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INPEANCJIOBUE

BriepBrle 5Ta KHUTA OBbLIa M3IaHa HEOOJBIITNM THPAXKOM B
1998 romy B KauecTBe SKCHEPUMEHTAJIBHOIO LIKOJIBHOTO yue0-
HUKa 1 Ha3bIBajach «XUMusi, 8 — 11 Kitacchl, Tpu YpOBHS 00y-
yeHusi». bosee MMpPOKyI0 U3BECTHOCTD €if TTprHec]a MHTepHET-
Bepcusl, nosiBuBIIasics B 2001 romy moa HazBaHneM «OCHOBBI
xumun» (Www.hemi.nsu.ru). C Tex mop KHUra MHOTOKpPaTHO
JopabaTeIBajach M yiydiianach, 100aBUINCH HOBBIE TJIaBHI, a
YHCJI0 YPOBHEM ObLITO coKpallleHo 10 AByX. Cpenu ee yuTaTesei,
YHCJIO KOTOPBIX YK€ MPEeBbICUIO MWIIUOH, HEOXKHUIAHHO OKa-
3aJIUCh HE TOJbKO IIKOJbHUKH, HO U MHOTHE B3POCJIbIE.
IlepBoHayanbHO HANMCAaHHAS TOJBKO KaK YYeOHMK, KHMTA,
MOCJIE BCEX MOIOJHEHUI U U3BMEHEHU, CTajlla OTBEYaTh elle 1
KaHPY HAYIHO-TIOMYJIIPHOM, TTO3HABATEILHOM JINTEPaTypPHI.
OCHOBBI COBpEMEHHOM XUMUU U3JIOKEHBI 31€Ch B JOCTYITHOM
dopMe. Knnra agpecoBaHa IimpoKoMy KpyTy ymrtareiaein. Mox-
HO MCITOJIb30BaTh €€ U KaK JOIMOJHUTEIbHbIA YUeOHUK XUMUU
¢ 8-ro mo 11-i knacc.

ABTOpBI npu3HaTeabHbl ClieuaIn3iupoBaHHOMY y4eOHO-
HaydyHOMYy LieHTpy HoBoCHOMpPCKOTro rocymapCTBEHHOIO YHU-
BepCUTETa, IPU MOMIEPKKE KOTOPOTO OBLIO OCYIIECTBICHO
caMmoe TiepBoe M3IaHue, ee OBIBIIEMY AUPEKTOPY, aKaAeMUKY
A.A. HukuTuHy, HpiHe Bo3raBisiomemMy MHCTUTYT nenaroru-
YECKHMX UCCIeNoBaHUM onapeHHOCTH aeteit PAO, yuutensam u
JUPEKTOpaM IIKOJ, yYaCTBOBABIINM B alpodaluu yueOHUKa,
BCEM UMTATEJISIM, TIPUCIABIINM CBOM OT3BIBBHI M 3aMEUaHUs K
WHTEPHET-BEPCUN KHUTH.



BBEJIEHUNE

MHorve cCUuTaoT, YTO IKOJbHAS XUMUS OTJIMYAETCS HeE-
KOTOPBIM 3aHYJICTBOM. YBbI, MHOI/A 3TO JEUCTBUTENIBHO TakK,
0COOEHHO Ha MEepPBBIX IMopax M3yyeHus IpeaMera. Ho eciau
HEMHOXKO IMOTePIeTh, MOCTENEHHO CTAHOBUTCS UHTEPECHO.
Ecnu npoaBuHyThCs ellie Aajblie, TO B KAKOW-TO MOMEHT Bbl
HayHeTe BOCIIPUMHUMATH XMMUIO HEe KaK CyXylo HaykKy, a KakK
YBJIEKATEJbHBIMA paccka3 00 okpyxatoiieM mMupe. Bol BApyr
OOHapyXuTe, YTO OHA JaeT O0raTtylo M pa3HOOOpPa3HYIO ITUILY
IJIs yma.

K coxaneHuto, Ko MHOTMM YAWBUTEIbHBIM BelllaM BOKPYT
Hac Mbl OBICTPO MPUBBIKAEM U yXKe€ HE CUMTAeM MX YeM-TO
HeoObIYHBIM. A 3psi! MBI OTBbIKaeM 3aaBaTh ceOe MHTEPECHbBIE
Bonpockl. HanmpuMmep, 3auemM aToMbl BOOOIIIE OOBEANHSIIOTCS B
MoJieKynbl? OCOOEHHO B TaKue CJIOXHbIE, KaK OpraHMYecKHe
MOJIEKYJIbI, U3 KOTOPBIX COCTOUM Mbl CAMU U BCE APYIUE KMBbIE
cymiecTBa? 3auemM atoMaM 3T0 HyxHO? [louyemy Obl UM He Cy-
1IeCTBOBATh BO BcesleHHOM COKOMHO 1 pa3MepeHHO, HU C YeM
1 HU ¢ K€M He coeauHssich? Beapb, Oymyyn coOpaHHOI B MO-
JIEKYJIbl, U3 KOTOPBIX Mbl C BAMU COCTOMM, MaTepus MmyvaeTcsi!
Eii (MaTepuu) mpuxoauTcsl paHO BCTaBaTh, YUCTUTD 3yObl, 3a-
BTpaKaTh M OTMPABJISATHCS B IIKOJY WU Ha paboty. TaM npu-
XOIUTCS TPYAUTHCS (yuyeba — 3TO Toxke paboTa), a He «3aHUMAaTh
COCTOSIHUE C MUHUMYMOM 3HEPIruM», KaK JOJKHO ObITh IO
BCeM 3aKOHaM (pU3MKHU. DTO, KOHEUHO, IIIyTKa, HO MOMbITAUTEChH-
Ka caMM OTBETUTb Ha 3TOT Bompoc!

EcTbh 1 MHOTO Ipyroro yauBUTENbHOTO BOKPYT Hac. Hampu-
Mep: TIoYeMy BojJa B 03epe WU Mope roayoas? Beab eciiv Ha-
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JIUTh €€ B CTaKaH WJW IUIACTUKOBYIO OYTBUIKY, TO OHa Oyner
oecupeTHol! M oTKyna Ha Hallleli TaHeTe CTOJbKO Boabl? Mnu
MoYeMy MBI ObIIIUM KuciopogoM? Heyxenu nmpupoma He cMOT-
Jla HAalTH IJ1s1 HacC Kakoi-HUOyab APYroi, MeHee CWJIbHBIA U
omnacHbIil okucautesab? Kuciopon akTMBHO B3aUMOIECTBYeT
MOYTHU CO BCEMM BJIEMEHTaMU, HO TIOYEMY-TO He pearupyet C
a30TOM, KOTOPbIil pa3daBiisieT 3eMHYI0 aTMocdepy 1o 6e3omnac-
Horo ypoBHs. [Touemy? M Kak 3acTaBUTb 5T ra3bl pearupoBathb,
eciu odyeHb HyxXHO? [louemy muokcua yriepoga CO, razo-
00pa3HbIii, a ero 0113Kuii poacTBeHHUK Si0, (Mecok, KBapil) —
TBepablii? UTo MelaeT OKCUay KpeMHUs TOXe ObITh ra3oM B
3eMHBIX YCJIOBHUSIX 1 4TO OBl TOLJA CTajo C Halllel IIaHeTou?
ITouemy Boja Xuakas W MoyeMy Ipuy 3aMep3aHUMM OHa Mpe-
BpallaeTcs B Jiel, IUNIOTHOCTh KOTOPOI'O MEHBIIIE, YEM Y KUAKON
BoabI? UTo cTajio ObI C HAILIMMU TOPOJAMU U MOCEIKAMHU, eCIIU
OBl MUIOTHOCTB JIbJa OKa3ajach OOJbIIe?

OTBETHI Ha 3TV ¥ MHOTHME IPYTW€ BOIPOCHI BBl HalAeTe B
atoil KHure. Ho Oyner euie jay4iiie, eciid Bbl caMy HaydUTECh
3a/aBaTh ce0e TaKuhe BOIPOCHI U CAMOCTOSITEJIbHO UCKATh OT-
BeThl. Torga Bbl 00513aTeJIbHO BO3bMETE B PYKU APYTrve KHUTU
Mo XMMMH, HU3MKE, OMOJOTUM U Y3HAETe ellle OYeHb U OYeHb
MHOTO MHTEPECHOTO 00 OKpPYXKaroIlleM Hac MHUpeE.

KoHeuHo, aj1s1 3TOTO NpUaetcs: noTpyautbes. CHavasia mo-
TpeOyeTCs OCBOUTD SI3bIK XUMUM U €€ OCHOBHBIE 3aKOHBI, Pa30-
OpaTbcsl B JOBOJIBHO CJIOXHBIX (a2 MHOTAA U TTPOTUBOPEUMNBBIX)
TEOPETUYECKUX MOJIEIISIX.

Becb MaTepuan B JaHHOM yyeOHUKE pa3OoUT Ha JBa YPOBHSI.
I1epBoiii (0oJee Jerkuii) ypoBeHb HalledaTaH OOBIYHBIM IIpUd-
TOM W TIpegHa3Ha4YeH I HaYMHAIoMX. BaxHelimme TepMu-
Hbl U HOBBIE TOHSTUS BblAEJEHBI KypcuBOM. B mpuioxeHuu
UMeEeTCs CJI0Baph TEPMUHOB, KOTOPbIN TTOMOXET MPU MOAro-
TOBKE K 9K3aMEHaM.

Bropoii ypoBeHb (BblaeeH 00Jiee MEJIKUM LIPUMTOM) CO-
JIEPXUT b0 0oJjiee CIOXHBIN, JMOO MPOCTO MHTEPECHBIA
Matepuajl. OH YacTO BBIXOIUT 32 pAMKH IIKOJIGHOM IPOTPaMMBI.
BceM unTaTensiM Mbl COBETYEM HaYMHATh UTEHMUE C MEPBOTO
ypoBHS. MOXHO CMeo MpOMNycKaTh TEKCT U 3aJa4u, Hareva-
TaHHBIE MEJIKUM LIPpUMTOM, BOCTIpUSITHE yUeOHOTO MaTepuaia
OT 3TOro He noctpanaeT. Koraa nmouyyBcTByeTe cedsl yBEpeHHO,
BEPHUTECH K MaTepually U 3aJadyaM BTOPOTO YPOBHSI.

7



Y4yeOHUK cHaOXeH 3a7ayaMu, KOTOpble Halo 00s13aTeIbHO
npo6oBaTh pemath. [Ipy MoAroToBKe K OJMMITMAaIaM U K3a-
MeHaM 0COOEHHO MOJIE3HO pelaTh 3aaaun ¢ moMmetkamu OMIIT
u HI'V.

OMIII — 310 PU3NKO-MaTeEMaTUUECKas 1Koa npu Hoso-
CUOUPCKOM TOCYIapCTBEHHOM YHUBEpCUTeTe (Terepb OHa Ha-
spiBaeTcss CYHIL HI'Y). UmeHHO Takue 3agayu pelialoT yde-
HUKU OJHO- U JBYXTOAMYHBIX TOTOKOB 3TOM 1IKOJbI. 3a1a4u C
noMeTkoit ®MIII npuayMaHbl aBTOpaMU B IIEPUOJ, KOTAA OHU
TaM npernogaBanu, a Takxe D.E. 3apko u I.C. Tpouikoit — aB-
TOpaMu COOpHUKA «3adaHusl IO HEOPraHUYECKON XUMUU».

HT'Y — st0 HoBocubupcKuii HallMOHaIbHBIN HCCeI0Ba-
TEJIbCKUM TOCyIapCTBEHHBIN YHUBEPCUTET. 3aa4u C MOMETKOMU
HI'Y pemanu abuTypueHTHI, IIOCTYIIABIIME B MPOIIUIbIE TOIbI
Ha XMMMYECKOoe 1 OMOJIornYecKoe oTaeaeHu s (hakyabTeTa ecre-
ctBeHHBIX HayK (PEH HI'Y), reonoro-reopmsndeckuii hakyirb-
TeT U MeIUIMHCKUH dakynbreT. Ceifuac MoxoxXue 3agauyn
IIKOJIbHUKM pellaloT Ha XuMudeckux onumnuanax I—III ypos-
Heit. [Ipu3oBble MecTa 3TUX OJUMIMHMAL MPUPABHUBAIOTCS K
100 6autam EI'D 6o naroT rmpaBo BHEKOHKYPCHOTO ITOCTYIIIE-
HUS B POCCUNCKHWE YHUBEPCUTETbI. DTU 3a1a4r (MHOTAA C He-
OONBIIMMM COKpPAILIEHUSIMUA ) MbI B3SLIU U3 COOPHUKOB 3K3aMe-
HarmoHHbIX 3agannii ®EH HT'Y pasubix et (aBrops! T.J1. Pe-
noroBa, I.W. Hlamosckast, K.}O. KontyHos, A.Il. Yynaxuh).
KoHeuHo, 3a1au KOHKYPCHBIX 9K3aMEHOB 1 OJIUMITUAIL MOTYT
0Ka3aThCsl CIIOXHEe, YeM Habop 3ama4 B 3Toil KHUre. MBI mpo-
CTO BHIOpaJIM MMEHHO Te 3aJayu, JJIS pelIeHUsT KOTOPBIX B
KHUTE €CTb BCsSl HeoOxoaumasi MHpopMalusi. MHorue U3 Hux
BIOJIHE MO CUJIaM J1a’ke€ BOCbMUKJIACCHUKAM. A ydeHUKaM BbI-
IMyCKHBIX KJIACCOB YMEHME peIllaTh TaKue 3a1ayy IMpUIacT yBe-
PEHHOCTDb Ha JIIOOBIX 9K3aMeHax Mo XMMUM, B ToM uucie EID.

Hy 1, KoHeYHO, UHTEPECHO MPOBOAUTH XUMUUYECKUE OIBITHI.
K cuactrio, B Bek MIHTepHeTa 3TO CTajlo JOCTYITHO HE TOJIHKO
TeM, Y KOTO €CTh CBOSI XUMMYecKas jJadbopaTopusi. Bocmois-
3yiTeCh CChIJIKAMU Ha PECYpChbl, KOTOPbIE BCTPETUTE B Mapa-
rpadax.

Yuraiite, CMOTpUTE U TIOMHUTE, YTO HA KapTe COBPeMEHHOM
XUMUM eIlle OCTaJUCh OeiIbie MSATHA, KOTOPHIE XIYT CBOUX
nepBooTKpbIiBaTeneit. O6 3TOM MbI TOXE IOMBITAIUCH pac-
cKazarhb.



Thaea 1

ITEPBOHAYAJIbHBIE XUMHWNYECKHE
ITOHATHNA

§1.1. BemectBo

Bam, KoHEYHO, 3HAKOMO ITOHSITHE «(PU3UUECKOE TEI0». DTO
Mo0o# MpeaMeT, UMEIOLINI 00beM, Maccy, INIOTHOCTh, TEM-
nepaTrypy, TBEpAOCTh, BSI3KOCTb, 3JIEKTPOMPOBOAHOCTD U
MHOTME Apyrve MmogoOHble CBOCTBa, Ha3biBaeMble (hU3NYe-
CKHUMU.

HormycTum, 3TOT NpeaMeT — KycouyekK cBMHILA. B ¢pusuue-
CKOM 3KCIIepMMEHTE MOXHO, HallpuMep, OpocaTh CBUHIIOBHI
MpeaAMET ¢ pa3HOi BBICOTHI, YTOObI OMpPEAEIUTh YCKOPEHUE
cBoOOAHOrO naaeHus. B 1pyromM omnbiTe MOXHO U3MEPUTH 00b-
€M 3TOro Kycouka U ONpenevTh MJIOTHOCTh CBUHIIA. MOXHO
HarpeTh CBUMHEII, YTOObI PacIlJIaBUTh €TI0 U OMpPeaeIUTh TeMIIe-
patypy IuiaBjieHusI. MOXHO U3MEPUTh JIEKTPOIPOBOIHOCTh
CBUHIIA. A MOXHO MOTPY3UTh B BOAY Y U3MEPUTh BHITAJIKM-
Baroliyto cuiy. Bo Bcex aTux omnbITax OyayT MpOSIBISITHCS pa3-
Hble u3nyeckue cBolicTBa npeamera. Ho eciu B mepBoMm
OIBITEe HE TaK YXX M BaXKHO, U3 YeTO OH CleJlaH — W3 CBUHIIA,
pEe3UHBbI WM XeJie3a, TO BO BCEX OCTAJIbHBIX OMbITaX UCCAEA0-
BaTesb MOJYYUT COBEPIICHHO pa3Hble Pe3yJbTaThl ISl CBUH-
LIOBOTO, PE3MHOBOTO U KEJIE3HOTO (PU3UIECKOTO Tela.

3HaYNT, BO MHOTHX CJIy4asiX BaXHO, M3 KaKOTO BeIlleCTBa
ClleJIaH TOT UJIU UHOM TIPEIMET.
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To, u3 uezo cocmosm ¢puzuueckue meaa, mo ecmo oKpyxca-
lowue Hac npedmemol, HA3bI6ACNICSL BCULECINBOM.

He co BcsikuM ¢pusznueckuM TeJIoM MOXKHO MPOBOIUTD OTbI-
ThI 110 U3MEPEHUIO BhITAJIKHMBaIOIIel cuiibl B Boje. Hanmpumep,
€CJIM BMECTO CBUHIIA B3SITh MSITKUIA CepeOPUCTHI METaJLT Ha-
TpUM, TO OTPY>XEHHBIN B BOAY KYCOYEK BCIUIBLIBET U HAYHET
OypHO Iy3bIpUTHCS, Oerasi 1Mo MOBEPXHOCTU BOJIbI paCIJIaBJIECH-
HOM KaIuieil. 3aTeM BOKpPYI TOro, YTO OCTaJ0Ch OT HATpusl,
MOSIBSATCS KpacHbI€ BCTIOJIOXM OTHS, Y, HAKOHEIl, ECJIM KyCOueK
HaTpus ObLT JOCTATOYHO BEJUK, pa3fgacTcsl ONTYLIMTEIbHBIN
B3pbIB. Jlaxke ecliu B3pblBa He IOCJeayeT, Iocjie OKOHYaHUS
OIbITAa Mbl OOHAPYXKMM, YTO HaTpuil ucues! OH mpeBpaTUiCs
B KaKOe-TO Jpyroe BeLIeCTBO!

Ho ecnu usMepsTh TeMniepaTypy IiaBjJeHUs WM JIEKTPO-
MPOBOAHOCTh TpeaMeTa, CAEJaHHOTO M3 TOTO XK€ HaTpus, TO
5TU OMBITHI, CKOPEE BCETO, OKOH-
yaTcs 0J1arornoayyHo, XOTs pe3yib-
TaThl OYIYT OTINYATHCS OT OIBITOB
¢ duznyeckuMu TeIaMU U3 Kako-
ro-HUOyb IPYroro BElIeCTBa.

ITocMoTpUTE OMBIT, B KOTOPOM
HaTpUI B3aMMOJEUCTBYET C BOJIOM.
Eciu npu 3TOM U IPOUCXOAUT
B3pbIB, TO B3PHIBAETCS HE CaM Ha-
TpUH, a ra3 BOAOPOJ, KOTOPbIA
BBIIESETCS BO BpEMSI XUMMYECKOU
peakumu. Ero cMech ¢ KUCI0pOoaoM
He 3psi Ha3bIBAalOT TpeMyuyuM Ta3zoMm. JIpyroil npoaykT peak-
uun — meaoyb NaOH. Ee mpucyTcTBrUe B pacTBOpe MOXHO
O00HApPYXUTh C MOMOIIbIO UHAMKATOPA.

B onbiTe, KOTOPBIN Bbl YBUAUTE, KYCOUYEK HATPUS 1OCTATOY-
HO MaJl ¥ B3PbIB IPEMYYETO ra3a, K c4acTblo, HE TPOUCXOUT.

WurepHeT:

Envnast xomtekuus 1y@poBbIX 00pa3oBaTeIbHbIX PECYPCOB:

http://school-collection.edu.ru — Komnekuun — [peamer-
Hble KoJuleKuuu. Xumust — Heopranumuyeckas xumus. Bugeo-
OITBITHL — ...
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... = PactBopnl. Boma. OcHoBanus. Conmm — XuMmu4eckue
CcBOICTBa Boabl — 2. B3amMoneiicTBre HaTpus ¢ BOJOI.

§ 1.2. IIpeamer xumuu. Pusmyeckue
M XUMHYECKHe peBpaieHus

ScHo, 4TO B Cilyyae ¢ He3aJauMBbIM MCCeaoBaTeeM, He-
00lyMaHHO OMYCTUBIIIMM KycOUYeK HaTpus B Bomy (OH ocTajcs
KMB, HO TBEPIO PEIIMJI U3YYUTh XMMUIO), MBI UMEEM JIEJIO C
KaKMM-TO HOBBIM SIBJIEHMEM — He (PU3MYIECKUM, a XUMUYECKUM.
Hatpwuif B 3TOM OITbITEe TIepecTaa OBITh CaMUM CO00It — Me-
TaJIJIOM HAaTpHeM, TTPEBPATUBIINCH B IPYToe BelllecTBO. [1pon3o-
IO TUMMMYHOE XUMUYECKoe MpeBpaileHue. B To xe Bpems B
JIPYTUX ONbITaX, C HarpeBaHWEM HATpHUsl UM U3MEPEHUEM €ro
3JIEKTPONPOBOTHOCTH, BEIIECTBO OCTAIOCH TEM K€ CepeOpHCThIM
METaJIJIOM HaTpUeM, XOTSI ¢ HUM MPOUCXOIMIN (DU3NIECKUEC
TIpeBpaIleHNs: HaTPUI TUIABIJICS, TIPOBOIMII TOK M T. II.

K xumuneckum sgaeHusam omuocam maxue a64eHust, npu Ko-
mopbIx 00HU Gewiecmea npeepauiaromcs ¢ opyzue. Xumuvecxkue
A6ACHUA HA3bIBAIOM UHAYe Xumureckumu peaxuyuamu. Dusuveckue
561€HUA He CONPOBONCOAIOMCS npespauieHueM 00HUX Geulecmns 6
dpyeue.

Ham uccrnenoBarenb, caM TOro He xeJjasi, Mpoaesan TUITUY-
HYIO XMUMHMYECKYIO peakliio MexXay HaTpueM U Bogoil. Hatpuii
1 BoJa TpU 3TOM IpeBpaTUINCh B Ipyrue BemecTBa. K cya-
CTBIO, JIUIITh HEMHOTHE XUMUYECKHE TTPEeBPaIeHUS TIPOTEKAIOT
Tak e OypHo. [1p1 n3ydeHNM XUMHH B TITKOJIE MBI OyIeM NMETh
JIEJI0 CO «CIIOKOMHBIMI» M TABHO M3YYeHHBIMU TTPEBPaIcHHS -
MU. A BOT Npo¢hecCUOHATbHBIM XMMHUKAM YacTO MPUXOAUTCS
OBITh HACTOPOXKE: JAaKe TOrIa, KOTrJa BepBbie M3ydyaeMble X1-
MMYECKHe TIpeBpallleHusT UAYT 6e3 B3PbhIBOB, HYXKHO TOMHUTD
0 TOM, YTO B DKCIIEPMMEHTE MOTYT ITOJIy4aThCsl HOBBIE, HEU3-
BECTHBIE paHee BEIIeCTBa, O0JIaMaolIe KaKUMU-HUOYIbh He-
OOBIYHBIMU CBOMCTBAMH.

Xumua — smo nayka o eeuwjecmeax u 3aKoHax, no KoOmopvim
HpPOUCX00AMm Ux npeépauieHus 6 dpyaue eeuiecmed.
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Ecnu 661 MbI 3aX0TeNIM MPOCIEANTb, KOTa BOZHUKIIA XUMMUSI,
TO OOHAPYXWJIM OBl €€ CJIe[Ibl Y CaMbIX UCTOKOB YeJI0OBEYECKOM
LMBUJIM3ALIMM — B T€ BpeMeHa, KOrma 3apoxXaIauch peMeciia
n uckyccTBa. C Tex Mop MCTOPHs Ye0BEYeCTBA Hepa3phIBHO
CBsI3aHa C MOJyYEHUEM HYXXKHBIX YEJIOBEKY BellleCTB, Oyab TO
MOpoX, JieKapcTBa, Oymara, OyjiaTHasl CTajb, KpacKH, TOTUIMBO
M cMasKa ISl MalllMH, 1LIEMEHT, cTekJio, (papdop U MHOroe
JIpyroe, 4To He CYILIECTBYET B MpUpoae B rotoBoM Buie. Ilo-
sIBJIEHNE HOBBIX BEILIECTB MPUBOIUIO K MOCTOSSHHOMY HaKoO-
IUIEHUIO XUMMYECKMX 3HAHUM, YTO, B CBOIO O4Yepelb, TTOATAN-
KWUBaJIoO JajbHellllee pa3BUTUE LIUBUIU3ALNMN.

Ceiiuac, Korja HaceJeHue 3eMHOTO 1l1apa JOCTUTIO 7 MUJI-
JIMApAOB, TPYAHO MPEACTaBUTh, KAK MOXHO ObLIO ObI MPOKOP-
MUTh, 3aIIUTUTh OT OOJIE3HEN, OIETh U COTPETh B XOJOJHOE
BpeMs TaKoe OIPOMHOE KOJUYECTBO JIIOAEH, HE MCITOIb3Ys
CUHTETUYECKMX MaTepHasoB, JEKapCTB, UCKYCCTBEHHBIX YIO-
OpeHuii, MPOAYKTOB NepepadboTKu HedTH, yIis, ra3a, IpeBe-
CHUHBI, Pa3IMYHbIX PY/.

Ho 1o nuib onHa — mpukiaagHas ctopoHa xumuu. Eiie
0oJiee MHTEpPECHA €€ POoJib B MTO3HAHMM OKPYXKaIOIIEero MUpa.
3aech 10 CHUX ITOP MHOTO HEsSCHOTro, Jaxe 3aramouHoro. He
HYXXHO IymMaTh, 4YTO COBpEMEHHas Hayka yxe 3HaeT Bce. Ha-
MIpUMep, HaIlly TUTAHETY MOXHO CPaBHUTH C MOTY4Ye XMMUYe-
CcKoOl «MalirnHol». Ha moBepxHocTu 3eMid U B ee Heapax
MOCTOSTHHO MPOUCXOMAST CIOXHEUIINe XMMUIecKue mpeBpa-
meHus. Kak paboraer 3Ta «MammHa»? Kakum o6pa3oM moa-
JIep>KUBAIOTCS YCJIOBUS IJIsS ee OecrepedoitHoit paboThi? Kak
Ha MPOTSKEHUM MWJUIMAPIOB JIeT 3eMJie YAaeTCsl COXPaHUTD
MIPUMEPHO IOCTOSHHYIO (M Hauaydllylo!) TeMIiepatypy Ajis
MMPOTeKaHUS CIOXHBIX XUMHYecKuX peakunii? [Togemy co-
JiepxkaHue raza Kucjiopoaa B atMocdepe 3eMId COXpaHsSIeTcs
HEeU3MEHHBIM (IPpUYEeM C TOUHOCTBIO 10 TIPOLIEHTA!) TocAeaHNe
MoJMUJIIMapaa jet?

[IpuHATO cuuTaTh, UTO Ha 3emiie KUCIOPOA MPOU3BOIST
3eJIeHbIe PacTeHUsI, HO Belb B pa3HbIe SMOXHU CYIIECTBOBAHMS
IUTAHEeTHl PACTUTEIbHBINA MUP 3eMJIM MEHSJICS Pa3sUTeIbHO!
Kcratu, ydeHbIM yaanoch BBISICHUTD, YTO TIPU MOBBIIIEHUN
JIOJT KUCITopoaa B atMocdepe Bcero Ha 3 % JiecHBIE TTOXaphl
OIyCTOIIMAU OBl cylmy (B 3TOM cjy4yae ropuT Jdaxke MoKpasi
TpaBa u Jjec noa noxaem!). Takux katactpod Ha 3emiie moka
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He npoucxonuiao. Ho roe oH, 3TOT TaMHCTBEHHBIN PETYISITOP
cocTtaBa aTMoc(pepbl? byaeT a1 MoBBIIIATECA COACPKAHUE B
atMocdepe YIIIeKUCIOTOo ra3a, Uin TOT XKe PeryysiTop CIIPaBUT-
cs ¢ HuM? He MoXeT I 4eloBeK CBOMMM HEOCTOPOKHBIMU
IefcTBUSIMU clioMaTh 3TOT peryisitop? Ilocmorpute adpdexr-
HBII OITBIT. B YUCTOM KHCJIOPOAE MOXET rOpeTh Aaxe XKejie3o!
DTO0 JIMIIh MaJast 4aCTh BOIIPOCOB, Ha KOTOPhIE COBPEMEH-
Has XMMUS B COIOpYXeCcTBe ¢ (PU3UKON M OMOJOTHEl YIIOPHO
uiieT oTBeThl. O APYrUX Mbl pacCKaxkeM I03XKe, Koraa Mo3Ha-
KOMMMCS C aTOMaMM, MOJIEKYJIaMU, TIPOCTHIMU U CJIOKHBIMU
BEIIECTBAMU W APYTUMM BaKHEUITMMU MOHATUSIMU XUMUU.

WurepHeT:

Enunas komutekiys 1@ poBbIX 00pa3oBaTeIbHBIX PECYPCOB:

http://school-collection.edu.ru — Komnekiuu — Ipeamert-
HbIe KouteKnuu. Xumus — Heopranmdeckas xumus. Bumeo-
OITBITHL — ...

a) ... » Ilonrpynna kuciopoaa — Kuciopon, oKcuabl —
TopeHue xene3a B KUCIOPOIE.

0) ... — IlepBoHauyanbHbIE XUMUYECKHE TTOHATUST — Pusn-
yecKre U XMMUYeCcKue sIBJIeHUs1 — onbIThl 10—14.

3agaun

1.1. Cpenu okpyxXarolliux Bac MpeIMeTOB MHOTHE COCTOSIT
U3 BEIECTB, HE CYLIECTBYIOIIMX B IIPUPOJE B TOTOBOM BUJIE U
MMOJIyYeHHBIX Ha XMMHMYECKUX TIpon3BoacTBax. HazoBuTe XoTs
OFBI IISITh U3 HUX.

1.2. [IpugymaiiTe cUTyalnio: ¢ MOMOIIBbIO KaKOTO-HUOYIb
MpeaMeTa CoBepImaeTcs AeHCTBUE, W TIPU 3TOM COBEPIIEHHO
HE BaXKHO, M3 KaKOTO BEIIECTBA COCTOUT 3TOT MpeaAMeT (YITH-
Te, MPUAYMATh TaKyl0 CUTYaLIUIO JOBOJbHO CJIOXHO).

1.3. B ropone paboTaroT Tpu 3JEeKTPOCTAHIIUM: TEILJIOBAS
(Ha yrJie), BeTpsiHasl U TUAPO3JIEKTpocTaHIMs. B Kakom cityuae
JUIST TIOJTYYEHMST DIIEKTPUIECTBA UCTIONB3YeTCS SHEPTUST XMMU-
YeCcKOro IpeBpalieHus?

1.4. 3aBoa MPOM3BOAUT: a) XKeJIe30 U3 KEJIe3HOU PYIbl;
0) >ke1e30 U3 MeTaJJIoNIoMa; B) 3KeJIE3HYIO ITPOBOJIOKY U3 XKeJle3-
HBIX 3aTOTOBOK; I') 11Ie0eHb U3 rpaHuUTA.
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Kakue xumuuyeckue v pusnyeckue MpeBpalleHus 31eCh
MepeuymncaeHbl?

1.5. Cpenu onpenelieHU pa3TUUHBIX TIPEAMETOB YKAXKUTE
Te, KOTOPBIE TAIOT €T0 XMMUYECKYIO XapaKTepUCTHKY:

a) yepHas TsoKeJias XKeJie3Has TP,

0) KpacHoe TJ1acTMacCOBOE BEApO;

B) JJIMHHBIN THYTBIA pKaBBIii TBO3Mb;

I') X0JIoAHasl pa3MeHHasl MelHasi MOHeTa.

Haiinute cpenu ompeneaeHU yKazaHue Ha IIpOTeKaHUE
XAUMMWYECKOUN peaKiuu.

1.6. Paznenure aBieHus Ha pU3MIECKUE M XUMUIECKUE:

* BOJIa TIpeBpalaeTcs B map,

* BOJla MpeBpalliaeTcsl B Jie,

* JKeJIy/JIOK NlepeBapyBaeT IUIILY,

* OpYCOK JiepeBa HarpeBaeTcsi TPEHUEM,

* OPYCOK JepeBa ABIMUTCS OT TPEHUS,

* KyCOK CTEKJIa pacKaJbIBaeTCsI B KOCTpE,

* IpOBa CroparoT B KOCTpE.

§ 1.3. ArombI 1 MoJIeKY:Ibl. YKCTbie BelecTBa U CMECH.
IIpocTsie u c10XKHbIE BelIeCTBA

Jltonu 1aBHO AOrajbIBavCh, UTO BEILIECTBA COCTOST U3 OT-
JeJIbHBIX MeJIbYaiiux yactull. Ux HaspiBaloT amomamu. Bo
MHOTHX CJIy4yasix aTOMbI HE CYIIIECTBYIOT MIOOAMHOYKE, a 00beAU-
HSIIOTCSI B TPYIIIbl — MOAEKYAbl. ATOMBI 1 MOJIEKYJIbI UPE3BbI-
YyaifHO MaJibl: B JIIOOOM KPOIIIEYHOM KYCOUKE BElIECTBA, KOTOPbI
MbI B COCTOSIHUM Pa3MIsiieTh (HarpuMep, B MbLUIMHKE), COAEP-
JKUTCS OOJIbIIE aTOMOB, YeM 3Be3/l BO Bceil Halllelt [anakTuke.

ITo cpaBHeHUIO ¢ MHOrooOpa3ueM BElECTB YMCIO aTOMOB
BeCbMa OIPaHUYEHO. ATOMbI MOTYT Pa3JIMYHBIM 00Pa30M COEAU-
HSITBCS IpYT ¢ apyrom. Kak u3 OykB ajichaBruTa MOXKXHO COCTaBUTh
COTHM ThICSIY CJIOB, TaK U3 OHUX U TEX K€ aTOMOB 00pa3yloTCs
MOJIEKYJIBI MJIM KPUCTAILJIBI OTPOMHOTO KOJIMYECTBA Pa3INYHbIX
BEIIECTB, M3 KOTOPBIX COCTOUT OKPYKAIOIIUI MUP.

MO./leICy./lll — 3MO HAuUMEHbUasA Hacmuua eeuiecmea, onpe&e-
AA0Wasn eco ceolicmea u cnocoonas K camocmosamenbHomy cy-
uiecmeoeanuro. MO/le’Cy/lbl nOCmMpoOEHblL U3 amomoe.
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BemectBo (Hanmpumep, caxap) MOXKHO pa3MOJIOTh Ha caMOit
TOHKOW MeJIbHMIIE, U BCE paBHO Kaxaasd KpylnmuHKa OymeT co-
CTOSITh M3 OTPOMHOTI'O KOJIMYECTBA OMMHAKOBBIX MOJIEKYJI caxa-
pa ¥ COXpaHUT BCE U3BECTHBIC HAM CBOICTBA 3TOTO BEIlECTBA.
Haxe eciau pa3gpoOUTh BELIECTBO Ha OTAEIbHbIE MOJIEKYJIbI,
KakK 3TO MPOUCXOIUT MPU PaCTBOPEHUU caxapa B BOJE, TO Be-
IIECTBO MPOAOJIKAET CYIIECTBOBATh U MPOSIBJISITH CBOY CBOMCTBA
(B 3TOM JIerko yOeauThCs1, MONMpoOOBaB pacTBOP Ha BKYC). 3Ha-
YUT, CAMOCTOSITEIBHO CYIIECTBYIOIIAsI MOJIEKYJa caxapa — 3TO
ellle BEIIEeCTBO IOJ Ha3BaHUEM «caxap» (IIyCThb Jaxe OYEHb
MaJleHbKOe KOJIMYECTBO 3TOro BelecTna). Ho eciy mpoaoKuTh
JIpobJieHUe Aaibliie, TO MPUIETCS pa3pyLIUTh MOJEKYJIbl. A pa3-
PYILUB MOJIEKYJIbl UK 1aXKe OTHSIB Y HUX MO Tape aTOMOB (U3
TpeX JAECSITKOB, COCTaB/SIOIIMX MOJIEKYy caxapal), Mbl yXKe
paspyliiraemM camo BelecTBo. KoHeuHO, aTOMbl HUKYIa HE UC-
4e3al0T — OHM HAYMHAIOT BXOIUTH B COCTaB KaKMX-TO APYTUX
MoJieKys. Ho caxap Kak BEIIecTBO IIPU 3TOM IIepecTaeT CyIe-
CTBOBaTb — OH ITpeBpalllaeTcsl B KaKWe-TO ApYyrue BelllecTBa.

BelliecTBa He BEUHBI, TIOTOMY YTO HE BEYHBI UX MOJIEKYJIbI.
3aTo aTOMbI ITPAKTUYECKU BeYHbI. B Kax1oM U3 Hac HalkayTCsI
aTOMBbI, TIOMHSIIME BpeMeHa IMHO3aBpoB. M yyacTBOBaBILIME
B noxoaax AjnekcaHapa MakenoHCKOTo, WK B riaBaHuu Ko-
JyM0a, uiau nmooniBaBlIKMe Ipu ABope MBaHa Ipo3HOoTO.

HecMoTpst Ha TO 4TO MOJIEKYJIbl OUYEHB MaJIbl, X YCTPOKCTBO
MOXHO BBISICHUTb Pa3TUUYHBIMU (PU3UUECKUMU U XUMUYECKU-
MM MeTogaMU. YucToe BellleCTBO COCTOUT U3 MOJIEKYJT OTHOTO
BUIIA.

Ecnau dusunyeckoe Teno comepKUT MOJIEKYJIbl HECKOJIBKMX
BMIIOB, TO MBI IMEEM JIEJIO CO CMEChIO BeIlleCTB. [ToHITHS «am-
CTHII» B XMWY U B OBITY HEOIMHAKOBEI. Hammpumep, Koraa Mbl
roBopuM: «Kakoii YucTblii Bo3ayx!», Mbl UMEEM B BUILY CJIOXKHYIO
CMECh HECKOJIbKMX Ia3000pa3HbIX BellleCTB. XUMUK CKaXeT O
JlecHoM Boznyxe: «HyXHo cepbe3HO mopadboTaTh, YTOObI BbI-
JIEJIATh U3 PTOM CMECHU YMCThIE BellecTBa». MHTEPECHO, UYTO B
armocdepe 11000ro U3 HUX IO OTACIAbHOCTU YEI0BEK CYIle-
CTBOBaTh Obl He cMoOr. B Tabnuie 1.1 nmpuBeaeHO COOTHOILIIEHE
3TUX ra3000pa3HbIX BELIECTB B CBEXEM JIECHOM BO3IyXeE.

B tabmmue 1.1 a30T, KMCIIOpO, apTOH U T. . — 3TO OTIECIIb-
Hble BelllecTBa. BelecTBO a30T COCTOUT U3 MOJIEKYJ a3oTa,
BCEM M3BECTHOE BEIlIECTBO BOJA — M3 MOJIEKYJ BOIbI, TEPIU-
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Taonuma 1.1

Cocras aTMoc(hepHOro Bo3ayxa B COCHOBOM JIECY

BemectBo % 110 06BEMY BemectBo % 110 00BEMY
aszoT 77 % Boza (rap) 0—2 %
KHUCJIOPO.I 21 % 030H 7.10°6 %
aprou 0,93 % TEPITMHEOJ ciebl
YIJIEKHCIIBIN Ta3 0,03 %

HEOJI COCTOUT U3 MOJIEKYJ TeprnuHeosa. MoJeKyabl 3TUX Be-
IIECTB MOTYT OBITh OY€Hb Pa3HBIMU — OT MPOCTEHUIIUX, CO-
CTOSIIIMX M3 OBYX-TPEeX aTOMOB (a30T, KUCIOPOI, O30H, YIJie-
KMCJIbIA ra3) 10 MOJIEKYJ, COCTOSIIMX U3 MHOTMX aTOMOB
(Takure MoJIeKyJbl BCTpedaroTcsl B XKHUBbIX opraHu3max). Ha-
MpUMeED, TEPIIUHEOII, KOTOPBIi 00pa3yeTcsl B XBOMHBIX AEPEBbSIX
U NIpUAAeT BO3IYXY 3amax CBEXECTHU.

DTO 03HAYaeT, YTO BEIEeCTB, KaK U BUIOB MOJIEKYJI, MOXET
ObITh OECKOHEUYHOE MHOXeCTBO. HUKTO He MOXeT Ha3BaTh
TOYHOE YHCJIO BEIIECTB, M3BECTHBIX JIOMSIM CerogHs. MoXHO
JIMIIb OPUEHTUPOBOUYHO CKa3aTh, UTO TAKUX BEllIECTB — OoJjiee
ceMy MUJJIMOHOB.

ATOMBI B MOJIEKYJIaX pa3HbIX BEIlIECTB CBSI3aHbI APYT C APY-
T'OM B CTPOTO OIpeNeJCHHOM MOPsIIKe, YCTAHOBJIEHUE KOTOPO-
IO — OIHO U3 CaMbIX MHTEPECHBIX 3aHATHI B paboTe XMMHUKA.
YCTpOMCTBO M COCTaB MOJIEKYJT MOXHO OIMMCHIBATH Pa3HBIMH
cnocobaMu, HaIpuMep Tak, Kak 3TO clieJJaHO Ha pucyHKe 1.1,
IJle aTOMbI UMEIOT BUJ 1IapUKOB. PazMephnl 11apuKOB UMEIOT
(GU3NYECKUI CMBICI U IPUMEPHO COOTBETCTBYIOT OTHOCUTEb-
HBIM pa3MepaM aToMoB. Te xXe camblie BelIECTBa MOTYT ObITh
n300paXkeHbl MHaYe — C MOMOIIbI0 XUMUUYECKUX CUMBOJIOB.
M3znaBHa 3a KaXIbIM BUIOM aTOMOB B XMMUM 3aKPEIUICH CUM-
BOJI 13 JIaATUHCKUX OYKB. B Tabnuie 1.2 npuBeaeHbl CUMBOJIN-
yecKue 3alucU BellecTB, M300paKeHHbIX Ha pucyHke 1.1.
IIudpa HUKe cUMBOJIa TTOKA3bIBaeT, CKOJIBLKO aTOMOB JAHHOTO
BMJIa COIEPXKUTCS B MOJIeKyJe. DTa LiMdpa Ha3bIBAeTCsl MHIEK-
coM. Ilo Tpaguuuu unaekc 1 HuKoraa He nuinyT. Hanpumep,
BMecto C,0, utyT nipocto: CO,. Takue cumBonnueckue 3a-
MMUMCHU Ha3bIBAIOTCSI XUMUUYECKUMU (hOpMYJIaMU.
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Puc. 1.1. Mogenu MojieKyJl U Ha3BaHUS BELIECTB,
BXOJAIIMX B COCTaB JIECCHOT'O BO3ayXa:
1 — a3ort; 2 — kucnopon; 3 — aproH; 4 — yrJIeKUCIbIii ra3;
5 — Boma; 6 — 030H (0Opa3yeTcst U3 KUCI0OpOaa MpPU TPo-
30BbIX pa3psiiax); 7 — TepNUHEO (BbIACISETCS XBOMHBIMU
JIEPEBBSIMU)

CyluecTBYeT YCIOBHOE [eJieHHe BELIeCTB Ha IPOCThIE U
CJ10XHbIe. MOJIEKYJIBI TTPOCTHIX BELIECCTB COCTOSIT U3 aTOMOB
omHoTo Buaa. [IprMepsl: a30T, KUCIOPOH, aproH, 030H. Moje-
KYJIbI CJTOXKHBIX BEILIECTB COCTABIIEHBI M3 aTOMOB IBYX M OoJiee
BUJIOB: YIJIEKUCJIBII ra3, BoAa, TEPITUHEOIT.

Tab6nauma 1.2
Xumnyeckue opmyJibl BemecTB u3 puc. 1.1
BemectBo Dopmyna BemectBo dopmyna
a3or N, BOZa H,0
KHUCI0pO., 0, 030H 0O,
aproH Ar TEePIUHEO C,oH;30
YIJIEKUCIIBIN ra3 CO,
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YacTo ¢usnyeckoe Tea0 COCTOUT U3 MOJIEKYJT HECKOJIbKMX
pa3HBIX BelllecTB. Takoe (hU3nyecKoe TeI0 Ha3bIBaeTCsl CMEChIO.
Hanpumep, Bo3ayx — cMeCh HECKOJIBKUX MPOCTBIX 1 CIOKHBIX
BelecTB. He HyXXHO ITyTaTh CJIIOKHOE BEIIECTBO CO CMECHIO.
C/0XXHO€E BEIECTBO, €CIU OHO COCTOUT M3 MOJIEKYJ TOJIBKO
OTHOTO BUZIa, CMECHIO HE SIBJISIETCSI.

Hpocmoe eeuecmeo cocmoum u3 amomoe moabkKo 00H020 8uda
UaU U3 MOAEKY1, NOCMPOCHHBIX U3 AMOMO6 00HO020 6uda.

Caoxcroe eeuiecmeo cocmoum U3 MOAEKYa1, NOCMPOEHHbIX U3
amomoe pasHovlx eudos.

Cmecoio Hazbleaemcs eeulecmeo, cocmosiuiee u3 moaexya (uau
amomoe) 08yx uau Heckoavkux eewjecma. Bewecmea, cocmae-
aAstlouiue cmeco, mMozym 0blmb RPOCMbIMU U CAOHCHBIMU.

Ha 3emJie moka HUKTO HE CMOT HalucaTb TaKOW KHUIU, B
KOTOPOiA ObLIM Obl ONKCaHbl AOCONMIOTHO BCE U3BECTHBIE YEJIO-
BEYECTBY BEIIECTBA — OT «a» J0 «sI». BIpoyeM, B 3TOM HET
0co00ii HeoOxXoaUMOCTH. YTOOBI 3HATh XUMUIO, HE HY>KHO 3ay-
YyMBaTh Ha3BaHUS WJIM CBeIEHUS 00 OrPOMHOM KOJMYECTBE
BEILIECTB — JOCTAaTOYHO 3HATh 3aKOHBI, 110 KOTOPHIM OHU O0-
pa3yroTCs U B3aMMOIEHCTBYIOT C IPYTHMM BEIIECTBAMHU.

ITocMoTpuTe NMPOCTOM U KPaCUBBIiA OTBIT, C TIOMOIIbIO KO-
TOPOr0 MOXHO MPUOIUZUTENBHO OMPENEIUTh COCTAB BO3/IyXa.
Ero MoxHo nponenaTh AaXe B JOMAlIHUX YCIOBUSIX.

WnTepHeT:

Enunas komnexiusa uugpoBbIX 00pa3oBaTeIbHBIX PECYPCOB:

http://school-collection.edu.ru — Konnekuuu — Ilpen-
METHBIE KOJUIEeKIMU. XuMusi — Heopranuueckast xumus.
BupeoonsiTer — ...

... = Ioarpynma kucnopona — Kucmopon, okcuasl — 8. Co-
CTaB BO3/yXa.

3anaumn

1.7. IIpencraBbre, YTO y Bac B pyKax BOJIICOHAs TMajloyka
U BBI MIpeBpallaeTe: a) KaMeHb B IIeCOK; 0) KHUCIOPOA B 030H;
B) Jen B nmap. B kakoM ciydae BBl MPOBOAUTE XMMUYECKUE
npeBpaleHus?
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1.8. Haiinure mpocThle BelecTBa Cpeau MepeuyrucieHHbIX:
BO3IyX, BoJa, O30H, MeJl, MOpCKas Bojaa, KUCIOPO, a30T.

1.9. 13 nepevyncaeHHBIX BELIECTB ABa SIBJISIOTCS CMECSIMU.
Haiigute ux: a) kuciopona, 0) 030H, B) Boaa B peke, I') Boja B
o0Jiake, 1) TOBapeHHasl coJjb, €) BO3IyX, X) caxap.

§ 1.4. Cmecn. Pa3nenenne cmeceii

AOGCOJIIOTHO YMCTOE BELIECTBO, HE coaepxkallee nmpumeceit
JIPYyTUX MOJIEKYJ, MOJYYUTh UYpe3BbluaiiHO TpynaHo. [ToaTomy
Ha MpPakKTUKE YMCTbIM Ha3bIBAaIOT BEIIECTBO, COCTOSIIEE U3
MOJIEKYJI OHOTO BUIA, B KOTOPOM APYTUX MOJIEKYJI HACTOJIBKO
MaJjio, YTO OHU HE BJIMSIIOT Ha ero CBOMCTBA.

Hampumep, Bomy u3 pomHMKa MBI CUATAEM BIIOJTHE YHMCTON M TIPH-
TOITHOM JJIs1 MUTKSI, OTOMY YTO MeJbyaiiiive MpruMecH B Heil UIsl Hac
MPOCTO HEeOLTyTUMbI. Ho /17151 HEKOTOPBIX HAyYHBIX Y TEXHUYECKUX 1ieJIeit
TakKasl Bojia COBepIIIeHHO HenpuroaHa. Hampumep, B 3aMKHYTBIX KOHTY-
pax aTOMHBIX JIEKTPOCTAaHIMI HyXXHa elle OoJiee YnucTas Boa, MHAUe
TPYyOBI, IO KOTOPHIM OHA LIMPKYJIMPYeT, OBICTPO BhIAAYT U3 cTposa. Ho
MHOTa ObIBAET HyXXHa ellle Oosee yrictas Boaa! [Lis mosydyeHus v xpa-
HEHUsI TaKOM CBEPXYMCTOM BOIIBI TaXKe CTEKIISTHHAS Iocyaa yxKe He TIojI-
XOIUT, TIOTOMY UTO U3 CTeKJIa B BOAY IMOMAAAIOT Ipyrue MoyieKybl. [o-
JIATCST TOJIbKO KBaplieBasi TIOCy/1a, a HaJl TOBEPXHOCTHIO BOABI HE JI0JIK-
HO OBITH BO3/yXa, IOTOMY YTO MHOTWE Ta3000pa3Hble BelllecTBa (yrje-
KUCJIBIiA Ta3, a30T, KUCIOPO/) PACTBOPUMBI B BOJIE U «3arpsi3HSIIOT» €e.

PeanbHble BelllecTBa Beerga coaepkar Kakue-To MPUMECH.
Haxe nekapcTBEHHbIE BelllecTBa (HAlpuMep, aClIMPUH, CM.
puc. 1.2), K YUCTOTe KOTOPHIX MPEabIBISIOTCS 0COObIe Tpebo-
BaHMSsI, BCeTaa COACPXKAT HE3HAUUTEIbHbIE TIPUMECHU IPYTUX
BelecTB. Ho 3Tux mpuMeceit Tak Majio, 4TO HaIll OPraHU3M UX
MPOCTO He 3aMedaeT. B To ke Bpems JIeKapCTBO ¢ MCTEKIITUM
CPOKOM TOTHOCTH MOKET CTaTh HEAKTUBHBIM MJIN JaXKe OKa3aTh
MoOoYHOE JeNCTBUE, TOCKOJbKY KOJIMYECTBO MpUMeceil B HeM
HaKOIWJIOCH BhIIlIE OMpeaeIeHHOrO Tpeea.

He Hy>HO tymMaTh, 4TO YMCThIE BELIECTBA aOCOIOTHO BO BCEX
caydasx jydine cMmeceit. Hampumep, Heab3s ObIIaTh YUCTHIM
kuciaoponoM. Eciu 6b1 n3 atMocdepnl BAPYT 110 KAKUM-TO IIPU-
YHaM ucue3 a30T, «pa30aBisIoii» KUCIOPO 10 0e3011acHOro
YPOBHSI, BCE KMBBIC OPTAaHM3MBI Ha CYIIIe TIOTHOIM OBl B TEUCHME

19



Puc. 1.2. Monenb MOJIEKYJIBl acTIMpUHA
(ateTUIICAMTUIIUIIOBOY KUCIIOTHI)

HECKOJIbKMX YaCcOB, a PACTUTETFHOCTh Ha BCEX KOHTUHEHTAX ObLTa
OBI TTOJTHOCTBIO YHUUTOXEHA YYTOBHUILHBIM TTOXKapOM.

MHorue nekapcTBa SIBISIIOTCSI cMecsiMu. [IpoBu30opEl B am-
TeKax MPUTOTOBJISIIOT U3 YMCTHIX JIEKAPCTBEHHBIX BEILIECTB MUK -
cmypbl, UTO B TIEPEBOIE C JJATUHCKOTO O3HAYaeT UMEHHO CMecuU.

Oco0bIM ci1ydaeM cMeceil IBsitoTes pacmeopul. Ecnu cmech
TJIMHBI C TIECKOM MOXHO Ha IJIa3 OTJIMYUTH OT TTecKa W TJIMHBI,
TO, PACTBOPUB MOBApEHHYIO COJIb B BOJE, MBI MOJYYUM IPO-
3pavyHyI0 XUAKOCTb, IO BHEUIHEMY BUAY HEOTIUYMUMYIO OT
Boabl. OHAaKO B 3TOW CMECHU YaCTHUIIbI, COCTaBJISBIINE paHee
KPUCTAJUIBI COJIM, PABHOMEPHO paclpeie/ieHbl B TOMIIE MOoJie-
KyJ1 pacTBopuTes (Boabl). Eciiv TO3BOIMTE BOJIE MCIIAPUTHCS,
TO COJIb BBHITIANET HA THO COCYZa B BHIE TeX XKe KPUCTaJUIOB.
XuMHUUecKoe TpeBpaleHre B UTOre He TTPOU30IIIO — COJTb U
BOJIa OCTAJINCh CAMUMHU COOOIA.

Ecnu naxe nekapcTBa He OBIBAIOT aOCOIIOTHO YMCTHIMU, TO UTO Xe
TOIIa MOXHO Ha3bIBaTh (B IIIMPOKOM CMBICJIC) YMCTHIM BELIECTBOM, a
yT0 — cMechio? K cuacThio, ecTh Takue (pU3nIecKrie CBOMCTBA BEIECTRA,
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KOTOpHBIE MEePeCTaloT U3MEHSIThCS IOCNIe TOTO, KaK KOJIUYEeCTBO IPU-
Meceil yMeHbIIAeTCs 10 OMpeaeJIeHHOro ypoBHs. JJiss o4eHb MHOTHUX
11eJ1eil BEECTBO C TAKUMU HEM3MEHHBIMM CBOMCTBAMU MOXHO CUMTATh
YUCTBIM. DTU (PU3NUECKHUE CBOIICTBA — TOUKA IUIABIICHMS] U TOUKA KU-
neHus. Eciu miapneHue obpasiia Kakoro-HuOyAb BEllecTBa HE pac-
TATMBAETCSl HA HECKOJILKO IPaaycoB, a IIPOUCXOAUT B Mpeeaax OMHOIO
rpamyca, Takoe BElIeCTBO XMMMK OOBIYHO Ha3bIBaeT YMCTHIM. Eciu
BELLECTBO KUITUT IIPU OJHOI TeMIlepaType, KOTopast He U3MEHSIETCSI 10
Mepe McrmapeHusi o0pasiia, CKOpee BCEro, 3T0 TOXE UYMCTOE BELIECTBO.
KoHeuHo, 13 3TUX MpaBul ObIBAIOT UCKIIOUYEHUSI, TTO3TOMY OKOHYa-
TEeJIbHBIN BBIBOJ, O YMCTOTE BEILIECTBA MOXHO C/IEIaTh TOJbKO Ha OCHO-
BaHUM aHanu3a. YTo Takoe XMMUYECKWii aHAIU3, Mbl 0OCYIUM TTO3XKe.

Kak ke BBIAEISIOT YnCThIe BelllecTBa U3 cMmeceit? st 3To-
IO CYIIECTBYEeT HECKOJIBKO CITOCO00B. OMmuIeM HEKOTOPBIC U3
HUX.

Yrto0bI 3amaua BeINISIACAA MTOJIE3HON C MPaKTUYECKOM TOY-
KM 3peHUs, paCCMOTPUM OUYUCTKY BOAbIL. [JomycTuM, B HallleM
pACIIOPSIKEHUM €CTh OKOJIO IOJIYJIMTPa 3arpsI3HEHHOM BOMBI.
B nm00oM HaceneHHOM ITYHKTE HAlTH TaKyio BOAY He IIpooie-
Ma (MOXHO B3SITh BOAY U3 JIyXXU WM Tipyaa). [Ipuctynum K ee
OUMCTKE CHauajla MPOCThIMU, a MOTOM Bce 0oJjiee CA0XKHBIMU
METOJaMMU.

Omcmaueanue. HabeM rpsi3HyI0 BOAY B XUMWYECKMIA CTaKaH
¥ JaIUM CITOKOMHO MOCTOSTh. Yepe3 HEKOTOpoe BpeMsT Hal-
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0oJIee KPYITHBIC YACTHUIIBI TIPUMeECeit OCSayT Ha THO. 2KMIKOCTh
B BEpXHEil YacTU cTaKaHa CTaHET cBeTiiee. Eciu Ha moBepx-
HOCTU MMEETCS TOHKAas paiyxKHasl IUIEHKa — 3HA4WT, Boda
3arpsi3HeHa He TOJIBKO YacTUYKAMMU ITOYBbI, WIa, HO U HedTe-
MPOAYKTAMM.

Duavmposanue. OCTOPOXKHO COJbEM KUIKOCTh C OcCalKa B
BOPOHKY, B KOTOPYIO BCTaBJIeH (DWJILTP M3 MOPUCTON OyMaru.

Boponka HaxomWTCS B IPYTOM COCYIe, B KOTOPOM CKaIlJIiBa-
eTcs yxke ropasno 6ojiee yncrasg Boma. Ha ¢uimbTpe ocTtaroTcst
MeJIKMe YacTULbl mpuMeceii. [TonydeHHas Boma elle He Mpu-
roaHa IJis MKThsI, TAaK KaK B Heil comepxarcsl 6akTepuu, a
TaKKe PacTBOPEHHBIC OpraHMYecKue BellecTBa U coau. Ho
MOJIydeHHAsl HAMM BOJA YK€ BITOJIHE MPUTOAHA IJIsI TOTO, YTO-
OBl TTOMBITh JOCKY WJIN TIOJINTH 1IBETOK.

Ilepeeonxa, vinvt ducmuaasuyus. CobepeM CTeKITHHBINA TTpH-
6op, TOKa3aHHBIN Ha pUCYHKe 1.3, TIepebeM 3arps3HeHHYIO
BOJIY B TIEPETOHHYIO KOJIOY, IIOMECTUM Ty/a K& KMIEIKN (MeJI-
Kre KycoukM ¢papdopa Wi Kuprnuda, KOTOPbIE HYKHBI JUISI
CIIOKOMHOTO KMITEHUS XKMIKOCTH), BKIIOUUM CTEKJISIHHBII
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TEPMOMETD

Hacanka Bropiia

XOJIOAUJIbHUK

Ko0J10a (UCTIONb3YIOT \
KPYIJIOAOHHYIO

VIV TPYIIEBUIHYIO,
HO He TUIOCKOJIOHHYIO)

AJJTOHK

k COENMHEHNE
[**— c arMocdepoii

) IIPpUEMHUK
/ P

nogavya f
OXJIAXKIAIOLIEN

KHUIICJIKH BOJIBI

HarpeB
reperHaHHas

KUOKOCTb

Puc. 1.3. OuucTKa Boabl MEPErOHKON (IUCTWIISALINECH)

XOJIONUJBHUK (OXJIaXaaeTcsi BOAOIIPOBOAHON BOAOM) U Ha-
rpeeM XHUIKOCTb B KOJIOE TO KUTTEHUS.

Bona mpeBpariaeTcs B map, KOTOPBIM yepe3 CTEKITHHYIO
HacaJKy IMomnaaaeT B XOJOAUIbHUK U KOHJAeHcupyetcs. Tep-
MOMETpP B BepXHel 4acTuU KOJObI MOJXKEH MOKa3blBaTh
100 °C — remmepatypy kuneHust Boabl. [lepBoeie 1—2 Mt quc-
THJLISITA CIEAyeT OTOPOCUTDH, IIOTOMY YTO B BOJE MOTYT Ha-
XOJUTBLCS MPUMECH JeTK1UX HepTempoayKToB (O0eH3MHA).
Korma mmeperonka moaxXomuT K KOHILY, CIeayeT ObITh BHUMa-
TeJbHBIM U OCTaBUTb HEMHOTO XUJIKOCTU B K0JIOE, YTOOBI HE
[EPETOHSUIMCh APYrue, 00Jiee BBICOKOKUIISILIUE TIPUMECHU
(cnenbl TSEKeAbIX HedTenpoayKToB). OCTaTOK B KOJIOe co-
IEepPXUT BCE paHee paCTBOPEHHBIE B BOJE COJM, OCTaTKHU
MeXaHWYECKNX 3arpsI3HCHUN W BHITJISIAUT HE OYEHBb MPUBJIC-
KaTeJbHO. 3aTO BOMY, COOpaHHYIO Ha BBIXOAE M3 Ipubdopa,
MOXHO 0€30053HEHHO TTUTb.

C MoMoIIbI0 TIEPEeroHKU MOXKHO OYMIIATh HE TOJbKO BOAY, HO U
Ipyrue XXuakoctu. Eciiu aTo ietyuyue, naxyuue, 60sImecs: Bjarv Win
TOKCHYHBIC XMIKOCTH (a TaKMX HEMaJo Cpeld OpraHMYeCKUX Be-
IIECTB), TO 00513aTeIbHO UCIONb3YIOT 3aKPbIThIA MPUEMHUK (KakK Ha
puc. 1.3), a aJUIOHX COEAUHSIIOT C aTMOchepoi Yyepe3 CIeUaIbHYIO
3alIUTHYIO TPYOKY C MOPUCTHIM HAIIOJHUTENIEM. YCTaHOBKY COOMpPAIOT
He Ha JJabopaTOPHOM CTOJIE, a B BBEITSDKHOM Iikady. I1o mmokazanusm
TEpMOMeETpa BO BpeMsI ITEPETOHKU MOXKHO CYIUTh O TOM, KaKasi UMEeH-
HO XMJIKOCTb TepEroHsIeTCs B TaHHBIA MOMEHT.
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Takum 006pa3oM, HE TOJIBKO HEOTHOPOAHbIE CMecH (Boja C
YacTUIIaMU TTOYBbI), HO U OJHOPOAHbBIE CMECU (PacCTBOPHI)
MOTYT OBITh pa3eeHbl C MOMOIIBIO TTeperoHku. OTcTanBaHM-
eM 1 (UIBTPOBAHMEM OITHOPOAHBIE CMecH (PacTBOPHI) pa3-
JIeTUTh HEBO3MOXKHO.

WHurepHerT:

Envnas xoyekius TUMpPOBbIX 00pa30BaTeIbHBIX PECYPCOB:

http://school-collection.edu.ru — Komnekuun — Ilpen-
METHBIE KOJJIeKInun. XumMusa — Heopranmdeckass XMMUs.
BuneoonsiTel — ...

a) ... — IlepBoHavyanabHble XMMUYECKUE MOHATUSI — Pas-
nejaeHue cMeceir — 2. OuKrcTKa MoBapeHHOM COJu.

0) ... — llepBoHauaNbHbIe XUMUYECKUE MOHITUSI — Pa3-
JIeneHue cMmeceii — 4. PasnmeneHue cMecu Kpaxmalia U BOObI
GuIBTpOBaHUEM.

§1.5. Csenenns 00 3K0JIOTHH.
CB$13b XMMHH C IPYTUMH HAYKAMH

B cBoiicTBax cMmeceil ecTh ellle 0fHa UHTepecHasi 3aKOHO-
MEPHOCTb: TeMIlepaTypa IJIaBJeHUsI CMECH HECKOJIbKUX Be-
IIEeCTB BCeraa HMXe, YeM TeMIlepaTypa IulaBieHUs KaXIoro
M3 YUCTHIX BELIECTB IO OTHeJbHOCTU. HampumMep, Temmneparty-
pa IUIaBJeHUST YMCTOU BoAbl (B Buae Jbaa uau cHera) 0 °C.
Ecnu BHecTH B Jem MpUMeCh IPYroro YMCTOTO BellecTBA —
MOBapeHHOI COJIM, TO Jiel HauMHaeT TJIaBUTbCS Tpu OoJjiee
HU3KHUX — MUHYCOBBIX TemIiepaTypax (puc. 1.4). Temnepartypa
IUTaBJICHUST TaKOW CMeCH B Mpollecce ee MPUTOTOBICHUS 3a-
BUCUT OT COOTHOIIIEHMSI JIbJa U COJIM, CKOPOCTH TepeMellu-
BaHUS U Jaxe CTeIeHU M3MEJbUYCHUS Jibaa. XMMUK, YMEIO
cmemaB poBHO 100 r M3MeabUYeHHOrO JIbAa U poBHO 33 T Io-
BapeHHOM COJIM, MOXET ITOJIy4UTh Temneparypy —21,3 °C.
PazymeeTcs, 31ech Ae710 HE CTOJILKO B MEXaHUUYECKOM CMEIIN-
BaHUM ABYX BELIECTB, CKOJBKO B UX B3AUMHOM PAaCTBOPEHUU.
MHoOro 3Hepruu pacTBOPUTEJSI TPATUTCS Ha pa3pylieHue
KPHUCTAJ/UIOB COJU U JIbAQ, YTO BeAeT K PE3KOMY MOHMKEHUIO
TeMIIepaTypbl CMECH.
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Puc. 1.4. B 9TOM omnbiTe TEpPMOMETP, MOTPYKEHHBIN B

CMeCh JIbIa ¢ COJIbI0, TToKasbiBaeT —16 °C. B nmpuHLu-

e TaKoi CITOCcO0 MO3BOJSIET TOCTUYL TeMIlepaTyphl
Huxe —20 °C

PaHee moBceMeCTHO 3TUM SIBJIEHUEM ITOJb30BAJINCH JJIs
OYMCTKU YJIUII 3UMOM OT JIbJIa: IIOCHIIAJIM TPOTYyaphl U TOPOTH
COJIBIO, MOCJIC YEeTo JaXKe Ha MOPO3e JIe] Tasll, a 3arpsi3HeHHAst
COJIBIO BOJIA CTeKaJIa B JIMBHEBYIO KaHanu3auuio. CojieHast Boga
Ha yJIMlLax IopTuia o0yBb IMPOXOXKUX, 3aCTaBjslia ObICTpee
pKaBeTh MeTaJUI aBTOMOOMIIEH, BpeAwIa 3eJIeHbIM HacaKIeH!-
sIM, TIOTTaJajia B peKU U 3arpsA3Hsia nxX. B maHHOM cirydae puck
HaHECTHU ylIiepO MPHPOIe W JIOAIM BBIIIE, YeM BBITOma OT
3KOHOMUU TpyJa 1o yoopke cHera. [1oaToMy He0OXOIUMO OT-
Ka3aThCsI OT TAKOTO UCIIOJb30BAaHUsI 3aKOHOB IIPUPOIBL ISt
HyXI 4esoBeka. COOTHOLICHME PUCKA U BBITOAbI B Pa3HBIX
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chepax yesoBeUeCKOM ACSATEIbHOCTH, B TOM YHUCJIE U B XUMUH,
MU3yvyaeT crielMaibHasi HayKa — 9KOJIOTHSI.

Xumus, puszuka, 6M0oa0r1s TOJBKO Ha MEePBBIM B3I MO-
IyT IOKA3aTbCs JAIEKUMU IPYr OT Apyra HayKaMu. XOTs Jia-
bopaTopuu ¢pu3uKa, XMMUKa U OM0JIora OUeHb HETTOXOXHU, BCE
3TU UCCIEA0BATENN UMEIOT AeJ0 C MPUPOJHBIMU (€CTECTBEH-
HBIMM) O00BEKTaMU. DTO OTIMYAET €CTECTBEHHbIE HAyKU OT
MaTeMaTWMKM, UCTOPUU, IKOHOMMKU U MHOTMX APYTMX Hayk,
M3yYalolIuX TO, YTO CO3AAHO HE MPUPOIONA, a Tpexkae BCEro
CaMUM YeJIOBEKOM.

bau3ko K ecTecCTBEHHBIM HayKaM MpUMbIKaeT akosorus. He
cienyeT AyMaThb, OyATO 3KOJIOTUSI — 3TO «XOpOLUas» XUMUSI, B
OTJINYME OT KJIACCUYECKOM «IIOXOM» XUMUU, KOTOPast 3arpsi3-
HSIET OKpyKaloliyto cpemy. HeT «Imtoxoii» XuMUn Ui «II0X0i»
SIIepHO (DU3UKM — €CThb HayYHbIN M TeXHUYECKUI mporpecc
WA €70 HeJOCTaTOK B KaKOW-HUOYIb 00J1aCTH OeSTEIbHOCTH.
3ajgaya 3K0Jora — MCMoJab30BaTh HOBbIE TOCTMXKEHUS €CTe-
CTBEHHBIX HayK JJIsI TOTO, YTOObI MPU MaKCUMAaJIbHOW @bl2ode
CBECTU K MUHUMYMY PUCK HAPYILIEHUS Cpelibl OOUTAHUS XKUBBIX
cylects. banaHc «puck—aevieoda» sIBIIeTCS MPEAMETOM U3yYe-
HUS DKOJIOTOB.

Mexmy ecTeCTBEHHBIMU HayKaMU HET CTPOTMX IpaHuil. Ha-
MIpUMEpP, MBI yKe TTO3HAKOMIINCH C aTOMaMU HECKOJBbKUX
BUAOB. OTKpbITUE U U3yUYEeHNE CBONCTB HOBBIX BUJOB aTOMOB
KOIJa-To ObLIO MPUHSITO CUMTATh 3adaueil XuMukKoB. OgHaKo
MOJYYUJIOCh TaK, YTO M3 U3BECTHBIX HAa CETOAHSIIHUI NeHb
BUJIOB aTOMOB YaCTh OTKPhITa XUMUKAMM, a YaCThb — (pu3uKa-
MM. DTO JIMIIb OAWH U3 MHOTUX MIPUMEPOB «OTKPBITHIX TPAaHULI»
MexXay (PU3UKON U XUMUEH.

Ku3Hb SgBISIeTCS CIOXHOM LIeMbI0 XMMUYECKUX MpeBpale-
Huii. Bce XuBble OpraHuM3Mbl MOTJIOIIAIOT U3 OKpYyXKatollei
cpelbl OHU BEIEeCTBA W BBIACSIOT Ipyrue. 3HauUT, Cepbe3-
HOMY OMoOJIOTY, Bpauy, 00TaHKKY, arpOHOMY, 300JI0TY He 00011 -
TUCh 0€3 3HAHUS XUMUM.

ITo3xe MBI yOeaumcst B TOM, YTO HET COBEPIIEHHO TOYHOM
TPAaHUIBI MEXIY MPEeBpAICHUSIMU QUZNICCKUMU U XUMUIE-
ckumu. [1puponaa enrHa, Mo3TOMY Mbl BCeTIa T0KHbBI TIOMHUTD
0 TOM, YTO HEBO3MOXXHO Pa300paThCsl B YCTPOMCTBE OKPYXKato-
IIETO HAaC MUpa, YrJIyOUBIIUCH TOJIBKO B OJHY M3 obiacTei
YeJI0BeYeCKOro 3HaHMUS.
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3anaum K rmase 1

1.10. ITpunymaiiTe OIBIT, B KOTOPOM MOXKHO OBLIO OBI BBI-
SCHHUTH, He TIpOOys Ha SA3BIK, YTO B KOJIOE HAXOIUTCS PacTBOP
MOBApEeHHOI COJIM, a HE YMCTasl Boja.

1.11. OgHo U3 clleayIOIINUX BhIpAXKEHUI HE UMeeT CMBICIA.
Haiinute ero: a) «MoJjieKkyia acnupuHa», 6) «MoJieKyja BO3-
Jlyxa», B) «MOJIEKYJia TEPIMHEOa», T) «MOJIeKyJa a30Ta».

1.12. Cpenu nepedrciIeHHBIX SIBJICHUI TOIBKO OTHO — XM-
Mmuyeckoe. Haiinute ero: a) caxap pacriaBWin Ha orHe, 0) ca-
Xap pacTBOPUJIY B BOJIE, B) COJIb PACTBOPWIM B BOJIE, T) caxap
OOYIJIMJIM Ha OTHE, 1) CMEeIlIaJIk COJIb U caxap.

1.13. Cpeau nepeyncieHHbIX TIPOCTHIX, CJIOXKHBIX BEIlIeCTB
1 cMeceil TOJTbKO OTHO MOXHO Ha3BaTh CJIOXKHBIM BEIIIECTBOM.
Haiinure ero: a) pacTBop YIJIEKHCIIOTO ra3a B Bomue, 0) yriie-
KHUCJIBIM Ta3, B) KACIOPOMI, T) pacTBOp KHUCIOPOAa B BOJIE,
JI) O30H.

1.14. A3oT pacTBOpujIv B BoJge Ioj naBieHueM. HazoBute
MOJIy4YeHHOE (PU3UUECKOE TEJIO.

1.15. B nmaparpade 1.4 6pl1a n1300pakeHa MoJieKya JeKap-
cTBeHHoOro BeulecTBa acnupuHa CoHgO,4. OTBETHTE Ha clieyto-
€ BOIIPOCHI:

a) Kakum BelllecTBOM SIBJISIETCSl aCIMPUH, MPOCTHIM WU
CJIOXKHBIM?

0)* AcrmupuH, KaK ¥ MHOTHE IPYTHde BelIecTBa, COCTOSIINE B
OCHOBHOM M3 aTOMOB yriepoja (0003HaueHHe aToMma yriepoaa —
cuMBoJ «C»), cropaet B KucjaopoJe 06e3 ocratka ¢ o0pa3oBaHUEM
yrekucioro rada CO, u Boasl H,O. Eciiu MbiciieHHO pa3o0paTh MO-
JIEKYJTy acCTIMpyHA Ha aTOMBI 1 I00aBUTh K HUM HEKOTOPOE KOJIMYECTBO
aTOMOB KUCJIOpoaa, TO cKojibko Mojiekyn H,O u CO, nonyuyurcs: u3
OITHOM MOJIeKYJIbl acTiupuHa?

B)* CKoJbKO MOJIeKyJ Kuciaoponaa O, morpedyeTcst AJist peBpaiiie-
HUSI OJHOI MOJIEKYJbl aclMpuHa B yriaekucawiii ra3 CO, u Bomy
H,0?

r) AClIMPUH W KACIOPO IIPEeBPaIalOTCs B YIJIEKUCIIBIN Ta3

1 BOAOY. CpeZ[I/I YYaCTHMUKOB 9TOI'0 XMMHWYCCKOTO ITPpEBpAIICHUA
Haaure IpOoCTOC BCUICCTBO, CJIOXKHBIC BEIICCTBA.

m)* Mcnoap3ys xumudeckue opMyJibl, 3alUIIUTE XUMUIECKOE
MpeBpallleHre aclMprHa U KUCJIopoa B yriiekuciblit ra3 CO, u Boay
H,0. 3anmuch XuMU4IecKoi peakiuy J0DKHA BHITJISIIETD TaK:
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aC,H,0, (acnupun), + bO,= cCO, + dH,0

roe a, b, ¢, d, x, y, z — uenble yncaa. KoandyecTBo 0ofMHAKOBBIX aTO-
MOB B JIEBO U MPaBOil YacTSIX ypaBHEHUs JOJKHO COBMAIATh.

e)* Iloka emie HUKOMY He ynajaoch MpuayMath, Kak u3 Boasl H,O
u yriekucioro raza CO, cpady MmojsydyuTh acCiMpuH U Kuciopona. Ha-
MUIIUTE 3TY OYeHb HYXXKHYIO (HO TT0OKa He M300pETEHHYIO) peaklUuio C
TTOMOIIIBIO XUMUYECKUX (DOPMYIT.

1.16. Hammrero HeymawIinBoro uccienoBaresist u3 naparpada
1.1, KOTOpBII MBITAJICS MOrPY3UTh HaTpUil B Body, 30BYT FOx
(OT cJIOB «IOHBIN XMMUK»). Eciiu Obl B 3aMedyaTe/IbHOM CKa3Ke
Huxonas HocoBa «Ilpukintouenus HesHaiiku u ero apyseii»
ObLT KOPOTHIIIKA, KOTOPBIH JTIIOOMI BCE CMEILLIMBATh U CMOTPETb,
YTO TOJIYYUTCS, TO €ro, BEpPOSTHO, 3Bajii Obl UMEHHO Tak.
IIpaBna, xMMuI0 OH 3HaJ MOKa HE OYEHb XOPOIIO, HO 3aTO
OUYCHB JIIOOUJT XMMUYecKUe onbIThl. OnHaxabl KOX Halen Kycok
KaKOro-TO MeTajljla M pacIulaBUJI €ro Ha 2JIEKTPUIECKOM Tey-
Ke. CHSIB ¢ TIeYH IMUIIIIAMU TUTEIh (3TO Yallleyka U3 TyToIIaB-
KOro maTepuaia), B KOTOpOM OyJibKaJl pacIjlaBJIeHHbIN MeTaJl,
IOx nmoctaBus ero Ha AepeBSHHBIM CTOM W BBILIE] 32 CBOUM
pabourM XypHaJIoM, B KOTOPBII BCerjga crapajicsl akKypaTHO
3alMChIBaTh PE3YJbTaThl OMBITOB.
Kormna yepe3 MUHYTY OH BEpHYJICH,
TO OOHApyXWJI, YTO CTOJI TOPUT, a
Ha CTeHaX KOMHATBI OCeIaeT 4ep-
Hasl konoTb. He pacTepsiBIIUCS,
IOx BbLIMI Ha CTOJI BEAPO BOABI.
Paznanock mmneHue, KoMHaTa Ha-
TMOJTHUJIACH ITAPOM, TUTEJIb TPECHYII
Ha HECKOJbKO OCKOJIKOB, a Oec-
(bopMeHHBII KycOK MeTajla yraj
Ha 1oJji. Youpast komHary, FOx 3a-
Jymajics Haj TeM, KaKue SIBIeHUS
OH HaOJIoAal U MpUIlie] K BbIBOLY, UTO MPOUCXOAUIN TOJIbKO
¢usnueckue sseaeHus. Ha camom nene o omunbces. Haligure
B TEKCTE 3ajJayM BelleCcTBO (MM BellecTBa), KoTopoe (Wiu
KOTOpbI€) 00pa3oBaIuCh B pe3yjIbTaTe XMMUYECKOro IIpeBpa-
LIEHUSI.




Thaea 2
CTPOEHUE ATOMA

§2.1. Arombl

ATOMBI He cpa3y BOIIUIM B HayYHBbI OOMXOMI, XOTS CaMo
CJIOBO «aTOM» TTOSIBUJIOCH €111€ B COUMHEHUSX APEBHETPEUECKUX
¢unocodos. B nepeBoae ¢ rpeyecKoro OHO O3HAYAET «HEJe-
MBI . OUIT0COGBI OOBSICHSIITA OKPYKAIOIINIA MUAP TOCTYII-
HBIMM CPEICTBaMU, CPeArd KOTOPHIX HE ObLIO COBPEMEHHBIX
NpubOpPOB, HO ObLIM HAOIIOAATELHOCTD U JIOTHKA.

YUCTO JIOTMYECKUM ITyTeM MOXHO MPUITU K BBIBOMY, YTO
JIpoOeHre BellleCcTBa He MOXET IPOUCXOIUTh 0€CKOHEYHO.
B KOHIIE KOHIIOB MOJXKHA OCTaThCSA HeKasl Melbuaiinas U He-
deaumas KPyNUHKA BELECTBA, WIU amom BelllecTBa. Eciu Obl
TaKUX HEAEJIUMBIX KPYIIMHOK HE 0CTaBajoCh, TO JIOOYIO Belllb
MOXHO ObLIO Obl YHUUTOXHUTH 10 KOHIIA. A pa3 Tak, TO HOBbIE
BelllM (M Jaxe KMBOTHbBIE, paCTeHUS) CO3MaBAIMCh Obl U3 HU-
yero. [1o MHeHUIO ApeBHeTpedYeckux dunocodos JleBkummna u
JleMokpuTa, 3TO IPOTUBOPEUYMIO OBl 3APaBOMY CMBICITY.

O TOoM, KakuM 00pa30M aTOMbI COeIMHSIOTCS B O0Jiee Kpym-
Hble (DU3UYECKHUe Tesa, JIOAM TOro0 BpeMEHU He UMENU TIpe-
cTaBjieHUs. BbII0 MHOTO M IpYyTUX HESICHOCTEH, MO3TOMY
yyeHue 00 aTomax MpakTUYECKU He pa3BUBAIOCH JOJITME Ba
ThicsueneTus. Ho mocTeneHHO HaKaruiMBajioCh Bce OOJIbIIE U
OoJibliie (hakKTOB, YTO B UTOTE IIPUBEJIO K TEM MPEACTABICHUSIM,
€ KOTOPBIMH BHI YK€ KOPOTKO MO3HAKOMUJIVICH B TIEPBOI1 IIaBe.
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CTpoeHue BelecTB Hayaay ONMUCHIBATh C MOMOILBIO MOJIEKYJI,
COCTaBJICHHBIX U3 aTOMOB OJHOT'O WJIM HECKOJIBKMX BUIOB.

B npeabiayiiieii raaBe ObLIM MOKa3aHbl MOMIEJIN MOJIEKYJI
HEKOTOPBIX IMPOCTHIX M CIOKHBIX BEIIECTB. DTU OYeHDb pa3HBIC
MO CBOMM CBONCTBaM BeIIECTBA COCTOSIT U3 MOJIEKYJ, «IO-
CTPOEHHBIX» U3 aTOMOB TOJIbKO TSITU BUAOB. HO aTOMBI B3SThI
B Pa3HbIX KOJIMYECTBAX U COCIMHEHBI MO-pasHoMy. YeM oT-
JINYAIOTCSl aTOMbI pa3HbIX BUAOB Apyr oT npyra? IloueMy aTo-
MBI B 3TUX MOJIEKYJIaX COeIMHUIMCh UMEHHO TaK, a He nHave?
IToueMy aToMBI a30Ta M KMCJIOPOIa COSNMHWINCH TI0 ABa, HO
aToOM aproHa ocraercsl B oquHovyecTBe? MOXHO Jii B MOJIEKY-
Jie YIJIEKMCIOro ra3da CoOeAMHUTh TOT Xe Habop aTOMOB MO-
nHoMy? Kak aToMbl «IIpUKPETLISIOTCSI» APYT K ApYry?

OTBeThl Ha 3TV U MHOTHE JAPYTMe BOMPOCHI, KOTOPbIE BCTpe-
TATCS HaM JaJiblile, HEBO3MOXKHO MOJIYYUTh, HE pa300paBIIUCh
B YCTPOMCTBE aroMa.

Heno B ToM, 4TO 3HaHHME BHYTPEHHETO YCTPOMCTBAa aToMa
MO3BOJISIET OOBSICHATL U JaXxe MpeacKa3biBaTh MHOTOUYUC-
JICHHBbIE CBOICTBA OKpYKalollIuX HAc BellecTB. KoHeuHO, BhIsiC-
HUTb CTPOCHUE TAKOTO HEOOBIYHOI0, HEBUAMMOTO a3y 00b-
eKTa ObLJI0 Ype3BbluaitHO TpyaHo. OaHaKo M300peTaTeIbHbIN
YEeJIOBEUYECKMU YM CIIPaBUIICS JaXe C TAKOM CBEPXTPYIHOM 3a-
nmadeit. O TOM, KaK 3TO yIaJoCh OCYIIIECTBUTh, KOPOTKO pac-
CKa3bIBaeTCs B cliemyiomieM Iaparpade (a 0ojee moapoOHO —
B maparpade 2.7).

Te 13 Bac, KOMY He TEpIUTCS Y3HATb, 40 K€ UMEHHO yAaJIoCh
BBISICHUTb B CTPOCHUM aToMa, MOTYT MepeiTu K naparpacdy 2.3.
Ho ecnu BaM MHTEpeCHO pa3o0paThbCsl B TOM, KAK 3TO IIPOUC-
XOJIWJIO, Mbl COBETYEM CHaualla IIpo4YuTaTh maparpad 2.2.

§2.2%. DneKTpoHbl M NPOTOHLI. Mozeu aToma

ATOMBI COCTOSIT U3 ellle 0oJiee METKUX YacTUll, KOTOPbIe ObLIU
OTKPBITHI B pa3HOE BpeMs pa3HbIMU HccienoBaTesmu. CaMoli epBoit
W3 TAaKUX YACTUIL OKA3AJICS 21eKMPOH, HECYIITNI eAUHUYHBIN DJIEKTPU-
YECKUM 3apsa.

OJIEKTPOH MOJYYWJI CBOE HbIHEILIIHEEe Ha3BaHUE TOJbKO B CAMOM
koH1e XIX Beka, a 40 3TOro (pu3MKM TOJIbKO Ipearnoaarajiu, 4ro Ccy-
LIECTBYET HEKUI «aTOM DJIEKTPUUYECTBA», C TMTOMOIIIbIO KOTOPOTO MO
MPOBOaM TepeaaeTcs JIeKTPUIECKUid TOK.
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B 1853 romy dpaniy3ckmii ucciaenoBareib A. MaccoH pelwi Imo-
MpoOoBaTh MPOIMYCKaTh 3JEKTpUUYECKUE pa3psiibl (UCKPbI) yepes
CTEKJISIHHYIO TpyOKy, U3 KOTOPO# OTKayaH BO3ayX. Brocnenctsuu c
TOMOIIBIO 3TOTO HECIOKHOTO YCTPOHCTBAa aHIMYaHH Bunbsim Kpykc
MPOBEJI MHOXECTBO OTBITOB, U C TeX MOp TaKue TPyOKM Ha3bIBAIOT
KPYKCOBBIMU (MX MPSIMbIe «[TOTOMKH» — BCE peXe BCTpeyaroluecs
Terepb MEKTPOHHO-JIyUeBbIe T€JIEBU30Pbl 1 MOHUTOPHI).

Yro xe ynajioch BBEISICHUTD C IIOMOIIBIO KPYKCOBBIX TPyOOK? OHUI
CJIY>KUJIM UCTOYHUKOM HEOOBIUHBIX JIyyeil, KOTOpble pacrpocTpaHsi-
JINCh OMPUUAMENbHO 3APSKEHHBIM 3JIEKTPOJIOM — Kamodom. DTU JTydn
MOJTYYMJIM Ha3BaHUe KaToaHbIX. OnuckiBas KaToaHble Jyuu, Kpykc
OTMeYaJl TAKME UX CBOMCTBA:

— OHM BBI3BIBAIOT CBEUEHNE HEKOTOPHIX BEIIECTB, HAHECEHHBIX Ha
BHYTPEHHIOIO TTIOBEPXHOCTb TPYOKMU;

— OHU 00J1aMar0T KWHETMYECKOM SHEpTHel ¥ CIIOCOOHBI TiepeIaBaTh
MeXaHMYEeCKoe IBUXKEHUE BEPTYILKE ¢ JonactsaMu (puc. 2.1);

— OHM OTKJIOHSIIOTCSI MATHUTHBIM TTIOJIEM;

— OHU OTPUILIATEIBHO 3apsSIKEeHbI, TIOTOMY YTO JABWXYTCS MO Ha-
MPaBJEHUIO K MOJOXUTEJIbHOMY MOJIOCY TPYOKHU.

B 1897 rony anrnuiickuii dusuk k. JIxx. ToMCOH CKOHCTpyUpOBa
MOXOXYIO TPYOKY, C TIOMOIIBbIO KOTOPOW MOXHO OBLIO U3MEPSITh OT-
KJIOHEHME KAaTOMHBIX JIy9ell B 2JIEKTpUIECKOM I1oje (puc. 2.2).

Hanpstxenue, nogaBaemMoe Ha MacTUHbI 4 U 5, MeXIy KOTOPbIMU
TTPOXOIVITA KaTOTHBIC JTYIW, MOXHO OBIJIO YMEHBIIIATh WU YBEINUHU-
BaTh. UeM BblllIe ObLIO HAMPSKEHKUE HA IJIACTUHAX 4 U 5, TeM CUJIbHEe

Puc. 2.1. BpameHue BepTyIlIKU C JIONACTIMU

noJ IeicTBUEM KaTOIHBIX JIyuell B TpyOKe

Kpykca. DTOT ONBIT MO3BOJISUT TIPEATIOIOXKUTD,

YTO KaTOJAHBbIC JIy4u OOJIbIlle MOXOXHU HE Ha

OOBIYHBIN CBET, a HA MOTOK MUKPOCKOMHYE-
CKHUX YacTHUll, UMEIOUIMUX MacCy
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Puc. 2.2. TIpubop ToMcoHa 1j1s1 U3MEpEeHUsI OTKJIOHEHMUS
KaTOMHBIX JIydeil MOA AeHCTBUEM 3JIEKTPUIECKOIO IOJISL:
[ — oTpHULIaTeIbHO 3apsKeHHbBIN 3J1eKTpo (KaTtomn); 2 — ToJo-
JKUTEJIBHO 3apsiKeHHBIN 3J1eKTpoa; 3 — oTBepcTHe; 4 U 5 — 1ia-
CTUHBI 2JICKTPOOAOB AJIs1 OTKIOHCHMS KaTOAHBIX nyqeﬁ; 6 — 4acTb
TDy6KI/I, NOKpbITaA U3HYTPU CJIOEM BCIIECTBA, CBETALIMMCA IO
NeCTBMEM KaTOJIHbIX nyqefl; 7 — CBeTsLIEECd IISATHO

OTKJIOHSIJICSI OT MPSIMOJIMHEMHOW TPAaeKTOPUM MOTOK KaTOIHBIX
JIyYE.

BriociiencTBUM 3TOT 3KCIEPUMEHT IMOMOT YCTAHOBUTH Maccy U
3apsi YaCTHUIL, U3 KOTOPBIX COCTOSIT KATOMHBIC JIyIU: BEb YeM MEHb-
11Ie Macca v yeM OOJIbllie 3apsi YaCTULIbI, TEM JIerde OTKJIOHUTD €€ OT
MIPSIMOJTMHETHOM TPAaeKTOPHUM C TTIOMOIIBIO 3JIEKTPUUECKOTO TOJIS.
IpaBaa, A5t 3TOro MOTPEOOBATUCH AOTOJIHUTEIbHbBIE SKCTIEPUMEHTHI,
Ho B 1909 romy 1esnb ObuTa TOCTUTHYTA. DJIEKTPUIYECCKUIA 3apsi TauH-
CTBEHHBIX «KaTOJHBIX» YACTHII, BBIPAXKEHHBIN B KYJTOHaX, OKa3ajucs
BEJIMYMHON Ype3BbIYATHO MaJjoil, IO3TOMY It ya1o0CcTBa (DU3NKU U
XUMUKM Yallle MOJIb3YIoTCS APYroi MIKajoi, B KOTOPOW BeJIUYMHA
9TOTO «3JIEMEHTAPHOTO» 3apsijia MPUHSITA 32 SAUHUILY.

OrnucanHble TOMCOHOM OTPUIIATENIBHO 3apsiKeHHbIE YaCTHUIIBI,
Hecylllie HaMMEHBIIUI 3JIeKTPUUECKUid 3apsi, MOJydnIu Ha3BaHUE
2N€KMPOHO8.

Ilo3xe B aHAJIOIrMYHOM IIpHOOpE yaaloch HAOJIOAATh TIOTOK A0~
A02ICUMeNbHO 3apSKEHHBIX YacTULl, KOTOPbIE CTaJIU Ha3blBaTh NPOmMO-
Hamu. Macca npoTtoHa oka3amach moutu B 2000 pa3 0oJjibiiie MaccChl
9JIEKTPOHA, a €ro 3apsil, Kak BbISICHWIOCh, paBeH 3apsiay 2JeKTpoHa,
HO CO 3HAKOM <«ILJTIOC».

Takum o0Opa3oM, B paclopsDKeHUM (PU3MKOB IMOSIBUIMCH TI€PBbIE
«CTPOUTEIbHBIE JIeTaIN», C TIOMOIIBIO KOTOPHIX YK€ MOXHO OBLIO
TIOTIBITAThCS TIOCTPOUTD T€ WY WHBIE MO aTOMOB.

ToMCOH MpeanoaoXuI, YTO aTOMbl COCTOSIT U3 TOJOXKUTEIbHO 3a-
psDKeHHOI cdephl, B KOTOPYIO BKPAIUICHBI 3JI€KTPOHHI (puc. 2.3, a). Ota
MOJIeJTb aTOMa MOTYyYUIa CPEU YUEHBIX TPO3BUILE «CAUBOBBIM MyTUHT»,
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XOTsI HEe MeHee TTOX0XKa W Ha OyJI0UKY ¢ M3IOMOM (TIe «M3IOMUHKN» —
9TO 2JIEKTPOHBI) WM Ha «apOy3» ¢ «CeMEeYKaMU»-2IEKTPOHAMH.

B 1910 rony anrnuiickuii dusuk OpHer Pesepdopn co cBoumu
yyeHukamu [eiirepom u1 MapcaeHOM ITPOBEIM SKCIIEPUMEHT, KOTOPbIi
JlaJl Topa3uTeSibHbIe pe3yJibTaThl, HEOObSICHUMBIE C TOUKM 3PEHUS
monenu TomcoHa. B To BpeMs yxKe Obljla OTKphITa pagoaKTUBHOCTD,
0 KOTOPOI1 B Hallle BpeMs 3HAIOT JaXe IKOJbHUKU HayaJlbHbIX KJIac-
coB. PanmoakTrBHbBIE BellleCTBa CITOCOOHBI UCITYCKaTh He TOJBKO JIyIr
BBICOKOI DHEPruU, HO U YACTUIIbl BEICOKOI DHEPrUU, KOTOPhIE CIO-
COOHBI TPOHUKATh CKBO3b MHOTHE TIpeIMeThl. Takue 4acTUIIbl Ha-
3bIBAIOTCS ajibda-yacTULIAMMU.

B onbiTe Pesepdopna norok anbga-yacTuil HarpapJsICs Ha TOH-
KYIO 30JI0TYIO (DOJIBbTY, a 3aTeM CTAaHOBWJICSI BUIUMBIM Ha CIIeIIMAIbHOM
BKpaHe CO CBETSAIIMMCS MOKpHITHEM (puc. 2.4).

OOHapyXWIOCh, YTO HE BCE ajb(a-9aCTULLI IIPOXOISIT (POJIBIY
HacKBO3b M0 NMpPsIMOii TpaekTopuu. HekoTopast ux 4acTb 3aMEeTHO OT-
KJIOHSJTach B CTOPOHY M JaXke OTpaXkajaach OT TOHKOTO JIMCTA 30JI0TOM
donbru, kak cHapsia oT 6poHu! DTO MOIIO 03HAYATh TOJIBKO OIHO:
aTOMBI 30J10Ta HE CIUIOLIHBIE, @ COCTOSIT U3 «Pa3pPeKEHHBIX» MYCTOT
(CKBO3b KOTOpBIE alb(a-4acTULIbI IIPOXOAIT OECIPEeNsITCTBEHHO) U
OYEHb IUIOTHBIX 00JIaCTEl, OT KOTOPBIX alb(a-4acTUIIbl OTCKAKUBAIOT,
KaK MSTIUK.

Pesepdopn npeanonoxui, 4To aToM 30J10Ta COCTOUT U3 IJIOTHOTO,
TTOJIOXKUTELHO 3apsKEHHOTO sIipa, B KOTOPOM COCPeA0TOoYeHa TTpaK-
TUYECKM BCS Macca aToMa, M OKPYXalolUX 3TO SIAPO DJEKTPOHOB
(puc. 2.3, 6). DieKTPOHBI BpallAlOTCSI BOKPYT siipa, 00pa3ysl paspe-
JKEHHBIM «3JIeKTPOHHBIN poii». Alb(ha-4yacTUIIBI OTHOCUTEIBHO JIETKO
MPOXOJST CKBO3b Pa3peXKeHHYI0 00J1aCTh, 3aHUMAEMYIO BJIEKTPOHAMMU,
1 OTpaxaroTcsl (WJIM OTKJIOHSIIOTCSI B CTOPOHY) TIPY CTOJKHOBEHUHU C
IUIOTHBIM SIIpoM atoMa. 1o COOTHOIIIEHUIO OTKJIOHEHHBIX U HEOT-

9JIEKTPOHBI

TIOJIOXXUTETTBHO
3apspkeHHast cdepa

a o 8

Puc. 2.3. Mopnenu aroma:

a — ToMcoHa («CIMBOBBIN TYIUHT»); 6 — Pe3sepdopna;
6 — TUIaHeTapHas Mozesib bopa
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30J10Tast OTKJIOHEHHas HE pacCEAHHBIC

dobra OL-4acTHUIA 0/-4aCTULIBI
R / (6OIBIIMHCTBO)
- /
g

GbIyopecleHTHBIM
3KpaH

OTpakK€HHast
o-gyactuua

PanvuoaKTUBHBINA
MCTOYHMK OL-4aCTUILL

aTOMBI 30J10Ta

Ol-49aCTULIbI

O-4aCTHLIbI

Puc. 2.4. OnbiT D. Pesepdopna. ITorok anbda-yacTul TpoHU-
KaeT CKBO3b TOHKYIO 30JI0TYIO (DOJIBTY TOJIIUHON MPUOIU3H-
teabHo 10 000 aromoB. Ipoiiast cKBO3b 30J10TO, ajib(ha-4aCTULIBI
BBI3BIBAIOT BCIBIIIKY IpU yaape o6 3kpaH. [lo BcrmbllikaM Ha
9KpaHe MOXHO BUAETh OTKJIOHEHUS YacTU ajibda-4yacTUll OT
NPSIMOJIMHEMHOU TPaeKTOPUU

KJIOHEHHBIX alib(ha-yacTUll yAaJ0oCh pacCUUTaTh, YTO pa3Mephl sapa
aroMa 3oj0ta ripumMepHo B 100 000 pa3 MeHbIlIe BHEIITHUX T'PaHUIL
aToMa, KOTOPBIMU OH COIIpUKacaeTcs C IPYTMMU aTOMaMMu!

Mopnenb Pesepdopna oObsicHsIIa pe3yabTaThl SKCIIEpUMEHTA C
anb(a-JyacTUIIaMU, HO 3afaBajia pu3MKaM U XMMUKaM elle 6oJIble
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BOITPOCOB, YeM OBUTO paHbIle. [ToueMy Mpu IBVKEHUH 3apsSKEHHOTO
9JIEKTPOHA OKOJIO 3apsKEHHOTO siapa He BblaessieTcst aHeprusi? Kak
aATOMBI «IIPUKPETUISIOTCS» ApYT K npyry? [loyemy aneKTpoHBI He Ia-
naT Ha aapo? Kakum obGpa3om (pusuueckue Tejia, COCTOSIIME U3
aTOMOB, TIpY HarpeBaHWM MCIYCKalOT CBET?

DTH BOMPOCH YaCTMYHO MPOSICHUINCH TOJBKO TOCJE TOTO, Kak
narckuii puszuk H. bop nmpenioxun Moaenbs aToMa, MOX0XYy Ha MO-
nenb Pesepdopaa, HO ¢ TeM OTJIMYMEM, YTO JIEKTPOHBI PACcIIoNarainuch
BOKPYT s1ipa Ha CTPOro OMNpeneseHHbIX, MOCTOSIHHBIX OpOUTax
(puc. 2.3, ). 9Ta Moaeab HarToMUHaeT yCcTpoiicTBO COJIHEYHOM CU-
CTEMBI, T/ 2JIEKTPOHBI BPAILIAIOTCSI BOKPYT sapa Tak Xe, KaK TlaHe-
Tbl Bokpyr CoJHiia.

Korma BelniecTBo HarpeBaroT, 3JIEKTPOHBI MOTJIONIAIOT SHEPTUIO U
MepexosAT Ha OoJiee yaalleHHBIE OT Siipa MOCTOSIHHBIE OPOWTHI, a 3aTeM
BO3BpAIAIOTCS Ha MPEXHEe MECTO, BBIIESIST SHEPTHUIO CTPOTO OTMe-
DPEHHBIMU «ITOPIUSMU» (B BUIE cBeTa). Takasi «[OpLUs» SHEPTUu (ee
Ha3bIBAIOT KBAHTOM CBETa) B TOUHOCTHM paBHA pa3HUIlE MEXIy dHep-
TUsSIMM 2JIEKTpOHA Ha 00Jiee BHICOKOI M MEHee BhICOKOI opOuTax.

M3yuas ucryckaemblit HarpeTbIMU TeJIAMU CBET, MOXXHO BBISICHUTb,
CKOJIBKO TIOCTOSIHHBIX 2JIEKTPOHHBIX OPOUT CYIIIECTBYET B aTOMe, U
Jlaxke YCTAaHOBUTb IOBOJIBHO CJIOXKHOE BHYTPEHHEE YCTPOMCTBO 3THUX
opouT (0 TOM, KaK 3TO ObLIO cAeaaHo, 6oyiee TOAPOOHO paccKa3bIiBa-
etTcs B nmaparpade 2.7).

PesynbraThl OrpOMHOTO YHMCITa 9KCITEPUMEHTOB 1 YCHITHAS (PU3NKOB-
TEOPETUKOB MO3BOJUIN MOJYYUTh TOBOJBHO MOAPOOHYI0 MH(bOPMa-
uuo 06 atomax. O ToM, Kakasi KapTMHa BHYTPEHHETO YCTPOiCTBa
aToMa OTKPBLJIACh MCCAEN0BATENsIM, PACCKA3bIBAETCS B CAEAYIOIINX
naparpacdax 3TOi IJIaBHI.

§2.3. Crpoenne atomHoro siipa. Cy0aToMHble YaCTHIIbI.
Dnementbl. M30T0MbI

ATOM COCTOUT U3 S1Apa U OKPYKAIOILETO €ro 3JIeKTPOHHOTO
«obnaka». Haxonsimuecs: B 2JIEKTPOHHOM OOJIaKe 21eKmpPOHbL
HECYT ompuyamenvblii SIEKTPUIECKUN 3apsia. [Ipomorst, BXO-
JSIIME B COCTAB SIAPA, HECYT HOA0NCUMENbHbLI 3aPSII.

B 11060M aToMe 4KCiI0 MPOTOHOB B /Ip€ B TOYHOCTU PaBHO
YHUCJy 3JEKTPOHOB B JIEKTPOHHOM O0JIaKe, MTO3TOMY aTOM B
LIeJIOM — HeWTpasibHas YacTUlla, HEe Hecyllas 3apsia.

ATOM MOXET MOTepsATh OJUH WIM HECKOJbKO 3JEKTPOHOB
WM Ha00OpOT — 3aXBaTUTh UyxKKre 3JeKTPOHbI. B 3TOM ciyyae
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aTOM IPUOOPETAET ITOJIOKUTEIbHBIN VI OTPULIATEIbHBIN 3apsiT
Y HA3BIBACTCS UOHOM.
[IpakTr4ecky Bcsg Macca aToMa COCPEAOTOUYEHA B €To siIpe,

TaK KaK Macca 3JICKTpOHa COCTaBJISACT BCETO JIMIIb 4acTb

Macchl TpoToHa. [Tn1oTHOCTH BelecTBa B siape (haHTaCTUYEeCKU
penmka — nopaaka 10'3—10' r/cm?. Cnimyeunslii KOpo6oOK,
HaNoOJHEHHBIH BEIECTBOM TaKOW MIOTHOCTU, BECUJI ObI
2,5 MuIMapaa ToOHH!

BHenrHue pa3Mmepsl aToMa — 3TO pa3Mephbl ropas3io MeHee
IUIOTHOTO 3JIEKTPOHHOTO obJjlaka, KOTOPOe MPUMEPHO B
100 000 pa3 Gombile guaMeTpa siapa.

Kpome npoToHOB, B cocTaB siipa OOJbIIMHCTBA aTOMOB
BXOJISIT HelimpoHbl, HE HECYIlIMe HUKAKOoro 3apsiaa. Macca Hell-
TpOHA MPaKTUYECKU HE OTIMYAeTCsl OT MacChl poToHa. Bmecte
MPOTOHBI M HEUTPOHBI HA3BIBAIOTCS HYKAOHAMU (OT JTAaTMHCKO-
ro nucleus — s1apo).

DIIeKTPOHBI, TPOTOHBI M HEUTPOHBI SBIISIIOTCS TJIABHBIMM
«CTPOUTEITLHBIMY JCTAISIMIA» aTOMOB M Ha3BIBAIOTCS CyOamom-
Hbmu yacmuyamu. VIX 3apsiibl 1 Macchl B KT U B CIELIMATIbHBIX
«aTOMHBIX» €IMHUIIAX Macchl (a.e.M.) NMOKa3aHbl B TaOIU-
e 2.1.

M3 Tabauupl 2.1 BUAHO, YTO MACChl Cy0OATOMHBIX YaCTHII
ype3BbluaitHo Maibl. [lokasarenb creneHu (Hanpumep, 10727)
MOKAa3bIBAET, CKOJbKO HyJIEeH Mociie 3aMsiTOi HYy>KHO 3alucaTh,
YTOOBI MOJyuYUaach AeCATUYHASL ApOOb, BbIpaxarollasi Maccy
cy0aTOMHOI YacTUIIbI B KMJIOIpaMMax. DTO HUYTOXHeEMIIas
YacTh KMJIOTpamMMa, II03TOMY Maccy cy0aTOMHBIX YaCTHIL yI00-

Tadbnuuma 2.1
Cy06aToMHbIe YACTHIIBI
Macca
Yacruna 3apsin
Kr a.c. M.
ITporon +1 1,67 -107% 1,007 28
Heiitpon 0 1,67 107 1,008 67
DNeKTpPOH —1 9,11 - 1073 0,000 549
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Bonopon Yraepoxa

T ———y
6 3JIEKTPOHOB 6 3JIEKTPOHOB
1 a7eKTpOH - e
1 nmpoToH
6 IPOTOHOB 6 IPOTOHOB
+ 6 HEUTPOHOB + 7 HEUTPOHOB
1 12 13
H C C
a 0 8

Puc. 2.5. Cxemaruueckoe n300paxkeHUe CTPOCHUS
HEKOTOPHBIX aTOMOB:

a — CTpPOeHHE aToMa BOIOPO/a; 6 — CTPOEHKE aToMa yrie-
pola; ¢ — CTpOeHKe aTOMa U30TOITHOTO YIJIepoia

Hee BBIPaXaTb B amMOMHbIX edunuyax maccol (COKpalieHHO —
a.e.M.). 32 aTOMHYIO eMHUILLY MACChI IIPUHSATA POBHO /|, 4acThb
MAacChl aTOMa YIJIepoaa, B siipe KOTOPOIro COAEPKUTCI 6 Ipo-
TOHOB M 6 HeHTpoHOB. CXeMaTHYeCKOe N300pakeHNe TaKOTo
«3TaJJOHHOI'O» aToMa yrIjiepoaa IpMBEIeHO Ha puc. 2.5, 6.
ATOMHYIO €IMHUIY MacChl MOXXHO BHIPa3uTh U B TpaMMax:
la.em =1,660540-102%r.

Macca aToma, BeIpaxkeHHasl B KWJIOrpaMMax WIX rpaMMax,
Ha3bIBAETCS a0COAOMHOU amoMHoi maccoil. Yallle oab3yITCs
OMHOCUMEAbHOU AMOMHOL Maccoll, KOTopasl BbIpaxaeTcs B
aTOMHBIX eAMHUIIAX MacChI (a.e.M.). OTHOCUTEeIbHAsI aTOMHas
Macca npeacTaBisieT co00l OTHOLIEHUE MacChl KAKOTO-HUOYIb
aroMa K macce Y, yactu aroma yriaepoga. MiHorma roBopst
0osiee KOPOTKO: amomublil gec. TlocneqHuii TEpMUH BOBCE HE
ycTapeBIlIMi, KaK WHOTAa MUIIYT B yueOHUKax. OH IUPOKO
UCMOJIb3YETCS B COBPEMEHHOUN HAy4YHOU JIMTEpaType, MO3TOMY
MBI TOXE OyaeM ero mpumMeHsTb. OTHOCUTEbHAs aTOMHAas
Macca ¥ aTOMHBII Bec (pakTUuecKu Oe3pa3sMepHbIe BETUUMHbI
(Macca Kakoro-aubo aToMa AEIUTCS Ha Maccy 4acTH aroma
yIjepoja), Io3TOMYy 0003HAUYEHME «a. €. M.» II0CJI€ YUCIEHHOTO
3HauYe€HUS OOBIYHO OMYCKaT (HO MOXHO U HAIlMCaTb, B 3TOM
He OyaeT ommoKM). TepMUHBI «OmMHOCUMENbHAS AMOMHAS MAC-
Ca», «AMOMHASL MACCA», «AMOMHbLI 6ec» B HAYYHOM XUMUUYECKOM
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sI3bIKE OOBIYHO MCIOJB3YIOTCS PABHOIPABHO, U MEXIYy HUMM
MPOCTO He AeNIaloT pazanuuii. B MexnyHapomHOM colo3e Xu-
MukoB (IUPAC) cymectByeT KoMuccust mo oTHOCUTEIbHOM
pacIpOCTPaHEHHOCTH M30TOIIOB U aTOMHBIM BecaMm (Commi-
ssion on Isotopic Abundances and Atomic Weights nim coxpa-
meHHo — CIAAW), Ho He KoMuccust MO OTHOCUTEIbHBIM
aTOMHbIM MaccaM. OHaKO BCce XMMUKHY MTPEKPaCHO MOHUMAIOT,
YTO peyb UAET 00 OJHOM U TOM Ke€.

B poccuiickux yuyeObHMKax u 3agaHusx EI'D moab3ylorcs
TEPMUHOM OMHOCUMEAbHAS AMOMHAA MaAcca, KOTOPYIO 000-
3HAYAIOT CUMBOJIOM A,. 3IeCh «#» — OT aHTJIMICKOTO relative —
oTHocuTebHbI. Hanpumep, BoipaxkeHue A, = 12,0000 o3Ha-
YaeT, YTO OTHOCUTE/IbHAA aTOMHas Macca yriaepona '2C pasHa
12,0000. B coBpeMeHHOI1 HAay4HOI INTEPATypEe OMHOCUMEAbHASA
AmMoMHAA macca N amomHbLil 6ec — CUHOHVMBI.

W3 xypca ¢pu3uKu Bl IOMHUTE, YTO BeC (PM3UUECKOro Teaa SIBJIs-
eTcd IepeMeHHoI BesmmunHoi. Hanmpumep, Ha 3emie u Ha JIyHe ogHO
U TO Xe (prU3nIecKoe Tejao uMeeT pa3Hbiii Bec. Ho Macca tema — Be-
JIMYMHA TTOCTOSTHHAs. [103TOMY TEpMUH «OMHOCUMENbHAS AMOMHAS
Mmacca» cauTaetcs 6osee cTporuM. Ijist MHOTUX BBIYUCIICHUHN yIOOHO
Macchbl MPOTOHA U HEUTpPOHA B IIKaJE a.€.M. CUYUTaTh OKPYIJIEHHO
DPaBHBIMU eduHuye.

Ha pucynke 2.5 moka3aHbl aTOMbI ABYX Pa3HBIX BUIOB.
MokeT BOBHMKHYTH BOIIPOC: TTIOYEMY JIBYX, a HE TPEX BUIIOB —
Bellb Ha pUCYHKe u300paxeHbl Tpu aToMa? Jlejo B TOM, 4TO
aToMbl (0) U (8) OTHOCSITCSA K OMHOMY U TOMY K€ XUMUYECKOMY
2nemenmy Yraepoy, B TO BpeMsl Kak aToM (a) — COBCeM Apyroi
aJIeMeHT (Bomopona). UTo ke Takoe XMMUYECKUE 3JIEMEHTHI U
YyeM OHM OTJIMYAIOTCS Ipyr OT apyra?

Bonopon 1 yriiepon OTIIMYAIOTCS YUCAOM HPOMOHOE8 B SIIpE
1, CJIEIOBATEbHO, YHCIOM 3JeKTPOHOB B 3JICKTPOHHOI 000-
Jiouke. YUCI0 MPOTOHOB B SIAPE aTOMAa HA3bIBAIOT 3apsdom Adpa
aroMa 1 0003HavarT OyKBO#l Z. DTO O4eHb BaKHasl BEJIMYMHA.
Korna Mbl nepeiineM K nsydyeHuto [leproanyeckoro 3akoHa, To
YBUAUM, YTO YUCJIO MMPOTOHOB B SIAPE COBMAIAET C HOPAOKOBbIM
Homepom aToMa B nepuonudeckoil Tadnuue .M. MeHnesneena.

Kaxk MbI yxke roBopuin, 3apsi sapa (4UCiIo IIPOTOHOB) CO-
BINAJAeT C YMCIOM BJIEKTpOHOB B aToMe. Korma aTombl cOyim-
>KalTCs, TO B TIEPBYI0 0UYepelb OHU B3aMOECTBYIOT IPYT C
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JIpYroM He sapaMH, a dJIeKTpoHaMUu. YUKCIIO 3IeKTPOHOB
oIpefielisieT CIIOCOOHOCTh aTOMa 0GPa30BBLIBATL CBSI3M C JIPY-
TMMHA aTOMaMHM, TO €CTh €r0 XMMHUYECKHe CBoMcTBa. IloaToMy
aTOMBI C OAMHAKOBBIM 3apsIIoM sapa (1 OZMHAKOBBIM YKMCIIOM
SJIEKTPOHOB) BEAYT ceOsl B XMMUUECKOM OTHOIIECHUU TPAKTH-
YeCKM OJMHAKOBO M paccMaTpUBAIOTCI KaK aTOMBI OJHOTO
XUMUYECK020 dNeMEeHmA.

DaemeHmom Ha3bI8aemMC 8ewecneo, cocmosuiee U3 amomos
¢ 00uHako6vIM 3apsadom aopa.

Ha pucynke 2.5 Bogopos (oauH IPOTOH B SIAPE) M YIIAEPOI
(1IecTh TIPOTOHOB B SIAPE) — ITO pa3Hbie XUMHUICCKHE DIIe-
MEHTBI. A BOT aTOMBI (6) U (8), Y KOTOPBIX MO LIECTh MPO-
TOHOB B sApe (XOTS U pa3HOE KOJMYECTBO HEMTPOHOB!),
MpUHAIEXaT OMHOMY U TOMY X€& XMMUUYECKOMY BJIEMEHTY

(yrsepony).

CIIOBO «3JIEMEHT» CYIIIECTBOBAJIO B OOMX0Je XUMUKOB 3aJ0JITO 10
TOTO, KaK CTaJlo YTO-HUOYIb U3BECTHO O CTpoeHUU aToMa. CpemHe-
BEKOBbIE AIXUMUKHU U ydeHbIe-XUMUKHU 10 Havajga XIX Beka HUUYETO
He 3HaJi 00 aTOMHOM sIIpe U TeM OoJiee O MPOTOHAX U 3JIEKTPOHAX.
Ho o cyiiecTBoBaHUM 371€MEHTOB €CTECTBOMCIIBITATEN AOTabIBATUCH
JMABHO ¥ 3aTPaTWJIA HEMAJO CHJI ISl TOTO, YTOOBI BBISICHUTD, YTO Ke
CUUTATh dJIEMEHTOM?

OueHb xopoliiee (M BIOJHE COBpeMeHHOe!) orpeiesieHue 3JIeMeH-
Ta Jaj ele npeBHerpedeckuii puiocod Apucrorenb (384—322 I no
H.3.):

Bce oxpyacarowee npeocmaeasem coboii 31emenmot Aub60 cocmoum
U3 34eMeHMO6... Daemenm npeocmae.asem co6oli Mo, Ha UMO MOICHO
pazioxcumov opyaue meaa, HO He Modcem Obimb PA3A0NCEHO CAMO HU HA
umo Ooaee npocmoe uUAU OMAUMHOE OM CAMO20 CeOsl.

OTa noraaka onupajiach Ha 30paBblii CMBICA U Y OOJbIIMHCTBA
XUMUKOB He BbI3bIBajla COMHEHUI, HO TIPU OTBETE Ha BOIIPOC, UTO Xe
CUMTATh IJIEMEHTOM, BO3HMKAJIO YMCTO MPAKTUUYECKOe 3aTpyAHEHUE.
Ecnu kakoe-11b0 BelIeCTBO HE pasjiaraercsli Ha 0oJiee MpoOCThie Be-
IIECTBA, TO HE SICHO, SIBJISIETCSI JIM OHO 3JIEMEHTOM, MJIU MBI ITPOCTO
He ymMeeM ero pasnoxutb? B 1857 romy Hemeukuit xumuk FOctyc
JInbux Hammca: «DJIeMeHTHl paccMaTpUBaIOTCS KaK MPOCThIE Bellle-
CTBa HE MOTOMY, YTO Mbl 3HAaeM 3TO, a JIMIIL TOTOMY, UYTO HE 3HAEM O
HUX MPOTHUBOTIOIOXHOTOY.

Hanpumep, nosiroe BpeMs BOLy CUMTAIN 3JIEMEHTOM, U TOJbKO B
1784 rony anrnmuuyanuH [enpu KaBenauin mokasai, 4To Boja COCTOUT
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n3 OoJyiee TIPOCTBIX BEIIECTB — BOAOpOAA M KHciopona. Bomopon,
KcTaT, ObuT OTKPHIT [, KaBeHauilieM, HO BMECTO CBOETO HBIHEIIHETO
Ha3BaHUS UMeJ Topasno 6ojiee IIMHHOE: «BOCTUIAMEHSIEMBIi1, TOpIoYnit
BO3JyX U3 METAIOB» (JIeJI0 B TOM, YTO BOAOPOJ MOJyJaiv, IeHCTBYS
KHUCJIOTaMU Ha LIMHK, XeJie30 U HEKOTOophble JApyrue mertasuibl). Ha-
3BaHue BOJO-PO/ (To ecTh — poXAaloOLINii BOLy) MPOCTO elle He
MOTJIO CYILIECTBOBATh, IMOCKOJbKY HUKTO HE IOraabIBajiCs, YTO 3TOT
JIETKWIA Ta3 ¥ BOIa MMEIOT IPYT K APYTy OJIM3K0e OTHOIICHUE.

OnHax bl APYroi aHmIuiicKuii uccneaosateab — JIxozed IMpuct-
JI1 — B IpucyTcTBUY KaBeHauIIIa IpoBelT MPOCTOM, XOTS M Hebe3oImac-
HBII ONBIT — B30pBaJl CMeCh Bogopoaa ¢ kuciaopoaoM. Ilpuctiu (oH
SIBJISIETCSI TIEPBOOTKPBIBATEIEM KMCI0PO/1a) BITOCJIEACTBUY BCITOMUHAI
00 3TOM KakK O «CIy4aiHOM 3KCIEpPUMEHTE ISl pa3BieyeHUs He-
CKOJIbKUX (hutocodCTBYIOIINX npy3eii». HabmonatenbHblii KaBeHauin
TTOBTOPMJI 3TOT OITBIT, HO YK€ He B3phIBas, a cocueas BOJOPO B KHC-
Jopoze. EMy yaanock 10BOJIbHO TOUHO U3MEPUTh 00BEM B3aUMOIeT -
CTBYIOIIMX Ta3oB (06beM BOAOPOIA B 3TOM OITBITE OTHOCHJICS K
00beMy Kucjaopoaa Kak 2 : 1) 1 MmokaszaTh, YTO BOJA SIBJISIETCS IIPO-
IIYKTOM peakliuy MeXIy 3TUMU ABYyMs razamu. OTcioja cjenoBaio,
YTO BOJA — HE IJEMEHT, a XUMUYECKOe COeJMHEHUEe BoIopoaa u
KHCJIOpOJa.

Bonee mpaktnueckoe omnpeaesieHUe 3JeMEHTY Iajl aHTIMHCKUI
¢u3uK 1 xuMuK Pobept boiib:

HDaemenm — 3mo eeuwjecmeo, KOMopoe NPuU XUMUHECKOM npeepaujenuu
6cez0a yeeauvueaem ceoil eec.

Hanpumep, ripu pXkaBJIeHUM KycKa XKeJie3a ero Bec Bcerna yBeIu-
yuBaercd. PxaBiieHue — 3TO XMMMUYECKas peakiius Xeje3a ¢ BOHoit
U KUCJIOPOAOM BO3/IyXa, MO3TOMY B MacCy pKaBOTO Kejie3a BKIova-
eTcs U Macca IpopearupoBaBIIMX C HUM BEIIECTB. XUMMUKAM ObUIH
MU3BECTHBI U JIPYIUe peakilii, B KOTOPHIX XKeJe30 YBeJIMUMBAJIO BEC,
HO He CYIIEeCTBOBAJIO HU OJHOI peaKlMi, B KOTOPOU KeJIe30 pasjia-
rajioch Obl Ha OoJiee Jerkue npoaykTel. M3 aTOoro 3akirovanoch, 4To
KeJIe30, BEPOSITHO, SIBJISIETCS 3JIEMEHTOM.

MoOXHO NpeacTaBUTh cede Te TPYAHOCTH, C KOTOPbIMU CTaJIKUBa-
JINCh €CTECTBOMCIIBITATENIN IO MOSIBJIEHUS TEOPUM CTPOSHUS aToMa.
Tem He meHee emte mo XIX Beka OBLIM IIPABIJIBHO YCTAHOBJICHBI MHO-
rMe 3JIEMEHTBI: YIJIepO, Cepa, Mellb, 30JI0TO, cepedpo, XKeJle30, CBUHEII,
0JIOBO, PTYTh, IUHK, MEIIIBSIK, CypbMa, BUCMYT, IJIaTUHA, Gocdop,
KOOaJIBT, HUKEb, BOIOPO/, KUCIOPOI, a30T, MapraHell.

CyMMa TSDKENbIX YacTUll (HEMTPOHOB U MPOTOHOB) B SIApe
aToMa KaKoro-JIM0O 3JIeMeHTa Ha3bIBACTCS MACCOBbIM HUCAOM
n obo3Havyaercst OykBoii A. VI3 HazBaHMsI 3TOM BEJIMIMHEI BU/I -
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HO, 4TO OHa TECHO CBsI3aHa C OKPYIVIEHHOM IO LIeJIOrO Yuciaa
aTOMHOI Maccoli 3jIeMeHTa.

A=Z+ N

3necb A — MaccoBoe 4YMCI0 aToMa (CymMMma MPOTOHOB U
HEHUTPOHOB), Z — 3apsi sapa (Yucao MpOTOHOB B sape), N —
YHCJI0 HEUTPOHOB B sIApeE.

IIpupona yctpoeHa Tak, YTO OAUH U TOT Ke DJIEMEHT MOXKET
CYILIECTBOBATh B BUIE ABYX MM HECKOJIBKUX U30monos. 1301o-
Bl OTJIMYAIOTCST APYT OT Apyra TOJBKO YMCJIOM HEHTPOHOB B
spe (auciaoM N). [TocKombKy HEUTPOHBI TIPAKTHIECKT He BITH-
SIOT Ha XMMWYECKIE CBOMCTBA 3JIEMEHTOB, BCE M30TOITHI OTHO-
IO 1 TOTO K€ 3JIeMEHTa XMMUYECKU HeOTIMYMMbl. Ha pucyHke
2.5, 6 ToKa3aH M30TOMN Yrjiepoia ¢ MacCOBbIM 4ucjoM 12
(6 TPOTOHOB + 6 HEUTPOHOB = 12), a Ha pUCYHKE 2.5, 6 — U30-
TOIT yIJIEPOJa C MacCOBBIM unciioM 13 (6 mpoTOHOB + 7 Hell-
TpoHOB = 13).

H3omonamu naszviearomcs eeuiecmea, cOCMosue U3 amomoe
¢ 00UHAK0BbIM 3apsadom adpa (Mo ecmv ¢ 0OUHAKOBLIM YUCAOM
HPOMOHOE), HO C PA3HBIM HUCAOM HelimpoHoe & adpe. Hzomonot
omauuaromcsi opye om 0pyza moavko mMaccoesvim 4uciom. Bce
34eMEeHNbL COCMOSIM U3 00H020 UAU HECKOAbKUX U30MON08.

Hanpumep, aima3 cocTouT u3 ajaeMeHTa yriepona. Eciu
OBl YIaJI0Ch M3TOTOBUTD J1Ba OpUJIbSHTA ONMHAKOBBIX pa3MepOB
M3 yIiaepoaa ¢ MacCOBBIM YMCJIOM 12 U yriiepoga ¢ MaCCOBBIM
yucioM 13, To 06a KpucTaiia B XMMUYECKOM OTHOILIEHUU ObLTU
Obl OHUM M TEM K€ 3JIEMEHTOM YIJIEpOIOM (3apsid siapa + 6),
HO uX Macca Obula Obl HeMHOro pasHoii. [IpaBaa, cTouMoCTb
OPWIBSIHTOB U3 YMCTOro yriepoaa-12 u yucroro yriaepona-13
ObL1a OBl BO MHOIO pa3 BHIIIE, YeM Y OOBIYHEBIX. JleJlo B TOM,
YTO pasfeisiTh U30TOIBI YPEe3BBIYAiHO TPYIHO M3-3a TOTO, YTO
UX XMMMYECKHEe U (PU3nyecKre CBOMCTBA OUEHDb OJIM3KU.

JIuie HeMHOTMe M30TOIBl B MPUPONIe HEYCTONYMBBEI U TTO3TOMY
MOCTENEeHHO pacnafgaloTcs C U3JydeHueM cyOaTOMHBIX YacTHIl U
3JIEKTPOMATHUTHBIX BOJH. DTO SBJIEHUE HA3bIBACTCSl paauOaKTUBHO-
CTBIO, O KOTOPOI MBI yXK¢ YIIOMUHAIU B 3TOM TIaBe. Borpeku pac-
MPOCTPAaHEHHOMY MHEHMIO, TEPMUH U30/MON COBCEM He 00s3aTeIbHO
CBSI3aH C PaIMOAKTUBHOCTBIO. BOJNBIIMHCTBO MPUPOIHBIX (HO HE HC-
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KYCCTBCHHI:IX!) MN30TOIIOB YCTOfIqHBO, 1 MBI IIPOCTO HE 3aMC€YacM UX
NPpUCYTCTBUEC B TOM MJIM MHOM DJIECMEHTE, IMOCKOJbKY HE pas3jimyacM
X XUMNYECKUE U (I)I/ISI/I‘ICCKI/IG cBolicTBa. TaKOBBI M30TOIIBI K€EJIe3a,
ME€IoU, Xa0pa, KaJblMA 1 MHOTUX IPYTUX JIEMCHTOB, C KOTOPLIMU MbI
ITO3HAKOMUMCA HEMHOTIO ITO3XE.

§2.4. AromHas macca (aTOMHBIN BeC) IPHPOIAHOTO JJIEMEHTA.
M3otonmbiii cocTas nemenToB. [ledekt Macchl

B nipupone 31eMeHTHI, 32 peIKUM UCKITIOYEHUEM, CYIIIECTBY-
10T B BUJIE CMecell U3 HECKOJIbKUX N30TOMOB. DTO BEAET K TOMY,
YTO aTOMHBI BEC npupodHo20 37AeMEHTa HECKOJIbKO OTIMYAeT-
¢Sl OT aTOMHOTO Beca JII000ro M3 €ro YMCThIX U30TOIOoB. Jlerye
BCEro 3TO MOHSTh W3 TaOJMLBI 2.2, TAe MpUBeIeHb aTOMHBIE
Beca IIPUPOIHBIX 3JIEMEHTOB M MX M30TOITHBII COCTaB.

