocrbio. CoefMHeHMs KPEeMHHA COHEPsKaTcd B KOJTIUKaX
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KaKTYCOB M OCTPBIX, KAK HOMKM, KPOMKaX JIUCThEB KaMBbIIIA, KYKYDPY3bl UIM OCOKH.
Ileppa OTHI ¥ MIEPCTDh KUBOTHBIX YIPYTH M KECTKHM TaKKe Oarogapsa COLePKaHUIO
B HUX KpeMHHuA. B opranusme yejoBeKa KPeMHUH, KaK MHKDPO3JEMEHT, COLEPKUTCA
B OCHOBHOM B KOCTAX, NpHAaBasd MM IVIAAKOCTHL W IIPOYHOCTE.

IIpumeHeHne KPEeMHHS M €ro coeguHeHH. YNCThI KPeMHHUA HAXOAHUT BCE GOJB-
Iee NpUMeHeHHe B HPOMBIIIICHHOCTH.

Hu onwH coBpeMeHHBIH 2JIEKTPOHHBIA HpHOOpP OT coTOBOro Teaed)oHa OO MOIII-
HEHUIIIero KOMIIBIOTEpA HE MOKeT O0OUTHUCH (e3 IMOJYIPOBOAHUKOBOH MHKPOCXEMBI.
JTa MHHHATIOpHAA IJIACTUHKA MpeACcTaB/deT co00i KPUCTANLI CBEPXYUCTOTO Kpem-
HUS W crocobHa coBepllaTh MHJIJIMOHBI OIIEPAllMid B CEKYHAY, XPaHHUTh I'MTaHTCKHE
00 MBI MH(pOPMAIIHH.

Kpemuuii obnajgaer crnocobGHOCTEIO MpeoOpa3oBBIBATL CBETOBYIO SHEPTHIO B JJIEK-
TpuuecKyo. Ha 9TOM CBOHMCTBEe OCHOBAHO JeHCTBHE CONHeUHBIX Oartapeit. Taxkue Ga-
Tapey YCTAHABIWBAIOT W HA OOLIYHBIX MUKPOKAJIBKYIATOPAX, X HA CIENHAJIBHBIX
KpbLIbAX opOUTANbHBIX cTaHIuii. Beé yarnie colHeuHble OaTapen HMCIONbL3YIOT B OBITY
B KayecTBe AJIbTEPHATHBHOTO MCTOYHWKA 3JIEKTDOYHEPTHH.

KpemHUII BXOAUT B COCTAB HEKOTOPHIX CILIABOB, HAIIDHMEP CUJAYMUHA — CILIaBa

KPEeMHHUA C aJlOMAHHEM. lIpenMyImecTBa TAKOro CIJIaBA — €ro JErKkocTb M IIPOY-
HOCTH, M3 HEr0 MBrOTABJIMUBAIOT KOPIIyca JBHUraTeleil aBTOMOOHUIEH.
CoeauHeHns KPeMHHA — OTO OCHOBA CHJIMKATHOM HpoMmsbliuieHHoctH. 00 aToM

Oyzer paccKasaHO B cieayiolleM maparpade.

Kpemuuit. Cunan. Cunuumpbl. Okcup kpemHusa(lV). KpemHueBas kuc-
nora. Cunukarel

I'lpoaephTe CBOM 3HaHMA |

1. 3anuwnTte cxemMmy CTPOEHWS aToOMa KPEeMHWA U YKaKUTE CTENeHW OKUCNEHUd, xapak-
TEpPHLIE 019 3TOro anemeHTa B coeguHeHuax. lNpreeanTte npyMepsl GOpMYN COEaMHEHUIA
KpeMHUSA.

2. Oxapaktepusyiite cnocobbl Nony4YeHWs, CBOWMCTBA W MPUMEHEHWE KPUCTANNUYECcKOro
kpemHua, OTBeT noaTeBepauTe ypaBHEHUAMW COOTBETCTBYIOLMX peakLUiA.

§

3. 3anuwute ypaBHEHWS peakuMid, C NOMOLLBKD KOTOPbIX MOXHO OCYLIECTBUTb Cleayto-
LMe nNpeepalLeHns:

Si0; — Si — CasSi — SiH; — Si0y — K,Si03 — H,Si03 — SiO,
4. MNoyemy WENO4YM B naboparopuu XpaHAaT HE B CTEKNSHHbIX cOCydax, a B NOAMMEpPHbIX
yrakoBkax?
5. Kakoil 06bémM Bogopoga (H. y.) obpasyetcs npu B3ammopeincteum 96 r KpemHus, co-
pepxauwero 5 % npumecein, ¢ n3bblTkoM pacTBopa ruagpokcuaa Hatpua? Kakoe konude-
CTBO BelecTBa rmapokcmuaa Harpus notpebyetcs gns peakunm?
6. Oxapaktepusyinte obnactu NMpuUMeEHeHWs KPEeMHWA W ero coeauHeHuin. lNNepedncnun-
Te npegMeThl ObiTa, AoMaluHero obwuxoda, NnpuW WM3roTOBMEHUW KOTOPbLIX WMCMOJbL30BaHbI
KPEMHUA 1 KpeMHWiicoaep X allue BelLlecTsa.
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7. BeinonHute AomMalHWiA akcnepumeHT «CunukaTHelil cag».
Peaktnebl v 060opyaoBaHue: CONN — MeAHbIA KYNOpPOC, XeNnes3Hblll Kyrnopoc (Mx MOXHO
npuobpecTy B marasvHe TOBApOB AN cafa W oropoja), cunukatHbelid knen (1—2 Tiobu-
Ka), Heckonbko BaHo4ek 3 GecuBeTHOro cTekna (CKOJIbKO coNnert BO3bMETE AN OnbITOB,
CTONBKO HYXHO M BaHo4ek).
Xoa pabotsl. Pazbasbte knei sonoi (1:1). Hanente pactsop B HaHoukn n3 HGecuger-
HOro cTekna. Ha OOHbLIWKK NpeaBapuTeNnbHO NOMOXWUTE HECKOBLKO KPYMHLIX KPUCTannos
OOHOM W3 ykasaHHbIX conen. B TeyeHwe Heckonbkux OHel HabnogaiTte 3a npoucxonn-
wWymMK nameHeHnamu. Hanuwwurte oT4€T 0 npoaenaHHoi pabote. He 3abynste npo ypae-
HEHUs peakuuial

Beipazute cBO& MHeHue

8. Kak Bbl AymaeTte, no4yemy yrnepop HasbiBaloT MaBHbIM 3MEMEHTOM XUBOW NPUpPoab,
a KPEeMHUIA — OCHOBHbLIM 3/IEMEHTOM HEXMWBOIN NPUPoabLI?

S 25. CWINKATHAS
IPOMBIIILIEHHOCTD

CekpeT M3roToBNEHUS 3TOrO Marepuasna OTKPbIAM KWUTauckue mactepa B VI—
VIl Be. OH cTan anbTepHaTMBOW KaMHIO, OepeBYy, MMHE W OT/IMYANCA HEBEPOST-
HOM KpacoToW W MpaKTUYHOCTbio. JIloAW FOBOPWUIIM, YTO U3LENUA M3 ITOro Ma-
Tepuana Genbl, Kak CHer, TOHKM, Kak Bymara, u npouHbl, Kak metann. Cekpert
M3roTOBJIEHWUSA 3TOrO Marepuvana KUTaMCKUe Mactepa CBATO XPaHWIWU MOYTH TbICH-
uy net. Toro, KTO Aep3Hys Obl BbigaTb 3TOT CEKPET, »KAasfa HEMUHYEMas CMepTb.
O kakom matepuane WOET peub? Kakue uM3genus U3 Hero ectb y Bac goma?

XuMHUYeCcKHe InpeepalilleHyd COoCTaBJIAKT OCHOBY He TOJBHKO XHMHYEeCKOM apo-
MBIIIJIEHHOCTH, HO M MHOTHX JAPYIUX OTpacieil COBpeMeHHO# skoHoOMuKH. Hanpwu-
Mep, B CTPOMTeJIbCTBE MCIOJIb3YeTCHd fojiee THICAYH pas3/IM4YHbBIX BelllecTs, cmecef&,
KOHCTPYKIIMOHHBIX H OTJeJIOYHBIX MaTepHaJOB, H3I'OTOBJIeHHMe KOTOPBIX OCHOBAaHO
Ha NPOTeKaHWM XMMHUYeCKUX peaknuii. CyliecTByeTr gaske CMeXHAs CO CTPOUTENH-
CTBOM OTpaciab, KOTOpad 3aHHMaeTCd B TOM YHHCJ/Ie IPOM3BOICTBOM CTPOMTEJIbBHBIX
MaTepHaJioB, — CHJHKaTHasd IIPOMBINIJIEHHOCTD.

CunukaTHas NMPOMBILUNIEHHOCTE — 3TO NPOW3BOACTBO CTEKMA, CTPOUTENLHbIX
Marepuanos (LUemMeHTa, kupnuya), a Takxe kepamukn, dapdopa v dasaHca.

CrpouTensHass WHAYCTPUS HeMbICIHMA 0€3 HCIOJB30BAHUA TAK HA3BIBAEMBIX
CEAZYNULUX MAMepualos — BASKOU, HO TBEPAEIONIEN MacChl, KOTOPOH CKPENJIAIT
KaMHH, KUpnu4uH, 6Jo0KkKn. B ApeBHHMe BpeMeHa B KadecTBe CBA3YIOIMX MaTepHAaJIOB
MCTIOJIB30BAIM TJIMHY, U3BECTHAK, M3MEJbUEHHBIA BYJKAHWUYECKUHA memes, anebactp
U Jake KypUHBbIe AMIA.




CkadaH ¢

IHement. CoBpeMeHHBIM CBA3YIOIIMM Ma-
TepuanoM, 6e3 KOTOPOTO HEMBICIHMO HH OJHO
CTPOUTEJIBLCTBO, ABJAETCH IIEMEHT.

IlemeHT mosiyyaroT CIIeKaHHEM H3BeCTHH-
Ka W TJWHBI B CIENUAaJbHBIX BpPaIgaloluXcs
nmeuax mpu Temmneparype 1500 °C.

OcHOBHaA cOCTaBIAIONIaA W3BECTHAKA —
aTo Kapbomar wxanbnua. Ilpu ero obG:xure
IIPOTeKaeT pPeaKOuA Pas3/IoKeHUd:

t
CaCO; = CaO + CO,

B cocraB TIMHBI BXOAAT OKCHJ AaJIOMH-
Hua Al O3, oxcup kpemuua SiOp; u HesHa-
YUTeJBHOE KoJndecTBO okcuua xemnesa(lll)
Fe203.

IIpu crekaHWH KHCJIOTHOT'O OKCHIA KPeM-
HUA, OCHOBHOT'O OKCHJa KaJbIIHA, aM(OTEepPHLIX OKCHUAOB AJTIOMHAHHUA U JKeje3a IIpo-
uecxoauT 06pasoBaHME CHJIMKATOB STUX METAJJIOB — TAK HA3BIBAEMOI0 KJAUHKepd.
ITocine oxnaskieHUA KIUHKED pasMajbIBAIOT B IIOPOLIOK, nobaBiasamT asebactp
(CaS04.-.0,56H50), THIaTenbHO HepeMeIIHBAIOT W pacdacoBBIBAIOT B CHellHAJLHBIE
6yMmarkHble Meinku (puc. 59).

IlemeHT cMeIIMBAIOT € IIECKOM M BOJO [0 oOpasoBaHUA BA3KOM cMecH — Ue-
menmuozo pacmeopa (puc. 60). C TeueHrneM BpeMeHHU BOJA B3aUMOJEHCTBYET ¢ KOM-
MOHEHTAMHU CMeCH, U LEeMEHTHBIN PACTBOP MOCTENEeHHO IIpuobperaeT TBEPAOCTH KaM-
HA. Ero ucrosip3yioT B KadyecTBe CBA3YVIOIIEro Marepyalla KUPIUYHON MM KaMeHHOM
KIagKH, a TaKsKe A HM3TOTOBJICHHA KeJe300eTOHHBIX HU3JeIHi: IIHT IePeKPBITHA,
byHIaMeHTHBIX OJIOKOB U T. A.

Crexmo. [Ipyroil BasKHBIM HPOAYVKT CHJIMKATHON IMPOMBIIIJIEHHOCTH — 3TO CTEKJO.

ChrIppéM [IA MPOM3BOACTBA CTEKJA ciy:kar copa (kapbonar marpua NaCOsg), us-
BeCTHAK (OCHOBHOHM KOMIOHeHT — KapbOonHar kaunbnua CaCQ;) m mecor (ero ocHoO-
Ba — oxcuj KpemHHA Siky).

Ecnan npu nmpousBoJcTBe IeMeHTa MCIIOJIb3VIOT IIPOIlece CHeKaHUus KOMIOHEHTOB,
TO K MOJYYEHUIO CTeKJAa IPUMEHAIOT «KYJUHAPHBIN» TepMHUH: ero BapAT. Ilpu cninag-
JIEHWH CMEeCH IIePeYHMCJIeHHBIX BeIecTB KapOOHATHI MEeTAJJIOB pasJjaraloTcs, B3au-

Puc. 59. loToBeIM K Npopaxe
(acoBaHHbLIN UEMEHT

.

1
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MOAEHCTBYIOT ¢ OKcuaoMm KpemHuA(IV),
M pacijiaB BacThIBAeT B IIPO3PAUYHYIO
XPVIKYIO Maccy — 9TO MU eCTh CTeKRJIO.
Ero cocraB MOKHO BBIPasuThb (POPMYJIONM
Nas0.-.Ca0..6Si0;. M3 rakoro marepua-
Jia M3TOTOBJIEHBI CTEKJA B OKHAX HaIIUX
kBapTup. OmHAKO CTeKOJIbHAasA IIPOMBIII-
JIEHHOCTh HM3roraB/JHMBaeT COTHH JIpPYVIHUX
BHUJIOB CTEKJIa: KBapliepoe, TePMOCTOIKOe,
OTrHeyIOpHOe, onTudYeckoe u T. n. na mo-
JIYUEeHUSA LBETHOI'O CTeKJia B pacIiljiaBJIeH-
HYIO Maccy Ro0aBJIAIOT OKCHIbLI MeTaJJIOB:
Fey03 (xopuunesoe), CoO (cuuee), CryOg
(genénoe), CrOgz (:xéntoe). Mz Kycouxom
pasHOIBETHOTO CTEKJA M3TOTABJIUBAIOT
BeJIMKOJIENIHBIe BUTpaxku (pmc. 61) m mo-
3aMYHbIe KapTHUHBI.
Puc. 61. Butpax B coGope Crexyio — amophHOe BelecTBo (8cnom-
Hume, 4em OmMJIAUYAIOMCA AMOPPHbLE Ee-
wecemea om Kpucmaaaudeckux), IIPA HarpeBaHUM pasMArdyaeTcsa, U eMy MOSKHO
opuaats g0y dopmy. MamaBHa M3 cTeKJa HM3TOTABIHMBAIOT HE TOJABKO MOCYIY,
HO U HpeKpacHble XYIOYKeCTBEHHbIe H3IesIud.,

Ecnn okcua ranenud B cTekJje 3ameHuThb okcupom cBuHNA(IV) PbO, momnyuwur-
ca xpycraas. OH OueHb HAIIOMUHAET CTEKJO, HO Oojee mpoapaueH, obiagaer cro-
CcOOHOCTBIO CUJILHO MNPEJOMJATH JY4YHM CBeTa M M3IaBaTh TOHKHMN NPUATHBIA 3BOH.
W3 xpycransa M3rOoTaBJIMBAIOT HNOCYAY, AeKOPATHBHBIE M3AeNHdA, JIOCTPHI (puc. 62).

B mocienHee BpeMs Bcé OoJiblllee paclpocTpaHeHUe IojiyyaeT mepejgada mHbopma-
WU [0 TAK Ha3BIBAEMBIM onmuyeckum onoxunam. OnTUUYeCcKOe BOJOKHO MpPeacTaB-
JaseT co0ol TOHUANMIIYIO HUTHL TOJIIWHON ¢ YeJOoBeUYeCKHH BoJsioc. Ero maroraBiImBaioT
M3 Ype3BBIYAHO YMCTOrO KBAPILEBOI'O CTeKJIa — paciuiaBiaeHHoro okcuga kpemuaua(IV). |
Copep:xaHue NpUMeEce B HEM He TOJAKHO |
IPEeBBIIIATE 1.-.107'% % . OnTuueckoe Bo-
JIOKHO WMeeT [pPO3PAYHVI0 CepAIeBUHY,
HPOMYCKAIIYIO CBET, M IOJIUMEDPHYIO 000- |
JIOUKY, KOTOpad IIPenATCTBYeT MIPOHUK-
HOBEHHIO CBeTa dYepes OOKOBYIO CTEHKY.
ITyarky OoNTHYECKHUX BOJIOKOH HCIOJB3VIOT
NI Hepeladu TeJIeBU3MOHHBIX IITPOrpaMM,
Tese()OHHBIX PA3TOBOPOB M CHUTHAJIOB [JIs
KoMIbIoTepHON TexHUKH. Ilo Bceil Bepo-
ATHOCTHU, ONTUYECKOE BOJIOKHO BCKOpPE BbI-
TeCHUT MeJHble IIPOBOJIOUHBIe Kabesu, wc-
IIOJb3yeMble IJIsd 3TUX IleJiei.

O61uM TepMUHOM KepaMuka (0T rped.
keramos — TJUHA) HAa3BLIBAIOT W3AeJINA
u3 000KEHHOW raumHbI. K HMM OTHOCHAT
¥ KepaMH4YeCKYI0 OOJHIIOBOYHYIO ILJTUTKY
13 xpycrans (puc. 63), ¥ KepaMHUUYECKVIO IIOCYIY.

il
u
=

EEPHE.-
BRgEr
BEERTE»,
RLEEER
EREEEE;
EBEREF
RERGES

Puc. 62. N3penua
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Puc. 63. Kepamunyeckas nnuTtka B MHTEPbEPE BaHHOMW

dapdop — 3TO KEpaMUUECKOe U3[eNe, U3TOTOBJIEHHOe U3 0esoi I'JIMHBL CO cle-
NUanbHBIMI nobaBKaMM M OTJHUYAKOIleecA HEIOpPHCTHIM cTpoeHueM. Ilpeamersr
u3 TOHKOro (hapdopa marke MpPONycKAaOT cBeT (cilerxka mpospadHbl). O6GLIYHO UX TIO-

KPBIBAIOT IJIa3yPbi0, HAHOCAT PUCYHOK M IOBTOPHO OOKHUTAlOT.

Brwl, maBepHoe, morajgajiuch, YTO B Ha-
yajsie maparpada peub Iia 0 BEJIUKOM KH-
raiickoM usobperenun — dapdope. B Es-
pome dapdop cTaam MITOTABJIWBATH JIUIIH
B XVIII B. IlepBoiit pycckuit dapdop 6bL1
noaydyeH copaTHukoM Mmuxamiaa Bacuiabe
Buua JlomonocoBa [Imurpuem MBamouuem
BunorpagossiM. Biaromaps ero mcciemoBa-
HUAM OO0 YKa3y umneparpunisi EausaBeTst
IlerpoBubl B 1744 1. mox IlerepOyprom 6u1I
noctpoeH nepsblii MUmMneparopckuit dapho
poBbli 3aBoj (puc. 64).

dasmce, B orauuue oT (apdopa, ume-
eT IIOPHCTYI0 CTPYKTYPY M Hempo3padeH.
M3 Hero m3roTaBJIMBAIOT He TOJBKO IIOCYIY,
HO ¥ OOJIHUIIOBOYHYIO IJIHTKY, ApXUTEKTYD-
HbIe JeTajl, CAHTeXHHUKY.

Puc. 64. Mpoaykuna VMimneparopckoro
dapdoposoro 3asona
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CunukatHas npombiwneHHocTb. LlemeHT. Ctekno. Kepamuka. ®apdop.
dasgHc

1. HazoBuTe OCHOBHbIE BWAbI NMPOAYKLUM CUNUKATHOW NMPOMbILLIEHHOCTH.

2. Kakne npupogHbie U XMMWYEeCKMe Marepuanbl CAyXaT CbipbEM ANnA NpOW3BOACTBA Le-
MeHTa, CTekna, Kepamukun?

3. B 4ém cxoactBo 1 pasnuyua dapdopa n danHca? Kakoin na marepwanoe 6Gonee ue-
HeH?

i

4. MNpw NpokanMeaHuK CTPOUTENLHOE CBA3YIoLWee runc, umetouiee popmyny CaSO 4.+.2H50,
npespawaetcs B anebactp coctasa CaSO ,.:.0,5H,0. MNpu pnobasneHun Boabl anebacTp
ObICTPO TBEpAeeT, BHOBb NpeBpalladack B runc. Kakas macca Boabl noTpebyerca anda
npespatleHus B runc 14,5 kr anebacrtpa?

5. Haignte mMaccy KaXaoro u3 KOMMOHEHTOB LWIWXTbl (CMECKU), HEODXOOUMbIX A8 Moy -
yeHus 10 T OKOHHOMO CTeKna COrMacHO YPaBHEHWIO peakumu

Na,CO5 + CaCOg4 + 6Si0, = Na,0..Ca0..6Si0, + 2C0O,T

Kakon o6béEm yrnekucnoro rasa (H. y.) obpasyertcs npu atom?
6. 3anuiMTe ypaBHEHWUs peakuMil Mo cneaylounM CXemam:

t
a) CaCO; + SiOp —

t
6) CaO + Si0, —
B) CaO + H,O —
r) Ca(OH), + CO, —

WUcnonb3aynte AONOMHUTENbLHYIO MHDOPMaLUIO

7. Moprotoesre coobuleHne o6 uctopun dhapdopoBoii NPOMbILINEHHOCTH B Poccuu.

Bbipa3ute CBOE MHEeHUue

8. BblOpochl LIEMEHTHOro NPOW3BOACTBE, OCOOEHHO 3aBOAOB, MOCTPOEHHbLIX B MPOLUIOM
BEKe, HAHOCAT Bpe[n okpyxXaioulei cpepe. MpeacraBUTeny 9KONOrMYECKWUX OpraHu3aLlnii,
0OLIECTBEHHbIE M MONUTUYECKME AEeATenn TpebyloT 3akpbiTuA Takmx npeanpuaTnin. Bbi-
pasvuTe CBOE MHEHWe OTHOCUTENbHO 3TWX TpeboBaHuiA.




Crauan ¢ material100.tilda.ws

§ 26. NOJIYYEHUE HEMETAJLJIOB

Kak meTannbi, Tak M HemeTa/ibl BCTpeyaloTcs B npupoge B cBobogHoOM Buae
u B chopme coeanHeHu. Kakue npombinieHHble cnocobbl NPUMEHSIOT AJis No-
NnyyeHus HemeTannos?

B cBoGomHOM BHe B IpHUpoJie BCTpedaloTcsa 0JaropojHble rasbl, KHCJIOPOM, a30T,
cepa, YIJIepoJ, MBIIIbAK.

YacTe HeMeTaJLIOB BCTpeYaeTcA B NPUPOJAe B BUJE COEAUHEHUH, B KOTODPBIX
ATOMBI HEMETAJIJIOB TPOSABISIOT TOJBKO TOJIOKUTENLHBIE CTEIeHW OKHUCIeHUs. ITO
(ochop, KpeMHHIA, repMaHHii, 00p W HeKoTophle Apyrue. Hanpumep, docdop mpm
CYTCTBYET B MPUPOAHBIX COEIHUHEHUAX MOUYTH MCKJIKUYHUTEIBHO B BHAE IPOU3BOLHBIX
(ocdopHOit KHcaoThl. Bamkuelmmue dQocdopcomepskanine MuHepansl — (ochopuThI
¥ amnaTHUT, COCTaBHOU uacThio Koropbix ABagerca Cay(POy)s, a Taxske Qropamna-
tut, comepskainuii 3Cag(POy)y...CaFy (paccuumaiime emenenu oxucnenus pocgopa
68 YKA3AHHBLX COCOUHEHUSX).

Jlpyras 4yacTh HeMeTAJIJIOB IMpeACTaBleHA COeJHHEHUAMH, B KOTODPBIX OHH MPO-
ABJISIOT OTPUIIATEJIbHBIE CTeIlleHW oKucaeHusi, Ilpe:kae Bcero sro Hemeraybl VIIA-
rpynnbsl — rajgoreHbl. CaMblil 9JIEKTPOOTPHIATENBHBIN U3 HUX — (ITOp — HHUKOIZAA
He IIPOABJAET MOJOKUTEIbHON CTeIleHN OKHCIeHusA. BaxkHelline NPUPOJHEIe MUHE
pajsbl, cofep:kainue propun-anuon, — aro dawopur Cak, kpuonur Nag AlFg, ¢rop-
amatur. [IpupogHBIe COEAUHEHUA XJIOPA BAM HU3BECTHLI. JTOT 3JIEMEHT BXOOUT B CO-
craB KamMeHHOU conu, unu ranurta, NaCl, cuneBuna KCl u ap. A Bor 6poM m uoxu
cofepsxarcd IJIaBHBIM 00pa3oM B BHAe coJjeld (OpOMHOOB W HMOOHUA0B) B MOPCKOH
H OKeaHnuecKoli Bojge. Hexoropbele Bomopocim, Hanpumep JagaMuHapua (puc. 65),
CcIIOCOOHBI ITOTJIONIATE MOJ M3 MOPCKOM BOJLI, IIO3TOMY OHH JOJTO€ BPEMA CIYHKIIHN
OCHOBHBIM MCTOYHHKOM €ro MOJYUYeHM:A.

IIpoMEBIIIIeHHBIE CIOCOOBI TIOJYYEHHs HeMeTaJJIOB MOJKHO PasfeIMTh Ha TPH
rpynnel (tabua. 2):

e BBIJ€JIEHWE TPOCTBIX BEIeCTB M3 NPUPOIHBIX 00HLEKTOB;

¢ BOCCTAaHOBJIeHHMEe HeMeTaJJ0B, BXOAAINKX B COCTAB MHHePAJIOB;

* OKHCJI€EHWE NPHUPOAHBIX COEIWHEHHMH.

Bosgyx — meHHOe XMMHUUYECKOE CHIPLE,
M3 KOTOpPOro IIONYyYalT a30T, KHCJIOPO.,
0JarOpOIHBIe Ta3bI.

Karx mu3BecTHO, 00BLEMHAA OOJA asoTa
B aTMoc(epHOM BO3AyXe cocTaBadeT 78 %,
kucaopoga — 20,8 %, aproma — 0,9 %.
Ocrasmueca 0,3 % mnpuxomaTca Ha Bece
oCTallbHbIe KOMIIOHEHTHI, B TOM YHCJIIe
YIJIEKHMCJIBIH ras, rejiuii, HeOH U Ap.

CnoKHOI TeXHUUYECKOH 3amadeil ABIIsE
eTcA paslesieHHe CMeCH Tras30oB, KOTOPOMH
ABJAETCA BO3AYX, HA OTAEJbHBIE KOMIIO-
HeHTHI. JTa 3a7ada pemaercsa (ppaKkuoH-
HOM mneperoHkou (pexktuduranmei) xug- Puc. 65. JlamuHapus
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Tabnuua 2
HemeTaxnsl B NpPHPOJe M NMPOMBIILIeHHBIE CIIOCOOBI MX IOJYYeHUST
Hemerannsi O, N, Ar, S P, Si ClL I
HaxoxpgeHue | B Bupge npo- B oKWcneHHoOM cocTosHWK B BoccTtaHoBneHHoOM
B npupopge CTbiX BELLECTB +5  +4 LAl
(P, Si) cocrostuu (Cl, 1)
Mpumepsl 0O, Ny, Ar, S [ Ca3(POy)p, SiO, NaCl, Nal
BelecTs
MpuHuMN BbigeneHue BoccraHosneHue OkucneHue
nony4yeHus M3 BO3AyXa MMM | +5 A
3eMHOW Kopbl P+5 P 2c1 . 28 — Ch
+4 . sl
Si+4e — Si 21 . 2 b
Mpumepbl — Ca3(POy, + 3Si0, + 5C = | 2NaCl(pacteop) +
ypaBHeEHﬁ = 3CaSiO; + 2P + 5CO + 2H,0 __2nextponus
peaku1u : - H, + 2NaOH + Cl
Si0, + 2C = Si + 2CO — Hy a 2
ARSI 2Nal + Cl, = 2NaCl + I,
( Asot b

KO0 BO3AyXa, T. €. ero pasielleHHeM Ha
oTAeNbHbIe (QpPaKIKUX —  KOMIIOHEHTHI,
MMEIIINe OIpeJeéHHBIe TeMIIepaTyphl
KHUIeHusA. PeKTH(UKAIWIO0 OCYIIECTBIAIOT
B CIIENIUAJBbHBIX ammaparax — pexmupu
KauuonHblx Koaonnax (puc. 66).

C TOMOIIBIO0 CIeNUAJbHBIX KOMIIpec-
COPOB BO3AYX CHKHUMAIOT U OXJIAKIAIOT,
IIPpH 5TOM BCE €ro KOMIIOHEHTEHI IIepexo-
OAT B JKHUAKOE arperaTHoe COCTOSHUE.
JHugkuii Bo3AyX IOAAIOT B BEPXHIOIO

Kuakuia Bozgyx

Tapenku

BeHTvns 4acTh  PeKTU(MUKAIIMOHHONA  KOJIOHHBEI,
npeacraBaApIleid coboil BBICOKMH  IH-
/ JUHAP, PpasfeJéHHBIH MHOYKECTBOM IIO-
IepeuyHbIX IIeperopoiok — Ttapeiok. Cre-

Kad II0 TapejlKaM, »KHUAKOCTH [IOCTEIeHHO
HarpeBaeTcd, IIPU 9TOM M3 Heé HAUMHAET m
HCHApATHCA CAMBIN JIETKOKUIANIAN KOM-
MoHeHT — as3om (ty,,;. = —196 °C). TI'azo-
o0pasHBIil 30T IIOJHUMAETCH B BEPXHIOIO
4acTh KOJIOHHBI, & CTEKAMONad B HUKHUUN
pesepByap KUIKOCTL IIPeJCcTABIAET co00H
JKHIAKHWE KHCJIOPOJ, B KOTOPOM pacTBOpe-
HBI OJaropojgHble rasbl. Ilpm Heobxoxu-
\_ Vicnaputene | wmoceTu Ha TOM00HOM KOJOHHE MOYKHO pas-
JNeJIUTh KUCJAOPOO W apzoH, TeMIepaTyphl
KUIIeHUA KOTOPBIX pasauuarTca Ha 3 °C
(=183 1 —186 °C coOTBETCTBEHHO).

Kucnopopg

Cxatbii
BO3AYX
3meesunk

Puc. 66. KonoHHa ¢pakLMOHHON NeperoHkKun
BO3ayxa
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Kpucrannmueckada cepa obpasyeT B 3eMHOH KOpe MOIIHBIE ILIacThl. HEciu oHa
pacmosioyKeHa B IIOBEPXHOCTHOM CJIoe, €€ MOOBIBAIOT OTKPBITHIM CIIOCOBOM: 3arpyska-
0T 9KCKABATOPAMHU HA ABTOMAIIMHBLI M OTHPABIAIT Ha ouucTKy. Cepy, 3aneraroriyo
rIy0OKO IIOJ 3eMJIEH, PACILIaBJIAIOT NeperpeTbIM HAapoM M B JKHIKOM BHE BBIJAaB-
JUBAIOT Ha IIOBEPXHOCTE.

Ilpupona momapuiIa 4YelOBEKY eIé OJHO IeHHOe XHMMHYECKOe ChIphEé — KaMeH-
HBII yronb. HarpeBaHmeM KaMeHHOTO YyIa 0e3 gocTyma Bo3zgyxa (Takol mpoiiecc
Ha3BIBAIOT KOKCOBaHHEM) IIOJYYaIOT KOKC — HIPaKTHYeCKH 4YHCTHIA yriepox. Ero
WCTOJb3YVIOT B KAUECTBE BOCCTAHOBUTE/ISA B METANJIYypPrudeckom mpomssoacTse. Oxa-
BBIBAETCA, KOKCOM MOJKHO BOCCTAHABJIWBATH ¥ HEMETAJJIBI U3 UX HPHPOIHBIX COEIH-
HeHuit. TakxuM o0pasoM, MbI MEePeXOAHNM K PACCMOTPEHUIO IIPOMBIILIEHHBIX CIIOCO00B
TOJIYyYeHHs HeMeTAJJIOB, KOTOPBIe B IPHUPOJHBIX BEIIECTBAX COAEPIKATCA B ITOJIOIKH-
TEJIbHBIX CTeleHAX OKUCJIeHUA.

dochop TONYUIAIOT BOCCTAHOBJIEHHEM KOKcoM u3 (pochopuror um amatutTor. Oc-
HOBHOW KOMIIOHEHT 3TuX MuHepansoB — dochar wranbuusa Cg(PO,)s. Conexanume
docara KaIbIMA C KOKCOM BEIYT B IIPHCYTCTBHH OOBIKHOBEHHOTO IecKa (OKcuza
kpemHUA(IV) SiOs), KOTODBIN CBA3BIBAET COAEPXKAILIHUIICA B ChIpbe KaJbIIUA B CHU-
JIAKAT:

+5 0 0 +2
Cag (POy ) + 3Si0, + 5C = 3CaSiQ; + 2P + 5CO0

Orcnpg kpemHuA(IV) m cam cnocobeH pearupoBarhk ¢ yriepogom. Tak moaydaior
KpemMHUll, IeHHeUIMui MoJyIpOBOAHNKOBEINI MaTepuan:
+4 0 0 +2
Si0y +2C = Si + 2COT
Haubosee akTUBHBIE HEMETAJJIBI, B YACTHOCTH 2QJ/l102€HblL, BCTPEUAIOTCA B MPHU-
pole B BHIe AHHOHOB, MO3TOMY AJA MHOJYYeHHA UX B CBOOOJTHOM COCTOAHHUHU IIPH-
XOAUTCA MCHOJIB30BAThH IIpollecc okucaeHus. OAHAKO UeM aKTHBHEEe TajIoTeH, TeM
CJIOJKHEee OTHATH 3JeKTPOH y ero aHMOHAa, T. €. OKHUCIUTh ero. Ha moMolne NpUXOaUT
DIEKTPUYECKHUH TOK.
Ilon meiicTBHMEM 3JIEKTPUYECKOrO TOKAa B PACTBOPe HJM pAacIjIaBe 3JIeKTPOJIHTA
IPOUCXOAUT OKHCINTEJIBLHO-BOCCTAHOBHUTENBHAA DeaKIlndd.

Peakuuio pasnoxeHus anekTponuta non AEUCTBMEM 3NEKTPUYECKOro Toka Ha-
3bIBAOT INEeKTPOJIM30M.

IIyrém snerTposu3a MOJAYYAIOT AKTUBHbIE HEMETAJJbl: T'aJIOTeHbl, BOJOPOJ, KUC-
JIOPOJ.

B 1886 r. ¢dpannysckuii xumuk Axnpu Myaccan BIepBble MOJYYIJI CBOOOIHBIN
(Top 5JIEKTPONH30M CIKHIKEHHOro ()TOPOBOAOPOIA:

IHF JJNEeKTPONIHN3 N H2 + F2

+1 0
karon (5 2H + 2¢ —» H,

3, 0
2F . 22— Fy
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Bamxkaiimmuii anamor ¢ropa — XJ0p TONYYAIOT B TPOMBIIIIEHHOCTH TaKiKe
C TIOMOIIIBIO AJIEKTPOJH3a. B KadecTBe CBHIPHA HCHOJL3YVIOT AOCTYIHYIO U JEIIEBYIO
coJib — xXJjopuj HaTrpus. JlnA TpoBeseHMA IIpoliecca COJb PACTBOPAIT B BOJE.
B pesysabTaTe 2JIeKTPOJIN3a PacTBOpa XJOPHAA HATPHS HOJYyUYalOT cpasy TPH BasKHei-
IMUX TPOAYKTA XUMHUYECKOTO IIPOM3BOACTBA — BOJOPOJ, THAPOKCHI HATPUA U XJIOP:

s | 0
2NaCl + 2H,0 —2Z¢FIPOTIE , H,T + 2NaOH + ClyT

IIpoaykToM BOCCTAHOBIEHWA, BBIAEJSIONINMCHA Ha KaToje, SIBJISETCA BOIOPOI.

dDpakunoHHaa NeperoHKa XuAaKoro Bo3ayxa. dnekTponus pacTBOPOB

| lposepbTe cBOM 3HaHUA

1. B xakom Buae BCTPeYalTcs HeMeTannbl B npupoae? NpuBeouTe npumepsl.

2. Y10 Takoe (pakuuoHHas neperoHka so3ayxa? Ha kakux Gu3n4eckux CBOMCTBAX KOM-
MOHEHTOB BO34yxXa OCHOBaH 3TOT cnocob ero paszpeneHna? Kakve nNpoaykTbl NonyyawoT
B pe3ynbrare (ppakuMOoHHOW NEeperoHku XuaKkoro sosnyxa?

3. Yrto HasbliBalOT anektponunaom? Kakue HemeTansibl Nnoay4yaioT C MOMOLLBIO 3N1eKTpo-
nmsa?

k

4, MNpuBeguTe NpUMepbl NPUPOAHbLIX BELLECTE, B KOTOPLIX HEMETaN bl HAXoasTcA B OT-
puuaTenbHbiX, HYNEBOR U NONOXUTENbHLIX CTENeHsiXx okmcneHusa. Kakue cnocobbl — hu-
3MYECKUE WM XUMUYECKMe — NexaT B OCHOBE MOoNy4YeHusa KaK[Ooro U3 aTux HemeTannos
B 4YMCTOM Buge?

5. Kakve macchbl KUCNOPOAa U a30Ta MOXHO nonyunTs u3 2000 m 2 Bosayxa (H. y.), B KO-
TOopoM 06LEMHAA Oona kucnopoaa coctaBnset 21 %, a azota — 78 %7

6. MaccoBble O0MM 3SNEeMEHTOB B MWHepane aypunurMmeHTe paBHbl: Mbllubak — 61 %,
cepa — 39 %. Onpepgenute dopmyny MuHepana.

7. Kakyio maccy dochopa MoxHO nonydnts nu3 387,5 kr ¢ocdoputa, maccosas [aons
docdara kanbums B koTopom coctasnseTt 80 %7

8. OOHVM K3 NPOMBILIEHHbIX CMNOCODOB MONYYEHWS KPEMHWS SIBNSEeTCH BOCCTaHOBEHWe
ero U3 okcuga metannmyeckum marHvem. Kakyiwo maccy necka, cogepxaiiero 96 % okcum
na kpemHua(lV), n kakylo maccy MarHua Heob6xoaumo B3ATb ANng nonyydeHus 84 r kpemHua?
9. PagnoxeHWemM npu BbICOKOM Temneparype npupopHoOro rasa, 0CHOBHbLIM KOMMOHEHTOM
Kotoporo asnsetcs metad CH, nonydaloT cpasy [Ba BaxHbIX HemeTanna — yrnepon
B BuAe caxu u eBogopon. Kakoin obbém mMetaHa Heobxooumo MoABEprHyThb pasznoxe-
HWIO, 4TOObLI BbIAENMBLLUEroca BOAOPOAA XBAaTWIO ANs BoccTaHoBneHws 23,2 r okcuga
sonbgpama(Vvl)?

—

WUcnonb3yinte AONONHUTENBHYI0O MHPOPMALUIO

10. MoprotoBsTe cooblieHne O XM3HW K geatensHocTk X. [3su.
11. NMoaroTtoBbTe coobueHrwe 06 MCTopuM OTKPLITWA dTOopa.
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§ 27. NOJNYYEHUE BAXKHEMIIINX
XUMHWYECKUX COENVMHEHUMNI
HEMETAJLJIOB

Bbl nosHakomunuch ¢ NMPOHU3BOLOCTBOM NPOCTbIX BELWEeCTB — HeMeTaslJ1oB. A Kak
B MNPOMBIWNEHHOCTH NOAy4arkoT BayKHeMLIHUe coeguHeHunA HemeTasnoB?

JI1060e XMMHUUecKoe IIPOM3BOJACTBO COCTOHUT H3 OTAEJBHBIX B3aHMOCBA3AHHBIX
IIPoOIIeccoB — c'ra,zmﬁ, TJIABHBIMHW M3 KOTOPLIX ABJIAIOTCH:

s IOATOTOBKA CBIPbA W IMOABOJ PearvupylINuX BeIleCTB B 30HY pPeakIiui;

e IPOBeAEHUE XUMHUYECKHX pPEeaKIINi;

e OTBOJ IPOAYVKTOB U HeIpOpearupoBaBINHX BeNleCTB M3 30HBI PeaKkI[UHU.

HpOHECCH IOIPOMBIIIJIEHHOI'0 IIOJdYYeHHA XHMHYeCKHX COE,D;HHEHPII‘:I CIIOH HBI
u macmiTabHpl. PacecMoTpuM M CpPaBHUM I[IPOM3BOJACTBO BAMKHENIINX KDPYIHOTOH
HaXHbIX IIPDOAYKTOE COBEPEMEHHOI'0 XMMHYECKOI'o IIpOHM3BOJACTEBa — cepHoi’l KHCJIO0THhI
U aMMHagKa.

IIpou3BOACTBO CEpPHOIl KMCJIOTHI

E:xeromao B Mmupe npousBogutTca 6oaee 250 maH T cepHoil Kmcaotrel! Poccna Bxo-
JUT B NATEPKY CTPaH — KPYIHEHIINX IIPOM3BOAMTEIeH cepHON KUCIOTHI C I'OJIOBBLIM
npousasoacTBoM 13 MaH T. IloyTH TpeTh aTOr0 KOJUYECTBA PACXOAyeTcs Ha HYHKIAbI
CeJIbCKOro XO03dAiCTBa, BKJIOYASA ITPOM3BOJICTBO MUHepadbHBIX yiaobpenunii. CepHasa
KHCJI0Ta HCIOOJb3YeTCA B METAJAJIYPrHuHl, IIpH nepepaﬁoTRe He(I)TH, B IIPOH3BOACTBEC
mjiacTMacc, M3 Heé IOJyJYaroT CHHTeTHYeCcKHe MOIOIIHe cpeficTBa, KpPackKuW M MHOTOe
Apyroe.

ITonyuaioT cepHYIO KHCJIOTY TaK Ha3blBAeMBbIM KOHTAKTHBIM CHOCO0OOM B TPH CTa
biszezd]

1. Ilonyuenue oxcuma cepsi(IV). B KayecTBe ChIpbA NPUMEHSIOT CEPY, CEPHBIN
KoJdeJlaH MJIHM CEePOBOJIOPOJ.

2. Tlonyuenue oxcuga cepoi(VI). Oxrucrenme oxcupa cepsi(IV) wuciopomom
B HPHUCYTCTBUM KATAJIU3ATOpA.

3. ITonyuenue cepHoii KucioTel. CBasbiBaHHe oOpasylomerocs oxcupa cepsi(VI)
BOJIO.

XuMuyecKue IIpolecchbl IMIPOUBBOJICTBA CEPHOM KUCJIOTBI MOYKHO IIPEICTABUTH
B BUJE CJeNVIOIIell CXeMbl:

S
FBSg — SOz - 803 — HgSO4
H,S

ITo3HAKOMHTECS C PAJOM TEXHOJOTHYECKUX NMPHUEMOB, MUCIIOJL3YEeMBIX B IIPOMBIIII-
JIEHHOCTH, MOKHO Ha IIpUMepe NPOM3BOJCTBA CEPHOI KHCJOTHI M3 CEPHOIO KoJue-
nauna FeSy (puc. 67).

IlepByio craguio HnpoBogAT B neuu 0aa odxucuza. O0KHUr KoadegaHa — IIPOIECC
TeTepPOTeHHbIN. ¥ paBHEHNE XUMHUYECKOH peariiuu:

4FeSy + 110, = 2Fey03 + 850, + @




CKrauax C materialloilﬂida.ws

IIpegBapHuTeNBEHO KOJYEaH pasMaJibIBalOT M IIOJAIOT B Ie€Yb JIEHTOYHBIM TPaHCIOP-
TépoM. UTOOLI YBEJIHYHUTE CKOPOCTH O0KHIa, MCHOJML3YIOT MPHHIHMII IIPOTHBOTOKA —
CBEPXY B Ieub [IOJAlT H3MeJbYEHHBIN KoJlYelaH, a CHM3Y — BO3AYX, oboraliéHHbII
KucygopoxoM. Bosgyx BayBaeTcA Yepe3 MHOKECTBO TPYOOK IIOJ JaBJIeHUEM, KOTOpoe
OTPEryJIUPOBAHO TaK, YTOOBLI YACTUIE KOJUYeJaHA HE DPACHBLIAINCHL U HE CJIEKUBA-
auck. YacTUIbl KoJuedaHa OKAasbIBAIOTCA BO B3BEIIIEHHOM COCTOAHWM, CO3AaBas HII-
JIIOSHIO KHIIAIEH JKHUIKOCTH, IOPTOMY ¥ BOSHHKJIO HasBaHHE METOH KUIIAIIEro CJIOsd.

