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Hoporue npy3bs!

B sTom roay BbI npojosKkaeTe UdydyeHue XUMUMA. Y BacC ysKe HAKOIMUJICS JI0-
CTATOYHBIN 3amac xumMuyeckux sHanmii. Ceiluac nHeo6XoamMo nx 000OIUTH
u npuBectu B cucteMmy. OCHOBOI /IJIsT 3TOTO CTAHYT KakK MMeloluecs, Tak U HO-
BBl TeOpeTUYeCKue TPeNCTaBIeHUS O MPUPOJIE MEKATOMHBIX B3aMMOJIENCTBU,
CTPOEHUU BeIeCTBa, 3aKOHOMEPHOCTSIX IPOTEKAaHUSI XUMUYECKUX peakIuil, Xu-
MHUHU PacTBOPOB, CBONCTBAX OCHOBHBIX KJACCOB HEOPTAHUYECKUX COEJUHEHUN.
Baskneiimas 3ajaqa usyvyeHust XMMUU B 3TOM TOy — OoJiee TUPOKO B3TJISHYTh
Ha XUMUIO KaK HayKy, HA €€ MOIIHBIA CO3UATETbHBIN TTOTEHIINAJ, OTKPBIBAIONTUAI
nepeji 4eJI0BeYeCTBOM OTPOMHBIE BO3MOYKHOCTH JIJIs YCTOMYMBOTO PAa3BUTUS B CO-
BPEMEHHOM MUpe.

V3yueHne XUMIH TIOMOSKET BaM ITPUOOPECTH KOMIIETEHIIUH, HEOOXOMMBIE JIJIst
panMoHaNIbHON JIeATEeJbHOCT B MHUPE BelleCTB M XMMHYECKUX IIpeBpalleHuil Ha
OCHOBE 3HAHUN O CBOICTBax Ba)KHEHIINX BEIeCTB, OKPYKAIOIMUX YeJ0BeKa B 110-
BCETHEBHOM JKU3HU, TTPUPOJIE, TPOMBITILIIEHHOCTH.

OcHoBHag 11e71b U3yYyeHNs XMMUU HA TOBBIIIEHHOM YPOBHE — TOJIYUYUTb 3HA-
HISI, YMEHUsT, HaBBIKM, KOTOPBIE CTAHYT OCHOBOI Balllero JajbHeiInero o6pasoBa-
HUST B 00JIACTH XUMUK U CMEXKHBIX C Heil HayK.

VaebOHbIil MaTeprasl MPeACTaBIeH Tak, YTOObI BbI BU/IECJIU TIPUKJIAIHON aCIeKT
M3y4aeMblX XUMWUYECKUX MOHSATUI, HAYUYNUJNCh PellaTh MpaKTUIecKue 3ajadu, 1mo-
HUMaJId COBPEMEHHBI MUP XUMUK. Belb B HasbHeiiieM oT Bac OyAyT OKHUIATh He
IIPOCTOTO BOCITPOM3BEIEHNUS 3ayIEHHBIX OTIPEETEeHIH, a CITOCOOHOCTH TBOPUYECKH
IPUMEHSITH 3HAHWSI B KOHKPETHBIX OBITOBBIX M ITPOM3BOACTBEHHBIX CUTYAIUSIX.

B manHom yueOGHOM 1mocoOMM TEKCThI HaparpadoB MMEIOT ONpeaeNEéHHYIO
CTPYKTYPY, COJZIepKaT CXeMbl, pUCYHKHU, doTorpadun, rpaduku, JuarpaMMbl, MIpu-
MepbI PellieHIs] KaueCTBEHHbBIX U pacyéTHbIX 3a1ad. ObobImaromine TabIuibl Mo3BO-
JITIOT CAMOCTOSITETBHO TTPOBECTH CPABHUTEJNBHBIN aHAIM3 (haKTUIECKOTO MaTepuasa
0 XMMUYECKHUX 3JIeMeHTaX, BellecTBax, ux (GpU3nyecKux U XUMHUUYECKUX CBOICTBaX.
YToObl CKOHIIEHTPUPOBATH Ballle BHUMaHWME HAa BAKHEHINX MOHSTHUSIX, B KOHIE
Kak/0ro rnaparpada chopmMysnpoBaHbl U BbljleJieHbl BbIBOABL /[l M3ydyeHus



XUMUN Ha TMOBBIIIEHHOM YPOBHE B KOHIE KaKIOTO maparpada mpuBeieHbI BOITPO-

CBI JIJIST CAMOKOHTPOJISI. BEPHBIX OTBETOB MOKET OBITH OT OJJHOTO JIO YETBIPEX.
3HaYnTeSbHOE BHUMAHWE y/IeeHO XUMUYECKOMY JKCIIEPUMEHTY: BaM TIpejijiara-

€TCsT BBITIOJTHUTD JIEBSATH JJAGOPATOPHBIX OTIBITOB M YeThIpe MpaKTUYecKue paboThl,

OTIMCATh PsIJl IEMOHCTPAITMOHHBIX OTBITOB, TPOBECTU MBICJIEHHBIN 9KCIIEPUMEHT.
[TukTorpaMmmaMu OTMEYEHBI PYyOPUKIL:

— 00NOHUMENbHbLLL mamepuai,;

@ — NOBMOpUM U3YUEHHOE;
g — mamepuaivl No6bLUEHHOZ0 YPOBHAL.

B xonme kaxzporo maparpada B paszesnie «Borpocsl, 3ajanus, 3agadny Ipej-
JIO’KEH MaTepuasl, TO3BOJISIONINIT TIPOBEPUTH TIOJYyYeHHbIe 3HAHUS U I€PEBECTH
nx B (popmy akTUBHOTO TpuMeHeHusd. [Ipemsaraempie BOTIpOCHI, 3a/jaHUd W 3a/a-
Y OTBEYAIOT JIOTMKE U COJIEPKAHMIO KaK OT/EeJbHOTrO maparpada min TJIaBbl, Tak
u npeameta B 11esioM. OHM MMEIOT pa3Hble YPOBHU CJIOKHOCTU M PACIIOJIOKEHBI,
KaK TIPaBUJIO, B MOPsI/IKE €€ BO3PACTAHMUs.

Ecsmi, usyuast MaTepuast, Bbl BCTPETUTE MOHSTHE, CMBICJ KOTOPOTO BaM HEOOXO-
IUMO YTOYHUTD, MPEIMETHBIN YKa3aTesb MOMOXKET BaM HANTU CTPAHUILY, HA KOTO-
poii ato mnousitue o0bsicuero. [TomormHuKamMu B 1orcKe WHGOPMAIMU BaM Oy/IyT
U WHTEPHET-PECyPChl HAIIMOHAIBLHOTO 0OPa30BaTEIBLHOTO MOPTaJa, Ha KOTOPbIA BB
cMozkeTe BeITH 110 QR-komy.

YcriexoB BaM B M3yueHnn Xumun!
Asmopui



[NABA |
OCHOBHDIE MOHATUA
N 3AKOHbl XUMUN

M3yuyana maTepuan nepBoi rnasbl, Bbl CUCTEMATU3UPYyeTe CBefeHusA 06
OCHOBHbIX MOHATUAX, 3aKOHAX XMMMUK, UCNOJNIb3yeMblX GpU3NYECKUX Benu-
YMHax, Knaccmoukaumm HeopraHMyeckmx CoefVHEHW, YTO MOMOXEeT BaM
B GOPMUPOBAHNN CUCTEMbI XMMUYECKUX 3HAHUI 1 OMNbITa UX NPUMEHEHMS.

Ba)kHelluMe NOHATUA TeMbl: BELLECTBO, aTOM, MONEKY/A, XMMUYECKUI
3/IEMEHT, NPOCTOE U CJIOKHOE BELLeCTBO, MONIEKYIAPHOE U HEMONEKYNApP-
HOe CTpOeHMe BeLecTBa, GopMynbHas efuHMLA, XMMUYecKas Gopmyna, Ko-
NNYECTBO BELLECTBA, MacCcoBas [ONA BeLlecTBa B cMecu, 06bEMHaA aons ra-
3a B ra3oBOM CMeCK, MONAPHbIA 06bEM rasa.

§ 1. Xumusa. BewwectBo, XMMNYECKNIN 31EMEHT, aTOM

B naparpade npusenenbl panee u3yyeHHbIe TIOHATUS U ONPEEJCHUS: YTO Ta-
KOe XUMHU$, BellleCTBO, ero (husanyeckue CBONHCTBA, XMMUYECKUI aJIeMEeHT, aTOM, ero
Macca, pa3Mep, MOHbI, MOJIEKYJIbI, & TaKKe JaHbl HATOMUHAHUS O TOM, KaK pacCcyu-
TaTh MACCOBYIO JIOJIO BEIIECTBA B CMECH U OOBEMHYIO JIOJIO Ta3a B CMECH. DTOT
MaTepuasl MPUBEIEH JIJIsI TIOBTOPEHUST B CUCTEMATU3MPOBAHHOM BU/IE.

Xumusa — Hayxa, usyuanowas 6ew,ecmsa, ux cocmas, Cmpoexue, ceotucmsd, xXu-
Muueckue npespawenus 00HUX seuecms 6 opyeue.

XUMHUIO KaK HayKy IOJPa3fesdloT Ha psl OTpacieil: HeopraHudeckylo, opra-
HITYeCKYI0, OMOOPraHnyecKyio, aHATUTHIECKYIO0, (DU3NUecKyio, (hapMaIeBTHIeCKYIO
XUMUIO, HAHOXUMMIO U Jp. Passinuune B oTpacisx onpejessieTcs NpUpPoJoil nsyda-
eMbIX BellleCTB U UX IIpeBpallleHnii, a TaKKe XapaKTepoM pellaeMbIX 3a/ay.

[ToguépkuBas criennuKy CBOUX MCCAEAOBAHNN, XUMUKHU BBEJW TIOHATHE <XU-
Muueckoe 6ew,ecmeo», X0Ts 9TO CA0BOCOYETAHUE YacTO YIPOLAIOT U HA3bIBAIOT
IIPOCTO «BELIECTBO».

XuMHYecKkoe BEUECTBO — 3mMo YCmouuusas cucmema yacmuy, (amomoa,
UOHOB U MOJEKYL), 00]1a0aiouyas onpe0eieHibiMu QU3UUCCKUMU U XUMULECKUMU
ceolcmeamu.

KauecTBeHHBIII U KOJMYECTBEHHBI COCTAB WUHAWBUAYAJbHbIX XUMHWYECKUX
BEIEeCTB 3alMCHIBAIOT B BHUje Xumudeckux ¢dhopmy, Hanpumep: H,O — Bona,
CuSO, — cymnnar mean, Ny — azor, Na — nmarpuit, NaCl — xsopua Hatpus.

Xumnueckasi Gopmysia — amo Ycro8Has 3aNUch COCMAsa 8ew,ecms ¢ NOMOUbIO
CUMBONIO8 XUMUUECKUX ITEMEHIMO8 U UUCLOBbIX UHOEKCO8.
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K @usuueckum ceoticmeam BerecTBa OTHOCAT TBET, IJIOTHOCTD, TBEPJIOCTD, TEM-
MepaTyphl IJIABJIEHUS W KUTIEHUST U IPYTHe XapaKTePUCTUKU, KOTOPbIe, KaK MpaBu-
JIO, BBIPAKAIOTCI M3MEPSIEMBIMU BeJTMIMHAMU. Tak, WO MOKHO OXapaKTepu30BaTh
cirefyonmM 06pazoM: KPUCTAIIMYECKOE TIPU KOMHATHOM TeMIlepaType BEIecTBO
TEMHO-(HOJIETOBOrO 1[BETa ¢ METALJIMUECKUM OJIECKOM, Maj0 PaCTBOPUMOE B BO-
e, Temrieparypa ero kutenust paBua 184,4 °C, masnenust — 113,5 °C, mioTHOCTD
cocTabyser 4,9 T/cv°.

XuUMHYECKHE CBOICTBA BEIECTB — 910 UX CNOCOOHOCTL NPeSPAaAmvCs 6 Opy-
eue seuecmea noo 6030eicmeuem memMnepamypvl, 0asieHUsl, USTYUEHUS UTU OPY2UX
seujecms.

Tak, kapO6oHAT Kajabls 100 6030eiicmeuem memnepamypol (a He APYIUX Be-
IIECTB) TIPEBPAIAETCS B OKCUJ KAJTbIUS U YTJEKUCJBIN Ta3:

CaCO3 = CaO + COy1,

a okcun meau(Il), ecmynas 6o 63aumodeticmeue ¢ cepHON KUCJIOTOH, 0Opasyer
cob — cyabdar mean(1I):
CuO + HzSO4 = CUSO4 + HQO

ATOM — 3mo0 anekmponeumparvHas 4acmuya, coCmoswas u3 NOJI0ICUMENLHO
3apscentozo a0pa u OMpUaAmMenIsHO 3APANCEHHIX INEKMPOHOB.

Cosoxynnocms amomos ¢ 00UHAKOBHIM 3apsi0OM S0pa HA3IBAIOM XUMUYECKUM
9JIEMEHTOM.

CUMBOJIBI XMUMUYECKUX 2JIEMEHTOB TIPUBEIEHBI B IEPUOANYECKON CUCTEME XU-
muueckunx ajemerToB [I. V. MeneneeBa. Kak Bam u3BecTHO, n0psiokosviil (amom-
HbLIL) HOMeEp Xumuueckozo aiemenma B nepuogmdeckoii cucreme /. 1. Mennenee-
Ba COOMEeMcmeyem ommocumenvhomy 3apsdy sopa (Z). Tax, mOpsaAKoBbIil Homep 8
COOTBETCTBYET OTHOCUTEJIHLHOMY 3apsjy Spa aToMa KUcJaopoja +8, a sSpo ¢ OTHO-
CUTEJTbHBIM 3apsiioM +13 rmeeT aToM aJIOMUHUS.

ATOMBI Pa3HBIX XUMUYECKUX 3JIEMEHTOB OTJIMYAIOTCS HE TOJIBKO 3apsiOM SIpa,
HO U MACCOU, Pa3MepoM, CIMPOCHUEM.

Macca atoma (m,), Kak U Macca JpyTrux 0OBEKTOB, MOKET BBIPAKATHCS B €/I1-
Hutax Macchl cuctemMbl CU — kuyiorpamMMax, HaIrpuMep:

my(Al) = 4,480 - 102 kr,
m,(C) = 1,993 - 102 k.

Topasmo ynobHee 110JIb30BaThCS MIKAJIONW OTHOCUTENbHBIX efunuil. [l xapak-
TEPUCTUKU MacChl aTOMOB U JIDYTUX MUKPOYACTHUIl B XUMUM UCIIOJIB3YIOT ATOMHYIO

1
enHUIYy Macchl — 1 a. e. M., paBHYIO R YacTH Macchl aToma yriepoja-12. Bme-

CTO PYCCKOTO 0003HAYEHUST ATOMHO¥ eMHUIBI Macchl (1 @.e.M.) 4acTo TPUBOAST
eé mMesxayHapoaHoe obosHauenre 1u (unit). Macca 1u cocrasiser:
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. m,("*C) _1,993-10"* kr
" 12 12

CpaBHuBast Macchl aTOMOB ¢ 1 u, oTydaroT Oe3pasMepHyI0 BETUYNHY, KOTOPYIO
HA3BIBAIOT OMHOCUMELLHOU AMOMHOU MACCOU N 0003HAYAIOT CUMBOJIOM A, (T1e r —
HayasbHas OyKBa JATHMHCKOTO CJIOBA relativus — OTHOCUTEJIbHbII):

Al)  4,480-107%° kr
Aly = "alA) _ 4,
A(AD m, 1,66-107% kr

=1,66-10"27 kr =1,66-107>* .

~ 27;

m,(C) 1,993-1072° kr
C = a = ~
4O m, 1,66-107%7 kr

OTHocHTeIbHAS aTOMHAsl Macca djJeMeHTa — (l)I/IBI/ILIeCKaH BeJIMYNHaA, KOTOpasd

12.

paBHAa OTHONIEHUIO YCPEIHEHHON MacChl aTOMOB JAHHOTO 2JIEMEHTa K 17 yacTu
Macchl atoma yriaepoaa-12 (12C).

OTHOCUTEThHBIE ATOMHBIE MACChl MUCTIOJNB3YIOT B XUMUU TIPU TIPOBEJICHUN Pac-
4ETOB M COTIOCTABJIEHUI; UX 3HAUEHUS NPUBE/IEHBI B NIEPUOANYECKOI CUCTEME XU-
MUYECKUX 2J1eMeHTOB. [[J1s1 pacuéra MacChl aTOMOB WJIM UX OTHOCUTEJIbHBIX aTOM-
HBIX MacC MOKHO BOCTIOJIb30BaThCs (hOPMYyJIaMu:

m,(3)
ma(S) = Ar(a) tmy; Ar(a) ——
u
Pa3amep atoma yacTo XapakTepu3yoT BEJTMUNHON «pagryc atomas (7,). ITO Be-

JIMYIHBI TIOPSIIKA JECATHIX M COTHIX jloJieil HaHoMeTpa. Tak, pajnyc HauMEeHbIIEro
Mo pa3MepaM aToma Tejiis paBeH 3 - 10~ wm, wrm 0,03 Hwm.

CrpoeHue aTOMOB OIpPEIETISIET COCTaB U CBOMCTBA 00pa3yeMbIX MU BEIIECTB,
uto OyzeT moApoOHO paccmarpuBarhest B rasax 11 u 11

[Tpu 0O6pazoBaHUK XUMHYECKOTO BEIIECTBA KaK YCTONYMBON CHUCTEMBI YaCTHIL
aTOMBI MOTYT OT/IaBaTh WJIM TPUCOEAUHITH 3JIEKTPOHBI, TIPEBpaIasich B uonwvl. [lpu
oT/Iaue BIEKTPOHOB 0OPA3YIOTCS TOJOKHUTENbHO 3aPSKEHHbIE YaCTHUIIBI — KaAMmuo-
Hol, TIPUA TIPUCOEANHEHNH DJIEKTPOHOB MOJTyYalOTCS OTPUIIATENLHO 3apsKeHHbIe ya-
CTUIIBI — aHUOHbL PsJi XUMMYECKMX BENIECTB COCTOUT U3 KATHOHOB M aHWOHOB,
00BbEAMHEHHBIX CUIaAMK KYJOHOBCKOTO B3aUMOJIEHCTBYSI.

ATOMBI MOTYT OOBEMHSTHCS B YCTONUMBBIE CHCTEMBI TaKKe IyTéM 0000111eCTB-
JIEHUsI DJIEKTPOHOB C COCEIHMMHU aTOMaMU ¢ OOpa3oBaHMEM HE3apsKEHHbIX dYac-
THUIL — MOJEKYJ, CIIOCOOHBIX TPOSIBJSATH XUMHYECKHE CBOWCTBA BCETO BEIIECTBA.
[ToxpobHee MaTepuas O BEleCTBaX MOJIEKYJSIPHOTO CTPOCHUS OIMCAH B CJIE/LY-
foreM Taparpade, a CBeleHUsI 0 CTPOEHUH BeIecTB npecTaBiaeHbl B riiase I11.

BakHO HOHUMATh, YMO MOILKO YCMOUUUBAS. CUCTIEMA ATMOMOG, ULU UOHOB, UL
MOJEKYNL ABNACMC XUMUUECKUM BEUCMBOM, MO ecmb 004adaem u (Qusuueckumu,
U xumuueckumu ceoticmeamu. JlJist OIHOI YacTUIIBI, HAIIPUMEP MOJIEKYJbI Hoja,
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cyTb(OUA-NOHA WM aTOMa yTJIEPO/Ia, He UMeeT CMBICIA BECTH Pedb O TeMIlepaType
KuUIleHus:d, IjiaBjJeHuA NI arperaTHoM COCTOAHHMU.

Jluist KaK[I0r0 BelecTBa XapakTepeH CBOW Habop cBOMCTB. [laske mManoe Kosmde-
CTBO IIPUMECH MOJKET CYIIIeCTBEHHO M3MEHMUTb 3TU CBOICTBa. B mpupoje BellecTsa
00BIYHO HAXOJSITCSI B CMECH C JIPYTUMHE BetiiecTBaMu. [10aToMy /JIst TIpaKTHYeCKOTo
HCIIOJIb30BAaHMS WM TIPOBEAEHMS MCCJIEOBAHNI BeIecTBa HEOOXOANMO IMONYYUTh
€ro B 4nCTOM BH/I€, TO €CTb BBIACJINUTD N3 CMECH, OYUCTUTDL OT HpHMeCGfI. C ITOU me-
JIBIO KaK B JTaBOPaTOPHON MPaKTUKE, TaK U B MPOMU3BOJICTBEHHBIX YCJIOBHUSIX MCIIOJIb-
3YIOT pa3/IM4HbI€ METO/bI pa3/1eJI€HNA cMeceint BeIIIECTB 1 X OYUCTKU. OHI/I OCHOBa-
Hbl Ha pa3/Indnuun CBOIICTB pasaessaeMbIX BEHIECTB! padHbl€ TEMIIEPATYPbI IJIaBJICHUA
WM KUIIEHHUs], TJIOTHOCTh, pacTBOPUMOCTh 1 jp. Hambosiee pacrpocTpaHeHbl TaKkue
METO/IbI OUMCTKH, Kak ¢usibrpoBanue (puc. 1), orcramBanue (puc. 2), iepekpucrai-
Jm3anus, neperonka (puc. 3). BoiesnTh BelecTBo U3 pacTBOpa MOXKHO BbITIapHBa-
HueM (puc. 4), a pasfieJInTh CMeCh JKUJKNUX BEIIeCTB — pekTudukaimeit (puc. 5).

[na pasgeneHuns ra3oB MOryT ObiTb MCMONb30BaHbl «MONEKYNIAPHbIE CUTA», HaNpuUMep Kpu-
CTannyeckre antoMOCUIMKaTbl, XapaKTePU3yloLWmMecs TOUYHbIM U OLHOPOAHBIM Pa3Mepom Mop.
Mopbl NponyckalT HebosbLIVE MONEKYSbI, HO 3aflePXKMBatoT boniee KpynHble. 1A BocCTaHOBMe-
HUA aKTUBHOCTW «MOJIEKYNAPHbBIX CUT» UX HEOBXOAMMO MPOrPeTb UK MPOAYTb ra3oMm.

lazoBeie hpaknmum

1

bensun

Jlurpoun

Puc. 1. OQunbTpoBaHune Puc. 2. OTcTramBaHne
Kepocun

Tasoiinb

IT Masyt
Hedrb

Puc. 5. PazgeneHne HedTn Ha dpakLmm
Puc. 3. MeperoHka xungkoctn  Puc. 4. BoinapusaHue B PeKTNOUKALVIOHHON KOJIOHHE
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Coep:kaHue BelecTBa B CMeCH MOYKHO XapaKTepHu30BaTh MacCOBOI M OGBEM-
HOU JTOJISIMU.

MaccoBylo 0110 BEeNIeCTBa PacCuumvl8aom KaxK OmHouleHue MAccvl 8eu,ecmsa
K Macce 8cetl CMecu:

o(B-Ba) = _mba) .
m(cMmecn)

MaccoBas noJs BemectBa — Oe3pasMepHas BemuuHa. Yarle eé BbIpaKa-
10T B mporeHTax. /[ 9Toro mojydeHHy0 Oe3pasMepHYIO BEJUYMHY YMHOKAIOT
Ha 100.

Tak, MaccoBo# sloJieil XapaKTepusylT COJlepKaHNe OCHOBHBIX KOMIIOHEHTOB
B TIPOJYKTax MUTaHUs, MPUMecell B XUMHYECKUX PEaKTUBaX, TOPHBIX MOPOJAX,
yIOOPEHUSIX, IeNCTBYIOINIEr0 BEIECTBA B MEAUIIMHCKIX Ipenaparax u T. . Hampu-
Mep, MaccoBast JI0JIsI JKHPOB B MOJIOKe cocTtaBiiseT oT 1 10 6 %, B CIMBOYHOM Mac-
ge — 50-82,5 %, yKCyCHOI KHUCJIOTHI B yKcyce — 3—9 %, #ioa B CIUPTOBOM pac-
tBOpe — 5 %. CiieryeT OTMETUTDb, YTO MAcCOBasl J0JIs1 He 3aBUCUT OT BEJUIMHbBI
MOPIIUK CMECH, OHA OIPE/IEISIETCST JINIb COOTHOIIIEHNEM KOMIIOHEHTOB CMECH.

Oo0bémHuas 1o raza B cmecu. Cmecu o6pasyioT He TOJBKO TBEPbIE WU
JKUJIKWE BEIIeCTBa, HO ¥ Tasbl, I0OITOMY /ISl Ta30B YaCTO PACCUUTHIBAIOT 006EMHYIO
domo Kax omuowenue obséma zaza xk oouwemy 00émy cmecu:

V(raza)
V(emecn)

Tak, comepskaHue Kucaopoaa 1o o0bEéMy B Bosayxe paBHO 21 %, TO ecTh ero
obbémHuas nost ¢(O,) = 21 % (1pu aTOM ero MaccoBast 10Jst paBHa 23 %).

AGCOMIOTHO YNCTHIX BelecTB He ObiBaeT. CTeleHb YMCTOTHI BEHIECTB KOJIUYe-
CTBEHHO OIEHUBAIOT MACCOB0U 00Jeli — OTHOIIEHHEM MacChl OCHOBHOTO BEIIECTBa
(MIeaTbHO YMCTOTO) K Macce PeaJbHOTO BENecTBa C MPUMECSMI.

¢(raza) =

Ipumep 1. Ananus npoObl 30J0TOTO OAHKOBCKOTO CJMTKAa MacCOM
1,00000 T mokazam, yto B HEM cozepxkutca 0,99994 r uucroro 3os0Ta. ITO
O3HAYAEeT, YTO CTEMEeHb YMCTOTHI TAKOTO 30JI0TA COCTABJISIET:

m(Au)  0,99994 r
m(cimtka)  1,00000 T

Ocranbubie 0,006 % B 9TOM CJIUTKe TPUXOASTCS HA PA3JTUYHbIE TIPUMECH

(npyrue BemecTBa).

o(Au) = =0,99994, niu 99,994 %.

Bbibop BemiecTB 10 4MCTOTE ONpejessieTcs IeJsaMU UX npumeHenust. Ha-
npuMep, TpebyeMasi 4rCTOTa TePMaHUs, WCIOJb3YEMOTO B IOJYIIPOBOAHUKOBBIX
yCTPOHCTBaX, M0JKHA cocTaBisaTh 99,99999999 %.
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ATOM — 3/1eKTPOHENTpanbHas 4acTULA, COCTOALIAA W3 MOMIOXKUTESIbHO
3aPSAXKEHHOTO AAPa U OTPULLATENBHO 3aPAMKEHHbIX 3/IEKTPOHOB.

XumMmnyecKkunin 3n1emMeHT — 3TO COBOKYMHOCTb aTOMOB C OANHAKOBbIM MoO-
NOXNTESIbHLIM 3aPAA0M Afep. ATOMbI Pa3HbIX XUMUUYECKNX SNIEMEHTOB OT/U-
yalTCA 3apPSAAOM AAEP, MAacCoN, Pa3MEPAMUN U CTPOEHMEM.

OTHOCUTENbHAA aTOMHAA Macca aNemMeHTa — ¢u3Mueckas BennunHa,
KOTOpasi paBHa OTHOLLEHNIO YCPeAHEHHOW MacCbl aTOMOB JAaHHOIO 3/IEMEH-

1
Ta KE YyacTy Maccbl aToma yrnepoga-12 (2Q).

Xumunuyeckoe BewecTBO — YCTONYMBAsA CUCTEMA YacTuL, (QTOMOB, NOHOB
U Mosekyn), obnagarLan onpeaenérHHbIMU GUINYECKUMU Y XUMUYECKM-
MW CBOMNCTBAMMW.

Bon POCbl, 3afgaHNA, 3aga4un

1. 3anuwmnTe Ha3BaHUA U CUMBOJIbI XVIMUYECKMX 3NIEMEHTOB, UMEIOLLMX: @) OTHOCUTENbHbIE
aToMHble Maccbl 7, 14, 31, 28; 6) oTHocuUTeNbHbIV 3apsag Aapa +12, +20, +26, +56; B) natuH-
CKue Ha3BaHus: cuprum, sulfur, oxygenium, hydrogenium, argentum, aurum.

2. Boinvwute Bblpa)keHWA, XxapakTepusyloLme maccy atoma K1ciopoaa:

a)mO,) =32T; 6) m,(O) =16 a. e. m.; B) A(O) = 16;

) my0) =266 102 «r;  a) w(O,) =0,23; e) V(0,) = 16 am>.

3. MpepnoxunTe cnocobbl: a) pasgeneHns Bogbl 1 HedTW; 6) OTAENEHUA NecKa OT pacTBopa
CONVY; B) pa3feneHna pacTUTesIbHOrO Macia v BOAbI; ) BbIAeNeHNA KPUCTaIioB CONMu N3 BOA-
HOro pacTBOpa; 4) oTAeneHna KapboHaTta KanbLuua OT BOAbI.

4. O6bACHNTE, KaKne XapaKTePUCTMKN OTHOCATCA K XMMUYECKOMY BeLLeCcTBY, a Kakmne K Xu-
MUYECKOMY SJIEMEHTY: a) aTOMHbI/i HOMep ofa paBeH 53; 6) 06béMHan fona asoTta B BO3ay-
Xe cocTaBnaeT 78 %; B) OTHOCKTE/IbHAA aTOMHasA Macca refiua paBHa 4; r) XJIop UMeeT Xapak-
TEPHbIN 3anax; A) anioMUHUN — CBETIO-CepebpuCTbIi MeTan.

5. Macca aToMa HEKOTOPOrO 3fleMeHTa paBHa:

a)3,15-10%kr;  6)1,66-10%«kr;  B)647-10%«kr; 1) 3,77-10% kr.

Onpepenute ero OTHOCUTENbHYIO aTOMHYIO Maccy.

6. B kakom 06béme Bo3ayxa cogepkmtca 10 r Kncnopopa?

7. Yemy paBHa maccoBas [0fA aNlOMUHUA B »Kene30aNloMUHNEBON TEPMUTHON CMeCH,
NPUroTOBNEHHON M3 anloMUHMA Maccor 5 Kr n okcnpa »enesa(lll) maccon 15 kr? TepmuTHan
CMeCb TaKoro CoCTaBa MCMONb3yeTcA ANA CBAPKMN PefibCoB.

8. Mo3bipckuin HedTenepepabaTbiBalOLMIA 3aBO PaccYMTaH Ha nepepaboTKy 12 MSIH TOHH
HedTV B rof. PaccunTaiite Maccy AM3eNbHOrO TOMMMBA, KOTOPOE MOXET ObiTb BblpaboTaHO Ha
3aBofe 3a 1 mecAl, ecn CYMTaTb, YTO MAcCoBaA JONA TakOro BMAa TOMAMBA COCTaBNAET OKO-
no 32 % ot nepepaboTaHHOWN HepTW.

9. HedteneperoHHbI 3aBOA-TMraHT MOXET 3a rof nepepaboTtatb A0 25 MAH TOHH Hed-
T. B npouecce neperoHkn HedTn NoTepn cocTaBnAlT okono 1 %. OueHuTe rogoBble NoTepu
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npu neperoHke HedTn No Macce N 06bEMY Ha TakoM 3aBofe (NMpPUMKTE CPefiHIo MNOTHOCTb
HedTn 0,9 r/cmd).

10. PaccunTtanTe 4Mcno aTOMOB B MPAMOYTOJIbHOM afloMVHWEBOW NNACTUHKE AJIMHON 5 CM,
WIMPUHON 3 CM 1 TonWwmHON 1 MM. MNOTHOCTb antoMnHna — 2,7 r/cm’. MpepgnoxuTe gBa cno-
coba pelueHus.

§ 2. MpocTble u cnoXHble BewecTBa.
BewiecTBa MONEKYNAPHOrO N HEMONEKYIIPHOIO CTPOEHUA

Hpocmbte U CJl0JiICHble gewecmea

[To sanemeHTHOMY COCTaBY BeleCTBa JIEJSAT HA MPOCThIE U CJIOKHBIE.

IIpocmuie BelecTBa COCTOSIT U3 ATOMOB OJTHOTO 3JIEMEHTA, CAONCHbIe — U3 ATO-
MOB HECKOJIBKMX 3JIEMEHTOB.

13 aTOMOB OIHOTO W TOTO K€ dJIeMEHTa MOKET ObITh 06pPa3oBaHO HECKOJBKO
Pa3IMYHbBIX TI0 CBOMCTBaM TIPOCTHIX BelecTB. Tak, ajmeMeHT (ocdop obpasyer Be-
mectBa 6emblit hocdop Py, kpacublit Pypycyii 1 YEPHBII Pygpyyin, KCTOPOL — €06~
ctBeHHO Kucjaopos O, u 030n Os. IIpocThie BemecTBa OJHOTO U TOTO K€ XUMUYE-
CKOTO 2JIEMEHTa Ha3bIBAIOT €T0 ALLOMPONHbIMU hopmamu (MOOuukayusmu).

[TongaTre <«mmpocToe BeMIECTBO» HEb3ST OTOXKAECTBISATH C MOHITUEM <«XUMUYE-
ckuii aseMeHT». CBOMCTBA MPOCTOTO BENIECTBA — TLJIOTHOCTb, TEMIIEPATYPhI TIJIaB-
JIEHWS, KUTIEHUSI U JIp. — OTHOCATCI K YCMOUYMUBOU cucmeme WIN COBOKYNHOCMU
YaCTHIl BelecTBa. XMMUYECKUN 9JIEMEHT NUMEET XapaKTEPUCTUKK OMOeibH0z0 aTo-
Ma — 3apgj S/pa, pa3Mepbl aToOMa, 3JEKTPOOTPUIIATEbHOCTh, CTEIIEHU OKUCJIe-
Hug u ap. VI3 aTOMOB XMMUYECKUX 3JIEMEHTOB, a He U3 TIPOCTHIX BEIIECTB COCTOSIT
CJIO’KHBIE BEIIECTBA: TJIOKO3a COCTOUT U3 TAKUX JIEMEHTOB, KaK BOJOPO/I, KUCIIO-
poji, YIIepoI.

HamomHuuM, 4TO 1 MpOCThIe BENIECTBA, W OT/I€JbHBIE ATOMbI, KaK IPAaBUJIO, Ha-
3BIBAIOTCSI ¥ 0003HAYAIOTCS CMMBOJIAMHU TaK K€, KaK M COOTBETCTBYIOIIUN XMMU-
yeckunil anemenT. Hampumep, mpocroe BeliecTBO Me/lb, XUMUUECKUI 3JIEMEHT MeJlh
1 aToM Meau o6o3Havarorcst cumBoioM Cu; TpocToe BelecTBO a3oT Ny, ajleMeHT
a3oT N u atom azora N.

[Ipn Hammunm ammoOTPOTTHBIX MOAMMUKAINI MTPOCThIE BENECTBA MOTYT UMETb
pasuble HasBanust. Hanpumep, siement yriaepog C o6pasyer mpocTbie BelecTBa
¢ HazaHuAMU: rpadutT (Crpagur), anmas (Cyuyas), bysepen (Ce).

CocTtaB ¥ TIPOCTOTO, W CJIOKHOTO BEIIECTBA OTpakaeT XUMUYecKas (opmy-
Jla — YCJIOBHAsl 3allMCh COCTaBa BEIIECTBA € IMOMOIIbI0 XUMUUYECKUX CHUMBOJIOB
M YUCJIOBBIX WHJIEKCOB, MOKA3bIBAIONIAS KAUECMBEHHBI N KOJIUUECTNBEHHBI COCTAB
BeniecTBa. KayecTBEHHBIN COCTaB ONpPEIEJISIETCS BUAOM aTOMOB 3JIEMEHTOB, 0Opa-
3yIONIUX JIAHHOE BEIIECTBO, a KOJMYECTBEHHBIN COCTAB TIOKA3bIBAET COOTHOIIEHUE
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5JIEMEHTOB 110 Yncy atoMoB. Harpumep, xumudeckass opmysia kapboHaTa KabIlist
CaCOj3 oKa3bIBaeT, UTO BEIIECTBO CJIOKHOE, COCTOUT M3 JIEMEHTOB KaJIbIIHIA, yTe-
POl ¥ KUCTOPO/ (KaueCTBEHHBIN COCTAB), 2 COOTHOIIIEHUE aTOMOB KaJIbIlUs, YTI€PO-
na u kucjaoposa B BemtectBe 1 : 1 : 3 yka3piBaeT KOJUYECTBEHHBIN COCTAB.

KosmyectBenHoe cooTHOIIIEHHE aTOMOB B BellleCTBE MOXKHO YCTAaHOBUTDH Pa3-
JUYHBIMA MeTo/laMU. Tak, COOTHOIIIEHNEe aTOMOB YTJepojia M BOJOpPO/la B MeTaHe
paBHO 1 : 4 u ero xummnueckast ¢popmysa CHy, B GeH30J€ 3TO COOTHOIIEHNE PABHO
1: 1, HO, KaKk BaMm M3BecTHO, ero xumudeckas dhopmyna CgHg. IIpaBomepHo 3a1aTh
BOIIPOC: MOYEMY B XUMHUUYECKOU (opmyse GeHsoma unpekcol 6 u 6, a ve 1 u 1? Ilo-
yeMy B XUMUYeCcKo# dhopmyJie mpocToro Beriectsa Bogopos Hy nnneke 2, a opmy-
aa mean Cu MHIEKCOB He cofep:kuT? UToOBI HAWTH OTBETHI HA ATH BOIPOCHI, TO-
BTOPUM WM3BECTHBIE BaM CBeEHNS O CTPOEHWU BEIIeCTBa.

Bewecmea monexynapnozo u HemoneKyaapHo20 cCmpoeHus

PaznmyaloT BetecTBa MONEKYAAPHO20 T HEMONEKYASAPHO20 CTPOEeHMS. BerecTBa
MOJIEKYJIIPHOTO CTPOEHUST COCTOSIT M3 MOJIEKYJI, HEMOJIEKYJSIPHOTO — W3 WOHOB
WJIM aTOMOB.

Monekyna — nHaumenvulas 31eKMPOHEUMpPalvHas YACmuyad 6euecmed, cocmo-
AUAS U3 XUMUYECKU CBA3AHHBIX AMOMOB, CNOCOOHAS CYULCBOBAML CAMOCTOSMEND-
HO U COXPAHSAMb XUMUUECKUE CBOUCMBA BCE20 BEU,CCMBA.

Hucsio aToMOB B MOJIEKYJIE KaXKOTO ONPENEIEHHOTO BENeCTBA CTPOTO TTOCTO-
sHHO. Tak, pasjnyHble METO/bl UCCJAEOBAHUS MTOKAa3bIBAIOT, YTO B MOJIEKYJIe OeH-
3oma 12 atromoB — 6 yriepoja u 6 BOAOpOja, 3HAYUT, U XUMHUYecKas (opmyJia
CeHg. Xumnueckyio dhopmysry BeliecTBa MOJIEKYJISIPHOTO CTPOEHUS HAa3bIBAIOT MO-
AEKYASIPHOU POPMYNOU.

Omdenvras MOJIEKyJIa MPOSIBJISIET OTPEIeIEHHBIE XUMUUECKUEe CBOIICTBA, TO €CTh
crioco0OHa BCTYIATh B XMMUYECKHE Peakiuu ¢ oOpasoBaHueM APyrux semiects. Mo-
JIEKYJIBI CJIOKHBIX BEIECTB MOTYT PacIagarhcst ¢ 00pasoBaHUEM JIPYTUX MOJEKY.L.
Hampumep, n3 mosekysibl atana CoHg MOTYT 06pa3oBaThest 1Be MHBIE MOJIEKYJIbI —
Bozioposia Hy 1 aTunena CoHy. Ho mosekysia He nMeeT 11BeTa, TeMIEpPaTyp ILJIaBJe-
HUS, KUTIEHWS W WHBIX (DU3UYECKUX CBOMCTB BeIeCTBA KaK YCTONYMBONW CHUCTEMBI
MoJieKyJl. BertecTBa MOJIEKYJISIPHOTO CTPOEHUS OTJIWYAIOTCS, KaK MPAaBUJIO, HEBBI-
COKMMHU TeMIlepaTypaM¥ ITLIaBJeHusl W KulleHus. K BelecTBaM MOJIEKYJISIPHOTO
CTPOEHUST OTHOCSITCS BCE Ta3000pasHble M KUAKHWE TIPU KOMHATHOW TeMIleparype
HeopraHnyeckre BelecTBa (3a UCKJIIOYEHWEM PTYTH), HEKOTOPbIe TBEP/Ible HEOP-
raauveckue BemiectBa (Hanmpumep, ioj Iy, dochopuag kuciaora H3PO,) n mogas-
JIIOITee YNCJIO OPTaHUIECKUX COeIMHEHM.

BemectBa MostekyistpHOTO cTpoeHust coctasistior 6osiee 90 % ot obiiero urc-
Jla U3BECTHBIX BEIIECTB.
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@ CTOUT 3aNOMHUTb XUMUYECKne GOpPMysibl MPOCTbIX BELECTB MONEKY/IAPHOrO CTPOEHNA:
+ C OfHOATOMHbIMU MoJiekynamu (6naropogHble rasbl) — He, Ne, Ar, Kr, Xe, Rn;
« [BYXaTOMHbIMU Monekynamn — Hy, N,, Oy, Fy, Cly, Bry, |y
» 66nbWKM yncnom atomoB — Os, Py, Sg.

BemectBa nemonexynapmnoeo cmpoenus cOCTOAT U3 XUMUYECKN CBSI3aHHBIX aToO-
MOB (asMa3, KBapil) Jrb0 3apssKeHHBIX MOHOB (couu, miénoun). [Ipu KoMHATHOM
TeMIiepaType OHU OOBIYHO TIPEACTABISIOT COOON TBEP/bIE HEJETydyhe BeIecTBa
C BBICOKMMM TeMIlepaTypamMy KUTIEHUS W TIaBJIeHus. B UX cocTaBe yCIOBHO MOXK-
HO BBIIEJTUTH MHOTOKPATHO TMOBTOPSIIONIYIOCS TPYTITY aTOMOB WJIM MOHOB, COOTBET-
CTBYIOIYIO TIpocTeiinieii hopmysie. E€é HazpiBatoT (HOpMYIbHON eUMHUIIEH.

@DopmysnpHas eIUHULIA — ZPYNNA aAmomMo8 Ul UOH08, COCMAB KOMOPOU COOMm-
gemcmeyem xumuueckou (npocmeuwieil) dopmyie seu,ecmsa HeMoaeKYAsIPHOZO
CMpoenust.

Hampumep, xumudeckast dopmyrna xmopuzga kambius CaCly — BemectBa He-
MOJIEKYJISIPHOTO CTPOEHUSI — IIOKa3bIBaeT Kak cocTaB (hOPMYJIbHOHN e[MHUIIBI, TaK
U TIPOCTeHIIee COOTHOIIEHNEe YUCTa aTOMOB XUMUYECKUX 3JIEMEHTOB B BeEIECTBE
B 1tesiom (1 : 2).

Xumnueckue (HOPMYJIbI TIPOCTBIX BEUIECTB HEMOIEKYAAPHO20 CMPOoeHUs BbIpa-
JKAIOTCs 3HAKAMH COOTBETCTBYIONIMX 3JIEMEHTOB (€3 YMCJIOBbIX WHiEeKcoB — Fe,
Mg, B, C, Si.

Bonee netanmbHO BOMIPOCHI CTPOEHUS BEMIECTBA MBI PACCMOTPUM B TJIaBe «XU-
MUYECKasi CBsI3b U CTPOEHUE BelecTBay.

Omnocumenvnasn monexyaapuas (popmyavnas) macca

Macca 0601 MOJIEKYJIBI paBHA CyMMe Macc 00pa3yIolux eé aTOMOB, a 3HAYMT,
1 OTHOCUTEJIbHAs MOJIeKyJsspHasi Macca (M) paBHa cyMMe OTHOCUTEJIbHBIX aTOM-
ueix Macce: M (H,S) =2 - A(H) + A(S)=2 -1+ 32 = 34.

AHaJIOTUYHO PACCUMTBIBAETCS OTHOCUTEThbHAS (DOPMYJIbHAS Macca BeIlecTB He-
moutekysisipaoro crpoerust: M (FeS,) = A (Fe) + 2 - A(S) =56 + 2 - 32 = 120.

Ommuocumenvnoii monexyaspuou (opmyavnoil) maccoi eewecmsa M, Ha3bIBa-
ercst Oe3pasMepHast (pu3nvecKast BeJTMUNHA, KOTOPask MOKa3bIBAET, BO CKOJIBKO Pa3
Macca MoJIeKyJIbl ((OPMyIbHON eTUHUIIBI) OOJIbINE eIMHUIIBI ATOMHONU MaCChI 711,

[To xummaeckoit hopMysie MOKHO pacCUYMTaTh MAcCOBbIE JIOJM JIEMEHTOB B Be-

9).
mecTse: () = M, rJle X — YNUCJI0 aTOMOB ajieMenTa J. Hampumep, macco-
Mr(B—Ba)

Bas JI0JIA Cepbl B IIUPUTE:
o(S) = A(S)-2 322

= ~ 0,533, niu 53,3 %.
M_.(FeS,) 120
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HeopraHunyeckre BeliectBa No XMMUYECKOMY COCTaBY AeNATCA Ha Npo-
CTble N CNoXHble. BelecTBa MMeIOT MONEKYNIAPHOE WIW HeMONEeKyNnApHoe
cTpoeHune. CTPYKTYpHOWN eAuHULEN BeLLeCTBa MONEKYNAPHOro CTPOEHUA AB-
NAETCA MONeKyna, HeMoseKynsapHoro — GopmynbHaa eanHuLa.

Kaxkpaa monekyna nnu GopmMynbHaa eAnHMLA XapaKTePU3yeTca CBOUM
KayeCTBEHHbIM N KONIMYECTBEHHBIM COCTABOM.

KonnuectBeHHON XapakTepUCTUKOM MONEKY bl ABAAETCA OTHOCUTENIbHAA
MoseKynapHasa macca M, bopmMynbHOW efuHuMLbl — OTHOCUTeNbHaa ¢op-
MyJibHas macca M,.

Bonpocbl, 3agaHusa, 3agaumn

1. Boinuwnte xummnyeckne dopmynbl npocTbix BewecTs: H,S, N, N, CO,, F,, Fe, CaCl,, Cu,
H, Br,, I,, CaCO3, HNO;3, Ss.

2. YKakuTe, KaueCTBEHHbIN WM KONMMYECTBEHHbIN COCTaB XapaKTepulyeT yTBepXAeHue:
a) B COCTaB MOJIEKYJIbl aLleTOHa BXOAAT aTOMbl Yriepofa, BOAOPOAA W KUCIopoaa; 0) menp,
yrnepop, KAC/IOPOA 1 BOAOPOA BXOAAT B COCTaB ManaxuTa; B) B KallbLIMHUPOBAHHOW cofe Ha
[\Ba aTOMa HaTpVA NPUXOAUTCA OfMH aTOM yrfiepofa 1 Tpu aTomMa KMUCSIOpoZa; ) MaccoBas [o-
A anioMNHUA B ero okcmae pasHa 53 %.

3. OnpegennTe, MONEKYNAPHOE U HEMONEKYNIAPHOE CTPOEHNE NMEET KaxKaoe U3 nepe-
uncneHHbIx Bewects: A — T, 801 °C; b — nnotHocTb 0,76 r/om® (H. y.); B — T 15°CG T —
Tan, 1492 °C.

4. PaccuntanTe OTHOCUTENbHYIO MONEKYNAPHYO (GOpMysbHYI0) MacCy BelecTs, XMmuye-
ckme popmynbl kotopbix: a) NH;, CH3;COOH; 6) Cas(PO,), CuSO, -« 5H,0.

5. OnunwmnTe KauyeCTBEHHbIN 1 KONMYeCTBEeHHbIN cocTaB docdata Kanbumsa Caz(PO,),.

6. Paccuntante maccoBylo [OM0 MeTaisla B BeLleCcTBe, XMmuyeckasa Gbopmyna KOToporo:
a) Al,(SO,);; 6) FeSO, « 7H,0.

7. 3anonHuTte Tabnuuy, CpaBHKBasA BELLECTBA MOJIEKYNIAPHOIO U HEMOJEKYISAPHOIO CTpoe-
HMA No CnedyloWUMm napameTpam: 1) HaMMeHbLUasa CTPYKTYpHaa efuHMLA BeLlecTBa; 2) npoy-
HOCTb CBA3M MeXAy YacTuuamm (HM3KanA, BblCOKaA); 3) arperatHoe COCTOAHME MPY KOMHATHOM
Temnepatype; 4) neTyyectb (CNOCOOHOCTb K MCNapeHuio); 5) TemnepaTtypa nnaBneHUa u Kurne-
HUA (HU3KasA, BbICOKaA); 6) MpUMepbl BELLECTB.

MapameTpbl CpaBHeHMs BewecTBa

MONEeKYJIAPHOro HeEMONEKYNAPHOro
cTpoeHnA CTPOEeHNA

8. OTHocuTenbHaA popmynbHasa Macca conu coctaBa 3,(SO,4); paBHa 392. Onpepenvte Xu-
MUYECKMI 3NIEMEHT, YKaXnTe, Kakoe 13 YeTbIpEX 3HaUeHUn TemnepaTypbl NnaBfeHna COOTBeT-
CTBYeT ero npoctomy Bewlectsy: —259 °C, 85,6 °C, 0 °C, 1890 °C. O6bsAcHUTE Ball BbIGOP.
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9. OnpepfennTe MaccoBytlo AOMI0 a3oTa B cmecn, copgepxalyen 10 r mouyeBmHbl (NH,),CO
N CTONbKO e XJlopuaa Kanus.

10. Pyga copepxunt muHepanbl FeS, (maccosasa gona 92 %), FeAsS (maccosasa gona 6 %)
N npumecu, He cofeprkalyme cepy. Paccuntante maccy cepbl, cogepxalienca B 1 Kr Takow

pyAbl.

§ 3. OCHOBHbIe KnacCbl HEOpPraHNMYeCcKUx coeanHeHNn

W3zyvaembie BelecTBa KIACCU(MUITUPYIOT ¢ YUETOM COCTaBa, CTPOEHUS, CBONCTB
u Apyrux KputepreB. OCHOBHBIMU KJIACCAMM TPOCTHIX BENIECTB SIBJSIOTCS METal-
JIBl 1 HEMETAJLJIbI, CJIOKHBIX — OKCHJIBI, KICJIOTBI, OCHOBaHUsS U cosn. VX coctas,
CBOIICTBA M CIIOCOOBI TOJTyYeHUsT BBl U3ydasu patee. B manHoM maparpade BCom-
HUM TPUHIUIIBI HOMEHKJIATYPBl U Kjaaccudukamm Bemiects (puc. 6).

HEOPTAHUYECKHUE BEIIECTBA

v

¢ I[TPOCTbIE ¢ / i CJIOJKHDBIE ¢\‘

METAJIJIbBI HEMETAJLJIbBL OKCU/IbI OCHOBAHUA KUCJIOTDI COJIn
Fe, Zn, S, P, Oy, Na,O, CuO, NaOH, H,SO,, NaCl,
CI’, MIl, NQ, BI‘2, Ne A1203, PQOS Ca(OH)Q, HNOg, HCl, FeCIQ,
Ca, Na Fe(OH)2 H3PO4 CUSO4

Puc. 6. Knaccbl HeopraHnyecknx BeLlecTs

Memannot — 1tpocTbie TBEP/bIE TPU KOMHATHOM TemIiiepaType BelecTBa (3a
HCKJIIOYEHUEM SKUIKOIM PTYTH), 0bJafaolie MIaCTUYHOCTBIO M TEIIOTPOBOJI-
HOCTBIO, BBICOKOI 3JIEKTPONPOBOIHOCTEIO. [TosimpoBanHbie TOBEPXHOCTH METAJIOB
Bcerza OJiecTsinme.

Hememanawvt — npocTbie TBEP/bIE, JKUAKIUE UM ra3000pasHble TIPH KOMHATHON
TeMIeparype BellecTBa. B TBEPIOM COCTOSHUM OHU, KaK TPABUJIO, HETJIACTUIHBIE
WJIN JIa’ke XPYIKUeE, IJI0XO MPOBOJAT TEIJIO U HIEKTPUIECKUN TOK.

Oxcudvt — CJIOKHBIE BEIIECTBA, COCTOSIIIE U3 JBYX JIEMEHTOB, OJIUH M3 KO-
TOpbIX Kucaopox (9,0,).

OKcuabl METANIOB TIPU HOPMAJIBHBIX YCJIOBUSAX — TBEPbIe BeriecTBa. OKcH-
JIbl HEMETAJLJIOB TIPH THX K€ YCJIOBUSIX MOTYT OBITh B TBEPIOM, JKUIKOM W I'a30-
06pa3HOM COCTOSTHHSIX. 4o

Kucanopon B okcupmax mpogdsisier creneHb oxkucienus —2: CO, (okcupu

2 -2
yraepona(1Vv), 6a0 (oKcH KaJbIus ).
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@ HanomHuM: ecnu aTombl aneMeHTa MOryT CyLLEeCTBOBaTb B PasHbIX MOSIOMKUTENIbHBIX CTEMEHSAX
OKMNCNIeHNA, 3Ty CTeneHb B Ha3BaHMAX UM GOpMysiax OKCMAOB, OCHOBAHWIA, COMell yKa3blBatoT
pumckumy umdpamu. Vix cTaBaT B CKOO6Kax nocsie Ha3BaHWA COOTBETCTBYIOLLErO SfIeMeHTa, Hanpu-
mep: okenp xenesa(lll), rugpokeunp xenesa(ll), xnopwug »xene3sa(ll).

Paszimuaior coreobpasyrouue (KUCIOTHBIE, aM(pOTEPHbIE, OCHOBHbBIE) ¥ Hecole-
obpasyrougue oxcuabl (puc. 7).

OKCH/IbI
e T
HECOJIEOBPA3YIOIIINE COJIEOBPA3YIOHUINE
CO, NQO, NO OCHOBHDIE AMOOTEPHDBIE KUCJIOTHDBIE
v v v
NagO, CaO, AlQOg, CI‘203, SOg, COQ,
MgO, FeO 7n0, BeO P,0s, CrO;

Puc. 7. Knaccndpukauma okcngos

K xucrommuwvim otTHOCATCS OKCH/Ibl, KOTOPbIM COOTBETCTBYIOT KHUCJIOTHI. Kuncnor-
HbI€ OKCHUbI pearupyroT COo mejgo4aMu C O6p330BaHI/I€M COJIN N BO/IbI:

+4 +4
CO, + Ca(OH),= CaCO; + H,0.
Kucaorubim OKCHJaM COOTBETCTBYIOT KUCJIOPOACO/epsKallre KHCJIOTBI: OKCH-

+4 +4
ny CO, coorBercTByeT Kucjaora HyCO5 (cTenenn oKucaeHns yriepojia oJuHaKo-
BBI B OKCHJIE W KHUCJIOTE).
K ocroenvim oTHOCSTCS OKCHUIBI, KOTOPBIM COOTBETCTBYIOT OCHOBaHMsI. OCHOB-
HbIE OKCH/IbI PEArupyIOT ¢ KHCJIOTaMU ¢ 00pasoBaHMEM COJIM ¥ BOJBI:
+2 +2
CaO + 2HCI = CaCl, + H,0.
+2
OCHOBHBIM OKCHJIaM COOTBETCTBYIOT ocHoBanwusi. Hampumep, okcuny CaO co-

+9
otBetcTByeT ocHoBanne Ca(OH)s,.
AmpomepHvle OKCUIIBI PEaTUPYIOT U C KUCJIOTAMM, W CO TIEJI0YaMU:

ZnO + 2HCI = ZnCl, + H,0;
Zn0O + 2NaOH,y, ;NaQZnOQ + H,O1 (ipu cruiaByienun).

Peaxiun amboTepHBIX OKCU/IOB CO TIeJI04aMU MOTYT ITPOTEKATh He TOJbKO TIPU
CIUIABJICHUH, HO U B PAacTBOPE:

ZnO + H,0 + 2NaOH,.,, = Nay[ Zn(OH),].
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Coenunenne Nay[Zn(OH),] oTHOCAT K KJIaccy KOMILIEKCHBIX coefnHenuit. [lo-
MOJTHUTEJIbHBIE CBEIEHNS O TaKUX COEMHEHUSX MPUBEEHBI B KOHIIE JAaHHOTO Ta-
parpada, a Takke B MaTepuajie 0 CBOHCTBaX aM(MOTEPHBIX OKCHIOB M I'MIPOKCHIOB
B riase II u metanios B rmase VII. IR

K wneconeobpasyrouwum oxcugam oraocsst CO, NyO, NO. IIpu koMHATHON TeM-
neparype OHU He pearupyioT HU € KUCJIOTaMH, HU CO TIEeJOYaMU.

Kucnomamu na3biBaloT CJIOKHBIE BEIIECTBA, COJEPKAIINE aTOMbI BOIOPO/A
U KHCJIOTHBIE OCTATKH, TPUYEM aTOMBI BOAOPOJA CIIOCOOHBI 3aMeIaThCsl aTOMa-
MU METaJLJIOB.

KucmoTer Takske ompenessioT Kak 3JeKTPOJUTHI, TIPU ITUCCOMAITIN KOTOPBIX
B BOJIHBIX PAaCTBOPax B KaueCTBE KaTHOHOB 0OPa3yIOTCs TOJBKO KaTHOHBI BOAOPO-
ma H:

HCl — H" + ClI'; HNOy, 2 H" + NO".

B rabuiunax 1 u 2 npuBenéH coctaB U JaHa KaacCH(pUKAIMI KUCIOT O pas-

JINYHBIM TTPU3HAKAM.

Tab6iuia 1. HasBaHus HEKOTOPBIX KHCIOT M X COJIEH

Beckuciopoanbie KHCIOTbI S0 P 6 SO L G
(ruapoxcusbl)
Xumn- HasBanue Haszsanue Xumi- Hassanue HasBanue
yeckas yeckas
KHUCJIOTBI coJm KHUCJIOTBI comu
dopmyaa dopmyaa
HI IZOLLOBoaopoz[Ha}I Womun HNO;4 AsorHas Hurpar
HBr bpomoBonoponnas Bpomun HNO, Azorucras Hurpur
HCI XJ10poBONIOPOIHAS Xmopup H,SO, Cepnast Cyabdar
HF DropoBosiopoHast Droput H,SO4 Cepnucras Cynbhur
H,S CepoBomopomHast Cymnbdun H3PO, Dochophas Docar
H,COg4 YrompHaas Kap6onar
H,Si04 Kpemuuesas Cunmkar
HCIO, XnopHast [Tepxmopat
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Tabmna 2. Knaccudukamus Kucaor

Ipusnak kraccuduKamu Knaccudukaiymonnsie rpymnib IIpumepbr
Heoprannveckue (MuHepajgbHbIe) HCI, H,SO,;, HNO;3
[lo mpoucxoxaenmio
’ ’ Oprannyeckre (KapOOHOBBIE) HCOOH, CH,COOH,
P P C,;H3;COOH
Kucnopozgconep:xarrie H3PO, H,SO,4 HyCO3
[To HanmMuuio aTOMOB
KHUCJIOpoJIa
oA Beckuciopoiabie HCI, H,S, HF
ITo yucmy aToMOB BO- OH00CHOBHBIE HNOs, HE, HCI, CH;COOH
JI0POJIa, CIIOCOOHDIX 3a-
MENaTbCsd aTOMaMU MuoroocHOBHbIE ([IBYXOCHOBHBbIE, H,SO,, H,SO3, Hy,CO3,
METAJJIOB TPEXOCHOBHEIE) H5POy
ITo cune (CHOCO6HOCTI/I CubHble HzSO4, I‘INOB, HCL HC]O4
JICCOLMMPOBATD HA MOHDI
B BOJIHOM PacTBOPE) Crabbie H,S, H,Si03, CH3;COOH

OcHosanus — CJIOKHBIE BEIECTBA, COCTOSIINE U3 AaTOMOB METAJLIIOB M TH/POK-
corpynn OH: rugpokenn natpusi NaOH, rugpokenn xenesa(1l) Fe(OH)s,.

OcHOBaHMS — 3TO 2JIEKTPOJUTHI, IPU JMCCOIMAIINYA KOTOPBIX B KayecTBe aHU-
OHOB 06pa3yIoTCst TOJMBKO THAPOKCcHI-noHbl OH ™

NaOH — Na*+ OH;  Ca(OH), — Ca* + 20H".

Bce ocnoBamnusi pearnpyiot ¢ KucJaoTamu, oOpasysi coJib U BOAY (peaxiusi
HelTpanusaium):

Mg(OH), + 2HCl = MgCl, + 2H,0.

B ocnose kmaccupukanum ocHOBaHWH JiesKaT CJIeyIoNe TTPU3HAKH.

1. Yucno epynn OH. 1lo yucay rpynn OH, npuxoadmmxcs Ha OJ[MH aTOM Me-
tayia, pasanyaior ogHokuciaorusie (NaOH, KOH, LiOH) u mHoroxucmotubie
(Mg(OH),, Ca(OH),, Fe(OH)y) ocHoBanu4.

2. Pacmeopumocmsv ¢ 6ode. Tuipokcuabl MeTaloB — TBEP/bIE BeliecTBa. Boj-
HbBIIT pacTBOp ammuaka — ruzgpar ammuaka (NHs - HyO) — Ttakske obrazaer 0CHOB-
HBIMU CBOFCTBAMU U IUCCOIUUPYET ¢ 0Opa3oBaHUeM THUAPOKCHI-UOHOB. /[Jist TOTO
4TOObI TIOYEPKHYTH 9TO CBOUCTBO, (hOPMYJIy THpATa aMMHUAKA YaCTO 3alTUCHIBAIOT
B mpuBBIYHOM 7151 ocHoBanuil Buge — NH,OH. [lo pacmeopumocmu B Bozne neop-
raHnyeckre OCHOBAHMS JIeJIT Ha pacTBOpUMBIE (IIEJI0UN) U HepaCcTBOPUMBIE.
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HJénouu — 310 pacTBOpMMbBIE B Bo/le OCHOBaHM. K 1esoyamM OTHOCAT pacTBO-
pUMBbIe TUIPOKCU/IBI BCEX 3JIeMeHTOB [A-rpymimsl 1 MIETOYHO3EMETbHBIX METAJIIOB!
CTPOHIHUS, GAPUsT, PAJIKsl, BKIIOUYAs MAJIOPACTBOPUMBIN THIPOKCH/] KAJTbIUI.

Amdotepubie rugaporcuasl Zn(OH),, Be(OH),, AI(OH)s, momobHO cooTBet-
CTBYIOIITUM UM OKCHJIaM, PearupyioT Kak ¢ KUCJIOTaMH, TaK M cO IejodamMu. B3an-
MOJIeiCTBHE CO TIeJI0YaMu BO3MOKHO B pacijlaBaX W pacTBOpax:

Al(OH); + 3HCI = AlICI5+ 3H,0;
t
Al(OH)3 + NaOH,;) = NaAlO, + 2H,0 (cnasnenue);
Al(OH)5; + 3NaOH = Nas[|AI(OH)g] (pactBop).

Conu — 3TO CIOXHBIE BEMIECTBA, COCTOSIINE W3 aTOMOB METAJJIOB M KUCJOT-
HBIX OCTaTKOB.

C TOYKM 3peHusl TeOPUH JIEKTPOJTUTUYECKON JAUCCOIMAIMN COISIMA HA3bIBAIOT
CJIOJKHbIE BEIeCTBa, MPH UCCOIMAIIINE KOTOPBIX 00pas3yioTCsi KATHOHBI METAJJIOB
U aHUOHBI KUCJOTHBIX OCTATKOB:

Na,SO, — 2Na* + SO~

K cosgam oTHOCAT Takke coeJiMHeHus, cojep:Kaliie MOH aMMOHMSI U KUCJIOT-
Hbiii octarok (xmopun ammonusst NH,Cl, cyiabsdar ammonust (NH,),SO,4 u ap.)

B ocnose cucremaTnueckux Ha3BaHUI COel JiesKaT Ha3BaHUS KUCJIOTHOTO OCTaT-
Ka M MEeTa/lIa C YKa3aHUeM B CKOOKaX PUMCKUMU Ii(pamMu CTEIIEHN OKUCJIEHHST aTo-
MOB MeTaJljIa, ecJii OHa MOJKeT MMeTh pasHble 3HaYeHus. Harmpumep, MgSO, — cyiib-
dat maruust, FeCly — xmopun xenesa(Il), Feo(SO,); — cynbdar skenesa(III).

B 3aBucuMoCTH OT TMOTHOTHI 3aMEMIEHNsT ATOMOB BOIOPO/IA B KUCJIOTAX Pa3Jiv-
YAIOT CPedHue U KUCIble COJIH.

Kucabie comn moryT o6pa3oBbiBaTh MHOTOOCHOBHBIE KucA0THI (H,SOy,
H,CO3, H,S, H3PO,) nipu yacTUUHOM 3aMellleHUMH aTOMOB BOJIOPO/Ia B UX MO-
gexynax. Hamnume B cocTtaBe KHUCJOH cOJMM aTOMOB BOJOPOJa OTpakaeTcs
B HazBanuu, Hanpumep NaHCO; — rugpokapbonar HaTpusi (IIUTheBast COza),
Ca(HCOj3)y — rugpokapbonat kaibiuss, NaH,PO, — auruapodochar Hatpus,
NaHSO, — ruapocyabdar Hatpus.

Ha caenylonieil cxeme InokasaHa BO3MOKHOCTb IIOJTHOTO U HEIOJHOTO
3aMeIeHus.

H,SO4 Na,SO, — moHOoe 3ameleHne aToMOB BOIOPO/IA, CPEHSST COJb
KHCJIOTA

NaHSO, — yactuuHoe 3amelieHne aToMOB BOJIOPOIA, KUCJIAst COJIb
MHOTOOCHOBHAsI

Mpy HEMONHOM 3aMeLleHUN TMAPOKCOrPYNM B OCHOBAHUMN Ha KUCNOTHbIE OCTaTKM 06pasytoT-
CA OCHOBHble COnU. B KauecTBe MprMepa OCHOBHbIX coneil MoxHO npueectn Al(OH),NO;. 3Ty
CONb MOXHO paccMaTpMBaTb Kak MPOAYKT 3amMelleHna ogHol rpynnbl OH B ocHoBaHumn Al(OH);
Ha KMcnoTHbI ocTtaTtok NO3.
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OThenbHyto rpynny conei 06pasytoT Tak Ha3biBaeMble KOMNJIEKCHble coeOUHeHuUs. B Kypce xu-
Mum 11-ro Knacca Bbl BCTPETUTECh C HEKOTOPbIMU 13 Takux coefHeHnit: Na,[Zn(OH),] — TeTpa-
rmgpokcoumnHkat Hatpua, K3[AI(OH)s] — rekcarnppokcoantommHat Kanma. OHM copepkaT KoM-
NNEKCHbIE NOHbI, KOTOPbIE B XMMMUYECKMX GOPMYSax 3aK/ioyaloT B KBagpaTHble CKOOKN.

Comn, B cOCTaB KOTOPBIX BXOJAT MOJIEKYJIbI BOJIBI, HA3bIBAIOT KPUCTAJIOTH/IPA-
TaM”, a Bojla — Kpuctajmusdaimonnoi: FeSOy - 7H,O (Gkese3Hbril Kynopoc, min
remrraruzpat cyabgara xeaesa(Il)), Na,SO, - 10H,O (roaybepoBa coib, wiu Je-
Karuapar cyJybgarta HATPUs).

@ M3 Kypca opraHM4eckol XMmun Bam U3BECTHbI COMM KapOOHOBbIX KMCNOT (aueTaT HaTpusA
CH3COONa, cteapat kanusa C;7H35COOK) n conn ammHoB (xnopug metunammonHua CH3;NH;Cl, ru-
apocynbdat peHunammonma CgHsNH3;HSO,).

K OCHOBHbIM Knaccam MPOCTbIX HEOPraHNYeCKMX BeWeCTB OTHOCAT Me-
TaJibl 1 HEMETallbl, CJIOMKHbIX — OKCUAbl, OCHOBaHWNA, KNCNOTbl 1 COJIN.

Bon POCbl, 3af4aHNA, 3aa4n

1. 3anonHuTe Tabnuuy, ncnonb3ya dopmynbl Bewects: Fe(OH),, CaO, H,S0, SO;, CO,,
NaOH, Na,SO,, HCl, H,SO;, K3PO,, Ba(OH),, KCI.

Okcunapl Kncnotbl OcHoBaHusA Conn

2. Boinuwwmte Gopmynbl 0AHOOCHOBHbIX KncnoT: HsPO, CH3COOH, HI, H,S, HNO,,
3. CoctaBbTe GOpPMyIbl OKCMAOB: @) COOTBETCTBYIOLUMX KUCTIOTaM:

+3 +5 +5 +4 +6 +4
Kucnota HNO, HNO; HsP0, | H,CO; | H,S0, | H,S0;

KncnoTtHbIn okenpg

6) COOTBETCTBYIOLNX OCHOBAHUAM:

OcHoBaHue LiOH NaOH Ba(OH), | Ca(OH), | Fe(OH), Sr(OH),

OCHOBHbIN OKCUf

4. HasoBute BelecTtBa, dopmynbl KoTopbix: a) Fe,0;, Fe(OH),, H,S, CuCl,, SO;, H,SO;,
Mn(OH),; 6) CO, KOH, MgCl,, HNO;, Fe,03, Al;(SO4)3, Cu,0, Cu(OH),.

5. CocTaBbTe Gpopmynbl BelecTs: a) okcug bapusa, rugpokeng xenesa(lll), creapat kanusa,
cynbdat Hatpua, cynbdua Kanbuma, cynbouT Kanus; 6) okcua nutua, okenp megu(l), rugpok-
cnp 6apua, pocdat Kanbuus, GTopug HaTpuA, CTeapaT KasbLus.
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6. BbibepuTe BellecTBa, pearvpytoLme: a) C CONAHON KUcnoTon: rugpokemp xenesa(ll),
okeung yrnepoga(lV), okeng marHus, rugpokcug 6apus, xnopug 6apus; 6) C rmagpoKcMaoM Ka-
nnA: oKCenAa MarHua, okema yrnepopa(lV), cepHaa Kncnota, xnopug HaTpua, xnopug xenesa(ll).
CocTaBbTe ypaBHEHNA COOTBETCTBYIOLMX peakLui.

7. BbluncnuTte 1 cpaBHUTE MacCOBYIO [1OM0 HaTPUA B ero xnopuge u cynboare.

8. Onpegenute snemeHT X 1 Ha3oBuTe coepmHeHune K3;XO, MaccoBas gona Kucnopopga
B KoTopoMm paBHa 30,19 %.

9. HaszoBuTe BelecTBa B CXeMe, COCTaBbTe YPaBHEHNA Peakunii COracHO Cxeme:

HNO,

1 2 3 4 5
Ba — BaO — Ba(OH), — BaCl, — BaCO; — ---

10. Paccuntarite MaccoBylo JOSIO XJIOpa B CMeCK, B KOTOPOW MaccoBas AonA Xaopuaa Ka-
nna coctanaet 67 %, xnopuga Hatpua — 27 %, OKCUAOB KpeMHUA 1 xenesza — 6 %.

§ 4. KonnuecTtBeHHble XapaKTepPUCTUKMN BeLLecTBa

Hayka maurHaercs ¢ TeX mop, Kak HAuMHAIOT U3MEPATh.
TouHast Hayka HeMbicaUMa (€3 Mepbl.
JI. . Menoenees

CaoiicTBa BemecTB, KOTOPbIE MOKHO OIIEHUTh KOJUYECTBEHHO, C TTIOMOIIBIO M-
ceJT, Ha3bIBAIOTCS PUUUECKUMU BETUUUHAMU.

Besmuunbl, xapakTepusymoiiue Maccy udactull BemtectBa (A, M, m,) niu co-
JlepskaHue BellecTBa B cMecu (MaccoBast 1ot o(B-Ba), 00bEMHAsT 10yt O(B-Ba)),
MBI paccMOTpesH B Tipeabiayux maparpadax. Hexoropsie Bemmuntbl (00béM V,
IJIOTHOCTB P, Macca m) MoJAPOoOHO M3YJYalnuch B Kypce (HU3UKH.

B mannom maparpacde OoJiee JeTaJIbHO PaCCMOTPUM OCOOEHHOCTH OJIHO¥ U3 ce-
MU OCHOBHBIX (usmueckux BeanunH MexayHnapoanoit cucrembr equnui; CU —
KOJIMYECTBO BEIIECTBA, TAaKKe M3BECTHOW BaM I10 MPEAbIIYIIUM TO/laM U3y4eHUst
XUMWUH U (QUBUKH.

Konuuecmeo eewecmea (xumuuecxoe xoauuecmeo)

BermiectBa yyacTBYIOT B XUMUUYECKUX PEAKIIMSAX B ONPEAETEHHBIX KOJIMYECTBEH-
HBIX COOTHOILIEHUSIX.

Yro0bl yCTAaHOBUTH B3aMMOCBS3b YKMC/Ia B3AUMOAEHCTBYIOIINX YaCTHUI] ¢ MacCOM
1 00bEMOM, BB/ (DU3UYECKYIO BETUYNHY — KOJIMYECTBO BEIECTBA.

KoauyectBo BemecTBa (XMMHYECKOE KOJIMYECTBO) — 3mM0 pusauueckas eeau-
YUHA, PABHAST OMHOWEHUIO YUCLA CIPYKMYPHOIX eOUHUY, COCMABSIOUUX €20 Nop-
Uu10, K noCMosHHou Asozapo.



22 OCHOBHbIE MOHATUA U 3aKOHbI XUMUN

YeaoBHOe 00603HAYeHME KOJMYECTBA BELIeCTBA — 7, eJUHUIA BEJIMYUHbI —
1 mMonb. Konuuecmeo eewecmea xapakTepusyeT YUCIO0 JTHOObIX KOHKPETHBIX YaCTHIL
(aTomMOB, MOJIEKYJI, TOHOB, (DOPMYJIBHBIX €AMHUI]) B TAHHOW MOPITHH.

Moub — 9mo edunuua Koruuecmea éeuecmea (XUMUUECKO2Z0 KOIUUECTEA).

1 MONb — KOJIMYECTBO BelecTBa, Kotopoe coaepskut 6,02 - 102 crpykrypHbIx
eINHUI] BelecTBa (aTOMOB, MOJIEKYJI, HOHOB WJIM (DOPMYJIbHBIX €IUHWIIL).

N, = 6,02 - 10 moms ! — 210 dynmamenTanbias Gusmdeckas KOHCTAHTA, Ha-
3BaHHAS «NOCMOSIHHASL AB02a0po». VIMEHHO CTOJIBKO aTOMOB COIEPKUTCST B TIOPIIUT
yrireposia-12 maccoit 12 1. Ctojbko ke (hOpMYJTbHBIX eINHUI] COAEPKUTCS, HATIPH-
Mep, B opiinu okcuza kpemHusa(IV) maccoit 60 1, unciieHHO paBHOUM €ro OTHOCHU-
TeJIbHOW (POPMYJIBHOW Macce.

KosinuecTBo BeliecTBa B HEKOTOPOU TOPIIMU MOKHO PACCUUTATh JeJeHUEM
YHUCJa BCeX YacCTUI[ Ha YMCJIO YaCTHUIL, cojiepKaiuxcst B 1 MoJib BelecTBa:

n=—-.
Na

Takum 006pa3oM, BBOISI eMHUILY M3MepeHus: 1 MoJIb, TEPEXONM OT PacCMOTpe-
HUS B3aUMOJIEHCTBUS OT/IEBbHBIX YaCTUIl K PACCMOTPEHUIO B3aMMOJICHCTBUS TIOP-
U BEIIEeCTB.

Moanapuaa macca

Wcnonbp3oBanue enHUIbI U3MEPEHUsT KOJINYeCcTBa BellecTBa I03BOJISIET B3Be-
HIMBaTh BellecTBa ONPEAeJEHHBIMU MTOPHUAMU KOJIMYECTBOM 1 MOJIb MJIM HECKOJIb-
ko MoJseil. Macca o/lHOro MoJisl BelllecTBa YMCJEHHO paBHa MOJIsIpHON Macce M. Eé
TaKKe MOKHO PAcCUMUTATH JICJIEHUEM MAaCChl TOPIIMU BEIeCTBa 7 HAa €ro XuMuye-
CKOE KOJMYECTBO (UMCIO MOJIEH ):

m
M=—.
n
Takum 06pa3oM, MOJSPHAs Macca — GEIUYUHA, PABHAS OMHOULCHUN) MACCHL

NopYUU 8ew,ecmea K €20 XUMUUECKOMY KOJIUUECmay.

PasmepHOCTh MOJISIPHOIT Macchl — KI/MOJIb, HO XUMHUKHU Yallle MOJb3YIOTCS T0JTh-
HOU eAuHUIEN T/MOJb. YHCIEeHHO MOJISIpHAs Macca paBHAa OTHOCUTENIbHOU MO-
gexyssapHoit (hopmysbHOI) Macce. CpaBel;TUBO TOJTBKO YHCIEHHOE PABEHCTBO,
MMOCKOJIBKY PeUb WJET O Pa3HBbIX (hPU3NUECKUX BeMunHaX. MoJsipHas Macca Xapakre-
pH3yeT MOPIMIO BelecTsa, coepskamyio 6,02 - 10% uacTuIl, OTHOCHTETBHAS MOJIEKY-
JIIpHAsA Macca — OHY YacTuiry (MoJjexysy, (hopMyIbHYIO euHuIty u ap.). Hanpu-
mep, M(CO,) = 44, saaunt, M(CO,) = 44 t/mMosb. MonsipHast Macca 3aBUCUT Kak
OT KOJIMYECTBEHHOTO, TaK M OT KaueCTBEHHOTO cocTaBa BemiecTBa (puc. 8).

3Hast TpebyeMoe JIJIsT XUMUYECKON PeaKIMi KOJUYECTBO BEIIECTBa, JIETKO pac-

CYUTATh €r0 Maccy 1o (opmy.Jie:
m(X) = M(X) - n(X).
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L

H,018r H,S0,98r Cinurox Al27r  Monokpucraiui H,2r 1 MoJIh
NaCl 58,5 N, 28 r

a 0 6

Puc. 8. Mopuwnn Bewects Konnyectsom 1 monb:
a — Xupkux, 6 — TBEPAbIX, 8 — ra3o000pasHbIX

Tak, Hanipumep, 1151 cuHTe3a HyxkeH okcuy mean(1l) xommyectsom 0,25 Moub.
[Tockosbky mosgprast macca M(CuQO) = 80 r/mMoJb, TO Macca ero TMOPIUKA COCTAB-
aser: m(CuO) = M(CuO) - n(CuO) = 0,25 moub - 80 r/mob = 20 T, TO €cTh dKC-
nepuMeHTaTOp 0JKeH B3BecuThb 20 T okcmma memau(Il).

[ToMrMO MOJIIPHOI Macchl, Kak/J0€ BENECTBO MMEET MOJSPHBI 00béM V.,
TO ecTh 00BEM BelecTBa KOJIMYECTBOM 1 MOJIb.

Mousipubiii 00b€M raza Vy, — seiuuuna, pasuas ommoulenuio 06séma 0anno
nopuyuu sewecmsa V(X) k ezo xumuueckomy xoauvecmey n(X) 6 amou nopyuu:

V(X
m n(x) *

MoutsspHbIit 00BEM TBEPIBIX BEMIECTB U JKUIKOCTEH 3aBUCHUT OT UX ILIOTHOCTH.
MosisipabIil 00bEM BOJIBI, KMCJIOTBI, META/JIa ¥ COJIU Pa3jIMdyeH, MOTOMY YTO WX
IJIOTHOCTH TOKe oTimyatorcst (puc. 8). MoJisipabIil 00bEM BelllecTBa MOKHO TaK-

m
JKe paccumTaTh, MPUMEHUB MU3BECTHYIO hopmysry V =—:

V- m_n-M_%,

m

v
n p-n p-n p
rjie p — IJIOTHOCTb BelecTBa.
Hanpumep, MoIspHBIIT 00bEM YKCYCHOU KUCTIOTHL:
V. (CH,COOH)= M(CH,COOH) _ 60 I‘/MOJII;
p(CH,COOH) 1,05r/cm
PaccuntaeM MOJSPHBII 00BEM JIBYX MTPOM3BOJIBHO BHIOPAHHBIX Ia30B — a30Ta
1 MeTaHa (IIPU HOPMAJIbHBIX YCJIOBUAX):

=571 cMm®/MoiIb.

V, (CH,)= 1004 I/MOIb oy 4o
0,7168 r/am
V. .(N,)= 28,01 r/momn ~ 22,4 1M%/MOIB.

1,250 /v’
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Wrak, sBa MPOU3BOJHHO BBIOPAHHBIX PA3IMYHBIX Ia3000pPa3HbIX BEIIECTBA —
MeTaH U a30T — KOJM4YecTBOM | MOJIb TPU OJMHAKOBBIX YCJIOBUSIX 3aHUMAIOT OIMH
U TOT ke 00bEM. DTO XapaKTepHO ¥ JIJIs JTIOOBIX JAPYTUX Ta3oB. [Ipu HOPMaTbHBIX
YCJIOBUAX MOJISIPHBII 00béM rasza V,, = 22,4 1m3/MOJIb.

HamomuauMm, uyto HOpMasbHble yciaoBud — 3to temieparypa 0 °C (273 K),
nasiaenne — 101,325 xIla.

PaBeHCTBO 0OBEMOB Pa3HbIX Ta30B KOJMYECTBOM 1 MOJIb, M3MEPSIEMbBIX B OJHHUX
U TeX JKe YCJIOBUSX, OOBSCHSIETCS OJMHAKOBBIM YHCJIOM MOJIEKYJI B ciiydae 06oux
ra3oB U OJIHUM U TeM K€ PACCTOSHUEM MeXIy MoJeKyiaamu. B rasax, B ortandue
OT JKMJIKMX M TBEP/BIX BEIECTB, pa3MePbl MOJIEKYJI He OKAa3bIBAIOT 3HAYMTETbHOTO
BJIMSTHUST HA MOJISIPHBIN OOBEM.

CucremaTusupyeM BaKHEWITHNE KOJUYECTBEHHBIE XapaKTEPUCTUKU BEIECTBA
u ux cmeceii (tabu. 3).

Tab6suna 3. KoaMyecTBeHHbIEe XapaKTEPUCTHKY BEIECTBA, NOPLUUH BEleCTBa
M BelllecTBa B CMeCH

KosmuecTBeHHbIE XapaKTEPUCTUKHU

Bemecrso Ilopuus BenecrBa
O6o3Hauenue O06o3HaueHHe
Beamuuna Beanunna
U €/TUHUIIBI U3MEePEHHST U eJIUHULBI H3MePEHHsT
OTHOCHTEIbHAST MOJICKYJISIP-
YAp M, — Macca m KL, T
Has ((popMyJibHAS) Macca
MousipHas Macca M T/MOJIb O6bém Vv M
. .. KommuectBo
MousipHblii 06bEM Vin M3 /Mo n MOJTh
BelllecTBa
[IroTHOCTD p Kr/M3 Yycio
CTPYKTYPHBIX N —
MaccoBag noss ajeMeHTa ® — % enHuUI (4acTHIL)

Be].lleCTBO B CM€CH

MaccoBas 10151 BelecTsa ® — % Mouapnas
KOHIIeHTPaIsI c Monb/z[M3
OO6bEMHAA 10J151 BEILECTBA [0} — % BelecTBa
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KonnuecrtBo BewecTBa (Xummnueckoe KonnmyecTBo) — 310 Gpusnyeckas
BENINYMHA, PaBHAA OTHOLIEHWIO YMCNa CTPYKTYPHbIX €4MHML, COCTaBAAIOLMX
ero nopumto, K NnoctoaHHon Asoragpo.

KonnuecTBo BellecTBa MOXET ObiTb PACCUNTAHO MO OAHOW 13 TPEX hopMy:

N m 4
n=—,n=—,n=—.
N, M V.,

Bonpocbl, 3agaHuna, 3agaumn

1. HazoBuTe dpusmyeckme BennUmnHbl, o6o3Havaemble cumBonamu: N, N, V, Vi, m, w, p.

2. 3anuwunTe Ha3BaHUS GM3NYECKUX BESIMUYUH, ANA U3MEPEHUs KOTOPbIX NpeaHa3HauyeHo
nabopatopHoe obopyaoBaHue, NpefcTaBieHHoe Ha pUCYHKe 9.

4 T i -
LS l '
2 0
Puc. 9. NNabopatopHoe obopyaoBaHue Ana M3MepeHuin:

a — MepPHbIV UMANHAP, 6 — MEePHbI CTakaH, 8 — BeCbl SIeKTPOHHbIE, 2 — aPeoMeTp,
0 — BeCbl YalleyHble, e — fnHenKa.

PR by 2 e e e M e ]

TSI SR, YT Y5 B Y . L

a 6 6 e

3. PaccunTtante KOnmuecTBO YrneKkmcnoro rasa (monb), cogepxatero 1,505 - 10%3 mone-
Kyn.

4. OnpepennTe, Kakol 06bEM (H. y.) 3aHMMaEeT MeTaH: a) KonmyectBom 1,5 mMosb; 6) mMac-
com 24 Kr.

5. PaccumTante OTHOCUTENIbHYIO MOJIEKYNAPHYIO (GOPMYNbHYI0) Maccy, MONAPHYI0 Mac-
CY, YNCNO CTPYKTYPHbIX eAunHnL, 1 06bEM nopumum BeLlecTBa Maccon 15 r, ecnv BelwecTBOM
aBnAeTca: a) ykcycHasa kucnota (p(CH;COOH) = 1,05 r/cm®); 6) antomunnii (p(Al) = 2,7 r/cm’);
B) Kmucnopog (H. y.); r) xnop (H. y.).

6. Paccuntante maccy monekyn O, n H,O B a. e. M., rpaMmax, Knnorpammax.

7. OnpepennTe Maccy cMecu, cocTosallen 13 12 monb BOAOPOAA U 8 MoMb asoTa.

8. OnpepennTe YMCIO BCEX aTOMOB B oKcuae KpemHuAa(lV) maccom 3 T.

9. KakoBa Macca YKCYCHOW KMCNOTbI, COAepallan CTOMbKO e aTOMOB, CKOJIbKO VX 1Me-
eTCA B YrNeKncsiom rase maccov 704 r?

10. OnpepennTe MaccoBylO0 AONIO yrnepoda B CMeCU, COCTOALEeN 13 3 MOfb YrNeKUCIoro
1 5 MOJb yrapHoro ra3sos.

O
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§ 5. OCHOBHbI@ 3aKOHbI XUMW. 3aKOH NOCTOAHCTBA
COCTaBa BewecTBa. 3aKOH COXpaHeHNA MacCbl BellecTs

(DyHIIaMeHTaJIbeIG 3aKOHBI XUMWU ITO3BOJISIIOT OIMHMCHIBATH KAaueCTBEHHBIN
1 KOJIMYECTBEHHBIN COCTaB BEIIIECTB, a TaKyK€ N3MEHCHHNA COCTaBa B XOJ4€ XWMU-
YECKUX HpeBpaHIeHHﬁ. be3 3nanus aTNX 3aKOHOB HEBO3MOKHBI XMUMUYECKUI aHa-
JIN3 COCTaBa BE€HIECTBaA, BbIYMCJ/IEHWE KOJIMYECTB pearcHTOB /JId IIPOBEACHUA XU-
MHNYECKHUX peaKHI/Iﬁ B IIPOMBIIIJIEHHOCTHU W B JIa60paTOpI/II/I, OIIpe/leJIEHNE BbIXOda
IIPOAYKTOB.

3axon nocmoancmea cocmasa eeuecmea

3aKkoH MOCTOSHCTBA COCTaBa BemlecTBa ObLI yCTAHOBJEH (QDPAHI[Y3CKUM YyUé-
ueiM JK. [Ipycrom B 1801 romy.

B coBpemennoit ¢opMyaMpoBKe 3aKOH TJIACUT: BCSAKOE XUMUUECKU YUCMOE G-
WeCcmeo MONEKYASAPHO20 CIMPOEHUS HE3ABUCUMO OM CNOCOOA NOIYYeHUs UMeem No-
CMOSAHHDLL COCMAB, TO €CTh COCTOUT M3 OJHUX M TeX K€ XUMHUYECKUX 2JIEMEHTOB,
ATOMBI KOTOPBIX HAXOJSATCS B TOCTOSTHHBIX I/ JAHHOTO BEIECTBA KOJTMYECTBEH-
HBIX COOTHOIICHUSIX.

3axon [Ipycra ykaspiBaeT Ha TO, YTO COCTaB WHAWBUIYATHHOTO YHCTOTO Be-
IecTBa MOKET OBITh OTMCAH ONpPeAeEHHON Xummudyeckoi (opmyJioii. Hampumep,
KakuM Obl CIIOCOOOM HU TOJIyYasid YTJIEKUCHbIA a3 (CKUTaHUeM YIJIst, JeiiCTBY-
eM KHCJIOTBI Ha MpaMop, OKHMCJIEHWeM MeTaHa), MaccoBas JOJsS yrjaepoia B HEM
cocraBiisieT 27,27 %, kucaopona — 72,73 %; Macchl yriepoja U KHCJI0POIa COOT-

8

HocaTcs Kak: 27,27 : 72,73 = 3 : 8. CooTHollleHIe UX KOJUYECTB: —2 : E =1:2
CremoBaresibHO, B BEMIECTBE HA OJIMH aTOM YTJEPOja TPUXOAUTCS /[Ba aTOMa KHUC-
J0pojia, To ecTh Xxummuueckasi opmysna CO,.

ITokaxkeM, Kak ompeaeuTh (GoOpMyJIy BellecTBa B OOJiee CIO0KHBIX CIIydasx
(pumep 1).

Ipumep 1. B pesysbraTe aHajin3a OpraHUYeCcKOro BeleCTBA yCTaHOBUJIU,
YTO MacCOBbIE JIOJIU YTJIEPO/Ia, BOJOPO/A U KUCJIOPOJa B HEM COOTBETCTBEHHO
paBHbl 44,78 %, 7,46 % u 47,76 %. Onupenenute HopmyJiy BellecTBa.

[lano: Pewenue

o(C) = 44,78 % [IycTp Macca mopuuu JaHHOTO BellecTBa paBs-
o(H) = 7,46 % na 100 1, Torga Macchl 51€MeHTOB OyAyT PaBHbL:
o(0) = 47,76 % m(C) = 44,78 r; m(H) = 7,46 t;

C,H,0, — ? m(QO) = 47,76 1, U UX KOJTMYeCTBa:
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n(C)= 4478t _ 3,73 MoIIb,
12 r/momb

n(H)= LGF =7,46 MOJIb,
r/MOJTb

n(0y=—LT6T 9 99 yom.
16 r/mouib

WNupexcel B xXuMudeckoii (popMyJie MOKa3bIBAIOT COOTHOIIIEHNE KaK OT/IeJb-
HBIX aTOMOB, TaK M UX KojmdecTB. HaliléM COOTHOIIEHNEe KOJTUYECTB aTOMOB:

x:y:z=n(C):n(H):n(O) =373 monb : 7,46 momb : 2,99 momb =
= 3,73 : 7,46 : 2)99.

OmnpenennM WHAEKCH X, y W z. Jl7g 9TOro Kaxkjoe M3 HAUJEHHBIX YUCE
pazjiesiuM Ha HanMeHblllee U3 HUX, TO ecTh Ha 2,99, a 3aTeM YMHOXWUM Ha 4
JJTST TIOJTYYEHUST TIeTOYNCIeHHBIX 3HAUYEHUI:

x:y:z=125:25:1=5:10:4.

CrenosaresibHo, ipocTeiinias hopmymaa BemnectBa CsHgO,.

Omesem: C5H(O,.

Takum 06pa3oM, 3HAHNE MACCOBBIX [I0JIEN IEMEHTOB B BEIIECTBE WU UX MacC
B OIIPEe/IeJIEHHON TOPIMHK BellecTBa [103BOJIIeT YCTAaHOBUTh (hOPMYJIy BellecTBa.

B ciyyae HEKOTOPBIX BeleCTB HEMOJIEKYJSPHOTO CTPOEHUS 3aKOH ITOCTOSIH-
CTBa COCTaBa CIIPABEJIUB JIUIIH MTPUOJUUTENBHO. VX cOCTaB MOXKET B OIlpee-
JIEHHBIX TIPe/Iesiax BapbUPOBATHCS B 3aBUCHMOCTU OT YCJOBHUII CHHTE3a WK 00pa-

OOTKM BelllecTBa.
-

[lnA BelecTB HEMONEKYNAPHOIO CTPOEHMA UMEIOTCA OTKIIOHEHUA OT 3aKOHA, KOTOopble He MOr-
nm 6biTb BbiABReHbl B XVII-XIX Bekax M3-3a OTCYTCTBMA TOYHbIX METOLOB aHanu3a. Tak, okcup
xenesa(ll) umeet coctas B nHTepBane FeyggO—Feq 950, okeng tutana(lll) — Tiy0, ¢—Tiy05 4. OgHa
M3 MPUYMH HapyLeHNA cocTaBa KpoeTcA B AedeKkTax, BO3HMKAWMX Npyu GOpMUPOBaHN Kpu-
CTanIoB HEMONEKYIAPHbIX BelecTB. TakMe coOefUHeHNA Ha3BaHbl HECTEXMOMETPUYECKUMNU, UK
6epTonnugamu, B yectb GppaHLysckoro xummka K. beptonne. B cnyyae KpaliHe manbix OTKJIOHe-
HUM OT NOCTOAHCTBA COCTaBa COOTHOLLEHNA aTOMOB B COeAMHEHUAX MPAKTUYECKM LenoYncieH-
Hbl, @ CAMW COELMHEHMNA OTHOCAT K CTEXMOMETPUYECKUM M Ha3blBalOT AafbTOHMAAMU B YecTb
Ix. [lanbToHa — OAHOro M3 OCHOBOMOJIOXKHUKOB aTOMHO-MOJEKYIAPHOrO yyeHua (Hanprmep,
XNnopug Kanua, okCug KanbLums).
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3axon coxpanerHusr maccovl eewecme

3aKOH COXpaHEHMS MacChl BEIlEeCTB TO3BOJISET BBIYUCISATH MACChl BEIIECTB,
BCTYTAIONIMX B PEAKIUIO WK 0OPa3yIONIMXCst B pe3yJIbraTe eé¢ MpOTeKaHus.

Hamommum, ato npouecc npespawenus o0nux sewecms 6 opyeue 6e3 usMeHeHus.
obuezo uucia u npupodvl AMoMo8, U3 KOMOPbIX IMU BEUECMEA COCMOSM, HA3LLEA-
10m XuMuueckoll peakyuei. Berynamonme B XUMUYECKYIO PEAKIINIO BElecTBA — 3TO
peazenmoi, a 00PA3yOIINECsS B Pe3ybraTe XUMUIECKON PEAKIMU BEIecTBa — 9TO
npooyKmuL.

[TpoTrekanme XMMUYECKUX PEAKITUI TOAYNHIETCS 3aKOHY COXPaHEHHUSI MacCChl
BELIECTB: MACCA BEUyecms, CIMYNUBIUUX 8 XUMUUECKYIO PeaKyuio, pasna macce 00-
Pa308ABUUXCS BEULECMS.

JleficTBre 3aKOHA MOJKHO TIOKa3aTh Ha cjeayiolieM rnpumepe. Eciam 3akpbITyio
KoJIOy ¢ HeboJbIIMM KoandecTBOM (ocdopa B3BECUTh, a 3aTeM HarpeTb, TO (hoc-
(dop 3aropaercst ASPKUM IIJTaMEHeM, a KOJiha HarosHsieTest 6etbiM IbiMoM. TToBTOp-
HOE B3BEINBaHIEe TOKa3bIBAET, YTO O0IIasT Macca KOJIOBI C COMEPKUMbBIM HE H3Me-

Husach (puc. 10).
e
-

O

Jlo nHavyama peaxiun Ilo okonuanum peaxiun

Pric. 10. OnbIT, MANIOCTPUPYIOLMIA 3aKOH COXPAHEHMA MacChbl BELLECTBA

C TIO3UIIMK ATOMHO-MOJIEKYJIAAPDHOI'O Y4€HUA 3aKOH MOKHO 00BACHUTD TeM, 4TO
IIpN XUMHWYECKUX peaKIMAX aTOMbI HE MCYE3al0T M HEe BOSHUMKAIOT BHOBDb, NX 06Luee
YUCJIO OCTAETCSI HEN3MEHHBIM, a 3HAYUT, U CyMMapHbIE€ MaCCbl BEIIECTB 0 U I10CJIE
pearknumnumn OAMHaKOBbBI.

4

Bonblwon BKknag B 3KCNepyMeHTanbHOE A0Ka3aTeNIbCTBO 3aKOHa COXPaHeHVA MacChbl BelecTs
BHeC/I OnbITbl pycckoro yuéHoro M. B. JlomoHocoBa u dpaHLy3ckoro xumurka A. JlaByasbe (2-A no-
nosuHa XVIII B.) N0 n3MepeHnto MacCbl UCXOAHBIX BELLECTB U MacCbl MOTy4YaeMbIX U3 HUX MPOAYKTOB.

[TokaskeMm, KaKk MOKHO MCIIOJIb30BaThb 3aKOH COXPaHEHUsI MacCbl BELIECTB s
KOJINYECTBEHHBIX PACYETOB 110 YPABHEHUSIM PEaKIMil Ha IIpUMepe TOpeHusl MeTaHa
B KHCJIOPOJie ¢ 0O6pa30BaHMeM BOJBI U YTJIEKUCIOTO ra3a.
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Cxema 3TOl peakiuu:
CH4 + 02 — HQO + C02
[Tepen dopmysnamu moctaBuM KoahGUIMEHTHI, KOTOPbIE OJKHBI YPAaBHATD
YICJIO ATOMOB PEareHTOB U TPO/YKTOB!
CH4 + 202 = 2H20 + C02
ITO ypaBHEHHE CBU/IETENBCTBYET O TOM, YTO OOpasOBaHUE OJHOI MOJIEKYJIbI
YTJIEKUCJIOTO Ta3a U ABYX MOJIEKYJ BOJBI TIPOMCXO/NT, €CIU OJTHA MOJIEKyJia MeTa-
Ha TIpopearnpyeT ¢ AByMs MOJeKyJdaMu Kuciaopoaa. KoadduimenTsl mokaspBaior,
B KaKOM MOJIBHOM COOTHOIIEHUU PEArvpyIoT BEIIecTBa ¥ 0OPa3yrOTCs MPOLYKTHI.
Tak, U3 cocTaBJeHHOTO ypaBHEHUS PEAaKIMU BUAHO, YTO €CJU B PEAKIIUIO0 BCTYyIIa-
eT 1 MOJTb MeTaHa, TO Ha €r0 CXKUTAHUE PACXOAYeTcs 2 MOJIb KUCJI0PO/a, B Pe3yJIb-
tare 006pa3yoTcs 2 MOJIb BOAbI U 1 MOJIb YIJIEKUCIOTO Ta3a.
C y4éTOM 3TUX KOJIMYECTBEHHBIX COOTHOIIEHUN MOKHO paccuuTarth Maccy (Ko-
JIMYECTBO, 0OBEM) peareHTOB, HEOOXOAUMBIX JIJISI TOJYYEHUST OTPEIAETIEHHOTO KOJIH-
4yecTBa MPOAYKTOB, U HAOOOPOT — MPOAYKTOB 110 UCXOAHBIM BEIECTBAM.

IIpumep 2. Oupenpennre Maccy cy/iabdara aJlloOMUHKS, 00pPa30BaBIIErOCs
[IPU TIOJTHOM PACTBOPEHUN alfOMUHMS Maccoit 13,5 r B pasbaBiieHHON CepHOi
KHUCJIOTE.

Jlano: ‘ Pewenue
m(Al) =135 M(A]) = 27 r/momb; M(Al,(SOy)3) = 342 r/Moub.
m(Aly(SO,)3) — ? KosmmuecTBo aioMUHUsI, BCTYIUBILETO B XUMUUE-
CKYIO PEaKI[HIO:
n(Al)= mAD _ 1351 =0,5 MOJIb.

M(Al) 27 r/momb
C y4éToMm B ypaBHEHUU peakInu KOI(D(DUIINEHTOB UMEEM:

0,5 MoJb X MOJIb
2A1 + 3HQSO4 = AIQ(SO4)3 + BHQT,
2 MOJTh 1 mMosb

1-05

OTKyIa X = — 0,25, To ectb n(Aly(SO,)3) = 0,25 MoTb.

Macca commu:
m(Aly(SO,)3) = n(Aly(SO,)3) - M(Al,(SO,)3) = 0,25 Mob - 342 1/Mosb = 85,5 T.
Omeem: m(Aly(SOy)3) = 85,5 1.
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IIpumep 3. Tlpu ropenun maraust Maccoit 1,2 r oOpasoBajicst €ro OKCH]L
Maccoii 2 1. Onpeznennre 06béM Kucaopoaa (H. y.), U3pacX0OM0BAaHHOTO HA TO-
peHue MarHus.

Pemutp Takyto 3amaqy MOXKHO Kak € TIOMOTIBIO YPaBHEHUS PEAKIINW, TaKk
u 6e3 Hero. PaccMoTprM BTOPOIi crioco0.

Jano: Pewenue

m(Mg) =12t CorylacHO 3aKOHY COXpPaHEHWs MacChl BENIECTB,

m(MgO) =2r |macca 006pasoBaBIIUXCs BEIIECTB paBHA Mac-

V(Oy) — ? ce BellecTB, BCTYNMUBIINX B XMMUUYECKYIO PEAKIIUTO:
2 - 1

m(Mg) + m(O,) = m(MgO).
[ToaTomy Macca kucsopojia paBHa:
m(0y) = m(MgO) — m(Mg) =21 - 12r=08T,
a €ro KoJIM4eCTBO COCTaBJIACT:
n(0,)= m©O,) _ 08r

M(O,) 32r/monb
OO6BEM KHCIOPOA PaBeH:

V(0,) = n(0,)-V, = 0,025 Mmonb - 22,4 am°/momb = 0,56 am°.
Omesem: V(O,) = 0,56 mxm°.

=0,025 MOJIb.

BcAkoe xummnyeckn 4ynctoe BeLecTBO MOJIEKYTAPHOro CTPOEHNA HE3aBU-
CMMO OT crnocoba nonyyeHnAa nmeet NMOCTOAHHbIA COCTaB.

BewiectBa HEMOJIEKYJTAPHOIo CTPOEHMA HE BCErfa UMEKT MOCTOAHHbIN
COCTaB.

Macca BelyecTs, BCTYNMBLUNX B XUMNYECKYIO PEaKLMIO, paBHa Macce 006-
[pa30BaBLUNXCA BELWECTB.

Bonpocbl, 3apaHma, 3agaum

1. ChopmynupyiiTe OCHOBHbIE 3aKOHbl XVMUW, OMUCBIBAOLME KAUYeCTBEHHbIN 1 Konuye-
CTBEHHbI/ COCTaB BELLECTB, a TakKe M3MEeHeHUA 3TOro CoCTaBa B Xo4e XMMUYeCKUX npespa-
LLEHNA.

2. B pe3ynbrate peakuuy pasnokeHus KapboHaTa KanbLua NMpu ero npokanvBaHUu
NPOM30LWO yMEHbLLEHNEe MacCbl TBEPAOro BelecTBa. YTo, Kpome maccCbl TBEPAOro NPOAyKTa,
HY>KHO M3MepuTb A1 NOATBEPKAEHNA 3aKOHAa COXPAHEHUA MaccCbl BelecTs?

3. Kak 1 noyemy nameHAeTCA Macca NOPLUN XKefle3HbIX ONUIOK NPU X XPaHEHUN Ha BO3-
ayxe?
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4. PacctaBbTe KO3pUUMEHTbI B CXEMAX peakuuii:

C2H2 + 02 — C02 + H20, A|203 + HzSO4 — A|2(504)3 + Hzo,

Al + HCl — AICI;3 + Hy; Fe + Cl, — FeCls.

5. Ha anekTpoHHble BeCbl NOCTaBUAM [Ba CTakaHa, CoAepXallme NUTbeBYLO cogy U cons-
HYIO KNCNOTY. 3aTeM, CHAB CTakaHbl C BECOB, OCTOPOXHO Mepechbinany NopoLOK coAbl B CTa-
KaH C KUCJIOTOW, Nnocsie yero oba cTakaHa CHOBa MOCTaBW/IN Ha Becbl. Kak U3MeHUNOCh MoKa-
3aHMe Ha Tabno Becos?

6. OnpepenuTe Maccy xnopuga *enesa(lll), obpaszoBaBlIerocs nNpy ropeHNn >enesa Mac-
com 2,8 r B xnope.

7. Onpepennte 06bEM Bo3ayxa (H. Y.), KOTOpbI Heobxoaum ansa obxura nuputa FeS, mac-
con 1,2 kr. O6XMr NMprTa Ha BO3ayxe npoTteKkaet no cxeme: FeS, + O, — Fe,03 + SO,1.

8. Yemy paBHa Macca conu, Nosly4eHHOM Npu B3aMOZENCTBUN pacTBopa, cogepxatiero 10 r
rMAPOKCMAA HaTpuA, C paCTBOPOM, B KOTOpOoM copeprkmTca 10 r xnoposogopoga?

9. Onpegenute xMMnyeckyio GopmMyny BeLLecTBa, B KOTOPOM: a) MAacCOBble [0 »efe3a
N KUcnopopda COOTBETCTBEHHO paBHbl 72,4 % 1 27,6 %; 6) COOTHOLLEHME MAcC KaNbLus, a3oTa
M Kmucnopogda paBHo 10 : 7 : 24; B) Ha 1,83 1 okcuga xnopa npuxogutca 0,71 r xnopa; r) mac-
COBble JONM HaTpuA, cepbl U Kucnopogda pasHbl 0,365, 0,254 n 0,381 COOTBETCTBEHHO.

10. Cmecb OKCMAO0B MarHuA 1 Kanbuma maccon 1,04 r pactBopunn B a3oTHou Kucnorte. MNpu
3ToM 0bpa3oBanacb CMeCb HUTPATOB Maccol 3,2 T. BblumcnnTe maccy Kaxaoro n3 okCuios.

§ 6. 3akoH ABoragpo
KaK OAWH 13 OCHOBHbIX 3aKOHOB XUMUU

Urampsacknii yuénwrii A. Aorazpo B 1811 rogy cdopmysnpoBan 3akoH, CO-
TJTACHO KOTOPOMY 6 PABHbIX 006EMAX PASIUUHBIX 2a308 NPU OOUHAKOBHIX YCIOBUSX
codepacumcsi 00unaxosoe vucio moaexyn. OObSCHEHNE ITOTO 3aKOHA KPOETCST B OCO-
GEHHOCTSIX Ta3000Pa3HOTO COCTOSIHUS BelllecTBa. Kak BaM M3BecTHO 13 Kypca (husu-
KW, PACCTOSHIS MEXKIY MOJEKYJaMHU Ta30B MHOTOKPATHO MPEBBIIAIOT Pa3Mephl ca-
MUX MoJieKyJI. [ToaTomy 00BEM, 3aHIMAeMbIil OITpeIeJIEHHON MOPIUEiT Ta3a, 3aBUCUT
B OCHOBHOM OT 3TUX PACCTOSHUH, a HEe OT Pa3MepOB MOJIEKY.I.

[lns perieHns MPpaKTUYECKUX 3a/1a4 Ba)KHBI CEICTBUS M3 3aKOHA ABOTapo.

Cnedcmeue nepeoe. Oounaxosoe wucio Moiexyn 106020 2asa npu 0OUHAKOBHLY
dasnenuu u memnepamype 3aHUMAaem pasHoli 006EM.

Cnedcmeue emopoe. Monspuviii 066ém 2a308 V,, — 6equuuna nocmosimnas npu
HEUSMEHHbIX meMnepamype u 0asieHul. V(X)

Maremarndeckn 3To 3amuchiBaeTcs Tak: V, =——= =const.
n(X) .
Kak 6b110 otmeuero B § 4 (c. 24), Ipu HOPMAIBHBIX YCJIOBUSX MOJISIPHBII

00BEM J060T0 rasa paBeH 22,4 IM°/MOIb:
Vi = 22,4 /:[M3/M0Jlb.
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ITO PaBEHCTBO [IJIsI Pa3HBIX Ta30B OOBSICHIETCS TEM, YTO BEMIECTBO KOJIH-
yecTBOM 1 MoJb Beerya copepxkut 6,02 - 1023 wacruir

Caneodcmeue mpemve. Maccol 00uHaxosvix 006EM06 08YX 24308 NPU OOUHAKOBHIX
YCA0BUSX OMHOCSIMCS KAK UX MOLSPHBLE MACCHL.

[TokaxkeM 9TO Ha HpUMeEpe ABYX IPOU3BOJBHBIX I'a30B OJUHAKOBOrO 0OBEMa

V.m ;
V npu omaux u Tex ke ycaosusx. M3sectHo, uro V = ﬁ [TockosibKy OOBEMBI

V. m V. m

PaBHBbI: V1 = VQ, TO m71 = ]H\ll—2

ang oMy ! ’
m, M,

. CoxpaTtiB 0be yacTu ypaBHeHUs Ha Vi, MoJIy-

M .
OTHomrenne —L Ha3bIBAlOT OMHOCUMENVHOU NJIOMHOCNbIO nepeozo zasd no

2
Ly
2

3HaHNe OTHOCUTEJNbHON TIJIOTHOCTH OIHOTO Taza X M0 BTOPOMY Ta3y Y I03BO-
JideT OIpefe/UTbh MOJISIPHYIO MacCy OJHOTO M3 ra3oB, €CJIM M3BECTHA MOJISpHAsA
macca apyroro taza: M(X) = M(Y) - Dy(X).

OO6BIYHO OTHOCUTETBHYIO MJIOTHOCTH I'a30B BEIIECTB ONPE/EJSIOT M0 OTHOIIIe-
HUIO K 6000p00y WU TI0 OTHOIIEHUIO K 8030YXY.

smopomy (D): D=

Ipumep 1. Onpenennte OTHOCUTETBHYIO TIJIOTHOCTh CEPHUCTOTO rasa TIo
BOJIOPO/IY U TIO BO3IYXY.
Pewenue. Tax xak momsipaast Mmacca cepuuctoro raza M(SO,) = 64 t/Mob,
TO €ro OTHOCUTEHHAS TIOTHOCTH MO BOJOPOLY:
M(SO 64 r/MoJb
Dy (S0,)= (50,) _ / =
M(H,)  2r/moub
OTHOCHTETbHAS TIIIOTHOCTD 110 BO3/yXy (M(B031.) = 29 1/M0JTB):
M(SO 64 r/Mosb
D, (SO,)= (50,) _ / =2,21.
M(Bo3n.) 29 r/mMouib

32;

IIpumep 2. Onpeesnte MOJISIPHYIO Maccy Ta3000pasHOro YIJIeBOAOPO/IA,
€CJIM €er0 OTHOCUTEJIbHAS TJIOTHOCTH TI0 BO3JYyXYy paBHa 2.

Pewenue. Vicxons nu3 onpezieieHUs OTHOCUTEIBHON TIJIOTHOCTU Ta3a, 3aIliu-
M(C.H,)
M (B031.)
M(CH)=D,,, (C.H, ) M(Bosn.) =229 r/monb = 58 r/MOJIb.

urem: D, (C.H )=

BO3/I.

. M3 aToro coorHoIenmns CJIENYET:
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OtHocuTeMbHAS JIOTHOCTD Ta30B D, B OTJIMYMeE OT UX IJIOTHOCTEN p, SABJISET-
cs BEJIMYMHON, HE 3aBUCSINEH OT TeMIepaTypbl U JaBJeHNUs.

B xuMuueckux peakiusix coOIOaeTcsl 3aKOH COXPaHEHUsI MACChl, HO 00DbEM
PEaKIMOHHON CMeCH MOKeT CYIIeCTBEHHO M3MEHSATHCS, eCJIM XUMUYecKash peak-
VST IPOTEKAET MKy Ta3000Pa3HBIME BENIECTBAMU WJIM Ta3000pPa3HbIE BEIECTBA
06pasyioTcst B pesyJibraTe peakinuu. IIpu aToM 066émbl 2a3000pasnvix peazenmos
U NPOOYKMO8 OMHOCAMCA MeNHCOY CO00U, KaK KOIPPUUUeHmoL 6 YypasHenuu coom-
semcmeyrowelt peakyuu. 11oscHUM 3TO Ha IpUMepe PeaklUKU OKUCJIEHUS aMMUaKa
NHj3 kuciaopogom ¢ o6pazoBaHreM a30Ta W BOJIbL:

YpaBHeHHe pearuuu 4NH3(1) + SOQ(F) = ZNQ(I) + GHQO(MQ)
KoaunuecTBo BemecTsa 4 MOJIb 3 Moub 2 MOJIb 6 MOJIb

O0bEM raz000pas3HbIX

. 3 . 3 . 3
BelLeCTB 4224 nm 3224 1m 2224 1M

CooTtHomeHue
00BEMOB BelLIECTB

CootHomietne 00bEMOB ra3000pa3HbIX UCXOAHBIX BEIIECTB M MPOAYKTOB (H. Y.)

peakiny paBHO:
VINH3) : V(Oy) : V(Ny) = (4 - 22,4 miv®) : (3 - 224 nm®) = (2 - 224 i) =4 : 32 2.

Urak, omnowenue 066émM06 2a3000paA3HbIX BEUCCME PAGHO OMHOUECHUI) KOI(D-
punuenmos neped ux gopmyramu 6 ypasuenuu peaxyuu. Hanpumep, ecim 0o0bEMbI
BCTYTIAIONIMX B PEAKI[MIO aMMMAKa M KHCJIOPOIA PABHBI COOTBETCTBEHHO 4 M
1 3 M°, To B pesyJibraTe peakin o6pasyercs a3oT 06bEMoM 2 M.

[TpumMeHuUM TOJIyYEeHHDBIN BBIBOJL JIJIsI PEIIEHUsT PACYETHDBIX 3aj1ad.

IIpumep 3. Onpenenure 06bEM (H. y.) KUCIOPOAA, KOTOPbI HEOOXOANM
JUIS TIOJTHOTO cropanust 6ytana oobémom 10 M° (H. ).

Jlano: Pewenue
V(CHyp) = 10 m* Tak Kak 1 OyTaH, U KMCJOPOZA — razoo0pasHbie
V(Oy) — ? BerecTBa (H. y.), TO JJIsl HAXOKIEHUsT 00bEMa KUC-

JIOpOZa MOKHO BOCITOJIb30OBATbCS 0OBEMHBIMU OTHO-

MIEHUSIMU Ta30B.
ITO MO3BOJIUT PENIUTH 3ajiady Ge3 mepecuéra 0ObEMOB Ta30B HA KOJIUYECT-

BO BelleCTBa U HE HOTp€6yeT nepeBoJa eJNHUI] U3SMEPEHUA 00BEMOB.
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1. CoctaBUM ypaBHEHUE PeaKINU:
2C4H10(r) + 1302@) = SCOQ(F) + 10HQO(>K)

2. Ompenenum 00BEMHBIE COOTHOIIEHUST OyTaHa W KHUCIOPOJAA COTJIACHO

ypaBHEHHIO peakini: Ha 2 MoJib OyTaHa HeoOXomaumo 13 MoJib KucIopoa,
TO eCcThb X 0O0bEMHBIE cOOTHOIIeHUd 2 : 13:

V(C,Hy) 2 oM 2 10 M- 13 3
= —_— = N = —-—
V(0,) 13 W —OV( 5 3 TKy/1a Haxoaum: V(O,) 5 65 M".

leO6HBIM ABJIACTCA N le/IBbI‘-IHbIﬁ crocob O(bOpM]IeHI/IH penreHuA:
10 m? x M 10 m° - 13
2C4H10(r) + 1302(1-) = SCOZ(F) + 10HQO(>K), OTKyJa: X = T =65 MB.
2 13

Omsem: V(O,) = 65 m°.

Hpumep 4. Ha nosnoe cropanue 2 iM° HEKOTOPOTO YIJIEBOAOPOJA MOTpe-
6osaoch 9 av° kucopoga. IIpu sToM 06pasoBanoch 6 IM° YIIEKHCIOTO rasa.
Omnpenennte MOJeKyIIpHYIO Gopmysy yriaeBopopoza. Vamepenusi 00bEMOB
MIPOBOINIIH TIPU OIMHAKOBBIX YCJIOBUSX.

Jlano: Pewenue

V(C,H,) =2 M3 YcnoBHO mpencTaBUM (DOPMYJY HCKOMOTO

V(Oy) =9 v yraesopopona kak C,H,. CocraBum ypaBHeHue
V(CO,) = 6 xm? PeaKIuy TOPeHusl YIJIeBO/I0PO/ia, PAaCCTaBUB KOa(h-
C,H, — ? (UTMEHTBI B COOTBETCTBUM C HKCIIEPUMEHTATTHHBI-

MU JaHHBIMU 00 00bEMax rasos:
2C,H, + 90, = 6CO, + yH,0.

Koadduimenrsr B HEM OTHOCATCS Kak OOBEMBI COOTBETCTBYIOIIUX Ta30-
oOpasupix peareHToB. C y4€TOM paBEHCTBA YKCJIA ATOMOB KHUCJIOPOIA, BCTY-
MUBIINX B PEAKIINIO, YNCJIY aTOMOB, BXOJSNINX B MPOMYKTHI PEAKITNU, UMEEM:

9.-2=6-2+y-1, otkyna y = 6.

3anuineM ypaBHEHUE Peakiuy cO BceMH Koa(puimeHTamMu:

2C,H, + 90, = 6CO, + 6H,0.

Ananmu3 3TOTO ypaBHEHUS yKa3blBaeT HA TO, YTO X = 3, MOJIEKYJISIpHAS
hopmyaa yraesogopona — CsHg.

Omesem: C3Hg.
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OCHOBHbIM 3aKOHOM XVIMUW, XapaKTepunsyowmnm ra3006pa3Hoe BewecT-
BO, ABNAETCA 3aKOH ABorap,po: B PaBHbIX 06bEMax Pa3nnyHbIX rasoB npwu
OAVNHAKOBbIX YCNOBUAX COO4EPKNTCA OQMNHAKOBOE YNCIO MONEKYIL.

Bonpocbl, 3agaHua, 3agaumn

1. O6bACHNTE CYLHOCTb 3aKoHa ABoragpo.

2. Nouemy a) MONAPHBIN 06BEM rasa 3aBUCUT OT ero TemnepaTtypbl U AaBneHus; 6) oTHo-
CcuTenbHasA NIOTHOCTb [ABYX ra30B He 3aBUCUT OT TemnepaTtypbl U faBneHua?

3. Onpegenute OTHOCKTENIbHYIO MAOTHOCTb Fa3oB: a) MeTaHa Mo Bogopody; 6) nponaHa
no renvio; B) xJiopa no BO3ayxy; ) aMMuaka no Bogopoay.

4. Onpegenute MOMAPHYI0O MAcCy rasa, OTHOCUTeNIbHaA MAOTHOCTb KOTOPOro MO renuvio
paBHa 7,5. Kakue 13 rasos ygonetBopsAwoT ycnosuto 3agaun: N, NO, CO,, C,H,, CHe, CH,0?

5. OTHOCUTENbHaA NAIOTHOCTb MNEPBOroO rasa no BTOpomy paBHa 0,53. Kakow 13 rasos nme-
eT 6oNbLUY0 MONIAPHY Maccy?

6. Kakoln 06bém Kucnopoga (H. y.) HeobxoAuMm AfiA MOJIHOMO CKUraHUs 3TaHa 06bEMOM
100 m3? Kakoit 06b&m Bo3ayxa (H. y.) noTpebyeTcs ana 3Tux ueneii? PewmTe 3agavy, Ucnonb-
3ysi OObEMHbIE OTHOLLUEHWA ra3os..

7. Onpegenute 06bEM BO3ayxa (H. Y.), KOTOPbI HEO6XOAVMM A1 MOIHOFO CXKMraHusA OyTa-
Ha C4H,o macconm 10 Kr.

8. Cmewanu 10 m> a3ota u 20 m° Bogopopa (H. y.). Onpenennte OTHOCUTENIbHYIO NMOT-
HOCTb MO BoZOpOAYy 00pa30BaBLUENCA CMeCHU.

9. YcTaHoBUTE XmuUeckyio Gopmyny yrineBofoposa, B KOTOPOM MAaccoBas oNsA yriepona
coctasnsaet 82,76 %, oTHoC/TeNbHaA MAOTHOCTb YINIeBOAOPOAA MO BO34yXy paBHa 2.

10. Mpy CKUraHWN OpPraHMYecKoro BelecTBa Maccol 6,9 r obpa3oBanucb OKCuA
yrnepoga(lV) maccon 13,2 r n Boga maccon 8,1 r. Onpefenute MonekynspHyt Gopmyny Be-
LecTBa, ec/ii OTHOCUTENbHAA NIOTHOCTb €ro MNapoB Mo BO3ayXy paBHa 1,586.

a
a



[NABA I
CTPOEHUE ATOMA
N NEPUOQNYECKUN 3AKOH

M3yuyana matepuan BTOpOW rnasbl, Bbl yrnybute 3HaHMA O COCTaBe aTOM-
HOro AApa 1 ABJEHNN PafNOaKTUBHOCTI, O COCTOAHWM SNEKTPOHOB B aTOMe,
pacwupuTe npeactaBneHna o6 aTOMHON opbuTann, SHepPreTUYecKnx ypos-
HAX U nogypoBHAX. OcBOeHMe 3TOro mateprana No3BOMAUT BaM OOBACHATb
N XapaKTepu3oBaTb 3aKOHOMEPHOCTU M3MEHEHMA CBOWCTB aTOMOB XMMUYe-
CKUX 3N1eMeHTOB 1 06pa3syeMbix UMK BELLEeCTB MO rpynnam 1 nepvopam ne-
pVIOAMYECKON CUCTEMBI.

BaxHerline NOHATUA TeMbl: OTHOCUTE/IbHAA aTOMHAA Macca, U30TOMbl,
pafMoaKTMBHOCTb, OpbuTanb, SHEPreTUYeCKnin ypoBeHb, NOAYPOBEHb, $hop-
Myfia SNEKTPOHHON KOHGUrypauum, 3neKTpoHHO-rpaduyeckan cxema, pagu-
yC aToMa, dNeKTPOoOTPULATENbHOCTb, aMPOTEPHOCTb, NEpUoMYecKan cucre-
Ma XMMWYECKMX 3/IEMEHTOB (Nepuog, rpynna).

§ 7. CrpoeHne atoma

OnHo n3 HanboJiee paHHUX YTBEP/KIEHNN 00 aTOMax KaK HeIeTMMbIX JaCTUIaX
BEIeCTBa COAEPKUTCI B TPy/lax JipeBHerpedeckoro yuénoro /lemoxpura (V-1V BB.
1o H. 3.). Jlumb B kouile XIX Beka Giarogapst psijly HAy4HBIX OTKPBITHI B 00J1a-
cTy (DU3UKHU CTAJTIO TOHATHO, YTO aTOM MMeeT CJIOKHOe CTPOeHHe.

B 1911 roxy 9. Pesepdopn Ha 0OCHOBaHUM 3KCIIEPUMEHTATBHBIX JAHHBIX TTPEI-
JIOKWUI sAiepHyio (TIaHeTapHyI0) MOJieJib CTPOeHHsl aToMa. B aToil Mozesnn atom
paccMaTpuBaJICsS KaK CBOeOOpa3Hasi «COJHEYHAsl CHCTEMa», B IIEHTPE KOTOPOI Ha-
XOIUTCSI TIOJIOKUTENILHO 3aPSKEHHOE SIIPO, @ BOKPYT sIpa 110 CBOMM OpPOWTaM J[BH-
JKYTCST JIIEKTPOHBI.

[lanprelinmie nccremoBanns (PUBNKOB TMOKA3IN, YTO SIZ[PAa aTOMOB COCTOSAT U3
ITPOTOHOB U HEUTPOHOB. HelTpoH He mMMeeT 3apsa, a MPOTOH HECET TMOJIOKUTETLHBIHN
3apsijl, PaBHBIN BeJIMUMHE 3apsily 3JeKTPOoHA. YMCJIO0 MPOTOHOB B s/ipe ONpeiesisger
€ro 3apsi/i 1o abCOTIOTHOW BeJIMYMHE U MOPSIKOBBINA HOMep astemenTa (puc. 11).

[lokasaTenbCTBaMu C/IOXKHOFO CTPOEHMA aToMa NoCayKunu otkpbitua dotoaddekta (A. I. Cro-
netoB., 1889), pagnoaktusHoctu (A. bekkepenb, M. CknopoBckas-Kiopu, 1896-1899 rr.), KaTogHbIX
nyyein (Ixx. TomcoH, 1897), akcneprMeHTbl MO onpeaeneHnio NpUpoabl a-vactuy, (3. Pesepdopp,
1899-1900).
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WccneposaHua nprpodbl YacTuL, BXOAALLYMX B COCTaB aTo-
MOB, 6blfI AOMONHEHBI NPeACTaBAeHUAMN KBAaHTOBON Mexa-
HUKM, pa3suBaBwmmca M. Mnankom A. SnHwTenHom, H. bo-
pom, Ilyn pe Bpoiinem, B. TenzeH6eprom, 3. LLpéanHrepom.

Ecan 3apsiz amextpona, pasubiii 1,6 - 1071 Ku,
npuHATh 3a 1, To 3apsy sapa Jroboro atoma Oy-
JIeT YNCJIEHHO PaBeH MOPSIIKOBOMY HOMepY Z CO-
OTBETCTBYIONIETO XUMUYECKOTO JIEMEHTA WJIU YHC-
JIy TIPOTOHOB B simpe. B Takom ciyvae 3apsin siapa
BBIPAJKEH B €IMHUIIAX JIEMEHTAPHOTO 3apsiaa. JTO
Oe3pazMepHas BeJUYNHA, KAK M OTHOCHTEJbHAS
aToMHas Mmacca. Hampumep, ypan — XuMudecKuii
3JIEMEHT C TOPSIKOBBIM HOMepoM 92. 3apsij ero
S7ipa B OTHOCUTEJbHBIX €IMHUIAX paBeH 92.

CymmMmapHoe uncio mpoToHoB (£) u HelTpoHOB (N) B si/ipe Ha3bIBAETCS MACCO-

svim yuciaom (A):

A=Z+N.

[IpoTon

Hetitpon

Puc. 11. NnaHeTapHaa mogenb
aTtoma 6epunnus

MaccoBoe uncsio A nMeeT TOJBKO 1[eJI0YUCIeHHble 3HaYeHUS.

ATOM B CBOGOJIHOM COCTOSIHUU SIBJISIETCST 9JIEKTPpOHeHTpaibHol yactuiieit. Core-
JI0BaTeJIbHO, YMCJIO IIPOTOHOB B s/Ipe aTOMa PaBHO YMCJY 3JEeKTPOHOB. BaskHeiliine
XapaKTePUCTUKU TIPOTOHOB, HEHTPOHOB U 9JIEKTPOHOB MPUBEAEHBI B TaOJIUIIE 4.

Tabiuia 4. Baxkueiinme XapakTepUuCTHKH IPOTOHOB, HEUTPOHOB, 3JIEKTPOHOB

Anpo 060a04Ka
XapaKTepuUCTHKH

IIporon Heiirpon d1eKTpOH
CumBout p n e
Macca, kr ~1,673-10% | ~1,675- 1027 | ~ 9,109 - 103!
Macca, a. e. M. 1,0073 = 1 1,0087 ~ 1 0,0005 ~ 0
dnekTpudeckuii 3apsia, K ~ 1,602 - 1071 0 ~-1,602 - 1071
DJIEKTPUYECKUI 3aps/l B eIUHUTIAX T 0 1
AJIEMEHTAPHOTO 3apsiia
O603Ha:16HPIe B YpaBHEHUSIX sIJIEPHBIX ip é n ffe
peaxiiit
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Maccy sidpa (m,) MOKHO TIPUOJIU3UTETHHO ONPEIETUTh, CYMMUPOBAB MACChI
BCeX IPOTOHOB (Zmy,) n HeHTpoHos (Nm,), 13 KOTOPBIX OHO COCTOMT.

TouyHoe 3HAYEHUE MACCHI si/[pa HEMHOTO MEHbIIIE 3TON CyMMBI:

m, < Zm,, + Nm,,.

Hanpumep, mMacca siapa Hykanaa kuciaopoa-16 pasua 15,995, Pasuuia oObsic-
HSETCS BBIIEIEHUEM KOJIOCCATTbHON 9HEPTUH MPU 00pa3oBaHUM sIpa U3 TPOTOHOB
n HelTpoHoB. VIMeHHO M3-3a BbIjleJieHUs 3TON HEPruu, Has3blBaeMOUW aHepruei
cBsi3u (AE), IPOUCXOAUT TOTeps: 0011eil MacChl. JHEPIUsl CBS3U B Sipe B MUJLIU-
OHbBI Pa3 MPEBLIAET IPOYHOCTh XUMUYECKON CBSI3U, ITO3TOMY si/ipa aTOMOB B XH-
MUUYECKUX PEAKIUSIX He pa3pyliaTcs.

B Kypce ¢un3mKmM 11-ro Knacca Bbl HayuUTeChb PACCUUTBIBATD «AePEKT MacC» 1 SHEPTUIO CBA3N,
AE

NCXOAA U3 PAaBEHCTBA Am =-—;-, FA€ C — CKOPOCTb CBETa B BaKyyMme.
c

Mpn 06pa3oBaHMM 13 NMPOTOHOB M HEMTPOHOB 1 MOJIb aTOMOB refns, B SiAPAxX KOTOPbIX CO-
[EPXNTCA MO [Ba NPOTOHa U MO fBa HEWTPOHa, Bbiaensetca 2,73 - 10'? [k sHepruwn. [lna cpas-
HeHuA: Npy o6pa3oBaHNK OYEHb MPOYHON TPOMHOIM XMMUYECKON cBA3M B Monekyne a3oTa N—N
BblgenaeTca sHeprua 9,45 - 10° [/Monb, TO €CTb MOYTU B 3 MUINMOHA Pa3 MeHblLe.

Yuciio HGfITpOHOB B dA/IpaX aTOMOB O/IHOT'O M TOI'O K€ XMMHNYECKOTO 2JIEMEHTA
MOKET BapbUPOBATHCs B HEOOJIBIINX ITPEIeax.

[[JII/ITeijHOB BpemMA CHUTAJIA, YTO XUMHUYECKUI DJEMEHT — 3TO BUJ aTOMOB
¢ onpeneaéHHoil maccoit. Oxnako B 1913 romy OBLIO YyCTAaHOBJIEHO, YTO Y OJHOTO
U TOTO K€ XMMHUYECKOTO JIEMEHTA MOTYT OBITh aTOMbI, PA3JIMUYAIONIIECST IO MACCE.
Takue pasHOBUHOCTH aTOMOB Ha3BAIU U30MONAMU.

H3oTonbl — 5mo amomvl, OmHOCAUUECS K 0OHOMY XUMUUECKOMY INEMEHMY, HO
omauuarowuecs no macce. VIX sapa cocToAT U3 OJMHAKOBOTO YMCJA IIPOTOHOB, HO
PasHOTO YKcja HEHTPOHOB.

Kpome moHsiTHSI M30TOMA CYIIECTBYET TTOHITHAE HYKAUO.

Buod amomos ¢ onpederénnvim Koruuecmeom npomoros u HelumpoHos 8 sope Ha-
sviearom HykauaoM (ot Jjat. nucleus — sipo). Cosokynnocms amomos, 6 10pax Ko-
MOPLIX CO0ePHUMCSL 0OOUHAKOBOE YUCIO NPOMOHOE, OMHOCM K 0OHOMY XUMUUECKOMY
alemenmy, To eCTb BCe aTOMBI OIHOTO XUMUYECKOTO 9JIEMEHTA UMEIOT O/IMHAKOBBIN
3apsn sapa.

Hykamist TpuHATO 0603HauaTh 59, T D — CUMBOJ XUMITYECKOTO 37leMenTa, Z —
YHUCJIO TIPOTOHOB B sjipe (QTOMHbBI HOMeEp ajieMeHTa), A — MaccoBoe 4mcJio, PAaBHOE

o y 5
CYMMapHOMY UMCIIy TIPOTOHOB M HelTpoHoB B sape. Harpumep, '“C, éHe, f;’ CL
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BosbmmHCeTBO XMMUUECKUX 2JIeMEHTOB B IIPUPOJIE CYIIECTBYET B BU/IE HECKOJIb-
KUX HYKJIUI0B. Tak, y KpeMHUsT TPy CTaOUIBHBIX HYKJH/IA, & Y 0JOBA UX JIECSTD.
-

B HacTosAwwee Bpema ans 118 anemeHTOB 1M3BeCTHO 6onee 3400 HyKNMAOB.

Hanpuwmep, cymniecTByioniue B NPUPOE HYKJIUIbI }H, 21H1/1 H — wusoro-
bl BOJIOPO/IA, TaK KaK MPUHAJIEKAT OJJHOMY M TOMY K€ XUMHYECKOMY 3JIEMEH-
Ty, HO Pa3jNYaloTCcs YMCJIOM HeHTpoHOB B sjape atoma (puc. 12). Vx naswiBa-
10T Bojopoa-1, uau nporuit (H), Bogopoa-2, nwmu netitepuii (D), Bogopoa-3, win
tputnii ('T). Maccwr atomMoB Bojiopojia-1, Bogopona-2 u Bopopoja-3 pasubl 1,008,
2,014 n 3,016 a. e. m., uau npubausurensho 1, 2 u 3 a. e. M.

BemtecTBa, comepskamue pas-

[Tpornii [letiTepnii Tpurtnit
JIMYHbIE M3O0TOIIbI, ITPAKTHUYECKN

A a

He OTJANYAIOTCSI XUMUYECKUMU ¢
CBONCTBAMH, HO UMEIOT Pa3TUIUS
B HEKOTOPBIX (DUBUYECKUX CBOW-
crBax. Hampumep, Boma H-O, H ‘H 3H
B COCTaB MOJIEKYJT KOTOPOW BXO-
auT rpotuii, 3amepsaet nmpu 0 °C.
B To xe Bpems Boja, cocTosIias
n3 Mosiekys D,O, 3amepsaer npu
3,81 °C, a u3 mousekyn ToO — mipu 4,48 °C.

3HavueHne aTOMHBIX MacC M30TOINOB U UX OTHOCUTEJBHOE CO/IEPKAHUE Olpejie-

Puc. 12. Cxema cTpoeHus N30TOMOB BOAOPOAA

JITIOT METOJIOM Macc-creKTpockornnu. MiMeHHo ¢ yuyéToM 3HaueHnii aTOMHBIX Macc
M30TOIOB U WX JIOJIV B TIPUPOJIE BBIYUCISIOT OMHOCUMENLHYIO AMOMHYI0 MACCY XU-
MUYECKUX JIEMEHTOB.

Yrounum ornpejnenenue, npuBeéHHOEe paHee Ha ¢. 7. OTHOCHUTEIbHAS aTOM-
Has Macca XMMHUYECKOTO 3jeMeHTa — (usmyeckas BeJUYWHA, paBHAS OT-

L 1
HOIIEHUIO preaHeHHOM MACCbL ANMomos dJjlemenma K E HaCTu MaCCbl aTOMa

yraepona-12 ('2C). Temeps cTanoBUTCA MOHATHBIM, YTO TOAPA3YMEBAETCS TMOJ
TEPMUHOM <«yCPeJIHEHHAsI Macca» aTOMOB ajieMeHTa. E€ MOXKHO paccuuTarh, nmest
CBEJICHNST O TOYHOM 3HAYEHWN MACCHl U PACTIPOCTPAHEHHOCTH M30TOTIOB 2JIEMEHTA.
[Tokaskem 3TOT pacyéT Ha CJEAYIOIEM ITPUMEDE.
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Ipumep 1. VI3BecTHO, YTO XUMHYECKHUI 3JT€MEHT KHUCJIOPOJ B TPHUPOE
MpeICTaBJIeH TPeMsl U30TOIAMM:; 120, 1;0 u 120. x otHOCUTEIbHBIE aTOMHBIE

Macchl COOTBeTCTBeHHO paBHbI 15,995, 16,999 u 17,999. B usoromnHoii cme-
CU Ha JIOJTI0 aTOMOB Kucjopoza-16 mpuxoxures 99,757 %, kuciaopopa-17 —
0,038 %, a kucaopoma-18 — 0,205 %. Paccuuraiite OTHOCUTETHHYIO aTOMHYIO
MacCy 3JeMeHTa KUCIOPOoJa.

Pewenue. [1nsa narnsaanoctu pacuéta Boieanm 100 000 atomoB aTol m30-
torHo# cMecu. Torma B Heil Oyxer 99 757 atomoB Kuciopoja-16, Bcero Jmiib
38 aromoB kuciaopoga-17 u 205 atromoB kuciaopona-18. [Ias onpenenerus
CpeHero 3HaYeHWsI OTHOCHTEJIbHOW aTOMHON MacChl KHCJIOPO/A, OYE€BUJIHO,
HAJI0 CJIOKUTH MacChl BCEX aTOMOB M Pa3/leJINTh Ha YUCJIO STUX aTOMOB:

A (O) = 15,995-99 757 +16,999 - 38 + 17,999 - 205 — 15,999,

100 000

[Tosyyennoe 3HavueHue COBIAJIAET C TEM, YTO TTPUBE/IEHO B MEPUOIUUECKON
CHICTEME.

OTHOcHUTEIbHASI AaTOMHAsi Macca XHMHUYECKOT0 3JIEMEHTAa — 3MO0 ycpeo-
HEHHOE 3HaueHue OMHOCUMENbHBIX AMOMHBIX MACC €20 U30MON08 C YUEMOM UX
PacnpocmpanénHocmu.

CieflyeT TIOMHUTD, 94TO KaXKAOMY HYKAUOY TIPUCYIIE OTPeneSEHHOE MACCO-
6oe uucno. Henb3si TOBOPUTH O MAacCCOBOM YHUCJIE XUMUUECKOZ0 dNeMEHMd, TaK KaK
B MPUPOJIE Y OJHOTO M TOTO K€ XMMUYECKOTO 3JIEMEHTa MOKET OBITh HECKOJIBKO
H30TOIIOB.

HeGoubiie pasanuns (U3HIECKUX CBOWCTB BEINECTB, BKJIIOUYAMIINX PasHbIe
M30TOIIBl OJTHOTO W TOTO K€ 3JIEMEHTA, MPUBOJALT K TOMY, UTO M30TOIHBIN COCTaB
BEIeCTBA 3aBUCHUT OT CIocoba ero MoJydeHus u cyiiectBoBanus. Hampumep, ca-
Xapo3a CBEKJIOBIMYHOTO caXapa COEPKUT MeHbITe HyKauaa °C, 4eM caxapo3a, Bbl-
JlelleHHasl U3 CaxapHOro TPOCTHMKA. Takue pasyinyus HepeiKo I03BOJISIOT OIpe-
JeJIUTHh MPOUCXokAeHue BemiecTBa. CBefeHust 00 M30TOMMHOM COCTaBe BEIIECTB
HCTIOJIB3YIOTCS B TEOJOTUM, MEIUIIMHCKON /MarHOCTUKE, KPUMUHAJIUCTUKE, IS
KOHTPOJIS COCTOSHUS OKPY:KAIOIel Cpe/ibl.

