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OBIIIUE METO/THYECKHE YKA3AHHUHA

Hayka crana mnpow3BoAMTENBHOW CWIOH Hamero o6OmiectBa. be3 mnpuMeHEHHS
NOCTH>)KEHHMM HAayKM, W B YaCTHOCTH XHMHH, HEBO3MOXKHO PpAa3BUTHE COBPEMEHHOU
MPOMBIIUIEHHOCTA M COLMAJIMCTUYECKOTO CEJNBCKOT0 XO03SMCTBA. XHUMUs, ABISAACH OJHOW U3
(byHIaMEHTaTbHBIX €CTECTBEHHOHAYYHBIX TUCIIUTIINH, H3ydaeT MaTePHAIbHBIA MUD, 3aKOHBI €T0
pa3BUTUA, XUMHUYECKYI0 (opMy [ABIKEHHUS MaTepud. B mporecce U3y4YeHHUS XUMHH
dbopMupyeTcs IHUaTEKTHKO-MAaTEePHATIMCTUYECKOE MHUPOBO33pEHNE, BHIPAOATHIBACTCS HAYUYHBIN
B3IJIAJI Ha MHUP B IICJIOM. 3HAaHHE XHMHU HEOOXOIUMO IS ILIOJAOTBOPHOM TBOPYECKOM
NESATEILHOCTH WHXEHEepa JI000M crenuanbHOCTH. M3ydeHne XHMHUU TO3BOJIAET MOJYYUTh
COBPEMEHHOE HAy4YHOE IMpEJCTaBJIeHWE O MaTepuu U Gopmax ee IBMKEHHUS, O BEIIECTBE Kak
OJIHOM W3 BUJOB JBHXKYIIEHCS MAaTepUH, O MEXAHU3ME NIPEBPALLCHHS XUMUYECKUX COCTMHEHUH,
0 CBOMCTBAaX TEXHHUYECKUX MATEPHUATIOB U MPUMEHEHUN XUMHUYECKUX MPOILIECCOB B COBPEMEHHOM
TexHuke. HeobXoammMo MpOYHO YCBOUTH OCHOBHBIE 3aKOHBI U TEOPUU XHUMHH, OBJIAIECTh
TEXHUKOW XHMHYECKHX pacyeToB, BBIPA0OTATh HABBIKM CAMOCTOSATEIHLHOTO BBHITIOJIHCHHS
XUMHYECKHX OKCIIEPUMEHTOB U 0000IIeHUS HaOmogaeMbIX (aKTOB, YSICHUTH 3HAa4YCHHE
pemennit KommyHuctuyeckoil naptur 1 COBETCKOIO MPAaBUTEIBCTBA MO BOMPOCAM Pa3BUTHUSA
XUMUH W XAMU3AIUH HAPOJHOTO XO3siCTBa. 3HAHHWE XUMHH HEOOXOIWMO HJisl YCIIEITHOTO
MTOCJICYIOIIETO U3yYCHHS OOIIEHAYYHBIX M CTICIIHATBHBIX JUCITUTIINH.

OcHoOBHOU BU YUeOHBIX 3aHITHI CTYIEHTOB-3A0YHUKOB — CAMOCTOSITEIbHAs paboTa HaJl
y4eOHBIM MaTepuajioM. B Kypce XuMuM OHa claraeTcsl U3 CICIYIONIUX JIEMEHTOB: U3yYCHHUE
JTUCIUIIIMHBI TI0 y4eOHMKaM W y4eOHBIM ITOCOOMSM; BBITIOJIHCHHE KOHTPOJIBHBIX 3aJIaHHMA;
BBITIOJIHEHUE JTAaOOpPATOPHOTO TPAKTUKYMa; WHIWBHIyaJIbHbIE KOHCYJIbTallUM (OYHBIE |
MMCbMCHHBIC); TIOCCIICHHWE JISKIMI; cJada 3adera 1o Ja0OpaTOPHOMY MPAKTUKYMY; craada
JK3aM€EHa 110 BCEMY KypCy.

PApOTA C KHHroi. M3yyaTb Kypc pPEKOMEHIYETCS MO TeMaM, IPEIBAPUTEIIHLHO
03HAKOMMBIIUCH C COJEPKAHUEM KaxJoW M3 HHUX 1o mporpamme. (Pacnonoxkenue martepuana
Kypca B IporpamMMe HE BCET/ia COBIIQJAeT C PacIHoJIOKEHUuEM ero B ydeOHuke.) [Ipu mepBom
YTEHUHM HE 3aJEpPKUBANTECh HA MATEMAaTHYECKHUX BBIBOJIAX, COCTABIICHUM YPAaBHEHUN PEaKLUN:
CTapalTech MOJYyYHUTh OOIIEe MpeACTaBiIeHHE 00 M3JIaraeMbIX BOIPOCaX, a TAK)KE OTMEUANTe
TPYAHbIE WIM HESACHBbIE MecTa. [IpM MOBTOPHOM M3y4YEHUM TEMbI YCBOMTE BCE TEOPETUUYECKUE
MOJIOKEHUS, MAaTEMaTUYECKUE 3aBUCUMOCTH W MX BBIBOJBI, @ TAKX€ MPUHIMUIIBI COCTABICHUS
YpaBHEHUU peakuui. BHHKaWTe B CyIIHOCTh TOTO WJIM HMHOIO BOIIPOCA, a HE NBITAUTEChH
3alIOMHHUTH OT/ACNIbHBIC (PaKThl U SIBIICHUA. M3yueHue 1106020 60npoca Ha yposHe CYyWHOCMU, d
He Ha YpoeHe OMOEebHbIX s6eHuUll cnocobcmeayem bojee 21yO0KOMY U NPOUYHOMY YCBOEHUIO
mamepuana.

UToOBI JTydIlle 3alIOMHUTh M YCBOUTH M3y4aeMbIi MaTepHall, HAJI0 00sS3aTEIHbHO UMETh
pabouyio TeTpajb M 3aHOCUTh B Hee (POPMYIHMPOBKH 3aKOHOB M OCHOBHBIX MOHSTHH XHMHH,
HOBBIC HE3HAKOMbBIC TEPMHUHBI M Ha3BaHUA, (JOPMYJIBI M YPAaBHCHHS PEAKIIUHA, MAaTEMAaTHUYCCKHE
3aBUCMMOCTM M HMX BBIBOABI W T.I. Bo e6cex cayuasax, koeoa mamepuanr noooaemcs
cucmemamuzayuu, cocmasisaime 2paguxu, cxemvl, ouazpammsl, madbauyvl.. OHH OYEHB
00JIer4aroT 3alIOMHUHAHKNE U YMEHBINAIOT 00beM KOHCIIEKTUPYEMOTO MaTepuraa.

N3yuas xKypc, oOpamaiTech u K IpeIMETHOMY yKa3aTelto B KOoHIE KHUTH. [loka TOT niun
MHOW pas3fer HE YCBOEH, NEPEXOJUTh K M3YUYECHHUIO HOBBIX pa3ienoB He cienyer. Kparkuit
KOHCIIEKT Kypca OyJeT moJie3eH MpU MOBTOPEHUHU MaTepHaia B IIEPUOJ] TIOJITOTOBKU K SK3aMEHY.



N3yuenne kypca MOMKHO 00s13aTEIBHO COMPOBOXKIATHCS BBIMOIHEHHEM YIPAXKHEHUN U
penieHueM 3a7ad (CM. CIHMCOK PEKOMEHJOBAaHHOM JuTeparypsl). Pemienue 3amad - oIuH U3
JYyYIIUX METOJIOB IIPOYHOIO YCBOEHUS, IPOBEPKHU U 3AKPEIUICHUS TEOPETUUECKOI0 MaTepHaIa.

KOHTPOJIbHBIE 3AIAHMSA. B mpoliecce u3ydeHHs Kypca XUMHUU CTYJIEHT JOJIKEH
BBITIOJIHUTH JIBE KOHTPOJIbHBIE pPaOOThl. Kommpoavhble pabomel He O0JHCHbI OblMb
camoyenvlo;, OHU ABIAIOMCA YOPMOU MEmOOUecKoU NOMOWU CMYOeHmMam npu Uu3yueHuu
Kkypca. K BBIIIOJIHEHNIO KOHTPOJBHOM pabOThl MOXKHO MPUCTYNUTH TOJIBKO TOT/a, Koraa OyaeT
YCBOCHA OIpeAeNieHHass 4acTh Kypca W TIIATENBHO pa300paHbl PEHICHHs MPUMEPOB THIIOBBIX
3a/1a4, IPUBEJECHHBIX B IAHHOM MTOCOOUH, 110 COOTBETCTBYIOIIEH TEME.

Pemenus 3aga4u 1 OTBETHI HA TEOPETUUYECKUE BOTIPOCHI JOKHBI OBITh KOPOTKO, HO YETKO
000CHOBaHBI, 32 UCKIIFOUEHHEM TEX CIy4aeB, KOTJa MO CYIIECTBY BOIIPOCa Takasi MOTUBHUPOBKA
He TpeOyeTcsi, HampuMep, KOrJa HY»KHO COCTaBHTh JJIEKTPOHHYIO (popMyiy aToma, Hamucarth
ypaBHeHUE peakuuu 4 T.1. [lpu pemieHuu 3amad HYKHO MPUBOIUTH BECh XOJ PEIICHUS U
MaTeMaTH4ecKHe peoOpa3oBaHusl.

KonTponpHas pabota qomkHaA OBITH aKKypaTHO OOpMIICHA; AJIs 3aMEYaHU PelleH3eHTa
HAJ0 OCTaBIATh IIMPOKWE TIOJIA; MHCAaThb YETKO M SICHO; HoMepa U YCl08us 3a0ay
nepenucvieams 8 mom nopsoke, ¢ KAKOM OHU YKa3anvl 6 3a0aHuu. B KoHLe paboThI clieayeT
JaTh CIIMCOK HCIIOJIb30BAaHHOW JIMTEpPATyphl C yKazaHUEM rojia u3ianus. PaboTel 10IKHBI OBITH
JATUPOBaHbl, MOJIMKCAHBI CTYJEHTOM W NPEACTABICHBI B MHCTUTYT Ha peueH3upoBanue. Eciau
KOHTpOJIbHasi paboTa HE 3auTeHa, €€ HY)XHO BBIIOJHUTh IOBTOPHO B COOTBETCTBUU C
yYKa3aHUSIMH PEICH3EeHTa M BBICIATh Ha PEICH3UPOBAHHE BMECTE C HE3aUTEHHOW paboTOil.
Wcnpapnenus ciemyeT BBIMOIHATh B KOHIIE TETPaaH, a HE B pElIEH3UPOBAaHHOM TekcTe. Tadmuma
BapUAHTOB KOHTPOJIHBIX 3aJaHHil TpuBelIeHAa B KOHIE mNocobus. Kowmponvnas paboma,
BLINOJIHEHHASL HE NO CB0eMY 6apuanmy, npenooaeamenem He peyeH3upyemcs u He
3acuumuléaemcs Kak COAHHasl.

JIABOPATOPHBIE 3AHSITHS. JlJi TIyOOKOTO M3Y4YeHUS] XUMHH KaK HAyKH, OCHOBAaHHOW Ha
HKCIIEPUMEHTE, HEOOXOAMMO BBITIOJIHUTH JIA00PaTOPHBIN MpakTukyM. OH pa3BUBAET y CTY/IEHTOB
HaBBIKM HayYHOTO SKCIIEPUMEHTUPOBAHMS, UCCIAEAOBATENbCKUN TOIXO0/1 K U3YUCHUIO MPEIMETA,
JIOTHYECKOE XUMUYECKOE MBIIICHHE.

B mnpomecce mpoBeneHus 1a00OpaTOPHBIX 3aHATUN CTYJEHTaM MPUBUBAIOTCS HABBIKU
TPY0Jt00Us1, aKKyPaTHOCTH, TOBAPUILECKON B3aUMOIIOMOIIIH, OTBETCTBEHHOCTH 3a MOJIyYeHHbIE
pe3yabpTaThl. CTyAEHTHI, IPOKUBAIOIINE B MECTE HAXOXKAeHUA nHCTUTYTa Win Y KII, BeIMOAHSIOT
Ta00paTOPHBIA TPAKTUKYM IMapajuIeIbHO C HM3YYEHHEM Kypca, BCE OCTAJbHBIE — B IEPUOJ
1ab0paTOPHO-IK3aMEHAIIMOHHOM CECCUU.

KoHcyabTAumu. B cimydae 3arpynHeHu pu M3yYeHUH Kypca CIeayeT oOpamaThes 3a
MACbMEHHOW KOHCYJbTallMEN B MHCTUTYT K MPENOAABATEII0, PELEH3UPYIOIEMY KOHTPOJIbHBIE
paboThl, WJIK 32 YCTHOM KOHCyJbTauuen — k npenojasarento Ha YKII. Koncynbranmuu MoxxHO
MOJIyYUTh 1O BONPOCAM OpraHU3aldd  CaMOCTOSATEIbHOW paboOThl W 1O  JIPYTrUM
OpraHU3aIlMOHHO-METOAMYECKUM BOIIPOCaM.

JIekuuu. B nomomb cryneHtam, npukpervieHHbIM K YKII, uwTarorcs Jiekupm 1o
BAKHEWILIMM pazliesiaM Kypca, Ha KOTOPBIX HM3JIaratoTcs HE BCE BOIPOCHI, MPEJCTABICHHbBIE B
nporpaMMe, a TiyOOKO M JIeTalbHO pacCMaTpUBAIOTCS MPUHIMIHMAIBHBIE, HO HEJOCTaTOYHO
MOJIHO OCBEIICHHBIE B y4eOHOW JIUTepaType MOHATHUS M 3aKOHOMEPHOCTH, COCTaBISIOIINE
TeopeTndyeckuil (yHAaMeHT Kypca XuMuu. Ha neknusix naroTcs TakkKe MEeTOJIUYecKue
PEKOMEHJIallMM ISl  CAMOCTOSATENIbHOIO HM3Y4Y€HHUs CTYJEHTaMU OCTaJlbHOM YacTH Kypca.
CTyneHThl, HE UMEIOIME BO3MOKHOCTH MOCEIIATh JICKIIMK OJJHOBPEMEHHO C U3y4YEHHEM Kypca



M0 KHUTE, CIYLIAIOT JIGKIMH B TEPUOJ YCTAaHOBOYHBIX WM JIaOOpaTOPHO-IK3aMEHAIIMOHHBIX
CECCUH.

3AYET. BeImosmHuB 1a00paTOpHBINA MTPAKTUKYM, CTYACHTHI CAAIOT 3a4eT. J{Jis caaum 3adera
HEOOXOJIMMO yMETh H3JI0XKUTh XOJ BBITIOJHEHHUS OMBITOB, OOBSICHUTH PE3yJbTaThl PaboOThl U
BBIBOJBl M3 HHUX, YMETh COCTABJISITH ypaBHEHUs peakuuil. CTyAeHTH, CHAOIIME 3a4eT,
MPEIbABISAIOT Ta0OPATOPHBIN KypHAI C MMOMETKOM MpernoiaBatessi O BHIMOIHEHUH BCEX padoT,
IIPEAYCMOTPEHHBIX [IJIAHOM IIPAKTUKYMA.

IKk3AMEH. K crmaue »3K3aMeHa JIONMYCKalOTCS CTYJEHTHI, KOTOPBIE BBITOJIHWIH
KOHTPOJIbHBIE 3a/laHUsl W CHAIM 3a4eT M0 JabopaTOpHOMY MPAKTHKYMy. ODK3aMeHATopy
CTYIEHTBl TNPEIBABISIIOT 3aYETHYI0 KHW)XKY, HAIpaBlI€HUE HA OK3aMEH M 3a4YTCHHbBIC
KOHTpPOJIbHBIE PAOOTBHI.

ITPOI'PAMMA

Copepxanue Kypca U 00BeM TpeOOBaHUM, NPEABABISEMBIX CTYJICHTY NpU clade
9K3aMeHa, OMpEeeNsIeT MporpaMma Mo XUMHUU TSI WHKEHEPHO-TEXHUYECKUX (HEXMMHUYECKHX )
CHEIMATIbHOCTEW BBICHIMX Y4YEOHBIX 3aBEJCHHM, YyTBEpKIACHHas YueOHO-METOIUYECKUM
yIpaBJICHUEM TI0 BBICIIEMY 00pa30BaHHIO MHUHHCTEPCTBA BHICIIETO U CPETHETO CHEIHATHHOTO
obpazoBanusi CCCP 4 oktsa6pss 1984 r. Hacrosmias mporpamma Kypca XMMHHU COCTaBIICHA B
COOTBETCTBUM C COBPEMEHHBIM ypOBHEM XHMHUYECKOH HayKd ©  TpeOOBaHUSIMH,
NPEeIbABISIEMbBIMH K  TOATOTOBKE  BBICOKOKBAIM(DUIIMPOBAHHBIX  CHEIHAIUCTOB  JHS
COLIMATTUCTHYECKOTO HApOJHOTO Xo3siicTBa. IIporpamMma COCTOMT W3 BBEIEHUS W IISITH
pasnenoB. IlepBrie dYeThipe pasfena OXBAaTBHIBAIOT COJAEp)KaHUE OOIIel dYacTh Kypca,
HEOOXOIUMOM JJIsT TOATOTOBKH HWHXKEHEPOB JH000i creruaibHOCTH. CojiepKaHUe MATOTO
paszena mporpaMMbl OTPaXKaeT CelUuaIu3aluio Oyaymmx uHXeHepoB. OHO H3MEHSETCS B
3aBHUCHMOCTH OT OCHOBHBIX HaIlpaBJICHHN (MEXaHHUYECKOE, DHEPreTUUYECKOE, CTPOUTEIHHOE)
npoIMPOBaHUS TIOATOTOBKH OYAyIINX HHXKeHEepoB. Huke mpuBoAMTCS 3Ta IpOrpaMma.

BBE/IEHUE

3HayeHHe XUMHMHM B M3YYEHMM MPHUPOAbI M PA3BUTUM TEXHUKU. XUMMs Kak paziel
€CTEeCTBO3HAHMS — HAayKa O BEILIECTBAX M MX MpeBpalieHusx. [loHsTHe 0 MaTepuu, BEIIeCTBE U
none. Ilpeamer XUMHMM M CBSI3b €€ C APYIMMM HayKaMu. 3HaUY€HUE XMMHUU B (DOPMHUPOBAHUU
JMATIEKTUKO-MaTePUAINCTHUYECKOTO MUPOBO33PEHHUSL.

PazButnie xumuu U xumudecko npombinieHHoctd B CoBerckoMm  Corose.
Crnenuduueckoe 3HaYEHHE XUMHUH B TEXHOJIOTMYECKHX M 3KOHOMMUYECKUX BOIPOCAX OTpacieut
HAapOJHOI0 X034KiCcTBa. XUMUS U OXpaHa OKPYKAIOLIEH CPEIbI.

OCHOBHBIE ~ XHMHYECKME  TMOHSATHS M 3aKOHBI B  CBET€  COBPEMEHHOM
IMAJIEKTUKO-MaTepUAINCTHUECKO (unocoduu. 3aKOHBI COXPAHEHUS U B3aUMOCBSI3M MAcChl U
sHeprun. CTeXMOMETPUUECKHE 3aKOHBI M aTOMHO-MOJIEKYJIIPHbIE TIPEACTAaBICHHUS. XUMUUYECKUI
HKBUBAJICHT. MOJIEKYJISIpHBIE U ATOMHBIE MACCHI.

1. CTPOEHHE BEIHIECTBA

1. CTpoeHue aTOMOB U CHCTEeMATHKA
XHMHUYECKHUX FJIEMEHTOB

OcHOBHBIE cBefieHUs O cTpoeHurn artomMoB. CocTtaB aToMmHbIX snep. M3oromsl.
CoBpeMEHHOE MOHITHE 0 XMMUYECKOM DJIEMEHTE.



DIJIEKTPOHHBIE 000109KH aTOMOB. [Toctynater bopa. JIBolicTBEHHAas
KOPIYCKYJISIPHO-BOJIHOBAsl MPUPOJA 3JIEKTPOHA. XaApPAaKTEPUCTHKA MOBEACHUS JJIEKTPOHOB B
atomMax. Pa3menieHue »3JEKTPOHOB B aroMax. OJEKTPOHHbIE aHaiord. HopmanbHoe u
BO30YX/IEHHOE COCTOSIHUE aTOMOB.

[lepuoanueckas cucrema snemeHToB .M. MenneneeBa. JlnanekTudeckuil xapakrep
MEPUOJNYECKOTO 3aKOHA. OKCIIEPUMEHTAbHOE OOOCHOBAHHUE TEPUOJIUYECKON CHCTEMBI.
OOuieHayyHoe 3HAa4Y€HUE TIEPUOJIMYECKOr0 3akoHa. VI3MeHeHue CBOMCTB XMMHYECKUX
3JIEMEHTOB. DJIEKTPOOTPULATEILHOCTh. OKHUCIEHNE U BOCCTAHOBJICHUE.

2. XuMnueckas cBf3b

XHUMHYECKass CBSI3b W BAJCHTHOCTH 3JieMEeHTOB. OOpa3oBaHHME MOJICKYJ W3 aTOMOB.
OcHOBHBIE BBl M XapaKTEPUCTUKH XUMUUYECKOW CBsi3u. OCHOBHBIE MPEICTABICHUS O
KOBAJICHTHOW CBSI3H. BaJIEHTHOCTh XHWMHWYECKHX JJIEMEHTOB. METOJ BaJCHTHBIX CBS3CH.
HacpiltaeMocTh M HallpaBIEHHOCTh KOBAJEHTHBIX CBsi3e. ['mOpmamzanus 3JI€KTPOHHBIX
opOuTanei.

[TonsipHocTh cBsi3M. MeTon MoJekynsapHeIX opoOutaneil. MonHas cBs3e. CreneHb
okuciieHusi. KoopauHaimoHHOe YuCIo.

CrpoeHue npOCTEUIINX MOJEKYJ. OJEKTpUYecKas TMOJSIPHOCTh MOJIEKYJ] U €€
KOJINYECTBEHHAS XapaKTEPUCTHUKA.

3. Tunsl B3auMoaeiicTBUS MOJIEKY.JI.
KonaeHcupoBaHHOe COCTOSIHUE BelleCTBA

Arperanusi  OJHOPOJHBIX Moisiekysl. KonaeHcanuss mapoB U MOJIUMEPHU3ALHUA.
BannepBaanbcoBbl cuibl. BogopoaHas cBs3b.

Arperamusi pasHOpPOIHBIX Moiiekyd. KommiekcooOpa3zoBanue. J[OHOpHO-aKIIENTOPHBII
MEXaHW3M 00pa30BaHMsI CBS3H B KOMILJIEKCHBIX COCIMHECHHSIX.

Crpoenne kpuctamioB. (OCOOCHHOCTH KPHCTALIMYCCKOTO COCTOSIHHMS BEIECTBA.
Kpucramnuueckne cucteMbl. TUIbl KpPUCTAUIMYECKUX pPEHIETOK. MeTtamnnyeckas CBS3b.
PeanbHble KpHUCTAILIBL.

CBoiicTBa BEIIECTB B PA3IUYHBIX COCTOSIHUSX. OCOOCHHOCTH CBOMCTB MOBEPXHOCTHU
KUJKUX U TBEPIBIX TEJL.

11. OBIHE 34KOHOMEPHOCTH
XUMHYECKHX ITPOI[ECCOB

1. DHepreTuka XMuMUYeCKHX MPOLECCOB
U XMMHUYeCKOoe CPOACTBO

Ounepretuueckue 3(Pp(eKTbl XUMUUECKUX peakuuil. BHYyTpeHHsIsI 3Heprus W SHTAJIbIUS.
Tepmoxumuueckue  3aKOHBI.  DHTaNblUs  OOpa30BaHUS ~ XMMHUYECKHMX  COCIMHEHHIA.
Oueprerudeckue 3¢ dexTs! npu pa3oBsix nepexonax. TepMoxuMuuecKkue pacueTbl. DJHTPOIUSI U
ee M3MEHEHHE MpPH XUMHUYECKUX Ipoueccax M (a3oBbIX mepexoaax. JHeprus ['ub0ca u ee
W3MEHEHUE ITPU XUMHUYECKUX MPOLECCaX.

2. XumMuyeckass KHHeTHKA U PaBHOBECHE
B TOMOI'€HHbIX CUCTEMax

CKopoCTh XUMHUYECKUX peakluii. ['OMOreHHbIe U FeTEPOreHHbIE CUCTEMbI. 3aBUCUMOCTh
CKOPOCTH TOMOTEHHBIX PEAKIMl OT KOHLEHTPAIMK PEarupyrollyuX BEIIECTB. 3aKOH JEHCTBUS
Macc. 3aBUCHUMOCTh CKOPOCTH TOMOTEHHBIX PEAKIUN OT TeMIEepaTrypbl. JDHEPrusi aKTUBALIUH.



VYpaBHenue AppeHuyca. XHUMHUYECKOE PABHOBECHME B TOMOTCHHBIX CHCTEMaXxX. YCKOpEHHE
TOMOTEHHbIX peakiuil. ['omorenHblii katanus. Llennble peaknuu. POTOXUMHUYECKUE PEAKIIUU.
PanuanimoHHO-XUMUYECKUE PEeaKIIUH.

3. XuMuueckasi KHHETUKA U PaBHOBECHUE
B I€TCPOr¢HHbIX CHCTEMAX

@dazoBble Mepexo/ibl U paBHOBecHA. CKOPOCTh T'€TEPOTCHHBIX XMUMHUYECKHUX PEaKLMi.
XUMHYECKOEe paBHOBECHE B IeTepOreHHbIX cucrteMax. OCHOBHBIE (PAKTOpHI, ONpeAeoIne
HaIpaBJIeHUE peakiuii u xumudeckoe paBHosecue. [Ipunmumn Jle [llatense. [IpaBuno ¢as.

Paznuunbie BUab1 copoimu. AcopOImoHHOE paBHOBECHE. [ eTeporeHHbIN KaTanus.



11. OBLIAA XAPAKTEPHCTHKA XUMHYECKHX
JIEMEHTOB H UX COE/IHHEHHUH

1. CBolicTBa XUMHYECKHUX JJIEMEHTOB
U 3JIEeMEeHTAPHBIX BelleCTB

XUMUYECKHE DJIEMEHTHI B Tepuoanyeckoi cucreme. Knaccudukamusi 31€MEHTOB 1O
xumuueckoi mpupoae. Knaccudpukanus sneMeHTapHbIX BEIIECTB. AJUIOTPONUS, TOJIUMOPPU3M.
@u3MueCKUe CBOWCTBA JJIEMEHTApPHBIX BEHIECTB. XUMHUYECKHE CBOWCTBA 3JIEMEHTAPHBIX
BEILIECTB.

2. Hpocn,le COCINMHCHUA XUMHYCCKHUX 3JICMCHTOB

OO6mmit 0030p MPOCTHIX COCAMHEHHUI IJIEMEHTOB M XapaKTep XUMHUYECKOW CBSI3M B HHX.
IIpocTbie coeaMHEHUS BOAOPOAA: MPOCTbIE KHUCIOTHI, ruapuabl. COEIUHEHUS TajJOr€HOB —
ranupl. CoeIMHEHUs KUCIIOpOAa — OKCUIBI ¥ TUAPOKCUIbL. CynbQuabl, HUTPUAbI, KapOUIbL.

3. KomniexcHbIe coeTUHEHUS

ATOMBI U HOHBI Kak KOMHHGKCOO6pa3OBaTeHI/I. PaznuuHbie THUIIBI JUI'aHAOB H
KOMIIJICKCHBIX COGZ[I/IHCHI/If/'I. COGI[I/IHGHI/IH KOMIIJICKCHBIX aHHMOHOB. COC,Z[PIHGHI/ISI KOMIIJICKCHBIX
KaTHOHOB U HCfITpﬁJ'IBHBIG KOMIIJICKCEI.

4. Oprannyeckue coeJMHEeHM s

Crpoenune u CBOWCTBA OpraHMYECKUX coeauHeHuid. M3omepus. OcoOEHHOCTH CBOWCTB

OpraHMYE€CKUX COCTUHECHUMH.
Knaccudukanmst OpraHMYeCKUX COCTUHEHUN. YTJIEBOJOPOJbI W TaJOMPOU3BOIHBIC.

KI/ICJ'IOpOI[ 1 a30TCOACPKAIUC OPraHNICCKHUC COCINHCHUSI.

1V. PACTBOPBI U J/IPYTUE JTUCHIEPCHBIE CHCTEMABI.
IEKTPOXUMHUYECKHUE ITPOLHECCHI

1. OcHOBHbBIE XapaKTEePUCTUKHU PACTBOPOB
U IPYTUX THCHEPCHBIX CHCTEM

OO1me MOHATHS O pacTBOpax W JUCHEpPCHBIX cucTemax. Knaccudukauus aucnepcHbIX
cucteM. CrocoObl BBIpaKE€HUSI COCTaBa pacTBOPOB M JPYIMX JUCIEPCHBIX CHUCTEM.

PactBOopuMOCTS.
HN3MeHeHne 3HTaNbIMU W SHTPOIUU IMPU PACTBOPEHUHU. [IIOTHOCTH M JaBiieHME MapoB

pactBopoB. da3oBbie MpeBpalieHus B pactBopax. Ocmorudeckoe aasieHue. OOIMe BOIPOCH!
(U3NKO-XUMHUECKOTO aHAIH3a.

2. BogHblie pacTBOPBI 3JIEKTPOJIHTOB

OcobeHHOCTH BOJBI KaK PacTBOPHUTEIN. DJIEKTPOJMTHYECKAs NHUCCOIMAlUS; JBa BUIA
AJEKTPOJUTOB.  XapaKTepUCTHUKA  TOBEICHHUS  AJIEKTpoJuToB. (CBOHCTBA  pacTBOpPOB
AMeKTpoJanuTOB. CuibHBIE U  cJla0ble AJIEKTPOJUTHI. DIEKTPOIUTHYECKAs JAUCCOLUALIMS
KOMIIJIEKCHBIX COCIUHECHUMH.

WNonnbie peakuuun u paBHoBecus. [IpousBepeHne pacTBOPUMOCTH. DIEKTPOJIUTHYECKAS
nuccounanus Boabl. Bomopoansiil nokazarens. ['uaponus coneid. Teopusi KHCTOT U OCHOBAHMA.
AMQOTEpHBIE AIEKTPOTUTHI.

3. TBepabie pacTBOPHI

ObpazoBaHue TBepAbIX pacTBOpoB. Buasl TBepabix pacTBopoB. CBOMCTBa pa3IMYHBIX
TBEPABIX PACTBOPOB.



4. I'eTeporeHHble TUCHEPCHbIE CHCTEMBbI

ArperatuBHas ¥ KHHETHYECKash YCTOMYMBOCTb TI'€TEPOrCHHBIX TUCIIEPCHBIX CHCTEM.
OOpa3oBaHMe TeTepOreHHBIX IUCIEPCHBIX cucTeM. [ pyboaucnepcHble CHCTEMBI — CyCIIEH3HUH,
IMYyJIbCHUHU, TIeHbI. [I0BEpXHOCTHO-aKTUBHBIE BEIIECTBA M MX BJIMSHUE HA CBOMCTBA JUCIEPCHBIX
CHCTEM.

CrpykTypa W 3JEKTpUYECKMH 3aps] KOUIOMIHBIX yacTull. CBolicTBa JIHMO(OOHBIX U
TMO(UIBHBIX KOJUIOMAHBIX cucTteM. OOpa3oBaHUE U CBOWCTBA Ielie.

5. DyeKkTpoXMMHUYeCKHe MPOoLeCcChI

OKHCIHUTENBHO-BOCCTAHOBUTEIBHBIE PEAKIIMM; COCTABJICHUE ypaBHEHUU. [ 'eTeporeHHble
OKHUCJIUTEIbHO-BOCCTAHOBUTEIIbHBIE U ANEKTPOXUMHUUYECKHUE IpoLecchl. 3akoHbl Dapajes.

[Tonsitue 00 AJNIEKTPOJIHBIX  TMOTEHIIMAJIAX. ["anbBaHMYeCKHE 3JIEMEHTHI.
DNEeKTpOoABMKYILAS cuia U ee u3Mepenre. CTaHIapTHBINA BOJOPOAHBIN JIEKTPO U BOJIOPOIHAS
Ikasna MOTEHIUAJIOB. [ToTenuumarns METaJUTMYECKUX, ra3oBbIX u
OKHCJIUTENBHO-BOCCTAHOBUTENIBHBIX 3JIEKTPOOB.

Kunetnka  snexktpomnbix  mpoueccoB.  llomspusamuss U nepeHanpsiKeHue.
KoHueHTpannoHHas U 3JEKTPOXUMHUYECKAs MOJISIPU3ALUs.

[lepBuuHble TrajdbBaHMYECKUE DJIEMEHTBI, AJIEKTPOJBIKYLIAs CHJa, HaNpsHKEHUE |
€MKOCTb 3JIEMEHTOB. TOIUIMBHBIE 2JIEMEHTHI.

Onektponu3. IlocinenoBaTenbHOCTh 3JIEKTPOAHBIX IMPOLIECCOB. BBIXOA 1O  TOKY.
DNEeKTpoNn3 C HEPACTBOPMMBIMM M PAaCTBOPUMBIMHM aHOJIaMH. [IpakThueckoe NpUMEHEHHE
ANIEKTPONIN3A: TIOMyYeHue U paUHUpPOBAHNE METAIIOB, HAHECEHUE TaTbBAHUYECKUX MOKPBITHIA,
ITonyuenune Bogopozaa, KUCIOPOAA U IPYTUX IPOIYKTOB. AKKYMYJISTOPBI.

6. Koppo3us u 3ammura MmeTauioB

OcHOBHBIE BUIbBI KOppo3uHW. Bpea, HAHOCHUMBIN KOPpPO3UEH HAPOJHOMY XO3SIMCTBY.
Knaccupukanuss  KOPpO3MOHHBIX  TPOIECCOB.  XUMHUYECKass  KOPPO3US  METaJUIOB.
DIEeKTPOXUMHUYECKAsE KOPPO3US METAJUIOB.

Boprba ¢ xopposueit mertamnoB. M3bickaHue KOPPO3MOHHO-CTOMKHMX MAaTEpUANIOB.
Meroapl 3amuThl METAUIOB OT KOppo3uu. M30isius MeTajioB OT arpecCUBHON CpEJibI;
3alUTHBIC TOKPBITUA. DNEKTPOXMMHUYECKHE METOAbl 3aIlUThl (MPOTEKTOpHAs, KaTogHAas U
aHo/lHas 3amwurta). V3MeHeHHe CBOWCTB KOPPO3MOHHOM Cpeibl; MHTUOUTOPBI KOPPO3UH.
DKOHOMHMYECKOE 3HAYEHUE 3AIUTHI METANIOB OT KOPPO3HH.

V. CHEITHAJIBHBIE BOIIPOCHBI XHMHH
A. VTA HH/KEHEPOB-MEXAHUKOB

1. O01mMe CBOMCTBA METAJLJIOB U CILIABOB

dusuyeckrue CBOUCTBA METAJLUIOB. XMMUUYECKUE CBOMCTBA METAJLUIOB. B3anuMoaencTBuiA
Pa3IMYHBIX METAJLIOB. DU3nKo-XxUMHUYECKUN aHaJIn3 METAJLUITNYECKUX CILIABOB.
NuTepmeTaninyeckue COeAMHEHNS U TBEPJIbIE PACTBOPbI METAJIOB.

2. llosryyeHue MeTa1JI0B

PaCHPOCTpaHeHI/Ie n q)OpMLI HaXOXJICHUA MCTAJUIMUCCKUX JBJIICMCHTOB B IIPHUPOJIC.
H3BrneueHne METaIoB M3 pyAa. OcCHOBHEBIE METOObI BOCCTAHOBJICHHUA MCTAJIJIOB. HonyquHe
YUCTBIX U CBCPXYUCTBIX MCTAJIJIOB. BOHpOCBI 9KOHOMUKH, CBA3AHHBIC C ITIOJIYYCHUCM MCTAJIJIOB.

3. Jlerkue KOHCTPYKUMOHHbIE METAJJIbI



[IpoOneMa nerkMx KOHCTPYKIIMOHHBIX MaTepHalioB. Maruuii u Oepuiuinid. AJFOMUHHMN.
Turan. ®usnueckue m xumuyeckue cpoiictBa. CoemamHeHus. PacmpoctpaHeHne u A00bIva.
Hcnonb3zoBanue B TeXHUKE. BOMpPOChl SJKOHOMUKH, CBA3aHHBIE C BBIJACIECHUEM U MPUMEHECHUEM
JIETKUX METAJUIOB.

4. MeTaJyuibl Tpynn BaHAAusi, XpOMa H MapraHua

Bananuii, Huo6uii, Tantan. Xpom, MmonubieH, Boiabhpam. Mapranen npenuid. usnueckue
u xumuueckue cBoictBa. CoemmHenus. Pacmpocrpanenme u goObya. lcnonbs3oBaHue B
TEXHHKE.

5. MeTaJllIBI ceMeHCTBA KeJje3a U Meau

OO0mias XapakTepUCTHKAa METAJIOB ceMelcTBa M ux coeauHeHuid. JKeme3o. KoGanbT.
Hukens. Meab. ®usnueckue u xumuueckue cpoiictBa. Coenunenus. Pacnpoctpanenue u
no6sya. Mcnonp3oBaHue B TeXHHKE. Bompochl SKOHOMHUKH, CBS3aHHBIE C BBIIEICHUEM U
IpUMEHEHHEM. biiaropoiHple MeTaIbl.

6. MeTtajuibl rpynn HMHKA, TAJIUA U TEPMAHUA

Hunk, xanmuit, pryTh. ['amuit, wngui, Tawmid. OnoBo u cBuHen. duzmyeckue u
xumudeckne cpoiictBa. CoequHenus. Pacipoctpanenue u noowrya. Mcrmonb3oBaHne B TEXHUKE.

7. bop, yriiepoa, MHCTPYMEHTAJIbHbIE
1 a0pa3uBHbIC MATEPHAJIbI

bop, Gopunbl. Yriaepoa u ero amnorpomnHbie Gopmbl — rpadut, ammas. KapOuner;
HCIOJIb30BaHNE KapOUI0OB a TEXHUKE.

8. KpeMuuii, repmanmii, cypbma,
MOJIYyNPOBOIHHKOBbIE MATEPHAJIbI

Kpemuuii, cununel, cunukatsl. ['epmanuii, repmannpl. CypbmMa U BUCMYT; CTUOUIBL.
9. Opranuyeckue MoJMMepPHbIE MaTePHUAJIbI

[TonsiTie 00 opraHMdeckux Mnojaumepax. MeToapl CUHTE3a OPraHUYECKUX IOJIMMEPOB.
OCcOoOeHHOCTH BHYTPEHHEIO0 CTPOEHUS U  (U3UKO-XUMHUECKHE CBOWCTBAa IOJMMEPOB.
KoHCTpyKIIMOHHBIE TOJIMMEPHBIE MAaTEPUATIBL.

b. JlV/TA HH’KEHEPOB-DHEPI'ETHKOB

1. XMl KOHCTPYKIHMOHHBIX H
JJIEKTPOTEXHUYECKHX MATEPHATIOB

Mertamiel W CIUTaBbl, (U3MKO-XMMHYECKWUW aHanu3. MarHuii, OepWiUIniA; CBOWMCTBA,
COCIMHECHMS, NMPUMEHEHHE B TEXHHUKE. AJIIOMUHUN, CBOMCTBA, COCAMHEHUS, MPUMEHEHUE B
TexHuke. llepexonHble MeTalibl, UX CBOMCTBA, COCIUHEHUS, NMPUMEHEHUE B JHEPIreTHKE,
ANEKTPOTEXHUKE U PAIUOTEXHUKE.

Kpemuuii, repmaHuii, O0JOBO, CBHMHEL, WX CBOWCTBA U NpPUMEHEHHE. XUMHUSI
MOJIYIIPOBOJAHUKOBBIX MaTepUaioB. XHUMHS MaTE€pPUAJIOB BOJIOKOHHOM ONTHUKU. MeTojsl
MOJTYyYEHUSI MATEPUATIOB BBICOKOUM YHCTOTBHI.

2. HO.]'II/IMepHLIe MaTepHuajJbl B JHEPICTUKE U 3JICKTPOTEXHUKE

Metoasl MOTy4YeHHs MOJUMEPHBIX MaTEpUANOB. 3aBUCHUMOCTb CBOWCTB IOJIMMEPOB OT
coctaBa U CTpYKTyphl. llonnMmepHble KOHCTPYKIMOHHbIE Marepuanbsl, llonumepHbie
TUAIEKTPUKHA. OpraHudecKre MoyIIpOBOJIHHUKH.



3. DJeKTpoXuMHYecKHe MPoLecchl
B JHepPreTHKe U YJIEKTPOHHUKeE

XUMUYECKHUE UCTOYHUKH TOKA. DJIEKTPOXUMUUYECKHUE T€HEPATOPBI. DIEKTPOXUMUUECKUE
npeoOpaszoBareid  (XEMOTPOHBI). DJIGKTPOXUMHUYECKAass aHOAHAasA o00paboTka METaioB |
cruiaBoB. [losrydeHnune u cBOMCTBA raJIbBaHONIOKPBITHM. ['aibBaHOIUIACTHKA.

4, Xumusi BOJAbI U TOIJIMBA

Ctpoenne MoseKyJsl U cBoMcTBa BOJbl. [Ipupoansie Bosibl. OCHOBHBIE METOAbI OUUCTKHU
BO/JIBI.

CoctaB U CBOWMCTBAa OPraHMYECKOrO TOIUIMBA. TeIjoTa CropaHus W TEIUIOTBOPHAs
CIIOCOOHOCTh TOIIMBA. TBepmOe TOIUIMBO W TPOAYKTHI €ro mepepadoTku. Kuakoe wu
ra3zoo0paszHoe TormuBo. O01acTH MPUMEHEHHSI TOTUTHBA.

5. XuMus u oxpaHa oOKpysKaromei cpeabl

TexHuueckuil mporpecc U 3KoOJorudyeckue ImnpoOiemsl. Poiab XuMuum B pelieHUU
IKOJIOTUYECKUX TpobiaeM. [IpoaykTsl ropeHHs TOIUIMBA M 3alllUTa BO3AYIIHOTO OacceliHa OT
3arpsAA3HeHUN. MeToabl MaloOTXOJHOM TexHosioruu. Bomoponnas sHepretuka. Ilomydenue u
UCIIOJIb30BaHKUE BOIOPOJA.

OxpaHa BogHOro OacceiiHa. XapakTepUCTHKa CTOUYHBIX BOJA. MeTO/Ibl OUUCTKH CTOYHBIX
BOJI. MeTo/1bl 3aMKHYTOT'O BO10000pOTA.

6. Sinepnasi xumus. Paxnoxumms

CocraB aroMHBIX dAnaep; M30TONbL. PannoakTMBHOCTh. PanmoakTWBHBIE — pAJIBL.
Ncnonbs3oBanre pajgroOaKTUBHBIX HW30TONOB. VICKyCCTBEHHas paauoOaKkTUBHOCTh. SlnepHbie
peakuuu. SAnepHas sHepretuka. Topull, ypaH, IDIyTOHUA U IPyTHE PaJUOAKTUBHBIE dJIEMEHTHI U
MaTtepuabl.

B. JUIA HHKEHEPOB-CTPOHUTEJIEH

1. Xumus Boabl

CrpoeHnue MoIieKysl BOJbl. BHyTpeHHee CTpPOEHHE M CBOMCTBAa BOJbI B KUIKOM
cocrosan. CTpOCHHE KPUCTAVIOB M CBOWCTBA JbAa. Pazmuunbie (OpMBI CBSI3aHHOW BOJIBI.
XUMHUYECKHU CBsI3aHHAas Boja. TepMuueckas Iuccouuanus ruJpoKCUA0B. AKBACOECTUHEHHUS.

I'maporenu. Ilpomeccel rugpaTauuu W JAeTUApATALMU TUAporeneid. THUKCOTpOIHbIE
ABJIGHUS B CTpouTenbHOUW TexHuke. CopOIMs BOASHBIX MapoB. AJCOpOMpOBaHHAs BOJA.
XemocopOuust Bonbl. Kamwmisipaass koHzaeHcamusi. AOcopouus. ['mapoduiabHOCTH U
ruIpooOHOCTE.

JluarpaMmbl COCTOSIHUSI ABOMHBIX CHUCTEM THIA Boja — cojib. Kpucramiuzauus BOAbl U
BOJIHBIX PacTBOPOB B PA3JIMYHBIX YCIOBHUAX. XMMHUYECKHME CBOWCTBA BOJBI. B3ammonencTBue
BOJIbI C DJIEMEHTapHBIMU BEILIECTBAMU M XUMUUYECKUMU COeTMHEHUsIMU. [Iporiecchl ruipaTanuu u
TUAPOIIHN3A.

2. meJIO‘lHO-SeMeJILHble MeTaJLJIbl M aJTIOMUHUI

Marnuii, cBoiictBa u coeauHeHus. [Ipupoansie coequnenus Maraus. OKCHI U THAPOKCHT
MarHusi; OrHEYIOpbl. Marne3uaabHOE BsDKYIIEe BenecTBO. KapOoHaT u rupokapOOHAT MarHusl.

Kanpuuit: Ilpuponssle CO€IMHEHHs KalbLUs; W3BECTHSAKH, MEPIreiH, Pa3HOBHIHOCTU
OpUPOAHOTO Cyhbdara Kampius. OKCHI M TUIAPOKCHUJ KalbllMs, CBOWCTBA, MOJYYCHHE H
npumenenue. Cynbdar, kapOoHaT, THIPOKAPOOHAT, CUITMKATHI Kanbins. KapOum kanbmus.



Kectkocts npupoHbix BoA. [IponcxoxaeHne KeCTKOCTH BOJbI; €IMHULIBI U3MEPEHHUS
xkectkoctu. KapOboHatHas m HekapOOHaTHasi KECTKOCTh. MeToasl ymMsardeHus Boabl. Jpyrue
MPOIIECChl 00PaOOTKH BOJIBI, METOIBI HOHHOTO OOMEHa.

AJIOMUHMH, CBOMCTBA U coenuHeHud. [Ipuponnsie coennnenus antoMmunus. [lomyyenue
amtoMuHus. [I[puMeHeHne altOMUHUS U €r0 CIUIaBOB B CTPOUTENLCTBE. Koppo3us antoMUHUEBBIX
CILJIABOB M METOJIbI 3aIIUTHI OT Hee. OKCUJT U TUPOKCH]T ATTFOMUHMUSL.

3. [lepexoaHbie MeTAJLIBI

Xpowm. CpoiictBa coenqunenuii xpoma (III) u xpoma (VI). Ilpupoausie coennuenus xpoma.
[IpuMeHeHne XxpoMa 1 €ero COeIMHEHU.

Mapranen. CpoiicTBa coequHeHUN MapraHua. I[IpupoaHeie coeauHEHHsT MapraHia.
[IpumeHeHne MapraHiia U ero COeIMHEHUM.

Keneszo, cBoiicTBa u coeuHeHus. JKenesHnle pyabl. HyryH, cTalb, COEHUAIbHBIE CTAJIH.
[IpumeHeHne coeTMHEHUH Kee3a.

Huxkenb, mMenp; cBoilcTBa M coenuHeHusd. [[puMeHeHne HUKens, MeAu, UX CIUIaBOB U
COCTMHCHHU.

[unk, cBoiicTBa U coenHeHUs. [[puMeHeHne IMHKA U €r0 COEUHECHUM.

4. JJjieMeHTHBI IPYIIbI YIJIepoAa

VYrnepon. AmnorpomnHbie ¢GopMbl yriiepoda. YTiepoa B mpupojae. Bumbl TorumBa.
[Ipuponueii raz. MOHOOKCHZI yIJIEpOJa, CBOWCTBA, MOJYYEHHE W NpPUMEHEHHE. JIMOKCHI
yriepoja, CBOMCTBA U IPUMEHEHHUE. YTOoJIbHas KUCIO0Ta U KapOOHATHI.

Kpemnuii. IlonynpoBOIHHUKOBBIE CBOMCTBa KpeMHHUSA. JIMOKCHMJ KpEMHHS, €ro
nonmuMopdubie Bumon3MeHeHus. KpeMuueBbie KucnoThl. CHIIMKATHI, UX TUIPOJIN3 U THApPATAIIHS.
B3anmopeiicTBue NHOKCHAA KPEMHHUS C OKCHAOM KajbLUWH;, CUIMKATBl U THIPOCHIMKATHI
Kanplus; amoMocwiukaTtel. CTekino u crexkiomarepuansl. Cutamisl. DTOPOCHMIMKATBI U HUX
IIPUMEHEHHE.

I'epmanuii, 0J10BO, CBUHEL.

S. Heoprannuyeckue BsKylMe BeleCTBA

OU3NKO-XUMHUUYECKHE CBOMCTBA BSDKYIIMX BEIIECTB. BO3IyIIHbIE W THUAPABINYCCKUE
BSDKYIIIME BEIIECTBA. 3HAYCHHE CTENEHU MJUCIEPCHOCTU. [MICOBBIE BSDKYIIME BEIIECTBA.
CryneHuarasi Jeruaparanus IByXBOJHOTO cyibdaTa Kaiabius. [lomyBoaHbIM CynbdaT Kanbius.
Ou3nMKO-XUMHUYECKas MPUPO/IA MPOLIECCOB CXBATHIBAHUS U TBEPICHUSI.