B nmacrodiiee BpemMsaA 3amachkl CEPHOro KoJluelaHa B HaIlle# cTpaHe NPAKTUYECKU MC-
yeprnadbl. CoBpeMeHHbIe CePHOKMCIOTHRIE 3aBOALI NCIIOJIL3YIOT B KAUeCTBE CHIPhs Cepy.
IIpegBapuTebHO €€ PACIIABAAIOT U PA30PBISTUBAIOT B KaAMepPy CropaHus, Te Ipu
remieparype 1000 °C obpasyercsa ImeuHoii ras, ocHoBa KoToporo — oxcup cepsi(IV):

S+ 0 =80 + @
ITeuno# ras, MOJYYEeHHBIM IIPW ODKHUTE KOJUYENAHA, COJEP:KHUT IIpuMecu. BHa-

Jajie ras HanpasJdAKT Ha OYHMCTKY OT prnHOﬁ IIbINKX B UUKJAOH, OT MEJIKOH IIbLIN
B 3Jzercmp0qbuﬂbmp, 3aTeM OCYIIarwT B cymuabuoﬁz 5(1!.&}!,8, IIpoMBIBadA €ro cepﬂoﬁ

/5 N
CepHbiin

KonyenaH

KoHueHTpn-
poBaHHan
cepHas
KMcnota

CepHasl 13 KOHTaKTHOro
KucnoTa annapara

Puc. 67. Cxema TexHONOrM4eckoro npouecca npovws3BoacTBa CepHomn
KUCNOTbl: 1 — neds ansa obxura B KUNALWEM c/ioe; 2 — UMWKJIIOH;

3 — oanektpodunstp; 4 — cywwnbHaa bawHa; 5§ — TenJ1006MEHHNK;
6 — KOHTaKTHBLIM annapar; 7 — NornoTuTensHas daluHs
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kucaoroii. Ilocime 3TOro OUHINEHHBIH W OCYIIeHHBIH I'a3 MOJOTPEBAIOT B MENJN000-
MEHHUKE.

Bropyo craguio — moanydenue oxcuaa cepsl(VI) — OpoBOAAT B KOHMAKMHOM
annapame. B HEM Ha cHelMaJbHBIX ITOJOUYKAX-PeIIETKaX PasMeIlaloT CJIOAMH Ka-
TAJM3aTOP, CO3JAaHHBIA Ha ocHOBe okcmaa BaHaauA(V) Vb05. Peakmmua oxmcieHmsA
okcunaa cepsi(IV) mo oxcunma cepsi(VI) sksorepmuueckas, mO3TOMY TeMIepaTypa ra-
30B emlé OoJiee IMOBBIIIAETCS:

2S0, + Oy = 2803 + @

Me:xkay cIoAMM KaTaJlu3aTopa pacioaraloT TPyOKH TeminooOMeHHMKAa, 110 KOTO-
peIM Tasoobpasubrit okcug cepbi(IV) momaércs B KOHTAKTHBINM ammapar. Ilpm sTom
OHOBPEMEHHO TpoucxoauT HarpeBaHue okcuza cepbi(IV) m oxnaskpeHue g0 Heob-
XOAUMOH TeMIlepaTyphl HPOAYVKTA peaKIMH Ha NAaHHOU craguu — okcuga cepsi(VI).
IATOT TPUHIUN — WNPHHIHUI TEIJI000MeHa IHPOKO NPUMEHSIOT HA XUMHUYECKOM
npousBoacTee. TeMmmeparypa B KOHTAKTHOM aldapaTe MOAJep:KHUBAETCA HA YpPOBHE
400 °C. BeIxogdAmiue U3 KOHTAKTHOI'O allllapaTa ra3bl HaIpaBIATCA B TPYOKH Te-
NI000MEeHHUKA [AJIs JaJbHEHIIero OXJaskKJeHHs MW IIepefadd TeIJIOThl OYHIIeHHOMY
M OCYIIeHHOMY CEepHHCTOMY raay.

Crenens mpeBparnesusa SO, B SO3 Ha COBpeMeHHBIX CEPHOKHCIOTHBIX 3aBojax
pocturaer 98 % . Hempopearuposasmiue oxcun cepbi(IV) u KHCIOPOX OTHEIAOTCS
ot nonyueHnoro oxcupga cepsl(VI) u BoasBpamarmTcsa B KOHTAKTHBIM armapar. OTOT
NPUHOHUI XUMHYECKOTO ITPOM3BOJACTBA HA3BIBAIOT IMPKYJISLHEI.

Ha Tperseii cTagmy IIpoTeKaeT XUMHUYECKas peaKkIys

S03 + Hs0 = HySO4 + @

Opuaako muasi norgoimeHus okcupa cepwsl(VI) Bopgy He HNpPpUMEHSAOT, TAK Kak M3-
3a BBIIEJIAIONIEHCA TEILJIOTHEI BOJA IpeBpalllaeTcsa B Iap U cepHasd KHUciaoTa odpasyercs
B BHJe KpolleuyHbIX Kamesexk TymaHa. Ilosromy okcup cepsi(VI) B nozaromumenvroil
0awHe PACTBOPAIT B KOHIEHTpUpPoBaHHON (98% -Hoil) cepHoii Kmciore. IIpm arom
BOJla, COAEPIKAIasacs B KOHIIeHTPHUPOBAHHOI cepHO KUCJI0Te, B3AUMOJEHCTBYeT ¢ Ok
cugpom cepsi(VI). IIpoagykroMm B3auMomeilCTBUA KOHIEHTPUPOBAHHONU CEPHOM KHCJIOTHI
c okcupa ceprel(VI) aBnserca oneym — pacTBop okcuia ceprl(VI) B cepHoil KucmoTe.

Ilornomenne oxcupa cepsl(VI) cepHOHM KHCIOTOW — NpOIEcC TeTepOreHHBIH,
U I co3TaHuA OOJbIIeil MOBEPXHOCTU COIPUKOCHOBEHUS PEATeHTOB IIOIJIOTHUTENE
HYI0 OAlllHI BalloJIHAIOT KOJbIlaAMM M3 OrHeymopHo# kepamuru. Kuciora, crekas
CBEpXYy, OMBLIBAeT KoJiblla (MPpMHIMI NpoTHBoTOoKa). IlonyuyeHHBIN oJleyM HampaBJA-
eTcs Ha CKJIaJ TOTOBOM IIPOAVKIIMH.

IIpousBoacTBO aMMHaKa

Muposoe mnpousBojacTBO ammuara npessimaer 170 mar T B roj. CoBpeMeHHbBIH
aMMuaYHBIA 3aBoj npousBoguT B cyTKU 1000 T sToro menseiimero npoxaykrta. Ilpm
aTOM HoTpebJssgeTcA OdYeHbL OOJBIIOE KOJWYECTBO dHepruH, pacxoxayerca po 6000 T
Boasl, 1200 M HIPHUPOLHOTO Tasa.

AMMHAK CHAVKHUT ChIPLEM JJIdA MPOU3BOACTBA A30THOM KMCJIOTHI, A30THBIX yaobGpe-
HU#, Kpacureneil. Ero Mcnons3yT Kak XJalareHT B IPOMBINIJIEHHBIX pedpH:Kepa-
TOpax, IPUMEHAIOT B MeIUIlHNHE,

CeIpbéM AJA IIONYYeHUA aMMHUaKa CJIYMKAT as30T U BOAOPOX, KOTOpbIEe COeIMH:A-
I0TCA Ha JKeJe3HOM KaTalusaTope:

Ny + 3Hy =2 2NH;3 + @
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(Jaiime xaparxmepucmuKy 2moil peaxkuyuu no 6cem U3IBECMHbLM 8aM Kaaccupuia-
UUOHHBLM NPUSHAKAM).

ITpu ocymiecTBIEHUN PEAKIIMHU A30TA ¢ BOJAOPOAOM B IPOMBINIIEHHOM MaciiTabe
XMUMHAKHU-TEXHOJOIY CTOJKHYJIHUCH C IEJbIM pAJOM IpodieM, pellleHHe KOTOPBIX SB-
JfgeTcsa APKUM IIPHMEPOM POJIM HAVKH B TEXHHYECKOM IIPOTpecce.

I'nmapras npobiaema 3sakjruaercsa B TOM, 4To gake npu rtemneparype 400 °C
CKOPOCTH PeaKI{ OYeHb MaJia, IIOBHIIEeHHE Ke TeMIIepaTypbl CHHUKAeT BBLIXOJ aM-
MHaKa. YUYEHBIM YIAJOChH PAaspelluTh 3TOT TeMIepaTyYpPHBIN KOHMIWKT OYTEM IIpPH-
MeHeHUsd KaTaausaropa. B Hacrodlllee BpeMdA CHHTE3 aMMHaKa B IPOMBIIIIEHHOCTH
IPOBOJAT B IIPUCYTCTBUH ITOPOIIKO00PA3HOTO jKeje3a ¢ IIPHMMeChI0 OKCHAOB aJIOMM-
HUSA ¥ KAIWd B KOJIOHHAX cHUHTe3a BbicoToii 20 M. DTH KOJIOHHBI CAEJAaHBI U3 CIIe-
OUAJBHBIX copToB cranu (puc. 68), rak kak cuHTe3 nporexkaer npu 450—500 °C
u BbIcOKOM gaBiennu (mo 200 armocdep m Boimie).

CuHTes aMMHaKa — peaxiiud 3K30TepMUUYecKas, U TeIIoTa BBIXOAAIINX U3 KO-
JIOHHBI CHHTE3a ra30B OPH IIOMOINM TEeILIOO0OMeHHHKA HCIIOJb3yeTcA IJdA IIoAOorpeBa
a30TOBOAOPOAHOI cMecu. B aToM mpoiecce, Kak ¥ B IPOM3BOJCTBE CEPHOM KMCJIOTEHI,
HCIOJb3yeTcda IIPHHIIMI Telraoo0MeHa.

IOpyras TpoM3BOACTBEeHHAA HMpobIeMa COCTOMT B TOM, UTO IIPH HPOXOMKACHUH Ue-
pes KoJmoHHY cuHTesa Toabko 0,19% a30ToBOZOPOLHOH CcMecH IIpPeBpPAIlaeTCs
B aMMuak. IloaToMy BBIXOJAINYIO CMeCh Ias3oB OXJIaKJalT, aMMHAK CHKHMKAIT,
a He BCTYNHUBIONE B pPEaKIHI0O as0T M BOJOPOJ CHOBAa HANPAaBIAIT B KOJOHHY
cuHTe3a. Ha mpumepe IOoJNy4YeHHA CEPHOM KHMCIOTHI Bbl Y3HAIM, YTO TAKOM TeXHO-
JIOTUYECKUHA NPWUHIHUII, IIPH KOTOPOM HEIIpOpearupoBaBIINE BeIeCTBA OTHENAITCH
OT TIPOJAYKTOB PeaKkIM¥ W BHOBL BO3BpaIlalOTCA B PEaKIIMOHHBINA amliapar, HasbIBa-
IOT LMUPKYIAIHAEH.

e p

AMMMaK
Ha cknapn

A3oToBOAOPOAHAR
cMechb J—I

= | IUDKYNALUMOHHDBIA A3 <t

Puc. 68. Cxema TexXHONONM4Yeckoro rpouecca npoM3BoACcTBa aMmMuUaka:
1 — kOMNpeccop; 2 — KOMNOHHA CUHTE3a; 3 — X0NOAWNbHWK
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MeTton xkunswero cnosi. MpuHuun Tennoo6meHa. lMpuHUMN NPOTUROTOKA.
MpuHuun yupkynauuu. Oneym

@

MpoBepbTe CBOU 3HAHUS

1. HazoBuTe OCHOBHbIE CTaAUWM XUMWYECKOrO MPOV3BOACTBA: a) CEPHOW KWUCNOTbI;
6) ammumaka.

2. OxapakTepusyite OCHOBHbIE MeTOAbl M MPUHUWMNBI XMMWUYECKOA TEXHONOTUW: METOon
KMNAWEro cnos, NpyMHUMnbLl TennoobmeHa, UMpKynauumn, npoTMBOTOKA.

3. Hanuwute ypaBHEHWUS XUMUYECKUX Peakuuii, Nexaliymx B OCHOBE MONy4eHUs CepHOon
KMCNOTLI N3 cepbl. Kakasa 13 peakuwii ssnaetcsa obpatnmoin? Kak B XMMWYECKOW TEXHONO -
MW peluaeTcs BONMpPOC MakCUMalibHOro UCMNoNb30BaHWA HEernpopearnposBasLUnX UCXOOHbIX
BewecTB?

4. Hanuwute ypaBHEHUWE XMMMWYECKOW peakuuu, nexallen B OCHOBE Mpou3BOLCTBA am-
Muaka. Jante xapakTepucTuKy 3TOW peakuum no BCEM M3BECTHLIM BaM MNMpU3Hakam knac-
cudurkaumm.

NMpumeHuTe cBOM 3HAHUSA

5. Ha cepHokucnoTHoM 3aBoge M3 1 T cepHoro kondepana nonyyatot 360 kr 100%-Hoi
CEepHOI KNCNoThl. PaccyuTaiTe mMaccoByld 00 BbiXOOa NMPoOAYKTa peakuuu,

6. Kakoe konu4ecTsBo TennoTbl BblAenutcs npu ezaumopeictenm 500 n aszota ¢ 1200 n
Bogopoga (H. y.), ecnu TennoBoii agpdekT peakuum paseH 46 kx Ha 1 Monb ammmaka?

Ucnone3yinte AONONAHUTENbHYIO MHPOpMaLUIo

7. Mayunte anarpammy MHAEKca xMmMmn4eckoro npoussoactea B Poccun B nepuop ¢ 1993

no 2020 r.
“HAEKG XMMHYeCcKOoro npoM3eocaciea e PQGGHI'I,

% OT ypOBHA Npeasiayliero roaa
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Y10 nokassbiBaeT OaHHaa guarpamma? Kakwe BbIBOAbLI O COCTOAHWM XUMWYECKOW MNpo-
MbILUNEHHOCTM B Poccum B 3TOT Nepuog MOXHO caenatk? lMcnonk3ys cBoOW 3HaHuSA
no ncrtopun Poccuun, COOTHECUTE MAKCUMYMbI M MUHMMYMbI Ha Auarpamme ¢ UCToOpu-
YecKMMU CoBbITUAMKW, NPOUCXOAUBLLUMMW B CTPaHe W MUpPE B COOTBETCTBYIOLUME rofbl.
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BoeiBoapl K riiase 111
«HEMETAJIJIBI U UX COEJIUHEHWUA»

1. TIpocTeie BemecTBA HEMETAJNJIBl MPOABIAT KAaK OKHCJIUTEJIbHBIE CBOHCTBA
(110 OTHONIIEHWIO K BOJOPOAY, MeTAJJIaM M HeMeTaJllaM, 3JeKTPOOTPHIIATeILHOCTH
KOTOPBIX MEHBINIEe), TaK W BOCCTAHOBUTEJLHBIE (110 OTHONIIEHWIO K HeMeTaJjIaM,
BIIEKTPOOTPHUIIATEILHOCTE KOTOPBIX OO0JIbIIIe, KUCIOPOLY U CHOMHBIM BelllecTBAM —

OKHUCJIUTENAM).
2. IlpocTele BelmecTBA TAajIOTEHBI — CHJIbHBIE OKHCAUTENH. OKHCINTeIbHBIE
cBoiicTBa ymeHbmaoTcA B paxay K — Cls — Brs — Iy. B atom ke paay Boaspac-

TaeT IIJIOTHOCTBL, a TaKiHe HHTeHCHBHOCTE OKPaCHH.

3. TamorenoBomopoabl — raszoo0OpasHble BeIeCTBa, BOJHLIE PACTBOPHI KOTOPBIX
ABJIAIOTCA KHCJIOTAMH.

4. VcrToluuBBIE CTEIIEHU OKHUCIeHuA: niada ceper —2, 0, +2, +4, +6; gaa asora —3,
0, +1, +2, +3, +4, +5; ana docdopa -3, 0, +3, +5, gna yraepoxa —4, 0, +2, +4,
aaa kpemaus -4, 0, +4.

5. B pasiMYHBIX CTenmeHAX OKMCIeHHS OOJBIIMHCTBO HEMETAJJIOB 00pasyioT O
CHABI U COOTBETCTBYIOIINE MM THAPOKCHIBI (KHCJIOPOACOJepsKalle KHCJIOTHI). Yem
BBIIIIE CTEIlEHb OKUCJIEHWUsS HEMEeTAaJlJa, TeM CHJIbHEee BbIPA’KEHbl KHUCJIOTHBIE CBOM-
CTBAa COOTBETCTBYIOIIMX OKCHOA M KUCJOTEHI.

6. VriaeBomopoasl — 9TO OPraHMYECKHE COeNUHEHW A, COCTOAINe U3 ABYX dJie-
MeHTOB: yrJjepoja M BoJopoja. PasiudaioT npeaeibHble (HacBIIleHHBIE) YIJIEBOJOPO-
ne1: meraH CHy, saranm CoHg — m HenpenenbHBIE (HeHACHINIeHHBIE) YTJIEBOJOPOIBI:
arusnien CHo=CH,, anerunen HC=CH.

7. K KwucioponacomepsKaliyM OpPraHMYEeCKHMM COeJHMHEeHMAM OTHOCHAT: OJHOATOM-
Hble cnupThl (aTHI0BEIN CoHi;OH) m MHOroaroMHBIe CIHPTHI (HAOPHMEpP, TJINIEPUH
CHoOH — CHOH — CH30H); rap60oHOBBEIe KHUCJIOTHI (HAIpUMeED, YKCYCHAaA KUCJIOTa
CH3COOH).

8. CunukaTHAs MIPOMBIIIJIEHHOCTh — 3TO IIPOU3BOACTBO CTEKJA, CTPOUTENIBHBIX
MaTepHaJoB (IleMeHTa, KUpPOMYa), a TaKk)ke KepaMuKu, (papdopa, (asgHca.

9. Tlonyuenue cepHON KHUCIOTHI BKJIKYAET TPU CTAAWK: MIOJYUYEeHHE OKCHIA
ceppi(1V) — monyuyenue oxcuga cepbi(VI) — moiaydeHue CepHOU KHUCJOTHL.

10. ITonyuyenne aMMHaKa, KaK W CEPHOH KHCJIOTHI, OCHOBAHO HA MCIOJL30BaHHUH
Hay4YHBIX IIPUHIMIIOB IPOM3BOACTBA: MPOTHBOTOKA, TEILJIOOOMeHa, BEIOOpa ONTHUMAIE
HBIX VCJIOBHIl (TeMIlepaTypbl, KaTajlu3aTopa), IIUPKYIAINHN, OXPaHbl OKPYIKAIOIIel
cpelbl OT XMMHUYECKOTO 3arpsA3HeHHA.




METAJIJIBI
H Uux COEJHHEHUA
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S 28. OBIIIASI XAPAKTEPUCTHUKA
METAJLJIOB

U3 118 anemenToB Mepuoauyeckoi cuctembl [. U. Menpeneesa 6onee 90 —
aTo metannbl. Yto obuiero B ctpoeHun atomos Mmetannos? Kakue duanueckue
CBOMCTBa MeTasnIoB ODYCNOBNEHbI OCOBEHHOCTAMW METANIMUYECKOW KPUCTan/u-
YecKoW peLeTkn?

Crpoenue aTomMoB. ATOMBLI MeTa/JIOB HaA BHEIIHEM BJHEPreTUYEeCKOM YPOBHE,
KaK IIpaBUJIO, COJepP:KaT OT OJHOrO JO TPEX 3JeKTpoHOB. [na siemMeHTOB A-rpynn
9TO BAaJIEHTHBIE 5JeKTPOHBLI. HaIloMHMAM, YTO BaJeHTHBIMK HA3BIBAIOT Te 3JIEKTPO-
HBI, KOTOpbIe YYacTBYIOT B 00OpasoBaHMM XHMHYeCKHUX cBAsei. IIpm oOpasoBaHmu
XUMHAYECKUX CBA3eHd aTOMBI METAJIJIOB OTAAIOT BAJIEHTHBIE SJIEKTPOHBI. ITOT (axT
YKasblBaeT Ha TO, YTO 3THU DJIEKTPOHBEI OTHOCUTEJIBHO cJIab0 CBA3aHBI C SAAPOM.

OrHOCHTENBHO cyabasg CBA3HL BAJEHTHBLIX 3JeKTPOHOB C SAAPOM BBLI3BaHA ABYMA
OpUYNHAMMU.

1. HebGosbmroe 4mciIo 3JeKTPOHOB Ha BHEIIHEM dHepreTHYecKoM ypoBHe., [na
HoNiydeHUs 3JEKTPOHHOH 000JI0uKM, MomoOHON ycroituuBoit obosiouke 6Gaaropom-
HOro rasa, Npu 00pa3oBaHWN XMMHWYECKHUX CBA3€H MeTaJlJlaM HpoIle OTAATH OJUH—
TPH BAJEHTHBIX 3JEKTPOHA, YeM IIPUCOeAHHUTH IIATh—CEeMb 3JIEKTPOHOB APYrHUX
aTOMOB.

2. CpaBHuTeNbHO OO0OJIbIIIME paAHyChl ATOMOB. OJEKTPOHBI BHEIIHEr0 »Hepre
THYECKOT'0 YPOBHSA AaTOMOB METAJJIOB pacliojlaraloTcsd Ha BHAYHUTEJNBHOM yAale-
HUM OT AApa #U COOTBETCTBEHHO ciabee K HeMY IIpUTATHBamTCcA. IIpu OGoJsbliiom
pajuyce aToMa dJIEMEHTHI MOTYT HPOABIATL MeTaJJIMYeCKHe CBOMCTBA, AarKe eCJIH
coflep:KaT 4YeThlpe—IIecTb BaJIEHTHBIX 5JeKTPOHOB (HAIIpMMep, OJ0BO, BUCMYT, IIO-
JOHWH).

Takum 00pasoM, amomMbl MeMALLOE XAPAKMEPUIYIOMCA HeGONbULUM YUCTOM
DNCKMPOHOE HA BHEWHeM IHepzemudecKom YypoeHne (00uH—mpu 31eKmpoHa) u
boavwium paduycom amoma.

ITomosxenne merannmos B Ilepmoamueckoit cucrteme. CTpoeHNe aTOMOB MeTAJIIOB
olpeneaseT MX IojoKeHue B IlepmognMuecKoil cUcTeMe XHMHUYECKHUX DJIEMEHTOB
II. U. Menneneera.

Bo-nepBrix, cpenu 3JeMeHTOB A-TpPYIII IPHMEePHO HOJIOBUHA — MeTaabl. Ile
CKOJIBKY ATOMBI METAJJIOB XAPAKTEPU3YIOTCH MAJBIM YHCIAOM BAJIEHTHBIX 3JIEKTPO-
HOB, a4 MX YHCJO COBIAJaeT ¢ HOMEpPOM IpPYIIILI 3JeMeHTa, «JeBhlil (yIaHT'» dJIeMeH-
ToB A-rpynn (I—II rpynnsr) 3anar merannamu. Kpome TOro, 3JeMeHTHI-METAJIIBI
¢ DoNBIIMM paglyCcoM aToMa pPacIllOJIOKeHBI B ITOcJiefHHMX mnepuojax llepurommueckoit
cucTeMbl (Bbl IIOMHHUTE, YTO C BO3pacTaHHeM HOMepa IIepuoja YBeIWYHBAETCA YHCIIO
9HEePreTUYeCKUX YPOBHEH aromMa ™, CJIeJ0BATEeNbHO, ero paawuyc). CremoBaresbHO,
9JIeMEeHTBI-MeTaJlJIbI A-TPYII PAaCIOJIO)KEeHBI cjieBa BHH3Y OT YCJIOBHOW IHUAroHAJM,
npoBegéHHON oT Oopa K acrary (puc. 69).

Bo-BTOpBIX, K MeTa/JlIaM OTHOCATCA BCe 3JIEMEHTHI B-rpymm. Y aToMOB 3THX 3Je
MEHTOB IIPOMCXOJHUT 3aIloJHEHWe SJIeKTPOHAMK He TOJbKO BHEIIIHEro, HO U IIPeABHEII-




CkadaH ¢
i % 3 rPynnbl B
E Ela1s [ans |Ams |Ave|ave [aviE|aws A VIl B
e
2| 2|/l |Be |B
3| 3|Na Mg Al
4 4|K Ca Co Ni
5 Cu Zn | Ga
5| 6|Rb Sr Rh Pd
7 Ag Cd|In
8 |Cs Ba Ir Pt
8 9 Au Hg| Tl
7 |10 | Fr Ra Mt| Ds
(L )

Puc. 69. PacnonoxeHue metannoB (0603HauyeHbl pasHbIMU OTTEHKaMU cuHero userta) B [lepuo-
audeckon cucreme . . MeHgeneeBa (KOpOTKONEPUOAOHLIA BapuaHT)

Hero »HEepPreTHYecKOro ypoBHA. Ha BHeImHeM iKe YpPOBHE OCTaéTCcs OAUH-ABA BJIIEK-
TPOHA, UTO U OIpejesiAeT MeTalJIMYecKHe cBoiicTBa aneMeHToB B-rpynm. Emgé Gomee
HATJIAJOHO TIOJIOJKeHWe MeTAaJIJIOB NpeJCcTaBJIeHO B AJWHHONepuogHoM eapuaHTe Ilepu-
ogmueckoii cucremsl (puc. 70).

B-Tperbux, BCe XMMHYECKHe 3JIeMeHThI, BLIHeCeHHbIe B 000MX BapuaHTax IIepu-
oauYecKoi TabIMIBl 3a €€ mIpelesibl U HasbIBaeMble JaHmanoudamu W akmumnouda-
M, — 5TO MeTajJabl. ATOMBI 3THX 3J€EMeHTOB COJEpPIKaT Ha BHeIIHeM sHepreTHye-
CKOM YpOBHe (COOTBETCTBEHHO IIIeCTOM M CeJbMOM) IO OBa 3JIEKTPOHA.

B8 lMepuoauyeckon cucreme . M. Menpgeneesa (ANWHHONEPWUOOHLIA BApUaHT)

1A VIHA
H [IA A IVA VA VIA VIA He
Li |Be BIC|N|O| F|Ne
Na Mg g s vs vis viis vit vin vin 15 ng |Al| Si| P | S [Cl|Ar
K |[Ca|Sc|Ti |V |Cr | Mn|Fe|Co| Ni|Cu|Zn |Ga|Ge|As |Se|Br|Kr
Rb|Sr|Y |Zr [Nb|/Mo|Tc [Ru|Rh|Pd|Ag|Cd|In|Sn|Sb|Te | |I |Xe
Cs|BaflLa | Hf |Ta| W |Re|Os| Ir |Pt |[Au(Hg| Tl |Pb|Bi |Po|At|Rn
Fr |Ra|Ac | Rf |IDb|(Sg |Bh|Hs|[Mt|Ds|Rg|Cn|Nh| Fl |[Mc|Lv |Ts |Og
s J
Puc. 70. PacnonoxeHve wmeTannoB (0Bo3Ha4yeHbl pas3HbIMW - OTTEHKAMW CUHEro LuBeTa)
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ITouemy »Ke MBI He yKasbplBaeM TOYHOE UYHCJIO0 METAJJI0B CPeIN 3JIEMEHTOB
Ilepnogmyeckoil cucteMbl? Ileso B ToM, UTO [AeleHHe SJI€MEHTOB Ha METAJIbI U He-
METAaJIJIbI JOCTATOYHO YCIOBHO. Ilenbril psj «IMOTPAHUYHBIX» JJIEMEHTOB (HAIpUMep,
repMaHMi, OJIOBO) IIPOABJIAIOT IepeXoJHEIe CBOMCTBA.

ATOMEBI MeTaNJIOB, BCTYIIaA APYT C APYTOM B XMMHYECKHE CBA3HW, 00pasyioT Ipo-
CTBbIe BeIlleCTBA, KOTOPbIe TaKiKe IIPUHATO HAa3bIBaTh MeTajjaMu. HasBaHua Xu-
MHYECKHUX 3JIEMEHTOB-METAJJIOB M COOTBETCTBYIOINIMX WM INIPOCTBIX BEIECTB OIH-
HaKOBBI.

Mouemy xumuyeckue popMynbl TaKUX HEMETa/JIOB, KaK a30T, KUC/IOpPOJ, O3OH,
Genbiii chochop (cooteetctBeHHo N,, O, O3, P,), 3anucbiBaloT € Ucnonb3o-
BaHMEM WHAEKCa, a XUMHUYeckue (opMy/ibl NPOCTbIX BELWECTB — MeTan/ioB —
TONbKO CUMBOJIOM 3/eMeHTa?

OcobeHHOCTH CTpOoeHHMA aTOMOB METaJIJIOB OTpaxxalnTcd M Ha IpHpoae XHMHYe-
CKUX CBA3eH, KOTOphkIe OHH 00pasyioT APYr ¢ APYroM. OTY CBA3b HA3BIBAIOT MemdaJi-
JAUYECKOIl CcB8A3bI0.

Y MerayioB B KPHUCTAJJINYEeCKOM COCTOSHHH B y3JIaX RPHCTaJIJIHtIeCROfI peméTRH
pacrojgaramTcAd KaTHOHBI MeTaJlJI0OB MIH aTOMBI MeTaJlJIOB, a CKPellJIAIT 3TOT «Kap-
Kac» 3JIeKTpPOHBEI, CBOGO,E[HO nepeMelfapIgecsa 110 BCceMYy KPHCTaJIIY.

PduznyecKue CBONCTBA METAJLIORB

ITo HEKOTOPBIM CBOMM CIJHBH‘IECKPIM CBOHMCTBAM MeTaJJIbl 3HAYUTEJIBHO OTJHUYAa-
I0TCA APYr OT Apyra.

JIutnit (p = 0,5 I‘/CM3) BIABOe Jjerde Boabl (p = 1 I‘/CMg) u B 45 pas merue ca-
MOro TAKEIOoro Meramia — ocmusa (p = 22,61 r/cma). PryTe mpu KOMHATHOIH TeM-
neparype — RUAKUA Merama (&, = —39 °C), mesuit u raaamii MOKHO DPACILIABUTH
B nagoHu (i, coorBercrBenuo 28,5 °C m 30 °C), a y camMOoro TyromiaBKOro MeTAJ-
Ja — BoJb(pama remneparypa maasnenud (3420 °C) nuiue BABOE MEHBIIE, YEM
Ha nopepxHocTd CosHia. JluTuii, Harpuil, Kaauil cBoGOJHO PeKyTCA HOMOM, a ca-
MBI TBEPABIA M3 MeTA/NJIOB — XPOM — IlapaliaeT CTEKJO.

Tem He MeHee MeTajlandecKad XHMUYeCKAas CBA3b M MeTAJIMYECKadA KPHUCTAJ-
JIUYecKas PelIéTKa ONpeles]dloT MHOTHe o0uiue (pU3nyecKue CBOMCTBA METAJJIOB.

JNeKTPONpPOBOAHOCTh. [Ipy OGBIUYHLIX YCIOBUAX ABUIKEHUE 3JEKTPOHOB B 00pasiie
MeTa/lia XaoTudecKoe. HO CTOUT NPUIOKHUTE K MeTALIHYECKOMY MIPOBOIHUKY
PasHOCTH IIOTEHIIHATIOB (MOJIOKUTENbHBIH M OTPUIIATEIBHBIA IIOJIOCHI MCTOYHHKA
TOKAa), KAK ABUIKEHHUE 3JIeKTPOHOB MpuobpeTaeT HANIPABJIEHHBIN XapakTep. DIeKTPOHbBL
HAaYMHAIT YIOPAJOYEHHO ABUTATHCA OT OTPHIIATEJBHOTO IIOJNIOCA MCTOYHHKA TOKAa
K TOJOKHUTeJbHOMY. KakK BBI 3HaeTe M3 Kypca (PHM3WKH, HAIpPaBIEHHOe IBHKEHNE
BapAMKEHHBIX YAaCTUIl HA3BIBAIOT JAeKmpuieckum mokom. Bce wMerannbr —
IPOBOMHUKH 3JIEKTPUUYECKOr0 TOKa.

Jly4diile Bcero HIPOBOASAT IJIEKTPHUECKHUN TOK cepebpo m 3osaoro. Komeuno, atm
MeTAaJJIBl CAUIIKOM IOPOTH IJdA TOrO, YTOOBI M3rOTABJIMBATL M3 HUX IPOBOJAA, CKAa-
JKeM, AJA OBITOBEIX 5JeKTponpubopoB. OgHaKO coueTaHMWe BBICOKOM 3JIeKTPOHPOBOI-
HOCTH C XMMHYECKOH YCTOMYHMBOCTBI0 HA3BAHHBIX METAJLJIOB JejlaeT WX He3aMeHM-
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MBIMH IJIsi M3TOTOBJEHUA dIEKTPHUECKUX
KOHTAKTOB ¥ JeTaleil B KOCMHUYECKOMH,
AaBUAIMOHHOM, BOEHHOHW TEeXHWKE, ATOM-
HOH DHEpreTHKe.

AmoMmuHAN coderaeT B cebe OTHOCH-
TeJbHO HEeBBLICOKYIO CTOHMMOCTB HM JOCTa-
TOYHO BBICOKYIO  3JIEKTPOIPOBOJHOCTS.
IIpoBosia BBICOKOBOJIBTHBIX JHHHH 2JIeK-
Tpollepefadyd  M3TOTABAUBAIOT  HMMEHHO
W3 aJIOMHHHA, KOTOPBIA MMeeT eIré OJHO
CYIIECTBEHHOE IIPEHMYVIIeCTBO Iepen ApPy-
MMM MeTajijlaMHu — JIErkoctb (puc. 71).

Xyoxe BCEro MPOBOAAT dJEKTPUIECKUH Puc. 71. BuicokoBonsTHasa nuHUA
TOK PTYTh, CBUHEI], MapraHel, BoJb({pam. anexkTponepesaqn
OpHaKo W TaKoe CBOMCTBO METAJJIOB HAXO-

AUT CBOE mpuMeHeHue. Hampumep, HUTH

HaKaJWuBAHUA JIEKTPUYECKOH JIAMIIOYKH pacKaldeTcsad MMEeHHO IIOTOMY, YTO BOJb-
(dpam, 13 KOTOPOTO OHA M3TOTOBJIEHA, IIJIOXO IPOBOAHT JIEKTPHUYECKUI TOK. B coue-
TAHWHU C BBICOKOH TeMIlepaTypoH ILIaB/eHUsA BoJAb(pam AJasd 5TOH IIeJH IIPOCTO Hes3a-
menum. Cienyer OTMETHTH, YTO B HACTOAIlee BpeMs JIaMIbl HAKAJINBaHUA HA OCHOBE
BOJB(MPAMOBOH HHUTH 3aMeHAT 6oJjiee 9KOHOMHUUYHBIMHK JaMIaMH (TaJoTeHOBBIMH,
CBETOMUOAHLIMU U IP.).

TennonposogHocTs. [IoMIMO 2/1€KTPONIPOBOJHOCTH, ABHMIKEHNUE 3JeKTPOHOB B Me-
TAlIax ONpeneisieT WX BBICOKYIO TeIIONPOBOMHOCTh. KeJaM HarpeBaThb OOHH KOHEII
MEeTAJJIMYECKOr0 MPYTKA, JEeKTPOHBI HAYMHAIOT ABUTATHLCA ¢ OONBIIHMMHA CKOPOCTHA-
mu. IloCcKONIBKY OHM JIerKO IepeMeIaloTcA B XOJIONHYIO YacTh MeTaJljaa, TeIoTa
OBICTPO pACHpPOCTPAHAETCA MO BCEH MJIMHE METAJJIMYECKOr0 HU3JeJIUA U TeMIepaTypa
ero BeipaBHHBaercda (puc. 72).

Orpaskaromasa cmocodHoCTs (MeTal-
au4yecKkuin Oaeck). BiectAT MeTannsl mo- “\
TOMY, YTO He MIPONYCKAIT CKBO3bL cebsa
Jy4YW CBeTa, KaK CTEeKJI0, W He IIOTJIoIna-
0T UX, KaK ca)ka, a oTpaxkaloT 0imarogaps
cBOOOJHBIM 3JIE€KTPOHAM, SAIOJHIIOIIIM
NPOCTPAHCTBO MeXKIY V3JaMHU KpHCTa-
JUYECKOH pPeIlIéTKH.

Cample OJsecTsAlle MeTaJlIbl — PTYTh,
cepebpo, mammazuit. Ho ux wucnoiassosa-
HUe OrPaHMYeHO: HaJJaJuid JOpor, PTYTh
ApoBUTa, cepeOpo Ha BOBJAYyXe dUYepHEeT
B pesyJsibTaTe XUMHUYECKUX ITPEeBpallleHUA.
IlopTOMy ANIA HaHeCeHUSA AeKOPaTHUBHBIX
MeTaLJINYeCKUX IOKPBITHH MCIIOJIB3YIOT
CPABHUTENBbHO HEZOPOrue U He TepAIoIlue
CO BpeMeHeM CBOero OJiecKa MeTaJlIbl —
e & DR Puc. 72. Pagmatopsl OTOnAeHWs

ILmacruanocTs. Meranael  CHOCOOHBI  3roragnuBaloT U3 METANNOB BCAEACTBUE
0e3 paspymieHHA H3MEHATL (OPMY IIOA

VX BbICOKOM TENNONPOBOAHOCTH
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(" | JgeHcTBHEM CHJBI. BelIMKHH PYCCKHH yué-
el M. B. JIoMOHOCOB onpemesny MeTa-
JBI KaK <«CBEeTJIOe TeJ0o, KOTOpOe KOBaTh
MOKHO» .

IIprumHa OIACTHUYHOCTH  METAJIIOB
onpeeasercA, KOHEYHO, HUX CTPOEHUEM.
Ilpn ypmape wuIM [JaBIeHWH OTHEeJIbHBIE
CJIOU KPUCTALIUYECKON PEIIETKU «CKOJb-
3AT» APYr OTHOCHTEJbHO Apyra Ojaromapsa
HAJWYHIO CBA3BIBAIOIIAX HUX CBOGOMHBIX
9JIeKTPOHOB.

CaMbIil TIJIaCTUYHBIN MeTaJlll — 30JI0TO
(puc. 73). Brarogapa yaUBUTENbHOH Xu-
MHUYECKOH YCTOMYHBOCTH, KPACUBOMY IIBe-
Ty, MATKOCTH 9TOT METaJLJI CTAJ JIIOOUMBIM
MAaTEPHUATIOM OBEJUPOB U XYAOKHUKOR.

JlocTaToO4YHO IJIACTHYHBIM METAJIJIOM SABJAETCA Kejie30. Ero BBEITATHBAIOT B IIPO-
BOJIOKY PasiIMYHOTO AMaMeTpa, paspydas KOTOPYH Ha KYCOUKH M CIIIIIWBAA OTUH
KOHeIl B MUIANKY II0JYy4alT I'BO3AH. s{ele30 NPOKATHIBAIOT B TOHKHNE JINCTEI, TPYOLI,
OPYTKHW PasJH4YHOIO CeYeHHWdA, YrOJKH W T. 1.

OpHaKo IIACTHYHOCTHL MeTajjla — He TOJbKO Oyaro, Ho W Ooabmiasd mpobJiema.
AnoMUHMEBBIE NIPOBOJA JIMHUI 3JIEKTpOoIlepefadl BBITATHUBAIOTCA IOJ COOCTBEHHBIM
BecoM. HecmorTpa Ha JIErKOCTh a/IOMMHMA, M3 HEro He HM3INOTOBUTHL CAMOJIET, IIO-
CKOJIBKY OT IIeperpy30K OH COMHETCA, Kak Oymaskublil. W3 umeroro ixeiesa He H3-
FOTOBHTHL PeJIbC, MOCKOJbKY TAMENBIH TpaMBal WK KeJe3HOJOPOKHBIN cocTaB ObI-
CTpPO pacraraer ero B JIEHéH.IKy.

It Toro urobbl IPUAATH MeTALIAM HEOOXOJAMMBIE CBOMCTBA, UX IIPEBPAIIAOT
B cnaaevt. Tak, yucrasa MeAb O4eHb INIOXO0 HOANaéTcs JUTHIO, B TO BpeMA KaK Opow-
3a — CIIaB MeAW H 0JIoOBA — HMeeT NIpeKpacHble JIUTelHBIEe cBoiicTBa. YuMcThIit
ANIOMHAHHUNA — OYeHb MATKHN MeTAJJ, a CILJIAB M3 AJIOMHUHHA, MATHHA, Maprasia,
Mean W HUKead — JdiopanioMuHuii — B YeThIpe pasa IIpodYHee aJIOMHHHMA Ha pas-
PBIB U TOpasfo TBEp:Ke ero. #lees30 M ero CIIaBbl OTHOCAT K YEPHBIM MeTaJLIaM,
OCTa/IbHBIE METAJNJbl M WX CIIaBbl — K IIBETHBIM MeTaJJIAM.

Puc. 73. 3onotaa ¢onbra

Metannsl. Metannuyeckas cBfA3b. MerTannuMyeckas KpucTanamyeckas
pewértka. YépHbie meTtannbl. LiBeTHble meTannsbi

1. Kakoebl ocobeHHOCTM cTpoeHus atomoe metannos? Kak B lNepuoguyeckoin cucreme
. V. Menpeneesa pacnonaraloTcsi a/eMeHTbl-MeTannbI?

2. 13 npuBefEHHOro NepeyHs BbiNULLMTE Ha3BaHWUS MeTannos, 3anulimMte CUMBOSbI 3TUX
3/IEMEHTOB: ONOBO, KaoMWIA, MbILULSAK, W04, ONOBO, Tennyp, 6apwid, KPUNToOH, MonubaeH,
ceneH, ptytb, Bepunnuvii, 6op.
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3. Kakylo cBf3b Ha3blBalOT MeTannuyeckon? Kak npoucxoout eé obpasoBaHue B MNpO-
CThIX BellecrBax — meTtannax?

4. Kak ycTpoeHa kKpucTanivyeckas pellérka metanios?

5. Kakme ddusumyeckne ceoictea obycnoenedHsl obWuyM 008 BCEeX METanioB TUNOM
KpucTannmyeckon pelwéTtkmn? Hazosute o06nactu NpUMEHEHUsI MEeTannoB, OCHOBaHHbIE
Ha yKasaHHbIX BaMn PpU3NYECKUX CBOWCTBAX.

)

6. CpaBHUTE METINYECKYID KPUCTANNMYECKYIO PELUETKY C MOHHOW, aTOMHOW U MONeKky-
NAPHOW KPUCTaNMYECKUMW PEeLUETKaAMMU.

7. OnpenenuTe atoMHble HOMEpa W Ha3BaHWA 3NEMEHTOB MO CNneayllWnM OaHHbIM:

a) pacnonoxeH B natom nepuoae, lIA-rpynne;

6) vmeeT 23 SNEKTPOHA B 3MEKTPOHHOW 060M0YKE;

B) 3apsn fAapa atoma paBeH +29;

r) B agpe ero uaotona 653 conepxutcs 35 HEWTPOHOB;

4) anekTpoHHaa obonoyka atoma COCTOMT U3 TPEX 3NEKTPOHHbIX CNOEB, HA BHELUHEM

Ccnoe pacnonoXeH OAWH 3NEeKTPOH.

8. Kakne cBoiCTBA METaNNIOB UCMNONMb30BaHbl B 0GPA3HbIX BbIPAXKEHWAX «KENe3HbIn Xapak -
Tep», «CBUHLIOBLIA KyNak», «30/I0TOM XapakTep», «cepedbpsaHblii AoXab», «MedHbliA BONoc»?

LS 2

Ucnone3yinte AONOJIHUTENBHYIO UHDOpMaUUIO

9. MopagroTtoBkTe coobLUWEHWe NO OOHOWN M3 Tem:
1) «BnemeHTbl-MeTanNbl B OpPraHn3me 4YesioBeka M Mx Guonornyeckan posnb»;
2) «MeTannbl B TEXHUKE>,

§ 29. XUMWYECKUE CBOVICTBA
METAJLJIOB

OcobeHHOCTH CTpO€HWA aTOMOB MeTa//10oB 0ODBACHAIOT TOT CbaKT, 4YyTo MeTall-
Nbl NPOABAAIOT TOJ/IbKO BOCCTaHOBWTEJ/IbHbIE CBOI;'ICTBa, T. €. OTOAKOT BaleHTHble
3JIEKTPOHbI. Kakue BELLECTBa BbICTYNAaOT B 3TOM C/lydyae B poO/M okucnutenen?

XuMUYecKHe CBOMCTBA, CHOCOOBI MOJNYYEHHUA W 00JacTH IMPUMeHEeHHA MeTaJlJIOB
BO MHOTOM 3aBHCAT OT UX AKTHBHOCTH. MasoaKTHBHBEIE METAJJIBI MOYKHO BCTPETHTH
B IIPpUPOJIe B CBODOJHOM COCTOSHUU, METAJJbI 00Jiee aKTUBHBIE BOCCTAHABJIUBAIOT
M3 X IPUPOAHBLIX COeIMHEHNIM XMMHYECKHME BOCCTAHOBUTENAMM, a AN IOJYUEeHUS
CcaMBIX AKTHUBHBIX METAJIJIOB TpeOyeTcs sIeKTPUUIEeCKHUIl TOK.

CKoOpoCTh XMMUYECKON peaKIUM 3aBUCUT OT PA3JUYHBIX (DAKTOPOB (nepewucnu-
me ux), B TOM YHCJIe OT HPUPOALI PearupyIoIINX BelecTB. UeM aKTUBHee MeTaJLl,
TeM Jierde IIPOTEKAET PEAKIUdA C ero y4acTHUeM.
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B 1865 r. ebipatowmica pycckun xumuk H. H. BekeToe 3awutun OOKTOPCKYIO
auccepTauuio Ha Temy «Mccneposanus Hag ABNEHWUSMM BbITECHEHUS OfHWUX Me-
Tannos apyrumu». [lpoaHanusupyite pparMeHT XMMMUYECKOro 3KCMEpPUMEHTA,
BbinosiHeHHOro BekeTtoBbiM. LIMHK crnocobeH BbITECHATb Kefe3o U3 pacTBOpoB
conen: Zn + FeSO, = ZnSO,4 + Fe. MNposeaeHne peakuun B obpaTtHOM Hanpas-
/IeHWM HEeBO3MOXKHO. B cBoOlO ouepeab, Kene3o BbiTECHAET Meb W3 pPacTBOPOB
conen meau: Fe + CuSO,4 = FeSO, + Cu. Kak Bbl aymaete, cnocobHa nu menb
BbITECHWUTb LMHK M3 pacTBopa ero conn? Pacnonoxute Tpu MeTanna B nopsigke
YMEHbILIEHUA WX aKTUBHOCTM.