B npupoge 21 XMmMnuecKuii SNeMEHT CyLLeCTBYET B BUAE NWLUb OAHOIO CTabUbHOIO HyKuaa.
K Hum oTHocaTca Be, F, Na, Al, P, Sc, Mn, Co, As, Y, Nb, Rh, |, Cs, Pr, Tb, Ho, Tm, Au, Bi, Pa. /x oT-
HOCUTESIbHblE aTOMHblE MAcCbl B MEPUOANYECKON CMCTEME YKa3aHbl C TOYHOCTbIO, 3HAUNTENbHO
6onblueli, YUeM ANs SNEMEHTOB, CYLLECTBYIOWNX B BULE CMECU U30TOMOB.
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flnpa aTOMOB COCTOAT 3 MPOTOHOB U HEUTPOHOB. OTHOCUTENbHbBIN 3apPAg
Anpa onpeaenaeTca YMCIIOM cofepallumMxca B HEM NMPOTOHOB 1 PaBeH MO-
PALKOBOMY HOMEPY COOTBETCTBYIOLLErO XMMUYECKOTO dfIEMEHTA.

N3oTtonbl — 3TO aTOMbl OJHOIO U TOFO K& XMMWYECKOrO 3J1IEMEHTA,
AOpa KOTOPbIX COCTOAT U3 OAMHAKOBOIO YMC/a MPOTOHOB, HO Pa3HOro YnUC-
Jla HENTPOHOB.

OTHOCMTeNbHaA aTOMHaA Macca XMMNYECKOrO 3N1eMeHTa — 3TO ycpea-
HEHHOE 3HayeHVe OTHOCUTENIbHbIX aTOMHbIX MacC ero M30TOMOB C YYETOM
PacnpoCTPaHEHHOCTU N30TOMOB /IEMEHTA

Bonpocbl, 3agaHua, 3agaumn

1. HazoBuTe: a) yactuubl, BXoAALMe B COCTaB aToma; 6) HYKNuA, KOTOPbIN He CofepuT
HENTPOHOB.

2. MNpuBepute 0603HaYeHNA HYKNMAOB xnop-35 un xnop-37, nog-127 v nop-131 B Buge ’}3.

3. Wcnonb3ys faHHble Tabnuupl 4, CpaBHUTE XapaKTePUCTUKU: a) NPOTOHA U HEWTPOHa;
6) NPOTOHA 1 3NEeKTPOHa.

4. OTBeTbTE Ha BOMPOCHI: @) MOYEMy B pe3ysibTaTe XMMUYECKMX peakumin He Mpoucxoaut
npeBpaLleHna OfHMX 3NIEMEHTOB B Apyrue; 6) Kakas aTOMHas Macca XVMUYECKUX 3N1eMEeHTOB
YyKa3aHa B Mepuofnyeckorl cucTeme — OTHOCUTENbHaA uny abconoTHas; B) noyemMy macca
AApa MeHblle CYMMapHOW MacCbl MPOTOHOB U HEWTPOHOB, COCTABNAOWNX A4PO07?

5. Onpepgennte 4Mcno NPOTOHOB M HEMTPOHOB B A4pPaxX U3OTOMOB yriepoga ¢ MacCoBbI-
Mu uncnamm 12, 13 n 14.

6. YKaXKnTe UMC/O SIEKTPOHOB B Cliedylowmx atomax v noHax: H™, H*, He, Au, Ca*t.

7. OnpepenuvTe, CKONbKO Pa3sHOBUAHOCTEN MOJIeKyN BOAbl MOXET 06pa3oBaTbCs U3 KUCIIO-
poda u BOAoOpOAa, €C/iM MMeeTCcA CMeCb aTOMOB BOAOPOAA U KUCIOPOAa, BKIOYAOLWAA HYK-
nuger: 1H, 3H, 20, 'O, "S0.

8. ConocTasbTe coctas Hyknuaos “°Ar, “K, 4°Ca, a Takxe 3H, *He n '*C, "*N. MoxHo nn oa-
HO3HAYHO YCTaHOBUTb NPUHAANEXHOCTb aTOMa K onpeAenéHHOMY 3fIeMEHTY TONbKO Ha OCHO-
BaHMWN BEIMUYUHbI €0 MAacCOBOro uuncna’?

9. Paccuntante OTHOCUTENbHYIO aTOMHYK MacCy NPUPOAHON MeAawn, ecli U3BEeCTHO,
YTO OHa COCTOWUT M3 ABYX u3oTonos 3Cu (69 %) u °Cu (31 %), npuuém A,(®3Cu) = 62,93,
A(®°Cu) = 64,93. OTBeT NpoBepbTe N0 NeproanYeckon cucteme MeHgeneesa.

10. /13BeCTHO, YUTO XUMUYECKUI dM1EMEHT Yrnepog B NpUpoAe npefctaBneH ABYyMA CTa-
6UnbHLIMK M30TONaMu yrnepod-12 v yrnepoa-13, oTHOCKTENIbHbIe aTOMHbIE MacCbl KOTOPbIX
COOTBETCTBEHHO paBHbl 12,000000 n 13,003355. Ha pgonto atomoB yrnepoga-12 npuxoguTca
98,90 %, a Ha ponto atomoB yrnepopa-13 — 1,10 %. Paccuntante OTHOCUTENIbHYIO aTOMHYIO
Maccy yrinepoaa 1 conocTaBbTe MOfyYeHHOe 3HayeHne € Tem, YTO NPUBEAEHO B Nepuroguye-
CKOW cucteme.

0
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§ 8. ABneHne pagnoaKTUBHOCTUN

B 1896 roay A. Bekkepeib, usydvasi coJiu ypaHa, OOHapyKuj, 4TO OHU
HCITYyCKAlOT HEM3BECTHOE paHee M3JIydyeHHWe. JTO SBJIEHUE TMOJYyYNI0 Ha3BaHUeE
paduoaxmusHocmu.

PaanoakTuBHOCTh (WM PaAMOAKTHBHBII pacmaj) — 3mo0 CAMONPOU3BOTLHOE
npespawjerie HecmabuibHbIX AMOMHBIX S0ep 00HUX XUMUUECKUX SNEMEHMO08 6 0pa
Opyeux NeMeHmos, CONPOBOHCOAIOUeECst UCNYCKAHUEM YACMUY, BbICOKOU IHEP2ZUU,
a maxice HCECMKUM INeKMPOMAZHUMHBIM U3LYUCHUEM.

Taxoe 1peBpallleHUe He sIBJISIeTCS XMMUYECKON peakiuei.

B 3aBucumocTu oT npupo/ibl UCILyCKaeMbIX YaCTHUI[ Pa3jnyaloT HECKOJIbKO 6U-
006 paduoaxmuenozo pacnada aToMHbIX saep. IlogpobHo ux usydaer sgaepHas Gu-
31MKa. Mbl pacCMOTpPUM JIBa U3 HUX — o- U B-pacral.

Anvga-pacnad conpoBOKIAETCS UCTTYCKAHUEM 0-4aCTHI[ — TTOJIOKUTENHLHO 3a-
PSUKEHHDBIX sjlep Tefidsi, COJEep/KalluX [Ba MPOTOHA M JiBa HelTpoHa: ;He. DroT
pactaji MOKHO TIPeJICTaBUTh B BUJIE YPaBHEHUS sIIePHOI peaKInu:

57X — 5 5Y + 3 He,
rae X — HeycToH4MBOe S/[pO C aTOMHBIM HOMEPOM Z U MaccoBbIM uncioM A; Y —
obpas3oBaBIiieecst PO, AaTOMHBII HOMeP KOTOPOTO Ha 2 €INHUIIbI, 2 MAaCCOBOE YHC-
JIO — Ha 4 eIUHUII MeHbIlle, YeM Y MCXOAHOTo sAnpa. [IpuMepom Takoro pacmaza

ABJIAETCs paciaj] paausa-226 ¢ obpazoBaHueM ra3000pasHbIX pajoHa-222 1 reaus-4:

226 222 4
ssRa— 5Rn+ ,He.

[Tpu cocraBieHun ypaBHEHU s/IEPHBIX PEAKIUI CJeyeT YUNThIBATh, YTO CyM-
Ma 3apsaaoB (Z) u cymma MaccoBbix unces (A) B 00enx 4acTsax ypaBHEHUs OJIK-
HBI OBITH PABHBI.

Bema-pacnad cBsizan ¢ ucnyckanueMm siipoM B-uactuisl — suexrpona ((e).
[Tpu aTOM 3aps/ HOBOTO s/ipa YBEJUYUBAETCS HA €IUHUILY, 2 €r0 MACCOBOE YHCJIO
A He M3MeHseTCS:

A A 0
X = Y+ e
Hanpumep, npu B-pacmaze yriuepoma-14 o6pasyercst a3ot-14:
14 14 0
cC— 7N+ _je.
o 1 0
OJIeKTPOHbI BO3HUKAIOT IIPU pacliajie HeliTpoHa (,n) Ha 371eKTPoH (_je) ¥ IIpo-
1 .
TOH (; p):
1 1 0
o> P+ e
YacTo pajimoakTUBHbBIE TPEBPAIIEHUST COMPOBOKAAIOTCS 2AMMA-USNYUCHUEM.

Omno 1pezcTaBiasger coboil KECTKOE DIEKTPOMATHUTHOE M3JIy4eHUe C JJIMHON BOJI-
mer 10710-10713 .
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Cmabunvhole u pacuoaxmuehvle HYKJIUObL

[Tpyunnoii painoaKTUBHOCTU SBJSETCS HEYCTOMYMBOCTH aTOMHBIX s/lep psila
XUMUYECKUX 3JIeMeHTOB. HeycToiunBbie HyKINIbI HA3BIBAIOTCS PA0UOAKMUSHbIMU
HYKAUOamu, Wi paduonykiudamu. PaioakTuBHbIE HYKJIU/IbI OTJIUYAIOTCS OT CTa-
OUIILHBIX COOTHOIIEHMEM TPOTOHOB U HEUTPOHOB B SIIPE M SHEPTUEH UX CBS3ML.

JI1060ii XUMUYECKHIT 9JIeMEHT UMeeT KakK CTaOuJIbHbIe, TaK M PaJnOaKTHBHbIE
HYKJIU/BL. [[J15 HEKOTOPBIX 2JIEMEHTOB M3BECTHBI TOJBKO PAAMOHYKIUABL. K HUM
OTHOCSITCS BCE 2JIEMEHTBI TIEPUOAMYECKON CUCTEMbl HAuMHAsl C BUCMYTa, a TaKkKe
texuenuii Tc m nmpomernii Pm.

B mpupome obHapysxkeno 84 pamamonykauma. VIX Ha3bBIBAIOT ecmecmseenHuLMU,
WA NpupooHviMu, pauonyrkaudamu. K HUM OTHOCSTCS PaJHOHYKJIH/IBI, KOTOPbIE
COXPaHUJICh ¢ MOMeHTa 0Opa3oBaHUs 3eMJIM, a TaKkKe Te, KOTOPble BO3HUKa-
0T B TOCTOSIHHO TPOTEKAIONINX SIICPHBIX PeaKIUsaX. DTU PeaKIuu CBI3aHbI JIU-
60 ¢ pacmazioM yske CyIeCTBYIONIUX PAIHOHYKJIHIOB, JHOO CO B3aUMOJEHCTBHEM
MEKIY BBICOKOIHEPTETUUECKUMU KOCMUYECKUMM YaCTUIIAMU U SPAaMHU aTOMOB,
IPUCYTCTBYIOMMX B aTMocdepe. Harpumep, B rpaHuTe COAEpKUTCS PAAMOHYKIIN
ypau-238, pacmajz KOTOpPOTO TPUBOIUT K 0OPa30BaHUIO PAIUOHYKINIA PAoH-222.
B armocdepe non peficTBreM dYacTull, JeTAIMNX U3 KOocMoca (TIOTOK HEWTPOHOB
U 1p.), 00pasyoTcsl paJinoaKTUBHbIE si/ipa yriaepomaa-14:

UN+on— '§C+H.

K naumbosiee pacmpocTpaHEHHBIM TPUPOIHBIM PaIUOHYKJINUIAM OTHOCSITCS
ypan-238, ypau-235, topuii-232 u xamauii-40.

B okpyskaroreit cpejie pUCYTCTBYET U 3HAYUTENIBHAS YACTh UCKYCCMBEHHbIX PAOUO-
HYKu006. VIX elé Ha3bIBAIOT MEXHOZEHHbIMU PAOUOHYKIUOAMU, TAK KaK OHU 00pa3oBa-
JICh B pe3yJsrate paboThl MPEANPUSTAN aTOMHON MPOMBIIUIEHHOCTH U TIPOBEICHNUST
ucrbITanuii sieproro opyxkust B 40—80-e romsr XX Beka, a TakKe M3-3a HEOPEKHOI pa-
GOTBI ¢ PAJINOAKTUBHBIMU UCTOYHUKAME B JIPYTUX OTPACJISIX TPOMBIILIEHHOCTH.

YeToidrBOCTh PAJIMOHYKINIOB XapaKTepusyercs: nepuodom noaypacnada. Ile-
puod norypacnada — amo epemsi, 8 meuenue Komopozo pacnadaemcs NOI0BUHA UC-
X00H020 KOIUUECMBA A0€P PAOUOAKMUBHOZO INEMEHM.

Hampuwmep, nepuoa nosypacnana vioga-131 (7,,) pasen 8,04 cyTox, a nepuost
nomypactaja 1e3usi-137 u crponiug-90 cocransior okosio 30 ner. [Ipu atom Bo-
BCe He 3HAYUT, 4TO yepe3 60 jeT paiioaKTUBHBIX 11€3Us1 M CTPOHIUS HE OCTaHETC.
Ecam nocunraTh, TO K 9TOMY BpeMeHU COXPAHUTCS YEeTBEPTAsl YaCTh, U JlaXke yepes
180 sret ocranercst okosio 1,5 % OT UX IMePBOHAYAIBHOTO KOJIMYECTBA.

B pesysbrate aBapun Ha YepHOOBLIBCKOW aTOMHON 3JieKTpocTaHiuu 26 armpe-
ast 1986 roma B OKpy:KaIoONIyio cpey ObLIM BBIOPOIIEHBI PAIHOAKTUBHBIE HYKJIH-
N6l 37 XUMWYECKUX 9JIeMeHTOB. VIX MOBBINIEHHOE COlepsKaHue C/Ie/lajio YacTh Tep-
PUTOPUHN Halllell CTpaHbl HENPUTOAHON /g HpoKMBaHMA. B HacTosiiee BpeMs



44 (TpoeHue aToma 1 NepUoOANYECKUil 3aKOH

Pecny6sinka Benapych mpogo/iKaeT MpeoosieBaTh MOCAEICTBHS YePHOOBLIbCKOI
KaTacTpodbl. Beyiyo posb B 910l paboTe urpator XuMuku. OHU OCYIIECTBIISIIOT
MOHUTOPHHT 3arPSI3HEHHBIX TEPPUTOPHUI, YUACTBYIOT B pa3pabOTKe MPOEKTOB MO WX
OYKCTKE ¥ BOCCTAHOBJIEHUIO, WIIYT CHOCOOBI CHUKEHUST CO/IEP/KAHMSI OTIACHBIX Pa-
JIUOHYKJINJIOB B CEJIbCKOXO3SMCTBEHHON MPOYKITUH.

Kpome paanoakTMBHOro pacnaga Aafep, BO3MOXEH U UX crHTe3. Hanpumep:
1AL+ 3He — Si+ H.

3HaHVe MexaHn3Ma 1 3aKOHOMEPHOCTel NPoTeKaHWA AAEPHbIX MPeBpaLLeHni MO3BoNAeT OCy-
LeCTBAATb HaNpPaB/ieHHbIN CUHTE3 XUMUYECKMX 3N1eMeHTOB. Bce anemeHTbl C NOPAAKOBbIMU HOMe-
pamu 6onblue 92 nosyyeHbl NCKYCCTBEHHbIM MyTEM.

B pesynbraTte AfepHbIX peakuuii MPOUCXOAUT CUHTE3 XMMUYECKMX dniemeHToB Ha ConHue
N apyrvx 3Bésgax. loepHble peakuny cMHTe3a anemMeHToB Ha ConHLe — MCTOYHUK SHepruy 3Bes-
Ibl U KU3HW Ha 3emre.

Hcnoavzosanue paduonyxauos

Pacnan paanoakTUBHBIX aTOMHBIX Sjep
COIIPOBOXK/IA€TCS BbIJleJIeHUEeM OTPOMHOTO KO-
JinyecTBa aHepruu. YesoBeyecTBO HAYUYUJIOCH
VIPaBJISATh PACaJioM PAAUOHYKIUIOB, & Bbl-
JIEJISTIONIYIOCST TIPU 9TOM 3HEPTUi0 MCI0JIb30-
BaTh B CBOMX MHTepecax.

Ha atoMHBIX 2JIEKTPOCTAHIUSAX DHEPTHUS,
BbIJeJIAIONadCcs MPU JleJIeHUU sjiep ypaHa,
npeoOpasyercsl cHavyaja B TEIUIOBYIO, a 3aTeM
B 2JIeKTpUYecKyio sHepruio (puc. 13).

IIpotmecc menmennst pagroaKTUBHBIX SAEP
ypana-235 1o/ feficTBueM HEHTPOHOB MOKHO Puc. 13. benopycckaa A3C

IpeACTaBrUTb B BU/I€ YPpaBHEHUSI:

235 1 139 94 1
e U+ n— cBa+5,Kr+3,n+y.

O6pasyrorecst HEHTPOHBI BBI3BIBAIOT JIeJIeHNE HOBBIX si/iep ypaHa-235 1o 1er-
HOMY MEXaHU3MY.

[lelicTBue sa/1epHOTO OPY:KUS OCHOBAHO HA MTHOBEHHOM BBIJIEJIEHUH OTPOMHOTO
KOJINYeCTBA dHEPTUU TIPU JIeJIEHUU S/1ep ypaHa WJIN TTyTOHUS.

Mpwn nonHom geneHunn 1 Kr ypaHa-235 Bblgensaetca okono 7,7 - 10" O 3HEeprumn, YTo 3KBMBA-
JIEHTHO TennoTe cropaHna okosno 3000 T BbICOKOKAYECTBEHHOrO KaMeHHOrO YriA.

B 32 ctpaHax mupa ¢yHKUMOHUPYET okono 200 aTOMHbIX 3NeKTPOCTaHLuUiA, obecneymBatoLmx
npubnusmtenbHo 20 % OT o6LLero KonmyecTsa, NOTPebnAemMon STUMK CTpaHaMK IEKTPOIHEPTUN.




fBNIEHME PaZMOaKTUBHOCTY 45

Pagmonykanibl MCTIONB3YIOT B MEUIIMHCKON JUATHOCTUKE U JIJIST JIeYeHUs He-
KOTOPBIX 3a00/1eBaHUI.

Paouayuonnas 6ezonacnocmo

B mporecce pacnaga aTOMHBIX sep WIH, Ha00OPOT, MX CHUHTE3a

IPOUCXOAUT BBIGPOC IPOTOHOB, HEHTPOHOB, DJIEKTPOHOB, COIPOBOK/IA-

IOIMUICA TaMMa-u3JIydeHreM. JTOT IPOIECC Ha3bIBAIOT PaJIMOAKTUB-

HBIM U3JIy9eHreM, WK paauanueit. Ero npupoousie ucmounuxu — ato

COJIHEYHAd pajaualiisd U KOCMUYECKOe U3JIydeHHe, a TakKe Pajiio-

aKTHBHBIE BEIIECTBA, HAXOAAIINECS B 36MHOU KOPE, OKPY’KAIOIMX HAc 00beKTax, BO-
e, BO3/IyXe U MOCTENEeHHO MMPOHUKAIINE B OPTAHU3M YeJIOBEKA U KUBOTHBIX.

CyliecTByOT U MmexHozeHHvle UCMOYHUKY PAJMOAKTUBHOCTH, CO3/JaHHbIE YeJi0O-
BEKOM WJIM CIIPOBOIIMPOBAHHBIE €0 JedaTelbHOCThIo. HeraTusHble npumMepbl oopa-
30BaHUSI TaKMX MCTOYHUKOB — WCIBITAHUE SJEPHOTO OPYKUsS, 3aXOPOHEHUE pa-
JIMOAKTUBHBIX OTXO/OB, OIMMOKU TIPU DKCIUIyaTallud aTOMHBIX 3JIEKTPOCTAHIIHIA,
MPUBOSIINE K KaTacTpodam.

BosneiicTBue 3HauNTENHHBIX /103 BHEITHETO PAJAWAIIMOHHOTO U3JIyYeHNs] Ha opra-
HI3M YeJIOBEKa MOJKET BbI3BaTh TsiKEjble 3a00seBanus. Emé OOJIbIIyIO OIAaCHOCTh
MPEJICTABJILET MONaIaHne PAJMOHYKIINU/IOB B OPTAaHU3M YeJIOBEKA Yepe3 OPTaHbI JIbI-
XaHus, ¢ nuied 1 Bojoi (puc. 14). M3nydenne paiMoHyKJINIOB TIOPaKaeT OT/IEIThb-
HBle KJeTKH, GoKupyer cuHTe3 mbo nospeskaaer JTHK. Haubosbiyro omacHocTh
JUISE 9esIoBeKa TIPeCTaBsTioT pagnonykmass 21" Po, YSr, 1311, 137Cs, 235U, 2%2Rn.

Tak, mUTOBUIHAS KeJle3a OTBETCTBEHHA 32 BBIPAGOTKY TOPMOHOB, YYACTBYIONTIX
B OOMEHHBIX Ipolleccax B opranusMme. /st HOpMaIbHOTO €€ (hyHKIIMOHUPOBAHIS

HeoOxomuM iton. Ilonagas B opra-
Pajon | A HU3M, PaJIMOaKTUBHBIN Hon-131 Ha-
gy sl KaIJTMBAeTCsI B IMUTOBU/IHOM JKeJie3e,
Kamennsie 2
opojibl

BbI3bIBAET CHJIbHEIIIIee 00JMydeHre U
HPUBOAUT K 00Pa3OBaHUIO PAKOBBIX
omyxouieit. IToObI YMEHBIIUTD OTIac-
HOCTb TaKOTO BO3ZEHCTBUS, PEKOMEH-
JlyeTcsd TPUHUMATh Tpernaparbl Hepa-
nuoaktuBHOTO Moma (KI).
Papnonykmn crponnmii-90 sBiis-
eTCsl XUMMYECKM aHaJIOrOM KaJsIbIIs,
TTO3TOMY OTKJIQ/[bIBAETCST BMECTO KaJlb-
11T B KOCTHOW TKaHU, BBI3BIBAs TOpa-
JKeH1e KJIETOK KOCTHOro Mosra. Omma
Puc. 14. I'IyT|/| NPOHNKHOBEHUA n3 Mep HpO(bI/IJIaKTI/IKI/I TaKOTO 33.60.716-
PaAVoaKTUBHOIO PafoHa B XWble MOMelleHns  BaHUS HA TEPPUTOPUSX, 3arPI3HEHHBIX

Papon
B TIOYBE
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ctpoHieM-90, — 3To u3BecTKOBaHMe TOUBLL. [locTyrienne HePaIOAKTUBHOTO KaJlb-
IUsT TPUBOJIUT K CHIDKEHWIO KomdecTBa CTPOHINA-90 He TOIBKO B PACTEHUSIX, HO
U B OPTraHu3Me KUBOTHBIX U YEJIOBEKA, YIOTPEOJISIONINX ITH PACTEHVIS.

-

PapoH aBnsAeTca BTopbIM MO YacToTe (Mocne KypeHus) GakTopoM, Bbi3biBAKOLMM pPakK NErKuX.
OH ecTecTBeHHbIM 06pa3oM BbIAENAETCS 13 Heap 3eM/n 1 HaKamnanuBaeTcA B MOABASbHbIX NMomMe-
weHuax. OTTyaa No BEHTUIALMOHHBIM LiaxTamM OH MPOHWKAET B XWible nomelleHus (puc. 14).
YTOo6bl YMEHBLUNTL €ro copepaHue, a cnefoBaTesibHO, Y BO3AENCTBME, HEOOXOAMMO XOPOLIO
NPOBETPVBATb MOMELLEHUS.

PagnoakTnBHOCTb (NN pagMoOaKTUBHbBIA pacnag) — 3TO CaMOMNpous-
BOJSIbHOE MpeBpaLleHne HECTAOUNbHbBIX aTOMHbIX AAEP OAHUX XUMUYECKMX
3/1eMeHTOB B Afpa APYrX 3IEMEHTOB, COMPOBOXKAAMOLLEECA UCMYCKaHNeM Ya-
CTWL, BbICOKOW 3HEPruu, a TakxKe »KECTKAM dNeKTPOMarHUTHbIM U3NyYeHVEeM.

PannoakTBHbIN pacnag aTOMHbIX AAep MPOUCXOAUT C UCMyCKaHMeMm
a-yactuy (apgep renus), B-yactuy (3NEKTPOHOB) U Y-NyYen.

Bug atomoB, moABeprKeHHbIX pafgnoakTUBHOMY pacnagy, HasbiBaioT
paguoHyKNngamu.

PapnoaKTuBHble HYKNMAbI UCMONb3YIOT B aTOMHOW 3HepreTuke, Meauuu-
He, HayUYHbIX UCCNefOBaHNAX U B BOEHHbIX LIENIAX.

Bonpocbl, 3agaHua, 3agaumn

1. YTo Takoe pagmoakTMBHOCTL? Ha3oBuMTe BUAbl PaMiOaKTMBHOMO pacnaja.

2. YKaKuTe XapakTepucTukm a- 1 [3-4yactuu, pyKoBOACTBYACb Tabnuuel 4 Ha c. 37.

3. HazoBuTe NCTOUYHUKM €CTECTBEHHOWN PagnoaKTUBHOCTM.

4. Kakylo paguaumnoHHYyl0 OMacHOCTb AN1A YenoBeKa NnpeAcTaBnAeT HaxXxOXKAeHue B Mnof-
BaJIbHbIX Y HEMPOBETPMBAEMbIX MOMeLeHUAX?

5. CpaBHUTe cocTas agep Hyknuaos 'l n %71, 137Cs 1 133Cs, 295r n 88y,

6. CocTaBbTe ypaBHeHUA AQEPHbIX peakuuni:

29y — ZNp + ... 226Ra — ... + %He.

7. Papuonyknuapl 2'°Po, 23°U, 222Rn nopgepratoTca a-pacnagy, a paavoHyknuabl 2°Sr,
137Cs — B-pacnapy. CocTaBbTe ypaBHEHUA peakLMil X pacnafa W Ha30BUTE MPOAYKTbI.

8. MaccoBada fona Kanua B Tene yenoseka coctasnsaeT 0,25 %. 3 Bcero konnyectsa aTo-
MOB Kanua Ha gonto Kanua-40 npuxogutca 0,0117 %. PaccumTtanTte uncno pagroakTUBHbBIX aTo-
moB “°K B opraHusMe uenoseka, Macca KOTOPOro — 60 Kr.

9. MNepBOI MCKYCCTBEHHOWN AAEPHOWN peakuuen, KoTopy ocylectsun J. Pesepdopp
B 1919 roay, 6bina peakuna B3anMMOZeNCcTBMA aTOMOB a30Ta-14 ¢ a-yactiuamu. B xone peakumm
06pasyeTcs aTOM HEKOTOPOTO 3fIeMeHTa U BblaenaeTca NpoToH. Onpepenute 3TOT S/IEMEHT.

10. CpegHAA aHeprva, KOTopas BblAenAaAeTca Npy pacnage ogHoro aapa ypaHa-235, paBHa
3,24 - 107" [Ix. PaccuuTaiiTe 3HaueHue 3Heprum, KOTopas BbiAENUTCA Npy pacnaje ypaHa-235:
a) konuuyectBoM 1 mMosib; 6) maccon 1 Kr.

131|
I
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§ 9. CocToAiHME 3N1eKTPOHa B aToMe

Paszsutne kBanToBOU Mexanwku B 20-X rogax XX BeKka MPUBETO K KOPEHHO-
My IepecMoTpy (dyHJIaMEeHTAJIbHBIX MOHATHI Teopuu cTpoeHus aroma. Vccaezno-
BaHMe CBOHCTB 3JIEKTPOHA I10Ka3aji0, YTO €My IIPUCYIIM CBOWCTBA KaK YacCTHILBI,
TaK M BOJIHBL. DJIEKTPOH KaK 4aCTUIIA XapaKTepU3yeTCs MacCOi M 3JIeKTPUYEeCKUM
3aps/IoM, Kak BOJIHA — JIJIMHOM BOJIHBI, KOTOpasl 3aBUCUT OT CKOPOCTHU JIBUKEHUS
9JIEKTPOHA. IJTY JIBOMCTBEHHOCTb CBOMICTB 3JIEKTPOHA HA3BAIU KOPNYCKYASAPHO-
BOHOBVIM OYANUSMOM.

‘.‘!‘Y"i ““1\ *-.:;

je .\v

o 0

B wmacrosdiee Bpems BOJI-
HOBBIE CBOWCTBA 3JIEKTPOHA WC-

;:‘- .“ ”._; HONb3YIOTCS B SiIeKTpOHHOfI
MY e ) q‘_, -':"1 a6 ’.- U aTOMHO-CUJIOBOI MHKPOCKO-
Ve _7, I,?q:“.:'f"-s,_"; UK, Mo3BoJAONeill paccMa-
KR 7 :"“. ‘.{‘ TPUBATh Pas/iMYHble OOBEKTHI
E‘,—l‘?'ﬁ# MRS 2 | (pasmepom mopszaka 1079 w)
Wk VA P00 C YBEJMYEHHEM B COTHU THICSY
a 6 pa3 (puc. 15). be3 aTux mero-
Puc. 15. MnéHka, cocToAwan 13 HaHouacTul, Au 1 SnO,:  10B OBLIIO ObI HEBO3MOIKHBIM
a — n306paxeHie, 6 — AMGPAKLMOHHAA KapTUHA. HOSBJIEHNE HAHOTEXHOJIOTHIA.

®oTorpadum nosyyeHbl MeETOAAMU, OCHOBAHHBIMU

! C TOuKM 3peHMsT KBAHTOBOM
Ha MCMONIb30BaHN BOMHOBbBIX CBOUCTB 2JTEKTPOHOB

MeXaHUKH [JIS1 9JIEKTPOHA HeJlb-

34 OZIHOBPEMEHHO TOYHO Ollpe-
JeJIUTh ero KOOPJAMHATy U CKOPOCTb, a CJIeJOBATEeJIbHO, He-
BO3MOXKHO IIPOCJIEAUTh MPAeKmopuio ABVKEHUS 3JIeKTPOHa
B aTOMe, TI03TOMY TOBOPSIT O 8ePOSAMHOCMU HAXOKIECHUS DJIEKT-
poHa B OnpeaeéHHON 001acTH MPOCTPAHCTBA OKOJIO sI/Ipa.
Eé orpannumBaioT ycJOBHOU MOBEPXHOCTHIO, OXBAThIBAIOIICH
npumepro 90 % o0béma, B KOTOPOM HamboJjiee BeJTMKa BEPO-

5 Puc. 16. SITHOCTh HaXOXKJEHWs JaHHOTO ajekTpoHa (puc. 16). Takyio

NEKTPOHHOE .

o6na|<5 AToma 06J1aCcTh OKOJIOSIIEPHOTO MPOCTPAHCTBA HA3BIBAIOT AMOMHOU
BOMIOPOAa ANEKMPOHHOU OPOUMANVIO, NI TIPOCTO AMOMHOU OPOUMATHIO.

Kaxxomy aJ1eKTpOHY B aTOMe COOTBETCTBYET CBOSI aTOMHAS
opOuTANb, KOMOPASI XAPAKMEPUIYEMCS ONPEOCNEHHBIMU SHAUCHUSIMU IHEPLUU, POp-
MOU U PA3MEPOM NeKMPOHHO20 001aKa.

3a yCJIOBHBIN pazmep aTOMHOU S-OpOUTAIN TPUHUMAIOT AnaMeTp 00Jaka, B KO-
TOPOM BEPOSITHOCTH HAXOK/EHWS JAHHOTO 3JIEKTPOHA cocTaBiseT mpumepHo 90 %
(cM. MyHKTUPHYIO JTUHUIO Ha puc. 16).
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Pnc. 17. ®opma
SNEKTPOHHbIX
obnakos
s-, p-opbuTtanen
z Yy (BepxHaA cTpoKa)
n d-opbutanen
(HVMXHAA CTpOKa)

ITo ¢dopme asekTpoHHOTO ObGJaKka pas3jauvamT s-, p-, d- u f-opburann.
s-Opburanu umeror dhopmy chepsl, p — dhopmy ranresn, d u f — 6ojee CIOKHYIO

hopmy (puc. 17).

CorylacHO OCHOBHOMY TIPUHITUITY KBAaHTOBOW MEXaHUKH, 3JIEKTPOH B aTOME MO-
JKET IPUHUMATD TOJIBKO OTIpe/le/IEHHbIe 3HAUeHUsI SHEePIuu, a JAPyrue 3HaueHus 3a-

mpernieHel. B aTOM cirydae roBopsIT, 9TO auep-
2usl 3IeKMpOHa K8AHMOBAHA, TO €CTb WMeeT
JIMCKPETHBIN Habop 3HavyeHwmit. s Hars-
HOTO TIPE/ICTABJIEHUsI COCTOSTHUI 2JIEKTPOHOB
B aTOMe HCIIOJIb3YIOT HSHEPTeTUUYECKYI0 Jua-
rpammy (puc. 18). IIpoananusupyem atot pu-
CYHOK. V3 pucyHKa clemyeT, 4TO 3JIeKTPOHBI
B aToMe paclpe/ieJieHbl TI0 9HePreTUYeCKUM
YPOBHSIM U TIOJLyPOBHSIM.

Inepeemuueckue yposuu (NI 3JTEKTPOH-
HbIE CJIOM, C KOTOPBIMU BBl O3HAKOMUJINCD,
usyyas XuUMHUIO B 9-M Kjacce) 0003HAYaIOT
YUCJIOM 7. JTO YHUCJIO0 UMEET TOJBKO IEeTOUNC-
JeHnble 3Hauenus: 1, 2, 3, ... Kaxgomy 3Ha-
YEeHUIO 7 COOTBETCTBYET OTIPe/eIEHHOe 3Ha-
yeHue dSHEPTUM IJIEKTPOHA. JHEPTUST MOXKET
U3MEHSIThCSI TOJIBKO CKaukooOpasto. Cambrii
HU3KWI aHepreTnYecKuii yposerb (n = 1) co-
OTBETCTBYET MUHUMAJIBHO BO3MOKHOW 2HEp-
rum ajeKTpona. Haxozsimmecs Ha 5TOM ypoB-

SHeprus
" 4 OO0
dOoooog
4s O
3p QOOO
3s O
2p OO0
2s O
1s O

VYposuu Iomgyposuu  Opbutasiu

Puc. 18. Cxema pacnpegeneHus
aTOMHbIX opbuTanen no sHeprun
(oHepreTnueckan gmnarpamma)

He 3JIEKTPOHBbI HamboJiee CUIIBHO CBsI3aHbI ¢ sApoM. Uem OoJbiie 7, ciabee ero
CBsI3b C SAPOM, OoJibllie pasMep 2JeKTPOHHOro obJaka, TeM OOJIblile DHEPTUs
syekTpoHa. [Ipu n = oo 9JIeKTPOH TePSIeT CBSI3b C SIAPOM M CUUTAETCS CBOOOTHDBIM.

Bam yke m3BecTHO, UTO YMCJIO 2JEKTPOHOB HA 9HEPTETUYECKUX YPOBHSX pas-
suyHo. Tak, Ha MMEPBOM HEPTeTHYECKOM YPOBHE MOKET OBbITh He Oosiee 2, Ha BTO-
poM — He 6osiee 8, Ha TpeTbeM — He Oojiee 18 2/1€KTPOHOB.
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Yucao 3jeKTPOHOB, KOTOPOE MOKET BMECTUTDH ONPE/IeICHHBIN yPOBEHb, MOXK-
HO BBIYUCJUTH 110 (hopMmy.ie:

N(e™) = 2n%.

DJIEKTPOHDI, HAXOSIIMECS Ha OJHOM JHEPreTHYecKOM YpOBHE, 00pasyioT
ANEKMPOHHYI0 000J0UKY, WA CAOU. BBHICHIYIO IO SHEPrUU JIEKTPOHHYIO 00010Y-
Ky Ha3bIBAIOT gHewHell. Ha Hell pactoioKeHbl 3JI€KTPOHDI, KOTOPbIE c1abee BCETOo
CBSI3aHbI C SI/[POM U MO3TOMY CIIOCOOHBI Y4aCTBOBATH B 00PA30BAHUN XUMUIECKUX
cBa3eil. VIX Ha3bIBAIOT 8ANEHMHBIMU.

B MHOro2/1eKTpOHHBIX aTOMaxX 9HepreTUYeckue YPOBHU PACIIEIISIIOTCS Ha Hep-
zemuueckue nodyposnu (tabm. 5). Ha mepBom yposhe (n = 1) ecTh TOJBKO OANH
noslypoBeHb — 1s, Ha BTopoMm (n = 2) — ziBa 1olypoBHA (25 U 2p), HA TpeTbeM —
ux tpu (3s, 3p u 3d).

Tabsmiia 5. PacnipesiesieHne 3J€KTPOHOB B aTOMe 110 YPOBHSIM, MOAYPOBHSIM, OpPOHTAISIM

MaxkcumajbHOe MakcuMajibHO€E YHCJIO
" Yucio
IAHepreTHYECKuit IMoxypo- ATOMHBIX YHCJIO 9JIEKTPOHOB Ha HEP-
YPOBEHb, 7 B€Hb onGuTael 9JIEKTPOHOB reTHYECKOM YPOBHE
P Ha MOJypPOBHE (N(e") = 2n?)
1 1s 1 2 2
2s 1 2
2 8
2p 3 6
3s 1 2
3 3p 3 6 18
3d 5 10

Amomnore op6uma.71u, nopﬂamc Ux 3anoJjiHeHus ajexKmponamu

Ha sHepreruyeckoii auarpamme aTOMHbIE OpOUTAIN M300pasKeHbl B BUIE KJe-
Tok (sueex): [] (puc. 18). Ha KkaxmoMm SHEPreTMYecKOM HOAYPOBHE MOKET Ha-
XOJIUTHCSI TOJIbKO OIPEIEeJIEHHOE YUCTIO OJIMHAKOBBIX 110 SHEPTUM aTOMHBIX OP-
Gutanei: Ha mobom s-nodypoene — omna [, ma p — tpu LI [ | ma d — maro

[ITTTT|
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Kak BaM y’kKe M3BECTHO, Ha KaxKI0il aTOMHON OpOMUTAIM MOKET Pa3MEeCTUThCS
He GoJiee JIBYX BJIEKTPOHOB: [T, TIPUUEM DJIEKTPOHBI JOJKHBI OTJINYATHCS CBOMMU
ciimaamu. CIIMH yCJIOBHO XapaKTepU3yeT BpallleHHe 3JIEKTPOHa BOKPYT COOCTBEH-
HOI OCH T10 YacOBOW CTpPeJIKe WJIW MPOTUB Heé. ITU PasINuMs y 2JIEKTPOHOB Ha
cxeme M300pakaloT CTPEJIKaMM, HATIPABJIEHHBIMU B MPOTHBOIOJIOKHBIE CTOPOHBL.
Ecim Ha op6uTamy HAXOAMTCH OIMH 3JAKTPOH L1, ero HasbIBAIOT HecIapeHHbIM,
a aTOMHY0 OpOMTaIh — HAIOJOBUHY 3alloJIHeHHOM. Ecim Ha opOuTtaim 1Ba 3JIeKT-
poHa [, TO 2JIEKTPOHBI HA3bIBAIOT CIIAPDEHHBIMHU, a OpPOUTANb — 3ATOJHEHHOM.
ATomuyi0 0pOuTaIh 6€3 IEKTPOHOB HA3hIBAIOT BaKaHTHOI, MK cBOOOAHOM [,

BMecTuMOCTh 9HEpreTHYecKnX YpPoBHE# MokasaHa B TabJuIe 5.

Bam wmsBecTHbl Tpu crocoba mzobpaskeHUs paclpegeseHNs] 3JeKTPOHOB
B aTOMe:

1) B Buze 2/eKTPOHHBIX cXeM (TIOKa3bIBAIOT paciipeiesieHue 3JIeKTPOHOB TOJTh-
KO TI0 9HEPTETUYECKUM YPOBHSIM ), HarpuMep 17151 yriaepoaa ¢C 2e”, 4e;

2) B BUsie HOPMYJIbI aekmponnoi kouguzypayuu (MIOKa3bIBAIOT paciipe/ieieHne
3JIeKTPOHOB 110 opbutansam), Hanpumep ¢C 15*25°2p?, re tndpsr nepesx GykBamu
S U p YKasbIBAlOT HOMEP DHEPreTUYeCKOro YPOBHsL, OYKBbI S U p — (POPMY 2JIEKT-
POHHOTO 006JIaKa, a BePXHMI MHIEKC Haj OyKBaMKM — YHCJIO DJIEKTPOHOB, pPasMe-
IMEHABIX Ha TOyPOBHE;

3) ¢ ToMoMIbI0 neKkmponno-zpaguyeckux cxem (IMMOKA3BIBAIOT paclpesiesieHre

9JIEKTPOHOB TI0 OPOMTAJISIM € YIETOM CIIUHA HJIEKTPOHA), HAITPUMEP:
2

74

2s
1s nn

C
InexmponHo-zpaguueckas cxema — 3TO Ta Ke dHepreTUyeckasi Auarpamma, HO

¢ n300pakeHreM 3allOJTHEHMSI HJIEKTPOHAME aTOMHBIX OpOUTAIeil.

CocrosiHre aToMa ¢ HaMMEHBIIEe BO3MOKHON /IJis HETO dHEPTUEN 3JIeKTPOHOB
Ha3bIBAIOT OCHOGHBIM, VI HeB030YHCOEHHbIM, COCTOsTHIEM. Bee npyrie sHepreTH-

YECKUE COCTOAHUSA 9TOIO0 aTOMa, KOTOPbIM COOTBETCTBYET 60JIbIIIAs JHEPIUA ISJIEKT-
POHOB, 4€EM B OCHOBHOM COCTOAHHNHU, Ha3blBa-

E, —o— I0TCSI 6030YHCOEHHBIMU.
hy Jlist Toro 4toObl MEpeBecTH aTOM B BO3-
AE OyKIAEHHOE COCTOSTHUE, €My HaJ0 COOOIIUTH
sHepru — auepzuto 6036yxcoenus (AE)
(= E, (puc. 19). Ona nepenaércss Ipu BO3JEUCT-
BosGysxaénnoe  OcnopHoe BUM HAa aTOM 31E€KMPOMAZHUMHOZO UBNYUCHUS
COCTOSIHIE COCTOsHIE (HampuMep, COJHEYHOTO CBETA), TPU Harpe-

BaHUU WJIN BOBI[GI?ICTBHI/I Ha aToOM 6bICTpI)IX
3JIEKTPOHOB. B OCHOBHOM COCTOSTHUU aTOM
MOXXEeT HaXOAUTHhCS HEOTPAHWYEHHO JOJITO,

Puc. 19. Cxema nepexofa anekTpoHa
13 OCHOBHOTIO B BO30OYX[AEHHOE
COCTOAHNE
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a B Bo3GyxaénnoM — okono 10719 ¢, moce yero Bo3GysEHHBIE DIEKTPOHLI BO3-
BPAIAIOTCST B OCHOBHOE coctosinve. [lepexosn atoma u3 Bo30YKIAEHHOTO COCTOSTHUS

B OCHOBHO€ COITPOBOKAAETCA IJIEKTPOMAIrHUTHDBIM M3JIyYEHUEM.
> 4

CBOVICTBO aTOMOB MOC/E WX SHEPreTMUeckoro BO3OyKAeHUA M3yyaTb CBET C OMpeaenéHHbIMU
JVIMHaMU BOJH NEXUT B OCHOBE MeTofa CMeKTPanbHOro aHani3a — OfHOTO 13 OCHOBHBIX METOA0B
KauecTBEHHOrO 1 KONMUECTBEHHOrO aHanu3a BelecTs. CnekTp

COCTOUT 13 OTAENbHbIX JIMHUI, KaXaas U3 KOTOPbIX NOABNAETCA
B pe3ynbTaTe nepexofia aToma W3 BO3BYKAEHHOMO B OCHOBHOE

cocTonHve. JInHenuaTbii CNeKTp NCNYCKaHWA — CBUAETENbCTBO Kr

Pa3HbIX KOHKPETHBIX 3HAUEHWII SHEPrK SNEKTPOHOB B aToMe.

DNEKTPOHY MPUCYLLUM CBOMCTBA KakK YaCTULbl, TaK 1 BOJIHbI.

ATOMHas op6uTanb — 3TO XapaKTEPUCTUKA COCTOSAHUS 3JIEKTPOHA
B aTOMe, KOTopasa BKJOYaeT onpefefiéHHoe 3HayeHue 3Hepruun, ¢opmy
N pa3mep 3MeKTPOHHOro obnaka.

NEeKTPOHHOE CTPOEHME aTOMa XapPaKTEPM3YIOT C MOMOLLIbIO SNIEKTPOHHON CXe-
Mbl, GOPMYJSIbl SNEKTPOHHOI KOHPUIYpaLIMN 1 SNEKTPOHHO-TPaprUeCKor CXembl.

BOI'IpOCbI, 3agaHunA, 3agavun

1. Ha3oBWTe XapaKTepUCTVKM IMEKTPOHA: a) KaK YacTuLbl; 6) Kak BOJHbI.

2. HazoBuTe crnocobbl I/I306pa)KEHI/IH pacnpepeneHna aN1eKTPOHOB B aTOMe a30Ta:
2p

a) N 2e”, 5e7; 6) N 15225%2p% B) N

3. Kak n3meHuTCA aHeprna aNeKTpoHa, ecim ero nepeBectn U3 COCTOAHNUA C N = 2 B CO-
cToAHMe ¢ n = 37 YTo Npoun3onNAaET C SHEPrmen 3MIEeKTPOHA, eC/IN OH BEPHETCA B NpeXXHee Co-
CcTOAHNE?

4. Wcnonb3ya puc. 18, pacnonoxunTe cregyolye aToMmHble opbrTtanu B nopsigke yBenu-
yeHus ux sHeprum: 3p, 2p, 3d, 1s.

5. B KaKOM COCTOAHMM 3HEpPrna 3NneKTPOoHa Bbiwe: 2s unu 2p; 3p nnm 2p?

6. Yem oTnnvatoTca aToMHble opbutanu 1s n 3s?

7. CKONbKO BCEro 3M1eKTPOHOB MOXET HaXOAUTbCA Ha TpPeTbeM SHepreTM4ecKkom ypoBHE,
Ha 1s-nofypoBHe, Ha 2p-NoaypoBHe, Ha 3d-noaypoBHe?

8. Mpwn BO36YXAEHUN SNEKTPOH NepeLén ¢ 2s- Ha 2p-opbuTanb. YTo NpW 3TOM M3MEHU-
NOCb: 3HepPrua 31eKTPoHa, Gopma 3NEeKTPOHHOro obnaka, 3apag atoma, SHeprusa atoma?

9. PaccunTanTte umcnio anekTpoHoB B nopummn docdopa maccon 1,24 r.

10. MNopumAa HUTpaTa ABYXBaJNIEHTHOro meTanna konumyectsom 0,2 MONb COOEPXUT
16,4 monb 3neKTpoHOB. OnpepennTe 3NeMeHT.
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§ 10. NMepunoanyecknin 3aKoH
B CBeTe TeOpuu CTPOEHNA aToMa

B xome kpomorimBoro Tpyzsa mo cUcCTeMaTH3AIUN
CBOWCTB TPOCTBIX W CJOKHBIX BemecTB Tpodeccop
Cankr-Ilerepbyprckoro yuusepcutera [I. V. Menje-
JieeB OOHAPYKUJI MEPUOANYECKYI0 3aBHCUMOCTh COCTa-
Ba BBICHIUX OKCH/IOB W BOJOPOJIHBIX COE/IMHEHUN XUMMU-
YeCKUX 3JEMEHTOB OT MX aTOMHOU Macchl. Pacriosoxun
CUMBOJIBI XUMUYECKUX 3JEMEHTOB B TOPSI/IKE BO3pacTa-
HUSI aTOMHOIT MacChl ¥ OOBEANHIB 9JIEMEHTBI € OJIMHAKO-
BOI (hopMyJIO# BBICITIETO OKCHa B Tpymibl, B 1869 romy
JI. I. MenzeneeB cosman TabJnIly, KOTOPYIO Ha3BaJl Tie-
puoaryeckoit. OKa3anock, 4TO d1eMEHTbI, 00beANHEHHBIE
B OJIHY TPYIILY IO IPU3HAKY 0OIIell BaJeHTHOCTH, Me-
10T OJIM3KKMe XUMUYecKue cBoiicTBa. Ha oCHOBe yCTaHOBJIEHHON 3aKOHOMEPHOCTHU
OH cOPMYIMPOBAT 3AKOH, KOTOPBIH MOJIYINJ Ha3BaAHUE NEPUOOUUECKOZ0.

B orsmmume ot (¢husmyecKkux 3aKOHOB, KOTOPble 0OBIYHO MPEACTABJISIIOTCS B BU-
ne GopmyI, IepruoAndYecKuii 3akoH ObLT oToOpaskéH J[. V. MeH/eseeBbIM B Bujie
nepuoouUUeckoll CUCTNEMbL XUMUUECKUX SJLeMEHNOE.

B 1913 romy ObLIO 9KCIIEPUMEHTANBHO YCTAaHOBJIEHO, YTO XUMHUUYECKHIl dJre-
MEHT — 3TO BUJ aTOMOB C OIPe/IeJIEHHBIM TMOJOXKUTETHHBIM 3apSIIoM SIpa, 3Ha-
YeHre KOTOPOTO COOTBETCTBYET MOPSIKOBOMY HOMEDPY XMMUYECKOTO 3JeMEHTa
B nepuoandeckoii cucreme. [locse atoro nepuoguyeckuii 3aKOH TOJYYUI HOBYIO
(hopmysInpoBKy:

CBOUCMBA AMOMOB XUMUUECKUX SJIeMEHMO8, 4 MAKICe COCMAs U C6olcmea oopa-
3YEMbIX UMU BEU,eC8 HAXOO0SMCSL 8 NEPUOOUUECKOL 3ABUCUMOCTII OM 3apsi0a Amom-
Hulx s0ep.

Takum 06pa3oM, TOPSIKOBBII HOMEP XUMUYECKOTO dJieMeHTa TPUOOPENn (husm-
yecknii cMbics. Kak BbI yiKe 3HaeTe, eCiid 3a €/[MHUILY U3MEPEHUs 3aps/ia MPUHSTDH
3apsijl 9JIEKTPOHA, TO OTHOCUTEJNBHBIN 3apsijl sipa Jroboro aroMa OyIeT 4nucIeHHO
paBeH MOPSIKOBOMY HOMePY Z COOTBETCTBYIONIETO XUMUYECKOTO 3JIEMEHTA.

CrenyronmM aTanioM pa3BUTUS TEOPUHU TIEPUOANMYECKON CUCTEMBI CTAJIO BBISC-
HeHWe TTPUYUHBI TIEPUOINIECKON 3aBUCUMOCTU CBOMCTB XMMIUYECKUX 3JIEMEHTOB OT
3apsiia sipa aToMOB, 0GOCHOBaHNE WHTEPBAJIOB TEPUOIUIHOCTH.

[luig BbIICHEHUS 9TUX TIPUYMH JlaBaliTe MPOCTEINM, KaK 110 MepPe BO3PACTAHUSI
3apsi/la AaTOMHBIX SI/IEP U3MEHSIOTCS COCTOSTHUS 2JIEKTPOHOB B aTOMaX XUMUUYECKUX
2J1eMeHTOB. JIJIsT KaXk/0ro asieMeHTa 3arnuiineM (hopMyJay 2JIEKTPOHHOU KOHGUTY-
panuu 1 TOCTPOUM 3JIEKTPOHHO-TpahUIecKyio cxeMy B COOTBETCTBUU C PHUCYH-
koM 20.
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I[Ipu penteHny BOIpoca O HOCIe0BaTeLHOCTI 3a110J1- 3p
HEHMs 5JEKTPOHAMU aTOMHBIX opbutazeii GymeM pyKo- 13 14 15
BOJICTBOBATHCS CJIEAYIONMMY [IPABUIAM. 3s U

1. DJIEKTPOHBI B aTOMe B HEPBYIO OYEPE/Ib 3aIOIHSIOT 12
cBOGOIHbIE aTOMHBIE OPOUTATIHN C zan60ﬂee HU3KOM dHep- 2
rueil. DHeprusi aTOMHBIX opbuTajeil Bo3pacTaeT B clie- . 8 9 10
AYIOIIEl MOCIe[0BaTelbHOCTH: 34

1s <25 <2p <3s<3p <i4ds<3d<ip.. Ls

2. Ha omHO#l aTOMHOI OpOUTAIM MOKET HAXOIUTHCSI e
He GoJiee JBYX 2JEKTPOHOB, IPUYEM JIEKTPOHbI JOJKHBI Puc. 20
VIMETh aHTUIAPAJJICIbHbIC CIIIHBI.

MocnenoBaTenbHOCTb

3. Uncsio HeclapeHHbIX 2JIeKTPOHOB Ha JaHHOM 3Hep- SaMONHeHI

FeTUYECKOM TMOYPOBHE JOJIKHO OBITH MAKCHMAJbHBIM. SMEKTPOHAMI ATOMHBIX

CocrosiHre aToMa, y KOTOPOTO aTOMHbIE OPOUTAIH 3a- opbuTaneit
MOJIHEHBI 3JIEKTPOHAMU B YKa3aHHOW I10CJIe0BATEIbHO-

CTH, SABJISICTCS OCHOBHBIM COCMOSHUEM, TO €CTb COCTOSHUEM € HauMeHbIIeH sHep-
rueit. Bee ocraibhbie coCTOSTHUST OYYT 6030yt OEHHLMU.

Nrax, y atoma BOmOpoia ¢ OTHOCUTETbHBIM 3apsioM siapa Z = 1 emnHCTBEH-
HBII 2JIEKTPOH JIOJKEH 3aHSTh CaMyl0 HU3KYIO 110 9HEPTUH aTOMHYIO opouTasib 1s.
Y atoma cieyioniero ajgeMenTa 06a slIeKTPOHa 3acCessioT Ty ke 1s-opourtanb, HO
JOJIKHBI UMETh TTPOTUBOIIOTIOKHBIE CITUHBIL:

H1s' HIE  ,Heils®  ,Hell

Tak Kak Ha [IEPBOM 9HEPreTUYECKOM YPOBHE €CTb TOJbKO OJHA aTOMHAad Op-
6uTasb, KOTOpasi He MOKET BMECTHTH 0oJiee JIBYX 2JIEKTPOHOB, TO TPETUH U YeT-
BEPTDBII 3JIEKTPOHBI B aTOMax ¢ Z = 3 U Z = 4 3aHUMAIOT CJIeIyIOINLyIO 110 9Hepruu

2S'Op6I/ITaHb. ATOM])I ITUX IJIEMEHTOB HAYMHAIOT BTOpOfI HepI/IOZI:
W BT W BT
JLi 18225t SLi Be 1228 BelV
B aromax cienyommnx sjeMeHTOB 3JIEKTPOHBI 3aTOJHIIOT 2p-TI0lyPOBEHD:
cHauajaa 110 OJHOMY 9JIEKTPOHY Ha KaxkIyl0 M3 TPEX p-opOuTaiell; 3aTeM, Ha-
yHast ¢ atoMa Kucjopona (Z = 6), xKaxmass p-opOUTAJb 3aIOJHSAETCS BTOPBIM
QJIEKTPOHOM:

. 2p . P
2s 2s
1s .. 1s ..
B 1s22s%2p' 5B oC 15225%2p? «C
2s P 2 p
1s 1s .
N 1528228 N . 40 1522522p" N, ,
2s 2s
1s [ ¢ i 1s

oF 152252295  oF oNe 18225225 ;Ne ¥
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Tak Kak BTOPOil 9HEPTreTHYECKUIT YPOBEHDb HE MOKET COJepsKaTh GoJiee 8 aeKT-
POHOB, TO 2JIEMEHT C OTHOCUTEJIbHBIM 3apsjioM sijipa atoma +11 (Z = 11) naunnaer

TpeTuil mepuor;
) 35 ... .---
1s T~L TJ’ .-

11Na 15%2522p53s! i

[TocsieoBaTeIbHOCTD 3ATOJTHEHNUST 9JTEKTPOHAMU aTOMHBIX OpOHUTaNell Ha
TPETbEM IHEPTETUYECKOM YPOBHE aHAJOTUYHA TO, YTO MBI HAOTIOAAIN [IJIsT BTO-
poro yposas (Ilpumoxenue 1). Cocrosinue 2/eKTPOHOB TTOCTETHETO dJIeMeHTa Tpe-

Thero nepuozia aprona (Z = 18) onuceiBaeTcst Tak:
3d
3s
N N N

2s N
NNNN

AT 1522522163523,6 14

[Ipu sTOM y aTomMa Ar, B OTJIMYME OT aTOMOB TIPE/BILYIINX OJIATOPOHBIX Ta30B
He u Ne, ne 3akanumnBaeTcst 3all0JIHEHUE 3JIEKTPOHAMU TPETHETro SHePreTU4ecKoro
yPOBHS. Y HEro oCTaioTcst HesanonHeHubiMu 3d-opourtaiu. [TockoIbKy Ha BHETI-
HEM 3JIEKTPOHHOM CJI0€ He MOKET OBbITh GoJiee 8 3JIeKTPOHOB, TO CJEAYIONINN 3a
aproHoM aseMeHT (Z = 19) HaumHaeT HOBBIH, YeTBEPTHIN TEPUO/I.

JlJ1st KOMITAKTHOCTH 3alUCH 3aMTOJHEHHBIE JIEKTPOHHBIE 000JI0YKK B (hOpMYyIax
9JIEKTPOHHBIX KOH(DUTYpaIMil 3aMEHIUM CUMBOJIOM GJIarOPOHOTO Ta3a, aTOM KOTO-
POTO MMeeT TaKylo ke dIeKTPOHHyI0 Konurypammio. Tak, samich 1s> MokHO 3a-
merntb Ha [He], 15%25?2p% — na [Ne], 15?25?2p%3s?3p% — na [Ar] u 1. 1. Hampu-
Mep, GopMyJy 3JeKTPOHHON KOH(MUTYpAIMU aToOMa JUTHS MOKHO 3allcaTh Kak
[He]2s!, xmopa — [Ne]3s%3p°.

Ha sTom ocTanoBuM paccMOTpeHUe 2JIeKTPOHHBIX KOH(UTYpaIuii aTOMOB XU-
MUYECKUX 2JIEMEHTOB.

CormoctaBuB (hOpMYJIbI 3JEKTPOHHBIX KOH(MDUTYpAIUil aTOMOB C TOJIOKEHUEM
COOTBETCTBYIOIUX UM XMMHYECKUX 3JIEMEHTOB B IIEPUOIMYECKOI cucTeMe, MOKHO
o6parnuTh BHUMaHIE Ha CJEAYIONe 3aKOHOMEPHOCTH.

Bo-nepBbIxX, Hayasmo Kaxa0ro mepuojia CoBIA/AaeT ¢ HAYaJOM 3alOJTHEHUS HO-
BOTO 9Hepzemu4eckozo yposus B aToMe. JHaueHre HoMepa 3TOTo YPOBHS (7) paBHO
HOMepY Tepuozia. B aToM 3akiioyaeTcst pusuueckuii cmolcii Homepa nepuooa.

Bo-BTOpbIX, 4KCI0 9/1€EKTPOHOB HA BHEIIHEH 2JEKTPOHHOU 000J0YKe aToMa
A-Tpymiibl paBHO HOMEpPY TPYIIIbI, B KOTOPOU Pa3MeIEéH COOTBETCTBYIONIUN 3TO-
My aTOMy XMMUYeCKUIl ajieMeHT. B aToM 3akjiouaercs ¢usuueckuil cmvicii Homepa
epynnvl. MakcMaibHOE YUCJIO 3JIEKTPOHOB HAa BHEIIHEH 3JIEKTPOHHOI 060JI0uKe
aTOMOB He TIpeBbIliaeT BocbMu (Tabu. 6).
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Tabsnia 6. InekTpoHHAS KOH(UIypaIKs ATOMOB XUMHUYECKHX JIEMEHTOB A-TpyIi

ITapamerpst s

CPaBHEHHA IA 1A A IVA VA VIA | VIIA | VIIA
Buemmnss 1 2 9 4 5 9 9 3 2 4 2 5 2 6
oBoouka ns ns ns’np ns’np ns’np ns’np ns’np ns’np
Yucino e”
Ha BHELIHEH 1 2 3 4 5 6 7 8
000J0YKe
Bpoicumit
Bonopommoe | 4y RH, RH; RH, RH, RH, RH —
coeiuHeHue

TpeTbs 3aKOHOMEPHOCTbH CJIElyeT U3 aHAJIN3A CJeLyIoNeil JJOTHIeCKON CXeMBl,
KOTOPYIO MBI TIOCTPOUM C YYETOM 3HAHWH, mojiydeHHbIX B 8—10-X Kiaccax.

B onmnoit rpymnme pasmenieHbl XUMHUYECKHe ATOMBI XUMHMYECKUX 3JIEMEHTOB, PaCIIoJo-
3JIEMEHTBI, 0OpPa3yIoIie COeJUHEHHsT CO CXO/I- JKEHHBIX B OJIHOW TpyIIe, UMEIOT OJMHAKO-
HBIMI XUMHYECKUMH CBOWMCTBAMH BYIO 3JIEKTPOHHYIO KOH(MUIYPaIUIO BHENTHEe
DIIEKTPOHHON 000JI0UKU
v

Bo1600. Xumuueckue CBOHCTBA BEUIECTB OOYCJIOBJIEHBI CTPOEHHEM BHEIIHUX 3JIEKTPOHHBIX 060-
JIOUEK aTOMOB, [I09TOMY BHEIIHIOK 3JIEKTPOHHYIO 000JOUKY HA3bIBAIOT BAJEHTHOI, a pasMeIléH-
HbIE€ Ha HeIL/'I 9JIEKTPOHBI — BAJICHTHBIMHU.

quBépTYIO 3aKOHOMEPHOCTb HaM IO3BOJIUT CAE€JIaTb JIOTUYECKasd CXEMa.

CBolicTBa XUMUYECKUX DJIEMEHTOB M3MEHSI- DJIeKTPOHHAS KOH(MUTYpAIUs BHENTHeH
I0TCSI TEPUOINYECKU C POCTOM 3apsifia UX 9JIEKTPOHHON 000JI0YKH aTOMOB TIOBTOPSIETCSI
ATOMHBIX sI/IEp MEPUOINYECKN C POCTOM 3apsifia UX siziep

y

Boisoo. HepI/IOZ[I/I‘-IHOCTb W3MEHEHHST CBOWCTB XUMHYECKUX JIEMEHTOB COBIIa/Jla€T C IEPpUOJANY-
HOCTbIO U3MEHEHUA SHeKTpOHHOﬁ CTPYKTYPbI X aTOMOB.

[TpoBenénnoe comocTaBiieHNE MO3BOJSET 3aKJIIOYUTD: CB0UCMEA XUMUUECKUX
JNLEMEHMO8 USMEHSIOMCS NEPUOOUUECKU NOMOMY, UMO NEPUOOUUECKU USMEHSIEMCSL
ANEKMPOHHASL KOHPULYPAUUSL BHEWHELL JNEKMPOHHOU 000JIOUKU UX ATNOMOS.
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Cmpyxmypa nepuoouneckou cucmemvl XUMUHECKUX IJIEMEHMOB C MOUKU
3peHuss CmpoeHuss amomos

OCHOBHBIMH CTPYKTYPHBIMH COCTaBJISIONIMMK MT€PUOIUTIECKON CUCTEMbBI XUMU-
YECKUX DJIEMEHTOB SIBIISTIOTCST TPyIia u nepuoj. Ipynma — smo sepmukanvhoiil psio
JNEMEHMO8, PACNONONCEHHBIX 8 NOPSAOKe B03PACNAHUS 3aPsS0a A0PA UX aAmMOM08, 006-
COUNEHHBIX 0OUUM NPUSHAKOM — OOHOMUNHOU SNEKMPOHHOU KOH(DUZYpaLuell eHe-
Hetl ANeKMPOHHOU 000I0UKU.

dnemenTsl [A- u IIA-rpynm oTHOCAT K s-2jieMeHTaM, HMOCKOJIBKY y HUX
9JIEKTPOHBI BHENTHEH 000JOYKM HaXOISATCS Ha s-MOAypoBHe. DiemeHThl [TTA—
VIITA-rpynmn — cOOTBETCTBEHHO K p-3JieMEHTaM. DJIEMEHTBI, PACIIOJOKEHHbBIE
B IIEPUOJIMYECKON CHCTeMe MEXKIy S- U p-djeMeHTaMHu B 4—8-M mepuojiax, Ha3bl-
BAIOTCSI d- U f-3ieMeHTaMU. Y HUX 9JIEKTPOHAMU 3aTMOJHSIETCS d- U f-T0ypOBHU
IpeBHENIHE 9JIeKTPOHHON 00010uKkHi. Takue aJieMeHTBI OTHOCAT K B-rpytimam.

Ilepuoant — smo zopusonmanviovie psdvl 6 NEPUOOUUECKOTL CUCTNEME, 8 KOTOPLIX
XUMUYECKUE NEMEHMbL PACNOIONCEHbL 8 NOPsiOKe Yeeaudenus 3apsoa sopa amo-
Ma U YUCAA I]IEKMPOHO8 HA BHEUHEM IHEPeemuieckom yposHe. Y aTOMOB dJieMeH-
TOB 2-TO U 3-TO TIEPUOIOB MPOUCXOAUT MTOCTEIIEHHOE 3aIl0JHEHNE 2JIEKTPOHAMHU S-,
a 3aTeM p-opOuTasIeil.

Kasknprit mepmosi HaunHaeTcst s-asieMeHTaMu (IeJIOUHbIe METAJIJIbl), B aTOMaxX
KOTOPBIX 3JIEKTPOHbBI 3ATOJHSIOT HOBBIM sHepreTudeckuili yposeHb. [lociaenqnum
9JIEMEHTOM B KayKIIOM TIEPUOJIE SIBJISIETCST GJIATOPOHBIN Ta3, aTOMbI KOTOPOTO MMe-
IOT TIOJIHOCTBIO 3aII0JIHEHHBIN 2JIEKTPOHAMU P-T10/1yPOBEHb.

Takum 00pa3oM, pazBUTHE TEOPHH CTPOEHMS aToMa TTO3BOJIMIO JaTh (husnde-
cKoe 0O0CHOBaHME TEPHOINYECKOMY 3aKOHY M CTPYKTYpE MEPUOAMIECKON CHCTe-
MBI XUMWYECKUX 3JIEMEHTOB. B HacTosiee BpeMs MEePUONIECKYI0 CHCTEMY MOJK-
HO paccMaTpWBaTh KaK €CTECTBEHHYIO KIacCU(PUKAINIO XUMIUUECKUX JIEMEHTOB TI0
9JIEKTPOHHBIM CTPYKTYPaM HUX aTOMOB.

CBOMCTBa aTOMOB XMMWYECKUX 3IEMEHTOB, a TakXe COCTaB M CBOWCTBA
ob6pa3syemMbix UMW MPOCTbIX BELECTB Y COEAUHEHUI HaXOAATCA B Nepuoau-
YecKo 3aBMCMMOCTM OT 3apAfa aTOMHbIX Agep.

[NopAAKOBbIN HOMEP XMMUYECKOro 3f1eMeHTa paBeH uuMcily MPOTOHOB
B AAQpEe aToMa 3TOro dfieMeHTa.

Homep A-rpynnbl COOTBETCTBYET UNC/Y IEKTPOHOB Ha BHELUHEN dM1eKT-
POHHOW 060/10YKE aTOMOB XUMNYECKNX 3IEMEHTOB AaHHOW rpymnmbl. DneMeH-
Tbl, HAXOZALMECA B OQHON rpynne Nepuofmnyeckort CUCTEMbI, UMEKT OANHA-
KOBYIO 2JIEKTPOHHYI KOHPUrypaL Mo BHELIHErO 3/IEKTPOHHOrO CJI0A.

Homep nepviopa coBnagaeT C YMCNOM SHEpPreTUYeckmnx YPOBHeEW, Ha KO-
TOPbIX pa3MelLeHbl 3/IeKTPOHbI B aTOMax BCEX 3/1IEMEHTOB 3TOro nepuoga.
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BOHpOCbI, 3agaHunA, 3agavun

1. MoAcHMTe Ha Npumepe a3oTa GU3NYECKMI CMbICT MOPARKOBOIO HOMEpPa XUMMUYECKOro
anemMeHTa, Homepa A-rpynmnbl, HOMepa nepropa.

2. MNouemy snemeHTbl IA- 1 lIA-rpynn Ha3biBaloT s-anemeHTamu, a snemeHTbl HIA-VIIIA-
rpynn — p-anemeHTamm?

3. MNocTpowiTe 3neKTPOHHO-Tpaduyeckme cxeMbl 1 3anunLLnTe 3NeKTPOHHble GOpPMyIbl aTo-
MOB XVIMUYECKMX 3N1IEMEHTOB 3-ro nepuoga.

4. MNoueMy CBOWNCTBa XMIMUYECKMX 3NIEMEHTOB M UX COEAMHEHUN MOAYMHAIOTCA Nepuoau-
yeckoMy 3akoHy? OOOCHyWTe CBOI OTBET.

5. MNouyemy 3nemeHTbl OAHOW FPYMMbl NPOABAAIOT CXOACTBO B CBONCTBax? B uém npuunHa
pasnmunAa CBONCTB XMMUYECKUX 3NIEMEHTOB, PacMoNIOXKEHHbIX B OAHON rpynne?

6. M3 aHann3a npuBeAEHHbIX NEKTPOHHO-TPadUUECKX CXeM, OTMETbTE, KaKne COCTOAHUA
aToMa ABMAIOTCA OCHOBHbIMM, @ Kakune BO30y»KAEHHbIMY:

Mgt it s RN N

7. Onpepennte YACIO SHEPreTUYECKNX YPOBHEN, Ha KOTOPbIX B aTOMax KMCIopoga, mar-
HWA, KanbLmMA N CBMHLA B OCHOBHOM COCTOAHMIM PACMOSIOMEHbI SN1EKTPOHbI.

8. YKaxuTe: a) uic/o 3NeKTPOHOB Ha BHELLHEN 3IeKTPOHHOWM 000N1I0UKe y aTOMOB XMMYe-
CKMX 3/IEMEHTOB C MOPAAKOBbIMU HOMepamn 5, 15, 20, 32, 53; 6) CMBOJIbl 3/IEMEHTOB, B aTo-
Max KOTOPbIX MOSIHOCTbIO 3aMNOSIHEHbl BHELLUHME 3MEKTPOHHbIE 060SI0UKM.

9. Onpepenute Maccy conu, MNONYYEHHOWN NPW PacTBOPEHUU B KUCOTe cocTaBa HI me-
Tanna Me macconm 5 r. [pn 3TOM U3BECTHO, YTO SNEMEHT, BXOAALUMNA B COCTAB KUCNOTbl NMeeT
3neKTPoHHyto koHpurypauuio [Nel3s23p°, a anekTpoHHas cxema MeTanna 2e”, 8e”, 2e".

10. CocTaBbTe 3NeKTPOHHO-TpadryecKkyio cxemy aToMa XMMUYECKOTro 3fieMeHTa 3, coeaun-
HEeHVA KOTOPOro LWMPOKO UCMONb3YIOTCA B CeTbCKOM x03AancTBe. OfHO M3 HUX MMeeT COoCTaB
(9H,),CO, a maccoBas gona snemeHTa B HEM paBHa 46,67 %.

§ 11. NepnogNYHOCTb N3MEHEHNA CBONCTB aTOMOB
XUMUNYECKUX NIEMEHTOB N 06pasyembiX MU BeLLeCcTB

OO6baCHUTD U IpeaAcKasaTb XUMHUYECKHe CBOIICTBa BeIIEeCTB (MeTaJI]II/I‘-IeCKI/Ie
n HEeMETaJJIM4eCKne, OKUCIUTE/IbHO-BOCCTAHOBUTEJIbHbBIE U KI/ICJIOTHO-OCHOBHI)IG)
MOJKHO, HCIIOJIb3ydA CBeAE€HUA O IMEPUOANYECKOM M3MEHEHHUU CBOMCTB aTOMOB IIO
MEpeE yBEJMYECHUA 3aps/la UX A/1pa, BasKHEHIIe 13 KOTOPbIX — paAnyC aToMa, 3Ha-
YeHusA €ro 3JEKTPOOTPULIATECIbHOCTU 1 CTEIIEHN OKUCJICHUA. HpoaHaﬂﬂsnpyeM, KaK
9TH CBOMCTBA 3aBUCAT OT QJIEKTPOHHOI'O CTPOEHMHA aTOMOB.

Ilepuoouunocmo usmenenus paduycos amomos 3j1emMeHmos

Paguyc aroma ompeessieTcss pasMepoM ero sJeKTpoHHoi o6osmouku. C Tou-
KU 3PEHUST BEPOSITHOCTU HAXOK/IEHUS 3JIEKTPOHA B OKOJIOSJEPHOM IPOCTPAHCTBE
aTOM He uMeeT 4E€TKux rpanuil. 1loatomy paanyc aroma — 3TO ycJjaoBHasl BeJUYMHA.
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IA VIIIA  3a paduyc atoma Oyaem Hpu-
HUMaTh PAcCTOSTHUE OT d/pa 0
Pl [ mA ma VA VA VIA VIA| 4, BHEIIHEH 9JIeKTPOHHOI 0607104-
Jole]e o | o B R KU, 3aHATON aJjieKTpoHamu. Kax
LlB !l Bl clN!|ol F | Ne ykasaHo B § 9, B chepe ¢ Takum
oo |e]e]e PaIILyCOM COCPEZIOTOYEHO OKOJIO
Na | Mg | Al | Si p s | c | Ar 90 % 2J1eKTPOHHOI TIJIOTHOCTH.
o | |l o|lo|e|e]|e CormocTaBuB XapakTep H3-
K | Cal| Ga| Ge | As | Se | Br | kr MeHeHUsd paJnuycoB aTOMOB
) 0 Y I I I (puc. 21) ¢ uX 3J7€KTPOHHBIM
Rb | St | In | sn | Sb | Te I | Xe CTPOEHMEM, MOXKHO C/eJaTh
6 O FYE I dld| o CJIE/IYIOIINE BbIBOIBI:
Cs | Ba | T [ Pb | Bi [ Po| At | Rn * B IIepuOJie PajnyChbl aTo-
MOB yMEHBIIAIOTCS, TaK Kak
Puc. 21. OTHocuTenbHble pasmepbl aTOMOB C POCTOM 3apszaa sjapa dJIEKT-
POHBI CHUJIbHEE MPUTATUBAIOTCS
K S7pY;

* B IpyIIe PAIUYChl aTOMOB YBEIUYUBAIOTCS M3-32 POCTA YUCTIA IJTEKTPOHHBIX
CJIOEB;

* U3MEHEHHe 3HaYeHUI PaJryCcOB aTOMOB C POCTOM 3apsiia sifpa HOCUT TIePrO-
JMUecKuii XapakTep. B mpejenax Kakuoro neprojia HanGoJIbIM pagiycoM obJia-
JIAI0T ATOMBI TIEJIOYHBIX METAJJIOB, 2 HAUMEHBIIUM — aTOMBI OJIATOPOJIHBIX I'a30B.

3HaueHus1 PajinyCoOB aTOMOB SIBJISIIOTCS BaKHON XapaKTEPUCTUKON XMMUYECKIX
QJIEMEHTOB, ITOCKOJIbKY OHM OIIPEAEJIAIOT CBA3b BHEITHUX, BAJIECHTHDIX, 9JIEKTPOHOB
¢ atroMoM. YeMm MeHbIlle pajuyc, TeM CHUJbHee BaJeHTHbIE HIEKTPOHbBI yAepP/KUBa-
I0TCS B aTOM€e W Ha00OPOT.

Cunbl NPUTAXKEHNA VNN OTTANIKUBAHUA 3apPAXEHHbIX YacTul onpenesialnTcad 3aKOHOM Kyn0Ha:
cuna BSaI/IMO}J,eﬁICTBI/Iﬂ AOBYX 3apAXKEeHHbIX TeN NpPpAMO NMponopunoHalibHa nNpon3seaeHnto MOﬂyJ'IeVI

X 3apAnoB " O6paTHO nponopunoHaibHa KBagpaty pacCTOAHUA MeXxXAy HUMW: F :kMZ‘qz‘
r

Hepuoautmocmb USMEHEHUA JdJleKmpoompuuamejlbHoCmu amomoe

B 1932 roxy JI. TlomuHTr BBEN B XUMUIO TIOHSTHE 3JIEKTPOOTPHUIATEIHHOCTH
KaK Mepbl cnocoOHOCmU 0anH020 amoMa NPUMszUamy Kk cebe dNeKmpoHbl Om Xiu-
MUMECKU CBA3ANHDIX C HUM OPYeUx amomos.

3HavyeHus 3JIeKTPOOTPUIIATENTLHOCTH () TIPUBOIATCST B CIIPAaBOUHMKAX (pHC. 22,
tabur. 7). CylecTByeT HECKOJIBKO KA ¥ CIIOCOOO0B OIPEIEIEHHUsT 9JIEKTPOOTPHIIA-
TesbHOCTH. MBI Oy/ieM ucronb3oBath mkamy [losmnra.
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AHaJn3 JIAHHBIX PUCYHKA 22 yKasbiBa- 4 54 %
eT Ha TepUOANYECKUI XapaKTep HM3MeHe-
HUS 3JIEKTPOOTPUIATETBHOCTA ¢ pocToM 3,5+
ATOMHOTO HOMeEpa 3JieMeHTa: TI0 TEePUOIY
OHA YBEJWYUBAETCS, TI0 TPyIIe — YMEHb-
maercst. OObSICHUTD 3TO MOMKHO TEM, YTO
B IIEPHOJIE 110 Mepe pocma 3apsoa sopa
DJIEKTPOHBI CUJbHEE MNPUTATHBAIOTCA ()5
K SI7IPY, B TPYIIIIE C POCMOM UUCIA dNeKM- 3apsan anpa atoma
POHHBLIX CLOE6 TIPUTSIKEHNE ocJabeBaer.

K siemenTaM ¢ HanboJIbIIEH DJIEKTPO-  Puc. 22. Vi3MeHeHMe aneKTpooTpuLaTeb-
oTputiareabHocThio oTHOCATCA F, O, N,  HOCTVM aTOMOB C POCTOM 3apAja nx Aaep
Cl. CambIM 3JIEKTPOOTPUIIATETIBHBIM 3JI€e-

MeHnToM stBiiseTcst prop (x = 4,0). Camas HU3Kas 2JIEKTPOOTPUIIATENHHOCTD Y IIle-
JIOUHBIX METAJJIOB.

2,5t

1,5¢

Hepuoauuuocmb usMenenus cmenenell OKUCaIeHus

Harmomuum, 4To CTeneHb OKUCIEHHSI — 310 YCIOBHLLI 3apsi0 amoma 8 Xumi-
YECKOM COCOUNEHUU, BLIYUCTIEHHDLI U3 NPEONOJIONCEHUS, MO IMO COeOUHEHUe COCNO-
um u3 uonos. Ilpu ornpeneseHN CTENEHN OKHUCJIEHUS CYUTAIOT, YTO JIEKTPOHBI,
y4YaCTBYIOINHE B XMMUYECKON CBSI3H, MOJHOCTHIO MEPEXOIAT K OOJiee 2JeKTPo-
OTPUIIATETLHOMY aTOMY. YHMCI0 MPUCOETMHEHHBIX aTOMOM 3JIEKTPOHOB TTOKA3bIBa-
eT 3HAYeHNe OTPUIIATENbHON CTeNeHU OKUCJIEHUS, YNCJI0 OTAAHHBIX — 3HAYeHUe
MOJIOKUTENBHON CTETIeHN OKUCJIEHMUS.

AHanu3 BBICHIMX W HU3IIUX CTeleHel OKUCJeHus, 3HaUYeHUs] KOTOPbIX MpHUBe-
JieHbl B TabJUIlE 7, TIO3BOJISIET C/IEIATh CJIEAYIONINE BBIBOJIBL:

* Y aTOMOB METAJLJIOB HAOJIOIAIOTCST TOJBKO MOJOKUTETbHBIE CTETIEHH OKUCJIe-
HUSI, Y HEMETAJJIOB — KaK OTPUIATEJIbHbIE, TAK U TTOJOKUTEIbHBIE;

* BBICIIAS TIOJIOKUTEIbHASI CTENeHb OKUCJIEHUS aToMa paBHA MaKCHMAaJbHO-
My YHCJTy 9JIEKTPOHOB HAa BHEINIHEH 2JIEKTPOHHOI 000JI0YKe aToMa, MOITOMY OHa
[0 KQKI0MY IIepHOJly BO3PACTaeT;

* HU3IIAs OTPUIATENIbHAS CTENeHb OKHUCJIEHUs aTOMOB HEMETAJIOB OTIpe/esisi-
€TCsI YUCIIOM 3JIEKTPOHOB, KOTOPBIE aTOM MOJKET NIPUHSTD /10 3alI0JHEHUsT BHEIHEH
9JIEKTPOHHOI 0OO0JIOUKH, TIOITOMY OHA OTPHIATEJIbHA W B TIEpHo/e yObIBaeT 1mo abco-
moTHON BemmuuHe oT 4 (asemenTsl [VA-rpymmsr) 1o 1 (amementst VIIA-Tpymme);

* arTOMBI B XMMHUYECKUX COEJAMHEHUSX MOTYT OBITH B HMPOMEKYTOUYHBIX CTerle-
HSAX OKWCJIEHWST; 4eM OOJIbIlle HA BHEITHEM 3JIEKTPOHHOM CJIO€ JIEKTPOHOB, TEM
GoJIbIlle Y aTOMa BO3MOJKHBIX CTENEeHeH OKUCIEHHs U, CJIe[0BATEIbHO, OOJIbIIE Ba-
PUAHTOB BO3MOKHBIX XUMUYECKUX COETMHEHUI.
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Hepuoauuuocmb 8 usMeHeHuu ceolcme npocmoslx U CJ0NHCHBILX eeuecme

[Ipu geeHuN XUMUYECKHMX DJIEMEHTOB Ha METAJLIbl M HEMETAJLIbl MCIIOAb3YIOT
KPUTEPHH, CBA3aHHbIE CO CBOMCTBaMU 0Opa3yeMbIX MU IIPOCTBIX U CJIOKHBIX Be-
mecTB (Tabi. 8).

Ta6J11/1ua 8. OTimMmunTeIbHbIE NMPpU3HAKU METAJUIOB 1 HEMETAJJIOB

Crpoenue
P - MerTaJuibl Hewmertaist
M CBOJNCTBa
ITpu B3ammoieiicTBUM € HEMeTaJIaMK [Tpu B3auMoEiiCcTBUM ¢ METAJITTAMU
OT/JAIOT VM CBOU 3JIEKTPOHBI MPUTATUBAIOT K cebe UX DJTEKTPOHbBI

Ha BHemnrseM 3J1€KTPOHHOM CJIOe
CONEPKUTCS 4—8 9JIEKTPOHOB, KPO-

Ctpoenue

. Ha BHeIHeM 2JIEKTPOHHOM CJIOE COIEp-
U CBOWCTBa

skutest 1-3 asekTpona

aTOMOB me atromoB B, He u H
MmeroT Huskue 3HavyeHms HMeroT BbicOKME 3HAYEHUST
DJIEKTPOOTPUIATEIBHOCTI 9JIEKTPOOTPUIATEIBHOCTI
Dusu- Bricokas ay1eKTpo- U TEIonpoBOIHOCTD Tenron3oasIMOHHbIE CBOICTBA
yeckue MIPOCTBIX BEIECTB. DJIEKTPOTIPOBOIHOCTD MPOCTHIX BeEIeCTB Bbicokue. Hus-
CBOICTBA CHUJKAETCSA C POCTOM TeMIlepaTypbl Kas 9JIEKTPOIPOBOIHOCTD
IIPOCTHIX
BENECTB [InacTUaHOCTH MPOCTHIX BEIECTB XPYIKOCTD TIPOCTHIX BEIIECTB
B Boamnbix pactBopax coJieii ipenmy- B Bommbix pacTBOpax coJieit cyrie-
IIIECTBEHHO CYIIECTBYIOT B BHUJI€ KaTHOHOB CTBYIOT B COCTaBe aHMOHOB
Ob6uue
CBO¥ICTBA

O6pasyioT IPenMyIIeCTBEHHO OCHOBHBIE

OO6pasyoT KUCIOTHBIE OKCUJIbI
1 am(OoTepHbIE OKCHIBI

coeinHe-
HUI

O06pasyioT cubHbIE U cJ1abble OCHOBAHVISI OGpasyioT cuJIbHbIE 1 cJ1abble KUCTOThI

HPOHB]ICHI/IC MeTaJJINYECKUX CBOMCTB IIPOCTBIMU BE€HIECTBAMU CBA3aHO CO CIIO-
CO6HOCTbIO ATOMOB, UMEIONINX HU3KNE 3HAYCHUA IJIEKTPOOTPULATEJIbHOCTHU, TEPATDH
5JIEKTPOHBI. B mepnosax ¢ yMeHbIIeHHeM Pa3MepoB aTOMOB 3JEKTPOOTPHIIATEb-
HOCTh PAacTéT, 0caabeBalOT METAINYECKHE ¥ BOCCTAHOBHUTEIbHbIE CBOICTBA IMPO-
cThIX BemiecTB. [lepno/pl HAUMHAIOTCS MIEJIOYHBIMU METAJIJIAMU, & 3aKAaHUYUBAIOTCS
HeMeTaJlaMu — OJIATOPOHBIMK TazaMu. B Tpymiax ¢ yBeJudeHneM pajinyca aTo-
Ma JJIEKTPOOTPpUIATE/IbHOCTH YMEHbIIACTCS, YCUIINBAIOTCA METAJIMYECKNE U BOC-
CTaHOBUTEJIbHbIE CBOHCTBA TPOCTHIX BEIIECTB, COOTBETCTBEHHO, HEMETAIIMYECKUE
U OKHCJHUTEbHbIE — 0CIabeBaIoT.
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OcnabiieHre METAJIMYECKUX CBOWCTB TI0 TEPUOLY BBIPAKAETCS €IIE M B TOM,
YTO Y OKCHU/IOB U THUJPOKCHUIOB 3JIEMEHTOB OCHOBHBIEC CBOWCTBA MOCTEIIEHHO OCJIA-
GeBaioT U TepexomsAT B amdoTepHble, a jajee HAPACTAIOT KUCJIOTHbIE CBOWUCTBA
(tabm. 9). Atombr ¢ HarboJiee BBICOKMMHU 3HAYEHHSIME 3JIEKTPOOTPHUIIATETEHOCTH
06pa3yioT KUCJIOTHI.

Ta6unia 9. KueJI0THO-0CHOBHBIE CBOWCTBA OKCHIOB ¥ THAPOKCH/IOB 3JIEMEHTOB
TPEThETro Mepuoa

Ipynna
ITapametpsr
CpaBHEHUs
I I1 111 v A\ VI VII
Beiciias
CTeNeHb +1 +2 +3 +4 +5 +6 +7
OKHUCJIEHUS
- NaZO MgO Alej SIOZ P205 SOS C1207
Bricimmii
OKCHJI M €Tr0 A .
CBOJCTBa OCHOBHbBIE OKCH/IbI MorepHpril Kucaorabie oxcubl
OKCH/L
NaOH |Mg(OH), AI(OH)4 H,SiO5 | H3PO, H,SO, HCIO,
Tunpox-
CUl U €ero . | Ouenb Ouenb
CBOiiCTBa OcHoBanus Aworeprprii ciabasd Crabast | Cunbias CHUJIbHAS
TH/IPOKCH]L KHCJIOTa | KUCJIOTa
KHCJI0Ta KHCJIOTA
NaH MgH, AlH, SiH, PH;3 H,S HCI
Boaxopoansie
coeIMHEeHUs
(tuxpubt) Heneryune Bopopo/iabie coeinHEHMS JleTyune BOIOPO/IHBIE COEMMTHEHUS
METaJIJIOB HEMETAJIJIOB

IIpu onnHaKOBOM 3HAUEHUU CTeleHel OKUCJIEHUS aTOMOB OCHOBHbBIE CBOMCTBA
TUZPOKCUAOB (M OKCHUIOB) BO3PACTAIOT C YBEJIUUYEHUEM pa3Mepa aTOMOB U YMEHb-
HIEHHEM WX 9JIEKTPOOTPUIATEIBHOCTH, TaK KaK ocjiabeBaeT B3aMMOJAEHCTBHE Ka-
THOHOB METAJIJIOB C TUAPOKCUA-noHaMu. [loaToMy cuma ocCHOBaHWH BO3pacTaeT 110
IPYIIaM TePUONIECKOl CUCTEMBI.

B zpynnax ¢ ysenuuenuem pajnycoB aTOMOB 3JIEMEHTOB KHUCJIOTHBIE CBOMCTBA
OKCHIOB M TMIPOKCH/IOB MOCTeIIeHHO ocsabeBatot (tabu. 10).

Crenyer OTMETHTB, YTO BOJIOPOJIHBIE COEMHEHUS METAJIJIOB — TBEPJbIE Be-
IECTBA, a HEMETAJLJIOB — KaK IIPAaBUJIO, ra3000pasHble BELeCTBA.
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Tabsmia 10. KuCIOTHO-OCHOBHbBIE CBOMCTBA OKCHIOB U MHAPOKCUIOB HEKOTOPBIX
asemeHTOB ITA-rpynmst

Ipynna ITA
Ilepuon
JieMeHT Boicmmii okcuz 1 ero cBoiictBa Tuapoxcuzn u ero cpoiictsa
. Be(OH), — amdorephbrii
2 Be BeO — amdorepnsiii oxcuz (OH), (orep
TUJPOKCUTL
3 Mg MgO — ocnoBHbBIH OKCH] Mg(OH)y — ocnosanue
. Ca(OH)y — cunbnoe
4 Ca CaO — oCHOBHBIIT OKCHU/L (OH),
ocHoBaHue
. Sr(OH), — cumpnOe
5 Sr SrO — ocHoBHBIIT OKCHJ (O,
OCHOBaHUE

C yBenmueHuem 3apsafa aTOMHbIX Afep MPOUCXOAUT Nepuoamnuyeckoe
M3MEHEeHNe:

+ CBOWCTB aTOMOB (pagnycoB, 3NEKTPOOTPULLATENbHOCTU, CTEMEHEN
oKncneHus);

+ CBOWCTB OOpa3yemMbiX 31eMeHTaMU MPOCTbIX BeLecTB (MeTainyeckmx
1 HEMEeTaJTNYECKNX, OKUCITUTENbHbBIX Y BOCCTAHOBUTENbHbIX);

+ CBOWCTB CJ/IOXHbIX BewecTB (OKNCNUTENbHO-BOCCTAHOBUTENbHbIX
M KMC/TOTHO-OCHOBHbIX CBOWCTB OKCUAOB, MMOPOKCUAOB, @ TakKe BOAOPOA-
HbIX CoeVIHEHWI).

Bonpocbl, 3agaHua, 3agaumn

1. PacnonoxuTe B nopsagke BO3pacTaHuA aTOMHbIX paguycoB snemenTbl: Cl, N, Si, He, Li,
Al. aiite o6bACHeHMe.

2. O6bsACHUTE, MOYEMY aTOMHbI paguyc Mpu nepexofe: a) OT ANIOMUHUA K KPEMHUIO
yMeHbLIaeTcs; 6) OT HEOHA K HaTPUMIO Pe3Ko BO3pacTaeT.

3. Vicnonb3ya 3aKOHOMEPHOCTM B M3MEHEHWY aTOMHbIX PafivyCoB, OObACHUTE N3MEHeHNe
3M1eKTPOOTPULIATENIBHOCTM aTOMOB B psay 3nemeHToB: a) F, Cl, Br, I; 6) S, P, Si.

4. Bam M3BECTHO, UTO CXOLCTBO CBOWCTB /IEMEHTOB OAHOW 1 TOW e rpymnnbl 06bACHAeTCA
O[VIHAKOBbIM UYMC/IOM BaIEHTHbIX SJIEKTPOHOB. YKaXunTe, 4em OOYC/IOB/IEHO pa3finyme CBONCTB
3/1eMEHTOB OA4HOW rpymnmbl.

5. YKaxKuTe MaKkCuMmasibHble M MUHMManbHble cTeneHn okucneHnsa atomos: Ca, Cl, K, Na,
Mg, Si, P.
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6. HapmcyVlTe B TeTpaan 1 3anonHuTe Ta6m/|u,y «/I3meHeHne CBONCTB aTOMOB 1 UX COeau-
HEHWUIN No nepmnogam m rpynnam».

Xapaktep nsmeHeHUA NPV ABUKEHUN
B Tabnuuye

Mo nepuogy —> Mo rpynne %

CBolicTBa

3apsAa saapa atoma

Yncno aNeKTPOHHbIX CNOEB B aTome

Yncno SNNEKTPOHOB Ha BHELWHEeM CJ10e aToMa

Pagnyc atoma

DNeKTPoOoTPULLATENIbHOCTb

CnocobHOCTb MPUTATMBATD NEKTPOHDI

CnocobHOCTb OTAaBaThL 2JIEKTPOHbI

MeTannunueckne cBOMCTBa NpPOCTbIX BewecTs

HemeTannuueckne csoncrea NPOCTbIX
BewecTs

OCHOBHble CBOWCTBA OKCMAOB 1 MMAPOKCMA0B
3/1EMEHTOB

KncnoTtHble cBOMCTBA OKCMAoB 1N TMapoKcnaoB

7. 13 npepnoXKeHHOro nepeyHA XapakTepucTuK Bblbepute Te, KOTOPble NIMHENHO (@ He
nepuognyeckn) N3MeHATCA C POCTOM 3apAda AA4pa aToma: 3NeKTPoOTPULATENbHOCTb, YMC-
N0 NPOTOHOB, PafMyC aToMa, Macca aToma, obLlee YMNCOo SNEKTPOHOB, YNCIO INEKTPOHOB Ha
BHELUHEM CJ10€, CTEMEHb OKMCJIEHNSA.

8. [Ina a3oTa xapaKTepHbl cnefyolme cTeneHn okucnenma: +5, +4, +3, +2, +1, 0, -1,
-2, —3. Kakne CBONCTBa — OKUCAIUTENIbHbIE NN BOCCTAaHOBUTENbHbIE — BblpakeHbl Y a3oTa
B KaX[OW N3 3TUX CTeNeHen OKUcneHua?

9. Ucxopa ns nonoxenua snemeHtoB N, P, C, Al, S B nepuognyeckon cucteme, cpaBHuTe
KncnoTtHble ceorctga: a) HNO5; 1 HsPO,; 6) Al(OH); n H3PO,; B) H3PO,4 1 H,S0,.

10. Maccbl aBYX BOAOPOAHbIX COeAUHEHN paBHbl. CpaBHUTE YMCIEHHO NX OO6BEMBI Npu
H. Y., €M M3BEeCTHO, UTo oba coefnHeHNA ra3oo0bpa3Hbl U 0Opa3oBaHbl 31eMeHTaMU C KOH-
durypauvein [Nel3s?3p° u [Hel2s%2p>.
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§ 12. 3HaueHne nepmoanNYECKOro 3aKoHa 1 nepmnoanyeckon
cuctembl [1. U. MenpgeneeBa ana pa3BuUTUA HayKun

aTh 00 He Er .
' ATa W Re DsJrPt

Puc. 23. NamATHUK
. N. MeHpeneeBy Ha ¢oHe
MO3aNYHOro MaHHO MepuoanYeCKom
Tabnuubl (CaHkT-MeTepbypr)

[Tepuopmyecknii 3aKOH W TepUOAMIECKAST
cucreMa xuMmdeckux ssiementos /I 1I. Menze-
JieeBa — BeJMYaiiiiee OTKPbITHE B UCTOPUU Ha-
yku (puc. 23). OHO onpenenio Ha4ama0 HOBOM
AMOXU B PA3BUTHU XUMWUH. Y XUMHUKOB TIOSIBUJI-
CsS MHCTPYMEHT, MO3BOJSIONINN TTPOTHO3WPO-
BaTh OTKPbHITHE HOBBIX 9JIEMEHTOB W TTPOBOJIUTH
Hay4YHble MCCJIe/IOBAHM, HAallpaBJeHHbIE Ha CO-
3/1aHNEe HOBBIX BEIEeCTB U MAaTEPHUAJIOB.

H. Bop HaszBam mepmognmveckyio CUCTEMY
MenjiesieeBa «IyTeBOAHOI HUTHIO B Pa3paboT-
Ke TeOpUM 3JIEKTPOHHOTO CTPOEHUS aTOMas.
Ha ocHoBanuy meprogndecKoil CHCTEMBI OBLITH
pa3paboTaHbl TEOPHsST XUMUUYECKON CBSI3H, KOH-
HENIUY AaTOMHBIX U MOHHBIX PAJNyCOB, 9JIEKT-
poorputiatenbHocTu u T. 1. CTPyKTypa «ecme-
CMBEHHOU CUCTEeMbL XUMUMECKUX IIEeMEHMO8>,
paspaborannas /[. VI. MengeneesbiM B 1869—
1871 romax, okaszajach HACTOJbBKO COBEpPIIEH-
HOW, 4TO MaJI0 OTJINYAETCSI OT COBPEMEHHOT.
Pagymeetcst, MHOTHE OTKPBITHS B 0OJIACTH XU-
MUM ¥ (DU3NKN BHOCUJIN B HEE U3MEHEHUS, HO
cobLCh TIpopoueckue ciosa [I. V. Mengene-
eBa: «[lo-BunMomy, IEpUOANIECKOMY 3aKOHY
Oyzyiiee He TPO3UT paspylIeHWEM, a TOJIBKO
HAJCTPOIKK U pa3BUTHE OGEIIaeTs.

Xapaxmepucmuxa XUMUUECKO20 IJlemMeHmad no €20 NoJloiCeHUur 6 nepuoau-
YecKkoll cucmeme u cmpoenuro amoma

[To momoxxeHWI0 XUMUYECKOTO 3JeMEHTa B TIEPUOINYECKON CHCTeMe MOKHO
JaTh TIOBOJIBHO TIOJIHYIO €T0 XapaKTePUCTHKY. KiioueByio poJib UrpaeT aTOMHBIN
(TTOPSAIKOBBIIT) HOMED, OMpelessTIoNnnii ctpoenre atoma. CTpoeHue 2JIeKTPOH-
HOM 000JIOUKM aToMa, B CBOIO OYepe/lb, OIPEAETSIET COCTaB 0OPa3yeMbIX MPOCTHIX
1 CJIOKHDBIX BEIIECTB U UX CBOIICTBA.
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WNsyuas xumuio B 8-M KJjacce, Bbl YK€ COCTABJSLIA XapPAKTEPUCTUKY XUMUYe-
ckoro aneMenTa. B 11-m kiacce Bbl Gyzere 6osiee MIMPOKO MCHOJIb30BATh MPUOO-
peTEéHHBbIe 3HAHUS O CTPOEHUH aTOMA M COCTOSIHUM 3JIEKTPOHOB B aTOME U OIHCHI-
BaTh 3JIEMEHT IO CJEAYIONIEeMY TITaHy.

1. Ilonoxcenue 8 nepuoduueckou cucmeme (ATOMHBII HOMED, TEPUOJ, TPYII-
1a), OTHOCHUTEJIbHAsI aTOMHAsI Macca.

2. Cmpoenue amoma:

a) cocTaB sjpa: 3apsiji, YUCJIO IPOTOHOB, a TaKKe HEeWTPOHOB /IS OIpPeIesEH-
HOTO HYKJIW/IA;

6) cTpoeHue BIEKTPOHHON 06O0JOUKI: O0IIee YMCIO dJIEKTPOHOB, YHCIIO dHEP-
reTUYeCKNX yPOBHEW, pacrpesieieHre 2JIEKTPOHOB M0 9HEPTeTHYECKUM YPOBHIM
(a7ekTpoHHAs cxema), MoAypoBHAM ((opMysia 3JIeKTPOHHOU KOHGMUTYpaAINn)
u opOuTansaM (9eKTPOHHO-rpaduyecKas cxema);

B) KOH(UTYypaIusgd BHEITHETO 3JEKTPOHHOTO CJIOS.

3. Cmenenu oxucaenuss amomos sjaemenma (BbICIIas, HUIINASA). IAEKMPO-
ompuuameabHoOCmsb.

4. IIpocmoe eewyecmeo: xummnueckas (GopMyJia, CBOWCTBA IMPOCTOTO BENECTBA
(arperaTHO€ COCTOSTHUE TIPU H. Y., METAJLJI UJIM HEMETAJLT).

5. Coedunenus snemenma: BbICIINIT OKCHUJ] U COOTBETCTBYIOIINIT €My THIPOK-
CHUJI, XapaKTepUCTUKa WX KHCJIOTHO-OCHOBHBIX CBOWCTB; (hOopMyJa BOJOPOIHOTO

coelHEeHUs].
-

. V. MeHfeneeB Ha OCHOBaHWUN Pa3paboTaHHOM UM CUCTEMbI XUMUYECKMX SNIEMEHTOB UCMpa-
BMM 3HAaUYEHUs1 aTOMHbIX MAacC U BaNIeHTHOCTU psAfa anemeHToB (Be, In, Mo, Sb, Ce, Te, Y, Th, U
1 Ap.), Npeackasan cylwectsoBaHve 10 ewé He OTKPbITbIX 3nemeHToB (S¢, Ga, Ge, Po, At, Tc, Fr, Pa,
Hf, Re). OTKpbITWE 3TVX 3NEMEHTOB BNOCIEACTBMMN CTaNI0 TPMYMbOM MEPUOJNYECKOTO 3aKOHa.

Ciieyer OTMETHTD, YTO, COCTABIISS OoJIee Pa3BEPHYTYIO XapaKTEPUCTUKY, MOK-
HO TIPOBECTU CPaBHEHUE 3JIEKTPOOTPHUIIATEIBHOCTH, METAJIINYECKUX WJIN HeMe-
TAJJIMYECKUX CBOWCTB MPOCTOTO BENIECTBA, KUCJIOTHO-OCHOBHBIX CBOMCTB OKCH-
JIOB U THUJPOKCUJIOB C aHAJOTMYHBIMU CBOMCTBAMHM JIDYTHX 3JIEMEHTOB B T'PYIIIIE
wim nepuojie. IIpennonoskennss o CBONCTBAX BENIECTB JIEJAET BIIOJHE YMECTHBIM
COCTaBJICHME HEKOTOPbIX ypaBHeHMI peakuuil. Hanpumep, MOXKHO NOATBEPAUTD
KHCJOTHBIE CBOMCTBA 3alKMCHI0 yPABHEHUU Peakiuil cO 1e04amMu, OCHOBHbIE —
¢ kucaoramu, am¢oTepHble — UM ¢ KUCJIOTaMu, U co miegodamu. OxHako Oosee
JleTaJgbHble 3HAHUSI KUCJIOTHO-OCHOBHBIX M OKMCJIUTEJIbHO-BOCCTAHOBUTEIbHBIX
CBOICTB 9JIEMEHTOB BBI MMOJTy4YUTe, U3y4ast paszensl «Hemerammsr» n «MeTtammbi».
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IIpumep 1. 1lo npuBenéHHOMY BBIIIE TIJIAHY COCTaBbTE XapaKTEPUCTUKY
37IeMEeHTa a30T.

1. dnemeHT a30T UMeeT xuMudeckuii 3Hak N, aTOMHBIN HOMep Z = 7. A30T
pacrosio’keH Bo BTOpPoM riepuojie, majom, Bo IIA-rpymme, riaBuoit. OTHOCH-
TesbHas aromHag macca A (N) = 14.

2. CTpoenne atoMa a3oTa:

a) 3apsa gapa atroma azora +7. B coctaB szpa aToma a3oTa BXOJAT 7 MPO-
ToHOB. Camblii pacTIPOCTPAaHEHHBIN B MPUPOJIE M30TON a30Ta — 3TO HYKJIU
YN. Yncso HeliTpoHOB B szipe 3TOro HyK/anjAa pasHo 14 — 7 = 7;

6) asteKTpoHHast 060I0UKA AaTOMOB a30Ta COEPIKHUT 7 IEKTPOHOB, KOTOPbIE pac-
TIpeJIeTieHbl 110 JIBYM SHEPreTHYECKUM YPOBHSIM; 3JIeKTpoHHast cxeMa: 7N 2e”, Se;

dopmyta anekTponHoit Kondurypamun: ;N 15°2s22p;

3JIEKTPOHHO-TpadruecKas cxema:

2
1s
7N

B) KOH(UTYpalMs BHEIIHEro 3JeKTPOHHOTO cjos: 2s°2p°, 3maunr,
a30T — p-3JIEMEHT.

3. CrerneHu OKHUCJIEHUsI aTOMOB 3JIEMEHTA: BbICIIAsl +5, TaK KaK Ha BHEII-
HEM 9HEPTeTUYEeCKOM YPOBHE aToMa HaXOIUTCS O 2JIEKTPOHOB, HU3IIAs —3.
dnaexrpoorputiatesbHocTh: (N) = 3,0.

4. TIpocToe BeIecTBO a30T SIBJSIETCS] HEMETAJJIOM, arperaTHOe COCTOSTHHE
Mpu H. Y. — Ta3, xuMuyeckas dopmyma No.

N
5. ®opmya Boiciiero okcuga NyOs, okcuz azora(V), KUCTOTHBIN;

+3
(bopmysa ruzpokcuma, coorBercTByIoniero BoeiciieMy okcumay, HNOsg,
TUAPOKCH]] KUCJIOTHBIN, a30THAS KUCIIOTA;

-3
BojloposHoe coenuHenne NHj, JeTydee, Tak Kak a3oT sIBJISETCS HeMe-
TaJLJIOM.

MImeHHO no3HaHMe 3akoHoMepHocTen no3sonuno [l. . MeHgeneeBy He NMpocTo npeackasaTb

CyLLeCTBOBaHME MHOTUX 3/IEMEHTOB, HO 1 COCTaBUTb [OCTaTOYHO JOCTOBEPHYIO XapaKTePUCTUKY
nX CBOMCTB. Ha MOMeHT co3paHua Tabnuubl 6bI10 M3BECTHO BCEro NNLb 63 XMMUYECKMX dNeMeH-
Ta. [InA HEOTKPbITbIX 3/IEMEHTOB B Tabnuue eMy NpULWIOCb OCTaBUTb MyCTble MecTa, YToObl He Ha-
pywaTtb NepuoAnYHOCTb. TaK, aneMeHT, KOTOpbI JOJKEH CNeAoBaTh 3a LIMHKOM 1 pacnosnaratbca
noA anioMVHUEM, OH Ha3Bas 3KaantomuHueM. [l. . MeHpeneeBy HeTpyAHO Obino AorafaTbcs, UTo
ero oTHocuTenbHaA macca 6ypet okono 70, Tak Kak y UMHKa OHa paBHa 65, a y crneaylouero
N3BECTHOTO Ha TO BPeMsA 3NeMeHTa Mbilwbaka — 75. CoeanHeHnA antoMmHKA C XJI0POM Mpu Bbl-
COKOW TemnepaType o6nafjaloT NIeTyUYeCTblo, 3HaUUT, 1 aHaNnorMyHoe CoefiuHeHre SKaantoMUHNA
LOMMKHO ObITb neTyuymm. OnmncaHne CBOMCTB SKaantoMUHNA OH 3aKaHuMBan cioBamu: «MOXHO Ha-
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[eATbCA, YTO OH ByfeT OTKPbIT CNeKTpanbHbIM UCCiefoBaHMeEM, NOJOOHO TOMY, Kak OTKPbITbI crie-
Jytolme 3a HAM MHAWIA 1 Tanauii...» Takum obpa3om, 6b110 JaHO He TONIbKO OnrcaHne CBOWCTB,
HO 1 CNocob oBHapy»KeHWs, 3aaHO HamnpaBfieHVe NMoncKa.

Mpowrno natb net, 1 dpaHuy3ckuii yuénbiin J1. ge ByabogpaH cnekTpanbHbIM METOLOM OTKPbI
HOBbIV 3N1eMeHT (rannuin), BbIENnB ero U3 MrMHepana, 4ob6biToro B MNupeHencknx ropax. YUéHnoii
6bl1 Hemano yauBnéH, Korga yepes [MapuKckylo akafemuio HayK moayuyun nucbMo u3 Poccuum.
B HEm coobuanocb, YTo B ONUCaAHWM CBONCTB Fajfiua BEPHO BCE, KPOMe MIOTHOCTU — He 4,7,
a 5,9. MogBeprHys meTtann 6onee TWwaTenbHOW ouncTKe, byaboapaH ybeanncs, 4to nepBoHavanb-
Ho 6blna gonylyeHa owmnbKa: MNOTHOCTb BCE-TaKu cocTaBnana 5,9.

Bbl, HaBepHOe, ycnenn goragatbcs, YTo aBTOPOM MUCbMa 6bil, KOHeuHo, . N. MeHgenees.

[lo nmonoXxeHuMto snemMeHTa B NEPUOLUYECKON CUCTEME MOXKHO AaTb
JOBOJIbHO MOJIHYIO €ro XapakTepUCTUKY, BK/OYaa CBeJeHUA O CTPOeHUU
aTOMa, BO3MOMKHbIX CTEMEHAX ero OKMUC/IEHUA N 3HAaUYeHUAX 3NEeKTPOOTpu-
LaTe/IbHOCTU, COCTaBe M CBOWCTBAX COEAVMHEHWN aTOMOB [AAHHOroO 3ne-
MEHTa U NX CBOWMCTBAX, BK/OYAA KMCIOTHO-OCHOBHbIE N OKUCIIUTENIbHO-
BOCCTaHOBUTENbHbIE.

Bonpocbl, 3agaHuna, 3agaumn

1. B 4ém Bbl BMAUTE 3HAYEHME MEPUOAMYECKOro 3akKOHa U Mepuognyvyeckom CUCTeMbl
0. VI. MeHgeneeBa ana pasBuTuA HayKun?

2. Mo npuBegéHHOMY B TeKcTe naparpada nnaHy cocTaBbTe OMMcaHWe criefyowmnx XUmm-
YecKMX NIEMEHTOB: a) cepa; 0) Xop; B) a/IlOMUHWIA; T) HATPUIA.

3. OnunwuTe NonoXeHne B NEPUOAMYECKON CUCTEME DNIEMEHTOB, MMEKLNX KOHPUrypa-
LIMIO BHELLHEro 3NeKTPOHHOro cnos: a) 4s'; 6) 3s23p%; B) 25s22p% 1) 2522p°.

4. CocTaBbTe ypaBHEHMA peakuumi, NOATBEPXKAAIOWMNX KNCNOTHbIe CBOMCTBA: a) BbICLIEro
oKkcuga cepbl; 6) rmgpoKcnaa, COOTBETCTBYIOLLErO BbICLLIEMY OKCMAY a3oTa.

5. CocTaBbTe ypaBHEHWA peakUUin C COMAHON KNCOTOM: a) OKCMAA U TMAPOKCUAA MarHus;
6) okcuaa u rMAPOKCUAA NUTKA.

6. CocTaBbTe ypaBHeHUA peakuui, nogreepxpaowmnx amPpoTepHOCTb: a) OKCMAa LMHKa;
6) okcuza anoMUHKA; B) TMOPOKCMAA LMHKA; ) TMAPOKCYAA allOMUHUS.

7. B Kaxpgol mape yKaute 3f1eMeHT ¢ GOoMblueil 3NeKTPOoOTPMLATENbHOCTbIO: @) Si 1 S;
6)NuF,B)Clul;r)SmnSe; nPuncdcle) CnPb.

8. MicxopAa 13 nonoxeHusa 3nemeHTOB B NEpUoaMYecKor CUCTEME, CPaBHUTE KUCIOTHbIe
CBOWICTBA M'MAPOKCMAOB: a) KPeMHUA 1 cepbl; 6) asota 1 pocdopa.

9. [lo oTKpbITUA NeprMoanYEeCcKoro 3akoHa OTHOCUTESIbHaA aToOMHasA mMacca bepunnua npu-
HUManacb paBHol 13,8, a dopmyna ero okcmaa 3anucbiBanachb kak Be,Os. . . MeHpenees
NMOMECTWN 3TOT SNIEMEHT B OfHY rpynny ¢ marHnem. OnpegennTe, Kak nNpy 3ToM JOMXKHa Obina
N3MEeHNTbCA aToOMHaA macca bepunnua. OTBeT NoATBEPAUTE PACUETOM.

10. OTHOCKTeNbHaA NNOTHOCTb MO BOAOPOAY BOAOPOAHOrO COeauHeHna coctasa H,d pas-
Ha 17. YCTaHOBUTE 3/IEMEHT.



[NABA I
XUMUYECKAA CBA3Db
U CTPOEHUE BELLECTBA

M3yunB 3Ty rnaBy, Bbl CMOXKeTe 00BACHATb, MOYEMY aTOMbl OObeANHAIOT-
CSl B MONEKYJ/bl U KPUCTaIbl, Y YCTaHaB/MBATb CBS3b MEXAY UX XVMUYECKM
COCTaBOM U cTpoeHmeM. CnefoBaTtesibHO, Bbl HayyMTecb MPOrHO3MpPOBaTb
CBOWCTBa BeLiecTB No ux Gopmynam, 1 Ha0OOPOT, MO CBOWCTBAM BELLECTB —
BbICKa3blBaTb MPeAnonoXeHnsa o6 X CTPOeHUU. TeopeTUyeckon OCHOBOW
ANA CYXXOEHMA O B3aMIMOCBSA3M CBONCTB U CTPOEHWA BelwecTB 6yayT 3HaHWA
O TWMax XMMUYECKOW CBA3M, €€ CBOMCTBAX U MEXaHM3Max 06pa3oBaHus.

BaxkHelluvie MOHATUA TeMbl: XVMMYECKasa CBA3b, KOBaNleHTHasl CBA3b
(nonspHas n HenonApHas), KPaTHOCTb CBA3U, NOH, MOHHAA CBA3b, MeTaNln-
yeckas CBA3b, MEXMOJEKYJIAPHOE B3aMOAENCTBME, BOJOPOAHAs CBS3b, AU-
Nosb, aTOMHbIE, MOHHbIE, MeTa/INYeCcKne, MOJSIEKYNIAPHbIE KPUCTabl, Ba-
NEHTHOCTb, BAaJIEHTHbIE DNIEKTPOHbI, CTEMEHb OKUCIEHNA.

§ 13. NMpupoga n TUNbl XMUMNYECKON CBA3MN

JIioboe xumuueckoe coeanHenne — mMosekyay (COs,), kpucramr (NaCl), crosHbIit
von (SO%7) — ¢ TOUKM 3peHHs MEKTPOHHOIO CTPOEHHS MOKHO ITIPEJICTABUTD B BH-
JIe CUCTEMBI, COCTOSIIEN M3 aTOMHBIX SI7Iep W CBSI3BIBAIOIUX WX JIEKTPOHOB. B3anmo-
JIefiCTBIE, KOTOPOE JIEJIaeT ATy CHCTEeMY YCTOWYNBOI, HA3BIBAIOT XUMUUECKOU CEA3BIO.

XuMHYECKas CBA3b — 310 83AUMOOCIICMEUE, 68 PE3YIbMAme Komopozo 0moeiv-
Hvle amomvl 00beOUHIIOMCsL 8 00ee CLONCHLIE CUCTeMbl (MOJEKYJLblL, KPUCTAILbL,
uoHwL U Op.).

Xumuuecxkas cés3v 00ycIOBJIeHa JeHCTBHEM CHUJI HMPUTSKEHUST U OTTAJIKUBa-
HUS MEXK/LY MOJOKUTENBHO 3aPsyKeHHBIMU SIZIPAMU U OTPUIATEIbHO 3apSKEeHHbI-
MU 9JIEKTPOHAMU, TO €CTh UMEEM ANEeKMPOCMAMUUECKYIO NPUPooy.

DJIEKTPOHBI, KOTOPBIE TIPUHUMAIOT ydacTHe B 0Opa3soBaHUM XMMHUYECKUX CBSI-
3eil, Ha3hIBAIOT BALEHMHbIMU. ITO DIEKTPOHBI BHEUHUX INCKMPOHHBIX 000L0UCK
aTOMOB.

PaccMoTpuMm, Kak U 1modeMy oOpasyercsl XUMUYecKasi CBSI3b.

OCHOBHBIM YCL08UEM 00PA308ANHUS XUMUUECKOL CESA3U ABISETCA TMOHUKEHNUE
NOJHOU dHepeul CUCTEMBI SIJIeP ¥ 9JIEKTPOHOB 10 CPABHEHUIO C DHEPrueil M30JIu-
POBAHHBIX aTOMOB.
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YMenbliieHre TOJTHON S9HEPTUU CUCTEMBI SIJIEP U AJIEKTPOHOB JIOCTUTAETCS B Pe-
3yJIbTaTe COBMECTHOTO MCIOJIH30BAHUS 2JIEKTPOHOB pa3HbIMU aToMaMmiu. B 3aBucu-
MOCTHU OT TOTO, KaK B pe3yJibTaTe pacipe/iesieHa 9JIEKTPOHHAS TJIOTHOCTbD, pasJjinda-
10T TPU THUIIA XUMUUYECKOU CBSI3W: KOBALCHMHYIO, UOHHYIO U MEMALIUYECKYIO.

MexaHusmMbl 06pa30BaHUsS ITUX CBsI3€ BBI /K€ PACCMATPUBAIN TIPU M3yYeHUN
xumnun B 8—10-X Kjaccax. 37ech MbI JIOMOJHUM ITOHSITHE XUMHUYECKON CBS3U IIPE]-
CTaBJIEHUSIMU O COCTOSIHUU 3JIEKTPOHOB B aTOME.

Kosanenmnas cesa3v

KoBajneHntHas CBsI3b — 910 XUMUYECKAsL CB53b, 00pasosannas oouumu (ces-
3IBAIOUWUMU) dTleKmporHbiMU napamu. EE Ha3bIBAIOT L0KAIU308aNHHOU, TaK KaK 00-
ast mapa 3JeKTPOHOB pa3Meniaercs: (JIOKATU3YETCsT) Mexcoy ABYMS siIpaMu. ITO
3aCTaBJISIET TIOJOKUTEBHO 3aPSKEHHbBIE S/Ipa IPUTIATUBATHCS K T1ape 3JIEKTPOHOB,
PaCIOIOKEHHONW Mexay sapamu. Takas cBI3b BO3HUKAET MEKIY aTOMaMU C OJ[U-
HAKOBBIMU WJIN OJU3KUMU 3HAUEHUSIMHU 3JIEKTPOOTpHIIaTebHOCTH. Kak mpaBuiio,
3TO aTOMbBI HEMETAJIJIOB.

[TogByienne mapbl 3J€KTPOHOB, CBS3BIBAIOIIEN COCETHNE AaTOMbBI, MOKHO TIPEJI-
CTaBUTH JBYMsI CIIOCOGAMM, TO €CTh CYHIECTBYET 08a MEXAHUSMA 00PA308AHUSL KO-
BANEHMHOU CBA3U — OOMEHHBLL U OOHOPHO-AKUENMOPHBLL.

Oomennviii mexanusm oObsicHsieT oOpasoBaHue 00IIeil JTEKTPOHHONW Mapbl
W3 HECNapenHvlX BAJIEHTHBIX 3JIEKTPOHOB, NMPUHAJIEKAINNX pa3nbim atomam. [Ipu
9TOM 9JIEKTPOHBI, 0Opa3yolire O0ILy0 Tapy, J0JKHBI UMETh IIPOTUBOIMOJIOKHBIE
(anTHNApasIebHble) CIMHbL IlepekpbiBaHKe ABYX 3JEKTPOHHBIX 00JAKOB IIPUBO-
JINT K YBEJTMUYECHUIO 3JIEKTPOHHON TIJIOTHOCTU MEXKY SIIPAMU:

1 asexkTpon 1 anexkTpon 2 ayeKkTpoHa

H+HD—>H2
.

B ob6pasoBaHiy KOBaJIEHTHOI CBSI3U MOTYT YYaCTBOBAaTbh S-, P- U d-3JIEKTPOHHBIE
obmaka. Hanpumep, B CBsI3bIBaHUU aTOMOB XJIopa M Bojopoza B mojekyiae H—Cl
YUacTBYIOT 1s-3JIeKTPOH aTOMa BOJOPO/Ia ¥ HECTIAPEHHBIN 3p-2JIeKTPOH aTOMa XJIO-
pa (puc. 24).

Kasxaplil M3 CBS3aHHBIX B OOIIYIO 3JEKTPOHHYIO Tapy aTOMOB IproOpera-
eT DIeKTPOHHYI0 KOH(PHUTIYpAIHIo GIaTOPOAHOTO Trasa: BOAOPOA — remus 1s?,
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H-+ Cl — H::C:lt

3p 3d
3p 3d 1H 3s,
c) AT — HCI imé
17

1

Puc. 24. O6bpasoBaHune KoBaneHTHON ¢BA3n B Monekyne HCl

a xamop — aprona 1s*25°2p°3s23p5. B pesymbrate o6a atoma pocturaior Hamboiee
YCTOUYMBON 3JIEKTPOHHON KOH(UTYpPAIUU.

Emé oqun nmpumep — obOpasoBaHue cBsizell B Mosiekyse ammuaka NHs. Y ato-
Ma a30Ta COIJIACHO 2JIEKTPOHHO-Ipadrueckoil cxeme ecTh TPU HeCllapeHHbIX 3JIeKT-

2p
2s
Tt
1s ..
POHa: 7N , Y aTOMa BO/IOPO/ia — OJIMH I:I It JJIEKTPOHDBI YU4AaCTBYIOT B
06p3.30BaHI/II/I TpeX KOBAJIEHTHBIX CBS3€l 110 O6M6H.HOMy MeEXAHUIMY C ATOMaMU BO-

oo oo
popona: * N++3H-— H:N:H wnmm NHy 5555

OTMeTHM, YTO OJHOBPEMEHHO C HTHUM Yy a30oTa Ha 2s-OpOuTaiu 0CTaéTcst
Henooenénnas 31eKkmpoHHas napa — Tapa dJIeKTPOHOB, He TIPUHUMAIONIAST YUACTUS
B 00pa30BaHUN XUMHUYECKUX CBS3EH.

Obmennvim mexanusmom oOBSICHAIOT 0OpasOBaHUE KOBAJEHTHOW CBSI3U B T10-
J@BJISAIONIEM OOJIBITMHCTBE MOJIEKYJ OPTaHUYECKUX W HEOPTaHMYECKUX BEIECTB,
B aTOMHBIX Kpucraiax aamasza C, kpacHoro docdopa P, kapbopynma SiC, kBap-
na SiOy u ap.

JToHOpHO-aKIeNnTOPHbI MeXaHUu3M 00pa30BaHUs KOBAJEHTHOW CBSI3WM IPE]-
nosiaraet oOpa3oBaHie O0IIeH Mapbl IEKTPOHOB 3a CUET nepedauu HenooeiénHou
ANEKMPOHHOU napvl om 00H020 amoma (00HOPA) HA BAKAHMHYN AMOMHYIO OpOU-
manv dpyeozo (axyenmopa). B kauecTBe puMepa pacCMOTPUM 0OPa3OBaHKe XMMU-
geckoil cBsI3u B KatHoHe aMMonns NH' 1pu mpoTekanun peaxiju:

NH; + HCI = NH,Cl (xsopux amMmmoHst)
WU B UOHHOM BUJIE:
NH; + H" = NH" (MOH aMMOHusT),
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ITO B3aMMOJICHCTBUE MOKHO TIPEACTABUTD 2JIEKTPOHHBIMU (hOpMYyIaMu:

JoHop napsbl +

3/IEKTPOHOB \H) 111)
HeNS+[ JH—>|HJNSH

ce oce

H H

AkuenTop napbl
3NEeKTPOHOB
H:N:H

[Ipu B3auMozeNCTBUN MOJIEKYJIBI H ¢ karmonom Bozmopoza L HY, Yy KOTO-
poro Ha 1s-opOUTaan HET SJIEKTPOHOB, HeNnoOeiEHHAS NApa DJIEKTPOHOB a30Ta pas-
Melaercs Ha ¢BOOOAHON 1s-opOurann | nona BOMOpO/a. B pesyisrare oOpasyer-

+

cs katruon amMmMoHusI NH ' ¢ 4eThIpbMsI KOBaJIEHTHBIMU CBSI3SIMU:

N ¥

969595

H'HHH
Tax xak MojeKkysa aMMuaka 3JeKTPOHEUTpasbHA, a TMPUCOEAUHEHHBIN K HEN
HOH WMeET 3apsi/l «+», To 00pa30BaBIIUICS KaTHOH aMMOHHUsSI TaKyKe MMeEET Io-
JIOKUTENIbHBIN 3apsi/l. DTOT 3apsj] NPUHAJIEKUAT TEJIOMY UOHY, a HE OTIAETbHOMY
aTOMY, TIO3TOMY B CMPYKMYypHOU (opMy/ie 3HAK 3apsa MOHA CTABAT 3a KBaapat-

+
H

HOW CKOOKOI: H—I\ll—H . Ecam MBI XOTHUM TIOM4EPKHYTH Mexanusm oOpasoBa-

H
HUS CBA3M, TO MOXKHO CTPEJIKON yKa3aTh HalpaBJeHHe CMeNleHUs 3JIeKTPOHHOUN

+
i
mapbl OT JIOHOPA K aKIEeNnTopy: H*ITT*H . Ho nmenarp a10 Heobs13aTeNbHO, TaK

H

KaK BCE CBSI3U B MOJIEKYJIE, HE3ABUCHMO OT MEXaHU3Ma WX 00PasOBaHVsl, sIBJISIOT-
sl PaBHOIIEHHBIML.

AHaJIOTHYHBIM 00Pa30M MOKHO MPEACTaBUTh 00pasoBaHue XUMUYECKOU CBSI3H
B KaTnoHe ruppokconus H3O': B pesysbrate rupparamum moHa BOAOPOAA B BOJ-
HBIX PACTBOPAX HEMOJEIEHHAs 3JIEKTPOHHAs Mapa aToMa KHUCJI0POAa B MOJIEKYJe
BOJIBI pa3MelaeTcst Ha CBOOOAHOI 1s-opbuTtanu noHa BOIOpO/IA.
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@ JOHOPHO-aKLENTOPHbIM MeXaHN3MOM O6BACHAIOT 06pa3oBaHMe KOBANEHTHOW CBA3W B Mofe-
0O
- ; 7
Kynax yrapHoro raza C* 0, a3otHown kucnotel H—O—N n ap.
N

0]

Honnasa ceasnv

HouHast cBSI3Bb — M0 XUMUYECKAsL CB53b, KOMOPAs 00Pa3yemcs 8 pesyivmame
2NIEKMPOCMAMUUECKO20 NPUMSIHCEHUSE NPOMUBONOTIONCHO 3APANCCHHBIX UOHO8.

B cayuae kosanenmmoii c65s3u BanieHTHBIE SJIEKTPOHBI, YUaCTBYIOIINE B €€ 06paso-
BAHUM, JIOKATU30BAHBI MecOy JIBYMS CBSI3AaHHBIMU atoMamu. [Ipu oOpasoBaHUU UOH-
HOU 643U DJIEKTPOHDI, HAIIPOTUB, CUUTAIOTCS IIOJHOCTBIO MEPElIe MU OT OJHOTO
atoma K Ipyromy. B pesyibrate Takoro mepexojia JeKTPOHOB 0OPa3yIOTCsT UOHDL.

O6pasoBanne MOHOB B KPHUCTALIAX XJIOPUA HATPHS MPEACTABUM, UCXOMS U3
9JIEKTPOHHOIN KOH(UTYpAIlMK aTOMOB HATPHS U XJIOPA, CIEAYIONIUM 00pa3oM:

11Na 1522522p53s! — e"— | Na™ 15%25?2p5 (1 Na — e- — Na'),

B cokpaménnoM suze [Ne|3s' — e” — [Ne];

17Cl 15%25%2p%3523p° + e~ — 7Cl™ 15°2522p535*3p® (unm Cl + e~ — CI),

B cokpamiénrom Buge [Ne]3s?3p® + e~ — [Ar].

OG6pasyromirecss HOHBI TPUOOPETAIOT KOHMUTryparuio OunKaiiero 6Jaroposi-

HOTO Ta3a ¢ OKTETOM 9JIEKTPOHOB Ha BHEIIHeM cJioe ns-npb.
[Tepexoy 371€eKTPOHOB MOKHO TIOKa3aTh U € ITOMOIIBIO 3JIEKTPOHHBIX (hOPMYJI:
Nap * ;ClI* —> Nal:Cl:l.

W3 mpuBeI€HHBIX CXeM CJIe/lyeT, YTO BAJCHTHBIH 3JIeKTPOH aTOMa HATPHS T0J-
HOCTBIO TIEPEXOIUT HAa BAJTEHTHYIO 00OJOUKY atoMa XJopa. ITO MPUBOIAUT K BO3-
HUKHOBEHUIO MOHOB C TIPOTUBOIOJIOKHBIMU 3aPsI/IaMU.

OTMeTuM, 4YTO JJsI MOHHBIX COEJAWHEHWN CTPYKTypHbIe (HOPMYJIBI He
COCTABJISIOT.

Bosnukaer Bompoc: nouemy B cayuae HCl obOpasyercst koBaseHnTHasi, a B CJIy-
qae NaCl — woHHast cBA3b? ITO OOBSACHSETCS Pa3JInYUeM B 3HAYECHUSIX DJIEKT-
POOTPHIIATEIBHOCTH B3aUMO/ICHCTBYIONNX aTOMOB. Pa3HOCTb MeX/y 3HaueHUSIMU
asiekrpooTpuiaresbHoct atomo H u Cl 3HaunTeIbHO MeHbIIe, 4eM PAa3HOCTb MeX-
ny 3Hauenusimu asekrpoorpuriatensroctd Na u Cl. 910 o3Havaet, 4to XJ10p ropaszio
cuJIbHee MPUTSATUBAET K cede JIEKTPOH HATPHs, YeM 2JIeKTPOH Bogoposa. B pesysib-
TaTe TPOUCXOUT TIOJTHBIN Mepexo/] AJIeKTPOHA OT aTOMa HATPHUs K aTOMY XJIOpa.

Vomnasi cBsi3b TJIaBHBIM 00pa3oM 00pasyeTcst B ralloreHu/ax, THAPOKCUIAX 1 OK-
CHU/IaX MIEJIOYHBIX U TIEJOYHO3EMEIbHBIX MeTalsioB. K aToMy THIy TakiKe OTHOCST
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CBSI3b MEXK/ly KATHOHOM M aHMOHOM CJIO}KHOTO COCTaBa, HAIPUMEP B COJISIX KHUCTOPOJI-
copepskarux KucaoT (Nay,SO4 NaNOs, (NH)oSO,). B taknx BelliecTBaxX CyIecTByeT
JIBa TUTIA CBS3€i: MOHHAA — MEXIY KaTHOHOM M aHMOHOM, U KOBJIEHTHAS — MEKIY
aTOMaMK HeMeTaJIJIOB BHYTPU KaTHOHA MJIM MOHA CJOKHOTO cocTaBa (puc. 25).

N
N

J’_

H

f

[Cl]”

H

f

KoBasientnas cBsi3b Honnas cBs3b

Puic. 25. Cxema obpaszoBaHus cBasen B xnoprae ammoHust NH,Cl

Memannuuecxas céa3b

Merannyeckas CBA3b 00pa3yemcs 8 KPUCMAILAX MEMALI08 U MEMALIUYCCKUX
CNIasos 3a cuém 0600uecmeienus 6CeMu amoMam Ux BaIeHMHLIX SNEKMPOHOE.

[Tepenaya aTomMmaMy MeTaJlJIOB CBOMX BaJIEHTHBIX 3JIEKTPOHOB B KOJIJIEKTUBHOE
M0JIb30BaHNe, HAJMYME B METAJIAX CBOOOMHBIX HJIEKTPOHOB — MPUYMHA DJIEKT-
pudeckoii mpoBogumocT. O6pasoBaHie METAITHYECKOI CBSI3U MOKHO OITHCAThH
cremyomum 00pa3oM. B aTomax MeTaisioB Ha BHENIHEM HHEPTETUYECKOM YPOB-
He COIEPIKUTCST HEOOIIBIIOE KOTMYECTBO BAJIEHTHBIX AJIEKTPOHOB. B mo6om mepuo-
Jle NIepUoJUYeCKOll CUCTEeMbl aTOMbl METaJIJIOB MMEIOT II0 CPaBHEHUIO C aToMa-
MU HEMETAJJIOB OOJIBIUI PAIUYC, MEHbBIIIEE KOJUYECTBO BAJIEHTHBIX JEKTPOHOB

Puc. 26. Kpuctann metanna,
COCTOALMNN N3 PerynapHo
pacrnonoXeHHbIX KaTVOHOB MeTasna
1 cBOH6OAHO NepemeLlaLLmXca
3/1eKTPOHOB

1 camblil Masibiil 3apsin saapa. [loatomy Ba-
JIEHTHbIE 3JIEKTPOHbI OTHOCHTEJIBHO €J1abo
CBS3aHBI C ApaMU aTOMOB W MOTYT JIETKO
MepeMelnaTbCs 1Mo BCEMY KPHUCTAJLIY Me-
Tasna. B pesynbraTe KPUCTAII COCTOUT U3
MOJIOKUTENbHO 3apsI’KEHHBIX MOHOB, MEXK-
JIy KOTOPBIMU TEPEMEIIanTcst ¢BOOOIHBIE
3JIEKTPOHBI, TAK HA3bIBAEMbIN 31€KMPOHHDLLL
eas (puc. 26).

B Tabsuie 11 cyMMUpPOBaHbI CBEIEHS
0 MexaHu3Max 00pa3oBaHUs XUMHUYECKUX
CBsA3€l W pacmpeneseHNn 3JTEeKTPOHHOM
IJIOTHOCTH MEXKAY XUMUYECKU CBSI3aHHBI-
MU aTOMaMH.
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Tabsmia 11. OGpa3oBaHne KOBaJE€HTHON, HOHHOW M METaJLIMYECKOli CBA3eH

Xapakrep o0MeHa 9JIeKTPOHAMHU

YcaoBus B3anMoaeicTBUS

Tun cBs3u
MeKIAy aToMaMu MeKy aToMaMu
Jlokanmu3anust CBS3BIBAIOTINX DJIEKTPOH-
HBIX TTAp BAJIEHTHBIX 3JIEKTPOHOB MEKIY
MOJIOKUTENBHO 3aPSKEHHBIMU SIIPAMU
Kosaznenr- aTOMOB. BO3HUWKaeT MPEenMyIeCcTBEHHO
Hasd CBASD MEKIYy aTOMaM¥ HEMETAJJIOB B MOJIEKY-
JIAX U aTOMHBIX KPUCTAJIAX Obpazosatinte obuux
AIEKTPOHHBIX TIap
Ilepemaya 37€KTPOHOB OT OJHOTO aTOMa -
Apyromy u o0Opa3oBaHUEe KPUCTALIA U3 AN
KaTMOHOB M aHMOHOB. BosHmKaeT Meix- Ny : Cl
WNonnast Iy aToOMaMM TUITHYHBIX METAITOB U He-
CBs3b METAJITIOB, B COJISX, MHOTUX OKCHU[IAX,
[UAPOKCHAX IJIEKTPOCTATUIECCKOE
B3aNMOJIEHCTBIE MEXKTY
00pa30BaBIINMUC NOHAMI
O6006mecTBICHNE BaJTCHTHBIX JIEKTPO- eloloele)
HOB M MUX PaBHOMEpPHOE paclpejesieHne CICIOICIO)
MeTa- B MPOCTPAHCTBE MEXK/AY BCEMU aTOM- CISICICIO)
JIMIECKAs HBIMU siipaMu. BosHukaer B MeTasiax CICIoICIO)
CBISD U CITaBax CICICICIO)

O6o0mecTBIEHNE BCEX
BaJICHTHBIX 3]IeKTpOHOB

Xummnuyeckana cBA3b — 3TO B3aUMOJENCTBME, B pe3ynbTaTe KOTOPOro
oTAesibHble aToOMbl 06beAUHAIOTCA B OoMee YCTONYMBbIE CIIOMXHbIE CUCTEMbI
(Monekynbl, KpUCTanbl, MOHbI 1 Ap.).

XrMnueckasa CBA3b UMEET 31eKTPOCTaTUYECKY0 Mpupoay.

Mpn 06pa3oBaHNM XMMUYECKOWN CBSI3W MOJIHAs SHEPrusa CUCTEMbI Aaep
1 31EKTPOHOB MOHMXKaEeTCA.

BblgenaoT TPM OCHOBHbIX TUIMA XMMNYECKON CBA3WN: KOBAJIEHTHAs, NOH-
HaA N MeTansMyecKkas, OT/IMyaloLWmnecsa XxapakTepoM pacnpeneneHusa 3neKT-
POHHOW MIOTHOCTU MeXKAY B3aMMOAENCTBYOWMMI aTOMaMU.

CywecTByeT fBa MexaHM3Ma oOpa3oBaHMA KOBaJIeHTHOW CBA3N — 0O-
MEHHbIN N [OHOPHO-AaKLENTOPHbIN.
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BOI'IPOCbI, 3agaHunA, 3agaun
1. OI'Ipe,D,EJ'IVITe TUM XUMUYECKON CBA3MN, I'Ipe,D,CTaBJ'IEHHbIIZ SJIEKTPOHHbIMU CXeMaMu:

a) H-+-:C:I!—>H!:C:|3 B) Na- + -:F::—>Na[!:F:=]_
6) He++H— H:H r) Br + Br — ::B:r!.?:r:

2. CocTaBbTe 3/IEKTPOHHbIE GOPMYSibl MOJIEKYST BOAOPOLA, X/0pa, XJIOPOBOAOPOAA, BO-
Ibl, aMMVaKa 1 YKaXKUTE YMCIIO CBA3bIBAOLINX U HEMOAENEHHbBIX SMIEKTPOHHbBIX MAp B KaXKAoWn
N3 HUX.

3. YKaxnTe TN XMMUYECKOW CBA3M MexAy aToMaMu B crieflylowyx coeauHenunsx: a) CacCl,,
BaO, Sg, CaF,, CCl,, cnnaB Fe—C; 0) I, SiO,, Na,S, O3, C,HsOH, cnnas Au—Cu.

4. CpaBHUTE NEKTPOHHbIE CXEMbI 1 3IEKTPOHHblE KOHUrypauumm: a) atoma Li n noHa Li
B 6bpommae nutus; 6) atoma Cl n noHa CI™ B xyiopuge Kanus; B) atToMa S 1 aToMa cepbl B MO-
neKyne cepoBogoposa.