[TopTnananeMeHT, ero MoJy4eHue U MPOIECChl, MPOUCXOIAIINE P ero ooxure. CocTa
LIEMEHTHOT0 KJIMHKEepa U B3aUMOJecTBHE ero ¢ Bojoi. IIporeccsl cXxBaThIBaHUS U TBEPACHMUS.
OCHOBHBIE COCTaBISIONINE [IEMEHTHOTO KaMHS.

Koppo3usi 6erona u meronbl O0prObI ¢ Hed. B3ammonmeicTBHE COCTaBHBIX YacTel
1eMeHTHOoro kKamHs ¢ Bojoil. CynbdarHas, yroibHO-KUCIOTHAs, MarHe3ualbHas KOPpPO3Us.
MeTonel 3amuThl OETOHA OT KOPPO3UH. TEeXHUKO-DKOHOMHYECKOE 3HaueHHue OOphOBI ¢
KOppo3uei 6eToHa.

6. Oprannyeckue noJMMepbl

[lonyyenne mnonumepoB. Peaknum nomumepusauuu. I[lonmmdTuieH, DOJMIPONMIIEH,

IMMOJIMBUHWIIXJIOPHU I, ITIOJIUCTUPOIJI. PeaKHI/II/I IIOJIMKOHJCHCAIlUH. CDeHOJI(I)OpMaJII))]eI‘I/IIIHI)Ie CMOJIBI,

kapObamunopopManbIeTuIHble  CMOJbI,  JMOKCHIHBIE  CMOJBI, (ypaHOBBIE  CMOJIBI.
Kpemuuitopranndeckue rnoiaumepsl. bBUTyMBI U IETTH.



®U3NKO-XUMHUUYECKHE CBOMCTBa MOJUMEPOB. (OCOOEHHOCTH BHYTPEHHETO CTPOCHMS
nonaumepoB. [lnacTuyeckre Macchl U MOJIMMEPOETOHBI, 3aII0JIHEHHBIE MTOJUMEPHI, HAITOJHUTENH,
no6aBku k 6eroHam. IlomumepHble MOKpHITHS U Kied. CrocoObl mepepadoTKU IIACTHYECKUX
Macc U MOJYyYEHUS 3JIEMEHTOB CTPOUTEIBHBIX KOHCTPYKIIUH.

CTOMKOCTh U CTape€HHE Pa3JINYHBIX MOJIMMEPHBIX MAaTEpUaOB B YCIOBUAX JJIUTEIbHON
sKcIuryaTauuu. GU3HoI0rnyeckasl akTUBHOCTD ITOJIMMEPHBIX MaT€pUasoB.

JUTEPATYPA

OcHoBHAaA

1. Ilytunckuii I'.11. Kypc xumun. — M.: Beiciias mikoia, 1985.
2. Kypc obmeit xumuu. / [lox pen. H.B. KopoBuna. — M.: Beicmias mkomna, 1981.

JlonosiHuTEILHAS
1. I'muuka H.JI. O6mas xumus. — JI.: Xumus, 1977-1983.
2. Breaenue B o6myto xumuro. / [lox pen. I'.I1. JIyanackoro. — M.: Beicmias mkona, 1980.
3. @®ponos B.B. Xumus. — M.: Beicias mkona, 1979.
4. Xapun A.H., Karaesa H.A., Xapuna JI.T. Kypc xumun. — M.: Beicias mikosa, 1983.
5. Kypc xumuu. Y. 2, cnenuanbHas ais ctpoutenbHbix By30B. / [Tog pea. B.A. KupeeBa. — M.
Bricmas mikoia, 1974.
6. Jleant I'.E. u Paiinpin ['.A. TlpakTukym mo oOuieit xumuu. — M.: Beicias mkona, 1978.
7. IlaBnoB H.H. Teopernuecknue ocHOBbI 0011el xumun. — M.: Boiciias mkona. 1978.

8. BacunbeBa 3.I'., I'panoBckas A.A., TanepoBa A.A. JlabopatopHbie paboOThI 1Mo 00IIeH U
Heopranudeckoi xumuu. — M.: Xumus, 1979.
9. I'muuka H.JI. 3agaun u ynpaxxkaerus mo oomieit xumun. — JI.: Xumus, 1985.
10. 'onbOpaiix 3.E. COopHUK 33134 1 ynpakHeHu# o xumun. — M.: Beiciias mikona, 1384.

KOHTPOJIBHBIE 3A/TAHHUA

Kaxxaplii cTyIeHT BBITIONHSET BapHAHT KOHTPOJBHBIX 3a/laHWi, 0003HAYCHHBIA JBYMS
nmocienHUMH 1HudpaMu  HOMepa CTyaeHdeckoro Owiera (mmdpa). Hampumep, HOMeEp
cTyaeHueckoro Ounera 86594, ne mocneanuwe HUGPHl 94, UM COOTBETCTBYET BapUaHT
KOHTPOJILHOTO 3a/1aHus 94.

KOHTPOJIBHOE 3A/IAHME 1

MoJb. DKBUBAJIEHTHI H YKBHUBaJIEHTHbIE MaCChl MMPOCTBIX
H CJIOKHBIX BellleCTB. 3aK0H YKBHBAJIEHTOB

C 1 suBapsa 1963 r. B CCCP BBenena MexayHapoaHas cUCTeMa €IMHUI] U3MEPEHUs
(CHN), cocrosimias U3 MIECTH OCHOBHBIX €IUHUIL: MeTP (M) — JUJIMHA, KHJI0TrpaMMm (Kr) — Macca,
cekyHaa (c) — Bpems, ammep (A) — cuma Toka, keabBuH (K) — TepMoamHammueckas
TeMreparypa, kanaenaa (k) — cuia ceeta. XIV ['enepanbHas KoHpEpeHIUS 10 MEpaM U BecaM
(1971) yrBepauia B Ka4eCTBE CEIbMOM OCHOBHOM €MHUIIBI MeXTyHapOAHON CUCTEMBI MOJIb
(MONB) — eAMHMIly KOJM4YECTBA BellecTBa. Mosiw pagen Koauuecmey ewecmed cucmembl,
cooepofcawyerl CMobKO JHce CMPYKMYPHbIX JIeMEeHMO08, CKOIAbKO COOEPHCUMCS AMmOMO8 8
yenepooe — 12 maccou 0,012 ke. 1lpy npUMEHEHUH MOJII CTPYKTYpPHBIE 3JIEMEHTHI JIOJKHBI
ObITh crnenuUIMPOBaHBl U MOTYT OBITH aTOMamH, MOJIEKYJaMH, WOHAMH, JJIEKTPOHAMH U
APYTUMH YacTUIIAMUA WJIA CHCHU(PHUIIMPOBAHHBIMH TpyNIamMu dYacTui. Mollb BelecTBa

COOTBETCTBYEeT TMOCTOsSHHONW ABoraapo N, = (6,022045 + 0,000031)%10* mop



CTPYKTYpPHBIX 371€MeHTOB. lIpu mnpumeHeHuMM mnoHATUSA '"MOJb" ClelyeT yKa3blBaTh, KaKHe
CTPYKTYPHBIE DJIEMEHTBI UMEIOTCS B BUly, HAIIpUMeEpP, MOk atomMoB H, moise monexyn H,, moib

IPOTOHOB, MOJIb 3JIEKTPOHOB W T.I. Tak, 3apsi MOJIA DJIEKTPOHOB paBeH 6,022X10% ¢ u
OTBEUaET KOJMYECTBY AJIEKTpuuecTBa, paBHoMY 1 dapaze (F). Macca momns aToMoB min Macca
MOJISI MOJIEKYJl (MOJbHAs WJIM MOJISIpHAs Macca), BBIpaKEHHas B rpammax (I/MOJjb), €CTh
IrpaMM-aTOM JAHHOTO 3JIEMEHTa WM COOTBETCTBEHHO I'PaMM-MOJIEKYJa JAaHHOTO BEIECTBA B
MpeXKHEM TOHUMAaHUU.

IMpumep 1. Beipasure B mMomsix: a) 6,02%10* monexkyn C0,; 6) 1,20%10** atomos

kuciopona; B) 2,00%10% mosnexky Boabl. YeMy paBHa MoJibHas (MOJISIpHAst) Macca YKa3aHHBIX
BelecTs?

Pewenue. Monp — 3TO KOJIMYECTBO BEILIECTBA, B KOTOPOM COAEPKUTCS YHUCIO YACTHI]
A000T0  OMPEICICHHOTO COpPTa, paBHOE TOCTOSIHHONW ABorampo (6,02%10%). Orcroma

a) 6,02%10?', 1.e. 0,01 monp; 6) 1,20%10*, 1.e. 2 Moib; B) 2,00%10%, T.€. 1/3 MOJIb.

Macca Mouis BelecTBa BhIpaXkaeTcs B KI/MOJIb WIH I/MoJb. MonbHas (MoJiipHas) Macca
BEIIECTBA B IPaMMax UYHCJIEHHO paBHA €ro OTHOCUTENIbHON MOJEKYJISpHOU (aTOMHOM) Macce,
BBIPQ)XCHHOW B aTOMHBIX SAMHHUIIAX MACChI (a.€.M.).

Tak xak monexynsapHble Maccel CO, u H,O u aTomHast Macca KUCI0pOia COOTBETCTBEHHO
paBHbl 44; 18 u 16 a.e.M., TO UX MoOJIbHbIE (MOJIApHBIE) Macchl paBHBL: a) 44 r/mMonb; 6) 18
r/MoJib; B) 16 T/MOJB.

IIpumep 2. Onpenenure 3kBUBaNEHT (D) U SKBUBAJIEHTHYIO MaccCy m, a3oTa, Cepbl U
xJyiopa B coenunenusx NH;, H,S u HCL

Pewenue. Macca BeliecTBa U KOJIMUECTBO BEIIECTBA — NOHITUA HEUACHTUYHEIE. Macca
BbIpa)kaeTcsl B KWJIOrpaMMax (rpaMmax), a KOJIMYECTBO BEIIECTBA B MOJISIX.

DKBUBAJIEHT 3JIEMEHTA (D) — 3TO TAKOE KOJIMYECTBO BEIIECTBA, KOTOPOE COEAMHSIETCS C
1 Mob aTOMOB BOJIOPOJIA UJIM 3aMEIIAET TO K€ KOJIMYECTBO aTOMOB BOJOPOAA B XUMHUUYECKHUX
peakuusix. Macca 1 3KkBUBaJIeHTa 371eMEHTa Ha3bIBAETCS €r0 SKBUBAJIEHTHON Maccoil (m.). Takum
00pa3oM, SKBUBAJICHTHI BBIPAXKAIOTCS B MOJISIX, & 9KBUBAJICHTHBIE MACCHI — B T/MOJIb.

B nannbix coenunenusx ¢ 1 Mojab aTOMOB Bojiopojia coeaunsiercst 1/3 monb azora, 1/2,
Mouib cepbl U 1 Monb xsopa. Orcrona D(N) = 1/3 mons, I(S) = 1/2 mons, I(CI) = 1 mos.
Hcxopst U3 MOJIBHBIX MACC 3THUX DJIEMEHTOB, ONPEIEISIEM MX OKBUBAJICHTHBIC MACCHL: My, =
1/3%14 = 4,67 t/monb; my,, = 1/2 ¢ 32 = 16 r/MO1b; my ) = 1 ¢ 35,45 = 35,45 r/monb.

IIpumep 3. Ha BoccranoBnenue 7,09 r okcuaa ABYXBAJICHTHOTO MeTalljia TpeOyeTcs
2,24 1 Bojopona (H.y.). BeluncianTe SKBUBAJICHTHYIO MacCy OKCHJAa U SKBHBAJICHTHYIO MacCy
Metaiuia. Yemy paBHa aToOMHas Macca Metaja’?

Hopmanwsusie ycnoBust mo Mexaynapoanoit cucreme eaunui (CU1): nasnenue 1,013 x
10° ITa (760 mm pt. cT. =1 at™) , Temmeparypa 273 K wmu 0°C.

Pewenue. CornacHO 3aKOHY 3KBHUBAJIEHTOB MacChl (00BEMBI) pearupyromux APYT C
JPYTrOM BELIECTB M1, U M, IPONOPLMOHAIbHBI UX SKBUBAJEHTHBIM MaccaM (00beMaM):

ml _ m2
Myay My (1)
Myeo  _ Mu,

my my
Y(MeO) Y(H,) )



Ecin o1HO 13 BElECTB HAXOAUTCS B Ta3000pa3HOM COCTOSIHUM, TO, KaK IPABUJIO, €r0
KOJIMYECTBO U3MEPSETCS B 00BEMHBIX €IUHMIAX (CM?, T, M°).

OO0beM, 3aHMMaeMbIi TPH JNAaHHBIX, YCIOBUSX MOJBHOW WJIM SKBUBAJCHTHOW MacCOM
razoo0pa3HOro BEIIECTBA, HA3bIBACTCSI MOJbHBIM WJIM, COOTBETCTBEHHO, 3KBHUBAJECHTHBIM
0o0beMoM 3Toro BemiecTBa. MoJbHBIN 00beM JI000ro raza mpu H.y. paBeH 22,4 1. Otciona
SKBHUBAJIEHTHBIM 00BEM BOJOPOIA VmY(i 2) | MOJIEKyIIa KOTOPOTO COCTOMT U3 JIBYX aTOMOB, T.€.
COJICP’KUT JIBAa MOJII aTOMOB BOoJopona, paseH 22,4 : 2 =11,2 n. B ¢opmyne (2) oTHOLICHHE

mHz /mY(Hz) VHz /VmY(i 2)

Vi,

3aMCHSEM PaBHBIM €My OTHOIICHHEM , TIe — 00BeM
VmY(I’ ) o
BOJIOPO/IA, 2) — HKBHUBAJICHTHBIH 00BhEM BOJOPO/IA:
Myeo  _ Vi,
My (meo) me(H :
? 3)
My ve0)
N3 ypaBHeHus (3) HAXOIMM SKBUBAJIEHTHYIO MAacCy OKCHJIa MeTajuia :
7,09 2,24 7,09-11,2 ) vmeene
—— == Mye0) = — o = 35,45 4/ i€l
, 11,2
My (Me0) > ,
my = My + M
CorjgacHO  3aKOHY  SKBHMBAJICHTOB Y(Me0) Y(Me) Y(0,) , OTCIO/IA

my = My npi \ — My =3545-8=27.45
Y(Me) Y(Mel ) Y(0,) ’ ’ r/Monb. MoapHas Macca  MeTauia

OIIpeIeNsIeTCsl U3 COOTHOIEHUS m,=A/B, T1ie m. — SKBUBaJIeHTHasl Macca, 4 — MOJIbHAsi Macca
MeTalula, B — cTexuoMeTpudecKasi BaJIGeHTHOCTb 3eMeHTa; 4 —m,B = 27,45 ¢ 2 = 54,9 r/mMoub.
Tak kak aToMHasi Macca B a.€.M. YUCJICHHO paBHA MOJBHOM (MOJISIPHOM) Macce, BhIpakaeMoil B
I/MOJIb, TO HICKOMAasi aTOMHas Macca Metauia 54,9 a.e.m.

Ipumep 4. Cxonbko MeTaylla, SKBUBAJIEHTHass Macca Kotoporo 12,16 r/modb,
B3aumozencTByeT ¢ 310 cM® kuciopona (H.y.)?

Pewenue. Tax xak MmonbHas (MonsgpHast) Macca O, (32 r/MoJib) NIPH H.y. 3aHUMAET 00beM
22,4 M, TO 00beM SKBUBAJICHTHOW MacChl Kuciioposa (8 r/monsb) Oyaer 22,4 : 4 =
= 5,6 1. = 5600 cm>. T1o 3aKOHY DKBHBAJIEHTOB:

my, _ " sea e _ 310
My Vw1216 5600

otkyaa m,,,=12,16 » 310/5600=0,673 r.
IIpumep 5. Boluncnure skBUBaNeHThl U 3KkBHBaneHTHble Macchl H,SO, u Al(OH), B
PEaKIusix, BBIPAKEHHBIX YPAaBHEHUSAMU:

H,S0, + KOH = KHSO, + H,0 (1)
H,S0, + Mg = MgSO, + H, )

Al(OH),+ HC1 = Al(OH),C1+ H,0 3)
Al(OH),+ 3HNO, = AI(NO,),+ 3H,0 (4)

Pewenue. xBuBaneHT (BKBI/IBaﬂeHTHaH MaCCB_) CJIOKHOT'O BCIICCTBA, KAK U OKBUBAJICHT
(3KBI/IBaIIeHTHaH MaCCEl) 9JICMCHTA, MOXXET UMCTL PA3JIMYHBIC 3HAYCHHUA W 3aBHUCUT OT TOIO, B



KaKyl peakIiio oOMEeHa BCTYMAeT 3TO BEUIECTBO. JKBUBAJICHTHAsI Macca KUCIOTHI (OCHOBHA)
paBHa MOJIbHOW Macce (M), neneHHOW Ha YMCII0 aTOMOB BOJOPOJA, 3aMEIICHHBIX B JaHHOU
peakuuMu Ha MeTaul (Ha YKCIO BCTYMAIIUX B PEAKIUI0 TUAPOKCUIBHBIX TPYIII).
CnenoBarenbHo, skBUBasieHTHass Macca H,SO, B peakuuu (1) MH,50,=98 r/moib, a B peakuu
(2) Mu,s0,/2 = 49 r/mone. DxBuBanentnas macca Al(OH), B peakuuu (3) M, opy; = 78 r/MOIIB,

a B peakuuu (4) M op)/3= 26 r/MOIB.

3amaqy MOXHO peuuTs u apyrum crocodbom. Tak kak H,S0, B3aumopaeicTByeT ¢ 0aHOM
skBuBajieHTHON Maccori KOH u aByMmsi SKBUBaJI€HTHBIMU MaccaMu MarHusi, TO €€ SKBUBAJICHTHAs
macca paBHa B peakuuun (1) M/l r/mons m B peakuuun (2) M/2 r/mons. Al(OH),
B3aMMOJICHCTBYET C OJHOM 3kBUBaneHTHOW Maccod HCI u Tpemsi 3KBUBaJIEHTHBIMH MaccaMu
HNO,, nostoMy ero skBuBajeHTHas Macca B peakiui (3) paBHa M/I r/mons, B peakuuu (4) M/3
r/monb. DkxBuBaieHTsl H,SO, B ypaBHeHusx (1) u (2) cOOTBETCTBEHHO paBHbI 1 MOJIb U /2 MOJIb;
skBuBajieHThl AI(OH), B ypaBHeHusX (3) u (4) COOTBETCTBEHHO paBHBI | Mok U 1/3 Moub.

Hpumep 6. 13 3,85 r Hutpata Meraiia noixyyeHo 1,60 r ero ruapokcuaa. Berancnure
HKBUBAJIEHTHYIO Maccy MeTaiia (my,,,).

Pewenue. Tlpu peniennn 3aauu caeayeT UMETh B BUAY: a) 9KBUBAJICHT (PKBUBAJICHTHAs
Macca) THAPOKCHIA pPaBEH CYyMME OSKBHUBAJICHTOB (PKBHUBAJCHTHBIX Macc) MeTauia M
THAPOKCWIBHON Tpymmbl; ©) OKBUBAJICHT (PKBUBAJCHTHAs Macca) COJIUM pPaBeH CyMMeE
SKBUBAJICHTOB (SKBHUBAJEHTHBIX MAacC) METaJlyla U KHCIOTHOTO ocTarka. BooOle >KBUBaJICHT
(3KBUBaJEHTHAass Macca) XUMHUYECKOTO COEJUHEHHs paBeH CyMMe OSKBUBAJICHTOB
(?KBHUBAJICHTHBIX MACC) COCTABJISIFOLIUX €T0 YaCTEH.

VYunuteiBasg CcKa3zaHHOE, MOJCTaBIsieM COOTBETCTBYIOIIME AaHHbIE B ypaBHeHHe (1)
npumepa 3:

3,85 My F Moy 3,85 My, +62

= 5 =

b

M ate) =15 r/momnb

IIpumep 7. B kakoit macce Ca(OH), conep>KuTcst CTOIBKO K€ 3KBUBAJIECHTOB, CKOJIBKO B
3121 AI(OH);?

Pewenue. DxBuBanentHas macca Al(OH), paBna 1/3 ero monbHON Macchl, T.e. 78/3 =
26 rt/monb. CnenosarenbHo, B 312 r Al(OH), conmepxutcs 312/26 =12 3KBUBaJIEHTOB.
OkBuBaneHTtHas macca Ca(OH), paBHa 1/2 ero monbHOW Macchel, T.e. 37 r/monb. OTcroaa
12 skBHUBaJIEHTOB COCTaBIAIOT 37 T/MOJbL X 12 Moy = 444 T.

IIpumep 8. Boruncnute aOCOMIOTHYIO MAacCy MOJIEKYJIbI CEPHOM KHCIOTHI B TpaMMax.

Pewenue. Monp moboro BemiectBa (cM. mpumMep 1) COAEPKUT MOCTOSHHYIO ABOTaAPO
N, CTpYKTypHBIX eAuHHI] (B HamieM npumepe mojekyin). Monbaas macca H,SO, pasna 98,0
r/mMoib. Clie10BaTeNILHO, Macca OJHOM MOIeKyJIbl 98/(6,02 « 10%) =1,63 < 1022 1.

KonTposbHbie BOPOCHI

1. Omnpenenute SKBUBAJICHT U SKBUBAJICHTHYIO Maccy (ocdopa, Kkuciopoaa u 6poma
B coequnenusax PH;, H,O, HBr.

2. B kaxoit macce NaOH conepx’uTcsi CTOJIBKO K€ IKBUBAJIEHTOB, CKOJIBKO B 140 r
KOH? Omesem: 100r.

3. N3 1,35 r okcuma meramna moayvaercs 3,15 r ero Hurtparta. Berumcinure
SKBUBAJIEHTHYIO Maccy 3Toro metamia. Omeem: 32,5 r/MoIIb.



4. W3 1,3 r rugpokcuna meramia monaydaercs 2,85 T ero cynbgara. Beruucnure
SKBUBAJIEHTHYIO Maccy 3Toro metamia. Omegem: 9 T/MOJIb.

5. Oxkcupa TpexBajeHTHOTo snemeHTa conepxkut 31,58% kucinopona. Beiuncnure
SKBHUBAJIEHTHYIO0, MOJIbHYIO U @aTOMHYIO MACChI 3TOT'0 3JIEMEHTA.
6. Uemy paBeH mnpu H.y. OSKBUBAICHTHBIH 00BeM Bojmopona? Beruawmcnure

SKBUBAJIEHTHYI0 MacCcy MeTaia, ecid Ha BoccraHoBieHnue 1,017 1 ero oxcuaa
uspacxogoanocs 0,28 1 Bogopona (H.y.). Omeem: 32, 68 r/MoIb.

7. Bripasure B Mosix: a) 6,02 ¢ 10%? monexyn C,H,; 6) 1,80 * 10** atomoB a3ora;
B) 3,01 « 10% monexyn NH3. KakoBa MonbHast Macca yKa3aHHBIX BEIIECTB?

8. Bblunciure SKBUBaJIEHT M OKBHUBaJeHTHyro Maccy H.PO, B peaxnusx
oOpazoBanwus: a) runpodocdara; 6) nuruapodocdara; B) oprodocdara.

9. B 2,48 r okcuma OJHOBaJIEHTHOrO MeTaia cojepxkurcs 1,84 r Meranna.
BoruncnuTe 5KBUBaJEHTHBIE MAacChl METaUla W €ro okcuja. Yemy paBHA MOJIbHas U aTOMHas
Macca 3To To MeTasa?

10. Yemy paBeH mpu H.y. SKBUBAJICHTHBIH 00BeM kuciopoaa? Ha cxwuranme 1,51
IByXBaJleHTHOro Metamia Tpebyercs 0,69 n kucnopona (H.y.). Beruncianre >KBHUBaIECHTHYIO
Maccy, MOJIBHYIO MacCy U aTOMHYIO MaccCy 3TOr0 MeTajuia.

11. W3 3,31 r Hurpata MeTtasyia mojiydaercss 2,78 T €ro XJopuaa, BBIUYHUCIUTE
AKBUBAJICHTHYIO Maccy 3Toro metamuia. Omeem: 103,6 T/Moub.

12. Hamummre ypaBHenus peakuuit Fe(OH); ¢ xiopoBomopoaHoil (coisiHOM)
KHUCJIOTOW, TMpPH KOTOPBIX OOpa3yloTCsl CJenylollde COeAMHEHHUsS JKele3a: a) XJIOpUT
TUTHAPOKCOXKENe3a; ©0) IUXJIOPHA THAPOKCOXKENIe3a, B) TPHUXJIOPUI Keje3a. Bwrauciaure
SKBHUBAJIEHT U 3KBUBaJIEHTHYIO Maccy Fe(OH); B ka0 U3 3TUX peakiuil.

13.  M3OBITKOM THAPOKCH/IA KaTHs MOJACHCTBOBAIIM HA pacTBOPHI: a) nuruapodocdara
kanusi; 0) HuTpata nuruapokcosucmyta (III), Hanummure ypaBHEHUS peakiuil 3THX BEUIECTB C
KOH u onpenenute ux SKBUBAJIICHTHI U SKBUBAJICHTHBIE MACCBHI.

14. B xaxom xonmuuectBe Cr(OH), cogepkuTCsl CTOIBKO K€ HIKBUBAJIEHTOB, CKOJIBKO
B 174,96 r Mg(OH),? Omeem: 174 1.

15.  M30BITKOM XJIOPOBOJOPOIHOI (COJISHOI) KHCIOTHI MOJAEHCTBOBAIA HA PACTBOPHI:
a) TUIpoKapOoHaTa Kalblvs; 0) AUXJIOpUAA THAPOKCOATIOMUHNS. Hanummre ypaBHEHUS peaKITHii
stux BemecTB ¢ HCI u onpenenuTe Ux 3KBUBAJICHTHI U SKBUBAJICHTHBIE MACCHI.

16.  Ilpu oxucnenunm 16,74 2 HABYXBaJCHTHOTO MeTauia oOpaszoBaioch 21,54 r
OKCcHaa. BpluncianTe SKBHUBAJICHTHbIE MacChl METalsla M €ro okcuaa. YeMy paBHBI MOJbHAs U
aTOMHasi Macchl MeTaia?

17. [Tpu B3aumopelicTBuu 3,24 © TPEXBAJICHTHOIO METaslla ¢ KUCJIOTOW BBIACISAETCS
4,03 1 Bogoposa (H.y.). Beruncinure 5KBUBaJICHTHYI0, MOJIbHYIO M aTOMHYIO MacChl METaJLJIa.
18.  HMcxons U3 MOJIBHOM Macchl yIiiepo/ia U BOJIbl, ONPEAEIUTE a0COIIOTHYIO Maccy

aToMa yriepoja i MOJIEKYJIbI BOJbI B rpammax. Omeem. 2,0¥10% 1, 3,0 « 10* r.

19.  Ha me#itpanuzauuto 9,797 t oprodochopHOil KUCIOTHI U3pacxonoBaHo 7,998 r
NaOH. Brluucnure 5KBUBaJIEHT, SKBUBAJIEHTHYIO Maccy U ocHoBHOCTh H;PO, B 3TOl peakuuu.
Ha ocHoBanuu pacuera Hanumute ypaBHeHue peakuuu. Omeem. 0,5 moinb, 49 r/mMob, 2.

20. Ha meiirpanuzamuto 0,943 r ¢ocdopucroit kucnorst H,PO3 m3pacxomosano
1,291 r KOH. Bpluuciaute SKBUBAJIEHT, SKBUBAJIEHTHYIO MAacCy M OCHOBHOCTH KUCIOTHI. Ha
OCHOBAaHMH, pacyeTa HalMIIUTe ypaBHeHue peakuuu. Omeem. 0,5 moib, 41 r/mMounb, 2.

Crtpoenne atoma



IIpumep 1. Uto Takoe kBaHTOBBIE uncna? Kakue 3HaU€HUSI OHU MOTYT IPUHUMATH?

Pewenue. JIBmkeHue 5SIIEKTpOHA B aTOME€ HOCUT BEpPOSITHOCTHBIMA XapakTep.
OxkomosiiepHOe TPOCTPAHCTBO, B KOTOPOM ¢ HambOombIied BeposTHOCThIO (0,9—0,95) moxer
HaXOJUThCS AJNEKTPOH, Ha3bIBaeTCsi aTOMHOM opOuTanbio (AO). AToMHas opouTaik, Kak Jrodas
reoMeTpuueckas  ¢Gurypa, XapakTepusyercs Tpems IapameTpaMud  (KOOpIWHATaMHu),
MOJTYYMBIIMMHU Ha3BaHWE KBAHTOBBIX unceln (n, [, m;). KBaHTOBBIE UnClia MPUHUMAIOT HE JO0bIE,
a ornpejeNieHHbIe, TUCKpPEeTHbIE (TpepbiBHBIC) 3HaueHUsI. CoceHNE 3HAYCHHs] KBAHTOBBIX YHCEN
paznuyaroTcss Ha eauHuIly. KBaHTOBble umcna ompenensior pasmep (n), dopmy (/) u
OopueHTaluo (m,) aTOMHON OpOMTaTM B MPOCTPAHCTBE. 3aHWMas Ty WIM UHYIO aTOMHYIO
opOuTanb, MEKTPOH 00pa3yeT IEKTPOHHOE 00IaK0, KOTOPOE Y 3JIEKTPOHOB OJHOTO M TOTO K€
aToMa MOXKET UMETh pa3audHyro ¢opmy (puc. 1). @opMbl 3IEKTPOHHBIX 00JIaKOB aHATIOTUYHBI
AQO. Hx Takke Ha3bIBAIOT JJCKTPOHHBIMH WJIM aTOMHBIMU OPOUTAISIMH. DJIEKTPOHHOE 00JIaKO
XapaKTepU3yeTCsl YeThbIpbMs KBAaHTOBBIMU 4uciaMu (n, [, m, u m). DTH KBAaHTOBBIC YHUCIA
CBsI3aHBl C (U3MYECKUMU CBOMCTBAMHU JJIEKTPOHA, W YHUCIO 7 (TJIaBHOE KBAHTOBOE YHUCIIO)
XapaKTEePU3yeT SHEPreTHUEeCKui (KBAHTOBBIN) ypOBEHb 3JIEKTpOHA; 4uciio [ (opOutanpHOE) —
MOMEHT KOJINYECTBA JBWKECHUS (IPHEPreTUYECKUH MOAYPOBEHB), YMUCIO M, (MAarHUTHOE) -
MarHuTHBIA MOMEHT, m, — ciH. CIIHH 3JIeKTpOHAa BO3HUKAET 32 CUET BPAIICHUS €0 BOKPYT
COOCTBEHHOM OCH. DJEKTPOHBI B aTOME JOJDKHBI OTIMYAThCA XOTS Obl OJHUM KBAHTOBBIM
yucyioM (npuHiun Ilaynu), nosromy B AO MOTyT HaXOAUThCA HE OoJee



JIBYX 3JIEKTPOHOB, OTJIMYAIOLIMXCS CBOMMHU criuHamu (m, = £1/2). B Tabxn. 1 npuseneHs
3Ha4YCHMS U 0003HAYEHUS KBAaHTOBBIX UMCEN, & TAKXKE YHCJIO DJIEKTPOHOB HA COOTBETCTBYIOIIEM
SHEPIreTHYECKOM YPOBHE B MTOAYPOBHE.

Tabmura 1.
3HAYEHMSI KBAHTOBBIX YACEJ U MAKCUMAJIBHOE YHCJIO DJEKTPOHOB
HA KBAHTOBBIX YPOBHSIX U NOJAYPOBHSX
TATHUTHOE Yuciao MAKCHUMA-JBHOE
(BAHTOBOE KBAHTOBBIX 4YUCJIO
YUCJIO m, COCTOSHA 3JIEKTPOHOB
i
(OPBUTAJIEM
)
OJYPOBEHb
I''IABHOE OBO3HA-YE OPBUTAJIb-HOE B IOAYPOBHE B B IIOAYPOE
KBAHTOBOE HHUE KBAHTOBOE YHCJIO (2/+1) YPOBHE 2/+1)
YHCJIO N 1 n’
1 S 0 0 1 1 2
2 s 0 0 1 4 2
2 1 -1; 0;+1 3 6
3 S 0 1 2
p 1 -1; 041542 3 9 6
d 2 -2-1; O3 5 10
4 s 0 1 2
p 1 -1; 0;+1 3 6
d 2 -2;-1; 0;+1;42 5 16 10
f 3 -3;-25-1; 05+, 7 14
+2;+3;




Puc. 1. ®oprMblI -, p- ¥ d- JIEKTPOHHBIX OBJAKOB (OPBUTAJIEI)

Ipumep 2. CocTtaBbTe 3JEKTPOHHBIE (OPMYIJIBI ATOMOB 3JIEMEHTOB C MOPSIKOBBIMH
Homepamu 16 u 22. Ilokaxute pacrpeiesieHHe 3JIEKTPOHOB 3THUX aTOMOB MO KBAaHTOBBIM
(?HEPreTUYECKUM) STUCHKaM.

Pewenue. DnexkTpoHHbie GopMysbl 0TOOpakaroT pacnpeesieHue dJIEKTPOHOB B aTOMe
M0 DHEPreTMYECKUM YPOBHSIM, MOAYPOBHSAM (aTOMHBIM OpOWUTanIsiM). DIEKTPOHHAA
KOH(Urypausi 0003HayaeTcs rpyninaMu CUMBOJIOB 1[5, TJie n — IJIaBHOE KBAaHTOBOE YMCIIO, / —
opOMTaIbHOE KBAaHTOBOE YHCIO (BMECTO HEro YKa3bIBAIOT COOTBETCTBYIOIIEE OYKBEHHOE
o0o3HaYeHHE — S, p, d, f), X — YUCIIO DJIIEKTPOHOB B JaHHOM TIoIypoBHE (opOutanu). [Ipu aTom
CJIeTyeT YYUTBIBATb, UTO 3JIEKTPOH 3aHUMAET TOT SHEPreTUUYECKHUl MOAYPOBEHb, HA KOTOPOM OH
o0nazaeT HauWMEHBIIEH »JHepruel — MeHblas cymma n+/ (mpaBuio KiedkoBCKOTO).
[TocnenoBaTenbHOCTD 3aNIOIHEHUS SHEPreTUUYECKUX YPOBHEW M MOYPOBHEN CIIEAYIOIIas:

Is>25>2p—>3533p—>ds—>3d >4p—->55s>4d >5p > 65— (5d ) > 4f -
—>5d > 6p—>Ts—(6d7)=>5f>6d>Tp

Tak KaKk 4uci0 3JIEKTPOHOB B aTOME TOT'O MJIM MHOT'O AJIEMEHTA PABHO €r0 MOPSIAKOBOMY
Homepy B Tabnuue .M. MenneneeBa, To nmnsi anemeHToB Nel6 (cepa) m Ne22 (Tutan)
ANEKTPOHHBIE (HOPMYIIBI UMEIOT BU/I:

16° 1s*25°2p°3s*3p*
22" 15°2s°2p°3s°3p°3d*4s®
DNEeKTpOHHAs CTPYKTypa aTroMa MOXET ObITh H300pa)keHa TakKe B BHJE CXEM

pa3MeIleHus] 3JEKTPOHOB B KBAHTOBBIX (PHEPreTUUECKUX) sdeHKaX, KOTOpbIE SBISIOTCS
CXEMaTUYeCKUM H300pakeHrneM aTroMHbIX opOuTaneil (AO). KBanToBylo sfiueiiky 0003HayaroT B

BUJIE MPSMOYTOJILHUKA , KpyXKa O WIH JTHHEUKHU , @ DJICKTPOHBI B 3TUX SYEHKaX
0003Ha4arT cTpeikaMu. B kax a0l KBaHTOBOM sTYEKE MOKET OBITh HE 00JIee ABYX IJIEKTPOHOB

N @

C IIPOTUBOIIOJJIOXHBIMH CIIMHAMU , nin . B JaHHOM mocoounu MMPUMCHSIOT



npsAMOYTOJIbHUKH. OpOUTaNy JaHHOIO MOAYPOBHS 3aMOIHIIOTCSA CHA4Yaja 0 OAHOMY JJIEKTPOHY
C OJIMHAKOBBIMHU CIIMHAMH, & 3aT€M IO BTOPOMY JJICKTPOHY C MPOTHBOIIOJIOKHBIMU CIIHHAMHM
(mpaBumno XyHpa):
=
n=Ity{ p
16° =2ttty d
n=Sryryt{t] [ [ | ]|

S
nAlty  p

2T 2NN d
n=3[tyrfryn 1]t f
n=4{t} HEEEEE

Ipumep 3. Uzorom 101-ro smementa — w™enzaeneBus (256) Obul moONy4YeH
O60MOapIupoOBKON a-yacTuliaMu sAfep aromMoB diHIITEHUS (253). CocTaBbTe ypaBHEHUE 3TOM
SICPHON peaKIMy U HAMUIIUTE ero B COKpAIeHHOH (popme.

Pewenue. TlpeBpaiienue aToMHBIX siiep OOYCIOBIMBAETCA WX B3aUMOJCHCTBHEM C
AJIEMEHTAPHBIMU YaCTUIAMH WM JPYT C JAPYroM. SliepHble peakiiy CBS3aHbl C U3MEHEHUEM
COCTaBa fAJlep aTOMOB XMMHYECKHX 3JeMEHTOB. C MOMOIIBIO SACPHBIX pEaKkUUid MOXKHO M3
aTOMOB OJIHUX 3JIEMEHTOB IOJyYUTh aTOMBI IPYTHX.

[IpeBpailieHusT aTOMHBIX SAEpP Kak IPU E€CTECTBEHHOM, TaK W MNPH HCKYCCTBEHHOMU
PaMOAaKTUBHOCTH 3alHCBHIBAIOT B BUAE YpaBHEHHM saepHbIX peakiuil. [Ipu stom cremyet
MIOMHHTb, YTO CYyMMbI MAaCCOBBIX uncen (IUPpbI, CTOALIME Y CUMBOJIA 3JIEMEHTA BBEPXY CJIEBA)
U anredpandyecKkue CyMMbl 3apsfoB (UU(PBI, CTOSIIHE y CHUMBOJIA dJEMEHTa BHU3Y CJIEBA)
YacTHI B JIEBOW M MPABOM YACTSIX PaBEHCTBA JIOJKHBI OBITh PaBHBI. J[aHHYIO SAEPHYIO PEAKIINIO
BBIPAYKAIOT YpPaBHEHUEM:

o Es+; He=1> Md+yn

YacTo NpuUMEHSIOT COKpAIIeHHYI0 popMy 3anucu. [[jis mpuBeeHHON peakiui OHA UMEET
Bua: “Es(a, n)*°Md. B ckoOkax Ha mepBOM MeCTe MHIITYT OOMOApAUPYIOIIYIO YacTHUILY, a Ha
BTOpPOM, Yepe3 3aIlATyl0, - YaCTHIly, 00pa3yroIlylocsi Ipy JaHHOM Ipouecce. B cokpalieHHbIX
4 1 2. 1
YPaBHEHHUAX YaCTHUIbI He 5 1D gn 0003HaYarOT COOTBETCTBEHHO &, P, d, n.

IIpumep 4. Vcxoas u3 cOKpallleHHbIX YpPaBHEHUH sIEpHBIX peakuuii (Tal. 2), HanuImuTe
WX TOJIHBIC YPaBHEHUSI.

Pewenue. OTBET Ha BONPOC OTpaXkeH B Ta0I. 2.

Tabnuma 2.
COKPALLEHHBIE U ITOJIHBIE YPABHEHUSI SIIEPHBIX PEAKLIIA
COKPAIIEHHBIE YPABHEHHSI I1OJTHBIE YPABHEHMSI
T Al(p,0)* Mg Al + H =} Mg +; He
’ Be(a,n)"*C sBe+i He= C+yn
*Co(n,0)’ Mn 2 Co+yn=3 Mn+; He
“N(n, p)*C UNH = CilH




28(d,a) P S+ D=}, P+, He

KoHTpoJibHbIE BONIPOCHI

21.  Hamumwure »5nexkTpoHHBIE (OPMYIBI aTOMOB D3JEMEHTOB C MOPSAIKOBBIMHU
Homepamu 9 u 28. IlokaxkuTe pacrpeiesieHHe d3JIEeKTPOHOB 3THX aTOMOB MO KBaHTOBBIM
auerikaM. K KakoMy 3JIEKTpPOHHOMY CEMENCTBY OTHOCHUTCS KX bl U3 3THX AJIEMEHTOB?

22.  Hamummre »3neKTpoHHBIE (OPMYIBI aTOMOB JJEMEHTOB C MOPSIKOBBIMHU
HoMepamu 16 u 26. Pacnipenenurte 371€KTPOHBI ’TUX aTOMOB IO KBaHTOBBIM siueiikaM. K kakomy
AJIEKTPOHHOMY CEMEMCTBY OTHOCUTCS KaXAbIi U3 3TUX 3JIEMEHTOB?

23.  Kakoe MakCMMalbHOE YHCJIO JIEKTPOHOB MOTYT 3aHUMATh S-, p-, d- U f~opOuTtanu
JaHHOTO sHepreTuyeckoro ypoBHs? Iloyemy? Hammmmre snekTpoHHy0 (opMyny aroma
3JIEMEHTAa C OPSIAKOBBIM HOMEPOM 3 1.

24.  Hamumwure »5aeKTpOHHBIE (OPMYIBI aTOMOB DJJIEMEHTOB C MOPSAIKOBBIMHU
HoMepamu 25 u 34. K KakoMy »3JIEKTPOHHOMY CEMEMCTBY OTHOCHUTCS KaXIblii M3 3THUX
AJIEMEHTOB?

25.  Kakue opOuTanu aToma 3aroJHSAIOTCS JIEKTPOHAMH paHbIIe: 45 Wik 3d,; 5s umm
4p? Tlouemy? Hanummre 371eKTpOHHYIO (HOPMYITy aToMa 3JIEMEHTa C MOPSAKOBBIM HOMEPOM
21.

26.  UM3oron Hukens-57 obpaszyercs npu 6oMOapAUpPOBKE A-4acTUIIAMU SEP aTOMOB
xene3a-54. CocTtaBbTe YpaBHEHUE STOW SIIEPHOM peaKkUMM M HANUIIUTE €r0 a COKPAILEHHOM
dbopwme.

27.  Kakue opOuTtanu aToMa 3amoiHSIOTCS AJIEKTPOHAMU paHblie: 4d' unu s, 6s win
5p? Tlouemy? Hamumurte »neKTpOHHYIO (GOpMyITy aToma 3JIEMEHTa C MOPSAKOBBEIM HOMEPOM
43.

106215908. UYrto Ttakoe wu3orombl? YemM MOKHO OOBACHHTH, YTO y OOJBITMHCTBA
AJIEMEHTOB MEPUOINIECKON CUCTEMBI aTOMHBIE MACChI BRIPAXKAIOTCA APOOHBIM unciaom? Moryt
JIM aTOMBI pa3HbIX AJIEMEHTOB UMETh OJJMHAKOBYI0 Maccy? Kak Ha3pIBaroTCsl I0JJOOHbBIE ATOMBI?

106215909. MU3zoton kpemuus-40 oOpazyercst mpu 6oMOapIUPOBKE a-4aCTULIAMU SITEP
aToMoB aimoMHuHMsI-27. CocTaBbTe ypaBHEHHE STOW SAEPHON peakUuMyd M HAMMUIIUTE €ro B
COKpalieHHou (popme.

106215910. Hanummwure 351eKTpOHHBIE (POPMYJIBI AaTOMOB 3JIEMEHTOB C IMOPSAKOBBIMU
Homepamu 14 u 40. Ckonbko cBOOOTHBIX d-OpOuTasiell y aTOMOB MOCJIEIHEro JIeMeHTa?

31.  Uzorom yrneponaa-11 obpasyercs npu 6oMOapAMPOBKE MPOTOHAMU SIJIEP aTOMOB
azota-14. CocraBbTe ypaBHEHHE ITOW SIICPHOM PEAKIMM M HANUIIUTE €r0 B COKPALIEHHOMN
dopme.

32. Hamumwure »31eKTpoHHBIE (OPMYJIBI aTOMOB, 3JIEMEHTOB C MOPSIKOBBIMU
HoMmepamu 15 u 28. Uemy paBeH MakCUMAaJbHBII CIIMH p-3J€KTPOHOB Y aTOMOB IIEPBOTO U
d-37€KTPOHOB Y aTOMOB BTOPOTI'O 3JIeMEHTa?

33.  Hamummwmre »51eKkTpoHHbIE (QOPMYNIBI aTOMOB 3JIEMEHTOB C MOPAIKOBBIMHU
HoMmepaMmu 21 u 23. CkosbKO CBOOOJHBIX d-OpOuTasiell B aTOMaxX 3TUX 3JIEMEHTOB?
34.  CKOJBKO M KakHe 3Ha4Y€HHUs MOXKET IPUHUMAaTh MarHUTHOE KBAaHTOBOE YHUCIIO M,

npu opbutanbHoM umcne [ = 0, 1, 2 u 3? Kakue s1eMeHTbl B NEPUOAMYECKON CUCTEME
HA3BIBAIOT §-, p-, d- U f~3nementamu? [IpuBeaure npumepsl.



35. Kakme 3HaueHuss MOryT IIpUHHMMAaThb KBaHTOBblE uMciaa n, [, m, U m,
XapaKTepU3YIOIINEe COCTOSIHHE JJIEKTPOHOB B aTtome? Kakwe 3HA4YCHWs] OHM TPUHUMAIOT JIJIst
BHEILITHUX AJIEKTPOHOB aTOMa Maruus’?

36. Kakue wu3 3MEKTPOHHBIX (GOPMYJ, OTPAKAIOIIUX CTPOSHHUE HEBO30YKICHHOTO
aTromMa HEKOTOPOro 3JeMeHTa HeBepHBL: a) 15?25*2p°3s'; 6) 1522s*2p°; B) 15*25*2p®3s5°3p°3d*;

1) 15252p®3s23p%4s?; n) 1s225*2p°3s*3d*? Tlouemy? ATOMaM KakuX DJIEMEHTOB OTBEYAIOT
MIPaBUJIBHO COCTaBJICHHBIE AJIEKTPOHHBIE (HOPMYIIbI?

37. Hamumwure »5neKkTpoHHBIE (OPMYIBI aTOMOB SJEMEHTOB C MOPSAIKOBBIMHU
HoMepamu 24 u 33, yuuThIBas, YTO y MEPBOrO MPOUCXOAUT "TIpOBANI" OAHOrO 4s-2JIEKTPOHA HA
3d-nonypoBeHs. Uemy paBeH MakCUMalIbHBINA CIIUH d-3JIEKTPOHOB y aTOMOB TMEPBOTO U
P-IJIEKTPOHOB Y aTOMOB BTOPOT'O 3JIEMEHTORB?

38.  KBanTOBBIEC yMCIIa JIJIS AIEKTPOHOB BHEUIHETO YHEPTETHUECKOT0, YPOBHS aTOMOB
HEKOTOpOT0 JIEMEHTa UMEIOT cienytomue 3Hadenus: n =4; [ =0; m,, = 0; m = * 2. Hanummure
ANEKTPOHHYIO (QOpMyTy aToMa »3TOTO JJIEMEHTa U OMNpEeNeinTe, CKOJIbKO CBOOOTHBIX
3d-opOuTaneii OH COAEPIKUT.

39. B uem 3akmrouaercs npunHnun Ilaymu? MoxkeT au ObITh Ha KaKOM-HUOYIb
HOypOBHE atoMa p’- win d'*-31nekTpoHoB? ITouemy? CocraBbTe JIEKTPOHHYIO (QOPMYITy aToMa
AJIEMEHTA C OPSAKOBBIM HOMEPOM 22 U YKaKUTE €r0 BAJICHTHBIE 3JIEKTPOHBI.

40. CocTaBbTe 2JIEKTPOHHBIE (HOPMYIIBI ATOMOB 3JIEMEHTOB C MOPSAIKOBEIMU HOMEpPaMU
32 u 42, yuuThbIBas, 4YTO y TMOCJIEIHEr0 MPOUCXOAMUT "MpoBaI" OMHOTO Ss-3JEKTPOHA HA
4d-nonypoBeHb. K kakoMy 37IEKTPOHHOMY CEMEMCTBY OTHOCUTCS KaX/IbIi M3 3TUX 3JIEMEHTOB?

Iepuoauyeckas cucrema djiemenroB /.. MenaeneeBa

IIpumep 1. Kakyto BBICIIYIO U HU3LIYIO CTETIEHU OKUCIICHUS MPOSIBIISIOT MBIIIBSIK, CEJIEH
u 6pom? CoctaBbTe (POPMYJIbI COEIUHEHUM TaHHBIX AJIEMEHTOB, OTBEYAIOIIUX ITUM CTEHEHIM
OKHCIICHHUS.