Ha ocmoBanum nposegéHHbIX dKcnepuMmenToB H. H. BekeroB cocraBun psaj ak-
TUBHOCTH METAJLJIOB, KOTODBII HA3BIBAIOT TAKIKE IJNEKMPOXUMUYECKUM PAOOM HaA-
NpAXCeHUl MemaJanos:.

Rb K Ca Na Mg Al Mn Zn Cr Fe Cd Co Ni Sn Pb () Cu Hg Ag Pt Au
AKTHUBHOCTL METAJJI0B YMEHLIIAETCS -

ITHUM PAITOM HEOﬁXD,I[HMO IIOJIB30BATHCA IIPH PacCMOTPEeHHH XHUMHYEeCKHNX CBOMCTB

MEeTAaJIJIOB.
Poars MeTanJoB B XHUMHUECKHX pPeaKlMAX MOMHO OXapaKTepHM30BaTb OIJHHM
CIIOBOM — @o0ccmanosumesiu. B 31eKTPDOXMMUYECKOM DSy CIOCOOHOCTH aTOMOB

MeTanJdoB K oTjgade 3JIeKTPOHOB (BOCCT&HOBHTEHBHHE CBOfICTB&) VMeHBlIaeTcd clie-
Ba HaIlpaBoO, cCJieJjoBaTeJIbHO, ocsiabeBaloT MeTaJNIMUYEeCKHe CBOMCTBA IIPOCTBIX Be-
IecTs — MeTaJJIOB, YMeHbIIaeTCcd HMX aKTHBHOCTL:

0
M- ne —» M*"

Hanportus, B ToM Ke pAAy cJjeBa HAIpaBOo YCH-
JIMBaeTcd CKJIOHHOCTh KATHOHOB MeTaJlJIOB IIpHUCcOoeqi-
HATH 3INeKTpPpOHBI, T. €. BoO3pacTaeT HMX OKHCIHUTEeIlb-
HaA CIOCOOHOCTD:

0
M*™ + ne > M

Paccmorpum o0inue XMMHUYECKHe CBOHMCTBA MeTaJl-
JIOB.

1. BzanmopgeiicTBMe METAJJIOB ¢ HEMeTaJJIaMH

CKOpOCTh peakIuu MeTAJIA ¢ HEeMeTaJIoM 3aBIE
CUT KaK OT aKTUBHOCTH METAaJ/ljIa, TAK U OT OKHUCJIU-
TeJIbHOU CIOCOOHOCTH HeMeTaslia.

Ilpu B3auMOAeHCTBUU € KUCIOPOJOM METAJJIbL
obpasyior oxcuabl. OKHUCIEHUE AKTUBHBIX METAJLIOB
(IuTHA, KaJabIUA) KHCJIOPOJOM BO3AyXa IIpOoTeKaeT
IIpu HarpeBaHUH:

4Li + Oy = 2Lis0O (Berme 200 °C)
Hwukonain Hukonaeeu4 bekeTos
(1827—1911) 2Ca + Oy = 2Ca0 (Brimme 300 °C)
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Okucienre MeHee aKTHBHOIO MeETAaJIIa, HaIPUMEP MeIu, IMPOMCXOIUT IIPH ele
Oojiee BBICOKOH TeMmIiepaTtype. A 0JylaropojHble MeTANIbI — 30JI0TO, MJIATHHA —
He OKHCJIAITCA KHCIOPOAOM HU IPH KaKHUX YCIOBHAX.

C rasmoreHamu, 0oco0EHHO C XJIOPOM, B3aHMOJeMCTBHE aKTHBHBIX METAJJIOB IIPO-
TeKaeT OYeHb OYVPHO, C BbIAeJeHHeM OOJBIIIOr0 KOJHWYecTBa TeILToThl. Hampumep,
HarpeTwlii IIOPOIIOK Kejieza MU JKeJe3Hasd IIPOBOJIOKA cropaer B armocdepe XJopa,
npu aTom obpasyercsa xijopup kemesa(Ill):

2Fe + 3012 = 2F€C]3

C cepoil GONBITUHCTBO METAJJIOB HAYMHAET PEarvupoBaTh NMPHU HATPEBAHUU, 3aTeM
peakiusa MOAJEP KUBAETCA 34 CUET BBIJENAIONIENCA TEIJIOTHI:

2Al + 38 = AlgSg

2. BzaumogelcTBHEe METAJLJIOB ¢ BOJAOH

IIpy KOMHATHOII TeMIepaType C BOJOH pearupyoT TOJBKO caMble AKTHBHBIE
MeTaJlJbl: IIeJOYHBIe H IMeJouHo3eMelbHbIe. IIpy sToM 00pasyroTcsa pacTBOPHUMEIE
B BOJie OCHOBAHHWs — IIEJIOYHN:

2Na + 2H,0 = 2NaOH + H,T
Ca + 2H,0 = Ca(OH), + H,T

Menee akTHBHBIE METAJIJIBI TAK}KE MOTYT DEArupoBATH € BOAOH, HO TOJBKO IIPU
BbICOKOI TeMmieparype. Hanpumep, Kejne3o pearupyer c eperpeTbiM BOAAHBIM I1a-
pom npu 500 °C. B maHHOM ciiydae IpOAYKTOM peaKIuy He MOTYT ObITh THAPOKCHIEI
sxeqesa(ll) unm memesza(Ill), mocKOMBKY IpU TAKOH TeMHOepAType OHM pPAa3IararTCs
Ha oxcuja u Bony. Hapany ¢ BomopogoM B pesyJjibTare 3Tol peaxiiuu obpasyercs
oxcup sxemaesa(ll, IIT), cocraB KoToporo BeIpa:xkaerca Gopmynoit FgOy — acenesnas
OKAAUHA:

3Fe + 4H,0 = Fes0y + 4H,T

3. Bsanmo,r(eii(:'rnne MEeTaJIJIOB ¢ KMCJI0OTaAMH

C xucioraMu IpH KOMHATHOH TeMIlepaType pearupyer ropasfo 0ojbllle MeTau-
JIOB, 4YeM C BO,E[Oﬁ. Onpe,ne.rm'rb, KaKHe 3TO MeTaJaJdbl, IOMOMKeT BHBRTDOXHMH‘{ECRKﬁ
pAA HanpsskeHHH. B Hero, IoMHMO MeTAJIJIOB, IIOMeIIEH W Bojgopox. Merannswl, cTo-
Allue B PAAY HaIpPAKeHUl J0 BOZOPOAA, CIOCOOHBI BBITECHATH €I'0 M3 PACTBOPOB
KHCJIOT:

2A1 +3H,S80, = Aly(SOy)3 + 3H,T
Fe + 2HCI = FeCly + HyT

MeTaJIJIbI, CTOAIlllMEe B 2JeKTPOXMMHYECKOM pPAILY Hal’[pﬁ}I{eHHﬁ ImocJje Bojgoponga,
He B3aMMOJeHCTBYIOT C pacTBOpPaMHU KHCJIOT.

Pealcuna MeX oY KUCJIOTOHM M MEeTAJJIOM BO3MOJKHA JIHIIL B TOM ciaydae, ecJH
obpasyroniascs CoJIb PACTBOPUMA B Boje. B MPOTHBHOM cJIyyae OHA IMOKPBLIBAET I10-
BEPXHOCTH METAJJIA W HNPEMATCTBYET €r0 KOHTAKTY ¢ KHUCJIoTOW. HamoMHUM: CBUHEI,
CTOAINUN B PANY HAOPAMKEHUIT N0 BOAOPOJA, C PACTBOPOM CEPHOII KHCIOTHI HE B3a-
NMOJeHCcTByeT, IMOCKOJBKY obpasyioniasgca Colb — CyJbk(aT CBUHIIA — B BoJe He-
pacTBopuMa. BaammMomelcTBHIO IIEJOYHBIX U IEJOYHO3E€MEJbLHBIX METAJJIOB C pac-
TBOpaMH HKHCJOT InpejaliecreyeT Bsanmoneﬁc'mne 9THUX MeTaJdJIOB C BO,ILOﬁ.
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KoHueHTpupopaHHasn cepHad KHcJoTa
M a30THAA KHCJIOoTA J000H KOHIEHTPAIUHN pea-
FUPYIOT ¢ MeTaJllIaMU HHaye, IOCKOJNBKY OKMUC-
JUTEJAMH B HA3BAHHBIX KHUCJIOTAX BBICTYIIAIOT
He KaTHOHBI BOJOPOJA, a COOTBETCTBEHHO cepa
M a30T KHCJIOTHBIX OCTATKOB. JTH PEAKIIHH MBI
paccMoTpenn B naparpadax 15 m 18.

4. BzaumMojeicTBHe METAJJIOB C PACTBOPa-
MU COJIeH

Bosee axTmBHEBIII MeTass cmocobeH pearm-
poBaTh C COJIbIO MeHee aKTHBHOT'O MeTaJlia,
BBITECHSA €ro m3 pacreopa. lnd mpaBUIBHO-
ro HAOUCAHHUS YVPABHEHHUS MHOJOOHBIX peaxIuii
BHOBb BOCIIOJIb3YEMCH  3JeKTPOXUMUUYECKHUM
pPAOOM HaIpPAMKEeHHUH MerTannorB. JlwobGoil meTani
BBITECHAET M3 pPacTBOPDOB coJIeH BCe MeTaJllhbl,
CTOAIIME 3a HUM IIpaBee, M, B CBOIO ouepelb,
MOJKeT OBIThb BBITECHEH PACIOJOMKEeHHBIMU Jie-
Bee, HaAIpUMep:

Cu + 2AgNO3 = Cu(NO3) o + 2Agl

JTO0 MNpaBUII0O He paciIpocTpaHAeTCs Ha Ie-
JJOUHBIE H I[eJIOYHO3eMeJIbHbIe MeTaJJbl, IIOCKOJBKY IIPHM MOIIaJaHHMW B PacTBOp COJMH
OHM B IIEPBYI oYepelhb PearupyioT ¢ BOJOW, a He C pacTBOPEHHOH coJibio. Kpome
TOr0, BHOBb 00pasywlasdcda COoJib JO/HKHA ObITH pacTBOpUMA B BOJE.

Peaxnunwo mexay UMHKOBOM ILJIACTUHKOM M pPacTBOpPOM alerara CBMHIIA Ha3blBa
IOT «CATYPHOBO J€PeBO»:

Zn + (CH3COO)yPb = (CH3CO0)yZn + Pbl

Kpucrannbl CBUHIIA BBLIAEJAOTCA HA IMHHKOBOHW IIACTHHKE IIPUYYAJIHUBBIM Y30-
pom (puc. 74).

Puc. 74. CarypHoBO nepesBo

Haneitte B npobupky 5 mn pacteopa cynedara meau(ll). Morpysute B pacteBop XefesHblia
rBO34b, NPUBA3AHHbIA Ha HUTKY. Yepe3d 2—3 MUHYTbl W3BNEKUTE rBo3ab U3 nNpobupkw,
NOTAHYB 3a HWTKY. YTo HabniopaeTe? CpenanTe BbiBOAbI 00 OTHOCUTENBHOW aKTMBHOCTW
xenesa n Meau.

5. BzaumopgeiicrBue METAJJIOB € OKCHIAMU

Kak ycramosun H. H. BekeTos, BhITECHHUTEIBHAS CIOCOOHOCTH METAJIJIOB IIPO-
ABJIAETCS B PEAKIUAX HE TOJBKO C COJIAMH, HO W € OKCHUAAMU. JTH PEeaKIhu TIPOo-
TeKaloT He B pacTBOpax, a MpM HarpeBaHHM TBEPJLIX peareHTOB. YUYEHBIM ObLIM 3a-
JIOJKEHBI OCHOBBI AJJIOMHHOTEPMHM — OJHOTO M3 CIIOCO0OB IToJyuyeHHA MerassioB. OH
3aKJI0YaeTcss B BOCCTAHOBJIEHUM METaJIJIOB M3 MX OKCHJOB C IIOMOIILIO aJIOMMHHUA.
Hanpumep, ageiicTBueM mopolinka anooMmuHua Ha okceug xpoma(lll) monyuaroT meras
JUYEeCKUN XpoM:

2Al + Cry03 = Al,03 + 2Cr + @




B peayabTaTe mpoTeKarlleil peakIHK 3a-
MEIeHUsT BBIJeNIeTcss O0OJbIToe KOJUUYeCTBO
TEILIOTHI, KOTOPasd MOKeT OBITH MCIIOJIb30Ba-
Ha. Tak, cMech IOPOITKOB AJIOMHHHUA W OK-
cuga xenesa(lll), maspiBaeMasg TepPMHTHOH
CMeCBhI0, IPU IIOJKHUIaHUM BOCIJIaMeHdAeTca
M cropaer:

2A1 + Fey03 = Al O3 + 2Fe + Q

IIpr sroM TemMmeparypa ILIaMeHH JOCTH-
raer 2700 °C, uTo BOOJIHE [OOCTATOYHO MAJIA
niaBiaeHud Kenesa (i;; = 1536 °C). Tepmur-
HYI0O CMECh WCIIOJIL3YVIOT AJIsI CBAPKH pesb-
COB, IIPM OTJMBKE KPYIHBIX JAeTaneil, IIA
CIJIABJIEHUS TIPOBOJOB JIMHUI 3JIEKTpOIIepe-
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nauyy, B BOGHHOM Jejie — JJA CHAPSAKeHUA
B3ajKHUraTeJbHBIX cHapAnos (puc. 75). Puc. 75. Benbilika TEPMUTHOW CMEecu

[ AnomuHoTepmua. TepMuTHaaA cMechb

MpoeepbTe CBOM 3HaAHUNA

1. OBwme xumuyeckue CBOWMCTBA METa/NIOB — MPOCTbIX BELLECTB MOXHO 0003Ha4nTb

OOHUM XUMWYECKUM TepMuHomMm. HasosBute ero.

2. Mepeuvcnute obLWME XMMWYECKWE CBOWCTBA MEeTannos. NOAYEpPKHUTE OCOBEHHOCTU

B3aMMOAENCTBMA METanNos C pacTBopamu KWUCNOT W COnei.

3. Ecnu meTtann npoasnaeT pasfinydHbie CTeneHn OKUCNeHWs, To yKkaxuTe GakTopbl, OT KO -
TOPbIX 3aBMCUT COCTaB MpoaykTa B3aMMOOENCTBUA MEeTan/ioB ¢ HemeTtaniamv W pacTBo-

pamu Kucnot u conei. MNpueegute nNpUMepsl.

NMpumeHnTe cBOM 3HaAHUSA

4. OT 4yero 3aBMCUT CKOPOCTb MPOTEKaHUA XMMWHYECKOro npouecca? Pacnonoxute yka-
3aHHblE MeTannbl B NOPAOKE YMEHbLLUEHWS CKOPOCTM peakuuu C CONAHOW KWUCNOTOWM:
a) onoBo; 6) xeneso; B) MarHWii; r) UMHK.

5. OxapakTepuayiTe XUMU4ECKWe CBOWCTBA CHeaylowmx MeTanfoB: a) Kaaui;
0) UWHK; B) Meab. 3anuunTe ypaBHEHWs COOTBETCTBYIOLUMX XMMUYECKMX peakuwid. Pac-
CMOTPUTE UX C TOYKM 3PEHUS TEOPWUM 3BNEeKTPONUTUYECKOW auccoumauum Kn npouec-
COB OKWCNEHWA — BOCCTaHOBNEeHua. B 4ém CX0OCTBO M pasnuyua CBOWCTB nepe4ync-
NEHHBIX MeTannos?

6. VMicnonb3ys MeTopn, 9NekTpoHHoro BanaHca, cocTaBbTE YypPaBHEHWS peakuuii, CooTBeT-
CTBYIOLLME CNEAYIOWNM CXEMAM:

a) Ba + N, — BagN,

6) Ca + H,O — Ca(OH), + H,

B) Al + HCI — AICI; + H,

r) Sn + AgNOz; — Sn(NOjz), + Ag

Ansa kaxnoh peakuun onpenennute oOKWCIUTENb W BOCCTAHOBUTENb.

\
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= 0
7. Hanuwnte ypaBHeHWUs peakumWil, ¢ MOMOLLLIO KOTOPbLIX MOXHO OCYLLECTBUTL Cleaylo-
Lme npespaLieHus:

a) CuO - Cu — Cu(NOgz), — Cu(OH); — CuO — CuCl,

6) Na — NaOH — NaHSO, — Na,S0O, — BaSO,

B) ZnS — Zn0O — Zn — ZnS0,4 — ZnCl; — ZnCO5 — Zn0O

r) MgCl, - Mg — MgO — MgS0O, — Mg(OH)> — Mg(NO3y),

8. BanuwuTe ypaBHEHWs Tex peakuuid, npoTekaHne KOTOPbIX BO3MOXHO:

a) Co + ZnCl, — r) Ag + HCI —
6) Ni + CuS0O, — o) Au + CuO —
B) Mg + HCI — e) Zn + Hg(NO3), —

9. B 50 r Bogbl pactBopunu 2,74 r 6apwsa. Onpenenire MaccoByl LONK0 ruMapokcuaa
Gapusa B nony4eHHOM pPacTBOpe.

10. PaccuuTaiite Mmaccy anoMUHKS, KOTOPbIA NONMHOCTBIO npopearnpyeT ¢ 60,8 r okcuoa
xpoma(lll). Kakan macca xpoma npm 9ToM Mony4nTcs?

11. Mo4yemy pacTteop cynbpata meau(ll) Henb3a XPaHUTbL B OLIMHKOBAHHOM XenesHom seape?
12. MegHylo nnacTuHKy nNorpysunu B pacTsop HuTpata cepebpa. Yepes HekoTopoe Bpe -
Ms mMacca nnacTuHkn ysenwdunace Ha 1,52 r. Onpepgenute maccy cepebpa, Bbloenne-
LLerocs Ha nnacTuHKe.

Ucnonb3yiiTe AONONHUTENBHYIO MHDOPMaLUIO

13. MoparoTtoBkTe coobuleHue 06 UCNONb30BaAHUN METAIUIOB B MUPOTEXHUKE WM BOBHHOM
nene.

§ 30. OBIIASI XAPAKTEPUCTUKA
SJIEMEHTOB IA-TPYIIIIBI

AnemeHTbl |A-rpynnbi Nepuognyeckon cuctemnl [l. M. MeHpeneesa HocAT Ha-
3saHue wWenouHsie metannel. Obuiee HasBaHWe npegnosiaraeT COBOKYMNHOCTb
obLKX CBOWCTB BO BCex (hOpMax CyLLeCTBOBAHWS 3/1EMEHTOB: aTOMOB, NPOCTbIX
BelecTs U coeauHeHn. Kakuwe 3to cBokcrtea?

Ctpoenue aToMoB. ATOMBI IIEJOUYHEIX METAJJIOB COJEP/KAT HA BHEIIHEM JHepre-
THUYECKOM YPOBHE IO OAHOMY 3JeKTPOHY. BoccTaHOBUTE/IbLHBIE CBOMCTBA BO3PACTaiOT
OT JUTHA K ILE3UI0 B CBA3H C POCTOM PaJUyCOB ATOMOB.

Illenounsie MeTaIbl Kak mpocrtsie Belectsa. lllemouHble MeTaslabl UMEKT Me
TANIHYECKYI0 KPHUCTAJIMYECKYIO PEIIETKY — 9TO cepedpucTo-Gesble MATKHE BeIre-
cTBa (JIETKO PEXKYTCHA HOMKOM) € XapakTepPHBIM OJECKOM HA CBEYKeCPe3aHHOUN MOBEpX-
Hoctu (puc. 76).

Bce oHM Nérkme W JIETKOILIaBKHe, IPUUYEM, KaK IIPaBUJIO, IJIOTHOCTE 3THX METAJ-
JIOB BOBpacTaeT OT JUTHA K I[e3WI0, a TeMIleparTypa IJIaBJIeHHs, HAao0OpOT, yMeHb- |
maercsa. [lenounble MeTaMIBI AKTUBHO PEATHUDPYIOT ¢ COCTABHBIMH YACTAMHU BO3AyXa,
IMO3TOMY HMX XPAHAT IIOJ CJIOeM SalHUTHOM JKHUAKOCTH: BAa3eIMHOBOTO Macia (JIMTHIA)
MJIH KepocHHA (ocTajlbHBIE MEeTAJJIBI).
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Puc. 76. LLlenoyHble meTtanns

Illemounsie MeTaabl B npupoxe. V3-3a 4YpesBbIYAHO BBICOKOW aKTHBHOCTH
HIeJIOUHBIE METAJNILI B CBOGOJHOM COCTOAHUU B MPUDPOZE HE BCTpeuawTcs. Bce atu
9JIeMEeHTBI MPOABIAKT B COeOHHEHUAX EIWHCTBEHHO BO3MOXKHYIO CTEIeHb OKHCJIe-
Hua +1. BaskHedInne IpUpPOAHBIE COeAUHEHHWA IMEJOYHBIX METAJLJIOB — 3TO KaMeH-
Hasg coab (raamr) NaCl, cuassun (KCl), cunsemaur (KCl.-.NaCl), unguniickasa ce-
autpa (NaNQO;). I'pomagHble 3amachkl cojleil IIeJIOYHLIX METAJJIOB B PAaCTBOPEHHOM
COCTOAHHU cojep:xkarca B MHUpPOBOM OKeaHe.

IlonyuaroT IeJ0YHBIE METAJJIBI SJEKTPOJH30M PACIIABOB UX COeAUHEHHH (CM.
§ 36):

2NaCl(pacniias) —>1oRTROIHS , oNga + Cl,

Ha mpakTMKe TpPOBOAAT 3JIEKTPOJH3 pPaclJIaBOB THAPOKCHUIAOB MeETAJNJI0B, IIO-
CKOJIBKY OHH HMeIT ropasmo 0ollee HHM3KVIO TEeMIIEPATYPY ILIaBJIEHHA:

4NaOH(pacniap) —SKTPOTS  4Nga + 2H,0 + O,

Xumnueckne cpoicrBa. llleounble MeTANILI AKTHBHO B3aMMOAEHCTBYIOT ITOYTH
CO BCeMH HeMeTAJLJIAMMH.

Bl xopomio 3HaeTe, UTO IPH B3aMMOAEHCTBHUH TIPOCTBIX BEIIECTB C KHUCJIOPOAOM
obpasyorea okcuabl. UMEHHO B peakIMAX C 9TUM OKHUCIUTENEM MIPOABIAIOTCH 0CO-
Oble cBOMCTBA IIEJOYHBIX MeTaJIoB. JIUTHH nmogumHsAeTcsa OGIIMM 3aKOHOMEDPHOCTAM
W OpH B3AMMOJEHMCTBHU C KHCJIOPOAOM 00Opasyer oxcud Jaumus:

4Li + 0y  2Liy0

Harpuii :xe npu ropeHHH Ha BO3AYyXe AAET B KayeCTBe IPOAYKTA He OKCHJ, a ne-
porcud Hampua:
2Na + Oy = NajO4

IlepoxcupaMu HasbBIBAIOT COEAMHEHHWA, B KOTOPBIX KHCJIOPOJ BMECTO NPHBBIYHOM
CTEIIeHU OKHUCJEeHUsA —2 MPOSIBIAET CTEeleHb oKucaeHus —1.

Ilepokcun HaTpud — TBEpPHOe Oelloe BeIleCTBO, KOTOPOE B pe3yjbTaTe peakIuu
o0MeHa ¢ BOAOM ITO3BOJIAET IIOJNYYUTH JAPYroil IepoOKCHI — MNEepOKCHJ BOAOPOAA:

NayOy + 2H,0 = 2NaOH + Hy0,
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JIuTuii Taxk:ke ob6sgamaer HEOOBIUHBIM XHMHWYECKHM CBOWCTBOM: 3TO eIHH-
CTBEHHBIH M3 BCEX METAJIJIOB, CIOCOOHBIM pearupoBaTh C a30TOM IPH KOMHATHON
Temmeparype (ocraibHble — Upu HarpeBaHuu). B pesyibrarTe obpasyercs Humpuo
JAUmus:

6Li + Ny = 2LisN

IIlenouynsle MeTaJJIbl B3aMMOIEHCTBYIOT ¢ BOJoM, obpasysa IIéaoum (oTcroja Ha-
3BaHHWEe TPYNIbl) ¥ BoAopox. IIpm TOM CKOpPOCTH XMMHYECKOH peaKIUI Bo3pacTaeT
ot sutua K nesuio. Hanpumep:

2Li + 2H20
2Cs + 2H50

2LiOH + H,T
2CsOH + HyT

ORCH,I[I:I MeJOYHBIX MeTaJlJIOB. ORCH,I[H HaTpHUA M KaJludA IIoaYy4YaT HarpeBaHH-
eéM HX IePOKCHIOOB C U36BITKOM MeTalna, HampuMep:

NagOs + 2Na = 2NasO

OKcuAbl IIeJOYHBIX METAJJIOB IpeacTaBad0T coboii TBEépable Oenble BellecTBa
¢ SPKO BBIPQYKEeHHBIMH OCHOBHBIMHU cBoMcTBaMu. OHM pearupyoT ¢ KUCJIOTHBIMHU
OKCHIAMH M ¢ KHCJOTAMK ¢ 00pa3oBaHHEeM COJIei:

K0 + SO, = K;S0s
Li,O + 2HNO; = 2LiNO3 + H,0

ORCH,I[H IIIeJIOYHBIX MeTaJJIOB JIeI'KO BBaHMOﬂEﬁCTBYIOT c BO,II;OI':I C OGPaBOBaHIrIeM
COOTBETCTBYIOIIHX T'MIPOKCHIOB MeTalJaoB — IE[EJIOTIEﬁ:

NayO + Hs0 = 2NaOH

I'mapokcuabl IeJOYHBIX METaJJI0B. B 1ab0paTOpHBIX YCIOBHUAX PacTBOP THAPOK-
cUIa IIeJOYHOr0 MeTajlla MOKHO HOJYYHUTh He TOJbKO PACTBOPEeHHEM B BOJE ero
OKCHJa, HO M B3aHMMOJeNMCTBHEM C BOAOH caMoro MeTajlja.

B IIpOMBIIIJIEHHOCTH HIEJ0YH IIOJYYAIOT JJIEKTPOJH30M BOAHBLIX PACTBOPOB XJIO-
PHUAOB IIEJOYHLIX METAJJIOB:

2NaCl + 2H,0 —2ICKTPOINS . f, + 2NaOH + Cl,

I[Ilémoun B3aMMOAEHCTBYIOT C KHCJIOTHBIMHM ¥ aM(OTEPHBIMHM OKcCHUIaMH, aM(o-
TEePHLIMH THAPOKCHAAMH, KWCJIOTAMH, COJIAMH:

2NaOH + CO, = NayCO3 + Hy0
2KOH + Al,03 + 3H,0 = 2K[Al(OH),]
2NaOH + Zn(OH), = Nay[Zn(OH),]
LiOH + HCI = LiCl + H0
2KOH + CuSO, = KySO, + Cu(OH),l

(Banuwume uoOHHbLIC YpPAEHEHUA 6CeX NPUBCOEHHbLIX 6blUle XUMUYLECKUX pPearuyuil.)
l'uppoxcun HaTpus B TeXHUKe MMeeT elllé HeCKOJIbKO HAa3BAHUI: KaycTHYecKas
cojza, egkmii Hatp. I'mapoxcua Kanusa HasbIBAIOT TaKiKe €JIKHM KAJH.



CKadaH

I'mapokcny HaTpUA NPUMEHAIOT IS
OYHCTKH He()TH M MaceJy, B IPOHU3BOJCTBE
6ymMarm, MbLIa, UCKYCCTBEHHBIX BOJIOKOH.
PacTBop ruppoxcmaa Kajlusa HCIOJB3VIOT
B KAYECTBE 3JEKTPOJIUTA B MIEJOUYHBIX aK-
KYMYJIATOpax.

Conu mesoYHBIX METAJJIOB ITpeJiCTaB-
JAOT Cc000M TBEPABIE KPUCTAJJINYECKHE
BeIIecTBa, XOPOIIO PacTBOPUMBIE B BOJE.
MNx xmMHuuyecKue CBOICTBA OIpeJesaioTcs
riaaBHBIM o0pasoMm Ipuponoil annona. Tak,
raJoreHuAbl (3a MCKJIYeHUeM (DTOPHIORB)
BCTYHAOT B peakiny ofMeHa ¢ HHTPATOM
cepebpa, KapboHATHI IIPKU B3aUMOJEHCTBHU
¢ KHUCJIOTAMM BBIJEJNAKT YIJIEKHCJIBIN Tas,
a HUATpPaTHl IPU HarpeBaHUM pas3jararTcsd
HA HAUTPHUAT IMEJIOUHOTO METAJIA U KHCJIO
pox:

KCl + AgNO; = AgCll + KNO;

\ B r

Liz00; + HsS0,4 =

: Puc. 77. Okpacka nnamMeHn moHamum
= 11,80 + H;0 + CO,T P
LEeNoYHbIX MeTannos:

. a—L*%6 —Na" B — K" r— cst
2NaNOj3 = 2NaNO, + O,T

Bes crnenuanbHOro 060pya0BaHUA ONpPENe/INTh, KAKON IMEe/JI0YHON METAJI BXOIUT
B COCTAB COEJMHEHH:, AOCTATOYHO TPyAHO. OAHAKO YV KATHOHOB 3THX METAJLJIOB €CTh
OJHO YAWUBUTEJIbHOE CBOHCTBO — OHH OKPAIIMBAKT OeclBeTHOe IIJIaMdA CIIMPTOBKU
B pasJMYyHbIe IIBeTa: JUTHUH — B KPACHBIH, HATPHUIl — B KEITHIH, Kaauili — B (uo-
aeToBeIi (puc. 77).

HaubGoablllee 3HaUeHNEe W NPAKTHUYECKOe NMIPUMEHEeHWe MMeIT XJIOPUAbI, KapboHa-
TBI, CYNB(}ATEI 1 HUTPATHl KAJTWUSA U HATPHUS.

Xnaopug satpusa NaCl. BeiToBoe HazBaHME XJTOPUAA HATPUS — NOBAPEHHAS COJb.
O9T0 He IIPOCTO BKYCOBafA NPHIPAaBa, a HEOOXOOUMBIN KOMIIOHEHT IIHINU. DBuojioru-
yecKad poJib XJIOPUJZA HATPUA H3BECTHA BaM M3 Kypca XUMMH & Kjacca, a Tenepb
Bbl 3HAETe, YTO XJOPHJ HATPUA — IEHHOEe XMMHYECKOEe ChIPhE. DJIEKTPOJIHU30M ero
pacTBopa MOJy4YalT I'HJAPOKCUI HATPUA, XJIOP, BOIOPOZ.

Xaopug raaua KCl ucnonss3yooT B CelbCKOM X03AHCTBE B KadyecTBe KaJWITHO-
ro ypobpeHHsA, B XHMHYECKON MPOMBIIIJIEHHOCTH — MAJdA NOJYyYEeHHS THAPOKCHIA
kanua. CTérkyga um JHUHBEI, BBITOUEHHBIE U3 OOJBIINX KPHCTAJJIOB XJIOpHUAa KaJud,
IPUMEHSIOTCA B CICIHANBHBIX ONTHYECKHX Ipubopax, IMOCKOJBKY OHH, B OTJIHYLE
OT CTEeKJAHHBIX, NMPONYCKAIOT YJIALTPA(pPHOIeTOBOE H3JIyUeHHE.

Kap6onar Hatpua NayCOg u3BecTeH HOoJ HasBaHMEM MEXHUYECKOU WUIU CMu-
panvHoill codet. J1o HemaBHEro BpeMeHH IPH CTHPKe OelibA WM YHUCTKE IIOCYILI 3TO
BelllecTBO H00aBJIAIU B BOAY JAJdA €€ yMArdenud. B npombIlieHHOCTH KapboHaT Ha-
TPUA NPHUMEHAIT KaK CBIPBE IIPU IIPOMBBOJICTBE cTeKJia. KpoMe TOIO, 9TO BeIecTBO
HCIIOJBL3YIOT B IIPOM3BOJICTBE HEKOTOPHIX MOIIIHX CPEICTB.

naterial100.tilda.ws
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I'mapokap6onar marpua NaHCQO;. 9To BelecTBO XOpOINO M3BECTHO BaM IOJ Ha-
3BAaHUAMHU Ruuwieeas coda WIA numvesasa coda. Ilpm HarpepaHmm TrHIApPOKapOoHAT
HaTpusA pasjaraeTcsa B COOTBETCTBUHM C ypaBHEHHEM

t
2NaHCO; = NayCO3 + H,0 + CO,T,

IMOATOMY €ro HMCIIOJIb3YVIOT B Ka4UeCTBe Pas3phIXJIUTENA TecTa B KyJIuHapuu. 1Ipu BbI-
meuyKe H3eJIUdA I10[ AeHcTBHEM BBICOKOH TeMIIePaTypbl U B MPHUCYTCTBHU KHCIOT
(BHAKOMBII MHOTHM M3 Bac IPOIlECC TamleHud COABI YKCYCOM) 00pasyioTcs YIJIeKHC-
JIBIHA Tas3 M BOAAHOW Ilap, MOAHMMAIOIIHME TEecTO M3-3a 00pasoBaBINErocA BHYTPH MHO-
JKecTBa Tas30BBIX IIY3BIPHKOB.

Kap6onar xkamma KyCO3 B TexHHMKe M3BecTeH Ioji HaszBaHueMm nomaut. Taxoe
Ha3BAHUE CBSIBAHO C YCTAPEBIIUM CIoco00M moayueHusA 3Toro BelectBa. B Cpennue
BeKa BapHJIM MBLJIO, HarpeBad KO3be cayio ¢ 3010 Koctpa. llosiKe m3 30JaBI cTann
BBIIENIATE BEIECTBO, KOTOPOe M INpeBpallajo »XKUp B MBLIO, — KapOoHaT KaJus.
B crenuanbHBIX INIMHAHBIX TOPIIKAX CXKUTANN JAepeBAHHBIE YYPKH, APEBECHYIO 30JY
obpabaTsiBaid BOLOW W BBIIIADUBAJIM moTall (0T aHrJ. pot — TOPIIOK, ash — 3oma).
Io cux mop rapboHAT KaJaUs HCIOJbB3YIOT B IIPOU3BOJCTBE KUIKOIO MBLIA, 4 TaKiKe
AJIA TOJYYEHHS CIeIHaJbHOTO CTeKJa, KpacHuTelleld, APYIUX COeJMHEHHH KaJusd.

Cyastdar marpua NayS0Oy. B 1648 r. memeukwmii anxumuk Horane Pymonabd
I'nmaybep monyumn coas cocraBa NaSO .. 10H,O, xKoTopad ¢ Tex JaBHHUX [OpP IIpHU-
MEHAETCsS B KadecTBe CJAOHTENBLHOIO CPeACTBA. 34 BEIIECTBOM TAaK M 3aKPEIHNJIOChH
HadBaHue zjaybeposa coib. B ipupoje BeTpeuaeTcsi MUHEPAJT MHUPAOUIUT, KOTODBIH
HMeeT TOYHO TaKoil jKe cocTaB. B IPOMBIIIIEHHOCTH IJIayOepOBY COJb HMCIIOJbL3YIOT
B HPOUBBOJACTBE CTEKJIA M BOJIOKOH, IPU KpAaIleHUH TKaHei.

Hurpar kamua KNO;. Hurparbl IeJIOYHBIX M IeJIOYHO3€MEJbHBIX METAJLIOB
Ha3eIBAOT ceaumpamu. Kanuiinasa cennuTpa — OAUH U3 KOMIIOHEHTOB UEPHOTO IIO-
poxa. TakuM IIOPOXOBBEIM 3apsAAOM CHApPAKAAHA IYIIKH, PY/KbS, MYIIKETHI, IIHCTO-
JIeTHI, CTpeNdIoIIue AgpaM{ ¥ IyaaMH. HuTpaT Kanumsa B IIOpOXe BBITOJHSIET POJb
OKMCJIATENHA, KOTOPLIH IIpeBpaliaeT ocTajlbHble KOMIOHEHTEI Iopoxa (cepy M yrojsb)
B raszoobpasnHbie BemlecTBa. OHH-TO M CO3HAIOT HeOOXOAMMOEe OaBJIEHHE, BBITAIKHI-
Bawiree sapsan. Temeps y KAIUNHOR CEJUTPHI BIIOJHE MUPHBIE «Ipodeccuu» — eé
HMCTIOJB3YIOT B KaYecTBe yJAOOPEHWs, B IPOMUBBOJACTBE CTEKOJ, KAK KOHCEPBAHT B IH-
IIeBOil ITPOMBIIIJIEHHOCTH.

LllenoyHbie meTannel. NMepokcugbl. Mapokcun HaTpua (egkuii HaTp, Kay-
cTudeckaa copga). Mmppokcup kanua (epgkoe kanu). Cynedar HaTpus
(rnayb6epora conk)

1. faiite oBLlyl0 XapakTepuUCTUKY LWEN0YHbIX METanNoB Ha OCHOBAHWW WX MNOSOXEHWUs
8 [lepvognyeckoin cucteme xumunyeckux anementos M. M. Menpgeneesa. Haiaurte cxofn-
CTBO W Pas3nuuus B CTPOEHWW aTOMOB LUENOYHBIX METaNNoB.

2. Kak xpaHaT weno4dHble metannsl B naboparopumn?

3. lMepeuncnnte xMmuyeckme CBOWCTBA LWEIOYHbIX METaNNOB U PacKpoWTe 3aBMCUMOCTb
CKOPOCTW MPOTEKaHWUA peakuuii OT NPUPOoAbl LWENOYHOro Metanna.
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)

4. Hanuwute mMonekynsipHble 1 MOHHbIE ypaBHEHWUS peakumid: a) kanus ¢ Bogoin; 6) Ha-
TPUSA C Cepoii; B) OKCMAA Le3ns C CONAHON KUCNOTOW; I') rMapoKCcuaa NUTUS C OKCUOOM
yrnepoga(lV); a) okcupa Hatpus ¢ BOOOW. B ypaBHEHMSX OKUCAUTENbHO-BOCCTAHOBU-
TenbHbIX peakunii pacctaBbTe KOadQPUUNEHTB METOOOM 3NEKTPOHHOro BanaHca, ykaxure
OKUCNWUTENb WM BOCCTAaHOBUTENb.

5. B Tpéx cknsiHkax 6e3 aTukeTok HaxoasATca Benble kpucTannuyeckue nopoLLKn Xopu-
noB kanus, Hatpus u nutua. MNpegnoxute cnoco® pacrno3HaBaHWA 3TUX BELLECTB.

6. 3anuvwuTte ypaBHEHWS peakuwi, C NOMOLLLIO KOTOPbIX MOXHO OCYLUECTBWUTE Cleayio-
wue npespaweHus:

a) KOH — K — KCI - KNOz — KNO,

6) Li - Li,O0 — LIOH — Li,SO,4 — LiCl

B) Na — NaOH — Na,CO3 — NaNO; — NaNO,

7. BMecTto MHOroTo4MiA BNULLIWTE B YPaBHEHWA peakuwnii (popmynbl BELECTB:

a) e TH SO2= N32803

6) KOH + ... = KNO3 + H0

B) ... + ... = 2LiCl + BaSO 4|

ry 2Na + 2H,0 = ... + ...

8. B Tecto pobasunu NONOBYHY 4Y4aHOW noxku (2,1 r) nutbeBon copapl. Kakon oObeEm
YIIEKMCNOro rasa (H. y.) BbiAEAWTCH NPW MONHOM pPas3noXeHun 3Toro sewectsa?

e »

Ucnone3ynte AOMONHUTENbLHYIO WHOpMaUUIo

9. Moprotoeste coobuieHWe 06 MCTOPMM OTKPLITUS OOHOTO W3 LWENOYHbIX METasNoB,
O ero CBOWCTBax W NPUMEHEHWU.

§ 31. OBIIASL XAPAKTEPUCTHUKA
DJIEMEHTOB IIA-TPYIIITBI

K anementam lIA-rpynnbl MNepuoauueckoi cuctembl [. U. MeHaeneesa oTHocsT
GepunauMi, MarHui v WeNo4YHO3EeMENbHbi€ MEeTannbl — KalbUWK, CTPOHUMH,
6apun, pagui. O6nagaoT /M WENOYHO3EMENIbHBIE U LLE/IOYHbIE METai/bl CXOh-
HbIMU cBoMcTBaMu?

Crpoenue aromoB. Ha BHellHeM sHepreTHYeCKOM YpPOBHEe aTOMOB 3JyeMeHTOB IITA-
TPYIIOBI HAXOAATCA ABa 3JIEKTPOHA, KOTOPBIE OHM OTHAIOT IIPH XHMHWYECKHX B3am-
MOJIEHCTBUAX, TOJYUYAA IIPH 3TOM cTeleHb okuciaenusa +2. Meranner [TA-rpynmsr —
CHJIBHBIE BOCCTAHOBHUTENHW. BoccTaHOBHUTENLHBIE CBOMCTEA BO3PACTAalOT OT OepMILINA
K 0apuio, 4TO CBABAHO C YBeJHUYeHHEM DAaJgUyCOB HMX ATOMOB.

IIpocTeie BemrecTBa. ITO JIErKue cepebpucro-Oesnble MeTasibl, TBépablie. CTpoH-
oW 3HAYUTEJBLHO TBEép:Ke O0apusa, KOTOPBIA II0 MATKOCTH OJM30K K CBHUHILY.

B orinume or GepunuAa M MATHUA, IMEJI0YHO3eMe/IbHbIE METAJLIbI HA BO3AYXe pea-
THPYVIOT C KHCJIOPOAOM M BOJAHBIMHK IIapaMi, II09TOMY HX, NIOJO0HO IIIEJOYHBIM Me
TAJIAM, XPAHAT MOJ CJ0eM KepPOocuHa. Bepmiinii m MarHWil HA BO3AYXEe IMOKPBIBAIOTCS
IIPOYHOM OKCHIHOH IJIEHKOM, KOTOpasd MpeJoXpaHdeT UX OT JaJIbHEHIero paspyliueHus.
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CBO€ HasBaHHE IEJOYHO3eMeJbHEIE METAJIbl MOJYYUIN IOTOMY, YTO UX OKCHIBI
(AaIXMMHKHK Ha3BIBAJIW HMX 3€MJAMM) IPH PacTBOPEHHMH B BoJe 00pasyioT IMEJIOUH.

Meranns:r ITA-rpynnsr B npupoge. B cBobogHoM cocToaHUM OepUJIIIMi, MarHuii
W IIeJJOYHO3eMeJbHBIE METAJIJIBI B IIPAPOJe He BCTpedaioTcsd. V3 sTHX MeTanIoB ca
MBIl pacmpoCcTPAHEHHBIN B 3eMHOU Kope sjieMeHT — Kanbluii. OCHOBHBIE HPUPOLI-
HBbIe COeIMHEHHA KaNbIlud — KaJbIlUT, MpamMop (puc. 78), usBecTHAK, MeJ. Bece oHM
collep;KaT IJIaBHbIA KOMIIOHeHT — Kapbonar xanbuua CaCoO,.

XumMHuyecKkne cBOHcTBA., AKTHBHOCTE MeTaanaoB IIA-rpynmbl BoszpacraeT oT 6e-
pwinusa K nesuwo (kakx evt dymaeme, novemy?). Ilpu BzaumoneiicTBUU ¢ KUCIOPOJAOM
OepuJIINil, MarHuii, KaJdbIUi M CTPOHIIMN 00pasyioT OKCHUALI, a 0ojiee aKTHUBHBIN
Dapuili — IEepPOKCHI:

-
2Ca + Og = 2CaO

|
t
Ba + 02 = Ba02

Bepunnuii, Marsuii 1 ImieJouHO3eMeJbHBIE METAJJbl IIDU HarpeBaHHUU pearupy-
0T U ¢ APYIHEMHU aKTHUBHBIMM HeMeTAJIAMH: rajloreHaMu, cepoit, azorom, o0pasysd

OMHAPHBIE COEJUHEHUS — TAJIOTeHUAbLI, CYJIb(UIALI, HUTPUIbI:
Be + Cly; = BeCly
Mg + S = MgS
3Ca + Ny = CagNy

CxopocTs B3aumogelicTBuA MeTasoB ITA-rpynmnsl ¢ BoJoOM TaKk’ke YBeJIWIHWBaeTcs
OT KaJapIua K bapwio:

Ca + 2Hy0 = Ca(OH)y + HpT
Bepunauii npm KOMHaTHOH TeMIlepaType ¢ BOJOH He B3aUMOJeHCTByeT, MarHH
pearupyeT MeIJIEHHO M TOJIbKO IIPDH HATPEBAHUU.

Bonbimoe Komm4ecTBO KaJdbIUA HUAET Ha IOJyUYeHHe APYTHUX MeTaNJIOB KAJAbUlil-
mepmuelt — BOCCTAHOBJIEHHEM METAJJIOB M3 MX OKCHIOB KaJbIlHeM, HaIlpHUMep:

t
TiOy + 2Ca = Ti + 2CaO

Bepunnuii, Marivii M CTPOHIUHA HC-
HOJB3YIOT KAK KOMIIOHEHTHI CIIJIaBOB.