5. HazoBute mexaHv3m 06pa3oBaHVA CBA3M MeXAY aTOMaMu, MMELWUMU CheayloLme
3/1eKTPOHHO-TpadnUeckrie CxemMbl BHELLHUX 3MIEKTPOHHbIX 000NIoUeK:

a)|/| 6)@1HTWM@‘ L] B)DI/I

6. CornacHo I'IpI/IBe,EléHHOI‘/‘I cxeme 0ObACHUTE MeXaHn3M o@pasoBava KOBaNEHTHOW CBA3M
B MIOHE TMAPOKCOHUA npn B3alIMOAENCTBUN MOneKyJsibl BOAbl 1 NOHa BOAOPOAA:

+

. .o +
H:0: +[JH" — |H:0:H
H H

7. icnonb3yA 3HaYeHUs 351eKTPoOTPULATENbHOCTL 3IeMeHTOB (Tabn. 7), gante o60CcHOBa-
HUe TUNY XMMUYeCKoMn cBA3M B BelecTBax 1 yactuuax: NaCl, NH}, HCl, PCls, LiF, SOiT

dnekTpooTpuLaTeNb- PasHocTb
Xummnueckas .
HOCTb aTOMOB aneKTpooTpULa- Tun xummnyeckom
dopmyna BellecTBa .
VAW YacTILb! TenbHocTen CBA3N
Xy % Ay,

8. YKaxkute coefvHeHUs, umelolme Kak KOBaneHTHYI, Tak U MOHHYylo cBA3b: HCOOH,
CH3COONa, MgF,, MgSO,, NH;NO;, HNOs, KNO3, CaSO,4, NHs.

9. PaccunTtaiTe uMcNIo SNEKTPOHOB, YUYacTBYIOWMX B 0OPa3oBaHUM KOBANIEHTHbIX CBA3El
B MOHAxX aMMOHUA KONNYECTBOM 3 MOJb.

10. MNMpwn obpa3oBaHWM MeTaHa W3 aTOMOB Yyriepoja W Bojopoda BblaenseTcs
1662 k[x/monb aHeprun. Boluncnnre cpepHioto sHepruto ceasnm C—H (kx/monb).
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§ 14. CBonCTBa XMMNYECKNX CBA3en

CaoiicTBa BEIIECTB OIIpeAeaAI0TCA HE TOJBbKO HUX 3JIEMEHTHBIM COCTaBOM,

HO 1 OCOOEHHOCTSIMM XUMUYECKUX CBSA3Ei MEK/y aTOMaMHU.

Ceoticmea Koeanenmuou cés3u

KoBanenrHasi cBsi3b XapaKTepusyercs: OIuUHOU, dHep-
euetl, Kpamnocmoio, HACLIWAEMOCMIO, HANPABLEHHOCTbIO
U NOJSPHOCMBIO.

Anuna xoeanenmnoi c6a3u — smo paccmosnue Medxc-
Oy siopamu xumuuecku cesizannvix amomos (puc. 27). [liuna
KOBAJIEHTHOI CBSI3M OOBIYHO HEMHOTO OTJIMYAETCST OT CYM-
MbI aTOMHBIX PaJINYyCOB 13-3a TepepaclpesieleHus 3JeKT-
POHHOH TJIOTHOCTU U TMEPEKPBIBAHUST 2JIEKTPOHHBIX 00-
nakoB (puc. 27-29). Yem Gouiblile paguychl CBSI3aHHBIX
aToMOB, TeM OoJiblie [yinHa cBsisu (Tabu. 12).

Tabsmia 12. XapakTepucTHKa KOBAJEHTHBIX CBsI3€il B MOJIEKY-
JlaX BOJIOPO/ia Y TaJIOTEHOBO/IOPO/IOB

Jlnuma cBA3n

H—H

Puc. 27. OnpegeneHve
LNUHBI CBA3U NO
PacCcTOAHUIO MeXAay
AApaMu XMMUYeCKn
CBA3aHHbIX aTOMOB

GRU a::)?\il:y:M Mouexyxa cnggzji?iM Kﬂl;:;?:a“(;ﬂb AL M?;el::;[;m
H 0,037 H, 0,074 436 0 @
F 0,071 HF 0,092 565 1,8 ©
cl 0,099 HCl 0,128 431 0.8 ®
Br 0,114 HBr 0,141 364 0,6 e
I 0,133 HI 0,161 297 0.3 O

Inepeus xumunecxou c6sa3u (Eqyyyy) — 9mo smepeus, komopyrno 1neodxo0umo
sampamumo Ha e€ paspois. Kak mpaBuiio, 4eM MpovHee CBsI3b, TEM MeEHbIIEe €€ -

Ha (tabm. 12).

I{'pamuocmbm K0BAJIEHMHOU CEA3U HA3LIBAION YUCLO ANIEKMPOHHBLY nap, Komo-
pvle yuacmeyiom 6 06pa306aHuu XUMUYECKOU CBS3U MleCay a6yMﬂ amomamil.
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Passmuator oxunapusie (H—CI), nBoii-

@* m nele (HyC—CH,) u tpoiinbie (N—N) cBsi3m.
HH H Cl [Ipu mepekpbiBanuy opOUTAIEil BIOJIb JIH-
HUU, COEAMHSIONIEH sijipa aTOMOB, 06pa3y-

m I0TCS TOJIBKO o-CBsi3u (puc. 28).
Cl Cl Ho nBe wiau Tpu KOBaJIeHTHBIE CBS3U
MEXKIY ABYMS aTOMaMU HE MOTLYT OJHOBpe-
Puc. 28. O6pasoBaHie O-CBA3Ei MEHHO 0Opa3sOBBIBATHCS B OAHOI ILJIOCKO-

ctu. [TosTomy B ciydyae 1BOWHBIX U TPOii-
HBIX CBsI3€il MPOUCXOMUT «OOKOBOE» TepeKpbIBaHue p- Win d-opOuTasei, To ecTb
00pasyIoTcst m-CBSI3M:

Hamnpumep, aBoiinast ¢BsI3b B MOJIEKYJie KUCJIOPO/Ia :0::0: obpasyercs 1pu Iie-
PEKpBIBAaHUU JBYX p-opbOutaseil. [Ipu 3TOM TepHEHIUKYISIPHO PACIIOTIOKEHHDIE
p-opbuTanu oOpasyoT OAHY o- M OAHY n-cBsi3u (puc. 29).

e S

fﬂi D T
i :

2s

Puc. 29. SneKkTpoHHO-rpaduyeckasa cxema 1 Cxema nepekpbiBaHNA 3NEKTPOHHbIX 06/1aKoB
npu obpasoBaHWM G-CBA3W U TI-CBA3M B Monekyne O,

TpoiiHas cBs3b B MoJiekyJsie azota :NiiN: BO3HMKAET IPU MEePEKPbIBAHUN TPEX
p-opbutazeii. IIpu aToM 0Opasyercsi 0JiHa G-CBSI3b M JIBE T-CBSI3U, KaK MOKa3aHO
Ha pucynke 30.

KpatHOCTb €BSI3M HArJSI/IHO YKa3bIBAIOT B CTPYKTYPHBIX (hopmysiax. Tak, B Mo-

. ~
Jekyse GhopMasibeTu/a Be OJWHAPHBIE W OJ[HA /BOWHAS CBSI3b: _C—O. [Ipu
3TOM B HEll TPHU G-CBI3W U O/HA T-CBS3b. H
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NN ZimZi) » NN @ g Zh

Puc. 30. DneKkTpoHHO-Tpadmueckan cxema 1 Cxema NepekpbiBaHKA NEKTPOHHbIX 06/1akoB
npu obpasoBaHuK - 1 TI-CBAA3el B Mosiekyne N,

Hanpaenennocmo K08aneHmHbIX C8s3€ll ONpedensiemcs OpueHmauuell 6 npo-
cmpancmee amomuolx opbumanet, yuacmeyouwux 6 oopasosanuu cessu. OHa
00yCJIOBIMBAET MTPOCTPAHCTBEHHYIO CTPYKTYPY MoJiekyJ (puc. 31).

> et -

Puc. 31. WapocTtepxHeBble MOdeNn MOseKyn MeTaHa, 3TUieHa, aueTuneHa

Yeon, 06pazosaniviii HANPABIEHUSAMU XUMUYECKUX CBSA3€l, UCXOOSUUMU U3 00HO-
20 amoma, HA3bleaom 6AJNEHMHBIM Y2Jl0M.

Hanpuwmep, Bam m3BecTHO, uto B Mosiekysie CH, cBS3u pacmosioskeHbl 1O/ yTJIOM
npromsuTebio 109°, 8 Mmosekyiie CHy—CHy — 120°, B Mmosiekysie CH—CH — 180°.

B monexymnax HoO u H,S artombr kucaopoga u cepbl 006pasyioT ABe G-CBSI3H
¢ aToMaMu BOJ0posia. B oOpa3oBaHuM 9TUX CBsI3€il yYACTBYIOT p-OpOUTAIN BHEII-
HETO JHEPreTUYECKOTro YPOBHS,
KOTOPble OPUEHTUPOBAHbI B3aWM-
HO TEPHEHIUKYJISIPHO. JTO 3HA-

YUT, YTO BAJICHTHBIE YIJIbI MEKIY 3d

suausMA cBsizu O—H ninn S—H 3s ngpT
JOJKHBL ObITh 013k K 90°. Op-  HsS
HaKO peajibHble 3HAYEHWs ITUX
VyIJIOB HEMHOTO O00Jibllie M3-3a
B3aMHOTO OTTAJKWBAaHUI aTO-

MOB Bojgopozaa (puc. 32). Tax, Puc. 32. SnexkTpoHHO-TpaduuecKas cxema 1 cxema
B MOJIEKYJIE BOJDbI, HAXOSIIECsT — NePeKPbIBAHNA SMEKTPOHHbIX obnakoB B Mornekyrne H,S
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B mapax, aToT yrou paseH 104,5°, a B mosiekyse HoS — 92° (orraskuanue ciabee
n3-3a OOJIBITIETO PALUYCA ATOMA CEPHI).

Anamornyno: B Mostekysax NHy Tpu B3auMHO TIepreHMKYJ/ISIPHBIE p-0pOUTain
aroma a3ota 06pas3yioT TPH G-CBSI3U C ATOMAMU BOJOPO/JA M BAJIEHTHBIE YIJIbI I0JIK-
HbI ObITh paBHbIME 90°. BaanMHOe OTTaJIKMBaHNE aTOMOB BOZOPO/Ia IPUBOJUT K yBe-
Jdennto atux yraos 10 107°. TlogpobHee aToT MaTepuas paccMoTpe B § 37.

@ [lna NporHo3mpoBaHnA 1 0OBACHEHNA BENMUVHBI BaNIEHTHBIX YI/IOB BO MHOTMX MOJIEKYNax Ya-
CTO UCMONb3YIOT NPefCTaBeHnA 0 2ubpudu3ayuu amomHbix opbumarnel. HayanbHble npepcTas-
neHna o rmbpuamrsaummn Bbl MOAYYMIv B Kypce opraHnyeckon xumum B 10-m knacce. C yyétom ru-
6puamsaunm MoxxHoO o6bACHUTL cTpoeHre monekyn CHy, NHs, H,O. Mpn rmbpuansaumm aToMmHbIX
opbuTanen atoma, o6pasytoLLero CBA3N C COCEAHUMI aTOMamu, MPOUCXOAMUT YCpeaHeHue no dop-
Me Y SHEPruu 3MEKTPOHHON MIOTHOCTN B6AN3KUX MO 3Heprun opbutanein. Hanpumep, npu ycpea-
HEHUW SHEPrUn OfHOW s-opbuTanu 1 TpPéx p-opbuTanein faHHOro aTomMa yrnepoga obpasytoTca
yeTblpe ofVHaKoBble rMbpraHbIe opOMTany, KOTOpble PacrosaralTCcA Mo Hanpas/eHNo K BepLu-
HaMm TeTpasgpa:

D > S
O+ — 9D — ¢ 0

TeTpasgpuueckoe CTPOEHME MONeKysbl MeTaHa 06bACHARTCA sp>-TMbpUan3aLIMell aTOMHbIX
opbuTtaneii yrnepopga.

Q Hoaspruocms ceéa3u — xapaxmepucmuxa, Yuumvlearwas cmeuwenue oouwe

§ 14.1 IEKMPOHHOL napvl kK 00HoMY u3 amomos. Ecim koBasenTHast ¢Bsi3b 00pa3oBaHa aTo-
MaMU € OJIMHAKOBOH 3JIEKTPOOTPUIIATEIBbHOCTBIO, CBSI3b OTHOCST K HenoaspHot (IH,,
Cly, Ny). B ciryuae pasHoil a1€KTpOOTpHIIATEIbHOCTH CBsA3b Oyaer noaspuas (HCI,
NH3). Yem Gosibliie pasHOCTD 3HAYEHUI 9JIEKTPOOTPUIIATETBHOCTH (Ay) y CBSI3aHHBIX
aTOMOB, TeM OOJIbIIle MOJISIPHOCTH KOBAJIEHTHOI ¢Bsi3u. Hamprmep, CBSI3b B MOJIEKY-
ne H—CI 6osee nonsipra, yem B mMosiekysie H—Br, mocKoJIbKy 3J1€KTPOOTPHIIATEN -
Hocth atoma Cl (3,0) Gosbiie, uem y Br (2,8). Ha aromax Bo3HMKaeT yacTUYHBII
(HeresiourcIeHHbIN) 3apsaa. Ero o6o3HavaoT cuMBOIaMu 8+, 8—.

Cwmernenne 2JIeKTPOHHOW TIIOTHOCTH YKa3bIBAIOT B CTPYKTYPHBIX (popMysax
CTpeJIKaMU, HallPaBJIEHHBIMH B CTOPOHY 0OO0Jiee 3IEKTPOOTPUIIATETHHOTO aToMa.
CwmeliieHre 3IeKTPOHHON TIOTHOCTH TPU 00Pa30BaHUK G-CBSI3W YKa3bIBAIOT TIPSI-
MOW CTPEJKOM, a T-CBI3U — JYTOM:

5+ [ 5+ H
5t 5 H—N=-—H \ Sty 8-
H—Cl T &+ /C:O
H H
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Mouiekyty, a7eKTPOHHOE CTPOEHMe KOTOPOI OIMCBIBAETCS KaK chcTeMa U3 JIBYyX
PaBHBIX 110 aOCOJIIOTHO BEJMUYMHE, HO TIPOTHBOMOJIOKHBIX 110 3HAKY 3apsiIOB, pac-
MOJIOKEHHBIX Ha OMPEIeIEHHOM PACCTOSTHUU JIPYT OT JIPYyTa, HA3bIBAIOT OUNOLEM.

MouiekyJibl, mpecTaBsionine coO0i UIOJHN, HA3BIBAIOT NOASAPHbIMU. T1ONSPHBI-
MU ABJISAIOTCS MOJIEKYJIBI TaJIOT€HOBOJIOPO/IOB, CEPOBOZOPO/IA, BOALL Tak, B MoJeKyJie
BOJIbI AJIEKTPOHHASI TWIOTHOCTH OT aTOMOB BOJIOPOJIa CMeIleHa K GoJiee 3JIeKTPOOTPH-

MaTeThHOMY aToMy Kucjaopojia. Monexysbl Bojibl — 3To aunou (puc. 33).
65—

O

&+ &+

/ \

H~_ " H
104,5°

Puc. 33. M306paxeHrie NoNspHO MOMIEKYbl BOAbI B BUAE AWUMONA

Hacvuuaemocmoio nasvieaiom cnocooHocms amoma 00pasosuieamy onpeoeenioe
YUCHO KOBANEHMHBIX CBSI3€ll. DTO UNCIO CBIA3EU OTMPENENIeTCs] BAJIEHTHOCThIO aTOMA.
JIro6oit aToM orpaHrYeH B CBOMX BO3MOJKHOCTSIX 0OPa30BBIBATH KOBAJIEHTHBIE CBSI3HL.
Ux e MoxeT GBITH GOJIBINE YMCIA ATOMHBIX OPOUTAJIEN, KOTOPhIE MOTYT MPUHSTH
ydyactue B 00pasoBaHUM KOBAJEHTHBIX CBsi3eil. J[Jist s1eMeHTOB 2-ro Tepuoja Takux
CBsI3eil He MOKeT ObITh GOJIbIIE YETHIPEX, TAK KaK Ha BHEIIHEM 3JIEKTPOHHOM CJIOE
aTOMOB 3TUX DJIEMEHTOB MMEETCsI TOJBKO YeThipe opOuTasm. Y 9JIeMEeHTOB 3-TO Iie-
pHO/Ia HACBIIIIAEMOCTh TIOBBIIIAETCS 38 CYET BAaKaHTHBIX d-OpOHTaIEil.

Ceoticmea UOHHOU U MemaNAUUeCcKol C8s3el

Jnuna m 3nepeusi MOHHBIX CBSI3€ 3aBUCSAT OT pa3Mepa W 3apsja B3au-
MoJeiicTByOIUX MOHOB. Kak mpaBuio, yem MeHbIe pasmep U OOJiblle 3a-
PsIl MOHOB, TeM IIpOYHee CBsI3b. 3HAYEHUS €€ DHEPrUU HAXOJATCS B Ipejesax
300-700 x/I>x/Mouh.

B otymmune oT KOBaJICHTHOI CBSI3U UOHHASL C8513b HEHANPABNIEHHAS U HEHACLIUAEeMAS,
TIOCKOJIBKY FIOH MOJKET IPUTATHBATH K ceOe MOHBI MPOTUBOIOIOKHOIO 3HAKA B JIIOOOM
HarpasJienuu. Pacriosioxkenue 1 4ncsio coceiHUX MOHOB OIpesiesisieTcsl MX pasMepamu,
CHJTAMU TIPUTSDKEHUS W OTTATKUBAHUS MEKIY MOHAMU Pa3HbIX 3HAKOB. [loaToMy moHbBI
PACIIOJIATAIOTCST B ONPEICTIEHHOM TIOPSIIKE, 00Pasyst KPUCTA/UIMIECKYIO PEIIETKY.

Metannuueckas CBSA3b TaKKe HeHanpasiennas n Henacvlujaemas. E€ aHeprus
M3MEHSIeTCS B IUPOKUX IpesiesiaX: OT JIeCSATKOB /0 HeCKOJIbKUX coTeH K/ /MOJb.
B kpucrasmax MeTasioB aTOMbl IMEIOT OOJBINOE YNCII0 OIMKAUIINX COCeei, 4TO
obecriedrBaeT O4YeHb IUIOTHYIO YIAKOBKY aTOMOB. Tak, B KPUCTA/LJIaX y aroMa Me-
m 12 6imskaiimmx coceneii, a y nona Hatpusti B NaCl — 1rectb cocenux MOHOB
Cl™. CrpoeHre KPUCTALIIOB MOKHO MPEICTABUTH B BUJIE TIJIOTHO YIIAKOBAHHBIX TITa-
poB (puc. 34).
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N c1 Nd e
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a 0

Puc. 34. M1306paxeHne CTPOEHNA KPUCTaIoB: d — Meaun, 6 — Xnopuaa Hatpus
B B M/IOTHO YNaKOBaHHbIX LIApOB

KoBaneHTHasA cBA3b XapaKTepu3yeTcs ANIMHOW, SHepruein, KpaTHOCTbIO, Ha-
NPaBNEHHOCTbIO U MONAPHOCTbIO:

« AIMHA — PACCTOSAHNE MEXAY AAPAaMU XMMUYECKW CBA3AaHHbIX aTOMOB;

« SHEPTVA CBA3WN — SHEprus, KOTopyo HEOOXOAMMO 3aTPaATUTb Ha €€ Pa3pbiB;

« KPaTHOCTb — YIC/IO SMEKTPOHHbIX Map, YYacTBYOLMX B 06Pa30BaHNM CBA3Y;

« HaMpPaB/IEHHOCTb KOBANEHTHbIX CBA3EN OnpeaenseTca opueHTauuein B Npo-
CTPAHCTBE aTOMHbIX OpOUTanel, yuacTBylOLMX B 06pa3oBaHNN CBA3W;

* MONAPHOCTb CBA3M OMNPefenAeTca CTENeHbi0 CMeLLeHNA 06LLeN SNeKTPOH-
HOW Mapbl K O4HOMY U3 aTOMOB;

« HaCbILLAEMOCTb — CMOCOBHOCTb aToMa 06Pa30BbIBaTb OMpeAenéHHOE YmnC-
N0 KOBaJIEHTHbIX G-CBA3EWl.

NoHHaa 1 meTannnyeckaa CBA3W HEHAMNPABIEHHbIE N HEHACbILAEMbIE.,

Bonpocbl, 3agaHuna, 3agaumn

1. OnuwunTe, Kak obpasyeTcs: a) TPOWHAA CBA3b B MOJieKysie a3oTa; 0) ABOWHas CBs3b
B MOnekKyJsie Kncaopoa.

2. 3anonHuTe Tabnuvuy, NOCTaBMB B AYENKM MOA KaXKOON XUMUYECKON CBA3bID MOAXOAs-

Lee 3HayeHue 3Heprun (167; 945; 418 kx/monb) n onuHbl cesa3um (0,145; 0,110; 0,125 Hm).
O6bsicHUTe CBOW BbIOOP.

CBs3b N—N N—N N—N

SHeprua, KIx/monb

OnuHa, Hm

3. Ykaxunte uncno OOMNHAPHbIX N KPaTHbIX CBA3EN B KaxgoMn MoJnekyne:

(] H—0_ _0 T cl
TV o~ e
H—C—C—C—H sZ H—C=C—C—H 0=C 0=C=0
] H—0" "0 I [ ] ~ql
H H H H H H
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4. OTmeTbTe nonApHble N HENOJIAPHbIE KOBaJIEHTHbIE CBA3WU!:

WI T T H H H d
H—C—C—C—0" H>C—NT o=c_
[ H” H cl
H H H
5. O6bACHUTE, MOYEMY 1 KaK MeHAETCA ASIMHA CBA3M MeXAy aToMamu B pAay:
a) yrnepoga: H;C—CHs;, H,C—CH,, HC_CH; 6) azota: NN, H,N—NH,.

6. ConocTtaBbTe ANNHY 1 SHEPIUIO CBA3M MeXAy aToMaMy yrfiepoaa v K1ucnopoga B pagy:
metaHon H3;C—OH, metaHanb H,C—O, yrapHbin raz C=0.

7. OOBACHUTE YMEHbLUEHVE TEPMUYECKON YCTONYMBOCTU coefuHeHun B pagy: H,O, H,S,
H,Se.

8. O6bACHMTE, NoYemy MOMeKynbl Bogopofa 1 ¢bTopa BCTYMaloT BO B3aUMOLENCTBME MIHO-
BEHHO, a ANA B3aUMOJENCTBUA MONEKYN BOLOPOAa 1 a30Ta HYXHbl BbICOKME TemrnepaTtypa 1
faBrieHue.

9. Hapucynte cxemy nepekpbiBaHMA aTOMHbIX 1s- u 3p-opbuTtanen B monekyne H,X, ec-
NN OTHOCMTENbHAA MAIOTHOCTb 3TOrO ra30006pa3HOro COeAUHEHUA Mo BOAOPOAY Dy, pas-
Ha 17.

10. SHeprua cBasn B monekyne O, paBHa 494 k[x/Monb. Kakyto sHepruio Hy>KHO 3aTpaTuTb,
yTOBbI Pa30pBaTh BCe CBA3M B 06pa3Le Kucnopoaa ob6bémom 1 am® (H. y.)?

Jla6opamopnuoui onoim 1. Cocmaenenue mooeneii Monexyn
Heop2aHu™eCcKux u Op2anu4ecKux coeouHeHuil

Obopydosanue. Mosiesn aTOMOB COTJIACHO TaOJHTIE.

Mopenb aToma Bonopon Kucropon Asot Xmop Won Yraepon
IIBer mapuka Benwrit Kpacwuprii Cunnit 3esTEéHbIit Cepnorit Yépnbrit
Yucno mapukoB 13 3 2 1 1 3

1. VI3 mOATrOTOBJEHHBIX MAPUKOB cOOEPUTE MOJENN MOJIEKYJI CIEAYIONNX Be-
mects: Oy, Ny H,O, HCI, HI, NH3, CHy, CyH,. Ilpn mozemmpoBanuu obparure
BHUMaHUe Ha JUIMHY HEKOTOPBIX CBsI3€il, 0COOEHHOCTH TPOCTPAHCTBEHHOTO CTPOe-
HUS MOJIEKYJI, KPaTHOCTD CBsI3W (OfMHAPHAd, /IBOITHAS, TPOTHAS ).

2. Oruér odopmuTte 10 06pa3Iy B BUjE TAOJIMIIBL.

Monexynspuasi | InekrponHasa | CrpykrypHas | Pucynok momem Ocobentoctu crpoenus
dbopmyna dopmyna dopmyna MOJIEKYJIbI
H III UYerbIpe CBSI3U: KOBAJIEHT-
H:C:H A HbIE TIOJISIPHbIE OJIMHAP-
CH, H H C|: H nere; yroa ~ 109°% dhopma
H J TeTpasjipa
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§ 15. BaneHTHOCTb U cTeneHb OKUCJIeHuA

Banenmnocmo

Cnocobrocmv amomos npucoedunsamy K cebe cmpozo onpeoeiéHHoe YUcio Opyeux
aAmoMo8 Xapaxmepusyemcst ¢ NOMOubI0 6ANEHMHOCMU.

HawuGoJiee 11pocTo 06BSICHUTD, 4TO TAKOE BAICHMHOCb, MOKHO Ha TIPHEMEPE CO-
eIMHEHUIl ¢ KOBAJIEHTHBIMU CBS3SIMU. B TakuxX COEIMHEHUSX BALEHMHOCIb Amo-
MO8 0MOeNLHOZ0 ANEMEHMA NPUHAMO ONPEOeNAMb UUCIOM 00PASOBAHHBIX KOBALEHN-
HbLX CBA3EL.

Hanpumep, BaJieHTHOCTD KHCIOpoaa B Mosiekyaax Boasl H—O—H, nepokcuma

Bogopoaa H—O—O—H, meranamns H—CfH paBHa JIBYM. H
BanentHocTh azora B mpoctom BetectBe N—N u ammuake H—I\|I—H paBHA
H +
TPEM, a2 B MIOHE AMMOHUST — YETBIPEM: H*I\llfH .
H

[TpOTHOBUPYS YUCO BOIMONCHBIX BANCHMHOCMEl aTOMa KaKOTro-JIrub0 sJIeMeHTa
B Pa3JIMYHBIX COEIMHEHUSX, Mbl YKA3bIBAEM BAICHMHble 803MONCHOCMU aToMa. Ba-
JIEHTHBIE BO3MOKHOCTH aTOMa OTIPEEISIOTCSI:

a) YKMCJIOM HECHAPEHHBIX BAJEHTHBIX 9JIEKTPOHOB, CIIOCOOHBIX MPUHSTDH yIaCTHe
B 00pa30oBaHUU XUMHYECKMX CBs3€il 10 0OMEHHOMY MEXaHU3MY;

6) 4MCAOM BHEIIHMX aTOMHBIX opOurajieil (BaKaHTHBIX WJIM 3al0JHEH-
HBIX), CIIOCOOHBIX 00pPa3oBaTh XMMUYECKYIO CBSA3b II0 JOHOPHO-aKIEINTOPHOMY
MeXaHU3MY.

PaccmorpuM BasieHTHBIE BO3MOKHOCTH atoma ¢dochopa ¢ y4ETOM YHCIa €ero
HEeCTIapEHHBIX 2JIEKTPOHOB. JJIEKTPOHHAS KOH(UTYpAIlUs BaJIEHTHOTO CJIOSI aTOMa
docdopa B ocHoBHOM cocTosHnu — 3s523p°3d°, uTo 1aéT eMy BO3MOKHOCTL 06Pa-

3p 3d
35 HEEN
. 1
30BaTb TOJIBKO TPpU CBA3U 11O O6MeHHOMy MEXaHU3MY: 15P

Ho arom docdopa crmocobern obOpaszoBaTb W ISATh CBSI3€H, €CAM OIUH
35-9JIEKTPOH TIepeBecTr B BO30Y:KIEHHOE cocTostHUe. [Ipu 9TOM a/IeKTpOHHAST KOH-
durypaims atoma docdopa Gyger umers Bug 3s'3p>3d':

3p 3d 3p 3d
3s T T TT] 3s LT T
15P I - > 15P* l—i T

[IpuMeHsiss aHaJOrMYHbIE TOCTPOEHUS, MOKHO HMPUITH K 3aKIIOYEHUIO, YTO
aTOM Cepbl MOXKET MPOSIBJISITH BaleHTHOCTH 2, 4, 6, a atom xsopa — 1, 3, 5, 7.
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Paccmotrpum BajieHTHBIE BO3MOKHOCTU a30Ta, aTOMbI KOTOPOTO, KaK W aTo-
MbI (hocdopa, UMEIOT TIATh JEKTPOHOB HA BHEIITHEM 3JIEKTPOHHOM ypoBHe. M cxo-
JI1 U3 BJIEKTPOHHOIT KOHMUIYPAINH ero BaJeHTHOTO cJos 25°2p° U 3/1eKTPOHHO-

2p
rpauyecKoil CXeMbl , JleJlaeM 3aKJI04eHUe, 4TO aTOMBbI a30Ta MOLYT
MPOSBJIATD BAJIEHTHOCTD 3, TaK KaK MMEIOT TPU HecllapeHHbIX ajieKTpoHa. llsTuBa-
JIEHTHOE COCTOSTHUE JIJISI HETO HEBO3MOXKHO M3-32 OTCYTCTBUSI CBOOOIHBIX OpOUTA-
seil Ha BTopoM ypoBHe. O/IHAKO y aToMa a30Ta HAa BHEIIHEM YPOBHE MMEIOTCS de-
ThIpe opbOutamu (siueiikn). [ToaTroMy oH MoKeT 00pa3oBaTh YeTbIpe KOBAJIECHTHBIE
CBSI3U, YTO MBI HAOJIO/IA€M B CJIy4ae MOHA aMMOHUSI:
N NI I

95 9595 95

H'HHH

Takum 06pa3oM, MaKCHMaJIbHAs BaJEHTHOCTh aTOMOB a30Ta paBHa 4.

MakcrumanbHass BaJE€HTHOCTb HE TOJIBKO a30Ta, HO W JPYTUX 3JEMEHTOB BTO-
pOTOo 1eprojia He MOXKET IIPEBBIIIATh YETHIPEX, TaK KaK Ha BHENIHEN 2JIEKTPOHHOM
060JI0YKe ATOMOB ITHX JIEMEHTOB UMEIOTCS TOJIBKO YeThIpe OpOUTAIIML.

[Touemy Hesib3s1 pacIMPUTh BaJEHTHbIE BO3MOKHOCTH 3JIEMEHTOB BTOPOTO Tie-
pUo/Ia, TIPEIOCTAaBUB 9JEKTPOHAM BO3MOKHOCTb TMEPENTH Ha 3-i AHEpPreTUYeCcKuit
yPOBeHB? ITO OODBSCHSIETCS TEM, YTO PA3HUIA B SHEPTHH MEKIY 2-M U 3-M dHep-
2emuyeckuMU YposHaMY TOPA3I0 OOJIbIe, YeM MEXIY 1O0YPOSHAMU OJHOTO HEP-
TeTUYECKOTO YPOBHS, U 3aTPaThl 9HEPTUU HA BO3OYKIAEHHE HE KOMIIEHCHPYIOTCS
sHeprueil 06pa3oBaHusi HOBBIX CBSI3€EH.

Cmenens oxucaenus

B ciydae BetecTB ¢ MOHHBIMU WJTH TTOJISIPHBIMU CBA3SIMU 71T XapaKT€PUCTUKN
COCTOSTHUSI aTOMOB, 00PA3yIOMINX 9TU CBSI3H, UCIOIb3YIOT TIOHSITHAE CMENeHb OKUC-
aenusi. Kak BbI yske 3HaeTe n3 matepuasia naparpada § 11, cmenens oxucnenus
amoma — 3mo Ycio6HbLI 3apsi0, KOMOPbLI NPUNUCHIBAIOM AMOMY 6 NPEONOTOHCEHUU,
4mo oH 06pasyem ¢ CocCeOHUMU amoOMamMy MOJILKO UOHHBLE CBA3UL.

YucsieHHOe 3HAYEHUE CTENEeHW OKUCIEHMS aTOMa B KOHKPETHOM COeIUHEHWH
OMPEEJSIOT 0 KOJUYIECTBY 3IE€KTPOHOB, CMEIEHHBIX TIPH 00PA30BAHUU CBSI3U
WJIM TIePeIaHHbBIX COCETHUM aToMaM. Tak, CTeleHb OKHCJIEHUSI aTOMOB a30Ta B MO-
Jekysax mpocroro BemectBa ‘NiEN: paHa 0 (2JIeKTPOHBI HE CMEIIEHbI, CBSI3b KO-
BaJICHTHasI HETOJIApHasA). B Mosiekysie aMMuaka a3oT MPOSIBJSET CTelleHb OKHCJIe-
HUS —3, TaK KaK K aTOMY a30Ta CMECTUJIUCh TPU JIEKTPOHA OT aTOMOB BOOPO/IA.
ATOMBI BOZIOpPO/Ia TIPU 3TOM UMEIOT CTeTleHb OKucjeHus +1.

[Tpu BBIYMCIEHUSIX YUYUTBIBAIOT, 4TO ajrebpandeckast CyMMa CTEIeHel OKucIe-
HUSI BCEX aTOMOB B coefinHeHnu pasua (.
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He cjenyer 33.6bIBaTI), 4TO aTOMbl HEKOTOPBIX 9JIEMEHTOB HMMEIOT IMOCTOAHHOE

3HaueHUe CTelleHU OKUCJIeHUS B CBOMX COEIMHEHUSIX (11“, I\+Ir:1, 2+121, :‘j u ap.). Han-
GoJiee DJIEKTPOOTPUIIATEIbHBIE ATOMbI B KOHKPETHOM COEJANHEHUU OOBIYHO UMEIOT
HUBIIYIO CTeleHb OKMCJIEHUS.

Tak, B mosekyne CF, Gosee amekrpoorpuriaresied GTop, ero aToMbl UMEOT
creniedb okucyaenus —1. CiemnoBaresbHO, YIIepo HAXOAUTCS B CTETIEHU OKMCJIe-
HUSA +4, TO eCTb+(431:14.

B mepmanranare xanmug KMnO, kanuii mMeeT TOCTOSHHYIO CTeTleHb OKHCJe-
HUISI, KUCJIOPO/] KaK HarboJiee 9JIeKTPOOTPUIIATEbHBIN AJIEMEHT HAXOMUTCST B HU3-

el cTeneHn OKUCTIeHUs —2, TI09TOMY CTelleHb OKMCJIeHUsI MapraHila MOKHO Haii-
+14+7 -2
™1 u3 paBencrBa 0 = (+1) + x + 4(-2), To ectb x = +7: KMnOQOy.

Bo MHOIMX KOBaJEHTHBIX COEIMHEHUSAX aOCOMIOTHAS BEJUUYMHA CTETIEHN OKKC-
JIEHWS 2JIeMEHTOB PaBHA WX BaJeHTHOCTU. Hampumep, a3orT B MOJeKyJie aMMHaKa
MMeeT BAJIEHTHOCTb 3 M CTelleHb OKUcJIeHns —3. B ciaydyae MOHHBIX COeMHEHMIT
aTOMOB METAJLIOB C p-ajieMeHTaMu V—VII-Tpy1n UCIOJNb3YIOT MOHITHE <CTENeHb
okucuenusi». Hanpumep, B xmopuze kajibiuss CaCl, crenenb okucienus xjaopa —1,
a Kaaplus — +2.

BaneHTHOCTD MOXKET OTIMYAThCS OT CTEelleHN OKHUCJEHUS. JTO XapaKTepHo, Ha-
pUMep, /ISl TIPOCTBIX BEIIECTB, B MOJIEKYJIaX KOTOPBIX CTEIleHb OKUCJEHUS aTo-
MOB BCer/la paBHa HYyJIf0, a BAJIEHTHOCTh — YHCJIY OOIIMX 3JEKTPOHHBIX Iap.

Tak, B Mosexysie kuciaopoga O=O0 BaJeHTHOCTh KUCJIOPO/ia PaBHA 2, a CTETeHb
okucyienus (. B xkagectBe Apyroro npumepa NpuBeiéM MOJIEKYJY TIEPOKCHIA BO-
nopoga H—O—O—H. B He#l kucjaopoj IByXBaJe€HTEH, a BOJOPO/I OJHOBAJIEHTEH.
B To ke BpeMmsi cTeneHM OKUCTEHHsS 000MX 3JIEMEHTOB M0 aOCOJIOTHON BEJTMYM-

+1 -1
He paBHbl 1: HyO,. He coBnazatloT 3HaueHus CTEleHW OKUCIEHUS U BAJIEHTHOCTU
+

H
asora B none ammonus (-3, 4) |H:N:H|, mozekyse a30THOH KUCIOTHI (+9, 4)
+145-2 H
Os.

CreneHb OKUCJEHWS aTOMOB OIpeiesisieT XapaKTep BO3MOKHBIX XUMHUYECKUX
B3aMMO/IEUCTBUN C ydyacTheM 3TUX aTOMOB. Tak, ajieMeHT B HU3IIEH CTEleHU OKUC-
JleHus (B IAaHHOM CJiydae a3oT B CTENEHU OKMCJIEHUs —3) MOKET BBICTYIIATh TOJIb-
KO KaK BOCCTAHOBUTEJIb: ; .

4NH3 + 302 = 2N2 + 6H20
DJIeMEHT B BBICIIEH CTeNeHM OKHMCJaeHus (a30oT, +5) MOXKeT ObITh TOJBKO

OKHCJINTEJIEM: +5 49
8HNO; + 3Cu = 3Cu(NO3), + 2NO + 4H,0.
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B mpomexyTouHOI cTerieHn OKUCJEHUs 3eMeHT (30T, +2) MOKeT ObITh Kak
OKHUCJIUTEJIEM, TaK U BOCCTAHOBUTEJIEM:

+2 +4
2NO + Oy = 2NO, (a30T — BOCCTAHOBUTEIh, OKUCJIISIETCS );

QﬁO + 2H, = 1%2 + 2H,0 (a30T — OKHCIUTENb, BOCCTAHABIUBAETCST).
Beiciiast crenenb okucjeHus aTOMOB A-TPYIIT paBHA HOMePY T'PYIIIbI (3a MC-
KJIIOUeHreM OJIaTOPOIHBIX Tas3oB, (hropa m Kucaoposaa). Husmas, orpuraresbHas,
CTeTleHb OKHMCJIEHUsST PaBHA HOMEPY A-Tpymiibl MUHYC 8.

BaneHTHOCTb — 3TO CNOCOGHOCTbL aTOMOB aHHOMO 3NEMEHTa NpUcoeau-
HATb K cebe onpepnenéHHOe YMCNIO APYrnX aTOMOB.

BaneHTHble BO3MOXHOCTU aTOMa OMpefenAalTCcA Kak YNCNOM ero Hecna-
PEHHbIX SNEKTPOHOB B OCHOBHOM WM BO30OYXAEHHOM COCTOAHMM, CNOCO6-
HbIX MPWHATb y4yacTie B 00pa3oBaHNN XUMUYECKMX CBA3EN MO OOMEHHOMY
MEXaHM3My, TaK U YNCIIOM aTOMHbIX opbuTanen (BakaHTHbIX WM 3aMOJIHEH-
HblX) Ha BHELUHEeM CJl0e, yYacTBYIOLWMNX B 06pa3oBaHMM XMMUYECKOW CBA3N
No JOHOPHO-aKLENTOPHOMY MeXaHU3My.

CTeneHb OKUCNEHUA aTOMa — 3TO YC/I0BHbIV 3apAd, KOTOPbIN npunu-
CbIBAlOT aTOMy B MPEAMNONOXKEHNN, YTO OH 0bpa3syeT C COCeAHNMM aTOMaMu
TOJIbKO MOHHblE CBA3N.

Bonpocbl, 3agaHua, 3agaumn

1. Onpenenute BaneHTHOCT aTOMOB Yriepofa 1 Kuciopoda B COeVHEHNN, SNIEKTPOHHasA
dopmyna KoToporo :0::C 0% CoctasbTe ero CTPYKTYPHYIO U MOJIEKYNAPHYIO GOpMyIibl.

2. Mo 3neKTpoHHO-TpaduUeckon Gopmyne CoCTaBbTe CTPYKTYPHYHO, SNIEKTPOHHYIO Y MO-
nekynspHyto dopmynbl Bewectsa. Onpegenvte CTeneHN OKUCIIEHUA Y BallEHTHOCTb KaXKaoro
13 aTomoB. Ha3oBute coefiHeHMe.

3. Ha3oBuTte 3HaueHusA BbICILEN CTEMEHN OKUC/IEHNA aTOMOB Kuciopoga 1 cepbl. MNouemy
MX 3HaYeHMA He coBMadatloT?

4, /1306pa3ute C MOMOLLbIO SNEKTPOHHO-TPAPUUECKIX CXEM 1 GOPMYIT SNIEKTPOHHbBIX KOH-
durypaumin ocHoBHoe 1 Bo36yXaEHHOEe cocToAHMA aTomoB S 1 Cl. YKaxute uncno HecnapeH-
HbIX SNIEKTPOHOB B Ka)KAoM ciyyae. [ouemy aToOMbl Xjl0pa Yalle BCero NpoABAAT HEUYETHbIE
CTerneHn OKNCNEeHNs, a aTOMbl Cepbl — YETHbIe?

5. CocTtaBbTe $opMynbl BUHAPHBIX COEAUHEHWIA, NCMOMb3ys 3HAYEHUs CTEMEHEN OKMCIe-
HWUA aTOMOB (Tabn. 7): HUTpUL 60opa, Kapbug anomuHus, docdra Kanbums, CUANLMA MarHus,
rmapug Hatpusa, 6pomung xenesza(lll), okcug azota(lll).

6. OnpepennTe cTeneHn oKMUCNeHNa aToMoB B noHax PO, SO, ClO3, NH, a Takxe co-
nax NasPO,, Na,SO,4, NaClOs;, NH,CI. MNMpoaHanu3upyinTe nonyyeHHble pesynbTraThbl.
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7. CpaBHUTe CTEMEHWN OKMCNIEHNA aTOMOB B KaXk[OW Mape BellecTB U caenainte BbiBOS —
CyLLecTBYeT /1IN COOTBETCTBME MEXAY OKCMAOM U KUC/IOTOMN:

a) N,Os n HNOy; 6) SOz 1 H,SOy; B) Cl,0; 1 HCIO,; 1) SO, 1 H,SO,.

8. CocTtaBbTe CTPYKTYpHble GOPMYIIbI, YKaXKiTe CTEMEHN OKUCIEHUA KaXLoro aToMa, noka-
XKUTe CTpeNikamy CMeLeHne 3NeKTPOHHOI NAOTHOCTY:

a ©.. .. |58l LD L AL
H:Cl: H:O:0:H| :0:xCx0: H:Q:§:Q:H H:.S.:
:0: H
9. Onpep,enme BaJIEHTHOCTb N CTEMNEHN OKNUCNEHNA BCEX aTOMOB B COeaNHEHNAX:
H H HoH
| 40 | | 40
a H—C-C H—C=C—C—H N—C—C__
| H | [ 0—H
H H H H
o} —
H H Pz H—O_ _O
6)  ON—N_ H—0—N_ 57

10. Onpegenute cTeneHb OKUCIEHMA MapraHua B coep,MHeH(l%m KMn,O,, B KoTopom Mmac-
COBble [ONW KanuaA, MapraHua u Kncnopoga CoOTBETCTBEHHO paBHbl 0,396, 0,279 n 0,325.

§ 16. Tunbl KPNCTaNINYECKNX CTPYKTYP

CnoiicTBa BemecTB B TBEPJOM arperaTHOM COCTOSTHUM OMPE/IENISIOTCS He TOJIb-
KO COCTaBOM aTOMOB, NOHOB, MOJIEKYJI, HO 1 UX B3aUMHbIM PACIIOJIOKEHUEM.

PacnosioxkeHne CTPYyKTYPHBIX €MHKIL MOKET ObITh YIIOPSIZIOUEHHBIM U Pa3yIio-
pAOYEHHBIM. B cOOTBETCTBUU € 3TUM TBEPJIbIe BelllecTBa ObIBAIOT B Kpucmasniuve-
CKOM W aMOPGHOM COCTOSTHUSIX.

Kpucramibsl — amo meépovie sewecmsea ¢ ynopadouennvim pacnoioicenuem
cmpyxmypHolx edunuy, (amomos, uonos, mojiexyn). Kpucrauibsl UMeT ecTecTBeH-
HY10 (hOpMYy MHOTOTPAHHUKOB, PACIOJIOKEHNUE CTPYKTYPHBIX €IUHUI] CUMMETPHUY-
HO ¥ MHOTOKpATHO moBTOpsieTcst (puc. 35).

CTpyKTypHBIE €UHUIIBI BEMIECTB MOJIEKYJISIPHOTO CTPOEHUS — 3TO MOIEKYIbL.
Hanpumep, cTpyKTypHOU efmHuUIled BOJbI sBJsgeTcs MojekyJaa coctaBa Hy0O, ko-
TOpast 0OHAPY/KUBAETCS B TBEPAOM, JKUIKOM U Ta3000pazHoM cocTtosiHusx. OmaHa-
KO JIUMIh B KPUCTAJIIAX JbJa MOJEKYJIbl BOJBI PACIIOJOKEHBI YIOPSIIOYEHHO, TO
€CTh Ha KOHKPETHOM PaCCTOSIHUU, TIOJ] ONPEAETEHHBIM YIJIOM, 00pasyst peryJisip-
HYI0 KPUCTAJJIMYECKYIO CTPYKTYPY.

B BemiectBax HEMOJIEKYJIIPHOTO CTPOEHUS MeJIbUalIie CTPYKTYPHBIEC €INHU-
IIbI — 9TO aToMbl WM WoHbL. K Taknm BemectBam oTHOcsTCs MeTasuibl (Na, Cu, Fe)
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u "Hemetasuiel (B u Si, anmas u rpa- ° ° °
® 2 @ [ ]
¢ut, xpacuerii dochop), coenmHeHMS :® ¥ P g ¥ .® ¥ B
[ 4
meraioB ¢ Hemeraianamu (NaCl, pe” :4 :ln_ :J
B E ° @
NaH, NaQSO4, CUCIQ, FGQOg) " HEME- ® z-. y® $e Ve Lo @ $e o
taynoB ¢ HeMetasiamu (SiC, SiO,). ° e .' e J' e )" >
B amopgnom cocmosmuu ymo- - 2 I % . .S o e %
PAMOYEHHOCTh B PACIIOJOKEHUN P :. P St i : °® ': S :.
CTPYKTYPHBIX €QUHUI] OTCYTCTBYET. o o? o o2
B é E ? 2 °
aMOp(HOM COCTOSTHUM HaXOSITCSI, Je e Je e ;o ® ..,-. e
HAIpUMep, CTEKJI0, cMoJia, TlapaduH, :, : 4 :J @
MOJIMITUJIEH, CaXKa. E 9 3

Crpoenue, cBOICTBA U CHOCOObBI
MOJIydeHUsI KPUCTAJJIUYECKUX Be-
MEeCTB M3y4aeT KPHUCTAIIOXUMMUS.
Kaskomy KpucCTa/iMuecKoMy BEIIECTBY MPUCYIA CBOS KPUCTAINYeCKasi CTPYK-
Typa M COOTBETCTBYIOIMAs el (opma kpuctaminoB (puc. 36). Kpucramipl raam-
ta (NaCl) umeror dopmy kyba, kpucrtamisl kBapia (SiO,) — mrecTurpanuoi
TIPU3MBI.

Puc. 35. CtpoeHune okcmpa kpemHua(lV)

Tammr (NaCl) ITuput (FeS,) Ksapr (SiOy) Bucmyt (Bi)

Pnc. 36. ®opmbl KPpUCTaNNOB Pa3fiMyHbIX BELLeCTB

CrpoeHne MOJIEKYJI TIOKAa3bIBAIOT TOCPEJCTBOM CTPYKTYPHBIX (hOPMYJI, a TIPO-
CTPAHCTBEHHOE PACIIOJIOKEHIE aTOMOB, HOHOB, MOJIEKYJI B KPUCTAJIJIAX 0TOOpasKa-
IOT C TIOMOIIbIO KPUCTAIIUYECKON PEIIETKU.

Ecau coepHuTh 4acTUIlbl, COCTABIISIONIAE KPUCTAILI, YCIOBHBIMUA JIMHUSIMU, TO
MOJIYYUTCS TTPOCTPAHCTBEHHBIN KapKac, Ha3bIBa€MbIN KPUCTAJIMYECKON PENIETKOM.
Touku mepecevyenns TaKUX JUHUU HA3BIBAIOT y3JIaMU KPUCTAJIINUECKON PEIIETKU.
[Tosoxkenne y3/0B PemIETKN MOJETUPYET PACIOJOKEHUE CTPYKTYPHBIX €IUHUIL
KpUCTaJ/lJla — aTOMOB, MOHOB WJIM MOJIEKYJI.
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Xumuueckasn cesa3v 6 KpucmaJjaiax

B rtabmure 13 06001eHbl OCHOBHBIE XaPAaKTEPUCTUKK KPUCTAIINYECKUX Be-
HIeCTB € PA3JIUYHBIM TUIIOM XMMUYECKOH CBS3M.

Tabauna 13. TUNbI KPUCTAIOB M MX CBOHCTBA

Turbl KPUCTAJUIOB, CTPYKTYPHBIE €IUHHIIBI

C1pyKkTypHBIE
PYKTYP AToMHbBIE HNonnnie Mertammueckue MouaexkyispHblie
€/IMHHUIIBI,
CBOIiCTBa ATOMBI
Nownbt Atombl MeTasuioB | MoutekyJb
HEMEeTAJLJIOB
Mertasnyeckas, Crnaboe mex-
Tun cesa3u u Kosanenrnas, Nonnas,
.. IIPOYHOCTD B IIIM- | MOJIEKYJISIPHOE
€€ IPOYHOCTh MpOYHAas MIPOYHAs .
POKOM JIMalia3oHe | B3auMOJIelCTBHE

HO3€MeJIbHbIX
METaJIJIOB

IeKTpo- Ot fuasexTpu- Tok npoBozsit | Xoportias aiex- Hwuskas teromnposoj-
U TEIUIo- KOB IO TIOJIy- PacTBOPLI U TPO- U TEILJIONPO- | HOCTb, KaK MPABUJIO,
MPOBO/IHOCTD TIPOBOJIHUKOB pacIiIaBbl BOJIHOCTD JIDJIEKTPUKI
B ocnosHoM Heopranudeckue Be-
IImactuynocts | Xpynkwue Xpymkue TIJIACTUYHBIE ecTBa, Kak MpaBy-
(xoBKUIE) J10, XpyTIKHe
Kax npasuiio, nus-
.. Wamensiercst B -
Teépmoctp Bricokas Bricokas Kasl, UCKJTIoueHne —
POKIX TIpeiesiax
dysnepur
Temnepatypsl .
patyp Ouenn Ot cpenHux Bompmoit
IUIABJIEHUS Huskue
BBICOKIIE JI0 BBICOKUX JINATIa30H
U KHUIIEHUS
MoryT pac-
TBOZTE HepacTtBopumbr MoryT pacTBOpsITh-
p 6O MOTYT B3a- | CsI B MOJSPHBIX
PacrBopumocts | HepactBopumbl | cs1 B Boze n .
UMOJIEICTBOBATD | WJIM HETIOJISIPHBIX
JIP. TIOJISTPHBIX .
C BOJION PacTBOPUTEIISIX
PacTBOPUTEJISIX
OKcupl, TUI- Kuciorst, okcuzabl
OKCHUIBI 1 HeMeTalIoB (Kpome
Anmas, rpacur, p MeTasiisl, (xp
IIpumeps1 o o COJIU TIEJIOU- KpeMHUs ), HeMeTaJ-
BEIIECTB xpemmmi, 510, HBIX U IEJI0Y METaLIIHCCKIE abl (Hanpumep, P
SiC CILJIABBI PUMED, T4,

Sg, 1), opranmueckue
BeIeCTBA

Pazmuaior amomuvie (KoBaneHTHAST CBS3b), UoHHble (MOHHAS CBS3b), MEMAJLIU-
yeckue (MeTaJIMYECKast CBI3b) U MOJEKYIApHble Kpucmaiivl. Monekyasaprvle Kpuc-
Maivl TTOCTPOEHBI U3 OTAEJbHBIX MOJIEKYJ, BHYTPU KOTOPBIX aTOMbI COEIMHEHbI
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KOBAJICHTHBIMU CBSI3SIMHU, 2 MEXK/Y MOJIEKYyJIaMHU AEHCTBYIOT GoJiee caabbie mednc-
Mmonexyasprvle cuivl. MoTeKyIsipHbie KPUCTALIBI 00pa3yioT M3BECTHBIE BaM caxap,
aCIUpUH, JUOKCUJL yTiepoja («cyXxon Jéns ), Boaa (aén) (puc. 37).

NaCl,
MOHHBIN KpUCTa/LI aTOMHBII KPUCTAILT KPUCTAJLI KPUCTaJLI

Au, MeTaJTnYeCcKuii H,0, momexynspubrit

Puc. 37. Kpuctannnueckne pelwéTkmy BewwecTB C pa3HbiM TUMOM XMMUYECKOWN CBA3N

3asucumocms ceoticme seuiecme om muna Kpucmaﬂﬂuuecxoﬁ cmpyKmypol

CBoiicTBa TBEP/BIX BEIECTB 3aBUCST OT CTPOEHUSI KPUCTAJJIOB U TPOUYHOCTU
B HUX XUMHUUYECKHX cBsizell. Hanpumep, yriepoz o6pasyer HECKOJbKO PasHOBHUIHO-
CTeli KpUCTAITMIeCKuX CTPYKTyp. OHa U3 HUX — CTPYKTypa ajaMmasa, B KOTOPOI
Kak/[BIil aToM yriiepoja o0pasyer yeThipe paBHbIE MO TPOYHOCTH KOBAJCHTHBIE
CBSI3U C YETBIPbMSI COCETHUMU aTOMaMU YTJIEPO/IA, PACIIONIOKEHHBIMU B BEPIIMHAX
tetpasapa (puc. 38). biarogaps cBoeMy CTPOEHUIO ajiMa3 — caMOe TBEPJIoe TIpH-
poanoe BemtectBO (IIpuioskenue 2). AHanorndnble KPUCTAIMYECKHAE CTPYKTYPBI
1 0JIM3KYI0 K anMasy TBEpAocTh umeloT kapbopyha SiC u 6opason BN.

B T -
ﬂ
pichesd
e T A

AJMa3: cTpyKTypHast Ipacdur: crpykTypHas Kpucramumueckuii (¢hyJiepuT u ero cTpyk-

eJIMHNUIIA — aTOM eJIMHNUIIA — aTOM TypHas efuHuIa — Mosiekysa ¢ysiepeHa Cg

Puc. 38. Kpuctannuueckue pelwétki annoTponHbix Mogndurkaumin yrnepoaa

Jlpyrasg pasHOBUIHOCTH KPUCTAJTUYECKOTO yriepoga — rpadut. B rpadu-
Te aTOMBI YIJIepo/ia PACIOJNIOXKEHbI CJIOSIMU. B cogx Kaxaplii aToM yTJIepojia Hc-
[OJIb3YET TPU CBOUX BJIEKTPOHA /st 0OpasoOBaHUsT TPEX KOBAJEHTHBIX CBsI3€i
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¢ coceHUME aroMaMu. UeTBEPTHI 3JIEKTPOH y4acTByeT B 0Opa30BaHUU JIETIOKAIIH-
30BaHHBIX N-CBSI3€i U MOKET CBOOOHO TepeMeInaThest BOJb cyiosi. [Toatomy Tpa-
dbut 0bs1asaeT 2JIEKTPOIPOBOIHOCTHIO U UCIIOJIB3YETCs JIJIsi U3TOTOBJICHUST DJIEKTPO-
KOHTAKTOB, ITPOBOJIAIIMX CMA30K, 3JIEKTPOJIOB U JIP.

Paccrositine Mexxay ciaossMu rpaduTa 3HAUUTETBHO OOJIBINE, YeM MEKIY aTo-
mamu B cyoe. [loatomy rpadut serko paccranBaetcsi. biarogapst aTomy cBOHCTBY
3 rpaduTa U3rOTaBJAMBAIOT Tpudean KapaH/alleld, OH BXOJIUT B COCTaB pa3jnd-
HBIX CMa30K, CHUIKAOIINX TPEHUEe, U caM SBJSIeTCS TBEPJON cMa3Kol B dopmax
JUIST JINThSI METAJLIOB.

TpeThst KpucTaIMYecKast MOAMMUKAIMS yIepoaa — Qyaiepum — obpasoBaHa
Mosekysiamu ysepera Cg, coctosimumu n3 60 aToMOB yriepoja.

ATOMHBIE, MOHHBIE U METAJTMYeCKHEe KPUCTAJIIbI PA3JIMYalOTC YCTOMUUBOCTHIO
K MeXaHW4ecKol jiepopMaliuu, B pe3yJsibTaTe KOTOPOUM MPOUCXOAUT CMEIeHNe OT-
JIeTTbHBIX CJIOEB KpUCTAIIndecKoit cTpykTypsl (puc. 39). Ilpu atom crensenne
MEXK/y CJIOSIMA B aTOMHBIX KpUCTaJiax (a) HapyllaeTcs W3-3a pa3pbiBa XUMHUUE-
CKUX CBSI3€ MEK/y aTOMaMH, a B MOHHBIX — M3-32 OTTAJIKUBAHUSI OJIHOUMEHHO
3apsKEHHBIX MOHOB (6). B MeTtaummyecknx kpuctamiax Oarogapst 0COOEHHOCTSIM
MeTAJJINYECKON CBSI3W KPUCTAJLIBI He pa3pymiaiorced, a aecdhopmupyiorcs. [loatomy
METaJIIbl TTACTUYHBI (KOBKHM), @ aTOMHBIE U MOHHBIE KPUCTAJITBI — XPYIKH.

9999 —~DODe

ss2

a 6

Puc. 39. CmelleHrie aTOMHbIX CNOEB Npu AedopMaun KpUCTanos:
d — aTOMHbIX, 6 — WOHHbIX, 8 — METa/TMUECKNX

KPI/ICTaﬂJ'IbI — 2TO TBép,ElbIe BewecTea C ynopAao4YeHHbIM pacnoioXxe-
HVEM CTPYKTYPHbIX eaqunHnLY (aToMoB, MOHOB, MOJ'IeKyJ'I).

Mo CTPOEHNIO BblAENAKT YeTblpe TUMa KPUCTaJJIoB: aTOMHbIE, NOHHbIE,
MONeKynApHble N MeTallINYECKHUE. OHM oTnnyalTCA CBOVMIMIU CBONCTBaMW.

Bonpocbl, 3agaHuna, 3agaumn

1. B 4éM 3aK/0YAIOTCA OCHOBHbIE OT/INYMA BELLECTB MOJIEKYJIAPHOTO 11 HEMOJNEKYSAPHO-
ro ctpoenus? Mpusegute nprmepbl.
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2. CpaBHWTe CBONCTBA aTOMHbIX, MOSIEKYSIAPHbIX, MOHHbIX 1 METanIMyeckmnx KprCTannos.

3. O6bACHMTE, MOYEMY MOHHblE U MOJIEKYNIAPHbIE KPUCTaibl MPaKTUYeCcKn He NpoBoaAT
3MEeKTPUYECKMI TOK. Yem 06ycnoBfieHa XopoLlas 3MeKTPo- 1 TENIONPOBOAHOCTb MeTainye-
CKNX KpucTannos?

4. MoryT nn npoBoAuTb TOK BeLLecTBa: a) C MOHHOWN CBA3bio; 6) KOBaneHTHOW CBA3biO?
MNpuBegnTe Npumepbl U YCNOBUA NPOABNEHNA STUMWN BELLEeCTBaMWN SN1EKTPONPOBOAHOCTH.

5. Onpegenute TUMbl XUMUYECKOW CBS3U U TWMbl KPUCTANIOB BELLECTB, GOPMYJibl KOTO-
pbix: SO,, SiC, CsF, K,SO,4, CugSns.

6. KOHCTpyKTOpY NOHafobmnocb oueHb TBEPLOE BELLECTBO, YCTONUMBOE K [ENCTBMIO Bbl-
COKMX TemnepaTtyp 1 pactBoputenen. Kakoe 13 coegnHeHUNn, NnepeyncrieHHblx B 3agaye 5, oH
MOX€eT NCMOb30BaTb B CBOUX UCMbITaHWAX?

7. O6bACHUTE, NoyeMy rpadpuT obnagaeT 3NeKTPONPOBOAHOCTbIO, @ ajiMa3 — HeT.

8. Cnnas Posze (T, +94 °C) ncnonb3lyeTca B NNaBKUX dNEKTPUYECKMX MPefoXpaHUTensx,
a TaKXe B pagmMoTexHuKe B KauyectBe npunos. CoctaB crnnaBa (Mo macce): cBuHey, (25 %), BucC-
MyT (50 %), onoBo (25 %). Ykaxute TMn ero KpucTannoB. Paccuntante maccy Kakgoro KOMmno-
HeHTa, HeoOXOAUMOro ANA MONYyYEHMs CniaBa Maccom 5 Kr.

9. PaccunTtaiite MonbHOe COOTHOLIEHME KOMMOHEHTOB B cnnase Byaa. Cnnas Byga — Ta-
XKENbI NerkonnaBK1in Crnae, U306peTéHHBIN B 1860 rogy amepukaHCKUM JaHTMCTOM Bygom.
Temnepatypa nnaBneHua — 68,5 °C. CocTtaB (MaccoBble gonu): onoBo — 12,5 %, cBUHeL —
25 %, BucmyT — 50 %, Kagmnii — 12,5 %. Kakumu gpyrumu GrsnyeckrMm cBOMCTBaMU Mo-
XeT, Mo BalleMy MHeHuIo, obnagaTb 3TOT crnas?

10. Onpegennte YNCIO aTOMOB B MOPLMM MAcCom 1 I OQHOro 13 CamblX TBEPAbIX CUHTETU-
YyecKmnx BeLLeCTB, NpeacTaBnsiowero cobor brHapHoe coeanHeHne 6opa 1 a3oTta BN.

§ 17. MexmoneKkynapHoe B3aumogencreme
N BogopoAHasa CBA3b

Mesxcmonexynapuoe 63aumodeticmeue

BemiectBa MOJIEKyJISIDHOTO CTPOEHMSI MOTYT CYIIECTBOBATh B TPEX arperaTHbIX
COCTOSTHUSIX — TBEPIOM, KUIKOM U razoobpastoM. Ho TemreparypHbie yCIOBUS
TOTO WJIX MHOTO COCTOSTHUS JIJIS1 KasK/IOTO M3 BelleCTB WHMBUYAJIbHBI.

[Tpuunna 37ech ofHA — pasjanyne B CHUJIe B3aUMOJEHCTBUS MEXKIY MOJIEKYJa-
MU. ITO B3aUMO/ICHCTBIE HA3bIBAIOT MEHCMONEKYAApHuIM. Kak m Xumudeckasi CBs3b,
MEKMOJIEKYJISIPHOE B3aMMO/ICHCTBUE OCYIIECTBIISCTCS 32 CYET CUJI AJIEKTPOCTAaTHye-
CKOTO TIPUTSIKEHMSI, HO B JIECSITKU U COTHU pa3 Gosiee cabbix. UeM cuiibHee MeKMO-
JIEKYJIIpHOE B3aMMO/IeICTBHE B BEIIEeCTBe, TeM BbIIlle €ro TeMIieparypa IJaBJIeHnus u
kurennsd. Cuiia MeKMOJIEKYJIIPHOTO B3aUMOJICHCTBUAS — WHIMBUIyaTbHAS XapaKTe-
PUCTHKA BEIeCTBa, OHA 3aBUCUT OT 3JIEKTPOHHOTO CTPOEHUS €r0 MOJIEKYJI.

Moutekysia B 11€JI0M SBJISETCS 9JIEKTPOHENTPATBHON YacTHUIIeH, HO BHYTPU MO-
JIEKYJIbl HAXOJSITCS TIOJIOKUTENbHO 3apsKeHHbIE si/[Pa, OKPYKEHHbIE 3JIEKTPOHAMU.
B 3aBucuMocT OT MOJSPHOCTH M HANPABJEHHOCTH XUMUYECKUX CBSI3€H BHYTPU
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MOJIEKYJIbl Ha aTOMaxX MOTYT BO3HUKaTh 3apsibl. Tak, B mojekysie HCIl cBsasp
MESK/Iy aTOMaMU TIOJIsIpHAST U 00Ias 3JIeKTPOHHAS Tapa cMelleHa K 0oJiee HyIeKT-
pOOTpHUIIATEIHBHOMY aTOMy XJopa. B pesysbrare B OJHOW 4acTW MOJIEKYJbl — Ha
aToMe XJIOpa — BO3HUKAET YaCTUUHBIM OTPUIIATEIbHBIN 3apsi/l, B PYroil — HA aTo-

5+ 3
Me BOJIOPOj/ia — YACTUYHBIN TTOOKUTENbHBIN 3apsin. O6pasytorces aunoan H—CI .
Mesxry HUMU BO3HUKAET dJieKTpocTaTnyeckoe nputszkenne (puc. 40, a; 41, a).

5+ %H Ccl &- Cl iR Gl

a 0

Puc. 40. Mogenn nonapHon monekynbl HCl n HenonapHow monekynbi Cl,

Caboe 5/eKTPOCTaTUYECKOE TIPUTSIKEHIE CYIIECTBYET M MEKLY HEroJIsAPHbI-
ME MOJIEKYyJIaMu, Harpumep xJopa. OHo 00bsicHsieTcs: 06pasoBaHUEM MTHOBEHHBIX
JIUIIOJIEN B Pe3yJbTaTe JBUKEHMs DJIEKTPOHOB B aTOMAX, IPUHAIJIEKANIMX COCE-
HuM mojekyaam (puc. 40, 6; 41, 6).

a 0

Puc. 41. Tunbl MeXXMoneKynAapHbIX B3aUMOAENCTBUA: a — MeXAY NONAPHbIMIA MOJSIeKynamu,
6 — Mexay HenonApHbIMM MoneKynammn (06pasytoTca MrHOBEHHbIE AUMONK)

CJIeZ[yeT UMETb B BHAY, YTO MOJIEKYJIbI C ITOJAPHBIMU CBA3AMHU MOTYT 6I)ITb
B II€JIOM HeHOJIHprIMH TO €CTb HE IIPEACTABJIATDH coboit JIUITOJIN. HaHpI/IMep, MO-

nekyer O= = O UMeIOT JimHeltHoe cTpoenne. OHAKO MOJIEKYJIbI BOJIBI TTPE/ICTaB-
JITIOT cOOOM MU0, TaK KaK MMEIOT yriaoBoe crpoerue (puc. 33, c. 81).

Benmunna cnm MeRMOJIEKYISIPHOTO B3aUMOIEHCTBUS 3aBUCUT OT Pa3MEPOB MO-
sekyJ. Yem GoJibIlie MOJIEKYJIa, TEM Jierde e€ BHEIIHUE JIEKTPOHBI MPUTSTHBAIOT-
csl K JIPYTOil MOJIEKyJie U TeM TIpOYHee MEKMOJIEKYJIIPHOe B3auMolelicTBHe. DTUM
obbsicusiercst nepexon ot razoobpasnoro (Fy, Cly) k skuakomy (Bry) u TBEPIO-
my (Iy) cocrosguusam BemecTBa B psny rajsoreHoB. Kak maBectHo, oT ¢ropa K iony
1o TpyIie paanyc atoMoB pacTér. COOTBETCTBEHHO, PACTyT U Pa3Mepbl 0Opasy-
eMbIX UMHU MOJIeKyJ1 (Tabu. 14).
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Tabauna 14. XapakTepuCTHKH MOJIEKYJl FaJOreHOB
BemecrtBo ®rop Xiop bpom Noxn
0,266
0142 1t 0,198 v 0,228 1y e
Mopenu MoseKyJ l l l
U UX pa3Mepbl ‘
F,
2 ClZ Br2 Iz
Temmeparypot ~188,2 —34,1 +58,8 +184,4
kunenus, °C
Boodopoonas ceasv
[Ipy m3yueHun opraHUYECKUX Be- A
MIECTB BbI MMO3HAKOMUJHUCH C 3aKO- 100
HOMEPHOCTbIO: YeM OOJIblIe Mac- 80 -
ca U pasMep MOJIEKYJIbI, TEM BbIIIE 60 1
TeMIlepaTypbl TJIaBJIeHUS W KUIIe- wk
HUSI MOJIEKYJISIDHOTO BeniecTBa. Ec- -
JIU CJIeJIOBAaTh 3TON JIOTUKE, TO MEXKIY 20 PHO|H,S Hise Hlee
MOJIEKY/IaMU BOADBL MERKMOJICKYJIAP- 0501 40 60 80 100 120 Ommociennian
HOE B3aUMOJIEHCTBUE JOJKHO OBITh — -20 MOJIeKy IApHAst
cimabee, 4eM MEXKIY MOJIEKYJTaMU BO- 40| Macea
JIOPOJIHBIX COENMHEHUN [PYTUX dJie- 60
menToB VIA-rpynnel. B pany H-O, b ©
H,S, HsSe, HyTe y momexysibl BOjbI 0ok -
caMasl MaJeHbKas MOJEKYJISApHas Mac- vy =

ca — 18 a.e.m. Boma moskHa Oblia Gbi
MJIABUTHCS TIPU TeMIlepaType TpuMep-
Ho —100 °C, a xkunets — nipu —80 °C.
Ha camom gesie TemmnepaTypsl 11aBJie-
Hug (0 °C) u kunenus (100 °C) Bosmbl
aHOMaJIbHO Bbicokue (puc. 42). Pasbe-
péMmcs, B 4EM TYT MPUUYUHA.
OOBSICHUTD 9TO SIBJIEHIE MOYKHO Ha-
JITYIHEM, TIOMUMO OOBIYHBIX MEKMOJIEKY-

Puc. 42. 3aBNCUMOCTb TemnepaTtyp MniaBneHus

N KNNeHUA BOJOPOAHbIX COeVHEHWN
anemeHToB VIA-rpynnbl OT OTHOCUTENBHOM
MOJIEKYNAPHOM MacCbl MOneKyn 3,S.
MyHKTMPOM 0603HaueHa 3aBUCYMOCTb,
KoTopasa morna 6bl CyLecTBoBaTb
B OTCYTCTBME BOAOPOLHOWN CBA3N

JISIPHBIX CBSI3€ MEKILy MOJIEKYJIAMH BOJIBI, OTOJHUTEIBHOTO 0COOOTO THIA MEKMO-
JIEKYJISIPHOTO B3aUMOJIEHCTBYSI, KOTOPOE MOJIYYNJIO HA3BAHKE 8000POOHAS CBS3b.
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8 Temneparypa kunenus, °C

&5+ \6+ 4 ; : H

Cé)_"'H/ Hcé)— +100
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e
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“ 6 -200
Puc. 43. Cxema 06pa30BaHNA BOJOPOAHBIX TTOpsUIKOBbII HOMEp p-dJ1eMeHTa
CBA3EN MeXAy MOJIeKyiaMun BOAbI:
a — BOJOPOAHbIE CBA3U B CTPYKType NbAa; Puc. 44. BnnaHne BogopoaHON CBA3N
6 — CTpOEeHne MoneKysnbl BOAbl Ha TemnepaTypy KUMNeHnAa BOJOPOLHbIX
1 0603HayeHVe BOJOPOAHON CBA3N coefuHeHnin p-anemeHToB [VA-VIIA-rpynn

[Tox BOAOPOIHON noHUMAIOM C8513b, 00PASOBAHHYIO 6 Pe3ydvbmame NeKMpPo-
CIAMU4eck0z0 83auUMO0CCMeUs Mercoy amomom 6000poda 00HOU MoJeKyibL U 60-
Jiee ANEeKMPOOMPUYAMELLHbIM AMOMOM OPY20Tl MOJEKY.Ibl, HECYUUM OMPUUAMETHBLIL
3apsi0 U UMEIOUUM HENOOENEHHYIO NEKMPOHHYIO NAPY.

O6bsicHuM MexaHu3M 06pa30BaHUsT BOJAOPOHON CBSI3U C YYETOM JIEKTPOHHO-
TO U MPOCTPAHCTBEHHOTO CTPOEHUST MOJIEKYJT BOJIbI (puc. 43, a).

B cuuty mosigpHOCTH MOJIEKYJIbI BOJIbI TIOJIOKUTENBHO 3apPSKEHHBINH aTOM BOJO-
poia OJHON MOJIEKYJIbI TIPUTSTUBAETCS IO/ J€HCTBUEM 3JIEKTPOCTATUYECKUX CHUJI
K OTPHUIATEIbHO 3aPsDKEHHOMY aTOMY KHCJIOPOJa APYroil Mosekybl (puc. 43, 6).
B aToM B3ammojeicTBUM NPHUCYTCTBYET M YaCTUYHOE KOBAJEHTHOE CBSI3bIBAaHUE
MEXy KHCJIOPOJOM U BOJIOPO/IOM COCEHUX MOJIEKYJ 10 MeXaHU3MYy JIOHOPHO-
aKIEeNTOPHOTO B3anMoieicTBrst. OHO BO3MOKHO OJIarofiapsi TOMY, 4TO aTOM KHC-
JIOpPOJIa B MOJIEKYJI€ BOJbI B 3HAYMTENHHON CTEMEHU OTTSTHBaeT Ha cebst 00IIyTo
9JIEKTPOHHYIO TIAPY OT BOAOPOJA, KaK OBl <«OIyCTOIIAs» €r0 aTOMHYI0 OpOUTAIb.
Ha a10i1 «I1ycToit» OpOMTAIN YACTHYHO Pa3MENaeTcsl HEMOAeNEHHAS JJIEKTPOHHAS
napa aTomMa KUCJIOPo/ia CoCelHeil MOJIEKYJIbI.

Bomoponnas cBsI3b NMPUCYTCTBYET Yy BCEX BEIECTB, COJEPKANINX aTOMbI BO-
JIOpOJIa, XUMUYECKU CBsI3aHHBIE ¢ GoJiee AJIEKTPOOTPHUIIATEbHBIM atoMoM. Ho eé
MPOSIBJIEHNE XOPOIIIO 3aMETHO MPU 3HAYMTENbHOM PAa3JINUUU 3JIEKTPOOTPHUIIATE ] b-
HOCTEH BOJZIOPO/Ia M CBSI3AHHOTO C HUM KOBAJEHTHON CBs3bI0 aToMa. Camble CHJIb-
Hble BOJIOPO/IHBIE CBSI3U BO3HUKAIOT B MPUCYTCTBUM CAMBIX 3JIEKTPOOTPUIIATEb-
HBIX 2JIEMEHTOB — (hTopa, Kucjoposa u azora (puc. 44).
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Bonopoanas cBa3bp umeer aHepruio nopsaka 20-160 k/[xx/moub, 4yTo 3HAUU-
TEJIbHO HUKe aHepruu xumuueckoin cBsasu (mopsiaka 400-900 k/I:x/Mosb) U BBI-
1Ie 9HEPTUN MeKMOJIeKyIIpHoro B3anmoaeictsusd (2—10 k/[xx/moub).

YHUKaJIbHOCTb BOJBI COCTOUT B TOM, 4TO MOJieKyJbl HoO crocobubr 06paszo-
BbIBaTh PAa3BETBJEHHYIO CEThb BOJOPOJHBIX CBSI3€H — YeThIpe Ha OJHY MOJIEKYJy
(puc. 43, 6). Brarogaps BOAOPOAHBIM CBS3SIM BOZa O0JIalaeT CIIOCOGHOCTBIO CY-
IIECTBOBATh B YCJIOBUSX 3eMJIM CPa3dy B TPEX arperaTHbIX COCTOSTHUSIX — TBEPIOM,
JKUIKOM U TazoobpasHoM. [Ipu aTom temmepaTyphbiii auanaszon ot 0 go 100 °C
6JIArOTIPUSATEH IS CYIECTBOBAHUSI BCETO JKUBOTO Ha TuIaHeTe. biaromapst 4eThbipém
BOJIOPOJIHBIM CBSI3IM MOJIEKYJIBI BOJbI B TBEPIAOM COCTOSTHUU 0OPa3yIOT asKypHYIO
KPUCTAJLTMUECKYIO CTPYKTYPY JIb/a, MMOXOXKYI0 HA CTPYKTYpy asnmaza (puc. 43, a).
[Toroctut B 9TO# CTPYKTYpe a0t JIEA MeHee TIOTHBIM, YeM JKUIKasT BOJA, TI09TO-
MY JIE[l He TOHET U, TTOKPhIBAsA BOJMOEMBI, He MAET UM MPOMEP3HYTH 0 JHA.

I[Tpounbie BOZOPOHBIE CBSI3U 0OPA3YIOTCSI HE TOJBKO B BOJIE, HO U MEK/LY MOJIEKY-
JIaMU HEOPraHWYeCKUX M KapOOHOBBIX KUCJIOT, (DEHOJIOB, CIIMPTOB, aMMUAKA, aMIHOB.

Bemtecta, croco6HbIe 06Pa3OBBIBATH MEKMOJIEKYJISIPHBIE BOIOPOIHBIE CBS3H,
0OBIYHO 3aMETHO PACTBOPUMBI B BOJIE, UMEIOT OTHOCUTEJIHHO BBICOKHE TEMIIepaTy-
PBI TUIABJICHUS W KUIIEHUS, @ TaKyKe 3HAUNTENIbHYIO BS3KOCTb, HATIPUMeEDP TJIUIIePUH
u dhochopHas KucjoTa.

Bopoposiibie ¢Bsi3u MOTYT OBITb He TOJIBKO MEHCMONCKYISIPHOIMU, HO U SHYMPU-
MmonekyasipHoimu. Tak, MAKPOMOJIEKYJIBI 1IEJLTION03bI MPEICTABISAIOT OO0 ITNMHHbIE
e C BHYMPUMONLEKYASAPHbIMU BOTOPOIHBIMU CBA3SIMU, YIOKEHHBIE TTAPAJITIETHHO
U COCIMHEHHDBIE MEKIY COOON MHOKECTBOM MEHCMONCKYIAPHOIX B000POOHBIX CE31-
3eti. ITO NMPUAAET TIEJIIOI03€ MEXAaHWUYECKYIO IPOYHOCTh MPHU COXPAHEHWH 3Jia-
ctuunoctu (puc. 435, a). Bogopoanbie cBsi3u onpenessior (GopMupoBaHue BTOpUY-
HOH CTPYKTYPbI MakpoMoJieKyJ1 Gesika (puc. 45, 6).

Puc. 45. BogopofHble CBA3M B CTPYKTYpe: d — Lienonosbl, 6 — 6enka
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ArperaTHoe COCTOsIHME MOJNEKYAPHBIX BELLECTB OMpPEeAENAeTca cunamm
MEXMOJEKYNSAPHOIO B3anMOLENCTBIS.

Cunbl MEXXMOJIEKYAAPHOTO B3aUMOAENCTBUA MMEIOT SNEKTPOCTATUYECKYHO
NpUpoay, HO 3HAYUTENIbHO Crlabee XMMMUYECKON CBA3N.

BopgopoaHana CBA3b — 3TO 3/IEKTPOCTATNYECKOE B3aUMOAENCTBME MEX-
Ay aTOMOM BOJOPOJA OAHON MOJIeKYy/bl U Gonee 3MeKTpooTpuLaTesb-
HbIM aTOMOM [APYroil MONEKyJbl, HECYLYUM OTPULATENbHbIN 3apsag U Mme-
IOLMM HEMOAENEHHYI0 SNEKTPOHHYI napy. BogopoaHble cBsA3n mMoryT 6biTb
1 BHYTPUMOJIEKYNAPHBIMU.

Bon POCbl, 3agaHNA, 3afga4un

1. OnnwuTe 0bpa3oBaHMe BOJOPOAHDIX CBA3EN Ha Npumepe: a) Bogpl; 6) pTopoBogopoaa:
5—

5+ O~ 5+ 5- 5=
gHT s N N
&+ + &- .. 6~

2. MpuBeanTe NpuMepbl BELLECTB, NPU PacTBOPEHUN KOTOPbIX B Bofe 06pa3ytoTca BOfO-
pofHble CBA3N MexAy MoneKynamuy BOfAbl 1 3TOro BelyecTsa.

3. YunTbIBas, Uto 06pa3oBaHKie BOJOPOLHbIX CBA3EN XapakTepHO ANA MONEKYN BeLecTs,
cofepxawux rpynnbl OH, 06bACHUTE Manylo NeTyyecTb U CPaBHUTENBHO BbICOKYI BA3KOCTb
cepHoit n ochopHOI KUCOT.

4. PacnonoxwuTe cnepyiolie MOneKysbl B NOPAAKE yBENNYEHUA CUN MEXMOSEKYNIAPHOro
B3ammopgencteua: H,, He, F,, Br,, H,0. CpaBHuTe 3Tn BelecTBa No TeMnepatypam KMneHus.

5. YKaxkuTe BellecTBa, ANA KOTOPbIX BO3MOXHO CyLleCTBOBaHMeE:

a) MeXMoreKynAapHo/ BOJOPOAHON cBA3N — GTOPOBOAOPOL, METaH, YKCycHas KUCOTa,
nponaHosn-1, nponax;

6) BHYTPMMONEKYNAPHON BOJOPOAHOWN CBA3WM — STWUIIEHINIMKOSb, STaHOJ, 3TaH, nonavnen-
™Ma, uennionosa.

6. O6bACHUTE, NoYeMy TemrnepaTypa KUMEeHWA aMMUaka Bbllle, YeM TemrepaTypa Kune-
HUA docduHa.

7. O6bACHUTE XapaKTep 3aBWCMMOCTU TemMnepaTypbl KUNEHUA BOLOPOAHOIO COefUHEHNA
OH, oT NopAaKOBOro HoMepa p-3nemMeHTa J, UCMONb3yA AaHHble pUCYHKa 44.

8. Mouemy MoneKkynApHble KpucTaanMyeckrne BelecTBa, B OTINYME OT MOHHBIX, nocne
nnaBneHnsa NPaKTUYEeCKN He MPOBOAAT INEKTPUYECKUI TOK?

9. PaccunTalite KONMYECTBO BelllecTBa B Bpycke nbga o6béMom 1 am’. MNoTHOCTb Nbaa —
0,917 r/cm’.

10. OnpepennTe npocTenwyto Gopmyny BelecTBa 1 130bpa3ute cxemy obpa3oBaHuA BO-
[JOPOAHbIX CBA3EN MeXAy MoNieKynaMu BellecTBa, B KOTOPOM MaccoBas [onAa yrnepopa —
0,375, Bogopoga — 0,125, kucnopoga — 0,500.



[NABA IV
XUMUYECKUE PEAKLUN

M3yyas 3Ty rnaBy, Bbl O3HAKOMUTECb C OCHOBHbIMW MOHATUAMU TEOPUN
XVMUYECKMX peakumin: Knaccmoukauma, Npu3Haky 1 yCroBUA MpoTeKaHus,
TennoBon 3PpPeKT, CKOPOCTb, HEOOPATUMOCTb 1 0OPATUMOCTb peaKkuumin. Bam
NpPeacTONT BbIACHUTb XapaKTep 3aBUCMMOCTA CKOPOCTU XMMUYECKON peak-
LUUN OT MPUPOAbI Y KOHLEHTPALUKN pearvpyowmx BELECTB, TeEMMNepaTypbl,
nnowaan NOBEPXHOCTM COMPUKOCHOBEHWUS BELLECTB U HannuMsa KaTanusa-
Topa. Bbl nonyunte npeacTaBieHns O COCTOAHUN PaBHOBECKA B 06paTMbIX
peakumax 1 yCnoBUAX ero CMeLleHus.

BaxkHeliWwiMe NOHATUA TeMbl: KnacCUPpuKauma XMMUYECKUX peakuuii,
TEMSIOBOMN 3GPEKT XMMMUUYECKOW peakummn, 3K30- U SHAOTEPMUYECKME peak-
LMK, CKOPOCTb XMMUYECKOWN pPeaKkLmm, XMMUYeCcKoe paBHoOBeCUE.

XuMuueckre mpeBpaeHs MOKHO KAacCu(pUIIMPOBATh 110 PsLy KPUTEPHUEB.

1. ITo yKcIy U COCTaBY MCXO/HBIX, a TAK:Ke 00Pa3yIOUMXCS BEIECTB Pa3Jii-
YAIOT PEAKIINU COCOUHCHUSL, PASLONCCHUSL, 3AMCUCHUSL N 0OMENd.

Peaxyus coedunenus — smo XuMuueckoe npespauenue, 6 pesyivmame Komo-
P020 U3 0syx unu 6oiee sewecms 06pasyemcs 00HO HOBOE BEUECMEO:

4Fe + 30, = 2Fe,Oy; INO + O, = 2NOy;
NaQCOS + C02 + HzO = 2NaHC03

B peakumsx coeimHeHUs MOTYT y4acTBOBaTh KakK MPOCTHIE, TAK M CJIOKHBIE Be-
IECTBA, HO TPOAYKTAMU SIBJSIOTCS TOJBKO CLONCHDLE GCUCCTNEA.

Peaxyus pasnosxcenus — 3mo Xumuueckoe npespauenue, 8 pesyiomame Komo-
D020 U3 00HO20 CLONCHOZO BEULECMBA 0OPA3YEMC HECKOIDKO HOBIX — NPOCTIbIX UL
CILOMCHDLX: , ,

BaCO3 = BaO + CO,t; 2HgO = 2Hg + O,1;
2AgNO; = 2Ag + 2NO,T + Oy

Pas/ioKeHnIo TTIOABEPraloTCs TOIBKO CJAOKHBIE BEIIECTBA.
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Peaxuua 3amewenusa — 3mo xumuueckoe npespawenue, 6 pesyibmame Ko-
mopozo AmoMvl NPOCMOZ0 BEU,LCMEA 3AMEULAIOM AMOMbL 00H020 U3 INEMEHMO8
8 CILOJCHOM:

2KBr + Cl, = 2KCI + Bry;
Mg + HQSO4 = MgSO4 + HZT

Peaxuus obmena — smo xumuveckoe npeepaujerue, 6 pe3yivmame Komopozo
08a CIONCHVIX Bewecmsa 0OMEHUBAIOMCS CEOUMU COCTMABHOIMU UACMSAMU.

Hampuwmep:

NaCl + AgF = NaF + AgCl|
Wi B MOHHOU (hopMme, U3BeCTHOM BaM ¢ 9-To Kiacca:
Na" + Cl" + Ag" + F =Na'+ F + AgCl|;
Ag" + ClI” = AgCl|.

2. Ilo npu3HaKy U3MEHEHHUsI CTelleHeil OKMCIeHHsI aTOMOB B XUMUYECKUX TIpe-
BPAIIEHNSIX BBIIEISIIOT OKUCLUMENBHO-B0CCMAHOBUMEbHbIE PEAKTINT U pearkyuu 6e3
UsMeHenus: cmeneny OKUCIeHUs. AmoMOs.

PeaKL[I/II/I O6MeHa, HEKOTOPbIC peaKM COC/NMHCHUA N PA3JIOREHUA IIPOTEKAIOT

6e3 usmenenus. cmenenu OKUCIeHUs. ATOMOB:
+1-2 +1+6-2 +1+6-2 +1-2
NaQS + HQSO4 = NaQSO4 + HQST;
+2-2 +4-2 +2+4 —
CaO + SO, = Ca 803

Peaknnm 3amerienusi, HEKOTOPbIe PeaKINU PA3JI0KEHNS W COeTMHEHUS COTIPO-
BOJK/IAIOTCS UBMEHeHUeM cmenenell OKUCIeHUs aTOMOB:
0 + - +2 0
Zn + 20l = ZnCl, + Tyt
+2 0 +3
9FeCly + Cl, = 2FeCl,,
OTMmeTnM, 4TO U3MEHEHUEM CTelleHell OKMUCJIEHWSI aTOMOB COIPOBOKIAIOTCS
MOUTH BCE PEAKINU C yYaCTHEM IPOCThIX BEIIECTB.
OKucaumenbHo-80cCMAan0BUMeNbHbIe PEeaKUull OCYIIECTBIISIOTCS 3a CYET Tiepe-
XOJIa 9JIEKTPOHOB OT aTOMOB OJHUX 3JIEMEHTOB K aTOMaM JIPYTUX, B pe3yJbrare
Yero M MPOUMCXOIUT M3MeHeHue crerneHell okucyaenus. [Ipu atom umcsio ajmexTpo-
HOB, 0MOAHHBIX B0CCMAHOBUMEIEM, PABHO YNCITY DJIEKTPOHOB, NPUHSAMbIX OKUCIIU-
menem. DTO PABEHCTBO Ha3bIBAETCS, KAK BaM H3BECTHO, SIEKMPOHHbIM OANAHCOM
U UCIOJIb3YETCs JIJIT PACCTAaHOBKHM KOA(M(MUIIMEHTOB B ypaBHEHUSX OKUCIUTEIHHO-
BOCCTAHOBUTETLHBIX PEAKITUIA.
Hpumep 1. PaccraBbre K09(hPUITMEHTH B YPaBHEHUN PEAKITUN TTPOMBIII-

JIEHHOTO TIOJIyYeHUsT OKCHU/Ia aSOTa(H) 13 aMMUaKa:
-3 +1 t, kar. +2-2 +1 —

NH3+ 02 — NO+ HQO
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Pewenue

Kax BuaHO M3 cxembl, aToM a30Ta N IIOBBINIAET CTEIIEHb OKWUCJIEHUS OT
—3 10 +2, 3HAYUT, TePsieT 5 ATeKTPOHOB. Kaxiblil U3 ABYX aTOMOB KUCJIOPO-
na O moHm:kaer crenedb okucaerus ot 0 10 —2, caeoBaTeTbHO, IByXaTOMHAs
MOJIEKYJIa KUCTOPO/Ia TIPUCOETUHSET 4 9IeKTPOHA!

3 2
N-5¢— N;
0 2
Oy + 4e — 20.
Haumenbinee obuiee kpatHoe st urcen 4 u 5 pasao 20. KoaddurmeHnTs

HaXO0/IUM /JleJIEHUEM KpaTHOT'O Ha YKCJIO 3JIEKTPOHOB. OHI/I IpeACTaBJIAIOT CO-
GOl MHOKHTENN JIJIs IOCTUKEHMST 3JIEKTPOHHOTO GasaHca 20 aJIeKTPOHOB:

-3 +2
N-5—>N |5 X 4 | BOCCTAaHOBUTEID OKHCJISIETCS
0 8 20
O, +4e—20 | 4 X 5 | OKHCJUTEND BOCCTaHABJTMBAETCS

PaccraBum xoabduiineHTs:

-3 0 ¢ kar. +2-2 -2
ANH; + 50, = 4NO + 6H,0.

20e"

3. Ilo npusHaky BbIIeJI€eHHSI WIHM MOIJIONEHUS TeIUIOThl XMMUUeCKe peakiiinu
HO/IPA3IEIISAIOT HA IK30MEPMUUECKUE T IHOOMEPMUYECKUE.

IKI0oMePMUMECKUMU HA3LIBAIOM PEAKUUU, CONPOBONCOAIUUECS BbLOCTEHUCM
MenIomulL 80 HEUHION CPEOY.

Boiiegonyocss TerioTy B ypaBHEHUHU peakiui 0003Ha4aioT CUMBOJOM Q
CO 3HAKOM ILIIOC, YKa3bIBasi TaKMM 00Pa3oM, 4TO CHCTeMa TepeqaéT CBOIO JHEp-
TUIO OKPY’Kalolel cpesie. JHEPTUS MOKET TMepeiaBaThCs TakKe B BUJE CBETOBO-
r0 U3JIyYeHUs] WK 3JIeKTpudecKoit sHeprun. OObIYHO 9K30TEPMUUECKUE PEAKITHIH
WCIIOJIb3YIOT /sl MOJyYeHUsT TelJOTbl. TUIUYHBIA npuMep — peakiusl TOpeHust
MeTaHa:

CH4 + 202 = C02 + ZHQO + Q
9n80mepmuuecnumu Hasvlearom peaxuuu, COﬂpOBOJfCaCHOMU@Cﬂ noziowerHuem

meniomol U3 éHewnei cpedvl. YOBIBAIOILYIO TEIJIOTY B YPaBHEHUU peakiuu 000-
3HAYAIOT CUMBOJIOM () CO 3HAKOM MUHYC:

MgCO; = MgO + COyt - Q
CyHg - CHy+ Hy - Q.

o
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4. Ilo nmpu3HaKy NMOJHOTHI IIPEBPAIleHUs] HCXO/HBIX BEIeCTB B KOHEYHbIE XII-
MHUYeCKUe PEAKINH JIeJIST Ha HeoOpamumole U 00pamumole.

Heobpamumvimu Ha3vieaom Xumuveckue peaxuyuiu, npomexanuue 6 OaHHbLY
YCA0BUSIX C NOTHBIM NPespaujenuem xoms Obl 00H020 U3 UCXOOHLIX BeU,ecmes 8 npo-
OYKmbL peakyuu.

Ecsin pearmpyroniie BerectBa B34Thl B CTEXHOMETPUYECKUX KOJTMYECTBAX, TO BCE
OHU MPOPEATUPYIOT MOJTHOCTHIO B CJIydae HeOOPATUMOW XUMUYECKON PEaKI[HH.

K mHeobparumMbiM OTHOCSITCST PEAKITMH C WHTEHCUBHBIM BBIIEIEHUEM TETLTIOThI
(nampumep, ropenust: C3Hg + 505 = 3CO, + 4H,0), a Takike peaknuu B pacTBO-
pax ¢ obOpasoBaHKeM MaJopacTBOPUMBIX (|), Ta3zo06pasHbIX (1) WM MaJoIrCcCo-
HUUPYIONUX (HAIIPUMeEP, BOJIbl) BEIIECTB:

NaBr + AgNO3 = NaNO3 + AgBr;
Mg + 2HCI = MgCl, + Hy1;
HBr + NaOH = NaBr + H,0.

OopamumvIMu HA3bIBAIOM XUMUUECKUE PeaKUUL, CNOCOOHbIE NPOMEKaAmy 6 Oa-
HBIX YCAOBUAX OOHOBPEMEHHO 8 NPSIMOM U obpamuom nanpasienusx. B xome obpa-
TUMOI peaKIMU MCXOJHbIE BEIIeCTBAa MPEBPANIAIOTCS B MPOAYKTHI HE MOJHOCTHIO
MOTOMY, YTO OJTHOBPEMEHHO U3 MPOLYKTOB 00OPa3yIOTCsl MCXOIHBIE BEIIECTBA.

B ypaBHeHusIX 00paTUMbBIX peakiiMii 3HaK PaBEHCTBA 3aMEHSIIOT IPOTUBOIIO-
JIO’KHO HaIpaBJIEHHBIMU cTpeiakamMu. Hampumep, oOpaTUMBbI Peakiuu IIOJYIeHUs
okcuya cepoi( VI):

400-600 °C, V,05
250, + O, s 2505 + Q,
a TakKe B3aMMOJIENICTBHS a30Ta C KUCJIOPOIOM, KOTOPOE CTAaHOBHUTCS OIIYTHMbBIM
Jmtnb Beimie 2000 °C n nportekaeT B aTMocdepe TIpU paspsaax MOJTHUU.

5. Ilo ycioBusIM NpOBeNeHUs PeaKINK JeJAT HA Kamaiumuyeckue  HeKa-
manumuyeckue.

Karamutnueckne peakiuu MpoTEKAIOT ¢ yYaCTHEM KaTaJn3aTOPOB.

Kamanuszamopor — amo sewjecmea, Komopwvie YcKopsiom Xumuueckue peakuyui,
HO He 6X00SIM 8 COCMAG NPOOYKMOE NPeSPaleHULL.

Kamanusamop ykaspBaloT HaJi 3HAKOM DPaBEHCTBA WU OOPATHMOCTU PeaKIIUu,

KaK TIPABUJIO, C KPATKUMKU 0003HAUEHUSIMU YCJIOBUIT €€ niporekanus (f, p), Hapumep:
400-500 °C, Fe, p

3H, + N, = 2NH;.

MHorue peakiuu MpOTEKAIOT C JOCTATOYHOU CKOPOCTBIO TOJIBKO B MPUCYTCT-
BUU KaTajausaropa. Tak, U3BECTHO, YTO 4UCMbLL NEPOKCHUJ BOJOPOJA YCTOMYUB
n pasmaraercss pu 20 °C co ckopoctbio MeHee 0,5 % B roa. OpHako IpW HaIU-
YU MaJIOTO KOJIMYeCTBa IIpUMecell, HalpuMep COeIMHEeHUI Me, xKese3a, MapraH-
11a, cepebpa, MHOTHX OPTAaHUYECKHUX BEIECTB, MEPOKCU/ BOAOPOIA HEYCTONYNB [1a-
’Ke B pa3baBJIEHHBIX PACTBOPAX:
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MEO 9

2H,0, =" 2H,0 + O,1.

6. Ilo Hasmumio rpaHuibl pasaena a3 BbIICISIIOT PEAKIIUN 20MO2EHHbIE U 2e-
mepozenivie. XUMUUECKUE PEAKIMH, TPOTEKAIINE BO BCEM 00bEME OTHOPOIHOIM
PEeaKIMOHHON cpeibl (HAlpUMep, B CMECH Ta30B, B PacTBOpE JIBYX COJiell B BOJIE),
Ha3bIBAOT 20Mozennvimuy. Hanpumep:

CHyqy t 2090y = COxry + 2H3O 11ap)-

Peakiuu, nporekaroiie Ha TTOBEPXHOCTH CONPUKOCHOBEHUST PA3HBIX BEIECTB
B HEOJHOPOJIHOH cpejie, SABJISIOTCS 2emepozenHbimu. Takyio TOBEpXHOCTb Ha3bIBa-
10T Tpanutiel paszaena ¢as, moHnMas 1o (aszoil OHOPOJHYIO TIO COCTaBY U CBOI-
CTBaM 4acTb cucteMbl. Hanpumep, B peakiinn Meiud ¢ KOHIEHTPUPOBAHHON cepHOM
KUCJIOTOW, YpaBHEHHUE KOTOPOH:

Cu('r};) + 2HZSO4(KOHIL) = CUSO4 + 2H20 + SOQT,
TBEP/Ias ME/Ib OT/IEJIEHA OT SKUJIKON CEPHON KUCJIOThI BUJIMMON TPAaHUIIEH — IMTOBEPX-
HOCTBIO Kycouka Me/iu. C TOBEPXHOCTH Me/IN TIOJJHUMAIOTCS My3bIphbKU raza — SOs.
JTa peakiys sABJsercs rereporeHHol. K rereporeHHbIM OTHOCAT peakiiiu pacTBope-
HUSI METAJJIOB M MX OKCHUJ/IOB B KHCJIOTAX, TOpEHNE TBEP/bIX BEIIECTB B KHUCJIOPO/IE,
B3aMMOJIENICTBHE MEXKIY KUCIOTHBIMUA M OCHOBHBIMHM OKCHIAMU U [IP.

B xauecTBe mpumepa TeTepOreHHOU XUMHWYECKOW PeaKITnUd MOKHO TTPUBECTU
BBICOKOTEMITEPATYPHBIH TPOTIecC TOJyUYeHns Kese3a 3 okcua xenesza FeyOsg:

Fe,O3+ 3CO = 2Fe + 3CO,1.
Ibmepoeeunbte XumMuuecKkue peaxyu npomexkarm Ha noeepxXHocmiu COnpuUKoCHo-
BECHUS Peazupyromux seu,ecme.
Tomozennvimu nasvisarom xumuueckue peaxyuu, nPOMeKawue 6 00HOPOOHOl
%ae 6 OMCYymcmeue noBeEPXHOCMU CONPUKOCHOBEHUSA PA3HBIX 6EULECME.

B page cnyvyaeB peakuuuv, MEASIEHHO MpOTEKalolye B PacTBOPAxX Uy B Mapax, YCKOpATCA
npu BBEAEHUM TBEPAOrO KaTanmnsatopa. Tak, M3BECTHaA BaM peakuua CMHTe3a amMmuaka U3 as3oTa
1 BOJOPOAA yCKOpAeTCA B NMPUCYTCTBUN xenesa; V,05 NpuMeHAIoT B peakumun okucneHnsa SO, npu
CUHTE3e CEepPHOI KMCNOTbI. [0 MpU3HaKy Hanuuua rpaHuLbl pasgena ¢as 3T peakumm OTHOCAT K
reTeporeHHbIM, Ha3blBas MX PeakUUAMM reTeporeHHOro Kartanusa.

Hpumep 2. [laiitTe XapakTepuCTUKY peaKklMU TOPEHUd XeJjie3a B XJOpE,
nporekaolieil ¢ obpasoBanrem xsopuja skemesa(lll) u compoBokaaronieics
WHTEHCHUBHBIM BbIJIeJIEHUEM TEILIOThI U CBETA.

Pewenue

CocrtaBuM ypaBHEHUE PeaKIMU M OTMETUM CTENeHU OKWCJIEHWS aTOMOB,
arperaTHOE COCTOSTHHE MCXOJHBIX BENIECTB U TEIJIOBON a(deKT:

0 0 3 ~1
2Fe(,m) + SCIQ(F) = 2F6C13(TB) + Q
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YKkaxkeMm, 4TO 3TO peakIms:

1) coedunenus, Tak Kak U3 08yx TMPOCTBIX MCXOAHBIX BEIIECTB — JKeJie3a
1 xjopa obpasyeTcst 00H0 HOBOE — CJIOJKHOE BerecTBO Xjopuj kesesa(111);

2) oxucaumenvHo-80CCMan08UmMebHasl, TaK Kak B XOJle PEaKIuu U3MEeHs-
IOTCS CTENIEHU OKMCJIEHUS aTOMOB JKeJje3a U XJIopa,

3) axzomepmuyeckas, TOTOMY UTO TOPEHUE COMPOBOKIAETCS BbIJIeJIEHUEM
TEILJIOTHI;

4) neobpamumas Kak peaxius TOPEHHS ¢ MWHTEHCUBHBIM BbIAeJEeHUEM
TETLJTOTHI;

5) nexamanumuveckas, Tak Kak mpoTekaeT 0e3 KaTaau3aTopa,

6) zemepozennas, Tak Kak MPOTEKAET Ha MOBEPXHOCTU pasjiesia TBEPIOTO
U Ta3000pa3HOIO BEIIECTB.

@ Knaccupukayusa peakyuli 8 opeaHudeckoli Xumuu

Mpun Knaccudukaummy peakumin B OpraHUYeckon XUMUK PasfivyaloT peakumn: 3ameujeHus aTo-
Ma WA rpynn aTOMOB B MOJIeKy/le OpraHNYecKoro coeiiHeHNs; NpucoeouHeHUs aTOMOB Wi TPy
aTOMOB K MOJieKyne OpraHUYeckoro CoefjJMHEHUs; omuwjensieHUs aTOMOB OT MOMeKybl 6e3 paspbl-
Ba cBsizelt C—C; pasioxeHUs Kak npoLecca pa3pbiBa CBA3el ¢ obpa3oBaHmeM 6onee NpocTbIX Be-

LLeCTB; U30Mepu3ayuu Kak npoLecca U3MEHEeHUs CTPOEHWS MOJIEKYJIbl C COXPaHeHMeM eé cocTaBa.
Mprimepamy MOTYT CRyXWTb CregytoLrie NpeBpaLLeHUs:

cBeT
CH, + Cl, — CH5Cl + HCl

MeTaH XNopmeTaH
H,0, t
n GHsCl + KOH — C,HsOH + KCI (3ameteHue);

ccl
CH,=CH, + Br, = CH,Br—CH,Br (npncoeguHeHne);

3TeH 1.2-pnbpomaTaH

HZSO4(KoHu)I t
CH;—CH,—OH —  CH,=CH, + H,0 (oTwenneHwe);

3TaHoN 3TUNeH
o,

CH, = C+ 2H, (pa3noxeHue);
CH,
AlCL ¢t
CH,—CH,—CH,—CH,—CH, — CH,—CH—CH,—CH, (130mepu3auus).
neHTaH 2-meTunbyTaH

Mo npu3HaKy u3mMeHeHuUsA cmeneHeli OKUC/IeHUA aTOMOB B MOJIeKy e OpraHMYeckoro BellecTBa,
Kak 1 B C/lyyae HeopraHM4ecKnx BeLLeCTB, PasnyatoT pedkyuu OKUCIeHusA (C yqacTeM KMCnopo-
fa, nepmaHraHata kanua KMnO,, xpomata n anxpomata kanua — K,CrO4 n K,Cr,O; n ap.) n pe-

aKkumm soccmarosieHua (¢ yyactmem Bogopoga, LiAlH, v gp.):

2CH;3;CHO + O, — 2CH3COOCH (okucneHwue);
CH,=—CH, + H, — CH3;—CHj; (BoccTaHOBREHNKE).
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Xnmunyeckme peakumm xapaktepusyor:

« MO YNCSTy U COCTaBY UCXOAHbIX U OOPA3yOLWNXCA BeLLEeCTB (peakumm
coeflHeHMsA, Pa3fioXKeHWA, 3aMelLeHnss U obMeHa);

+ MO NPU3HaKy N3MEHEHUA CTEMEHEN OKNCIIEHUA aTOMOB B XMMUYECKUX
npeBpaLeHnaX (OKNCNUTENIbHO-BOCCTAHOBMTENIbHbIE peaKkLmn 1 peak-
LU 6e3 N3MEeHEHNA CTerneHel OKUCTIEHNA aTOMOB);

« MO BbIgENIEHNIO WX MOTIOWEHUID TennoTbl (3K3oTepMuyeckne
N SHOOTEPMUYECKNE);

+ MO HaNMUMIO KaTanm3atopa (KaTanuTnyeckme 1 HeKaTanuTuyeckue);

+ MO HANMUNIO NOBEPXHOCTU COMPUKOCHOBEHWUS peareHTOB, Ha3blBaeMoW
rpaHuuen pasgena ¢as (reTeporeHHble U FOMOTEHHbIE peakLuun).

Bonpocbl, 3agaHua, 3agaumn
1. YkaxunTte YpPaBHEHUA peaKLu/M COeANHEHNA, Pa3N0OXKeHNA, 3aMeLleHnA N obmeHa:

a) 2Ag,0 = 4Ag + O,1; 6) CH,=—CH, + H,0 — CH3CH,0H;
B) KOH + HF = KF + H,0; r) CaCOs + CO, + H,0 = Ca(HCOs),.
2. Kakas 13 AByx NpuBeAEéHHbIX peakuuin obpatnma?

C+0,=0C0,+0Q; CO + Cl, =2 Codl, + Q.

Hante o6bsicHeHNe,
3. YKaxknTe, rOMOreHHOW Un reTeporeHHON ABNAETCA KaxAaA M3 peakuumii, npeacTaBieH-

HaA ypaBHeHMeM:
Pt, 350 °C

a) C6H12(r) = C6H6(I') + 3H2(r) - Q, 6) NaCl(p_p) + AgNO3(p_p) = AgCll(TB) + NaNO3(p_p);
LMKNoreKcaH 6eH3on
B) 2CU + 02 = ZCUO,' r) 2H2 + 02 = 2H20

4, CocTaBbTe ypaBHeHUA peakuun: a) obmeHa mexay MgO n HCl, Ca(OH), n H,SO,;
6) 3amelyeHmnsa mexay Zn u HCl, Zn n H3PO,.
5. [lononHnTe cxembl NpeBpaLLeHni No 0bpasuy:

-3 +2
N - 57— N (okucneHwue).

+2 0 -1 -1 0 +2 0 -2 +4 -1 +3 +2
Pb —-Pb; IL—>2; C—-dC; Cu—>Cy S—S; Br,— 2Br; Fe — Fe.

6. PacctaBbTe KO3IQPULIMEHTbI METOOM 3MEKTPOHHOro GanaHca:
P + HNO3 + Hzo = H3PO4 + NO, CUS + 02 = CUO + SOZ
7. OxapaKTepl/l3y|7|Te no wecTn N3y4YeHHbIM NMpPpU3Hakam KﬂaCCVId)I/IKaLlI/II/I XmMmmnyeckmne pe-

akunu, npeactaBieHHble ypaBHEHUAMN:

Pt, 350 °C
a) CHizg 2 CeHey + 3Hyn - Q

ymknorekcaH 6eH30n
6) NaOH(p_p) + HNO3(p_p) = HZO(>K) + NaNO3(p_p),‘
B) 2Mg + O, = 2MgO.
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8. loKaxuTe, 4UTO peakuua HenWTpanm3auum He ABNAETCA OKUCIUTENIbHO-BOCCTaHO-
BUTENbHO.

9. [lanTe NOMHYyI0 XapaKTepPUCTUKY peakumnmn Mexay NpoCTbiMU BeLlecTBamMu, aTOMbl KOTO-
PbIX MEIOT NeKTPOHHYI0 KoHpurypauuio [Nel3s' un [Hel2s22p°.

10. PaccuntanTe KoOnmMyecTBo (MOJb) BELeCTBa U YMCNO NEKTPOHOB, KOTOpble nepenayT
OT BOCCTAHOBUTENS K OKUCIUTESTIO MPWU MOJTHOM PAaCTBOPEHUN B CEPHON KUCIOTE aIloMUHUS
macconm 2,7 T.

*MoprotoBbTe COO6LWEHNE «OKUC/TUMENbHO-80CCMAHOBUMEIbHbLIE NPOYECCHI 8 NPUpOOe,
mexHuke, 6bimy».

§ 19. Tennosble 3pPeKTbl XNMNUYECKNX peaKkLnii

[Tporekanme XMMUYECKUX peaKIUil BCer/ia COIPOBOKIAETCS BbIEJICHUEM WJIN
MOTJIONIIEHUEM HHEPTUM.

TemmoBoit a3 et peakuuu — 9mo Koauuecmso meniomol Q, 6bIOCIAIOUET -
CSL UL NO2TOWANOWETCS 8 X00e NPespauleHust, ecau KOIUYecmsaa peazenmos (Moib)
COOMBEMCMBYIOM CMEXUOMEMPUYECKUM KOIDPDUUUEHMAM YPABHEHUS PEaKUULL.

OT 4ero 3aBUCUT BeJIUYMHA TEIJIOBOTO 3 deKTa XMMUUECKON PeaKInu?

B xome xumudeckoii peakiuy MPOTEKAIOT /IBa TIPOTIECCa — Pa3PhiB XUMUYECKIX
CBsI3ell B MCXOJIHBIX BEIECTBAX W 0Opa3oBaHKe HOBBIX CBSI3€il B MPOJAYKTaX Peak-
K. Pas3pbiB XUMUYECKUX CBSI3€i BCET/Ia WJIET C 3aTPATON dHEPTUHU, COMPOBOXK/IA-
eTcsl TOTJIONIeHuEeM TeIIoThl Q M sIBJsteTCs andomepmuveckum npoyeccom. Obpa-
30BaHNE HOBBIX XMMUYECKUX CBSA3EU — IK30mepMuueckuii npouecc, mpoTeKaronmi
C BbIIeJICHUEM TeIIOThl Q. Asirebpanyeckasl cyMMa TEIJIOBBIX 9(h(EKTOB 9THX
cTajinii TpezicTaBisieT coboit oot TermmoBoit achdext peaknun Q: Q = Q; + Q.

B kauectBe mipuMepa orpeiesiuM 3HaYeHre TerioBoro addexra peakimu obpa-
3oBanmst okcuza azota(ll) us mpocThix BemecTs:

Ypasuenue N, N 0, _ INO

peaknuu

Crexuomer-

puieckoe 1 moub 1 moub 2 MoJb

KOJHYECTBO

?::;:na 945 k/I:x/mMoib - 1 Mosb 494 x]l>x/momb - 1 Moub 632 x/l>x/Monb - 2 MO

HN3smenenune . Boienmioch 1ipu 06paso-
3arpayeHo Ha pa3pbiB cBsseil 1443 k/lx .

SHEepPruu Banuu casasent 1264 x/x

[Tpoananusupyem 3amuci.
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[Tpu paspoiBe cBsizeit N-N B 1 Mozab azora u cBsizeit O—O B 1 Mosb KuC-
JlopoJia TorJIomaeTcs: cooTBeTctBeHno 945 k/Ixk m 494 k/I)k TenioTel, B cymMMme
Q= —1439 x/Ix.

C apyroii cTopoHsl, Tipu oOpasoBarnu cBsizeit B 1 Moab NO Bbigensiercss 632 kK,
B pacuére Ha zBa MoJsst okerza azora(ll) 1264 x/Ix, To ectb Qy = 1264 x/Ixk.

O6mwmii TernoBoit addekt peakipn Q paBeH cymMe TeIIoBbIX addexrtoB Qp 1 Qo

Q=Q; + Qy=-1439 x/lx + 1264 x/Ixx = —175 k/[x.
OrpuraresbHoe 3HaueHUe TeroBoro shdeKra MoKasbIBaeT, uTo JIaHHAsA pe-

AaKIIUA ABJIACTCA aﬂaomepmuuecxoﬁ " TIPOTEKAE€T B COOTBETCTBUU C MEPMOXUMUYUE -
CKUM YPABHEHUEM:

N2(r) + OZ(r) = 2NO(F) - 175 Kﬂ)K

Tepmoxumuueckumu Ha3bIBAIOT YPaBHEHUS, B KOTOPBIX yYKA3aHbl 3HAUCHUS Te-
70BBIX 3(hHeKTOoB.

BennunHa TennoBoro 3¢¢deKTa peakumn 3aBUCKAT OT arperaTHOro COCTOAHMA PeareHToB U Npo-
LYKTOB, NOCKOMbKY MPpW NPOTEKaHUM MPOLIECCOB MNaBieHVsA UK Napoobpa3oBaHUA pacxomyeTca
TennoTa BHeLWHen cpeppbl. [pn nepexoge 13 KMAKOro B TBEPAOE COCTOAHME, U3 NMapa B XKULKOCTb
TennoTa, HaobopoT, BblgenaeTcA. [03TOMy B TEPMOXMMUYECKMX YPABHEHUAX 06A3aTENbHO YKa3bl-
BalOT arperatHoe COCTOAHME: BewwecTBo () — ras; (K) — »KupgKocTb; (TB) nnm (K) — TBEpLOE nnu
Kpuctannuyeckoe. Tak, TennoBon 3¢pdeKT peakummn cropaHua Bogopoda B cilyyae obpasoBaHUA
BOAb! B XNAKOM WU ra30006pa3HOM COCTOSIHUM passiudaemcs Ha 88 KK, Tak Kak TernsoTa napo-
06pa3oBaHMA BoAbl COCTaBnsAeT 44 k[x/Monb:

2H2(|—) + oZ(r) = 2H20(>K) + 572 k[x;

2H2(r) + OZ(I’) = 2H20(r) + 484 KD,)K.

JLJ1st OCyTIeCTBIECHNS SHIOTEPMUYECKIX PEAKITHIT HEOOXOIUMO MOCTOSIHHO TIepe-
JlaBaTh CHUCTEMe HEPTUIO B BU/IE TEIIOTHI, 3JIEKTPOMArHUTHOTO M3JydyeHus: (CBeT,
yabTpaduo JeTOBOE U3JIydYeHue), sjeKTpudectsa u ap. Tak, sndomepmuueckue pe-
axyuuy TOO TIPOTEKAIOT TIPU BHICOKUX TeMIepaTypax ( HalpuMep, pasioKeHne Kap-
GOHATOB, HUTPATOB U TMPOKCH/IOB TIETOYHO3EMETBHBIX METAJIIIOB), THOO TPEOYIOT
MO/[BE/IEHIST AIEKTPUYECKON aHepruu (3ekTposin3, obpaszoBanne NO B Tpo30BOM
paspsizie) win asHepruu cBeta (oOpasoBaHue 030HA B aTMocdepe Moj JAefdcTBreM
yABTPAUOJIETOBOTO U3IYYEHUST). DHIOTEPMUUECKUM IIpoIleccoM sBJsieTcs: (oTo-
CUHTE3, B KOTOPOM 9HEPIus COJIHEYHOTO CBeTa IOIJIONAeTC s 1 3a1acaeTcsl B BU/e
XUMUYECKON 9HEPTUN TTPOAYKTOB — KUCTIOPO/IA U TIIOKO3I:

GCOQ(F) + 6H20()K) = C6H1206(TB) + 602(r) — 2803 K[[)K

IK30TepMHUYECKUE peakiuu b0 He TpeOyloT HarpeBaHus, JaubO JJs Hava-
JIa PeaKIiy Hy;KHO HeDOJIbIIoe HarpeBaHue: HalPUMeEpP, BOAOPO co (GTOPOM pea-
TUpyeT MTHOBEHHO, a /I B3aMMOJIEHCTBUS BOJOPO/Ia C KHUCJIOPOJOM CMeCh
razoB He0O XOJMMO HaTrPeTh.
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Bennyuna rtensoBoro adderra peakiuu onpenenseTcss dKCIePUMEHTATbHO
B CIENUATbHOM TIPUOOpPE — KATOPUMETPE, YKe 3HAKOMOM BaM M0 ypokam (usu-
K B 8-M KJsacce. Pe3ynbTaThl U3MEpeHWI TPUBOAST K ONPENETEHHBIM YCIOBUSM.
O6pruno sto masienue 100 klla n remmeparypa 25 °C (298,15 K), uro HeoOx0/11-
MO JIJIsI CpaBHEHUsT U 0600IIEHUST 9KCIIEPUMEHTATBHBIX JTAHHDIX.
PaccmoTpum npumepbl TEPMOXUMUYECKUX PACUYETOB.
Ipumep 1. PaccunraiiTe KOJIMIECTBO TETJIOTHI, BBIIESIONENHCS B PE3yb-
TaTe IOJHOTO COPAHHs B KUCJIOPOZe MeTaHa oObéMoM 6,72 M (H. y.) B COOT-
BETCTBUM C TEPMOXUMHWYECKUM YpPaBHEHUEM:
CH4(F) + 202(r) = COZ(F) + ZHQO(F) + 803 Kﬂ)K

Jlano: Pewenue
V(CHy) = 6,72 MO 1. Paccunraem xonmmdecTBO (MOJIb) CTOPEBIIETO
MeTaHa, IPUHUMasi BO BHUMaHue, 4To 6,72 M — 310
Q=" | 6720 v
3
n(CH, )=V (1D 672031““ =300 MoJTD.
Vi 22,4 nM”/MOJIb
2. Ha ocHoBanuu TepMOXUMUYECKOTO YPaBHEHUSI MMeEEM:
300 moub x ®kJx
CH4(F) + ZOQ(F) = COQ(F) + 2H20(r) + 803 KI[)K,
1 mosb 803 x/I:x

300 moub - 803 x/I:x
1 MoIDb
Omeem: Q = 240,9 M/Ix.

IIpumep 2. Paccunraiite Maccy HaTpHsl, CTOPEBIIEr0 B M30BITKE KHUCIOPO-
Jla B COOTBETCTBUM C TEPMOXUMUYECKUM YPaBHEHUEM:
2Na(TB) + 02(1—) = NEIQOQ(TB) + 510 KZ[)K,
ecJii B pe3yJibTaTe peakiuu BbiAeanaoch 51 k/[5K TermoTsl.

orkyna: Q = = 240900 k/I>x = 240,9 M/[x.

Jlamno: Pewenue
Q =51 x/lx 1. Haiiném xosim4yecTBO HATPUs, UCTIOJIB3Ys TEPMOXU-
m(Na) = ? | MUYecKoe ypaBHEHME PEaKIUu:

X MOJIb 51 x/lx

2Na(TB) + OQ(F) = NagOQ(TB) + 510 KIDK,

2 MOJIb 510 x/Ix
2 moJtb - 51 kI
OTKyJla: X = A = 0,2 Mo,
510 x/Ix

2. Paccuurtaem maccy HaTpus:
m(Na) = n(Na) - M(Na) = 0,2 monb - 23 r/Mosb = 4,6 T.
Omeem: m(Na) = 4,6 .



Tennosble 3GEKTbI XUMIYECKUX peakLuii 109

MeTozbl KasopuMeTpUH IUPOKO TPUMEHSIOTCS /I OIIPeIesIeHUs meniomeop-
HOU cnoco6nocmu (TEMIOThl CTOPAHMsT) TOTJIMBA. 3HAUEHUST SHEPLEMUUECKOU UeH-
Hocmu nuwy (KaJOPUMHOCTU) TaKyKe OCHOBAHbI Ha M3MEPEHUM TEeIJIOThl CrOpaHus
MPOAYKTa B KAJOPUMETPE € YUYETOM IOTPABOK, MPUHATHIX B JUETOJOTUN — HAYKe
O NPaBUJILHOM TTUTAHUU.

OOGIenpUHSTON TPAKTUKON SBJISETCS TPUOTIMKEHHBIN PacuéT KaJOpPHITHOCTH
IPOAYKTOB. Tak, /st yTrIeBOMOB U OGETKOB KaJIOPUIHOCTD CUYUTAETCS] PABHOW MPHU-
MepHO 4 KKaJi/T, a i skupoB — 9 kkamn/t (1 kxan = 4,184 x/lx). Ha npumepe
JIaHHBIX HECKOJIbKUX YITAKOBOK € MPOAYKTaMK TUTaHUs YOEAUTECh B HTOM CaMO-
crositesibHO (pHcC. 46).

el

v COTETONS s0BAn HEE'”““sA'K“‘S"snc% BTGB TEON Ra
MULLEBAR UEHHOCTb 100 T TIPO, A KEQUPHBIX TPUBKAX. “KONWUECTBO MONOUHOKMCBIX
(CPEQHUE 3HAYEHHSA): M (POOPI‘AHFISMOB KOE B 1 I NPOAYKTA HE MEHEE 1x107
Benku 23 KOJIUYECT! PONOKEW HA KOHELL CPOKA FOAHOCTH,
" 2'0 KOEB1l l'IPOJ].‘;|II TA HE MEHEE 1x10°
yr:::ogu 1'3 5 NUWEBAR LEHHOCTE 100 I' NPOAYKTA (CPEAHWME 3HAYEHWURA):
aﬂeprﬂ“qecxaﬂ LLIeHHOCTb 352,8 Kﬂ.)l( mm’a{‘:@g@
i SHEPTETUYECKAS LEHHOCTDb (KANOPUWMHOCTE
(KanopuiHOCTb) (83,5 Kxan) 100 I NPOLYKTA:

CTb 1552, PL| BY 200030514.634

210 KJDK (S0 KKAM)

Pnc. 46. OTUKeTKMN C yKasaHMEM KanopuHOCTA

Tepmoxumuueckue ypasrenus mO3BOJISIOT:

a) OMpeNeNuTh KOJUYECTBO TEIJOTHI, BBIAEASIONIENHCS WU TOTJIONIA0IIeH-
Cs B XOJie PEaKIUU, €CJIU M3BECTHBI €€ TeIIoBON a(pdeKT u KojudecTBa (MOJD)
YY4aCTHHUKOB PeaKInu;

6) paccumTaTh KOmIecTBa (MOJIb) BEIIECTB, BCTYIHUBIINX B PEAKIUIO, €CJIU U3-
BECTHO KOJIMYECTBO BBIJIEIUBINENCST WU TTOTJIOTUBIIENCS TETJIOTHI M TETIOBOM Ah-
(bext peakium.

Xnmnueckune peakunn npoTekakT C BblAesIeHNEM U nornoweHmnem
TennoThbl.

TennoBbiMm 3¢¢EKTOM XUMUYecKomn peakunn Ha3blBalOT KOIN4YeCTBO
TennoTbl, KOTOPOE BblAeNAeTCcA UK norjowaeTtca npun npoTekaHnnm 3TOMN
peakynn.

B TEPMOXNMNYECKOM YpPaBHEHNUUN pPeaKUMn YyKa3blBalOT arperatHoe cCo-
CTOoAHME BCeX BeweCTB 1 BEIMYNHY TEMTOBOIo 3(I)d)eKTa peakynn.
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BOHPOCbll 3a4aHuA, 3agaun

1. Ykaxkute YpaBHeHNA 3K30TEPMUNYECKUX N SHOOTEPMUNYECKUX peaKLu/ll7|:
t

a) 2NaNO3(TB) = 2NaN02(TB) + OZ(I’) - 215 KH)K;

6) CaCOsrg) = CaOyrg) + COypy — 178 KIIK:

Pt, 200 °C
B) C6H6(r) + 3H2(r) = C6H12(r) + 206 K,D')K,

6eH3on LMKnorekcaH

Pd
I‘) H2C:CH2(|—) + H2(r) = H3C—CH3(F) + 137 KD,)K.

2. PaccunTaiite KONnyecTBO TEMNOTbI, BbligenmsLlenca npu sammogencranm CaO konmye-

ctBom 0,2 Monb C BOAON. TepmMOXMmnyeckoe ypaBHEHME NMeeT BUL:
CaO(TB) + Hzo(m) = Ca(OH)2 + 65 K,D.)K.

3. Peakuun oKCnaoB KanbUusi, CTPOHLUMA 1 6apus C BOOOW ONUCHIBAOT TEPMOXUMUYECKN-
MU ypaBHEHUAMM:

a) CaO(TB) + HzO()K) = Ca(OH)z(TB) + 65 KD,)K,'

6) SrO(TB) + HZO()K) = Sr(OH)z(TB) + 83 K,D')K;

B) BaO(TB) + Hzo()K) = Ba(OH)z(TB) + 106 KD')K.

Myctb Macca Kaxkgoro n3 okcngos pasHa 100 r. B cnyvyae Kakon 13 peakumin Bblidenutca
Hanbosnbllee KOMNMYeCTBO TEMOTbI?

4. PaccunTtante 06bEM (H. y.) MeTaHa, CrOPeBLLErO B KNCIOPOAE, B COOTBETCTBUN C TEPMO-
xumuyeckum ypasHeHnem: CHyy + 20, = CO,y + 2H,0y + 803 kX, ecnin B pesynbraTte pe-
akumu Bbigenunocb 80,3 KK Tennotbl.

5. MNpw cropaHunn yrna ¢ obpasoBaHMeM YrNeKMUCNIOro rasa Bbigensaerca 6onbLioe Konuye-
CTBO TenIoTbl B COOTBETCTBUN C TEPMOXMMUYECKM YPaBHEHNEM:

C(TB) + OZ(r) = COZ(r) + 394 KD,)K.

PaccuuTaiiTe KOMMUECTBO TEMIOTbI, BbiAENMBLLENCA NPV NOMyYeHUN OKcaa o6baMom 10 am? (H. y.).

6. Kungkun neHtaH CsHy, Konnyecteom 0,1 MONb COXINWN B KMCNOPOAe, B pe3yfbraTe Yero
Bblgenuncs 351 kK Tennotbl. PaccumTante TennoBon 3¢deKT JaHHOW peakumm U CoCTaBbTe
€€ TepMOXMMMYEeCKoe YpaBHEHME, eC/in U3BECTHO, YTO BOAA MOyyYeHa B »KUAKOM COCTOAHUN.

7. Tennosol 3bdeKT peakuun cropanHus yrnepoga go CO, paBeH 394 k[x/monb, a TennoTa
cropaHua 1 Monb NMeHTaHa ¢ 06pa3oBaHMEM BOAbl B BUAeE Napa coctaBnaeT 3245 k[k. CornoctaBb-
Te KONMYECTBO TEMOTbl, BbIAEAEMON NPW CropaHn Yriepoaa 1 neHTaHa O4MHAKOBOW MacCbl.

8. Peakuusi n3omepusauny H-neHTaHa (ras) B 2-metunbyTaH (ra3) NnpoTeKkaeT C BblaeneHu-
em 7,1 k[lxx/monb TennoTbl. COCTaBbTe TEPMOXMMUYECKOE YpaBHEHME peakuun. PaccumTanTte
KONIMYEeCTBO MeHTaHa, BCTYMMBLUErO B PeaKLMIo, eC/ii U3BECTHO, UTO B XO[€e SKCNeprMEHTa Bbl-
aenvinocb 2,0 KIK TennoTol.

9. B pe3ynbTaTe NOMHOIO TEPMUYECKOrO pasnoxkeHna obpasua okcuga cepebpa(l) soige-
nunca Kucnopop obbémom (H. y.) 6,72 AM3 n nornotunocb 18,6 Kk Tennotbl. Paccuntanite
TennoBon 3¢pdeKT faHHON peakumn U COCTaBbTe €& TEPMOXMMUYECKOE YPaBHEHNE.

10. Tepmoxmmmyeckoe ypaBHeHME peaKkLmy CropaHUA nponaHa nmeeT Bua:

C3H8(r) + 502(|—) = 3C02(|—) + 4H20(>K) + 2220 KD,)K.

CKoNbKO TennoTbl BbIAENMTCA NPU CropaHnn nponaHa Konndvectsom 0,1 monb, ecnu npo-

LYKTOM peaKkuuun 6ypeT BoaaHoN nap? TennoTa ucnapeHus Bofbl coctaBnsaet 44 kx/monb.
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§ 20. CKOpPOCTb XMMNYECKUX peaKkunmn

OmHu XUMHWYECKHe Peakiny MPOTEeKalT OBICTPO, ApPyrue — MeasieHHo. Tak,
mpoliecc MpeBpalleHust [peBeCHHbl B KAMEHHBIN yTOJIb JUINTCS COTHU MUJITTHOHOB
qet (puc. 47, a). PxaBnenue uznennii u3 sxesuesa 1O A€WCTBUEM BIAKHOTO BO3[Y-
xa uaét MHorue rojbl (puc. 47, 6). Toperne Ha Bo3myxe Oymary (I1€JITIOI03bI) MPO-

HCXOJUT 3a CeKyH/Ipl (puc. 47, 8).

[IpakTuyeckn MrHOBEHHO HIET
peakius HefiTpanusaluyu MeEno-
il ) YU CUJIBHOW KUCJIOTOIA.

Cie1oBaTesIbHO, XUMUYECKIe

Pacrenns Topd / Bypeiii yroms  peakiuum MMeIOT Pa3HyI0 CKO-

poctb. CKOPOCTh XUMUUECKOL
- peakuyuu noxasvieaem usmMeHeHue
KOHUeHmpayuu 6cmynaruezo

8 peaxuuro und 06Pa3yuezocs
8 Hell eewecmea 6 eOuHuUy epe-
Menu. ITo pusnvecKass BeJIHYH-
Ha, obo3HavaeTcst OYKBOil v.
CKOpOCTh peakiuii 1mo Mepe
UX NpoTeKkanus uamensercs. [lo-
9TOMY OOBIYHO TOBOPST O Cpeo-
Hell CKopoCmu peaxyuu B orpese-
JIEHHDBII NPOMENCYmMOoK 8peMeHuU.
JlJ1s1 KoiM4ecTBEHHOTO OIpe-
6 6 JleJIEHUsT CKOPOCTH B KavyecTBe
npuMepa PacCMOTPUM TOMOTEH-

AnTpanur Kamennbiii yrosnb

Puc. 47. MegneHHble 1 GbICTPbIE XUMUYECKUE

peakuun: a — npeBpalleHne ApeBecuHbI HYI0 XUMIYECKYIO PEAKITNIO OKNC-
B KaMEHHBbI yronb, 6 — pX<aBleHune xenesa, senns okcuga azora(ll) xkucmo-
8 — ropeHvie 6ymaru ponoM o okcnza azota(IV):

2NO + Oy = 2NO,.

B npomeskyTok Bpemenu At = t, — t; KomdecTBa (MOJIb) MCXOJIHBIX BEIECTB
(peazenmos) n(NO) u n(O,) yMEHBIIAIOTCS, a KOJUIECTBO NPOOYKMa Peaxinm
n(NO,) yBesnuuBaetcst. Mbl 3HaeM, 4YTO BeJTMUMHA OTHOIIEHUST KOJWYECTBA 1 Be-
mecTBa X K 00BEMY PEaKIIMOHHON cMecu V Ha3bIBACTCS MOASAPHOU KOHUEHMPA-
yuei c(X):

n(X)’ npuuém Ac(X) :_An(X).

()= v
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Takum 00pasoM, B PeaKIMOHHON CMeCH OIpeeJéHHOT0 00bhéMa V n3MeHeHe
KOJINYECTB (MOJIb) YYACTHUKOB PEAKIMU TTPOMOPIUOHAIBHO U3MEHEHUI0 MX MO-

JIAPHBIX KOH].[GHTpa]_[I/IfI Ac.

[na onpepneneHna BeIMUMHBI CKOPOCMU pedKyuu U HEOOXOLMMO 3HATb M3MEHEHUe Konuye-
ctBa (Monb) An = n, — n; ogHoro un3 Bewectd (NO, O, nnu NO,), npon3owesLiee B NPOMEXYTOK
BpemeHu At = t, — t;, 1 00bEM peakunoHHol cmecn V.

C C
Komument- KontenTparius
panus mpoaykTa NOy,
pearenTa O,, MOJTB,/ M
MOJIb/ IM° ¢,(NO,)

¢, (NOy)
(0

(O

M3meHeHne KoHueHTpauun peareHTa O, n npogykta NO, 3a NnpoMeXKyToK BpemeHun oT t; fo t,

Maremarnyeckoe BbIPpasKEHUE CKOPOCTU PEAKIIUK 10 OTHOIIEHUIO K JIH000MY 3a-

JTAHHOMY yYaCTHUKY X MOKHO TIPEICTaBUTD CJEAYIOMNM 00pPasoM:
v =+ Ac(X) MOuIb/(IM® - ),
At

rae Ac(X) — u3aMeHeHne MOJISIPHON KOHIIEHTpaIuu BelecTBa X 3a BpeMs At

Tax xak ckopocmv peaxuuu ABIGETCA TOJOKUTEIBHON BEJIMUYNMHON, a KOHIIEHT-
parug pearenToB NO u O, yMeHbBIAeTCs, TO B BBIPaKE€HUE CKOPOCTHU JIJIST MCXO/I-
HBIX BEIECTB CTaBIAT 3HAK «MUHYC». KOHIlEHTpaIus POJAYKTOB BO3PACTAET, CJe-
JIOBATEJIbHO, B BBIPAKEHUE CTABAT 3HAK <ILITIOC».

Ecmm xoadbduiinenTs B ypaBHEHUN XUMUYECKOW peaKINy He PaBHbI eIMHUIIE,
TO CKOPOCTb, U3MEPEHHAS JIJIT PA3HBIX BEIIECTB, Pa3iMyaeTcs.
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Cropocmuv peakuyuu onpedeisemcs: Xumuueckotl npupoootl pe-
AZUPYIOUUX Beu,ecms.

BemectBa, Berymnamoomue B XMMHUYeCKHUe peaKIMU, pasjinya-
I0TCSI COCMABOM VI CIMPOEHUEM, MUNOM XUMUUECKOU C8A3U, UUCTIOM
U npounocmwvio atux cBszeil. Kak cienctBue, pearentsl oOiia-
JIAl0T Pa3HOW PEaKIMOHHON crocobHOCThIO. PaccMoTpuM B Ka-

gyecTBe IpuMepa CKOPOCTb BSBI/IMOI[GI';ICTBI/I?I PA3HBIX METAJIJIOB PaCTBOPEHVle
C CUJIBHOHI 1 c1a00i KHUCJIOTaMU. meTasnna B
Ecin onyctuth B ipoOupku ¢ pa3baBIeHHON COJISHON KiHc- pacTsope

JIOTO KyCOYKM MarHusi U jKejie3a OJIMHAKOBOTO pa3mepa u (op-  X1OPOBOAOPOAA
MBI, TO MOYKHO YBUJIETD, YTO B TPOOUPKE ¢ MarHueMm HabJIro1aet-

cst GypHOE BBIIEJIEHHE BOAOPO/A U CHJIbHOE pasorpeBanue. B mpobupke ¢ xKeae3oM
My3bIPbKU Ta3a BBIIEJSIOTCS TOPA3/0 MelJIeHHee, a TeMIepaTypa MOIHUMAeTCs
sutib HeMHoro. CiieloBaTesIbHO, CKOPOCTh B3aUMOJICHCTBUSI METAJIA ¢ KUCJIOTOMN
3aBUCUT OT €T0 aKTUBHOCTH.

[Ipu 3ameHe CHIIBHOI XJIOPOBOAOPOAHOI KUCIOTHI HA CJIA0YI0 YKCYCHYIO KUCJIOTY
TOU 3Ke MOJIIPHOI KOHIIEHTPAIIMK CKOPOCTh PEAKIINU MarHus U KeJie3a CyIeCTBEHHO
yMenbiaetcst. VItak, CKOpocTh B3aUMOZIEHCTBHST METAJIa ¢ KUCTOTOM 3aBUCUT OT TIPH-
POIIbI 000X PEAreHTOB — KaK METaJlia, TaK U KUCJOTBI.

Jlist TIpoTeKaHuWsl XUMUYECKON pPeakinuu HeoOXOIMMO, UTO-
Obl pearupyiomue Yacmuubl CMoIKHYIUcy opye ¢ opyeom. OmnHa-
KO 9TOTO YCJOBUSI HEIOCTATOYHO, TaK KaK IPU CTOJKHOBEHUH
HeoOs13aTeTbHO TIPOM30UAET peakiust. Tak, mpu arMochepHOM
JABJIEHUU W KOMHATHOI TeMIepaType KaxKjas MOJIEKyJa B pas-
anuibix ra3ax (No, O, Ar u [p.) UCHBITBIBAET OKOJIO 5 MJIPJ
CTOJIKHOBEHMIT exkeceKyHaHo. Ecim Obl Bce CTOJIKHOBEHHUS Yac-

o XaoTtnueckoe
TUI[ TPUBOJANIIN K XUMUYECKOU PeaKIuu, TO J1060e XUMHUYecKoe [IBWKEHME
[peBpalieHne 3aBepiranoch Obl 32 THICSTYHBIE 1OJIU cekyHnbl. Pa3 Monekyn

9TOTO He MPOUCXOINT, 3HAUYNUT, HE BCE CTOJKHOBEHUS 2(DHEKTUB-

Hbl. [l71s1 TOro 4T0OBI XUMIYECKOE MTPEBPAIeHUe TIPOU3OIILIO, YaCTHIIAM HEOOXO0/IH-
MO 00JsiaIaTh SHEPrHel, JOCTATOYHOM IS PaspyIIeHUsT WIN MEPECTPORKN XMMUYe-
CKMX CBf3€ll B MCXOJHBIX BellleCTBaXx.

B mporiecce xuMmdeckoro B3anMOICHCTBUS MOJIEKYJIBI JOJLKHBI TIPOUTH Yepe3
ocoboe nepexodnoe cocmosnue, 8 KOMOPOM OHU 0COOeHHO akmushbvl. JL7ist ToCTIKe-
HUSI TAKOTO COCTOSTHUSI TPEOYETCST 3aTPATUTD IHEP2UTO.

JHeprusi aKTHBAIMH — 9MO0 MUHUMALLHAS SHEP2US, KOMOPYIO HeO0OX00UMO
COOOUWUMD UACMUUAM Peazupyouux seuecms 0Jisi nepesood 6 aKmMueHOe COCMOsl-
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Hue, obecneuusaiowee NPOMeKane XUMUUECKOU PeaKuyuu npu ux cmoKHOBeHUU
(puc. 48).

g A Oueprus

AxTusnoe
COCTOAHNE Er[epexum COCTOSTHUS

A +b
2 2 HCX. COCTOSTHUS

Hcexonnbie o
KOHeY. COCTOAHUA
BemiecTsa . TTToC
[TpomyxTs
peakiuu
Xop peaknuu

Puc. 48. JHepreTnueckas anarpamMmmMa xofa peakumm A, + b, = 2Ab + Q

[Ipu ogmHakoBOU TemIiiepaType CKOPOCTH XUMUUYECKUX PEAKINH CUJIbHO Pas-
JIMYAIOTCST B OCHOBHOM WM3-3a BEJIMYMHBI SHEPIUM aKTUBaIuu, obo3Hadaemoii E,
(x/l:x/monp). Uem Mmenbiie Besmunna E,, TeM 0ojiee HUBKUN <«dHEPTETUYECKUN
Gapbep» TpeOyeTCst MPeoI0JIeTh peareHTaM U TeM OOJIbIlle CKOPOCTh PEAKITHH.