Pewenue. Bpicilyto cTeneHb OKHUCIEHMSI DJIEMEHTA ONPEIENIeT HOMEp TPYIIIbI
nepuoauueckon cucremel .M. MenneneeBa, B KOTOpou OH HaxomutTca. Husmas crenens
OKHCIICHHSI ONpEJENIseTCs] TEeM YCIOBHBIM 3apsoM, KOTOPBIA MPHOOpETaeT aroM Ipu
IPUCOEIMHEHUH TOr0 KOJIMYECTBA HIIEKTPOHOB, KOTOpPOE HEoO0XOoAMMO s oOpa3oBaHuUs
YCTOMYMBON BOCKMHDIICKTPOHHOM 00010UKH (715* np®).

JlanHbIE 35IeMEHTBI HaxoAsTCs cOoOTBETCTBEHHO B VA, VIA, VIIA-rpynmax u umeror
CTPYKTYpPY BHELIHETO 3HEPTETHUECKOTO YpOoBHsI s°p°, s?p* u s°p’? O1Bet Ha Bompoc cM. Tabr. 3.

Tabmuma 3.
CTENEHM OKUCJEHUSA MbINIbSAKA, CEJIEHA, BPOMA
IJIEMEHT CTENEHb OKMCJEHUS COEQMHEHMS
BBICILIASI HU3IIAS
As +5 -3 H,AsO,; H,As
Se +6 -2 Se0,; Na,Se
Br +7 -1 KBrO,; KBr

IIpumep 2. ¥V Kakoro u3 3J€MEHTOB YETBEPTOro MEpHUOAa — MapraHiia wiu opoma —
CUJIbHEE BBIPAKEHBI METAJUTMYECKHE CBOMCTBA?

Pewenue. Dnextponnsie GOpMyIIbI JAHHBIX SJIEMEHTOB
BMn  1s25?2p°35*3p°3d°4s?
PBr  1572s2p°3s?3p°3d"4s*4p°



Mapranern — d-anement VIIB-rpymnmel, a 6pom — p-anement VIIA-rpynnel. Ha BHenHem
HHEpPreTUYEeCKOM YPOBHE y aToMa MapraHiia J1Ba 3JIEKTpOHa, a y aToMa Opoma — ceMb. ATOMBI
TUNIMYHBIX METAJUIOB XapaKTepU3YIOTCS HalMdWeM, HEOONBIIOro 4YHcia JJIEKTPOHOB Ha
BHEITHEM JYHEPTreTUYECKOM YPOBHE, a CJIEIOBATEIILHO, TEHACHIIUEH TEPATh ATH SIEKTPOHBL. OHU
00JIaJaI0T TOJNBKO BOCCMAHOBUMENbHBIMU CBOUCTBAaMH ¥ HE OOpa3ylT 3JIeMEHTapHBIX
OTPUIIATENIbHBIX HMOHOB. DIIEMEHTHI, aTOMBl KOTOPHIX HE BHEIIHEM JHEPreTHUYECKOM YpPOBHE
cojepxkar 0ojee Tpex AIIEKTPOHOB, OOJIAJAIOT OMpEJEeNIEHHBIM CPOACTBOM K 3JIEKTPOHY, a,
CJIEIOBATEeNIbHO, MPUOOPETAIOT OTPULIATEIBHYIO CTENEeHb OKHCIEHUS M Jaxe o0pasyloT
AIIeMEHTapHbIE OTpULIATeNIbHBIC HOHBL. TakuM 00pa3oM, MapraHell, Kak U Bce METaJUIbl, 00Ja1aeT
TOJILKO BOCCTAaHOBHUTENBHBIMH CBOMCTBaMH, TOT/Ia Kak Al OpoMa, MPOSBISAIOIIETO cliadbie
BOCCTAHOBHTEJIbHBIE CBOWCTBA, 0OOJee CBOWCTBEHHBI okxuciumenvHvle GyHKuu. OOmei
3aKOHOMEPHOCTBIO JJI BCEX TPYMI, COACPKAIIUX p- U d-3JI€MEHTHI, sIBIsieTcs npeoliaianue
METAJUIMYECKUX CBOUCTB y d-3meMeHTOB. ClieloBaTeNbHO, METaUIMYECKHE CBOWCTBA Y
Maprasiia CUJIbHee BBIPKEHBI, 4eM y Opoma.

IIpumep 3. Kak 3aBUCAT KHCIOTHO-OCHOBHBIE CBOMCTBA, OKCHUJIOB M THAPOKCUIOB OT
CTETIEHU OKHCIICHHSI aTOMOB JJIEMEHTOB, MX oOpa3yromux? Kakue ruapoKCHIbl Ha3bIBAIOTCS
amdoTtepHbiME (aMdonmuTamu)?

Pewenue. Ecnu naHHBI 3JEMEHT MPOSBISET TEPEMEHHYIO CTEIeHb OKHCIICHUS |
o0pa3yeT HECKOJIbKO OKCHUIOB W THAPOKCHUIOB, TO C YBEIMYCHHEM CTENEHU OKUCICHHS
CBOMCTBA TOCIICAHIX MEHSIFOTCS OT OCHOBHBIX K aM(DOTEPHBIM M KUCIIOTHBIM. ITO 00BSCHSICTCS
XapaKkTepoM SJEKTPOJIUTHUECKON Auccouuanuu (uMoHusanuu) ruapokcugoB JOH, koropas B
3aBUCHMOCTH OT CPABHHTEJIBHOW MPOYHOCTH M mossspHOCTH cBsizeir D % O u O % H moxer
MIPOTEKATh MO IBYM THIIAM:

1

3-+0-H

(1
S0H23*0H
S0H230 4H*

[TonsipHOCTH CBsI3€H, B CBOIO OYEPEb, ONMPEAECIACTCS PA3HOCTBIO JIEKTPOOTPULIATEILHOCTEN
KOMITOHEHTOB, pa3MepamMu U d()(PEKTUBHBIME 3apsaaMu aTOMOB. Jlucconuanus mo KUCIOTHOMY
tuny (II) nporekaer, eciu E, ,; < E, , (BbICOKasl CTENIEHb OKUCIIEHUS), a 10 OCHOBHOMY THILY,
ecmu E, > E,  (HU3Kas crenenb okucienus). Eciu npounoctu caszeit O—H u 9-O 6nu3ku win
PaBHBI, TUCCOIMAIIMS THIPOKCHIA MOXKET OJHOBpeMeHHO npoTekath u 1o (1), u mo (I1) Tunam. B
ATOM CiIy4ae pedb uaeT 00 aM(pOTepHBIX AIEKTponuTax (amponurax):

™4OH23(0H) =H 30 =2nH+20"
KaK OCHOBaHme KaK KNUJ10Ta

D — 2JeMEHT, n — ero IMOJIOKUTENIbHAs CTeNeHb OKHcIeHus. B kucnoit cpene amdonur
MPOSIBJISIET OCHOBHOM XapakTep, a B IIEJIOYHON Cpele — KUCIIbIA XapaKTep:

Ga(OH), + 3HCl = GaCl, + 3H,0
Ga(OH),+ 3NaOH = Na,GaO, + 3H,0

KonTposbHbIe BOPOCHI



41. Hcxond W3 TOJIOKEHHUS TEepMaHUS W TEXHEIHs B IEPUOJUYECKOM cucTeme,
coctaBbTe (HOPMYJIBI METa-, OPTOTEPMAHUEBON KUCIOT M OKCHJA TEXHEIHsI, OTBEYAIOIINE UX
BBICIIEH cTeneHn okucieHus. 3o0paszure popMybl STUX COSTUMHEHUHA rpadnIeCKH.

42. Yro Takoe sHeprus HoHM3auuu? B Kakux eauHMIIaX OHa BbIpaxkaercs? Kak
U3MEHSIETCS BOCCTAHOBHUTENbHAs AKTUBHOCTh S- U p-3JIEMEHTOB B TpYMIMax MEPUOIUYECKOU
CUCTEMBI C YBEJIIMUYEHUEM MOPsAAKoBOro HoMepa? [Touemy?

43.  Yro Takoe 3IeKTPOOTPHUIIATEIbHOCTH? Kak u3MeHseTCs 3JeKTPOOTPUIIATETLHOCTh
P-2JIEMEHTOB B NEPHUOJIE, B TPYIIIE MEPUOJAMYECKON CHCTEMBI C YBEIMUYEHHUEM IMOPSIKOBOIO
Homepa? [Touemy?

44. Vcxons U3 MOJIOKEHHs] TepMaHusi, MOJIMOIeHa U PEHUSl B IEPUOANUECKON CHUCTEME,
cocTaBbTe (POPMYIIBI BOJAOPOTHOTO COCTUHEHUS T€pPMaHUs, OKCHJAa MOJHOJCHAa U PEHHUEBOU
KHCIIOTHI, OTBEUAIOIME WX BBICIICH CTENEeHU OKHucieHus. I3o0pasute Qopmynbl 3THX
COeIMHEHUH rpaduIecKu.

45.  Yrto Takoe CpOJCTBO K 3JEKTpoHY? B Kakux eguHuiiax oHO BbIpaxkaercs? Kak
MU3MEHSETCA OKUCIUTEIbHAS aKTUBHOCTh HEMETAJIOB B MEPUOJE W B IPYIIE MEPUOIUUECKON
CUCTEMBI C YBEJIMYEHHUEM IMOPAIKOBOro HoMmepa? OTBET MOTHBHUPYHTE CTPOEHHUEM aToma
COOTBETCTBYIOUIETO AJIEMEHTA.

46.  CocraBbTe (OpPMYJIBI OKCHJIOB U THUAPOKCHUIOB 3JIEMEHTOB TPETHETrO NEpHuoaa
MEPUOIUUECKON CHCTEMBI, OTBEYAIOIIMX WX BBICHIEH cTeneHu okucieHus. Kak mamensiercs
KHCJIOTHO-OCHOBHOM XapakTep 3TUX COCAUHEHHUI Ipu mepexojie oT HaTpus K xiopy? Hanumumre
YpaBHEHHSI peaKLUi, JOKa3bIBAIOIINX aM(pOTEPHOCTh THAPOKCUIA ATIOMUHUS.

47. Kaxkoit u3 351eMeHTOB 4eTBEpTOro Mepuoja — BaHaJAWN WIM MBIIIBIK — 00J1a/1aeT
0osiee BBIPRXKCHHBIMH METAJUIMUYECKHUMH cBoiicTBamu? Kakoil M3 3THX 31€MEHTOB 00pasyer
ra3zoo0pa3Hoe coeuHeHre ¢ BoJopoaoM? OTBET MOTUBUPYHTE, UCXOJA U3 CTPOCHUSI AaTOMOB
JaHHBIX 3JIEMEHTOB.

48.  Mapranen o0pa3zyeT COeUHEHHS, B KOTOPBIX OH MPOSBISET CTEIICHh OKUCICHUS
+2, +3, +4, +6, +7. CoctaBbTe (HOPMYJIBI €r0 OKCHUAOB M THAPOKCHUIOB, OTBEYAIONTUX ITHM
CTCTICHSIM OKHCIeHUsl. Hamumure ypaBHEHHUs peakiui, [TO0Ka3bIBAOMIUX aM(pOTEPHOCTh
ruapokcuia mapranma (IV).

49. VYV Kakoro »JeMEHTa 4YEeTBEpPTOro IMepuoja — XpoMa WIH CeJIeHAa — CHJIbHEe
BBIpOXXEHBbl MeTa/UTMUecKue cBoicTBa? Kakoll M3 ATHUX 3JIEMEHTOB 00pa3yeT Ta3oo0pa3zHoe
COEIMHEHHE C BOOPOI0oM? OTBET MOTUBUPYHTE CTPOCHUEM ATOMOB XpPOMA U CEJICHA.

50.  Kakyro HM3IIYIO CTENEeHb OKHUCJICHHUS MPOSBISIIOT XJIOp, cepa, a30T U yriaepona?
[Touemy? CocrtaBbTe (OPMYJIBI COSTUHEHUN QIIOMUHUS C JAaHHBIMH 3JIEMEHTaMH B JTOMN
cTeneHu okucieHus. Kak Ha3pIBatoTCS COOTBETCTBYIOIINE COSAMHEHUS?

51. VY Kakoro U3 p-3IeMEHTOB MATOW TPYIIBI MEPUOINIECKON cucTeMbl — ocdopa
WM CYpbMbl — CHJIbHEE BBIPAKEHbl HeMeTajuimueckue cBoiicTBa? Kakoe W3 BOJOPOAHBIX
COCIMHCHWI JaHHBIX JJIEMEHTOB OoJiee CHIIbHBIM BOCCTaHOBUTENh? OTBET MOTHBUPYHUTE
CTPOECHHUEM aTOMa 3TUX JIEMEHTOB.

52. Hcxonss W3  TOJNOKEHWST MeTajula B NEPUOJAMYECKOM CUCTEeMe, JauTe
MOTHBHUPOBAHHBIM OTBET HA BOMPOC: KaKOW U3 JIBYX THAPOKCUIOB OoJiee CUIbHOE OCHOBAHUE:
Ba(OH), unu Mg(OH),; Ca(OH), unu Fe(OH),; Cd(OH), unu Sr(OH),?

53.  Hcxoas U3 CTeNeHU OKHUCICHUS aTOMOB COOTBETCTBYIOIIMX AJIEMEHTOB, JaWTe
MOTHUBHUPOBAHHBI OTBET HA BOIPOC: KAKOW M3 JIBYX THUIPOKCHUIOB SIBISETCS 0OJiee CHUIILHBIM
ocHoBanueM: CuOH umun Cu(OH),; Fe(OH), i Fe(OH),; Sn(OH), nnu Sn(OH),? Hanummure
YpaBHEHHMSI pEaKIUi, JOKAa3bIBAIOIINX aM(POTEpHOCTh ruaApoKkcuaa onosa (II).



54.  Kakyio HM3IIYIO CTeNeHb OKUCICHHs MPOSIBISIIOT BoxopoAd, Gprop, cepa u a3or?
[Touemy? CoctaBbTe (HOPMYNBI COCAMHEHHA KalbllMs C JAHHBIMH DJIEMEHTAMH B JTOW HX
cTeneHu okuciaeHus. Kak Ha3pIBarOTCA COOTBETCTBYIOIINE COEAUHEHMUS?

55.  Kakyro HU3IIYIO U BBICIIYIO CTENEHU OKUCICHUS MPOSBISAIOT KPEMHHUI, MBIIIbSK,
cesned u xyop? Ilouemy? CoctaBbTe (HOpPMYJIBI COCAMHEHUMN TAHHBIX JIEMEHTOB, OTBEYAIOIINX
3TUM CTENEHAM OKHCIICHHUS.

56. Xpom o0OpasyeT COeUHEHUs, B KOTOPHIX OH MPOSBIAET CTENEHU OKUCICHUS 12,
+3, +6. CocraBbTe (HOPMYINIBI €r0 OKCHIIOB M THAPOKCHJIOB, OTBEYAIOIIMX 3THM CTEICHIM
okucieHusi. Hanummure ypaBHEeHUsI peakiui, 10Ka3bIBAOMNUX aM()OTEPHOCTh TUAPOKCHIA XPOMa
(I11).

57.  ATomHBIE MacChl O3JEMEHTOB B TMEPUOJAMYECKOM CHCTEME HENpPEPbIBHO
YBEIIMYMBAIOTCS, TOTJAa KAK CBOMCTBA MPOCTBIX TEJ M3MEHSIOTCS nepuoandecku. Yem 3to
MOKHO OOBSCHUTH? J{aliTe MOTUBUPOBAHHBIN OTBET.

58.  KakoBa coBpeMeHHas (HopMyJIHpOBKa mepuoauydeckoro 3akoHa? OOBsICHUTE,
MOYeMy B MEPUOJUYECKON CHUCTEME SJIEMEHTOB aproH, KOOAIbT, TEJUIyp W TOPUIl MOMEIICHbI
COOTBETCTBEHHO Mepe] KajJueM, HUKeJeM, HOJI0OM U MPOTaKTUHUEM, XOTS U UMEIOT OOJbIIYIO
aTOMHYIO Maccy?

59.  Kakyr HU3IIYI0 U BBICIIYIO CTETICHH OKMCJICHUS MPOSBISIOT Yriiepond, ¢ocdop,
cepa u ion? [louemy? CoctaBbTe (HOPMYJIBI COCTUHEHUIN NAHHBIX JIEMEHTOB, OTBEYAIOIINUX
ATUM CTETECHAM OKHUCJICHHUS.

60.  ATOMBI Kakux O3JEMEHTOB YETBEPTOrO0 IEpUOAA IEPUOAUYECKON CHCTEMBI
o0pa3yloT OKCHJ, OTBEYAIOUIMIl MX BhICIIEH cTeneHu okucieHus I,0,? Kakoil u3 Hux naet
razoo0pasHoe coeguHeHue ¢ Boaopogom? CocTtaBbTe (OPMYJIbI KHCIOT, OTBEUAIOIIUX 3TUM
OKcHJaM, U n300pasute ux rpapudecku?

XumMH4ecKkasi CBA3b U CTPOEHHE MOJIEKY.JI.
KonaeHcupoBaHHOe COCTOSIHHE BellecTBa

Ipumep 1. Kakyro BaJEHTHOCTb, OOYCIIOBJIEHHYIO HECHApEHHBIMH 3JIEKTPOHAMHU
(CTIMH-BaJIGHTHOCTH), MOXET MPOSABIATH (ocGop B HOPMAIbHOM U BO30yXkIeHHOM (*)
COCTOSIHUSIX !

Pewenue. Pactipenenenue 37eKTPOHOB BHEIIHETO YHEPreTUUYECKOro ypoBHs (ocdopa,
...3s? 3p* (yuurbiBas npaBmio XyHja, 3S23px3py3 _) 10 KBAHTOBBIM slY€iKaM UMEET BU/I:

S p d
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3s"3p,3p,3p,

Atombl hochopa umMeroT cBOOOAHBIE d-OpOUTAIIN, TO3TOMY BO3MOXKEH MEPEX0 OTHOTO
3s-3JIeKTpOoHA B 3d-COCTOSTHUE:

.S p d
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353030330,

OTcrona BaJ€HTHOCTh (CIMHBAJIEHTHOCTH) (hochopa B HOPMAIbHOM COCTOSIHMM paBHA TPEM, a B
BO30YKJIEHHOM — TISITH.




IMpumep 2. Uto Ttakoe rubpuan3anus BajdeHTHBIX opOutaneii? Kakoe cTpoenne mmeror
MoJteKysibl THia AB, eciu CBs3b B HUX 00pasyercs 3a CYeT sp-, sp*-, sp° - THOpUAU3AIUH
opOuTtaneit atoma A?

Pewenue. Teopus BanentHoix cBszeit (BC) mpenmomaraer ydactue B 00pa3oBaHUU
KOBAJICHTHBIX CBsi3ed HE TOAbKO "umcThiX" AQO, HO M '"CMemaHHBIX'", TaK Ha3bIBAEMBIX
ruOpuanbix, AO. Ilpu rulOpuamzanuu mnepBoHadaidbHas ¢GopMa U JHEprus opourtaneit
(97EeKTPOHHBIX O0JIAKOB) B3aMMHO HW3MEHSIOTCS W 00pasyloTcst opOurtanu (obiaka) HOBOU
OJIMHAKOBON (POpPMBI U OJMHAKOBOM »HEpruu. Uncno rubpuaHbIX opOuTaneil (q) paBHO YUCITY
ucxoaHbIx. OTBET Ha TOCTABIICHHBIN BOMIPOC OTPAXKEH B TAOI. 4.

Tabmuma 4.
I'uBPUAN3AISI OPBUTAJIEI X MIPOCTPAHCTBEHHASI KOHOUTYPAIIUSI MOJIEKY.JI
Tun N CXOMHBIE Tun Yucao IIPOCTPAHCTBEHHAS
MOJIEKY.JIbI OPBUTAJIU TUBPUN3ALIAH T'UBPUIHBIX KOH®UT'YPALUS
ATOMA A OPBUTAJIE MOJIEKY.JIbI
ATOMA A
AB, s+p Sp 2 JIuneinas
AB, s+p+p sp? 3 TpeyronbHast
AB, stp+tp+p sp’ 4 Terpasapuyeckas

Ipumep 3. Kak wmeron wmonekymspHbix opOutaneirt (MO) omuceiBaeT cTpoeHue
JIBYXaTOMHBIX TOMOSIIEPHBIX MOJIEKYJI 2JIEMEHTOB, BTOPOTO Ieproia’?
Pewenue. Meton BanenTHbix cBsizeit (BC) He MOXKeT OOBSICHUTD 1I€IIbII Psii CBOMCTB U
CTPOEHHE HEKOTOPBIX MOJIEKYI (MapaMarHeTu3M Mosekyisl O,; OOJBIIYI0 IPOYHOCTh CBsI3EH B
+ +
MOJIEKYJISIPHBIX MOHAX ~ 2 W 2 , 4eM, COOTBETCTBEHHO, B Mosiekynax F, u O,; Haobopor,
+
MEHBIIYI0 TPOYHOCTh CBSI3M B HOHE 2, ueM a wmonekyne N,; CyIIecTBOBaHUE
+
MOJIEKYJISIPHOTO MOHA €y HEyCTOWYMBOCTH MoJeKybl He, u T.1.). Bosee miuogoTBopHbIM

oKazajcsi Jpyrol moaxoJ K OOBSCHEHUIO KOBAJIEHTHOW CBSI3U — METOJ MOJIEKYJSPHBIX
op6uta-neit (MO). B merone MO cocTossHuE MOJEKYJIbI OMHMCHIBACTCS KaK COBOKYITHOCTH
AJIEKTPOHHBIX MOJIEKYJISIpHBIX opOutaneil. IIpu 3ToM 4ucio MONEKYJspHBIX OopOUTaneil paBHO
CyMM€ aTOMHBIX opOuTaneii. MojeKkynsapHoil opOuTaIl, BOZHUKAIOMIEH OT CIOKEHUS aTOMHBIX
opouraneit (AO), cOOTBETCTBYET OOJiee HU3Kasl DHEPIHsi, YeM HUCXOIHBIM opOuTansaMm. Takas
MO wumMmeerT NOBBIIIEHHYIO 3JEKTPOHHYIO IUIOTHOCTh B IIPOCTPAHCTBE MEXKAY SIpaMu,
CIIOCOOCTBYET 00pa30BaHNUI0O XMMHUECKOM CBSI3U U Ha3bIBAETCA ces3bl8aiouyell. MoaeKyIsapHOU
opburanu, oOpa3oBaBLIeiics OT BEIUNTAHHS aTOMHBIX, COOTBETCTBYET 00Jiee BBICOKAs YHEPIHs,
4YeM aTOMHBIM OpOMTasIM. DIEKTPOHHAsl MJIOTHOCTh B 3TOM Cllyyae CKOHIIEHTPUPOBaHA 3a
ApaMu aTOMOB, a MEXJly HUMHU paBHa Hyst0. [lono6Hsie MO sHepreTndyecku MeHee BbINOIHBI,
yeM ucxoaHble AQO, OHM MNPUBOJAT K OCIAOJEHUI0 XMMHUYECKOM CBSI3U U HA3bIBAIOTCS
paspuixagiowumy. DIEKTPOHBI, 3aHMMAIONIME CBS3bIBAIOIIME W Pa3pBIXJIAIOIIME OpOUTANH,
Ha3bIBalOT COOTBETCTBEHHO CBSI3BIBAIOLIMMH (CB) M Pa3phIXJIOMKUMU (pa3p) 3JIEKTPOHAMH.
3anojgHeHHe MOJIEKYJISIPHBIX OpOMTaled MPOUCXOAUT MpH coOmroaeHuu mnpuHiuna llaynu u
npaBwiIa XyH/a [0 Mepe YBEINYCHUS UX DHEPIUMH B TAKOW MTOCIIEOBATEIbHOCTH:
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Ha puc. 2. uzobpaxkeHa sHepreTuyeckasl cxema o0pa3zoBaHUs MOJIEKYJISIPHBIX opOuTanen
U3 aTOMHBIX [UIsl JABYXaTOMHBIX TOMOSIEPHBIX (OJHOTO M TOTO € 3JEMEHTA) MOJEKYI
AJIEMEHTOB BTOPOT0O Meproaa. UNCiio CBA3BIBAIOIINX U PA3PHIXJISIONINX 3JIEKTPOHOB 3aBUCUT OT
UX YHCIIa B aTOMaX UCXOIHBIX DJIEMEHTOB.

Monexynapuore

opdumant Amomusie

‘apduman

Amomrsie [

A opdumanu I
|

|

Bospacmarue  mepeuu

Puc. 2. DHEPTETHUECKASI CXEMA OBPA30OBAHUS MOJIEKYJISIPHBIX
OPBUTAJIEN U3 ATOMHBIX JJISI TOMOSIIEPHBIX MOJIEKYJI BTOPOT'O IIEPHO/IA

Crnenyer oTMeTUTbh, uTO MpU 00pa3oBanuu Moiekyln B,, C, u N, sHeprus cBs3bIBaroIeit
S2p -opbOuTanu OONbLIE SHEPTHH CBA3BIBAOIMX P2p - W P2p-opOutaned, Torga Kaxk B
monekynax O, u F,, Hao0OpOT, SHeprus CBA3BIBAIOIMX P2p - ¥ P2p.-opbutanedl Oosnblie
SHEPruu CBs3bIBAOLIEH S2p -opOuTanu. OTO HYXKHO YYMTHIBAaTh NpU H300paKEHUU
HHEPreTUYECKUX CXeM (pHC. 2) COOTBETCTBYIOIUX MOJIEKYII.

Ilopsiook cés3u B MOJIEKYJIE ONPEIENIIETCA PA3HOCTIO MEXKIY YHCIIOM CBSI3bIBAIOIINX U
PaspBIXJISIONINX OpOUTanei, AeneHHbId Ha ABa. [lopsSaok CBS3M MOXET OBITH pPaBEH HYIIIO
(MoJeKyJia He CYIIECTBYET), IIEJIOMY WJIU APOOHOMY TMOJIOKUTEILHOMY YHCTY.



[TomoOHO >MEeKTPOHHBIM (OopMyNaM, MOKA3bIBAIOIIMM pacHpeiesieHHe JJIEKTPOHOB B
aToMe IO aTOMHBIM opOuTansiM, B Mertoge MO cocTaBistoTcst (OpMYJBl  MOJEKYJ,
OTpaXKalolle HUX OJJIEKTPOHHYIO KoH¢urypauuto. Ilo aHamorum ¢ aTOMHBIMH S-, p-, d-,
f~opOuTaIsIMUA MOJIEKYJIIpHBIC OpOUTAIH 0003HAYAIOTCS TpeyeckuMu OykBamu S P d .

Taxk, anekrponHnast kKonurypamus Mosekys O, ONUCHIBACTCS CIEAYIOMIMM 00pa3oM:

i 2[KK(GI:Q)2(Gfégé)Z(prﬁé)Z(np;lé)z(nplzﬁﬁ)anfégénpzéagé] |

bykBamu KK nokazano, 4to derbipe 1 s-37eKTpoHa (IBa CBA3BIBAIOIIMX U JIBA PA3PHIXJISIONIMX)
IIPAKTUYECKHU HE OKa3bIBAIOT BIMSHUSA HA XUMUYECKYIO CBS3b.

KOHTpOJIbele BOIIPOCHI

61. Kakyro XMMHUYECKYIO CBS3b HA3bIBAIOT KOBAJIEHTHOH? UeM MOXXHO OOBSICHUTH
HAIPaBJICHHOCTH KOoBaJleHTHOM cBs3u? Kak meTon BaneHTHBIX cBszeit (BC) 00bscHsAET CTpoeHHEe
MOJIEKYJIBI BOJIbI?

62.  Kakyro KOBAJIEHTHYIO CBSI3b Ha3bIBAIOT MOJSAPHOI? UTO CIIyKUT KOJUYECTBEHHON
Mepol MOJIAPHOCTH KOBAaJIGHTHOM cBs3u? lcxoass M3 3HauYe€HUH 3JIEKTPOOTPULIATEIBHOCTH
aTOMOB COOTBETCTBYIOIINX 3JIEMEHTOB? onpenenute, kakas u3 cBs3eit: HI, ICI, BrF — nau6omnee
MOJISIPHA.

63.  Kakoii croco6 oOpa3oBaHUs KOBAJICHTHOM CBS3U Ha3bIBAIOT
IoHOpHO-aKkienTopHbiM? Kakue xumudeckue cBsi3u uMmerorcss B monax NN', u BF,? Vkaxure
JOHOP U aKLENTOop.

64. Kak meron BanentHbix cBsizeit (BC) oObsicHsAET NHHEWHOE CTPOSHUE MOJIEKYJIBI
BeCl, u Terpasapuyeckoe CH,?

65.  Kakyro KOBaJleHTHYIO CBsI3b HA3BIBAIOT S-CBA3BIO U KaKyIO P-CcBs3bi0? Pa3depute
Ha [IPUMEpPE CTPOEHUS MOJIEKYJIbI a30Ta.

66.  CKOJBKO HECMAPEHHBIX DJIEKTPOHOB HMEET aTOM XJOopa B HOPMaJIbHOM U
BO30YXJICHHOM COCTOSIHUSIX? PacmpenenuTe 3TH 3JEKTPOHBI MO KBAHTOBBIM siueiikam. Yemy
paBHa BaJICHTHOCTH XJIOpa, 00YCIOBIIEHHAS HECTTAPEHHBIMU YJIEKTPOHAMU?

67.  Pacmpenenure >JEKTPOHBI aTOMa Cepbl MO KBAHTOBBIM siueiikaMm. CKOJIBKO
HECIApPEHHBIX 3JIEKTPOHOB MMEIOT €€ aTOMbl B HOPMAaJbHOM U BO30YXICHHOM COCTOSTHUSIX?
Yemy paBHa BaJIGHTHOCTbH CE€pbl, 00YCIIOBICHHAsI HECITAPEHHBIMU AJIEKTPOHAMU?

68. Uro Ha3pIBalOT 3nekTpudyeckuM MomeHTtoM aunois? Kakas u3 monexkyn HCI,
HBr, HI umeer Haubomnpimii MomeHT aunois? [Touemy?
69. Kakue KpuCTAUIMYECKHME CTPYKTYpbl HA3bIBAlOT HWOHHBIMHM, ATOMHBIMH,

MOJICKYJISIPHBIMA U MeTaJTMYecKUMHU? Kpucraymibl KakMx BELIECTB: ajlMa3, XJIOPHUJA HaTpus,
TUOKCUJ YTIEPOJa, IUHK — UMEIOT YKa3aHHBIE CTPYKTYpPHI?

70.  Kak metoz BanenTHbIX cBsizell (BC) 00bscHseT yrioBoe ctpoenue Monekyn H,S
u nuHenHoe MoJieKyJibl CO,?
71.  Hapucyiite »sHepretuueckyro cxemy oOpa3oBaHus Mojekyiasl He, u

MoJieKysipHoro uoHna He", mo merony monexymnsipabix opoutaneii. Kak meron MO oObsicHsieT
YCTOWYMBOCTh HOHA He™, 1 HEeBO3ZMOKHOCTH CyIIIECTBOBaHUS MoJieKybl He,?

72.  Kakyro XMMHMUYECKYIO CBSI3b Ha3bIBalOT BOJOPOAHON? Mex1y MOJIeKyJlaMu KaKuX
BemiecTB oHa oOpaszyercsa? Ilouemy H,O um HF, umes MeHbIIyt0o MOJNEKYJISpHYIO Maccy,
MJIABATCS M KUIIAT MIPU O0JIee BHICOKUX TeMIIEpaTypax, YeM UX aHaJIoru?

73. Kakyro XuMH4YecKyl0 CBsi3b Ha3biBalOT HOHHOW? KakoB MexaHusm ee
oOpa3oBanus? Kakue cBolicTBa MOHHOW CBSI3U OTIMYAIOT €€ OT KoBajeHTHOU? [IpuBeante nBa



npuMepa  TUINWYHBIX  HOHHBIX  coeAMHEHWW. Hamumure  ypaBHEHUsS  MpeBpalleHUs
COOTBETCTBYIOLIUX
HMOHOB B HEUTpaAJIbHBIE ATOMBI.

74.  UYrto cienyeT NOHMMATh MOJ CTENEHBIO OKUCIEHUs atoMa? Onpenennre CTeneHb
OKHCJICHHS aToMa yriepoja U €ro BaJ€HTHOCTb, OOYCJOBJIEHHYIO YHCIIOM HECIAapEHHBIX
ANEeKTpOHOB, B coennnenuax CH,, CH,OH, HCOOH, CO,.

75.  Kakue cuiibl MOJEKYJISPHOTO B3aMMOJICUCTBUS HA3bIBAIOT OPHUEHTALIMOHHBIMU,
MHAYKIIMOHHBIMH U JucniepcuoHHbIMU? Koria BOZHUKAIOT 3TU CUITBI U KaKOBa UX Ipupoja’?

76.  Hapucyiite sHepreTndeckyto cxemy OOpa3oBaHMHM MOJIEKYJspHOro mona H, u
MouiekyJbl H, mo metony MoinekymsipHbix opOuTaneit. I e sneprus csizu 6ombiie? [Touemy?

77.  Kakue 3neKkTpoHBI aToMa 0opa y4acTBYIOT B 00pa30BaHUU KOBAJICEHTHBIX CBsI3Ei?
Kakx wmeron BamentHbix cBszeil (BC) OOBSACHSET CHUMMETPUYHYIO TPEYTroJbHYIO (GopMy
MouieKyisl BF,?

78.  HapucyiiTe sHepreTudeckyro cxemy oOpa3zoBaHusi MojeKkyibl O, 1Mo Meroay
MoneKyssipabIX opbOutaneir (MO). Kak meroq MO 00BSCHSET mapaMarHUTHBIC CBOWCTBA
MOJIEKYJIbI KHcIopoaa?

79. Hapucyiite snepretnueckyio cxemy oOpazoBaHus Mosiekyn F, mo meronmy
MoJiekyJsipHbIX  opoutaneit (MOQO). CkOIBKO S3JEKTPOHOB HAXOJIUTCS Ha CBS3BIBAIONINX H
Pa3pBIXIAIONIX opouTaisax? YUeMmy paBeH MOPSIIOK CBS3H B 3TOW MOJIEKYJIe?

80.  Hapucyiite sHepreTuueckyio cxemy oOpazoBaHHMs MoOJEKylbl N, M0 MeToay
MoJIeKyJsipHbIX  opOuTaneit (MO). CkOIbKO SJIEKTPOHOB HAXOAWTCS Ha CBS3BIBAIONIUX U
paspIXISIIONINX opouTasax? Uemy paBeH MOPSAOK CBSI3U B ATOU MOJIeKyJe?

JHepreTHKa XMMHU4ECKHX MPOLECCOB
(TepMoOXMMHUYECKHE PACUYeThl)

[Ipu pemennn 3aa49 3TOTO pa3aena cMm. Tadd. 5.

Hayky o0 B3auMHBIX NOpPEBpPAIICHUSIX PA3TUYHBIX BUAOB OSHEPIUU  HA3bIBAIOT
mepmoounamuxot. TepMOAMHAMUKa YCTaHaBIMBAET 3aKOHbl 3TUX MPEBpPALLEHUM, a TaKxke
HaIlpaBJICHUE CaMOITPOU3BOJIBHOTO, TEUEHHS PA3IMYHBIX MPOLECCOB B TAHHBIX YCIOBUSX.

[Ipy XUMHYECKHX PEAKIHUAX TNPOUCXOAST TIIyOOKHE KaueCTBEHHbIE W3MEHEHHUS B
CUCTEME, PBYTCS CBSI3U B MCXOJHBIX BEIIECTBAX M BO3HUKAIOT HOBBIE CBSI3M B KOHEYHBIX
MPOAYKTaX. DTH M3MEHEHHs CONMPOBOXKAAIOTCS TOTJIOIIEHUEM WM BbIJEICHHUEM SHepruu. B
OOJIBIIMHCTBE CITy4aeB 3TOM HEPIUei SBISAETCS TeIoTa. Pazien TepMoIuHaMUKH, N3y4daromni
TerioBble A((EKThl XUMUYECKUX pEaKIHid, Ha3bIBAIOT mepmoxumuell. Peakuuu, KOTOpBIC
CONMPOBOXKAAIOTCA BBIICIICHUEM TEIUIOTHI, HA3bIBAIOT 9K30MepMUYecKuMy, a Te, KOTOpbIE
COIIPOBOKAAIOTCS TIOIVIOLIEHUEM TEIUIOThI, — 2JHOomepmuyeckumu. TeIIOTbl peakuui
ABIIAIOTCS, TAKUM 00pa3oM, MEpOil U3MEHEHUS! CBOMCTB CHCTEMBbI, U 3HAHUE MX MOXXET UMETh
00JIbIIIOE 3HAYCHHE TP ONPEACTICHUH YCIOBHA MPOTEKAHMSI T€X HIIM UHBIX PEaKIIHiA.

[Tpu mr000M mporecce coOMI0IAeTCs 3aKOH COXPAHEHHS YPHEPTUHU KaK MpOosiBIICHHE OoJiee
00IIIeT0 3aKOHA MPUPOJIBI — 3aKOHA COXpaHeHUs MaTepun. Temnora (J, MOTJIOMIEHHAs CUCTEMO,
UJeT Ha U3MEHEHHUe ee BHyTpeHHel sneprun DU u Ha coBepiieHre paboThl 4.

0=DU+4

Buympennsas suepeus cuctembl U — 3T0 oOIIMKA €€ 3amac, BKIIOYAIOIIUNA YHEPTHUIO
MOCTYNATEIbHOTO M BpalIaTEJIbHOTO JBUKEHUS MOJIEKYJI, 3HEPTUI0 BHYTPHUMOJIEKYJISPHBIX
KoJieOaHUW aTOMOB M ATOMHBIX TPYIMI, SHEPTUIO JBWKEHHS DSJIEKTPOHOB, BHYTPHUSICPHYIO
SHEPTrUIO U T.A. BHYTpeHHsS SHEprus — MOJIHAsi JHEPTHsl CUCTEMBI 0€3 MOTeHLUAIbHONW SHEPTHH,



00yCIIOBJIEHHOM IIOJIO)KEHWEM CHUCTEMBbl B IPOCTPAHCTBE, U 0€3 KHUHETUYECKOH HSHEepruu
CUCTEMBI KakK 11e710r0. AOCOTIOTHOE 3HaYeHUE BHYTPEHHEH sHepruu U-BelecTB HEM3BECTHO, TaK
KaK HeJb3s MPUBECTH CUCTEMY B COCTOSIHUE, JIMIIIEHHOE SHEPruu. BHYTpeHHss1 SHEPrus, Kak 1
m000i BUJ DSHEPruM, sBIsAETCA (YHKUMEH COCTOSHUS, T.€. €€ H3MEHEHHE OJHO3HAYHO
OnpeeNsieTCs Ha4aJIbHbIM M KOHEYHBIM COCTOSTHUEM CUCTEMBI U HE 3aBUCHUT OT IyTH NIEPEX0/Ia,
o Kotopomy mnpotekaer npouecc DU = U, — U,, rne DU — u3MeHeHne BHyTpeHHEH SHEpruu
CHCTEMBI [P TIepexo/ie 0T HavanbHOro coctosinus U, B koneunoe U, Eciu U, > U,, to DU >
0. Ecm U,<U,, o DU<O0.

Temnota u pabota (GyHKUIUSIMU COCTOSIHHSI HE SIBIISIOTCS, MO0 OHHM CiyKaT dopMaMu
neperayd SHEPruu M CBSI3aHbl C MPOIIECCOM, a HE C COCTOSIHMEM cucTeMbl. [Ipu XxumMuueckux
peakuusax A — 370 paboTa MPOTUB BHEUTHETO JaBIICHUS, T.€. B IEPBOM MIPUOIMKCHUH
A = pDV, rne DV — u3menenne oovema cucremsl (V, — V). Tak kak OONBIINHCTBO XUMUYECKUX
peakuuii mpOXOIUT MPU MOCTOSHHOM JAABJICHUH, TO AJA H300apHO-U30TEPMHUUYECKOTO Mpoliecca
(p-const, T-const) Terora

0,=DU~+pDY,
0,=WU,-U)+pV,-V);
0,= U, +pV)— (U, +pV).

Cymma U + pV ob6o3naunm yepes H, Toraa:

Q,=H,-H, =DH.

Benuuuny H HasbiBaroT sumanvnue. Takum oOpa3om, TeroTa npu p=const u T=const
proOpeTaeT CBOMCTBO (PYHKIMU COCTOSIHUSI M HE 3aBUCHUT OT IyTH, 10 KOTOPOMY MPOTEKAET
nporecc. OTCrona TEmwIoTa peakuud B W300apHO-U30TEPMHUYECKOM TIporecce (), paBHa
U3MCHEHUIO dHTAIBINUU cucteMbl DH (eciin eJMHCTBEHHBIM BHIOM pabOThHI sBISETCS padoTa
paciupeHus):

0,=DH.

DHTaJbNMs, KaK U BHYTPEHHSISI SQHEPIHsl, ABJIAETCA (DYHKIMEH COCTOSHUS, €€ N3MEHEHUE
(DH) omnpenensieTcss TOJbKO HAYaJIbHBIMUA U KOHEYHBIMU COCTOSIHUSIMU CHCTEMbI M HE 3aBUCHT
OT myTH nepexoja. HerpynHO BUAETH, YTO TEIUIOTA PEAKUUU B HM30XOPHO-U30TEPMUUYECKOM
nporecce (V=const; T=const), mpu koropom DV = 0, paBHa U3MEHEHUIO BHYTPEHHEH YHEPIHU
CUCTEMBL:

0,=DU.

TenmoTel XMMHUYECKUX MPOLECCOB, MpOTEKaromux npu p, T=const u V, T=const,
Ha3BIBAIOT Menio8blMu 3Qhgdhexmamu.

[Tpu K30TEpPMHUYECKUX PEAKIUSIX IHTAIBITHS CUCTEMbI yMeHbIaeTes u DH < 0
(H, < H,), a mpu SHAOTEPMHUUECKUX SHTAIBIHS CUCTEMbI yBennuuBaetcs u DH > 0
(H,> H,). B nanpHeiimem TemioBbie 3QeKThl BCIOY BbIpaxaroTcs uepes DH.

TepmoxuMuueckue pacueTbl OCHOBaHBI Ha 3akoHe I['ecca (1840): mennosou s¢hghexm
peaxkyuu 3asuUcum moJabKo om HpUpoobl U uU3UYeCcKo20 COCMOSAHUSA UCXOOHbIX Geuecms U
KOHEeUHbIX NPOOYKMO8, HO He 3a8UCUm om nymu nepexood.

Yacto B TEpMOXMMHYECKMX pacueTax NpPUMEHSIOT CJIEeACTBHE M3 3akoHa ['ecca:
mennoeou s¢ppexm peaxyuu (DH, ) pasen cymme mennom obpasoeanus DH g, npooyxmos
peakyuu 3a 6vl4emom CYMMbl Meniom o00pa3o8anus UCXOOHLIX Geujecms ¢ yuemom
Ko3¢hhuyuenmos neped gopmynamu s3mux eewyecms 8 ypasHeHUuU peaxyuu

_ ioid &id
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IIpumep 1. IIpu B3aumopeiicTBUU KpucTawioB xyuopuaa ¢ocdopa (V) ¢ mapamu BoabI
obpasyercst xunkuid POC1; n xiopuctelii Bojopol. Peakuus conpoBokIaeTcs BbIIEICHUEM
111,4 x/Ix ternotel. Hanummre TepMOXUMUYECKOE YPABHEHHUE STOM peakLuu.

Pewenue. YpaBHenus: peakiuii, B KOTOPBIX OKOJIO CUMBOJIOB XUMHUYECKUX COEIUHEHUN
YKa3bIBAIOTCA HUX arperatHpleé COCTOSIHUS WJIM KpHCTalIMdyeckas MoaupuKkanus, a TaKkke
YUCIIEHHOE  3HAUYCHHME  TEIJIOBBIX  AI(P(EKTOB, HA3BIBAIOT  mepMmoxumuideckumu. B
TEPMOXUMHUYECKUX YPABHEHMSIX, €CJIM 3TO CIIELIUAJIbHO HE OTOBOPEHO, YKA3bIBAKOTCS 3HAUCHUS
TEIUIOBBIX d(P(PEKTOB TPU MOCTOAHHOM JaBjieHu! (),, PABHbIC U3MEHEHHUIO SHTAIBIINHE CHCTEMBI
DH. 3nauenne DH npuBoaAT 0OBIYHO B MPABOW YaCTH YPAaBHEHUS, OTACISS €ro 3aIlsITON I
TOYKOM ¢ 3anatoi. [IpuHATHI cleayronme COKpalleHHbIle 0003HAaYEHHS arperaTHOrO COCTOSIHUS
BEIIECTB: I' — Ia3000pa3HoOE,. K — KHUJKOE, K — KPUCTAJUINYECKOE. DT CUMBOJIBI OIIyCKAIOTCA,
€CJIM arperaTHOe COCTOSTHUE BEIIECTB OUYEBUJIHO.

Ecnu B pesysbraTe peakiuu Boiaensercs temiora, o DH < 0. YuuteiBas cka3zaHHOE,
COCTaBJIsIEM TEPMOXMMHUYECKOE YPAaBHEHHUE IAHHOHN B PUMEPE PEaKIIUU:

PCI(&)+ H,0(d) = POCL, (e )+ 2HCI(3); AH,,=-111,4¢éAe



CTAHJAPTHBIE TEILIOTHI (SHTAJIBITMK)

05PA30BAHMSI DH®, o, HEKOTOPBIX BELIECTB

Tabmura 5.

BEWECTBO CoCTOSIHME DH®,, BEmECTBO CoCTOSTHME DH",,
KkJIK/MOJIb KJK/MOJIb

C,H, r +226,75 CO r -110,52
CS, r +115,28 CH,OH r -201,17
NO r +90,37 C,H,OH r -235,31
CH, r +82,93 H,O r -241,83
C,H, r +52,28 H,O xK -285,84
H,S r -20,15 NH,Cl K -315,39
NH, r -46,19 CO, r -393,51
CH, r -74,85 Fe,O, K -822,10
C,H, r -84,67 Ca(OH), K -986,50
HCl r -92,31 Al O, K -1669,80

IIpumep 2. Peakius ropeHus dTaHa BBIPaAXKAeTC TEPMOXUMHUYECKIM YpaBHEHHUEM
C,H(r) +3%0, =2 CO,(r) + 3H,0 (x); DH,,=-1559,87
Breruncnute TemnoTy oOpa3oBaHMS STaHA, €CIM U3BECTHHI TEIIOTHl oOpa3oBaHusi CO,(r) u
H,O(x) (Tabm. 5).

Pewenue. Tennomoii obpazosanus (3umanvnueti) 0aHHO20 COECOUHEHUS HA3bIBAIOM
menno6ou 3¢gpexm peaxyuu o6pazosanus 1 Monb 5mo2o coeOuHeHus U3 npoOCmvlx 8eujecms,
83AMBIX 8 UX YCMOUYUBOM COCMOAHUU NpU OaHHbIX Ycnosusax. OOBIMHO TEIUIOTH 00pa30BaHuUs
OTHOCST K CTaHAAPTHOMY COCTOSIHUIO, T.€. 25°C (298 K) u 1,013%10° I1a, u 0003Haua0T Yepe3
DH®,4. Tak xax TemnoBoil 3pdexT ¢ TeMeparypoil U3MEHSETCsl He3HAUYUTEIBHO, TO 37IeCh U B
JajgbHEHIIEM HWHAEKCHI OIMyCKAIOTCS, W TeIioBoi sddekr obo3nayaercss yepes DH.
CrnenoBarenbHO, HY’KHO BBIYUCIUTH TEIUIOBOM 3 (EKT peakiuu, TepMOXUMUYECKOE YpaBHEHUE
KOTOpOM UMeeT BUJI:

2C (rpadur) + 3H,(r) = C,H(r); DH="?
UCXOIS U3 CIIEIYIOIINX JAHHBIX:
a) C,H(r) + 3 20,(r) = 2CO,(r) + 3H,0(x); DH =-1559,87 xJIx
0) C (rpadur) + O,(r) = CO,(r); DH=-393,51 xJIx
B) H,(1) + 120, = H,0(x); DH =-285,84 x/Ix

Ha ocnoBanuu 3axona I'ecca ¢ TepMOXMMHUYECKUMH YPaBHEHUSIMU MOKHO OMEPUPOBATH
TaK ke, Kak U ¢ ajaredpandeckumu. JJis mosryueHus MCKOMOTO pe3yJbTara cielyeT ypaBHEeHUe
(6) ymMHOXHUTH Ha 2, ypaBHeHHE (a) — Ha 3, a 3aTe€M CyYMMYy OTHUX YpPaBHCHUU BBIYECTHh W3
ypaBHEHHUS (a):

C,H, =3 %0, - 2C - 20, - 3H, - 3/20, = 2CO, + 3H,0 — 2CO, — 3H,0
DH = -1559,87 — 2(-393,51) — 3(-285,84) = +84,67 k Jik;
DH = -1559,87 + 787,02 + 857,52; C,H, =2C + 3H,;
DH = +84,67 Ik
Tak kak TemnoTa oOpa30BaHUs paBHA TEIUIOTE PA3JIOKEHUsSI C OOpaTHBIM 3HAKOM, TO

1

Mol 6(@) = -84,67 k. K ToMy ke pe3ynbTary OpUAEM, €CIU [JIs PElIeHUs 3aJauu

MIPUMEHHUTH BBIBOJ U3 3aKoHa [ ecca:



AH,,=2A1 5 +3A1  ; —AT ;-3 VAT,

VY4uThIBasi, 4TO TEIUIOTHI 00pa30BaHMS MPOCTHIX BEIIECTB YCIOBHO MPUHSTHI PaBHBIMU
HYJIIO:

Ipumep 3. Peakumsi TOpeHHsS JTUIOBOTO CHHPTA BBIPAXKAETCS TEPMOXUMHUYECCKUM
YpaBHEHHEM:

C,H,OH(x) + 30,(r) = 2CO,(r) + 3H,0(k); DH=?