Ha3zBanus 31eMeHTOB Ha JaTMHCKOM U PYCCKOM SI3BIKE U
JIAaTUHCKNE CUMBOJIbI 3THX 3JEMEHTOB IPUBEACHEI IJIsI TOTO,
YTOOBI MBI OCTEIIEHHO HAaYMHAIM 3HAKOMUTHCS CO BCEMU
ajeMeHTamMu. M3 TaGauubl BUIHO, YTO CPEAHUN U3MEPEHHBIN
aTOMHBIN BeC HAWIEHHOrO B MPUPOAE 3JIE€MEHTA 3aBUCUT OT
TOr0, CKOJIbKO B HEM COJEPXKUTCS pa3HbIX U30TOIIOB.

Hrak, B mepBoii KOJIOHKE TAOJUIILI 2.2 IIPUBEIEHO PYCCKOE
Ha3BaHue 3yeMeHTa. Hike — JaTMHCKUI CMMBOJI 3JIEMEHTa,
CBSI3aHHBI OOBIYHO C €ro JaTUHCKUM Ha3BaHueM. ClieBa BBEp-
Xy OT CUMBOJIa 3JIEMEHTAa YKa3bIBAalOTCSI MACCOBOE YUCIIO (CyM-
Ma IIPOTOHOB M HEUTPOHOB B SIApe), a cjieBa BHU3Y — 3apsi
siapa aTtoMa (KOJIMYECTBO MpoTOHOB). Hampumep:

MacCCOBO€ 4YHCJIO

/N

1 12 13(¢ CUMBOJ
1< /"C/ 6 C 3JIEMEHTAa
3apsin siapa

Kaxk BuaHo u3 Tabauiibl 2.2, aTOMHbIE Beca DJEeMEHTOB,
HalICHHBIX B MIPUPOJEe B BUIE €AMHCTBEHHOIO M30TOMa (Ha-
MpuMep, HATPHUs), B TOYHOCTU PaBHBI aTOMHOMY BECY 3TOIO
u3ororna. MHaye oOCTOUT AeI0 ¢ 3JIeMeHTaMu, KOTOPbIE CyIlle-
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Taonuma 2.2

CuMBOJIbI, HA3BaHUSA, ATOMHbIE BeCa M MPUPO/IHbII M30TONHDIA COCTaB
HEKOTOPBIX XHMHYECKHX JJIEMEHTOB

= < a
22, -9 : :
g% 25 23 2. |g3®
eIz g3 = 0 =2 | Z5¢
s 25 N Z o 30 egx=
=23 ez £6 £5 =R
£39 & S M 5 E 52 S &5
598 IS & = g~ X E =
8g?2 s 8 <g < &= 5
23 5 = 5
s ° = 5 ®)

Bonopon Hydrogenium 1,0079

'H (TMApOTEHNYM) 1,0078 99,984

*H(D) 2,0140 0,0156

VYrnepon Carboneum 12,011

2C (KapOOHMYM) 12,00000 | 98,892

vC 13,00335 | 1,108

A3zor Nitrogenium 14,0067

¥N (HUTPOTEHUYM) 14,00307 | 99,635

PN 15,00011 | 0,365

Kucnopon Oxygenium 15,9994

}3"’ (0 (OKCUTeHUYM) 15,99491 | 99,759

vO 16,9991 0,037

0] 17,9992 0,204

Harpuit Natrium 22,9898

“Na (HaTpuym) 22,9898 100

Xnop Chlorum 35,453

Hel (x710pym) 34,96885 | 75,53

7 Cl 36,9658 | 24,47

CTBYIOT Ha 3emMJie B BUJI€ HECKOJBKUX M30TOIMOB (HampuMmep,
XJIOp, KACJIOPO[): UX aTOMHBIM BeC 3aBUCHUT OT TOTO, KaKoil
M30TOMN 3TOr0 JIEMEHTa HauboJIee PaCIPOCTPAHEH U CKOJIBKO
B HEM «IIPUMECE» NPYTUX U30TOMOB 3TOTO 3JIEMEHTA.
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AmomHuulii gec riemenma pagen cpeoHemy 3HAUEHUIO U3
AMOMHBIX 6€CO8 6CEX €20 NPUPOOHBIX U30OMIONOE C YPUEmOoM UX
pacnpocmpanennocmu.

Hanpumep, aieMeHT XJIOp B IpUPOJIe HAXOAUTCS B BUIE ABYX U30-
TOMOB: Xi0p-35 u xnop-37. Ux comepxkanue coctaBusieT 75,53 % u
24,47 % (cM. Tabx. 2.2). Ecnu obiee comepXaHue ABYX M30TOTIOB
XJIopa B CyMMe TIPUHSTD 32 €AMHUILY, TO OAHOTO U3 HUX — MPUMEPHO
0,75 u opyroro — nipumepno 0,25 (B monstx enyHUIIE ). Torma aTOMHBIN
BeC MPUPOTHON CMECH JIByX U30TOIIOB XJIOpa OKPYIJIEHHO PaBEeH:

34,97 - 0,75 + 36,96 - 0,25 = 35,5.

MOoXHO pelath U 06paTHyIO 3aaady. JIomycTM, TOYHO U3BECTHO,
4TO IPUPOAHBIIA XJIOp COCTOUT U3 ABYX u3otomnos 3Cl u ¥'Cl. Haitnen-
HBI B 9KCIIEpUMEHTE aTOMHBIN BeC MPUPOIHOTrO XJIopa cocTaBm 35,5.
CKOJIBKO KaXKIOTO M30TOIa CONEPXKUTCA B TIpupomaHoM xiope? Ecimm
IPUHATH CyMMY U30TOIIOB 3a EMHULLY, a coaepxaHue, Hanpumep, >Cl
3a x, To cofepxanue nzorona ’Cl cocrasut (1 — x). Torna:

35x + 37(1 — x) = 35,5.

PeiuB 2T0 TIpocToe ypaBHEHUE, MOJYYUM COIepKaHWe M30TOMa
3ClI pasubim 0,75, nu 75 %.

Ectb BaxxHbI (haKTOp, TOXE BIUSIONINI (XOTS M B MEHBIIEH cTe-
TEeHW) Ha aTOMHBbII BeC ajieMeHTa, — degexm maccol. BHUMaTEIbHBII
YUTaTeIb MOT 3aMETUTh HEKOTOpHBIE «CTpaHHOCTW» B Tabi. 2.2. Ha-
npyMep, aTOMHas Macca eIMHCTBEHHOro M30ToNa Hatpusa . Na He-
MHOTO MeHbllle, yeM 23 a.e.M. Ho HaM yXe M3BEeCTHO, YTO MacChl
MIPOTOHA 1 HeTpoHa yyTh OoJibiiie 1 a.e. M. [louemy Xe aToMm HaTpus,
conepxaiuii B cBoeM siape 11 mpoToHOB u 12 HEHTPOHOB, UMEET
Maccy MeHblie 23 (22,9898 a.e.M.)? To xe siBJeHrEe XOPOIIO 3aMETHO
IIJISI U30TOTIOB Kucjaopoaa u xjopa (cM. Tabj. 2.2). Ieao B TOM, 4YTO
CBSI3BIBAHUE MEXIY OO0 OMHOMMEHHO 3apsiKEHHBIX TTPOTOHOB B
siipax aTOMOB TpeOyeT OoJbIINX 3aTpaT SHepruu. HeldTpoHbl ToXe
VYaCTBYIOT B 3TOM CBSI3bIBAHWU, UTPasi POJIb CBOEOOPA3HOTO SIIEPHO-
ro «kJest». [Tpy 3TOM YyacTh Macchl IPOTOHOB M HEUTPOHOB MEPEXOAUT
B 9HEPTUIO CBA3bIBAHUSI HYKJIOHOB B siape. Takasi moTepsi MacChl Ipo-
TOHOB M HEWTPOHOB, BO3HUKAIOIIAsI B pe3yJbTaTe X CBA3BIBAHUS,
Ha3bIBaeTCs deexmom Maccel.

,ZZet]Jercm MACCbl — YMEHbUlEeHUe Maccol amoma no CpasHerur ¢
cymmapnoﬁ Maccoll écex 0moeabHO 83AMbIX CoOCMaeAsArouuUx €20 31emMen-
mapHslx Hacmuu, o6ym03/1eunoe 3uepeueti ux cesA3u 6 amome.

Ecnu «pa3obpatb» Aapo aToMa Ha OTAEIbHbIE ITPOTOHBI W HEl-
TPOHBI (HaIlpUMep, ¢ MTOMONIBIO SIAEPHON peakIuu), TO UX Macca
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BHOBb IIPUMET MUMEHHO T¢ 3HAYeHMS, KOTOPbIe HaM YK€ M3BECTHBI:
1,007 28 a.e. M. mist mpotoHa u 1,008 67 a.e. M. 1T HEUTPOHa.
HedeKT Macchl SIBISIETCS CSICTBUEM YHUBEPCAIBHOTO COOTHOIIIE-
Hus E = Mc?, BBITEKAIOLIET0 U3 TEOPUM OTHOCUTENBHOCTH A. DiiH-
wTeitHa, rae £ — moHas aHeprus cucteMsl, ¢ = 3 - 10'° cm/c — cko-
pocTh cBeTa B IIycToTe, M — Macca cucTeMbl (B HallleM cliydae —

Tabnuma 2.3
HasBaHus 4 CHMBOJIbI HEKOTOPBIX 3JIEMEHTOB
= =
Pycckoe JlatuHckoe é Pycckoe JlatuHCcKOE é
Ha3BaHUEC Ha3BaHUEC 5 Ha3BaHUC Ha3BaHUE 5
A3zor Nitrogenium N |[[Mbibgk | Arsenicum As
AmomuHuit | Aluminium Al ||HaTpuit Natrium Na
bapuit Barium Ba ||Huxkenn Niccolum Ni
bepmwumit | Beryllium Be ||OnoBo Stannum Sn
Bbop Borum B IMnaruna | Platinum Pt
bpom Bromum Br ||TTnyronuit | Plutonium Pu
Bonopon Hydrogenium |(H |[PryTh Hydrargyrum | Hg
Keneso Ferrum Fe ||CBunen Plumbum Pb
3onoto Aurum Au ||Cepa Sulfur S
Hon Todum I Cepebpo | Argentum Ag
Kanuit Kalium K ||Cypbpma Stibium Sb
Kanbuuit Calcium Ca ||Tutan Titanum Ti
Kucnopon | Oxygenium O ||¥Yromepon Carboneum |C
Kobanber Cobaltum Co ||¥Ypaun Uranum
Kpemuuit | Silicium Si  ||®ochop Phosphorus | P
Jutnit Lithium Li ||PTop Fluorum
Maruwui Magnesium Mg || Xnop Chlorum Cl
Mapranen | Marganum Mn || Xpom Chromium Cr
Menb Cuprum Cu ||Le3nit Caesium Cs
Monubaen | Molybdaenum | Mo ||LIuHk Zincum Zn




aroma). Torna AM = AE/c?, tne AM — nedekr Macchl, a AE — 3Hep-
I'Usl CBSI3U HYKJIOHOB B SIIpe, T.€. QHEPTUsl, KOTOPYIO HEOOXOAMMO
3aTPaTUTh [JIST pa3nefieHus sipa aToMa Ha OTHebHBIEe MTPOTOHBI U
HelTpoHbI. TakuM 00pa3oM, yeM 0osiblie 1e(eKT MacChl, TeM OOJIbIiIe
SHEPrusl CBA3BIBAHUS HYKJIOHOB B SIIPE U TEM YCTOWYMBEE SIIPO aToMa
sneMeHTa. C yBeJIMYeHWEM 4YMCJIa TPOTOHOB B siApe (M MacCOBOTO
upncia) nedekT Macchl CHayana Bospacraer ot HyJst (11s1 | H) mo max-
cumyMma (y uzorona g Ni), a 3aTeM HoCTeNeHHO yObIBaeT s 6oiee
TSIKEJBIX DJIEMEHTOB.

Her HUKaKoIf HEOOXOOMMOCTH 3alTOMWUHATH M30TOITHBIM
COCTaB, 3apsij s1pa, MAaCCOBbIE YMC/Ia U aTOMHBIC Beca pa3HbIX
BJIEMEHTOB. DTU 3HAUYEHMSI BCEIla MOXHO HAWTU B CIPaBOY-
HuKax. BaxxHo moHuMaTh PpU3MYECKUI CMBICI 3TUX Be-
JINYMH.

MHuaue oOCTOUT €10 C Ha3BaHUSIMU M CUMBOJIAMU 3JIEMEH-
TOB. DTO OAWH U3 HEMHOTUX Pa3lesioB XUMUU, KOTOPHII Tpe-
OyeT IpocToro 3anoMuHaHus. B Tadnuie 2.3 npuBeaeHbl Ha-
3BaHUSI U CUMBOJIbI HEKOTOPBIX HanboJjiee U3BECTHHIX U pac-
MMPOCTPaHEHHbBIX XUMUYECKUX dJIeMeHTOB. MHTepecHO, UYTO BO
MHOTHMX CITydasiX pyCCKHMe U JJAaTUHCKME Ha3BaHUsS 3JEMEHTOB
pacxomsaTcs JOBOJBHO CHJIBHO — M 3TO €CTECTBEHHO, ITOTOMY
yTo B Poccum xummdeckast Hayka (M CBSI3aHHOE C HE TIPOM3-
BOJCTBO) Pa3BUBAINCH CAMOCTOSITEILHO U HEOOXOIMMBIE Tep-
MUWHBI BBOJWUJINCH B SI3bIK 110 MEpe TOT0, KaK B HUX BO3HUKAJIa
MOTPEOHOCTb.

Ha mepBblii B3IJIsI KaXeTcs, YTO 3alIOMHUTL Ha3BaHUS U
CHMBOJIBI 3JIEMEHTOB Ype3BbIUaifHo TpynHO. K cuacTeio, He-
00X0aMMO 3HATh HE BCE, a TOJNBKO BaKHEHIIME 3JIEMEHTHI.
Hamnpumep, ToabK0 Te, KOTOpbIE MpeAcTaBIeHbl B Ta0auLe 2.3.
Kpome Toro, B KOHIIE 3TOI TJIaBbl Mbl PACCKaXXeM O TOM, KakK
MOXHO JOBOJIbHO JIETKO M BECEJI0 ITOMOYb ceOe B 3TOM HeJler-
KOM Jielie.

HUnTepHerT:

IMepuoanueckas Tadauua nzotonos [IUPAC — npekpacHoe
y4eOHOe ocobue, B KOTOPOM IMPHUPOTHAS paciipoCTPaHEHHOCTh
M30TOIOB Pa3INYHBIX DJIEMEHTOB MMOKa3aHa C MOMOILIBIO KPYy-
roBBIX nuarpamm. Pexxum mocryra: http://www.ciaaw.org/pubs/
Periodic_Table Isotopes.pdf.
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3amaun

2.1. CKOJIbKO MPOTOHOB U CKOJbKO HEMTPOHOB COAEPKUT-
csl B siipe aToMa Kuciopoza °0?

2.2. CKONBKO TIPOTOHOB, HEUTPOHOB U 3JEKTPOHOB COIEP-
JKUTCS B aTOMe diieMeHTa 6opa L' B?

2.3. CKOJBKO 3JEKTPOHOB COAEPKUTCS B DIEKTPOHHOM
0060J104Ke MoHa Hatpus j; Na*?

2.4. B atome anemenTa Kanpius 20 mpoToHoB 1 20 HENTpo-
HoB. Kakoii 3apsin HeceT MOH Kayiblus ¢ 18 ajeKTpoHaMu B
BJIEKTPOHHOM 00010uKe? HanuimTe TaTUHCKUI CUMBOJI 3TO-
ro MOHA.

2.5%. DiaeMeHT cypbMa (5;Sb) COCTOMT M3 IBYX M30TOMOB: 5 Sb
(57 %) n 2*Sb (43 %). KakoBa oTHOCHTE/IbHAsT aTOMHast Macca (aToM-
HbII BeC) PUPOHOI CypbMbI?

2.6* (HI'Y). B kakoM COOTHOLIEHWU HAXOASTCSI IPUPOAHBIE U30-
tomsl Menu: ©Cu u ©*Cu? OTHOCHUTeNIbHASI aTOMHASI Macca (ATOMHBIIL
Bec) MpupoxHoii Mean 63,5. KakoB cocTaB saapa aToMa Kaxaoro us3
9TUX MU30TOIIOB (CKOJ'[I)KO B dpaxX UX aTOMOB IIPOTOHOB N HeﬁTpO-
HOB)?

2.7. 3anoaHuTe NPOMYCKU B TaOJIMLIE:

CumBo 2C v O
Yuciio NpoTOHOB 6 12 8
Yucno HEHTPOHOB 6 13 12 10
Yucio 371eKTpOHOB 6 10 10 10
CyMMapHBIii 3apsin 0 ] 0 +1

§2.5. DeKTpoOHHOE CTPOEHHE aTOMA

B sToM 1 B cinenylomeM maparpadax paccKa3bIBaeTcs O
MOJESIX 3JEKTPOHHOI 000JIOUKM aToMa. BaxkHO mMOHMMATh,
YTO peyb UACT UMEHHO 0 Modeasx. PealbHbIE aTOMBbI, KOHEYHO,
0oJiee CJIOKHBI, M MbI IIOKA 3HaeM O HUX Jayieko He Bce. On-
HAKO COBPEMEHHAasl TeopeTHuYecKasi MOAeb 3JIEKTPOHHOTO
CTPOCHUSI aTOMa MO3BOJISIET YCIIEIIHO OOBSICHUTD U TaXe Mpe-
cKa3aTb MHOTHME CBOMCTBAa XMMWUYECKUX DJIEMEHTOB, ITIO3TOMY
IIMPOKO MCITOJIb3YeTCSI B €CTECTBEHHBIX HayKax.
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J11s Hayasta pacCMOTpUM 0oJiee MOJPOOHO «IJIaHETaApHYIO»
MoJiesib, KoTopylo npemioxus H. bop. MoxXHO BEpHYThCS K
pucyHKY 2.3, ¢ B maparpade 2.2, HO JIydlilie cpa3y 0OpaTUThCS
K 0OoJjiee IeTalbHOMY M300paXkKeHUIO 3TOM MOAECIN Ha PUCYH-
Ke 2.6.

Kak yxe pacckasbiBajioch B 9TOM TJaBe, HaTCKUN (DPUBUK
H.Bbop B 1913 rony npeanoxua Moaeab aToMa, B KOTOPOi
3JIEKTPOHBI-YaCTUILIbl BpalllaloTCsl BOKPYT sipa aToMa IpU-
MEpHO Tak ke, KakK IJIaHeThl obpaiiatorcs Bokpyr CojHa.
Bop npenronaoxuit, 4To 3JIEKTPOHBI B aTOME MOTYT YCTOMYMBO
CYIIeCTBOBATh TOJBKO Ha OpOUTAX, YIAJICHHBIX OT sIIpa Ha
CTPOTO OIIpeNcACHHBIE PACCTOSITHUS. DT OpPOUTHI OH Ha3Basl
CTallMOHAPHBIMK. BHe cTallMoOHAapHBIX OPOMT SJIEKTPOH CYIIe-
cTBoBaTh He MoxkeT. [Touemy aT0 Tak, bop B To Bpemsi 00b-
SICHUTh He MOT. Ho OH moka3zail, 4To Takasi MOJe/b IO3BOJISIET
OO0BSICHUTb MHOTHE 3KCIIepUMEHTaIbHbIe (haKThl (IMoapoOHee
00 9TOM paccka3sbiBaeTcs B Maparpacde 2.7).

DJeKTpoHHbIE OpOUTHI B Mojaenu bopa o6o3HauamTCA 11ie-
JIBIMU 4yKuciaMu 1, 2, 3,..., n, HaYWHas OT OJVKaMIIel K saapy.
B nanbHelilemM Mbl OyneM Ha3biBaTh TaKUE OPOUTHI YPOBSHAMU.
s onvcaHus 3JeKTPOHHOTO CTPOEHUST aToMa BOJOpoaa A0-
CTaTOYHO OJHMX TOJbKO YpoBHell. Ho B Oojiee ClIOXHBIX aTO-
Max, KaK BBISICHWJIOCH, YPOBHM COCTOSIT U3 OJIM3KUX ITO SHEpP-
ruu nodyposreii. Harpumep, BTOpoil ypoBeHb COCTOUT U3 ABYX
noaypoBHeu (2s u 2p). TpeTuii ypoBeHb COCTOUT U3 TpeX MO-
nypoBHeit (3s, 3p 1 3d), Kak moKa3aHO Ha pucyHKe 2.6. Yer-
BEpThIA ypOBEeHb (OH HE MOMECTHUJIICSI HA PUCYHKE) COCTOUT U3
noaypoBHeit 4s, 4p, 4d, 4f. B naparpade 2.7 MBI paccKaxem,
OTKyJa B3SUIMCh MMEHHO TaKue Ha3BaHUS MOAYPOBHEH M O
(pU3MIEeCKUX OIBITaX, KOTOPHIC IMMO3BOJIMIIN «YBUACTb» 3JICK-
TPOHHbBIE YDOBHHU U MOLYPOBHU B aTOMax.

B anexTpoHHOII 000J10YKe JI0O0r0 aTOMa POBHO CTOJIBKO
9JIEKTPOHOB, CKOJIbKO MPOTOHOB B €0 slpe, MTOSTOMY aTOM B
1IeJI0OM 3JIeKTpOHEeNTpasieH. DAEKTPOHBI B aTOME 3acesisioT
ompKaiiime K Sapy YpOBHU U TTOAYPOBHU, IIOTOMY YTO B 3TOM
cllyyae ux HEPTUsi MeHbllIe, YeM eciid Obl OHU 3acesisiiv 0oJiee
yaajeHHble ypoBHU. Ha KaxkmoM ypoBHE M TTOXYpPOBHE MOXKET
MOMEIIATHCS TOJIBKO OIpeAeeHHOEe KOJIUMYECTBO SJIEKTPOHOB.

[TonypoBHM, B CBOIO OY€peb, COCTOSAT U3 OAMHAKOBBIX MO
SHepTum opbumaneti (Ha puc. 2.6 oHU He TToKa3aHbl). O6pa3HO
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d-11o1ypoBeHb

P-TIONYPOBHU

S-TIONYPOBHU

... H-ypOBHU

SIIPO

Puc. 2.6. Monenp Bopa nnss atomoB Goiee

CJIOXHBIX, YeM aToM Bomoponaa. PrcyHok cie-

JIaH He B MacIiTabe — Ha caMOM JieJie IoJI-

YPOBHM OJTHOTO YPOBHSI HAaXOISATCSl ropasio
OJIVKe IPYT K IPYTY

TOBOPS1, €CJIU JIEKTPOHHOE 00J1aK0 aTOMa CPaBHUTh C TOPOIOM
WU YIULEH, TIe «<KUBYT» BCE 3JEKTPOHBI JaHHOIO aToMa, TO
YPOBEHb MOXKHO CPaBHUTD C TOMOM, MIOAYPOBEHb — C KBApTH-
poii, a opbuTaab — ¢ KOMHATOM IJIs 3JeKTpoHOB. Bce opbu-
TaJii KaKoro-HUOyIb MOAYPOBHS UMEIOT OIMHAKOBYIO SHEPTHUIO.
Ha s-mromypoBHe Bcero ogHa «KoOMHaTa»-opouTtanb. Ha p-tron-
YPOBHE TpY OpOUTaNIN, Ha d-TIOAYPOBHE IISATh, a HA f-ITOypPOB-
HE — LIeJIbIX CEMb OpOuTasieil. B Kax/10il «koMHaTe»-opOUTanu
MOTYT «KUTh» OAVH WJIU IBa 2JIEKTPOHA. 3arpelieHre 3J1eKTpo-
HaM HaxoIUTbhCs 0oJjiee YeM IO ABOe Ha OJHOI opOMTanIu Ha-
3bIBAIOT 3anpemom Ilayau — MO UMEHMU YYEHOIO, KOTOPBIN
BBISICHUJI 3TY BaXHY0 0OCOOEHHOCTh CTpoeHUs aroMa. Kaxabrii
3JIGKTPOH B aTOME MMEET CBOM «aapec», KOTOPbIi 3aluchliBa-
eTcs1 HabOPOM YeThIpeX YMCEeN, Ha3blBAEMbIX KGAHMOBLIMU.
O KBaHTOBBIX YMCJIax OyAeT MOAPOOHO paccKa3aHo B Mmaparpa-
de 2.7. 3aech Mbl YIOMSIHEM JIMIIIb O TJIABHOM KBaHTOBOM
yucie n (CM. puc. 2.6), KOTOPOe B «apece» JIEKTPOHA YKa3hl-
BaeT HOMEP YPOBHS, HA KOTOPOM 3TOT 3JIEKTPOH CYIIECTBYET.

B 20-x rogax mpoiiuioro Beka Ha cMeHy mojaenu bopa npu-
111712 BOJTHOBAsI MOJIE/Ib JIEKTPOHHON 000JIOYKU aToMa, KOTO-
pYIo IIpeIoKu aBcTpuiickuit ¢pusuk 3. [l peaunrep. K atomy
BpeMeHHU ObUIO SKCIIEPUMEHTAIBHO YCTAaHOBJIEHO, UTO 3JIEKTPOH
MMeeT CBOMCTBA He TOJIBKO YaCTHIIBI, HO M BOJHBL. HampuMmep,
BUIMMBIN HAILIMMMU IJ1a3aMU CBET MPEACTABISIET COOOM 3IEKTPO-
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MarHuTHbIC BOJIHBI. Psii TaKMX BOJIHOBBIX CBOMCTB €CTh U Y
anekTpoHa. lllpenuHrep MpUMEeHWI K 3JICKTPOHY-BOJIHE MaTe-
MaTUYEeCKUE YpaBHEHMSI, ONMCHIBAOIINE ABUKCHUE BOJIHBI B
TpeXMepHOM mpocTpaHcTBe. OMHAKO C ITOMOIIBIO 3TUX ypaB-
HEHUI PacCUMTBIBACTCS HE TPACKTOPUS IBIKCHUS 3JIEKTPOHA
BHYTPHY aTOMa, a 6€pOosimHOCHb HANTU 2JIEKTPOH-BOJIHY B TOM
WM MHOM TOYKE ITPOCTPAHCTBA BOKPYT SIApA.

Oo61ee y BoHOBo# Monesu IllpennHrepa u IiaHeTapHOM
Moneu bopa B ToM, 4TO 3JIEKTPOHBI B aTOME CYIIECTBYIOT Ha
oIpee/ICHHBIX YPOBHSX, IOAYPOBHAX M OpOUTAIAX. B ocTanb-
HOM 3TH MOJEJIM He TIOXOXM JPYT Ha apyra. B BosHOBOM Mo-
JIeT OpOUTaIb — 3TO MPOCTPAHCTBO OKOJIO SIIpa, B KOTOPOM
MOXHO OOHAPYKHUTb 3aCEIMBIIMIA €€ IIEKTPOH C 8EPOSMHOCIbIO
95 %. 3a mpeaeilaMu 3TOTO IMMPOCTPAHCTBA BEPOSITHOCTh BCTPE-
TUTh TaKOU 3JIEKTPOH MeHblle 5 %. [TonydeHHbIe ¢ TOMOIIbIO
MaTeMaTHUYeCKOro pacyeTa TaKHe «001acTy BEPOSITHOCTA» Ha-
XOXIEHUS B JIEKTPOHHOM 00J1aKe S- U p-3JIeKTPOHOB IMOKa3a-
HbI Ha pUcyHKe 2.7.

IToueMy BooOI1IE TTPUILLIIOCH BBOIUTh TAKOE TTOHITHUE, KaK 8eposim -
Hocmb HaXOXIIEHUS 3JIEKTPOHA B TOM WJIM MHOM TOYKE IMPOCTPAaHCTBA
okoJio sapa? Hemeukuii pusuk Ieiizenbepr B 1927 rony copmynu-
pOBaJl npuUHYUN HeonpedeseHHOCMU, SIBIISIIOIIUIICS OMHUM U3 BaXKHE -
MX (GU3NYECKUX IPUHLNTIOB JUISI OMUCAHUS ABMXKEHUSI MUKPOYACTHLI.
OTOT NPUHLIUITI BHITEKAeT U3 (PyHIAMEHTAIbHOTO OTIMYUS MUKPO-
YaCcTUIl OT OOBIYHBIX (M3NYSCKUX Teld. B yeM Xe 310 oTimume?

B kaccuueckoil MexaHMKe MpeIrnojaraeTcsl, YTo 4eJ0BEeK MOXET
HaOJIoIaTh sIBJICHNEe, He HapyIllas ero eCTeCTBeHHOro xona. Hampumep,
MOXHO HaOII0AaTh ABMXKEHNE HEOECHBIX TEJI B TEJIECKOI, I 3TO HUKAK
He OTpa3uTCsl Ha MX IBMKEHWU. ACTPOHOM MOXET IPOU3BECTU U3-
MEpEHUSI U COCTABUTh TOUHOE MaTEMaTUUYECKOE OMUCAHUE IBUXKEHUS
o0bekTa. Mcriob3ys mojyueHHbIe (POPMYJIbI, MOXHO TpeAcKa3aTh,
KyJa OBVKETCS TaHHBIA OOBEKT U TAe OH OyIeT HaXOOUThCS B JTI000M
MOMEHT BpEMEHM.

i
2% Is Dy

Puc. 2.7. TlpumepHO Takywo dhopmy

B BOJIHOBOW MOJENUW aTOMa MMEIOT
X «00JacTy BEPOSITHOCTU» CYIIECTBO-

BaHUS DJEKTPOHOB: @ — §- U 6 —

p-opburanu (d-opOouUTanu MMeEIOT
a 6 0osiee CI0XHYIO (hopmy)
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B mukpomupe neno obctont nHavye. Hampumep, uccienyst aBuxe-
HME JIEKTPOHA C MOMOIIbI0 MUKpOcKoma (ecyii Obl Takoe ObLIO BO3-
MOXHO), Mbl Obl HaOJIIOJaIM OTPAXKEHHbIE OT 3JIEKTPOHA BOJHBI
CBeTa, HEPIHs KOTOPBIX MO BEJIMUYMHE COMOCTaBUMA C SHEPIuei caMux
ucciieayeMbix yactuil. [1o3TomMy rnpu BBITTOTHEHUN U3MEPEHUI HaMU
Hen30eXHO BHOCUJINUCH Obl U3MEHEHMS B COCTOSIHME DJIEKTPOHA (Me-
CTOITOJIOKEHUE, CKOPOCTb, HANIpaBJICHUE ABVMKEHUS U T.I.). 3HAYUT,
Ha OCHOBaHMU HAIlIMX U3MEPEHUI 6ECCMBICIEHHO TOBOPUTDH O TOUHOM
MECTOMOJIOXEHUM JIEKTPOHA B KaXXIblii MOMEHT BPEMEHH.

IMpuHIIUTT HeoIpeaeIeHHOCTU TOBOPUT O TOM, YTO HE CJIeIyeT
MBITATbCS BHIYMCIUTD TOUHYIO TPAEKTOPUIO DJEKTPOHA BOKPYT sipa.
MOXHO JMUIb yKa3aTb 8epOAMHOCHb HAXOXICHUS JIEKTPOHA B TOM
WM MHOM y4YacTKe MPOCTPaHCTBA OKOJIO sapa B JII0OOO MOMEHT Bpe-
MEHHU. DTa BEPOSITHOCTD MOJIAACTCS BHIUUCIEHUIO C TTOMOIIIbIO MaTe-
MaTUYeCKHUX METOIOB.

Htak, B BOTHOBOM MOJEJIM CYILIECTBYIOT OPOUTAIN pa3HbIX
BUAOB: s-opobutanu (cpepuueckoit popmbl), p-opbutanu (mo-
XOXME Ha BEPETEHO WIM Ha 0ObeMHbIE BOCBMEPKH), a TaKXKe
d- u f~opburanu euie 6osee cioxXHON (opMbl. OHU oUepUU-
BalOT 00J1aCcTh 95%-HOi BEpOSITHOCTH HAUTHU $-, p-, d- WIKA
f-2JIeKTPOHBI UMEHHO B TOM MECTe 3JeKTPOHHOIo obJiaka,
KOTOpPOE OrpaHM4YeHO 3TUMU urypamu. O0IaCTU BEPOSTHOCTU
HaXOXNeHUs 8, p, d, f~31eKTPOHOB B aTOME MOTYT IepeceKaTh-
cs1, 0ObsSICHEHHEe 3TOMY Bbl Haiiiete B raparpade 2.7. Bripouem,
K HEOOBIYHBIM CBOMCTBAM BOJIHOBOM MOJIEIM CJedyeT OTHO-
CUTBCS CITIOKOIHO, MOCKOJIbKY OHA SIBJISIETCSI HE CTOJIBKO (Du-
3UYECKOM, CKOJIbKO aOCTpaKTHON Mamemamuueckoii MOAEbIO
3JIEKTPOHHON 000104K1. OMHAKO, KaK Mbl YBUIVM B HaJbHE -
1eM, Takas MoJiejib 00JlalaeT Xopolleil nmpeacka3aTesibHOK
CUJIOK B OTHOIIEHUM XMMMYECKMX CBOMCTB aTOMOB U MOJIE-
KyJ1.

Bo Bcex Mojesisix aTomMa 3JIeKTPOHBI Ha3bIBAIOT S-, p-, d- U
Jf-2JIeKTpOHaMM B 3aBUCUMMOCTU OT MOAYPOBHSI, HA KOTOPOM
OHUM HaXomATCS. DJIEMEHTHI, Y KOTOPBIX BHEIIHUE (TO €CTh
HaunboJjiee yaajeHHbIe OT SApa) MEKTPOHBI 3aHUMAIOT TOJBKO
S-TIOlypOBEHb, ITPUHSITO HA3bIBaTh S-3JIeMeHTaMu. TOYHO Tak
K€ CYILECTBYIOT p-3JIEMEHTbI, d-3JIEMEHTBI U f~-371eMEHTHI.

Yewm BbIILIE (TO €CTh YeM AaJIbIIIE OT SIApa) HAXOMUTCS IeKTPOHHBIN
YPOBEHb, TeM OOJIbllle Ha HEM MOXET Pa3MECTUTBHCS 3JEKTPOHOB 3a
CYeT TOTO, YTO YMCJIO MOAYPOBHEH U OpOUTaiell Ha yIaJleHHBIX YPOB-
HSIX TTIOCTOSIHHO YBEJIMYMBaeTCs (3TO yIalI0Ch BBISICHUTD 9KCIIEPUMEH-
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TaJbHO, cM. § 2.7). MOXHO IMocunTaTh, YTO HA #1-M YPOBHE ITOMEIIa-
eTca B CyMMe 1’ pasIMYHbIX OpOUTaNeil, a 3JeKTPOHOB — BIBOE
6onble: 2x%, TOTOMY UTO JTI06ast OPOUTAIbL CIIOCOOHA BMELIATh He
Oosee 08YX 1eKMPOHO8.

Taonuma 2.4

Hau6ob1ee BO3MOKHOE YHCJI0 JJICKTPOHOB
HaA NepBbIX 4-x JJICKTPOHHBIX YPOBHAX

DJIeKTPOHHBII CKOJIbKO MOXET Pa3MECTUTHCS
YPOBEHb (7) 3JIEKTPOHOB HA JAaHHOM YpOBHe (2n1%)
1 2
2 8
3 18
4 32

DT cBeleHNsT HaM HYXXHBI JJ15T TOTO, YTOOBI HAYUYUThCS «PacCesIiTh»
9JIEKTPOHBI 1O YPOBHSIM B aTOMe JIIOOOTO dJeMeHTa. A XUMUUYECKUE
CBOICTBA 3JIEMEHTA, KaK Mbl YBUAUM UYThb MMO3XE, OMPEACISIOTCS
3JIEKTPOHAMU CaMOTO IOoCjieaHero (HauboJiee yaaJleHHOro OT s1apa)
3aCEJIEHHOTO YPOBHSI.

§ 2.6. DaexTpoHHass KOHQUTypauus. JJIeKTPOHHBIE
¢opmyaibl. OpOuTansuble tuarpammbl. [IpaBuiio oxkrera

Hama 3agaya — pa3o0paTbCs B TOM, KaK 3alOJHSIOTCS
3JIEKTPOHHBIE YPOBHU, TOLYPOBHU Y OPOUTAIIM ITO MEPE YCIOXK-
HEHUs aToMa.

CymiecTByeT yCI0BHOE M300pakeHNE 3JIEKTPOHHBIX YPOB-
Hell M MoAypOBHEN, Ha3bIBA€MOE OPOUTATIbHOUN AHMarpaMMoN.
Ha takoii nuarpamme opOuTaIu YCIOBHO M300paxarmTcs
KBaJpaTUKaMU, a 9JIEKTPOHBI — cTpejioukamMu. Eciiu cTpenoy-
K1 HaIlpaBJIE€HBI B pa3HbIe CTOPOHBI, 3TO O3HAYaET, YTO
3JIEKTPOHBI Pa3INyarOTCs MEXIy cO00i 0COOBIM CBOMCTBOM,
KOTOpOE Ha3bIBaeTCsl CIIMHOM 2JIeKTpoHa. B maHHBI MOMEHT
JIJISI HAC He BaXKHAa CYTb 3TOTO CBOICTBa. TpedyeTcs Jullb Mo-
HUMAaTh, YTO BJIEKTPOHBI MOTYT Y€M-TO OTJIMYAThCS APYT OT

pyra.
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n H Bomopon

Ls

Ha cxeMe BBepxy Bbl BUIUTE OpOUTAIBHYIO IHarpaMMy aTo-
Ma BOAOpO/a, y KOTOPOTO €AMHCTBEHHBIN 3JIEKTPOH pa3Mellia-
eTcs Ha caMoM OJIM3KOM K sApy nmepBoMm ypoBHe. Ha atom
YPOBHE TOJIBKO Of[HA S-OpOUTasb (Ha cXeMe OHA MOKa3aHa KBa-
npatrkoM). CoOCTBEHHO, KBaApaTHK ¢ M300pakeHUEeM BHYTPHU
3JIEKTPOHA-CTPEJIOUKU U SIBJISIETCS OPOUTATBLHON AUarpaMMOii.

Terepb pacCMOTPYM aTOM TeJIus:

1

n o,He Temmii

s

B arome renms (1Ba mpoTOHA B SAApeE) YXKe ABa JIEKTPOHA,
nmpuyeM o0a ellle MOTYT IMTIOMECTUTBCS Ha EPBOM YpOBHE. 3Ha-
YUT, «aApec» ITUX JEKTPOHOB TaKOU ke, Kak y Bogoposa: 1s.
Ho 4yToObI mokazath, 4TO 31€Ch HAXOMUTCS YXe He 1, a 2 aek-
TPOHA, MUIIYT «aApec» C YKa3aHUEeM KOJIMYECTBA «KUJIbLIOB»-
NIEKTPOHOB: 1s%. DTa KOPOTKAs 3aMUCh OMUCHIBAET 3IEKTPOH-
HOe cTpoeHue aToma resius. [1oaToMy Takue 3aucK Ha3blBaloT
anekmponnbimu Gopmyasamu. 1s' — snextpoHHas dopmyna
aToMa Boziopoza. 1s?> — a1aeKTpoHHas (opMysa aToMa Teius.

PaccMoTpum atoM JUTHSE:

1

n Li Twruii

._~»000
g

| —— s

V Hero Tpu NMpOTOHA B sAlpe, MO3TOMY JIMTUM CONEPXUT B
CBOEM 3JIEKTPOHHOM 00JIaKe TPU JEKTPOHA, JUISl Yero 3aHu-
MaeT 2JIEKTPOHaMU CHayajla BeChb IepPBbIi YPOBEHb (TaM IO-
MeIIaeTCs TOJBKO JBa 3JIEKTPOHA), a OCTABILIMICS 2JIEKTPOH
BBIHYKJIEH IIEpeMECTUThLCSI Ha 00J1ee BICOKMIA BTOPOIA YPOBEHb,
rae 3aiiMeT OJAMXKaNIIylo K SApy CBOOOAHYIO 2S-OpOUTAab.
«AZIpec» Tpex 3JIEKTPOHOB 3TOTO 3JIEMEHTA TakoB: 1522s'. Ml
3aMucaiy 3JeKTPOHHYIO (OpMYJTy IJISI TUTUSI.
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M3 aTuX OpoCThIX NPUMEPOB CTAHOBUTCS SICEH MPUHUUN
MUHUMYMA dHepeuy TIPU 3aNOJIHEHUU DJIEKTPOHHBIX 000JI0YeK:
B IIEPBYIO OYepedb 3aIlOJHSIOTCS OoJjiee HU3KHUE, OMvKaiiie
K SIIpY YPOBHU U TOAYPOBHH.

Ha pucynke 2.8 moka3aHa 6oJjee rmoapoOHasi opOuTaabHas
JrarpamMMa T TIepBEIX AJIEKTPOHHBIX YPOBHEH OOIBITMHCTBA
aTOMOB.

Yem gasiblile OT SiApa pacroiaraloTcsl YypoBHU U MOAYPOBHH,
TEM BbIIIIe UX 3Heprus. JlJist aToMOB, Y KOTOPBIX MaJIO 3JIEKTPO-
HOB (Hampumep, ;Li), ypOBHM U MOLYPOBHU paclpeaeisiioTcs
M0 HEPryuM BIOJIHE JIOTUYHO: s, 3aTtem 2s, 2p, 3atem 3s, 3p,
3d, 3ateM 4s, 4p, 4d, 4f... u T. 1. [IpaBaa, 06 3TOM peaKo BCIO-
MMHAIOT, TOTOMY UTO Y «JIETKMX» aTOMOB TPETHI1 1 YeTBEPTHINA
ypoBHU nycThl. Ho ¢ Bo3pacTaHueM 4uciia 3JeKTPOHOB B
MHOTO3JIEKTPOHHBIX aTOMaXx BCe 3JI€KTPOHBI HAUMHAIOT 3aMeT-
HO B3aMMOJEICTBOBATh HE TOJIBKO C SIAPOM, HO U APYT C IPYTOM.
B yacTHOCTH, 3JIEKTPOHBI HUKHUX YPOBHEH «3aCIIOHSIIOT»
3JIEKTPOHBI BEpXHUX YPOBHEU OT BIUSHUS sA1pa (B GU3NUKE 3TO
Ha3bIBaeTCd dKpaHUpoBaHUEM). YUeM manbllle OT sSapa, TeM
MEHbIIIE CTAHOBUTCS pa3HUIIA MEXIY COCETHUMM YPOBHSIMU U
MOAYPOBHSIMU. B pe3ynbraTe HEKOTOphIE BEPXHUE MTOAYPOBHU
HauMHAIOT «Hae3XaTb» APYT Ha Apyra. Yxe B aToMme yriepona (C
(y Hero 11ecTh 2JIEKTPOHOB) 3d-MOoAypOBEHb OKa3bIBAETCS UYYTh

SHEeprus n opouTanu HauobosbllIee
YHCIIO
2JIEKTPOHOB
! W 0ooog 10
4s O 2
3 3p 0oao 6
3s Od 2
2p 0oao 6
? { 2s Od 2
| ———1s Od 2

Puc. 2.8 Tlopsipok 3anoyiHeHUs1 opOUTaleil Ha MepBbIX
YeThIPeX YPOBHSIX aToMa (YeTBEPTHIil ypOBEHb MOKa3aH
HE MOJIHOCTBIO)

54



BBILLIE 10 9HEPIruu, 4yeM 4s. Takue aHoMaauu elle yaile BCTpe-
yalTcd Ha 0oJiee BBICOKMX YPOBHSX. BOT Kak BBIMISIUT TO-
PSIIOK 3aIl0JIHEHUSI YPOBHEM U ITOAYpPOBHEH B aToMax OOJIb-
LIMHCTBA 3JIEMEHTOB:

1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, Sp, 6s,
4f, 5d, 6p, 7s, 5f, 6d, ...

Het Hukakoit HCO6XOZ[I/IMOCTI/I 3aliIOMMHAaTh 3Ty ITOCJICO0-
BaTeNbHOCTh. B T71aBe 4 MbI HayuMMCSl JIETKO M3BJIEKATh €€ U3
ITeproanueckoii Tabauiiel .M. MeHneneesa.

Ecau roBoputh 0osiee CTPOTO, TO OTHOCUTEJIBHOE PACTIONIOXKEHUE
MOIYyPOBHE! 00YCJIIOBJIEHO HE CTOJbKO WX OOJbllIel WM MEHbIIei
SHepruei, CKOJbKO TpeOOBAHUEM MUHUMYMa MOJHOM SHEPruu aToMa.
Hcxons u3 storo TpedboBaHUS MUHUMYM DHEPIUU JOCTUTAETCS Y
OOJIBIIIMHCTBA aTOMOB TOT/A, KOT/a UX MOJYPOBHU 3aIOJHSIOTCS B
MOKAa3aHHOU BbILIE MOCIEN0BATEIbHOCTH.

ITonb3ysich pucyHKoM 2.8, Mbl MOXeM MPUCTYMUTh K 3a-
MOJHEHUIO 3JIEKTPOHHBIX YPOBHE aTOMOB MHOTMX 2JIEMEHTOB.
Kak HaM yke M3BECTHO, aTOM KaXXIOro 3JeMEHTa COAEPKUT
CTPOro OIpeAeIeHHOE YUCIIO 3JIEKTPOHOB, PABHOE YUCITY MPO-
TOHOB B €T0 siipe (To eCTh 3apsiay sapa). [1paBuia 3anoaHeHus
BJIEKTPOHHBIX 000JI0YEK CIICAYIOIINE:

1. CHauaJsa BbISICHSIEM, CKOJIBKO BCETO 3JIEKTPOHOB COJAEPKUT
aTOM MHTEPEeCYIOLEro Hac ajieMeHTa. JJisi 3TOro 10CTaTOYHO
3HATh 3apsil €ro siapa, KOTOpPbli, KaK Mbl YBUIMM B IJaBe 4,
BCerna paBeH IOpPsIAKOBOMY HOMepy ajeMeHTa B [lepuonuue-
ckoii Tabnuue. ITopsiakoBbIiA HOMEP (YMCJIO IPOTOHOB B SIIPE)
B TOYHOCTH paBEH U YMCJIY DJIEKTPOHOB BO BCEM aTOMe.

2. TlocnenoBaTebHO 3aMOJIHSIEM OpPOUTANIM HauuHas C
HIDKHEH 1s-opOuTaay MMEIIMMUCS 3JIeKTpoHaMu (puc. 2.8).
ITpu 3TOM HeNb3sl pacrojiaraThb Ha Kaxaoil opourtanu 6osee
JIBYX DJIEKTPOHOB.

3. 3anuchiBaeM 21eKMpoHHY0 (Popmyay DIIEMEHTA.

DeKTpoHHas (popMyja OMKCHIBAET paclpeiaeeHUe dJIeK-
TPOHOB TI0 3HEPTETUYECKUM YPOBHSAM, CYIIECTBYIOIIUM B
3JIEKTPOHHOM o0OJake. Takoe pacrpeneicHrue Ha3blBaeTCs TaK-
K€ 91eKMPOHHOU KoHueypayueii aToma.

3anuch 3J1eKTPOHHOI (POpMyJIbI MpoIle MoKa3aTh Ha KOH-
KpeTHOM TpumMepe. JlonmycTiM, HaM HaJio BBISICHUTD 3JIEKTPOHHYIO
¢dopMyJsTy BJIeMeHTa C TTOPSIKOBBIM HoMepoM 7. B aToMme Takoro
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3JIeMEHTa JOJIKHO ObITh CEMb 3JIEKTPOHOB. 3aIlOJIHUM OpOUTAIN
CEMbIO BJIEKTPOHAMM HauMHasl ¢ HUXKHEH 1s-opOuTanu.

Hrak, nBa ajeKTpoHa pacmojoxarcs Ha ls-opouTtaiu, eine
JIBa DJIEKTPOHA — Ha 25-OpOUTaJIU, a OCTaBIIMECS TPU JIEKTPO-
Ha CMOTYT Pa3MECTUTHCS Ha TPEX 2p-OpOuTasix.

DnexrpoHHas ¢popMyJia 3JIEMEHTA C IOPSIIKOBBIM HOMEPOM 7
(3TO 2/1IeMEHT a30T, UMeIoLIUi cUMBOJ N) BBITJISIAUT TakK:

YHUCJIO IMTPOTOHOB CHUMBOJI
B 40p€ QJIEMCHTA

\ " aucno 3JIEKTPOHOB

7N (B cymme 7)

1s>2s*2p>____ aneKTpoHHast
¢opmyna azora

YPOBHU MOJYypPOBHU
(n=1,n=2) (s,p)

CyiecTByeT MpaBuiio (OHO Ha3blBaeTcs npagusom [yHoa),
10 KOTOPOMY 2JIEKTPOHBI MPEANIOUYUTAIOT PACCESAThCS Ha OfM -
HaAKOBBIX 10 DHEPIUU OpOUTANISIX (HAaIpUMep, Ha TpeX p-opou-
Ta/IsIX) CHavaja IOOAMHOYKE, 1 JUIIb KOIJa B KaXI0i TaKoi
opOuTany yXxe HaXOAMUTCS MO OAHOMY BJIEKTPOHY, HaUMHAETCs
3alojiHEHUe 3TUX opOuTaseil BTopbIMU 3jieKTpoHaMu. Korma
opOuTab 3aceyisieTcsl AByMsI DJIEKTPOHAMU, TaKKe 3JIEKTPOHbI
Ha3bIBAIOT CHAPEHHbIMU.

ITocmoTpuMm neiicTBue npaBwia IyHaa Ha mpuMepe 3J1eMeH-
ta asota (1s*> 25> 2p®). Ha BTOpOM 3/1eKTPOHHOM YPOBHE €CTb

IIpaBUJIbHO HEIIPaBUJIBLHO

% » WL
2s 2s
ls ls

a 0

Puc. 2.9. llpaBuibHas (a) v HenpaBuiibHas (6) opOUTaTbHAS

nuarpamma asorta. B coorBetcTBuM ¢ npaBuiioM [yHIa opou-

TaJIM 3aCeISIIOTCS CHavajla OMUWHOYHBIMU, a He CITapeHHBIMU
3JICKTPOHAMU
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TPU OJMHAKOBBLIE p-OpOMTANN: 2p,, 2p), 2p,. DIEKTPOHHI 3a-
CeJISIT MX TaK, YTO Ha KaXXIOW U3 3TUX p-OpOUTAJIEi OKaXKETCST
10 OJHOMY 3JIEKTPOHY. OOBSICHSIIOT 3TO TEM, YTO B COCETHUX
STYeMKax DJIEKTPOHBI MEHbIIE OTTAJIKUBAIOTCSA APYr OT Ipyra,
KaK OJHOMMEHHO 3apsLKeHHBIE YACTULIB.

1o npasuay Iynda, npu 3anoanenuu 31eKmponamu 00UHAKOBbIX
no 3Hepeuu opoumaneil 31eKMpPoHsbL PACNOAAAIONCA 8 NEPEYI0
ouepedv NOOOUHOUKe HA KaXcOoli opoumaau u auwl NOMom Ha-
HUHaemcs 3aceaeHue IMmux opoumasneli 6MoOPbLIMU IAEKMPOHAMU.

ITonyyeHHast HaMu 3JeKTpOHHas opmMmyJia a3oTa HeceT
0YeHb BaXHYI0 UH(pOPMAILIMIO: BTOPOU (BHEILIHUI) 3J1€KTPOH-
HBII ypOBEHb a30Ta 3aIlOJHEH 3JEKTPOHAMU He J0 KOHIA (Ha
HeM 2 + 3 = 5 2JIeKTPOHOB) U 10 IOJHOTO 3aIllOJTHEHUS He
XBaTaeT TPeX JIEKTPOHOB.

Buewnum yposnem aToMa Ha3bIBaeTCsl caMbIil JaJeKUil OT
Spa ypoBeHb, HA KOTOPOM €lIle €CTh 3JIeKTpOHBI. IMeHHO 3Ta
000J104Ka COMpMKacaeTcsl Mpyu CTOJIKHOBEHUU C BHEIITHUMU
YPOBHSAMHU APYTHX aTOMOB B XUMHWYECKMX peakuusax. [1pm
B3aMMOAECHCTBUHU C IPYTMMU aTOMaMU a30T CITIOCOOEH MPUHSITh
TPHY AOMOJHUTENbHBIX 3JIEKTPOHA HA CBOM BHELIHUIA YPOBEHbD.
IIpu 5TOM aTOM a30Ta MOJYYUT 3d8epuieHHblil, TO €CTh MaKCH-
MaJIbHO 3aIlOJIHEHHBIM BHEIIHUIA 3JIEKTPOHHBIA YPOBEHb, Ha
KOTOPOM PaCIIOIOXKATCS BOCEMb JIEKTPOHOB.

3asepuieHHbLl YPOBEHDb 3HEPTeTUYECKU BHITOAHEE He3a-
BEPILIEHHOTO (0 TOM, KaK 3TO BBISICHUJIOCH, Bbl Y3HAETE yXKe
B aToM mnaparpacde). [loaTomy atoM azora JOJKEH JETKO
pearupoBaTh € JIOObIM APYTUM aTOMOM, CIIOCOOHBIM MPENO-
CTaBUTh €My TPM IOMOJHUTEIb-

HBIX JIEKTPOHA TS 3aBEPIICHUS )
€ro BHEIIHETO yPOBHSI.

Hpyroii mpuMep: 3J1eMEHT C
MOPSIIKOBBIM HOMepoM 18. [leii-
CTBYS TakK XK€, KaK U B MEPBOM
ciyyae, Mbl C TTIOMOIIbIO PUCYH-
Ka 2.8 pacmoyuoxum 18 anexkTpo-
HOB B CJIEIYIONIYIO 3JIEKTPOHHYIO
dopmyiy:

1s? 252 2p° 3s% 3p®
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DJeMEeHT ¢ MOPSIAKOBBIM HOMEPOM 18 — 3T0 aproH (3Ha-
KOMBIIA HaM 10 Tipeabiaylieii rmase). OH yxXe UMeeT MOJTHOCTHIO
3a6epuieHHblil BHEIITHUI YPOBEHbD U, CJICIOBATEILHO, He CKIIOHEH
pearupoBaTh C IpyTMMU 3jieMeHTaMU. JIefiCTBUTEIbHO, XMMMU-
YyecKoe MOBeJAeHNEe aproHa HACTOJIbKO BbIIESIETCSI CBOCH mac-
CUBHOCTBIO Cpelu APYTUX 3JEMEHTOB, YTO OH MOJYYMUJ Ha-
3BaHUE UHEPMHO020 2a3ad, WU 041a20podHoeo ea3a (MOCeaHee,
BEPOSITHO, 34 CBOIO «XMMUYECKYIO JIEHb»). AProH (B MepeBoje
C TPEYECKOTO «HeIesATeNIbHbII») He pearupyeT HA C OTHUM
XUMUYECKUM 3JIEMEHTOM. B CBOOOIHOM COCTOSIHMM OH CyIIIe-
CTBYeT He B BUIE IBYXaTOMHBIX MOJIEKYJ (KaK ApyTHe Ta3el), a
B BUJIE OTIEJIbHBIX aTOMOB (BOT Mbl U OTBETWJIM HA OAUH U3
BOIIpocoB maparpada 2.1 3Toii riasbl!).

HMHepTHOCTH aproHa TakoBa, 4To A0 CUX MOpP, HECMOTPSI Ha
BCE IMOMBITKU, HEe yIaJI0Ch MOJIYYUTh HU OJHOTO €T0 YCTOMUM-
BOT'O COCIUHEHMUS.

ApTOH SIBJIIETCS HE €NIMHCTBEHHBIM 04a20p00HbIM, VITTU UHEPHIHBIM,
razoM. CyiecTByiOT Takke aiaemMeHThl renuil (He, 3apsin sinpa 2), uro
03HAvyaeT «COJTHEYHbIN» (BIIepBbie 0OHapyXeH Ha COoIHIIE CIIEKTpaib-
HBIMU METOJaMU W TOJBKO MOTOM — B MUHEpase KJIEBEUTE); HEOH
(Ne, «HOBBII», 3apsn sapa 10); kpuntoH (Kr, «CKpBITHBIN», 3apsin
aapa 36); kceHoH (Xe, «CTpaHHBI», 3apsan saapa 54). CyiiecTByet
TaKXe pagroaKTUBHEIN 0J1aropomHblii ra3 pagoH (Rn, 3apsn sapa 86),
MEIJIEHHO BBIJIEJSIOIIMIACS U3 TOPHBIX Mopofd. Bce 3Tu ra3el B He-
0OJIBILIMX KOJIMYECTBaX UMEIOTCs B aTMocdepe.

M3-3a cBoeit XUMUYECKO MHEPTHOCTHU 0JIarOpOHbBIE Ta3bl JOJITO
He OBLIM M3BECTHBI XMMUKaM. APTOH OB OTKPBIT IEPBBIM OJ1aro-
napsi HabJIoAaTEeIbHOCTU aHTJIMICKOTO yyeHoro JI>koHa Yunbsama
Panes.

B 1892 rogy Paneii ctonkHyics ¢ 3arafoyHbiM (hakTOM, KOTOPBI
OBLJIO TPYIHO OOBSICHUTL: ra3 a30T, MOJYYEHHBIM U3 aTMocdephl,
OKa3bIBaJICSl HEU3MEHHO <«TsKeJiee» a30Ta, MOJYYeHHOIo MyTeM ero
BBIZICJIEHUsI U3 XUMMUYecKuX coenuHeHuii. Ecau 1 1 a3ota, monydeH-
HOTro 13 Bo3ayxa, Becwa 1,2572 1, To 1 1 a30Ta, MMOJIy4eHHOTO pa3jio-
JKeHUEM a30TUCTBLIX coequHeHmit, Becw 1,2505 1!

MeHee akKypaTHbII McciieAoBaTelb JUO0 He 3aMeTUJI Obl TaKylo
MaJICHbKYIO pa3HUILY, TMOO OTHEC €€ 3a CYET MOTPEITHOCTH U3MEPEHUTA.
Ho Pasneit MHOrokpaTHO MOBTOPUJI CBOU OTBITHI Y BBISICHWII, UTO 3TO
He ciIyyailHOCTb. BMecTe ¢ pyruM OpUTaHCKUM YYEHBIM — YWIIbSIMOM
Pamzaem — oH mpuien K BBIBOMY, YTO B aTMOC(EpPHOM a30Te, OUM-
LIEHHOM OT JPYTUX U3BECTHBIX Ta30B, MOXET CKPbIBATbCS KaKOM-TO
HOBBI, HEU3BECTHBIN paHEe «TSKEIBINA» Tas.
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CrycTs ABa roJa OHU OCYILIECTBUIN SKCIIEPUMEHT I10 MOIJIOIICHUIO
a30Ta pacKajleHHbIM MarHueM Mpu MPOMycKaHWU UCKPOBOTO 3JeK-
TPUYECKOTO pa3psifia ¥ BBIICIUIN OCTABIIMICS B COCYNle TAMHCTBEH-
HBIi Ta3, KOTOPbIi oka3zajics B 20 pa3 Tspkesiee BOAOpoaa. DTo U ObLI
aproH.

Bnocnencrsuu Y. Pam3ait mpoBesl 3KCIIEPUMEHTHI 110 IPOOHOM
TepPEerOHKe XUIKOTO BO3AyXa M OTKPBUI eIlle TPY MHEPTHBIX ra3a: HeOoH,
KCEeHOH U KpunToH. [enuii Takke BriepBble ObLI BhiaenaeH Pam3aeM B
OMbITe IO 00pPabOTKe MUHEpaia KJieBeuTa ropsiueil cepHoi Kuc-
JIOTOW.

MHOTro4YMCc/IeHHbIE TOIMBITKM XMMUKOB 3aCTaBUTh OJIarOpOAHbIC
3JIEMEHTBI BCTYIIaTh B XMMHUUYECKHE PEeaKIIMKU YBEHUYAJINCh YCIIEXOM
JIMITb CPAaBHUTEIBHO HEIaBHO: HauMHas ¢ 60-X TOOOB M3BECTHO He-
CKOJIBKO JIECATKOB COEAMHEHUI KCEHOHA W KPUITOHA C HauboJsee
«arpecCUBHBIM» M3 BCEX XMMUYECKHUX JIEMEHTOB — (hTOPOM, a TaKXKe
¢ kucyiopoaoM. OIHAKO 10 CUX TTOP HEU3BECTHO HU OJJTHOTO CTA0UJIb-
HOTO coenuHeHus reius, HeoHa u aproHa. B 2000 romy mosiBuioch
coobuieHue o noiaydyeHuu ruapodropuna aprona HArE onHako «mo-
JiepsKaTh B pyKax» 3TO COeAMHEHUE He YIaeTCsT: YKe TTPU OYeHb HU3KUX
TeMIIepaTypax OHO pacrajaeTcs. 3aTo Bbl MOXeTe MoJAepXaTh B pyKax
caM aproH — MM 3aIlOJHSIOT JIEKTPUIECKUE JTaMITOYKU HaKaJTUBaAHUST
(TOJILKO HE HalIo JOMAaTh JaMIIOYKY — MOXHO IOpaHUThCs!). Aprox
He pearupyeT ¢ paCKaJeHHbIM METaLIMYECKUM BOJOCKOM JIAMIIOYKHU
1 XOPOIIO OTBOAMT OT HETO TEILIO.

MBI OJTYYWIIH 3JIEKTPOHHYIO (hopMyJTy aproHa. PaccMorpum
BJIEKTPOHHBIE (POPMYJIBI ABYX IPYTMX 0JIATOPOIHBIX 3JIEMEHTOB
¢ 3apsiaoM siapa 10 1 36 — HeoHa M KpunToHa. B ux aromax
comepxKUTcst coorBeTcTBeHHO 10 1 36 smekTpoHoB. Mcnonb3ys
PUCYHOK 2.8 ¥ TIpaBHJIa 3aIlOJTHEHUST 3JICKTPOHHEIX YPOBHEH,
MOJTY4YUM:

B cymme 8 B cymme 8

A\

Ne: 152 2522p%  Kr: 152 25?2 2p° 352 3p° 3d'° 452 4p°

HTak, snexTpoHHBIE (DOPMYIBI 3TUX OJJATOPOTHBIX Ta30B
MOKa3bIBaIOT, YTO HEOH UMEET 3aNIOJIHEHHBIN BTOPOi BHEILIHU I
ypoBeHb (n = 2), a KpUNTOH — 3alOJIHEHHBIN YeTBEpPThIi
BHEIIHUI ypoBeHb (1 = 4). Ha KaxkaoM TaKoM ITOJIHOCTBIO 3a-
ITOJTHEHHOM YPOBHE HAaXOIMTCS TI0 BOCEMb IJIEKTPOHOB.

BHMMaTeTbHBIN YMTATEIh MOXET BO3pa3HTh, YTO BHEIIHSSI 000-
JIouKa KpUNTOHA 3,Kr, CTporo roBopsi, He SIBJISIETCSI 3allOJTHEHHOM,
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IIOCKOJIBKY CBOOOIHEI 4d- 1 4f-opoutanu. [leficTBUTEIbHO, IIpaBUIbHEES
TOBOPUTD TOJILKO O 3aBEPUICHHBIX 4s- U 4p-TIOAYPOBHSIX KPUIITOHA.

YTOOBI MOJTHOCTHIO 3ATTOJIHUTD YETBEPTHIN YPOBEHb, CIJIEAYIOIINE
3a KPUIITOHOM 3JIEMEHTBI BBIHYXXIEHBI niepel 4d- u 4f-opoutansiMu
3aroJTHATh CHavajia 6oJiee «HU3KMe» (TI0 AHEPTUM) S5s- M 6S-TIOayPOB-
HU. B pe3ynabrare 31eMeHT, UMEIOIIUI, HallpuMep, MOJHBIN Habop
4d-31eKTPOHOB, JOJIKEH 00s13aTeJIbHO UMETD €Il U S5S-2JIEKTPOHBI.
Takoil aIeMeHT UMeeT TI0Ka He3agepuieHblil TISIThIA YPOBEHbD.

ITpuurHbBI HEOOBIYAHON YCTOMYMBOCTU aTOMOB C MOJTHOCTBIO 3a-
TTOTHEHHBIMU S- ¥ p-TIOMYPOBHSIMHM JIO CUX TIOp HEe COBCeM sIcHBI. Ham
T10JIE3HO BOCITPUHSITH 3TOT OYE€Hb BaxKHbII (PaKT Kak U3BECTHBIN XU-
MMKaM U3 TIPUPOJIbI, U3 OMbITa. B nanbHelileM 3aBepilieHHOCTb WU
He3aBepIIEHHOCTh BHEIIHUX YPOBHEI aTOMOB MTO3BOJIUT HAM OLIEHUTD
MHOTHE XMMUYECKHUE CBOMCTBA 3JIEMEHTOB.

OTMeTHM, YTO KaXXIBIi 3aIIOJTHEHHBIM BHEITHUN 3JI€KTPOHHBIN
YPOBEHb GJIaTOPOIHEIX SJIEMEHTOB COAEPKHUT (52 + p®), TO ecTh BOCEMb
3JIEKTPOHOB. JIOTMYHO MPEANONOXUTh, YTO UMEHHO 3AN0AHEHHble
BHEIITHWE 3JIEKTPOHHBIE YPOBHU SIBISIOTCS MPUYMHON XUMHMUYECKOM
MHEPTHOCTU OJIarOPOAHBIX 3JIEMEHTOB, MTOCKOJIBKY BCE APYTHUE 3JIe-
MEHTBHI UMEIOT YaCTUIHO He3aroJTHeH-
Hble BHEIIHUE (S + p) DJIEKTPOHHBIE
YPOBHU.

Ho toraa joru4Ho BBHITJASAUT U
JIPYroe MpearnojioXeHne: XUMUIeCcKre
CBOICTBa «HEOJArOPOTHBIX» JIEMEHTOB
CBSI3aHBI C MX CTPEMJICHUEM 3aBEPIIUTh
CBOU BHEIITHUE 3JIEKTPOHHBIE 000JI04-
K. DTO NIPENOJIOXKEHNE MONTBEPXKIa-
€TCsI MHOTOYUCJICHHBIMU (DaKTaM¥ U
MOJIYYUJIO Ha3BaHUE npaguira oKkmema
(BOoCbMepKa — OKTET).

O06pa3HO rOBOpsI, aTOMBI 2JIEMEHTOB
«TIO0SAT HApSDKAThCS» B DJIEKTPOHHBIE
oIeXabl 01aropodHbIX ra3oB. OHU
CTPEMSITCS CO3[1aBaTh 3aBEPIIEHHBIE
BHEIIIHUE 3JICKTPOHHBIE YPOBHU (060-
JIOYKM) U3 BOCbMU 3JIEKTPOHOB, OTIA-
Basi CBOM BJIEKTPOHBI APYTMM aToMam
WJIY, HA000POT, MPUHUMASs 3JTEKTPOHBI
Ipyrux aToMoB. Takoil 0OMeH 3J1eKTpo-
HaMU U BBI3BIBa€T Bce MHOTOOOpasue
XMUMUYECKUX peaKIIui.

Bonee crporast hopmysipoBka rpa-
— Hy Boimuteii Heon! BUJIa OKTETA MOZKET BBITJIAAECTDb TaK:

60



Amomut Iaemenmos cmpeMamcs K Hauboaee ycmouvueoi 2.1eKmpon-
Holl KoHguzypauuu. Yemotinueoui s6.11emcs 31eKmpoHHAs KOHpuzypayus
¢ 3a6epulennbIM GHEWHUM 21eKmponnsim yposiem us (s* + p®), mo ecmo
u3 oKmema 34eKmpoHos.

Tonbko B omHOM ciIydae 3aBepIiieHHas 000JI0YKa MOXKET BKIIOYATh
He BOCEMb, a JBa 3JIeKTpoHa. biaropoaHslii ra3 reauii (MopsiaKOBBIi
HOMep 2) UMEEeT 3aBepILIEHHYIO BHELITHIOIO 000JI0UKY U3 IBYX JIEKTPO-
HOB (1s?). [IpyyKHA 3TOro UCKJIIOYEHUS BIOJIHE IOHATHA: HA CaMOM
HUXXHEM YpOBHE TTOMEIIAETCsI TOJIbKO OfiHA S-OpOUTasib, Ha KOTOPOit
MOXHO pa3MecTUTb He 6oJiee NBYX JEKTPOHOB. DU3NIECKUIT CMBICIT
npasuaa okmema npu 3ToM He MeHsieTcsi. CyTb €ro B TOM, YTO TOJIbKO
3aeepuieHHas 3NEKTPOHHAs 000JI0YKa HauboJiee BbITOIHA JJISI aToMa,
MOCKOJIbKY B 9TOM CJjlyyae 3JeKTpOHHasi KoHdurypauusi odiagaer
HauMeHbIIIel sHeprueit. Bmpoyem, nHOrma mpaBuio OKTeTa Ha3biBa-
10T U «[IPAaBWJIOM OKTEeTa-ay0sieTar.

C nmpaBWIOM OKTETa TECHO CBSI3aHbl JOHOPHbIE I AKUENMOPHbLE
CBOICTBA aTOMOB. ATOMBI — 00HOPbl 3JIEKTPOHOB — CKJIOHHBI JOCTHU-
raTh OKTeTa, OTHaBasi «JIMIIHUE» 3JIEKTPOHBI CO CBOMX BHEIIHUX
3JIEKTPOHHBIX YPOBHEU. DTO aTOMBI, y KOTOPBIX BHEIIHUE JIEKTPOH-
HbIE YPOBHM TOJILKO HauMHAIOT 3acTpanBaTbcs. HaoOGopoT, aToMbI-
aKyenmopwl SIEKTPOHOB Jierye J0CTPauBalOT CBOM BHEIIHWE YPOBHU
IO OKTeTa, MPUHKUMAasl Ha HUX DJIEKTPOHBbI IPYrUuXx aToMoB. OOBIYHO
3TO 3JIEMEHTHI C Y€ TMOYTH 3aBEPIIEHHbBIMUA BHEITHUMM 3JIEKTPOH-
HbIMU YpoBHSIMHU. Kak Mbl yXe 3HaeM, MpUHUMAas WU OTHaBas
3JIEKTPOHbBI, aTOMbI MOTYT TIpeBpaliaThcsl B MOHBI. Hampumep:

Na (metann Hatpuii: 1s? 2s* 2p° 3s') — e = ;;Na* (MoH HaTpus:
1s? 25* 2p® — TMOXYEPKHYT OKTET MEKTPOHOB);

oF (ra3 drop: 1s? 25* 2p°) + e~ = oF~ (noH ¢ropa: 1s* 2s? 2p° — noxn-
YEepKHYT OKTET 2/EeKTPOHOB).

J171s1 aTOMOB CO CXOIHBIMU 3JIEKTPOHHBIMU 000JI0UKaMU JJOHOPHbIE
U aKIIENTOPHbIE CBOMCTBA — TPU MIPOUYUX PABHBIX YCIOBUSIX — 3aBUCST
ellle U OT YAaJIEeHHOCTH BHEIITHETO YPOBHSI OT siapa. Y MaJleHbKUX aTOMOB
C HeOOJBIIMM YMCJIOM YPOBHEHM BHELIHUI YpOBEHb MOABEPracTCs 3a-
METHOMY BJIUSHUIO SiApa (2JIEKTPOHBI YIEePXKUBAIOTCS Kpemye), a y
0OJbIIUX (TSDKENbIX) DJIEMEHTOB BHEIIIHUE YPOBHU KaK Obl OTIEJEHbI
OT sI/Ipa «39KPaHOM» M3 HUKHUX 3JIEKTPOHHBIX YPOBHEM, TTIO3TOMY 3JIeK-
TPOHBI BHELITHETO YPOBHSI yAEPXKUBaloTCs cnabee. [Tpu mpounx paBHBIX
YCJIOBUSIX — TO €CTh IIPU OJIMHAKOBOM CTPOSHUM BHEITHUX YPOBHEH —
6oJiee aKIIeNTOPHbIE CBOMCTBA MPOSIBIISTIOT 00JIee «JIETKME» JIEMEHTHI.

Hanpumep, nBa 6;1M3KHX 10 cBOMCTBaM raza — ¢GTop (MOopsiAKOBbIi
Homep 9) u xyop (TMOpsAKOBBI HOMep 17) — MUMEIT OIMHAKOBOE
CTPOEHUE BHEUTHUX JIEKTPOHHBIX YPOBHEM:
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®rop (F): 1s*25* 2p°;
Xiop (CI): 1s? 25* 2p° 3s? 3p?

AKIIeNTOpHbIE CBOICTBa (hTOpa BhHIIIE, TOTOMY YTO €r0 BHEIITHUIM
3JICKTPOHHBII YPOBEHb HAXOMUTCS OJIMKE K SIpY, YeM y XJIopa. DTo
0O3Hayaert, 4yTo ¢Top (MO CpaBHEHUIO C XJIOPOM) B XUMUUYECKUX peak-
LIUSIX BEJET ceOs boJiee «arpeCCUBHO» U JIETYE 3aII0IHSIET CBOM BHEIII-
HUI YPOBEHb J0 OKTeTa, 3a0Mpast HeAOCTAIOIINI 3JIEKTPOH y KaKOro-
6o npyroro sjgemeHTa. [ToarBepxineHue 3ToMy (QakTy MBI yXe
3HAeM: CYIIECTBYIOT COeIMHEHUs (PTOpa Maxe ¢ 6JArOpOIHBIMM 3JIe-
MEHTaMU KCEHOHOM M KPUTITOHOM, HO IO CUX IOP HEU3BECTHO COENN-
HEHUI GJIATOPOTHBIX Ta30B C XJIOPOM.

MokeT BO3HUKHYTh BOIIPOC: MoYeMy HauboJiee aKlenTOpHbIe
CBOIICTBaA IPOSIBIISIET Bce-Taku PpTop, a He Bogopon? Beab aTtoM Bomgo-
pola caMblii MaJIEeHbKHI, OH UMEET HauMeHbIIIee PaCCTOSTHUE OT sIapa
IO 3JIEKTPOHHOI1 000JIOUKU, a JJIsl €€ 3aBepIIEeHUST TOXe HYKEH BCEro
OVIH 2JIEKTPOH. J/leJlo B TOM, YTO OTCYTCTBHE 3JEKTPOHOB (KakK B
noHe H*) MOXXHO paccMaTpyBaTh Kak YacTHbIN ClTydail «3aBepLICHHOM»
3JIEKTPOHHOI 00010uKHK. [ToaToMy yacTumel H* oTHOCUTE IbHO YCTOM -
yuBbl. Harmpumep, OoHU MPUCYTCTBYIOT B PACTBOPAX KUCIIOT (XOTS U He
B CBOOOIIHOM BHJIE€, 2 B OKPY>KEHUU MOJIEKYJI PACTBOPUTENISI) U TPU-
JIAIOT TaKUM pacTBOpaM KUCIbINM BKyc. CienoBaTebHO, aTOMY BOJIO-
pO/ia 4YacTo BbITOJHEE OTIATh CBOU €MMHCTBEHHBIN 2JIEKTPOH, YeM
3a0MpaTh 4yXoif. BripoueM, akilenTOpHBIE CBOWCTBA aTOMOB BOJIO-
poJa Bce-Taku 3aMETHO BhIIIIe, YeM, HallpuMep, Y aTOMOB HaTpusi. Mbl
ele BepHeMCsl K TOHOPHBIM 1 aKIIeNTOPHBIM CBOMCTBAaM B ClIeAyIOIICH
rJlaBe TIPpU PaCCMOTPEHUM XMMUYECKOMN CBSA3U M OKHUCIUTEIbHO-
BOCCTAHOBUTEILHBIX CBOMCTB 3JIEMEHTOB.

JloHOpHBIE M aKIETITOPHBIE CBOMCTBA OTHOCUTENBbHBI. JIOHOPHBIE
CBOICTBA 2JIEMEHTOB MPOSIBISIIOTCSI OOBIYHO B MTPUCYTCTBUU aKIIENTO-
POB, a aKIIENTOPHbIE — B MPUCYTCTBUU JTOHOPOB.

3anaun

2.8. Hanuute 3eKTpoHHBIE (OPMYJIBI IJIS CIETYIOIINX
aneMeHToB: (C, ,Mg, 1S, 5 Sc.

2.9. DeMeHTbl UMEIOT CIIeAYIOoIIEe DJIEKTPOHHbIE (POPMYJIbI:

a) 1s22s? 2p*.

6) 1s22s22p°3s%3pl.

B) 152 25? 2p° 352 3p® 3d° 452,

Kaxue ato sneMenTh? Hanuiure nx JaTUHCKKE CUMBOJIbI
1 Ha3BaHMS Ha JJATUHCKOM M PYCCKOM SI3BIKaxX (MCITOJb3YiTe
MEPUOINIECKYIO TaOIUILY).
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2.10. DneMeHT MMeeT BHEIIHUN 3JIeKTPOHHBINA YPOBEHb
TaKoro cTpoeHus: ...3p>. Uto 310 3a 2eMeHT?
2.11. 3anonHUTe MIPOITYCKHU B TaOJIUIIE:

CHUMBOJ 0 ID*
Yuciio npoTOHOB 8 14 16
Yucno HEHTPOHOB 8 14 14 18
Yucio 371eKTpOHOB 8 0 10 18
CyMMapHEIH 3apsif 0 +1 +3 0

2.12. 3anosHuUTE IIPOMYCKM B TAOJIMIIE:

CumBo UN BCIr
Yucao npoToHOB 7 18 17
Yucao HEITPOHOB 7 22 20 20
Yucno 351eKTpOHOB 7 18 18 18
CyMMapHBbIit 3apsif 0 -1 0 +2

2.13. Hanuiure 371eKTpOHHYIO (hOPMYITY IS DJIEMEHTa C
3apsiioM siapa Z = 12.

2.14. Kakye 13 nepeuyrcJIeHHBIX aTOMOB U MOHOB MMEIOT
3JIEKTPOHHBIE KOH(MUTYpAIu1, OJUHAKOBbBIC C aTOMOM |gAr?

Ca*, CI, K, Na*, S, As*, AI*?

2.15. Kakue 13 nepedyncaeHHbIX TTOAYPOBHENM HE CYIIECT-
BYIOT?

2s, 4f, 2p, 3d, 1p, 2d, 1s, 3f?

2.16. CKOJBKO 3JIEKTPOHOB U MPOTOHOB COAEPXKUT MOJIe-
KyJa ammuaka NH;?

2.17. [laHbl 2€MeHTHI C 3apsigaMu saep Z =3 u Z = 19.
KoTopslit 13 HUX JTydllInii JOHOP 3JIEKTPOHOB?

2.18. IlepeuyuciaeHHbIe 3JIEMEHTHI pa3ieanuTe Ha JOHOPHI U
AKLIENTOPHI 3JIeKTPOHOB. CKOJILKO 3JIEKTPOHOB HYKHO OTIATh
WY TIPUHSITH KaXXIOMY M3 HUX, YTOOBI TIPUOOPECTH JIEKTPOH-
HYyI0 000JI0YKY OJ1aropogHOro ra3za HeoHa? Hammimmre cMMBOJIBI
COOTBETCTBYIOIIMX MOHOB 3TUX 31eMeHTOB: O, Na, Al, Mg, E

2.19. AtoMm mnpeBpalaeTcs B UOH, €CIM NPUHUMAET WU
OTIAeT BJIEKTPOHKI ¢ BHEIIHel 000104Ykyu. Hanuiuure anex-

63



TPOHHBIE (POPMYJIbI SJIEMEHTOB ¢ 3apsigaMu sigep Z=3u Z=9.
PyKoBoACTBYSICH TTpaBHIIOM OKTETa, OTBETETE Ha BOITPOC: KaKOM
13 9THUX 3JICMEHTOB CKJIOHEH 00pa30BBIBaTh OTPUIIATEIHPHO 3a-
PSDKEHHbIE, a KAKOM — ITOJIOKUTENIbHO 3apsKeHHbIe MOHBI?

2.20. [laHbl JIeMeHTHI ¢ 3apsgaMu siaep Z =7 u Z = 15.
Kotopplit 13 HUX JIy4IlIMi aK1IENToOp 3J1eKTPOHOB?

2.21*, HanmummTe 3JIEKTPOHHYIO (POPMYIIy BJIeMEHTa C 3apsaoM
saapa Z=22. Hapucyiite opOUTaIbHYIO IUarpaMMy IOCaeIHel (BHEII-
Heli) 2JIeKTPOHHOI 000JI0YKH.

2.22*, JlaHbl aBa 37eMeHTa — C 3apsigaMu sinep Z = 17 u Z = 18.
OnMH U3 HUX — SIOBUTHII ra3 ¢ pe3KUM 3arnaxoM. Jpyroit He sIOBUT,
JIVIIIeH 3ariaxa, He ToJepKUBaeT nbixaHusl. Hamuimre 3;1eKTpoHHbIe
¢dopMybl 000MX 251eMeHTOB. Kakoii U3 HUX SIOBUT?

2.23*. Hapucyiite opOUTaAIbHYIO JUArpaMMy IJisl yriiepoaa (3apsin
snpa Z = 6). CKOJIbKO HeCTTapeHHBIX 3JICKTPOHOB Ha BHEITHEH 3JIeK-
TPOHHO 0bosiouke yriepoaa?

2.24*, Ha ocHOBaHMU CTPOEHUS aTOMa BHIOEPUTE U3 IBYX YaCTUIL
6oJiee CUJIBHBIN aKLENTop 2J1eKTPoHOB: a) aroM F, 6) noH Na?*.

2.25. IlpencraBere, YTO y BaC MMEIOTCS TOYHEHIIINE BECHI,
Ha KOTOPBIX MOXHO B3BEIIMBATh ATOMBI 3JICMEHTOB. YKaXKUTE,
Kakasl U3 YacTUIl B KaxIOl Iape OymeT TsoKesee:

a) FuF-~

60) Na u Na*

B) F- u Ne

r) Na* u Ne.

§2.7*. IlonsiTie 0 KBAHTOBOI TEOPHH CTPOEHHS aTOMA.
Aromubie ciekTpbl. KBanToBbI€ YHCIa

OmHUM 13 MHCTPYMEHTOB, KOTOPBIN IMTOMOT «3aIyISTHyTh» BHYTPb
HEBUIMMBIX, MUKPOCKOIIMYECKUX aTOMOB, MOCIYyXHUIa KBaHTOBas
Teopus. B npenpinymmx pasgesiax Bbl yKe MTO3HAKOMUWIUCH CO MHO-
TMMM TTOHSATUSIMU, KOTOPBIMU 3Ta TEOPHSI ONIepUpYyeT (AP0, SIEKTPOH-
HOe 00JIaKO, YPOBHU, MOAYPOBHU, OPOUTANIU, 3JIEKTPOHHASI KOH(bU-
rypalusi, MUHAUMYM SHEepTuu U T.1.). [1oJie3HO ellle pa3 BepHYThCS K
BOIIPOCY O TOM, KaK TIOSIBUJIUCH 3TU MOHSITUSI, KAKHE IKCIEPUMEH-
TaJibHbIe (DaKTHl 3aCTaBUJIM UCClIeAoBaTeieid HapucoBaTh UMEHHO
Takylo, a He MHYI0 KapTUHY CTPOEHMS aToMa.

Jns Hayana HaM MpuUIEeTCst pa3o0opaThbesl B CBOMCTBAX BOJH. OObIY-
HbIE BOJIHBI (HaripUMep, BOJTHBI HA BOJIE) M 3JIEKTPOMArHUTHBIE BOJHBI
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CBeT — 2JICKTPOMArHUTHBIE BOJIHBI.
OT 4ero 3aBUCUT DHEPTUST BOJTHBI?

A N
A M

E=1
A

Puc. 2.10. MbICIEHHBII OIBIT ¢ OKEAHCKUMU

BOJTHAMM, TTOKA3BIBAIOIINIA CBSI3b MEXKAY TN -

Hoit (M), yacroroii (v) u Heprueit (E) BOJHEIL.

YeMm MeHbIIIe JJIMHA BOJHEI (A), TeM OOJbIe

YacToTa MOIBEMOB Ha IrpeOeHb (V) U HEprus
BOJIHBI (E)

(HarpuMep, COTHEUHBIN CBET) UMEIOT HEKOTOPBIE TTOXOXHE CBOM-
CTBa.

[TpencraBuM TUIBIBYILIEE TTO OKEAHCKMM BOJTHAM TSIXKEJI0€ TPY30BOE
cynHo. B HacrosImieM okeaHe MO BOTHOM MOBEPXHOCTHU IBUKETCS
OITHOBPEMEHHO MHOTO BOJIH. MBI C BaMU PACCMOTPUM YMPOIIEHHbI
cJlyvaii: mycTb IO MOpPIO OE€XUT OJHA-eAMHCTBEHHAs! BOJIHA C OJWHA-
KOBBIMM PAcCTOSIHUSIMU MeXay rpedHsiMu. Hampumep, Takasi, Kak B
BepxHel yactu pucyHke 2.10.

Korma rpedbeHp BOJIHBI IIPOKATHIBAETCS IO KOpadiaeM, TSXKenoe
CYIHO TIOJHUMAaeTCsl BBepX. 3HAUUT, BOJHA CIIOCOOHA cosepuiams pa-
oomy. JlorycTM, BOJIHA B BepXHel yacTu pucyHka 2.10 moctatoyHo
ToJIorasi, a BOJIHA B HMXKHEl YacTh pUCyHKa — OoJiee yacTtasi, moxoxasi
Ha 3bI0b. [Ipy 3TOM TyCTh BbICOTA BOJIH B 000X Clly4yasix OyIeT onu-
HaKOBOI, YTOObI OMMHAKOBOI Obljla 1 BhICOTA MOoAbeMa cyaHa. Torma
MOJIYYUTCSI, YTO HUKHSISI BOJTHA COBEpIINAET OOblile pabOThI: Ha €€
rpeOHSIX Kopabjib MOMHUMAETCS B €IMHUILY BPEMEHHM valile.

YeM Oosbute paccTOSIHUE MEXIY IPeOHSIMU BOJIHBI, TEM MeHbliee
YUCIO pa3 TOJHUMAETCS KOpabsib B eMWHUIYY BpeMeHU. PaccTosiHue
MeXIy TpeOHSIMU BOJIHBI Ha3bIBAETCSl 0AUHOU 801Hb. I 0O03HAYAETCS
rpedeckoit 6ykBoii A (1siM6ma). Yacmoma 60akbl — 3TO YUCIO TIOIb-
€MOB Cy/lIHa Ha rpeOeHb BOJHBI B €IMHMILY BpeMeHU, 0003HaYaeTCs
OyKBOIi V (HIO).

HTtak, nogHrMas Kopabib BBEpX, BOJIHA COBEpILIAeT padoTy. SHAUMT,
YyeM MEHbIIIE JJTMHA BOJHBI (MJIU YeM OOJIbIIIe YaCcTOTa), TeM OOJIBIIIYIO
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SHEPTUIO HECEeT BOJTHA. DHEPTUs BOJHbBI £ MporopuuroHaibHa ee ya-
crote: E=kv , rie k — Hekasl KOHCTaHTa, KOTOPYIO MOXXHO ONPEAEIUTh
SKCIEPUMEHTATBHO.

CaerT, McmycKaeMblii HarpeTbiMu Tefdamu (Hampumep, CoJHIIEM),
TaKXe MPeACTaBsieT cO00 BOJHOBbIE KOJIEOAHUSI JIEKTPUUECKOM 1
MarHUTHOI 3Hepruu. YeM MeHbIle UIMHA TaKOW 3J1eKTPOMarHUTHOMK
BOJIHBI, TEM OOJIBLIYIO HEPTUIO OHA HeceT. BoiHBI cBeTa ¢ pa3HOU
SHEPTUEeil 0Ka3bIBAlOT pa3HOE BIUSHUE Ha ceTyaTKy riasza. Koporko-
BOJIHOBO€ M3JlyY€HUE BOCIPUHUMAETCS HaMU Kak (PUojIeToBOE WIN
cHUHee, JJIMHHOBOJTHOBOE — KakK KpacHoe. Eciu mocteneHHO yBenn-
YUBATh JJIMHY BOJIHBI, TO CBET BOCIIPUHUMAIOTCS HAMU CHavajla Kak
roJy0oit, MOTOM 3€JIeHbIi, KeNThIi, OpaHXKEBbIi U, HAKOHELI, KPaCHBIM.
KpacHpblii cBeT HeceT MeHbIlle BCETO IHEPIUU.

Hamm rraza cnocoOHBI BUIETH 1aJIEKO HE BECh JUANa30H COJTHEY-
HOTO CBeTa — ropaso MUpe o0JacTh HEBUAUMOTO HAM U3JIyUYEeHUS
(puc. 2.11).

JleBee BuaMMOI 001aCTU HAXOOUTCS HEBUAMMAS TJa3y yJabTpa-
duoseToBas objacTh criekTpa. Ele geBee HaxoasaTcs O4eHb KOPOT-
KOBOJIHOBBIE PEHTTE€HOBCKME JyUYd U COBCEM KOPOTKOBOJHOBBIE
KOCMUYECKHUE YUY, KOTOPbIE HECYT TaK MHOTO HEPTUU, UTO OMACHBI
IIJTSI KUBBIX opraHu3MoB. K KpacHoli 06;1acTH TpUMbIKaeT HEBUIMMAsT
uHppakpacHasi 06JacTh CIEKTpa, 3aTeM CJIEIYIOT MUKPOBOJHOBAS U
pPaJMoOBOHOBAsI 00JIaCTU. DTU BOJHBI HECYT MEHbIIE SHEPTUM, YEM
BUAMMBIN U YIBTPa(UOIETOBBIN CBET.

Hesuaumas o6aactb Buaumas obnactb / HeBunumas o6aactb
yJIbTa0IEeTOBOE
U3TyYeHue PaZIMOBOJIHBI
MUKPOBOJIHBI
KOCMUYECKUE
Y-y4u \ 400 HM 800 HMm
] M 3eneHbm | nHdpakpacHoe
pPEHTTeHOBCKoe |CMHHUI W3JTydyeHne
o XKeJIThIA
rosryooit
KpacHbII
CMech 3TUX LIBETOB

/ MBI BOCIIPUHMMAaeM KaK \\

OeJblii LBeT

Puc. 2.11. InvHBI BOJIH M Ha3BaHUSI HEKOTOPBIX BUIAMMBIX
M HEBUAMMBIX 00J1aCTEN COMTHEYHOTO CIIEKTPa
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. CIEKTP pacKaJIeHHOTO
® HarpeTsblii ra3 BOIOPOA
o
BOLOpOL npu3ma

410 M 434 M 486 HM 656 HM

Puc. 2.12. YcTpoiicTBO CIEKTpoOMeTpa ¢ BOJIOPOIHOM JaMITOM
M CIIEKTP UCIIyCKAHUSI aTOMapHOIo Bomopoaa (B BUAUMOI
obacTi)

JUIMHBI BOJIH U3MEPSIOTC B METPaX (pPaJAXOBOJIHBI), CAHTUMETPAX
(MMKPOBOJIHBI) 1 Yallle BCETO B HAHOMETpax (BUAMMAasl U yIbTpadro-
JeToBas objactu). HaHoMeTp (HM) — MuWIMapAaHasl 4acTb MeTpa
(1 HM = 107 M). Buamumas 4yesnoBeKy 006J1acTb CIEKTpa IPOCTUPAETCS
npuMepHo ot 400 mo 800 um (puc. 2.11).

Harpetble Tena UCITyCKalOT CBET MTOTOMY, UTO 3TO MO3BOJISIET UM
M30aBUTHCS OT M30BITKA 9HepTUU. [IpUBBIYHBIN HAM THEBHOM CBET
ucimyckaetcs moBepxHocthio CoiHila, pazorperoit o 6000 °C.

Ecnm Kycok Xene3a HarpeBaTh Ha CHJIBHOM OTHE, OH HauMHaeT
CBETUTHCSI CHayaja TeMHO-BUIIHEBBIM, a IOTOM KPAaCHBIM CBETOM.
TouyHO Tak ke Apyrve 3JeMeHThl B CUJIbHO Pa30TPETOM COCTOSIHUU
MOTYT UCITYCKaTh CBET, KOTOPBII MOKHO Pa3JIOXXUTh HAa COCTABIISIONITE
€r0 BOJIHBI C TIOMOIIBIO CIIEKTPOMETPA.

Takue CIeKTpbl Ha3bIBAIOTCS CEKTpaMu UcIyckaHus. CrekTp
HcIycKaHus Bogopoja (puc. 2.12) okasacs He cnaouHbIM, KaK y COJ-
HEYHOTO CBeTa, a aAuneiinamoim. QOOHApYXEeHHOE SIBJIEHHE TPeOoBaIo
O00BSICHEHUSI, KOTOPOE JI0JIT0€ BpeMsl He MOTJIM HAiTH.

Eme no onwsitoB Pesepdopna, Korna o cTpoeHUU atroMa ObUIO M3-
BECTHO MaJio, (M3UKHU YIOPHO MCKAJIM OTBET Ha BOIIPOC: KAKUM 00-
pPa30M Harperoe BelllecTBO ucmyckaet cBet? [Ipeanonaraniocs, 4To CBET
BO3HUKAET B pe3yJibTaTe KojieObaHUM TPYIT aTOMOB U YacTOTa 3TUX
KOJIeOaHUI KakK-TO CBsI3aHA C YaCTOTOM BOJHBI MCITYCKAeMOTO CBeTa.
Ho kak ycTpoeH aToMm U IoveMy ero KoyiebaHus TIPUBOIST K U3JTyde-
HUI0? OTU (M HE TOJBKO 3TU) BOMPOCHI 3aCTaBJISUIM MCCeaoBaTeIel
MpenjiaraTh pa3JIMYHbIe TUTIOTE3bl CTPOSHUS aTOMA.

Ve ObUTH MOTyYeHBI TIEpBBIE AKCIIEPUMEHTAIbHbBIE TaHHBIE O 3a-
PSIKEHHBIX YacTUIlaX — 2JICKTPOHE M IMpoToHe. PaszymeeTcs, B TOT
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MOMEHT BPSJ JTU KTO-HUOYIbh MOT C YBEPEHHOCTBIO CKa3aThb, YTO 3TU
YacTUIbl UMEIOT OTHOIIIEHUE K CTPOEHUIO aToMa, HO OTKPbITHE
3JIEKTPOHA U TPEATIONIOXKEeHNE O CYIIeCTBOBAHUM MPOTOHA YXe IO-
3BOJISIM BBIABUTATh TUIIOTE3bl O BHYTPEHHEM YCTPOMCTBE aTOMOB Ha
OCHOBE 3TUX «CTPOUTEJIbHBIX JAeTaneii». MMeHHo Torma mosBuiach
MOJIeJIb aToMa, KOTopylo mpemtoxkui k. JIxx. ToMcoH, a 4yTh ITo3:xe —
MOjIeJib aToMa, MpeuioxkeHHast 3. Pesepdopaom (cMm. puc. 2.3, a, 6 u3
§ 2.2).

OmnbiThl Pesepdopaa, o KOTOpbIX MOAPOOHO pacckazaHO B Mapa-
rpade 2.2, mpousBeM CWILHOE BIieUaTIeHUe Ha (PU3NKOB TOTO Bpe-
meHu. Ho ecinu monmenb ToMcoHa oTBeprajiach B I10Jb3y Moaenu Pe-
3epdopna, To BOZHUKaI HeEpa3pelMMblid BOTIPOC: TTOYeMY 3JeKTPOHBI
He 1magaloT Ha sapo? Eciu 1oImycTuTh, 4TO B 3JIEKTPOHHOM 00J1aKe X
yIEPXKUBAET LIEeHTpoOeXKHasi C1Jia, BO3HUKAOIIIAsl TIpu ObICTPOM Bpa-
IIEHUH BOKPYT siipa, TO TOTAa BO3HUKAET APYroe 3aTpyaIHEHME: IIeK-
TPUYECKUI 3apsill, ABMKYIIUIACS B MATHUTHOM T10JI€ SIApa, HEU30eXKHO
JOJDKEH U3JTydaTh SHepTuio. Eciy GBI aTOM TTOCTOSTHHO U3JTyJall SHep-
rUI0, OH OBl HE MOT CylllecTBOBaTh. Kiiaccuueckast husuka okasajaach
OeCcCUIIbHOI TIepe 3TOi MpoOJIeMOiA.

K cyacTblo, cyliecTBOBajo €llle OJHO NOCamTHOe 3aTPyIHEHUE
KJIaCCUYECKO# (pu3uKu, pa3pelieHue KOTOpOro HEOXMIaHHO TTOMOT-
JIO TIPOJABMHYTHCS B TIOHUMaHUM CTpoeHUsT atoma. Kinaccuueckas
(busnka He MorIa OOBSICHUTD, NTOYEMY MPU HarpeBaHUU HU3NYECKOoe
TeJI0 HAUMHAET CBETUTBLCS He CUHUM WA (puo1emosbiM, a KPaCHBIM
cBetoM. C MOMOIIBIO U3TYYEHUs] HarpeToe (pu3myeckoe Teyio u3daB-
JIsieTcsl oT uanuiika sHepruv. Ho Hanbonee addexkTuBHast, ObicTpas
oTaavya SHEPTUHU TOJDKHA TTPOVCXOIUTH C TIOMOIIBIO KOPOTKOBOJTHOBBIX
CBETOBBIX BOJIH, CIOCOOHBIX HECTU MHO20 IHepeuu! B aTOM ciiydyae Ha-
rpeBaeMbIil B TOpHE KYCOK XKeJjie3a OJKeH BBINISIAETh (DMOJIETOBBIM
WM cUHUM, HO He kpacHbIM! Hamie CosHile — orpoMHOe, HarpeToe
IO BBICOKMX TeMITepaTyp (bU3NIeCKOe TEJI0, TOJKHO 3aJIMBATh 3eMITIO
uoneToBbIM (M maxe elle 6oJiee KOPOTKOBOJTHOBBIM) M3TyYCHHUEM.
Pazymeercsi, 3To pe3Ko NMPOTUBOPEUUT TOMY, UTO Mbl HAOJIOaEM.

bepnaunckuit mpodeccop Maxkc [11aHK B TedeHHUE MHOTUX JIET 3a-
HUMaJICs 9TON MpobsieMoil. B KOHIIE KOHIIOB OH MpUILIES K BBIBOLY,
YTO €NMHCTBEHHBIN BBIXOI — 3TO MPEAIOJIOXHUTh, YTO U3JIydyeHUE
CBeTa BEIIECTBOM MPOUCXOJUT He HenpepbiGHO, & OTAEIbHBIMU «3Jie-
MEHTapHBIMU» HOpYUsMU SHEPTUM, KOTOPBIE POKIAIOTCS KOJeOII0-
IUMHKCS aToMaMU. Takue «nopyuu» CBETOBOM SHEPTUU HA3bIBAIOTCS
K6aHmMamu dHEPruu.

HenpepbiBHOE BOJIHOBOE U3JTy4YeHUE HArpeTOro Teia IeiCTBUTEb-
HO JI0JIKHO ObLIO Obl MMETh Maslyio ((hMOJIETOBYIO) JUTMHY BOJIHBI, B
TO BpeMs KaK M3JIyYeHHUe TOTO e KOJMYeCTBa SHEPTUU KakK Obl «3a-
pSIIOM KapTeyu» U3 MEJIKUX MOPLUUM SHEPTUM JAOJXKHO COCTOSTH

68



YHuCIO 4YUCIO0
MalluH KBaHTOB

N
7z
30 60 100 SHEpPrust KBAHTOB
HX CKOPOCTH (KM/4)
a 6

Puc. 2.13. Tpaduk pacnpenesieHds] MalllMH B TOPOJIe 1O CKOPOCTU UX

IBYDKCHUST: «JIUXadeii» U «TUXOXOMOB» OTHOCHUTEIBHO Majlo, a OCHOB-

Hasl Macca BOAUTENel COOI0IaeT OOBIUHBII CKOPOCTHOM pexkuM (a);

aHaJIOTUYHBIM IrpaduK I KBAHTOB CBETa, POXKIACMBIX «OBICTPHIMU»
U «MeIJIeHHbIMU» aToMaMmu 1o runotese [liaHka (6)

(4MCTO CTaTUCTUYECKU) M3 BOJH Pa3HON 3HEPTUHU, CPear KOTOPHIX
¢uoJIeTOBBIE HE 00513aTEIbHO B OOJIBIITMHCTBE.

MOXHO TPUBECTH TaKylo aHAJIOTHUI0. B HeKoeM ropoje HacTymmiIa
HeObIBajas xapa, U BCe JIIOAM Ha pa3IMYHbIX BUIAX TpaHCIIOpTa
YCTPEMUJIVCh 3a Topoj1, Ha ipupoay. Hanbosee 6bIcTpo Bce MOTIIM Obl
BbIeXaTh Ha JIETKOBBIX MallIMHAX, KOTOPbIE Pa3BUBAIOT HAMOOJIBIITYIO
ckopocTb. Ho KTo-TO enet Ha aBTOOYyCE, KTO-TO Ha BEJIOCUIIEAE, KTO-
TO Ha 3JieKTpruKe. Ecy moctpouth rpaduk B KOOpAMHATAX: «4UCIIO
MalllMH — CKOPOCTh MAllIMH», TO BBIICHUTCS, YTO OYEHb OBICTPOXO/-
HBIX U OYeHb TUXOXOMHBIX MAIlIMH TOBOJILHO MaJjlo, a OCHOBHAsT Mac-
ca JIiofieli TiepeiBUraeTcsl 3a ropojl He O4eHb OBICTPO, HO M HE OYEeHb
MemieHHo (puc. 2.13, a).

To xxe camoe MOXHO CKa3aTb 00 SHEpPruu, KOTopast IIOKMIaeT Ha-
rpeBaeMoe TeJIo B BUJIE CBETOBOro uanydeHus (puc. 2.13, 6). Ilo-
CKOJIBKY B HarpeToM Tejie OMMHAKOBO MaJlo KaK «ObICTPBIX», TaK U
«MEIJIEHHBIX» aTOMOB, COBEPIIAIONINX KOJeOaHUsI, TO U3TydaeMblii
MMM TIPU KaXKIIOM KOJIeOaHUU CBET COAEPXKUT MaJIo KaK KOPOTKO-, TaK
1 JUTMHHOBOJTHOBBIX «IOPLIMif» CBETOBOI SHEPTUM. A OCHOBHAsI Mac-
ca 9HEPruU YHOCUTCS U3 HArpETOro TeJla «IOPLUSIMU» CBETa C 3JIEKTPO-
MarHUTHBIMU BOJIHAMM KaKOM-TO cpelHei MIMHBI. TakuM obpa3om,
TeJI0 UCIyCKaeT IJIaBHBIM 00pa3oM He (DUOJIETOBBIN, a, HAIIpUMeEp,
XKEThIN CBET.

[naHK MCXOAWJ U3 TOTO, YTO CBET UCITYCKAETCs TpyMInaMu KoJe-
OJIIOIIIMXCSI aTOMOB (8ROCACOCMEUU 0KA3AA0C, YO MO He maK, HO He
TOMEIIAJIO CIeaTh MPaBUJIbHBIN BBIBOJ O «ITOPIMSIX» CBETOBOI 9HEP-
rum). 3mech BaxkHa Mlesl He TOJbKO O KBaHTaX dHEPTUU, HO U 00
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aToMax — «KBaHTaX» MaTepuu, 6€3 KOTOPBIX HEBO3MOXKHO TPEICTaBUTh
o0Opa3oBaHKe KBAHTOB SHEPTUU.

Hrak, mo MHeHMIo [11aHKa, B HArpeTOM BellleCTBE IPYIITBI aTOMOB,
KOJIEOJTIOLIMUXCS C OYEHb BBICOKUMU (M OY€Hb HU3KMMMU) YaCTOTAMM,
HE MOTYT COCTaBJISITb OOJIBITMHCTBO (KaK HE COCTaBJISIOT OOJIBIITMHCTBO
«JIMXa4u» Ha I0porax), 1 OCHOBHAsl Macca MOPLMiI SHEPTUU BbIAESI -
eTcsl B 00JIaCTH KaKUX-TO MPOMEXYTOUHBIX, «CpeIHUX» 4acTOT. [1oaTo-
My HarpeThlii B TOpHe MeTaJlT (MM pacKajleHHast ToBepXHocTh CoJTH-
11a) IIpU BBICOKMX TeMIlepaTypax CBETSITCs OeJbIM (B O€JI0M eCTh
KBaHTHI BCeX JUTMH BOJIH), HO HE (DUOJIETOBBIM CBETOM.

DieMeHTapHasl «ITOPLIVS» SHEPIUM € (TICUIIOH) CBSI3aHa C YaCTOTOM
3JIEKTPOMarHUTHOM CBETOBOU BOJIHBI, KOTOPAsl 3Ty SHEPIUI0 HECET,
MPOCTBHIM COOTHOLLIEHUEM € = AV, Te & — HeKOTopasi KOHCTaHTa, He-
0o0XoaMMast yxKe JIJIsSl TOTO, YTOOBl YPaBHSTh pa3MepHOCTH 3Hepruu E
(mxoynb) 1 9actothl v (1/¢). Bcnomuure hopmyny E = kv, oxydeHHYIO
B HallleM OIbITEé ¢ OKEAaHCKMMU BOJHAaMU Ha pucyHke 2.10. Dta ae-
MEHTapHasl TIOPIIMS BOJTHOBOM HEPTUHM TTOJTyIMIa, KaK MBI YK€ 3HaeM,
Ha3BaHUE K8aHmMa, a KOHCTaHTa i Ha3bIBaeTCsl nocmosuHol Ilranka.

Cawm Ilnank B 1900 romy CKpOMHO Ha3bIBaJl CBOIO TUIIOTE3y «Ma-
TeMaTUYeCKUM MPUEeMOM» U «paboduM mpearnoioxeHueM». OH He
CKpPBIBaJI, YTO OBUT BEIHYXIEH BBIIABUHYTh TaKyIO «CTPaHHYIO» (op-
MaJIbHYIO TUTIOTE3Y paay OMHOTO — YTOOBI JIIOOO IIEHOH TOIyInIcs
MOJIOXUTENbHbIN pe3yJabTaT. TO ObLJIO HEJETKO CeaTh TEOPETUKY-
KJIACCUKY, BOCTIMTAHHOMY Ha TIPUHITUTIE «TIPUPOJIA He eJIaeT CKaYKOB»,
B JOKTOPCKOI IuccepTaluy KOToporo 3a 20 JeT 10 OMUChIBAEMbIX
COOBITUI pa3BUBaJlaCh MbICJIb O TOM, UTO aTOMUCTUYECKWE B3TJISIIIbI
Ha CTPOEHUE MaTepUM MPUBOIAT K MPOTUBOPEUUSIM.

B 1912 romy Ha KBaHTOBYIO TUTIOTE3y OOpaTUI BHUMaHKUE TaTCKUIA
¢u3uk Hunbe bop, KoTophlil mpuMeHWI ee K MoAeau atoMa Pesep-
(opna v nomyyus NopasuTeIbHbIE PE3YJIbTaThl B O0bSICHEHUH aTOMHBIX
CITEKTPOB UCITyCKaHUs Bogopoaa. bop TpearnomoxXmI, 9To 371eKTPOH-
HBII1 «poii» B Momenu Pesepdopaa He OGecriopsiiodeH. DIEKTPOHHI B
HEM pacIiojiaratoTcsl Ha CTpOTo OMnpeaeIeHHbIX, TOCTOSIHHBIX OpOUTaX
(mocmotpurte puc. 2.3, 6, § 2.2).

B Mmonenu Pesepdopna 31eKTpoHbI TOXE IBUTAINUCH IO OpOUTaM,
HO 3TY OpOUTHI MOTJIM OBITH CITUPAJIEBUIHBIMU. JIBUTASICh TIO CTIMpa-
JIY OJIVXKe WM Jajibllie K SiApY, aTOM MOT M3JIy4aTb WU MOTJIOIIATh
SHepruio. B 3ToM ciydae CIeKTphbl UCITYCKaHWSI aTOMOB JOJKHBI ObLITH
OBITb TTOXOXXMMU Ha HENPEPHIBHBINM COJHEUHBIN CIEKTP, B TO BpeMsi
KakK CIeKTp MCITyCKaHWSI BOIOPO/A OKa3ayics MPEPLIBUCTBIM, AuUHel-
uamoim (puc. 2.12).

Bop npemioxua cuuTaTh akCMOMOM TOT (DaKT, UTO TOJBKO Ha T10-
CTOSTHHBIX, CTAallMOHAPHBIX OPOMTAX AJIEKTPOH MOXKET CYIIeCTBOBATh
yCcTOMUMBO, He Manast Ha siapo. O0bsicHeHUe 3Toro eHomeHa bop
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OTKJIabIBaJl O JIyYIITUX BpEMeH, Tpeiarast ToCMOTPETh, KaK HoBast
MOJIeJIb OOBSICHSIET dKCIepruMeHTalbHble dakThl. [locTynaTel bopa
MOHO c(hOpPMYJIMPOBaTh CIAEAYIOIIMM 00pa3oM:

1. B aToMe cy1iecTBYIOT OpOUTHI, HAXOASICh HA KOTOPBIX 3JIEKTPOH
HE M3JIy4aeT SHEPTUI0. DTU OpOUTHI HA3BIBAIOTCSI CTAIlMOHAPHBIMMU.

2. WznydyeHre IPOUCXOIUT TOJIBKO TPU MEPECKOKE JIEKTPOHA C
OJIHO1 CTAallMOHAPHOI OPOUTHI HA IPYTYIO.

Teneppb oOpaTuMcs K 9KCIIepUMeHTaIbHBIM akTaMm. Eciu cribHO
pa3orpeTh ras, Kak 3To MPOUCXOIUT B BOMOPOAHOI JlaMIie, TO aTOM
MOTJIONIAET YacTh 9HEPTUM. [Ipr 3TOM 3/IeKTPOH CKAYKOM MEPEeXOIUT
C HIDKHEW CTallMOHApHOM OpOUTHI (YPOBHS, 000J0YKH — 3TO OJHO U
TO 3Xe) Ha 6oJiee BBICOKME CTallMOHApHbBIE OPOUTHI (YPOBHU, 000I0Y-
ku). Takoii «<Bo30yKIEHHBII» aTOM HE MOXET JOJITO CYIIeCTBOBAaTh, 1
3JIEKTPOH BO3BpalllaeTcsl («ajgaer») Ha 0ojiee HU3KYI OpOUTY, BbI-
JIeJIsisl TIPM 3TOM CTPOTO ONpeNeIeHHYIO MOpLHIo (KBaHT) CBETOBOM
sHepruu (puc. 2.14). ITockonbKy OpOUT B aTOME KOHEYHOE YUCJI0, B
CIIEKTpE MCIyCKaeMOoro BOJOPOIHOM JIaMITIOl cBeTa HabJtoJaloTCsl He
IJIaBHbIE MEPEXOAbl OT OJHOTO 1IBETAa K IPYrOMY, a JIUIIb OTIEIbHbIE

CUHUI CBET
(cepust bainbmepa)

"

ynbTpaduone-
TOBBIA CBET
(cepus JlaiimaHa)

/ | \ KpPAcCHBIi CBET
(cepus IMamena)

Puc. 2.14. DnekTpoHHbBIE TIEpEXOIbl B aTOME Bomopoa: cepus JlaiitmaHa
(camoe Ooraroe sHeprueit yabrpaduosieToBoe U3aydeHre) BO3HUKAET B
pe3yibraTe nepexoioB ¢ ypoBHel n = 5, 4, 3, 2 B OCHOBHOE COCTOSIHUE
(n =1). Cepus banpMepa (BUAUMBII CBET) BOZHUKAET MPU Mepexonax ¢
ypoBHell n =5, 4, 3 Ha ypoBeHb 1 = 2. Cepus [lameHa (KpacHbIl CBET)
BO3HMKAET B pe3yJIbTrare TepexoqoB C ypoBHel n = 6, 5, 4 Ha ypoBeHb
n = 3. Cepuu JIMHUI B CIIeKTpe BOMOPOIa Ha3BaHbI UMEHAMM OTKPHIB-
MWUX UX YIeHBIX. [IporcXoxneHne creKTpadbHBIX JIMHUI BIIEpPBHIC
o0bsiciun H. bop
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JIMHUM Ha YepHOM (poHe (puc. 2.12) — 3TO U €CTb TMHEHIATHIN CIIEKTP.
Yucio TMHUIM JOKHO COBMANATh C YMCIOM JEKTPOHHBIX IEPEX0I0B
MeXIy CTallMOHAPHBIMU OpPOUTAMU.

Hanpumep, nepexon 3J1eKTpoHa ¢ OJHOTO U3 BLICOKMX YPOBHEN Ha
BTOPOI YpPOBEHb COMPOBOXIAETCS BbIIEICHUEM OTIAEIbHBIX «ITOPLUI»
CBETOBOI YHEPTrUM — KBAHTOB CBeTa B BUAMMOM obacTh. [lepexompt
MeXy OJIM3KO PACIONOXKEHHBIMU YPOBHSIMU IAIOT MEHEE SHEPTUUHbIE
KBaHTHI KpacHoro 1BeTa. Hanbonee sHepruuHbie (YabTpadroIeTOBLIE)
KBaHTBI BbIIEJSIOTCSI IPY BO3BpATE JEKTPOHA Ha OJIVMDKARIIU K SIAPY
TepBbIil ypoBeHb. KBaHTHI OMHOTO BUIA CIMBAIOTCS BMECTe U HaOJIIO-
JAIOTCSl B CIIEKTPOMETPE B BUIE TOHKMX JIMHUIA.

B atrome Bogopoaa TONbKO OAMH 3JIEKTPOH U €ro CIEKTP UCITyCKa-
HUSI OTHOCUTENIBHO TPOCT. B criekTpax MCIycKaHWsl aTOMOB APYTUX
9JIEMEHTOB Yucio JuHui 6onbuie. Enie no nosisnenust monenu bopa
(bM3MKY HAyIMITUCh PA3INYaTh B TAKMX CIIEKTPAX OJIM3KO PacTioNoXeH-
HblE JIMHUU, OTJIMYAIOLIKECS TI0 BHeIIHeMY BUIy. OHU U3 HUX (OYEHb
y3KHE) MOJIyYMIN Ha3BaHUE «pe3Kux» (0T auea. sharp). Hamboiee
SIpKME JIMHUM Ha3BaJIM «IJIaBHBIMU» (OT awea. principle). Habmonanuch
0oJjiee IIMPOKKE JIUHUU — UX Ha3BaIu «pa3MbIThiMu» (diffuse). Eie
OIVH COPT JIMHUI MMeeT Ha3BaHUe «(DyHIAMEHTAIbHBIX» (OT auea.
fundamental). [To repBbIM OyKBaM aHIJIMIICKUX Ha3BaHUI TOBOPUJIN
0 HaJIMYMU B CIIEKTPax UCIYCKaHMS §-, p-, d- U f~-muHunii. [TpumeHu-
TeJIbHO K Monenu bopa aTo 03HayaeT, uTo B CIIEKTpax aTOMOB OoJiee
CJIOXXHBIX, YeM BOIOPOJ, TTOCTOSTHHBIC 3JIEKTPOHHBIE YPOBHU MOTYT
COCTOSITh M3 HECKOJBKUX OJIM3KO PACIIONOXEHHBIX MOAYPOBHEN:

S-TIOMYPOBEHb Ha3BaH I10 «pe3Koil» (sharp) nuHum,
P-TIONYPOBEHb Ha3BaH IO «IJIaBHOM» (principal) nuHum,
d-momypoBeHb Ha3BaH Mo «aud@y3HOit», «pa3mbIToi» (diffuse)
JIUHUU,

Jf-monypoBeHb Ha3BaH Mo «dyHaameHTaabHOI» (fundamental)
JIUHUU.

CII0XXHOE YCTPOICTBO YPOBHEN OBIIO MTOKA3aHO Ha PUCYHKeE 2.6.
Hanuuue nomypoBHeil 0ObSICHSIET MPOVCXOXACHUE B CIIEKTPaX «pe3-
Kux» (sharp), «mmaBHBIX» (principle) m «pa3MbITeiX» (diffuse) muHMIA.
Bonee BbicOKMEe ypOBHU Ha PUCYHKE HE MOKa3aHBbI.

C TOMOIIBIO CTTEKTPOB BBISICHUJIOCH, YTO MEPBBI YPOBEeHD (1 = 1)
HE COIEpXUT KaKUX-JIM0O MoaypoBHeil, KpoMe s. Bropoii ypoBeHb
COCTOMT U3 JIByX NTOMYPOBHEM (S U p), TPETUI YPOBEHb — U3 TPEX T0-
IypoBHeii (s, p, 1 d) u T.A. Kak MbI BUIMM, IOAYPOBHU 0003HAYAIOT-
csl MO TepBbIM OYKBaM aHTJIMWCKUX Ha3BaHUM COOTBETCTBYIOLIMX
JIMHUH B ciekTpax. B manbHelimeM 6oiee BEICOKME TIOAYPOBHU CTaIA
0003HayaTh, MPOCTO MPOIOJIKAsT JATUHCKUI aJihaBUT: g-TTOTYPOBEHbD,
h-TIomypOBeHb M T.II.
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Puc. 2.15. Inarpamma 4acTu 3HEpreTUYECKUX YpPOBHE U

MOAYPOBHEl aTOMa JUTHs. YPOBEeHb ls HaXOAMTCS HAMHOIO

HUXXE YPOBHsI 25 U HE MOMECTHJICS B MacilTab pucyHKa (U3
kuuru JIxx. Kemnoena «CoBpeMeHHas1 o011ast XUMUSI»)

Ha pucynke 2.15 moka3zaHa quarpamMma 4acTU SHEpPreTUYecKux
TePeX0I0B JIEKTPOHOB B aTOME JINTHS, TTOJydeHHasl U3 CIIeKTpa HC-
MyCKaHUsI pacKaJIeHHBIX MTapoOB 3TOr0 MeTaJla.

MoXHO 3aMeTUTh, YTO Ha PUCYHKe 2.15 HeKOTopble MOAYPOBHU
M300pakeHbl COCTOSIIIMMU U3 HECKOJbKUX ONMHAKOBBIX M0 SHEPTUU
«mojioyek». Hanpumep, p-nomypoBHU COCTOST U3 TPEX ONMHAKOBBIX 10
SHEPIUM 4YacTeil, d-TogypoBHU — U3 ISITU, f-IIOAYPOBHU — U3 CEMHU.
OTtkyna 3to crajo u3BecTHo? Eme B 1896 romy HeMelkuii UMK
I1. 3eeMaH MOMeCTHT B CMJIBHOE MarHUTHOE TT0JIe YCTPOMCTBO, aHaJIO-
TMYHOE BOJOPOJHOI JlaMIle, HO HaNOJHEHHOE MapaMu packajJeHHOTro
Hatpusi. OGHapYXUJI0Ch, YTO B MATHUTHOM ITOJIE YUCIIO IMHUM B CTIEK-
Tpax MCITycKaHus Bo3pacTaeT (3¢¢ekT 3eeMaHa). AHAJIOTUYHOE SIBJIe-
Hue HabJonaeTcsl U B CUJIbHOM 3JiekTpuueckoMm mnoJie. [Toka Ha
3JIEKTPOHBI IENCTBYIOT TOJIKO BHYTPEHHUE CUJIBI SIIpa, 4acTh U3 HUX
MOXET HaxOAMThCSI B COCTOSIHMM C OIMHAKOBOI 3Heprueit. Ho korma
TTOSIBIISIETCS] TOTTOJTHUTEIbHOE, BHEIITHEE TT0JIe, 3Ta SHEPTus yxXe He
MOXET OCTaBaThCsl ONMHAKOBON. AHAIU3 CIEeKTpoB 3eeMaHa 3Hauu-
TeJTbHO TMO3Xe MpuBesl (puzuka-teopetrka Bonbdranra [aynm K Mbic-
JIV O TOM, YTO Ha OHOI SHEPreTUUECKOM «I0JI0UKE» MOXKET IMOMellaTh-
csl He OOJIbIIIE IBYX JIEKTPOHOB. A YTOOBI TPOTUBOCTOSITH MOIIHBIM
CUJIaM OTTAJIKMBaHUsI, TaKue 3JIEKTPOHBI JOJDKHBI 00J1a1aTh pa3HbIM
cnunom (K 9TOMY CBOMCTBY Mbl BepHeMcsl UyTb no3zxe). [Tonyuaercs,
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YTO B aTOME HE MOXET OBITh IBYX JICKTPOHOB B OMMHAKOBOM COCTOSI-
HMU. DTOT BbIBOJ U3BECTEH Kak MpUHLMI (Uu 3anpet) [Taymu.

Du3nyecKre 9KCIIePUMEHTHI TTO3BOJISIIOT OMPEAETUTD 3aCeIEHHOCTD
3JIEKTpOHAMM YPOBHEH W MmoaypoBHei. JIjist 9TOro Hamo U3MepsITh
SHEPTrUI0 MOHU3AIUM aTOMOB, TO €CTh 3HEPTUIO OTPhIBA OT HETO
571eKTpoHOB. CHavajia u3MepUTh SHEPTUI0, HEOOXOIUMYIO ISl yaie-
HUS U3 aToMa TepBOro 3JEKTPOHA, 3aTeM BTOPOTO, TPEThETro U T.[I.
Oxka3anoch, 4TO BO BCEX aTOMaX €CTh 3JIEKTPOHBI, IJIsT KOTOPBIX 9HEP-
MU MOHU3aLMU 6iu3ku. Hampumep, i aproHa (B ero aJeKTpOHHOM
00o00uKke 18 3eKTPOHOB) 0OHAPYXXUBAIOTCS Mgmb TAaKUX TPYII C
OIIM3KUMU DHEPIUSAMU MOHU3aLMK. B Hux 2, 2, 6, 2 1 6 3]1eKTPOHOB.
Ho nsath caMbIX HUDKHUX 3HEPTeTUYECKUX YPOBHEH aToMa COOTBET-
CTBYIOT IOAYpPOBHSIM 1s, 25, 2p, 3s u 3p (3TO U3BECTHO M3 CIIEKTPOB
ucnyckaHus). B Takom cityyae s-1moaypoBeHb J0JKEH COCTOSITh TOJIb-
KO U3 00Holl opbuTanu (Ha Hell 2 3JIeKTpOHA), p-TIOAYPOBEHb — U3
mpex opouTaeii (TaM 6 3JIEKTPOHOB — 10 JBa Ha KaXIyI0 OPOUTAIIb).
MoxHo mokasaTh, YTO d-TIOAYPOBEHb B OOBIYHBIX YCIOBUIX (0€3
BHEIITHETO I0JIsI) COCTOUT U3 namu opOUTaieil ¢ OMMHAKOBOU 3HEp-
rueit, a f~ronypoBeHb — U3 cemu.

Mogenb bopa mocTerneHHO yTOUYHsUIaCh. YUeHBIX OHA IIpUBIeKaIa
TEM, YTO C €€ TTOMOIIbI0O MOXHO OBbLIO Je/1aTh JOBOJIBHO TOYHBIE pac-
yeTel. Harpumep, MOXHO ObLIO BBHIYMCINTH SHEPTUIO aTOMa BOJO-
pojia B OCHOBHOM U BO30YXJA€HHOM COCTOSIHUSIX, ONPEIAETUTD €ro
panuyc, BBIYMCAUTD SHEPTUI0 MOHU3AUUU U T.A. st 3TUX 1enei
MoJiesib Obljla CHaOXeHa SICHBIM M TIOHSITHBIM IS MHOTHX MCCIIe0-
BaTeJieii MaTeMaTUUYEeCKUM allnmapaToM, KOTOpHIi pa3paboTanu B
ocHoBHoM caM H. bop u ero nmocnenosarens A. 3ommepdenba. s
MPOBEAICHUSI pacueTOB TPEOOBAIOCH OMUCHIBATh COCTOSTHUE 3JICKTPOHA
B aTOM€, TO €CTh YKa3bIBaTh €I0 TOYHBIM «allpec» B JIEKTPOHHOM 060-
JIouke (TouHee — B mModeau 3JIEKTPOHHOM 000J0YKH) C TTOMOILBIO TaK
Ha3bIBAEMBIX K8AHMOBbIX yucen. Mbl yXe 3HaeM, UTO KaXKIbIil 3JIEKTPOH
CYIIECTBYeT Ha KakoM-a1bo ypoBHe (1, 2, 3, u T.4.). DTOT ypOBEHb
0003HaYaeTCs YUCIOM 1, KOTOPOE MOJTYYUIIO HA3BaHUE 21a6H020 K8AH-
mogoeo uucaa. TTOHATHO, YTO YUCIIO # MOXET TIPUHUMATD TOJBHKO
1ieJible 3HAaYCHUS.

ITocKoJIbKY YPOBHSIM yKe TIPHCBOEHO IJIaBHOE KBAHTOBOE YHMCIIO 7,
JUTS TIONYPOBHEN OBLIO BBEACHO 8CHOMOCAMENbHOE KBAHMOB0E HUCAO .
Ecnu rmaBHOE KBAaHTOBOE YMCIIO # — 3TO «aAPec» YPOBHS, TO YUC-
J10 [ — «agpec» MOAypPOBHSI:

=0 — 2T0 s-TTOAYPOBEHD,
/=1 — 310 p-TIONYPOBEHD,
[ =2 — 5T0 d-noaypoBeHb,
| =3 — 510 f~TIONYypOBEHb.
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-2 -1 0 +1 +2

s MO OO0 -
4s [] 1=0
» 100 I=1
3 [] 1=0
—~—. Tgo L
— s [] 1=0

Puc. 2.16. KBaHToBble uyncna u, [, m nisa
OIMCAHUsI JIEKTPOHHBIX 000JI0YeK aTOMOB

[aBaiiTe mompoOyeM pa3o0paThes, ToueMy ObUTH BbIOpaHBI UMEH-
HO Takue, a He UHble 3HaYeHUsI / IJIs1 pa3HbIX MOAYypOBHEM. st aTo-
rO MOCMOTPUM Ha OpOUTAIBHYIO TMarpaMMy Ha pucyHke 2.16.

3HauyeHus [ TECHO CBSI3aHBI C 4UcA0M opOumaneii Ha KaxKaoM IO/~
ypoBHe. Hanmpumep, B 3HaueHUM / = 2 «CKPBIThI» ISITh OpOUTaNeit
d-nomypoBHs: -2, —1, 0, +1, +2. 3Hadyenue / = 1 maeT Tpu opOUTAINA
p-nionypoBHs: —1, 0, +1. A ripu [/ = 0 opbuTanb Ha S-TIOTYPOBHE TOJIb-
Ko omHa. HeTpyIHO BEIYMCIINTD, YTO B 3HaUSHUH [ = 3 «3ammdpoBaHb»
ceMb opburaieit f~mogypoBus: —3, -2, —1, 0, +1, +2, +3.