B paze ciyuyaeB s MHUIIMMPOBAHUS 9K30TEPMUYECKUX PeaKIUil peareHTbl He-
00X0IMMO BHAYaJIEe PA30TPETh, YTOOBI MEPEBECTU PEArUPYIONIIe BEIECTBA B aKTUB-
Hoe coctostHue. Harpumep, cimyka BCIBIXHET MPU TPEHUH, a Ta30Bagd TOpeJiKa 3a-
JKIKETCSL OT Topsleil CITMYKH.

CKOpPOCTb XMMMNUYECKON peakumnm — 3TO M3MEHEHWE KOHLEeHTpauum
BCTYMAOLWEro B peakuuio unym obpasyioleroca B Hell BelwecTBa B e4uHU-
Ly BPeMeHMU.

KonnuyecTBeHHO CKOPOCTb peakuny No OTHOLLUEHWIO K JiloboMy 3afaHHO-
MY YYACTHUKY BbIPAKaeTCA KakK OTHOLIEHME N3MEHEHUA MOJIAPHOMN KOHLIEHT-
pauumn 3TOro YYacTHUKA K WUHTEpPBany BPEMEHU, 3a KOTOpoe Npon3oLwwno
N3MeHeHNe.

CKOpOCTb peaKkuumn onpeaenaeTcs NpUpoAoN pearnpyowmnx BeLecTs.

[na NpoTeKaHUa XMMUYECKOW peakuun pearvpyoLlime YacTuLbl JOMKHbI
CTONIKHYTbCA APYr C APYroM 1 065aAaTb SHeprueil, AOCTaTOYHONM Ana paspy-
LIEHWA CBS3EN B MCXOAHbIX BELeCcTBax.
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BOHpOCbI, 3agaHunA, 3agavun

1. Kak no mepe nNpoTeKkaHUsA peakuumn N3MEHAIOTCA KOnmYecTBa (MOsb) U MONSAPHbIE KOH-
LeHTpauumn (monb/am3): a) peareHTOB; 6) NpoayKToB?

2. KaK n3meHseTca CKOpOoCTb peakumm rno mepe eé€ nportekaHnAa?

3. Moyemy AnNA BbIUMCIIEHMA CKOPOCTM peakumn TpebyeTtca, UuToObl 06bEM peaKLMOHHOM
CMecu 6biNT MOCTOSAHHbBIM?

4. Kak paccunTblBalOT CPefHIo CKOPOCTb XMMUYECKOWN peaKkumym Ucxofa M3 ypaBHeHUA
peakumm, o6béMa peakLMOHHON CMEeCU 1 N3MEHEHNA KOMUYecTBa (MOJb) OQHOrO 13 BeLecTB
3a NHTepBan BpemeHu t,—t;? HanvwunTte COOTBETCTBYIOLLEE BbIPAXKEHNE.

5. Wcxopa v3 npepactaBneHnin 06 sHeprv akTmBauuy, o6bACcHUTe, MoYemMy AfiA NpoTeka-
HMA SK30TEPMUYECKMX Peakuuii B page cJlydyaeB HeoOxoaMMo npeaBapuTeNibHOe HarpeBaHue
peareHTOB.

6. MoAcHWTe GM3NUECKNI CMbICTT BbipaeHUs: «CKOPOCTb XUMMUYECKON peaKkumu paBHa
2 monb/(gm3 - )».

7. B cocype o6bémom 8 am® npotekaeT peakuns 2A + By = 2B(,. Yepes 2 muH nocne
Hauyana peakuun Konmyectso B coctaBuno 4,8 monb. Onpepennte ckopocTb: a) obpa3oBaHUA
BelecTBa B; 6) pacxopoBaHuA Bellectsa b.

8. Peakuua ruppuposanua 6ensona CeHgy + 3Hyy = CgHyyy NpoTekana B peaktope
o6bEMoM 20 p,M3. NcxopHoe KonnuecTBo Bogopoda coctasnano 0,5 monb, a uepe3 10 muH
OHO OKa3anocb paBHbiM 0,3 Monb. PaccumTanTe B yKa3aHHOM MHTepBasne BPeMeHUN CKOPOCTb:
a) pacxofoBaHuA Bofopofa; 6) 06pa3oBaHNA LMKIOreKcaHa.

9. B npouecce npeBpalyeHna o3oHa B Kucaopog 203 = 30, MonApHaa KOHLEeHTpauuma
030Ha ymeHblMnach Ha 0,02 monb/Am>. Ha Kakylo BeNMUMHY BO3pPOCHa MONAPHaA KOHLEHT-
pauua Kucnopopa?

10. B Hauane peakunn, npoTeKatoLen cornacHo ypasHeHuio 2CO + O, = 2C0O,, KOHLEeHT-
pauusa Kucnopona B peaktope 6bina pasHa 0,03 monb/am>. Yepes 20 ¢ oHa oKaszanacb pas-
Hoit 0,02 monb/am3. PaccunTaiite ckopocTb okncreHna CO B yka3aHHOM MHTepBane BPeMeHM.
Kak npu 3ToM nsmeHunncb monapHble kKoHueHTpaumun CO n CO,?

§ 21. GaKkTopbl, BAUAIOLWME HA CKOPOCTb
XUMMNYECKNX peakuuin

3HaHWe CKOPOCTEN XUMWUYECKUX PEAKINH W 3aKOHOMEPHOCTEN WX TMPOTEKAHUS
nuMeeT GOJIBIIOE HAYYHOE ¥ IMPAKTHYeCKoe 3HaveHwe. Harpumep, B XUMUIECKON
IIPOMBIIIIJIEHHOCTH OT CKOPOCTU PeaKIMil 3aBUCAT KOHCTPYKIIUS, pa3Mepbl U IIPO-
M3BOIUTEILHOCTD AIAPATyPhl U Jlaske OEe30TTaCHOCTh MTPOU3BOICTBA.

Kax 6b110 0T™MeYeHO B TIpezbiaytieM maparpade, CKOPOCTb XUMUYECKOI peak-
UK OlpeiesiseTcsl IPUPOIoN pearupyronux seiects. Ho ckopocTb MOXKHO yBe-
JINYUTDH WU YMEHBIIUTD, U3MEHSIS YCL08US NPOMEKAHUS PeaKyUU.

K ¢axropam, cyiiecTBeHHO BJIUSIONIUM Ha CKOPOCTh XUMUYECKUX PeaKInii, OT-
HOCSITCST KOHUCHMPAUUS. Peazenmos, memMnepamypa, Haiudue u npupooa Kamaiusa-
mopa, naowads NOBEPXHOCMU CONPUKOCHOBEHUSL PEAZEHIMO8.



116 Xumunueckue peakumm

, ~ . 3
Konuenmpauus peazupyrowux eewecms

CropocTb peakIuy MPOTOPITMOHATbHA YNCTY CTOJKHOBEHU,
KOTOpPBIE MPETEPIEBAIOT YACTUIIBI PEATNPYIONUX BemniecTB. Yem
BbIIIIEe KOHIIEHTPAIMKA UCXO/HBIX BEIEeCTB B PEAKIIMOHHOI cMecu
(pacTBOpE), TEM Yallle WX YaCTHUIIBI CTATKUBAIOTCS MEXKILY COOOM,
YTO U TPUBOJUT K YBEJIUYEHUIO CKOPOCTHU PEAKIIUH.

Bnnanune

KOHUeHTpaLmu Temnepamypa
peareHTa 3

Ha CKOpOCTb CkopocTb OOJBIHIMHCTBA XUMUYECKUX PeakKIUil CUJIbHO 3a-
peakLum BUCHUT OT TeMIepaTypbl. ITy 3aBucuMocTh B 1884 roxy ycrano-

BT rostanzckuii xuMuk S. X. Bant-Todpd — mepsorit maypear
Hobenesckoii nmpemun 1o xumun. OH cOpMyIUPOBaI IIPABKIIO,
Ha3BaHHOE BITOCJIE/ICTBUU €TO MMEHEM.
IIpu nosvuwenuu memnepamypor na xaxcovie 10 °C ckopocmsv 601pwUHCMBA XU-
M'uuecmwc peaxyuil yeeauuusaemcs 6 2—4 pasa.

MaTtemaTnyeckoe BblpaxeHre 3aBUCMMOCTM CKOPOCTM peaKkuumn OT TeMnepaTypbl UMeeT BUS:
vy = vy - YA, e

U, — CKOPOCTb peaKkuumn npu 6omnee BbICOKONW Temnepatype ty;

Uy — CKOPOCTb peaKkuuun npu 6onee H13KOWM Temnepatype t;;

At — pa3HOCTb Temnepatyp t, u t;;

v — KoapduumeHT BaHT-Todpda, KOTOPbLIN MOKa3biBaeT, BO CKONMbKO pa3 yBeIMYMBaeTCA CKO-
pOCTb peakuun Npu NoBblleHUK TemrnepaTypbl Ha Kaxgble 10 °C.

Tak, ecnn y = 3, a npu 20 °C peakuyma gnutca okono 10 yacos, To npy 100 °C oHa Npongért
NPUMEPHO 3a 6 ceKyHA. [na GONbLUMHCTBA NPAKTMYECKM 3HAUNMbIX PeaKLMin Y MMeeT 3HauYeHuA
oT 2 fo 4.

WN3yyas, kak MU3MEHSIIOTCS CBOWCTBA IOJMMEPOB, JEKApCTB, MaceJs, CMa30K
1 MHOTHX JIPYTMX MaTepuajioB B Ipollecce XpaHeHUs, UX BbIJIEPKUBAIOT HEKOTO-
poe BpeMsl TIPU TIOBBIIIIEHHBIX TeMIlepaTypax. JTO 3HAYUTETbHO YCKOPSIET XuMuJe-
CKHe peakiny pacriajia, TUAPOJIN3a, OKUCJIEHUST BEIeCTB U JIPyrue eCTeCTBEHHbIE
MIPOTIECCHI, TPOTEKAHNE KOTOPBIX B UTOTE TIPUBOAUT K HEMPUTOAHOCTH MATEPUAJIOB
U useanit U3 HuX. Takoil crmocob TeCTUPOBaHUS Ha3bIBAIOT YCKOPEHHLIM CMape-
HUeM ¥V UCTIOJIb3YIOT JIJIs IPeBAPUTENHHON OIEHKH MOJIE3HOTO CPOKA CAYHCObL N3-
@MI‘/’I WJIM CPOKa WX TOAHOCTH (XpaHEHUs).

BbinepxuBaHune 6ymaru npu 100 °C B TeueHne 24 4acoB COOTBETCTBYET CPOKY €€ XpaHeHWA
B TeyeHWe 6-8 neT Npy KOMHATHOW TemrnepaType. DTOT Npuém HeobxoauM AnA onpeaeneHuns
NPOJOIKMUTENIbHOCTM NCMOMb30BaHMA KHUT 1 JOKYMEHTOB.
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YMeHblIleHNEe TeMIIepaTypbl XPaHEHUs MUIIEBBIX MPOAYKTOB 3aMeITeT XUMHU-
YyecKue TIPOTecChl UX TMOPYU: OKUCJEHUs, Pa3ioKeHus u Ap. Tak, CpOK TOAHOCTH
CJMBOYHOTO MacJjia pu Temneparypax xpanenus +3, —6 u —16 °C cocrasisier co-
orBercTBeHHO 35, 60 1 120 cyTOK.

Kamanauzamopuwt

[TpoBesieHne XMMUUYECKUX PEAKIUI B MPUCYTCTBUU KAMAAU3AMOPOE SBJSETCS
OJIHUM U3 OCHOBHBIX CIIOCOOOB YBEJUUYEHUsI CKOPOCTHU MPEBPAIIECHUH BEIIECTB.

Karanua — smo npouecc ycxopenus xumuueckoi peakyuu nod Oeticmeuem
Kamanu3amopa.

HarmomuuM, 4TO KaTaqmsaTtopbl YCKOPSIOT XUMUUYECKUE PEAKITUHU, HO He BXOAST
B COCTaB KOHEYHBIX MPOAYKTOB. KosimyecTBO KaTasmsaTropa, B OTJIUYUE OT APYTUX
peareHToB, MPAaKTUUYECKU He MU3MEHSeTCS TOocjae Peakiuu. XUMUYecKue peakiinu
B NPHUCYTCTBUU KATAJIM3aTOPa TMPOTEKAIOT ObICTPee, MOCKOJIbKY OH 00eciednBaer
ATLMEPHAMUBHDLIL NYMb NPEEPAUCHUS.

Paccmorpum JieiictBre kartaausaTtopa Ha IPUMepe PeaKInu:

Ay + by = 2ADb.
Bes katanmmsaropa ata peakiust mporekaet Meyerno. Kamanusamop K 6w1cTpo

pearupyer ¢ OJHMM M3 MCXOAHBIX BEIIECTB, HApUMep Ao, U 00pasyeT peakinoH-
HOCTIOCOOHOE npomescymouoe coedunenue A,K:

Ay + K = AyK (GbicTpast peaxiust).
IIpomesncymounoe coedunenue A,K akTUBHO B3aMMOIEHCTBYET C APYTUM pea-

reutoM — B, mpeBpaiasich B mpoaykT peaknuu AB. Karamuzatop K BbIcBOGOK-
naercst 6e3 U3MEHEHMSI:
AyK + By = 2AB + K (6bicTpas peaxiust).

BsaumoneiictBue peareHTOB Ay 1 By 110 MHOTOCTaIMITHOMY Kamaiumuueckomy
nymu B 1[eJIOM TIPOTEKAEeT Topasio ObIcTpee, YeM 0e3 KaTaau3aTopa.

Kamanusamop mmnozokpammno ecmynaem 6 xumuueckoe 83aumooeiicmeue ¢ yuacm-
HUKAMU Npespaujenus, Ho C80U XUMUYeCKull cocmas soccmawnasiusaem. Kamanusa-
mop He 6KI0Uaemcst 8 NPooyKmvl PeaKuuu.

Hanpumep, peakuus smepudurayuu Mexmay KapOOHOBON KHUCJIOTOW M CIIUPTOM
[POTEKAeT 3HAUYNTEIbHO ObICTPEE B IPUCYTCTBUM CUJIBHOI MUHEPAIbHON KUCJIOTHI:

_0 HoS O oy, £ _0
CH,~C_ |+ HO—CH,CH,CH, = CH,~C_ T
OH O—CH,CH,CH,

YKCyCHadA KHUCJIOTa IlpOllaHOJ1'1 Inponujaarerar

0.
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[nsa oxucnenus okcuga cepoi(IV) SO, B okcun cepoi(VI) SO3 kucimoponom
BO3/IyXa MCIOJBb3YIOT KaTtaausarop V,Os:
400-600 °C, V,0,

280, + 0, <  280,+ Q.

CKOpOCTb 3TOH peakIy B MPUCYTCTBUU KATAJIN3aTopa YBEJIUYMBAETCS TPU-
mepao B 10 000 pas.

ITnowaov nosepxnocmu conpuxoCcHo8eHUS peazupyrouwux eeu,ecmae

Ha ckopoctb zemepozennvix peakuyuil CUIbHOE BJIWSHUE OKa3bIBA€T BeJUYMHA
TIJTOMIA/IM TOBEPXHOCTU CONPUKOCHOBEHUsT peareHToB. IIpoBeém /Ba aKcriepruMeH-
Ta u yoeagumcst B 9ToM. [IJ1s1 9TOTO B JiBe MTPOOUPKU HaIbEM pa3baBIEHHYIO COJIsI-
HYIO KHCJIOTY PaBHBIX 00BEMOB. B 1epByio IPOOMPKY OIYCTUM KyCOYEeK Mpamopa
(CaCOs3), a BO BTOpyIo — Mpamopuyo kpomky (CaCOs3) Toit ke maccwl. Bu-
HO, 4TO GoJIee MHTEHCUBHOE BBII€JIEHNE Ia3a IPOUCXOIUT B IPOOUPKE € KPOIIKOIA,
U peakius ¢ Hell mpoTeKaeT ObICTPee, YeM ¢ KYyCOYKOM Mpamopa.

M3 1oBceHEBHOTO OIBITa HAM U3BECTHO, UYTO JI€PEBSHHBIE CTPYKKU U IIENKH
cropaior ObIcTpee, YeM II0JIEHO M3 TOrO Ke JepeBa U TOil e Macchl. ITO OObACHSI-
eTCsT TeM, YTO y CTPYsKEK 00Iast IJIOINaAb TOPSIeld MOBEPXHOCTH HAMHOTO OOJIb-
1re, 4YeM y ToJIeHa.

TakuMm 06pa3oM, GOJIbINAS TJIOMALb TIOBEPXHOCTH CONPHKOCHOBEHHUS pearcH-
TOB obecrednBaeT GOMBITYIO BEPOSATHOCTh KOHTAKTA B3aHMOJIEICTBYIONNX YACTHI]
U yBeJIMUYEHNEe CKOPOCTU zemepozenuvix peakuyuil. IlpenebHbIM cirydaeM «apo0iie-
HUsI» PeareHTOB SIBJISIETCS] MX PACTBOPEHHE U UCIIOJIb30BaHUE B BUJIE PACTBOPOB.

Ha ckopocTb Xumuuyeckux peakumii BAUAIOT KOHLUEHTPaUUA peareHToB,
TemnepaTtypa, Hannume KaTtaav3aTopa U miowagb MOBEPXHOCTU COMPUKOC-
HOBEHMA peareHToB.

Katanuzatopbl, obecrneunBasn anbTepHaATUBHbIN MyTb NPeBpPaLLeHus, YCKO-
PAT XMMUYECKNE peaKLMM, HO He BXOOAT B COCTaB KOHEYHbIX MPOAYKTOB
npeBpaLLeHnia.

Bon POCbl, 3afaHNA, 3aa4un

1. YKaxnTe pacrnonokeHue MarHus, UMHKa, »kenesa n Meaun B pagy akTMBHOCTM MeTassioB.
Kak 3TO OTparkaeTcAa Ha CKOPOCTM MX peakumu C pacTBOpaMm KUCIOT?

2. lNoyemy Ona NpoTeKaHUA XMMUYECKOWN peakuun, Kak NpaBuio, HeJoCTaToOYHO NPOCTO-
ro CTOJIKHOBEHMS YacTuL, peareHToB? Kakre mpouecchbl NpeAwecTByoT 00pa3oBaHNI0 HOBbIX
CBA3eN B NpodyKTax peakumnmn?
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3. YTto Takoe sHeprus aktuBauuy peakunm? Mouemy MONEKysbl peareHToB, MMeloLue 3a-
Mac SHeprumn meHblue, Yem E,, He BCTYNaloT B XMMUYECKYIO peaKLuuto?

4. MpegnoxunTe Nyt yBenuueHua ckopoctn peakumm: 2AI(OH); = Al,O5 + 3H,0 - Q.

5. MNoyemy CKOpOCTb GOMbBLUMHCTBA peakuuii Bo3pacTaeT Mpu NoBbIWEHWN TeMNepaTypbl?

6. Mouemy MHOMMe fieKapcTBa XPaHAT B XONOAUNbHUKE?

7. Kakune BelyecTBa Ha3blBaloTCA Katanusatopamu? MNpusegrite npuMepbl M3BECTHBIX Bam
peakuuii, NpoTEKaLWKX B MPUCYTCTBAM KaTann3aTopos.

8. MNepeuncnute Bce GpakTopbl, yBENMUMBAOLME CKOPOCTb PeakUMM CUHTE3a aMMUaKa:

400-500 °C, Fe, p
3H, + N, = 2NH; + Q.

9. B 3aKpbITOM cocyae NOCTOAHHOTO 06bEMa NMpOoTeKaeT XMMUYecKas peakums: Ag + by = By,
Jlo Hauana peakLn MONAPHaA KOHLIeHTpauma A cocTaBnana 5 monb/am>. CKopocTb peakuuu
no sewectey A pasHa 0,06 monb/(am3 - c). PaccumTaitte KOHUEeHTpauuto Belectsa A uvepes
20 c nocne Havana peakuuu.

10. B xmuyeckuin peaktop o6bémom 50 am> BBeNM razoobpasHoe BelecTBo A Konuye-
cTBOM 20 Mosb 1 razoobpasHoe BelyectBo b konvyectsom 60 Mofb, Mexay KOTOPbIMU MpPO-
nsowna peakuma A(r) + 2b(r) = B(r). Yepe3 3 MuHyTbl KOHUEHTpauma BelecTBa A yMeHbLIN-
nacb HanonosuHy. OnNpegennTe CKOPOCTb pacxofoBaHMA BelecTsa b.

Jabopamopnuiii onvim 2. Hccaeoosanue ausnus memnepamypot
U KOHUeHmpayuu Kucjiomol Ha CKOPOCMb 63AUMO0EUCMBUS UUHKA
U CONAHOU KUCTIOMDL

PeaxmugvL: TTNHK, XJIOPOBOJOPOIHAS KICJAOTA ¢ KOHIleHTparmeii 1 Mous/mm°
(3,6 %) n ¢ xonnenrparmeii 0,1 Momn/am> (0,36 %).

I. BiusiHue KOHLEHTpauu

1. B iBe poOMpKY TIOMECTUTE TIO JIBE OJMHAKOBBIE TPAHYJIBI ITHHKA.

2. B oxmy mpobupky mpuieiite 1-2 c¢M® KHCIOTH ¢ KOHIeHTpaiueii
1 MoJB/AM®, B APYTYI0 — CTOJBKO e KHCJIOTHI C MOJSPHON KOHI[eHTpaImeil
0,1 Moub/M°.

3. CpaBHHUTE MHTEHCUBHOCTH BBIJIEJIEHUS BOJOPO/IA.

4. ChopmysnupyiiTe ¥ 3alUIINTE BBIBOJ O BJIWSHUU KOHIIEHTPAIUU KUCJIOTBI
Ha CKOPOCTDb €€ B3aMMOJEHCTBUS C IIMHKOM.

I1. Bausinue TemMnepaTypsl

1. TIpo6upKy, B KOTOPOIi Ta3 BBIAEISIETCS MEJIEHHO, cJerka nojporpeiite. [laii-
Te 00bsICHEHNE HAOJIOAEMOMY SIBJIEHHIO.

2. ChopmyaupyiiTe ¥ 3alIUIINTE BBIBOJ O BJMSIHUM TeMIEPaTypbl HA CKOPOCTD
peaxImm.

0o

§ 21.1



120 Xumuueckue peakuum

§ 22. Xumnueckoe paBHoBecne

XuMHUeCcKre CBOUCTBA BEIIECTB BbI B GOJIBIIMHCTBE CJIyYaeB U3ydyaad Ha TPU-
Mepe HeoOpamuMvlx peaxyuil, TO eCTh TPEBPANIeHU, TIPOTEKAIOIINX 8 0npedeséH-
HbIX YC0BUSAX TOJIBKO B OJIHOM HalpaBjeHUM. Takue peakiuy 3aKaHYMBAIOTCS,
KOT/Ia XOTsI OBl OJIUH M3 PEAreHTOB MOJHOCTHIO TPEBPAIaeTcsl B MPOAYKT. Ecan
peareHTbl B3STbl B CTEXMOMETPUYECKOM COOTHOIIECHUHU, TO PeaKIUsl 3aKaHYMBAeTCs
IIPU TIOJTHOM TIPEBPAIleHUN BCeX MCXOHBIX BEIIECTB.

Nayuns matepuasn § 18, BbI y3HAIM, 4TO CYIIECTBYET MHOKECTBO 0OPAMUMbBIX
peaxyuii, KoTopble B OIPE/eJIEHHBIX YCJOBUAX IIPOBE/IeHUsT TPOTEKAIOT KaK B IPsi-
MOM, TaK M B OOpATHOM HalpaBJEHUSAX 00HO8peMenio. B pesyibrare peakiuu mpo-
TEKAIOT He <00 KOHYa», a 10 COCMOsHUs pasrosecus. 11pu M3MeHeHUN yCIOBUIA
MPOTEKAHUST 0OPATUMOIT Peakiuu eé 0OBIYHO MOKHO MPOBECTU MPEUMYIIECTBEHHO
B MIPSIMOM WJIM OOPaTHOM HArpaBJICHUHU.

B kauecTBe mpumepa pacCMOTPUM 00pamuMyr0 peakiyuro CUHTE3a 0I0BOI0PO-
Jla 13 ra3000pa3HbIX MPOCTHIX BEIIECTB MpH TeMrieparype 450 °C:

H2(r) + IZ(r) = 2HI(F)

B Havase peakimu B cocyjie HaXoJsTCsl TOJAbKO Bojopoa Hy u iiog Iy,

B xoze peakiuu nx KOJMYECTBO MOCTEIIEHHO yMeHbIaeTcs. BesemctBue aToro
CKOPOCTh MpsIMOI peakiu oOpasoBanust HI takske ymenbimaercst (puc. 49).

OnHOBpEMEHHO YBEJMYMBAETCA KOJUYECTBO WOIOBOIOPOIA, BCIEACTBUE dYe-
ro ckopocth obpaTHOW peakiuu (pasnoxenuss HI) mocrenmeHHo yBesndyuBaer-
cs. Uepes HeKOTOpOe BpeMs CKO-
pocTH ¥ IIPAMOM, U 0OpaTHON

CKOpOCTh U, MOJIb/IM>-C

\\\ Oo6pasosanne HI
v L+ H,— 2HI

=< TIPSM. ()()pﬂ'l‘l[.

-
-

I “Pasnoxerme HI
/" HI+HI-H,+1,

0 20 40 60 80

Bpewms, mun

Puc. 49. I3meHeHne co BpemeHeM CKOpOCTeNn

npAmMoi 1 obpaTHO peakumn B xoge cuHTesa HI

peaKHI/Iﬁ CTaHOBATCA OJNMHAKO-
BbIMU U OoJjiee He U3MEHSIOTCH:
Pupsin. = Vobparn.

Takoe cocTrosiHIIe HA3BIBAETCSI
NOOBUNCHBIM XUMUUCCKUM PAasrHo-
eecuem, Njan 1pocTto XUMUUECKUM
pasHosecuem.

XumMuyeckoe paBHOBECUE —
amo ycmoﬁuueoe cocmosnue pe-
AKUUOHHOT CMeCU, NPU KOMOPOM
npamas u obpammnas peaxuuu
npomexaom ¢ 00UHaKo8oll CKOPo-
cmuto. B cocToSTHUM XMMUUYECKOTO
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paBHOBECUS KOHIIEHTPAIIUM PEAreHTOB U MPOAYKTOB PEAKIUU He U3MEHSIOTCS CO
BpeMeHEeM W Ha3bIBAIOTCS PABHOBECHLIMU.

XuMuyeckoe paBHOBeCHE YCTAHABJMBAETCS HE3aBUCHUMO OT TOTO, KaK OCy-
MIECTBJISETCS TIPOIECC — CJIEBA HAIPABO WJIU CIIpaBa HajeBo. Eci B peakTop To-
MECTHUTH HOM0BOMOPOA BMecTo cMecu Hy u I, m Harpets ero mo 450 °C, To uyepe3
HEKOTOpPOe BpeMsi CKOPOCTh peakiuu paszioskernus HI cpaBHsgeTcst co cKOPOCTHIO
peakiuu cuntesa HI. Ilomyuyurcs paBHOBecHast cMeChb C TaKUM K€ COOTHOIIIECHM-
em Kosmuects Hoy, I, u HI, xak B caydae, eciu Obl B KaueCTBE UCXOIHBIX BEIIECTB
pearenToB Oblia B3gTa cMech Hy u Iy,

Cmewenue xumuuecxozo pasnogecus. Ipunyun Jle Illlamenve

WNTtax, B paBHOBECHOM COCTOSTHUM COOTHOINIEHNE KOJUYECTB PeareHTOB M IPO-
IYKTOB JIJISI IAHHOW PeakIuy U B 33J[aHHBIX YCJIOBUSIX BITOJTHE OTPEIEIEHHO U MO-
JKeT COXPaHATbCS GECKOHEYHO 10JIr0. J[JIsi M3MEHEeHMsI 3TOTO COOTHOIIEHUS, HAIlPH-
Mep C TeJIbI0 MOBBIIEHNsT BBIXO/Ia MPOAYKTa, HEOOXOANMO CO3/IaTh HOBBIE YCJIOBUS
00paTHMOil peakInu.

Cwmelnenrie XUMUYECKOTO PAaBHOBECUS — 3JTO IPOIECC YCTAHOBJIEHUS HOBO-
r0 COCTOSIHMSI paBHOBeCHs OOpaTUMOIl peakiUy IPU M3MEHEHUM YCIOBUN eé
MPOTEKAHMSI.

Ecnu nocne usmenenust ycaosuii npogedenus. 00pamumo peaxyuil cKopocms npsi-
MOU peakuuu cmanosumcs. 6oavue cKopocmu 00pamuoi pPeaxuyuu, mo pasHoecue
CMEWAemcst 6NPaso:; PAGHOBECHbLE KOHUECHMPAUUU NPOOYKMOE PEaKUull Yeerudusa-
10MCSL, A UCXOOHBIX BEUeCNE — YMEHBULAIOMCSL.

Ecau nocne usmenenus ycnosuii ¢ 6oavulell CKOpoCcmvl0 Havunaem npome-
Kamv o0bpamuas peakyus, mo pasHosecue 00PAMUMOl PeaKyuu CMeuaemcs 6Je-
80: PABHOBECHLIE KOHUCHMPAUUU UCXOOHIY BEUECME YEEAUUUBAIOMCS, A NPOOYKMOE
Peakuuu — YMenbuarmesi.

JlocTukeHre peakImMOHHON CMeChI0 HOBOTO COCTOSTHUS PABHOBECUS 3aHUMAET
HeKoTopoe BpeMsd. HoBoe XxnMmuueckoe paBHOBECHE XapaKTEPU3YETCS YiKe JIPYTH-
MU PABHOBECHHIMU KOHUESHMPAUUSIMU YIACTHUKOB PEAKITM.

HampaBsienne cMmereHns XUMUYECKOTO PABHOBECHS MPU U3MEHEHUM yCJIOBUN
npoTekanus peaknuu onpejessgercs npuHiunoMm Jle Illarense, ycranoBieHHbIM
dbpanmysckum yuénbim A. JI. Jle [llatenpe B 1884 romy.

Ecnu na cucmemy, Haxoosauwyiocs 6 pasHosecull, 0Ka3amy GHeuHee 8030eicmaeue
(usmenumv memnepamypy, oagienue Ul KOHYUEHMPayuio), mo paBHOBECHE CMela-
€TCsl B HANPaBJIEHUH TOW PeaKUuu (Npsamoi uiu 06pamuoil), KoTopasi ocaadisier
OKa3aHHOEe BO3/IeiicTBHE.
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HesaBucrmo ot A. J1. Jle WWatenbe npuHLmMN XMMUYECKOTO PpaBHOBECUS B 0OPATVIMbIX pPeaKkLm-
Ax B 1887 rogy chopmynupoBan 1 TeopeTnyeckn o6ocHoBan Hemeuknin rsuk K. @. bpayH. 31oT
NPUHLMMN MPUMEHUM K 0OpaTMbIM peakLUAaM B rasax, a TakKe K peakuusim B pacTBoOpax Win K
reTeporeHHbIM peakunaM C yyacTrem TBEPAbIX 1 ra3006pa3HbIX BeLlecTs.

Bauanue memnepamypot

W3 tepMoXxUMHUYeCKUX ypaBHEHMH, 3allMCAHHBIX B BUJIE:
H2(r) + 12(1“) =2 2HI(F) + 10,2 K[I)K,

2HI(F) = Hz(r) + IZ(r) - 10,2 KI[)K,
cyietyet, 4To mpsiMasi peakiust cuaTesa HI uaér ¢ BbigeseHeM TerioTsl, a obpar-
Has — C IOIJIOI[EHUEM TaKOIO K€ KOJMYECTBA TEIJIOTHL.

Ipu nosvuwenuu memnepamypvl XuUMU1UECKoe PAGHOBECUe CMEWaemcs 6 Ha-
npasienuu IH0OMEePMUUECKOU PeaKuyull, NPu NOHUNCEHUU — 6 HANPABIeHUU
aKzomepMuuecKou.

[Ipy TOBBIIIIEHUH TeMIIEPaTyPbl B PaBHOBECHOI cucreMe B GOJIbINEH CTENeHn
YBEJIMYNBAETCsT CKOPOCTh peaknnu pactaga HI ¢ noziowenuem mennomot. Tak ocab-
JIIETCST HarpeBaHWe W YMEHBINAETCsl KOJIMIECTBO TOABEEHHON TetioThl (Tabi. 15).

Tabmuua 15. PaBHoBecHoe conepxanne HI ;) B CMECH ¢ HCXOIHBIMA KOJIHY€CTBAMH
Hyy 1 Iy,

Temmeparypa, °C 100 200 300 400 500 600 700

Copepsxanue HI, % 90 86 83 81 79 76 73

Brusanue oasnenus 6 cucmeme

[Tpu TOCTOSTHHBIX TemIiepaType U 00béMe JIaBJIeHHE B CUCTEME MPSIMO TTPOTIOP-
ITNOHAJIBHO O6H_IeMy KOJIMYECTBY ra30B B CMECH. Ecnu 6 .X'Oa@ XUMUYECKOUL peaxkuuu
KOJIMYECTBO (MOJIb) Ta30B B CUCTEME YBECJIMYUBAECTCA, TO JaBJIEHUE BO3PACTACT. Ha
pUMepe 00PaAmuUMOl Peaxyuy CUHTEe3a aMMUaKa:

Ny + 3Hyy 2 2NHjpy

1 Moms 3 Mo 2 Mo
PaCCMOTPUM HM3MEHEHHE KOJJIMYECTBA I'a30B B XO/€ XMMHWYECKOTO ITpeBpalll€eHu:A.
s YpaBHEHUA PEAKIIMKN CJIEAYET, YTO:

a) B pe3yJibTaTte HpHMOIL/,I peakyuu cunmesa aMMHraKa O6HI€€ KOJIMYEeCTBO Ira30B
YMEHbHIAETCA C 4 10 2 MOJIb, BCJIEJICTBUE YEero JaBJE€HNE B CHUCTEME ITOHMNXAECTCA;
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6) B pesyibraTe 00paTHOU peakyuu pasiolcenus aMMHuaka oOlee KoJmde-
CTBO Ta30B YBEJUYUBAETCS C 2 10 4 MOJIb, BCJEJCTBHE YETO [ABJIEHUE B CUCTEME
BO3pacTaer.

Eciv yBeqmunTh JaBieHue B CUCTEME, PaBHOBECHE CMECTUTCS B CTOPOHY €ro
MOHMKEHMsI, TO €CTh YMEHbIIEHUsI KOJMYEeCTBA ra30B MPU MPOTEKAHUH PEAKINU
B IIPsSIMOM HarpasiieHrn. Hao6opoT, Ipyu yMEHbIIEHNH JaBJIeH s PABHOBECHE CMe-
CTUTCS B OOPATHOM HAlPaBJECHUM /IS YBEJMUYCHUST KOJIMYECTBA ra30B 3a CUET pas-
JIOKEHUS] aMMUaKa.

Ecim 06bEM cricTeMbl MOKHO M3MEHHTD, TO YBEJUUECHUE JABICHUS TIYTEM CoKa-
THsI Ta30B BBI30BET yMEHbIIIEHHE UX 00BEMA U CMEIIEHHEe PAaBHOBECUSI B CTOPOHY
MPOTEKAHUS MPSIMON peakiiuu — B3aUMOJICHCTBUST a30Ta U BOJIOPO/IA.

3BeCTHO JIOCTATOYHO MHOTO OOPaTUMBIX PEaKIMi, B X0/e KOTOPBIX 001iee KO-
JIMYECTBO Ta30B He m3MeHsieTcst. Hampumep:

COyy + Hyy 2 CO(py + HyO(py —
FeZO?)('I‘B) + 3H2(I~) = 2Fe('r3) + SHQO(F) - Q
O‘{eBI/IHHO, 4YTO B TaKUX CJydadX U3MEHEHUE O6'béMa CHUCTEMbI NJIN 061/,4620 8616'

JIEHUsL 2a3000PA3HBIX Peazenmos U npooyKmoe peaxyuy B Hell He BIUSET HA TOJIO-
JKeHe XMMUYECKOTO PaBHOBECHSI.

Bausnue KOoHuenmpauuu eeuiecme

XuMHu4yeckoe paBHOBECHE MOXKHO CMECTUTD, U3MEHSIST KOHUEHMPAUU0 BEIeCTB,
y4YacTBYIOIIMX B peakiuu. B cucreme mocTossHHOTO 00bEMa yBeIMYeHre KOHIEHT-
panuu 001020 W3 BENIECTB PABHOCUJIBHO €ro J00aBIEHUIO B PEAKIMOHHYIO CMECH,
a yMeHbIlleHHe KOHIIEHTPAI[MN BeleCcTBa PaBHOCUJIBHO €ro yIaJeHuIo U3 Peakiu-
OHHOU cMecH.

Pacemorpum BinsiHue M3MeHEHUsS KOHIIEHTPAIIMU HAa COCTOSIHWE PaBHOBECHS
peakiu: aA + bB 2 ¢C + dD.

[Ipu yBeMYeHUN KOHIEHTPAIIMU OJHOTO WJIM 0OOMX MCXOAHBIX BellecTB A u B
CKOPOCTbH TIPSIMOI PeaKIny yBEJTMUYNBAETCS. JTO TPUBOIUT K CMENIEHUIO PaBHOBeE-
cus BIIPABO M HAKOIJIEHUIO TPoayKToB peaknun (C u D).

[Ipu yBemYeHWM KOHI[EHTPAIMU OJHOTO WU 0OOMX MPOAYKTOB pPeaKIUU
C u D ckopocTb 06paTHON peakIuy BO3PACTAET, YTO IPUBOAUT K CMEIEHUIO PaB-
HOBECHST BJIEBO M HAKOILJIEHWIO MCXO/JHBIX BelecTB A n B.

IIpu ysenuuenuu KonyeHmpauuu UCXOOHbIX BEUECNE XUMUUECKOe PABHOBECUE
cMeulaemcst 6npaso, a NPuU UX YMEeHvUeHUU — B61e60.

IIpu yeeruuenuu xonuyenmpayuu npooyKmos peaKuyuu XUMUYeCKoe PABHOBECUE
cmewaemcst 61€60, A NPU UX YMEeHbULeHUU — BNPABo.
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Ipumep 1. Ornpenennrte, B KaKyl0 CTOPOHY CMECTUTCS XUMUYECKOE PaB-

HOBECHE peaKiinn

Noy + 3Hyqy 2 2NHz(,y + Q:
a) TPU yBEJUYEHUU KOHIIEHTPAIMU a30Ta; O) MPU yMEHbIIEHUH KOHIIEHTPA-
MK BOJIOPO/IA; B) MIPU YMEHBINIEHUN KOHIleHTparn ammuaka. OObéM cucre-
MBI TTOCTOSHHBIN.

Pewenue. Tax kax a30T — MCXOJHOE BENIECTBO, TO MPHU YBEJUYEHUU €TO
KOHIIEHTPAIINU BO3PACTET CKOPOCTH MPSAMON peaKiny, PaBHOBECHE CMECTUTCS
BIIPaBO, B CTOPOHY oOpasoBanust NHi.

[TockombKy BOIOPOZT — MCXOMHOE BEIIECTBO, TO TIPU YMEHBIIIEHUN €70 KOHIEHT-
paluy CKOPOCTDb TIPSIMOI PEaKIiy MMOHU3UTCS, PABHOBECHUE CMECTUTCS BJIEBO.

[TockombKky aMMUak — 3TO TMPOJYKT PeakiH, TO TPU YMEHBIIEHUU €ro
KOHI[EHTPAIH CKOPOCTh OOPATHOI PEAKIMK YMEHBIIUTCS, PAaBHOBECHE CMe-
CTUTCSI BIIPABO, B CTOPOHY €ro 00pa3oBaHUsI.

Bausnue KamaJjusamopa

3aueM B PaBHOBECHBIX PEAKIIUSAX UCIOJIB3YIOTCS KaTaJIu3aTOPbI?

Kamanuzamopvl 0JHOBPEMEHHO YBEJNYMBAIOT CKOPOCTHU TIPSIMOIT M 0OpaTHOI
PEaKIlnii, TO eCTb YCKOPSIOM 8PeMsi HACMYNACHUSL PABHOBECUSL.

Karanmusaropsl He eiusitom Ha nojoxcenue XumMuueckozo pasHoBecusi, Tak Kak
B PaBHOW CTEIIEHU YCKOPSAIOM KAK NPAMYI0, MaK u 00pammyio peakyuu.

Taxk, u3 pucynka 49 ua c. 120 BuzgHO, 4T0o 6€3 KaTajnuszaTtopa COCTOSIHHE PaBHO-
Becust mipu 450 °C mis peakiun cuaTesa HI gocturaercs B teuenune yaca. Ilpu mc-
M0JIb30BAaHUU KaTaJn3aTopa PaBHOBECHE B 9TON PEAKITUU IOCTUTAETCS 32 CEKYH/IbI
naske 1pu Temieparype okoso 350 °C.

Ecnu Ha cuctemy, HaxopsLlyloCca B PaBHOBECWM, OKa3aTb BHELLUHee BO3-
Aenctere (M3MEHUTb TEMMNEPATYpPY, AaBNeHME UM KOHLEHTPALMIO OAHOTO 13
BELLeCTB), TO paBHOBECME CMELLAEeTCs B HanpaBieHUn TOW peakuun (npsamon
nnn obpaTHo), KOTopas OcCnabnsaeT okasaHHOe BO3AENCTBME.

KaTanusatopbl yCKOPAT AOCTUXKEHME XMMUYECKOrO PaBHOBECUS, HO
He BNIVAIOT Ha ero MNosoXeHMe.

Bon POCbl, 3a4aHNA, 3aa4n

1. Hanuwwute ypaBHeHMs TPEX 0BpaTUMbIX peakumii.
2. Kakoe cocTosiHMe peakUVOHHOM CMeCh Ha3blBaeTCA XMMUUYECKUM paBHOBecMeM?
3. Kakoii npouecc Ha3blBalOT CMELLEHEM XVMUYECKOro paBHOBecuA?
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4. CoopmynupyiTe npuHumn Jle LLatenbe.

5. O6bACHNTE CMbICH BblpaXKeHUsA: «XUMMYECKoe paBHOBECKE CMECTUNOCh B CTOPOHY Nps-
MOW peakuun (Bnpaso)». Kak npu 3TOM U3MEHUNNCb KOHLEHTPALMK pearnpyrowmnx BeLecTs?

6. Kak BnvaeT n3meHeHne Temnepatypbl Ha NONOXKeHNe paBHOBECUA, eC/in B NMPAMOM Ha-
npaB/ieHNN NPOTEKAET a) SHAOTEPMUYECKas, 6) IK30TepMUYECKas XMMUYeckas peakuus?

7. Kak BnuseT ymeHblleHe 06bEMa CUCTEMbI HA MOJSIOKEHME PABHOBECUA peakuuii, npu
NpoTeKaHUN KOTOPbIX obLlee KOMYecTBO (MOJb) ra3000pa3HbiX NPOAYKTOB BO3pacTaeT?

8. B Kakylo CTOpoHy cmecTutca xummyeckoe pasHoBecne 250, + Oy 2 2503, + Q:
a) NpuU OXNaKAEHUN peaKkLMOHHOW cmecy; 6) NMpu yBeNMYEeHUN KOHLUEHTPauun KUCIOPOAa;
B) NPU UCMOMb30BaHNM KaTann3aTopa; r) Npv yBenMyeHnmn gaBneHus?

9. B KaKylo CTOPOHY CMECTUTCA XMMmnyeckoe pasHosecune B cuctemMe Cyy + COyp 2 2C0 — Q:
a) NpY yBennyeHUn TemnepaTypbl; 6) Npyu yBennueHMn o6bEma cucTembl (YMEHbLUEHWN B Hell
[aBfieHunsA); B) NPy yBeIMYEHNN KOHLEHTPaLUKM yrapHoro rasa?

10. B 3amkHyTbli cocyp nomectunu cmecb SO, u O, ¢ KoHueHTpauwuen 0,04
n 0,03 monb/AM® COOTBETCTBEHHO. [OCNe YCTaHOBMEHNA PaBHOBECUA B PeaKLVOHHO
cmecn 2SO0y + Oy = 2503y B cocype obpasosanca SOz, KOHUEHTpaumAa KOTOporo —
0,025 monb/am3. OnpenennTe paBHOBECHble KOHLEHTpaLun SO, u O,.

Ilpaxmuuecxas paboma 1. Xumuuecxue peaxuuu

Peaxmuevl: TMHK, Kejie30, Me/Ib U YToJib; KMUCJIOTBI CEPHAst U XJIOPOBOJIOPO/IHAS;
TUIPOKCUIBI HATPUST U KAJBIUS; COJTM KNS — XJIOPUJ, CyJbhat u KapOoHaT; co-
au mMeau(1l) — cynbdar n xnopug; denondranens.

[TpoBenute XxuMHUecKe peakilMu COrJIAcHO 3afaHusM 1-4, coctaBbre ypaBHe-
HUS peakluil U oXapaKTepusyiTe KaKAylo U3 HUX 110 Ipu3Hakam: 1) cooTHoleHue
YHUCTa U COCTABA MCXOIHBIX BEIIECTB W TMPOAYKTOB PeakInu; 2) n3MeHeHue cTere-
HU OKUCJIEHWST aTOMOB; 3) BbIjleJieHVe WU TIOTJIONIEeHNe TETJIOThI; 4) HalpaBJie-
HUe MTPOTEKAHUsT PeaKINK; 5) yJacThe KaTain3aTopa; 6) Hajiuyue rpaHullbl pasze-
Jga ¢az (em. § 18).

B ypaBHEHMSAX OKMCIMTETBHO-BOCCTAHOBUTENBHBIX PEAKIINII paccTaBbTe KOA(h-
burmenTeI. YKaKUTe OKUCIUTETTN W BOCCTAHOBUTEJH.

3aodanue 1. Packanvre B MJaMeHN CIUPTOBKU YTOJIEK, BOCIOJIH30BABIINCDH
nunieroM. [lonoxute yroséxk B dapdoposyio yamky. Yepes HexkoTopoe Bpems
Ho/lHeCUTe K HEeMY JIaJIOHb, OLyTUTE BblAejeHue TeraoTbl. OTMeTbre MpU3HaKu
peaxIm.

3adanue 2. PactBop ménoun ¢ 1-2 KamasgMu WHAWKATOpPA HEWTpaiu3yiire
KHMCJIOTOM.

3adanue 3. Tlposenute peaximio comar Mear(Il) ¢ UMEOIUMCST METAIOM.

3aodanue 4. llposeaure T00ObIE [BE PEAKITU MEKIY UMEIOIIUMUCS Y BAC CIIOK-
HBIMW BEIEeCTBAMU.
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Mpu n3yyeHnmn 3TON rnaBbl Bbl MOBTOPUTE M pPaclIMpPUTE 3HaHUA O pac-
TBOPMMOCTW BELLECTB, NMpoLeccax 06pa3oBaHNs PacTBOPOB U CBOMCTBAX
[PAcTBOPOB 3N1EKTPOSIUTOB.

BaXHbI acnekT Tembl — 3HAaKOMCTBO C npakTnyeckn 3Ha4ymMmMbIM MoO-
HATMEeM BOLOPOJHOro nokasartena pH, a Takxe u3yyeHue CBOWCTB pac-
TBOPOB KUCJIOT, LWeEeNIoYen 1 conen ¢ No3nLMm TeEOPUN N1EKTPOSIUTUYECKON
AnccoumaLnm.

3HauuTenbHaa yacTb BpemeHu OyaeT yaeneHa BaMu PELUEHUI0 pPacyéT-
HbIX 33a4a4y C NPUBIEYEHNEM MOHATUN PACTBOPUMOCTI, MAacCCOBOW AONM, MO-
NAPHON KOHLUEHTPAUMK, CTENEHN guccoumaunn n pH.

BakHelwne NOHATUA TeMbl: CMeCb, PacTBOpP, PAacTBOPUMOCTb Be-
LLeCTBa, KPUCTANNOIMAPAT, SNEKTPONUTBI U HESNEKTPOJINTLI, AaHUOH, KaTUOH,
peakumm MOHHOTO 0OMeHa, CUJIbHbIE U Crlabble 3N1eKTPOSINTDI, CTEMEHb 31eK-
TPONUTUYECKON ANCCOLMALINK, BOAOPOAHbIN NOoKa3aTenb pH.

§ 23. PactBopeHune Kak Gpu3nKo-xummyecknim npouecc

Bol yke 3HAKOMBI CO cMecamu eujecms — PACTBOPAMHM U MeXaHMYECKUMU
cMecsiMu, uX Kiaccudukarueit (puc. 50). Hamomuum, 4T0 Mexanudyeckue cme-
cu 00pasyioTcst B pe3yJibraTe MPOCTOrO MepeMellnBaHus BeliectB 6e3 obpa3zo-
BaHMUS UMU XMUMHWYECKOW CBA3W WJIM JPYTMX XUMHUYECKUX U3MeHeHWH. Kaxabrit
KOMITOHEHT TaKOW Mexanuueckoll (zemepozennoli) cmecu COXpaHseT CBOH COCTaB
U CBOWCTBA.

Takske BaM y’ke U3BECTHBI PACTBOPBI — 20MOZEHHbIE YCMOUMUBHIE CUCTEMbL Ne-
PeMenH020 COCMasa, COCMOosAUUEe U3 HECKOIbKUX KOMNOHEHmOog. PasnnualoT Kujakue
(BOJIHBIE W HEBO/IHbIE), Ta3000pasHble U TBEPAbIE pacTBOPbL. HeKkoTopbie WX mpu-
Mepbl TipuBeieHbl Ha prucyHke 50. Mbl OyzeM paccMaTpuBaTh MPEUMYIIECTBEHHO
BOJIHbBIE PACTBOPDI.

B orsimume oT MexaHMUYECKHUX cMeceil pacTBOPBHI OJHOPOJHBI, TO €CTh OTCYT-
CTBYIOT TpaHuilbl paszesa ¢as. Kpome Toro, pacTBOpbI yCTONYMBBI, TaK Kak IPH
HEM3MEHHBIX YCJIOBUAX (KOHIIEHTPAIMsl PAaCTBOPEHHOTO BEIeCTBA, TEMIEPaTypa,
naBJjeHne) OHu OECKOHEYHO JIOJITO OCTAIOTCSI TOMOT€HHBIMU CHCTEMAMUL.
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Tereporennbie (HEOAHOPOIHbIE) MEXaHUYECKHE

TomorenHbie (OHOPOHbIE) — PACTBOPDI

Cwmech ra-
Cwmech Cwmech KHUIKO- 3000pasHoO-
TBEp- TO W TBEP/IOTO Be- TO C TBEp- .
P P P Ta3o06pasHbie Kunkue Teépabie
JTBIX IECTB WU JBYX JIBIM WJTH
BeIecTB SKUIIKOCTEN JKUJTKAM
BEIECTBOM
A
A * Y Y \4
Asposzomm
v p Bosayx,
(Z1BIM, CMOT,
Cycrienzun ra3 npomnas- Kepocum,
TyMaH); CrutaBer
Ipanur, (menr — BOMA); . Oyran, cMecu MopcKast .
TBEp/IbIE Cu—Nj,
6eToH AMYJIbCUU JUIs CUHTE3a BO/I4, JKeJry- .
reHsl (T1e- . Ge—Si
(MOJIOKO, KPEMBbI) aMMUaKa, JIOUHBII COK
HOILTTACT,
MeTaHoJIa
KepaM3uT)

Puc. 50. Knaccndukauma cmecei

DU3UKO -XUMUYECKUT NPOUECC, NPU KOMOPOM NPOUCXO0UM B3AUMOOCUCTNBUE Ua-
CIUY, PACMBOPAEMO20 BEULLCEA U PACMEOPUMELs C 00PAZ0BAHUEM 20MO2ZEHHOU
YCMOUUUBOL CUCTEMbL NEPEMEHNH020 COCMABA, HA3bl8AOM PACTBOPEHUEM.

XuUMHUUecKasi CTOPOHA TPOIlecca PACTBOPEHUS 3aKJTIOUAETCST B Pa3PyIIEeHNH CBSI-
3eil MeX/Iy YaCTUIIaMH PAaCTBOPSEMOTO BeEIecTBA U UX B3aUMOJICHICTBUU C MOJIEKY-
Jgamu pactBoputesst. [Ipu pacTBopennu mporekaioT husndeckue mpoIecchl B3anM-
HOW M y3un 4acTUIl pacTBOPSIEMOTO BEIIECTBA U MOJIEKYJT BOJIBI.

Tennosvie s6aenus npu pacmeopenuu

Jlna paspbiBa XMMMUYECKHUX CBA3€H MEXK/y YaCTUIIAMHU PACTBOPSIEMOTO BellecTBa
HeOOXOMMO 3aTpaTuTh 9Hepruio. Clie0BaTebHO, KOJUYECTBO TETIOTHI B CHCTEME
yObIBaeT M TepBasi CTJMsi PACTBOPEHUsI — ITO IHAOTEPMUUECKHii mporiecc. [Tpu
CBSI3BIBAHMM YACTHUI[ PACTBOPSIEMOTO BeIleCTBA U PACTBOPUTEJISI HA BTOPOIl CTa MU
Ipollecca pacTBOPEHUsT SHEPTHs], HA00OPOT, BBHIAEASETCS. ITO IK30TEPMUUECKUI
MPOIeCC, KOJIUYECTBO TEIIOThl Bo3pacTaeT. CyMMapHBIi TeryoBoil addexT mpo-
1ecca pacTBOPEHUS PaBeH CyMMe /[ByX BEeJUYNH:

Q(paCTBOpeIIHﬂ) = _Q(paBPBIB XUMUYECKUX CBs3eil) + Q(oﬁpasoBaIme XUMHYECKUX CBsI3ell)*
JKCllepuMeHTabHble JaHHble MOKa3bIBAIOT, UYTO TPHU PACMBOPEHUU MBED-
Ovlx 6ewjecme B ONHUX CJIydasX TEIJIOTa BBIAEJSETCS, a B JAPYTUX — II0-

raomnjaercsa. Hanpumep, mpu pacTBOpeHMHM B BOJEe HUTPaTa aMMOHMSI
NH,NO; nabomaercs cujibHOE OXJaxjaeHue pacTBopa. IIpuumba 3akiioya-
eTcs B TOM, UTO KOJMYECTBO TEIJIOTHI, BBIJEJSAIONIEICS TIPU B3aUMOIEUCTBUU

O
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katnonoB NH' u anmonos NO~ ¢ MoJieKyJaMu BOJbI, MEHbIIE KOJUYECTBA
TENJIOTBI, 3aTPpauynBaeMOil HAa pPa3pPblB MOHHBIX CBs3ell B KpuUCTajax HUTPa-
Ta aMMOHUA (Qpacrsopenna)y = —26,4 KK /Momb). [Ipyroii npumep — pactBope-
HUe B BOJle TU/IPOKCHUJIA KaJKs, KOTOPOE COINPOBOJK/IAETCS CUJIbHBIM pasorpe-
BaHNeM pacTBopa. B aToM ciiydae sHeprus, BbljessemMas IPU B3auMOEHCTBUMN
nonos K" u OH™ ¢ mosmekysnamu BoAbl, OOJIbIIE, YeM DHEPTHUs, 3aTpadnBa-
eMas Ha PaspbiB CBS3E MeXKAy 3TUMU MoHaMW B Kpuctamandeckom KOH
(Q(pacmopeﬂnﬂ) = +5576 KIbK/MO]H’)-

Pacmeopenue 2a306 u scudxocmeii 6 600e OOBIYHO COTPOBOKIAETCS BBIIETEH-
€M TeIJIOTBI, TaK KaK IMPAKTUYeCKNU OTCYTCTBYIOT 3aTPaThl dHEPTUU Ha paspyliieHue
CBsi3el MEX/y MOJIEKYJIaMi MCXOJIHOTO BelllecTBa.

Pacmeopumocmb eeuiecme 6 600e

PacTBOpss BemecTBO B BOe, MOXKHO TOJYYUTH HACHIIIIEHHBIE W HEHACHITIIEH-
HbIE PaCTBOPBI.

HachlmeHHbIM Ha3b16ai0m maxoi pacmeop, 6 KOmopom npu 3a0anioi memne-
pamype sewecmeo 6oxvwe ne pacmeopsemcs. Coomeemcemeenio, 6 HeHaChIIEHHOM
pacmeope MOFCHO PAcmeopums 0ONOIHUMENILHOE KOJUUECTBO BEU,eCmEa.

MeHHO K HACBIIIEHHBIM PAcTBOPAM OTHOCUTCS KOJUUECMBEHHAS XApaKmepu-
CUKa cnocobHoOCmuU 6eulecmea K pacmeopenuio, Uiy pacTBOPUMOCTb. PactBopu-
MOCTb M3MEPSIOT, ONpPENENsisl cofiepKaHnue PacTBOPEHHOTO BEIECTBA B €r0 HAChI-
MIEHHOM PAcTBOpE MPHU 33JJaHHON TeMIiepaType.

HawuboJstee 4acTo MCIOMB3YIOT YUCTEHHYIO XapaKTEPUCTUKY — PACMEOPUMOCID (S).
PacTBOpPMMOCTbD YHCJIEHHO PaBHA MaKCHMAJIbHOW Macce BEIIecTBa, ClIOCOOHOTO MPH
JaHHoOl Temmepatype pacTBoputhes B 100 T pactBopurena. Tak, s'’(KNOs) pasna
21 r/100 r Bogwr nipu 10 °C.

PactBopuMOCTh Tasa OIpeNessioT Kak MaKcuMasbHbI 00béM rasza (V, CM3),
pactBopsionierocst B 100 T pacTBopuTesis IpU 33J]aHHBIX TeMIlepaType 1 /IaBJIeHUN.
YacTo UCHOIB3YIOT TAKYIO €ANHUILY U3MEPEHUSsI, KaK KOJMYEeCTBO 00BEMOB PacTBO-
PEHHOrO ra3a Ha OJUH 00HEM BOJIBL.

PactBOpUMOCTD HEpeIKO M3MEPSIIOT U B JAPYTUX BEJUYNHAX, YKA3bIBAS MACCO-
8Y10 00110 TITH MOJLSAPHYIO KOHUEHMPALu0 PaCTBOPEHHOTO BEIECTBA B HACHIIIEHHOM
pacTBOpe. ITH Ke BEJUYUHBI TPUMEHSIOT /IJIT KOJUYECTBEHHOTO BBIPAKEHUS CO-
cTaBa HEHACHIIMIEHHBIX PacTBOPOB. K 9TUM BeJMuMHAM BbI 0OpPaTUTECh, U3ydyasi Ma-
TepuaJl caenyioniero naparpada.

Kax Bam y:ke 1M3BeCTHO, BellecTBa 1O PACTBOPUMOCTU B BOJIE YCIOBHO JIEJIST
Ha Tpu Tpynmsl (cM. BTopoii dopsair). BemecTBo cunTaoT pacTBOPUMBIM, €CJIA TIPH
20 °C pacrBopsiercsi 6ozee 1 T Bemtectsa B 100 r Bogst mn 100 cm® B 100 T Bozb
B cJIydae TaszoB. BelecTBo MajopacTBOPUMO, €CJIM €T0 PACTBOPUMOCTbH HAXOAUTCS
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B npesienax ot 0,01 g0 1 r B 100 r Bojbl, U MpaKTHUYECKN HEPACTBOPUMO IIPHU pac-
tBopuMoctu MeHee 0,01 r B 100 T BozbI.

KoHieHTprpoBaHHbIE PacTBOPHI COMEPKAT MHOTO PACTBOPEHHOTO BEIIECTBA,
a B pa30aBJIEHHBIX PACTBOPAX KOHIIEHTPAIMs PACTBOPEHHOTO BeljecTBa Masa. [le-
JIeHUEe PacTBOPOB Ha KOHIEHTPUPOBaHHbBIE U pa3daBieHHble yeaoBHO. OHO He CBsI-
3aHO C JleJIeHWeM Ha HAChIIEHHbIE U HEeHACBIIeHHbIe pacTBOpbl. Hanpumep, HachI-
mennbiii pactBop BaSO, comepxut 0,0002448 1t comm wa 100 T Bomsr mpu 20 °C.
3HauuT, 9T0 OueHb pasbasiieHHbI pacTBoOp. Hachimenusiii pactsop KOH coumep-
x&utT 112 /100 1 Bomel. Ecau pactBoputs 80 1 KOH B 100 r BOzBI, TO momyynm
KOHIIEHTPUPOBAHHBIN, HO HEHACHITIIEHHBINT PacTBOP.

PacTBOpuMOCTh MBEPOLIX N HCUOKUX BEIECTB 3aBUCUT OT WX TIPUPOBI U TEM-
niepatypbl pactBopa. C yBeqryeHneM TEMIIEPATYPbl PACTBOPUMOCTD OOJIBITMHCTBA
TBEP/IBIX BEIIECTB M JKUAKOCTEH 3aMeTHO Bo3pacrtaeT (puc. d1). Ilpu oxmaxmenuu,
COOTBETCTBEHHO, PACTBOPUMOCTb YMEHBINAETCS U YaCTh BEINECTBA BBITIA/IACT B BU-
7ie ocaika — KPUCTAITU3YEeTC.

Kpucrammmsaust urpaet OrpoMHYIO POJib B MPUPOJIE: OHA MPUBOAUT K 06pa3o-
BaHMI0 MHOrMX MuHepasos, Hanpumep raauta (NaCl), cunbsuna (KCI), cranakru-
ToB U ctamarMutoB (CaCQOs3). B MpoMbIIIEHHOCTH METOZIOM KPUCTAJIU3AINU BbI-
pammBaior kpymHbie kpuctasuibl NaCl, LiF ais onrndeckux mpubopoB, KPUCTaLIbI
SiO, ns yAsTPa3ByKOBBIX TeHEPATOPOB, MUKPO(OHOB U JIp.
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OT TeMnepaTypbl

PacTtBOpUMOCTb 2a3068 B BOJ/le 3aBUCUT OT WX IIPUPOJIbI, TEMIIEPATYPHI U JaBJie-
Hus (puc. 52, 53).

[Ipu pactBopenuu Ta3oB BbieNseTcs TersoTa. [Ipu nosviuenuu memnepamy-
Pl Uux pacmeopumocmv nonuxcaemcs.. Ilpu yeeruuenuu oasienus pacmeopumocms
easa nosviuaemcsi. 11oaTomy, yKa3piBasi pacTBOPUMOCTDH Ta3a B BOJE TPU 3ajlaH-
HOII TemIlepaType, UMeIOT B BU/Y PACTBOPUMOCTDb IIpU €ro jaBjieHuu 1 at™ wiau
101,325 Ila.

Hexoropwie skunkoctu, takume kak H,SO, HNOj;, HF (thL = 19,5 °C),
CH3;COOH, HCOOH, CH30H, C,Hs0OH, stunenrankosib, TAUIIEPUH, alleTOH,
CMEIINBAIOTCS ¢ BOJOH B JIFOOBIX COOTHOIIEHUSIX, TOITOMY TOBOPSIT 00 MX Heozpa-
HUYEHHOU PACMBOPUMOCTIU.

Luopamot u kpucmannozuopamot

B psane ciyudaeB B pesysbrate GU3MKO-XUMUUYECKOTO B3aUMOJIEHCTBUS YaCTHIL
PacTBOPEHHOTO BEIIECTBAa C BOJON 0Opas3yloTcst coefutenust — zudpamol. Takoii
IPOIECC HA3BIBAIOT 2udpamayueti. MoJeKyJIbl BOABI TIPH 3TOM He Pas3pyIIatOTCs,
a CBSA3BIBAIOTCS € MOJIEKYJIaMU WJIM MOHAMM PAaCTBOPEHHOTO BelleCTBa.

Tunpater — 9mo npodyxmovr npucoedunenus 600vl K HEOPZAHUUECKUM U OPZaAHU-
UECKUM BeUecmeam, 8 KOMopoulx MOIEKYIA 600bl. NPUCymcmayem 6 ude omoeibHol
CMpYKMypHOUL eOuHULbL.
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MHorue zudpamvt 1€TKO PacmagaloTcs, XOTsk MOTYT 00Pa30BbIBATh M YCTONYH-
Bble COeIMHEHMS. B psme ciayyaeB 1mocse ymapuBaHusl PACTBOPUTENS U KPUCTAJLIIN-
3aIUU PACTBOPEHHOTO COETUHEHUSI MOKHO BBIJETUTD KPUCMALLOZUOPAMNDL.

BoJbITMHCTBO KPUCTAJIOTHAPATOB SIBJISIIOTCST COJISIMU. Kpuctasumoruapatst 06-
pasyioTcs, ecau B KPUCTAJIMYECKOW PemiéTKe KaTUOHBI CBSI3BIBAIOTCSI C MOJIEKY-
JIaMu BOJIbI OoJiee TIPOYHO, YeM € aHMOHAMU B Kpucrasuiax Ge3Bonoit couu. Co-
CTaB KPHUCTAJJIOTU/IPATA BBIPAXKAIOT (HOPMYJION, YKA3bIBAIOIIEH YMCI0 MOJIEKYJ
KPUCTAJITU3AIMOHHON BOJIBI HA OJTHY CTPYKTYPHYIO €JIMHUILY BeIecTBa, HAIIPUMep
kpuctanmmyeckasa coga Na,COs - 10H,O, runic CaSO, - 2H,0O, Meanbiii Kymopoc
CuSOy - 5H,0. C atuMu KpUCTAIOTU/PATAMU Bbl YK€ 3HAKOMbBI U3 KyPCOB XH-
Muu 8-ro u 9-T0 KJIACCOB.

VHoria KprCTa/uioruipaTbl 06pa3yoT KUCJa0Th (IiaBesieBasi, JTMMOHHAS ), OCHO-
Banusg (KOH - 2H,0, NaOH - H,O, Ba(OH), - 8H,0), a Tak:ke HEeKOTOpbIE yTJIe-
BOJIbI (TJIIOKO3a) U MX IIPOU3BOAHbIE (COPOUT).

Kpucramroruaparsl — 5mo kpucmaiiuueckue npooykmol nPucoeounenus 600ol
K HEOP2aHUYeCKUM U OP2AHUYECKUM BEUECMEam, uUmMenwue onpedeiéntvli cocmas
U BKIIOUAIOWUE MOLEKYIbL 600bL 8 6uUde OMOENbHOU cmpykmypHou edunuupl. Boxa,
BXOJISIIIA B COCTAB KPUCTAJJIOTH/IPATOB, HA3bIBACTCS KPUCMANIUSAYUOHHOIL.

MHorre KpUCTaNJOTUAPaThl APKO OKpaiieHbl. Hampumep, 6e3BOIXHBII
CoCl, umeer cunuii 1Bet. B pesysbrate rugpataiuu OH MPEBPAIIAETCS B TEMHO-
posossrii kpucrastoruapar CoCl, - 6H,O (puc. 54, @) v moaToMy MOKET HCIIOJIb-
30BaThCsl B KaUeCTBE WHIWKATOPA TPUCYTCTBUS BOJBI. AHAJOTUYHYIO POJb MOKET
urpath u cyibbar meau(Il): Gessomaubiii CuSO, — Gieato-roayboii, KpucTai-
gorugpar CuSOy - 5HyO — spro-cunuii (puc. 54, 6).

a 6
Bessoanpiii xmopua kobagsra(Il) CoCl, Bessomnbiii cyabdar meau(1l) CuSOy
u xpuctaimnoruapar CoCl, - 6H,O u xpucrasoruapar CuSO, - 5H,O

Puc. 54. be3oaHble CONW 1 KpucTannormapatbl

Mpouecc obpa3oBaHVA KPUCTaNIONMAPaTOB UCMONb3yeTCA B CTPOUTENbCTBE. Tak, MOPOLLOK Lie-
MEHTa B OCHOBHOM COCTOMT M3 cmecu 6e3BofHbIX Kpuctamios 3Ca0 - SiO, m 2Ca0 - SiO,.
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Mpu cMewWwMBaHUK LieMeHTa C BOAOI NPOTEKaT NpoLecch rmapatauum 1 obpasoBaHnsa KpucTan-
norugpatos 3Ca0 - SiO, « 3H,0 n 2Ca0 - SiO, « 3H,0. MNpK 3TOM NNACTUYHDBIA LEMEHTHbIN KNnewn,
HaMoMVHaIoLWNIA MO KOHCUCTEHLUW TeCTo, 3aTBepAeBaeT 1 NpeBpaLlaeTca B LEMEHTHbI KaMeHb.

PacTBOpbl — rOMOreHHble YCTOMUYUBbIE CUCTEMbI MEPEMEHHONO COCTaBa,
COCTOSALLME N3 HECKOJTbKMX KOMMOHEHTOB.

PacTBOopeHne — 310 GpM3NKO-XMUYECKNIA MPOLECC, COMPOBOXKAAOLLNIA-
CA BblAENEHNEM WX NOTNOLIEHNEM TEMNOThI.

PacTBOpuMMOCTb BeleCcTB 3aBMCUT OT UX MPUPOAbI U TemnepaTtypbl. Ha
PacTBOPUMOCTb Fa30B BINAET AaBNEHNE.

Kpucrtannorngparbl — 3T0 KpUCTanmMyeckme npomykTbl npucoeanHe-
HUA BOAbl K HEOPraHNYECKNM 1 OPraHMYeCKUM BELLECTBAM, UMetoLMe ornpe-
LENEHHBIN COCTaB M BKJIOYalOLMe MOJIEKYSbl BOAbI B BUAE OTAENbHOWN CTPYK-
TYPHOW eanHULbI.

Bon POCbl, 3af4aHNA, 3aa4un

1. MpuBegnTe NprMepbl TBEPAbIX, XKUAKMX N ra3006pasHbIX PacTBOPOB. YKaxKmTe 0651acTu
npuMeHeHnsa TBEPAbIX PaCcTBOPOB.

2. YKaXnte OCHOBHbIE pa3nnuma Mexay pPacTBOPOM U MeXaHMYECKOW CMeCblo BeLecTB.

3. Monb3yAacb faHHbIMU TabnuLbl PacTBOPMMOCTI Ha pop3alle yuyebHuKa, nprsegnTe no
[Ba npriMepa: a) pacTBOPMMbIX; 6) ManopacTBOPUMbIX; B) MPaKTUYECKN HEPACTBOPMMbIX B BO-
[e coefiHeHW. 3anuwuTe nx Gopmynbl.

4. [laHbl coefHeHNA: XJIOPOBOAOPOA, HATPAT Kanus, XN0pUA Kanua, Xnopua HaTpuaA, OK-
cnp cepbl(lV), ammmak. C nomoLLbio KPUBbIX PacTBOpUMOCTU (puc. 51), a TakKe 3HaHWUI O pac-
TBOPMMOCTU ra3oB ONpefennTe BelecTBa, PaCTBOPUMOCTb KOTOPbIX B BOAE MPU MOBbILEHWN
TemnepaTypbl: a) BO3pacTaeT; 6) NPaKTMUECKN HEM3MEHHA; B) YMEHbLUAETCA.

5. Ha3oBute npoueccbl B3aMMOAENCTBMA MeXxAy MOJfieKynamy BOAbl U PacTBOPAEMbIM
BeLLecTBOM Mpu o6pa3oBaHUM BOAHOrO pacTBopa.

6. Mo KpmBbIM PAacTBOPUMOCTU (pncC. 51) HaguTe PaCcTBOPUMOCTb CONEN: HUTPATa HaTpus,
Xfopuaa aMMoHua u xnopuaa Hatpua npu 20 °C, 50 °C, 70 °C.

7. PactBopumocTb Hatpueson cenutpbl NaNOsz npm 10 °C paBHa 80 r Ha 100 r Bopgpl.
Onpepenute MaccoBylo AOMIO COMM B HAaCbILLEHHOM pacTBOpe Npu 3TON Temneparype.

8. MaccoBas gona KNO3 B HacbiweHHoM npu 20 °C pactBope paBHa 24,0 %. Onpegenute
pactsopumoctb KNO3z npu 20 °C (r/100 r Bogbl).

9. PaccuuTalite, Ha CKONIbKO rpaMMOB pasnmyaetca macca 500 r 6e3BogHoro cynbdarta
Kanbuma 1 ero AByBOAHOMO Kpuctaniorugpara (rmnca).

10. PactBopmMOCTb aMMumaka npu 0 °C paBHa 1153 o6béma Ha 1 06bEM BOAbl, a Npu
30 °C — 532 o6béma (Mpu H. y.) Ha 1 06bEM Boabl. HacblweHHbIN npu 0 °C pacTBOp Maccol
250 r Harpenu go 30 °C. Kak nsmeHunnacb ero macca? Kakon o6bém (Mpu H. y.) ammmnaKka Bbl-
genvnca npu HarpesaHun? OTBET NOATBEPAUTE PACUETOM.
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§ 24. MpurotoBneHne pacTBOpPOB

PaccMOTpUM BBIYMCIIEHS], HEOOXOIMMBIE JIJIsT TIPUTOTOBJIEHKSI PACTBOPOB C 3a-
JTAaHHOW MacCOBOW /TOJIel M 3aJJaHHON MOJISPHOU KOHIIEHTpAIlneidl pacTBOPEHHOTO
BeIeCTBA. JTO MPOCTENIINE PACYETHI, C KOTOPBIMU CTAJIKUBAETCS KAK/BIN HMCCIIe-
JloBaTesib B XUMUYECKOH jabopatopuu. HaBbikaMu HEKOTOPBIX BBIYHMCIEHHIT HEOO-
XOJIMMO BJIQJIETh U B MOBCEHEBHON JKM3HU JIJIs1 IPUTOTOBJIEHUS TIHIIH, PACTBOPOB
MOIOIIUX CPEJCTB, YA0OPEHUI WK SA0XUMHUKATOB, Hamprmep, B KyJIMHAPHOI KHU-
re MPUBEAEH perent 6J0a, B KOTOPOM HCIOJIB3YeTCsT 5%-HbII YKCYC, a B Marasu-
HE MOYKHO KYIHUTDH TOJBKO 9%-HbIi. SICHO, 4TO MaccoBble J0JU YKCYCHOM KHUCJIO-
ThI pazaudaiorcs B 9 : 5 = 1,8 pasa, To ecTb umeioierocss 9%-Horo ykcyca HyKHO
B34Th B 1,8 pasa MeHblile, YeM yKasaHO B pellellTe.

[Ipocreiimnag 3asaya 1Mo MPUTOTOBJIEHUIO PacTBOpa € 3a/laHHON MacCOBOH /oseid
PacTBOPEHHOTO BellecTBa Tpe/icTaBjieHa B mpuMepe 1 1 u3BecTHa BaM ¢ 8-TO KJacca.

IIpumep 1. Paccuuraiite Maccy XJI0opuia HATPUST U OOBEM TUCTUILIMPOBAHHOMN
BOJIBI JIJIST TIPUTOTOBJIEHHsT pacTBopa Maccoit 300 r ¢ MaccoBOl foJeil con 5 %.

Jlano: Pewenue

o(NaCl) =5 % 1. BbIumCJIMM Maccy COJIM, YYUThIBast, 4TO 5 %

m(p-pa) = 300 r cootBetcTByeT 0,05 moJ1€eit OT eUHUIIBI:

m(NaCl)y — ? m(NaCl) = o(NaCl) - m(p-pa) = 0,05-300r =15 r.
2. Maccy pactBopuTesig (BOJIbI) BBIUYUCIUM TIO

m(p-ms1) = m(p-pa) — m(s-Ba). [loatomy m(H,0) =300 r — 151=285 .
3. O6néM Bozel HAlEM ¢ yuétoMm eé maornoctn (p(H,0) = 1 r/em’):

m(H,0) 285t
p(H,0) Nl r/cm®
Otrser: m(NaCl) = 15 r; V(H,0) = 285 cm®.

=285 cm®.

: —?
. V(H,0) — dopmyre:
: V(H,0)=

IKCIEPUMEHTATOP [IJIsT TIPUTOTOBJIEHUST PACTBOPOB HMCIIOJIB3YET BECHI U MEPHYTO
nocymny (puc. 55).

Puc. 55. O6bopygoBaHve 1 nocyga Ans nNpuUrotToBleHNs PacTBOPOB
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IIpumep 2. Paccuuraiite Maccy XJopuaa Kajusi, HEOOXOAUMOTO JIJIST TIPU- -
. TOTOBJIEHHSI €r0 HaCBIIIEHHOTO pacTBopa Maccoil 350 1. PacTBopumocTh maH- -
- Hoit comu B ycaosuax onbita (20 °C) cocrasaser 34,4 r Ha 100 r Bozbl.

Jano: Pewenue

s(KCl) = 34,4 r/100 r H,O 1. Paccuntaem MaccoBylo [0OJI0 COJA

m(p-pa) =350 r B HACHIIIIEHHOM PacTBOPE, COCTOSIIEM W3

m(KCl) — ? 100 T Bogbl 1 34,4 T comm (UCXOAUM U3 JIaH-
HBIX O pacTBopuMocTH). IIpu aTom macca
pactBopa coctaBut 100 + 34,4 = 1344 1.

m(KCl) 34,4t
m(p-pa) 134,41

: 2. TTockombky 350 T HachIIEHHOTO pacTBopa OyayT comaep:xkars 25,6 % co-
* JIM, TO Macca co OyIeT paBHa:

m(KCl) = o(KCl) - m(p-pa) = 0,256 - 350 r = 89,6 r.

Otser: m(KCI) = 89,6 .

o(KCl)= ~0,256 (1. . 25,6 %),

Wnorna mpuxoauTess pacCYMThIBATH MACCOBYIO JIOJIIO BEMIECTBA B ysKe MPUTO-
TOBJIEHHOM pactBope. PaccMoTpuM aTOT pacyét Ha mpumepe 3.

IIpumep 3. Mennblii Kyrmopoc Maccoil 25 T pacTBOPUJIM B BOJE Maccoii -

. 475 r. Berumcsnure maccoByio pomo (%) cynbdara meau(Il) B momydeHHOM
- pacTBope.

Jlano: Pewenue

m(CuSO,- 5H,0) =25 M(CuSO,) = 160 r/moub;
m(H,O) =475 r M(CuSOy - 5H,0) = 250 t/mob.
o(CuSOy) — ? |

1. Bpruumcaum konamvectso cyabdara meaun(Il) B mopumm ero
- KpUCTaJLJIOTH/IparTa:

n(CuSO, - 5H,0) = m(CuSO,-5H,0) _ 25T
M(CuSO,-5H,0) 250 r/momb
anaqut, n(CuSO, ) = 0,1 Mok,

2. Macca 6e3BOJHOI COJIM B KPUCTALIOTUApATE:
m(CuSOy) = n(CuSOy) - M(CuSOy) = 0,1 mosb - 160 v/Momb = 16 T.
3. BeruncanM maccy mpUTOTOBJIEHHOTO PacTBOPA:

m(p-pa) = m(H,0O) + m(CuSO, - 5SH,0) =251 + 4751 =500 .

= 0,1 moub,
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4. Haiiném maccoByio nomo cymabdara meau(Il) B pactBope:

®(CuSOy) = m(CuSOy) : m(p-pa) = 16 r : 500 r = 0,032, wm 3,2 %.
Omeem: o(CuSOy) = 3,2 %.

B xumun ymo6HO BbIpakaTh COCTaB PaCTBOPOB B €AMHUIAX MOLAPHOU KOHUCHMPA-
Yy — Moub/;M°. Benlb 3Has 4mcsio Moseii BemecTBa B 1 IM° pacTBOpa, JIETKO OTMe-
PUTh HY;KHOE YKCJIO MOJIEW JJIST PEAKITN € NOMOUWbI0 MePHOUL nocydol (puc. 55).

Kax Bam m3BecTHO, MonsapHas konuenmpauus c(X) seujecmea X — amo genuuu-
Ha, PABHAsL KOIUUECMBY 3M020 seuecmea (Moav) 6 edunuye 006éma pacmeopa:

Ipumep 4. Paccuuraiite MacCy ruIpoKCHIa HATPHs], HEOOXOMMMYIO /LISl IPUTO- -
. TOBJICHHSI €ro PacTBOpA ¢ MOJISIPHOIT KonienTparueii 0,05 Mob/M>, eci B pacrio-
© PSIKEHHHU SKCIIEPHMEHTATOPa UMeeTcsl MepHas Kosba obbéMoM 250 ev® (puc. 55).

Jlano: Pewenue

¢(NaOH) = 0,05 moun/am> 1. Onpenenum KOJUYECTBO TIETO-
M(NaOH) = 40 r/monb ui B pactBope 06BéMOM 250 cM®, TO ecThb
V(p-pa) = 250 cm? 0,25 mm>:

m(NaOH) — ?

n(NaOH) = ¢(NaOH) - V(p-pa) = 0,05 mozb/am> - 0,25 1m® = 0,0125 moutb.
2. Macca ruzpokcuia HaTpus COCTaBJISET:

m(NaOH) = n(NaOH) - M(NaOH) = 0,0125 moub - 40 r/mosb = 0,5 T.
Omeem: m(NaOH) = 0,5 1.

3Hast Maccy U 00bEM WM HEMOCPEICTBEHHO IJIOTHOCTH PACTBOPA, B Pacyére
JIETKO TEPEHTH OT MACCO8bIX 00Jiell er0 KOMIIOHEHTOB K UX MOASAPHOIM KOHUCHM -

IIpumep 5. MaccoBasi [10oJis CEpHOIl KHMCJIOTBI B pacTBope paBHa 95 %, -

. a ero miaoTHOCTB coctaisieT p(p-pa) = 1,834 r/cM®. Bhrumciure MOISPHYIO
- KOHIIEHTPAIINIO CEPHOI KHUCJOTHI B 9TOM PacTBOPE.

Jlano: Pewenue

o(H,SO,) =95 % 1. M(H,SO,) = 98 r/moub.

p(p-pa) = 1,834 r/cm? ycrs V(p-pa) = 1 am® = 1000 cm®.
o(H,S0,) — ? | Omnpenenum maccy pactBopa HoSOy:
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m(p-pa) = V(p-pa) - p(p-pa) = 1000 cm®- 1,834 r/cm® = 1834 .
2. Beraucaum maccy H,SO, B pactBope:
m(H,SO,) = m(p-pa) - o(H,SO,) = 1834 r - 0,95 = 1742 r.
3. Haiiném koamuecTBO KUCJIOTHI B PacTBOpE:
m(H,SO,)  1742r
MH,SO,) 98 r/momb
4. TIoCKOMBKY JiIsl pelieHns 3a1a4yi GBI M3HAYATBHO B3AT 1 M° pacTBo-
pa, o koamuectBo HySO,4 B 9TOM 00BEME COOTBETCTBYET MOJISIPHON KOHIIEH-
tpannu: ¢(H,SO,) = 17,8 Mo/ am®>.
Omeem: ¢(H,SO,) = 17,8 momb/mm>.

n(H,SO,) = = 17,8 MOJIb.

Mpw BbIpaXkeHUN KONMYECTBEHHOTO COCTaBa PACTBOPOB MCMOJb3YOT Mac-
COBble 10/ KOMMOHEHTOB UM UX MONIAPHbIE KOHLEHTPALUN.

Bon POCbl, 3agaHNA, 3aga4un

1. Vi3meHA0TCA N1 MaccoBan [ONA PacTBOPEHHOTO BeLLeCTBa U ero MONApPHanA KOHLIeHTpa-
LMA Npu N3MEeHeHUN TemnepaTtypbl pacTBopa?

2. PaccunTanTe MaccoBytlo AOMIO CONM B PacTBOpe, MONyYeHHOM npu pactBopeHun 30 1
conu B 270 r BOADI.

3. PaccunTaiite Maccy xnopuga Hatpua 1 0O6bEM OUCTUNINPOBAHHON BOAbI, HEOOXOAUMbIE
ANA NpUroToBneHra GU3MONOrMyeckoro pactBopa mMacco 20 Kr ¢ maccooi gonen conu 0,9 %.

4. PaccunTaiite MONAPHYIO KOHLIEHTPALMIO BellecTBa B pacTBope 06bEMOM 2,5 AM>, ecnu
B HEM COOEPXKNTCA TMAPOKCUA Kanusa: a) konnuectsom 0,75 monb; 6) maccon 42,0 T.

5. PaccuuTaiite maccoByto gonto 6eptonetoBoi conn KClIO; B eé HacbllWeHHOM pacTBope
maccown 800 r. PactBopumoctb conm npu 10 °C coctaBnaet 5 r Ha 100 r Bogpl.

6. Paccuntante maccoByio gonio cynbdaTa HaTpUA B pPacTBOPE, NMOMyYeHHOM Mpu PacTBo-
peHumn B Boge maccon 500 r kpuctannormgpata Na,SO,+ 10H,0 macconm 16,1 T.

7. B Boge maccon 50 r pacTBOpuAnM CepHyto KUcnoTy maccor 50 r. PaccumTante macco-
BYIO [ONIO M MOJNIAPHYIO KOHLEHTPaUMO KUCIOTbl B PacTBOpe, eC/i ero MiaoTHOCTb paBHa
1,395 r/cm’.

8. PaccunTaiite 06bEM (CM3) 1 MONAPHYIO KOHLIeHTpaLwmio (Monb/am3) npu 20 °C pacTso-
pa ¢ p = 1,55 r/cm®, nonyueHHoro cmewwmsannem 50 cm® Boabl (p = 1,00 r/cm®) ¢ 50 cm® cep-
Hoi1 KucnoThl (p = 1,83 r/cmd).

9. MaccoBas gonAa cepHOWN KUCNOTbl B pacTBope paBHa 0,620, a eé MonApHaA KOHLeHTpa-
uma coctasnset 9,61 monb/am>. Yemy paseH o6bém (cm®) 3Toro pacTsopa Maccoii 200 r?

10. PactBOp Mmaccor 450 r ¢ maccoBor gonen cynbdaTta xenesa(ll), pasHown 30,0 %, oxna-
AVnu, B pe3yfnbTaTe Yero 13 3Toro pactsopa Bbigenmnca ocagok FeSO, - 7H,0 maccom 99,0 r.
Yemy paBHa maccoBas fons (B %) cynbdata xenesa(ll) B pactBope Hag 0CafkoM KpucTanio-
rnapata?
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§ 25. dneKTponutnyeckaa gmccoumnaumna BewecTs

B pacTBopax

K nauvamy XIX Beka ecrecTBOMCHBITATENN YCTAaHOBU-
JIM, YTO BCE PACTBOPBI MOKHO PasIeUTh Ha J[BE OOJIbIINE
TPYIIBI — HEMPOBOIAIINAE DJTEKTPUUECKUI TOK W TPO-
Bogsmue ero. Hemernkuit dpusuk I. C. OM BBIIBHI, YTO
PacTBOPBI-TIPOBOHUKN TIPOBOJIAT TOK TIO TEM K€ 3aKO-
HaM, 4YTO ¥ MeTaJIbI-IPOBOAHUKNA. AHTITTUHCKUI (hU3UK
M. Dapajieit u3yunsi sSIBJIEHUE JEKTPOJIU3A U YCTAHOBUII
€r0 OCHOBHBIE 3aKOHBI. Habusosaemble B pacTBOpax siB-
JieHnst 1 3akoHoMepHocTH B 1887 romy oObscHUI 1BE/I-
ckuii yuénbiii CBante AppeHHNyC, TPeNJIOKUBITUN me-
opur0 AeKmposumuueckol ouccoyuaruu. E€ cynHocTb
MOKHO BBIPA3HUTh CJEAYIOIUM 0OPasoM:

ANEKMPONUMBL PACNAOAIOMCSL HA UOHLL 8 PACNIABAX 100
deticmauem BbICOKOI MeMnepamypsl, a 6 Pacmeopax 6cieo-
cmeue s3aumooeticmeus: ¢ pacmeopumenem (puc. 56).

Jlamiiouka
TOPHUT
Jlamriouka
—t YrosbHble roput
JIEKTPO/IbI -t
Pacninas
THJIPOKCH/IA
HaTpUs
000 00O -
h 4
Boienenue
ITy3bIPbKOB
rasa
a 0

CsaHTe ABrycr
AppeHnyc —
WwBeACKUA GpU3nKo-
XVIMUK, aBTOp Teopumu
3NeKTPONUTNYECKON
auccouymaumn (1887 r.)

YronbHbIie
AJIEKTPOJIBI

PactBop
THJIPOKCU/IA
HATPUS

Puc. 56. dnekTponutbl: a — pacnnas NaOH, 6 — pactBop NaOH B Boge

Hpouecc pacnaaa dJleKmpouma Ha UOHbL HA3bleANOM BJIeKTpOJIPITI/I‘IeCKOﬁ

JUCCOIHAIHEH.

B TBEéPIOM cocTOSTHIM OOJIBITUHCTBO MOHHBIX M MOJIEKYJISIPHBIX COETMHEHNUN —
3TO JMAJIEKTPUKHU, He TIPOBOJsIINE TOK. Tak, ajmekrporpoBoaHocts TBEpaoro NaCl
B 1000 MJIpz pas MeHbllle, YeM y MeTaJuioB win rpadura. B To ke BpeMmst goduwle
pacmeopuvl 3IEKTPOJIUTOB MPOBOJAT TOK BCJEJACTBHE TOTO, YTO MOHHBIE U MHOTHE
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MOJIEKYJIAPHDbIE COEAMHEHMA 110/ BJAUAHUEM ITOJIAPHDBIX MOJIEKYJT BO/IbI TIPHU PAaCTBO-
pernu pacragaorcs (duccoyuupyrom) Ha KaTHOHBI U aHHUOHBL

INEKTPOIUT — MO Beecmse0, KOmopoe nposooum INeKmpudeckull mox 6cieo-
cmeue OUCCOUUAUUU HA KAMUOHbL U AHUOHBL 8 PACNLABe ULU 8 PACMEOpe.

InexmponposooHocms INeKmpoumos 06yCAOBIEHA NOOBUNICHOCTYIO KATHOHOB
M aHMOHOB B paclljlaBaXx U pacTBOpax.

K asexkTposnTaM OTHOCATCS COJIM, TMIEJTOUM, KUCJIOTHI, TO €CTh COEUHEHUS
C MOHHOM MJIN KOBAJIEHTHOU TIOJIPHON XUMUYECKOU CBA3BIO.

,Zluccouuazquﬂ coeodunenuii ¢ UOHHLIM MUNOM CEA3U

VloHHbBIe KPUCTAJIIIBI COCTOSIT M3 KATHOHOB M aHWOHOB, CBSI3aHHBIX MESKLY COOOIT
CUJIaMU 3JIEKTPOCTATHUYECKOTO B3aUMOJIENICTBUS B YIOPSIZIOUEHHYIO KPUCTALTMUECKYIO
ctpykTypy. Ilox Bo3zmeiicTBIEM TMOJISIPHBIX MOJIEKYJI BOJBI ITPOUCXOINUT Pa3pylieHne
MOHHBIX KPUCTAJIJIOB M X PACTBOPEHKE ¢ 00pa3oBaHUEM THAPATOB MOHOB (puc. 57).

W3yunte prcyHOK 57 1 0OpaThTE BHUMAHUE HA OTHOCUTEJIBHBIN PasMep KaTHOHOB
Na“, annonos Cl~, MoJIeKy/T BOJIb, a TaKKe 3HAKU YaCTHYHBIX 3apsA0B Ha atomax H
u O B Mosekyste Bogbl. OOpaTiTe BHUMaHKME Ha TO, KAaKMM aTOMOM MOJIEKYJIa BOJIBI
noBépHyTa K KatoHy Na', a kakum — k anuony Cl™. TTouemy MojieKya Bojbl OpreH-
TupoBaHa K kaTnony Na' aToMoMm Kuciopoza, a k anuony Cl- — atomom Bogopoaa?

Oco6eHHOCTDIO AUCCOIMALIMN MOHHBIX COeUHEeHn (CoJieil U 1erodeii) siBJis-
eTCsT TO, YTO 3TU BEIIeCTBA YJace COCMOSM U3 UOHO08 W TIOJIIPHBIE MOJIEKYJIBI BOIBI
TOJIbKO Pa3/IeJISIOT KATMOHBI M aHMOHBI. 3aTpaTa dHEPruu Ha JUCCOIUAIINIO0 KOM-
MIEHCUPYETCST BbIIEJIEHNEM 9HEPTHH MPU TUAPATAIMA MOHOB, U B II€JIOM TPOIIECC
MPOTEKAET CaMOIIPOU3BOJIBHO.

ABJsisich XOpOIIO PaCTBOPUMBIMU B BOJIE OCHOBAHUSIMU, MIEJTOUU TUCCOIUUPY-
10T B BOJIHBIX PACTBOPAaX Ha I'MIPOKCU/I-AHUOHBI U KATUOHBI METAJLJIA;

KOH — K" + OH;

Ca(OH), — Ca®" + 20H".

) [CI(H,0),1~
[Na(H,0),] G
- o - o0p
O QD
T'mapaTt xaTtuona luapat annona
Nat Cl™

Puc. 57. PaspyLieHune KpucTanna nog AeicTBMemM MOSIEKYS BOAbI U ruapataums
06pasyoLNXCA NOHOB
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B pesynsrate auccotuanuu coJjieil B Bojie UX UOHHbIE KPUCTAJLIBI PaclaatoTcs
Ha KaTHOHBI METaJJI0B (MJIM aMMOHWS) W aHHUOHBI KMCJIOTHBIX OCTaTKOB:

Na,CO3 — 2Na" + CO%;
(NH4)3PO4 — SNHZ + PO47.

ﬂuccouuauuﬂ coedunenuil ¢ K08aIeHMHbIM NOJAAPHBIM MUNOM CBA3U

BOJIBUIMHCTBO OPraHUYeCKUX U HEOPraHUYECKUX  p
KHUCJIOT PACTBOPUMBI B BOJIE W SIBJISIOTCS 3JIEKT-
posutamu. B KucIoTax atombl BOJOPO/A CBSI3AHBI O *H—Cl'*"H—O
KOBQJIEHTHBIMU TIOJIIPHBIMU CBS35IMA C aTOMaMu -
KHCJIOTHBIX OCTAaTKOB. B MOJIIPHBIX MOJIEKyTax TO-
TOBBIX MOHOB HET. PaccMOTpuM Tporiecc uccorma-
UK KUCJIOT Ha mipuMepe mosteky sl H—Cl.

Buavase nosispable MOJEKYJIbl KUCJIOTBI TTPU-
TATUBAIOTCS K TIOJIIPHBIM MOJIEKYJIaM BOJIBI U €llé
GOJIbIIIE NOAAPUSYIOMCSL.

Oo6pasyiorcs 6000poduvie €843u MEXKIY MOJEKYJIaMU KUCJIOTHI U BOJIBI
(puc. 58). N

3arem KoBasieHTHast TossipHas cBsisb H—Cl yaimHsiercss u cTaHOBUTCST MeHee
NPOYHOIL. B pesysibrate oHa pa3pbIBaeTCsi, TO €CTh TPOUCXOANUT 0OPa3s0BaHIEe NOHOB:

HCl - H" + CI.

[MonyunBmmiics mpu AMCCONMAIMU KMUCIOTH Katnon H' mpucoemmusercs
K MOJIeKYJie BOAbl ¢ oGpasoBanueM xamuona zuopoxconus HzO no donopmo-
aKyenmopHoMy MeXaHu3My, ¢ KOTOPBIM BbI TTIO3HAKOMWJIMCH, U3ydas MaTepuas § 13.
OG6pasoBaBIIHiics TPU MOHM3AIMK HOH XJIOPA TAKKE OKA3bIBAETCS THAPATHPOBAH-
HBIM, YTO ITOKa3aHO Ha PUCYHKe 57.

Jluisgt yupoienus ypaBHeHUN peakiuuil B MOHHOI (hopMe OOBIYHO 3alUCHIBAIOT
TUIPaTUPOBAHHBI KaTHOH Bogopoaa B Buge H'.

AHaorndaHeIM 06pa3oM TIOJ] AE€HCTBUEM MOJISIPHBIX MOJIEKYJ BOJABI TPOUCXOIANUT
VCCOIUAIINS U IPYTUX COETMHEHUN ¢ KOBAJIEHTHBIM TOJISIPHBIM TUTIOM CBSI3U.

Jluccoyuayust exnouaem npoyeccol 2u0pamayul UCXO0HbIX MOIEKYJL, UX NOLIPU-
3auuU, paspyuenust cés3ell 6 MOJIEeKYIAx U ux pacnada ¢ oopasoeanuem zuopamii-
POBAHHBIX UOHOB.

Moustekysibl KUCJIOT TIPU TUCCOIMAIINY B BOJHBIX PACTBOPAX MOJHOCTBIO WU
YACTUYHO UCCONMUPYIOT Ha KaTUOHBI BOMOPO/IA U aHMOHBI KUCJIOTHBIX OCTATKOB!

HNO; — H" + NO3;
CH;COOH = H' + CH5COO".

H CB$13b pacTsAruBaeTcs H
U Pa3phIBAETCS

Puc. 58. BogopogHble cBA3n
mexay monekynamu H,O n HCI
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Cunvnvie u caadwvte AJeKmpoaumol

OHOBPEMEHHO C IEKMPOIUMUUECKOU OUCCOUUAUeil B PACTBOPE DIIEKTPOJIUTA
MPOTEKAIOT TIPOIIECCHI ACCOIUAIIMN MOHOB. [109TOMY B 2JIEKTPOJIUTAX JIUIIb OTIpe-
NeJIEHHAST 00/ls1 BEIECTBA CYIIECTBYET B BUIE C60000HLIX UOHOB, TO €CTh BEIIECTBO
MOJKET He TOJTHOCTBIO PACIa/laThCsl HA MOHBI.

Jl1s1 KosmuecTBEHHOM XapaKTEPUCTUKK JIEKTPOJTUTUIECKON TUCCOIMAIINHT UC-
MOJIB3YIOT TTOHSATHE CMeneni OUCCOUUAUUU O, .

CreneHnp AMCCONUANIMH 0. — 3M0 OMHOWEHUE YUCIA MOLEKYT ULU DOPMYILHOIX
eOunUY, S1eKmMpoIUma, PACNAGUUXCS HA UOHDL, K 00WEMY UUCTY €20 PACMEOPEHHBIX
MONEKYL UNU POPMYILHOIX eOUHUL;:

o = Npacu .
N06m
Yucao 4acTUIl ¥ UX KOJMYECTBO (MOJIb) CBSI3aHBI MEKIY COOOI COOTHO-
HeHueM: N n_
N = n- N, ciepoBatenbho, oo = —== = P&,
N06Lu no6m

I7ie 7 — KOJUYECTBO (MOJIb) COOTBETCTBYIOMINX MOJIEKYJT MIN (POPMYTbHBIX €INHUIL.

Besmmunny o BBIPaKAIOT B JIOJISIX €IMHUIIBI UK TiporieHTaX. CTereHb UCCoIuaIiim
TIOKA3bIBAeT, KAKasl YaCTh AJIEKTPOJIUTA Pacliajiach U CyIIeCTBYeT B PaCTBOpE B BUJIE CBO-
GomHbIX WOHOB. HarpriMep, cTereHb AUCCOIMAIMT YKCYCHON KHUCJIOTBI B PACTBOPE € MO-
nspHOit KommenTparmeit 0,1 Moms/av® pasaa 1,3 %. Ito osnauaer, uto u3 1000 more-
KyJI KUCJIOTBI TOJIbKO 13 pacnaimmch Ha katnonsl H' 1 annonsr CH;COO™.

BepositTHocTh acconuanum MOHOB CHUKAETCSI TIPU YMEHBIIIEHUN KOHIIEHTPAIUN
9JIEKTPOJIATA, & CJIEIOBATEIbHO, CTENEHD MMCCOUAINN B PAa30ABIEHHbBIX PACTBOPAX
6oJIbIITe, YeM B KOHIIEHTPUPOBAHHBIX. ITO O3HAYAET, YTO CTEIEHD [UCCOIMAINN 3a-
BUCHUT HE TOJBKO OT MPUPO/IbI BENIECTBA, HO U OT KOHIIEHTPAIIUU AJTIEKTPOJIUTA.

B 3aBUCHMOCTH OT YHMCJIEHHOTO 3HAYEHUS 0, DJIEKTPOJIMTHI YCJIOBHO JIEJISATCS Ha
cunvivle n cradvle.

CuiibHbIE DIEKTPOJIUTBI — MO XUMUUECKUE COCOUHEHUS, KOMOopble 6 pa3dasien-
HbIX PACMBOPAX NPAKMUYECKU NOTHOCMbIO OUCCOUUUPOBAtbL HA UOHbL. CTeneHb Jnc-
COIMAIMH 0 CUJIBHBIX 3JIEKTPOJUTOB OJ3Ka K 1.

K cunvonvim anexkmporumam OTHOCATCS PACTBOPUMbBbIE MOHHBIE COEIUHEHUS
U HEKOTOPbIE BEIIeCTBA C KOBAJEHTHBIM TOJISIPHBIM THIIOM CBSI3U; B UX CJydae
MPAaKTUIECKU OTCYTCTBYET TPOIECC accoruanuu obpasoBaBimxcst noHoB. [Toaro-
MY B yPaBHEHUSIX, OTPAKAIOIINX JIEKTPOJUTUIECKYIO TUCCOIUAINIO, BMECTO 3HA-
Ka PaBEHCTBA CTaBAT CTPEJIKY B OJTHOM HallpaBJIeHUH. B KauecTBe MpuUMepoB Mpu-
BeIEM YpaBHEHUsI AMCCOIMAIIMKI PACTBOPUMBIX coJieii (@), menodeil (6) U CUIbHbBIX
kucaor (6) — H,SO,, HCI, HBr, HI, HCIO,;, HNOs:

a) K,SO, — 2K* + SO B) HBr — H™ + Br .

6) KOH — K" + OH;
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Crenenb aucconualiy c1abbiX 9J1€KTPOJUTOB COCTABJSIET, KaK IPABUIIO, MeHee
5 %. K caabvim anexkmponumam ornocurca soga (H,O 2 H™ + OH™), a Takxe:

* GOJIBIIMHCTBO OPraHMYECKUX KHUCJOT, (DEHOJ, Psii HEOPTaHUYECKUX KUCJIOT:
HNOQ, HCN, HQS, H3BO3, HQCOg, H28103 u ap.;

* pacTBOp aMMHaKa B BOJE.

Ciabble 9JIEKTPOJUTBI — XUMUUECKUE COeOUHeHus, Komopble dadxce 6 pas3das-
JIEHHBIX PACMBOPAX HESHAUUMELLHO OUCCOUUUPYIOM Ha UOHbL. VIOHBI cJIabbIX 9JIEeKT-
POJIUTOB HAXOISATCS B MOJIBMKHOM PAaBHOBECHM C MOJIEKYJIAMU, KOTOPbIE HE IPO-
TUCCOIMUPOBATN, WM C BEMIECTBOM HEMOJIEKYJISPHOTO CTPOEHUS, KOTOpoe He
PacTBOPUIIOCH.

Jlucconmanuio crabdbIX 3JIEKTPOJUTOB OTOOPAKAIOT ypaBHEHMEM paciiajia co
crpenkaMu B ABYX Hampasaenusx: HNO, = H™ + NO;.

[TpoBecTr YETKYIO TPAHUILY MEK/IY CUJIBHBIMU U CJIA0BIMU KHCJIOTaMU IOBOJIb-
HO TpyaHO. IIpuHsaTO cumrath ciraboil kucaoroir masukoByio (HF), xorst ona B
pasbaBJieHHBIX pacTBOpax [Auccormupyer Ha 8—25 %. Mochopuyo H3PO,, cepru-
cryio Hy,SO3 u masenesyio HOOC—COOH KHCIOTHI TakKe CUUTAIOT CIA0BIMIL
ITo mepBoii crynenn auccormaiun oun auccoruupyior Ha 10-30 % B KoHIEHTpH-
poBaHHBIX pacTBopax u Oosee 50 % — B pa3baBJIeHHBIX.

Hanpuwmep, B pasbaBiernnom pactBope H3PO, mucconuupyer coriacHo
ypPaBHEHUIO:

H;PO, 2 H" + H,PO;.

CreneHb IUCCOIUAIMN TI0 ATOU CTymeHn MosxkeT pocturath 50 %. Ha kaskmoit
MOCJIEIYIONIEeH CTyleHU CTeleHb JAMCCOIUAINK 3HAYMTENbHO YMEHBIAEeTC s, a JINC-
COIMAIINS TTPOTEKAET COTJIACHO YPAaBHEHUSIM:

H,PO; 2 H' + HPO; ;

2— 3-
HPO? = H' + PO}~
YMeHblileHue crerneHn Jucconualnmun CBA3aHO C yCUJIEHUEM BSaHMOIIefICTBPIH

1oHoB Bogopoa H' ¢ kucaornbiMu ocratkamu B pagy HoPOy, HPOZi u POy.

INeKTPOAUTbI — 3TO BELLECTBa, BOAHbIE PACTBOPbI WM pacniaBbl KOTO-
pbiX NPOBOAAT SNEKTPUUECKUI TOK.

Mpouecc gmccoumaumm MoNeKynsapHbIX COeQUHEHUA C KOBaNeHTHbIMM
NONIAIPHbIMK CBA3SIMU OT/INYAETCA OT Mpolecca AMCCoUMaLy UOHHBIX CO-
efVIHEHWIA HanuMumMem CTafuv MONApM3aLumn MONEKY U pa3pbiBa KOBANIEHT-
HOW CBA3W.

Mo cTeneHn guccoumaunmn pasnnyatoT CUSibHbIe 1 Clabble SNEKTPONUTDI.

CreneHb AnccoumaLmmy 3aBUCUT He TONbKO OT MPUPOAbI BELECTB, HO U OT
KOHLIeHTpaLun pacTBOPOB, 1 YBENNYMBaETCA C UX pa3baBreHnem.

&
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Bon POCbl, 3af4aHNA, 3afa4un

1. MNouemy conv NPOBOAAT dNEKTPUYECKUI TOK Nocse nnaBneHma?

2. Yem oTniMyaeTca 3neKTPUYECKUn TOK B MeTasnax OT 3eKTPUYeCcKoro Toka B pacTBopax
WAW pacnnaBax 3MeKTponnTos?

3. CocTaBbTe ypaBHeHUA guccoumauun cnegytowmx sewects: KHCO;, HCIO,, Sr(OH),, LiOH,
KHSO,4, NH4H,PO,4, HNO,.

4. MMoyemy aneKkTponUTUYECKan AMccoumanmna B pacTBopax NpoTeKkaeT caMonpon3BONbHO?

5. ConocTtaBbTe OKUCNIUTENIbHYIO M BOCCTAHOBUTENIbHYIO CMOCOOHOCTM: @) aToMa anomu-
Hus 1 noHa AIP; 6) aToma enesa u voHa Fe?*; B) atoma cepbl 1 cynbduA-NoHa; r) aToma ce-
pbl S° 1 aToma cepbl B cOCTaBe KUCOTHOO ocTaTka SO2 .

6. NMouemy OnA aHMOHOB GONBLWMHCTBA MHOTOOCHOBHbIX KMUCNOT, Hanpumep H,POy, HST,
HCO;3, HSO;3, anccoumauma no BTOPOW CTyneHn NpoTekaeT cnabee, yuem no nepsoin? Kak nsme-
HUTCA CTeneHb Auccoumaumm npu aobasneHMn NOHOB BOJOPOAA B PAacTBOPbI 3TUX KUCNIOT?

7. B BogHOM pacTBOpe copepxmTca ¢pTopoBoaopoa Konmyectsom 50 mMonb. Yemy paBHO
CYyMMapHOe Y1Co MOHOB, 06pa3oBaBLUMXCA MpuW ero anccoumaummu, ecnn 0(HF) = 9 %?

8. Onpepenvte cymMMapHOe KONMYeCTBO KaTVOHOB 1 aHMOHOB COMM B PacTBOpPE, CoAepa-
wem cynbdaT HaTpua maccown 2,84 T.

9. Yemy paBHa MoffipHas KOHLEHTpauus KaTmoHoB H™ B BogHOM pacTBOpe YKCYCHOM KUCO-
Tbl 06bEMOM 4 nM3, eCnn CTeneHb anccoumanmmn KACoTbl paBHa 2,6 %, a macca KMCnotbl — 6 r?

10. B pactBope 06bémom 2,5 am® macca Ba(OH), paBHa 14 I. BblumcnuTte MONAPHYIO KOH-
ueHTpaumio noHos OH™ B JaHHOM pacTBope.

§ 26. NoHAaTne o BogopoaHom nokasarene (pH) pacrBopa

Bona siBaisieTcst ctabbiM 3JIEKTPOJIUTOM UM TOJBKO B HEOOJIBINON CTEMEHN JINC-

corumpyet Ha nonsl H™ 1 OH ™
H,O 2 H" + OH".

IIpu 25 °C creneHb ANCCOMAIMI 0. BOAbI paBHa mpuMepro 2 - 107, D1o o3Ha-
YaeT, YTO U3 MWJIJIHMAP/a MOJIEKYJ BOJBI TOJIBKO /IB€ MOJIEKYJIbl HAXOJATCS B BU-
ne nonoB H™ u OH ™.

Konmenrparus nonos sogopoga ¢(H") pasua 1077 mosb/am>. TakoBa ke KOH-
neHTpanus rugpokcuababix rpymm ¢(OH™).

[Ipoussenenue konnenrparmii nonos H* 1 OH™ B Boje M BOAHBIX PacTBOpax sIB-
JISIETCST BEJIMYMHOM TIOCTOSTHHOM TTPH onpesiesienHoi temiieparype. Tak, mpu 25 °C:

c(H) - ¢«(OH) = 10" (moumb/mv®)>.

PactBOpbI, B KOTOPBIX KOHIIEHTPAIINS KAaTMOHOB BOIOPO/Ia paBHA KOHIIEHTPAIIUN
TUIPOKCUI-aHNOHOB, HA3bIBAIOT HEUTPaIbHBIMU. ECM KOHIIEHTpaIus KaTHOHOB BO-
JI0poJia B pacTBope GOJIbIle KOHIEHTPAIUU THAPOKCUA-aHUOHOB, TO ecTh c(H') >
¢(OH"), To cpena pactBopa kuciast. Ecim ke B pacTBOpe 1peobIagaoT IHIPOKCHI-
anunonsl, To ectb ¢(OH™) > ¢(H"), To cpexa pactBopa IeI04YHas.
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KonmyecTBeHHO KHCJIOTHOCTb U CBA3aHHYIO C HEll OCHOBHOCTD (IIEJIOUHOCTD)
CPelbl PACTBOPOB BBIPAKAIOT C MOMOIIBIO 8000p00Hoz0 nokasamens pH (uuraercs
«n3-aur»). Bogopoauslii mokasarens npedcmasisiem coooi 0ecsmuunvlil 102apudm
KOHUYEeHMpayuu uoHo8 6000poda 6 pacmeope, 83simoulil cO 3HAKOM <MUHYC>:

pH = —lgc(H").

Bonopoansriit nokasatesb pH — 3T0 Mepa KOHIIEHTpalluy B pacTBOPe KaTHMOHOB
Bogopozsa H', KommyecTBeHHO BhIpakaloniasl KMCIOTHOCTh PACTBOPA.

Bogoposblil okasaTesb sBisgeTcs 6e3pasMepHOil BEJTNYMHOM.

Harpumep, mpu MoJisipHOit kKoHientpain katnonos H ¢(H") =10~ momb/am
pH pasen 5, a ipu ¢(H™) = 102 momn/mm® pH pasen 3.

Ipumep 1. Onpenenure pH pacrBOpa cepHOl KHCJIOTHI, MOJISIpPHAST KOH-
HeHTpanus Kotopoii pasua 0,005 Moub/mm>.

Jlano: Pewenue
¢(H,SO,) = 0,005 moub /v ycrs V(p-pa) = 1 am>.
pH — ? Torza n(H,SO,) = 0,005 Momb/mv> - 1 v’ =

=0,005 MoJb. :
OrnpesiesiuM KOJMYECTBO MOHOB BOJOPO/A 10 YPaBHEHWIO [UCCOIMAINH |
KHUCJIOTBL: .

0,005 mosb X MOJIb
H,SO; — 2H" + SO%, otkyna x = 0,01 Mo, To ecth n(H") = 0,01 Mob.
1 mouib 2 MoJIb

MOJIf{pHaF{ KOHIIEHTpaluda MOHOB BO/IOPO/ia PaBHA:

c=2t o(H")= LM?H) =0,01 Moutb/mm> =102 Moub/mm>.
74 1 1M
Paccunraem BoopoHblil mokasatens: pH = —lge(H™) = ~1g1072 = 2.
Omeem: pH = 2.

Ipumep 2. Onpenennte pH pactBopa NaOH ¢ mosiapHoil KoHIleHTpalneit
0,01 MOJIb/IIMS.

Jlano: Pewenue
¢(NaOH) = 0,01 mouin/mam> Konmnentparusg anmonoB OH™ B Ttakom
pH — ? pactBope pasua 1072 moun/am>. Paccunta-

eM KOHIIEHTPaIMI0 MOHOB BOAOPOJA, 3Has,
ato ¢(H") - ¢(OH)™ = 10" (momn/mm?)>.
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c(H") - ¢«(OH") = c(H") - 1072 moms/am® = 10~ (moss/1m*)?, oTkyma

107" (momn /mm” )?
10~ momn,/am?

c(H") = = 10" moumb/aM°,
caenosarespho, pH = ~lge(H™) = ~1g107'2 = 12 (menounas cpena).
Omeem: pH = 12.

© © 0 0 0 0 0 0000000 000000000000 0000000000000 0000000000000 00000000000

O6paTuTe BHUMaHWe Ha TO, YTO M B MIEJOYHON cpefe Katnonbsl H' mpogomka-
IOT NPUCYTCTBOBATh B BOJHOM PAaCTBOPE.

[Tockosbky B Bome npu 20—25 °C konnentpanuu nonos H™ u OH™ oxunako-
BBl 1 paBHbl 107 Momb/mM®, To g umcroit Boger pH = ~lge(H') = —1g10 7 = 7.
Takoe 3nauenune pH coorBercTBYeT Helumpanvhoi cpede. 3nadenuio pH < 7 coor-
BeTcTBYeT GoJibIasi KUCJIOTHOCTh pacTBopa, a pH > 7 coorsercTByer GoJibinast Mmié-
JIOYHOCTH pacTBopa (puc. 59).

ee 0000000000000
e e 0000000000000

®EHOJI®TAJIENH
METHJIOPAH)K

. JAKMVYC .,

VYHUBEPCAJIbHBII HH
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* £ ' 5 A
0,4%-Hblii TTuso 3 o
\ pacteop HCI'\ Tasuposannas 1%-1biit pacTBOp 0.4% }ﬁ;%lf{a creop

4%-HpIil sora CO, Mouoko | Kposb NaHCO, 1%-HbIiT pacTBOP 4%-HbIii
pactop HCI JInMOHHBIIT COK Boma Na,CO, pacrBop NaOH

KHUCJIASI CPEIA HEWTPAJIbHAS CPEJIA IIEJIOYHASA CPEJTA
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0

Puc. 59. Wkana 3HaueHuin pH cpenbl B BOGHOM pacTBope

g Wrak, 3Hauenrie pH MOKHO paccuMTaTh, a TaKKe OIEHUTH C TIOMOIIBIO OT/IE]b-
HBIX MHAWKATOPOB (JIakMmyca, deHodTanmenna, METUIOPAHKA), YHUBEPCATLHOTO
nHAMKaTopa co mkanxoii pH u npubopos — pH-merpos (puc. 59, 60).

o8

Puc. 60. pH-meTpbl
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Namepenne pH HeoOXoauMo B MeIUIlMHE, CEJIbCKOM XO3siCTBe, HayKe, Ha
MpoOU3BOICTBE. B opranusme 310poBoro yesoBeka pH kposu cocraBmaser 7,4, ke-
aymounoro coka — 1,7, caonst — 6,9, cnés — 7,3-7,5. Ilpu KoHcepBUpOBaHUU
nobaBieHe YKCYCHOW KuCJA0Thl B Mapunan 10 pH < 4,5 momasisier pestesb-
HOCTh GosbiiHcTBA OakTepuil. C aHAJOTUYHOI 11€JIbI0 B COCTAB MPOXJIaUTE -
HBIX HAIIMTKOB BBOJAT JIMMOHHYIO KUCJIOTY /Uil IOHMKeHus 3HadeHus pH no 3.
JlJist HOpMAJIBHOTO Pa3BUTHUST PACTEHUN yalle BCEr0 HEOOXOAUMO YMEHBIIATh 1M0-
BBIIIEHHYIO KHCJIOTHOCTDb TOYB M3BecTKOBaHUeM ¢ momolnsio Mera CaCOs, no-
somutoBoit Mmykn CaMg(CQO3)y wim HekoTopbix ynobpenwmii 1o pH = 6,0-6,5
(tabm. 16).

Tabiuia 16. Knaccudpukanus auanazonos pH mousb

KucaotHocts m0YBBI Juanazon pH
Kucnaa 3,5-6,0
Heiitpanbaast v 6Jiu3Kast K HelTpaibHOM 6,1-7,8
[Ilenrounas 7,9-9,0 u BIIIE

BopopopHbili nokasatenb pH — 3T0 mMepa KOHLUEHTpauun KaTvoHOB
Bogopoga H* B pactBope. PaccumtbiBaloT BOLOPOAHbIV MOKasaTesnb no ¢op-
myne pH = -Igc(H™).

BOHPOCbI, 3agjaHunA, 3agavun

1. YKaxKuTe KNCNOTHOCTb Ccpefbl (KMCnas, HelTpanbHas, LWeNoYHas), a Takke COOTBETCTBY-
IOLLYI0 OKPACKy YHMBEPCaNbHOro UHAMKaTopa:

a) pH = 14; 6) pH = 4; B)pH=6; r1)pH=09.

2. bonblue unn meHble cemu byaet pH pacTtBopa nocne CMBaHUSA PaBHbIX 0O0bEMOB
pacTBOPOB rMApoKCMAa Kaauma U CEPHOM KUCAOTbl, UMEIOWMX MONAPHYIO KOHLEHTpaLumio
0,1 monb/am>?

3. CocTaBbTe ypaBHEHMA AMCCOLMALNN BELeCTB, B pacTBOPax KOTOPbIX lakMyc nprobpe-
TaeT KpacHyt okpacky: LiOH, HCOOH, HNO;, Ca(OH),, HCl, H,SO,.

4. NaHbl pactBopbl coeauHennii: NaOH, HCI, NaCl, KOH, HNO;, Ca(OH),, NH;, CO,, SO,
CH;COOH, HNO,, HF. Mpwn ycnoBun ognHakoBOW MOMAPHOW KOHLEHTpauun Kakne 13 pacTBo-
pOB UMEIT HerTpanbHyto cpedy, pH > 7, pH < 77

5. Paccuntante 3HaueHne pH B pactBope: a) 6POMOBOAOPOAHON KUCAOTbI C MONApP-
HOWM KoHuUeHTpauuen 0,0001 monb/am; 6) CEePHOM KNCNOTbl C MOMAPHOWN KOHLEHTpaunen
0,05 monb/am>,

o
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6. Onpenenute pH pactBopa KOH c monapHoi koHueHTpaumei 0,001 monb/am>.

7. Wcxopa w3 3HaueHna npousseaeHus c(H) - c(OH™) = 107 (monb/am3)? npm 25 °C, Hait-
AuTe 3HaueHve mMonApHol KoHueHTpauumn c¢(OH™) npm pH 2, 5, 8, 12 n 14. Kak npurotoButb
pactBopbl ¢ pH =2 n pH = 14?

8. Yemy paBHa MonApHaa KoHLeHTpauusa (Monb/am®) MOHOB BofOpOAa B pacTBOpe
cpH =47

9. Kakana cpepa Gyget B pacTBope, Mosly4YeHHOM MpuW CMeLIVBaHUN pPaBHbIX 06bEMOB pac-
TBOPOB, CoAepKallumx 3 MOJIb TMAPOKCMAA HAaTPUA U 2 MOJIb CEPHOW KMUCNOTbI?

10. B pacTBOpe a30TUCTOM KMUCNOTbl YMCIO HEMNPOAMUCCOLMUPOBABLUNX MOJEKY
B 2,5 pa3a 6osnblue yncna NpoanCCOUMNPOBABLINX. YKaXuUTte cTereHb Auccoumauum o
(B npoueHTax) n pH pacTBopa, ecnm ncxofHaa KOHLUEHTPaumMa KUCIOTbl B HEM Oblna paBHa
0,0035 monb/gm>.

Jlabopamopnuiii onotm 3. Onpedenenue KUCI0MHO20 UNU OCHOBHOZ0
xapaxmepa pacmeopa ¢ nOMOWbI0 UHOUKAMOPOB

Peaxmuevi: ynuBepcaJbHbIl WHIUKATOP, MUCTUJJIMPOBAHHAS BOJ/IA, PACTBOPLI
HCI, H,SO,, Ca(OH),, NaOH.

Omnpenenute pH BbIZIaHHBIX PACTBOPOB KUCJIOT, 1eJI04el U TUCTUIIUPOBAHHON
BOzibL. JlJ1s1 9TOrO HaHecuTe CTEKISHHBIMU TAJTOYKAMU IO Karlje KasKIoro U3 WC-
cJelyeMbIX PACTBOPOB Ha TMOJIOCKY YHUBepcaJdbHOTO WMHAMKaTOopa. OKpacKy cpas-
HUTE CO crenuaabHon mrason pH.

CrenaiiTe BBIBOJI O KUCJOTHO-OCHOBHOM XapaKTepe KaK[I0TO M3 PACTBOPOB.

§ 27. Xumnueckme cBOMCTBa KUCJIOT, OCHOBaHN, conen
B CBeTe TeOPUUN INEKTPONUTUUYECKON anccoumnaunm

Teopus 37eKTPOJUTUYECKON AUCCONMAIAN JAET €AMHBIN MOAX0/] K TTOHWUMA-
HUIO TIPOIIECCOB, MPOTEKAOIMX B PACTBOPAX C YYaCTUEM 3JIEKTPOJUTOB — KHUC-
JIOT, OCHOBaHMH, cojieil. ITOT MOIX0/L OCHOBAH Ha TOM (hakTe, YTO I0CJe pacTBOpe-
HUS 2JIEKTPOJIUTOB B BOJIE TIOJIy4YaeTcs pacTBOP, COJEPsKAlIMil KaTUOHBI M aHUOHBIL.
VImenHo oHM NPUHUMAIOT yyacTHe B XUMUUYECKUX PeaKIusX.

XumMnyeckne peakiuu B PacCTBOPaXx JEKTPOJIUTOB — 3MO Peakyuu ¢ yuacmu-
eM UOH08, 00PASYIUUXCS 8 Pe3yTbmame OUCCOUUAUUU INEKMPOTUMOE.

Peakinu Meky MOHaMHU B PacTBOpax 0e3 M3MEHEHUs CTeleHeil OKUCJCHUS
aTOMOB Ha3bIBAIOT PEaAKUUIMU UOHHOZ0 00MENA.
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Yenosus neoopamumoezo npomexanus peaxuuii UOHHO20
o0MeHa 8 pacmeopax 31eKmpoaumos

[Tpu cmemmBaHNM PacTBOPOB Pa3HBIX COJEH KaJbIUs C pac-
TBOpamM# (bTOPHUIOB PAa3HBIX METAJJIOB TIOJYYaeTCs OJAWH U TOT
ke ocaok — dropuj kambiiug CaFy|. ITo npoucxoauTt moTo-
MY, 4YTO BO BCEX CJIy4asiX MMEIOIIMecs B PacTBOPAX MOHBI KaJlb-
s Ca?" pearnpyior ¢ nonamu dropa F~ ¢ o6pasoBanuem Tpyi-

HOPaCTBOPUMOI'O BElIEeCTBA: O6pazoBaHune
CaZt + 9F = CaF,). 6enoro ocag-
ka CaF, npun

B cBsaA3u ¢ oMM nojymaiite, royemy MUHEPAIbHBIE BOABL,  g3aumomelcTanm
Goratble PACTBOPUMBIMHU COJISIMU KAJIBIHs, MTOYTH HE COMAEPKAT  mowos Ca’* u F
aHUOHOB (TOpa.

[Tpu jeiicTBUM COJISIHOM, CEPHOM, a30THOI KUCJIOT Ha KapOOHATHI KaJIbIlMsi, HAT-
pus U IPYTUX METAJJIOB BBIIEJSETCS YIJIEKUCITBIN ras:

Na,CO;3 + 2HCI = 2NaCl + CO,t + H,0.

I[Ipu B3anmozeiicTun kapbonat-nornos CO3~ n monos Bogopoga H' o6pasyer-

csa cmabas kucyiora HyCOs:

21‘1Jr + CO%7 = HQCOS,

KOTOpasl pasJiaraeTcsl Ha YIJIEKUCJbIN ra3 u Boxy. Peakins nmporekaeT ¢ MHTEHCUB-
HeIM BbiZiesienneM CO,, HecMOTpPsl Ha o4eHb HU3KYI0 pacTBopuMocTb CaCOs3. Hu-
KaKOTO B3aWMOJIEMCTBUS He TIPOUCXOANT, €CJIU He BBIJEJSIeTCs Ta3, He BBINAaeT
0CaJloK, He oOpa3syeTcst Malofucconuupytoiiee BerectBo. Hampumep, eciu cme-
maTth pacTBOpbI cyibdarta Hatpust Na,SO, u autparta kamss KNOs, To B mosmyueH-
HOM pacTBope OyayT Haxoauthes kationsl Na®, K', anmonsr SO u NOs.

[TpuBeaéHHBIE TPUMEPBHI MO3BOJISIOT CAETAaTh BBIBOJ, UYTO PeaKyull UOHH020 00-
MeHa Npomexarm HeoOpamumo 6 ciyude 06PA308aHUS 2A3000PASHBIX BEUECMS,
0cadkos mpyoHopacmeoPUMbIX 6euyecms Uil MAI00UCCOUUUPYIOUUX COCOUHEHUTI —
CAbLLX INEKMPOIUMOS.

B coorBerctBun ¢ mnpunnunom Jle Illatenve Bbizesenne rasa, ob6pazoBaHue
0CaJIKa BbI3bIBAeT y/laJieHue MPOAyKTa pPeaklMi U3 PeaKIIMOHHON cMecH — pacTBO-
pa, 4TO 1 0OecreynBaeT MOJHOE TTPOTEKAHNE PEAKIINH.

Peakniuu B pacTBopax ONUCHIBAIOT YPaBHEHUSIMHU B TPEX (opmax: MOJEKy-
JISPHOM, MMOJIHOW MOHHOI M COKpaIléHHOil nmoHHoi. Bo Bcex ypaBHeHUSsIX ciabbie
9JIEKTPOJIMTBI, Ta3bl ¥ MAJOPACTBOPUMBIE BEIECTBA M300PAKAIOT MOJIEKYISIPHBIMU
dbopmymamu, nanpumep H,O, H,y, Fe(OH),, He3aBucumo ot nx crpoenus: (mMoJie-
KYJISIPHOTO WJIM HEMOJIEKYJISIPHOTO).
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CyIIHOCTh MPOTEKAIOIUX IIPOIECCOB HanboJiee YETKO BhIPAsKAETCS TIPU 3allUCH
YPaBHEHUN PeakInii 3JIeKTPOJUTOB B MOHHOU (hopme. /{7151 3TOTO BHAYaIe COCTaB-
JigeM ypaBHEHUE PeaKInu B MOJIEKYJISIPHON (opme:

H,SO,4 + 2NaOH = Na,SO, + 2H,0,
a 3aTeM — ypaBHEHUE B IIOJIHOW MOHHOM (hopMe, yKa3bIBask CUJIbHBIE JIEKTPOJIUTEI

B BHJIe MOHOB, 0Opa3yoNIrecs ra3000pasHble U MaJOAUCCOIMUPYIOIINE COeIMHE-
HUs, B JIAHHOM CJIy4ae BOY, B BUJI€ MOJIEKYJI:
2H" + SOf + 2Na" + 20H = SO; + 2Na' + 2H,0,
a HEPACTBOPUMbBIE COEIMHEHNS] HEMOJIEKYISIPHOTO CTPOEHUs B BHUe (POPMYTHHBIX
eIMTHMUII.
Jlng cocraByienunsi ypaBHEHUST B COKPAIIEHHON MOHHOW (hopMe MCKII0UaeM U3
0benx JacTeil ypaBHEHUSI MOHBI, He YUaAcmeyouue 6 PeaKuyui:

2H" + 20H = 2H,0 wm H" + OH™ = H,0.

YpaBHenue peakiinu B COKpaliéHHOM HOHHOHN (hopMe MOJHOCTBIO BbIpaXkaeT Xu-
MUYECKYIO CYThb IPOUCXO/SNIET0 B3aUMO/IEHCTBUS.

OueBuAHO, YTO, KaKylo Obl MIET0Yb U CHJIBHYIO KUCJIOTY Mbl HU B3SLIH, B3au-
MOJIENICTBIE MEKIY HUME ¢ 00pa3oBaHMEM PACTBOPUMOI COJIM BBIPA3UTCS TAKUM
e ypasHenwem: H® + OH™ = H,O. Bo Bcex atux ciaydasx OymeT mpoTeKaTh Ofi-
Ha U Ta K€ XUMUYECKasl PeaKIUsl — peaxKyus Helumpaiusayuu ¢ BblleJIeHueM OKO-
70 57 /I sHEprun Ha OAUH MOJIb 06PA30BABIIENCS BOJIBI.

YpaBHeHusT B COKpalIEHHON MOHHOUW (hopMe He TOJbKO OTHOCSATCS K OJHON
KOHKPEemHOU peaxyuu MeK1y OTpe/leJIEHHBIMU BellleCTBaMU, HO U OXBaTBIBAIOT
pynny anarozuuvlx peaxyui. B aTOM WX OCHOBHAsl MEHHOCTH W 00O0OIaoIIee
3HAUYEeHMeE.

PaccmorpuM xuMudeckne CBOWCTBAa KUCJIOT, OCHOBAHUN U COJIEH C TO3WIUN
TEOPUHU AJEKTPOJUTUYECKON HCCOIUAIIN.

O6mue Xumuueckue ceoucmea Kucaiom

Kucaorer — amo anexkmpoiumot, npu OUCCOUUAUUU KOMOPLIX 68 KAUecmee Kamuo-
HOB8 00PA3YIOMCsL MOALKO KAMuoHsl 6000poda.

[TpucyTcTBUE KUCJIOT B PACTBOPAX OOHAPYKUBAIOT € TIOMOIIBIO WHIUKATOPOB.
Tax, B xucqoii cpene (pH < 7) nmakmMyc ¥ MeTUJIOPAHK MMEIOT KPACHYIO OKpa-
cky (cMm. puc. 59). O6mre XUMUYeCKHe CBONCTBA CUJIBHBIX KUCTOT 0OYCJIOBIECHBI
PeakIMsME, B KOTOPbIe BCTYINAOT TOJIbKO KaTnoHbl Bogopoaa H'. K Hum otHOCHT-
cst obpa3oBaHue COJeil TP B3aMMOJIENCTBUN € MEeTaJlaMi, OCHOBHBIMHU 1 aMo-
TEPHBIMU OKCHIAMM, OCHOBaHUSIMK U coisiMu (Tabir. 17).



XuMmyeckine CBOIMCTBA KICIOT, OCHOBAHWIA, CONeiA B CBETe TeOpUy INEKTPOAUTUYECKON AMCCoLMaLiAn 149

Tabsmia 17. XuMuueckre CBOMCTBA KHCJIOT B CBETE TEOPHH IJIEKTPOIUTHYECKOI

UCCOIHAIMT

Pearenrt

YpaBHeHue peaknuu
B MOJIEKYJISIPHOI U MOJIHOI HOHHOI (popmax

YpaBHeHHe peaknuu
B COKpPaléHHOW HOHHOMH

dbopme

1. UnpuxaTtop

Kak mpaBusio, ypaBHeHHE AUCCOIUAIMY:
HBr —- H" + Br~

2. Meran

Mg + 2HCI = MgCl, + Hyt
Mg’ + 2H" + 2CI~ = Mg*" + 2CI + Hyt

Mg’ + 2H" = Mg + H,?

3. Oxkcun
a) OCHOBHBIN

6) amdorep-

HBIN

MgO + 2HNOj; = Mg(NOy), + H,0
MgO + 2H* + 2NO3 = Mg** + 2NO; + H,0

MgO + 2H" = Mg*" + H,0

ZHO + 2HC1 = ZHC12 + HQO
ZnO + 2H' + 2Cl” = Zn*" + 2CI" + H,0

ZnO + 2H'= Zn* + H,0

4. OcHoBaHN1e
a) TEI0Yb

6) HepacTBO-

NaOH + HCI = NaCl + H,0O
Na® + OH + H" + CI" = Na'+ Cl" + H,0O

H' + OH = H,0

H2504 + Fe(OH)2 = FeSO4 + 2HQO

pHUMOe 2t

OCHOBaHMeE 2H* + SO} + Fe(OH), = Fe*'+ SO}~ + 2H,0 2H+ Fe(OHD, = Fe™* + 21,0
2HNO3 + NB.QCOg = 2N3.N03 + HQO + COQT

5. Comb 2H* + INO;3 + 2Na* + CO} = 2H* + COJ = CO,t + Hy0

=2Na" + 2NO;3; + CO,1 + H,0

Takum ob6pasom, kaTnon Bogopoga H' B pacTBopax KucIoT obecrednBaeT npo-
mexkauue OCHOBHHLIX Peaxuull dTOTO KJacca coeiMHeHn. BbhIBO/ MOATBEpKIAETCS
OTCYTCTBUEM AHWOHOB KHUCJOTHBIX OCTATKOB B COKPAULEHHBIX UOHHLIX YPABHEHU-
SAX 6CEX Peaxuull UOHHOZ0 0OMEHA ¢ yuacmuem uoHo8 000podda. AHMOHBI KHUCIIOT-
HBIX OCTAaTKOB OTBEYAIOT TOJIBKO 32 cneyuguueckue c80ticmea KOHKPETHBIX KUCJIOT:
OKWCJIUTETbHbIE, BOCCTAHOBUTEIbHBIE, YIaCTHE B PeaKInssX OOMeHa ¢ BBINAIeHUEM
HEPACTBOPUMBIX COJIEN HTUX aHUOHOB U JIp.

Oobwue xumuueckue c60Ucmea 0CHOBAHUL

Cpean ocHOoBaHUIT XOPOLIO PACTBOPUMBI TOJIBKO IEn04u. [IpucyrcTBue 1meso-
4eil B pacTBOpax 0OHAPY/KUBAIOT € MOMOIIIBIO WHAUKATOPOB, 1pu atom pH > 7.

IIénoun — 5mo anexmponumot, npu OUCCOUUAUUU KOMOPLIX 8 Kauecmee aHUoHO8 00-
PA3YIOMcst MOILKO 2UOPOKCUO-UoHbL. VIX 00IIre peakiuy mpecTaBietbl B Tabsmie 18.
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Tabsmia 18. XuMuueckue CBOMCTBA LIEJOYE B CBETE TEOPHH JIEKTPOJIUTHYECKOM
JHCCOIMALT

VYpaBHenue peakuuu VYpaBHeHHe peaknuu B COKpa-

Pearenr . = - -
B MOJIEKYJIsIpHO#i dopme NEHHON HOHHOH (hopme

1. Unpukatop Kak npasuino, ypasienue aucconnanuu: NaOH — Na* + OH™

2. Kuciora 2HCI + Ca(OH), = CaCl, + 21,0 H' + OH = H,0

3. Cormb Mg(NO,), + 2NaOH = 2NaNO; + Mg(OH),| | Mg?* + 20H™ = Mg(OH),|
a) coJib Hepac-
TBOPMMOIO B BO-
J1€ OCHOBaHMA

6) cob NH,Cl + KOH = KCl + NHs1 + H,0 NH; + OH™ = NH;t + H,0
aMMOHUA

B) kucJas cosib | NaHCO5; + NaOH = Na,CO3 + H,O HCO; + OH = CO35 + H,O

4. Oxenn CO, + KOH = KHCO4 CO, + OH™ = HCO3

a) KHCIOTHBIH | CO, + 2KOH = K,CO5 + H,0 CO, + 20H" = CO3™ + H,0
OKCHzL

6) amdorepubiii | ZnO + 2NaOH + H,0 = Nay[Zn(OH),] ZnO + 20H™ + H,0 = [Zn(OH),]*
oKenp

5. Amgorep- | Zn(OH), + 2NaOH = Nay|Zn(OH),] Zn(OH), + 20H" = [Zn(OH), >

HBIN THAPOKCHL

Takum obpazom, anror OH™ B pactBopax miesodeil oOecriednBaeT npomexa-
HUe OCHOBHbIX Peaxyuli 3TOTO KJIAcca COEUHEHWN. JTOT BBIBOJ TOJTBEPKIACTCS
OTCYTCTBHEM KATHOHOB METAJJIOB B COKPAULEHHBIX UOHHDIX YPABHEHUSIX BCEX DeakK-
Uull uoHHo20 obMena ¢ yuacmuem uenouell. KaTHOHbI META/IOB OTBEYAIOT TOJBKO
3a cneyuguueckue coticmea KOHKPETHBIX IMeJ04eil: paCTBOPUMOCTD, y4acThe B pe-
aKIUsIX oOMeHa ¢ BBIMIAIEHIEM HEPACTBOPUMBIX COJIEH STUX KATHOHOB W JIp.

Oobwue xumuveckue ceoticmea coseu

XuMudecKkre CBONCTBA U PEAKIUU COJIeil B pacTBOpax 00YCJOBJEHBI TTaBHBIM
00pa3oM peakIusIMU MX WOHOB. B pesysisrate B3anMOAENCTBUST COJlell C1abbIX Kiic-
JIOT ¢ CUJIBHBIMHU KHCJIOTaMK 00pasyioTcst ciabble KUCIOTHI — IPOTEKAeT PeaKIus
HMOHHOrO 0OMeHa, I[P KOTOPOM IIPOMCXOAUT BBITECHEHUE KUCJIOThI U3 eé couu 60-
Jiee CUIBHOM KHUCJIOTOI.

Peakiuu cosieii co 1esiouaMu MPUBOJAT K OCUKIECHUIO HEPACTBOPUMBIX B BO-
Jie OCHOBAHWIi, BBIJICJIEHUIO aMMHUaKa U3 COJIeil aMMOHKS ¥ 0OPa30BaHMIO CPEIHUX
coJieil U3 KUCJIBIX COJIEH.
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B BOAHBIX pacTBOpax COJIM BCTYHAIOT B PEAKIIUU UOHHO20 00MeHA C JPYTUMU
COJISIMH, & TAKJKEe B PEAKINU 3aMelieHust ¢ 6oJiee aKTUBHBIMU MeTasimamu. Tummmd-
HBIE PEaKINU C y4acTHEM COJIell B pacTBOpax TpuBeneHbl B Tabsmie 19.

Tabsuia 19. XuMuueckue CBOMCTBA COJIeH B CBETE TEOPUM DJIEKTPOJUTHYECKOI
JUCCONMAINH

YpaBHeHue peaknuu YpaBHeHue peaknuu
Pearent . .. . &
B MOJIEKyJIsIpHO#T (hopme B COKpalIéHHO! HOHHOH (opme
1. Kucnora Na,CO; + 2HCI = 2NaCl + CO,1 + H,O CO3 + 2H" = CO,t + H,0
2. lIénoun CuCl, + 2KOH = Cu(OH),] + 2KCI Cu®* + 20H™ = Cu(OH),|
3. Coub BaCl, + K,SO, = BaSOQ,| + 2KCl Ba® + SO7 = BaSO,|
4. Meramnn CuSO, + Fe = FeSO, + Cu| Cu®* + Fe = Fe?" + Cu|

C IMosnunum Teopmun 3JI€KT]Z)OJIHTH‘I€CKOI>1 Juccoralin XUMHNYECKHUE CBOIICTBa
PacTBOPOB coJiei O6yCJIOBJIeHI)I peaknuAMHr € ydaCTUueEM KaTHOHOB METAJIJIOB (I/IJII/I
aMMOHI/IH) 1 aHMOHOB KMCJIOTHBIX OCTaTKOB.