Boeraucnure temmoBodt 3¢ (GeKT peakiuu, €Clid W3BECTHO, YTO MOJbHAs (MOJSpHAas)
teruiota napoodpazosanus C,H,OH(x) paBHa +42,36 x>k 1 U3BECTHBI TEIJIOTHl OOpa30BaHMUSL:
C,H,OH(1); CO,(r); H,O(x) (cm. Tabm. 5).

Pewenue. Jlns onpenencuus DH peakiuu HE0OXOIUMO 3HATh TEIIOTY OOpa30BaHUS
C,H,OH(x). ITocneaHior0 HaXOAUM U3 TaHHBIX:

C,H,OH(x) = C,H,OH(r); DH =+42,36 xJ]x.

Al i 5
+42,36=-23531 -~ Mol (=),

AT i i
NlSI (=) = 23531 - 42,36 =-277,67 xJIx.
Beruucnsiem DH peakiuu, mpuMeHsist ciaeacTBUs 13 3akoHa ['ecca:
DH, ,=2(-393,51) + 3(-285,84) + 277,67 = -1366,87 k1.

KoHTpoJibHbIE BONIPOCHI

81.  Bprumcimre, Kakoe KOJIMYECTBO TEIUIOTHI BBIAEIUTCS MIPU BOCCTaHOBIIEHHH Fe,O,
METAJUTMYECKUM aTIOMHUHHEM, ecJii ObuTo TtosrydeHo 335,1 1 kenesa. Omeem: 2543,1 xJ[x.
82.  T'azoo06pa3nsiii aTmnoBbii criupt C,H,OH M0XHO MOoTy4uTh IpHU B3aUMOJEHCTBUU

stiiiena C,H,(r) u BonsHbIX mapoB. Hanuminre TepMOXMMHUYECKOE YpaBHEHHE ITOW PEaKIuH,
BBIYHCITUB €€ Ter1oBoii ahdekt. Omeem: -45,76 xJIx.

83.  Broruncnurte TtemnoBod 3(dekT peakiuu BoccTaHOBIeHHs okcuaa xeneza (II)

BOJIOPOJIOM, UCXOISl U3 CICIYIONINX TEPMOXUMHUECKUX YPaBHECHU:
FeO(k) + CO(r) = Fe(x) + CO,(r); DH=-13,18 xJIx.
CO(r) + %50,(r) = CO,(r); DH=-283,0 x]x.
H,(r) + 20,(r) = H,0(r); DH =-241,83 xJlx.

Omeem: +27,99 xJIx.

84. Ilpm B3auMmopelcTBUM Tra3000pa3HBIX CEPOBOAOPOJA M JUOKCHAA YIJiepoja
oOpa3yroTcs napsl BoJsl U cepoyriaepoa CS,(r). Hanumute TepMoXuMudeckoe ypaBHEHHE dTOU
peaKIfy, BRIYMCIUB €€ TersioBou apdext. Omeem: +65,43 kJIxk.

85.  Hamummure Tepmoxumuueckoe ypaBHeHue peakuuu Mexay CO(T) 1 Bogopoaom, B
pesynbTare Kotopoit obpasyrorcs CH,(r) u H,O(r). CKOJBbKO TEIIOTHl BBIIEIUTCS TPU ITON
peaxuuu, eciu ObUIo moxy4deHo 67,2 1 MeTaHa B IiepecyeTe Ha HopMajbHbIe ycioBus? Omeem:
618,48 k]I x.

86.  TemoBoil a3gdekT kakoil peakiuu paBeH TerioTe oOpazoBanusi NO? Berunciaure
TermnoTy oopazoBanus NO, UCXOS U3 CICAYIONINX TEPMOXUMUUYECKUX YPaBHEHUM:



4NH,(r) + 50,(r) = 4NO(r) + 6 H,0(x); DH=-1168,80 x/Ix.
4ANH,(r) + 30,(1) = 2N,(1) + 6 H,0(x); DH = 1530,28 x/Ix.

Omeem: 90,37 x]JIx.

87.  Kpucraumueckuit XJIOpUJ aMMOHHS oOpasyercs TIpu  B3aWMOJICUCTBUHU
ra3oo0pa3HbIX aMMHakKa U XJOpHJaa Bojopoja. Hamummure TepMOXUMHUECKOE YpaBHEHUE 3TOM
peakiuu, BHIYUCIUB €€ TeIoBoi 3Q¢pekT. CKOIbKO TEIIOThI BBIACIUTCS, €CJIU B peaKLIMU ObLIO
n3pacxonoBano 10 1 aMmMuaka B nepecuere Ha HopMasbHble ycnoBus? Omeem: 78,97 kJ1x.

88. TemnoBoil »(¢eKT Kakol peaklIuu paBeH TEIUIOTe 00pa3oBaHUA MeTaHa?
Boruncnute Temnoty oOpa3oBaHHMS MeTaHa, HUCXOAS W3 CICAYIOIUX TEPMOXHUMHUYECKHX
YPaBHEHUN:

H,(r) + 1/20,(r) = H,0(x); DH = -285,84 /.
C(x) + O,(r) = COL(r); DH=-393,51 xJIx.
CH,(r) + 20,(r) = 2H,0(x) + CO,(r); DH=-393,51 xJIx.

Omeem: -74,88 xJIx.

89. TemoBoii 3h(deKT Kakoill peaknuu paBeH TEINIOTe 00pa3oBaHUS THAPOKCHIA
KanblMa? Bprancnaure Temnoty oOpa3oBaHMsS THMIPOKCHIA KalbLUS, MCXOIS M3 CIEAYIOLINX
TEPMOXUMUYECKUX YPABHEHUIA:

Ca(x) + 1/20,(r) = CaO(x); DH=-635,60 xJIx.
H,(r) + 1/0,(r) = H,0(x); DH = -285,84 xJIx.

CaO(x) + H,0(x) = Ca(OH),(x); DH = -65,06 xJIx.

Omeem: -986,50 xJIx.

90. TemnoBoil 3P deKT KaKoil peakluy CropaHus >KUJIKOro 0eH30s1a ¢ 00pa3oBaHUEM
napoB BOABI M JAMOKcHaa yriepoaa paseH -3135,58 k/[x. CocTtaBbTe TEpMOXMMHYECKOE
ypaBHEHHE 3TOW peaklUu U BbluuciauTe Temnory oopazoBanus CH (k). Omeem: +49,03 x/Ix.

91.  Bpruuciaure, CKOJIBKO TEIUIOTHI BBIACIUTCS MpU cropanuu 165 1 (H.y.) alieTuieHa
C,H,, eciii mpotyKTamMu CrOpaHusl SIBISIOTCS TUOKCH]T yTaepoa u napsl Boabl? Omeem: 924,88
kJ[x.

92.  Ilpu cropanuu razoo0pa3HOro aMMmHuaka oOpa3yroTcs Mapbl BOJbI U OKCHJ] a30Ta.
CKONBKO TEIUIOTHI BBIACTUTCA MPH 3TOU peakluu, eciu 6bu10 nosyueHo 44,8 1 NO B nepecuere
Ha HOpMaJibHbIE ycioBus? Omeem: 452,37 xJIx.

93. Peakumst TOpeHHS METHJIOBOTO CIHPTa BBIPAKACTCA TEPMOXUMHUYECKUM
ypaBHEHUEM:

CH,OH(x) + 3/20,(r) = CO,(r) + 2H,0(x); DH=?
Bbruncnure TemnmoBod 3ddeKT 3TOH peakiyuH, €ciId W3BECTHO, YTO MOJIbHAs TeIuioTa
napoo6pazoBanust CH,OH(x) paBHa +37,4 x[lx. Omeem: -726,62 xJIx.

94. Ilpu cropanuu 11,5 r xuakoro 3TuiioBoro cnupta Bbiaenwiock 308,71 kJlx
TeroThl. Hamummre TepMOXUMHUYECKOE YpaBHEHHE pPEaKIUH, B pe3yjibTare KOTOPOM
00pa3yroTcsi mapsl BOABI U JUOKCU] yriepoaa. Beruncnute Temnory oopazoBanus C,H.OH(x).
Omeem:

-277,67 k1K/MOb.
95.  Peakuus ropeHusi 6eH30J1a BBIPAXKaeTCsl TEPMOXUMUYECKUM YPAaBHEHUEM:
CH,(x) + 7'/20,(r) = 6CO,(r) +3H,0(r); DH ="?
Boruricnute TemnoBoil 3¢¢eKT 53TOH peakuuu, €cld M3BECTHO, 4YTO MOJbHAs TeIuioTa
napoo6pazoBanus 6enzona pasHa +33,9 k/lx. Omeem: -3135,58 xJIx.

95. Brruncnure TemioBoi 3PQEeKT U HAMUIINTE TEPMOXHUMHYECKOE ypaBHEHHE PEaKINH

ropeHuss 1 mounp 3taHa C,H((r), B pe3ynbraTte KOTOpOW 00Opa3zyroTcsi mapbl BOAbI U JAUOKCHUJ



yriepoaa. CKOJIBKO TEIUIOTHI BBIAEIUTCS TIPH Cropanuu 1 M° 3TaHa B epecyere Ha HOpMaIbHbIE
ycnoBusi? Omeem: 63742,86 xJIx.

97. Peakuusi rOpeHUs] aMMHUAKA BBIPAXKAETCS TEPMOXUMHUYECKUM YPABHEHUEM:

4NH,(1) + 30,(r) = 2N,(r) + 6H,00k); DH = -1530,28 xJIx.
Boruucnure temnorty obpasosanus NH;(r). Omeem: -46,19 k/Ix/Mounb.

98. [Ipu B3aumoperictBum 6,3 T xene3a ¢ cepoil Beraenwioch 11,31 /[ TemnoTsl.
Brruncnute Temnoty oOpa3oBanus cyibbuaa xenesa FeS. Omesem: -100,26 xJ>x/Mob.

99. Ilpu cropanuu 1 n aneruneHa (H.y.) Bbiaensercs 56,053 kDK TEmJIOTHI.
Hamummure TepMOXuMHUECKOe YpaBHEHUE PEaKLUU, B pe3yibTaTe KOTOPOH oOpa3yroTcsi mapbl
BOABI M JMOKCUA yriepoja. Bemuucaure termnory obOpasoBanus C,H, (r). Omsem:
226,75 xJI>x/MoIIb.

100. IIpu nosyueHun >KBUBAJIEHTHOM Macchl ruapokcuaa kaibius u3 CaO(x) u H,O(xk)
Boizensercs 32,53 k/[x TenmoTel. Hanmummre TepMOXUMHUYECKOE YpPABHEHHE 3TOM pEAKIUHU U
BBIYHCITUTE TEIJIOTY 00pa3oBaHusl OKcua Kaiabius. Omegem: -635,6 xkJIx.

XuMHYeCKoe CPOACTBO

[Tpu pemiennu 3aga4 3TOro passena cMm. Tabdm. 5-7.

CaMOnpou3BOJBHO MOTYT NPOTEKaTh pPEAaKIUU, COMPOBOXKIAIOIINECS HE TOJIBKO
BBIJICJICHUEM, HO U MOTJIOMIEHUEM TEIUIOTHI.

Peakuus, uaymias npu JaHHOM TeMmMIepaType C BBIICJICHHEM TEIUIOThl, MpU JPYrou
TEMIIEpaType MPOXOAUT C MOIVIOUIEHUEM TEIUIOThI. 31€Ch MPOSIBISIETCS TUAJEKTHUYECKUN 3aKOH
€AMHCTBA U OOphOBI MPOTHBOMOJOXKHOCTEH. C OJHOW CTOPOHBI, CHUCTEMA CTPEMUTCA K
YHOPSIIOYEHUIO (arperaiuu), K yMEHbIIEHUIO [, ¢ Apyroid CTOPOHBI, CUCTEMA CTPEMUTCA K
oecniopsanky (nmeszarperamuu). IlepBasi TeHJEHIMA pacTeT C TMOHWKEHUEM, a BTOpas — C
MOBBIIIEHUEM TeMIeEpaTypbl. TeHACHINIO K OECHOpsIKy XapaKTepusyeT BeIWYHHA, KOTOPYIO
HAa3bIBAIOT YHMPONUEL.

DHTpomnus S, Tak ke Kak BHYTpeHHsis sHeprus U, sHransnus M, oobem V u ap., iBaseTcst
CBOMCTBOM BENIECTBA, MPONOPLUUOHAIBHBIM €ro KojudectBy. S, U, H, V oOnagaior
aJIMTUBHBIMU CBOWMCTBAMHM, T.€. NMPHU CONPUKOCHOBEHHH CHCTEMBI CYMMHUPYIOTCS. DHTPOMUS
OTpakaeT JBM)KEHUE YACTHULL BEILIECTBA U SBJISIETCS Mepoll HeynopadouenHocmu cucmemvl. OHa
BO3pacTaeT C YyBEJIMYEHUEM JBI)KCHUS YaCTUI: MPU HArpeBaHUU, HCIAPEHHH, IUIABJICHHUH,
pacIIupeHun Tas3a, IpHu OCNIa0JICHWU WK pa3pbIBe CBsi3el Mexay aromamu u T.0. [Iporeccsr,
CBSI3aHHBIE C YHOPSAOYEHHOCTHIO CHCTEMbI: KOHJEHCAlMsl, KpUCTAIM3alus, CXKaTue,
YIOPOUYHEHUE CBS3EH, MOJUMEpPU3ALMS U T.I., — BEAYyT K YMEHBUICHUIO DHTPOIMUU. DHTPOMHUS
sBIsieTcsl QYHKIMEH coCTOsIHMSA, T.e. ee u3MeHenue (DS) 3aBucut Toipko ot HavyaibHOTO (S)) U
KOHEYHOTO (5,) COCTOSIHUSA U HE 3aBUCHUT OT MyTH Ipoliecca:

ASy s = ZS‘l'iéia . _ZSéﬁa.
AS=S,-S,. Afée S, > S, 01 AS>0. Ahée S, <SS, 01 AS<O. o)

Tak kak HTPONHS PACTET C MOBBIIICHHEM TEMIIEPaTyphl, TO MOXHO CYUTATh, YTO MEpa
oecniopsiaka » TDS. Durponus BeipaxkaeTcs B J[x/(momb ¢ K). Takum o0pa3om, IBHXKYIIas Cuia
mpolecca CKIAIbIBaeTCS M3 JBYX CHII: CTPEMIJICHHS K yropsiaoueHuto (H) u cTpeMieHHs K
oecniopsanky (7). Ilpu p = const u 7 = const 00IIyI0 IBIKYIIYIO CHIYy MPOIECca, KOTOPYIO
o6o3HauaroT DG, MOXKHO HAWTH U3 COOTHOILICHUS:

DG=(H,-H,))—(TS,-TS,); DG=DH- TDS.



Benuunna G Ha3piBaeTcsd H300apHO-M30TEPMUYECKUM TOTEHIMATIOM WM JHEpPrHeH
I'n606ca. Mtak, Mepoii XUMHUYECKOTO CPOJICTBA siBIsieTCs yObuTh 3Hepruu ['udoca (DG), koropas
3aBHCHT OT MPHUPOIBI BEIIECTBA, €r0 KOJIMYECTBA U OT TeMIlepaTtypsl. JHeprus [ nb6ca sBnsercs
(byHKIMEH COCTOSHUS, TIOATOMY

AG().é:ZA ila?ga _ZA iiifilﬁé' (3)

CaMOomnpoH3BOJIbHO MPOTEKAOIIKE MPOIECCHl UAYT B CTOPOHY YMEHBIICHUS TOTCHIIHAIA
U, B YaCTHOCTH, B CTOpoHy yMmeHbineHuss DG. Eciu DG < 0, mporecc NpUHIMITHATIBHO
ocymecTBuM; eciaun DG > 0, mporiecc caMOmpoOM3BOJILHO MPOXOAUTh HE MOXKET. UeM MeHbIIe
DG, tem cunbHee cTpemiieHHE K MPOTEKAHHIO JAHHOIO MpOLecca W TEM JalbIie OH OT
COCTOSIHUS paBHOBecwHst, ipu kotopom DG =0 u DH = TDS.

U3 cootnomenuss DG = DH — TDS BuaHO, 4TO CaMONPOM3BOIILHO MOTYT MPOTEKATh U
nporiecchl, s Kotopbix DH > 0 (3pmoTepmudeckue). 1o Bo3MoxkHO, Koraa DS > 0, o |7DS|
> |DH|, u torna DG < 0. C napyroii croponsl, sk3orepmudeckue peakuuu (DH < 0)
CaMOIIPOU3BOJILHO HE POTEKaloT, eciu npu DS < () okaxercs, uro DG > 0.

Tabmuua 6.
CTAHJIAPTHASI QHEPTUsI 'TMBECA OBPA30BAHUSA
DG",,; HEKOTOPBIX BEILECTB
BEmECTBO CocTOogHuE DG°,, BEWECTBO CoCTOAHUE DG’y
kJ2k/MOJIb k/:x/MOJ1b
BaCO, K -1138,8 FeO K -244,3
CaCO, K -1128,75 H,O XK -237,19
Fe,O, K -1014,2 H,0 r -228,59
BeCO, K -944,75 PbO, K -219,0
CaO K -604,2 CO r -137,27
BeO K -581,61 CH, r -50,79
BaO K -528.4 NO, r +51,79
CO, r -394,38 NO r +86,69
NaCl K -384,03 CH, r +209,20
Zn0O K -318,2

Ilpumep 1. B kakoMm cocTosHMM OHHTponuss | Moib BemiecTBa OOJbIIE: B
KPUCTAJUIMYECKOM HIIM B TApo0Opa3HOM MpU TOM ke Temreparype?

Pewenue. DQHTpONINSA €CTHh MEpa HEYNIOPSAJOUYEHHOCTH COCTOSIHHS BEIIECTBA. 8 KpUCTAJLIE
gacTULBl (ATOMBI, MOHBI) PpAaCIOJIOKEHBI YIOPAJOYEHHE M MOTYT HAaxOIUThCA JIMIIb B
OTIpe/IeNIEHHBIX TOUYKAX MMPOCTPAHCTBA, a Ul Ta3a Takux orpaHuueHuil Het. O0bem 1 Monb raza
ropa3io Oonpiie, yeM o00beM 1 MOJb KPUCTAUIMYECKOI'O BELIECTBA; BO3MOXKHOCTD
XAOTUYHOI'O JIBU)KEHUSI MOJIEKYJI raza Oosbliie. A Tak Kak SHTPOIUIO MOKHO pacCMaTpUBaTh Kak
KOJIMYECTBEHHYI0 MEpPY aTOMHO-MOJIEKYJIIPHOW CTPYKTYpBI BEIIECTBA, TO SHTponus 1 Moib
MIapoB BEILECTBA OOJIbILIE SHTPONUH 1 MOJIb €ro KPUCTAJIIIOB IIPU OJJUHAKOBOM TeMIiepaType.

Ipumep 2. Ilpsmas wnnm obpaTHas peakuust OyAeT NpOTEKaThb NpPU CTaHIAPTHBIX
YCIIOBUSIX B CUCTEME:

CH,(r) + CO,(r) == 2CO(r) + 2H,(1)

Pewenue. JIyis OTBeTa Ha BONPOC CIEAYET BBIYUCIUTE DG°o TPAMON pEaKIUH.

3nauenus DG°,4 COOTBETCTBYIOIIMX BeIECTB HpHBeAEHbI B Tadm. 6. 3Has, uro DG ectb



¢byukius coctosHuss ¥ 9ro DG st MpOCTBIX BEMIECTB, HAXOSIIUXCS B YCTOWYHMBBIX MPHU
CTaH/IapPTHBIX YCIOBUSAX arperaTHbIX COCTOSIHUSX, paBHBI HYII0, HaxoauM D G°,,, mponecca:

DG®4 =2(-137,27) + 2(0) — (-50,79 — 394,38) = +170,63 /.
To, uto DG, > 0, yka3piBaeT Ha HEBO3MOXKHOCTh CaMOIPOHM3BOJIBHOTO MPOTEKAHHS

npsmoit peakuuu nipu T = 298 K u paBeHCTBe naBieHuit B3aThix ra3os 1,013 X 10° ITa (760 mm
pT. cT. = 1 at™m).

Tabmuua 7.
CTAHJIAPTHBIE ABCOJIIOTHBIE SHTPOINH S°,, HEKOTOPBIX BEUIECTB
BEmEcTBO CocrosiHuE %5085 BEmECTBO CocCTOosHuE S$°5085
JIx/(MoabXK) Jx/(Moab %K)

C Anmas 2,44 H,O r 188,72

C ['padur 5,69 N, r 191,49

Fe K 27,2 NH, r 162,50

Ti K 30,7 CO r 197,91

S Pomo. 31,9 CH, r 200,82

TiO, K 50,3 o, r 205,03

FeO K 54,0 H,S r 205,64

H,0 X 69,94 NO r 210,20

Fe, O, K 89,96 CO, r 213,65

NY,CI K 94,5 CH, r 219,45

CH,OH xK 126,8 Cl, r 222,95

H, r 130,59 NO, r 240,46

Fe,O, K 146,4 PCl, r 311,66

CH, r 186,19 PCl, r 352,71
HCl r 186,68

IIpumep 3. Ha ocHOBaHMM CTaHIApTHBIX TEIJIOT 0Opa3oBaHus (Tabma. 5) u aOCONMIOTHBIX
CTAHJIApPTHBIX SHTpomui BemecTB (Tabn. 7) Bbrumcaute DG, peakuny, mpoTekaromei o

YpaBHEHHIO:

AHé.es:ZAi i‘ibiéi _ZAI A

CO(r) + H,0(x) = CO(r) + Hy(r)
Pewenue. DG°=DH°* — TDS°; DH u DS — dyHkIuu cocTosiHuUS, O3TOMY:

; A‘S;_é = ZAS?&& _stﬁﬁ‘
AH;_6 =(-393,51+0)—(-110,52-285.84) = +2,85 A=z ;

AS! . = (213,65+130,59) — (197,91+69,94) = +76,39 = 0,07639 &A= /(iicu -E);

AG' =+2,85-298-0,07639=—-19,91 eAz .

IIpumep 4. Peakuus Boccranoienus Fe,O; BOIopoaOM IPOTEKAET IO YPABHEHUIO:
Fe,0,(k) + 3H,(r) = 2Fe(x) + 3H,0(r); DH = +96,61 k]I x.
Bo3mokHa JM 3Ta peakuus TNPU CTAaHIAPTHBIX YCIOBHUSX, €CliM M3MeHeHue sHTporuu DS =

0,1387 xJIx/(MmonpXK)? Ilpu kakoii Temnepatype HauHeTcs: BocctaHosneHue Fe,O,?

Pewenue. Berancnasiem DG° peakiium:
DG=DH-TDS=96,61 —298 X 0,1387 = +55,28 xJ]x.




Tak xkak DG > 0, To peakiys npu CTaHAAPTHBIX YCIOBHAX HEBO3MOXHA; HA00OPOT, MPH
ATUX YCIOBUAX MJET 0OpaTHAsl peakiusi OKUCIeHus xenesa (kopposus). Halimem temneparypy,
npu koropoit DG = 0:

>

AH _ 9661 _ coc s
AS ~ 0,1387

CrnepnoBarenbHo, pu TeMieparype » 696,5 K naunercs peakuuu BoccranoBinenus Fe,O;.
Wunorpa 5Ty TemnepaTypy Ha3bIBalOT TEMIIEPATYpOil Hayalla peaKkiuu.
Ipumep 5. Boruuciaure DAH®, DS° u DG°; peakiiu, npoTekaroiei no ypaBHEHHUIO:
Fe,O5(x) + 3C =2Fe + 3CO
Bo3moxHa nu peakuus BoccranoBienus Fe,O, yriaeponom npu temneparypax 500 u 1000 K?
Pewenue. DH°, j v DS°, , maxomum n3 cootnomrenuii (1) u (2) Tax xe, kKak B mpuMepe 3:
DH°, , = [3(-110,52)+2%0] — [-822,10+3%0] = -331,56+882,10 = 490,54 xJIx;
DS°,, = (2%27,2 +3%197,91) — (89,96 + 3%5,69) = 541,1 Jlx/K.
Onepruro ['MOOCa Mpu COOTBETCTBYIOLIMX TEMIIEpaTypax HaxoAuM U3 cooTHouieHuss DG, =

DH° — TDS:

AH =TAS; T =

AG,y, =490,54—50022L _ 191999 8he
1000
AG,y, = 490,54-1000221 — 5056 sAw.
1000

Tax xak DG, > 0, a DG, < 0, To Boccranosnenne Fe,O, yrinepogom BozmoxHo mpu 1000 K
1 HeBo3MoxkHO 1ipu 500 K.

KoHTpoJibHbIE BONIPOCHI

101.  Bwruucaure DG°, o 1715 CEAYIONMX PEaKLuii:
a) 2NaF(x) + CL(r) = 2NaCl(k) + F,(r)
6) PbO,(k) + 2Zn(k) = Pb(k) + 2ZnO(x)
MosxHO 11 moJy4duTh GTOp MO peakuuu (a) U BocctaHOBUTH PbO, nmHkoM mo peakiuu (6)?
Omeem: +313,94 xJIx; -417,4 xJ]x.
102. [Ipu kakoil TemnepaType HaCTyIIUT PABHOBECHE CUCTEMBI:
4HCI(r) + O, (r) == 2H,0(r) + 2C1,(r); DH =-114,42 x]JIx?
XJ0p WM KUCIOPOJ B 3TOM CHCTEME SIBIsieTCs 00Jiee CHIIBHBIM OKHCIUTENEM U MPU KaKUX
temneparypax? Omeem. 891 K.
103. Boccranosnenue Fe,O, okcniom yriaepoja UAET 0 YPABHEHUIO:
Fe,0,(k) + CO(r) = 3FeO(x) + CO,(r)
Beruncnure DG, 1 crenaiite BbIBOJ 0 BO3MOKHOCTH CAMOIIPOU3BOJILHOTO MTPOTEKAHUS ITOM
peakiiu MpH CTaHAapTHBIX ycioBusix. Yemy paBHo DS°,, B 3TOM mponecce? Omeem: +24,19
kJIx; +31,34 Tx/ (Mons « K).
104. Peakuusi ropeHMs alleTUIICHA UAET MO YPABHEHUIO:
C,H,(r)+ 5/20,(r) = 2C0,(r) + H,O(x)

Beranciure DG4 1 DS°,0. OOBsiCHHTE yMEHBIIEHHE SHTPOIMHU B pe3yibTare 3TOMH
peakuuu. Omeem: -1235,15 xJIx; -216,15 JIx/ (Mmons « K).

105. YmeHbIIaeTcs wiM yBEJIMYMBAETCS SHTPOINHUS MPH MEPEeXoAax: a) BOAbI B map; 0)
rpaduta B anmasz? Tlouemy? Borauciure DS°,q mist kaxaoro npespaierus. CaenanTe BBIBOJ O
KOJIMYECTBEHHOM M3MEHEHUH SHTPOIUHU MPH (PA30BBIX U aJUIOTPONUYECKUX MTPEBPALLICHUSX.

Omeem: a) 118,78 I/ (mons « K); 6) -3,25 I/ (monb « K).



106. Uem MOXHO OOBACHHTH, YTO TPH CTAaHAAPTHBIX YCIOBUAX HEBO3MOXKHA

AK30TEPMHUECKasl PeaKiusl:

H,(r) + CO,(r) = CO(r) + H,0(x); DH = -2,85 xJIx?
3Has TeroBoi 3¢ ekt peakuuu M aOCONIOTHBIC CTaHIAPTHBIC SHTPOIMUU COOTBETCTBYIOIINUX
BelecTB, onpenenure DG, aToit peakuun. Omeem: +19,91 kJx.

107. Ilpsamast wnu oOpaTHasi peakiusi OyJeT MpPOTeKaTh MPHU CTAHAAPTHBIX YCIOBHSX B
CUCTEME:

2NO(r) + O, (r) == 2NO,(1)

OtBer MOTHBHPY#TE, BBIYUCIUB DG4 ipsiMoii peakitun. Omeem: -69,70 kJ[x.

108. Ucxonms w3 3HAYeHUH CTaHAAPTHBIX TEIUIOT 0Opa3oBaHusi U aOCOJIOTHBIX
CTaHJapPTHBIX OSHTPOIUHK COOTBETCTBYIOIIMX BeIIeCTB, Bbuuciaure DG, peaximy,
MPOTEKAIOILIEH 110 YPaBHEHUIO:

NH;(r) + HCI(r) = NH,Cl(x)

MokeT 51 3Ta peakuusi Ipu CTAHAAPTHBIX YCIOBUSAX UATH CaMONPOU3BOJIBHO? Omeem:
-92,08 x/Ix.

109. ITpu kakoii TeMIiepaType HaCTYIIUT PaBHOBECHE CUCTEMBI:

CO(r) + 2H,(r) == CH,0H(x); DH =-128,05 x/Ix?

Omeem: »385,5 K.

110. ITpu xakoii TeMIiepaType HaCTYIIUT PaBHOBECHE CHCTEMBI:

CH,(r) + CO,(r) = 2CO(r) + 2H,(r); DH = +247,37 xJIx?

Omeem: »961,9 K.

111. Ha ocHOBaHMM CTaHAApPTHBIX TEIUIOT 00pa3oBaHUs U aOCONIOTHBIX CTaHAAPTHBIX
OHTPONMM COOTBETCTBYIOIIMX BemiecTB Bolumciute DGP, peakium, mpoTeKaromeil 1o
YPaBHEHHUIO:

4NH,(1) + 50,(r) = 4NO(r) + 6H,0(T)
Bo3MoskHa 511 3Ta peakuus Ipu CTaHJAPTHBIX ycloBUsAx? Omeem: -957,77 k]I x.

112. Ha ocHOBaHMHM CTaHAApPTHBIX TEIUIOT 00pa3oBaHUs U aOCONIOTHBIX CTaHAAPTHBIX
SHTPONHMM COOTBETCTBYIOIIMX BemiecTB Bblumciaute DG, peaknuu, mpoTeKaromeid Imo
YPaBHEHUIO:

CO,(r) + 4H,(r) = CH,(1) + 2H,0(x)
Bo3morkHa 51 3Ta peakuus npu cTaHaapTHbIX yciioBusax? Omeem: -130,89 kJx.
113. Boruuciure DH°, DS° u DG°, peakuuu, mpoTekaromieii 1o ypaBHECHHIO:
Fe,0,(x) + 3H,(r) = 2Fe(x) + 3H,0(r)
Bo3moxHa 5n peakuusi BocctanosieHus Fe,O, Bogoponom npu temnepatypax 500 u 2000 K?
Omeem: +96,61 x]JIx; 138,83 JIx/K; 27,2 xJIx; -181,05 x/[x.

114. Kakue wu3 kap6onaroB: BeCO, win BaCO, — MOXHO NOIy4YUTh MO PEAKLIUHU
B3aMMOJICHCTBUSL COOTBETCTBYIOMUX okcugoB ¢ CO,? Kakas peakuus wuger Haumbojee
sHeprudHo? BeiBoj caenaiite, BeruucauB DG, peakuuit. Omseem: +31,24 xJIx; -130,17 xIx;
-216,02 x/]x.

115. Ha ocHOBaHWU CTaHJAPTHBIX TEIUIOT 0O0pa30BaHUS W aOCONIOTHBIX CTaHIAPTHBIX
OHTPONHMM COOTBETCTBYIOIIMX BemiecTB Bblumciaute DG, peaknum, mpoTeKaromei Imo
YPaBHEHUIO:

CO(r) + 3H,(r) = CH,(1) + H,O(T)
Bo3morkHa 51 3Ta peakuus npu cCTaHAapTHBIX yclloBusax? Omeem: -142,16 kJx.

116. Borauciure DH°, DS° u DG°, peakiuu, npoTekaroliei o ypaBHEHHIO:

Ti0,(x) + 2C(x) = Ti(x) + 2CO(r)



Bo3moskna 5n peakuus BocctanosieHus TiO, yraeponom npu temmeparypax 1000 u 3000 K?
Omeem.: +722,86 xJIx; 364,84 JIx/K; +358,02 xJIx; -371,66 kI k.

117. Ha ocHOBaHMHM CTaHAApPTHBIX TEIUIOT 0Opa3oBaHUs U aOCONIOTHBIX CTaHAAPTHBIX
OHTPONHIA COOTBETCTBYIOLIMX «BemlecTB Bbluuciute DG°, peakuuu, NpoTeKaromei Mo
YPaBHEHHUIO:

C,H,(r) + 30,(r) = 2CO,(r) + 2H,0(x)
Bo3morkHa 51 3Ta peakuus npu cCTaHAapTHBIX ycinoBusax? Omeem: -1331,21 x/Ix,

118. Ompenenute, npu Kakoil TeMiiepaType HauHeTCsl peakuusi BocctaHoBieHus Fe,O,,
MPOTEKAIOIAs [0 YPaBHEHUIO:

Fe,0,(x) + CO(r) = 3FeO(x) + CO,(r); DH = +34,55 xJIx.

Omeem: 1102,4 K.

119. Beluuciure, mpu KakoW TeMIIEpaType HAYHETCS AUCCOIUAINS TEHTaXJopuaa
docdopa, mpoTekaromias Mo ypaBHCHHIO:

PC14(r) =PCIl,(r) + CL(r); DH =+ 92,59 /.

Omeem. 509 K.
120. Beraucnure n3MEeHEHUE SHTPOIHH TSl pEaKIUN, TPOTEKAOIIUX 110 YPaBHEHUSIM:

2CH,(r) = C,Hy(r) + 3Hy(r)

N,(r) + 3H,(r) = 2NH,(r)

C (rpagur) + O,(r) = CO,(T)
[Mouemy B 3THX peakuusx DS, > 0; <0; @ 0?
Omeem. 220,21 JIx/K; -198,26 JIxx/K; 2,93 JIx/K.

XuMnueckass KHHeTHKA U paBHOBECHE

Kunetnka — y4yeHHMe O CKOPOCTH Pa3IUYHBIX MPOIECCOB, B TOM YHCJIE XMMHYECKUX
peakuuid. Kputepriem MpUHIMIHATBHON OCYIIECTBUMOCTH Peakiuii BseTcs HepaeHcTBo DG,
< 0. Ho »TO HEpaBEeHCTBO HE SIBIIACTCS €IIe¢ TOJHOW rapaHTuell (HaKTHUECKOTO TEUCHHS
npouecca B JIaHHBIX YCIOBHSIX, HE SABJISETCS JOCTATOYHBIM JUISl OLEHKU KUHETUYECKUX
Bo3moxkHOCTel peakuuu. Tak, DG®qg 11,0(T) = - 228,59 kJlx/Monb, a DG®yg 5y5(k) = -313;8
kJIx/Monb |, cienoBarensHo, nmpu I = 298 K u p = 1,013 ¢ 10° I1a BO3MOKHBI PEaKIHH,
UIYIIHE 110 YPAaBHEHUSIM:

H,(r) +20,(r) = H,0 (1)
2A1(k) + 31(x) = 2All4(x) (2)

OmHako ATH peakuu TpH CTAHJAPTHBIX YCIOBUSX HIYyT TOJBKO B MPHUCYTCTBUHU
Kataym3aTopa (TUTATHHBI I TIEPBOM W BOABI 1jIsi BTOpod). KartammzaTtop kak Obl CHUMAaeT
KMHETUYECKUi "Topmo3", W TOrjga NOposIBIAETCS TEPMOJAMHAMHUYECKas MpUpOAA BEIIECTBA,
CKOpOCTh XMMHYECKHUX PEAKIUA 3aBUCHT OT MHOTHX (PAaKTOPOB, OCHOBHBIC W3 KOTOPBIX —
KOHIICHTpauus (JaBJIEHUE) peareHToB, TeMIIepaTypa 1 AeicTBrE KaTaau3aTopa. ITH ke (pakTopbl
ONPEACISIIOT U IOCTUKEHUE PABHOBECHS B pearupyroniei cucTeme.

Ipumep 1. Bo ckoibko pa3 HU3MEHUTCA CKOPOCTh MPSIMOM M OOpaTHOM peakiuuu B
CHUCTEME:

2S0,(r) + O,(r) == 2S04(1)
eciu 00beM Ta30BOI CMECH YMEHBIITUTE B TPH pa3a? B Kakyro CTOPOHY CMECTUTCSI PaBHOBECHE
CHUCTEMBI?

Pewenue. O603HauMM KOHLIEHTpaLuK pearupyromux Bemects: [SO,]= a, [O,] = b, [SO,]
= ¢. CoriacHo 3aKOHY JI€MCTBUSI Macc CKOPOCTH v MPSIMOM U 0OpaTHOM peakIuu 10 U3MEHEHHUS
obbema:



Vi = Ka’b; v g, = K.
[Tocne ymeHbIieHns 00beMa TOMOT€HHON CHUCTEMBI B TPH pa3a KOHIEHTPAIUs KaXI0TO
U3 pearupymolux BelecTB yBenuuurcs B Tpu pasza: [SO,| = 3a, [O,] = 3b,; [SO;] = 3c. Ilpu
HOBBIX KOHIICHTPAIUAX CKOPOCTH v’ MPSAMON M 0OpaTHOM peakiuu:
v’ = K(a)’(3b) = 27Ka’h; v’ 5, = K (3¢)* = 9K .

Orcrona:
! N2 ! N ~2
Ve _27Ea%h o Ve 9B
TR v, B
Vi Viso 1

CrenoBarenabHO, CKOPOCTh MPSIMOM peakiy yBenuuuiaach B 27 pa3, a 0OpaTHOH — TOJIBKO B
neBsATh pa3. PaBHOBecHe cucTeMbl CMECTUIIOCH B CTOPOHY oOpa3oBanus SO;.

Ipumep 2. Beiuuciaute, BO CKOJIIBKO pa3 yBEIUYHUTCS CKOPOCTh PEaKLUU, TPOTEKAIOLIEH
B Ta30Boil (aze, mpu mnoBbiieHun Ttemneparypsl ot 30 go 70°C, ecnm TemmepaTypHBIMA
KO3 (HUILIMEHT peaKIy paBeH 2.

Pewenue. 3aBUCUMOCTH CKOPOCTH XHMHUYECKOW pEaKIMu OT TeMIepaTypbl

ompeenseTcs SMIUpUIEcKuM npasmwioM Bant-I'odda mo hopmye:
-
— 10 .
vy, =ViY ;
70-30

- ([ 4 _
v, =V 2 =v, 2" =16v,.

v
CIe/I0BATENBHO, CKOPOCTh peakuun 12 mpu temmeparype 70°C GONbLIE CKOPOCTH

peaKkiu Vi I mpu temmneparype 30°C B 16 pas.
Ipumep 3. Koncranra paBHOBECHSI TOMOT'€HHOUN CHCTEMBI:
CO(r) + H)O(r) == CO,(r) + Hy(T)
npu 850°C paBHa 1. Beluncnure KOHLEHTPALMU BCEX BEIIECTB IIPH PABHOBECHH, €CIIU UCXOIHBIC
koHueHTpauuu: [CO], . =3 mons/n, [H,0], ., = 2 Monb/1.

Pewenue. Tlpu paBHOBECHN CKOPOCTU NMPSIMON U OOpaTHOM peakinii paBHbI, @ OTHOIIICHHE
KOHCTAHT 3THUX CKOPOCTEW MOCTOSIHHO M HA3bIBAE€TCSI KOHCTAHTON paBHOBECHUS JAHHOW CHUCTEMBI:

v, K [CO] [1_120]; vo6£ - I<’2[C02] [H,];
g B N
E, [CT]I,T]

B ycroBuu 3a1a4n 1aHbl HCXOHBIC KOHIEHTPALMH, TOTa KaK B BbIpaKeHHE K| BXOIST
TOJIbKO PaBHOBECHBIE KOHIIEHTPALIUU BCEX BEIIECTB CUCTEMBI. [Ipeanosoxum, 4To K MOMEHTY
paBHoBecus KoHueHTpauuu [CO,], = x Monb/n. CornacHo ypaBHEHUIO CHCTEMbI YHMCIO MOJIEH
o0pa30BaBIIIeToCss BOAOPOJa MPU ATOM Oyaer Takxke x Moib/l. Ilo cTompko ke momei (x
moub/) CO u H,O pacxonyetcst mist oopazoBanus no x moieit CO, u H,. CnegoBaresnbHo,
PaBHOBECHbBIE KOHILICHTPALIUH BCEX YETHIPEX BEIECTB:

[CO,], = [H,], = x mons/ii; [CO],= (3 — x) Monb/1;
[H,0], = (2 — x) mos/1.

3Hasi KOHCTAaHTY PAaBHOBECHsI, HAXOAMM 3HAUEHHUE X, a 3aTE€M HCXOJIHbIE€ KOHIEHTpPALUU

BCEX BEILIECTB:

HUCX



~2
(o)

! (3-9)(2-9)’
0’ =6-20-35+0%;50=06, =121 /&

Taxum 06pa3zoM, HCKOMbIE paBHOBECHBIE KOHIIEHTPALIUHU:

[CO,], = 1,2 monb/1;

[H,],= 1,2 mons/x;

[CO],=3 - 1,2=1,8 monb/m;
[H,0],=2-1,2=0,8 monb/i.

IIpumep 4. DHnoTepMHUUEcKas peaklus pa3IoxKeHus neHTaxyiopuaa pocdopa npoTekaer
M0 YpaBHEHUIO:

PCl(r) = PCl,(1) + Cl(r); DH =+ 92,59 xJIx.

Kax Hamo n3MenuTs: a) TeMieparypy; 0) JaBjieHue; B) KOHLIEHTPALHIO, YTOOBI CMECTUTh
paBHOBECHE B CTOPOHY NpPsAMOi peakunu — pasnoxxenus PCl,?

Pewenue. CmemieHuemM UM CIIBUTOM XMMUYECKOI'O PABHOBECHS Ha3bIBAIOT U3MEHEHHE
PaBHOBECHBIX KOHIIGHTpAIUH pearupyrouux BeIIeCTB B pe3yJbTaTe M3MEHEHHS OJHOTO W3
ycioBui peakuuu. HampaBieHue, B KOTOPOM CMECTHJIOCH PaBHOBECHO, OMPEIENseTcs IO
npunnuny Jle larense: a) Tak kak peakuus pasnoxkenus: PCly sunorepmuueckast (DH > 0) o
JUIS CMEILIEHUs] pPAaBHOBECHUSI B CTOPOHY MPSAMOIl peakuu HY>KHO MOBBICUTH TeMIIepaTypy; 0) Tak
Kak B JJaHHOHM cucteMe pasnoxxeHue PClg Bener k yBenanueHHo o0bemMa (M3 OJJHOH MOJIEKYJIbI
raza oOpa3yrTCsi JIB€ ra3000pa3HbIe MOJIEKYJIbI), TO JUIsi CMEIICHUS PaBHOBECHUS B CTOPOHY
OpsMOIl peakIMM HaJ0 YMEHBIIWTH JaBJICHHE; B) CMELICHHS pPAaBHOBECUS B YKa3aHHOM
HaNpaBJICHUN MOXHO JOCTHTHYTh Kak yBenndeHueM koHueHtpauuu PClg, Tak M yMeHbIIeHUEM
koHuenTpauuu PC1, nmu C1,.

KounTpoJbHbIe BOnpochl

121. Oxucnenue cepbl U €€ AMOKCHIA IPOTEKAET 110 ypaBHEHUAM: a) S(k) + O, = SO,(k);
0) 2S0,(1) + O,= 2S04(1)

Kax u3mMeHsTCs: CKOPOCTH 3TUX PeaKIHid, eclii 00BEMbI KaXXA0W U3 CUCTEM YMEHBIIUTD B
yeTbIpe pa3a’

122. Hanumure BbIpaK€HUE JUIsi KOHCTAHTHl PABHOBECHS TOMOT€HHOW CUCTEMBbI N, +
3H, == 2NH,. Kak u3MeHuTcss CKOpPOCTh MPSAMOM peakiuu — oOpa3oBaHUs aMMHUAKa, €CIIU
YBEIHUYUTH KOHIIEHTPALIMIO BOJOPOIa B TpU pa3a’?

123. Peakuus uzaer no ypaBHeHuto N, + O, =2NO. KoHlleHTpauu UCXOIHbIX BEIIECTB
1o Hadana peakuuu obutn: [N,] = 0,049 mons/1; [O,] = 0,01 Monb/n1. BeruncianTe KOHIIEHTPALIHUIO
ATHX BeIIecTB B MOMeHT, korja [NO] = 0,005 monw/n. Omeem. [N,] = 0,0465 mons/x; [O,] =
0,0075 moib/mn.

124. Peakuus uzet no ypaBaenuto N, + 3H, =2NH,. KoHuenTpaunu yuyacTByOIMX B HEl
BemiectB Obutu: [N,] = 0,80 mons/m; [H,] = 1,5 mons/n; [NN,] = 0,10 mons/n. Beruucnure
KOHIIGHTPALIMIO BOAOPOAA U aMMHuaka, korjaa [N,] = 0,5 monbs/n. Omeem: [NH;]= 0,70 mons/7;
[H,] = 0,60 monb/1.

125. Peakus uzner no ypasHenuto H, + 1, = 2H1. KoHcTanTa ckopocTu 3T0M peakuuu
npu HekoTopor Temmnepartype paBHa 0,16. McxonHble KOHUEHTpPALIMU PEArUPYIOIIMX BEIIECTB:
[H,] = 0,04 mons/n; [1,] = 0,05 Mmonb/n. Beruncnure HauyanbHYH0 CKOPOCTh PEAKIMHU U €€
ckopocth, koraa [H,] = 0,03 mons/n. Omeem.: 3,2 « 10%;, 1,92 « 10



126. Bpluuciaure, BO CKOJIBKO Pa3 YMEHBIIMTCS CKOPOCTh PEaKLUH, MPOTEKAKOUIEH B
ra3oBoii (¢aze, ecnu moHM3UTH Temiepatypy ot 120 mo 80°C. TemmepatypHbiii KOo3(hUIIHEHT
CKOPOCTH peakluii 3.

127. Kax wu3MEHUTCS CKOpPOCTb pEaKIMH, MNpOoTeKamlled B ra3oBod Qasze, npu
MOBBIIIIEHUU TemrmepaTypbl Ha 60°C, ecnu TeMmriepaTypHbId KOI(DPUIMEHT CKOPOCTH JTaHHOUN
peakuuu 27

128. B romorennoii cucreme CO + Cl, == COCIl, paBHOBeCHbIE KOHIEHTPALUH
pearupyromux BemiectB: [CO] = 0,2 monw/m; [Cl] = 0,3 mons/m; [COCL,] = 1,2 monw/m.
BrluncianTe KOHCTaHTY paBHOBECHUSI CUCTEMbBI M UCXO/HbIE KOHIEHTparuu xjiopa u CO. Omeem:
K=20; [Cl,],., = 1,5 mons/it; [CO],., = 1,4 Monb/1.

129. B romorennoii cucreme A + 2B = C paBHOBecHbIE KOHIICHTpPAIUU
pearupyromux ra3os: [A] = 0,06 mons/i; [B] = 0,12 moaw/a; [C] = 0,216 mons/n. Beraucaute
KOHCTAHTY PaBHOBECHS CUCTEMbI M UCXOJIHbIE KOHIIEHTpaluu BemecTB A u B. Omeem:
K=2,5;[A].. = 0,276 mons/n; [B], ., = 0,552 Moub/1.

130. B romorenHnoii razopoii cucteme A + B =< C + D paBHOBecHe yCTaHOBHIIOCH
npu koHneHTpanusax: [B] = 0,05 mons/n1 u [C] = 0,02 monb/n. KoHCcTaHTa paBHOBECHS CUCTEMBI
paBHa 0,04. Berunciaure uMcXoaHble KOHUEHTpauuu BemectB A u B, Omsem: [A],. = 0,22
Moaw/i; [B],.. = 0,07 Moms/m.

131.  KoHcranTta ckopoctu peakuuu pasznoxenuss N,O, mpoTekarolieil 10 ypaBHEHUIO
2N,O = 2N, + O,, paBHa 5 * 10*. HaganpHas xouuentpamnus N,O = 6,0 mosb/1. Beraucnute
HavyaJIbHY0 CKOPOCTh PEAKIMU U €€ CKOPOCTb, Koraa pasnoxutcs 50% N,O. Omesem:
1,8+ 102 4,5+ 10°.