Janee TpeboOBaIOCh 0003HAYNTD «afpeca» OpouTaeil Ha KaXIOM
nonypoBHe. [TOCKOIbKY OpOMTaI aTOMa CTAaHOBSITCSI «BUIHBI» TOJb-
KO B MaeHUMHOM TIOJIe, OYepeaHOe KBAHTOBOE YMCIIO, 3alIMChIBAIOIIEE
«ampec» opoUTaII B aTOMe, Ha3BaJIl MACHUMHbIM KGAHMOBbIM HUCAOM M.
DTO KBAaHTOBOE YMCJIO MPUHUMAET 3HaA4eHUus1 oT —/ 10 +/, TO ecThb
HMMeET POBHO CTOJIBKO 3HaYeHUI, CKOJIbKO OpOUTAIe CyIIeCcTBYeT Ha
KaXKJIOM TIOJypOBHE.

JaBaiiTe ¢ TOMOIIBIO Y3Ke U3BECTHBIX HAM TpeX KBAHTOBBIX YMCE] 7,
I v m 3annIIIEeM <«afpec» OpOUTAIM, KOTOpas Ha pucyHKe 2.16 BblmereHa
yepHbIM. [TOTOM MBI CMOXEM 3TUM Xe CITOCOOOM 3aIMChIBaTh «aapecas
JOOBIX IPYrUX OpOMTaNIelt M HAXOASIIMXCS HAa HUX JIEKTPOHOB.

BoigesneHHasi opOUTaIbL HAXOAUTCS Ha TPETbEM YPOBHE: ClleoBa-
TEJIBHO, €€ 21asHoe K8anmogoe 4ucao n = 3. D1a opoUTaTb HAXOIUTCS
Ha d-TIOAYPOBHE: CJIEIOBATENbHO, €€ 8CnoMocamenvHoe K8AHMOB0e
uyucno | = 2. HakoHel, 11 3TOil OpOUTANIN MacHUmMHOe K8AHMOB0E
yucao m = —2. Utak, «ampec» BblIeIeHHOM opoutanu: n =3, [ = 2,
m=-2.
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IMocnenHee KBaHTOBOE YMCIIO, KOTOPOE MTOTPEOOBAIOCH ISl OTTH-
CaHUsI JIEKTPOHA B aTOME, Ha3bIBACTCSI CHUHOBBIM KBAHMOBBIM HUCAOM S.
CnuH (1To-aHIJIMICKM — BEPETEHO) MOXKHO MPEACTaBUTh KaK Bpaliie-
HUeE 3apsiga 2JeKTpOHAa BOKPYT COOCTBEHHOI OCHM — IO 4YaCOBOM
CTpeJiKe U MPOTUB YacoBoil cTpesiku. CIIMHOBOE KBAaHTOBOE YHUCJIO
MOXeT MPUHMMATh, CJIEI0BAaTEIbHO, TOJILKO B 3HAYEHUsI, U B KBaH-
TOBOI MEXaHMKE OHU TMPUHSATHI TaKUMU: § = +1/2 u s = —1/2. B co-
BPEMEHHOM 60.1H060I M0deau CTPOSHUS aToMa (0 Heli — B KOHIIE
aToro naparpaca) yxe 3aTpyIJHUTEJIbHO pacCMaTPUBATh JEKTPOH Kak
BpalaoNIyIOCs YaCTUIY KOHEUHBIX pa3MepoB. ClieyeT MpU3HaTh, YTO
MPEXHSIsS TPAKTOBKA CIMIMHA B 3HAYMTEJbHOM Mepe yTpaTuiia CMBICI.
CnuH cBsI3aH C IBUXEHUEM 3apsiia 6Hympu CaMOro JIEKTPOHA U He
3aBUCHUT OT TepeMeIeHUsI JIEKTPOHA B TPEXMEPHOM TPOCTPAHCTBE.
31ech HaM BaXKHO TMTOHUMATh, YTO CYIIECTBYET HEKoe (hyHIaMEeHTaIb-
HOE pa3indue MeXIy 2JIeKTpOHaMM (CITUH 3JIEKTPOHA), KOTOPOe TI0-
3BOJISIET UM CYIIIECTBOBATh HA OJHOI OPOUTANIM B COCTOSIHUU C ONU-
HaKOBOI1 BHeprueil, HeCMOTPsI Ha CHJIbHEIIIee OTTaTKMBaHUE OTHO-
MMEHHBIX 3apsiIOB 3TUX JJIEKTPOHOB.

B xauecTBe nprMepa naBaiiTe 3anuileM MOJIHbII Ha00p KBAHTOBBIX
qyuces ISl 3JeKTPOHa, OOBEIEHHOTO KPYXKKOM B OpOMTAJILHON mua-
rpaMMe aToma azoTa.

7N Azot

/I\

ZPIII
2s
ls

OTOT 3JIEKTPOH XapaKTepU3yeTcs HAOOPOM KBAaHTOBBIX UYMCEN: 1 = 2
(HaxomMTCsl HAa BTOPOM YpoBHE), / = 1 (HaxomuTcsl Ha p-TIOAYPOBHE),
m =+1 (HaxomuTCs Ha TMOCIeTHENH U3 TPeX OMMHAKOBBIX p-OpOUTasIeit,
s =+1/2 (3TOT 3NIEKTPOH 3aceaUICs TIEPBBIM Ha JaHHYIO p-OpOUTATIb).

JloroBopumcs, 4TO 3JIEKTPOH, 0003HAYEHHBII CTPEIKON BBEPX, MbI
OyleM CuuTaTh MMEIOIIMM CITMHOBOE YMCio +1/2, a cTpesnkol BHU3,
COOTBETCTBEHHO, —1/2 (HO 3TO TOJBKO Hallle IOMNyIlleHUe — Beab
MOXHO OBLJIO OBI JOTOBOPUTHLCS M 00 o6paTHOM). [IpocTo ycaoBumces,
YTO Cpely BCEeX JIEKTPOHOB B MPUPOJE MOJOBUHA MMEET IMOJIOXH-
TEJbHBINA CIIUH, a Apyras MOJJOBUHA — OTPULIATEIbHbINA.

MoXHO peluTh U 00paTHYIO 3aJadyy — OIIPEHCeIUTh JIEMEHT I10
Ha0OpYy KBAHTOBBIX YKCEJI €r0 BHELTHHMX 3JIEKTPOHOB. JIOMyCTUM, 10~
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CICOAHUM BJICKTPOHHYIO 06OHO‘IKY HCKOCTO 3JIEMCHTA 3acCCJIACT
QJIEKTPOH C Ha60p0M KBaHTOBBIX YHUCECJI:

n=3,1=2,m=-2,s=+1/2.

Kaxoii aTo anmemenT? Kakosa ero mojHas ajeKTpoHHast hopmyna?
PelieHue 3akiio4aeTcsl B TOM, YTO JAHHbBIN 2JIEKTPOH HAXOAMTCS Ha
TpeTheM ypoBHE (n = 3), mpudyeM Ha d-mmomypoBHe (/ = 2). Ilome3no
HapyCcoBaTh BCe MSTh d-OpOuTaieit U pacloioXUTh HaJ HUMU 3HaUe-
HUSI MATHUTHOTO KBAaHTOBOTO YHMCIa m OT —2 10 +2. Y Hac 3TO yXe
cieJIaHo Ha puc. 2.16, mpuyeM HyxXHast opoUTaIb (m = —2) BblAeIeHA
TeMHbIM. PacrnosioXuB Ha Hell eNMHCTBEHHBIN 3JIEKTPOH (CTpesika
BBEpX, TaK Kak § = +1/2) 1 3Has1, YTO OH MOCIESTHUI, MBI TIPUXOTUM
K BBIBOJLY, YTO OCTaJIbHbIC d-OpOUTAIIU ITyCTHI. Terepb MbI YK€ MOXeM
3aMucaTh COKpAIEHHYIO 3JIEKTPOHHYIO (GopMyily ayeMeHTa: ...3d".
DTOT 2/1eMEeHT JieTKo HaiiTu B Ilepronuyeckoii Tabauile — 3TO CKaH-
nuii 5;Sc. Eciu BbI ellie He coBceM yBepeHHO obpauntaerech ¢ [lepuo-
MYEeCKOi TabJIMIIe, TO MOXKXHO 3aTlOJTHUTD 3JIEKTPOHAMU Ha PUCYH-
Ke 2.16 Bce HUKHME YPOBHM U MTOAYPOBHU BILIOTh JIO TI€PBOii 3d-0pou-
TaJiv, TIOMECTHB Ha Hee eAMHCTBEHHBIN d-371eKTpoH. Becero Ha opou-
TaJIbHOW JuUarpaMMe 2JieMeHTa MOMECTUTCS POBHO 21 3JIEKTPOH
(ripoBepsre!), cieaoBaTeabHO, B €ro siape 21 TPOTOH U ero MopsaKo-
BBII1 HOMep B Tabnuie MenzaeneeBa Toxe 21 (Sc). OpoutaabHas nua-
rpaMma MoMOTaeT 3arcaTh U MOJHYI0 3JIEKTPOHHYI0 (hOpMYJTy ISt
ckaHaus: 1s? 2s? 2p° 3s? 3p® 4s? 3d".

Kak Mbl BUAUM, KaX[blii 3J1€KTPOH B aTOME UMEET CBOI COOCTBEH-
HBIW «ampec», 3alMMCaHHBIl HAOOPOM M3 YeThIpeX KBAaHTOBBIX YMCE].
Hanpumep, ecian nBa 37eKTpOHA HaXOMSTCS Ha OJHOM U TOM Xe
YpOBHE (MMEIOT OIMHAKOBOE YMCIIO /1), U JaXe Ha OJHOM ITOIYPOBHE
(HammpuMep, p-IOAYPOBHE), TO OHU 00sI3aTEIbHO PACIIOIOXKATCSI Ha
pa3HBIX OPOUTANISIX — TO €CTh OYAyT OTIMYAThCS YMCIOM m. A eciu
OpOUTANIN YK€ TTOTHOCTBIO 3aITOJIHEHBI, TO JBa HAXOMSAIIMXCS Ha HUX
3JIeKTPOHA 00513aTeIbHO TOJIXKHBI OTJIMYATHCS APYT OT APYyra CIIMHOBBIM
KBaHTOBBIM YMCJIOM 5. TaKMM 00pa3oM, Terepb Mbl MOKEM AaTh GoJee
cTporyio hopMyJIUPOBKY npunuuna, v 3anpema Ilayau:

Huxaxue 0éa 314eKkmpona é 00HOM amome He MOZYm Xapaxmepu-
306ambvca 00UHAKOGBIM HAOOPOM 6CeX Hemblpex KE6AHMOGbIX HUCed
n,l, m,s.

BauMaTenbHBINM YMTaTEIb MOT 3aMETUTh, YTO Ha PUCYHKe 2.15,
IMOKa3bIBAIOIIEM 3JIEKTPOHHBIE TIEPEXOAbl B aTOME JIUTHUSI, MOPSI0K
3aIl0JIHEHUST YPOBHEW U TTOAYPOBHEN BMOJIHE JIOTUYHBIMI: 1s, 25, 2p,
3s, 3p, 3d, 4s, ... Kak moka3anm creKTphl UCITYCKaHMs, 3TO XapaK-
TEPHO TOJIBKO IIJISI aTOMOB C HEOOJBIIIMM YHUCIOM 3JIeKTpoHOB. Kak
MBI YK€ pacCcKa3bIBail, 00 3TOM PEAKO BCIIOMHHAIOT, IOTOMY UYTO Y
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CaMBIX JIETKUX 3JIEMEHTOB Ha TPETheM U Y€TBEPTOM YPOBHSIX BOOOIIIE
HeT 2J1eKTpoHOB. C yBeJnYeHUEM Yucia dJeKTPOHOB B aTOMe Io-
IypOBeHb 4s HauMHAET 3aIlOJHSThCS paHbIIe, 9yeM 3d. A Ha Ooice
BBICOKMX YPOBHSIX TaKue «HapylIeHUsI» CTAHOBITCS MPAaBUJIOM.
MoXHO BOCTOJIb30BaThCsl Y& OCBOEHHBIMU HaMU KBaHTOBBIMU
yucjaaMu Ul TOTO, YTOOBI YMETh BOCTIPOM3BOJAUTD PSIJl 3aTIOJIHEHUS
3JICKTPOHAMM YPOBHEI U MOAYPOBHEH OOJIbIIMHCTBA aTOMOB (1s 2s
2p 3s 3p 4s 3d 4p 55 4d 5p 65 4f 5d 6p 7s 5f6d...) c moMoLIbIO npa-
eura Kaeuxoeckoeo:

Inepeus yposueil u nodyposueii 6ozpacmaem 6 nopsioxke yeeaudeHus
cymmol n + 1, a npu 00nom u mom xce 3HaweHuu S5mMoil Cymmol HUN CE
Pacnoaazaromcs yposHu ¢ MeHbUUM 1.

Ho Ha mpakTuke ropasio jierde He My4uThbCs CO CJIOKEHUEM KBaH-
TOBBIX YMCEJI, & UCTIOJIb30BATh MIJIs1 PEKOHCTPYKIIUM 3TOTO psiaa JUIMH-
Hyto dhopmy [leproanyeckoit Tabauirsl (mocmotpute puc. 4.4 B § 4.3),
MBI ellle BEpHeMCS K 9TOl TeMe B IJiaBe 4.

B monenu bopa anekTpoH paccmaTtpuBaics Kak yactuiia. Ero mo-
JIOXKEHUE B IIPOCTPAHCTBE, OPOUTA U CKOPOCTh OTIMCHIBAIUCH TEMU Ke
METOJlaMU1, KOTOpbIE€ MCITOJb3YIOTCSI MPU BBIUMCIICHUN TPAeKTOPUit
raHeT. Ho i1 kocMuyeckux Te1 He ObIBAET «pa3pellieHHbIX» U «He-
pa3peleHHbIX» OpOuT, a B aToMe bopa Moriau ObITh TOJILKO paspe-
IeHHbIe (CTallMOHapHbIe) opouThl. Haxonsick Ha aTux opOuTax,
5JIEKTPOH MOYEMY-TO HE MU3JIyYyaeT SHEPTUIO MPU ABUKEHUU BOKPYT
3apsIKEHHOTO Sipa. ATa yCTOMYMBOCTD 3JIEKTPOHA Ha CTAallMOHAPHBIX
opOuTax Tak M OCTaBajach HEOOBSICHUMOM.

HECOrn1aCoBaHHOCTb

SJIEKTPOH

a o0

Puc. 2.17. PazpeuieHHbie (a) U Hepa3pelleHHble (0)
CTOSIYME BOJIHBI 3JIEKTPOHA Ha GOPOBCKUX OpOUTAX.
Crostarie BOJTHBI Ha KPYTOBOI OpOMTE MOTYT CYILIECTBO-
BaTh TOJIbKO TMPU YCJAOBUU, YTO IJIMHA OPOUTHI paBHA
LIeJIOMY YUCIY JUIMH BOJIH. B ciyyae (6) 3T0 ycioBue He
co0JItoJaeTcs M BOJIHA racuT cama ceds. Takass Mmozenb
HAJISIIHO MOKA3bIBAET, YTO KBAHTOBOE YMCIIO 1 MOXET
OBITb TOJBKO 1IEJIBIM
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B 20-x romax mpomuioro Beka ¢ppaHiy3ckuii dusuk Jl. ne bpoiiib
BBIIBUHYJI TUIIOTE3Y O TOM, YTO 3JIEKTPOH 00JIaJaeT CBOMCTBAMU He
TOJIBKO YaCTHIIbI, HO 1 BOJHBI. BrocaencTBUM 3TO ynanoch MOATBEP-
IIUTh dKCIMepuMeHTalbHO. [unore3a ne bpoiiist mo3Bouiaa U3SIIHO
OOBSICHUTD, MOYEMY 3JIEKTPOH B aTOME MOXET CYIIECTBOBaTh TOJbKO
Ha cTallMoOHapHBIX opouTax. CTallMOHApPHLIMU OpOUTAMU B aToMe
MOTYT OBITh TOJIKO TaKMEe OPOUTHI, B KOTOPBIC YKJIaIbIBaeTCs 1IEJI0e
YUCJIO JUTMH BOJH 3JIeKTpoHa. Takas BOJHA Ha3bIBAETCS «CTOSTYEI»
(puc. 2.17).

[MosiBenne rumoTe3sl Ae Bpoilish OTKPBUIO MPUHIIMITUATLHYIO
BO3MOKHOCTh OIMCHIBATh 2JIEKTPOH B aTOME YK€ He KaK YacTHILy, a
Kak BOJIHY. D10 B 1926 rony caenan aBctpuiickuit ¢pusuk D. [lpenuH-
rep. OH MPUMEHMJT K 3JIEKTPOHY B aTOME MaTeMaTUYeCKMii armapar,
OIMCHIBAIOLIINI ABUKEHME BOJHBI B TPDEXMEPHOM TTPOCTpaHCTBe. Takoe
NBIDKEHUE OTMCHIBACTCS MaTeMaTUyecKoi (yHKIIMel (ee Ha3bIBalOT
«11cU»-QyHKLUENR), B KOTOPYIO BXOIAT KOOPAMHATHI TPEXMEPHOTO
MPOCTpaHCTBA X, ¥, z. OKa3aiock, 4TO KBajapaT 3TON (DYHKIIMU OITH-
ChIBaeT yXe He NBMXXEHUE BOJIHBI, a 8eposmHocms OOHAPYXUTDb OTY
BOJIHY B TOUKE TTPOCTPAHCTBA C KOOPIAUHATAMU X, Y, Z. Tak MOsIBUIACh
BO3MOKHOCTb PACCUMTHIBATh BEPOSITHOCTb HAXOXIEHUS IJIEKTPOHA-
BOJIHBI B Pa3HBIX TOYKAX MPOCTPAHCTBA BOKPYT siipa.

Pesynbrarhl penieHust ypaBHeHust IIpenuHrepa njist aroma BOJO-
poJia OOLIYHO MPUBOISATCS B BUIE YK€ 3HAKOMbBIX HaM «3JIEKTPOHHBIX
00J1aKOB»: chepudecKue s-o01aka (s-opOHUTann), raHTeJIeo0pa3HbIe
p-obinaka (p-opOouTanu) U T. 1.

Ha pucynke 2.18 Mbl BUAMM HU30-

OpaxeHMs s- U p-opbOuTaneit 2-ro ZT

YPOBHSI, MIPUYEM p-OpOUTATIU «IIPO-

HU3BIBAIOT» s-opouTtanb. Ho pasBe 7/
MOTYT 00JIACTU CYILIECTBOBAaHUS pa3-

HBIX 3JIEKTPOHOB TiepecekaTbes? Kak

MOXET p-3JIEKTPOH CYIIeCTBOBaTb  —
«BHYTPU» S-3JIEKTPOHA U MOXET JIN
1s-2JIeKTPOH HAaXOAUTHCS «BHYTPU»
2s-ayexTpoHa? JleJio B TOM, 4TO IO g
CUIX TTOP HE YIaeTCsl peIInTh YpaBHe- y
nue [lpeauHrepa njisi aTOMOB C 08y- T

M M 60Jiee SIEKTPOHAMHU, TTOITOMY

MbI BBIHYKACHBI 110J1b30BaThecsl pe-  Puc. 2.18. DieKTpoHHbIe «0ba-
3yNbTaTaMU PacyeToB JJIsl 00HO21ek- Ka» BHEIIHEH 3JIeKTPOHHOI
MPOHHBIX AaTOMOB — aTOMa BOIOpOLa, OOOJIOYKM aToOMa a3oTa Kak
noHoB He*, Li* u T.1. B oTUX cucTe-  PE3YJbTaT PeLieHUs] ypaBHEHUsI
Max 3JIEKTpOH HaxoauTcsd aubo Ha LlpenuHrepa niasg ogHo3IeK-
S-opOuTaIN, AU60 HA p-OPOUTANISIX U TPOHHBIX aTOMOB

>
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HUKOT/Ia He BCTPEYaeTCsl CUTYallUsl C OMHOBPEMEHHBIM HaXOXIECHUEM
HECKOJIbKMX 3JIEKTPOHOB Ha pa3HbIX opouTaisix. Takum odpazoMm, 1uist
OTKMCAHUSI MHOTORJIEKTPOHHBIX aTOMOB TPUXOJIUTCS TPUMEHSTH 00-
HO31eKMPOHHOe npubaudceHue BOJTHOBOW MOJEIU, HE YUYUTHIBAIOLIEE
B3aMMHOE BJIUSHUE DJIEKTPOHOB. DTO BBHIHYXK/IEHHBII U OTHOBPEMEH-
HO cMenblid 1mar. Bpouem, oH oka3ajicsi onpaBIaHHbBIM — MOJENb
XOpOIIO «paboTaeT» He TOJbKO MPU OMUCAHUW CBOMCTB MHOTO3JIEK-
TPOHHBIX aTOMOB, HO 1 B T€OPUHU XUMUUYECKO# cBsI3u. MMeHHO Takoe
MpeICcTaBIeHUE aTOMHBIX OpOUTasell BecbMa MPUTOAUTCS BaM MpPHU
U3YYEHUU OPTAaHUYECKOW XUMUU — [IJIsI OMUCAHUST 3JIEKTPOHHOTO
CTPOEHUSI OPTAaHUYECKUX COENIMHEHUI U OOBSICHEHUST UX XUMUYECKUX
CBOJICTB.

Ho MoXHO 11 cuuTaTh 3JIEKTPOH MCKIIOUUTENIHLHO BOIHOU? Pas-
yMmeeTcs, HeT. TepMUH «KOPMYCKYJISIPHO-BOJTHOBOM Jyannu3M» Ipe/-
roJiaraet o0si3aTeIbHOE HaIM4re y 00beKTa (3JIEKTPOHA) KaK CBOMCTB
YacTULbI, TAK U CBOMCTB BOJIHbI. MHTEpecHO 006 3TOM paccyxianu
KpyTHeie GU3NKU, CTOSBIINE ¥ UCTOKOB KBAHTOBOW MEXaHWKU.
Bort, HanpuMep, BblAep>KKa U3 BOCIIOMUHAHUIT HOOEIEBCKOTO Jlaypea-
ta B. [eiizeHOepra: «... DIIEKTPOH BCeTaa pUCcOBaJICS MOEMY BooOpake-
HUIO B BUIE MaJIeHbKOU cephl. S, ObIBajio, TOBOPIII TOJBKO OIHO:
«MHorma, KOHEYHO, MOXHO C MOJIb30M Ha3BaTh €ro BOJIHOM, HO 3TO
He OoJsiee yeM CIoco0 pa3roBopa, a pusnyeckasi peaibHOCTb TYT HU
py YyeM». XapakTepHO MHEHME IPYTOro 3aMevaTeIbHOro pusnka —
A. 3omMepdenbaa, BEICKa3aHHOE B JIeKIINN «CoBpeMEHHOE COCTOSTHIE
aToMHoOI (husuku» B [amOyprckom yHuBepcurete B (heBpaiie 1927 rona:
«... B TpexMepHOM MpPOCTPAHCTBE JEKTPOH HEJIb3ST JIOKATU30BaTh. DTO
nomyepkuBaet IeizenOepr, a lllpeaunrep wutocTpupyeT 3To, «pas-
MasbIBasi» 3apsi/i AJEKTPOHA B CILIOLIHYIO MPOCTPAHCTBEHHYIO Maccy.
JInyHO s He Bepro B BTOT pa3Ma3aHHbBI, pacTeKalOUIMICs SIEKTPOH
yX€ MOTOMY, YTO BHE aTOMa 3JIEKTPOHBI-KOPITYCKYJIbl, 0OJaaaonime
OOJIBIIION CKOPOCTBIO, C HECOMHEHHOCTBIO MOTYT OBbITh YCTAaHOBJIEHBI
skcnepuMeHTOM. C apyroii CTOPOHBI, HEOCIIOPUMBINA (PAKT, 4YTO
criomiHble mioTHocTu LlpenuHrepa mpu pacuere puanvyecKux u
XUMUYECKHUX IEUCTBUI aTOMa 0Ka3bIBalOT HEOLIEHUMYIO TTOMOLIb U B
5TOM CMBICJI€ PeaJibHbI B OOJIbIIEH CTETIEHU, HEXEU TOYEYHO JIOKa-
JIN30BaHHBIN 3JIEKTPOH CTapOi TEOPUU».

Ham HeoOGxoauMo MOHMMAaTh, YTO M300pakeHusl opOuTaieil Bo-
HOBOI1 MOJIEJTM — 3TO HE BHEIIHUM BUJ 3JEKTPOHOB B aToMe, a 00-
JIaCTU 8epossmHocmuy HAWUTH S-, p- WIM KaKON-I1M00 APYroil sJ1eKTpoH
B MPOCTPAHCTBE BOKPYT siapa. st Toro 4ToObl Takre 00J1acTh UMETU
HE CJIMIIKOM Pa3MbIThle TPAHULIbI, HA PUCYHKAX MTOKA3bIBAIOT 00JIaCTH
¢ 95%-H0i1 BepOSITHOCTBIO OOHAPYKMUTH 37€Ch JIEKTPOH. Hamo Takske
TMOMHUTH, YTO 3TO OOJACTU BEPOSITHOCTU, paCCUYMTAaHHbBIE B paMKax
dannoil modeau atoma. IToaTomy, Korma Bbl UMTaeTe B YYeOHUKE, YTO
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ecnomoeamenvHoe (OHO XXe opbumanvHoe, no-
b04HOe, azumymanvHoe) KBAHTOBOE 4uCIO [
onpedensiem (popMy 37I€KTPOHHOTO 00J1aKa, TO
JOJIKHBI IPYU 3TOM MOHUMAaTh, YTO TaKOe 00-
Jlako — He OoJsiee yeM abCTpaKTHOE MaTeMa-
TUYECKOe TTOCTPOeHNE B paMKaX BOJHOBOM
Moznenu atoma. Hanpumep, ceituac yxe majio
KTO BCTIOMMHAET, 4To B Monenu bopa—3oM-
Mepdesbla KBAHTOBOE YUCIIO / «3aCTaBIIsLIO»
S-3JIEKTPOHBI ABUTATBLCS TI0 HamboJjiee BuTI-  Puc. 2.19. Iep6 ropona
HYTBIM, JUIMIITUYECKUM OpOUTaM, B TO Bpe- KypuaroBa

MsI KaK OpOUTHI p- U d-3J€KTPOHOB OKa3bIBa-

JIUCh OIU3KMMHU K KPYTOBBIM.

Monens bopa—3ommepdenbaa oueHb KpacvBa 1 10 CUX TTOP UC-
TTOJIB3YeTCS XYAOXKHUKAMU JIJIST CO3MaHUsT CUMBOJIMKM, OTpaXKalomieit
JIOCTUXEHMSI COBPEMEHHOI HayKu U TeXHUKU. [TocMoTpuTe Ha repo
ropona KypuaroBa B Kypckoit o6iactu, rie mocTpoeHa KpymHast
aToMHasl aiekTpoctaHuus (puc. 2.19). AToM Ha repbe u3odpaxkeH B
BUIIE «ycTapeBlieit» Moaenu bopa—3ommepdenbaa. MHTEpecHo, 3HaT
JIM 3Ty MOAPOOHOCTh XyIOXHMK, CO3IaBaBIINii TepO?

Crienyet Bce Xe IOMHMTb, YTO TEPMUH «opOuTa» (M3 Mozeu bopa)
B BOJIHOBOM MOJENIM Tellepb MOJHOCTBIO YCTYMUJI MECTO TEPMUHY
«opbutanb». Opbumans UMEET YMCTO BEPOSITHOCTHBIN CMBICI, U €€
MPOCST He MyTaTh ¢ OPOUTOM, TO €CTh TPaeKTOPHUEl ABMXKEHUS K-
TpOHa.

B aToM maparpade ObUTM YITOMSTHYTBI TPY BaXKHBIE COCTABIISIIONINE
COBPEMEHHO 2JIEKTPOHHOI MOJEN aTOMa: NPUHYUN MUHUMYMA IHEP-
euu, npasuno Iynda, 3anpem [layau. Bmecte ¢ 4eTIPbMSI K8AHMOBHIMU
yycaamu OHU TIO3BOJISIT OTIMCHIBATH BJIEKTPOHHYIO 000JIOUKY aToma
aJieMeHTa MCXOJS JIUILb U3 MOPSAKOBOIO HOMEpPA 3TOTO 2JIeMEHTa B
Tabauue MeHaeeeBa.

He cienyer oTHOCHUTBCS K TIOCTPOEHUSIM KBAaHTOBOI TEOPMU Kak
K OKOHYATeJbHOM, He mojjiexanieii comHeHuo uctuHe. KBaHToBast
TEOpHUsi — 3TO JIUIIb M0deab TAKOTO CIOKHOTO TIPUPOTHOTO SIBJICHUS,
KaKUM siBJisieTcs atoM. KBaHTOBast Moziesib yI00HA TeM, YTO MTO3BOJISI-
€T npedckasbieams MHOTHE, TaXe ellle He OTKPBIThbIe CBOMCTBA pa3-
JINYHBIX 3JIEMEHTOB. B 3TOM ee mpenMyIecTBO mepes MHOTUMH
MPEIIIECTBYIOIIMMU TEOPUSIMU CTPOECHUSI MaTEPHH.

B caenyrooniux riaaBax Mbl OyneM IMOJb30BaTbCSl COBPEMEHHOM
3JIEKTPOHHOI MOJIEJIbIO aToMa JJisi OOBICHEHUST TAKUX CIIOXKHBIX SIB-
JIEHWi, KaK BOBHMKHOBEHUE XMMUYECKOI CBSI3U, 0Opa3oBaHUE MOJIe-
KYJI, UX TIPOCTPAHCTBeHHAsT (hopMa, CyIeCTBOBAaHUE MOHOB U T. . MBI
TaKXXe CMOXEeM IpeAcKa3blBaTh MHOTME XMMUYECKHe CBOMCTBA dJie-
MEHTOB U UX coeAnHeHuil. HakoHel, Mbl OObSICHUM MEePUOTUYECKUI
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3akoH JI.1. MeHneneeBa 1 yBUAMM, HACKOJbKO TAPMOHUYHO OH CO-
YEeTaeTCsl C COBPEMEHHOM MOJIEJbIO aToMa, XOTs1 ObUT cHOPMYIMPOBAH
B TO Bpemsi, Korna [lnank, Pesepdopa u bop enie He HauMHaNIM CBOIO
pabory.

3amaum

2.26. CokpallieHHas 3JIeKTpOHHast (hopMyJia 3JIeMeHTa U300paxe-
Ha B Buje: ...5p . Kakoii 310 aneMeHT? Hanuimre noHyo 31eKTpoH-
Hy10 (hopMyITy 1 HAGOp KBAHTOBBIX YMCE TSI «TTOCAEMHET0» JEKTPO-
Ha Ha BHELIHEM 3JIEKTPOHHOM YPOBHE'.

2.27. CokpallleHHas 3JIEKTpOHHast ¢hopMyJia 3JIeMeHTa U300paxe-
Ha B BuJe: ...3d®. Kakoii 310 251eMenT? Hanuimmre MosHyIo 3J1eKTPOH-
Hyl0 (opMyiTy 1 HabOp KBAaHTOBBIX YMCEN ST 8-TO 3JIEKTpOHA Ha
d-niogyposHe'.

2.28. Hanuiure NoJTHYO 3JIEKTPOHHYIO (hOpMYJTy B/IeMeHTa Liepust
53Ce.

2.29. Hanuimure MOJHYIO 3JeKTPOHHYIO (DOPMYITy M HapUCYiTe
OpOUTAJIbHYIO JUarpammy [Uisi sjieMeHTa oK. 3anuiunre Habop KBaH-
TOBBIX UMCeJT IS TOCceHero (Haubosee 1ajlekoro oT siapa) 3JeKTpo-
Ha 3TOTO 3JeMeHTa.

2.30'. B xakoM 3j1eMeHTe IIpM ero 06pa3oBaHUU U3 CyOGATOMHBIX
YacTUll TTOCJAEIHUM CBOE€ MECTO B 3JIEKTPOHHOI 000JI0uKe 3aiiMeT
3JIEKTPOH C TAaKMM HabOpOM KBAaHTOBBIX YMCEIN:

n=31=2m=-1,5s="14?

Hanuimurte moaHyio 31eKTPOHHYIO0 (GOPMYJIy A 3TOro 3Jie-
MEHTa.

2.31'. Jlng KaKkoro sjieMeHTa «IIOCJAeIHUM» B 3J1€KTPOHHOI 060-
JIOYKe OyIeT 3JeKTPOH ¢ TAKUM HabOpOM KBAHTOBBIX YMCE:

n=4,I=1, m=-1,s=-4?

HanuuimTe nonHyo 3;1eKTpoHHYI0 GOpMYJTy ISl 9TOTO 3JIEMEHTA.
CKOJIBKO y HEero HecCITapeHHBIX 2JIEKTPOHOB?

' TIpuMevanue K 3a1a4aM Ha KBAHTOBbIE YKc/Ia. HamoMHUM, 4To B Takux
3ajayax CyLIECTBYEeT ONpeleieHHast YyCIOBHOCTb — MBI TI0JIaraeM, YTo CaMblii
TEPBBII 3JIEKTPOH, HAYMHAIOLIUI 3aCeNSATh JIEKTPOHHOE 00JaKO B JIIOOOM
aToMe, UMeeT CruH s = +4. Ha caMoM [ese U1l S1IEKTPOHOB CO CITMHOM +
u - o170 paBHOBeposATHO. Tak, Npu 06pa30BaHUM ATOMOB BOAOPO/A B HEAPAX
3Be3/l BCE OHU MMEIOT 3JIEKTPOHHYI0 000s10uKy 1s', HO 50 % aToMOB BOIO-
poJla UMEIOT 3IEKTPOHBI € § = +Y4, u 50 % — snexTponsl ¢ s = —. [Npuse-
NIEHHBIE 3[0eCh 3aJauyM MpeajiaraeTcsi pelIuTh B paMKax BBEIECHHOI HaMu
YCJIOBHOCTH.
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2.32'. ]I KaKkoro s1eMeHTa «IIOCJIEIHUM» B 3J1€KTPOHHOI 000-
JIOUKe OYIEeT 3JIEKTPOH ¢ TAKUM HAaOOPOM KBAaHTOBBIX UHMCEIT:

n=21=1,m=0,s=-%?

HanuiuTe nosHyto a1eKTpoHHy0 hopmyiy. [ToueMy 3TOT a71eMeHT
He MOXeT ObITh OsaropoaHbiM? Kakoii moaypoBeHb He 3aMoJIHEeH 0
CpaBHEHMUIO C OamKaiIuM 61aropoaHbIM siaeMeHToM? Kakoii 61aro-
DPOIHBIN 2JEMEHT OJIMKARIIUIA 1O 3JIEKTPOHHOMY CTPOEHUIO?

2.33. HazoBuTe 2J1eMEeHTHI M YKaKUTE YUCIO HECTIAPEHHBIX JIEK-
TPOHOB B aTOMax, UMEIOIIUX CJIeAyIoLe 3JeKTPOHHbIE KOHpUTrypa-
117078
a) 1s? 252 2p° 3s? 3p%;

6) 1s2 2s% 2p° 352 3p*;
B) 1s? 25? 2p® 352 3p° 4s? 3d°.

§2.8. «DaemenTapHas» MCTOPUS

M3yyeHue XuMuUuM He TOJBKO B ILLIKOJI€, HO M B YHUBEPCUTE-
Te HaYMHAETCS C TOHSATUM «aToM» U «dJieMeHT». Bcem Hauu-
HaIOIIUM XUMMKaM MPUXOAUTCS 3ay4ynBaTh Ha3BaHUSI JIEMEH-
ToB. KOMy-TO 3TO 3aHsSITHE MOXET MOKa3aThCsA CKYYHBIM, HO
TOJbKO He cTyaeHTaM. JIlo6oe CKydyHOe 3aHSITUE OHU MOTYT
cIenaTh BeCeabIM M Jaxe 030pHBIM. CtymeHTh PocToBcKOTrO
YHUBEpPCUTETA ONHAXKIbI TPUAYMATIU CKa3Ky, B KOTOPOiA BMECTO
MIPUBBIYHBIX CJIOB MCITOJB30BANCh Ha3BaAHUSA XMMHUIECKUX
aJIeMeHTOB. B cryneHueckoMm (oibKiope 3Ta cKazka MMeeT
HECKOJIbLKO BapuMaHTOB. 3€Ch Mbl TPUBOAUM TOJILKO OAUH U3
HUX. A BIEPBbIC UMTATEJIM Y3HAIU 00 3TOM CKa3Ke U3 XKypHalia
«Xumus 1 ku3Hb» B 1989 romy. B aTom XypHase BooOI1e MHO-
0 MHTEPECHOTO HE TOJBKO JUISI B3POCIBIX, HO M JUIST IOHBIX
ecTecTBovcnbiTaTeneit. Mrak:

3anuim Mbl Kak-To ¢ Bepkauem K Banaduio Ha ero Depmuii.
CunumMm, ckyvyaem, Ha ayiie Cepa. Tyt bepxauii HaMm BAPYT U
Ckanouii: «A He CXOOUTD I HaM B [{upkonuii?» A HaJo cKa3aThb,
YTO OT HAC HeTMomajeKy Kak pa3 [{upkouuii OCTAaHOBWICS TIPO-
e3noM 1o 11 u3 Tyaus ¢ Camapuii, To 1 u3 Opanyus B Amepu-
yuii, a MOXeT ObITb, Jaxe u3 Undus B Eeponuii.

Mgt roBopuM: «Hy 181, Beprauii, Tuman!» Ctanu cuuTaTh
Pybuduu. Kak pa3 Ha Tpu Ounera xBatuao. Tyt Bauaduii n
roBopuT: «A a1 Heodum, 51 ¢ Tasrauii». A Bepkauii emy: «Pa3
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Heodum, nasaii eme Pyououu» — v Ham nogMapeaney. A Ba-
Haduii, U3BeCTHBIN [laiymonuii, naBail AHMuUMOHUYU Pa3BOAUTD:
«Y MeHd, Mo, onHa Meds Acmam, Apeenmym BeChb KOH-
YUJICST».

A roBopro: «MoxeT, Hy ee, [aaiuii — BpenHasi OHa, Kak
Muviuvak!» A Banaouii HY B Kakyto — npsimo Kpemuuil! Bnwi-
csl B Hac, Kak bop. Torma s1, Kak camblit AKmuHuii, y HETO
Hmmepbuii: «Ilnamuna, — roBopio, — 1 Bce TyTH» C OONBIITUM
TpyaoM llasnaouii.

«A KXTO 3a OMIeTaMU-TO MoiaeT? — roBoput Baunaduii —
A Buepa c Jy6nusa ynain, coBceM Xpom...» Torna bepkauii cbe-
puaauii Ham Pybuduu, CyHyJl UX B KapMaH U robexain. A Ba-
Haoduii Padon, xax Topuii — naBaii 3BOHUTh CBoel [aaauii v
YTO-TO €l TaM Npo Mrouii 3a/lumuii.

Bapyr uz okHa cabiuum: «Aypym, Aypym!» 4 rosopio: «Hu-
Kak beprauii?> A Banaouii: «Hert, Heon». Tadoaunuii M, lado-
AUHUI, KTO ObI 3TO ObLI. CHBIIINM OITSATh: «Aypym, Aypym!»
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Boimiy Mbl Bo IBOp ¥ BUAUM — 10 ABOPY bepkauii Kpyra-
MU Oeraert, a 3a HUM coceAckuii Kobaavm Apeon v laguuii,
Taghnuii va Hero. JlorHan oH bepkaus, na Kak Ykcyc ero czaau
3a KapMaH, rae Hamu Pyouoduu nexar! Ham Bepkauii mapeHb
XKeneso, He ycrynaet: «Cypsma, — Kpuuut, — Ceuney, Ilpaszeo-
Jum TIPOKJIATHIN!» A TOT 3Hal ero Tepouii.

Tyt bepkauii coBceM Jlromeyuii ctail. PykaMmu MalleT, oper:
«Kto MHe Optoku Jlanman 6ynet?»> Hy, nymaro, Bce — ceituac
bepkauit Toavbmuii ocranercs. IlogdberaeM Mbl U BUIUM —
Pybuduu-to nHamu yxe y Kobarvma Bo Pmymu! 51 X Hemy:
«Apeonuux, — roBopro, — ckaxu lagnuii, Hy, cKaxu'!» A oH
TOJIBKO CKBO3b 3yOHhI Ile3uii: p-p-p...

Bapyr Baraduii Cmannym Ha 4eTBepEeHbKU 1a KaK PSIBKHET:
«lagnui!!» OT HeoXUAAHHOCTU Apeon Halu Pybuduu Tpo-
I[JIOTUI U 6erom co aBopa. A — 3a HuM: «IlloaoHuil, Kpuay,
Pybuoduu na mecto!» A Baraduii TpyCTHO TaK TOBOPUT: «4YTO OH
tebe, Poduii ux, 4To TN?»

Ilaromb6ym Mbl Ha BpeaHoro Kobaavma vi yuuiu. Bot Tak Mbl
Hupkonuii nocMoOTpesin, He BBIXOIsI cO ABopa. YTOOBI MBI ellie
Korga-Hubynb bepkaus 3a yeM-HUOYIb Mockuianu — HU Hu-
Keab!

3anaum K riase 2

2.34. Bce xumnueckue TepMUHBI, NCITOJIL30BaHHBIC B CKa3-
Ke, 0003HavaloT BEIIEeCTBa, SIBJIIoNIecs anemenmamu. Kpome
OIHOT'0, KOTOPOE SIB/ISIETCS HE 3JIEMEHTOM, a CJIOXKHbBIM Bellle-
crBoM. Haiinute ero.

2.35. B cka3ke MCMoJb3YIOTCs MO0 pyccKue, MO0 JTaThH-
CKHe Ha3BaHUS 3JeMeHTOB. MCKIIIoueHMe COCTaBISIOT IBa
3JIEMEHTA: Ha3BaHMUE OJHOTO M3 HUX BCTPEUAETCS B PYCCKOM U
B JJATUHCKOM BapMaHTe, a IPYToro — B PYCCKOM M aHTJIMICKOM.
Kaxkue 310 3516 MEeHTHI?



Taea 3

XUMHNYECKAA CBA3b U EE ObPA3OBAHUE
B XUMMYECKOM PEAKIIMM

§ 3.1. Pa3HoBUIHOCTH XMMHYECKHX CBS3ei

CTpeMJjieHUe K COCTOSIHMIO C HAUMEHbIIENW SHEpTUent sBs-
eTcsl o0IIMM CBOMCTBOM MaTepuu. Bbl HaBepHSKa 3HaeTe O
TOPHBIX CHEXHBIX JIJaBUHAX M KaMmHemaaax. X sHeprus Ha-
CTOJIBKO BEJIMKA, YTO MOXET CMETAaTh C JIMIIA 3EMJIM MOCTHI,
JloMa U APYTrYe KPYITHbIE U MPOYHbIE cOOpyxXeHus. [IpuunHa
3TOT0 I'PO3HOTO SIBJIEHUS TTPUPOJBI B TOM, UTO Macca CHera Ui
KaMHENM CTPEMUTCS 3aHSATb COCTOSIHUE ¢ HAMMEHBIIEH SHEp-
rueit, a moreHUMaIbHas dHeprusi GU3UYECKOro Teaa y Mmoid-
HOXMUsI TOpbl MEHbIIIE, YeM Ha CKJIOHE WM BepIlIUHE.

ATOMBI 00pa3yI0T MeXK1y OO0 CBSI3U IO TOM K& MPUUYMHE:
CyMMapHasi SHeprusi COeIMHUBIIMXCS aTOMOB MEHbIIE, YEM
SHEPTUs TeX XK€ aTOMOB B CBOOOJHOM COCTOSIHUU. DTO OYEHb
CYACTJMBOE JJIs1 HAC C BaMU OOCTOSITENBLCTBO — Bellb €CIU Obl
MpU COEAUHEHUU aTOMOB B MOJIEKYJbl HE MPOUCXOIU BbI-
WUTPHILI B 3HEPruu, To BceleHHY0 3an0AHSIAU Obl TOJbKO
aTOMBI 2JIEMEHTOB, a MOSIBJIEHUE TTPOCTBIX 1 CIOKHBIX MOJIEKYJI,
HEOOXOAMMBIX IS CYIIECTBOBAaHUS XW3HU, ObLIO ObI HEBO3-
MOXHO.

OnHako aTOMbl HE MOTYT CBSI3bIBAThCS JPYT C APYTOM IPO-
u3BoJIbHO. Kaxplit aToM crocoOeH CBSI3bIBATbCS C KOHKPET-
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HBIM KOJINYECTBOM JIPYTUX aTOMOB, IIPUYEM CBS3aHHBIE aTOMBbI
pacriojlaraloTcsl B IMPOCTPAHCTBE CTPOTO OMpPEAEIEHHBIM 00-
pasoMm. IIpuumHy 3TUX OrpaHUYECHUI clieayeT UCKaTh B CBOM-
CTBax 3JIEKTPOHHBIX 000JI04€K aTOMOB, a TOUHEE — B CBOMCTBax
BHEeWHUX DJIEKTPOHHBIX 000JI04eK, KOTOPBIMU aTOMbl B3aUMO-
JIEWCTBYIOT APYT C JPYIOM.

3aBepllieHHas BHELIHSIS 2JIEKTPOHHAsI 000JI0uKa 00agaeT
MeHbllel (T.e. 6ojiee BBITOAHOM IJI1 aTOMa) dHEpruei, yem
He3aBepllieHHas. [To mpaBuiy okTeTa, KOTOpOe MPUBEIECHO B
naparpadge 3.2, 3aBeplleHHas1 000J04Ka COAEPKUT BOCEMb
3JIEKTPOHOB:

B cymme §

ns® np® (m=2,3,..)

TakoBbI BHEIIHUE 3JIEKTPOHHBIE 000JI0YKH aTOMOB 0J1aro-
POIHBIX ra30B, 3a UCKIIoUeHueM reaus (n = 1), y KoToporo
3aBeplleHHAas 000JI04KA COCTOUT U3 ABYX S-3J1€KTPOHOB (1s?)
IIPOCTO TTOTOMY, UTO p-TIOAYPOBHS Ha TTIEPBOM YPOBHE HET.

Buewnue o6oaouxu ecex 31emenmos, Kkpome 6.1a20po0HbLX
2azoe, aeasomca HE3ABEPIIIEHHBIMH, u 6 npouecce xumu-
uecko2o0 3aumodeiicmeus onu no eozmoxcnocmu 3ABEPIIIA-
HOT1CA.

YT0OBI TaKOE «3aBeplIeHNe» MOTJIO TTPOU30MTH, aTOMBI
JOJDKHBI JIMOO MepenaTh 3JIEKTPOHBI APYT APYTY, IMOO Mpero-
CTaBUTh UX B 0OIllee IM0JAb30BaHME. DTO 3aCTABISIET aTOMbI
HAXOAUTHCS PSIIOM IPYT C APYTOM, TO €CTh OBITh CBSI3aHHBIMU
XUMHUYECKOM CBS3bIO.

CyiiecTByeT HECKOJIBKO TEPMUHOB JIJI1 0003HAYCHMSI pa3-
HOBUIHOCTEN XMMUYECKOMN CBA3U. KOBAACHMHASA, NOAAPHAA
KOBANCHMHASA, UOHHAS, MEMAAAUYeCcKds, OOHOPHO-AKUENMOPHAS,
6000podHas v HekoTopble aApyrue. OnNHAKO, KaK Mbl YBUIUM,
BC€ CIMOCOOBI CBI3bIBAHMS YaCTHUIL BelIeCTBA MEXIy coboi
MMEIOT OOIIYIO ITIPUPOAY — 3TO MPEIOCTaBIIEHNE COOCTBEHHBIX
3JICKTPOHOB B 0011Iee Ioab30oBaHue (0ojiee CTporo — o6obuiecm-
éneHue SIEKTPOHOB), KOTOPOE YaCTO JOIMOJHSIETCS BJIEKTPO-
CTaTUYECKUM B3aMMOJEHCTBUEM MEXIY pPa3HOMMEHHbIMU 3a-
psimaMu, BO3HUKAIOLIMMU TIpU Tepexofax 3J1eKTpoHOB. MHorma
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CWJIBI IPUTSDKEHUST MEXKAY OTACIbHBIMA YaCTULIAMU MOTYT OBITh
U YHUCTO BJIEKTPOCTATUUYECKUMU. DTO HE TOJBKO MPUTSIKEHUE
MEXIy MOHAMU, HO Y pa3IdYyHble MEXMOJIEKY/ISIPHbIE B3aMO-
JIEHCTBUS.

HaBaiiTe HauMHas co clieAylollero naparpaca rmnocjieaoBa-
TEJIBbHO pa3doepeMcsl B OCHOBHBIX PAa3HOBUIHOCTSIX XMMWYECKUX
CBSI3€eli, He 3a0bIBast IIpU 3TOM 00 MX OOIIeil 3JIeKTPOHHOM
MpUpOJIE.

§ 3.2. KoBasienTHas CBS3b.
ITonsiTie 0 MOJIsAPHON KOBAJIEHTHON ¥ HOHHOIA CBSA3H

B cnoBe «koBajeHTHas» MPUCTaBKa «KO-» O3HAYaeT «CO-
BMECTHOE y4YacTHe». A «BaJIeHTa» B MepeBO/e HA PYCCKUM —
cuiia, cocoOHOCTh. B TaHHOM cityyae MMeeTCsl B BUILy CIIOCO0-
HOCTb aTOMOB CBSI3bIBAThCSI C IPYTUMU aTOMAaMU.

ITpu obpazoBaHMY KOBAJEHTHOH CBA3U aTOMbl OOBEAUHSIOT
CBOU 3JIEKTPOHBI KaK OBl B OOLLYIO0 «KOTIWIKY» — MOACKYASAPHYHO
opbumans, KoTopasi GOPMUPYETCS U3 aTOMHBIX 000JI0YEK OT-
JIeJIbHBIX aTOMOB. OTa HOBasi 000J10YKa COAEPXKUT 110 BO3MOXK-
HOCTH 3a8epuieHHoe IUCIIO 3JICKTPOHOB M 3aMEHSIET aTOMaM 1X
COOCTBEHHbIE He3aBepIleHHbIE aTOMHbIE 000JI0UKM.

PaccMoTpyM BO3HMKHOBEHHE KOBAJEHTHOM CBSI3W Ha MpPU-
Mepe o0pa3oBaHMsI MOJIEKYJIbl BOAOPOJA 13 IBYX aTOMOB BOJIO-
pona (puc. 3.1). BroT mpolecc yxKe SIBISIeTCs] TUTTMYHON Xumu-
uecKkoll peakyueil, TTIOTOMY YTO U3 OJHOIO BelleCTBa (aTOMapHO-
ro BOJOPOJA) 00pa3yeTcs Ipyroe — MOJIEKYJISPHBIA BOLOPOL.
BHelHMM MTpU3HAKOM 3HEPreTUYECKOM BHITOAHOCTH 3TOTO MPO-
Liecca SIBJISIETCS BblgAeHEe O0IbIIOr0 KOJUYECTBA TETLIOThI.

Korna anekTpoHHBIE 000JIOYKM ABYX aTOMOB BOJOPOJa
cOMmKaloTCs U 00pa3yloT HOBYIO, TENEPhb YXKE MOACKYAAPHYIO
BJIEKTPOHHYI0 000J104KYy (puc. 3.1), 3Ta HOBasg 000JI0YKA MO-
Jo0HAa 3asepuieHHOll 3JIEKTPOHHOI 000JI0UKe aToMa 0J1aropoj-
Horo rasa reaus (1s?).

3aBepllieHHbIE 000J0YKH, KaK Mbl TIOMHUM, YCTONYNBEE
He3aBeplIeHHbIX. TaKM 00pa3oM, CyMMapHasi 3HepIrusi HOBO
CHCTEMbI — MOJIEKYJIbl BOIOPOJA — OKAa3bIBA€TCS TOpas3ao HUXKE
CYMMapHOM 3HEPIUY IBYX HECBS3aHHBIX aTOMOB BOZOPOIA.
M30BITOK 3HEpTUY TIPU TOM BBIIESETCS B BUIE TEIIOTHI.
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MOJIEKYJISIpHAST

aToMHble opouTtanu (AO) opbutans (MO)
Is! AHAJIOT reJIneBoM
Ls! s 06os10uku 152

” s

1 anekTpoH 1 2/1€KTpOH 2 3JIeKTpOHa
H H H,

Puc 3.1. BO3HUKHOBEHME KOBAJEHTHOU CBSI3U TpU
00pa3oBaHUU MOJIEKYJIBI BOIOPOIa M3 IBYX aTOMOB
Bomopoa. DIIEKTPOHHBIE 000JI0YKI aTOMOB BOIOPO-
na (C OMHUM S-3JIEKTPOHOM Y KaXKIOro aToMa) CIBa-
I0TCSI B O0ILIIE€ JIEKTPOHHOE 00JIaKO (MOJIEKYJISIPHYIO
opOuTab), rae 00a 3JIeKTpoHa «00CTYKMBAIOT» sIapa
HE3aBUCHMO OT TOTO, «CBOE» 3TO SIIPO WU «UyXKOe»

MuUHUMYM 3HEPTUH MOJIEKYJIBI OTBEYAET OTpeaeIeHHOMY
PacCTOSTHUIO MEXIY siipaMu aTOMOB Bojopoja (puc. 3.2). Eciu
aTOMBI B MOJIEKYJIE C TIOMOIIIbIO BHEIITHE CUJIBI CIBUHYTH €I11e
OJKe, TO B ICMCTBHE BCTYIAET MOIITHOE OTTAJIKMUBAHME MEXIY
OTHOMMEHHO 3apsDKEHHBIMU SIIpAaMU aTOMOB U O011[ast SHEPIyst
CUCTEMBI HAYMHAET OBICTPO BO3PACTAaTh. DTO HEBBITOIHO CHUCTE-
Me, TIO3TOMY JIJTUHA CBSI3U TIPE/ICTaBIIsSIeT COOOI CTPOTO OTpee-
JICHHOE, paBHOBECHOE 3HaueHue. [l MoeKynsl Bogopoaa

o OHEprus
=
Z 5 CONMXEHNE
g & aTOMOB
o o i
E jon)
5o ‘ H+H
=

0
g 3Ta SHEPrus
IS BBIIEJIAETCS
= a IpY 00pa3oBaHUK
=2 KOBAJIEHTHOM CBSI31
a0
m

0,74 A paccTOsTHUE MEXILY
JUIMHA CBSI3N A1paMy aTOMOB

Puc. 3.2. KpuBasi uU3BMeHeHUs1 TOTEHIIMAIbHOI 3HEep-
MU TPYA B3aMMOACWCTBUM JABYX aTOMOB BOIOPOIA C
00pa3oBaHMEM MOJIEKYJIbl BOIOPOIA
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Puc. 3.3. dpyroit cnocob n300paxxeHust aToM-
HbBIX ¥ MOJIEKYJIIPHOM OpOMTAaJeii: TyCTOoTa TOueK
OTpaXaeT «3JIEKTPOHHYIO ILIOTHOCTh», TO €CTh
BEPOSITHOCTb HAaXOXIEHMS 3JIEKTPOHA B KaKO-
MO0 TOYKE MPOCTPAHCTBA OKOJIO Siiep aTOMOB
Bozmoponaa. BuaHo, 4To 3HauMTeNIbHAS JIEKTPOH-
Hasl MJIOTHOCTh COCPEIOTOYEHA B IMTPOCTPAHCTBE
MEXIy ABYMS SIApaMu B MOJIEKYJie BOAOpoa

paBHOBECHas JUIMHA XMMUYECKOM CBI3U cocTapisieT 0,74 aHr-
crpema (1 A = 107 cM), Kak 310 BUmHO Ha pucyHKe 3.2.

B oOpa3zoBaBiieiicss cucTeMe U3 ABYX BOJOPOIHBIX aTOMOB
KaxJ0€e sIpo O0CIy>XKMBaeTcsl IByMS 3JIeKTpoHaMu. B HoBoIi
(MoJekysIpHOIi) 000JI0UKE YK€ HEBO3MOXKHO Pa3IMYuTh, Ka-
KOI M3 3JIEKTPOHOB paHee MpUHAMIEKal TOMY WU APYToMy
atomy. [IpuHSITO rOBOPUTD, UTO JIEKTPOHBI 0000UieCEACHDL.

ITockonbKy 00a sigpa MPeTeHAYIOT Ha Mapy 3JeKTPOHOB B
pPaBHOI1 CTETNeHH, 3IeKTPOHHAs TNIOTHOCTh COCPENOTOYEHA KaK
BOKPYT sifiep, TaK W B IIPOCTPAHCTBE MEXIY aTOMaMH (3TO I10-
Kka3aHo Ha puc. 3.3). UMeHHO 3Ty 0071aCTh MOBBIIIEHHON
5JIEKTPOHHON THIOTHOCTH MEXIY SApaMU W Ha3bIBAIOT K08d-
JNEHMHOI CBA3bIO.

Ha pucynkax 3.1 u 3.3 Bbl BUIUTE OUY€Hb AeTaJbHOE M30-
OpakeHue KOBaJIeHTHO! cBs3u. Ha mpakTUKe MCHOJb3YIOT
0osee mpocThle criocoonsl. Hampumep, aMepuKaHCKUIA XUMUK
JIx. JIpronic B 1916 romy npenioxuin o603Ha4aTh JIEKTPOHBI
moukamu PpsaoM C CUMBoJlaMu 3jieMeHToB. OaHa Touka 000-
3HayaeT OJUH BJIEKTpoH. B 3TOM ciyyae oGpasoBaHue MoJe-
KYJIbl BOIOPOJA U3 aTOMOB 3allChIBACTCS TaK:

roJeieHHas rmapa 3J1eKTPOHOB
/
H-+-H—H:H wmm H—H

Oxa3zajiock, 9To (popMyJibl JIbloMca MMEIOT TIIYyOOKMIA X1-
MUWYECKHUI CMBICI. MBI BUAMM, YTO CBSI3b MEXAY aTOMaMU
BoIOpoAa 0603HAYaETCS TTApOii JIEKTPOHOB. Kak Tpeamomoxmt
JIplonc, UMEHHO napa 1eKmpoHoé TI03BOJISIET 00pa30BaTh KO-
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B&JICHTHYIO CB$SI3b. BriociencTBuu 3To MpeArosoXeHne Momi-
TBEPAUJIOCH KBAHTOBOU TECOPUEMA.

Kosaaenmmoli c6s13b10 Ha3vl8aemcst c6513b186aHUE AIMOMOE C NO-
Moubto 00uux (nodeaeHHbIX Mexcoy HUMU) IAEKMPOHHBIX RAp.

PaccMoTpuM cBs3bIBaHUE OBYX aTOMOB Xjopa ;Cl (3apsn
anapa Z = 17) B IByXaTOMHYIO MOJIEKYJIy C TTO3UL1I CTPOESHUS
3JIEKTPOHHBIX 000JI0UeK Xxytopa. i1 3Toro 3anuiieM GopMyiry
JIblouca nig aToma xJlopa U KOH(PUIYypaluio €ro BHEIIHEH
3JIEKTPOHHOI 00O0JIOUKMU:

C]
..3s23p}

Ha BHelIHeM 3JIEKTPOHHOM YpPOBHE XJ0pa COAECPXKUTCS
s+ p> = 7 51eKTpoHOB. [TOCKONBKY 3JIEKTPOHBI HUKHUX YPOB-
Hell He MPUHMMAIOT YYacTHs B XMMUYECKOM B3aUMOJENCTBUM,
TOYKAMU Mbl OO03HAUYWJIU TOJBKO JIEKTPOHBI 6HeulHe20, Tpe-
Thero ypoBHSI. DTU BHEILIHUE JEKTPOHHBI (7 LITYK) MOXHO
pPacnosoXuUTh B BUIE TPEX JEKTPOHHBIX Map U OJHOIO He-
CITAPEHHOTI0 JIEKTPOHA.

ITocne oObeaHEHUSI aTOMOB B MOJIEKYJIy M3 ABYX HeEcCIIa-
PEHHBIX 3JIEKTPOHOB aTOMOB T0JIy4aeTcsl HOBasl 3JEKTPOHHAas
napa:

nogcJCeHHasA HEIOACICHHBIC

mapa / mapsl

:Cle 4+ Cl:—(Cl wi  Cl—Cl

ITpu aTOM KaxXaplil U3 aTOMOB XJIOpa OKa3bIBaeTCsl B OKPY-
XKEHUHU OKTeTa 3JeKTPOHOB. B 3TOM Jierko yoeauThCsl, €Clu
00BeCTU KPYKKOM 110001 13 aTOMOB XJIopa.

KoBaneHTHyI0 CBsI3b 00pa3yeT TOJILKO Tapa 3JIEKTPOHOB,
Haxomsuasicst Mexay atomaMu. OHa Ha3bIBAETCS HOOJeAeHHOI
napoii. OcTanbHble Napbl SJIEKTPOHOB HA3bIBAIOT HEN0oeAeHHbI-
mu napamu. OHU 3aMOJHSIOT 000JIOYKM UM HE NPUHUMAIOT
y4yacTue B CBSI3bIBAHUMU.

JIbtoMC He TOJIBKO MPEeMTOXKII TEOPHIO KOBAJIEHTHOM CBSI3U,
HO U TIEpBbIM C(OpMYIMpOBaI MPABUJIO OKTETa-ay0sieTa, KO-
TOPBIM MbI YK€ MOJIb30BaJINCh B TIPOLLION IJ1aBe 1151 OObsICHE-
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HUS YCTOMYMBOCTU aTOMOB U MOHOB. 910 npaBHJIO MIPUMECHMU -
TE€JIbHO K XUMUYECCKUM CBA3AM MOXHO C(l)OpMy.TII/IpOBaTB TaK:

Amomut 0b6pasyrom xumuueckue cesA3u 6 pesyavmame 0600-
uiecmeaeHust maKo20 Koauvecmeda 31eKmponos, 4moodovt npuoo-
pecmu 31eKMpPOHHYI0 KoHueypauuro, no0ooHyio 3aéepuieHHoll
3MeKMPOHHOU KOHpuUzypauuu amomos 64a20pooHblX 31eMeHN06.

JIBa aToMa BOIOpOJa, OOBEAMHUBIINCH B MOJIEKYILY, IIPU-
00pein «3aBEPILICHHYIO» MOACKYAAPHYH 000JI0UKY, MOTO0HYIO
3aBepILIEHHON 3JIEKTPOHHOI 000JI0YKe aToMa 0J1aropoIHOro
raza renus (1s%). AToMBI XJ10pa B MOJIEKYJIE IPUOOPENH Mose-
KYyAspHyl0 000JI0UKY, IMTOXOXYI0O Ha 3aBEpILIEHHYIO 000JI0UKY
atoma aprosa (...3s> 3p°).

ITo3HakoMuMCs Teneph C UOHHOU CBA3bI0. Kak HU yauBU-
TeJIbHO, OHA HWYEM TMPUHLIMITUAJIBHO HE OTJIMYAeTCs OT KOBa-
JIEHTHOM CBSI3U. JIBMXyIIeil cuitoil ee oOpa30BaHUS SIBIISICTCS
BCE TO K€ CTpeMJICHME aTOMOB K OKTeTHOI obosnouke. Ho B
psizie ciiydaeB TaKasl «OKTeTHasl» 000JI0YKa MOXET BOSHUKHYTh
TOJIBKO TPU Mepeaaye 3JIeKTPOHOB OT OHOTO aToMa K IPYTOMy.
[TosTOMy MOHHAS CBSI3b, B OTJMYME OT KOBAJIEHTHOM, BO3HM-
KaeT TOJbKO MeXAy aTOMaMM pa3HOro BUAA.

PaccMoTpuM KOHKPETHBIU MpUMEp: peakiinio MeXIy aTo-
Mamu Hatpus (Z = 11) u ¢propa (Z = 9). IIpu obpazoBaHuuU
CBSI3U MEXIy HMMU 00a 3jieMeHTa NMpUoOpeTaloT BHEIIHIOO
BJIEKTPOHHYIO 000JI0YKY OJlaropoaHoro rasza HeoHa (Z = 10).
JJ1st TOro 4YT00BI YOSIUTHCS B 3TOM, HaJo0 3aIllucaTh 3JIEKTPOH-
HbIe (DOPMYJIBI BCEX TPEX 3JIEMEHTOB;

Na: 1s? 252 2p° 3s!
F: 152 252 2p°
Ne: 1s* 25% 2p°
B as1eKTpOHHBIX (hOPMY/IaX HaM BaXHBI TOJIBKO JIEKTPOH-

Hble KOHUTYypalun éHewHUX YpOBHel (OHU IOJYEPKHYTHI).
3anuiilieM peakiuio ¢ rnmomoiisio popmyn Jlbouca:

Na-\t,-ﬁ: — Na%i

Hatpuii, otnas ¢ropy cBoii 3s!'-351€KTpOH, cTaHOBUTCS
noHoM Na* 1 ocTaeTcs ¢ 3aronHeHHoi 252 2p® 060/104KOI, UTO
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OTBEYaeT JEKTPOHHOI KOHGUTypallMu aToMa HeoHa. ToyHo
TaKylo Xe 2JIeKTPOHHYI0 KOHGUTYpalrio mpruodpeTaet aToM F,
MPUHSB OAUH 2JIEKTPOH, OTIAHHBIM HaTpueM. Temephb 3TO
noH F~. Pasymeercs, npu atoMm noHsl F~ u Na* mpomoirkaror
OCTaBaThCsl BCE TEMM XK€ dJIeMeHTaMU (PTOPOM U HATpUEM, TTO-
TOMY UTO HUKAaKHE 3JIEKTPOHHBIE MePEeX0abl HE MOTYT UBMEHUTh
MPUPOAY dJEMEHTa — YMCJIO IIPOTOHOB B €ro siape.

Teriepb B 1OMOJHEHNE K KOBAJIEHTHON COCTaBJISIIOLIEH X1~
MU4YeCcKO# cBsI3u B Moliekyle Na™:F~ mobGaBnsieTcs eile u
BJIEKTPOCTATUIECKOE TPUTKEHUE MEXITy MOHAMM HATpUS U
¢ropa. DTO yBeIMUYMBAET NMPOYHOCTh XUMUUECKOU CBsA3U. O-
HaKO KOBaJ€HTHasi COCTaBJIsIIolasl MpoaoJKaeT UrpaTh 3a-
METHYIO POJIb U B MOHHBIX COSAUHEHUSIX.

lloaapnas Koeasenmuas c6s3b 3aHUMAET MPOMEXKXYTOUHOE
MOJIOXEHUE MEXIY YUCTO KOBAJIEHTHOU CBSI3bI0 U MOHHOW
cBs3b10. Tak ke KaK ¥ MOHHAas1, OHA MOXET BOBHUKHYTb MEXIY
JIByMsI aTOMaMU pa3HbIX BUIOB. B MoJjisipHON KOBajlleHTHOM
CBSI31 2JIEKTPOHBI CMEILIAIOTCS OT aTOMa K aTOMY He TaK CUJIb-
HO, KaK B MOHHOU. DTO MPOUCXOIUT TOTAa, KOIJa aroMaM
SHEPreTUYECKU HEBBITOMHO AAJIEKO «OTIYCKAaTh» CBOM COOCTBEH -
HbI€ BJIEKTPOHbI, OTAAHHBIE B OOIIYIO «KOIMMJIKY» — MOJIEKY-
JISIpHY10 opOuTaib. Eciiu 3J€KTpOHBI CIUIIKOM JaleKO CIBU-
HYTCSI K OTHOMY M3 aTOMOB, MOJIEKYJISIpHAsI OpOUTaIb Tepe-
CTaHeT ObITh TTOXOXEeU Ha «OKTeTHYI0». B TO ke Bpemsl y pa3HbIX
aTOMOB pa3Hble JOHOPHbBIEC U aKLIENITOPHbIE CBOMCTBA, TO3TOMY
CBsI3bIBalOIAsl 2JEKTPOHHAS Iapa He pacriojlaraeTcsi TOYHO
rocepenrHe MeXIy sSapaMu, Kak B KOBaJICHTHON CBSI3U.

B xaudecTBe mpumMmepa pacCMOTpUM oOpa3oBaHUE BOIBI B
peakuy Mexay aromamMu Bomopona (Z = 1) u kuciopona
(Z = 8). Ins atoro ynoOHO cHauajia 3amucaThb 3JeKTPOHHbIE
(dhopMyJIBI 115 BHEIITHUX 06osouek Bogopoza (1s') u kuciaopo-
na (...2s% 2p*). 3arem Ha momolLp npuxondat ¢popmyssl JIblouca,
KOTOpBIE HATJISIAHO MOKA3bIBAIOT, KaK 00pa3yIoTCs «3aBEePIICH-
HBIe» 3JIEKTPOHHBIE 000JIOUKM PSIOM C aTOMaMK BOAOpOAA U
KHCIOPOJa B MOJIEKYJIE BOJBI:

HeToaeIeHHbIE
mapbl

Ho+-0:+-H—(H{O) nm H—('lj:
H
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Oka3sbIBaeTcs, JUIsl 3TOr0 HEOOXOAMMO B3SITh MIMEHHO JiBa aTo-
Ma BOIOpoJia Ha OAMH aToM Kucjopoaa. OgHako mpupona
TaKoOBa, YTO aKIENTOPHbIE CBOMCTBA aTOMa KMCJIOPOAa BhIIIIE,
yeM y aToMa Bogopoza (0 mpuuMHax 3TOro 4yTh nosxe). Ilo-
3TOMY CBS3bIBAIOIIME JIEKTPOHHbBIE TTapbl B (hopmyJie JIbtonca
JUIS. BOMBI ClierKa CMeIeHbl K siipy aToma kuciaopona. CBsisb
B MOJIEKYJIE BOJIBI — TOJISIPHASI KOBAJIEHTHAsI, @ HA aTOMax Mo-
SIBJISIIOTCSI YACTUYHbBIE MOJIOKUTEJIbHBIE U OTPULIATEIbHBIE 3a-
psiabl (Takye 3apsimbl 0003HAYAIOT rpedeckKoii OYKBOIi 8):
8+ O-

H—(|)=
Hs+

O ToM, Kak TpeJcKa3aTh aKIENTOPHbIE CBOMCTBAa aTOMOB 1
TJIE TPOXOJUT «TPAHUIIA» MEXIY MOJSIPHOU KOBAIEHTHOU 1
MOHHOM CBSI3bI0, MBI IIOTOBOPUM B maparpade 3.4.

ITo teopuu JIblonca 1 npaBUly OKTETa, CBSI3b MEXIY aTO-
MaMU MOXET OCYIIECTBJISITbCS He 00s513aTeIbHO OJAHOI, HO U
0eéymsa U naxe mpems NOACICHHBIMM MTapaMM, €CJIM 3TOrO Tpe-
OyeT mpaBuUJIO OKTeTa. Takue CBSI3U HA3LIBAIOTCS O0GOLUHbIMU U
mpoinsimy. Haripumep, TOJbLKO UTO PAaCCMOTPEHHBIM HaMU
KMCJIOPOJI MOXET 00pa30BbIBATh IBYXaTOMHYIO MOJIEKYIY C
OKTETOM 3JIEKTPOHOB y KaXXJIOro aToMa TOJbKO TOINa, KOraa
MEX]ly aTOMaMH TTOMEIIAIOTCS IBE MOJEAEHHbIE Taphl:

OBOIHAs CBSI3b

O + O e @e@ wm :0=0:

6 3JIEKTPOHOB 8 a1IeKTPOHOB
y KaXI0To aToMa Y KaXJIoro aToMa

B cnenuanbHO# T1aBe, MOCBSIILEHHOM 2J€MEHTY KUCIOPOAY, Mbl
elle pa3 BepHeMCs K BOIPOCY O TOM, KaK MpaBUJIbHO M300paxaThb
CBsI3b B €10 MoJiekyie (cM. § 6.1). A mmoka, B IepBOM IIPUOIKEHNH,
MOXHO OCTAaHOBUTBLCSI Ha MPUBEACHHOI BbIle (popMyJie ¢ ABOMHOI
CBSI3BIO.

AtoMmbl azoTa (...2s% 2p® Ha mocienHeil 060I0YKe) TaKKe
CBS3BIBAIOTCS B ABYXaTOMHYIO MOJIEKYJTY, HO JIJIS OpTaHM3aluy
OKTETa BJIEKTPOHOB UM TpeOYeTCs pacoI0XUTh MEXIY COOOM
yXe TpU TOMeJICHHBIC TIaphl:
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TpOHas CBS3b

K e @D NN
L2822p3 L2582 2p3

B Hacrosiiee BpemMs TPUHSITO U300paXaTh 3JEKTPOHHbIE
napsl (TO €CTb XUMUUYECKHE CBSI3U) MEXIY aTOMaMU 4epmoy-
xamu. Kaxpaas yepTouka — 3TO MojesieHHas rapa 3J1eKTPOHOB.
B aTOM ciiyyae yxe 3HaKOMble HaM MOJIEKYJIbl BBIDJISIASIT TaK:

CTpyKTypHbIe POPMYJIBbI MOJIEKYJT
H—H :CI—Cl: :0=0: :N=N: H—O0—H

BOIOPOZA XJIOpa  KMCIOpPOJA  a30Ta BOJIBI

DopMyJIbI C YSPTOUKAMU MEXKIY aTOMAaMK Ha3bIBAIOTCSI CHIPYK -
mypHoiMu gpopmysamu. Yailie B CTpYKTYPHBIX (hopMyJiax He U30-
OpaxkaroT HeroeeHHbIE TTaphl 3JIEKTPOHOB, HO B psIIe CyJacB
(MBI CTOJIKHEMCSI C HUMH TIPY 00CY>KIEHNN TOHOPHO-AKIIEITOPHBIX
CBsI3¢it) HelTomeIeHHbIe MTaphl NTPAIOT BasKHYIO POJIb.

CtpykTypHBIe (POPMYITBI OYEHb XOPOIITH TSI M300paKeHUS
MOJIEKYJI: OHM YETKO MOKa3bIBalOT — KaK aTOMBbI CBSI3aHbI
MEXIy co00ii, B KAKOM IMOpPsIKE, KAKUMU CBSI3SIMU.

Ceazviearowasn napa 31exmponog 6 gopmyaax Jlvtouca — mo
ace camoe, wmo 00HA HePMOUKA 6 CIPYKMYPHBIX (hopMYyaax.

JBoiiHbIE U TPOWHBIE CBSI3UM MMEIOT O0lllee Ha3BaHUE —
kpamuoie cBsi3u. O MoJIeKyJie a30Ta TOBOPST, YTO OHA UMEET

Taonuma 3.1

HJ’II/IHLI U NIPOYHOCTH CBsA3eil MeXKIy aToOMaMM a30Ta
B PA3JIMYHBIX COCTUHCHUAX

CBs13b JInmuHa CBSI3M B aHTCTpeMax ITpouHOCTb CcBsI3U B KJI2K
1A=10"%cum Ha OJMHAKOBOE YKCJIO MOJIEKYJI
IIpocras
N—N 1,45 58,5
JIBoitHas
N=N 1,25 456
TpoitHas
N=N 1,098 945
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nopsaodoK césa3u, paBHBINA TpeM. B MoJiekyite Kuciiopoaa mopsimok
CBsI3M paBeH IByM. [TopsimoK CBsI3W B MOJIEKYJIaX BOAOpOAA U
XJIopa — OAMH. Y BOZOPOJA U XJIopa yKe He KpaTHas, a Mpo-
cTast CBSI3b.

PaccMoTpuM maHHBIE MO JUIMHAM U TIPOYHOCTSIM CBSI3eil MeXIy
aToMaMM a30Ta B pa3IMUHBIX €ro CoeAnHeHUsX. B Tabauie 3.1 jivHbI
CBsI3ell IPUBEJEHBI B CIIEIMAJIBHBIX eAMHUIIAX — aHrcTpeMax (1 A =
=107 cM). OTHOCUTEIBHYIO IPOYHOCTD CBS3€il MOXHO OLEHUTD 110
SHEPTUM, KOTOpasi HeoOXoarMa JIJisl pa3pbiBa CBSI3ei MeXKIy aTOMaMu
a30Ta B pa3HBIX COCAMHEHUSIX. DTa SHEPTUS JaeTCs 1Tk ONMHAKOBOTO
yyciaa MOJIEKYJT TAKUX COeTMHEHUA.

Ilopaodok ceéazu — 3mo uucao 0606uecmeseHHbIX NOO0CACHHBIX
nap mexcoy dgymsa ceéazaunvimu amomamu. Ilopsadok cesasu eviue
mpex He écmpevaemcs.

Uem 6viute nopsaook cesA3u, mem npouHee CEA3AHbL MelCoy
co6oli amombL u mem KopoHe cama ceA3b.

3agaumn

3.1. Ucxons u3 ctpoenust atoMoB ¢C, |H u mpaBuia okrera
coctaBbTe (hopmyiry JIbrorca st COeMMHEHMST STUX IBYX BJie-
MEHTOB, B COCTaBe KOTOPOIro OIMH aToM yriepoaa. Hapucyiite
IUUIS1 HETO CTPYKTYPHYIO (hopMyity.

3.2. Hanmmure (¢ yKa3aHWeM BeJUUMHbBI U 3HAKA 3apsiia)
CHMBOJIBI MIOHOB HaTpHsI, KHCIIOpoaa, (hTopa, MarHus, aTlOMH-
HUSI, BJICKTPOHHBIE 000JIOYKM KOTOPHIX TaKe Xe, KaK y 6J1aro-
POITHOTO ra3a HeoHa.

3.3. Hanmuure 3ieKTpoHHBIE (DOPMYIBl BHELIHUX 3JICK-
TPOHHBIX YpOBHelH aTOMOB ;Al 1 ;Cl. OIuH aToM aIIOMUHUS
1 TPY aToMa XJIOpa IaloT COeANHEeHNEe, B KOTOPOM aTOMBI 3THUX
3JIEMEHTOB IIPUOOPETAIOT 3aBepIICHHBIE 000JIOYKM MHEPTHBIX
razoB. Kakue 310 nuHeptHbie ra3pl? Hanumwure popmyny
JIprorica coemMHEeHUS MEXIy aJlOMUHUEM U Xjaopom. Hapu-
CyiiTe IJI1 Hero CTPYKTYypHY1O (hOpMYy.

3.4. CocraBsre hopmyny JIbtonca ajist coeAUHEHUsI, BKIIIO-
YaIOLLEeTO OIUH aToM ,,Ca u aBa atroMa oF. CKOJBKO CBSI3bI-
BalolluX (MOIEIEHHBIX) U HECBSA3bIBAIOIIMX (HETOAEIEHHbIX)
3JIEKTPOHHBIX ITap B 3TOM coenrHeHnN? KakoBa ero CTpyKTyp-
Has dopmyia?
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3.5. Ucxons U3 37eKTPOHHOTO CTPOEHUsI aTOMOB Y MpaBu-
Jla OKTeTa cocTaBbTe hopMyJbl JIbiorca 1151 COeAMHEHU, CO-
CTOSIIMX: a) U3 ABYX aToMOB 4C 1 4eThipex aTomoB H; 6) u3
nByXx aToMOB ¢C u a1Byx atomoB ;H. KakoBbl KpaTHOCTU CBsI3eit
MEXIy aToOMaMU yIjaepoja B 3TUX ABYX coenuHeHusix? Hapu-
CyiiTe MX CTPYKTYypHBIE (hOPMYIIHI (TIepBOE M3 HUX HA3BIBACTCS
STUJIEH, BTOPOE — allETUJIEH).

3.6. I1o cTpykTypHBIM opMysiaM COCTaBbTe (hOPMYJIBI
JIptonca ¢ yKkazaHMeM BcexX HeloAeeHHBIX 3JIeKTPOHHBIX Tap:

a) HHC=N  6) F-Mg—F

§ 3.3. BanentHocTb. MosieKyasipHbie opMyJibi

BgenewM erie onyH BaxkHbIA TEPMUH, HY>KHbBII HaM JUIST Tajb-
Helilel paboThl: easrenmuocms. BaleHTHOCTh aTOMa — 3TO €ro
CIOCOOHOCTb 00Pa30BBIBATh OMPEIEICHHOE YKUCIO XUMUYECKIX
CB3ell ¢ apyrumu atomaMu. Hampumep, yMcio yeproyek, OT-
XONSIIMX OT CUMBOJIA 3JIEMEHTA B CTPYKTYPHBIX (hopMyiax,
PaBHO 8anreHmHOocmy 3TOTO daeMeHTa. [locMoTpuTe Ha TpuBe-
JIEHHbIE HUXKE CTPYKTYpHbIE (hOPMYJIbl HEKOTOPBIX BEIIECTB — U3
HMX BUIIHO, YTO BOIOPO/I U XJIOP OMHOBAJIEHTHBI, KMCJIOPO IBYX-
BaJICHTEH, YIJIEpO[ YeThIPEXBAJIEHTEH, a a30T TPeXBaJICHTEH.

H—H :Cl—Cl: :0=C=0: H—O—H
BOIOPOL XJIOp YIJICKUCIIBbIA Ta3 BOJa
H H
Nee oo/
N—N
/ AN
H H ‘N=N:
TnapasnH a3oT

ToukaMu 31ech 0003HAUEHBI HEMOAEJIEHHbIE TTaphl 3JIEKTPO-
HOB, HO B CTPYKTYPHBIX (hopMyJiaxX UX ITOKa3bIBAIOT He Bceraa (B
CBSI3bIBAHWM OHU HETIOCPEACTBEHHO HE YYACTBYIOT, XOTSI BaXKHbI
C TOYKM 3peHHUs TpaBuja okTeTa). B cTpyKTypHbIX (hopmyax
Kaxast 4epTouka — 3TO0 UMEHHO nodeneHHAs napa dJeKTPOHOB.
[ToaToMy MOXHO 1aTh Takoe onpeaeeHre BaIeHTHOCTU:

Baaenmuocmo onpedeasiemces Kax 4ucao 31eKmpoHHbIX nap,
KOMOpbIMU OAHHBLE AMOM C85A3aH C OpYyeUMU AMOMAMU.
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ITockombKy B XMMUYECKOI CBSI3U YYaCTBYIOT TOJIBKO 3JIEKTPO-
HbI 6HewHUX 000JI0UEK, TaKue JIEKTPOHBI HA3bIBAIOT 8A1eHM -
Hoimu. EnuHM4YHas (pocTasi) CBsA3b BO3HUKAET, KOraa aTOMBI
JIEJISIT MEXIy COOOM OIHY Mapy BaJICHTHBIX SJICKTPOHOB.

CTpyKTypHble (DOPMYJIbl HATJISAHO MOKa3bIBAIOT COCTAB
BElECTBa, MOCAeI0BaTeIbHOCTb CBS3bIBAHUSI aTOMOB JIPYT C
JIPYTOM 1 BaJICHTHOCTb 3JieMeHToB. Ho eciiu Takas nmoapo6Hast
nH@OpMaIIMs He Hy>KHa, COCTaB BellleCTBa MOXHO 3alUChIBATh
B BUIE COKPAUEeHHbIX XUMUIECKUX (HOPMYIT:

H, (Bomopon), Cl, (xi0p), CO, (yrJIeKUcblii ras),
H,O0 (Boma), N,H, (rugpasun), N, (a3or).

B manHoM ciy4yae Bce BelllecTBa COCTOSIT U3 MOJIEKYJI, TO-
3TOMY TaKue (DOPMYJIbl HAa3bIBAIOT HE MPOCTO COKpallleHHBbIMU,
a moaexyrapuoimu. Llndpa, crosimast BHU3Y CIpaBa OT CUMBO-
JIa pJIeMeHTa, Ha3bIBaeTcs undexcom. VIHIEKC MMOKa3bIBAET,
CKOJIbKO aTOMOB JAHHOTO 3JIEMEHTa COIEPXKUTCS B MOJICKYJIE.
HWnupexc 1 HUKoOTAA HE TUIIYT.

Moaekyasapnas popmyaa noxazvieaent, CKOAbK0 AMoM08 Kaic-
0020 34emMeHma 6x00Um 6 COCMA8 MOAeKY1bl Geujecmad.

OnHako ecTh MHOTO BEIlIECTB, B KOTOPbIX aTOMbl He 00pa-
3YIOT OTAEJbHBIX MOJIEKYJI, a CBSI3aHbl APYT C IPYroM B «bec-
KOHEYHBbIe» KapKachl (IoapoOHee Bbl TO3HAKOMUTECHh C HUMU
B § 3.8). B aTOM ciiyyae MOXHO BBIIEIUTD JIUIIb OTASIbHBIN
MMOBTOPSIONINICS (pparMeHT U3 aTOMOB B TaKOM BEIIECTBE.
Hanpumep, Metaninueckasi Meib COCTOUT U3 aTOMOB (2 He U3
MOJIEKYJI) MeIUu, MO3TOMY HauMEHbIINI MOBTOPSIOLIMICS
(parmenT sToro BemectBa — atoM Cu. @opmysia Meau Takast
xke: Cu. CoenuHenusi NaCl u CaF, B TBepaoM BUIE COCTOST
13 MOHOB, TIPUYEM TPYIHO Pa3IUIUTh, KAKME aTOMBI «I1€pCO-
HaJIBHO» CBSI3aHBI APYT ¢ ApyroM. Ho oTmenbHBIE TOBTOPSIO-
muecs parMeHTbl (UX Ha3bIBAIOT «CTPYKTYPHBIE €IMHULIbI»)
COCTOSIT U3 aTOMOB 3THUX 3JIEMEHTOB UMEHHO B TaKUX COOT-
HOILIEHUSIX, KaK Mbl TOJbKO 4YTO 3anucaiu. Ksapi npeacras-
JisieT co0oil «0eCKOHEeYHbIi» KapKac U3 aTOMOB KpEeMHUS U
KHCJIOpOJa, HO HAaMMEHBIINI ITOBTOPSIOIIUIACSI (pparMeHT
(CTpyKTypHasl eAMHMIIA) 3TOr0 KapKaca COAEPXKUT OOUH aToM Si
u aBa atoma O. IToatomy dopmyina kBapua — SiO,.
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Nat CI- F- Ca?" F- 0 0]
NnJin Si
Na—Cl F—Ca—F ~0 0

B sToM ciydae cokpaieHHbie hopmyiibl Bpoae Cu, NaCl,
CaF,, SiO,, cTporo roBopsi, HeJib3s1 Ha3bIBaTb MOJIEKY/ISIPHBIMU.
OmHako OHM TOXe BBIPAXKAIOT 3JIEMEHTHBIN COCTaB BEIleCTBA
1 B 3TOM CMBICJIE HUIYEeM MPUHIINITHAIBHO OT MOJIEKYISIPHBIX
(opmyn He oTIMYAIOTCS.

CylecTByeT TakXe OJvKaiiias «poACTBEHHUIIa» COKpaIlleHHOMU
dbopmynbl — Tak HazbiBaemasi amnupuyeckas opmyaa. OHa Mokasbi-
BaeT JIMIIb COOMHOUleHUe MEXITY KOJTUIeCTBOM aTOMOB Pa3HOIo BUIA
B coennHeHnu. Hanpumep, MosekynsipHast popmyiia ruapasuna N,H,
TOBOPUT O TOM, YTO MOJIEKYJIa 3TOTO BeIlleCTBa ACHCTBUTEILHO CO-
CTOWT U3 JIBYX aTOMOB a30Ta W YEThIpEX aTOMOB BOAOPOJA. A 3MIIU-
puueckas ¢opmyna ruapasuHa NH, roBoput JIuIIb 0 TOM, YTO B 3TOM
BEIIIECTBE aTOMOB BOJIOpPOIA BIBOe OOJbllie, YeM aToMOB a3oTa. MH-
JIEKCHI B AMITUPUYECKUX (DOpMYJIaX MOTYT OBITb HE TOJIBKO LIETBIMU,
HO ¥ ApOOHBIMU unciiaMu. Kak BUIHO U3 yXe TPUBEICHHBIX 31eCh
bopmy1, MoeKyJsipHasi WJIM cOKpallleHHast hopMyJia BelllecTBa 4acTo
JIU6O COBMAmAeT C AMIMPUUYECKON (hOpMYJIOit, TMOO KpaTHa eit.

DopMyIIbl BELIECTB B MPOCTHIX CIyYasIX MOXHO COCTaBIISITh
MO BaJIECHTHOCTSIM BXOISIINMX B HUX 25IeMeHTOB. M Hao6opoT,
3Has BAJIEHTHOCTH 3JIEMEHTOB, MOXHO IPaBUJIBHO COCTaBUThH
W13 HUX XUMUYECKYIO (DOPMYILY.

Ho xak onpenensioT BaJieHTHOCTH 3JieMeHTOB? JIJIs1 9TOro MOKHO
T0JIb30BaThCsl HAILIMMU 3HAHUSIMU O CTPOSHUM BHEITHUX 3JIEKTPOHHBIX
000J104eK aTOMOB, KaK MbI 3TO YK€ JIeJIaJld TIPY ONpeeIEHUN BaJIeHT-
HOCTeil Bojopoja, xjaopa, HaTpus, dTopa, KUCIOpoaa U a3oTa B UX
KOHKPETHBIX XUMUYECKUX COCTUHEHUSIX.

HexoTopble 31eMeHTHI POSIBJISTIOT B JIIOOBIX COSTMHEHUSIX OJHY U
Ty € BaJIeHTHOCTb. TaKOBbI, HAIIpUMeEpP, BOAOPOJ, HATPpUil, KaJIUii,
cepebpo, ¢Top (BajmeHTHOCTh 1); miam MarHmii, KaablUuii (BaJIeHT-
HocTb 1I). pyrue aneMeHTbl MOTYT — B 3aBUCHMMOCTU OT MapTHEPOB
0 XUMUYECKOU peakiMyi — TIPOSIBJISITh HECKOJIBKO Pa3HBIX BaJIEHT-
HocTeil. [TpuurHy 3TOro MbI JIETKO OOBSICHUM YYTh MO3XeE, UCXOs U3
CTPOEHUS UX aTOMOB.

B To BpeMs Korma XMMUKH ellle HUYero He 3HaJu O CTPOCHUU
aTOMOB, OHM YCMEITHO OTpPeIeININ BaJIECHTHOCTY MHOTHUX 3JIEMEHTOB
10 JTaHHBIM XMMHMYECKOTO aHaJIi3a.
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AHalln3 MO3BOJISIET BBISICHUTL COCMAS COSANHEHUsI, TO €CTh YMC-
JICHHOE COOTHOILIEHUE aTOMOB Pa3HbIX 3JIEMEHTOB B MOJIEKYJIE — MO-
JIEKYJISIpHYI0 opmyiy. deaaeTcss 3TO MyTeM TOYHOTO OMpeaeaeHUs
Macchl KaXI0ro 3jieMeHTa B o0Opaslie, TIIATeJIbHO OYMIIEHHOM OT
npuMeceii pyrux BeiectB. C MeTOAMKOI aHaIM3a Bbl IT03HAKOMUTECH
Mo3Xe, B Kypce opranndeckoii xumuu. Ceifuac ke Mbl BOCIIOJIb3YeM-
csl pe3yibTaTaMM yxKe MPOBEASHHOTO aHajau3a JUIsl OIpe/ie/ieHUs] Ba-
JICHTHOCTH, HaIllpUMep, a30Ta.

Homnyctum, aHainu3 yucToro obpasia raza aMMuaka AaeT I ero
MoekyJbl hopmyiny NH;. MoxHO BOCTIONBb30BaThCs TEM OOCTOSITENb-
CTBOM, UTO BaJICHTHOCTb Bojopoaa Bcerda I (TpaguLIMOHHO BaJIeHT-
HOCTb 0003Ha4YalT pUMCKUMU 1Mdppamu). [Tockonbky Bogopon
BCera OMHOBAJIEHTEH, €r0 aTOMbI B 3TOM COEIUHEHNU HE MOTYT OBITh
CBSI3aHBI MEXIy cCO00i. 3HAYUT, OHU CBsI3aHBI ¢ a30TOM. BbIBOM: Ba-
JneHTHOCTh a3orta III. Jist 3TOor0 cCoemmHEeHUsI MOXHO IIPUIAYMAaTh
€IMHCTBEHHYIO CTPYKTYPHYIO (DOpMYyJTy:

H— ITI —H
H

Eume onqHo HaboneHre: KUCIOPOA BO BCEX COEAUHEHMUSX IBYX-
BasieHTeH. [ToaTomy, Hanpumep, B coennHeHUn SO, BaJeHTHOCTb
cepol 1V (BaneHTHOCTb Kuciaopona Il yMHOXuUTh Ha 2 aToMa KUCJIO-
pona =4), a B coennHeHnu SO; BaJIeHTHOCTb cepbl — VI (BaJIeHTHOCTh
kuciopona Il yMHOXuTh Ha 3 aToMa KUCI0pOaa).

B Gosiee CA0XHBIX ciiydasix MOXKHO AATh JIMIIb YACTUYHbBINA OTBET,
HO U OH ObIBaeT noseseH. Hanpumep, o coenunenun HCIO, Mbl Mo-
>KeM JIMIIIb CKa3aTh, 4To ocTtaTok ClO, — ogHOBaJIeHTEH (TaK KakK Mbl
OTHSUIM OT HETrO OJHOBAJIEHTHBIN aTOM Bomopopa). B coenmnHeHnu
H,SO, ocratox SO, — AByXBaJieHTeH (OTHSJIM JBa OTHOBAJIEHTHBIX
atoma Bogopona). [Toatomy miist onpeneneHust BAJIGHTHOCTU KaKOTro-
0O 37eMEeHTa TOASITCS TOJBKO €ro MPOCThle COSAUHEHUS C BOMIO-
POJIOM U KUCJIOPOJOM, COEPXKallle TOJAbKO OAUH aTOM U3y4aeMoro
ayeMeHTa. TpeboBaHUe MPOCTOTH BeChMa CyllecTBeHHO. Hampumep,
1o coctaBy coeauHeHust CH, (MeTaH) MOXHO MPaBUJIbHO 3aKJIIOYUTh,
YTO 3JEMEHT Yrjepon 4yeThipexBajieHTeH. Ho cymecTtByeT u GoJee
cnoxHoe coeauHenue yriepona CsHg (6eH3001), M0 KOTOPOMY CYyIUTh
0 BaJICHTHOCTHU YIJIEpOJa TOJbKO U3 PE3YJIbTaTOB aHalu3a 3aTpydHU-
TEJBHO.

MpbI yKe 3HaeM BIIOJIHE JOCTAaTOYHO, YTOOBI MPaBUJIbHO
OIpeAessaTh BAJIEHTHOCTH MHOIMX 3JIEMEHTOB MO MpPaBUIy
OKTeTa U 10 3JIEKTPOHHOMY CTPOEHUIO UX aTOMOB. MOXKHO Tak
1 TIOCTYIIATh B JaJIbHEHIIIEM, He YTpyXaas ce0sl 3aydrMBaHUEM
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Tabnumma 3.2

BasienTHOCTH! HEKOTOPBIX 3/1EMEHTOB
(TpaaIUIMOHHO 3aNMCHIBAIOTCS PUMCKIAME IU(PaMM)

DneMeHT BanentHoCTh DneMeHT BanenTHOCTH
* Bomopox (H) I * bapuii (Ba) 11
* Harpuii (Na) I * Kucaopon (0O) 11
* Kanuit (K) I HuHk (Zn) 11
* Cepebpo (Ag) | OnoBo (Sn) 11 (IV)
* @rop (F) | CauHel (Pb) 11 (IV)
Xiop (Cl) I (IT1, V, VII) || Keneso (Fe) I1, 11
Bpowm (Br) 1 (IT1, V, VII) || Xpom (Cr) 111, VI
Hon (I) I (IT1, V, VII) || Cepa (S) I1, IV, VI
Pryts (Hg) L 11 * AmomuHuii (Al) | I11
Menp (Cu) LI A3zot (N) 11 (IV)
* bepuuii (Be) | 11 ®ocdop (P) I, v
* Marauii (Mg) | 11 Yraepon (C) v
* Kanbiuii (Ca) | 11 Kpemuuii (Si) IV (I1I)

BaJICHTHOCTEM BaxkHeunImux sjeMeHToB. Ho Ha mpakTuke ux
MpolIe BbIyYUTh, YTOOBI HE TPATUThb KaXAblii pa3 BpeMs Ha
pUCOBaHUE BJEKTPOHHBIX (popMya U cTpykTyp JIbtouca. B Ta-
osnue 3.2 NpUBOAATCS CBEAECHUST O BAJIEHTHOCTSIX 2JIEMEHTOB,
C KOTOPBIMM MbI HE pa3 CTOJKHEMCS B HallleM Kypce.

Tenepp pazdbepemMcsl B TOM, KaK COCTAaBJISIIOT XUMUYECKUE
(opMyJibl TIO YK€ M3BECTHBIM BaJIEHTHOCTSIM aToMoB. Ham
HY>XHO Hay4YUTbCS J1eJIaTh 3TO JJIs1 CJIOXKHBIX BELLIECTB, COCTOSI -
LIMX U3 IBYX 3JEMEHTOB.

Hanpumep, Hago 3anucath ¢hOpMyJly COEIUHEHMS Xele-
3a (IIT) ¢ kuciopomoM (coeqMHEHUS IIEMEHTOB C KUCIOPOIOM
Ha3bIBAIOTCS OKCHAAMM). 3amuIilieM XUMHYECKUE CHMBOJIbI
xkenesa (Fe) u xucnopona (O), a Ham CUMBOJIAMU OCTABUM
BaJICHTHOCTU 3TUX 2JIEMEHTOB. 3aTeM IMEePEMECTUM BHU3 U
KpecT-HaKpecT 3HauUeHUsl BaJ€HTHOCTEU, 3anucaB UxX ClipaBa
(1 BHM3Y) OKOJIO CUMBOJIOB 3JIEMEHTOB B BUJIE UHOEKCOS:

! Jlns 351eMEHTOB ¢ MEPEMEHHOI BaJIEHTHOCTBIO TepBas Ludpa — Hau-
OoJiee pacripocTpaHeHHasi BaJeHTHOCTb. B cKoOKax maHbl BaJe€HTHOCTH,
BCTpeyaloluecs: pexe. 3Be3104KaMU MOMEUEHbI 3JIEMEHTBI C MOCTOSIHHOM
BaJICHTHOCTBIO.
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Teneps cnenaem mpoBepKy. /IBa aToma TpeXBaJIeHTHOIO XKe-
ne3a gaayT B cymMme 2 X II1 = 6 cBOOOAHBIX BaJ€eHTHOCTEM, U
CTOJIBKO e CBOOOIHBIX BajieHTHOCTel 3 X II = 6 obecrnieunBa-
10T TPU aToMa JBYXBaJIEeHTHOTO Kucjaopojaa. CBOOOIHBIX, HEUC-
MOJIb30BAHHBIX BAJICHTHOCTEM y aTOMOB HE OCTajl0Ch. 3HAUYUT,
dopmyna okcuna xenesa (II1) cocraBneHna npasuiabHo: Fe,0;.

E F
FM\/_F
\/Cr
O\
All
Fe
~

0
/

Ve
/S/N N\s\
H—C ‘ C—H
H Y N—N H Y

O\_/

N

C

3amaumn

3.7. B IKOJILHOM Kypce He M3Yy4daloT XMMUIO DJIEMEHTa
ckanausa. Tem He MeHee, OCHOBBIBASICh HA 3JICKTPOHHOM
CTPOCHUM aToOMa ,;Sc, CAENATe Cleayollee:

a) HaMIINATE 3JIEKTPOHHYI0 (POPMYITy CKaHINSI U OIpele-
JIUTE ero HauboJsee BEPOSITHYIO BAJIGHTHOCTD (IOJIb3YsICh Mpa-
BUJIOM OKTETA);

0) HanmuuTte hopmyiy JIbiorca o151 cOeAMHEeHUsT CKaHIUs
C XJIOPOM;

B) HAITUIINTE MPOCTEUIIYIO M CTPYKTYPHYIO (DOPMYJIBI CO-
eIMHEHUS CKaHIUS C XJIOPOM;

r) onpenenuTte: oynet jau cBsidb Sc—Cl KoBajleHTHOI (OAUH
BapMaHT) J1U00 (BTOPOIl BapuaHT) — IMOJSIPHOM KOBaJIEHTHOM
WJIU UOHHOM.
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3.8. 1) Ucnonb3ysa BaleHTHOCTU 3JEMEHTOB, HAIUILUTE
(opmynbl coenHEeHUI: a) Kanus ¢ pTopoM; 6) MarHusi ¢ KUc-
JIOPOJIOM; B) KajbLIMsI C BOOJOPOAOM; I') aIIOMUHMS C (PTOPOM;
) aJllOMUHUS C KUCJIOPOIOM.

2) Hapucyiite cTpyKTypHble DOpMYJbl COEAUHEHUN U
ornpeneauTe BaJleHTHOCTb Kaxaoro atroma: a) HCI; 6) BeCl,;
B) AlBr;; r) PH;; n) TiCl,.

3.9. Hanummte ¢popMyinbl coenuHenuit xpoma (I11) u xpo-
Mma (VI) ¢ xucnopomom.

3.10. Hammumwmre dopmyibl JIstonca mirs coequuenuii: H,S,
CCl, BF;, I,, ICI. Haiinute 3nech coenMHeHUE C KOBaJEHTHOM
CBSI3BIO.

3.11*. HanumuTe 31eKTPOHHYIO (DOPMYJTy BaJIeHTHOM O0O0JIOYKU
aeMeHTa 3,Se. CKOJIBKO TOACICHHBIX U CKOJBKO HEIMOIeIeHHBIX
9JIeKTPOHHBIX TIap B coenuHeHun H,Se? Hapucyiite ero crpykTypHyIo
(bopmyny.

3.12*, Hanuiure dopmyny JIpionca U HapuCyiTe CTpYKTYPHYIO
dbopmyny nnst coequHeHns SFy. CKOJMBKO MOAENIEHHBIX U CKOJIBKO
HeTIONIEIEHHBIX 3JIEKTPOHHBIX TIap B 3TOM coenrHeHUn? [IpumevaHue:
(bTOp — CMIBHENIINIT aKLIETTTOP 3JIEKTPOHOB, TTO3TOMY 3JIEKTPOHHBIE
Tapbl XUMUYECKUX CBsI3el CIBUHYTHI OT aTOMa Cephl K aToMaM ¢hTopa.
Kak Bbl tymMaeTe, KakoMy MHEPTHOMY Ta3y «IoJpaxaeT» cepa B 3TOM
COCIMHEHUW — aproHY WU HeOoHY?

3.13. Haw crapsiit 3Hakomblii FOX HapucoBasi cBOI XUMU-
YeCKHUI aBTOMOPTPET, ITOBECJI €ro B JJAOOPATOPUM M CKasall,
YTO CO BpEMEHEM 00s13aTe/IbHO CUHTE3UPYET TAKOE COETUHEHUE.
OHo o00s13aTe/ibHO OyAeT 00J1agaTh KAKUMU-HUOYIb HEOOBIU-
HBIMU cBolicTBaMu. JlokTop ITuionbKuH cpasy Halllea omuo-
Ky B moptpete u ckazan FOxy, 4yTo Takoe coenrHeHue Bpsia v
MOXHO CHHTe3upoBaTh. Kakyio olIMOKYy CMOr HAlTHU JOKTOP
IMumonbkuH?

§ 3.4. DaekTpooTpunaTeIbHOCTD. Pasmune MexIy HOJIAPHOI
KOBAJICHTHOW ¥ MOHHOIi CBA3SAMU

TobKO 0 HEOOIBIION YaCTH BCEX XUMUYECKUX CBSI3E MOX-
HO CKa3aTb, YTO OHU ABJAIOTCA YUCTO KOBAJICHTHBIMU. B Takumx
COCOMHCHUAX MMOACJICHHAaA Imapa JICKTPOHOB BCCraa HaXOoAnT-
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Csl Ha OIMHAKOBOM PACCTOSIHMM OT siiep 000OMX aTOMOB. DTO
BO3MOXHO TOTJA, KOIJa MeXIy cOOOi CBSI3aHBI 00UHAKOBbLE
atrombl. Hanpumep, U3 pacCMOTPEHHBIX HAMM B 3TOM TJiaBe
MOJIEKYJI YUCTO KOBANEHMHbIMU OKAXKYTCSI IByXaTOMHBIE MOJIE-
KYJIbl BOIOPOIA, KUCIOpOAa, XJI0pa, a30Ta;

H—H :0=0: :«C1—Cl: :N=N:

Kornma mexmy coboil cBSI3BIBAIOTCSI pa3HbIe aTOMBI, ITOJIE-
JIeHHasl mapa XMMUYeCKOM CBSI3U BCeraa cmeuieHa K OMTHOMY 13
aromoB. K xakomy? PazymeeTcs, K TOMy aToMy, KOTOPBIA IIPO-
SIBJISIET OOJiee CUJIbHbIE aKyenmopHbie CBOMCTBA.

HomyctuM, mpu o0pa3oBaHUU IBYXaTOMHOI MoyIeKyJIbl Ab
9JIEKTPOHBI CBSI3M CMeEIIaloTcs B CTOpoHY atoMa b. B atom
ciyyae atoM b cuuTaercs 6osee anekmpoompuy,amenvHuim, YeM
atoM A. C nmoMmombio ¢hopmyi JIbronca MOXHO M300pa3uTh
CMelleHMe TIaphl 3JIEKTPOHOB B MOJISIPHON KOBAJICHTHOM CBSI3U
CJIeIyIOIIMM 00pa3oM:

I

H: H xoBajieHTHas CBSI3b
1

:CL:Cl: koBaneHTHas CBA3D

D
H :Cl: mondpHas KoBaJeHTHas CBA3b

1100 34exmpoompuyameavrnocmoro (90) nonumarom ommo-
CUMEABbHYIO CHOCOOHOCHTb AMOMO8 NPUMSUGAMb IAEKMPOHBL NPU
ceésaszvleanuu ¢ opyeumu amomamu. 0 xapaxmepuzyem cnocoo-
HOCMb amoma K NoAsApU3auul K08a1eHMHbIX C6A3ell.

MOJ'ICKYJ'IBI MHOI'MX COEIMHEHUN COCTOSAT U3 aTOMOB pas-
HOro BUIa U IIO3TOMY COACPXKAT Hn01APHblIEe KOBAJNEHMHbLE C6A3U.
HaHpHMep, TIIOJIAPHBIC KOBAJICHTHLIC CBA3U IMPUCYTCTBYIOT B
COCOMHCHUAX:

H—fT}—H H—O0—H  :0=8=0:
H
aMMHaK BOIa JUOKCH, CEPDI

Hnst mpumepa paccMorpuM okcun cepbl SO,. Kuciopon u
cepa MMeIOT MOXOXMUe BajeHTHbIe o6onouku (...2s5% 2p*) u
(...3s% 3p*), HO BHELIHME NEKTPOHBI CEPbl HAXOAATCS Jajblie
OT S/Ipa U MPUTIATUBAIOTCS K AApPY cllabee, YeM y KUCIOpoa.
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M3-3a 3TOrO NMOAEIEHHBIE 2JIEKTPOHHBIE TTapbl B MosieKyae SO,
CMeEILIeHbI BIOJIb XUMUYECKUX CBSI3ei B CTOPOHY aTOMOB KMC-
Jiopoza, KOTOpble MpUOOpeTaloT YaCTUYHbIM OTpULIATEIbHbIN
3apsn (0—). Takoil yaCTUYHBIN 3apsim 0003HAYAIOT TPEUECKOM
OykBOIi1 «aenbTa» (). ATOM Cephl, cleaoBaTeIbHO, pUOOpe-
TaeT YaCTUYHBII TTOJIOXUTEIbHBIN 3apsia (O+).

DIIeKTPOOTPHUIIATEILHOCTD 3aBUCUT HE TOJIBKO OT PacCTOsI-
HUST MEXITY SIAPOM U BaJICHTHBIMM JIEKTPOHAMU, HO U OT TOTO,
HACKOJIbKO BajJIeHTHasi 000/104Ka 0JIM3Ka K 3aBepIIeHHONA. ATOM
C CEMbIO BJIEKTPOHAMU Ha BHEILIHEN 000JI04Ke OyIeT MPOSIBIST
ropasno OOJIBIIIYIO 3JIEKTPOOTPULIATEILHOCTD, YeM aTOM C OfI-
HUM BJIEKTPOHOM.

DT1Op ABIAETCS «4EMITUOHOM» DIIEKTPOOTPULIATEIbLHOCTH
o ABYM MpuurHaM. Bo-nepBbIX, OH MMeeT Ha BaJIeHTHOU 000-
JIOUKE CeMb 2JIEKTPOHOB (0 OKTETa HEJOCTaeT BCEro MepBOro
3JIEKTPOHA), U, BO-BTOPLIX, 3Ta BaJIECHTHasA 000y104Ka (...2s° 2p°)
pacroJioxeHa 0;1u3Ko K saapy. Hanpumep, B coenudHeHuu NaF
MoJieJIeHHas 3JIEKTPOHHAs Mapa OTTsSHyTa K aToMy (Topa Tak
CWJIBHO, YTO MOXHO, IMMOYTH HE MOTPEIIUB MPOTUB UCTUHBI,
MpUnucarh (pTopy Leblit OTpULaTeNIbHbIN, a HATPUIO — LIeJIbIi
TOJIOXXKUTEbHBIN 3apsia;

Na'F-

Ecau BcnmoMHUTB pasnest 3.2, TO TaKylo CBS3b yXKe Jyyllle
Ha3BaTh uoHHoU. Bripouewm, 3amuch opMysibl B MOHHOM BUJE
SIBJIIETCS yCA0BHOM. OHA JIUIITL O3HAYAET, UYTO IOJISPU3AIIUS
KOBJIEHTHON CBSI3U BeJMKA. 3alUCh CTPYKTYPhI C TTOMOIIBIO
¢opmynbsl Na—F Toxe npaBuibHa, IIOTOMY UTO ITOJISIpA3ALIMST
CBSI3U MOXET OBITh 0;1M3Ka K 100 %, HO HUKOTI1a HE TOCTUTAET
aToit BeanuuHbl. Hanpumep, B NaF noispusanust cBs3u co-
craBisgeT okojio 80 %. TakuM 00pa3OM, UOHHYIO C813b MOICHO
paccmampusams KaxK npedenvHulii cay4ail noAspHol Ko8aaeHmHO
CBA3U.
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BHeniHe coeauHeHUs ¢ MIOHHBIMU M KOBaJEHTHBIMU CBSI-
3MM MOTYT AOBOJILHO CMJIBHO OTJMYaTbCs APYT OT Apyra.
HMoHHBIE coeqMHEeHNsT — OOBIYHO TBEpAble M XPYIKHE Bellle-
CTBa, IIJIABAIIMECS TPH BBICOKMX TeMIleparypax. PacTBopsl
WOHHBIX COCTMHEHWI MPOBOIAT NEKTPUUECKUIN TOK, TTOTOMY
YTO MPH PACTBOPEHNH OHM pacITafaioTcs Ha 3apssKeHHBIC MOHEI.
TunuuHoe MoHHOE coenruHeHUe — TMoBapeHHas coib NaCl.

CoenvHeHUsl ¢ KOBaJIEGHTHBIMU U TOJSIPHBIMM KOBAJIEHT-
HBIMU CBSI3SIMM B OOBIYHBIX YCIIOBUSIX YaCTO SIBJISIIOTCS Ta3aMu
WA XUAKOCTIMU. ECM 5TO TBepabie BelllecTBa, TO TIIABITCS
OHM TOCTAaTOYHO JIETKO, XOTS €CTh M MCKITIOUEHUsI, KOTOPBIE
Mbl 00cynum B maparpacde 3.8. PacTBopbl TaKMX BelleCTB Aa-
JIEKO He BCeTHa MPOBOIIT 3JIEKTPUUECKUN TOK, TTOTOMY UTO
MpU PacTBOPEHUM OHU MOTYT U HE pacnajgaThCs Ha MOHBI.
TunuyHble coeAMHEHUS C TOJSIPHBIMU KOBaJIECHTHBIMU CBS351-
mu: xiopoBogopon HCI, yrnexucnsiit raz CO,, Boma H,0,
necok Si0,, MHOTOUUCJIEHHbIE OpTaHUYECKHNE COeTUHEHUS.

Ha npumepe poncrBeHHbix coearHeHnit HCI u NaCl mox-
HO BUJICTh, KaK YBEJIUYEHUE MOJSIPHOCTHU CBSI3U MOXKET B UTO-
re NPUBOAUTHL K KaUeCTBEHHBIM M3MEHEHUSM B CBOMCTBax
BEIIECTB TIPU OJAMHAKOBBIX YCIOBUSX (puc. 3.4).

HMHorna BcTpedaeTcsl yTBepXKISHUE, YTO MOHHAS CBSI3b —
9TO XMMMUECKasl CBs3b, BO3HUKAIOIIAsl B pe3yJibTaTe KyJIOHOB-

Puc. 3.4. Xnoposogopon HCI (coaepXuT nmoyisipHyt0 KOBAJIEHTHYIO CBSI3b)

MpU KOMHATHOM TemIiepatype — raszoobpa3Hoe BelllecTBO. B aTux xe

ycloBUsIX noBapeHHas cojib NaCl (MoHHasi CBSI3b MEXIYy aTOMaMu) —
TBEPIOE KPUCTAIMYECKOE BEIIECTBO
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CKOTO MPUTSXKEHUSI TPOTUBOIIOJOXHO 3apSIKEHHBIX MOHOB.
JeicTBUTENBHO, BJIEKTPOCTATUYECKOE MPUTSIKEHUE TPOTUBO-
MMOJIOXKHBIX 3aPsIIOB B MIOHHBIX COEAMHEHUSIX BHOCUT 3aMETHBII
BKJIaJ B 9Heprumo cBs3u. Ho B To XXe BpeMst KOBaJIEeHTHAS CO-
CTaBJSIOIIAsi XMUMUUYECKOU CBSI3M HUKOTJA HE BBIKJIIOYAETCS
MOJIHOCTBIO 1aXKe B HanboJjiee MOHHBIX COSTIUHEHUSIX.

Takum oGpazom, TpaHULIA MEXAY TOJSIPHBIMU KOBaJICHT-
HBIMU U MOHHBIMU COEAMHEHUSMU AOCTAaTOUHO ycjaoBHaA. Ha-
MprUMep, Yucrasl Boja (MoJsIpHOE KOBAJEHTHOE COEOUHEHUE)
Bce-TakKy 00J1aiaeT 3JIEKTPOIIPOBOAHOCTHIO (IIpaBaa, O4eHb
HU3KOI), a eClIi ITOBAPEHHYIO COJIb (MOHHOE COEeIMHEHUE)
pacIuiaBUTh U HarpeTh A0 KUIIEHUS B BaKyyme, TO B Iapax
OynyT nmpucyTcTBoBaTh MoJieKysibl Na—Cl, a He oTne/IbHbBIE
noHbl Na* u CI~.

MOXHO 11 U3MEPUTh CTEIIEHb IMOJISIPHOCTU KOBaJIEHTHOM
cBsa3u? Iie KoHYaeTcs MOJsIpHasi KOBaJeHTHAas CBSI3b U Ha-
YUHAETCS MOHHAsI? DJIeKTPOOTPULIATEIbHOCTh MOXKHO BbIPa3UTh
KOJIMYECTBEHHO U BBICTPOUTDH BJIEMEHTHI B PsiJ IO €€ BOo3pac-
taHuto. HanboJsee 4acTo UCIOIB3YIOT LKAy 3JeKTPOOTpULIa-

Ta6auma 3.3

DJ1eKTpooTpHIATEIbHOCTH (X) HEKOTOPBIX 3JIEMEHTOB
B mikase JI. ITosmnra

DJeMeHT X DeMeHT X
Cs 0,79 H 2,20
K 0,82 C 2,55
Na 0,93 S 2,58
Li 0,98 I 2,66
Ca 1,00 Br 2,96
Mg 1,31 N 3,04
Be 1,57 Cl 3,16
Si 1,90 (0] 3,44
B 2,04 F 3,98
P 2,19
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TeJIbHOCTEH, MPENI0XXKEHHYI0 aMepruKaHCKUM XxuMukoM JI. [To-
JIMHIOM. DJIEKTPOOTPULIATEIbHOCTh (X) M3MepsieTcs B OTHO-
CUTEJIBHBIX BeJmunHax (Tadn. 3.3).

AnexmpoompuyamenvHocy no Iloauney — 3T0 CBONCTBO HE
M30JIMPOBAHHBIX aTOMOB, 4 TAKMX aTOMOB, KOTOPBIE 00s13aTe Th-
HO HaXOJSTCS B COCTaBe XMMUUYECKUX COCIUHEHUU, TO €CTh
CBSI3aHbI XUMUYECKUMU CBSI3SIMU C ApyTuMu atoMamu. Coenn-
HEHUS TaKUX OJArOpOAHbBIX BJIEMEHTOB, KaK rejuit, HEOH U
aproH, 10 CUX IOp He MOJIyYyeHbl, TO3TOMY He ompelesaeHa U
B0 atux 3neMeHTOB. OJHAKO B IOJIHOW TaOauue (CM. MpU-
JIOXKEHME) y>Xe MOXHO HalTW 3HaYeHUs IJisi KceHoHa (Xe),
COEIMHEHUS KOTOPOoro ¢ ¢GbTOpOM M KUCJIOPOAOM M3BECTHBI C
60-x rogoB XX Beka (CM. CCBUIKY Ha CTaTblO B KOHIIE Mapa-
rpacda).

st ¢Topa BO MHOTMX KHUTrax MPUBOAUTCS 3HadYeHue X =
=4,0, u B 3TOM HeT onoKu. [Tpocto B Tabauile 3.3 npusene-
Hbl YTOUHEHHbIE TaHHbIE, U, KpOMe Toro, 3HayeHue 3,98 BroJ-
HE MOXHO OKpYIJIMTh 110 4,0.

MeHee Bcero 3JeKTpOOTpULIATEIbHBI aTOMbI 11IEJIOYHBIX U
1eJI09HO3eMeNIbHBIX MeTa/utoB Li, Na, Mg u T. 1. U 310 no-
HSITHO — Bellb MX BHEIIHUE 3JIEKTPOHHbIE 000J0UKHU AaeKU
OT 3aBepILEeHUS, U IJIS1 HUX BbITOJHEE CABUHYTh CBOU BaJCHT-
HbIE BJIEKTPOHBI K Yy>KOMY aTOMY, YeM «T00UPaTh» DJIEKTPOHBI
Yy COCEIEH.

OO0partyTe BHUMaHKE Ha HEOOBIYHO BBICOKYIO 2JIEKTPOOTPH-
LHaTeJbHOCTh aToMa Bogopoaa (X = 2,20) — oHa 3HAYUTEIHLHO
BbIIlIe 3HAYEHUM IJIsI 1IEJTOYHbIX MeTa/lIoB. B 3TOM HeT Huye-
r'0 YAMBUTEJIBHOTO: aTOM BOJAOPOIA JIUIIIL (DOPMAJIbHO SIBJISIET-
Cs1 9JIEKTPOHHBIM aHAJIOTOM aTOMOB I1IE€JIOYHbBIX METAJLJIOB — Ha
caMoOM Jiejie eMy He XBaTaeT TOJbKO OJHOIO0 3JEKTpPOHa JJisl
IIOJIHOTO 3aBepIIeHUsI CBOEM BaJEHTHON 000JI04KU (KaK U
aToMaM TraJIoreHOB C UX BbICOKMMU 3HaYeHussMu X ). [Toatomy
3JIEKTPOHOAKIIENITOPHbIE CBOMCTBA (T. €. CBOMCTBA MPUTITHUBATD
3JIEKTPOHBI) aTOMa BOAOPOIA BEIpaXXeHbI CUJIbHEE, YeM Y IIe-
JIOYHBIX METaJLJIOB.

JormycTum, MexXay AByMsl KAKMMU-TO 3JIeMEHTaMU 00pa3o-
BaJlaCh XMMUWYECKas CBsA3b. Ternepb pazHocms 371€KTPOOTpUlLia-
TEJIbHOCTE! 3TUX 37eMEHTOB (AX) MO3BOJIUT HAM CYIUTh O
TOM, HAaCKOJIbKO 3Ta CBSI3b OTJIMYAETCS OT YMCTO KOBAJICHT-
HOIA.
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Kaxue O6b1 1Ba aToMa HU OBIJIA CBSI3aHBI MEXIY COOOM, IJIsT
BBIYMCIICHUST AX HY>KHO U3 OOJIbIIIEH 3JIeKTPOOTPULIATEIbBHOCTH
BBIYECTH MEHBIIITYIO.

7151 yncTo KoBaJIEeHTHOM CBSI3M Takas pa3HM1la BCeraa paB-
Ha HyJII0, HAIIpUMep:

a) cBsa3b F—F B Mosiekyne ¢dropa F,: AX= (3,98 — 3,98) =0
(KOBaJIeHTHAsI CBSI3b);

6) cBa3p O=O0 B mouekyisie kuciaopona O,: AX = (3,44 —
— 3,44) = 0 (KoBaJIeHTHasl CBSI3b).

Ecnu BennuuHa AX MeHb1iie, yeM 0,4, — Takylo CBSI3b TOXe
YCJIOBHO HAa3bIBAIOT KOBAJCHTHOM.

IIpu pa3noctu 3nexrpoorpuuaresbHocteit ot 0,4 mo 2,0
CBSI3b HA3bIBAIOT MOJISIPHOM KOBAJIEHTHOM, HAIIpUMeD:

B) c¢Bs13b H—F B monekyine ¢propoBonoponsa HF: AX =
= (3,98 — 2,20) = 1,78 (nonspHasi KOBaJeHTHasl CBSI3b);

r) cBs13b C—Cl B Mmonekyne CCl,: AX= (3,16 — 2,55) = 0,61
(rmosisipHasi KOBaJIEHTHAsI CBSI3b);

1) cBa3b S=O B Mmonekyie SO, AX = (3,44 — 2,58) = 0,86
(TIoJisipHAasi KOBaJIeHTHAasI CBSI3b).

Yem OoJibllle pa3HOCTh 3JIEKTPOOTPULIATEILHOCTEI, TEM
OOJIBIIIe OIS UOHHOCMU CBSI3U. YCIOBHO TIPUHATO, UYTO CBSI3U
C Pa3HOCTBIO JIEKTPOOTpUlIaTeIbHOCTE Ooiblie 2,0 cuuTa-
I0TCsSI MOHHBIMU. Hampumep:

e) cBsa3b Na—Cl B coenunenun NaCl: AX = (3,16 — 0,93) =
= 2,23 (MOHHas CBSI3b);

XK) cBs13b Na—F B coequnenun NaF: AX = (3,98 — 0,93) =
= 3,05 (MoHHas CBsI3b);

3) cBs13b K—O B coenunenun K,O: AX = (3,44 — 0,82) =
= 2,62 (VOHHas CBSI3b).

TakuM 006pa3oM, TIpU BO3HMKHOBEHUN XUMWYECKOU CBSA3U
MPOMCXOIUT HE TOJbKO 00OOILECTBICHUE JIEKTPOHOB, HO U B
psne ciaydaeB nepedaua SIEKTPOHOB OT OMHOTO aToMa APYTOMY.
DTa Tepegada MOXeET OBITh YaCTMIHOM MJIM TOYTH ITOJTHOIA.
DJIeKTPOHBI BCETIa MepeIatoTCsl OT aTOMa C MEHBILIEH AJIEKTPOOTPH-
LIaTeJIbHOCTBIO aTOMY € OOJIBIIIEH JIEKTPOOTPHUIIATETBHOCTBIO.

HNurepHer:

ITpoutnute nHTepecHyto crathio H.B. @enopenko «CoenyHe-
HUSI MHEPTHBIX ra3oB»: http://him.1september.ru/2007/19/1.htm
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3agaun

3.14. Onpenenure xapakTep CBSI3U B IMPUBEACHHBIX HIXE
COCIMHEHMSX W pa3aeInuTe UX Ha TPY TPYIIIHL: a) COSTUHEHMS
C KOBAJICHTHBIMU CBSA3SIMU, 0) C MOJSIPHBIMU KOBaJICHTHBIMU
CBSI35IMU, B) C MIOHHBIMU CBSI3sIMU. PereHne o0ocHyTe.

PH;, CaO, Br,, BeCl,, CsBr, Sg (uukinyeckasi MoJeKynia),
BF;, H,, Li,O.

3.15. B rabnuue 3.3 B Tekcte naparpacda He NpUBEASHBI
3JIEKTPOOTPULIATEIBHOCTU U151 OaropoaHbix razos. [lompo-
OyiiTe TIpencKa3aTh 3HAYeHUE BJIEKTPOOTPUIIATETLHOCTH KCe-
HoHa B coenuHeHun XeFg (peub uaet o KauyecTBEHHOM OlIeHKeE:
«bonblile yeM y ¢pTopa», «<MeHbIIE 4YeM y (propa»). IIpoBeprre
CBOE MpeAINoNoKeHUE MO TabIuLIe DJIEKTPOOTPULIATEIbHOCTEN
9JIEMEHTOB B npuioxeHuu. Ilpemnnoxure cBoe 00bsICHEHUE
SKCIIEPUMEHTATEHBIM (haKTaM.

§ 3.5. DiemMeHTbI ¢ epeMeHHOii BAJIEHTHOCTbIO

o cux mop Mbl He OOBSICHSUIM TIPUUMHY IIepeMEeHHON Ba-
JIECHTHOCTHA HEKOTOPBIX 3JIEMEHTOB Ha OCHOBE CTPOCHUS UX
atroMoB. JlaBaiiTe caesiaeM 3TO Ha MpUMeEpe dJIEMEHTa ;¢S
(cepsl).

HeiicTBUTEIbHO, TTIOYEMY Cepa B OOHUX COCAUHEHUSIX ABYX-
BaJICHTHA, B IPYTUX — YETHIPEXBAJIEHTHA, a B TPETbUX — IIle-
ctuBajieHTHa? HakoHell, OTKyJ1a UMEHHO TaKue, a He IpyTue
3HaueHus BajneHTHOcTH — II, IV, VI? Tenmepns MBI 3HaeM mo-
CTaTOYHO JJI TOTO, YTOOBI OTBETUTh HAa 3TU BOMpPOCHI. Pac-
CMOTPUM TPpU peaklivy, B KOTOPBIX cepa IPOSIBISET pa3HbIe
BaJICHTHOCTMU:

2H + S = H,S (BanenTHOCTH cephl 11),
20 + S = SO, (BaneHTHOCTH cephl 1V),
30 + S = SO; (BaneHTHOCTD cepbl VI).

Cepa pacroyiaraet CBou 16 3JIeKTpOHOB Ha IIEPBOM, BTOPOM
1 TPEThEM YPOBHSIX:

1s? 252 2p° 352 3p*
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Kaxk OGBI‘IHO, HaC MHTCPECYIOT TOJIbKO BAJICHTHBLIC 9JICKTPO-
HbI MOCJICAHETO YPOBHA:

.35 3pt

B ocHOBHOM (He BO30YXI€HHOM) COCTOSIHUM cepa JBYX-
BajJIeHTHa. B peakiinu ¢ aToMaMu Bomopoaa oHa o0pasyeT co-
emuHeHue H,S moromy, 4To y Hee Ha IBYX p-opOuTaisax (13
TpeX UMEIOIIUXCS) HAXOAUTCS 110 OTHOMY 3JIEKTPOHY M OCTa-
€TCSl MECTO JJISI CITAPUBAHUS 11 C ABYMSI «Uy>KUMU» DIIEKTPO-
HaM1 BOIOPOIHBIX aTOMOB.