XrMunyeckne CBOWCTBA PACTBOPOB 3MEKTPONMTOB (KUC/IOT, OCHOBA-
HWIA, coneln) obyCNOBNEHbl peakuuAMU NOHOB, 0OpasylLWwmnxca Apu mnx
anccoumaunn.

Peakunn noHHoro obmeHa nmpoTeKkaT HeobpaTMMO B ciiyyae obpaso-
BaHWs ra3006pa3HbiX BeLWeCTB, 0CAAKOB TPYAHOPACTBOPUMBIX BELLECTB UK
MasioANCCOLNMPYIOWNX COEAUHEHNIA — CNAabbIX 3NeKTPONNTOB.

Bonpocbl, 3agaHuna, 3agaumn

1. Monb3yAacb Tabnuen pacTBOPUMOCTY, HA30BUTE YETbIPE aHMOHa, 06Pa3yLLMX Hepac-
TBOPUMble conu ¢ KaTuoHom Ca’',

2. C KaKuMK 13 MEPEUNCTIEHHBbIX COEAUHEHUI 1 MPOCTbIX BELLECTB pearvpyeT pa3baBneHHas
cepHasn kucnota: HCl, Na,SO,4, NaHSOs;, Ba(OH),, NH;, LiOH, CO,, SO,? CocTaBbTe ypaBHeHMWs BO3-
MOXHbIX XVIMUYECKUX PEAKLUIA B MOSIEKYNIAPHON, MOSIHOWN 1 COKPALLEHHON MOHHOM popMmax.

3. CocTaBbTe B MONEKYISAPHOW GpOpMe TPU YPaBHEHUS peakuuii HenTpanvsaunm, COOTBET-
cTBytOWMX ypaBHeHmto: HT + OH™ = H,0.

4. CocTaBbTe B MOJIEKYNIAPHON 1 MOSHOWM UOHHON HOpPMax YPaBHEHUS XMMUYECKMX peakK-
UM B COOTBETCTBUM C ypaBHeHuamM: a) Cu®t + S*~ = CuS|; 6) Fe,0; + 6H" = 2Fe3* + 3H,0;
B) BaCO; + 2H' = Ba?" + CO,1 + H,0; r) H* + CO%™= HCO;.

5. YKaxute peareHTbl 1 MHAUKATOPbI, C MOMOLLbIO KOTOPbIX MOXHO Pa3finuUTb PacTBO-
pbl Ca(OH), n H,SO,: nakmyc, metunopaHx, ¢deHondTanenH, yHMBepcanbHas MHAVKATOPHas
6ymara, CO,, BaCl,, CuCl,, Fe (onunkn), NaHCO;, KF, FeCl;, H3PO,. Ykaxute KauecTBeHHble
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NPU3HaKN peakunii, HaNnUWnTe UX ypaBHEHWA B MONEKYNAPHON, MOMHON N COKPALLEHHOWN NOH-
Hol dopMmax.

6. OnpeaenuTe Maccy Meam, KOTOpYlo MOXHO Bblgenutb u3 1 am* pacteopa CuCl, ¢ KoH-
LeHTpaumeir 0,07 Monb/am> KenesHbIMI ONUAKamMu, B3ATbIMU B U36bITKE, eCin Takum obpa-
30M u3BnekatT 95 % meTtanna.

7. YKaxkute mMaccy pacTtBopa C MaccoBoi gonei KapboHata HaTpua 8,48 %, Heobxofmmo-
ro ANA NONHOro ocaxaeHna KatnoHos Ca’t 13 pacTtBopa maccoii 222 T, B KOTOPOM MaccoBas
jona xnopuga Kanbuma coctasnsaet 0,10.

8. Boiuncnute maccy nutbeBor copbl NaHCO;, KoTopas Heobxofmma ana HerlTpanmsaumum
96,0%-HOoI cepHON KNCNoTbl 06bEMom 1,00 ame u p=1835 r/cm3,

9. K pactBopy rognga 6apwma Bal, maccon 391 r ¢ maccoBon fonein conu, paBHol 40 %,
no6asuny 96%-Hbiit pactsop H,SO, ¢ p = 1,835 r/cm® B KonnuecTse, JOCTaTOUHOM ANIA MOS-
Horo ocaxpeHusa 6apus B Buge BaSO,. PaccumTaiite maccy (r) u o6bém (cm®) gobaBneHHOro
pacTBopa CePHOM KMCNOTbI.

g 10. icnonb3ya paHHble 3ajaun 9, paccumTalite maccy ocapka BaSO,, a Takke maccy obpa-
30BaBLUErocA pacTeopa MOAOBOAOPOAA 1 MaccoByto gonto HI B HEM.

IIpaxmuuecxasn paboma 2. Hzyuenue ceoticmeé Kuciom, 0CHOBAHUY U COJleU
6 ceeme meopuu INEKMPOTUMUUECKOU OUCCOUUAUUU

I. U3yyenue CBOUCTB KHCIOT

1. Onpenenure pH BBIZIAaHHOTO pacTBOpa COMSAHON KUCJIOTHI

2. Uccnenyiite, ¢ KaKUMU M3 TIPEIJIOKEHHBIX BEIECTB OY/IET pearupoBaTh COJIsI-
Hast KUCJIOTA: MarHui, Me/lb, THIPOKCHU/] KaJivisl, KapOOHAT HATPHsI, CYyIb(haT HATPHSL.

BcenomHuTe, 4TO NPU NPOBEAEHUM PEAKIIMU HEUTpaJM3allui MOKHO K M-
JIOYH TIPEIBAPUTENbHO M00aBUTh MHANKATOP (beHoyadTamens win ap.), a 3a-
TeM — KUCJIOTY.

OTMeTbTe KauecTBEHHbIE MPU3HAKK MTPOTEKAIONINX PEAKITUIA.

CnenaiiTe BbIBOJbI O CBOMCTBAX KUCJOT HA IIPUMEPE COJITHOU KUCIOTBI.

II. M3yyeHue cBOiiCTB mien0uei

1. Onpenennre pH BblaHHOrO pacTBOpa rUAPOKCH/A HATPHUS.

2. UccnenyiiTe oTHOIIEHNE THAPOKCUIA HATPUS K KUCJIOTAM U COJISIM, HAIIPH-
Mep cepHoil kucsaote u xyaopuay xeneza(Il1l).

OTMeTbTe KauecTBEHHbIE MPU3HAKK TTPOTEKAIONINX PEeaKInii.

CresaiiTe BBIBO/IBI O CBOWMCTBAX IEJI0YEH HA NPUMepPe THIPOKCHUIA HATPUSI.

III. 3yuyeHune cBOICTB coeii

Ocannre KaTMOHBI MeTaJJIa U aHWOHBI KUCJIOTHOTO OCTAaTKa, COJepsKalluecs
B pactBope cyJibdara xeneza(ll).

CnenaiiTe BBIBOJ O CBOICTBaxX coJiell Ha npumMepe cyibdara xemesa(ll).

g B oruére o BbImosHeHHOI paboTe Bce YpaBHEHUsSI peaKIlnil MPeACTaBbTe B MO-
§ 27.1 JIeKyJISIPHOH, TTOJTHON MOHHOU M COKPANIEHHON MOHHOU (hopMax.



[NABA VI
HEMETAJJ1bI

M3yumB 3Ty rnasy, Bbl paclMpuTe U CUCTEMATU3NpPYETE CBEAEHMA O He-
MeTaJiflax Ha OCHOBAHMM 3HAHU O CTPOEHUW aTOMOB, XVMNYECKOW CBA3U
N CTpoeHunn BellecTBa. Kaxabll U3 NpeAcTaBneHHbIX HeMeTanoB Bbl OyaeTe
paccmaTpurBaTb Kak XMMUYECKUI SMIEMEHT Y Kak MPOCTOe BeLLeCcTBO, M3yyu-
Te 0COOEHHOCTU BaXKHENMLLMX COEAMHEHMIA HEMETANIOB (OKCUAOB, MMAPOKCU-
OB, CONEN N BOQOPOAHbIX COEANHEHNN).

XapakTepucTukm XMMmun4eckux 3J1IeMeHTOB [aHbl MO MJaHy, npeano-
XeHHomy B rnaBe «CTpoeHVe aToMa 1 Mepuoanyecknini 3aKoH», B KOTOPbIN
JOMONHUTENBbHO BK/HOYEHbI BOMPOCHI PACMPOCTPAaHEHHOCTU dIEMEHTA B Mpu-
poae n ero 6MoONOrNYeCcKon pPonu.

B xapakTepmcTukax BeL}ecTB PACCMOTPEHbI MX COCTAB M CTPOEHUE,
dusmyeckne n xmmmyeckme CBOMCTBA, CNOCOObI NonyyeHns B nabopatopuu
1 MPOMBbILLNEHHOCTK, 06/1ACTV NPAKTUUYECKOFO MCMOb30BaHUS.

Ba)kHelllume NOHATUA TeMbl: HEMETaSbl, KNCIIOTHbIE OKCUAbI, KACOTbI,
COMN, aMMUaK, CTPOUTENIbHbIE MaTepuasibl, KaUeCTBEHHbIE PeaKLMM Ha UOHDI
NH;, CI-, Br-, I, SO, CO3".

§ 28. O6LWana xapaKTepucTnkKa HeMeTaNIoB

Ilonoscenue 6 nepuoauuecxoﬁ cucmeme

XumMuyeckre 3JeMEeHTBl MPUHATO AEJUTh HA METAJJIbl M HEMETAJJIbl 110 UX
XUMUYECKNM CBOHCTBaM. B mepmoanyeckoil cucremMe HeMeTaJIbl PACTIOJIOKEHBI
B A-rpymmax: [A, [TTA-VIIIA. OT mMeTannoB ux ot/essieT cTyneH4aras JUHUS BO-
nopox — 6op — oranecoH. HemeTasuibl HaXOIATCS BbIIIe 9TON JIMHUU, TO €CTh 3a-
HUMAIOT TIPaBbIl BEPXHUiT yroJi TabJuilbl, 00pasysi cBOEOOPa3HbI TPEYrOJbHIK
(puc. 61).

DJIEMEHTBI, PACIOJOKeHHbIe B OHOUM TPYTIe, CXOAHBI MO0 CTPOEHUIO aToMa,
a 3HAYUT, BO MHOTOM M 10 cBoiicTBaM. [loaToMy yiss HEKOTOPBIX TPYIIT HeMe-
TaJIJIOB NIPUMeHsoT o0uue HasBauus. Tak, Hemertamabl VIIIA-rpymnibl HasbBaOT
6aaropopubiMu razamu. Jlist asemerToB VIIA-Tpymimmbl UCIIONB3YIOT Ha3BaHME ra-
Jorenbl — poxaoniue conn. Hemeramnsr VIA-rpymnmbl umMeior obiiee Ha3BaHUe
XaJIbKOTEHBI — POKIAIONINE PY/IbIL.
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Homep Howmep rpymmst
nepuosa
IA ITA IITA IVA VA VIA VIIA VIIIA
- —
1 H1 Hewmetasbt > H‘Z’
1s 1s

9 B C N (o) F Ne
25%2p! 25%2p? 25%2p° 25%2p* 25%2p° 25%2p°

3 Si P S Cl Ar
3s23p? 3s%3p° 3s%3p* 3s%3p° 35%3p°

4 As Se Br Kr

4s%4p° 4s24p* 4s*4p® 4524p5

T I X
MeTtasibl > ¢ ¢
> < 55%5p* 55%5p° 55%5p°

-
At Rn

6 65%6p° 65%6p°
Og
7 7s*7p®

Puc. 61. HemeTtannbl n 2JIEKTPOHHaA KOHd)I/II'ypaLI,I/IFI X BHELUHEro sHepreTm4yeckoro ypoBHA
P4

Mo anekTpodr3nYecKUM CBOMCTBaM, B OTAIMUME OT XMMUYECKMX, NPOCTble BELECTBa, COCTO-
AlMe M3 aTOMOB TeX WM WHbIX 3/1eMeHTOB, MOAPAa3[enAlT Ha TpWU TPynnbl: MeTansbl,
NoNyrnpoOBOAHMKNA U AUSNEKTPUKN. Paznnuuntb 3T BelecTBa MOXHO He TONIbKO MO BefnynHe
3/1eKTPOMNPOBOAHOCTM, HO 1 MO XapaKTepy eé 3aBUCMOCTU OT TemnepaTypbl. C pocTom Temnepa-
Typbl 3NeKTPOMPOBOAHOCTb METAIOB NajaeT, a NoNyNpPOBOAHNKOB U AM3NEKTPUKOB pacTeT. Tu-
NUYHbIE NONYNPOBOAHNKN — KPEMHUN 1 repMaHui.

Cmpoeuue AJIEKMPOHHBIX 000710ueK amomoe Hememasioe

Buemnuii 271eKTpOHHBIA C€JIOK aToMa BO MHOTOM OIIPeesseT CBOWCTBa aJe-
MeHTa. YMCJIO 9JIEKTPOHOB BHEITHETO YPOBHSI aTOMOB HEeMemasllo8 COOTBETCTBY-
eT HOMepY A-IpyIIbl, B KOTOPOil PACIIOJIOKeH dIeMeHT. Y OOJIbIINHCTBA U3 HUX
OH OJIM30K K 3aBEPLIEHMIO WU 3aBEPILEH, COAEPKUT YeThipe U OoJjiee 3JIeKTPOHOB.
Memblilee 4MCJIO 3JIEKTPOHOB COJEPKAT ATOMBI JIMIIH TPEX 2JIEMEHTOB: BOJOPOJI
MMeEeT OJINH 2JIEKTPOH (/10 3aBepIIeHusT He XBaTaeT OJHOTO 3JIEKTPOHA), TeTUi —
JIBa 9JIEKTPOHA (BHENIHWI YPOBEHb 3aBepInéH), 6op — Tpu ajekTpoHa. Hemeras-
JIBI SIBJISIIOTCST TIPEJICTAaBUTEJISIMU P-3JIEMEHTOB, 32 UCKJIIOYEHUEM BOJIOPO/ia U Te-
JIAS, TPUHAJJIEKAIINX K S-2JIEMEHTaM.
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ATOMBI HEMETaJJIOB, B OTJIMYKE OT aTOMOB METAJLJIOB, CIOCOOHBI IPOSIBJISAThH
KaK TIOJIOKUTEJbHbIE CTENeHN OKWCJIEeHUs, TaK W OTpulaTesbHble. Vckmouennem
SBIISTIOTCST (DTOP M OJIarOpoiHbIE Tasbl. B coeMHEHUsAX ¢ IPYTUMU dJIEMEHTAMU JIJIsT
dbropa XapaKTepHa JINIIb OTPUIATEIbHAs CTelleHb OKMC/eHus, paBHas —1 (Hanpu-

Mep, KF OFQ, CF 4). HaubGousee nérxue 6aropogHble ra3bl — rejuil, HEOH U ap-
TOH — YCTOWYMBBIX COEANHEHWI He 0Opas3yIoT, a JJIsT KCeHOHA, KPUIITOHA U PaloHa
MOJTyY€HbI COEIMHEHUS JIUITh C TIOJIOKUTENbHBIMEU CTENIEHSIMU OKUCIeHUsT (HaTpu-
+2 +8
Mep, RnF,, XeOy).
B 1ieiom 3HavueHMs cTereHell OKMCJIEHUS HEMETAJJIOB JiesKaT B MHTEpBaje OT

-4 no +8, a BasentHoctu — ot | o VIII. Ciuenyer BCIOMHUTH, YTO BAJEHTHOCTH
aTOMOB 9JIEMEHTOB BTOPOTO IIeprojia He ObiBaeT OOJIbIe YeThIPEX:

-0 >

IIpocmvoie sewecmea

B ucropuuecku cioxkusuieiicss kiaaccuuKauy 3JeMeHTOB IIPUHA/IE)KHOCTD
K HeMeTasjlaM OIIpe/iesisiii 110 (DU3NYECKUM CBOMCTBAM IIPOCTBIX BEIIECTB: TBEP-
J10€e, Ta3000pa3HOe WK JKUJIKOE COCTOSTHUE TIPU HOPMATbHBIX YCIOBUsIX. B TBEpmoM
COCTOSTHUM Y HEMETAJIOB, KaK MPaBHJIO, OTCYTCTBYeT MeTayuindeckuii Oieck. Mx
JJIEKTPO- U TEIJIOIIPOBOAHOCTD O6I)I‘{HO HEBEJIMKHU, BEIIECTBa ABJIAIOTCA XPYIIKMMHU.

Hewmerasibsl 06pa3yioT [Ba THNA KPUCTAIIOB — MOJEKYJSPHbIE W ATOMHbIE
(puc. 62).

HpOCTbIC BeIIIECTBA HEMETAJLIIbI

/ \

MousekyasipHoe CTpoeHHe HemounexkynsapHoe crpoenue
MosekyasipHbIe KPUCTAJLIbI ATOMHBIE KPUCTAJUIBI

v v

Omnoaromusie Mmosnekyasl — Ta3sl He, Ne, Ar, Kr, Xe, Rn
JlByxartomuble MOJEKYJIbl — rasbl Ho, Ny, O, Fy, Cly, Teépapre BemmectBa — B, Si, As,
JKUIKOCTh Bry, TBEpHOE BetmecTBo I, C (ammas, rpacdur)

Mmuoroaromubie MoseKy bl — O3y, Picrgy Sgirmyy Coocrn)

Puc. 62. CoctaB 1 CTpoeHmne NPOCTbIX BELECTB HEMETANNOB
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BeriecTBa MOJIEKYJISIPHOTO CTPOEHUST OTJIMYAIOTCS HU3KUMM TeMIlepaTypamu
miapnenus (requii —272 °C, kucaopon —223 °C) n kunenns (requii —269 °C,
kuciopon —183 °C). Hemeraibl HEMOJIEKYJISIPHOTO CTPOEHMsI, HA00OPOT, MMe-
IOT YPEe3BBIYANTHO BBICOKME TeMIEpaTypbl KulleHust u 1iabjaenus (rpadput: T, =
3850 °C, T= 4200 °C).

[l HeMeTasIOB XapakTepHO sBjieHue ajorponuu. I[Ipumepamu moryT ciy-
JKUTh KPacHBIA 1 Gestblii hocop, ammas u rpadut, KUCIOPO U O30H.

HemeTamipl MOTYT BCTyTaTh B peaKIIUU C BEIECTBAMU BCeX KJAcCOB (MeTaJlia-
MU, IPYTUMH HEMETAJIAMU, OKCUIAMU, TIeJI0YaMi, KUCJIOTaMU, COJIIMU) U TIPOSIB-
JIATh KaK OKUCAUMEIbHble, TaK U 8occmanosumenviivie ceotcmea (tadbim. 20).

Tabsmia 20. O0mue CBOWCTBA HEMETAJIOB KaK MPOCTHIX BEIIECTB

HeMmeTaibl Kak OKHCIHTETH HemeTasibl Kak BOCCTAHOBUTEIH
BCTYNAIOT B PEaKIHU BCTYNAIOT B PEaKIUU
C metaniamu: C HEeKOTOPBIMU OKCHJIAMU:
0 0 ¢ +2 -4 0 0 +3 t +4 0
C + 2Mg = Mg,C, C — oxucanrennb 3C+ 2Fe,0O3 = 3CO, + 4Fe,
0
C — BOCCTAaHOBUTEJIb
C JpyruMu HeMeTaJlJIaMu: C ApyruMu HeMeTaJlJIaMHU:
0 0¢ +3-2 0 0 +4 0
2P+ 3S = P,S3, S — okucauresnnb S+ Oy=S0,, S— BoccTaHOBUTEIb
C kucaoTaMu: C opraHnyecKMMH BEIIECTBAMU:
0 -2 0 1 _ 0 ¢ Ni *1 +
Cl, + H,S (pactBop) = S| + 2HCI (pactBop), (():H:CH + 2H, — CH3—CHj,
0
Cl — OKHCIUTEND H — Boccranosuresn
C comsamu:

0 10 1 0
Br, + 2KI = 1,| + 2KBr, Br — okucaurenb

OxucyuTesbible CIOCOOHOCTH aATOMOB HEMETAJIIOB MOKHO CPAaBHUBATD 110 TO-
JIOKEHUIO B TIEPUOJMYECKON CHCTeMe: ¢ POCTOM aTOMHOTO HOMEpa OHU YBEJIUYU-
BAIOTCA B II€PUOJaX U YMEHBIIAIOTCS, KaK IIPAaBUJIO, B TPyIIaxX. JTU e CBOICTBa
MO3KHO TaK)Ke OIlEHMBATb, COTIOCTABIISASA 3JEKTPOOTPUIIATETHHOCTD HEMETAJLIIOB, KO-
TOpas BO3pacTaeT B PSIY:

Si B As P H C I S Br Cl N (0] F

1,9 2,0 2,1 2,2 2,2 2,5 2,5 2,6 2,8 3,0 3,0 3,5 4,0

»
>

OxkucauTenbHast CcmocoOOHOCTh HEMETAJJIOB € YBETMUEHHEM 3JIEKTPOOTPHUILA-
TEJTHHOCTU YCUJIUBAETCS.
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Pacnpocmpanénnocmo nememannos 6 npupooe

B npupose HemeTasibl CyIecTBYIOT HE TOJIBKO B BUJIE COEAMHEHUN (OpraHu-
geckue BerectBa, okcuabl HyO, SiOy, COy, comm Geckuciopoanbix kucaor NaCl,
As»Ss, comu kucaoponcogepxkanmx kucaor CaCOs, Caz(PO)),), HO 1 B ¢cBOOOIHOM
BUJle, HAIIPUMEpP a30T, KUCJIOPOJ, OaropojHbie rasbl, yriepon (B ¢gopme rpadura
n anmMaza), cepa. CylecTBoBaHNEe HEMETAJIJIOB B BUJIE MPOCTHIX BEIIECTB B IPUPO-
Jle CBSI3aHO C HU3KOM aKTUBHOCTBIO MEPEUNCIEHHBIX HEMETAJJIOB TP HOPMAJIbHBIX
YCJIOBHSIX: aTOMBI OJIATOPOJIHBIX Ta30B UMEIOT 3aBEPIIEHHBIN BHEITHUN 3JI€KTPOHHbIN
YPOBEHB, KUCJOPOJ U a30T — JOCTATOUHO MPOYHbIE KOBAJIEHTHBIE CBSI3HM B JIBYXaTOM-
HBIX MOJIEKYJIAX, YIJIepo/; 00pasyeT MpovHble aTOMHbIe Kpuctawibl. Ha 3emie cambi-
MU PaclpoCTPaHEHHBIMA HEMeTAJJIAMU SBJISTIOTCS KUCTOPO/] U KpeMHMH (110 Macce
oK0J10 49 % 1 26 % CcOOTBETCTBEHHO), BO BceneHHOIT — BOIOPO/I.

Hpumeneuue HememaJilioe

Ob6racTu TIpMEHEHUsT POCTHIX BENeCTB HEMETaLIOB oOmmpHbL. [IpruMepamu
MOTYT CJIY>KUTb: ITPOU3BOJICTBO TIOJIYTIPOBOAHUKOBBIX MaTepUaioB (KPEMHUH, CeJieH),
MeTaJITypPrudecKre MPOTecChl MOJTydeHns MeTaanoB (yrjiepoj, BOJIOPO) U CILia-
BOB (0O0Op, KpeMHUIT), MHTeHCU(PUKAIMSA TPOIECCOB TOpeHust (KUCI0PO), CO3/a-
HIe MHEPTHOI atMocdepbl (a30T, 6Jaropo/HbIe Ta3bl), OPraHMYecKUil CHHTE3 (XJI0p,
6poMm), BozzyxoIiaBanue (reJjuii, BOIOPOJL), cBeToTexHUKa (6Jaropo/Hble rasbl).

HemeTannbl anawTcA npeactaBUTENAMNM S- U p-3JIEMEHTOB.

CTreneHn OKUCNEHNA HEMETANINIOB N3MEHATCA OT —4 no +8.

B xmmmnuyeckmx peakumax HemMmeTalJibl NPOABJAIT KaK OKUC/INTeNbHbIE,
TakK MU BOCCTAHOBUTEJIbHbIE CBOWCTBA.

Bonpocbl, 3agaHua, 3agaumn

1. ONuWwNTe NONOXKEeHNe HeMeTaNsIOB B Mepuoamnyeckon cucteme. YKaxkute ans
3/1EMEHTOB-HEMETAJINIOB TPETbEro Nepuoa BO3MOXKHbIE 3HAUEHWNA CTEMEHN OKUCSIEHUs U Ba-
JIEHTHOCTW.

2. 3anuwmnTe CMMBOJIbI 3N1IEMEHTOB U 00Uyt GOpMyny 3NeKTPOHHOW KoHdurypauum:
a) 6naropofHbIX ra3os; 6) rajloreHoB; B) XaJIbKOreHOB.

3. OnpepennTe CTeneHV OKUCIIEHNSA aTOMOB B COeAUHEHMAX:

a) HCl, HCIO, HCIO;, HCIO,  6) H,S, SO,, H,S05, H,S0O,.

4. YKaxunTe yTBep)KAeHUA, XapakTepu3yLine KNCNOPOA Kak XUMUYECKUA DNIeMEeHT:
a) 06béMHanA Jonsa Kucnopopa B Bo3fyxe coctasnseT 21 %; 6) aTom Kucnopopa cofep-
XUT LWeCTb SNEKTPOHOB Ha BHELUHEM SHepreTMYeckom YpOoBHE; B) MaccoBas [OMA KUCII0PO-



158 Hemetannbi

[la B 3eMHOW Kope paBHa 49 %; r) Npu BbiNnaBKe YyryHa MCnosib3yioT BO3AyX, 060raléHHbIN
KMCNOpoAOM; 1) 3NMeKTpPooTpuLaTeNlbHOCTb KUC/IOPOAAa MeHblue, Yyem $Topa; €) KNCnopoa
B COe[JMHEHUAX NPOABAAET CTENEeHN OKMUCNeHnA oT -2 [0 +2.

5. CocTtaBbTe ypaBHEHMA peakuuil C yyacTuem HemeTanioB, YUnTbiBas, YTO aTOMbl Heme-
TaNNoB B 33aflaHHbIX pPeakuuAX NPOABAAIT HU3LWYIO CTENeHb OKUCIEHUSA:

Al +Cl, —;Li+ N, —>;Ca+P —;Zn +Br, »; K+ H, —; Al + S —.

6. OnpepennTe Maccy yrnepoga, HeO6XOAMMOro AN BOCCTaHOBMIEHNA Xefe3a U3 oKcraa
xene3sa(lll) macconm 1 1. YrnepoZ okncnaeTca Ao BbiCWIEN CTEMEHU OKUCIEHNS.

7. A30T UMeeT oueHb H13KMe TemnepaTypbl NnasneHna 1 kunenna -210 °C n -196 °C, a 6op
Bblcokne — =2075 °C n =3800 °C cooTBeTCTBEHHO. [lalite 06bACHeHMe TakoMy pasnnymio.

8. HNokaxute, uto pocdop BbiNONHAET GYHKLMIO BOCCTAHOBUTENA B MEpBOW peaKkuuu
n okmcnutena — Bo BTopont: 1) P + O, — P,0s; 2) P + Ca — CasP,.

9. PacctaBbTe KO3dOULMNEHTbI METOLOM 3NEKTPOHHOMO H6anaHca 1 yKaxuTe, oKucmTenem
WM BOCCTaHOBUTENIEM ABNAIOTCA MPOCTble BellecTBa:

a) P + H,SO, — H;3PO, + SO, + H,0; 6) S + HNO; — H,SO,4 + NO.

10. O6pasel| ra3006pa3HOro MPOCTOro BelllecTea HemeTanna 06béMom 1 am> (H. y.) umeeT
maccy 3,17 r. Onpepenute xummyeckyto Gopmyny BeLlecTsa.

§ 29. Bogopoa

Booopoo xax xumuueckuil snemenm

T Mest caMmyio MajIylo Maccy aToma, atom Bojopoaa jH mmeer n ca-
H MO€e TIPOCTOE CTPOEHUE: SIIPO, MPEACTABIsAoNEee cOOOI MPOTOH, U OIUH

1 Bonopox o
9JIEKTPOH, KOTOPBIN pasMeriaercst Ha 1s-opOurann. DIeKTPOHHAST KOH-
1s! 1s
1,00794
durypanusa H 1s!, sanexrponno-rpaduyeckas cxema: (H1.

DJIEKTPOOTPUTIATETLHOCTH BOIOPO/IA PaBHA 2,2. JTO BBITIE, YeM Y Me-
TaJIJIOB, KpeMHus, dhocdopa, HO MEHbIIEe 3JTEKTPOOTPUIATETHHOCTH KUCJIOPO/Ia
U JIPyTUX XaJIbKOT€HOB, TajoreHoB. lloaToMy 17151 Bopoposa XapakTepHbI CTeleH!

-1 1 +1
okucnenns —1, 0 u +1, manpumep, LiH (rugpun matus), SiH; (cunan), CH; (meTan),

+P1IQO (okcu BOIOPO/IA, BOJA).

Kak BBI y)ke 3HaeTe, TPUPOAHBIA BOAOPOA COCTOUT U3 JIBYX CTAOMJIbHBIX W30-
Tornos — {H (mporuit — 99,98 % ot obmiero umcia atomos), 1H (xeiitepuit D —
0,015 %) u paxnoakrustoro $H (tpuruit T — cienosbie kosuectsa) (§ 7, puc. 12).

Bomopon siBsisieTcst caMbiM pacipoCcTpaHEHHBIM 2JIeMEHTOM BO BcesieHHOI.
Ha 3emie ma moso Bomopozia mo Macce, CUnTas BOLY W BO3AYX, TIPUXOIUTCS OKO-
10 1 %, a npu nepecyére ot oOIIEro yucaa atoMoB — okoso 17 %. Bomopox mpe-
UMYIIECTBEHHO HAXOIUTCS B CBsI3aHHOM cocTosiHuu. OH BXOAUT B COCTaB BO-
Ibl, HedTH, MPUPOJHOTO Ta3a, KMBBIX OPTaHM3MOB. B BHie MpocTOoro BemecTBa
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BOJIOPOJI 1oUTH He Berpevaercst. CireloBble KOJMYECTBA €r0 0OHAPY/KEHBI B BEPX-
HUX CJIOSIX aTMOC(EPBI, BYJKAaHUYECKUX ra3aX M MPOAYKTaX PasJioKeHust GaKTepH-
sIMU OPTaHMYECKUX BEUIECTB B YCJIOBUAX HEJOCTaTKa BO3/yXa.

Booopoo xax npocmoe sewecmso

Bonmopox kak mpocroe BemecTBo COCTOUT U3 ABYXaTOMHBIX MOJIeKyJ Hjy, B ko-
TOPBIX aTOMbI CBsSI3aHbI KOBAJIEHTHOI OJMHAPHON G-CBsI3bIO, 0Opasyloleiics mpu
nepekpbiBannu 1s-opOuraseii:

1s
TAD

s WJIN 1s—1s

JJyieKTpoHHas U rpaduyeckass Gopmysabl Mosiekysbl umeror sua: H:H u H—H.

Dusnueckne croiictBa. Bomopos mpu HOPMAJILHBIX YCJIOBUSIX — 9TO Tas 0e3
I[BeTa, 3amaxa M BKyca, m10THocThio 0,089 r/am°. MiMeeT oueHb HU3KUE TeMIepa-
Typel kunenns (—252,6 °C) u mnasaenust (—259,2 °C). PactBopuMoctb Bomopo/a
B BOJIE KaK TIOJIIPHOM PACTBOPHTENE Masia, MOATOMY €r0 MOXKHO COOMPATh B COCY/L
METO/IOM BBITECHEHUS BOBI. BOZOPO/ XOPOIIO pacTBOPUM BO MHOTHMX METaJIax
(Ni, Pt, Pd u ap.).

Xumnyeckue cBoicTBa. XMMHUUECKass aKTUBHOCTh BOJOPOJA MPU KOMHATHOM
TeMIiepaType HeOOJIbINast, TAK KaK BBICOKA MPOYHOCTH KOBAJEHTHOU CBSI3U B MOJIe-
KyJsie. B XMMUUECKMX peakiusax BOAOPOJ MOXKeT OBbITh KaK BOCCTAaHOBUTEJIEM (UTO
6oJiee XapaKTEePHO), TaK W OKUCJIUTEJIEM.

1. Peakmuu ¢ mpocThIMU BeleCTBAMU:

a) pearupyer Kak occmanogumens ¢ HeMeTAJJIaMH, aTOMBI KOTOPBIX UMEIOT 110
CPaBHEHMIO C BOJIOPOAOM 0o0Jiee BBICOKYIO 2JIEKTPOOTPUIATEBHOCT — TaJlOTeHa-
MU, a30TOM, CEPOH, KUCIOPOIOM:

0 h ot
H2 + C12 = 2HC1,
0 t, p, Kar. +1
3H2 + N2 = 2NH3;
0] t 1
H2 +S= HQS;
0 t H
2H2 + 02 = 2H20

Crenyer oTMeTHTB, YTO BOJOPOJ He B3ammojeiicTByeT ¢ ¢dochopom
U KPEMHUEM;

6) pearupyer Kax OKUCAUMENb CO TEJTOUYHBIMU U IETOUHO3EMETbHBIMU METal-
JaMu, 00pasyst TUAPUIBL:

0 ¢ -1
2Na + H, = 2NaH;
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0 ¢ -1
Ca + HQ = C3H2.
Iuapuael serko pasnaraloTcss BOJIOW C BbljleJieHUEM
HCl BOJIOPOJIA:
-1 0
_»Hz C3H2 + 2H20 = 2H2T + C&(OH)QL
S 2. Peakium co CJIOKHBIMU BEI[eCTBAMMU:

a) B3aMMOJIENICTBYeT C HEKOTOPBIMU OKCHIaMU MeTaJl-
JIOB B-Tpynn Kak BOCCTaHOBUTEJIb:

0 ¢ +1
W03 + 3H2 =W + 3H20;

0 ¢ +1
CuO + H, = Cu + H,0;
Puc. 63. Annapat Kunna 6) pearupyer ¢ OpraHUYECKUMHU BEIeCTBaMU, COIEP-
Monyuenne sopopoaa JKAIUMU KpaTHble CBSI3W (Peakius TUIPUPOBAHUS) —
B naGopatopun aJIKeHaM1, AJIKWHAMU, JUeHaMU, apeHaMy, a TaKke aJib-

nerugamu. Hampuwmep: N
CH,=CH, + H, ~3" CH3—CHs,

9TEH oTaH

7n

g Ionyyenune. /[yt mojydeHust BOAOPOAA B JTaOOPATOPUU TIPUMEHSIIOT METaJlJIbl
cpefiHell akTUBHOCTU (IIMHK, aTIOMUHUHN, JKeIe30) U KUCTOTHI (XJIOPOBOOPOIHYIO
WJIN CEPHYIO):
Zn + 2HCI = ZnCl, + H»1.

[Ipu aTom yacTo mcnosb3yloT ammapar Kumia — ycTpoiicTBO, 103BOJISIONIEe
HOJTy4yaTh Ta3o00pa3Hble BEIeCTBa W PEryJupoBaTh UX TOK (puc. 63).

BaxkHenwwmmm cnocobamu nonyyeHma Boaopoda 8 npomMblwsieHHOCMU ABNAKOTCA:

1) B3aMMOZENCTBME NapoB BOAbI C METAHOM:
1000 °C
CH; + H,O = 3H, + CO;
2) B3aUMOAENCTBYE NapOB BOAbl C PACKANEHHBIM KOKCOM:
1000 °C
3) anekTponu3 BoAbl (B NPUCYTCTBUN 3NEKTPONMTA):

7
2H20 = 2H2 + 02.

IIpumenenue. OnHO U3 BaKHEHMNX (PU3NIECKUX CBOKCTB BONOPOAA — Ma-
JIast TZIOTHOCTD, TTO9TOMY €TO MCIMOJIb3YIOT /IJIST HAMMOJIHEHUS 30H/I0B, UCCJAEIYIOINX
BepxXHUeE CJI0U aTMOCHhEpPHI.

B xumudeckoii MpOMBINIIIIEHHOCTH BOMOPOJI UCIIOJB3YIOT /U TIOJy4YEeHUs aM-
muaka NHj, xmoposogopoma HCI, meranona (CO + 2H, = CH3;0H), mHOrUX Me-
TAJIJIOB U3 WX OKCH/IOB, HAIIPUMED TYTOIJIABKUX MoJinbjeHa W Bosbdhpama. Yike
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ceituac paboOTAlOT 3aBOJIBI, HA KOTOPBIX JIJIsI BOC-
CTAHOBJICHUS OKCHUIOB ’Keje3a J0 MeTajljla BMeCTO
yrieposia (Kokca) MCHOJIb3yloT Bonopoj. Bomopos
HAXO/UT TpUMeHeHre B MPOU3BOJICTBE MaprapuHa
13 PaCTUTETBHBIX MaceJ.

Peaknusa ropenusi Bojopona B KHUCJIOPOJE
(2Hy(py + Ogqry = 2HOypy) + 484 x/Ix) ncnombayercst
B PAKETHBIX JIBUTATEJNISIX, BBIBOSAINIMNX B KOCMOC Jie-
TaTesbHbIe anmnaparsl (puc. 64). Hanpumep, morinas
KOCMHYECKast pakera «JHeprusi» norpebdisier bosee
2000 TonH TOM/MBA, GOMBIIYIO YAaCTh KOTOPOTO CO-  p,c ga. CTapT KOCMInYECKoM
CTABJAIOT JKUJIKHME BOAOPOJ M KHUcJopoj. B HacTo- paKeTbl
sAllee BpeMsi HAyaToO TPOU3BOJCTBO aBTOMOOWIIEH,

TOILJTMBOM B KOTOPBIX CJYXKHUT BOAOPOA (puc. 65).

ATy JKe PeakIuio TMPUMEHSIOT W Uit cBapouyHbiXx pabor (puc. 66). Ilpu wuc-
MOJTb30BAHUN CIIEIIMAIbHBIX TOPEJIOK JOCTUTAIOT TeMIlepaTyphl IJIAMeHU OKOJIO
4000 °C, 4TO MO3BOJISIET MPOBOAUTH CBAPOYHBIE PAOOTHI C CAMBIMHU TYTOIJIABKH-
MU MaTepHuaJamHu.

Yuénble pasHbIX CTPaH BeAyT MOWCKU IyTel 3aMeHbl HAa BOAOPOJ HedTH, Ta-
3a W yris Kak tomauBa. [Ipu cropaHum mocjiefHux oOpasyloTcsl BEllecTBa, 3a-
rps3HAONIME U pa3pymaonime okpy:xkaomniyio cpeny (CO, CO, SOy u ap.),
B TO BpeMsI KaK MPOAYKTOM CTOPAHUS BOJOPO/A SBJISIETCS IKOJOTMUECKU YUCTOE
BEIECTBO — BOJIA.

Jemyuue 6000poonvie coeounenus

Jletyune BOOPOMHDBIE COEAMHEHUS SIBJSIIOTCS BENECTBAMU MOJIEKYJISIPHOTO
CTPOEHMSI, KOTOPbIE IIPY HOPMAJIbHBIX YCIOBUSX HpeacTaBisior coboii raser (HCI,
NHs, H,S) nnu sxkunkoctu (H,O, HF) (puc. 67).

Puc. 66. CBapKa 10BeNNPHbIX U3[eNnin
Puc. 65. ABTo3anpaBKa BogopoaoM KNCIOPOAHO-BOLOPOAHBIM MiamMmeHeM



Hemetannbl

162
Howmep rpymmst
Howmep
HeproAa IVA VA VIA VIIA
9 CH, NH; H,0O HF
Metan AmMMEax Boma DropoBomgopo
3 SiHy PH; H,S HCI
Cunan Dochun CepoBomopo XJI0pOBOIOPOT
4 AS H3 H2 SC HBr
Apcun CesieHOBOI0PO/L Bpomosonopoz
5 H,Te HI
TenmypoBomopox Wonmosomopon
Oo6uas
T m—— RH, RH;3 H),R HR

Puc. 67. HETy‘-II/Ie BOAOPOAHbIE COEANHEHNA HEMETANNOB

KucsioTHo-0cHOBHBIE CBOMCTBA BOAHBIX PACTBOPOB JIETYUYNUX BOJAOPOIHBIX COEIH-
HEHWI M3MEHSIOTCST B 3aBUCHMOCTU OT TTOJIOJKEHUS 9JIeMEHTa B TIEPUOIMTYECKON CHC-
teme. MsBectho, uro CH, He pactBopsiercst B Bojie, NH3 o6pasyer ciaboe ocHoBa-
ure NH; - H,O, pacrBop HF — ciabas, a pactBop HCl — cumbHast kucsora:

NH;- H,O 2 NHj + OH;
H,0O = H" + OH;
HF 2 H" + F;
HCl - H' + CI-.
3HAYUT, KUCJIOTHBIE CBOWCTBA BOJIOPOIHBIX COENHEHNN HEMETAIIIOB 8 NEPUode

" 6 ¢pynne yCUJINBAOTCA.

[na atoma Bogopoda XapakTepHbl cTeneHun okucnieHua -1, 0, +1. MNpo-
CTOe BeLLeCTBO BOAOPOL MOXET ObiTb Kak OKMCIUTesNleM, Tak U BOCCTaHO-

BUTENEM.
BogHble PacTBOPbI NETy4mnx BOAOPOAHDbIX COeNHEHMNI MOTYT NPOABNATb

CBOWCTBA KUCJIOT, OCHOBaHWIA.
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Bonpocbl, 3apgaHua, 3agaum

1. Ha3oBuTe: a) n3otonbl Bogopofa; 6) BO3MOXHblE CTEMEHV OKMC/IEHUA aToOMa BOAOPO-
[la; B) rpynmbl BeLecTs, C KOTOPbIMM MOXET pearnpoBaTb BOLOPOA; ) peareHTbl AnA nonyde-
HWUA Bogopoda B nabopatopuu.

2. V3 npeanoXxeHHOro nepeyHs ypaBHEHU peakuuii BbINULIKTE Te, KOTOPble XapaKTepu-
3yl0T: a) CBOWCTBa Bogopofa; 6) cnocobbl nosyyeHnsa Bogopoga:

Fe,0; + 3H, = 2Fe + 3H,0;

2H,0 i 2H, + Oy
H, + Cl, 2 2Hcl;
Zn + 2HCI = ZnCl, + H,1;
H, + HCHO "% CH,0H;
Zn + 2H,0 + 2NaOH = Na,[Zn(OH),] + H,1.
3. 3anonHuTe Tabnuuy «pumeHeHne Bogoponay.

CBolicTBa Bogopoaa O6nacTy NnpuMeHeHus YpaBHeHue peakuuu

Peakuus c kucnopogom
B3sanmopencTeue c a3otom
B3zaumopenicteume ¢ xnopom

B3sanmopencTeume ¢ okcngamm
TYroniaBKUX MeTassioB

lvapvipoBaHue 6eH3ona

4. CocTaBbTe YpaBHeHNA peakuuii o6pa3oBaHUA Bogopoda (MeTansbl OfI0BO Sn 1 HUKeNb
Ni okucnswTca fo cteneHn okucnenus +2): a) Mg + H,SO, —; Sn + HCl —; HCl + Zn —;
6) Al + H,SO, —; Ni + HCl —.

5. Onpepenvte MakcumanbHbIi 06bEM Bogopoda (H. Y.), KOTOPbIN MOXeT 6blTb NOnyyeH
B annapate Kunna npw 3arpyske ymHka maccon 0,39 Kr.

6. CpaBHWTE: a) COCTaB AAep NpPoTUsA, AeNTepUs, TPUTKS; 6) KMCNOTHO-OCHOBHbIE CBOMCTBA
BOAHbIX PacTBOPOB CEPOBOAOPOAA U XTOPOBOAOPOAA.

7. CocTaBbTe ypaBHEHUA peakLnin COrnacHo cxeme:

a) H,50, > Hy, 5 NaH 2 H, 5 CH;—CH;; 6) Cl, > HCl 5 H, 2> Fe 5 H,.

8. Onpepenute KONMYECTBO TeMOTbl, BbiAENUBLUENCA NPY CropaHuMX Bogopoda oObEMOM
1 M (H. y), €71 TEPMOXVMMUECKOE YPaBHEHME peaKLi UMeeT B 2Hy + Oy = 2H,0) + 484 K.

9. K rmapvay Hen3BecTHOro AByXBasIeHTHOro MeTasna maccoin 1,05 r gobasunu Bogy B m3-
6bITKe. MNpun 3TOM Bblaenuncs Bogopon o6vémom 1,12 om3 (H. y.). Onpegenute meTann.

10. B cucteme yctaHoBunocb paBHoBecue: 3H, + N, = 2NH3. M3BeCTHO, 4TO K 3TOMY MO-
MEHTY npopearvposano 35 % Bogopofa 1 ob6paszoBanocb 7 Mosib aMmmuaka. Onpegenute mc-
XOAHYI0 Maccy Bogopopaa.

*lNogrotoBbTe coobLeHKe «Bo0opod — monsiugo 6yoyujezo.

D:D0

w
N
0
o
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Jabopamopnoiii onoim 4. Henvimanue unouxamopom pacmeopos
6000pOOHBIX COCOUHEHUL HeMeMmalllos

B Tpéx mpoHyMepoBaHHBIX MPOOMPKAX HAXOSTCS BOJAHBIE PACTBOPBHI PaCTBO-
PUMBIX B BOJIE JIETYUYUX BOJIOPOJIHBIX COEMHEHWH a30Ta W XJIOpa, a TaKke JHC-
THJIMpoBanHas Boja. C MOMOIIBI0O WHAMKATOPA YCTAHOBUTE COMEPKUMOE KasK-
JIOW 13 TPOOUPOK, MOSICHUTE COOTBETCTBYIOIIMMK YPaBHEHUSIMU JIUCCOIMAIINN

BELIECTB.

9

F

7
9 ¢rop

15225%2p°
18,9984

;Cl 17

XJI0p

[Ne] 3s°3p°
35,4527

35
7 Br
18
8 6pom
2
[Ar] 4s3d"4p°
79,904

53
7
18
18 oz
8

2
[Kr] 4s°3d"%p°
126,90447

§ 30. lanoreHbl

Ianozenvt kaxk xumuuecxkue 31emMeHmbl

K ranoremam otHOCAT 1ATH 2seMenToB VIIA-Tpymmsr mepuonnye-
ckoii cucremsr: prop F, xmop Cl, 6pom Br, itox I u acrar At.

ATOMBI TaJIOTEHOB CcOJep:KaT 10 7 3JIeKTPOHOB Ha BHEIIHEM
9JIEKTPOHHOM cJioe, 00Iast 9J1eKTPOHHAsT KOH(PUTYPAIMs KOTOPOTO
ns’np®, To ecthb rajorens sBisorcs p-snementamn (Ipunosxenue 1).
DJIEKTPOHHO-TpaduyecKre CXeMbl BHEIIHEro 3JEKTPOHHOIO CJIoS aTo-
MOB (hTOpa U XJI0pa BBITJISAAT CJAEAYIONIM 0OPa3oM:

3d
. o i T
[Ipr 9TOM Ha BHEIIHEM 3JIEKTPOHHOM CJioe y artoma (ropa Yerbi-
pe opOuTau, a aTOMbI OCTAJILHBIX COEPKAT EIIE TATh HE3AOJTHEHHBIX
d-opburaineii.
DTop Kak camblil 2JIEKTPOOTPUIATEIbHBIN SJIEMEHT B COEUHEHUSX
IIPOSIBJISIET TOJILKO OTPUIIATE/IbHYIO cTerieHb okuciaenus —1. Xapakrep-

HBIE JIJIST IPYTUX 9JIEeMEHTOB crenenn okuciaenust (—1, +1, +3, +5, +7) MoxkHO 00b-
SICHUTb BO3MOKHOCTBIO PacliapUBAHUS 3JIEKTPOHOB BHEIIHETO 3JIEKTPOHHOTO CJIOSI.
B ciyuae aTtoMoB XJ10pa 3TO BBIIVISIAUT TaK:

3d

3p 3d 3p
o1 Byt T o™

Crenenn oxkucienus +1, —1, 0 Crenenp OKHUCIEHAS +5

3p 3d 3p 3d
C 1* 1 Cl* s

Creredb okucaeHus +3 Crertenb oxucjaeHus +7
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[TpumepamMu coeauHenuil ¢ Pa3JMUYHBIMU CTEIIEHSIMH OKHUCJIEHUST XJIOpa MO-
— +
TYT CJYKUTh U3BECTHBIE BaM BEIIECTBA: NaC1l (ramr), KC%03 (6eprosieToBa coJIb),

Hé7104 (XJI0pHAsT KUCJIOTA).

B npupode ranorenbl cyliecTByoT B BUle COEAMHEHMIA C APYIUMHU JIeMEHTaMK
(tabm. 21, puc. 68). DTop 1 XJI0p HUPUHALIEKAT K ABAALATH CAMBIM PACIIPOCTPa-
HEHHBIM 2JIEMEHTaM B 3eMHOU KOpe.

T36JII/IHa 21. XuMHY€ECKHE 3JI€MEHTDI TaJIOTeHbI

Pagnyc Crenenn
diemeHT X IIpupoausie coenuHeHust
aTroma, HM OKHCJICHHS
Do CaF, (¢rooput, niaBuKOBbIiI mIHAaT);
F p 0,071 4,0 -1,0 Nas[AlFg] (xpuosur);
9 Cas| POy]3F (dropanarur)
NaCl (kameHHast COJIb, TaJIuT);
Xiop 0.099 30 -1,0, +1, KCI (cumbBun);
17Cl ’ ’ +3,+5, +7 Cwmecn NaCl u KCI (cunbBunnT);
KMgCl; - 6H,O (kapHamiut)
Bpom 0114 28 -1,0,+1, NaBr, KBr, MgBr, — B oTJ10)keHUsX XJIOPU/IOB;
35Br ’ ’ +3, +5, +7 B MOPCKOI BOjie B BUjie OPOMU/I-HOHOB
i KIOj3 (itomar kanmusi) — B 3ajexkax YWIMICKON
Von -1,0, +1,
0,133 2,5 CEJIUTPBI, B [IOI3eMHBIX OYPOBBIX BOJIAX, B MOPCKIX
531 +3,+5,+7
BOJIOPOCJISIX

CHJIbBUHUT Kapnammur Diooput Kpunoaut TammT
(cmech NaCl m KCl)  KMgCly - 6H,0  (mmaBukosbiii mmar) — Nag[AlFg) NaCl
CaF2

Puc. 68. BaxkHeliluvie NpupopHble COeANHEHNA rasloreHoB
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lanozenst xax npocmsle eeuwjecmea

Crpoenue mpocThix BemecTB. [IpocTeie BemecTBa rajoreHbl COCTOST U3
JIBYXaTOMHBIX MOJIEKYJ, aTOMBl B KOTODBIX CBsSI3aHBI KOBAJEHTHOW HETOJISIPHON
6-cBs13pio (puc. 69).

F—F FF

2p—2p

DJIEKTPOHHO- CrpykrypHas DJIEeKTPOHHAS [TepexpoiBanue opouTamieit
rpadudeckas cxema dopmysa dopmyna

Puc. 69. Monekyna ¢topa

B psiny ranorenoB Fy — Cl, — Bry — Iy ¢ yBesmyeHneMm pasmepoB MOJIEKYJI
YBEJNYUBAIOTCS CUJIbI MEXMOJIEKYJISIPHOTO B3aMMOJIENCTBUS, TO3TOMY B TIPYIIIe
C yBeJMYeHHEeM aTOMHOTO HOMepa dJieMEHTA IMOBBIINAIOTCS TEMIIEPATyPhbl ILJ1aBJe-
HUS W KUTIEHWST TTPOCTHIX BENIECTB TaJOTeHOB. Tak, MpM KOMHATHOM TeMIlepaType
dbTop m x70p — rasbpl, 6POM — JKHMIKOCTb, oA — TBEPLOE BelecTBO (Tabu. 22).

Tabumna 22. Mu3nyeckre CBONWCTBA rajJOreHOB

®rop Xop Bpom Non
BenrecrBo F, cl, Br, I,
MacmrabHble MOAeIn y ' k '
MOJIEKY.T “ “
Ty, °C -220 -101 -7 +113,5
T, °C -188 -34 +58 +184
ArperaTtHoe COCTOSI- .
w Tsépnoe
HHEe TIPH KOMHATHOMH la3 las JKumkoctsb
BEIIECTBO
TemIeparype
IIBer CBeT10-KENTHII X?.HTO; KpaCH?- Témuo-cepnrit
3€JIEHbII Gypbrit
Pesxkuii, Pesxkuii, Peskuii, .
3amnax . . . Pesknii
pasapaxKarouinumn YAyULIMBbIN 3JIOBOHHbBIN
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PactBopuMOCTh B Bojie XJiopa, Gpoma U itoga ymeperHast. VIX BojgHble pacTBO-
PbI, UCIHOJb3yeMble B JJAGOPATOPHON MpPaKTHKE, HA3bIBAIOT XJOPHOW, OPOMHOMI
1 HomHOW BOAOH. PacTBOPMMOCTD TajJIOTEHOB 3HAUUTEIBHO BBINIE B HETOJSPHBIX
U MaJIOTIOJISIPHBIX OpPraHnvyeckux pacrBoputessx — Oensone CgqHg, TeTpaxsmopme-
tane CCly, aranone CoH5;OH.

Xumuueckue ceoticmea

1. Peaknun ¢ merauiamu. HanbGosiee akTUBHBIM U3 rajore-
HOB sBJisieTcst (HTOP. YKe TpU KOMHATHOW TeMIlepaType OH pea-
TUPYeT ¢ OOJIBITMHCTBOM METAJJIOB:

/n + %2 = ZHF12.

XJtop TIpu HarpeBaHUH PearupyeT ¢ cepedPOM, 30JI0TOM, TITa-

TUHOU 1 APYIruMuru MeTaJlJlaMU:

0 -1 B Y
2Au + 3Cl, = 2AuCly; sAmonescTone
0 -1 -

2Fe + 3Cl, = 2FeCl,, ¢ iiopom

[ mocTuskeHus: 3aMeTHON CKOPOCTU PeaKIuU JAPYTUX TaJIOTEHOB C MeTaslja-
MU OOBIYHO TakzKe TpeOyercs IpeJBapuTebHOe HarpeBaHUe MeTaJla.

: O6paTviM BHMMaHWE Ha TO, YTO MPOCTblE BELIECTBA X/IOP U 6p0M B CUJIy BbICOKOW OKNCNW-

+3

TENbHOW CMOCOBHOCTM 06PA3YIOT C KENe30M COeAVHEHM FeCI3, FeBr3, B TO BPeMs KaK AeiicTBue

CONAHOW KMNCNOTbI Ha »Kene3o NpuBoanT K 06pa3oBaHumio FeCIz.

2. Peaknum ¢ BOJIOPOIOM:
a) (Top B3aMMOJIEHCTBYET TIPU KOMHATHOUN Temnepatype: Hy + F2 = 2HF
6) XJIOp pearupyeT MpH MOKUTAHUN WU BO3IEHCTBUU yanpa(bI/IOJIeTOBoro

ussydyennst: Hy +Colg 2HC]1

B) GpoM pearupyer npu HarpeBanuu: Hy + Br2 = 2HBr peaxis 0opaTrMa;

r) WO/ BCTYIAET B PEaKI[MI0 MEJIEHHO Jake TIPU HATPEBaHWU, peakius oOpa-
tuma: Hy + %2 <—t_> 2H11.

Takum 0O6pa3oM, peakIMoHHast CTOCOOHOCTD MO0 OTHOINIEHUIO K BOIOPOY CHU-
Kaercst B psify ramoredoB Fy — Cly — Bry — I,

3. Peakmuu ¢ pacrBopaMu coJieil TaJJOT€HOBOIOPOIHBIX KHCJIOT. B BOIHBIX
pacTBOpax raJoreHOBOJOPOAHBIX KHUCJIOT, a TaKKe UX coJjiell Gosiee 9JIeKTPOOTPH-
HATeJbHBIN TaJOTeH BBITECHSIET MeHee 3JeKTPOoOTpUllaTesibHbIi. Tak, XJ0p BbiTEC-
HseT OpoM ¥ MO, HAIIPUMED:

0 —1 -1 0 0 1 1 0
Cly + 2KBr=2KCl + Bry;  Cl, + 2KI = 2KCl + L.
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Bpom BbITEcHsIET TOJILKO #0/] U3 PacTBOPOB MOJUIOB:
0 -1 1 0
Bry + 2KI = 2KBr + I,].
Crioco6HOCTh 60JIee aKTHBHBIX TaJOT€HOB BBITECHSTH MEHee aKTHBHBIE U3 WX
COeIMHEHWI UCTIONb3yeTcst Ha mpaktuke. Hanpumep, 6poM 1 HOj MOJYYaiOT 1pu
JIefiCTBUM XJIOpa HA UX COEJMHEHUSI.

[lns bropa peaxius BbITECHEHUSI M3 PACTBOPOB MeHee aKTUBHBIX TaJIOTEHOB He
XapaKTepHa, TaK Kak (hTOp BCTYIMAET B PEAKITUIO C BOJIOM.

OTOp C BOJOWN pearnpyeTt, OKACIAA aTOMbl KMCOPOAA B MOJIEKyax BOAbI:

2F2 + 2H20 = 4HF + OzT
Mpy pacTBOpeHun xnopa B Boge MpoTekaeT obpatuman peakuus: Cl, + H,O 2 HCl + HOCI.
O6pa3yowminca pacTBOp Ha3biBaloT XJIOPHON BOAON. AHAIOMMYHO MPOVCXOAUT PacTBOPEHNE B Bofe
6poma U 10Aa, HO PaBHOBECHbIE KOHLIEHTPALMKN NPOAYKTOB yMeHbLwatotcs B pagy Cl, — Br, — 1.

4. Peaknuu ¢ opraHMv4ecKUMH BelnecTBaMu. [ajoreHupoBaHue opraHuye-
CKUX COGZII/IHGHI/Iﬁ MIPOUCXOAUT Yallle BCETrOo B peaKIUAX 3aMelleHurA (HaCbIH_IeHHbIe
1 apoMaTUYecKHe yTJeBOIOPO/Ibl) WU TIpUcoenHeHrs (HEHACBIIIIEHHbIE M apOMa-
TUYeCKUe YTJIeBOMOpoibl). Hampumep:

hv
* xnopuposanue merana: CH, + Cl, — CH3Cl + HCI (peakuus samernenus);
FeCly

 6pomuposanue Gensona: C¢Hg + Bry — CgHsBr + HBr (peakuus same-
IEHUS );

* B3auMo/ielicTBIE OPOMHON BOBI ¢ (hEHOIOM:

OH OH
Br Br
+ 3Bry + 3HBr (peakinus 3amenienus);
Br

* xsopuposanue stunena: CH,—CH, + Cl, - CH,CI—CH,CIl (peaxius

NIPUCOEIMHEHNUST ).

M3 KypcoB GUOJIOTUU U OPTAHUYECKON XUMHUK BaM TakKKe M3BECTHO, Y4TO HOJI
B3aMMO/IEIICTBYET € PAcTBOPOM KpaxMmasa, o6pa3ysl COeMHEHUE CHHErO IBeTa,
a GPOMHYIO BOJY HCIOJB3YIOT KaK PeareHT Ha ajKeHbl, (heHOJI, aHUJIHH.

Buonozuueckoe 3snauenue 2an02eno6 u ux coeounenul

COGI[I/IHBHI/IH rajoreHoB HUrpailOT 3HAYUTEJIbHYIO POJIb B JKU3HEAEATEJIbHOCTU
OpraHu3MOB 4YeJjiOBEeKa U KUBOTHDIX.
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DTop yyacTByeT B MOCTPOEHUU KOCTHOTO CKeJieTa U 3yOHON dMasiu, B TPOIec-
cax oOMeHa BeIIeCTB B MBIIIIAX, JKeJe3ax, HepBHOW Tkauu. [Ipu HemocTarouHOM
coziepskanun (hTOpa B MPOAYKTAX NMUTAHWUS W TMUTBEBOIN BO/Ee MPOUCXOIUT TOpa-
kenne 3yOHON amanu. M36biToK (hropa TakkKe OKa3biBaeT maryOHOe BO3IEWCTBUE:
IPUBOJIUT K Pa3pyIIeHnio 3yOHON IMas U CKeJieTa.

XJ0p BXOAMUT B COCTaB COJISIHON KUCJOTBI KaK KOMIIOHEHTA JKeJIyJ04HOIrO CO-
Ka U obecrieynBaeT TepeBapuBaHue MUK, y4acTByeT B oOMene BemiecTs. ITocTo-
AHHAA KOHLEHTPALMA KUCJIOTHI B JKeJIy/lKe HOJAePKUBACTCA 32 CYET IIOBAPEHHON
COJIY, MOCTYIAIONIel B OPraHu3M B COCTaBe IMPOJAYKTOB IMUTAHUSL.

Bpom peryipyer 1mporecchl BO30YKAEHUST 1 TOPMOKEHUST TIEHTPATbHON HEPB-
HOI cucTeMbl. VIMEHHO TI03TOMY TIPU JIeYeHUU HEPBHBIX Gosie3Hell (6ecCOHHUIbI,
HCTEPUH, HEBPACTEHUHU J[P.) UCIIOJIB3YIOT OPOMCOIEPIKAIINE TIPETTapaThl.

Mo urpaer 3HaUNTENLHYIO POJIb B PpaboTe MIUTOBUAHON sKelesbl. Baxueiimreii
(dyHKIMe BIpabaThIBAEMbBIX B HEll TOPMOHOB SIBJISIETCSI PETYJISIIIUs pabOThI MO3Ta
W CepJIIa, MyCKYJIbHOTO BO30YyskaeHust. HemoctaTok iioa mpuBOAUT K yBETUYEHIIO
HIMTOBU/THOM JKeJie3bl, 3aMe/lJIEHUI0 YMCTBEHHOTO M (hU3NYECKOTO Pa3BUTHS.

Oyenb BaXKHO C ITPOJYKTaMU MUTAHUS TOJIYYaTh J0CTaTOYHOE KOJINYECTBO KasK-
Eo MUKPO3JIEMEHTa, TaK KaK UX HeJ0CTaTOK MOXKET CTaTb YTPO30H 3/10POBbLIO.

(DTOp, 6pOM, nop copepKatca B cnefgyrowmx npoayktax nutaHUA.

JIncTba canaTa, WNKUHAT, A6M0KK, rpenndpyThl, 3epHOBbIE, PUC, KapTodesnb, opexu, NykK,
F yaii; MPOAYKTbI KNBOTHOTO MPOVCXOXKAEHUA: MOPCKan pbi6a Y MOPEeNnpoayKThl, KypuLa,
ANLa, MOMIOKO, MACO U CYy6GnpOayKTbI

Br BoboBble: dhaconb, ropox, YeueBmnLa; OPexK, 3ePHOBbIE, MOPCKME BOJOPOC/V

MopenpoayKTbl: MOpcKas KanycTa, pbl6a; MO/IOYHbIE NMPOAYKTbI: MOJIOKO, Cbip, TBO-
| por; oBoLU: KapTodesib, MOPKOBb, CBEKIA, YK, MOMUAOPDI, WNUHAT, 6060BbIe; PPYKTbI
1 Arofibl: AGNOKNM, CIMBbLI, BUHOTPAA, BULLIHA, 3eMIISHUKA; KPYTbl: MIWEHO, rpeyka

[na atomoB $TOpa xapakTepHbl cTeneHn okucneHusa 0, —1; pna xnopa,
6poma n noga — -1, 0, +1, +3, +5, +7.

[anoreHbl ABNAIOTCA OKUCITUTENAMU B pPeakuuax C MeTasslaMmu 1 HemeTan-
NlaMW, aTOMbl KOTOPbIX MMEIOT MEHbLLYIO SN1eKTPOOTPULIATENIbHOCTb.

B VIIA-rpynne okmcnmntenbHble CBOWCTBA MPOCTbIX BELLECTB rajsioreHoB
ocnabesaloT nNpu nepexofe ot ¢Topa K rogy.

Mpn ranoreHNpPoBaHMN OpPraHNYECKMX COeANHEHNI NPOTEKaloT, KaKk npa-
BUJIO, peaKkUun/ 3aMeLLeHNA MO0 NPUCOeANHEHNS.
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Bon POCbl, 3af4aHNA, 3afa4un

1. YKaxKuTe: @) CMBOJbI 71IeMEHTOB ranoreHoBs; 6) GopMy bl MPOCTbIX BELeCTB raloreHoBs;
B) 6GMONOrMYECKYlo Posb Ka)Aoro U3 rajoreHoB; r) Mo Tpy NPoAyKTa NUTaHWA, COAepXKaLLmxX
B 3HaunTeNbHOM KonnuecTtse ¢Top, 6pom, nog.

2. Ana papa sewect8 F, — Cl, — Br, — |, yKaxunTe 3aKOHOMEPHOCTb U3MEHeHHA: a) TeM-
nepaTypbl nnaeneHus; 6) TemnepaTypbl KUNEHUsA; B) aKTMBHOCTU B peakuun C BOLOPOAOM;
r) akTUBHOCTU B peakuuu ¢ meTannamu. [laiite o6bACHeHNA.

3. Paccuntante OTHOCUTENbHYIO NMIOTHOCTb XJIOpa MO BO3AYXY.

4. bannoH BmelaeT 15 Kr »Kuakoro xnopa. Paccumtaiite ero KOnmMyecTso.

5. CocTtaBbTe GoOpMynbl 3NEKTPOHHbIX KOHPUrypauun atTomoB Gptopa 1 xnopa. YkaxuTe
CXOLCTBO W pa3nnumne B 3NeKTPOHHOM CTPOEHMM STUX aTOMOB.

6. Bpom Maccolt 4 r pacTBopunu B Bofle 06bEMoM 250 cm, PaccumTaiiTe MaccoBylo oMo
6poma B 6pomHOI BoAe.

7. CocTaBbTe ypaBHeHUA peakuuii: a) XJiopa C Xene3om, HaTpreMm, Noangom HaTpuA, dTa-
HOM; 6) Gpoma C Xefne3oMm, alloMUHUEM, NOANAOM HaTpus, 6eH30510M; B) GPOMHOI BOAbI
C loanaoM anioMUHUA, 3TUNEHOM, GeHONOM, aHUTMHOM.

8. B GannoHe CofepXnUTCA CKUKEHHbIN Xnop maccor 50 kr. OnpepenvTe, Kakoli 06bEM
3aMMET XJI0p NpU H. Y.

9. YcTaHOBUTE XMMUYECKY0 GopMyny COMM, B KOTOPOW MaccoBas AONA KanuA cOoCTaBnAer
31,836 %, xnopa — 28,980 %, kucnopoga — 39,184 %. Onpegenvte cTeneHn OKUCTIEHUA aTOMOB.

10. B npoHymMepoBaHHbIX MPobupKax HaxogATcAa pacTBOpbl peHona, noauaa HaTpus, XJo-
puaa Kanus. NpeanoxuTe nnaH pacno3HaBaHWA BewwecTB C MOMOLLblO OAHOro peaktuaa. Co-
CTaBbTe YpaBHEHUA COOTBETCTBYIOLNX PeaKLnii.

§ 31. CoeanHeHUA rasoreHoB

K BaxkHeHUINM COEMHEHUSIM TaJlOTeHOB OTHOCAT TaJIOT€HOBOJIOPOJIBI COCTABA
HO (9 — anemeHT TajsioreH) U UX BOJIHBIE PACTBOPBI — TAJOTEHOBOIOPOJIHBIE KHUC-
JIOTBI, a Takke 0OpasyeMbie UMK COJIH. ATOMBI B MOJIEKYJIaX IaJOreHOBOIOPOIOB
CBS3aHBI KOBAJECHTHON TOJIIPHON OJMHAPHON 0-cBs3bio. Ha pucynke 70 mokasano
obpa3oBaHue XUMUYECKOl cBsi3u B Mosiekysie HCI.

-

H:Cl: H-_Cl

S=p
DJIEKTPOHHO- DJeKTpoHHAsd U cTpyK-  Cxema nepekpbIBaHUs MacurrabHas
rpacduyueckasi cxema TypHas (HOpMyJIbL opbuTazeil BOOpPoa  MOJETb MOJIEKYJIbI
00pasoBaHus CBA3U (1s) u xyopa (3p)

Puc. 70. Mogenu o6pa3oBaHna XMMUYECKOW CBA3N B MOJIEKYJe X/1I0pOBOAOPOAA
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Xnoposodopoonas xucioma H,SO, kyz

XmopoBosopoaHas (coJsisiHas) KUCJ0Ta
HCl — kpymHOTOHHAKHBII TIPOIAYKT XUMITJe-
CKOI MTPOMBITITEHHOCTH. OHA SBJISETCS BOAHBIM
PacTBOPOM XJIOPOBOJIOPOJIA, KOTOPBII ITPE/ICTaB-
JisieT coO0i GECIBETHBIN Ta3 ¢ PE3KUM 3aIaxOM.
PactBopumocts HCI tpu 20 °C cocrasisier
oko10 450 06bEéMOB Ha 1 06BEM BOJIBL.

KonmentpupoBanHas cosisiHasg KUCJIOTA,
cozepxamias 36—-38 % XJI0poBogOpOAA U MMe- Puc. 71. MonyyeHvie conaHoi
fomadg miorHocts 1,19 r/CM3, IBIMUAT Ha BO3- KMCNoThl B labopatopum
JiyXe, TaKk Kak 13 Heé BBIIEJSIETCST Ta3000pas-

HbIiT Xs10poBOIopoji. Pasbasmennbie pactBopbl HCl He mbiMsr.

B npomviwnennocmu conguyio KUCAOTY MOTyYalOT PAaCTBOPEHWEM B BOJE XJIO-

poBozioposa. I[Ipu aToM XTOPOBOAOPO/T CHHTE3UPYIOT U3 TTPOCTHIX BETECTB:
H2 + C12 = 2HC1

B nabopamoproix ycnoBusix XJI0pOBOZOPO/L TIOTYYAIOT JIE€HCTBIEM KOHIIEHTPUPO-

BaHHOI cepHoil kucaoThl Ha xaopuabl (NaCl wim KCl) npu warpesanuu (puc. 71):

NaCley) + HySO4xomy = HCIt + NaHSO,
Xumuyeckue CBOMCTBA. SBJISSACH CUJIBHBIM 3JIEKTPOJUTOM, XJIOPOBOIOPOIHAS
KHCJIOTa JAUCCOIMUPYET ¢ 0Opa3oBaHueM MOHOB BOAOPOA M XJIOPHU/-UOHOB:
HCl - H" + CI”
u obJagaer BCeMU 00uuMY CBOCTBAMY KUCJIOT: A€HCTBYET Ha MHAMKATOPBL U 00-
pasyet coam (XJIOPUIBI) TIPU B3auMoieiicTBUM ¢ MeTasmaMu (1), OCHOBHBIMU U aM-
(orepubiMu okcugamu (2), ruppokcugamMu MeTananos (3), couamu (4):

—Bara

1 Ee'+ 2HC1 = FeC12 + HQT Feo ol 2H+ = Fe2+ dan HZT
MeTaJL1
MgO + 2HCI = MgCl, + H,0O MgO + 2H* = Mg + H,0
OKCHJI OCHOBHBIIT

2
ZnO + 2HCI = ZnCl, + H,0 ZnO + 2H* = Zn® + 1,0
OoKeu/l aM(OTePHbII
KOH + HCI = KCI + H,O H' + OH = H,0
ocHoBaHue (1En109b)

3
Al(OH) + 3HCI = AICl; + 3H,0 SH* + AI(OH)s = AP* + 3H,0

aM(bOTePHBIN THIPOKCH]T

4 Na,CO3 + 2HCI = 2NaCl + H,O + CO,1 2H* + CO3 = COyt + H,0

COJIb
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K cneyuguueckum cpoiictBaMm COJSTHONU KUCJIOTBI CJEAYeT OTHECTH PeaKIlnH,
obyciosiennble HajuureM annona Cl™. Boigennm aBa BaKHENIINX.

1. Peakrnuu okucjenus: Xjaopua-noHoB. Mor xymopa B cocTaBe XJIOPOBOAOPO/I-
HOW KHCJIOTHI MMeeT HUBIIYI0 CTelleHb OKMCIeHus1 —1 u crmocoOeH eé TOBBINATh
IIPU [I0Tepe JIEKTPOHOB. 3HAYMT, 32 CYET MOHOB XJIOpa KUCJIOTA SIBJISIETCS 80CCMA-
Hosumenem. HarprMep, 111 TIOTydeHUsT XJI0pa B JTaO0OPATOPUU UCIIOJIB3YIOT Peak-
U0 KOHIIEHTPUPOBAHHOM COJISTHOM KUCJIOTHI ¢ cuabHbIMU OKucauTeasiMu (MnQOo,

KMnO,, KCIO5): .
MnO, + 4HC £ MnCl, + Cl, + 2H,0.

2. Peakuun cBgspiBanusg anrona Cl™ ¢ kaTmoHaMu HEKOTOPBIX METAJIOB, Ha-
npumep cBunia Pb?", cepebpa Ag” B pacTBOpe. DTO MILTIOCTPUPYIOT ypPaBHEHHS
peaxIuii:

9HCI + Pb(NO4), = PbCly| + 2HNO;
Pb*" + 2CI~ = PbCl,|;
HCI + AgNO3 = AgCll + HNOS,
Ag" + ClI” = AgCl|.

JleiictBue Hutpara cepedpa(l) mpuBoauT K 06pazoBaHi0 GEIOTO TBOPOKUCTO-
ro ocagka AgCl, uTo MCmoab3yIOT Kak TecT (KayeCcTBEHHAs PeaKiinsi) Ha XJOPU/I-
noub! (IIpunoxenue 3).

Conocmasenenue ceoiicme zaﬂoeeuosoaopoaubtx KUcjaom u ux coJeil

®roposogopon HF saBistercst sxuakocThio npu Temmeparypax uuske 19 °C,
a HCI, HBr, HI — rasoobpasubie Bemiectsa npu H. y. (Tabiu. 23). Peskoe ormune
HF 1o arperaTHOMY COCTOSIHUIO MOKHO OOBSICHUTH 0OPa3s0BaHMEM BOJOPOIHBIX CBsI-
3eil Mexky MosisipHbIMU MoJiekyjamu Bentectsa: H—F - H—F - H—F - H—E

Tabauia 23. TamoreHoBo0POAbI

TanoreHoBOIOPOIbI HF HCI HBr HI
JlivHA CBSI3M, HM 0,092 0,128 0,141 0,161
IHeprus cBsizH, KJ[5K/MOJIb 565 431 364 297
Temmeparypa mrassienust, °C -83 —114 -87 =51
Temmeparypa kumnenus, °C 19,5 -85 —67 -35
ArperatHoe coctostHue (IIpU H. Y.) JKuznkoctp Tas Tas Tas
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Acconuater MoJieKyJT (hTOPOBOIOPO/IA HACTOJIBKO TIPOYHBI, YTO HE Pa3pyIIaloT-
ca (IpUCyTCTBYIOT) Jake B rasoBoii dase 10 90 °C. droposomopo obiaagaer He-
OTPAaHMYEHHON PacTBOPUMOCTHIO B Bozie. Ero pacTBop sBisgercs
caaboii kucnoroii (proposogopoanad kucaora): HF =2 H™ + F.
Huskast cuma kucsorsr HF 06yciioBiieHa BBICOKON MPOYHOCTHIO
(aHepruei) cBA3W B MOJIEKYJIE.

I

' TMnasukoBas (GTOPOBOLOPOLHAS) KAC/IOTA CMNOCOOHA pPacTBOPATH («mna-
BUTb») cTekno Na,O - Ca0 - 6Si0,:
4HF + SiO, = SiF4T + 2H,0.

KauectBeHHOE
onpegeneHune
OcTabHbIe TAJOTEHOBOOPO/IBI XOPOIIO PACTBOPUMBI B BO- X710pUA-, GPOMI-
Jle U IpeJICTaBIAgoT coboii cumbHble kucaotel: HBr — HY+ Br; 1 OAVE-MIOHOB

HI - H + 1.

BosbimuHCeTBO coJieil, 00pa3yeMbIX 3THMK KHCJIOTaMU, XOPOIIO PaCTBOPHMBI
B Bojie. [lJisI KaueCTBEHHOTO OIpe/leIeHNs] B PACTBOPaX XJIOPHI-, GPOMUI- 1 oAU
MOHOB KCIIOJIB3YIOT peakiuio ¢ pactBopoM Hurpata cepedpa(l) AgNOs. TIpu sTom
XJIOpUzbI 00pa3yIoT OeJiblii TBOPOKUCTBIN ocamok AgCl, GpoMuabl — CBETIO-KENThINA
AgBr, itomuaer — xénrerii Agl (taba. 24, Ilpunoxenue 3):

Ag" + Cl" = AgCl|; Ag" + Br = AgBr|; Ag +1 = Agl|.
ITH OCAIKU HE PACTBOPSIOTCS B a30THOM KHUCJIOTE.
Hurpar cepebpa(l) He o6pasyer ocajzika ¢ pacTBOPUMBIMU (hTOPHIAMHM, [TOITO-

My (pTOpuA-HOHBI onpeaesior ¢ moMoirpio pactBopa CaCl, (ITpumoxkenue 3):
CaCl, + 2NaF = CaF,| + 2NaCl; Ca?" + 2F = CaF,|.

Tabsuia 24. KauecTBeHHbIE peaKIMy HA aHUOHBI TAJIOT€HOBOIOPOIHBIX KHCIOT

. KauecrBennbie pPeaknuu Ha aHUOHbBI
HasBanmne KucaoTsl U e€

Comn
xummrieckas Gpopmyna Hon |Peaxrtus IpusHaK peaKkiuu

Proposoropoast HF Dropumst . CaCl Besbrit ocagox CaF
(TIaBUKOBAsT) put dropuz 2 A 2 ¢O
XJ10poBoOIOpOIHAST HCl | Xoopmm Cl~ AsNO Bemprit TBOpOKUCTHIN OcaioK
(consanas) pH xa0piA SNV 1 AgCl ¢©
Bpomosonopoanas HBr | Bpommuast g)ﬁw AgNO; Coerno-xtrsiii OcaﬂOIlACgir
Monosomopomast HI Wommmst Igl()lll/ll[ AgNOg3 | JKénterit ocamox Agl ¢Q
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Hpumeueuue 2a102e108 U UX COeOuHeHUll

lasorennl HaxoJgT IMpouaiiliiee IIPUMEHEHME W KaK IPOCTbie BellecTBa,
U B BUJIE COCMHEHMIT. DTO WILTIOCTPUPYIOT JAaHHbIe TaOauIbl 25.

Tabsmia 25. TlpuMeHeHrne rajJoreHoB ¥ HEKOTOPhIX MX COEIMHEHHI

Tlanoren CoenuHenue Baskueiimue 06JacTi NIpUMeHEHUs.
Nag[AlFg] (xpuoJsmr) IIponsBoacTBO amOMUHUS
NaF (¢propun narpus) JlobaBka K 3yOHBIM macTaM. MeIUIMHCKUIA TIperapar
Drop HF (mnaBukoBas CrekoJibHast TIPOMBITILIEHHOCTD. [Ipon3BoaCTBO
KHCJIOTA) AIOMUHUS

TepmocToiikuii mosmmep. AHTUIIPUTAPHOE TTOKPHITHE
JLIS1 CKOBOPO/IOK, YTIOTOB

—«CF,—CFy); (tepmon)

Ob6eszapakuBanne MUTheBON BoAbl. OTOennBanmie
JIbHAHBIX 1 XJIOH‘{aTO6yMa}KHbIX TKaHEI.
Oprannueckuii cunres. V3Biedenne 1MBETHBIX
MeTaslIoB u3 pyzabl. Ilosmydenue cosssHON KUCIOTHI

Cl, (x0p)

NaClO (runoxmopur

KomrmonenT oTbeMBaionux cpeicTs
HaTpUsI)

Xnop

HCI (congnas kucora) XumMuueckast pOMbIIIJIEHHOCTh

ITumesas nobaska. ChIpbé 1151 TPOU3BOJACTBA XJI0PA,

NaCl (ramut
( ) HaTpHs, TUAPOKCUAA HATPUS

raHUYECKUN CHUHTE3: IPOU3BOJACTBO aHTUIIMPEHOB
OpranuvecKuii CHHTES: IPOU3BOJICTBO a €HO
Bpom Bry (6pom) (MHTUOUTOPBI TOPEHUA ), Kay4dyKa, CPEACTB 3alIUThI
pactenuii. IIpousBo/icTBO MEAMIIMHCKUX IIPerapaToB

o 1, (jion) Meaununa — cnuproBoil pactsop (5—10 %). Mapma-
A 2 (Mo [EBTUYECKAST TIPOMBIIIICHHOCTD

Xnop copepXutca B OYEHb OMACHOM /1S KU3HM U 340POBbA BeLLecTBe — ANOKCUHE, KOTO-
pbii MOXeT 06pa3oBaTbCA B pe3ynbTaTe peakuuii OpraHNYecKnx BELLECTB 1 XJTopa NP BbICOKUX
Temnepatypax. OpraHuyeckme coefuHeHna xnopa u ¢topa (Hanpumep, GpeoHbl) yuéHble cunTa-
0T OAHOWN 13 NPUYUH pa3pyLIEHA 030HOBOrO C/I0A 3eMsu.
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PacTBopbl ranoreHoBOAOPOA0B ABAAIOTCA KMCNOTAMM.

XnopoBogopog nosyyaroT CUHTE30M 13 NPOCTbIX BeLecTs b0 AencTBu-
€M KOHLIeHTPUPOBAHHOM CEPHOM KNCAOTbl HAa TBEPAbIN XJI0pUA HaTPUA.

ConAHana KNcnoTa ABNAETCA OKUCAUTENleM 3a CYET BOJOPOAA M BOCCTaHO-
BUTENEeM 3a CYET XJiopa.

O6HapyxuTb xnopua-, 6pomna- n NOANA-NMOHbI MOXHO C MOMOLLbIO
pacTBopa HuTpata cepebpal(l). HepactBoprMble ranoreHuapl cepebpa pasnu-
yatotca uysetom: AgCl — 6enbii, AgBr — cBeTno-xéntbii, Agl — XEnTbii.

Bonpocbl, 3agaHua, 3agaumn

1. 3anuwmTe xummnyeckne Gbopmynbl 1 Ha30BUTE arperaTHOe COCTOSHUE ranoreHOBOAOPO-
0B MNPV HOPMasbHbIX YCIOBUSX.

2. 13 nepeunsa Mg(OH),, FeCl,, FeCls, Fe(NOs);, HBr, HCI, MgCl,, ZnSO, BbinuwunTte dpopmy-
Nbl 11 HA30BMTE BeLLeCTBa, KoTopble npu aencteun pactBopa AgNO; obpasytoT benbiit TBOpPO-
YKUCTbIN OCafoK.

3. OnpegennTe cTeneHn okUcneHna atomoB B coeanHeHusx: KClOs, HCIO,, Cl,, KCI. B ko-
TOPOM M3 HMX aTOMbl XJI0pa MOFyT BbICTYMaTb TOIbKO B POSW BOCCTAHOBUTENA?

4. Onpegenute mMaccy xJiopoBogopofa B Nopumm CONAHON KUCNOTbI Maccon 50 r ¢ mac-
coBol gonen Bewectsa 12 %.

5. Paccuutante 06bEm xnoposofopoa (H. y.), KOTOPbI MOXET BbIAENUTbCA NPy AeACTBAN
KOHLIEHTPUPOBAHHOW CepPHOM KWUCOTbl Ha xaiopug HaTpua maccon 100 .

6. 3anuwunTe xmmuyeckre Gopmynbl BELLECTB, Pearvpyrowmx ¢ CONAHON KNCNOTON: Mefp,
okeng megu(ll), okemp kanbuma, okeng yrnepopa(lV), xeneso, rugpokcma UUHKa, cynbdat Hat-
pus, kKapboHaT HaTpua. Ob6bAcHMTe cBol Bblbop. CoCTaBbTe ypaBHEHUA COOTBETCTBYIOLUX
peakuumn.

7. MNpennoxunTe nniaH 3KCNepuUMeHTaNbHOTO onpeferieHna PacTBOPOB Moanaa Kanus, 6po-
Muza Hatpua 1 GTopraa HaTpUA, HAXOAALLMXCA B NMPOHYMEPOBAHHbIX NPOOMpPKax, NCNonb3ys:
a) peakuuu 3amelleHns; 6) peakuum obmMeHa. 3anuwnTe ypaBHEHUA COOTBETCTBYIOWMX peaK-
LU B MONEKYNAPHOW U MOHHOW popmax.

8. OO6BACHUTE NPUYMHBI HaPYLIEHUs NOCNE[0BATENIbHOrO U3MEHEHUA TemrnepaTyp Kurne-
HWA rasoreHoBOAOPOAOB Ha pUCyHKe 44 B § 17.

9. Onpefenute MaccoByio [OM0 BellecTBa B pacTBOpe, MONYYEHHOM MPW PacTBOPEHUN
xnoposogopoaa o6bEémom 40 a3 (H. y.) B Boge o6bémom 120 oml,

10. na nonyyeHna 6poma razoo6pasHbIfi X10p NPONYCTUNM Yepe3 PacTBOP Maccom 2 Kr
C MaccoBow fonen 6pomnga Kanua 0,12 %. PaccunTarite Mmaccy nonyyeHHoro 6poma.
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§ 32. dnemeHTbl VIA-rpynnbl. Kucnopop n cepa

Kuc.zzopoa U cepa Kaxk xumudecKue ajiemMernmol

Idnementol VIA-rpynmbsr kuciopog gO, cepa 1S, ceyieH 34Se u TeJi- 0 s
Jyp 5o Te mMeroT obiiee Ha3BaHNWE XaJbKOTEHBI, YTO B IIEPEBOjEe O3HAYA-

2 Kl/l(’.]lﬂp()ﬂ
eT «poxjaolue pyays». leiicTBuTesbHo, Mojapsiioniee YUca0 TPUPOJI- st

HBIX MUHEPAJIOB COAEPKUT KHUCAOPOA JuOO cepy, HAIPUMepP MarHeTHT 15,9994

Fe;0,, xampkomupur CuFeS,. S .
Kak Bam m3BecTHO, KHMCJIOPOJ — CaMbIil PaclpoOCTPaHEHHBIN 3Jie- % cepa

MEHT Ha 3emJie, OH cocTaBiisieT 49 % OT Macchl 3eMHOI KOPBI. T~

32,066

Cepa — mIecTHaAIATBIN 110 PACTIPOCTPAHEHHOCTH 3JIEMEHT, BCTPEYaeT-
csl Kak B BUJIE COEIMHEHU, TaK U B CAMOPOIHOM cocTostauu (Tabit. 26).

Tabsmna 26. XumMuuyeckue 3JeMeHThbl XaJbKOT€HbI

Pagnyc Crenenu
dileMeHT b4 IIpuponnsie coexuneHnst
aroma, HM OKHCJICHUS
Kucmnopon -2, -1, 0,5, O3, H,O, munepasbl, opranudeckue
0,073 3,5

sO 0, +2 CcoelMHEeH S
Cepa camopopanasi S, MeaHbIll KoJa4yeman

Cepa 0.104 26 -2, -1, 0, (xanpkomuput) CuFeS,, kenesubrii KoJj-

16 ’ ’ +4, +6 yeman (nuput) FeS,, rmaybeposa coub
Na,SO, - 10H,0, Genku
Cenen camopomublii Se (BCTpedaeTcs: U3pes-

Ceien 0.117 95 -2, 0, +4, Ka), COeTMHEHNsI C JKeJIe30M, CBIHIIOM, PTYThIO

345€ ’ ’ +6 (ceeHuibl) B CYJIb(MOUIHBIX MECTOPOKIEHUSIX,
OpraHUYecKUe COeJIMHEHUsI — CeJeHOOEIKU
Tennyp camoponusrii Te (B MecTOpoKIeHUIX
Cephl U cejieHa), COeIMHEHNsT C MeJIbIO, CBUH-

Tenmyp -2, 0, +4, P ) A A

Te 0,137 2.1 +6 1IOM, LIUHKOM, CepebpoM, 30J10TOM (TeJLIypH-

> IIbl) B MECTOPOJKIEHUSX COOTBETCTBYIONIUX

METaJIJIOB

Ha BHemHeM 5JeKTPOHHOM cJoe, obmas KoHdurypamus kotoporo ns’np’,
aTOMBI XaJbKOTEHOB MMEIOT 10 6 3JeKTPOHOB, N3 KOTOPBIX JIBa HECIIADEHHBIX Ha
p-tiogyposre (IIpunoxenue 1):

3d
2p 3p
2 3s (T T T 1]
0 SiLHE S E‘”_T__AA
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W3 mpuBe€HHBIX 2JIEKTPOHHBIX KOH(MUTYpaIlMii BHENIHETO 3JEKTPOHHOTO
CJI0S1 aTOMOB KUCJIOPOJIA, Cephl CJelyeT, YTO HU3IIAsA CTeleHb OKUCICHUS ITUX
xajgbkoreHoB —2. Cepa IposBJIsieT MOJIOXKUTEIbHbIE CTEelleHU OKUCJIeHus +4,
+6 1mpu BO3OYKIEHUU $S- M P-3JEKTPOHOB BHEIIHETO CJIOS HA d-TIOLYPOBEHb.
Cepa 10 3J€KTPOOTPUIIATENBHOCTU YCTyIaeT TajoreHaMm (Kpome Homa), a3oTy
u kucjaopony. Kucmopom, 6yaydu BropeiM 1ocsie ¢hTopa 1Mo 3J1eKTPOOTPHUIIATE T b-
HOCTH, TIPOSIBJISET MOJOKUTENbHYIO CTElleHb OKHCJIeHUs +2 TOJbKO B COe/MHe-
HUKA co GTOpPOM 8F2.

-

HenpuaTHble 3anaxy, owyLaemMble Npyi THUEHWN TPYMOB >KUBOTHbBIX, MOXXKHO OOBACHUTD Bblge-
NeHneM CoefVHEHUIA cepbl (MepKanTaHOB U CEPOBOLOPOAA), KOTOpble 06Pa3syloTca Npu pasnoxe-
HUK 6enKoB.

Kucnopoo xax npocmoe seujecmeo

Kucsopos cymiectByeT B MpuUpojie B BUle ABYX 0:0 0=0
MPOCTBIX BEMEeCTB (QIIOTPOTTHBIX MOAMMUKAIINAIT) MO- S
JIEKYJIIPHOTO cTpoeHns — kucaopoga Oy n ozoHa Os.

B monekyne kucioposa cyliecTByeT JBOWHas KOBa- “
JIeHTHas HelmoJsIpHas ¢BsA3b (puc. 29, 72).

Musuyeckue cpoiicrBa kucaopozga. Kuciaopoa ma-
1o pactBopuM B Boze: mpu 20 °C B 1 aM° Bozxwl pac-
tBOpsiercss 31 cm® Kucaopoza. T?M He MeHee UBTOI‘O (oMY, MACILITaGHAR
XBaTaeT Jisl AbIXanust poid B Bogoémax. Kuakuit kuc- W WapoCTepKHeBas
JIOPOJI — TOJIBUKHAS, CJIeTKa roryboBaTast JKUIKOCTD, MOZeNM MoneKybl
kunsnias npu Temmeparype —183 °C. Tépaprii Kucso- Kncnopoga
PO TIpe/ICTaBIsieT co00i crHue KPUCTAJIIbI, TIABSIIN-
ecst ipu eié 6osee HU3KOM Temmeparype —219 °C.

Xumnueckue cBoiicTBa Kuciaopoaa. Kuciopos Bo Bcex peakinsx, KpoMe B3au-
MoJieiicTBUs o (DTOPOM, MPOSIBJISIET CBOICTBAa okucauTess. Ilpu okuciaennn kuc-
JIOPOJIOM MPOCTBIX U CJOKHBIX BENECTB 00pa3yioTcs, Kak MPaBUIIO, OKCUJIBL.

1. Kucsiopoji B3auMoJICHCTBYET € MEMaiiamu:

AFe + 30, £ 2Fe,6, + O

okenpt skeseza(11T)

Puc. 72. dnekTpoHHas
N CTPYKTYpHas

2Cu + O, L 2Cub + Q.

oken Meru(1T)
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OH OKHCJISIeT TPaKTHYECKU BCE METaJlIbl, KpOMe cepebdpa, 30J10Ta M ILJIATHHBL.
C aKkTUBHBIMK MeTaJIaMKU KUCJIOPOJ MOKET 0OpPasOBbIBATh HE TOJIBKO OKCHbI, HO
u nepokcuzpl (NayO,), Hagnepokcuapl (KO,) wam apyrue GuHapHble COeIMHEHNS.
2. Pearupyst ¢ nememannamu, Kucaopoja ob6pasyer KUCTOTHBIE WM Hecoseobpa-
3YIOIIHEe OKCHJIBL: 0 ,
/ ~
4P + 50, =2P,05 + Q;
oxcuz docdopa(V)
0 t ~2
Ny + Oy 2 2NO - Q.
okeny asora(Il)
C xJ10poM, 6POMOM U HOZ0M KHCJIOPOJ] HE pearupyer.
3. Kuciopos oKucisieT croxcnvle neopzanuveckue u opeanuieckue 8euecmeda:

0 -2
2C0O + Oy = 2CO0Oy;
4F€SQ + 1102 = 2F6203 + 8502
IIpu aTOoM OTMETUM, UTO TOpEHUE YTJIEBOJOPOJIOB UCHOJb3YIOT KaK UCTOUHUK
TETLJIOBON 9HEPTUU:

CH4(F) + ZOQ(F) = COZ(F) + 2H20(>K) + 891 KII)K
B OopraHn4yeckom CUHTE3e KUCJIopOoLd WMPOKO MPUMEHAETCA B pPeakuyuAax Kamasaumu4eckoeo
OKUCNEeHuA: PdCl,, Cucl,
2CH2:CH2 + 02 g 2CH3CHO.

3TnneH yKCyCHbII?I anbgerng

Hoayuenue xucnopooa

B mpoMblIIIeHHOCTH KUCJIOPOJ MOJIY4aloT pasjie/leHueM JKHAKOTO BO3/yXa,
HeGOJIbIINIE TIOPIMK XPAHIT B OaJJIOHAaX TOJIyOOro IBeTa, a B JabOpaTOpUsIX —
B rasomerpax (puc. 73). BaxueilmuMm 1ab0paTOPHBIM CIIOCOOOM €0 MOJyYEHUsI
CIIY’KUT PAa3JIoKeHue HEKOTOPBIX KHCJIOPOJICOIep-

JKaIUX BEIeCTB — TepPMaHraHaTa Kajaus, Geprosie-
TOBOI COJIM, BOJIBI, IEPOKCUIA BOOPOJIA: -r

1) 2KMnO, = K,MnO, + MnO, + O,1; g

MnO,, ¢

2) 2KClO; =" 2KCl + 30,1;

MI'I_OZ

3) 2H202 = ZHQO + OZTa

4
4) 2H20 = 2H2T + OQT
B COCY/ZIbl KHMCJIOPO/], 0061/1pa10T METO/ZIOM BBITEC- Puc. 73. XpaHeHue Kucnopoga
HEHUST BOJIbI UK BO3/yXa (puc. 74). B 6ansioHax 1 rasomeTpe
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~,

Jlyunnka

Puc. 74. NMonyueHune KNCNIOPOZa Pas3fioKeHNeM NepMaHraHaTa Kanvs u cobrpaHue rasa
METOLOM: d — BbITECHEHMEM BOAbl, 6 — BbITECHEHVEM BO3JyXa

O30n

Os0H — ras ¢ pe3KUM 3amaxoM, uMeeT OJeJHO-TONyOOH LBET, B KUIKOM
COCTOSIHMKM — cUHUA. B mporecce peakiumii 030H pacnagaercs ¢ oOpasoBaHueM
ATOMapHOTO KUCJIOPO/IA:

03=0,+ 0,
MIO3TOMY TI0 CPAaBHEHUIO C KUCJIOPOIOM 00JIaaeT OOJIbleil XUMUIeCKO aKTHBHO-
crbio. B mpupose 030H obpasyercsi U3 arMoc(epHOTo KHUCJIOPOJAA TPH IPO30BHIX
paspsjax, a Ha BeicoTe 10-30 kM — 1o/ JIeficTBUEM YIbTPA(PUOTIETOBOTO U3JIyde-
Husi. O30HOBBIN CJI0H HaJl TTOBEPXHOCTHIO 3eMJIN 3a/IePKUBAET KOPOTKOBOJHOBOE
yasrpaduoneroBoe nsmydenne CoJHIa, BPeIHOE /I KUBBIX OPTaHU3MOB.

O30H obpa3syeTca npu paboTe nasepHbIX NPUHTEPOB, UCTOYHNKOB PEHTFEHOBCKOTO U yNbTpa-
¢duroneTtoBoro msnyyenus. MpegenbHo gonyctumas KoHueHTpaums (MOK) o3oHa B Bo3ayxe pabo-
yeii 30HbI cocTaenseT 0,1 mr/m3. XapaKkTepHbIii 3anax 030Ha HaUMHAET OLLYLLIATLCA YXe NPU KOH-
ueHTpauuax 0,004-0,010 Mr/M3, TO €CTb BO MHOIO pa3 HWKe rMrmeHnYeckoro HopmaTtuea, 4To
BaXKHO AN1A nepcoHana, paboTaloLwero ¢ 030HOM.

Bopy 06e33apaxnBaloT XOpUpPOBaHNEM UM 030HMpoBaHMeM. O30HMPOBaHWe BoAbl Gonee
6e30MacHO AN1A YeNoBEYECKOrO OpraH1U3Ma, YeM XJIOPUpPOBaHMeE.

Cepa

CocTaB u cTpoeHHe MOJIEKYJbI cepbl. MoJieKyIbl KPUCTAIINYECKONH Cephl
umeroT GopMy 3aMKHYTBIX IUKJIOB. Ec/ paciyiaBJieHHYIO cepy BBUIUTH B CTaKaH
C XOJIOMHOH BOJIO# (OBICTPO OXJIAAUTD), TO 0Opa3yercs miacTudeckas cepa. Eé mo-
JIEKYJIbI TIPEJICTaBISIOT OO0 [unHHble 1enu (puc. 75). Tlmactuueckast cepa He-
yCTOMYMBA U y3Ke Yepe3 HeCKOJIbKO YacOB TI0CJIe TTOJIyYeHUs TIPEBPAIIAETCS B JKEJ-
ThIE KPUCTAJIBI POMOMUYECKO# cepbl Kak HanboJsiee yCTOWYNBON U3 aJIOTPOITHBIX
MO UKATIUTA.

o

§ 321
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a 6

Puc. 75. CTpoeHrie MONEKYN 1 BHELHWUI BUA Cepbl Pa3finyHbiX MoanduKaLmi:
a — MoreKysbl Sg, 6 — Lienu aToMOB MIACTUYECKON Cepbl, 8 — KPUCTanibl POMOUYECKON cepbl,
2 — KpuCTasnibl MOHOKJIMHHON cepbl, 0 — MniacTMyeckas cepa

M3BeCcTHO HECKONBKO AJIIOTPOINHBIX MOAMMUKAIMI Cephl: JBE KPUCTAJJINYE-
ckue — moHokaunHass Sg (T,,= 119,3 °C) u pombuueckast Sg (T,,= 112,8 °C),
a Takke rractudeckas S, (puc. 75). Haubosee ycroiiunBa mpu KOMHATHOI TeM-
neparype poMOudecKasi cepa.

Xummueckue cBoiictBa. Cepa — /10CTaTOYHO aKTUBHBIN HemeTasl. I1pu Harpe-
BAHUU JIETKO OKHUCJSETCS KHUCJIOPOJIOM U TaJlorTeHaMU, PearupyeT Kak OKUCJUTEJb
C BOJIOPOJIOM W MeTaimaMu (KpoMe 30JI0Ta W TIIaTHHBI):

Cepa KaK BOCCTaHOBUTEIb Cepa KaK OKHCJIUTEJb

0 -2
S+ H, z H,S (cepoBomopon);

0 t t4 0¢ -2

S+ 0, = SO, + Q (oxcun cepni(I1V)) Zn + S =7ZnS (cynapbdug nuHKa);

0 -2
9Al + 3S = Al,Ss (cynbdun amomunus)

IIpumenenne Kuciaopona u cepbl. Harbosee 3HaunMbie 00J1aCTH TPUMEHEHIST
KUCJIOPOZIa W CePbI yKa3anbl B Tabsmie 27.

Tabmauua 27. O6aacTu NPUMEHEHHS] KUCIOPO/a, 030HA U CEPbI

CBapKa " pe3Ka METaJIJ0B. OKHCINTEND PaKETHOI'O TOILJINBA. ﬂbIXaTe]IbHI)Ie CMe-
CU — KOCMOC, IToABOAHbIE JIOJAKH, MEAUIHA. XuMHuIecKast IIPOMBINIJIEHHOCTD —
Tojiy4yeHmue OKCU/J10B, KUCJIOT U [Ip. OpI‘aHI/I‘-IGCKI/If/i CHUHTE3 — aJIbJAEruibl, Kap6OHO-
Bbl€ KHCJIOTBI. MeTameerﬂ

0,

Or6esmBaroriee cpeiactso. [lesunbunupyoiiee cpeiacteo B Memuiinne. Obeszapa-

O o
3 JKMBaHMeE€ IIMTbeBOM BO/IbI M CTOYHBIX BOJ{

HpOI/ISBOI[CTBO CepIIOfI KHUCJOTBIL. HpOI/ISBOHCTBO PE3NHDBI. HpOI/ISBO[[CTBO CIINYEK.
HpOI/ISBOI[CTBO KpaCPITeJIeI?I, IIMTMEHTOB
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Kucsopon Hamén npuMeneHue B JIbIXaTeTbHBIX
anmaparax (puc. 76).

JneKTPOHHas KOHGUrypauys BaneHTHO-
ro cnos xanbkoreHos ns’np®. Huswas cre-
NeHb VX OKMCIIeHNA —2.

Kncnopop Kak okucnutenb pearvpyert
C MPOCTbIMN N CNOXKHbIMM BeLLEeCTBaMU, 06-
pasys, Kak npasuio, oKcuabl.

Cepa ABNAETCA OKUC/IUTENIEM B peaKkuu-
AX C MeTanslaMi 1 BOAOPOAOM, HO BOCCTa- Puvic. 76. MNopTaTtnBHbIN annapart

HOBUTEJNIEM B peakLunn C KNCJIOPOAOM. NCKYCCTBEHHON BEHTUNALMM
nérxkux (MBN)

Bonpocbl, 3agaHua, 3agaumn

1. MNepeuncnute Hanbonee xapakTepHble CTEMEHW OKUCNeHWA: a) Kucnopopa; 6) cepbl;
B) ceneHa. [pmBeauTe Npumepbl COOTBETCTBYIOLWMX COeANHEHUN.

2. HazoBuTte annotponHble moandurKauum: a) KUCIOPoaa; 6) cepbl.

3. CoctaBbTe HOPMYIbl OKCMAOB 1 CynbGUAOB NUTUA, MAarHWs, antoMUHKA.

4. Paccuntante maccy nopuumn cepbl Konmyectsom 3,5 monb.

5. 3anonHuTe Tabnuuy «Knucnopod u cepa B OKUCIUTENIbHO-BOCCTAaHOBUTENbHbBIX peaKLu-
AX», COCTaBUB YPaBHEHMA COOTBETCTBYIOLNX PeaKUnii.

PeareHTbl Kucnopop Cepa
H,

Mg

Ca

Fe

Li

Na

6. CoctaBbTe 10 ypaBHEHMWIN BO3MOXHbIX PeaKLuin Mexxay BellecTBamu, GopMysibl KOTOPbIX
Ba, K, Pt, ZnS, S, H,, O,. YKaxute npun 3Tom CTENEHN OKUCSIEHUA SN1IEMEHTOB.

7. Yemy paBeH 06bEM BO3yXa, HEOOXOAUMbIV A CKUTaHWA: a) cepbl Maccon 12 r; 6) by-
TaHa 06béMoM 10 M3 (H. y.)?

8. PaccuunTaiite 06BbEM KUCOPOAA, KOTOPbIV MOXET ObITb MOSTyYeH NPU pas3noxXeHUn bep-
TONeTOBOM ConmM Maccom 49 r.

9. CocTaBbTe ypaBHEHUA pPeakLUil COrNMacHo cxeme:

a) CH, 5 H,0 3 H, > H,S 5 S0, 6) KCIO; 5 0, 5 H,0 2> Hy = CHy—CHs.

10. Mpw HarpeBaHWK MepMaHraHaTa Kanusa Maccon 3,16 r nonyyeH KUCnopon o6bEMOM g
168 cM® (H. y.). OnpepennTe MaccoBylo OO Pa3NOKMBLLENCA COMU.
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§ 33. BogopopgHble coeguHeHNA Kucnopopa n cepbl

Bakneimmmu BOJOPOHBIMU COETMHEHUSIMU KHUCJIOPOA W CEPBI SBJISIOTCS BO-
ma HyO u cepoBomopox H,S. Kpome toro, cyiectByoT u apyrue GuHapHBbIE CO-
eIMHEHMST KUCJIOPO/Ia W CEPbI, HaIpuMep 1epokcu; Bogopoaa HyOo.

Booa

Boma — Bropoe 1o pacnpocTpaHéHHOCTH Ha 3eMJjie XUMHUYECKOe COelMHeHue.
3armacsl Bogbl Ha 3emue omenuBaotes B 1,4 muapa km®. Ona cocrasisier ot 50 710
99 % macchl pacTenuii, ;JKWUBOTHBIX, Y€JIOBEKa.

Crpoenne Moiekysabl. MoJsekysa BOJbI MMeEET YIJTIOBOE CTPOEHUE, KOTOpoe
OIIPEIETISIIOT YEThIPE DJIEKTPOHHbIE OPOUTAJIM BHEIIHETO 9JIEKTPOHHOTO CJIOST aTOMa
KHCJIOPOJIA: IBE U3 HUX 00PasyioT KOBaJEHTHBIE MOJISIPHbIE CBSI3U C aTOMaMU BOJO-
pona, Ipyrue JiBe coieps;KaT Helo/leICHHbIEe 3IeKTpoHHbIe Tapbl (puc. 77). Kak Bam
M3BECTHO, YTOJ MEXK/y HarpasjeHusmu cBsizeii H—O B MosiekyJsie BOASIHOTO rapa
cocrasisier 104,5° 1 MoJieKyJIbl TIpeAcTaBasior coboil gunou (§ 14, puc. 33).

® oo

a 0 6

Puc. 77. CTpoeHvie MoneKysbl BOAbl: d — 3NEKTPOHHO-rpaduyeckas cxema ob6pa3oBaHUA CBA3EN,
6 — 3neKTpoHHan GopMyna 1 YrioBoe CTPOeHNe, 8 — MaclUTabHasA 1 LWAPOCTEPXKHEBAs MOLENM

Ocob6enHoctu (pusnuecknx cBoiicTB. Boja He mMeer IBeTa, BKyca, 3alaxa,
obyiaziaeT BBICOKOU TEIIOEMKOCTbIO. Boza cyliecTByer B mpupojge B TPEX arpe-
TaTHBIX COCTOSTHUSAX (KMIKOM, TBEpAOM, razoobpasHom). EEé rtemmeparypa TiaB-
aennst — 0 °C, kunenust — 100 °C npu p = 101,325 klla. Mexay Mosekyniamu Bo-
Il B JKUJIKOM U TBEPJIOM COCTOSTHUSIX CYTIECTBYIOT MPOYHBIE BOMOPOIHBIE CBSI3U
(25 x/l:x/moab) (§ 17, puc. 43).

Boaa, siBisisich odeHb ca0bIM 2JIEKTPOJUTOM, MPAKTUYECKU HE MPOBOJUT
aJleKTpuYeckrii Tok. Ha MOHbBI pacragaiorcss mprOJU3UTENBHO JBE MOJIEKYJIbl U3
musmmapaa (npu 25 °C): H,O 2 H™ + OH™.

Xumnyeckue cBoiictBa Bojbl. Boja BCTymnaer B peakilud CO MHOTUMM Bellle-
CTBAaMM KaK TPW KOMHATHOW TeMmIlepaType, TaKk W TPU HarpeBaHUW: MeTaJLIaMH,
OCHOBHBIMU M KMCJIOTHBIMU OKCHU/IAaMH, OPTaHWYECKUMU BellecTBaMu. PaccmoTpum
HEKOTOPbIe 0COOEHHOCTH ATHX B3aUMOJEIHCTBHIL.
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1. Xapaxmep esaumodeiicmeuss 600bL ¢ MeMAIIAMYU 3aBUCUT OT aKTUBHOCTU
MeTtasina. Tak, miesmounble u niémounozeMmenbibie (Ca, Ba, Sr, Ra) meranin
pearupyioT mpu KOMHATHOH TemIiepatype ¢ 0O6pasoBaHUEM BOJOPOJA U IIETOUN:

1 0

INa + 2150 = 2NaOH + Haf:
1 0

Ca + 2H,0 = Ca(OH),| + Hy?.

bonbwrHCTBO MeTannoB, PacnoNOXeHHbIX B pPAQY aKTUBHOCTU MeXay altoMUHUEM 1 BOAOPO-
AOM, BCTYNaloT B peakuuio ¢ napamm soabl C 06pa3OBaHI/IeM BOAOPOAa U OKCMAOOB MeTalloB. Me-
Tajnnbl, PaCcnoJyIOKeHHbIE NOC/Ie BOAOPOAA, HM NPUN KaKnUX YCNoBUAX C BOLOW He pearnpytot. bonee
[EeTaNbHO Bbl N3y4nTe peakyuun B3aMMOZeNCTBNA MeTasioB C BOLOW B rnase 7.

2. BaaumopeiictBre BOJbBI C KUCIOMHBIMU OKCUOAMU TTPUBOIUT K 0OPa30BAHUIO
KHUCJIOT:

SOg + HQO = HQSO4.

3. OcrosHbie 0KCUObL TENOYHBIX U IETOYHO3EMENBHBIX METAIIOB B PEAKITHSIX
C BOJOI 0Opa3yioT MIEIOYM:

CaO + H,0 = Ca(OH),|.

4. C opeanuueckumu sewjecmeamu BOAA BCTyHaeT B PEAKIMM TuapaTtaruu (He-
HACBIIEHHBIX COEMHEHNIT) U THAPOJI3a (CIOKHBIX 9(UPOB, YIJIEBOLOB, HEITKOB).
Hanpumep:

HyPOy, 4, p
CHQZCHQ + H20 — CHSCHQOH,

HY, ¢

CH;COOC,H;s + H,O & CH;COOH + C,H;OH.

Maponns 6enkos, Au- 1 MONMCaxapyaoB, XXMPOB — 3TO MepBblil 3Tan YCBOeHUs (nepeBapu-
BaHWA) NUWW.

Cepoeodopoo

Crpoenne mozekyabl. CTpoeHHE MOJIEKYJBI CEPOBOIOPOAA MOKHO O0DBSIC-
HUTD MEPEKPbIBAHUEM aTOMHBIX 3p-opOuTaseii cepbl U 1s-opOuTaim aroMoB BOJIO-
poma (§ 14, puc. 32). IIpu 5TOM MPOUCXOAUT OTTAIKUBAHME 0OJACTEH MOBBIIIEH-
HOU 3JIEKTPOHHOH TIJIOTHOCTH, BO3HUKIINX MIPU 0OPa3oBaHUM G-CBSI3U. Beiencteue
TOTO BAaJIEHTHBIN yroJi HEMHOTO yBeJu4yuBaercss — Bo3pactaeT oT 90° mgo 92°
(puc. 78).
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“s, :
92° d

Puc. 78. CTpyKkTypHas dopmyna, MacliTabHas 1 LWapoCTepKHEBAs MOZENV MOJIEKYJIbI
cepoBofopoaa

Dusuuyeckue cpoiictBa. CepoBoMOpOa — OECIBETHBIN ra3 ¢ 3alaxoOM TYyX-
abix auil. OH TaxkKenee BO3JAyXa U MMeeT 0Oojiee HU3KHE TeMIIepaTypbl KUIIEHUs
(—60 °C) u maasnenus (—86 °C) no cpaBHeHUIO ¢ BOAON. B ogHOM 00bEME BOAbI
pactBopsieTcst Tpu 06BEMa cepoBojioposia. IIpu aToM 06pasyercsi pacTBOpP OYEHb
¢1ab0il KMCJIOTbI — CEPOBOIOPOLHON:

H,S 2@ H' + HS;
rUPOCYIIbMII-FOH
HS = H' +§*.
cybhuI-noH

W3 ypaBHeHUIT AUCCONUAIUN CJIE/IYET, YTO KUCJIOTE COOTBETCTBYIOT JiBa Psijia
coJieii — xkucabie (rugpocyabbumst, Hapumep NaHS, Ca(HS),) n cpennue (cysb-
¢uner, Hanpumep Na,S, CaS).

Biusinne Ha opranusm yesoBeka. CepoBoopoj oueHb sioBUT. IIpu ero BabI-
XaHUK OBICTPO HACTYIAET Mapajiy JbIXaTeJbHBIX HEPBOB, YEJOBEK MEPECTaéT OIILy-
IaTh 3allaxu, yTo TauT B cebe cMepTesbHyto yrposy. Tlomamas B KpoBb, CEPOBOIO-
POJI pas3pyIaeT reMorJioonH 1 o6pasyeT cyabhuj Keje3a YEPHOTo 1BeTa — «KPOBb
yepHeeT». PaGoraTh ¢ cepOBOAOPOAOM B JTaOOPATOPUAX MOKHO TOJBKO B BBITSIK-
HOM TIKady.

B mpupome cepoBomopon obpasyercst B HEOOIBIINX KOJUYECTBAX MPU THUE-
HUU GEJIKOB, COIEPKUTCS B BYJKaHUYECKUX Tras3ax, B aTMocdepe MPOMBIILIEHHBIX
pernonoB. CepoBOIOPO/I TsiXKesiee BO3/yXa, MOITOMY CKAIIMBAETCSI B KaHAJM3a-
IIMOHHBIX KOJIO/IAX, siMaxX. HacunThiBaeTcsi HEMAJIO CJIydaeB, KOT/Ia TOCTPaIaBIIu-
ME CTAaHOBUJINCH pabouue, 0OCyKuBarome TpyooIpOBO/IBI.

B opranusme cepoBooposi 00pa3yercsi U3 aMUHOKUCJIOTBI — IUCTENHA. IHA0-
eennoiil (BbIpabaThIBAEMbIIl BHYTPU OpPraHU3Ma) CEPOBOIOPOJ SIBJISIETCST CIIA3MO-
JIUTUKOM — paccabiiser TaaJKie MBIIIIIBI, a TaKKe CYNTAETCS OJHUM M3 BasKHBIX
(haKTOPOB, 3ANUIIAIONIIX OPraHU3M OT CEPAEYHO-COCYIUCTHIX 3a00JIeBaHNUI.

IIpumenenue cepoBomopoaa u cyibPpuaos. CepoBo0PO/I HAXOAUT OTPaHUYEH-
Hoe mpuMeneHne. CepoBOOPOIHYIO BOAY U ra3000pasHbIil CEPOBOIAOPO] MCIIOJb-
3YIOT B aHAJUTUYECKON XUMUU JIJIsi onpesiesiennsi (OCaKIeHMs1) KaTHOHOB MeTal-
JIOB, CYJIb(U/IBI KOTOPHIX MAJIOPACTBOPUMBI U HEPACTBOPHUMBI.
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Cynbduabl MHOTUX METANNOB APKO OKpalweHbl: HgS, Ag,S, PbS, CuS — uépHble, Sb,S; —
opaHxxeBbliA, CdS — xénTtbil, MNS — po30oBbIi, ZnS — 6enblii. Cynbduabl WENOYHbIX 1 WENoY-
HO3eMenbHbIX MeTanoB 6ecLBETHbI.

OpRHOIM 13 OCHOBHbIX NPUYMH NOTEMHEHMWA KapTUH CTapblX MacTepoB ABNAETCA UCMONb30Ba-
HVe UMW CBUHLOBbIX 6enui. B3aumopaencTBya aake cO CefoBbIM KOMMYECTBOM CEpOBOAOPOAA
B BO3ayXe, 6enuna 3a HeCKONbKO BEKOB MpeBpalLaloTca B YEPHbIN cynbdug cuHua(ll) PbS. Mpu
pecTaBpauny ero OKMCNAKT NepoKCMAOM Boaopoaa: PbSspuwm + 4H;0; = PbSOyu6enmim + 4H,0.

B texnuke cynbduabl IPUMEHSIOT KaK UCTOYHUKHU HETETIOBOTO M3JIYyYEHUS —
momunodopsr (CdS, ZnS), cmazounbie matepuaibl (MoS,), MOIYTPOBOIHUKN
(CuS, CdS, PbS u npyrue).

B menuiinHe MCTOMB3YIOT MCKYCCTBEHHbBIE W TTPUPOIHBIE CEPOBOIOPOIHBIE BAaH-
HBI, CEPOBOJIOPOTHYI0 MUHEPAJIBHYIO BOJLY.

B xuMuyeckoii MPOMBIIIJIEHHOCTH CEPOBOIOPO/] CIIYKUT CBIPbEM LIS TIOJIyde-
HUSI Cepbl, CEPHOI KUCJIOTHI, CYJIb(MUIOB U CEPOCOEPKAIUX OPTAaHIMYECKUX COe/H-
Henwil. Harnpumep, MepkanTanbl Kak OJHU U3 CaMbIX 3JIOBOHHBIX BEIECTB CIyKaT
7106aBKOII K MTPUPOHOMY Ta3y /Jisi OOHAPYKEHMsI €r0 YTEYKH B TPyOOIPOBOIAX.

Monekysnbl Bofbl 1 CEPOBOOPOAA UMEIOT YrTIOBOE CTPOEHUE.

Bopa pearvipyeT npv KOMHATHOW TemnepaTtype C akTMBHbIMX MeTasiiamMu,
KWUCITOTHBIMA U OCHOBHBbIMW OKCUZAMM.

BopaHbln pacTBOp cepoBofopofa — cnabasi KcnoTa.

BOHpOCbI, 3agaHnA, 3agavun

1. HazoBuTe xummnyeckune GopmMynbl BOAOPOAHbBIX COeANHEHUI KNCNOPOAA N Cepbl.

2. Mepeuncnute ¢usnyeckme CBONCTBa: a) BoAbl; 6) cepoBogopona. KakoBo ¢pusmonoru-
yeckoe BO3[eNCTBUE CEPOBOLOPOAA Ha OpPraHn3m?

3. OnuwKMTe NPOCTPAHCTBEHHOE CTPOEHME: @) MOJIEKYIbl BOAbI; 6) MONeKybl CEPOBOAOPO-
fa. CpaBHWTe BasieHTHbIE YI/ibl B faHHbIX MOJSIEKYNAX.

4, Ha3oBu1Te BeLleCTBa U YKaXKUTe CTEMEHU OKMCNIEHNA aTOMOB:

H,S, H,0,, ZnS, FeS, Al,S;, NaHS.

5. CoctaBbTe ypaBHEHUA peakLnit:

a) Na + H,0 —; Ba + H,0 —; P,05 + H,0 —; SO, + H,0 —;

6) H,S + FeCl, —; H,S + NaOH —; H,S + Ba(OH), —; H,S + CuSO, —.

Ha ocHoBaHMM COCTaBfIeHHbIX YPaBHEHUN peakuuii caenanTe BbIBOL O XUMUYECKUX
CBOWCTBAaX BOAOPOAHOIO COeAVHEHMA.

6. CoctaBbTe cxemy 06pa3oBaHVA BOAOPOAHbIX CBA3EN: a) MeXAY MONeKynaMu BOZbl;
6) MoneKkynamu BOAbl M MeTaHona.

O6bACHNTE, MOYeMy He pacTBOPAIOTCA B Bofe H6eH30/, rekcaH.
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7. icnonb3ya faHHble pucyHKa 44 u3 § 17, o6bAcHuTe:

a) U3MeHeHVe TemnepaTypbl KNeHus BewecTs B pagy H,S — H,Se — H,Te;

6) aHOMaNbHO BbICOKOE 3HaueHne TemnepaTypbl KAMNEHWA BOAbI.

8. PaccuntanTte maccoByto Aonio CepoBOAOPOAAa B CEPOBOAOPOAHON BOAE, MONYYEHHON
npu pacTBopeHun rasa (H. y.) o6bémom 3 am® B Boge o6bémom 1 am? (4 °C).

9. Yepes pactBop, cogepxalinin rugpokcma Hatpua maccon 20 r, NponycTuan cepoBofo-
poa o6bémom 11,2 am® (H. y.). OnpeenuTe MONAPHYIO KOHLIEHTPALMIO CONM B KOHEYHOM pac-
TBOPE, C/IN M3BECTHO, UTo 06BEM pacTBOpa paBeH 2,5 am>.

10. CepoBogopoa 06bémom 1,12 am® (H. y.) NponycTuAN Yepes pacTBOp maccon 125 r
¢ maccoBoli fonei cynbdata megu(ll), pasHoi 10 %. Paccumtante maccoByto JoOSO CONU B 06-
pa3oBaBLUEMCA pacTBOpe.

§ 34. KnucnopogHble coefNHEHNA cepbl
Cepa, NposIBJISISE CTEIIEHW OKWCJIeHUs +4 u +6, oOpasyeT aBa yCTOWYMBHIX

+4 +6
okcuga coctaBa SOy — okcup cepbi(I1V), niau cepructoiii ta3z, u SO3 — oKcHj
cepoi(VI).

Oxccuo cepoi(IV)

Oxcupy cepsi(1V) +éOQ — BEIEeCTBO MOJIEKY-
JgpHoro crpoenus (puc. 79).

Ddusnyeckue cpoiictBa. Oxcun cepoi(IV)
P HOPMAJIBHBIX YCJIOBUSX MPEACTABISIET CO-
60i1 GeCIIBETHBIN Ta3 ¢ XapaKTePHBIM PE3KNM 3a-
[axoM — 3allaXxoM 3aropaioleiicss crnuuku. la3s

Puc. 79. CtpykTtypHasa dopmyna ToKcHueH. B ogHOM 00bEME BOIBI PaCTBOPSIETCS
1 WapocTepXHeBas MoAesb okoJi0 40 06béMoB rasa 1pu 20 °C, uto ropaso
MOJIEKYIbl CEPHMCTOrO rasa HIKE, YEM B CJIydae XJIOPOBOIOPO/a U aMMHUAKA.

Temmneparypa ero KuIeHUs HAMHOTO BBIIIE, YeM
y kucyopona, u paBHa —10 °C. a3 jerko cxxmkaercd 1pyu KOMHATHON TeMIiepaTy-
pe yKe Tpu HeGOJBIIOM [aBJEHUH, YTO TI0O3BOJSET XPAHUTh U TPAHCIIOPTUPOBATH
COKMIKEHHBI Tas B Gasutonax (puc. 80).

XuMuuecKue CBOMCTBa. B XMMUUECKUX peakIusax, MPoTeKaomux 6e3 uaMeHe-
HUS cTerieHn okucjenus, okcusi cepbl(IV) moiken mposgBIIsTh CBONCTBA KUCTIOT-
HOTO OKCH/IA: C BOJOW OH JI0JKEH 00Pa30BLIBATH KUCJIOTY, CO IMIEI0YaMU U OCHOB-
HBIMH OKcugamMu — cosi. [TockosibKy HU3IIAS CTeleHb OKUCIEHWS cepbl paBHA —2,
a BbIciag +6, ciaeayeT MpeanoNoKUTh, YTO JIJI CEPHUCTOTO ra3da XapaKTepHbI pe-
aKIIMU KakK C MOBBIIIEHUEM CTeIleHH OKHUCJIEHUS Cepbl, TaK U C €€ TOHUKEHUEM.
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HpI/I ITOBBIINEHNN CTEIEHW OKUCJIEHHSA aTOMbI CEPbI
«TEPAIOT» IJIEKTPOHDI. ITO O3HaYa€eT, YTO OKCH/ ITPOABJIA-

€T CBOIICTBAa BOCCTAaHOBUTEJISI, TO €CTh pearupyer ¢ OKUC- Puc. 80.
JINTEJIAMY, HAIPUMeEp € KHUCJIOpPoJAoM, xsopoM. ITonmxasa XpaHeHue
CTeIleHb OKUCJIEHHUS, aTOMBI CEPbI IIPUCOCIUHSIOT 3JIEKTPO- CKMKEHHOTO
HBI, & CEPHUCTBIN Ta3 BBICTYTAET B POJU OKUCTUTENSI. ITO CEPHNCTOTO
MPOUCXO/IUT TIPU B3aUMOJIEHCTBUYN C CUJIBHBIMU BOCCTAHO- rasa
sutesamu, Harnpumep, CO, PHs. (ceprmcToro
aHrMapnaa)

[TpokoMMeHTHpYeM BbIllle CKa3aHHOE U MOSICHUM YpaB-
HEHUSIMU XUMUYECKUX PeaKIIUii.

I. Peaxyuu 6e3 usmenenus cmenenu & ,%
oKucaenus. H— O\

1. Peaxuyus c 6odoii. Ilpu mpomyckanum cep-  {— O/
HUCTOTO Tra3a 4Yepe3 BOAY, B KOTOPYIO M0OaBJIeH
JIAKMYC, OKpacka MeHsieTcs OT (puoJeToBOH /10
KpPacHOIl — 0OpasyeTrcsl CEPHUCTAsT KUCJIOTA: Puc. 81. CtpykTypHas ¢popmyna

SO, + H,0 = H,S0;, ¥ WapocTep>KHeBas MOAENb

MONEeKYJbl CepHI/ICTOI7I KNCNOoTbl

CrpykrypHas dhopmyJia CepHUCTON KUCIOTHI
nus3obpakeHa Ha pucynke 81.

Cephucras Kucjaora siBisiercst ciaboit. Kak aByxocHOBHast
KICJIOTA OHA TUCCOIUUPYET CTYIEHYATO:

H,SO5; < H'+ HSO3 (1-a crynens);
THIPOCYIbMUT-HOH
HSO5; & H'+ SO%™ (2-a crynenn).

cyabbuT-noH

ITO TakKe O3HayaeT, 4TO CEepHHUcCTasg Kucjaora obpa- PeakLus
3yer aBa psija couseil — cpeanue (Cyab@UTbI) U KUCIBIE  cepHucTOro rasa
(runpocynbduThr). c Boaon

2. Peaxuus ¢ pacmeopamu wenoueil TPUBOIUT K 0Opa3oBa-
Huto cosieii. CocTaB TPOJYKTOB 3aBUCHUT OT MOJIBHOTO COOTHO-
IIeHUS PeareHTOB:

2NaOH + SO, =Na,SO3 + H,O (cympdut HATPHS)

2 : 1 nam usOBITOK METOUN 20H + SO,=S0% + H,O
NaOH + SO, =NaHSO;4 (ruppocyabGuT HATPUS)

1 : 1 wn u36BITOK KUCIOTHOTO OKCHIA OH™ + SO, = HSO3

3. C ocHo6HbIMU OKCUOAMU CEPHUCTBIN ra3 Takke 00pasyeT COJu:
CaO + SO, = CaSO0Os;.
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II. Peaxuuu c uzmenenuem cmenenu OKUCIAEHUS.
Peaxyuu ¢ oxuciumensmu. BaaumopeiictBrie ¢ KUCIOPOJOM TIPUBOIUT K 0Opa-
3oBanuio okcuzaa cepoi(VI):
+4 0 V,056,p +6-2
SOy + Oy "2 2S0;,
YTO CBUJIETEIBCTBYET O BOCCTAHOBUTEIBHBIX CBOKCTBaX okcuzia cepoi(1V).
Peaknust oOpaTvmMast, MPOTEKaeT CO 3HAYUTENBHONW CKOPOCTBIO JIWIIb MPH TO-

BbIlIeHHOI Temmeparype (6osee 440 °C) B mMpUCYTCTBUU KATaIM3aTOPOB (HAMPH-
Mep, V205).

Peakyuu ¢ BoccmaHosumenamu. an/IMepOM TaKkom Peakunn MOXeT CNTyXKUTb YyTUNn3auyna cep-
HUCTOro rasa yrneponom. Tak nosly4yaroT cepy M3 oTxXoaAwnx rasos B MeTaﬂHprVNECKOVI npo-
MbILWTEHHOCTW:

+4 0 0 +4
502 + C = S,L + COzT

IIpumenenne oxcuma cepoi(IV). CepHucTeiii Ta3 B MPOMBINIJIEHHBIX MacIITa-
6ax sIBJISIETCST TIPOMEKYTOYHBIM TIPOLYKTOM MPU MOTYyYeHUN CepHOI KucaoTer. Kak
numieBast gobaska (E220) on mcrosb3dyercst B MHIIEBON TPOMBIIIJIEHHOCTH B Ka-
yecTBe KOHcepBaHTa. VM OKypuBaioT XpaHUJIMINA OBOIIIEH, MJI0I0B U PPYKTOB JJId
obGe33apakuBanus. Ero mpuMeHsoT it OTOeINBaHUsT MENKA W TIEPCTH, TaK Kak
XJIOp B JJAaHHOM CJIyyae MCII0JIb30BaTh HEJIb3S.

@ CepHWCTBIN ra3 obpasyeTcsa NpU CKUraHUM cepbl 1 06xure cynbduaos MeTannos (Hanpumep,
nMpuTa, cynbodraa LUMHKa).
Oxcup cepoi(lV) B nabopatopun nomyyatoT AefCTBUEM CEPHOWN KUCIOTbI Ha CynbOUTbI U MeAb:
Na,SO; + H,50,4 = Na,SO4 + H,0 + SO,1;

Cu + 2H;S0, 0y = CUSO, + 2H,0 + SO,1.

Crenyer oTMETUTD, YTO CEPHUCTBHIN Ta3 — OIWH U3 3arps3HUTesell aTMocde-
pbl. ETO MCTOUHUKOM SBJAIOTCS NPENNpUATHS YEPHON M 1IBETHOW MeTaJTypruu,
TEeIJIO3JEKTPOCTAHIIUM.

Oxccuo cepoi(VI)
6
Oxcnp cepr(VI)+SOg — BBICIINUE OKcuJ| cepbl (puc. 82).

®

Okcunp cepbi(VI) 0bpasyeTcs Npy OKUCIEHUN CEPHUCTOTO rasa KUCIOPOLOM WU O30HOM:

+4 +6 +4 +6
2502 + 02 = 2503, SOZ + 03 = SO3 + 02.




KucnopopHble coefiuHeHus cepbil 189

Duznueckne cpoiictBa. Oxcuy cepoi(VI) sBiser- 0] A‘
st GeCI[BETHOI JKUIKOCTBIO B Y3KOM WHTEPBAJIE TEMITE- [ 7
patyp: ot 16,9 °C 1o 44,9 °C. Obnazaer yayIaonmm o /S{\\ég o, 0 ‘

3altaxXoM. HpI/I TIoTa/laH Ha KOJKY BbI3bIBAET TSIKE-

JIbIE OKOTH.
X “ +§O . Puc. 82. CtpyktypHas
HUMHYECKHUE CBOMCTBA. 3 — TUITAYHBIA KUCJIOT- bopmyna 1 MacwTabHas

HbIl OKCHJL U CHJIBHBIH OKucauTenb. Kak xuciomuvil — yopeny monexynb okcipa
OKCHJ pearupyet ¢ BOJIOi, 00pasysi CepHYIO KUCJIOTY: cepbi(VI)

+6 +6
SOS + HQO = HQSO4 + Q
B pearnuAax Co mejgo4aMi 1 OCHOBHBIMH OKCHU/IaMU 06pa3yeT COJIN:
+6 +6
SO5; + CaO = CaSOy;
+6 +6
SO; + 2NaOH = Na,S0, + H,0.

Kak okuciumesnv SO; pearvpyet ¢ BOCCTaHOBUTENAMMW. ATOMbI CEPbl B COCTaBE OKCUAA MMEIoT
BbICLLYIO CTEMNEHb OKUCNIEHNA +6 1 MOTYT €€ TONbKO MOHMXKaTb, NPVHUMAs SM1IEKTPOHbI OT BOCCTa-
HoBuTenen. MprMepom OKUCIIMTENbHbIX CBONCTB OKCKAa cepbl(VI) MOXeT cnyxuTb peakuus
¢ dochopom Kak BOCCTaHOBUTENEM:

+6 +4
SSO3 + 2P = P205 + 5502.

BaKHeMWnMnN KUCNOPOAHBbIMU COeAUHEHUAMN Cepbl ABAAIOTCA ABa
KUCNOTHbIX oKkcnaa — okcup cepbl(lV), nnn cepHuctbii raz SO, 1 okcug
cepbl(VI) SO;. Kak KMCNOTHble oKcuabl OHU 06pa3yloT KUCIOTbl Npu B3a-
UMOAENCTBUN C BOAOW M CONM B PeaKUMUAX CO LWenoYyaMyn M OCHOBHbIMU
oKcMaamu.

+4
Okcupg cepbi(lV) SO, npongnﬂeT 1 OKUC/INTESIbHbIE, N BOCCTAaHOBUTESIbHbIE
+
cBoncTBa, a okeng cepbl(VI) SO; — ToNbKO OKUCAUTENbHbIE.

BOHpOCbI, 3agaHunA, 3agavun

1. 3anuwunTte GopMysbl OKCULOB CEPbl M COOTBETCTBYIOLMX UM KUCIOT, YKaXnuTe UX Ha-
3BaHuA.

2. HazoBuTte 061acTn UCNonb30BaHUA CEPHUCTOrO rasa.

3. B Konby ¢ AuCTUNNMPOBaHHON BOLOWM HEMPOJOMXKMTENIbBHOE BPeMA MPOMycKanu cepHu-
CTbI ra3, a 3aTeM J00OaBUM HECKOMBKO Kanenb MHAMKaTopa. HazoBute okpacky cofepmmo-
ro Konbbl, ecnv 3TMM UHZMKATOPOM Obin: a) nakmyc; 6) meTunopaH:; B) deHondTanenH.

. M 3
4. InAa cepHUCTOro rasa paccynTanTe: a) MAOTHOCTb MPY H. y. No dbopmyne p=V— (r/pm>);

m
6) OTHOCUTEJIbHYIO MJIOTHOCTb NO BOAOPOAY, B) OTHOCUTEJIbHYIO MNIOTHOCTb NO BO3A4YyXY.
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5. 3anonHuTte Tabnuuy «XrMmyeckrne CBOMNCTBA OKCMAOB CEPbl» COOTBETCTBYIOLMMU YpaB-
HeHuAMN peakuunm ana peareHto H,0, KOH, Ca0, O,.

PeareHTbl Oxkcmp cepbi(lV) Oxkcmp cepbi(VI)

CoenainTe BbIBO4 O CXOACTBE N PA3NINYMM XUMUYECKMX CBOMNCTB YKa3aHHbIX OKCUAOB Cepbl.

6. PaccumTaiite, yuemy paBeH 06bEM (H. y.) okcuga cepbl(lV), NpopearmpoBaBLIero ¢ pac-
TBOPOM FMAPOKCMAA HAaTPUA, ecnu npu 3ToMm obpasoBanacb CpefHAA conb maccoi 37,8 T.

7. CocTaBbTe ypaBHEHUA peaKkuuin COrnacHO CXeme, Ha30BUTE Kaxdoe U3 MCXOAHbIX Be-
wects: @) S 5 HyS 2 SO, = H,50; - KHSOs;

6) ZnS - SO, 2 SO; = H,50, —> Na,SO,.

8. Paccuutaiite MUHUMAnNbHbI OOBEM (H. y.) CEPHUCTOrO rasa, KOTOPbIA HYXXHO Mpony-
CTWUTb Yepe3 pacTBop mMacco 200 r ¢ MaccoBOW fonen rugpokcraa Hatpusa 2 %, utobbl nosny-
UYNTb TONIbKO KUCNYIO COJlb.

9. PacctaBbTe KO3dMLMNEHTbI METOOM 3IEKTPOHHOIO HanaHca:

a) SO, + H,S — S + H,0;

6) KMnO, + SO, + H,0 — K,S0O, + MnSO, + H,SO,.

YKaxunte, OKUCAUTENEM UMM BOCCTaHoBMTenem asnaetca SO,.

10. PaccumutaiiTe MaccoByio AOJIO CEPbl B CMECH, COAepKallen CynbGUT HaTpusa Konude-
ctBoM 0,5 MOJIb U rapoCcynbdUT HaTpus Konuvectsom 0,2 MOJb.

§ 35. CepHasa Kncnorta

Cepnag xkucnora HySO,; — Baskneiinas uz mu-
HEPAJIBHBIX KUCJIOT.

IDTO BENMECTBO MOJEKYJSIPHOTO CTPOECHUS.
N3 ctpykTypHOIT (hOPMYIIBI BUIAHO, UTO CEPHAS KHC-
JIOTA SIBJISIETCST TUAPOKCUIOM M OTHOCUTCS K JIBYX-
Puc. 83. CTpyKTypHas dopmyna ~ OCHOBHBIM KHCJIOTaM (puc. 83).

W WapocTepXHeBas MOfesb [TpombitieHHOE TIOJIy4YeHUE CEPHOW KHCJIO-

MOJSIEKYTIbl CEPHOW KNCOTbI Thl — MHOTOCTAJIUMHBIN TTPOIIECC, ChIPHE TS He-

ro — 3TO NMUPUT (JKeJIe3HbI WJIM CEPHBIN KOJde-

nan) FeS, u napyrue cynbdugnbie pyubi, cepa S,

cepoBosiopozit HyS (13 HedTH), OTXO/BI METALITYpPrUdecKoro 1mpounsBojcTBa. Cxema
MOJIyYeHUs] KUCJIOThI U3 TTUPUTA BBITJISIUT TaK:

H_O\S&O &

H-O0~ =0

+0, +0,/V,05, t, p +H,0/H,SO
F682 —Zb 802 Z—2> SOg Lﬁ ! HQSO4.
OGsxuUr Oxkucrenne PacrBopenue okcuma

nupuTa CEpHUICTOTO cepoi(VI)
rasa
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Kax BumHO, 1mporiecc BKJOYAeT TPU CTAJNH, BbIpakaeMble CJEAYIONMMHU YpaB-
HEHUSIMUM PeakInii:

1 4
4FeS, + 110,y = 2Fe,05 + 850, + Q (06xur miuputa);

4 V,05, 450 °C, 200 ka4
250, + Oy 2 2505 + Q (okucJIeHNEe CEPHUCTOTO Ta3a);

SO5; + H,O = HySO, + Q (pactBopenue okcupia cepbi( VI)).

Ha tperneit craguu okenp cepoi(VI) SO3 B morsotuTeibHON OatiriHe opormaet-
cs1 KOHIIEHTPUPOBAHHON CEPHOM KHUCJIOTOM ¢ MaccoBoii poseil kucaotsl 96—-98 %
(To ecThb conep:kaHue BOAbI Bcero 2—4 %). Ilpum 3TOM MosIydaioT pacTBOp OKCUIA
ceppi(VI) B cepnoit kucnore (oneym). Bomay nnsg nornomennss SOz He UCTIOTB3Y-
0T, TaK KaK M3-3a BbIIEJEHUs OOMBIIOTO KOJIMYECTBA TEILIOTHI 00PA3yeTcst «CePHO-
KUCJIOTHBIM TYMaH», KOTOPBI TPYAHO CKOH/IEHCUPOBATb.