132. Hamumwure BblpakeHHE Ul KOHCTAHTHI paBHOBECHs reTeporeHHoi cucremsl C,0

HCX )5 (0.4

HCX HUCX

HUCX

+ C = 2CO. Kak wusMeHHUTCS CKOpPOCTh MpsiMOi peakiuu — oOpazoBanus CO, ecnau
koHUeHTpauuto CO, yMeHbIINTh B YeTbipe pa3za? Kak cieqyer M3MEHUTh JaBJI€HHUE, YTOOBI
noBbICUTH Bbixoa CO?
133. Hanummure BbIpak€HHE JUUI KOHCTAHTHI PABHOBECUS FE€TEPOrEHHOM CUCTEMBI
C + H,0(r) = CO + H,. Kak ciegyer U3MEHUTh KOHLEHTPALMIO U AaBJI€HHE, YTOObI CMECTUTh
paBHOBECHE B CTOPOHY OOpaTHON peakinu — 00pa3oBaHMs BOASHBIX MapoB?
134. PaBHOBECHE rOMOT€HHOM CHCTEMBI
4HCI(r) + O, == 2H,0(r) + 2C1,(1)
YCTaHOBUJIOCh, TIPH CIIEYIOMIUX KOHIEHTpausax pesusyrouux seutects: [H,0] = 0,14 mons/x;
[CL], = 0,14 mons/m; [HC1], = 0,20 mons/m; [O,], = 0,32 Monb/i. Berauciure UCXOqHbIE
KOHIIEHTpallUu XJ0poBojaoponaa u kuciopona. Omeem: [HCI1], ., = 0,48 mons/i; [O,],., =0,39
MOJTB/JI.
135. Bpruncinure KOHCTAHTY PaBHOBECHS JIJIl TOMOI'€HHOM CUCTEMBI
CO(r) + H0(r) = CO,(r) + Hy(r)
€C/I PAaBHOBECHBIE KOHLEHTpanuu pearupyromux semects: [COJ = 0,004 mons/i; [H,0]) =
0,064 wmoms/n; [CO,], = 0,016 mons/x; [H,], = 0,016 monb/n. HYemy paBHbI HCXOJHBIC
koH1eHTpauuu Boasl 1 CO? Omeem: K = 1; [H,0], ., = 0,08 mons/m1; [CO], ., = 0,02 Monb/m1.
136. KoncranTa paBHoBecust romorenHoit cuctemsl CO(r) + H,O(r) == CO, + Hy (1)
Ipu  HEKOTOpOW TemrepaType paBHa 1. Beiuucnure paBHOBECHBIE KOHIIEHTPAIIMH BCEX

pearupyomux BelecTB, eciu ucxoauslie konuentpauuu: [CO]J, . =0,10 mons/n; [H,0],.. = 0,40
moie/i1. Omeem: [CO,], = [H,],= 0,08 moss/i; [CO], = 0,02 mous/x; [H,0], = 0,32 mMonb/m.

HUCX

HCX HUCX



137. KoHncranta paBHOBecusa romoreHHoil cucrembl N, + 3H, = 2NH, npu
HekoTopou Ttemmeparype paBHa (,1. PaBHOBeCHble KOHIUEHTpAIMUM BOJAOpPOJAa M aMMHUaKa
cootBeTcTBeHHO paBHbl 0,2 u 0,08 Monp/n. BplunciuTe paBHOBECHYIO U HCXOAHYIO
KOHIIEHTpanuio azota. Omeem: [N,] = 8 moib/n; [N, ], =8,04 Mob/m.

HUCX

138. Ilpu HexkoTOpoOil TemnepaType paBHOBECUE FOMOTreHHOM cucteMbl 2NO + O, =
2NO, ycTaHOBHJIOCH NPH CJIEAYIOMMX KOHLCHTpamusx pearupyrommx semects: [NOJ, = 0,2
mone/11; [O,], = 0,1 mons/m; [NO,], = 0,1 Mmonb/i1. BeruuciuTe KOHCTaHTY PaBHOBECHS W
ucxoauyro konueHtpauuio NO u O,. Omeem: K = 2,5; [NO] .. =0,3 monw/m; [O,],. =
0,15 Momab/m1.

139. Ilouemy npu M3MEHEHHHM JaBJICHHs CMEUIAeTCsl paBHOBecHue cucremsl N, + 3H,

HUCX

= 2NH, u He cmemaercsa paBHoBecue cuctemsl N, + O, = 2NO? OtBer MOTHBHUpYTE Ha
OCHOBAaHHMU pacyeTa CKOPOCTH MPSIMON M OOpaTHOW pEaKIMH B 3TUX CHCTEMax JI0 M TOCHe
u3MeHeHMs naBieHus. Hamummre BbIpakKeHUs Ui KOHCTAHT PaBHOBECHS KaKJIOW M3 JTaHHBIX
CHCTEM.
140. Ucxonusie konuentpauuu [NO], , u [CL],., B romorensoii cucreme 2NO + Cl, =
2NOCI cocraBnsror cootBercTBeHHO 0,5 1 0,2 Mob/11. BRIYucIuTe KOHCTAHTY PaBHOBECHS,
€CJIM K MOMEHTY HacTyIUIeHUs paBHOBecHs npopearupoBaiio 20% NO. Omeem: 0,416.

HCX

Crnoco0blI BbIpa:keHHs] KOHIEHTPAIUM PacTBOpa

KonnenTpanueii pactBopa Ha3bIBaeTCS COJACPIKAHHE PACTBOPCHHOTO BEIIECTBA B
OTIpeICTICHHOM Macce WJIM U3BECTHOM 00bEME pacTBOpa MIIM PACTBOPUTEIS.

IIpumep 1. Briuucnure: a) npouentHyo (C%); 6) momispayto (C,,); B) SKBUBAICHTHYIO
(C,); r) Mmomsbhyto (C,,) koHeHTpanuu pacrsopa H;PO,, nomydyenHoro npu pactBopeHuu 18 r
KUCIOTEl B 282 cM® BOabl, eciam 1IoTHOCTH ero 1,031 r/cm®. Uemy paBen tutp T 3TOrO
pactBopa?

Pewenue: a) MaccoBass TpolLIEHTHAsT KOHIEHTpPAlUs I[OKa3blBaeT YHCIO TPamMMOB
(emmHMI] Macchl) BemiecTBa, coaepxaiieecs B 100 r (equHuil maccel) pactBopa. Tak kak maccy
282 cM® BOJBI MOYKHO MPHHSATH paBHO# 282 T, TO Macca MOJy4eHHOro pacTBopa 18 + 282 =
300 r u, ciieoBaTeNIbHO,

30018

K% = 100-18 — 6%:
300

100 - C%

0) MOJIBHO-O0OBEMHAsl KOHIIGHTpAIlMsl, WM MOJIIPHOCTb, IIOKa3bIBa€T YHUCIO MOJICH
PacTBOPEHHOTO BELIECTBA, coJiepxamuxcs B 1 1 pactBopa. Macca 1 i pactBopa 1031 r. Maccy
KHUCJIOTBI B JINTPE PACTBOPA HAXOAUM U3 COOTHOLIEHUSA:
30018
1031 —x

1031-18

0=——=61386.
300



MoutsipHOCTE pacTBOpa MoJy4uum jAesieHreM uucia rpammoB H;PO4 B 1 11 pacTtBopa Ha
monbHyto Maccy H;PO, (97,99 r/mons):
C,,=61,86/97,99 = 0,63 M;
B) OSKBUBAJCHTHAs KOHILEHTPALMs, WM HOPMAIBbHOCTb, IOKA3bIBAET YHCJIO JKBHUBAJICHTOB
PacTBOPEHHOTO BEIECTBA, COJIepKaIuXcs B 1 J1 pacTBopa.
Tax xak skBuBanentnas macca H3PO, = M/3 = 97,99/3 =32,66 r/moinb, TO
C,=61,86/32,66 =1,89 u.;
I) MOJbHO-MAccoBasi KOHIEHTpAlWs, WM MOJISJIBHOCTb, IIOKa3bIBa€T YHUCIO MOJIEH
pacTBOpeHHOro BemiecTBa, cogepxkammxcsa B 100 r pactBopurens. Maccy H,PO, B 1000 r
PacTBOPUTEISI HAXOIUM U3 COOTHOILICHUS:
282 - 18
1000-18

=68,83.
282

0=

1000 —x

Ortcrona Cy, = 63,83/97,99 =0,65 m.

TutpoM pacTBOpa Ha3bIBAETCS YHCIIO IPAMMOB PACTBOPEHHOTO BemiecTBa B 1 cm® (M)
pactBopa. Tak kak B 1 11 pactBopa coaepxurcs 61,86 r kucnotsl, To 7= 61,86/1000 = 0,06186
r/cm’.

3Hasi HOpMaJIbHOCTh PACTBOpA U, SIKBUBAJIEHTHYIO Maccy (71,) paCTBOPEHHOT'O BEILIECTBA,
TUTP JIETKO HAWTHU 110 hopmyJie:

T = Cym,/1000.

ITpumep 2. Ha neiirpamusaimio 50 cM® pacTBopa KUCIOTHI H3pacxomoBaHo 25 cm? 0,5 H.
pacTBopa 1enoud. Yemy paBHa HOPMATBHOCTh KUCTIOTHI?

Pewenue. Tak kak BelecTBa B3aMMOJICHCTBYIOT MEXAy CO0OW B JKBHUBAJICHTHBIX
COOTHOIIEHUSX, TO PAaCTBOPHI PaBHOW HOPMAaJbHOCTH PEarupyroT B paBHbIX oObemax. [lpu
pa3HbIX  HOPMAJBHOCTAX  OOBEMBI  PACTBOPOB  pEarupymIIUX  BEIIECTB  0OpaTHO
MPOMOPLUOHAIBHBI UX HOPMAJIbHOCTSM, T.€.:

ViV, = Cy/Cyy um V,Cyy, = V,Cyy,
50C,, =25 0,5, otkyna Cy; =25+ 0,5/50 = 0,25 .

Ipumep 3. K 1 1 10%-noro pacrBopa KOH (1. 1,092 r/cm?®) mpubGasumu 0,5 1
5%-noro pactBopa KOH (rur. 1,045 r/cm’). O6bem cmecu goBenn g0 2 . Beraucimre
MOJIIPHYIO KOHIICHTPAIUIO MOJIYYeHHOTO pacTBOpA.

Pewenue. Macca onnoro nautpa 10%-noro pacrsopa KOH 1092 r. B stom pactBope
conepxutcs 1092 « 10/100 = 109,2 r KOH. Macca 0,5 1 5%-Horo pactBopa 1045 « 0,5 =
522,5 r. B aTom pactBope conepxutcs 522,5 ¢ 5/100 =26,125 r KOH.

B o0mem o0weme nomyuennoro pactBopa (2 1) cogepxkanue KOH cocrasnser 109,2 +
26,125 =135,325 r. Otcroga MossspHOCTB 3TOT0 pactBopa C,, = 135,325/2 « 56,1 =1,2 M, rnie
56,1 r/mons — MoabHas macca KOH.

IMpumep 4. Kakoii 00beM 96%-Hoii KUCTOTHI IIOTHOCTHIO 1,84 r/cM® ioTpebyeTcst st
npurotosienus 3 1 0,4 H. pacTBopa?

Pewenue. DxBuBanentHas macca H,SO, = M/2 = 98, 08/2 = 49,04 r/mons. [nsa
npurorosienus 3 i 0,4 H. pactBopa Tpebyercs 49,04 « 0,4 3 =58, 848 r H,SO,. Macca 1 cm®
96%-noi1 kucnotsl 1,84 r. B aToM pactBope conepxurcs 1,84 « 96/100 = 1,766 r H,SO,.



CnenoBatenbHo, juis npurotoBienus 3 i1 0,4 H. pacTBopa Hajo0 B34Th 58,848 : 1,766 =
33,32 cM® 3TOM KUCIIOTHI.

KoHTpoJibHbIE BONIPOCHI

141. Bplunciaure MOJIIPHYI0 U HSKBUBAJIEHTHYIO KoOHLEHTpauuu 20%-HOro pacTBopa
XJIOpHJIA KaldblKs IIOTHOCTEIO 1,178 r/em®. Omeem: 2,1 M; 4,2 H.

142. Yemy paBHa HopMaibHOCTh 30%-Horo pacrBopa NaOH minoTHOCTBIO
1,328 r/cM®? K 1 1 srtoro pacrtBopa NpHOaBWIM 5 1 BOIBL. BBIUMCINTE MPOICHTHYIO
KOHIIEHTPALIUIO TIOJIy4eHHOTo pactBopa. Omeem: 9,96 H.; 6,3%.

143. K 3 1 10%-nHoro pactBopa HNO, mnotHocThO 1,054 r/cm npubaBunm 5 1
2%-HOTO pacTBOpa TOM K€ KHUCIOTHI IIOTHOCTHIO 1,009 r/cM’. BhIUKCIHTE MPOIECHTHYIO H
MOJIIPHYIO KOHIEHTPAILIUIO MOJyYeHHOTO pacTBopa, 00beM KOoToporo paseH 8 1. Omesem. 5,0%;
0,82 M.

144. BplunciauTte SKBUBAJICHTHYIO W MEHsUIbHYIO KOHIeHTpauuu 20,8%-HOro pacrsopa
HNO, miotHocteio 1,12 r/cM®. CKOJILKO TPaMMOB KHCJIOTBI COIEPXKMTCS B 4 1 DTOro
pactBopa? Omeem. 3,70 H.; 4,17 m; 931,8 .

145.  BpluncnuTe MOJSPHYIO, SKBUBAICHTHYIO U MOJISUTbHYIO KOHIIGHTPAIHH
16%-HOT0 pacTBOpa XJOpHIa aTFOMHHUS IIOTHOCTBIO 1,149 r/em®. Omeem: 1,38 M; 4,14 u.;
1,43 m.

146. CKOJBKO M KaKOIO BELIECTBA OCTAHETCA B M30bITKEe, ecid K 75 cm® 0,3 H.
pactBopa H,SO, npubasuts 125 cm? 0,2 u. pactBopa KOH? Omeem: 0,14 r KOH.

147. Jlna ocaxnenus B Bume AgCl Bcero cepebpa, comepxamierocs B 100 cm?
pactBopa AgNO,, morpeboBaiocs 50 cm® 0,2 H. pactBopa HCl. KakoBa HOpMaibHOCTH
pactBopa AgNO,? Kakast macca AgCl Beinana B ocanok? Omeem. 0,1 u.; 1,433 r.

148. Kakoit 06pem 20,01%-noro pactsopa HCI (mr. 1,100 r/cm®) tpebyercst mst
npurorosienus 1 1 10,17%-noro pacteopa (1. 1,050 r/em?®)? Omeem: 485,38 cv?.

149. Cwmemamu 10 cm® 10%-nworo pactBopa HNO, (1. 1,056 t/cm®) m 100 M’
30%-noro pacteopa HNO, (m1. 1,184 r/cm’). Bblumciute NpONEHTHYIO KOHICHTPAIIHIO
IIOJIy4eHHOT0 pactBopa. Omeem: 28,38%.

150. Kaxkoii o6beMm 50%-noro pacreopa KOH (mr. 1,538 r/cm®) tpeOyercs s
npurotoBieHust 3 1 6%-noro pacteopa (1. 1,048 r/cm®)? Omeem: 245,5 cm’.

151. Kakoit 06sem 10%-Horo pactBopa kapbonata Harpuii (1. 1,105 r/cm®) TpeGyercs
1St npurotoBienus 5 1 2%-uoro pacropa (1. 1,02 r/em?®)? Omeem: 923,1 cv’.

152. Ha meiitpamuszanuio 31 cm® 0,16 H. pactBopa menoun Tpebyetes 217 cm® pactBopa
H,SO,. Yemy paBHBI HOpMaIbHOCTH U THTp pactBopa H,SO,? Omeem: 0,023 u.; 1.127x107
r/cm’.

153. Kaxkoit o6sem 0,3 H. pacTBOpa KUCIOTHI TpeOyeTcs JUisi HeHTpaau3aluu pacTBopa,
coxepskaiero 0,32 r NaOH B 40 cm*? Omesem: 26,6 cv?.

154. Ha wmeitrpanusauuio 1 1 pactsopa, comepxkaiuero 1,4 r KOH, tpedyercs 50 cm®
pacTBOpa KUCIOTHI. Beruuciaure HOpManbHOCTh pacTBOpa KUcioTbl. Omeem: 0,53 H.

155. Kakas macca HNO, conepkanach B pacTBOpe, €CIM Ha HEUTpAIM3ALUIO €ro
notpedoBaock 35 cm® 0,4 H. pactBopa NaOH? Kakos Tutp pactBopa NaOH? Omeem: 0,882 1,
0,016 r/cm®.

156. Kakyto maccy NaNO,; nyxHo pactBoputh B 400 r BOABI, YTOOBI NMPUTOTOBUTH
20%-ns1ii pactBOp? Omeem: 100 r.



157. Cmemamu 300 T 20%-noro pactBopa u 500 r 40%-Horo pactBopa NaCl. Uemy
paBHA NMPOLEHTHAs KOHLIEHTPALUs MOJy4YeHHOro pactBopa? Omeem: 32,5%.

158. Cmemanu 247 r 62%-noro u 145 r 18%-Horo pactBopa cepHoii kucnotsl. KakoBa
MIPOLICHTHAs! KOHLUEHTpaLUs MMOIy4YEeHHOTO pacTBopa? Omeem: 45,72%.

159. 13 700 r 60%-H0i1 cepHOil kKucnoThl BblapuBanuem yaanuiau 200 r Boasl. Yemy
paBHA MPOLEHTHAs KOHILIEHTpalus ocrasuierocs pacrsopa? Omeem. 84%.

160. 13 10 xr 20%-Horo pactBopa npu oxyiaxaeHuu Boiaeauwnoch 400 r conu. Yemy
paBHA NPOLEHTHAs KOHLIEHTPALNS OXJIAKIEHHOTr0 pactBopa? Omeem: 16,7%.

CaoiicTBa pacTBOpPOB

IIpumep 1. Beruuciaure TemrepaTypbl KPUCTAUIM3AUUNA U KUMEHHUS 2%-HOrO0 BOJHOTO
pactBopa rioko3sl CH,,Oq.

Pewenue. 1o 3axony Payns moHmXeHHE TeMIlepaTypbl KPUCTAJUIM3ALUU U TOBBIIICHHE
TeMreparypsl, kuneHus pactBopa (Df) no cpaBHeHHIO ¢ TemIieparypamMu KPUCTALTH3ALUH U
KUIIEHUS PACTBOPUTEIIS BBIPAXKAIOTCS YPABHEHUEM:

m-1000
A= R
e (1)
rac K — KpI/IOCKOHI/I‘IeCKaSI NnJiin 36YJ'IJ'II/IOCKOHI/I‘-IGCKaH KOHCTAHTA. I[J'I}I BOAbBI OHU

COOTBETCTBEHHO paBHbl 1,86 u 0,52°; m u M — COOTBETCTBEHHO Macca pPacTBOPEHHOTO
BEIIIECTBA M €T0 MOJIbHAS Macca; /11, — Macca pacTBOPUTEIIS.

ITonmxenne temmneparypsl Kpuctamnuszauuu 2%-Horo pactBopa CH,,O, Haxonum wus
dbopmyel (1):

At =18621200
180-98

0,21

Bona xpucrammmsyercs npu 0°C, criemoBareinbHO, TeMIEpaTypbl KpHCTALIU3ALNHU
pactBopa 0 — 0,21 =-0,21°C.

N3 popmynsl (1) HaxoauM U MOBBIIIEHHE TEMIIEPaTypbl KUTIEHUS 2%-HOTO pacTBOpA:

At = 0,52w =0,06'
180-98

Bona kunut npu 100°C, cnegoBaTenbHO, TEMIIEpaTypa KUIEHUS 3TOTO PaCTBOPE
100 + 0,06 = 100,06°C.

IIpumep 2. PactBop, comepxkammii 1,22 r Genzoitnoit kucinorel CLH;COOH B 100 T
cepoyraeponaa, kunut npu 46,529°C. Temnepatypa kunenus cepoyriaeponaa 46,3°C, Beruuciaure
70YJIMOCKOMNYECKYI0 KOHCTAHTY CepOyTiepoa.

Pewenue. TloBbimenue Temneparypsl kunerust Dt = 46,529 — 46,3 = 0,229°. MonbHas
Macca OeH3oitHOW KucnoTel 122 r/monb. M3 dopmynsr (1) Haxoaum 30yUITMOCKOMUYECKYIO
KOHCTAaHTY:

B - AtMm, _ 0,229-122-100 _2.29'
' m-1000 1,22-1000

Ipumep 3. PactBop, conepxkamuii 11,04 r rmuuepuna B 800 r BoJbl, KpUCTATIIU3YETCS
pu -0,279°C. BpIlUUCANTh MOJIBHYIO MAcCy TIULEPUHA.



Pewenue. TemnepaTypa kpuctaumzanuu yuctoi Bosl 0°C, cie1oBaTenbHO, IOHUKEHHUE
Temreparypsl kpuctaumsamud Dt = 0 — (-0,279) = 0,279°. Macca runepuna m(r),
npuxoasmasics Ha 1000 r Boapl,

~11,04-1000
800

m =13,8

[loxcraBnss B ypaBHEHHE

M=k
At )
Z[aHHBIe, BBIYUCIISICM MOJ'IBHyIO Maccy FJ'II/II_[epI/IHa:
vy 186138 _ )
0,279

IIpumep 4. Bblunciure NPOLICHTHYIO KOHLIEHTPAUMIO BOJHOIO PACTBOpa MOYEBHHBI
(NH,),CO, 3nas, 4to TemnepaTypa KpUCTAIIIU3allMU 3TOr0 pacTBopa paBHa -0,465°C.

Pewenue. Temneparypa kpuctamumsanuu ynctod Boasl 0°C, ciepoBarenbno, Df = 0 —
(-0,465) = 0,465°. Monpnas macca wmoueBuHbl 60 r/monb. Haxomum wmaccy m(T)
pacTBOpEeHHOro BemlecTBa, npuxoasuryrocs Ha 100 T Boabl, u3 Gopmyisr (2):

_ MM _0,465-60 _
K 1,86
O6mras mMacca pacTBopa, comepkaimiero 15 r moueBunsl, coctabisger 1000 + 15 =1015
r. [IpouieHTHOE Co/lepKaHUE MOUYEBUHBI B JTAHHOM PAaCTBOPE HAXOJUM U3 COOTHOILICHHUS:

B 1015 r pactBOpa — 15 r BemecTna.
" 100" o " x = 1,48%.

KoHTpoJibHBIE BOIIPOCHI

a/iiéu

m

161. PactBop, comepxammit 0,512 r Hesnektposiuta B 100 r OeHsona,
kpuctaimusyercss  npu  5,296°C.  Temmeparypa  kpucramuimzauuu  Oenzomna  5,5°C.
Kpuockonuueckass koHcTanTa 5,1°. BbrluucianuTe MONbHYIO MacCy pacTBOPEHHOI'O BEIECTBA.
Omeem: 128 t/mMO7Ib.

162. BpluncanuTe NPOLEHTHYIO KOHLEHTpALMI0 BOJHOro pactBopa caxapa C,,H,,0,,
3Has1, 4TO TeMIieparypa Kpucraiuszanuu pactopa -0,93°C. Kpuockonuyeckass KOHCTaHTa BOJIbI
1,86°. Omeem: 14,6%.

163. Brpiuucaure TtemmepaTypy KpUcTauiM3auuu pactBopa MoueBuHbl (NH,),CO,
coaepxamero 5 r moueBuHbl B 150 r Bombl. Kpuockonuueckass koHcTaHTa Bojbl 1,86°.
Omeem: -1,03° C.

164. PactBop, conepxamuii 3,04 r xam¢popsl C,(H,,O B 100 r Genzona, KUIUT NpH
80,714°C. Temmneparypa kumnenus Oenzona 80,2°C. Bpramcnute 30yUTHOCKOMHYECKYIO
KOHCTaHTy O6enszona. Omegem: 2,57°.

165. BeruncanTe NpoLeHTHYI0 KOHIEHTpaLUo BogHOTo pactBopa riaunepuna C;H (OH),,
3Has1, 4To 3TOT pactBop kumut mpu 100,39°C. DOymmnockonuyeckas KoHcTanTa Boabl 0,52°.
Omeem: 6,45%.

166. Biunciute MOJIBHYIO MacCy HE3JIEKTPOJIUTA, 3HasA, YTO pacTBOp, coaepkanui 2,25
r atoro Bemectsa B 250 1 Bobl, kpuctaimuzyercs mpu -0,279°C. Kpuockonuyeckast KOHCTaHTa
BoAkbl 1,86°. Omeem: 60 r/MoIb.



167. Boruncnure temmneparypy kunenus 5%-Horo pactBopa HadtanmuHa C,Hg B
oenzone. Temneparypa kunenus 6enzona 80,2°C. DOymmmockonu4eckas KOHCTaHTa ero 2,57°.
Omeem: 81,25°C.

168. PactBOp, comepxammii 25,65 r Hekoroporo HessekTposmta B 300 T BOABI,
kpuctaummsyercss npu —0,465° C. BprauciauTe MOJbHYH0 MAacCy pPacTBOPEHHOI'O BEIIECTBA.
Kpuockonnueckas koncranta Bojsl 1,86°. Omeem: 342 r/mMmoinb.

169. BplunMciuTe KPUOCKONUYECKYIO KOHCTAHTY YKCYCHOM KHUCIOTBI, 3Has, 4YTO
pacTBop, coaepxauuii 4,25 r anrpanena C,,H,, B 100 r ykcycHOW KUCIOTBI, KPUCTAJUIU3YETCS
npu 15,718°C. TemnepaTypa KpucTauIM3aluKd YKCYCHOM KUCIIOTHI 16,65°C. Omeem: 3,9°.

170. Ilpu pactBopenun 4,86 r ceppl B 60 r OeH3ona TeMiepaTypa KUIEHHUS €ro
noBbiciiiach Ha 0,81°. CKOJIBKO aTOMOB COJEPKUT MOJIEKyJda CEpbl B 3TOM pPacTBOpE.
D0yiMockonuyeckas KoHcTaHTa 6enzona 2,57°. Omeem: 8.

171. TemnepaTypa KpHUCTaJUIM3allMM pacTBOpa, coAepxkamero 66,3 r HEKOTOporo
HeantekTposinta B 500 r Boael, paBHa —0,558°C. Beruncanute MOJIbHYI0 MacCy pacTBOPEHHOIO
BemecTBa. Kprockonumaeckas koHcTanTa Boabl 1,86°. Omeem: 442 r/Monb.

172.  Kakyro maccy anunnuna CH,NH, cnenyet pactBoputs B 50 1 3THI0BOTO 3dUpa,
4YTOOBI TEMIIepaTypa KUIIEHHs pacTBopa Oblila BhIILIE TEMIEPATyphbl KUIIEHHSI STUIIOBOTO 3(upa Ha
0,53°. DOynnuockonuueckasi KOHCTaHTa 3TUI0BOro ddupa 2,12°. Omeem: 1,16 T.

173. Bpruuciure temMneparypy Kpucraumsaunuu 2%-HOro pacTBOpa 3TWJIOBOIO CIUPTA
C,H,OH. Kpunockonuueckas koHcTaHTa Boasl 1,86°. Omeem. —0,82°C.

174. Cxonpko rpamMMmoB MoueBHHBI (NN,),CO cnemyer pacTBOpuTh B 75 T BOJBI,
9TOOBI TEMIIepaTypa KpHCTaIu3anuu noHm3uiaack Ha 0,465°? Kpumockommueckass KOHCTaHTa
Bojaw! 1,86°. Omeem: 1,12 1.

175. BpluncinTe NpOLEHTHYIO KOHUEHTPAaLUIO BOAHOro pacrtsopa rmokossl C.H,,0O,,
3Has, 4TO 3TOT pacTBop KuUnuT npu 100,26°C. D6ymnnockonuyeckas KoHcTaHTa Bojbl 0,52°.
Omeem: 8,25%.

176. Cxonbko rpammoB ¢enona CH,OH cnenyer pactBoputh B 1251 OeH3ona;
4yTOOBl TeMIlepaTypa KpUCTaUIM3allMM pacTBopa Oblla HIKE TeMIepaTypbl KpUCTAILTU3ALUU
oen3ona Ha 1,7°? Kpuockonuueckast KoHcTaHTa OeH3oma 5,1°. Omeem: 3,91 1.

177. Ckonbko rpammoB MoueBuHbl (NH,),CO cnenyer pactBoputh B 250 T BOABI,
9TOOBI TeMIeparypa KuIeHus noBbicuiachk Ha 0,26°7 D0ymMocKonmuyeckas KOHCTaHTa BOJIbI
0,52°. Omeem: 7,5 r.

178. Ilpu pactBopeHuH 2,3 T HEKOTOPOTO HE3JNEKTPOIHTa B 125 T BOJBI TEMIIEpaTypa
KpucTtajuim3auuu ToHmwkaercss Ha 0,372°. BpluucianuTe MOJBHYIO MacCy pacTBOPEHHOTO
BemecTBa. Kprockonuaeckast KoHcTanTa Boibl 1,86°. Omeem: 92 r/Moib.

179. Beoluncnurte temnepaTypy kuneHus 15%-HOro BOJHOro pacTBOpa MPOIMHIOBOTO
ciiupta C;H,OH. D6ynnrockonndeckas koHcTanTa Boasl 0,52°.Omeem: 101,52°C.

180. BpluncauTe NPOLEHTHYIO KOHLEHTPALMI0 BOAHOro pactsopa MeraHonsa CH,OH,
TeMnepaTrypa Kpuctamuzanuu kotoporo —2,79°C. Kpuockonndeckass KOHCTaHTa Boabl 1,86°.
Omeem: 4,58%.

HNonno-monexy/isipHbie (HOHHBbIC) peaKu 00MeHa

[Tpu pemiennu 3aga4d 3TOro paszaena cMm. Tabdi. 9,12 nmpunoxxeHus.

HoHHO-MONeKyIIpHbIe, WM MPOCTO HOHHBIE, YPAaBHEHMsI peakUuil oOMEeHa OTpaXKaroT
COCTOSIHUE AJIEKTPOJIUTA B PacTBOpe. B 3TUX ypaBHEHUSAX CHIIBHBIE PACTBOPUMBIE AJIEKTPOJIHTHI,
IIOCKOJIBKY OHHM IIOJIHOCTBIO JIUCCOLIMMPOBAHBI, 3allUChIBAIOT B BHJE MHOHOB, a cialble



AJIEKTPOJIUTHI, MAJIOPACTBOPUMBIE U Ta3000pa3Hble BELIECTBAa 3alKCHIBAIOT B MOJIEKYJISPHOM
dbopwme.

B HOHHO-MONEKYJISpHOM YpaBHEHUHM OJIMHAKOBBIE HOHBI W3 O0EUX €ero yacreu
uckioyarorcs. Ilpu cocTaBieHMH HMOHHO-MOJIEKYJISIPDHBIX YPABHEHM CIIEyeT MOMHHUTh, YTO
CyMMa »DJIEKTPUYECKHX 3apsioB B JIEBOW YacTH YypaBHEHHUs JOJDKHA OBITh paBHa CymMMe
NIEKTPUYECKUX 3apsI0B B IPABOM YaCTHU yPaBHEHHS,

IIpumep 1. Hammcare MOHHO-MOJEKYJSPHBIE YPAaBHEHMS PEAKIUN B3aMMOJEHCTBUS
MEXJy BOAHBIMH pacTBopamu cienyromux Bemiects: a) HCl u NaOH; 6) Pb(NO,), u Na,S; B)
NaClO u HNO;; r) K,CO, u H,SO,; 1) CH;COOH u NaOH.

Pewenue. 3annmem ypaBHEHHs B3aMMOJICHCTBUS YKAa3aHHBIX BEIIECTB B MOJIEKYJISIPHOM
BUJIE:

a) HCl + NaOH = NaCl + H,O

6) Pb(NO,), + Na,S = PbS + 2NaNO,
B) NaClO + HNO, = NaNO;, + HCIO

r) K,CO, + H,S0, = K,S0, + CO, + H,0

1) CH,COOH + NaOH=CH,COONa + H,0

OTMeTnM, YTO B3aUMOJACHCTBHE OSTHX BEIIECTB BO3MOXXHO, HOO B pe3ysbTare
IPOMCXOJUT CBSI3bIBAaHHE MOHOB ¢ 0Opa3zoBaHueM ciadbix anekrponutoB (H,O, HCIO), ocaaka
(PbS), raza (CO,).

B peakuuu (1) nBa cnalbIX 3JEKTPOJIUTA, HO TaK KAK peakyuu uoym 6 CmOpOHY
Oonvbule2o c6A3bI6aHUA UOHOB Y BOJIa — OoJIee CIIa0bIi AIIEKTPOJIUT, YeM YKCYCHasl KUCIIOTa, TO
paBHOBECHE PEAKIIMU CMEIICHO B CTOPOHY 00pa30BaHus BOAbI. MICKIIOUMB OMHAKOBBIE HOHBI
u3 obenx yacreii paBeHctBa a) Na“ u Cl; 6) Na” u NO; B) Na" u NO,; r) K" u SO*; n) Na’,
MOJTyYUM MOHHO-MOJIEKYJISIPHBIE YPAaBHEHHSI COOTBETCTBYIOLINX PEAKLIUH:

a) H'+ OH =H,0

0) Pb*" + S*=PbS

B) CI' + H" = HCIO

r) CO*, +2H"=CO, + H,0

1) CH,COOH + OH = CH,COO™ + H,0

IIpumep 2. CoctaBbTe MOJIEKYJISIPHBIE YPABHEHUS peakLUid, KOTOPbIM COOTBETCTBYIOT

CJIEYIOIINE HOHHO-MOJIEKYJISIPHBIE YPaBHEHUS:
a) SO*,+2H*=S0, + H,0

0) Pb** + CrO*, ~ = PbCrO,
B) HCO, + OH = CO*, + H,0
r) ZnOH" + H" = Zn** + H,0

B neBoif yacTu JaHHBIX MOHHO-MOJIEKYJISIPHBIX YPaBHEHMI yKa3aHbl CBOOOJIHBIE MOHBI,
KOTOpble  O0pa3yloTcsi MNpH  AMCCOIMALMU  PACTBOPUMBIX  CHJIBHBIX  AJIEKTPOJIUTOB,
CIIEIOBATENIBHO, MPHU COCTABJICHUU MOJIEKYJISIPHBIX YPAaBHEHHM CleIyeT HWCXOIWUTh W3,
COOTBETCTBYIOUIUX PACTBOPUMBIX CUJIbHBIX 3JIeKTposinToB. Hanpumep:

a) Na,SO, +2HCI = 2NaCl + SO, + H,0



6) Pb(NO,), + K,CrO, = PbCrO, + 2KNO,
B) KHCO, + KOH = K,CO, + H,0
r) ZnOHCI + HCI = ZnCl, + H,0

KoHTpoJibHbIE BONIPOCHI

181. CocraBbT€ MOJIEKYJSIPHBIE U HOHHO-MOJIEKYJISIPHbIE YpPaBHEHUS peakuuid
B3auMoielcTBUS B pacTtBopax Mmexnay: a) NaHCO, u NaOH; 0) K,Si0; u HCI; B) BaCl, u
Na,SO,.

182. CocrtaBbTe MOJIEKYJSIDHBIE W HOHHO-MOJIEKYJISIDHBIE YPaBHEHHSI pPEakIHi
B3auMojieicTBH B pacTBopax mexay: a) K,S u HCI; 6) FeSO,u (NH,),S; B) Cr(OH), n KOH.

183. CocTaBbTe MO TPU MOJIEKYJISIPHBIX YPAaBHEHHS PEAKILIMI, KOTOPbIE BBIPAKAIOTCA

MOHHO-MOJIEKYJSIPHBIMH yPaBHEHHSIMH:
a) Mg* + CO*, = MgCO,

6) H +OH = H,0

184. Kaxoe u3 BemectB: AI(OH);; H,SO,; Ba(OH), — GyneTr B3auMoaelcTBOBAThH C
THJIPOKCUAOM Kanusi? BelpasuTe 3T peakuMyM MOJEKYJISPHBIMM M HOHHO-MOJIEKYJISPHBIMU
YpaBHEHUSIMH.

185. CocraBbTe MOJIEKYJIApHbIE ¥ HOHHO-MOJIEKYJISIDHBIE YPAaBHEHUS pPEaKLHU
B3auMoOIeHcTBUS B pacTBopax mexnay: a) KHCO, u H,SO,; 6) Zn(OH), u NaOH; B) CaCl, u
AgNO,.

186. CocraBbTe MOJIEKYJISpHbIE ¥ HOHHO-MOJIEKYJISIDHbIE YPAaBHEHUS peaKIMl
B3anMO/JIeHcTBUS B pacTBopax Mexay a) CuSO, u H,S; 6) BaCO, u HNO;; B) FeCl; u KOH.

187. CocraBbTe HO TPH MOJEKYJSPHBIX YpaBHEHHs PEaKIHid, KOTOpbIe BhIPAXKalOTCs

MOHHO-MOJIEKYJISPHBIMH yPABHEHHSIMM:
a) Cu* + S* =CuS

6) Si0*, + 2H' = H,SiO,

188. CocraBbTe MOJIEKYJSIPHBIE M HWOHHO-MOJIEKYJISIPHBIE YPAaBHEHHUS PEaKIMi
B3auMoOJIelcTBUS B pacTtBopax Mmexnay a) Sn(OH), u HCIl; 6) BeSO, u KOH; B) NH,CI u
Ba(OH),.

189. Kaxkoe u3 BemectB: KHCO,;, CH,COOH, NiSO,, Na,S — B3auMoAeicTBYyeT ¢
PacTBOPOM CEPHOM KHCIJIOTHI? 3alUIINTE MOJIEKYJSIPHbIE U MOHHO-MOJIEKYJISIPHBIE YPaBHEHHUS
ATHUX PEAKIUU.

190. CocraBbTe MOJIEKYJSIPHBIE W HOHHO-MOJIEKYJISIDHBIE YPaBHEHHsI pPEakLHi
B3auMoielcTBUS B pacTBopax mexay: a) AgNO; u K,CrO,; 6) Pb(NO,), u KI; B) CdSO, u Na,S.

191. CocraBbT€ MOJEKYJISpHbIE YpPaBHEHUS PpEAKIHil, KOTOpPbIE BBIPAXKAIOTCS

MOHHO-MOJIEKYJIIPHBIMU YPAaBHEHUSIMU:
a) CaCO, +2H"=Ca*" + H,0 + CO,

6) A1(OH),+OH = AlO-, +2H,0
B) Pb2* + 21 = Pbl,

192. CocrtaBbTe€ MOJIEKYJISIPHBIE UM HMOHHO-MOJICKYJISIDHBIE YpPaBHEHUS pPeakiui
B3aUMOJIEHCTBHS B pacTBopax Mexay: a) Be(OH), u NaOH; 6) Cu(OH), u HNO;; B) ZnOHNO,
u HNO,.



193. CocTaBbT€ MOJIEKYJISIPHBIE W HOHHO-MOJIEKYJSIPHBIE YPAaBHEHHS PEAKIIMI
B3aUMOJIEHCTBUS B pacTBopax Mexnay: a) Na,PO, u CaCl,; 0) K,CO3 u BaCl,; B) Zn(OH), u
KOH.

194. CocrtaBbTe MOJEKYISPHBIE YpPAaBHEHUS pPEaKLUUd, KOTOPBIE BBIPAKAIOTCS
MOHHO-MOJIEKYJISIPHBIMU YPABHEHUSIMU :

Fe(OH), + 3H" = Fe*" + 3H,0

Cd* + 20H = Cd(OH),
H* + NO-, = HNO,

195. CocrtaBbTe MOJIEKYJSIDHbIE W HOHHO-MOJICKYJISIPDHBIE YpPaBHEHUSI peakLHid
B3auMojieiicTBus B pactBopax mexay: a) CdS u HCI; 6) Cr(OH), u NaOH; B) Ba(OH), u CoCl,.
196. CocrtaBbTe MOJEKYISPHBIE YpPAaBHEHUS pPEaKLUU, KOTOPBIE BBIPAKAIOTCS
MOHHO-MOJIEKYJIAPHBIMU YPaBHEHUSIMU:
a) Zn** + H,S = ZnS + 2H"

6) HCO, + H"=H,0 + CO,
B) Ag" + Cl = AgCl

197. CocTtaBbTe€ MOJIEKYJSIPHBIE ¥ HOHHO-MOJIEKYJSIDHBIE YpPaBHEHUS peakUui
B3anMoJieicTBUS B pacTBopax mexnay: a) H,SO, u Ba(OH),; 6) FeCl, u NH,OH; B) CH,COONa
u HCL

198. CocraBbT€ MOJIEKYJSIPHBIE U HOHHO-MOJIEKYJISIPHbIE YpaBHEHHUS peakuuid
B3auMozencTBus B pactBopax Mmexnay: a) FeCl; m KOH; 6) NiSO, u (NH,),S; B) MgCO, u
HNO,.

199. CocrtaBbTe MOJEKYISPHBIE YpPAaBHEHUS pPEAKLUUd, KOTOPBIE BBIPAKAIOTCS
MOHHO-MOJIEKYJIIPHBIMU YPaBHEHUSIMU:

a) Be(OH), + 20H = BeO,* + 2H,0

6) CH,COO + H*= CH,COOH
B) Ba?* + SO*, = BaSO,

200. Kakoe wu3, Bemects: NaCl, NiSO,, Be(OH),, KHCO, — B3aumopeiictByer ¢
PacTBOPOM THJIPOKCHJIA HATPUS. 3aMUIINATE MOJICKYJISIPHBIE H HOHHO-MOJICKYJIIPHBIC YPaBHEHUS
ITUX PEAKIUH.

I'mapoJus coaeit

XAMHYECKOe OOMEHHOE B3aMMOJCHCTBHE WOHOB PACTBOPEHHOW COJM C BOJIOH,
npuBOJIsAlee K 00pa30BaHUIO CIIA00IUCCOIMUPYIONTNX MPOAYKTOB (MOJIEKYJ ClIa0bIX KHUCIOT
WIM OCHOBaHWI, aHMOHOB KHUCJIBIX WJIM KAaTHOHOB OCHOBHBIX COJIEH) M COIPOBOXAAIOIIEECS
n3MeHeHueM pH cpenpbl, Ha3bIBaeTCs cUOPOIUZOM.

IIpumep 1. CoctaBbTe HOHHO-MOJIEKYJISIPHBIE U MOJIEKYJISIPHBIE YPaBHEHUS THAPOIU3A
cozeii: a) KCN, 6) Na,CO,, B) ZnSO,. Onpenenure peakiuio Cpebl paCTBOPOB ITUX COJICH.

Pewenue, a) lluanun xamuss KCN — conb cnaboit 0THOOCHOBHOM KUCIIOTHI (CM. Ta0I. 9)
HCN u cunsHoro ocnoBanuu KOH. Ilpu pactBopenun B Boje moiiekysibl KCN moinHoCThiO
mucconuupyrotr Ha katuoHbl K' un anmonsr CN. Katuonslr K' He MoryT cBsi3piBaTh HoHBI OH™
Bozabl, Tak kak KOH — cumnbHbI 3nekTponuT. AHHOHBI k¢ CN~ cBsi3bIBatoT MOHBI H™ BogBI,
oOpasys wmouekyisbl cinaboro anektpoiauta HCN. Conp ruaposnmsyeTcs, Kak TOBOPAT, IO
aHnoHy. loHHO-MOJEKyIipHOE ypaBHEHUE THIPOIU3a



CN +H,0 = HCN+OH"
WM B MOJIEKYJIApHOU popme
KCN +H,0 = HCN + KOH
B pesynbrare ruzpposausa B pacTBOpe MOSBISETCS HEKOTOPBIM M30bITOK MOHOB OH, mostomy
pactBop KCN umeet menounyto peakiuto (pH >7).

6) KapOonar natpus Na,CO, — conb c1a00if MHOIOOCHOBHOM KHCJOTBI U CHUJIBHOTO
ocHoBaHus. B atom ciydae annonsl conn CO?,, CBsA3bIBast BOJOPOIHBIC HOHBI BOIBI, 00pa3yroT
aaronsl kuciaou comm HCO7;, a me monekynst H,CO,, tak xak monsl HCO, nmucconumnpyror
ropa3no TpyaHee, yem Mousiekyasl H,CO,. B 0OBIYHBIX YyCIOBHSAX TMAPOJIM3 HIET MO MEpPBOI
ctyrnenu. Colib THAPOIU3YETCS 10 aHUOHY. IOHHO-MOJIEKyIIpHOE YpaBHEHHE THAPOIIN3A:

CO*,+H,0 = HCO, +OH"
WM B MOJIEKYJIApHOU popme
Na,CO, + H,0 = NaHCO, + NaOH
B pactBope nosiBnsiercs u3bbitok moHos OH-, mostomy pactBop Na,CO; nMeeT LIeNouHyIo
peakmuto (pH > 7).

B) Cynbdar umnka ZnSO, — coib cnaboro MHOTOKUCIOTHOTO ocHoBaHus Zn(OH), u
cunpHoi Kkucnotel H,SO,. B aToM ciiyyae kaTHOHBI Zn*" CBS3BIBAIOT I'MIPOKCHIILHBIC HOHBI
BOABI, 00pa3ys KaTuoHbl OCHOBHON comum ZnOH'. OOpazoBanue wmonekyn Zn(OH), ne
MPOUCXOJUT, TaK Kak HoHbl ZnOH" muccormuupyroT ropasno TpyaHee, yeM Mosekyisl Zn(OH),.
B 0OBbIUHBIX YCIOBUSAX TMAPOIU3 UAET IO NepBoi cryneHu. Cosib MUIpOIU3YeTCs MO KaTHOHY.
HoHHO-MoIIeKyIIpHOe YpaBHEHUE THIAPOIIN3A:

Zn* + H,O = ZnOH'+H"
WJIU B MOJIEKYJIIpHOM (opme:
27ZnSO, + 2H,0 == (ZnOH),SO, + H,SO,
B pactBope mosiBisieTcss H30BITOK HOHOB BOJIOPO/A, MO3TOMY pacTBOp ZnSO, uMeeT KUCIyIo
peakuuto (pH < 7).

Ipumep 2. Kakue npoaykrsl oOpasyrorcs mnpu cMmemuBanuu pactBopoB A1(NO,), u
K,CO,? CocraBbTe HOHHO-MOJIEKYJISIPHOE M MOJIEKYJIIPHOE YPABHEHUS PEAKLIUU.

Pewenue. Conp A1(NO,), ruaponusyercs no karuony, a K,CO, — no anuony:

A"+ H,0 = AIOH*' +H'
CO*, +H,0 = HCO,"+ OH"
Ecnu pactBopbl 3TUX cojeldl HAaxXOAATCsl B OJHOM COCyJe, TO HJET B3aMMHOE YyCUJICHHE
THIPOJIN3a KaXaoW u3 HuX, n0o moHel H" m OH™ o0pa3yroT mosiekyiny ci1aboro 3JIeKTpoJinTa
H,O. Ilpu 3TOM TUAPOIUTHYECKOE PABHOBECHE CABHUIaeTCs BIPABO M THAPOJIN3 KaXKIOW M3
B3ATHIX coliel unet 1o KoHia ¢ oopazoBanuem A1l(OH), u CO,(H,CO,). MonHo-monexynspHoe
ypaBHEHHE:
2A1°" +3CO*, + 3H,0 = 2A1(OH), + 3CO,
MOJIEKYJIIPHOE YPaBHEHUE!
2AI(NO;,), + 3K,CO, + 3H,0 =2A1(OH), + 3CO, + 6KNO,
KonTtposabHbie Bonpocsl

201. CocraBbT€ HOHHO-MOJIEKYJISIPHOE W MOJIEKYJISIPHOE YpaBHEHUSI COBMECTHOTO

THIpoNIn3a, npoucxoasmero npu cMemmsanuu pactBopoB K,S u CrCl,. Kaxnas u3 B3sThIX

COJIEH TUIIPOJIU3YETCSI HEOOPATUMO /10 KOHIIA C 00pa30BaHUEM COOTBETCTBYIOIIUX OCHOBAHUS U
KHUCJIOTEL.



202. K pactBopy FeCl, nobasunu cienyrouue Bemectsa: a) HCl; 6) KOH; B) ZnCl,; 1)
Na,CO3. B kakux ciyvasx rugponus xiopuaa xenesa (III) ycunurea? ITouemy? CocraBbTe
MOHHO-MOJIEKYJISIPHbIE YPaBHEHUS TUPOJIN3a COOTBETCTBYIOIIUX COJIEH.

203. Kakume wu3 corneit Al(SO,),, K,S, Pb(NO,),, KCl noasepratorcsa ruaponuzy?
CocTaBbTe MOHHO-MOJIEKYJISIPHBIE M MOJICKYJISIPHBIE YPaBHEHHS THAPOJIM3a COOTBETCTBYIOIINX
coneit. Kakoe 3nauenne pH (> 7<) UMEIOT pacTBOPHI 3TUX COJEH?

204. Ilpm cmemmBanuu pactBopoB FeCl, m Na,CO, kaxmas u3 B3ATBIX coOJed
THJPOIHU3YyEeTCsl HEeoOpaTMMO A0 KOHIA ¢ 00pa30BaHMEM COOTBETCTBYIOIIMX OCHOBaHHS M
KHCJIOTHI.

Bbipasute 3TOT COBMECTHBIM THUAPOIN3 HOHHO-MOJIEKYJSIDHBIM M MOJIEKYJISIPHBIM
YpaBHCHHUSIMH.

205. K pactBopy Na,CO; noGaBunu crnenytouiue BemiectBa: a) HCI; 6) NaOH;
B) (NO,),; 1) K,S. B kakux cmyuasx ruaponu3 kapbonara Hatpus ycuiutcs? Ilouemy?
CocTaBbTe HOHHO-MOJIEKYJIIPHbIE YPAaBHEHUS TUAPOJIN3a COOTBETCTBYIOLIUX COJIEH.