H H 3d

- Oooog
w1 [ [
W[

OnHako, B OTJIMYME OT aTOMOB BOIOPOJa MM KUCIOPO/a,
y KOTOPBIX BaJICHTHBIC 3JICKTPOHBI HAXOMATCS Ha IEPBOM U
BTOPOM YPOBHSX (Iie HET d-TIOAYPOBHEI), BaJleHTHasE 000-
JIOUKa Cephbl UMEeT ITyCcTOi 3d-noaypoBeHb. DTOT 3d-noaypo-
BEHb HaXOAUTCS JOCTATOYHO OJIU3KO 110 SHEPrUU K BHEILIHEMY
3p-nonypoBHIO aTroMa cepbl. [Ipu noryioleHuu gaxe HeOOJb-
IIOI TTOPIIUM SHEPTHU OIWH U3 3p-3JIEKTPOHOB MOXET TIepe-
XOIUTh Ha 3d-momypoBeHb (puc. 3.5). 3aTpaTa 3Hepruu Ipu
3TOM C JIMXBOU IOKPBIBAETCSI BEIUTPHIIIEM TP 00pa30BaHUM
JOTIOJIHUTEIbHBIX KOBaJICHTHBIX CBSI3CIA.

3d 3d

11000 » Moot
SHeprus
3s —35

2 HecIapeHHbIX 4 HecrapeHHbIX
3JIEKTPOHA 3JIEKTPOHA
(BasieHTHOCTb 11) (BajieHTHOCTD V)

Puc. 3.5. Tlepexon atoma cepbl U3 OCHOBHOT'O COCTOSIHUSI C BaJ€HTHO-
ctbio II B riepBoe BO30YXIEHHOE COCTOSIHME C BaJICHTHOCTHIO IV
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TakuMm o6pa3omM, Ha BHEIIHEM YPOBHE BO30YXKIEHHOIO
aToMa cephbl OKa3bIBaeTCs YK€ YeThIpe HECITapeHHbIX JIEKTPO-
Ha. DTU YeThIpe JIEKTPOHA MOTYT OBITh IIPEIOCTaBICHBI 08yM
aroMaM Kucjopoja g o0pa3oBaHus MoJieKybl SO,.

:Q:+:S:+ :Q:—>:Q::S::Q:

HanpHeiee Bo30yKIeHNE aToMa cepbl (KOTOpoe TpedyeT
yKe Topas3no OoJIbIIIe SHEPTNH) BeleT K MepeXoay OTHOTO U3
35-31eKTpOHOB Ha 3d-ypoBeHb (puc. 3.6). B pesynbraTe aToM
cepbl MoJIyyaeT IIeCTh HECTTAapEHHBIX 2JIEKTPOHOB, KOTOPHIE
MPEIOCTaBIISIIOTCS yKe mpem aToMaM KHcaopoaa Iuisi oopa3o-
BaHUS MOJIEKYJIbl SO;.

Bo3HuKkaeT Bompoc: cobmogaeTcst I MPaBIIO OKTETa B
Moiekyiaax SO, u SO;? Ha nepBblit B3rJsia, y aToMa Cepbl
okasbiBaeTcst U30bITOK (10 1 12) 271eKTPOHOB 1 TaKKUe MOJIEKY-
JIbl HE TOJIKHBI ObITh CTAOUJIBHBIMU. B yeM Xke aeno?

:6::5::6: 103251162

OO0BsicHEHWE 3aKJIl0YaeTcsi B OOJIbIION pasHULIE 21eKmpo-
ompuuamenviocmeii cepbl (X =2,58) u kucnopopa (X =3,44) —
y KUCJI0pOIa OHA 3HAYNTEIHHO BhIIe. MOXHO TPEATIONOXUTD,
yTo B Mosiekyje SO, KUcIopod OTTSATMBaeT ¢ BHELIHel 000-
JIOUKU aTOMa CEpPbl UMEHHO CTOJIbKO 3JIEKTPOHOB, CKOJIbKO
HY>XHO JJI1 TOTO, YTOOBI clieJlaTh €€ MOXOXel Ha OKTEeTHYIO

3d 3d

11010 » Moo
SHEprus mm
3s \/ —3s

2 HecMapeHHbIX 6 HecrmapeHHbIX
3JIEKTPOHA 3JIEKTPOHA
(BasieHTHOCTH 11) (BajieHTHOCTB VI)

Puc. 3.6. Ilepexon aToMa cepbl BO BTOPOE BO30YKIECHHOE COCTOSTHUE
¢ BaJleHTHOCTbhIO VI
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000J104Ky. DTO MOXHO MOKa3aTh JAaXe C MOMOULIbIO CTPYKTYP-
HBIX (popMyII:

B xaxnoit U3 Takux «KpaiHMX» CTPYKTYp OOHA <«JIUIIHSIS»
3JIEKTPOHHAS Tapa BCEraa LEJIMKOM CABUHYTA K OMHOMY W3
aTOMOB Kucyopoja. PeasibHas MoJieKyna, Kak MmojararorT, siB-
JISETCS YEM-TO CPEIHUM MEXAY 3TUMU ABYMS KpaHUMU
CTPYKTypaMu. AHaJIoTMyHas cuTyalusl B Mojiekyie SO;, HO ee
CTPOEHUE OIUCHIBAETCS yXKE€ HE ABYMS, a TpeMS KpaliHUMU
CTPYKTypaMu (3aMeThTe, UTO BCE OHU OKTETHHIC):

0 :6: t0:
| | I

:b‘/ %‘d: - :6¢S\6 -— :Q/S\

O:

IMoueMy Xe He CyIIecTByeT TaKUX COeaIWHeHUi, Kak H,S n
H,S, rne cepa toxe npossaseT BageHTHocTh (IV) u (VI)? Be-
POSATHO, B 3TOM CJIydae IPaBWJIO OKTETa IJisI Cephbl IeHCTBU-
TeJIbHO 0Ka3aJloCh Obl HapYyILIEHHBIM, TTOCKOJbKY BOJOPOJ He-
JOCTAaTOYHO 3JICKTPOOTPUILIATENICH, YTOOBI OTTSIHYTD «JIUIITHUE»
3JICKTPOHEI ¢ BHEIIIHEH 000JI0YKM aToMa cephbl. [1oaToMy Takme
COEMHEHMSI 10 CUX TIOP He TTOIyYeHbl. DTH BELIECTBA TOJKHBI
OBITH YPE3BBIYAHO HEYCTONYMBEL. 3aTO M3HAYATEHO «OKTETHASI»
MoJieKyna cepoBopopona H,S BrosnHe yctoituua. Takum 06-
pa3oM, cepa MOXKET MpPOosBIIITh BajJeHTHOCThb IV u VI Tonbko B
COCIMHEHMSIX ¢ OoJiee 3JIeKTPOOTPUIIATEILHBIMI 3JIEMEHTaMU,
yeM OHa caMma. JleliCTBUTENbHO, HE CYLIECTBYIOT COEAUHEHUI
K¢S, Ca,S, u apyrux rnmogoOHBIX BEILIeCTB, HO BITOJIHE YCTOMYNB,
HampuMmep, razoodpasHbiit ¢propun cepol SF.

DIIeKTPOOTPUILIATETEHOCTD JaeT OTBET U ellle Ha OIAWH BO-
MpOoC: IToYeMy B OpOUTANIbHBIX ArarpaMMax Ha pucyHKax 3.5 u
3.6 MBI He pUCyeM 4s-IIOIyPOBEHb, KOTOPBII 110 9HEPTUU TOXKE
630K K 3p- u 3d-mogypoBHsIM? M3 TaBEI 2 MBI 3HAaeM, 4TO
4s-11omypOBeHb B OOJIBIITMHCTBE AaTOMOB 3aITOJIHSIETCS DJIEKTPO-
HaMU Jaxe paHble 3d-TTOMypOBHS — cpasy CJIeIoM 3a 3p-Tof-
ypoBHeM. [Touemy ke ero HeT Ha OPOMTAIBHBIX AMarpaMmax?

BepositHO, 45-1100ypOBEHB MOJICHO BKJIIOUATh B OpOUTAIILHEIE
JIarpaMMBl, HO 3TO pPOBHBIM CY€TOM HUYETO He M3MEHUT, T10-
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TOMY YTO MPU COCTUHEHUU CEPbl C KUCIOPOAOM 3TOT MOAYPO-
BEHb BCETO JIMIIb OyIeT UTPaTh POJIb «JEKTPUIECKOTO ITPOBO-
Jla», TI0 KOTOPOMY 3JIEKTPOHBI MEepeTeKaloT OT aToMa Cephl K
0oJice 2IEKTPOOTPULIATEILHBIM aTOMaM KHCJIOPOaa WU
¢ropa.

K cyactpio, MOEKyIIsIpHBIE OPOUTATN B COSTMHEHMSIX CEPBI
(IV) u (VI) He MOAHOCTBIO MOBTOPSIIOT JEKTPOHHBIE 000JI0Y-
KW MHEPTHBIX Ta30B, a BCEro JiUIlb #0000Hb! UM. BcmoMHMM,
YTO 10 CHUX TIOp HE YIaeTcs BOBJIEYb HEOH M aprOH B XMMUYE-
ckue peakiuu. Ecau 6wl BewectBa SO,, SO;, SF,, SF¢ okaza-
JINCh TAKUMU Xe YCTOMIMBBEIMU, KaK MHEPTHBIEC Ta3bl, MBI OBl
MIPOCTO HE CMOTJIH TTOJTyYaTh U3 HUX APYTUeE TIOJIE3HBIC COSMU-
HEHUSI, C KOTOPbIMU MTO3HAKOMUMCS MO3XKeE.

B sTOM maparpade BaM BCTpeTHIIMCh HE COBCEM OOBIUHbBIE «Kpali-
HUEe» CTPYKTYpbl okcuaoB cepbl SO, u SO;. Hanpumep, B HaGope
KpaitHUX CTPYKTYp 1151 SO, y aToMa YeThIPeXBAJIEHTHOM CEphl TOJb-
KO TPU BAJICHTHBIX HITPUXa, U B KaX10i U3 GOPMYJ eCTh KaKOi-TO
CTpaHHBIM «OTHOBAJICHTHBIM» KKHCAOpoA. YTOOB YyCTPaHUTH 3TU
MPOTUBOPEUUSI, MOXKHO aTOMY Cepbl B «KpaifHUX» CTPYKTypax Ipu-
IMMCATh MOJIOXUTENIbHBIN 3apsl, a «OAHOBAJCHTHBIM» aTOMaM KHUC-
JlopoJia — oTpMlaTebHbIe 3apsiabl. KctaTth, 3T0 OyaeT COOTBETCTBO-
BaTh peaJbHOMY pacmpenesieHuIo 3apsinoB B mojekyne SO,, eciu
TIOMHUTB TIPU 3TOM, UYTO 3apsifibl 37IeCh HAa CAaMOM JieJie He TTOJHBIE,
a yaCTUYHBIE.

.. S ..

®.. @.
07 N0 > 070
CocencTBO 3apsioB «+» M «—» Ha COCEIHUX aTOMaX B JaHHOM CJTy-
yae 3aMEeHSIeT HEeIOCTAIOUIYIO MPOCTYIO CBSI3b MEXIY CEpON M KUCIIO-
poaoM. BaxkHO MOHMMATh, UTO KaxKAask U3 3TUX CTPYKTYpP HE CYIIECTBY-
€T B OTIEJBbHOCTH. DTO KaK ObI «4ep-
Tex» MoJieKyJbl. [IpeacraBbre yepTex
KaKoro-HUOyIb 3HAKOMOTO MpeaMeTa,
Harpumep cobaubeii 6ynku. Ero Mmox-
HO HAYePTUTh B TPEX MPOEKIIUSIX: BUIL
criepenu, BUI cOOKY, Buja cBepxy. Co-
[JIACUTECH, YTO HEJTb3sl U3TOTOBUTD IIJIST
co0aKky OfWH TOJBKO «BUIl CBEPXY» U
3aCTaBUTh €€ TaM XXUTb.
ToyHo Tak ke Henb3s CUHTE3UPO-
BaTh KaXAylO U3 KpailHUX CTPYKTYp B
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otaesbHOCTU. OHU MOTOMY U Ha3bIBAIOTCS KPAMHUMU, YTO JIEKTPO-
Hbl B HUX CMELIEHbI B KpailHME M3 BO3MOXHBIX MOJOXKeHUIl. B Ha-
CTOSIILICH MOJIEKYJIe TaKasi CUTyallsl HUKOTIa He peau3yeTcsl TOJIHO-
CThIO, M OHA TIPEACTABJISIET COOOM HEUTO CpeHee MEeXIy ABYMS WIN
HECKOJIbKUMM KpalHUMU CTPYKTypaMmu. [Ipyroe ux Ha3BaHuUe — pe-
30HAaHCHbIE CTPYKTYphl. OHM HAXOAST LIMPOKOE MPUMEHEHUE B Op-
raHW4YeCKON XMMUU JIJIsI ONMUCAHMSI CTPOCHUS TaKUX COCIUHEHUIA,
Kak OeH30J M ero mpou3BogHEle. HampuMep, BOT TaK MOXHO IT0-
Ka3aTh, YTO CYIIECTBYIOT He ABa pas3HbIX |,2-guxjopOeH3o0ia, a
TOJILKO OJWH, MOJIEKYJa KOTOPOTO MpeacTaBiseT cob0il HeYTo
cpenHee MeXIy ABYMSI KpalHUMM CTPYKTypaMu, COeIMHEHHBIMU
00010100CTPBIMU CTpPEJIKaMU (aTOMbI BOJIOpPOAA B KOJbLIE 37eCh HE
IMOKa3aHHbI):

Cl Cl
Cl Cl

Cl
Cl

Takue 00010100CTpbIE CTPEJIKU — ITO HU B KOEM CJIyyae He Xu-
MMYECKOE paBHOBECHE MEXJIy peaibHbIMU MOJIEKYJIaMU, a 3HAK Tepe-
MELLIEHUS 3JIEKTPOHOB B TUIOTETUYECKUE «KPAWHUE» TTOJOXKEHUS
OJTHOM MOJIEKYJIbI.

3anaumn

3.16. N300pa3uTte cTpyKTypHBIE (hopMyJbl xstopuaa pocdo-
pa (III) u xnopuga docdopa (V). O0bICHUTE MTEPEMEHHYIO
BaJIEHTHOCTb (hocopa ¢ TOUKHU 3peHUs] CTPOEHUS €ro aToMa.
Bynyt nu, nmo BaleMy MHEHUIO, YCTOMUMBBI COeAMHEHUs (hoc-
dopa (II1) u bocdopa (V) ¢ Bomopomsom?

3.17* (®MIII). N306pa3ute CTPYKTYpPHBIE (POPMYJIBI CIIETYIOIINX
coenuHeHui xiaopa: HC10,, HCIO;, HCIO,, HCIO (B aToit MoneKyJie
Het cBsi3u H—CIl), HCI, Cl,. O6bscHUTe BaJ€HTHOCTb XJIOpa B 3TUX

COCAMHEHUSIX C TIOMOIIBIO OPOMTAIBHBIX TuarpaMM. Moxet i (pTop
00pa30BbIBaTh NMONO0OHBIE coenuHeHus1? OTBET 0OOCHYITE.

115



§ 3.6*. IIpocTpancTBenHas (opma MoJIeKy.

Dopmyibl JIbIOKCa MHOTOE TOBOPSIT 00 3JIEKTPOHHOM CTPOEHUU U
YCTOMYMBOCTH MOJIEKYJI, HO MOKa HMYEro He MOTYT CKa3aTh 00 MX
NPOCMPAHCMEEHHOM CTPOSCHUU. B TeOpUU XMMUYECKOI CBS3U CYIIle-
CTBYIOT JBa OIX0/Aa K OOBSICHEHHUIO U IPEACKA3aHUIO T€OMETPUU
MoJieKy 1. OHM XOPOIIIO COTTACYIOTCSI MEXIY COOOIA.

IepBblii TIOAXOM HA3bIBACTCSI TEOPHMEN OTTAIKMBAHMS BaJIEHTHBIX
a7eKTpoHHbIX Map (OBBII). HecMoTpst Ha «cTpaliHOe» Ha3BaHuUe,
CYTh 3TOTO IIOAXOJA OYEHD IIPOCTA U IOHSATHA.

Xumuueckue cesa3u u nenoderennwie 2.1eKnMpoHHbIe NAPLL 8 MOAEKYAAX
CIPeMAMCS PACNOA0NCUMBCA KAK MOXNCHO daavute Opye om dpyea.

IMosicHuM Ha KOHKpeTHBIX TipuMepax. B monexkyne BeCl, ectb nBe
cBs3u Be—Cl. @opMa 3Toi MOJIEKYJIbl JOJKHA OBITh TaKOi, YTOOBI
00e 3TU CBSI3U M aTOMBI XJIOpa Ha UX KOHIIAX pacrojarajuch Kak
MOXHO JajibIlie APYT OT Apyra:

Cl—Be—Cl

OTO BO3MOXHO TOJIbKO TIPU JIMHEWHON (hopMe MOJIEKYIIbl, Koraa
ZClBeCl = 180°.

Hpyroit npumep: B Mosekyie BF; umeercst Tpu cBsisu B—FE Ouu
pacrojiaraloTcsi Kak MOXHO JaJibllle APYT OT Apyra, U MOJCKYJIa UMe-
eT popMy IIOCKOTO TpeyroybHuKa, rae Kaxabiii £ FBF paBen 120°.

F
I

F/B\F

Enie onun npumep: B Mosiekyne CH, nmeetcst uetnipe cBsizu C—H.
Bce st YETBIPE CBA3U PACIIOJI0XKATCA MaKCUMAJIbHO JAJICKO APYyI OT
Jpyra TOJIbKO TOINa, KOraa MoJieKyja mpuMmeT ¢opMy TeTpasipa, y
KOTOpOro B HEHTPE HaXoAUTCA aTOM C, a B BEpIIMHAX — aTOMbI H
KcraTtu, B «kBagpaTHOI» MOJIEKYJie PacCTOSHME MEXIYy aToMaMu
BOIOpoOIa OBLIO OBI MCHBIIC, ITOOTOMY pC€aibHas MOJICKYJia CH4 nume-
eT hopMy TeTpasapa:

H

@)

NpaBUJIBHO HETIpaBUJIbHO
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B monekyne CH, yron HCH Takoii e, Kak 1IeHTpaJIbHbI! yrojl B
MaTeMaTU4YeCKOM TeTpalape (ecliud ero BIucaTh B chepy), —
109°28’.

[Mocneanuit mpumep: moaekyaa H,O B cBoeM cocTaBe UMeeT dée
cBs13u O—H u dse HeroneeHHbIE TTaphl 2JIEKTPOHOB. BhIBom: 3Ta
MOJIeKYJIa TakXe JOJIKHA UMETh (PopMY, MOXOXKYIO Ha TeTpas/ip.

PeanbHO 3TOT TeTpasp ciaerka NCKaXkeH, ITOTOMY YTO HeToAe/IeH-
HBIE TIapbl OTTAJIKUBAIOTCS MEXKIy COO0I HECKOIBKO CHIIbHEE, YeEM OT
MO/IeJICHHBIX T1ap, U YeM IOeJIeHHbIe Mapbl OTTAJIKMBAIOTCS APYT OT
npyra. [Toatomy peanbHbiit £ HOH coctaBnser He 109°, a HeMHOTUM
MeHee 105°. OmHaKo Mo LeHTpaM aTOMOB, KaK MOXHO BUAEThb, MOJIE-
KYJIa BOIbI UMEET y2106yto (hopMy.

Ecnu BBecTH 0603HAYCHUS: H.n. — HETOICeHHAs Tapa, n. n. —
TofeJIeHHas Tlapa, TO OTHOCUTEIbHOE OTTaTKMBaHUE MEXIYy HUMU
JIaeT TAaKOM psi:

(n.n./n.n.) > (H.n./n.n.) > (n.n./n.n.).

Teopus OTTAIKMBAaHUS BaJEHTHBIX 3JIEKTPOHHBIX Tap MpocTa 1
HarsgaHa. OHa onupaeTcs Ha KJIaCCUYECKYIO0 TeOMETPHUIO U TO3BOJISI-
€T MPaBUJIbHO MPENCKa3bIBaTh (hOPMY MOJIEKYJI.

OnHako 00pa3oBaHue 00UHAKOBbIX CBSI3E U3 aTOMHbBIX OpOUTaseit
PAa3Hoeo BUAA TOTPeOOBAJIO BBEIEHUs TAKOTO MOHSTHUS, KaK eubpudu-
3ayus (TO eCTh «CMEIINBaHMEe») aTOMHBIX opouTtancii. [louemy 310
MOHSITHE CTAJI0 HEOOXOAUMO?

BepHemMcs K yxe 3Hakomoil Ham moniekyse BeCl,. Ee o6pa3oBaHue
BIIOJIHE TIOHATHO M3 3JIEKTPOHHOTO CTPOCHUSI aTOMOB OepWILIUS U
XJIopa, KOTopoe n3obpaxaetcs ¢popMyiamu JIbiouca:

:Cl-+-Be:+ +Cl:—> :Cl:Be:Cl:
D1eKTpOHHAs KOH(MUTYpaLUs BaJIEHTHOI 060/104KY GepuiLiusg 2s>.
st peakMm ¢ ABYMST aTOMaMU XJIOpa HEOOXOAMM TepeXo SIeKTPO-
HOB OepulIMsI B BO30YXKIeHHOE cocTosiHUE (CM. puc. 3.7).
Ecnu Ob 0MH aTOM XJiopa CBSI3bIBAJICSI ¢ OepUJIMEM 3a CUET
2s-2J1eKTpOHa OepUILIUS, a APYToil — 3a cUeT 2p-37eKTpoHa Oepusuius,
10 cBs13u Be—Cl He Oblin Obl paBHOLICHHBIMM. OIHAKO HAa CaMOM JIeJie
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Oo6pazosanue BeCl,

:Cl:e .l:

@)

w200 — 5000
2s 2S{m ///

____.Q

aToM OepUJUIUS TTIEPEXOTUT S+ p = Sp-TUOPUAN3ALIUS
13 OCHOBHOTO COCTOSIHUSI
B BO30YXIEHHOE

MecTa npucoearHeHust atomos Cl

(s + p,)-opburanmn NIBE Sp-TUOPUIHbIE
opouTanu

Puc. 3.7. sp-rubpuamnzaiivisi BAIEHTHbIX OpOuTaieil 6epuius
B coenuHeHuu BeCl,. O6e rubpunHbie opOUTaAIN OEepUILIUS
JIeXXaT Ha OJHOU MpsIMOM

00€ CBSI3M UMEIOT OJMHAKOBYIO JUIMHY, TPOYHOCTh U PACIIOIOXEHbI
mon yrjaoMm 180°.

YT006bI 00BSICHUTH paBHOLIEHHOCTh cBs3eit Be—Cl, roBopsT o
sp-eubpuduzayuu BaJCHTHBIX aTOMHBIX OpOUTaieil Oepuuins, Ipu
KOTOpOIi 00Ha s-0pOuTaIb U 00Ha p-opouTaib (OHU 00BEIEHBI OBAJIOM
Ha OpOUTANBHON AuarpaMMe) Kak Obl CMEIIMBAIOTCSl U BbIpaBHUBA-
10Tcs Mo (opMe U dHEPruu, JaBasi 1B OJMHAKOBbIE SP-TMOPUIHbBIE
opouTtanu (puc. 3.7).

Cuuraetcs, yto Giaromapsi sp-rudopuausanuu Mosekyia BeCl,
MMeeT JIMHEelHYo (opMy U Bce TpU ee aToMa HaxOASITCS Ha OZHOM
npsiMoii, a o6e cBa3u Be—Cl coBepllieHHO OAMHAKOBBI. TakoBa reo-
METpUSI M 'y BCEX APYTUX SP-TUOPUIN30BAHHBIX MOJIEKYJT — HE3aBUCH-
MO OT 3JIEMEHTOB, KOTOPBIE BXOIAT B 3TH MOJICKYJIBI.

Ecnu BajieHTHast 000104Ka aToMa BKJIIOYAET 3JI€KTPOHBI Ha OMHOM
S-OpPOUTAIU U 08yXx p-OpOUTATISIX, TO UMEET MECTO Sp>-TMOPUAN3ALIUS
op6uTaneit. [IpuMepoM MOXET CIyXUTb Sp>-TUOpUAU3ALUs 6opa pU
o6pazoBaHnm MoJiekynsl BF;. Ha opOurtanbHol nnarpamme oOBeaeHbI
OJlHA - U IBE€ p-OpOUTaIN, KOTOPhIE «CMEIIUBAIOTCSI», TO €CTh THOPU-
ausyiores. M3 OBDIT MBI yxe 3HaeM, 4To Sp>-TuOpuHbie GparMeHThl
MOJIEKYJI UMEeIOT (hOpMY TUIOCKOTO TpeyrojibHuKa (puc. 3.8).
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O6pazosanne BF;

1
1
1
s 2[00 —— 0] [0
2s 2S':|I| ///

aTroM Oopa mepexoanuT s+p+p= sp2—m6p1/1m/13aunﬂ
13 OCHOBHOTO COCTOSTHUS
B BO30YXIEeHHOE

MecTa pucoenHeHust aToMoB F

2
(S + py+ py)-opouTanu TPH sp “-TUOPUIHBIE
atoma 6opa opburaau MosieKyibl BF;
B BO30YXIE€HHOM COCTOSIHUU

Puc. 3.8. sp>-rubpuamsanys BaJleHTHBIX opOuTaseil 6opa
B coemuHeHnu BF;. Tpu sp’-rubpumHbie opbuTamyu 6opa
JIeXXaT B OMHOM IUIOCKOCTH Ton yriioM 120°

cF

HakoHel1, Korna CMEIINBAKOTCs OfHA S- U mMpu p-OpOUTAINA, BO3HU-
KAIOT sp°-THOPUIM30BaHHbIE MOJIEKYIbI, MMEIOLIME TeOMETPUIO TeTpas3ipa

(puc. 3.9). [IpuMepoM MOXET CITYyKUTb MoJieKyJia MmetaHa CH,.
H
C++4H——> H:C:H
H
Cy1iecTByeT BaxkHOE MpaBUJIO:
Ilpu cubpuduzayuu wucao cubpuonvix opoéumaneil 6cezda pasHo Hucay
UCXOOHBIX AMOMHbBIX opumadeil.

Ecu Bce rubpuiHbie opOrTaIN CBSI3aHBI C OAMHAKOBBIMU aTOMaMMU,
TO CBSI3M HMYEM HE OTJIMYAIOTCS JAPYT OT Apyra. B apyrux ciydasx
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Oo6paszosanne CHy

OO ——
2s 25(\ ) //’

aToM yrjepoja NnepexoauT S+p+p+p= sp3—rn6punv13aunﬂ
13 OCHOBHOTO COCTOSIHUSI
B BO30YXIEeHHOE

y

) 109°28”
(8 +px+py+ pr)-opbuTanu 3
aToMa yrjiepoaa YeThIpe Sp -TUOPUTHBIC
B BO30YXXICHHOM COCTOSIHUU op6uTamu monekynel CHy

Puc. 3.9. sp’-rubpuansalys BaleHTHBIX OpOUTaNell yIile-

pona. YeTsipe sp*-ruOpHaHbIe OPOUTAIN YIIepoaa Halpas-

JIEHBI B BEPIIMHBI TIPaBUIILHOTO TeTpasapa. ATOM yriepoaa

HaxOOUTCS B LIEHTPE TeTpasapa. YIJIbI MEXIY BCEMM CBSI3sI-
MU paBHBI U coCTaBsTIOT 109°28'

BCTPEUAIOTCSI HEOOJIbIIINE OTKJIOHEHHUS OT CTaHAAPTHBIX BaJEHTHBIX
yrioB. HammpuMep, Kak oTMedanoch BbIlle, B MojieKyie Bonbl H,O
KHUCIIOPOJ, — Sp*-TMOPUIHBINA, HAXOAUTCH B LIEHTPE HENPABUILHOTO
TETpas/pa, B BEPLUIMHBI KOTOPOTO «CMOTPSIT» IBa aTOMa BOAOPO/Ia U JIBE
HemnoaeJeHHbIe maphl 3JIeKTPoHOB (puc. 3.10, a). dopma MOIEKYJIbI
YIJI0Basi, €CJIA CMOTPETh IO IIeHTpaM aToMoB. BanenTtHsiii yrom HOH
cocrtasigeT 105°, 9To JOBOJIBHO OJIM3KO
K TeopeTuyeckoMy 3HaueHuto 109°.
Ecim 6b1 He TTponcxomuiio THOPUAN-
3a1uu («BbIpaBHUBaHUST» cBsizeilt O—H),
BasieHTHBIN yroi1 HOH 6501 661 paBeH 90°,
a 6 [IOTOMY YTO aTOMbI BOAOPOXa ObLIM Obl
MPUCOETMHEHBI K JIByM B3aMMHO TepPITeH-
Puc. 3.10. sp’>-rubpunuzanus IUKYJISPHBIM p-OpOUTaIAM. B aToM
aTOMOB KMCJIOpOJa U a30Ta B CJTy4yae Halll MMP BBITVISIIES Obl, BEPOSITHO,
mouekynnax a) H,O u 6) NCl; coepiieHHO no-apyromy. [louemy? Ha
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3TOT BOIPOC BBl CMOXETE OTBETUTh CaMM, KOIIa IIPOYTETe O MOJIEKYJIE
H,O B oTnenpHOM T1aBe, TOCBSIICHHOW BOJIE ¥ PaCTBOPAM.

3anaumn

3.18. Ha pucynke 3.10, 6 nsobpaxeHa sp>-rubpumHas Mo-
sgexkynaa NCl;. Hapucyiite opOuTanbHylo AuarpaMmy asorta,
yKaXuTe Ha Hell rubpuausyoonidecs opoutaiu. Hanumure
B3aMMOJEHCTBHME aTOMa a30Ta 1 TPEX aTOMOB XJIOpa ¢ TTOMOIIIBIO
CcTpyKTyp JlblOUCA.

3.19. Xuopun amomunus AlCl; B peaklinu ¢ XJIOPUJI-MOHOM
CI~ o6pasyer anuoH AlCI;. Onpenenute BUA TUOPUAU3ALNA
opOuTaneil aloMUHUS B 00oux yactuuax. Ilpeackaxure reo-
MeTpUYecKyo (popmMy 000MX YAaCTUII HA OCHOBAaHUU TEOPUU
OBDII u Teopun rubpPUAN3ALINHN.

3.20. Ha ocHoBanuu teopun OBBII npeackaxute, Oymer
Jm yroj CINCI B monekyne NCl; (puc. 3.10, 6) Oombliie wiu
MeHblie 109°?

3.21. B monekyne NCI; aToMm a3ota MMeeT sp>-rubpuan3a-
nuto. KakoBa, 1o BalueMy MHEHMIO, TMOpUAM3ALIMs aTOMOB
XJIOpa B 9TOi MoseKyne?

3.22. Ha ocHoBanuu treopun OBBII nzo6pa3ute reomeTpu-
yeckyto ¢opmy aHroHa SbFg.

Ilpumeuanue: B pellieHNN 3TOU 3aJadyM BaM IMOTPeOyeTCs
3HAHUE TeOMETPUM.

3.23. Onpenenute THOPUAM3ALIUIO LIEHTPATLHOTO aTOMa B
Mosekynax: a) BH;, 6) BeH,, B) PH;.

3.24. (HT'Y). Jlng amoMUHUS U3BECTEH aHUOH cocTasa AlF;-,
KOTOpbIii o0pasyercs us AlF; u Tpex anuoHos F~. B 1o xe Bpe-
Ms BF; 00pasyeT Tonbko aHuoH coctaBa BF;. O0bsicHUTE 3TOT
dakT. YkaxxnuTe ruOpuan3aluio aTOMHbBIX OpOUTasiell MeTayljla B
yKa3aHHbBIX aHMOHAX U MX MPOCTPAHCTBEHHOE CTPOEHUE.

§ 3.7. OKucIUTEIbHO-BOCCTAHOBUTEIbHbIE CBOHCTBA
aneMenToB. CteneHb OKHCJIEHHS

Ilepenaya 27eKTPOHOB OT aTOMa K aTOMY Ha3bIBAE€TCS OKHC-
JiIeHHueM-BoccTaHOBJeHeM. OKUCsIieTcsl TOT aTOM, KOTOPbIi
OTIAEeT CBOU BJIEKTPOHBI, a MPUHUMAIOIIUI 3JIeKTPOHBI — BOC-
CTaHaBJIMBaeTCs.
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Ecnu B pe3ynbraTe peakily Nojay4aeTcsi MOHHOE COeIuHe-
HUE, TO HOA0MHCUMENbHO 3APSKEHHBIN UoH 00pa30BajICcs U3 TOTO
3JIEMEHTa, KOTOPKBIil 0mdas CBOU SJIEKTPOHBI, 4 OMPULAMeNbHbLiL
UOH — W3 BJIEMEHTa, KOTOPBI 3JEKTPOHBI APUHSA.

Hanpumep, Hatpuii akTUBHO B3aMMOJIEHCTBYET C XJIOPOM.
BHeuiHe 3TO HalmOMUHAET rOpeHUE C BhbIAeJeHUEM OeoTo
IibIMa — O4YeHb MeJKkux KpuctauioB NaCl (aHaJIOrMYHO pea-
TUpYeT KaJlhii, CM. OITBIT «a» B KOHIIE maparpada).

B obpazosasiieiicst conu NatCl™ Hatpuii 3apsKeH TTOI0XKU -
TeJIbHO, a XJIOp oTpulaTeTbHO. CiienoBaTeIbHO, HATPUIl OKHC-
JIMJICSI, a XJIOp — BOCCTaHOBWJICS. UyTb M0O3%e Mbl OOBSICHUM,
Kak Jierye 3alIOMHUTb HOBbIE TEPMUHBI.

bnaronaps nepenaye 3JeKTPOHOB OT aToMa K aTOMY MHOTHE
HMOHBI, 00pa3yollMecs B TAKUX PEaKIUsIX, UMEIOT 3JeKTPOHHYIO
KOH(MUTypanmo WHepTHHIX ra3oB. [IprodpeTeHne yCTOMUMBBIX
«3aBEPIIECHHBIX» 000JI0YEK IaeT OOJIBIION BHIMTPHIII B SHEPTUU.
Takue onMHaKOBbIE JIEKTPOHHbIE 000JIOUKM MOHOB Ha3bIBAIOTCS
uzoanekmponubimu. B neBoit yacty Tabauiibl 3.4 cobpaHbl UOHBI,
M303JIEKTPOHHBIE aTOMY HEOHa (OH TOCTaBJIEH MEePBbIM), B ITPABOIA
4yacTy TabIUIbl — WOHBI, U303JIEKTPOHHBIE aTOMY aproHa.

Psanom ¢ kaxxnoit yacTulieil ykazaHa ee crmenenb OKUCACHUS.
Yro 310 Takoe? I1pu oOpazoBaHUM XMMUYECKUX CBSI3EH 2/1eK-
TPOHBI YACTUIHO TIEPEIAIOTCSI OT MEeHee 3JIEKTPOHOAKIIETITOP-
HBIX aTOMOB K 00Jiee 2JIeKTPOHOAKIENTOPHBIM aToMaM. Huciio

Taobnuma 3.4

Honbl, HaxoAsAmuecs B KaxKI0il BepTUKAJIbHON KOJIOHKE, HMEIOT
OJIMHAKOBOE 3JIEKTPOHHOE CTPOEHHE, COBNAIAIONIEE C IJIEKTPOHHOI
000J109KO0#i OTHOTO U3 HHEPTHDBIX ra30B

152252 2p° CrerneHb 152 252 296 352 36 Crenenb
OKMCJIEHUS OKMCITCHS
Ne 0 Ar 0
o* -2 S2- -
F -1 Cl- -1
Na* +1 Kt +1
Mg* +2 Ca? D)
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nepeaaHHbIX (I/IJ'[I/I HpI/IHHTbIX) QJICKTPOHOB M HA3bIBACTCA cme-
NEeHbI0 OKUCNEeHUA aTOMa.

Koauuecmeo omoannnix uau RPUHAMDBIX AMOMOM IAEKMPOHO6
Hasovleaemcsi CMeneéHsvl0 OKUCACHUA amoma 6 MOA€EK)ae.

MoxHo INPOOOJKHUTDL 3TO ONPEACICHUC:

Ilpu ceasvieanuu pasHvix amomoe cmenenv OKUCACHUS PAGHA
3aps0y, Komopbolil npuodpea 6vL amom 6 3MoOM COCOUHEHUU, eCAl
0bL OHO M02A0 COCMOAMb U3 UOHOG.

0BOJILHO MPOCTO OMNPEEISATh CTENeHb OKUCIEHUS B MOH-
HBIX COCIMHEHUSX, TIe Cpa3y BUIAHO, OTKYIA U KyIa Meperin
9JIeKTpOHbI. Y13 Tabnuubl 3.4 BUAHO, UTO 3HAK U BEJUYMHA
CTeTeHU OKHCJIEHUS BCerlia COBMANaloT CO 3HAKOM U 3apsiioM
OJTHOATOMHBIX MOHOB.

Hanpumep, npu B3auMoaeiCTBMM MarHusl ¢ KMUCJIOPOAOM
o6pasyeTcss HOHHOE coearHeHue Mg?*O>  (cM. OmbIT «6» B
KOHIIe Iaparpada), roe 2+ 1 2— 3apsiabl MOHOB MarHus U KUcC-
Jnopoga (tabi. 3.4).

CrereHb OKMCIIEHUSI MarHUsl B 3TOM COEIMHEHUN COCTaB-
JISIeT +2, a cTeleHb OKUCAECHUSI KUCJIOpOoAa COCTaBIsieT —2.
Touno tak xe B coenuHeHun CaCl, cTerneHb OKMCIEHUS Kallb-
Ms +2, a CTeNeHb OKUCIeHUS xjopa —1.

CrioxHee OOCTOUT IeJIO ¢ MOJSIPHBIMUA KOBaJeHTHBIMH
COeJMHEHUSIMU. 3/1eCh Ha MMOMOIIb MTPUXOJAUT 3HAHUE OTHOCU-
TeJIbHOI 3JIeKTPOOTpULIATEIbHOCTU 3JeMeHTOoB. Hampumep, B
MoJekyne Bonbl H,O kuciopona 6osiee 3J1eKTpOOTpUIIATENEH,
4YeM BOAOPO[I, TO3TOMY JIEKTPOHBI CBsI3ei CMEILEHbI B CTOPO-
Hy Kuciopona. Eciau Ol Boma Oblla MOHHBIM COEAUMHEHUEM,
TO ee (POPMyJIy MOXKHO OBLIO ObI 3aIucaTh TakK:

+1 -2 + =2 +

H,0 vim HOH

3mech CTeTIeHN OKUCICHUS — 3TO YCJIOBHBIE 3apsaIbl aTOMOB
B MOJIEKYJIC, €CJIM CUATATh, OY/ITO ObI 3TO MOHHA, a HE TOJIIpHAas
KOBaJICHTHAsT MOJIeKyJia. Torma cTerleHb OKUCIICHUS KUCIOpoaa
B BOJIE COCTaBIISIET —2, a CTeTeHb OKKCIIEHUsT Bogopoa +1.

MOoOXHO 1aTh ellle OIHO OIpeaeeHUe CTEITeHN OKUCIEHMS:

Cmenenb oxucaeHus — 3mo yC./IOGHblli 3ap}u) amoma 6 moae-
Kyae uau Kpucmaanae. Eeo onpeae/mlom, YCia06HO cuumasn ece
noAsApHblLE C6A3U NOAHOCHIbIO UOHHbIMU.
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KoMy-To 13 Bac MOXeT MmoKa3aTbCsl, UTO CTENEHb OKMUCIIe-
HUSI — 9TO Ta Xe BAJIEHTHOCTb, HO TOJIbKO CO 3HAKOM «+» WU
«—». Ha caMom nene 3To He Bceraa BepHo. JlaBaiiTe mocunuTaeM
CTENEHb OKUCJIEHUS B IPYTOM COCAMHEHMU BOAOPOLA Y KUC-
Jiopona — niepekucu Bopopona H,O,. CTpykTypHasi u rurore-
TUYECKasl «MOHHas» (hOpMYJIbl 3TOTO BEllleCTBA BBHITJISIAAT TaK:

+ - -+
H—O0—0O—H HOOH

Bropoii 3apsig «—» He MOXET MOSIBUThCSl Ha aTOME KUCJIO-
pona MoToMy, YTO KUCJIOPOI HE B COCTOSSHUM OTTSIHYTb 2JIeK-
TPOHBI OT CBOETO COCella — TOYHO TAKOIO XK€ aToMa KHCI0PO-
na. BEIBOI: cTereHb OKUCIEHUSI KUCIOPOaa B 5TOM COeAMHEHUHT
cocraBisieT —1 (XOTs1 ero BajleHTHOCTh mo-npexHemy I1). Cre-
MeHb OKMCJICHUS BOJOpoAa cocTaBsier +1.

CrerneHb OKMCJEHUSI M BaJICHTHOCTb HECYT pa3Hylo MHGOP-
Maluio 00 aToMe B ero coeaMHeHMsIX. BajeHTHOCTb mpocTo xa-
pakTepu3yeT CIIoCOOHOCTb aToMa 00pa30BbIBATH HEKOTOPOE KO-
JIMYECTBO XUMUIECKUX CBS3CH, a CTETIEHh OKMCJICHHS OITUCHIBACT
CMEILIEHUST SJIEKTPOHOB MPpY 00pa30BaHUKU XMMUUYECKUX CBS3EH.

HMTtak, yTouHuM omnpeneseHue CTeleHU OKUCIEHUS C yUeTOM
BCETO TOro, YTO OBLJIO CKAa3aHO O KOBAJEHTHBIX COCIMHEHUSIX:

Cmenenv oxucaenus eblparxcarom 4UCA0OM H4aACmMu4HoO uau
NOAHOCMBIO CMEUWLEHHBIX 31€KMmPOHO6 Om 00HO020 amoma K ()pyeo-
My 6 Ux coeouHeHuu.

Ecan atom omdan 31eKTpPOHBI, €0 CTEIIEHU OKMCJICHUS
MPUNKUCHIBAETCS 3HAK «+», @ €CJIM aTOM MPUHAA IJEKTPOHBI, TO
3HaK «—». Bo3aMoXHa 1 HyjeBasl CTeIleHb OKMCJIEHUSI aToMa B
MOJIEKYJIE, €CJIU 3JIEKTPOHBI HUKY/Ia HE CMEILIAINCh WIX YHCIIO
OTIAHHBIX Y MPUHSATHIX 3JIEKTPOHOB OJIMHAKOBO.

CreneHb OKMCIIEHUSI — OYE€Hb BaxkHasl BEJIMUYMHA, OTHOCS -
IIasgcs K OCHOBHBIM MTOHSTHUSIM XUMUM. DaKTUUECKU, CTETIEHD
OKMCJICHUSI ONUCHIBAET COCTOSTHME aTOMa B COCIUHEHUU.

EcTh HECKOJIbKO IMOJIE3HBIX IIpaBUJI, KOTOPHIE KacaloTcs
CTENeHEeN OKUCIECHUS:

1) Cmenens oxucaenus amoma 1100020 31emMeHma 6 c60000HOM
COCMOSIHUU PABHA HYAIO.

DTO CBSI3aHO C TEM, UYTO B UMCTO KOBAJICHTHBIX IBYXaTOMHBIX
MOJIEKYJIaX 3JIEKTPOHBI HE CMEIIEHBI HU K OAHOMY M3 aTOMOB.
Ecnu BelliecTBO HAaXOAUTCS B aTOMHOM COCTOSIHUM, TO CTETIEHb
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OKMCJIEHMSI €0 aTOMOB Tak:ke paBHa HyJto. [IprMepbl MoJIEKyIT,
IJle CTeNEHU OKMCIIeHUsT aTOMOB paBHbI HyJ10: H,, Fe, F,, Na,
0,, N,, Ar.

2) Cmenendv okucaeHus 2106020 NPocmozo 00HOAMOMHO20 UOHA
pasHa eeo 3apsoy.

IMpumeps: H* (+1), Fe3* (+3), F~ (1), Na* (+1).

3) Cmenenwv okucaenus 6000pooda 6 e2o coeOuUHeHUsX ¢ opyeu-
MU saemenmamu pagHa +1.

ITpuMepsl MoJiekyJ, Tae BOIOPOJ UMeeT CTeNeHb OKUCIIe-
Hug +1: H,O, NH;, CH,, HE, HCI. UckitoueHne cocTaBisitoT
JIOBOJIbHO pefKNe COeANHEHUS] — TUAPHIBI METAJIJIOB (HATIPH-
Mep, LiH), B KOTOpBIX cTereHb OKUCIeHUS BOIOPOoIa paBHa —1,
ITOTOMY UYTO 3JIEKTPOOTPHIIATEIFHOCTh METAJUIOB MEHBIIIE, YeM
y BOIOpOJA.

4) CmeneHb oKucaeHUs KUCA0pOOd pagHa —2 80 écex coeduHe-
HUAX, ede KUcaopoo He obpazyem Npocmoil KOBANEHMHOU C8A3U
0—0.

ITpuMepsl MOJIEKYII, TAEe KUCIOPOI UMeeT CTEIeHb OKHCIIe-
HUA —2 (TaKMX COEAUHEHUI KMUCIopoaa — ToAaBisioliee
oosbiimHCTBO): H,0, SO,, SO;, NO,. ITonoxuTteabHyIo cTe-
TTeHb OKUCIIEHUS KUCTOPO IIPOSBISAET TOJIBKO B COSTMHEHMSIX
¢ ¢ropom (Hampumep, B coenuHeHuu OF,, Tae cTerneHb oKuc-
JICHUSI KMCIOpOJIa paBHa +2).

5) Aneebpauueckas cymma cmeneneil OKUCACHUS 8CeX AMOMO8
6 ghopmyne HellmpanvbHo2o coeOuHeHUs 6ceeda pasHa HyAo.

6) Ecau 6 xode xumuueckoil peakyuu cmenenb OKUCACHUS]
amoma noevlulaemcs, mo 2080pam, 4mo oH okucasemca. Ecau
Jce cmenenb OKUCAEHUST NOHUICAeMCS, MO 2080PSAM, YMO OH 80C-
CMAaHaeAusaemcs.

DT npaBuia Moje3Hbl Bo MHorux ciaydasx. [locmotpure,
HampuMep, Kak ¢ UX ITOMOIIBIO JIETKO OMpPEIeNIsIeTCsl CTeNeHb
OKUCJICHMS BJIEMEHTA C NMEPEMEHHOM (WM HEU3BECTHOM) Ba-
JIEHTHOCTBIO 110 MOJIEKYJIsSIpHOI hopmyiie. JlomycTuM, umeeTcst
coenuHeHue H,SO;. KakoBa crenenb okuciaenus cepol? Ilo-
CKOJIbKY CTeTIeHb OKMCJIEHUS Bomopona Beerna (+1), a cterneHb
OKUCJIEHUSI KUCIopoaa (—2), TO HETPYIHO ITOACUYUTATh, UTO T10-
JIOXKWUTETbHBIE Y OTPUIIATENIEHBIC CTETIEHN OKMCIICHUST «ypaBHO-
BecsIT» ApYyr Apyra B moisiekysne H,SO; Toraa, korga creneHb
OKHCJIeHUS cepbl cocTaBUT (+4). B aTOoM cityuyae anredpandeckast
CyMMa BCeX CTeTIeHel OKMCJIEHHS B MOJIEKYJIe paBHa HYJTIO:
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+1 +4 =2
CTeTIeHN OKVICIICHUSI: H, SO,

CymMa cTeneHeil OKUCIEHMUSL: +6-6)=0

JeiicTBrEe 3TOTO MpaBUjia MOXKHO IOKa3aTh W Ha MPUMEPE
peaxkIIuy cephbl ¢ KUCIOPOIOM, B KOTOPOI 3JIEKTPOHBI (Op-
MaJIBHO TIEPEXOIST OT OJHOTO aTOMa K JIPYTroMy:

CrerneHu OKMCIEHUS: 0 0 +H o2
Xumudeckasi peakiiusi: S+0,=S 0O,
CymmMma creneHeit okuciaeHust B SO,:  (+4-2-2)=0

Ho peaknmy cepa M KUCIOPOI UMENIN OAMHAKOBYIO — HY-
JIEBYIO CTeTleHb OKWCIIeHUs. B pesynbrare peaknmm cTelieHb
OKHCJICHUS cepbl MOBbICUIIACH (+4). 3HAUYUT, cepa OKUCAUAACD.

CrerneHb OKMCICHUS KUCIOpOoAa IMTOHU3uIach (—2), To eCTh
KUCJIOPOJ 80ccmarnosuscs. Arebpandeckass CyMMa BCeX CTe-
neHeu okucieHust B SO, ocrajach paBHOW HYJIIO.

[MomoOHBIX peakuii ¢ U3MEHEHNEM CTeTIeHEe OKMCIICHUS
pearnupyrolx aToOMOB — OIPOMHOE MHOXeCTBO. Bce BMecTe oHmM
Ha3bIBAIOTCSI OKUCAUMENbHO-B0CCMAHOBUMEAbHBIMU PeaKUUIMU.

B nmocaenyromux riiaBax Mbl paCCMOTPUM 3TU peaKIUU MO -
poOHee, a MoKa elle pa3 pa3doepeMcsl B HOBbIX TEpMUHAX.

ITpocTo Tak TpyaHO 3alIOMHUTH, KAaKOI MPOLECC — OTHAYU
WK 3axXBaTa 3JICKTPOHOB — Ha3bIBAeTCS OKMCJIECHWEM, a Ka-
KOl — BoccTaHoBIeHeM. Kakoit aToM TpnoOpeTaeT oTpuiia-
TEJIbHYIO, a4 KAKOW — IOJIOKUTEJIbHYIO CTeNeHb OKUCICHMUSI.

Puc. 3.11. He coBceM 00ObIYHAas 3aMUCh YpaBHEHUSI XMMUYECKOM

peakiiuu OKHWCJIEHUS HaTpusd XJOpOoM (CM. TEKCT). XJOop —

«OTpULATENbHBII», OH OTOMpaeT uyxXue 37eKTpoHbl. Hatpuit
«OKHCITWIICS» — 3TO 3aMETHO IO €ro KUCJIoi hU3MOHOMUNU
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Komy-T0o 13 Bac momoxeT pucyHOK 3.11, KOTOpHIii paccka-
3bIBAET O peaKlUU MeXAYy HAaTpUeM U XJIOPOM TakK, KaK OyATo
5TO CIYYUJIOCH B «XMMHUUYECKOM JIETCKOM canay». B aToM «met-
CKOM cafy» TOpSIIKM TaKMe Xe, KaK U B 00bIYHOM. Y XJiopa
LIEJbIX cCeMb UTpylIeK (3JIeKTpoHOB), HaTpuio ke mocrancs
TOJIBKO Tpy30BUYOK (oauH 3j1ekTpoH). Ho TyT Xiop yBumen y
Hatpust rpy30BUUYOK U pelII, YTO UMEHHO 3TOM UTPYIIKH €My
U He xBaTaeT! XJIop MOCUJIbHEE, TT03TOMY IPY30BUUOK MTHO-
BEHHO OKa3zaJjicsl y Hero. A utoosl HaTtpuii He sa6eqHu4dan (y
HETO TaKoU okxucaueuwiuiicsa BUm!), XJIOp MPeUIOKUI TTOUTPATh
BMecTe. Kakoe Tam! KoHeuHO ke Bce BOceMb UTPYIIEK MO -
Taluia noodaumxke K cede, a HaTpuio TOAbKO M OCTaeTcs, 4To
CTOSITH PSIIOM C «OKMCIEHHBIM» BUIOM.

HMrak, kakoBa Mopajib? XJI0p, KOHEUHO, OMPULAMenbHbLI.
OH oTOOpan 4yXylo UIPYLIKY-3JeKTpoH. Terepb y Hero om-
puyamenvHas CTeleHb oKucieHUs. Hatpuii, 6e3yclioBHO,
OKUCAUACA — BOH KaKOM y HETO «KUCIbI» Bua. Ho u ot Xio-
pa He OTXOIWUT — WTPYIIeK-To Ooibine HeT! YeM He KapTWHaA
00pa3oBaHUsI XUMUYECKON CBA3U B TUITMYHOUN OKUCIUTEIBHO-
BOCCTaHOBUTEJIbHOI peakuuu?

OcTaeTcs TONBKO T00aBUTh, UYTO 80CCIMAHABAUBACINCS B TAKNX
PeaKLIUSIX OKUCAUmMeNDb, A OKUCASemcs — 8occmaHogumens. B Hallei
HUCTOPUU XJIOP — OKUCIIATEIIb, 4 HATPUIT — BOCCTAHOBUTE]Ib.

WHrepHeT:

EnunHas komnexims uugpoBbIX 00pa30BaTeIbHBIX PECYPCOB:

http://school-collection.edu.ru — Komnexkiun — Ipeamer-
Hble KoJutekuuu. Xumusi — Heoprannueckas xumus. Buneo-
OITBITHL — ...

a) ... —» lajgorensl — 6. BzauMoneiicTBue xjopa ¢ Ka-
JINEM.

0) ... » IMoarpynmna kuciaopoga — Kucnopon, oKCUabl —
2. TopeHne MarHusi B KMCJIOPOJE.

3agaun

3.25. ITonp3ysach TabAMULIEH 3JEKTPOOTPULIATEIBHOCTEM
3JIEMEHTOB U MPaBUJIaMU IJIs1 OTIpEAe/IeHUS CTENEeHEe oKuce-
HUS1, OTIPEIECIUTE CTENIEHU OKUCIEHUST BCEX aTOMOB B CJIEYIO-
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mux Mojiekynax: HC1O4, HCIO;, HCIO,, HCIO, HCI, Cl,,
NH31 PH}a H3PO41 023 03'

3.26*. YucineHHOe 3HaUYEeHUE CTENEHN OKMCIIEHUSI, KaK Bbl 3HAETE,
MOXKET He COBITaJaTh C BaJEHTHOCTHIO 3jieMeHTa. Huke npuBeneHb
CTPYKTYpHBIE (POPMYJIbI HECKOJIBKMX COeIMHEHUI yriepoga. Hamu-
LIUTE UX MOJIEKYJISPHbIE (DOPMYJIBI U, MOJIb3YsSICh MpaBUIaMU JIJIsS
OIpeie/ICHUS CTeTIEHE OKUCIIEHUS], OTIPEAEIUTE CTENICHU OKUCIEHUS
aTOMOB yIJIepoJa B KaXkI0i MOJIEKYIIE:

i i 0
(0)
H-C—H H-C—Cl H—C/< H—C7Z
H
Cl Cl O—H
XJIOPUCTBINA XJIOPUCTBINA MypaBbUHas MYpaBbUHBINA
METWJT MEeTUJIEH KUCJIOTa aJbIeTu
(lll
Cl— ? —Cl
Cl

YeThIPEXXJIOPUCTHIN YIIepo

3.27. Onpenenure cTenieHN OKUCIEHUST BCEX aTOMOB B Clie-
nyromux mosekynax: H,S, SeO,, SO;, F,0,.

§ 3.8. Kpucrawibl: HOHHbIE, MeTALIHYECKHE, MOJIEKYJISIPHbIE,
aTOMHbIe. AJIOTPONHUS

MpBI yxe TOBOPWIM O TOM, YTO XapaKTep XMMUUYECKOHN CBSI-
31 9aCTO HAaXOAWUT OTpaxkeHHe B arperaTHOM COCTOSHUM U
(husnyeckux cBoiicTBax BelllecTna. Takre MOHHbIE COeTMHEHMSI,
Kak xyopun Hatpus NaCl, TBepable U TyroIIaBKue II0TOMY,
YTO MEXIY 3apsIaMU UX HOHOB «+» U «—» CYIIECTBYIOT MOIIHBIE
CHJIBI DJIEKTPOCTATUYECKOTO MPUTSIKEHMSI.

OTtpuLiaTebHO 3apsi>K€HHBI UOH XJIOpa MPUTSATUBAET He
TOJIbKO «CBO#» MOH Na*, HoO U JApyrue MOHbI HaTPUS BOKPYT
cebs1. DTO MPUBOAUT K TOMY, YTO OKOJIO J10O0ro U3 NOHOB Ha-
XOJIUTCSI HE ONWH MOH C MPOTUBOIOJOXHBIM 3HAKOM, a He-
CcKoJIbKO (puc. 3.12).

DakTUYEeCKN OKOJIO KaXXIO0ro MOHAa XJopa pacliojlaracTcs
1LIECTh MOHOB HATPUsl, a OKOJIO KaXI0ro MOHA HATPpUsI — IIECTh
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Puc. 3.12. CtpoeHUe KpuUCTa/lJla TOBAPECHHOM
com NaCl

MOHOB XxJiopa. Takas yrmopsimoyeHHasl YITaKoBKa MOHOB Ha3bl-
BaeTCs UOHHbIM Kpucmaaiom. EcIM B KpucTajie BBIIEIUTH
OTHIEJBbHBIN aTOM XJIOpa, TO CPEIM OKPYKAIOIINX €r0 aTOMOB
HATpUS yKe HEBO3MOXKHO HAWTH TOT, C KOTOPBIM XJIOP BCTYMAT
B peakuuio. [IpUTSHyTBIE IPYT K APYTY IEKTPOCTATHICCKIMU
CHUJIAMM, MOHBI KpaifHe HEOXOTHO MEHSIOT CBOE MECTOITOIOXKE -
HUE IO BAUSHUEM BHEITHETO YCUJIWS VI TIOBBIIICHUS TEM-
nepartypbl. Ho eciy xjopun HaTpust pacIjiaBUTh U IPOJOJIKATh
HarpeBaTth B BAKyyMe, TO OH MCITapsieTcsT, 00pa3yst IByXaTOMHEIE
mosekyasl NaCl. DTo ToBOpUT O TOM, YTO B MOHHBIX COEIM-
HEHMSX CUJTbI KOBAJIEHTHOTO CBSI3BIBAHWS HUKOTIA HEe BBIKITIO-
YJaloTCsI TIOJTHOCTHIO.

[To-npyromy ycTpoeHbl mMemariuueckue kpucmannst. Eciu
paccMOTPETh KyCOUeK METAJIMYECKOTO HAaTpHsl, TO OOHaApy-
JKUTCSI, YTO BHEILIHE OH CHJIBHO OTJIMYAETCS OT MTOBapeHHOM
comm. Hatpuit — MSITKUiT MeTalll, JIETKO peXKeTCsT HOXKOM, pac-
TLTIOIIABAETCS MOJOTKOM, €r0 MOXHO 0e3 TpyAa pacIljlaBUTh B
yallieyke Ha CIIUPTOBKe (Temmeparypa miasiaeHus 97,8 °C).
B xpucranie HaTpUst KaxKAblii aTOM OKPYXKEH BOCEMbIO IPYyTH-
MU TaKUMHU Xe aTomamu (puc. 3.13).
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Ha pucynke 3.13 Mmetananye-
CKMI KPUCTAJL BBINJISIAUT AOCTa-
TOYHO IIPOCTBIM, HO HA CaMOM JeJie
€Tr0 DJIEKTPOHHOE YCTPOMCTBO
ClIOXHee, YeM Yy KpUCTaJUIOB MOH-
HbIX coJieii. I3 pucyHKa BUIHO,
yTo aToM Na B LIeHTpe Ky0a umeer
‘i ‘ia BOCceMb Onmmkaimmx coceneid. Ho

3TO XK€ MOXXHO cKa3aTb U O JII0OOM
JIPYyTOM aToMe B KpHUCTajje, Mo-
Puc. 3.13. Ctpoenune Kpu- CKOJbKY BCE OHM OOMHAKOBBHI.
crajuta Metaundeckoro Na  Kpucraiia cOCTOUT U3 «0eCKOHEY -
HO» TIOBTOPSIIOLIMXCS (pparMeHTOB,
M300pakeHHbIX HAa TOM pUcyHKe. Ha BHelIHel 2/1eKTpOHHOMI
000JI0YKE 2JIEMEHTOB-METAUIOB HEIOCTAaTOYHO 2JIEKTPOHOB
JIJ1s1 00pa30BaHUsI MOJTHOLIEHHOM «OKTETHOM» KOBAJIEHTHOM Wn
MOHHOM cBs3U. [T0o3TOMY B ra3000pa3HOM COCTOSIHUM OOJIb-
IIMHCTBO METAJJIOB COCTOUT U3 OAHOATOMHBIX MOJIEKY (T.e.
OTJEJIbHBIX, HE CBA3aHHBIX MEXIY CO00I aTOMOB). TUNMUUHBI
NpuMep — napbl pTyTU. TakuM oOpa3oM, MeTalIM4YecKast CBSI3b
MEXIy aTOMaMM METa/UIOB BO3HMKAET TOJbKO B KUIKOM U
TBEPIOM arperaTHOM COCTOSTHUM.

OnucaTh METAJUTMYECKYIO CBSI3b MOXHO CJIEIYIOIINM 00pa-
30M: YacTb aTOMOB MeTajljla B 00pa3yloleMcsl KpUucTalie OT-
JIaeT B MPOCTPAHCTBO MEXIY aTOMaMU CBOM BaJIeHTHBIE 3J1€KTPO-
Hbl (y HaTpus 3710 ...3s'), mpeBpamiaschk B MOHBI (puc. 3.14).
ITockonbKy Bce aTOMBI MeTajlJla B KPUCTaJLJIe OMMHAKOBBI, KaXk-
JIbliA U3 HUX UMEET paBHbIE C APYTUMM LLIAHCHI ITOTEPSITh BAJIEHT-
HbII 371eKTpoH. MHBIMU CJIOBaMU, MIEPEXO] BJIEKTPOHOB MEXIY
HEeNTpaJIbHBIMA U MOHM3MPOBAHHBIMU aTOMaMU MeTaJljla Mpo-
HUCXOAUT 0e3 3aTpaT 3Hepruu. YacTh 3J€KTPOHOB MPU 3TOM
BCEraa OKa3bIBaeTCsl B IMPOCTPAHCTBE MEXIy aTOMaMU B BUC
«3JIEKTPOHHOTO Ta3a». DT 3JIEKTPOHBI, BO-TIEPBLIX, YAESPXKUBA-
10T aTOMBI MeTaJlJIa Ha OTIpee/IEHHOM PAaBHOBECHOM PacCTOSTHUAN
JIpyr oT npyra. Bo-BTOpbIX, OHU MPUAAIOT MeTajlylaM XapakTep-
HBII «MeTa/NINYecKuii 0iecK» (JIEKTPOHbI MOTYT B3aMMO/IEi-
CTBOBaTh C KBaHTaMu cBeTa). B-TpeTbuX, 3JeKTPOHBI B MeXa-
TOMHOM IPOCTPAHCTBE 00eCIeUYnBAIOT MeTallaM XOPOIIYIo
3JIEKTPOIIPOBOAHOCTh. BhICOKAs TEIIONPOBOJHOCTh METAJLIOB
TOXe OOBSICHSIETCSI HATMYMEM TTOABUXKHBIX 3JIEKTPOHOB B MEX-
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dATOMHOM IIPOCTPAaHCTBEC — OHU

JIETKO «OTKJIMKAIOTCS» HA M3MEHe- - - )
HUS SHEPIUU U CIIOCOOCTBYIOT €€ € € €
OBLICTPOMY TIEPEHOCY B KPUCTAJLIE. + x
e e e
Ha npuMepe MeTajuia HaTpus pac- + ,

CMOTPUM TIPUPOAY Memasiu4eckoi
€643 C TOUKU 3PEHUSI MPENCTABIEHUI
00 aTOMHBbIX opOuTANIsSIX. Y aToMa Ha-  Puc. 3.14. YnpouleHHas Mo-
TpUsl, KaK U Yy MHOTUX JIPYTUX METAJI-  JeJIb 3JIEKTPOHHOIO CTPOEHHUS
JIOB, UMEETCSI HEJOCTATOK BAJEHTHBIX  METAIMYECKOTO KPUCTaJLIa
9JIEKTPOHOB, 3aTO UMEIOTCSI CBOOOIHBIE

BaJICHTHBIC opbumany. ENMHCTBEHHBIN 35-3JICKTPOH HATPHUsI CITOCOOEH
MepeMeIaThCsl Ha JII0OYIO0 13 CBOOOMHBIX M OJM3KUX IO SHEPIUU CO-
cenHux opbutaneit. [Ipu cOIMKEHUU aTOMOB B KpUCTaJLJIE BHEIIHUE
OpOMTATIM COCEMHUX aTOMOB TIePEKPHIBAIOTCS, G1aronapsi 4eMy OTaaH-
HbIE AJIEKTPOHBI CBOOOIHO MEPEMENIAIOTCS IO BCEMY KPUCTAILTY.

OnHaKo «3JIEKTPOHHBIN ra3» BOBCE He OECIOpsIIovYeH, KaK MOXeT
nokasatbcsi. CBOOOMHbBIE 2JIEKTPOHBI B METAJIMYECKOM KpUCTaLIe
HaXOMSITCS Ha TMEePEeKPBIBAIOIINXCS OpPOUTANISIX U B KaKOM-TO Mepe
00001IEeCTBIISIIOTCST, 00pa3ysl MoI00Ke KOBAJIEHTHBIX CBsI3ell. Y HaTpusl,
Kasiusl, pyounusi U Ipyrux MeTaLIMYeCKUX S-3JIeMEHTOB 000011ecT-
BJIEHHBIX 2JIEKTPOHOB MPOCTO MAJIO, TO3TOMY MX KPUCTAJUIbI HETPOY-
Hble U JierKoriaBkue. C yBeJMUYeHUEM YMCIia BAIEHTHbBIX JIEKTPOHOB
MMPOYHOCTh METAJJIOB, KaK MpaBujIo, Bo3pacTaeT. B koHIIe maparpacda
MBI e11le BEpHEMCSI K 9TOMY BOIPOCY.

Takum oO6pa3zoM, METAIUIMYECKYIO CBSI3b CKJIOHHBI 00pa3o-
BBIBaTbh 2JIEMEHTHI, aTOMbl KOTOPBIX Ha BHEIIHUX 000JI0YKax
MMEIOT MaJjio BaJ€HTHBIX 2JIEKTPOHOB. DTHU BaJCHTHBIC DJIEK-
TPOHBI, OCYILECTBIISIOIINE METALTUYECKYIO CBSI3b, 00001IECT-
BJICHBI HACTOJIBKO, YTO MOTYT IIEPEMEIATHCA 110 BCEMY METaJI-
JINYECKOMY KPUCTAJLIy U 00eCIieurBalOT BBHICOKYIO 3JEKTPO-
MPOBOIHOCTb METAJLIA.

Kpucrann NaCl He mpoBOAUT 31EKTPUIECKUI TOK, TIOTOMY
YTO B IIPOCTPAHCTBE MEXIY MOHAMU HET CBOOOIHBIX JIEKTPO-
HOB. Bce 2y1eKTpOHEBI, OTOaHHBIE aTOMaMM HATpUsI, IPOYHO
yIepKUBaIOT 0KOJIO ceOsl MOHBI XJ1opa. B 3ToM ogHO M3 cylie-
CTBEHHBIX OTJIMYMI MOHHBIX KPUCTAIIOB OT METALIMYECKUX.

To, 4TO BHI TEMEPh 3HAETE O METAIIMYECKOI CBSI3U, TO3BO-
JISIeT OOBSICHUTD U BBICOKYIO KOBKOCTH (IIJIACTUYHOCTB) 0OJIb-
IIMHCTBA METAJUIOB. MeTa/ll MOXXHO pacIUIIOLIUTh B TOHKMIA
JIMCT, BBITSIHYTh B IIPOBOJIOKY. /€10 B TOM, UTO OTIEIbHEIE CII01
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13 aTOMOB B KpUCTaJlIe MeTa/la MOTYT OTHOCUTEJIbHO JIETKO
CKOJIb3UTb OJIMH IO IPYTOMY: MTOABUXKHBIN «3JIEKTPOHHBII ra3»
MMOCTOSIHHO CMSITYaeT MepeMelleHre OTAETbHbIX IMOJ0XKUTEb-
HbIX MOHOB, DKPaHUPYs UX ApYT OT apyra (puc. 3.14).

Pazymeetcsi, HU4ero nonoOHOTO HEb3sl CAENATh C TOBAPEH-
HOI COJIBIO, XOTSI COJIb — TOXE KPUCTALTMYECKOE BEILECTBO.
B voHHBIX KpUCTasIax BaJIGHTHbIE 3JIEKTPOHBI TPOYHO CBSI3a-
HbI ¢ sapoM atoma (puc. 3.12). CaBuUr ogHOIo CJI0sI MOHOB
OTHOCHUTEJIbHO IPYTOro NPUBOIUT K COJMKEHUIO MOHOB OfU-
HaKoBOro 3apsiaa (puc. 3.15) u BeI3bIBae€T CUJIbHOE OTTAJKMBa-
HUE MEXIY HUMU, B pe3yJibTaTe Yero MporcCXOoAuT pa3pylleHre
kpuctamia (NaCl — xpynkKoe BellecTBO).

Elie onvH B KPUCTAIIIOB — 3TO TaK Ha3bIBAEMbIE MO1EKY-
aapuvie kpucmannsl. «CTpOUTETbHBIMU ASTATSIMU» B HUX BbI-
CTYNAaIOT OTAEbHbIE MOJIEKYJIbI, KOTOPbIE YASPXKUBAIOTCS PSAOM
JIPYT C IPYTOM CUJIaMU MEXMOJIEKYISIPHOTO B3aUMOICHCTBUS.

Takue cuabl MOTYT UMETh pa3nvyHylo ripupoay. Hampumep,
y BOJABI 3TO BOJAOPOIHBIE CBSI3U (MBI €llle BEpHEMCSI K HUM B
§7.4). Monekybl TakKXXe MOTYT CBSI3bIBAaTbCSl APYT C APYTOM
CJ1a0bIM BJIEKTPOCTATUYECKUM JUIOb-AUIOJbHBIM B3aUMO-
JEWCTBUEM, TO €CTh MPUTSKEHEM Pa3HOMMEHHBIX YACTUYHBIX
3apsaa0B, KaK B KPUCTAUIMUECKMX OPraHUYECKMX BEIIECTBaX.
DTO MOTYT OBITb M MEXMOJECKYJISIPHBIE CUJIbI, BO3HUKAIOIIIE
IIpY MOJIAPU3ALUU OJHUX MOJIEKYJI APYTUMU B PE3YJIBTATE CIIy-
YallHOTro nepepacnpeaeeHus IeKTPOHHON MITOTHOCTH B OHOM
13 MoJiekyi. Takoe B3auMoJeiCTBUE HAa3bIBACTCSI UHOVKUUOHHBIM
Ui Hagedennoim. Hanpumep, Mosiekyasl 1, HemoJsipHbIe, HO
COCTOST U3 «0OJbIIUX» (OTHOCUTENbHO, KOHEYHO) aTOMOB,
3JIEKTPOHHBIE 000JIOUKM KOTOPBIX JIETKO MOJISIPU3YIOTCS MO

Goge -Goge
coee Ceee

Puc. 3.15. CoBur cjioeB MIOHHOTO KPUCTAJLJIA BbI3bIBAET MOSIB-
JieHe GOJIBIINX CHJI OTTAJIKUBAHUS MEXITY OTHOMMEHHBIMU
WOHAaMU M pa3pylieHrue KpucTania
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BJIMSIHUEM COCEIHMX YaCTUIl WM CTEHOK cocyna. Cujibl MeX-
MOJIEKYJIIPHOTO B3aUMOJIEUCTBUS c/labee HACTOSIINX XUMUYe-
CKUX CBSI3EW, TOATOMY MOJIEKYJISIPHBIC KPUCTAJLUIBI HETIPOYHBIE.
B npuHuMIIEe 3TU XK€ CUJIbI YAEePKUBAIOT MOJIEKYJIbI IPYT OKOJIO
JIpyra u B XUAKOCTSIX, U MOJIEKYJISIDHbIE KPUCTAJLJIbI OOBIUHO
JIETKO TUTIABSITCS WU IaXKe BO3TOHSIIOTCS. Bo3roHka — mepexon
BEIIECTBA M3 TBEPIOTO COCTOSHUS B razoobpaszHoe, MUHYS
KuUIKoe (TOCMOTPUTE BUACOOIBIT B KOHIIE Maparpacda).

Ho ecnu remnepaTypa He BeJvKa (HUXKe TOUKH TIaBJICHUS
WJIM BO3TOHKHU), TO MOJIEKYJIbI COOMPAIOTCS B YIOPSIIOUEHHbIE
KapKachl, TJI€ Kax/1asd U3 HUX OpUEHTUPOBAHA B IIPOCTPAHCTBE
CTPOro omnpeaeaeHHbIM 006pa3oM. XOpoUInii IpuMep — MoJie-
KYyJISIpHbIE KPUCTAJIbI JibJa, B KOTOpbIX MoaeKyasl H,O pac-
MOJIararoTCsd B CTPOrOM MOPSJIKE OTHOCUTEIBHO APYr Apyra
(puc. 3.16).

HakoHel, cyiliecTByIOT OYeHb MPOYHbIE KPUCTAJLIbI, B KO-
TOPBIX ATOMBI B PELLIETKE YAEPXKUBAIOTCS IIPOYHBIMU KOBAJIEHT-
HBIMU CBSI3IMU. TakKe KpUCTaLIbl Ha3bIBAIOTCS KOBAAEHMHbL-

Puc. 3.16. Monenb pactyiiero
KpUCTaJUIa Jibaa (TeMHBIE IIapu-
KA — aTOMBI KMCJIOpPOJIa, CBET-
Jble (0oJjiee MeJKMe) apUuKu —
aTOMBI BOJOPOJa B MOJIEKYJIax
H,0). OTnenbHBIE MOJEKYIIBI
BOJIBI CBSI3aHBI NIPYT C APYTOM
BOIIOPOTHBIMU CBSI3SIMU (TTOKa3a-
HBI IYHKTUPHBIMU JTUHUSMU) B
CTPOTOM TIOpSIIKE. DTO TIPUBOIUT
K TIPUYYITUBBIM CUMMETPUYHBIM
¢dopmam kpucranion (Bcoom-
HUTe (hOpPMY CHEXMHOK). Jleq —
MOJIEKYJISIDHBIN KPUCTAJLT.
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MU KApKACHbIMU KPUCMAAAAMU, VITIA AMOMHbIMU KPUCTAJUIAMU.
MenbyaiilliuMu CTPYKTYPHBIMU YacCTUMILIAMU B HUX SIBJISIIOTCS
OTJIIeJIbHBIE aTOMBI, CBSI3aHHBIE KOBAJICHTHBIMU WJIY TTOJISIPHBI -
MM KOBaJEHTHBIMU CBA3SIMU B «OECKOHEUHBIM» TPEXMEPHBII
Kapkac. biaromapst aToMy BelllecTBa ¢ aTOMHOI KpUCTaJTYeE-
CKOIT pelIeTKoM 00J1agaloT BEICOKOM MeXaHMYeCKOU MPOYHO-
CThlO, HE UMEIOT 3araxa U HepacTBOPHUMbI B BOJIE.

Ha puc. 3.17 usobpaxeH ¢pparMeHT aTOMHOI KpUCTaJLIU-
YecKoil peneTku okcuaa kpemuus SiO, (mecok, KBapir). ATo-
MBI KPEMHUS U KHCJIOPOAA 3[eCh CBSI3aHBI MEeXIy COOOM
IMPOYHBIMU TTOJISIPHBIMU KOBAJEHTHBIMU CBSA3IMU. Kak MBI
BUIMIM, aTOMBI CBSI3aHBI TOJIBKO TTPOCTBIMM CBSI3SIMH U CTPYK-
Typa SiO, coBceM He Takasl, Kak y yriaekucioro raza CO,,
KOTOPBII COCTOUT U3 OTAeAbHBIX MoJiekyal O=C=O0 ¢ nBoii-
HBIMM CBsI3sIMU. KpeMHUIT He CKJIOHEH 00pa30BbIBaTh ABOMHBIC
(1 BoOOI11IE KpaTHbIE) CBA3U. BepossTHO, HEMaJy1O POJIb B 3TOM
WATpaeT OTHOCUTEJLHO OOJIBIIION pa3Mep aTOMOB KpeMHMs. B
yKe 3HaeTe, UTO IBOMHBIC CBSI3U 6ojiee KOPOTKHUE, YeM IPO-
CThbIE, U XOPOILIO «pabOTalOT» TOJIbKO HAa MaJIbIX PACCTOSIHUSIX
MeXAy siapamu. bosbuioit AuaMeTp aTOMOB KPEMHMSI MPETIsiT-
CTBYET 00pa30BaHMUIO KPATHBIX CBSI3EiA.

Ecnu 661 SiO, 6611 ycTpoeH Tak xe, Kak CO,, To ObUI ObI, CKOpee
BCero, ra3oo0pa3HbIM. B 3TOM cilydyae Mbl JIMINMIKCH OBl HE TOJBKO
recyaHbIX TUISIKe#, cTeks1a, KepaMUKKU, MHOTHX JIparolieHHbIX KaMHe i
(TaKuX KaK TOPHBIN XpycTalb U aMETUCT), HO 1 OETOHHBIX COOPYKEHUIA
U ellle MHOXECTBa CTPOMTEIbHBIX MaTepPUaJIOB, B COCTaB KOTOPBIX
BXOJIMT OKCUI KpeMHUsI. Kpome Toro, ¢ moBepXHOCTH 3eMJTH UCYE3JI0

Puc. 3.17. Oxcup kpeMuust SiO, — dparMeHT CTpyKTyp-
HOI opMyJIBl (@) U CTPOEHUE ATOMHOTO KpucTaya (0)
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a 7]

Puc. 3.18. CtpykrypHas dopmyna anmasa (a)
M CTPOEHME ero aTOMHOro Kpuctasia ()

ObI OTPOMHOE KOJWYECTBO CUJIMKATHBIX MUHepasioB. Jlaxe TpyaHO
MPENCTaBUTDh TMOCIENCTBUS, KOTOPbIe UMEJIO ObI HEOOIbIIOE YMEHb-
IIeHWEe JTUHEMHBIX pa3MepOB aTOMOB KpeMHMsI!

Elte onvH 04eHb M3BECTHBIA aTOMHBIM KPUCTAI — 3TO
anMas (puc. 3.18). OH COCTOUT TOJBKO U3 OJHOIO 3JeMEHTA
yIJIlepofa — TOTO K€ CaMOT0, M3 KOTOPOTO COCTOSIT OOBIKHOBEH-
Hasl caxka ¥ TpaduT. B atMase KaxKIblif 9eThIpeXBaJICHTHBIN aTOM
yriepona CBsA3aH C APYTMM aTOMOM Yyriiepola KOBaJE€HTHOM
CBSI3bIO 1 KOJIMYECTBO TAKUX CBA3AHHBIX B KAPKAc aTOMOB Upe3-
BBIYAITHO BEJIMKO. AJIMa3 MOXHO OBIJIO ObI Ha3BaTh TUTAHTCKOM
MOJIEKYJION, eciid Obl K MOJIEKYJIaM He MPenbsBIsIOCh Tpebo-
BaHUE UMETh MOCTOSIHHBIN COCTaB. ATOMBI yIJIepoJa B aaMase
00pa3yloT U30THYTHIE 1IeCTUUJIEHHbIE Koblia. [Tpu 3TOM Kax-
IBI aTOM yTJiepoaa HaXOOWTCS B IIEHTpe MPaBUILHOTO TeTpa-
5lpa, B BEpLIMHAX KOTOPOTO — IPYrue YriiepoAHbIE aTOMBbI
CBSI3aHHBIE C HUM KOBaJICHTHBIMU CBSA3SMM. YTJIbI MEXIY CBSI-
39MU cocTaBsIoT 109° — Kak B MaTeMaTUYeCKOM TeTpasJipe.

B xpuctanne rpaduta aToMbl yriaepoja CBs3aHbl 10-UHOMY
(puc. 3.19). OHu 0OBEAVMHEHBI B CJIOM, COCTOSIIIME U3 TJIOCKUX
IECTUYTOJILHUKOB. B TIepBoM MpUOIMKEeHUN MOXKXHO TIpe-
CTaBHTh, YTO B STUX IIECTUYTOJHHUKAX aTOMBI YIJIEpOaa CBSI-
3aHbI MEXIy CO0OI YepeayolIMMUCs MTPOCTHIMU M TBOMHBIMU
cBa3sIMU. PaccTosiHre MeXIy OTIeIbHBIMU CIIOSIMU B rpaduTe
JIOBOJIbHO BEJTUKO, a CHUJIBI B3aUMOICHCTBHS MEXITYy HUMM JTO-
BOJILHO €J1a0bl (B OCHOBHOM 3TO Cjiabble MEXMOJIEKYISIPHbIC
CBSI3U, MOKa3aHHbBIC BEPTUKAIbHBIMUA MYHKTUPHBIMU JTUHUS -
MM), TIO3TOMY TpadUT MOXKET PaCIISIUIITECSI Ha TOHKHUE de-
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Puc. 3.19. CtpyktypHasi (popMyia ydyacTKa OZHOTO
YIJIEPOIHOTO cJos1 rpacuTa (@) ¥ MPOCTPAaHCTBEHHOE
pacrosioxkeHre aTOMOB B KPUCTALTIMYECKOM pellIeTKe
rpacuta (6). BHyTpH ciioeB aTOMbI yriiepoaa CBsI3aHbl
JIPYT C IPYrOM NMPOYHBIMU KOBAJIEHTHBIMU CBSI3SIMU,
a MeXIy CIOSIMU JEUCTBYIOT Topa3fo 0oJjiee cliadble
CHUJIBI MEXMOJIEKYJISIPHOTO B3aMMOIEHCTBUS

wryiiky. ITpuy 1erkoM HaxkaTuy YellylKu JIErKO MPWIMIIAIT K
Oymare — BOT IToyeMy 13 rpaduTa AenaioT rpudenn KapaHia-
meit. Ipadut u aaMas oueHb HECXOXU MO CBOMM CBOMCTBaM,
XOT$ COCTOSIT U3 OTHOTO Y TOTO K€ 3JIEMEHTa — YIJIepoa.
Bbl MoxkeTe IpoBeCTU MPOCTOM OIBIT, KOrJa B OYepeaHOM
pa3 OyneTe TOUMTb KapaHaalll. Pazorpure Mexay najablaMu He-
MHOTO TpU(}ebHOI0o MOPOIlKa — Ha OILYIb OH OYIET XKUPHBIM.
Kanenbku Bombl HE cMauuBalOT rpacUT — IMPOBEPBLTE ITO Ha
H“CcNayKaHHBIX rpacuToM najiblax. [padut u anmasz — oamxKaii-
1LIK€ POJCTBEHHUKU, XOTS U 00JIafaloT pa3HbIMU CBOMCTBAMMU.
Ipaput — HermpoyHOe BENIECTBO, €T0 JIETKO MPeBpaTUTh B
nopoiinok. CoBceM apyrue CBoicTBa MposBisieT anmas. OH
HaCTOJIbKO TBEP, YTO OCTABJISIET LIapaliMHbl Ha OOJILIIIMHCTBE
MaTepuajaoB. AJMa3 IPOBEPSIOT Ha MOMIMHHOCTD, Liapanasi UM
crekao. pyroit MeToa onpeaeneHus MOMIMHHOCTU ajiMasa
TaKOB: €CJIM HAMbUIMTh HAa TpaHb ajiMa3a MeJKre Kalljid BOJbl,
TO OHM HE€ PacTeKaroTCs MO TpaHU, MOTOMY UYTO HEMOJSIPHBIMI
KOBAJIGHTHBIM ajiMa3, KaK 1 rpaduT, He IPUTSATUBAET MO PHBIC
MOJIeKyJibl BoAbl. Bece moaaenbHble (He MyTaiiTe ¢ MCKYCCTBEH-
HbIMU!) ajiMa3bl MOXHO CJAeaTh TOJbKO U3 COCAUHEHUH C
MOJIIPHBIMU KOBaJEHTHBIMU CBA3IMU. [0 MX MOBEPXHOCTHU
BOJIa pacTeKaeTcsl Tak Xe JIErKO, KaK M0 YUCTOMY CTEKITY.
Korga xumMuyeckuit 3neMeHT o0pa3yeT ABa Win OoJiblile
MPOCTHIX BEIIECTB, Pa3JIUYHbBIX 110 CTPOEHUIO U CBOMCTBaAM,
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Takoe sIBJieHWe HasblBaeTcs astomponueil. [padut u anmas —
JIBE aJlJIOTPOIHbIe MOAMGUKALIMU yriaepoaa. AJJIOTPOIHbIE
MoAu(UKAIIMUA MPU OMpPeNeeHHBIX YCIOBUSIX MOTYT IIepexo-
IWTH ApYT B apyra. Hampumep, rmpu oyeHb BHICOKMX JTaBJICHN-
X W TeMIleparypax rpaduT MOXeT MepexXoauTh B ajqMas.
MMeHHO Tak u3 rpaduta aeaalT UCKYCCTBEHHbIE aMa3bl.

HMckyccTBeHHBbIE ajiMa3bl He TIPUTOIHBI JJIS1 IOBEJIUPHBIX
U3AeJUil — OHU MeJIKUe U yepHoro upeta. Ho mis nmpomblii-
JIEHHBIX HYXKI TAKME aIMa3bl SBJISIOTCS OY€Hb LIEHHBIM ChIPbEM.
[MsuIeBUNHBIN alIMa3HBII TTOPOIIOK MOXHO TOJIYYUTh U B3PhI-
BOM (B 3aKpBITOM KaMepe) CIIeIINaTbHBIX B3PhIBYATHIX BEIIIECTB,
cofepxXalux yrjaepoa. Bo3HUKHOBEHUE TTPUPOIHBIX aIMa30B
B Hellpax 3eMJTH, BEPOSITHO, TOXKE TTIPOMCXOAUT IO BIMSTHUEM
OTPOMHBIX TEMIIEPATyp U JaBJEHUI, HO B TeUeHUE HEU3ZMEPU -
Mo 0oJiee IJIMTEILHOIO BpeMEHU.

HHorna TBepaple BelliecTBa 00Jagal0T KOMOMHAIME CBOMCTB KpH-
CTaJUIOB Pa3HOIo TUIA. DTO CBSI3aHO C TeM, YTO MEXIy MeTajulaMu U
HeMeTaJJTaMH1 HeT CTPOTO O4YepueHHO rpaHuilbl. HampriMmep, aTOMHBII
KpHCTaJUl KpeMHUs (Si) YaCTUYHO IIPOSIBIISIET CBOMCTBA METa/LIMYECKO-
r'o KpUcTajuia (SIBJIsIeTCs TIOTyIPOBOAHUKOM). [TpoBOIAT 31eKTpUIecKuit
TOK M KPUCTAJLIBI Tpaduta (HO He aMasza). MeTammdecKue KprCTaIbl
S- W p-3JIEMEHTOB YacTO MSITKHME W JIETKOIUIaBKUEe, OTHAKO Y MHOTUX
METaJIIOB — d-3JIeMEHTOB (TUTaH, Xejle30, Mellb, BoJbdpaM U T.1.)
CBSI3b BHYTPU METAJUTMYECKOTO KPUCTANIIA TOTIOTHSIETCS] KOBAJICHTHBIM
TepeKphIBAHMEM MEXITY YACTUYHO 3aITOJIHEHHBIMU d-0pOUTANISIMUA. DTO
MPpUIAET TAKMM MeTalJIaM B TBEPIOM COCTOSTHUY 3aMevaTesIbHbIe CBOM-
CTBa aTOMHBIX KPUCTAIOB — TBEPIOCTh U TYTOTLIABKOCTb.

Harrpumep, ™aTaH »,Ti (...4s% 3d?) — upe3BbIYaiiHO MPOYHEIA Me-
TaJul, TaBKUTCs TpK 1668 °C; xeneso ,oFe (...4s% 3d°®) mnasutcs npu
1539 °C; BonbdpaM 7, W (...65% 5d*) NCIIONB3YIOT IPU CO3IAHNUU CBEPX-
MPOYHBIX U XapOCTOMKMUX CIJIABOB, €r0 TeMIlepaTypa TiaBIeHUs
3420 °C. Ho ecnu d-060104KM MOJHOCTBIO 3aMOJHEHbBI (31€Ch €CTh
HEKOTOpasi aHaJIOTHsI ¢ 0J1aropoIHBIMU 3JIEMEHTaMM), TO aTOMBI Me-
TaJUIOB TMPOSIBJISIIOT TOPa3o MEHbIIYIO CKIIOHHOCTh K CBSI3bIBAHUIO.
Hanpumep, IMHK 30Zn (...4s? 3d'%) n xanmmit 44Cd (...5s> 4d'%) — He-
NPOYHBIE U JIETKOIIABKUE, a PTYTh goHg (...65? 5d'°) nmpu KoMHaTHOI
TeMITepaType — XUIKUI MeTaJlI, IPUTOM JIETKO UCTapSIOIINIACS.

HNuTepner:

Ennnas xoiurekuust mudpoBEIX 00pa30BaTeIbHBIX PeCyp-
COB:
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http://school-collection.edu.ru — Konnekuuu — Ilpexa-
METHBIEe KOJUIEeKIMU. XuMusi — Heopranuueckass xumus.
BugeoomnsITe — ...

... > Mertamnsl — IlleoyHbIe 1 IIeT0YHO3eMETbHBIE METaJI-
JIBI — 4. [IpuroTosieHNe XUIKOTO CIUIABA HATPUS U KaJus.

... = Tanorennsr — 10. Bo3ronka iiona.

§ 3.9. Kpucrammmyeckue pemerkn

HMrak, kpucTajnmMueckasi CTpykKTypa XapakTepu3yeTcsl mpa-
BUJIBHBIM (pETYJISIpPHBIM) pacITojIoKeHWeM YaCcTHIl B CTPOTO
orpenesieHHbIX MecTax B kpuctaie. [Ipu MbicieHHOM coeau-
HEHUM ITUX TOYEK JUHMSIMM TOIYy4aloTCsl TPOCTPAHCTBEHHBIM
KapKac, KOTOPBIi Ha3bIBAIOT Kpucmaiiuyeckoi peuemioii. Tou-
KM, B KOTOPBIX pa3MeIleHbl YaCTUIIbI, Ha3bIBAIOTCS y31amu
KpHUCTa/UIMYeCcKou peleTkr. Kak Mbl yxke 3HaeM, B y3Jlax MOTYT
HaXOOWUTHCS MOHBI, aTOMBI VT MOJIEKYJIbI. DTU YaCTUIIHI KO-
JIEOJTIOTCS B y3/1aX PEIeTKU OKOJIO CBOETO MOJIOXKEHUST paBHO-
Becusi. Ecnu kpucTann HarpeBath, aMILIMTYyAa (pa3Max) KoJie-
0aHMi1 Bo3pacTaeT U KPUCTAUIMYECKOE TEJIO paCIIUpsIeTCs.

K xaxnmoii yactuile, HaXoAsIIeicsl B KpUcTalie, IpUMbIKa-
€T BIJIOTHYIO TOJIbKO OMpee/IEeHHOE YUCIO COCETHUX YaCTUII.
BDTO YyMCa0 OIMXKANUIIMX COCETHUX YaCTULL Ha3bIBAe€TCS KOOp-
OUHAUUOHHBIM YUCAOM.

Hanpumep, B npenbiayiiem naparpacde Ha pucyHke 3.13
M300paXkeHO CTPOeHUE KpUCTaljla METALIMUYECKOTO HAaTPUSI.
Kaxnpiit aToM B 9TOM KpuUCTa/lJIe UMEET BOCEMb OJIMKAMIIMX
coceneil. TakuM oO6pa3oM, KOOPAMHALIMOHHOE YKUCJIO HAaTpUs

B METaJUIMYECKOM KpucTajje
paBHO 8.
0 Cst TouyHo Takoe ke KOOpAMHALIU-
OHHOE YMCJIO Y NUOHOB 1Ie3Usl U
~ xuyopa B kpuctaiuie CsCl. Kpu-
£' CI" crann CsCl MOCTPOEH Kak Obl U3
BJIOSKEHHBIX IPYT B IpyTa KyOUKOB
Puc. 3.20. Crpoenue kpucramia ABYX PA3HBIX COPTOB. Hanpumep,

xanopucroro uesus CsCl. Ko- MOXHO HapucoBaTb KYOMK C Bep-
opAWHAUMOHHOE yuciao § mo UWHWHaAMU M3 MOHOB LE3UA, U

LIE3UI0 1 TI0 XJIOPY TOorga B HEHTPE OKaXETCA MOH
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xyopa (kak Ha puc. 3.20). Ho ecnu BB npeacraBuTe BOCEMb
HMOHOB XJIOpa M MBICIIEHHO COEAVMHUTE WX JIMHUSIMU, TO TIOJY-
YUTCSI KYOMK € BEpIIIMHAMU M3 MOHOB XJIOpa, B LIEHTPE KOTOPO-
IO OKaXXeTCs MOH Lie3Msl.

Yaiiie Bcero KpucTaUIM4ecKye peleTKy N300paxaloT TaKiM
00pa3oM, 4TOObI MOKa3aTh TOJbKO B3aMMHOE PACIIOOXEHNeE
YaCTHUII, HO HE MX pa3Mephl.

Ecau mpomoskuTh prcoBaHNe KPUCTAITMYECKON PEeIIeTKH
CsCl, To 0OHapyKUTCS, UYTO OHA COCTOUT U3 MOBTOPSIIOLIMXCSI
ONIMHAKOBBIX CTPYKTYPHBIX €AUHMIL — «KUPIUYUKOB». Takas
CTPYKTYpHasl eIMHUIIA Ha3bIBACTCS I1eMeHMAPHOL AUYEUKOLL.

Y10o0bI MPaBUIBHO HAPHUCOBATh JIEMEHTAPHYIO STYEHKY, HaI0
ITOMECTUTH B €€ LICHTP JIFOOYIO YACTUIIY U PACTIOIOKUTH BOKPYT
HEe moavko baudcatiuiue coceonue 4acmuybl B COOTBETCTBUU C
KOOPAWHAILIMOHHBIM YKUCIOM. HeonmbITHBINM XUMUK (HO HE MbI!)
MpU paccMaTpUBaHUU JIeMEeHTapHoO siueiiku kpuctamia CsCl
(puc. 3.20) MOXeT MPUATHU K BBIBOAY, UYTO B COCAMHEHUU HA
OIVH aTOM XJIOpa MPUXOIMUTCSI BOCEMb aTOMOB Ie3Usl (WU
Ha00OPOT, €CIM HApHUCOBATh AUYCUKY C aTOMOM IIe3UsI B cepe-
nuHe). Ho MBI ¢ BaMu 3HaeM, 9TO 3TO HE TaK: B COCTMHEHHNU
CsCl cooTHolieHue 1e3ust U xjopa 1 : 1, a anemeHTapHas
s;YeiiKa CIYXKUT JUTSI OMMCaHUs CTPYKTYPHBIX OCOOEHHOCTEeM
KpHuCTaljia, a He COCTaBa COeAMHEHUs].

Hna xkpucramia NaCl, rae KoopAMHAaILMOHHOE YKCIIO 6 KakK
IUIST KATUOHA, TaK U JUISI aHWMOHA, DJIeMEeHTapHas sueiika oymeT
BBITJISIAETh MHaue (puc. 3.21). Kaxnoit aeMeHTapHOI suelike
COOTBETCTBYET CBOI CIOCO0 M10MHOI YNAKOBKU.

DnemeHTapHoi sueiike NaCl
COOTBETCTBYET epaHeueHmpupo-
eaHHas Kybouueckas ynakoBKa, a
PaCCMOTPEHHOM BHIIIE SYECHKE
kpucrtauia CsCl — obsemHoyen-

mpupoeanHas Kyoudeckas yna- ‘ Na*
koBKa. Ha3BaHMs1 ynmakoBOK To-
BOPSIT CaMU 3a Ce0s1: y TpaHelIeH- k Cr

TPUPOBAHHOM €CTh YacTUlla B

LICHTPe KaXIoil TPaHU Ky0a, &y py.. 327 Dremenraphas sueii-

O00bEMHOLEHTPUPOBAHHOM —  , kpuctauia NaCl. Koopau-
qacTula HaXOOUTCA B LEHTPE  HaMOHHOE YKUCIO 6 IO HATPUIO
KyOa. U TI0 XJIOpY
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CylIiecTBYIOT 1 ApYyrue crnocodbl MIOTHOU ynakoBku. MH-
TEPECHO, UYTO BUIbI TUIOTHBIX YIMAKOBOK U 3JIEMEHTapHbBIX
s;'YeeK YHUBEPCAJIbHBI, TO €CTh MOTYT BCTPEYaThCs B JIOOBIX
KpHCTauIaX — MOHHBIX, MOJIEKYJISIpDHBIX M T.1. OT criocoba
TUIOTHOM YIMaKOBKU 3aBUCUT (hopMa KpUcTaliia. A LIBET, IpOY-
HOCTb, TeMIIepaTypa IJaBJieHUs] U MHOTHE Ipyrue (pu3ndeckue
CBOICTBA 3aBUCSIT OT YACTHI], KOTOPbIE COCTABJISIIOT KpUCTAJI-
JIMYECKYIO PeIleTKY, U crmocoda UX CBSI3bIBAHMS APYT C IpY-
TOM.

DTO MopoxKaaeT MHOrooopasue (opM KpUCTAJLJIOB, KOTOPHIE
HEpEeAKO OYeHb KpacuBbl. YTOOBI KpUCTAJLI «IIOKa3adl» CBOIO
HacTOSIYI0 (OpMY, OH IOJKEH OBITb MOHOKPUCAANOM — TO
€CTb 00HUM KPUCTAIJIOM, BO BCEM 00beMe KOTOPOTro KpUcCTas-
Jinyeckas penieTka He uMeeT AedeKToB. BoJbIIMHCTBO Kpu-
CTaJJIOB, C KOTOPHIMU MBI CTAJIKMBaeMcs B ObITY (TTOBapeHHast
COJIb), — 3TO HOAUKPUCINAAAbL, TO ECTh MHOXKECTBO CPOCIIMXCS
MEJIKMX KPUCTAJUIOB, KOTOPHIE 10 BHEITHEMY BUIY WHOTIA
TPYAHO OTJUYUTH OT OOBIYHOTO MOPOIIKAa KAaKOTO-HUOYIb
amopuoeo (He KpUCTAIMUECKOIr0) coeluHeHus. B TopHbIX
MMHepajax MOHOKPUCTALIbI BCTPEYAIOTCsl MOTOMY, YTO MpPU-
poia uMelsia JOCTaTOUHO BPEMEHU ISl BhIpAIIMBAHUST TaKUX
KPUCTAJUIOB OYKBAJIBHO MO «4aCTUYKe» — M3 PacIulaBOB WU
pacTBOPOB IIIy0OKO B Helpax 3eMilu, Tae TeMIiepaTypa, JaBje-
HUE U Jpyryue BHEIIHUE YCJIOBUS MEHSIIMCh OYeHb MEJIEHHO.

Mup KpuUCTaaJ0B HACTOJbKO KPAacHUB, YTO JaxXe OOBIYHO
cIep>XaHHbIE YYEHbIe-XMMUKU UHOIA OMUCHIBAIOT €r0 HE CY-
XMM SI3IKOM HayYHBIX CTaTeil, a cKopee MO3TUYEeCKMMU KaTe-
ropusiMmu. [TocMoTpuTe, ¢ KaKUM BOCXMIIEHUEM MUIIET O
CTPOEHUM KPUCTAJIOB HOPBEeXCKUiT XxuMKK KOxan PorrT:

«IIpencraBbre cedbe ABECTU 3aMedyaTebHbIX CKpUIlayei,
WUTpaIOLIMX OJHY U Ty € IMbeCy Ha MpPeKpacHO HACTPOEHHBIX
WHCTPYMEHTaX, HO He B YHUCOH. Pe3ynbrar Oymer He U3 Mpu-
SITHBIX, Y JaXKe YEJIOBEK C XOPOILUM CIYXOM He MOHMET, YTO OHU
WUrpaloT. AHAJIOTUYHYIO MY3bIKY M3IaI0T MOJIEKYJIbI T'a30B, XKW/ -
KOCTe#1 1 OOBIYHBIX TBEPABIX TeJI ... B OTIMUME OT 3TOro KprcTasul
MoJa00EH OPKECTPY, PyKOBOAMMOMY OJIECTSIINM JUPVKEPOM; 32
JIBUDKEHUSIMU IUpPUXKepa CIEIST Iia3a BCEX MYy3bIKaHTOB, U BCE
CMBIUYKM TTOBUHYIOTCSI KaXKIOMY MaHOBEHUIO €ro pykH... s
MEHS My3bIKa (PU3MUYECKUX 3aKOHOB 3BYYUT CAMbIM IOJHBIM U
CUJIbHBIM aKKOPIOM MMEHHO B 00JIaCTU HAyKU O KpUCTaJLIax».
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HnTepuer:

Munepanorndeckuii myseii um. A.E. ®epcmana PAH: www.
fmm.ru, pa3aensl «KOJUIEKLIMK» U «Tajiepest», Moapa3ae «KpH-
CTaJLIBI».

3agaum K rase 3

3.28. HanuiuuTte MojeKyasspHble (OPMYJIbl CICAYIOLINX
COCIUHEHUM:

H H—0
| \ PO
H—Sll—H S=0 Mg\O Cc=0 H:C::C:H
/
H H—0O

3.29. Hammummre dhopmyiel JIbionca Ij1st aTOMOB WUTA MOHOB:
Cl, CI, Ca’*, Ar, $*.

3.30. Hanumute dpopmynsl JIbtonca ains monexkyn BaCl,,
CS, (B aTOI MOJIeKyJie HEeT CBsI3u S—S).

3.31. CocTraBbTe 110 BaJICHTHOCTSIM MOJIEKYISIpHBIE (DOpMy-
JIbl COeIMHEeHult: a) anmoMuHus Al ¢ kuciaopoaoMm, 6) pocdopa
P (V) c xucnoponom, B) xenesa Fe (IT) ¢ cepoit S (II), 1) xe-
ne3a Fe (I1I) ¢ kucmopogoM.

3.32. IIpenckaxuTe BaJIeHTHOCTb 37eMeHTa (panuus (Fr,
3apsia sapa Z = 87) Mo ero 3J1eKTPOHHON dhopmyiie.

3.33*. TeopeTryecKU MPeaCKAXKKUTE MOCTOSIHHYIO I ITEPEMEHHYIO
BaJICHTHOCTb Yy 3JieMeHTa cejieHa Se (3apsn sinpa Z = 34). s 060-
CHOBaHUS UCHOJIb3yiATEe OPOUTANIBHYIO AUArPaAMMY BaJe€HTHON 000-
JIOYKH CeJIcHA.

3.34. KBap11 1 mecok npeACcTaBIsIIOT COOOM OKCUI KPEMHMUST
Si0,. Kakoe 310 coenvHeHre — MOHHOE WY MOJISIPHOE KOBa-
JieHTHoe? JJisl peleHusl BOCIOIb3yHTECh TabIULIe 2J1eKTPO-
OTPULIATEJIbLHOCTENA.

3.35. Kakoe 13 IByX COeIMHEHMI KOBAJIGHTHOE, a KAKOE —
nossipHoe kopaneHTHoe: F—F, CI—F?

3.36. Xnopun Hatpus NaCl pacTBopuM B Boze, €T0 TeMIIE-
patypa taBierus 801 °C. @ocohun amommuus AlP HepacTBo-
puM B BOJe, ero TeMiiepaTypa mjaBiaeHus 6osiee 1700 °C.
OOBsACHUTE pa3Inuus B (PU3NUYECKUX CBOMCTBAX ITUX COCOU-
HEHUI ¢ TOYKU 3PEHMST CTPOCHUS MX KPUCTANTUYECKUX pelie-
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Tok. Kakoit Tun kpucraminue-
CKOI1 pelieTKy (MOHHas1, aTOMHasl,
MeTaJUTnYecKasi, MOJIEKYJISIpHas)
HauboJjiee BeposiTeH 11t pochuaa
amoMuHuA? Benuka nmu pasHuna
3JIEKTPOOTPULIATEIBHOCTU MEXIY
amoMuHIeM U gochopom?

3.37*. Ucrtopuss B KapTHUHKAaX
(puc. 3.11) umena npoaosxenue. He
ycrea XJIop HaurpaThesl 3JIEKTpOHA-
MM, KaK B «JIeTCKUI cal» MPUILIU,
Jiepskach 3a pyKH, IBa OpaTa-xyJauraHa
U BCE UTPYIIKU-3JTEKTPOHBI MUTOM
okazanuch y HuXx. Kro atu 6parbs-pazooiinuku? [lpuaymaiite mist
HUX XUMHAYECKYyI0 opmyy (IIoacKa3Ka: 3TO IByXaTOMHasi MOJIEKYJIa).
Hanuiuiure ypaBHeHUE XUMUUECKON peakiMM ¢ ydacThueM Oemposiar
Hatpus, Xinopa u 6parbeB-xyauraHoB. KTo B 310l peakiium — BOcC-
CTaHOBUTEJb?

3.38. OnHaxael FOx momo3gHa 3acuaelics B JabopaTopuu U
3axoTes ecThb. B 1mikacdy oH Halllea ToJbKO OaHKY C OBCOM,
KOTOPBIM KOPMWIM JJabopaTopHoro nomnyrasi. CBapuB OBCSHYIO
kamry, FOx o6Hapyxwi, 94To B 1a00OpaTOpun HET HU KPOIIKHU
conu. B monckax XoTh KaKOW-HUOYIb CKISTHKM C 3TUKETKOMU
«NaCl» oH HaTKHYyJICSI Ha OAJUIOHBI C HEOHOM 1 aproHoMm. U Tyt
ero ocenmno: «Eciau Na* mMeeT 2JIeKTpOHHYIO 000JIOUKY HEO-
Ha, a Cl” aproHa, To CMECbIO 9TUX JBYX I'a30B MOXXHO BIOJIHE
MOCOJIMTB Kallly!» BeIcTpo mpucoennH1B OAIJIOHBI K KacTpioJie,
IOx Havan npoOyIbKUBaTh paBHbIE OOBEMbBI HEOHA M aproHa
CKBO3b Kallly, OMHOBpEMEHHO IIpoOys ee JoxKoii. K ero riy-
0OKOMY pa309apoBaHMIO, Kallla 0Ka3ajlach HE COJICHOM, XOTS
BCs OBIJIa HAITOJTHEHA ITy3bIpbKaM1 HeOHa M aproHa. B pe3yib-
TaTe y>KUH CheJ TOIyTai.

Kakwue ase cepbesHble omnodku gonyctua FOx? OgHy u3 HUx
MOT OBl OOBSICHUTh XUMUK, a IPYTYI0 — MHXEHEP IO TEXHUKE
0€30MacHOCTH.



Thaea 4

MEPMOIUYECKUI 3AKOH
N ITEPNOINYECKAA TABJINIIA
AN MEHIE/IEEBA

§4.1. DaekTponnbie 000J10YKH ATOMOB
u Ilepnoauyeckuii 3aKon

Tenepp, Korma Mbl yMEEM COCTaBJSATh 3JIEKTPOHHbIE (hop-
MYJIBI CaMbIX Pa3HbIX 2JIEMEHTOB M 3HA€M OCHOBHBIE THIIbI
XUMMYECKON CBSI3U, MOXKHO CPaBHUTb 2JIEMEHThI MEXIY COOO0M
U BbIOpaTh CpPeIM HUX T€, KOTOPbIe MPOSIBISIOT MOXOXUE XU-
MMUYECKME CBOKCTBA.

O KaKux CBOMCTBaX MOUAET peub? DTO MOXKET ObITh BaJICHT-
HOCTb, CTETIEHb OKUCICHMS, TUIT XUMHUECKOU CBSI3H, GOpMy-
JIbl COEAMHEHUI ¢ BOMOPOJIOM U KHCIOPOAOM, OKUCIUTEIbHbIE
U BOCCTaHOBUTEJIbHbIE CBOMCTRBA.

Mpul yXe 3HaeM, YTO XMMUYECKHUE CBOMCTBA BJIEMEHTA
OIpeAeISIIOTCSl €r0 BHEIIHEH 3JeKTPOHHOI obosioukoit. [1o-
CKOJIbKY UMEHHO 3T BHEIIHUE 3JEKTPOHBI OTBETCTBEHHBI 3a
oOpa3oBaHue CBA3EH C APYTMMU aTOMaMU, TaKUe DJIEKTPOHBI
Ha3bIBAIOTCSl BAJICHTHBIMU DJIEKTPOHAMMU.

BribepeM cpenu 371€eMeHTOB Te, KOTOpble UMEIOT TTOXOXKHe
BaJICHTHBIE 000J104KU. J1JIs1 3TOro HaM IOTPEOYIOTCS AJIEKTPOH-
Hble (hOPMYJIBI, KOTOPbIE BBl yMeeTe COCTaBJISITh UCXOAs U3
yucja 3JeKTPOHOB B aTOMe (a MX YMCJ0, KaK Bbl TOMHUTE,
COBIAAET C 3apsIOM SIApa).
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Bonmopon H (3apsin sinpa Z = 1) uMeeT BaJIleHTHYIO 0001049~
Ky ls'. AHaJIOrM4YHYIO BaJICHTHYIO 000JIOUKY, TOJBKO Ha GoJiee
JIaJIeKOM OT Siipa YpoBHe 2s', umeeT aneMeHT autuit Li (Z= 3).
BaneHTHyl0 060710uKy 3s' uMeeT anemeHT Hatpuii Na (Z=11),
BaJIEHTHYIO 000104Ky 4s' — snemenT kammii K (Z = 19), 060-
704Ky 5s' — pyounuit Rb (Z = 37), o6om0uky 6s' — nesnii Cs
(Z = 55) u, HaKoHell, caMyl0 YIaJIeHHYIO OT siapa BaJ€eHTHYIO
0060JI04Ky Takoro tuna 7s' umeer snemeHT dpanuumii Fr (Z =
= 87) — tabnuua 4.1.

Tabnuuma 4.1
OmHa |3 rpynm 3JeMeHTOB ¢ OX0KUMH BAJEHTHHIMA 000I09KAMH
DJIleMeHT 3apsa saapa, Z BajnenTtHas o6oouka
H 1 .. 1s!
Li 3 .28
Na 11 .35t
K 19 ..4s!
Rb 37 ..5s!
Cs 55 ...6s!
Fr 87 s

Bce 311 371 MeHTBI JOJKHBI UMETh CXOAHbIE XUMUYECKUE U
¢usnueckue cpoiictBa. Bo-mepBbIX, OHU JOJKHBI ObITh 00HO-
8a/1eHMHbL, TIOTOMY YTO MOTYT OTIAaBaThb C BHEIIHETO YPOBHS
TOJIbKO 00UH 3JIEKTPOH ISl 00pa30BaHUsI 00HOI TIaphbl 3JEKTPO-
HOB, MOJEJICHHOM C aTOMOM KaKOTO-HUOYIb IPYTOro 3je-
MEHTA.

Bo-BTOpHBIX, BCe mepeuncaeHHbIE 3JIEMEHThI JOJXKHbBI OXOT-
HO omdaeéams CBOUM €IUHCTBEHHBIN BHEIIHUU 3JIEKTPOH B
XMMUWYECKNX peaKLUsIX C IPYTUMH aToMaMu. JIelCTBUTENIBHO,
IIJISE HAX 3TO CaMbIil OBICTPBIA MYTh IPUOOPETEHNS 3aBEPIICH-
HOM 3JIEKTPOHHOI 000710YKHU, ITOJOOHOI BHEIIHEW 000JIOUKE
OIHOTO M3 MHEPTHBIX ra3oB. HampuMep, MeTaylsT1 HaTpuid g0a-
JKEH JIETKO MpeBpallaThcsl B MOHBI HaTpust Na*:

144



Na - le” = Na*
2s% 2p° 35! 2s% 2p® — 06osouKa MHEPTHOTO raza Ne
152 15

MHubiMu cioBamu, Bce TiepevyrciieHHbIe B Tabaule 4.1 ane-
MEHTBI TOJKHBI OBbITh XOPOIIUMU 80CCMAHOBUMENSIMU, JIETKO
OTIAIOIIMMU CBOU 3JEKTPOHBI OKUCAUTENSIM. B cBoux coenu-
HEHUSX C IPYTMMU 2JIEeMEHTAaMU OHM, KaK yXe OTMeJaoCh
BBIIIIE, JTOJDKHBI OBITH OMHOBAJICHTHBI, 4 B MOHHBIX COCIUHE-
HUSIX CYIIECTBOBATh B BUIE OMHO3APSIIHBIX NOAOICUMENbHBIX
noHOB. Yale Bcero MX CTeleHb OKUCICHUS HOKHA OBITh
paBHa +1. [Tokaxem 3TO Ha MpUMepax U3MEHEHUsI CTereHel
OKUCJIEHMSI B OKMCIUTEIbHO-BOCCTAHOBUTEIbHBIX PEAKIIUSIX C
yuyactueM Na u K:

0 +1 0 +1
2Na + 2H,O = H, + 2NaOH
N—

e

0 0 +1-1
2K + Cly = 2Kl
A 4

e

B-TpeTbux, caMmu 3T 2JIeMEHTBI 1OJKHbBI ObITh MEMaliamu,
MOTOMY YTO X aTOMbI MOT'YT CBSI3bIBAThCSI MEXKAY COOOM TOJb-
KO Memanau4eckoli cea3vi0. Kak Bbl IOMHUTE, MaJIO€ YMCIIO
BQJIEHTHBIX 2JIEKTPOHOB HE Ja€T BO3MOXHOCTU aTOMaM 3Jie-
MEHTa CBSI3aThbCSl MEXIY CO0OI oxmemmubiMu, 3aBEPIIEHHBIMU
MOJIEKYJISIPHBIMU 3JIEKTPOHHBIMU 000JIOUKAMU, TTO3TOMY OHU
00pa3yl0T MOHHYIO KPUCTAJUTMYECKYIO PEIIETKY, KOTOPYIO OMBbI-
BaeT «3JIEKTPOHHBIN ra3d» (MMEHHO TaKoW BUI XUMMHYECKOM
CBSI3M Ha3bIBACTCSl METAJLTMYECKOM CBSI3bIO).

HcxnoueHne QOMKEH COCTaBISITh 6000pod — eMy [0 3a-
BEPLIEHHOM 3J1eKTPOHHOI 060J0uKHM 15’ He XBaTaeT BCETO
OJIHOTO 3JIEKTPOHA, TO3TOMY aTOM BOIOPO/a 00pa3yeT C IpyruM
aTOMOM BOJIOpO/ia HE METaJUTMYECKYI0, a OOBIKHOBEHHYIO KO-
BaJleHTHYI0 cBsi3p H:H,

Takum oOpa3oM, HECMOTPSI Ha HEKOTOPbIE pa3andyus B
CBOICTBax, BCE DJIEMEHTHI U3 TabauIbl 4.1 MOXHO CUMTATh
OIIpeeICHHON epynnoil CXOXUX MeXIy co00il 3JIEMEHTOB.

Ho B aTOM citygae 3agagumcst BorpocoM: eciu Li (Z=3) u
Na (Z = 11) aBasiloTcst 00HOMuUnKHbIMU 3JI€MEHTaMU, TO UTO
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MPOUCXOOUT «Ha MyTH» OT Li K Na, To ecTb Ipu Bo3pacTaHUM
3apsaa sapa ot 3 go 11? Kakue cBolicTBa MMEIOT 3JIEMEHTHI C
Z=4,5,6,..., 10?

Oka3pIBaeTcs, CBOMCTBA 3TUX DJIIEMEHTOB MEHSIOTCS HO-
cmeneHHo — IO Mepe 3allOJIHEHUS BHEIIHUX BJIEKTPOHHBIX
000J10YeK BCE BO3pacTarolIMM YUCIOM 3J1eKTpoHOB. Ho Tosb-
KO 0 ompeaejieHHOro npezaeial DjeMeHT ¢ 3apsaoM siapa
Z = 10 (MHepTHBIN ra3 HEOH) yXX€ OYEeHb CUJIBHO OTJIMYAETCS
110 CBOMM CBOMCTBaM OT 3jieMeHTa Li, Ho OyKBaJIbHO CJeAylO-
Ui 3a HeoHOM 3jieMeHT Na (Z = 11) aBisgeTcss XuMUYeCKUM
aHanoeom nuTus!

DTO sIBJIeHUE JIETKO OOBSICHUMO C TOUKU 3PEHUSI JIEKTPOH-
HOTO CTpOeHUsI aTOMOB. [{eiicTBUTENBHO, €CN 3JIEKTPOHHbIE
YPOBHU 3aIOJHAIOTCS OT 2JI€MEHTa K DJIEMEHTY HOCIMeneHHO,
TO paHO WJIM MO3IHO JIEKTPOHHBIE KOH(PUTYpAIIMX BHEITHUX
3JIEKTPOHHBIX 000JI04eK JOJIKHBI #06MOpambCs. A pa3 Tak, TO
JIOJDKHBI TIOBTOPSITHCST M XUMUIECKNE 0COOEHHOCTH B MOBEIE-
HUM BJIEMEHTOB.

ITosichHuM 3TO pucyHkoM 4.1 Ha mpuMepe 2JIEeMEHTOB OT
Z =3 (Li) no Z=11 (Na) u nanee go anementa ¢ Z =19 (K):

3 4 9 10 11 12] 17 18 19

- O|@®@|® |6 @®|©®

2s! 257 2s22p5 2s22p6 3s! 35 3s23p5 3s23p6 4!

A A A
. . .
AKTUBHBIN AKTUBHBIN AKTUBHBIN
MeTasl, MeTasuI, MeTaJ,
BOCCTaHOBUTEJb HEMETALL, p66crapoBuTEND HEMETALL, - g6 ccranoBuTeNb
CUJIbHBIN CUJIbHBIN
OKUCJIUTEJb OKUCJIUTEIb
WHEPTHBIN VHEPTHBIN
ra3 ra3

Puc. 4.1. Tlepyoanyeckasi 3aKOHOMEPHOCTh B UBMEHEHUU XUMUUYECKUX
CBOMCTB 3JIEMEHTOB MPU PACITOJIOXEHUN B PSII DJIEMEHTOB C 3apsiIoM
aapaor Z=3 10 Z=19

Takum 06pa30M, B UBMEHEHMU CBOMCTB 3JIEMEHTOB Ha0JI10-
JacTCA oNnpeacjaCHHaA nepuoaunﬂocmb, KOTOpasd BbIpa>KacTCd B
TOM, YTO ITIO ME€PEC 3aIIOJITHCHUA 3JICKTPOHHBIX 000J104€K c80ii-
cmea 31emMeHmos nepuo&uttecxu nOBMOPAOMCA.
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PazymeeTcsi, peub He UAET 00 aOCOJIOTHO TOYHOM IMOBTO-
penun. Hanmpumep, y Kaausi BAJIGHTHBIN 3JIEKTPOH HAXOIUTCS
ropasio Jajblie OT siapa, YyeM y HaTpus U y qutus. [Toatomy
Kajnnuii — 6oJjiee aKTUBHBINA BOCCTaHOBUTENDL. OH Jierye oTnaet
CBOW BHELUHUI 3JIEKTPOH APYTUM 3JIEMEHTaM I10 CPABHEHUIO
C HATpUEM U JIUTHEM. DTO MOXKHO HaOJII0IATh 1 B OIbITE: KaIui
0oJjiee OypHO pearupyer ¢ BoAol (MOCMOTPUTE OMBIT «a» B
KoHIIe Taparpaca). TakoBbl pa3anyus y OMHOTUITHBIX SJIEMEH -
toB: Li, Na, K.

Hrak, B psiay ot autus g0 Kanus (puc. 4.1) cBoiicTBa a7e-
MEHTOB MOHOTOHHO M3MEHSIIOTCS U nepuoouyecky TIOBTOPSIIOT-
cg. Hatpuit u Kanuii mOBTOPSIIOT CBOMCTBA JWTUSI, MarHuii B
YeM-TO MOBTOPSIET CBOMCTBA OEpUJLINS, XJIOp ITOBTOPSIET CBOM -
cTBa (bTOpa, a APrOH — HEOHa.

Ho, HanpuMep, MarHuii, XJI0p ¥ aprOH CHJIBHO OTJIWYAIOT-
cs1 IpYT OT Apyra Mo XuMU4YecKuM cBoiictBaM. Utak, mepexomst
OT 2JIEMEHTA K 3JIeMEHTY Ha puc. 4.1, Mbl HaOJIOAaEM, UTO UX
CBOICTBa MEHSIIOTCS TTOCTENEHHO OT CBOMCTB aKTMBHOTO Me-
Tajula 10 CBOMCTB MHEPTHOTO Ta3a, HO HEM30eXKHO MepUOIy-
YeCKU MOBTOPSIIOTCSI.

Ceoiicmea 3aemenmos nepuodutecku UsMeHAIOMca 6 coom-
eemcmeuu ¢ 3apaoom a0ep ux amomos.

MblI TOJIBKO 4TO chopmyaupoBanu Ilepuoduueckuii 3aKkoH B
€ro COBPEMEHHOM TPaKTOBKe. DTOT hyHAAMEHTAbHbIN 3aKOH
MPUPOJbI ObLT OTKPBIT BETUKUM pYCCKUM xuMukom JI.1. MeH-
neneeBbIM B 1869 romy — 3am0Jiro g0 M3y4eHUs] CTPOCHUS
aroMa. C nepBoHavaabHOU (hopMyrpoBKoii Ilepronnueckoro
3aKOHa Mbl IO3HAKOMMMCS TTOCJIe TOro, Kak paccMoTpum Ile-
PUOIMYECKYIO TAOJIUILY DJIEMEHTOB.

WHurepHeT:

EnuHas konnexkius uudpoBbIX 00pa30BaTe/ibHbIX PECYPCOB:

http://school-collection.edu.ru — Konnekuuu — Ilpexa-
METHBIE KOJUIEKIMU. XUMUs1i — Heopranumueckast Xumus.
BupneoonsiTel — ...

... > Metamibsl — IlleouHbIe U 1IEI0YHO3EMEJIbHbIE ME-
TaJIbl — 1. B3auMoaelcTBre 1IeJJOYHBIX METAJIJIOB C BOJIOM.
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§ 4.2. Ilepuoanyeckas Ta0,IMIA 3JEMEHTOB

Ilepuonuyeckas Tabiuia 2JIEMEHTOB SBJIsSIETCs Tpaduye-
ckuM BeIpaxeHneM Ilepuommueckoro 3akoHa. CyliecTByeT
Heckoabko opMm Ilepuoanyeckoii Tabauiibl. {aBaiite momnpo-
OyeM Ha OCHOBE BJIEKTPOHHOI'O CTPOEHUSI aTOMOB COCTaBUTD
1okKa He BCIO TabJiuIly, a XOTs Obl €€ YacTb.

HagepHsika MHOTHME U3 Bac yxKe J0rajajuch, YTO TOYHO TaK
Ke, KaK MOXHO OObEeIMHUTb B OJHY epynny dJIEMEHTHI C Ba-
JIEHTHBIMY 000JIOUKAMU TUMA §', 00BEAUHAIOTCS MEXy cOOOi
B JIpyrHe TPYIITLl ¥ 3JIEMEHTHI C TUIIOM 000JI0ueK §%, 1 Jie-
MEHTHI ¢ TUIIOM 000JI04eK s*p! U Tak mainee.

CKOJIBKO K€ MOXKET OBITh TAKUX 2pynH TTOXOXKUX MO0 CBOUM
cBoiicTBaM ayieMeHTOB? JlaBaiiTe monpoOyeM 3anuchbiBaTh
3JIEMEHTBI B CTPOUKY IO Mepe 3arfoJHEHUSI UX 3JEKTPOHHBIX
obosioyex. Ilpu aToM OyneM JenaTh «II€PEHOC» Ha HOBYIO
CTPOKY BCSIKMI1 pa3, Koraa 000JI0uKa YPOBHS 3aIlOJIHIETCS
MOJHOCTBI0. B 3TOM ciiydae 3;1eMeHThI pacmojioXarcs APYT MO
JIPYIOM TaK, YTO B KaXXJI0H BepTUKAJIbHON KOJOHKE OKaXKeTCS
IO TPYIIIe MOXOXMUX MO CBOMM CBOWCTBAM 3JIEMEHTOB
(Tabm. 4.2).

MbI He cTaHeM MbITaThCSl UCITOJIb30BaTh JIJIs 3TOrO BCE U3-
BECTHBIE Ha CETOHSIITHUI JeHb 3JIEMEHThl — Belb I0Ka HaM
BaXKHO TOHSTh JIMIIb O0IlIME 3aKOHOMEPHOCTU MOCTPOEHUS
tabaunbl .. Menaeneena.

DnemeHnT renuii (He), Ha epBbIil B3I, UMEET SIEKTPOH-
Hoe cxoacTBo ¢ bepwneM (Be), marHuem (Mg) 1 KanbuueMm
(Ca), a He ¢ HeoHoM (Ne) u aproHoM (Ar). TeM He MeHee, B
Ttabauue 4.2 renuit Hago nepeMectutsb B VIII rpymiy, Kak 3To
U caejlaHo B Hacrtosiiell Ilepuoanyeckoii Tabauie. Yem xe
3TO 0ObsICHSIETCS?

Jleno B TOM, YTO BHELIHAS 000J10YKa Teaus 1s> — 3aeep-
weHHas 3NeKTpOHHas obojsouka. Ha cienyromiem (BTopoM)
3JIEKTPOHHOM YPOBHE 000J104Ka Oeprutns 25> yKe He SBIIsIeT-
Cs1 3aBEpIICHHOM, MOCKOJbKY 3l1€Ch TOMUMO 2S-TMOAYPOBHS
HY>KHO 3aITIOJIHSITh 3JICKTPOHAMM €Ile W 2p-TIOAYPOBEHbD.

3aBepllieHHbIe 3JIeKTPOHHbBIE 000JOYKM XapaKTEePHBI s
MHEPTHBIX Ta30B, TOATOMY 3JEMEHT I'eIii clieayeT TOMECTUTD
B IPYIIILY, TIIe COOpaHbI BCe MHEPTHBIE JIEMEHTHI C 3aBEPIIECH-
HBIMH 3JIEKTPOHHBIMHU 000JIOUKAMM.
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I'pymnmsl 3J1eMEHTOB

1 | o | wm | v | v | vt | v |vin

5 6 7 8 9 10
6op yrIepon asor KHCITOPOI drop HEOH
B C N o F Ne
10,81 12,011 14,0067 15,9994 18,9984 20,179
13 14 15 16 17 18
ATIOMUHMIL KpeMHHii dbocdop! cepa X70p apron
Al Si P S Cl Ar
26,98154 28,0855 30,97376 32,06 35453] 39,948
- - S

Puc. 4.2. Yactsb [lepuoanyeckoii Tabnuubl .M. MeHaeneeBa, mocTpoeH-
Hasl Ha OCHOBAHUU NaHHbIX TabaULIbI 4.2

Tabymua 4.2 oka eille JUIIb OTAaJeHHO HartoMuHaeT Ile-
puoandeckyoo tadauiry snemeHToB .M. Menneneena. [daBaii-
T€ MPUBEIEM €€ K 0oJjiee TPUBBIYHOMY JUIST XUMUKOB BUIY
(puc. 4.2). MBI 1IoJlyuuM TOJBKO 4YacTh [leproanyeckoii Ta-
onuupl 31emMeHToB .M. MeHneneeBa, HO OHA YK€ CONEPXKUT
MHOTME BaXKHBIE IETaJIM, B KOTOPBIX HAM HEOOXOIMMO pPa3o-
Opathbcsl.