MupoBoe Mpou3BOJCTBO CEPHOM KUCTOTHI — 0KosIo 200 MutH ToHH B To/. Camblii
KPYITHBINA OTPEOUTEH CEPHON KHUCJIOTBI — MTPOU3BOACTBO MUHEPAIBHBIX YAOOPEHHIA.
Kpowme Toro, ona ucmomb3yeTcs s TOTY9IeHUsT Pa3IMIHbIX MUHEPATbHBIX KUCTOT
M CoJiell, XUMIYECKIX BOJIOKOH, KpacuTesel, B3PHIBYATBIX BEIIECTB, B TTPOMBIIILIECH-
HOM OPraHMYeCKOM CUHTe3e, B He(TSHOM, MeTaLI000pabaThiBaIOIIel, TEKCTUIBHOM,
KOKEBEHHOM, MTUIIEBON U JIPYTUX OT-

pacJisIX TTPOMBITIIEHHOCTH (puc. 84), HHaCTHKHKpaCHOTem, Iesionosio-

KAaK 2JIEKTPOJIAT B CBUHIIOBBIX aKKY- TpoussoacTso 3 7 2% OymasHas

MmyJsitopax (puc. 85). xumukaros, 10 % 1 OMHH;H;HHOCTE
BeimeraunBanue °

. pyn, 10 %
Duszuueckue ceoticmea
Cepnast kuciora — TspKénas Oec- Arp‘i’gf;m’l’
()

IBETHAS MaCJSTHUCTAS KUIKOCTB,
¢ temnepatypoii Tiassenust 10,4 °C,
norHocThio 1,84 r/cM®. Ona cume-
IIUBAETCS C BOAOH B JIIOOBIX COOTHO-
mrenusix. [Ipu pacTBOpeHNN KUCJIOTHI
B BOJIe BBIJIEJISIETCS 3HAYUTENHHOE
KOJIMYECTBO TETIOTHI, YTO SIBJISIETCS
CBUJIETEJILCTBOM 00Pa30BaHKs IIPOY-
HbIX rugpaToB. Ilo atoil mpuyuHe
cepHast KUCIOTa — CUJIbHOE BOJIOOT-
HUMAIOIIee CPEJICTBO, €€ NCTIOB3YIOT
JUTST OCYTIIEHUST PA3JINIHBIX BEITECTB,
B TOM uHcJe U ra3oB (puc. 86). Puc. 85. CBMHLOBO-KUCIIOTHbIN aKKyMynsaTop

Puc. 84. O6bnacti ncnonb3oBaHus
CEePHOWN KNCNOTbI
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= BakHO HMOMHUTH: npu pasbaBiieHUU
— KUCJIOTY MEJJIEHHO JIBIOT B BOJY, 4YTO-
'_Lli;_ Ocymaembie OBl TSKEJIbIE CTPYMKM KUCJIOTHI OIyCKa-
/ BeIecTBa JIICh HA JIHO cocya. DTO HEOOXOAUMO ISt
HpegoTBpalleHus PasOpPbI3rUBaHUs KIJL-

Konuenrpuposannas ~ KOCTH B Pe3YJIBTAaTe CUJIBHOTO MOBBITIEHUS

CepHad KHCJI0Ta TeMHepaTypr
Puic. 86. DKCcMKaTop Ans XpaHeHus [Ipn monmazanny Ha KOXKY CepHast KUC-
W CYLUKN MATPOCKOMMYHbBIX BELLECTB JIOTa BBI3BIBAET TSXKEJbIE OXKOTH, e Taphl

MOPAKAIOT CJAU3UCTBIE 0O0JIOUKU U JIETKUE.

Xumuueckue ceoticmea

CaoiicTBa pa3baB/IeHHON U KOHIIEHTPHUPOBAHHOW CEPHOI KUCJIOT CYIIECTBEH-
HO Pa3/IMJaloTCs.

XuMuyecKue CBOWCTBA pa30aBJeHHON cepHO KuCI0Thl. PasbaBienHas cep-
Hasl KUCJIOTa — CHUJIbHBINA 3JIEKTPOJIUT, OHA IPOSIBJISET OOIIME CBONCTBA KUCJIOT:
MEeHsIeT T[BET WHANKATOPOB M 0Opa3yeT COJM B PEAKIUSX C MeTaJIaMH, OCHOBHBI-
MU 1 aM(OTEePHBIMUA OKCUIAMU, THIPOKCUIAMUA METAJLJIOB, APYTAMU COJsIMHU. Pac-
CMOTPUM KOHKPETHBIE IIPUMEPDL.

1. Unouxamopvl TakMyc ¥ METHJIOPAHK OKPAITUBAIOT PACTBOP CEPHOU KUCJIO-
T B KPACHBII 1BeT. B pa30aB/eHHBIX PacTBOpax CepHasi KMCJIOTA IUCCOIMUPYET
COTJTACHO CXeMe:

H,SO, — 2H" + SO%".
2. Obpasosanue coreii:

a) Memasnivl, PaCloJOKEHHble B PNy aKTMBHOCTH JI0 BOJIOPO/IA, BBITECHSIOT
ero u3 pa3daBJIEHHBIX PACTBOPOB CEPHON KHUCJIOTHL:

/n + HQSO4 = ZHSO4 + HzT,
Fe + HQSO4: FCSO4 + HQT,

6) peakIuu CEPHOIl KUCIOTHI ¢ OCHOBHLIMU W AM@POMEPHBIMU OKCUOAMU, KAK
paBUjIo, TPeOYIOT HEOOIBIIOTO HarPeBaHUs ISl YBEJIUYEHUs CKOPOCTH:

CuO + HQSO4 = CUSO4 + H20,
AlLOs + 3H,S0, = Aly(SOy); + 3H,0;

B) B PEAKIINSIX CO WeI0UaMU VI HEPACMEOPUMBIMU OCHOBAHUAMU OOPA3YIOTCS CO-
Ju 1 Bojia (HelTpaau3anus):

INaOH + H,SO; = NaySO, + 2H,0 mwm NaOH + H,SO, = NaHSO, + H,0;
C&(OH)Q + HQSO4 = CaSO4L + 2HQO
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OtmeTum, uTo Tipu MOJTbHOM cooTHoteHun 1meénoun NaOH u kucsiorer HySO,
2 : 1 win usbsitke NaOH o6Gpasyercs cpeasiss cosib (cyabdar), a Ipu UX COOT-
Homennn 1 : 1 — xmcemast comb (ruppocynabgdar). CraemoBaTenbHO, U3OBITOK MHO-
TOOCHOBHOH (IBYyXOCHOBHO#) KucoTel HySO,4 mpuBoauT K 06pa3oBaHUIO KUCIBIX
COJIeN;

') peakiuy pacTBOPOB CEPHON KHCJOTBI € COLSAMU TIPOTEKAIOT B MOJHOM COOT-
BETCTBUU C YCJIOBUSIMU PeAKIMil MIOHHOTO oOMeHa:

HQSO4 + N32C03: NaQSO4 + HQO + COQT;
HQSO4 + Na28103 = NaQSO4 + H2$103l

XuMHyecKkue CBOWCTBA KOHIIEHTPUPOBAHHOI CepPHOM KUCIOTBI. B cuibHO KOH-
IEHTPUPOBAHHBIX PACTBOPAX AMCCOIHMAIUS CEPHON KHUCJOTHI TIPOTEKAET JIUIID TI0
neppoii crynenn: H,SO, 2 H' + HSO;. Konnenrpuposantas cepHast KUCIOTa —
6ojiee CUIIBHBIN OKWCJUTENh, YeM pa3baBieHHas. E€ OKuCIMTENbHBIE CBOWCTBA
MPOSIBJISTIOTCS TIPEJK/IE BCETO B peakiusx ¢ Metaaamu. OTMETHM HECKOJIbKO BakK-
HBIX MOMEHTOB.

Bo-nepsvix, TpoucXoauT BOCCTAHOBJIEHWE HE BOAOPO/A, a aTOMOB cephl. IIpo-
IyKTamMu BoccTaHoBseHus sBisiorca SO, S u H,yS. CoctaB mpemmyinecTBeH-
HO 00pasyoMMXCsl TMPOJAYKTOB 3aBUCUT KaK OT KOHI[EHTPAIUU KHUCJIOTHI, TaK U OT
AKTMBHOCTU MeTaJjllla KaK BOCCTaHOBHTeJs. UeM MeHbllle KOHIIEHTpAIUs KHCJO-
THI ¥ BBITIIE aKTUBHOCTb METAJJIa, TeM CUJbHEE BOCCTAHABIMBAIOTCS aTOMBI CEpBhI.
B ob6iem Buje B3anMojieiicTBe KOHIIEHTPUPOBAHHON CEPHOI KMCIOTHI ¢ MeTaJlla-
MU MOKHO TIPEJICTaBUTh CXEMOI:

6
Me + H;SO4(K0HH) — cyasdar + H,O + X,
+4
rae X: » SOy (+2¢)
0
> S (+6e")

> H,S (+8¢)

Tax, B peakiuu ¢ MeTa/JlaMH, HaXOASAIUMUCS B Py aKTUBHOCTH 10C/E BOJIO-
poza (Kpome 30J10Ta U IaaTubl), obpasyercs okcug cepbi(I1V) SO,, manpumep:

+6 +4
2HQSO4(K0HL[) + Cu = CUSO4 + 2H20 + SOQT
B peakmusix ¢ merajaMu, paciosiOKEHHBIMUA B Py aKTUBHOCTH 00 BOIOPO-
ma, MoryT obpasoBbiBaThest 1 SOy, 1 S, m H,S. Hampumep, cxembl peakimii, mpo-

TEKaloInX IIpu B3aMMOIEMICTBUU I[UHKA C CepHOﬁ KHUCJIOTOH 110 MEpe yBeINMYCHUA
eé KOHIOEHTpalluK, BBITVIAAAT TaK:

6 -2
H,SO i om + Z0 — ZnSO; + H,0 + H,St,
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nm H2SO4(KOHH) +7n — ZDSO4 + HQO + Sl,
nwin HZSO4(K0H11) +7n — ZHSO4 + HQO + S()QT

Bo-emopuvix, HeKOTOPbIE CPAaBHUTEJIBHO aKTUBHBIE METAJLIbI (HAIIPUMED, JKeJe30,
AIOMUHUH, XPOM) KOHIIEHTPUPOBAHHOW CEPHOM KUCJIOTOU MPU KOMHATHOW TeMITe-
parype MacCUBUPYIOTCS: HA TOBEPXHOCTU MeTajlia 00pa3yeTcst MI0THAsT OKCUIHAS
miéHka. bmarosapa maccwBanuu skesie3a BO3MOXKHA TEPEBO3KA KUCJOTHI B CTAJIb-
HBIX I[UCTEPHAX.

Cpenu apyrux 0coOEHHOCTEH KOHIEHTPUPOBAHHON CEPHON KUCIOTHI MOKHO
orMeTuTh ciaepytone. OHa criocob6Ha BBITECHSTh MeHee CUJIbHbIe Wau GoJiee Jie-
tyune kuciorel (HCl, HNO3, H3POy, CH3COOH) U3 UX COJelt:

NaNOS(TB) + HZSO4(K0HH) HNOST + NaHSO4,

CHSCOONH(TB) + HQSO4(5()A -HBIiT p- p) CH3COOHT + NaHSO4

KoHteHTpupoBanHasi KMCJI0Ta OKUCISIET CAOHCHLIE OP2AHUYECKUE BeULeCMBA:
obyrimBaer Oymary, ApeBeCcuHy, KOKY, II09TOMY HEOOXOIMMO KpailHe OCTOPOKHOE
obpaiienue.

M3-3a 0cOOEHHOCTH KOHIIEHTPUPOBAHHOW CEPHON KUCJIOTHI 0OPA30BLIBATL THI-
patet HySO4 - nH,O eé mmpoko Mcnosb3yloT Kak CHUJIBHOE BOJOOTHUMAOIee
CPENCTBO, a TaKKe KaK KaTaJu3aTop 8 0P2aHuuecKkom CUHmese.

@ an/IMeHEHI/Ie KOHLleHTpI/IpOBaHHOIZ cepH0|7| KNCIOTbl KaK BOAOOTHMMaOLWEro cpeactea 1 Ka-
Tannsatopa B OpPraHN4YeCKOM CUHTEe3€e OEMOHCTPUPYIOT YpaBHEHUA peaKLIVIVIZ
H,SO,4(KoHL), t > 140 °C

CH3—CH2—OH - CH2:CH2 + Hzo,
H,S0,(KoHu), t

CH3COOH + CHsOH 2 CH3;COOC;Hs + H,0.

Cyavpamot: pusuneckue u xumuueckue ceolcmea, npumeHeHue

CepHas KucjioTa, Kak ObLIO OTMEUYEeHO BbIllle, 00pasyer ABa psijaa cojeil — Tuj-
pocyibdarsl (Kucabie) u cyabdarer (cpeaHue), OOJBITMHCTBO W3 KOTOPHIX XOPO-
110 PaCTBOPUMBI. B TBEPAOM BUJle U3 KUCJIBIX COJIel BBIJIEJIEHBI COJIUA JIMIIb aK-
tuBHbix MetaioB (KHSO,; NaHSO, u ap.). Cpeanue conu 4acto oO6pasyior
kpucramoruapatsl (Na,SO, - 10H,0, CuSOy - 5H,O u z1p.), moatomy Ge3BOgHBIE
commm (cysbaT HATPUsI, CyJIbGaT MarHus) MCIOJAb3YIOT B JJaOOPaTOPHOI MPaKTHKe
B KauecTBe ocymuTeseil. CynbdaTbl MIEJOUYHBIX METAJIIOB UMEIOT IOCTATOUYHO BbI-
COKYIO TEPMUYECKYIO0 YCTOMUYUBOCTD.
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Jlna upentudukannn (Kkauecmeennozo obnapyxcenus) cyabGar-MOHOB dale
BCEro MCHoJb3yioT pactBopumbie couu Gapusi (BaCly, uaun Ba(NOs),). TIpu sarom
obpasyetcst Genbiii ocanok cyibdara 6apus (IIpunoxkenne 3):

Ba’*+ SO7 = BaSOyJ.

Muorue CyJIb(l)aTbI ABJIAIOTCA BeleCTBaAMUW KPYITHOTOHHAKHOTO ITPOU3BOACTBA

(tabm. 28).

Tabsnma 28. lipumenenue cyabhatoB

Xumuueckas popmyia
U Ha3BaHHe

O61acTH UCIIOIb30BAHUS

Na,SO, - 10H,0
rnayGepoBa cosib (MUPaGUINT)

HPOI/ISBOZ[CTBO CHHTETU-
YECKUX MOIOIIUX CPEeACTB,
L EJIJII0JI03bl, CTEKOJIbHOE
IIPOU3BOACTBO, TEKCTUJIb-
Has IMPOMbBINIJIEHHOCTDb

MgSO, - 7H,O
ropbKast (QaHIJINHCKAs) COJIb

Mepuunnaa — 7151 CHIDKe-
HUS JJaBJIeHUsI IIPU BHYT-
PUBEHHOM BBEICHUM; CJIa-
OGuTEeNbHOE CPENCTBO.
Mukpoyao6penue. Cyika
pacrBoputesieil B nabopa-
TOPHOI npakTuKe GE3BOJI-
HbIM Cy]'[bq)aTOM MarHusAa

CUSO4 . 5HQO
ME/IHBII KyIopoc

"BOPAOCCKAS
CMEChb S
A

MenuinHa 1 pacTeHUEBOI-
CTBO — aHTHCENTHK. B co-
craBe OOPIOCCKOI cMecH
Kak pyHrunmza

FCSO4 . 7H20
JKeJIe3HBIH KyTIOpoC

Cesbckoe X03SHCTBO —
dbyHrunumz, aepesoobpa-
GaThIBAIOIIAS TIPOMBIIII-
JIEHHOCTb — QHTHUCEINTUK
ISl TIPOMTUTKHU JIPEBECUHBI.
[IponsBoscTBO MUHEpATTh-
HBIX KPacoK
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Paz6aBneHHasa cepHas KNCIOTa — CUJIbHBIN SNEKTPONNT, NPOSBAAET 00-
WMe CBOMCTBA KUCNOT. KOHLIEHTPUPOBaHHAA CepHasa KUC/IOTa — CUJbHbIN
oKMcnuTenb.

CepHan KncnoTta Kak ABYXOCHOBHas obpa3syeT fBa pAfa conen — rugpo-
cynbdatbl (Kucnble) u cynbdatbl (cpenHue).

Mpu B3aMoZencTBN pa3baBiieHHOW CEPHON KUCNOTbl C MeTa/iamn 06-
pa3yloTca COMb U BOAOPOS, a KOHLEHTPUPOBAHHOW — COJib, BOAA 1 NPOAYK-
Tbl BOCCTaHOBNeHuA cepbl — SO,, S n H,S.

[nAa KauecTBeHHOro o6HapyeHua cynbPpaT-MOHOB MCMOJb3YT PaCTBO-
pbl Xxnopuaa unn HuTpata bapwus.

B ocHOBe MPOMbILNEHHOIO MONYYEHUss CEPHOWM KMUCIOThI U3 NUpuUTa fe-
XaT peakumn, oCyLecTBAeMble B COOTBETCTBMM CO CXEMOIA:

FeS, — SO, — SO3; — H,SO,.

Bonpocbl, 3agaHua, 3agaumn

1. 3anuwmTe MONEKYNAPHYIO 1 CTPYKTYPHYO GOpMynbl cepHOI KucnoTbl. HasoBute obna-
CTV €€ NPUMEeHeHuA.

2. 113 TekcTa naparpada Bbinuwnte GopmMysibl: @) KAC/bIX conelt; 6) KpMCTaniormgpartos.
Hasosute nx.

3. CocTtaBbTe popmynbl BellecTB: a) cynbdat bapus, rupgpocynbdaT nutus, cynbdat
xene3a(ll), cynbdat xenesza(lll); 6) cynbdat marHua, cynbdat anomMuHna, rugpocynbdat ba-
pus, cynbdat cepebpa(l).

4. 13 nepeuHsa Mg, Zn, Al, Ag, Fe, Cr, Sn, Cu, Au, Pt BbINVLWINTE CUMBOMbI METaNNOB, KOTO-
pble: a) He BbITECHAIOT BOAOPOA U3 PacTBOpPa CEPHON KUCNOTbI; 6) MacCMBUPYIOTCA KOHLEHTPU-
POBaHHOW CEPHON KMUCNOTOWN.

5. CocTtaBbTe ypaBHeHUA peakuuii 06pa3oBaHMA KUCIbIX 1 CPefHUX COoneln npu B3auMo-
JEeNCTBUN TMOPOKCUIOB HAaTPUA U KanbUUA: a) C CEPHON KUCNOTON; 6) CEPHUCTON KUCNOTOW;
B) okcrgom cepol(lV). HazoBuTte obpasytoumecs conu.

6. Okcmp cepoi(VI) maccon 8 r pacTBopunu B Boge maccon 132 r. Onpegenute MacCcoByto
LONI0 KNCIOTbl B pacTBOpe.

7. PacctaBbTe KO3$OULMEHTHI METOAOM 3IEKTPOHHOIO OanaHca B YpaBHEHUAX peakuuit,
NpoTeKaLWmnX NPy B3auMoZenCTBUN LMHKA C KOHLEHTPUPOBAHHOW CEPHOWN KNCIOTOW Pa3HoM
KOHUEHTpaunm, CornacHo cxemam Ha c. 193, 194.

8. BTopaa cTaguAa Npoun3BOACTBA CEPHOWM KUCNOTbl U3 MUPUTA — OKWUCIIEHME OKcmpaa
cepbi(lV) B okcna cepbl(Vl) ocHOBaHa Ha 06paTMMON KaTaNnTUUECKON peakuuu:

250, + Oy 2 2505 + Q.

B ycnoBuax npomssofctea SO; ABNAETCA ra3oM. YKaxkuTe yCNoBMsA CMELLEHNA paBHOBe-
CNA B CTOPOHY NpoJyKTa peakuun.

9. OnpefennTe Maccy pacTBOpa CEPHOM KMUCAOTbl C Maccoson goneit 20 %, KOTOPbIA MOX-
HO NonyunTb NpU pa3basneHnn pactBopa o6béMom 1 am> (MnoTHocTb 1,835 r/cm®) ¢ macco-
BOW fonen cepHom KMUcnoTbl 96 %.
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10. meeTca 500 r pactBopa okcmpa cepbl(VI) B cepHon kucnote. Maccosble gonn H,SO,
n SO;5 cocTaBnAT 92 % 1 8 % cooTBeTCTBEHHO. CKOMIbKO MPaMMOB BOAbl HY>XHO [00aBUTb
ana nonyyeHna 100%-HoOWM CepHON KUCIOTbI?

Jlabopamopnuouii onoim 5. Hccaedosanue xumuneckux ceoiicme
pasdaeennoz0 pacmeopa cepHoli KUciomot

Peaxmuesvr: uak; oxcna menu(Il); pacTBopbl cepHOW KHUCJIOTHI, THAPOKCHUIA
HaTpusi, KapboHaTa HATPUST; MHAUKATOPbI — (heHOJIbTaNIenH, JaKMYC.

1. B mpobupky mazeiite 1 cM® pacTBOpa CepHOil KHCJIOTHI M HCIBITATE ero
WHIUKATOPOM — JIAKMYCOM.

2. B yerbipe npobupku nomecrute: nuHk (2 rpanyibi), oxcug Meaun(Il) (na
KOHYMKe InaTesis), pacTBop rujpokena narpust (1 cm®) ¢ ogHoit Kamuteit denos-
dranenna, pactsop kKapbonata narpus (1 cm®).

3. B kaxkayio u3 mpo6upok pobaBbre HEOOBINOE KOJTUYECTBO PACTBOPA CEPHOIL
KUCJIOThI. OTMEThTe TIPU3HAKN PEAKITNIA.

[Tpobupky ¢ okcumom mean(Il) MOKHO cierka MOAOTPETh WU MOJA0KAATH MO~
SIBJIEHUS TIPU3HAKOB PEAKIINH Yepe3 HECKOJIHKO MUHYT.

Cuenaiite BBIBOJ O CBOICTBaX pa30aBJIe€HHON CEPHOU KUCIIOTHI.

§ 36. dnemeHTbl VA-rpynnbl. A3oT n ¢pocdop

Azom u gpocpop xax xumuueckue anemenmot

Anementsbl VA-rpymmsr azot 7N u docdop 5P obpasyior npocTbie Be-

IeCTBa, OTHOCATIECS K HeMeTa/iaM. K 3Toil jke TpyTtie mepruoandeckoit

5
2 ®OT cpCTEMBI OTHOCSIT MBIIIBSIK 33AS, cypbMy 51Sb 1 BucmyT g3Bi. Ha BHenHem
s2 52 3 2 3
e i OJIEKTDOHHOM CJIOE, obmiast KOH(GUrypaiuss KOTOPOro ns“mp°, UX aTOMbI

5]  VMEIOT 10 5 3JIEKTPOHOB, U3 KOTOPHIX TPU HECIIAPEHHBIX HA P-TIOLYyPOBHE:
s P
3 octop N 1s225?2p° 5P 1522522p53s°3p3

[Ne] 3s3p®
30,9738

2p 3p 3
N P il L1

Huwusimast crernenb X OKMCJIeHUsT paBHa —3, BbIcInast +5, mpu atoMm docdop va-
1€ BCEro TPOSIBJISIET TOJIOKUTEIbHBIE CTEIIeHN OKMcaeHus: +3 u +5, a a3oT obpa-
3yeT JI0OCTATOYHO YCTOMYMBBIE COEIMHEHUS CO CTeNeHsMHU okuciaenus +1, +2, +3
+4 m +5. A30T — TpeTuii 10 3JIEKTPOOTPHUIATELHOCTH 3JIEMEHT TIOCJIE KUCI0POIa
u dropa, a hochop HesHauurenbHO yerymaer Bogopoay (em. § 11, Tabm. 7, c. 60).
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Pacnpocmpanéunocmo azoma u ¢pocpopa é npupooe

Cpenu anementoB VA-rpynmbsl Ha 3emisie HanOosee pacrpocTpanén docdop,
ero maccoBast gosst — 0,1 %. Asora ropasjo MeHbllle, HO OH TpeoOJasaeT B ar-
Mochepe — obbéMHas gons 78 %, maccoBas — 75,5 %. V3 HEMHOrOYMCIEHHbBIX
MHUHEPaJIoB a3ota Hambosiee 3HaumMbl ceaumpol: NaNOs — HaTpueBasi ceuTpa
n KNO3 — kanuiinas cesurpa.

Dochop Ha 3emite BcTpeyaeTcst NCKIIOYUTENBHO B BUJIE COEITMHEHUIN U BXOAUT
B cocTtaB (HochopuTOB 1 anmaTUTOB (MX OCHOBHOIN KOMIIOHEHT — (ocdar Kanbiius
Caz(P0Oy),), a Takxke dropamatutoB Cas[PO,]sF

Coennnenust azota u (ocdopa BasKHBI JJIsT JKUBBIX OPraHM3MOB: a30T Kak CO-
CTaBHasl 4aCTh aMUHOKUCJIOT U 6esikoB, (ochop — HyKJIeHMHOBBIX Kuciaor, ATD
(anenosunTpudocdopHoii KUCI0THI), hepMeHTOB, KOCTHON cuctembl. s geso-
BeKa CyTouHasi moTpebHOCTh B docdope mocTatodHo Bbicoka — ot 1 T 10 3,8 T
B 3aBUCHMMOCTHU OT BO3pacta U (hU3MOJOTUYECKOTO COCTOSIHUS Oopranusma. [lpu
Harpyskax norpeOHocTb Bospactaer B 1,5-2 pasa. Haubonee Gorater dochopom
sIIpa CeMsTH THIKBBI, TIOJICOJHEYHIKA, a TaK/Ke KaKao, MeYeHb, pbiba, TBEPIbIE ChI-
pBI 1 ipyTHe MojodHbie TpoayKThl. Hemoctatok B a3ore n ocdope 3avactyio mc-
IBITBIBAIOT pacTeHust. [[Jist BO3/ieIbIBAEMbIX KYJIBTYP 9Ta MpobJieMa pelaercsi BHe-
ceHreM yn00peHuit.

Azom xax npocmoe sew,ecmeo

A30T Kak MpoCTOe BEIEeCTBO COCTOUT M3 JIBYXaTOMHBIX MOJIeKys N, rpaduue-
ckast opmysra MoJsieKysibl azota N=N. ATOMBI a30Ta CBSI3aHBI MeXKIy cOOOW Tpe-
MsI KOBQJIEHTHBIMU HETIOJIIPHBIMU CBS3SIMU, IPUYEM OJ[HA U3 HUX — O-CBSI3b U JIBE
n-cBa3u (puc. 87).

JHeprusi CBSI3W B MOJIEKyJie a30Ta OYeHb BBICOKA M COCTaBJsET
945 x/lx/monb (mins cpasuenus: Oy — 494 x/lx/moab, Cly — 243 k][I /Moub),

a 0 6 2

Puc. 87. CTpoeHune MofeKysbl a30Ta: d — 3NEKTPOHHO-rpaduyeckas cxema,
6 — 3neKTpoHHan ¢opmyna, 8 — LAPOCTEPXKHEBAA MOLESb,
2 — CXema MnepeKpbiBaHKA 31eKTPOHHbIX 06/1aK0B
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4TO CBH/ETEJbCTBYET O HPOYHOCTU CBSI3€i, a 3HAYMT, U OOJIBIION XUMUYECKON
WHEPTHOCTU BelecTBa. JleiiCTBUTENbHO, B MOAABJISIONIEM GOJIBITUHCTBE PEAKIIUN
C yJacTHeM a30Ta MPOTEKAT B «KECTKUX YCJOBUSIX» (TIPU OYEHB BBICOKUX TEM-
nepaTypax u JIaBJIECHUSIX).

Dusuyeckue cBoiictBa. HebGoubioe 3HaueHre OTHOCUTETHHON MOJIEKYJISIP-
Holt Maccel (M (Njy) = 28) u oTcyTcTBHUE TOJSIPHOCTH Y MOJIEKYJI a30Ta OTIPE/IENsI-
I0T HU3KKe TemrepaTypbl kunenus u miaBiaenus —196 °C nu -210 °C. Azor — ras
(H. y.) 6e3 1BeTa ¥ 3amaxa, MOYTH HE PACTBOPSIETCST B BOJIE.

Xumnyeckue cBoiicTBa. A30T B PeakIusX ¢ KUCJOPOAOM U (PTOPOM TPOSIBIISET
CBOICTBA BOCCTAHOBUTEJIS, a C MeTaJJIaMU U BOZIOPOJIOM — OKMCJIUTEJIS.

1. A30T KaK BOCCTaHOBHUTEJb. Peakiinsi a3ora ¢ Kuciopodom TPOTEKAeT Mpu
temneparype okoso 3000 °C — B aJeKTpuUUYeCKOW [yre WU pa3psijiec MOJHUM.
Peakuus asisgercs andomepmuueckori. Ilpu arom obpasyercs okcuz azora(1l):

0, t 12
N, + O, 2 2NO — Q.
2. A30T KaKk oKHCIHTENb. Peakiys a3oTa ¢ 6000podom TPOTEKAET IPU BBICOKON

TeMIeparype 1 JAaBJIeHUU Jake B TPUCYTCTBUU KaTaJIN3aTOPOB:
0, t, p, kat. —3
N, + 3H, 2 2NH3+ Q.
aMMMaK
Pearupyst ¢ memaniamu (npu TMOBBIIIEHHON TeMIiepatype), a3oT obpasyer Ou-
HapHbBbIE COEMHEHUS HUTPU/IBL:
0 ¢ 3
3Mg + Ny = MgsNy (HUTpuT Marams).
C snuTreM a30T BCTYIAeT B Peakinio Oe3 HarpeBaHus:

0 -3
6Li + Ny = 2LisN (Hutpua aurus).

HVITpI/IAbI Nerko passiaratoTca BOAOIﬁ, o6pa3yﬂ adMMMaK N TMApoKCnabl MeTaly10B:

Mg;sN, + 6H,0 = 3Mg(OH), |+ 2NH;?.
A3zoTt nony4yaloT B NPOMbILWNEHHbIX MacLUTabax 13 CKUMKEHHOIo BO34yXa, B na6opaTopV|V| B He-
60ﬂbLLII/|X KOJNInyecTBax — pasnoxeHnem HUTpUTa aMMOHUA:

NH,NO, = N, + 2H,0.

ITpumenenne. OcHoBHast 06JACTh MPUMEHEHKS a30Ta — POU3BOJICTBO AMMHU-
aka. ETo mcrosb3yioT TakyKe IS CO3/IaHWs] WHEPTHOM Cpejibl TPU XpaHEHUU Tu-
IIEBBIX MPOYKTOB, MPOU3BEJCHUI MCKYyCcCTBA M PYKOMHUCEH, B MOKapPOTYIIEHUU,
Jla3epHOU pe3ke MeTaJlJIoB. PacmupsieTcs CIEeKTp ero MPUMEHEHWS B MeUITNHE
1 KOCMETOJIOTUU, HAIPUMep KPUOKOHCEPBAIUs KJETOK, Kpuorepanus (yrajieHue
TaIrmnJJjioM mn FeMaHFI/IOM).
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Docgop xax npocmoe eewecmeo

Dochop, saBassgACh a7eMeHTOM VA-TPYIIBI, KaK ¥ a30T, CIocoOeH 06pasoBbI-
BaThb MoJieKyJy coctaBa Py. OmHako, B OTJINYME OT MOJIEKYJIbI a30Ta, ABYXaTOMHAs
moviekyJia docdopa Heycroitunba. Iloatomy docdop cyiecTByeT B Bujie HECKOIb-
KUX aJUIOTPOITHBIX MOAN(MDUKAINI, B KOTOPBIX PEATN3YIOTCS JIUITh OIMHAPHBIE CBSI-
3u P—P: docdop Gesbii, KpacHblit, 4épHbII 1 apyrue (tadi. 29).

Tabsuma 29. Crpoenne u pusnyeckre cBOCTBA ammoTponHbix Moaudukamuii pocdopa

Amnorponnbie MoaudUKaIMH Comare Temmeparypa Temmeparypa
docdopa MJTaBJIEHUS KHUIIEHUS
P4 docdop Genbiii
44 °C 281 °C
[ITapocTep:xHeBas MoaeTh
MOJIeKyJIBl Py
P dbocdop xkpacubrit
260 °C Bosronsercsa
Ipu TeMIepary-
pe okosio 400 °C
DparmMeHT CTPYKTYPHI
Q kpacuoro ocdopa

Dusuueckue cBoiictBa. benniii docdop
P, npezncrasisier co60it BOCKOOOPa3HOE BEIIECTBO
C YeCHOUHBIM 3aIraxoM, s10BuT. Ha Bo3zmyxe B Tem-
HOTE CBETUTCS 3€JICHOBATO-’KEJITHIM IBETOM B pe-
3yJbTaTe MeJIJIEHHOW XUMUUYECKOU peakiuu OKucJe-
Hud (xeMumoMuHectieHnus (puc. 88)).

Kpacnwvui pocghop — amopdroe BeliecTBO Mosu-
MEPHOTO CTPOEHWS, He MMeeT 3araxa, €ro TOKCUY-
HOCTb HEBBICOKASI.

Mesxmy anmorpormabiMu Moaudukanusaymu hocdo-
pa BO3MOKHBI B3aUMOIIPEBPAIIEHUS, TTPOTEKAOITNE
MIPY OTIPEIEJIEHHBIX TEMIIEPATYPax U JIaBJIEHUSIX.

Puic. 88. ®parmeHT KapTWHbl aHFNINCKOrO XYAOXKHMKa
Ixo3eda Paiita «AnxmmumK, oTKpblBatoLWwmin pochop»
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Xumnueckue cBoiictBa. Kakx oxucaumenv ¢docdop mpu HarpeBaHUU BCTyTaeT
B PEAKIUU ¢ Memaiiamu, oopasysi Gpochubr:

0t -3
3Mg + 2P = MgsP, .
C s0odopodom dochop He pearupyer.
Kax soccmanosumens dochop pearupyer ¢ kuciopodom u ApyruMU CUIBHBIMU

okucauTeIsIMU. B uncTom Kucopoze u Ha Bo3ayxe (ocdop ocaenuTesbHO TOPHT,
obpasyst Gesblit abiM (YacTUIBI TBEPABIX OKCHIOB (hochopa):

0 5
4P + 50, = 2+P205 + Q (oxcun dochopa(V) B usObITKE KUCIOPOA);
0 3
4P + 30, = 2+PQOS + Q (oxcun dochopa(lll) mpu HepocTaTke KUCI0pPOAA).
Besnbrit hochop MokeT caMOBOCIITIAMEHSTBCST HA BO3/LyXe, a KPACHBII 3aropaet-

Cd JIMIIb IIPpU TTO/IPKUTAaHUM, YTO O6B§ICHH€TCH paBJIH‘IHOﬁ IIPOYHOCTBbIO XUMHNYECKUX
cBa3elt Mexay aromaMu pocopa B aJJIOTPOITHBIX MOTU(DUKAITISIX.

®ocdop nonyyatoT NpokanmBaHmem cmecu docdata Kanbuma C NECKOM U Yriém:

2Ca5(PO,), + 650, + 10C *°2%% “Cgcasio, + 10CO + P,

He pearvipys c Bojopogom HenocpeacTBeHHo, pochop Tem He MeHee obpasyeT BOLOPOAHbIE
coepuHeHus. Tak, $oCchUH MOXKHO MONYUUTb KOCBEHHO, Hanpumep, n3 pocougos, KOTopble pas-
pyLwatTca Kak BoAoW, Tak u Kucnotamu: MgsP, + 6H,0 = 3Mg(OH),| + 2PH;1.

®ocPnH PH; — ra3 c YeCHOYHbIM 3anaxom.

B npupope BogopofHble coefriHeHMst Gochopa BCTPeUaloTca Tam, rae NPOUCXOAUT UHTEHCUB-
Hoe pasnoXkeHvie 6enKoBbIX BELLECTB.

IIpumenenune. benwii dochop MCHoONB3YIOT s TPOU3BOJCTBA (HOCHOPHBIX
KUCJIOT W WX MPOU3BOMHBIX, B METAJUIYPTUM KaK KOMIIOHEHT HEKOTOPBIX Kapo-
IPOYHBIX CIIaBoB. Kpacuwiii hochop MPUMEHSIOT B IPOU3BOJCTBE CIINYEK, B Op-
raHWMYeCKOM CHHTe3e (JIEKapCTBEHHbIE Mpenaparsl, saoxumukarsr). O6pasiisl ¢oc-
dopa, copepxane HyKIUA 2P («MedyeHblil aTOM») C IepHOOM IOJIypaciaja
14,22 CyTOK, MCIIOJIB3YIOT B MCCJIE0BATEIbCKIX paboTax.

Hu3wana cteneHb okucneHnsa as3oTta n ¢ochopa -3, Bbicllan +5.

MNHepTHOCTb MPOCTOro BelecTBa a3oT 0OYC/IOBNIEHA HANNYMEM TPOVIHOM
cBA3n B Monekyne N,.

Docdop cyllecTByeT B BMAE HECKONIbKUX anfiOTPOMHbIX MOAUUKaLMIA:
6enbli, KpacHbIN 1 apyrue.

A30T 1 pochop NPOABAAIOT KaK BOCCTAHOBUTESIbHbIE, TaK U OKUCINTESTb-
Hble cBolcTBa. Oochop He pearmpyeT C BOLOPOLOM.
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Bonpocbl, 3apaHma, 3agaum

1. HazoBuTe: a) dopmyny npocToro BewlecTsa a3oT; 6) popmyny 6enoro pochopa; B) HU3-
LYl CTeneHb OKUCIEHWA a30Ta; I) BbICLYIO CTeneHb oKucieHns docoopa; i) ocobeHHoCTH 3a-
naxa 6enoro docdopa; e) annotponHyo mogudrkaumo docdopa, NCNoNbL3yeMoro B Npous-
BOLCTBE CMUUEK; X) NPUPoAHble coefnHeHna docdopa; 3) xumuyeckrne Gbopmysbl Kanmesoi
CennTpbl, HATPUEBOW CENUTPDI; 1) COAEepXKaHVe a3oTa B BO3AYXe.

2. 3anuwwnTe CUMBOSIbI 3eMeHToB VA-rpynnbl 1 o6yt Gopmyny UX SNEKTPOHHOW KOH-
durypaymn.

3. OxapaKTepu3yiiTe 3NEKTPOHHOE CTPOEHVEe aTOMOB a3oTa U dpocdopa.

4. OnuwnTe Ppr3nYecKne CBOWNCTBA a3oTa M aNlNIOTPONHbIX MoguduKaumin docopa.

5. 3anonHuTe Tabnuuy AnA peareHTOB KMCIOPOA, BOLOPOA, AUTUIA, MarHui (BnuwmTe
B CBOEI TeTpafyu COOTBETCTBYIOLIME YPABHEHMSA BO3MOXHbIX PeaKLuuii).

PeareHnt N, P

Coenaite BbIBOAbl O CXOACTBE U Pa3MumMnM CBOWCTB a3oTa U ¢pocdopa.

6. [Mpn B3anmogencTBmn Kanbuma maccor 0,9 r ¢ a30Tom MONy4YeHO COoefMHEHMEe MAacCon
1,11 r. YctaHOBUTE XMMMUYeCKyto GOpMyNy COeANHEHUA.

7. ®ochop oKUCNIAETCA XIOPOM, a30THOM 1 CEPHON KncnoTamu. PacctaBbre KoddoduumeH-
Tbl METOAOM 3JIEKTPOHHOIO OanaHca B CXemax 3TUX peakuuii:

a) P+ Cl, — PClg; 6) P + KCIO3 — P,05 + KCl;

B) P + HNOj3(p556) + H,O — H3PO4 + NO; r) P + HySO4omy — H3PO4 + SO, + H,0.

8. PaccunTante maccy 6enoro ¢pocpopa, KOTOPbIN MOXKHO MONYUYUTb NPU MPOKaNMBaHNU
C neckom u yrném ¢ochoputa, cogepxatiero docdat Kanbuma maccon 6,2 T, eCniv BbIxof npo-
[yKTa coctaBnfeT 92 %. Peakuma npoTekaeT cornacHo ypaBHeHMto Ha c. 201.

9. Kak BnuAeT noBbllleHMe TemnepaTypbl U JaBeHUA Ha CMeLLeHre PaBHOBECUA B peak-
UnAax: a) Nz(r) + Oz(r) = ZNO(F) - Q, 6) Nz(r) + 3H2(r) = 2NH3(r) + Q7

10. B 3amMKHYTbI COCYA, MOMECTUN BOAOPOL XMMUYECKMM KOAMYeCcTBOM 6 MOfb 1 a3oT
KOnnMuyectBoM 4 monb 1 Harpenu o 450 °C B npucyTcTBum KatanusaTtopa. Onpegenute
006BEMHYIO [O/I0 aMMUaka B KOHEYHOW CMecu, eCciiu JoNiA BCTYMUBLLErO B PeaKkuMio a3oTa
paBHa 15 %.

§ 37. AMMMnak

BOI[OpO,/IHOG coe/IJMHEeHEe a30Ta aMMHUAK — BEIIECTBO MOJIEKYJIAPHOTO CTpOeE-

H—N—H
Hus. Ero ctpykrypHas dopmymna | . B mousekysne amMuaka, Kak ykasa-

H
HO B § 13, uMerorcst Tpu OJMHApPHBIE KOBAJEHTHbBIE IMOJSIPHBIE CBSI3H, 00pPa3o-

BaHHbIE 110 OOMEHHOMY MEXaHU3MY. DJIEKTPOHHAS MJIOTHOCTH CMEIIEHAa K aToMy
a30Ta, y KOTOPOTO MMeeTCsT Helo/leIEHHas Tapa s-2J1eKTpoHoB. [loaTomMy Mosekyia



Ammmak

aMMMaKa TIOJIIpHA U UMeeT KOH(UTYPAITHIo
TPUTOHATBHOU TIMpaMu/ibl (puc. 89).

BszaumHoe oTTasiKuBaHUE aTOMOB BOJIO-
podga NMpUBOAUT K YBE/JIWYEHHIO BAJIEHTHOI'O
yTJjia MeXK/y HallpaBJIeHUSIMU KOBAJEHTHBIX
ceaseit N—H ot 90° mo 107°.

Dusuyeckue cBoiictBa. AMMuax — Oec-
IBETHBINA ra3 (H. y.) C XapakKTepHbIM pe3-
KUM 3amaxoM (3amax HallaThIPHOTO CIIHP-
ta). OH XOpOIIo pacTBOPSIETCS B BOJIe: TIPU
20 °C B oxgHOM 00BEME BOIBI PACTBOPSET-
cst okosio 700 06bEéMOB amMMuaka (CpaBHUM:
0, — 0,03, SO, — 40, HCI — 400 o6wbé-
moB). Temriieparypa kuiieHus amMMuaka Jio-
BOJIBHO BbICOKasi M coctaBasier —33 °C.
[Ipu HeGOABIIOM [daBJIEHUM ITOT Ta3 Jier-
KO CXKMxKaeTcs. Temneparypa TIaBIeHUs —
—78 °C, Hue eé aMMHUaK CylIecTBYeT B BU-
jme OeclHBETHBIX KPUCTAIJIOB. Bbicokas
TeMIlepaTtypa KUIMEHUA U PaCTBOPUMOCTD
B BOJIe O0YCJIOBJIEHBI HAJTUYUEM 3HAYUTEIb-
HOTO MEKMOJIEKYJISIPHOTO B3aMMOIEHCTBUS,
TO ecTh 0Opa3oBaHWEM BOJOPOJIHBIX CBSI-
3efl KaK MeXIy CAMUMU MOJIEKYJaMU aM-
Muaka (B TBEPAOM U KUJIKOM COCTOSTHUSX),
TaK U MEXKIY MOJIEKYJIAMU BOJIbI U aMMHUaKa
(B BogoM pactBope) (puc. 90).

IToryuyenue ammMuaka. AMMUAK SBJISI-
eTCsI OJHUM M3 KJIOYEBBIX MPOAYKTOB XU-
MUYECKOU INpoMbIlLIeHHOCTH. Ero Muposoe
[IPOU3BOJICTBO PACTET BMECTE C TJI0OGATBHBIM
CIPOCOM Ha yAOOPEHUs ¥ B HACTOSIIEE Bpe-

Puc. 89. MNpocTpaHcTBEHHaA U CTPYK-
TypHaa ¢opmMynbl, MacLuTabHasA 1 Wapo-
CTepXKHeBasA MoZENN MOMeKyrbl aMMUaKka

H O H
H—IlIH—IlIH—I\lI
Hoonon
a
H\Q/H
i
E)o H—I:\I---H—O/H
H
H/O\H
6

Puc. 90. BogopopgHble cBA3u:
a — B XXNAKOM aMMUMakKe,
6 — B BOAHOM pacTBOpe aMMMaKa

Mg npesbiiraer 220 muH ToHH B rog. B PecnyOimke Benapych ero mpoussogut
OAO <«I'poxno Asor» — Gosiee 1 MJTH TOHH B TOI.

B npomviwnennocmu amvmmax cuHTe3UpPYyIOT U3 a30Ta U Bopopozaa. Peaxius ak-
30TepMUYecKast U 00paTUMasi, KaTaJu3aTopOM CJIYKHUT JKeJIe30, ONTUMAIbHAst TeM-
neparypa cunreza — 420—450°C, naBienune — 30—100 MIla:

, Fe,
3H, + Ny = 2NH;+ Q.
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JLJ1s1 TIOJTyYeH st aMMUaKa 6 1abopamopuy HarpeBa-
10T CMECh JIByX TBEPJIBIX BEIECTB — XJIOPW/Ia aMMOHUST
NH,CI u runpokcua kanbimst Ca(OH), (puc. 91):

9NH,CI + Ca(OH), = 2NH31 + 2H,0 + CaCl,.

Xumuyeckue cBoiictBa. /[y aMMuaka Xapak-
B(gg}fgjla_ﬂ TEpHBI PeaKilny, [IPoTeKalre Kak 6e3 u3MeHeHus
drasennosas CTelleHr OKHCJIEHUA a30Ta, TaK MU OKUC/IUTE/IbHO-
Gymara BOCCTAHOBUTEJIbHBIE. B MEPBOM Cilydae OCHOBHYIO
POJIb UTpaeT HENoAeJEHHAs 2JIEKTPOHHAS Tlapa aTo-
Ma a3oTa. 3a c4éT eé 06pa3yIoTCst HOBbIE KOBAJIEHT-
HBIE CBS3M IO JIOHOPHO-AKIIEITOPHOMY MEXaHU3MY.
C apyroii CTOPOHBI, HAINYKME aTOMa a30Ta B HU3IIIEH
CTEIEeHU OKUCJIEHUS —3 00YCIOBAUBAET PEAKIUU TOJBKO C IOBBIIIEHUEM CTEIIeH!
OKUCJIEHUs. JTO 03HAYAET, YTO aMMUAK TTPOSIBJISET CBOMCTBA BOCCTAHOBUTEJIS.

I. Peaxiuu 6e3 usmenenus: cmeneny OKUCIeHUs IPOTEKAIOT, eCJIN aMMUaK B3au-
MOJIECTBYET € BOZOM M KucjaoTtamu. [Ipm 3ToM aMMMak NpOABISieT OCHOBHbBIE
CBOIiCTBA.

Pacmeopenue ammuaxa 6 60de IPUBOAUT K 00Pa3OBAHMIO TMApaTa aMMHUAKa
NH; - H,O — cmaboro ocuoBanus (puc. 92).

NH3 + HQO = NHg . HQO;
NH;- H,0O & NH; + OH".,

Bonnbie pactBopbl aMMuaka uMeroT tesiounyio cpeny (pH > 7) u okpamusa-
1oTcst (peHosndTasenHoM B MAJTMHOBBIN 11BET.

Puc. 91. MNonyuyeHne ammmnaka
B flabopatopun

¢ denondrarennom

H,0
¢ enondranenHoM

a 0

Puc. 92. PacTBopeHMe aMmMMaka B Bofie: d — uepes Kanuiisap — «oHTaH», 6 — B Npobupke

Bzaumoodeticmeue ammuara ¢ Kuci0mamu;
NH3 + HCl = NH4C1,

XJI0pu/l aMMOHUA

NH3 + HQSO4 = NH4HSO4, 2NH3 + HQSO4 = (NH4)QSO4

T‘I/I}'[pOCyIIb(l)aT AaMMOHMA Cyﬂb(i)'dT AMMOHMA
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II. Peaktuu ¢ usmenenuem cmenenu OKUCIeHUs. GmoMa a3oma. ITO Peakiuu adMMU-
aka xax eoccmanosumes.. BocctaHoBUTeJIbHbIE CBOWICTBA aMMMAK ITPOSIBJISIET B Peak-
1usix ¢ kucsaopozpoM. CoctaB MPOMYKTOB 3aBUCUT OT YCJIOBUI TIPOBEECHUS PEAKITUM.
B umncrom KucI0po/e U HA BO3JyXe OH CrOpaeT MPH HarpeBaHUM (B CMeCSIX — B3PbI-
BaeTCs1) ¢ 00Pa30BAHUEM A30MA U BOJIbI, @ B MPUCYTCTBUM KaTaIM3aTOPOB (IIATHHBI,
okcuzios xeme3a(11T) u xpoma(I1l)) o6pasyiorest okcud asoma(Il) n Boma:

—3 0

ANH; + 30, = 2N, + 6H,0;
—3 t, Pt +2
4NH3 + 502 = 4NO + GHQO

Peakiusi KaTaJuTUYECKOTO OKHMCJIEHNsI aMMHUaKa BajkHa Kak 9Tall ero Iepepa-
GOTKM B a30THYIO KUCJIOTY.

Coau ammonus

Peakiuyn aMMHaKa ¢ KUCJIOTaMHU MO3BOJISIOT TOJYYUTh Pa3HOOOpasHble COJU
aMMOHUSI.

CoJt aMMOHWSI TIPEZICTABJISIIOT COOOI TBEP/IbIE KPUCTA/UINYECKIE BEIECTBA, XOPO-
110 pacTBOpUMbIe B Bojie. VX pacTBOPBI SABJISIOTCS CUITBHBIMU 2JIEKTPOJIUTAMH, JTUCCO-
UUPYIOIUMU ¢ 00pa3oBaHUeM KaTHOHA aMMOHMSI M aHMOHA KUCJIOTHOIO OCTaTKa:

(NH,),SO, — 2NH; + SO7;
NH,Cl — NH; + CI.

Basknefinieir o0coOeHHOCTBIO COJIell aMMOHUS SIBJISIETCSI B3aMMOJIEICTBHUE CO IIe-
JIOYaMU C BbIIeJIEHHEM aMMIaKa:

NH,Cl + NaOH = NaCl + NHst + H,0; ﬁ

NHZ + OH™ :l NH3t + H,0. i Bnaxnas

BsanmozelicTBue cosieii aMMOHUST CO HIEJI0YaMy TTPU @Ta%)gggg,;aﬂ
HarpeBaHUU WCTIOJB3YIOT JIJIsi OOHAPYKEHUsT IOHOB aM- Gymara
Monus (kauecmeennas peaxuust na uor NHy). [lns atoro
K HarpeBaeMoil CMeCH TIO[HOCAT BJIAKHYIO WHIMKATOP- ]
Hylo OymMaxky. B mpucyrcrBum amvuaka denosdrae- | NHCIL,
MHOBast Gymara CTAaHOBUTCSI MAJIMHOBOI, JIAKMYCOBast — ) NaOH
cuneii (puc. 93, Ilpunoxenue 3).

IIpumenenune ammuaka u coseit ammonusa. OCHOB-
Hasl 4acTh IMPOM3BOANMOTO aMMHUAaKa MIET HA MTPOU3BO/I-
cTtBO ynobpenwnii (ammuaunas ceaurpa NH/NO3, cyiib-
dar ammonns (NH,),SOy, moueBuna (NH,),CO u zp.)
U A30THON KUCJIOTHL. AMMUaK BOCTPeOOBAH B TIPOM3BO/I-
CTBE COZbl, KpacuTesel, moaumMepoB. Ero ucronb3yloT — Puc. 93. OnpeaeneHvie noHa
B JKHBOTHOBOJICTBE JIJISI TIOBBIIIEHNST COZIEPKAHUS a30Ta aMMOHUS

O
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B KopMmax. AMMmuaunyio Boxy (18—25%-mbiii
BOJIHBII PAcTBOP) NPUMEHSIIOT KaK >KUIKOE
ynobpenne. HamarbipHbiii cnupt (BOIHBIN
pacTBOp aMMuaka ¢ MaccoBoil poseit 3—10 %)
UCIIOJIb3YIOT B MeuiinHe. B ObITy HamaThip-
HBII CIIUPT MPUMEHSIOT [IJIs1 BbIBEJCHUS TISITeH

a g C OJEXK/bl, IIPU YUCTKE IOCY/Ibl, CAHTEXHUKHU,
Puc. 94. Hawatbipb NH,C: IOBEJINPHBIX yYKPANIeHUH, A9 MBIThS CTEKOJ
a — MopoLOoK, 6 — KpucTanbl u XpycCraJid.

@ He cnepyet nytaTb HawaTtbipHblii cnupT (NH; « H,0) ¢ HawaTbipém — Conblo 1 MUHEpPanom
coctaBa NH,CI.

Harmarsiph MpUMEHSIIOT B Ka4ecTBe yA0OpeHUsl Ha HEHTPATBHBIX U IEJTOTHBIX
MOYBaX, MCIOIb3YIOT KakK (hurioc s yJaleHns OKCHIHOW TJIEHKU TPU Haiike Me-
TAJJIOB, B TAJbBAHUYECKUX 3JIEMEHTAX KaK KOMIIOHEHT ajieKTpoauta (puc. 94),
KapOOHAT W TUAPOKAPOOHAT aMMOHUSI HCIOJB3YIOT B KAYeCTBE Pa3PLIXJIUTENEN
JIJIsT TeCTa TP BBITIEUKe.

Ammunak NH3 npoaBnAeT CBOMCTBA BOCCTAHOBUTENA B peakumax C KUCIo-
poOoMm 1 Opyrumu okucnutenaMmu. BogHbi pacTBop ammuaka ABRAeTca ca-
OblM OCHOBaHMEM.

AMMMaK NoNyyaoT B NPOMbILISIEHHOCTU CUHTE30M 13 BOAOPOAA U a30Ta,
B JlabopaTtopun — 13 XJI0pUAa aMMOHMA U FalléHON U3BECTU.

BaxkHenwme obnactu nprvMeHeHWA aMMKaka — MNPOM3BOACTBO yAo6-
PEHUN 1 a30THOW KMCOTbI.

Conn aMMOHUA OBHapPyXMBalOT MO BblAENIEHNIO aMMMaKa NpY Harpesa-
HUX NX CO LENOYbIO.

Bonpocbl, 3agaHua, 3agaumn

1. 3 npuBeféHHOro psaa BbinMwMTe GOPMYJIbl: @) BOLOPOAHbIX COEAUHEHWN 3IEMEHTOB
VA-rpynnbl; 6) HeneTyumx BogopognHbix coegmHeHun: NHs, NaH, CH,, LiH, PHs;, AsHs, CaH,.

2. YKaxnte arperaTHoe COCTOosHME ammuaka npu gasnednn 101,325 kla B cnegyowmx
TemnepaTypHbIX MHTepBanax:

a) ot —33 °C go -80 °C; 6) ot -5 °C go +80 °C; B) o1 —50 °C go -70 °C; r) ot —25 °C po +25 °C.

3. OnpegenvTte OTHOCUTENIbHYIO MNOTHOCTb aMMKaKa No BOJOPOAY M BO3AyXxy. [1o OTHO-
LIEHWNIO K KaKOMY M3 YKa3aHHbIX ra3oB amMuak ferye?

4. HapucyinTte cxembl 06pa3oBaHNA BOLOPOAHbIX CBA3EN: a) B KUAKOM aMMUAKe; 6) Mex-
Zy MOJieKynlamu BOAbI; B) B paCTBOpe aMMiaka B Boge. lNouemMy aMmuak Henb3s cobmpatb Me-
TOAOM BbITECHEHMA BOAbI?
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5. Mepeuncnnte ycnoema crHTE3a amMMMaka B MPOMbIWIEHHOCTU. 3anuiumTe ypaBHEHNe
3ToN peakumu. MNouemy crMHTe3 BedyT NpuW BbICOKOM faBlieHUn?

6. PaccumTaiite 06bEM (H. y.) amMMMaKa, BblAeNVBLIErocA B peakuum Xinopuga aMmOHNKsA
Maccon 5,35 r ¢ JOCTaTOUYHbIM KONNYECTBOM MMAPOKCMAA KanbLums.

7. Onpepgenute XMMmYeckyto GopmMmyny coefuHeHrs, B KOTOPOM MaccoBble AONN a3oTa, BO-
aopofa, cepbl N KUCNIOPOAa COOTBETCTBEHHO paBHbl 12,17 %, 4,35 %, 27,83 %, 55,65 %.

8. CocTaBbTe ypaBHEHUA peakLnin COrfnacHo cxeme:

a) Ny - NH; B NH,NO; o . 2 (NH,),50,:

1 2 KOH 4

6) H, — NH3 >NH,Cl — ... —NH,HSO,.

9. B ueTblpe NPobUPKN C pacTBopamMu conelt 4obaBunM PacTBOP rMApPoKCcMaa HaTpuA. B nep-
BOW Npoburpke Bbinan Genblii 0CafioK, B TpeTbell — rony6oi. Bo BTOpon 1 YeTBEPTON BUAUMbBIX
M3MeHEeHU He Habnogany, NO3TOMy VX NOAOTrPeNny 1 K OTBEPCTUAM MOLHECIN BNaXKHY0 GpeHon-
¢dTanemHoByto bymary. MNpr 3Tom Gymara cTana ManMHOBOW Haf YeTBEPTON Npobupkoit. Hasosu-
Te CONEPKUMOE KaxXaol NPoOUPKK, eCiv Anist onpeneneHns 6oy NpeanoXKeHbl CONW: a) HATPAT
HaTpWA, HATPAT aMMoHUA, HUTpaT Megu(ll), HUTPaT mMarHua; 6) XNopug aMMOHUA, XIopPUL Kanus,
cynbdat meau(ll), xnopua Kanbuma. Hanuwmte ypaBHEHUA COOTBETCTBYIOLLMX peakLmA.

10. MonsapHasa macca rasoBoi CMecK, COCToAleNn M3 aMMMaka M BoAopofda, paBHa
14 r/monb. Onpegenvte 06bEMHYIO OO aMMMaKa B CMECU.

Jabopamopnuiii onoim 6. O6napyicenue UOHO8 AMMOHUSL 8 pacmeope

Peaxmuevi: pacTBopbI xjopua (Wim cyabdaTa) aMMOHUS, THIPOKCH/IA HATPWS,
WHINKAaTOpHAsT Oymara.

B zakperniéHHyo B mTaTuBe MPOOMPKY € pacTBOpoM Xjopuaa (cysabdara) am-
MOHHUSI 7106aBETE PACTBOP IMIPOKCHAA HaTpus obbéMom 1-2 em®. TIporpeiite cmech
B TeYeHHe HeCKOJIbKMX CEKYHJI, MOJHeCss K OTBEPCTHIO IPoOUPKU (He Kacasich cTe-
HOK!) BJIaXKHYIO MHAMKATOPHYIO Oymary. OTMeTbTe M3MeHeHHe IBeTa.

Crenaiite BBIBOJI, KaK MOKHO OOHAPYKUTh MOHbI aMMOHUSI B PaCTBOPE.

§ 38. A30THaA KucsioTta

A30T 00pasyer HeCKOJIbKO KUCJIOT, BasKHelIell 13 KOTOPBIX SIBJISIETCS a30THAs
KI/ICJISOTa HNOs. Eit cooTBeTCTBYET OKCH/I C aTOMaMU a30Ta B CTEIEHW OKWUCJIEHUS
+
+5: N205.
B MosieKysie KUCJIOTbI aToM a30Ta 0OpasyeT 4eTbipe KOBAJEHTHbIE CBS3U: TPU U3
HUX — 110 OOMEHHOMY MEXaHU3MY, a OJJHy — 110 JOHOPHO-AKIENTOPHOMY (cM. . 86).
B cootBeTcTBUUM ¢ 3TUM CTPYKTypHas (opMysia MOJEKYJIbl a30THOW KHCJIOTHI
VMEeT BUIL
O 0
7 el
H—O—N W H—O—N\

e X0

§37.1
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IIpu atom atom aszora mmeeT BajieHTHOCTH IV, a cre-
neHb OoKucjaeHus +5. Macuitabuass MOjesnb MOJIEKYJIbI
npejicTaBjieHa Ha pucyHke 993.

IToayuenue

B ocnoBe npomvuunennozo monyyennsa azoTHON KHUCJIO-
Puc. 95. MacwTabHas  ThI JIEKAT PEAKIMK MOC/Ie/J0BATEIbHOTO OKUCICHNs aMMKa-

MOJeflb MOJIEeKy bl Ka, KOTOPbI€ MOKHO IIPEACTaBUTb CXEMOT:
. -3 r +2 2 t4 3 +5
a30THOWM KMCNOTbI NH3 N NO N N02 — HN03

¥ OTPA3UTD yPABHEHISIMI peaKHHIUg; o

1) karasutuyeckoe okucienne ammuaka: 4NHs + 50, = 4NO + 6H,0;

2) camornpousBosibHOE okucaeHne okcuaa azora(ll): 2+NO + 0, 2 2+NOQ;

3) morsomenne okcuga azora(lV) Bomoil B NpUCYTCTBUM KHUCJIOPOJA:
4&3102 + 0,4+ 2H,0 2 4HJ§IOS, a takxxke 3NO, + H,O = 2HNO3 + NO1.

B nabopamopuu azotHyto KUCIOTY MOKHO TOJTYYUTh B3aUMOJEHCTBUEM TBEP-
N0 co (CeUTPhl — HUTPATA HATPUS WJIM KaJIusi) ¢ KOHIIEHTPUPOBAHHON cep-
HOM KHCJOTOM: ,

NaNOs () + HoSOyomy = HNO31 + NaHSOy.

Aror crocob mpemioxku eré B XVII Beke HeMeIKMiT XUMUK U arrtekapb Pymorbgh

[nay6ep, a TOJIy4eHHYI0 KUCTIOTY Ha3BaJl «CIIMPUTYC HUTPUY — <«JIyX CETUTPbI».

Dusuneckue ceoiicmea

A30THag kucjaoTa B uHTEpBasie temrepatyp ot —41,6 1o +82,6 °C sBiisgercs Kuiko-
cThio. 3arax peskuii, yaynumsbiit. [LiotHocts — 1,51 r/CM3 (MeHbIITe, YeM y CEPHOM, HO
BBIIIIE, YeM Y COJISTHON KUCJIOThI). CMEIMBaeTcst ¢ BOAOI B JIOOBIX COOTHOIIEHUSIX (He-
OrpaHrYeHHast PaCTBOPUMOCTh). IIpu XpaHeHn MOKeT ObITh CJIerkKa OKpaliieHa B Oypbiil
L[BET BCJIEJICTBUE Pas/iosKeHust ¢ oOpasosanueM Oyporo raza NOo:

4HN03 = 4N02T + 2H20 + OzT

Xumuueckue ceoticmea

HNO; — cuibHasi 0HOOCHOBHAS KHUCJIOTA, MPOSBIAET OOIIKMe CBONCTBA KHUC-
JIOT, 00YCJIOBJIEHHbIE HOHOM BOJOPO/A, 8 OKUCIUTEIbHBIE CBOMCTBA — 3a CYET aTo-
Ma a30Ta B JIOCTATOYHO BBICOKON CTENEeHU OKUCJIEHHUS +D.

I. Obuue xumuuecxkue ceoticmea. K oOMMM XUMUYECKUM CBOICTBAM a30THOI
KICJIOTBI OTHOCSATCS eé JeficTBHe Ha WHIAMKATOPbl M obOpasoBaHue coJeil. Vame-
HeHMe OKPACKU MHAMKATOPOB IPOMCXOAUT 3a CYET MOHOB Bogopoma H', obpasy-
IOIIMXCS TIPU JMCCOIUAIINYA KUCTIOTBI:

HNO; — H" + NO3.
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Cout (HUTpaThl) 06PA3yIOTCS IPU B3AUMOJEHCTBIK ¢ OCHOBHBIMU U aMboTep-
HbiMu okcuamu (1), TuapokengamMu MeTasioB (2), apyrumu cossamu (3):

MgO + 2HN03 = Mg(NO3)2 + HQO Mgo +9H = Mg2+ + HQO

OKCHUJL OCHOBHBIIT

7Zn0O + 2HN03 = ZH(N03)2 + HQO

oKcHT aM(OTepHBIi

KOH + HNO; = KNO; + H,0

ocroBanue (IMET0ub)

ZnO + 2H*= Zn*>' + H,0

H* + OH = H,0

2
= +
A, * SHNO; = AINO,), = 31,0 AOID), + 31" AP+ 31,0
3 E\OI?}?COg + 2HN03 = 2N3N03 + HzO + COQT oH* + Cog—: COZT + HQO

I1. Oxucnrumenvroie ceoticmsa azomuoti kuciomsi. It cBoiictBa HNO3 mposiB-
JIET B PEaKIUsAX ¢ MeTajljaaMu, HeEMEeTANJIaM1, OPTaHUYeCKUMU BEIeCTBAMM.

Ona okKHC/IseT MeTaslibl, PacloJIO)KeHHbIe B PNy aKTUBHOCTU KakK /10 BOJO-
pona, Tak M TOCJe BOAOPOJA, KPOME 30JI0Ta U TUIATWHBL Tak, Mpu B3amMOJEH-
CTBUM KOHUEHMPUPOBAHHOU A30MHOU KUCIOMbL ¢ MeO0bl0 U JAPYTUMHU MAaJOAKTUB-
HbiMu Metasiamu (Ag, Hg u ap.) TPOJAYKTOM BOCCTAHOBJIEHUS SIBJISIETCSI OKCH/L
azora(IV) — Oypsrii ras:

5 4
Cu + 4HNOs g = Cu(NOy), + 2NO,1 + 2H,0,
a B pasbaeiennoll a30THOI Kucjaore — okcup azora(ll):
5 2
3Cu + 8HNOjy 5 = 3Cu(NO3), + 2NOT + 4H,0.

CoctaB 00pasyonmxcst MPOAYKTOB 3aBUCUT KaK OT KOHIIEHTPAIIUN a30THOM KHUC-
JIOTBI, TaK ¥ OT aKTUBHOCTU MeTasuia. IIpu aToM YeM HIsKe KOHIIEHTpAIsl a30THOMI
KHCJIOTBI M BbIII€ aKTUBHOCTh METAJL/Ia, TEM CUJIbHEe BOCCTAHABIMBAETCSI a30T.

C GoJiee aKTUBHBIMEU METAJJIAMU MPOAYKTAMU BOCCTAHOBJIECHUSI MOTYT OBITH
N,O, NO, NO,, Ny, NH,NO;. B o6uiem Bujie B3auMOJeiiCTBAE a30THON KHCJIOTHI
C MeTa/lJIaMU MOJKHO TIPEJCTaBUTh CXEMOIA:

i)
Me + HJNOE; — nutpat + H,O + X,

rae X: > +1\4102 (+1e)
> NO (+3¢7)
. NOT  (Hhe)
. N, (+5¢7)

-3
> NH,NO; (+8¢)

Kax mpaBuiio, B peakiuu oOpa3yeTcsi CMech TPOAYKTOB BOCCTAHOBJIEHUS C TIpe-
O6ﬂaﬂaHI/IeM OTZACJIbHBIX M3 HUX.
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Benmomuum takske (9 KI1.), 4TO KOHIIEHTPUPOBAHHAS a30THAs KUCJIOTA TP HU3-
KUX TeMIlepaTypax He B3auMOJIEHCTBYET C KeJe30M, XPOMOM, aJlIOMUHUEM, CBUH-
IIOM, KOOQJIBTOM — MacCUBUPYeT uX. [TOMUMO METAIOB, a30THAS KHUCJIOTA OKWCIISI-
et mHOoTHe HeMetaswibl (C, S, P). Oprannyeckue BemnecTBa B KOHIEHTPUPOBAHHON
KHUCJIOTe MOTYT BOCIJIAaMEHATbCS (aMUHBI, CKUIINAJAP).

Hpumeueuue a3omHol Kucaiomot

ASOTHYIO KUCJIOTY NPUMEHAIOT [JIA IOJIy4€HUA HUTPAaTOB, HAIIpUMED:
NH3 + HN03 = NH4N03

HUTPAT aMMOHUST — yzo0perne

Ee HIMPOKO UCIOJIb3YIOT B OPraHn4eCKOM CHUHTESIE.

@ HI/lTpOBaHI/IeM yrneBoaoponoB nonay4yatT HATPOCOeANHEHUA (HI/ITp06EH3OJ'I — ncxogHoe Be-
LecTBoO AnA CMHTE3a aHWIHA U Kpacvnenem Ha ero ocHoBe):
CoHg + HNO; 5" CgHsNO, + H,0.
6eHzon HUTpOGeH30oN
npl/l B3aMIMOJENCTBUMN C opraHnyecknmmn BellecTBamu, cogepkainmm OH—prl‘Ian (FJ'II/ILl,epI/IH,
uenmonosa), nony4yaroTt HI/ITpOB(bVIpr:

H,S04
CH;—CH—CH, + 3HNO;—> CH,—CH —CH, + 3H,0.

OH OH OH ONO, ONO, ONO,

rnnuepuH HUTpornuuepuH
HutpornuuepuH (HUTPoO3dUpP) NCNONb3YIOT B MeAuLUHE 1 ANA NoayYeHusa psaga copToB 6es-
ZAbIMHOIO Mopoxa.

Humpamuo!

Cosi a30THOI KUCJIOTHI Bce 6€3 MCKIIOYEHHUsST XOPOIIO PAcTBOPUMBI B BOJIE.
BaskHeiiniM XHMHYECKHM CBOMCTBOM HHUTPATOB SIBJISIETCSI UX CHOCOOHOCTMb PA3JIA-
eamvcs npu nazpesanuu ¢ oopasosanuem xucaopoda. CocraB 06pasyomUXCs IPO-
JIYKTOB 3aBUCHUT OT aKTUBHOCTU MeTaJlia.

1. HuTparhl IEJIOYHBIX U IIETOYHO3EMEIbHBIX METAILIOB 00Pa3yIoT HuUmpum
1 KUCJTOPOJT:

IKNO; = 2KNO, + O,1.
HUTPUT KaJusd

2. Hurtparbhl MeTasJIOB, PacloJOKEHHBIX B Py aKTUBHOCTH OT MarHUs
JI0 MeJU, pasjaraiorcsa ¢ obpasoBaHueM oxkcuda memaiia, okcupga asora(IV)
U KUCJIOPOJIA: .

27Zn(NO3)y = 2Zn0O + 4NO,1 + Oo1.

3. HuTparsl MeTaioB, pacloJOKeHHBIX B PSIAY aKTUBHOCTH TIOCE MeIH, TIPU

passiokeHun 06pasyioT memani, okcuz azora(IV) u kucmopo:
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Hg(NOy), = Hg + 2NO,yt + Oy1.
Tepmuueckoe pasaoKeHUe HUTPATOB MOKHO IPEJCTaBUTH CXEMOM:

W’ nutputr Me(NO,), + Oyt
HarpeBanue | [Mg — Cu]

Hurpar > okcu Metaia Me, Oy + NO,t + Ot

Gypoilii ras

Lowens 0. Metasr + NOyT + Oy

Gypblii ra3

Boiesienve Kuciopoga mpu pasioKeHUH MMO3BOJISIET OOHAPYKUTH HUTPAT TI0
«BCTIBINIIKE TBEPJIOHM cOJIM HA pacKaiméHHoM yroJibkes (IIpunoxkenue 3).

Cremyer OTMETUTD, YTO HUTPAT aMMOHWS, pasJiarasdch Mpu TeMiiepatype He Bbl-
me 200 °C, kucnopoga He oOpasyer:

NH,NO; = 2H,0 + N,O1.

IIpumenenue nurparoB. Hutparsr natpus, kamis, kaabiinsd, ammoHus (NaNQOs,
KNOj, Ca(NO3)y, NH;NOj3) HaswiBaoT cequTpaMyd U HMCIOJb3YIOT B KauecTBe
yno6penuii. Emé ogHO BakHOe HarpaBJeHUE WCHOJIb30BaHUsS HUTPATOB — MHPO-
TEXHUKA: HUTPATBI PA3JIaraloTcsl IPU HATPEBAHUU C BbIJIeJIEHUEM KHCJIOPO/A, KOTO-
PbIii SBJISIETCST CUJIBHBIM OKHUCJIUTEIEM, OCOOEHHO B MOMEHT BbiziesieHust. Kucmopos
DU ATOM CJIY’KUT OKUCJIUTENIEM JPYTUX KOMIIOHEHTOB MOPOXA.

PassioxkeHne HUTpaTa HATPUST MOKHO HMCIOJIb30BATh B JTaAOOPATOPUY JIJIST NOJY-
UeHUS. KUCTIOPOOQ: .

2NaNO; = 2NaNO, + Oyt
(TIPOYKTBI — KHUCJIOPOJl ¥ HUTPUT HATPUST — COJIb CJIaO0N a30TUCTOI KUCIIOTHI).

Hutrpar cepebpa(l) — coctaBHYIO 4acTh JISITHCA — WCTIONB3YIOT B MEOUUUHCKUX
yensix. B TUIIEBOI MPOMBINIJIEHHOCTH UCIIOJIb3YIOT HUTPAT U HUTPUT HATPUS KaK
korcepsanThl (E251, E250) mist cbipoB 1 KOJMGACHBIX M3z€/uil. MSICHBIM MU3/e/u-
SIM 3TU COJIM NPUAAIOT SIPKUII PO30BO-KPACHBIN 1[BET. DTUMU COJISIMU TOJIb30Ba-
JIUCH eNIé JIpeBHUE IPEKN U eTUMTSIHE.

A30THYIO0 KMUCIIOTY B MPOMbILIAEHHOCTY MOYYaloT U3 aMMuraka. OHa OKmc-
nAeT BCe MeTaibl, 3a UCKMUYEHeM 30/10Ta U niatuHbl. [Npu B3anmogen-
CTBUN MeAUN C KOHLEHTPUPOBAHHOWM a30THOWM KMCOTON obpasyeTcs, Kpome
conu n Bogbl, okeng asota(lV) NO,, a ¢ pasbaBneHHon — okcua asoTa(ll).

HuTpaTtbl NPMMEHAIOT B KayecTBe a30THbIX yAoOpeHuin. Micnonb3oBaHme
MHOMMX HUTPATOB B MMPOTEXHUKE OCHOBAHO Ha MUX CMOCOOHOCTW pa3naraTb-
CA C BblgeNeHneM K1Ucnopoga.
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Bon POCbl, 3af4aHNA, 3afa4un

1. BoinuwnTte 13 TekcTa naparpada BoceMb Gopmyn HUTPATOB.

2. Mepeuncnute BaxkHenwme ¢prsnyeckmne CBOMCTBa a30THOM KMUCNOTbI.

3. YKaxKuTe OKpacKy pacTBOpa a30THOW KUCNOTbl Npu fob6aBfieHnm: a) nakmyca; 6) metun-
opaHxa.

4. CocTaBbTe GpopMysibl HUTPATOB MarHusA, nutus, xenesa(lll), 6apwms.

5. MNpoaHanu3npyinTe BO3MOXHOCTb NPOTEKaHMA peakuuin B pacTBOPE MexAy a3O0THOW
KUCNIOTON 1 CONAMMU: XNOPUZ, Kanus, KapboHaTt Kanud, cynbdup Hatpua, cynbdat HaTpus.

6. CocTaBbTe ypaBHEHVA peaKkuMin B MOMNEKYNAPHON 1 MOHHON dopmax Mexay a3oTHOW
KUCNOTON 1 BelectBamu, dopmynbl Kotopbix: Fe,03, Ca(OH),, MgCOs.

7. Paccuntante maccy conm, KOTOPYH MOXKHO MOAyuYuTb B pe3yfbTaTe B3aUMOAENCTBUA
Meau U pacTBopa Maccon 50 r ¢ MacCcoBOW fJoner a3oTHOWM KUCNoTbl 60 % (KMCOTa KOHLEHT-
pupoBaHHas).

8. MeTofjoM 3neKTPOHHOro 6anaHca paccraBbte KO3GdULMEHTbI B ypPaBHEHUAX peakuuii
C yyacTueM a3oTHOWN KNCIOTbI:

S + HNOj3opy = H2S0, + NO, 1T + H,0;

Mg + HNOs5ouy = Mg(NO3), + Ny + H,0.

9. 3anuwunTe ypaBHEHNA peaKkUnin COrMacHO Cxeme:

a) NO, > HNO; 3 NH,NO; & x5 ., 6) Cu - NO, > HNO, 9 X&'

10. Kakol MMHUManbHbI 0OBEM pacTBOpa a30THOWM KUCNIOTbl ¢ MaccoBon ponein 80 %
1 MAOTHOCTbIO 1,45 r/cM> HeobXoaMM ANA PacTBOPeHNA cepebpa Maccoit 4,32 r? Peakumsa npo-
TekaeT no cxeme: Ag + HNO; — AgNO; + NO,1 + H,0.

§ 39. Kucnopopcopep<awme coegnHeHus ¢pocdopa

K nambostee 3HAUNMBIM KHUCJIOPOCOAEPKAIINM coeuHeHnstM hochopa OTHO-
cat oxcug dhochopa(V), pochopHyto Kucaoty u e€ comu.

Oxcuovt pocghopa

BsaumozeiictBre kuciaopoaa ¢ ¢hochopoM MpUBOAUT K 00pa30BaHUIO OKCHUJIOB,
COCTaB KOTOPBIX 3aBUCUT OT yCJOBUH MPOBEEHUS PEAKITUN.

[Ipu coxxuranun docdopa B yuctom Kucjaopoje, kak ykazaHo Ha c. 201, 1mo-
aydaetcst okcusi pochopa(V) P,Os, a nipu HeproctaTke Kucjaopoga — okcus ¢oc-

dbopa(11l) P,0Os.
-

Benbiin ocdop ABAANCA OAHUM 13 NEPBbIX AbIMOOOPA3YIOWMX BELECTB, MPU CKUraHUN KOTO-
poro BO Bpemsa BOEHHbIX AelCTBUI 06pa3oBbiBanach AbiMoBas 3aBeca U3 yactuy P,Os. Obim —
AVCnepcHaa cMcTema, COCToALLAA M3 TBEPAbIX B3BELUEHHbIX YacTuL, B ra3oBOi cpefe.

Okenp docdopa(V) cuntatoT cambiM 3ddeKTBHBIM ocylumnTenem. Mpuyém ocywmtenem sBnseTca
1 obpasyoLlanaca npu stom Krcnota. Obpalatbea ¢ P,Os cresyeT KpaiiHe OCTOPOXKHO, Tak Kak npu no-
nafiaHUM Ha KOXY OKCUJ, BbI3bIBAET CUSbHENLLME OXKOTY, OfHA M3 MPUYUH — OBE3BOXMBaHME TKaHEeN.
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Oxcun dpocdopa(V) +155205 — BbIciii okcuzr ocopa, U eMy COOTBETCTBYET
TUAPOKCH/I H;PO4 — docdophuag (nmu opmodochopHasg) KucaOTA.

P»,O5 — Gesoe tBéproe BerectBo (T, = 420 °C). SIBisiercss TUTMYHBIM KHCJIOTHBIM
okcuzioM: pearupyet ¢ Bojioit (1), ocHOBHbIMU OKcuziamu (2) u mmesodamu (3), MUPOKO
UCIIOJIb3YETCSI B OPraHMYecKOM CHHTe3e. PaceMOTprM 0COOEHHOCTH 9THUX PEaKIIMIi:

1. KoneunwsiM mipogykToM peakiuu okcujaa docdopa(V) ¢ Bojpoil sgBjseTcs
docdopnas kucimora H3;PO,:

BHQO + P205 = 2H3PO4

Oxcun pochopa(V) He TOTBKO pacTBOPSETCS B BOJIE, HO U «KAIHO» TIOTJIONIAET Tia-
PbI BOJIbI U3 BO3/IyXa, TO €CTh TMTPOCKOIIIYEH, UCTIOIb3YETCsI B KA4eCTBE OCYIITATEJIS.

2. BzauMogeiicTBue ¢ OCHOBHBIMK U aM(OTEPHBIMU OKCUAAME IIPUBOAUT K 00-
Pa30BaHUIO COJIEH:

3Ca0 + P,O5 = Caz(POy)y;
37Zn0 + P,O5 = Zn3(POy),.

3. Ilpu pactBoperun P,O5 B miesouax MOTyT 0OPa30BBIBATHCS KaK Cpeji-
HUe, TaK U KUCJble coJu (B 3aBUCHUMOCTH OT COOTHOIIeHMsl peareHToB). Harpu-
Mep, TPU B3aUMOJEHCTBUM ¢ TUAPOKCUIOM HaTpust MOryT oOpaszoBatbcst NagPOy,
Na,HPO, nan NaH,POy:

P,0O5 + 6NaOH = 2NagPO, + 3H,0;
Py,O5 + 4NaOH = 2Na,HPO, + H,0;
P,O5 + 2NaOH + H,0 = 2NaH,PO,.

Docopnasa xucroma

Xumunueckue u pusnyeckue cpoiicrBa. Dochop oOpasyer HECKOIBKO KUCIOT,
OJTHAKO caMoii ycroiuuBoli gBisiercs ¢docdopuas xkuciaora H3PO, (puc. 96). U3
CTPYKTYPHOI (hOPMYJIBI €€ MOJIEKYJIbI BUIHO, YTO KHUcJa0Ta TpéxocHoBHA. H3PO, —
BEIIECTBO, TeMITepaTypa IJIaBaeHnst Kotoporo 42,35 °C. 9To 03HavaeT, 4To MpU KOM-
HaTHOIT Temriepatype ¢ocdophnas kuciaota — TBEpaoe BetectBo. Docdophas Kuc-
JIOTa XOPOIII0 pacTBOpMMa B Bojie. B BOJHOM pacTBOpe [MCCOIMUPYET CTYNEHYATO:

H3P04 = I‘IJr + HQPOZ,

oy 0 *
N n _,
H,PO;~ = H™ + HPO HO—P—OH & €
HPO7 2 H' + PO | o
. OH

Dochoprass xkucaota — caabblil dIEKTPO-
JIT, JUCCOIMUPYET TPEUMYIIECTBEHHO TIO TIep- Puc. 96. CTpyKTypHas popmyna
BOi1 cTymeHu. B pacTtBopax oHa IPOSIBISIET 00- N WapoCTepKHeBas Mopenb
wjue CBOMCTBA KUCJIOT: MEHSET 1[BET WHIUKATOPOB MoneKynbl $ocHOpHOM KUCNOTbI
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1 00pasyer CoJM B PEAKIUSAX ¢ METaJIAMH, HAXO/SAIIUMICS B PSIIy aKTHBHOCTU 10
Bozopozia (1), ocHOBHBIMH 1 aM(OTepHBIMU OKcuamMu (2), THAPOKCUTAMI MeTaJl-
JIOB U aMMHakoM (3), ApyruMu coasamu (4); oHa He SBJSETCS OKUCIUTETEM 32
CYET AHMOHA:

1 3Mg + 2H3PO4 = Mg3(POy),] + 3Ho?

MeTasLn

3Ca0 + 2H3PO4 = Ca3(PO4)2i + 3H20

OKCHJ[ OCHOBHBII

3Zn0 + 2H3PO, = Zny(PO,),| + 3H,0

okeujt amboTepHbIit

3NaOH + H3PO4 = N33P04 + 3H20,

3 ocHoBaHue (IEn04b)

2NH3 + HSPO4 = (NH4)2HPO4

aMMHaK

4 3K,CO; + 2H3PO; = 2K5PO; + 3H,0 + 3COy1

COJIb

OrmetumM, uto ochopHast Kucaora obpasyer kak cpearue cosu (hocdarsr),
Tak u Kuciapie (ruppodocdars n auruapodocdarsl), B 3aBUCUMOCTH OT COOTHO-
MIeHNsT UCXOAHBIX BemecTB. Hampuwmep:

3KOH + H3PO, = K5PO, + 3H,0 (ocdar xamus) (3 : 1);

2KOH + H3PO, = KoHPO, + 2H,0 (ruapodocdar kamms) (2 : 1);

KOH + H3PO, = KH,PO, + HyO (muruapodocdar kamms) (1 : 1).

[Ipu cocraBrnennn ypasnenuil peaxuuii 6 uonnou gopme dochopHyo KHUCIO-
Ty TPEACTABJSIOT B BUJE MOJIEKYJ KaK MPeobJIafaolinX YacTUIl B €€ pacTBOpe.
Hampumep:

2NaOH + H3PO, = Na,HPO, + 2H,0;
2Na” + 20H + H3PO, = 2Na" + HPO} + 2H,0;
20H + H3PO, = HPO? + 2H,0.

IIpumenenne u noxydyenue. OochopHyi0 KUCJOTY MPUMEHSIOT B IPOU3BOJICTBE
yI0OpPEHUI 1 KOPMOBBIX CPEICTB, sl (POPMUPOBAHUST aHTUKOPPO3UOHHBIX MTOKPBI-
TUI Ha MeTaJllaX, a TakyKe B MUIIEBON TIPOMBIILIEHHOCTH [T IPUIAHNsT KUCI0Ba-
TOTO BKyca (Ge3aIKOrOJIbHBIM HAITUTKAM, JIJII OCBETJICHUsI caxapa.

Honyuarom H3PO, B3anmmoneiicTBueM mpupoaubix ¢ocdaToB ¢ CEpHON KHC-
goroir ipu 60-80 °C ¢ mnocaenywonum otdusabrpoBbiBanueM ocajgika CaSOy.
ITpu sTOoM dochoprast KucioTa 00pasyercss B BHUIE CHPOMOOOPA3HOTO PacTBOpa
¢ MaccoBoil joJieil BemectBa 85 %. Bropoii coco6 — cxuranue docdopa, 1mo-
JIYUeHHOTO TIPOKaJIMBAaHUEM TIPUPOAHOTO ocdaTa ¢ MecKoM U yIJIEM, U MTOCTEIy-
iolee pactBopenne okcuga B Boje: Caz(PO,)y — P — P,O5; — H3PO,.
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Com dpocdopuoii kucaorsr. Docdarel, Kak MPaBUIO, HEPACTBOPUMBI, 32 UC-
KJIFOYEHUEM COJieil HAaTpusl, Kaaust 1 aMMOHUst. Kucibie cosu 6ojiee pacTBOPUMBI,
4eM cpeHue, a AUTuApodocdaTbl UMET GOJBIIYI0 PAaCTBOPUMOCTD, YeM THIPO-
docdarsr. Hanpumep, docdar Caz(POy,), nHepactBopum, rugapodochar CaHPO, —
Masio pactBopuM, a auruapodocdar Ca(H,PO,); — xopomio pacTBopuM B BOJIE.
BosbmmHcTBO hocdaToB 0bIaaeT BHICOKONH TEPMHUYECKOH YCTOHYMBOCTHIO —
He paspymiaioTcs MPU HaTPeBAHWM 710 TEMIIEPATyPhl TIaBJeHUsA. XapaKTepHOH 0Co-
6enHocThIO (hocdaToB (cpeHUX coJieil) siBJsieTcst oO6pazoBaHUe OCajiKa JKEJTOTO
1Bera npu jeiicteun pactBopa Hurpara cepebpa(l) (Ilpunoskenue 3):

3AgN03 + N3.3PO4 = Ag3PO4l + 3N8.N03;

?)Ag+ + PO4_ = Ag3PO4l
ocedar cepedpa(l)

B orimune or cerso-xkénroro ocagka 6pomuga cepebpa(l) m skéaroro ocaj-
Ka itoguma cepebpa(l), dochar cepedbpa(l) pacTBopsieTcst npu 100aBIEHUE a30T-
HOUW KHUCJIOTHI.

IIpumenenune couseii ¢pochopHoii kucaoTel. MHOTHE CpeHUE W KHUCTbIE CO-
au docdoproit kucaotsl (Caz(POy),, CaHPO, - 2H,0, Ca(H,yPOy),, NH,H,PO,,
(NH,),HPO,) ucnosbsyiorcst B kadectBe ynoopernii. MochaThl HAXOAAT MPUMEHE-
HUe B IIPOM3BOJICTBE Kay4yyKa, ractmace, B Metasnyprun. Docdar HaTpus ymeHb-
nraet JKECTKOCTb BOJIBI M yJIydlllaeT Molollee JieficTBUe CTUPabHBIX TOPOILIKOB. TeM
He MeHee BO MHOTHX TOCY/IapCTBAX B HACTOAIIEE BPEMsT YCTAHOBJIEHBI OTPAaHUIEHUS
1o puMeHeHno (ocdaroB B KauecTBe CTUPATHHBIX MOIOIINX cpe/cTB. /leso B ToMm,
4TO Tocje cTupku Qocedarsl onasaloT B CTOYHbIE BOJbL, & 3aTeM B BOJOEMBI, CIIO-
coOCTBYst OYPHOMY Pa3BUTHIO TJIAHKTOHA W BOJOPOCHEH — BOMOEMBI «CTaperoTs.
[To nexoropsim pannbiM, 1 T dochara crumysmpyer poct 5—10 Kr Bogopociieii.

Okcupg dpochopa(V) — KNCIOTHBIN oKCua,.

DocdopHasa K1cioTa, B OTIMUME OT a30THOW, ABAAETCA MPU H. y. TBEpP-
ObIM BeLeCTBOM, OTHOCUTCA K CJTAabbIM KMCNOTaM U OKUCAUTENbHbIE CBOMN-
CTBa MPOoABAAET TONbKO 3a CYET aTOMOB BOLOPOAA.

Conu docdopHol kucnotel — docdatbl, rugpodocdatsol n gurngpodoc-
daTbl — HAXOAAT LWMPOKOE NMPUMEHEHNE B KaYeCcTBe Ya0OpeH.

Bonpocbl, 3apgaHuna, 3agaum

1. Ha3oBuWTe Knacchbl BewecTB, C KOTOPbIMU B3auMoZencTByeT: a) okcmup docpopa(V);
6) docdopHana KncnoTa.

2. CocTaBbTe dopmynbl: a) aurngpodocdata kanusa; aurngpodocdata Kanbums; rugpo-
docdarta marHua; docdata xenesa(lll); 6) aurnapodocdata marHus; ruagpodocdata kenesa(lll);
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rmapodocdaTa UMHKa; docdata HaTpmA. 3annLINTe YPaBHEHNA UX SNIEKTPOSIMTUYECKON AUCCO-
umaumm, yunTbiBasa OTLLEMNSIeHe TONbKO MOHOB MeTassa.

3. 3anuwuTe TPU ypaBHEHVA MOCTeAOBaTeNbHbIX PeaKLMI, MPOUCXOAALUX Npu gobasne-
HUW pacTBoOpa: a) MMApoKCnaa Kanva K pactsopy docpopHoin Knucnotbl; 6) dochopHon Kucno-
Tbl K pacTBOPY rmgpokcuga Hatpus. Hasosute obpasytowmeca conu.

4. CocTaBbTe ypaBHEHMVA peakumii C yYETOM yKa3aHHbIX KO3OOULNEHTOB:

a) 3NaOH + H;PO4 —; 2NH;3 + H3PO, —; 2LiOH + H3PO, —;

6) 4KOH + P,05 —; 6KOH + P,05 —; 3Ca(OH); + P,05 —.

5. Onpepenute KonMYecTBO TeMOTbl, KOTOpasa BblfenAaeTca npu cropaHnm ¢ocpopa mac-
COM 1 Kr MO TEPMOXVMMUYECKOMY YPaBHEHUIO peaKLn:

4P(TB) + SOZ(F) = 2P205(TB) + 3010 Kﬂ,)K.

6. MOXHO N1 B KauecTBe OCyWWTeNA ra3oobpasHoro aMmmuaka npumeHsats P,05? OTeet
aprymeHTupymre.

7. B Tpéx npoHyMepoBaHHbIX NPOOMPKax HAXoAATCA pacTBOPbl HUTPaTa Kanud, ¢ocdaTta
Kanua, xnopuaa Hatpua. Mpeanoxute nnaH pacnosHaBaHUA BelyecTs. [oAcHWUTe ypaBHeHUA-
MW peakunii B MONeKynApHOWM 1 MOHHON dopMax.

8. CocTaBbTe ypaBHeHUA peakuuin CornacHo cxeme:

a) P - P,05 5 H3P0, 2> (NH,),HPO, - NH3;

6) HsPO, > NH,H,PO, 2 (NH,),HPO, = NasPO, > Ag;PO,.

9. Heobxoanmo npurotoBuTb pacTBop GpocdopHOM KUCnoTbl Maccoin 500 I ¢ MacCOBOM
Jonei BewectBa 5 %. PaccunTaiite Maccbl HEOOXOAUMBIX ANs 3ToW Lenu okcriaa docdopa(V)
1 BOAbI.

10. PaccunTanite 06BbEM BO3ayxa (H. Yy.), KOTOPbI Heobxoaum Ana CxuraHus dpocdopa
Maccoi 1 Kr. Yemy paBHa Macca $ocdopHOI KNCNOTbl, 06pasytoLleinca npy pacTBOPeHn no-
nyyeHHoro okcupa docdopa(V)?

§ 40. BaxxHenwue MmnHepanbHble yaobpeHunsa

Yao0penusi — BelecTBa, BHOCUMbIE B TIOYBY WJIU JAPYIYIO MIUTATEIbHYIO CPELy
JUIst BeIpaniuBaHus pactennii. OHM 06ecrednBaioT TOJHOIIEHHOE MUTaHNue pacTe-
HUIA, a 3HAUWT, YJIy4YIIaloT UX POCT, Pa3BUTHE, MJIOJOHOINIEHNE U TTOBBIIIAIOT YPO-
JKallHOCTh CETbCKOXO3SHUCTBEHHBIX KYJIBTYP.

Vinobpenus cogepsKaT XUMUYECKHE DJIEMEHThI, KOTOPble HEOOXOAUMBI JIJIsl II1-
TaHWUsI PACTEHMI, HO TIPUCYTCTBYIOT B Cpejle WX OOMTAaHUs B HEIOCTATOYHBIX KO-
JmdectBax. Yale BCero pacTeHWsT UCIBITHIBAIOT HEOCTATOK TAaKUX OMOJIOTUIECKN
3HAUMMBIX 3JIEMEHTOB, Kak a30T, kamuii u docdop. [lo yncay mutaTesbHBIX 271€-
MEHTOB Cpeu YAOOPEHUI BBIAESIOT TIPOCThie U KoMILIeKkcHbie. [TpocTbie ymoGpe-
HUS — azomuvle, Pocghopuvie, Kaiutinble — CONEPKAT OJAWH MUTATETbHBIN 2JIEMEHT.
B cocraBe KOMILIEKCHBIX yA00peHMiT UX HECKOJbKO, HAIPUMED KaJMiHas CeJIuTpa
KNOg3 conepskut u a3or, u KaJauii.
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HabJmoieHust OKa3bIBalOT, YTO Jake MPU ONTUMAIbHOM KOJUYECTBE U COOT-
HOIIEHNU a30Ta, Gocdopa u Kanust He Beerjga 00eCIeunBaeTcsl HOPMaJIbHOE pas-
BuTHe pactenuit. OKasbIBaeTcs, YTO BaKHO TaKKe HAJIM4YWe B JIOCTAaTOUYHON Mepe
BEIIECTB, COEPIKAIINX MArHUi, MapraHell, JKeJae30, MOJUO/eH, Melib, 6op, cepy, ce-
JieH u gpyrue. VIX HEJOCTATOK BOCIIOJHSIETCS] BHECEHUEM MUKPOYO0oOpenuil, coep-
JKAIUX TepevncaeHnbie ajneMeHnTsl (puc. 97).

| MuHepasbHble YA00PEHst |

v v

| Makpoyao6penus | | Muxkpoynobpenust
A

v

| ITpocTtore | | Kommiekcubre |
¥ v A
A30THBIE 4 Kanniinbie :

A Dochoprbre A
A

JIBa u Gousee
OpMH NUTaTeNbHbI MaKPOIJIEMEHT MIUTaTEeNbHbIX
5JIEMEHTOB

CoennHeHNsS
Zn, Mg, Mn, Mo, S u zp.

Pric. 97. Tunbl M1HepanbHbIX yAOOpeHUi

[Tnomoposane 1MoOYB yBeJIMUMBAIOT HE TOJBKO IEPEYNCTICHHBIE BbIIIE <«IIPSIMbIe»
ynobpenus. Tak, miogopoare Kucabix mous (pH < 5,5) MOBBIMIAIOT, CHUKASA KUC-
JgotHoCTh BHecenneM m3Bectn Ca(OH), (n3BectroBanmem), mera CaCOz nim Jo-
sgomutoBoil Mykrn CaMg(COs),. ITomnbiTaiiTech 0ObACHUTD, TOYEMY [IPU ITOM KHC-
JIOTHOCTh YMEHbBIIIAeTCS.

B mporiecce usydenus: sseMeHTOB VA-TPYIIIBI MbI TIOCTOSIHHO 0OpaIiaii BHU-
MaHue Ha IpUMeHEeHne MHOTUX WX COeMHEHMIT B KadecTBe ynoopenwuii. Crucrema-
TU3UPYEM CBeJleHUst 00 yI0OPEHUSAX U JOMOJHUM KPATKUMU CBEICHUSIMU U3 KyP-
ca OMOJIOTHHL.

Azommnvie yooopenus

[lepBorit mpusHak geduiMra a3ota — IBET JUCTHEB OT OJIETHO-3€JIEHOTO 10
JKEJITOTO, YTO OOBSICHIETCST HEJOCTATKOM XJIOpohuiTa. PacTeHust CUIbHO OTCTAIOT
B POCTE W Pa3BUTHUU.

K asommoim ynoOpeHrsiM OTHOCSTCS: aMMuaunas 600a, Humpam ammonus (am-
muaynas cenmrpa) NH/NO3, numpam xarus (xanmuiinag cenurpa) KNOs, numpam
nampus (HatpueBasd, win yniuiickas, ceaurpa) NaNOs, numpam xanviyus (Kaib-
rmeBast cesmtpa) Ca(NO3)o, cynvgpam ammonus (NH)»,SOy, movesuna (xapbamu)
(NH,),CO.
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TaksKe IUPOKO UCIIOJIb3YIOTCS OP2aHuUecKkue asommvle yIoOpeHus: HaBo3, ITH-
YU TIOMET, KOMIIOCT, TOP(, cojiepsKaliiie KpoMe a30Ta MHOKECTBO JPYTUX BasKHBIX
JIUIST PAaCTEHWH KOMITOHEHTOB.

AzoTHbIe yI00peHNs] BHOCST B TIEPBOM TIOJIOBUHE BETeTal[MOHHOTO MEPUO/IA.

PacTeHuA cnocobHbl HakannyMBaTb HATPATLI. VX YpeamepHoe HaKomMeHne NPoBOLMPYeTCa He
TONbKO M30bITKOM BHECEHHbIX a30THbIX YA0OpEHUI, HO 1 HecbanaHCMPOBaHHOCTbIO C pochopom
N Kanmem.

M36bITOK HUTPATOB B MPOAYKTax MUTaHWA OTPULATENbHO CKa3blBAaeTCA Ha 340POBbE: HUTpPa-
Tbl KaK B NPOAYKTax MUTaHUA, Tak U B OpraHui3mMe YeioBeKa MPEeBPaLLaloTca B TOKCUUHbIE HUTPY-
Tbl U HATPO3AMUHbI.

[TpousBoauTeseM a3oTHBIX yaoOpenuii B Pecnybauke Benapych spisiercst
OAO «Ipomro Azor». B kauectBe ynoOpenuii o0bepinHenne BHITYCKAET MOYEBHHY,
cysbdar aMMOHUST U KHUIKHE a30THbIE yA0OpeHus. BOJBITUHCTBO TBEPABIX a30T-
HBIX YZI00PEHUI BBIMYCKAIOTCS B IPAHYJINPOBAHHOM BHUJIE, YTO TPENSITCTBYET CJIE-
JKMBAEMOCTH OJIATOIAPsT YMEHbBIIEHUIO TTOBEPXHOCTH, KOTOPAsi TOTJIONIAET aTMOC-

hepuyto Buary.
Dochopnvie yooopenus

IIpn memocTaTke docdopa JUCThST CTAHOBATCS TEMHBIMU, C CHHE-(UOJIETOBBIMHI
OTTEHKaMU, 3aMeJJISIeTCs IBETeHNe W Pa3BUTHE IJI0M0B. PacTeHuss MOTyT ycBau-
BaTh NUTATEJbHBbIE 2JIEMEHTHI JINIb B pacTBOpuMoOil ¢opme. VIMeHHO TOITOMY
IIPUPOJIHbIE MUHEPaAJIbI, cojgepkaniie GochaT Kalbiius, epepabaTbiBaloT B O0Jee
PacTBOPUMYIO KUCIYIO cosib — auruapodocdar kanbiusd. OH sABIsSETCS OCHOBON
MPOCTOTO U JBOMHOTO cynepdocdaTos.

Tem ne mMenee u cpemnsis comb — docdar Kaaplus B coctaBe ochopuTHO
MYKH BCE JKe HaXOAWUT MPUMEHEeHHe B KadecTBe yao0peHus. E€ BHOCAT Ha KUCIIBIX
nouBax Jmbo <110/l 3UMYy», MO0 paHHell BecHOil 10 moceBa. DochopuTHas MyKa
HE TMTPOCKOINWYHA, He CJIEKUBAETCS, XOPOIIO yAEPKUBAETCS B MOYBE, U TO3ITOMY
€€ MOJKHO BHOCUTH Pa3 B HECKOJIbKO JieT. [IpuBsiekaTesibHON CTOPOHOM SIBJISIETCS
TaK)kKe OTHOCHTEJHbHO HEBBICOKAS II€HA, TIOCKOJIBKY B IPOU3BOJICTBE HE MCIIOJIb-
3YIOTCsI XMMUYecKue TpeBpaiierusi. J[oObIThII B Kapbepax MUHEpaJ MOJABEPraroT
Jiib oboramieHnio (yAaJeHuo YacTh PUMeCEil) U TOHKO M3MEJIhbUaroT.

K Baxkneitmmm ¢GochopHbIM yI00PEHUSIM OTHOCSITCS: hocopumnas myka —
ocnoenou xomnonenm Caz(POy)q, deotinoi cynepgocpam Ca(H,PO,), - H,0,
npocmou cynepgpocpam Ca(H,POy,), + 2CaSO, - Hy,O, npeyunumam
CaHPO, - 2H,0.

KomrutekcHbIME yI0OpeHusiME, cojiepRaimmuMu Gocdop, SIBISIOTCS: aMmMopoc —
cmech nByx coneir NH,H,PO, u (NH,),HPOy,, comep:xamias azor u docdop;
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ammoghocka — cmechb amMooca ¢ xmopugom kamus — NH,H,PO,, (NH,),HPO,,
KCl, conepskamiast azor, dochop u Kaiuii.

®Dochopubie yaobpenus B Pecrybunke Berapycs npoussogur OAO «Tomenn-
CKMI XUMUYECKUI 3aBO/l» HA OCHOBE MMIIOPTUPYeMbIX (hochaTos.

Kanuiinvie yooopenus

[Ipu HemoCTATKE KAWL JIMCThsI TYCKJIbIe U TOJTyOOBATO-3€IEHBIE, 0 KOHUMKAM
U KpasiM CTaHOBATCS OYPBIMU M OTMUPAIOT (<«KPAEBOIl OKOT JIUCTHEB> ).

Kammit ctumysnupyet rnpotiecchl (hOTOCUHTE3a, YCUINBAET OTTOK YIJIEBOJIOB M3
JINCTHEB B JIPYTHE YaCTH PACTEHUSI, HAIPUMEDP CIIOCOOCTBYET HAKOIICHUIO KPaxMa-
Jla B KIyOHSIX KapTodesis, caxapo3bl B KOPHEIJIOAaxX CBEKJIbI. Bee kasmiiHbie yuo0-
PEHUsT XOPOIIO pacTBOPUMBI. [ToKOPMKa KaJIMiHBIME yIOOPEHUSME Ba)KHA B I1€-
puos (hopMHUPOBaHUST 3aBsI3€l U KOPHEIIONOB. Bakueiime xaiutinvle yroOpeHust:
anopud xamus KCl, cymvgpam xanus KoSOy, 301a pacmenuii (B Bue kapbonama xa-
auss — nomaw KyCOg).

Humpam xaws (xawinas cenumpa) KNO3 sBiIsieTcst KOMIIEKCHBIM y100pe-
HUEM, TTOCKOJIBKY COIEPIKUT /IBa MUTATEIbHBIX 9JIeMEeHTa — KaJuil W a3oT.

Benapych siBJIsteTCst KPYITHEHIITNUM TIPOU3BOIUTEIEM KAJTUITHBIX YI0OPEHHMIA.

Kaskmast mectast ToHHA KaJquitHbIX yaoOpenuii B mupe Boimyckaercss PYTI TTO
«Benapycpkasmii», paboratoniem Ha 6aze CTapoOUHCKOTO MECTOPOK/IECHHS CHIIbBH-
HUTA, MECTOPOXKICHUSI KaJUIHON 1 KaMeHHOU coJieil.

ITumamenvras yeHHocmo MuHEPaILHLIX YOOOPeHU

Ha ToBapHbIX ymakoBkax (acoBaHHBIX yA0OPEeHUI B 006s3aTE€JIBHOM IMOPSIIKE
yKasbIBaeTCsl MUTATENbHAs EHHOCTh yaobpenuil. Yro e 910 Takoe?

[TutarespbHas MEHHOCTD OMPEAESIETCS MAaCCOBOW /IOJIEl MUTATENbHBIX 3JIEMEH-
TOB B HUX. YCJIOBHO TIPUHSITO BBIPAKaTh MUTATEIBHYIO IIEHHOCTH a30THBIX yI006pe-
HUN KaK maccosyro 0oa0 B HUX XUMHYECKOTO ajemeHTa a3ota N, ¢hochopHbIX —
Kak MaccoByio nomo okcuzaa (ocedopa(V) PyOs, KamuiiHBIX — Yepe3 MacCOBYIO
noso okeuga kamus KyO. PemuMm mipoctyio 3amauy.

IIpwnep OHpeJIeJII/ITe TEOPETUYECCKYIO IMUTATEJbHYIO IICHHOCTDb IIPEHUIINTATA.

/ano: Pewenue
CaHPO, - 2H,0 M(CaHPOy - 2H,0) = 172 r/mou;
o(P,0O5) — ? | M(P,05) = 142 1/m011b.
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[TuratesbHast EHHOCTh TPEIUITUTATA, KaK U J1060ro Apyroro ¢ochopHOro
yaobpeHus, onpeessieTcst MaccoBoit nosteit okcuma dochopa(V) PyOs. Cocra-
BUM CXeMy, paccTaBiisigd Koah@uiinenTsl oTHOCUTENbHO dhocdopa:

CB.HPO4 . 2H20 — P205;

2(CaHPO, - 2H,0) — P,0:s.
2 MoJIb 1 mMoutb
CxeMa II0OKa3bIBaeT, YTO YAOOPEHUIO KOJIUYECTBOM 2 MOJIb COOTBETCTBYET
1 Moab TaTespHOTO 27eMenHTa B Buze PyOs.
m(CaHPO, - 2H,0) = 2 monab - 172 v/Mob = 344 13
m(Py0Os5) = 1 momb - 142 v/Monb = 142 1.
Haiiném MaccoByto 1010 TUTATENBHOTO 3JIeMEHTA:

m(P205)=%~0,413, wm 41,3 %.

Omeem: o(P,05) = 41,3 %.

Crenyer OTMETUTD, UTO MUTATETbHAS MEHHOCTh OMPEEsSIeTCsS B KaXKI0M KOH-
KPETHO# TOBapHOW MapTUU YAOOpPEeHU! ¢ y4€TOM TpuMecedl. ITO O3HAYAET, UTO
HailjleHHOe HAaMU B MPUMEPE TEOPETHUYECKOe 3HAYEHUE BBINIE, YeM y PeabHOTO
yno6penus. Tak, i TOBAPHOTO TIPEIUITATATa TIUTaTeIbHAs IIEHHOCTh He JOJIKHA
ObITh HIKE 27 % (CpaBHUTE ¢ PACCYUTAHHOU TEOPETUYECKH ).

Ananornynble (MU IPyTHE) CXEMbl U TEOPETUYECKHE PACUYETBI MOKHO MCIIOJTh-
30BaTh JIJIS KAJMIHBIX ¥ a30THBIX yA00PEHMil, HalIpUMED:

VinobpeHusi ¢ BBICOKUM COJIepPKaHMeM IUTAaTeIbHOIO 9JIeMEHTa Ha3bIBaIOTCS
Konyenmpuposanivimu. llpuMeHeHe BceX BUIOB YAOOPEHWI TTO3BOJISIET 3HAUM-
TEJIbHO YBEJUYNUTh YPOKAU CEJIbCKOXO3STMCTBEHHBIX KYJBTYD, TTOATOMY MTPOU3BO/I-
CTBO MUHEpaJbHBIX yA0OpeHMil — BakHeWImas 3ajada XMMUYECKON ITPOMBIII-
jgennoctu. Ilpu aTOM wucHosb30BaHMe yAOOPEHUIT TOJKHO OBITH TPAMOTHBIM
U paIiuOHAJIHHBIM.

Ypo6peHns — BeLLecTBa, BHOCUMbIE B MOYBY UAW APYrYi0 MUTATENbHYIO
cpefly AnA ynyulleHna pocTa, Pa3BUTMA 1 MIOAOHOLWEHUA pacTeHuid. Cpeam
MUWHepasnbHbIX YAOOpeHWIn BblAeNAlT npocTtble (a30THble, GocPopHble, Ka-
NNIAHBIE), KOMMMIEKCHbIE Y MUKPOYAo6peHMs. KoMnneKcHble yaobpeHusa co-
AepKaTt ABa, Tpy 1 6oniee NUTaTeNbHbIX SN1EMEHTa.



3nemeHTbl [VA-rpynnbl. Yrnepog v KpemHuit 221

BOHPOCbI, 3agaHunA, 3agavun

1. 3anuwute xummyeckme Gopmysbl U Ha3BaHWA BaKHeNWUX GOCPOpPHbIX, KaNUMNHbIX
N a30THbIX YAoOpeHui.

2. Mepeuncnute NpeanpusaTAa Mo BbINyCcKy yaobpeHuin B Pecnybnvke benapycb, nx me-
CTOHaXOX[eHue 1 BUAbl BbiMyCKaeMbIX yaobpeHuii.

3. Ha3zoBuTe npusHaku, CBMAETENbCTBYOLWME O HeJoCTaTKe B NMUTAHUM PacTEHUIA: a) a30-
Ta; 6) docdopa; B) Kanus.

4. Orypubl 1 TOMUZOPbI NIOXO NEPEHOCAT N3ObITOK Xxnopa B nouyse. HasoBuTe ynobpeHus,
NPUroAHble AnA NOAKOPMKM 3TUX KYNbTYp Kanuem.

5. CpaBHMTE NWTaTeNIbHYIO LEHHOCTb ABYX YAOOpeHWiA: a) aMMayHol CeNUTPbI U MOYEBU-
Hbl; 6) xnopuia Kanua v noTawla.

6. PaccuntaiTe NUTaTENbHYIO LEHHOCTb OHOMO M3 KOMMOHEHTOB KOMMIEKCHOTO yaobpe-
HUA ammodoca — aurngpodocdara ammoHuMA.

7. KnybeHbKoOBble GaKTepuu, XKMBYLLME B 3eMie B CMOUO3e ¢ 6060BbIMU PacTeHVAMM, 3a
rog HakannmeatoT B nouse o 400 kr/ra cBA3aHHOro a3oTa. PaccumTanTe maccy ammuayvHom
CeNNTPbI, KOTOPYIO MOXET KOMMEHCMPOBATb HAKOMUBLLMICA TakMM 06pa3omM a3oT Ha MoLa-
on 1 ra 3a oguH rog.

8. ®ochopHble ynobpeHus nonyyaioT nepepabotkon pochoputos. Hanbonee pacnpo-
CTPAHEHHBIMM MPUMECAMU B HUX ABNAOTCA GTOpMA U KapOoHaT KanbLuaA, OKCUAbI antoMUHNKA
n xene3a(lll). CoctaBbTe ypaBHEHMS BO3MOXHbIX peakLuii, KoTopble MOryT NpoTeKaTb Npu 06-
paboTke Takoro ¢pochoprta CEpPHON KNCNOTON.

9. OgnH 13 cnocoboB MOJSyYeHMs KasbLMEeBOW CENUTPbI 3aknoyaeTca B 06paboTke u3-
BECTHAKA a30THOW KUCNOTON. PaccumtaiiTe Maccy HMTPaTa KajbLusdA, NOoNyYeHHoro npu obpa-
60TKe a30THOW KUC/IOTON M3BECTHAKA Maccol 50 Kr ¢ maccoBoi fonen npumecein 6 %.

10. OnpepennTte xMmuyeckyto Gopmyny yaobpeHus, B KOTOPOM MaccoBas A0SA Kaib- Q
uma — 23,256 %, ¢ochopa — 18,023 %, kmucnopoga — 55,814 %.

*MNpoBeauTe 3acefaHne UCKYCCMOHHOIO Knyba «3a 1 npotus»

1. DKonoruuyeckre npobsiembl NPOU3BOACTBA MUHEPASIbHBIX YAOOPEHWIA.

2. NMpuMeHeHWe MUHEpPaNbHbIX YA0OPEeHNIA: NIChI U MUHYCBI.

§ 41. dnemeHTbl IVA-rpynnbl. Yrnepop n KpeMHUN

Yenepoo u kpemnuil xax xumuueckue snemeHmol

C

4
5 Yyraepox

15°25°2p>
12,011

4

1
+ Si1

8  kpemuuii
2

[Ne] 3s%3p*
28,0855

Yraepon ¢C n kpeMHUI {4Si ABJSIOTCS XUMUUYECKUMU 3dJieMeHTa-
Mu [VA-Tpynibl mepuoimyeckoil CUCTEMbl, OTHOCATCSI K HEMETAJLJIaM.
Kpome Hux rpyiina BKIOUaeT TakKe repMaHuii 3p(Ge, 0710BO 55N, cBU-
Hell goPb u dueposuii {14FL

Ha BHeliHeM 3JIEKTPOHHOM CJIO€ aTOMbI COJIEPKAT 110 4 3JIEKTPOHA,
061as 3IeKTPOHHAS KOHMUTYPAIUS KOTOPOTO ns>np:
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[Ipucoenuuss 2/eKTPOHBI, aTOMBI YTIJIepojia U KPeMHUS TPOSIBISIOT OTpUIlA-
TEJIbHYIO CTelleHb OKUCJIEHUsI —4, IPU MoTepe 3JIeKTPOHOB — +2 u +4.

[Tpu o6pa3oBaHUM XMMUYECKHX CBSI3€H aTOMOB YIJIepojia ¢ aTOMAaMU JPYTHX
3JIEMEHTOB TIOJIHOW OT/Ia4W WJIA TTOJTHOTO MPUCOEJIMHEHNS YEThIPEX 3JEKTPOHOB He
IIPOUCXO/IUT, TO eCTb (POPMUPYIOTCS IPEUMYIIECTBEHHO KOBAJEHTHBIE CBA3MU.

B otnmmuue ot apyrux anemenToB IVA-rpynibl Yucao0 BaJ€eHTHBIX 3JIeKTPOHOB
yTJIepoia paBHO YUCJIY BaJEHTHBIX OpOuTaseil. ITO OfHA U3 MPUYUH OOJBIION
yctoitunBocT ¢Bsid3u C—C 1 CKJIOHHOCTH aTOMOB YIJIePOJia COEUHATHCS JIPYT C
JIPYTOM B 1IeTIN:

HHHOHO H H

[ H< | |
H—(E—CI—(E—(E—H, H/CZ?*CZCE*(E*H u IIp.

HHHH H H H

Pacnpocrpanénnocts B npupose. Kpemaunii — BTOPOIi 10 pacmpocTpaHEHHO-
cTh Ha 3eMJie aJIeMeHT. YTJIepoj, 1o OOJIBIIUHCTBY OIEHOK, 3aHumaer 16-e mecto.
Cae/leHUsT O TIPUPOHBIX COEAMHEHUSIX MpeacTaBienbl B Tabsmie 30.

Yriepoa M KpeMHHMiII KaK IPOCTble BellecTBa. YTJepoJ| Kak [POCToe Belle-
CTBO CYIIECTBYET B BU/IE HECKOJBKUX QJJIOTPOTHBIX MOAUMUKAINIH, BasKHENITE
13 KOTOPBIX — anMmas, rpacdut, dysepedbl. KpemMHUil asioTporHbix MoquduKa-
it He 0Opasyer, CYIEeCTBYET B BH/IE OJHOTO TIPOCTOTO BEIECTBA € alMa30M0100-
HOH CTPYKTYPOIl.

Kpucrannnyeckre peméTku ajIoTPONHBIX MOAMGMUKAINKI YyIriaepojia MpuBe-
nenbl Ha pucyHke 38. M3 matepuana § 16 BbI yke 3HaeTe, 1oueMy ajma3 — ca-
MoOe TBEDP/IO€ BeIleCTBO, MoYeMy rpaduT 2JeKTPOIPOBO/IEH U JIETKO paccjanBaeT-
csl. Bam Takke n3BecTHO, uTO (yJsuIepeHbl cocTosAT U3 cepudeckux mosekysn Ce,
Cgo (cm. puc. 38).

Tabuna 30. XuMuuecKue 3J1eMeHThl YIaepoa U KpeMHU

Pangnyc Crenenu
DJIeMeHT % IIpupoanbie coenuHeHUs
aToMa, HM OKHCJICHHS
TIpocTbie BemecTBa — ajiMas, rpagur.
MeJi, MpaMoOp, U3BECTHSK, PaKyIICYHUK
Yraepon -4, 0, +2, » Mpamop, ’ p Y .
C 0,077 2,5 h sxemuyr, KanbiuT (CaCO3); yriaeKucbii
6 ras, IIPUPOJIHBII Ta3, Hed)Th, OPraHUYECKIe
BellecTBa
. Kpemuesém, KBapil, TOPHBII XPyCTaIb
Kpemamnit -4, 0, +2, P Y pi, rop . 'py
Si 0,117 1,9 4 (ocHOBHOI KOMIOHEHT Si0y); CUIMKATHI
14 METaJIOB
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[pacpeH — annoTponHaa moandrkauus yrnepoga, obpaso-
BaHHas C/OEM aTOMOB yrnepofa TOJMHOW B OAUH aTOM.
Martepuan, obnagarownii yHUKanbHbIMU CBOMCTBAMU — Bbl-
COKOW MPOBOAMMOCTbBIO U MPOYHOCTbIO, MTNAPOPOOHOCTLIO, OCO-
ObIMI OMTUYECKMMU CBOMCTBAMU, — BbI3BaJl UHTEPEC HE TOMb-
KO YYEHbIX, HO 1N TEXHONOrOB, CBA3aHHbLIX C MPOV3BOACTBOM
NpOLEeCCOPOB.

MmetoT 6onbluoe 3HaUeHNe 1 HaXOAAT LMPOKOe NpumMeHeHne amopdHble dopmbl yriepoda —
[PEBECHBIN Yrofb, akTVBUPOBAHHbIV YroJib, CaXa.

Kpemmuil, B orimume ot anmasa, SIBJISETCS MOJYIIPOBOAHMKOM, YTO MO3BOJISET
ero HII/IPOKO HNCIIOJIb30BaATh B COBpeMeHHI)IX MI/IKpOCXeMaX. ETO HpI/IMeHﬂIOT TaK>Xe
B IIPOM3BOJICTBE 7KAPOIIPOYHBIX CTaJIE.

MTak, 0cOGEHHOCTH CTPOEHMsI BEIEeCTB ONPEE/ISAIOT MX CBOICTBA, a 3HAYMT,
1 00J1aCTH UCIIOIb30BAHNUS.

Xumuueckue ceoticmea

Yraepon m KpeMHME, KaK W TOJABJSIONIEe YUCTIO APYTMX HEMETAJJIOB, MPO-
SBJISIIOT KaK OKHMCJUTEJNbHbIE (HAllpUMep, pearupys ¢ MeTajlJlaMH), TaK U BOC-
CTaHOBUTEbHBIE CBOHCTBA (B PEaKIMSAX € KUCIOPOAOM M (DTOPOM, HEKOTOPHIMU
OKCHUIaMM ):

Xumnueckue cBoiicTBa Yraepon Kpemumii
0 t +4 0 t +4
C+ 02 = C02 Si+ 02 = SIOQ
Boccranosutesnbibie 0 ; o 0 P
. t + 3
3C + 2Fe,04 = 4Fe + 3CO, 3Si+ 2Fe,O5 = 4Fe + 3Si0O,
0 ¢ 4 0 ¢ —4
4Al + 3C= A14C3 2Mg + Si= MgQSl
MeTalt  Kapomy amoMHHIIs MeTaJLt CUJIMIINJL MarHUst
OxkucanTenbHbIe
0 t, Kat.—4
C+2H, = CHy C BOOPOZIOM HE B3aUMOJIEHCTBYET
MeTaH

@ Tak»e BCMOMHUM, YTO yrnepoa BCTynaeT B peakunto C OKCMAOM KanbLuA:
0 -1 +2
Ca0o + 3C = CaG, + CO,
a 06pa3leLI.lI/II7IC$I npn 3TOM Kap6VI,E|, NCNOoNb3yT ANA NMoayyYeHnsa aueTuneHa (Hanpmmep, anAa ra-

30BOV CBapKW):
CaC2 + 2H20 = Ca(OH)zl + C2H2T.
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Oxcuovl yenepoda — yeaeKucavlii U YyeapHolil 2a3vt

Ocobennocru CTPOCHHS U ¢dusuyeckue cpoiicrea. Oxcuy yraepona(I1V), nwim
+

yraekucibiii ra3 CO,y, SBJISIETCS. BBICHIMM OKCHIOM YTJIepoJa M OTBedaer oOmieit
hopmyse D0, Oxcup yraepopa(IV) — BermecTBO MOJEKYISAPHOTO cTpoeHus . Mo-
JIEKyJla COJIEPKUT JIBe JBOIHBbIC KOBAJIEHTHbIE TOJISIPHBIE CBSA3U, HO JIMHEHHA U II0-
aTomy HemnoJigpHa (puc. 98, a).

0=C=0 . :C=0:r
< » <«
0,1163 um 0,1128 um

a 0

Puc. 98. CtpykTypHasa ¢opmMyna n MacluitabHas Mofesib MONEKy:
a — okcupa yrnepopga(lV), 6 — okcnpa yrnepopga(ll)

BcenomuuMm, uto yriaekucibiii ras Gecrperer, Tskesiee Bosayxa (M(CO,) =
44 T/MOJIb), YaCTHYHO pacTBOpuM B Boje. B 1 o6béme Bozbl ipu 20 °C pactBopsi-
ercsa 0,88 06bémoB CO,, HO IPU HTOM €ro pacTBOPUMOCTh B 70 pas BhIllle pacTBO-
pumocTu kucyiopona u B 150 paz — azora. [Ipu noswimennom gasienun (5 MIla)
OH JIETKO CXKMKaeTcs U 3aTBepjieBaeT. [Bépabiii okcun yriaepoga(IlV) — cyxoi
JEI — BO3TOHsieTcs1 Oe3 ITaBJIeHUsI.

Bropoit oxcun yraepopa(Il) — yrapasiii taz CO — Takke BelecTBO MOJIEKY-
JIIPHOTO CTpoeHus. ATOMBI B MOJIEKYyJie CBS3aHbl OUY€Hb ITPOYHON TPOIHOI KOBa-
JIEHTHOW CBSI3b10, CBSI3b MOJISIPHAs, MOJIEKYJIa B IIeJIOM TOKe nosspHa (puc. 98, 6).
l'a3 GeciBeTeH, MI0X0 PACTBOPUM B BOJE, SIIIOBUT.

Xumuueckue cBoiictBa okcuza yraepoaa(IV). Yriexucbiii ta3 oTHOCHUTCS K KuC-
JIOTHBIM OKCH/IaM, TIO9TOMY BCTYIIAeT B PEAKIIUHU C BOJIOH, IIEJI0YaMU U OCHOBHBIMU
okcugamu. C IpyToii CTOPOHBI, aTOMBI YTJIepo/ia, UMEIOIIe CTelleHb OKUCIeHUs +4,
MOTYT y4acTBOBaTh B PEAKIINSX, KOTOPBIE MTPOTEKAIOT C TIOHMKEHNEM CTETIEHN OKHCJIe-
HUST: YTJTIEKUCIIBIN Ta3 BCTYHAeT B PEAKINH C CHJIbHBIMU BOCCTAHOBUTEIAMM. Tak, TO-
psIIie MarHuil WJIA KaJIbIIUI TIPOJIOJIKAIOT TOPETh B aTMocdepe YIIEKUCIOTO Ta3a.

Peaxuuu 6e3 usmenenus cmenenu OKUCICHUS

1. Peaxuus ¢ 6odoii. IIpu mpomycKaHUM yTJIEKUCJIOTO ra3a depe3 BOY, B KOTO-
pyIo 06aBJIeH JIaKMYC, OKpacka MeHsiercsi ¢ (HMOJIETOBOM Ha KpacHyio — o6pasy-
eTCsT yTOJIbHAS KUCJIOTA:

CO, + H,O 2 H,COs.

2. Peaxuus ¢ pacmeopamu wenodeti IPUBOIUT K 0OPa3sOBaHUIO COJIE.

Kak u B ciyyae ¢ cepHUCTBIM ra3o0M, COCTaB MPOAYKTOB 3aBUCUT OT MOJIBHOTO
COOTHOTIIEHUS PEAreHTOB.

2NaOH + CO, = Na,CO; + H,0 20H" + CO,=CO%} + H,0

2 : 1 nam u36BITOK METOUN (xapboHar, CpesHsss COJIb)
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NaOH + CO, = NalICO; OH" + CO,= HCO;3

1 : 1 wim u36BITOK KUCJIOTHOTO OKCUZA (ruzpokapOoOHaT, KUCJIast COJIb)

Peaknus yrsiekucaoro rasa ¢ M3BECTKOBOM BOJIOM HArJISIIHO JIEMOHCTPUPY-
eT TOCJIe[0BATENBHOCTh 00pa3oBaHusl COJIell TIPU TPOIYCKAHWN Tasa 4yepe3 pac-
TBOp Ménoun. BHauase o6pasyercss ocagok cpepHeil comu (KadyecTBeHHasT PeaKIust
Ha CO,, IIpunoxenue 3):

Ca(OH)2 + COQ = CaCOgl + Hzo

[Tpu panbHeiinieM NPOIYCKAaHUU YTJEKUCIOTO Ta3da OCaJl0K pacTBOPSAETCS

BeJsie/IcTBUE 00pa3oBaHus O0Jiee PaCTBOPUMOIT KHUCIIOH COU:

CEICOg + HQO + CO2 = C&(HCOg)Q
3. C ocnosnoimu oxcudamu yI‘JIeKI/ICJIHﬁ ras 06pa3yeT COJIH.
- CaO + CO,= CaCOs,

Peakyuu ¢ usmeHeHuemM cmeneHU OKUC/IeHUs — 3TO, KaK Obllo OTMEUEHO BblLLE, peakLuumn yrie-
KNCJIOro rasa C BOCCTAHOBUTENAMMU:

+4 0

CO, + 2Mg = C+ 2MgO0;

oKkucnutenb

+4 +2
o, + C=2C0.

Xumuueckue cBoiictBa okcuza yriaepoaa(Il). Oxcuo yenepoda(Il), wim yrap-
Heiii Taz CO, oTHOCAT K HecoseoOpasyonM okcugam. C Ipyroil CTOPOHBI, aTOM
yTJIEpOia, UMest CTeleHb OKUCTEeHUsT +2, MOJKET e€ KaK IOBBIIIATh, TaK W TIOHU-
KaTb. [Ipu nosviuenuu creneHn OKUCJIEHUS OH MPOSIBJISIET CBOMCTBA BOCCTAHOBU-
Tenst. Takue mporiecchl MPOTEKAIOT TPU BHITIJIABKE METAJIJIOB:

+2 t +4
Fe,O5 + 3CO = 2Fe + 3C0,,
[IPU CTOPAHUU B KHUCJIOPOJIE:
2 4
2CO + 0y = 2CO, + 566 KJlx.

Peakuma 2CO + O, = 2CO, HaunHaeTca npu Temnepatype Bbiwe 500 °C, a B NpUCYTCTBUAN OK-

cupa mapraHua(lV) MnO, Kak KaTanusaTtopa NpoTeKaeT ye Npu KOMHaTHOWM Temnepatype.
[ToHuUXeHue cTeneHn OKUCNEHUA NPOUCXOAUT B PeakLUAX C BOCCTAHOBUTENAMMU, a OKCUJ

yrnepoga(ll) npu aTom nposABnaeT cBOWCTBa okucnutensa. MNpumep Takoro npeBpalleHnsa Bam 13-

BeCTeH N3 Kypca OpraHI/NECKOI7I XUMUN: B3aUMoZencTame yrapHoro rasa c sogopogom (BOCCTaHO-

. . +2 t, p, KaT. =2
BUTENEM) — Ba)KHeWLWMn cnocob nonyyeHms cnupta metaHona: CO + 2H, — CH;OH.

Kax yrmexucbiii, Tak 1 yrapHblii Ta3bl 3arpsa3asioT atMochepy. HarromuuMm, ato
okcnn yraepozaa(ll) He caydaiino Ha3bIBaeTCs yrapHBIM Ta3oM. JTOT OKCHI OYeHb
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soBut. O6pasysiCh TP HETIOJHOM CTOPAaHUM TOILIMBA, OH MOKET MPUBECTH K CHJIb-
HOMY OTPABJIEHUIO WJIH JieTabHOMY ucxoy. OTCYTCTBHE 3alaxa jiesiaet ero eié 6o-
Jiee ormacHbIM. Tokcuuyeckoe JefCTBUE CBA3AHO C TeM, YTO MOJIEKYJIbl YTapHOroO rasa
06pa3yioT TIPOYHOE COeMHEHNE ¢ MOJIEKYJIAMHU TeMOTJIOONHA B KPOBU. Takum obOpa-
30M OHHU OJIOKUPYIOT JOCTYI KKCIOPO/IA, EPEKPHIBAIOT KJIETOYHOE JIbIXAHIE.

Ocnosuoit ucrounuk CO B aTMocdepe — BBIXJIONHbIE Ta3bl JABUTaTeseil BHYT-
penHero cropanusd, uctoyHuk COy — TOMIMBHO-2HEPTeTUYECKNT KOMILIEKC U Me-
TaJUTyPrTdecKast IPOMBIIIEHHOCTD. HaKoTIeH e YIIeKUCIO0TO ra3a CrocoOCTBYeT
r7106aIbHOMY TOTETJIeHN 0 Ha 3emuie (<«MapHUKOBbIH addexT»). BemoMuum, uto
CO, noroniaercst B mportecce dortocuntesa. [Toatomy BeIpyOKa JIeCOB TIPUBOAUT
K CHUKEHUIO IOTJIONEHUS] YIJIEKMCJIOTO Ta3a 3eJIEHBIMU PACTEHUSMU U HeraTUBHO
BJIASIET HA COCTOsIHME aTMOochepbl 3eMJI.

Oxcuo kpemnus(IV)

Oxcun kpemuusi(IV) — BeliecTBO HEMOJIEKYJISIPHOTO CTPOEHUS, B €r0 KPUCTAJI-
JIaX KaKZIbIil aTOM KpeMHUS OKPY:KEH 4eThIpbMsSI aToMamu Kucjopozaa (puc. 99).
OnH nMeeT JOBOJBHO BBICOKYIO TBEPAOCTH; IMIMPOKO PACITPOCTPAHEH B TIPUPOJIE
(tabu. 26, Ipunoxenne 2).

v ,','.i

Pnc. 99. Okcng kpemHuA(lV): a — cTpyKTypHasa egmHuLa,
6 — KBapLEBbIN NeCoK, 8 — KPWCTasibl KBapLa

Xumuueckue coiicrBa. Okcuy kpemunsa(IV) Kak KMCTOTHBIN OKCHJL pearupy-
€T CO Ie/so4aMmm 1 OCHOBHBIMUMN OKCUIaMU:

SiO, + 2KOH = K,SiOs + Hy0:

Si0, + CaO = CaSiOs,

C Bopoii oxcug kpemuusi(I1V) ne pearupyer.

Nwmes BoICITyIO CTeNeHb OKUCIEHNs, KDeMHUI B COCTaBe OKCHIA MOKET TIPOSB-
JIATh OKUCTUTEbHBbIE cBOlcTBA. Tak, mpoiiecc BocctanoBsienus: kpeMuusi(IV) yrie-
POIOM MCTOJIB3YIOT /IS MTOJTYYeHUST TEXHUYECKOTO KPEMHUS B MPOU3BOJICTBE TIO-
JYPOBOZHMKOBBIX MaTepHasoB:

] 0t 0 42
Si0, + 2C = Si+ 2COf.
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OnHo U3 3HAYMMBIX HalpaBJeHUN npumenenus okcuna kpemuusa(lV) — momy-
yeHne cTekia crekanueM mecka SiOs, combl NayCO5 n n3ectasika CaCOs:

N32C03 + CE[COg + 68102 ; NagO - CaO - 68102 + 2C02T

Yrnepon v KpeMHUIN ABAAIOTCA OKUCIUTENAMY B pPeakumax ¢ MeTaniamu,
HO BOCCTAHOBUTENAMU B peakumax ¢ kucnopogom. Okcup yrnepoga(lv) —
KUCNIOTHBIN oKkemp 1 okncnuTenb. Okeng yrnepopa(ll) — HeconeobpasytoLwumii
OKCUJ N MPOABAAET KaK OKUCIUTENbHbIE, TaK U BOCCTaHOBUTENbHbIE CBOW-
ctBa. Okcug kpemHuA(lV) NnpruMeHAT B NPON3BOACTBE CTEKNa.

BOHpOCbI, 3agaHunA, 3agavun

1. HazoBuTe annotponHble MogudrKkaumm yrnepoga 1 obnactn nx ncnosnb3osaHus. Npokom-
MEHTUPYITE C XMMUYECKOWN TOUKM 3peHra crnedyowmin TekcT: «<Pa3Hoobpa3sme ero cBOMCTB nopa-
YaeT: caMblll MATKUA N CBEPXTBEPLDbIN, STANOH MPO3PAYHOCTU M aBCOMOTHOWM YEPHOTLI, TeMo-
N30NATOP 1 OAUNH M3 NYYLIMX NPOBOLHUKOB TeMsa, ANINEKTPUK, MPOBOAHUK 1 MOMYNPOBOAHMKY,

2. CocTtaBbTe GOpMyIy 3NeKTPOHHON KOHOUIypaumm 1 3NeKTPOHHO-TpadryecKkyto cxemy
KPEMHUsI B OCHOBHOM 1 B OJHOM U3 BO30Y>KOEHHBIX COCTOSHUN.

3. 3anuwurTe Ans 3NEMEHTOB C aTOMHbIMK HOMepamu 6, 14, 32, 50 dopmynbl: @) BbICLUIKX
OKCUZOB; 6) NeTyunx BOJOPOLHbIX COeAUHEHNIA.

4. CocTaBbTe ypaBHeHMA peakuui:

a) yrnepoga C KUCnoponom, Bofopoaom, bepunnviem (ykasbiBasa CTeneHy OKUCIEHMS);

6) yrneKkucnoro rasa c BofoW, oKcMaom 6apus, rMApPOKCULOM Kanus;

B) okcupaa kpeMHuA(lV) ¢ ruapokcnaom Kanmsa, okCMaaMm Kanbuma n 6apus.

5. MNouemy B atmocdepe kKncnopoga okcup yrnepopa(lV) He roput, a okcup yrnepoga(ll)
cropaeT? Paccuntante o6bEém Kucnopoga (H. y.), HeoO6xoaNMbIN ANA CKUTaHUA YrapHOro rasa
(H. y.) o6béMOM 15 m>. .

6. No Tepmoxummyeckomy ypasHeHno 2CO + O,y = 2COyy + 566 KX BblunCIUTE KONN-
YeCTBO TEMNOThI, BbENMBLLECA NPV CrOPaHNM YrapHOro rasa o6bémom 1 M3 (H. y.).

7. Mpepnoxute GU3NYECKUN U XUMUYECKNIA CMOCOObI pa3fieNieHns CMecu OKCUZOB yrie-
pofa TaK, UToObl KaXKAabll U3 HUX Obl MOMyYeH OTAENbHO.

8. B cocyp, 3anofiHEHHbIN PacTBOPOM TMAPOKCUMAA HATPUA, Npo-

NyCcTUIM CMeCb YrapHOro U yrnekucsioro rasos. Moyemy HabnopaeTcs
YMeHblUeHne pa3mepa My3blpbKOB rasa Mo Mepe Ux ABUXKEHUA B pac-
TBOpe? Kakoe BellyecTBo cobrpaeTca B Npobupke Hag BOAHbIM PacTBO-
pom? Kakune BelyecTBa NpuCyTCTBYIOT B pacTBope?

9. CocTaBbTe ypaBHEHUA peakLnin COrnacHoO cxeme:

a) CH, 5 €O % €O, 2 CO % CH,0H > CH;ONa;
6) Fe;0, — CO, 2 KHCO; = K,CO5 - CO, = CaCOs.
10. Yrnekucnbii ra3 o6bémom 0,784 am3 (H. y.) 6bl1 MONIHOCTBIO MOTOWEH PacTBOPOM, CO-

[AepXalnM rMAPOKCUE HaTPUA XMMUYecKnM konmdectsom 0,04 monb. Onpepennte Macchl no-
NYYEHHbIX COnen.
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§ 42. YronbHaA n KpeMHneBas KUC/IOTbl, X COMN

Yeonvnas xucioma u eé coau

H-0_ Yrompuas xuciaora HyCOj3 gaBisieTcsi 1ByXOCHOB-
Cc=0 HOIl ¥ oTHOCHTCS K ciabbiM kuciaoram (puc. 100).
H-0" B ¢BOGOIHOM COCTOSIHUM B BUZIE€ KPUCTAJLJIOB OHA BbI-
nesena npu temneparype Hiske —30 °C guiib Bo BTO-

Puc. 100. CTpykTypHas pom secsrunernn X XI Beka.
¢$opmyna 1 macwTabHas B BosHOM pacTBope yrojibHash KUCJIOTA JIUCCO-

mopenb yronbHOU KMUCIOTbI LIMUPYET CTYIEeHYaTo:

H,CO; 2 H'" + HCOy3; HCO; 2 H' + CO3.
B 00bIYHBIX YCJIOBUSX OHA PACIAMAETCsT HA YIJEKUCIIBII ra3 U BOIY:
H,CO3 2 H,0 + CO,1.
VToJIbHON KHUCJIOTE COOTBETCTBYIOT JBa psjia coJieil: KapOoHaThl (CpeaHie)
u rugporkap6oHatel (kucsbie). OTMETUM JIBa BasKHEHIIMX CBONCTBA COJIEH yroJib-
HOU KHCJIOTBHI.
1. Bsaumooeiicmsue ¢ kuciomamu. OOIUMM CBOWCTBOM KapOOHATOB U THIPOKAp-
GOHATOB SIBJISIETCSI «BCKUIIAHKE» MIPH JIEHCTBIM O0Jiee CUITbHBIX KICIOT KaK Ha TBEp-
10 COJIb, TaK U Ha eé pacTBop. [IporcxoauT BhijtesieHe raza Oe3 1BeTa 1 3amaxa:

NaHCO3 + HCl=NaCl + CO,t + HyO; HCO3+ H" = CO,t + H,0;
MgCO; + 2HCI = MgCl, + H,0 + CO,1; MgCO; +2H" = Mg?* + H,0 + CO,1.
BaanmopetictBue cojiel ¢ CUJIbHBIMU KUCJIOTAMUA WCIOJIB3YIOT
Kak TecT (KaueCTBEHHYIO PEAKINI0) Ha ITPUCYTCTBUE COJIE YTOJIBHOM
KUCJIOTBI — KapOoHaToB u Tuipokapbonaros (Ilpusoxenue 3).
Kpome Toro, Takue peakiiuu MOTYT HCIIOJIB30BATHCS IS TI0-

JIyYEHUsI YIJIEKUCIIOTO Tasa B JabopaTOpuu, HAIlPUMeEp, U3 Mpa-
mopa CaCOs:

BzaumopeiicTeue CaCO3 + 2HCl = CaCl, + H,0 + CO,1.