206. Kakoe 3nauenue pH (> 7 <) umeror pactBopsl coieil Na,S, A1Cl;, NiSO,?
CocTaBbTe HOHHO-MOJIEKYJISIPHBIE U MOJIEKYJISIPHBIC YPaBHEHUS TUAPOIIN3a ITUX COJICH.

207. CocTaBbTe MOHHO-MOJIEKYJISIPHBIE M MOJIEKYJISIpHbIE YPaBHEHUS THUAPOJIN3A COJICH
Pb(NO,),, Na,CO,, Fe,(SO,),. Kakoe 3nauenue pH (> 7 <) uMerOT pacTBOPHI 3TUX COJIEH?

208. CocTaBbTe MOHHO-MOJIEKYJISIPHBIE U MOJIEKYJISIPHBIC YPaBHEHUSI THIPOIN3a COJEH
HCOOK, ZnSO,, A1(NO,),. Kakoe 3nauenue pH (> 7 <) UMEIOT pacTBOpPHI 3TUX COJIEH?

209. Kakoe 3nauenue pH (> 7 <) umeror pactBopsl coneir Na,PO,, K,S, CuSO,?
CocTaBbTe HOHHO-MOJIEKYJISIPHBIE U MOJIEKYJISIPHbIE YPaBHEHUS TUAPOIN3a ITUX COJICH.

210. CocTaBbTe HOHHO-MOJIEKYJISIPHbIE U MOJIEKYJISIPHBIE YPaBHEHMSI THIPOJIN3a COei
CuCl,, Cs,CO;, Cr(NO,),. Kakoe 3nauenue pH (> 7 <) UMeIOT pacTBOPHI ITUX CONEH?

211.  Kakue u3 coneit RbCl, Cr,(SO,);, Ni(NO,),, Na,SO, noasepratorcst THIpOIu3y?
CocTaBbTe MOHHO-MOJIEKYJIIPHBIE M MOJIEKYJISIPHbIE YPaBHEHMS TMIPOJIM3a COOTBETCTBYIOIIUX
coneii. Kakoe 3nauenue pH (> 7<) UMEIOT pacTBOPHI ITHX COJICH?

212. K pactBopy Al(SO,), nobasunu cieayromue Beuiectsa: a) H,SO,; 6) KOH, B)
Na,SO;; r) ZnSO,. B kakux ciydasx ruaponaus cyibdara amoMuHusg ycuiaurcs? Ilouemy?
CocTaBbTe HOHHO-MOJIEKYJISIPHbIE YPaBHEHUS TUAPOIN3a COOTBETCTBYIOIIUX COJIEH.

213. Kakas u3 AByX coJiell IIpU paBHBIX YCJIOBUSX B OOJIbIIEH CTENEHM MOJBEPraeTcs
rugponusy: Na,CO, nnu Na,SO,; FeCl, mim FeCl,? Ilouemy? CocTaBbTe HOHHO-MOJIEKYIISIPHBIE
U MOJIEKYJISIpHBIE YpaBHEHHSI THAPOJIHM3a 3TUX COJIEH.

106216452. Ilpu cmemmBanuu pactBopoB Al,(SO,); nu Na,CO, kaxzaas U3 B3STHIX
coJjieil rTuApoNu3yeTcs HeoOpaTUMO A0 KOHIA ¢ 00pa30BaHUEM COOTBETCTBYIOIMX OCHOBAHUS U
KUCHoThl. COoCTaBbTE HMOHHO-MOJIEKYJISIPHOE U MOJIEKYJISIPDHOE YpaBHEHHE MPOUCXOJSALIETO
COBMECTHOT'O TH/IPOJIN3A.

106216453. Kakue u3 conerr NaBr, Na,S, K,CO,, CoCl, noasepratorcsi Tuipoaun3sy?
CocTaBbTe MOHHO-MOJIEKYJIAPHBIE U MOJICKYJISIPHBIE YPAaBHEHUS THAPOJIA3a COOTBETCTBYIOIINUX
couneii. Kakoe 3nauenue pH (> 7 <) UMEIOT pacTBOPHI ITHX COJICH?

106216454. Kakas w3 JAByX COJiel NpU paBHBIX YCIOBUSAX B OOJNbIIEH CTENEHU
nonasepraercs ruaponndy: NaCN wim NaClO; MgCl, wnu ZnCl,? ITouemy? CoctaBbTe
MOHHO-MOJIEKYJISIPHBIE U MOJIEKYJISIpHBIE YPAaBHEHHUS THAPOIIN3a STUX COJICH.

106216455. CocrtaBbTe MOHHO-MOJIEKYJISIPHOE U MOJIEKYJISIPHOE YPAaBHEHUS TUIPOIU3A
COJIU, PACTBOP KOTOPOI UMEET: a) MIEIOYHYIO pEaKlnio; 0) KUCIYIO pEaKLHIo.



218. Kakoe 3Hauenne pH (> 7 <) mmeror pactBophl ciaemyroomux coneit: K,PO,,
Pb(NO;),, Na,S? CocraBbTe MOHHO-MOJIEKYJISIPHBIE U MOJIEKYJISIPHbIE YpaBHEHUS TUAPOJIN3A
ITHUX COJIEH.

219. Kakue u3 coneit K,CO,, FeCl,, K,SO,, ZnCl, noaseprarorcs ruapoausy?
CocTaBbTe MOHHO-MOJIEKYJIIPHBIE U MOJIEKYJISIPHBIE YPAaBHEHUS THAPOJIN3a COOTBETCTBYIOIINX
couieid. Kakoe 3nauenue pH (> 7 <) UMerOT pacTBOPHI ITHX COJEH?

220. [IIpu cmemmBanuu pactBopoB Al(SO,); m Na,S kaxnasg u3 B3ATBIX coJeil
THIPOJIU3YETCsl HEoOpaTUMO J0 KOHIA ¢ O0Opa30BaHHEM COOTBETCTBYIOIIMX OCHOBaHHS U
KHUCIIOTHI. BbIpazuTe 3TOT COBMECTHBIM THUIPOIN3 HMOHHO-MOJEKYJSIPHBIM M MOJEKYJISPHBIM
YpaBHEHHUSIMH.

KOHTPOJIBHOE 3AJIAHUE 2
OKHCIUTENBHO-BOCCTAHOBHUTEIbHbIC PEAKIHU

OKHCIUTENbHO-BOCCTAHOBUTEIBHBIMU ~ HA3bIBAIOTCA ~ PEAKIIMH, COMPOBOXKIAIOIIHECS
W3MEHEHUEM CTEIMeHW OKHCJIECHUS aTOMOB, BXOJIIUMX B COCTaB PEarnpyromux BemecTs. /100
cmenenvblo OKUCIeHUsl (1) NOHUMArom mom YCA08HbIU 3apsao0 amoma, KOmopblil 8bI4UCTAENCSL
UCX0051 U3 NPeONONONCEHUS, YMO MOJeKYId COCMOUm MmoabKo U3 uoHo8. VIHBIMH CIIOBaMH:
cmeneHb OKUCIeHUsL — MO MOMm YCIIO8HbIU 3apsi0, KOMOPblLl npuoodpes Ovl amom demeHma,
eciu NPeOnoNoACUMb, YUMo OH NPUHSL UL OMOA MO WU UHOE YUCTO DNIeKMPOHOB.

OKuCIeHNEe-BOCCTAHOBIICHUE — ATO €IWHBINA, B3aMMOCBSI3aHHBIN Tporiecc. Okucnenue
npUBOOUM K NOBLIUEHUIO CMENeHU OKUCIIeHUs. 80CCMAHO8UMENs, A 80CCMAHOBIEHUEe — K ee
NOHUMNCEHUIO ) OKUCTIUMENL.

[ToBbIIEHNE WM TTOHM)KEHUE CTETICHU OKHUCJICHHS aTOMOB OTPA)XaeTCs B JIEKTPOHHBIX
YPaBHEHUSAX; OKUCIUTEIb MPUHUMAET JICKTPOHBI, a BOCCTAHOBUTENb UX OTAaeT. [Ipu s3TOM He
MMEET 3HAYCHMsI, MEPEXONAT JHU SJIEKTPOHBI OT OJHOTO aToMa K JPYyroMy MOJIHOCTBIO M
o0pa3yloTcsi HMOHHBIC CBS3M WM  DJCKTPOHBI  TOJBKO  OTTITHBAIOTCI K  Ooiee
AIEKTPOOTPHUIIATEILHOMY aTOMY M BO3HHMKAET MOJIsIpHas CBs3b. O CHOCOOHOCTH TOTO UM UHOTO
BEIIECTBA TIPOSIBJIATh OKHCIHUTEIbHBIC, BOCCTAHOBHTEIIbHBIC WM JIBOMCTBEHHBIC (Kak
OKHUCJIUTENbHBIC, TAK U BOCCTAHOBUTEIBHBIE) CBOMCTBA MOXHO CYJIUTh MO CTENEHH OKUCIECHUU
ATOMOB OKHUCJIUTEJIS 1 BOCCTAHOBHUTEIIS.

Amom moeo unu uHo2o nemeHma 6 c8oell 8blculell Cmenen OKUCIeHUs He MOodcem ee
nogvicums (0moamsv JIeKMPOHbL) U NPOSABISAEN MOJIbKO OKUCIUMENbHble C8OLICMEBA, d 8 CB0ell
HU3Wel cmenenu OKUCIeHUs. He MOJcem ee NOHU3UMb (NPUHAMb IJIeKMPOHbL) U. NPOABIISem
MOIbKO 80CCMAHOBUMENbHbIE CBOUCEA. AMOM Jice IeMeHma, UMEOWULl NPOMENCYMOYHYIO
CMeneHb OKUCIEeHUS, MOMCem NPOS6IaAmMb KAK OKUCIUMeENbHble, MAK U 80CCMAHOBUMEbHbLE
ceoticmaa.



Hamnpuwmep:

N (HNO,) S (H,SO,) IPOSIBJISIFOT TOJBKO OKHCIMTEIBHBIC CBOMCTBA,

N* (NO,) $*(S0,) |

N** (HNO,)

N** (NO) S** (SO) _ MPOSABJIAIOT OKUCIUTEIBHBIE U BOCCTAHOBU-

N (N,0) TEJILHBIE CBOMCTBA;

N’ (N,) S (S, S

N (NH,OH) S (H,S,) -

N* (N,H,)

N* (NH,) S* (H,S) IPOSIBIISTIOT TOJIBKO BOCCTAHOBHUTEIbHBIE CBOMCTBA.

[Ipu OKMCAUTENBHO-BOCCTAHOBUTENBHBIX PEAKLUAX BAJIEHTHOCTh aTOMOB MOKET M He
MeHsIThCst. Hampumep, B OKHCIHTEIbHO-BOCCTaHOBHTENbHOU peakimu H,’ + C1,° = 2H'Cl
BaJICHTHOCTh aTOMOB BOJIOpPOJia U XJIOpa 0 M IOCJIe peakluy paBHa eAuHuLe. M3menunacey ux
CTETIeHb OKHUCIIEHUS. BaleHTHOCTh ONpeessieT Ynucio CBs3eil, 00pa30BaHHBIX JaHHBIM aTOMOM,
U I03TOMY 3HaKa He uMeeT. CTeneHb ke OKMCISHHSI UIMEET 3HAK IUII0C WM MUHYC.

IIpumep 1. Vcxoxast U3 cTeneHy OKUCIEHUs (1) a30Ta, Cepbl U MapraHia B COeIMHEHUSIX
NH,;, HNO,, HNO,, H,S, H,SO,, H,SO,, MnO,, KMnO,, onpeaenure, kakue U3 HUX MOTYT OBITh
TOJIBKO BOCCTAHOBHUTEJSIMH, TOJBKO OKHCIUTENSIMU U KaKHUe MPOSBIISIOT KaK OKHCIUTEIbHbIE,
TaK ¥ BOCCTAHOBUTEIIbHBIE CBOWCTBA.

Pewenue. Crenenp okucnenus n (N) B yKa3aHHbBIX COEIMHEHUSIX COOTBETCTBEHHO paBHa!
—3 (am3mmasn), + 3 (mpomexxytodHas), +5 (Bbicias); 7 (S) COOTBETCTBEHHO paBHa:

—2 (um3miast), +4 (mpoMexyTtouHas), +6 (Beicmiasi); n (Mn) COOTBETCTBEHHO paBHa: +4
(mpomesxxyTouHas), +7 (Beicuiasi). Orcroga: NH;, H,S — ronsko Bocctanosurenu; HNO,, H,SO,,
KMnO, — tonbko okuciurenu; HNO,, H,SO,, MnO, — okucauTenn 1 BOCCTAaHOBUTEIH.

Ipumep 2. MoryT 1M NpPOUCXOJUTH OKHUCIUTEIbHO-BOCCTAHOBUTEIbHBIC pPEaKIUU
Mexay cienyromumu Bemectsamu: a) H,S u HI; 6) H,S u H,SO;; B) H,SO, n HCIO,?

Pewenue. a) Crenenn okucinenus B H,S n (S) =-2; B Hl n (1) = —1. Taxk kak u cepa, u
HOJl HaxoJsATCs B CBOEH HHM3ILIEH CTENEHM OKHUCIEHMSA, TO 00a B3AThIE BEIIECTBA MPOSBISAIOT
TOJIbKO BOCCTAHOBHUTEJbHBIE CBOMCTBA M B3aUMOJEHCTBOBATh JIPYr C APYroM HE MOTYT; 0) B
H,S n (S) = -2 (wmswas); B H,SO; n (S) = +4 (upomexyrtouHnas). CrenoBarenbHoO,
B3aMMOJICHCTBHS ATHX BEUIECTB BO3MOXKHO, pudeM H,SO, sBnsercsa okucaurenem; B) B H,SO,
n (S) = +4 (npomexytounas); B HCIO, n (Cl) = +7 (Bbiciuasi). B3arele BemecTBa MOryT
B3auMozeicTBoBath. H,SO; B 3TOM ciydae OyJeT nposiBIsTh BOCCTAHOBUTEIbHBIE CBONCTBA.

IIpumep 3. CocTaBbTe ypaBHEHHS OKUCIUTEIbHO-BOCCTAHOBUTEIBHON peaklny, UAYIIeH

10 CXEME!
+7 +3 +2 +5

KMnO, + H,PO, + H,SO, ® MnSO, + H,PO, + K,S0, + H,0
Pewenue. Ecnu B ycoBUM 3a/1a4¥l TaHBI KaK UCXOIHBIC BEIIECTBA, TAK U MPOTYKTHI UX
B3aMMO/ICHCTBUS, TO HAMMCAHUE YPAaBHEHUS PEAKI[UU CBOJMUTCS, KaK MPaBUIIO, K HAXOXKICHUIO U
pacctanoBke kKodhdummenToB. KorhpuimeHTsr onpeaensitoT MeToA0M 3JIEKTPOHHOTO OanaHca
C TIOMOIIBIO AJIEKTPOHHBIX YpaBHEHUH. Brruucisiem, kak U3MEHSIIOT CBOIO CTEICHb OKUCIICHUS
BOCCTAHOBHTEJb U OKHCIUTEINh, U OTPA’KAaEM 3TO B AJIEKTPOHHBIX YPAaBHEHHUSAX:

BOCCTaHOBUTEIIb ) P —2e =P IIPOLIECC OKUCIICHUSA
OKHCJIUTEIh 2 Mn" + 5¢” = Mn?" mporiecc BOCCTaHOBJICHHUS



OO0miee YncIo AIEKTPOHOB, OTAAHHBIX BOCCTAHOBUTEIIEM, JOHKHO OBITH PAaBHO YHCITY
AJIEKTPOHOB, KOTOPOE MPUCOCAUHSCT OKUCIUTENb. O0IIee HAaNMEHbIIIee KPATHOE JIJIsl OTJaHHBIX
Y TIPUHATBHIX AJIEKTPOHOB JECATh. Pa3menuB 3To 4ncio HA 5, momydaeM KoddduimeHt 2 mis
OKHUCJIUTENIS U MPOJyKTa €ro BOCCTAHOBJICHMS, a Tipu aeneHuu 10 Ha 2 monydyaem kodpdummeHt
5 s BOCCTAHOBHTENS M MPOAYKTa ero okucienus. Koadduiment nepen BemecTBaMu, aTOMbI
KOTOpPBIX HE MEHSIOT CBOIO CTENEHb OKHCIICHUs, HAXOASAT MOA0OPOM. YpaBHEHHUE PEaKIUU
OyZeT UMEeTh BHI:

2KMnO, + 5H,PO, + 3H,SO, = 2MnSO, + 5H,PO, + K,SO, + 3H,0

IIpumep 4. CocraBpTe€ ypaBHEHHME pEAKUMUHM  B3aWMMOJCHCTBHS  IIMHKA C
KOHIIEHTPUPOBAHHOM CEPHOM KUCIIOTOM, yUUTHIBAs MAaKCUMaJIbHOE BOCCTAHOBJIECHUE MOCIICTHEH.

Pewenue. 1lunk, xak 110001 MeTasu1, IPOSBIISIET TOJIBKO BOCCTAHOBUTEIILHBIE CBOMCTBA.
B KOHIGHTpHPOBAaHHOW CEpPHON KHCIOTE OKHCIHTEIbHYIO (YHKIIMIO HeceT cepa (+6).
MaxkcuManbHOEe BOCCTAHOBJICHHE CEPhl 03HAYAET, YTO OHA MPUOOpETAeT MUHUMAJIBLHYIO CTEIICHb
OKUCJICHUSI. MUHMMAaJbHAsI CTENIEHb OKHUCJIEHUSI Cepbl Kak p-aynemeHta VIA rpymnmnsl paBHa —2.
[uuk kak Metanmn IIB rpynmsl MMeeT NOCTOSHHYIO CTENeHb OkucieHus +2. OrpaxaeM
CKa3aHHOE B AJIEKTPOHHBIX YPABHECHUSX:

BOCCTaHOBHUTENb 4 Zn’ —2¢ =Zn* NPOLIECC OKUCIICHHS
OKHCJIUTEITh 1 S + 8¢ =S* mpoirecc BOCCTAHOBJIEHHSI

CocraBiisieM ypaBHEHHE PEaKIUHU:
4Zn + 5H,SO, =4ZnSO,+ H,S + 4H,0
ITepen H,SO, crout xosddunuent 5, a e 1, ubo yersipe moaexkyasl H,SO, nayt Ha
CBSI3BIBAHUE YETHIPEX HOHOB Zn*".

KOHTpOJIbele BOIIPOCHI

221. Ucxons u3 creneHu okucineHus xnopa B coeguHenusx HCl, HC10,, HCIO,,
OMpeNIETUTE, KaKO€ M3 HUX SIBJSETCSA TOJBKO OKUCIUTENIEM, TOJbKO BOCCTAHOBUTEIEM U KaKOe
MOXKET TMPOSIBJIATh KaK OKUCIHUTEIbHBbIC, TaK M BOCCTaHOBUTEIbHBIE cBoicTBa. [louemy? Ha
OCHOBaHUWU JJICKTPOHHBIX YPaBHEHHUH paccTaBbTe KOIPPUITUEHTHI B YPAaBHEHUU PEAKIIUU, UAYIICH
0 CXEMe:

KBr + KBrO, + H,SO, ® Br, + K,SO, + H,0

222. Peakuiyu BbIpaxarOTCsl CXEMAMMU:

P + HIO,+ H,0 ® H,PO, + HI
H,S + Cl, + H,0 ® H,SO, + HCI

CocTaBbTe 3EKTPOHHBIE ypaBHEeHUA. PaccTaBbTe KO3(DPUIIMEHTHI B ypaBHEHHUSIX PEAKIUH.
JUist  KaXJIoM peakiuy YKaKHUTE, KaKoe BEIIeCTBO SBIISIETCS OKHUCIWTENIEM, Kakoe —
BOCCTAHOBUTEJIEM; KAKOE€ BELIECTBO OKUCISAETCS, KAKOE — BOCCTaHABIMBAETCSI.

223. CocTraBbTe 3JIEKTPOHHBIE YPABHEHUSI U YKAXKUTE, KAaKOW MPOIIECC — OKUCICHUE WITU
BOCCTaHOBJICHUE — MPOUCXOIUT MPU CIEAYIOMINUX TPEBPAIICHUAX:

AsT® As™; N¥*®N*; S ®S°

Ha ocHOBaHuU »3IIEKTPOHHBIX YpaBHEHUH paccTaBbTe KOA(G(UIMEHTH B YypaBHEHUU
peaKkunu, UAYLIEH 110 CXEME:

Na,SO, + KMnO, + H,0 ® Na,SO, + MnO, + KOH

224. Ucxons u3 creneHu okucienus ¢ocdopa B coemunenusx PH,, H,PO,, H,PO,,
OIpeeNuTe, KaKoe U3 HUX SBIIAETCA TOJIbKO OKUCIHUTEIEM, TOJBKO BOCCTAHOBUTENIEM U KaKoe
MOXET MPOSIBIATh KAaK OKUCIUTENIbHBIE, TAK M BOCCTAHOBUTENbHBIE cBoicTBa. [louemy? Ha



OCHOBAHMH 3JIEKTPOHHBIX YpaBHEHUH paccTaBbTe K03()PUIIMEHTHI B ypaBHEHUH PEAKIMH, UTyIIeiH
0 CXEMe:
PbS + HNO, ® S + Pb(NO,), + NO + H,O
225. Cwm. ycnoBue 3aaaun 222.
P + HNO, + H,0 ® H,PO, + NO
KMnO, + Na,SO, + KOH ® K,MnO, + Na,SO, + H,0
226. CocTaBbTe 2JIEKTPOHHBIE YPaBHEHUS U YKa)KUTE, KAKOW MPOLIECC — OKUCIICHUE WU
BOCCTAHOBJICHUE — IPOUCXOUT IIPU CIEIYIOIUX IPEBPAILECHUAX:
Mn®" ® Mn*"; CI’"® ClI'; N> ® N°*
Ha ocHOBaHUHM »3JIEKTPOHHBIX YpaBHEHUI paccTaBbTe KOA(P(ULIMEHThl B YpaBHEHUU
peaKuu, UAYIIEN IO CXEME:
Cu,O + HNO, ® Cu(NO,), + NO + H,0
227. Cm. ycioBue 3aaauu 222.
HNO, + Ca ® NH,NO, + Ca(NO,), + H,0
K,S + KMnO, + H,SO, ® S + K,SO, + MnSO, + H,0
228. Mcxons u3 cTeneHy OKUCIEHUs XpoMa, oaa u cepsl B coenquneHuax K,Cr,0,, Kl n
H,SO,, onpenenute; kakoe U3 HUX SBJISETCS TOJIBKO OKMCIUTEIEM, TOJIBKO BOCCTAHOBUTEIEM U
KaKO€ MOXET IMPOSIBIITh KaK OKUCIUTENIBbHBIE, TAK U BOCCTAHOBUTENbHBIE cBOMCTBA. [louemy?
Ha ocHOBaHMU 31EKTPOHHBIX ypaBHEHHWIl paccTaBbTe KO3(D(PULIMEHTHl B YpaBHEHHU PEAKIMH,
UIyLIEN IO CXEME:
NaCrO, + PbO, + NaOH ® Na,CrO, + Na,PbO, + H,0
229. Cwm. ycioBue 3aaaun 222.
H,S + Cl, + H,0 ® H,SO, + HCI
K,Cr,0, + H,S + H,SO, ® S + Cr,(S0,), + K,SO, + H,0
230. Cm. ycinoBue 3agaun 222.
KCIO, + Na,SO, ® KCI + Na,SO,
KMnO, + HBr ® Br, + KBr +MnBr, + H,0
231. Cm. ycnoBue 3amaun 222.
P + HCIO, + H,0 ® H,PO, + HCIl
H,AsO, + KMnO, + H,SO, ® H;AsO, + MnSO, + K,SO, + H,0
232. Cm. ycrnoBue 3agauu 222.
NaCrO, + Br, + NaOH ® Na,CrO, + NaBr + H,0
FeS + HNO, ® Fe(NO,), + S+ NO + H,0
233. Cwm. ycnoBue 3aiaun 222.
HNO, + Zn ® N,0 + Zn(NO,), + H,0
FeSO, + KCIO, + H,SO, ® Fe,(SO,), + KC1 + H,0
234. Cm. ycnoBue 3a1aun 222.
K,Cr,0, + HCI ® CL,+ CrCl, + KC1 + H,O
Au+ HNO, + HCI® AuCl, + NO + H,0
235. MoryT M HpPOUCXOIUTh OKHUCIUTEIBbHO-BOCCTAHOBUTENIBHBIE DPEAKLUU MEXKIY
BemiectBamu: a) NH; u KMnO,; 6) HNO, u HI; B) HCI u H,Se? Ilouemy? Ha ocHoBanumu
AJIEKTPOHHBIX YPABHEHUH paccTaBbTe KOO(PPUIIMEHTH B ypaBHEHUN PEaKLIUHU, UITyLIEH 10 cxeme:
KMnO, + KNO, + H,SO, ® MnSO, + KNO,+ K,SO, + H,0
236. CM. ycioBue 3agauu 222.
HCI + CrO, ® Cl, + CrClL, + H,0
Cd + KMnO, + H,SO, ® CdSO, + MnSO, + K,SO, + H,0



237. Cm. ycnoBue 3aaaun 222.
Cr,0, + KCIO, + KOH ® K,CrO, + KCI + H,0
MnSO, + PbO, + HNO, ® HMnO, + Pb(NO,), + PbSO, + H,0
238. CMm. ycrnoBue 3agauu 222.
H,SO, + HCIO, ® H,SO, + HCI
FeSO, + K,Cr,0, + H,SO, ® Fe,(SO,), + Cr,(SO,), + K,SO, + H,0
239. Cwm. ycnoBue 3aaaun 222.
1, + Cl,+ H,0 ® HIO, + HCI
K,Cr,0, + H,PO, + H,SO, ® Cr,SO,), + H,PO, + K,SO, + H,0
240. MoryT 1M TPOUCXOIUTH OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIE DPEAKIUH MEXKIY
Bemiecteamu: a) PH; n HBr; 6) K,Cr,0, u H,PO,; B) HNO, u H,S? Ilouemy? Ha ocHoBanuun
AIIEKTPOHHBIX YpaBHEHUH paccTaBbTe KOAPPUIIMEHTH B ypaBHEHUN PEAKIIUU, UTyIIEH MO CXEME:
AsH, + HNO, ® H,AsO, + NO, + H,0
DJIEKTPOHHBbIE MOTEHIUAJBI M 3J1eKTPOABMKYIINE CHJIbI

[Ipu pemenun 3a1ay 3Toro paszaena cM. Taou. §,

Ecniu mMeramnnueckyio IMIACTUHKY OIYCTHTh B BOMYy, TO KAaTHOHBI MeTajlla Ha ee
MOBEPXHOCTU THIPATHPYIOTCS MOJSIPHBIMU MOJIEKYJIaMH BOJBI U MEPEXOAST B KUIKOCTh. [lpu
ATOM D3JIEKTPOHBI, B M30BITKE OCTAIOLIMECS B METaJUIe, 3apsHKAIOT €ro MOBEPXHOCTHBIN CIIOH
OTpUIIaTeNIbHO. BO3HUKAeT JIIEKTPOCTATUYECKOE TMPUTSIKEHUE MEKIY MepelieIInMA B
KUJKOCTh THAPATHPOBAHHBIMU KaTHOHAMHU M MOBEPXHOCTHbIO MeTajula. B pesynpTaTe 3TOrO B
CHCTEME YCTaHaBIMBAETCS MMOJIBUKHOE PAaBHOBECHE:

n+
Me(H,0), . .
B paCTBOpPE Ha METaJIIIC
r7ie 7 — YHUCIO JJIEKTPOHOB, NMPUHMMAIOIIMX ydyacTHe B mporecce. Ha rpanune meramn —
KUJIKOCTh BO3HUKACT OBOUHOU DeKMPUHECKUll CI0U, XapaKTEPUIYIOMUNUCS OMpeIeICHHBIM
CKAQ4YKOM TIOTEHIIHANA — 91eKMPOOHbIM NOMeHYuaiom. AOCOMIOTHBIE 3HAYEHHUS AIIEKTPOIHBIX
MOTEHIIUAJIOB U3MEPUTh HE yAAaeTCA. DJIEKTPOAHbIE MOTEHIMANBI 3aBUCAT OT psia (HaKTOpoB
(mpupoasl MeTalla, KOHIIGHTpAIMH, TeMIepartypbl u Ap.). [1o3ToMy OOBIYHO OIpeaemnstoT
OTHOCHUTEIIbHBIE 3JIEKTPOJHBIE MOTEHIMAIBI B ONPEACIECHHBIX YCIOBUSX — TaK Ha3bIBaeMble
CTaHJIapTHBIE AJIEKTPOIHBIE MOTEHIUAIIBI (£°).

CmanoapmHvim 371eKmMpOOHbIM NOMEHYUAIOM Memaula Ha3bIBAIOT €ro 3JIEKTPOIHBIM
NOTEHIMAJl, BO3HUKAIOIIMI MpH MOTPYKEHHUH MeTaula B PACTBOP COOCTBEHHOTO HOHA C
KOHIIGHTpanue (Wid aKTUBHOCTBHIO), paBHOM | MOJB/J, W3MEPEHHBIH MO CPaBHEHHUIO CO
CTaHJApPTHBIM BOJOPOJHBIM JJIEKTPOAOM, TMOTEHIHMan KoToporo mpu 25°C  ycIOBHO
npUHUMaeTCs paBHBIM Hyo (E° = 0; DG° = 0).

Pacnonazas memannvi 6 psio no mepe 6ospacmanus ux , CManoOapmMHvLX 2NeKMpPOOHbIX
nomenyuanos (E°), nonyuaem mak nazvieaemvlii pso HanpsajiceHull.

[TonoxkeHnre TOrO WM HWHOTO METaula B pALY HAMPsDKEHUN XapaKTepus3yeT ero
BOCCTAHOBHTEJBHYIO CIIOCOOHOCTh, @ TAK)K€ OKHCIIHUTENbHBIE CBOWCTBA €r0 MOHOB B BOIHBIX
pacTBopax TpU CTAaHJAPTHBIX YCIOBHUsSX. YeM MeHblle 3HaueHue £E°, TeM OOIbLIIUMU
BOCCTAHOBHTEJIBHBIMH CIIOCOOHOCTSIMH 00J1a1aeT JaHHbIM METaJul B BUJE MPOCTOrO BEIIECTBa,
U TEM MEHBIINE OKHUCIUTEIbHBIE CIIOCOOHOCTU TMPOSIBISIOT €ro HMOHBI, U HA00OpOT.
DNEeKTPOJHBIC TIOTEHIUMANbl HM3MEPSIIOT B MpHOOpax, KOTOpblE TMOJIYYWIM Ha3BaHHE
raJlIbBAHUYECKUX  3JeMEHTOB.  OKHCIMTETbHO-BOCCTAHOBHUTENbHAS  peaklMs, KOoTopas

Me + mH,0 =



XapakTepusyeT paboTy rabBaHUYECKOTO dJIEMEHTA, TPOTEKAET B HaMpaBleHUH, B kKoTopom DJ[C
SJIEMEHTA UMEET MOJIOKUTENIbHOE 3HaYeHne. B atom cinyyae DG < 0, tak kak DG® == — nFE°.

Ipumep 1. CranmapTHBIA AIEKTPOAHBIA TOTEHIMAT HHUKENs OoJblle, 4YeM KoOanmbTa
(Tabm. 8) . U3MeHuTCs i 5TO COOTHOIIICHHE, €CITM H3MEPUTh TOTSHITUAT HUKES B PACTBOPE €T0
nOHOB ¢ KoHIeHTpanuei 0,001 Mo/, a mMOTeHIaNIbI KOOaTbhTa — B PACTBOPE C KOHIIEHTpALUen
0,1 moup/n?

Tabnuna 8.
CTAHJAPTHBIE SJEKTPO/HBIE MOTEHIUAJBI (E°)
HEKOTOPBIX METAJIJIOB (P11 HATIPSI)KEHHIA)

DJEKTPOJ E°, B DJIEKTPOJL E°, B
Li"/Li -3,045 Cd*"/Cd -0,403
Rb"/Rb -2,925 Co*"/Co -0,277
K'/K -2,924 Ni?"/Ni -0,25
Cs'/Cs -2,923 Sn*/Sn -0,136
Ba?'/Ba -2,90 Pb**/Pb -0,127
Ca*/Ca -2,87 Fe¥'/Fe -0,037
Na'/Na -2,714 2H'/H, -0,000
Mg*"/Mg -2,37 Sb*/Sb +0,20
AIP"/Al -1,70 Bi**/Bi +0,215
Ti**/Ti -1,603 Cu?/Cu +0,34
71"/ 7r -1,58 Cu'/Cu +0,52
Mn*'/Mn -1,18 Hg?',/2Hg +0,79
VIV -1,18 Ag'/Ag +0,80
Cr*/Cr -0,913 Hg?'/Hg +0,85
Zn*'/Zn -0,763 Pt**/Pt +1,19
Cr*'/Cr -0,74 Au*/Au +1,50
Fe?'/Fe -0,44 Au'/Au +1,70

Pewenue. DnexTponHbiii moTeHIMaN MeTana (£) 3aBUCUT OT KOHIICHTPAIIMH €r0 HOHOB B
pacTBope. DTa 3aBUCUMOCTh BbIpakaeTcsi ypaBHeHreM HepHcra:

A=a + 2%
n

9

rae E° — cTaHOapTHBIA AJIEKTPOJHBINA MOTEHIMAT; 7 — YHUCIO JJICKTPOHOB, MPUHUMAOIIUX
ydyactue B mporecce; C — KOHIEHTpamusi (MpU TOYHBIX BBIUUCICHUAX — AaKTUBHOCTD)
TUAPATUPOBAHHBIX HWOHOB MeTajla B pacTBOpe, MOJB/I, E° 1 HUKEIS W KoOaibTa
cooTBeTcTBEHHO paBHbl -0,25 u -0,277 B. OnpenenuiM 3JeKTPOAHBIC MOTEHIMAIBI 3TUX
METAJUJIOB IPU JAHHBIX B YCIOBUU KOHICHTPALUSIX:

0,059
A\Iiz*/Ni =-0,25+

ANi v = 0,277+

1g107 =0,339 A,

0,059

1g107"' = 0,307 A.

Takum oOpa3zom, Mpy W3MEHHMBIICHCS KOHIIEHTPAIMH MOTEHITMA KOOaIbTa CTan OOJbIie
MHOTEHIIMAIa HUKEIIA.



IIpumep 2. MarHueByl IUIACTMHKY ONYCTWJIM B pacTtBop ero coiu. llpu stom
AJIEKTPOAHBIN MOTEHIMAJI MarHus OKasajcs paseH -2,41 B. Bpiuncianre KOHLEHTpalUio MOHOB
MarHus (B MOJIb/M).

Pewenue. IlonoOHbIe 3a1aun TaKKe PELIAIOTCs HA OCHOBaHMU ypaBHeHMsI HepHcra (cM.
npumep 1):

-241=-237+ 0,059 g C,
-0,04=0,02951g C,
C= _ 004 =—-1,3559 =-2,6441
0,0295

N, .. =4,4:107 iigi/
g

IIpumep 3. CocraBbTe CXEMy rajJbBaHMYECKOrO 3JIEMEHTA, B KOTOPOM 3JIEKTPOJIAMHU
SBJISIIOTCS MarHueBas M LIMHKOBAsl TJIACTUHKH, OMYILEHHBIE B PAaCTBOPHI MX MOHOB C aKTUBHOM
KoHIeHTpanue 1 momb/n. Kakoit Meramn sBIsIETCS aHOIOM, KakoW kartomgom? Hamummre
YpaBHEHUE  OKHUCIUTEIbHO-BOCCTAHOBUTEIBHOM  peakiuu,  MNpOTEKalled B 3TOM
rajJbBaHMYECKOM dJIeMeHTe, U Bhiuncaute ero JJC.

Pewenue. Cxema 1aHHOTO rajbBaHUYECKOTO 3JIEMEHTA

(-) Mg [Mg*'| |Zn*'| Zn (+)

Beprukanphass nuHeiika 0003HauaeT MOBEPXHOCTH pasleia MeEXAy METaLIOM U
pacTBOpOM, a JIB€ JMHEMKU — TpaHUIly pa3jesia JIBYX XUAKUX (a3 — MOPUCTYIO MEPErOpoaAKy
(MM COEMHUTENBHYI0 TpPYOKy, 3alOJHEHHYIO pacTBOPOM JIIEKTpoiiuTa). MarHuii umeer
MEeHbIINI noTeHuuan (—2,37 B) U sABISETCA aHOJOM, Ha KOTOPOM IPOTEKAET OKUCIUTEIbHBIN
polecc:

Mg’ —2¢ = Mg* (1)

[unk, norennman koroporo -0,763 B, — karon, T.e. 3JIEKTPOJ, HA KOTOPOM MPOTEKAET
BOCCTAHOBUTEJBHBIN IIPOLIECC:

Zn*+2e¢ = 7n" )

YpaBHEHHE OKHUCIHUTEIbHO-BOCCTAHOBUTEILHON peaklUM, XapaKTepusylollee padoTy
JAHHOTO TaJlbBAHUYECKOTO 3JEMEHTA, MOXKHO IOJY4YHUTb, CJIOXKHUB JJIEKTPOHHbIE YpPaBHEHUS
aHoaHoro (1) u kaToaHOTO (2) MPOIIECCOB:

Mg + Zn* = Mg*" + Zn

Jns onpenenenus D/]C rajibBaHUYECKOro 3JIEMEHTA W3 MOTEHIMANa KaToJa CIEIyeT
BBIYECTh MOTEHIIMAN aHOa. Tak KaKk KOHIICHTpAIMs HOHOB B pacTBope paBHa 1 monw/1, To D/1C
3JIEMEHTA PaBHA PA3HOCTH CTAaHAAPTHBIX MOTEHIMAIOB JBYX €r0 3JIEKTPOJOB:

YAN=A E° =-0,763-(-2,37)=1,607 A

n*/Zn Mg?* /Mg

KOHTpOJ’lebIC BOIIPOCHI

241. B nBa cocyaa c roiyobIM pacTBOPOM MEIHOTO KyHOpOoca MOMECTHIIH B MEPBBI
[IMHKOBYIO TUIACTUHKY, a BO BTOPOU cepeOpsiHyIo. B kakoM cocyjie IBET pacTBOpa MOCTEIIEHHO
nponanaer? [louemy? CocTaBpTe JIEKTPOHHBIE U MOJIEKYJIIPHOE YPABHEHHUS COOTBETCTBYIOLIEH
peaKkiuu.

242. YBenWuuTCS, YMEHBIIUTCS WM OCTaHeTCsa 0e3 WM3MEHEHUs Macca ITMHKOBOM
IUIACTUHKU TIpU B3auMojeWcTBUU ee ¢ pactBopamu: a) CuSO,; 6) MgSO,; B) Pb(NO,),?
[Touemy? CocTaBbTe NEKTPOHHBIE U MOJIEKYJISIPHBIE YPABHEHUS COOTBETCTBYIOIIUX PEAKIIMIA.



243. Tlpu Kakod KOHIIEHTpAlMd HMOHOB Zn®' (B MOJbL/JI) MOTEHIUAA I[MHKOBOIO
anektpona Oyxaer Ha 0,015 B MeHbIIe ero cTaHmapTHOTO IEKTPOAHOTO ToTeHImana? Omeem:
0,30 Mo/

244. YBenWUYUTCS, YMEHBIIUTCS WJIM OCTaHETCS 0e3 M3MEHEHHUs Macca KaaMHEBOU
IUTACTUHKYU TpHU B3auMojieiicTBuu ee ¢ pactBopamu: a) AgNO;; 6) ZnSO,; B) NiSO,? Ilouemy?
CocraBbTe JIEKTPOHHBIE U MOJIEKYJISIPHBIE YPaBHEHUSI COOTBETCTBYIOIIMX PEAKIIHMA.

245. MapraHueBblii 3J€KTpOJ B PacTBOpPE €ro coiu uMeer noreHuuan —1,23 B.
Borauciure KOHICHTpALKO HOHOB Mn?* (B Moutb/i1). Omeem: 1,89 « 10 mosb/11.

246. Ilorenuman cepeOpsiHoro snexkrpona B pactBope AgNO,; cocraBun 95% or
3HAUEHUS €r0 CTAHJIAPTHOTO 3JIEKTPOIHOTO MOTeHIIMa a. YeMy paBHA KOHIICHTpAIUs HOHOB Ag"
(B8 Mmomp/m) ? Omeem: 0,20 MOTB/m.

247. CocTaBbTe CXEMy, HAIUIIUTE 3JIEKTPOHHBIE YPaBHEHUS JIEKTPOAHBIX MPOIECCOB
1 Beruuciaure DJC MeIHO-KaJAMUEBOIO TajlbBaHUYECKOrO dlIeMeHTa, B Koropom [Cd*] = 0,8
MoJb/1, a [Cu®] = 0,01 mous/11. Omeem: 0,68 B.

248. CocTaBbTe CXE€MBI JIBYX raJIbBaHMUYECKUX AJIEMEHTOB, B OJTHOM M3 KOTOPHIX ME/Ib
Obuta OBl KaTOAOM, a B JIpPYroM — aHoAoM. HamummTe s KaXAO0ro W3 3THX SJIEMEHTOB
AIIEKTPOHHBIC YPABHEHHUS PEAKIIH, MPOTEKAIOIINX Ha KaTOJIe U HA aHOJIE.

249. Tlpu kakoi koHreHTpanuu nonoB Cu*" (MoJIb/J1) 3HaYEHHE MOTEHIIMATIA METHOTO
AJIEKTPOJIa CTAHOBUTCSI PABHBIM CTaHAAPTHOMY MOTEHIIMATY BOAOPOAHOTO AiekTpona? Omeem:
1,89 ¢ 10 '2 momb/m.

250. Kako#i ranpbBaHMYECKHI 3JIEMEHT Ha3bIBA€TCSl KOHIEHTpanuoHHBIM? CocTaBbTe
CXeMy, HAIUIINTE SJEKTPOHHBIE YpPaBHEHHUS SJIEKTPOIHBIX IMpoieccoB u Bbruncinute J(C
raJIbBAaHUYECKOIO AJIEMEHTA, COCTOSIIETO U3 CEPEOPSHBIX ANEKTPOJIOB, OMYIIEHHBIX: TIEPBBIA B
0,01 H., a BTOpO# B 0,1 H. pactBopel AgNO,. Omeem: 0,059 B.

251. llpu xakoM ycloBUH OyaeT paboTaTh TalbBAaHUYECKUN DIEMEHT, JJICKTPOIBI
KOTOPOTO CHACAaHbl U3 OJHOTO U TOro ke Metama? CocTaBbTe CXeMy, HAITUIITUTE SJICKTPOHHBIE
ypaBHEHHUS DSJIEKTPOAHBIX IMporeccoB U Bbruucautre IJIC raabBaHMYECKOrO 3JIEMEHTa, B
KOTOPOM OJIMH HHUKeJNEBbI 3nektpon Haxomutcs B 0,001 M pactBope, a Ipyroi Takou xe
anektpox — B 0,01 M pactBope cynbdara Hukens. Omsem: 0,0295 B.

252. CocrtaBbTe CXEMY, HAMMIIUTE AIEKTPOHHBIC YPABHEHUS AJIEKTPOJHBIX MPOLECCOB
u Bbruncaute DJ[C TranbBaHUYECKOTO DJIEMEHTA, COCTOSIIEr0 W3 CBUHIIOBOM M MarHUeBOH
IUIACTHH, OMYIIEHHBIX B PACTBOPBI CBOMX COJed ¢ KoHIeHTparmeil [Pb*] = [Mg*] = 0,01
monb/n. U3menutcs nu DJIC 3TOro snemMeHTa, €CiIM KOHIEHTPALUIO KaXJI0ro, U3 HOHOB
YBEIIMYUTH B OJIMHAKOBOE 4Kciio pa3? Omeem: 2,244 B.

253. CocTaBbTe CXEeMbl JABYX TajlbBaHUYECKHX JJIEMEHTOB, B OJHOM M3 KOTOPBIX
HUKEJb SIBJIIETCS KaTOJIOM, & B IPYroM — aHojoM. Hanummre jyist Kaxa0ro U3 3TUX 3JIEMEHTOB
AJICKTPOHHBIC YPABHEHUS PEAKIIH, MPOTEKAIOIINX HAa KaTOJIe U HA aHOJIE.

254. Kenesnas u cepeOpsiHas IUJIACTHHBI COCIWHEHBI BHEIIHUM TPOBOJHUKOM H
MOTPYXKEHbI B pacTBOpP cepHOM KUCIAOTHL. COCTaBbTE CXEMYy JaHHOTO TajJbBAHHMYECKOTO
AJIEMEHTAa W HANMIIUTE JJIEKTPOHHBIE YPAaBHEHHMsS IMPOLIECCOB, MPOUCXOASAIIMX HA aHOAE U Ha
KaToJe.

255. CocTaBbTe CXE€My, HAMUIIUTE DJIEKTPOHHBIC YPABHEHUS SJEKTPOTHBIX MPOILIECCOB
u Beruuciaute DJ]C ranpbBaHUYECKOrO 3JEMEHTA, COCTOSIIEIO W3 IUIACTUH KaJMHs U MarHus,
ONYIIECHHBIX B PAcTBOPHI CBOMX COJel ¢ KoHIeHTparmed [Mg?'] = [Cd*] = 1 momas/m.
N3menutcs nu 3Hadenne OJIC, ecnum KOHIIEHTPALMIO KaXKJIOTO W3 HMOHOB MOHHU3UTH JO
0,01 monw/n? Omeem: 1,967 B.



256. CocTaBbTe CXeMy TaIbBAHUYECKOTO JIEMEHTA, COCTOSIIETO U3 TUIACTUH ITUHKA U
’Kele3a, MOTPYKEHHBIX B PACTBOPHI MX colield. HamuimTe 35eKTpoHHbIE YpaBHEHHsSI TPOIIECCOB,
MPOTEKAIOIINX HA aHOJE M Ha Karoje. Kakoil KoHIeHTpanuu HaZo0 ObLII0 OBl B3SITh MOHBI JKeJe3a
(Mo1w/11), uro6sr DJIC d11eMeHTa cTana paBHOM Hymo, eciau [Zn*'] = 0,001 moas/n? Omeem: 7,3
* 10"° mosB/11.

257. CocTaBbTe CXE€My TallbBAHUYECKOTO JJIEMEHTa, B OCHOBE KOTOPOTO JIEKHT
peaxiys, IpoTeKaroIas o YPaBHEHHIO:

Ni + Pb(NO,), = Ni(NO,), + Pb

Hamummre s7eKTpoHHBIE ypaBHEHHS aHOJHOTO W KaTOJHOTO IMPOIECCOB. Brramcimure
DJ1C sroro snementa, eciu [Ni**] =0,01 mons/a, [Pb*] = 0,0001 mons/i1. Omeem: 0,064 B.

258. Kaknme XHMMHUYECKHE IMPOIECCHl MPOTEKAIOT Ha JJIEKTPOJax TMpHU 3apsiKe u
paspsIKe CBUHIIOBOTO aKKyMyJisiTopa?

259. Kaknme XHMMHUYECKHE IMPOIIECCHl MPOTEKAIOT Ha DJJIEKTPOJax MpU 3apsaKe u
pa3psiake KaaMU-HUKEIEBOTO aKKyMyJiaTopa?

260. Kakne XuMHUYECKHE MPOIIECCHl MTPOTEKAIOT Ha ANEKTPOAAX MPH 3apsAIKE U pa3psKe
KEJIe30-HUKEJIEBOT0 aKKyMyJisiTopa’?

DJIEeKTPOJIH3

ITpumep 1. Kakas macca Menu BBIAEIUTCS Ha KaTOJ€ IIPH JeKTponuse pactsopa CuSO,
B TeueHue | 4 pu cuie Toka 4 A?
Pewenue. CornacHo 3akonam @apazes:

m = 321t/96500, (1)
rJie m — Macca BEIIECTBA, OKHCICHHOTO WM BOCCTAHOBIIEHHOT'O Ha DJJIEKTpoAe; D —
SKBHBAJIICHTHAsI Macca BeIIeCTBa; / — cuja ToKa, A; ¢ — MPOJOIKUTEIbHOCTh JIEKTPOIIN3a, C.
OkBuBasieHTHass Macca meau B CuSO, paBHa 63,54:2 = 31,77 r/monb. [loacraBuB B popmyity
(1) 3mauenns 3 =31,77,1 =4 A, t = 60 * 60 = 3600 ¢, mosryunm:

31,77-4-3600
m="2"" """

4,74 a.
96500

IIpumep 2. Boiuuciaure SKBUBAJICHTHYIO MacCy MeTajlia, 3Hasl, YTO MPHU JIEKTPOJIU3E
pactBopa xyiopuaa 3Toro Metauia 3atpadeHo 3880 Ku asiekTpuyecTBa v Ha KaTOAE BbIIAEISAETCS
1 1,742 r meTamnna.

Pewenue. U3 dbopmynsr (1):

2=11,742 + 96 500/3880 = 29,35 r/monb
rae m = 11,742 r; It = O = 3880 K.

Ipumep 3. Yemy paBHa cuiia TOKa IPH IEKTPOIH3E pacTBopa B TeueHue 1 u 40 muH 25
C, €CJIM Ha KaToJie Bhienmiocs 1,4 1 Bogopona (H.y.)?