Oxkcuasr merannos ITA-rpynmnsi

Oxcupx Oepuanusa — THOUYHBIN am-
dorepubiii okcug. IlomMumo Kueiaor, OH
pearupyeT M co IlleJodaM#, 00pasyd KOM-
MJIeKCHBIE COJIU:

BeO + 2HNOg3 = Be(NO3)y + H5O

BeO + 2NaOH + H,0 = Nay[Be(OH),]

Oxcuyyx MArHMg TPOSBJSET OCHOBHBIN
XapakTep, HO C BOJAOH HpH OOLIYHBIX YC-
Puc. 78. OBpaseyl, npupoaHoro mpamopa JIOBUAX pearupyeT caabo.
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OKcuabI HIeJIOYHO3eMeJBHBIX MeTAaJIJIOB IIpeICcTaBJIAT coboil TBEépable Oelble Be-
IiecTBa, IIPOABJAIOIIMEe OCHOBHBLIE CBOMCTBA.
OKcHIBI IeJ0OYHO3eMe/IbHBIX MeTAJJI0B PearupyiT ¢ BOJIOH ¢ oOpasoBaHUeM IIe-
Jodeil, HampuMep:
SrO + Hy0 = Sr(OH)s

HWx ocHOBHBIE CBOHCTBA IPOABIAKTCHA TaKXe B pPeaEKIHAX C KMCJIOTHBIMH OKCH-
JaMMF M KHCJI0TaMH, B pe3yJjbTaTe KOTOPBIX oﬁpaaym’rcs{ COJIH:

CaO + CO, = CaCO3
BaO + 2HCI = BaCl, + H,0

OKCHIBI MIEeJTOYHO3EMEIbHBIX METAJIJIOB IOJYYAIOT PA3jIOyKeHueM MX KapboHATOB
IIPM HarpeeaHHuH, HallpuMep IIPpH 00KHI'e M3BECTHAKA:

CaCO3 = CaO + CO,T

Okcug KanbIUs B TeXHWKEe HA3SBIBAIOT HE2ZAULEHOI U36ecmbi0 W HCIOJB3YIOT
B CTPOHUTENLCTBRE.

TToCKONBKY CYIIeCTBYeT HeraméHas H3BecTh, OYEBUIHO, JOJKHA OBIThH M 2aulé-
Haf. ITO JEeUCTBUTENBHO TaK: OHA IIpejcTaBideT co00il IPOAYKT B3aUMOJAEHUCTBUA
HerameéHo!d WM3BecTH C BOJOH, T. €. TAIleHWd:

CaO + H20 = Ca(OH)2 + Q

IIpu rameHun M3BeCTH BhIAeJgeTcsa GOJBbIIOE KOJIUUYECTBO TEIJIOTHI, BOAA YACTHY-
HO mpespaiaercs B map. Cosgaércs BmeuaT/IeHue, UTO 3aracUJIM BOHOU TJEMOIUe
yIVIM KOCTpa.

T'upporcuasr meranos IIA-rpynnsl. B moIHOM COOTBETCTBUM € XapaKTepoM OR
CHI0B I'HApPOKcHU] Gepusiug npoAsiasgerT aM(oTepHble cBOHCTBA, M'MIPOKCHUILI OCTAJL-
HBIX MeTayioB IIA-rpymnmsl — OCHOBHBIE.

TuapoKcHAEI IeI0OYHO3eMeJIbHBIX MEeTAJIJIOB MOXKHO HAa3BATh IlejIoUuaMy, HOCKOJb-
Ky OHU PACTBOPUMBI B BoOJe. PacTBOPUMOCTEL THMIPOKCHUIOB YVBEJIUUNBACTCH B DALY

Ca(OH), — Sr(OH)s — Ba(OH),

T'uapoxcug Marius B BOJe PACTBOPSAETCHA OYeHb HE3HAUUTENbHO. [UAPOKCH Kallb-
OUA MaJIOPACTBOPHUM B BOJe, HO TeM He MeHee ero pacTBOP IOJ Ha3BaHUEM U38eCm-
K08as 600a MCHOJB3YIOT JAJs KAYEeCTBEHHOrO OOHADYYKeHUs YIJIEKHUCJIOTO rasa:

Ca(OH), + CO, = CaCO3l + Hy0

Ecnim K Boze mo0aBHUTE 00JIBINE THAPOKCHAA KAJBIIHNA, YeM MOJKET B HeH pacTBO-
PUTBCA, MOJAYUYUTCH MYTHAdA B3BECh TBEPABLIX YACTHUYEK OCHOBAHUA B KUIKOCTH —
H3BECTKOBOE MOJOKO. Ero mpHMeHsSIOT B CTPOMTENLCTBE M B CBEKJIOCAXAPHOM IIPO-
M3BOJCTBE A/ OUYHCTKH CAXAPHBIX PACTBOPOB.

ITo anamoruu ¢ M3BECTKOBOUM BOJON MOXKHO IIPUTOTOBUTH OAPUTOBYIO BOAY —
pacTBOp ruapoKcuga Gapua. BapUTOBYIO BOAY UPUMEHSAIOT IJS TOTJIOMEHUA yIJie-
KHCJIOTO Tasa M3 BO3AYXA.

IIpu HarpeBaHHH THIPOKCHALI OEPHUJIINA, MATHUA U IeJOYHO3eMeJbHBIX MeTal-
JIOB pasjiaraioTcsa ¢ o0pasoBaHHUEM COOTBETCTBYIOIIHX OKCHIOB:

Mg(OH), = MgO + H,O
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JlabopaTtopHbii onbIT 42

HemHoOro nopotuika okcuga kanbLns NOMecTUTe B XMMWUHECKWIA cTakaH u npuneite 20 mn
Bogbl. TwWaTenbHO nepemellainTe CopepXkUMOe CTakaHa CTEeKNSHHOM nanoykoi u painte
otcToaTbes. [NpoduneTpyiite No 2 MA COAEPXUMOro ctakaHa B 2 npobupku. C noMoLLbio
TpybO4YkM ONA KOKTeWNs 4epes pacTeop MNepeoil npobupku npoayBanTe BblAblXaeMblid
Bo3ayx. YTo HabnwpaeTte? C Kakoil UEenbio WMCMonb3yiloT OaHHYK peakuunio?

K pacteopy BO BTOpoOi npobupke gobasste 1—2 kannu pacteopa geHondTanenHa. 4ro
Habniogaete? O 4€M CBUOETENLCTBYET NOABNEHWE OKPaCKn?

< -4

Comu meramnos ITA-rpynmnsei. B otinuume or coseil 1iesIONHBIX METAJLIOB, MHOTHE
conu MeraJuioB IIA-rpynnesl MajlopacTBOPHMEI WM HEPaCcTBOPHMEI B Boae (Haiidume
coomeemcemeywuiue darHvle 6 mabauye pacmeopumocmu).

Kapo6onar kansuusa CaCQO; npexcrasisger coboil Oesloe KpUcTaLJINYecKoe Belle-
CTBO, HEPacTBOPMMOE B BOje. JIerko BcTymaeT B peaKIHI0 OOMeHa ¢ KHCJIOTaMu
¢ OYpPHBIM BbIeJIeHHEM YIJIEKHCJIOr0 rasa:

CaCO3 + 2HCI = CaCl + H,0 + CO,T

IIpy nmponyckaHMM YIJIEKHCJIOTO rasa dyepe3 M3BECTKOBYIO BOAy oOpasyercda oca-
mnoKk KapboHATA KANbIMA, M3BECTKOBAaA BoAa MyTHeeT. KpHCTANIHMKK COJMH mOgyda-
JOTCA OYeHb MeJKHMH. KapOoHaT KaJbIusdA, MOJNYYeHHBIH TAKUM cIIoco00M, ABIIAeTCA
OCHOBOHM B3YOHBIX IIacT, KOCMETHYECKHX CPEeACTB, €ro HMCIOJb3YIOT TaKiKe B IIPOH3-
BOJACTBe OyMaru BBICOKOTO KadecTBa (MenoBaHHAs Oymara) U pPe3UHBI.

Ecim mpopoixaThk IPONyCKaTh YIVIEKHCJBIA rasd depe3d IIOMYTHEBIIYIO H3BECT-
KOBYIO BOJY, OCAJIOK 4Yepe3 HEKOTOpOe BpeMs: HCUYe3aeT, PACTBOP BHOBL CTAHOBUTCA
IPO3PAaYHBEIM. DTO IIPOMCXOAHUT IIOTOMY, YTO KapOOHAT KaJIbIIMA IIOJ NeHCTBHEM M3-
OBITKa VIJIEKHCJIOT0 rasa IpeBpalllaeTcd B PACTBOPUMYIO COJb — THAPOKapboHAT
KaJIbIIHI:

CaCOg + COy + Hy0 = Ca(HCOg3),

Cyasdar maraua MgSOy comepikuTcss B MOPCKOM BOJe U HPUJAET el rOpbKUit
BKyC. JTa COJIb U3BECTHA IIOJi HAa3BaHWEM 2OpPbKaAs WIW aHzauickas coib. Eé wuc-
HOJB3YIOT B MEAWIIMHE B KadecTBe IIPOTHBOCYIOPOKHOTO CPEACTBa, KOMIIOHEHTA
c1abHUTeNIbHBIX CPEeJCTB, a TaK)ke KaK aHTHUAOT (IpOTHBOAAME) HPU OTPaBIEHHUAX
COJIIMH TSMKEIBIX MEeTAaJIJIOB,

Cyasar 6apua BaSQ4 — HepacTBopumas B Boje coJib. IlepememmuBasa eé c¢ He-
OOJBIIMM KOJIMYECTBOM BOJBI, IIOJYYaOT TAaK HasbIBAEMYI0 0apHUTOBYIO Kallly, KOTOPYIO
HCIOJB3YVIOT B MeIUIIUHE [JId PEHTIreHOCKOIIMH JKeIyI0YHO-KHUIedHoro Tpaxkta. Cyib-
dar bapus, B oTIIMUME OT MATKHUX TKaHell opraHW3Ma, 3a/ep;KHBaeT PeHTIeHOBCKOe
usnydeHue (IOTOMY €ro Ha3bIBAIOT KOHTPACTHBIM BeIeCTBOM) M, IPOHUKAA B HUIIe-
BOJI, JKEJYAOK, KHUIIeYHHWK, JAéT Ha pPeHTreHOorpaMMe UETKOoe H300pakeHue BHYTDEH-
HEero oprasxa.

Cynbdar Gapusa HMCHONB3VIOT KaK HAIMOJHHUTENb HPHU IIPOM3BOJCTBE KepaMHKH,
Oymaru, pesuHbl, KaK KOMIIOHEHT 0eJbIX MACISHBIX KPACOK.

Cyastdar raneuma CaSO, BcTpewaeTcss B IIPpUpPoOJe B BUAE OCALOYHOH MOPOJBI
zunca, nmemomero cocraB CaSOy .2H5O. Ilpm mpoxkaJmBaHUM THUICA OH YaCTHUIHO
TepseT BOJY, IpeBpaliasichk B 0elblii mopomiok — agnebacmp 2CaSQ.-.HsO (uam
CaS04..0,56H50). Ecau k anebacTtpy cHOBa N0OABUTH HEOOJIBIIOE KOJUYECTBO BOMHI,
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MoJIVUeHHas KalllMila Yepe3 HEKOTOpoe BpeMs 3aTBepjeeT, BHOBL IIPeBPATHUBIINCH
B runc. Takue IpeBpalleHUs HCIOJL3YVIOT B CTPOUTENLCTBE, IIPH OTAEJKE IIOMeIle-
HUIl, 114 U3TOTOBJIEHUA JeNHBIX VEpPAIIeHWii, CTATYI, B MeJUIMHE IJA HAJOMKEHUA
THIICOBBIX ITOBA30K.

Bepunnuin. MarHuin. LLeno4yHosemenbHble MeTannbl. OKcug Kanbuus
(HerawéHnan usBecTb). MNMapokcua Kanbuma (rawédas uwiBecTtb). U3BecT-
KoBoe mMonoko. BaputoBas Boga J

1. Kakme metannsl lIA-rpynnbl HA3bIBAKOT LWENOYHO3EMENbHbIMU? OBbACHWUTE MPONCXOX-
AeHwne 3Toro HasBaHwg.

2. CpaBHUTE WENO4YHbLIE W WENnoYHO3eMesbHbie MeTannbl. YKaxute BuO, CBA3WM WU TUN
KPUCTAIMYECKON PEeWETKM B NPOCThLIX BelecTeax, 06pas3oBaHHbIX 3TUMKW MeTaniamu.
3. MNepeuncnnte ob6WMe XUMUYECKWe CBOWCTBA LWEeNoYHO3eMenbHbiXx meTtannos. [loa-
YyepkH1UTe 0coBEeHHOCTV B3aMMOAENCTBUSA 3TUX MEeTalIOB ¢ BOOOW.

.

4. C NoMOLUBIO KaKoW XMMWUHECKON peakuunn MOXHO [0KasaTbh, 4TO B COCTaB NPUPOLHBLIX
COEAMHEHNIA KanbUMs — W3BECTHAKA, Mpamopa, Kanbumrta — BxoguT kapboHaT aToro
meTtanna? Hanuwwurte ypaBHeHWE peakumMn B MONEKYNAPHON M MOHHOW dopmax.

5. OxapakTepu3yinTe CBOWNCTBA OKCWMAA KanbUWs Kak OCHOBHOro okcwmpga. OTBET noarsep -
OUTe YpPaBHEHUSAMW XUMWYECKUX Ppeakuuii B MOMEKYNAPHOW U MOHHOW ¢opmax.

6. Hanuwwute ypaBHeHWs peakuuii, C NOMOLLBIO KOTOPbLIX MOXHO OCYLECTBUTL Cneayto-
wye npespaweHus:

a) Ca — CaCl, — CaCQ; — CaO — Ca(OH), — Ca(NO,), — CaF,

6) BaCO; — BaO — Ba(OH), — BaCl, — Bas(POy)s

Onsa peakuuii obMmeHa 3anuULLIUTE WOHHbIE YPABHEHUS.

7. MNpu o6paboTke 9,8 r cmecu kapbBoHata, rmapokcuaa u cynbdata kanbuusa N3BbITKOM
CONAHOW KMCnoThl Belgenvnocs 0,896 n rasa (H. y.) m ocTanock 2,1 r TBEpAOro ocrarka.
BblyMcAMTe MaccoBylo OO0 KOMMNOHEHTOB B CMECH.

. J

Ucnone3ynte AonosiHUTEN6HYKw MHoOpMauuio

8. WenoyHble MeTannsl Nony4arT 3NeKTPOoIM30M pacriaBoB WX MMAPOKCUO0B — LWENo-
Yyeir. Jna nony4eHus LWenoYHo3eMeNbHbIX METa/IIOB UCMOMb3YIOT 3NeKTPoNn3 pacrnnasoB
ux coneii. Kak Bel gymaeTe, noyemy Ons S9TUX LUENeil He rogsaTcsa rMapoKCuabl WenovyHo-
3eMenbHbIX MEeTaNNoB? Hanvwute ypaBHEHWE 3NEKTPONU3A pacnjasa xnopuaa Kanbuus,
9. MopgrotoBkte cooblweHne 06 UCTOPUN OTKPLITUS OQHOMO U3 LLENOYHO3EMENbHbIX Me-
Tannoe, ero CBOMCTBAx W NpUMEeHeHUN.
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§ 32. XiECTKOCTb BOJIbI
I CIIOCOBHI EE YCTPAHEHUSA

Bbl y>ke 3HaerTe, UTO CTUpaNbHYIO COAY WCNONL3YIOT ANs yMArdeHus Boabl. Kakoe
3HaYeHWEe MMeeT 3TOT NPOLECC B NPOMbILIEHHOCTH U B ObiTy?

Hisa morpebuTesis, HCIOJAB3YIOIIEr0o BOAY B ObITOBHIX W TEXHUUYECKHUX IEIAX,
Ba)KHa ocofas XapaKTepPHCTHUKAa BOALI, KOTOPYVIO HA3BIBAIOT HCECMKOCMbBIO.

Boay Ha3biBalOT XECTKOM, ECNN OHA COAEPXMUT KaTUOHBI KanbLUs, MarHusi 1 xe-
nesa (Ca?*, Mg?*, Fe?*).

IToraTHO, YTO Ccofep:KaHUE 3THUX KATHUOHOB B BOJE OOYCJIOBIHMBAKIOT PACTBOPH-
Mble COeIWHEHHMA KaJblUA, MarHud H JKeje3a, HAIpUMep CcONIH (XJOpWUABLI, HH-
TpaTtel, cyiab(parsl). B KécTKol Boge MBLIO He MBLIHTCA. Ilelo B TOM, YTO MBLIa
npepcraBiAT coboill HaTpueBbie (TBEPAbIE) WK KajneBble (MKHUIAKHE) COJH KHUPHBIX
OpraHUYecKMX KHCJOT, O0IIyI (OPMYJNy KOTOPBIX MOYKHO YCJIOBHO 3alucaTh Kak
R. COONa unnu R. COOK. Kak u Bce KajiueBble W HATPUEBBIE COJIM, MBLIa pac-
TBOPHMMBI B BOJIe M AUCCOIHUHUPYIOT:

R. COONa = R. COO™ + Na',

Yyero He CKaKellbk 00 aHAJOTHYHBIX COJMAX KaJdbOua W MarHuda. M go Tex mop, moka
+

BCE HMOHBI Ca2+, Mg2 u Fe?' me OyAyT IepeBeleHLI ¢ IIOMOIILI0 MBLJIAa B OCallOK,

OHO MBLIHUTBL, T. €. CTHPATH W MBITH, He Oyaer:

2R. COO™ + Ca?" = (R. COO),Cal

B :xécTKoll Boge MACO M KPYIBL ILJIOXO pasBapuBalOTCH.

9TU HEeNIPUATHOCTH, KOTOpPHIEe NMPHHOCUT YeJIOBEKY KECTKAas BoAa, OaJeKo He HC-
YEpPIBIBAIOT UX CIIUCOK. SarjJIgHUTEe BHYTPh UallHUKA WJIM, KOTJA B BallleM AOME WU
KBapTHpe NPOBOAUTCA KaNHTAJbHBIM PEMOHT, B pa3pes TPyObI IeHTPaJbHOIO OTOII-
neHusi. UYro mabaogaere? Besblii, cepoBaThIi, PBIYKEBATHIA PBHIXJIBLINA CJIOH HAKWUIIH.

OkasniBaeTcs, He TOJBKO CpeJHHe PACTBOPUMBIE COJMH KaJbIUA ¥ MarHud ABJIA-
IOTCA TPHYMHOM KECTKOCTH BOJABI, HO M WX KHCJBIe conu. I'mapoxkapO0oHATHI d9THX
MeTajjJI0B XOPOIIO PACTBOPHMBI B BOJe M JUCCOIUNPYIOT, O0YCIOBIUBAA TEM CAMBIM
eé HKECTKOCTbD:

Ca(HCOg, = Ca®t + 2HCO

Rapﬁona'rm KaJgbllUA W Marousa IIpaKkTHYeCKH HepacTBOPHMBI.
IIpu HarpeBaHUM KECTKON BOABI IPUCYTCTBYIOLIME B Hell THAPOKapOOHATHI Kallb-
IMA M MarsMda IIpeBpallalTCcA B HepaCcTBOPHMMEBIE RapﬁonaTH:

Ca(HCO3)5 = CaCO3| + H30 + COy

HNMeHHO OHM ¥ 00pasylT HAKWUIEL B YalHHKe, TPyOax IeHTPANIbHOIO OTOILIEeHU,
MapoBBIX KOTJaX W T. a. (puec. 79).
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JHécrrkoeTs BOABI, OOYCIOBIEHHYIO co- [ iy
JepsKaHueM B He¥ THMAPOKapOOHATOB KaJb-
IUA U MAarHud U YCTPAHAEMYIO KUIIAUYeHM-
€M, Ha3LIBAIOT BPeMEHHOH SKECTKOCTBIO.

HécTrocTs BOABI, 0OYCIOBIEHHYIO CO-
Oep:KaHueM B Hel [Ipyrux coeluHeHuN
KaJdblIUd W Marfua (XJOPUIAOB W CYJIb-
aroB) U He YCTPAHAEMYIO KHUIAYEHUEM,
Ha3bIBAIOT MOCTOSIHHOM KECTKOCTHIO.

N BpemeHHasd, W TIOCTOAHHAA KECT-
KOCTBH BOJbI JIETKO YCTpaHAIOTCA JobaBie-
HHeM KapOoHAaTa HaTpHA:

CaCly, + NayCO3 = CaCO3l + 2NaCl Puc. 79. Hakunb Ha HarpesarensHoOM
anemMeHTe KUNATUIbHUKA

Ca?t + CO8' = CaCOsd

BpeMeHHYIO JKECTKOCTH BOABI MOJKHO YCTPAHHTL, A00aBIAsS K HeHl pacCUMTaHHOE
KOJIMYECTBO CYCIEeH3UN MMIPOKCHAA KalbIUA — TAK HA3BIBAEMOI'0 M3BECTKOBOI'O MO-
Joka. IIpu srom Kucible conu (TrUApPoKapOOHATEI) IIEPEXOAAT B CpefHUe coyu (Kap-
OoHaATBI) M BBINANAIOT B OCAJOK:

Ca(HCOg3)2 + Ca(OH)s = 2CaCO3! + 2H,0

Cca?" + HCO; + OH = CaCO3l + H,0

Camas sxécTKasa IPHUPOAHAS Boga — 3TO Boza mopckas. Obuiee cpemHee comep-
sxanue coseli B Muposom okeane cocraBiasger 35 r Ha 1 g, Camas mArkas mpu-
pogHadA BOJa — 23TO OoxJeBad M TajJgad, cOAepiHaHMe cojieil B ROTOpOﬂ OIM3KO
K HYJIIO.

Bo,z:a HEeKOTOPBIX IIPHPOOAHBIX MCTOYHHKOB COHEDPIHHT KATHOHBL K'-, Na+,

ca?*, Mg2+ u ap., a Takske anwonsl CI , SOE‘ , HCO; u gp., T. e. Heo6xoAUMbIe
OpraHmMaMy MHUHepaJibHBLIe coJii. Eciam comepskaHme coseil mpeswimiaer 1 r/j, Takue
BOABI ¥ UX MCTOUYHHUKHM HASBIBAIOT MHUHepaxbHbIMu., Hanbosee 6orar MHUHEpPaJIbLHBIMHA
MCTOYHHUKAMM OAHOMMEHHBINA paitoHn Kasraszckux Munepansabix Boxa. Hanpumep,
HauboJiee W3BECTHAS M IIHPOKO IIPHUMeHAeMas MHHepaJbHadA BoJAa — KHCJIOBOICKHIIA
«Hapsan» — pexKoMeHIOBaHA Kak Jieue0HO-CTOJIOBAA CYJIb(haTHO-THAPOKapOOHATHAA
Boga. Cozmepo:xaHue cojieii B Hell cocraBager 2—3 I'/J.

Bopa, ounimeHHas IyTEéM IIEPEerOHKHM OT BCeX IpHMecel, — IUCTUJIINPOBAHHAA
BOAA — HAXOAWUT IIHPOKOEe MpPHMeHeHHe B MeAUI[MHEe, B IPOMU3BOACTBE IIPOAYKTOB
IATAHWUA, B XUMUYECKOM aHaJIW3e, A HOJVYeHHA JIOMUHOMOPOB, B PALHOIIEKT-
POHHOM TPOMBIIIJIEHHOCTH (IIPOU3BOACTBO MOJYIIPOBOAHUKOB) M SJEPHON TeXHHUKE,

Xéctkas Bopa. BpemeHHas XéctkocTb BoAabl. lMocToRAHHAA XECTKOCTb
Bogbl. MuHepanbHas BoAa

7
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1. Kakyio Boay Ha3biBaKOT XECTKOW? KakoBa XxMMWYEecKas npupoaa >XXECTKOCTW BOAbI?
2. Kakne Bugpbl XECTKOCTM BoAbl pasnuyalnT? Kakoea ux xumudeckas npupoga?

3. Kak ycTpaHAIoT BPEMEHHYIO XECTKOCTb BOAbl, & Kak — MNOCTOSAHHYKO?

4. Kakoin Bpen 4enoBeky HaHOCWT XecTkas Boga?

A

5. MNo4yemy Npu yCTpaHeHUM BPEMEHHO XECTKOCTU BOAbl cneayeT uaberats nobasneHus
M36bITKa M3BECTKOBOro Mosnoka?

6. Yto Takoe muHepanbHaa eBoga? MNpeanoxute NoTPeBUTENLCKYID Knaccudukauuo mu-
HepasbHbIX BOM.

7. B obpasue xécTkoil Boabl 06bEMoM 1 n cogepxutca 450 mr xnopupaa kanbuua. Ka-
Kylo Maccy kpuctannudeckoi cogbl Na ,COj5.*.10H,0 Heobxogumo nobasuts k 250 n Ta-
KOW BOOBI ON8 YCTPAHEHWs €€ MOCTOAHHOW XECTKOCTWU?

8. Kakyio maccy coabl (6e3oaHbiii kapboHat Hatpusi Na ,COgz) Heobxoanmo nob6aBuThb
k 100 n npupoaHoi Bogabl, cogepxaweinl 610 mr/n KaTMoHOB Kanbuus, Ons e& nosHoro
yMsIryeHns?

Bbipasure CBOE MHeHue

9. MNpeonoxute CBOM NPOEKT No 3KOHOMWUKU BbITOBOro notpebneHns Boabl.

IIpakTuyeckas padora 6
JKECTKOCTBH BOJ/IbI U1 CITIOCOBbI EE YCTPAHEHUSA

1. 3akpoiiTe MpoOHUPKY NPoOKOIl ¢ TasooTBOAHOM TPYOKOH M IpoBepbTe HNPHOOP
Ha repMeTUYHOCTD.

2. B npubop ana moaydeHHUs rasoB BHecuTe 2—3 He(GOJBIIMX KYCOUKAa MpaMo-
pa. 3akpenute npubop B JalKe MNITATHBA. B BOPOHKY HAJleliTe HEMHOIO COJISIHON
KHMCJOTBI, 4TO0BI OHA IMOKPBIBAJa KYCcOUuKHM Mpamopa. Yro Habamopaere? 3anuinute
VPaBHEHHA PeaKIIMH B MOJEKYJIAPHOI WM HOHHOH (hopmax.

3. TazooTBOAHYIO TPYOKY mpubopa omryeTUTe B IIPOOUPKY € IIPO3PAUYHON U3BECT-
KOBO# Bojoit. Yrto mHabmiomaere? 3amdIInTe YPaBHEHWS PeaKIHU B MOJIEKYJIAPHOMN
¥ MOHHOH (opmax.

4. Tlpomom:kaiiTe IMpomycKaHHe VYIJIEKHCIOT0 Tasa A0 IIOJAYYeHHA IIPO3PAYHOro
pacTBopa. 3alMIINTe YpaBHEHMA peakIHi B MOJIEKYJIAPHOM M MOHHOH (opmax.

IMonyueHHYIO KECTKYIO BOAY DPAa3ejiuTe HA TPU TPOOUPKU.

5. K copep:xumomMy nepeoil mpobupkm pobaBbTe HEMHOI'0O pacTBOpa MELIa, 3a-
KpolTe eé mpobOKo#M M CcHJIBHO BeTpaxuuTe. dro mHabmomaere? Ilouemy?

6. Bropyo npoOHpKY 3aXMHUTe B IpPOOMpPKOAep:KaTese M HarpeitTe Ha IJIaMeHH
COMPTOBKM [0 KHUIEHHA KuIKocTH. O0bAcHUTe HabJIOJaeMoe SABJIEHHUE.

7. K comepmxumomy Tperheil mpobupku ngobasbTe pacTsBop conbl. UYro Habaogaere?

8. B npobupry npuneiite 1—2 M pacTBopa XJIOpHIa Kalblisg. BerassTe IIPOOUPKY
B IpoOHpKoJep:KaTe/lb U HarpeiTe cojep:kumoe npobupkmu. Habmiomaere iy BBl Kakue-
HUOYIb N3MEHEHHUs, CBUAETEIbCTBYIONINE O IIPOTeKAHNN XuMudeckoit peaknuu? [Touemy?

9. VcraHoBuTe npoOUPKY B IITATHB M godaBbTe K colep:kumomy 1—2 ma pac-
TBOpa KapGomara HaTpua. Uro Habmogaere? 3amuIInTe YpaBHeHUS PEAKIIUM B MO-
JeryaapHo#t u moHHON (opmax. Odopmure otruér 0 pabore.
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S 33. ATIOMUHUII U ETO
COEJIMHEHUSA

[Onsa anioMUHUA XapaKTEPHO PeAKOoe CoYeTaHWe LieHHbIX CBOMCTB: NIErKOCTH, nia-
CTMUYHOCTH, Onecka, XOpolied 3NeKTPOo- W TenNoNPOBOAHOCTH, KOPPO3UOHHOM
CTOMKOCTH, HETOKCHMYHOCTU. B Kakux obnactsix nMpoM3BOACTBA MCMOJb3YIOT 3TH
CBOWMCTBA aJIlOMUHUSA?

Anromunui B npupoge. ANOMUHUNA — TpPeTUIl IO PACIPOCTPAHEHHOCTH B JIUTO-
chepe XUMHUECKUH daeMeHT (II0c/ie HEMETAJIOB KHcjaopona u Kpemausa). Heemorps
Ha YCTOMYMBOCTh Ha BO3AyXe, aJIOMHHHI B CBOOOJHOM BHIEe B IPUPOJEe HE BCTpe-
yaerca. HambGosiee pacrpocTpaHeHBI TaKHe ero IIPUPOJHBLIE COeIMHEHH:, KaK alio-
MOCHJIMKATHI, OOKCUTHI, KAOJHH, IOJIeBble IIIAaThl, IIMHO36M, KOpyHA. IIpakTmde-
CKHM BO BCEeX IIepedYMCJIEHHBIX MHHepaJax MX OCHOBHAas Macca IIPUXOJUTCS HA OKCH
amoMmuana AlsO3. MHOrMe M3 aTUX MHHEPAJIOB COZAEPIKaT TaKiKe OKCHJBI KPeMHUS,
MIeJIOUHBIX U IEJOYHO3EMEIbHBIX METAJJIOB.

ATIOMMHHE KaK IIPOCTOE BemecTBO. ATIOMUHNN cpasy MOCJe ero OTKPBITUSA IIPH-
BIIEK XMMHKOB CBOEH KpPacoTOil U JErKOCTbI0. BHelllHe OH MOXOAUT Ha cepedpo, mpu-
MEepHO B TPH pasa Jierde kejiesa X Menu. AIIOMHHHI O4YeHb ILTACTHYHBLIN METAJLI:
MOJKHO IIPOKATATh €ro B TOHKYIO ()OJIBrY, CIeJaTh U3 Hero TOHYailllne yKpalleHud,
NpUAATE eMy HYKHYI0 (QopMy. BoT TONIBKO NPOYHOCTH YHCTOTO ANIOMHHHUA HEBeJIU-
Ka, HO ero CIIaBBlI C APYT'HMMH METAJJaMH 3aMEeTHO IIpOYHee. YJKe CO3JaHbI CILIaBBI
aJIIOMHAHUA ¢ HPOYHOCTBHIO, B JECATH Pas IpeBbINIaloNlel IMPOYHOCTH CTAJH.

Kaxasrit qepsKajn B pyKax WU3IeJusi U3 aToro cepedpucero-6esmoro, JETKOro, cpas-
HHATEJBHO MATKOT0 MeTaja, OyAb TO IIOCYyZA, SJIeKTPOIIPOBOJA, ITIPOBOJOKA WJIHA
donpra. Takoe MITPOKOEe MCIOJB30BAHNE ANIOMHHNS M €ro CIJIABOB OO'BACHSETCA CO-
YeTaHMEM IPAKTHYECKH I0JIe3HBLIX CBOMCTB: BBEICOKOH BJIEKTPOIPOBOSHOCTH, TEILJIO-
TPOBOJHOCTH, IJACTUUYHOCTH, YCTOMUYMBOCTH K BO3AEMCTBUIO BJIATU W BO3AyXa, He-
TOKCHYHOCTH, JETKOCTU MeXaHHYeCKOoH o0paboTKH W TIaBHOE — MAaJIOH IIJIOTHOCTH.

Cefiuac eXerofHO B MHUPE TOJy4aioT oKoJo 60 MJIH T aTlOMUHHA.

XHUMHUYecKHe CBOIiCTBAa aJIOMMHMA. B alIOMMHHHE COYETAIOTCA CBOMCTBA THIIHY
HBIX METAJIJIOB 1M HEKOTOphle 0cO0eHHOCTH, CBOMCTBEHHBIE MeTaJjjiaM, 00pasyIoIIuM
amporepHble OKCUIBI U ruapoxkcujbi. Hecmorps HaA cpaBHUTENbHO HeOOJBIIOH pa-
auyc aroMa (aJIOMHHUI — 3JI€MEeHT TPEeThero Iepuojia) U 3HAYUTEeIbHOe YHCIIO JJIeK
TPOHOB Ha BHEIIHEM HEPreTHYecKoM ypoBHe (amoMuauin — saemenTt IITA-rpynmosi,
cleloBaTeNIbHO, V HEro TPU BaJeHTHBIX 3JIEKTPOHA), 9TO AOBOJBLHO AKTHBHBIN Me-
Taai. B a/eKTPOXMMHUYECKOM PANY HAOPSAMKeHHIl OH PACIIOJIOKEH CJIeJOM 3a IIeJ0d-
Ho3eMeJbHBIMH MeTanaamMu. OIHAKO HA BO3AyXe AJIOMHHHI YCTOMYUB, MOCKOJBKY
ero IMOBEPXHOCTh IMOKPBIBAETCA TOHKOI M OUYEHb NPOYHOM OKCHUAHON IIEHKOI, KOTO-
pad 3alInillaeT ero OT B3aMMOJEMCTBHUA C KOMIIOHEHTAMH BO3JAYyXa M BOJOI:

4Al + 30, = 2Al,04

Ecim OKCHUAHYIO MIEHKY YAAJIUTH MEXAHWYECKH HMJIM C IIOMOINBI0 KHCJIOTHI, aJIi0-
MHUHHH crocobeH MeAJIeHHO pearmpoBaTh C BOJIOM:

2Al1 + 6H,0 = 2A1(0OH)3 + 3H,T




ITomumo Kuciopoza, AaMIOMHHHWII pearmpyer ¢ OOJBIIMHCTBOM HEMETAaJJIOB, 00-
pasysa OuHapHBIE COeTUHEHU:

2A1 + 3012 = 2A1013
XJI0pHUT
AJIOMHHHAA
t
2Al + 38 = AlsS3
CYIbQMMI
AJFOMUHMIA
4A1+3C =  AlCq
Kapoup
AJFOMMHUA

(Paccmompume OKUCAUMENLbHO-80CCMAHOBUMENbHbLE npouecchbl Al Imux peaxkyuil.)
AnIOMUHHKI JIeTKO pearupyer ¢ KHCJIOTAMH — COJAHOU M pasGaBlIeHHON CEepHOM:

2Al + 6HCI = 2AICl3 + 3H,T
2Al + 3HsS04 = Aly(SOy)3 + 3H2T

I

(Banuwume UOHHbIE YPABHEHUA IMUX Pearuyull u paccmompume OKUCAUMENbHO-
80CCMAHOBUMENbHBLE NPOUECCHL.)

OgHakKO ¢ KOHIEHTPUPOBAHHBIMHU CEPHOM, a30THOH U (ocdopHOH KHUCIOTAMU
aMIOMUHHWII NPH KOMHATHOI TeMIleparype He B3aummogeiicTByer. Ileso smechk Tak:ke
B 00pa3oBaHUU ILIOTHOHM 3AlUTHON OKCHIHON IIEHKM Ha IIOBEPXHOCTH MeTAJLIA.

AmoMuHAN cnocobeH BHITECHATL MeHee aKTHBHBIE MeTaJlJIbl He TOJBKO H3 paec
TBOPOB COJIeli, HO U M3 OKCHIOB:

2A1 + 3CuCly
2A1 + F6203

2AICl; + 3Cu
Al,03 + 2Fe

[l

(Banuwume uoHHOE YpPAGHEHUE Nepeoll PeaKuylu U PACCMOMPUmMe OKUCAUMETbHO-
80CCMAHOBUMENbHBLE NPOUECCHL.)

VYEKayKkeM ellé OoJHO HeoOBIYHOE CBOMCTBO aJIOMUHUS — OH pearupyeTr cO IIeJo
yaM#u ¢ o0pasoBaHMEM KOMILJIEKCHBIX COJIeH M BBIZeJIEHHEM BOJOPOAa:

2Al + 2NaOH + 6H,0 = 2Na[Al(OH),] + 3H,T

(3anumume UOHHOE YpasHeHUe amou pPearKyuu u paccmompume OKUCJAUMENbHO-80C-
cmaHosumejibHbte npoueccu.)

BTY PeaKIIui MOMHO HCIIO0JB30BaTh B JI&GOp&TOpHHX. VCIOBHUAX OJIA MOJYVUYIEHHUA
BOJOpOIA.

IIpumenerne. AJIOMUHUIN UCHOJB3VIOT AJA U3TOTOBJIEHUS TPOBOJOB JUHUM IJIEK-
Tpollepefayy, aJIOMHHMEBBLIX TPyO Ana HedTAHON NpoMBIIIIeHHOCcTH. KEenu moBepx-
HOCTH alXMHHHA OTIHOJMHPOBATH, OHa CTaHOBMTCHA ﬁﬂec'rﬁmeﬁ. 9To CBOICTBO MeTal-
Jia UCIIOJIB3YVIOT OJIA IIPOM3BOJACTBA 3€PKaJ, IIPOKEKTOPOB, MOIIMHBIX OTp&?RaTBJIefI.
IlnacTHYHOCTE ¥ HETOKCHYHOCTHL AJIOMHWHHSA JIeJKAT B OCHOBE €ro MCIIOJIb30BaHHUSA
B IIPOM3BOJACTBE PA3/IMYHLIX VIIAKOBOYHBLIX MATEPHAJOB [AJIA MHUMIIEBBIX IIPOAYKTOB.
BcnomHuTe X0TA OBl allOMHHMEBYIO (DOJBrY AJd O00EPTKH INOKOJaAZa HJIM IIPUTO-
TOBJIEHHA IINIIIH, aJIJIOMHHHEeBEIe 0aHKM AJA NNpOoXJIadfHuTeJIbHBIX HAIIMTHKOB, KPBINIKH
NJIaCTHKOBBIX 0aHOYEK ¢ HOTypTOM.
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Puc. 80. AnloMMHMEBLIE CNNaBbl — OCHOBA aBUALIMOHHOW TEXHUKK

Bénpmaa 4acTh IPOM3BOAMMOTO ANIOMHHHUA MIET HA IOJYYeHHE CIJIaBOB. Bia-
rogapsd JIETKOCTH M IPOYHOCTH UX IMIHPOKO HCIOIL3VIOT B AaBHAIIMOHHON M KOCMH-
yeckoi mpombinierHocTn (puc. 80). Hemapom amioOMHUHHI Ha3BIBAIOT KPBLIATHIM
MeTaaaoM.

Crioco0HOCTE HOPOIIKa AJIOMHHHA I'OPEeTh OCJENHUTEJbHBIM IIJIaMEHeM MCIIOJb3Y-
10T B MHUPOTEXHWKe — IIPOM3BOACTBE OEHTAJIbCKHX OTHEH, cayoToB, (DelepBepKOB.

CoepnHeHUsT AJTFOMHHHSA

Oxcux amovuana AbO3. Okeup allOMUHEA BXOJUT B COCTAaB HE TOJBKO INHMPOKO
pacnpocTpaHEHHBIX B 3eMHON KOope MHHepaJiOB, HO M HEKOTOPBIX IOJIYAParolleHHBIX
W IparomeHHBIX KaMHel: pyOuHa, camdupa, rpaHara, U3yMpyaa, ajleKcaHapura, aK-
BaMapuHa.

Pybun B mepeBoje C JIJATHHCKOTO O3HA4YaeT «KpacHBIi». IIBeT oT ApKoO-KpacHOTO
10 (PHUOoSIeTOBO-KPACHOTO NPUIAIOT IIPUPOLHOMY PYOMHY HpuUMecH COeIWHEeHUIl Menwu,
skemesa, xpoma (puc. 81). DToT APATOIEHHBIH
KaMeHb HCHIOOJIB3YIOT He TOJIBKO B Ka4decTse
YKpaIleHusd, HO M B YacOBOM IIPOMBIIIJIEHHO
CTH, B 3JIEKTPOHWKe, OJA M3TOTOBJIEHUA Jasze-
poB. IloTpebGHOCTE B pyOMHAX AOCTATOYHO BEJIH-
Ka, YJOBJETBOPHUTE CIPOC TOJHBKO HNPHUPOSHBIMHK
KaMHAMHJ He yaaércsa. IloaToMy XMMHUKHM Haydn-
JIACH BBIPAIIHBATH KPHCTAJJIBI MCKYCCTBEHHBIX
pyOHHOB.

Emé omHa pasHOBUIHOCTH HPO3PAYHOTO OK-
cuza anroMuHuA — cangup. OKkpacka 3TOro
JAparomeHHoOro KamMHsa OoJsiee pasHooOpasHa: cU-
HAA, (QuoJeToBasd, 3eJieHad, KENTad, OpaHKe-
Bad, gaxke uépHada (puc. 82).
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Oxcup anoMHHMA — THOHYHBIA amdoTep-
HBIM oKcupa. OH B3zauMOJeHCTBYET M C KHCJO-
TaMH, W CO IeJlodyaM#u ¢ oO0pazoBaHMeM COJIei:

Al,03 + 6HCI = 2AICI; + 3H,0
AlOs +2KOH + 3H,0 =
= 2K[AI(OH)]

TeTparuJpoxKcoaaioMuHaAT
KaJunda

CrraBjieHHMe  TBEPAOTO OKCHAA  AJIOMH-
HHAS CO IIejioyaM¥ IIPHUBOAUT K 00pasoBaHHIO
He KOMILIeKCHOTO COeJMHEHUs, a TBEPABIX CO-
JIeil MeTaaNTIOMUHHWEBOH KWCJIOTHI, HWMeIoIei

Puc. 82. Pasznuunan okpacka dopmyny HAIO,:
oBpaboTaHHbiX candupoB

Als03 +2NaOH E 2NaAlOs; + Hy0O
MeTaallMHHAT
HATPUA
T'nppokcuy amromunusa Al(OH), nmogo6HO OKCHAY, IPoABAAeT aM(poTepHbIe CBOIi-
crea. [Moayuurs CTYAHEBUAHBIN OCAJNOK 3TOr0 HEPACTBOPUMOIO B BOJe BeIIeCTBa
MOKHO aofaBjieHHWeM IIEJ0YH K pacTBopy coau metasuia (puc. 83):

Aly(SO,); + 6NaOH = 2A1(OH)l + 3NaySO,

IIpu npoBeeHNU 3TON peakilUU cielyeT usberaTs nobaB/ieHUA U30bITKA IEJIOYH,
IIOTOMY YTO B 9TOM CJyYae TOJYUYEeHHBIH OcaJoK BHOBL PacTBOPHUTCSH:
Al(OH)3; + NaOH = Na[ Al(OH),4 |

TETPATrHAPOKCOATIOMHUHAT
HaTpUs

BaanmoneﬁCTByeT THAPOKCHA aJIOMHHHA M C KHCJI0TaMM, HalIpuMep COJIAHOM:

Al(OH)3 + 3HCI = AlCl; + 3H,0

Ilpu mHarpeBaHMM THUAPOKCHI ATIOMHHHA, KaK BCe He-
pacTBOpPUMBIe THAPOKCHILI, pasjaraercd Ha OKCHI MeTal-
Ja U BOLY:

t
2A1(0OH); = Al,03 + 3H,0

Conn amoMUHHHA [pEACTaBIAIOT co00il TBEpAbIE KpU-
cTalITMYecKre BeIlecTBa, CPeANu KOTOPBIX CyJb(ar, HATpaAT
U TaJloTeHUIbl PACTBEOPUMLI B BOJE.

Xaopux amovuaua AlCl;. W3 BoaHbIX pacTBOpPOB
XJIOPHUL AJIOMUHUA KPUCTAJINIYETCA B BUAE KPHUCTAJLIOTH-
npara. CocraB Takoro xkpucramorugpara AlCk.-.6Hs0.
BesBogHBIN XJTOPUA ATIOMUHUA MTUPOKO HCIIOJIB3VIOT B Ka-
Pii6. 88, TIGH{u&HiHs YecTBe KATAJIM3aTOpAa B OPraHUYECKOM CHUHTE3e.
ocaaka ruapokcuza Cymbsdar amovuana Ab(SO4); moayuaior ob6paboTkoii
anoMmuHUA OOKCHTOB CEPHOHM KHCJIOTOH.
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CVJII:Q)&T AJJIOMHMHHMA ITIHUPOKO INIPHMEeHAKNT HAa BOJOOYHMCTHBIX CTAaHOMAX OJIA
OYMCTKHM BOJABI, KOTOpad IOJaéTcs B BOAONPOBOAHVIO ceTh. PacTBopoM 5TOH coOJH
NPOMUTHIBAIOT TKAHU Mepe] OKPAIIUBAHUEM, UTOOBI KpacuUTeslb IIPOUYHO YIAEePIKUBAJ-
cA Ha BoJIOKHax. Takyio o6padoTKy HasbIBAIOT NPOMpasiuéanueM, a cynabdar aaio-
MHUHHUSA — Nnpompaeoil.

[AHIDMHHHFI. Okcup n rugpokcug antoMmuHua. Conu anioMuHna

MpoBepbTe CBOM 3HAHUS

1. 3anuwnte cxemy pacnpegenieHns 3NeKTPOHOB MO SHEPreTUYecKMM YPOBHAM B aTtoMe
antMUHKS.

2. Oxapaktepuayiite dusmnyeckme CBOWCTBA anlOMUHUA K 0BnacTu NpPUMEHEHUst 3TOro
MmeTanna.

3. MNepeuncnnte XMMn4ecke CBOICTBa antoMuHKUA. MNoavyepkHTe ocobeHHOCT ero B3a -
MMOAENCTBUA C CEePHOW M a30THOW KMUCNoTaMmu. 3anvuiMTe COOTBETCTBYIOLIME YPaBHEHUS
peakuni.