Kap6oHaToB 2. Tepmuuecxoe pasnoxcenue. Bropas ocoOeHHOCTH coJieit
n rmapokap6o-  YyroJibHOW KHCJIOTBI — WX HEBBICOKAsT TePMUYECKasi YCTOWYMU-
HaTOB C CONAHOM  BoCTh (KpOoMe KapOOHATOB HATPHS M KaJivisi, PyOUINs ¥ 11€3Ws).

Kncnoto [Ipu HarpeBaHMM OHM PaszJaraloTCs:

9NaHCO; = Na,CO5 + COyt + H,0;
CaCO3 = CaO + CO,1.

AHanmu3upys BbIlIECKa3aHHOE W YPAaBHEHUS XUMHWYECKUX PEAKIIUI TPEeIbIIy-
mero naparpada, MOKHO ClleJlaTh 3aKJTI0YeHne, 4To KapOOHAThl U TUAPOKapHO-
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HATBl CHOCOOHBI K 63AUMONDESPAUECHUIM, KOTOPbIE YCIOBHO MOKHO BbIPa3UTh
CXEeMO:

+ mEnoYb
v |
Kap6onar + H,0 + CO,  ruapokapboHaT
(cpemHsst cosb) " (Kuciast coub)
A |
HarpeBaHue

Ha npumepe xkapOoHata KaJbl[Usl YPaBHEHMS PEAKIIMii, COOTBETCTBYIOIINE JaH-
HOI cXeMe, BBITJIS/SIT TakK:
CaCO,;+H,0+CO, = Ca(HCO3 )2;
%,—/

H,CO,
Ca(HCO3), + Ca(OH), = 2CaCO;3] + 2H,0;

Ca(HCO3), = CaCO;3| + COyt + H,0.

Kap6OHaTbI n FI/IIIpOKap6OHaTbI HaXOJAT HINPOKOE IIPpUMEHEHHUE B CTPOUTEJIb-
CTBE€, 6I)ITy, OIITUKE, ME/IMIIMHE, a TaKyKE€ B IIPOM3BOACTBE MblJIa, CTEKJIA, 6yMaTI/I, Q
ABJIAIOTCA HAIIOJHUTEIAMU OFHGTyLHHTCJICfI.

Kpemnuesasn xucaoma u eé coau

Kpemuuesast kuciora H,SiO3 siBiisiercst 1ByXOCHOBHOI U Oosiee ciaboii, yem
yrosibHas kucjota. Eé mosyuator B3ammozelictBuem cuimkatoB (Nap,SiOs uian
K,SiO3) ¢ 6osee cumbHbIMEU KHCa0TamMu, Hatpumep H,SO,, HCI:

Na,SiO3 + 2HCI = H,SiO3| + 2NaCl; 2H" + Si0% = H,Si0s].

KpemuueBas KucjioTa 1pu 3TOM BbIJIEJISIETCS B BUJIE CTYJIEHUCTOTO OCAKa, CO-
CTaB KOTOPOTO YacTo BbIpaxkaioT dopmysoit nSiO, - mH,O. B nelictButenbrocTn

KpeMHUeBasl KUCI0Ta UMeeT TMOJTMMEPHYIO TIPUPOLY:
OH

|
H-0+Si—0).H
|

OH
Yxe IIpy HE3HAYUTEJIbHOM Harpe€BaHUMW WJIN [AJIWUTEJIbHOM XpPaHEHUU KHUCJIOTa
pas3jiara€Tca Ha OKCU U BOAY:

H,Si05 = H,0 + SiO,.
O6pazytomuiicss okcna SiOy MMeeT TIOPUCTYI0 CTPYKTYPY ¥ OOJIBIIYIO TUIOMIA/H

nosepxHocTH (710 1000 M?/T), 4TO TIO3BOJISAET €My aCOPOUPOBATH MOJICKYJIBI PA3Iiy-
HBIX BEIIECTB, B TOM 4ucie U Boay. VIMenHo Giaromapst aacopOIMOHHBIM CBOMCTBAM
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okcuyi SiOy 10/1 HA3BAHUEM <«CUJINKATETTh>
UCTIOB3yeTCs KaK OCYIIHUTEeJNb BO3IyXa
B YIIAKOBKAX C 9JIEKTPOHUKOW U 0OYBbIO,
a 11o/1 Ha3BaHueM «besiblil yroib» — Kak aji-
copbent B Memuinae (puc. 101).

Conu erMHuBGOﬁ KucJaomol

[l1st KpeMHUEeBOM KHCJIOTHI M3BECT-
HBI TOJBKO CPEeJHUE COJU — CUJUKATHI.
BosbIIMHCTBO M3 HUX TIJIOXO PacTBOPSI-
I0TCsS B BOjie. PacTBOpuMbIE COJIM CUJIH-
KaT HATPUsS W CUJUKAT KaJWs Ha3bIBAIOT
«pacTBOPUMBIE CTEKJIa» M MCIOJB3YIOT KaK «KaHIEIAPCKUi Kiei». [Toayauts cu-
JINKAThl MOXKHO CIJIaBJeHrneM okcuia kpemHus(IV) kak KMCIOTHOTO OKCuaa co
IIeJI0YaMu, OKCUaMK METaJIJIOB, a TakKe ¢ KapOoHaTaMu:

CaO + Si0, £ CaSiOy;
2NaOHyy, + SiO; = NaySiO + HyO1;
Na,CO; + SiOy = Na,SiO3 + CO,1.

Puc. 101. Cunukarenb

IIpouzeodcmeo cmpoumenvHvix Mamepuanoé HA O0CHOBE CUNUKAMOS
u xapoonamos

[TpupoaHble CUIMKATBI U KapOOHATBI CJIy;KaT OCHOBOW JIJIs TIPOM3BOJICTBA 1le-
MeHTa, 6eTOHa, CTeKJa.

Ilemenm nonyuator criekanreMm usBecTHsika CaCOs U IIUMHBI, OJIHA U3 COCTaB-
HBIX YacTell KOTOPOH — KaOJMHUT, BKAOUYaomii okcuabl SiOy u AlyOs.

Bemon m3rotaBinBaIOT U3 CMECH IMECKa, eMeHTa U Bojbl J[00aBisiss B Takyio

Q CMECh IMIJIAK, TOIYYaloT MIIakoOeToOH. EC/i CBEKEIPUTOTOBIEHHOI CMEChIO 3aH-
BAIOT METAJIMYECKUI KapKac, TO MPU 3aTBEPAEBAHUU TTOJYYAIOTCS JKeJIe300€TOH-
Hble KOHCTPYKIMK. [Ipy MCMOMb30BaHUK B KauyeCTBE HATOJHUTENSI Ta3000pa3HBIX
BEIIECTB MOJIyYaloT MEeHOOETOH.

Cmexno TpUMEHSIOT B CTpouTesabHON cdepe (OCTeKJIeHNe OKOH, BUTPaXKEH,
JBepel, opaH:kepeil), B OIITUYECKON ITPOMBIIIJIEHHOCTH, MeJIUIMHE, MAlllMHOCTPOE-
HUM, TPUOOPOCTPOEHIH, COBPEMEHHON apXUTEKType, 3JIeKTpoHuKe, Obity. Kak ot-
MeYeHO BBINEe B maparpade, ChIpbéM 7S MPOM3BOJCTBA CTeKIa («BapKU CTEK-
Jiay) SIBJSIOTCS KapOOHATHI HATPUST M KaJblius, a Takxke okcuza kpemuusi(IV), to
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eCTh KpHUCTaJIMYecKash CO/la, MeJl WM M3BeCTHSK U KBaplleBblil mecok (NayCOs,
CaCOg, Si0O,). Kax yxe ormeuanoch B § 41, B cocTaB cTeKJIa BXOJAT OKCUJIBI HAT-
pus, KaJIblUsl U KPeMHUS B MOJIbHOM cooTHomenun 1 : 1 : 6.

Jlnst mpugaHus CTeKJay 0COOBIX CBOHCTB B MCXOAHYIO CMECh BBOJAT J00aB-
k. Tak, /i ero oKpammMBaHWS WMCIOJB3YIOT pasandHble okcuabl: CuO mpuma-
ér roanyboit nBet, FeO — zenéuniii, CoO — ot romy6oro 10 cuHe-GUOJETOBOTO.
[nymurenn ymMeHbIIAOT TPO3PAYHOCTh CTEKJa, JeJaloT ero MaToBbiM. Haxien-
BaHMe TMOJIMMEPHBIX TJIEHOK yBEJIUYMBAET MMPOYHOCTb. APMUPOBaHME MeTasnye-
CKOI TIPOBOJIOKOW MPUIAET [eKOPATUBHbBIE CBOWCTBA U MPEISITCTBYET 00PA3OBAHUIO
GOMBIIUX OCKOJIKOB TIpU pacTpeckuBauuu. CiieyeT OTMETUTh BO3MOMKHOCTh MHO-
TOKPATHON T1epepadOTKU CTEKJIA.

KpeMHueBasa 1 yronbHaa KUCNOTbl — HECTOWNKME BEeLeCcTBa, pasnara-
lowmeca ¢ obpa3oBaHMEM OKCMAA W BOAbl: KPEMHMEBAA — MPU He3Hauu-
TEJIbHOM HarpeBaHUW WX OUTENIbHOM XPAaHEHUW, @ YroflbHas — cpasy npu
06pa3oBaHUM.

KapboHatbl 1 rmapokapboHaTbl CNOCOOHbI K B3aUMOMNPEBPALLEHUSM.

BarkHelLWMM CTPOUTENBHBIMK MaTepranamMmn Ha OCHOBE MPUPOAHbIX CU-
JIMKATOB 1 KapbOHATOB ABMAIOTCA LIeMeHT, 6ETOH 1 CTeKJo.

BOHPOCbI, 3agaHunA, 3agavun

1. BbInMwnTe XapaKTepPUCTUKK, OTHOCALLMECSA: @) K YrOfbHOW KucnoTe; 6) K KpeMHKeBow
Kucnote: 1) cnabblii SNEKTPONUT; 2) TePMUYECKU YCTONUMBA; 3) pasnaraeTca Ha okcug 1 Boay;
4) obpasyeTca Npu pacTBOPEHUU OKCMAA B BOAE; 5) NpW pasnoxeHun obpasyeT razoobpas-
HbI oKcup; 6) NPOAYKT eé pacnapa — cuiaukarenb; 7) obpasyeT fABa paga conei; 8) eé conm
npu Ao6aBNeHNN KUCNOTbI «BCKMMAIOT»; 9) CONM Ha3blBaloT KapboHaTamMu 1 rupokapboHaTa-
mu; 10) obpasyeTtca npu fobaBfeHNM CONAHON KNCNOTbI K cunmKkaTy; 11) conm HasblBaloT cu-
nukaTtamui; 12) ogvH 13 aTOMOB UMEET CTeNeHb OKUCNIeHNA +4.

2. 3annwunTe B MONEKYNAPHON 1 MOHHON GpopMe ypaBHEHUA peaKLuii, KoTopble UINoCTpu-
PYIOT XMMUYeCKNe CBOWCTBA a) YroflbHOM 1 6) KpeMHMEeBOW KUCIIOT, Ha3BaHHble B 3afaHun 1.

3. 3anonHuTe Tabnuuy «CTpouTtenbHble MaTepuanbl» (LeMeHT, 6ETOH, Kene306eToH, CTEKIIO):

CTpouTenbHbI MaTepuran Cblpbé Ana npon3BoacTBa

4. 3anonHuTe Tabnuuy «MpuMeHeHNe KapbOHATOB U MMAPOKapOOHATOB»

Ne Xvmunuyeckne dopmynbl 1 Ha3BaHUA Ob6nactn nprMeHeHuA
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5. CocTaBbTe YPaBHEHNA BO3MOXHbIX peaKLI,VIIZ:

a) CaCO; 5 a) Na,COs; + AgNO3; — n) Ca(HCO;), + CO, —

6) K,CO; + SiO, e) Mg(HCO5), 5 k) BaCO; + H,0 + CO, —
8) KHCO; + CO, — *) MgCO; 1) K,CO; + CH;COOH —
r) NaHCO; + CH;COOH —  3) MgO + SiO, — M) KHCO; >

6. PaccunTante mMaccy KanbLMHUPOBAHHOW COAbI, N3BECTHAKA 1 KBAapLEBOro necka, Heob-
XOAUMBIX A nonyvyeHna ctekna maccon 100 Kr, JoMycCKas, YTO MCXOAHble BellecTBa He Co-
JepxaT nprumecen.

7. CocTaBbTe ypaBHEHUA peakunil COrflacHO CXeMme:

y 3 |
1 2
Kap60HaT Kanna ——»» FI/IﬂpOKap6OHaT Kanna ——» CUIINKaT KaJinA
A 1 |

8. Mpun ONUTeNbHOM XpaHeHWM PacTBOPOB LUeNoYel B CTEKAHHON MOCyhe B pacTBOpax
nossnseTca MyTb. [OACHWTE, KaKue peakummn SBAAIOTCA MPUYMHOI STOrO ABMEHNS.

9. MpepnoxunTe cnocobbl NONyyYeHNss HE MEHEE BOCbMM CIIOXKHBIX BELLECTB, MMes B pacmno-
PAXKEHUW CUNNKAT Kaius U rmapoKapboHaT Kanbuua. 3anuwnTe ypaBHEHUA peakuuin 1 cnu-
COK MOJTyYEeHHbIX BeLlecTs.

10. Onpepenute 06bEM YrieKUCNoro rasa (H. y.), KOTOPbIA BbIAENUTCA U3 OFHETYLWUTENs,
coflepalliero CepHyio KICIOTy U pacTBop o6béMom 10 AM> C MaccoBoit aoneii rmapoKap6o-
HaTa HaTpva 8 % (NNoTHOCTb pacTtBopa — 1,058 r/cmd).

*MopgroToBbTe coobuieHuns: 1. Kak obpasytoTca cTanakTuTbl U cTanarmMuTbl; 2. MNponssog-
CTBO cTekna B Pecnybnuike benapyco.

IIpaxmuuecxas paboma 3. Pewenue sxcnepumeHmanvHulx 3a0a4 no meme
<«Hememannot»

3adanue 1. TlpoBennTe peakiuio MEKIy PacTBOpaMU: a) CyJbhara HATpPUs
u Hutpara Oapus; 6) xiopuzaa Hatpus u HuTparta cepebpa(l).

Onumure MpU3HAKKW PeaKIUil. YKaKuTe aHWOHBI, BXOAIINE B COCTaB TIOJY-
YEeHHBIX OCA/IKOB.

3adanue 2. IlpoBenute peaxiuu, AOKa3bIBAION[NE KAYECTBEHHBIN COCTAB: a)
XJIOpHU/Ia aMMOHUST; O) CEPHOI KHUCIIOTHI.

3adanue 3. Oupeneaure ¢ MOMOIIBIO KAYeCTBEHHBIX PEAKIMI BbIIaHHBIE BaM
B MPOHYMEPOBAHHBIX MPOOMPKaxX pacTBOPbL a) ¢ocdara Kamusa u kapOoOHATAa Ka-
sust; 6) CUJTMKATa HATPHST M CyJIb(haTa HATPUSI.

3adanue 4. OUbITHBIM IIyTEM OIIPEJE/NTE, B KAKO M3 IMPOOMPOK HAXOMAUTCS
Kayk/I0e M3 MUHEPAJIbHBIX YAOOPEHUI: a) KabllueBast CEJIMTPa, CyabhaT aMMOHYS;
6) XJIOpU Kajusl, MOTAIIL.

Paccuwnraiite ¥ cpaBHUTE TUTATETbHYIO IEHHOCTh BBIJAHHBIX YI0OPEHHUIL.

[Ipu cocraBienun oTuéra o paboTe ypaBHEHUST PEAKIIUI, TIPOTEKAIOININX B Pac-
TBOPAX, IIPe/ICTaBbTe B MOJIEKYJISIPHOM U MOHHOM (hopmax.



[TTABA VII
METAJUJIbI

W3yuas 3TOT pasgen, Bbl pacliMpuTe CBOW 3HAHWA O MUPe MeTanmos,
0 crnocobax MonyyeHUs MeTannoB U CNNaBOB, 06NACTAX UX NMPUMEHeHMA,
HayunTeCb NPOrHO3MPOBaTb U OGBACHATL BU3MUECKME N XUMUYECKe CBOW-
CTBa MeTasfIoB N UX COeJUHEHUI, OCBOUTE MeToAbl ornpefesieHUs VOHOB
MHOIMX MeTafioB B PacTBOPax, 03HaKOMUTECh C MPUYMHAMU KOPPO3NI Ke-
ne3a U BO3MOXHOCTAMM eé npeayrnpexaeHus.

BaxkHeliluMe MOHATMA TeMbl: MeTasbl, CriaBbl METaNoB, PAg aKTUB-
HOCTV METannoB, KOPPO3UA, 3NEKTPOSIN3, OCHOBHbIE OKCWfbl, OCHOBaHMS,
aMdOTepHble OKCUAbI U FMAPOKCUADI, KaueCTBEHHbIE peakLUun Ha KaTUOHbI
Ca’*, Ba®*, Fe?*, Fe3*.

Mertamnsl — amo Kpucmaniuueckue npocmole 8eu,ecmea ¢ MemaiiuiecKoll ces-
3610 MeNCOY NIAOMHO YNAKOBAHHLIMU ATMOMAMU.

B Tabsuie nepuoguuecKkoil CHCTeMbl METAJLIbl PACIIOJIOKEHBI JIeBee YCIO0BHOI
cryrnenvatoir suaNN (cM. puc. 61). K merammam oTHOCATCS S-2/1eMEHTHI (Kpome
H u He), yactp p-2/1eMeHTOB U Bce d- U f-2/IeMEHTBHI.

Y aromMoB MeTaJIOB YMCJIO 3JIEKTPOHOB HAa BHENTHEM CJIOE B OCHOBHOM COCTaB-
astet ot 1 10 3. VickiioueHneM sIBJISIIOTCS BCEro HecKosibko mertasios: Ge, Sn, Pb
(4 snextpona); Sb, Bi (5 aznexrponos); Po (6 siexrponos). B nepuoje y aromos
MeTaJIJIOB OOJIbIIIE PAJNYC, YeM Yy HEMETAJIOB, TaK KaK MaJbl CUJIBI KYJOHOBCKOTO
B3aUMO/IEHCTBUS 3JIEKTPOHOB C SIJIPOM.

: HanomHuM, UTo No CTPYKTYype KPWCTaNNoB 1 3NeKTPOGU3NYECKMM CBONCTBAM repMaHnii U of-
Ha 13 annoTPONHbIX MoANdMKaLUA ONOBa ABMAIOTCA MOSYNPOBOLHUKAMM.

DJIEKTPOHHBIE KOH(UTYpalluy BHEIIHEH 2JIeKTPOHHOI 000JOYKH aTOMOB
$-2JIEMEHTOB 2-TO U 3-TO MEPHOJOB, a TakKe p-3jaeMeHTa 3-To meproaa Al mpusese-
HbI B Ty1aBe 2, Tabsmie 6 u B [Tpunokennun 1. Arombr asiementoB TA- u I[TA-rpymm
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2-7-T0 MepPUOJIOB MMEIOT 3ICKTPOHHYI0 KOH(MUTYpaIuio ns' 1 ns’ cOOTBETCTBEHHO.

Merasabt — 310 u p-smemertsl [ITA-VIA-rpymm 3—7-ro mepuonos (Al, Ga, In, TI,
Sn, Pb, Po); ux aznexrponnbie kouburypaiy nsenp', ns’np?, ns’np®, ns’np’.

B nepuoaunyeckoii cucreMe B KaKIOM Iepuojie, HaYMHas ¢ 4-T0 U 3aKaHYMBast
7-m, umeetcst 1o 10 d-a71eMeHTOB, y aTOMOB KOTOPBIX C POCTOM TOPSIZIKOBOTO HO-
Mepa TI0CJIeI0BATEIbHO 3AMOMHSAIOTCS TISITh d-opouTaseil.

OG6paruM BHUMaHWE, 4TO SHEPrHUst 3d-NMOAYPOBHS BbIIIE, YeM 4S-TI0LyPOBHSI.
[Moatomy d-anexmponst MOTYT TPUHUMATH ydacThe B OOPA30BAHUN XUMUYECKUX
CBsI3€ll, TO €CTh aTOMbBI d-32JIEMEHTOB MMEIOT OOJIbIIIee YHCIIO BAJEHTHBIX AJIEKTPO-
HOB TI0 CPABHEHUIO C aTOMAMM S- U P-3JIEMEHTOB, OTHOCSIINXCS K MeTaJlJIaM.

3HakoMble BaM TipuMepbl d-anemertoB — Fe (asmement VIIIB-rpymmer 4-to tre-
proza, dopmyna anekrponnoii Kondurypamun 1s22s22p3s23p%4s23d°), a rakxe
Cu (anement IB-rpymnmnbl 4-ro nepuona, dhopmysia 2JeKTPOHHON KOH@UTrypanuu
1522522p53s23p%4s'3d'%).

Hauunast ¢ 6-ro 1epuojia B eproNYECKOil CHCTEME TIOSIBIISIIOTCS f-9JIEMEHTBI,
KOTOpble 00beMHEHbl B ceMelicTBa 110 14 a/eMeHTOB (3a CYET CXOAHBIX XMMUYe-
CKUX CBOWCTB) M HOCSIT 0COObIe HA3BaHWSI JIAHTAHOW/IOB M aKTUHOUIOB.

[Tpu o6pa3oBaHUM METAIMYECKON CBSI3W aTOMBI METAJIOB JIETKO 0000IIecT-
BJIIIOT CBOM BQJIEHTHDBIE 9JIEKTPOHBI. DJIEKTPOHBI TIPUHAJIEKAT HE OTAEJbHBIM aTo-
MaM, a SIBJISTIOTCST OOIIUMU JIJIsT BCEX aTOMOB U CBOOOJIHO TEPEMEIIAIOTCS TI0 BCEMY
kpuctamry (cMm. 1. 3, puc. 26). MeTtannudeckasd cBsI3b MPUCYIIA METAJIAM B JKUJI-
KOM U TBEP/IOM arperaTHOM COCTOSTHUSX.

Haxoocoenue memannoe 6 npupooe

Ha mos10 MeTasioB MpUXoIuTCst Y P—— Harpuii o
25 % macchl 3eMHOII Kopbl U 3—5 %  Kasmi 24% 24 %
o ’ JIEMEHTbI
Macchl TeJia yesioBeka. B 3eMHOiT Kope 24 % 9909
. ’
caMbIM pPacrpocTpaHEHHBIM MeTaioM  JKeseso

apisgercs amoMmunnii (puc. 102). 4.2 %
DopMbl HAXOXKAEHUS METAJIOB

B IIPUPOJE COOTHOCATCS C XUMHYE-

CKOM aKTUBHOCTBIO MX HPOCTBIX BE-  [pm it

ntects. Hanbosiee akTMBHbBIE MeTaJLIbI 33%

HAXOJAATCA B NPUPOJE, KaK IIPaBUIIO,

B BUJIe COJIell — XJIOPHUIOB, CYJb(a-

TOB, Kapbonartos, docdartos, cumm- Puc. 102. PacnpocTpaHéHHOCTb MeTannoB

katoB (NaCl, KCI, MgSO, - 7H,O0, B 3@MHOI1 Kope

Kpemunit
26,0 %

A oMy H I

7.5 %
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CaCOgs, Caz(P0Oy)y), amomocuankatoB. MeTajabl cpefiHeil akTUBHOCTU TIPe/i-
CTaBJIeHBbI B NpPUpoOJie Yalle Bcero okcupamu u cyiabbunamu (Fe O3, FesOy, ZnS,
CuFeS, PbS, CryO3). Meraust nuskoii akrusnoct (Cu, Ag, Au, Pt) Bcrpeua-
I0TCS1 B TIPUPOJIE B CBOOOIHOM COCTOSTHUM. MHOTHE MUHEPATIbl UMEIOT CJIOKHBIN
COCTaB M BKJIIOYAIOT KATUOHBI JBYX-TPEX Pa3HBIX METAJJIOB U aHUOHBI Pa3HbBIX
KHCJIOTHBIX OCTaTKOB HEOPTAaHWUYECKUX KUCJIOT U TUAPOKcUibHbIe rpytibl ([Ipu-
Joxkenue 2).

B kpoBu uenoBeka obHapyxkeno 6osee 60 XUMUYECKUX 3T€MEHTOB-METAILIOB.
B opranmnsme desoBeka MPUCYTCTBYIOT MAKpPOdIeMEHmbl — KAJIWH, KaJbIIWii, HAT-
puil, MarHuii, a B MEHBIINX KOJMYECTBAX MUKPOIIEMENMb. — ATIOMUHUIA, JKeJIe30,
MapraHell, MeJib, ITMHK U JPYyTHe.

[l MeTaioB XapakTepHBbI BBICOKHE TETJIO- U 3JIEKTPOIMPOBOAHOCTD, TIIACTHY-
HOCTh (KOBKOCTH) M MeTaymnueckuii Oeck (§ 11, tabu. 8). OramuureabHON yep-
TOHW 3JIEKTPOIIPOBOIHOCTU METAJIJIOB SIBJISIETCS €€ 3aBUCUMOCTH OT TeMIIepaTy-
PBL: C POCTOM TeMIlepaTypbl MX 3JIEKTPOIPOBOAHOCTb yMeHblnaercsd. IIpu atom
ona B 10' pa3 u Gosee TIpeBBIIaeT HIEKTPOIPOBOIHOCTD JUIICKTPHKOB. Hambo-
Jiee BBICOKOU 3JIEKTPO- M TEIIOTPOBOIHOCTHIO 00JIAIAl0T cepedpo, 30J10TO, Melh
1 aJIIOMUHUN, caMOl HU3KOW — PTYTh 1 BucMyT (puc. 103).

[TractuyHOCTh (KOBKOCTH) METAJIOB BBIPAJKAETCS B MX CIIOCOOHOCTU WU3-
MeHATHh (HOpMy TIPU [aBJIEHWUHU, BBITATUBATHCS B TPOBOJOKY, MPOKATHIBATH-
cst B toukme qucthl (puc. 104). IlmacTuaHOCTD MeTaNIOB OOBSICHSIETCS TEM,
YTO IJIOTHO YJIOXKEHHBIE CJIOM aTOMOB METAJIa MOTYT CKOJIb3UTh OTHOCHUTEJIb-
HO JIPYT Jpyra, He paspyiuas oObeIuHAINe UX XuMuieckue cBsi3u (cm. § 16,
puc. 39). [lo maacTMYHOCTH MeTAJIBI TOAPA3AEIAIOT HA BBICOKOIJIACTUYHBIE

OTHOCHUTEIbHAA
TEIJIOHIPOBOJHOCTb

OTHOCHUTETbHAST
3JIEKTPOIIPOBO/IHOCTD

: N B BN N N
Ag Cu Au Al Zn Fe Pb Mg

Puc. 103. Tenno- 1 3neKTponpoBOAHOCTb Puc. 104. KoBka mMeTanna Kak geMoHCTpauus
MeTanioB €ro nnacTMyHoOCTU
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(o y6siBanuio) — Au, Ag, Pb, Cu, Fe, Ti, Sn, Al; miactuunsie — Mg, Zn, Mo,
W; xpynkue — Cr, Mn, Sb.

[To arperaTHOMY COCTOSTHWIO TIP KOMHATHOH TeMIlepaType BCe MeTaslbl, 32 UC-
KJIIOUEHUEM PTYTH, — MBEPJble BEIIECTBA ¢ KPUCTALIMIECKOI CTPYKTypoiil. Temrre-
paTypbl IJIABJIEHUS METAJIOB JiekaT B quarnazoHe ot —39 °C (pryTh) 1o 3422 °C
(Bosbdpam) (puc. 105).

[To mioTHOCTM MeTasIbl EJIT Ha TsKEable u Jjierkue. [IpumepamMu Jiérkux
Metaiios cayxkat kamii (p = 0,9 r/cm®), amomunuii (p = 2,7 r/em®). K Také-
JIBIM OTHOCSITCSI METAJIJIbl, PACIIONIOKEHHbIE B TEPUOAMYECKON CUCTEME 3a Kee-
30M, HAIPUMEP CBUHEII, PTYTh, 30JI0TO. Y TSKEIBIX METAJJIOB MJIOTHOCTH OOJIbIIe
7,8 r/CM?’. Tak, mnoTHOCTD 30J0Ta cocrassieT 19,3 F/CMB.

Camble TBEp/BIE MeTANLIbI — BoJb(paMm, XpoM, TuTaH, moiubaeH (puc. 106).
TeépmocTh XpoMma 1 BoJibpaMa npubamKkaercst Kk TBépaoctu Kopynma (Ilpumoxke-
Hue 2). K MArknm MeTtasiam OTHOCSTCS, HATpUMep, HaTpuil n Kamwi. VX cautkm
MOJKHO Pa3pe3aTb HOKOM.

[MosmpoBaHHast MOBEPXHOCTh METAJLIOB O0OJIA/IA€T XapaKTEPHBIM META/LTNYECKUM
6seckoM. Biarozapst sToMy CBOWCTBY TOHKHE cJion cepebpa WM allOMUHUST Ha
TJIATKOH TTOBEPXHOCTH, HATIPUMEDP CTEKJIA, UCTIONb3YIOT /IS UBTOTOBJIEHUS 3€PKAL.

Cnaaevol memasijiiose, ux cocmae, csoﬁcmsa, npumenernue

B texauke u B ObITY, KaK MPABUJIO, UCIOJIB3YIOT HE WHIWBULYaJbHbIE METAJ-
Jibl, a uX ciuiaBbl. Hanbosiee 4acTo CrIaBbl MOJYYAIOT METAJLTYPIUIECKUM MY TEM,
PACIIABJISIS MEXAHUYECKIe CMeCH JIByX U 00Jiee METAJIOB MJIM CMECH METAJLIOB
¢ HeMeTasuiaMu. [losydeHnble paciiaBbl BbIJIEP;KUBAIOT IIPU OIIPE/IEJIEHHON TeMIle-
parype Uil IIPOTEeKaHWs B3aUMOJIECTBUSI KOMIIOHEHTOB, a 3aTeM KPUCTAJLIU3YIOT.

3422 9

35 5
15391452 4
10831063 gg1

W Pt Fe Ni Cu Au Ag Al Zn Na Hg Cr W Ni Fe Cu Al Zn Mg Sn Na

Pnc. 105. TemnepaTypbl nnaBneHus Puc. 106. OTHOCUTeNbHaA TBEPAOCTb
MeTanoB MeTannoB no wkane Mooca
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1100 MeTaIMYeCKUMH CIUIABAMM 71OHUMAIONM MAMEPUATDL, UMEIOUUE METALIU-
yeckue CeoUCmea U cocmosiuue U3 08Yx Uil O0IbUE20 YUCIA XUMUUECKUX INEMEH-
moe, U3 Komopolx Xxoms 6vl 00UH AGLACMCS MEMALIOM.

CaoiicTBa cIiaBa 3aBUCAT OT MPUPOJABI M KOJMYECTBEHHOTO COOTHONIEHUS
KOMITOHEHTOB, MeTo/ia HojrydeHus: u 06paboTku. CommoctaBuM Takue CBOMCTBA MH-
MUBUIYAJbHBIX METAJJIOB M CIJIABOB, KaK TeMIlepaTypa IJIaBJIeHUs, TBEPAOCTD
U TIJIOTHOCTD.

CmiaBbl 4acTo OTJAHYAOTCS GOJIee HUSKUMU MEMNePAMYPamu NiAGLeHUs. TI0
CpaBHEHUIO ¢ WHAMBUAYAJIbHBIMU MeTajiaMu. Harmpumep, 4ucToiii cBUHEI] T11a-
BuTcs 1pu temieparype +327,5 °C, a uucroe osoBo — npu +232 °C. Cruias
Ha OCHOBE 0JIOBa, cojepxanuit 36 % CBUHIIA, UMeET TeMIepaTypy IJIaBIeHus
+181 °C. CmiaBbl 0OBIYHO MEEPNHCe YUCTOTO MeTajla, UX DJIEKTPO- M TeILIo-
MPOBOJHOCTH MeHbIlle. MHOTHE CIIJIaBbl U3BECTHBI YEJIOBEKY C JIPEBHUX BPEMEH.
[TepBble MeTajIMUeCKUe TIPEAMEThI, KOTOPbIE YAaJ0Ch HAlTH apxeoJjoraM, ObLIu
c/leJTaHbl M3 OpoH3bl — CILIaBa, KOTOPbII Jajl HazBaHUE 11eJI0i DI0Xe Pa3BUTHS
gyesoBevecTBa. [lnomuocms CIIaBOB OOBIYHO MMeET 3HAYEHHUE MPOMEKYTOTHOE
MEXK/y TIJIOTHOCTSIMU WHMBU/YaJbHBIX KOMIIOHEHTOB CILJIaBa.

bponsamu HA3bIBAIOT CILTABBI MeJUW C JAPYTUMHU MeTajjlaMu, Ha- »
IpUMEP OJIOBOM, KEJE30M, aJlOMUHHEM M JAp., KPOMe IIMHKA M HU- | Cu
kessi. Hambosiee pacipoCTPaHEHBI OJOBSHUCTBIE OPOH3bI — CILIABBI | 2 o
Cu—Sn, B KOTOPBIX COjiepXKaHUEe OJI0BA JIOCTUTAET HECKOJIBKUX IIPO- e s

IIEHTOB, a uHor/a U Bbinie. CIJIaB MeJI C IIMHKOM C pa3HbIM CO/EepsKa-

HUEeM IMHKa, nHorAa gaake 10 50 %, Ha3bIBAIOT lamynbto. biarogapsi yCcTONYnBO-
CTU K MEXaHUUYECKOMY MCTUPAHWIO ¥ BHICOKOH KOPPO3ZWMOHHON CTOHKOCTH OPOH3Y
U JIaTyHb TIPUMEHSIIOT JIJIsi M3TOTOBJIEHUS JleTajell MalluH U npubOopoB, pasimy-
HOU pypHUTYPHI, TPyO. BpoH3y MCIIONB3YIOT AJIst JIUThS CKYJBITYDP U HaMSATHU-
koB. Ham BceM 3HaKOMBI GPOH30BbIE JIIOCTPBI U CTATYITKH, JIATYHHbIE KPAaHBI, Ca-
MOBaphl, ABepHble pyukn (puc. 107).

=
-

,ﬁ[ 1§
(& §
p. 4

Bponsza Jlatynp Cranp CrutaB amoMuHUST

Puc. 107. 3penna n3 cnnaBoB MeTanios
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Ha manHoM 9Tarie pasBuUTHs [UBUJIN3AIMKA HanboJee MMPOKO MPUMEHSEMBbIil
METaJITT — JKeJie30, HO €r0 He MCIOJIb3YIOT B YMCTOM Buie. TBEPAOCTb YHUCTOTO JKe-
Jie3a HeBeska. Kpome Toro, oHo GBICTPO OKUCIHSIETCS HA BO3/yXe, 0COOEHHO BO
BJIAKHOI aTtMocepe, OT 4ero usjenausi U3 Hero MpuxoAsaT B HErogHocTb. [loaTo-
MY HCIIOJIB3YIOT CILJIABbI JKeJie3a, COAEepsKallfe YIJepoj U MPUMEeCH JIPYruX Me-
tayioB. Ilpu comepskanuu yriepoaa 6osee 2 % 10 Macce — 3TO uyzyHvl, MeHee
2 % — cmanu.

Braropapst Xopomum JIMTEHBIM KayecTBaM, MPOYHOCTH, MAJIOMy KoagduiineH-
TY TPEHUS U MHOTHM JPYTUM TIOJIE3HBIM Ka4eCTBAM UyTYH UCIOJb3YIOT JIJIs U3TO0-
TOBJIEHUS JIeTajlell apMaTyPbl, OCHOBAHWI CTAHKOB, TIOANTUITHIKOB, KOTJIOB U MHO-
TUX JPYTUX UBJEJNI MAIIUHO-, TPAKTOPO- U cTaHKocTpoeHust. CTajib B CpaBHEHUHN
¢ uyryHoMm OoJjiee IIaCTMYHA, IIPOYHEe, TBEP)Ke, Jierye obpabarbiBaeTcsl MeXaHu-
gyecku. Hekoropbie eé copra, cogepskaiue npumecu Cr, Ni, Mo, Ti, 6osee Koppo-
3uonHocToiKne. CriaBbl jKesie3a ¢ HUKeJIeM, XPOMOM U JIPYTUMU MeTayiamu (10
HECKOJIbKUX TIPOIEHTOB), Coiep:Kale MeHee 2 % yriaepoja, He3aMEeHUMBI TIPU 13-
TOTOBJIEHUU CTPOUTEBHBIX KOHCTPYKIIUH, /eTajleil MalllH, PEJbCOB, PEXKYIIETO
MHCTPYMeHTa, apmaTypsl (puc. 107).

Jopamomunuii — crtaB amomuans (94 %) ¢ MeJiblo, MAarHUEM U MapraHileM —
OCHOBHOUW KOHCTPYKIIMOHHBIII MaTepHas B aBUAIMK, KOCMOHABTUKE, TIPOU3BO/ICTBE
CKOPOCTHBIX TI0€3/[0B, aBTOMOOWJIEH U JPYTUX OOJACTSIX TPOMBIIIIEHHOCTH, JIJIsk
KOTOPBIX TIPUHIUITUAIBHYIO POJIb UTPAET MUHUMATbHAS MACCa KOHCTPYKIIMHA. JTOT

CIJIAB OTJIMYAETCS He TOJBKO JIEFKOCThIO, HO U MPOYHOCThIO (cM. puc. 107).
-

CnnaB Bonbdpama c KobanbTom 1 yrnepogom (nobeaut) no TBEPAOCTU 6NM30K K anmasy.
M3 Hero n3roTaBnMBalOT CBEPXMPOYHbIE MHCTPYMEHTbI AN MeTannoobpaboTkm u bypeHus rop-
HbIX NMOPOA, CBEPN MO GETOHY.

Yunctoe 30110T0 — MAFKWIA MeTan, MO3TOMY B IOBEMVPHbIX U3AeNNAX UCMONb3YIOT ero 6onee
TBEpAble CrNaBbl, HANPUMEP, C Mefblo, HUKenem. [lobasneHve B 30/10TO APYTNX METaoB M3Me-
HAIET He TONIbKO ero MexaHun4yeckne CBONCTBA, HO 1 LUBET. Hanpumep, npy copepkaHny nannagus
6onee 10 % 30/10TO OKpALUMBAETCA B OeNblil LUBET C NErKNM TENECHBIM OTTEHKOM.

MeTannbl — 3TO KpUCTannyeckre BeLecTBa C MeTaIMYyeckon CBA3bI0
MeXJy MJIOTHO YMaKOBaHHbIMM aTOMaMM.

[nA MeTannoB XapaKTepHbl BbICOKUE TEMIO- U NIEKTPONPOBOAHOCTDb, Bbl-
coKaf MNacTUYHOCTb (KOBKOCTb) U MeTaInyeckuin bneck.

MeTannuyeckme cniiaBbl — 3TO MaTepuasbl, UMeLMe MeTanyeckmne
CBOICTBA U coCToALME U3 ABYX UK GOMbLIEro Yncia XMMUYeCKUX 3nemeH-
TOB, 13 KOTOPbIX XOTA Obl OAUH ABNAETCA METAJI/IOM.
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BOHpOCbI, 3agaHunA, 3agavun

1. MepeuncnnTte N 06BACHUTE: a) 00LWME PpU3NUECKME CBOMCTBA METANNIOB; 6) BaXHeWLIMe
bu3nyeckme oTNINYMA CMNABOB OT MHAVBUAYANbHBIX METASIOB.

2. MNpuBepunTe 3NeKTPOHHbIe KOHOUIypaL MM aTOMOB, CpaBHUTE pajuyCbl aTOMOB: a) HaT-
puAa n nuTnAa; 6) MarHmAa 1 aproHa.

3. O6bACHUTE, MOYeMy NPV CUIIbBHOM MOPO3€ 3a METASNTMUECKYIO ABEPHYIO PYUKY, B OT/IU-
uvie OT JepeBAHHON, rofion pyKo BpaTbCs He peKoMeHAyeTCs.

4. OnpepennTe cTeneHn OKUCIEHNA aTOMOB MeTannoB B coeanHeHuax: MgS, NaNOs;, FeQ,
Fe,03, Cr,05, CrOs.

5. PacnonoxuTe cMMBOSbI METaNNIOB B NopAAKe BO3pacTaHUA paguyca nx atomos: Mg, Na,
Li, Fr, Ba.

6. Vicnonb3ysa pgaHHble pucyHkoB 103 u 106, 06bACHNUTE, Kakne MeTansibl MOXKHO Mpume-
HATb: a) ANs PEe3KN aIloMUHKA, MarHusi, OfloBa, HaTpus; 6) B KauecTBe 3/IEKTPOMNPOBOAKN UK
ONA U3rOTOBMIEHNA SNEKTPUYECKUX KOHTAKTOB.

7. WcknounTe nuwHee 1 060CHYyliTe CBOWN BblOOP:

a) 15225%2p°; 6) 1522522p%3s23p*; B) 1522522p%35%3p"; 1) 15%2522p°.

8. MoHeTa Maccoii 3,9 r nmeeT 06bém 0,5 cm>. U3 Kakoro mMeTanna (cnnaBa) OHa W3roToB-
neHa? [ina otBeTa MCNONb3ynTe AaHHble TabnumLpl.

Metannbi(cnnasbl) MnotHocTb, r/cm® Metannbi (cnnaBbi) MnotHocTb, r/cm?
ANOMUHUN 2,7 Mepnb 8,96
Cranb 7,6-7,9 Cepebpo 10,5
bpoH3a 8,7-9,0 3onoTo 19,3
Hukenb 8,9 MnatnHa 21,5

9. MarHuin — OfMH 13 BaXKHeNLWMX BMOreHHbIX 3n1eMeHToB. Ero cogepkaHue B opraHusme
yenoseka coctaBnfAeT okono 0,05 %. Onpepennte maccy MarH1Ma U YUCO ero aToMoOB B Opra-
HV3Me yenoBeKka macconm 60 Kr.

10. Onpepenute meTansl, MaccoBasa JONA KOTOPOro B ero okcupge cocrtaBa Me,O3; paBHa
68,42 %.

§ 44. O6WMe XxMMnyeckmne cBONCTBa MeTanNoB

[To xumMuYyeckrM CBOMCTBAM METAJLIbI SIBJISIIOTCS BOCCTAHOBUTEJISIMU, TaK Kak
JIETKO OT/ZIAIOT CBOU 3JIEKTPOHBI aTOMaM HEMEeTaJlJIOB, IIPEeBPAIAsCh B TOJIOKUTE ] b-
HO 3apsi’KEHHble NOHBl — KAMUOHDL.

Croco6HOCTh aTOMOB METAJJIOB OT/AaBaTh, a UX KaTHOHOB — MPUCOETUHSITH
3JIEKTPOHBI MOXKET CJIYKUTh MEPOU WX XMUMHUYECKOW aKTUBHOCTH. Tak, ajtoMu-
HUI HA BO3/yXe OYeHb OBICTPO MOKPHIBAETCS OKCUIHON TIEHKOM, & ¢ 30JI0TOM 3a-
METHBIX U3MEeHEeHUI He TMpoucxoauT. [{luHK akTUBHO B3aMMOJIEHCTBYET C COJISTHOUN
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KUCJIOTOM, a cepebpo — HeT. [1oaToMy aTiOMUHUN U IIMHK MOKHO OTHECTH K aK-
TUBHBIM METAJIJIaM, a 30J10TO U cepedpo — K HEAKTUBHBIM.

Psao axmuenocmu memannoe

XUMUYECKYI0 aKTUBHOCTb Pa3HbIX METAJJIOB JIETKO COIOCTABUTD, aHATU3UPYS
WX TTOBEJIeHHEe B BOJIHBIX pacTBOpax cosiell u kucaor. Hanpumep, ecim B pacTBOp
cyabdara mean(Il) omycTuTh NMHKOBYIO IUIACTUHKY WJIM JKEJIE3HBIM T'BO3[b, TO
IIPAKTUYECKU CPa3y JKe Ha UX MOBEPXHOCTU IIOSBJIAETCSI KPACHOBATBIN HAJIET Me-
1. DTO CBUJETEJbCTBYET O TOM, YTO IIMHK U JKeJIe30 BBITECHSIOT Me/[b U3 PacTBO-
pa. ITU MPOIECChl MOKHO TPE/ICTABUTD CJAEAYIOIUMHU YPAaBHEHUSIMU:

Zn + CuSO, = ZnSO, + Cul,
Zn’ + Cu?*" = Zn*" + Cu%;
Fe + CuSO, = FeSO, + Cul,
Fe + Cu®" = Fe*" + Cu’,
B aTux peaknusgx IUHK U JKeJe30 OTAAIT CBOU 2JIEKTPOHBI MOHAM MEJIH,
TO €CThb OHU OKHUCJASIOTCS. VOHBI M€y IPUHUMAIOT 3JEKTPOHBI, MOITOMY MEJb
BOCCTaHABJIMBAETCS.
Ecii moctymuth Ha000pOT U B PacTBOP CyJsibdara MUHKA TIOMECTUTH MEIHYIO
MJIACTUHKY, TO HAa Hell He MPOM30UAET OCAKACHUS IMHKA. B 4ém TyT mpuymHa?
IKCIEPUMEHTATBHBIM TTyTEM, M3y4ast CIIOCOOHOCTh OJTHIX METAJJIOB BBITECHSTH
JIpyrue U3 BOJIHBIX PACTBOPOB MX coJiel, pycckuit yuénboiii H. H. Bekeros pacro-
JIOXKWJT METAJLTBI B Psil. B HEM MeTasibl, HAXOASIIHECS JIeBee, CTOCOOHBI BOCCTa-
HaBJIMBATh TIOCJIEYIONINE U3 PACTBOPOB UX coJieil. TTocKoIbKy 3Ta ¢rocoGHOCTD
METAJIJIOB CBSI3aHA C UX BOCCTAHOBUTEJBHON aKTUBHOCTBIO, TO ATOT PSII MOTYIUIT
Ha3BaHUeE Psjla aKTUBHOCTH METAJIJIOB.

Psaa akTMBHOCTH MeETajllIOB

Li K Ba Sr Ca Na Mg Al Mn Zn Cr Fe Ni Sn Pb (H,) Cu Hg Ag Pd Pt Au

Yem JieBee B 9TOM PsILy PACHOJIOKEH METAJJ, TeM OOJIBITUMU BOCCTAHOBUTE -
HBIMK CBOMCTBAMHU B BOJHOM PacTBOPE OH OOJIajlaeT, TO €CTh Jierde OTAAET CBOU
9JIEKTPOHBI OKUCJUTEIIO U HEPEeXOJUT B BHUJE KaTHOHA B PACTBOP; TeM Tpy/Hee
KaTMOH 3TOTO MeTajjia BoccTaHaBiauBaercsd. [[MHK m keme3o jierde oTAalOT CBOM
9JIEKTPOHEI, 4eM Mejlb, U T103ToMy BoccTanasimsaior Cu®" us pacrsopa.

[To nosioskennio MHKA B ps/ly aKTUBHOCTU MOXKHO ITPOTHO3UPOBATh, YTO 3TOT
MeTaJll crmoco0eH BOCCTAHOBUTD M3 PACTBOPA MOHBI OJIOBA, MeAN U cepebpa:
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Zn® + Sn** = Zn*" + Sn’
Zn’ + Cu®* = Zn** + Cu";
Zn’ + 2Ag" = Zn*" + 2Ag".

B to ke Bpemst Menb OyeT BOCCTaHABJIMBATHL TOJHKO HMOHBI cepebpa, HO He
BOCCTAaHOBUT MOHBI OJIOBA:

Cu’ + 2Ag" = Cu*" + 2Ag".

ITO 0O3HAYAET, YTO IMHK 00JagaeT OOJIbINeNl BOCCTAHOBUTEIBHON CIIOCOOHO-
crtpto. OH Jierde OTHAéT 3JTEKTPOHbI, YeM OJIOBO, Mefib U cepebpo. TToaTtomy muHK
cuntaercss 6ojiee aKTUBHBIM METAJIJIOM, YeM ITU METAJibl. B CBOIO ouepeb,
Mezib — OoJiee aKTHBHBIN METAJLT, 4eM cepebpo.

Psod axmusnocmu memainos no3eonsiem e moavko npozHO3UpPosams nosedeue
Memaiiog 8 peakuyusx ¢ pacmsopam coieil, Ho U CPABHUBAMb UX OMHOUEHUE K 60-
de, pacmeopam KUciom, a maxyce Kk HeMemaiiam u psoy Opyeux eeuecms.

Tak, cieBa OT BOJOPOAA PACIIONIOKEHBI METAJLIbl, KOTOPbIE BBITECHAIOT BOJO-
POl M3 BOABI M KUCJAOT (TO €CTh BOCCTAHABAMBAIOT MOHBI Bogopoga H'). Merai-
JIBI, PACIIOJIOKEHHbIE CIIpaBa OT BOJOPO/IA, TAKONH BOCCTAHOBUTEJIbHON aKTUBHOCTHU
B PEaKIMsIX C pacTBOPaMHu KHUCJOT He mnpossisaior. Hanpumep, nMuHK pearupyer
C COJITHOU KHUCJIOTOM, BBHITECHSISI BOJOPOIL:

Zn + 2HC1 = ZHC12 + HQT’
Zn® + 2H" = Zn®" + HY1,
a cepebpo BOZOPOJL HEe BHITECHSET.

Bsaumoodeiicmeue memannos c npocmosimMu U CJA0NHCHbIMU seuiecmeamu

K o6uum xumMudeckumM CBOWCTBAM METAJIOB OTHOCAT WX PEAKIUK ¢ HEMeTal-
JIaMH, BOJIOH, KUCJIOTaMH, COJSIMH. [[J11 HEKOTOPBIX METa/IJIOB TaKyKe XapaKTePHbI
peakIuu ¢ pacTBOpaMHu Iiesiodeil. YacTh MeTaJIOB BCTYTIAeT B PEAKIUU C OPraHu-
YecKUMHU BelllecTBaMu. MHOTHE TiepedncieHHble B3auMOIENCTBHUSI BaM HM3BECTHDI
U3 TIpeAbIAyIINX TJIaB nocobus. Kpome TOro, Bbl M3ydyajn XMMHUYECKHE CBOICTBA
MeTaJioB B 9-M kiacce. [Toaromy Ha naHHOM aTtarie 00y4YeHUsT Mbl CHCTEMaTU3U-
pyeM U3BeCTHbIE BaM CBOICTBa, cocTaBuB Tabauiy 31.
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Tabauna 31. O6mue XUMUYECKHe CBOMCTBA METaJLIOB

PeareHTbl 1 ypaBHeHHST peaKIuit

Oco6GennocTu BSaI/IMO/:[eﬁCTBP[ﬂ C MeTa/lllaMu

Hemerawibl

0 0 ¢ +2-2
2Cu + Oy = 2Cu0
0 0 ¢ +1-1

9K + H, £ 2KH
0 0 +1-3
6Li+ N, = 2LisN

0 0 ¢ +3-1
2Fe + 3Cl, = 2FeCly

O6pasytor GUHAPHbBIE COEIMHEHUS: OKCHJIbI, TUAPU-
JIBI, HUTPU/IBI, TalOTeHU/IbL. Peakium mpoTeKaioT Kak
IpH OOBIYHBIX YCJIOBUAX, TaK U MPU HaTpeBaHuH

Bopna

a) 2K + 2,0 = 2KOH + Hyt
Ba + 2H,0 = Ba(OH), + Hyt

6) 3Fe + 4H,0 = Fe,O; + 4Hyt
Zn + H,0 £ ZnO + Hyt

B) Mg + 2H,0 = Mg(OH),| + Hyt
2Al + 6H,0 = 2AI(OH)3| + 3H,t

[enounsie u ménounozemenpubie (Ca, Sr, Ba, Ra)
MeTaJIbl 00Pa3yIOT BOAOPOA U IIEIOUYb TIPU OObIU-
HBIX YCJIOBUSIX.

Mertasibl cpeaneil akKTUBHOCTH, pearupys ¢ Iapamu
BOJIBI, 00PA3YIOT OKCH/IbL.

O06pasyioT HepacTBOPUMbIE OCHOBAHMUS: MarHwii
pearupyer ¢ KUISAIIEH BOJON; aJlOMUHNN pearupyeT
C BOJIOH, €CJIN C TIOBEPXHOCTH y/aJleHa TJIEHKA
OKCHJIa, HAIpUMep aTIOMHHUI aMaJbraMipOBaH

Kucaorsr

Mg + 2HCI = MgCl, + Hy?
Fe + HQSO4(p336) = FeSO4 + HZT

[estoutble METANIBI PEATUPYIOT € KUCIOTAMMU-
okucauressMu HNOs3( o), HaSO4omyy €O B3pBI-
BoM. Pb maccusupyercst B pasz6asienusix HCI,
H,SO,. HanomuuMm, 4To 1ipu B3anMoIefiCTBUN Me-
Ta/ioB ¢ Kucaotamu-okucanTensMu HNO3 o)

1 HySO 4(onmy BOZOPOJ He BhIZle/iAeTCs, a 00pasyioT-
Cs1 TIPOJIYKThI BOCCTAHOBJIEHHS a30TA U CEPBI

Com
Fe + CuCl, = FeCl, + Cu}
Cu + 2AgNO; = 2Ag| + Cu(NO3),

B BOIHBIX pacTBOpax MeTaUIbl S-3JIEMEHTOB, 00J1a-

Jlast CUWJIbHBIMU BOCCTAHOBUTEJIbHBIMU CBOHCTBAaMHU, BbI-
TECHSIIOT U3 BOJIbI BOJIOPOJL, @ He MOHBI MeHee aKTHB-
HBIX MeTaslJIoB cosieil. OcTajibHble MeTalIbl Pearupytor
B COOTBETCTBUU C IIOJIOJKEHUEM B PsITy aKTUBHOCTU

PactBopsI menoueit

Zn + 2H,0 + 2NaOH(p-p) =
= Nap[Zn(OH)4] + Hy?

B Takme peaknum BCTYMAIOT MWHK, aTIOMUIHHHN,
Gepumit

®

HOJlaMW.

AkTuBHble meTanibl (Na, K) BCTynatoT B peakuymmn ¢ KapboHOBbIMU KUCIOTaMK, ciimpTamu, de-
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[NonokeHne meTtanna B pPAAYy aKTUBHOCTU METAJIJ1IOB NO3BONAET MPOrHO-
3POoBaTb ero noeegeHMe B OKUCIINTESIbHO-BOCCTAHOBUTENIbHbBIX pPeaKUUAX,
npoTeKawLwmx B BOAHbIX pacTBOpPax.

ATOMbI MeTanfioB BO BCEX XUMUYECKUX npeppawieHnAaAx ABNAKTCA
BOCCTaHOBUTENAMN.

Bonpocbl, 3agaHuna, 3agaumn

1. Ha3oBuTe xapakTepHble Ana metannos ¢rsnyeckre cBONCTBA.

2. NepeuncnnTe p-3nemMeHTbl, KOTOPble OTHOCATCA K 3fleMeHTaM-MeTasaMm.

3. PacctaBbTe K03ddULUNEHTHI B YPaBHEHUN peakLny METOLOM 31eKTPOHHOro H6anaHca:

Cu + HNO;3(556) — Cu(NO3); + NOT + H,0.

4. CocTaBbTe ypaBHEHVA BO3MOXHbIX XMMUYECKMX pPeakunii ¢ YY4ETOM, YTO Mefb OKUCIAET-
CA 10 CTENeHn OKUcneHmsa +2:

a) Ag + HCl —; 6) Cu + Hg(NOs), — ;
B) Mg + HZSO4(pa36) - r) Ni + NaCl — ;
) Zn + AgNO; —; e) Au + H,0 — .

5. CocTtaBbTe ypaBHeHUA peakumii B3auModencTBmA LmHKa ¢ Hemetannamm (O,, P), Kucno-
Tamu (pasbasneHHbimu HCl, H,S0O,), ¢ pactBopamu wenouein (NaOH, KOH), c conamu (AgNO;,
Pb(NOs),).

6. LmHK maccon 1,3 r paCcTBOpWUIY B KOHLEHTPUPOBAHHOM pacTBOPE MMAPOKCMAa HaTpus.
Paccuntante 06bEM BblaenMBLUEroca rasa.

7. CocTaBbTe ypaBHeHUA peakLui, KOTopble MOryT NpoTeKaTb Ha MOBEPXHOCTU aKTUBHO-
ro Metanna, Hanpumep NUTUA, Ha BO3AyXe.

8. YKaxunTe, KaK M3MEHUTCA Macca LIMHKOBOWM MNACTUHKU (YBENMUNUTCA, YMEHbBLUUTCA, He 13-
MEHUTCSA) NPU NOrPY>KEHNN €€ Ha Hebonbluoe Bpemsa B pacTBop: 1) CEPHON KUCNOTbI; 2) rng-
pokcupa Hatpus; 3) cynbdata marHus; 4) cynbdata megu(ll); 5) HuTpaTta cepebpal(l).

9. Onpepennte 06bEM BOAOPOAA, KOTOPbIN BbIAENNTCA NPY B3aumogenctemm 260 r UuMHKa
C PacTBOPOM CepHOW KICNoThl 06bémMom 250 cm®. Maccosas aona H,SO, paBHa 15 %, nnot-
HocTb — 1,1 r/cm®,

10. KenesHylo nnacTMHKy maccon 90 r morpysunnum B pacTBOp MedHOro Kynopoca. Yepes
HeKoTopoe BpemsA eé BbIHYNW, NPOMbUIN, BbiCYWUIM 1 B3Becunn. Macca ctana pasHa 92,4 .
Onpepenute Maccy npopearnpoBaBLLEro »enesa u Maccy Meau, oCeBLUeN Ha NIacTUHKe.

Peaxmuevi: Marauii, 1IUHK, KeJIe30, Me/lb, PACTBOP CEPHON KUCJOTHI.

B yerbipe poOMpPKKM MOMECTUTE MeTaJlIbl — MarHUi, IIMHK, JKeJIe30, Melb —
¥ 106aBbTE K HUM PACTBOP CEPHOI KucaoThl (110 1 cm®).

OTMeTbTe MHTEHCUBHOCTD BBIJIEJIEHUS ra3a.

CresaliTe BBIBOJ O XMMWYECKOW aKTUBHOCTU METAJJIOB IO OTHOIIEHHIO
K KHCJIOTaM.

o
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§ 45. O6wume cnocobbl NONyYeHNA MeTansoB

3HaunTeNbHAS XMMHUYECKasi aKTUBHOCTh METAJJIOB SIBJISIETCSI IPUUYUHON TOTO,
YTO B 3eMHOW KOPE OHU CYIIECTBYIOT, Kak OBLIO OTMEYEHO paHee, MPENMYyIIeCTBEH-
HO B BHUJI€ COEIMHEHUN — MHUHEPAJIOB.

Topable 1OpobI (CKOILIEHUSI MUHEPAJIOB), M3 KOTOPBIX TEXHOJOTUYECKH BO3-
MOKHO U 9KOHOMMYECKU BBITOJHO M3BJIEKATh BAJOBBIM CIIOCOOOM METa/LI, Ha3biBa-
10T pydoi. Pyna nmpakTdecKy HUKOTA He COAEP/KUT COCAMHEHMS] MeTajljla B YKC-
TOM BHje, B Hell BCeraa MPUCYTCTBYIOT MPUMECH JPYTUX MUHEPAJTOB, KOTOpbIE
Ha3bIBAIOT ITyCTON 1OPojIoit. [ToaToMy 1Ipob6IeMoil SIBJISIETCST He TOBKO pa3paboTKa
TEXHOJIOTUH M3BJICUEHHST METAJIOB M3 MUHEPAJOB, HO M TOUCK CIIOCOOOB OYMCT-
KM MUHEPAJIOB OT IycToii 1mopo/ibl. COBpeMeHHbIe TEXHOJIOTUH JIEAI0T HSKOHOMUYe-
CKM BBITOJHBIM M3BJIEKATh JKeJe30 U3 Py, B KOTOPBIX €r0 COfepsKaHue COCTABJISIET
30-55 %; muuk — 2-6 %; onoso — 0,2-2 %; 30010 — 0,00002-0,0002 %.

O6siacTh HayKU W TE€XHUKU, OTPAC]Ib TIPOMBIIIIEHHOCTH, CBSA3aHHYIO C M3BJIe-
YeHUeM MeTaJIJIOB U3 Py U TOJydeHHeM UX B BUJE, IPUTOIHOM JIJIsi UCIIOJIb30Ba-
HWS, Ha3bIBAIOT MeMAllypeuetl.

MeTasutyprudeckue mpoiecchl MPUHSITO TOAPA3/eNsTh Ha TPU dTalla.

I[TepBsrit sTanm — npeaBapuTesbHas 0OpaboTka pyzbl. Ha aToM ararne mpousBojsiT
oborarienye pyibl — OT/eJeHre BeeX 1EHHbIX MUHEPAJIOB OT IyCTOl Topojibl. Ecim py-
noit seistrotest cyabduapt Metasia (CuFeS,, PbS, ZnS u zp.), To Takyo pyiy mpeasa-
PUTEIBHO OOKUIaiOT B TPUCYTCTBUM KHMCJIOPOJA ISt IEPEBOA META/IOB B OKCHJIbL:

27nS + 30, £ 2Zn0 + 2S0,7;
2Cw,S + 30, = 2Cu,0 + 2S0,1.

Bropoii atant — BoccTaHOBJIEHHE METAJIOB U3 UX COEIMHEHUU: OKCUIOB WJIN
cosieii. MeTo/[bl BOCCTAaHOBJICHUSI MOKHO Pas3fieIuTh Ha TPU OOJIbIIE TPYIIIIbL IT1-
poMeTaNIyprudeckue, sIeKTPOXUMUYECKUe U THPOMETAJLIYPrUiecKue.

Ha tpeTtbem artare mpoBOAST OYUCTKY METALIOB — pahUHUPOBAHME.

Merto/; mosydeHnst MeTa/LIa U3 ero Py/bl BBIOMPAIOT ¢ Y4ETOM CBOMCTB COEIU-
HEHUI MeTajljla U ero XMMUYEeCKOU aKTUBHOCTHU.

L

ITupomemannypeuneckue memooot

ITupomemannypeuueckue memodvl NMOJYYEHUsT METAJJIOB OCHOBaHbI Ha BOCCTa-
HOBJIEHUW METAJJIOB U3 WX PY/l TIPU BBICOKOI TeMIepaType Pa3JIMuHbIMU BEIIeCT-
BaMU C BOCCTAaHOBUTEJIbHBIMU CBolcTBamMu. Hambosiee pacmpocTpaHéHHbBIE BOC-
cTaHoBUTeNW — yroJib, okcun yriaepozaa(ll), Bomopox, amomunuii. B kadecTtse
MIPUMEPOB MPUBEIEM UCTIOIb3yeMble [T TIOJMyYeHUST MeTA/IJIOB KaK B TIPOMBITILIEH-
HOCTH, TaK U B JabOpPaTOpuu Peakiui BOCCTAHOBJIEHUSI LIUHKA YIJIEM U OKCHIOM
yraepoaa(Il), menn n BosbhpamMa — BOZOPOIOM, KeJjie3a U XpOMa — AJTIOMUHUEM:
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t
ZnO + C=Zn + COf;
t
ZnO + CO = Zn + COyt;
.
CuO + Hy = Cu + H,O1;
t
WO; + 3H, = W + 3H,07;
t
F€203 + 2Al = 2Fe + Al203,
t
CI‘203 + 2Al = 2CI' + A1203.

Pacemorpum 6ostee IOAPOGHO npouece noayuenus jceie3a B cOCTaBe ero CIiia-
BOB — YyTyHa U CTaJIH.

OCHOBHOU MUCTOUYHWK JKeJjie3a — ITO PY/IbI, COJEP:KAIIe TaKe MUHEPAJIbl, KakK
marHetuT (Fe3Oy) u rematutr (FeyOs3). IlonesabiMu mpuMecsiMu, yJIydinatonu-
MM Ka4yeCTBO BBITLJIABJSAEMOTO U3 PYABI JKeje3a, ABJAA0TcA coeamuenus Mn, Ni,
Co, Cr, B, V. Ux naszsiBatot jerupytomumu nobaskamu. Coequnenust As, P, S, Pb,
7Zn — BpenHble IPUMECH, YXY/IIAlolIe CBOMCTBA JKeJe3a.

B macrosiiiee BpeMsi B IPOM3BOJICTBE CTaJW MCIOJB3YIOT JBA OCHOBHBIX
criocoba.

CorylacHo T1epBOMY Tpaju-

[IHOHHOMY CITOCO0Y TMOIydYeHHe 3acpmoit anmapar
CTalu IIPOBOAAT B J[BE CTaIMM. Pyna, pmoc, xoke

Ha mnepBoii n3 HUX MMOJTy4alOT
4N
A

4yI'yH, KOTOPBI Ha BTOPOW cTa-  /lovenbii ras
(CO,CO, N,)
auu repepabaThBAOT B CTAJb. +

200 °C

Ona nonyuyeHusa uy2yHa »eneso
BOCCTaHaBAUBAWT Yrnepoaom
N yrapHbiM rasom, KOTopblii 06pasy-
eTCA NMpu HEMOJSIHOM CropaHun yrns.
B momeHHyto nmeub 3arpy»kaloT cmecb
XenesHow pypfbl, cneymanbHo obpa-
60TaHHOro YrnA, Ha3blBa@MOro KOK-
com, 1 [06aBNAT ANA NMOHVXKeHUA
TemnepaTypbl NNaBNEHNA N3BECTHAK.
Takyto cmecb, Ha3blBaemyto LINXTOWN,
BBOAAT B [JOMEHHYK Meub cBepxy,  lopaimit
OTKyfla OHa nepemeLljaeTca BHU3
B 30HYy 6ofee BblcOKOTEMMEPaTypHO-
ro HarpeBaHuA, rge TemnepaTtypa
noaHmnmaetca go 1600 °C n cmecb
pacnnaenaeTca. Tyryn

BoyBaemblli CHM3Y B OOMEHHYIO
neyb Bo3pyx obecrneymBaeT ropeHne
yrnepopa c BbleneHnem 60mbLIoro

600 °C
Fe,0, + 4CO = 3Fe + 4CO,
FeO + CO = Fe + CO,

809 °C
FeO+C=Fe+ CO
900 °C

1000 °C
3Fe +2C0 = Fe,C + CO,

1500 °C C + CO,=2CO
2000°C C + 0, L Co,

~ [Il1ax
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KOnMyecTBa TennoTbl 1 06pa3oBaHNEM YrapHOro ra3a, KOTOpbIi BOCCTaHAB/IMBAET »ene30 13 ero Ok-
cpoB. BocctaHoBREHHOE Xene3o yxe npu TemnepaType okono 1000 °C HayrnepoxuBaetcs, U 06-
pa3syeTcs CrniaB, Ha3blBaeMbIA YyryHOM. B HEM, MOMUMO >kenesa, cogepatcs rpadput U LLeMeHTUT —
Kapbup xenesa Fe;C ¢ cymMapHbIM copiepkaHrem yrinepoga npubnusutensHo ot 2 Ao 6 %.

Pacnnas uyryHa nepviogunyeckn otobrpatot, M30AMpya ero oT LWaka. XMMUyeckre npoLecchl,
npoTeKaLme B pasHbIX 30HaX AOMEHHON neuu, NpeAacTaBieHbl Ha PUCYHKe.

[Ipu nepepabomxe uyeyna 6 cmaiv Ha BTOPON CTaguu Ipoiiecca U30bITOY-
HBII YIJIEPOJI, @ HEPEIKO U JIPYTHe NPUMecH, Hanpumep Kpemuus, docdopa, cepsl,
OKUCJISIIOT TIPU BBICOKOM TeMIlepaType KUCJIOPOAOM Bo3ayxa. [l aToro mcmosib3y-
I0T pasHble YCTAaHOBKKM — MapTEHOBCKHE IIe4M, KOHBepPTephl, sjiekrporeun. Obpa-
3yfoluecs OKCHIbI HeMeTAJIJIOB BCITBIBAIOT B BUE TIJaKa WK UcmapsioTes. Ha-
pSAy € OKUCJEHUEM TPUMecel MPOUCXOIUT TakyKe YaCTUIHOE OKUCJEHUE sKese3a
¢ obpazoBanuem okcuaa skeme3a(ll), KOTOpbIil pacTBOpsieTcss B pacijiaBax 4yTy-
Ha u cranu. Oxcup xenesa(Il) BoccraHaBIMBaoT, 100aBJIsds B paciljiaB KPEeMHUI,
MapraHell Wil aJIOMUHUI B KauecTBe BoccTaHOBUTeseil. OGpasyonuiics miak u3
OKCHUJIOB OT/IEJITIOT OT paciljiaBa jKeJje3a.

Bropoii c1iocob mponsBoACTBa CTaM OJHOCTAAUNHBIN, €r0 HA3bIBAIOT MIPSIMBIM.
B HéM cTajms 1mosydeHus 4yryHa OTCYTCTBYET, MEHbIIE BBIOPOC YIJIEKUCJIOrO ra3a
B armocdepy. ABissgch Goee SKOHOMUYHBIM, OH TIOCTEIIEHHO BBITECHSIET TIEPBbIi
criocob. [l mosiydeHust cTajid JKeJEe3HY Pyay M3MeIbyaioT, a 3aTeM O0KUTaioT
C OTHOCHUTEJLHO HEOOBIINM KOJUYECTBOM KOKCA BO Bpamfaomuxcs mnedax. [lomy-
YeHHbBIE JKeJIe30PY/IHbIe OKATBINIHN, CO/EPsKaIe OKCHU/IBI JKeJe3a, MOIBEPrafoT /eii-
CTBHIO Ta3000Pa3HOTO BOCCTAHOBUTEISI B CIIEIIMAJIBHBIX PEAKTOPAX.

B xauecTtBe BoccTaHOBUTENS MCIIONIB3YIOT cMech MeTaHa, okcuza yriaepoaa(ll)
u Bogopoaa. Bomopox u okeup yriaepopa(Il) obpasyioTcst 3 MeTaHa Ipu €ro OKKc-
JIEHUY KHUCJIOPOZOM B MPUCYTCTBUHU KaTajau3aTopa B CIEIUAIbHBIX arapaTax 1o
PeaKInu:

2CH, + Oy = 2CO + 4H,.

OO6pasoBaHue METAIJINYECKOTO JKejie3a MOKHO IMPEACTAaBUTh YPaBHEHUSIMU
peaKIuii:

FesO4 + 4CO = 3Fe + 4CO,1;
Fe;0, + 4H, = 3Fe + 4H,01.

[Tosy4yenHoe 1pu BOCCTaHOBJIEHUH TyOUaToe Kesie30 (OKATHIIIN) TIO[BEPTAOT
HeperJIaBIeHNO B 3JIEKTPOLYTOBBIX Tevax. [Ipu aToM, BBO/ST HEOOXOAMMBbIE 10OAB-
KW, ’KeJIe30 JIETUPYIOT IJIS TOJY9eHHUsT TOTO WJIM MWHOTO COPTa BBICOKOKAYeCTBEH-

HBIX CTaJlel — KOppOSI/IOHHOCTOﬁKI/IX, NMHCTPYMEHTAJIbHBIX, KOHCTPYKIIMOHHBIX,
JJIEKTPOTEXHUYECKUX, KaPOIIPOYHBIX U [IP.
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ek mpoxumuuecKue memo ovt

Inexmpoxumuueckull. memood noiyuenuss memaiiog (3JeKTPOMETaTyPriust)
MpernosaraeT BbIJIeJIeHNE METAJIOB U3 PY 3JTEKTPOJU3IOM. INEKMpOouU3 — 3TO
OKUCJIUTEIBHO-BOCCTAHOBUTEIBHBIN TTPOIIECC, MTPOTEKAIONTUHN IO/ eiCTBUEM TIOCTOSH-
HOTO 9JIEKTPUYECKOTO TOKA, MPOXOJISIIETO Yepe3 PacTBOP WJIM PaCIliaB JIEKTPOJINTA.
Ero ormmure or 0OBIMHBIX OKHMCIMTEILHO-BOCCTAHOBUTEIBHBIX PEAKIINI 3aK/I0YaeT-
€SI B TOM, UTO TIPOIECCHI OKUCJIEHNST W BOCCTAHOBJIEHUST Pa3jieJieHbl B TTPOCTPAHCTBE
U TPOTEKAIOT Ha 2JIEKTPO/IaX, MOMEIIEHHBIX B PACTBOP MJIM PACILIaB AJIEKTPOJIATA.

[Tportecc moy4yeHnsT METAIJIOB 2JIEKTPOJIM30M MTPOBOSAT B ariiapaTaX, Ha3biBa-
€MBIX 2JIEKTPOJIN3EpaMi. B HUX MMeeTcsT UCTOUHUK 3JIEKTPUIECKOTO TTUTAHUS, TIO/I-
COEIMHEHHBIN K 3JIEKTPOZaM, KOTOPbIE MOTPY:KEHbI B BaHHY C TOKOIPOBOISAIIUM
BOJIHBIM PAcTBOPOM WJIM PACILJIABOM COJIM MeTaJlja.

BoiGop yc/I0BUil TIPOBEICHUST BJIEKTPOJIN3a M COCTaBa JEKTPOJIUTA OTIPEIEIs-
eTcsl TI0JIOKEHNEM MeTalla B Py aKTUBHOCTH. JAEKMPOIUIOM 800H020 PACMBO-
pa MOKHO BBIJIEJTUTH TOJBKO T€ METAJLIbl, KOTOPble HAaXOISATCS B PSLy aKTUBHO-
ctu mpaBee amomuaus (Hampumep, Zn, Ni, Sn, Cr, Pb, Co, Cu, Ag, Au, Pd u ap.).
AsoMUHWI, Maraui, meJoYHble U MIEJTOYHO3eMeIbHbIE MEeTAJLIbl, TUTAH M3BJIEKa-
10T 91EKMPONUOM PACNAABO8 NX OKCUIOB WJIM XJIOPHUJIOB.

PacemoTpum mporiece anekTposm3a Ha
IIpUMepe MMOJIYUYEHUA MarHusgd U3 ero XJio- Mg Cly
puna (puc. 108). = + L=

Banny asextpommaépa (1) samosnns-
10T paciiaBiaeHHbiM MgCly. [lns cHuke-
HUS €ro TeMIepaTypbl TJIaBJeHUsT W TI0-
BBIIIEHNS 9JIEKTPOIIPOBOIHOCTH paciijiaBa
B Hero BeoaaT NaCl, CaCl,, KCIl u ne-
6ompmne koandectBa NaF u CaF,. Tem-
nepaTypy IMOAJEPKUBAIOT B IIpejesax
720 °C. B aTuX yCJOBUSX XJIOPHU] MarHus
U JIpyTHE COJIU JAUCCOIMUPYIOT HA MOHBI:

MgCl, — Mg*" + 2Cl".

Ha xatome — axexTpose, TOAKIIO-
YEHHOM K OTPUIATEJIbHOMY IIOJIIO- \
Cy MCTOYHWKA IMOCTOSHHOTO Toka (2), / \\ \
MPOTEKAIOT MPOIECCHI BOCCTAHOBIEHUS —
nepezaya 3JeKTPOHOB OT KaTo/la KaThO- ’ ! ’ MgCl, 1
HaM MarHus:

Puc. 108. Cxema snekTponusépa
Mg + 2¢~ = Mg". ANA NoNyYeHUa MarHua
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[pyrue MeTasibl py 3a/laHHBIX YCJIOBUSIX 3JIEKTPOJIN3A HE BOCCTAHABJIUBAIOT-
¢4, MOTOMY YTO KOHIICHTpalus UX MOHOB MaJla.

Boipensiomuiics Ha kaTojle MeTa/UIMYECKU MarHuil BCIJIbIBaeT B KaTOJAHOM
[IPOCTPAHCTBE HA [MOBEPXHOCTb BJIEKTPOJINTA, IOCKOJbKY IJIOTHOCTb MarHusi MeHb-
nle IJIOTHOCTU 2JIEKTPOJIMTa-paciiaBa. Marnmii nmepuojuyecku ynajgior ¢ Io-
MOIIIbIO BAKYYMHOI'O KOBIIA.

Ha anojsie — azekTpo/ie, NOJKIIOUEHHOM K MOJIOXKUTEIbHOMY 1OJIOCY UCTOYHU-
Ka TIOCTOSIHHOTO TOKa (3), MPOTEKAIOT IIPOIECChl OKUCIIEHUSI — 3JIEKTPOHBI TIepexo-
ST OT aHWOHOB K 3JIEKTPOLY:

- 0
2CI" — 2¢ = Cly.
Karomnoe m anomHOE TIPOCTPAHCTBO 2JIEKTPOIUTA Pa3/iesIieHO TIeperopoaKoit (4),
4TOGBI BBIIEJSIONIUICS XTIOp He OKUCJISITT MATHUI ¥ YAQJISJICS U3 3JIEKTPOJIU3EPA.

TLiuopomemannypeuneckue memoowl

Tuopomemannypeuss — 970 BBIJIEJIEHUE METAJIOB U3 PY/, KOHIIEHTPATOB M OT-
XOJIOB TTPOM3BOJICTBA C ITOMOIIIBIO BOAHBIX PACTBOPOB OIPEIENEHHBIX BENIECTB (XU-
MUYECKUX PEareHTOB).

Brauasie MeTasibl 1epeBo/JIT B PACTBOPUMbIE COEIMHEHUS. 3aTeM MX BOCCTa-
HABJIMBAIOT, UCIIOJIb3Ysl JIMOO XUMUYECKUE PEAKIIMU C CHJIbHBIMU BOCCTAHOBUTEJIS-
MU, 10O TIPOLECCHI BHITECHEHUSI METAJLIOB M3 PACTBOPOB MX coJiell boJjiee aKTUB-
HBIMU MeTa/IJIaMU, MO0 9JIEKTPOXMMHUUECKOE BOCCTAHOBJIEHUE U3 PACTBOPOB.

Hanpumep, rugipoMeTaysiyprudeCKuM MeTOZOM U3BJIEKAIOT Me/lb U3 PaCTBOPOB
€€ coJiell ¢ TTOMOTIBIO Keje3a:

CuSO, + Fe = Cu] + FeSO,.

Cepebpo M 30JI0TO BOCCTAHABIMBAIOT M3 PACTBOPOB COJIEH HTUX METAJLJIOB
MUHKOM. [IOKPBITHS M3 HUKEIS W IIUHKA TOJyYaloT 2JIEKTPOJM30M PAaCTBOPOB UX
COJIETA.

MeTtannyprus — o6nacTb HayKu 1 OTpacsib NMPOMBbILLIEHHOCTWN, CBA3aH-
HasA C U3BfleYEHVEM METa/lJIOB 13 Py U MONyYEeHVEM UX B BUAE, MPUTOLHOM
L5 CMOSb30BaHMA.

MeTannbl NosyyaloT BOCCTAHOBIEHNEM N3 UX COEQUHEHWIA:

+ METOLOM MUPOMETANNYPrKM, NCMONb3yA B KauyecTBe BOCCTAHOBUTENEN
yronb, Bogopog, okcug yrnepopa(ll), 6onee aktuHbIi MeTann (Hanpumep,
aNlloOMUHUI) NPUY BbICOKOW TemnepaType;
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+ 2NIEKTPOXUMMYECKM METOAOM U3 PAacTBOPOB MMM 13 PacmiaBoOB COJeNn
MeTanoB, NCMONb3yA AN BOCCTAHOB/IEHWA SNEKTPUUECKUNIA TOK;

* TYAPOMETaNNYPruyeckum MeTogoM BOCCTAHOBNEHUS METAJINIOB U3 pac-
TBOPOB MX cosiei 6onee akTUBHbIMU MeTaslaMu.

DNeKTPoNn3 — 3TO OKUCIIUTENIbHO-BOCCTAHOBUTESNbHDBIV MPOLeCcc, NpoTe-
KaloLWMIN Ha 3NeKTpofax nof AeVCTBMEM MOCTOAHHOTO 3MEKTPUYECKOro TOKa,
NPOXoAALLEero Yepes pacTBoOp WM PacrnsiaB 3MeKTPonTa.

BOHpOCbI, 3aAaHnA, 3agavun

1. Wicnonb3ysa pgaHHble 0 TemnepaTypax NiaBneHUs MeTanioB 1 cnnasoB (§ 43), npeano-
NOXKWTe, NOYeMy MepBbIMY MeTanfaMm, JOObITEIMU YeNoBEKOM, OblN 30/10TO, cepebpo, Meab
N TONIbKO NOTOM Xefe3o.

2. CocTaBbTe ypaBHEHUA peakumin obxumra cynbduaHbIX pya, co-
Jepxawmx mnHepansl CuS, Cu,S, ZnS, FeS,.

3. CocTaBbTe ypaBHeHUA peakumin BOCCTAHOBNEHUA OKCUAOB
meTannos Fe;0,4 Fe,03, FeO, PbO, ZnO okcnpgom yrnepogalll).

4. CocTaBbTe ypaBHeHMA peaKkuui BblAeneHna MeTansioB asto-
MOTEPMUYECKMM CMOCOOOM (BOCCTaHOBNIEHNE aNlOMUHUEM) U3 UX
okcngos: MnO,, Cr,03, Fe;0,.

5. PaccumnTtaiite 1 cpaBHMUTE MACcCOBYIO AOMI0 MeAN B MUHEpanax
xanbkonuput CuFeS, n manaxut (CuOH),COs.

6. MNpuseanTe ypaBHEHNA peakuuii, NPOTEKAIOWMX Ha IeKTPo-
Jax B npouecce NoslyyeHna HaTpuA 3NeKTPON30M pacniiaBa ero Xaopuaa.

7. B petanax mobunbHoro TtenedpoHa copepxmtca okono 0,050 r 3onoTa. CKONbKO HYXHO
nepepabotaTtb TenepoHoB, uTOObI M3BNEYb 1 Kr 30n0Ta? Bbixog npofykta npu nepepaboTke
coctasniaet 98 %.

8. CocTtaBbTe ypaBHEHUA peakLnin COrnacHoO cxeme:

Al H,
FeS, i>Fe203 ZFe X i»Y,
roe X — Cno)kHoe BelecTBo, Y — NpocToe BeLecTso.

9. Ha Tepputopun HbiHewHel Pecnybnukn benapycb B cTapuHy »eneso nonyyanu n3 6o-
NOTHOW, 03éPHOI 1 epHOBOW pyabl. ITa pyAa NpeacTaBnset cobol Bypbli XKenesHsakK, cocTo-
Awmni n3 rematuta (Fe,03) n numoHuTa (ynpowwénHaa dopmyna FeOOH). MpeanoxuTe cnocob,
KOTOPbI MOT 6bITb UCMOMb30BaH B TO BPeMsa AJiA NONyyYeHnsa xenesa.

10. Boluncnumte maccy yyryHa C MaccoBow gonen xenesa 94 %, KOTOPbI MOXXHO MOAYYUTb
13 10 TOHH MarHUTHOTO »Kene3HsaKa ¢ MmaccoBon gonen Fe;0, 24 %.

Mukpocxema

s O
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§ 46. LLlenouyHble meTannbl

[Ile10uHbIMM Ha3BaHBI METAJLIbI, KOTOPbIe 0OPa3yioT MIEJIOUN — Pac- 3
TBOPUMBIE B Bojie OCHOBaHUsA. K HUM OTHOCATCS ameMeHThl [A-rpymibr — Li
1) . ) 1) o ) [ 1 JuTHi
qrwii Li, narpuit Na, xanuii K, pyouanii Rb, nesuii Cs u ¢ppannuii Fr, 2
15225
6,941
Obwue ceedenus 0 WeENOUHBIX MEMANNAX Na B
1

8  Harpmii
2

[leoumble METALIbI KAK XUMUYECKHME 3JIEMEHTBI OObeNHIET O1Ha-
KOBOE CTPOCHHE BAICHTHOIO DIEKTPOHHOTO CIOSI ATOMOB, BJICKTPOHHAs | N3
KOH(UTYypalys KOTOPOrO B OCHOBHOM COCTOSHHUU BBIpaxkKaeTcs (popmy- m
q0it ns' (taba. 32). [lesounble MeTamibl obMafaloT HU3Koil snektpo- | 8 K

8 KaJmii

OTPUIATENLHOCTDIO. BaseHTHBII 3/1eKTpoH ¢1a00 CBSI3aH ¢ aTOMOM M3-32 2
MaJION BEJIMYUHBI B3aMMOJIEHCTBYIONIMX 3apsiioB U OOJIBIIIOTO pasMepa LSk
aToMa. JTO OTIPEIEJISIET BBICOKYI0O XMMUYECKYI0 aKTUBHOCTD IIEJTOYHBIX
METAJIJIOB U €€ yCUJIeHue TI0 TPYIIe CBepXy BHU3 B CBSI3M C yBeJUYEHUEM Pajuyca
aTOMOB ¥ ocJIabJIeHueM B3auMOZEICTBIS BaJI€HTHBIX 9JIEKTPOHOB ¢ sapoM. IIpu ot-
Jladye BaJIEHTHBIX 9JIEKTPOHOB aTOMbI IIPOSIBJISIOT CTeleHb okucaenus +1 u obpasy-
IOT, KaK IPaBUJIO, COEJIMHEHNS C MOHHBIM TUIIOM XUMHWUYECKON CBSI3U.

B rtabumie 32 cyMMHpPOBaHbBI CBEJEHUSI O CTPOEHWU M CBOMCTBAX aTOMOB
NIEJOYHBIX METAJIJIOB, a TaKKe COIOCTaBJeHbl (DU3MYECKHE CBOWCTBA IPO-
cThIX BemlecTB. [IpuBesénHbIe /MaHHBIe TOKA3bIBAIOT, UTO IMEJTOYHbIE METAJJIBI
UMEIOT HeOOJBUIYIO IJIOTHOCTh M HU3KHWE TeMIepaTypbl miasjienus. Illenou-
Hble MeTaJl/Ibl HPeACTaBJIAI0T cOO0N KPUCTANINYECKHe BellecTBa € XOpoulei
AJIEKTPO- M TEIJIOTIPOBOHOCTHIO.

B semHoOIT KOpe caMbIMKM PACIPOCTPAHEHHBIMHU U3 IMEJOUYHBIX METAJJIOB SIBJISI-
10Tcs HaTpuit M Kanmuii (1o 2,4 %). OcranbHble s-aj1eMeHTbl [A-rpymisl OTHOCST-
Cs K PEIKUM DJIEMEHTAM.

Ta6JII/IHa 32. Xapamepucmxn aTOMOB M IPOCTHIX BEUIECTB HIE€JTOYHBIX METAJJIOB

dnemenr Li Na K Rb Cs
DIeKTpOHHAS KOH(PHIYpaLHUs [He]2s! [Ne]3s! [Ar]4s! [Kr]5s! [Xe]6s!
Pagnyc, am 0,159 0,171 0,216 0,229 0,252
IJIEKTPOOTPUIIATEIBHOCTD 1,0 0,9 0,8 0,8 0,7
IL1oTHOCTD, T/CM® 0,53 0,97 0,86 1,53 1,87
Temnepatypa miaBiaenus, °C 180,5 97,8 63,6 38,8 28,5
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BcaencrBue BBICOKOU XMMHYECKOHN aK-
TUBHOCTU I[€JIOYHBIE METaJLJIbl HaXOJAT-
¢4 He B CBOOOZHOM COCTOSIHWM, & B BUJE
coennHeHull. boJsbltasg 4yacThb aTOMOB Ha-
TPUS U KaJIusI BXOAUT B COCTAB Pa3INUYHbIX
CUJINKATOB, B TOM YKCJI€ U AJTIOMOCHJINKA-
Ta — TI0JIEBOTO IMITarta. B mpoMBbIIIIeHHBIX
MaciuTabax A00bIBAIOT 2aium, KaMeHHYIO

comb (NaCl), cunveun (KCl), cunveunum LiCl NaCl KCl
(cmecp KCl u NaCl). Pecniybsnka Bena-

pych obsamaer GOJIBIIUME 3allacaMy dTHX Puc. 109. OKpacka nnameHu
cosneii. K mpupoaHbIM coeiMHEHUSIM OTHO- B NPUCYTCTBUN COEAMHEHNI LLENOYHBIX
carca takxe ceaumpo — NaNQOjz, KNOg MeTannos

u mupadbumum — Na,SO, - 10H,0.

PacnosnaTth Hamnuue B BelecTBE MO-
HOB I[EJIOYHOTO MeTaJlJla MOKHO TI0 XapaKTePHOMY OKPAIUBAHWIO TIJIAMEHU TOPeJ-
KU TIPY BHECEHWM B HEro oOpasiia BelecTBa Ha jKeJie3HOi (IJIaTHHOBOM, HIXPOMO-
Boii) mipoBoJioke (puc. 109, Ilpunoxenue 3).

ITOT 3(P(DEKT MOJOKEH B OCHOBY CIIEKTPOCKOTTMIECKUX METO/IOB KaueCTBEHHO-
rO U KOJTMUYECTBEHHOTO OTIPE/IeJIEHHS TEJIOUHbIX METAJIOB.

[TorygyatoT mieoYHBIe METAJJIBl 3JTEKTPOJU3OM paCIJIaBOB UX COJEH,
HaIpumep:

s
2NaC1(pacnslaB) =2Na + CIZT

[Ilenounble MeTasIbl B3aUMOJIEHCTBYET CO MHOTUMHU MPOCTBIMU BellleCTBAMU-
HeMeTa/taMi. Tak, ¢ raJloreHaMu IeJOYHbIe METAJLIbI PearnpyioT 6e3 HarpeBaHusl,
C Cepoii, BOJOPOJIOM U a30TOM — IIPU HAarpeBaHUU, 3a UCKJIIOUEHUEM JIUTUS, B3au-
MOJICHCTBYIOIIETO ¢ a30TOM TIPU KOMHATHOW TeMIiepaType:

9Na + Cl, = 2NaCl:
ONa + S = I\ﬁﬁ,

9Na + H, £ 2Nal,

6Li + 3N, = 2Li,N.

O6paTnTe BHYMaHWUE, YTO rMAPVAbI ABASAIOTCA CUSIbHBIMU BOCCTaHOBUTENAMM. OHM BOCCTaHaB-
nueaiot Bogopog n3 sogbl: NaH + H,O = NaOH + H,1.
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Ha Bosayxe Ha IOBEPXHOCTH IEJIOYHBIX META/JIOB 0Opasyercsl psijl COelnHe-
Huii. JIutnit Hanmenee akTuBeH. Kanmii MojkeT 3aropeTbcs caMONpon3BoJibHO. [1o-
9TOMY MIEJOYHbIe META/LJIbl XPAaHAT B XOPOIIO 3aKYIMOPEHHBIX OaHKaX IO CJIOEM
KEPOCUHA WJTH B 3alIasTHHBIX aMITyJIax.

[Ipu cropanuy Ha BO3IyXe IEJIOYHbIE MeTa/lJibl 00pa3yIoT COeAMHEHUSs, B KO-
TOPBIX cojiep;KaHue Kucjaopojaa yeeanunBaetcs ot Li k Cs:

e JUTHI 0OpasyeT OKCHU:

411 + 02 = 2L120,
e Hartpuii — mepokrcu; NayOo:
2Na + 02 = NBQOQ;
e xaynii, pyouanii, nesauii — Haanepokcuabl KOy RbO,y, CsOo:
K + OQ = K02

Oxcuy Hatpusi NayO MOKHO TOJyYUTh JIMITh KOCBEHHBIM IMYTEM, HarpeBas

MEPOKCU/T HATPUS C METAJIITMIECKUM HATPUEM:

t
Na202 + 2Na = 2Na20.
IIlenmounble MeTaIbBI HAUMHAIOT pAl aKTUBHOCTH U CII0COOHBI BOCCTAHABJIMBATH
BOAOPOA M3 BOABI C O6p330BaHI/IeM ETOUH:

2Na + 2H,0 = 2NaOH + H1.

ITa peakiys COMPOBOXKAAETCS CUJIbHBIM 3K30TepPMUUYECKUM 3P deKToM, 1 BbiJe-
JISTIOMIUICST BOJIOPOJL MOKET BOCIIAMEHUTHCSL. [[J1s1 Harmbosiee aKTUBHBIX IIEJTIOYHBIX
METAJIJIOB TaKOH IPOIECC COMPOBOK/IAETCS B3PBIBOM, MOITOMY IIEJTOYHBIE METaJI-
JIBI TIIATEJTBHO 0OeperaiorT oT Bobl. Emié GoJiee 9HEPIUYHO 9T METAJIbI B3aUMO-
JIEVCTBYIOT C KUCJOTaMU.

@ Ll.lenOHHbIe MeTa/Jlbl pearnpyroT Takxe C ¢eHOﬂaMV| n cnnptamn:
2Na + 2C6H50H = 2C6H50Na + HzT; 2Na + ZCZHSOH = 2C2H50Na + HzT

Coedunenus WeJl0MHbILX MemaJijlos

CoennHeHNS MEJTOYHBIX METAJJIOB, KaK MPaBUJIO, KPUCTAIINYECKUE, XOPOIIO
pacTBOpUMbIE B BOJle BEIIECTBA, HE UMEIOIINEe OKPACKHU.

Oxcuapl MeTamnoB [A-rpymnibl B3aMMOIEICTBYIOT € BOJIOM, KUCJAOTHBIMU U aM-
(orepHbIMU OKCHAAMU, KUCJOTAMU, YTO XapaKTEPHO /i TUIIMYHBIX OCHOBHBIX
OKCUJIOB.

OKCHU/IBI TEJOYHBIX METAJJIOB PacTBOPSIOTCS B BojJe € oOpasoBaHUEM
TU/IPOKCUJIOB:

NagO + HQO = 2NaOH,

BSaHMO[[efICTByIOT C F3.3006paBHI)IMI/I KHNCJIOTHBIMU OKCH/aMM:
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NaQO + C02 = Na2C03;
KzO + SOQ = KQSOS;
C TBépI[I)IMI/I KHUCJIOTHBIMM OKCHUJIaMWU IIpU HAarpe€BaHWH, a MHOT/A JayKe IIPpU I1JIaB-
JIEHNN CMECH KOMIIOHEHTOB:

Li,O + SiOy = LiySiOs;
Na,O + Al,O3 = 2NaAlOs;

C KHCJIOTaMH, O6p33y§1 Cpe/ilHnE HUJIM KUCJIbIE COJIM B 3aBUCMMOCTU OT OCHOBHOCTH
KHUCJIOTBI 1 COOTHOIIEHUA KOMIIOHEHTOB, HaIlIpUMED:

LIQO + H3PO4 = LIQHPO4 + HQO,
Li,O + 2H5PO, = 2LiH,PO, + H,O.
OKcHIBI TMETOYHBIX METAJIJIOB MOTYT B3aMMOJIEHICTBOBATH C KUCJIBIMHU COJISIMMU:

NaQO + NaH2P04 = N33PO4 + HZO

Na,O, B3aMmopencTByeT C BOJOW, 06pa3ys NepoKcui BOJOPOAa:
Na202 + 2H20 = 2NaOH + Hzoz.

Mepokcna BOAOPOAA MOXET pasnaratbcs ¢ obpa3oBaHMEM aTOMApPHOrO KUCIOpoAa:
H,0, = H,0 + O1. MNo3stomy Na,0, npyMeHAT Ana oTéennBaHnA CONOMbI, WENKa, WepcTn U Apy-
rMx maTepuranos. DbPeKT oTbenmBaHNa 0byCcNOBNEH BO3AENCTBMEM aTOMapHOro K1ciopoga.

Mepokcup HaTpuAa MCNonb3yloT B MPOTMBOrasax, npu noasoAHbix pabotax. Ero npume-
HeHve B 3TWX CJlyyaaX OCHOBAHO Ha peaKkuuy B3auMOAENCTBMA C AWOKCUAOM Yriepopa:
Na,0, + CO, — Na,CO; + O,7. Boigbixaembii NErKMMN YrNeKNCbIV ra3 NOroLWaeTca C OgHOBPEeMEH-
HbIM BblAeneHneM ra3006pasHoro Kucnopoga. MNocneaHnii CHoOBa MOXET CIYXXUTb ANA OblXaHNsA.

Tunpokcupl METOUYHBIX METALUIOB — KPUCTAJJIMYECKHE BEIECTBA, TIIaBsIIe-
cs1 0e3 pasyoskenus. Bece ruipoKCuibl CUIBHO MOMJIOMIAIOT BJIAary U3 BO3AyXa M MO-
TYT MCIOJIB30BaThcs Kak ocymurenn. OHU XOPOIIO PacCTBOPHUMBI B BOJIE M JIMICCO-
UUPYIOT B HEH TOJHOCTHIO:

NaOH — Na" + OH .

TunnuHble XMMHUYECKHE CBOMCTBA IleJ04eld Bbl CUCTEMATU3UPOBAJIU TIPU
usyueHnn marepuaia § 27, rabuauip 18, paccMarpuBasi UX B CBETE TEOPHUH DJIEKT-
poauTHdeckoil aucconuanuu. HanmomMHuM, 4TO HIETOYM BCTYyHAIOT B PeakIUu
C KUCJOTaMH, COJIAIMH, KUCJIOTHBIMU U aM(OTEPHbIMU OKcHUaMu, aM(pOTepHbIMU
ruzpokcuzamu. NaOH 1 KOH B pOMBINIJIEHHOCTH 1OAYYaOm 31eKmpou3om 00-
HbIX Pacmeopos XJOPUJI0B:

INaCl + 21,0 £ INaOH + Hyt + Clyt.

Comm LIEeJIOYHbIX METAa/I/IOB 3a HeOOIBIINM UCKII0YEeHNEM XOpouio pacTBOpu-
MbI B BO/I€ U ABJIAIOTCA CUJIbHBIMHA 9JIEKTPOJIUTAMU.
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CoJsi MEe0YHBIX METAJIJIOB PEarupyloT ¢ KUCJIOTaMU, COJISIMA JIPYTUX MeTaJl-
JIOB TOJIBKO B CJIy4ae BbIZEJIEHUs IMPOAYKTa B OCANOK, 00pasoBaHUs MaJIOIICCO-
IUUPYIOIET0 WK ra3o00pasHoro BemiecTBa. [IprMepsl peakiinii IpUBeIEHbI paHee
B Tabsmmax 17, 19. Bam yske M3BECTHO, YTO COJIM TaJOTEHOBOAOPOIHBIX KUCIIOT
pearupyioT B pactBopax ¢ rajoreHamu (§ 30).

Buonozuueckasn PpoJitb U npumenenue coedunenui WeJloUHbLX mMemaJljlos

WNonbl HaTpusd u Kaaus UTPAOT BaXXHYIO POJIb B JKU3HEIESATETbHOCTA OPTaHU3-
Ma YesIoBeKa M KMBOTHBIX. B opranusme B3pOCJIOTr0O YesiOBeKa COJiep:KaHue HAaTPUs
coctanJsieT okoJio 150 1, a Kamust — okosio 250 1. MoHbl HaTpUsT BJAUSIOT Ha 2JIEKT-
POJIUTHBIN OaJlaHC KJIETOK OPTaHM3Ma, YYaCTBYIOT B TPAHCIIOPTE Yepe3 MeMOpaHbI
KJIETOK aMUHOKHUCJIOT, CaXapOB, HEOPraHWYeCKUX M OPraHUYeCKUX aHHMOHOB, B 00-
Pa30BaHUM JKEJIYIAOUHOTO COKA. VIOHBI KaJUs OMpPeiessiioT BO30YANMOCTD U MTPOBO-
JIMMOCTH CEP/IEYHOI MBINIIIBI, YIACTBYIOT B IPOIleccax Mepeladvl HePBHBIX UMITYJIb-
coB. JIuTuii crocober peryJimpoBaTh aKTUBHOCTb (PePMEHTOB.

Wonbl Kainst HeOOXOMUMBI JI7Ist KU3HU pacTeHunit. OHM HAXOASTCS B OCHOBHOM
B KJIETOYHOM COKE, ITIOMOTaloT CUHTE3y OEJIKOB U CaXapoB, HAKOILJIEHUIO YIJIEBOIOB,
HOPMAJIU3YIOT MpoIiecc (POTOCUHTE3A, CIIOCOOCTBYIOT TOBBINIEHNI0 MEXaHMYECKON
IPOYHOCTH TKaHEH, YCTOWYMBOCTH K HEKOTOPBIM 3a00JICBAHUSIM.

CoelMHEHNsT TIEJIOYHBIX METAJIOB HAILIM [TPUMEHEHNE B PasHOOOpPasHBIX OT-
pacisix MpOMBINIJIEHHOCTH. K puMepy, cuIukaT JUTUsST HeOOXOAUM JIJISi U3TOTOB-
nenus pounoii kepamuky. Cras mmtus (‘Li) ¢ matpueM caykuT aheKTHBHBIM
TEIJIOHOCUTEJIEM B SJIEPHBIX peakTopax. JIUTHil UCoab3yoT B METAJLIIyPIUu JIET-
%{ CILJIABOB, B IIPOM3BOJCTBE aKKYMYJISITOPHBIX Oarapeil.

Hobenesckasa npemua no xumumn 3a 2019 rog npucyxaeHa [>koHy yaeHady, CTaHAN YUTTUH-
remy 1 Akupe MowwmHo 3a pa3paboTKy NUTUIN-MOHHbIX GaTapelt. JIMTuii-noHHble 6aTapen ropasao
nerye N KOMMaKkTHee, yem 6onee paHHWe TUMbl aKKyMynATopoB. OHY NCMONb3YIOTCA B MOOUbHBIX
TenedoHax, HOyTOyKax, KapanoCTUMYNATOPAX, SNEKTPOMOOUNAX.

W3 xiopupa HATpus TOJYYAlOT THAPOKCU HATPUS, MMEPOKCUI HATPUS, XJOP,
KaJbluHIpoBanHyo cony Na,COs3 u mureeByio coqy NaHCO3 (numesast go6aB-
ka E500). Ero Takike mpuMeHSIIOT B M3rOTOBJIEHUU MOIOIIUX CPEACTB U MEIUINH-
CKMX TIPerapaToB.

Cynbdar HaTpusd UCMONB3YIOT B CTEKOJIBHON W KOKXEBEHHON TTPOMBITIIIEHHOCTH,
MIPOU3BOJICTBE MOIOIINUX CPEICTB U MEIMITUHCKHUX TIPEIapaToB.

Cumukar matpusg NasSiOj; momyvaior criaBienueM NaOH wiam copabr
C KPEMHE3EMOM:
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. t .
2NaOH + SIOQ = N3.25103 + HQO;
. ¢ .
N32C03 + SIOQ = Na28103 + C02
OH HeoOXOAUM JIJIsI U3TOTOBJIEHUS KapOIIPOYHOTO, KUCIOTO- U THAPOYIOPHO-
ro 6eTOHa, OTHEYIIOPHBIX KPACOK, KJIEEB, MPOTUBOIMOKAPHBIX MOKPBITUI 10 JE€PEBY
(aHTUIIPEHOB), /I YKPeIIeHusI caa0bIX IPYHTOB, B IPOM3BOACTBE 3JIEKTPOIOB,
JUISL OYMCTKUA PACTUTEJHLHOTO M MAITMHHOTO MacCeJI.
Imapokcunbpl HaTpUSA W KaJdusl UCIOJb3YIOTCA JJIg TPUTOTOBJIEHUS IJIEKT-
POJUTOB IIEJOYHBIX AKKYMYJISATOPOB, a TaK)Ke B MPOU3BOJACTBE MbLIa, KPAcCoK,

LEJLTIOJIO3BI.
Conu xamms KCl, KNO;3, K,CO3 — Baxuble MUHepaibHble yA00PEHUS.

LllenouHble meTannbl — s-anemeHTbl |A-rpynnbl ¢ obLlell 31eKTPOHHOM
KOHUrypaLmel BafleHTHOTO 3IeKTPOHHOIO CNoA aToMa Ns', 3a UCKITIIoYeHM-
eM BoJopofa.

O6pa3yloT coefMHEHNA C MOHHBIM TUMOM XUMUYECKOWN CBA3W, B KOTOPbIX
NPOABAAIOT CTEMEHb OKUCNEHUA TONbKO +1.

O6napgatloT camMol HU3KOW 3N1eKTPOOTPULLATENbHOCTBIO 1 MO3TOMY CaMOM
BbICOKOW XMMWNYECKOW aKTMBHOCTbIO. DHEPIrMYHO B3aMMOZENCTBYIOT C BOAOW
C BblAeNleHNneM BoOpoda M 06pa3oBaHNEM LLESTOYEN.

Okcuabl 1 rngpokcuabl 06nagaT OCHOBHBIMU CBONCTBAMMU.

Conu, Kak NpaBuio, He OKpaLleHbl 1 XOPOLLO PacTBOPUMbI B BOE.

MeTansnbl N3BNEKaOT 13 NPUPOAHbIX COEAMHEHWI METOAOM 3/1IEKTPONM3A
pacnnaBa cofier Uan rmgpoKCUaoB.

BOHpOCbI, 3agaHunA, 3agavun

1. Vicnonb3ysa paHHble Tabnuubl 32, oxapakTepusyinte ¢pusmyeckne CBONCTBA LLEMOYHbBIX
mMeTannoB. CpaBHUTE UX C APYIMMU M3BECTHbIMU BaM MeTasnamu. Kakne 3akoHOMepPHOCTU
B M3MEHEHMU VX CBOWCTB HAOMIOAAIOTCA C yBENYEHMEM MOPALKOBOrO HOMepa nemMeHTa?

2. Kak fjlokasaTb, UTO Npu B3aMMOLENCTBMMN HaTpUA C BOAoW obpasyeTca wénous?

3. Yem o6BACHAETCA NOTPEeOHOCTb YesloBeKa B COMAX HaTpus 1 Kanua? Ona yero ux uc-
Nnosb3yloT B MeauunHe?

4. CocTaBbTe ypaBHEHMA peakLuuin NUTnA, HaTpKA, Kanma C KMCIopoaoM, C BOLOW.

5. PaccumTaiite maccy xnopuga HaTpus, HeobxoarMyto ANA NPUrOTOBEHUA TMNepPTOHNYe-
ckoro pacteopa o6bémom 1 am3 (w =10 %, p = 1,071 r/cmd).

6. MNpusegnTe ypaBHeHNA peakumin B3anmopenctama KOH ¢ Kncnotamm, KNCIOTHbIMU OK-
cmpamu, pacTBopamu Conei.

7. 3anuwimnTe ypaBHEHUA peakUuuii NOyYeHUA HATPMA U Kanua 3NeKTPOM30oM pacniaBa
COOTBETCTBYIOLMX CONEN.

8. CocTaBbTe ypaBHEHUA peakLuil COrnacHo cxeme:

NaCl —->Na 2Na,0, —>Na,0 —>NaOH =>Na,SiOs.
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9. Onpegenute mMaccy WEnoun n o6bEM XJ1opa, KOTOPble MOXHO NMOJSTYUYNTb MPU SNEKTPO-
nn3e pacTBoOpa Xnopuia HaTpusa, Coaeprkallero conb Maccon 1 Kr. MNpeBpalyeHnio nogeepra-
eTca 82 % conu OoT UCXOQHOro KonnyecTsa.

10. [ekaruppat cynbdata HaTpus (rmaybeposa conb) Na,SO4 -+ 10H,0 B npupoae BcTpe-
yaeTca B BMAE MUHepasa MMPAbuauTa, KOTOPbI BbiMaJaeT M3 MOPCKOW BOAbl B 3anuBe-
naryHe Kapa-boras-lTon (Kacnuickoe mope) B xonogHoe Bpemsa roga. Paccuutarite maccy rna-
ybepoBoi conu, kotopas BbinageT n3 10 Kr HacbiweHHoro npu 30 °C pacTtBopa 3ToW Conu,
ecnu ero oxnagutb go 0 °C. PactBopumocTb Na,SO, npu 30 °C coctasnset 40,8 r Ha 100 r Bo-
abl, a npu 0 °C — 5,0 r Ha 100 r BoApbI.

§ 47. Metannbl lIA-rpynnbl nepuoanyeckon cNcTembil

B rpymme ITA nepuommyeckoil cucteMbl HaxoasTcst Oepusimii Be, i
Maranii Mg u nipuHaiexaniye moArpyie meaoqyHo3eMeTbHbIX MeTal- , Pepfmﬁ
soB Kasbiuii Ca, Gapuii Ba, crponiuii Sr, paauii Ra. CBoé HasBaHue
MIEJIOYHO3EMEIbHBIE METAJIIBI TIOJYYUJIA TIOTOMY, YTO B JPEBHUE Bpe-
MeHa 3eMJIAMU Ha3bIBAJIM BbIIE/IsSEMblE M3 MUHEPAJIOB U FOPHBIX Mopox | , Mg

152s*
9,012182

12

TYTOILTAaBKUE OKCHU/IBI MHOTHX MeTassoB. [Ipu B3aumojelicTBUU C BO- G mme
JI0Wl PacTBOPUMBIE «3eMJIM» 00PAa30BLIBANU PACTBOP IEMOYM. VIMeH- |wews o
HO K TaKMM PacTBOPUMbBIM OKcujaM MmeTayyioB ITA-rpyrinbl oTHOCSATCS 0
Ca0O, BaO, SrO. Be 1 Mg 1o MHOrMM CBONCTBaM CXOXKH CO MIEJI0Y- 2 (K"aiu"ﬁ
HO3eMEJbHBIMU MeTaJIJIaMU, OJHAKO WX OCHOBAHUS HEPACTBOPHUMBI, 5

[09TOMY OHM He BXOJAT B IPYIIITY IIEJOUYEN. I 0

Oowue ceedenus o memannax IA-zpynnot

B Ttabauiie 33 cyMMUPOBAaHBI CBEIEHUsI O CTPOEHUU U CBOICTBaX aTOMOB Me-
tayoB [TA-Tpymibl.

[To anekTpoHHOMY CTPOEHHIO aTOMOB 3JieMeHTbl [IA-rpymmbl oTHOCATCS K S-2J1e-
MenTaM. Ha BHemIHeM 57eKTPOHHOM CJI0e X aTOMOB MMeeTcs 2 d/IeKTpona (1s°), BO
BCEX CBOUX COCAMHEHMSX OHM IIPOSBIISIOT IOJIOKUTENIBHYIO CTelleHb OKUCIeHUs +2.
Kak un menounsie, Metasibl [IA-rpymimbl ABASIOTCS CUIBHBIMU BOCCTAHOBUTEJISIMIL
AtomMHBIe pasiychl 27ieMeHTOB [[A-TpyTimbl MeHbIlle pagnycoB aTOMOB COCEIHUX ITie-
JIOYHBIX METAJIJIOB, a MX BHEIIHHE 3JIEKTPOHBI TIpOYHee CBA3aHbl ¢ sapamu. CooTer-
CTBEHHO, 3JIEKTPOOTPUIATEbHOCTD MeTamoB [IA-rpymmbl Beilie, yeM y MeTasioB
TA-rpyribl, MO9TOMY OHU HECKOJIbKO MeHee akTHUBHBI (cM. Tabir. 32 u 33).

Kax n y menounbix MetannoB [A-rpynmel, ¢ yBeqnmueHueM MOPSIAIKOBOTO HOMe-
pa y asiemenToB I[IA-Tpynmbl Bo3pacTtaeT aTOMHBIN Pajiniyc, YMEHbIIAETCS 3JIEKT-
POOTPUIATEIBHOCTD, YCUJIUBAIOTCS MeTaJINYeCKue CBOMCTBA U B OCHOBHOM YMEHb-
nraercst temreparypa rmiaasienus. Tak, T, (Ca) = 850 °C, T,, (Sr) = 777 °C,
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Tabsmia 33. XapakrepucTuku atomMoB MetauioB ITA-rpynmbt

diemMeHT Be Mg Ca Sr Ba Ra
DJIeKTpOHHAS [He]2s? [Ne]3s? [Ar]4s? [Kr]5s? [Xe]6s? [Rn]7s?
KOH(UTypaIus

AToMHBIH paauyc, 0,113 0,160 0,197 0,215 0,221 0,235
HM

JIeKTpoOTpHIIA- 1,6 1,3 1,0 0,95 0,9 0,9
TEJIbHOCTh

T,, (Ba) = 727 °C. Ob6paTute BHUMaHUE, YTO TEMIIEPATYPHI TJIABJICHUS METAJIIOB
ITA-rpymmsl BbIle, yeM uX aHajoroB [A-rpymibl. DToT (hakT 06yCIOBIEH yIIpoU-
HEHUEM MEeTAJIJTMYECKON CBSI3W C YBEJIMYEHWEM YHWCJIa 3JEeKTPOHOB Ha BHEINTHEM
3JIEKTPOHHOM CJIO€ aTOMOB.

CoennHenns KaJabIUsl U MarHUS PACIpPOCTPaHEHBI B TPUPOJE TOCTATOYU-
Ho mupoko. K Bakueimum u3 Hux otHocstcest maznesum MgCOs, doromum
CaMg(COs)y, karvyum CaCQOs, 2zunc CaSO, - 2H,0, ¢moopum CaF, u paznuanbie
cunukarbl. CoefHenust Apyrux ajseMeHToB [IA-rpynimbl MeHee pacrnpocTpaHeHbI.
Crponiuit u 6apuii HaXOASTCS B MPUPOjiE B BHAEe KapOOHATOB ¥ CyJibdaros. Pa-
U, SBJISASACH PAINOAKTUBHBIM 2JIEMEHTOM, TPUCYTCTBYET B YPAHOBBIX Py/ax Kak
IPOYKT paciajia ypaHa.

PacmosnaTs mpucyTcTBUE TOTO MM WHOTO METajja B COEAMHEHUU MOKHO TIO
OKpacke ITaMeHu. B npucyTeTBuM coeiHeHUN KaabIUs BT IJIaMeH KUPIUYHO-
KPaCHbBIN, CTPOHIMS M Paausi — KapMUHOBO-KPACHBI, Oapus — KeJTOBaTo-
3enénbiit. Coequuenns Maruus 1aMst He okpamuBaioT (IIpunoxenue 3).

Metammsr [TA-Tpymmbl, kKak MpaBuiIo, TIOJYYAOT 3JTEKTPOJN30M paciiiaBa XJIo-
puzos (§ 45, puc. 108).

Xumuueckue ceovicmea memannoe IIA-epynnvt u ux coedunenuii

BoccranoBuresbHast crioco6HOCTh MeTasioB ITA-rpymmbl Bo3pactaer ¢ yBesu-
4eHreM aTOMHOTO Homepa. IIpu B3auMozeiicTBUN ¢ HeMeTalJIaMd OHU 00pa3yioT
okeubl (CaO), ruapuasl (CaH,), nurpumst (CasN,), ramoreruasr (CaCly), kap-
6unpr (CaC,), cyabhuast (CaS) u T. 1.

[[lérouno3eMenbHbIE METAJIBI AKTUBHO PEAarupyroT ¢ BOJOW U KUCIOTaMU, BbI-
TeCHsIsI 13 HUX BOJOPO/I.

B coemnnenusix meranno ITA-rpymmbl ¢ Hemera/uiamMu 06pa3yioTCsl XUMUYe-
CKMe CBSI3M IPEUMYIIeCTBEHHO MOHHOTO XapaKTepa.
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OCOGHSIKOM HAXOJWUTCS JIUIIb OGEPUJIIUIN, aTOMbBI KO-
TOPOTO MMEIOT 3HAYUTETHHO MEHBITNE Pa3Mephl U MO3TO-
My OoJiee CKJIOHHBI K 00Pa30BAaHMIO CBSI3€N KOBAJIEHTHO-
ro Xapakrepa.

XuMuueckasi akTUBHOCTh OKCHJIOB U TUIPOKCHUJIOB
MeTtamoB [TA-Tpynmsl yBemnumBaeTcs ¢ BO3pacTaHUEM
ATOMHOTO HOMepa MeTaJsLa.

Comu anemenTtoB [[A-rpyriiibl IMEIOT PasMUHYIO PacTBO-
PUMOCTb, YTO CBSI3aHO C PA3/IMYMEM B Pa3Mepe UX aTOMOB.

Puc. 110. lopeHne Hapsiy ¢ o0uMy XMMUYECKUME CBOHCTBAMU Y KakK-

Marnua J0ro 13 MetaaaoB ITA-rpyniel U ero coeinHeHUN ecTh
CBOM OCOOEHHOCTH.

Bepunaunit mo MHOTUM CBOHCTBAM OTJUYAETCS OT JAPYTUX 3JIEMEHTOB
ITA-rpynmbl. Ha Bo3ayxe mOBepXHOCTD OEPHJLINST TIOKPBIBAETCST CTOMKONW OKCHUIHOMN
néakoit BeO, uTo, oueBuHO, 00YCIOBIMBAET €10 HU3KYIO PEAKIIMOHHYIO CIIOCO0-
HocTh. OKCUL ¥ THAPOKCH/] OEPUILINST TTPOSIBIISIOT aM(OTEePHbIE CBONCTBA:

Be(OH), + H,SO, = BeSO, + 2H,0;
Be(OH), + 2NaOH 2 Na,BeO, + 2H,0 (ob6pasyercst B paciuiase);
Be(OH), + 2NaOH = Nay|Be(OH),]| (o6pasyercst B pacTBope).

CruiaBbl Ha OCHOBE OEPHJLIHSI OTJIMYAIOTCS TIOBBIIIEHHOM TBEPAOCTHIO, IPOYHOCTHIO
1 KOPPO3MOHHOW yCTOWYMBOCTBIO. OHU MCIIOJNB3YIOTCS B aTOMHOM 3HEpPreTuke, s
OOIIMBKY KOCMIYECKHX aIapaToB, /ST N3TOTOBJIEHNSI OTHEYTIOPHBIX MaTEPHATIOB.

CoemnneHust GEpUILTAST TOKCHYHBI.

Marnuii — metann cepebpucto-6esoro mnseta. Ha Bo3myxe MOBEpXHOCTh Mar-
HUS TTOKPBIBAETCS OKCUIHON TIEHKOM MgQO, uTO MpensaTcTByeT ero AajibHENemMy
okucyenuio kucaopoznom. Ilpu narpesanun n0 300—400 °C marnuii cropaet ocJie-
MUATeNbHO IpKuM TimameneM (puc. 110):

2Mggy + Oy = 2MEO0(ry, + 1202,5 K/lk.

Memannuueckuii maznuii o4eHb MeJIeHHO pearupyeT C XOJIOAHOW BOJOH, HO

B KUIIAIIEH BOJle 9Ta peakiiusl poTeKaeT NHTEHCUBHEe:
Mg + 2H,0 = Mg(OH),| + Ha1.

Coueranue JI€rkocTH (TIOTHOCTh IPUMEPHO HA 35 % MeHbllle, YeM Y alOMITHIS )
1 BBICOKOUM TIPOYHOCTH (II0YTH B 2 pasa BbIlIe, YeM Y aJIOMUHUS) JleJIaeT CILJIABbI
HAa OCHOBE Martusi BOCTPeOOBAHHBIMY B aBUa-, aBTOMOOHIIE- U TPUOOPOCTPOEHUN.

Oxcud maznuss MgO — 1oporiok 6esioro 1BeTa, BecbMa TYrOIUIaBOK. Baawnmo-
JEHCTBYET € BOJON TOJBKO MPH KUTISTYEHH, 00pasyst HEPACTBOPUMBIN THIPOKCHUIL

MgO + H,0 = Mg(OH),.
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[TosryyaroT OKCH/I MarHust POKAJIMBaHUEM KapOOHATa MarHus:

MgCO; =~ MgO + CO1.

OKcuji MarHust MCIOJIb3YIOT B M3TOTOBJIEHUHM OTHEYITOPHBIX M3/Aeuil (KUPIH-
Jeil, TUTJIEH, IIeMEeHTa W T. JI.), a TaKKe B MEIUIIMHE JJIs CHUKEHMS] KUCIOTHOCTH
JKEJIYJOYHOTO COKA.

Tudpoxcuo maznus Mg(OH),, Oypyur HepacTBOPUMBIM OCHOBAHMEM, BCE JKe
cosmaér B Boge 1esnounyio cpexy (pH > 7, obuapysxusaercsa (enondraaennom),
TaK Kak MepPexOAsIUuil B PacTBOP B HUYTOKHO MajOM KOJHUYECTBE THIAPOKCH]
JICCOIUUPYET:

Mg(OH), — Mg?" + 20H".
Mg(OH), kax ocHOBaHUE PacTBOPSIETCSI B KUCJIOTAX:
Mg(OH), + 2HCI = MgCl, + 2H,0.
Ero momyuwator mpu meiicTBUM miesioueidl HAa pacTBOPMMBIE COJIM MarHWs.
[Tpu sTOM BBIMasaeT OGEJIBIN CTYAEHUCTHIN 0CaIOK:

MgCl, + 2KOH = Mg(OH),| + 2KCl.

Conu maznusi. PactBoprMble coJIM MarHKsi OECI[BETHBI ¥ TOPbKU Ha BKYC, HO HE
SIOBUTHI. 113 pacTBOPUMBIX coJieil Mariust HanboJiee 3HAYMMBbI XJIOPUL M CYJIb(ar.

MgCly, comepskaruiicss B MOPCKOH BOJIE, CIYKUT OCHOBHBIM PECYPCOM JIJIsI 110~
JIyUeHUST MeTAJJIMIeCKOTo Maruus ajekTponuzoM. MgSO, - 7TH,O — zopvras ane-
JULCKAsL COMb, HAXOIUT TPUMEHEHWE B PACTEHMEBOJCTBE KaK MUKPOYIOOpeHUe
(MCTOYHUK MarHWs W Cepbl), MeAuInHe (KOMIOHEHT YCIOKAUBAIOIINX, TPOTHBOCYIO-
POSKHBIX, CIIA3MOJIMTUYECKUX TIPENAapaToOB U CPEJICTB JIJIsl TIOHWKEHUS IABIEHMST ).

buonozuueckas poav. Marauii BXOIUT B COCTaB XJIOPOMPUIIOB — 3€JTEHOTO
[UTMEHTa PACTeHUH, HeoOXOAMMOTO /It OCYIIECTBIEHUs Ipolecca (OTOCHHTE3A.
HenocraTok nonos Mg?™ B opranmsMe ueoBeKa BBI3BIBAET TKE/Ible HAPYITCHS
CEep/IeYHON 1eITeTbHOCTH, TTOBBITIAET TTPEAPACTONOKEHHOCTD K WH(hAPKTAM.

Kanbuuii — cepebpucto-6esbiit érkuit Metasut. Kambiwit u gpyrue meérouHo-
3eMeJIbHbIE METaJIbl 10 CBOMM CBOMCTBaM IMOXOKM Ha MarHwii, HO 00JajaT To-
pasno GoJIbIIell XUMUYECKOH aKTUBHOCTBIO.

Oxcud xanvyuss — Oeiblil TYTOIJIABKUI MOPOIIOK, MMEeT TEXHUYEeCKOe Ha3Ba-
Hue — JKKEHas, WIN HeralléHas, U3BeCTb. JTO TUINYHBIN OCHOBHBIA OKCHUI. OH
pearupyeT ¢ BOJIOH, KUCJOTAMHU W KUCJIOTHBIMU OKCUIAMMI.

IIponecc B3aumozaeiictBuss CaO ¢ Bo/oil HAa3bIBAIOT TalllEeHUEM:

CaO + H,O = Ca(OH), + Q.
HeraleHasd U3BeCThb raieHasa n3BeCTb

ITa peaxiys COMPOBOKAAETCA OOJIBIIMM BbIICJECHUEM TEIIOTI.

B mpoMbITIeHHOCTH OKCHJT Kasbliust mosrydator obskurom mpu 900 °C ussect-
HIKa WU MeJa;
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CaCO3 = CaO + CO,.

Tuopoxcuo xanvuus Ca(OH), — Gesiblii moporiok, Mano pacrsopuM Boge (1,56 r
na 1 av° Bozsr ipu 20 °C), HO MOJTHOCTHIO JUCCOIMUPYET, 06pasys CUILHOIIEI0Y-
Hoit pactBop (pH = 12,6):

Ca(OH), — Ca®" + 20H".

Kak Tunuunoe ocHOBaHUE THIPOKCH] KaJbIIUs Pearupyer ¢ KUCTOTAMH, KHC-
JIOTHBIMU OKCHJIAMU, PACTBOPAMU COJIE.

[Tpu nporyckanuu yrjeKMcJIoro ra3a yepe3 M3BeCTKOBYIO BO/Y BHavaje MOsIB-
JIIeTCsT 0cajlok KapOoHaTa:

Ca(OH), + CO, = CaCO3| + H,0,
KOTOPBI 3aTe€M IOJHOCTBIO McUYe3aeT U3-3a 00pPa3oBaHKs PaCTBOPUMOIO IMIPOKap-
6onara xanbiusa Ca(HCO3),:
CaCOj3 + HyO + CO, 2 Ca(HCO3),.

Tuppokap6oOHAT KaJbl[Msl HEYCTOWYMB, OH CYIIECTBYET TOJIBKO B PAaCTBOPE.
C aTtuMM TIporteccaMu CBSI3aHO 00pa3oBaHUe TIEIeP B M3BECTHSIKOBBIX MACCUBAX,
a B HUX — CTaJaKTUTOB U CTAJarMUTOB.

@ PactBop rupgpokcupa kanbuma Ca(OH), Ha3biBaloT n3BecTkoBOW Bodon. CycneH3nio rmapok-
cnfa KanbLmA Ha3biBalOT M3BECTKOBbIM MOSIOKOM. TBEPAbIN MMAPOKCUS KanbLnA Ha3blBatoT ralué-
HOW M3BECTbIO.

laményio n3BecTb, MK <«ITYIIOHKY», IIPUMEHSIIOT B CTPOUTEIbCTBE, a TaKXKe JIJIs1
CHUKEHUS BPEMEHHON JKECTKOCTU BOJIBI, YMEHBIEHUST KUCJIOTHOCTH TIOYB.

Conu xamvyus. Kapbonam xanvyus CaCQOs; — Oejioe BEleCTBO, HEPACTBOPH-
Moe B Bojzie. 3 Hero ccopmupoBan Mes, MpaMop, JKeMUyT, PaKyIIKA MOJITIOCKOB
(puc. 111).

Pnc. 111. PakywKka, Kycouyek mena, Ba3a 13 mpamopa

Cyavgham xanvyus CymiecTByeT B MPUPOJE B BUJE JBYX MUHEPAIOB — QH2UO-
puma (CaSOy,) u zunca (CaSO, - 2H,0). OHM 1y0X0 PacTBOPUMBI B BOJIE.
[Tpu npokasMBaHuM TUIICA 00pa3yeTcsl CTPOUTEIbHBIN THUIIC — anebacmp (<KKEHbII
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ruricy) — CaSOy - 0,5H,0. Ero npuMeHsIOT Kak BSUKYyIlee CPeCTBO B CTPOUTEJIb-
CTBe [JIsI M3TOTOBJIEHUST TIAHEJEll, TIEPErOPOIOK, CYyXOi MITyKarypku, Gaperbedos,
OPHAMEHTOB U JIp., a TaK)Ke B MEIUIMHE /IS HAJIOKEHUs THIICOBBIX TTOBSI30K. IBep-
JIeHNe SK;KEHOTO TUTICA TTPOMCXOUT B PE3yJIbTaTe PeakIny TUAPATAIII:

CaSOy - 0,5H,0 + 1,5H,0 = CaSO, - 2H,0 + Q.

Xnopuo xanvyuss CaCl, B Buje pacTBopa MPUMEHSIETCS KaK JIEKAPCTBEHHOE
cpejcTBo, Bocnommsonee fedunut nonos Ca?* B opranusme uenosexa. KaTHoHbl
Ca®" yuacTBYIOT B PeryJisiiii cepAedHbiX COKPAIEHHI 1 CBEPTLIBAEMOCTH KPOBH,
a Takke B (hOPMUPOBAHUM KOCTHON TKaHMU.

Jedurur KanbIsi CHIKAET MJIO0M0POINe TIOYB, BBI3bIBAET OOJIE3HH CKeJeTa
YeloBeKa M JKUBOTHBIX, 3aMeJISIET POCT opranm3Ma. [1oatomy 60JibIoe 3HaYeH e
uMeeT oboraiieHne KaJabIleM TT0YB, KOPMOB JIJIsI JIOMAIITHUX JKUBOTHBIX U T. [I.

/Kécmxocmo 600t u cnocodvl eé ymenvuenus

Coenunenust Maruusl U KaJbI[As SBJSIOTCS OCHOB-
HBIM KOMIIOHEHTOM TOPHBIX MOPOJ, COCTaBJSIONINX
BEPXHIOIO YacTh 3eMHOI Kopbl. Boja, npoxoasa vepe3
3TU TIOPOJIbI, HACBITIAETCS TUMU COEMHEHUSIMU, CTa-
HOBSICh <KECTKOI». [Ipm HarpeBaHum ;KECTKOUM BOJABI Ha
HarpeBaTessIX CTUPATbHBIX MAIIMH, TPYyOax TEIIONeHT-
pajieif, Ha BHYTPEHHUX cTeHKax KoTsioB TIIl u uaii-
HUKOB 00pasyercsl HaKWIlb, COCTOsIIAs 13 KapOOHATOB

Kasmblus 1 Maraus (puc. 112). Hakunp obmagaer Hus- Puc. 112. Hakunb
KO TeIIONPOBOAHOCTBIO, IOTOMY BbI3bIBAET Iiepe- Ha 060orpeBaTenbHOM
rpeB CTEHOK KOTJIOB. CiydaiiHoe OT[eIeHHe YacTH Ha- 3emMeHTe CTVpanbHoOM
KUIIM OT PAacKaJCHHOI CTEHKM KOTJIa MOKET IPUBECTH MaLIMHbI

K 6I)ICTpOMy HCIIapE€HnI0 BO/ibl, ITOBBIINEHUIO JaBJE€HUA
BHYTPHM KOTJIa U eTo B3pBIBY. JKEcTKas BOja OCTaBseT Pa3BObI HA TMOCYJe, T0-
BEPXHOCTH CAHTEXHUKH. B KECTKOI BOJe TMOBBIIIEH PAcXo/l MOIOIUX CPEJCTB.

IIporiecc ycTpareHust JKECTKOCTH BOBI TIEPe]T €€ MCIOJH30BAHNEM HA3bIBAETCS
ymsizuenuem 600wl JI060i U3 €ro BapMaHTOB TIPEAIIOJIaraeT yAaJeHe U3 BOJIbI HO-
HOB KaJIblId U MalrHu. ITo orHoIIEHUIO K IponeccaM yMArdeHnuvsd BOJbI pa3Jjinva-
10T JKECTKOCTb BPEMEHHYIO U TIOCTOSTHHYIO.

Bpemennas (xapboHaTHasi, MJIM yCTPaHUMast KUIISTYEHUEM ) JKECTKOCTb 00YCII0B-
JieHa cojiepKaHueM B BOjle THAPOKapOOHATOB Kajbius 1 Marius. OHa ycTpaHsier-
Csl KUIISTYEHUEM, TTPU KOTOPOM IPOMCXO/IMT TIOJHOE Pa3jIoKeHNne IMAPOKapOOHaTOB.
Omnu mepexomsT B BuAe KapOOHATOB B HEPACTBOPUMOE COCTOSTHUE:

Ca(HCO3), = CaCOs| + COyt + H,0;
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Mg(HCO3), = MgCO;3] + CO,t + H,0.
VIMeHHO TaKkue peaki[iyl BhI3bIBAIOT 00pa3oBaHUe HAKWUITU HA YallHUKE.
Ilocmosinnas (HexapboHaTHAsT) KECTKOCTH OOYCJIOBIEHA COJEPKAHUEM pac-
TBOPUMBIX COJIel Kajblugd M MarHus (cyabharoB, XJIOPUAOB U JP.), KOTOPbIe TIPU
KUTISTYEHUH OCTAlOTCST B pacTBope. B aToM ciiydae sKECTKOCTH BOZIBI MOXKET OBITh
ycTpaHeHa BBejieHMeM B pacTtBop peareHToB (NayCOs, NasPO, Ca(OH)y u np.),
00pa3yIoNNX € PACTBOPEHHBIMU COJISIMU KAJIbIIUST M MATHUST OCA/IKU:

Ca’" + CO% = CaCOsl;
Mg?" + 20H™ = Mg(OH),/;
3Ca?" + 2P0} = Cag(PO,),|.

YMEHbLWNTb KONMYECTBO PAaCTBOPEHHBIX COMell B BOAE MOXKHO €€ BbiMOopakmBaHuem. MocTe-
NMeHHO 3aMoparkuBas BOAyY, OCTABAAT NpuMepHo 10 % XNAKOCTU OT NePBOHAYANIbHOTO Konmye-
cTBa. Mpu obpas3oBaHUN NbAa PaCcTBOPEHHbIE COMMN HAKaMIMBaloOTCA B XuUAKon ¢dase, roe nx pac-
TBOPUMOCTb Bbilwe. OCTaBLYOCA BOAY CAMBAIOT, @ IR 3aTEM PACMIaBNAOT.

B maGoparopuu [7isi OYMCTKH BOJBI MCIIOJIB3YIOT METOJ TIEPETOHKH, TO €CTh
ucrnapeHue BOBI C rocJenyionieil eé KoHjpeHcanueil. [Ipy aToM ocHOBHast 4acTh
cosell octaércs B HewucrapuBinelica Boje. KoHpeHcupoBaHHas BOJla HAa3bIBAETCS
TUCTUJIMPOBAHHOM.

CoBpeMeHHBI#, 6H0JIee SKOHOMUYHBIN CITOCOO OCHOBAH Ha TIPUMEHEHUN MOHO00-
MEHHBIX cMOJI. [Ipu mporrycKaHWy BOJIBI Yepe3 CJI0il MOHOOOMEHHOI cMOJIbl (HO-
HUTA) WOHBI KaJbIUs, MATHUS U Kejle3a MePeXOsT B COCTaB CMOJbBI, & U3 CMOJIBI
B pactBop mepexoxsat nonst H' wam Na™: Ca?” + NayR = 2Na* + CaR, e Na,R —
YCJIOBHOE 0003HAYEHNE MOHWTA, CHHTETUYECKOI OPraHuYeCKOi CMOJIbI, Ha OBEPX-
HOCTH KOTOPOM HaxomaTcs nonHbl Na'.

Metannbl lIA-rpynnbl — s-3n1eMeHTbl C 06LLel SNeKTPOHHOWN KOHbUrypa-
Lyiell BaNeHTHOro cnos ns?. B coeHeHUAX C HemeTannamm o6pasytoT XUMu-
yeckune CBA3M NPeVMyLLeCTBEHHO MOHHOrO XapakTepa U HaxodATCA B cTene-
HU OKUCNEeHNA +2.

ABNATCA CUNbHBIMY BOCCTAaHOBUTENAMM, HO MEHEE aKTUBHbBIMUK, YEM LLE-
noyHble meTambl. OKcuabl U rngpoKcuabl 6epunnva obnagatoT amdoTePHbI-
MW CBOWCTBAMM, OCTaJIbHbIX S/1EMEHTOB — OCHOBHbIMW.

PactBOopuMble conv KanbUMsas U MarHus oOYC/OBAMBAIOT MECTKOCTb
BOAbI.

Metannbl IIA-rpynnbl NOAyYaloT 3N1EKTPONN30OM PacriaBoB COJeN.
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BOHpOCbI, 3agaHunA, 3agavun

1. Kak foKa3aTb, UTO OKCUA MarHvsa nNpu KUNAYEeHWM B BOAE NepexofmnT B MMAPOKCUL, KO-
TOPbIA XOTA 1 MIOXO, HO BCE Xe pacTBopaeTca B Bofe?

2. Mo TepMOXMMMYECKOMY YPaBHEHMIO OnpeaennTe KONMYeCcTBO TeMNoTbl, BblAeNMBLLENACA
npu CropaHnv B KUCIIOPOAe MarHua maccom 1 T.

3. Yem MOKHO 06BACHWUTL 06pa3oBaHMe OCafKa B pacTBOpe rmapokcvaa 6apva npu ero
XpaHeHWN B OTKPbITON Konbe?

4. Kakas Bofa HauMmeHee XECTKas: apTe3naHcKas, peyHasa unm goxaesan? OTBeT noAcHuTe.

5. MNpepnoxunTe nNnaH pacno3HaBaHWA PacTBOPOB HWUTPATOB KanbLMA W HaTpUA, Haxoas-
LMXCA B ABYX NMPOHYMEPOBaHHbIX NPobMpKax.

6. [MocToAHHaA XECTKOCTb BOAbI MOXeET ObITb YCTpaHeHa NprYIMEHeHeM peareHToB, obpa-
3yIOLWMX C PAaCTBOPEHHBIMU CONAMU KanbLMA U MarHWA ocagku. Micnonb3ya Tabnuuy pactso-
PUMOCTW, NPEeASIOXKUTE 3T peareHTbl U NpuBeuTe ANA WTIOCTPauumn HeobxoarmMble ypaBHe-
HMA BO3MOXHbIX peaKkLui.

7. MNpennoxmTe cnocob oUNCTKM YalHKKa OT HaKMMK, NCXOAA U3 e€ XMMMYECKOro cocTaBa.

8. AHann3 3abopa BOAbl U3 CKBa)MHbI MOKa3as, YTo COAepaHne B Hell MOHOB KanbLumsa
cocTasnfeT 0,2 r Ha 1 am° Bogbl. OnNpeaenuTe Maccy KanbLYHUPOBAHHOI COfibl, KOTOPas Mo-
Haflo6UTCA ANA yMeHblUeHNA coflepKaHuA Kanbuus ao 0,04 r/am® B Takol Bofle 06bEMOM
100 M.

9. CocTaBbTe TpY ypaBHEHMA peaKLuWii COrNacHo CxeMe:

+ Lljénoub
Kapb6oHam + H,0 + CO, uopokapboHam
MazHus ~ MazHuA
HaepesaHue

10. CocTaBbTe ypaBHeHUA peakLUuil CornacHo cxeme:
CaCl, 5Ca 5Ca0 2 Ca(OH), 5 CaC0o; > Ca(HCO5),.

Jlabopamopnuiii onoim 8. O6napyicenue uoHo8 Kaavuus 6 pacmeope

Peaxmueoi: XJTOpUJ KaJbllusl, HUTPAT KaJbilusl, KapOOHAT HATpUsi, CyJbbhar
HATPUSI.

1. B 1Be mpoOUpPKHU HaseliTe pacTBOPHI XJIOPWIA U HUTpaTa Kajbiusa. B obGe
npobupKu 106aBbTe pacTBOp KapOoHata Hatpus. OOparnuTe BHUMaHME HAa CXOJCT-
BO OCaJIKOB.