Pewenue. N3 dopmyisr (1):

I=m*96500/3t.
Tak kak gan o0BeM BOAOPOJA, TO OTHOLIEHHUE /D 3aMEHSEM OTHOILIECHUEM
VH 2 / VY(H 2) , Trhe VH 2 — obbeMm Bomoponda, I, VY
BOoOpOJa, 1. Torna:

() _ JxBuBaNIeHTHBIH 00BEM

1=V, -96500/Vy,



DKBUBAJCHTHBI 00bEM BOJIOPO/A MPU H.y. PaBEH MOJIOBUHE MOJIIPHOTO 00beMa 22.4/2

Vi =14 Vi, =112

=11,2 n. [loncTaBuB B NpUBeIEHHYIO GOPMYITY 3HAYCHHUS
t=6025 (1 940 mun 25 ¢ = 6025 c), HaxoaUM:
I1=1,4+96500/11,2+6025=2 A.

Ipumep 4. Kakas macca ruapokcuia KatuH oOpa3oBajiach y Karoja MpH AJIEKTPOIIN3E
pactBopa K,SO,, ecu Ha aHoze Bbiaenminock 11,2 1 kucnopona (H.y.)?

Pewenue. JxBuBasieHTHBI 00BeM Kuciopona (H.y.) 22,4/4 = 5,6 n. CnenoBarenbHoO,
11,2 1 comepxat aBE SKBUBAJEHTHBIE MacChl KUCIOpoaa. CTOIBKO K€ SKBUBAJICHTHBIX Mace
KOH o6pa3oBanoce y karoga, win 56,11 ¢ 2 = 112,22 r (56,11 1/ Monb — MonbHast H
skBuBajieHTHas macca KOH).

KoHTpoJibHBbIE BOIPOCHI

261. Dnektponu3 pactBopa K,SO, mpoBoawnu npu cuwie Toka 5 A B TeueHue 3 4.
CocTaBbTe 2JIEKTPOHHBIE YpaBHEHUs IMPOIIECCOB, MPOUCXOISIIINX Ha 3JeKkTpoaax. Kakas macca
BOJBI TIPU 3TOM Pa3NIOKHUIACh U YEMY paBeH 00BbEM ra3oB (H.Y.), BBIICIHBIIMXCS HA KaTOJE U
anone? Omeem: 5,03 1; 6,266 1; 3,133 1.

262. Ilpu 35eKTpOdM3€ COJM HEKOTOPOIrO MeTajuia B TeueHue 1,5 4 mpu cuie Toka
1,8 A Ha kxaroge BwlIenWiIOCh 1,75 T 3TOro meramwia. BeluumciauTe 3KBUBAJECHTHYIO Maccy
MeTana. Omeem. 17,37 v/MOJIb.

263. Ilpu snexrponuse pactBopa CuSO, Ha aHone Bblaenuioch 168 cm rasa (H.y.).
CocTaBbTe 3JIEKTPOHHBIE YPABHEHUSI IPOLIECCOB, MPOUCXOIAIINX HA 3JEKTPOJaX, U BBIUUCIHUTE,
Kakas Macca MeJu BeIjeriIachk Ha kartoae. Omesem: 0,953 1.

2S4. Dnexrponu3 pactsopa Na,SO, mpoBoauiau B TedeHUe 5 4 mpu cuwie Toka 7 A.
CocTaBbTe 2JIEKTPOHHBIE YPAaBHEHUS MPOLIECCOB, MPOUCXOMSIINX Ha 3MekTpoaax. Kakas macca
BOJBI IIPU 3TOM PaA3JIOKUIACh U YEMY PaBeH 00bEM ra3oB (H.y.), BBIICIMBIIUXCS Ha KaToJE U
anone? Omeem: 11,75 1; 14,62 1; 7,31 1.

265. DiekTpoau3 pacTBopa HUTpaTa cepedpa MpOBOAMIN MPHU CHIIe TOKa 2 A B TeueHue 4
4. CocTaBbTe S3JCKTPOHHBIC YpPaBHEHHUS MPOIECCOB, MPOUCXOMAIIUX Ha 3ekTpodax. Kakas
Macca cepeOpa BbIJEIWIACh Ha KaToJie M KaKOB 00beM rasa (H.y.), BBIICIUBIIETOCS Ha aHOAE?
Omeem: 32,20 T; 1,67 1.

266. DJEKTPOIM3 pacTBOpa Cyib(aTa HEKOTOPOTO MeTalljia MPOBOIMIN MPU CUJIE TOKA
6 A B TeueHue 45 MuH, B pe3yJIbTaTe Yero Ha KaTtoJie BbIAETUIOCH 5,49 T MeTauia. Berancnure
HKBUBAJICHTHYIO Maccy MeTaiuia. Omeem: 32,7 r/Mmonb.

267. HackoyibkOo yMEHBIIMTCS Macca cepeOpsiHOro aHoa, €CIIU 3JIEKTPOJIU3 pacTBOpa
AgNO, npoBoaute npu cuie Toka 2 A B Teuenue 38 muH 20 c? CocTaBbTe€ JIEKTPOHHBIE
ypaBHEHHUS MPOIECCOB, MPOUCXOASIINX HA TPaUTOBBIX AekTpoaax. Omeem: 4,47 T.

268. DnekTponu3 pacTBopa cyibdaTa HWHKA MPOBOAMINA B TEUEHHUE 5 4, B pe3yibTare
94ero BbLICNWIOCh 6 1 kucioponaa (H.y.). CocraBbTe ypaBHEHHUS 3JIEKTPOJHBIX MPOIECCOB U
BBIYMCIINTE CUITy TOKa. Omeem: 5,74 A.

269. DOnexrponu3z pactsopa CuSO, mpoBOAMIN C MEAHBIM aHOJIOM B T€UEHUE 4 Y MpH
cuie Toka 50 A. Ilpu aTom BeIEMIOCH 224 T Meau. BerauciauTe BBIXOA Mp. TOKY (OTHOIIEHHE
MacChl BBIJICJIUBIIETOCS BEIIECTBA K TEOPETUYECKU BO3MOXKHOM). COCTaBbTE IJIEKTPOHHBIC
YpaBHEHHSI MPOIIECCOB, MPOUCXOIANINX Ha 3JEKTPOAaxX B CIydae MEAHOTO M YTrOJIbHOTO aHO/a,
Omeem: 94,48%.



270. Dnekrtponu3 pactBopa Nal mpoBoawnu mpu cuie Toka 6 A B TeueHue 2,5 4.
CocTraBbTe 3JEKTPOHHBIE YPaBHEHHUS MPOIECCOB, MPOUCXOIAIIMX HA YTOJIbHBIX AJIEKTPOJAx, U
BBIYMCIIMTE MAacCy BEIIECTBA, BhIIEIUBIIIETOCs Ha Katoae u anoae? Omeem: 0,56 T; 71,0 .

271. CocTaBbTe 3JEKTPOHHBIE YPAaBHEHHUS MPOLECCOB, MPOUCXOIAIIMX HA YTOJBbHBIX
ANIEKTpoAaxX mpu siekTposuse pactBopa AgNO,. Ecnu 31ekTpoian3 npoBOAUTh C cepeOpsSHbIM
aHOJIOM, TO €ro Macca yMeHbIaercs Ha 5,4 r. OnpenenuTe pacxo/ dJIEKTPUYECTBA IPH ITOM.
Omeem: 4830 K.

272. Onextpoaus pactBopa CuSO, npoBoawiIn B TeueHue 15 MuH mipu cuiie Toka 2,5 A.
Boigenunock 0,72 r meau. CocTaBbTe 3JEKTPOHHBIE YPaBHEHUS MPOLECCOB, MPOUCXOIAIINX Ha
ANEKTPOAAX B CIy4yae MEJHOIO U YroJIbHOTO aHoja. BerunciauTe BBIXOJ MO TOKY (OTHOIICHHE
MAacCChI BBIJICJIMBIIIETOCS BEIIECTBA K TEOPETUUECKH BO3ZMOXKHOM). Omeem. 97,3%.

273. CocTtaBbTe 3JIEKTPOHHBIE YPaBHEHHUSI MIPOIIECCOB, TPOUCXOISIINX HA TPAPUTOBBIX
ANEKTPOAAX MPH SIEKTPOIN3e paciiaBoB U BoaHbIX pacTBOpoB NaCl u KOH. Ckonbko TuTpoB
(H.y.) raza BBIIEIMTCS Ha aHOAE IPHU IJIEKTPOJIM3E TUAPOKCUIA Kallus, €CIU DJIEKTPOJIU3
poBoaAUTh B TeueHue 30 muH npu cuiie Toka 0,5 A? Omeem. 0,052 1.

274. CocTaBbTe 3JEKTPOHHBIC YPaBHEHUS MPOLIECCOB, IPOUCXOIAUINX HA TPaUTOBBIX
ANEKTpoax IpH anekTposnse pactBopa KBr. Kakas macca BemiecTBa BbIIEISETCA HA KaTOJE U
aHoJIe, €CJIM DJIEKTPOJIN3 IPOBOAUTH B TeueHue 1 u 35 muH npu cune toka 15 A? Omeem. 0,886
r; 70,79 r.

275. CocTaBbT€ HJIEKTPOHHBIE YpPaBHEHHUS IMPOILIECCOB, MPOUCXOMSAIIUX HA YTOJIbHBIX
aNeKTpoAax mpu anektponusze pactBopa CuCl,. Beruncnure maccy menu, BbIIEIHMBIIEHCS Ha
KaTo/Jie, €CJIM Ha aHoJie Bblaenunock 560 mu raza (H.y.). Omeem: 1,588 r.

276. Ilpu 35IeKTpOIM3€ COJIM TPEXBAJIEHTHOIO MeTasula Mpu cuiie Toka 1,5 A B TeueHue
30 mua Ha karoae Bbiaenuioch 1,071 r meramna. Belumciure aTOMHYI0 Maccy MeTallia.
Omeem: 114,82.

277. llpu snextponuse pactBopoB MgSO, u ZnCl,, coeAMHEHHBIX MOCIEOBATENHHO C
WCTOYHUKOM TOKa, Ha OJHOM M3 KartoaoB Beiaenwiochk 0,25 r Bogopona. Kakas macca
BEIIIECTBA BBIICJIUTCS HA IPYTrOM KaToje; Ha anonax? Omeem: 8,17 1; 2,0 r; 8,86 T.

278. CocTaBbTe 3JEKTPOHHBIE yYpaBHEHHUs MPOIECCOB, NMPOUCXOMAALIMX Ha YTOJIbHBIX
NEKTpOJax MpH  3JekTpoiausze pactBopa Na,SO,. Breluncaute Maccy  BEIIECTBa,
BBIJICIISIOIErOCs Ha KaTo/ie, €Clii Ha aHoAe Bbiaensercs 1,12 nrasza (H.y.). Kakag macca H,SO,
oOpa3yetcs rpu 3ToM Bo3ie anoaa? Omeem: 0,2 T; 9,8 r.

279. llpu »osnekTponu3e pacTBOpa CoOJM  KaaMusa —u3pacxonoBaHo 3434 Kn
anekTpuydecTBa. Beigenunock 2 r kaamus. YeMy paBHa SKBUBaJIEHTHast Macca kaamusa? Omeem:
56,26 r/MOb.

280. CocraBbTe 3JIEKTPOHHBIE YPABHEHUS MPOLECCOB, MPOUCXOIAIINX Ha AIEKTPOIAX
npu anektpoause pactBopa KOH. Uemy paBHa cuia Toka, eciu B TedyeHue 1 4 15 mun 20 ¢ Ha
aHoJ/e BBIIETUIOCH 6,4 T raza? CKOJIBKO JUTPOB Ta3a (H.y.) BBIACIWIOCH NMPU 3TOM Ha Katoje?

Omeem: 17,08 A; 8,96 n.
Koppo3us meTanos

[Ipu pemrennu 3a1a4 3TOrO pasnaeia cM. Tad. 8.

Koppo3us — 3T0 caMonpon3BOJILHO MPOTEKAONIUN MPOIECC pa3pylIeHUs] METAJIJIOB B
pe3yJibTaTe XUMHUYECKOTO WJIM AJIEKTPOXUMHUUYECKOIO B3aMMOJCHCTBUSI UX C OKpY)Karolleu
cpenoi.



[Ipn >0eKTPOXMMHUYECKOM KOpPpPO3MM Ha TIOBEPXHOCTH METaJlla OJHOBPEMEHHO
IIPOTEKAIOT JIBa Ipoliecca:
aHOJTHBIN — OKHCIICHUE MeTalljIa

Me® — ne = Me"*

Y KaTOJHBII — BOCCTAaHOBJIEHNE HOHOB BOAOPOIA
2H"+2e =H,
WM MOJIEKYJT KHCTIOPO/ia, PACTBOPEHHOT'O B BOJIE,

O, +2H,0 +4e =40H"

Honsl WA  MOJNEKYJBl, KOTOpPbIE BOCCTAHAaBIMBAIOTCA Ha  Karoie, Ha3bIBAIOTCS
nenonspuzatopamu. [lpum arMocdepHOi KOPpPO3UH — KOPPO3MH BO BIAXKHOM BO3AYyXE MpHU
KOMHATHOW TeMIIepaType — AETOJISIPU3aTOPOM SIBIISIETCS] KUCIOPO/.

Ipumep 1. Kak npoucxoauT KOppo3us IIMHKA, HAXOSIIIETOCS B KOHTAKTE C KaJIMUEM B
HEUTPaAIBLHOM U KHUCIIOM pacTBopax. CoCTaBbTE MJIEKTPOHHBIE YPABHEHUSI aHOIHOTO U KaTOJHOTO
nporeccoB. KakoB cocTaB npoayKToB KOppo3un?

Pewenue. llunk numeet 6omee orpunarenbubiii notreHman (-0,763 B), uem kaamuit
(-0,403 B), mosTomMy OH SIBJISIETCSI aHOAOM, & KaJAMHI KaTOJIOM.

AHOJHBIN TIPOLIECC:
Zn’ -2¢ =7Zn*
KaTOJHBIN MpOoLeCC:
B kucinoii cpeae 2H™ +2e =H,
B HelTpanbHo# cpene 1/20, + H,O + 2e- =20H"
Tak kak woHBI Zn®' ¢ THAPOKCHIIBHOM TPYIION 0OpasyloT HEPACTBOPHMBIM THIPOKCHI, TO
npoaykToMm kopposuu 6yaet Zn(OH),.

KonTposbHbIe BOPOCHI

281. Kak mpoucxoaut armochepHasi KOppo3us JIy’KEHOTO M OIIMHKOBAHHOTO JKeJe3a Mpu
HapyleHNH MOKpbITUsA? COCTaBbTE JIEKTPOHHBIE YPABHEHUS aHOJAHOTO M KaTOIHOIO MPOLIECCOB.

282. Menp HE BBITECHSET BOAOPO U3 pa3daBiIeHHBIX KUCIOT. [Touemy? OnHako ecim K
MEJIHOM IUIACTUHKE, ONYIIEHHONW B KHCIOTY, IPUKOCHYTHCS LIMHKOBOM, TO HA MEIM HAYMHAECTCS
OypHoOe BbIeJeHHE Bojopoaa. Jlaiite sToMy 0OBSICHEHHE, COCTAaBUB JIEKTPOHHBIE YpaBHEHUS
AHOJHOTO U KaTOAHOTO MpoueccoB. Hanmuimre ypaBHEHHE NPOTEKAIOIIEH XUMAYECKON PEAKIIUU.

283. Kak nmpoucxoaut atMoc(epHas KOppo3us Iy KEHOT0 XKelle3a U JIy)KeHOW MeI TIPH
HapymeHnH NoKpbITUsA? CocTaBbTE JIEKTPOHHBIE YPABHEHUSI aHOJHOTO U KATOIHOTO MPOIIECCOB.

284. Ecnu miuacTUHKY M3 YUCTOTO IMHKA OIYyCTUTh B Pa30aBIIEHHYIO KHUCIOTY, TO
HayuHAIOIIEeCcs] BBIJICJIICHUE BOAOPOJA BCKOpE TMOYTH, mpekpamaerca. OaHako Mpu
MPUKOCHOBEHWU K IIMHKY MEIHOM MajJoyKOM Ha MOcieIHeld HayuHaeTcsl OypHOE BBIJICICHUE
Bojopona. [laiite »ToMy OOBSICHEHHE, COCTAaBUB OJJICKTPOHHBIC YpPaBHEHHS aHOIHOTO U
KaTOAHOro mpoieccoB. Hanumure ypaBHEHUE NPOTEKAIONIEH XUMUYECKON pEAKIINH.

285. B ueM CyHIHOCTh MPOTEKTOPHOW 3aIIUTHI METAIOB OT Koppo3uu? Ilpuegure
IIpUMEpP MPOTEKTOPHOM 3aIUTHI JKEJIe3a B AJIEKTPOJIUTE, COAECPIKALIEM PACTBOPEHHBIN KUCIOPOJ.
CocTaBbTe 3JEKTPOHHBIE YPABHEHHS aHOJIHOTO U KATOJHOTO MPOLIECCOB.

286. JKenesHoe wu3AenMe MOKPHUIM HUKENEM. Kakoe 3TO MOKpBITHE — aHOJHOE WIIH
karogHoe? Ilouemy? CocTaBbTe 3JEKTPOHHBIE YPAaBHEHHSI aHOJHOI'O M KaTOJIHOTO MPOLECCOB
KOPpPO3UU OSTOTO M3JCNMS TMPU HAPYLWIEHWH TOKPBITHS BO BIAXKHOM BO3JyXe U B
XJIOPOBOJAOPOIHOM (COMsiHOM) KucioTe. Kakue mpoayKTsl KOppo3uH 00pa3yroTcs B IEPBOM U BO
BTOPOM CIIydasix?



287. CoctaBbTe JJEKTPOHHBIE YpPaBHEHMsSI AHOJHOTO M KaTOJHOTO TMPOIECCOB C
KHCJIOPOJTHOM M BOJIOPOJHOM NEMOJSpPU3aLMEN NMPU KOPPO3HH IMapbl MarHuii — HUKenb. Kakue
MPOAYKTHI KOPPO3UH 00pa3yroTcs B IEPBOM M BO BTOPOM ClTydasix?

288. B pacTBOp XJIOPOBOJOPOAHOM (COJITHOM) KHCIOTHI TMOMECTHJIM ITUHKOBYIO
IJIACTUHKY M LIMHKOBYIO IUIACTUHKY, YaCTHUYHO IOKPBITYI0 MeIbl0. B KakoM ciydae mporecc
KOpPpPO3UM LHMHKA IPOUCXOAUT HHTEHCUBHee? (OTBET MOTHMBHPYMUTE, COCTABUB JJIEKTPOHHBIE
YPaBHEHHUsI COOTBETCTBYIOIUX IIPOLIECCOB.

289. [IloueMy XMMHYECKH YHUCTOE >Kelie30 0oJjiee CTOMKO MPOTHUB KOPPO3UU, YEM
TeXHU4YECKoe kene30? CocTaBbTe AIEKTPOHHBIE YPABHEHUHM aHOAHOIO M KaTOJHOTO IIPOLIECCOB,
MIPOUCXOIAIINX ITPU KOPPO3UHU TEXHUUECKOTO JKeJIe3a BO BIAKHOM BO3/1yXE U B KHCIION CpeJie.

290. Kakoe nokpbITHE METallIa Ha3bIBAE€TCA aHOAHBIM U Kakoe — KaTrogubiM? HazoBure
HECKOJIBKO METAaJUIOB, KOTOPBIE MOT'YT CIIYXKHUTh JUISl aHOJHOTO M KaTOJHOIO IMOKPBITHUS JKeJle3a.
CocTraBbTe 3IEKTPOHHBIE YPaBHEHUSI aHOJHOTO M KaTOJHOIO IMPOLIECCOB, MPOUCXOIALIUX IPH
KOPPO3HH Kelle3a, IOKPBITOIO MEJBI0, BO BIIAYKHOM BO3JlyX€ U B KUCJION cpele.

291. Kene3Hnoe uzaenue NMOKpbUIM KagMuem. Kakoe 3TO MOKPBITHE — aHOAHOE WU
karoaHoe? Ilouemy? CocTaBbTe 3J€KTPOHHBIE YPAaBHEHUH aHOJHOIO M KAaTOJIHOTO IPOLECCOB
KOPpPO3UM 3TOTO M3JENMS I[pPU HAPYLIEHWHW MOKPBITHS BO BIIAXKHOM BO3IyXe U B
XJIOPOBOZOPOAHOM (couisiHOM) KucnoTe. Kakue mpoayKThl KOPpo3uu 00paszyroTcsl B IEPBOM U
BO BTOPOM cliyqasix?

292. Kene3Hoe wu3aenue MOKPhUIM CBUHIOM. Kakoe 3TO MOKpBITHUE — aHOJHOE WIIH
katoaHoe? [louemy? CocTaBbTE 3JEKTPOHHBIE YPABHEHHUSI aHOAHOTO U KAaTOJHOI'O MPOIECCOB,
KOPpPO3UM OSTOTO M3JENHS TMPU HAPYLIEHUHW TOKPBITHS BO BIAXHOM BO3JIyXe U B
XJIOPOBOJIOPOIHOM (COsTHOM) KucoTe. Kakue mpoayKThl KOppo3un 00pa3yroTcs B IEPBOM U BO
BTOPOM CITy4dasix?

293. /IBe kene3Hble IUIACTMHKH, YACTUYHO ITOKPBITBIE OJHA OJIOBOM, Ipyras MeJblo,
HAXOJSTCS BO BIAXXHOM Bo3ayxe. Ha kakol U3 3THX MIIacTUHOK ObICTpee oOpa3yercs p:kaBunHa?
ITouemy? CocTtaBbT€ 3JE€KTPOHHBIE YPaBHEHHS AHOJIHOTO M KAaTOAHOI'O IPOLECCOB KOPPO3UU
3TUX IUIACTUHOK. KakoB cocTaB MpoAyKTOB KOPPO3UH kKere3a?

294. Kakoii Metamn wnenecooOpasHeil BBIOpaTh Ui HPOTEKTOPHOM 3allUTHI OT
KOPPO3UHU CBHUHIIOBOW 000709kM KaOems: muHK, mMarHui wim xpom? Ilouemy? CocrtaBbTe
AJIEKTPOHHBIE YPAaBHEHHUsI aHOJAHOTO M KaTOJHOIO IMpoleccoB aTMocdepHoil koppo3uu. Kakoii
COCTaB MPOJYKTOB KOPPO3UU?

295. Eciuu onmycTuTh B pa30aBICHHYIO CEPHYIO KUCIIOTY IUIACTUHKY U3 YHCTOTO JKeJe3a,
TO BBIJICJICHUE HA HEN BOJOPOJIA UAET MEJIEHHO U CO BPEMEHEM ITOYTH Ipekpamaercsa. OgHako
€CJIM IMHKOBOM MaJOYHON MPUKOCHYTHCA K JKEJIE3HOM IIACTUHKE, TO Ha MOCJIEIHEH HAaUMHAETCS
OypHoe BwizeneHue Boaopoaa. [louemy? Kakoit metamn npu stom pactBopsercs? CoctaBbre
AJIEKTPOHHBIE YPABHEHUS aHOIHOTO ¥ KaTOJHOTO MPOLIECCOB.

296. lluHKOBYIO M JKENE3HYIO IUTACTUHKHU OIYCTHWJIM B pacTBOp cyibdara Meau.
CocraBbTe AJIEKTPOHHBIE M HOHHO-MOJIEKYJISIDHBIE YPAaBHEHHMS PEAKUUN, MPOUCXOMISIINX Ha
Ka)/101 U3 9TUX miuactuHok. Kakue npoueccrl OyayT MPOXOIUTh Ha MIACTUHKAX, €CIIU HapYKHbIE
KOHIIBI UX COEIUHUTH TPOBOJTHUKOM?

297. Kak Biuser pH cpeasl Ha CKOpocTh KOppo3uu kene3a M nuHka? Ilouemy?
CocTaBbTe »AJIGKTPOHHBIC YpPAaBHEHHsSI AHOJHOTO M KAaTOAHOIO THPOIECCOB aTMOC(epHOI
KOPPO3UU 3TUX METAIIIOB.

298. B pacTBOp 3JIEKTpOJIUTA, COJEPIKAIIEr0 PACTBOPEHHBIA KHUCIOPOJ, OIMYCTHIN
LIMHKOBYIO TJIACTUHKY UM LIMHKOBYIO IJIACTUHKY, YACTUYHO MOKPBITYIO MeNblo. B kakoMm ciyuae



MPOIECC KOPPO3UM IIMHKA MPOXOJUT HHTEHCHBHee? (CoCTaBbTE€ JJIEKTPOHHBIE YpPaBHEHUS
AHOJHOTO U KaTOJAHOTO MPOLECCOB.

299. CocraBpTe 3JEKTPOHHBIE YPAaBHEHMSI aHOJHOIO M KaTOJHOIO IHPOLECCOB C
KUCJIOPOJHOM U BOJOPOJHOM AENOSpU3alMen TP KOPPO3UH APl aTFOMUHUN — Kene30. Kakue
MPOIYKTHI KOPPO3UH 00Pa3yIOTCs B IEPBOM M BO BTOPOM CITy4asix?

300. Kak nporekaeT atMochepHas KOPpO3Hsl XKeje3a, MOKPBITOTO CIIOEM HUKEIIS, €CIIN
NOKpbITUE HapyleHO? COCTaBbTE JIEKTPOHHBIE YPABHEHUSI aHOAHOTO M KaTOAHOTO MPOLIECCOB.
KakoB cocTaB npoyKToB KOppo3uu?

KomiiekcHbIe coeTMHEeHUS

KommiekcooOpa3oBanue MPOUCXOAUT BO BCEX ClyyasX, KOTJa M3 MEHEee CIIOKHBIX
CUCTEM 00pa3yIOTCsl CUCTEMBI O0JIEE CIIOKHBIE.

B cIpykrype  KOMIUIEKCHOTO  COEIMHEHHUS  pa3iuyaloT  KOOPOUHAYUOHHYIO
(6HympeHHIo0) cghepy, COCTOSIIYIO U3 IEHTPATBHON YacTHUIBI — KOMILIEKCOOOpa3oBartes (MOH
WIN aTOM) — U OKPYXAIOUIUX €€ JUTraHJ0B (MOHBI MPOTUBOIOJIOKHOTO 3HAKA WJIM MOJIEKYJIBI).
WNonsbl, Haxomsuecs 3a mpeneaaMyd KOOPAWHALMOHHON cdepbl, 00pa3yroT gHewtHiow cghepy
KOMIUIEKCHOTO COeIUHEHUsl. YHCIOo JIMraHA0B BOKPYT KOMILIEKCOOOpa3oBaTelsl HA3bIBAETCS
ero KOOPOUHAUUOHHBIM Yuciom. BHYTpeHHAS cdepa (KOMIUIEKC) MOXKET ObITh aHHOHOM,
KaTUOHOM M He uMeTh 3apsaa. Hampumep, B kommiekcHoM coeannennu K;[Fe(CN),] BHemHAs
chepa — 3K*, BayTpennsis chepa [Fe(CN),]*, rme Fe** — xommiekcoobpasosareins, a 6CN™ —
JUTaH[bl, TpudeM 6 — KOOpAMHAIIMOHHOE Yncio. TakuM 00pa3oM, KOMIUIEKCHOE COEIMHEHNE
(KaK TpaBUIIO) B Y31aX KPUCMALIUYECKOU PEUemKU COOePHCUN KOMNIEKC, CNOCOOHbBIU K
CAMOCMOSMENbHOMY CYUIeCmE08aHUI0 U 8 pACmeope.

IIpumep 1. Onpenenure 3apsia KOMIUIEKCHOTO MOHA, KOOPAMHAIIMOHHOE YKCIO (K.4.) U
CTeNeHb  OKUCIEHUS  KOMIUlekcooOpaszoBarenss B coeauHeHusx: a) K, [Fe(CN)];
0) Na[Ag(NO,),]; B) K,[MoF,]. r) [Cr(H,0),(NH,);C1]Cl1,.

Pewenue. 3apsiq KOMIUIEKCHOTO HMOHa paBeH 3apsily BHEIIHEH cdepbl, HO
MPOTUBOMOJNOKEH eMy Mo 3Haky. KoopauHalmoHHOE YHCIIO KOMIUIEKCOOOpa3oBaTelsi paBHO
9HUCIly  JIMTaHOB, KOOPJIMHUPOBAHHBIX BOKPYT  HETO. CrereHb  OKHCIJICHUS
KOMILJIEKCOOOpa30oBarTensi ONpeeNaeTcs Tak K€, KaK CTENeHb OKUCJICHHMS aToMa B JII0OOM
COCIMHEHUH, UCXOS U3 TOr0, YTO CyMMa CTEIeHEH OKHMCIICHHUSI BCEX aTOMOB B MOJICKYJIe paBHA
HyJ 0. 3apsiiel HelTpanbHbIX Mosiekys (H,O, NH,) paBHbl Hymt0. 3apsabl KUCIOTHBIX OCTAaTKOB
OTIpeNeNISIOT U3 (POPMYJI COOTBETCTBYIOIIUX KHcHoT. OTcrona:

3apsia noHa K.4. CrerneHb OKUCIIEHUS
a) -4 6 +2
0) -1 2 +1
B) -2 8 +6
T) +2 6 +3
IIpumep 2. Hanumure BbIpakeHUE IS KOHCTAHThI HECTOMKOCTH KOMILIEKCA

[Fe(CN),J*

Pewenue. Ecnn xommnekcHas coib rexcauuanodeppat (1) xamus, saBussch CUIbHBIM
AJIEKTPOJIUTOM, B BOJHOM pPAacTBOpPE HEOOPATHMMO JUCCOIMUPYET HA HOHBI BHEIIHEH U
BHYTpeHHeH cdep

K,[Fe(CN),] = 4K" + [Fe(CN)(]*
TO KOMIUIEKCHBI HOH IUCCOUMUPYET OO0paTMMO U B HE3HAUYUTEIbHOW CTENEeHH Ha
COCTABJISIOLIUE €T0 YaCTHUIIBL:



4+ = 2+ -
[Fe(CN)] Fe** + 6CN
OOpaTuMBbIii TIPOIECC XapaKTePU3yeTCsl CBOCH KOHCTAHTOM paBHOBECHS, KOTOpas B
JAaHHOM CJTy4ae Ha3bIBa€TCS KOHCTAaHTOW HecTOMKoCTH. (Kj;) KoMILIeKca:

2 —16
¢ _LFETIICN ]
I - 4—
[[Fe(CN)]" ]

Uem MmeHbliIe 3HaueHUe Kj;, TeM 0osiee MpoyueH JaHHbBIN KOMILUIEKC.
KoHTpoJibHbIE BONIPOCHI

301. Omnpenenure, yemMy paBHbI 3apsi]] KOMIUIEKCHOTO HOHA, CTENEHb OKHUCJIEHUS U
KOOPAMHAIIMOHHOE YHCII0 KOoMIuleKkcooOpaszoBateins B coenquHenusax [Cu(NH,),]SO,, K,[PtCl],
K[Ag(CN),]. Hanumure ypaBHeHUs JUCCOLMALIUN ITUX COEIMHEHUH B BOJHBIX PaCTBOpax.

302. CocTaBbTe KOOpAUHAIIMOHHBIE ()OPMYIIBI CIEAYIOMNX KOMIUIEKCHBIX COeTMHEHUN
wiatunsl: PtCl, « 6NH,, PtCl, « 4NH,, PtCl, « 2NH,. Koopaunamuonsnoe uucio miatussl (IV)
paBHO mIecTH. HamuiuTte ypaBHEHHE AMCCOIMAIMN ATHX COCAMHEHHMH B BOJHBIX PAacTBOpax.
Kakoe u3 coeqHEeHUI SBISETCS KOMIUIEKCHBIM HEAJIEKTPOIUTOM?

303. CocTaBbTe KOOpAMHAIIMOHHBIE (POPMYJIBI CIEAYIOMNX KOMIIEKCHBIX COeTMHEHUN
kobanbTa: CoCl, * 6NH,, CoCl; ¢ 5NH,, CoCl, * 4NH,. KoopauHanmoHHoe 4ucio kodanbTa
(I1T) paBHO miecTn. HamuiuTe ypaBHEHUS JUCCOIMAITUN ITUX COSUHEHUN B BOJIHBIX PACTBOpax.

304. Onmnpenennute, 4yeMy paBHBI 3aps]l KOMIUIEKCHOTO HOHA, CTENEHb OKUCICHHS U
KOOpJMHAIIMOHHOE 4MCiIO0 cypbMbl B coeanHeHusx Rb[SbBr.], K[SbCl], Na[Sb(SO,),]. Kak
JTUCCOLUUPYIOT 3TU COSTUHEHUS B BOJIHBIX pacTBopax?

305. CocTaBbTe KOOPAUHAIIMOHHBIE (DOPMYIIBI CIIETYIOMUX KOMIUIEKCHBIX COSIUHEHUN
cepedpa: AgCl « 2NH;, AgCN « KCN, AgNO, * NaNO,. KoopauHaiuoHnHoe yucio cepedpa
paBHO IByM. HamumnTe ypaBHEHUS TUCCOIUAITIH 3TUX COSAMHCHH B BOJHBIX PaCTBOPAX.

306. Omnpenenute, yeMy paBHBI 3aps/i KOMIUIEKCHOTO MOHA, CTENEHb OKUCIEHUS H
KOOpAMHAIIMOHHOE 4YHCII0 KomIulekcooOpaszoBatens B coeauHenusix K, [Fe(CN).], K,[TiCl],
K,[Hgl,]. Kak qucconuupyroT 3T COEIMHEHHUS 3 BOJHBIX pacTBOpax?

307. U3 coueranust wactuinr Co**, NH,, NO, u K' MOXHO COCTaBHTH CEMb
KOOPJMHAIIMOHHBIX (OPMYyJI KOMIUIEKCHBIX COEAMHEHUH K0OanbTa, OJHAa M3 KOTOPBIX
[Co(NH;)(](NO,),. CoctaBbTe (hopMyJIbl IPYTHX LIECTH COCTUHEHUN M HATUILIUTE YPaBHEHUS UX
JMICCOLMAIIMU B BOJHBIX PACTBOpax.

308. Onpenenute, ueMy paBeH 3apsij cleayommx komiuiekcHelx nonos: [Cr(H,0),CL],
[HgBr,], [Fe(CN),], ecnu kommiekcoobpaszoBaremsimu sestiiorest Cr'™, Hg?', Fe**. Hanummre
(bopMyIIbI COETUHEHHH, COIePIKAIINX ITH KOMIUIEKCHBIE HOHBI,

309. Omnpenenure, uveMmy paBeH 3apsl KoMiulekcHbIX HOHOB [Cr(NH;)NO;];
[PA(NH,)CL], [Ni(CN),], ecmu komruiekcoobpaszoBatensmu sisisitoress Cr’', Pd*, Ni*.
Hamummre GopMysibl KOMIUIEKCHBIX COSTUHEHUH, COepKAIINUX 3TH UOHBI.

310. U3 coueranms uacturm Cr'*, H,O, CI" m K' MOXHO cOCTaBHTh CEMb
KOOPJIWHAIIMOHHBIX  (OPMYJI KOMIUIGKCHBIX COCAMHEHHN Xpoma, OJHa W3 KOTOPBIX
[Cr(H,0)(]Cl;. CocraBbre (hopMyJbl IpYrMX LIECTH COCAUHEHMH W HANMIIMTE YPABHEHUS HMX
JMCCOLIMAIIMU B BOJHBIX PACTBOpax.

311. CoctaBbTe KOOpPIWHAIMOHHBIE (OPMYJIBI CICTYIONUX KOMILJIEKCHBIX COCTMHEHHUI
kobanmpTa: 3NaNO, ¢ Co(NO,),, CoCl, « 3NH,;  2H,0, 2KNO, * NH; * Co(NO,),.
Koopmunammonnoe uucino kobansta (III) paBHO mectn. Hamumure ypaBHEHUS AMCCOIHMAIIAN
ATUX COEIMHEHUH B BOJHBIX PAaCTBOpaxX.



312. Hanumure BBIpAXKEHHUS MJISI KOHCTAHT HECTOMKOCTH KOMIUIEKCHBIX HOHOB
[(Ag(NH,),] *, [Fe(CN)]*, [PtCI]*. YeMmy paBHBI CTEICHb OKHCIECHHS U KOODIMHAIMOHHOE
YICIIO KOMILIEKcooOpa3oBaTeiel B 3TUX HOHAX?

313. Komncrautel Hectoiikoct KomiuiekcHbix uoHOB [Co(CN),]*, [Hg(CN),]*,
[CdA(CN),]* coorBerctBeHHO paBHBI 8§ ¢ 102, 4 « 10*, 1,4 « 10"7. B xakom pacTBope,
COJIEpIKaIlleM 3TH MOHBI, IPH PaBHOW MOJSPHON KOHIeHTpamuu HoHOB CN™~ Gosnbmie? Hamumure
BBIPAYKEHUS JJI1 KOHCTAHT HECTOMKOCTH YKa3aHHBIX KOMIUIEKCHBIX HOHOB.

314. Hanumure BBIpaXXEHHUs IS KOHCTAHT HECTOWKOCTH CIIEAYIOIIUX KOMILIEKCHBIX
noHoB: [Ag(CN),|, [Ag(NH,),] *, [Ag(SON),]". 3Has, 4TO OHU COOTBETCTBEHHO paBHBI 1,0 °
102, 6,8« 10°%, 2,0 « 107", ykaskure, B KAKOM pacTBOPE, COJEPIKAIIEM STH HOHBI, IIPH PAaBHOM
MOJISIPHOM KOHIIEHTpAIMK 0OJIbIle HOHOB Ag'.

315. Ilpu npubaBnenunm pactBopa KCN k pactBopy [Zn(NH),],SO, ob6pasyercs
pactBopuMoe komiuiekcHoe coeauHeHne K,[Zn(CN),]. Hanumwnre MonekyispHoe WU
HMOHHO-MOJICKYJSIPHOE ypaBHEeHHEe peakinu. KoHcTanTa HECTOMKOCTH Kakoro noHa, [Zn(NH,),]**
win [Zn(CN),]*” 6onbiie? [Mouemy?

316. Hanmmure ypaBHenus auccounanuu coseit Ki[Fe(CN)] u NH,Fe(SO,), B BogHOM
pactBope. K kaxmoi W3 HUX MPUIMIIA PAacTBOP MIEJOYHM. B KakoM ciy4yae BbBINaJaeT 0CaIoK
ruapokcuaa keneza (I11)? Hamwmmmre monekynspHOe W MOHHO-MOJCKYJSIPHOE YPaBHECHHS
peakuuu. Kakre KOMITJIEKCHBIE COSIMHEHUS HA3bIBAIOTCS TBOMHBIMU COJIIMU?

317. CocTtaBbTe KOOpAUHAIIMOHHBIE (POPMYJIBI CAEAYIOMNX KOMIUIEKCHBIX COEIMHEHUN
iatussl (1), koopauHanuoHHOE YKcno KoTopoil paBHO uyeTsipeM: PtCl, « 3NH,, PtCl, « NH, °
KCl, PtCl, » 2NH,. Hanumure ypaBHeHHs] JUCCOLMALIUN 3TUX COSUHEHHM B BOAHBIX PACTBOpax.
Kakoe n3 coeqrHeHU SBISETCS KOMIUIEKCHBIM HEAJIEKTPOIUTOM?

318. Xuopua cepebpa pacTBOpsieTCs B pacTBOpax aMMHaka W THOCYJb(dara HaTpusl.
Jaiite sToMy OOBSCHEHHWE U HAMUIINTE MOJEKYJISIPHbIE M MOHHO-MOJEKYJSIPHbIE YpaBHEHUS
COOTBETCTBYIOIIUX PEAKIUH,

319. Kakue KOMIUIEKCHBIE COCIMHEHHUs Ha3bIBAIOTCS JABOWHBIMH cosisimu? Hamummmre
ypaBHenust nucconuanuu coneit K, [Fe(CN) ] u (NH,),Fe(SO,), B BogHoM pactBope. B kakom
cily4yae BbINaaaeT ocajok ruapokcuaa skenesa (II), ecnu k xkaxaod M3 HUX MPHIWTH PacTBOP
mienoun? Hamummre MOJNEKyIsipHOE M HOHHO-MOJICKYJIIPHOE YPaBHEHHUE PEAKIUH.

320. Koncrautel HectoiikocTH KomiuiekcHbiXx uOHOB [Co(NH,)]*", [Fe(CN)]*,
[Fe(CN),]>" cootBercTBeHHO paBHbI 6,2 ¢ 107°, 1,0 « 1077, 1,0 » 10*. Kakoii u3 3TUX HOHOB
apisgercs Oonee mpouHbiM? Hanummre BbIpakeHUs Ui KOHCTAHT HECTOMKOCTH YKa3aHHBIX
KOMIIJIEKCHBIX HOHOB U ()OPMYJIBI COETUHEHHH, COAePIKAIINUX ITU UOHBI.

s-DJIeMeHTHI (...ns' ?)
KonTposbHbIe BOIPOCHI

321. Kakyto creneHb OKUCIEHUS MOXET MPOSIBIATh BOJOPOA B CBOUX COCAUHEHUSX?
[IpuBeauTe npuMepsl peakiiyii, B KOTOPBIX ra3000pa3Hblil BOJOPO UTPAET POJIb OKUCIUTENS U B
KOTOPBIX — BOCCTAHOBUTEJIA.

322. Hanumwure ypaBHEHHUsI peakUuid HATpUs ¢ BOJAOPOAOM, KUCIOPOJIOM, a30TOM M
cepoit. Kakyro cremneHb OKHCIIEHHS TPUOOPETAIOT aTOMBI OKUCIHUTENs B KaXJAOW M3 ITUX
peakiuit?

323. Hanumwure ypaBHEHHs peakUuid ¢ BOJIOM CIEAYIOIIUX coeauHeHur Hatpus: Na,O,,
Na,S, NaH, Na,N.



324. Kak nosydaroT Meraimdyeckuil Hatpuil? CocTaBbTe 3JIEKTPOHHbBIE YpPaBHEHUS
MIPOLIECCOB, MPOXOALIMX HA JEKTPOAaX MpH MeKTpoause paciiaBa NaOH.

325. Kakue CBOMCTBa MOXET  NOpOSABISITH  NEPOKCHI  BOAOpOAA B
OKUCIIUTEIbHO-BOCCTAHOBUTENbHBIX  peakuusix? Ilouemy? Ha ocHOBaHUM 3IEKTPOHHBIX
ypaBHeHU HanuiuTe ypaBHenus peakuuit H,0,: a) ¢ Ag,0; 6) c KI.

326. Ilouemy IIEPOKCHU T BOAOpOAA crocoOeH JUCHPONOPLHUOHUPOBATH
(caMOOKHCIATBCA — caMOBOcCTaHaBIMBaThCsA)? CoOCTaBbTE€ SJIEKTPOHHBIE M MOJIEKYJISPHBIC
ypaBHeHus nponecca pasioxenus H,O,.

327. Kak MOXHO NOJy4YHUTh TMAPUJI U HUTPHUJ Kainblug? Hanumure ypaBHEHHs peakiuil
3TUX COEIMHEHUM ¢ BOAOW. K OKHCIHUTEIbHO-BOCCTAHOBHUTEIBHBIM PEAKIHUSIM COCTaBbTE
ANIEKTPOHHBIE YPABHEHUS.

328. HaszoBure Tpu n30TONA BOAOPOAA. YKAXKUTE COCTAB UX saep. UTo Takoe Tskenas
Boja? Kak oHa nmoiydaercs U KakOBbI €€ CBOMCTBA?

329. T'mapokcuj Kakoro U3 S-3JIEMEHTOB TMPOSBISIET aM(OTepHbIE CBOCTBA?
CocraBbTe MOJIEKYJISIPHBIE H MOHHO-MOJIEKYJISIPHBIE YPABHEHMSI PEAKLMI ATOr0 TMAPOKCHIA:
a) C KUCJIOTOM, 0) CO IIEJIOYBIO.

330. Ilpu mnpomyckaHWM [HOKCHIA YTriepoJa 4Yepe3 H3BECTKOBYIO BOAY [pacTBOp
Ca(OH),] oOpa3yercsi ocaaok, KOTOpbIi npu panbHelmeM npomnyckanuu CO, pacTBopsieTcs.
Jaiite oOBbsicHeHHE 3TOMY siBJIeHNI0. COCTaBbTE ypaBHEHUS PEAKIIHA.

331. CocTaBbTe SJEKTPOHHBIE U MOJEKYJSAPHBIE YPAaBHEHUS PEAKIHil: a) Oepuiuius
pacTBOpOM II€JI0YH; O) MarHusl C KOHIIEHTPUPOBAHHON CEpHOM KHUCIOTOM, YYUTHIBAET, YTO
OKHUCJIUTEIh MPUOOPETACT HUBIIYIO CTETICHb OKUCICHUS.

332. Ilpu cmnaBieHuHd OKCHA OepUIUIHS B3aUMOJEUCTBYET C JUOKCHUIOM KPEMHHS U C
okcuaoM HaTpus. Hanummre ypaBHEHHs COOTBETCTBYrOIIMX peakuuid. O kakux coiictBax BeO
TOBOPUT 3TH peaKLUU?

333. Kakue coenviHeHMsT MarHusi M KajabLus NPUMEHSIOTCS B KayeCTBE BSDKYLIUX
CTPOUTENbHBIX MaTepuaioB? Uem 00yCIOBICHBI X BKYIIHME CBOMCTBA?

334. Kak ™MoxHO mONy4duTh KapOua kampmms? YUrto oOpasyercs mpu  €ro
B3aUMO/EICTBUU ¢ BoAoi? Hanuimure ypaBHEHHs] COOTBETCTBYIOIIMX PEAKIIMA.

335. Kak MOXHO MNOJYyYHTh THUIPOKCHABI WIENOYHbIX MeTauioB? Ilouemy enkue
[IeJI0YM HEOOXOUMO XPaHUTh B XOPOIIO 3aKpbIToi mocyae? CocTaBbTe YpaBHEHHUS PEaKIIHii,
MPOUCXOJAIINX TPU HACBILICHUM THAPOKCUAA HaATpus a) xjopoM; 0) okcuzpom cepbl SO;;
B) CEPOBOAOPOIOM.

336. UYeM MOXHO OOBSICHUTH OOJBIIYIO BOCCTAHOBUTEIBHYIO CIOCOOHOCTH
HIEJIOYHBIX MeTaioB. IIpu craBneHMM TUApPOKCUAA HATpUs C METAJUIMYECKUM HATpUEM
MOCJICIHUE BOCCTAHABJIMBAET BOAOPOJ IENOYM B THAPUA-MOH. COCTaBbTE 3JEKTPOHHBIE U
MOJIEKYJISIPHBIE YPABHEHUS 3TOM pEeaKLUU.

337. Kakoe CBOHCTBO KaJIbLIMsI MO3BOJISIET MPUMEHATH €r0 B METAJUIOTEPMUM ISt
MOJIyYEHUsI HEKOTOPBIX METauIOB U3 uX coeauHeHui? (CoCTaBbTE€ 3IEKTPOHHBIE H
MOJIEKYJISIpPHBIE YpaBHEHUs peakiuil kanbuus: a) ¢ V,0s; 0) ¢ CaSO,. B kax10i1 U3 3TuX peakuui
OKHCJIUTEIh BOCCTAHABIMBAETCS MaKCUMaIbHO, IPUOOpEeTast HU3LIYIO CTEIIEHb OKUCIICHHUS.

338. Kakwue coeauHeHUs HA3bIBAIOT HETAIIEHOM W TrameHoud u3BecTbio? CocTaBbTe
ypaBHEHMsI peakuui ux mnoiyuyeHus. Kakoe coenuHeHue oOpasyercs MpH MNpPOKaIMBaHUHU
HerameHou u3Bectu ¢ yriaeM? UTo [BISIETCS OKUCIUTEIEM U BOCCTAHOBUTENEM B MOCIEIHEN
peakuun? CocTaBbTe 3JEKTPOHHBIE U MOJIEKYJISIPHBIE YPAaBHEHUSI.



339. CoctaBpTe SIEKTPOHHBIE M MOJICKYJISIPHBIE yYpaBHEHUS PEAKIM: a) KaJbIUs C
BOJIOM; 0) MarHusi ¢ a30THOW KUCJIOTOH, YYUTHIBAsl, YTO OKUCIHTENh MPUOOPETaeT HU3IIYIO
CTEIIEHb OKHUCIICHUS.

340. CocraBbTe ypaBHEHHUS pEaKIUi, KOTOPbIE HY>KHO MPOBECTU ISl OCYILECTBICHUS
CHEAYIOLIMX MPEBPALICHUMN:

Ca ® CaH, ® Ca(OH), ® CaCO, ® Ca(HCO,),

KecTkocTh BOAbI U METOABI €€ YCTPAHCHUS

JKecTKOCTh BOIBI BBIPAXKAETCA CYMMOW MHJUIMOKBHBaleHTOB noHOB Ca?' m Mg,
comepkauxcs B 1 1 Boxbl (MAKB/M). OOuUH MMJUIMKBUBAJICHT MKECTKOCTH OTBEYaET
conepxanuro 20,04 mr/n Ca*" wam 12,16 mr/n Mg*'.