1

4. Paccuvtante nnowagb amoMuHueBon donbr TonwmHon 0,01 MM, KOTOpYH MOXHO
M3roToBMTbL U3 1 MOML 3TOro MeTannia, ecnu NAOTHOCTbL antoMuHWA pasHa 2,7 r/cm 3
5. HanuwwuTte ypaBHEHUA peakuuid, C NOMOLLLID KOTOPbIX MOXHO OCYLECTBUTL CReayto-
wme npeepawieHua;

a) Al - Al,(SOy3 — AI(OH); — Al,O3 — AI(NOjz)s

6) Al — AICl; — Na[Al(OH),] — AI(OH); — Aly(SO4)3

Ana peaxkumin, nNpoTekawlWx B pacTBOpax, 3anqluMTe WOHHble ypaBHeHus. B ypasHe-
HUAX OKUCNUTENbHO-BOCCTAHOBUTENbHLIX peakuuin pacctaBste koadduumeHTsl MeToaom
3NeKkTpoHHOro GanaHca, ykaxwTe OKUCIWUTENb M BOCCTAHOBWTESb.

6. Vicnonb3ysa MeTopn, 9NeKTpPoHHOro BanaHca, cocTaBbkTe YpPaBHEHWE peakuwmn, COOTBEeT-
CTBYIOLLEE CNEeayiolWen cxeme:

Al + HNO; — AI(NO3)3 + N0 + Hy0

YkaxuTte okucnutenb U BOCCTAHOBUTESb.

7. Movemy npu noGaBNeHUN K KOHLEHTPMPOBAHHOMY pPacTBOPY LWENOYM HEGONLLIOro KO-
nuyecTBa pactBopa cynbdarta anoMuHUA He BbinagaeT OcafokK rmapokcuaa antomuHua?
Kakum pomkeH ObiTe NMOPAOOK NPUAVBaHWA pPearsHTOB L5 NOMAy4YeHus ocanika ruapok-
cupa? 3anuwmnTte MONEKYNAPHbIE W WOHHLIE YpaBHEHWS peakuui pacTeopa cynsdara
anioMnHMa ¢ U3BbITKOM pacTBOpa ruapokcuaa Harpus.

. P

Ucnonb3ayinte AONONHUTENbHYIO UHGOPMaLMIO

8. MoproTtoBsTe coobligHWe 06 WUCTOPUKM OTKPLITUA aNOMUHWA, €ro CBOWMCTBAx WU MNpu-
MEHEHWNU.

9. Kakyto pone urpaet cynbdaT anoMWHUA B NPOLECCe O4NCTKW BOLAbl HA BOLOOHMCTHBIX
CTaHUMAx?
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§ 34. XEJIE30 U ETO
COEJIUHEHWS

YKeneso HepaspbiBHO CBA3aHO C MUCTOpUEN yesnoBeuecTBa. ANXMMUKM MCNOJib-
30Banu Ans oDO3HAUYEHUA >Kene3a CUMBOJ YNPaBAIOWEN MM, MO WX MHEHWIO,
nnaHetbl — Mapca. Kak Bbl gymaere, nodemy?

Anxumuyeckoe obosHayeHHe Kejesa cBasaHo ¢ Gorom Boitasl Mapcom. #Hemeso
M ero CIJIAaBbI A0 CHX HOP ABJAKTCA OCHOBOM BOEHHOM M KOCMHUYECKOM TeXHUKH.

Crpoenune aToma kejie3a CYIIECTBEHHO OTJIMYAeTCHA OT CTPOEHUS ATOMOB MeTas-
goB A-rpynn. I'llaBHoe pasnuyue COCTOMT B TOM, 4YTO Y aToMa JKejgesa ITPOMCXO-
OUT 3AI0JIHEHUe BJIeKTPOHAMHU He BHEIITHEro, a MIPeJBHEINHero 3JIEKTPOHHOTO CJIOH.
HNMeHHO IO3STOMY Kenes30, KAK U BCe OCTaJIbHbIE 3JIEeMEHThI-METAJLIbI, V¥ KOTOPBIX
3aloJIHAeTCA NpPeABHEIIHUIN JHEPreTHYeCKHH YpOBeHL, PAacIoJIoKeHO B DB-rpynne
ITepuoguueckoit cucrembl. CxeMa CTpPOeHHS aTroMa Kejesa:

ogle 2e, 8e, l4e, 2¢e

sKemneszo — sjieMeHT ¢ IlepeMeHHOH BaJIeHTHOCTBIO. B coefUHEHUAX JKeae30 MO-
JKeT TPOABJATH CTemeHu okuciaenus +2, +3 m mame +6. Ws aroro ciaexgyer, 4TO
K BAJIEHTHBIM OTHOCATCA BJIEKTPOHBI HE TOJBKO BHEIIHET0, HO U TMPEABHEIITHEro
SHEepPreTUYeCcKOro YpPoBHA.

/Kemeso B mpupoge. Hemezo — oAWH W3 CaMBIX PACIPOCTPAHEHHBIX 2JIEMEHTOB
B CostHeuHO# cucTeMe, 0CODEHHO Ha ILUIaHeTaX 3eMHOW I'pynIiibl (Hazosume amu naia-
nHemut). Ha 3emsie 60abIasg 4acTh JKejiesa cocpeforodeHa B ajape. Ho m B semMHOU
KOpe Ha JOJII0 9TOr0 3dJIeMeHTa IpuxoxuTca Oomee 4 % Maccel, W 9TO BTOPOE Me-
CTO CpeaH MeTa/IJIoB (Imocie allOMUHHIA) M YeTBEPTOE Cpelu BCEeX XHMMHYECKHUX 3Jie-
MeHTOB. Cpenu KeJde3HBIX DY/, T. €. TOPHBIX IIOPOJ[, U3 KOTOPBIX MOXKHO JOOBIBATH
JKejles0 B IIPOMBINLIEHHBIX MaciiTabax (pmc. 84), Hambosbimee 3HAUeHHE HMEIOT
kpacHbLit yHeenesnar (ezemamum) FeOs, maznumnmneotit scenesnar (maznemum) FegOy,
oyputit wenesnar (aumornum) FgOs.-.nH50. B npupose Takke IIMPOKO paclpocTpa-
HEH nupum (cepHulil, WIN Hcenre3Hwvlil, kKoavedarn) FeS, omHaKO OH HE OTHOCUTCA
K JKeJle3HbIM pyJaM, a CIYKUT ChIPhEM [IJA IMOJyYeHHA cepHOil Kuciorel. Ilo 3a-
macaM jKeJe3HBIX pyA Poccua saHmMaeT mepBoe MeCcTO B MHUpe.

Puc. 84. XXeneaHble pyabl: 8 — KPACHLIA XenesHak; 6 — Gypblid XeNnesHsak; B — MarHUTHbIN
KenesHsak
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/HKeneszo kaxk mnpocroe BeuecTBo. JT0o cepebpucTo-Oenblil OJaecTAIIHH MeTaJlI
¢ remueparypoil miaaBaenuma 1536 °C. OueHp IJIacTUYHEBINA, IIO2TOMY JIerKo obOpa-
baTwsiBaeTcH, Kyercs, urramnoyerca. sHeseso cnocoOHO HAMATHUYMBATBCA M pasMar-
HUYWUBATHCA, IOITOMY €ro IIPUMEHAIT B KavYecTBe CEPAEYHHUKOB JJIEKTPOMarHUTOB
B PasJIMYHBIX DJIEKTPHUYECKMX MallWHaxX W annaparax. Kaxk mpaBuio, B TeXHHUKE,
B IIPOMBINIJIEHHOCTH, B OBITY HMCHOOJb3YIOT HEe UYHCTOE JKeJle30, a CIUJIaBbl JKejesa
C YyIJIepomoM — CManib U HYzyH.

Xumuueckue cpoiicrBa. Kaxk u Bce mMeTaslibl, IIPOCTOE BEIECTBO KeJe30 B JIO-
OBIX XMMHUYECKHX peaKIHUAX IPOABJIAET BOCCTAHOBUTEIbHBIE CBOMcTBa. B 3aBMcHMO-
CTH OT IIPUPOJBI BTOPOTO YYaCTHHKA PEaKIUN — OKHCJIUTEeNdA, B IIPOAYKTAX peak-
UK Kele30 MOXKEeT UMeTh CTeleHb OKHCIeHuA +2 wium +3.

Hanpuwmep, npu B3anMoJeCTBHH 3KeJjle3a ¢ cepoit oopasyerca cyaspun kemnesa(ll):

0 0 ; +2.2

Fe + S=FS
Bonee cUNIBHBIA OKMCIHUTENb — XJOP OKHCJIAET JKeJle30 YiKe OO0 CTelleHH OKIC-
JleHuda +3:
0 0 , 3.1

2Fe + 3Cly = 2FeClg

B »ToM OTHOIIleHMH HHTEPECHA peaKIHuA Kejieda ¢ KHCIopoaoM. IIpu BBICOKOI
TeMIIepaType IOPOIIOK JKejesa cropaer ¢ obpasoBaHmeM HEOOBIUHOTO OKCHIA, KOTO-
pPbIfl HA3BIBAIOT JKeJIe3HOM OKaJMHOI, a cocraB orpaskanT dopmynoir FqO 4

3Fe + 205 = Fey0,4

Yro e HeoObIuHOTO B 3TOM OKcuze? Ecaum paccuutaTh cTeneHb OKHCIEHHUA
JKejle3a B STOM BelllecTBe, TO HoJyduTcsa apobHoe uwmcino +8/3. Iemo B Tom, UTO
B JaHHOM OHKCHOE CTell€eHH OKRHCJIeHHA TpéX ATOMOB HHeJiesa pPpasiHYHbI: ¥ ABYX "1‘3,
y oauoro +2. IloaromMy XuMMHUecKOoe Ha3BaHME KeJe3HOH OKAJMHBI — OKCH]
sxeneza(ll, IIT). Ilomo6HBIe OKCHABLI HA3LIBAIT CMENIAHHBIMH OKcHAaMu. DopMyny
okcuga xkesesa(ll, III) mosxkHo 3anucars no-gpyromy: FeO..FgOs.

IIpu BBICOKOI TeMIlepaType PACKAJEHHOE JKeJie30 pearupyer ¢ HeperpeThiM BO-
nAHEBIM napoMm. Ilpu srom Tak:ke obpasyercsa okcupn sxenesa(ll, 1II) u Bomopon:

t
3Fe + 4H,0 = Fe04 + 4H,T

Ha mpotexkanuum 9To# peakIIny OCHOBAaH KeJIe30-IapoBOil crocol MoJIydYeHUs BO-
oopoja.

(ITpoananusupyiime OKUCAUMEAbHO-B0CCINAHOBUMENbHBLE NPOUECChL 01 PACCMO-
MPEeHHbLX pearxyuil.)

IIOCROJI]:RY JHejle3o B 2JIeKTPOXMMHYEeCKOM DpDAOY Hanpame:ﬂnf{ MeTaJlJIOBE CTOHT
Jiepee BOOOpOIma, OHO crmocoOHO BOCCTAHABJIHMBATE KATHOHLI BOODOpoma M3 pacTBOPOB
KHCJIOT:

0 +1 +2.1 0
Fe + 2HCIl = FeCly + HyT
0 +1 +2 0

Fe + HyS04 = FeSO4 + HyT

A BOT KOHIIEHTPUPOBAHHBLIE cepHAasA M a30THAA KHCJIOTHl IIACCUBUPYIOT >KeJeso
W OpyH KOMHATHOH TeMIeparype ¢ HMM He BaaummogeiicTByior. PocdopHasa KucioTa
TaxkyKe He pearupyeTr C JKeJIe30M, IIOCKOJIBKY IIPM KOHTAKTe 9THX BeIllleCTB II0BEPX-
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HOCTh MeTaJlyla IIOKPLIBAeTCA TOHKOI IIEHKOIl HepacTBopuMoro docdara xenesa,
YTO IpefoXpaHgeT ero OT AAJbHEHIIIero B3anMOIEeHCTBUA.

B cooTBeTcTBUM ¢ TMOJIOMKEHUEM B JIEKTPDOXUMUUYECKOM DAAY HATPAKEHUN Kejie-
30 MOJKeT BBITECHATH METAJJIbI, CTOAIINE HpaBee ero, M3 BOAHBIX PACTBOPOB HX CO-
Jeli, HaIIpuUMep:

Fe + CuSO4 = FeSO4 + Cu

(3anumume UOHHOE YpasHeHUe peakuuuw U paccmompume OKUcAUMENbHO-80CCINA-
HosUmeJJlbHble npoueccu.)

Coenqunenus xejesa

Oxcup xenesza(ll) FeO mo:XHO TONYYUTH pasjaoKeHHEM COOTBETCTBYIOIEIro TI'H-
npoxcuga sxeaesa(ll):

t
Fe(OH), = FeO + H,0

Oxcupn sxemesa(ll) — moponroxk 4YépHOTO IIBETA, MPOABJISET OCHOBHBIE CBOHCTEA,
T. €. pearupyeT ¢ KHUCJIOTaMM ¢ obpasoBaHHeM cojeil xenesa(ll):

FeO + 2HCI = FeClp + Hp0

(Banuwume UOHHOE YpaBHEHUE PeaKuul.)
Oxcupn sxenesa(ll) 1oBoABHO JETKO OKHUCJAETCA A0 COeIUHEHUI jKejies3a B cTele-
HU OKHCIeHUdA +3:

FeO + 4HNOjg(konn.) = Fe(NO3)3 + NOy + 2H,0

Oxcup xexesa(Ill) FeyO3 B sabopaToOpHBIX YCIOBHAX TaKiKe MOMKHO IOJYYUTH
pasjo)KeHMeM THAPOKCHAA IIPU HAIrpPEeBaHUM:

t
2Fe(OH); = Fey03 + 3H50

ITOT OKCHJ MMeeT OYpO-KOPHUHEBBIN IIBET.
Oxcup xenesa(lll) — am@orepHBI OKCHI ¢ IMpeobafaHueM OCHOBHEIX CBOMCTB.
OH cpaBHHUTEJIBHO JIETKO PacTBOPAETCA B KUcJIoTax ¢ obpazoBanueM coJieit sxenesa(Ill):

Fe;03 + 6HCI = 2FeCly + 3H,0

Co menouamy okcuy sxenesa(lll) pearmpyer TONBKO IPH BBICOKOH TeMIllepaType:

t
Fey03 + 2NaOH = 2NaFeO, + H0

auoxcodeppar(III)
HATpHA

Oxrcup :xenesa(lll) obinamaer 3ameuaTe/IbHBIM CBOMCTBOM: OH cIIocoDeH Hamar-
HUYUBATBCA U Da3MATHUYUBATHCA. VIMEHHO OH BXOAUT B COCTAB MATHUTHOTO CJIOA
CTOJIb IONYJIAPHBIX M’MOKHUX CYBeHHPHBIX HAKJIeeK, KOTOPBIMH VKPAIIAT AOMAIIHNE
XOJMOAUIBHUKH.

Muorum m3 Bac XOPOIIO 3HAKOMA KPACKA [AJA MeTaJlia, HA3hIBAeMAas *KeJIe3HbIM
cypukoMm. ITurmentrom (Kpacurenem) B Heil cay:xkur oxcup xkemnesa(lll). IIpupogubiit
FeyO3 MCHONB3YIOT JJIsI MPOMUBBOACTBA TEPMOCTOMKON KepaMWYeCcKON IJINTKH.

Oxcupn xemeza(ll, I1II) Feg04. VIMenHO 3TOT CMemIaHHBIH OKCHJ| ABIAETCA IPO-
OYKTOM peaKINH Keje3a ¢ KHCJIopoaoM. UYEépHble OJiecTAINEe «CKOPJYIIKH» JKeJes-



CKauaH C IFiaterialloo.tMa.ws

HO# OKaJIWmHBI 00pasyloTcd Ha CBApPOYHOM IIBe IIpH
pJIeKTpocBapKe MeTasinoB. 1Ipu B3auMoOmelCTBUH JKe-
JIe3HOHM OKAJHHBI ¢ KHCJIOTaMU 00pasyloTca cpasy ABe
COJIN JKejie3a B PA3JINUYHBIX CTEMEeHAX OKWUCIIEeHUI:

Fe;04 + 8HCI = FeCly + 2FeCly + 4H,0

Tupgpoxecun xemnesa(Il) momyuaior meficTBHEM IIé-
JI0OYM Ha pacTBopbl cojenn xeseza(ll):

FeCl, + 2NaOH = Fe(OH),l + 2NaCl

F'unpoxcun xenesa(ll) — HepacTBOpuMOe B BOJe Puc. 85. Mippokeug, xenesa(lll)
BEIIleCTBO, IPOABIAET OCHOBHBIE cBoiicTBa. PacrBops-
Ach B KHcJoTax, oH oOpasyer conu :xemesa(ll):

Fe(OH), + H,S0,4 = FeSO4 + 2H,0

IIpu monydenun ruaporcuj cxenesa(ll) ummeer zesleHOBaATYIO OKpPAacKy, KoTopas
3aTeM IIepexoJUT B OYpyl0, IMOCKOJBKY HOJA AeMCTBHEM KMCJIOPOAA IIPOMCXOANT ero
OKHCJIeHHe A0 ruapokcupa xemxesza(lll):

4Fe(OH)y + Oy + 2H,0 = 4Fe(OH)g

Imapoxenn kenesa(Ill) Fe(OH); Taxkke MOMKHO IOJIYYNTH peaknueil obMeHa
MesKJy PAcTBOPOM COJIM »Kejle3a B COOTBETCTBYIOIIEH CTeIleHH OKHWCJIEHHSA W IIEJIo-
b0 (puc. 85):

FeCl; + 3NaOH = Fe(OH)! + 3NaCl

NabopaTtopHbid onbiT 43

B oaHy npobupky Haneinte 2 mn pacTteopa cynbdara xenesa(ll), B apyryio — Takon xe
06bém pacTBopa xnopuaa xenesa(lll). B kaxayiwo npobupky gobaeste no 1 mn pactsopa
rugpokcupa Hatpusa. Yt1o Habniopaete? KakoB uBeT ob6pasylolwmxcs 0cagkoB?

Coam xesieda B CTelleHU OKHCJeHHA +3 (ojiee YCTOMYHMBEI 10 CPAaBHEHHIO C €ro
CONAMH, B KOTOPBIX METAJJ HAXOAWUTCA B CTeNeHN OKHUCIEeHHA +2.

Cyasdar xemesza(Il) obpasyer xpucrammorugpar cocraBa FeSQ.:.THsO, usBect-
HBIN I10JT HA3SBAHUEM MCEJAE3HbLIL KYnopoc. ITU CBETIO-3eJIEHbIe KPUCTAJIBI XODOIIIO
3HAKOMBI JAUHUKAM: PACTBOPOM KeJe3HOro Kyrnopoca ob6pabaTeiBAKT CAOBbIE KYJIb-
TYDBI JJIA BAIl[UTHI OT BPEIUTEJEH.

Xnopux xenesa(Ill) FeCk mnposiBiger [QOBOJBHO CHJIbHBIE OKHCIUTEIbHBIE
cBoiicrBa. OH cmocobeH OKHCIATH HE TOJLKO TaKWe CUJIbHBIE BOCCTAHOBHUTEIH, KaK
MOAUALI METAaJIJIOB, HO M CaMU MeTaJIIbl — IHUHK, JKeje30 U Jaxke Melb:

2FeCly + 2KI = 2FeCly + I, + 2KCl
2FeCl; + 37Zn = 2Fe + 3ZnCly
2FeCly + Fe = 3FeCly
2FeClg + Cu = 2FeCly + CuCls

Xnopupg xenesa(lll) mcnons3yoT B KayecTBe KaTaau3aTopa B OpraHUYECKOM CHH-
Tese.
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Karuon Feé™ momuo o0HApPYIKHUTL B pacTBOpe C IIOMOIINLI0 KadYeCTBEHHOH peak-
muu ¢ poganugom kaaua KNCS mam pomammpom ammonuma NHNCS. Ilpu gob6asie-
HHUHU 2TOro pearesTa katuoubl xenesa(lll) obpasyroT coeguHeHHe KpPacHOro IBetra —
POIaHHL Kejesa:

FeClg + 3KNCS = Fe(NCS) + 3KCl

Kpome Toro, amsa o6Hapy’KeHWs B PACTBOPEe KATHUOHOB Fé" u Fedt HCIIONB3YIOT
ocobble peareHTHl — pacTBOPbL kpacHoit kposanol coau Kg[Fe(CN)g] (xumuueckoe
Ha3BaHWe 3Toro BelmecTBa — rekcanuaHodeppar(Ill) kanua) u xaéamoit KposaHOIL
coau Ky[Fe(CN)g] (rexcanmuanodeppar(Il) xkanusa) coorBeTCTBEHHO.

CBO€ HasBaHHe KPOBSHBLIE COJM HOCAT C TeX AABHUX IIOP, KOTJa HUX IMOJIYYaJIK
HarpeBaHHEeM KPOBM YKHBOTHBIX C JKEJIe3HBIMH CTPYKKaMH M KapOoHATOM KaJamd.

Ecnu x pacrBopam, comep:kalliuM HOHBI Fé' wmu Fe?T, no6aBUTH COOTBETCTBEH-
HO pacTBOPBLI KPACHOW KPOBAHON COJMM WJIM MEJNTOM KPOBAHOM COJNHM, TO B 000HX
cIydadax BBINAJAET OCAJ0K CHHEro IBeTa, MMEIOINNH OJHMHAKOBBIHA COCTAB:

42 +3 +3 +2
FeCl, + KyFe(CN)s] = KFe[Fe (CN)gld + 2KCl

+3 +2 +3 +2
FeCl; + K [Fe(CN)g] = KFe[Fe (CN)¢]l + 3KCl

1

JlaGopaTopHbiiA onbIT 44

B ogHy npobupky Hanente 2 mn pacteopa cynbdara xenesa(ll), B gpyryto — Takoil xe
o06bEm pacTteopa xnopuga xeneaza(lll). B nepeyio npobupky nobaeste 3—4 kannu pac-
TBOpa KPacHOW KPOBAHOW conW, BO BTOpYlo — 3—4 kannu pactBopa XENToW KpOBAHOW
conu. Yto Habniopgaete? CpaBHuTte uUBeT 06pasylounxcs ocaakos.

COE}IHHEHHH Hejesa cojepixarcda B JIIO0OBIX KUBBIX OoprasmsmMax. PaCTEHHﬁ,
IIpou3pacTralwlle Ha IIo4YBe, JTUNIEHHON JKeJjie3a, TepAlT CBOKX OKpPacKYy. qEJIOBEI{,
He MOJYYAINUui ¢ MUIell coefuHEHHA Kejesa, 3abojieBaeT aHeMuel (MaJIOKPOBU-
EM). JIEJIO B TOM, 4YTO HeJje30, KaK Bbl 3HaeTe, BXOIHT B COCTAB benxa remorJyiobm-
Ha, OTBETCTBEHHOTI'O 3a IepeHOC Kuciaopoaa B KpoBH. llamenwe ypoBHS remMoryio6mHa
B KDPOBHU BBI3BIBAET OJIeHOCTH, OBICTPYIO VTOMJISEMOCTbH M YOAJOK CHJI.

-

Xenezo. Okcuabl u ruapokcuabl xenesa. Conu xenesa(ll) m (lll). Xenes-
Hana okanuHa. KayecTBeHHble peakuuum Ha KaTUOHbI Xenesa

1. Pacckaxute O HaxoXOeHwWu xenesa B npupoge.
2. He npovsBoasi pacyétoB, ykaxuTe, B Kakoi W3 pya — KpacHoM, Bypom, mMarHUTHOM
KenesHsike unu NMpuTe — MaccoBas [0J8 xenesa Hawbonbluas.

3. Mepeunucnute xMMMHeckWe CBOWCTBa >kenesa. lNogyYepkHUTe ocoBeHHOCTW ero B3aun -
MOOEWNCTBUA C pacTBopamMu KUCNOT W COMeid, a Takxke C HemeTannamw.
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NMpumennTe cBOM 3HaAHUSA

4. CocTaBbTe YpaBHEHUSI XUMWHYECKUX Peakunid, ¢ MNoMOLbI0 KOTOPbLIX MOXHO Ocyluie-
CTBWUTb CNeayiolume npespalieHun:

a) FeO — Fe — FeCly — Fe(OH); — Fe,03 — Fey(SO,); — FeCly

6) Fe — FeCl, — Fe(OH), — FeO — FeSO, — FeCl,

Ona peakuwii, NpoTeKalowmMx B pacTeopax, 3anuiinTe WoHHbIE ypasHeHus. B aByx ypas-
HEHUWAX OKWCNUTENLHO-BOCCTAHOBUTESbHLIX pPeakunii pacctaBsTe KO3(pEOUUMEHTb MeTo-
[OM 3NIeKTPOHHOro HanaHca, ykakute OKWUCNUTENb U BOCCTAHOBUTENb.

5. Mcnonb3yss MeTof, 3NeKTpoHHOro GanaHca, COCTaBbTe YpPaBHEHWS OKWUCIUTENbHO-BOC-
CTaHOBWTEJIbHbIX peaxum‘?l, COOTBETCTBYOLWKMX CXemMam:

a) Fe(OH}z + 02 i H20 - FB{OH}3

6) Fe + Br, — FeBry

B) FeSO,4 + KMnO 4 + H,S0; — Fe5 (S04, + K580, + MnSO,4 + H,0

YkaxuTe OKUCNUTENb W BOCCTAHOBUTENb.

6. HanuwuTte No OBa MONEKYNAPHbIX YPaBHEHWSA, COOTBETCTBYIOLLMX KaKOA0MY WOHHOMY
ypPaBHEHUIO:

a) Fe?" + 20H™ = Fe(OH),l

6) Fe,05 + 6H" = 2Fe3* + 6H,0

B) 2Fe3* + 217 = 2Fe?* + I,

7. XKenesHwbin kynopoc FeSO,-.7H,0 WMpoKOo WCNOAL3YIOT Kak (yHrMuna — CpeacTso
ans 6opebbl ¢ rpubkoBbIMK 3aboneBaHnsa MK pacTeHuii. Kakylo Maccy >XenesHoro Kyno-
poca MOXHO MONy4YnTb K3 2,8 Kr XenesHbix Onunok 1M HeobxoaMmMoro KonuwyecTBa pas-
GaBneHHOM cepHOW KUCNOThbI?

8. OguH m3 yyawmxcsa Hanwucan ¢opmyny OBOWHOW CONMM Xenesa 1 aMMOHWMSA Kak
NH4Fe(S04)-12H, 0, a gpyronn — kak (NH4)sFe(SO4),..6H,0. K1o 13 Hux npas? [o-
KaXuTe Ballie yTBepXaeHue.

9. Ha Tpéx kapTo4kax onumTe CBOWCTBA Pas/iMYHbLIX METa/IOB, He Ha3biBad 3TKu me-
Tannsl. Paspgainte KapTo4yku CBOMM OAHOKMIACCHWKAM, MOAYHMUTE OT HUX TPU aHaNOrn4Hble
KapTouku ¢ onucaHuem. K cneayiowemMy ypoky noctapantecb onpefenvTsb, onucaHusa kKa-
KUX METa/INIOB BaM AocTanuck. MoXHO N No Nony4eHHOMY BaMu TeKCTy caenaTb OfHO-
3Ha4HbIN BbIBOAO?

\

IIpakTuyeckas padora 7

PEINEHUE BKCIIEPUMEHTAJIbBHBIX 3AJIAY 110 TEME
«METAJLJIbI»

Onpir 1. OcymiecTBIeHHe TENOYKH NPeBpalieH i

IlpoBenuTe XUMHUYECKHE DEAKIIMM, C IMOMOIILI0 KOTOPBIX MOMKHO OCYIIEeCTBHTH

CIIenyIOIe IIpPeBPAIleHUA:
MgO — MgCly —» Mg(OH)y —» MgS04 — MgCO3

Bce onwiTel mpoBoguTe B OAHON mnpoOupke, mobfaBidd 110 KAIUIAM CJIeHYHOIIMI

peareHT [0 IpPeKpallleHus HPU3HAKOB MPOTEKAHUSA DEAKI[HU.
Hanumiure ypaBHeHMA pPeakIUil B MOJEKVJIAPHON M MOHHOM (opmax.
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Onsrr 2. [ToxyueHne coexMHeHUII MeTAJJIOB M H3yYeHHEe HX CBOHCTB

Hcnonb3ya mnpeniozKeHHbIE BaM peaKTHUBBI, nonyuute xuopupn skenesa(ll). IMo-
KaxuTe Haawdme woHa Fé' B IIOJIYYeHHOM pacTBOpE.

Hcenone3ya B KauecTBe OKHUCAUTENA HEePOKCHJ BOJOPOLA, IIOJYUHUTE U3 XJIOpHIA
sxenesa(ll) xmopup :xeneza(Ill). Jorkakure Hanuume uoHa F * B momyuyennom pac-
TBOpE.

Ilepesegure mMoH Fét g ocamoxk B Bume ruapokcuzga xemneza(lll).

Hanumniure ypaBHeHHA BCeX PeEaAKIUH B MOJEKYJIAPHON M MOHHONI (opMmax.

OneiT 3. PacmosnaBaHue coeJHHEHHII MeTaJJIOB

B uerThIpéx MPOHYMEPOBAHHBLIX NPoOHpKax 0e3 3THKETOK HAXOAATCA KPHCTAJJIH-
YyecKue COJM: cyJabpdar Maraus, cyabpar muHKa, cyasdar HATPHUdA, KapboHAT Kallb-
nusa. C moMoIpio IpeJo:KeHHBIX BaM PeaKTHBOB pacHosHaiiTe Kaykayio coiab. Ha-
NHUITHATE YPaBHEHUWs NMPOBEeNEHHBLIX PeaKIIMil B MOJEeKYJAPHOW W MOHHOH (popmax.

§ 35. KOoPPO3USI METAJLUIOB
M CIIOCOBBI 3AIIIUTHI OT HEE

ExxerogHO OKONO 4YeTBepTH MeTaNNyprudyeckux npeanpusTiii Mupa paboTaioT
Ha BOCMOJIHEHWE NOTEPb OT KOPPO3uHU. YTO Takoe KOppo3us U KaK YyMEHbLUMTb
notepu ot Heé?

Kaxxjgomy M3 Bac 3HAKOM IedasJbHBIM pe3yJbTaT KOPPO3HMM: prKaBble IIATHA
HAa KYy30Be aBTOMOOUIIA, MCHOPUYEHHBIE BOAOIIPOBOJHBIE TPYObI, HEOTKPYUHUBAIOIIHE-
ca 6oaThl U raiiku. PicasyunHa — 9TO pe3yJIbTAT OKHCIEeHHUs Kejle3da KHCIOPOIOM
BOB3JyXa B IIPHUCYTCTBUHN BJIATH.

P:xasiienue xejiesa — 9TO YACTHBINA BuUJ Kopposuu. Eé pesyabTaT — 3TO U 3e-
JéHBIH HaJeéT Ha OpOHB0BOW CKYJIBLIITYpe, W HOYepHeBIlee cepedpAHOEe YKpallleHue,
M OPOXYAMBINASCA AIOpajeBasd JIOLKA.

Koppoausa — 210 paspylleHre MeTannia WM crijiaga B pesynbrarte B3anmMoaeii-
CTBUS C OKpYXaloLlleh cpeaomn.

CoBO «KOppPO3uUsA» IIPOUCXOIUT OT JIATUHCKOTO corrodere — pasbelaTh.

HexkoTopsle MeTasJbl IIPHPOJAA HaZeNlUJia 3aMedaTeJbHBIM CBOMCTBOM — YCTOM-
YHBOCTBI0O K aTMoc(epHOl Kopposuu. BraropoiHble MeTaJbl He KOPPOIUDYIOT H3-
3a CcBoeli XMMHYECKOil mHepTHOCTH. Ha moBepXHOCTHU APYTHUX, HAIIPUMED ATIOMUHIA
WJIM Mar"gud, obpasyeTcsa TOHUaiIIasg M OUYeHb NpodYHad IJIEHKA OKCHJa, Iperoxpa-
HAIAA MeTalaa OT JAajlbHeHIlero paspylleHHs. Y TaKHX MeETAJNJIOB, KaK XpPOM
U HUKeJIb, OKCHIHAA IUJIEHKA HACTOJBKO TOHKAsd, UYTO HE CKDPBLIBAET HUX €CTECTBEH-
HOTO MeTaJJIMYecKOoro OJecka.

K coxanenwnio, TPOAYKTBI OKHCIEHHUA Kejge3a HA ero IIOBEPXHOCTH pBIXJIbIE
¥ HeIIpOYHBIE, OHH HE 3alUINAI0T METAJJ OT NPOHHUKHOBEHHA K HEMY OKHCIHUTENA
(puc. 86). OgHaKko He TOJBKO IIOTEepPsA METAJJIOB, HO M IIOpUYa M3AeNuil m3 HuX obxo-
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Puc. 86. Koppoaupywolwyin metannonom

AUTCSA OYEHB JOPOT0. 3aTparThkl HA PEMOHT WJIH 3aMeHY JeTajled CyooB, aBTOMOOHIIeH,
anmaparypbl XUMHUYECKHUX IPOU3BOJACTB, IMIPUOOPOB M KOMMYHUKAIMIT BO MHOI'O pas
IPEeBBINIAIOT CTOMMOCTHL METAaJJaa, U3 KOTOPOTO OHU M3TOTOBJIEHBI.

Kopposus BhI3bIBAET CephE3HBIE HKOJOTUYECKUE IMOCHEACTBUA. ¥ TeuKa rasa, Hed-
TH, APYTMX ONAaCHBIX XMMHYECKHX INPOAYKTOB M3 pas3pylIeHHBIX Kopposueill Tpybo-
MPOBOAOB MPUBOJUT K 3arpA3HEHUI0 OKPYIiKAOIINEl cpelbl.

Kopposzuo meTannoB M CIJIABOB (MX OKMCJIEHMe) BLIZBIBAIOT TaKHe KOMIIOHEHTBHI
OKpY2KaMIIell cpeabl, KAk BOJAA, KUCIOPOXN, OKCHIBLI a30Ta U Cepbhl, COAepsKaluecs
B BO3JlyXe, BOAHLIE PAcTBOPHLI coJeill (MopcKasd BoAAa, I'PYHTOBLIE BOMABI), KHUCJIOTHLIE
JOMKIN,

ITox BO3melicTBHMEM BBICOKOHM TeMIepaTyphl MeTaJIJIndecKHe IOBePXHOCTH TTOKDHE
BAIOTCA PBIXJIBIM CJIOEM OKAJNUHBI. JTO HPUMEp BbICOKOTEMIIEPDATYPHON ra3oBOH KOp-
PO3uH, KOTOPYIO HA3BIBAIOT TaK)Ke XMMHYECKOMN:

3Fe + 202 = FE304

Oco6eHHO CHJIBHO KOPPOAUPYIOT MeTAJLNIbl, B IIEPBYI0 OUepeb Kelle30, BO BJIAMK-
HOM BOBIYXe€, IIPA CONPHUKOCHOBEHHH € BOJOH MJIHM PACTBOPAMH dJEKTPOJHTOB. ¥YIIPO-
IMEHHOEe ypaBHEHMe 9TOIl peaKIlUd BBITJIAIUAT TaK:

4Fe + 6H,0 + 30, = 4Fe(OH)

XUMHUYeCcKH YHCTOE YKeJae30 MPaKTHYeCKH He IOJABEePyKeHO KOPPO3MH, a TeXHHYe-
CKOe KeJle30, KOTOPOe COAepKUT PasjIndHble IPpUMeCcH, HalpuUMep B UyIr'yHe WJH CcTa-
nn, p:xaseer. ClemoBaTelbHO, OAHOW W3 NPUYMH BO3HUKHOBEHHUSA KOPPO3UHM SABJIAET-
cA HaIW4YHe IIpHMeceil B Merasye, T. €. ero HeogHOpomHOCTh. CyImHOCTH IIpollecca
B 9TOM cJIydae OTJIHNYAETCA OT PeaKIlHil, IPOTeKAIOIINX IIPH XMMHUYECKOH KOPPO3HH.
PaccmoTpmM MexaHM3M paspyllIeHHA MeTaJlla Ha CIeAVIONINX IIpHMepax.

Ecim pBa pasnIWYHBIX MeETAJJIA, CONPHKAacaolouecs APYr ¢ APYroM, ONYCTHTh
B BOJHBIN PACTBOP 3JeKTPOJHUTA (B peaJbHBIX YCIOBHAX B KauecTBe TAKOIO PACTBO-
pa MOI'yT BBLICTYIIATh T'PYHTOBBEIE HMJIM JOJKAEBLIEe BOAbI, CKOHIEHCHMPOBaHHAs BJara
arMoc(epHOro BO3Ayxa), TO 0OoJjiee aKTHUBHBIA METAJJ, T. €. CTOAIIUN B DJIEKTPO-
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XMMHAYECKOM pAJNY HaIpAXKEeHUHA JieBee, OyaeT paspyliaThcs, IpefoXpaHAd MeHee
aKTHBHBIH MeTaJlT 0T Kopposuu. Hanpumep, Ipu KOHTaKTe jKejes3a ¢ MeAbI0 B BOJ-
HOil cpele Keje30, Kak OoJiee aKTHUBHBIN MeTajlJI, IIOCTEIIEHHO KOPPOAUPYET, Ipe-

BpAIlasch B WOHBI F:
0
o +
Fe — 3¢ — Fe3 (HA TMOBEPXHOCTH >Keje3a)

DJIeKTPOHBI, BBICBOOOKIAIOIIMECA W3 ATOMOB jKejes3a, MepPexoaAT Ha IMOBepX-
HOCTh MeHee aKTHBHOTO MeTajljla — MeIH. 3Jech IIPOTeKaeT IIPOoIlecC BOCCTaHOBJIE-
HIs BeIeCTB, BbI3BIBAIOINUX IIPOIlECC KOPPO3UH, HANPUMED KHCJIOPOAa B IIPUCYT-
CTBUM BOJBI:

0, + 2H,0 + 4 — 40H"

BaaumomedicTBIIe MOHOB sKeje3a # THIPOKCUA-MOHOB IPUBOLUT K 00Pa30BAHUIO
CTONL B3HAKOMOro HaM Oyporo HajJdéra — p:KaBYMHEI. YIPOIIEéHHO obpas3oBaHUe
psKaBUMHBLI MOYKHO 3aIHCATh CAEAVIOIMINM 00pasoM:

Fe?* + 30H — Fe(OH)!

Kopposuio, npH KOTOpPOH aToMbl MeTalJI0B, HpeBpamasdck B HOHBI, IIepexo-
AT B PaAcTBOP, a BBLICBODOMKIAIOIHECH 5JeKTPOHLI BOCCTAHABIMBAIOT OKHCINTEIb
Ha APYIAX YyYacTKaX IIOBEPXHOCTH MeTaJlJa, HasbIBAIOT JJEeKTPOXHMHYECKOH KOop-
posueii. O6A3aTeIBHLEIM VCIOBHEM 3JIEKTPOXMMHUYECKON KOPPO3UM ABJAETCA HAJIU-
que 2JIeKTpoJiuTa. KOoppos3uio, COMPOBOMKIAIOIIVIOCH IIePexoJ0oM 3JIEKTPOHOB OT 00-
Jlee aKTHBHOTO MeTaJljla K MeHee aKTHBHOMY, TaKiKe OTHOCAT K AJIeKTPOXMMUUYECKOMH
KOPPO3HH.

C y4éTOM KOJIOCCANBHBIX YOBITKOB DKOHOMHUKH OT KOPPO3WM HH)KeHepaM, TexX-
HoJOramMm, XHMMHHEaM IIPpHMXOJAHMTCH pellaTbhb HellpOoCTYiOo npoﬁﬂemy 3alllMThl MeTaJlJIOB
¥ CILIABOB.

Cnoco0bI 3aIIMTHI METAJJIOB OT KOPPO3WH

1. Hanecenne 3alIMTHBIX MOKPHITHH HA MOBEPXHOCTh METAJIMYECKOr0 U3AeTHsl.
IIpomecc MOKPBHITHSA MOJKET OBITH (PUBHMYECKMM: OKpacKa MeTajljla JIJaAKaMH, KpacKa-
Mu, sMmanaMu. OgHaAKO TaKkue 3alfUTHbIE ILIEHKU HEJOJTOBeUHbI. 3HAMEHUTYIO Oii-
(enery G6amn0 B Ilapm:xe xpacar Kamxasle cemsb Jet (B 2009 r., xk 120-my gHIO posk-
nenns, eé nmokpacmau B 19-i1 pas). 3a 120 ner macca Gamruu yeennuniaachk Ha 200 T
(puc. 87).

Boiee croiiku xuMuyeckue nokpbitud. Tak,
npefoXpPaHaeMbBIll MeTAJJI MOXKHO IIOKPBITH CJIO-
eM Opyroro MeTajia, MeHee IIOJBep:KeHHOTOo
KOppoO3HWH: B30Ji0Ta, cepebpa, Xpoma, HHKeJId.
OnuH M3 caMbIX CTApPBIX CIOCOOOB — 3TO JY-
JeHue, T. €. IOKPBITHE KeJIe3HOI'0 JIUCTA CJIOEM
onoBa. Takoe Kene30 Has3bIBAIOT OeJION 3KeCThIO,
€ro MCHOJIB3VIOT, HATIPUMED, AJIsI U3TOTOBICHUSA
MeTaJJIMdecKHuX OaHOK [Jid KOHCEePBHUPOBAHUA
IIPOAYVKTOB.

2. lobaBrka Jerupyrommux sjaemeHrtos. s
IpeAOTBPAIleHUA KOPPO3MH K CTAJH TIPHA eé
HOpPOM3BOACTBE H00ABIAIOT ClelllalbHbIe Be-

Puc. 87. Okpacka 3idenesoin HallHn
B pa3Hble roabl
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IIecTBa, KOTOpble HAa3BIBAIOT JIErHPYIOIINMH
mobaxkamu. Hanmpumep, craib, coaepsKaimas
Jerupymomiue no0aBKH XpoMa, HHUKeJIdA WINA
MapraHiia, He IIOABepraeTcsai KOPPO3UHU U Ha-
3pIBaeTCA Hepixcaseiouieil. Hep:xaBeiika, U3 KO-
TOPOIl M3TOTABIMBAIOT CTOJOBbIe HPUOOPBI, CO-
mepsxuT g0 12 % xpoma m mo 10 % HuKens.
JIErKue Hep:KaBelollle CILIABBI COAEPIKAT B Ka-
yecTBe A00aBOK aliOMMHHH Mau TUTaH. M3 au-
CTOB Hep’KaBerollleil cTalu co3jaHa 3HAMEeHUTAA
cryapnTypa B. . Myxuno#t «Pabouuit u KO-
xo3HUIA» (puc. 88).

3. U3meneHue cocTaBa MOBEPXHOCTHOrO
ca0A MeTAJNINYecKoro usgeana. Bel obOpaina-
Ju BHUMAHHUE, UYTO CTBOJBI OTHECTPEJIBHOI'O
OpYy:KHsdA, KaK IpaBmjo, 4YépHOro usera? 910
pe3yabTaT 80poHeHus (M0 accoluarum ¢ BOPO-
HOM, MMEIOIIMM YEpPHOEe C CHHEeBATBHIM OTJIMBOM
ollepeHHE) — TepMHUUYECKONH HIAM XUMHUUYECKOH
o6paboTKu, B pe3yJabTaTe KOTOPOH Ha IOBepX-
HOCTH MeTasa obpasyercss TOHYAHIINU IUIOT- p,. gg CKynbATYPHAs KOMMO3MUMS
Helid caoit (0,004—2,5 MKM) OKCHAOB Kenesa. B. U, MyxuHoii «Pabo4uii
BopoHenwe — 4YacTHBIA cJydyail IpoIecca OKCU- W KOMX03HWLA» U3roTosneHa
duposanus, KOTOPOe WCIIOJB3YIOT [Jis 3am(ur- W3 Hepxaseloulen cranm
HOTO ¥ JIEKOPATHBHOTO IOKPBITHA MOBEPXHOCTU
MeTaJIINYEeCKOT0 M3IEeJIUA.

4. Hcnonb3oBaHHe MHTMOMTOPOB — BeIIeCTB, KOTOPLIE B JEeCATKH M COTHH pa3
YMEHBINAKT CKOPOCcThs Kopposuu. Hanpumep, B antudpus, OXJIAIKIAIOIMUNA ITBUTE
TeJb aBTOMOOWJIA, BBOOAT CIlel[MaJIbHBIe J00OABKH, KOTOPhIE NPEIATCTBYIOT KOPPO3HH
BHYTPEHHEH IIOBEPXHOCTU MOTOPA MU CUCTEMbI OXJIAKIEHUA.

5. IlporexkTopHas 3aIUTa — KOHTAKT METAJIIMYECKOTO U3Jenusa ¢ 6ojee aKTHUB-
HBIM MeTAaJLIOM (IIPOTEKTOPOM).

Ilpn KoHTakKTe ’Kesjesa ¢ MeTaJJIMYeCKMM IIMHKOM B arpecCHBHOI cpexe paspy-
maeTcs B IEPBYIO odepelb DoJjiee aKTUBHBIN MeTANJI — HUHK:

Zn — 22 — Zn®"

BHCBOﬁOI{I’IBI_ﬂI’IECH AJIEKTPOHEBI IIONMaJalT Ha IIOBEePXHOCTH MeHee aKTHBHOI'O Me-
Tamnjaa — KeJjes3a, Ha KOTOPOM IIPOHCXOIHT IIPpOIlecC BOCCTaHOBJIEHHWA BellleCTB, BbI-
3BIBAKOIIMHUX KOPPO3HIO:

0y + 2H,0 + 42 — 40H
B pe3yaepTaTe OKHCIeHHA IIHHEKAa oﬁpaaye’rca T'HMAPOKCH] 23TOro MeTaJijaa:
Zn?" + 20H = Zn(OH)!,

IpH 9TOM JKeJe30 BAlIUIIEeHO OT KOPPO3HH.