ITopuzonmaavnvie cmpouxu Ilepuoduueckoii mabauyvt Ha3vl-
earomcsa nepuodamu, a 6epMUKALbHbIE — ZPYINAMU.

B rpynmnax cobpaHbl 371eMEHTBI ¢ TIOXOXUMU XUMUYECKUMU
CBOIICTBaMHU, a B MepUoJaX XMMUYECKHE CBOMCTBA MOCTEIIEHHO
U3MEHSTIOTCSI.

Ecnu cpaBHUTBH MeXIy OO0 31eMEHTBI pa3HbIX TIEPUOIOB,
TO MOXHO OTMETUTh BaxKHYIO OCOOEHHOCTb.

Homep nepuooa, 6 komopom naxodumcs 3aemenm, coenaoaem
C HOMEPOM e20 6aaeHMHOU 000404KU. Dma ealeHmHaAs 000404KaA
HOCMENeHHO 3aN0AHACMCA 0N Ha4a4a K KOHUY nepuood.

B sToM 3akmogaeTcst pU3MUECKUIT M XUMWIECKUAMN CMBICT
HoMepa nepuoga. Kak ke M3MEHSIIOTCS CBOMCTBA 3JIEMEHTOB
omgHOTO Iepuoaa’?

B neBoif 9acTH TIepUOAOB 3JIEMEHTHI IIPOSIBIISIOT SIPKO BBI-
pakeHHBIE BOCCTAHOBUTEIbHBIE CBOCTBA. BONBIIMHCTBO U3
9TUX 3JIeMEHTOB siBiIsiIoTcs Metayutamu (Li, Na, Mg, Ca).
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B npaBoii yactu cobpaHbl TUMIMYHbBIE HEMETAJLIbI, 0bJia-
Jarolve oKucauTeabHbiMu cBotictBamu (O, F, ClI).

B cepenuHe nepuomoB pacliojararoTcs 3JeMEeHTHI, 00Jia-
JAIOIINe KaK BOCCTAHOBUTEIBHBIMU, TaK M OKUCIUTEIbHBIMU
CBOMCTBAaMU. DTH OKUCIUTEIbHBIC MM BOCCTAHOBUTEIBLHBIC
CBOWICTBA 3aBUCSAT OT TOTO, C KAKMM DJIEMEHTOM OHU pearu-
DYIOT.

Hanpumep, ecnu cepa (S) pearupyer ¢ CUIbHBIM OKHUCJI-
TegeM (KMCJIOPOIAOM), TO MPOSBISIET BOCCTAHOBUTEIbHbBIE
CBOWCTBA:

0 ( +4-2  cTeneHU OKUCJICHUS
S + 02 - SOz
N~
4¢
A TIpY B3aMMOJIEVICTBUM C CUJIbHBIM BOCCTaHOBUTENIEM (Ha-
MpuMep, € XKeJIe30M) cepa UrpaeT PoJib OKHUCIUTENS:

0 0 +2 =2 CTETICHW OKMCJICHUS
S + Fe = FeS
~—
2¢
Ilepuonbl 06BEAUHSIOT B ceOe Hecxodcue 0 CBOUM CBOM-
CTBaM dJIeMEHThI. TeM He MeHee Bce Mepuoabl MOAUYNHSIIOTCS
BaXXHOI 0OIIEi 3aKOHOMEPHOCTH:

Kaxcowuii nepuoo Ilepuoduueckoli mabauuvt Ha4unaemcs ak-
MUGHBIM MEMAAI0M U 3AKAHYUGACHCA UHEPIHbIM 2aA30M.

O ToM, KaKoil 3IeKTpOHHBIN MPU3HAK 00beANHSIET 3JIeMEH-
TBI B epynnbl, MBI YK€ 3HaeM: DJIEMEHTBI BO BCEX IpyInax ume-
10T 00UHAK080€e DIIEKTPOHHOE CTPOCHUE BHEUHUX DIIEKTPOHHBIX
000JI0YEeK.

Homep epynnut coenadaem c uucaom 6a1eHmMHbIX I1EKMPOHOE,
KOmopble MO2Ym y4acmeosams 6 00pa3o8anuu XumMu4ecKux c61-
3eil.

IToaTOMY HOMED TPYIIIBI YACTO COBIIAIAET C BaJICHTHOCTHIO
aneMeHTOB. HanmpuMmep, HoMep TpymIbl COBIIaJaeT C BaJeHT-
HOCTBIO S-3JIEMEHTOB M ¢ HAMOOJIbIIIEH BO3MOKHOM BaJ€eHTHO-
CTBIO p-3J1IeMeHTOB. B 3TOM 3akiodaeTcst pu3nIecKuii CMBICT
HoMepa epynnul.
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Hexotopbie rpynnbl [lepuoanyeckoil Tabauibl UMEIOT
TpaguLMOHHbIe Ha3BaHUS (Tabnuia 4.3). DieMeHThI | rpymnmnsl
(3a UCKJTIOYEHUEM BOAOPO/IA) HA3BIBAIOTCS UeA04HbIMU METAI-
J1laMu, 37eMeHTHI 11 rpyrmel — wesounozemenvHoimMu METaJIIAMH,
snemeHTsl VI u VII rpynm — xanskoeenamu n earocenamu.
O IpOMCXOXIECHUN TaKUX TPATWIIMOHHBIX Ha3BaHUI MBI yVKe
JIN00 pacckasbiBaiu (HalpuMmep, o0 61a20pooHbiX eazax), 1bo
elle pacCKaXeM B INIaBaX, KOTOPbI€ CMEeLaTbHO MOCBSIIEHbI
STUM DJIEMEHTaM.

CremyeT paccka3aTh 0 HECKOJBKO 0COOOM TTOJIOXKEHUU BOIOPOIA
B Ilepuoauyeckoii Tadbnuie. Bonopon nuMeeT 371eKTPOHHYIO KOH(pU-
rypaumio 1s'. Dromy snementy B [leproauyeckoii TabauLe B paBHOIA
CTENMeHU TOAXOAUT MecTo U B | rpymme (rme meaoyHble MeTallbl
MOTYT JIETKO OTHaBaThb CBOM €IMHCTBEHHBIN S-3JIEKTPOH), TaK U B
VII rpymme (roe s1eMeHTaM JTOCTATOYHO IPUHATH 1 3JIEKTPOH IJIst
3aeepuieHus BHelIHel o0osioukn). [ToaToMy Bomopoa (popMaibHO
MOXHO MOMECTUTH B JItOOY10 U3 3Ttux rpymnm. O6a BapuaHTa OyayT
MPaBUILHBIMU.

Taonuuma 4.3
IpynnoBbie HA3BAHUSA JIEMEHTOB
Ipymma Ha3sBanue DJIeMEeHTBI Breusin
obostouka
I Ilenounsie Mmetauiel | Li, Na, K, Rb, Cs, Fr st
I Illenouno3emenbHbie | Be, Mg, Ca, Sr, Ba, &2
MeETaJLJIbI Ra
11 Het rpynnosoro !
Ha3BaHUS
v Het rpynnosoro 2
Ha3BaHUS
v Hert rpynnosoro 2
Ha3BaHUS
VI XaJIbKOTeHbl 0, S, Se, Te, Po sp*
VII | TanoreHs! F, Cl, Br, I, At s°p’
VIII | BraroponaHblie ra3b Ne, Ar, Kr, Xe, Rn s%p°
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Kaxnmasa kiertouka Ilepuoandyeckoil TabauIIBl HECET
ornpeneleHHyl0 MHdopMalnio 06 3jeMeHTe, KOTOPYIO Haao
yMeTb ynTath. Bo MHOrux nznanusx Ilepuoanyeckoii Tadam-
LBl S-, p-, d- W f~-3]IeMEHTHI BBIACISIOT Pa3HBIMU IIBETAMMU.
IIBeTa HOCST BcrioMorareabHbIi XapakTep U B pa3HbIX M3-
JaHUSIX TAaOJULBI MOTYT ObITh pa3HbIMU. Ho BBl JOJKHBI
OJMHAKOBO XOPOIIIO OPUEHTUPOBATHCS U B UepHO-0Oesoi
Tabnuie.

PaccMoTpuMm Kakyio-HUOYOb OTAEIbHYIO KIeToukKy Ilepro-
audeckoi Tabnuiibl. [Ipexae Bcero HaliaeM JaTUHCKMIA CUMBOJT
U PYCCKOE Ha3BaHUWE dJieMeHTa. 3[eCh XK€ MPUBOIUTCS TaKasl
BaXkHasl XapaKTepUCTUKa 3JIEMEHTa, KaK ero OTHOCUTEJIbHas
aToMHas Macca (aTOMHbIN Bec). B kiieTouke Mbl TakKe 00s13a-
TeJbHO HaliieM 4rciio, obo3Havaroulee 3apsia sapa Z.

3apsao adpa Z cosnadaem ¢ nopsa0K06bIM HOMEPOM IAeMeHma
6 Ilepuoduueckoii mabauue.

MHorue 13 Bac HaBepHIKA 3aMETUJIN, YTO CPEIH TTOPSIIKO-
BbIX HOMEPOB 3JIeMeHTOB OT 1-r0 10 112-ro B [lepuonnyeckoit
TabaMlIe HET IepephbiBOB. DTO O3HAYAET, YTO BCE I'PSAYIINC
OTKPBITUSI HOBBIX 2JIEMEHTOB BO3MOXHBI TOJIBKO TSI 2JIEMEH-
TOB C TMOPSIAKOBBIM HOMEpOM Oouibiiie 112, a Bce KIETOUKHM C
MEHBIIMMU HOMEpaMHU YXe 3alloJHEHBI M 3[1eCh HE CleayeT
OXHIAaTh OTKPBITUI KaKMX-HUOYIb HOBBIX 3JIeMEeHTOB. [0 110-
seieHns [leprmomnyeckoit TaOIUIIBI 3TO BITOJHE SICHOE HaM C
BaMU OOCTOSITEJILCTBO COBCEM He ObLIIO OUYEBUAHBIM, U TTOUCKU
MHOTHUX HOBBIX 3JIEMEHTOB BEJIMCh XUMUKAMU MPaKTUYECKU
BCJICIIYIO.

CoBnajaeHue 3apsioB saep Z ¢ NOPSIAKOBBIMU HOMEPaMU 3JIEMEH -
TOB SIBJISIETCS Upe3BbIYaliHO BaXHBIM (pakToMm. [lepronuyeckas Ta-
osmma 6n1a cocrasieHa .M. MenneneeBsiM B 1869 romy, a 3apsiibl
sIep aTOMOB 3JIEMEHTOB HayYWJIMCh ONMPEAessiTh TOJbKO B 1914 rony.

CoBnazieHre TOBOPUT TIpeXIe BCETO O TOM, UYTO Tepel HaMu He
MPOCTO OJMH U3 CIIOCOOOB CUCTEMATU3ALIMU JIEMEHTOB (TaKUX ObLIO
HeMajo B UCTOPUU XUMHM), a yHAAMEHTAIbHBINA 3aKOH TTPUPOIHI,
3anucanHbiil .M. MenaeneeBsiM B Bune [leproanyeckoil TabIMIIbI.

B kadecTBe TIprMepa pacCMOTPUM KJIETOUYKY TOA HOMe-
poM 12 — ee 3aHUMaeT ayeMeHT Marauii (Mg). Marauii ume-
€T IIOPSIIKOBHIN (aTOMHBIIT) HOMep 12 1 Takoii Xe 3apsia siapa Z.
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Ero otHocuTenbHas aToMHast Macca (aTOMHBIN BeC) COCTaBJIsI-
et 24,305.

Maruuii — s-s7aeMeHT, Haxoasiuiics Bo 11 rpyre, moaTo-
MY OH JIOJIXKEH OBbITb Memaniom (Bedb BCeM MeTajiaM AaleKo
JIO 3aBepIICHNS BHEIIIHETO 3JIEKTPOHHOTO ypoBH). Ero BaneHT-
HOCTb B COCIUHEHUSX C IPYTUMU DJIEMEHTAMU JOJDKHA OBIThH
paBHOI HoMepy rpymbl, To ecTh II. Hampumep, dopmyna
COEIUHEHUS] MarHus ¢ KUCJIOPOIOM (OKCHUAA MAarHUsI) JOKHA
OBITH Takoit: MgO.

ITo cBOMM XMMHUUYECKUM CBOMCTBAM OJIVKAMIIMMU aHAJIO-
raMu MarHus sBjsitorcs ero cocenu 1o II rpymnne Ilepuoauye-
cKoit Tabmumnbel — Oepmwumii (Be) n kanpumii (Ca). Oba oHI
JIBYXBaJICHTHBI, a (h)OPMYJIbl UX OKCUIOB COOTBETCTBeHHO BeO
u CaO.

DTO MU YacTh MOJIE3HOW MHGOpMauKu 00 3JIEMEHTE,
KOTOPYIO MOXHO TOJy4YUTh, 3arjsiHyB B [lepuoanyeckyio Ta-
Osuiry.

3anaumn

4.1. Hanuiuure 31eKTpoHHbIE (hDOPMYJIbI BHEIITHUX 000JI04YEK
CJIEMYIONIUX JIEMEHTOB: 1451, 5P, 16S, 17Cl, 34Se, 5, Te. Tpu ane-
MEHTa M3 3TOTO0 Psla SBISIOTCS XUMHUICCKUMH aHaJloTaMU
(TpoSIBJISIIOT MOXOXHKe XMMHUYecKue cBolicTBa). Kakue 3To
3JIEMEHTHI?

4.2. Mexmy coboii peaTMpyIoT 3JIEMEHTHI: a) CypbMa 1 a30T;
0) amoMuHuU# 1 xja0p. He 3anuchiBast ypaBHeHUI peakinii,
YKaXKUTe B KaXKIOW U3 3TUX Map OKUCIUTENIb U BOCCTAHOBUTEb,
MOJIb3ysICh TOJbKO Ilepuonnyeckoi TabaunLei.

4.3. Kaxaplil U3 nepeuyrcieHHbIX HUXe 3JIEMEHTOB CIO-
co0eH o0pa3oBbIBAaTh MOHBI B XMMHUYECKUX peaKIIUIX.
C nomoipio Ilepuoanueckoit Tabaubl MPEeACKaXUTe 3a-
psabl HauboJee pacnpocTpaHeHHBIX MOHOB Jautus (Li),
crpoHuus (Sr), anromuHus (Al), tutana (Ti), actara (At).
OtBet o0ocCHYyIiTE.

4.4*. CpaBHUTE BJIEKTPOHHYIO KOH(UTYpallUl0 aTOMOB a30Ta U
dbocdopa. Kakyo BaJeHTHOCTb U CTEIEHU OKUCJIECHUS OHU MOTYT
MPOSIBJIATH B XMMUUYECKUX coennHeHusax? [1puBenure hopMysibl coemam-
HEHUI1 3TUX 3JIEMEHTOB ¢ BogopoaoM. [IpuBeaute GhopMysibl UX CO-
C,HV[HCHV[ﬁ C KHUCJIOPOOOM B BBICIIE CTETIEHU OKMWCJICHUS.
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§ 4.3*. InaBHble 1 MOOOYHBIE MOATPYIIIbI
Ieprommueckoii Ta0 MBI, d-3]€MEHTDI

BepnaeMmcs x popmynuposke Ilepuogmyeckoro 3akoHa.

Ceolicmea 3.1eMeHmo6 nepuoouecKu U3MeHsIONCs 6 COONEEnICIeuN
C 3aps0om sa0ep ux amomos.

[TocTerieHHO MepexoAs K aToMaM CO BCE OOJILIIMM U OOJbIIUM
3apsIoM sipa (4, CIeq0BaTeIbHO, CO BCE OOJBUIMM YUCIOM BJIEKTPO-
HOB), MbI HEM30€XHO CTOJIKHEMCSI C 3JIEeMEHTaMM, ¥ KOTOPhIX HauM-
HaeT 3aMoJHATbCS d-TIOAYpPOBeHb. B psiiy 3amosHeHUs MOAypOBHEM
(1s, 2s, 2p, 3s, 3p, 4s, 3d ...) IepBLI BCTPETUBILMIICS HaM 3d-TIOoypO-
BEHb HAUMHAET 3aTIOJTHSTHCS JIEKTPOHAMM T10CTe 45-TTIOMYPOBHSI.

DIIEMEHT C BaJEHTHON 0GOJIOYKOIA ...4s> — 3TO KambLuit ,Ca.
CrnepnoBareyibHO, 2JIEMEHT € 3apsaaoM sapa Z = 21 (ckaHauit ,,Sc)
OyZeT IePBLIM d-3JEMEHTOM C BaJIEHTHOI 060JI0YKOH ...4523d".

[TockoNbKYy CyIIECTBYET MSTh d-opOuTaieil, Kaxaast U3 KOTOPBIX
MOXET BMELIATh TOJIbKO JBa 3JIEKTPOHA, MOCTENEHHOE UX 3aM0JHEHUE
3JIEKTPOHAMU JTOJIKHO IaTh AECITh d-3JeMEHTOB. DTO BUIHO M3 Ta-
Onuiel 4.4, Toe NpUBEACHBI 2J1EKTPOHHBIE (POPMYJIBI 3TEMEHTOB, Ha-
yuHas ¢ ;;Na 10 ,;Sc (rmepBoro d-ajieMeHTa) 1 Jaibllie — 10 AeCSITO-
IO IO CYETy d-3JIeMeHTa LIMHKA 3,Zn. ATOMHbIE HOMepa d-3JIeMEHTOB
B Tabmuiie 4.4 Bblie/eHbl HAKJIOHHBIM IIPUPTOM.

B tpagunmonHoii (ee Ha3bIBalOT KOpoTKoii) ¢opme Ilepuonmue-
CKOM TabJMMILIBI TIePBBIA d-21€eMEHT CKaHIu# (Sc) moraaaeT B KJIEeTOU-
KY, PacroJioXeHHYI0 cpasy 3a KajibliueM (Ca), — TO eCTb B OIHY
epynny c 6opoM (B) n amomunuem (Al).

Ho 60p u amoMuHuMit — p-31eMeHTbl. X XUMHUUYeCKUe CBOMCTBA
He MOTYT OBITh aHAJIOTMYHBI CBOMCTBaM d-3JieMeHTOB. [1oaToMy ckaH-
NIWiA TIOMELEH B 00HoI TpyTire ¢ 00pOM U aJIIOMUHUEM, HO HE MPSIMO
ol CUMBOJIAMU 3TUX 3JIEMEHTOB, a B CTOPOHE — B TaK Ha3bIBaeMOit
nobounoil nooepynne. Tak Xe MPUIIIOCHh MOCTYIUTh U C IPYTUMU
d-snementamu (cM. Ilepuoguyeckyio tadauiy). Utak, CUMBOJIBI
d-371eMEHTOB B KOPOTKOI (popMe MeproanyecKoil Tabauiibl paciosia-
raloT He MOoJl CUMBOJIAMM JIPYTUX 3JIEMEHTOB TAHHOW T'PYMIIbI, a BbI-
JIEJISIIOT B OTHCNIBHYIO H060UHYH0 nodepynny. d-3JIeMEeHTBI TaKXKe BbI-
nesstioT uBetoM. Hammpumep: d-3nementsl TutaH (Ti), mupkonuii (Zr),
rapuuii (Hf) u pesepdopauii (Rf) — 310 a5meMeHTHI noboUHOU noO-
epynnot 1V epynnet. A p-snemenTsl yraepon (C), kpemHuii (Si), repma-
Huii (Ge), onoBo (Sn) u cBuHel (Pb) — aTo aneMeHTH enagHoil nod-
epynnbt TOoU xe IV rpynmbl.

B kopomkoii gpopme Ilepuoduneckoii mabauust kaxcoas epynna se-
MeHMO06 noopaszdeasemcs Ha 2Aa6Hy0 N002pynny u noOOUHYI0 noozpynny.

155



Taonuuma 4.4

DJIeKTPOHHbIE KOH(UTYPAIIMH 3JIEMEHTOB 3-10 U 4-T0 NEepUOI0B
ITepnonnyeckoii Tadmupi [1.11. Menaeneesa.

Mepuon | Z 3::; Is |25 | 2p | 3s | 3p | 3d | 4s
11| Na | 22|61 S-2JIEMEHTBI
12| Mg | 22|62 (11, 12)
13| Al 21216211 Pp-DIIEMEHTHI
3k 14 Si 2121611212 (13—18)
15 P 212161213
16 S 21216214
17 | Cl 212161215
18| Ar | 22| 6|26
19 K 212161216 1 |s-2aeMeHThI
200 Ca | 22| 6]2]6 2 1(19,20)
21| Sc 212161261 1] 2 |dosaemenrs
22 Ti 21216262 2R21-30)
4-i1 23 \Y 212161216 3 2
30 zn | 226 ]2|6]10]2
U TaK Jajee

B 2aaenyro noodepynny éxodsam s- u p-zaemenmol, 8 HOOOUHYIO —
d-3.1emenmot.

Wnu B npyroii popmynupoBke:

Ilodepynnot, 6 Komopsix pacnoaodicensl S- u p-3.1€MeHNbL, HA3bIBAIOM
24a6HBIMU, a No0zpynnol ¢ d-d1emeHmamu — nOOOHbIMU NOJpynnAMU.
Thaenvie u nobounsvie nodepynnvt unoz20a 0603HAUAIOM COOMBEMCMBEEHHO
oyxeamu «A» u «b», uau «A» u «B», uau «a» u «o».

Daemenmot nobounvix noozpynn (d-3aemenmot) Hazviearom nepe-
XOOHBLMU I1eMEeHMaAMU Ul NePeXoOHbIMuU Memaaiamu (6ce d-Iaemenmvr —
Memanivt).

TepMUH «TIEpPeXOIHbIE METAJLIbI» BOBHUK BCJIEACTBUE TOTO, YTO BCE
d-3neMeHTHI B iepuoaax (CTpodykax TaOJIuIIbl) CIy>KaT KakK Obl «mepe-
XOIHBIM MOCTMKOM» OT METAJITTMYECKHUX S-3JIEMEHTOB K p-3JIeMEHTaM,
cpeny KOTOPBIX y’Ke MHOTO HeMeTaJutoB. MHOTIa TEpMUH «TIepeXOIHbIe
MeTaJUIbl» TIPUMEHSIIOT U K f-3JIEMEHTaM, O KOTOPbIX Mbl pacCcKaxem
B clienyiolleM naparpade.
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ITockonbKy B Tieprofax (rOpM30OHTATbHBIX cTpouKax [Teproanye-
CKOI1 TabJIM1Ibl) UMEETCsI BCETo IO Ba S-3JeMeHTa U IO ILeCTh p-3Jie-
MEHTOB (B CyMMe BOCEMb), a d-2JIEMEHTOB TI0 OIPENEIEHUIO JOIXKHO
OBITh OOJIBIIIE (IE€CITh B KaxKIOM IIepHOJie), BOZHUKIIA Macca Heyn1oOCTB
B opopmiienun tabnuiel. Hanpumep, B VIII rpyne BMecTe ¢ uHepT-
HBIMU Ta3aMu (TJIaBHAs TTONATPYIINA) MPUILIOCH PACIIONOXUTh HE T10
OIHOMY, a IO TPM 3JIeMEHTa MOOOYHOUN MOATPYIIIH B KaXmaoit
cTpouKe!

Pazymeercs, sipKo BeIpakeHHbIEe MeTaJLIbl — kele3o (Fe), kooansr
(Co), Hukenpb (Ni) u Apyrue 37eMeHTbl 3TON MOOOYHOI MOArPYIIbI
HMYEro OOIIIero He UMEIOT C 2JIEMEHTaMU TJIaBHOM TPYMIIbL: TeIUeM,
HEOHOM, apTrOHOM U JIPYTMMU WHEPTHBIMU ra3aMu.

9/texmpouuoe Cmpoenue U Xxumu4eckue ceolicmea 31eMeHmo8 21a6HbIX
u noGo4HbvIX noc)epynn Mmocym He UumMemb Hu4eco oﬁmeeo.

CoBrnajieHus1 HOCST CKOopee CIydailHbIi xapakTep. Hanpumep,
cKaHauii (Sc) uMeeT BaJeHTHYIO 000JIOUKY M3 TpeX 3JEeKTPOHOB:
...45?3d", nosToMy TIpOABIAET B coeaMHeHUsAX BaseHTHOCTH 111 1 cTe-
MeHb OKUCJIEHUS +3 TOUHO TaK e, KaK ero coceau (HO B TIABHOI
noarpymme) 6op (2s*2p') u amomunuii (3s23p').

Jpyroii mpuMep: 3JeMeHT o60YHOI MoArpynmsl Mapradel, (Mn
...4s?3d°) MOXET OTHaBaTh C BaJEHTHOIl 000JIOYKM CEMb JIEKTPOHOB
U MMETh HaUbOJIBIIYIO CTeNeHb OKMCIEHUS +7 TOYHO TaK Xe, Kak

TPYMITBI
[i[2T73T475Te6l[ 718910 i 1213T14]15]16[17]18]
T Ls s
n [
5| 25— 2p
] |
3| =35 qu
%Z ‘_43 3J 4‘11
= H I
o |5[ =35 4d 5p
™ T
E ~—=06s \\ Sd 6I;P
Ly A In
7 \\ i
NS ;
N ‘r‘ll
b S
1

Puc. 4.3. Cxema pacmnonoXeHUs s-, p-, d- U f-3]I€MEHTOB B JUTMHHOI
dopme I[lepuoanueckoit TabIUIIBI
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HaxodsIIMecs C HUM B OJHOW rpyrmne (HO B IVIaBHOUW monrpyre!)
xyiop, 6pom, noa. Ho B I u ocobenno B VIII rpynnax oueHb Xopo1io
BUJHO, HACKOJIbKO pa3Hble 3JIEMEHThI cOOpaIvcCh B INIABHOM U TMO-
OOuYHOIi MmoArpymnmnax. 3mech AeCTBUTEIbHO HET HUYEro O0Iero
MEXIY 3JIEMEHTaMU TJIABHBIX M TTOOOYHBIX TTOATPYIIIL.

CymecTtByeT OoJiee ynoOHasi — TaK Ha3biBaeMasi diuHHAA popma
[Teproanyeckoil TabauUlLIbl, T 3TU TPYAHOCTU YcTpaHeHbl. MMeHHO
nmmHHas popMa [leprogmaeckoit Tabmmibl pekomeHaoBaHa MIOTTIAK
(cM. cioBapb TEPMUHOB) K MCIOJIb30BaHUIO BO BCEM MUpE ellle B
1989 romy. 3mech HET MOATPYIIII, a €CTh TOJBKO Ipynmbl. Unest aToit
TaOJUIbI SICHA U3 pUcyHKa 4.3.

Packpoiite mrHHy0 dopmy I[lepuonnueckoil Tabaubl U cpaB-
HUTE ee ¢ pucyHKoM 4.3. B mmHHOI hopMe He BoceMb, a BOCEMHAT -
nate rpynn (u no npasuiam MKOTTAK oHu HyMepyloTCsl HE pUMCKU-
MU, a apabckumu udpaMn). Jlecars d-371eMeHTOB BBIIEICHEL B IECATh
CaMOCTOSITeJIbHBIX TpyII. BMecTe ¢ 1ByMs rpynnamu sl S-3J1€MEHTOB
U 1IECThIO TPYTITIAMU p-3JIEMEHTOB 00I1ee KOJUYECTBO TPYIII COCTaB-
JIsIeT BoceMHaauaTh. B KopoTkoil (popMe TabJIMIIBI TOJIBKO BOCEMb
rpyInmn — UMEHHO MO3TOMY TPYIIbI MPUIIIOCH NEJIUTh Ha MO -
TPYTIIbIL.

N3-3a 6osblIero yucaa rpynn B JUIMHHON ¢opMe Tabaulibl ee
nepuodsl yxe He Hy>KHO JACJIUTh Ha psdel. PAbl CYIIECTBYIOT TOJIBKO B
TPaaULIMOHHOM (KOpOTKO#) cdopme Tabauibl MeHaeneeBa sl TOro,
YTOOBI MOMECTUTh BOCEMHAALATh DJIE€MEHTOB B BOCEMb KOJIOHOK
(rpyni). M3-3a d-371eMeHTOB B KOPOTKOI (hopMe TaOJMILIbl B KaKIOM
nepuojie (HauMHasi ¢ TPETbETro, IJe MOSIBISIIOTCS d-3J€MEHThI) — 10
nBa pada. B mnmHHOI popme psimbl OKa3bIBAIOTCS HEe HYXKHBI — TaM
KaXJIblil TIEPUOJ, COCTOUT TOJIBKO U3 OMHON CTPOUYKH.

JnvHHag GopMa TabaMLIBI UMEET elle OAHO Ba’KHOE JOCTOWH-
CTBO — C €€ ITOMOIIIbIO JIETKO BOCCTAHOBUTD B MAMSITH MOCJIE0BATEb-
HOCTb 3aIOJIHEHUS 3JIEKTPOHAMM YPOBHEU M TTOAYPOBHEI B aToMmax
3JIEMEHTOB (3TO 0COOEHHO BaXKHO Ha 9K3aMeHe). BMecTo Toro 4Toont
3aIIOMUHATh YK€ U3BECTHBIN HaM psiJI:

1s 25 2p 35 3p 4s 3d 4p 5s 4d 5p 65 4f 5d 6p Ts 5f =~ 6d, ...,

MOXHO MO IaMsITH HAaYepTUTh PUCYHOK 4.3 (3TO Jierye, 4YeM MOXET
MmokKasaTbCsl Ha MepBbIil B3misAn). B nnmuHHON dopme TaGaulbl Bce
MOAYPOBHU UIYT CTPOTO OAWH 3a APYTMM CBEPXY BHU3: MO 1§ MbI
BUAMM 25, 35 U T. 11.; TIO1 2p MBI BUIUM 3p, 4p U T. 11.; TIoA 3d Mbl BUIUM
4d, 5d n T. 0. [1oce 3TOrO Cpasy CTAHOBUTCS SICHOM MOCJIEIOBATE/Ib-
HOCTb 3arOJHEHUsT BCEX JIEKTPOHHBIX YPOBHEU JII0OOOTO 3JIeMeHTa,
naxe eiie He oTKpbITOro. Hy>HO TOJIbKO MOMHUTh, YTO TOCJE
65-TI0MYPOBHSI 3aMOJIHsIeTCS 4f~TIOAYPOBEHb, a MOCje 75-MOLyPOBHS
3aIOJIHSIETCS 5f-TOypPOBEHD; f-3JIEMEHTBI OOBIYHO BBIHOCST B OT-
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JleJIbHbIE CTPOYKM BHU3Y TAOJUIIbI, YTOOBI HE NIeJaTh €€ «CBEPXIJIUH-
HOI» (Takasi TabJIuIA TOXE CYIECTBYET U SIBJIsIETCS] HauboJiee CTporoi
U JIOTUYHOM cpeau Bcex cyiecTBytomux ¢opm [leproanueckoit Ta-
OJIMILIBI, HO OHA HeynoOHa IIJIs IeYaTu).

Kcratu, u3 nimuaHO (hOpMBI TaOIMIILI U pUCYHKA 4.3 ciemyeT, 4To
HauyuHas co 113-ro aaeMeHTa HacTyIaeT Yepell OTKPBITUI 3JIEMEHTOB,
3aIOJIHSIIOIIUX CBOI 7p-MOAYypPOBEHb.

Pazymeercs, mmmnnas ¢gopma Ilepunogmyaeckoil TabIMIIBI CMOTIIA
MOSIBUTBCS TOJIBKO IOCJIE TOTO, KAaK BBISICHWJIOCH 3JIEKTPOHHOE CTPO-
€HUEe aTOMOB U CTaJI0O MOHITHO OTJAWYUE d-27TEMEHTOB OT S- U
P-DIIEMEHTOB.

Hecmotps Ha pekomenmgauuu MIOITAK 1989 roga, B Poccuu mo
TPaaIULIMM B OCHOBHOM TMOJIb3YIOTCSI KOPOTKOW (HopMOUl TaGauLbl
.. MeHnneneeBa. iMeHHO Ha Hee opueHTUpOBaHbI 3aganust EI'D u
MnporpamMMmsbl 1o xuMuu. ToJbKO OHa (3a peIKUM MCKIIIOUEHUEM) 10
CHX TMOp TNeYyaTaeTcsl B pPOCCUMCKUX IIKOJbHBIX yyeOHUKax. PazymeeT-
Csl, 9TO HEMPABUJIBLHO U HA/I0 TTOCTETIEHHO UCTIPABIATh cuTyauuno. Ho
B JIIOOOM ciIydae I0JIe3HO pa30upaThcsl U B KOpOTKoi opme Ilepuo-
NUYECKOM TabJMIIbl, KOTOpas elle M0JAro OyaeT MpUCYTCTBOBAaTh B
KHUTaxX o XxumMuu. TeM He MeHee Oyayiiee, 0€3yCIOBHO, 3a JJIMHHOK
dopmoii [Teprongnaeckoit TaOIUIIBL.

3anaun

4.5. CoctaBbTe MOJTHYIO 2JEKTPOHHYIO (DOpMYITy JUIsl HENaBHO OT-
KpBITOTO 351eMeHTa (hepoBust | 4Fl.

4.6. IMonb3ysick JIMHHOM dopmoii [Teproanueckoii TabIMIIbI, Ha-
MUIIUTE DJEKTPOHHbIE (HOPMYJIbI BaJIEHTHBIX 000JI0UEK DJIEMEHTOB:
ssRa, 7Co, 1Cd, jo4RE.

4.7. TTonb3ysiCh MOCIEA0BATEIBHOCTBIO 3AMIOJHEHUS 2JIEKTPOHAMU
YPOBHEH M ITOAYPOBHEN, IIPUBEISHHON B 3TOM Iaparpade, 000CHYyi-
T€ OAHY U3 IBYX TOYEK 3PEHUS: aHAJIOTOM UTTPUS 30Y B MOOOUHOM
nioarpytre I rpynnet (rpynne I11B) siBnsercs a) nanTaH 5;La, 6) mto-
Teuuit ;;Lu.

§ 4.4%. f~3nemenTbl. OTKpbITHE HOBBIX 3JIEMEHTOB.
SAnepHble peakuun

C yBennueHueM aTOMHOro Homepa B Ilepuommyeckoii Tadiuiie
Heu30exXHO HACTyMaeT MOMEHT, KOrja y 3JeMeHTOB HauMHAIOT 3a-
MMOJTHATBHCS f~IIOAYPOBHU. DTO MPOUCXOIUT TMOCIE 3aMOJTHEHUS

159



6s-TIOMYPOBHST — cpasy IMocJe dJIeMeHTa s¢Ba ¢ BajJeHTHOI 060J104-
KO ...68%.

IMockonbKy TTpU 3aNIOJIHEHUN CEMU f~opOuTasieir o0pa3yeTcs eIbIX
YeTbIPHAALATh f~3JIEMEHTOB, Pa3MECTUTDb X B 60CbMuU TPYTINaX KOPOT-
koit dopmsl [lepronnueckoit TabauIIbI ObLIO OB BeCbMa MpobiieMa-
TUYHO — JIJI 9TOTO TMPUIIOCH Obl CO3/1aBaTh €lle ITOMOTHUTEbHbIC
nob6oyHble noarpynmnsl. I1oab3oBaThbCcsl Takoi TaOaMLIE ObIIO ObI
KpaiitHe HeymoOHo. B daunnoii ¢popme, Tie TTOOOUHBIX MOATPYIIT He
ObIBaeT, Takoit MpobseMbl HeT. OJHaKO MpU A0OABJIEHUU €llle YeThIp-
HaAUATU TPYII OHA CUJbHO BBITSITUBAETCS B LIUPUHY U JI€JaeTCs
«CBEepXIIMHHO». [TeyataHre TaKuX TaOJIULl B KHUTaX BbI3bIBAET YMCTO
TexHuueckue npoodsieMbl. [ToaToMy Kak B Kkopomkoii, TaK U B OAUHHOU
dopmax Ilepuognyeckoil TaGIULBI OOBIYHO 0003HAYAIOT MECTO, C
KOTOpPOT0 HAaYMHAIOTCS f-3JIEMEHTBI, 4 CAMU 3TU 3JIEMEHTbI BBIHOCSIT
B OTJEJIbHbIE CTPOUYKU. B HUXXHEH yacTu 10001 TaGJMIbl Mbl BUIUM
OITHY CTPOYKY U3 f-2JIEMEHTOB «JIaHTAHOUJOB» (IO UMEHU JIEMEHTA
naHtaHa La, oTkpwiBaloliero psija f-3J1eMEHTOB) U CTPOUYKY U3
f-371eMEHTOB «aKTMHOUIOB» (II0 UMEHU 3JIEMEHTa aKTUHUS AcC).
Y naHTaHOMIIOB TTOCTETNIEHHO 3aTIOTHSIOTCS 4 f~OpOuTaIN, Y aKTUHOU -
noB — 5f~opoutanu. Knerouku c f~anemeHtamu B Ilepromuueckoii
TabuiEe OOBIYHO OKpAIllEHbI B 3€JICHBIN 1IBET.

Hrak, f~a3neMeHTaMu SIBASIOTCS YEThIPHAAIATh JTAHTAHOUIOB U
YeThIpHAALIATh AKTUHOUIOB. 3/1eCh Mbl BCTYIIaeéM B 00J1aCTh IOBOJIbHO
CJIOKHBIX, XOTSI U OUYE€Hb MHTEpecHbIX Aetaneii [lepuonnueckoro 3a-
KOHa, MO3TOMY IPW YTEHUHU 3TOro naparpada BaMm cliedyeT AepXKaTb
nepen IriazaMu JIMHHYIO Gopmy [leprmoamyeckoil TabaUILI U BpeMst
OT BPEMEHM BO3BpallaThCs K PUCYHKY 4.3 M3 Mpenblayllero napa-
rpada.

Haiinem B Ileproanyeckoii Tabaulie KJIETOUKY, KOTOPYIO 3aHUMAET
BIIEMEHT ...65% (sxBa) 1 cpasy 3a KOTOPOIi Mbl JOJKHBI BCTPETUTBCH C
MEePBbIM f-2JIeMEHTOM. DJIeMeHT JlaHTaH (s;La) nHoraa momenialor
cpasy 3a 0apueM — B KJIETOUKY, C KOTOPO# MOJIKHbI HAUYMHATHCS
Sd-aneMeHTBHl. DTa KJIeTOYKa Mo MpaBy AOJXHA MpUHAAIEeXKaTh
d-anementy moteuuto (Lu). [ToaToOMy BO MHOTMX U30AHUSX TaOIALIBI
B 9TOM «CIIOPHOI» KJIETOUYKE CTOUT 0003HaYeHue «La—Lu». D10 03Ha-
YaeT, YTO B JaHHOM Mecte [leproanyeckoil cMcTeMbl 3JIEMEHTOB CY-
LIECTBYET LieJIasi Cepusi U3 YeTbIPHAALATH f-3JIEMEHTOB, KOTOPbIE MPO-
CTO IjIs1 yIoOCTBA TMTOMEIIEHBI B OTAEIBLHOM CTPOYKEe BHU3Y TAaOJIUILIBI.

HagepHoe, a5 Toro, 4To0Obl 03a7a4NTh XMMUKOB U 3aCTaBUTh UX
CMOPUTH O MPABWJIBHOCTU TOTO WJIM MHOTO BapuaHTa [leproanyeckoit
tabmuusl, [Ipupona caenana tax, uto 4f'-snemeHT Bo BeeneHHOM He
cymiectByet! IToxanyiicta — ecTb 4f2-3neMeHT Lepuii (s3Ce), HO HeT
4f'-snemenra!l M mosmkeH GbUI OBITH JTaHTAH, CIELYIONIMIA cpa3y 3a
G6apueM. Ho y n1aHTaHa MPOUCXOIUT «IIPOCKOK» BJICKTpOHA (00 3TOM
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ABJIEHUN MBI YK€ 3HAEM U3 BTOPOW TIIABEI), U €70 4f'-31eKTpoH oKa-
3bIBAETCS Ha TMOLypoBHE 5d'. MOXeT BOZHMKHYTH BOIIPOC — a YeM
OTJINYAeTCs OT JJaHTaHa 3JIEMEHT JIIOTEIUM, Y KOTOPOTO TOXE €CTh
251eKTpoH 5d'? Ha camoM fiejie, KOHEYHO, Y 3TUX 3J€MEHTOB Pa3HbIE
3JIEKTPOHHbIE 000JIOUKH: Y JAHTaHA BHELIHSIST 060104Ka ...65% 4/ 5d',
a y JIOTeL s BeCh 4/-IIOfypOBEHb yXKe 3aloHeH: ...6s7 4f1* 54"

Te uzganus tabauiel, rae B 57-i KJIETOYKE HAPMCOBAH TOJBKO
nmanTtaH (La), He comepxar ommOku. Benp u B camMom paese JaHTaH
SIBJISIETCS d-27eMeHTOM!

MOXHO JOJTO CITIOPUTH O TOM, KaK MpaBWJIbHO prcoBath [lepuo-
JNUYECKYI0 TabJuIly, OTHOCUTCS JIM JIaHTaH K f- WU d-3JeMeHTaM,
MPaBUJILHO JIM TIOMEIATh d-3JIeMeHT Jioteuii (;,Lu) cpenu naHTa-
HounoB? Ha camom nene oTBeT (IIyCTh LIYTJIMBBIN, HO BIIOJHE 000-
CHOBAHHBII) MOXET ObITh TAKMM: JaHTaH ObL1 3amyMaH Ilpuponoit
KakK TIEPBHII f~3JIEMEHT, MO3TOMY €TO MECTO — CpEeAU f-3JIeMEHTOB
JIJAHTAHOUIOB, HECMOTPSI Ha «IPOCKOK» 3JeKTpoHa. [ToCKOJbKY B
MIPUPOJIE ECTh «TIOJTHONPABHELIN» (@ HE «CITydaiiHblIii», Kak La) 5d'-ame-
MEHT JIIOTELIUIA — MECTO B rpymie noj 4d'-31eMeHTOM UTTpUEM
JIOJKEH 3aHMMaTh UMEHHO JIIOTelnii 7;Lu. Kcratn, Ha xXuMHuuecknux
CBOICTBaX JJaHTaHA B CPAaBHEHUY C IPYTMMM JIAHTAHOUIAMM «ITPOCKOK»
9JIeKTPOHA MPAKTUYECKU HUKAK HE CKa3bIBaeTCs.

V 1aHTaHOUMAOB 3aTOJTHSIOTCS «IJIyOUHHBIE» 4f-0pOUTAIA TPEThE-
ro CHapyu ypoBHs1. Ha BHelIHeM 6s-TIOAypOBHE BCE OHU MMEIOT 10
JIBa 3MEKTPOHa (...65%) U 00/1a1aI0T OYEHb MOXOXUMU XMMUUYECKUMU
cBoricTBaMU. JIaHTaHOMIBI — aKTUBHBIE METAJUTBI, BCE OHU pearupy-
IOT C BOION ¢ 0Opa3oBaHUEM DJIEMEHTAPHOTO BOAOPOJA U TUAPOKCHU-
na Metamia. IX mpemMylIiecTBeHHas CTeTieHb OKUCICHUS +3.

M3-3a moXoXecTH XUMUYECKUX CBOMCTB MHOTHME JIAHTAaHOUIbI
JIOJITO HE YIaBaJoCh BBIIEIWTh B YMCTOM Buae. KpoMe Toro, B mpu-
POIHBIX MUHEpaJIaX OHU BCTPEYAIOTCS PENKO U B HEOOJBIINX KOJIM-
yectBax. OTclo/1a ellie 0JJHO 00lliee Ha3BaHUE JAHTAHOUIOB — PENKO-
3eMeJIbHBIE JIEMEHTHI.

AKTUHOUIBI MEHBILIE TIOXOXM IPYT Ha APyra IT0 CBOUM XUMUYECKUM
cBoiicTBaM. MIX mMcciemoBaHWe OYeHb 3aTPYIHEHO M3-3a HEYCTOMUM-
BOCTU (pagrOaKTUBHOCTH) aTOMOB 3THUX 3JieMeHTOB. KcTatu, y mepBo-
IO WjeHa psiia aKTUHOMIOB — 3JIEMEHTAa aKTUHUS (g0AcC) HabI0JaeT-
Cs1 aHAJIOTUYHBLI «IIPOCKOK» 5f'-3/1eKTpoHa Ha 6d'! DTo, KaK MbI yXe
3HaeM, CBSI3aHO C TpeOOBAaHMEM MUHUMM3ALUM SHEPTUM aToMa JaH-
HOTO 2JIeMeHTa, HO HMKaK He MeHseT OOIIMX 3aKOHOMepHOoCTel
Ilepuoauueckoil TaGIUIIBI.

3amnosHeHue 5f~000/0UeK y aKTUHOUIOB 3aKaHUYMBAETCS Ha dJie-
meHTe 102 (No, HoOGenuit). 3nech B I[lepronuyeckoit Tabauie pac-
TTOJIOKEHBI 3JIEMEHTHI C y3Ke OUEHb «TSKEeJTbIMU» U TIO3TOMY HEYCTOM-
YUBBIMU SITPaMU.
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IMocnenHuMit U3 «TSKETBIX» TEMEHTOB, €llle CYIIECTBYIOIIUX B
npupoje, — 370 ypaH (9, U). ¥YpaH paaroakTUBEH, TO €CTh MOCTEIEH-
HO pacramaercst ¢ 00pa3oBaHMEM siiep IPYrux ajeMeHToB. OqHaKo
CKOPOCTb 3TOTO pacrazna Bce K€ He TaK BeJuKa, YTOObl BeCh YpaH Ha
3emJie ycrien McUe3HyTh. Bce aeMeHThl ¢ 0oJiee TSKENbIMU SiIpaMu
JIAaBHO pacrajnch, U CETOAHSI B MUHEpajaX UX HAWTU HEBO3MOXHO.
Takue 3J1eMEHTBI TTOTyYaloT TOJbKO NCKYCCTBEHHBIM MyTeM — CHUHTE-
30M MX aTOMOB U3 siiep 60J1ee IETKUX 3JIEMEHTOB C TIOMOIIIBIO SIIEPHBIX
peakuuii.

CHavajia aTOMBI OTHOTO M3 MCXOIHBIX 3JIEMEHTOB TpeBpaIiaioT B
HMOHBI — YTOOBI OHM MPUOOPENH 3apsii U MOIJIM ObITh pa30rHaHbI A0
BBICOKMX CKOPOCTEl Ha CelUaIbHBIX CJIOXHBIX MTPUOOpax — yCKo-
puTesix. 3aTeM pa3orHaHHBIMU Ha YCKOpPUTEJIe siapaMu OoMOapaupy-
IOT MUIIEHb U3 aTOMOB JAPYroro sjeMeHTa. [Ipy BHICOKMX SHEPIHSIX
MOHHBIX MYYKOB HAa TaKWX MOHHBIX YCKOPUTENAX yAaeTCs TOOUThCS
CJIVSTHUSI IBYX SIZIEP B HOBOE SIAPO C 3apsIZIOM, PAaBHBIM CyMMe 3apsiioB
JIBYX siep.

Cy111eCcTBYIOT TPY MPU3HAHHBIX BO BCEM MUPE MCCIIEN0BATEIbCKUX
LIEHTpAa 10 CUHTE3Y TsKebIx asieMeHToB: B JlyoHe (Poccust), B bepk-
mu (CIHA) u B Japminraare (Iepmanust). Bee anemMeHThl, HAaUMHAs
93-ro (HeNTyHUIA) 1 10 HEAaBHO OTKPBITBIX, ObIIN MOJYYEeHB UMEHHO
B 3THX JIAOOPATOPUSIX.

OTKpPBITHE HOBBIX 2JIEMEHTOB CErOHSI — YPE3BbIYAHO CJIOXKHBIH
U IOJITHIA Tpoliecc. ATOMBI MUICKYCCTBEHHBIX 3JIEMEHTOB XXMBYT OYeHb
HEJOJIT0 — MOopsiAKa CeKyHA asl aneMeHToB ¢ Z = 101—103, a npu
JabHEeNIIeM «yTSKeJIeHUW» SIIep BpeMsl XKU3HU aTOMOB KaTacTpo-
¢udecku yMeHbinaercsa. U3 MmuminapaoB oOpa3youiuxcs saep
HOBOTI'0 3JIeMeHTa yaaeTcsl 3a)MKCUPOBaTh U paclo3HaTh JIMIIb
OZTHO.

B kxauecTBe mpumepa pacckaxem o paborax mo cuHrtedy 110-ro
3JIeMeHTa, KOTOPBI MOV Ha3BaHUE JapMINTaATHI (TIPOUCXOXKIIe-
HUE Ha3BaHUs, KOHEYHO, MOHITHO — OH ObLJ BIIEpBbIE MOJYYEH B
HeMelKoIi 1abopaTopun). 11 cuHTe3a siiep 3TOro 3JeMeHTa B J1a00-
paTopuu [lapMminrTaara Ha MOIITHOM MOHHOM YCKOpMTEJIe MUIIEHDb U3
cBuHIa-208 (M30TOMAa CBUHIIA 3, Pb ¢ MaccoBbIM unciom A= (Z+ N) =
= 208) obsyyanach ssapamMu HUKeIS-62 (M30TOIa HUKENS ,3Ni ¢ Mac-
COBBIM YHCJIOM 62). BTO MpuBOIMIO K obpa3zoBaHuio siaep 110-ro
3JIEMEHTA C YUCJIOM IMPOTOHOB (82 + 28) = 110 1 ¢ YMCIOM HEATPOHOB
159 (t.e. uzorona % Ds). CxeMaTUYHO SAEPHYIO PEAKLIUIO, UCIIOJb-
30BaHHYIO B JlapMIITaaTe, MOXHO 3amucaTh TaK:

"BPb+ 5 Ni — 1% Ds + 1 (HelTpoH)

B J1y6ne mis cuaTesa 110-ro aieMeHTa UCITOIb30BaId MUIIIEHD U3
IUTyTOHMSI-244, KoTopast obJydanach siapamMu cepbi-34. DTOT 3KcIe-
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PUMEHT TIPOBOAWICS Ha TYOHWHCKOM YCKOpPWTEJIe COBMECTHO ¢ JIu-
BepMopckoii jadoparopueit (CILIA), KoTopast U3roroBuiIa sl KC-
NepuMeHTa TITyTOHMEBYIO MUILIEHb BBICOKOTO KauecTBa. bblio 3ape-
TUCTPUPOBAHO HECKOJIbKO aToMOB 110-ro ajgeMeHTa C YMCIOM HEi-
TpoHOB 163. SlaepHast peakisi B 3TOM CJIy4ae BBITJISIIAUT TaK:

244 34 273
s PU+ S — [iDs+5n

BriociieacTBUM BBISICHUIIOCH, YTO M3 KOPOTKOXUBYIIUX U30TOMOB
JapMIITaATUS TOJIbIIE BCEX «KWBET» U30TOM C MAaCCOBBIM YMC-
JioM 271 — MUMEHHO 3TO 3HaY€HUE MHOTJAA MPUBOISIT B KIETOUKE
3JIeMeHTa B coBpeMeHHoi#t [lepronnueckoit Tabnuie.

HoBblii 57IeMEHT He CUMTAETCsl OTKPBITBIM 10 TeX Mop, IoKa OaHa
rpymnra ucciaenoBareseil He MOJyYuT HaJeXHBIX Pe3yJIBTaTOB MO UC-
CJIeIOBAaHUIO €T0 aTOMOB U TOKa JIpyrast (He3aBUCHUMasT) TPYIIa yIeHBIX
He MOATBEPAUT 3TU pe3ybrarhl. [ToaTOMy nanbHue Kietouku Ile-
PUOINYECKOU TaOJUIIBI 3aMOJHSIIOTCS MEIJIEHHO.

EcTb u apyras npobiemMa — Kak Ha3blBaTb BHOBb OTKPBITHIE 3Jie-
MeHTbI? [1o Tpanuiuy vccienoBaTeny, BepBbie MOJYYUBIINE HOBBII
3JIEMEHT, MOTYT TIpeJiaraTh ero Ha3BaHUe, OTHAKO MHOTIa BO3ZHUKA-
JIV IOJITUE CIIOPHI.

Heno B ToM, uto Ilepmomnueckuii 3akoH u [lepuonudeckas ta-
onuua [1.1. MeHneneeBa sIBJISIIOTCSI OOILIEMUPOBBIM TOCTOSTHUEM U
Ha3BaHUS HOBBIX 3JIEMEHTOB, OCTaMIIMECsS B HUX HaBEYHO, MOTYT
3aKPENUThCS JUIIb MPU €IMHOMYIITHOM COTJacUM YYEHBIX BCETO
Mupa. B Tex ciyyasix, korma OTKpbITHE HOBOTO 3JIEMEHTA €llle He
TTOATBEPXKACHO JIMOO Ha3BaHWE He YTBEPAMIOCH OKOHYATEJIbHO, 1C-
MOJIb3YIOTCSI «<BpeMEHHBIE» Ha3BaHUSI, CBSI3aHHBIC C aTOMHBIM HOME-
pOM 3JIeMeHTa.

Hanpuwmep, snemeHTt 104 ObL1 MoJy4eH COBETCKUMU (PU3UKAMU B
1964 romy u mosyym1 HazBaHue KypuyaToBuii (Ku) B yecTh pycckoro
dusuka N.B. KypuaroBa. B 1969 romay 3ToT e 3JIeMEHT MOJYYUIN B
CBOUX OTBITaX aMePUKAHCKHE UCCIIeI0BATEN Y MIPETOXKWIIN JIJISI HETO
HaszBaHue pe3epdopauit (Rf) B yecTs aHrmuiickoro ¢usuka 3. Pesep-
dopna. Jlo Tex mop, Mmoka Bonmpoc o Ha3BaHuUM 104-ro sjaeMeHTa He
ObLT pellleH OKOHYaTeIbHO, BO MHOTHX M3maHusx [lepuomnyeckoit
TaOIMIIBI OH HA3bIBAJICS YHWIKBAHAMM 1 0003Havasicst cumBojioM Ung.
3nech «yH» o3HavaeT 1, «<Hwi» — 0 u «kBag» — 4. TouyHO Tak Xe 3j1e-
MeHT 105 HaswiBasica yauuanentuit (Unp), anemenT 106 — yHuIreKCuin
(Unh) u Tak nanee.

B 1987 rogy MexayHapolHble COIO3bl UUCTON U MPUKIATHONU
xumun (IUPAC) u duzuku (IUPAP) co3manu coBMeCTHYIO MeXTyHa-
POIHYIO KOMUCCHIO, KOTOpasl pacCMOTpesia BOTIPOC O MPUOPUTETE B
OTKPBITUU HOBBIX 3JIEMEHTOB U Cliejiajia MPeAIoXXeHUSI OTHOCUTENbHO
WX HauMeHOBaHUii. A B ssHBape 1997 roma crieunaabHbIi KOMUTET
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TUPAC oGHapopoBait peilieHMe 10 Ha3BaHUSAM 31emMeHToB 104—109.
ITo3xe cocTosiMch aHAJOTUYHBIE PEIIeHUsI TI0 IPYTMM BHOBb OT-
KPBITBIM 3JieMeHTaM. BeposiTHO, 9T Ha3BaHUS COXPAHSTCS YyXke
OKOHYATeJbHO:

— aneMmeHT 104 Ha3BaH pesepghopduem (Rf) — B uecTh aHIIMIICKO-
ro ¢usnka DpHcta Pesepdopaa, BHeCIIero orpoMHbIil BKJIaa B yCTa-
HOBJICHUE CTPOEHMS aTOMa;

— anemeHT 105 Ha3BaH dy6nuem (Db) — B yecTh ropona B Poccun,
rae ObUT OTKPBIT 3TOT U MHOTHE IPYTUe HOBBIC 3JIEMEHTHI.

— onemeHT 106 Ha3BaH cubopzuem (Sg) — B 4ECTh aMEPUKAHCKOTO
dusmka u pagnoxumurka InenHa Cubopra, ydacTBOBABILIETO B BbIe-
JICHUM U CUHTE3€ MHOTUX HOBBIX 3JIEMEHTOB — TUTyTOHUSI, HENTYHUSI,
KIOpUsl, aMepuLusl, OepKiusi, KaaudopHus, SUHIITEHHUS, Gepmus,
MEHJIeJIEBUST; CENIaBIIET0 MHOXECTBO APYTUX BaXXHEHINUX paboT 1o
(bu3MKe U XUMUU TSIXKEJIbIX JIEMEHTOB;

— anemeHT 107 Ha3BaH Oopuem (Bh) — B yecTh 3HAMEHUTOTO
nmarckoro ¢pusuka Hunbca bopa. Kcratn, He mpaBeI Te, KTO QyMmaer,
yTo B YecTh Hunbca bopa yxe Ha3zBaH 21eMeHT 00p. DTOT 2JIEMEHT
ObLT OTKPHIT 1 Ha3BaH xumukamu Ieii-Jlroccakom u TeHapowm elie B
1808 rony;

— anemeHT 108 Ha3BaH xaccuem (Hs) — B yectb 3emun IecceH B
[epMaHuu, IJe HAXOAUTCS KPYITHEUIIINIA HayYHO-UCCIIeI0BaTEIbCKUIA
LIEHTP 110 CUHTE3y U M3YYEHUIO HOBBIX 3JIEMEHTOB;

— anemeHT 109 Ha3BaH matimuepuem (Mt) — B yecTb aBCTPUICKOM
HCCIeIoBaTeIbHUIIBI ((Hr3nKa 1 pagnoxumuka) Jinze MaiitHep, Ko-
Topast BMecTe ¢ O. [aHOM OTKpbUIA 3JIEMEHT ITPOTAaKTUHUI U cesana
MHOTO IPYTUX BaXXHEUIINUX pabOT, CTOCOOCTBOBABIINX YCTAHOBJICHUIO
cTpoeHus aToMa. B poccuiicKuX MIKOJbHBIX (M HE TOJBKO IIKOJIbHBIX)
yyeOHUKax 3jieMeHT 109 mouemMy-To yropHO Ha3bIBalOT MEWTHEPUEM,
XOTsI 3TO HEIpaBWJIBHO — OYKBOCOUeTaHUue «ei» B hammwinu Meitner
(1 BOOOILE B HEMELIKOM $I3bIKE) UMTAETCSl KaK «aii».

— anemeHT 110 Ha3BaH dapmmmaomuem (Ds) — B 4yecTh ropozaa
Hapmiranra B [epMaHun, TIHe OTKPBITE MHOTHE HOBBIE MCKYCCTBEH -
HBIE JIEMEHTBI.

— aneMeHT 111 Ha3BaH penmeenuem (Rg) — B 4ecTh HEMELIKOTO
(usuka Bunbrenbsma Konpaga Pentrena. OtkpsiToe um B 1895 romy
MpOHUKAIOIee U3JIyYeHHe, Ha3blBaeMOe Telepb PEHTTEHOBCKUM,
WUTpaeT OTPOMHYIO POJIb B XMMHWU TMPU U3YYEHUU CTPOCHUS BEIle-
CTBa.

— sneMeHT 112 nonyuyusn Ha3BaHue konepruuui (copernicium —
Cn) — B YecTb 3HAMEHMTOTO TTOJIbcKoro actpoHoMma Hukomnast Komnep-
nuka. Pemenune IUPAC 06 aTom cocrosttocs 19 despansa 2010 roma —
B neHb poxneHus Komepuuka (1473). Ha3Bath B ero yectpb 112-ii
SJIEMEHT TPEATOXWI ONUH U3 aBTOPOB OTKPBITUSI — PYKOBOAMTENb
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HCCIeIOBaTeIbCKOM TpynIbl pu3nkoB B Japmiuranre Curypn Xod-
MaHH — YTOOBI «...OTIATh JOJKHOE BEJIMKOMY YUEHOMY, KOTOPBIi He
MOJTYYWJI HUKAKUX MTOYECTel MPpU XU3HU U BbIIBUTa HA MEPBbI TUIaH
CBSI3b MEXIY aCTPOHOMMEN U 1 IepHOI XuMueli». Takoil apryMeHT, Ha
TepBbIiA B3IJISIT, MOXET MTOKa3aThCsl YIUBUTEIBHBIM — BeJlb O SAEPHOI
xumun B XV 1 XVI Beke He UMenn HUKAKOTO TipeacranieHnst! OmHa-
ko XxypHaa Chemistry International (Vol. 32. No. 2. March-April 2010)
IMyOJIMKYeT U3SITHOE 00BbSICHEHNE TAKOMY pellieHUIO. JleiicTBUTeIbHO,
unen KomepHuKa okaszaau MCKIIOUUTEIbHOE BIMSIHUE Ha puiaocod-
CKH€ U MOJUTUYECKME B3Il U TIPUBENIN K TTOSIBJICHUIO COBPEMEH-
HOIl HayKu, OCHOBaHHOI Ha 3KCIEpMMEHTAIbHBIX pe3ysbTaTax. Ko-
NepHUKOBCcKast Moaesib COJTHEUHO cucTeMbl MOTpedoBaia KOPEHHO-
ro rnepecMoTpa mnpeacrtaBieHuit o mupe. [lnaHetapHasi cucrema,
BBeneHHasi KorepHukom, Obuia TpuMeHeHa K IpYTrMM aHAJIOTUYHBIM
cucTeMaM, B KOTOPbIX OOBEKThI TTePEMEILAIOTCS MO/l BIUSHUEM CUJTBI,
HaIlpaBJIeHHOI K 0011eMy LieHTpy. B MuUKpockonnueckoMm maciirabe
5TO OOPOBCKasl MOZEJIb aTOMA C €I'0 SIIPOM M OPOUTAIBHBIMU 3JIEKTPO-
HaMU.

HnyTt paboThl Mo cUHTE3Y ellle 0oJiee TSIXKEIbIX JEMEHTOB — OT
113 mo 118. HekoTopble M3 HUX YK€ MOJIYYMIN CBOe ODUIIMAIHHOE
HazBaHue. D10 3j1eMeHT 114 ¢haeposuii (Fl), Ha3BaHHEBIN B Y€CTb CO-
BeTckoro ¢usuka-saepimuka Ieopruss Hukonaesuua diepona
(1913—1990), noa pyKoBoaCTBOM KOTOporo B O0beNIMHEHHOM UHCTH-
TyTe SiIEpHBIX UcciienoBaHuii B JlyOHe ObIIM CUHTE3MPOBAHBI SJIEMEH-
ol 102—110, u anemeHT 116 aueepmopuii (Lv), Ha3BaHHBIN B 4eCTh
JIusepmopckoii HaltmoHanbHOoI J1abopaTtopuu B CIIIA. Ob6a Ha3BaHUs
yrBepxneHsl I[UPAC B mae 2012 rona.

3agaumn

4.8. B 1963 rooy B yoHe rpymma akagemuka I.H. ®ieposa ot-
KpbLIa HOBBII 3JIEMEHT MpPHU MOMOILY SIEPHOU peaKIiu:

WU+ 2Ne — X + 4 HeiirpoHa

Kakoii a1eMeHT ObLI OTKPBIT?

4.9. Dnement 104 Bnepsblie noiyyeH B CCCP rpynmnoit akageMuka
['H. ®neposa nmpu 60MOGapApOBKe Ha YCKOPUTEIe MUIIEHH U3 TITY-
TOHUWSI MOHAMU HeKoero aieMeHTa. Kakoii ajieMeHT UCTIONIb30BaJICsT B
Buzae noHoB? HecmoTpst Ha HeycTouMBOCTD 3jieMeHTa 104 (mmepuoxn
IOJIypacIiaja ero CaMoro JOJTOXUBYyIIero uzorona 70 cexkyHm), yaa-
JIOCh TTOJIyYUTh U OTMCATh XJIOPUJ 3TOTO 3JIeMeHTa. XUMUKU AeCTBO-
BaJii He BCJenylo — (GopMysly XJOpula OHU MOTJIM BBIYMCIUTD 3a-
panee. KakoBa dopmyna ximopuna snemeHTa 104?
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§4.5. Otkpbitie Ilepuoanyeckoro 3aKoHa
.. MenneneesbiM. 3Hayenne Ileprnoangeckoro 3aKona
JJIS1 XUMHHM ¥ €CTeCTBO3HAHUS

IlepBorit BapuanT Ileprmogndeckoil TaOIUIIBI 3JIEMEHTOB
ObL1 onyosikoBaH JAmutpuem MBaHoBUYeM MeHeieeBbIM B
1869 rogy — 3amoJro 10 TOro, Kak ObLJIO M3yYEHO CTPOCHME
atroMa. B a3To BpeMs1 MeHpeneeB IpenoaaBajl xumuio B Ile-
TepOypIrcKoM yHUBepcuTeTe. [OTOBSICh K JEKIIMIM, coOOUpast
MaTepuall aJsg cBoero yueoHuka «OCHOBBI XMUMUU»,
H.N. MenaeneeB pa3ayMbIBall Hall TeEM, KaK CUCTeMaTU3UPO-
BaTh MaTepuaj TaKMM 00pa3oM, YTOOBI CBEICHUS O XUMUYE-
CKMX CBOMCTBaX 3JIEMEHTOB HE BBIJIsIAEI HAOOPOM pa3po3-
HEHHBIX (paKTOB.

OpuentupoM B 3Toii padote .M. MeHeneeBy MOCTyK1-
JIu amomHble maccel (aTOMHBbIE Beca) aieMeHTOB. [Tocie Bee-
MUWPHOI'0 KOHTpecca XMMUKOB B 1860 romy, B pabote KOTOPO-
ro yyactBoBaa u II.U. MeHueneeB, mpobjemMa MpaBUIbHOIO
onpeaesieHUsI aTOMHBIX BECOB Obljla MMOCTOSIHHO B LIEHTPE
BHMMaHMS MHOTUX BEAYIIMX XMMHUKOB MUpa, B TOM YHCJIe U
J.. Menneneena.

Pacnionarasi ayieMeHTHI B ITOPSAAKE BO3paCTaHUsI MX aTOMHBIX
BecoB, JI.M. MeHaeneeB oOHapyXui yHIaMeHTaIbHbIM 3aKOH
MIPUPOABI, KOTOPEIN Telleph M3BeCTeH Kak [lepmommyeckuii
3aKOH:

Ceoiicmea 31emenmos nepuoduuecxu U3MEHAIOMCAa 6 coom-
eemcmeuu ¢ UX amomMHbIM 6€COM.

ITpuBeneHHast GOpMyIUPOBKA HUCKOJILKO HE TIPOTUBOPEUUT
COBPEMEHHOI, B KOTOPOI MOHATHE «aTOMHBINA BEC» 3aMEHEHO
MOHSATUEM «3apsif siapa». CeroaHsI Mbl 3HaeM, UTO aTOMHas
Macca cocpeloToueHa B OCHOBHOM B siipe aToMa. fAnpo co-
CTOUT U3 ITPOTOHOB U HEUTPOHOB. C yBeJIMUECHUEM YKUCIa TTPO-
TOHOB, ONPEICSIONINX 3apsI SIApa, pacTeT U YUUCIIO HEUTPOHOB
B SIpax, a 3HAYUT, 1 Macca aTOMOB 3JIEMEHTOB.

Ho MeHpaeneeBa ObLIO MPEANPUHSATO HECKOJIBKO TMOIBITOK
CUCTEMAaTU3NPOBATh BJIIEMEHTHI IO pa3HBIM MpU3HAKaM.
B ocHOBHOM OOBEIMHSINUCH CXOOHble TIO CBOUM XUMUYECKUM
cBorictBaM aneMeHThl. Hammpumep: Li, Na, K. Mmu: Cl, Br, 1.
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Neo Ne Ne Ne Ne Ne Ne Ne

H1 |F8 Cl15 |[Co/Ni22 | Br29 Pd 36 | 142 Pt/Ir 50
Li2 |Na9 |K16 Cu 23 Rb 30 Ag37 |Csd4 T153
Gl3 [Mgl0 [Cal7 |Zn25 Sr 31 Cd 34 |Ba/V45 | Pb54
Bo4 [AllIl [Cr18 |Y24 Ce/La33 [U40 |Ta46 Th 56
C5 |Sil2 |Til9 [In26 Zr 32 Sn39 (W47 Hg 52

N6 |P13 [Mn20 |As27 Di/Mo 34 | Sb41 | Nb48 Bi 55
07 |[S14 Fe 21 | Se28 Ro/Ru 35 [Te43 | Au49 Os 51

Puc. 4.4. Tabnuna JIxx. Heronenaca

DTH U HEKOTOpPbIE APYyTHE 2JIEMEHThI OOBENMHSUIMCh B TaK Ha-
3pIBaeMble Tpuaabl. Tabauia U3 MsATU TaKUX Tpuaj Oblia OImy-
o6amkoBaHa Jlooepeiinepom enle B 1829 romy, Ho oHa BKJIIOYa-
Jia JIUIIb HeOOJIbIIYIO YacTh U3 M3BECTHBIX K TOMY BpeMEHU
3JIEMEHTOB.

B 1864 rony anrmmuanvs . HeloeHIc 3aMeTHII, 9To eClTi
pacroJjiarathb 3JI€MEHThI B IOPSIIKE BO3pAaCTaHUSI X aTOMHOTO
Beca ¢ HECKOJILKMMM MepecTaHOBKAMHU, TO TIPUMEPHO KaKIIbIi
7-1 3neMeHT, a Korna u 14-ii SBJIsIeTcs CBOETO poja MOBTOPE-
HUEM TIepBOro — MOJ0OHO TOMY, KaK HOTa «I0» (KakK U J100as
JIpyTast HOTa) TTOBTOPSETCS B MY3BIKAJIbHBIX OKTaBaX 4yepes
Kaxjple 7 HOT (3akoH okTaB). Ha puc. 4.4 nokasaH BapuaHT
tabnubl Helonenaca, otHocsmiics K 1865 roay. DieMeHTHI,
AMeEIONIe OMUHAKOBBIN aTOMHBIN BeC (10 TaHHBIM TOTO Bpe-
MEHH) TTOMEIIAIVCH TTOA OMHUM HOMepOoM. MOXXHO BUIETb, C
KaKUMU TPYIHOCTSIMU CTOJIKHYJICSI HbloleHAC — HaMEeTUB-
IIMecsl 3aKOHOMEPHOCTH OBICTPO pa3pyIIaiCh, TTOCKOJBKY B
ero cucTeMe He ObLIa yU4TeHa BO3MOXHOCTh CYIIECTBOBAHMS
elle He OTKPBITHIX 3JIEMEHTOB.

Hoxnan HrloneHnca «3akKoH OKTaB U IPUYMHBI XMMUYECKIX
COOTHOIIIEHWI CPer aTOMHBIX BECOB» OOCYKIAICS Ha 3aceTaHN
JloHgoHcKoro xuMmudeckoro odmecrsa 1 Mapra 1866 romga, a
KpaTKuii OTYeT 0 HeM IybsamKoBasics B xXypHasie Chemical News.
HpromeHac ObUT 630K K OTKPBITHIO [1eproamdecKoro 3aKoHa,
OIIHAKO caMa MIes TOCeA0BaTeIbHOM HyMepaluu TOJIbKO M3-
BECTHBIX K TOMY BPEMEHHU 3JIEMEHTOB HE MPOCTO «JIOMaJIa» TJIaB-
HOE M3MEHEHNE MX XUMIIEeCKIX CBOMCTB — 3Ta MIlesT NCKITIoYa-
JIa BO3MOXKHOCTD CYILIECTBOBAHUS €11I€ HE OTKPBITHIX 3JIEMEHTOB,
JIJIs KOTOpBIX B cucTeMe HblosieHaca mpocto He ObUIo MecTa.
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[MpunuunuanbHast HoBU3Ha Ilepuonuyeckoro 3aKoHa, OT-
KpbITOro U copmynupoBaHHoro .M. MeHaeneeBbIM CITyCTS
POBHO TpHU Iojia, 3aK/II0YaJIach B CIEIYIOLIEM:

1. YcranaBnuBanach CBSI3b MEXIY HECXOOHBIMU II0 CBOUM
CBOICTBaM 3J€eMEeHTaMU. DTa CBSA3b 3aKJIIOYAETCS B TOM, 4YTO
CBOICTBA 3JIEMEHTOB IJIaBHO Y MPUMEPHO OJAMHAKOBO U3Me-
HSIFOTCSI C BO3pacTaHMEM MX aTOMHOTO Beca, a 3aTeM 3TU U3-
MEHEHUSI IEpUOJUYECKIU MTOBTOPSIOTCS.

2. B Tex ciayuasx, Korga co3aaBajoch BIeyaTJeHUE, 4TO B
MMOCIeI0BATEIbHOCTU M3MEHEHUSI CBOMCTB 3JIEMEHTOB He
XBaTaeT Kakoro-HuOyab 3BeHa, B Ilepronnueckoii Tabauie
peaycMaTpUBaIMCh MPoOesbl, KOTOPblE HAaA0 ObLIO 3aMoJ-
HUTH ellle He OTKPBITHIMU 3JIeMeHTaMu. Maio toro, [lepuo-
JUYEeCKUI 3aKOH TO3BOJISLT TpeAcKa3blBaTh CBONCTBA 3TUX
3JIEMEHTOB.

IlepBoiit BapuaHT Ilepruonuyeckoil Ta0GIMLbI, OMYOINKO-
BaHHBIM MeHneneeBsIM B 1869 roay, BBITJISIANT HEITPUBLIYHO
IIJIsI coBpeMeHHoro ynurtartess (puc. 4.5). [Toka He mpocTaBIeHbBI
aTOMHbIE HOMepa, OyayllKe TPYIIbI 3JIEMEHTOB PACIIONOXKEHbI
TOPU3OHTAJIBHO (a Oymyllue Mepuoabl — BEPTUKAJIbHO), ellle
HE OTKPBITHl UHEPTHbIE ra3bl, BCTPEUYAIOTCSI HE3HAKOMBIE CUM-
BOJIBI BJIEMEHTOB, MHOTME aTOMHBIE MAacCChl 3aMETHO OTJIMYa-
IOTCSI OT COBpeMeHHBIX. OIHAKO HaM BaKHO BUIETh, UTO YXKe

Ti=>50 Zr== 90 ?=180
V=>51 Nb= 94 Ta =182
Cr =52 Mo== 96 W == 186

Mn == b5 Rh=1044 Pt=197,4
Fe==56 Ru=1044 Ir=198
Ni == Co == 59 Pd=106,6 Os8==199

H=1 Cu=634 Ag=108 Hg =200
Bew= 94 Mge=24 Zn ==65,2 =112
Be=11 Al=274 7=68 Ure=116 Auw= 1977

Ce=12 Si==28 T=10 Sn==118 .
Ne=14 P =3l As="T5 Sb=122  Bi=210?
0=16 S=32 Se=794 Te==128?
=19 Cl=2355 Br=2=80 J w127
Li=17 Na=23 K =39 Rbe==854 C8e=133 11 =204
Ca==40 Sr=287,6 Ba==137 Pb == 207
P e 45 Ce =92
7Ere=56  La=094
TYt e 60 Di=195
Mo =756 Th=1187

Puc. 4.5. IlepBuiit BapuaHT [leprognyeckoii TabIMUIIBI,
onyoaukoBaHHblii .M. MenzneneessiM B 1869 romy
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B niepBbIil BapuaHT [lepnonnyeckoii Tadbmmupl 1. 1. MenneneeB
BKJTIOYAJI OOJIbIIE 3JIEMEHTOB, YeM MX OBLJIO OTKPBHITO Ha TOT
MoMeHT! OH OCTaBUJI CBOOOTHBIMM YEThIpe KIETOUYKU CBOCH
TaOJULbI IJIS e1lle HEM3BECTHBIX 3JIEMEHTOB M Jlaxke CMOT Tpa-
BWJIBHO OIICHUTh X aTOMHBIN BeC. ATOMHBIC €IMHUIIBI MaCChI
(a.e.M.) Torga euie He ObLIM MPUHSITHI, U aTOMHBIE Beca dJie-
MEHTOB U3MEPSUIM B TMasX, OJM3KUX IO 3HAYEHUIO K Macce
aToma BoJOpoaa.

Bo Bcex mpenblayiyx MomnbITKax onpeaeauTb B3aUMOCBSI3b
MEXAY 3JEMEHTAMU APYTUE UCCIELOBATENN CTPEMUIIUCH
CO3/1aTh 3aKOHYeHHYI0 KapTUHY, B KOTOPOU He ObLJI0 MecTa
ele He OTKpBITEIM a7eMeHTaM. HaobGopor, .M. MeHaeneeB
cuMTas BaxKHeWenl yacTolo cBoeil Ileproanueckoii Tabauibl
Te ee KJIETOYKM, KOTOPhIe OCTaBaJIUCh ITOKA IMMYCTHIMHU (3HAKH
BOIIpoca B Tabnulie Ha puc. 4.5). DTo naBajio BO3MOXHOCTb
npedckazams CYIIECTBOBaHUE €llle HEM3BECTHBIX 3JI€MEH-
TOB.

Haiigurte B Tabauiie Ha pucyHKe 4.5 mepBbIid 3HaK BOIIPOCa
«? = 45» cpasy nocne snemeHTa Kanbuusg (Ca). DTo MecTo
aJieMeHTa ckaHaus (Sc), KoTopklit OyaeT oTKphIT JI. Huisconom
tojbko cniycts 10 snet, B 1879 rogy. CoBpeMeHHOe 3HaueHue
OTHOCUTEJTLHOI aTOMHOM Macchl cKaHaus: 44,956. Cnenyroiye
JIBa 3HaKa Borpoca «? = 68» u «? = 70», uayiue MoApsiI, OKa-
3aJIMCh MECTaMU 3JIEMEHTOB TaJlius M repMaHus. [lepBuIil u3
HMX (COBpeMeHHasl aToMHast Macca 69,72) otkpsbur JI. ne bya-
6onpan B 1875 romy, a BTopoii (atoMHast Macca 72,59) K. Bun-
kiep B 1886 romy. Emie omuH 3HaK Borpoca «? = 180» 1.1. Men-
JieJieeB OCTaBWJI IUIs1 BJEMEHTa, KOTOpPhIiA ObLT OTKPHIT 1. Xe-
Belllx ToJbkO B 1923 rony u Ha3BaH radpHueM (aTOMHasi Macca
178,5). He npaBaoa v, yiuBUTeIbHas TOYHOCTb MpeacKa3a-
Hust!

HocToitHo BocxulleHus, 4To cBoe oTKpbiTve JI. . MeHzeneeB
ciesiajl B TO BpeMsl, KOrJa aTOMHbIE Beca MHOTMX 3JIEMEHTOB
OBLTH OTpeieIeHBI BeChbMa IPUOJIU3UTETHLHO, a CAMUX DJIEMEH -
TOB OBLIO M3BECTHO BCEro MIECTHAECAT TPU — TO €CTh YyTh
0oJIbllIe TTOJIOBUHBI M3BECTHBIX HAM CETOIHS.

Ilrybokoe 3HaAHME XMMUYECKUX CBOMCTB pa3IMYHBIX 3Jie-
MEHTOB MO3BOJIWJIO MeHeneeBy He TOJIbKO YKa3aTh Ha ellle
HE OTKPBITHIE BJIEMEHTHI U OIIEHUTb UX aTOMHYIO Maccy, HO U
mpeackasaTh cBoiicTBa. [locMoTpuTe, KaK TOUHO OIMMCAI
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.. MeHnneneeB cBOCcTBA 3JIeMeHTa, HA3BAaHHOTO UM
«3Ka-CHIIMIIMEM» (3TO 2JieMeHT repmanuii). Crycts 16 et
npenckazanue .M. MeHneneeBa OjecTsile NOATBEPAUIOCH
(Tabu. 4.5).

TouHo Tak xe npu xu3Hu .M. MenaeneeBa OaecTsiie
MOATBEPAUINUCH CBOMCTBA «9Ka-aTlOMUHUSI» (2JIEMEHT raj-
it Ga) n «9Ka-60pa» (3JIeMEeHT CKaHIHi Sc).

ITociie aTOrO Y4eHBIM BCEro MUpa cTajio sicHo, uto Ilepuo-
nudeckas tadauua .M. MeHaeneeBa He IIPOCTO cCUCTeMaTH-
3UPYET JEMEHTHI, A A6IAEMCA ZPAPUUECKUM GbIPAICCHUEM
dynoamenmanwvhozo 3axona npupoosr — Ilepuoouuecxozo 3a-
KOHa.

DTOT 3aKOH 00JamaeT npeackasareabHoil cuinoil. OH 110-
3BOJIWJI BECTHU LIeJIeHANPaBICHHbIN MTOUCK HOBBIX, €lle HE OT-
KPBITHIX 2J1€MEHTOB. ATOMHBIe Beca MHOTUX 2JE€MEHTOB,
orpeAesieHHBIE O 3TOr0 HEIOCTaTOYHO TOYHO, MOABEPIIUCH
IIpOBepKe U YTOYHEHUIO MMEHHO ITOTOMY, YTO UX OIITMOOYHBIC
3HaYeHUs BCTYMaIM B TIpoTHBOpeune ¢ [leprmommaecknM 3a-
KOHOM.

Tab6auuma 4.5

ConocrasiieHne cBoiicTB, npeackasannsix /1. 1. MenaeneeBbiM
IS €IIIe He OTKPBITOrO 3JIEMEHTA «3Ka-CHIHIUS»
co cBoiicTBamMu 3jieMeHTa repmanus (Ge). B coBpemeHHoi#t
ITeproanyeckoii TA0MIE repMAHIIA 3AHUMAET MECTO «IKA-CHIHIUS»

IIpenckazaHo OmnpeneieHo
. J.1. MenpeneeBbIM pel
CBOIiCTBO 1151 repmanust Ge,
JUTSL «9Ka-CUJIIULUSI»
B 1870 roxy OTKpbITOTO B 1886 romy

BET, BHEIITHUIA BU KOPHUYHEBBIU CBETJIO-KOPUYHEBBIN
I . . N
ATOMHBIN Bec 72 72,59
[TnotHOCTD (r/cM?) 5,5 5,35
®opmyna okcua X0, GeO,
®opmyna xiopuaa XCl, GeCl,
[Tr1oTHOCTE XJTOpHIa 1,9 1,84
(r/cm?)
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Bnpouem, naxe mocsie orpoOMHON U TILATEJbHOW pabOThI
XMMUKOB I10 MCIIPaBJIEHUIO aTOMHBIX BECOB, B UYEThIPEX MECTaX
Ilepuoanueckoil TaGIULIBI 2JIEMEHTHI «HAPYIIAIOT» CTPOTUIA
MOPSIAOK PACITONIOXKEHMS 110 BO3pAaCTAHUIO aTOMHOM MacChlI.
OTO maphl 3J1EMEHTOB:

sAr(39,948) — K (39,098);
1,C0(58,933) — ,Ni(58,69);
HTe(127,60) — +51(126,904);
00 Th(232,038) — 4,Pa(231,0359).

Bo Bpemena .M. MeHneneeBa mogoOHbIe OTCTYIJICHUS
cuuTanuch HepoctatkaMu Ileproauyeckoit cuctemsl. Teopust
CTPOEHUsS aToOMa pacCcTaBWia BCe HA CBOM MeECTa: DJIEMEHTHI
PacCIOIOXKEHBI COBEPIIIECHHO MPAaBWJIBHO — B COOTBETCTBUU C
3apsnamMu ux gaep. Kak xe Ttorga o0bsSICHUTb, YTO aTOMHBINA
BeC aproHa 0oJibllie aTOMHOTO Beca Kajusi?

ATOMHBII BeC JII0OOTO 3JIeMEeHTa paBeH CpeJHEMY aTOMHO-
My BECY BCEX €ro U30monoé C y9ieToM UX paclpoCTpaHEeHHOCTH
B Iipupoje (BcmoMHuuTe naparpad 2.3 u3 riaaBbl 2). CiydaitHO
aTOMHBIM BeC aproHa OINpeneIsieTcss Hanboee TSKEIbIM U30-
TOIMOM (OH BCTpeYaeTcs B MpUpPOe B OOJbllIeM KOJIWYECTBE).
V xanus, Hao00poT, IIpeodaagaeT 0ojee JIETKU ero U30ToM
(TO €CTh U30TOIl C MEHBIIIMM MAacCCOBBIM YHCJIOM).

DKcnepuMeHTAIbHOE OMpeNe/ieHUe 3apsiioB SAep JIeMeH-
TOB, NpoBeAeHHOoe [. Mo3u B 1914 romy, moaTBepAauIoO MpaBo-
Ty I.W. MeHaeneeBa, KOTOPhIA OTAAJ IIPEAIIOUYTCHUE XUMUYE-
CKHM CBOMCTBaM, a HE aTOMHBIM BecaM 3JIeMEHTOB IIpU
OfpeNeieHUU UX OKOHYaTeJbHOTro Mecta B [lepuoauueckoit
TabuIIe.

C MoMeHTa nosiieHus [lepuoauueckoro 3akoHa XMMUs
repecTayia ObITh onucaTeIbHOI HayKoi. Kak o6pa3Ho 3amMeTu
u3BecTHBIN pycckuit xumuk H. . 3enunckuit, [Tepuonnueckuii
3aKOH SIBWJICS «OTKPBITHUEM B3aMMHON CBSI3U BCEX aTOMOB B
MUPO3JaHUM».

HanpHeime OTKPBITHST B XU-
MU U (PU3MKE MHOTOKPATHO TTO-
TBepIUIU (pyHAAMEHTaAJbHBIN
cmbica Ilepuoanyeckoro 3akoHa.
BbIIM OTKPBITBI MHEPTHBIE Ta3bI,
KOTOpHIE BEJIMKOJICITHO BITMCAINCH
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B [lepuonunyeckyio cucTeMy, 0COOEHHO HamISIAHO 9TO MOKa3bl-
BaeT MIMHHAg popma Tabnuubl. [TopsnkoBbIli HOMED 2JIeMEH-
Ta 0Kas3aJiCsd paBHBIM 3apsay sIpa aToMa 3TOro 3JIeMeHTa.
MHorue HeU3BECTHbIE PAHEE JIEMEHThBI ObLIU OTKPBITHI OJ1aro-
Japsi uejieHarpaBJIeHHOMY MOUMCKY UMEHHO TeX CBOICTB, KO-
TOpble TpeacKa3biBaJuch Ha ocHoBaHuM [lepuoanyeckoro
3aKOHa.

§4.6. HekoTopbie 3aKOHOMEPHOCTH
B [lepuoanyeckoii Tadmmue JI.1. Menneneesa

Ilepuonuueckas Tabaviia CUCTEMAaTU3UPYET HE TOJIBKO 2J1e-
MEHTBI, HO M caMble pa3HOOOpa3HbI€ MX CBOMCTBA. XMMMKY
yacTo ObIBaeT JOCTAaTOYHO MMETh Nepeld IiazamMu Ilepuoanye-
CKY10 TaOJIUILy IJII TOTO, YTOOBI MPAaBUJIBLHO OTBETUTh HA MHO-
>K€CTBO BOIPOCOB (HE TOJIbKO 3K3aMeHallMOHHbIX, HO U Ha-
VYHBIX).

3arnsHeMm eule pa3 B [lepuoanueckyro tabauiy. [Tomumo
[JTyOOKOM (hyHIaMEeHTaIbHOM CBA3M MEXIY dJeMeHTaMu, OHa
oTpaXaeT psJ MOJIE3HBIX IS M3YyYeHUS] XMMUU 3aKOHOMEP-
Hocteil. PaccMoTpuM BaxHeliine u3 Hux (puc. 4.6).

<%’CCT3HOBI/ITC]IBHI)IG 1 METAJUIMYECKUE CBOfICTBal
| OKHUCJIMTCJIbHBIC U HEMETATIJIMYECKUE CBOﬁCTBa(>

- Tl
=
L—
| e
Wiy

1 MEXaHNYECKME CBOUCTBA

BOCCTAHOBUTECJIbHBIC

Puc. 4.6. 3axoHomepHocty [lepronnyeckoit TaOIUIIBI, CBSI3aHHBIE
C 2JIEKTPOOTPUIIATETEHOCTHIO, METAJUIMIECKUMU U OKUCITUTETHHO-
BOCCTAaHOBMTEJIBHBIMU CBOWCTBAMU 2JIEMEHTOB
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I. 3akoHOMepHOCTH, CBA3AHHbIE C METAIMYECKUMH U HeMe-
TAJIMYECKUMH CBOICTBAMHU 3JIeMEHTOB.

1. Ilpu mepemMelieHUU BOOJb TIEPUOIA CAPABA HANEB0 ME-
TaJUIMYEeCKHE CBOMCTBA 3JIEMEHTOB ycuausaromces. B ooOpaTHoM
HarpaBJIeHUM BO3PACTalOT HeMETaUIMYECKHUeE.

DTO 0OBSICHSETCS TeM, 9TO TIpaBee HAXOMSATCS 3JICMEHTHI,
3JIEKTPOHHBIE 000JIOYKU KOTOPBIX OJIMXKE K OKTETY. DJIEMEHThI
B IpaBoOii YacTu Mepuoja MeHee CKJIOHHBI OTIaBaTh CBOU
3JIEKTPOHBI JIs1 00pa30BaHUS METAIIMYECKOIM CBSI3U M BOOOIIIE
B XUMMYECKHNX PEaKIIUsIX.

Hampumep, yrinepon — 6oitee BhIpaskeHHBIN HeMETaJlT, 9eM
ero cocefl o nepuoay 6op, a a30T obaanaer eie dosee SIpKu-
MM HEMETATTMISCKIMU CBOMCTBAMHM, YeM YIJIEPO.

CrieBa HampaBo B MepUOJE TaKXKe YBEIUUUBACTCS U 3apsif
aapa. CinenoBareybHO, YBEJIMYMBACTCS MPUTSIXKEHUE K SAPY
BaJIECHTHBIX 3JIEKTPOHOB U 3aTPYIHSIETCS UX OTHava.

Hao6opoT, s-31eMeHThl B JIEBOW YacTU TabJULIbI UMEIOT
MaJio 2JIEKTPOHOB Ha BHeEIIHEeW 000JIouKe U MEHBIIWI 3apsi
sipa, 4To CIOCOOCTBYET 00Opa30BaHNI0 UMEHHO METa/UIMYEeCKOM
CBsI3U. 3a MOHSITHBIM HUCKJIIOYEHUEM BOAOpOIa U reaust (Mx
000JI0YKY OJM3KM K 3aBEpUICHUIO WJIM 3aBeplleHbl!), Bce
S-DJIEMEHTHI SBIISIIOTCS METaUIaMU; p-3JIEMEHTBl MOTYT OBITh
KaK MeTaJJlaMH, TaK ¥ HeMeTaJlJlaMU, B 3aBUCMOCTH OT TOTO,
B JIEBOM WJIM TIpaBOI YacTH TaOIUITBI OHW HAXOMSITCS.

VYV d- u f~31eMeHTOB, KaK Mbl 3HaeM, €CTb «pe3epPBHbIE»
BJIEKTPOHBI U3 «IIPEATNOCIEAHUX» 0007I0UYeK, KOTOPhIE YCI0XK-
HSIOT MPOCTYIO KApTUHY, XapaKTePHYIO ISl S- U p-3JIEMEHTOB.
B uenoM d- u f~31eMeHTHI Topas3no
OXOTHEEe MPOSBJISIOT MeTanue-
CKME CBOMCTBA.

IMonapsroniee YUCIO JIEMEH-
TOB SIBJIIETCS METaJUIaMU, U TOJb-
KO 22 3JIeMeHTa OTHOCSIT K HeMe-
tayutam: 3to H, B, C, Si, N, P, As,
0, S, Se, Te, a TakKXe Bce TaJIOTEHbI
1 MHEPTHBIC Ta3bl.

HexoTopble HeMeTaJUTbI, B CBS3U C
TEM, YTO OHUM MOTYT MPOSIBIISATD cllabble
MeTaJUIMYeCKre CBOMCTBA, OTHOCAT K
MoJiyMeTajljiaM.
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Puc. 4.7. ITonymeTraibl pacrojoXeHbl TPUMEPHO

BIOJIb TUATOHAJIN, MIPOXOSINE OT JICBOIO BEpPXHE-

IO K MPaBOMY HIKHEMY YIJIy GJ0Ka p-3JeMEHTOB
B [lepuoauueckoii Tabnuie

Yro takoe noiaymeTtauibl? Ecau BeIOpaTh u3 [lepnomndeckoit Ta-
OJIMILIBI p-3JIEMEHTBI U 3aIucaTh UX B OTHEJIbHBIN «0JIOK» (3TO chena-
HO B «JUIMHHOI» (hopMe TabJIUIIbI), TO OOHAPYXXUTCSI 3aKOHOMEPHOCTb,
noka3zaHHas Ha pucyHke 4.7. JleBasg HYDKHSIS 4acTh 0JI0Ka CONEPKUT
TUITMYIHBIE METAJUIBI, TIpaBast BEpXHSST — TUIIMYHBIE HEMETAJIIBL. DJie-
MEHTBI, 3aHUMAIOIIMe MeCTa Ha TpaHUIle MEXIy MeTa/ulaMU U He-
MeTa/UlaMU1, MHOTNIa Ha3bIBAIOT NOAYMEeMAaitamu.

[MosymeTamibl UMEIOT KOBAJIEHTHYIO KPUCTAJUTMYECKYIO PEIIETKY
MPpY HAJIMYUU METAJTTUIECKON MPOBOIUMOCTH (JIEKTPOIIPOBOIHOCTH).
BaneHTHBIX 3JIEKTPOHOB Y HUX JTMOO HETOCTATOYHO JIsl 0Opa3oBaHUs
TOJTHOLIEHHON «OKTETHOI» KOBaJEHTHOM CBSI3M (Kak B OGope), 1o
OHM HE YIEePXUBAIOTCS JOCTATOYHO MPOYHO (KaK B TEJUType WM T0-
JIOHUM) U3-3a OOJIBIIINX pa3MepoB aToMma. [103ToMy CBSI3b B KOBaJICHT-
HBIX KpUCTaJUIaX 3TUX JIEMEHTOB MMEET YaCTUIHO METaJUTMIECKUIA
XapakTep.

Hexkotopeie monymeTamibl (KpeMHUI, TepMaHUil) SBISIOTCS T10-
JiyripoBogHUKaMU. [1oaynmpoBOIHUKOBBIE CBOMCTBA 3TUX 3JIEMEHTOB
OODBSICHSIOTCSI MHOTMMHU CJIOXXHBIMU TIPUYMHAMM, HO OJHA U3 HUX —
CYILIECTBEHHO MEHbIIasi (XOTSI U He HyJeBasl) 3JIeKTPOIPOBOIHOCTb,
o0bsicHsIeMast C1aboii MeTaJUTM4YeCcKOoii CBsI3blo. PoJib mosynmpoBoaHM-
KOB B 3JICKTPOHHOM TeXHMKE Ype3BBIYATHO BaxKHA.

2. Ipu nepeMelieHUN céepXy 6HU3 BIOJIb TPYII YCUAUBA-
omes MemanaudecKue ceolicmea JIEMEHTOB. DTO CBSI3aHO C TEM,
YTO HIKE B IPYIIIAX PACIIONOXEHBI DJIEMEHThI, UMEIOLIUE YKE
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JIOBOJILHO MHOTO 3aIlOJIHEHHBIX 3JEKTPOHHBIX 000104eK. Mx
BHEIITHHME 000JIOYKHM HAXOASATCS Jajblie ot ssapa. OHu oTaene-
HBI OT gpa 60Jiee TOJICTOM «11y0O0ii» U3 HIXKHUX SJIEKTPOHHBIX
000JI0YEeK, U DIIEKTPOHBI BHENITHUX YPOBHEN yIEPKUBAIOTCS
ciabee.

I1. 3akoHOMepPHOCTH, CBSI3AHHBIE C OKMCJIUTEIBHO-BOCCTAHO-
BUTEJIbHbIMU CBOiiCTBaMHU. VI3MeHeHNs 3JIeKTPOOTPUIIATEILHOCTH
3JIeMEHTOB.

3. IlepeuynciieHHbIE BbIIIE MPUUYUHBI OOBSICHSIIOT, MIOYEMY
cnesa Hanpago yCUAUBAIOMCS OKUCAUMENbHbIE C80licmea, a TIpU
JIBUXXEHUW C8EpXy 8HU3 — B0CCMAHOBUMENbHbIE CEOLICINEA DIie-
MEHTOB.

ITocnenHsist 3aKOHOMEPHOCTh PACPOCTPAHSIETCS NaXe Ha
Takyle HeOOBbIYHBIE JIEMEHThI, KAK MHEPTHBIE Ta3bl. Y «TsoKe-
JIBIX» OJIAaTOPOIHBIX TA30B KPUNTOHA U KCEHOHA, KOTOPhIe Ha-
XOJSITCS B HUXKHEW YacTU TPYIIibl, YAA€TCS «OTOOpaTh» JeK-
TPOHBI U TIOTYYUTh UX COSTMHEHUS C CUJIBHBIMU OKUCTATES -
MU ((DTOPOM U KUCJOPOIIOM), a JJISl «JIETKUX» TeJllsl, HEeOHa U
aproHa 3TO OCYILIECTBUTb HE yIAETCs.

B npaBom BepxHeM yrjy TabJMIIbl HAXOAMUTCS CaMbIid aK-
TUBHBIN HeMeTa/ul-okucauTeab ptop (F), a B 1eBOM HUKHEM
yIJIy — caMblii aKTUBHBIN METaJLI-BOCCTAaHOBUTEND 1e3uii (Cs).
BOnemeHT dpaHuuii (Fr) nomkeH ObITH ellle 00Jiee aKTUBHBIM
BOCCTAaHOBUTEJIEM, HO €T0 XUMUYECKHUE CBOMCTBA M3y4aTh
KpaliHe TPyIHO U3-3a ObICTPOTrO paAuOaKTUBHOTO pacraja.

4. Ilo Toit ke MpUYMHE, YTO U OKUCIUTEJbHbIE CBOMCTBA
3JIEMEHTOB, UX 21€KMPOOMPUYAMEAbHOCMb 803pacmaem B Tie-
pYioax TOXe c1e8a Hanpaso, NOCTUrasi MAaKCUMyMa y TraJloreHOB.
He mocnenHioo poibk B 3TOM MTpaeT CTeNleHb 3aBePIIeHHOCTH
BaJICHTHOI O0OJIOUKU, €€ OJU30CTh K OKTETY.

5. Ilpu mepemMelIeHUN ceepxy éHu3 1O TPYIINAM 31eKmpo-
OMPULAMENbHOCIb YMEHbUaemcs. DTO CBSI3aHO C BO3pACTAHU-
€M YucJia JIeKTPOHHBIX 000JI0YEK, Ha MOoCIenHeN 13 KOTOPhIX
3JIEKTPOHbBI TIPUTATUBAIOTCS K SIIpYy Bce ciabee u ciadee.

II1. 3akoHOMepHOCTH, CBSI3aHHbIE C pa3MepaMH aTOMOB.

6. PasmMepnl aTOMOB (aTOMHBIEC PaIUyChl) TP ITePEMEIIIEHUN
caeea Hanpaeo BOOJIb IIEpUOOA YMEHbULAIOMICA. DTO OOBICHSIOT
TEM, YTO SJICKTPOHLBI BCE€ CUJIBHEC IIPUTATUBAIOTCA K AAPY IO
Mepe Bo3pacTaHUs 3apsna sapa. Jaxe yBelmueHue yucia
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Puc. 4.8. I3MeHeHUe aTOMHBIX PalycoB Ha MIpUMeEpPe

3JIeMeHTOB 2-10 Tepuona u I rpynmsl [Tepuoanyeckoii

TaOaUIbIl. ATOMHBIE Paguychl JaHBI B aHTCTpeMax
(1A=10"%cm)

3JICKTPOHOB Ha BHEIIIHei o0oJjiouke (Hampumep, y ¢Topa Mo
CPaBHEHUIO C KMUCJIOPOAOM) HE TIPUBOAUT K YBEJIUUCHUIO pa3-
MepoB atoma. Haob6opoT, pa3mepbl aToMa (pTopa MeHbIIIE, YeM
aroMa kuciopoza (puc. 4.8).

7. Ilpu nepeMellieHUU c8epxy 6HU3 aTOMHBIE paauyChl 3Je-
MEHTOB pacmym, IOTOMY UTO YBEJIMUMUBAETCS YHUCIIO 3JEKTPOH-
HBIX 000JI0YeK.

IV. 3aKoHOMEpPHOCTH, CBSI3aHHbIE C BAJIEHTHOCTBIO 3JIEMEHTOB.

8. DeMeHThl OJHOI U TOH XXe MOArpymnnbl (B KOPOTKOM
¢opMe TabauLIbl) WM TPYHIIbI (B JVIMHHOW) UMEIOT aHAJIOTUY-
HYI0O KOH(MUTYpallMI0 BHEIIHUX 3JIEKTPOHHBIX 000JI0YeK U,
CJIeIOBaTeNIbHO, OMMHAKOBYIO BAaJICHTHOCTh B COCIUHEHMSIX C
JIPYTUMU 3J€MEHTaMMU.

9. s-3JIeMEHTHI UMEIOT BAJICHTHOCTHU, COBMAAAOIINE C HO-
MEpPOM UX TpyImnbl (B 110001 (popme TaOIUIIbI).

10. p-37eMEeHTH UMEIOT HAaNOOJBIITYIO BO3MOXKHYIO JUTST HIX
BJICHTHOCTD, PaBHYIO HOMEpY TPYIIILI B KOPOTKO# (popMe
[Mepuonuyeckoit Tabauubl. KpoMe TOro, OHu MOTryT UMETh
BaJIEHTHOCTb, PaBHYIO Pa3HOCTU MEXIY YuCJIOM 8 (OKTET) U
HOMEPOM MX I'PYIIbI B KOPOTKOH (hopMe TabaulLibl (3TOT HOMEP
COBIIAAET C YMCIIOM 3JIEKTPOHOB Ha BHEIIIHEI 000JI0UKE).

11. d-a5eMeHThI 00BIYHO OOHAPYKUBAIOT HECKOJIBKO Pa3HBIX
BaJICHTHOCTE#, KOTOPBIE HEIb3sl TOYHO TIPEeICcKa3aTh IO HOMe-

Py TPYIIIIBL.
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Taonuuma 4.6

HexkoTtopbie 06001menHbie GopMyJIbl CoeTMHEHHi,
00pa3yeMbIX 3J1eMEHTAMH OIHOM rPYIIIbI

1 11 I VI VII
LiCl BeO BCl; H,0 HF
NaCl | MgO | AlICl; H,S HCl1
KClI CaO | GaCly | .. H,Se | HBr
O6o6u1IeHHasd
dopmyna RCl RO RCl; H,R HR

12. He TOIBKO 371eMEHTHI, HO 1 MHOTHME X COeAUHEHUS —
OKCUJIbI, TUAPUIbI, COEAUHEHUS C rajoreHaMu — OOHApYXKU-
BaIOT NIEPUOJUYHOCTD. JIJISI KaXK oM epynnbl 37EMEHTOB MOKHO
3anucaTh OPMYJIBl COCIMHEHUI, KOTOpble MePUOANIECKIU
«TIOBTOPSIIOTCSI», TO €CTh MOTYT ObITh 3allMCaHbl B BUjie 0000-
meHHou ¢popmynbl. Hanmpumep, Takue 00001eHHBIE (POPMYIIBI
3aMACcaHbl B HIDKHEH YacTy TabIuIbl 4.6.

MbI ¢ BaMM paccMOTped BaXHEHIIne 3aKOHOMEPHOCTHU,
HabJ0gaeMble BHYTPU MepuoaoB U rpyni [lepuoanyeckoii Ta-
ol JI.M. MeHneneeBa. Teriepb Mbl CMOXEM MX aKTUBHO KC-
0JIb30BAaTh B JaibHelIeM n3ydyeHuu xumun. Kak Bel yoenurecs,
5TO BO MHOTOM OOJIETYUT TMOHUMaHWe U Jaxe TpeackasaHue
CBOMCTB caMbIX pa3HOOOPa3HbIX XMMUYECKMX BEIIECTB.

HNuTepner:

Pecypc «100+ 3KcriepyMeHTOB MO XUMUW»; PEXXHUM JOCTYyIIA:
www.chemicum.com/ru — peakius 1e3usi U BOJbI.

3anaum K rase 4

4.10. DaexTpoHHas KOHbUrypauus snemenTa 1s>2s?2p° 3s'.
HazoBute aToMHBII (TTOPSIAKOBBIN) HOMED U TPYIIY, B KOTOPYIO
BXOIUT 3TOT 3JIEMEHT.

4.11. T1lpuBeaeHbI 21eKTPOHHbBIE (DOPMYJIbI BHEIITHUX 3JIEK-
TPOHHBIX 000JI0UEK 3JIEMEHTOB: a) 25> 2p>, 6) 3s%3p*, B) 3d ' 452,
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CocTaBbTe MOJHbIC 3JEKTPOHHbIE (DOPMYJIbl U OINPEneIUTe
MOPSIAKOBbIE HOMepa 37eMeHTOB. HazoBUTe 3TH 3J1€MEHTHI.

4.12. B xakom nepuone Ilepronnyeckoit TabauIbI HAXO-
JIUTCS 3JIEMEHT C MOJHOCTBIO MM YaCTUYHO 3aceIeHHBIMU
opoutansamu 1s 2s 2p 3s 3p 3d 4s?

4.13. T1o nonoxenuto B [lepmognueckoii Tabnmiie onpene-
JINTE: a) KaKOU 3JIEMEHT SBISIeTCS 00jiee CUITLHBIM OKUCITATE-
JneM: cepa unu ¢ocdop? 0) MeTaaaIudyecKue CBOMCTBA sApyue
BbIpaXkKeHbI y CeJieHa WU Y MbILIbsSIKa?

4.14. Bo3pacTaloT Win yMEHBIIAITCI BOCCTAHOBUTEIbLHbBIE
cBoiicTBa 37eMeHTOB B psiny Li—Na—K—Rb—Cs? B uctopuu
n3 naparpada 1.1 Ham xopommii 3HakoMbili FOX mbITazcs mo-
IPY3UTH B BOLY KycoueK HaTpus. [loueMy aHaJIOTMUHBIN OTIBIT
C KYCOUKOM 11e3us 1iejiecoo0pa3Hee MpoBOAUTh He B jabopa-
TOPUU, a HA BOeHHOM IToiMroHe? [TocMOTpUTE OIBIT «peaKiivst
Lie31s U BoAbl» (CM. CCBUIKY B KOHIIE Itaparpada).

4.15*%. CymecTByeT coemMHEHNE MOIa C XJIOpOM, uMmeroliee dop-
myiy ICl. AToMBI B 3TOI MOJIEKYJI€ CBSI3aHBI IMOJISIPHOM KOBaJIeHTHOM
cBs13b10. TOJIbKO Ha OCHOBaHMM 3aKOHoMepHocTelt [lepuoanueckoit
TaOJUIIBI OTNIPEIeSIUTE YaCTh MOJIEKYIIBI (ATOM), TIe UMEeTCS] M30BITOU-
Hasl 2JIeKTPOHHAs TUIOTHOCTb (YACTUYHBIN OTpULIATEIbHBIN 3apsim).

4.16*. Azot (Z = 7) u BucMmyt (Z = 83) mpuHamiexar K oJHOI
V rpynne (1 gaxe K OIHOI INIaBHOM MOATPYIIEe 3TOM T'PYMIIbl), 00-
JIaIaloT OMMHAKOBOI BHELIIHEN 3JIEKTPOHHON 060/104K0ii s%p°. TeM He
MeHee OIH M3 HUX — Ta3 (TUITWYHBIN HeMeTaJlT), a IPYroi 1o BHEIII-
HEMY BHMJIy — MSTKUiIl cepeOpucTO-0eblii MeTall C PO30BATOBBIM
orTeHKoM, ImaBsgmuiicsa mpu 271 °C. OObsICHUTEe IPUINHY TaKOI'O
0OJIBIIIOTO PA3INYUsl B CBOMCTBAX 3TUX DJIEMEHTOB.



Thaea 5
XUMMNYECKHE PEAKIINN

§ 5.1. XumMmnyeckue peakiuu.
YpaBHeHHs1 XUMHYECKHX peaKIuii

XuMMUecKast peakiluss — 3TO MpeBpallieHe OJHUX BEIIECTB
B apyrue. Brpouem, Takoe onpeneseHrue HyXIaeTcsl B OTHOM
CYIIECTBEHHOM NOMOJHEHUU. B saepHOM peakTope UM B
YCKOpUTEJIe TOXKE OIHU BELIECTBA MPEeBPALIAIOTCS B IPYTUe, HO
Takue TIpeBpaIlleHNsT XUMUIECKMMHU He Ha3biBaoT. [louemy?
Heno B TOM, YTO B SIACPHBIX PEaKTOpax MPOUCXOST IMPOLECCHI,
3aTparuBalollie aTOMHbIE siipa 3JIEMEHTOB, TO €CTb SIAEPHbIE
peakuuu. OHM 3aKJIOYAIOTCS B TOM, UTO SIApA 2JIEMEHTOB MPU
CTOJJKHOBEHMH C YaCTULIAMU BbICOKOU 3HEpPruu (MMU MOTYT
OBITb HEUTPOHBI, MPOTOHBI U SIAPa WHBIX DJIEMEHTOB), pa3ou-
BalOTCSl HA OCKOJIKM, MpPEeACTaBISIOLIME COO0M sipa NPYrux
aJieMeHTOB. BO3MOXHO U cliMssHUe gaep MeXay coboil. DTu
HOBBIE SIIpa 3aTeM MOJYYaloT 3JEKTPOHBI U3 OKPYXKaloIIei
cpedbl, U, TAKUM 00pa3oMm, 3aBeplilaeTcs oOpa3oBaHUE OBYX
WA HECKOJIbKMX HOBBIX BelllecTB. [TojlydeHHbIe TAKUM CITOCO-
OOM BelllecTBa TakXKe SIBJISIOTCS aeMeHTaMu [lepuoanyeckoi
cucteMbl. [IpuMepsl SIAEPHBIX peakUil, UCTOJb3yeMbIX IS
OTKPBITUSI HOBBIX 2JIEMEHTOB, TIpUBEJAeHbI B Tlaparpade 4.4.

B oTiiuue ot saepHbIX peakluil, B XUMUUECKUX PeaKIIUsIX
He 3ampaecuearomes Adpa aToMOB. Bce UBMEHEHUsT TPOUCXOISIT
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TOJIBKO BO BHEIITHUX 3JICKTPOHHBIX 000JI0UKaX. Pa3priBatoTcs
OIIHY XMMMYECKHUE CBSI3U, U 00pa3yroTCs ApYyrue.

Xumuneckumu peaKuyusmu Ha3ol6arOMcs A64AeHUS, NPU KOMO-
Pbix 00HU eujecmea, obaadarouiue onpeoeieHHbiM COCIaeom U
ceoiicmeamu, npespawiaromcs ¢ opyaue éeulecmea — ¢ opy2um
cocmagom u dpyzumu ceoiicmeamu. Ilpu smom 6 cocmage amom-
HbIX A0ep u3MeHeHull He npoucxooum.

PaccMOTpUM TUIMMYHYIO XUMUUYECKYIO PeaKLMIO: CTOpaHue
MPUPOIHOTro raza (MeTaHa) B KUcIopoae Bo3ayxa. Te u3 Bac, y
KOTo JloMa eCTh Ta30Basl TUIMTa, MOTYT eXeAHEeBHO Ha001aTh
3Ty peaklMIo y ce0sT Ha KyxHe. 3aluiIeM peaklMio TakK, Kak
MoKa3aHO Ha pucyHke 5.1.

Metan CH, u kuciopon O, pearupyiot Mexay coboii ¢ 00-
pa3oBaHueM auokcuiaa yriepoaa CO, u Boasl H,O. ITpu atom
B MOJIEKYJIe MeTaHa pa3pbiBaioTcs cBsa3u Mexny C u H u Ha ux
MEeCTe BO3HUKAIOT CBSI3U YIJjepojaa ¢ KUCI0POAOM. ATOMbI BO-
Jlopoja, paHee MpUHaAJeXaBllue MeTaHy, 00pa3yloT CBSI3U C
KuciaopoaoM. Ha pucyHke Xopollo BUAHO, YTO JJIs1 YCTIEIIHO-
IO OCYLISCTBIICHUSI peaKIMM Ha 00HYy MOJIEKYIy MeTaHa Halo
B3STh d6e MOJIEKYJIbI KUCJI0POA.

3anuchIBaTh XUMUUYECKYIO PEAKIIMIO C IOMOIIBIO PUCYHKOB
MOJIEKYJI He CITUIIKOM yno0Ho. [ToaToMy 115 3ammmcyu Xumudae-
CKUX peaKluii UCTIONb3YIOT COKpallleHHble (OopMYJIbl Be-
IIECTB — KaK 3TO MOKa3aHO B HWXXKHEHW dactu puc. 5.1. Takasa
3alUCh HA3bIBACTCSI YPAGHEHUECM XUMUYECKOU PeaKyuu.

KonnyecTBo aTOMOB pa3HBIX 3JIEMEHTOB B JIEBOU 1 IIpaBoOit
YaCTSIX YpaBHEHUS OOUHAKOBO. B J1eBoii yacTy odur atoM yriie-
pona B coctaBe MoJiekyiibl MmeTaHa (CH,), u B mpaBoii — mom

H + C * oy
e “
CH4 + 202 = C02 + 2H20

Puc. 5.1. Xumuueckasi peakiius TOpeHUsI MeTaHa
B KUCJIOPOIE
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Jice aTOM yTjiepoJa Mbl HaxoauM B cocTaBe MoJiekyiibl CO,. Bee
YyeThIpe BOJOPOIHBIX aTOMa U3 JIEBOM YaCTU YpaBHEHUSI MbI
00s13aTeJIbHO HaiiieM U B IPaBOM — B COCTaBE MOJIEKYJI BObI.

B ypaBHeHUM XUMHWYECKON peakLMU IS BEIPABHUBAHUS
KOJINYECTBA OMMHAKOBBIX AaTOMOB B Pa3HBIX YACTSIX YPABHEHMS
HCTIONTB3YIOTCS K0aghghuyuenmot, KOTOPBIE 3aITUCHIBAIOTCS neped
dopmynamu BeiecTB. KoadduimeHTsl He Hago MyTaTh ¢ MH-
JeKcaMU B XUMUYECKUX (hopMyiax.

/2H20\

KO3 GULIMEHT: MOKa3bIBaeT WHEKC: ITOKa3bIBAECT
CKOJIbKO ITAHHBIX MOJIEKYJI IH1CJIO aTOMOB
Y4YacTBYeT WUJIM 0OpasyeTcst B MOJIEKYJIC BEILLIECTBA

B XMMUYECKOM peakiuu

PaccmoTpuM Apyrylo peakuuio — IpeBpalleHue oKcuaa
kanbuus CaQO (HeraileHON M3BECTU) B TUAPOKCUI KaJbLUS
Ca(OH), (rameHyto U3BeCTh) MO ISHCTBUEM BOIBI.

B oTiimume oT MaTeMaTU4YeCKUX YpaBHEHUI, B YpaBHEHUSIX
XUMHWYECKUX PeaKIINii HeJIb3s TIEPEeCTaBISITh JICBYIO 1 TIPaBYIO
yacTh. BelecTBa B JIeBOi 9acTH ypaBHEHUS XMMUYECKON pe-
aKIIUW Ha3bIBAIOTCS peaceHmamu, a B TIPaBOM — npodyKkmamu
peakyuu. Ecnu caenarb nepecTaHOBKY JIEBO M MPpaBoil yacTu
B YPaBHEHUHU U3 PUCYHKA 5.2, TO MBI ITOJYYUM YpaBHEHUE CO-
6cem dpyeoii XUMUUECKON peakIuu:

Ca(OH), —~Ca0+H,0

Ecnu peakumst mexny CaO u H,O (puc. 5.2) HaunHaercs
CaMOTIPOU3BOJIHHO M UIIET C BhIAEICHNEM OOJTBIIIOTO KOIMIeCTBa
TEIJIOTHI, TO JJISI TIPOBENECHUS TTOCICIHEN peakiuuy, Iie pea-
reHToM ciayxxut Ca(OH),, TpebyeTcst cuiibHOE HarpeBaHue.

CaO + H,0 = Ca(OH),

Puc. 5.2. Oxcup kanpuusg CaO npucoenvHsIeT MOJIEKYTY
Boabl H,O ¢ obpazoBanueM ruapokcuaa kanbius Ca(OH),
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OO0partuTe BHUMaHME: BMECTO 3HaKa pPaBEeHCTBA B YpaBHEHUM
XMMWYECKOM peakiii MOXHO MCI0JIb30BaTh cTpeliky. CTpenka
yaoOHa TeM, YTO NOKa3bIBaeT HanpasaeHue TeUCHUs PeaKInu.

Jlob6aBuM TakxKe, YTO peareHTaMu U IIPOIYKTaMU MOTYT OBITh
He 00513aTeJIbHO MOJIEKYJIbl, HO U aTOMbl — €CJIM B peaklUu
y4acTBYeT KaKOW-HUOYAb BJIEMEHT WJIM DJIEMEHThl B UMCTOM
Buge. Hanpumep:

H2 + CuO = Cu + H20
(ITOCMOTpPUTE OITBIT «a» B KOHIIE Tlaparpada)

Cyl1ecTByeT HECKOJIBKO CIIOCO00B KilacCu(UKAIIUN XUMU-
YeCKUX PeaKIuii, N3 KOTOPBIX MBI PACCMOTPHM IBa.

ITo mepBOMy 13 HUX BCe XUMUUYECKUE peaKIUU pa3indyaloT
MO0 MPU3HAKY U3MEHEeHUs YUCAA UCXOOHBIX U KOHEUHbIX Gellecma.
31ech MOXHO HalTH YeThIpe TUIlAa XUMMYECKUX PeaKIUii:

— peakluM coeduHeHus,

— peaKIIU paszioxicerus,

— peakiLuu oOMeHa,

— peakluU 3aMeueHusl.

ITpuBeneM KOHKpETHbIE TIpUMEPbl TaKuX peakuuit. s
3TOTO BEpHEMCS K YPAaBHEHUSIM MOJyYEHUS TallleHOM U3BECTU
1 YPaBHEHUIO TOJIY4YeHUs HeraleHol U3BeCTuU:

CaO0 + H,0 = Ca(OH),
Ca(OH), = CaO + H,0

DTU peakiuu OTHOCATCS K pa3HBIM munam XUMHIECKUX
peakuuii. IlepBas peakiius sIBJAsieTCS TUIIMUYHOU peakiuen
coeduHeHus1, IOCKOJIbKY TIpU €€ MpoTeKaHuM ABa Belectsa CaO
u H,0 coenunsitorcst B ogHo: Ca(OH),.

Bropas peakuust Ca(OH), = CaO + H,O sBnsieTcst TUTTNY-
HO#l peakumei pazroxcenus: 3aech ogHo BemectBo Ca(OH),
pasyaraeTcsl ¢ 00pa3oBaHUEM IBYX IPYTHUX.

B peakumsax obmera KOIMIECTBO PeareHTOB M IIPOIYKTOB
00BIYHO OJMHAKOBO. B TakMx peakLMsIX UCXOIHbIE BellleCTBa
0OMEHUBAIOTCS MEXIY COOOM aToMaMu U Jaxe LeJbIMU CO-
CTaBHBIMU YaCTSIMM CBOMX MoJieKyJ1. Hanmpumep, npu ciiviBaHUU
pactBopa CaBr, ¢ pactBopom HF Brinmanaer ocagok. B pactBo-
p€ MOHBI KalblLIMS U BOJOpPOJa OOMEHMBAIOTCS MeXIy co0oit
“oHaMu Opoma U (pTopa. Peakiivsi mpoucxoauT TOJIbKO B OAHOM
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HamnpaBJeHUU, TOTOMY YTO MOHBI Kalbliis U QTOpa CBSI3bIBA-
10TCs B HepacTBopuMoe coenrHenue CaF, 1 mocie 3Toro «o6-
paTHBI 0OMEH» MOHAMHU YK€ HEBO3MOXKEH:

CaBr, + 2HF = CaF,| + 2HBr

ITpu cauBanuum pactBopoB CaCl, u Na,CO; Toxe BbIma-
JaeT OCaIOK, IIOTOMY YTO MOHBI KaJbIIMs U HATPUSI OOMEHHM-
BaroTca Mexay coboii yactuuamu COZ™ u Cl™ ¢ o6pasoBaHu-
€M HEepacTBOPUMOIO COeIMHEHMsS] — KapOOHaTa KaJlblLus
CaCo;.

CaCl, + Na,CO, = CaCO,! + 2NaCl

Ctpelika psiioM ¢ MPOAYKTOM peaKIMy MOKAa3bIBaeT, 4YTO TO
CoeIMHEHMEe HepacTBOPHMMO M BBIIIaIaeT B 0cagoK. TakuM 00-
pa3oM, CTPEJIKY MOXHO HCIIOJIb30BaTh U IJISI 0003HAYCHUS
yoaJIeHUs] KaKOTO-HUOYIb TTPOMYKTA U3 XUMUIECKON peakIInm
B Buze ocanka (1) mwm raza (T). Hanpumep:

Zn + 2HCI = H,T + ZnCl,

IMocneaHsis peakiys OTHOCUTCS K €llle OJHOMY THUITY XM-
MUWYECKUX peaklnii — peakiusaM 3ameuierus. LINHK zamecmun
Bomopon B ero coegnHeHnu ¢ xaopoMm (HCI). Bomopon nmpu
5TOM BBIICIISICTCST B BUJIE ra3a (ITIOCMOTPUTE OITHIT «0» B KOHIIE
maparpaca).

Peakiiuu 3amellieHs1 BHELIHE MOTYT OBITh MIOXOXHW Ha pe-
akuuy ooMeHa. OTIM4Ke 3aKII09aeTCs B TOM, UTO B peaKIUsIX
3aMEelIeHUS] YUYaCTBYIOT aTOMbI KaKOTO-HUOYIb HPOCHO20 Be-
IIECTBA, KOTOPHIE 3aMEIal0T aTOMbI OJTHOTO M3 3JIEMEHTOB B
cJI0XHOM BenlectBe. Hammpumep:

2NaBr + Cl, = 2NaCl + Br, peakius 3ameujerus

(B JIeBOM YacTU YpaBHEHUS €CTh IIPOCTOE BEILIECTBO — MOJIE-
kyna xyopa Cl,, ¥ B TIpaBO#l YacCTH €CTh IIPOCTOE BEIIECTBO —
MoJiekyJia 6poma Br,).

B peakiuusix obmera U peareHTH W MPOAYKTHI SIBISIOTCS
CJIOXHBIMU BeliecTBaMu. Hampumep:

CaCl, + Na,CO; = CaCO3! + 2NaCl peakuust o6mera

(B 3TOM ypaBHEHUM peareHThl U MPOAYKTEI — CIIOXHBIE BEIlle-
CTBa).
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JeneHue BceX XMUMUYECKUX peaKLMii Ha peaKiuu COeIMHe-
HUSI, pas3ioXKeHUs, 3aMeIeHNsT 1 OOMeHa — He eIMHCTBEHHOE.
Ectb npyroii crmoco6 kinaccruduKamm: 1o Ipu3HaKy U3MEHEHUS
(M1 OTCYTCTBUS U3MEHEHUS) CTeleHeil OKMUCIIEHUS Y peareH-
TOB ¥ TIPpOIyKTOB. [10 3TOMY TIpU3HAKY BCE peaKIIMM IESTCS
Ha OKUCAUMENbHO-80CCIMAHO8UMeNbHble PEAKIIUU U BCe TIpoYre
(He OKHCITUTETbHO-BOCCTAHOBUTEIHHEIE).

Peakuusa mexny Zn u HCI gBnsieTcs He TOJBKO peakLueit
3aMeIleHUST, HO U OKUCAUMEAbHO-80CCMAHOBUMENbHOU PeaKy -
eil, TOTOMY YTO B Hell U3MEHSIOTCS CTEIIEHU OKUCIIEHUS pea-
TUPYIOIINX BEIIECTB:

+1 0

0 +2
Zn +2HCI = H, + ZnCl,

— peakuMs 3aMelleHUs] 1 OMHOBPEMEHHO OKUCIUTEIbHO-
BOCCTAHOBUTEJIbHASI peaKIys.
OKUCIUTETbHO-BOCCTAHOBUTENBHBIMU SIBIITIOTCS TaKXKe
peakuuu MeTaHa ¢ KUCIopoaoM (puc. 5.1), peakiusi okcuaa
MeON C BOAOPOAOM, peakIusi OpoMUIa HATPUS C XJIOPOM.
B peaxuny ropeHust MeTaHa
4 22 -2

-4 0
CH, +20,— CO, +2H,0

YIJIEPOA Y KMCJIOPOJ MEHSIOT CTEMEHb OKMCIEHUSI.
B peakiiuy okcuaa Meau ¢ BOZOPOIOM

0 +2 0 +1
H,+CuO —Cu+H,0

MEHSIOT CTeIeHb OKMCJIEHUS BOIOPOA U Meb;
B peaxuinm 6poMuaa HaTpus ¢ XJIOpPOM

-1 0 -1 0
2NaBr+Cr,—— 2NaCl+Br,

MEHSIOT CTEIIeHb OKMCIIEHUS] OpOM U XJIOP.

A BOT BCe OCTaJIbHBIE peaKIM1, paCCMOTPEHHBIE B 3TOM
naparpade, OKUCIUTEIbHO-BOCCTAHOBUTEILHBIMU HE SIBJISTIOT-
Cs, IOTOMY UTO B HUX HE M3MEHSIIOTCSI CTEIICHU OKMCJICHMUS
aTOMOB HU B peareHTax, HU B IPOJYKTAaXx.

PexoMenayeM ITocMOTpeTh, KaK pearupyloT HIMHK U COJISTHAS
KHMCJI0Ta C BblAeJIeHUEM BoAopoAa (peaklusl 3aMelleHUs,
OKMCJINTETbHO-BOCCTAHOBUTEIbHAST PEaKIIU).
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HnTepuer:

Enunas komtekiyst @ poBbIX 00pa3oBaTeIbHBIX PECYPCOB:

http://school-collection.edu.ru — Komnekuun — Ilpen-
METHbIEe KOJIeKuuu. XumMuss — Heopranudyeckast XMMusl.
BuneoonwiTel — ...

a) ... » Bomopon. Kucinorer — Bogopon u ero cBoiictBa —
2. BoccraHoBneHue Meau BogopoaoM u3 okcuaa meau (I11).

0) ... » Bomopon. Kucnorel — Bomopon u ero coiictBa —
6. [TonyueHue BOOOpOIA M IIPOBEPKA €r0 Ha YUCTOTY.

3anaun

5.1. Ha MecTe 3HaKOB «?» MPaBUJIbHO 3aMIOJIHUTE MMPOMYCKU
B YPaBHEHUSIX XMMUYECKUX pEaKIIUiA:

Ca + 2HCI = Ca«?» + H,

2Mg + «?» = 2MgO

2H,«?» + 30, = 2H,0 + 2S0,

Fe,O; + 3H, = 2Fe + 3«?»0

CaCl, + 2NaOH = Ca(OH), + 2Na«?»