IIpumep 1. Brrunciure )ecTKOCTh BOJbI, 3HasA, yTo B 500 1 ee comepxkurca 202,5 r
Ca(HCO,),.

Pewenue. B 1 1 Boasl cogepxurcs 202,5 : 500 = 0,405 r Ca(HCO,),, uto cocrapiusier
0,405 : 81 = 0,005 skBHUBaJCHTHBIX Macc WJIH 5 M3KB/1 [81 I/MOJb — SKBHBaJCHTHAs Macca
Ca(HCO,),]. CnenoBarenbHO, KECTKOCTb BOJbI 5 MIKB.

Ipumep 2. Cxoapko rpammoB CaSO, comepxutcs B 1 M’ BOJIBI, €CIIM KECTKOCTb,
00yCIIOBJICHHASI IPUCYTCTBUEM ATOU COJIH, paBHA 4 MIKB?

Pewenue. Monbsnas macca CaSO, 136,14 r/moinb; SKBUBajJIeHTHas Macca paBHa 136,14 :
2 = 68,07 r/moinb. B 1 M Bojibl %ecTKOCTBIO 4 MOKB cozpepxkutrcs 4 * 1000 = 4000 MdKB, WK
4000 « 68,07 =272 280 mr == 272,280 r CaSO,.

Ipumep 3. Kakyro maccy coabl Hamo 106aBuTh K 500 11 BOABI, YTOOBI yCTPAHUTH €€
KECTKOCTb, PAaBHYIO 5 MAIKB?

Pewenue. B 500 1 Boasr cogepxkutcs 500 ¢« 5 =2500 MdKB coseit, 00yCIOBIMBAIOLINX
KECTKOCTb BOJIbl. J{J1sl ycTpaHeHus xecTkocTH cienyeT npubdaButh 2500 ¢ 53 = 132 500 mr =
132,5 r coap! (53 r/monb — skBuBaneHTHas Macca Na,CO,).

IIpumep 4. Boiunciure kapOOHATHYIO )KECTKOCTh BObI, 3HasA, 4YTO Ha TUTpoBaHue 100
CM’ 9TOM BOJBI, COJACPIKAICH THAPOKApOOHAT Kajblus, moTpeboBanock 6,25 cm® 0,08 H.
pactBopa HCI.

Pewenue. BorancnseM HOpManbHOCTh pacTBOpa ruapokapOoHara kanplug. O003HaUNB
YHUCJIO SKBUBAJIEHTOB PACTBOPEHHOrO BEIECTBA B | JI pacTBOpa, T.€. HOPMAIBHOCTb, YEPE3 X,
COCTaBJIsiEM IIPOMOPIHUIO:

625__8 . 5=0,005i
100 0,08

Takum oOpazoMm, B 1 11 ucciemyemort Boawl coaepxkutrca 0,005 « 1000 = 5 mdkB
ruapokapOoHara Kanpiust Wik 5 MokB Ca®’ monoB. KapOGoHaTHasi )eCTKOCTb BOJBI 5 MIKB.
[IpuBeneHHBIE IPUMEPHI PEIIAIOT, TPUMEHSISI POpMYITY:

K =m/IV,
r7ie m — Macca BelIeCTBa, OOYCIIOBIMBAIONIETO XECTKOCTh BOJBI WM MPUMEHSIEMOTO IS
YCTpaHEHUs KECTKOCTH BOJbI, MT'; D — SKBUBAJICHTHAsI Macca 3TOT0 BEIECTBa; V' —00beM BOJIBL,
I

Pewenue npumepa 1. 2K = m/OV = 202 500/81 « 500 = 5 mdkB. 81 — 3KBUBaJICHTHAs
Mmacca Ca(HCO,),, paBHas I0JJOBUHE €r0 MOJIBHOW MAacCCHI.

Pewenue npumepa 2. I3 dopmynst JK = m/IV, m =4 « 68,07 « 1000 =272 280 mr =
272,280 r CaSO,.



KOHTpOJ’lebIC BOIIPOCHI

341. Kakywo maccy Na,PO, nHano npubasute k 500 1 BOABI, YTOOBI YCTpaHHUTH €€
KapOOHATHYIO JKECTKOCTh/paBHYIO 5 MAKB? Omegem: 136,6 T.

342. Kakwue comm 00yCIIOBIMBAIOT JKECTKOCTh MPUPOAHONU BOAbI? Kakyro jKeCTKOCTh
Ha3bIBAlOT KapOoHaTHOW, He KapOoHaTHOW? Kak MOXHO YCTpaHHTh KapOOHATHYIO,
HeKapOOHATHYIO KECTKOCTh? Hamuimure ypaBHEHHS COOTBETCTBYIOIIMX peakmnuii. Yemy paBHa
KECTKOCTh BOJbI, B 100 11 xoTOpOii comepxutcs 14,632 r ruapokapbonata marausi? Omeem.:
2 MIKB/IL.

343. Bpuucnaute KapOOHATHYIO JKECTKOCTh BOJBI, 3HAs, 4YTO JUIS PEAKIHH C
rHApoKapOoHaTOM Kajblims, comepskamumcs B 200 cm® Bogsl, Tpedyercs 15 cm® 0,08 H
pactBopa HCL. Omeem. 6 makB/1.

344. B 1 1 Bombl comepkutcsi MOHOB MarHus 36,47 Mr u noHoB Kaiubius 50,1 mr.
Yemy paBHa KE€CTKOCTh 3TOM BonbI? Omeem: 5,5 MAKB/II.

345. Kakyw wmaccy kapOonara Hartpusi Hago mnpubaBuTh K 400 11 BOIBI, YTOOBI
YCTPaHUTh )KECTKOCTh, paBHYIO 3 M3KB. Omeem: 63,0 T.

346. Bopna, comepikaiiasi TOJIBKO Cyib(aTr MarHusi, UMEET JKEeCTKOCTh 7 MIKB. Kakas
Macca cynbbara Mmaraus coaepkutcs B 300 11 aToit Bonel? Omeem: 126,3 T.

347. BbluuciauTte KeCcTKOCTh BOAbI, 3HasA, uto B 600 1 ee comepxkurcs 65,7 T
ruapokapOoHaTa maraus u 61,2 cynbbara kamms. Omeem. 3,2 MIKB/II.

348. B 220 1 Bogsl conepxkutcs 11 r cynabdarta maraus. Yemy paBHa )K€CTKOCTh 3TOM
BoabI? Omeem. 0,83 MIKB/II.

349. KecTkocTh BOJBI, B KOTOPOI PacTBOPEH TOJIBKO THAPOKAPOOHAT KalbIusl, paBHA
4 mokB. Kakoit o6sem 0,1 H. pactBopa HCI motpebyercst misi peakiuu ¢ rupokapOOHATOM
KaJIbLIUs, CoaepKammMces B 75 cm® aToit Boasl? Omeem: 3 cM’.

350. B 1 m® roasr comepkutcs 140 r cynbhara Maruus. Beraucianre sKeCTKOCTh 3TOM
BoAbl. Omeem: 2,33 MPKB/IL.

351. Bopaa, cogeprxariasi TOITbKO THAPOKApOOHAT MarHusi, IMEET KECTKOCTh 3,5 MIKB.
Kaxkas macca rugpokapbonara maruaus coaepkutcs B 200 11 atoit Boae1? Omeem: 51,1 T.

352. K 1 M™® xecrkoii Boael mpuOaBmim 132,5 r xapOonata HaTpus. Hackoibko
MOHU3UIIACH KECTKOCTh? Omeem: Ha 2 MIKB/IL.

353. Uemy paBHa KECTKOCTb BOJbI, €CIM i ee ycrpaHeHus K S50 11 BOJsbI
notpedoBanock npubdaBuTh 21,2 r kapOoHaTa HaTpus? Omeem: 8 MIKB/IL.

354. Kakas wMacca CaSO, coxmepxurca B 200 1 BOABI, €CIM IKECTKOCTD,
oOycioBiMBaeMas 3TO# colibto, paBHa 8 MIKB? Omeem: 108,9 r.

355. Bopaa, comepikaiiasi TOJIbKO THAPOKApOOHAT KaNbIIHsI, HUMEET )KECTKOCTh 9 MIKB.
Kaxkas macca rugpokap6onara kanbius conepxutcs B 500 1 Boab1? Omeem: 364,5 .

356. Kakue MOHBI HAJO YJAJIWTh U3 MPHUPOAHON BOIBI, UTOOBI ClENaTh €€ MSTKOH?
BBeneHrneM Kakux MOHOB MOXHO yMSTUuTh Boay? CocTaBbTE€ YPaBHEHHSI COOTBETCTBYIOIINUX
peakuuii. Kakyio maccy Ca(OH), mago npubaBuTh K 2,5 7 BOABI, YTOOBI YCTPaHUTH €€
KECTKOCTb, paBHYIO 4,43 MakB/n? Omeem: 0,406 T.

357. Kakyro Mmaccy kapOonara Harpus Hano mnpuOaBuTh K 0,1 M’ BOABI, YTOOBI
YCTPaHUTh )KECTKOCTh, paBHYIO0 4 M3kB? Omeem.: 21,2 1.

358. K 100 1 xectkoit Bombl mpubasmwmm 12,95 r runpokcuaa Kaneius. Hackonbko
MOHHU3UIIACh KapOOHATHAS KECTKOCTh? Omeem: Ha 3,5 MIKB/I.



359. Uemy paBHa kapOOHaTHas KECTKOCTh BOJbI, eciiu B 1 11 ee comepxkurcs 0,292 r
ruapokapOonara maraus u 0,2025 r ruapokapOoHata kanbuus? Omeem: 6,5 MIKB/I.

360. Kakywo maccy TUIpoKcHIa KalblMsl HAAO NMpUOaBUTh K 275 7 BOABI, 4TOOBI
YCTPaHUTh €€ KapOOHATHYIO KECTKOCTbh, paBHYIO 5,5 MIkB? Omeem: 56,06 T.

p-daemenTsl (...ns’np' ~°)
KonTposbHbIEe BOIPOCHI

361. CocraBbTe ypaBHEHHUS pPEAKLUN, KOTOPbIE HY>KHO MPOBECTH ISl OCYILIECTBICHUS
CHEAYIOLIUX MPEBPAILICHUN:

Al ® Al(SO,), ® Na[AI(OH),] ® AI(NO,),

362. CocTaBbTe JIEKTPOHHBIC M MOJICKYJISIPHBIE YPAaBHEHUS PEAKIIHMI: a) aJFOMUHUS C
pacTBOpOM 11en04H; 0) 60pa ¢ KOHIEHTPUPOBAHHON a30THOW KHCIOTOM.

363. Kakoii mpouecc HazbpiBaeTcs amoMuHoTepmueil? CocTaBbTe AJIEKTPOHHBIE HU
MOJIEKYJISIPHBIE YPAaBHEHUSI PEaKIMu, Ha KOTOPOH OCHOBAaHO MpUMEHeHue Tepmurta (cmech Al u
Fe,0,).

364. CocraBbTe ypaBHEHHUs pEaKIUi, KOTOPHIE HY>KHO MPOBECTU ISl OCYILECTBICHUS
CHEAYIOLIMX MTPEBPALLICHUM:

B ® H,BO, ® Na, B,0, ® H,BO,
VYpaBHEHHE OKUCIUTEIHHO-BOCCTAHOBUTEIBHOW PEAKIIMM COCTABHTE HA OCHOBAHUU 3JIEKTPOHHBIX
YpaBHEHU.

365. Kakas cTeneHb OKUCIICHHUS Hanbosiee XapakTepHa sl 0JI0Ba U KakKas i CBUHIA?
CocTaBbTe »3JEKTPOHHBIE U MOJEKYJSpHbIE YpaBHEHMsI peaklUUid OJIoBa U CBUHIA C
KOHILIEHTPUPOBAHHOW a30THOU KUCJIOTOM,

366. Yem MOXHO OOBSCHUTH BOCCTAaHOBHUTEIIbHbIE CBOICTBa coenuHeHui onosa (II) u
okucnurenabHbie cBuHIA (IV)? Ha ocHOBaHMUM 31EKTPOHHBIX ypaBHEHUN COCTaBbTE YpaBHEHUS
peaxmwii: a) SnCl, ¢ HgCl,; 6) PbO, ¢ HCI xoH.

367. Kakme okcuabl U TUAPOKCUABI 00pa3yroT 0JI0BO M cBUHEIN? Kak M3MEHSIOTCS UX
KHCJIOTHO-OCHOBHBIE M OKHUCJIMTEJIbHO-BOCCTAHOBUTEIBHBIE CBOMCTBA B 3aBUCUMOCTH OT
CTemeHH OKucieHuss sieMeHToB? (CocTaBbTe MOJICKYISIPHBIE M HOHHO-MOJEKYJISIPHBIC
yYpaBHEHUS pEaKIHMii B3aUMOACHCTBHS pacTBOpa THIPOKCHAA HATPUS: a) C OJIOBOM; 0) ¢
ruapokcuom ceuaia (II).

368. Kakue coennHeHUs HAa3bIBAIOTCS KapOuaamMu U cuiunuaaMu? Hamumure ypaBHeHUS
peakiuii: a) kKapouaa aTFOMUHUS C BOJIOM; 0) CUIIMIIM/A MarHusl C XJIOPOBOJOPOIHOM (COJISTHOM)
KHUCIJIOTOM. SIBIIAIOTCS M 3TU PEAKIMKU OKUCIUTEIbHO-BOCCTaHOBUTENbHBIMU? [Touemy?

369. Ha ocHOBaHUM 3JEKTPOHHBIX YPAaBHEHHI COCTaBbTE ypaBHEHHE peakuuu dochopa
C a30THOM KHCIOTOHM, y4uThIBasg, 4To (ochop MpUOOpETaeT BHICUIYIO, a a30T CTEMCHb
OKHcJIeHUs + 4.

370. Ilouemy aTtoMbl OOJBIIMHCTBA p-DJIEMEHTOB CHOCOOHBI K  peaKIusM
JTUCIIPOTIOPIIMOHUPOBAHUS  (CAMOOKHCIIEHHsI — camoBoccTaHoBieHHs)? Ha ocHoBaHuu
ANEKTPOHHBIX  YPaBHEHWW  HANUIIMTE  ypPAaBHEHUWE  pEaKUUU  pPACTBOPEHHS  CEphl B
KOHILICHTPUPOBAHHOM pacTBope Mmenoud. OauH U3 MPOAYKTOB COACPKUT CEPY B CTENEHU
okucnenus +4.

371. Iloyemy cepHHUCTasi KHCJIOTa MOXET MpPOSIBIATh KAK OKHUCIMUTENbHBbIC, TaK W
BOCCTaHOBUTEIIbHBIE cBOKCTBA? Ha OCHOBaHMM 3JEKTPOHHBIX YPaBHEHUN COCTaBbTE YpPaBHEHUS
peaxuuiit H;SO;: a) ¢ cepoBoiopoiom; 0) ¢ XJIOPOM.



372. Kak [IlposiBnsier cebs CcepoBOAOPOJ B OKHCIUTEIHbHO-BOCCTAHOBHUTEIHHBIX
peakuusx? Ilouemy? CocraBbTe€ SJIEKTPOHHBIE W MOJIEKYJISIPHBIE YpPAaBHEHHS peaKUui
B3aMMOJICHCTBUS pacTBOpa CEPOBOOPOA: @) C XJIOPOM; O) C KUCIIOPOJIOM.

373. IloueMy a3oTHCTass KHCJIOTA MOXET IPOSBIATH KaK OKHUCIMTENBHBIE, TaK M
BOCCTAHOBUTEIbHBIE CBOMCTBA? Ha OCHOBaHMM AJIEKTPOHHBIX YPAaBHEHUN COCTABbTE YPABHEHUS
peakuuit HNO,: a) c 6pomHoii Bozoii; 0) ¢ HI.

374. Tloyemy naMOKCHI a30Ta CIOCOOGH K peaklHusM CaMOOKHCIEHUS —
CaMOBOCCTaHOBJIEHUS (qucriponiopiuuoHupoBanus)? Ha OCHOBaHMM 3JIEKTPOHHBIX YpaBHEHHI
HaAMUIINTE ypaBHEHUE peakuu pacTBopeHus NO, B THAPOKCUIE HATPUSL.

375. Kakue cBOMCTBA B OKMCIUTEIBHO-BOCCTAHOBUTENBHBIX PEAKLIUAX MTPOSIBIISIET CEPHAS
kuciota? Hanummre ypaBHEHUs peakluid B3aUMOICHCTBUS pa30aBIICHHOW CEPHOM KHCIIOTHI C
MarHueM U KOHLIEHTPUPOBAHHOMN — C MEJIbI0. Y KaXUTE OKUCIUTENb U BOCCTAHOBUTEb.

376. B kakoM razoo0pa3HOM COEJUHEHWUU a30T MPOSIBISET CBOI HUBIIYIO CTENCHb
okucinenua? Hanumwure ypaBHEHUS peakUUd TOMYyYEHHUS OTOTO COSAWHEHMs: a) TMpHu
B3aUMOJICHCTBUHU XJIOPHIa aMMOHHUSI C THAPOKCHUIOM KaJiblius; 0) pa3ioKeHUEeM HUTPUA MarHUs
BOJIOM.

377. llouemy docdopucras KHCIOTa CIOCOOHA K pEakIusM CaMOOKHUCIICHUS —
CaMOBOCCTaHOBJICHUS (IUCTIPONOPLMOHUpOBaHus)? Ha OCHOBaHWMM SIEKTPOHHBIX ypaBHEHUU
COCTaBbTE€ YypaBHEHHEe mporecca paznoxenus H,PO,, yuuteiBasg, yto mpu stom dochop
MpHOOpeTaeT HU3UIYIO U BBICIIYIO CTENIEHU OKHCIICHUSI.

378. B xakoMm razoo0pa3HoM coeAruHEeHUHU Gochop MPOSBISET CBOI HUBLIYIO CTEHECHb
okucieHus? Hamumure ypaBHEHUS pEaKIUid: a) TOJY4YeHHS DJTOrO0 COSAUHEHUS TIpH
B3auMOACHCTBUU (dochuraa KanbIUs ¢ XJIOPOBOIOPOIHOM (COSTHOM ) KHCIIOTOM; 0) TOPEHUS €ro
B KHCIIOPOJIE.

379. Kakyw cTeneHb OKHUCICHHS MNPOSBIAIOT MbILIbIK, cypbMa UM BucMyT? Kakas
CTENEHb OKHUCJICHHS SBIISIETCS Oojiee XapakTepHoW mia Kaxnaoro u3 Hux? CocraBbTe
AJIEKTPOHHBIE M MOJIEKYJISIPHBIC YPAaBHEHMSI PEaKLMil: a) MbIIIbiKa C KOHLIEHTPUPOBAHHOM
a30THON KHUCJIOTOH; 0) BUCMYTa ¢ KOHLIEHTPUPOBAHHOW CEPHOM KUCIIOTO,

380. Kak u3MeHAIOTCS OKUCIUTEIbHBIC CBOICTBA raJIOT€HOB MPH Mepexoe oT Gropa K
WOy M BOCCTAHOBHUTENIbHBIE CBOMCTBA HX OTPHUIATEIBHO 3apsDKEHHbIX HOHOB? [louemy?
CocTaBbTe 21EKTPOHHBIE U MOJIEKYJISIpHbIE ypaBHeHus peakiuit: a) Cl, + [, + H,O =;

0) KI + Br, =. YkaxxuTe OKHCIUTENb U BOCCTAHOBUTEIIb.

381. CocTaBbTe JIEKTPOHHBIE U MOJIEKYJISIPHBIE YPABHEHUS PEAKLIUH, MPOUCXOAIIEH
IpU MPONMYyCKaHUM XJIOpa 4Yepe3 Tropsudid pacTtBop Tuapokcuja kamus. K kakomy TUIy
OKHUCJIUTEIbHO-BOCCTAHOBUTEIBHBIX MPOIECCOB OTHOCUTCS JaHHAs peakuus?

382. Kakue peakiuu HY>KHO ITPOBECTH JJI OCYIIECTBICHUS CIEAYIOIIUX TPEBPAILCHHI:

NaCl ® HC1 ® Cl, ® KCIO,
VYpaBHEHHSI ~ OKHUCIUTEIbHO-BOCCTAHOBUTENIBHBIX  PEAKIMHA  COCTaBbTE HAa  OCHOBAaHUU
3JIEKTPOHHBIX YPAaBHEHUH.

383. K pactBopy, coxmepxamemy SbCl, u BiCl,, noGaBunu u30bITOK pacTBOpa
ruipokcuia Kanus. Hanumure MOJNEKyJIsipHbIE W MOHHO-MOJIEKYJISIPHBIE  YPaBHEHHS
MPOUCXOAAIINX peakiuil. Kakoe BemecTBo HAXOAUTCS B ocaake?

384. Uem cyliecTBEHHO OTJIMYAETCA JACHCTBUE pa30aBICHHOM a30THOM KHUCIIOTHI Ha
METaJIbl OT JIEUCTBHUS XJOPOBOJOPOAHOM (COMNSHOM) M pa3baBieHHON cepHOMl kucinoT? YUrto
SIBJISIETCS] OKUCIIUTENIEM B TIEPBOM Cllydae, uTo — B JIByX Apyrux? [IpuBenure npumepsl.



385. Hanummre QopMynsl W HA30BUTE KHUCIOPOAHBIE KHUCJIOTHI XJIOpa, YKaXKUTE
CTETeHb OKUCJICHUS XJIopa B Kaxaou u3 Hux. Kakas u3 kuciot 6osee cuiabHbINA okuciutens? Ha
OCHOBAaHUU JIEKTPOHHBIX YPAaBHEHHUM 3aKOHYUTE YPaBHEHUE PEAKIIMU:

KI +NaOCl+H,SO,®1, +...
X7op npuoOpeTaeT HU3IIYIO CTENEHb OKUCIICHUS.

386. Kakue peakiuu HY>KHO MPOBECTHU, UMeEsI a30T M BOJY, YTOOBI MOJYYUTh HUTPAT
amMmMoHusA? CocTaBbTE ypaBHEHUSI COOTBETCTBYIOLIUX PEAKIUH.

387. Kakyw cTeneHb OKHUCICHHUS MOXET MPOSBISATh KPEMHHUI B CBOUX COEIUHECHUSX?
CocraBbTe ypaBHEHHS pEaKIMil, KOTOpbIE HAN0 MPOBECTU JIsi OCYUIECTBJICHUS CIIEIYIOLIUX
MPEBPAILICHUH:

Mg,Si ® SiH, ® SiO, ® K,SiO, ® H,SiO,,
[Ipu kakoM npeBpaIieHUH IPOUCXOIUT OKUCIUTEIbHO-BOCCTAHOBUTEIbHAS pEaKLIUs?

388. Kakoe npumeHeHrne HaxoauT KpeMHHUil? CocTaBbTE ypaBHEHUs PEAKIUil, KOTOpPbIE
HaJI0 MPOBECTHU JJIsl OCYIIECTBICHUS CIAEAYIONINX MTPEBPAICHUM:

Si0, ® Si ® K,SiO, ® H,SiO,

OKHCIUTENbHO-BOCCTAHOBUTEIBHBIE PEAKIIMM HAMHUIIUTE HAa OCHOBAaHUU JJIEKTPOHHBIX
YPaBHEHUU.

389. Kak mnosy4aroT JUOKCHJ yTiepojia B MPOMBIIIJIEHHOCTH U B JlabopaTopuu?
Hanummire ypaBHEeHHs COOTBETCTBYIOIIMX PEAKIMM M PEaKIHid, C MOMOIIbIO KOTOPHIX MOXKHO
OCYIIECTBUTH CIICYIOLIUE TPEBPALICHUS:

NaHCO, ® CO, ® CaCO, ® Ca(HCO,),

390. Kakwe wu3 coneil yroiapbHOW KHCIOTHI WUMEIOT HAWOOJbIIEEe MPOMBIILICHHOE
npumenenne? Kak monydyutb coay, MCXOHs M3 METaUIMYECKOTO HATpPHsl, XJIOPOBOJIOPOJAHOM
(comstHOI) KUCIIOTHI, Mpamopa U Bojbl? [loueMy B pacTBOpe cOfbl TaKMyC MPUOOPETaeT CUHUI
uBeT? OTBET NOATBEPAUTE COCTABIEHUEM YPABHEHUM COOTBETCTBYIOIIUX PEAKIIMIA.

d-2nementsl (... (n —1) d' ' ns*-?)
KoHTpoJIbHbIE BONPOCHI

391. Cepebpo HE B3aWMOJECHCTBYET C pa30aBICHHOW CEPHON KHCIIOTOM, TOT/a Kak B
KOHIIEHTPUPOBAHHON OHO pacTBOpsieTcs. YeM 3T0 MOXKHO 00BsICHUTH? COCTaBbTE DJIEKTPOHHBIE
Y MOJIEKYJISIPHBIE YPaBHEHUSI COOTBETCTBYIOLIEN PEAKLIUH.

392. CocraBbTe YpaBHEHHMs pEaKlMil, KOTOpbIE HAI0 MPOBECTH ISl OCYLIECTBICHUS
CHEAYIOLIMX MTPEBPAILICHUN:

Cu ® Cu(NO,), ® Cu(OH), ® CuCl, ® [Cu(NH,),]C],

393. CocTaBbTe HJIEKTPOHHBIE U MOJIEKYJISIPHbIE YPAaBHEHMsI peakUui LMHKA: a) C
pacTBOpOM THUApPOKCHIA HaTpus; 0) C KOHIIEHTPUPOBAHHON CEPHON KHCIOTOM, YUWUTHIBas
BOCCTaHOBJICHHUE CEPBI 10 HYJIEBOM CTEIIEHU OKHUCIICHUSI.

394. CocraBbTe YpaBHEHHMs pEaKLMil, KOTOpbIE HAI0 MPOBECTH ISl OCYLIECTBICHUS
CHEAYIOLIMX ITPEBPALLICHUM:

Ag ® AgNO, ® AgCl ® [Ag(NH,),]C1 ® AgCl

395. Ilpu mnocrenenHom mnpubaBiaenun pactBopa KI k pactBopy Hg(NO,),
oOpa3yronuiicss BHaJyajle 0caJok pacTBopsercsa. Kakoe KOMIUIEKCHOE COEIUHEHHE MPH STOM
nosyyaercs? CocraBbTe MOJIEKYJIAPHBIE " WOHHO-MOJICKYJISIDHBIE ~ YPaBHEHUS
COOTBETCTBYIOIIUX PEAKIUM.

396. CocraBbTe YpaBHEHMs pEaklMil, KOTOpbIE HA/I0 MPOBECTH ISl OCYLIECTBICHUS
CHEAYIOLIMX MTPEBPALLICHUMN:



Cd ® Cd(NO,), ® Cd(OH), ® [Cd(NH,),](OH),®CdSO,

397. Ilpu camBaHMM pAacTBOPOB HUTpaTa cepebpa W IUaHKWA KaJdus BHIAJACT OCAJIOK,
KOTOpHIH Jerko pactBopsieTcst B u30biTke KCN, Kakoe koMiiekcHOoe coeuHEHHE MPU ATOM
noJrydaercs? CocraBbTe MOJIEKYJIIPHbIE 151 MOHHO-MOJIEKYJIIDHBIE  YPaBHEHUS
COOTBETCTBYIOIIUX PEAKIUN.

398. K kakoMy Kiaccy COEIMHEHHI OTHOCATCS BELIECTBA, NOJYYCHHBIE IIPU ACHCTBUN
n30bITKa Tuapokcuaa Hatpust Ha pactBopbl ZnCl,, CdCl,, HgClL,? CoctaBbTe MONEKyISIpHbIE U
MOHHO-MOJIEKYJIAPHBIC YPABHEHUSI COOTBETCTBYIOIINX PEAKIIHIA.

399. [Ilpm nelicTBMM Ha THUTAH KOHIEHTPUPOBAHHOW XJIOPOBOIOPOIHOW (COJISTHOM)
KHCIIOTBI 00pa3yercsi TPUXJIOPH]l THTAaHA, a MPHU JESHCTBUU a30THOM — OCaJOK METaTUTAaHOBOU
KUCJIOTBEI. COCTaBbTE AIEKTPOHHBIE U MOJIEKYJISIPHBIE YPABHEHUS COOTBETCTBYIOIINX PEAKIIUN.

400. [IIpu pacTBOpeHMM THUTaHAa B KOHLIEHTPUPOBAHHOW CEPHOW KHCIIOTE MOCIIEIHSSA
BOCCTAHABIIMBAETCS MUHUMAJIBHO, a4 THUTAaH IIEPEXOJUT B KAaTHOH C BBICIIEH CTENECHBIO
okucieHusi. CocTaBbTe JIEKTPOHHBIE U MOJIEKYJIIPHOE YPABHEHUS PEAKIUU.

401. Kakyro cTemneHb OKHCIEHUSA TPOSABISIIOT MeEIb, Cepedpo M 30JI0TO B
coenuHeHusx? Kakas creneHp OkuciIeHHs HanOoliee XapakTepHa Aisi Kaxkiaoro u3 Hux? Moaun
KaJiusi BoccTaHaBinuBaeT MOHBI Meau (II) B coenuHeHus Meau co CTENEHbIO OKUcieHus +1.
CocTaBbTe 2NEKTPOHHBIE U MOJIEKYJIsIpHbIe ypaBHeHuU B3aumoeicTeus Kl ¢ cynsdpatom menu.

402. [Inokcuapl TUTaHA U LUPKOHUS IIPU CIUIABJIICHUHM B3aUMOJEHUCTBYIOT CO IIEJI0YaMH.
O Kakux CBOMCTBaX OKCHUIOB TOBOPAT 3TU peakuuu? Hanummre ypaBHEHHs peakIil Mexay: a)
TiO; u BaO; 6) ZrO, u NaOH. B nepBoii peakiuu oOpa3yercss MeTaTUTaHAT, a BO BTOPOH —
OPTOLMPKOHAT COOTBETCTBYIOIINX METAJIJIOB.

403. Ha ruapokcuasl IMHKA ¥ KaJAMUS TOJEHCTBOBAIA W30BITKOM PacTBOPOB CEPHOMU
KHUCIIOTBI, THAPOKCUIA HATpUsi U amMmMuaka. Kakue coequHeHus IIMHKA U KaaMusi o0pa3yloTcs B
KaKJI0H u3 3TuX peakuuii? CocTaBbTe€ MOJIEKYJSIPHBIE U HMOHHO-MOJIEKYJISIPHBIE YpPaBHEHMS
peakuumii?

404. 3070TO pacTBOPSIETCS B MAPCKON BOJKE MB CEICHOBOM KUCIOTE, IPHOOpETas mpu
STOM BBICHIYIO CTeNeHb OKucieHus. CocTaBbTE BJICKTPOHHBIE M MOJIEKYJISIPHBIC YPaBHEHUS
COOTBETCTBYIOIIUX PEAKLUH.

405. B npucyTcTBHM BJard M AMOKCHUIA YIJIEPOJA MEIb OKUCIIAETCS U MOKPBIBAECTCS
3eneHbIM HaneToM. Kak Ha3piBaeTcsi W KakoB cocTaB oOpasyromierocsi coeauHenus? Uro
MIPOU30MIET, €CJIM Ha HEro MOACHCTBOBATH XJIOPOBOIOPOIHOM (COsiHOIM) KucnoToi? Hanummre
YpaBHEHHsSI COOTBETCTBYIOLIMX peakiuil. OKUCIUTENbHO-BOCCTAHOBUTEIBHYIO  PEaKIUIO
COCTaBbTE Ha OCHOBAHUU 3JIEKTPOHHBIX YPaBHCHUH.

406. Kycok matyHu 00padoTanu a30THON KUCIOTON. PacTBOp pa3nenim Ha ABE 4aCTH.
K omno¥i m3 Hux mpubaBuiIM H30BITOK PAacTBOpa aMMHaKa, K APYrod — H30BITOK pacTBOpa
menoun. Kakue coeawHeHUsT NMHKA U MeAau o0pasyroTcs mpu 3ToM? CocTaBbT€ ypaBHEHUS
COOTBETCTBYIOIIUX PEAKLUN.

407. Banamuii  DoOJy4alOT ~— AJIOMUHOTEPMUYECKH  WIH  KAJIBIUATEPMHYECKU
BoccTaHoBlieHMeM okcuaa BaHaaus (V)V,0,. Ilocneanuii jierko pacTBopsieTcsl B ILEI0Yax ¢
oOpa3oBaHMEeM MeTaBaHa/JaToB. Hamumnre ypaBHEHUsI COOTBETCTBYIOLIUX PEAKIUIl. Y paBHEHUS
OKHCJIUTEIIbHO-BOCCTAHOBUTEBHBIX PEAKIIMN COCTABLTE HA OCHOBAHUU AJIEKTPOHHBIX PAaBHEHUMU.

408. A3oTHas KHUCIOTa OKUCIAET BaHAIWM IO MeTaBaHaAueBOl KHUCIOTHI. COCTaBbTE
3JIEKTPOHHBIE U MOJIEKYJISIPHBIE YPABHEHHUSI PEAKLIMH.

409. Kakylo cTeneHb OKHUCJICHHUS TPOSABISET BaHaauil B coeauHeHusx? CocTaBbTe
(GbopMyJbl OKCHIOB BaHaJusl, OTBEUAIOLIMX OSTUM CTeNeHsAM oOkucieHus. Kak MeHsorcs



KUCJIOTHO-OCHOBHBIE CBOMCTBA OKCHIOB BaHAUs MPU MEPEXOJI€ OT HU3UIEH K BBICIIEH CTENEHU
okucnenus. CocraBbTe ypaBHeHUs peakuuii: a) V,0; ¢ H,SO,; 6) V,0, ¢ NaOH.

410. Ilpu BHeceHHMM LIMHKA B MOJKHUCIICHHBIH CEpHOM KUCIIOTOM pacTBOpP MeTaBaHaJaTa
ammonuss NH,VO, xentas okpacka IOCTENEHHO IEPEXOAUT B (UOJETOBYIO 3a CUET
obpa3zoBanus cynbdata Banagus (II). CocraBbTe 37MEKTPOHHBIE W MOJIEKYJISPHBIE ypaBHEHHS
peaKium.

106193140. XpOMHUT KaJusi OKUCTSETCS OPOMOM B IIEIOYHOU cpefie. 3eneHast OKpacka
pacTBopa, MHEPEeXOAUT B KeaTyro. COCTaBbTE€ 3JIEKTPOHHBIE W MOJEKYJISPHOE YpaBHEHUS
peakiuu. Kakne noHbl 00yCOBIMBAIOT HAYAIbHYIO M KOHEUYHYIO OKpacKy pactBopa’?

106193141. CocrTaBbTe »JJCKTPOHHBIE W MOJCKYJISPHBIC YypaBHEHUS pEaKIUid: a)
pacTBopeHus: MonHOJeHa B a30THOM Kkuciore; O) pacTBOpeHHs BoiibppamMa B IIEIOYH B
MPUCYTCTBUU KUCIOPOAA. YUTUTE, 4YTO MOJIUOEH U BOJIb(PpaM MPHUOOPETAIOT BHICIIYIO CTEIEHb
OKHUCJICHUSI.

106193142. Ilpu cmnaBiaenun xpomura xene3a Fe(CrO,), ¢ xapOoHaTtoM HaTpus B
npucytcTBuu kucnopoaa xpom (III) u sxeneszo (I1) okucnsroTes u mpruoOOPETaIOT COOTBETCTBEHHO
creneHu okucienus +6 u +3. CocTaBbTe 2JIEKTPOHHBIE U MOJICKYJISIPHBIC YPABHEHHS PEAKIUU.

106193143. K DOIKUCIEHHOMY CEpHOM KHCIOTOM pacTBOpy JuXpoMara Kajaus
npuOaBUIM MOPOIIOK altoMUHUS. Uepe3 HEKOTOpoe BpeMsi OpaH)KeBas OKpacka pacTBOpa
nepenuia B 3eeHyr0. CoOCTaBbTE 3JIEKTPOHHBIE U MOJIEKYJISIPHOE YPABHEHUS PEAKIIUU.

106193144. XpoM MOIy4yarOT METOJOM ailroMuHOTepMuu u3 ero okcupa (II), a
BOJIb(ppaM — BoccTaHOBJIEHHEM okcuia Boib(ppama (VI) Bomoponom. CocTaBbTe ANEKTPOHHBIE
Y MOJIEKYJISIPHBIE YPaBHEHUS! COOTBETCTBYIOLIUX PEAKIUH.

106193145. CocTaBbT€ ypaBHEHHMS pEaKUUi, KOTOpPbIE HAI0 NPOBECTH IJIA
OCYILECTBJICHUS MPEBPAILLECHUN:

Na,Cr,0, ® Na,CrO, ® Na,Cr,0, ® CrCl, ® Cr(OH),
VYpaBHEHHE OKUCIUTEIBHO-BOCCTAHOBUTEIBHOW PEAKIIMN HAUIINTE HA OCHOBAHUU 3JIEKTPOHHBIX
YPaBHEHH.

417. Mapranen a30THOM KHUCIOTOW OKHCHISETCS 10 HU3IIEH CTEIEHW OKHUCICHHUS, a
peHuil nmpuoOpeTaeT BBICIIYIO CTENEeHb OKUCcIeHus. Kakue coeiMHEeHusl MpU 3TOM MOJIy4aroTcs?
CocTaBbTe 3JIEKTPOHHBIE U MOJIEKYJISIPHBIE YPABHEHHSI COOTBETCTBYIOIIMX PEAKIIMIA.

418. Xnop oxucisier MaHraHat kamus K,MnO,. Kakoe coenuHenue mnpu 3ToM
nosyyaercsa? Kak MeHseTrcss okpacka pacTBOpa B pesyiibrare 3Tol peakuuu? CocTtaBbTe
AJIEKTPOHHBIE U MOJIEKYJISIPHOE YPABHEHUS PEAKIIUH.

419. Kak MmeHsercd CTeneHb OKHCIEHWs MapraHua npu BoccraHoBiieHMH KMnO, B
KHUCIIOM, HEWUTpalbHOM M IIeno4yHor cpenax? CocTaBbTE€ SJEKTPOHHBIE M MOJEKYJSIPHOE
ypaBHeHus peakiuu mexay KMnO, u KNO, B HeUTpasibHOU cpee.

420. Ha ocCHOBaHMM SJIEKTPOHHBIX YpPABHEHUW COCTaBbTE€ YpaBHEHUE pPEAKIUU
nosiyueHus Manrasata kanus K,MnO, cnuaBnenueMm okcuaa mapranua (IV) c¢ xnoparom kanus
KCIO; B mpucyrctBuu ruapokcuja kamus. OKUCIHTENb BOCCTAHABIMBAETCS MaKCHUMAaJbHO,
npuoOpeTas HU3IIYI0 CTENeHb OKUCIICHUS.

421. Tlouemy oxcua wmapranna (IV) MoxeT NposSBIAT, W OKUCIUTENbHBIC, H
BOCCTAHOBUTEIbHBIE CBOMCTBA? MCXOas W3 AIEKTPOHHBIX YpaBHEHHUM, COCTaBbTE ypaBHEHHUE
peaKuum:

a) MnO, + KI + H,SO, =; 6) MnO, + KNO, + KOH =



422. Jlna monmyudeHus Xjopa B JabopaTopuu cMmemuBalT okcuj mapranna (IV) c
XJIOPUJAOM HATpusi B TPHUCYTCTBUU KOHIEHTPUPOBAHHOW cepHOM KucIOThl. CocTaBbTe
AIIEKTPOHHBIE U MOJIEKYJISIPHOE YPABHEHUS 3TOM pEAKLUU.

423. CocraBbTe ypaBHEHMs PEaKIMil, KOTOpPbIE HAIO0 MPOBECTU JI OCYIIECTBIICHUS
CIEIYIOIMX MMPEBPAILLICHUN:

Fe ® FeSO, ® Fe(OH), ® Fe(OH), ® FeCl,

424. Kakyro cTeneHb OKHUCJIEHHUS MPOSIBIAET Xene30 B coeguHeHusx? Kak MOKHO
oOHapyxuTh HOHBI Fe?* u Fe** B pactBope? CocraBbTe MOJEKYIISIPHBIE M HOHHO-MOJIEKYJISIPHbIE
YpPaBHEHUS PEAKIIHIA.

425. Yewm otnmyaetcs B3aumojeiictBue rupokcuaoB kobansta (II1) u aukens (1) ¢
KHCJIOTaMU OT B3ammojiericTBus ruapokcua xkemnesa (III) ¢ kucnoramu? Ilouemy? CocraBbTe
ANIEKTPOHHBIE U MOJIEKYJISIPHBIE YPABHEHUSI COOTBETCTBYIOIIUX PEAKIIUN.

426. MoryTt M B pacTBOpe CYLIECTBOBATh COBMECTHO CJIEAYIOLIME BEIIECTBA:
a) FeCl; u SnCl,; 6) FeSO, nu NaOH; B) FeCl; u K,[Fe(CN),]? [dna B3aumoaeicTByIOMNX
BEILIECTB COCTABbTE YPABHEHUS PEAKIUH.

427. CocTaBbT€ YpPAaBHEHMS PEaKIMil, KOTOPbIE HAJ0 MPOBECTH ISl OCYLIECTBICHUS
IIpEBpaLCHUN:

Ni ® Ni(NO;), ® Ni(OH), ® Ni(OH), ® NiCl,
VYpaBHEHUS OKUCITUTEIbHO-BOCCTAHOBUTENIBHBIX PEAKIIMI HATUIIINTE HA OCHOBAHUH AJIEKTPOHHBIX
YpaBHEHU.

428. CocTaBbTe€ 3JEKTPOHHBIE U MOJIEKYJIIPHbIE YPAaBHEHUS! PEaKIMii: a) paCTBOPEHUS
IJIATUHBI B IAPCKOM BOJKE; 0) B3ammojencTBusi ocmus ¢ propom. Ilmatnna okucnsercs 10
CTEIICHU OKHUCICHUS +4, a ocMui — 10 +8.

429. CocTaBbT€ MOJIEKYJISIPHbIE M HOHHO-MOJICKYJISIDHBIE YpPaBHEHHS pPEakKIi,
KOTOPBbIE HAJI0 MPOBECTHU ISl OCYLIECTBICHUS CIAEAYIOMIMX TPEBPALCHUN:

Fe ® FeCl, ® Fe(CN), ® K,[Fe(CN),] ® K,[Fe(CN),]
K okucnuTenbHO-BOCCTAHOBUTEIBHBIM PEAKIUAM COCTABbTE SJIEKTPOHHBIE YPABHEHHUSI.

430. ®eppar xanus K,FeO, obpasyerca npu cruasinenun Fe,O; ¢ xanuitHON cenutpoit
KNO, B npucyrcteun KOH. CocTaBbTe 2JIEKTPOHHBIE U MOJIEKYJIIPHOE YPABHEHUS PEAKIIHH.

Oprannueckue coeguHenus. Iloaumepsl
KoHTpoJibHbIE BONIPOCHI

431. Hanummre cTpykTypHy!o (opmMyny akpuioBod (mpocTeiflimiel HempeneabHOu
OJIHOOCHOBHOM KapOOHOBOW) KUCJIOTHI U YPAaBHEHHE PEAKIIMK B3aUMOACHCTBUS 3TOU KHUCIOTHI C
METHJIOBBIM cipTOM. COCTaBbTE CXeMY MOJUMEPHU3AIMN 00Pa30BaBIIETOCS MPOIYKTA.

432. Kak wu3 xapOuja Kajablus M BOJbI, NPUMEHUB peakuuio KydepoBa, MOIyduTh
YKCYCHBIH allbJIeTH]l, a 3aTeM BUHWIYKCYCHYIO KUCIOTYy (BUHMIaneTar). Hamummure ypaBHeHHS
COOTBETCTBYIOUIUX peakiuii. CocTaBbTE CXEMY MOJMMEpHU3aIlii BUHUJIALIETATA.

433. Kakue coenuHeHust Ha3piBaloT aMuHaMu? COCTaBbTE CXEMY IOJ U KOHAEHCAIMHU
aJIMTIMHOBOM KUCJIOTHI U TeKcaMeTHIeHauamMuHa. Ha3zoBure 00pazoBaBIIniicss moauMep.

434. Kak MOXHO MOJYYUTh BUHWIXJIOPHJ, UMes KapOHWa KallbLiMs, XJIOPUJ HaTpHs,
CEpHYIO KMCJIOTY U BoAy? Hanuuure ypaBHEHUsI COOTBETCTBYIOIIUX peakiuil. CoCTaBbTE CXeMY
MOJIMMEPHU3ALMY BUHWIXJIOPUA.

435. IlomuMepoM Kakoro HENPEAEIbHOIO YIJIEBOIOPOAA SBIIAECTCA HATypPaIbHBIN
kayuyk? Hamummre ctpykrypHyro (Gopmyiy 3TOoro yriaeBoaopona. Kak Ha3bIBarOT MpoOIECC



MpeBpalieHusl Kayuyyka B pe3uHy? UeM Mo CTpPOCHHUIO M CBOMCTBAM Pa3IMYAIOTCS KaydyK U
pe3uHa?

436. HanummuTe ypaBHEHMsI peakiMil MOJYyYEHHs aleTWUIeHa W MPEeBpalleHUs €ro B
apoMaTtuyecknii yraepoaopon. Ilpw B3anMOAEHCTBHM KAaKOrO BEHIECTBA C ALCTHIECHOM
oOpa3yertcs akpuoHUTpm1? CoCTaBbTE CXeMY MOJUMEPU3AINH aKPUIIOHUTPHIIA.

437. Hanummre CTpyKTYpHYIO (POpMYITy METaKpHJIOBOM KHCIOTHI. Kakoe coennHenne
MOJIy4YaeTcsl MPU B3aUMOJCHCTBUU €€ ¢ METHJIOBBIM criupToM? HamuinuTre ypaBHEHHE PEaKILUU.
CocTtaBpTe cXeMy MOJIMMEpPU3aLMKU 00pa3yIOLErocs MpoayKTa.

438. Kakue yrneBoJopoasl HA3bIBAIOT JAMEHOBBIMH (IUONE()UHBI WA aTKaIUCHBI)?
[IpuBenure npumep. Kakas o6mass ¢opMyna BbIpaxkaeT COCTaB 3THX YIJIEBOJIOPOIOB?
CocTaBbTe cxeMy MoauMepu3annu OyTaaueHa (TMBUHUIA).

439. Kakue yrneBoaopoasl HazbiBatoT ojeduHamu (ankeHamu)? IlpuBenute mpumep.
Kakas obmias ¢popmyina BeIpakaeT coCcTaB 3TUX YriieBoopoaoB? CocTaBbTe CXeMy HMOTyUEHUs
MTOJINTUIICHA.

106193344. Kakas oOmas popmyna BbIpa)kaeT COCTaB 3TUJICHOBBIX YTJIE€BOJOPOIOB
(onedunoB unm ankeHoB)? Kakue XxuMuyeckue peakinuu HanOoliee XapakKTepHbI sl HUX? UTo
TaKoe MOJIUMEPHU3aLMsl, IOJUKOHAeH cauus? YeM oTiInyaroTes ApyT OT APYyTa 3TH PEAKLMH?

106193345. KakoBbl paszmuuuss B COCTaBax MPEIEIbHBIX M HENPEACIIbHBIX
yraeBoaopooB? CoctaBpTe cxeMy 00pa30BaHMs KayudyyKa W3 AUBHHWIA U cTHpoJia. YTo Takoe
BYyJIKaHU3a1Us?

106193346. Kakue coenuHeHUs Ha3bIBAIOT aMUHOKWciIoTamu? Hamummre dopmyny
npocreiieil aMMHOKUCIOThL. CoCTaBbTE€ CXEMy IMOJ M KOHAEHCAMM aMHHOKaIpOHOBOM
KuCJIOoThl. Kak Ha3pIBatoT 00pa3yroNIUiics IPU 3TOM MOIUMEp?

106193347. Kakue coeauHeHus] Ha3bIBalOT anpaerugamu? Yro Takoe ¢dopmamuH?
Kakoe cBOHCTBO anbJeruioB JIEKUT B OCHOBE peakiuu cepedpsHoro 3zepkana? CocTaBbTe
cxemy MmoiaydeHus GpeHosrohopMaabIeTuIHON CMOJIBI

106193348. Kak Ha3bIBalOT YIJIEBOAOPOABI, IIPEACTABUTEIEM KOTOPBIX SBISETCA
u3onpen? CocTaBbTe CXEMY COMOIMMEPU3AIIMY U30IIPeHa U U300y TUJICHA.

106193349. Kakue COCIUHCHUS Ha3bIBAIOT DJIEMEHTOPraHUYECKUMU,
KPEMHUIOpPraHU4eCKUMH? YKaKUTE BAKHEMIIINE CBOMCTBA KPEMHUMOPraHUYECKHUX ITOJMMEPOB.
Kak Bnusier Ha cBOMCTBa KPEMHUMOPIraHMYECKUX MOJIMMEPOB YBEIMUYECHHE YUCIIA OPraHUYECKHUX
PaauKaIIOB, CBA3aHHBIX C aTOMaMH KPEMHUS?

106193350. Kakas oOmiast ¢popmysia BeIpa)kaeT COCTaB alleTHIICHOBBIX YIJICBOJIOPOJIOB
(ankunoB)? Kak u3 MeTaHa MOJy4MTh AUETHIEH, 3aTE€M BHHWIALETWICH, a U3 IOCJIEIHEr0o
XJIOPONpEH?