Teneps BBl cMOKeTe O0BACHUTH, IOYEeMY Ha JHHUINA Kopabyjeld IIpUKpeI-
JAT MACCHUBHBIE ITUHKOBBIE CJAUTKH, KOTOPbIE IO MEpPe paspylIeHUd 3aMeHAIT HO-
BBIMH.
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@ Koppo3usa xumMu4eckas M anekrpoxmmuyveckas. Jlerupywuwiaa gobaeka
R l

1. Y10 Takoe kopposuna? Kakume BWObl KOPPO3MK pasnuyaioT?

2. MNpounniocTpUpYTE XMMWYECKYI0 KOPPO3MIO Ha MPUMEPE MPOUECCOB, MPOTEKAKLINX
C NNTUEM Ha BO3AyXe, COMPOBOAMB WX COOTBETCTBYIOLLMMK YPABHEHUSAMUW PEaKLUWIA,

3. MNepeuncnute cnocobbl 3alUTel OT KOPPO3WUM.

)

4. Menob Ha BO34yxe MOKPbLIBAETCHA HANETOM TEMHOro UBeTa, NpeacTtaBnaiouwmm coboii
TOHKYIO NNEHKy okcupa megu(ll). Hanuwwrte ypaBHeHWe COOTBETCTBYIOWLEN peakuuu.
Mpepnoxute cnocod XMMUYECKON OYUCTKM NOBEPXHOCTU MeAu OT OKCUAHOW NNéHkn 6e3
noBpeXxaeHna MeTtanna.

5. BpoH3oBble CKYNbNTYPbLl NOA AEWCTBMEM KWUCNOpoAa BO3MAyXa, YINEeKUcnoro rasa
M BNarn nokpbIBalOTCA MNaTUHOW — 3eneHoBaTbiM HANETOM, COCTOSLMM rnaBHeiM obpa -
oM 13 seuwecTBa ¢ dpopmynoit (CuOH),CO5. K kakoMy knaccy coeavHeHuin OTHOCUTCH
aTo BewecTBo? [aiTe ero HazgaHue. HanuwumTe ypasHeHWe peakuum 3Toro coeuHeHus
C pacTBOPOM CEpPHOW KUCNOThI.

6. B cocrag npeobpazoBateneil pxXapyMHbl, KOTOPbIE MNPEBpallalT pPbIXAblid FMOPoOK -
cup xenesa(lll) B TOHKyO npo4nyto nnénky dgocdarta xeneza(lll), sxoogut dpocdopHas
KMucnoTa. Hanuwunte ypaBHeHWe peakuun, npotekaiouiein npu obpaboTke pxaBoi no-
BEpxXHOCTU POCHOPHON KUCNOTOW. HBNseTca nn gaHHas peakuus OKWCAWTEeNbLHO-BOC-
CTAHOBUTENLHON?

7. B Hauane XX B. u3 nopta Hbio-Mopka Bblluna B OTKPbLITLIA OKeaH KpacaBuua XTa.
Eé Bnapeney, amMepuKaHCKWIA MWUNIMOHEDP, M3rOTOBWUN KOPMYC fIXTbl U3 O4EeHb AOPOroro
B TO BpPEMA antoMWHKUSA, NUCTbl KOTOPOro CKPenasanck MeaHbiMin 3aknénkamun, 31o 6bino
O4YeHb KpacuBO: CBepkKaloluvii cepebpucTbliil kopabnb, YCEAHHbI 30M10TUCTLIMW FONOBKa -
My 3aknénok! OgHako yepes HeCKONbKo Mecsues oblmMBKa Kopnyca Hadana pacxoOovTb-
cq, U 9xTa nowna ko AHy. Modemy? HanuwintTe COOTBETCTBYIOLIME YPaBHEHWA peakuui,
8. Onsa 3awmTbl OT KOPPO3UK XENes3Horo nucra (KecTn) ero NokpbIBarT TOHKUM CHOeM
METanIn4eckoro uuHka. Kakum o6pa3om UWMHKOBOE MOKPbLITUE NPEenoXpaHaeT >Xeneso
OT KOppo3un? PaccMoTpuTe 3NeKTPOXUMWYECKUE MPOLLECChl, NpOTeKallue Ha MoBepx -
HoCTK oBoux meTannoe.

9. BbINOMHWTE OOMALUHWUIA 3KCMEPUMEHT «MI3ydeHne KOppOo3wuu XenesHbix rBo3aen».
PeaktuBbl 1 o0opygoBaHue: PacTBOPbLI amMmmaka (HAlaTbipHbLIA CNWPT), xfopyuaa Ha- |
TpuA (NoBapeHHas Cofb), YKCYCHOW KUCNOTbI (CTONMOBLIA YKCyc), KapBoHata unu ruapo-
kapboHata HaTpua (cTupanbHas WM NWTbLEBAA copa), BOAA; NATb MBO3OEW, NATb Mpo-
3payHbIX My3bIPbKOB (Hanpumep, us-nog nekapcTts); nwoboii camoaensHblii MHAUKATOP £

=

A CaMomenbHBI HHIWKATODP MOYKHO NPUTOTOBUTH M3 CBEKJbI, KPACHOKOYAHHON KAIYCTHI,
YepHUKH, BHITHU. B0O3pMHTE HEeMHOTO ChIphA (TOYHOe KOIHWYECTBO He HMeeT BHAUYeHHHA),
M3MeJILYHUTe ero, MOJIOKUTEe B KacTproabKy W 3aneiite 200 mu Bogbl. KunAaTuTe B TedueHUe
2—3 muH. PactBop nocrne oxnaxaenusa npodunstpyiite. na paborel ucnonbsyiiTe ceeme -
IIPATOTOBIEHHBIH PACTBOD.



CkadaH ¢

Xon paborsi
1) Bo3bmuTe NsATb Ny3bIpPbKOB W ONYCTUTE B KaXObld MO 4McTOMy BnecTslemy reo3gio.
AkkypatHo! He pas6eiiTe QOHbLIWKA Ny3blpLKOB!
2) HaneiTe B kaxablil Ny3bipEK PacTBOP OAHOMO U3 PeareHToB Tak, 4TOObl OH MOMHOCTLIO
NOKpPbIN FBO3ab.
3) C nomouwpto noboro nHavkaTopa onpenenute cpeny kaxpnoro pacteopa. OctaBbre
reo3gu B pacteopax OO0 chnepywouwero gHa. [pocneaute 3a Tem, kakve uamMeHeHws ob -
HAPYXWANCEL NPU 3TOM.
4) Hanuwwute oT4€T O nNpoaenaHHoi paboTe, OTBETMB HA Clefyiolye BOMpOoCh:
e B kakux pacteopax Habnioganuce, a B kakux He Habnioaanick NpuaHaku Kopposun?
e Yganocb N1 Bam ycTaHOBUTb Kakue-nvbo 3aKOHOMEPHOCTU MNPy NPOBEAEHUM onbiTa?
KakoBbl OHW? Kak MOXHO OGbACHWUTL 3TW 3aKOHOMEPHOCTU?
e 3amMeTunu N1 Bbl Pa3HULY B TOM, Kak NPOTEKAET KOPPO3UA Ha NOBEPXHOCTU, LUNSNKE,
OCTPOM KOHYMKEe rBo3an?

. J/

§ 36. METAJLIBI
B IIPUPOJIE. IOHATUE
O METAJLIYPTUU

HekoTopble MeTan/ibl BCTPEYAOTCS B NPUPOAE B CAMOPOAHOM COCTOSIHWM, BOsb-
LUMHCTBO >X€ — B BUAE Pa3/IMYHbIX COeAMHEHUW. TeM He MeHee W Te U ppyrue
nony4aloT NOCPEACcTBOM (PU3UUECKMX U XMMUYECKMX NPOLECCOB, KOTOpble B CO-
BOKYNHOCTWU Ha3blBaloT MeTassypruei. Yto npepcrasnser coboi 3ta oTpacib
HayKM W NpoW3BOACTBa?

CopepsxaHMe METAJIJIOB B 3eMHOM Kope KojebjeTcsa B O4YeHb IIMPOKHUX IIpeJesax:
OT CaMOro PAacIpOCTPAHEHHOrOo — anoMuHHUA (0H cocraBader moutu 8 % 3eMHOU
KOpbI) 0 HEeyJIOBUMOro (ppaHIKA, cOAeprKaHuHe KOTOPOro BO BCEH 3eMHOI Kope olie-
HHUBAIOT HeMHOTHM Gojsee uem B 20 rpammos!

HexoTopble MeTa/l/Ibl BCTPEUAKOTCA B IIPUPOJE B CBOOOZHOM cocTrosHuu. Kak mpa-
BUJIO, BTO GJIArOpOJHBLIE MeTaJLIbI — XHMMHYECKH MAaJIOAKTHBHEIE METAJJIBI, KOTOPbIEe
He IIOAAAI0TCA arpecCHBHOMY BO3IeHCTBHUIO OKPY/KAalOIIel cpexnbl.

BraropoaubpiMil MeTAaNIAMH HA3BIBAIOT 30J0TO, cepebpo, IJIATHUHY, a TaKMKe
OMMaNIInX <«cocelei» ILJIATHHBI II0 TpPyIIe — OalJaguil, MPHUAHM, pPogmi, py-
TeHU#, ocMmmuii. B uém ke cocromT ux <«6GaaroporcTBo»? Bo-mepBBIX, U3AETHA
M3 9TUX METAaJJIOB BBINVIAAAT KpPacHUBO. Bo-BTOpPBLIX, IIOpPa3UTebHA HUX XHUMHUYECKAasd
CTOMKOCTBH: Ha HHUX He JAeHCTBYIOT PACTBOPHI KHCJOT W INeJjiodeii, JAa U KOHIEH-
TPUPOBAHHLIE KHCJIOTBI PACTBOPAIT He BCAKUII OJAropogHBIN MeTasa; GJaaropoi-
Hble METAaJIJIbl TaK:Ke He KOpPPOoAMPYIOT, He paspyiuaioTcda Ha Bosayxe. Cepebpo —
caMbIil [eHIEBBIN u3 OJIaropogHBIX MeTaslJIoB, a Haubojlee AOPOrol W3 HUX —
POAMIA.

haterial100. tilda.ws
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30J10TO, cepeGpo M MJIATHHA BCTPEUAKTCA B IPHPOJEe B CBOOOJHOM COCTOAHUH.
Hamnpumep, 3ojsioThie BKpallieHUs OOHAPYKHMBAIOT B CKAJbHBIX mopomax. Ilox meii-
CTBWEM BOJBI, BeTpa M COJIHIIA TOPHBLIe TOPOALI IIOCTEIIeHHO paspyinalmTca (BBIBe-
TPUBAIOTCA), KPHUCTAIIHUKHN 30JI0TA BLICBODOMKIAIOTCA U BMECTe C IIOTOKAMH BO/bI
MOMajaloT B pycja peK, obpasys 30J0Thkie pocchiniii. KpymHBIE KYCKH METAJJIOB HAa-
3BIBAIOT CAMOPOOKAMU.

Mepb B cyXOM BO3AyXe TaKMKe HOCTATOYHO yeToumsa. ViMeHHO camMopomHas Menb
MOCJYKNJIa TePBOOBITHOMY UYEJIOBEKY 3aMEHOW KaMHs [ U3TOTOBJIEHUS OPYAHUH
TpyAa ¥ OXOTHI Ha 3ape MeJHOT'O BeKa 4YeJIoBedYecTBAa.

W3 Goslee aKTUBHBIX METAJIJIOB B CBOOOAHOM COCTOSAHWM HA 3eMJe BCTPedYaeTCs
TONBKO JKeJes30, Ja W TO METEOPHTHOTO NpoucXoKaAeHuA. HeBepoATHO, HO (QaKT:
YHUCTOE »KeJjie30, B OTJIMUME OT Kejlesa, COAep:kallero IpuMecH, He piKaBeer, II0
BTOMY OCKOJKH JKeJIe3HLIX MEeTEeOPUTOB HAXOAAT W Yepesd MHOTHE COTHH JeT Iocje
HX TMajJeHHusa Ha 3eMJIo.

OcTasnbHBIE METAJJIBI MPUCYTCTBYIOT B IMPUPOJE B BHAE COEJUHEHUH — OKCHUIOB
W coJieii: TaJOTeHHUI0B, CYIL(PHIOB, KapOboHATOB, CYJIL(ATOB M JPYTUX COEAUHEHHM.
CocTaB ¥ HasBaHWsA BajKHEHINHX NPHPOAHBIX COeNWHEHHWN MeTAaJlJIOB IpeAcTaBJIeHbI
B Tabaume 3.

OTtpacnb HaykMm W NPOMBILLIEHHOCTU, KOTOpasi 3aHMMaeTcs MoJlyYeHUem me-
TannoB W CMNaBOB, Ha3blBAOT MeTannypruei (o1 rped. metallon — pyaoHuK
n ergon — paboTa).

IIpupongHoe CBHIPBE ¢ GONBIINM COAePrKAaHHEM MeTajlia BcTpedaercsa Heuacto. Ho,
HAIpUMEP, AJIA MOJyYeHHsa MeOHu IIPUTOAHA pyha, comep:xamiaa scero 0,5 % merasna.

Cuauana pyny obozawiaioon, T. e. OTIEJNAIOT €€ 0T IIYCTOU MOPOMIbI.

ITepex TeM Kak M3BJIeYb METAJNJ M3 PYABLI, €€ IIOABepraioT IpegBapUTeIbHON 00-
paboTke.

HaubGosee mpurogubsl AJsd IMOJNYUYEHUA METAJJIOB WX OKCHUIBI, IIOITOMY CYJIb(MUI-
HBIE PYAbl IpeABapUTedbHO NToABeprawnT obxcuzy. Ilpu aToMm U3 cyns(UL0B MeTalI0B
MOJIy4YalT OKCHUIbI, HAIIPUMED:

27ZnS + 305 = 2Zn0 + 2SO0,

g Toro uTolbl MOJNYUYHUTE YHCTBHIH MeTalJI, HeoOXOoAMMO IlepefaTh KaTHOHY He-
JOCTAIOIIee YHUCJIO 3JIEKTPOHOB — 60CCTMAHOBUMb €T0:
0

M*" + ne - M

B MmeTamnypruu Bce MeTAJJIBI M CILIABLEI IIOAPA3Ie/IA0T Ha IIBETHLIE WM UYEpHBIE.
K uéprnuim oTHOCAT Kejie30 U BCe CILJIaBBI HA €ro ocHOBe (4yryH, craib). Bee ocranb-
HbI€ METAJJIbl U CILJIABBI HA3BIBAIOT UBEMHbLMU.

B BaBucmMOCTH OT TOr0, KAKHM CIIOCOOOM BOCCTAHABJIMBAIOT METAaJJ, CYIECTBYeT
HECKOJBKO BUIOB METAJIYPIUUECKOT0 MPOM3BOACTBA.

1. IInmpomMeTaayprug. STOT TEPMHH IIPOM3OLIEN] OT T'PEUYECKOr0 CJIOBA PYros —
oroub. [ly1a monydyeHmsa MeTannga PyAy HarpeBaioT € IOAXONAINNM BOCCTAHOBHUTEJIEM: [
yraepojoM (KOKCOM), BOZOPOIOM WM 0oJiee aKTHBHBIM METAJJIOM.

Hanpumep, sKele30 BOCCTAaHABJIMBAIOT M3 PYJ KOKCOM B CIeIMaNbHBIX IIedax,
HA3BIBAEMBIX AOMEHHBIMH TeyaMu uau gomHamu (puc. 89).
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Tabnuua 3

CocTaB W HA3BAHHUA BAKHEHININX NPHPOAHBIX COeIHHEHHN METAJIJIOB

HassaHue npupopgHoro
coefiMHeHUA

Xumunueckui
cocTtas

XHHH'IGC_KOQ Ha3BaHHe
OCHOBHOro KOMMOHeHTa

1. Okcupgbel Merannoe

MarHeTuT, MarHWTHbIM >XenesHak Fe 04 Okcug xeneza(ll, Ill)
['eMaTuT, KpacHbli >KenesHsk Fe ;04 Okcup xenesa(lll)
JlumoHuT, Bypbid >KenesHsK Fe,03.nH,0 Mipgpar okcupa xenesa(lll)
KopyHa, 6okcutbl Al,04 Okcup antoMUHUs
Kaccurepur SnO, Okcupg onosa(lV)

2. TanoreHuabl MeTannos
lanur NaCl Xnopua Hatpus
CunbBHH KCli Xnopug Kanus
D nooput CaF, @Topug Kanbuus
Kpuonur Na3AlFg [ekcadhTopantomMuHar HaTpus

3. Cynbdugbl metannos

Muput, >xenesubid KonuegaH FeS, Oucynecmg >xenesa(ll)

Cchaneput, uMHKoBas obmaHKa ZnS Cynbchug umuHKa

[aneHWT, CBMHUOBbLIN Bneck PbS Cynbdomp ceunua(ll)
4. Kap6oHatbl metannoe

Mpamop, M3BECTHAK, Mes, KanbUuT CaCOj KapboHat kanbuus

Donomut CaC0;.-.MgCO; KapboHat Kasbuus W MarHus

MarHeaur MgCO 4 KapboHar marHus

Manaxut (CuOH),CO4 MppokcokapboHat megu(ll)
5. Cynbcpatel Metannos

Mnc CaS04..2H,0 Cynbdhat kanbums

naybeposa conb, MHpabUAUT

Na 2804.'. 10H20

Cynbchat Hatpus

+3

+2 0 +4

Fe305 + 3CO = 2Fe + 3CO,

Kokc B AOMEHHOM IIponecce CJIYXHUT He TOJBKO BOCCTaHOBHTeJeM, HO B TOILJIH-
BOM IOJdA IIogmepXaHHuA BBICOKOM TeMIIepaTypbl:

C+0y=COy+ Q

BzaumopeiicTByA ¢ M3OBITKOM KOKCA, YIVIEKHUCJBIHA ra3 mpeBpamjaerca B APYIoi
BOCCTAHOBUTENE — oOKcuj yraepoma(ll):

CO, + C = 2CO
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Pyna

JlomeHHbI ras

[C+0,—CO,
200°C —_
203 CO, +C—2CO
o B {FegO,4 + CO — 3FeO + CO,
iy FeO + CO— Fe + CO
900°C e ¢ 2
1‘1‘;‘(’)0;‘3 (CaCO3— Ca0 + CO,
Bosayx Bo3ayx
[ — |

Puc. 89. Cxema ycTpoiCTBa AOMEHHONR Me4ym

PacniaBienHoe 3Kese30 pacTBOpseT HEKOTOpPOe KOJMYECTBO KOKca (IpaKTHYecKH
YHUCTOTO YIVIEPOZA), W TOoJIyJaeTCd CINIAB JKeJie3a ¢ YIJIepofioM — YYTyH.

Cnnae xenesa c yrnepogom, B KOTOPOM MacCOBas OONs yrnepoga cocTtaBnser
oT 2 0o 4 %, Ha3bLIBAIOT YYryHOM.

M3-3a XpyOKOCTH UYYTr'yH HEJIb3s KOBATh WJHW IMMPOKATBIBATH, OJHAKO BTO [0CTA-
TOYHO TBEPABIA M MPOYHBIN CIIaB. M3menusa uM3 HEro HOJYyYal0T METOAOM JIMThA:
paciIaBJeHHBIH YYI'yH 3aJuBaiOT B (DOPMBI M OXJaxkjaioT. M3 YyryHa oOTJIMBaIOT
MAaCCHBHBIE JETAJM CTAHKOB, KOPIIyca ABurarteneit, Tpyodsl, miecrepuu, 6aTapen oToI-
aenud. (Kurenmn Caukr-llerepOypra mo nmpaBy ropAsaTcA YYTYHHBIM KDPYXKEBOM Orpaj
napkoB um moctoB (puc. 90).

Kaxkum xe oOpasoM NpuUAaTh CILIABY »Kejesa C YIJIepoaoM KoBKocTh? OueBum-
HO, HYJKHO VJaJUTh W3 HEro HW3JHUIIKH YIJIepoja, BBIXKWArasd ero B CIeIHaJbHBIX
meuax — KoHBepropax (pmc. 91).
Taxk 4yryH HpeBpaljaiOT B CTalb.
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Cnnae xenesa C yrnepogom, B KO-
TOPOM MaccoBsas O0ng yrnepoga co-
ctaBngeTr oT 0,2 po 2 %, Ha3biBAOT
CTanblo.

Yem Ooabille cofepsKaHue yriepoja
B CTaJM, TeM OHa IIpouyHee U TeBEp:ke. CHU-
JKeHHe MACCOBOH [OJH YIJiepoja IT03BOJIA-
eT IoJIydaTh MATKYIO, ILIACTHYHYIO CTAJb.

Jlisg moaydyeHHMA caMoOro TYTOILIABKO-
ro MeTajja — BOJb(pamMa — B KadecTBe
BOCCTAHOBHUTENA B MOHPOMeTANJIyprude-
CKOM ITPOW3BO/ICTBE WMCIIOJIE3YVIOT BOJOPOJ:

Puc. 90. «Teoux orpapg, y3op YyryHHbIl...»:
BaHkoBCckuiA mocT yepez kaHan puboenoea

WO;3 + 3Hy = W + 3H,0 B8 CaHxT-lNeTepbypre

MeTasn U3 OKCHIA MOMKHO BBITECHUTH APYruM, 0ojlee aKTHUBHBIM MeTajiaoMm. Ta-
KOH IIporecc Ha3bIBAIOT OOINMM TepMHHOM MeTaJjrorepmmud. Haubonwmree sHaueHnue
puo6GPEJI IpOoIlecC BOCCTAHOBJIEHHWA METAJJIOB ANIOMUHUEM — QJAIOMUHOMEDMU.
Tak 1moaydaioT, HaIpHUMep, XPOM W MOJHOIEeH:

Cr,05 + 2A1 £ 20r + AlLOg
MoO3 + 2Al £ Mo + ALOj

2. Tmapomeranayprus. CamMo HasBaHME 3TOr0 BHIA METANJIYPTHH YKAa3bIBAET
HA TO, YTO IOJIyYeHUe MeTajjia BeAyT mu3 pactrBopa (ot rpeu. hydor — Bopga). Ilo-
ATOMY HPUPOJHOE COeAUHEHUEe MeTaJlia HpPEeABAPUTEJbHO IIePeBOAAT B PacTBOD Jei-
CTBHEM NOAXOILAIIEero peareHTa, HallpUMep!:

CuO + H,S80, = CuSO4 + Hy0

Puc. 91. Cxema ycTpoWCTBa KMCNOPOOHOTO KoHBeptopa: 1 — kopnyc; 2 — cTanb;
3 — koBLW
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3aTeM KaTHOHBI MeTalllla B pacTBOpe BOCCTaHaABJJIHBAIOT GoJlee aKTHBHBIM MeTaJll-
JIOM HJIH 3JIeKTDHYeCKHMM TOKOM:

Fe + CuSO4 = FeS04 + Cu

3. DnekTpoMeTANNYPrUusi. AKTHUBHBIE METAJJIbI W3 WX MPUPOIHBIX COEIUHEHUI
04YeHb TPYAHO BOCCTAHOBUTH C IIOMOIIBI0 XHMMHYECKHX BeIecTB. KATHMOHBI Iesiod-
HBIX, IIIEJOYHO3€MEJbHBIX METAJNJIOB HJIH AJIOMHUHHA ¢ OOJBIIHM TPYAOM IPHHHU-
MaT HeJoCTaloIIHe 3JeKTPOHBI. Tak, 0 CyIIecTBOBAHHWM IIEJOYHBIX W INEeJIOYHO3E-
MeJbHBIX METaJIJIOB XMMHKH 3HAJIH 3aJ0JIT0 [0 TOr0, KaK IOJNYYHJIM HUX B YUCTOM
Buge. A npomsonwnno aro B Hayase XIX B. Oiarogapa paboraM aHINIMMCKOIO XHMHKA
n (pusuka Xembpu [Iseu. [IsBU IepBLIM NPEIJIOMKNJ MCIOJIL30BATH B KAYecTBe BOC-
CTAHOBHUTEJIA He XMMHUYECKHEe BeIllecTBa, a 3JIeKTPHUYECKHIl TOK.

XuMuuecKkrue peariuu, OPOTEKAIIHUEe TMOoJ AefiCTBHEM IIOCTOAHHOTO 3JIEKTPH-
YEeCKOT'0 TOKA B PACTBOpPE WJIM DpaclljiaBe 3JIeKTPOJIMTA, HABBIBAKT 3J1€KMPOJIUZ0M.
IIponrycTHB 5JIeKTPUYECKHH TOK Yepes pacIIaBbl COeIHMHEHHMIT aKTHBHBIX METaJJIOB,
MOMKHO IIOJYUYUTH dTH METAJIbI B CBOOOJHOM COCTOAHUN:

2NaCl (pacmiaB) —tPOMTS_, 9Na + Cly

0
KATO]I @ Na  +1& — Na

- 0
anon (%) 2C1° —2¢ — Cly

CpIpbéM /I IIPOMBBOJACTBA AJIOMHHHSA CIYiKaT 00e3BOKEHHBIE 0OKCUMbL, T. €.
AlOg. JIna DOHMIKEHWSA TeMIIepaTyphl IJIABJIEHHS OKCHJ AJIOMUHHSA PaCTBOPAIOT
B pacmiuaBieHHOM MuHepase kpumoanre (KgAlFg) m B cmemmambHBIX BaHHaX TOA-
BepraioT dJIEeKTPOJIHU3Y.

VIOpoméHHo mpolece 3JeKTPOoJM3a OKCHAA ANIOMHHHUSA MOMKHO BBIPASUTE YpaB-
HeHHeM

2A1,0, —2HSKTPOTRS , 4A] + 30,

BnaropogHbie metannbl. Y€épHas mMmetannypruga. LiBeTHas metannypruvs.
MupomeTtannyprua. MeTtannorepmua. Mapomertannyprua. 3neKrTpome- l('
Tannyprus. Yyryd. Crans. [lomeHHas nedb. KoHBepTOp. 3nekTponus pac-

nnaBsoB

| MpoBepbre CBOW 3HAHUS

1. Kakue meTtannel HasbiBaloT GnaropogHbiMn? Yem obycnoBneHa BO3MOXHOCTb UX CY-
LecTBOBaHUA B npupone B cBOBOOHOM COCTOSHWUU?

2. 4Yvo Takoe Mmetannyprua? Kakne cnocobbl Nony4eHus MeTanioB M3 rMpupoaHOro Chipbs
Bbl 3HaeTe? CpaBHUTE pasHbie BUALI MeTaniypruu.
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3. K kakmm knaccam OTHOCATCH OCHOBHbIE BELIECTBAa MPUPOAHbLIX COEAUHEHUI MmeTan-
noe? lNpuBeauTe NpUMepbl MUHEPAanoB, OCHOBHbIE BELLECTBA KOTOPbIX OTHOCATCH K pas-
HblM kKnaccam. Hanuwmnte xumnydeckue Gopmynbl MUHEPanos.

4. Kak pasnuuua B COCTaBe 4yryHa v CTanu OnpeaensioT XMMUYECKYI0 CyTb Npou3Boa-
cTBa cranu?

1

5. Mcrnonb3ys mMeTon anekTpoHHoro HanaHca, COCTaBbTE YPaBHEHUS peakuuii, CooTBeT-

CTBYIOLME CReaylowmnmMm CXxemam:

a) Cu,0 + C —» Cu + CO

6) Fe,05 + CO — Fe + CO,

B) V,Og + Al = Al O3 + V

6. Hannwwute ypaBHEHUS 3nekTponuM3a pacnjaBos:

a) xnopupga kanus;

6) 6pomMupoa HaTpuUs;

B) X1opuaa MarHus.

7. Kakoi 13 xenesocoaepxalimx MUHepanoB npeanoydytuTensHee Ucnonb3osars ang no -
Ny4eHUA Xenesa, yyuTbiBas cofepxaHue B PyAe HYXHOro anemedTa: nuput FeS ,, nu-
MoHWUT Fe,05.-.2H,0, marnetutr Feg0,, rematut Fe, 03?7 OtBeT obocHyiiTe, paccuvTas
MacCOBYI OO0 XeNnesa B ykasaHHbIX COeaVHeHUsX.

8. Maccopaa gons cynsduia uvHka B pyae cdaneput coctasnset 42 %. PaccuuTaiiTe,

Kakylo Maccy LMHKA MOXHO noay4Ynte M3 1 T Takoil pyabl.

9. B cocTtaB MuHepana xanbkonuputa BxoaaT meab (maccoBas pons 34,78 %), xene -
30 (maccoBas pons 30,44 %) v cepa (maccoeas gons 34,78 %). Onpepenute dopmyny

MuHepana.

10. MaccoBasa Oonsg okcupa anioMuHMa B obpasue bokcwuta coctaBnseT 81,6 %. Kakyio
Maccy aNloMUHUA MOXHO MOAYy4MTb M3 1 T 9TOro Cbipbs, €CNM NPOM3BOACTBEHHbLIE MO -
TEPWU MeTanna cocTtaenaT 6 %7

11. Kakne maccbl xpoma n Hukens noTpebyloTca Ons nofiydeHns Hepkagewllen cra-

nu 13 200 kr xenesa, ecnM cogepXaHve B KOHe4YHOM crnnaBe Hukens cocrtaenseT 8 %,

a xpoma — 10 %?

e i

Ucnonb3ynte AONOAHUTENBHYIO MHPOPMaLUUIO

12. MoagroToBbTe COOGLUEHWE O METanIypruieckoM MPOU3BOACTBE W €ero NpoayKuuu.
13. Kak nonyyaloT TWTaH, HUKenb, Gepunnuvii, xpomMm? [Ooe v novyemy MPUMEHSIIOT 3TU
MeTannel?

Bbipa3ute cBOE MHEeHue

14. MNpepacraBbTe, 4TO BaM HYXXHO BbiDpaTb MECTO O/ CTPOWUTENbCTBA HOBOMo KombuHata
Mo NpPoOW3BOACTBY anioMuHua B Poccuu. Kakue TpeGoBaHMA K CTPOMTENBHOW niouiagke
Bbl OyageTte npenbaABnaTb?
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BBIBO/IbI K IJIABE IV
«METAJUJIBI 1 UX COEAUMHEHWA»

1. Meranaer B Ttabuaurie J[. M. MenpgeneeBa pacmojaramTcsa TOL JHATOHAJILIO
B. At. Tonbko u3 sJIeMeHTOB-METAJJIOB COCTOAT B-rpynnb.

2. Meramnbr — IIPOCTEIE BelllecTBa B TBép}IOM COCTOAHHMN HMMEKT MeTalJINn4YeCKYIO
KpHCTAJLJIMYeCKYVIO peméTRy, a ImoToMy oﬁna,aalo'r AJNIeKTPO- U TellJIOIIPOBOJHOCTBIO,
KOBKOCTBH, IINIACTHUYHOCTBIO, TAr'YYeCThH, MeTaJlJIHMYeCKHM BJIeCKOM.

3. Meramibl — I[IPOCThIE BEIIECTBA IIPOABJIAIT TOJBKO BOCCTAHOBHUTEIbHBIE
cBoiicTBa. OHM B3aMMOJEMCTBYIOT C HeMeTa/LlaMHu (KHCIOpPOAOM, Cepoii, rajoreHa-
MH), a TAK}Ke PACTBOPAMU KHCJIOT W COJIEHl B COOTBETCTBHU CO CBOMM IIOJIOMKEHUEM
B 2JIEKTPOXMMHYECKOM pPAAY Hanps:KkeHwii. Kpome Toro, mpu cobJmojeHHN ompene-
JIEHHBIX YCJOBHUH OGOJBIIMHCTBO META/LJIOB B3aMMOIEMCTBYeT ¢ BOHOIl, a HEKOTOpLIe
(Li, Ca, Mg, Al) BoccTaHaBIMBAIOT [PYrUe MeTAJJIbI U3 WX OKCUAOB (MeTasajioTep-
MUsA).

4. Merannsl (manpumep, Al m Zn), oOKCUABI U THAPOKCHALI KOTOPBIX HMPOSBJIAIOT
am@orepHBIe CBOMCTBA, B3aUMOJAEHCTBYIOT CO IEIOUaMM.

5. Kopposus — »To paspyllleHHe MeTaJlla WUIN CILIaBa B Pe3yJIbTATe XUMUYECKHX
peaknuii ¢ BellleCTBAMH OKpY:Kamolleil cpeabl. PasznmuyaoT XMMHUYECKYIO U 3JIEeKTPO-
XUMHUIECKYI0O KOPPO3HIO.

6. OcHoBHBIE CIIOCOOBI 3AIUTHEI OT KOPPO3HH:

¢ HaHeCeHHe 3alllMTHBIX HORpHTHﬁ Ha IIOBEpPXHOCTH MeTaJlJIM4YeCKOI'o M3Je/InudA
° ,]];OﬁaBRa JeTHDYVIOIMTHAX 3JIeMeHTOR

* M3MeHeHHe COCTaBa IIOBEePXHOCTHOI'O CJIO0d MeTaJlJIHYeCKOoIro H3aeliNndA

s HCIIOJB30BaHHEe HHI‘HGHTOPOB

* IIPOTEKTOPHAS 3aIuTa

7. Metannyprusa — OTpacib HAYKM W IPOMBIILIEHHOCTH, KOTOpasd 3aHUMAETCH
IIoJIy4YeHHeM MeTaJlJIOB M CIIJIaBOB. Pasnuuaror t{épnym (nonyqeﬂne HeJjei3a H ero
CIIJIABOB) M I[BETHYIO (IMOJyYeHHE OCTAIBHBIX METAJIJIOB M MX CIJABOB) METAJNJIYPIHM.

8. O6mue TPOMBINIJIEHHBIE CIOCODBI MOJYUYEHUS METAJJIOB: MUPOMETAJIIIYPTHsd,
rUAPOMETAJUIYPIUA U 3JIeKTPOMEeTaNayPIrud.

9. XuMuyecKue PeaKIIMH, IIPpOTeKarwllue I101 ,IIEI.:ICTBHBM AJIeKTPHYEeCKOI'0 TOEKa
B pacTBOpax HJH pacIiljiaBax 3JeKTpPOJHTOB, Ha3bIBAIOT 3JIEKTPOJH30M. j

10. ITpakTuvyecKoe 3HAYEHHE DJIEKTPOJIHU3A:
e JIOJIVHEHHe IMeJJOYHBIX M IMeJOYHO3eMeJIbHBIX MeTaJadJI0B M aJIMHHHA

* JIOJIVYEHHEe IaJioreHOB, BOIOOPOJa M KHCJI0pOaa
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§ 37. XUMWYECKHIT COCTAB
IUIAHETBI 3EMUIS

. Bce >uBble U HexxuBble OOBEKTbI NPUPOAbI COCTOSAT M3 OAHUX W Tex ke 90
',; XUMHUYECKUX 3nemMeHToB. Kak ycTpoeHa nnaHeta 3emiis C TOUKWU 3PEeHUss XUMUKU?
ConHne 0OojJee yeM HAMOJOBUHY COCTOMT uU3 Bojopoga (pmc. 92), a rUranTcKas
nnadHera ConuHeunolt cucrembl HOnurep (pue. 93) HmOYTH IIOJTHOCTBIO IIOCTPOEHA
M3 9TOr0 XMMWUYECKOI'o ajieMeHTa. V3-3a orpoMHBIX AaBieHuit Bopopon Ha HOmnurepe
HaXoAUTCA B TBEPAOM cocTosaHnHK. Boobmie Bo BcenmeHHOH rOCHOACTBYIOT ABa XWUMHA
YeCKHUX HJIeMEeHTa — BOJOPOJ U Tesjuii. Y4éHble CYMUTAIOT, UYTO HA BOAOPOM IIPHUXO-
JUTCA OKOJIO 75 % Macchl BCcero KOCMHUYECKOTO
BelllecTBa, a Ha reauil — oxouao 23 %.

Hama mniamera 3eMasd BecoM MHJJIHAPTH
TPUJJIUOHOB TOHH COCTOUT U3 CAMbIX Pa3HBIX
BemiecTB. A OTH BeIllecTBa, B CBOI 0Yepensb,
moctpoenbl u3 90 pasaIUUYHBIX XUMHUYECKUX
aJIeMeHTOB. VIMEHHO CTOJBKO 3JeMEeHTOB O0Ha-
pvskeHo Ha Hame# naamere. OcranbHble 3Je-
MeHTHI IleproguyecKod cucTeMbl HHA Ha 3emie,
HH B KOCMOCEe He BCTpeuyarTcd, OHW MOJYYeHBI
HCKYCCTBEHHO.

M3 kypca dpusmyeckoil reorpadmu BRI 3HAE
Te, UTO ILJIAHETA 3eMJd HMEET CJI0NHOEe CTpoe-
Hue (puc. 94).

BrayTpenHee sApo IIAHETHI COCTOUT U3 ABYX
Puc. 92. ConHue 6onee yem pIeMeHTOB — Jene3a W Hukeas. Hecmorpa
HanoNoBMHY COCTOUT W3 BOAOPOAA Ha BBICOKYIO TeMIepaTypy B IleHTpe 3eMHOTO
mapa (4000—5000 °C), BHyTpeHHee SAPO TBEP-
Jloe M3-3a OI'POMHOIO HaBJIEHUA.

3a BHYTPEHHHM SAAPOM CJeIyeT BHeIIHee,
sKupakoe Anpo. Ilo coBpeMeHHBIM TIpejcTaBJie-
HHUSAM, OHO COCTOMT B OCHOBHOM M3 jKejiesa.

Appo 3emuin okpy:kaer maHTHA (0T rpeuy.
mantion — TOKpPBIBAJO), Ha KOTOPYIO IpH-
XOOUTCA OCHOBHas macca 3emuu. ManHTusa co-
CTOMT M3 BellecTB, o00pa3oBaHHBLIX TIJIABHBIM
obpazoM TpeMs XHUMHYECKHMH 3SJIEMeHTaMH:
arloMUHUEM, KPeMHUEeM U Kucjiopogom. Biaro-
Japs BBICOKOMY JaBJIEHHIO BeIlecTBO MAaHTHH,
HO-BUAUMOMY, HAXOAWUTCA B TBEPAOM KPHCTAI-
JUYeCKOM COCTOAHMNHU C OTHEeJIbHBIMHM Y4aCTHAMMU
amopdHBIX BelllecTB. TeMmmeparypa MaHTHUHU CO-
Puc. 93. lOnutep — camana bonswias crasager 2000—2500 DC, IIO3TOMY B TeX ydacT-
nnaverta COJIHEYHOW CUCTEMBI Kax, IJie JaBJeHUe MeHbIIle, BellecTBa 00pasy-
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3emHasn kopa
Nutocdepa

MaHTua

BHelwHee
A0po

BHyTpeHHee §
fA0po

- J

Puc. 94. BHyTpeHHee cTpoeHue 3emnu

JOT I'YCTYIO pacIJIaBJI€HHYI0 Maccy — Mmazmy (OT rped. magma — rycras mass). [Ipu
M3JIUAHUKM MATMbl HA IIOBEPXHOCTh 3eMyu (QOPMUPYIOTCS MAZMAMUYECKUE Z0PHbLE
nopodel, TiiaBHBIE M3 KOTOPBIX — Oaszaibm u zpanum (puc. 95).

JlabopaTopHsbii onbiT 45

PaccmMmoTpuTe Npy NMOMOLLM YBEINYMUTENLHOTO CTekNa UK Nynbl Kycoyek rpaHuta. Xopolo
3aMeTHO ero HeofdHoOpoaHoe cTpoeHue. KpacHoBaTkle UNW cepoBaThbie 3épHa — aTo MNO- '
NEeBor wWnar, NnonynpospayHble — kKBapL, GnecTdawme yellyinyarble 3EpPHbILIKM — CNioaa. .

TopHble TOpOABI PEACTABIAAIT c0O0O0H coueTaHUWE HECKOJBKUX PA3JIUYHBIX Be-
mecTB. B aTOM Jerko yo0emmMThCcA, paccMaTpuBasd TOPHYIO TOPOAY NPH HeDOJILIIOM

VBEJINUEeHUHN C IOMOIIbI0 Jynbl. Hampumep, rpaHUT — IJIOTHAA 3€PHHUCTAA TOpHAA
mopojga ¢ KpPYyIHBIMH Kpucrajiiramu. CBoé HazBaHHe 3Ta ropHasd IIOpoJa MHOJyYMIA
OT JIATMHCKOTO granum — 3epHOo.

- ™ i~ =N

a S 6

Puc. 95. OB6pasubl Nopos, ByNKaHUYECKOro NPOUCXOXOEHUS:
a — 6aszanst; 6 — rpaHuT
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(" h M3 wmarmarTuyecKMX TOPHBIX IIOPOJ H

' COCTOMT B OCHOBHOM Hapy’KHas o0ojlouKa SeM-
Jau — 3eMHas Kopa. CpenHAA TOJNIIMHA 3eM-
HOH KOpPBI OKOJIO 35 KM, OJHAKO Ha ydYacTKax,
MMOKPBITBIX OKeaHaMM, OHA COCTABJISET BCEro
5—10 KM, a Ha MaATepUKOBON dYacTu OJaroja-
pd ropHBIM XpebTaMm MOKeT OBITH 3HAYHUTEJIBLHO
Gonbiie.

T'opHble moOpoAbl COCTOAT W3 MHHEPAJOB.
MwuHepanabl, B OTJWYHEe OT TOPHBIX IIOpOxd, —
3TO OJHOPOJIHBIE IO COCTABY U CBOUCTBAM IIpU-
poAHBIE TesJa, KOTOpble 00pasyloTcsa B pe3yib-
TaTe IIPOIEeCcCcOB, MPOTEKAIOI[NX B 3eMHOM Kope.

T'eonoram mapectHo oxosio 3000 muHepasios,
M KasKABIM ToJ y4YéHble HAXOAAT JeCATKH HO-
Bbix. OUH U3 cAMBIX PACIPOCTPAHEHHBIX MUHE-
panoB — keapu (puc. 96), rmaBHO cocTaBHOI
YacTBI0O KOTOPOTO ABJAeTcA oKcug KpemHUA(IV)
Si0s. Menkue KpUCTAJIMKU KBapIa IIPeACTaB-
ng1T coboil OOBIKHOBEHHEBIM mecok. MwuHepan
zasium, UM KamenHas coab (puc. 97), cocro-
HUT IJIaBHBIM 0Opasom us xjopuzga Harpusa NaCl.
M3 kaMeHHOU COJIM UM BOABI COJIAHBIX 036D IIO-
JAYYAOT BAMKHYI0 MUINEBYI0 NPUIPABy — IIOBA-
PEHHYIO COJIb.

MHHBP&JII:I, H3 HOTOPLIX B HTPOMBIIIJICHHO-
CTH IIOJIYyYAalT MeTaJsllibl, Ha3bIBAIOT PyAaMH.

Pynoit aBnaerca wmuHepan wynpum CusO
(puc. 98, a), U3 KOTOpPOrO MONAYUAOT Medb. Hlele30 BBHIMIABISIOT U3 KEJIe30COaep-
JKAUIUX PYO, HAOPpUMED MazHemuma (MarHUTHOTO >Kenesnaka FgOy) u zemamuma
(kpacHoro xeneszuHAka Fe0g) (puc. 98, 06).

IloBepxHOCTHBEIE OTJOKEHWA (BHEIIHAS UYACTh 3€MHOH KOpPBI) 3aHMMAIOT CJIOH
TOJNIIUHON OKoJsio 2 KM. Ero cocraBidior, MOMMMO MHHEPAJOB, OCAJOYHBLIE T'OpHBIE
TIOPOABI.

Puc. 97. M@nuT, AW KameHHas cofb

Puc. 98. O6pasubl pyd: @ — Kynput; 6 — remaTtut
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Kanuin2 %  Marnuia 2 %
Hatpuin 3 % OcTtanbHble anemeHTsl 2 %
Kansunin 4 %
Xene3o 5 %
AntoMmuHunia 8 %

KpemHuit 28 % Kucnopop, 46%

Puc. 99. 9nemeHTHbIR cocTtaB nutocdeps! (No macce)

Heopzanuyeckue ocadouHble 20pHbLE NOpodbl TPEACTABIAIOT c000H pe3yyabTaT
BO3/IeHiCTBHA Ha TOPHBIE IIOPOABI BOALI, BEeTpa, COJHEYHBLIX Jydeii. B pesynabrare
IIOpOJAa BBIBETPUBAETCH, M3MenbuaeTcsa, gpoburca. Tax obpasyioTcsa Imecok, rajabKa,
IIuHa. 9TH HMOPOALI OCeJaloT HA JHO BONOEMOB WMJIM HAKAIIJIMBAKTCA Ha CyIIe.

Opzanuueckue ocadoiHble 20pHble NOpodbt (KaMEHHBIH yroJib, He(pTH, Toproune
cIaHibl, TOp(, MeJ, U3BECTHAK) 00pasyoTca U3 OCTATKOB PACTUTENBHBIX M KHUBOT-
HBIX OPraHW3MOB.

MwuHepanbsl 1 ropHble NOpoabl, KOTOPbIE UCMONL3YIOT B KAYECTBE ChIpbA ANS XU-
MWUYECKOTO MNMPOU3BOACTBA, HA3bIBAKDT MOME3HbIMU UCKOMNaeMbIMU.