5.2. IlpuBeneHbl 8 pa3HBIX XUMUYECKUX PEAKIIWIA:

H, + O, = H,0 (peakuusi UaeT co B3pbIBOM)

Zn + CuCl, = Cu + ZnCl, (peakuusi IpoOUCXOIUT B pa-
CTBOpE)

NH;= N, + H, (peakuusi uaeT npu HarpeBaHUM B Ta30BOK
(aze)

Cu + S = CuS (peakuust ugeT Ipy HarpeBaHUU MOPOIIKOB
Cunl)

AgF + NaCl = AgCIl + NaF (peakuust mpoUCXOIUT B pac-
TBOpE)

CaCO; = CaO + CO,T (peakuust MPOMCXOMUT MPY HArpe-
BaHUU)

CuBr, + NaOH = Cu(OH),{ + NaBr (peakiiust mporcxomur
B pacTBOpE)

Fe + H,0 = H,T + Fe,0; (peakiusi MpoXCXOAUT MPH Ha-
IrpeBaHNN)

a) Haiimure cpean HUX peaKIMy COeTMHEHMS, pa3JIOXKeHYSI,
3aMelleHrs 1 oOMeHa. 3alMuIlUTe UX YPaBHEHUS B YEThIpe
cToa0uKa (Mo ABEe peaklUU KaXAoro TUIla B CTOJOUKE);
0) ypaBHSITe peakIlnM; B) MOTICPKHUTE Te pEaKILINU, KOTOPBIC
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SIBJISTIOTCSI OKUCJIUTEIbHO-BOCCTAHOBUTEILHBIMU. YKAXUTE B
HUX CTCIICHU OKHUCJIICHHA aTOMOB B p€arcHrax M IIpoayKrax.

§ 5.2. 3akoH coxpaHeHHs1 MACCBI

[aBaiiTe BepHeMCs K peakilMyd MeXIy METaHOM U KHCJIO-
poOmoOM, pacCMOTPEHHON B TIpeAbImyiIeM Imaparpade. B atoit
peaky MeTaH U KUCJIOPOJA — PeareHTHl, a TMOKCHU]I YIJIepo-
JIla ¥ BoJa — TIPOMYKTEHI.

CH4 + 202 = C02 + 2H2O
peareHTbl  IPOAYKThI

M3roroBuM I1aCTUJIMHOBBIE MOJEIbKI peacernmoes, IOXO0KHNE
Ha T€, 4TO I/I306pa)KCHI)I Ha pUCYHKE:

a ©-0

MBI MOXeM pa3zo6pams 3TU MOICIIBKY Ha OTIC/IbHbIE aTOMBI
Y TYT Xe€ co6pamb U3 HUX MOJEIbKU TIPOMYKTOB. [IJIst 5TOro Ham
He ITOTPeOYeTCs HUKaKux opyeux demasneii — TOJIBKO T¢ aTOMBI,
KOTOPbIE MBI B3SUIM M3 OJHOI «MOJIEKYJbl» METAaHA U JABYX
«MOJIEKYJT» KUCIOPOJA.

0-6-0 ﬂf

H

PasymeeTcs, Macca Bcex IJIACTUJIMHOBBIX «aTOMOB» IMpPU
9TOM He M3MEHWJIACh, XOTs Ieped HaMU TeIlepb JiexXaT yxXe
COBCEM JIPYTU€ «MOJIEKYJIbl» — IMOKCUOA yriiepoaa U BOJIHI.

OTOT MPOCTOI OMBIT UJLTIOCTPUPYET OAUH M3 BasKHEHIIIMX
3aKOHOB MPUPOAbl — 3aKOH coxpaneHus maccol. HoBble Bellle-
CTBa HE TOJy4YaloTCsl U3 HUYETO U HE MOTYT OOpaTUThCSl B HU-
yTo. Macca (Bec) peareHTOB Bcerga B TOYHOCTU paBHa Macce
(Becy) MpoIyKTOB XMMUYECKO# peakiiuy. DTOT yHAaMEHTab-
HbII1 3aKOH BIIEPBbIE€ OTKPBLI pycCcKUil ydeHbIii M. B. JIoMmoHOCOB.
Hemnoro nosxe ¢paHitydckuit xuMuk A.JlaByasbe MpuIIen K
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TE€M K€ BbIBOJaM M HE3aBUCUMO OT JIoMOHOCOBa C(I)OpMYIII/I—
poBaJl TOT K€ 3aKOH.

Macca éewecme, ecmynarowux 6 Xumu4ecKyro peaxuyuro, pag-
Ha macce eeuyecme, o6pazyIOWUXcs 6 pesyivmame peaxKuuu.

Korma mbl pazdbupainy miacTUIMHOBBIE MOIEIBbKY PeareHTOB
CH, u O,, uto6s1 cobpath Moneapku npoayktos CO, u H,0,
HaM He MOoTpedoBaIOCh UTO-IM00 M3MEHSTh B aToMax. Pa3Be
YTO CaMyl0 MaJIOCThb: K aTromy yriepoaa B mosiekysie CO, aToMbl
KHCJIOpo/a MPUKPETUISIIOTCS He TaK, KaK A0 3TOT0 MPUKPEeTUIs -
JINCh aTOMBI Bogopoaa (puc. 5.1).

3HaYnT, U3MEHEHUST KOCHYJIUCh TOJIbKO «BHEITHEN MOBEPX-
HOCTH» aToMa. TaM, KaK MBI 3HaeM, B HACTOSIIIEM aTOMe Haxo-
JIATCS BaJIEHTHAs1 2J1eKTpOHHas1 obosiouka. TOUHO Tak Xe B Xu-
MHMYECKNX PeaKIsIX M3MEHEHUS KacaloTCs TOJBbKO BHEITHUX
3JICKTPOHOB, a BCsI BHYTPEHHSIS «HAYMHKAa» aTOMa, HaxosIIIasi-
Cs TIOJ1 €r0 BaJICHTHOI 000JIOUKOM, OCTaeTCsl HEM3MEHHOM.

HewnzmeHHBIM OcTaeTcs Smpo aToMa U ero
BaKHEHIIIash XapaKTeprCTUKA — 3apsim sapa
Z (OH Xe — MOpPsIAKOBbIM HOMEp 3JIeMEHTa
B Ilepuomnueckoii Tabnuie). Pazdoupas u
coOupast MOAEbKH, MbI TOJIBKO MO-Pa3HOMY
cocmaensiem OJHU U Te K€ aTOMbI, TO €CTh
MEHSIEM cOCMas MOJIEKYJL.

IIpocThbie OMBITHI ¢ MOAEISIMU HJLTIO-
CTPUPYIOT HE TOJIBKO 3aKOH COXpaHEHUS
MaccChl, HO M OIpeaeIeHue XUMUUYECKOM
peaklMu, KOTOPOE BHI yXe 3HaeTe U3
npeasiaylero naparpada.

Tenepb, ¢ ydeTOM 3aKOHA COXpaHEHMS
Macchl, Mbl MOXXeM C(hOpMYJIMPOBATH ITpa-
BUJIa COCTABIICHUSI XMMHYECKUX YpaBHE-
HUW:

1) HyxxHo 3HaTh (hOpMYJibl BEIIECTB,
BCTYNUBUIMX B peakiuio (hopMyJibl pea-
T€HTOB), U (hOPMYJIbl BEIIECTB, MOJTYYEH-
HBIX B pe3yabTaTe peakuuu (popMyisl
IIPOAYKTOB).

2) Cnenyer 3amucarhb JIEBYIO YaCcTh ypaB-
HeHUsl, Tae pacroJjiaralorcs ¢GpopMyJibl

187



peareHTOB (B JitoO0OM mopsiake). Mexay ¢opMysiaMu CTaBSITCS
3HAKU <«IUTIOC».

3) Jlanee ciieayeT MOCTaBUTh 3HAK PAaBEHCTBA WM CTPEJIKY
U 3aIIMCaTh MPaByI0 YacTh YpaBHEHUsI: (DOPMYJIbI IIPOAYKTOB (B
JII00OOM TIOPSZIKE) M 3HAKM «IIII0C» MEXIY HUMM.

4) Yucno aTOMOB Kaxa0ro 3jJeMeHTa B JIEBO YacTu ypaB-
HEHUS TOJKHO OBITh paBHO YMCJIY aTOMOB KaKJI0TO 3JIeMEHTa
B IpaBOii YacTu ypaBHeHUS. JI1s1 JOCTUXKEHUSI 3TOTO HYXKHO
moao6paTh U MOCTABUTH Ttepe (hOpMYyIaMHU COOTBETCTBYIOLINE
KO3(pDULMEHTHI.

5) Henb3s MeHSTbh MecTaMU JIEBYIO U IIpaBylo YaCcTU ypaB-
HeHUA. Henb3s mepeHOCUTh (OPMYIIBI BEIIeCTB M3 OTHOMU
YacTH YpaBHEHUS B IPYTYIO.

[TpuBenem ellle HECKOJBKO IMTPUMEPOB MPABUJILHO 3aIUCaH-
HBIX YPaBHEHUI XUMUYSCKUX PEaKIIUIA:

2Ag + S = Ag,S
4A1 + 302 = 2A1203
HCI + NaOH = NaCl + H,0

HNuTepner:

Ennnas xoyutekuyst mu@poBEIX 00pa3oBaTeIbHEIX PeCyp-
COB:

http://school-collection.edu.ru —» Konnekuuu — Ipexa-
METHBIE KOJUIeKUMU. XuMusi — Heopranuueckast xumus.
BupneoonsiTel — ...

... = IlepBoHaYaabHBIC XUMUYECKUE TIOHITUS —> XUMUYC-
CKHe peakliuu — 3aKOH COXpaHEHUS MaccChl BELIECTB IMpU
XMMUWYECKUX peakiusx (Moaeb onbiTa M.B.JIoMoHOCOBA).

3anaum

5.3. B maccaxxupckuii camoJieT nepen Hayajiom peiica mo-
rpy3uin 200 KT npoaykToB (Macca 6e3 yrnakoBku). Kak nzme-
HWIACh Macca aBMalaifHepa Iocje TOro, Kak B MmoJjieTe nacca-
KUpaM MPeIIoXUIU o0el U Bce MPOAYKThI ObLIM CheNeHbI?

5.4. KpacHsblii TopoIiiok Meau (6,4 T) cMelllajn ¢ XeJITbIM
rmopoiukoM cepsl (3,2 r) 1 Harpenu. Ilolydunu yepHBIA MO-
POIIIOK, HE ComepKaIlnuii KpaCHBIX KPYITMHOK MEIH U XKEJITOTO
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nopoiika cepol. KakoBa Macca nojy4eHHOro 4epHOro nopoui-
Ka? HanumuTe ypaBHEHUE peaklnu.

5.5. 60 r XeJie3HBIX OMMUJIOK HArpeBaju ¢ 32 T MopolKa
cepbl. VI3 TTONyIMBIINXCS TEMHO-KOPUYHEBBIX KPHUCTAJIJIOB
yIaJoCh C TIOMOIIIbI0O MarHUTa U3BJeuYb 4 1 xkene3a. Kakosa
Macca TOoJIlydeHHBIX KOPUYHEBBIX KpucTaanoB? Hanuiure
ypaBHEHUE peakiiui. MoXHO Ju 00HAPYKUTh OCTaTKU CEPhI B
KOPUYHEBBIX KpUcCTa/LIax?

5.6. Ognaxnp! FOX pelmia monpo6oBaTh MeperHaTh MKOIb-
HbIli MeJ1. OH coOpall mpuOop IJIsk IEPEroHKU, IIOMECTUIT Ty1a
poBHo 20 r mena (CaCO;) U cCUIbHO HArpeJ Ha ra3oBoi ropel-
ke. K ero pazouapoBaHu1o, MeJT He NEepEerHascs, a TOJIbKO pac-
Tpeckajics. M3 npubopa He BHITEKIO HU Kalad XXUAKOCTHU.
Korna men octbin, KOx pelius ero B3BECUTh U C yAMBICHUEM
00Hapy>KWJI, 4YTO MeJia CTajIo TMoYTH BaBoe MeHble: 11,2 1! Hamr
repoii TTOHSJI, YTO OTKPBLI 3aKOH HECOXPAHEHUSI MAcChl Mesa
MpU HarpeBaHWHU, a 3a0HO OMPOBEPT U3BECTHBIM 3aKOH CO-
xpaHeHUss macchl! OH HEMeJJIEHHO ceJl MucaTh MUChbMO B
AKazieMHIO HayK, HO B 3TO BpeMsl B JJabopaTOpUIO 3allies TOK-
Top [MWIIONBKUH M O0BSICHWI, YTO B KOHIIE OIbITa B KOJI0OE
HaXOOUTCS yKe He MeJl, a Apyroe coenuHeHue. B mokazaresb-
cTBO IIMTI0IBbKMH IUTIOHYJT Ha «MeJl». «Men» 3amumnen...

Kaxkue peakuuu npousonuin B Jiaboparopun? Hanwumvre
WX ypaBHEHUS W OOBSICHHUTE, Kyma «HcUYe3Nim» 8,8 T Belle-
cTBa?

§ 5.3. Iloyemy nmporCX0aUT XUMHYECKAS PeAKIHs?
Peakuun 5K30TepMHYECKHE U SHA0TEPMUYECKHE

Peaxiiyst MeTaHa ¢ KMCIOPOAOM BO3yXa, Kak U3BECTHO, CO-
MPOBOXIAETCS BbIACJEHUEM OOJBIIOr0 KOJMYECTBA TeIa.
[TosTOMYy €e MCTONB3YIOT B OBITY JUISI IPUTOTOBJICHUS TTHIIIM,
HarpeBaHUs BOILI U OTOILICHUS. [1pUpOmHEI Ta3, TTOCTyMHAalo-
I B JoMa 110 TpybaM, Ha 98 % cOCTOUT MMEHHO M3 MeTaHa.

Peakuus okcuaa kaneuus (CaO) ¢ Bogoi Toxe COMPOBO-
JKIAEeTCsl BblIEIEHUEM OOJIBbIIOTO KOJUYECTBa Tera.

O yeM MOTyT roBopuTh 3TU (pakThl? [Ipu obpazoBaHUU
HOBBIX XUMUYECKUX CBSI3€H B IMPOAYKTAX PeaKIIMK BBIACIISICTCS
Oonbule SHEPTUU, YeM TpeOyeTCsI Ha pa3phlB XUMHUECKHX CBSI-
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3eil B peareHTax. MI30BITOK 3HEPrUY BBIIEISETCS B BUIE TEILIa
(a yHOTIa U cBeTa).

CH, + 20, = CO, + 2H,0 + sHeprus (CBET, TEILJIO)
CaO + H,0 = Ca(OH), + sHeprus (Temnio)

Takue peaklIMy JOJDKHBI TPOTEKATh OYeHbB JIETKO (KaK JieT-
KO KaTUTCS TIOf TOPY KaMeHBb).

Peakiiuu, B KOTOPBIX DHEPIUS BbIAEJISIETCS, HAa3bIBAIOTCS
ax3omepmuyeckumuy (OT JATUHCKOTO «9K30» — HAPYXKY).

Hpyroe geiao — obpaTHble peakiuu. OHU aHAJIOTMYHEI 3a-
KaTblBaHUIO KaMHs B ropy. [Toayuuts metaH u3z CO, 1 Boabl
JIO CUX TIOp He yaaeTcs, a T TIOJTydeHUsT HeTallleHOM U3BECTH
CaO u3 ruapokcuaa kanpeliusi Ca(OH), Tpebyetcs cunbHOe
HarpeBaHue. Takasl peakiius UAET TOJbKO MPU MOCTOSIHHOM
MPUTOKE IHEPIUU U3BHE:

Ca(OH), + sneprus (teruio) = CaO + H,O

DTO TOBOPHUT O TOM, YTO Pa3pblB XUMUUYECKUX CBsI3ell B
Ca(OH), Tpebyet 0oJblIeil 3HEPTUU, YEM MOXKET BbIAEIUTHCS
Mpu 00pa30BaHUM HOBBIX XMMUYECKMX CBSI3€l B MOJIEKYJax
CaO u H,O0.

Peakiiin, B KOTOPBIX SHEPTUs MOTJIOMIACTCS, Ha3bIBAIOTCS
andomepmuueckumu (OT «3HIO» — BHYTPb).

Haxe sK30TepMUYecKas peakius He 00s13aTeTbHO HadHa-
eTCs cpa3sy, KaK TOJIEKO MBI CMEIIIaeM peareHThI. ECIT OTKPHITH
KOH(bOPKY ra30BOil MJIUTHI, TO METaH HEMEIJEHHO BXOJUT B
COINPUKOCHOBEHUE C KUCIOPOAOM BO3IyXa, HO HE pearupyer C
HUM (He 3aropaetcs). s TOro 4ToObl MOSIBUICSI ITOCTOSIHHO
TOPSIIIIAI OTOHB (A 3TO MPHU3HAK MPOTEKAHUS XUMUIECKOI pe-
aKIIMM), K KOHPOpKe HY>KHO MOTHECTH 3aXKEHHYIO CITYKY.

Ecnu He coenath 3TOrO cpasy ke, TO MeTaH OyIeT MmocTe-
MEeHHO 3aloJIHATh MOMEIEHUE, HE pearnupysi ¢ KUCIOPOIOM.
DTo o4eHb omacHo. Bo-TepBbIX, METAaHOM HeJIb3$l AbIIIATD, a
BO-BTOPBIX, HAKONMBIIWICS B MOMEIIEHUU MeTaH (OH TeIepb
CMelIaH ¢ KMCIOPOIOM Bo3ayxa!) MOXET B30pBaThCs OT J1000M
MaJIeHbKOM MCKPHI.

Mckpa mm crimdaka ciy>kaT WHUIIMATOpoM peakmuu. MHu-
LIMMPOBaHUE MOAO0OHO HEOOJBIIOMY YCUJIUIO, KOTOPOE HAaI0
MPUJIOXKUTh, YTOOBI CTOJIKHYTh BHM3 HaXOASLIUKACS Ha CKJIOHE
ropbl KaMeHb. B manbHeiiieM aHeprus 1Jisl BCTYTIJICHUS B peak-
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LIMIO0 BCE HOBBIX U HOBBIX MOJIEKYJI YEPMACTCS U3 TETUIa, BbIIE-
JISIEMOTO B XOJIe peaklnu (€Cau peaklimsl S9K30TepMuIecKast).

ITpyu3HakoM NMpoTeKaHUs XMMUYECKON peakluu He o0si3a-
TEJILHO SIBJISIFOTCS OTOHB, B3PBIB, BBIICJICHUE WU TTOTJIOIICHUE
teria. O MpoTeKaHWM peakiii MOXKET FTOBOPUTD U BbIIEICHUE
rasa, BbllaJieHUE ocaaka, U3MEeHeHue 1BeTa pactBopa. EcTh
MHOTO peakliuid, KOTOpPbI€ MPOTEKAIOT HE3aMETHO IIJIs Tjia3a.
OaHaKo U B HUX ITPOMCXOIUT UCYE3HOBEHUE OJHUX U BOZHUK-
HOBEHUE IPYyTUX BEIIECTB.

Hanpumep, B HallleM OpraHu3Me MPOTEKAeT OTPOMHOE KO-
JIMYECTBO XMMUUYECKUX MpeBpallieHuii. BeposTHO, yenoBeue-
CKasi MbICJIb — TOXE Pe3YJIbTaT CIOKHBIX XUMUUECKUX PEAKIIUA.
IToxa BbI ynTaeTe 3TOT Naparpad, B Ballleil rOJI0BE MPOU3OLLIO
HECKOJILKO MHTEPECHBIX XMMMYECKHUX TIpeBpallleHuii, obecrne-
YMBAOIIMX MOHUMAaHKWE U 3allOMUWHaHUe MpoynTaHHoro. O06-
pa3oBaJMCh HOBbIE MOJIEKYJIbI, KOTOPBIX paHbllie HE ObLIO.
B Hux Teneppb «3anucaHa» MHGOpMaLKs 00 3K30TePMUUECKUX
U DHAOTEPMUUYECKUX pEaAKIIUSIX.

ITocMoTpuTe ABE KpacHBbIE SK30TEPMUYECKUE PEAKIIUU: B
OIHOW U3 HUX SHEPTUS BBIIEISIETCS B BUIE TETIa, a B IPYroil —
CBETAa.

HurepHeT:

EnuHas konnexkius uugpoBbIX 00pa30BaTe/IbHBIX PECYPCOB:

http://school-collection.edu.ru — Konnekuuu — Ilpexa-
METHBIe KOJIeKInun. XumMusa — Heopranmdyeckass XuMus.
Buneoonwitel — ...

a) ... — [lepBoHavabHBIE XUMUYECKUE TOHATUS — DuU3N-
YyecKMe U XUMMYECKHUe siBIeHUsT — «BynkaH» — pasioxeHue
JUXpoMaTa aMMOHMS,

0) ... — IlepBoHauanbHbBIC XUMUYECKHE TTOHATUST — DPusn-
YecKre M XMMU4YecKre SIBIIeHUs — BbimeneHne cBeta — IIpu-
3HaK XMMUYECKOU peakluuu (CBeUeHUE JIIOMUHOJIA).

§ 5.4. KommuectBo Bemectsa. Moab. Mossipaas Macca

B Hauasne riaBbl MBI «3allACaI» ypaBHEHUE peaKkLUU Tro-
peHMsI MeTaHa B Buze Mojesieit Mmosiekys. Ha pucynke 5.1 Ob110
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XOPOILIO BUIHO, YTO IJIs MOJHOrO MPOTEKaHUsl peakluu Ha
Kaxayo Mojekyny meraHa CH, nmotpe0yercsl n3pacxonoBaTh
dee Monekyibl kucaopoaa O,.

B Bo3myxe Bcerma coOmepKUTCS JOCTATOYHO KMCIOPOIa I
TOro, YTOObI TOPEHUE MeTaHa MPOTeKaJI0 UMEHHO TaK, Kak 3a-
MMMCAaHO B YpaBHEHWHU peaknuu. Ho mpemcTaBUM Ha MUHYTY,
YTO HAM Hallo CKOHCTPYMPOBAaTh Ia30BYI0 rOpesKy JJisl MOIBO-
JHBIX pabOT UM ABUTATEIb KOCMUUYECKOrO KOopabs. DTu
yCTpOMCTBA JOKHBI paboTaTh 6€3 MocTyna aTMOCGhepHOro
Bozayxa. [ToaToMy B TaKuxX KOHCTPYKLMSX HE 00OUTUCH Oe3
TOYHOTO IMOJCYETa MOJIEKYJI PeareHTOB, ITOCTYIAIOIIMX B 30HY
ropeHusi (To ecTb B XMuMMYeCKy1o peakiiuio). Hanpumep, eciau
B KaMepy CropaHusi KOCMUYECKOIo IBUIaTes momnamnaet 60/1b-
11I€ MOJIEKYJI TOILUIMBA, YeM MOXET IMPopearupoBaTh ¢ OKUCIU-
TeJeM, TO 3TO BeJeT K CHUXKEHUIO TIATU ABMUTIaTess U K Oec-
MOJIE3HOMY PacXOJ0BaHUIO YACTU JAParolieHHOTO TOTUIMBA.

Ho 1151 Havaia Bo3bMeM He «KOCMHYECKYIO» peakinio, a
yTO-HUOYIb Tonpoie. JomycTruM, MBI 3HaEM, 4YTO BEIecTBa A
u b pearupyroT Mexay coboil ¢ oopazoBaHMEM IIpoaykTa B.
Hpyrumu cioBaMu, HaM M3BECTHO YpaBHEHME XMMUUECKOU
peakiLuu:

A+B=B

ITprMepoM MOXKET MOCTYXUTh yKe BCTpeuyaBIIasics HaM
MpocTast peakius:

CaO0 + H,0 = Ca(OH),
A B B

Ocraetcs B3Th Hy*kHbIe KoaudyecTBa A (CaO) u b (H,0) u
IIpOBeCTH peaknuio. MTak, CKOJBKO HYXHO B3BECUTHh A U
CKoJIbKO B, 4T0OBI peakiiys Ipoliuia 10 KOHIA U He 0CTajloCh
HUKAKIX UCXOMHBIX BEIIeCTB?

Ecnu MBI BO3bMEM OJUHAKOBBIE MO gecy 0bpa3lbl Au B, To
IIeJT He JTOCTUTHEM — TIPOAYKT B 06s13aTeIbHO OymeT 3arpsi3-
HEH OIHWUM M3 MCXOMHBIX BemecTB. [loyeMy 3TO mpou3oii-
net?

[eno B TOM, 4TO MPOCTEUIIINE CMPYKMYpHble eUHUlbl BE-
mecTB A u B cocTosit u3 pazHbix HabopoB aToMoB — CaO u
H,0. 9t Habopbl aTOMOB pa3IMYAIOTCS MO Macce. 3HAUMT, B
I r CaO okaxeTcsl OIHO KojuuecTBo yactuil, a B 1 r H,O —
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npyroe. I1pu peakiiuy Mexay HUMU OCTaHYTCSI HEM3PacXoa0-
BaHHBIMM YaCTHUIIBI OJHOTO U3 UCXOMTHBIX BEIIECTB.

OKcH Kaldblids — MOHHOE COCIMHEHNE U B TBEPIOM BUJIE
cocrout He n3 Mosekyn (kak H,0), a u3 na6opa nonos Ca**
n O%~. OgHako ero cokpaiueHHas popmysna CaO 1o cBoeii cyTn
HUYEM HE OTJIMYAETCSl OT MOJIEKYISIpHOI (pOpMYJIbI — OHA TaK
JKe OTpaXkaeT KaueCTBEHHBIN M KOJIMIEeCTBEHHBIN COCTAB Bellle-
ctBa. [loaTomy B nanbHeiiiemM Mbl Oyaem HasbiBaTh CaO mo-
AeKynoii, a cymMapHyto maccy atomoB Ca u O — moaexyanproi
Mmaccoii 3Toro Bewectsa. Yto kacaercs H,O, To 3aech KaBbIYKU
He HYXXHBl — BOJa AEHCTBUTEIBHO COCTOUT M3 MOJIEKYJI B JIIO-
OOM COCTOSIHUM: TBEPIOM, KUIKOM, ra3000pa3HOM.

Hnsa paboThl XMMUKaM ya00HO OpaTh BellleCTBAa TAKUMU
nopyusamu, KOTOpble coaepxaiu O6bl OAUHAKOBOE K0AUYECHEO
monekya. JonmyctuMm, XuMuK B3s1 nopuuio CaO, B KoTopoit
comepxXuTcsa N «MOJIEKylI» 3TOTO BelllecTBa. 3aTeM OepeTcs
HeKasl TOpIUs BOAbI, B KOTOPoit ToxXe N Monekyn. CMmelnas
5TU JIB€ MOPIIUM PEareHTOB, XMMMK TOJyJaeT MOPIUIO MPO-
NyKTa, B KOTOpoi OyneT Toxe poBHO N «mojiekyin» Ca(OH),.

ITocne okoH4yaHUs1 peakuuu He octaHeTcss HU CaO, Hu
H,0 — onu noaHocTeio nipeBpaTtuianch B Ca(OH),.

Jlerko cocuuTarth ornpeneseHHOe KOJIMYeCTBO s1010K, KOHpeT
WJIX MOHETOK, HO MOJIEKYJIbI OTCYUTBIBATh 3aTPYyIHUTEIBHO.
BrpoyeM, 3To MOXHO AeiaTh MyTeM 638euu8anus BellleCTBa.
Hanpumep, paboTHMKM 0aHKOB 3HAIOT, YTO B 1 KT 10-KomneeyHbIx
MoHeT okaxeTrcs 540 takmx MoHeT. To XXe camoe MOXKHO IIpO-
JieaTh ¢ MoJieKyIaMu. JormycTuM, HaM U3BECTHO, 4yTo N MoJie-
Ky BecaT M T. JlocTaTOYHO B3BECHUTh Ha Becax M T 3TOTO Be-
IIECTBA, YTOOBI OBITH YBEPEHHBIM, UTO Mbl OTMEPIIU N MOJIEKYJT
aroro BeulectBa. Ho Kak y3HaTh BeiMuuHy M B rpamMmmax?

Macca MoJIeKyJ1 CKJIaAbIBaeTCs U3 MacC COCTABISIONINX €€
aToMOB. ATOMHbIE Macchl (AaTOMHbBIE Beca) 3JIEMEHTOB MbI MO-
>xeM y3HaTb u3 Ilepuoanyeckoit Tabauibl. AToMHbIN Bec Ca —
40 a.e.M., a aTOMHBII Bec Kuciopona — 16 a.e.m. CiegoBa-
TeJIbHO, MOJICKY/ISIpPHBIN Bec (MoJieKyasspHas macca) CaO co-
CTaBUT:

40 a.e.Mm. (Ca) + 16 a.e.m. (O) = 56 a.e.m. (CaO)

JomycTuM, MBI PEeIIWIN B3STh IJIsI IPOBEACHUS peaKIIMu
necsatb «MoJiekya» CaO u gecsatb mosekyn H,O. Yno6Ho nu
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HaM OyzaeT paboTaTh C TAKUMU MajbIMU KOJIMYECTBAMU Bellle-
ctBa? Pazymeercs, HET.

Torga monpoOyeM B3BECUTh Ha BecaX MO MMUJIJIMOHY
(1 000 000) mosekya Kaxaoro peareHTa. B nmpuHiumne, MoxXHO
COCYUTATh, CKOJIBKO BECUT ITOPIIUS M3 MUJUTMOHA «MOJIEKYI»
CaO. Mul 3HaeM, uto | a.e.M. = 1,67 - 107’ kr (310 3HaYEeHUE
HaM BCTpeyvasoch B Tabiuie 2.1 u3 riashl 2).

Ilepeitnem nnas yno06cTBa M3 KUJIOTPaMMOB B TPaMMBbI.
B rpammax macca | a.e.m. cocrasisier 1,67 - 10724 . HetpynHo
YMHOXUTD 3Ty BEJIMYMHY Ha 56 (4MCII0 a. €. M. B «MOJIEKYJIE»
CaO0).

Momyuum: 56(1,67 - 10724 1) = 93,5 - 1072* . Tenepb YMHOXUM
Maccy OIHOM MOJIEKYJIbl Ha YUCJIO0 CAMUX MOJIEKY (MUILJIMOH).
MpbI nosydyuM Bec (B rpaMMax) MOPLMY U3 MUJIJIMOHA «MOJie-
Kyi1» CaO:

93,510 r- 1000 000 =93,5- 10" 1.

Ecnmm BCTOMHUTB, 9TO HanMOOIbIIAast TOYHOCTh OOBIYHBIX
J1aGoPaTOPHBIX BeCOB cocTaBdeT 1 mr (310 Beero b 1073 1),
TO OOHAPYXUTCSI, UTO U MWLIMOH «MoJieKyl» CaO — coBceMm
HeymoOHast «ITOPLKs» IS B3BEIIMBAaHUS Ha Becax.

3HauuT, HaAO BLIOPATH AJISI PaOOThl HE MUJJIMOH, a KaKylo-
TO JApyrylo, bosee ynoOHyto nopuuto uz N monekyn. Buaumo,
5T0 yrcio N JOJDKHO OBITh HAMHOTO OOJIbIIe MIITMOHA.

[TompobyeM HaliTH TaKoe YKUCIO MOJIEKYI N, C KOTOPBIM ObLIO ObI
yIOOHO paboTaTh. DTO MOXET OBITh He 00S13aTEILHO YMCIIO MOJICKYJI
umeHHo CaO unu H,0. Yuciao N 10KHO ObITh TAKMM, YTOOBI C €r0
TTOMOILBIO OBLIO YIOOHO «OTMEPSITh» B3BEIIIMBAHUEM .100ble MOJIEKY-
JIbI, aTOMBI U BOOOIIE YaCTHIIbI, Macca KOTOPHIX OYeHb Majia (M3Me-
psieTCsT B aTOMHBIX €IMHULIAX MacChl).

Bo3bMeM ofHY M3 TaKuX 4acTUll — MpOoTOoH. OH UMeeT Maccy
1 a.e. M. (okpyrieHHo). Takyio e Maccy MMeeT HeUTpPOH.

IMocunTaem, Kakoe KOJIMYECTBO MPOTOHOB (I HEMTPOHOB) OKa-
XeTcs B 1 r aTux yactull. st 3TOro cocTaBUM MPOIIOPLIMIO:

1 yactuua (Maccoii 1 a.e.m.) — Becut 1,67 - 107 ¢
N yactuu — Becar 1 ©
Orcrona:

1

N=——=0,6-10* =6-10* yacTuw.
1,67-107
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OkasblBaeTcs, OueHb yIoOHOM ABgeTca nopyus n3 6 - 10%
yacTull (MOJIEKYJI, aTOMOB, MOHOB U T. 1.). O603HauUnM ee OyK-
Boil N (4TOOBI OTIMYATH OT JIIOOLIX Apyrux nopuuii N. Eciu N
pPaBHO MMEHHO TakoMy uuciy yactul (6 - 10%), To ux gec
2pamMmax YUCAeHo paseH eecy SMux Yacmuy 6 da. e. M.

Hdpyrumu caoBaMu, YTOOBI IEPEHTU OT U3MEPEHUIA B a. €. M.
K U3MEPEHUSIM B TPaMMaXx, 0OCHAMOYHO YEeAUUUMb WKANY U3-
mepenuii B 6 - 102 pas!

6-10Pa.em =1

Yucao N = 6 - 10> gpnsgercss Kak Obl IEPEBOIHBIM KO3(]-
(puImeHTOM M3 IIKANH a.¢. M. B IIKaay rpamMmMoB. Hampumep,
MoJiekysipHbIit Bec CaO cocrapiser 56 a.e.M. B3BecuB Ha
Becax 56 T okcraa Kanbiust CaO, MbI TEM CaMbIM «OTCUMTAJIN»
6 - 10% cTpyKTypHBIX eqHHULL («MoJieKyi1») CaO. YToObI Tenephb
OTCUMTATh JUIS Halllel peaKIIMd TOYHO TaKOe Xe KOJIUYECTBO
moJiekys H,O, cienyer B3BECUTh Ha Becax POBHO 18 I BOJBI:

l+1laewm + l6a.e.M. = 18 a.e. M.
BeC IBYX BEC OIHOTIO MOJIEKYJISIPHBINA
aromoB H aroma O Bec H,O

18a.e.Mm.-6-102% =181

IToHsTHO, UTO, B3BeCUB 18 T BOIBI, MBI TEM CaMbIM OepeM
HYXHBbIe HaM 6 - 10?3 MoJIeKyJ1 BOIBI.

CwmemmaB To4HO 56 T CaO u 18 T H,0, MBI cMeIMBaeM nopyuu
BEILECTB, B KOTOPBIX YMCJIO CTPYKTYpHBIX enuHull CaO u H,O
a0COJIIOTHO OOMHAKOBO. TeM caMbIM MBI OO€CIIEUMBaeM II0JIHOE
npotekaHue peakuuu. B nponykre peakuuu — Ca(OH), — He
JIOJKHO ocTaTbesl Herpopearupoasix CaO u H,0.

Takue nopyuu n3 6 - 10> cTPYKTYpHBIX €IMHUL] BEILIECTBA
(aToMOB, MOJIEKYJI, MIOHOB) Ha3bIBAIOTCS MoeM BEIIECTBA.
TakuM oOpa3oM, M0.1b — 3TO Mepa KOJIMUYECTBa BellleCTBa.
Bonee TouHoe, He OKPYIJIEHHOE KOJIMYECTBO YACTHII BEIIeCTBA
B 1 Mosie coctasiseT 6,022 045 - 10> yactuw. C TOYHOCTBIO 10
BTOPOTO 3HaKa ocJie 3arsaToit (6,02 - 10%}) 3Ty BenmunHy HyX-
HO XOPOLIEHBKO 3aIIOMHMUTb.

MOJIb — smo KOTHYECTBO BEII[ECTBA, pasnoe 6,02 - 10%
CMPYKMYPHBIX eOUHUY, OGHHO20 éeulecmnea — Moaexya (ecau eeuje-
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CME0 COCIOUM U3 MOACKY1), AromMoe (ecau 3mo amomapHoe eeuie-
CMeo), UOHOE (ecall 6euecmeo A6Aemcs UOHHbIM COeOUHEeHUeM).

IMpumepsr:
1 monb (1M) Boasl = 6 - 10%* monexyn H,O,
1 monb (1M) xene3a = 6 - 10?3 atomos Fe,
1 monb (1M) xsopa = 6 - 102 monekyn Cl,,
1 monb (1M) nonos xiopa CI™ = 6 - 10 nonos CI".
1 Monb (1M) 271ekTpoHOB €™ = 6 - 10%° 21eKTpOHOB €.

Terrepb MBI IMeeM YIOOHYIO eAMHULYY KOJIMYECTBA BEIIECTBA
MO04b, C TIOMOIIBIO KOTOPOI JIETKO OTMEPSITh PaBHbIE MOPLIMU
MOJIEKYJI UM aTOMOB MPOCTHIM B3BELIMBAHUEM.

Pazymeetcs, eciiu Mbl YBEJIMYMM WIM YMEHBIINM B3STOEC
HaMM KojndecTBO Boabl (18 r) u okcuaa Kajiabuusa (56 ) B
OIMHAKOBOE KOJIMYECTBO pa3, TO W MOPIUHNU pearupyromInx
MOJIEKYJl YMEHBILIATCSI UM BO3PACTYT BO CTOJIBKO XK€ pas.

Homnyctum, 1,8 T BOOBI MOJHOCTBIO ITPOPEarupyior ¢ 5,6 r
CaO, a 180 r H,0O Toxe 6e3 octaTKa mpopearupymoT ¢ 560 r
CaO. JIpyrumu ciaoBamu, 0,1 Monsg BoAbl IIpopearupyer ¢
0,1 mons CaO, a 10 moseit Boabl npopearupytot ¢ 10 moasimu
CaO u 1.1.

Kak MBI BummM, Macca OTHOTO MOJISTI KaKOTO-HUOYIb Bellle-
cTBa (B rpaMMax) YKMCJICHO COBMAAAeT C MOJIEKYJISIPHOU WU
aTOMHOI Maccoli 3Toro BellecTBa (B a.€. M. WIU B Oe3pa3Mep-
HOM BBIPaXE€HUM — KakK B CJIydae OTHOCUTEJIBHOU aTOMHOM
WIN MOJIEKYJISIPHOM MaccChl). DTO OYEHb YIOOHO IJISI XUMUYE-
CKHUX PacyeTOB.

Hanmpumep, MonekyasspHas
Macca (MOJICKYJISIDHEIN Bec) Me-
taHa CH, coctaBnger (12 + 4) =
=16 a.e.m. Torma mjas peakuuu
TOpEeHMs MeTaHa:

CH4 + 202 = CO2 + 2H20

CIpaBeIIUBO, YTO U3 1 Mous
MeTaHa IOoJy4YaloTcs 2 MO
BOJBI M YTO U3 16 T MeTaHa I10-
sy4aetcs 2 - 18 r = 36 r BozbI.

196




Macca 0o0Ho20 Moa5 BellleCTBA HA3bIBAETCS MOASAPHOLU MACCOI.
Ona o0o3HavaeTcst OykBoii M M MMeeT pa3MepHOCTh I/MOJIb.
KonmyecTBo Moei BelliecTBa # HAXOASIT U3 OTHOILIIEHUST MacChl
m 3TOTO BellecTBa (T) K ero MOJISIpHO# Macce M (T/MOJIb).

mr

n=——o—
M r/monb

Hanpumep, uucio Moseit B m I Bonbl cocTabiseT: n=m/18.
HJ1st m T MeTaJUIM4ecKoro Hatpusi: n = m/23 U T. 1.

M HaobopoT, Maccy BelllecTBa OIPEAESIOT KakK IIPOU3BEIe-
HUE MOJIIPHOI MacChl Ha KOJIMYECTBO BeulecTBa: m =n - M. Tak,
Macca 0,1 moms Na cocrasister 0,1 Monb - 23 r/Mob = 2,3 T.

MognsipHast Macca YMCJIEHHO BCerma COBMaaaeT C MOJIEKY-
JIIPHOM Maccoil (MJIM aTOMHOM Maccoii — eclii BelleCTBO
COCTOMUT He U3 MOJEKYa, a U3 aToMoB). B Tabnuue 5.1 mus
WITIOCTPALUY TIPUBEIEHBI MOJIIPHBIE Macchl M ISl HECKOJIb-
KHX BEIIECTB pa3HOTO CTPOEHMSI.

Kak MBI BUIUM, TEPMUHBI «MOJICKYJISIpHAST Macca» M «MO-
JISIpHasl Macca» MPUMMEHMMBI He TOJIbKO K BellleCTBaM MOJIEKY-
JISPHOTO CTPOEHMUSI, HO I K aTOMapHbIM M MIOHHBIM BEIIECTBAM.

Tao6namma 5.1

MOJIﬂle)Ie MACChI Pa3JIMYHLIX BEIIIECTB

BemectBo Mnhyfgzgfagip;ﬁca Monsip PX}“ macea
(oKpyrneHa)

Bona H,O 18a.e.m 18 r/monb
CaO S56a.e.M. 56 r/MOIb
Vraepon 2C 12a.e.Mm. 12 r/Moib
Mens Cu 63,5a.e.Mm. 63,5 r/Monb
AromM xy1opa Cl 35,5a.e.m. 35,5 r/Monp"
WoH xyopa CI- 35,5a.e.m 35,5 r/monb
Mounexkyna xiopa Cl, 71a.e.m 71 r/momb”

" AToMapHBIil XJIOp ¥ MOJIEKYJISPHBIA X10p — pa3Hble BEllecTBa, 06a-
JatoIne pasHbIMU (GU3NIECKUMU U XUMUYECKUMU CBOMCTBAMMU.
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B Tabnuie 5.1 kaxnas 3 yKazaHHbBIX B IPaBOU KOJOHKE «I1OP-
uuit» Beliectsa comepxkut 6,02 - 10> cTpyKTYpHBIX eIMHULL
STUX BEIIECTB.

MonspHast Macca M — nocmosiHHas éeauvuna 045 Kancoo2o
KOHKpemHoeo éeujecmed. be3 Hee He 00ONTUCH IPU BEIYMCIICHUN
KosiuecTBa MoJjieit (n). OnHaKo B AajibHEMIIEM AJIs HAC OCHOB-
HBIM pabOYUM MHCTPYMEHTOM OyIeT UMEHHO M0/1b BEIeCTBa.

TepMUHBI «MOJIb» U «MOJIEKYJIa» OTIAJIEHHO CBSI3aHbl MEX-
Iy coboil. MoJib TPOMCXOOUT OT JIATUHCKOTO moles, 4TO 03HAa-
YyaeT KOJIMYECTBO, CYUSTHOE MHOKECTBO, a TaKxKe Macca. TepMuH
«MOJIEKYJIa» SIBIIIETCS YMEHBIIUTEIBHON (POPMOIL 3TOTO CITOBa
1 O3HaYaeT «MaJIeHbKast Macca». TakuM o0pa3oM, MOJIb — 3TO
TaKoe KOJMIECTBO BEIIECTBA, KOTOPOE MOXHO CUMTATH «0O0Jb-
1110#1 Maccoii», cocrosnieit u3 6,02 - 10> «MaJeHbKNIX Macc».

3amaumn

5.7. TTonb3ysich 3HAUEHUSIMU aTOMHBIX BECOB 3JIEMEHTOB U3
INepronmaeckoii TaGIHIILI, pacCUUTANTE C TOYHOCTEIO IO LIEJTBIX
YICe MOJIEKYJISIPHBIN Bec (a.e. M) M MOJISIpPHYIO Maccy (T) s
caenyromux BeiectB: NaF, N,, NaOH, SO,. CkoibKo MoseKyJ1
coiepxkuTcs B 1 MoJie KaxI0ro U3 3TUX BeUIeCTB?

5.8. Ckonbko MoJieit Kiuciaopomna comepXurcs B 128 r kuc-
Jopona?

5.9. Ilpu rpo30BBIX pa3psmax B aTMochepe MPOUCXOIUT
ciaenytoiias peakuus: N, + O, —» NO,. YpaBHsiiTe peakuuio.
CKoJIbKO MOJiell KMcaopoaa MoTpedyeTcs IS MOJTHOIo Mpe-
BpaiieHus 1 mons azota B NO,? CKOJIbKO I'paMMOB KUCJIOPO-
na? Ckonbko rpammoB NO, obpasyetcs?

5.10. B crakan Hanuiu 180 r Bogbl. CKOJIBKO MOJIEKYJT BOAbI
B ctakaHe? Ckojibko 310 MoJieit H,O?

5.11. Mexny co0oit mpopearupoBaiau 1 MoJIb KaJdbLUs U
1 monb xsopa. Ckosnbko Moiieit CaCl, nonyuusiocs? Kakosa
Macca nosayuuBiierocs xjaopuna Kaiabuus CaCl,?

5.12*%. Mexny cob6oii pearupyiot 4,0 r Ca u 14,2 r Cl,. Kakue
BEIECTBA U B KAKOM KOJIMYECTBE (B MOJISIX U B TpaMMax) OCTaHyTCs
M0CJIe OKOHYAaHUS peaKium?

5.13. Cmemanu 2 Moist Bogopoja U 1 Moib KHUCJIOpOaa.
CwMmech B3opBain. CKOJIbKO MOJIEl BOAbI HOIyYUIOCh? A CKOJIb-
KO rpaMMOB?
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5.14*. Cmewmanu 4 r Bogopoaa u 64 r kucinopona. Cmech B30pBa-
Jii. CKOJIBKO TpaMMOB BOZbI MOydmioch? CKOJIbKO IpaMMOB KUCJIO-
po/ia OCTajoCh He U3PacXol0BaHHBIM?

5.15% (HT'Y). Onpeaenure KOIMYECTBO BellecTBa (MOJIb) U Maccy
nopuuu nponHa C;H,, kotopas comepxurt 6,02 - 10?! atomoB yrie-
pona. KakoBa Macca omqHOM MOJIEKYJIbI MpoInuHa?

§ 5.5. Moaspubiii 00beM ra3oB. 3akKoH ABoraapo.
ITocTosnnas ABoraapo

3naueHue 6,02 - 10> HasbiBaeTca nocmosanHoil Aéoeadpo B
YECTh UTATIBSIHCKOTO XMMUKa AMeneo ABoraapo. DTo yHUBEp-
cajibHasl MTOCTOSTHHAS IS MeJIbYal X YaCTHIL JTI0OO0To Belle-
ctBa. OHa umeeT obo3HaueHue N, MHorma ee Takxke Ha3bIBa-
10T uucaom Asoeadpo.

Ilocmosannaa Agoeadpo N, = 6,02 - 10%

Kaxk MBI y>ke TOBOpYJIM, UMEHHO TaKOe KOJTMIECTBO MOJIEKYT
comepxuT 1 Monb kuciaopona O,, Takoe Ke KOJIMIECTBO aTOMOB
B 1 Mmone xkenesa (Fe), monekyn B 1 mone Boasl H,O u T.a. Ho
IUJIS Ta3000pa3HBIX BEILIECTB MOHSTUE MOb UMEET eIlle OMHY
BaXXHYIO OCOOEHHOCTb; TAKOE KOJIMUYECTBO YaCTHII JIIOOOTO raza
BCeraa 3aHUMaeT 00uHaKos8blii 0bsem. BOT Kak 3TO BBEISICHUIIOCH.

®Opanuy3ckuii xuMuk u dusuk Ieii-JIoccak B 1808 rooy
n3yvay YIMBUTEIbHYIO (IO TEM BpeMeHaM) XUMUUYECKYI0 pe-
aKIMIO, B KOTOPOU M3 IBYX Ta30B — XJIOPMCTOTO BOAOPOIA U
aMMMaka — MoJy4yajoch TBEpAOe KPUCTAJIUUYECKOE Bellle-
CTBO — XJIOPUJ aMMOHUSI:

HCl(ra3) + NHB(raS) — NH4C1(Kpl/ICT.)

OOHapyXUI0Ch, UTO IJIS peaKIMU TPeOYIOTCS pagHble
00beMbl 06omx ra3oB — HCI u NH;. Eciv onuH 13 31X Ta30B
BHavajie uMeJicsl B U30bITKE, TO 0 OKOHYAHUU peaKluu 3TOT
MU30BITOK OCTaBaJICS HEUCITOIb30BaHHBIM.

Ieii-JIroccak mpoBOAMII CBOM OMBITHI B 3aMKHYTOM COCYAE —
JIOCTaTOYHO MPOYHOM JIJISI TOTO, YTOOBI BbIAEPKATh peakiiuu,
Uayliie co B3pbIBOM. [103TOMY OH CMOT M3YUUTh U HEKOTOPbIE
JIpyrve peakiuu MeXXIy razamu. BeIsSICHUIIOCh, UTO dga oObema
BOZOPOJIA CO B3PBIBOM PEarupyroT ¢ 00HUM OOBEMOM KICIOPO-
Ia, oOpa3ys 1Ba 00beMa ra3000pa3HbIX BOASHBIX ITApOB:
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2H2(ra3) + OZ(ra3) - 2I_IZO(ras)

Hanee: odurn 00beM BOIOpOAA pearupyeT ¢ o0HuM 0ObEMOM
xJIopa, AaBasi 2 o0beMa ra3000pa3HOTo XJIOPMCTOTO BOIOPOIA:

H2(ra3) + Cl2(ra3) - 2H(:l(l‘zm)

B 3Tux u mpyrux sKcnepuMeHTaX HEeM3MEHHO 0OHApYK1Ba-
JIOCh, YTO Ta3bl pearupyloT MexXay co0oil (1 00pa3yroTcs TOXE)
B IIPOCTHIX LIEJTOYMCIEHHbBIX 00bEMHBIX OTHOILIEHUSIX.

Teii-JTroccak ory0auMKoBaja CBOM HaOMIOAeHUs, He jaeas U3
HMX HUKAKMX BBIBOJOB. BakHbIe BHIBOIBI CITYCTSI TPU TOIa CHIEJIa
UTATbSIHCKUI XUMUK AMeneo ABoraapo. OH MpearnoaoxXui, YTo
pasHvle 00BeMbl TIOOBIX Ta30B COAEPXKAT PAGHOE YUCAO MOACKYA.

JleiicTBUTEIbHO, MOJIEKYJIbI TA30B HE CBSI3aHBI MEXIy CO00i1
KPENKMMM CBSI3IMU, KaK MOJIEKYJIbI WJIM aTOMbI TBEPIbIX BEILIECTB.
O0BeM, KOTOPEII OHM 3aHUMAIOT, TIPY IPOYMX PABHBIX YCIIOBUSIX
(Temrieparype 1 AaBJICHMHN) 3aBUCUT TOJIBKO OT YMCJIA MOJIEKYJI
rasa, Ho He OT KOHKPETHOTO BUAA 3THX MOJIEKYJ, IMTOCKOJbKY
MOJIEKY/Ibl HUKaK He CBSI3aHbI MexKmy co0oii. IToaTtoMy omrHako-
BbI€ KOJIMYECTBA MOJIEKYJI Pa3HBIX ra30B JOJIKHBI 3aHUMATh
OIIMHAKOBbIE OOBEMBI TTPU TaHHBIX TeMIIepaType U 1aBJIeHUU.

Kak mpaBumibHO Tonaraa ABorajapo, TOJbKO TOIna, KOTaa
ra3bl 3aHMMaJIM OJIMHAKOBEIN 00beM, N MOJIEKYJ OJHOTO Tra3a
u N MoJeKyJ ApPYroro ra3za pearupoBajiv Mexay cobOoil 0e3
ocrtatka B omnbitax Ieit-JItoccaka. BrociaenctBuu runoresa o
pPaBHOM YHCJIe MOJIEKYJI B OMMHAKOBBIX 00beMax ra30B IOI-
TBEpAUJIACh B MHOTOUMCIIEHHBIX 9KCIIEPUMEHTAX.

Tak Ob11 chOpMYIMPOBAH 3aKOH, CITPaBEVIMBO Ha3BaHHbIN
BIIOCJIEACTBUM 3aKOHOM AB02adpo:

Paenvie 066embl a100b1x 2a306 (npu 00UHAKOBBIX Memnepamy-
pe u 0asaeHul) cooepican pagHoe HucA0 MOoAeKyA.

M3 3akoHa ABOTaZipo BBITEKAET BasKHOE CIIEACTBUE: €CJIU B pABHBIX
o0beMax BceX Ta30B COACPXKMTCS OAMHAKOBOE YMCIIO MOJIEKYJ, TO
MOJIEKYJISIPHBIN Bec (m) JII000ro ra3a JoJKeH OBITh IIPOIIOPIIMOHATICH
€ro IUIOTHOCTU: m = k - d (rae d — IUIOTHOCTb, kK — HEeKUil Koa3hhu-
LIMEHT TIPOTTOPIIMOHATIBHOCTH).

JleficTBUTEILHO, TIOTHOCTS (d) ra3a, Kak 1 JJI000ro (u3n4ecKoro
TeNa, u3MepsieTcst B TpaMMax Ha Jutp. Eciii B TuTpe Kakoro-To rasza
C «TSDKEJIbIMU» MOJIEKYJIaMU, U B JINTPE APYTOro raza — ¢ «JIerKuMu»
MOJIEKYJIaMU — 3TUX MOJIEKYJ OJMHAKOBOE YUCJIO0, TO 1 J1 mepBoro
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raza JOJKeH BECUTh 0OJIbIlle — WHBIMU CIIOBaMM, JUISI HETO 3HAUCHUE
IJIOTHOCTH B TpaMMax Ha JIUTP OyAEeT BhIIIIE.

Yrto06nI onpeaenTh Ko3(hGHUIIMEHT IPOIOPIIMOHATLHOCTH K, MOX-
HO BOCIOJIb30BaThCsl UBMEPEHUSIMU TIJIOTHOCTU Pa3HbIX ra30B — Ha-
MpuUMep, BoAopoaa 1 Kuciopoaa (tadm. 5.2).

Tab6auma 5.2

I1noTHOCTH ra3a u ero MoJIEKYJISIpHAS MACCA CBSI3AHbI OCTOSIHHBIM
ko3 dummenTom k. TLIIOTHOCTH ra30B 1aHBI IPU HOPMAJIBHBIX YCIOBUSAX

laz | [MnorHoctk d (/1) MonexysipHblii Bec Koabduuuent k

H, 0,0894 2,0 22,37

0, 1,427 32,0 22,42
CpenHee 3HaUYCHUE: 22,4

Ecau MoJieKyasipHBII BeC ra3a Mbl 3aMEHUM €TI0 MOJISIPHOI Maccoii
(M t/Mo01b), TO TIOTYYUM ypaBHEHMUE:

M (r/monb) =k - d (v/n).
3nech pa3aMepHOCTh KoadduilMeHTa k A0JkHa ObITh (11/Moib). Ha-
puMep, AJIs1 KUCI0pOaa:

3~

=2 wots 55y T
d 1,428£ " mMonb
JI

HNubiMU crtoBamMu, KO3DOUIIMEHT kK 0Ka3bIBaeTCsl HE MPOCTO KO-
3G OULMEHTOM MIPOMOPLUUOHAILHOCTH — OH IIOKA3bIBAET, CKOAbKO
aumpog 3anumaem 1 moav ar0b6020 2asa.

1 moab ar06020 eaza npu HOpmaabHBIX YCA08UAX (H.).) 3aHU-
maem obvem 22,4 a.

Hopmaaonvimu ycaosuamu (n.y.) cuumarom memnepamypy
0 °C (273 K) u oagaenue 1 amm (760 mm pmymmnoeo cmoaba,
uau 101 325 Ila).

Hrak, 22,4 1 — moaapHwiil 00sem 2a306 IPU HOPMaJIbHbBIX
YCIIOBUSX. DTO OYEHb BaxkHas BEJIMYMHA, KOTOPYIO CIIeayeT
3aroMHUTh. C ee MOMOILbIO, KAK Mbl YBUAUM Jajibllie, MOXHO
JejaTh MHTEPECHBIE U MOJIE3HbIE XUMUYECKIE PacUeThI.
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OcraeTtcsl BbISICHUTD, KaK Oblja oIpeaesaeHa MOCTOsTHHAs
ABoragpo — 4McJio MOJIEKy Ta3a B 22,4 1 ra3a u B 1 Mone
moboro Bemectsa. Ho 06 atoM — B maparpade 5.6.

[TocMOTpUTE OMBIT, 0 KOTOPOM PAacCCKa3blBAIOCh B Hayaje
naparpacda: ImojydeHue U3 AByX Ta3000pa3HbIX BEIIECTB (XJ10-
pOBOIOPOIA U aMMHaKa) KPUCTAJUTMISCKOTO COSTMHEHUST —
XJIOpUaa aMMOHMUSI.

WHurepHeT:

Enunas komnekuus uugpoBbIX 00pa30BaTeIbHBIX PECYPCOB:
http://school-collection.edu.ru — Komnekuun — Ilpen-
METHBIe KOJIeKIun. XumMnsa — Heopranmdyeckast XUMUS.
BupneoonsiTel — ...
. — A30T1, aMmmMuak — JIbIM 06e3 OTHSI, B3auMOJeCTBUE
aMMMaKa ¢ XJ0pOBOIOPOAOM.

3anaumn

5.16. Kakoit 00beM Ipu HOPMAaJIbHBIX YCIOBUSIX (H.Y.) 3a-
HUMAIOT 56 T ra3000pa3HOro a3ora?

5.17. Kakoi1 o0beM npu H.y. 3aHnMalor 80 r ra3000pa3Ho-
ro aproHa?

5.18. YeM MeHbllIe TUIOTHOCTh ra3a, TeM OOJIbllIe OIbeMHAs
cHJia y I1apa, HarmoJIHEHHOTO 3TUM Ta3oM. KakoBa TIOTHOCTB
Bonopoja (r/a1)? KakoBa miotHocTh renus (r/n)? Kakoit us
JIBYX T'a30B BBITOAHEE UCITOJIb30BaTh ISl 3aII0JTHEHUST BO3AYII -
HBIX I1apoB?

5.19. B kucinopoaHoii MoAyIIKe NPH H.y. HaxoauTcs 6,72 J1
kuciopoga. CKoJIbKO 3T0 rpaMMoB Kuciopona? CKOJIbKO 3TO
MoJieii Kuciaopoma?

5.20. Briuucaute nmiaoTHocTh raza metana CH, (r/n) npu
H.V.

5.21. Hekwuii ra3 npu H.y. UMeeT TIoTHOCTh 3,17 /1. Haii-
JUTE MOJISIPHYIO MacCy U MOJICKYJISIpHBII Bec 3Toro rasa. Kakoii
9710 ra3? Hanuiure ero ¢opmyiry 1 Ha3oBUTEe (IIOJb3YUTECHh
Ilepuoauueckoil TabauiIeii).

5.22*. OnpeaeluTe MOJIEKYJISIPHYIO MacCcy ra3o00pa3HoOro coemau-
HEHUs a30Ta ¢ KMCIOPOIOM, MMEIOIIEro MIoTHOCTh 1,34 T (H.V.).
KakoBa MosekymsipHas opMyiia 3TOro coenuHeHuUs ?
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5.23. KakoBa MmJIoTHOCTb ra-
3000pa3Horo cepoBogopona H,S B
rpaMmMax Ha JUTp (TIpu H.Y.)?

5.24*. CpenHsisa MoseKyJasipHas
Macca Bosayxa 29 (3To cMech razoB!).
IMnotHoCTh Bo3ayxa (1,295 r/n) —
0oJibllie, YeM Yy BOAOPOAA WU TeNIHs,
IMO3TOMY HarOJHEHHBIC 3TUMU ra3aMu
IIApHI B3/IETAIOT («BCIUILIBAIOT» ) B 3€M-
Hoii atMocdepe. Borpockr: a) MoxHO
JI TIOJIETETh Ha BO3MYIITHOM IITape, Ha-
MMOJIHEHHOM HeoHOM? 6) MoXHO 1u
MMOJIETETh Ha BO3YILIHOM Illape, Ha-
nojHeHHOM cepoBogoponoM H,S? B) MoxHo 1 fieTath Ha 11ape, Ha-
nonHeHHoM H,S, Ha BeHepe, roe atMocdepa cocTouT 13 ra3o000pa3Ho-
ro auokcuna yriepoaa CO,? Kceratu, cepoBoopo MOCTOSTHHO U3BEp-
raeTcsl U3 BeHEpMaHCKUX BYJIKAHOB, TTO3TOMY pellieHUe 3a1adu B Oymy-
1IEM MOXET UMEeTb (MM He UMETh) MPAKTUUECKOe 3HAYCHUE.

5.25*% (HI'Y). CkoabKO MOJIEKYI comepxuTcs B 60 T propucroro
Bogopona (HF)? B kakom o6beMe razoobpazHoro ¢ropa (H.y.) co-
JIEPKUTCST TAKOE K€ YMCIIO MOJIEKY?

§ 5.6. Ypasuenue Knaneiipona—Menzeneesa.
CBs3b MeXIy YMCJIOM MOJIeii ra3a, ero TeMneparypoi,
00beMOM U 1aBJIeHHEM

Ta3bl HepenKo ObIBAIOT peareHTaMM U MPOAYKTaMU B XMMU-
JyecKux peakuusx. He Bcerna ynaercs 3acTaBUTh UX pearupoBaTh
MEXIy CO0O0M IMpu HOpMalbHBIX ycaoBuUsIX. [ToaToMy HYXXHO
Hay4YUThCs OIPENeIsiTh UMCIO MOJIEH ra30B B YCJIOBUSX, OT-
JIMYHBIX OT HOPMAaJIbHBbIX.

11 5TOro UCTONB3YIOT YpasHeHue cOCMOsHUS UJeanbHO20 2a3a
(ero Takxe Ha3bIBalOT ypaBHeHUeM KianelipoHa—MeHneneeBa):

PV =nRT,

IJe 7 — YUCJIO MOJIel Tra3a; P — maBjeHWe Ta3a (Halmpumep, B
amm); V' — oobeM raza (B autpax); T — TemIieparypa rasa (B KeJib-
BMHaX); R — razosast mocrosiHHast (0,0821 1 - atM/Moib - K).

Hampumep, B K016e 06beMOM 2,6 JT HAXOIUTCS KUCIOPO.,
npu gasinenuu 2,3 amm u remneparype 26 °C. Borpoc: ckoiib-
ko Moseit O, cogepxurcs B KoJioe?
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M3 razoBoro 3akoHa HaliieM KCKOMOE YMCJIO MOJIEH n:

PV
n=—— 0TCroga
RT

"= 273 a’I:MT:;’6H = 0,24 MOJIA 02
0,0821- 2™ 599 K

MOJIb -

He cnenyer 3a0biBaTh MpeoOpa3oBbBIBaTh TEMIEPATypy U3
rpagycoB Llenbcus B kenbBuHbBL: 273 °C + 26 °C =299 K. Bo-
00111e TOBOPSI, YTOOBI HE OIITMOUTHCS B ITOJOOHBIX BEIYUCIICHN -
sSIX, Hy>KHO BHMMATEJIbHO CJICAUTD 32 Pa3MEPHOCThIO BEJIMYMH,
MnmojcTaBasieMblx B ypaBHeHUe KiamneilipoHa—MeHaeneeBa.
Eciau maBneHue maeTcs B MUJIMMETpPax PTYTHOTO CTOJI0A, TO
HYXHO TIEPEBECTH €T0 B aTMOCGhEPhI, UCXOS M3 COOTHOIIICHUS:
1 atm = 760 MM pT. cT. JaBeHue, 3agaHHoe B mackausax (I1a),
TaKXe MOXHO IepeBecTH B aTMOC(Eephbl UCXOIS U3 TOIO, 4TO
101 325 Ila =1 at™.

MoxHo mmpoBoauTh BerauciaeHns u B cucreme CU, roe oobem u3-
MepseTca B M°, a napneHue B I1a. Toraa ncnosb3yercs 3HAYEHUE Ta-
30B0i1 mocrostHHOM 1151 cucteMbl CU: R= 8,314 JIxx/K - Mmonb. B aTom
naparpade Mbl OyaeM MCIOoJIb30BaTh 00bEM B JIUTpaX U JaBJICHUE B
arMocdepax.

PeiimM Takylo 3agadyy: HEKOTOpOe KOJWUYECTBO rasa Tejiusl mpu
78 °C u maBneHun 45,6 at™M 3aHuMaeT o0beM 16,5 1. KakoB 00beM
9TOro rasa Ipu HOPMAaJbHBIX ycIoBUAX? CKOJBKO 3TO MOJEK
reus?

MoXHO, KOHEYHO, MPOCTO MOJACTABUTH JaHHbIE HAM 3HAUEHUS B
ypaBHeHue Knaneiipona—MeHzeneeBa u cpasy MoJy4YUTh YACIO MO-
et n. Ho uTo menarth, €ciM Ha 3K3aMeHe Bbl 3a0bUIM YUCJIEHHOE
3HaueHue R? [a30Byl0 MOCTOSIHHYIO HE HYXXHO 3allOMMHAaTh — €€
MOXHO JIETKO BBIYMCIIUATH B 110001 MOMEHT. [leiicTBUTEbHO, 1 MOJb
rasza npu HopMajibHbIX yciaoBusx (1 atm u 273 K) 3aHumaer odbem
22,4 n. Torna:

PV = nRT, cnenoBaTeIbHO
PV 1 22,4
R PV _ lav-224 0

= =0,082
nT 1wmonb-273K

Jpyroit coco6 3akiiroyaeTcsi B TOM, YTOObI 3aCTaBUTh ra30BYIO
MOCTOSIHHYI0 R cokpatuthcsa. CHOBa BCLIOMHUM, YTO HOpMaJibHbIE
yciaoBusl — 910 AaBieHue 1 atm u Temneparypa 0 °C (273 K). 3anuiem
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BCe, YTO HaM M3BECTHO TPO MCXOAHbIC (B 3amavye) U KOHEUHbIe (TTpU
H.y.) 3HayeHus P, V' u T nis Halero rasa:

Hcxonnbie 3Hauenus: P, = 45,6 atm, V; = 16,51, T, = 351 K;
Koneunsle 3Hauenus: P, =1arm, V, =7 T, =273 K.

OueBuaHoO, uyTo ypaBHeHNe Kianeiipona—MeHzeneeBa oqHAKO-
BO CIIpaBEIJIMBO KakK JJIs Ha4yaJIbHOTO COCTOSIHMS rasa, TaK M JIJIs
KOHEYHOTIO:

PlVl :nRTl
le/zanT2

Ecimn TENCPb ITOYJICHHO Pa3aC/JUTb BEPXHEEC YPABHCHUE HAa HU2KHEC,
TO PN HEU3BMECHHOM 4YMCJIC MOJIEH 1 MBI IIoJryqgyacMm:

PV, T,
PV, T,

ITocne moacTaHOBKY BCeX M3BECTHBIX HaM 3HAYEHUI JIETKO BbI-
YUCIUTh 00beM Tra3a V, mpu H.y. — oH coctaBuT 585 1. [logenus 3710
YUCJIO HAa MOJISIPHBII 00beM rasa 1pu H.y. (22,4 1/MoJb), HalineM
quciao Mosei renust: 585/22,4 = 26,1 Monb.

HexoTtopbix 3 Bac, BO3MOXHO, MHTEPECYeT BOIIPOC, KAKUM 00-
Pa3oM yJanoch ONpPeNeNnThb TIOCTOAHHYI0 ABoraapo N, = 6,02 - 10%3?
JleiicTBUTENBHO, paHee MBI TIONYYMIN Gau3Koe 3HaueHue 6 - 102 uc-
XOJISl U3 Macchl IPOTOHA U HeiTpoHa 1,67 - 10 . Ho B 1811 rony,
KoTma ABOTaIpO BBICKa3aJ CBOIO TUITOTE3Y, HUYETO He OBUTO U3BECTHO
He TOJIbKO O Macce MPOTOHA WX HEHTPOHA, HO M O CAMOM CYIIECTBO-
BaHUU 3TUX YaCTUII!

3HavyeHue uynciia ABOraapo OblI0 9KCIEepUMEHTaTbHO YCTaHOBIIE-
HO TosIbKO B KOoHIIe XIX — Hauane XX Beka. OnuiieM OIMH U3 TaKUX
SKCITEPUMEHTOB.

B otkauanHBI 10 TIy0OKOT0o Bakyyma cocyn oobemoM V = 30 mi
MTOMECTWJIM HaBeCKy deMeHTa panus maccoii 0,5 T 1 BelaepKauiu TaMm
B TeUEHME OJHOrO roia. bbulo U3BECTHO, YTO 3a ceKyHay | I pamus
ucrnyckaet 3,7 - 10'° o-yacTvi. DTH YacTHULBI MPEACTABISIOT cO0Oi
siIpa TeJvsl, KOTOPhIE TYT XK€ MPUHUMAIOT 3JICKTPOHBI U3 CTEHOK CO-
cyla W TIpEeBpaIllaloTCsl B aTOMBI Telus. 3a Tof IaBJieHUEe B cOCyle
BBIpOCIIO 10 7,95 - 107* atm (rrpu Temmepatype 27 °C). U3MeHeHMEM
Macchl pajus 3a rofl MOXHO npeHebpeub. Mtak, yemy paBHa N,?

CHayvaa HaiiieM, CKOJIbKO Oi-4acTHIl (TO €CTb aTOMOB TeJivsl) 00-
pasoBajoch 3a onuH roa. O603HAYMM 3TO YKMCIIO KakK /N aTOMOB:

N=3,7-10"-0,51- 60 cex - 60 MuH - 24 yac - 365 nHeil =
=5,83 - 10" atomoB.
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SanumeM ypaBHeHne Kitaneiipona—MenneneeBa PV = nRT u 3a-
METHUM, YTO Yucio Mojeit reaust n = N/N,. Otcrona:

_ NRT 583-10"-0,0821-300
PV 7,95-10*-3-107

B Hauane XX Beka 3TOT criocob omnpeaesieHus: MoCTOSTHHOM ABora-
Ipo ObUI caMbIM TOYHBIM. Ho modemy Tak mosiro (B TeuyeHUe romua)
ITUics aKkcrnepuMeHT? Jleso B TOM, 4TO paauii JOOBIBaecTCA OYeHb
tpyaHo. [Ipu ero mamom kommaectse (0,5 T) paaroaKTUBHBIN pacIiaf
5TOTO 3JIeMEHTa JaeT OYeHb Majlo Teus. A YeM MeHbIIe ra3a B 3aM-
KHYTOM COCYJIe, TeM MEHbIlIee OH CO3/IACT JAaBJIeHUE U TeM OOoJbleit
Oynet omrbka u3mepeHus. [IoHsTHO, YTO OLIYTUMOE KOJIMYECTBO IeIus
MOXeET 00pa3oBaThCsl U3 palivisl TOJBKO 32 TOCTATOYHO J0JIT0€ BPEMSI.

O Apyrux moaxojax K 3KCIEPUMEHTaJbHOMY OIpEeICHUIO T10-
CTOSTHHO# ABOTaJpo MOXHO TMPOYUTATh B 3a1a4e K 3ToMy Taparpady.

=6,02-10%

A

3anaumn

5.26. B ctaapHOM OayioHe 06beMoM 40 J1 HAXOAUTCST BOJIO-
pon nox gasieHueM 60 atm u temnepatype 25 °C. CKOJIbKO
MoJieil Bogopoaa B 6aioHe? Ckojibko rpaMmoB? Kakoit 00b-
€M 3aiiMeT BOJOpO. 13 Oa/IoHa P H.Y.?

5.27. B 3amKkHyTOM cocyae o0beMOM 1 J, U3 KOTOPOro OT-
KayaH BO3IyX, Harpeau obpaselr u3BecTHssKa CaCQO;, KOTOpBIN
pasnaraercs 1o ypaBHeHuto: CaCO; = CO, + CaO. ITocne Toro
Kak cocya octbul 10 20 °C, gaBjaeHue B HEM COCTaBUIIO 2,4 aTM.
Kakosa 6b11a Macca o6pasia CaCQO;, eciv OH pas3ioxXuics
MoJiHOCThI0? OOBEMOM TBEPIbIX BEIIECTB B COCYIe MOXHO
MnpeHeopeyb.

5.28. B xumuueckoil peakiyuu, MIpoOBOAUMOI B 3aMKHYTOM
cocyze, U3 KOTOPOro OTKadyaH BO3IYX, JOJIKHO 00pa3oBaThCs
2,24 1 xucnopozaa (H.y.). KakumM HyxXHO BbIOpaTb 00bEM CO-
cyna, uroobl npu temneparype 30 °C naBjieHUe B HEM He Mpe-
BBICUJIO 2 aTM?

5.29*. PaznuyHbIMU 3KCEPUMEHTATIBHBIMU METONAMU HAWACHO
cpelHee 3HaYeHUe Ul pajuyca aToMa aloMuHud r = 1,43 - 1078 cm.
T110THOCTb META/UIMYECKOTO alloMUHMA d = 2,7 r/cM®, aToMHas Mac-
caA=27,0. Ha ocHOBaHUM 3TUX JAHHBIX OLIEHUTE MOPSIAOK BEJIUUM-
HBI IIOCTOSIHHOM ABoranpo N,.

Ilodckaska: aToMHBIN 00beM (00BEM OTHOTO rPaMM-aTOMa) ajlko-
MuHus V'=A/d, n B HeM conepxutcst N, aTOMOB aJIlOMUHUS.
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§ 5.7. Borunciienns no XuMuyeckum popmyiam
¥ XMMHYECKUM YPABHEHUSAM

B coueTtanuu ¢ ypaBHEeHUEM XUMUYECKON peakluU Mo/b
BEIIECTBA SIBJSIETCSI OUeHb YIOOHBIM MHCTPYMEHTOM JLJISI XM-
MUWYECKUX PACUETOB.

Hamnpumep, tpedyercst moayunth 100 © cepHOI KMCIOTHI
H,SO, u3 okcuna cepbl SO; o peakuyu:

SO3 + Hzo = HzSO4

CrpaiiBaeTcsi, CKOJIbKO JMTPOB razoobdpasHoro SO; mo-
TpeOyeTcs B3SITh UL 3TOTO IIpU H.Y.? M CKOJIBKO BOABI I1O-
TpebyeTcs sl peakiuu?

IMoaxomn K peleHnIo 3TO 3aMadyn CTAHOBUTCS SICHBIM, KaK
TOJBKO MBI 3aITAIIIEM ypaBHEHUE PeaKIIMd BMECTE CO BCEMHM
W3BECTHBIMU HaM JTaHHBIMH:

Ypasuenue: SO, + H,0 = H,SO,
Mounexyaspnubiii gec: 80 18 98
Monspuas macca: 80 r/mMoub 18 r/Monb 98 r/mMoub
Coomuowenue moaei: 1 MOJb 1 monb 1 Mosb

Ymo uzeecmno: ? n1raza ?rBomel 100 r (1,02 moJs1)

Kaxk ToabpKo MbI BeryucauM, 4to 100 r cepHOIt KUCIOTH —
a1o 1,02 mons cepnoit kucaotsl (100 r/98 r/mMonb = 1,02 monst
H,S0O,), cpa3y craHoBuTCs sicHO, 4To SO; I peakiuu Tpe-
oyercsa Ttoxe 1,02 monst unm (1,02 monsg - 22,4 1/MONb) =
=22,85 1.

Bonpl Toxkxe moTpedyercs 1,02 monsa unu (1,02 Mo X
x 18 r/Momp) = 18,4 . Eciin o1iuOUThCS ¢ KOJUYECTBOM BOJIbI
(mo6GaBUTH ee OOJIbIIIE), TO MOJNYYUTCS HEe KOHLIEHTPUPOBAHHAS,
a pa3baBjieHHAas cepHasl KUCJIOTa.

YenoxHum 3agady. Jlomyctum, B Jabopatopuu HeT SO;, HO
ecTb cepa. CKOJIbKO Cepbl M CKOJIBKO KMCI0poa MoTpedyeTcs
st monyyeHust Tex xe 100 r cepHO KUCIOThI? YpaBHEHUE
noaydeHus: SO; BBIIISIAUT HECKOJBKO CIIOXHEE:

2S + 30,=2S0;.

VnoOHee pa3nenTh JIEBYIO 1 IIPaBYIO YaCcTh 3TOI0 YpaBHEHUS
Ha 2, 4TOOBI B TIpaBoil YacTu ObLI TONBKO 1 MoJb SO; (Kak B
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YPaBHEHUU TIOJIyYEHUS CEPHOM KI/ICJ'IOTLI). ITocie saToro onsiTh
3aIlIMIIEM BC€ M3BECTHbLIC HAM NJAHHBIC:

Ypaenenue: S + 3/20, = SO,
MounexyaspHoiii eec: 32 32 80
Monsapnas macca: 32 r/monb 32 r/Modb 80 r/monb
Coomnouienue moseii: 1 Monb 3, Monst 1 Mosb

Ymo uzeecmuo: 7r ? n1rasa 22,85 1 (1,02 momst)

ITo ypaBHEeHMIO peakUMy BUIHO, YTO CEePbl MOTPeOyeTCs
toxe 1,02 mons wnu (1,02 monst - 32 r/moib) = 32,6 . Kuciio-
pona xe norpedyerca % - 1,02 mons. YMuoxum 1,02 Ha % un
nojyuum 1,53 Mot Kuciaopoaa, 4YTO HIpHU H.y. COCTaBIsIET
(1,53 moas - 22,4 n/monb) = 34,27 1 razoobpasHoro O,.

TakuM 06pa3oM, ¢ TIOMOIIBIO M0151 XUMUKW MOTYT HE TOJIb-
KO «B3BELIMBaTh» Ha BecaX HY>KHO€ MM KOJMUYECTBO MOJIEKYJI,
HO M pacCUYUTHIBAaTh HEOOXOAMMbIE MACChl peareHTOB U Ipo-
JIYKTOB B XUMHUYECKUX PEAKIIMSIX, KOTIA K ey TTPUBIEKAIOTCS
elle M ypaBHEHMST 9TUX peaklMi.

Oco0eHHO ymoOHBI MOJIM B Te€X CJydasiX, KOrga oauH U3
peareHTOB B3SIT B U30bITKe. Hampumep, 1o ypaBHEHUIO peak-
LIUM, B KOTOPOM YK€ MOCUMTaHbI 3arpy3KHd peareHTOB B MO-
JISIX:

NaOH + HClI = NaCl + H,0
0,1 mona 0,3 moma 0,1 mona 0,1 mons

MOXKHO JIETKO JOTrafgaThCsl, 4YTO MPOAYKTOB PEaKIIUU IMOJYyINTCST
tosibKo 110 0,1 mons, a 0,2 monss HCI octaHyTCS HEM3pacxoa0-
BaHHBIMU.

JaBaiiTe caelaeM HEMHOTO GoJiee CJIOXKHBIN, HO U 60Jiee MHTepec-
HBII pacueT. Pe3ynbTar ero okaxkeTcs sl Bac HEOXXUAaHHBIM. 3HaeTe
JIM BBI, YTO OOBIYHBII aBTOMOOWJIb ITIOTPEOIISIET KUCIOPOIa B HECKOJIb-
KO pa3 OoJiblie, yeM OeH3uHa? [IpuyemM He 1Mo 00BbeMy (3TO OBI Hac
He YIUBUJIO), a 10 eecy!

Haaiite npoBepuM. MosekyasipHas opmysa Haubosiee Kaue-
ctBeHHOro 0eH3nHa — CgH 5. OOBIYHBIN OEH3UH MPeaCcTaBsIeT COO0M
CMeCh HECKOJIBKUX COEIMHEHMI, HO MBI CITELIMaJIbHO BO3bMEM CaMbIit
Xopoliuii (006pa3ioBblit) 6eH3UH, cocTosinii TobKo U3 CgH 5. B nBu-
rarejie BHyTPEHHETO CropaHMsl OEH3WH pearupyeT ¢ KUCIOPOJIOM BO3-
nyxa O,. [Tpu 3TOM BbIIESIIOTCS YIJIEKUCbIN ra3, Boga U 0O0JIbILIOE
KOJIMYECTBO TETUIOBOM 3HEPTHMU, KOTOPYIO IBUraTesb MpeodpasyeT B
MEXaHUYECKYIO.
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YPaBHEHI/IC CropaHuda OeH3nHAa BBITJIAIUT TaK:
2CH 5 + 250, = 16CO, + 18H,0

OOpaTtuTe BHUMaHUE: 7151 CTOpaHus 2 MOJIeKysl OeH3uHa TpebyeT-
¢ 25 monexkyn kuciopona! KoneuHo, Moekyia 6eH3MHaA TsoKenee,
HO 3aTo 0oJiee JIETKUX MOJIEKYJ KMcaopoaa TpedyeTcsi O4eHb MHOTO!

baxk nerkoBoro aBroMmoOuis o6b1yHO BMmelnaeT 40 1 OGeH3WHA.
InotHocth GensuHa 0,7 kr/n. CienoBaTebHO, B IIOJIHOM 0Oake Ha-
xonutcs 28 Kr 6eH3uHa. [TompoOyiiTe caMOCTOSITETbHO MOCUYUTATh,
CKOJIBKO KUA0ZPAMMOE KVICIIOPOIa «CheIaeT» aBTOMOOMIIb OT 3aIpaB-
KU JI0 3aIlpaBKU.

Pesynwrar Oymer Takum: 98 244 1, mum 6onee 98 Kr Kuciaopoa!

Kucnopon 3aHumaeT B aTMochepe IPUMEPHO MSITYIO YaCThb, TTI03TO-
My YHUYTOXEHHE TAKOTO €T0 KOJIMYECTBa JIeJIaeT COBEPIIIEHHO HeTpU-
TOIHBIM JJIs1 AbIxaHMsl mpuMepHO 350 KyOM4yecKuX MEeTpOB BO3dyXa.
Ho storo mano: aBroMo0WIH BHIOpOCHI B aTMOC(epy 3HAYUTETHLHOE
KOJIMYECTBO TaKKe HEMPUTOTHOTO ISl ABIXaHUST AUOKCHUIA YIJIepo-
na CO,.

HTak, oTBeT MOJy4ynsics HEOXM-
IIaHHBIM, KaK MBI 1 oOemmanu: 98 kr
«CbHEIEHHOTO» aBTOMOOWJIEM KUCJIO-
pona — 310 no éecy B 3,5 paza Oosibliie
MU3pacxoloBaHHOIro OeH3uHa (28 Kr)!
Hano y4yecTh, 4TO MOIIIHBIE TPY30BH-
KU U TSXeJble aBTOOYChl pacXomyioT
KUCJI0poJa ropasno 0osbliie ye OTOMY, UTO TPaTIT OoJiblie OeH3U-
Ha WJIM JU3eJbHOTO TOTUIMBA Ha KaXKAbI KWJIOMETP MYTH (TTIOCMOTPH-
Te ONBIT B KOHIIe Taparpada — ropeHue yriieBoaopoaoB, OJU3KHUX IO
COCTaBY K IU3eJIbHOMY TOTUIMBY).

ExenHeBHO Ha 1OPOTU BbIE3XKAIOT MUAAUOHB! ABTOMOOMIIEH TOJBKO
B Halllelt cTpaHe. A CKOJIBKO MOTHUMAETCS B HEOO CaMOJIETOB, CKOJTb-
KO OTPOMHBIX CYJOBBIX ABUTaTeJieil Ha MOPSIX U peKax He OCTaHaBJIU-
BaeTcsl HU JHEM HU HOYbIO?

3anachl CBOOOTHOIO KMCIOPOAa Ha Halllel IJIaHETe BO3OOHOBIISI-
I0TCSI 3eJIEHBIMU PaCTeHUSIMA — BOJOPOCIISIMU, JACPEBbSIMU, KycTap-
HUKaMHM, TpaBaMu. HeBOJbHO MPOHUKACIILCSA YBaKeHUEM K 3THM
KUBBIM J1abOpaTOpHUsIM, KOTOPbIE €XEIHEBHO TPYASTCS IJISI TOTO,
YTOOBI HE JATh JIOASIM M XWUBOTHBIM 3aJOXHYThCS OT HeOOCTaTKa
KHUCa0poJa.

Jltonn He cobupaloTcsl OTKa3bIBaThCsl OT yIOOCTB, CBSI3aHHBIX C
OCH3MHOBBIMM IBUTATE/ISIMM, HO B KAUeCTBE ILJIAThl 32 3TOT KOMGOPT
HeoOXoAMMO 10 KpaiiHell Mepe Oepedyb pacTeHUs, IEeJIUTbCS C HUMU
MECTOM B TOM cpeie OOUTaHUsI, KOTOPYIO Mbl BMECTE 3aHMMaeM.
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HnTepHeTt:

Enunas xomnexkuusi Lu@poBbIX 00pa3oBaTebHbIX PeCyp-
COB:

http://school-collection.edu.ru — Konnekxuuu — Ilpen-
METHbIE KoJUIeKIuu. Xumusi — OpraHuueckast xumusi. Bu-
JIEOOTIBITHL —> ...

... = IlpenenbHble yrieBoaopoasl — 1. TopeHue TBepabIX
YIJI€BOJOPOIOB (Ha MpuMepe MapaduHa).

3amaumn

5.30. Ilec bynpka crammn y gokropa [MumonbkuHa 1 chell
YVIIAKOBKY TJII0OKO3bI Maccoit 1 . O0ecnOKOeHHBI OXOTHUK
ITynbka npuien K KOxy y3HaTh — He mpou30iaeT Jau B bynb-
KWHOM OpraHu3Me KakKux-HUOyIb HeXelaTeIbHbIX peaKiuii?
IOx poctan KHMXKY W MPOYMUTAJI, YTO TJII0KO03a He SIIOBUTA,
umeet popmyny CsH,,O¢ u npeacrapiseT coboii cnaakuii oe-
JIBIIA TIOPOLIOK, SIBJISIIOIIMIACS TTUTATEIbHBIM BellleCTBOM. B op-
raHu3Me TJII0K03a OKUCISIETCS TI0 YPaBHEHMIO:

C¢H,,04 + 60, = 6CO, + 6H,0 + sHeprusi.

IOx monro cumran n coobmmi Ilyibke, CKOJBKO JIMTPOB
CO, npy HOPMaJIbHBIX YCJIOBUSX U CKOJIBKO TPAaMMOB BOJbI
00pa3yeTcs 13 IIIOKO36I B By TbKMHOM opraHn3Me. YCITIOKOeH-
HbIi1 [Tynbka ropstuo 6maromapun FOxa. Kakue uudps! momyunn
IOx?

5.31. CKOJIbKO HYXKHO B3SITh IPAMMOB METAJUIMYECKOIO Ha-
TPUSL U JIUTPOB Xjiopa (MpU H.Y.), YTOOBI Mojayduth 100 T conu
NaCl B3auMoaeicTBUEM MeEXIy STUMU ABYMSI IIPOCTBIMU Be-
mecTBaMu?

5.32* (HTI'Y). ConepxxaHue BEIIECTB B paCTBOpax 4acTO yKa3bIBa-
IOT B MOJISIX paCTBOPEHHOI'O BellleCcTBa Ha JIMTP pacTBopa. CKOJIBKO
mouteit HCI (B mepecuete Ha 1 TuTp pacTBopa) comepXuTcs B 560 mi
BOJbI, KOTOpas norjotwia (6e3 usmeHeHus: oobema) Becb HCI, 00-
pPa3oBaBILIUIiCS B XMMUYECKOI peakiiuu 2 T Bojopoza ¢ 2 r xjopa?

5.33*. Paccuuraiite 06eM CO, (H.Y.), BBIOPOIIIGHHOTO B aTMOC-
depy npu cropaHuu B aBTOMOOMJILHOM aBurarese 28 kr (40 i) GeH-
3uHa CgHs.
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§ 5.8. YpaBHeHHs OKHCJIHTEIbHO-BOCCTAHOBUTEIbHBIX
peaxmii

MHorue XxuMu4eckue peakiiiu ypaBHUBAIOTCS MPOCTHIM
nondopom Ko3adduiimeHToB. Ho MHOrAa BOZHUKAIOT CIOX-
HOCTHU: KOJIMYECTBO aTOMOB KAKOTr0-HUOYIb 3JIEMEHTA B JIEBO
U MPpaBOi YacTsAX ypaBHEHUSI HUKAK He yIaeTcsl cleaaTh OIU-
HaKOBBIM 0€3 TOro, 4YTOObl HE HAPYIIIUTh «PAaBHOBECUST» MEXITY
aTOMaMM APYrUX 3JIEMEHTOB.

Yaiie Bcero Takue CJI0XHOCTH BO3HMKAIOT B ypaBHEHUSIX
OKUCJIMTEJIbHO-BOCCTAHOBUTENbHBIX peakuuid. [Ijsi ux ypas-
HUBAHUS MCIIOJb3YIOT HECKOJIBKO CIOCOOOB, U3 KOTOPBIX MbI
MOKa pacCMOTPUM OIMH — METOJ, DJIEKTPOHHOTO OanaHca.

Hanuiiem ypaBHEHME peakliui MEXIYy aTFOMUHUEM U KHUC-
JIOpoJOM (MTOCMOTPUTE OMBIT «a» B KOHIIE Maparpada):

Al + O, — Al,O4

ITycth Bac He BBOAUT B 3a0JTyKIeHHUE IIPOCTOTAa 3TOTO YpaB-
HeHus. Hama 3amaya — pa3oOpaTbCcsi B METOJE, KOTOPBIi B
OyayieM MO3BOJIUT BaM YpaBHUBATh Topa3ao 0oJiee CIOXKHBIE
peaKkLuu.

Hrak, B 4eM 3aKJII04aeTcss METO[ JIEKTPOHHOro OanaHca?
bananc — aro paBeHcTBO. [ToaTOMy cienyeT caenaTb OIMHa-
KOBBIM KOJIMYECTBO 3JIEKTPOHOB, KOTOPhIE omdaem OIUH 3Jie-
MEHT U NpuHuUMaem APYToll 3JIeMEHT B JaHHOW peaKlUU.
IlepBoHaYaILHO 3TO KOJIWYECTBO BBHITJISIAUT Pa3HBIM, YTO BU-
HO M3 pa3HbIX CTeIIEHEW OKMCJICHUS aIIOMUHUS U KUCIOPOJaA:

+3 2

0 0
Al+0,——Al O,

ATIOMUHUI OTIAET JEKTPOHBI (MPUOOPETAET MOJTOXUTENb-
HYIO CTeTIEeHb OKMCJIEHUST), @ KUCJIOPOJ — MPUHUMAET 3JeKTPO-
Hbl (MpuoOpeTaeT OTPULIATEIbHYIO CTeIIEHb OKMCIEHUS).
YT100BI MOJYYUTh CTEIIEHb OKUCACHUS +3, aTOM aTlOMUHMUSI
JIOJDKEH OTAaTh TPU 2JIEKTpoHa. MoJieKyia KUCIopoaa, YTOObI
MPEBPATUTHCS B KUCIOPOMAHBIE aTOMBI CO CTETIEHBIO OKMCIICHUS
—2, IOJDKHA TIPUHATD YEThIPe 3JIEKTPOHA:

0 +3
Al=3e——Al | »4

0 -7 T=e
0, +4e——20 | ™3
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YT100OBI KOJMYECTBO OTAAHHBIX U MPUHSITHIX 2JIEKTPOHOB
BBIPOBHSJIOCH, TIEPBOE ypaBHEHWE HAJ0 YMHOXHUTb Ha 4, a
BTOpoe Ha 3. JIJISI 3TOro JOCTAaTOYHO MEePEeMECTUTh YMCia OT-
JMAHHBIX U TIPUHSTHIX 3JIEKTPOHOB IIPOTUB BepXHEN U HIDKHEH
CTPOYKM TaK, KaK MOKa3aHO Ha CXeMe BBEPXY.

Eciu tenieps B ypaBHeHUU nieped BoccTaHoBuTeeM (Al) Mbl
MOCTaBUM HalIeHHBbI HaMU KO3 dulimeHT 4, a riepes OKKcC-
sureneM (O,) — HaliIeHHBIM HaM1 KO3DOUIIUEHT 3, TO KOJIH-
YeCTBO OTJAHHbBIX U MPUHSITHIX 3JIEKTPOHOB BhIPABHUBACTCS U
CTaHOBUTCSI paBHBIM 12. DJIEKTPOHHBIN OadaHC JOCTUTHYT.
BuaHo, uto nmepen npoayktom peakuuu Al,O; HeoOxoauMm
koo dunueHt 2. Terepb ypaBHeHHE OKUCIUTEIbHO-BOCCTA-
HOBUTEJIbHOW peakliui ypaBHEHO:

4A1 + 302 = 2A1203

Bce npeumyliecTBa MeTOo[a 3JIEKTPOHHOrO OajaHca Mpo-
SIBJISIIOTCST B ©0J1ee CJIOXKHBIX CTyJasix, YeM OKHMCIIEHUE alloMU-
HMS KHcJioponoM. HarprMep, n3BecTHast BceM MapraHiloBKa —
MapraHiuoBoKucabiid Kanuii KMnO, — sBsieTcss CUbHBIM
OKMCJIUTEJIEM 3a cueT aToMa Mn B CTeNeHU OKUCTIEHUS +7.
Haxe anuoH xyiopa Cl” oTaaeT eMy 3JIeKTpOH, MpeBpaliasich B
aToM xJjiopa. DTO MHOTIA MCIIOJb3YIOT IS TTOJyYeHUs Ta30-
00pa3Horo xjopa B JiabopaTopuu.

IIpuBenem ypaBHeHUE peakiM, B KOTOPOIl CTETICHU OKHC-
JICHUSI MEHSIIOTCS TOJIbKO Y aTOMOB MapraHiia 1 xjopa (1o3To-
MYy IIJI1 OCTaJIbHBIX aTOMOB MX MOXHO HE YKa3bIBaTh):

+7 -1 0 +2
KMnO, +KCl + H,SO,—Cl, + MnSO, + H,0

CocTtaBuM CXCMY SJICKTPOHHOTO banaHca:

+7 +2
Mn +5e——Mn | »2

-1 =T~

2C1—26——Cl [ >5
JIBolika 1 misiTepKa — eaagHbie KOd(M(OULMEHTH YpaBHEHUS,
Ojarogapsi KOTOPbIM YIAeTCsl JIETKO I10J100paTh BCe Apyrue
ko3 punuenTol. [1epen Cl, ciemyer noctaBUTh KOO ULIMEHT
5 (unum 2 - 5 =10 nmepen KCl), a mepen KMnO, — koapduim-
eHT 2. Bce ocranbHble KO3 (OULMEHTHI TPUBS3BIBAIOT K 3TUM
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IBYM Koa(dduimeHTaM. DT0 ropasno jierde, 4eM JeicTBOBATh
MPOCTBIM TepeGopPOM YHCe.

2KMnO, + 10KCI + 8H,SO, =
= 5C12 + ZMHSO4 + 6KQSO4 + 8H20

YToObl ypaBHSITh KOJUYECTBO aTOMOB Kajus (12 aToMoB
cnena), Hano nepen K,SO, B npaBoii yacTy ypaBHEHMUSI TTOCTa-
BUTHL Ko3dduimeHt 6. HakoHell, 4TOOBI ypaBHATL KUCIOPO, U
Boaopo, noctarouHo nepen H,SO, u H,O noctaButh Koadpu-
LIMEHT 8. MBI MOJIYyYWIN ypaBHEHNE B OKOHYATEIbHOM BUJIE.

MeTton 371eKTpOHHOrO 0ajlaHca, KaK Mbl BUAUM, HE UCKJIIIO-
YaeT U OOBIKHOBEHHOI'O moadopa Ko3(h(UIMEHTOB B ypaBHE-
HUSIX OKMCTUTEIBHO-BOCCTAHOBUTEIBHBIX PEaKIInii, HO MOXET
3aMETHO O0JIErYUTh TaKOM MoA00p.

OKUCIUTETBbHO-BOCCTAHOBUTEbHBIE PEAKIIMK UTPAIOT OTPOMHYIO
poJib B TIpUpOie U TexHUKe. be3 aTux peakinii HEBO3MOXHA XU3Hb,
MOTOMY YTO IbIXaHUE, OOMEH BellleCTB, CHHTE3 PAaCTEHUSIMU KJleTyaT-
KU U3 YIJIEKUCIIOTO Ta3a U BOJIbI — BCE BTO OKUCIUTEIbHO-BOCCTAHO-
BUTEJIbHBIE TTPOLIECCHI.

B TexHUMKe ¢ TOMOILBIO peaKiMid 3TOro TUIIA MOJyYaloT TAKUE BaX-
Hble BenlecTBa kak ammuak (NH;), cepayro (H,SO,) u consanyto (HCI)
KHWCJIOTBI 1 MHOTHE JIpyTre MPOayKThl. Besi MeTamyprusi ocHoBaHa Ha
BOCCTaHOBJICHUM METAJIJIOB U3 UX COENUHEHUI — pyn. BosbimHcTBO
XUMUYECKUX PeaKlMi — OKMCIUTEIbHO-BOCCTAHOBUTENIbHbBIE.

PaznnuyaroT TpU OCHOBHBIX TUIIA OKUCIUTEIbHO-BOCCTAHOBUTEb-
HBIX peaKlIMii:

1) Peakuuu mesxcmonekysapnoeo OKUCIAEHUSI-BOCCTAHOBIEHMS
(KoTra OKMCJIUTENIb U BOCCTAHOBUTEIb — Pa3HbIe BEIECTBA);

2) Peakuuu ducnponopyuoruposarus — KOraa OKUCIUTESIEM U BOC-
CTaHOBUTEJIEM MOXET CIYXWUTb OHO U TO € BELIECTBO;

Ox(_\)\"-/‘l'i Tg/’ BoccTanoBUTENE
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3) Peakuuu eérympumonexyasapHoeo OKUCIEHUSI-BOCCTAHOBICHUS
(Korga ogHa 4acTh MOJIEKYJIbl BBICTYIIAET B POJIM OKUCIUTENS, a IpY-
rasi — B POJIM BOCCTAHOBUTEIIS).

PaccMoTpuM mpuMepbl peakiuii Tpex TUIIOB.

1. PeakumsiMu MeXXMOJIEKYJIIPHOTO OKUCJIEHUSI-BOCCTAHOBICHUST
SIBJISTIOTCSI BCE YK€ BCTpeuaBIIvecs: B 3TOM Taparpade peakinm.

PaccMoTpuM ellie 0JJMH, HECKOJIBKO 0oJiee CIOXKHBIN cydaii, Kor-
Jla He BEChb OKMCIUTEb MOXET ObITh M3PACcX0/l0BaH B peaKInu, I10-
CKOJIBKY YacTb €ro Y4acTBYeT B OOBIYHONW — HE OKUCIMUTEJIbHO-
BOCCTaHOBUTEJbHOMN peakIIui oOMeHa:

0 +5 +2 +2
Cu +HNOj,,,5,—> Cu(NO,),+ NOT + H,0

Bbl MoxXeTe MOCMOTpPETh, KaK UAET 3Ta peaklusl (OMbIT «0» B KOH-
e naparpaga). Yacts yactuiy NOj3 ydyacTByeT B peakiMi B Ka4ecTBe
okucauTens, naBas okcua azora NO, a yactb uoHoB NOj B Heu3-
MEHHOM BuJe nepexonut B coenuHeHue menu Cu(NOj;),. CoctaBum
3JICKTPOHHBIN GajlaHC:

+2

0
Cu-2e——>Cu |3

+2

N +3e——>N 2

IToctaBuM HaiineHHbI a1 Meau Koadduument 3 nepen Cu u
Cu(NO;3);. A BoT KoahGUIIMEHT 2 ciefyeT MOCTaBUTh TOJbKO Mepen
NO, moToMy 4TO Be€Ch MMEIOIIMIiCS B HEM a30T y4yacTBOBal B
OKMCIIUTEIbHO-BOCCTAHOBUTEIbHON peakiunu. beuio Obl omnoKom
noctaBuTh KoadduiueHt 2 nepen HNO;, moToMy 4To 3TO BElIECTBO
BKJIIOYAEeT B cebOs U Te aTOMBI a30Ta, KOTOPhIe HEe y4acTBYIOT B
OKMCJIEHMU-BOCCTAHOBJIEHUU U BXOAAT B cocTaB nmpoaykra Cu(NO;),
(qactuubl NO3 31€Ch MHOT/IA HAa3bIBAIOT «MOHOM-HAO0II0IAaTEIeM» ).

OcranpHble KO3DUIIMEHTH ITOAOUpPaOTCcs 0e3 Tpyda II0 yxXKe
HaICHHbIM:

3Cu + S8HNO, = 3Cu(NO3), + 2NO + 4H,0

2. Peakuuu ducnponopyuonuposanus IPpOUCXOIST TOTAA, KOraa
MOJIEKYJIBI OTHOTO M TOTO e BEIeCTBa CITOCOOHBI OKUCISATH U BOC-
CTaHaBJIMBAaTh IPYT Ipyra. OTO CTAHOBUTCS BO3MOXHBIM, €CJIU Bellle-
CTBO COAEPXMT B CBOEM COCTaBe aTOMbI KaKOro-anbo sjaeMeHTa B
npomexcymouroii cTerieHn okuciaeHus. CienoBaTesbHO, CTETIEHb OKUC-
JIEHUs CIOCOOHA KaK MOHMXAThCS, TaK M TMoBbIaThes. Hampumep:

+3 +5 +2
HNO, — HNO, + NO +H,0
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DTy peakiMio MOXHO MpelCcTaBUTh KakK peakiuio mexay HNO, u
HNO, kak okucIuTe]IeM U BOCCTAHOBUTENIEM M MPUMEHUTH METOJ
3JICKTPOHHOTO OajaHca:

+5 +2

+3 +3
HNO, + HNO, — HNO, + NO +H,0
+3 +2
N+le—N |2

+3 45
N-2¢e——>N | 1

[lonyyaem ypaBHEHUE:
2HNO, + 1HNO, — 1HNO; + 2NO + H,0
WMmu, cknagsiBasi BMecte Mo HNO,:
3HNO, = HNO; + 2 NO + H,0

3. Peakuuu enympumosekyasapHoeo OKUCIEHUSI-BOCCTAHOBIECHUS
MPOUCXOJISIT TOTIA, KOTJa B MOJIEKYJIE COCEICTBYIOT aTOMbI-OKUCIUTEN
U aTOMBI-BOCCTaHOBUTEIM. PaccMOTpUM pasziioxkeHre 0epToJaeTOBOM
conu KCIO; npu HarpeBaHUU:

+5 =2

-1 0
KClO, /=5 KC1 +0,

DTO ypaBHEHME TaKXKe IMOTYMHSICTCS TPeOOBAHUIO 3JIEKTPOHHOTO
OajaHca:

+5 -1
Cl+6e—>Cl |4 142

-2 0
20-4e——0, | 6 W3

3mech BOBHUKAET CJIOXKHOCTh — KaKOi M3 IBYX HalIeHHBIX KOA(D-
(umenros mocraButs nepea KC10; — Beap 3Ta MOJIEKyIa CONEPKUT
U OKUCJIUTENIb U BOCCTAHOBUTENb? B Takux ciyyasx HalieHHbIe KO-
3G OUIMEHTHI CTaBITCS TIepell MPOTYKTaMMU:

KClO; — 2KCI + 30,
Tenepsb sicHo, yto nepen KCIO; Hago nmoctaBUTh KO3(MOUIIMEHT 2.
2KCl0O;=2KCl + 30,

BHyTpumoekyssipHasi peakuusi pa3jiokeHUs: 0epTOJIeTOBOM COJIn
MPY HAarpeBaHWU MCIOJb3YeTCsl IPU MOTYYEHUM KHUCI0ponaa B Jlabo-
paropuu.

MBI paccMOTpeu BaxKHENIINE TUTTbI OKUCIUTEIbHO-BOCCTAHOBY -
TEJbHBIX peaKIMii ¥ MEeTO, 3JIGKTPOHHOTO OajlaHca, HO TOKa He Ka-
CAJIMCh BOIIPOCA COCTABJICHUSI YPABHEHUI TaKUX peakiUil.
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PacripoctpaHeHHOe 320y XXIeHNE 3aKITI0YaeTCsl B TOM, YTO BBl MO-
JKeTe cpasy TMpeackasaTh MPOAYKT (MJIA MPOAYKTHI) OKUCIUTEIHLHO-
BOCCTaHOBMTEJILHOM peakiuu. DTo He TakK. JIMIIb 1o Mepe HaKOTIIeHUST
OITbITa, 0COOEHHO B JIaOOpPaTOPUM, Bbl CMOXKETE Je/IaTh BCe OOJIBIIE 1
0oJIbIlIe MPaBUIBHBIX MpeNcKa3aHWii. A TIoKa CIeayeT HayduThCsl ypaB-
HMBATb PeaKIIMU, peareHThl U MPOAYKTHI KOTOPBIX 3apaHee U3BECTHBI.

WHurepHeT:

Enunas koanekius 1ubpoBbIXx 00pa3oBaTeIbHbIX pecyp-
COB:

http://school—collection.edu.ru — Komnekiun — IIpenmeTHbIe
KoJuteknu. Xumust — Heopranudeckast xumusi. BUneoormnsiter — ...

a) ... » Metauibel —» AnmomMuHuil — 5. [opeHue aJTloMUHUS Ha
BO3JIyXE.

0) ... » Iloarpymnna azora — A3oTHas Kuciaora — 4. Okuc-
JINTEJIbHBIE CBOMCTBA a30THOW KUCJIOTHI.

3axaum K rase 5

5.34. K kakoMy TUITy MOXHO OTHECTU KaXXOYyl0 U3 MpUBE-
JIeHHBIX peaKImii?

CaCO; = CaO + CO,
HCl + NH; = NH,CI
CuSO, + Fe = FeSO, + Cu
HCI + NaOH = NaCl + H,0

5.35. ITopbepute mpomnylleHHble KO3(MPUIIUEHTHI B Clie-
IYIOIINX YpaBHEHUSX XUMUIECKUX peaKIIMIii:

Mg + O, = 2MgO
?Fe + 3Cl, = ?FeCl;
?2A1 + 7S = Al,S;
?Cu + 70, = ?CuO

5.36. Kakoe kommyecTBO (MOJIb) 3JI€EMEHTAa XpoMa COIep-
xwutcsa B 20,8 T aToro merasnia?
5.37. Kakosa macca 6,02 - 10>* monexyn merana CH,?
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5.38. KakoBa macca okcuaa xenesa (I111) — Fe,O;, B3siToro
KosdectBoM 0,25 mong?

5.39. Onnaxnbr FOx coGpaiicst B3SITh I peakuuu 1 MoJb
MarHus. OH goaro cmotpen B [leproanueckyto Tabiuily, a 3aTeM
B3Becws1 poBHO 12 r marHus. Bo ckosibko pa3s omubdcs FOx?

5.40. TTpu onpeneaeHHBIX YCIOBUAX (OTJIMYHBIX OT H.Y.)
1 monb a3zota N, pearupyet ¢ 3 moasiMmu Bogopoaa H,, obpasys
2 moutsg razoobpazHoro ammuaka NH;. Hanuiuute ypaBHeHue
9TOM peakLUK U OIpeAe/IuTe: a) 00beMHbIE COOTHOLLIEHUS Ia30B;
0) CKOJIbKO rpaMMOB aMMHaKa obpasyetcs u3 1 MoJjs azora?

5.41. It TyKaTypKy KUPIIMYHBIX CTEH MPUMEHSIIOT U3BECT-
KOBBII PacTBOP, KOTOPKIN TOTOBST Tak: 6epyT 1 BeCOBYIO 4acTh
eawenoii n3ectu Ca(OH), u 3,5 BecoBoii YaCTU MEJIKOTO Mpo-
CESTHHOTO MecKa. 3aTeM IMepeMeln-
BalOT, 100aBJIsAs BOMAY IO TeX IOp,
ITOKa He TIOIYYUTCS TeCTOOOpa3Hoe
BeiectBo. Eciu umeercst 7 kr 560 r
Heeautenoti n3Bect CaO, TO CKOJIBKO
MPOCESTHHOTrO Tecka moTpedyercs
JUTSI TIPUTOTOBJIEHMSI ILITYKAaTypHOIO
pacTBopa?

Ilpumeyanue: IPUTOTOBIICHNE
ralreHoi M3BECTU MIPOUCXOINT T10
YpaBHEHMUIO:

CaO + H,0 = Ca(OH)..

5.42. Ha yamkax BecoB ypaBHOBEIIEHBI IBa CTaKaHa C pac-
TBopamu cepHoit kuciaotel H,SO,. bepyT Kycouku xenesa u
LIMHKA OJMHAKOBOI Macchl. OauH OpocaloT B JIEBbII CTaKaH,
JIpyroil — B mnpaBblil. Kakas yallika BeCOB MEPEBECUT TMOCTE
TTOJTHOTO PacTBOPEHUST 000MX METaJIJIOB?

5.43. Korna-to (B riaBe 1) Hain 3HakoMel, FOx easa He 11o-
cTpanaj OT B3pbiBa CMECH aTMOC(EpPHOro KUCI0poaa U BOIO-
pona, KOTOpbIf BBIASIWICS B XO€ peaKilMd HaTpus ¢ BOJOM:

Na + H,0 = H,T + NaOH
2H, + O, = 2H,0 (co B3pbIBOM)

ITonGepute Koa(ppULIMEHTH B IIEPBOM YpaBHEHUU U pac-
cuuTaiiTe, CKOJbKO (M0 00bEMY) B30PBaJOCh BOAOPOAA, €CIU
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B3PBIB IIPOM30IIIEe]I B TOT MOMEHT, KOTJa yCIIeI0 IIpopearupo-
BaThb 2,3 T HaTpus?

5.44*. B 3aMKHYTOM TOJICTOCTEHHOM COCYJ¢ B30pBaHa CMeCh, CO-
cTosiiasi U3 Bojopoaa o6beMoM 24 MIT U KUCJIopoaa o0beMoM 15 M
(H.y.). Kakoii ra3 u B KakoM 00beMe OCTAHETCS MOCJe B3phIBa, €CIU
BoJa MpeBpaTUach B XUIKOCTb, a Ta3 NMPUBEIEH K HOPMaJbHbIM
yCJIoBUSIM?

5.45. C moMoIIpi0 MeToaa 3JIEKTPOHHOTO baiaHca Tmombe-
pute KO3(ULIMEHTH B YpaBHEHUSIX OKHUCIUTEIbHO-BOCCTA-
HOBUTEJIbHBIX pEaKIIMA:

1) NH; + O, > NO + H,0

2) PH; + Cl, —» PCl; + HCI

3) CH, + CI, —» CCl, + HCI

4) CuO + NH; —» Cu+ N, + H,0

5) P+ N,O0 — N, + P,O5

6) NO, + H,0 - HNO; + NO

7) NH,NO; — N,O + H,0

5.46*. CKOJIbKO JIUTPOB KUCJIOPOAA MOXHO MOJyYUTh IIPU HArpe-
BaHuM 24,5 T GeprosieToBoit conu KC10;?

5.47* (OMIII). YpaBHsiiTe CleayIOlINe PeaKIun:

1) KMnO, + K,SO; + H,SO, —» MnSO, + K,SO, + H,0

2) KMnO, + K,SO; + H,0 - MnO, + K,SO, + KOH

3) KMnO, + K,SO; + KOH — K,MnO, + K,SO, + H,0

4) KMnO, + H,S + H,SO, - MnSO, + K,SO, + S + H,0

5) K,Cr,0; + SO, + H,S0, — Cr,(S0,); + K,SO, + H,O

6) K,Cr,0; + KI + H,SO, — Cr,(S0,); + K,SO, + I, + H,0

7) KMnO, + HCI — CI, + MnCl, + KCI + H,0

5.48*. [1epekuch Bogopoa CriocoOHa ObITh KaK OKUCIUTENIEM, TaK
1 BocCTaHOBUTeNeM. Halinnte oKUCINTENh M BOCCTAHOBUTEh B Clle-
NYIOLIUX PeaKIUsIX U YpaBHSIITE UX:

1) KI + H,0, — I, + KOH

2) I, + H,0, — HIO; + H,0

2) HCIO + H,0, —» HCI + O, + H,0

5.49* (HTI'Y). YpaBHgiiTe cieaytonye peakium:

1) K,Cr,0; + H,S + H,SO, — Cr,(SOy); + K,SO, + S + H,O

2) K,MnO, + H,O —» MnO, + KMnO, + KOH

3) NaBr + H2SO4 + NaBrO3 —> Br2 + Nast4 + HzO

4) (NH,),Cr,0; — Cr,0; + N, + H,0

YeM OTIMYAIOTCS 3TU peakIMU U KaK OHU Ha3bIBAIOTCS?



Taea 6
KHNCJIOPO

§ 6.1. Kucopoza, ero pacnpocTpaneHHOCTb B IPHPOJIE.
Atmocdepa.

Kucnopon — 8-ii anemenT Ileproanueckoit TaGauibl
(3apsin simpa 8), xuMudeckuit cumBosl — O, OTHOCUTEIbHAS
aTOMHasl Macca (aTOMHBI Bec) 16.

BajieHTHOCTH KMCIOpOJa B COCANHEHUSIX paBHA JBYM,
HaunboJee pacrpocTpaHeHHasl CTeTIeHb OKUCIIEHUS —2.

Mosmnexyna kuciaopoaa O,, OTHOCUTEIbHAS MOJIEKYJISIP-
Hasg macca (MoJIeKYJIsIpHBI Bec) 32. MosipHas macca
32 r/MoOJb.

Mbl He clTyyaiiHO HAaUMHAeM M3yYeHUE XMMUM BaXKHEUIITUX
3JIEMEHTOB ¢ Kucjaopoaa. Kuciopon — neicTBUTENIbHO Bax-
He#iuii anemMeHT. Ero XxuMus TecHO cBsI3aHa MPaKTUYECKU CO
BceMU djieMeHTaMu [leproanyeckoil CuCTeMbl, MOCKOJIBKY C
KaXJIbIM M3 HUX KUCJI0PO 00pa3yeT Te WX MHbIE COeAMHEHMUSI.
HMckioueHne coCcTaBiIsIIOT TOJIBKO JIETKUE WHEPTHBIE ra3bl —
reJIUii, HEOH, apTOH.

Ectb 1 enie ogHa BaxHasg npuynHa. Kuciiopon urpaet uc-
KJIIOUUTEJIbHYIO POJib B CYILLIECTBOBAaHUM Ha 3emiie XWU3HU U
BCell yesioBeyeckoi 1uBuan3auuu. Ha moBepxHOCTH I1aHe-
Thl — B 3¢MHOM KOP€ — CBSI3aHHBI KMCJIOPO/ SIBJISIETCS CaMbIM
pacnpocTpaHeHHBIM 3JieMeHTOM. B cocTaBe MrMHepasioB, B BUje
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COCIMHEHUI C IPYTMMHU 3JIEMEHTaMu OH cocTaBiisieT 47 % ot
MacChl 3eMHOI KOpHbI!

B atmocdepe 3emnn Kcnopoa HaXoaUTCs B CBOOOTHOM (He
CBA3aHHOM) COCTOSTHUM: 31eCh €0 21 % 1o oobemy mian 23 %
10 Macce.

TommmHa 3eMHOI aTMOC(EPBI COCTaBISIET HECKOJIBKO COTEH
kusioMmeTpoB. Pazymeercs, yxke B 100 KM OT MOBEpXHOCTU 3eM-
M atMocdepa OoYeHb pa3pexeHa, TeM He MEHee ee COCTaB
oIIpee/sieTcsl ¢ MOMOIIbIO CIIYTHUKOB. Eciu B34Th I100YyC
IUaMeTpoM 35 ¢M U MpeACTaBUTh BOKPYT HETO IBYXCAHTHME-
TPOBBIIA CJIOM, TO MbI IIOJIYYMM HEKOTOPOE ITOHSTHE O MACLITA-
b0ax 3eMHOI atMocdepnl. Ee 00beM cocTaBisieT OoJsiee ueM
4 - 10" m>. OrpoMHoe KoaMyecTBO Kucaopona (86—89 % mo
Macce ¢ YYeTOM PaCTBOPEHHBIX B BOIE COJICii) COOEPKUT TH-
Ipocdepa 3eMiIn — MOPS. U OKEaHHI.

Ipeobnananue Kuciaopoaa Cpeau Ipyrux 3JeMEHTOB Ha MOBEpX-
HOCTH Hallleii IJIaHeThl He MOXKET OKa3aThCsl CaydyaliHbIM. BeposiTHO,
9TO SIBJIEHUE CBSI3aHO C BOBHMKHOBEHWEM U pa3BUTHEM XU3HU. B aT-
Mocdepe MoJIoaoi 3eMJIM KUCI0poaa IMpakKTuiecKy He 0bu10. OCHOB-

JICHTOYHBIE KeNe3HbIe (hOPMALIHI, 3aJ1eK1 KPACHO# PyJIbl
cojepxaline BOCCTAHOBJIEHHOE XeJIe30 (OKCHIIBI KeJie3a)
TepBbie nepBbie
CHHe-3eJieHble  TIePBbIE  COCYIMCTbIE
MICKONACMEIC Gakrepin  (POKADHOTH) BOROPOGTH  pacToHm
CBUIIETE/IbCTBA aKTep poxap ONOpoCH pacre

80
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a 70 /"— 2
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g 60
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g 40
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E 30
g 20 CO, — (),
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4500 4000 3500 3000 2500 2000 1500 1000 500 ppen

Puc. 6.1. OnHa u3 TuMoOTe3 BOZHUKHOBEHUSI COBPEMEHHON aTMoCheph

3emau. OOpaTuTe BHUMaHUE Ha CBSI3b MEXJAY M3MEHEHUEM COCTaBa

atMocdepsl U cMeHolt ouosorndyeckux amnox. (ITo kHure I1. DTKuHCca
«MornexyJibl».)
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Hasl Macca MepBUYHOM aTMOChephl MPUXOAWIACh Ha JTMOKCHU]I yTJIe-
pona CO,. OcraBliytocs 4YacTb COCTaBJISLIM Ta3bl, KOTOPbIE U ceiuac
BBIACJISIIOTCS U3 HEAp NP BYJIKAHUYECKOMN NesTebHOCTU. [J1aBHBIM
o6pa3om 3T1o mapsl Bonbl (H,0), xmopucteiit Bomopon (HCI), moHO-
okcup yriepona (CO), azor (N,), cepoBogopon (H,S) u apyrue.

OcHOBHasl Macca KUcjJopoaa B aTMocdepe MaaHeTbl BOZHUKIIA
TOJIBKO TIOCJIE TIOSIBJIEHUsI Ha 3emiie TIepBbIX (hOTOCUHTEIUPYIOIIUX
OIHOKJIETOYHBIX OPTAHU3MOB — TTPOKAPUOT, U3BECTHHIX ITOJT HA3BaHU-
€M CUHe-3eJieHble Bomopociu. [Iporiecc 3TOT Havaucs OKOJIO0 2 MUJI-
JIMapAOB JeT ToMy Hazan (cMm. puc. 6.1). Tlon aeiicTBMEM COTHEYHOTO
cBeTa (OTcIoa Ha3BaHUE — (DOTOCHHTE3) IMPOKAPUOTHI YCBAaUBAIU U3
YIJIEKUCIIOTro ra3a yrjiepoa u Kuciopoa. M3 Boabl oHU ycBauBaiu
TOJILKO BOAOPO[I, OMHOBPEMEHHO BBIIESS B aTMOCGhepY CBOOOIHBIM
KUCJIOPOJ B KAYECTBE MOOOYHOTO MPOAYKTA XKUIHEAEATETbHOCTH.

ITpokapuoTel HE HYXIaTUCh B CBOOOJHOM KMCIOPOJE — TaKOW
THUTI 6ECKUCIIOPOTHOTO «IbIXaHUsI» Ha3bIBACTCS aHAIpoOHbIM. BO3MOXK-
HO, KHUCJIOPOJ HYXXEH OBbLIT MPOKapuoTaM U KaK CPelcTBO OOPLOBI C
aHa’pOOHBIMU OaKTepUSIMU-KOHKYypeHTaMu. Kuciaopon HakariuBai-
cs B aTMocdhepe M pearupoBajl ¢ 3JeMEHTaMU M UX COeAMHEHMSIMU,
HaxOASIIIMMUCS Ha MOBEPXHOCTU U B aTMocdepe Mosiofoi 3eMIu.

Takum o6pa3om, BecbMa LEHHBIN 1151 HAC C BAMU KUCJIOPOA, KO-
TOPBIM MbI JBIIIUM U 0€3 KOTOPOTO HE B COCTOSIHUM TMPOXKUTH U He-
CKOJIBKMX MUHYT, KOTJIa-TO ObLT 3arpsI3HSIOIIMM BEIIECTBOM B aTMOC-
(dbepe. DTO rpaHAMO3HOE «3arpsA3HEHUE» aTMOCHEPHI KUCIOPOIOM
OCTaBWJIO CBOM CJiel B TeosiorndeckoM ctpoeHnun 3emun. Korma BbI-
JIEJISIEMBIN TIPOKapUOTaMU KUCIOPOA OKUCIIM HaXOMsIleecss Ha To-
BEPXHOCTH TIJIAaHETHI XKeie30, 3eMJIsl BO MHOTMX MecTax MOKpbIIach
KpacHOBATOM pxKaBUYMHOM — OKCUAAMM XKeJie3a. VIMEHHO 13 OKCHUIIOB
KeJie3a COCTOSIT XKeJle3Hble pyabl. X MOIIHBIE 3a71eXKU U CETOAHS Ha-
TMOMUHAIOT 00 3TOM AmoXe.

[MocTteneHHoO KuUcaopoaa ctajo B aTMocdepe Tak MHOIO, YTO
aHadpOOHBbIe GAKTEPUU YCTYIMIM MECTO APYTMM CYIIeCTBAaM — C
a’pOOHBIM (KHCIOPOTHBIM) TUIIOM JbIXaHUsI. ASpOOHBIC OPTaHU3MBI
HCTIONB3YIOT mist apixaHust He CO,, a MOJEKYJISIPHbI KUCIOPO.
BrjioTh 1o Halllero BpeMeHM JJIUTCS TeojioThuyeckasi 3rmoxa, Koria
OrPOMHBIEC KOJIMYECTBA KUCJIOPOA MOCTOSTHHO PacXOIyTCsl Ha IbI-
XaHWe XMBBIX CYILIECTB U TOPEHMUE.

HMHTepecHo, 4TO TOJNBKO TETeph, CHyCTs 2 MUJUIMAapAa JIeT, COBep-
IIEHHO TOYHO BBISICHWJICS «T€OJIOTUYECKMIT CMBIC XXU3HW» KaXKIoi
OTIE/IBHO B3SITOI CHHE-3eJIEHOM BOIOPOC/IM, XUBIIEH B TO BpeMs. DTO
JKMBOE CYIIECTBO JOKHO OBIJIO POAUTHLCS 3M0POBBIM, MPOXUTH KakK
MOXHO 00Jiee TOJITYIO XKU3Hb (UTOOBI BEIIEIUTh B aTMOCGhEPY KaK MOXK-
HO 0OOJIbllle KUCIOPOa), OCTABUTH TOCIIE Ce0sl 3M0POBOE, MOJTHOLECHHOE
moToMcTBO. OHO He JOJIKHO ObUIO «O0MXKAaTh» IPYTUX ITPOKAPUOT, YTOOBI
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1 T€ MOTJIM BBITIOJIHUTD TaKyIO K€ MUCCHIO, OTBEICHHYIO UM TTPUPOJION.
MHBIMU clTOBaMU, CMBIC XKM3HU 3aKTI0YAETCS] B TOM, YTOOBI JKUTh.

BeposiTHO, 2TO MpaBWIoO AEUCTBYET M TTOHBIHE JJISI BCEX XKMBbBIX
cyiectB. He npoiifer u omHOro-1ByX MWIIUAPAOB JIET, KaK BBISICHUT-
CSl «T€O0JIOTUYECKUI CMBICH XM3HU» YejioBeuecTBa. B ueM OH, 3TOT
cmbicn? TlonpoOyiiTe moaymaTh Ha 3Ty TeMy (CM. 3amauy 6.22 B KOH-
1Ie OTOM IJIaBhl).

Ho BepHeMcs k atmocdepe 3emin. KakuM ke 00pa3om B Hallly
SI10XY BOCTIOIHSIIOTCS MMOTEPU KUCIOpoa B Tpupoae? DTO NPOUCXOAUT
Oylarofapsi pacTeHUsIM, KOTOPbIE COXPAaHWIM CIIOCOOHOCTb MO eii-
CTBHEM COJTHEUHBIX JIydeil ((POTOCMHTEeTUUYECKN) TIpeBpalliaTh yrie-
KUCIBIN Ta3 ¥ BOLY B KUCJIOPO M YIJIEBOABI (CTPOUTENbHBIN MaTepH-
aJl KJIeToK pacteHuit). Hampumep, mpoliecc o0pa3oBaHuUsI B paCTeHU-
SIX yrjieBoJa Kpaxmaja MOXHO 3aIlucaTh TAKUM ypaBHEHUEM (37eCh
n — HEKOE 1IeJI0€ YUCII0, TOCTATOYHO OO0JIbLIOE):

nCO, +nH,0——="—(CH,0) + nOT

3eJIeHBIE PACTCHUs.
YIJICBOIIBI KHcI0pos

BcrioMHUTE NpeabIAYIIYIO [JIaBy, [AE Mbl PACCUMTAIM MTOTEPU KHC-
JIopoza mpu paboTe CpaBHUTETHHO MAJIOMOIIHOTO aBTOMOOMIBHOTO
JIBUTATENS, U BBI IIOMMETE, IMOYEMY JIECHBIE MACCHBBI 3a4acTyiO Ha-
3BIBAIOT JIETKUMH T1aHeThl. OueHb BasKHYIO pOJIb UTPAIOT ¥ BOAOPOCIN
okeaHa. Bce pacteHus 3emiu B TeueHUe Toja co3aatoT 0Kojio 300 Mipa,
T kuciopona. TakuM obpa3oM, Bce Oj1ara U caMo CyIIECTBOBaHUE Ue-
JIOBEUYECKOM LIMBUIU3ALMN LEIMKOM 3aBUCST OT 3€JIEHBIX PACTEHUIA.

Kucnopon — ra3 6e3 1Beta, BKyca U 3amaxa, HEMHOTO TsI-
xejee Bo3myxa. Eciam Ha Becax ypaBHOBECUTD ITYCTOM CTaKaH,
a 3aTeM uepe3 TPYOKY HAIlOJTHUTh ero KUCJIOPOIOM, TO PaBHO-
BecHe HapyIINTCS.

Kwucnopon cimado pactBopuM B Boje — B 1 1 Boasl ipu 20 °C
pactBopsierca 31 mu kuciopona (0,004 % mo macce). Tem He
MEHee STOTO KOJIMYECTBA XBaTaeT IS IBIXaHUST PBIO, XKUBYIITAX
B BOJOEMaX.

Kungkuit Kuciopon — NMOABUKHAsI, clierka roayooBaras
XUAaKocTh, Kunsmas npu —183 °C. TBepaplii Kuciaopon — ch-
HUEe KPUCTAJUIbI, TIABSIIIIMECS MpH ellle 0oJiee HU3KOM TeMIie-
parype —218,7 ° C.

[TpupoaHbIil KUCIOPOI COAEPXKUT TPU U30TOIA:

180 (99,76 %), '10 (0,04 %), '30 (0,20 %)

CaMblii «Ierkuit» n3otorn (K1ciaopoa-16) mMeer oTHOCH-
TeJIbHYI0 aTOMHYI0 Maccy 15,9949, nBa npyrux uzororna MuMerT
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Maccy 16,999 1 17,999. Ho «TstKeJIbIX» U30TONOB B IPUPOTHOM
KUCJIOPOZE KpaifHe MaJIo, TTI0O3TOMY €ro aTOMHast Macca COCTaB-
JIIeT «cpenHee» 3HaueHue 15,9994. B cBobonHOM BUIe KUCTO-
PO OOBIYHO CYIIECTBYET B BUE ABYXaTOMHBIX MOJIEKYI O,.