2. B zBe HOBBIE MPOOMPKU HaJEWTe PACTBOPHI XJOPHUIA U HUTPATA KaJbIIUsI
u 106aBbTe pacTBOp cyJibdara Harpus. OOparuTe BHUMaHUE Ha TIPoIiecc 06paso-
BAHUS OCAJIKOB.

CpaBHHUTE TIOJYYEHHBIE OCAAKN — KapOOHAT M CyJIb(haT KaJbIlus.

Kakoii u3 peakTBOB — KapOOHAT WK CyJabGaT HATPUS — MPEATOUTUTETHHEE
HCITOJIb30BATh JIJIsT OOHAPY/KEHWST MOHOB KaJIbIUsI?
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§ 48. AnNlOMUHUN N ero coeanHeHnsA

AJoMunuil Kax xumuueckuil daemenm m

Al
o 3
AmomMunnii — aznemMeHT 3-ro nepuoja, [ITA-rpynnbsl. 9diaexrt- 3 amowmoni
poHHas cxema, (popMmysa 3TeKTPOHHON KOH(MUTYPAIIMH 1 9JIEKTPOHHO- | inejasisp!
26,9815
rpacduyeckasi cxema €ro aToMa UMerT BUJIL:
3d

13A1 >>> wn 3Al 2e, 8e”, 3e;

289 s

1Al 15225%2p%3s%3p! mmm (3Al [Ne]3s?3pl;  3A1 ]

Ha BHemHeM 32JIEKTPOHHOM CJIO€ y aTOMOB QJIOMUHWS MMeeTCs 3 2JIEKT-
poHa, KoH(UIypalus BaJeHTHOTO cjios 3s23pl, To ecTh amomMuumii orHoCHTCS
K p-asmemenTaM. OH nMeeT HU3KOe 3HaYeHue syeKkTpooTpurarenbuoctu x(Al) = 1,6
U TIPOSIBJISIET B COEJMHEHMSIX CTENIEeHb OKUCJIEHUsS TOJBKO +3.

AJIIOMUHUI — caMblil pacipocTpaHéHHbIN MeTaLt 3eMHol Kopbl (w(Al) = 7,5 %,
(§ 43, puc. 102)). B npupone oH mpe/icTaB/ieH e/[MHCTBEHHBIM HYKJIUIOM AL

BesesicTBrie 3HaUNTENBHON XUMUYECKON aKTUBHOCTU AJIOMUHUIN B IPUPOIHBIX
YCJIOBUSIX HAXOJUTCS MPEUMYIIECTBEHHO B BUJIE XUMHUUYECKUX COEIUHEHUI — MU-
HEpaJIOB, TPEICTABISIONNX cOO0I OKCH/IbI, THAPOKCHU/IBI, CUIMKATHI MU ATIOMO-
cuimKaThl. Harpumep, POYKT pa3pylieHusi TOPHBIX MOPOJ — TJINHA (KA uHUmM),
MPOJYKTHI JAJIbHEMIIEro paspyienust TauHbl — 6okcumot AlyO5 - xH,O. Hanbosrn-

mee MMpakKTU4eCKoe 3Ha4YeHue AJid MOoJyYEeHUA aJIOMUHUA UMEIOT 6OKCI/ITI)I n Kpuo-
aum Nag| AlFg].

Antomunuil Kax npocmoe 6ewiecmaeo

Dusnuueckue cBoiicTBa. AMIOMUHUI — cepeOpucTo-Oesblil JErKuii MeTaJul
¢ IJIOTHOCTBIO 2,7 T/cM®, TeMiepatypoit miassennst +660 °C i TeMiepaTypoit K-
neans +2500 °C. OH oueHb MJIACTUYEH, JIETKO MMPOKATHIBAETCS B (DOJBTY U TIPOTS-
TUBAETCS B TMPOBOJIOKY, XOPOTIIO TMTPOBOIUT 3IEKTPUIECKUH TOK.

[ToBepxHOCTb aMIOMUHMST BCeT/ia TTOKPBbITA TOHYAWINEN TIJIOTHON TJIEHKONW OK-
cuzga Al,Os.

I'Ipou,ecc nonyvyeHnAa OKCMAHbIX MNEHOK Ha NOBEPXHOCTN MeTa/JIOB Ha-
3blBaeTCA OKCuaUpOBGHueM. O6pa3y|ouJ,|/|ec;| NNEHKN NrpakT posb He
TONbKO aHTUKOPPO3NOHHOIO NOKPbITUA, HO N MaTpKLUbl, B NOPbI KOTOpOI;I
MOXHO 0CaAuTb KpacdAulee BewecTBO AnA npunaaHna metainyeCcknum ms-
[ennam oekopaTmBHbDbIX cBolncTB. Ha PUCYyHKe NMoOKa3aHa JieHTa 13 oKcnaun-
POBAHHOIO aJIlOMUHNA, OKpalleHHOro B pa3Hble LBeTa.
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Xumnueckue cBoiicTBa. B psijly akTUBHOCTH aIOMUHUI PacIoJIO;KeH cpasy I10c-
Jie IEJIOYHO3eMEJIbHBIX METAJIOB, YTO YKa3blBACT HA €0 BBICOKYIO PEaKLIUOHHYIO
crtocoOHOCTh. OIHAKO MPOSIBUTH Ty aKTUBHOCTDH TIPU KOMHATHON TEMIIEpaType BO
MHOTHX CJIy4asdx eMy MelllaeT TJI0THad TIeHKa okcuza. Ho npu moBbIlIeHHON TeM-
repaType OHa He TIPEISITCTBYET MPOTEKAHWIO OOJIBIIMHCTBA XUMUYECKUX PEAKITHI.
Orpannyumcsl cucTeMarusaliieil U3BeCTHBIX BaM IIpeBpallleHUuil aJloOMUHUS U ero
COEJIMHEHMI 1 TIPUBEIEM KpPATKHEe KOMMEHTapUK K HEKOTOPBIM M3 HUX (Tabu1. 34).

Tabsmnna 34. XumMuuyeckue CBOHCTBA aJIOMUHUS

Pearentsl u ypaBHEeHHs peaKIuii

YcioBus NpoTeKaHUs U NPOAYKT
peakuuu

Hewmetauibt

4
4Al + 3C(rpal(])m‘) = A14C?

2Al + 31, = 2All3 (kars HyO — xaranuszarop)

Al pearupyer ¢ CUJIBHBIMU OKUCJIU-
TeJISIMU TP KOMHATHOW TeMmIiepa-
Type, ¢ MeHee aKTUBHBIMH — IIPHU
HarpeBaHuu

Bona

2A1(amaubrama) + GHZO = 2A1(OH)3 + 3H2T
t
2A1(0pr>i<1<a)+ 3I_I2O(r[ap) = A1203 + 3H2T

[l mpoBeneHUs peakiuu ¢ BOJOU
[IPU KOMHATHOII TeMIiieparype HeoO-
XO/IUMO TPEIBAPUTEIBHO YAAIUTh OK-
CUJIHYIO TIIIEHKY

Kucaorsr

2Al + 6HCI = 2AICl; + 3H,?
8Al + 30HNO3,5 = 8AI(NOs); + 3NHNO; + 9H,0
2A1 + SHZSO4(])336) = AIQ(SO4)3 + BHQT

Al 6ypHO pearupyer ¢ pa3baBjI€HHbI-
MU KUCJOTaMu. B KOHI[EHTPUPOBAH-
HBIX CEPHOU U a30THOII Kucjaorax Al
[IACCUBUPYETCS

IIénoun

2A1 + 6NaOH + 6H,0 = 2Nas[Al(OH)g] + 3H,?

IIpu B3auMozeiicTBUU 0OpPa3yOTCs
BOJIOPOJL U COJIH, COZIEPIKAIIIe TeKca-
THIPOKCOATIOMUHAT-UOHBI — KOM-
IJIEKCHbBIE AHUOHBI

PactBopsI coneit

2Al + 3HE(NO;), = 3Hg| + 2AI(NO;);

[Tpotecchbl BBITECHEHUST MEHEEe aKTHB-
HOTO MeTaJla aJIOMUHUEM IPOTEKA-
10T OBICTpEE, e MPeABAPUTETHHO
yaamuth wiéHky AlyOs

OKCMBI HEKOTOPbIX METAJIOB

2Al + CI‘203
2Al + F6203

A1203 + 2Cr + Q
Aleg + 2Fe + Q

[~

IIJIH VMHUIWUUPOBaHUA PEAKIIUN CMECh
peareHToB HeO6XO[[I/IMO pa3orpeTnb.
I[aﬂee Iporecc IMpoTeKaeT CaMOIIpo-
U3BOJIbHO C BbIJeJE€HUEM 6OJIBILIOrO
KoJ/Im4ecTBa TEIIOThL

o
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Ilonyyenne amoMuHHA. B POMBIIIJIEHHOCTH aJIOMUHMI [1OJIy4aloT 3JEKTPO-
JIN30M paciiiaBa cMmecu ziunoséma Al,Os u kprosmra Nas[ AlFg):

4
2A1203 = 4Al + 302T
CmMmech OKCH/la aJIIOMUHUA W KPUOJIMTA IIJIABUTCA IIPpU TEMIIEpaType 60]166

gem Ha 1000 °C HmKe, YeM YHUCTBIH OKCHA. IDTO JejaeT MMPOU3BOACTBO OoJiee
6€e30TTaCHBIM, 9HEPTeTUYECKN ¥ 9KOHOMUYECKH GOJIee BBITOIHBIM.

AManbrpoBaHHbIA anMiOMUHUA MOXHO MONYYUTb, MOrpy»as MeTajyl Ha HECKOJIbKO CEKYH[,
B pacteop conu ptyTu(ll).

IIpumeHenue amoMmuHus. biarojapsi BbICOKOW 3JIeKTPOIPOBOJHOCTUA AJIOMU-
HUSI W3 HETO M3TOTABJMBAIOT 3JieKTPoripoBozia. [lo cpaBHEHWIO ¢ MeIHBIMU AJItO-
MUHUEBBIE TIPOBO/IA GoJiee JIETKUE U JIECTIEBBIE.

M3-3a Hanmumst HA MMOBEPXHOCTH ATIOMUHUST OKCUTHON TIJIEHKU OH He pearupy-
eT C BO/IOH, YTO MO3BOJISIET U3TOTABIMBATH U3 AJIOMUHUS KYXOHHYIO IIOCY/LY.

[[lupoko npumeHsdioTcs criaBbl amioMuHusg. C cocTaBOM U HMpUMEHEHHEM
TIOPATIOMUHWS BBI YK€ O3HAKOMUJINCH, N3ydass MaTepuan § 43, M3BECTHBI U [IPY-
rve CIIaBbl. ABHA/b — CILIAB aJIOMUHUS C MarHueM M KpeMHUEM — HCIIOJIb3YIOT
JUIST U3TOTOBJIEHUST KOPITYCOB CaMOJIETOB, KY30BOB aBTOMOOWJIEH, KOPITYCOB MO-
6unbHBIX TeaedonoB. CiuaB IMHKA ¢ amfoMuHueM u Meapio — ITAM — mpume-
HSIOT B aBTOMOOHMJIECTPOEHUH, JIJIsI M3TOTOBJIEHUST MOAIIUITHIKOB, Pa3HOOOPa3HOM
(hypHUTYPHL

Apko BbIpaKeHHbIE BOCCTAHOBUTEJbHBIE CBOMCTBA QJIIOMUHUS HUCIIOJb3YIOTCS
B aOMOmMepMuy IS IOJydeHusT TUTaHa, bopa, XpoMa U JIp., [IUisl CBAPKU PEJIbCOB

n ,ZIBTHJIGIL/'I CTaJIbHOI'O JIMTbAA.
4

[lnAa cBapKM MacCMBHbIX MeTaNNIMYeCKNX AeTaner, Hanpumep pesb-
COB Ha TPaMBaWHbIX W >KeNe3HOJOPOXHbIX MyTAX, NCMOMb3yT Tep-
MUT — cmecb nopolwkos Al n Fe;0,. Mpu nx B3anmopencTsmmn Bblae-
NAETCA OrPOMHOE KONIMYeCTBO Ter1oThi:
8AIl + 3Fes0, = 4Al,0; + 9Fe + 3478 K.

Temnepatypa nosbiwaetca o 2800 °C. 3To Bbi3biBaeT nniasfieHne
BOCCTAHOBJIEHHOTO eJie3a, KOTOPoe, CTeKasa B CTbIK PENbCOB, 3anon-
HAET NPOCTPAHCTBO MEXAY HMMU 1 CBapuBaeT UX.




AntoMuHWi 1 ero coeanHeHNa 267

Coedunenus anoMunus

Oxcun amomunus Al,Os; — TunudHbiii aMm(OTEpHbBII OKCHI, KOTOPBIN pearupy-
eT KaK C KHCJOTaMHU, TaK U CO IeJI0YaMu:

Al,O5 + 6HCI = 2AICl; + 3H,0;
AlyO3 + 3H,0 + 6NaOH,, ) = 2Nas[ Al(OH)g];

TEKCArnIPOKCOATIOMUHAT HATPUA

Al,O5 + 2NaOH = 9NaAlO, + H,0 (TIpu CIUIABJIEHNN ).

AJIIOMUHAT HATPUS
O6paSOBaHHbII>i B IIPUPOJIHBIX YCJIOBUAX OKCHU/L aJIIOMUHUA CYHIECTBYET B BU/IE

kopyHia. [lo TBéproct on ycrynaet tosbko anmasdy (Ilpunosxkenue 2). ITpospauy-
HbIe OKpallleHHbIe KPUCTAJJIBI KOPYH/IA OTHOCST K JPAaroleHHbIM KaMHSIM — CaMo-
mseram: carndup (Al,O5 ¢ mpuMecssMu TuTaHa, BaHAUS, JKesle3a) OKpalleH B CHHII
nBet, pyoun (Al,O5 ¢ mpumecsimu xpoMa 1 Kesre3a) — B KpacHbIil. VICKyccTBEHHO
BBIpAIllEHHbIE MOHOKPUCTAJLIBI PyOMHA MCIIOJIB3YIOT B JIa3epax, YacOBOW M IOBEJIHP-
HO NPOMBIIITIEHHOCTH.

[Topomiok kopynaa Al,O3 6marogapst ero TBEPAOCTH TPUMEHSIIOT PU HLTH(O-
BaHUW W IOJUPOBAHUM PA3JUYHBIX NOBEepXHOCTeW. TBEP/bIA, TYrommaBkuii U Xu-
MUYECKN WHEPTHBIM OKCHUJl aTIOMUHUS SBJSETCS OCHOBHBIM KOMITOHEHTOM OTHe-
YIOPHBIX MaTepUasoB — KUPIHUUeEid, KepaMukH, dhapdopa.

Tunpoxcua amomunus AI(OH); — Gelblit phIXJIbIi TOPOIIOK, KOTOPBIN pearu-
pyeT U ¢ KUCJIOTaMHU, U CO IesiodamMu (Kak B pacTBOpe, TaK U IIPU CILJIABJIEHUN):

Al(OH); + 3HCI = AICl; + 3H,0;
Al(OH)3 + 3NaOHy, ) = Nag[AI(OH)g];
Al(OH); + NaOH = NaAlO, + 2H,0.
Takum 06pasoM, IHAPOKCH] alloMUHUSA 00sagaer aMm(pOTEPHBIMU CBOMCTBAMMU.
HpI/I HarpeBaHWUW T'MJIPOKCU/ aJIIOMUHUA pa3jlara€Tcda Ha OKCU/L U BO/Y:
2A1(OH); = Al,O5 + 3H,0.
OH MOXKeT OBITb MoJIydeH B BUJIE CTY/IEHUCTOTIO OCajIKa MPU JAEUCTBUU BOJHO-
IO pacTBOpa aMMHaKa Ha PacTBOPbLI COJIEH amtOMUHMUS:

AlCl; + 3NH; + 3H,0 = AI(OH);3| + 3NH,CL
B us6biTKe aMMMaKa OcaJloK He pacTBOpsieTcs. 1Ipy MCIIo/Ib30BaHUK JJIsI €r0 OCaK-
nernst pactBopoB NaOH u KOH us6wiToK 1miesioueil MOJKeT MPUBECTH K PACTBOPEHHIO
obpazosasiierocst ocaika AI(OH)s3. TToatomy, mostywast THAPOKCHT aTFOMUHS B Jlabopa-
TOPHH, K PACTBOPY COJIM OCTOPOKHO JI00ABJISIOT PacTBOP MIEAOUM (HO He HaobGopoT!).

PacTBOprIMble CONM anoMUHKA YaCTUUYHO pearnpyioT C BOAON C obpa3oBaHeM OCHOBHbIX CO-
nen n kucnotbl: AlCl; + H,O = AI(OH)Cl, + HCI.
Mo npryrHe B3aMMoAeNcTBUA coneil altoMUHWA C BOAOW MO OOMEHHOWN peakuun B pacTBoO-
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pe Henb3A NoyunTb HePaCTBOPUMYIO COJb alOMUHMA U CNaboi KMCNoTbl (Hanpumep, ¢Topua,
cynbdua, KapboHaT antoMuHMsA).

IIpumeHenne u GHOTOTHYECKasi POJIb COEUHEHNI aMIOMUHKSL. [WIPOKCH]T aJTio-
MUHVST TIPUMEHSIIOT B Ka4€eCTBE OCHOBBI [IsT OOBOJIAKUBAIONX 1 06e300IMBAIOIIIX
CPEJICTB TPU JIEYEHUN OKOTOB U JKEJTy[0UHO-KHUIIEYHBIX 3a00JIeBaHmil. AJIFOMOKA-
JIMeBble KBacibl — Kpucramioruapar coctaBa KoSO, - Aly(SOy)s - 24H,0 — wuc-
HOJIB3YIOT B MEUITMHCKON MPAKTHKEe KaK KPOBEOCTAHABIMBAIOIIEe CPE/ICTBO, B KOC-
METOJIOTHM — B COCTaBe JI€30/IOPAHTOB, B TEKCTHJIbHOW TPOMBINIIIEHHOCTH — JIJIsSt
06pabOTKM TKaHel mepeji KpalieHneM, B KOXKEBEHHON — NP JyOJeHIN KOKI.

M36bITOUHOE TOCTYTIJIEHNE ATIOMUHUST B OPTaHU3M YeJI0BEKa MOJKET TIPUBECTH
K XPYIIKOCTHA KOCTEH M HapyUIEeHUIO MTaMsITH.

ANOMUHUIA — NpeacTaBUTENb P-3NEMEHTOB, aKTUBHbIM MeTasl, BOCCTa-
HaBNMBaeT BOAOPOA M3 BOAbI, META/Ibl N3 UX OKCUIOB.

Antomunni, ero okeng Al,O; 1 rmgpokemg Al(OH); pearupytoT Kak € Knc-
NoTaMu, TaK U CO LieioYamu, To ecTb 06MafatT ampoTepHbIMY CBONCTBAMU.

Bon POCbl, 3agaHNA, 3afga4un

1. Moyemy antoOMUHNIA Ha3bIBAIOT: A) KPbIATbIM METaIIOM»; 0) «cepebpOoM 13 VHbI»?

2. CpaBHWTE 3M1EeKTPOHHOE CTPOEHME aTOMa aNlOMUHUA N ero TPEX3apAaaHOro KaTnmoHa.

3. CocTaBbTe XapaKTePUCTUKY antOMUHUA KaK XMMUYECKOrO 3f1eMeHTa COMacHO MiaHy,
npusegéHHoMy B § 12.

4. CocTaBbTe 3M1EKTPOHHbIV GanaHC peakuMn B3aMMOENCTBMA aNloMUHUA C pa3baBrieH-
HOW a30THOWN KUCNIOTON, ypaBHEeHVEe KOTOpPOW NpuBefeHo B TekcTe naparpada. Oxapakrepu-
3ynTe 3Ty peaKkuuio COrnacHo nnaHy, npusegéHHomy B § 18.

5. PaccunTaiite 06bEM BOAOPOAA, BbIGENMBLUErOCA NPY B3aUMOAENCTBMN alOMUHNA Mac-
com 13,5 r ¢ KOHUEHTPUPOBAHHbBIM PAacTBOPOM MMAPOKCMAA HaTpKA.

6. MeToOoMm 3/eKTPOHHOro 6anaHca pacctaBbTe KO3PPULUMEHTbI B CXEMaX Peakuuii anio-
MUHMA C KOHLEHTPUPOBaHHbIMY a30THOWM M CEPHOM KUCIOTaMU MPY HarpeBaHuu:

Al + H,5040my —> Al2(S04)3 + Hy0 + SO51; Al + HNO3 oy — AI(NO3); + NO,T + H,0.

7. K pactBopy HUTpaTa antoMrHuA [obaBuim HebonbLIoe KOMYeCTBO pacTBopa rmMapoK-
cnpa KanusA. NonyyeHHbI 0CafoK pasfgenunn Ha ABe 4acTu U PacTBOPUAU B CEPHOW KNCO-
Te 1 wénoun (KOH) cootBeTcTBeHHO. COCTaBbTe ypaBHEHUA MPOTEKaBLUMX peakuuin B mMone-
KynApHOW 1 MOHHOW dopMmax.

8. Antomokanuesble KBacubl K,SO,4 + Aly(SO,); « 24H,0 maccon 4,74 r pacTBOpWAN B BO-
fe (B MepHoii konbe) n 06béM fosenu ao 200 cm>. PaccumTaiiTe MONAPHYIO KOHLIEHTPALMIO
VNOHOB allOMUHNA B pacTBOpe.

9. ANIOMVHMEBYIO MNACTUHKY MOrpy3naun B pacTBop, cogepxawumii Hutpat ptytu(ll) konum-
yectBom 0,02 MOMb, 1 BbIHYNN NMOC/Ie MOMHOMO M3BAEYeHUA PTYTN 13 pacTBopa. Onpegenuvte:
a) Maccy PTyTu, OCEBLUEN Ha MOBEPXHOCTU MIACTUHKM; 6) MAacCy NpopearvpoBaBLLIEro aslloMu-
HUA; B) KOHEYHYO MAccCy MNAacTUHKK, eCiM UCxofHas Obina paBHa 15,51 .
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10. lMpuBepmTe ypaBHEHUA XMMUYECKUX peaKLMi, C MOMOLLbI KOTOPbIX MOMHO OCYLLeCT-
BUTb ClefyloLne npespaLleHns:

a) Al L AI(OH); 3 AICl; = AIOH); -5 ALO; > Al;

6) AI(NO3); —>K5[AIOH)e] 2> Al(OH); =>Aly(SO,); —> Al(OH); —>NaAlO.,.

YpaBHeHuA peakuuii, NPOTeKaloLWMX B pacTBOpaX, NpefcTaBbTe B MOMEKYNAPHON U MOHHOM
bopMax, ykaxumTe cTerneHn OKACIEHNA aTOMOB B OKCSIUTENIbHO-BOCCTAHOBUTENbHBIX PeakLmsX.

Jabopamopnuiii onoim 9. Ampomepnoie ceoticmea udpoxcuoa anoMuHUs

Peaxmuevi: pacTBOpPBI THAPOKCU/IA HATPUS, XJIOPOBOJOPOIHON KUCIOTHI, COJN
amomuanst AlCly win Aly(SOy)s.

1. Ilonyuenue eudpoxcuda amomunus. K pactopy comm amomunus (2 cm®)
IpuJeiiTe Mo KarjisiM pacTBOP MIENOYH 710 06pa3oBaHUsT OCAIKa.

2. Usyuenue ampomepnoix ceoticms zudpoxcuda anomunus. Ocagox, mMoaydeH-
HBIIT B TIPE/IBIAYIIEM OIIBITE, Pa3/enTe Ha JBe YacTh. B oxHy U3 mpoOupok 106aBb-
Te PacTBOP KUCJOTHI, B IPYTYIO0 — PACTBOP MIETOYHN /IO PACTBOPEHUS OCAIKOB.

Cuenaiite BBIBOIBI O CHIOCOGE MOJYYEHUH TUAPOKCH/IA ATIOMUHUS U €ro CBOM-
CTBaX Ha OCHOBAHWU BBITIOJTHEHHOTO aKciiepuMeHTa. CocTaBbTe ypPaBHEHUS Peak-
Ui B MOJIEKYJISIPHOW 1 MOHHOM (hopMax.

§ 49. XKene3o n ero coeanHeHun

Keneso xax xumuuecxuii snemenm

/Keneso — anmemeHT, pacrnonoxeHHbI B 4-M 1nepuone, VIIIB-rpynme nepuo-
JINYECKON CUCTEMBI. DJIEKTPOHHasI cxema, (DopMyJia 3JIEKTPOHHOU KOH(MUTYpaIun
U 9JIEKTPOHHO-Tpadrueckast CXeMa ero aroMa UMeIOT BU/L:

26Fe>>>> nnn y¢Fe 2e”, 8e, 14e7, 2e;
28142

| ke J6Fe 1522522p03523p53d64s2 o o5Fe [Ar]3dC4s%

4s
[Ar]4s?3d° 3 34 N
S apnntn
P
2s

Kemeso orHocurest k d-snementam. Harbosiee ycTONYNBBIME CTEEHSIMU OKHC-
JIEHUSI aTOMOB KeJle3a SIBJA0TCS +2 u +3.

/Kenezo — BTOPOIT MO pacIpOCTPAaHEHHOCTH TTOCTE ATIOMUHUS METAJT B 3€M-
HOII Kope (MaccoBasi JI0JisI — OKOJIO 5 %). B HEOKHCJIEHHOM COCTOSIHUU JKeJIe30

0o

§ 48.1

wn
N

[N)
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U3peJIKa BCTPEYAETCS B METEOPUTAX B COCTaBe CILIaBa ¢ KOOQJIBTOM U HUKEJIEM.
B mpupoze kene3o HaxoauTcs B Buie coeamHeHuit. Hambosee pacmpoctpa-
HEHHBIMM MUHepaJaMM, BKJIOYAIONIUMU JKese30, apisiorcsa Fe,Os (zemamum),
Fe;04 (maznemum), FeO(OH) (2émum), FeS, (nupum), FeCOs5 (cudepum).

B Pecny6auke Benmapych OTKPBITO JiBa MECTOPOKIEHUS KEJE3HBIX PYA —
Hosocénkosckoe (Kopenuuckuii paiton I'pomrenckoit obmactu) u OKOJIOBCKOE
(CronbioBckuii paiion Mutckoit o6mactu). OHU paccMaTpuBaiOTCsS B KauecTBe
BO3MOKHOI CHIPHEBON 0Gasbl [JIsI METAJJIYPTUYECKOI MPOMBIIIJIEHHOCTH HaIlel
cTpaHbl. [71aBHBIN PY/HBI MUHEPAJ 3TUX MECTOPOKIACHUN — MAarHeTHT.

Keneszo xax npocmoe seuwecmeo

Dusuueckune cpoiicta. Kesmeso mpecrasisger coboil CBETMbINA cepeOpHCTO-
Gesblii MeTasI ¢ IIOTHOCTBIO 7,87 T/cM® 1 TemmepaTypoii miasienns 1538 °C.
Mertasr niaacTuyeH, OTHOCUTEIBHO MSTOK: €r0 OTHOCUTEIbHAST TBEPAOCTD 1O KA~
sge Mooca pasHa 4 (IIpunoxenne 2).

[Tpu kpacnom xasmenun (Boime 600 °C) xene30 pa3msrdyaeTcss U XOPOIIO TIOJI-
maérest cBapke, KOBKe ¥ mpokaTke. OTIHYUTETBHON 0COOEHHOCTBIO JKeJie3a sIBJIs-
g:;l €T0 SIPKO BbIPa’KEHHbIE MAarHUTHBIE CBOMCTBA — (heppomazHemusm.

MarHuTHBIMM CBOWCTBaMM, KPOME esie3a, 0651afaloT KobasbT, HUKENb U HEKOTOPbIE CM/IaBbl
3TVIX METAJIIOB, a TaKXKe MPUPOAHbIN MUHEpPan MarHeTuT. DeppoMarHeTUKM UCMONb3YIOT B 3/1eKT-
poreHepaTtopax, TpaHchopmaTopax, AA 3BYKO- 1 BUAEO3aNucK, B TelepoHax, KOMMbIoTepPax 1 ap.

XuMnueckue cBoiicrBa. [lo xumMnuecknM CBOWCTBAM METAJIMYECKOE KEJIe30 —
TI/IHI/I‘-IHbeI MeTaJlJl. BCHOMHI/IM OCO6€HHOCTI/I MN3BECTHbBIX BaM BSaI/IMOZIefICTBI/IfI Ke-
Jie3a ¢ HeMeTaJlylaMu, BOASIHBIM MapoM, KucgoTtaMu u cosisimu (Tabi. 35).

Tabumna 35. XuMuueckue CBOMCTBA Keje3a

Pearenrs! u ypaBHeHus1 (cxembi)
. YcioBuSI NPOTEKaHUS U NPOAYKT PeaKIuu
peaxuuit
Hemerasmbr JKee3o npu HarpeBaHUU B3aUMOIEUCTBYET ¢ HEMETal-
' gamu (a30toM, 60poM, KpeMHEEM, (HochopoM, cepoii).
Fe + S = FeS TasoreHbl OKUCALIOT KeJIe30 /10 CTEIeHU OKUCaeHud +3
¢
L kpome I,). Ilpu ropennn sxenesa B Kucaopoge obpasy-
9Fe + 3Cl, = 2FeCl, (kpove I). pu rop poze 0bpasy
: €TCsl OKCHJI, B KOTOpOM uMeioTcst atoMbl skese3a(ll) u
3Fe + 202 = FegO4 menesa(lﬂ), F6304
Bopna o °
ITpu BbIcOKOIT Temmneparype (okosio 800 °C) skese3o Boc-
¢
i3 TaHABJIUBAET B 13 BOJSTHOTO TI
3Fe + 4H,0 = FesOy + 4Hyt CTAQHABJINBAET BOJOPOJ U3 BOSHOIO Iapa




Xeneso u ero coeguHenna 271

IIpodonacerue madn. 35

Kucaorsr
JKeneso criocoGHO BOCCTAaHABJIMBATH BOJOPOJ U3 KUCJIOT.
[Ipn xomMHATHOII TeMmIiepatype Kesie30 B KOHIIeHTPHUPO-
Fe + 2HCI = FeCl, + Hyt sauubix HNOs, H,SO, He pacTBopsiercsi, Tak Kak OHH
Fe + HySOypuss) = FeSO, + Hyl MACCUBUPYIOT €r0 MOBEPXHOCTb
Comu
)Keneso BOCCTaHaBJ/IMBA€T ME€HEEe aKTUBHbLIC METaJlJIbl U3
pacTBOPOB coJieit
Fe + CuSO4 = FeSO4 + Cu

Kopposus scenesa

Uznenmust u3 skesie3a B TeXHUKe, OBITY, MPUpoO/Ie ToABepraioTcst Kopposun. Kop-
PO3Usl — paspyuienue Memauila 8 pesyivbmame 63aumMo0eticmeust ¢ 6euecmeami U3
oKpydHcarowell cpeovl.

IIpuyuHbl KOPPO3UH. YCJIOBHO IPOIECC KOPPO3UM Kejie3a BO BJIAKHOU aTMO-
cepe MOKHO TIPe/ICTaBUTh yPaBHEHUEM:

4Fe + 30, + 6H,0 = 4Fe(OH)s,

O6pazyrommiicst Fe(OH)3 moziBepraeTcst 4acTHYHOM AeTHpaTalli — YAAJICHUIO
BOJIBI — U TIO3TOMY €OCMAG pacasuumvl BbipaxkatoT dopmynoi Fe,Os -« xH,O.

[Tpu BBICOKMX TeMIlepaTypax MOXKET MPOUCXOIUTH OKHUCJIEHNE CYXUM KUCTIOPO-
noM ¢ obpasoBanneM Fe;Oy:

3Fe + 20, £ Fes0y.

B oxpy:xkarotieil cpe/ie B IPUCYTCTBUU WHBIX OKUCJAUTENECH, HAITPUMeEpP KUCIOT
U KHCJIOTHBIX OKCHIOB, 0OPa3yiOTCsI COJIM JKeJe3a.

Bo Bcex aTtux mporeccax skese3o OKHUCISETCS W pas3pyliaeTcsi, KOMIIOHEHTHI
OKPYZKaIOIeil Cpe/ibl BOCCTAaHABIMBAIOTCS. [IPOYKTHI OKUCTIEHMS JKese3a 00pasy-
I0TCSI B BUJI€ PBIXJIBIX CJIOEB, HE 3AIUINAIOIINX METAJJI OT JajdbHeIeil Koppo3un
(§ 20, puc. 47, 0).

CkopocTb KOpPpPO3HHM, KaKk W B CJIydae JPYTUX OKUCJIUTETbHO-BOCCTAHOBU-
TeJBHBIX TPOIECCOB, 3aBUCUT OT XUMUYECKOW MPUPOABI U TIJIOIMAIN COTPUKOC-
HOBEHUS PEareHTOB, X KOHIIEHTPAINy, TeMIepaTypbl. Koppo3uio yCcKopsiioT pac-
TBOpPHI coJieii 1 kucyaoT (puc. 113). Kopposuio 3ameigioT, OTUpys MOBEPXHOCTh
MeTaJlia, COXpaHss MeTa/lI B CyXOM Bo3zayxe. Kopposus sxesesa 3aMesiieHa B pac-
TBOpax IIeJoYeil WM TIPU KOHTaKTe ¢ 0oJiee aKTUBHBIM, YeM JKEJI€30, METaJIOM
(puc. 114).

N3 kypca xumun 9-to Kjacca BaM U3BECTHO, YTO CKOPOCTh KOPPO3UU YBEJIMYU-
BaeTcs MpPU KOHTAKTE JKeJjie3a ¢ MeHee aKTUBHBIM MeTasiioM (puc. 114).
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%, Cyxoit _ Bonxa — PactBop —— Ouenb ___ —
BO3/TYX BOJIO- COJI pas6aBJieH-
. IPOBO/THAS HBII PacTBOP
JKenesnbrii |~ kucaorsr m
TBO3/[b

Kopposus Kopposus Kopposus Kopposus
He IIPOUCXOUT ycuanBaercs eme 6osee
!/ TIPOUCXO/IUT YCUJIIBAETCS
ll [Tornorurenn
- BOJISIHOTO
g apa = 4 =~ ~—~ da u 6

Puc. 114. Kopposus *enesa
Puc. 113. Koppo3usa xene3a B cpefax pasnnyHOro cocrasa Npy KOHTaKTe:
a — C UMHKOM, 6 — Mefblo

3uHanne (HaKTOPOB, BAUIIONNX HA CKOPOCTh KOPPO3WH, TTO3BOJIIIO TIPEJIOKNTD
PSiT CIIOCOOOB 3AIMUTHI OT KOPPO3UU.

1. Bawumnvie nokpoimusi. B kauecTBe MaTepuaJOB IJIsI MEMAIIUUECKUX TIO-
KPBITUI TIPUMEHSIIOT IIMHK, HUKE/Ib, Me[b, XPOM, cepebpo, OPOH3Y, JIaTyHb U .
(puc. 115). Tak, onMHKOBAHHOE JKeJIE30 MCIOJIB3YIOT B KAUYeCTBE KPOBEJHHOTO Ma-
Tepuasa, B M3TOTOBJIEHUN Ky30BOB aBTOMOOWJIEH, MIypynoB. B atom ciydae jkeme3o
He OyJIeT pa3pyIiaThCs 10 TEX MOp, MOKa He TPOpearrupyer BCE MOKPhITHE M3 [IHH-
ka. [TokphITHS 13 MeHee aKTUBHBIX METAJIIOB, YeM JKeJie30, 3alTUIIA0T ero OT KOp-
pO3UMU JIUIIH B CJIyYae, €CJUM B HUX OTCYTCTBYIOT ITOPbI, TPEIIUHBI, TaPATTUHBIL.

K nememannuueckum nMoKpuITHUSAM OTHOCSIT JJAKOKPACOUHbBIE W TTOJTUMEPHbBIE Ma-
TepUaJIbl, CMa30YHbIE MacJIa.

3alUTHBIE MOKPHITHS TaKKe MOMYYaioT IMYTEM oKcuduposanus (Co3IaHue CIosT
okammubel FesOQ,) n gpocpamuposanus (nanecenne cios ¢pocdaToB) MOBEPXHOCTH
MeTaJa.

Meambie, GPOH30BbBIE, Ientp — MenHO-HUKETEBOE, TTonmmepHoe TTOKpBITHE
JIATYHHbBIE TTOKPBITHS KOJIBIIO — JIATYHHOE TIOKPBITHE HA MeTaJlJIoueperuie

Puc. 115. 3aLLlVITHO-)J,eKOpaTI/IBHbIe NOKPbITVA Ha U3fenmax n3 Cctann

2. Inexmpoxumuueckas 3auuma OCyIecTBISETCS TTOAKII0YeHNeM 3aliIaeMoil
KOHCTPYKIIMU K OTPUIATEbHOMY IIOJIIOCY BHEIIHET0 NCTOYHMKA MOCTOSHHOTO TO-
Ka (KaTo/HasT 3al[MTa) WJIU [TPUBEIEHNEM 3alUIIAeMOT0 METa/lJIa B KOHTAKT ¢ 00-
Jiee akTUBHBIM MeTasioM (puc. 116).
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3. Jleeuposanue memannos. B pacnias meras-
JIa TIPU €ro MPOM3BOACTBE MOOABJISIIOT JIETHPYIOTIIE
00aBKU — XPOM, HHUKeJb, MOJIUOIEH U Jp., CHUXKA-
I0l[e aKTUBHOCTH MeTa/lta. TakuM 00pa3oM IoJIy-
YaloT, HAIIPUMeP, HEP;KABEIONIYIO CTaJb.

4. Usmenenue cocmasa u coicms KoppO3UOHHOU
cpedvl. Koppo3noHHYI0 cpefy MOKHO M3MEHUTH JI0-
GaBiieHreM B Heé MHTHOUTOPOB (BENIECTB, KOTOPbIE
3HAYUTEJIBHO YMEHBINAIOT CKOPOCTh KOPPO3UU Me-
TajlJla, HApuMep HUTpUTa, docdara Mo Xpomara
HATpUs U psijia APYyTrux).

IlpumeHenne skeie3a u ero cmiaBos. /o 95 %
BCEro J00BIBAEMOTO JKejie3a MPOM3BOMAUTCS B BHJIE
€ro CIJIaBOB — YyryHa u crayeir. C cocTaBoM, CBOT-
cTBaMu ¥ cepaMu MPUMEHEHUs 9TUX CIJIABOB BBI
yiKe 03HAaKOMUJINCh, U3ydasi MmaTepuan § 43, a ¢ Mme-
To/AMU TIOJTydeHust — B § 45. Hamomuum, 4to co-
JepskaHue yriepoja B CTalsdx HUxe 2 %, TO €CThb
ropas/io MeHbIlle, YeM B YyTyHEe, TI03TOMY CTaJlb —
6oJiee KOBKUIA, TPOYHBIN 1 MeHee XPYIKUil CIJIaB M0
cpaBHeHMIO ¢ YyryHOM. OHa JIETKO TO/[BEPTaeTcs Me-
XaHU4ecKoil 00paboTke (peskercs, Mg yeTcs:, po-
KaTbIBAETCSH, KYETC).

Yyryn — 6GoJiee AeMIEBBINA CILIAB C XOPOIIUMU
JIMTEHHBIMU CBOMCTBaMU, HO Oojiee Xpynkuii. Vzme-
JIS U3 9yTyHa 6oJiee KOPPO3MOHHOYCTOWYMBBI, YeM

3apniThiit

T _ _ I!(I‘pyll‘l'
POTCKTOD o TPyOONIPOBOJL
(Mg) adl

Puc. 116. 3awumTa
OT KOPPO31K NOA3EMHOIO
CTanbHoro Tpy6onposoga

Puc. 117. N3genna n3 uyryHa,
npeameTbl TPaANLIMOHHON
6enopyCccKo KyXOHHOM
nocyabl («4bIryHKi»

M «NaT3JbHI»)

13 HejerupoBaHHo# ctamu (puc. 117). Paznmuune B cBoOlicTBaxX ompenesnyio u pas-

Hble 00JIACTU UCIIOJb30BaHUS CILJIABOB JKeJe3a.

YucToe xeje30 HCIIOJIb3YETCA KaK KaTaJu3aTop, HallpyuMEpP B CMHTE3€C aMMUa-

Ka, OpoMUpOBaHUU GEH30JIA.

*Keneso oTHocuTCA K d-anemeHTaM. Hambonee yctonumBbie cTeneHu

OKNCJIeHNA aTOMOB Kenes3a +2 n +3.

Keneso pearnmpyetr C HemeTalslaMuy, BOAAHbIM MNMapoM, KUCIOTaMu

n ConAammn.

M3genua 3 »kenesa 1 ero CrnjaBoB noaBeprarnTca KOppo3nnm — paspy-
LUEHWIO B pe3ynbTaTe B3aVIMOJENCTBUA C BeLEeCTBAMUN U3 Opr)KaIOIJJ,eVI cpe-
Obl. Eé MOXKHO 3amMefinTb HaHeCeHneMm I'IOKprTVII7I, npmeegeHnNemM B KOHTaAKT
c 6onee akTUBHbIM METasIoOM, nermpoBaHmnem metTasisia Wi nsmeHeHnem co-

CTaBa 1 CBOMCTB KOPPO3NOHHOW Cpeabl.
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Bon POCbl, 3af4aHNA, 3afa4un

1. CocTaBbTe GoOpMyny SNEKTPOHHON KOHPUrypaLmm 1 3NeKTPOHHO-rpaduyeckyto cxemy
xenesa. YKaXKnuTe Uncio HecnapeHHbIX 3NeKTPOHOB B OCHOBHOM COCTOAHMM aTOMa »enesa.

2. KoHcepBHble 6aHKM 113 ene3a YacTo MOKPbLIBAIOT OJIOBOM. TOT MPOLECC Ha3bIBAOT Jy-
eHvieMm. Mpy NOABNEHUM LApanyviH Ha OJIOBE KOPPO3Us KeNe3HON 6aHK/ NpoTeKaeT ObicTpee,
YyeM OUMHKOBAHHOTO >Kefe3a. Kak 3T0 MOXHO O6BbACHWTb, NCMONb3ysl MOJIOKEHVE METaioB
B pAAY akTUBHOCTA?

3. Kakue 3aknénkm — mefHble Unun anioMrUHMEBbIe — NpeanoyTMTeNibHee 1Cnob30BaTh
ANA CKpenneHua ABYX »KenesHbix getanen?

4. Nouemy Henb3A roToBUTb PacTBOP MeAHOro Kyrnopoca B »ene3HoMm Begpe?

5. Tpu *ene3Hble NIacTVHKU MOJIHOCTbIO MOTPy3unu B pa3baBrieHHble PacTBOPbI MAPOK-
CMAa Kanusa, XJopuaa Kanusa, yKCYCHOW KUCIOTbI, @ YeTBEPTYI0 — B AUCTUNIMPOBAHHYIO BOAY.
OnuwuTe, yto GyaeT HabnoAaTb SKCNEPUMEHTATOP Yepes CYTKU.

6. Onpepennte maccy cpepHeit conu, obpasoBaBLIeNCA NPU B3aUMOLENCTBUN Xene3a
Maccol 11,2 r ¢ JOCTaTOUYHbIM KOJIMYECTBOM Pa36aBfieHHOW CEPHOWM KUCOTbI.

7. CocTaBbTe ypaBHeHWA peakunin okcngos enesa FeO, Fe,0; n Fe;0, ¢ Bogopoaom, pas-
6aB/IEHHBIMU CEPHOM W CONSTHON KUC/TIOTaMW.

8. YKaxunte HanpaBfieHMe CMeLLeHnA PaBHOBECUA B cUCTeMe

Fe304(TB) + 4CO(,—) = 3Fe(TB) + 4C02(r)T + 16 kx:
a) Npu NoBbllWeHUN JaBfieHns; 6) NOBbIEHMN TeMnepaTypbl; B) YBENNYEHUN KOHLEHTPaLun
yrapHoro rasa.

9. XenesHyto NnacTnHKy maccon 10 r Bbigep»kanu B pacTBOpe MeAHOro Kyrnopoca, coaepa-
wero cynbdat meau(ll) maccon 2,4 r. Onpenennte Maccy MIACTUHKM MO OKOHYAHUM PeaKLuu.

10. W3 Kaxgow TOHHbI Xene3HoWn pyabl, B KOTopon Maccosasa gona Fe;O, paBHa 82 %, no-
NlyYeH 4yryH maccom 575 kr ¢ maccoson gonen xene3sa 95,5 %. Onpegenvte Bbixof »xenesa.

§ 50. BaxkHenwimne coegnHeHNA Xxenesa
Oxcudot u zuopoxcuowt scenesa(Il, I1I)

Oxcud u e2udpoxcud acenesa 6 cmenenu OKucieHus +2 00JIAnAIOT OCHOBHLIMU
CBOICTBAMU — OHU B3aMMOJICHCTBYIOT C KHUCJOTAMHU:

FeO + ZHCI = FeC12 + HQO,
Fe(OH), + 2HCI = FeCl, + 2H,0.

C npyroit croponsl, coenunenus skeje3a(ll) ydacTByloT B OKUCIUTENTHHO-
BOCCTAaHOBUTEJbHBIX PEAKIUAX, MPOSIBISA, KaK TTPABUI0, BOCCTAHOBUTEIbHbIE
cBoticTBa. bes oxucnenus coenunenusi Fe(Il) MoryT coxpaHgaTbhest TOJIBKO B MHEPT-
HO# cpenme. Ha Bo3myxe moj zeiicTBreM KHCJIOPO/a WM B BOJIHOM PacTBOPE TION
nerictBueM okucauteseit, nampumep O, HyO,, xkene3o B rugaporcuse xemeza(ll)
OKWCJISIeTCS 10 cTenenn okuciaenus +3. [Ipu aToM okpacka cycrieH3uu THIPOKCH-
na sxenesa(Il) mensiercst ot 6esioii ¢ cepo-3eJEHBIM OTTEHKOM 110 Oypoit (puc. 118,
a, 0, llpunoxenue 3):



BaxHeiiLune coenHeHna xenesa 275
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a 6 8 2 d e
FG(OH)2 FC(OH)S FeO F€203 FCPO4 FeC13

Puc. 118. CoeanHeHna »xenesa

2 3
4Fe(OH), + Oy + 2H,0 = 4Fe(OH)s;
2 3
9Fe(OH), + HyO, = 2Fe(OH)s.

B To xe Bpems skese3o B okcuzie FeO (puc. 118, 6) BoccTtaHaB/mBaeTcs B peak-
IIUSAX C BOAOPOIOM, YTJIEPOIOM, YTapHBIM Ta3oM, 6ojiee aKTUBHBIMU MeTa lJIaMH:

FeO + CO = Fe + CO,,

Imapokcun xeneza(Il) momydaroT neiicTBHeM pacTBOpa MIEJOYU HA COJIH,
HaTpuMep:

FeCl, + 2NaOH = Fe(OH),| + 2NaCl,
a OKCHJI MOKHO TTOJIYYUTh PA3JI0KEHUEM THUAPOKCHUIA:
Fe(OH), = FeO + H,0.

Oxcud acenesa(Il, 111) FesO, — MaruneTut — KpUCTATINIECKOE BENECTBO, B KO-
TOPOM JKeJIe30 HAXOJUTCS B JIBYX CTENEHSIX OKMCJaeHusd +2 u +3, uin FeO Fe,Os,
ob6JiajaeT MarHUTHBIME CBOICTBAMU.

[Tpu ero BSaI/IMOL[eI/ICTBI/II/I C KHCJIOTaMH o6pasyeTCﬂ JIBE COJIN:

FeO Fe203 + 8HCI = FeC12 + 2FeCl3 + 4H,0.

Oxcuo u zudpokcud xceneza(lll). Oxcum v TUAPOKCH] JKejle3a B CTENIEHH OKHUC-
JieHUsT +3 HepacTBOPMMBI B Bojie U 00J1a/laloT ¢J1ab0 BhIPaKEHHBIMU aM(DOTEPHBIMU
coiictBamu (puc. 118, 6, 2). OHuU JI€TKO B3aUMOENCTBYIOT ¢ KUCJIOTAMHU U KIHC-
JIOTHBIMU OKCHUIAMH, TIPOSIBJISISI OCHOBHbBIE CBOWCTBA:

2Fe(OH)3 + 3H,SO, = Fey(SO,)3 + 6H,0,
a Co IeJIoYaM¥ ¥ OCHOBHBIMHU OKCHUIAMU PearupyioT JIUIIb TPU CIIeKaHuu, oOpa-
3yst heppumut:
Fe(OH); + NaOH = NaFeO, + 2H,0;
Fe,03 + CaO = Ca(FeO,)s.
Tuppoxceun sxenesa(1ll) noayuarom m3 pacTBOPOB coJieil OCaKIEHUEM PAaCTBO-

POM IIEJIOUH:
FeCl; + 3NaOH = Fe(OH)3| + 3NaCl.
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Fe,O5 o6pasyercst npu Tepmudeckom pasioxennn Fe(OH)s:
2Fe(OH); = Fe,05 + 3H,0.

Coau xcenesa(Il, III)

Coun sxenesa(IT) GecuiBeTHbl, HO U3-3a TpuMeceil coueit xee3a(1ll) okparie-
HbI B 3€JIEHOBATHIN IIBET. HpI/I XpaHeHnn OHMU HpI/IO6peTaIOT pr)KeBaTbIﬁ OTTEHOK
BCJIEJICTBUE YACTUYHOTO OKUCJIEHUS aTOMOB JKeJie3a KUCJIOPOJIOM BO3jyXa /10 CTe-
nern okucienus +3. Takum obpasom, coau xemesa(Il) obmamaior eoccmarnosu-
menvHuiMu ceoticmeamu. Hanpumep:

4FeC12 + 02 + 2H2O = 4FeOHC12

Peakuuio BoccTaHOBNEHNA NOHOB cepebpa »ene3om(ll) B pacTBope Mcnonb3oBanu B NepBbIxX
doTorpadurueckmx npoueccax Ana NPoABNEHNs N300PaKEHWI:
Ag™ + Fe?* = Ag| + Fe*.

CoeflHEHVA Kefe3a B CTEMEHU OKUCIEHNA +3 CMOCOGHbI NPOSABAATb OKUCINTENbHbIE CBOW-
cTBa 3a cYéT BocctaHoBneHua Fe(lll) go Fe(ll), Hanpumep, Npyn B3aMOAZENCTBUM B pPacTBOpaXx
C Mefblo:
2FeCl3 + Cu = 2FeCl, + CuCl,.

Kauecmeennvie peaxuuu na uonwt sceneza(Il) u sxcenesa(IIl)

Cosn xesie3a MOKHO Pas3jiMuUTh 1O OKpacke. B oTamume or coenmueHuii
sxkenesa(1l) y coenunennii sxenesa(111) Témuo-6ypas okpacka (puc. 118, 9, e), xo-
TOPYIO TIPUIAIOT MTPUMECU OCHOBHBIX coJiel. B oTcyTcTBME aTHX TIpUMecelt TToKuC-
JleHHble pacTBopbl coseil kenesa(lIl) mmeroT comoMeHHO->KENTBII 11BeT.

B kauectBe pearentoB Ha uoubl Fe?* n Fe®" mpore Bcero mcmomnbsosath pac-
TBOp ménoun. IIpu wanmuun nonos Fe?’ o6pasyercs Geablii ocagok ¢ cepo-
senénbiM orTenkoM (puc. 118, a). IIpu mammuun B pactBope nonos Fe®” Boimaza-
et Oypslii ocagok (puc. 118, 6):

Fe?* + 20H™ = Fe(OH),|;
Fe** + 30H = Fe(OH)s|.

[ina voHos Fe3™ Hanbonee YyBCTBUTENBHBIM PeareHTOM ABNAIOTCA PoAaHuUa-oHbl NCS™. Mpu
ux B3aumopeicteum ¢ Fe3* obpasyeTca BelecTBO KPOBaBO-KPACHOrO LiBeTa:
Fe3* + 3NCS™ = Fe(NCS); (MpunoxeHue 3).
STM peareHToMm (Hanpumep, B Buge conu KNCS) MOXHO O6HapyXuTb faxke cnefbl coeamHe-
Hun xene3sa(lll) B BogonpoBoaHoOW Boge.
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Kenezo — kusHeHHO HEOOXOAMMBIN 71T PACTEHWIT AJIEMEHT, YYACTBYIOMINI
B Tiporiecce orocunTesa. sKese3o urpaer BaKHYIO PoJib B (pepMEHTATUBHBIX Pe-
AKX, B 00ecriedeHnN UMMYHHBIX (DYHKITHIT, BXOIUT B COCTaB 2eM02100UHa — Tie-
PEHOCYMKA KUCJIOPO/a OT OPraHOB JIBIXaHUS K TKAHSIM.

B opranusme venoBeka cozjepskutcst 3—5 r xkesesa. Hemocratok skenesa B op-
raHu3Me gBJIeTCs OJHOM M3 NMPUYMH BO3HUKHOBEHUS aHEMWU, CHUKEHUS] WHTEJI-
JIEKTa W HAPYIIEHUS HEPBHO-TICUXUYECKUX (DYHKITHI.

B opranmsm skesne3o moctynaer ¢ mieit. Hanbosiee 60oraTbl Kene30M TPOAYKThI
JKMBOTHOTO ITPOUCXOK/IEHNST (HATIPUMED, TOBSLKbsI TI€YeHb, MSICO, PbIOa), T/Ie OHO HAXO-
JMTCS B JIeTKO ycBanBaeMoll popme. Menee ycBanBaemoe JKeJie30 COJIEepKUTCS B pac-
TUTEJIbHBIX TIPOJIYKTaX: THIKBE, OBCSHOM KpyIle, Kakao, TOpoxXe, UHKUPE, U3I0Me.

Okcunp n rmgpokemp xenesa(ll) obnagaloT OCHOBHLIMW CBONCTBaMM, NPO-
ABMAIOT MPENMYLLECTBEHHO BOCCTAaHOBMUTESIbHYIO CMOCOOHOCTD.

Okcna n rupgpokcna xenesa(lll) obnapatoT cnabo BbipaXkKeHHbIMU aM-
doTepHbIMY CBOWCTBaMM, MPOABAAT MPENMYLLECTBEHHO OKUCIIUTENbHYIO
CrnocobHOCTb.

WoHbl Fe?* 1 Fe3* nop peiictBuem wénoun o6pasyioT oKpalleHHble ocaj-
kun: Fe(OH), — 6enbiln ¢ cepoBaTo-3eNiéHbIM OTTeHKOM 1 Fe(OH); — 6ypbii.

Bonpocbl, 3agaHua, 3agaumn

1. I3 nepeuHa — FeSO,, FeO, Fe(OH),, Fe,03, FePO,, Fe(NOs;);, Fe(OH);, Fe,(SO4); — BbI-
nuwute Gopmynbl: a) OKCUAOB Kenesa; 6) conen xenesa(lll). HazoBuTe BellecTBa, NpencTas-
NeHHble ¢opmynamu.

2. CocTaBbte dopmynbl coneit: HATPaT xene3a(ll), kapboHaT »kene3a(ll), cynbdat xene3a(ll),
HuTtpat xene3za(lll), xnopug xenesa(lll), cynbdat xenesza(lll).

3. OnpepennTe MaccoBYIO OO ene3a B »kenesHom Kynopoce FeSO, « 7H,0.

4. CocTaBbTe ypaBHeHMA peakLuin BOCCTaHOBNeHNA okcnga FeO o metanna Bogopoaom,
YrIepofAoM, yrapHbiM razom, 6onee akTUBHbIMY MeTalaMu.

5. Paccuutaiite 06bEM (H. y.) XNopa, 3aTpayeHHbIn Ha okucneHne 0,3 monb xnopuga »enesa(ll).

6. [laHbl BelecTBa: COMAHAA KWUCNOTa, FMMAPOKCUL KanuAa, OKCMA Kanua, Boja, OK-
cnp cepbi(VI). C Kakum M3 HUX MOXKeT B3auMOAEeNCTBOBaTb: a) okcump »kenesa(ll); 6) okcup
xeneza(lll); B) rmgpokeng »<enesa(ll); r) rugpokcung xene3za(lll)? CoctaBbTe ypaBHeHUA COOTBET-
CTBYIOLLUX PeaKUni, YKaXKnTe YCNoBMA X NPOBeaeHNs.

7. NMpepnoxunTe cnocob npeBpalyeHus okcmaa xenesa(ll) n okcnga xenesa(lll) B cootset-
cTBylOLWME rngpoKcuabl. [oACHNTE ypaBHEHUAMUN peakLnii.

8. B ueTblpe npobupKkK c pactBopamu cynbdpatoB MarHus, Kanusa, xenesa(ll), »ene3za(lll)
no6aBunu pacTBop ruapokcmaa Hatpus. MNpw 3Tom Habnodanu BbinageHne 0CafgkoB: B OAHOM
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npobupke — 3enéHoro, BO BTOpPoW — 6enoro, B TpeTbeil — Oyporo, B YeTBEPTON HUYErO He
nponcxoanno. YKaxunTte Ha3BaHMA NCXOAHbIX BEWeCTB B Kaxaow npobupke. MNoAacHuTe ypas-
HEHUAMU peakuuii B MONEKYNAPHOM N COKPALLEHHOWM NOHHON dopMax.

9. inA oceHHeln 06pabOTKN BMHOrPaZHOW N103bl OT BpeauTenei cafoBos NpurotoBus pac-
TBOP M3 5 nuTpoB BoAbl 1 250 r xenesHoro Kyrnopoca. Onpepenvte MaccoByto aonio cynboa-
Ta »kene3a(ll) B aTom pactsope.

10. CocTaBbTe ypaBHEHMNA peakumin COrNacHoO cxeme:
0 1 +2 2 +3 3 +2 4 0 5 +3
a) Fe - Fe > Fe = Fe — Fe — Fe;

6) Fe(NO,); > Fe(OH); > Fe,0; > Fe -5 FeCl, = FeCls.

IIpaxmuuecxas paboma 4. Pewenue sxcnepumenmanvvlx 3adaur no meme
<«<Memannwvi»

3adanue 1. Viccrenyiite feificTBU€E COJISTHON KMCJIOTHI HA METaJLIbL:

a) IMUHK W MeJlb;

0) JKeIe30 U Meb.

Jlaiite o6bsicHeHe HAOJIIOAEMbBIM SIBJICHUSIM.

3adanue 2. Vicrionb3yst mEN0Yb, yCTAHOBUTE, B KAKOU 13 BBIJAHHBIX MPOHYMe-
POBAHHBIX TIPOOUPOK HAXOUTCS PACTBOP KaXKOTO M3 BEIIECTB:

a) cysbdar maraug u cyabdar meau(1l);

6) xmopuz xenesa(1ll) u XTOpuL KaabIus.

3adanue 3. Ilonyunte peakiueii oOMeHa aM(OTEPHBIN THAPOKCUI UCXO/S H3:

a) XJiopua aTiOMUHUST,

6) cyabdaTa IUHKA.

Jlokaxkure ero ampOTEPHOCTb.

3adanue 4. IIpoBenTe peaki COTJIACHO CXEMaM:

a) xesne3o — xyopuj xkeneza(ll) — ruaporeny xeneza(ll) — ruaporcua
skemesa(11T);

6) cyabdart meau(Il) — ruapoxcua meau(Il) — xmopux meau(Il) — mep.



XUMMWNYECKMUE BELLECTBA B XKXU3HU
N AEATEJIbHOCTU YEJIOBEKA

B 51Ol rnaBe Bam ewwé pa3 NpeacTouT OCMbIC/IUTDb POfb U 3HAYEHNE Xn-
MUK B Pa3BUTUN LMBUAM3ALMA 1 B BalLeN JINYHOW M3HU. Bbl y3HaeTe, nouve-
My Pecnybnuky benapycb Ha3blBalOT «CTPaHOM GOMbLIOW XUMUM», KAaKoe BAU-
AHME Ha NPMPOAY OKa3blBaeT XMMMYECKaa MPOMbIWAEHHOCTb U KakK XUMUKM
peLlatoT 3Koornyeckre npobnembl.

BaxHelIne NOHATNA TEMbI: XVIMUA 1 LIMBUIM3ALMA, XUMUYECKasA Npo-
MbILWNEHHOCTb Pecny6nukn benapycb, «3enéHaa xvMusa» 1 oxpaHa OKpy»a-
loleri cpefibl OT BPeAHOro BO3[eNCTBUA XMMUYECKMX BellecTB.

§ 51. Ponb xumun B pasBuTuun LBUIN3aLuUn

Cesa3v xumuu c pa3nsvimu ompacjiaiamu Hayku u mexHuxKu

Xumust Gsarogapsi CBoeil CO3MIATEbHOM POJIH OblIa U OCTATCsT 3HAYMTETBHOM
yacThio MUPOBOI Ky asTypbl. Emié ITaparensc (1493—1541 rr.) ormevan: «XuUMHUK —
3T0 GYJIOYHUK, KOTJa OH MevyéT xJieh, BUHOMEN, KOr/a OH JleJlaeT BUHO, TKad, KOr/a
OH TKET CYKHO... TpeTuii CTO/I MEeIUIMHBI €CTh XUMUs, OO0 6e3 Heé HeJb3sT TPUTO-
TOBUTH JIEKAPCTB». ITY ke MbIcb 1poaoskua M. B. Jlomonocos (1711-1765 rr.)
n3BecTHBIMU cioBamu: «I1Inpoko mpocTtrpaeT XUMUA PyKUA CBOM B Jlefia YeToBede-
ckure». Mup, B KOTOPOM MBI ceiiyac ;KUBEM, BO MHOTOM OIIPEENISIETCS TBOPUYECKU-
MU YCUJIUSIMA XUMUKOB 110 U3YYEHUIO U CUHTE3Y XUMHUYECKUX BEIEeCTB.

XuMu4yeckre 3HaHWS — OCHOBA Pa3BUTHUA XMMHUYECKUX TexHojoruit. OHu uc-
HOJIB3YIOTCS B MAIlMHOCTPoeHnH, HedrenepepaboTKe, YEPHOIT M IIBETHOW MeTal-
JIYPTUU, WHAYCTPUW CTPOUTETHHBIX MATEPUAJIOB, CTEKJA, KePAMUKHU, TTOJUMEPOB,
JIAKOB M KPacoK, MUIIEBO 1 (hapMaIeBTUYECKON TPOMBIIIJIEHHOCTHA, B U3TOTOB-
JICHWH TOBapOB MOBCEIHEBHOTO CIPOCA, B arpONPOMBINIIIEHHOM U OOOPOHHOM
KOMILJIEKCAX.

JIOCTVIKEHUST B XMMUY HEPEIKO SBJISIIOTCST GA30i /11 Pa3BUTHSI CMEKHBIX € XU-
MUEH eCTeCTBEHHBIX HayK M TeXHUYECKUX OTpacjell HayKu: GUOJIOTUY, MEIUIIUHBI,
AJIEKTPOHWKU, METAJLIYPIUU U [IP.
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IIpooyxuus xumuneckoi npomvluieHHoCmu

Cpenu MpogyKIINN XUMUYECKON TIPOMBIIIIEHHOCTH BBIJEJSTIOT 0Aa30BbIE XMMU-
KaTbl, IPOJYKTHI KM3He0OeCeYeH s], ClIellnaIbHbIe XUMUKATBI M XMMUKAThl OBITO-
Boro HazHadeHus (puc. 119).

Ba3osvte xumuxamol 1npeiCTaBAAIOT COOONW OpPraHUYECKHE BEIeCTBA — IPO-
JYKTBI TlepepaboTKu He(TH, MPUPOIHOTO Ta3a, a TaKyKe HEOPTAHUIECKUE BEIIEeCTBA
U ynoOpeHusi, oIydeHHble U3 MUHEPATBLHOTO ChIPHSI.

Opranuyeckre BelecTBa — ITUIEH, MPOTHJIEH, GEH30JI, TOIYO0JI, METAaHOJI, BU-
HUWJIXJIOPUL, CTUPOJI, OyTaJueH W T. JI. — SIBJSAIOTCS WCXOIHBIM MaTepHaoM JIst
MIPOM3BO/ICTBA TJIACTMACC, MICKYCCTBEHHBIX BOJIOKOH U IPYTUX O0Jiee CJIOKHBIX Op-
rannyeckux BertecTB. Hanbosiee BoCcTpeOOBAHDBI TaK¥e MOJUMEPDI, KaK MOJHITH-
JIeH, TIOJTUBUHUJIXJIOPUL, TTIOJIUIIPOIIAJIEH, TIOJTUCTUPOJI, TOJUITUIEHTepedTaIaT.

Hampumep, nonmmatiiern mcmosab3yeTcss B MPOU3BOJICTBE YIMAKOBOYHOUW TIEH-
KI, KOHTEHHEPOB U TPYO; MOJTMBUHIIXJIOPU — B U3TOTOBJIEHUH TPYOOIIPOBOJIOB,
OKOHHBIX paM, CalIMHTa; TIOJUITPOIIUJIEH SIBJISETCS CHIPbEM [T 9TUX Ke U3/,
a TakKe TKAHEBBIX M KOBPOBBIX MOKPBITUH; MOJUCTUPOJ TPUMEHSETCS B MPOU3-
BOJICTBE M3Je/IUi ObITOBOM TEXHWKH, JeTajeil aBTOMOOWIIEH, UTPYIIIEK ¥ TOBApOB
JJIST OT/IbIXA.

[Tonmarunentepedranar — OAMH M3 CaMBIX PACIPOCTPAHEHHBIX MTOJIMMEPOB.
On HeoOXOMM JIJIst U3TOTOBJIEHNS OYTHIJIOK W YIAKOBKHU MPOLYKTOB, TEKCTUIBHBIX
BOJIOKOH, JleTajiell aBTOMOOMIIEH, UCIOJIb3YeTCsl KaK JUIJIEKTPUK B TPOU3BOJICTBE
9JIEKTPOTEXHUYECKOTO 060pyoBatsi. 3 Hero eaior mpoTesbl KJIAMaHOB cep/ia
U COCY/ZIOB, UCKYCCTBEHHbIE CBSI3KU M CYXOKWJIUS, HUTU, TIPUMEHSIEMbIE B XUPYP-
TMYECKUX OTTepaIusX.

K KpynHOTOHHA)KHBIM HEOPraHMYECKUM XMMHMKATaM OTHOCAT aMMMaK, KaMeH-
nyo coiab (NaCl), xmop, kaycruyeckyio (NaOH) u KaJbIIMHUPOBAHHYIO COMLY
(Na,COs3), cepryto, a3otnyio, (hochopHyIo, COMTHYIO KUCTOTHI, TUOKCH]T TUTAHA T
HepoKCHl Bogoposa, hochopHbie, a30THBIE U KAJIUITHbIE MIUHEPAIbHbIE YI00PEHS,
CPEJICTBA JIJIT XMMHUYECKOW MeJTMOPAIUK TT0YB, JAe3UHMOUIMPYIOINTIe MperapaThl.

[Tponykuueit HepTeXUMIK SIBJISIOTCS PA3JIUYHbIE BUIBI TOIINBA — OEH3UH, Ke-
POCHH, TNU3eThHOE TOIJINBO, Ma3yT.

XuUMHIyecKkre mpoIecchl UCIOIb3YI0T TaKKe B MPOU3BOJCTBE 1IEMEHTA, CTEKJIA,
KepaMWKU, METAJLJIOB.

Xumuueckue npooyxmot Hcusneodecneuenus 9eoBeKa 1 KUBOTHBIX — 9TO BU-
TAMUHbBI U JIEKAPCTBEHHbIE TIPENapaThl, PEAKTUBBI [IJIsI AUATHOCTUKU 3200 1€ BaHHIA.

Cneyuanvhole XuMukamol — 5TO BEIIeCTBA U MaTepUAsbl, TIPeJHA3HAYCHHBIE
NI U3TOTOBJIEHUST 3JIEKTPOHHBIX U 3JIEKTPOTEXHUYECKUX YCTPOMCTB, YUCTSAIINX
CPE/ICTB, 3AIUTHBIX MOKPBITUH, KJIeeB, TEPMETHKOB, KaTaTN3aTOPOB, MHUIIEBBIX 0-
6aBOK U MHOTOTO JIPYTOTO.
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Xumuueckas JAWArHOCTUKA U aHAJIU3

XuMus KHBOTO ]

Pa3pa60TKa METOA0B AMNarHo-

Xumuyeckasi 3K0JIOTHS
PaspaGoTka Jrekap- CTUKHU ¥ KOHTPOJISI 32 TEXHO |

CTBEHHBIX Ipenaparop, | JTOTHICCRAMI M IPAPOTHBIMI Usyuenne 1 oTC/IEKN-
BUTAMIHOB, aTucerTy- | POIECCAMH, CO3/IAIIE JHArto- BAHIIe TPOIECCOB B MPH-
KOB, MEMIIHCKIX Ma- | CTHICCKIX 11prGOPOB, SKOJIOTH- DOJHBIX U TEXHOTEHHBIX
TEpUaAJIOB U TEXHOJIO- 1ECKMN MOHUTOPHHT, MEJIMITNH- cpejlax, 3alluTa OT 3arpsas-
Uit UX IIPOU3BOJICTB, CKas NMarHoCThKa HeHUi, 00e3BpesKUBAHIC
onpeiesieHIie HOpM XH- U YTUIM3AINS BPETHBIX
MITYECKOTO BO3JIeii- OTXOJI0B, DKCIIEPTH3a CO-
CTBHS Ha 4YeJ0BeKa, IMATLHBIX TTPOEKTOB

SKUBOTHBIM U PacTh-
TeJIbHBII MUP

Xumuueckast JHEPreTUKa

DT T p— Paspabotka c11oco6oB
XI/IMI/I.H U TEXHOJOTUH Tpeol-
WsroToBienne KoHCEpBaH- pa3oBaHMs XMUMHUYECKOI
TOB, TIHUIIEBBIX 00ABOK, CO3/1a- 9HEPrUH, TPOU3BO/ICTBA
HUE CPEeJICTB U METOJIOB Tie- 9HEPrOEMKUX BEIIECTB,
PepabOTKU MUIIEBOTO ChIPbSI, MaTepHasoB JJid dHepre-
CBIPBS [ BUHOJIEINS 1 TIPO- THUKW; OCBOEHHWE HOBBIX
XJIQ/IITEJIbHBIX HAUTKOB, 9HEPreTUYCCKUX PECyPCOB
CPe/ICTB MOBBIIIEHUS YPOKaii-
HocTU (Y10OpeHus1, eCTHIUIBI
U T. 11.), KOPMOB JIJIST SKUBOTHBIX XuMHYeCKast TEXHOIOTUS
PaspaboTka MeTO/0B Ie-
tﬁmnqecrcoe MaTepuaJioBe/IeHHe pepadoTKM MPHPOJIHO-
TO U TEeXHOTEHHOT'O CbIPbA,
MomudunupoBanne 1 co3ja- OTITUMM3AINS YCIOBUN MPO-
HUE KOMIIO3UIIMOHHBIX MaTepua- U3BOJICTBA, CO3/aHue Oe30T-
JIOB, KEPAaMUKH, BOJIOKOH, MOJIY- XOJHBIX ¥ 9HeprocOepera-
MTPOBOIHUKOB, CTEKOJI, CIIJIABOB, FOIUX TEXHOJIOTHUIL

ILTACTMACC U CMOJI, Pe3UH, Ja-
KOB, KJIeeB, I0BEPXHOCTHO-
AKTHUBHBIX BEIIEeCTB, (hUIBTPY- Xumusi 1 chipbeBasi npodIeMa
IOIUX MaTepruajioB, IUTMEHTOB,
OTHE3ANIUTHBIX MOKPBITUI, MaTe-
PHAJIOB IS TPAHCIIOPTA, 9JIEKT-
POHUKH, METAJLIyPTrUH, CTPON-
TEJbCTBA, JIETKON U JIp. oTpaceit
IIPOMBINIJIEHHOCTH

YCOBepIHeHCTBOBaHI/Ie METOL0B Hepepa60T-
KU CbIPpbA W PAIIMOHAJBbHOTO MCIIOJIb30BaHUA
IIPUPOJIHBIX PECYPCOB, MMOBbIIIECHUE CTEIIEHN
n3BJIeYHEeHUA T10JIE3HBIX KOMIIOHEHTOB, 3aMeHa
I[e(i)I/I]_[I/ITHI)IX BUJIOB CbIpbA 6ouee [[eIHéBI)IM
1 JTOCTYITHBIM

Puc. 119. 3agaum, pelaemble XMMMEN B MHTepecax YyCTOMUYMBOrO PasBUTUSA LMBUIM3ALMN
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Xumuxamot 66im06020 HA3HAMEHUS TICTIOJH3YIOTCS B TIPOM3BOICTBE MOOIINX
CPEJICTB M CPECTB JIMYHOI TUTHEHBI, nMapdioMepu 1 KOCMETUKU. JTO TO, C YeM
MBI CTAJTKUBAEMCST TIOBCETHEBHO.

Harr Mup ObICTPO HAChIMAETCsST TPOAYKTAMEU XUMUYECKOW MPOMBIIIIIEHHOCTH,
JUis oOpallleHust ¢ KOTOPbIMKM Ha IPOU3BOJACTBE U B OBITY Tpebyercst BBICOKHUIT
ypOBeHb XuMuueckux 3HaHuil. Heymesoe obpaiiieHne ¢ BelecTBaMU TIPUPOTHO-
rO U TEXHOTEHHOTO TPOVMCXOXKAEHUS MOXKET HABPEAUTb HE TOJBKO OKPY>KAIOIINM,
HO ¥ UMETh IJI0OaIbHbIE MOCIEACTBYS JIst BCETrO 00IecTBa U MPUPObL. [ToaTomy
6e3 yCBOEHUsI XUMWYECKUX 3HAHUN HEJIb3s1 COXPAHUTH CTATYC YjieHa COBPEMEHHO-
ro o0IIecTBa.

OcHoBHbBIE 33/1a4H, PelllaeMble XUMUE B MHTepPecaxX YCTOHUNBOTO PA3BUTHUSI IH-
BUJIM3AINH, TIpe/iCTaBIeHbl Ha pucynke 119.

C npuMeHeHueM Psijia XUMUYECKUX BeNIECTB B MOBCEIHEBHOU JKM3HU YeJo-
BeKa BBl MMO3HAKOMUJINCH, U3ydas MaTtepuas r7aB 6 u 7. Hanpuwmep, xjmopua Hart-
pUS U YKCYCHAsl KUCJIOTA UCTOJB3YIOTCS B MIPUTOTOBJIEHUN Y KOHCEPBAIMK MHUIIIH.
Kpucrannorugaparer cyabdaros menu(Il) un kenesa(Il) npumensitor B pacteHue-
BOJICTBE KaK aHTHUCENTUYECKNE CPEJICTBA, a TAKKe KaK (DYHTUIM/IbI — CPENCTBA /st
6opbOBI ¢ TPUOKOBBIMK 3a00JI€BAaHUSAMU pacTeHuid. [IJist TIOBBIMEHUS TIII00POIUS
KICJION TOYBBI B HEE BHOCSAT MeJl WJIU JIOJIOMUTOBYIO MyKy. [mmoxiopur Hatpus
UCTIOJIB3YIOT IS Ie3NH(EKITNH MOMeTeHN.

Xumnueckaa Hayka, XMMmMyeckaa TEXHOMOMMA U XUMUYECKNe Npoun3BoA-
CTBa COCTaBMAIOT OAHY M3 Ba)KHEWLIMX OCHOB 3KOHOMWKWU BCEX Pa3BUTbIX
CTpaH mMupa. B 3TOM LEHHOCTb XUMUN KaK HaKTopa YCTOMUYMBOrO Pa3BUTUA
LUMBUAN3ALUN.

Bon POCbl, 3agaHNA, 3aa4un

1. MNpuBegunTe NoO ABa NpMMepa UCNOb30BaHNA NPOCTbIX BELLEeCTB, OKCMAOB U OCHOBaHUN
B NMOBCEOHEBHOW XWU3HW.

2. HazoBuTe npumepbl KUCAOT U COnei, BXOAALMX B COCTaB NPOAYKTOB NMUTaHUA WK UC-
Nnosib3yemblX B NMPUrOTOBEHUN MNLLM.

3. Mo 3TuKeTKam Ha ofexxkae NpoaHanM3npynTe, N3 Kakux BOSIOKOH OHa M3rotosreHa. Bol-
NULINTE Ha3BaHMA 3TUX BOJIOKOH U MX XUMUYECKUe GopmyIbl.

4. 3anonHnTe NpPUBeAEHHYIO HMXKe Tabnumuy Ha3BaHMAMM BELEeCTB Y MaTepuanos, C KOTo-
pbIMM Bbl O3HAaKOMWIUCb B KYypCe XUMUW.

ba3oBble Xumunyeckne npoayKTbl CneunanbHble XvMnKaTtbl 6bITOBOrO
XUMUKATbI XUn3HeobecneuyeHns XUMUKATbI Ha3HauyeHus
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5. MpviBegnTe NnprMepbl NCMOSb3yeMbIX B MPOMbBILLIEHHOCTU XUMUYECKMX PeakLunin nony-
YeHUA MeTasNoB, C KOTOPbIMU Bbl O3HAKOMWUAUCH, U3y4Yasa MaTepuan rnasbl 7.

6. MNpuBegnte nNpuMepbl NCMONb3yeMbIX B MPOMbBILAEHHOCTA XUMUYECKUX peakLumin no-
NyYeHNA a30THOW W CEPHOI KMUCNOT, C KOTOPbIMK Bbl O3HAKOMWUINCb, M3y4Yaa maTepuan rna-
Bbl 6.

7. Ha ocHOBe M3y4eHHOro B rnaBax 6 M 7 matepuana npepsioxnte HeopraHmyeckme Be-
LecTBa, NpUrofHble Ans 60pbbbl ¢ 3ab6oneBaHNAMN PaCTEHMI.

8. Mnc — OAWH 13 BaXXHeENLNX CTPOUTENbHbIX MaTepmnanos. NoOMNMO NPUMEHeHUA B n3-
rOTOBNEHUWN LITYKaTYPKW, NaHenen n neperopofok, ero UCnonb3yoT ANA NoNyYeHnsa CIenkos,
[eKOPATUBHbIX 3/1IEMEHTOB. PaccumtanTe MUHUMANbHBIA 0OBEM BOAbI, KOTOPYI HY>KHO f06a-
BMTb K MOPOLUKY MonyBoAHOro cynbdata kanbuma maccor 1000 r ana GopmupoBaHuA ABYX-
BOAHOro Kpuctaniorugpara v nonyyeHna TBEPAOro NpoYyHOro matepmana.

9. InA ypaneHUs pKaBUMHbI Mepef OKPackol AeTanelt aBTOMOOWUSA MX MOXHO 0bpabo-
TaTb pocdopHom Kucnoton. Ana storo pekomeHayetca K 100 r 85%-Hon GochopHOM KUCIOTbI
no6asuth 1 am> BoAbl. ONpeaenuTe MaccoByko O KUCIOTbI B NOYYEHHOM PacTBOpe U ero
MONAPHYIO KOHLIeHTpaLuio. MNOTHOCTL pacTBopa NPUHATL paBHoit 1,04 r/cm’,

10. ToMenbCKNn XMMMNYECKINI 3aBOJ BbIMyCKaeT KOMMMEKCHbIe FPaHyNNpOBaHHbIe a30THO-
¢bocdopHO-KanuiHble yoobpeHus pasnnyHbiXx Mapok. OgHa U3 HUX XapaKTepu3yeTcs Macco-
BOW Aoneri aMMOHUMHOro asota — 5 %, maccoBaa gona obwux ¢ocdaToB B nepecyérte Ha
P,05 — 16,5 %, maccoBas pona obuwero Kanus B nepecyéte Ha K,O — 36 %.

MpennonoXxum, yto BaM HeOH6X0AMMO NPUrOTOBUTb Takoe yaobpeHre nyTém CMelunBaHNA
Tpéx komnoHeHToB: NH,H,PO,, (NH,),HPO,, KCl.

PaccumTaliTe, B KAKOM MaCCOBOM OTHOLLEHUWN HAAO CMeLaTb 3TV KOMMOHEHTbI, 4ToObl no-
nyunTb yaobpeHne € yKasaHHbIM COCTaBOM NUTATENbHbIX SN1EeMEHTOB.

§ 52. Xummnueckasa npombliwneHHOCcTb Pecnybnuku
benapycb B nHTepecax ycTOM4YMBOro pasBUTUA CTPaHbl

XuMuUuecKasi MPOMBITIIJIEHHOCTh — Ba)KHEUITHUN CEKTOP 9KOHOMHUKHU bejapycu.
On obGecrieunBaer (yHKIMOHUPOBAHUE APYIMX OTPAC/eil XO3SHCTBEHHOTO KOM-
IJIEKCa, 9KOHOMHUYECKYIO 0e30MacHOCTh, 000POHOCIIOCOOHOCTD, & B UTOTE€ — yCTOM-
YHUBOE Pa3BUTHUE CTPAHBI U JIOCTOMHBIN YPOBEHb KMU3HU HACEJEHUS.

Haiy crpaHy 4acTo HasbIBAIOT <«CTPAHOI OOJbINON XuMuu». Takoil oHa cra-
ga B 60-70-e ronpr XX Beka, KOTZIa YCUJIUAMU TOJUTUKOB U YUYEHBIX, WHIKEHE-
POB U CTPOUTEJIEN Y HAC B CTPaHe TOSBUJINCH MOIIHbIE XUMUYECKIe TPEITPUITHS,
HAyYHO-MCCJIE/IOBATEBCKIAE WHCTUTYTHI U BBICITHE yueOHbIE 3aBEICHMsI, TOTOBSIIINE
XUMWUKOB-UCCIEI0BATENEN U XUMUKOB-TEXHOJIOTOB.

OcHOBHBIE OTpac/Ju XMMUYECKOW MPOMBINIIIEHHOCTH benapycu — 3To ropHo-
xuMudecKkas: (IIPOM3BOACTBO KaJUNHBIX ymoOpenwuii), Hedrexumuueckas (mepe-
paborka HedTH) M OCHOBHAs XuUMUsI (IIPOM3BOJACTBO MUHEPAJIbHbBIX YIOOPEHMIL,

§ 51.1
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XUMWUYECKUX BOJIOKOH W HUTEW, CHHTETUYECKUX CMOJI U TJIACTUYECKUX Macc, pe3u-
HOTEXHUYECKUX U3JENUN U 1Ip.).

XuMUUYeCKHe BENIeCTBA U XUMUYECKUE TEXHOJIOTUM MCIOJIb3YIOTCS HE TOJIBKO
HEIOCPE/ICTBEHHO B XUMUYECKOH MPOMBINIJIEHHOCTH, HO W B TIPOM3BOJICTBE CTEKJIA,
KepaMuKH, OyMaru, Kpacok, MeTaJUINYeCKUX MOKPBITUH ¥ BO MHOTHX JIPYTHX IIPO-
MBITIJIEHHBIX TTPOIleCccax.

Kpynnetwmue xumuuecxue npeonpusmus Pecnyonruxu Benapyco

OTkpbiTOEe aKkiuoHepHoe o0mecTBo <«Bexapychrammii»
(r. Conmuropck) ABASAETCA OAHUM U3 KPYIMHEHINX TPOU3BONTE-
Jieit KaJuitHbIX yaoOpeHuit. B coctaB Kakaoro ms 4eThIpéx py-
JIOYIIPaBJIEHII BXOAUT PYAHUK, T/ie HOOBIBAIOT KaJUITHYIO PY/LY,
u oboratutenbHas (abpuka 1 eé mepepabOTKM U BBITyCKa
npoaykiuu (puc. 120).

Kpome kanuitHpix yaoOpeHuii B BUAE XJOPHUAA Kalus C J10-
6aBkamu, OAO <«DBemapycbkamii» 1mpo-
M3BOAUT TEXHUYECKUI XJIOPHJ HATPUs,
noBapernyto coub NaCl, rumoxmoput
Hatpust NaClO 11 usroroBsieHus je-
BUHPUIUPYIOMUX W OTOEJTUBAIOIUX
cpencts, cosstayio kucioty (35 % HCI),
rugpokcuy kanss KOH.

OTKpbITOE aKIMOHEPHOE OOLIECTBO
«Hadran» (r. HoBomnosionk) — xpyn-
HBIIT HedTenepepabaTeiBalonuil 1 Hed-
TEeXMMUYECKUII KOMIIJIEKC, BBINTyCKa-
IONWIl pa3JinuyHble BUIbI TOIJINBA,
CMa30YHbIe Macjia ¥ OUTYMBbI, apOMaTH-
YecKue YTJAeBOIOPO/bl M TPOAYKTHI He-
¢prexumun. B 2008 rony OAO «Had-
TaH» OBIJIO PEOPraHM30BAHO MYTEM
npucoeannennsi k Hemy OAO «Ilosu-
mup» (puc. 121).

Ha OAO «ITomumup» ocyiiecTtBiisi-
eTcsl TMPOJIU3 YIJIEBOJOPOIHOTO CHIPbSI 0AO «Hagrar» 0AO «[lonumup»
(6eHsuHa M JETKUX YTJIEBOJOPOIHBIX
dbpakiuit) ¢ mosydeHneM MOJUITUICHA, AKPUIOBOTO BOJIOKHA, TPOYKTOB OpPTaHU-
YeCKOTo CHHTe3a W yTJIeBOAOPOAHBIX (pakiuii. [IpoayKims mpeanpusaTius HaX0auT
[pUMEHEHNE B TIPOU3BOJICTBE Kabessl M YIAKOBOYHBIX MATEPUAIOB, H3TOTOBICHUN
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Puc. 121. OAO «flonummp» Puic. 122. OAO «Mo3blpcKkum
HedTenepepabaTbiBaloWil 3aBOSY

KOBPOB, TEKCTUJIBHBIX TKaHEl M TPUKOTAKHBIX W3/IEJNii, NCKYCCTBEHHOTO MeXa,
a Takke OBITOBOW XMMHUU U JPYTUX MPOAYKTOB. Psiji OpraHMYeCKuX COeAnHEHUH,
npemiaraeMbix OAO «IlomuMups, SIBIISeTCS TakyKe ChIPhEM IS JTaJbHENIIEro CHH-
Te3a pa3HOOOPa3HbIX CIENMATbHBIX XUMUUYECKUX TTPOILYKTOB.
OTKpbITOE aKIuOHepHOE 00IecTBO «Mo3bIpckuii Hed-
TenepepadaThiBAIOIMIA 3aBOA> TPOU3BOAUT HKOJOTHUECKHU
quCcThle aBTOOEH3WHBI, AU3€JbHOE TOIJIMBO JJIsI Ha3eMHOM
U Cy/ZIOBOW TEXHUKU, TOTIOYHBIN Ma3yT, CKUKEHHbIE Ta3bl JIJIst
KOMMYHaJIbHO-ObITOBOTO TIOTPEOJIEHUS ¥ APYIUX Tieseii, Hedrs-

Hble OUTYMBI (JOPOKHBIN, KPOBEJIbHBINA, CTPOUTEIHHBIN), Ma- 0AO «Mo3bipckuti
pa(bI/IHI)I, HeoOXOAMMbIE IS U3TOTOBJIEHUS MOIOIIMX CpeZiCTB HedTenepepabaTbiBa-
1 GeJIKOBO-BUTAMUHHBIX KOPMOB, CEPHYIO KUCJOTY, TEXHUYE- H0LLMii 3aBO»

ckyto cepy (puc. 122).

OtkpbiTOoe aknuonepuoe obmecrBo «IpogHo Azor» —
O/THO M3 BeAYIMUX XUMHUYECKUX TPEATNPUATUH, TTPOU3BOISI-
nee a3oTHbIE MUHEPaJbHbIEe YI0OpEHUs /UL CEIbCKOTO XO-
3aiicTBa (aMMuak, kapbaMuj, KapbaMuI0-aMMUAYHbIE CMECH,
cynbdar aMMOHWUS ), a JJIT XUMUYECKOW OTPAC/M CTPAHbl — Ka-
POJIAKTaM, HEOOXOAUMBIN /IS TIOJYYE€HUST XUMUYECKUX BOJIO-
KOH U HUTeH, a Takyke METAHOJI, a30THYI0O W CEPHYIO KHCIOTHI
u pyrue Buibl npoaykiuu (puc. 123).

B coctaB OAO «Ipoxro A3oT» BXOAUT «3aBOj XMWMBOJOKHO» — OJIHO U3 Be-
aynmx npeanpustuii B CHI mo mpon3BoACTBY HUTEN TEXHUYECKOTO HAa3HAYEHUS 1
KOP/IHBIX TKaHel u3 nosmamuza-6 m enuactsennoe B CHI' 1o u3roToBsieHno Bbi-
COKOIIPOYHBIX HUTEN (puc. 124).

0AO «IpogHo A3oT»
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Puic. 123. OAO «pogHo A3oT» Puc. 124. Ounuan «3aBog XMIMBOJIOKHO»

OTKpbITOE aKIHOHEPHOE 001ecTBO «T0OMeIbCKHii XUMHUYECKHI 3aBO> SIBJISI-
eTcsl KPYITHENIITUM B CTpaHe MPeAIpUsITHEM, BbITycKaomuM (ocdopcoaepskaiiue
MuHepajbHble yaooperus (aMMmodoc, azoTHO-GochOpHO-KaauiiHbie yao0peHus,
aMMOHM3WPOBaHHbIN cynepdocdar), a Takxke MPOLYKIINI0 HEOPTAHUYECKOTO CUH-
Te3a (cepHasi KUCJIOTA, CYyJbMUT HATPUSA, PTOPUJ aJIOMUHKS, KPUOJUT, adPOCHI,
Wan AoKcua Kpemuusi) (puc. 125).

OTKpbITOE aKIHOHEepHOe 00ImecTBo «Moru-
JE€BXHUMBOJOKHO» TIPEACTABISIET CO00Il KOM-
TJIEKC TTPOW3BOICTB, CBSI3AaHHBIX €IMHBIM TeX-
HOJIOTUYECKUM IUKJIOM — OT TOJYYEHUS
WCXOIHOTO ChIPbs (JIMMeTHITepedTaaTa, MmoJm-
aTHIIeHTepedTaIaTa) 10 BBIIYCKAa TOTOBOM IPO-
OYKIINN (HOJH/I:-)(bI/IprIe BOJIOKHQ, HUTH, HETKA- 0AO «Tomenbckuii 0AO «Morunés-
HbIe TOJIOTHA) W TPOM3BOJICTBA HA WX OCHOBE  XVMUYECKMil 3aBOS» XMMBOJIOKHOY
TOBapOB HapoAHOro morpediaenus (puc. 126).

Puc. 125. Tomenbckuin xmuMmnyecknii 3aBop Puc. 126. OAO «MornnésxmmBoIOKHO»
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Puc. 127. OAO «CeTnoropck XMMBOIOKHO»

OTtkpbiToe akinuoHepHoe o6mecTBo «Cerioropck Xum- [=] [x]
BOJIOKHO». B cOCTaB mpeanpusitTusi BXOJSAT 3aBOJI MCKYCCTBEH- H
HOTO BOJIOKHA M 3aBOJ MOJUI(MUPHBIX TEKCTHJIbHBIX HUTEM ' .I
(puc. 127). [=]3

3aBOjl MCKYCCTBEHHOTO BOJIOKHA MPOM3BOAUT MATEPUAJDI
TEXHUYECKOTO HasHaueHust (yIJIepOAHbIE M TepMocTolikue, ne-  OAQ «(Betnoropck
TKaHble U3 MOJIUIIPOTIAIEHA). XnmgonokHo»

3aBoji TOJMA(MUPHBIX TEKCTUJIBHBIX HUTEH BBIMTyCKAeT TPO-
IYKITUIO, KOTOPas TIPUMEHSIETCST B M3TOTOBJICHUH TKaHel pa3/ind-
HOTO HasHayeHus (IIaTesbHble, KOCTIOMHbIE, MeOe/IbHbIe, TEXHMU-
YecKue, 7 CTIEIOesK bl ), TEKCTUIbHO-TaTaHTEPEHHBIX U3/
(TapZIMHHO-TIOJNIEBBIE U3/IEJINST M KPY’KeBa, MepYaTKU, BEPEBKHU,
HTHYPBI, JIEHTHI ), HETKAHBIX MATEPUAJIOB, KOBPOBBIX W3JEJNi, 1C-
KYCCTBEHHOTO MeXa, TPUKOTQKHOTO IMOJIOTHA [T CTIOPTUBHBIX
M3JIeJIUM W JIOMAIITHETO TEKCTUJIS, Pas-
JIMYHOTO OOMBOYHOTO MaTepuaja JJist
CaJIOHOB aBTOMOOMJIEIA.

OTKpBITOE aKIHOHEPHOE 0O0IIe-
ctBo «Bbemmmnas (1. Bobpyiick) —
OJIHO U3 KPYMHEUIIUX MPeATpUATAN
B CHI mo npousBojacTBY MUH MJist
JIETKOBBIX, TPY30BBIX, OOJIBIIErPY3HBIX
ABTOMOOWJIEH, CTPOUTETBHO-TOPOKHBIX
U TOJbEMHO-TPAHCIIOPTHBIX MAaIlWH,
9JIEKTPOTPAHCIIOPTa, aBTOOYCOB, TPaK-
TOPOB U CEJbCKOXO3SMCTBEHHBIX Ma-
mmH (puc. 128). Puc. 128. OAO «benwnHa»
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Puc. 129. OAO «JlakoKpacka» Puc. 130. boprcoBcKkmin 3aBoA MIacTMacCoOBbIX
n3gennmn

OT1kpbITOE aKmuoHepHOe 00mecTBo «Jlakokpacka» (r. JIu-
ma) — Beayiee npexanpusitie B Pecryosnke Bemapych 1o u3sro-
TOBJIEHUIO JIAKOKPACOYHBIX MAaTEPUAJIOB Pa3IMYHOrO Ha3HAUEHUSI:
aMaJjiell, JJakoB, TPYHTOB, KPACOK J/IJIs Pa3METKU IOPOT, BOIHO-
JINCIIEPCUOHHBIX KPAcoK, hacasubix Kpacok (puc. 129).

OT1KpbITOE aKknuoHepHoe odOuiecTBo «BopucoBckuii 3aBon
miactMaccoBbix usaesmii> (puc. 130) Boimyckaer usgenusi u3  0AO «Jlakokpacka
IJIACTMACC TPOU3BOJICTBEHHOTO Ha3HAYEHMSs, TOBAPbl HAPOIHOTO
noTpebsieHnst, MOJIUATUICHOBYIO TIEHKY, MOJUATUICHOBbIE U T10-
JIUTIPOITUAJICHOBBIE TPYOBI.

Kpome nepeuncsieHHBIX KPYITHBIX XUMUYECKUX TTPOU3BOJICTB,
B Pecnybsmmke Benmapych ycrmemto QyHKIIMOHUPYIOT MPEIpH-
ATHS, 3aHUMAIOIUECs] M3rOTOBJEHNEeM ObITOBOW XMMUU — MO-
IONNX, YUCTAIIUX U KocMeTudeckux cpeacTtB. Cpexm aux OAO
«Bpectckuii 3aBox ObITOBON XuMuu», «benura-Burakces, «Mo- 0AO «bopucoBckuit
ayM» (r. MUHCK) 1 apyrue. 33B0J NMACTMACCOBbIX

Ha ocnoBe XuMu4eckoii 1 OMOXMMHUYECKON TEXHOIOTUIT B Ha- USAEnMI>
el cTpaHe IMIMPOKOe pa3BUTHE IMOJydYnJaa (apmareBTuIecKast
OTpacJyib, CBSI3aHHASI C WMCCJIEIOBAaHUEM, pa3padOTKOi, MaCCOBBIM TPOM3BOJICTBOM
JIEKAPCTBEHHBIX IPENapaToB, MpeJHa3HaYeHHbIX JIs MPOMUIAKTUKA W JIedeHUsI
6osesteil. OCHOBHBIE TIpeANPUATHs (BapMaleBTUYECKOW MPOMBINIEHHOCTH Pe-
ciybiukn Benapycs — PYII «Beamemnpenaparers> (r. Munck), OAO «Bopucos-
ckuii 3aBoj MeampenapaToB», OAO «HecBmkcknii 3aBoji METUIIMHCKUX TTperiapa-
toB», CIT OO0 «@apmidna» (r. Munck), COOO <«Jlekdapm» (1. Jloroiick). Ha
(bapmaiieBTHUECKUX TIPEIPUATUSIX CTPAHbl TPOU3BOAUTCS OKOJIO 1,6 Thicsum pas-
HBIX JIEKAaPCTBEHHBIX CPEJICTB.
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PassuTue 1106010 MpOMBIILIEHHOTO XUMUYECKOrO TIPOM3BOICTBA HEBO3MOKHO 6e3
HAYYHOTO COTPOBOK/ICHNUSI, MHHOBAI[MOHHBIX Pa3pabOTOK U (DyHIAMEHTAIBHBIX WCCIIe-
NOBaHWIA. DTUM B HaIllell CTpaHe 3aHNMAIOTCS HAYYHO-MCCIEI0BATETbCKIE MHCTUTYTHI
HammonanbpHOU akaziemun Hayk besapycu, oTpaciieBbie HAyYHO-UCCJEI0BATEIbCKIE
WUHCTUTYTHI ¥ TIPOMUIIbHBIE Kadeaphl BBICIINX YU4eOHBIX 3aBEICHUII.

XrMpryeckasa NPOMbIWAEHHOCTb — Ba)KHEMLININ CeKTop SKOHOMUKKN Pec-
ny6nukn benapyco.

K OCHOBHbIM OTpacnAM XMMUYECKOW NpoMmblluieHHocT Pecny6nukn be-
Nnapycb OTHOCATCA FOPHO-XMMMYecKaa (MonyyeHue KanuiHbiX yaobpeHui),
HedTexnmmueckas (nepepabotka HepTM) N OCHOBHaA XxMMuA (MPON3BOACTBO
MUHEpPaNbHbIX YOOOPEHNI, XUMUUYECKMX BOJNIOKOH U HUTEW, CMHTETUYECKMX
CMOJT 1 NNIACTUYECKUX MACC, PE3UHOTEXHUYECKUX MU3ZeNnN).

BOI'IpOCbI, 3apaHunA, 3agaun

1. MoueMmy Hallly CTpaHy Ha3blBalOT «CTPAHOWM HGONbLUON XUMUN»?

2. HazoBute xumunueckre npegnpusatua Pecnybnuku benapycb, Ha KOTOpPbIX NPOM3BOAAT
GeH3VH, M1HepasibHble YAOOpPEeHSA, NOIMMEPHbIE MAEHKM, NCKYCCTBEHHOE BOJIOKHO.

3. HazoBute npepnpuaTtna Pecny6nukn benapycb, Ha KOTOpbIX WU3roTaBAMBAOT Nekap-
CTBEHHble npenapartbl, ObITOBble XMMUKATbI.

4. MpriBegnTe N3BECTHble BaM CBEAEHUA O MPOMbILIEHHOM MOJlyYEHUN XOPOBOAOPOA3,
consHom 1 GocHOpPHOI KMCIOT, @ TaKKe COOTBETCTBYIOLLME YPABHEHUA XUMUYECKUX PeaKLmA.

5. Ha kakom npegnpuAtum B benapycn npomssoamtca a3oTHaa Kucnota? B ocHose 3Toro
NPOV3BOACTBA NEXUT NOJyYeHe aMMmnaKka, N3 KOTOPOro 3aTeM CUHTE3UPYIOT a30THYIO KUCHO-
Ty. [prBegMTEe BO3MOXHbIE YPAaBHEHUA XUMNYECKNX PeaKLn.

6. MNpviBeanTe N3BECTHbIE BaM CBEAEHMWA O NMPOMbILLIIEHHOM MOJyYeHUN MUHEPanbHbIX yao6-
peHnin B Pecnybnuke benapych, a Takke COOTBETCTBYIOLLME YPABHEHNA XMMUYECKUX PeaKLuii.

7. Cynbdat aMMOHUA MOXeT ObITb MOMyYeH C NCNOoJb30BaHMEM cynbdaTa KanbLus, ra3o-
06pa3zHbix ammuraka u CO,. MNpuBeauTe BO3MOXKHbBIE YPaBHEHUA XUMUYECKUX PEAKLNIA.

8. HanuwwuTe ypaBHeHUA peakuun, C NOMOLLbIO KOTOPbIX MOXXHO OCYLLEeCTBUTb cliegyioLyne
npespauleHus: P — P,05; — Ca3(PO,), — CaHPO, — H3PO,.

9. B OAO «pogHOo A30T» B NPOM3BOACTBE aMMMaKa MCNOMb3YTCA arperatbl MOLHOCTbIO
1650 T aMMMaKka B CyTKW. Paccumtaiite MvHVMManbHble 06bEMbI a30oTa M MPUPOLHOro rasa
(H. y.), KOTOpble NOTPebyTCA ANA MNONyYeHUs TaKOro KoNMyecTBa aMmMumaka. KoHBepcuio me-
TaHa ¢ 06pa3oBaHMeM BOAOPOAA M YrapHOro ra3a cumTaTh MOJIHON (cm. ¢. 160).

10. B npouecce M3roToBfeHUs XUAKUX a30THbIX YAOOGPEHWI UCMOMb3YyIOT BOAHbIE pac-
TBOPbI conen. K uncny Takmx yaobpeHunii OTHOCATCA CMeCK KOHLEHTPMPOBaHHbIX PacTBOPOB
kapbamumga (NH,),CO n ammumauHon cenutpbl NH4NO;. PaccunTante maccbl 80%-HOro pacTBo-
pa kapbammga u 70%-Horo pacTBopa CennTpbl, KOTOpble HYXHO B3ATb, YTOObI NMPUrOTOBUTH
OfHY TOHHY XUAKOro ynobpeHus, ecnn maccosasa gonda (NH,),CO B HEM foMmKHa COCTaBNATb
29,48 %, a NH,NO3; — 39,77 %. Onpepennte MaccoByio 00 a30Ta B TaKOM yOOpeHUN.
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§ 53. OxpaHa oKpy»<aloLen cpeabl OT BpeaHoro
BO34EeNCTBUA XMMNYECKUX BeLLeCcTB. «3efIéHas XUMNA»

Bopvoa c 3azpasnenuamu oxpydrcaroueii cpedot

JlocTikeHnst HAYKU W TEXHOJIOTUN TTO3BOJIUIN CO3aTh KOMGMOPTHBIE YCIOBUS
Juist ku3Hu ogeil. OHaKO HeolnpaBAaHHO BBICOKHE TEMIIbI POCTa MOTpedsIeHus
MPUBETM K YPEe3MEPHBIM Harpy3kam Ha OKPYKAIOIIYIO CPey, K €€ 3arpsi3HeHUIO
U UCTOIIEHUIO TIPUPOIHBIX PECYPCOB.

K ocnoBHbIM BUIaM 3aTpsi3HeHUH, BAUSIONIUX HA €CTECTBEHHYIO OKPY:KAIONIYIO
cpefy OTHOCST:

e OTXO/IbI — OBITOBBIE W IPOMBIIILJIEHHBIE, TTOOOYHBIE MTPOLYKTHI MTPOU3BOJICTB
(pasnoOaKTUBHbBIE DJIEMEHTBI, TJIACTUKH, TSKEIbIE METAJIbI C IJIOTHOCTBIO Gosee
5 r/cm®);

e oTpaboTaHHbIe Ta3bl — BbIXJIONMHBIE Tasbl aBToMobuieir (NO, NO,, CO, yrie-
BOJIOPOJIBI — TPOAYKTBI HETIOJTHOTO CTOPaHUS TOIJINBA, OTXOSIINE Ta3bl), TEXHO-
gorndeckux ycranoBok (CO,, CO, SO,, NO, NO,, O3) TerioBbx 2JeKTPOCTaH-
1AH, TPEeANTPUATUN METAJLTYPIUd, XUMUYECKON MPOMBITIIJIEHHOCTH W TTPOU3BO/ICTB
CTPOUTETHHBIX MAaTEPUAJIOB;

e ObITOBbIE, XO3SICTBEHHbIE U IIPOMBIIIJIEHHbIE CTOYHbIE BOJbI, ¢ KOTOPHIMU
B OKpy:Kaolyo cpeay mnoctynaioT docdarsl (MOOIME U YUCTANINE CPENCTBA,
dhochoprbie ymoOpeHust U p.), HUTPAThl U APYTHe a30TCOAEP/KAIINE COeTNHEHNUSI
(MuHepasbHble yI0OpEeHMsI, SKCKPEMEHTBI YeJOBeKa U JKMBOTHBIX ), APYIHe COJN
(xstopuibl, cyabdarsl), TSKEIbIE METaJJIbl, TTOBEPXHOCTHO-aKTUBHBIE BeIleCcTBa
(ITAB), nmectutuib.

3arpsi3HEHUS BJAUSIOT Ha COCTOSTHUE OKPY’KAIOIIEN CPeZbl, ONACHBI /IS JIIOeH,
SBJISAIOTCS. IPUYUHON Pa3inYHBIX OOJIe3HEl U reHeTHYecKux myTaiuii. Tem He me-
Hee COBPEMEHHOM IUBUIN3AIUN He 000HTUCHh 63 XMMUYECKON TPOMBIIIIEHHOCTH.
ITpoGiiema COCTOUT He B CO3JMaHUKM XUMUKAMU «BPEIHBIX BEIIECTB», a B TOM, UTO
JIIOJTA He BCET/Ia PAllMOHAJIIBHO MCIOJIB3YIOT CUHTE3UPOBAHHBIE BETIECTBA U XUMHU-
yeckue TexHosornu. CienoBaresbHO, UMEHHO XUMWKH JIOJIKHBI HAUTH TTyTH CHU-
JKEHUST Bpe/ia, TPUHOCHMMOTO MTPOMBITIIJIEHHBIMU TIPEATNPUSTASIMU W APYTUMU UCTOY-
HUKaMW 3arpsi3HeHusT Halllel TIaHeThl. B CBI3W ¢ 9TMM BO3MOJKHBI JIBA Ty TH:

1) oTciexuBaTh MOCTYIJIEHUE BPEJHBIX BENIECTB B OKPYIKAIONIYIO CPEILy
1 00e3BpeKUBATh WJIN YHUUYTOKATH WX, YTO SIBJISIETCS 3aJadeill 9KOJIOTUIECKOMN
XUMUN,

2) mpesoTBpallaTh 3arpsisHeHe Cpe/ibl, YMEeHbIask BhIPAOOTKY IIPUPOIHBIX 6O-
raTCTB, UTO SBJISIETCS 3aJaueil «3eJIEHON XUMUU».
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Cuenyst 0 HepBOMY IIyTH, XUMUKH-QHAJIUTUKU U HKOJOTH pa3pabdaTbiBa-
10T 3 dexTuBHBIE METOAB MOHUTOPUHTA BONOEMOB, MOYB, BO3/yXa. YUEHBIE
U WH)KEHEPhI-Pa3paboTUNKN M300PETAIOT, a XUMUYECKask MPOMBIIIIEHHOCTh BBI-
[yCKAeT MHOTOYUCJIEHHbIE COPOEHTHI, MOTJIOTUTETH, HOHOOOMEHHbBIE CMOJIBI JIJIsSI
OYUCTKH TPOMBIIIJIEHHBIX W CTOYHBIX BOJI, TIOTJIONIEHUST BPEIHbIX Ta30B U IIbLIH,
BBIJIE/ISIEMbIX TIPEATNPUATUSAMI. XUMUKH Pa3padaThIBAIOT METO/bI YTUIU3AIMN TTPO-
MBIIIJIEHHBIX ¥ OBITOBBIX OTXOJOB IYTEM HX 0E301aCHOTO YHUUTOKEHWS WJIN T1e-
pepaboTKH € 1eJIbI0 TIOBTOPHOTO ucnoJb3oBanus. /[. V1. MeneneeB B CBOé BpeMst
nucan: «B XxuMum Het oTX0/I0B, a €CTh HEMCIIOJb30BAHHOE CHIPHES.

B kauecTBe mMpUMEpPOB YTUJIHU3AIUU Pa3JUIHBIX OTX0A0B B Pecmybivke
Bemapych MOKHO TIPUBECTH TepepaboTKy MeTamosomMa Ha bBemopycckoM mertas-
JayprudeckoM 3aBojie. CerofHsi B MPOMBINIJIEHHBIX MaciiTabax repepadarbiBaioT
MaKyJIaTypy, usfieinsl U3 Iactmacc u creksa. llmak surelitHoro mponsBojicTBa
[PUMEHSIIOT JIJIS1 U3TOTOBJIEHUS CTpoiiMaTepuaioB (Kuprmya, dyepernwiisr). Ha 6ero-
pycckux HedTernepepabaThIBAOIIIX TIPEATPUSITUSIX UMEIOTCS YCTAHOBKU MO TPe0d-
Pa3oBaHUIO CEPOBOIOPO/IA, BHIJEISIONIETOCS B mpoiecce TepepaboTku et B aT-
Mocdepy, B MTOJE3HBII TPOAYKT — CEPHYIO KUCJIIOTY.

Ha Tomenbckom xuMudeckoM 3aBojie (hTOPOBOZIOPOJ, BO3HUKAIONUHN B TIPO-
mecce pasyoxeHus: amatutoBoro (GochopuToBOTO) KOHIEHTpPATa TPEOOPA3YIOT
B H,SiFg, AlF3, NasAlFg.

IIpeoomepawenue 3azpasnenuii okpyicarouei cpedot

XUMUKH, Pas3jiesisiss TPEBOTY 4YesoBeYecTBa 3a yXY/IIEHNE COCTOSHUS OKpYy»Ka-
[o1eil cpejibl, BBIPadOTaJN HOBYIO CTPATErnio OPraHM3aluyd XUMHUYECKUX IPOM3-
BOJICTB, KOTOpAs MOJIy4YnIa Ha3BaHWE «3€JIEHAS XUMUI».

«3enénan xumusy> — Mo cmpamezus NPoU3BOOCMEA U NPUMEHEHUS XUMUYE-
CKUX MPOOYKMOB U NPOUECCO8, NPeOYCMAMPUBAIOWAS. YMEHVULEHUE UL UCKTIOUEHUE
UCNOTL30BAHUS U 00PA30BAHUS BPEOHBIX BEULECME.

PaccmoTpum, Kak B paMKax <«3eJEHOU XUMUU» IpelljiaraeTcs pemarb 9K0J0TH-
YyecKue mpoOIeMbl.

1. Yrobbl u3bexaTh MONAAHNS XUMUIECKUX BEIIECTB B OKPYIKAIOIIYIO CPELY
U CHUBUTH TIOTEPU MPUPOIHBIX PECYPCOB, TpebyeTcsi pa3padaTbiBaTh XMMUYECKIE
IPOIECCHI, KOTOPbIE MCKI0YA0T 00pasoBaHue MOOOYHBIX MPOAYKTOB. Harmpumep,
B U3BECTHOM BaM TPAJAUIIMOHHOM Ja0OPAaTOPHOM METOJle CHUHTE3a XJIOPOBOIOPO-
7Ia IO PeaKINu

NaCliysy + HySO4omy = HCIT + NaHSO,

TEOPeTUYEeCKU TOJIbKO 2 13 9 aTOMOB pPeareHTOB BXOJAT B COCTAB HYKHOTO IIPO/LYK-
ta. Tak HaszpiBaemast atoMHas 3(pHEKTUBHOCTD ITOTO TIpoIlecca cocTaisieT 22 %.



292 Xumuyeckue BeLecTBa B XKU3HU U JeATENbHOCTU YeNoBeKa

Ha OAO «benapycpkanuii» XJI0poBOMOPOJ MOJIYYAIOT MPSMBIM B3auMOjIeii-
CTBUEM XJIOPA U BOJIOPO/IA, TIPU ITOM BCE ATOMBI PEArEHTOB BXO/SIT B COCTaB
IPOLYKTA:

H, + Cl, = 2HCI.

3uaqut, ahdekTuBHOCTH mpoitecca coctassieT 100 %.

2. Heo6x01MMO HCIIO/Ib30BATh TEXHOJIOTHYECKUE TIPOIECCHI, B KOTOPBIX KaK UC-
X00Hvle sewecmea, max u nPooyKmvl Uil 0Omxodvl He HAHOCSM 6peda OKPY Karolieit
cpene u riepcoHany npeanpustuii. Hampumep, otbenBanme 1euion03bl XJI0POM
IIpU TIPOM3BOJICTBE GyMaru MPUBOAUT K 0OPA30BaHUIO W MOCTYIUIEHUIO B OKpPY’Ka-
IOTYI0 CPey TOKCUYHBIX BEIIECTB — JUOKCHHOB. UTOOBI 3TOTO M30€XKaTh, Tpes-
MOYTUTEIbHEE TIPOBOANUTH OTOEIMBAHE TIEJII0JI03bI EPOKCUIOM BOIOPO/A, KOTO-
PBIil He Tpe/cTaB/sieT Takoil onacHoctu. [lpu nonasanuy B OKPYKAOILYIO CPeLy
OH OBICTPO Pa3JIATaeTCs:

2H202 = 2HQO + O2T

V3BecTHO O Bpelle, KOTOPbIII HAHOCST BCEMY KHBOMY BBIODOIIEHHBIE ITOJIN-
MepHbIe YIIAaKOBKU, MaKeThl, OyThLTH U3 muiacTuka. OHAKO MOJTHBIN Tepexo Ha
OYMaKHYI0 YMaKOBKY HMPHUBEIET K HEOOXOAUMOCTH YBEJUYEHUST MPOU3BOJCTBA
Gymaru, a cJeIoBaTesNbHO, JAOTOJHUTENbHONU BBIPYOKe JecoB. IToatomy mpeia-
raeTcst mepeiiTu Ha M3roTOBJIEHNE YITAKOBOYHOTO MaTepuasia 3 OnopassaraeMbiX
MaTepUaoOB, TPOU3BEAEHHBIX, HATIPUMED, U3 MOJOYHOU KHCJIOTHI WU MPOU3BO-
JIHBIX TEJUTE0I03bI. [IJIs1 M3roToBJIeHUsT OYTHIIOK JIydlllie HCIOJIb30BATh CTEKJIO,
KOTOPOE MOJKHO KCII0JIb30BaTh MOBTOPHO JKMOO MEPEIUIaBIsATh M MOJydaTh HO-
BbIE W3/IEJIVSI.

3. BOJIBITMHCTBO XMMUKO-TEXHOJOTHUECKUX TIPOIIECCOB MPOTEKAET B PACTBOPAX.
Wcnonp3oBatibie BOMHBIE WU HEBOJHBIE PACTBOPUTENN C COMEPKANMMUCS B HUX
HPUMECSIMU JIOJIKHBI TIPOXOIUTH MPOIECC OYMCTKU. DTO JOPOTOCTOSIIIHIT TPOTIECC.
K ToMmy ske TIOJTHOI OYMCTKHM, KaK MPABHUJIO, HE MTPOUCXOAUT. PacTBopurenn ¢ co-
JIEPIKAIUMUCS B HUX OTIACHBIMU XUMHUYECKUME PEAreHTaMH B BUJIE€ CTOYHBIX BOJI
cOpachIBAIOTCS B PeKH. BBIXOOM M3 3TOI CUTYallUU SIBJSIETCS OMKA3 OM UCNOLb-
308anust pacmeopumeneil Uil 6vlO0p MAKUX, KOMOpvle He 3azZPSI3HSIIOM OKPYNCA-
0wy cpedy.

HampuMmep, B KauecTBe pacTBOPUTEJIS TIPEJIAraloT MCIOJIb30BATh YTIEKUCITBII
ras, CKaThlil 10 COCTOSTHUSI, TPU KOTOPOM OH MPUOJIMKAETCS MO TJIOTHOCTU K KU/
koctu. Takoil pacTBOpUTENb YK€ CETOJHsI UCIIOIb3YIOT [IJisi 9KCTPAKIMK KodenHa
u3 KoeiHbIX 3épeH, a(UPHBIX Macej U3 PACTEHUH W B HEKOTOPBIX XUMHUYECKIX
peaknusx. [locse mpoBemeHNsT 9KCTPAKIIMHM PACTBOP OCTATOYHO HArpeTh U BeCh
CO, ucnapures.
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[TonmynpoBogHuk
n-TUIIA Counevnsle Jiyqau
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~ . Orpuiarenphbrit
\ AIEKTPOJL

d b4 ddd

K perymaropy
S
Homynposogunk  11070KUTEbHDII
p-THIA AIEKTPOJ
—

DJIEKTPUYECKHIT TOK

Puc. 131. ConHeuHasa naHenb Ha Kpbile A0Ma N CXemMa KOHCTPYKUMW CONTHEYHOrO 3J1eMeHTa

4. Y106BI TIPEOTBPATUTH MCTOIEHUE MTPUPOAHBIX PECYPCOB, HEOOXOAUMO CO3-
dasamv NPou3eoO0CMea Ul OCYUECMELAMb NPOUECCHL, 8 KOMOPLIX UCTOJb3YIOMCSL
80300H0BLAEMbIE BUOBL CbIPLS. — PACTUTEJbHbIE MacJa, MEeJI0a03a, OBITOBOW MYy-
COp, YTJIEKUCJIBIN Ta3.

Takoii MoAX0/ JTEKUT B OCHOBE TIOJyYeHUS METUJIOBBIX 3(DUPOB KUPHBIX KHUC-
JIOT — OMOTOIUIMBA U3 PAIICOBOTO Macjia.

Xumuku paboTaroT HaJ CO3ZaHHEM MaTepHasoB [JIsi COJIHEYHbIX OaTapei,
KOTOpble TpeobpasyioT Hewcdepraemyto sHepruio CoJHIA B 9JIEKTPUUYECKYIO
(puc. 131).

5. YMEHbBIIUTH MOMaJaHue BBIXJOMHBIX Ta30B aBTOMOOMJIEH B atMocdepy
U CHU3UMb NAPHUKOBHLI 3 chexm MOKHO TIyTEM 3aMEHBI JIBUTATEJIel BHYTPEHHETO
CropaHusl YIJIeBOJOPOAOB Ha dJIeKTpoABUraTen. [IJIst 9Toro XUMUKKU paboTaloT HaJl
CO3/IaHMEM HOBBIX XMMUYECKUX MCTOYHUKOB TOKA, B YACTHOCTH, Hajl pa3pabOTKON
3 HEKTUBHBIX TOIUIMBHBIX 2JIEMEHTOB, ITPe00Pas3yIONNX 9HEPrUi0 OeCIIaMEeHHOTO
OKHMCJIEHUS BOZIOPO/IA KUCJIOPOZIOM B 3JIEKTPUUECKYIO.

Bosbiioii mar B CHM)KEHWH CTENeHU 3arpsisHeHust aTMocdepbl — MpUMeHeHne
ABTOMOOMJIbHBIX KATaJM3aTOPOB — YCTPOHCTB B BBIXJIOIHON CHCTEME aBTOMOOM-
a1, OHU TIpeiHa3HAYEHBI JIIT CHYDKEHUST TOKCUYHBIX BBIOPOCOB B aTMocepy Iy-
TEM BOCCTAHOBJIEHUSI OKCU/IOB a30Ta M OKHMCJIEHUs YTapHOTO Ta3a, a TakyKe He0ro-
PEBLINX YIJIEBOJOPOIOB.

B nacrosmiee Bpems I8 yCTOMYMBOTO Pa3BUTHS ITMBUJIN3AIUN YETOBEYECTBO
JOJIZKHO HATIPABJSATh CBOIO JESITETbHOCTh HE TOJBKO HA yCTPaHEHUE BPEIHBIX T10-
CJIE/ICTBUIA, HO W Ha TIPEJOTBpAIleHNe UX TOSIBJIEHUS, IeHCTBOBATH 1O TPUHITUITY
«He HaBpeau cebe, oOLIeCTBY, TIpUpoae»>. Takas JesTeIbHOCTh BO3MOMKHA B YCJIO-
BUSIX Pa3BUTHS XUMHWUYECKOW HAyKH, pa3pabOTKM Ha €€ OCHOBE Pecypco-, dHep-
rocOeperalommux 1 9KOJOIHYeCKn Oe3BPEIHBIX TEXHOJIOTHUH, HOBBIX MaTepPHaloB
U BEIIECTB.
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3afaun 3KONIOTMYECKO XUMUA — OTCNIEXKUBAA MOCTYMIeHe BpeaHbIX
BELLECTB B OKpY»KaloLyto cpeay, 06e3BpexnBaTh WM YHUUTOXAaTb KX, Orpa-
HUYMBATb UX PACMpPOCTPaHeHMe.

«3eNéHaa XMMnA» — 3TO CTpaTervsa NMPOU3BOACTBA U MPUMEHEHUA XUMU-
UECKMX NPOAYKTOB 1 NPOLECCOB, NPeayCcMaTprBaoLLaa YMEHbLIEHNE U WC-
KNloUeHVe NUCMOoJb30BaHUS 1 06pa3oBaHNA BPedHbIX BELECTB.

Bonpocbl, 3agaHua, 3agaumn

1. KakoBbl NpUYMHBI 3KONOrMyecknx npobnem? Kak Bbl MOHMMaeTe BblpaxeHue: «<BO3HVK-
HOBEHME SKONOMMUYECKMX NPO6NeM — 3TO CNIeCTBUE UpPe3MEPHOro NoTpebneHmsa»?

2. HazoBuTe BelecTBa — OCHOBHbIE 3arpA3HUTENM BO3AYXa U UX UCTOUHUKM.

3. Kakre HeopraHuuyecKkure BeLlecTBa MOryT ObiTb OGHapy»KeHbl B BOAE 13 KONOALA, ecsu:
a) oHa aABnAeTCA ECTKoW; 6) Hermofanéky PacnonoXKeH KOPOBHUK; B) PAAOM HaxoauTcs yaoob-
pAemoe none?

4. OueHuUTe NAKCb Y MUHYCbl NCMOJMIb30BAHMA B KauecTBe YMAKOBKW MONu3TUAEeHa 1 6y-
Marwu.

5. HazoBuTe BO3MOKHbIE MYTW YMEHbLUEHNA 3arpA3HeHUA OKpy»Kalollen cpefbl Xummye-
CKMK NpeanpuATUAMU. Kak 3Ty 3aflaum npeafaraeTt pelaTtb «3enéHaa XuMna»?

6. Mpur3HaHo, UTo JelleBne NPefOTBPATUTL 0OpPa3oBaHMe 3arpA3HEHNI, YeM JIMKBUMPO-
BaTb UX nocnepctsusa. [prBeguTe nprMmepbl BONOLWEHWA 3TON naen B OpraHu3aunio coBpe-
MEHHbIX XMMUYEeCKMX NPON3BOACTB.

7. MNpepnoxute cnocobbl NOrnoLweHns BblgenAlLLerocs B Npon3BoACTBEHHOM MpoLecce:
a) xnoposogopona; 6) cepoBoAopPoOaa; B) CEPHUCTOrO rasa.

8. Ha ocHOBaHUM M3BECTHbIX BaM peakuuin C yyacTeM MeTansioB Npeanoxmute MeToq
M3BfleYEHMs Mefn 13 OTPabOTaHHOro PacTBOpA rajibBaHNYECKOrO MeAHeHUs, cofeprKallero
cynbdat megm.

9. Y TPaHCNOPTHbIX MarnucTpanen ¢ MHTEHCUBHbLIM [BVXEHMNEM aBTOTPaHCMNOopTa OLyLlaeT-
cA 3anax guokcmpaa asota. O6bACHUTE NCTOUHKK €ro BO3HUMKHOBEHUA. [prMute K CBeAeHMIo,
yTo B GEH3MHEe He cofepKaTcsA CoeflMHEHMA a30Ta, a B UWIUHAPE aBTOMOOWIbHOIO ABuraTe-
nA JOCTUraeTca BbICOKOe AaBneHuve un Temnepatypa. OwyuleHne 3anaxa NO, HaumHaeTca npu
ero copepxaHun 8 mr/m® B Bosgyxe. PaccunTaiite o6bémHyto gonio NO,, COOTBETCTBYIOLLYIO
3TOWN ero KOHLeHTpaLuu.

10. MNo Hopmam 300rUrnueHbl NpegenbHo gonyctumas KoHueHTpauma (MOK) BpeagHbix ra-
30B Ha CBMHapHoW depme B 0O6BbEMHbIX fonax coctaBnseT: NH; — 0,026 % un H,S — 0,01 %.
M3BecTHO, UTO 3anax aMMMaKa OLLYLLAETCA YeNOBEKOM NP KOHLEeHTpauumn 35 mMr/m3, a 3anax
cepoBofopoaa — Npu KoHUeHTpaLun 1,4-2,8 Mr/m3. MoHO N1 ¢ NOMOLLbI0 06OHAHUA onpe-
nenutb MK ykasaHHbIX ra3oB Ha cBUHapHoW dpepme? OTBET 060CHYNTE pacyETOM.
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IIpunoxkenne 1. IJIEKTPOHHOE CTPOEHHE AaTOMOB XHMHUYECKHX DJIEMEHTOB
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)
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15Al 15%2522p535°3p!
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Ipunoxenne 2. MuHepajbl 1 UX TBEPAOCTb MO mKajde Mooca

2
5o
§ g D 1ANOHHBIA MUHEDA Oo6pabatsi- Musnepasibl ¢ aHAJOTHYHON
7 = P BaeMOCTh TBEPAOCTHIO
F
Tanbk Haparmaet-
U] (MgsSi,0,0(0H)y) e norrew | [PADHT
e [lapa- Tanut (NaCl);
2 (CaSO; - 211,0) naercst ciona (XY,[AlSizO19](OH,F),,
4 2 HOTTEM rne X — K, Y — Mg, Fe, Al
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3 Kamir (CaCOs) [apamaer- 301070,
CS1 MEJIBIO cepebpo
Jlerko ma-
pamaert- [omomut (CaMg(CO3),);
4 Pmooput (Cay) cs HO)KOM, | cdameput (ZnS)
CTEKJIOM
C ycu-
5 Anatur gzli:[e:-a- Temartut (FeyOs);
(Cayy(PO,)s(OH,ECl),) C51 HOHKOM, nazyput (Na[(AlSiO4)SO4])
CTEKJIOM
[{aparma-
€T CTEKJIO. . )
6 | Opronas (KAISi;O) Tapamaer- | 1 (5105- 7H,0);
pytun (TiO,)
sl HaTINJTb-
HIKOM
O6paba- Ipanar (X3Y5[SiOy]3),
TBIBAETCST rne X — Ca, Fe, Mg, Mn,
7 Ksapr (SiO,) aJIMa3oM, a Y — Al Fe, Cr;
Iaparaer TYpMaJIiH
CTEKJIO (Na(Ll,A1)3A16[(OH)4|(BO3)3SI6018])
O6paba-
i TBIBACTCS
8 Eglgg)(‘?u&o/‘] anMasoM, Bepusn (Aly[Bes(SigO45)])
’ 2 raparaer
CTEKJIO
Obpaba-
Konvit TBIBAETCST
9 ( Alp }CI) Z)I aJIMasoM, Kap6uza sBoabdpama (WC)
28 raparaer
CTEKJIO
10 | Amvas (C) Pexer Anbop (BN)

CTEKJIO
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IIpuno:xenne 3. KauecTtBeHHbIE peakiiuu

KauecTtBennbie pPe€akn Ha HEKOTOPbI€ KaTHOHbI

Hon Peaktus YcraoBus Ty peams YpaBHeHue B COKpamEHHO
NPOBEICHUS HOHHOW (opme
Jlakmyc B pactBope Kpachblii pactBop
Metunopansx | B pactBope Kpacwuprii pactBop
0 v - CH3COOH = H' + CH3COO™
HUBEp- aHeceHue HCl - HY + CI-
casibHas KaTlJIi PacTBo- pH <7
WH/INKATOP- | pa Ha MH/KA-
Hasg Gymara | TOpHYIO Gymary
Bnaknas
B pacrtBope
NaOH WA TBEP/IbIE (denongranennosaz L
NH; Gymara Haz peakimon- | NHj + OH = NHs? + H,O
Ca(OH), BemecTBa (TIpA o
HOIl CMECBhIO CTAaHOBUT-
HarpeBaHun) o
¢ MAJIMHOBOM
Na,COs3 B pacrBope Bedprit ocamok Ca?" + CO% = CaCOs4)
H,SO4 nam B pacrBope beubrit ocagox Ca?" + SOF = CaSO,|
ca2t | Na2SO4
B nmamenn KapmunoBo-kpacnas
CIMPTOBKI OKpacKa IiaMeHu
Na,COs B pacrBope Benbrit ocanok Ba’* + CO% = BaCO,)
H,SO, nan . 2+ 9
+ =
Ba2* | Na,SO, B pactBope Bemmrit ocamok Ba SO7 = BaSOy]
B nnamenn 3esiéHast OKpacKa
CITPTOBKU TIAMeHN
Fe?* | NaOH B pactsope BC]I..E T OCALOK € CEPO™ | peas | 9o = Fe(OH),|
3€JIEHBIM OTTEHKOM
Fe?* | NaOH B pactBope Bypsrit ocamox Fe?" + 30H = Fe(OH)s|
Fe?* | KNCS B pactBope Kpacuprit pactsop Fe®* + 3NCS™ = Fe(CNS);
Na* B nramenn JKénrag oxpacka
CIUPTOBKI TIJIaMeHN
K B mramenn ®uoseToBast OKpacka
CITPTOBKU TIaMeHn
Li* B nmamenn Kpacnast oxpacka
CIMPTOBKI TIJIAMeHN
g2+ B namennu Kpacnast oxpacka
CIIUPTOBKHU MJIaMeH!
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KauecTBennbie P€aKkIui Ha HEKOTOPbI€ AaHUOHBI

Hon Peaktus Ycnosusa IIpusnax YpaBuenue Bucoxpamenﬂon
NPOBEJEHUs peaknuu HOHHO# (opme
Jlakmyc B pacrBope CuHuii pacTBop
Metunopanx B pactBope AKEarriit
pacTBop
o + —
OH- Denondranen B pactsope MasnHoBbIi NaOH — Na” + OH
pacTBop NH;- H,O = NHj; + OH™
Hanecenne xarm-
YuuBepcanbnas 1 DACTEODA Ha
WHINKATOPHAS P p pH>7
Gyviara UHIUKATOPHYIO
Y OGymary
_ bessrit TBOPO- + _
Cl AgNO; B pactBope KHCTBI OCATOK Ag'+ ClI" = AgCl|
_ CBeTI0-3KEThII N N
+ =
Br AgNO; B pacrBope S Ag" + Br = AgBr|
I AgNO;4 B pacrsope JKéntoiii ocagox | Agh+ 1" = Agl|
F CaCl, B pactBope bessrit ocamox Ca® + 2F = CaF,|
. . ¢
NO;3 PaCK? JICHIBIT Tsépnast cob Bempia 2NaNOj3 = 2NaNO; + O,
YTOJEK Ha YTroJibKe
_ BaCl, nim . 2+ 2 _
SOz Ba(NO;) B pacrBope Benmrit ocanok Ba”™ + SO7 = BaSOy|
3)2
_ | HCI win gpyras + 5
CO3 eoTa B pacrBope las 2H™ + CO5 = H,0O + COs?
sioy | HClmm gpyras | g oope Crynesuctiii | o ppe 4 Gi02-— 1,510,
KHCJIOTa Geablii ocajiok
JKeénTorit
B pactBope 0CaJloK,
PO; | AgNO; (enouHas PacTBOPUMBbIiA 3Ag" + PO} = Ag,PO,|
cpena) B a30THOI

KHCJIOTe
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OTBETBI HA PACUETHBIE 3A/IAYU

I'nasa 1.

§ 1. 5.19; 1; 39; 227. 6. 33 av>. 7. 25 %. 8. 3,2 - 10° 1. 9. 250 Toic. T; 280 ThIC. M°.
10. 9,03 - 10?2,

§ 2. 4. a) 17 u 60; 6) 310 u 250. 6. a) 0,158; 6) 0,201. 8. Xpom. 9. 23,3 %. 10. 0,5 kr.

§ 3. 7. 0,393 > 0,324. 8. Docdop, (bocd)aT Kamus. 10. 48,3 %.

§ 4. 3. 0,25 moub. 4. a) 33,6 am%; 6) 33,6 M. 5. a) 60; 60 r/moub; 0,25 MOJIb
1,51 - 10% momexyrr; 14,29 cm®; 6) 27; 27 r/mous; 0, 556 Mob 3,34 - 102 atomoB; 5,56 cM®;
B) 32; 32 v/monb; 0,47 mourb; 2,82 . 1023 moutekyst; 10,5 > r) 71; 71 v/monb; 0,211 Mo
1,27 - 10 monexyr; 4,73 am>. 6. Oy — 32 a. e. m; 5,3 - 102 1; 53 - 1072 xr; H,O —
18 a. e m;299-102°r;299 - 10 % kr. 7. 248 1. 8. 9,03 - 10%2. 9. 360 . 10. 35,3 %.

§5.6.81r 7 293 M (1 y). 8 146 1. 9. a) Fe;0,; 6) Ca(NOs)y; B) Cl,0;
r) Na,SOs. 10. 0,84 T CaO; 0,2  MgO.

§ 6.3.2) 8 6) 11; B) 2/4; 1) 8,5. 4. NO, C,Hg, CH,0. 6. 350 m%; 1667 m>. 7. 120 m>.
8.5,35.9. C;H,. 10. C,H4O.

I'naBa 2.

§ 7. 7. 9 pasnouzgHocreit. 9. 63,56. 10. 12,011.

§ 8.8.2,64-10%.9. '70. 10. a) 1,95 - 10" JIsx/momb; 6) 8,30 - 10'3 ik /kr.
§9.9.361-10% 10. Ca.

§10.9. 198 r.

§ 11. 10. O6wém HCI B 2,147 pasa menbine o6béma NHs.

§ 12. 9. 9,2. 10. Se.

I'naBa 3.

§13. 9. 1,44 - 10%. 10. 415,5 &/l /MOIb.

§ 14. 10. 22 x/Ix.

§ 15. 10. +6.

§ 16. 8. 1,25 kr; 2,5 kr Bi; 1,25 xr Sn. 9. n(Sn) : n(Pb) : n(Bi) : n(Cd) = 1,00 : 1,15 :
2,28 : 1,07. 10. 4,8 - 10%

§ 17. 9. 50,9 mosb. 10. CH3OH.

I'naBa 4.

§ 18. 10. 0,3 moun; 1,81 - 102,

§ 19. 2. 13 x/Ix. 3. CaO, 116 x/Ix. 4. 2,24 am°. 5. 176 k/Ix. 6. Q = 3510 x/[x. 7. 32,8
u 45,1 x/Ix/T. 8. 0,28 MO]Ib 9. 2Ag20(TB) 4Ag (1) + Oy — 62 kIx. 10. 204,4 k/Tx.

§ 20. 7.2a) 5 - 102 moms/(am® - ¢); 6) 2,5 - 1073 MOJIb/(ZIM ¢). 8. 1,7 - 107 moun/
(mm® - ¢). 9. Yeennuutes Ha 0,03 MO]Ib/lIM 10. 5,0 - 4 momb/(am® - ¢); Ac(CO) =
~0,02 Moub/mm>, AC(CO2) = 0,02 Moub/mM>.

§ 21. 9. 3,8 momn/av>. 10. 2,22 momn/(aM® - ¢).

§ 22. 10. 0,015 moan/am>; 0,0175 Mosb/AM°.

I'nasa 5.
§ 23. 4. a) KNO;, KCI; 6) NaCl; 8) HCI, SOy, NH;. 7. 44,4 %. 8. 31,6 . 9. +132 1.
10. Ymenbmures Ha 62,8 1; 82,8 mv®.
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§ 24. 2. 10 %. 3. 180 1, 19 820 cv®. 4. a) 0,3 momn/mm>, 6) 0,3 Momb/nv>. 5. 4,76 %.
6. 1,38 %. 7. 50 %, 7,1 momn/nv>. 8. 91,3 ev®, 10,2 MOJH)/ZIMS. 9. 131,7 cv®. 10. 23,0 %.

§25.7.54-10%. 8. 0,06 Mmoxb. 9. 6,5 - 10~* mosn/mm®. 10. 0,0655 Moutb/mM>.

§ 26 2. <7. 5. a) 4 6) 1. 6. 11. 7. a) 10 '? moman/am%; 6) 10°° momn/am>;
B) 107 momn/av%; ) 1072 Moms/av®; 1) 1 moms/am®. pH = 2 coorsercrByer ¢(HCI) =
1072 moan/nm®, pH = 14 coorBerctyer ¢(KOH) = 1 momn/am®. 8. 10~* momn/mm®.
10. 28,6 %, 3.

§ 27. 1. F~, SO%", CO3, SiO%, PO} . 6. 4,26 rus 1 av®. 7. 250 1. 8. 3020 1. 9. 40,8 1,
22,2 em®. 10. 93,2 1; 338,6 1; 30,2 %.

I'naBa 6.

§ 28. 6. 112,5 kr. 10. Cl,.

§ 29. 5. 269 am>. 8. 10,8 M/Ixx. 9. Ca. 10. 60 .

§ 30. 3. 2,45. 4. 211 momb. 6. 1,57 %. 8. 158 M>. 9. KClo3
§31.4.60r1.5.383 mv® (1. ). 9. 35 %. 10. 1,6 .

§ 32. 4. 112 1. 7. a) 40 av”; 6) 310 M® (m. ). 8. 13,4 mv® (1. y.). 10. 75 %.
§ 33. 8. 0,453 %. 9. 0,2 momn/mm>. 10. 3,69 %.

§ 34. 3. a) 2,86 r/nv%; 6) 32; B) 2,21. 6. 6,72 am® (. y). 8. 2,24 am° (m. ).
10. 26,7 %.

§35.6.7 %.9.88081.10. 9.

§ 36. 6. CasN,. 8. 1,14 1. 10. 13,6 %.

§ 37. 3. 8,5; 0,586. 6. 2,24 am°. 7. NH,HSO,. 10. 80 %.

§ 38.7.224 1 10. 4,34 cm®.

§ 39. 5. 243 M/Ix. 9. 18 r PyOs5; 482 1 BomsI. 10. 4,3 M (1. y.); 3,16 kr.
b}

§ 40. 5. a) 35 % u 47 %; 6) 63 % u 68 %. 6. ®(N) = 12 %; o(Py,0s5) = 62 %. 7. 1,14 .
9. 77 xr. 10. CaHPO, - 2H,0.

§ 41.5.75 M>. 6. 12,6 M/Ix. 10. 2,52 r NaHCOs3; 0,53 r Na,COs.

§ 42. 6. 22,2 kr; 20,9 kr; 75,3 xr. 10. 226 e,

I'naBa 7.

§ 43. 8. Cramn. 9. 30 1; 7,53 - 10?3, 10. Cr.

§ 44. 6. 448 . 9. 9,42 v®. 10. 16,8 T Fe, 19,2 r Cu.

§ 45. 5. 34,8 %; 57,7 %. 7. 20 408 teneponos. 10. 1,85 1.

§ 46. 5. 107 r. 9. 561 r NaOH; 157 am® Cly. 10. 6,2 xr.

§ 47. 2. 25,1 x/Ix. 8. 42,4 xr.

§ 48. 5. 16,8 am>. 8. 0,05 mosn/mm>. 9. a) 4,02 1; 6) 0,36 15 B) 19,17 1.
§ 49.6.304 1. 9.10,12 1. 10. 92,5 %.

§ 50. 4. 3,36 1>, 7. 20,1 %. 9. 2,6 %.

I'naBa 8.

§ 51. 8. 186 cv>. 9. w(H3PO,) = 7,7 %, c(H3PO,) = 0,8 Mo/ mv>.

10. m((NH,),HPO,) : m(NH,H,PO,) : m(KCl) = 4 : 3 : 14.

§52.9. 1,09 - 10° am%; 1,09 - 107 v’

10. = 400 kr pacrBopa (NH,),CO); = 600 kr pacrBopa NH,NO3; o(N) = 3 %.
§53.9.39 1074 %. 10. [Ta.
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