JIntochepa — sT0 obosouKa 3emiu, 00pPaZoOBaAHHAA 3eMHONH KOPOIl M IPHJIEraio-
IUMHA K Hell ciroaMu MaHTHH. JluTochepa Ha 82 % COCTOUT M3 TPEX XUMHUYECKHX
DJIEMEHTOB: KHCJIOPOAA, KpeMHUs ¥ amomMunua. Eoé 16 % npuxomures Ha OATHh
BJIEeMEHTOB: Kejle30, KaJbluil, HaTpuil, Kanui, marauii. IlpumepHo BOocbMHeCsE
TH DJIeMeHTaM IPHXOOHUTCA [JOBOJLCTBOBATHCA OCTABIIMMUCS ABYMA IIPOIEHTaMH.
PacrnpocTpaHnéHHOCTE XMMUYECKHUX 2JIEMEHTOB B JuTocdepe HpeicTaBJIeHA HA PUCYH-
ke 99.

Boguyio obomouky Hamieil niaHeTbl HasbiBaioT ruapocdepoii. 'masmas co-
craBHad yacTh ruapocdepsl — Muposoil okean (puc. 100). B mopckoit m okea-
HUYECKOH BOJe PAcTBOPEHO MHOTO BeIlecTB, IPHUYEM B Heil MOXHO OOHADYIKUTH
NpaKTHYeCKN BCe M3BECTHBIE B IPUPOJEe XMMHUYECKHE 3JIEMEeHTHI, JarKe 30JO0TO.

Cpeausas coméHocTs MHUPOBOTO OKeaHa COCTABIAET OK0OJO 35 T cojeii B 1 71 BOOABI
(auyTe OoJiblile CTOJOBOM JoXKM Ha autp). Ecim Obl Boga Bcex MOpeil M OKeaHOB
BHE3AITHO WCcOapujachk, Ha JHe oOpasoBajica OBl cJiol BerpecTB ToyimuHoM 50 M.
Bonsmas ero wacts (mpumepHo 78 %) mpmxoamiach Obl Ha XJIOPHJA HATPHs, KO-
TOPBIA M NPHUAAET MOPCKOW BOJEe COJIEHBIM BKYC. A rOpbKOBATHIM INPHUBKYC — pe-
BYJIBTAT NPHUCYTCTBUA COeIWHEHHM MarHuA. OTHOCHTEeNIBHOE cofepsKaHte PasiIHdIHBIX
XUMHAYECKHX 5JeMeHTOB B ruapocdepe IIpuBegeHo Ha pucyHke 101.
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Puc. 100. MupoBoii okeaH 3aHumaeT 71 % NoBepxHOCTU 3emnn

Artmocdepa, BosAyIHAS 000MOUYKA 3€MJIHM, IIpPeAcTaBIeHa HUCKJIIOUYHTEJILHO dJIe-
MeHTaMH-HeMeTaJlJlaMH, a4 COeJHHEeHUA MeTaJlJIOB MOTYT COAepyKaThbCdA B Hell JHIIb
KaK cJaydJaiHble KOMIIOHEHTBI, O00VCJIOBJIEHHBIE 3arpA3HeHHeM BO3JyXa IPOMBIII-
JIEHHBIMHM OTXOJAMU U HEKOTOPBIMH APYTHMH BellecTBaMiu (IbLIb, MUKPOOPTaHMU3-
MBI, HBLIbIIA PACTEHUI U T. II.). A30T, KUCJI0POM, OJaropogHbie rasbl OTHOCAT K RO-
CMOAHHBLM KOMNOHeHmam ammoceprozo e030yxa, UX comep:kanme Komebiaercs
y HMOBEPXHOCTH 3eMJIM OYeHb He3HAUYUTEJIbHO. A30T IIPUCYTCTBYET B BO3AyXe IJIaB-

Harpuina 1,14 %
Xnop 2,06 %

OcTanbHbie 3NeMeHThbI
(N, Mg, S, Ca, K, Br,
Cunpap.)0,72%

Boaopoa 10,63 %

Kucnopoga 85,45 %

Pwuc. 101. SnemeHTHbIA cocTaB rugpocdepsl (No macce)

tilda.ws
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Ny Aastorasti: avop, empmenas | mewauud |
2.

B armocdepe MIPEeHMYIIECTBEHHO IIPO- B ke
CTBIMH BeIecTBaMu: Kucaopogom O,
a B BEPXHHX cJ0AX arMocdepbl — 030-
HoM O3. Kucnopon B armocdepe BXOAUT
TaKJKe B COCTAB HEKOTOPBIX NepeMeHHbLX
cocmasHblx wacmeil 6030yxa, HATIPUMED
okcunor: yruaexkucaoro (COs) m yrapHo-
ro (CO) rasoB, OKCHIOB asoTa H Cepkl
(puc. 102).

IlonesHble WMcKOmaeMble JUTOC(EPSHI,
MHUHepalbHbIe BelecTBa Trujpocdepsl,
KOMIIOHEHTBI aTMOocdepsl CIYIKAT ChIPbEM
AJA XMMHYECKOr0o IIPOM3BOJACTBA M IepepabaTeiBaiomieil npoMsuinraieHHoctu. Co cmo-
cobaMH IONyYeHHA METANJIOB M HEeMeTAJJIOB M3 NPHUPOAHBIX MCTOYHUKOB BBl YiKe
MO3HAKOMHUJIUCD.

Apyrve

Kucnopop 21 % rasel 0,97 %

A30T178 % )

Puc. 102. Coctae atMmocdepHoro Bo3ayxa

CtpoeHue 3emnu: aapo, MaHTUA, 3eMHas Kopa, nutocdepa, rugpocdepa,
atmocdepa. lNopHblie nopoabl. MuHepansi. Pyabl. NMonesHbie nckonaemsbie

MpoBepbTe CBOM 3HAHUS

1. KakoBo cTpoeHue Hawein nnaHetol? Kakve xumMuveckue anemeHTol npeobnapator
B Kaxpgoin 13 obonodvek 3emnu?

2. Yto Takoe muHepansl, ocagoyHsle nopoapl? lpuBepgute Ha3BaHWA MNATWU MUHEPANoB
n3 konnekuun MuHepanormyeckoro mysed um. A, E. depcmana. [ns BbiNOAHEHWA 3a -
[AaHusi BOCMNONL3YWTECH caliTom My3es.

3. OxapakTepusyinte xummnyeckuii coctae ruapocdepbl. CoeguHEHNA KaKUX XUMWYECKNX
3NeMeHTOoB, NOMUMO KWUCNopoga 1 sogopopa, npeobnagaiT 8 MUpoBOM okeaHe?

4. PacckaxuTe 0 cocrtaBe arMocgepHoro sBosayxa.

MpumeHuTe CBOM 3HAHUSA

5. OgvH 13 cambiX CONEHbLIX BOAOEMOB Ha nnaHete — MépTteoe mope. Ans Toro 4Tobbl
NPUroToBUTbL aHanor ero Bof, HYXHO B 1 n uyucton Boabl pactBopuTb 490 r conu. Pac-
cyuTaliTe MaccoByio oo coneit B Mépresom mope.

6. MaccoBble OONKM 3NEMEHTOB B MWHEpase KPWoauTe COCTaBnawT: kanni — 58,2 %,
anoMmmHnin — 13,4 %, dTtop — 28,4 %. Onpeaennte dopmMmyny MUHepana.

Beipa3ute cBO€ MHeHue

7. OpgHa 13 mobanbHbIX Npo6iemM YenoBe4YecTBa — HEXBATKA NPEcHO Boapl. Mpun aToMm,
Hanpumep, B NpubpexHbix cTpaHax AdGpukM COnéHbiXx BoA npepocTtatodHo. Kakwe cno-
cobbl ONpPecHeHWs MOPCKOM BOAbl Bbl MOXETe NPennoxuTtb?
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§ 38. OXPAHA OKPYXKAIOIIIEN
CPEJbI OT XUMHUYECKOTO
3ATPSI3HEHUSA

XuMHUeCKoe NPOM3BOACTBO — OCHOBa >XM3HW coBpeMeHHoro obuiectsa. Op-
HaKO OHO fafieko He 6e3onacHO AN OKpY)KalolleW cpefbl, B KOTOPOM >XMBET
yenoseyecTtBo. Kakue Haubonee ussecTHble rnobasibHble 3KOMOrMYECKUe Mpo-
6nembl TpebyIOT He3aMeANUTEeIbHOrO pelleHus?

B ycnoBusix pacimimpeHus HPOMBINIJIIEHHOTO MPOW3BOJACTBA BO3PACTAET POJIb XU-
MHH KakK B obecmeueHMM IOTpeOHOCTEl YesIoBeKa B COBPEeMEHHBIX BellecTBax M Ma-
Tepuaiax, TaKk ¥ B CO3JaHUM YCJIOBHN, MAaKCHMaJbHO YMEHBIIAIOIIUX BO3/elicTBHE
XUMHWUYECKOTO TPOU3BOJACTBA HA OKPYIKAIOIIYIO Cpeny.

Exxeromao cuHTe3upyeTca oOKoyio 250 ThIC. HOBBIX XWMHYECKHMX COeIUMHEHHI,
M3 KOTOPBIX TOJIBKO JecATas 4YacTh NOJABepraeTcA DKCIEPTH3e A OIeHKH HX BO3-
DelcTBUA Ha JKHBBIE OPraHM3Mbl, TOrJAa KakK [JECATKM ThICAY STUX HOBBIX BeEIIECTB
ABJAIOTCA IOTEHIIMAJbHO OIIACHBIMH IJS YeJIOBEKA W BCET0 JKHBOTO.

Kpome sTOro, KpynHOTOHHAKHOE IIPOU3BOACTBO MHHEPAJIBHBIX KHCJIOT, yaoOpe-
HUIi, niacrMmacce, He()TeIpOAVKTOB COIPOBOXKAaeTcdA BbiOpocaMu B arMocdepy OKCH-
JIOB yIrJepoda, asoTa W cepbl. AHAJOTHYHOE BO3AeHCTBUE Ha OKPYIKAIONIYIO Cpeay
OKAa3bIBAIOT METANJIYPrudYecKoe IIPOU3BOACTBO, JHEPreTHUYecKHe npeanpuAaTud (re-
moanexkTpoieETpanu) (puc. 103). ArMmocdepy 3arpA3HAIT BBIXJOMNHBIE Ia3bl MHJ-
JIMOHOB aBTOMOOMJIe.

Puc. 103. 3arpsizHeHne OKpyXaloLwein cpenb
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CrnencTBUEeM XMMHWYECKOr'0 3arpss3HEHUA OKPYKAIOIIed cpelbl ABIAITCA TaKHe
PKOJOTHYEeCKHe MpobJeMbl, KaKk HapyIleHHe DMOTe0XMMHUYECKUX KPYTOBOPOTOB XM-
MHUYECKUX 2JIEMEHTOB, IIOTEeIJIeHHe KJIUMATA, KHUCJIOTHBIE HOMKIA U [P.

JleAaTenbHOCTS YeJIOBEKA B IEPBYIO OdYepelb BJMAET HA KPYTOBOPOTHI YIJEpPO-
[a, KHcaopoaa, asora, (ocdopa u cepsl. Tax, cKUraHWe HCKOIAEMOTO TOILJIHBA M
nepepaboTKa TOJE3HBIX HMCKOIIAeMBIX BBOAAT B Omocdepy yriaepoa M ApPYyTrHe XH-
MHUYeCcKHe dJIeMEeHTHI, KOTophble OBLIM paHee BBIBeJEHBLI M3 Kpyrosopora. B armo-
cdepe TMOBBINITAETCS CONEPIKAHNE TAK HA3LIBAEMBIX NAPHUKOBbLX 24308 — YTJIEKHC-
JIoro Tas3a, IIapoB BOMABI, MeTaHa ¥ Ap. Kax cieacTBHe, YCHIMBAaeTCA IMAPHHUKOBBIM
aperT — cBoIHCTBO aTMochepsl MPONYCKATH CBeTOBYI0 sHepruioo CosHia, HO 3a-
Oep:EHuBaTh TemaoBoe muanydenune Semuaun. Tonepko z3a mociaeguaue 100 et cpexpne-
romoBasi Temmeparypa 3emian noBbicmiack Ha 0,8 °C. DTO TPUBOAWT K YCHUJICHUIO
TagHUA JbJOB M IOBBIIIEHHID YPOBHA Mopel u okxeaHoB. Ilo pacuéram skcmepros,
Kk 2025 r. moagséM ypoBHA OKeaHa MoxKkeT cocTaBuTh 40 cM, 4TO MOXKET IPHUBECTH
K 3aTOIIEHHI0 NPUOPEesKHBIX TEePPHUTOPHH.

B 1997 r. B Kwumoro, funonusa, OblI ODPUHAT MEXKAVHADPOAHBIH MTOKYMEHT —
KnoTcKkuii MpoTOKOJ, KOTOPEIN 00A3LIBAeT Pa3sBUTHIE CTPAHBI M CTPAHBLI C IEpPeXol-
HOM 9KOHOMMKOI COKPATHUTL MM CTAOMIMBUPOBATEH BLIOPOCHI TAPHUKOBBLIX I'a30B.

Iloctynmaronime B aTMocdepy BBIOPOCHEI MeTAJNJIYPrHYeCKHX W ADPYIHUX IIPEeJIIPH-
ATHUHA, & TAK/Ke BBIXJIONHBIE I'a3bl aBTOMOOHUIIEl CHyKaT NPUYWHON BBINAAeHUA KUC-
JOTHBIX JOKIeH.

Kunciorabie 1ok aM, TouHee, ocaJgky — HOM¥Ib Wiau cHer, pH Koropeix < 5,6, 06-
pasyoTcsa B pesyJibTaTe XMMHWYECKHX peakIuii Me:kay cojeplkaliumMuca B aTMmocde-
pe BOOAHBIMH ITAPAMHU M KHUCJIOTHBIMH OKCHIAMU:

S0y + NOy = SO3 + NO
2NO + 05 = 2NO,
S0O;3 + Hs0 = HySO4
2NOs; + Hy O = HNO3 + HNOy

KucmorHbie ocagKku OepPeBOAAT HEepPacTBOPH-
MBI€ COJH TAMKEIBIX METAJJIOB B pacTBOPHUMEIE,
KOTOpPBbIE YCBAMBAIOTCA PACTEHHUAMH, & HOTOM IIO-
nagamoT B OPraHM3M JKMBOTHBIX W dYejoBexa. Ta-
KHe COeMHEHUS TaKKe IIPEeJCTaBJAI0T Yyrpo3y IJIsa
3I0poBba. Kpome TOoro, B pe3yiabTaTe KHCJIOTHBIX
ocankoB ruOHYT Jgeca u ayra (puc. 104), paspy
IIA0TCA CKYJIBITYPHI, HAMATHUKH apXUTEKTYDPBI,
MeTaJTNYeCKle KOHCTPYKIIMH W T. [I.

Emié omacHee KHCJIOTHBLIA TyMaH — a3po030Jib
¢ KameJbKaMM PACTBOPOB CEPHOI M a30THOH KHCJOT.
On umeer emé Gosee Kucayio cpeny (pH < 2) u, no
nagas B AbIXaTeJbHbIE IIYTH, BBI3BIBAET TAMKEIIBIE
pecnupaToOpHbIe M CepAeUYHO-COCYAUCThIe 3abo/ieBa-
HUSA.

C XuMHYeCKMM 3arpAsHeHHeM aTMmocdepsl,
BO3MOJKHO, CBfA3aHa U IIpobjieMa yMEeHbIIIeHId 030-
HOBOTO CJIOS ILJIaHETHI, KOTOPBIMA paclojlaraeTcs
B crparochepe Ha BeicoTe 20—25 KM W 3auiumiaeTr

Puc. 104. lMoBpexaeHus NMCTLEB,
BbI3BAHHbIE KUCIOTHLIMUW O0XASMK

naterial100.tilda.ws
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BCEé JKHBOe 0T TI'yOHTeJbHOTO YJIbTpaduo-
aeroBoro wusaydenusa Conrna. SsBienune
JIOKAJIBHOI'O YMEeHbIIeHUA KOHIEeHTpalyuu
030HAa B 0O30HOBOM cCJ0€ 3eMJH TOJY4IHUJIO
Ha3BaHWe O030HOBON AbIpsI (puc. 105).

IToaBieHnue O030HOBBIX MAbBIPp — paa-
pyvineHue o030Ha B cTpaTochepe — BBI-
3bIBAaeTCA KaK MNPUPONHBIMH, TAK ¥ aH-
TPOMOTeHHLIMH (hpakTOpaMu (3amycKaMu
CBEPX3BYKOBBIX CaMOJIETOB ¥ paker,
BeIOpocamMu aBTOMOOMJIEH U IIPOMBILII-
JeHHBIX NpefupHATHII, ITOCTYyIJIeHUeM
B atMochepy (ppeoHOB U3 XOJOLUIBHBIX
YCTAHOBOK).

JIOKYMeHTOM, YCTaHaBJIUBAIOIIINM MeK-
rocyfapcTBeHHBIE MEPHI IO OXPAaHe O30HO-
BOTO CJOA IUJIaHeTHI, ABJAeTCA NpPUHATAA
Puc. 105. OsoHoBas Abipa Haf AHTapKTMAOA 5 1985 1. Benckas KOHBEHIUS, KOTOpAsd

ObLn1a pomoaHeHa B 1987 r. Moupeanb-
CKMM IIPOTOKOJIOM. ITOT NPOTOKOJ COAEPKUT CHHUCOK CaMBIX OIIACHBIX BeIIecTR,
paspylIaolquXx O30HOBBINA CJIOMH.

Bonee 70 % mnopepxHocTu 3emuu npuxoaurca Ha Mupopoil oKeaH, KOTODPBIH He-
o0XoouM [Jisl CYIIecTBOBAHHMA dYeJjioBedecKOl ImMBHAM3amuu. OH BBITOJHAET pPOJIb
THIra”iTCcKOIo OTCTOMHUKA OJd 3aXOpOHeHHd TOKCHYHBIX OTXOO0B JeATe/IbHOCTH Ye-
Jgoseka. OgHAKO CIOCOOHOCTH K CAMOOYMINEHUIO YV BOJ MHOIMX BHYTPEHHUX MOpeit
yie mcdepmaHa, a y Muposoro oxeana Ommska K mpegeny. Orcioga ciaemyer, 4To
oxpana armocoepsl, rugpochdepsl 1 auTocdepsl ABIAETCA YCIOBHEM CYIIECTBOBAHUA
YyeJIOBeYeCTRA.

Yrob6sl cCBECTH K MUHUMYMY 3arpssHeHIe OKPYI/KAIOINel cpeabl, pa3pabaTbIiBaioT-
cA IIPOEKThI, KOTOPBIE ITO3BOJIAT:

— HCIOJIB30BATEH DKOJOTHYECKH YHCThIe BHALI 9Hepruu (CosHiia, BeTpa, MOp-
CKUX TIPUJINBOB);

— MIPUMEHATh MAaJOOTXOAHbIe M 6e30TXOHbIe IMPOMBIILJIEHHBIE TeXHOJOTUH;

— TIPOM3BOAMTHL OUYHCTKY NPOMBIIIJIEHHBIX BBIOPOCOB C ITOMOIIBIO BJIEKTPO(PHIL-
TPOB, JKUIAKUX U TBEPABIX HOIJIOTUTENEN W Ap.;

— IPHUMEHATh KaTaJu3aTOPbl OYMCTKHM BBIXJIOIHBIX I'a30B aBTOMOOUJIeH HapALy
C COBEPIIIeHCTBOBAHHEM KOHCTDPYKIIMH ABHUTATEJIeHd M HMCIOJb30BAHMEM aJlbTepPHATHUB-
HBIX BUJOB TOILJIHNBA.

BakHeHInmuM mokKasaTesieM XMMHYECKOI'0 3arpA3HEHUA OKPYIKalollel cpelbl CUM-
TaeTca ocobad BeJIMYWHA, KOTOPYIO HA3BIBAIOT MPEAEJIbHO [IONYCTHMON KOHIIEHTpA-
nuenn (IIOK).

IIpegensHO JomycTHMAaA KOHIEHTPAaIlMs — 3TO MaKCHUMaJbHOe cojJiepsKaHNue Bpen-
HBIX BelrecTB (MI') B 00béMe BOALI miam Bosayxa (I, N?), KOTOpPOe IPH IMOCTOAHHOM
MW AJIUTeJbHOM BO3JIEHCTBUM Ha OpraHWU3M 4YeJlOBeKa He BJIMAET Ha ero 3J0pOBhe.
Hanpuwmep, IIIIK cBuHIA U ero coefUHEeHHH B BOJe XO3AHCTBEHHOI'O MJIH IUTLEBOTO
HasHaueHus cocrasazer 0,005 mr/m, a B atmocdepe — 0,007 mr/a.

B macTodmiee BpeMsAa AaKTHBHO pasBHBaeTcss MHHOBAIIMOHHOE HaIIpaBJeHHE XMU-
MHUYECKON NPOMBIIILIIEHHOCTH — «3enéHaa xumua». OIWH M3 TJIABHBIX NPHHIIUIIOB
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«3€JIEHOl XMMHH» COCTOMT B TOM, YTO Jy4YIle IPeJoTBPaTHUThL oOpasoBaHME 3arpsas-
HeHHI, YeM IOTOM OT HHUX us3baBnaTbca. I[n1d 9Toro HaAZO peaJH30BBIBATH TaKMe
IpoIecchkl, B KOTOPBIX M0G0YHBIE IPOAYKTEI JI160 coBceM He oOpasyioTcdA, JubO mpes-
CTaBJAT 000l Ge3BpegHbIe BEIlecTBa.

B «3enéHoil XMMHH» MOMKHO BBIJEIHUTH CJIeIVIOIIHAe HANpPaBICHUA:

® IOMCK HOBBIX IIyTeH CHHTE3a M HOBBIX KaTaJIM3aTOPOB;

* MCIIOIL30BaAHNE BO300HOBIAEMBIX HCTOUYHHKOB ChIPbA U SHEPIUH;

* 3aMeHa TPAIUIIMOHHBIX OPTaHWYECKUX PACTBOPHUTEJIEI.

-

MapHukoBbiii adpdekT. Kucnotusie poxaun. O30HOBLIA cnoi. O30HOBbLIE
Ablpbl. «3enNéHas XumMua»

1. Kak o6pasyioTcsa KMcnoTHele ocagkn? Kakoil Bpen okpyxatoulein cpene, NpoMbILfeH-
HbIM W CENbCKOXO3ANCTBEHHbIM NPEeanpuATUAM OHW HaHOCAT? Kak BAWAIOT KUCNOTHbIE
ocajku Ha 340poBbe 4Yenoseka?

2. Yto npepactaenaet coboi napHUKOBbIA addekT? MNoyemy ero Tak HasblBaloT? K Kakum
nocneacTBUAM NPUBOAUT MapHUKOBLINA addekT?

3. lNoyemy O30HOBLIM CNOW Ha3bIBAIOT TakKXe O30HOBbIM LUWMTOM nnadeTtsl? Y710 Takoe
030HOBble AbIpbl? KakoBbl MPUYKMHBI X BO3HWKHOBEHUNA?

4. Movemy oxpaHa MwupoBoro okeaHa sensetcs rnobanbHoil npobnemoin?

5. Kakve mexayHapogHble cornalleHvs perynmpyiot CUcTeEMY Mep No oxpaHe OKpyXal -
uein cpedbl OT XMMWYECKOro 3arpasHeHuna?

6. YTo 03HayYaeT TEpMUH «3eNeHast XUMns»? Kak OH 3BYYWUT Ha aHJIMNCKOM WU HEMELIKOM
A3bIKax?

MpumeHnTe CBOM 3HAHWA a

7. Cocraebre ypaBHEeHWs peakuuii obpasoBaHUA KUCNOTHLIX A0XAOen.

8. 3anuwuTte ypaBHEHUs peakuuid, KOTOopble WITICTPUPYIOT NPOLEcChl paspylueHus na-
MATHUKOB apXUTEeKTyphbl.

9. B o30HaTOpe HaxoauTca BO34yx ¢ 0ObéEMHOI monei kucnopona 20 %. Mpu anekTpu-
yeckoM paspsage 15 % kucnopoga npeeBpatunoce B 030H. Onpegenute o6bEMHLIE O0NU
KMCNopoaa v 030Ha B 06pa3oBaBLUEMCH O30HWPOBAHHOM BO3MYXe.

10. Buipasute MAK cBuvHUa B NUTbeBOK BoAe 1 atmocdepHom BO3AyXe 4Hepesd KoJsuye-
CTBO BELLECTBA (MMOMIb/N MM MMONL/M 9).

J

Ucnonb3yiite gononHuTenbHyid MHopmauuio

11. NoproToesTe coobuleHne o Hanbonee KpPyrHbIX 3KONOrMYecknx karactpodax nocnen-
HEero AecATWNeTUs, Bbi3BaHHbLIX XMMWYECKUM 3arpsas3HeHnem.

12. OpgHO M3 HanpaBneHWid «3enéHoi xMmuu», pas3BuBaemoe B Poccun, — CUHTE3 HOo-
BbIX MaTEPWANOB, O4YMNCTKA XMMWYECKMX BELLECTB C WMCMOJNIb30BaAHWEM CBEPXKPUTUYECKUX
XKMOKOCTeW. Yalle BCero UCnonb3ylT CBepxkputuyecknin okcup, yrnepopa(lV). MNpu ka-
KWUX ycnoBusix okcug yrnepopga(lV) cTaHOBUTCH CBEPXKPUTUHECKMM? TOE yKe WUCMOoNb3yioT
cBepxkpuTudeckmia okcung yrnepopga(lVv)? OTBeTbl Ha BOMPOCHI MOXHO HaWTW Ha caiTte
http://gotourl.ru/10806.

J
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BbIBO/Ibl K IVIABE V
«XUMHUA U OKPYZKAIOIIIAA CPEIA»

1. ITnamera 3eMada COCTOUT W3 JKEJIE30HUKEIEBOTO fAApa (BHYTPEHHETO W BHEII-
Hero), MaHTHH, KOTOpasd COCTOUT M3 BellecTB, 00pasoBAHHLIX B OCHOBHOM TpeMsA
XUMHUYECKUMH 9JIeMEeHTaMU: aJIOMHAHHEeM, KpeMHHEeM M Kuciaopoxom. Jlutocdepa 06-
pasoBaHa COEJUHEHHAMH, B COCTAB KOTOPBIX BXOAAT MNPEHMYIIECTBEHHO KUCJIOPOJ
(46 %), kpemuuit (28 %) u amomuuau (8 % ).

2. XuMuuecKHne 5JIeMeHTHI 06pasyloT BeIlecTBA MHUHEPAJOB M TOPHBIX IIOPO,
KOTOPBIE CJHY/KAT MCTOYHMKOM TOJYYEeHHA IIPOCTHIX BEINECTB M COeJWHEHWIH 3THX
2JI€MEeHTOB.

3. JdneMeHTHBI cocTaB Jautocdepsl, ruapocdepbl M aTMochepsl CYIIECTBEHHO
pasanuaioTcs.

4. Tlonme3HBIe HCKOIIaeMble — 9TO IPUPOAHBIE PECYPCHI JTHUTOC(EPHI, KOTOPBIE
HCIIONIB3VIOTCA B KAa4yecTBe CHIPhA AJMA XMMHYECKOH NPOMBIIIIEHHOCTH.

B. CJIe,I[CTBHeM XHMHYEeCKOI'o 3arpasHeHHdA ORpY}RaIOIII,efI cpelbl ABJAKTCA Ta-
KHe JKOJOTHYeCKHe IIpOﬁJIeMbI, KaK HapyluieHHe OMOreOXUMHUECKHUX KPYTroBOPOTOB
BellleCcTB, IIOoTeIlJIeHHe KJHuMaTa, KHCJI0OTHBIe JOXIH, O030HOBBI€ IOBIDBI B IP.

6. «3enéHad XUMHA» — 5TO COBPEeMEHHOe HalpaBJIeHHE PAa3BUTHUA XHUMHUYECKOU
IPOMEBIIIIJIEHHOCTH, IIpeAlioyaramplnee co3fgaHue 0e30TXOJHBIX B MAaJOOTXOIHBIX
rexHoyuoruii. OCHOBHAA LeJb «3€JE6HOH XMUMHH» — IIpPeJoTBpalleHlie XUMHIECKOro
3arpA3HEHUA OKPYKaloIleil cpejsl.

7. IlpepensHO monycrtuMmaa KoHueHTpanua (IIIK) — aro makcumanbHOE colep-
JKaHWe BPEJHBIX BEIecTB B ONpPeAeNéHHOM o00BbéMe BOABI WJIHM BO3AYXa, KOTOpOe
IpH IIOCTOAHHOM WJIM IJUATEJILHOM BO3JEeCTBUH Ha OpPraHM3M 4YejlOBeKa He BIHAET
Ha ero 3J0pPOBLe.




OBOBIITEHHE 3HAHHH
IO XHMHH 34 KYPC
OCHOBHOHM IITKOJIBI.

ITOJITOTOBKA

K OCHOBHOMY
TOCYIAPCTBEHHOMY
DK3AMEHY (OT')
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XuMHA — 5TO HaAyKa 0 CTPOEHMH, CBOMCTBax, crocofax IOJyYeHH:A U IIpHUMe-
HEHUHM XHUMHYeCKHX BeIlecTB. COOTBETCTBEHHO IIOBTOPEHHE Kypca XMMHUHM OCHOBHOM
IIKOJBI CTPYIIIHPOBAHO B TPpH OJI0KA, cOJeps/KaHue KarKAoTO M3 KOTOPBIX PaccMaTpH-
BaercAa B oTAenbHOM mnaparpade — «BemjectBay, «Xumuueckue peakiuns, «OCHOBBI
HEOPraHMYEeCKOM XMMHH».

B kaxkmom maparpade 3TO# TJIaBbl IIPEACTAaBIEeHO 0000IIeHHEe yiKe HN3YUYeHHOIO
BaMM MaTepHajla B BHAe CXeM, TabJuI[ U ypaBHEeHHI.

SaKIIYUTENLHBIN 0030p Kypca XMMUH OCHOBHOM IIKOJIBI ITO3BOJIHUT BaM CHCTEMa
TU3UPOBATH 3HAHUSA O BEIECTBAX U XUMHUUECKUX PEAKIHAX, MOATOTOBUTHCA K HUTO-
TOBOM aTTecTAllMM II0 IpeaAMeTy W, ObITh MOKET, VKPEIIUT Ballle pellleHHhe BuIOpaTh
XMMHIO B KadecTBe NMPOMHIBHONA AUCIMIIIMHBI JAJIA W3YUYEeHHs B CTapIlleil IIKoJe.

S 39. BEIIECTBA

Hepno,um{ecnaa cHCTeMa JJIeMeHTOB H CTpoOoeHHe aToMa

CooTHoIlIeHWe YHCJa IPOTOHOB M HEHTPOHOB B A[pe aTOMa Ompeiesderca ypaB-
HeHueM
A=N+ Z,
rae A — wmaccoBoe uymcao; N — 4YWCI0 HEATPOHOB B sAApe; Z — AaTOMHBIA HOMep
(4ucjio IPOTOHOB B fAApe).
ITono:xenue smemenTa B IlepuoamuecKoil cucreMme 06YCIOBIEHO CTPOEHUEM €ro
aroma (cxema 6).

Cxema 6
™ ~
ATOMHBIN HOMEp Yucno npoTtoHos B Anpe
9 anemeHTa y (nonoxuTensHLIA 3aps sapa) P
© o Y 8 ( h
Homep nepviona ucno 311f:mpounblx Cnogs (sHepreTueckmux
L . YypOBHeW) B 3NeKTpoHHoW obonoyke atoma -
Pz ™ 9 B
Homep rpynni WCINO BaNeHTHbBIX 3/1EKTPOHOB, T. €. 3/1eKTPOHOB
S ) Ha BHELIHeM 3/1eKTPOHHOM C/Ioe aToma =

WsmeHeHMe CBOMCTB dJIeMEHTOB M 0Opa30BaHHBIX UMM COeJUHEHHUH B Ipejaeax
OJHOI0 Mepuoja WM OAHON moArpyunmnsl (A-rpyIiisl) IIOKas3aHO Ha cxXeMmax 7 m 8.

CTpOBHHe BelrecTBa. XuMH4YecKasa CBA3b

OnpenenuTh THIO XMMHYECKOI CBASU B IPOCTHIX BeIecTBaX M OHMHAPHBIX cOenu-
HEeHMAX MOMHO C IOMOIIIBH CXeMbI 9.

CpaBHUTEJBHYIO 2JIEKTpoOTpUaTe sHOCTE (D0) aTOMOB XHMHUUYECKUX 3JeMEHTOB
B IIepnojax M rpyinmnax HepHOJIHlIECROfI CHCTeMbl MOMHO OIIpeleqlMTh IIO ClIelVIO-
meMy OpaBUIY: YeM Oanbule XUMUYECKUlL anemenm om ¢mopa (camozo aneKmpo-
OMPUYAMENbHOZ0 ILeMEHMA ), MeM MEeHbULe €20 IJeKMPOOMPUUAMeSLbHOCTLb.

IJIJIH pacqéTa CTelleHH OKHCJIeHMA XUMHYEeCKHX 2JeMeHTOB HEOﬁXOﬂ;HMO 3HaThb He-
CKOJIBKO IIpaBH.JI.

1. CreneHsr OKHCIEHHMA BOAOPOJA B CJIOKHBIX BellecTBax pasBHa +1 (xKpome

i | 1
ruapunos, Hanpumep, NaH, CaHs).
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2. CreneHb OKHCIEHHA KHCJIOpPOAa B CJOKHBIX BelllecTBaX paBHa —2 (KpoMme

1 ik
nepoxcuos, Hanpumep, NagOg, HOs, u magmepoxcumgos, mampumep, KOs, a Tax-

+2 +1
ke @ropupoB OFy, 0K ).

3. MakcumaibHAs CTeNeHb OKMCJIEHHA METAJNJIOB pPaBHA HOMEDPY TDYIIIEBL.

4. MunumManbHasi CTeleHb OKUCIEHUSA HeMeTa/lsioB (KpoMme BOAOpPOJA) paBHA
HOMEPY I'pyIIIbl MHHYC BOCEMb.

5. CreneHb OKHUCJIEHUA ATOMOB B IIPOCTBIX BEIECTBAX pPaBHA HYJIIO.

6. CYMMa cTereHel OKWCJIeHHA BceX AaToOMOB B CoeJHMHEeHHH PpaBHa HYJIO,
a B MOHe — 3apdany HoHAa.

7. CrenieHb OKHCJIEHUS IEHTPAJBHOTO aTOMa B KHCIODOACOAEPIKAIEH KUCIOTE
TaxKad e, KaK B BO BceX eé coJdax.

Cxema 7
HNzmMeneHnue CBOMHCTB 2JIeMEHTOB M oﬁpaaonannmx HMH
BeIeCTRE B IpeesiaX OJHOTO IMepuoga
CgeoiicTBa 31EMEHTOB OHOI0 Nepuoaa
1 06pa30BaHHbIX UMW BELLIECTB
C yBEeNnu4yeHneM aToMHOro Homepa
B npegenax ogHoro B npeaenax ogHoro h
nepuoaa ysesanm4ynBaloTcs nepuoga ymMeHbllaloTcA nes;;i?:gizzﬂ:zg ?I'Cﬂ
(ycunuBaioTcs) (ocnabegator)
(_ ﬂ\ ( \ Yueno {SJ'IEI('I'IJOHHt-allt(N
\— 3apap aToMHoro sapa — Pagwyc atoma cnoée
(aHEepreTU4ecKux
o _J - J YpOBHeiA)
( i _ \ ' \ B atomMme )
\. “1CNo 2NeKTPOHOB Ha \. BoccTaHoBUTENbHBIE
| BHELUHEM SNEKTPOHHOM CBOMCTBA
k cnoe atoma \_ J
s N\ 4 i k
CreneHs oKMCHGHMS \ MeT:gnog::iI;H: uc:cn;cma
\.—r ANEeMEHTOR B BbICLLUWX OKCUAOaX \_ )
M ruapoKcMaax (Kak npasmno,
pasHa HoMepy rpynisi) i - k.
\_ Y, \ OCHOBHbI€ CBOMCTBA BLICLUNX
OKCWAOB U TMApPOKCUOOB
i ™\ )
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Cxema 8
H3menenue CBOMCTB 3/I€MEHTOB H 00pa3oBaHHBIX
HMH BelIeCTB B Ipejeinax A-rpynnsi
CeoiiCTBa aNeMeHTOR OAHOR A-rpynnbi
1 06pasoBaHHbIX UMK BELLECTE
C yEENWYEHWEM ATOMHOIO HOMEpa
|
2 = =\
B npenenax ogHow A-rpynnel B npenenax ogHoi A-rpynnsl B npegenax ogHoi A-rpynnsi
YBENMYUBAIOTCH (YeunueaTes) ymeHblualoTes (ocnaberalor) HE W3MEHSIOTCH
J = =
| @ A ( R ( Hucno anexkTpoHoB
3apsig aToMHOrO AApa \— 91eKTPOOTPULIATENLHOCTL Ha BHELUHEeM 3/1eKTPOHHOM
o J 0 o \ cnoe aroma »
\ o HYucno anekTpoHHLIX CNoés h (" _ ) rC\‘erleula OKMCNEHUS anemau‘ro:‘
(aHepreTU4ecKUX YpoBHeR) |  OKMCNMTEsIbHBIE CBOMCTEA B BuICLIMX OKChaax
B atome W rMAPOKCUAAax (Kak npasmno,
- J . / \_ Pasna HOMEPY rpynnel) )
4 B (" )
\ Hemerannuyecxue ceoncraa
Paguyc atoma \—- ADOCTRKBOLIBOTH
- 7 - -4
{5 N\ (" N
Mpo4HocTL (yeToMYMBOCTL)
\ BoccraHosuTeNbHLIE \ RETYHUX BOAOPOAHBIX
crOMCTEA CoRAMHEHMIA
- 7 N J
e Py (" Kucnomusie caoiicTsa
\-_ MeTannuyeckue CRONCTRA OCHOBHBIE CBOWMCTBA BhICILIMX (cTenetb anekTROAUTUHECKON
NPOCTBIX BEWECTE OKGMAOB ¥ FMAPOKCUACE Avccolaum) 6eckucIopoaHLIX
\_ P, \_ KMenoT

/_

Cxema 9

Onpemesenne BHIA XHMHUYECKOH CBA3H

( (_(WWH 2

/
( Merann (M) J (HwaTannIHM} J[ HM- HM ) ( :n—m; )

[aao < 2,0] (M{IA- un lIA-rpynnei)-HM(VIIA-rpynna, Oﬂ

Y 1 ¥ 1

( T mrCEn ] Koaanen-maa J [ KoBaneHTHas J [ UoHHast )
HenongpHasa nongpHas
Y

Bwp ceasn




CKrauaH C lkiaterialloo.tﬁda.ws

OcHOBHBIE KJIACCBI HeOopragsum4deCcEHX BellecTs

Ha cxeme 10 mpepcraBieHa Kiaccu(pUKaIXAsa HEOPraHMYECKHX BelllecTB (Kpome
HEKOTOPBIX COeAUMHEHUH, COCTOAIINX M3 IBYX W Oojiee aTOMOB HEMETAJIJIOB, HANPHU-
Mep, PC].5, CSg, SOzClz).

Cxema 10
Knaccndmlcaunﬂ HeopraHmiYecKkmMXx BellecTB
HeopraHu4yeckue sewecTsa
™ .}
[ Mpoctsie ( CnoxHble

vy o

= B e

\-— MeTtannbi \"[ Oxkcuapl

4 J =4

Hemetanibl OcHoBaHus

(\
K8

BnaropofiHble rassl Kuecnotel

((\
K]

\..[ Conm i

:

1. PacnpegeneHve 3nekTpOHOB NO 3HEPreTuveckMm yposHam 2, 8, 6 umeeT atom ane-
MeHTa

1) kucnopopa 2) KpemMHusa 3) cepbl 4) aproHa

2. ATOMbl XMMWUHECKUX 3NEMEHTOB yrnepoaa U KpemMHus MMEeIOT OAWHAKOBOE 4YMCNOo

1) @NeKTPOHOB Ha BHELUHEM 3NEeKTPOHHOM Cnoe

2) NpoTOHOB B aape

3) 3anofnHEeHHbIX 3NEeKTPOHHLIX CNOEB

4) HeNTPOHOB

3. Xumudeckne anemeHThbl PacrosioXeHsl B Nopsike yMeHblUeHWs MX aTOMHOro paguyca
B psany

1S -0 =N 2) Mg — Ca — Ba 3) Al-Si —» P 4) Li - Na — K
4. CBoMCcTBA OKCWAOB M3MEHAKOTCA OT OCHOBHbIX K KWCNOTHLIM B paay

1) Na,O — Al,O03 — SOg3

2) Si0p — P05 — MgO

3) K;,O0 — CaO0 — ZnO

4) SO, —» CO, — P,04

5. B monekyne xnopa XMMu4eckas CBA3b

1) KoBaneHTHas HenonspHas 3) noHHanA

2) koBaneHTHas nonspHas 4) meTtannuyeckas

6. M3 ykasaHHbIX BELECTB WOHHAs CBA3b MPUCYTCTBYET B

1) ammmake 2) xnoposogopone 3) meam 4) okcupe Hatpus

N
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r N
7. BbiCclLMe cTeneHu oKucneHus CBMHUA W Cepbl COOTBETCTBEHHO pPaBHbI
1) +4 u +6 2) +4 un +8 3) +2 u +6 4) +2 n +4
8. Takylo e cTeneHb OKMCNEeHWs, Kak U B aMMuake, a3oT MMEET B COEAMHEHUU
1) NaNO4 2) NH,CI 3) NyO4 4) HNO,
9. KncnoTtHbiM oKCaoomMm 1 OCHOBaHMem COOTBETCTBEHHO HABNAKOTCH
1) MgO, KOH 2) SO,, NaCl 3) Ba(OH)s, P,0s 4) CO, NaOH
10. Twapokcuay Kankuus COOTBETCTBYeT (hopmyna
1) CaSO, 2) Ca(OH), 3) CaO 4) CaCO4

11. BoibepuTe BepHble YTBEPXOEHUS.

B pagy xummyecknx anemeHtoB O —.S — Se

1) yBenuumeaeTca YMCNO 3NEKTPOHHLIX CNOEB B artomax

2) yMeHbLlaeTCsa 4Mcno NPOTOHOB B fApax aToOMOB

3) ocnabeBaldT HeMeTaIMYecKne CBOACTBA

4) yBenu4nBaeTcs HMCNO BaNeHTHbIX 3/1eKTPOHOB

5) ymeHblUaeTCA paauyc artoma

12. Xumunyeckue 3anemMeHTbl pPacrnofioXeHbl B MOpAOKe YCUNEHWS BOCCTAHOBUTENbHbLIX
CBOWCTB B pagax

1) Li—> Be — B 4) C - B — Be
2) Fe - Mg — Na 5) Ca —» Mg — Be
3) K—= Na — Li
% /

S 40. XUMWYECKUE PEAKIINU

Knaccuduranma XMMHUYECKHX pPearkiMii

Xumuieckue peaxuyuu CHemyeT OTIWUUATH OT (puaudeckux saenernuil. Ilpm xumu-
YeCKHUX PeaklUAX IIPOUCXOJUT IIpeBpallleHye OJHUX BelllecTB B ApPyrue, B TO BpeMdA
KaK IIpHU (PUBWYECKUX SABJIEHHMSAX COCTAB BEINECTB He IIpeTepreBaeT M3MeHeHWH.

I[IpusHakaMu XUMHYECKHUX DEaKIUil MOTYT CJIVIKUTH:

e U3MeHeHHe IIBeTa;

e BRIIIaJleHHE OCAAKa;

e BLIJleJIeHHe Ia3a;

s M3MEHEeHUEe OKPACKWU MHAMKATOPA;

e TIOABJIEHHME 3alaxa | Jp.

Cienyer NOMHUTBL, YTO HU OAWH U3 NEPEUYUCJEHHBLIX IIPU3HAKOB HE 2apaHmupy-
em TpOTEeKaHWe XWMWYECKON peaKI[Wil, a JIWIIL YKashbiBAeT Ha BO3MOYKHOE eé ocy-
H[ecTBJIEHHUE,

Knaccupuranua XUMUYECKHX peakIuii 10 pPasiWYHBLIM IIPU3HAKAM IIpUBeieHa
B Tabaume 4.

BJIeHTpDJIHTbI M He3JIeKTPOJINTHI. 3JIeETp0.TIHTH'IECRaH AUCCOIMMNAIIH A

DAeKmpoiumamuy Ha3bIBAIOT BelecTBa (OCHOBAHUWSA, KHCJOTHI, COJM), KOTOPHIE
B pacTBOpe WM IIPH PACIJIABJIEHHM paclagaloTcsd Ha MOHBIL.