CTpyKTypy MOJIEKYJIBI KMCIIOPOAA B IIEPBOM IPUOIMKEHUN
MOXHO IPEACTABUTD CIEAYIOIINM 00pa3oM:

:0:0: :0=0:

BmecTe ¢ HemomeJleHHBIMU TTapaMy 3JIEKTPOHOB Kaxkaoe
Aapo MoIeKyJbl O, «00CTy:KUBAETCS» BOCEMbIO JICKTPOHAMMH,
4TO M TpeOyeTcs IS JOCTUKEHUSI MUHUMyMa SHEPTUM BCei
CHUCTEMBI.

B peasibHOCTM MoOJieKy/1a KMCJI0OpOAa UMeeT DoJjiee CIOXHOE CTPO-
eHMe. DKCIepUMEHTATbHO T0Ka3aHo, YTO B Hell MMEIOTCST HecTiapeH-
HbIE JIEKTPOHBI. DTO YCTAHOBJIEHO M3YYeHUEM MArHUTHBIX CBONCTB
Kucnopona (KUcIopon mputsaruBaetcs Mmaruutom!). [leo B ToM, 9TO
HaJu4yue mapamMarHeTu3Ma y MOJIEKYJIbl CBUIACTEIbCTBYET O MPUCYT-
CTBMU B HEW HEeCNapeHHBIX JIEKTPOHOB. YIAjJoCh HAWTU U TEOPETU-
YecKoe 0ObSICHEHHE TaKMX HEOOBIYHBIX CBOMCTB MOJIEKYJIBI KUCIIOPO-
Jla C TIOMOII[bI0 COBPEMEHHOI TEOpUU MOJICKYJISIPHBIX OpOUTaNIEiA.
B cooTBeTCTBMM € 3TOM Teopuelt, Tpu 00pa30BaHUU XMMUUYECKOMN
cBs13U aTOMHBIe opOouTanu (AO) OTAEIbHBIX aTOMOB HUKY/Ia HE «HUC-
Yye3alT» — OHU CTAHOBSITCSI MOJIEKYJISIpHBIMU opOouTtansimMu (MO).
B xaxnmom aTomMe KMCI0poJa Ha BHEIIHEM YPOBHE YEThIpe OpOUTaIN:
O/IHA S- U TPU p-, Ha KOTOPBIX PACIIOJATAIOTCS IIECTh 3JIEKTPOHOB
(...25%2p"). Tpu o6pazoBanuM MoseKyibl O, obpasyercs BoceMb MO,
Ha KOTOPBIX JOJKHBI PACTIOJOXHUTLCS ABEHAALATh 2JeKTpOHOB. Kak
BUIHO U3 MpUBENEHHON HuXe nuarpammbl (MO moka3zaHbl B BUIE
TOPU3OHTAIBHBIX YEPTOUEK M PACTIONOXKEHBI CHHU3Y BBEPX IO BO3pac-
TaHWUIO SHEPTUU), MOJIEKYJISIDHBIX OpOUTAalieil He XBaTaeT JJIsl TOTO,
YTOOBI PACIOJIOXKHUTh Ha HUX BCE BJIEKTPOHBI Mmapamu. [ToaTomy nBa
3JIEKTPOHA BBIHYXJEHBI OCTaBaThCS HeCHMapeHHBIMU (MO MpPaBUITY
Iyuna):

+ o+

T
_H_
_H_
_H_

8§ MO
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TpynHo cka3aTh, Kak MPU 3TOM MTPaBWIBHO N300paXaTh CTPYKTYP-
Hy10 OpMYJTy MOJIEKYJIbI KUCI0poJa. MOXHO paccCMOTpPeThb J1Ba Ba-
puaHTa:

1,207 A

Cyns no iuHe cBsizu B Mosiekysie O, (1,207 anrctpema), BapuaHT
C KpPaTHBIMM CBSI3IMU OJMKe K ucTuHe. Hampumep, u3BecTHO, 4TO
niavHa npoctoit cBsa3u O—O B mMosekysie nepekucu Bogopona H,0,
HaMHoro OoJbiie: 1,48 aHrcTpema.

Opnnako BaneHTHOCTD (I1) A1t KucIopoaa B nmogassoIIEM 0O0JIb-
IIMHCTBE €r0 COeNUHEHUI He BBI3bIBAET HUKAKUX COMHEHMIA.

§ 6.2. ITonyyenue Kuciopoaa

Bonbiroe KOIUYeCTBO KHUCIOPOAA MCIIOJIb3YeTCsI B TIPO-
MBIIIUIEHHOCTH, B MEAUIIMHE, B IPYTUX 00JIACTIX YEIOBEUECKOM
nesateabHOCTU. TTpoMbliiJIeHHbIE KOJMYecTBa KKUcaopoaa Io-
JIy4aroT U3 XUAKOro Bozayxa. CHavyana BO3AyX CKMMaloT MOILII -
HBIMU KOMIIPECCOpaMU — MpPU 3TOM OH, KaK JII000# cXXumae-
MBbIii Ta3, CUJIbHO HarpeBaeTcs. Eciau BaM MpuXxoauioch SHep-
FMYHO HaKayMBaThb BEJIOCUIIEIHYIO KaMepy, TO Bbl JOJKHBI
IMOMHUTB, YTO KOPITYC HacOCa 1 IIJIAHT HAarpeBaloTCs JOBOJBHO
3aMETHO.

CxaTblii BO3IyX B OOJIBIINX OAJTOHAX-EMKOCTSIX OXJIaXaa-
eTcs. 3aTeM ero MoaBepraloT ObICTPOMY PACHIUPEHUIO Uepes
y3K1e KaHasbl, CHAOXKeHHbIE TYPOMHKAMU IJIs1 TOTOJHUTEb-
HOTO OTOOpa PHEPTUM Y MOJIEKYJ ra3za. OTU yCTpOMCTBA Ha-
3bIBalOTCs TypOoaeTanaepamu. Ilpu pacuirpeHnn J1000ro raza
BCeT/1a MPOUCXOIUT ero oxJaxaeHue. Eciau ra3 6bu1 cxxaT o4eHb
CWJILHO, TO €r0 paclIMPeHUE MOXET NMPUBECTU K TAKOMY CUJTb-
HOMY OXJIaXAEHMIO, UTO YacThb BO3Ayxa CxXuxkaeTcs. Kunkuii
BO3/yX COOMpPAIOT B CHELIMATbHbIE COCYIbI, Ha3bIBaEMbIE CO-
cynamu Jpioapa (puc. 6.2).

Kaxk BBI yKe 3HaeTe, XUAKUIA KUCIOPOA KUMUT mpu OoJjiee
«BbICOKOI» Temrieparype (—183 °C), yem xuakuit a3ot (—196 °C).
ITosTOMy TIpM «HarpeBaHUM» KUJIKOTO BO3IyXa, KOra TeMIIe-
paTypa 3TOi O4Ye€Hb XOJOIHOM XUAKOCTU MEMJIEHHO MOBbILIA-
erca oT —200 °C mo —180 °C, npexne Bcero npu —196 °C nepe-
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JIBOHOM
METAJTTUYECKUIA
KopITyC

BaKyyM

XKUIKUN ra3

moacTaBKa

nmaTpyooK
IUTST OTKAYKH BO3IyXa

Puc. 6.2. Cocyn [dproapa st XpaHeHUsI U TpaHC-
TMOPTUPOBKU CXKUXEHHBIX Ta30B U €ro yCTPOUCTBO.
N3 npoctpaHcTBa MeX1y BHYTPEHHEN U BHEUIHEH
CTeHKaMM cocCyjia OTKauyaH Bo3ayx. Bakyym mpak-
TUYECKU HE MPOBOJUT TEILIO, TOITOMY KUAKHUIA Ta3,
Jlaxke MMesi OY€Hb HU3KYIO TEMIIEPATypy, MOXET CO-
XPaHSITbCS B TAKOM COCYJI€ ITUTEIbHOE BpeMsl

TOHsIeTCS a30T (KOTOPBIM OMSITh CXKMKAIOT) U TOJBKO CJEIOM
neperoHsieTcs: kuciaopon. Ecau Takylo meperoHky XKUIKUX
azoTa M KHCJIOpoJa MPOU3BECTH HEOMHOKPATHO, TO MOXKHO
MMOJYYUTh BEChbMa YMCTHIN Kuciopoa. OOBIMHO ero XpaHST B
CXaTOM BUJI€ B CTAJIbHBIX OaJJIOHAX, OKPAILIEHHBIX B TOIYyOOi
LBeT. XapakTepHas roaybas okpacka O6aJUIOHOB HYXHa JJisl
TOr0, YTOOBI HEJb3sI ObLIO CIyTaTh KUCAOPOJ C KAKUM-HUOYAb
JIPYTMM CXXaTbIM Ta3oM.

ATmaparypa i IPOMBIIIJIEHHOTO TOJIy4YeHUsT KUCIOpoa,
KakK MBI BUAUM, OU€Hb CJIOXKHA M 3HEeproeMka. B 1aboparopuu
KHUCJIOPOJ, yIoOHee MmoayvyaTb U3 €ro COeAMHEHU C IpyruMu
3JIEMEHTAMU.

Yare Bcero KMCJIOpO/ MOMyyaloT HarpeBaHUEM TaKUX Be-
mecTB (B COCTaB KOTOPBHIX KMCAOPOJ BXOAUT B CBSI3AaHHOM
BMIIE), KaK MiepMaHraHat Kajusl (MapraHiioBKa), XJopat KaJausl
(GepTojeToBa CoJib), HUTpAT Kaus (CeauTpa):

2KMnO, —tmerae ) MnO, + MnO,+ O,T

nepMaHraHat MaHraHat JUOKCUI KHUCII0pOa
Kanus Kanus Maprasua
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2KCIO, —tpeasme 9K Cl+ 30,7

XJ10par Kanust XIOPUA  KHMCIOPOJ,
(6eprosnerosa coib) Kanus

2KNO, e 9K NO, + O,

HUTpAT Kalus HUTPUT KUCIIOPOJT
(cenutpa) KaJust

Vno6Ho I10JIy4aTb KMCJIOPOI B na6opaTopHH M3 IICpOKCHIa
BOOOpoOaa:

2H,0, —mmae o HH O+ O,

TIEPOKCUI Kuciopon
BOAOpOaa

[Mepokcun Bogopona 0GbIYHO UCIIONB3YeTCsI B Buae 3%-ro
BOJHOTO pacTBopa. MHoOrMe u3 Bac 3HAKOMbI C HUM, TTIOTOMY
YTO TaKOW pacTBOpP MPUMEHSIETCS KaK Ae3MHGUUUpYolee
CPENCTBO MpU 00paboTKe HapanuH M MeaKux paH. OH MaJio-
YCTOMYMB U yXe MPHU CTOSTHUM MEIJeHHO pasjaraercs Ha
Kuciaopon u Boxay. IlomaB Ha mapanuHy WIM paHKY, TIEPOKCHUI
HaYMHAET BbIAEISITh KUCIOPOA ropa3aio MHTEHCUBHEE (CUJIbLHO
My3bIPUTCS, IIUIUT). Jles0 31ech B TOM, YTO KPOBb COAEPKUT
ocoOble BellecTBa (KaTajau3aTophl), KOTOPbIE YCKOPSIIOT peak-
LIMIO pa3JIoXKeHus IepoKcuia Bogopoaa. Kamaauzamops, — 3T0
BEIlIECTBA, CIIOCOOHBIE YCKOPATh XMMUUYECKUE MPeBpaIlleHUS,
caMM OCTaBasICh IIPU 3TOM HeM3MEHHBIMHU (00jIee MOAPOOHO O
HUX paccka3biBaeTcsl B IJ1aBe 9).

Karanuzaropamu paznoxenuss H,O, MOryT Cly>XuTh MHO-
rMe BellecTBa, B TOM YHMCJI€ U HEeOpraHWYeCKMe: TUOKCUIL
Mapradua (MnO,), ApeBecHbIli yroib (yriaepomn), XKeae3HbIi
nmopoirok. CylIecTBYIOT M «aHTUKATaJIM3aTOPhl» — TO €CTh
BellleCTBa, 3aMEISIONIE XUMUUYeCcKoe TpeBpaiieHue. Takue
3aMeINTEIN XUMUUECKUX PeaKlMil Ha3bIBalOTCS UHUOUMO-
pamu. Hanpumep, 1o6aBka HeOOJIbIIOTO KoJnyecTBa hochop-
Hoit kuciaotel H;PO, npensaTcTByeT pas3iokeHuIo epokcuia
BOJOPOJA.

HMHuTepeceH cnocob Moly4eHusI KMCJIOpoaa U3 MepOKCUI0B
METaJUIOB, KOTOPBIA paHbIlle IPUMEHSIN Ha TTOABOTHBIX JIOI -
Kax, MOTOMY YTO OJHOBPEMEHHO C BbIAEJIEHHWEM KUCIOopoaa
MPOUCXOAUT MOTJIOLIEHNE YIJIEKUCIOTo rasa:

2Na,0, + 2C0, ——2Na,CO, + 0,1
TEPOKCUL yl'J'[eKl/lCJ'[be/I cola KHUCI0poa
HaTpusd ras
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Ha coBpeMeHHBIX aTOMHBIX TTOJBOIHBIX JIOAKAX, IIe MME-
€TCSl MOILHBINA U TIOYTH HEUCYEPIIaeMbIii UICTOYHUK 3JIEKTPHU-
YeCKOM 3HEPruM, €CTh BO3MOXHOCTD I1OJy4aTh KUCIOPOI
pa3oXKeHWEM BOIBI IO MeHCTBUEM 3JEKTPUIECKOTO TOKa
(2JEKTPOIU30M BOJIbI):

2H,0—=52H, +0,

Wcropust OTKpBITHSI KUCIOPOAa MHTEPECHO MeperUIeTaeTcs C UCTO-
pueli TTOSIBJIEHUSI TIOABOMHBIX JIONOK. ECTh CBeleHMSs, YTO KUCIOPOLI
o1 oTKpHIT ee B XVII Beke romnanackuM yuyeHeIM K. [Ipe6oeaeM.
OH KCMOoIb30BaJI ATOT a3 ISl AbIXaHUSI B TIOABOAHOI JIONKE COOCTBEH-
HOM KOHCTpyK1IMK. Ho 3TO OTKphITHE OTHOCUIOCH K BOEHHOM TEeXHU-
K€ 1 JepKaloch B CEKpeTe, TT03TOMY He 0Ka3ajlo HUKAKOTO BIMSIHUS
Ha JajJbHeHIIe ucciaeaoBaHusl.

o oduIMaaIbHOro OTKPHITUSI KUCIOPOAa XMMUKHU, BEPOSITHO, YXe
TTOJTy4YaJIx 3TOT Ta3 pa3HBIMU CITOCOOaMM, HO HE 3HAJIU, UTO IEPKaT B
PYKax HOBBI 3JIEMEHT.

ITepBOOTKpHIBATENSIMU KUCIOPOAA CUUTAIOTCS IBEACKUI XUMMUK
Kapn Illeenre n aHrmMiiCKuii ecTecTBOMCITBITaTeNb Jxk03ed [1puctim.
Ileene momyyn1 KUCIOPOI HECKOJIBKO paHblile, HO OITy0IMKOBaJ CBOU
rccaenoBaHus nosaHee, yem [puctiu.

Kapn lleene mo mpodeccuu OBLT arrTeKapeM, a o IPpU3BaHUI0 —
XUMHUKOM-3KCIIEPUMEHTATOPOM. B TeueHMe MHOTUX JIeT OH M3ydall
pazoXeHue HarpeBaHUEM MHOXKECTBa BEILeCTB (CPeAr KOTOPbIX Oblia
u cenutpa KNO;) u mosyuns ra3, KOTOpPbI MOAIEPKUBaJT IbIXaHUE
u ropeHue. CBOM uCCIeI0BaHUS OH ONyOIMKoBal B 1777 rony B KHU-
re «XMMUYECKHUIA TPAKTaT O BO3IYXE U OTHE».

Hxo3ed INpuctiam ObUT CBAIIEHHUKOM, a B €CTECTBEHHbBIX HayKax
€ro MHTepecoBaja MPeXae BCEro «ITHEBMOXUMMSI», TO €CTh M3yUeHUE
CBOWMCTB pasinyHbIX razoB. OH ObLI MEPBBIM, KTO CHELUATIBHO pac-
TBOPWJI r'a3 B BOJIe U OOHAPYXXWJI, YTO BOJIA CTaJla YAWBUTEIBHO BKYC-
Hoit. Tak ObuTa M300peTeHa ra3upoBaHHasI Boa.

3arem Ilpuctim, kak u lleesne, cTtag u3ydyatb rasbl, BblAeaseMble
pa3snIUYHBIMM BellleCcTBaMU Mpu HarpeBaHuu. [Tosyyaembiit ra3 oH
BBIBOIIMJI Yepe3 TPYOKY B COCYI, 3allOTHEHHBIN He BOJOM, a PTYTHIO.
IMpuctiu yxe yoenusacs: B TOM, YTO BoJa CIMIIIKOM XOPOILIO PacTBO-
psIeT Tas3bl.

Cpeau BellecTB, pa3ioxXeHne KOTopbix n3yuuna [Ipuctiu, okasa-
JIOCh OJTHO, U3BECTHOE ellle AIXMMUKaM IO/l Ha3BaHUEM «MEPKYPUYC
KaJIbLIMHATYC TIEp Ce», WU XKeHasl pTyTh. DTO BEIIECTBO HA COBpE-
MEHHOM XUMHWYECKOM SI3bIKE Ha3bIBACTCSI OKCHIIOM PTYTH, a ypaBHe-
HUE €r0o Pa3JoXeHHWs NPU HarpeBaHUU BBINISIAUT CJIEOYIOIIMM 00-
paszom:
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2Hg0 HarpeBaHue 2Hg + 02’]\
OKCHUI PTYTU MeTal/IM4yecKas KHCJIOpOa
PTYTh
Bl MokeTe Terepb NpeacTaBUTh, KaK TPYIHO ObUIO U3y4aTh XMMUIO
BO BpeMeHa, Koraa XuMudeckue (hopMyJIb elie He ObLTM M300pEeTEHbI.
To, 94TO MBI TOJIBKO YTO 3aMKUCaIv KOPOTKUM XUMUYECKUM YpaBHEHU -
eM, [Tpuctiu onucan B 1774 rony cienyoimmnm oopasom: «51 momecTu
10/l TIEPeBEPHYTOI OAHKOI, TTOTPY>KEHHOI B PTyTh, HEMHOTO ITOPOIII-
Ka «MEPKYpUYyC KaJlbLIUHATYC TIep ce». 3aTeM s B3sul HeOoJblLIOe 3a-
KHATaTeJIbHOE CTEKJIO W HAMpaBWJI JIydM COJTHIIA TIPSIMO BHYTPb OaHKU
Ha nopoiok. M3 mopoiiika cran BbIAEASIThCS BO3AYX, KOTOPBINA BbI-
TECHUJI PTYTh U3 OaHKU. S TpUHSICS U3ydaTh 3TOT Bo3ayX. Y MeHs
YIMBUJIO, 1a’Ke B3BOJIHOBAJIO JO MIYOMHBI MOEW AYIIU, YTO B 3TOM
BO3JIyxe CBeYa rOPUT JIy4Ille U CBeT/iee, YeM B OOBIYHOI aTMOchepe».
Pazymeercs, Takoe onrcaHne peakiuy BbITJSIAT BeCbMa MO3TUY -
HO T10 CPAaBHEHUIO ¢ OOBIYHBIM XMMUYECKUM YpaBHEHUEM. 3aTO ypaB-
HEHUE TOYHEE U KOPOYE OTPaXaeT CyTh MPOU3OIIEAIIEN XMMUYECKON
peaklinu, ero jerdye MOoHATh U 3alIOMHMUTb.

HnTepHeTt:

Enunas koanexkuus 1udbpoBbIXx 00pa3oBaTeIbHbIX pecyp-
COB:
http://school-collection.edu.ru — Komnekuuu — Ilpen-
METHBIC KOJUIeKInu. XuMus — Heopranwueckass Xumus.
BuneoonwiTel — ...
. = Hoarpynmna kuciaopoga — Kuciaopoa, okcuasl —
6. [TonyueHue KucIOpOAA.

3anaum

6.1. YenoBeky s OpIXaHUS TpeOyeTcs MpuMepHO 1 MOJb
KHcaopoaa B yac. PaccunTaiite, CKOJIBKO HY*KHO B3SITh C COOOM
nepokcuaa HaTpusi Na,O, 17151 CYTOUYHOTO ITyTeLIeCTBUS B OTHO-
MECTHOM MOABOMHON JOOKE.

6.2. CxosbKO Kucjaopoa (B MOJISIX) COAEPKUTCS B 3aIlpaB-
JICHHOM KHCIIOPOTHOM OaJIJIOHE, €CJI €T0 eMKOCTh COCTaBJIsI-
er 40 n, naBneHue B HeM 150 at™m u Temrmieparypa raza 20 "C?
Kakoe xonnuecTBo Bo3ayxa (M>) okazaaoch nepepaboTaHHbIM
B kuciopon (coaepxxanue O, B Bozmyxe mpuMuTe 3a 21 00b-
€MHBII MPOLIEHT)?
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6.3. Ckosnbko rpamMmmoB ceautpbl KNO; TpebyeTcst pasio-
KUTh HArpeBaHUEM JIJIST TOTO, YTOOBI 3aITOJTHUTH KUCIOPOIOM
cocyl eMKOCThIO 5 11 (ipu H.YV.)?

6.4. B mabopaTropuu numeercs 1o 10 T ciaeayommx peakTh-
BoB: KMnQ,, KCIO;, KNO;. CkonbKo Kuciaopoaa (B JUTpax
TIPX H.Y.) MOXHO TIOJYIUTh U3 KaxkmIoro?

6.5*. Tneroias JJydynHKa caMONPOU3BOJIbHO BCIBIXMBAET B BO3-
JIyXe, €CJIM KOJUYECTBO KUCIOPoJaa B HEM He MeHee 28 00BbeMHBIX
npoieHToB. Kakoe MUHMMAaIbHOE KOJMYECTBO okcuaa prytu HgO
TpebyeTcst pa3ioXUTh B 3aKPBITOI INTPOBOM OaHKE C BO3IYXOM, 4TO-
ObI TJIEoIlast JIydUHKaA, BHECEHHAs B 3Ty OAHKY, BCITBIXHYIa?

§ 6.3. Ilonoxenue kucaopona B Ilepuoauueckoii Tad e
M €r0 XMMHYECKHE CBOICTBA

BceM m3BecTHO, YTO KUCIOPO MOAAEPKUBAET TOPEHUE.
TopeHue pa3IMYHbBIX BEILIECTB HAa BO3IYXE — 3TO OKUCIUTEIbHO-
BOCCTAHOBUTEJIbHBIA MPOLIECC, B KOTOPOM OKUCIUTEJIEM SIBJISI -
ercs Kucyiopon. OKUCIUTEIN — 3TO BEllleCTBa, «OTOMpaIoIIe»
3JIEKTPOHBI Y BEIIECTB-BOCCTAHOBUTENEH. XOpOIIue OKUCTU-
TeJbHbIE CBOMCTBAa KMCJIOPOAA MOXHO JIETKO OOBSICHUTh
CTPOEHMEM €T0 BHEIIHEH! 37eKTPOHHOIA 000JI0UKU.

ATOMHBII HOMep Kuciopoaa B [leproaudeckoii Tabiauie — 8.
CrienoBaTesibHO, SIIPO aTOMa KMCI0poaa COAEPKUT BOCEMb IPO-
TOHOB, a 3JIEKTPOHHAsI 000JI0UKA — BOCEMb 2JIEKTPOHOB. DTU
3JIEKTPOHbBI PACITOIOXKEHBI MO YPOBHSIM CJIEAYIOIIUM 00pa3oM:

1s% 2s* 2p* (KupHBIM LIPUATOM BbIIEJIEHA BaJIEHTHAS
000J104Ka).

BaneHtHas obosiouka Kucaopoaa pacnosioxeHa 6Ju3Ko K
SApY, TO3TOMY SIIPO CUJIBHO TIPUTSATUBAET K ce0e 2JEKTPOHDI.

BaneHTHas 00o0iouKka BKIJIFOYAET IIECTh 2JIEKTpOHOB. Cre-
JIOBaTebHO, 0 OKTETa HEAOCTAET ABYX DJEKTPOHOB, KOTOPbIE
KHCJIOPO CTPEMUTCS IIPUHSTD C 2JIEKTPOHHBIX 00010YEK IPY-
TMX 2JIEMEHTOB, BCTyMasi C HUMM B peaklluu B KaueCTBE OKUC-
JIUTENS.

XopoIlre OKUCIUTENbHbIE CBOMCTBA KMCIOPOIA U €r0 BBICO-
Kasl 3JIEKTPOOTPULIATENbHOCTb B COEIMHEHUSIX C IPYTUMU BJie-
MEHTaMU UMEIOT obliee o0bsicHeHue. Krciopon uMeeT BTopyio
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(mocye bTopa) 2aeKTPOOTPULIATEIBHOCTS B 1iKae [Tonmunra (3,44
10 cpaBHeHUIO ¢ 4 y pTopa). IToaToMy B momasisiioieM 00Ib-
IIMHCTBE CBOMX COCTMHEHU C IPYTUMU SJIEMEHTaMU KUCIIOPOT
UMEET OMmpUyamensHyro CTerieHb OKUCICHUSI.

Hanpumep, cepa pacnosioxeHa B Toil ke VI rpymnrie, 4yto u
KUCJIOPOJ, Ha OJHY KJIeTOuKy Hike. Cepa o0iaaeT aHaJIoTuY-
HOIi BHEIIIHEI 3JIEKTPOHHOI 060J104KOii ...3s* 3p*, HO 3Ta Ba-
JIeHTHas 000JI0YKa pacItojIoXeHa Iajiblle OT sSapa, IIO3TOMY B
peakuuu C KUCJIOPOIOM cepa omdaem 3JNEKTPOHBI (CIYXUT
BOCCTAaHOBUTEJIEM):

0 0 -2 4 2
S +0, —> 0=5=0
N

de SO,

Bonee cUIBHBIM OKHUCIHUTEIEM, YeM KUCIOPOI, SIBIISICTCS
TOJIBKO €r0 COCel I10 Iepruony — GTop. DTo JIeTKO 0ObSICHUTD
TEeM, 4TO (PTOPY 10 3aBEPLICHUSI OKTETA HYXEH BCEro OIMH
3JIEKTPOH (pacCTOSTHUE OT BaJIECHTHOM O0O0JIOUKYU 10 Siapa y
(dTopa u KucIOopOIa — HAUMEHbIIIKE B IPYIINAX, UX BAJICHTHBIC
000JIOYKN WUMEIOT OMHAKOBOE TJIaBHOE KBAaHTOBOE YMCJIO).
[MoaToMy coemrHeHMs KCI0poaa ¢ GTOPOM — €IMHCTBEHHBIE,
rae KUCI0POJ UMEET MOJOXUTESIbHYIO CTeIIeHh OKHUCICHUSI.
B xauecTtBe mpumepa npuBenem coeauHeHue F,O:

o2
F—O—F

Ho yxe B peakuusx ¢ XJIOpOM KHUCJIOPOH CHOCOOEH OBITh
okucaureneM. Hanpumep, cymectByetr coeauHeHue Cl,0,,
Ha3bIBaeMOe CEMMOKMChIO Xxj1opa. B aToM BetiectBe Bce 7 (!)
3JIGKTPOHOB XJIOpa CMEILeHbl K aTOMaM KUCJIopoAa:

O O
+7l Il +7
O=%I—O—%I=O

HTak, kuciaopon — BTOPOI 1O CUie OKUCIUTENb CPEIU BCeX
anemeHTOB [lepuoanueckoii cucteMbl. C 3TUM CBSI3aHO 00JIb-
IIMHCTBO €r0 BaXKHEUIINX XUMUUYECKUX CBOMCTB.
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MHorue peakiimy OKHUCJIEHUS MPOTEKaloT OypHO, C BhIIE-
JieHrMeM OoJIbIIIOT0 KOJMYecTBa Telljla U CBeTa. B ObITY MBI
Ha3bIBaeM TaKMe peakluu ropeHueM. B xucimopope cropaior
cepa, ¢ocdop, yrojb, OEH3UH, METAH:

4P +50,= 2P0,
dochop okeun docdopa (V)

C +0,= CO,

yrojib okeuz yraepozaa (IV)

2CH,;+250,= 16CO, +18H,0

OeH3UH okcua yriaepoaa (1V) BOJa

CH,+20,= CO, +2H,0

MeTaH okeup yriaepona (1V) BOZA

Bvicmpotii npouecc oxucaenus sewecmea, conpoeoxcoarousuri-
51 6bl0eaeHueM D0AbULO20 KOAUHeCNEd MeNni0mbl U, KaK NPasuo,
céema, HA3bIGACMCA 20PCHUCM.

Haxe xeje30 crioco6HO ropeTb B aTMocepe YUCTOTO KUC-
Jjopoaa. Eciiv cuibHO HarpeTh KOHUYUK XeJIe3HON MPOBOJOKU
U OITyCTUTb €€ B COCY[ C KUCJIOPOJIOM, TO KEJIE€30 3arOPUTCH,
pas3bpachbiBasl B BUIE SIPKUX UCKP YACTUYKM PACKaJIEHHOM XKe-
JIE3HOW OKaJlMHbI (CMOTPUTE OMNbITHI B KOHIIE Maparpacda):

3Fe +20, = Fe;0, (W1 FeO-Fe,0,)

KeJIe3Has OKaJlMHA: CMECh OKCUIIOB
xene3a (II) u xxenesa (I111)

OkuciieHre MOXET MPOUCXOAUTh U MEAJIEHHO, 0€3 TOPEHMUSI.
Hanpumep, Menp Ipu HarpeBaHUU B Kucjaopoae (1 Ha BO3-
Jlyxe) He TOPUT, a «CITOKOWHO» MpeBpalllacTcsl B YEPHBIi MO-
POLIOK OKCUIA MEMU:

2Cu + 0, = 2Cu0

M3BecTHO, 4TO Xejle30 Ha BO3Ayxe pxKaBeeT, OCOOEHHO B
BOJie, MPU BBICOKOI BJIAXKHOCTH. DTa peakiivs pOACTBEHHA
TOPEHUIO XeJie3a B KMCIOPOJIe, XOTS MpOoTeKaeT ropas3io Me-
JIEHHee:

4Fe + 302 + 2”H20 = F6203 . nHQO

pkaBuMHa (ruzapat okeuna xenesa I1I)

PxaBneHne MeTaysioB Ha3biBaeTCsl Koppo3ueil. Kopposus
MPUYMHSIET KOJIOCCATBbHBIN BPe/l YeJIOBEYECKOM LIMBUIN3ALIMN.
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Kaxnaplii necsaTblii METALTypruyeckKuil 3aBoj1 paboTaeT TOIbKO
Ha BOCITOJTHEHHE TTOTEPh OT KOPPO3UH, IIOTOMY UTO €XKETOTHO
OHa YHUYTOXaeT MUJIJIMOHBI TOHH MeTaJlia.

3anuToi OT KOppO3uHU CayKaT pa3IMuHble MOKpbITUs. Ha-
nmpuMep, MaciasHble KpacKyd U TOJMMEPHBbIE JIaKu CIlacaroT
MeTaIJIMYECKHE U3JEIUs OT KOPPO3UU MOTOMY, UTO HE Jal0T
aTMOC(hEpHOMY KHCJIOPOJY CONPUKACATLCS C MOBEPXHOCTHIO
MeTasa.

MennenHoe okucjeHue (0€3 ropeHus) MPOUCXOOUT He
TOJIBKO TIpU pKaBjieHUU MeTajiyia. OpraHudyeckue BellecTBa
TOXE CITIOCOOHBI MEIJIEHHO OKMCIISITHCS KMCIOPOIOM BO3/yXa.
Hanpumep, nponuTaHHbIE MAIIMHHBIM Mac/OM TPSITIKY TTOC]Ie
OOTMPKM CTAHKOB U MAaIlIMH Ha MPEANPUATUSIX 3alpellieHO Ha-
KaruiMBaTh B KydaX. BHyTpu Takoli Ky4u Mpoliecc MeajIeHHOTO
OKHCJIEHUS C BbIIEJEHNEM TellJla HACTOJbKO MOBBIIIAET TeM-
reparypy, UTo MOXeT MPOM30MTU caMOBo3ropaHue. Hdpyrumu
CJI0BaMU, MEAJIEHHOE OKUCJIEHUE CITOCOOHO MPU OINPEIeTIEHHBIX
YCJIOBUSIX TIEPEUTU B TOPEHUE.

Eiie onHUM mposIBIeHMEM CUJIbHBIX OKMCIUTEIbHBIX CBOMCTB
KHCIOpoJa SIBJISIETCS €r0 CIIOCOOHOCTh B3PbIBATHCS B CMECU C HEKO-
TOPBIMU BOCCTAHOBUTENSIMU. Tak, cMeCh KHCJIOPOJa C BOAOPOIOM
Ha3bIBAIOT TPeMyYMM razoM. Ipemyuuii ra3 B3pbIBaeTCs OT MaJleiIei
HUCKpHI. [Ipr 3TOM MTpoUCcXoauT 0Opa3oBaHNE BOIBI:

Oz + 2H2 = 2H20

bauszkumu cBolicTBaMu 00J1alal0T CMECU MPUPOIHOro raza Uiu
YTOJIbHOM TBLIN C aTMOC(HEPHBIM BO3IYyXOM, COIEPKAIIUM BCETO YYTh
6osee 20 % kucnopoaa. BoT moyeMy He0GXOIMMO TTOCTOSTHHO CIIEIUTD
3a UCMPaBHOCTBIO Ta30BBIX TUJIUT M Tra30BbIX TPYOONPOBOIOB, HAX0-
ISIIUXCST B 3aKPBITHIX TToMeleHusx. LllaxTel mocTosiHHO npoBeTpu-
BalOTCSI MOUIHBIMM HAacoOCaMM HE TOJBKO JJIsi TOTO, YTOOBl B HUX
JIeTYe ABIIIAI0Ch, HO U IJI TOTO, YTOOBI pa30aBUTh 10 OE30ITaCHBIX
MpenesioB PYAHUYHBIN ra3 (MeTaH), BBIICJISIOUIMICS U3 yTOJIbHBIX
IUIaCcTOB.

BeHTuiu 1 TpyOONMpPOBOIbI, Yepe3 KOTOPbIe MOAAETCS YMCTHIM
KHMCJIOPOI, HE TOJIKHBI COMIEPKaTh AaXe CyiefoB cMa3ku. OpraHnyeckoe
BeILIeCTBO (HarpuMep, MalllMHHOE MacJyio), pa3apo0JIeHHOE Ha MeJTKue
Karid B TOKe KUCJIOpO/ia, CTAHOBUTCS B3PbIBYATKOW OIPOMHOI pa3-
PYLIMTEIBHOMU CUJIBL.

OOBbIKHOBEHHbBIE JPEBECHbBIE OMWIKU, MPOMUTAHHBIE KUIKUM KUC-
JIOPOZIOM, CTAHOBSITCSI B3pbIBYAaThIM BellecTBoM. [loaToMy cMecu Tio-
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PUCTBIX TOPIOYMX MATepUAIOB C XUAKUM KUCIOPOIOM MPUMEHSIOT B
KauyeCcTBE B3PBIBYATKU TP MPOKIIAIKe TOHHENEH, TTPU CTPOUTEThCTBE
TJIOTUH JUTST TUAPOCTAHIIMM, TIPY TOOBIYE PYAbI WJIM KaMHS B Kapbepax.

HWHurepHeT:

Envnas xomekims IudpoBhIX 00pa30BaTeIbHBIX PECYPCOB:
http://school-collection.edu.ru — Konnexunu — Ilpexa-
METHBIE KOJUIeKIUMU. XuMusi — Heopranuueckass xumus.
BupaeoomnsiTel — ...
. — IMoarpynna xkucnopoaa — Kucnopoa, okcuabl —
OmnbiThl 1—5: TOpeHNE B KUCIOPOAE XKejae3a, MarHus, cephl,
yris, ¢gocdopa.

3agaun

6.6. YpaBHsaliTe ciieqyolue peakinuu ¢ y9aCTUEM KHCJIO-
pona:

a) Li + O, = Li,O

6) NH3 + 02 = N2 + HQO

B) NH; + O, = NO + H,0 (uzaet ¢ Katajiu3aTopom)

F) NO2 + HQO + 02 = HNO3

n) AgNO; = Ag + NO, + O, (rmpu HarpeBaHUMN)

e) PH3+02=P205+H2O

x) P,O; + O, = P,O;

6.7. icxonst U3 51eKTPOHHOTO CTPOSHUST aTOMOB 3JIEMEHTOB
U 3aKOHOMepHocTelt Tlepronuyeckoil TabAMILbI, HAITUIIIUTE
MOJIEKYJISIpHBIE (POPMYJIBI COSAMHEHNI KHUCI0pOaa CO CeAyIOo-
IMMU dJeMeHTaMu: KpeMHueM (Si), ceneHom (Se) (aBa),
ctpoHuueM (Sr), 6opom (B), ckannuem Sc.

6.8. [lociie cropaHust METAITMYECKOTO KaIbLIUs Ha BO3AYXE
obGpa3zoBajics Oelblid MOPOIIOK Maccoit 5,6 . KakoBa GbLia
Macca MeTaJUIMYeCKOro Kajbliusl, B3ITOrO IJIsl ombiTa?

§ 6.4. Oxcuapi

CoenHEeHU s JIEMEHTOB C KUCOPOAOM Ha3bIBAIOTCS OKCH-
mamu. He mr000e kuciioponacoaepxkaiiee cCoeIMHEHNE MOXET
HaszbiBaTbcsl okcuaoM. Hampumep, KMnO, (yxXe u3BecTHas
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HaM MapraHiloBKa) He SIBJISIETCSI OKCUIOM, IOTOMY 4YTO CO-
JNepXUT MTOMMMO KUCJIOpOoJa ellle ABa dJieMeHTa (Kaaui u
MapraHei). 3aTo HerameHas usBectb CaO, Boga H,O, yrie-
kucibiit ra3 CO, SIBISIOTCS OKCUIAMM.

OKxcudom HaA3b186aeMCsL CAONCHOE GEULECMB0, COCMOosuee U3
amomoe 08yx 31eMeHmo08, 00UH U3 KOMOPbIX — KUCA0POO.

ITocKoIbKY KHCIOPO, COSAUHSIETCS IIOYTH CO BCEMU DJIEMEH-
TaMHU, CYIIECTBYIOT OKCHIBI KaK METaJUIOB, TaK U HEMETAJJIOB.
Okcuabl MetajuioB, nonodbHo CuO, Fe,0;, CaO, — TBepabie
BeulecTBa. OKCUIbl HEMETAJIOB MOTYT ObITh Kak TBepabie (P,0s),
tak 1 xuakue (H,O) u razoodpasneie (kak SO, u CO,).

DJIeMEHTHI C IEPEMEHHOM BaJIEHTHOCTBIO MOTYT 00pa30BbI-
BaTh HECKOJBKO OKCHIOB. YTOOHI UX OTJIMYATh, B Ha3BaHUU
OKCHJa YKa3bIBaIOT BaJCHTHOCTDb CBSI3aHHOTO C KUCIOPOIOM
sneMeHTa. HaM yke BCTpeuyaanch TaKue Ha3BaHUS B TIPEABILY -
meM maparpade. I[TpuBenem emie npuMepsl:

SO, — okcun cepsl (IV)
SO; — okcuna cepsl (VI)
Cr,05; — okcua xpoma (I1I)
CrO; — oxcun xpoma (VI)

OKCHIHI TTOTyJaroT, HalTpuMep, ¢ TTOMOIIBIO peaKInii 3Jre-
MEHTOB C KHCJIOPOJIOM:

S+ 0, > S0,
2Mg + O, —» 2MgO
C+0,—- CO,

HMHoraa okcuasl yaooHee MoIydaTh U3 APYTUX COSAUHEHUIA
3JIEMEHTOB WM AaXe U3 IPYTUX OKCHJIOB:

2H;BO; — B,0; + 3H,0 (mpu HarpeBaHUM)
2H,S + 30, — 2S0, + 2H,0
CaCO; — CaO + CO, (ripu HarpeBaHUM)
SO, + O, — SO; (peakuust UAET ¢ KaTATU3aTOPOM)
2CO + 0, — 2CO,
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MHorue 37eMeHThl HaxoJsATCsl B IPUPOJE B BUIE CBOMX
COEIVHEHU C KUCIOPOIOM, TO €CTh OKCUIOB. PyIbl pa3TnuHbIX
METaJIJIOB YacTO SIBJSIOTCS UMEHHO OKCUAAMU 3TUX METAJLJIOB.
Hampumep, xene3Hbie pynbl: MarHUTHBIN Xene3Hsk Fe;O,
(cmech okcuaoB FeO - Fe,0;), kpacHbIli Xene3Hsak Fe,O;,
oypniit xxenesnsik 2Fe;0, - 3H,0; amomuHueBas pyaa 00KCUT —
Al, O3 - nH,0 u tak nanee.

[ToaToMy BakKHEWITUM MMPUMEHEHUEM OKCUIOB METaJlIOB
SIBJISIETCSl MX BOCCTaHOBIeHue. Hampumep, B JOMEHHOI reyun
MPOVCXOIUT BOCCTAHOBJIEHUE OKCUIOB Xeje3a ¢ 00pa3oBaHU-
€M MEeTaJLTMIECKOTOo XKeJe3a:

Fe;0, + CO — 3FeO + CO,
FeO + CO — Fe + CO,

XUMHUUECKHEe CBOMCTBA OKCUIOB JaJIeKO He UCUEPITbIBAIOT-
¢S TIpUBEACHHBIMU MpuMepaMu. bosee moapoOHoO ¢ UX CBOM-
CTBaMU MbI TO3HAKOMUMCS B § 8.2 — mpu U3ydeHUM OCHOBHBIX
KJIACCOB COCIMHEHUM.

HCKOTODBIC OKCHAblI HE paCTBOPAIOTCA B BOJAC, HO MHOI'ME€ BCTY-
MaT C BOIOH B p€akunn COCANHECHUA:

SO3 + HzO = H2SO4
CaO + H,0 = H,Ca0, uiu Ca(OH),

B pesysbraTe yacTo mojy4aroTcsl OueHb HYXKHBIE W TTOJIE3HBIE CO-
enuHenus. Hanpumep, H,SO, — cepHas kucnora, Ca(OH), — raiue-
Hasl U3BECTh U T.II.

Ecnu okcuabl HEpacTBOPUMBI B BOJIE, TO JIIOIW YMEJIO UCTIOIb3YIOT
U 9TO ux cBoiicTBo. Hampumep, okcua nmaka ZnO — BeliecTBo 0ej1o-
TO LIBETa, TTI0O3TOMY MCTIONB3YETCsI IUTSI TPUTOTOBICHUS OeJIoi MacsTHOI
Kpacku (LMHKOBBIe Oenmia). ITockonbky ZnO mpakTUYecKu Hepac-
TBOPUM B BOZE, TO IMHKOBBIMU OeInIaMUd MOXHO KPacHUTh JIOObIE
MOBEPXHOCTU, B TOM YUCJIE U T€, KOTOPBIE MOABEPTalOTCsl BO3NEHCTBUIO
aTMocdepHbIX ocankoB. HepacTBOpMMOCTh U HESITOBUTOCTD MO3BOJISI-
10T UCIOJb30BaTh 3TOT OKCUJ MPU U3TOTOBJIEHUU KOCMETHYECKUX
KpeMoB, myapbl. PapMalieBThl AeJ1al0T U3 HETO BSKYIIUIA U MOACYILN-
BaIOILIMI TTOPOIIOK JJISI HAPY>KHOTO NMPUMEHEHMUSI.

TakuMu e 1IeHHbIMU CBOMCTBaMU 00JiafaeT okeua tutaHa (IV) —
TiO,. OH ToXe MMeeT KpacUBBIM OC/Iblil LIBET U MPUMEHSIETCS IS
M3rOTOBJICHUSI TUTAHOBBIX Oeui. TiO, He pacTBopsieTcsl HE TOJBKO B
BOJIe, HO M B KUCJIOTaxX, MMO3TOMY MOKPBITUSI U3 3TOTO OKCHUAA OCO-
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OCHHO YCTOMYMBHI. DTOT OKCHJ M00ABJISIOT B TIaCTMAcCy IS MPHU-
naHus et 6esoro 1BeTa. OH BXOAWT B COCTaB dMayieil 1 MeTalJIu -
YECKOM U KepaMMYECKOU TOCYbI.

Oxkcun xpoma (I1T) — Cr,O; — oueHb MPOYHbIE KPUCTAILIBI TEMHO-
3eJIEHOTO 11BeTa, HepacTBopuMblie B Bone. Cr,O; MCTONB3YIOT Kak
MUTMEHT (KpacKy) MpY U3TOTOBJIEHUU JEKOPATUBHOTO 3€JICHOTO CTEK-
Ja u kepamuku. M3BectHass mHorum macta TOU (cokpaiieHue ot
HauMeHoBaHMS «[ocynapcTBEHHBIN ONTUYECKUA UHCTUTYT») COCTOUT
B ocHOBHOM 13 Cr,O; 1 IpuMeHsieTcs ISl ITUMOOBKY U TTOJIMPOBKU
ONTUKH, METANTMICCKUX U3ICINIA, B IOBEJIUPHOM JeIe.

bnaromapst HepacTBopMOCTH M IpoyHOCTH oKcuaa xpoma (III)
€ro MCIOJB3YIOT M B MoJurpaduyeckux Kpackax (Harmpumep, st
OKpacKu JEeHEXHBIX KyIop). BooOIe, oKCHabl MHOTUX METaJI0B
MPUMEHSIIOTCSl B KaUeCTBE MUTMEHTOB JJIs CaMbIX pa3HOOOPa3HbIX
KpacoK, XOTSI 3TO — JaJIeKo He eAUHCTBEHHOE UX TPUMEHEHME.

3amaumn

6.9. Cpenu nepeuyrcieHHbIX BEIIECTB HAWIUTE OKCUJIBI:
NO,, HNO,, Fe(OH);, Fe,0;, K,Cr,0;, Mn,0,, SiO,, CO,
CO,, PbO, PbS, H,0, H,SO,, 0,.

6.10*. Cunern mojryyaroT u3 pyasl PbS ciemyiommM criocoboM:

PbS + O, = PbO + SO,
PbS + PbO = Pb + SO,
ypaBHHfITe OTHN OKUCIUTECIbHO-BOCCTAHOBUTECJIbHLIC PCAKIINN.

CKOJIBKO IIPOLIEHTOB pyAbl PbS ciienyeT npeBpaiath B OKCHI CBUHIIA,
YTOOBI B UTOTE MOJYYaTh TOJbKO MeTajuinueckuil ceuHel u SO,?

6.11. Oxkcup 1IecTUBAJIEHTHOTO dJIeMeHTa comepXut 48 %
KHCJIopoaa Mo Macce. PaccumTalite aTOMHBIN BeC 2JIeMEHTA.
Kakoit 310 MOXeT ObITb 3JIeMEHT?

6.12. Cepnyto kuciaory H,SO, MOXHO MOJYy4YUTh U3 CePbl
CJIEIYIOIIMM CIIOCOOOM:

S + O, = SO, (6e3 kaTanM3aropa)
280, + O, = 250; (¢ kaTaau3aTopom)
SO3 + Hzo = HQSO4

Kaxkoit 06beM kuciopoaa (Ipu H.y.) OTpedyeTcst AJIsl Mo-
JydeHust 980 r cepHOI KMCIOTHI IO 3ToMY criocoby? CKOJIbKO
JIJIST 3TOTO TTOTPeOYeTCST TPaMMOB CephI?
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§ 6.5. Ilpumenenne Kucaopoaa

Kucnopon HeoO6xonuM MpakTUYECKU BCEM XKUBBIM CYIIE-
cTtBaM. JIpIXaHWEe — 3TO OKMCIUTEIbHO-BOCCTAHOBUTEIHHBIN
Mpoliecc, Tae KUCIOPo sBiisieTcss okucautenaeM. C moMoIpio
JIbIXaHUSI KVBbIE CYILIECTBA BbIpadaThIBAIOT SHEPTUIO, HEOOXO-
JIUMYI0 IJis roadepxkaHus xku3Hu. K cyacteio, atMocdepa
3eMJIM TTIOKa He UCIIBITbIBAET 3aMETHOIO HEI0CTaTKa KUCI0PO-
Jla, HO TaKasl OIMMaCHOCTb MOXeT BOBHUKHYTb B OyAYIIEM.

BHe 3emHoIT aTMOChephl YeJIOBEK BRIHYXKIEH OpaTh C cO00it
3amac Kuciopoga. MBI yXe TOBOPUJIM O er0 TIPUMEHEHNHU Ha
MOJABOAHBIX JIoJKaX. TOUHO TakK XK€ MOJyYeHHbIN NCKYCCTBEHHO
KHCJIOPOJ MCMOJIb3YIOT ISl AbIXaHUS B JIIOOOM UyKI0i cpene,
e TIPUXOIUTCS paboTaTh JIIOASIM: B aBUAIIMH TIPHU TTOJIeTaX Ha
0OJIBIIMX BBICOTAX, B MUJIOTUPYEMbIX KOCMUYECKHUX arraparax,
MPU BOCXOXACHUU HA BHICOKME TOPHbIE BEPIUIMHBI, B KUK~
POBKe TTOXAPHBIX, KOTOPBIM YaCTO MPUXOIUTCS NeCTBOBAThH B
3abIMJICHHOM M SIA0BUTOM atMocdepe, 1 T. 1.

Bo Bcex aTuX yCTpolcTBaX €CTh UCTOYHMKU KMCIOPOaa s
aBTOHOMHOTO AbIXaHUs. B MeauiimHe KMCIOPOI MCIIOIB3YIOT
JUIS1 TIOAAEpXKaHUS XKU3HU OOJIbHBIX C 3aTPYIHEHHbBIM JAbIXaHU -
€M M IIJIs1 JIeYeHUsT HEKOTOPbIX 3a00JieBaHuii. OMHAKO YUCTHIM
KVCJIOPOIOM ITPH HOPMAaJIbHOM aBJIEHUU JOJITO IbIIIATh HEJlb-
351 — BTO OMACHO ISl 3MOPOBbSI.

Ho rnaBHBIMU MOTpPeOUTENIMU KUCIOPOAa, KOHEYHO, SIB-
JITIOTCS DHEPreTHKa, METAJUTYPIrUsl U XUMUYECKas IIPOMBIIILIECH-
HOCTb.

DeKTpruUeckue M TEeIUIOBble CTaHLMM, paboTaloline Ha
yriie, He(hTU WIM IPUPOIHOM rase, MCIOJIb3yIOT aTMOCHEPHbBIM
KMCJIOPOJ JJis CXXUraHusl ToruimBa. Eciu gaxke HeOObIIOMK
aBTOMOOWJIb SIBJISIETCSI HACTOSILLIMM TOXUpaTeJIeM KUCI0poaa
(KaK Mbl BBISICHUJIM B MpPEAbIAYIIEH TJlaBe), TO TUTaHTCKuUE
TEIUIOBbIE U 3JEKTPUUYECKUE CTAHLIMU PACXOAYIOT KUCIOpoaa
HeusMepuMo OoJblie. 1o cux mop oHU BhIpabaThIBalOT OKOJIO
80 % Bcero 3JIeKTpUYECTBA B Hallleil cTpaHe, ¥ TOJIBKO OCTallb-
Hble 20 % 3JeKTpO3HEPIUU JAIOT TUAPOCTAHLIMUA U aTOMHBIE
CTaHLIMU, HE pacXoayrline aTMocdepHOro KUCaopoaa.

s MeTauypruyeckoil 1 XMMUYECKOM MTPOMBIIILIEHHOCTH
HYXEH y>Xe He aTMOC(EePHbIN, a YMCThIN Kucaopoa. ExeroaHo
BO BCEM MUpe ToJayvaloT cBhiiie 80 MiIH T Kucjaopona. st ero
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MMPOU3BOJCTBA TPEOYETCSI OTPOMHOE KOJIMYECTBO 3JIEKTPOIHEP-
MU, TIOJyYeHUEe KOTOPOI, KaK MBI yXKe 3HaeM, TOXE CBSI3aHO
C pacxogoBaHUEM Kucaopoaa. YMCThlil KUCTOPOI PacXOAyeTcs
[JIAaBHBIM 00pa3oM Ha TTOJIydeHUe CTaIM U3 YyTyHa U METaJLIO-
JioMa.

B MammHocTpoeHNH, B CTPOUTEIBCTBE KUCIOPO UCIIONb-
3YIOT IS CBAPKU U PE3KM MeTajuIoB. [oplounii ra3 aleTuiieH,
cropasi B TOKe KMCJIOpOaa, IMTO3BOJISET MOJYIUTh TEMIIEpaTypy
Boite 3000 °C! DTo npubIM3UTEILHO BABOE O0JIbIIIE TEMITepa-
TYpbI TIJIaBJICHUS XeJe3a.

2C2H2 + 502 = 4CO2 + 2H2O + 2600 KI[)K

aueTuJieH

AlleTUIeHOBAs TOpeNIKa COCTOUT U3 ABYX TPYOOK, KOTOpHIE
MOMAIOT B 30HY FTOPEHUST KUCJIOPON U alleTusieH. [lnamenem atie-
TUJICHOBOW TOPEIKA MOXHO PACIUIaBUTh METALTMYECKUE AETATU
B MECTE UX COETMHEHMSI, TO €CTb CBAPUTh X MEXIY COOOM.

HemHoro no-apyromy ocyiecTBIsIIOT pe3Ky Metauia. Eciu
CHayaja CUJIbHO Pa30rpeTh METAUT alleTUJIEHOBOU TOpeaKou,
a 3aTeM YMEHBIIUTh MOTOK aleTHJIeHa U YBEJIMYUTh ITOTOK
KHCJIOpoaa, TO MoJIydyaeTcsl «KUCIOPOIHBIN pe3ak». XKeneso,
KaK MbI 3HaeM, TOpUT B Kuciopone. [TloaroMy manbHeiiiee
FOpEHUE MOAAEPKUBACTCS yKE 0€3 yUacTUsl alleTWIECHA, a CTPYsI
KHCJIOpoa TIPOXUTAeT METaJUI, TIpeBpalas ero B OKCUIBI JKe-
Jie3a. CHOM MCKP, BBIPBIBAIOLIMXCS M3 MPOXKUTAEMOI0 KUCIO-
pOIOM MeTajlsla, — 3TO pacKaJeHHBbIE YAaCTUILIBI XKeJIe3HOMU
OKaJIMHEL.

WHurepHeT:

Ha caiite www.youtube.com HabepuTe «KUCIOpOJHAS Pe3Ka
MeTaia» U MOCMOTPUTE HECKOJBKO BUICOPOJUKOB Ha 3TY
TEMY,.

§ 6.6. O30n

Kaxk MbI yke 3HaeM, 030H BXOJIUT B COCTaB aTMOC(HEPHOTO
BO3/lyXa B BUJE HE3HAUUTEIbHON pumMecH (cM. raBy 1). B uu-
cToM BUze 030H O3 — roy0oii ra3 ¢ pe3KuM 3amaxom (rpeye-
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cKoe 030c — maxyuyuit). CTpoeHrue MOJIEKYJIbl 030Ha MOXKHO
1300pa3uTh pa3HbIMU criocodbamu. Hampumep, KomOMHaLMe
JIByX KpaiHUX (MJIM pe30HAHCHBIX) CTPYKTYp. Kaxxnas u3 rakux
CTPYKTYP He CYIIECTBYET B PEabHOCTHU (3TO KaK Obl «4epPTeXK»
MOJIEKYJIbl), @ HACTOsIIAsl MOJIeKyJla MPeaCTaBsieT COO0i He-
YTO CpeHee MEXIY IBYMSI pe30HAHCHBIMM CTPYKTYpaMHu.

X X 3+

O, < 0 o
oo/ N\ N E N
00 0 & o A

XOTS MOJIEKYJSIPHBIN KMUCIIOPOI W 030H COCTaBJIECHEI M3
aTOMOB OJHOTO U TOTO XK€ 3JIeMeHTa KHUCJIOpoAa — 3TO pa3Hbie
BemlecTBa. C TaKUM Xe SIBIEHMEM Ha MpPUMeEpPe YIriiepoda MbI
yKe CTaJIKuBajauch. BcrioMHUTE onuvcaHus aaMasa u rpadurta
B riaBe 3. Ipadut 1 anMa3 — pasHbIe BEIIECTBa, XOTI U TOT U
JIPYroii cOCTOAT TOJBKO U3 yriaepona. Termepb Mbl HabJ0IaeM
TaKoe Xe SIBJICHUE Y KUCIOpOoa.

Ecau xaxoii-aubo 31emenm o6pazyem 06a uiu HeCK0AbKO RPo-
CMbIX éewjecme, mo maxue 6ewiecned Ha3vlearOmMcsa A410Mmpon-
Hotmu mooupurxauuamu. Camo 3mo sA6.1eHue HA3bIBACMCA AA10-
mponueii.

HTak, 030H ¥ MOJEKYJSIPHBIA KMCJIOPOI — ABE pa3HbIe
aJUTOTPOTHBIE MOAM(UKAIINN 3JIeMEHTa KUCIOpOIa.

B nabGoparopuu 030H MOJYyYalOT MPU «TUXOM» (0€3 UCKp)
3JIEKTPUYECKOM pa3psifie B CTEKISTHHOM TpyOKe, Yepe3 KOTOPYIO
MPOITyCKAaeTCs TOK Kucjaoponaa. Takoil mpubGop Ha3bIBaeTCs
o3oHaTopoM. EcTb u apyrue 1abopatopHbIe CIIOCOOBI MOJTyYe-
HUST 030HA.

Komy-To u3 unrtaTeseit (0cOGeHHO YYaCTHMKAM XUMUYECKUX OJTUM-
M) HaBepHsKa 3HAKOM KJIACCUIECKUI CITOCO0 TOTydeHHUsI TIePOKCH-
na Bonopona H,O, u3 nepokcuaa 6apusi BaO, npu neiictBuu pasdas-
/NIeHHOU CEPHOU KUCJIOTHI.

Ba02 + HzSO4 (pa36.) = BaSO4\L + H202 (pacTBop)

Ilepoxcudsr — 370 BelllecTBa, copepxaiue cBsa3b O—O. MHTepec-
HO, UTO €CJIU B3STh He Pa30aBJIEHHYIO, a KOHUEHMPUPOBAHHYI0 CEPHYIO
KUCJIOTY, TO peaKIusl UIeT IO IPYroMy IyTH W o6pa3yeTcsl 030H:

333.02 + 3stO4 = 3BaSO4\L + O3T + 3H20
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O30H 0o0sagaeT 6oJiee CUIbHBIMU OKUCIUTEIbHBIMU CBOM-
CcTBaMu, YeM Kucjiaopona. Harmpumep, 030H cnoco0eH U3MEHUTh
cTerneHb oKMcaeHus: noaa ot —1 1o 0, To ecTb OKHUCIUTb aHUOH
1oja a0 cBobomHoro noma. CBOOOIHBIN MO/, B CBOIO OUepeb,
JIerKo oOHapyXuTh A0OaBleHUEM KpaxMmasa (TojyJyaeTcs
TEMHO-CUHUI MOAKpPaXMaJdbHbI KOMILJIEKC). DTOT CIOCO0
MOXHO MCMOJIb30BaTh IS OOHAPYKEHUSI 030HA: TOCMOTPUTE
onbIT U3 «EanHOI KoJIeKInu 00pa3oBaTeIbHBIX PECYPCOBY,
CCBITKA Ha KOTOPBIN JaHa B KOHIIE Taparpada.

-1 0 0 -2
2KI +0;+H,0=1,+2KOH+0,
-1 0
21-2¢ =1,

0

0 -2
0,+2¢  =0,+0

O30H — O4YeHb aKTMBHOE BellecTBO. Pe3nHa ObICcTpo pas-
pyliaercsd B arMocdepe 030Ha, a CIIUPT MPU CONTPUKOCHOBEHUU
C HUM BoOCIUIaMeHsieTcsl. B yeM ke mpuyrHa Takol BBICOKOM
OKUCJIUTETbHON CITOCOOHOCTH 030HAa?

Mosnekyia 030Ha OTHOCUTEIbHO YCTOMYMBA, OMHAKO IO
BJIMSIHUEM KaTaJIM3aTOPOB (MMU MOXET CIYXXKUTb LIEJIbIA P
BEIIIECTB) OHA JIETKO pa3JjiaraeTcs C BblACJIEHUEM aTOMapHOTO
KHcJI0opoaa — 00Jiee CUJIBHOTO OKUCIUTENS, YEM MOJIEKYJISIP-
HBIN KUCJIOPOI:

O3=OZ+O

M3-3a cBOEl BBICOKOI OKMCIUTENbHOW CITOCOOHOCTH O30H
JIOBOJIbHO TOKCHYEH IIJIsl KUBBIX opraHu3mMoB. Eciu ero co-
JepXaHue B TIoMelleHUH TnoBbiaercs 10 107 % no oobemy
(a aTO COBCEM MaJIO TI0 cpaBHEHUIO ¢ 21 % Kuciaopoma B BO3-
Jyxe), TO YeJIOBEK UCTIBITHIBACT FOJOBHYIO 00JIb U APYTYe MpH-
3HaKu xuMHuueckoro orpasiieHusi. B Poccuu u CHI nipenenb-
HO JOMycTUMasl pa3oBasi KOHIIEHTpalMsl 030Ha COCTaBJISIET
0,08 - 10* %, B Esponeiickom Corosze — 0,09 - 10 %, B
CLHA — 0,24 - 10™* % o o6beMmy.

C Ipyroii CTOpOHBI, CITOCOOHOCTh 030HA pa3jiaratbcs ¢ 00-
pa3oBaHMEM aTOMapHOIO KHMCJIOpOAA MIEIaeT ero IMOYTH HIe-
aJIbHbIM CPEJICTBOM JJIsI 00e33apakuBaHUsl MUThEBOU BOJbI.
O30H yOuBaeT 00Je3HETBOPHBIE OAKTEpUU OKKUCJIEHHUEM, Ya-
CTUYHO TIPeBpallasiCh MPU 3TOM B MOJIEKYJISIPHBIN KUCIOPOI.
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[ToaToMy 030HMpOBaHHAsI BOMIA JIy4llle U BKYCHEE XJIOpUPOBaH-
HOI1, KOTOPYIO IO CHX TIOP TIPUXOTUTCS TIUTh KUTEISIM MHOTHX
TOpPOJIOB.

IToyemy ObI He MPEAIIONOXHUTh, YTO MOJIEKYJIa 030HA UMEeT LU-
KJIMYeCKOoe CTpoeHue — B (popMe paBHOCTOPOHHEIO TpeyrojbHuKa?
B Takoii MoJieKysie BaJIeHTHOCTh BCEX aTOMOB KHcCJI0pozaa Obuia Obl
paBHa JIBYM, KaK U BO BCEX OCTaJIbHBIX €ro coeauHeHusIx. OmHaKo
aKCMepUMEHTalIbHbIe (hakThl HE MOATBEPXKIAIOT 3Ty IMIOTe3y. Bo-
TEePBbIX, CTPYKTYPHBIE UCCIIeOBAHUS TTOKA3aJIU, YTO MOJIEKYJIa TIpeI-
CTaBJISIET cO0OI He PaBHOCTOPOHHUI, a paBHOOEIPEHHBIM TPEYTOJIb-
HUK, OJMH U3 yIJI0B KOTOPOro HaMHOro 6ojbiie 60°. Bo-BTOphIX,
IJIMHA CBSI3M Kuciaopoa—kuciaopon (1,28 A) ckopee COOTBETCTBYET
KpaTHOMH, a He IMPOCTOM CBSI3U (HAIIOMHMM, YTO IJIMHA IIPOCTOI CBSI-
3u O—O0 B H,0, 3ametHO Gosbiie — 1,48 A). B-TpeTbux, mMoiekyja
030Ha MoJjisipHa. Bece 3Tu hakThl 0OBSICHSIIOT IPUBEACHHBIC B HAavalle
naparpada opmynbl. Tak, pasnesieHUe 3apsIioB «+» U «—» B Pe30-
HaHCHBIX CTPYKTypaXx IMO3BOJISIET OOBSICHUTD MOJIIPHOCTb MOJIEKYJTBI
030Ha (M3-3a 3TOT0 030H HaMHOTO Jy4ire, yeM O,, pacTBopsieTcs B
Boze). Kpome Toro, Takoe pasmeneHue 3apsiioB SKBUBAJIEHTHO €Il
OITHOW XUMUYECKOM CBSI3U, U MOXKHO TOBOPUTD, UYTO Y LIEHTPAJILHOTO
aToMa Kucjiopoaa BajeHTHOCTh (IV). AHajornuHasi CUTyalusl peajiu-
3yeTcsl Mpu 00pa3oBaHUM MoJieKyJbl SO,, 0OJJHAKO Yy aToMa cephl Ba-
sneHTHocTh (IV) mosiBiisieTcst 6aromapsi epexoay 3JeKTpoHa C T0-
nypoBHs 3p Ha 3d (BciomHuTe § 3.5, Te TpUBeNeHbl HYy>KHbIE OpOu-
TalbHbIe AuarpamMMbl). Ho y Kuciopoma Ha BTOPOM YpOBHE HET
d-opourasneii! Kak ke B 9TOM ciTydae peaqn3yeTcst eTo YeThIpeXBaIeHT-
Hoe cocTossHue? BeposiTHo, 6i1aromapst mepexomy 3JIeKTpoHa ¢ YpOBHS
2p Ha 3s B aToMe KHUcJIopoaa. DTU YPOBHM YK€ 3HAUUTEIbHO OTJIMYa-
I0TCSI 110 SHEPTUM, TTIOITOMY TaKOM Mepexo 10JKeH TpeOboBaTh 00Ib-
IIUX 9HEPTEeTUYECKUX 3aTpaT. DKCIEPUMEHT FOBOPUT O TOM, 4TO 00-
pa3oBaHUe 030HA NEWCTBUTEIBLHO TPeOyeT MOTJIOLIEHUS] OOJIBIIOTO
KOJINYECTBA SHEPTUU.

OcHOBHas Macca IPUPOIHOrO 030HA 00pa3yeTCsl B BEPXHUX
ciostx atMocdepsl U3 MojieKya O, B pe3ysibTaTe HOIIONICHYS
«KECTKOro» (T.€. HECYILEro MHOIO SHEPruu) yasrpadrosieTo-
Boro u3nydeHust CojHIa:

302 Y®-cger, A 180 Hm 203

3emHas atMocdepa umeeT ciiouctoe crpoeHue. OCHOBHbIE
ee ciou — Tporocdepa u crparocdepa. Tpormocdepa nmpocTu-
paeTcst OT ypOBHSI MOPSI 0 BBICOTHI 8—17 KM (B 3aBUCUMOCTU
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OT LIMPOTHI) — 3/IECh COCPENOTOYEHO MTPUMEPHO 4/4 Macchl Beeit
atmocdepsl. CtpaTocdepa — 310 Oe3001a4Has1, cyxasl, XOJ0Md-
Hasi 00JacTb Haj Tpornocgepoit 10 BbICOTH MpuMepHo 40—
50 kM. bosee 90 % o30Ha Ha Hallleil MIaHETe — 3TO CTPATO-
cepHbIii 030H.

711 XapaKTepUCTUKHU COIEPXKaHUS 030HA MCITOIB3YIOT CO-
kpaieHHbir TepMuH OCO (ob61uee comepxkaHue o3oHa). Ko-
JundyectBeHHO OCO BbIpaXxaroT TOJILMHON CJIOsI 030Ha, KOTO-
pbIiA MoJyyuscs Obl, ecid Obl BeCh COAEpPXKAIUIACSI B aTMOC-
depe 030H MpUBECTH K HOPMAJTBLHOMY JaBJIEHUIO TIPU TeMIIe-
parype 0 °C. B cpegHeM 1o 3eMHOMY IIapy OHa paBHA 3 MM,
HO MOXET U3MEHSIThCS OoT 1 MM (B AHTapKTHIE B MEPUOI Be-
CEHHeil 030HOBOI aHOMajIuu) 10 6 MM (B KOHIIE 3UMbl — Ha-
yajie BecHbl Haja JlaapHuM Boctokom). OCO usMepsiioT B Tak
Ha3biBaeMbIx eanHuLax Jloocona (e.[.). [IpuBeneHHast Tomn-
IIMHa ciost o30Ha 3 MM cootBeTcTByeT 300 e. /1.

Hecmotps Ha To yTo B cTpaTochepe 030Ha OTHOCUTEIbHO
MaJio, OH UTPaeT Ype3BBIYaifHO BasKHYIO POJIb B 3aIIUTE KUBBIX
OPTaHU3MOB OT TYOUTEIHLHOTO YIETPA(UOIETOBOTO N3ITyUCHMUST
Connua. O0pa3oBaHUe 030HA — SHJOMepMU4ecKas peakiusl.
OHa MPOMCXOIUT TIPU TIOTJIOMIEHUN SHEPTUHU OTACHBIX, pa3-
PYIIUTENIBHBIX UTSI BCETO XKUBOTO KBaHTOB Yd-cBeTa ¢ ITMHOMN
BosiHBI MeHee 180 HM (BcmoMHMTe puc. 2.12 U3 rnaBwl 2, Mo-
Ka3bIBAIOIIMIA TUAIa30Hbl COTHEYHOTO CIieKTpa). YD-cBeT ¢
O0oJblIeil AauHON BOJHBI (0K0J0 320 HM), HAOOOPOT, CIO-
coOCTByeT pasjioxeHuio o3oHa. [ToBepxHoCcTH 3eMIM JOCTU-
raloT TOJIBKO Te YIbTpaHOJIETOBBIC IYUH, KOTOPBIE HE OITac-
HBI JUIS1 KMBBIX opraHu3MoB. Korga Mbl 3aropaem Ha COJIHIIE,
Ha HaIlly KOXY TagaloT «MSTKHe» YIbTpadroIeTOBbIC JIYIH,
He CIOCOOHbIe MPUHECTU BpeJa 310POBbIO (€Cu 3aropath B
Mepy).

TakuM 06pa3oM, 030H CIYXUT «(PUIBTPOM» OMACHOTO
Y®-uznyyeHusi. 3aMETHYIO POJIb UTPAeT 030H U B TEIZIOBOM
b6anaHce 3emau. Bol yXe 3Haete, 4To oOpa3oBaHHWE 030HA —
SHIOTEPMUYECKAsT PeaKIns, €ro pa3IoKeHNe — peaKIMs K-
30TepMUYecKasi, IPOUCXOdIas ¢ BulaeJeHueM Teria. Ilo
pa3sHBIM OLIEHKaM, OT 5 10 8 % pa3orpeBa 3eMHOI aTMOCheEPHI
3a CUET MapHUKOBBIX [A30B MPUXOIUTCS Ha MpeBpalleHUs
o3zoHa. KartanuzaropaMu pasiioxkeHUsI 030HA B cTpaTocdepe
MOTYT CJIYXWUTb aTOMapHbIi XJ0p U APYTUe, cCaMmble Pa3HO-
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Puc. 6.3. TlpeBpaiieHus o3oHa B atMocdepe 3emiin

oOpasHbIe BemecTBa. MHOIO TaKMX BEIIECTB CPEAM ITPOMBIIII-
JIEHHBIX BBIOPOCOB B aTMOcCdepy.

TpynHo ceromHsi HailTW 4YejoBeKa, KOTOPbIM ObI HE Ciibllian o0
O030HOBBIX JIbIpax. DTO sSIBJIeHUE, Ha3bIBAEMOE YUYEHBIMU 030H080U
aHomanuei, 3aKJIIOYAETCS B ONMTACHOM CHMDKEHMH KOHIICHTPALIUK 030-
Ha B cTpaTocdepe Hall TeM WIM UHBIM paiioHOM TinaHeThl. HaubGosee
IIMPOKO M3BECTHA O30HOBAasI NbIpa Haj AHTapkTuaoii. Korga nmocne
TIOJITOM TIOJIIPHOM HOYM B BBICOKMX IupoTrax KOxHoro mosymapus
HaCTyIaeT BeCHa (3TO MEPHUOJ C aBTycTa IT0 IeKaOphb), Had OOIIMPHBIM
paifloHOM AHTapKTUIBI TUIOMAAbI0 Gosee 10 MIH KM? U3 rofa B rof
Haomonaetcst cHuxkeHue OCO nmo 220, a nHoraa gpaxe go 80 e. JI.
(emmaun do6coHa, cM. Boimre). I1pu aTom Ha BeicoTe 15—20 KM Ha-
GsromaeTcs JJIOKaJIbHBIE MUHUMYM COJIEpXKaHWsI 030Ha, YTO TOBOPUT O
HaJIMYMU 3€Ch MOIITHOTO NCTOYHMKA ero pa3pyiieHusi. OmHOBpeMeH-
HO C TOSIBJIEHMEeM 030HOBOM aHOMAaJIMM B HUXHEM cTpaTtocdepe
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(GUKCUPYIOTCS OYeHb HU3KKUeE TemnepaTypsl (Hxke —78 °C) u mosiBie-
HUeE TOJISIPHBIX cTpaTochepHbIX 001aKkoB. 1o MHeHMIO psiga yUYeHBIX,
Ha TIOBEPXHOCTU 3THX 00JaKOB MPOUCXOIAT (HOTOXUMHUUECKUE peaK-
LIMU, pa3pylLIalolre 030H, a KaTaIu3aTopaMu pa3pylleHMs BbICTyIa-
0T XJIOp- U (pTOpconepxanive BeuiecTsa, nomnajarolime croia ¢ Ipyrux
KOHTUHEHTOB.

B CeBepHoM nosyliapuu B OCEHHE-3UMHUI MEePUO TOXKE MHOTIA
o0pa3zyloTcs «HeOoJbIre» 030HOBBIe IbIphl ¢ OCO Menbire 220 e. /1.
U IUIOLIANBIO 10 2 MJIH KM2. OHU 0OBIYHO 3apoxkaatoTcs Hajx CeBepHoii
ATIaHTUKON U «KUBYT» He OoJbllie Hepenu. BcemupHas MmeTeoposio-
rudeckast opranu3zanust (World Meteorogical Organization) ¢ moMoIbo
CITyTHUKOB MOCTOSIHHO CJIEIUT 32 COCTOSTHUEM O30HOBOTO CJIOSI Hallleit
mwia”eTsl. Ha caiite LleHTpa o3oHHOro kKaptupoBaHus (Ozone Mapping
Centre) exxeTHeBHO OOHOBIISIETCSI UH(MOPMAIIUS O COCTOSHUU 030HO-
BOTO cJiosl. PsioM ¢ KapToii pacripeneseHust 030Ha IPUBOIUTCS IIBET-
Has 1mkana B equHuiax JJoocoHa (e./l.), ¢ KOTOpbIMU BB YK€ 3HA-
KOMBI.

Psn ucciaemoBareneit cCuUTaET, YTO BOSHUKHOBEHUE O30HOBBIX JbIP
CBSI3aHO HE CTOJIBKO C 3arpsi3HeHreM aTMocdephl XJIop- U QTopyrie-
BOIOPOAAMU, CKOJIBKO C 0COOEHHOCTSIMU aTMOC(HEPHON IIUPKYISLINT
B pa3IMYHBIX pailoHax 3emyi. Bompoc moka ocTtaeTcsi OTKPBITHIM.
BripoueM, cHUXKeHHME MPOMBIIIUIEHHOTO 3arpsi3HeHMsT aTMochephl B
JI000M cilydae Molio Obl Ha MOJb3y KIMMATy U Ouocdepe Haiieit
TJIAHETHI.

BronHe BeposATHO, YTO IpobieMa IMPOMBIILICHHBIX BbI-
OpocoB B aTMOC(epy — 3TO He TOJIbKO MpobiieMa 3arpsi3HEHUS
ITOBEPXHOCTHU 3eMJIM BPEIHBIMU BEIIECTBAMM, HO €ILEe U IIPO-
GJyreMa «3arpsI3HEHMsI» COJTHEYHOTO CITEKTPa KECTKUM, BPEIHBIM
IUTSL 4eJIOBeKa YJIbTpadUroeTOBBIM U3JIyYeHUEM B pe3yJIbTaTe
YAaCTUYHOTO Pa3pyIIeHHUST 030HOBOTO CITOS.

Ho He cronT M TIpeyBeIMYMBATh OMACHOCTD: TTOJTHOE HC-
Ye3HOBEHME 030HA He IPo3UT atMocdepe A0 TeX Iop, MoKa B
Heii eCTh KMCJIOPOA U IoKa cBeTUT CoJIHIIe.

WHurepHeT:

1. EnyHas Komnekuys uu@poBbIX 00pa3oBaTeIbHBIX PECyp-
COB:

http://school-collection.edu.ru — Konnekunu — Ilpen-
MeTHBIE KOJUIeKUMU. XuMusi — Heopranuueckass xumus.
BupeoonsiTer — ...
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. — INoarpymnma kuciaopona — Kuciopoxa, okcuasr —
7. IlonydeHre 030HA U €ro OIpeaesieHue.
2. Caiit LleHTpasbHOU a3poJIOTUYECKO 00CEpBaTOPUU:
www.cao-rhms.ru.
3. Ozone Mapping Centre. ExkeqHeBHbIII MOHUTOPUHT CO-
CTOSTHUSI 030HOBOTO cJios Hag CeBepHBIM Tojymapuem: http://
lap.physics.auth.gr/ozonemaps2/.

3anaum K riase 6

6.13. Hanmuiuute ypaBHeHUE XMMMYECKON peakUUuu, Mpo-
HUCXOIIIEH TTpU padboTe «KUCIOPOTHOTO pe3aKa» IIPU BBIKITIO-
YEHHOM TOKE alleTUJIeHa.

6.14. YueHuKa BBI3BaJIM K JOCKE M CIIPOCUIIH, Y KAKOTO rasa
IUIOTHOCTh B TpaMMax Ha JIUTP OoJibllie — Yy KUCI0poaa WJIu
azora? YueHuk nocmotpen B [lepuoanueckyro Tabauily
.. MeHneneeBa 1 yBepeHHO IaJl MpaBUJIbHBIN oTBeT. Kak oH
paccyxnai?

6.15. KakoBa miotHocTh Kuciaopoaa O, (r/a) mpu HopMasib-
HBIX YCJIOBMSIX?

6.16. KakoBa MaccoBas JI0JIsI KUCJIOpoa B OeJIOM IecKe
Si0,?

6.17. 115 npyuroToBieHUs] Ta3UPOBaHHbBIX HAITUTKOB yTJIe-
KUCIBIN ra3 — OH Xe okcun yriepoaa (IV) — pacTBopsior B
Bojle noj naBjieHueM. [1pu aToM yacTh oKcuaa yriaepoaa BCTy-
IMaeT B peakinio coeanHeHns ¢ Bomoil. Hamummre dhopmyiry
00pasylollerocsl BeLIeCTBa.

6.18. Hanmummre ypaBHEHNE peaKLIMU pa3IOKEHMS METHOM
pyasl — azypura Cu;C,H,0q, 3Has, YTO pu 3TOM MOJIyYaloT-
csI TOJIBKO YK€ M3BECTHBIC BaM OKCHIBI.

6.19. bpeseHT WM mepCTIHOE OAESIIO IIPU XKETaHUU MOX-
HO JIETKO CXe4b B KocTpe. [loueMy XXe OroHp 4acTo ymaeTcs
MOracuTh, HaKPbIB TOPSIIUAN MpeAMET OPEe3eHTOM WU Onesi-
JioM?

6.20*. OgHaxap! FOx 3amen B mactepckyto Buntuka u [lnyHTrka,
BEXXJIMBO IO3I0pOBAJICSI U cKasad: «B Halei aboparopuu Havan
CKpUIIETh BEHTWJIb KUCIOpoAHOro OamioHa. He HaiineTcs iu y Bac
HEMHOTO MallIMHHOTO MacJia, YToObl ero cMasaTh?» BUHTUK mobseaHes,
]_UHYHTI/IK BbITapalluJ Ij1a3a H... HpOI[OIDKI/ITC paccka3 u 06’I>HCHI/ITG,
YTO BbI3BaAJIO TAKOEC CUJIbHOC BOJIHCHUC Y BunTtnka n U_Il'[yHTI/IKa.
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6.21 (HI'Y)*. YxaxuTte MaKCUMAaJIbHO BO3MOXKHOE YMCJIO CITIOCOOOB
MoJydyeHus: Kuciaopona (ypaBHEHMSI peaklMil ¢ yKazaHUeM YCIOBUI
MIPOBEACHMSI).

6.22*. (cM. MaTepuan o ucTopuu arMochepbl 3emun B § 6.1).
Huxe npuBeneHbl cooOpakeHUsl, C KOTOPBIMU MOXHO COTJIACUTBCS U
He coriacuTthces. IlpeackaxuTe pa3BuTre COOBITUM Ha IJIaHeTe 3eMJIsT
Ha 6JIVKadIIviA MUJUTUAP], JIET, €CJIA «T€OJIOTUYECKUIA CMBICI KU3HU»
yesIoBeKa 3aKJII0YaeTcs:

— B CO3[aHUM UMUBUJIM3ALNU CYNEPKOMIIBIOTEPOB, MJISI KOTOPBIX
JIIOIA OYIIyT IPUMEPHO TEM XK€, YeM JIJISI HacC SIBJISIIOTCSI CUHE-3€JIeHbIC
BOAOPOC/IM WK KUILIEYHbIE OAaKTepUU, TOMOTaOIIMe YCBAUBATh MULLY
U COXpaHSIIOIIMeE 310pPOBbE;

— B MOBBILIEHNU HA TTOBEPXHOCTU 3eMJIM paaiuallMoOHHOTo dhoHa
IO YPOBHSI, HEOOXOIMMOTO JIJIS1 TIOSIBJICHUSI U CYIIIECTBOBAHUS KaKUX-
TO HOBBIX, MTOKa HEU3BECTHBIX HaM (POPM XKU3HWU;

— B TOM, YTOOBI CJIY)KMTh HOCUTEJIEM pa3yMHOIl MaTepuu, C IO-
MOIIIbI0 KOTOpO#t BceneHHast mbiTaeTcsl pa3oOpaTbesi B COOCTBEHHOM
YCTPOMCTBE U 1aKe YTO-TO MEHSIET B HEM;

— B TOM, YTOOBI YBEJIMYUTH MOIIb XKMBBIX OPraHu3MOB Bo BceeneH-
HOM IyTeM BOBJICUCHMS B COCTaB XXMBOW M MBICJSIIECH MaTEpUN XU~
MMYECKMX COeIMHEHUI Ha OCHOBE HE TOJIbKO yIJieposia, HO U IPYTuX
sneMeHToB [lepruonuueckoit CUCTEMBI;

— B COBEpILIEHCTBOBAHUM WHTEJJIEKTA A0 TaKMX IPEACsIOB, MPU
KOTOPBIX XXKWBasi MaTepusi CTAHOBUTCS TTPAKTUYECKUA HEYHUUTOXUMOM
(cyMeeT OTBETUTh Ha BbI30B JII00BIX pa3pylluuTebHbIX cul KocMmoca);

— B TOM, 4TOOBI (TIPENJIOXKUTE CBOI BapuaHT).




Thaea 7
BOIOPO/. BOJA. PACTBOPHI

§7.1. Boaopona Kak 3JieMeHT.
ITonoxenne B [leproandeckoii Tadmie.
PacnpocTpaneHHocTs B Ipupoe

Bomopon — 1-ii anement Ileprnonmaeckoit TabaUIIEI (3a-
psn sapa 1), xumuyeckuii 3Hak — H, oTHocuTepHast aToM-
Hast macca (atoMHBbIit Bec) 1,008 (okpyrieHHo 1).

BajleHTHOCTb BOJIOpO/ia B COEMMHEHMSIX PaBHA €AMHMUIIE,
HamnboJjiee pacIpocTpaHeHHas CTeTIeHb OKUCIEHMST +1.

Monekyna Bomopona H,, MmonexkynspHast macca (MoJje-
KynspHbiii Bec) 2,016 (okpyriaeHHO 2 a.e.M). MossipHas
macca 2 1/MOJb.

Ecau xucnopon IBiIsieTcst cCaMBIM pacIipoOCTpaHEHHBIM 2JTe-
MEHTOM B 3€MHOI KOpe, TO BOIOPOA — CaMBblii pacrpocTpa-
HEHHbII 37eMeHT Bo BceneHHoil. Bomopon cocTaBiisieT 0KoJI0
70 % wmaccel ComHna u 3Be3n. [10CKOIBKY BOOOpPON — Hau-
0oJjiee JIETKMUIA U3 BCEX BJEMEHTOB, TO TaKas BHYLIUTEIbHAS
Macca TpebyeT OrpOMHOTO KOJTMYECTBAa aTOMOB 3TOTO JIEMEH-
Ta. VI3 KaxabIX cTa aTOMOB, BCTpeuyaroliuxcsl Bo BceneHHOIA,
JIEBSTHOCTO — aTOMBI BOJIOpO/A.

BepositHo, KOrma-To Bogopoa BXoauiI U B aTMocdepy 3eM-
. Ho u3-3a cBoeli 1erKoCTH OH CIOCO0eH MOKUIATh aTMOC-
depy, mosTOMY HOJIST BOZOPOIA B BO3AyXe HUUYTOXHO Maja.
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B cBsizanHOM Buze Bogopon coctabisieT 0,76 % macchl 3eMitn.
Haubonee BaxXHBIM COeIMHEHNEM BOJOPOAA, BCTPEYaAIOIIMCS
B MIpUpPOJIE, SBJSETCS BOJA.

Bonopon — raz, TUIIMYHBIN HeMeTaJ1. O0pa3yeT MPOYHbIe
KOBaJICHTHBIC IByXaTOMHBIE MOJIEKYIbI H,.

HeTtpynHo moacuuraTh NJIOTHOCTH Bogopojaa: 1 Mojb B
HOPMAaJIbHBIX YCIIOBUSIX 3aHUMaeT 22,4 1, a MoJsipHas Macca
Bojopona paBHa 2 I. CienoBaresibHO, IIJIOTHOCTh B MepecueTe
Ha | 1 cocraBur 2 1/22,4 1= 0,09 r/n. [1noTHOCTH BO31myXa 3a-
MeTHO Bbilie — 1,305 /71, T03TOMY HaOJIHEHHBIE BOAOPOIOM
MpeIMEThl UCITbITHIBAIOT BBHITAJIKMBAIOIIYIO CUYy aTMochepbl
(TTocMOTpUTE OIBIT B KOHIIE Maparpacda).

Bomopon cTaHOBUTCSI KUIKUM TIPpW OYeHb HU3KUX TeMITe-
patypax (—253 °C), a TBepablii BOZOPO, TOJIYYUThH ellle TpyaHEee
(TemmiepaTypa IJIaBJIeHNUS TBepAoro Bogopoaa —259 °C).

O Bopopoje KaK 3JIEMEHTE Bbl 3HAETE YK€ TOBOJIbHO MHOTO.
ATOM BOIOpOa — CaMblil TPOCTOi U3 Bcex aToMoB. Ero sipo
COCTOUT U3 €AMHCTBEHHOI'O MPOTOHA. DTOT (caMblii pacIpo-
CTpPaHEHHBI) U30TOMN BOJOPOJA HA3bIBAIOT TaKXKe Npomuem,
YTOOBI OTJIMYUTH OT delimepus — APYTOTO U30TOMa BOAOPO.A,
B SIIpe KOTOPOI'O OJMH MPOTOH U OAWH HEeUTpoH. [leliTtepuii He
pagroaKTUBEH, HO HAXOAUTCSI B MPUPO/IE B OUEHb HEOOJIbIIOM
KosnuyecTBe. TeM He MeHee ero HayYMIMCh BBIISISATD U1 HYKIT
siiepHOM sHepreTuku. eiteprii — ogMH M3 HEMHOIMX M30-
TOINOB B XMMMWM, UMEIOIIMI CBOM COOCTBEHHBIN cuMBOI D.
Haubomnee n3BeCTHBIM XUMUUYECKUM COEIMHEHUEM, B KOTOPOE
BXOIMT AeHTEepUil, ABAsIeTCS «TsiKesast Boga» D,O.

B saepHbIX peakiiusgx odpasyeTcs elle OJuH U30TOI BOJO-
pona — TPUTHIA, B iIpe KOTOPOTro OJMH MPOTOH U JIBa HEUTPO-
Ha. Tputuii (xumMudeckuii cumBoa T) paauoakTUBEH, NEPUOL
ero moJjypacmana 4yyth 0oJjibiie 12 jer. OnHaKo B MpUPOIE OH
BCE-TaKUu BCTPEYAETCs, XOTS U B HUYTOXHBIX KOJIMUECTBAX — B
OOBIYHOI BOJE ONMH aTOM TpUTH NipuxoauTes Ha 10! atomos
MPOTHUSL. DTOT TPUTUM — KOCMUYECKOIO IpoucxoxneHus. OH
MOCTOSTHHO 00pa3yeTcsi B aTMocdepe Oaarogapsi TOMY, UTO
OBICTpbIE KOCMUUYECKHUE HEMTPOHBI pacCIeIUISIOT aTOMBI a30Ta
Ha aBa ¢parMeHTa: yriaepoa-12 u Tputuii. [IpoTOHBI BBICOKUX
SHEPruil, U3 KOTOPbIX B OCHOBHOM COCTOSIT KOCMUYECKUE JIyUH,
TOXE MOTYT IOPOXAATh TPUTUI IIPU B3aUMOAECUCTBUU C Sdapa-
MM JIIOOBIX 3JIEMEHTOB, BXOMASIIUX B COCTaB aTMOCHEPHI.
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TakuM 00pa3oM, U3BECTHBI TPU U30TOIa Bogopona: \H (v
npocro H), 2H (wmm D), 3H (um T).

ITockonbKy B siape J1000ro U30TOIAa BOAOPOa BCeraa TOMb-
KO OJIMH MIPOTOH, TO 3JIEKTPOHHAas 00010UKa BKJIIOYAET TOJIbKO
OJIMH 3JIEKTPOH, 3aHUMAIOLLUIA CaMbI HUXXKHUM 3JIEKTPOHHBIN
ypoBeHb ls. Takum ob6pazoM, 11000 U30TON BOAOPOAA UMEET
TOJIKO OIHY — M TIPUTOM BAJIEHTHYIO — 000JI0UKY 1s'.

DIIeKTPOHHBIN YPOBEHbD 1s BMEIIaeT He OoJiee NBYX 2IeKTPO-
HOB ¥ aTOMY BOAOPO/a 1O0CTaTOYHO MPUOOPECTU WU MOTEPSIThH
OJIMH 3JIEKTPOH, YTOOBI JOCTUYDL YCTOMYMBOUN 3JIEKTPOHHOM
KOH(UTypaLuu:;

H - le = H nonoxureabHbIN MOH BOgOpoaa (HET )
H + le- = H™ orpunarensHblii noH Bogopona (1s%)

IlepBoe ypaBHEHNE TOBOPUT O POACTBEHHOM CBS3M BOIO-
pona ¢ 3aeMeHTaMU | Tpynmel — IIeJOYHBIMU MeTajlIaMHu,
KOTOpBIE OXOTHO OTHAIOT AWHCTBEHHBIN BHEITHUI 3JIEKTPOH
U 00pa3yloT nojioxkuTeabHble noHbI Lit, Na*, K* u T. 1. Bropoe
ypaBHEHHE CBUIETEILCTBYET O OJIM30CTH BOZOPOAA K IJIEMEH-
taM VII rpynmbl, KOTOpBIM HE XBaTaeT OAHOIO 2JEKTPOHA IS
3aBePIICHNS BHEITHEW 000JIOYKH Y KOTOPBIE JIETKO MPUHUMA-
JOT 4yXXO# 3J1eKTpOoH ¢ obpa3zoBanueM moHoB F~, Cl-, Br-
U T.1.

Hecmotpst Ha To 9TO BOomopon o6ragaeT THITMIHBIMY HEMe-
TaJTMIECKUMU CBOMCTBAMM, TOT BJIECMEHT HEe UMeeT p-000JI0U-
KU 1 60oJiee OXOTHO omadaem IEKTPOH, yeM IpruHUMaeT. [1o3T0-
My €ro HaxOXIeHHE B IPYIINe S-3JIeMEHTOB — aKTUBHBIX BOC-
CTAaHOBUTEIE — TaKKe MMeeT CMBICIT. B ¢BS31 ¢ 3TMM Bomopon
yacTo nomMeiiatoT B I rpynmy Ilepuonnueckoit Tabauiiel, a B VII
IpyTIIe TIOBTOPSIOT €T0 CUMBOJ B cKOOKaX. Ho ecTh m Takme
uznanus [lepuonuyeckoii TabaMIIbI, € €r0 OCHOBHBIM MECTOM
sBisietca umeHHo VII rpyrma. Y To 1 npyroe — npaBUIBHO.

WHurepHeT:

EnunHas konnexims unugpoBbIX 00pa30BaTebHBIX PECYPCOB:

http://school-collection.edu.ru — Konnekuuu — Ilpexa-
MEeTHbIE KoJuleKuMu. XumMusi — Heopranmueckast xumus. Bu-
JIEOOTBITHI —> ...
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... = Bonopon. Kucnorer — Bomopon u ero cBoiictBa —
4. MBITbHBIE MY3BIPH C BOZOPOIOM.

3agaua

7.1% (HT'Y). «Tsaxenasa Boga» D,0, monydyeHHast B pe3yyibraTe
peaxiuy KUCJIOpoaa ¢ BOAOPOIOM, O0OTaIllEHHBIM IeUTEPUEM, UMEET
MoOJIIpHyI0 Maccy 18,2 1. PaccuuTaiite comepkaHue 000UX M30TOITOB
B MCXOIHOM BOJOPOJE, CUNTAs, YTO KUCIOPOJ COCTOUT MPAKTUUECKHU
TOJIBKO U3 M30Toma 0.

§ 7.2. Ilonydenue Boaopoaa

B 3eMHBIX yCIOBUSIX BOIOPO BCTpeUYaeTCsl MPEMMYILEeCTBEH-
HO B CBSI3aHHOM COCTOSIHMU. MHOTHE €ro COeAMHEHUsI HaM
yxe uzBectHol: H,O, HCI, HF u 1.1. B aTux coenmHeHMsIX
BOJOPOJl UMEET CTEIEeHb OKUCIEHUS +1, MOCKOJIbKY €ro 3JeK-
TPOOTPULIATENBLHOCTD (2,20) MEHBIIIE, YeM 3JIeKTPOOTPULIATE Ib-
HOCTh Kuciopona (3,44), xnopa (3,16) u ¢propa (3,98).

Korna Bogopon yxke HaxoguTCs B CTEIEHU OKMCIEeHUS +1,
OH MOXET OTOUpAaTh BJIEKTPOH Y MHOTUX 3JIEMEHTOB — OCO-
OEHHO METaJIJIOB, KOTOPhIE CKJIOHHBI OTIABATh 3JIEKTPOHBI.
IToaToMy criocoObI TTOJyYeHUsI BOAOPOAA YaCTO OCHOBaHbI Ha
peakIy KaKoro-JImdo MeTajula ¢ OMHUM U3 COeTMHEHUI BOIO-
pona, HampuMmep:

0

0 +1 +2
Zn+2HCI=H,+ZnCl,
0 +1 0 +1
2Na+2H,0 =H,+2NaOH

0 +1 0 +3 +2
3Fe+4H,0 —meame s 4 Fe,0, (WM Fe,0,- FeO)

Peakiiuio Mexy IMHKOM U BOAHBIM PacTBOPOM XJIOPUCTO-
ro Bomopoza (COJSTHOM KUCI0TOI) HauboJjiee 4acTo UCTIONb3Y-
10T JJIS1 TIOJIydeHHUsI BOAOpoa B JabopaTopuu. A peaklius
MEXIY KeJIe30M M BOISHBIM MapoM TpU HarpeBaHUM MMEeT
UCTOPUYECKOE 3HAUEHUE — KOTAa-TO €€ MCIOJb30Balu s
HaITOJTHEHUSI BOJIOPOIOM BO3IYIIHBIX IIapOB (MIOCMOTPUTE
CCBHUIKY B KOHIIE ITaparpada).
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Bmecro nmaka B peaknum ¢ HCl MOXHO Mcnoab30BaTh ApyTrue
MeTaJUIbl (XOTSI 1 He JII00ble) — HalpUMeEp, XeJle30, 0JI0BO, MarHUi.
[ToaTtomy mosyyarouiuiicst Mpy 3TOM JIETKUIA ra3 KOTna-To Ha3bIBAIU
«TOPIOYMM BO3IYXOM M3 METAIJIOB». YIIOMUHAHKE O TAKOM «BO3IyXe»
€CTh B COYMHEHUSIX 3HameHuToro anxumuka Moranna Ilaparenbca,
xwuBiero B XVI Beke.

AnrnuyanuH Po6ept boiinb, HabmonaBIInil BelaeIeHIE ra3a Ipu
DPACTBOPEHUU XKeJe3HBIX OMUIOK B COJITHOM KUCJIOTE, Jajl eMy B
1671 romy eme Gojiee TOITUIHOE Ha3BaHWE — JIeTydast cepa Mapca.
Jleryueii cepoit Boiinb Ha3Ban 3TOT ra3 MOTOMY, YTO HAOJIIOAA €ro
ropeHue, a cepoit Mapca — MTOTOMY, YTO CUMTAI €TO BBIXOASIIINM U3
XKeye3a, CMMBOJIOM KOTOPOTo ObLT Mapc — OOr BOMHEI.

BepositHo, MHOTUE nccienoBatenu emle 10 X VIII Beka numenu aeino
C 3TUM 3JIEMEHTOM, HO TIPOCTO HE JOTralbIBAJIUCh O TOM, YTO TTOJIy-
YEeHHBI UMM Ta3 UMeeT KaKoe-TO OTHoIlleHUue K Boje. [lepBbIM 3TO
BBISICHUJI aHTJIWMCKUI du3uk n xumuk [. KaBeHaui, KOToOpblii B
1766 romy BceCTOPOHHE MCCIIEAOBA «TOPIOUUIT BO3OYX» U YOeIUIICs B
TOM, YTO 3TO BOBCE HE BO3IYyX, a COBEPIIEHHO OCOOBIi1 Ta3.

KaBeHau1 B3Becus1 3TOT ra3, UTo NOoTpeboBao OOJBIIIOTO UCKYC-
CTBa, U OMpPEAESN, BO CKOJIbKO pa3 OH Jierye Boznyxa. MmenHno Ka-
BEHIIHUII, CKUTasi TIOJYYeHHBII Ta3 B KMCIOPOAe, HaIlesl 00beMbl, B
KOTOPBIX 3T Ta3bl pearupyioT MexXIy coO0Oi, 1 T0Ka3aj, YTo B Pe3yib-
TaTe TAKOTO CXXMTaHUsI MOJydaeTcsl BOIa.

CoBpeMeHHOe MMSI BOIOPOAY Aaj 3HAMEHUTHIN paHIly3cKuit
xuMUK JlaByasbe, MpuaymMaB JaTUHCKOE Ha3BaHUe hydrogen M3 CIOB
hydro (Bona) u genes (poXXaaroniunii).

JBYKyIIel cuaoi MOJOOHBIX peaKlnil MOJy4YeHUsT BOIO-
poJia SIBJISIETCSI HE TOJIBKO CTPEMJIEHUE METAJLJIOB OTAATh 3J1EeK-
TpoH atoMy H B cTeneHu okucieHus +1, HO 1 O0JIbIION 3Hep-
TeTUYECKUI1 BBIUTPHIII TIPY CBI3BIBAHUM 00Pa3yIONIUXCS TPU
5TOM HEUTpaJibHbIX aTOMOB BoJopoja B MoJiekyy H,. I[Toatomy
B peaklM TaKOTO TUIIa BCTYMAIOT JaXKe HeMeTasUIbl:

C+H2O CUJIBHOE HarpeBaHue CO+H2 (HpI/I 1000 oc)

“BOJISIHOI ra3”

DTa peaklusi — MPOMBbILLUIEHHBIA npolecc. BoasiHol map
MPOIYCKAIOT HaJ packaJeHHbIM Aobesa KOKCOM (yrjiem, Ha-
rpeBaeMbIM 0e3 JocTymna Bo3ayxa). B pesynbrarte mosyuaercs
CMECh OKCHJA Yyrjiepoja ¢ BOAOPOAOM, KOTOPYIO Ha3bIBAIOT
«BOJISTHBIM Ta30M».

Bomopon MoXeT mosydaTbCs M TIpU CUJIBHOM HarpeBaHUM
MeTaHa:
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CH4 CUJIbHOC HarpeBaHue C + 2H2

ITosTOMYy B MPOMBIIIIEHHOCTH OOJIBIIIOE KOJMYECTBO BOJO-
polia moJiyyaloT UMEHHO U3 MeTaHa, J00aBjissd K HEMY MpU
BBICOKOI TeMIIepaType MepeErpeTbiil BOASAHON Tap:

1) CH, + H,0 — CO + 3H,

2) CO + H,0 — CO, + H,
B CYMMC€ 3TOT MPOLECC MOXKHO 3armmMcaTb YpaBHEHUEM:

CH, + 2H,0 — 4H, + CO, (npu 1100 °C)

Cwmech Ta3oB OXJIaXXKIarloT U ITPOMBIBAIOT BOJIOM MOJ, JaBje-
HueM. [Ipu atom CO, pacTBopsieTcsi, a MaJopacTBOPUMBIA B
BOJIE BOIOPO UIET HA ITPOMBIIIJIEHHBIE HYXIbI.

HanGosee yncThIii BOOOPOA B IPOMBIIIEHHOCTH MOJIy4aloT
QJIEKTPOJIMN30M BOIbI:

+1 -2 0 0
2H,0—=-2H,+0,

[Ipu snexTponuse atom Bogopona H (+1) nmpuHumaet oauH
3JIEKTPOH C OTPULIATENIBHOTO 2JIEKTPOJa, MPEeBpallasich B BOIOPO CO
crenenblo okuciaeHusd (0), a atom kuciopoga O (—2) ormaer aBa
3JIEKTPOHA MOJIOXUTEJIBHO 3apsiKEHHOMY 3JIEKTPO[Y, TakXKe MpeBpa-
1AasICh B aTOMapHbIil KUCJIOpo. ATOMOB BOAOPO/A B 1Ba pa3a OoJiblile,
IO3TOMY 3JIEKTPOHHBIN OaylaHC 0OecTieyeH.

DTOT cnocob TpebyeT OObIINX 3aTPaT IHEPTUU, TOITOMY
pacnpocTpaHeH MeHbllIe, YeM BbICOKOTEMIIEpaTypHasl peakiius
KOKCa WIM MeTaHa ¢ Bomoit. CylIecTBYIOT U APYrue CIocoObl
MOJTyYeHUsI BOJOpoa.

WurepHeT:

1. TpakTaT Hauana XIX Beka «O pa3iokeHUM BOAbI B BECh-
Ma OTPOMHOM CHapsiie MOCPEACTBOM PACKAJTIEHHOTO XEJe3a».
CounHenue akagemuka fAxkosa 3axapoBa: www.hemi.nsu.ru/
ucheb172t.htm.

2. Enunas kosiekuuys 1udpoBbIX 00pa3oBaTeIbHbIX PECYp-
COB:

http://school-collection.edu.ru — Komnekxuuu — Ilpexn-
MEeTHbIE KoJuleKuuu. XuMusi — Heopranunueckast xumus. Bu-
JIEOOTIBITHL —> ...
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a) ... > Bogopoa. Kucinorel — Bomopon u ero cBoiicTBa —
6. IMonyyeHue Bomopoaa U IpoBepKa €ro Ha YMCTOTY.

0) ... — [lepBoHavaIbHbIE XMMUYECKUE TOHATUS — XUMU-
YyecKUe peakuuu — 4. DIeKTPOIU3 BOIHI.

3anaum

7.2. CKOJBKO TPaMMOB LIMHKA HYXXHO B3SThb IJIST peaKIINu
¢ consiHoit kucyoroir HCI, yto6sl nmoayuuts 1,12 1 Bogopoaa
MPU HOPMAJIbHBIX YCIOBUSIX?

7.3. Mexny coboit mpopearupoBanu 23 r Na u 1018 M
Boabl. Ckosbko rpammoB NaOH pactBopeHo B 11 mony4eHHO-
ro pactBopa? CKOJbKO JUTPOB Boaopoaa (Mpy H.Y.) BbIAEIU-
JIOCh?

7.4. CKOIBKO JIMTPOB Bomopoaa (IIpHu H.Y.) TEOPeTUICCKU
MOXHO TOJIY4YuTh B peakiuu 448 1 metana CH, ¢ nmeperpeTbiMm
napoM? Kakoit 06beM 3aHMMaJT BOIOPO[ Cpa3y Mocje OKOHYA-
HUS peakluu Ipu gapieHuu 1 atm u temneparype 1000 °C?

7.5. B cocyn ¢ BOgoii TOMECTUIN BJIEKTPOIbl U HEKOTOPOE
BpeMsI TIPOITYCKAJT TTIOCTOSTHHBIN 3JIEKTpUIeCKIiA TOK. Macca
cocyna yMeHbpImmiach Ha 360 . CKOJBKO JUTPOB BOAOPOIA
(rpu H.Yy.) OBLJIO MOJIy4eHO B Mpolecce 3IeKTpoaun3a?

§ 7.3. XumnyecKue CBOMCTBA BOIOPO/A.
IIpnmenenue Bonopoaa

Bopopon — oauH U3 peKOPACMEHOB MO YMCIY MHOI000-
pas3ust coequHeHuii. HanbGolblliee uxX KOIMYECTBO MTPUXOAUTCS
Ha COEMHEHUS C YIJIEepOIOM, KOTOphIe U3yYaeT OpraHudecKasi
XUMUSL.

Ho u Heopranmyeckue coenMHEHUs BOIOPOIa BechMa pas-
HOOOpa3Hbl. B Tabiuie 6.1 npuBeaeHbl TOJIbKO MPOCTEMININE
COEJIMHEHUS BOJOPOAA C TUMMUYHBIMU S- U p-2JIEeMEHTaAMU.

CoenrHeHus METLIOB C BOAOPOAOM (OHU Ha3bIBAIOTCS TUAPUIAMU
METAJUTOB) TIPEACTABIISIIOT COOOM TBEep/ble BelllecTBa. [MaApuIbl MeTa-
JIOB MOXKHO TIOJTyJaTh HEMOCPEACTBEHHO U3 MeTajllla M BOIOPO.A:

Ca+H, %CaH2 (ruppun Kanbuus, T. 1. 1000°)
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Tadoauma 7.1

IIpumepsl coeMHeHMii BOIOPOA C TUNMYHBIMHU S- U P-3JIeMEHTAMH.
YKka3ana creneHb OKHCJIeHHS BOIOPOJA BO BCeX COeIMHEHNIX

ArperatHoe COCTOsIHUE
CreneHb
HasBanue dopmyna TIpU HOPMaJIbHbBIX
OKHCIICHUS
YCITOBHSAX
Tunpun nutus LiH -1 TB.
Tunpun 6eprms BeH, -1 TB.
MertaHn CH, +1 ra3
AMMMaK NH; +1 ra3
Bona H,0 +1 KUIKOCTh
DTOPUCTHIIT BOTOPO, HF +1 ras
Tuppun KanbLus CaH, -1 TB.
Tepman GeH, -1 ras
ApcuH AsH; -1 ra3
CeneHOBOIOPOI H,Se +1 ra3
BpomucThlii Bomopon HBr +1 ra3

Iugpuasr 6ypHO pearupymoT ¢ BoAoii ¢ oOpa3oBaHUEeM ra3oodpas-
HOTO BOAOpOJA:

-1 +1 0
CaH, + 2H,0 — Ca(OH), + 2H,
\/

e

DT0 ellle OAUH yIO00HbIN CITIOCO0 MOIYIeHMSI ra3000pa3HOro BOIO-
pona. McTOUHUKOM BOIOPOIHBLIX AaTOMOB SIBJISIIOTCS KaK TUAPUI Me-
Tajl1a, Tak ¥ Boga. [lostomy mis nmonydeHus 1 m® Bogoposa Heo6xo-
numo Beero 0,94 Kr ruapuaa Kaablys, B TO BpeMsl Kak s ITOJydeHus
TOTO e KOJIMYeCTBa raza JeiiCTBUEM METaJUIOB Ha KUCJIOThI TpeOyeT-
cs 2,5 Kr xkene3a wiu 2,9 Kr uMHKa.

CoeauHeHus1 BOJOPOIA C HEMETa/UIaMU B OOJIBLIMHCTBE SIBJISIIOTCS
razamu. MckmodyeHne cocraBisieT Boma. Takoe pe3Koe OTIMYMEe BOIBI
OT cocefeil 1o Tabnuie 7.1 0OBSICHSIETCS CYIIeCTBOBAHUEM MEXIY
MOJIEKYJIaMU BOJIbI OCOOOT0 BUIA XMMUYECKOM CBSI3U — BOJOPOIHOI.
006 3TOM 00JIee MOAPOOHO paccKa3bIBACTCsSI B CeAyIOIIeM Itaparpade.

M3 Bcex coeanHeHU BOIOPOAA OMHUM U3 BaXKHEUIIUX
SIBJISIETCS aMMMaK, KOTOPBIM ITOJIyJaloT peakiineil Bogopoaa
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a30TOM TIpY BBICOKOM TeMIlepaType, TaBJIcHUH U B IIPUCYTCTBUN
KaTajm3aropa:
500°30 MIla
3H,+ N, ———2-52NH,

Fe (karanu3zarop)

DTO OOMH M3 HEMHOTUX XMMHYECKUX MPOIIECCOB, MTO3BO-
JISIIOIIUX CBSI3bIBATh TOBOJBHO MHEPTHBIN aTMOC(EPHBIA a30T.
B manpHetinemM u3 6ojiee akTUBHOTO B XUMMUYECKOM OTHOIIICHUN
aMMHMaKa ToIyJ9aloT MHOXECTBO a30TCOAEPKAIINX COSANHE-
HUIA — a30THYIO KUCJIOTY, KpaCUTEIH, B3pbIBYAThIC BEIIECTBA,
a30THbIE Y10OpeHus.

BoccTaHoBUTeNIbHBIE CBOMCTBA BOJOPOJA MCIONb3YIOT IS
MMOJTYIeHUS YUCTBIX METAJUIOB M3 MX OKCUI0B. HampuMmep, mipu
HarpeBanuu okcuaa Meau CuO B ToKe Bomopoja oOpa3yercst
BOJIa 1 MOPOIIOK MEeTa/UIMYeCKO Meau (OMBIT «O» B KOHIIE

naparpada):
+2 0 0 +1
CuO+H, - Cu+H,0
BoccraHoBiieHHEe OKCHIOB METANIOB BOAOPOIOM OKAa3bIBa-
eTCsT YIOOHBIM M DKOHOMMWYHBIM CITOCOOOM TOJYYEHHUST He-
KOTOPBIX TYrOIJIABKUX MeTa/uioB. Hampumep, MeTaa BOJb-

¢dpaM, U3 KOTOPOTO MIeIal0T HUTHU JIaMITOYEeK HaKaJIMBaHUSI,
MOJTy4aroT ¢ TTOMOIIbIO PeaKLINU:

WO3 + 3H2 = W + 3H2O

B pesynsraTe 91Ol peakiy MeTaIMYecKrii BojbdpaM mo-
JIyJaeTcsl B BUJE TIOPOIIIKa, KOTOPBI 3aTeM MOXHO ITPEccOBaTh
B roToBble uzaenus. [locne cniekaHus Takue usneaus He Tpeoy-
10T JaJIbHEHIIIel 00pabOTKU. DTOT CIIOCOO MOIyUYEeHUSI METAJLIOB
U JieTajieil U3 HUX Ha3bIBaeTCS MOPOIIKOBON MeTaJUTyprueit.

BaxHO# sIBASIETCS TaKXe peaklus TOPEeHUs BOAOPO.IA.
MoXHO 0XuaaTh, YTO peaklKsl BOAOPOAa C TAKUM XOPOILIUM
OKUCJIUTENIEeM, KaK KUCIOPO/, ITPOTeKaeT ¢ OOJIbLIUM Bblaese-
HUEM 3Hepruu. DTo aeircTBUTesbHO Tak. [TpuBenem Konuye-
CTBO 9HEpruu, odpasyroencs: Ipu CKUraHuu 1 Kr pasIuyHbIX
TOIUJIMB, BKJIIOUYas BOAOPOI:

Bonopoxa: 110 000—130 000 xx
bensun: 45 000—43 000 xIIx
Vrone: 33 000 x/Ix

Hposa: 10 000 xIIx
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Takum o0Opa3oM, BOAOPOJ SIBSETCS UYPE3BbIYAHO TEIUIO-
TBOPHBIM XMMUUYECKUM TOILIMBOM. KpoMe TOoro, mpu CXXKUraHuu
BoJopoaa obpasyercsl TOAbKO BOJA, B TO BpEeMsl KaK Ipyrue
TOIUIMBA 3arpsI3HSIOT aTMOC(epy OKCUIaMM yIiiepoaa, a3oTa U
HECTOpeBIIMMHU OCTaTKaMU TOILIMBA.

Bonopon ucrnob3yeTcs B KauecTBe roprovYero B COBpeMeH-
HOI1 pakeTHOI TexHuke. CoOBpeMeHHbIE POCCUICKHE U aMepU-
KaHCKMe paKeTbl-HOCUTEIU CIIOCOOHBI BBIBOJUTH Ha OPOUTY
bosiee 100 T pa3NUYHBIX TPpYy30B Ojarogapsi BOJOPOIHO-
KUCJIOPOAHBIM ABUTraTesIM. B ux 6akax HaxomsTcs XUAKUA
KUCJIOPOJ U XUJIKUI BOJOPO.

Bbl yXe 3HaeTe, 4TO cMecu BOAOPOJA C KHUCJIOPOIOM Ha-
3BIBAIOTCSI TPEMYYUM Ta30M W B3PBIBAIOTCS OT MaJICUIIIen nC-
kpbl. [ToaTomy paboTta ¢ BOIOpPOAOM B KayecTBe TOIIMBA
TpeOyeT TaKux Mep MPeaOoCTOPOKHOCTU, KOTOPHhIe ObI MCKIIIO-
yajid BO3MOXHOCTb B3pbiBa. CoBpeMeHHasl TeXHUKa MO3BOJIS -
€T IOCTUYb BBICOKOTO YPOBHSI 0€30MTaCHOCTU, HO UCTOPUS
3HAeT Tpareauu, CBSI3aHHbIE CO B3pbIBAMHU BOAOPOJA.

B nepBoii mojaoBUHE MPOIIIOr0 BeKa B pa3HbIX CTpaHax
OBUIO TOCTPOEHO OOJIBIIIOE KOJUYECTBO JIETATEIbHBIX arlnapa-
TOB JIETY€ BO3ayXa — auprmxaoieit. JIupuxkadbin — 3To yIpas-
JISIEMBIE a3pOCTaThI C CUTapOOOPa3HOI 000IOYKON, HATTOJTHEH-
HOIi BogopoaoM. bojbiioili 00beM Bogopoa B 000J0UYKe
obecrneyrBaj BbICOKYIO IPY30MOABEMHOCTb 3TUX BO3MYIIHbBIX
kopaoOneit. KpymHeiiiue naccaxupckue aupuxkaoau 30-x ro-
0B XX BeKa MOTJM MEPEBO3UTH 0 CTa YEJIOBEK Ha OUYEHb
Oosiblre paccTosiHusl. Ha aTux JeTaTebHbIX anraparax ObLiv
KoMpopTabenbHble KalOThl, pECTOPAHBI, AyIIEBbIE, TPOTYI0Y-
Hble Nanyobl U T. 1. Takue nupukadiau coBepllaiy peryasipHbie
pericel 13 EBponibl B AMEpPUKY.

OnHako 00JIbII0E KOJMYECTBO SHEPTUU, BBIIESIONIEECS B
peakliMu BoIOpojia C KUCIOPOAOM, TauT B cebe OMacHOCTbD.
6 Mas 1937 roma KpynmHelIii B MUPEe NaCCaXKUPCKUIA TUPHU-
Kabab «[uHaeHOypr», npuaeteBnii u3 Ifepmanun B Hpro-
Hxepcu (CIIIA), B3opBajiC U PyXHYJ Ha 3eMJII0 OT UCKPHI,
MPOCKOYMBILIEH MEXIy MPpUYaIbHOMA MAaUTON U KOPITYCOM U~
puxabJisi. Bo MHOroM UMEHHO M3-3a 3TOi KaTacTpodbl CTPOU-
TEJIbCTBO MACCAXKUPCKUX NUPUKAOJIENH BCKOPE MPEKPATUIIOCH.

B Hacrosiiee BpeMsi BOIOpOA HE NMPUMEHSIOT IS HaIoJ-
HEHUS a3pOCTATOB M APYTUX JIETATEJIbHBIX amlaparoB JiErye
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Bo3ayxa. 1t 3THX 11eJ1eit MCIob3yIoT 00Jiee JOPOroif, HO 3aTO
0Oe30MacHBIN ra3 Tenil.

HNuTepner:

Ennnag xoytexuust mudpoBEIX 00pa3oBaTeIbHBIX pecyp-
COB:

http://school-collection.edu.ru — Konnekuuu — Ipexa-
METHBIe KOJIeKIuu. XumMusa — Heopranmdyeckass XuMus.
BuneoonsiTel — ...

a) ... » Bomopon. Kucinorsr — Bogopon u ero cBoiictea —
3. TopeHue Bogopona.

0) ... » Bonopon. Kucinotsel — Bonopoa u ero cBoiictBa —
2. BocctaHoBneHue Meau BogopoaoM u3 okcuaa meau (I1).

B) ... > Bogopon. Kucnorsl — Bonopon u ero cBoiictBa —
1. B3pbIB rpemyyero rasa.

r) ... > Bomopoa. Kucnorst — Bogopon u ero cBoiictBa —
7. IlpuroToBiieHUE U B3pbIB I'PeMyyeii cMecH.

3axaumn

7.6. Tpebyercs nmoayunts 159 r meau us3 okcuaa Mmeau CuO.
CKOJIbKO TPaMMOB BOJbI HEOOXOIMMO Pa3jI0oXHUTh JIEKTPO-
JIN30M, YTOOBI MTOJYYUTh BOJOPOI AJIsl TPOBEAEHUS 3TOTO Tpe-
BpalleHus?

7.7. BonbdpaM — penakuii 1 1oporoii MeTal, UCMoJib3ye-
MBI TIPYU M3TOTOBJICHUM HUTEH IJIS JaMITIOYeK HaKaJMBaHUSI.
Bricokue TpeboBaHMSI K YMCTOTE BOIb(ppaMa 3acTaBIsSIOT I10-
JIly4aTh €ro BOCCTaHOBJIeHeM oKcuaa WO; TaKUM OTHOCUTEIb-
HO JOPOTMM BOCCTaHOBHUTEEM, KaK Bogopon. Ecinu moayyarth
BOJOPOJ peaklueit xeye3a ¢ cepHoit kucinoroit Fe + H,SO, =
= H, + FeSO,4, To cKoabKO MoTpedyeTcsl Xkejie3a U CEpHOM
KUCJIOTHI 1151 nojydyeHus 100 kr Bojbhpama?

7.8* (HI'Y). Hanuiuvre popMysibl BceX U3BECTHBIX BaM COSIMHEHMIA
BOJIOPOJA C 3JeMeHTaMM 2-ro nepuona. Haliaure cpeau Hux Te, KO-
TOPbIE PEArPYIOT MEXIY COOOI, M HANUILUUTE YyPAaBHEHUS PEAKLIMA.

7.9*%. C moMoliIbio KAKUX XUMUYECKUX PEAKIIMil MOXKHO MOJYYUTh
ammuak NH; uz merana CH,? Hanuuiure cxemy npeBpaiieHus u
paccuMTaiiTe, CKOJIbKO MOJIeit aMMHUaKa MOXHO TEOPETUUECKH MOJy-
4YuTh U3 1 MoJI MeTaHa.
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§ 7.4. Bona. Boxoponnas cBs3b

Hu onna n3 nnanetr CotHEYHOI CUCTEMBI HE COAEePKUT Ha
CBOE TTOBEPXHOCTH TaKOTO OOJIBIIIOTO KOJIMYECTBA BOMIBI, KaK
Haia 3emJisi. Mopsl M oKeaHbl, CpeIHsIs ryOruHa KOTOPbIX
0Ko0J10 6 KM, mokpbIBatoT 71 % noBepxHoctr 3emian. OrpoMHOe
KOJIMYECTBO BOJbI B BUJE CHETa U JIbIa COCPENOTOUYEHO B MPH-
MOJISIPHBIX paloHax.

DTOT yauBUTENbHBIN (haKT MOKa He HallleJl OAHO3HAYHOTO
00bsiIcHeHUsI. be3ycioBHO, BoJia UTPaeT OrPOMHYIO POJib B BO3-
HUKHOBEHHMU U CYIIECTBOBAHUM XKM3HU Ha Halllei raHere. Bo
MHOI'OM 3TO CB$SI3aHO CO CBOMCTBaMHU, KOTOPBIX HET y €€ OJIu-
xaimux coceneii u aHanoros (H,S, H,Se u . 1. — cm. Tabn 7.1
B npeabiayiieM maparpade). [Ipexmae Bcero Hy>KHO pa3o0opaTh-
csl, TOYeMy BOJa MOXET HaXOAUTHCS B XXKMUIKOM M JaXe B
TBEPAOM COCTOSIHUM (JIe[) B YCIOBMSIX, B KOTOPBIX IMOXOXHE
COeIMHEeHUsT BOIOPOoa C 0ojiee TSDKeJIbIMU 2JIEeMEHTaMHU (Cepoit,
CEJICHOM U T.7.) ra3000pa3HHI.

Mosekyna BoAbl UMEET CIEAYIOLIEE CTPOCHUE:

HEMOACJICHHDLIC MTapbl 3JICKTPOHOB

0]
AN
H 105 H

[Be noaesieHHbIE 2JIEKTPOHHbBIE Maphbl YYacTBYIOT B 00pa3o-
BaHUU JIBYX MOJISIPHBIX KOBAJIEHTHBIX CBSI3€H, a OCTaBILIMECS ABE
HenodeneHHble TIAPHI BJICKTPOHOB TOXE UTPAIOT BaXKHYIO POJIb B
cBoricTBax Bojbl. Bece 3amecTuTenn y aroma K1ucaopoa, BKIoJast
HEeMoJeJIeHHbIC Mapbl, CTPEMSITCSI PACTIOJOXUTBCS KaK MOXHO
JaJiblile ApyT oT apyra (BcrioMHute § 3.6). DTo NpUBOIUT K TOMY,
YTO MoOJieKyja mpuobdpeTraeT (hopMy MCKaKeHHOTO TeTpasapa C
aTOMOM KHCJIOpoJa B LieHTpe. B 4eThipex BepllMHaX 3TOrO «Te-
Tpasapa» HaXOIITCS ABa aToMa BOAOPONAA U ABE HEIOIEIeHHbIE
napbl 3J1eKTpoHOB. Ho eciiu cMOTpeTh TOJIBKO IO LIEHTpaM aTo-
MOB, TO TIOJIy4aeTCsl, YTO MOJIEKYJIa BOAbI UMEET YIJIOBOE CTPOE-
Hue, npudeMm yron H—O—H cocrasasier npumepHo 105°.

Kak Mbl MOMHMM M3 TJIaBBl 3, B MOJIEKYJIE BOIBI HA aTOMeE
BOAOPOOA CYLIECTBYET 3aMETHBIN YACTUYHBIN ITOJIOXUTEIbHBIN
3apsifl. DTOT 3apsifl C OAHOM CTOPOHBI U HETOAEICHHbIE 3JIeK-
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TPOHHbIE MAapbl Ha aTOME KMCJIOPOJa C APYroil CrocoOCTBYIOT
BO3HUKHOBEHUIO BONOPOJIHBIX CBA3€i. [{JIs1 BOBHUKHOBEHUS
BOJIOPOJIHBIX CBSA3€M BaXKHO, YTOOBI B MOJIEKYJIaX BellleCTBa
ObUIM aTOMbI BOAOPOJA, CBI3aHHbIE C HEOOIBIIUMHU, HO 3JIEK-
TpooTpulaTeIbHbIMU aToMamMu, Hanpumep: O, N, F. Ot1o
CO3[1a€T 3aMETHBIN YAaCTUYHBIN MOJIOXXUTEIbHBINA 3aps] Ha
aroMax Bogopoja. C Apyroii CTOpoHbI, BaXKHO, UTOOHI y 3/1€K-
TPOOTPUILIATEIbHBIX ATOMOB OB HETTOAEJIEHHBIE SJIEKTPOHHbBIE
napsl. Korma o6e1HeHHBIN 2/1eKTpOHAMU aTOM BOIOPOIa OTHOM
MOJIEKYJIbl (aKIEeNITOp) B3aUMOAEHCTBYET C HEIMOJeIeHHOMI
3JIEKTpOHHOM Mapoii Ha atome N, O wiu F apyroit MoJieKyibl
(10HOP), TO BO3HUKAET CBS3b, MOXOXKasl Ha TOJSIPHYIO KOBa-
JieHTHy10 (puc. 7.1).

Y4uThiBasi 3aMeTHYIO pa3HUIly 3apsiioB Ha atoMax H u O
COCETHUX MOJIEKYJI, TOTOJHUTEIbHYIO MPOYHOCTh 3TOU MEX-
MOJIEKYJISIPHOM CBSI3U MpPUIAET NMPUTSKEHUE PA3HOUMEHHBIX

Puc. 7.1. Cxema o6pa3oBaHUsI BOAOPOIHBIX CBSI3€H MEXIy MOJEKyJIaMu

BOIBI (@, BOXOPOMHBIE CBS3U IMOKa3aHbl MYHKTUPOM); 00BeMHAasi MOJIEINb,

TTOKa3bIBaloIIas PaCTIONIOXKEHNE MOJIEKYJT BOMIBI, CBSI3aHHBIX BOIOPOIHBIMKI
CBSI3SIMU B TBEPIOM COCTOSTHUM (6)
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3apsiaoB. BogopoaHbie CBI3U XapaKTePHBI 11 TAKUX BEILIECTB,
kak Boga H,O, ammuak NH;, droposonopon HE
5+ o8- 5+ o- 5+ o8-

H—F---H—F-=--H-F--

B BogHbIX pacTBopax ammuaka Wi HF 3T Mosekyibl 06-
pa3yloT BOAOPOIHBIE CBSI3M HE TOJBKO MEXIY CO0Oil, HO U C
MOJIeKy/IaMu Boabl. biaromapst BOTOpOIHBIM CBSI3SIM aMMUAK
NH; numMmeet haHTaCTUYECKYIO PACTBOPUMOCTD: B 1 J1 BOJI MOXET
pactBopsaThes 750 1 razoo6pa3Horo ammuaka! I1lpu KomHaTHO
teMmepatype unctoie NH; (tTemneparypa kunenus —33°) u HF
(TemniepaTtype kuneHus: 19,5°) ra3o00pa3Hbl, HO JIETKO Iepe-
XOIST B XKWUIKOE COCTOSTHUE MPU TMOBBIIIEHUU TaBACHUS WK
oxJlaxnaeHuu. B To ke BpeMs TeMmIlepaTypbl KUMNEHUS UX OJIM-
Kanmux aHasmoroB PH; (=87°) u HCI (—85°) HaMHOro Huke.