Aaexkmporumuieckas OuUCcoyuayus — aTo pacraj aJeKTPoJuTa B pacTsope (pae
IJ1aBe) HA WMOHBL:

« TmosokuTenbHbIe noHbI (Katuonsr) H, Mt (n — sapag mona meramna M'"),

NHj u ap.; )
« orTpunarejbHble MoHBI (aHMOHB) OH , Acd” (n — Bsapsan MOHA KUCIOTHOTO
ocrarka Acd’").
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Tabnuua 4
Tunbel XUMHYECKHX PeaKIuii

MpusHak knaccutUkauum Tun peakuui

Yucno u coctae peareHToB W npoayktos | Peakuuu coepuHeHus
peakuuu Peakuun pasnoxeHus
Peakuuu 3ameuieHus
Peakuuu obmena (B TOM uucne HeWTpanu3auuu)

TennoBoi 3adhchekT peaxuuu JHAOTepMHUYECKHE peaKLuu

JK30TepMMUYECKHe peakLinu
N3meHeHWe cTeneHerd OKWUCNEHWUS 3ne - OKMCIUTENBHO-BOCCTAHOBHUTE/IbHBIE PEeaKLiMK
MEHTOB B XOLE XMMWYECKOW peaKuuu Peakunni 6e3 W3MeHeHWs CTeneHerd OKWC/IEHWs
Mcnonb3osaHue kaTtanusatopa Katanutnyeckue peaxuuu

Hekatanutuyeckue peakuuu

O6paTtUMocTb peakLmnu O6paTtuMble peaxuWu
HeobpaTtumbie peakuuu

MHOTOOCHOBHBIE KHUCJIOTHI IUCCOIUUPYIOT CTYIEHYATO, HO IIPEUMYIIeCTBEeHHO
nmpoTeKaeT AWUCCOIMAUA M0 1-M cTyleHu:

H,Acd =2 H" + H, _;Acd”

H,_ jAcd” 2 H + Hn_zACdz_ " T. A

Huccommanusa 5SIeKTPOJUTAa XapaKTepPU3yeTcsd CTENeHBI0 3JIeKTPOJUTHYECKOMN
OUCCOMAIIAN (L
6 = B,
np
TAe n,; U n, — KOJMYECTBO BeIlecTBa DJIEKTPOJHUTA, PAcIaBIIerocd HAa MOHBI M pac-
TBOPEHHOI'O COOTBETCTBEHHO.

B BogHOM pacTBOpe CTelleHb JEeKTPOJUTHYECKON AUCCOIMAIMH 3aBUCUT OT HPH-
POZBI BIEKTPOJUTA M ero KoHIeHTpanmuu (deMm 6oJbllle KOHIeHTPAIlUd, TeM MeHbIIe
o, cJIefoBATeJIbHO, O MOXKHO YBEJNUYUTHL pasbasBiieHueM pacTsopa). OT TeMieparypbl
oo 3aBHCHT caabo — IpHM HarpeBaHMHM OHA HE3HAUYMTEJIHbHO BO3PACTAEeT.

ITo BenmmuuHe CTENEHU JJIEKTPOJIUTHUUECKOH AUCCOIHMAIUN 3JIeKTPOJIUTHI JEIAT
HA:

e cuabHble (00 — 1) — ruemorser (HCI, HCIQy, HNOg, HySO4 u ap.), mémoun
(Bce), couu;

e crabeie (00 —» 0) — xmcaorsr (HCIO, HNO,, H5S, HsSiO3, H,CO3, CH3COOH
u ap.), ocHoBaHuA (NHs..H0).

Peaxuum moHHOro odMeHa

ITporekanue peakmuii o6MeHa ¢ ydyacTHeM IJIEKTDOJHUTOB B pacTBopax (peakuuu
MOHHOTO O00OMEeHa) BO3MOYKHO IIPDHU COOJIIOJEHWM OJHOI'O0 M3 yCJOBUi (npasuno Bep
mo.J.nie):

e BBINAJIEHHE OCAIdKAa;
e BBIZIEJIEHHE I'a3a;
e oOpasoBaHue cJabOTO BIAEKTPOJUTA (B 9ACTHOCTH, BOIBI).
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IIpoTHBONONMOMKHO 3apAKEeHHbIe HOHBI, KOTOpPbIe IIPH COeNUHEHUH 00pasyioT He-
pacTBOPMMOE MJHN MaJOpPacTBOPHUMOE BeIeCTBO, I'a3 MM MOJEKYJbl caaboro aex-
TPOJIUTA, COBMECTHO CYIIIECTBOBATEH B pacTBope 0e3 B3auMOIeiiCcTBHA He MOTYT.

OKHCIUTeNBHO-BOCCTAHOBHTEIbHBIE pearinMu

Oxucaumenvro-gocemanosumenvioimu pearkuyuamu (OBP) HA3BIBAIOT peakIiuH,
B X0/le KOTOPBIX MPOUCXOJAUT U3MEHEeHUEe CTeIlleHeH OKHMCIeHUSA XUMHUYEeCKHX dJIeMeH
TOB, 00Pas3yIOIIUX pearupyioiiye BellecTBa.

Oxucaumensv — BeIIeCTBO (9JIEMEHT B COCTaBe dTOTO BeIleCTBa), IIPHHUMAIOIIEe
anexTpoubl. CaMo BeIlecTBO (dJIeMEHT B ero COCTaBe) IIPH 3TOM BOCCTAHABJIMBAETCH.

Bocemanosumesib — BelllecTBO (dJIEMEHT B COCTaBe 3TOT0 BeIlleCTBa), OTHAlOIee
ayieKTpoHbl. CaMo BemiecTBO (SJIeMEHT B €ro COCTAaBe) MPH 3TOM OKHUCISETCH.

Ha cxeme 11 npuBeneHbl oCHOBHBIe noHATua Teopuun OBP.

Cxema 11
OcHoBHbIe noHaTusa teopuun OBP

ﬁ oTAa4a MJIeKTPOHOB, OKMCJIeHHE

—t—r——tr—1r—1r—tr—r—r—t—

-4 -3 -2 =1 o +1 +2 +3 +4 +5 +6 +T7

_ NMpHCoeAHHeHHE JIeKTPOHORB, BOCCTAHOBJIEHHE

K oKHCINTeNbHO-BOCCTAHOBHUTENLHBIM OTHOCAT BCe PeaKIlMH 3aMeIlleHHdA, a Tak-
JKe Te peaKIHH COeIWHEHHUs M pas/ioKeHMA, B KOTOPBIX YYacTBYeT XOTA OBI OJHO
npocToe BeirecTso. Jlobasa peaxkiiua ¢ ydacTHeM OTHOT'O MM HECKOJbKHX IIDOCTBIX
BelllecTB (B KadecTBe peareHTa WM MNPOAYVKTA PeaKIlMHi) SABJIAeTCA OKHCJIHUTeNbHO-
BOCCTAHOBHUTEJILHOIA.

CUJIBHBIM H JOCTATOYHO PACHPOCTPAHEHHBIM OKHMCJIHTEJIeM CJIAYKUT IIepMaHrasHaT
KalnudA, KOTOPLIM B pPasJIMUHBIX CcpeJax BOCCTAHABJMBAaETCS A0 COeIMHEHUI MapraHia
B Pas3UYHBIX CTENEeHAX OKHCICHHA:

2+ 7 12
—> Mn~ — KHcas cpesa (Mn + 5 — Mn)
+7T +4
KMnO4 —_— MnO2 — HeWUTpaJbHas cpeja (Mn + 32 — Mn)

s +7 +6
— MnOf — LIeJ0YHAag cpefa (Mn + & — Mn)

B mHexoTopsix cayuasax Ha cocraB npoaykToB OBP Biauser remneparypa. Hampu-
Mep, OKHCJIHTEeNIbHO-BOCCTAHOBUTEILHLIE PeaKI[MH rajioreHa B IIEJOYHOH cpefe IIpH
KOMHATHO# TeMIepaType HPUBOAAT K 0OpA30OBAHUI0 CMECH PA3JIHUUHBIX TaJIOTEHCO-
AepiKalux coJiei.

— MI' + MT'O + H,0 (xomHaTHa# TeMmeparypa)

I, +MOH —

—— MTI' + MI‘O3 + H20 (marpepanue)
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MpoBepbTe CBOM 3HAHUS )

1. K xumuyeckmm siBneHUsiM OTHOCAT Npouecc

1) npeBpaweHna BoOsLl B nap

2) npespaweHns HeraweHoW M3BEeCTW B ralleHyto

3) o6pazoBaHUs MHES Ha AEPEeBbAX

4) KpucTannusauumu pacniaga anomMuHus

2. O6wan Macca Bcex BELLEeCTB, YH4acTBYIOLMX B XMMUYECKOWN peakuuu,
1) yBenuuunsaertcsa

2) ymeHbLuaeTcs

3) MOXET KaK yBeNM4YMBATbCH, TaK M YMEHbLUATLCS

4) He n3MmeHsieTcs

3. Bzaumopeitctemne okcuaga xenesa(lll) ¢ conaHoi KMCNOTON OTHOCAT K peakuvsam

1) coeanHeHus 3) obmeHa

2) pasnoxeHwus 4) 3ameuieHuns

4. K pacTBOpyMBIM B BOAE 3NIEKTPONNTAM OTHOCAT

1) kapboHar HaTpus 3) xnopwua cepebpa

2) rnppokcug, megu(ll) 4) cynbdar Hapua

5. C obpasoBaHMeEM TMAPOKCWMA-UOHOB B BOOHOM PAacTBOPE AUCCOLMMPYIOT

1) kucnoTsl 2) Wwénoum 3) okcuabl 4) cpegHue conu

6. Hamnbonewee yucno noHoe obpasyetcs B pacTsope npu NoaHon guccounaumm 1 mMonb
1) NH,4CI 2) HySO, 3) AICl5 4) NaNO 5

7. CoKpal&HHOMY MOHHOMY ypasHeHuio Cu 2" + 20H™ = Cu(OH),l cootsetcteyer B3a-
MMOAENCTBUE MeXay

1) pacteopamu cynedara meau(ll) n rmgpokcmpa HaTtpusa

2) okcmpom megu(ll) n pacTteopomMm rMapokcuaa kanuvs

3) pacteopom xnopuga meau(ll) u rmgpatom ammuaka

4) Meablo U rMapoKCcUaoM HaTpua

8. B BOOHOM pacTBOpEe He MOryT OJHOBPEMEHHO CYLLEeCTBOBaTb WMOHbI

1) Na* n SO% 2) H" u CG} 3) Ag* n NOj 4) K* u OH™

9. YcTtaHOBUTE COOTBETCTBME MEXAY CXEMOW MpeBpalleHns U W3MEHEHUEM CTereHu
OKUCNEHUS a30Ta B He.

CXEMA MNMPEBPALLEHWA WU3MEHEHUWE CTENEHW OKUCINEHWUA A30TA
+2 +3
A) N02+02+H204)HN03 1) N = N

5) NO + Oy — NO, NN
B) NaNO3 — NaNQ, + O, .
14 +2

4) N - N

+2 4

5) N - N

NMpumeHuTe CBOM 3HaAHUS

10. Cymma koadUUMEHTOB B YPaBHEHWU OKUCAWTENIbHO-BOCCTAHOBMTENBHOW peakummy,
cxema koTtopon Cu + HNO3 — Cu(NOj3), + NO + H,0, pasHa
1) 16 2) 18 3) 20 4) 22
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§ 41. OCHOBBHI
HEOPTAHUYECKOI1I XUMUU

XHUMUYEeCKHEe CBOMCTEA MPOCTHIX BEUIECTR

06 OTHOCHUTEJBHON AKTHBHOCTH MeMmdaJJjioé MOYKHO CYAHUTH II0 HMX TIOJOMEeHHIO
B 9JIEKTPOXMMHUYECKOM DSy HANPSAKEHWI: ueM JieBee CTOUT MeTasll B DALY, TeM
OH aKTHBHee.
Rb K Ca Na Mg Al Mn Zn Cr Fe Cd Co Ni Sn Pb () Cu Hg Ag Pt Au
AKTHBHOCTB MEeTaJIJIOB YMeHBIITaeTCsa g3

Jl1s MeTaslIoB XapaKTepPHBI CIEAVIOI[NEe XMMHUYEeCKHe CBOHCTBA:
e B3aUMOJeHCTBHE ¢ HEMETAJJIaMHI ¢ 00pa3oBaHUeM coJiell DeCKUCIOPOAHBIX KUC-
70T (MM COJenoNo0HbIX COeIUHEHUH):

2Fe + 3Cly = 2FeCly

s B3aMMOJeMCTBHe ¢ BOJAOH ¢ oOpasoBaHHEM IIeJIOUEN W Bogopoma (Ajid Ieaou-
HBIX H IIeJOYHO3EMeJIbHBIX MEeTAJLJIOB):

2Na + 2H,0 = 2NaOH + HyT

WJIU ¢ TeperpeThiM BOASAHBIM HAPOM C 00pPa30BaAHMEM OKCHIA METAJJIA U BOJOPOIA
(and MeTasIOB cpelHeidl aKTUBHOCTH, HAIPUMEDP KeJsesa):

3Fe + 4H20 =] Fe304 o 4H2

e BaaMMOJeliCTBHe ¢ KHCJIOTAaMH ¢ 00pasoBaHHEM COJM M Bomopoaa (Iad MeTas-
JIOB, CTOAIIUX B DJEKTPOXHUMHUCCKOM DPAAY HANDPSIKEHUN [0 BOAODOAA, KpoMe Ie-
JIOYHBIX W IIEJIOYHO3eMeJbHBIX MEeTaJJIOB):

Zn + HyS04 = ZnSO4 + HoT

e BSaHMOHEﬁCTBHe C pacTeBopaMH coJiell MeHee aKTHBHBIX METAJLJIOB C oﬁpaaona-
HIIeM HOBOH COJH N BBIEJIEHHEM MeHee aKTHBHOI'O MeTaJjlja:

Fe + CuSO4 = FeSO4 + Cu

Mo:KHO OTMETHUTHL pPAJ clemu(uUecKUX CBOMCTB, XapaKTEePHBIX AJNA OTHAEJbHBIX
rpynn metasoB. Hampumep:

e HEKOTOPBIE MeTaJJIbl, oOpasyromue aM(poTepHble OKCUABI ¥ THAPOKCHABI, B3a-
HUMOAeHCTBYIOT €O IeouaMu ¢ o6pazoBaHUEeM KOMILJIEKCHOTO COeOUHEHHUSA DTOr0 Me-
Tajjla M BBIJEJNeHHEeM BOAOpPOoIA:

2Al + 2NaOH + 6Hy0 = 2Na[Al(OH)] + 3H,T
e AKTUBHBIE METAJJbl CIIOCOOHBI BBHITECHATL MeHee AKTHUBHBIE U3 UX OKCHIOOB.
2Al + Fey03 = AlO5 + 2Fe
* HEeKOTOpEBIEe aKTHBHBIE MeTaJlJIbl CHDCOﬁHH OKHCIATBCA KHCIOTHBIMH OKCHIAMIM!
2Mg + COy = 2MgO + C

 MeTaJIBI, BOCCTAHABIMBAS 30T M CePy KHUCJIOTHBIX OCTATKOB, HO He H (cwm.
¢. 215), cmocobHBI pearupoBaTh € A30THOH M KOHIEHTPUPOBAHHON CEPHOH KHCIIO-
TaMH.
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s nHememannos XapaKTepHBI CIeAVIOININe XMMWYECKHEe CBOICTBA:
e B3aNMOJeMCTBHE ¢ MeTalllaMH ¢ oOpasoBaHMEeM coJieil OeCKHCIOPOAHBIX KHC-
J0T (MIM CcoJenogo0HBIX COeqUHEHM):

S + Zn £ 7Zns

° B38HMO,D,‘EI?ICTBHE C IpyrumMm HeMeTaJLlaMH C 06pa3OBaHHEM GHHapHHX coenm-
HEHHﬁ, B YACTHOCTH OKCHIOB:

4P + 50, = 2P,05

HJIN BOZOPOSHBIX COEI{HHEHHﬁ HeMeTaJJ0B:
t, p, Kar.

N, + 3Hy, = 2NHj

MoKHO OTMETHTH PAJ cHemu(pHUecKNX CBOMCTB, XapaKTePHBIX AJIA OTAENbHBIX
rpynn HemeraJsyoB. Hampumep:
e OoJlee aKTHUBHBIA raJIOTeH BHITECHSAET MeHee aKTHUBHBIN M3 pacTBOpa €ro COJIH:

Cls + 2KBr = 2KCl + Bp

e raJIOTeHBLI, a TaK:ke cepa M (ocdop pearupyrT ¢ PacTBOpaMH Iiesodeii ¢ 06-
Pa3oBaHUEM CMECH COJIei:

Cl, + 2KOH = KCl + KCIO + H,0

e KHCJI0OPOO OKHCJIAeT CJHI0OMHBIE BellecTBa, colep:xalliue aTOMBI, crocobHbIE II0-
BBICHTE CBOK CTelleHb OKMCJIeHMHA:

2C0 + 0y = 2C0,
4ANH3 + 30, = 2Ny + 6Hy0

XuMHUUeCKHe CBOMCTBA CIOKHBIX BellecTB

B rabaume 5 mpuBegeHbl XapaKTepHbIe XUMHUYECKHE CBOMCTBA CO1€00pPA3YHOUUX
oKcudos.

Tabauua 5
XapakTepHble XMMHYECKHEe CBOMCTBA C0JIe00pPasyHIINX OKCHIOB
lpynna
OKCHMAOB | ¢ LéBHBIE okcupbl |KucnoTtHbie okcuabi AmdorepHbie
OKCHAbI

CgolicTBa

O6pasytor conb C Kkucnotamu C ocHoBaHUsMH
W BOOY B peakuuu
obMeHa npW B3aWmo -

LEeNCTBUM

U ¢ kucnotamu,
M C OCHOBAHUAMH

O6pasyloT conb B pe-
aKUWK COEAMHEHUS
np1 B3auMMOAEMCTBUM

C KWCNOTHbIMK
1 amcpoTepHbIMH
oKcHaaMu

C ocHOBHbIMK
M amoTepHbIMH
oKCHOaMM

C ocHOBHbIMM
W KWCNOTHbIMH OK-
cupamm

O6pasytoT pacTso-
PUMbIM TMAPOKCHE,
np1 B3auMMOZENCTBWM
C BOJOW

LLénoun

Kucnopoacopep»a-
LLMe KMCNOTbI

He Bzaumopgencrey-
0T C BOOOH
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Jlis pacTBOPHMMBIX B BOJe OCHOBaHUWI (wesoueil) XapakTepHBI CJeAVIOIN[He XH-
MHUYEeCKHWe CBOMCTBA:

e B3aMOJelcTBHEe ¢ HEeKOTOPBIMHU MeTaJJiaMH, o0pasyHIIMMKU aM@oTepHbIe OK-
CHABI W THAPOKCHALI, ¢ O0pasoBaHWEM KOMILIEKCHOI'O COeJUHEHUA W BBIAeJeHHEeM
BOJOpOIA:

2NaOH + Zn + 2H,0 = Nay[Zn(OH)4] + H,T
L Baanmoxeﬁc'mne C KHMCJIOTHBIMH OKCHIaMH C OﬁpaBOBaHHEM COJIM MU BOIBI:
Ca(OH), + CO, = CaCOzl + Hy0

L BS&HMOII;BI?ICTBHE c aM(bOTepHI:IMH OKCHIOaMHu C OﬁpaBOB&HHEM HKOMILJIEKCHOT'O
COeJMHEeHMWA:

2KOH + Al,O3 + 3H,0 = 2K[Al(OH),]

e BzauMojelicTBue ¢ aM(pOTEePHBIMU THAPOKCHAAME C 0O6pa30OBaHMEM KOMILIEKC-
HOr'o coegMHeHHA:

3NaOH + Cr(OH); = Nas[Cr(OH)g]
L] B3aI-IMO,IIEﬁCTBHe C KHCcJ1oTaMH ¢ oﬁpasosaHneM COJIM M BOABI.
Ba(OH), + 2HNO; = Ba(NO3); + 2H,0

e B3aHMOJeIiCTBHE C PAcTBOPaMM coJieil ¢ 00pa3oBaHMEM HepPacTBOPHMOIO B BOJE
ocHoBaHMA (amdorepHoro ruapoxrcuaa) mian NH; m HOBOM comm:

CuSO4 + 2NaOH = Cu(OH)l + NaySOy
NH,4CI + KOH = KCl + NKT + Hy0
Ina mepacmeopumblx 68 800€ OCHOBAHUL XAPAKTEPHBI CHEAVIONIAE XUMHWUUYECKHAEe
cBOMiCTBA:
L] Bsanmoneﬁc'rsne C KHCJIOTaMH C oﬁpaaonannem COJIM U BOJIBI:

Mg(OH), + H,S0, = MgS0, + 2H,0
s TEePpMHUUECKOE Pas3IoKeHHe:
Cu(OH); = CuO + Hy0

Hna ampomepHvix 2udporkcudos XxapaKTepHBI CIeAyIOIie XUMUYeCKHe CBOHCTBA! d
L BS&HMO,II;E]'?JICTBHB C KHCJIO0TaMHu C Oﬁp&BOBaHHEM COJIHM M BOIBI:

Cr(OH); + 3HNO3 = Cr(NO3) + 3H,0

. BaaI'IMO,IIEfICTBHE CO IeJo4aM¥ C OGD&3OB&HI’I€M KOMIIJIeKCHOT'O CcOoelMHeHNA.
Al(OH); + KOH = K[Al(OH)]
* TepMHYeCKOe pa3JIoKeHHe:
Zn(OH), = ZnO + H,O

Hna kucnom xXapaKTepHBI CIeAVIOIINe XHMHYeCcKHe CBOMicTBa:

e B3aMMOJeHCTBHE C MeTaJJaMi, CTOAINUMHN B SJIEKTPOXUMHUUECKOM pPAIY HA-
OpAMKEeHHH 1o Bogopoaa (KpoMe IMeJOYHBIX U IIeJJOYHO3eMeJbHbBIX), ¢ 00pasoBaHHEeM
COJI W BBIJEJIeHNEeM BOJIOPOJA:

Mg + HyS04 = MgS0O4 + HzT
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° BS&HMO,E[&I:ICTBHE C OCHOBHBIMM U aMQ)OTepHHMH OKCHIaMH C oﬁpaaonannem
COJIH ¥ BOJBI:

CaO + 2HNO; = Ca(NOs), + H,0
Al,O3 + 3HS0, = Aly(S0,)3 + 3H,0

e B3AaUMOJIEHICTBUE C OCHOBAHUAMH U aM(POTEPHBIMU THAPOKCHAAMU ¢ 0o0GpasoBa-
HHUEM COJIM W BOJBI:

Il

3NaOH + H;PO, = NagPO; + 3H,0
Al(OH); + 3HBr = AlBrs + 3H,0

e B3aMMOJEHCTBHE C COJAMH II0 PeaKIWi MOHHOTO oOMeHa ¢ 00pasoBaHHEM HO-
BOH COJIM U KMCJIOTBI:

HyS04 + BaCly = BaSO4| + 2HCI

MoO:HO OTMETHUThL HEKOTOpble chemudUUyecKHe CBOMCTBA, IPHUCYIUe OTAeIbHBIM
IrpyINIaM KHCJOT:

e KHCJIOTHI-OKHCIAHUTeNU (a30THASA, KOHIEHTPUPOBAHHAA CepHAsA) NPHA B3aUMO-
JefCTBUM ¢ MeTa/lIaMU He BBIJEJAIT BOAOPOJ, BMECTO HErO BBIZENAKTCS IPOAYKTHI
BOCCTAHOBJIGHUS a30Ta WJIU Cepbl:

Cu + 4HNOj(xonm.) = Cu(NOg) + 2NOy + 2H0
Cu + 2H2804(KOH]I.) = CUSO4 + 802 =% 2H20

e KHCJIOTBI-OKHMCJIHTEeJH (aso'rﬁaa, KOHIIeHTpHPpOBaHHaA cepHaa) CIIOCODHBI B3a-
HMO,I[EfICTBOBaTB C HeMeTalnJdaM¥, IpH 3TOM OGPS.BYIOTCH IIPOAVHKTBI OKHCJIEHHNA He-
MeTaJLIa:

6HNOj3(konn.) + S = HpSO4 + 6NOy + 2H0
2H9S04(koHu1.) + C = COg + 2805 + 2Hy0

* HecTaOHMJIbHBIE KHCJOTHI pasjaraiTcs IPM HarpeBaHWM HJIH Jayke OPH KOM-
HaTHOII TeMIlepaType:

H,Si03 = SiOg + HLO

Jiis coneillt xapakTepHBI CIAeAVIONNE XUMUYECKHUE CBOMCTBA:

L] Bsanmoneﬁc*rsne C MeTaJJdaMH, boJee AKTHBHBIMH, YeM TOT, ROTOpr‘I BXO-
OIHUT B COCTapB COJIH (Rpome IIenoYHbIX M II[eJIO‘IH03eMEJIBHBIX), c oﬁpaaoﬂaHHeM
HOBOH cosin (06A3aTeIbHO PACTBOPUMOI B BOJE) U BBIIeJIEHUEM MeHee AKTHBHOTO
mMeTaJaa:

Cu + Hg(NOg)s = Cu(NO3)s + Hg

° B:sanmoneﬁc'mue CO InejgodyaMH C 06p&3OBa_HHEM HepacTBOpHMMOI'O B BOJe OCHO-
BaHHA UJIH abeOTepHOI‘O THUAPOKCHIA:

CoSO4 + 2NaOH = NayS0O; + Co(OH), !
Al4(S04); + 6KOH = 3K,S04 + 2A1(0H);l

e B3aMMOJENCTBHE ¢ KHCJIOTAMH II0 PeaKIMi HWOHHOTO oOMeHa ¢ 00pasoBaHUEM
HOBBIX COJIH H KHCJIOTHI.




CKkauaH ¢ materiallO(&lida.ws

/cozT

CaCOj + 2HCl = CaCl, + H,CO,
H,0

s B3aMOJeMCTBHE ¢ COJAMH II0 PeaKIlMH MOHHOTO o0MeHa ¢ 00pasoBaHMEM ABYX
HOBBIX COJIeM:

NaCl + AgNO3 = AgCll + NaNOs

Muorue colu IpH HAUPeBAaHUU pasyiararorcsa. [IpogyKThHI pasiIoKeHUs OIpenesid-
IOTCA IMPUPOAOHA BXONAIIMX B MX COCTAB KaTMOHA M AHUOHA.

Hanpuwmep:

e KapOoOHATHI METAJIJIOB pasjarainTcs ¢ oO0pasoBaHHEM OKCHAA MeTaJlia U yrie-
KHCJIOrO rasa:

CaCO3 = CaO + CO,T

e HHUTPATHBI B 3aBHCHMOCTH OT aKTHBHOCTH MeTaJlja pa3jiaralorcda C BbIIeJIeHHeM
KHCIOpoja (HUTPAThl METAJJIOB, CTOAINIAX B PAAY HANPSAKEHHH O Marfus):

2N8.N03 = 2NaN02 -+ 02

uiau oxkcuga merajina, oxcuma azora(lV) u Kuenopoma (ans MeTasioB, CTOAIIUX B
pAaAny Hanpa'&ceﬂnﬁ OT Marotvdda 10 MeIH BRJIIOT-IIITEJIBHO):

2Cu(NO3)s = 2Cu0 + 4NOy + O,

mwian Mertasia, okcuma aszora(lV) m xucmopoma (I MaTOAKTHBHBIX METAJJIOB, CTO-
AWK B PAAY HAIPAKEHUH IOCTe MEau):

2AgNO; = 2Ag + 2NO, + Oy

L TBép,lIbIe COJIM aMMOHHA H TaJoreHoBOJOPOIHBIX KHCJOT pas3JjaramwTcd Ha aM-
MHAaK W TraJJoreHoBOOOpoOa:

NH,Cl = NH3 + HCI

1. N marHni, n meab B3aMMOOEWCTBYIOT C

1) pactesopom HuTparta ceuHua(ll)

2) pa3baBneHHOM CepHOW KWUCNOTOon

3) xnopom

4) pacTBOPOM rMApoOKcUAa Kanus

2. Xumuyeckasi peakums BO3MOXHA Mexay

1) okcnpgom docdopa(V) v pacTBOpoM rMapokcuga HaTpua
2) okcupgom megu(ll) v sopoin

3) pacTBOpamMu xnopuga Hatpua M cynbgara kanus

4) rnppokcugom xeneaza(lll) n martnem

3. Cynedar mepu(ll) B pactBope He pearupyet C

1) xenesom 2) rMapoKcUaoM HaTpus 3) xnopupom Gapus 4) HUTpPaTOM UMHKa
4. VI rmppokcua Kanus, U cepHas Kucnota MoryT B3avMmMOOencTBOBaTh C

1) anioMuHmnem 2) xnopom 3) oKkCMaoom marHus 4) HuTpatom BGapus
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5. C oKCUAOM HaTpua pearvpyeTt Kaaoe W3 [ByX BellecTs:

1) kucnopog v Boaa

2) okcup yrnepopga(lV) v okcup, 6apus

3) kanu 1 as3oTHas KMcnoTa

4) Bopga v okcua docdopa(V)

6. PasbaBneHHas cepHas KMCNoTa He B3aMMOOENCTBYET C

1) oKCnaom KpemHus

2) MarHuem

3) okcuaom anioMUHKS

4) xapboHatoMm kanusi

7. C ruopokcuaom Hatpua B3aMMOLEWCTBYET BellecTBo, Gpopmyna KOoToporo
1) Cr(NO3)4 2) NHy 3) CaO 4) O,

8. YcTtaHOBMTE COOTBETCTBUE MEXAY WCXOAHBIMW BewecTBamn U npoaykraMmu peakumu.

MCXOAHbLIE BELLECTBA NPOAYKTbI PEAKLIUM
A) NaSO3 + HCl — 1) Na,SO,
B) H,S + NaOH — 2) NaCl + H,S0,
B) Na,SOgz + 0y — 3) NaCl + SO, + H,0

4) NaySOz + HLO
5) Na,S + H,0

y

9. JaHa cxema npeBpaLlleHunii:
P - P205 — H3P04 b Na3P04 — AgSPO4

Hanuwute monekynapHble ypaBHEHWS peakuuid, ¢ MOMOLLbIO0 KOTOPbIX MOXHO OCylle-
CTBWTb yKasaHHble npespalledus. [na nocnegHero npespaweHns COCTaBbTe COKPaLLEH-
HOE WMOHHOEe YypaBHEHWe.

10. JaHa cxema npespauleHuii;

Kai00; —HE 5 % —» Calti0s — N0 5,

Hanuwmnte monekynapHble ypasHEeHWs peakuuiil, C MOMOLLbIO KOTOPbLIX MOXHO Ocylle-
CTBUTb yKasaHHble npespailieHus. [lna nepsoro npespaleHns cocTaBbTe COKpalléHHoe
WOHHOE ypaBHEHWeE.

11. BbluucnuTe maccy ocagka, obpasyiollerocs npyv AeicTeur m3bbiTka pacTBopa XJ10-
puaa megu(ll) Ha 40 r 10%-Horo pacrteBopa ruapokcuaa HaTpus.

12. Heobxoaumo B ABe cTaguu nonyduTs ruapokcua xenesa(ll), ncnonsaysa niobblie peak-
TUBbI M3 CNeayoLLero nepeyHs: xeneso, UMHK, cynbdar xenesa(ll), cynedar xenesa(lll),
rMapoKcu HaTpug, cepHas KucroTa, Boga. OnuwnTte Npu3Haky npegnaraemMbix peakuuia.
Ona BTOpPOW peakumy HanMWWTE COKPALLEHHOE WOHHOE ypaBHEHWE.
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KauecTBeHHBIE peakIMM HA HMOHBI M HEKOTOPhIe Ta3000pa3Hble BeliecTBAa
e ihids PeareHT AHanuTuueckui 3dhdekT
BELLEecTBO
SO BaZt BbinageHve Genoro mMenkogucnepcHoOro ocajka
4
SO% HY MoseneHue 3anaxa CEpPHUCTOro rasa, NOKpacHeHWe nak-
3 ’ MycoBoit Bymarw
g2 2+ .
Pb BbinageHue 4yépHoro ocagka
: Ht bypHoe BbiaeneHve rasa
C e
Cl— Ag+ BbinageHue 6enoro TBOPOXWUCTOrO OCafKa, TEMHEeKoWero
Ha BO3ayxe
Br- Ag+ BbinageHve TBOPOXWUCTOro ocafKka CBET/IO-XKENTOro useta
I Ag+ BbinageHve »XENTOro TBOPOXKWUCTOro Ocajka
POS‘ Ag+ Bbinagexue »éntoro ocapgka
Fe2t Ks[Fe(CN)g] Bbinagenve cuHero ocapgka
Fe3* K4 Fe(CN)g] Boinagenve cuHero ocapka
NH,SCN KpoBaBo-kpacHas okpacka pacTeopa
2+ 3+
Zn-", Al OH™ BbinageHve Genoro CTyneHUCTOro ocajka, pacTBOpSioLLe-
rocs B W3ObITKE LWENOYH
cu?t OH™ BbinapgeHue cTypeHucToro ocafka ronyboro useta
+ e v
Na — OkpaluMBaHue nnameHu B >KENTbIK LBeT
K+ — OkpalwuMBaHve nnamMeHn B (PMONETOBbIA LBET
OkpalwmsaHvie niaMeHW B KPacHbiA LBeT
Boinagenue »éntoro ocapgka
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Omeembl K pacuémnvimM 3a0a4am

§ 2. 8. a) 1845 wIx; 6) 112 . § 3. 5. 0,3 mons/x - mua. § 4. 10. 0,1 Moas ﬁ’L;
0,15 mouas SOi_. § 5. 10. 0,339%. § 6. 7. 73 r. 8. 417 r CaCOy; 2520 r
p-pa HNO3. § 7. 6. 182,5 r. 7. 44,8 mxn NHz; 280 mr p-pa KOH. § 8. 6. 284 xr
p-pa NasSOy,; 416 kr p-pa BaCls. 7. 10,4 r. § 10. 7. 760 n. 8. 3,10% NaSOg;
1,97 % NaOH. § 11. 7. 4,30 n u 5,37 xn. 8. 16,56 r. § 12. 8. 70% NaCOg;
30% NaCl. 9. Cepebpo. § 13. 6. Crponmuit. 7. 2,18% NaS.
§14. 7. 0,012 monw/n - muH. § 15. 7. NKSO3. 8. 0,586% NH4HSO4. 9. 3,2 r.
10. FeSO4 - 7TH50. § 16. 4. 663 M. § 17. 9. 25,4%. § 18. T. Pb(NOy)s.
8. 20,0%. § 19. 5. 98 r p-pa H3POy4 3,28 r NagPOy4. 6. 49 r. § 20. 9. 48 .
§ 21. 8. 761 r. § 22, 8. 92,1%. § 23. 7. 520 r. 8. 4,92% CIZFCOONa; 0,80%
NaOH. § 24. 5. 146 1 Hy; 6,51 mons NaOH. § 25. 4. 27 kr. 5. 2218 kr NagCOg3;
2092 xr CaCOQz; 7531 xr SiOg; 937 M COy. § 26. 5. 600 xr Og; 1975 Kr No.
6. AssS3. 7. 62 kr. 8. 187,56 r mecka; 144 r Mg. 9. 33,6 n. § 27. 5. 22,1 %.
6. 1,64 MIx. § 29. 9. 6,49%. 10. 21,6 r Al; 41,6 r Cr. 12. 2,16 r.
§ 30. 5. 0,28 n. § 31. 7. 40,8% CaCQ;; 37,8% Ca(OH)y; 21,4% CaSOy.
§32. 7. 250 r. 8. 162 r. § 34. 7. 13,9 r. § 36. 7. 72,4% Fe B FgO4. 8. 281 xr.
9. CuFeSs. 10. 406 kr. 11. 19,5 kr Ni; 24,4 xr Cr. § 37. 5. 32,9%. 6. K3AlFg.
§ 38. 9. 17,2% xwucmopona; 2,0 % osoma. § 41. 11. 4,9 r.




CkadaH ¢ materiallO(fﬂMa.ws

Oznasaenue

FRDCIHCHOEIE cou v e st waiie s oo Fam s Sk s S5 S0l Sais s e B0 SRS T bEE o 3
I'naea I. O6o6wenue 3nanul no kypcy 8 Knacca. Xumuieckue

PORICTPIL + o vins v.08 6408 Sibin 698 8400056 8000 008 800 s 6is $als S0l & bine bais 6100 5
§ 1. Knaccudpuranusa HEOPraHUYECKUX COEAMHEHHM ..t v vvuuernerennsnans 6
§ 2. Knaccupukanusa XUMHYECKUX PEAKIIHI . . v v v it v it o ienneennnean 12
§ 3. CropocTe xuMmMueckux peaknuii. Karamms ........................ 19
BEBOAET K THABE T oo vin s inere s s anes wasa awm aten o sam o i o ssis Sum o 24
I'naea Il. Xumuieckue peaKyuu 6 PACMEOPAX ... .....uoeuvunnernn. 25
§ 4. DNeKTPONUTHYECKAA JUCCOMUAIIMM o v v v v v v v ne s s s nnsennnanesnns 26
§ 5. OcHOBHBIE TIOJIOKEHHSA TEOPHUH BICKTPOTHTHYECKON AMCCONMAINHA . . . . .. 31
§ 6. XuMudeckue CBOMCTBA KHCIOT KAK BJIEKTPOMHTOB . .ot vvvunsunssnns 35
§ 7. XuMHUUeCcKHe CBOMCTBA OCHOBAHMNA KAK DJIEKTPONMTOB .« . v vveeeueeenn. 42
§ 8. Xumnueckne CBOMCTBA COJIEH KAK BTEKTPOTHTOB . « « v v v v v v v v e v e n e 46
IS I 7% 51§ o To T 67 6= T oo 0 (= G A S 49

ITpakxmuyecrkas paboma 1
Pemrenne JKCIIepHMMEeHTa/lbHBIX 3aJad II0 TeMe ¢9JIBRTPOJIHTHHBCE&H

JIVICCOTIHAITTISD &+ v e v v v e e et e e e et a et e e et eeenaeee s eeenseeeenseeennenn 52
BHHBOAED B THABE TI . cien o isive cv s wiase v s seie s0eiens s wiviie rese s stam s 53
I'naea III. Hememannot U UX COCOUHEHUA . . . o oo ovvvvnvnnennnnnns 55
§ 10. O6miasa XapaKTEePHCTHKA HEMETAJIIOB . .« v s s s st s s s nsssonnssansssss 56
§ 11. O6miaa xapakTepuctuka saemeHToB VIIA-rpynmnbl — rajoresHos ...... 62
§ 12, CosRirHeRNAT TAMOPOHOE « oo o o v asess siath eiirs & aiels sisia eidie & esers oiers siaie s 68

Ilpakmuyeckasa paboma 2

NzyueHue CBOUCTB CONMAHOM KHCIOTBIL + v v v v v v v o v v e o a o smnoaneanennnns 72
§ 13. Ob6masa xapakTepucTuka sjaeMeHToB VIA-rpynner — xanskorenos. Cepa 73
§ 14. CepoBOTOPOA U CYTBMUMIBI . & ot s e vt e ee e et e e e e e e e e ee e e 77
§ 15. KuciopogHLIE COEAMHEHMS CEPEL  « v v vt v v vt an v tanussansssennnas 81

Ilpaxmuvecrkaa paboma 3

HM3yueHre CBOMCTB CEPHOM KHCIOTEBL . v v v v v v oo v e e e o s o enenensennsns 86
§ 16. O6Gmiaa xapaxkTepucTHKAa sJaeMeHTOB VA-rpynnbl. A30T . ... ..vveenn. 87
§ 17. AMMiar: COH AMMOHEE 5o+ i v a9 v S@s o 6l e siehe o 9 G sieid o ¢ 90

Ilpakxmuyeckas paboma 4

Ilonyyerme aMMHAKa W MBYYEHME €T0 CBOMCTB. v v v v v v v v v vsnensnsnnnonss 94
§ 18. Kuc/1opoaHLIE COEMUMHEHMA ABOTA .« v v v v v v v v vt o e s ot eennsennnssnenas 95
§ 19. DochHOP U €TI0 COBTUHEHUIT « « v v v v v v e e et e e e e e e et et e s aeaennn 100
§ 20. O6miaa xapakxkTtepucTukra anemenToB IVA-rpynnsl. ¥riaepom .......... 104
§ 21. KuciopogHbIE COEMUHEHMA YIVIEDOMA - v v v v v v v v e e e eenenees e 110

Ilpakmuueckasa padboma 5

ITonyuenme yriekwmceaoro raza. KauecTBeHHAas peakims Ha KapbGOHAT-MOHBI 115
§ 22, VDIEBOTOPOTBL & c.vis o s0s sins sias o408 siaies abis sars o aes aips viais saies orme sa 116
§ 23. Kuciopogcoaepaiue OPraHUUYECKUE COEHMHEHMA . . o v v v v v v v annnnn



CKrauax ¢ &iateriallﬂﬂ.tﬁda.ws

§ 24. KpeMHHH M €T0 COEMMHEHMA .« « v v v v v v e tee e e e e et e e e e e e aeae e 123
§ 25, CualikaTHaS NPOMBEIIIEHEOCTE i\ v saie vais sies wale 8% e siss §are s 128
§ 26. IToTyYEeHME HEMETAIITIOB . v v v v vt v v u i e oo te s ot o nanaeaanssnaness 133
§ 27. TMonyuenne BaKHEUITNX XUMUYECKHUX COEJUHEHUN HEMETAJJIOB . ..... 137
Briponer X paase LI 5.5 vas iai s dad 0a b i 5 fias e e i e e i ies b 142
I'nasa IV. MemannolL 4 UX COCOUHCHUSNL . . .. ou v nerennnnennenesns 143
§ 28. OBIAA XAPRRTCHMOTHIA. NWOTHIIOM wooe svme somms wm sisne s omms ssbie siswe simmes 144
§ 29. XUMHYECKHE CBOMCTBA METAJJIOB & v v v s v seeenen s nsnsnennennss 149
§ 30. Oburas xapakTepUCTUKA 3JIeMEHTOB LA-TPYIIBL ... v vvvvrvennwnnn.. 154
§ 31. O6miaa xapaxkTepucTuKa dJaeMeHTOB IIA-TPYOIBL . . ..o v v v i i i v i inn s 159
§ 32. JKécTrOCTD BOABI M CIIOCODBI €6 YCTPAHEHMA - « o v v v vveeeeee e een s 164
Ilpaxmuuecrkasn paboma 6

HECTKOCTE BOJBI M CIIOCOOBI €6 VCTPAHEHMS « . v v v v v v ee e eeeee e s mnaeee s 166
§ 33. ATIOMHUHHMHN M €0 COEMMHEHIIS .« v v v v v v v asmenen s s snsnsnsens 167
§ 34 HRETEE0 I BTOVCOETINETOTIIH ssnuw suvm vwess woems s & Sbie Savs Sems @ i savss Fess o 172
Ilpaxmuyueckasa paboma 7

Pertenue skcnepuMeHTANBHBIX 3a7a4u Mo TeMe «MeTamimbI» ... ovvvvvnvnn .. 177
§ 35. Koppo3usa MeTaJJIOB W CIOCOOGBI BAIMHUTEL OT HEE . . v v v v v v v v vvnensnns 178
§ 36. Meranner B npupoge. [IoHATHE 0 METANIYPTIHUHM .« . v v v v v e v v v ennnn. 183
BEIBOABI K TUIABE IV L . ittt ittt i e et ettt ettt e eeeaeeeneen 190
I'nasea V. Xumua u OKPYHCAIOULAA CPEOA . . .o oo cvvvvni ey 191
§ 837. XUMHYECKHUH COCTAB IITAHETBI SEMJIIT . v v v v vt v vvensnnnnssnansaas 192
§ 38. Oxpana oKpy:KawIei cpebl OT XUMHUYECKOTO 3aTrPASHEHHA . .. ...... 198
BRIHOTEL B EHEBEIV wie vomre s & sonin e s & wos s o S7es st & weaos S5 s e s 202

I'nasa VI. O6obujenue 3HAHUE NO XUMUU 34 KYPC OCHOEHOU
wronst. Ilodzomoeka k¥ OcHo6HOMY 20CcYFAPCMEEHHOMY IK3AMEHY

COED ) ciiocs rines susin svinss Ris Sl Sumims tims ok e s @ niE ShivEasusins wiss Shistsuiis 203
§ B9 BOHTOCHE R coin o wiomi avmn evate o wrioms e stine o il boauss s kie St e SAKe WATEA o 204
§ 40, XuMuueckie: DEARIIAH i o v o) e A% §aie wibie Seh 05« Db &b § 208
§ 41. OCHOBBI HEOPTAHHUYCCKOM XTIMUIF .« v v v v v v v e vee s e se e enenenannes 212
KauecTBeHHbIe peakIiiM HA HMOHBI U HEKOTOpPbIe raszoobpasHble BellecTBa 218
TIpeAMETHBIM YHABATEIID « o ¢ v v v v v o o o s v s o sna s aesasansaneasenssnensss 219

OTBeTHl K PACUETHBIM BAMAYAM .+ v v v v v v v s osns e nssnansennsensensensns




Cxkavuad ¢ materizl100.tida.ws

¥YuyebHOe H3gaHHe

Tabpuenan Oner CepreeBuu
Ocrpoymos Urops lNenumanneemy
Cnaaxor Cepreil AHaTonbeBUY

Xumusa
9 xaace

BazoerbIil ypoBEHB

Yuebuug

LeHTp XHMHE H 9KOJOIHH

OreercraeHHElll 3a Brmyck T. HO. dpoaoea
Pepawrop J. H. Kysneyosa
XynomecreeHEE pegaxtop T. B, Inyuwiroea
Texuuueckult peparrop H. H. Bawanosa
Komoriotepraa Béperra Q. C. Heamosoir, 0. 0. Musnurosoil
Marer 0. I' Haanosoii
Jtuzaiin cOnosmzxu A. H. Casvenxo
Koppexroprwt E. B, Bapanoecras, H. A, Cuupnoea, H. B. Benroszéposa
Hrmwcerpataeasiii Marepuan: Shutterstock.com; 000 «Her Hroloc»

Toagnucaso B negars 18.11.2022. $opmar 84 X108/16. lNapaurypa SchoolBookCSanPin.
Vu-uap. n. 16,16, Vea. nmeu. n 23,52, Tupam aK3. Sarans Ne .

Agnuonepnoe obmectse ¢«Hagarenncrro «Ilpockenenues.
Poccniickaa Pexepanuna, 127473, r. Mocksa, ya. KpacHooponerapckasa, A. 16, cTp. 3,
arax 4, nomemenne L.

Anpec snexTpPoRHOH mouTH «lopsuell mmERR> — vopros@prosv.ru.