B opraHuyeckux BelllecTBaX BCTPEUYarOTCSI TaKXKe 6HYmMpU-
MoseKyAspHble BONOPOIHbBIE CBSI3U, CUJIBHO BIAUSIONINE HA MTPO-
CTPaHCTBEHHYIO (POPMY ITHX MOJIEKYII.

DHeprusi CBSI3U BogopoaHoM cBsizu H----O B nuMepe Boabl
(H,0), cocraBnser 21,5 x/Ixx/Monb, a ee mnHa 2,04 A. Takum
0o0pa3oM, 3TU CBsI3U OoJiee JIMHHbIE 1 TTpuMepHO B 10—20 pa3
MeHee TIPOYHbBIC, YeM OOBIYHBIC KOBAJICHTHBIE, HO MMEHHO OHU
3aCTaBJISIIOT BOAY OBITh XUIKOCTHIO UJIU JILIOM (a He Ta30M) B
OOBIYHBIX YCIOBUSIX. BogopoaHbie CBSI3U pa3pyllialoTcs TOIbKO
TOrma, KOraa >XKuakasi Boaa mepexoauT B Iap.

IIpu Temneparypax Boille 0 °C (HO HUXE TeMIlepaTyphl
KUTICHUST) BOJIA YK€ He UMeeT TaKylo YITOPSIIOYEeHHYIO MEKMO-
JIEKYJISIPHYIO CTPYKTYpY, KaK IoKa3aHO Ha pucyHKax 7.1, a u 0.
ITosTOoMy B XXMIKOU BOJE MOJEKYJIbI CBSI3aHbI MEXIY COOOI
JIMIIb B OTAEJbHbBIE arperatbl U3 HECKOJIbKUX MOJEKYI. DTU
arperatbl MOI'YT CBOOOIHO IBUIAaThCS PSIAOM JIPYT C IPYTOM,
00pa3ys MOIBUXKHYIO XUAKOCTb. HO Ipu MOHMKEHUN TeMIle-
paTypsl yHOPSIIOYEHHOCTh CTAHOBUTCS BCe OOJIBIIIE U OOJIBIIIE,
a arperaTbl — Bce KpymnHee. Hakonell, oopasyeTcs jen, KOTo-
PEIf UMeET MPUMEPHO TaKyIO YITOPSAIOYeHHYIO CTPYKTYpY, Kak
Ha puc. 7.1, 6 n 3.15 u3 naparpada 3.8.

KcraTtu, Ha 9TUX pUCYHKaX XOPOIIO BUAHO, YTO B KpUCTAJI-
JIe JIbJa MEeXIYy MOJIEKYJIaMU OCTAaIOTCS MyCcTOThl. O0BbEM ITUX
MYCTOT YyTh OOJIbllle, YeM pa3Mep OTAeIbHOM MoJiekysibl H,0.
IToaToMy Jien MMeeT MEeHbIIIYIO TUIOTHOCTD, YeM XUAKasl Boja,
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U TIJIaBaeT Ha MOBEPXHOCTU. BONBIIMHCTBO e IPYrUX BelleCTB
MpY 3aMep3aHUM YBEJIMYMBAET CBOIO IIOTHOCTb.

Takum oOpa3oM, BOOOPOAHBIE CBSI3W NPUAAIOT BOIE €llie
OIHO YHUKAJIbHOE CBOMCTBO, 0€3 KOTOPOTO BPSII JIM MOIJIa ObI
CyILIECTBOBATh Pa3HOOOpa3Hasl XU3Hb B TeX pailoHax 3emiiu,
rae TeMnepatypa 3suMoit moHumxkaercst Huxe 0 °C. Ecnu Obl sien
TOHYJ B BOJIe, TO 3UMOIi BCE BOJOEMbI MpoMep3aiv Obl 10 ca-
Moro gHa. TpyaHO 0XuaaTh, 4YTO PhIObI COIJIACUIUCH Obl KUTh
B TaKuX ycjaoBuUsX. YeqoBek MOr Obl pacTariuBaTh Jied, Tpe-
Bpalliasi €ro B BOAY JJIsI CBOMX HYXI, HO 3TO ITOTpeOoBajio Obl
OTPOMHBIX 3aTpaT JNOMOJHUTEJIbHOW SHEPTUU.

Elile o1HO KpacrBoe MposiBJieHE BOJOPOIHbIX CBsI3el — rofyooi
LIBET YUCTOM BoOmIbI B ee Toje. Korma omHa Mosekysia Boabl KoJieo-
JIETCSI, OHa 3aCTaBJIsIET KOJIeOaThCsl U CBSI3aHHbIE C HEll BOMOPOAHBIMU
CBA3SIMU Ipyrue Mojiekyibl. Ha Bo30OyxkneHue 3Tux KojiebaHUi pac-
XOMIYIOTCSI KpacHbIE JIydU COJTHEYHOTO CIeKTpa, Kak HamboJjee Mmoji-
XolsiuMe Mo sHepruu. Takum oOpa3oM, U3 COJTHEYHOTO CIeKTpa
«OTOUIBTPOBBIBAIOTCS» KPaCHBIE JIyYM — MX SHEPTHUs IMOTJIOIIAETCS U
pacceuBaeTcsl KOJIEOMIOMMUCS MOJIEKYIaMU BOIIbI B BUJIE TETUIA.

B GenioM coHeYHOM CBeTe pasiMdHbIe 1[BeTa Kak Obl ypaBHOBe-
IIUABAIOT ApYr Apyra. [103TOMy COMHEYHBIN CBET KaXeTcs Iiasy «oe-
JIBIM» — JIMIIEHHBIM 1BeTa. Eciu «oThuabTpoBaTh» Jy4d OJIHOTO
y4yacTKa CIeKTpa, TO HauMHaeT MPOCTYIaTh IPyroil — B TaHHOM CITy-
yae roryooii yyacTok criektpa. OH M OKpalllMBaeT BOAY B KpPaCUBBIi
rosry6oii uBeT. Ho mist aToro tpedyercs, 9T00bI COJTHEUHBIN JIyd IIPO-
1IeJ1 He MEHee YeM uepes3 ABYXMETPOBYIO TOJIIILY YMCTOM BOJbI U «I1O-
TePsUT» JOCTATOYHO MHOTO KPAaCHBIX JIy4eil.

800 HM 560 HM

400 M

[ToHATH MeXaHW3M BOCIIPUSITHUS IBETa HAIIMMU TJIa3aMU MOXET
TTOMOYb «KPYT LIBETOB», UCTIOJb3yeMbIii XYTOXKHUKAMU 1 TTOKAa3aHHBII
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Ha pucyHkKe. lIBeta B HeM pacIIoJIOKeHHBI B ClIeAyIolIeM Iopsiake (1o
YaCcOBOM CTpEJIKe): KPaCHBIN, OpaHXKEBBIi1, XXEIThI, 3eJICHbII, CHHUI,
¢uroneroBsiil. LIBeT, BOZHMKaIOIIMI TIPY MOTJIOLIEHUN KAaKOTO-T100
1BeTa U3 6eJoro, Ha3bIBalOT AOMOJHUTENbHBIM. B «Kpyre 1BeToB»
JIOTIOJITHATEJIbHBIMU 10 OTHOIIEHUIO IPYT K APYTY SIBJISIIOTCSI, HATIPU-
Mep, KpacHBIi U 3elieHblil. Mau opaHKeBBIM U CMHUI, TO €CTh T€
L[BETA, KOTOPbIE HAXOAATCI B CEKTOpAax HANpOTUB IPYT Apyra.

IMornoutaercst TIIPUMEPHO 3Ta 00JacTh CIICKTpa

¢

620 HM

400 M 580 M

430 M 560 M

? 490 Hm

«[IpocTynaer» 3Ta 06JaCTh CIIEKTpa

OOBIYHO YeT0BEUYECKUI IJ1a3 BOCIIPUHUMAET CBET C JUIMHOM BOJHbBI
ot 800 HM (TrypmypHO-KpacHsIit) 10 400 HM (TeMHO-(HOJIETOBBI) —
MOCMOTpUTe pUCYHOK 2.11 u3 maparpada 2.7. «Kpyr 11BeToB» qocTa-
TOYHO YCJIOBEH, TaK KaK CTPOTON rpaHUIlbl Mexay 1Betramu HeT. Cy-
IIECTBYET MHOXECTBO OTTEHKOB, Y MOPON TPYIHO OMNMpPENeuTh, IIe
3aKaHYMBAETCsI, HAITPUMep, XKEeJThIN 1LIBET U HaYMHaeTcs 3ejieHbiit. Ho
YCJIOBHO 3T TPaHUIIBI MOXXHO TTPOBECTU MTPUMEPHO TaK, KaK IoKa3a-
HO Ha pUCYHKe Bbiliie. [ToaToMy eciiu Kakoe-HUOYIb BeleCTBO (B
HallleM cJydae — BOJIa) TIOTJIOIIAeT U3 COJTHEYHOTO CITIeKTpa KpacHbIe
JIy4H, TO MOTOK CBETa, MPOLIEALINI Yepe3 3TO BEIEeCTBO (MU OTpa-
JKEHHBIN OT €ro MOBEePXHOCTH), 000TAIAETCsl JOTIOJTHUTETbHBIM 11BE-
TOM — royonsiM. Paszymeercsi, njisi 3Toro HeoO6XoauMo, 4ToObl Boaa
ObLJIa YMCTOI U HEe colepKasia BEeIeCTB, MOTJIOIAIOIINX JYIU U3 ApYy-
I'MX Y9aCTKOB crieKTpa. OueHb 3arpsi3HeHHas1 BoJa TOTrJIoaeT Mmpak-
TUYECKU BECh BUTUMBIA CBET U BBINJISIAUT YEPHOM.
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HnTepuer:

PacTBOopeHre aMmmuaka B Boje:
www.youtube.com/watch?v = TSmlIcDa6lEI

§ 7.5. Xumn4eckue CBOMCTBA BOJbI

[aBaiiTe BCIOMHUM BCE YK€ U3BECTHbIE HaM peaklMu, B
KOTOpPBIX YYacTByeT Boza. 151 5Toro BHOBb HaluIlEM ypaBHe-
HUSI BCTPEYABILIMXCSI paHee peaklUil U CUCTEMaTU3UPYEM HX.
Oka3sbIBaeTcsl, Boga — BechMa aKTMBHOE B XMMUYECKOM OT-
HOIIICHUHU BEIIECTBO.

1) Bona pearupyeT ¢ HEKOTOPbIMU MemMAaiiamu U Hememan-
Aamu ¢ BbIIEJIEHUEM BOJOPOAA:

2Na + 2H,0 = H, + 2NaOH (6ypHo)
2K + 2H,0 = H, + 2KOH (6ypHo)
3Fe + 4H,0 = 4H, + Fe;0, (ToibKO MpU HarpeBaHWM)

He Bce, a ToJIbKO AOCTaTOYHO AKTUBHbBIE METAJJIbI MOTYT
Y4acTBOBAaTh B OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKLIMSIX
sroro tuna. HaunboJiee 1erko pearupyror 1iejJoYHbIe U 111eJ10Y-
Ho3emenbHble MeTalibl [ u I1 rpymm.

W3 nHememannos v ux coeNMHEHUN C BbIACICHUEM BOJOpOAA
C BOJIOM pearupyloT, HalpuMep, yriaepoa U €ro BOAOPOIHOE
coenvHeHue (MeTaH). DT BellleCcTBa ropa3ao MeHee aKTUBHBI,
4YeM MeTaJlJIbl, HO BCE XK€ CIIOCOOHBI pearupoBaTh C BOIOW Mpu
BBICOKOI TeMIepaType:

C + H,0 = H, + CO (ripy cuIbHOM HarpeBaHUM)
CH, + 2H,0 = 4H, + CO, (mpu cWJIbHOM HarpeBaHUM)
2) Bona pasnaraercs Ha BOIOPO/ U KUCIOPO IPU JAEUCTBUU
3JIEKTPUYECKOTO TOKA. DTO TaKXKe OKUCIUTEIbHO-BOCCTAHO-

BUTCJIIbHAA p€aKLMd, Ia€ Boda ABJIACTCA OJHOBPEMCHHO N
OKUCIIUTCIIEM, 1 BOCCTAHOBUTCJIEM:

+1 =2 0

0
2H,0 —>2H,+0,
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3) Boma pearupyeT co MHOTUMU OKCUOAMU HEMEMAAN08.
B otnnune ot mpeablayInX, 3T peaKui He OKUCIUTEIbHO-
BOCCTAaHOBUTEJIbHBIE, a PEAKIIMA COSAMHEHUSI:
SOZ + H20 = sto:;

CEpHUCTasA KMCJIOTa

SO3 + Hzo = HQSO4

CEepHas KucJjioTa

C02 + H20 = H2CO3
yroJjibHas Kucjiora
4) HekoTopble okxcudbl Memannog Takxke MOTYT BCTYIaTh B
peakuny coeMHEeHUs ¢ Bomoii. [IpmMephl TaKMX peakiinii Mb
yXe BCTpevasu:

CaO0 + H,0 = Ca(OH),

TUAPOKCHUI KaJlbLUsI
(ramieHast U3BeCTb)

He Bce oKCcHIOBI METAIIIIOB CITOCOOHBI pearnpoBaTh C BOHOIA.
YacTp U3 HUX MPaKTUUYECKM HEpacTBOPYMA B BOIE U MTOSTOMY
¢ BOIOIT He pearnpyeT. MBI yxKe BCTpedaauch ¢ TAKUMH OKCH-
namu. 9to ZnO, TiO,, Cr,O;, U3 KOTOPBIX MPUTOTOBJISIOT,
HaIpuMep, CTOMKME K Boae KpacKu. OKCHIBI XXejie3a TaKxKe
HEepacTBOPUMBEI B BOIIe ¥ HE pearupyroT ¢ Heil.

5) Bona o6pa3yeT MHOTOYMC/IEHHbIE COEAMHEHUSI, B KOTOPBIX
€€ MOJIEKyJIa TTIOJTHOCTBIO COXpaHsIeTcs. DTO TaK Ha3bIBaeMbIe
eudpamsi. Ecu Tuapat KpUCcTaJJIMueCKUid, TO OH Ha3bIBAETCS
Kpucmannoeudpamom. Hampumep:

CuSO, + 5H,0 = CuSO, : 5H,0 (xpucramioruapar)

BCIIECTBO 6eJIoro 1BeTa CUHHUE KPUCTAJLIBI
(6e3BOHBIN CynbdhaT Mean) (MeHbIi Kyropoc)

ITpuBenem apyrue npumepbl 00pa3oBaHUs TMAPATOB:
H,SO, + H,0 = H,SO, - H,O (rugpat cepHOil KUCIOTHI)
NaOH + H,0 = NaOH - H,O (ruapat enkoro Hatpa)

CoenuHeHus, CBA3bIBAIOIIME BOAY B TMApaThl U KpUCTaJ-
JIOTUAPATHI, UCTIOJB3YIOT B KayecTBe ocyiuuteneit. C ux mo-
MOIIbIO, HAPUMED, YAAISIIOT BOASIHBIE Mapbl U3 BJIAXHOTO
atMocdepHoro Bo3ayxa. [Ipu HarpeBaHUU KPUCTALIOTUAPAThI
TEPsIIOT BoAy (ITOCMOTPUTE OIBIT B KOHILIE nmaparpada).

Takum o0pa3oM, IIOYTU BCe BaKHEMIIINE XUMUYECKHE peaK-
LIMK BOABI YK€ BCTpeuyaauch HaM B MPeIbIAyIINX Maparpadax.
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HnTepuer:

EnuHas komnexius uugpoBbIX 00pa30BaTeIbHBIX PECYPCOB:

http://school-collection.edu.ru — Komnekuuu — Ilpen-
METHbIe KOoJUIeKuuUu. XumMusas — Heopranudyeckasi XuMus.
Buneoonsithl — ...

... = PactBopsl. Boga. OcHoBanusi. Conu — Kpucraiioru-
apatel — 1. OOpa3oBaHue U pa3pylleHue KPUCTALIOTUIPATOB.

3agaun

7.10. CKOJIBKO rpaMMOB BOIBI ITOTPeOyeTCs IS TTpeBpaIeHIS
Bcero okcuma cepsl (VI), momydeHHOTO U3 64 T cephl, B CEpHYIO
KUCcToTy? CKOJIBKO TIPpY 3TOM TTOJIYUUTCSI CEPHOM KUCIOTHI?

7.11. HanumuTe ypaBHEHUSI peakKlMid CIAEAYIOIIMX Mpe-
BpauieHuii: Ca —» CaH, —» Ca(OH),.

7.12. be3Boansbiii xnopun kanpiius CaCl, B konudyecTse
11,1 T pacTBopuiM B Bozae. 3aTeM pacTBOp yIapuid, a BhIIe-
JIMBIIYECS KPUCTAJIbI BBICYIIWIA Ha Bosayxe. Mx Macca co-
craBuia 18,3 . Hanuiuute gopmysy o6pasoBaBiIerocst Kpu-
cTajutoruapara.

7.13* (HT'Y). Onpenennte 9mciao MOJIEKYI KPUCTAIIN3AIMOHHOMN
BOJbI B KpUcTa/uioruapate cyibdara anoMuHus Al,(SO,); - nH,0,
eciu B 6,66 T aToro coeauHeHus conepxurcd 1,806 - 10> atomos
KHUCJI0poJa.

§ 7.6. PactBopbl. Kak mponcxoaur pacTBopeHue.
HachblmenHbie pacTBOpbI

Ecau B cocyn ¢ Bogoil mOMeCTUTh KpUCTAUIbl MOBAPEHHOM
COJIM, caxapa Wi IIepMaHraHaTa Kaaus (MapraHliOBKH), TO MbI
MOXeM HabIoaaTh, KaK KOJIUYECTBO TBEPAOTO BEIIECTBA ITO-
CcTerneHHo yMmeHblIaercs. [Ipu 3ToM Boja, B KOTOPYIO ObLIU
JIo0aBIeHbl KPUCTAJUIbI, IIPUOOpPETaeT HOBLIE CBOICTBA: y Hee
MOSIBJISIETCS COJIEHBIN WM ClaJKUii BKyC (B ciydyae MapraH-
LIOBKM TIOSIBJISIETCS] MaJMHOBAsI OKpacka), M3MEHSIETCS TLIOT-
HOCTb, TeMIIepaTypa 3aMep3aHus U T. 1. [TojlydeHHbIe XKUIKO-
CTHU YK€ HeJib3s1 Ha3BaTh BOJOM, Jaxe eCju OHU HEOTIUYMMbI
OT BOJIbI 110 BHEIIIHEMY BUIY (KaK B CIy4ae C COJIbIO M CaXapoM).
D10 — pacmeopul.
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PacTtBOpBI HE OTCTAaMBAIOTCS M COXPAHSIIOTCSI BCE BpeMs
onHopoaHbIMU. Eciu pacTBop nmpoduabTpoBaTh Yepe3 caMblii
TUTOTHBIN (PUIIBTP, TO HU COJIb, HU caxap, HU MapraHIIOBOKMC-
JIBIA KaJIMi He yaaeTcsl OTIeIUTh OoT Bombl. ClemoBaTebHO,
5TH BeIlleCTBa B BOJE pa3mpoOJIeHBI O HanOOJIee MEJIKHUX Ya-
CTUI — MOJIEKYJI WJIN WOHOB.

Pacmeopamu nasviearomca zomozennote (m.e. 00Hopoonbvle)
cMecu nepemeHnHo20 cocmaea u3 08yx uau 6oqee eewecms. Hau-
Ooaee pacnpocmpanennoe azpezamuoe cOCMOSAHUE PACMEOPOE —
acuoxoe.

Ilon nepemennvim cocmaeom pacTBopa MOHMMAIOT TO IIPOCTOE
00CTOSITENILCTBO, YTO COOTHOLIIEHUE CMEIIAHHBIX IPYT C APYrOM
BEIIECTB MOXET HEMPEPbIBHO U3MEHSIThCS B OTpeaesIeHHbIX
npenenax. Harpumep, pacTBop ol MOXKHO pa30aB/siTh YUCTON
BOAOI WJIM, HA0OOPOT, YIapyBaTh, HO MOJYYEHHbIE MIPU 3TOM
KMAKOCTHU B JIIOOOM citydae OyayT Ha3bIBaThCsl paCTBOPaMM COJIM.
IIpuBeneHHOE BBIILIE OIIpeIeIeHNE He OXBATHIBAET BCEX CBOMCTB
pPacTBOPOB, NMO3TOMY B KOHLIE naparpada Mbl €r0 yTOUHUM.

JI106oii pacTBOp COCTOUT U3 pacmeopumens U pacTBOPEH-
HOTO BelEeCTBa.

U3 08yx uau HeckoabKux KOMHOHEHNO8 PACMEOpa pacmeopu-
meaem A8AAeMCs MOm, KOMopblil 6351m 6 boabuem Koauvecmee u
uMmeem mo e azpezanmuoe COCMosHue, Ymo u pacmeop 6 ueaom.

He Bcerma o0si3aTeIbHO BOJA SIBIISIETCSI PACTBOPUTENIEM —
CYILECTBYIOT U HEBOAHBIE PacTBOPHI. OMHAKO KOTIA peub MIET
0 600HbIX PACTBOPAX, BOAY CUMUTAIOT PACTBOPHUTEIEM U B TEX
ciay4asix, Korga ee MeHblue. Hanpumep, rosopar o 96%-Hom
pacTBOpe STUIIOBOIO CITUPTa B BOJE, a HEe 0 4%-HOM pacTBOpe
BOJIBI B CITHPTE.

CylIecTBYIOT pacTBOPHI HE TOJIBKO XUIKKE, HO U TBepAble. B TBep-
JIBIX PacTBOpax YacTUIIBI OJHOTO BEIIeCTBa XaOTUYHO pacrpeneecHbl
Cpelu YacTUll KaKOro-HMOYIb APYTroro, HO 00s3aTeJbHO TBEPAOTO
BelecTBa. Hanpumep, BOIOpOA OXOTHO PacTBOPSIETCSI B HEKOTOPbBIX
MeTajulax (IUIaTUHE, Majulaiuu), U 3TO IpUMep TBEPIOro pacTBopa.
CwmecH ra3oB (Hampumep, BO3IyX) He Ha3bIBalOT pacTBopamu. Jeso B
TOM, YTO BaXKHBIM CBOMCTBOM PacTBOPOB SIBJISIETCST 3aMETHOE B3aMO-
NEACTBUE MEXIY YaCTULIAMU PACTBOPUTEISI U PACTBOPEHHBIX BEIIECTB,
a B Ta3zax TaKoe B3aMMOJIEHCTBUE MTPAKTUIECKHU OTCYTCTBYET.
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HaBaiiTe pazdepeMcsl B TOM, KaK IPOUCXOIUT PACTBOPEHUE
BenlecTB. s 3TOro noHadao1aeM, Kak pacTBopsieTcs 100aB-
JICHHBI B 4aii caxap. Eciu 4aii XoJIOOHBINM, TO caxap pacTBO-
psieTcs MeajieHHo. Hao0opoT, ecinu yait ropssunii U pa3Melim-
BaeTCS JIOXKEUYKOI, TO PaCTBOPEHUE IIPOMUCXOAUT OBICTPO.

Ilonagast B Bogay, MOJIEKYJIbl caxapa, HaxoAsII1ecs: Ha Mo-
BEPXHOCTU KPUCTAJLJIOB CaXapHOTO MeckKa, 00pa3yloT ¢ MOJIEKY-
JIaM1 BOJIbI MEXXMOJIEKYJISIpPHBIE (BOAOPOAHBIE) CBsI3U. [1pu aTOM
C OIHO¥ MOJIEKYJIOM caxapa CBS3bIBACTCS HECKOJIbKO MOJIEKYJI
Bozbl. TerioBoe ABMKEHME MOJIEKYJT BOIBI 3aCTABJISICT CBSI3aH-
HblE ¢ HUMU MOJIEKYJIbl caxapa OTpbIBaThCd OT KpucTaia 1
MEPEXOIUTh B TOJILY MOJIEKYJ pacTBoputens (puc. 7.2).

Mouekyiibl caxapa, nepeleaiiie u3 Kpucrajjia B pacTBOp,
MOTYT MepeaBUTaThCsl MO BCEMY 00beMYy pacTBOpa BMECTE C
MOJIEKYJaMU BOJIbI Oiarogapsi TEIJIOBOMY JABUXKEHMIO. DTO
SIBJIeHUE Ha3biBaeTcd duggysueii (IOCMOTPUTE OIIBIT «B» B
KoHi1Ie maparpada). Auddysus mporcxoaut MeaIeHHO, II03TO-
MY OKOJIO TIOBEPXHOCTU KPUCTAJIOB HAXOAUTCSI U30BITOK YXKe
OTOPBaHHBIX OT KpMUCTajlla, HO ellle He TUdYHIUPOBABIIUX
B PacTBOP MOJIEKYJI caxapa.

OHM MelIaloT HOBBIM MOJIEKYJ1aM BOJbI MOJONTH K MOBEPX-
HOCTU KPUCTaJJia, YTOOBI CBSI3aThCS C €r0 MOJIEKYJIaMU BOIO-
PONHBIMU WJIM IPYTUMM MEXMOICKYJISIPHBIMU CBIA3IMU. Ecimn
pacTBOp NepeMellInBaTh, To AM(@y3us MPOUCXOIUT UHTEHCUB-
Hee U pacTBOpeHHUe caxapa uaeT ObicTpee. MoJeKysbl caxapa
pacnpeaensitoTcsi pABHOMEPHO, U PACTBOP CTAHOBMUTCS OJMHA-
KOBO CJIaJIKMM I10 BCEMY OOBEMY.

Puc. 7.2. Monexynbl caxapa (0esible Kpyoy-
KW), HaxXoAsIIuecs Ha TTIOBEPXHOCTU KpU-
CTajljla caxapa, OKpY>XeHbl MOJIEKYJIaMU BOJIbI
(TeMHbIe KPYXO4YkKH). Mexay MosieKyJTaMu

caxapa M BOIIbI BOBHUKAIOT MEXMOJIEKYIISIPHBIE w

CBsI3U, OJ1arogapsi KOTOPbIM MOJIEKYJTBI caxapa e o
OTPBIBAIOTCS OT MIOBEPXHOCTH KpUCTaLia. Mo- ¢4
JIEKYJIBI BOJBI, HE CBSI3aHHBIE C MOJIEKYJIAMU

caxapa, Ha PUCYHKE He TTOKa3aHbI v
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PactBopeHue BelecTB MOXKHO CPaBHUTh C MepeTaCKMBaHUEM
Mebenu. [IpencraBbTe, 4TO Ha BpeMs pEMOHTA IIKOJIbHbBIE CTOJIbI
(W11 MapThl) COCTABWIM B CIIOPT3ajie B CTPOrOM IMOPSIIKE aKKYy-
paTHbIM 1ITabeseM. DTOT YyIOPSAOUEHHBIN 1ITa0E b SIBISETCS
MOJIEJIbIO KPUCTA/LTMUECKOTO BEILIeCTBa, a KaXXAbli CTOJI — KakK
OBl MOJIEKYJI0i1 Takoro BelecTBa. Ilocie OKOHYaHUSI pEMOHTA
YYEHUKOB MOMPOCUIY TOMOYb MEePETAIMTh CTOJIBI. B criopT3an
BOEXKajia BaTara yYeHUKOB (9Ta BaTara He YTo MHOE, KaK pacTBO-
pUTEINb, a KAKABIM YYEHUK — MOJIEKYJIa paCTBOPUTEINS ), KTO-TO
3aJIe3 HaBepX, KTO-TO TSHET CTOJIbI CHU3Y — Kopode, paboTa
3akuriesa. O4eHb CKOPO CTOJIbI, KaXXIbIii M3 KOTOPBIX HECYT T
JIBOE, a IJie YeTBepo peOsIT, 0Ka3bIBalOTCS B Pa3HbIX KOHIIAX
IIKOJIbI, @ OT LITA0EessI B CIIOPT3ajie HE OCTAaeTCsl U CleAa.

%@ﬁr%% f

KonnyecTBO MOJIeKy1, CIIOCOOHBIX MEPEUTU B pacTBOP,
YaCcTO OrpaHNYeHO. MOJIeKyJIbl BEellIeCTBA HE TOIbKO IMMOKUIAI0T
KPUCTAJI, HO ¥ BHOBb IIPUCOCTUHSIIOTCS K KPUCTAJLTY U3 pac-
TBopa. [loka KpHCTaaI0B OTHOCUTEILHO HEMHOTO, OOJIBIIIe
MOJIEKYJI TIEPEXOUT B PaCTBOP, YEM BO3BpAIllaeTCs U3 HETO, —
uaeT pacTBopeHue. Ho eciu pacTBopuTeb HAXOOUTCSI B KOH-
TaKTe ¢ OONBIIUM KOJIUYECTBOM KPUCTAJUIOB, TO YMCIIO YXOMISI-
IIMX Y BO3BPAIAIOIINXCI MOJIEKYJ CTAHOBUTCS OJIVMHAKOBHIM
U IIJIST BHEIITHETO HAOJIOmaTeN sl paCTBOPEHME TIpeKpaIacTcs.

Hampumep, mpu KOMHAaTHOI TeMIlepaType MBI HE MOXEM
pactBoputh B 100 M1 Bonsl 6onee 200 r caxapa mim 6osee 35,9
MoBapeHHoi cofiu. B Takux ciryyassx roBOpsIT, UTO pacTBOp CTall
HACLIUEHHDIM.

Pacmeop, ¢ komopom dannoe éewecmeo npu danHol memne-
pamype yxyce Ooavuie He PACMEOPAEMC, HA3bIBAEMCSl HACLLULCH -
HbLM.

B HachllleHHOM pacTBOpE MpPU JaHHOM TeMIIepaType CO-
JIEPKUTCS MAKCUMAJIBHO BO3MOXHOE KOJIMYECTBO PACTBOPEH-
HOI'O BEILECTBA.
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Eciu BepHYTBCS K TIPUMEPY CO ITKOJIBHBIMU CTOJIAMH, TO TaM TOXE
BO3MOXHO 00pa30BaHUe «HACBIIIIEHHOTO PacCTBOPa». DTO MOXET MPOU-
30MTH B TOM CJIy4ae, €CJIU CTOJIOB OKaXeTCs CJIMIIIKOM MHOTO U JIJIsl HUX
B KJIaccax yXe He OyneT xBaTaTh MecTa. B 3ToM cityyae yacTb y4eHUKOB
OyIeT MPOCTO-HAMPOCTO BBIHYXIEHA BEPHYTHCS M TTOCTaBUTH CTOJIBI B
TOT e 1ITades b, OTKYIa OHY ObUIHM B34THL. TaKM 00pa3oM, KOJIMYECTBO
Mebeu B CIOpT3aJie MepecTaHeT yMeHbllaThes. PasymeeTcsi, yueHUKU
ropasio yMHee MOJIEKYJI BOIBI M He CTaHYT AaJIblIe IeJlaTh OeCIToNe3HYI0
paboty. B peaibHOM pacTBOpe, Tlie eCTh TEIIOBOE ABUKEHUE MOJIEKYJI,
OHU TIPOIOJIKAIOT «TPYIUTBCS», TPAHCITOPTUPYST YaCTHIIBI PACTBOPEH-
HOTO BEILECTBa U3 KPUCTALJIa B PAaCTBOP M 0OPaTHO.

Takast cutyauust Ha3blBaeTCs QUHaAMUHECKUM PaBHOBeCHEM (pPaBHO-
BeCHeM B IBMKEHUU). B CBSI3U C 3TMIM MOXHO JOTIOJHUTH OTpenesie-
HME HACBIILIEHHOTO pacTBOpa:

Hacwmeimbm Ha3zvleaemcs maxou pacmeop, K0m0pblﬁ Haxodumcs
6 dunamueckom paenoeecuu ¢ uzbotmrxom pacmeopenHoco eeuiecmed.

CienoBarenbHO, HUKAKOE CaMO€ CUJIbHOE TMepeMelliMBaHue He
IMOMOTaeT PacTBOPUTH B HACHIIIIEHHOM PAacTBOPE JAOTIOJHUTEIbHBIE
nopiuu BeiecTBa. OaHaKO, €C/iM MOBBICUTh TEMIIEPATYPY, TO PACTBOP
BHOBBH MOXET CTaTh HEHACHIIIIEHHBIM W PACTBOPUTSH €IIle OTpeeieH-
HYIO TIOPLIMIO KPUCTAJLIOB.

Mp1 roBopuM: «Caxap pacTBOPSIETCS B BOIIE XOPOILIO» WJIN
«MeJ 1m10X0 pacTBopsiercs B Bojge». Ho MOXHO 1 KOJIMYECTBEH -
HO OLIEHUTh CIIOCOOHOCTh TOT'O MJIM MHOT'O BEILIECTBA K pacTBO-
PEHUIO WIH, APYTUMU CIIOBAMU, pAcmeopumocms BEIIeCTBa.

Pacmeopumocmuio nazsieaemcsa cnocoonocms eeuiecmea pac-
meopsmbvCc 6 mom uAu unom pacmeopumene. Mepoii pacmeo-
pumocmu éeuecmea npu OaHHLIX YCAOBUAX A6AAEMCA e20 codep-
Jcanue 6 HACLIWEHHOM pacmeope.

Ecnu B 100 T Bogsl pacTBopsieTcst 6onee 10 r BelecTna, TO
TaKoOe BEIECTBO HA3BIBAIOT Xopouio pacmeopumsim. Ecau pac-
TBOpsIeTCS MeHee 1 T BelllecTBa — BEIECTBO MA10pACMBOPUMO.
Haxomelr, BeIIecTBO CUYMTAIOT MPAKTHUECKU HepacimeopuMbim,
ecsim B pactBop nepexonutT meHee 0,01 r BemecTBa. AGCOIIOT-
HO HepacTBOPUMBIX BellleCTB He ObIBaeT. [laxke Korma Mbl Ha-
JIMBaeM BOIY B CTEKJISTHHBIA COCYH, OYeHb HeOOJIblllast YacThb
MOJIEKYJI CTeKJIa HEM30EeXKHO TEePEXOIUT B pacTBOP.

PacTtBOprMOCTB, BhIpaXKeHHAasI IIPU TTOMOIIM MAaCChl Bellle-
CTBa, KOTOPOE MOXKET pacTBOPUTHCSA B 100 T BOIbI IpU JAHHOK
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TeMIiepaType, Ha3blBAIOT TAKXKe KOIPOuUUUeHMOM pacmeopu-
Mocmu.

B 11e;1oM pacTBOPUMMOCTh Pa3HBIX BEIIECTB OMpPEAeIISIeTCS
MHOTHUMMU CJIOKHBIMU TPUIMHAMU, HEKOTOPBIE U3 KOTOPBIX IO
cux mop He AcHBL. [loaToMy TpymHO TIpeacKas3aTh pacTBOPH-
MOCThb KaKOTO-JIM0O BeIIecTBa IO €T0 XUMUYECKO (popmyite
WA arperaTHOMY COCTOSTHUIO.

B xauecTBe mpuMepa nNpuBeaeM pacTBOPUMOCTh (B rpaMMax
BemecTtBa Ha 100 r Bogbl IIpy KOMHATHOM TeMIlepaType) He-
CKOJIbKUMX BEIIECTB: TBEPIBIX, KUAKUX M Ta3000pa3HBIX, CPean
KOTOPBIX MHOTHE UMEIOT TTOXOXHNE XUMUUECKHE (OPMYIIBI
(Tabn. 7.2).

PactBopuMoOCTb OONBIIMHCTBA (HO He Bcex!) TBEPAbIX Be-
IIECTB C YBEJUYEHUEM TeMIIepaTypbl yBeJIUYMBAeTCs, a pac-
TBOPHUMOCTh I'a30B, HA00OPOT, YMEHbIIAeTCsI. DTO CBI3aHO
MPEeXIe BCETro C TEM, YTO MOJICKYJIbI Ta30B TIPU TETIJIOBOM IBH -
KEHWUM CIIOCOOHBI MOKMIATh PACTBOP TOpa3mo Jjerde, yem
MOJICKYJIBI TBePIBIX BEIIECTB.

Ecnu uamepsiTh pacTBOPUMOCTD BELIECTB MPY Pa3HbIX TEMIIEpATy-
pax, To OOHapyXUTCSI, YTO ONHU BEILECTBA 3aMETHO MEHSIIOT CBOIO
pPacTBOPHMMOCTH B 3aBUCMMOCTH OT TEMIIEPATyphl, IPyTue — He OYeHb
cuJibHO (cM. Tab6u. 7.3).

Ecnu noy4eHHBIE B OIBITaX 3HAUEHWST HAHECTH HA OCU KOOPIIMHAT,
TO MOJIy4aloTCsl TaK Ha3bIBaEMble KPUBbIE PACTBOPUMOCTU Pa3TUYHbBIX
BemiecTB (puc. 7.3). DTU KpuBbIe UMEIOT IIpaKTUiIecKoe 3HaueHue. [1o
HUM JIETKO y3HaTh, CKOJIbKO BelecTBa (Hampumep, KNO;) Bbimaaer
B ocafiok Tpu oxiaxaeHuu a0 20 °C HaChIIIEHHOTO pacTBoOpa, MpU-
rotoBieHHoro 1pu 80° C.

C nmoMoIIbi0 TaKUX OIepalnil OUMINAIOT BellecTBa. Jeno B ToM,
YTO TIPU OXJIAXKICHWM HEHACBIIIEHHOTO PacTBOpa 0Opa3yeTcsl Hachl-
IIEHHBII PACTBOP, HO HACbIUEHHbL NO OCHOGHOMY eujecmay, KOTOpO-
ro 0oJIbllle BCero, a He 1o npumecsam. [1oaToMy TIpU OXJIaXKIeHUHU B
0CaJIOK BBITIaJaeT TOJbKO YMCTOE BEIECTBO, a MPUMeECH (BMecCTe C
YacTblO BELIECTBA) OCTAIOTCSI B PACTBOPE.

YucTble KpUCTALIBI OTGWIBTPOBBIBAIOT OT OXJIAXKIEHHOTO, 3a-
IPSI3HEHHOTO MPUMECSIMU pacTBopa. DTOT cocod OUYMCTKM Ha3bIBa-
eTcs nepexpucmantuzayuei. Tak OUNIIAIOT, HAPUMEP, MHOTHE JIeKap-
CTBEHHBbIE MIpernaparhl.

ﬂaBJ’ICHVIG HE OKa3bIBA€T 3aMECTHOTO BJIMAHMA Ha paCTBO-
PUMOCTDb TBE€PABIX BCIICCTB, ITIOTOMY 4YTO IIpMX paCTBOPCHUU HE
IIPOUCXOAUT 3aME€THOTO U3MECHCHUA obbeMa cucteMbl. 3aTO
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Taonuma 7.2

PacTBopumMocTb HEKOTOPBIX BEIIECTB B BOJE
MpH KOMHATHOM TeMmeparype

Hassanue Beleersa ®o a ArperatHoe | PactBopuMocTb
PAHNE BEILECTD PMYJL COCTOSTHHE (r/100 T BozbI)
CepHas KuclioTa mo6oe
H,SO, KMJIKOCTh | KOJUYECTBO
XJ10pUCTHI
BOIOPOJ, HCl ras 71,9
Xopua HaTpUst NaCl KPUCT. 35,9
Cynbdar Mmeau CuSO, - 5H,0 KPWUCT. 20,7
Cynbdar KaJbLus CaSO, KPHCT. 0,2
Terpaxmopun
yriaepona CCl, XKUIKOCTh 0,08
Cynbdar 6apust BaSO, KPUCT. 0,00023
Xopup cepedpa AgCl KPUCT. 0,00015

YBEJIMYECHUE MABJICHUS MOBBIIIAET PACTBOPUMOCTH ra3oB.
B 3TOM MOXHO YyOenuTbhCS, OTKPBIB OYTBUIKY C MUHEPAJTbHOM
BOIOM, B KOTOPOW YIVIEKUCIIBIN I'a3 paCTBOPSIOT IO JaBJICHU-
eM. Kak Toibko OyThUIKY OTKPBIBAIOT, 1aBJI€HUE B HEU Manaet
W TYT XX€ YMEHBIIIAETCSI PACTBOPUMOCTD Ta3a, KOTOPBIA HAYN-
HaeT BBIICITHCS U3 pacTBOPa B BUIIE ITY3bIPHKOB.

Ta6auuma 7.3

BimsiHue TemnepaTypbl Ha PACTBOPMMOCTb HEKOTOPBIX TBEPIBIX
BemecT (pacTBopuMocTh B r/100 r BobI)

Temnepartypa, ° C
Bemiectso
0 20 50 80 100
KBr 53,5 65,2 80,8 94,6 103,3
NaCl 35,7 35,9 36,8 38,1 394
CuSO, 0,176 0,206 0,180 0,102 0,066
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Puc. 7.3. KpuBbie pacTBOpUMOCTU TBEPIBIX (a)
1 Ta3000pa3HbIX (6) BEIECTB

Korma MoseKyibpl pacTBOPEHHOTO BEIIECTBA CBSI3BIBAIOTCS C MOJIEKY-
JIaMU BOJIbI, TO TIOJTyYalOTCSI, CTPOTO TOBOPSI, HOBbIE XUMUUECKHUE COEMIN -
HEHUsl. DTU MOJIEKYJISIPHbIE arperatbl He UMEIOT MOCTOSIHHOTO COCTaBa
1 TTIO3TOMY He SIBJISTIOTCSI TEMU XMMMUYECKUMU COSAMHEHUSIMM, KOTOPbIE
MBI TIPUBBIKJIM BbIpaxaTth hopmyiamu. VX ob1iiee Ha3BaHUE — eudpamot.
C ruapaTtamMu Mbl yKe TIO3HAKOMWIMCH B TIpeblayIiieM maparpade. [Tpo-
1IECC CBSI3bIBAHUSI BEILIECTB C BOJOI HA3bIBAETCs eudpamauuel.

ITockonbKy 06pa3oBaHNe BOMOPOMIHBIX U APYTHMX CBSI3ei dHepre-
TUYECKM BBITOJHO (IJ1s1 pACTBOPUMBIX BEIECTB), THAPATAIMSI COMPO-
BOXJAETCS BblAEICHUEM dHEPruu. YacTb 3TOI 3HEPIUU PACXOAyeTCst
Ha pa3pylieHue KPUCTAUIMYEeCKOM PelIeTKHU, a €e N30BITOK MOXET
BBLIEJISATHCS B BUJE Teria. Harpumep, pacTBopeHue TBEpAOro r’mapoK-
cuna HaTpust NaOH corpoBokmaeTcsl CUIIbHBIM Pa30TpeBOM pacTBO-
pa (ITOCMOTPUTE OIBIT «a» B KOHILIE Maparpada).

Ecnm Ha pa3pyieHre KpUCTAITNIEeCKOMN PelIeTKN TPaTUTCST 00JTb-
11Ie SHEePruu, YeM obpasyeTcsl NpY MOJYyYeHUM TMIPaToOB, TO PACTBOP
MOXeT oxjaxnaarbcsi. Hanpumep, eciiu B cTakaH ¢ BOAOI NTOMECTUTh
TBepablid HUTpaT aMMoHust NH,NO; 1 mocTaBuTh cTakaH Ha BIaXKHbIT
KapTOH, TO KapTOH MPUMEP3aeT K CTakaHy — HACTOJbKO HM3KO Ma-
JaeT TeMIiepaTypa pacTBopa.

Moutekynbl BOAbl U3 TUAPATHON 00070YKM MHOTA MOTYT BCTYIaTh
B XUMUYECKYIO PEAKILIMIO C PACTBOPEHHBIM BELIECTBOM, 00pa3ysl yxe
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HACTOsIIIIee XUMUYECKOEe COEMHEHUE C MOCTOSTHHBIM COCTABOM, KO-
TOPBIE MOXHO BBIIEIUTb U3 PACTBOPA, OCTOPOXHO YIapuBasi Boay. OTu
COEMHEHUSI HAa3bIBAIOTCS kpucmantoeudpamamu. C KpUCTAIIOTUAPA-
ToM CuSOQy, - SH,0 MbI yke 3HAKOMBI.

ITpuBeneHHBIE (haKThl TOBOPSIT O TOM, YTO PACTBOPEHUE HE
SIBJISIETCS] YMCTO (PUBMUYECKUM SIBICHHUEM, XOTSI U MOXKHO BEPHYTh
pacTBOPEHHOE BEIIECTBO B HEM3MEHHOM BMJIE IyTEM BbINApH-
BaHUs pacTBopuTesis. Kazanoch Obl, HET U3BMEHEHMS BellecTBa —
HeT U XUMUYEeCKUX TpeBpalieHuit. Ha camom nene npu Bbimna-
PUBAHMU PACTBOPOB MPOUCXOAUT pa3pyllieHue TMapaToB (peak-
LIMS1 PA3JIOXKEHMS) U BHOBb 00Pa3yeTCsi KpUCTALTMYECKOE Bellle-
cTtBO. TakuM 00pazoM, 1 paCTBOPEHUE BELIECTBA, 1 BbIITapUBAHUE
pacTBopa MMEIOT MPU3HAKM XUMUYECKUX peaKIIuid.

IlmaBHOE, 4TO B caMOM pacTBOpE BEIIECTBO HAXOOUTCS B
KayeCTBEHHO HOBOM COCTOSTHUM — B Bue ruaparoB. [ToaTomy
pacTBOpEHUE CIENYEeT CUYUTATh HE (PUUUYECKUM, a PUIUKO-
xumuyeckum npoiieccoM. C 3Toi TOUKU 3peHUs1 00Jiee MOTHBIM
ornpeeeHUeM pacTBopa SIBJSIETCS Cenyroliee:

Pacmeopamu nazviearom puzuxo-xumuueckue o0HOpooHble
cMecu nepemMeHH020 COCmasa, CoCrnosiuue u3 08yx Ul HeCKOAbKUX
eeulecme u npooyKmoe ux e3aumooeticmeust.

HanomHuMm, 4To noj nepeMeHHbIM COCTABOM PaCcTBOPOB MO/ -
pa3yMeBaloT MPeK/IEe BCEro BO3MOXHOCTb HEMPEPHIBHO U3MEHSITh
(B omnpeaeeHHbIX Mpeneiax) COOTHOLIEHUE PAaCTBOPEHHOIO Be-
1IecTBa U pacTBOpuUTE. B To ke BpeMs1 KaKoi-IM00 KOHKPET-
HBII PacTBOP, €CJIM OH HAXOIWUTCS B TUIOTHO 3aKYITOPEHHOM
COCYJIE U €CJIU B HEM CO BpDEMEHEM HE MPOUCXOAUT HEOOPATUMBIX
peakiuii, UMeeT, KOHEUYHO, TTIOCTOSIHHbBIM COCTaB.

HNurepner:

Envnas xomekims IudpoBbIX 00pa30BaTeIbHBIX PECYPCOB:

http://school-collection.edu.ru — Konnekuuu — Ilpen-
METHbIEe KOJIeKuuu. XumMuss — Heopranudyeckass XMMusl.
BupaeoonsiTel — ...

a) ... —» PacrBophl. Boga. OcHoBanus. Conu — PactBo-
puMocTb — 1. PacTBopeHue BellleCTB C BbIIEJIEHUEM Tella.

0) ... —» PactBopsl. Boma. OcHoBanusa. Comu — PacTtBo-
pUMOCTh — 2. PacTBOPMMOCTH TBEPIBIX BEIIECTB B BOIE.
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B) ... — lamorensl — 19. PactBopuMOCTb MONa B BOAe U
crmpTe.

r) ... > IlepBoHavanbHble XUMUYECKHUE TIOHITUS — Pa3-
neneHue cMmeceit — 1. uddys3us nepMmaHraHara Kaausl.

3amaumn

7.14. B 100 r kumnsieit Boasl pactBopuin 100 T 6poMucToro
kanus KBr. PactBop okaszascs HeHachleHHBIM. [locie oxitax-
JIEHUSI PaCTBOP CTAJI HACKHIIIIEHHBIM, U3 HETO BB KPUCTAJUIBI
opomuctoro Kanusi. Ckonbko KBr Beinano B ocagok rpu 20 °C?
JJ1s1 oTBEeTa Ha BOIIPOC BOCHOJIB3YTECh TabIuLIEe 7.3.

7.15. Tlytem BbimaprBaHUsl BOAbI U3 222,2 T HACBIILIEHHOTO
pactBopa cynbdara Kanusa K,SO, monydyeHo 22,2 r ocrarka, He
coaepxatero Boabsl. Haitnute pacrBopumocts K,SO, B Boze.

7.16*. PactBopuMocThb nuxpomMata Kanus K,Cr,O; mpu KoMHaTHOM
Temrieparype paBHa 12,5 r/100 r H,O. KakoBa 6yneT Macca HachIIIeH-
HOTO pacTBOpa, €cliu AJIsl ero MPUroTOBJIeHUsT Uucmojb3oBaHo 400 T
BOIBI?

§ 7.7. KoHueHTtpanus pacTsopa

Ha npakTuke 4acTo IpUXOJUTCS UMETh JIEJIO C pACTBOPAMMU,
UMEIOIIMU cmpoeo 3adanHoe cooepicanie B HUX pacheopeHHo-
20 seujecmesa. IlpruBeneM HECKOJIBLKO IIPUMEPOB.

Bo-miepBEIX, 3TO IPUTOTOBIICHNE PA3IMIHBIX JIEKApPCTBEH-
HBIX pacTBOpoB. Eciiu B anTeke ciaydyaiitHO MPOM30MAeT OLIM0-
Ka ¢ KOJIMYECTBOM JIeKapCcTBa B €T0 PacTBOPE, TO TTOCIICICTBUS
MOTYT OBITh CAMBIMU TIJIAYEBHBIMMU.

Bo-BTOpPBIX, MHOTHE XUMUYECKIE pEaKIIUM ITPOBOIST B pac-
TBopax. U 3mech olIMOKKM MOTYT MPUBOAUTH K IMeYalbHBIM
pe3ynbsrataM. Hammpumep, ecnu ¢pororpad ommobeTcst mpu pac-
TBOPEHUU TMPOSIBUTENS, TO ¢oTorpacduu Jub0 He MpOosIBATCS,
b0 OyayT ucnopdeHsl. JIpyroi mpuMep: eciu 3ajJuTh B aK-
KYMYJISITOP PacTBOP, B KOTOPOM COASPXKaHUE CEPHOM KUCIOThI
OyzneT MeHbliie Uir 00Jiblile TPEOyeMOoro, TO aKKyMYJISITOP JIM0OO
He OyaeT paboTaTh, JIMOO BBIMAET U3 CTPOSI.

Ewe ogun nmpumep u3 n1adbopaTopHOi mpakTuku. st mo-
JnydyeHust opomucroro Kanusi (KBr) B3suin aBa pacrBopa: HBr
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n KOH. MU3-3a ommbKM Npy NpUTOTOBJIEHUM PAaCTBOPOB I'M-
apokcup kanusi KOH no6aBunu B Boay B ropa3ao OonblieM
KOJIMYECTBE, YeM 3TO TPeOOBAIOCH IJIS peaKluy oOMeHa:

HBr + KOH = KBr + H,O

B pesynbrate nojiydeHHbIN BogHbINM pacTBop KBr okasancs
0e3HaIeXHO UCTTOPYSHHBIM IIPHMECHIO HEIPOPearnpoBaBIIero,
0YeHb eaKoro ruapokcuaa Kaaus KOH.

Bo Bcex nepeuyuciaeHHbIX cydasix ObUIO HEe YYTEHO WM Ha-
pYILIEHO 3aJaHHOE CoJepXKaHMe BelllecTBa B pacTBope. JlaBaii-
Te pa3bdepemMcsi B TOM, KakK MPaBUJIbHO BbIpaXaTb 3TO COAEp-
JKaHME U KaK MPaBUJIbHO TOTOBUTb PACTBOP, €CJIU COAEPXKaHUE
BEIIECTBA B PaCTBOPE 3aJaHo.

OnyvH 13 cnoco0O0B BRIPAXKEHMST KOJMYECTBA BElIeCTBA B
pacTBOpe — 3alaHUE MACCcO80U D0AU PACHBOPEHHOR0 GEeU4eCMEa.

Maccosas 0oas DACmeopenHn02co eewecmea — 3mo OMHoOulerHue
MaAccol pacmeoperHHo2co seulecmea m; K 0611(8!7 macce pacmeopa m,
6bIPAINCEHHOE 6 npoueHmax.

w="1.100%
m

IIpumep 1. JIis edeHnsT TUTIEPTOHUYECKON 00J1e3HU (ITO-
BBIIIIEHHOE JaBJIEHNE) IPUMEHSIOT 25%-HBblii pacTBOp CyJibda-
Ta maruusi MgSQO,. D10 o3HauaeT, yto B 100 r Takoro pacmeo-
pa coaepxurcs 25 r MgSQO,. 3aech BbIENIEHO CIOBO «pacTBO-
pa». JeicTBUTEIbHO, €CJIM MBI B3BECUM 25 T cynbdara MarHus
1 mpocTo pactBopuM B 100 T BOmBI, TO HY;KHOTO HaM pacTBOpa
He TTOJTy4HM.

Kaxk xe npuroroButh 25%-Hblii pactBop? Hamno B3BecHTh
Ha Becax 25 r 0e3BOJHOro cyjib(aTa Mariusi 1 OTMEPUTb MEH-
3ypKoi1 75 MJ1 Boabl (MO0 B3BECUTh HA BecaxX 75 T BOIBI, YTO
OIIHO M TO Xe). 3aTeM cyab(aT MarHust HaIo BEICHITIATh B BOLY
1 mepeMeliaTh A0 nojHoro pacrBopeHus. IMoayuutcsa 100 r
pactBopa (25 1+ 75 r = 100 1), B KOTOPpOM MaccoBasl JOJs
cysibhaTa MarHUs COCTaBIsIeET TOUHO 25 %.

25T
100T

Ecnu nyis B3BewmmBanus 25 r MgSO, He HaiineTcst 6e3BOIHON COMH,
a B HAJIMYUU OKaXeTCs TOJBKO 0ojiee pacripoCTpaHeHHBIM KPUCTAII-
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norunpat MgSO, - 7H,0, To HeobxoauMo B3sTh Oouibiiie conu. [Ipen-
BApUTEJIbHO CJIEIyeT pacCUUTaTh, B KakoM konudectse MgSO, - 7H,0
comepxutcsa 25 r MgSO,, 1 B3BECUTh UMEHHO 3TO pPacCUUTAHHOE
konuvyectBo MgSO, - 7TH,0. CooTBETCTBEHHO, Ha MPUTOTOBJIEHUE
TaKOTo pacTBOpa IMOMIET MEHbIIIe BOABI, TOTOMY UTO YacCTh €€ YXKe
MMeeTCsl B KpUCTANIOTUApATE.

IIpumep 2. s 3aJMBKM B HOBBII aBTOMOOWMJIBHBIN aKKy-
MYJISITOp HyXXeH 36%-ii pacTBOp CEpHOM KUCIOThL. DTO O3Ha-
qaeT, 4yTo B 100 T Takoro pactBopa comepxXurcs 36 T cepHOit
Kkucitothl 1 64 1 Bomsl (100 T — 36 T = 64 T). MaccoBas mois
CEPHOI1 KUCIOTH B TAKOM pacTBope cocraBisdeT 36 %.

_ 36T
Or

-100% =36 %

w

Pazymeetcs, 100 r pacTBopa — CAMIIKOM MajJeHbKOE KOJIU-
4eCTBO TSI aBTOMOOWIBHOTO aKKYMYJISITOPA, IIO3TOMY ITPUTOTO-
BuM 10 xr pactBopa. 1151 aToro yBeanuum Bee 1udpsl B 100 pas.
HTtak, Ham noTpebyeTcs B3BecuTh Ha Becax (36 - 100) = 3600 T,
nu 3,6 KT, KperKkoii (0e3BOIHOI) CEPHOI KUCIOTHI U OTMEPUTD
(64 - 100) = 6400 1, M 6,4 11, TUCTUILTUPOBAHHOI BOJBL.

OCTOpPOXHO CMelllaeM CEepHYI0 KMCJIOTY ¢ BOIOMW (Ipouc-
XOIMT CHIIBHBIN pasorpes). IMoayunm 10 kr 36%-ro pactBopa
CEPHOI KHUCJIOThI, KOTOPBIN MOCJIE OXJIAXICHUS MOXKXHO 3aJIU-
BaTh B aKKyMYJISITOD.

Bonutenb, KOTOpHIil He OYEHb YCEPAHO M3ydyaj B LIKOJIE XUMUIO,
MOXET JIETKO OIIMOUTHCS, B3sIB BMECTO 3,6 KI' CEpHOM KUCJIOTHI 3,6 11
CepHOIi KMCJIOTHI. B 3TOM citydae akkyMyJIsiTop OyaeT UCIopyeH, 1Mo-
ToMy uTo KosmuectBo H,SO, B pacTBope oKaxeTcsi HaMHOTO OoJibliie
TpebyeMoro.

Jeno B TOM, YTO cepHasi KMCJIOTa — JAOBOJIbHO «TSIKeast» KW -
KOCTb, €€ IUIOTHOCTh 1,84 Kr/n. MOXHO TMOACYMTaTh, KaKOii 00beM
3aliMeT cepHasl KMCJIOTa Maccoit 3,6 Kr:

1 1 H,SO, Becut 1,84 Kr (IJIOTHOCTb CEPHOI KHCIOThI)
x 1 H,SO, Becar 3,6 xr

Otcioma x = 1 ;- 3,6 kr/1,84 xr = 1,956 1 — Takoit 00beM (MeHb-
1ie IBYX JUTPOB!) 3aHUMAeT KOHLIEHTPUPOBAHHAsI KMCJIOTa BECOM
3,6 K&

MaccoByI0 J0JII0 pACTBOPEHHOTIO BEIIECTBA HA3BIBAIOT TAKXKE
npoyeHmHoll KOHyeHmpayueil pactTBopa.
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Konuenmpauus — 3mo omuocumenvHoe Koauuecmeo pacmeo-
PEHHO020 eeujecmea 6 pacmeope.

IToMuMO MPOLIEHTHOM KOHLEHTPALIMU, YACTO YIO0OHO ITOJIb-
30BaTbCS MOAAPHOU KOHUeHmpayuell.

Moaapnas xonyenmpayusa C — 3mo omuouwieHue Koauiecmea
pacmeopentozo eeuecmea Vv (6 moaax) k obsemy pacmeopa V
(6 aumpax).

_ VMOJIb
Bz

C

EnmHniia MoJIsipHOM KOHIIEHTpALIM — MOJIb/JI. 3Has Yuc-
JIO MOJieli BeliecTBa B 1 JI pacTBOpa, JErKO OTMEPUTH HYXKHOE
KOJMYECTBO MOJIeH ISl peakilMi C IMOMOIIbIO MOAXOASIIEH
MEPHOM TOCY/IbI.

B kxayecTBe mprMepa pacCMOTPUM ITOJyYeHUE HEpacTBO-
pumoro B Boze xiopuaa cepeopa (AgCl) ¢ moMollblo peakLuu
obMeHa:

AgNO; + NaCl = AgCIl + NaNO,

KcraTtu, He Hy>KHO 3aITOMUHATh, KaKWE COJIM paCTBOPHMBI,
a KaKue HepacTBOPUMBI B Bojie. 1151 3TOro cyuiecTByeT Tabau-
11a paCTBOPUMOCTHU (CM. MpUJIOXKEHUE 2).

Honyctum, B 1abopaTtopuu umeetcst pactBop AgNQO;, KOH-
LIeHTpalus Kotroporo 1 Mosb/a. DTo o3HayaeT, yTo B 1 J Ta-
KOTO pacTBOpa comepKuUTcs 1 MoJIb HUTpaTa cepebpa.

ITo ypaBHeHMI0 peakuuu Ha 1 Moab AgNO; HyXeH 1 MoJib
NaCl. CnenoBatenbHO, €CJIM Mbl cCMelllaeM OJMHAaKOBbIE
00beMbl pacTBopoB AgNO; n NaCl ogrHaKoBO# KOHIIEHTpa-
vy 1 MOJIB/JI, TO peaKIus TIPOHAET 10 KOHIIA M B PeaKIIMOH-
HO# KoJiOe oKaxXeTcs TOJbKO pPacTBOp HMUTpaTa HaTpusl
(NaNOs) B Boze, a Ha THO cocyla BhINMAAET 0CaloK XJIopuiaa
cepedpa AgCl. IIpu 3TOM UCXOOHBIX COEAUHEHNM B COCYIe He
OCTaHeTcs.

Ho xak npurotoBUTb 1151 peakiiy HykHblit pactBop NaCl?
st 5TOTO CYIIECTBYIOT CIIelIMaJlbHBIe MEPHBIE KOJOBI
(puc. 7.4).

MepHas Koj6a mpeacTaBisieT coboi Cocyn ¢ TOHKOM Ieii-
KOI1, Ha KOTOPO1 1O CTEKITy HaHeCeHa KOJIblIeoOpa3Hast MeTKa.
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METKa
Ha CTeKJIe

KPUCTAJIbI
conu NaCl

a o0 8

Puc. 7.4. TlocnenoBateTbHOCTh MPUTOTOBIEHUST MOJISIPHOTO
pacTBopa XJIopuaa HaTpust

Ecau 3amoHUTh MepHY10 K00y XXUAKOCTHIO 10 METKM, TO €€
00beM cocTaBUT poBHO 1 1. Bo3bMeM Takyto KOJIOY U TTPUCTY-
MMM K IIPUTOTOBJIIEHUIO HY>XXHOTro HaMm pactBopa NaCl.

Mounexynsaphbiit Bec NaCl cocrasinsier (23 + 35,5) = 58,5.
CanenoBatenbHo, MmosipHas Macca NaCl (macca 1 MoJib) paBHA
58,5 . B3ecuMm 310 KommuecTBo NaCl Ha Becax U IOMECTUM
KPUCTAJLJIBI B MEPHY1O KOJIOY. 3aTeM 100aBUM HEMHOTO BOJbI
1 PacTBOPUM KpHUCTaJLIbl, TOKayuBas Kojoy. Korma Bcs cosib
pPacTBOPUTCS, TOJIBEM PACTBOP BOIO 10 METKH. MepHBIEe KOJI-
OBl IealoT TaKMM 00pa3oM, YTO 00bEM pacTBOpa JAOCTUTaeT
TOYHO 1 J1, KOTa BOTHBIM MEHHUCK (YPOBEHB BOIBI, CJIETKA M30-
THYTBIN CUJIaMM TTOBEPXHOCTHOTO HATSKEHUST) KacaeTcsl MeTKU
cBoell HIKHe 9acThio. [ociie 3Toro pacTBOp aKKypaTHO Iepe-
MellaeM.

MossipHYy10 KOHIIEHTpaluio (WX MOAAPHOCMb PACTBOPOB) TMPU-
HsTO 0603HavyaTh OykBoil M. Hanpumep, pactBop KoHueHTpauuu 1 M
CONIEPXKUT 1 MOJIb BelllecTBa Ha JIUTP pacTBopa. Takoii pacTBOp Ha-
3bIBAIOT MoasApHbIM. PacTBop KoHLeHTpanuu 0,1 M conepxur 0,1 mosst
BELLECTBA Ha JIUTP PACTBOPA U Ha3bIBAETCS deyumonaprbim. PacTBopbl
koHueHTpauuu 0,01 M (mm 0,01 Mosst Ha JIMTP) MHOTAA HA3BIBAIOT
CaHMUMOAAPHBIMU.
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Hrak, Mbl npuroroBuin pactsop NaCl, KOHLIEHTpaLus
KOTOPOTO COCTaBJIsSIeT 1 MOJIb/JI, TO €CTh 00HOMOAAPHbII VNIIU
MPOCTO MOAAPHYLI PACTBOD.

MossipHble KOHILICHTpalUU B 001lieM BUAEC MHOIIa 0003Ha-
YaloT CJAEAYIOIIMM 00pa3oM:

Cnact = 1 Monb/n

ITpu cMelMBaHWM JIIOOBIX pABHBIX OOBEMOB MOASAPHBIX PAC-
TBOopoB AgNO; 1 NaCl Bceraa OyaeT rmoayJarbcsl TOJIbKO pac-
tBop NaNO; B Bone 1 ocagok AgCl, He conepKalliue TpUuMecu
HU OJHOTO U3 UCXOAHBIX peareHToB. OT(UABTPOBaB OCaAOK U
MPOMBIB €r0 BOAOM, Mbl TOJYyYUM uyucTyio coib AgCl (oHa B
BOJIE ITPaKTUYECKU HE pacTBOpSIETCs). YIapuB OT(PUIBTPOBAH-
HBIIf pacTBOpP, Mbl MOJYYHUM TOJbKO YKMCTBI HUTpAT HATPUS
NaNOj;. BT0 HeyIUBUTEIbHO, IIOTOMY YTO, CMEILIMBast paBHBIC
00bEMbI PACTBOPOB, Mbl O€peM OJIMHAKOBOE KOJIMYECTBO Mo1ell
(M1 yacTeit MoJisl) pearupylolux BelecTB. B HUX coaepXxuT-
cs oArMHaKoBoe KojnuecTBo Mosiekya AgNO; u NaCl, koTtopbie
pearupyroT Mexay coboii 6e3 ocTaTka.

Ecnu 6B MBI B3sUIM He MOJISIpHBIE, a, HarpuMmep, 10%-¢
pactBopbl AgNO; u NaCl (oguHakoBbie 00beMbI), TO B HUX Obl
COMIePKaNIOCh Pa3Hoe YUCIIO MOJIEKYJl STUX BEIIECTB U OJHA U3
3TUX COJIE He M3pacxoaoBaiach OBl MOJHOCTHIO 1 OCTalIach B
pactBope. Kakasi ke u3 nByx coJieil okazanach Obl B U30OBITKE?
Ta, uucno mosneii Koropoii 6omblie. 1o Oyaetr NaCl — cofb ¢
MEHBIIIMM MOJIEKYJSIPHBIM BECOM, MOCKOJbKY B ONMHAKOBOI
Macce coJieit yncio 6oJjee Jerkux mojiaekya (u moneii) NaCl
OKa3bIBaeTCs OOJBIINM.

Kaxnplii crioco6 BeIpaxkeHNSI KOHIICHTPAIMM pacTBOpa ya0-
OcH B 3aBUCUMOCTH OT 1IeJIU, KOTOPYIO MpecaenyeT XUMUK UIr
TexXHOJOT. IIpolieHTHbIE KOHLIEHTpaLMKU 0osiee yIOOHbBI B TEX-
HUKE, MEIULIMHE, 9KOJOrMU. MoisipHble KOHILIEHTPALlUU Yallie
BCTPEYAIOTCS B JJAOOPAaTOPHOI MpPaKTUKE.

WHTepHeT:

Envnas xomekims IudpoBbIX 00pa30BaTeIbHBIX PECYPCOB:

http://school-collection.edu.ru — Konnekunu — Ilpexn-
METHbIE Kojuiekiuu. Xumusa — Heopranudeckas xumus. Bu-
JIEOOIBITHI —> ...
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... = Tanorensl — 17. Pacnno3dHaBaHHWe pacTBOPOB XJIOpuUaa
HaTpusl, OpoMuaa HATPUS U MOIMIA KaJIusl.

3anaum K rase 7

7.17. meeTcsa ogHAKOBOE KOJIMYECTBO (TpaMMOB) IIMHKA
u HaTpusi. U3 Kakoro MeTtajia MOXHO MOJIydUTh OOJIbILIE BOJO-
pona? IlpuBenute ypaBHeHUs peakKluil U 0OOCHYHTE OTBET.

7.18. Ilepen crapToM pakeTbl B 0aKu IJISI OKUCIUTENS 3a-
Jad 32 T XXuaKoro Kuciaopoaa. CKoJIbKO TOHH XUIKOTO BOIO-
poJa HeoOXOAUMO 3aJIMTh B OaKM 111 TOpIoYero?

7.19. Ognaxapl FOxy moHamoOuics JJisl ONBITOB MEIHBIN
ropomrok. Co B3I0XOM B35IB HAIMMJILHUK, KOX TIpWHSIIICS TWINTH
MEIHBII MIPYTOK, cOOMpast ONWIKK Ha JUCT Oymaru. BHe3amHo
B TOJIOBY €My MpUILIa uaest UCIIOIb30BaTh ISl ejila BOJOPOI
U Kucjopona. baiioHsl ¢ 3TUMU razaMu B J1abopaTopuu Ha-
ek, FOX B3s1 TONCTYIO CTEKIISTHHYIO TPpYOKY, JBe MPOOKHU,
[IJJAHTH U TIOMBOJA Ta30B M Ta30BYIO TOPEIIKY IIJIST HarpeBa-
Hus. Yepes HEKOTOpoe BpeMsI MEIHBIN TPYTOK 6e3 BCIKOTO
HanWJIbHUKA ObLI MpeBpallleH B OTJUYHBINA, OUYeHb MEIKUI
MeIHbI nopoinok. Kakumu peakiusamu Bocnob3oBaiics FOx?
HanuinTe ypaBHeHMST 3TUX PEaKIIUA.

7.20. B 3aMKHYyTOM cocyie HaxonuTcs cMech 13 10 M1 Bogo-
pona u 10 ma kuciopoaa. Kakoii raz u B KakoMm oobeme (Ipu
H.y.) OCTaHETCS B COCYIe TOCJie B3phiBa W OXJaXKICHUS
cMmecu?

7.21. CkonbKO BOABI OYIET 3aTpauyeHo Ha morioleHue 224 1
razoobpasHoro SO; (IpH H.Y.), €CJIA B OIIBITE TTOJTyIal0T KOHIICH-
TPUPOBAHHYIO (T. €. Hepa3baBjieHHY10) cepHyto kuciaory H,SO,?

7.22. CKOJIBKO rpaMMOB ITOBApPEHHOI COJIM TTOIYIUTCS, €CIIN
BeImapuTh 50 T ee 10%-ro pacTBopa?

7.23. KoHLIEHTpUPOBaHHbIE PACTBOPBI OOBIYHO TSKEJiee
Boabl. Hanpumep, miotHocth 50%-r0 pactBopa NaOH co-
crasiger 1,53 r/cm?®. Kakoit 06bem 3anumaror 100 r Takoro
pactBopa? Cxkonbko rpammoB NaOH pactBopeHO B 3TOM
oobeme?

7.24. BceM n3BecTHasI HACTOMKA Moa MPEACTaBIsIET COOOM
5%-1ii pactBop nonma B cupTe. CKOJIbKO KPHUCTAUIMYSCKOTO
MOJa U CKOJIBKO CIIUPTA HEOOXOIMMO B3STh JIJIsI IPUTOTOBJICHUS
10 r HacToliku noma?
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7.25*. 1Oxy st onbita moHamoowics 40%-it pactBop KOH. OH pac-
cymn Tak: «Ecim K 10%-my pactBopy npr6aBuTh 30%-id, TO TIOTyINTCST
Kak pa3 40%-ii pacTBOp», IOCJIE YETO TIIATEIBHO B3BECHI OMMHAKOBHIE
Maccel 10%-ro u 30%-ro pacTBopoB U cMelan ux. K 6osbiioMy paszo-
YapOBAHUIO, MTOTyIEHHBIN PACTBOP MMEJ COBCEM HE TaKyIO TUIOTHOCTb,
Kakas ObLIa yKa3aHa ISl Hero B cripaBoyHMKe. PaboTy mpuIiiocs mepe-
TeJTbIBaTh. PacTBOp Kakoit KoHIteHTparmn (%) momyann FOx?

7.26. KakoBa Macca (B rpammax) 6pomuna HaTpust NabBr,
B3sTOrO B KoJinuectBe 0,5 MoJib?

7.27. Cxonbko rpaMmMoB KNO; HeoOXoauMo B3STh s
MPUTOTOBJIeHUS 1 J1 pacTBopa ¢ KoHUeHTpauuen 0,5 Monib/1
(0,5M)?

7.28. Ckonbko M 100%-i1 cepnoii kuciorel H,SO, mnor-
HOCTBIO 1,84 T/MJI HEOOXOIMMO B3STh IJI TTPUTOTOBICHMUS
250 M1 pacTBOpa cepHOI KMCJIOTH ¢ KOHIeHTpanueit 0,1 M?

7.29. KoHlleHTpaMsi HEKOTOPOro BelleCTBa B pacTBOpE
cocrapisieT 0,5 Monb/J1. KakoBO UMC/I0 YacTUL] paCTBOPEHHO-
ro BemiecTsa B 1 J1 pactBopa?

7.30%. Cmewanu 1 1 1 M pactBopa cepHoii kucaotel 1 1 1 3M
pacTBOpa CepHOM KUCIOTHl. KakoBa MOJIIpHAsl KOHLIEHTpALUs I10-
JIYIEHHOT'O PacTBOpa CEPHOM KHUCIOTHI?

7.31*. KakoBa MonsipHast KoHIIeHTpaius 50%-ro pactBopa NaOH?
T110THOCTB TaKOro pacTBopa cocTasideT 1,53 r/cm>.

7.32*. KakoBa MoJIsipHas W MPOIIEHTHAsI KOHIICHTPAIUS YMCTOMN
BOIIBbI, €CJIM €€ paccMaTpuBaTh Kak pacTtBop Bemiectsa H,O B Bome?

7.33*. Cmemanu pactBop KoHeHTpauuu Cyg, = 0,1 Moab/n ¢
TakKUM Xe 00beMOM pacTBopa KoHueHTpauuu Cyoy = 0,1 Mosb/i.
Iosy4eHHBII PACTBOP COAEPXKaJ TOJBKO OIHO PACTBOPEHHOE Bellle-
cTBO — Opomucthiit Kanuii (KBr). 3atem cMelany ogvHaKoBbIE IO
Becy nopumu 10%-x pacrBopoB HBr u KOH. Ha 3T0T pa3 monydeHHbIi
pacTBOp cojepKall Ba pacTBOPEHHBIX BellecTBa. Kakue BeliecTa
HaXOIWINCh B IOJyYEHHOM pacTBope?

7.34* (HI'Y). K 200 mn 1M pacTBopa xjopuaa Kajablusl ¢ IJI0T-
HocThio 1,10 /M no6aBusu 70 © Kpucraajorujapara cocraBa
CaCl, - 4H,0. PaccuuTaiiTe MpoOLUEHTHOE COEPXKAHME XJIOPUAA Kallb-
IS B TIOJIY9EHHOM PacTBOpE.

7.35* (HT'Y). Kak nipuroroButs 200 1 5%-ro pacTBopa XJIOpUCTO-
rO KaJIbLIMSI MCXOAsl U3 Kpuctauioruapara cocraBa CaCl, - 4H,0?



Thaea 8

BAXKHEMIIINE KJIACCHI
HEOPTAHUYECKIX COEJIVHEHNI

§ 8.1. IlepBoHayajibHbie CBeJEHNS O KJIACCAX COeTUHEHHIA.
OKcHJIbI, KHCIOTbI, 0CHOBAHHS, COJIH

Knaccudukanus obseryaer u3ydyeHue BELIECTB, IMTOITOMY
BellIECTBa MOX0XKET0 COCTaBa OOBEIUHSIOT B Kaaccel. BelliecTsa,
OTHOCAIIMECS K KaKOMYy-JT10O OJHOMY KJaccy, 00513aTesibHO
00Ja1al0T KaAKUMU-TO OOIIUMU, TTOXOXUMU XUMUUYECKUMU
cBoiictBamu. Hampumep, B ri1aBe 5 Mbl Jajiu OmNpeaesieHue
OKCUOam Kax BeIlleCTBaM, COCTOSIIIIMM U3 aTOMOB JABYX 2JIEMEH-
TOB, OIMH U3 KOTOPBIX — KUCJIOPO.

ONSTe T,

HBRECT KM
KAACe nEepenwTAan |
|

282



BcrioMHUM (popMyITBI OKCHIOB U3 TJIaBHI 5:

SO, SO, CO, CaO Fe,0;
OKCUIT OKCHT OKCHIT OKCUIT OKCUIT
cepel (IV) cepwr (VI) yraepoma (IV) kampuma — xenesa (I1I)

DopmyIibl OKCHIOB ITOXOXKH APYT Ha IPYra TEM, YTO Kaxast
BKJIIOYAET TOJIBKO [IBa 3JIEMEHTa, OAMH M3 KOTOPhIX — 00s13a-
TEJIBHO KKCI0po. EcTh y HUX 1 001I1e XMMUYeCK1e CBOMCTBA.
Hanpumep, Bce OKCHABI MOTYT ObITh MOJYYEHbBI IIPU B3aKMO-
JIEeWCTBUU JIEMEHTOB ¢ KUcaopoaoM. M Hao6opoT, u3 J1060ro
OKCHIa MOXHO ITOJIYYUTH DJIEMEHT B YMCTOM BUIE C TTOMOIIBIO
peakIy 3TOT0 OKCUAA C BOTOPOIOM WU APYTMM BOCCTAaHO-
BUTEJIEM.

S +0,—=e 50, 2% 5 S +2H,0

DJIEMEHT OKCH]T DNIEMEHT

4Fe +30, —romt_s9Fe,0, — ™ 5 4Fe +6H,0

SJIEMEHT OKCHIT DJIEMEHT

ITomMyMO OOILIMX CBOMCTB, Y COEAMHEHUIA OMHOTO Kjacca
MOTYT HaOJI0JAThCSl U PA3JIMYUS B XMMWYECKOM ITOBEICHUU.
Hanpumep, ecTb OKCUIBI KucaomHble I OKCUIIBI OCHOGHbIE.

Kucnomuuie oxcudsl cioCOOHBI TPEBPALUATHCS B KUCAOMDL.

SO; + H,0 — H,SO,
KUCJIOTHBIN OKCUJT CEpHas KHCJI0Ta
KucnorHble okcuabl 00pa3yroTes (3a peAKUM UCKITIOYeHM -
€M) U3 HeMemanios.
OcHoeHble oKcudbl CTIOCOOHBI MPEBPALATHCS B OCHOBAHUS.
OHU 00pa30BaHbl MeMaliIaMu.

CaO + H,0 — Ca(OH),

OCHOBHOI1 OKCHIL THAPOKCHIL KATbLIHs
(ocHOBaHUeE)

O6pasytoluecs: U3 OKCUIAOB KUCJIOTHI U OCHOBAHUS SIBJISI-
JOTCS CaMOCTOSITeJIbHBIMU KJaccaMM coeqnHeHUi. [laBaiiTe
BBISICHUM, YTO OOBEIMHSIET MEXIY COO0 KMCIOTHI U 4TO —
OCHOBaHUSL.

BaxHeliiiee oblee CBOMCTBO Kuca0m 3aKJIIO4aeTCsl B TOM,
YTO OHUM CHOCOOHBI 1pedocmasasms C80U UOHbL 8000poda IS
peaKkuMii ¢ APYyTUMU BEILECTBAMMU:
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H,SO, + Zn — ZnSO, + H,T

CepHasa JIBa aTomMa BOoaopoaa
Kucmaora 3aMEUICHbl IMHKOM

HCI + AgNO; — AgCI{ + HNO;

CoJigHass aToM Boaopoaa
Kuciaora 3aMelIeH ceperoM

Takum o6pa30M, MOJICKYJ1a JIFO0OM KHUCJIOTBI COCTOUT U3
aTOMOB BOJOPOJAa U OCTAaBLIECKCS YaCTU MOJIEKYJIbI, KOTOpas
Ha3bIBA€TCA KUCAOMHbBIM OCMAMKOM:

H,SO, — cepHas kucnota (SO;~ — KUCIOTHBII OCTaTOK),
HCIl — consinasa kucnora (ClI- — KUCJIOTHBIM OCTaTOK),
HNO; — azorHag kucinora (NO3 — KHUCIOTHBIN OCTAaTOK).

PsiaoM ¢ KUCTIOTHBIM OCTaTKOM YKa3aH ero 3J1eKTpUYeCKuit
3apsa. KUCIOTHBIN 0CTaTOK MOXKET BBICTYIIaTh B XMMUYECKUX
peakuMIx Kak CaMOCTOSITeIbHAs YacTHU1IA.

Kucaomnwvie ocmamru mozym nepexodumo 6e3 uzmenenuii uz
00H020 coeduHeHus 6 opyeoe.

BaxHeiinmm oO1IM CBOMCTBOM OCHOBAHUL SIBASIETCSI CJIE-
Jytoliee: IS peakKlnii ¢ APYTUMHA COSTMHEHUSIMM OHU MOTYT
MPEAOCTABISATh CBOU eudpokcu-epynnst (rpynnsl OHT). DTt
TPYIIITBEI BEAYT ceOs B peaKIMsIX OCHOBAaHWI KaK OTHOeIbHBIC
YaCTHUIIbl U MOTYT 0€3 U3MEHEHUIT ITepeXOAUTh B HOBOE COeIM-
HEHUE.

Ca(OH), + 2HCI — CaCl, + 2H,0 (2H—OH)

B COCIAMHEHUH 00€ IHAPOKCH-TPYIIITBI
JIBE TUAPOKCU-TPYIITTBI TEPELIINA B MOJIEKYJTY BOJIbI

Tuodpoxcu-epynnvt mozym nepexodumo 6e3 uzmenenuii u3z 00Ho-
20 coedunenus é dpyeoe.

YT100Bl MOAYEPKHYTH POJIb TMAPOKCU-TPYIIT B CBOMCTBAX
OCHOBaHM1, UX (POpMYJIbI ITUILYT HE TaK, KaK (POPMYJIbl KUCIIOT.
Hampumep: Ca(OH), (1o He H,Ca0,).

Korpa KuciaoTsl 1 OCHOBaHUS pearupyroT Mexay coooit, mo-
JIy4aroTCsl coau — €lle ONUH BaXKHEUIIUI KIacC COEAUHEHUIA:

HCIl + NaOH — NaCl + H,0

Kuciaora OCHOBaHUE COJIb
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2HNO; + Ba(OH), — Ba(NO;), + 2H,0

Kuciaora OCHOBaHHUC COJIb

H,SO, + 2KOH — K,SO, + 2H,0
KHUcCiIora OCHOBaHHUE COJIb
Pesynbrar aTHX peakuuii 00ObICHSETCS CleayoluM oopa-
30M. B pacTBOpe KMCIOTH pacranaiorcst Ha noHbl HY 1 noHbr
KHUCJIOTHBIX OCTaTKOB:

HCl = H* + CI

HNO, = H* + NO;

H,SO, = 2H* + SO
OcHOBaHU4 B paCTBOPEC pacnnagaroTcsd C 06pa3OBaHI/ICM no-

HoB OH™ 1 kxaTnoOHOB Pa3INYHBbIX METAJIJIOB:
NaOH = Na* + OH-
Ba(OH), = Ba® + 20H"
KOH = K* + OH"

Korz[a CJIMBAIOT BMECTC paCTBOPbLI KMCJIOThI 1 OCHOBAHUAA,

noHsl H* 1 OH™ 0X0THO 00beAMHSIOTCS B IIPOYHYIO MOJIEKYITY
Boabl H,O (unu HOH):

HCI + NaOH = NaCl + H,0
NnIn:
H*+ CI"+ Na*+ OH = CI" + Na* + HOH

Ecnu Takoit pacTBop BblMapuTh, TUaApaThl ©oHOB Cl™ 1 Na*
pa3pymiamTcs 1 odpa3yercst Kpuctayumdeckast coub NaCl. 3a-
METUM, YTO KPUCTAJLI JIIOOOH COM COCTOMUT, KaK MpaBUiio, U3
HMOHOB KaKOTro-HUOYIb MeTaJlJIa U MOHOB KMCJIOTHOTO OCTaTKa.
ITpuMepbl caMbIX pa3HBIX COJieit Mbl TOJIBKO uTo Buaeau: NaCl,
K,S0O,, Ba(NO;),.

Conu mony4yaiorcsl U B Apyrux peakumsax. OmHaKo Jo0yio
COJTb MOXXHO TIOJTYYUTh B PEaKIINH MEXIY OTpeaeIcHHOM KIC-
JIOTO W ompeneseHHbIM OCHOBaHUEM. Peakiiuu Mexmay Kuc-
JIOTAaMU U OCHOBAHMSIMU Ha3bIBAIOTCS PEAKLUMSIMU Hedmpanu-
sayuu. OHU SIBJISIIOTCS BCETO JIMIIb Pa3HOBUIHOCTBIO peaKkLnit
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COADb

o6meHa, OHAKO W3-3a CBOEH BaXHOCTHU UMEIOT COOCTBEHHOE
Ha3BaHUE, KOTOPOE OYEHb XapaKTepHO. [leiiCTBUTENbHO, «XKTy-
yasi» KUCJIO0Ta U «€IKOe» OCHOBAHUE Hellmpaausyom Ipyr aApy-
ra. B pe3ynbrare nojyyaeTcsi pacTBOpP COJM B BOJE (HE «XKTy-
YUli» U HE «€IKUAIN»).

Pearuyusa o6mena mexncoy Kucaomoii u 0CHOGanueMm, 6 pe3yis-
mame Komopoii 06pazyemcs coab u 600a, HA3bI6ACMCA peaKuuer
Helimpaauzauuu.

Peaxkumy HelTpaiM3alivii BCETIA ITPOTEKAIOT C BBIIEJIEHNEM
SHEPTUH, TTOTOMY 4TO MOHBI H* u3 kucmoTsl 1 monsl OH™ u3
OCHOBaHUS COEAMHSIOTCS B IIPOYHOE COETUHEHNE — BOJY.

H*+ OH = H—O—H + Temora

B OBITY COJIBIO HA3BIBAIOT OOBIYHO TOJILKO MTOBAPEHHYIO COJIb
NaCl. Ho u Ba(NO;), u K,SO, — Toxe conu. CyiiecTByeT
00JbIIIOE KOJUYECTBO coJieil. Bcex nx odbeauHsieT obliee
CBOMCTBO: KaXIasl coab COCMOUM U3 amomos (LOH08) Memaina
U KUCAOMHO20 OCIMAMKA.
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WNurepHeT:

Ennnag xoytexuust mudpoBEIX 00pa3oBaTeIbHBIX pecyp-
COB:

http://school-collection.edu.ru — Konnekunu — Ilpexa-
MeTHbIe Kojulekiuu. Xumusa — Heopranuueckas xumus. Bu-
JIEOOIBITEI —> ...

... = Teopus 2J1eKTPOIUTUYECKOM aucconaiiu — MoHHbIe
peakuuy B pacTBopax — 3. Peakius HelTpaau3aluu.

3amnaun

8.1. HanummuTe peakiiuu ciaeayloIIux OKCUIOB C BOMO:
BaO, Li,0, SeO;, N,0;.

8.2. Kakue conu obpa3yloTcs B peakliusiX HelTpanausa-
LIMU:

KOH + HBr =? + H,0
HF + LiOH =? + H,0
2NaOH + H2SO4 = ? + 2H2O

8.3. Ckoabko rpamMoB cou CaSO, MoaydyuTcs: B peakliuu
Heltpanuzauuu 7,4 r ruapokcuna kaiabis Ca(OH), u3dobpTkKoM
cepHoii kuciaotrsl H,SO,4 110 ypaBHEeHUIO:

Ca(OH)2 + HzSO4 = CaSO4~L+ 2H207

8.4. Cko/IbKO IpaMMOB KOHIIEHTPUPOBAHHOM CEpHOI KUC-
JIOThI HEOOXOAMMO B3STh /11 HEUTpaiu3aluy BOIHOTO PacTBO-
pa, cogepxaiero 4 r NaOH?

8.5. Hammuiute ypaBHeHHE peakiuy, TPOUCXOISIIEH TTpu
no6aBeHnM K okcuay Kaiblivst CaO BoIHOTO pacTBOpa COJISTHOM
kucnorel HCI. Kakast conb o6pasyercst B 3Toli peakuuu?

§ 8.2. Okcuapl 4 UX K1accupuxkanus

Kaxk MbI yXe 3HaeM, OKCHIbI OBIBAIOT KUCIIOTHBIE K OCHOB-
HbIe. DTO JeicHUe TIOJOKEHO B OCHOBY MX KJlacCU(DUKALIVN.

BoNbIIMHCTBO KUCIOTHBIX OKCHUIOB XOPOIIO Pearupyer ¢
BOIIOM1, MaBasi KUCIOTY. Hammpumep, KMCIIbIii BKYC MUHEPAJIbHOM
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WJIU MIPOCTO Ta3UPOBAHHON BOJbI OOBSICHSIETCS] 00pa30BaHEM
yrosibHO# KucioTel H,CO5; u3 xucnorHoro okcuna CO,:

CO, + H,0 = H,CO,
KMCJIOTHBII yroJibHast
OKCHL Kucja0Ta

B npocTreitimmx ciaydasx hopmyiry o0pa3yIomeicst KUCIOThI
JIETKO TIONYYUTH M3 (POPMYJIBI KMCIOTHOTO OKCHAA MPOCTHIM
cinoxenueMm. Hanpumep:

Co, SO,
+ +

H,0 H,0
H,CO, H,SO,

OnHako He BCe KMCIIOTHBIE OKCUILI PACTBOPSIOTCS B BOJIE,
I03TOMY HE BCE MOTYT HEMOCPEICTBEHHO C HEil pearupoBarth.
3aTo Bce KMUCIOTHBIE OKCUIBI pEarupyloT ¢ ocHosanusmu. I1pu
3TOM TIOJTy4daeTcs cpasy coas. Hampumep:

SiO, + H,O — peakuusi He uaeT
SiO, + 2NaOH — Na,SiO; + H,0

COJIb KPEMHHUEBOI
kucnorsl H,Si0;

ITomyyeHHYIO COJTb KpEMHUEBOM KHUCIIOTHI MOXKHO TIpeBpa-
TUTh B caMy KPEMHMEBYIO KMCJIOTY 100aBJIEHUEM IPYIroil KKC-
JIOTBI:

Na,SiO; + 2HCI — H,SiO; + 2NaCl

KpEMHMUEBast
Kuciaora
TakuM 06Gpa3oM, KucaomHomMy okcudy BCeTJa COOTBETCTBYET
ompenesieHHAsI KUCA0Oma:

CO, (okcun yrnepoga) — H,CO; (yronbHas KuciaoTa);
SO; (okcun cepnl VI) — H,SO, (cepHas kucioTa);
SiO, (okcun kpemHusi) — H,SiO; (kpeMHMeBass KUCIOTA).

ITockonbKy peakiivsi ¢ OCHOBAaHUSIMU SIBJISIETCS obujeil ISt
8cex KUCIOTHBIX OKCUIOB, UM MOXHO JaTh TaKoe Ompeacie-
HUeE:

Oxcuodvt, Komopbte 83aumooelicmeyrom ¢ 0CHOBAHUAMU C 00-
Pa308aHUEM COAU U 600bL, HA3BIBAIONICSA KUCAOMHBIMU OKCUOAMU.
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KucnoTHbie OKCHIBI, KaK MBI BUIUM, 0Opa30BaHbl B OCHOBHOM
HeMmeTa/laMu. BaM ciiegyeTt 3aOMHUTB TOJIBKO 1Ba OKCUIIA METAJLIIOB,
KOTOpbIE TaKXe SBJISIOTCS KUCIOTHBIMU. DTO OKCHUIIBI XpOMa U Map-
raHiia, B KOTOPBIX METAJUIbI UMEIOT HauboAbuiyr0 U3 BCEX BO3MOXKHbBIX
CTeTeHb OKUCIICHUS:

CrO; (oxcun xpoma VI) — H,CrO, (xpomoBasi KUCJ0Ta);

Mn,0; (okcun mapranua VII) — HMnO, (MmapraHiioBasi Ku-
cJIoTa).

OcnogHble oxcudbl 00pa3yloTcsl TOJbKO MeTauiaMu. Heko-
TOpBIC U3 HUX JIETKO PearupyloT ¢ BOIOM, JaBasi COOTBETCTBY-
Iolllee OCHOBAHUE:

Li,O + H,0 — 2LiOH (ocHoBaHMEe — TUAPOKCUI JTUTHUS).

Eme ogun IIpUMEP — XOpOoIIOo M3BC€CTHAA HaM pCaKI Mg
IIOJIy4CHUA raiieHou U3BECTU U3 OKCUMA KaJblIUs U BOIbI.

CaO + H,0 — Ca(OH), (ocHOBaHME — TUAPOKCU
KaJIbLINS).

Cy1iecTByeT, OTHAKO, O0JIBIIOE KOJTUIECTBO HEPACTBOPUMBIX
OCHOBHBIX OKCUAOB. X OTHOCST MMEHHO K OCHOBHBIM OKCH-
JaM 6arogapsi peakuusiM ¢ KUCA0mamu:

Zn0O + H,0 — peakuwms He uaet (ZnO HepacTBOPUM
B BOJIE);

7Zn0O + 2 HCI — ZnCl, (comnp) + H,0.

[MocnenHss1 peakiysi aHaJIOTMYHA PeaKUM Hellmpaiuzayuu
Mexay kuciaoroit (HCI) u runpokcunom unHka Zn(OH),, ko-
TOpbIX MoT Obl mosayuyatbesd U3 ZnO, ecian Obl OKCUI LIUHKA
pacTBoOpsUICS B BOJIE:

[ZnO + H,0] — Zn(OH),
Zn(OH), + 2HCI — ZnCl, (cons) + H,O

Ka)KI[OMy OCHbBHOMy OKCHAY COOTBETCTBYCT OIIPECACICHHOC
OCHOBAHME:

MgO (okcua marnust) — Mg(OH), (rugpokcui MarHusi);

Fe,0; (oxcun xenesa I111) — Fe(OH); (runpoxcun xene-
3a I1I);

Na,O (okcun Hatpusi) — NaOH (ruapoxcua HaTpus).
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TakuM oGpa3oM, 00IIee CBOMCTBO OCHOBHBIX OKCHIOB 3a-
KJTI0YaeTCs B CIIOCOOHOCTU pearmpoBaTh ¢ KUCIOTaMU C 00-
pa30BaHMEM COJIM U BOJBI.

Oxcuovl, komopote é3aumodeiicmeyom ¢ Kuciomamu ¢ 00-
pazoeanuem coau u 600bt, HA3LIEAIOMCA OCHOGHBIMU OKCUOAMU.

Oxcuabl XpoMa 1 MapraHia, B KOTOPbIX METAJIJT UMECT HU3LIYIO
CTCIICHb OKMCJICHUS, ABJIAIOTCA OOBIKHOBEHHBIMM OCHOBHBIMI OKCH -
JaMun (KaK 1 OKCHUIBI BCEX OCTAJIbHBIX MCTEU'[JTOB). Bot kakue TUIPOK-
CHUObI UM COOTBETCTBYIOT:

CrO (okcup xpoma II) — Cr(OH), (rugpokcun xpoma II);

MnO (okcua mapranua II) — Mn(OH), (runpokcun mapraH-
ma II).

Coenunenust xpoma (II) kpaiiHe HeyCTOMYMBBI U OBICTPO IEepe-

xonaT B coenuHeHust xpoma (I1I). C npuMeHeHnEM MHOTUX UHTEPEC-
HBIX OKCUIIOB MBI YK€ MO3HAKOMUJIUCH B raBe 6 «Kuciopomny.

WurepHer:

Enunas xoanexkiust HuppoBbIX 00pa3oBaTeAbHBIX pecyp-
COB:

http://school-collection.edu.ru — Komnekuuu — Ilpen-
MeTHBIE Kojiiekiuu. Xumusa — Heopranmndeckas xumus. Bu-
JIEOOTIBITHL — ...

a) ... — PactBopsl. Boga. OcHoBanust. Conu — XuMHUecKue
cBolicTBa Boubl — 1. B3anmMopeiicTBie KMCIOTHBIX OKCHUIOB C
BOIOM.

0) ... > PactBopsl. Boga. OcHoBanusi. Conu — XuMudeckue
cBolicTBa Boabl — 3. B3amMomeiicTBIe OCHOBHBIX OKCHIOB C
BOIOM.

3anaun

8.6. Vcxona us I[lepunognuecKoii TaOJMIIBI, HATAIIIATE
(GopMyIIBI OKCHUIOB CIEAYIONINX 3JIEMEHTOB: Kaiaus, oapus,
xenesa (II), xpoma (II1), xsmopa (VII), kpemuus (1V). Iloxa-
YepKHUTE (OPMYITBI KUCITOTHBIX OKCUIOB.

8.7*. Ucxons u3 INepuonnyeckoil TabIUILIbI HATUIIUTE (POPMYJIBI
OKCHJIOB CJIeIYIOIIMX 2JIeMeHTOB: repmaHusi Ge (omaHy dopmyiy),
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ceneHa Se (nBe opmyisl), hocdopa P (nBe popmynsr), 6opa B (ogHy
dbopmyny), 6epwnus Be (onHy dopmyiy).

8.8. Hanuiure ypaBHeHUsI peakliinii, C TOMOIIbIO KOTOPBIX
MOXKHO OCYIIECTBUTH CIICAYIONINE TTPEBPaIICHUST:

Ca —» CaO — Ca(OH), — CaSOy;

S —» SO, — SO; —» H,S0, — CaSO,.

8.9. Kakoit 06beM razoobdpasHoro okcuma cepsl (VI) mpu
H.Yy. TOTpeOyeTCs IIs HeUTpaau3allui pacTBOpa, IOIyINBIIIe-
rocd mipu pactBopeHun 56 r CaO B Boze?

§ 8.3. Kucaorsl. Knaccudukanus Kkucior.
XumMuyeckue CBOICTBA

CrnoBa «KMCJI0Ta» U «KUCJBIii» HEe 3psI UMEIOT OOIIUIl KO-
peHb. PacTBOpBI Bcex KUCIOT Ha BKYC KHUCJIbIe. DTO HE O3Ha-
YaeT, YTO pacTBOP J0OO0U KUCIOThI MOXHO MpoOOBaTh Ha
SI3BIK — CPeIr HUX BCTPEUYaroTCsl OUeHb eAKue U JaXe sSI0BU-
Thie. Ho Takue KMCI0ThI, KaK YKCyCcHasl (COIEePKUTCS B CTOJIO-
BOM yKcyce), si0J104Hasi, TMMOHHAasl, aCKOpOMHOBas (BUTa-
MuH C), 11aBeseBas U HEKOTOpPbIE Apyrue (3T KUCIOTHI CO-
Jep>KaTcs B paCTEHUSIX), 3HAKOMBI BAM UMEHHO CBOMM KUCJIBIM
BKYCOM.

B sTOoM maparpade Mbl pacCMOTPUM TOJIbKO BakKHeMIIIre
HeopraHuYeCcKue KMCJIOThI, TO €CTh TaKKhe, KOTOpble HE CUH-
TE3UPYIOTCS XKUBBIMU OpraHU3MaMu, HO UTPAIOT OOJBIIYIO POJIb
B XUMMHU U XUMUYECKOI MPOMBILIICHHOCTH.

Bce kucnoThl, HE3aBUCUMO OT UX IIPOMCXOXKAECHMS, O0beI1 -
HseT o0llee CBOMCTBO — OHU COAEPKAT pPeaKLMOHHOCIIOCO0-
Hble aTOMbI BOJOpOJa. B CBSI3U € 3TUM KHCJIOTaM MOXHO J1aTh
cienyooliee onpeneacHue:

Kucaoma — 3mo caosxcnoe eeuiecmeo, 6 MOA€EKy1e Komopozo
umeemcs 00UH UAU HECKOAbKO aAnoMO8 8060])0()(1 U KUCAOMHBLI
ocmamokx.

CBoiicTBa KUCIOT OMPEAESIOTCSI TeM, UYTO OHU CITOCOOHBI
3aMEHSTh B CBOMX MOJIEKYJIaX aTOMbI BOIOPOJa Ha aTOMbI Me-
tajutoB. Hampumep:
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H,SO, + Mg = MgSO, + H,T

CepHada KucjiaoTta MeTaln COJIb BOAOPOI

H,SO, + MgO = MgSO, + H,0
CE€pHas Kucjora OKCHUL COJIb BOJa
HaBaiiTe Ha MpuUMepe CEpHO KUCIOThl pACCMOTPUM €€ 00-
pa3zoBaHUe U3 KUCAOTHOro okcuaa SO;, a 3aTeM peakluio
CEepHOI KMCJIOThl C MarHueM. BajleHTHOCTU Bcex 3JIeMEHTOB,
YYaCTBYIOUIMX B PeaKlMU, HaM U3BECTHbI, TOSTOMY HaNUILIEM
COEIMHEHUS B BUIE CTPYKTYPHBIX (POPMYII:

7 H _O\ //O
0=S + H-O—H S
N\ /N
O H-0O O
okcui cepbl VI BOJA cepHag KHCJIOTA
H _O\ //O 2+ O\ //O
P S\\ + Mg _ = Mg P S\\ + H-H
H-0O O 0O O
cepHas KHCJIOTa MeTaIN conb BOA0PO,
H=0_ //O 24+ - AN //O
/s\\ +Mg O Mg /S\\ + H—O—-H
H-0O0 O 0O 0
cepHas KHCJIOTa OKCH, coNb BOIa

OTH NIpUMepbl MO3BOJISIOT JIETKO MPOCICIANUTb CBI3b MEXIY
KUCJIOTHBIM okcuaoM SO;, kucioroir H,SO, u conbio MgSO,.
OIHO «POXIAETCSI» U3 IPYTOro, IMpHYEM aTOM CEPhl U aTOMbI
KUCJIOPO/Ia TIEPEXOISIT U3 COSMMHEHUSI OTHOTO Kitacca (KUCIIOT-
HBIIl OKCHI) B COeAUHEHUsI APYTUX KIaccoB (KUCIOTa, COJIb).

Kucnotel kiaccuduypyoT Mo TakKUM MpU3HaAKaM: a) Mo
HaJIUYUIO WJIM OTCYTCTBMIO KMCJIOpOIa B MoJieKyje U 0) Mo
YHUCJTy aTOMOB BOIOPOA.

ITo mepBOMY MpPU3HAKY KUCJIOTHI IEATCS Ha KUCA0POOCO-
depucawjue 1 beckucaopodusie (Tadm. 8.1).

ITo KonmMUecTBY aTOMOB BOIOPOAA, CITOCOOHBIX 3aMeIIaThbCs
Ha MeTaJlJI, BCe KUCJIOTHI JACJIATCS Ha 00HOOCHO8Hble (C OMHUM
aTOMOM BOJ0OPO/a), dgyxocHosHbie (¢ nByMst aToMamu H) u mpex-
ocHosuble (¢ Tpemss atomamMu H), kak mokazaHo B Tab. 8.2:

TepMUH «OMHOOCHOBHAST KMCJIOTa» BO3HUK ITOTOMY, 4TO JIJIST HEii-
TpaJIu3alliy OJHON MOJIEKYJIbI TAKOW KUCJIOThI TPEOYETCSI OMHO OCHO-
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Taonunmoa 8.1

Kiaccudukamusa KMCJIOT IO COCTABY

Kucnoponconepxaiimie KUCIOTHI beckucnoponnbie KUCIOTHL
H,SO, cepHast xucnora HF ¢droposonoponnas Kuciora
H,SO; cepHucTas KucaoTa HCIl xnopoBonoponHast (consiHast)
HNO; a3oTHas Kuciota KHCa0Ta

H;PO, pochopHas Kucnora HBr 6pomoBonopoaHas Kuciora
H,CO; yrobHas K1cioTa HI nonosonopontas kuciora
H,SiO; kpemHuesas kuciaora | H,S cepoBonoponHast kuciora

Ta6bnuma 8.2

Kiaccudukammusa KMCJIOT IO YKCIy aTOMOB BOAOPOIA

OIHOOCHOBHBIE JIByXOCHOBHbIE TpexocHOBHbBIE

HNO; azotHas H,SO, cepnas H;PO, dochopnas
HF dropoBonoponnas | H,SO; cepuucras
HCI xnopoBonoponnas | H,S cepoBonoponHast
HBr 6pomosonopoanas | H,CO; yronpHas

HI nonoBonoponHas H,Si0O; kpemHueBas

BaHMe, TO €CTh OJJHA MOJIEKYJIA KAKOTO-JIM0O0 MPOCTENIIIETO OCHOBAHKS
tina NaOH v KOH:

HNO3 + NaOH = NaNO3 + HQO
HCl + KOH = KCl + H,0

JIByXOCHOBHAsl KMCJIOTa TPeOYyeT I CBOEH HEUTpaln3alluy yxKe
JIBa OCHOBaHMSI, 2 TPEXOCHOBHAsI — TPU OCHOBAHUSI:

H,SO, + 2NaOH = Na,SO, + 2H,0
H;PO, + 3NaOH = Na;PO, + 3H,0
PaccMoTpuM BaxHeMIIIe XMUMUYECKMEe CBOMCTBA KUCIOT.

1. leiicTBie pacTBOPOB KMCJIOT HA MHIMKaTOpPBI. [1pakTrye-
CKU BCE KHCJIOTHI (KpOME KPeMHHEBOI) XOPOIIO PaCTBOPUMBI
B Boze. PacTBOpHI KUCIOT B BOJE M3MEHSIOT OKPACKY CIICLIM-
aJIbHBIX BEILUECTB — uHouxamopos. I1o okpacke MHIAUKATOPOB
OTIPENEISTIOT TIPUCYTCTBUE KUCIOTH. MHIUKATOD AaKmyc OKpa-
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IIUBAETCsl paCTBOPAMU KUCAOM B KPACHbl LIBET, UHAUKATOP
Memun08blil OPAHICeBblil — TOXE B KPACHBIN 1IBET.
MuaukaTopsl IpeAcTaBIsIOT co00li BellecTBa CI0XKHOTO
cTpoeHus. B pacTBopax ocHOBaHUII U B HEHTPAJIbHBIX PACTBO-
pax OHM MMEIT MHYIO0 OKpacKy, 4YeM B pacTBopax KucjoT. O0
MHINKATOpaxX MBI MOAPOOHEE paccKaxkeM B Imaparpade 8.5.

2. B3aumopeiicTBUe KMCJIOT ¢ OCHOBAHMSIMH. DTa peakiius,
KakK Bbl yXX€ 3HaeTe, Ha3bIBAeTCS peaklUEeid HEATpaTu3aluu.
Kucnora pearupyeT ¢ ocHoBaHHEM C 0O0pa3oBaHUEM COJIU, B
KOTOpOW BCETJa B HEM3MEHHOM BHUJI€ OOHAPY>XUBAETCI KHC-
JIOTHBIM OCTaToK. BTOpPhIM MpPOAYKTOM peaklUuy HeWTpaiu3a-
1M obs13aTe/IbHO sBJsieTcs Boga. Hanmpumep:

KHCJIOTa OCHOBaHUE COJIb BOJa
H,SO, + Ca(OH), - CaSO, + 2H,0
H,PO, + Fe(OH); — FePO, + 3H,0
2H,PO, + 3Ca(OH), — Cay(PO,), + 6H,0

st peakuuii HeMTpaanu3aluy JOCTATOYHO, YTOOKI XOTsI OBl
OJHO M3 pearupyloliux BellecTB ObLJIO paCTBOPUMMO B BOJE.
ITockoabKy MpakTUYECKU BCE KUCJIOThI paCTBOPUMBI B BOJIE,
OHM BCTYIAIOT B peaKkliMy HeUTpan3alu He TOJIbKO C PACTBO-
PUMBIMM, HO M C HEpPACTBOPMMBIMU OCHOBaHUsIMU. M ckitoue-
HUEM SIBJISIETCSI KpeMHMeBasl KMCJIOTa, KOTopast IJI0XO pacTBO-
pUMa B BOZIE€ M TTIO3TOMY MOXET pearupoBaTh TOJbKO C PaCTBO-
puMbIMU OcHOBaHUSIMM — TakuMu Kak NaOH u KOH:

H,SiO; + 2NaOH — Na,SiO; + 2H,0

3. B3anmoneiicTBHe KHCJIOT ¢ OCHOBHBIMH okcuaamu. [1o-
CKOJIbKY OCHOBHbBIE OKCUIIbl — OJIM>KalIlIMe pOACTBEHHUKH
OCHOBaHUN — C HUMM KHUCJOTHI TAaKXXK€ BCTYIAIOT B peakilnu
HEeUTpaIn3aluu:

KHCJIoTa OKCHJ COJIb BOIa
JHCI + Ca0 — CaCl, + H,0
2JH,PO, + Fe,0, — 2FePO, + 3H,0

Kak u B cimyyae peakimii ¢ OCHOBAaHMSIMM, C OCHOBHBIMU
OoKCcuAaMMu KUCJIOThl 00pa3ytoT coyib 1 Boay. Cosib coaepKuT
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KHCJIOTHBI OCTaTOK TOUM KUCJIOThI, KOTOpasi UCIOJb30Bajach
B peakilMyi HeUTpaau3aluu.

Hanpumep, ¢pochopHyI0 KUCIOTY UCHOAB3YIOT A1 OYKCT-
KM 3KeJie3a OT pXaBUYMHBI (OKCHIOB Xeje3a). PochopHas
KHUCJIOTa, youpasi ¢ MOBEPXHOCTU METaJlJIa €r0 OKCUII, C CAMUM
KeJIe30M pearupyet o4eHb MemjaeHHo. OKcu xkee3a npeBpa-
maeTcs B pacTBopumyto coiib FePO,, KoTopylo cMbIBatOT BOaOMH
BMECTe C OCTaTKaMU KUCJIOTHI.

4. B3anmoneiicTBue KHCJIOT ¢ MeTajiaMu. Kak Mbl BUTUM
U3 TIPENbIAYyLIEero npuMepa, Uil B3aUuMOJIEHCTBUS KUCIIOT C
METaJUIOM JOJIKHBI BBITIOJHSITHCSI HEKOTOPBIE YCIOBUS (B OT-
JIMuyue OT peaklUuid KUCIOT C OCHOBAHUSIMU U OCHOBHBIMU
OKCHJIaMH1, KOTOPbIE UIYT MPaKTUUYECKHU BCEraa).

Bo-1iepBbIX, MeTaJlll JOJKEH OBITh TOCTATOYHO aKTUBHBIM
(peaklIMOHHOCITIOCOOHBIM) TI0 OTHOIIIEHUIO K KUcaoTaM. Takue
METaJTBl KaK 30JI0TO, cepeOpo, PTYTh U HEKOTOPBIE IPYTHE C
KUCJIOTaMU He pearupytor. [Ipyrue merauibl (HaTpUiA, KaabLWiA,
LIMHK), HallpOTMB, PEarupyloT OYeHb aKTUBHO C BbIAECJICHUEM
ra3o00pa3Horo Boaopoia 1 60JbIIOro KoJauyecTBa Ternia.

KHUCJI0Ta MeTaJl1 COJIb
HCI + Hg — He obpazyeTtcs

2HCI + 2Na - 2NaCl + H,

H,SO, + Zn - ZnSO, + H,

ITo peakIIMOHHOM CTOCOOGHOCTH B OTHOIICHWH KHCIIOT BCE
MeTaJl/Ibl pacrojiaralorcsl B psad akmusHocmu memainnos (tabi. 8.3).
CrneBa HaxomsATCsT HanOoJIee aKTUBHBIC METaJUTbI, ClIpaBa — He-
akTUBHBIC. YeM JieBee HaXOOUTCS METaJL1 B Py aKTUBHOCTH,
TEeM MHTEHCUBHEE OH B3aMMOIEICTBYET C KUCIOTAMU.

Ta6auma 8.3
P41 akTHBHOCTH METAJLIIOB
MCTEUUII)I, KOTOPKBIE€ BLITECHAIOT BOAOPO METZU'UII)I, KOTOpPLIC
N3 KHUCJIOT HE BBITCCHAIOT BOAOPO
N3 KUCJIOT

K Ca Na Mg Al Mn Zn Cr Fe Ni Sn Pb (H) Cu Hg Ag Pt Au

<— CaMbl€ aKTUBHbBIC METAJLJIbI CaMbI€ HEaKTUBHBIC METAJJIbl —>
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Taobnuma 8.4

Knaccudukanusa KMCJIOT Ha CHIbHbIE U CJIa0ble KHCJIOThI

CuJIbHbIE KUCIIOTBI CnaOble KMCOTBI
HI nonoBomoponHast HF ¢TopoBomoponHas
HBr 6pomoBogopoaHas H;PO, dochopnas
HCl xmopoBomopomHast H,SO; cepHucras
H,SO, cepnas H,S cepoBonopoaHas
HNO; azotHas H,CO; yronbHas
H,Si0; kpemHueBas

Bo-BTOphIX, KMCT0Ta TOJKHA OBITh JOCTATOYHO CUAbHOLL.
ITon cunoit KMCIOTHI TTOHUMAIOT €€ COCOOHOCTb OTAaBaTh
voHbI Bopoponaa H*. Hampumep, KMCIOTH pacTeHui (s107104Has,
JIMMOHHAsI, 1IaBejieBasi U T..) SIBJISIOTCS cAa0biMu KUCTOTaMU
1 OYEHb MEJUIEHHO PearupyroT C TAKMMU MeTalllaM1, KaK IIMHK,
XpOM, XeJie30, HUKEJb, 0JIOBO, CBUHELL (XOTs C OCHOBAaHUSIMU
1 OKCUJIAaMM METAJUIOB 3TU KHMCJIOTHI CITOCOOHBI pearupo-
BaTh).

C npyroii CTOpOHbBI, TaKUE CUAbHbIe KUCIOThI, KaK cepHasi
WJIM COJIstHas (XJIOPOBOJAOPOAHAS ), CIOCOOHBI pearupoBaTh CO
BCEMU MeTaJlJIaMU U3 JIeBOM yacTy Tabauibl 8.3.

B cBsI3u ¢ 3TUM cylIecTBYyeT ellle oaHa Kiaccudukauus
KUCJIOT — 1o cujie. B Tabnuiie 8.4 B KaXmoii 13 KOJOHOK CHJIa
KUCJIOT YMEHBILIAETCSI CBEPXY BHM3.

CrienyeT MOMHUTD, UTO B PeaKIMSIX KMCIIOT C METAJUIAMU €CTh OTHO
BaXHOe UcKioueHue. [Ipu B3auMOAEHCTBUM METAJLIOB C a30MHOU
Kuca0moii BOAOPOJ, HE BBIAEISIETCS. DTO CBA3aHO C TEM, UTO a30THAasI
KHUCJIOTa CONEPXKUT B CBOCH MOJIEKYJIE CWIIBHBI OKUCIUTENb — a30T
B cTeneHU okuciaeHus +5. [loaToMy ¢ MeTamiaMu B TEPBYIO OYepelb
pearupyeT 6oJsiee akTUBHBII okucauteab N, a He HY, kak B Apyrux
KucaoTax. Beigenstomnuiics Bce e B KAKOM-TO KOJWYECTBE BOIOPO,
HEeMEIJIEHHO OKHWCJISIeTCS M He BbIIEeJsIeTCsl B BUE raza. OTo Xe Ha-
OyroaeTcs U JUISl peakluil KOHYeHmpupo8aHHoU ceprHoil Kuciomol, B
MoJIeKyJIe KOTOpoii cepa S TakKe BBICTYMAeT B PO IJIABHOTO OKHC-
satenst. CocTaB MTPOAYKTOB B 3TUX OKUCIIUTETbHO-BOCCTAHOBUTETLHBIX
peaKIusIX 3aBUCUT OT MHOTMX (DaKTOPOB: aKTUBHOCTU MeTajljia, KOH-
LIEHTPAIIMU KUCJIOThI, TeMIepaTypsl. Hanpumep:

Cu + 4HNO;(koH1.) — Cu(NOs), + 2NO, + 2H,0
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3Cu + 8HNO;(pas6.) — 3Cu(NO;), + 2NO + 4H,0
8K + 5H,S0,(koHu.) — 4K,SO, + H,S + 4H,0
3Zn + 4H,S0,(koH1.) — 3ZnSO, + S + 4H,0

EcTh MeTaibl, KOTOpPBIE PEarupyloT ¢ pazdasaeHHbiMu KIUC-
JIOTaMHU, HO HE pearupyioT ¢ KOHIICHTPUPOBAHHBIMU (T. €. 6e3-
600HbIMU) KVCTIOTAMUA — CEPHOM KUCIOTOM M a30THOM KUCIIO-
toit. Btu MeTabl — Al, Fe, Cr, Ni 1 HeKoTOpbIe Ipyrue — Mpu
KOHTaKTe ¢ O€3BOMHBIMU KUCJIOTAMU Cpa3y Ke IMMOKPHIBAIOTCS
MPOIYKTaMU OKHUCJIeHUs (maccuBUpytoTcs). IIpomyKThl OKuMC-
JIeHMSI, 00pasyloliye IPOYHbIe TUIEHKKM, MOTYT PaCTBOPSIThCS
B BOAHBIX pacTBOpax KMUCJIOT, HO HEPAaCTBOPUMBI B KHMCIIOTaX
KOHIIEHTPUPOBAHHBIX. DTO OOCTOSITEILCTBO MCITOIL3YIOT B
MMPOMBIIIUIEHHOCTH. HarmpuMep, KOHLIEHTpUPOBAHHYIO CEPHYIO
KUCJIOTY XpaHSIT U TIePeBO3IT B XKeJIe3HBIX OOUKaXx.

HNHuTepHeT:

EnuHas konnexims uugpoBbIX 00pa30BaTe/ibHbIX PECYPCOB:

http://school-collection.edu.ru — Komnekuuu — Ilpen-
METHBIE KOJUIeKIUU. XuMusi — Heopranuueckass xumus.
BuaeoonsiTel — ...

a) ... » Bomopoxa. Kucnorsl — CBoiictBa KuciaoTt — 1. B3a-
MMOJENCTBUE KUCIOT C MEeTaJIJIaMU.

0) ... » Bomopoxn. Kucnorsel — CBoiicTBa KUCI0T — 2. B3a-
UMOJIEICTBHE OKCUIIOB METAJUIOB (OCHOBHBIX OKCUIOB) C KHC-
JIOTaMU.

B) ... = Bomopon. Kucnorel — CoiicTBa kucinot — 4. Pe-
akiusi oomeHa Mexay okcugom meau (II) u cepHoit kucno-
TOM.

r) ... » Bogopon. Kucnorel — CBoiicTBa KUCIOT — 3. Jleii-
CTBHME KMCJIOT Ha MHIWKATOPHI.

3agaun

8.10. Hanuiuute peakuuu HEWTpaIu3alMu MEXIY KUCIO-
TaMUd U OCHOBaHUSIMH, B pe3yJbTaTe KOTOPBIX MOJIY4YaloTCs
CJICayroIume COJIn: A12(SO4)3, NICO3, FC(NO3)3, Mg3(PO4)2,
PbS, Li,SO,.
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8.11. Cxonpko P,05 Heobxonumo 1ist monydyeHus: 392 kr
docdopHoii kucnorsl H;PO,?

8.12* (®GMII). ITpu pactBopenuu B H,SO, 10,48 r cMecu okcraoB
CuO u ZnO ob6pa3zosaniock 20,88 T cmecu 6e3BoaHBIX cyibdhaToB CuSO,
u ZnSO,. Onpenenaute cocTaB B3SITOM CMeCHU.

8.13*. Hanuiure (popMyJibl BOZOPOIHBIX COCAMHEHUI MSITU 3J1e-
MEHTOB TJIaBHOM moarpynmbl VI rpynmnbl. Bce oHM B Toil Wi wHOM
Mepe sIBJsIIoTCs Kuciaotamu. Mcxons us 3akoHoMepHocteit Ilepuonm-
YeCKOU TaOMUIIbI PACIIONOXUTE 3TU KUCIIOTHI B PsIIT OT caMoid ciaboit
JI0 CAaMOW CWJIbHOU KHCJOTBHI.

§ 8.4. OcHoBanug. CpoiicTa U K1accupuxamus
ocHoBanmii. Ilenoun

Ecnu BemectBo comgepxuT ruapokcu-rpymisl (OH), KoTo-
pble MOTYT OTLIEILISATHCS (MTOA0OHO OTAEIbHOMY aTOMYy) B pe-
aKLUSIX C APYTUMU BELIECTBAMM, TO TAKOE BELECTBO SIBJISIETCSI
ocHoBaHueM. CyllleCTByeT MHOTO OCHOBaHU, KOTOPbIE CO-
CTOSIT U3 aTOMa KaKoro-jubo Meraaia U MPUCOSIUHEHHBIX K
HeMy ruapokcu-rpynn. Hampumep:

NaOH TUAPOKCUI HATPUS,
KOH TUIPOKCU Kayusl,
Ca(OH), rumpoKcua Kajiblus,
Fe(OH); rugpokcun xenesa (IIT),
Ba(OH), rtmmpokcum 6apms.

Iunpokcu-TpynIel OAHOBAJIEHTHBI, MTO3TOMY DOPMYITY
OCHOBaHU$ JIETKO COCTaBUTh MO BaJIeHTHOCTU MeTaylna. K xu-
MHUYECKOMY CHMMBOJIY MeTaJlla Hajlo MpUIrucaTh CTOJbKO
TUAPOKCU-TPYII, KAKOBA BAJIEHTHOCTb MeTaljla. boJIbILIMHCTBO
OCHOBAaHUI — MOHHBIE COEAUHEHUSI.

Ocnosanuamu Ha3vlearomcs eeuiecmea, 6 KOmMopslx amomaol
memaania CeA3ansvl ¢ eudpoxcu-epynnamu.

CyliecTByeT Takxke OCHOBaHUE, B KOTOPOM T'MIPOKCU-
rpyIiNa NIpUCOeANHEHA He K MeTaJlTy, a K noHy NHj (kaTtrony
aMMOHMsI). DTO OCHOBaHME Ha3bIBAe€TCsI TUAPOKCUIOM aMMO-
Husg 1 umeet ¢popmyiny NH,OH. Tunpokcun amMoHust oopa-
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3yeTcsl B peakilMy MPUCOEIUMHEHMST BOAbl K aMMMaKy, Korna
aMMUaK pacTBOPSIIOT B BOJIE:
NH; + H,0 - NH,OH
TUIPOKCHUI aMMOHUS

OcHoBaHMsI ObIBAIOT PACTBOPHMMBIMU U HEPACTBOPUMbBIMHU.
PacTtBopuMble oCHOBaHUSI Ha3bIBAIOTCS weasouamu. PacTBopbl
1Ieja04Yell CKOJb3KMe Ha OIIYIb («MbLIbHBIE») U JOBOJBHO
enkue. OHM pa3benaoT KOXy, TKaHU, OyMary, OueHb OMacHbI
(KaK ¥ KMCJIOTBI) IIpM IonagaHuu B riasa. [loaTomy mpu pa-
00Te co 1IeIouaMy U KUCI0TaMU HEOOXOIMMO TOJIb30BaThCs
3alIUTHBIMU OYKaAMM.

Ecnu pactBop 111eJ104M BCe-TaKu Tonai B JIUIO, HEOOXOIM-
MO TIPOMBITh IJ1a3a OOJIbIIIMM KOJWYECTBOM BOJbBI, a 3aTeM
pa3daBIeHHBIM PacTBOPOM CIa00U KUCIOTHI (HampuMmep, yK-
CYCHOI1). DTOT CIOCO0 MEIUIIMHCKOM MTOMOIIA OCHOBAH Ha YXe
W3BECTHOU HaM peaKL WU Helmparu3ayuu.

NaOH + ykcycHas KUCIIO0Ta .6, —> COMb + BOAA

JIvibs HeGOJBIIYI0 YaCTh BCEX OCHOBAHMI HA3bIBAIOT 1IIe-
nouamu. Dro, HanpuMep, KOH — rugpokcun kanus (egkoe
kanmu), NaOH — rugpoxcun Hatpus (eakuii Hatp), LiOH —
ruapokcua autusi, Ca(OH), — ruapoxkcua KaiabLus (ero pac-
TBOpP Ha3bIBaeTCs U3BECTKOBOM Bomoii), Ba(OH), — rugpokcusa
Oapusi. BoIbLIMHCTBO IPYTUX OCHOBAaHUI B BOJAE HEPacTBO-
PUMBI, U 1IeJI0YaMU UX HE Ha3bIBAIOT.

llleﬂO'laMll Ha3sblearomcs pacmeopumole 6 600e CUIbHbLE OCHO-
6anus.

PaccmoTpuM elie pa3 TUINUWYHbBIE peaKMKM HEUTpaTu3auu
MeXOy IIeJ0YbI0 U KMCJIOTON MPU MOMOIIU CTPYKTYPHBIX

dopmyi:
Na*OH™ + H—Cl — Na*Cl- + H—O—H

LIEI04Yb Kuciaora COJb BOJla

+ - + -
Na®OH™ H_O\S//O Na*~0_ 0 _H-0-H
Na*OH~ H-0 0 Nat-0" Yo H-0-H
HIeJ104ub KHCJIO0TAa COJIb BO1Aa
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Takast cxeMa HaIJISITHO TIOKA3bIBaeT pas3iinuve MeXIy KUc-
JIOTaMU M OCHOBaHMSIMU: KUCJIOTHI CKJIOHHBI OTIIEIUISITh aTOMBI
BOJOpPOIA, a OCHOBAaHUS — TUAPOKCU-TPYIIbL. B peakiuio
HeWTpalIM3aliy ¢ KUCI0TaMM BCTYIAIOT JII00ble OCHOBAHUS, a
He 00513aTeJIbHO TOJBKO IIEJI0UH.

PazHbie OCHOBaHUS MMEIOT Pa3HYI0 CIIOCOOHOCTH OTIIIE-
TUTSTh TUAPOKCU-TPYIIIEI, TIO3TOMY MX, MOTOOHO KHMCIOTaM,
MOJpa3e/IsIiOT Ha cuabHble U caabble OCHOBaHMS (Tabnulia 8.5).
CujibHbIe OCHOBAaHMS B BOJHBIX PAacTBOPAaxX CKJIOHHBI JIETKO
OTHaBaThb CBOM MMIPOKCHU-TPYIIIHI, a cJlabble — HET.

He cnenyer myTaTh cvly OCHOBaHMS M €ro pacTBopuMocTh. Ha-
puMep, TUAPOKCUJ KaJbliMs — CUJIbHOE OCHOBaHUE, XOTs €ro pac-
TBOPMMOCTH B BOJIe HeBeJIMKa. B JaHHOM ciiyyae CHJIBHBIM OCHOBA-
HueM (I1e710YbI0) MBIl Ha3bIBaéM Ty YacTh TMAPOKCHIA KaJblius, KO-
TOpasl pacCTBOpeHa B BOJIE.

Cuia OCHOBaHMS BaXKHa B PeakIMsIX CO CJIIA0OBIMU KUCJIOTaAMU.
Cnaboe ocHOBaHUE U cyiabasi KMCJIOTa pearupyroT JIMIIb B He3HAYM-
TeJIbHOU cTeneH!. HampoTuB, criibHOEe OCHOBAaHMUE JIeTYEe pearupyeT
¢ mo0oii KUCIOTOM HE3aBUCUMO OT €€ CHJIbI.

2NH,OH + H,S = (NH,),S + 2H,0
cnaboe cnabast peakius MpoTeKaeT JUIIb

OCHOBaHHWE KHUCIoTa B HE3HAYUTEJILHOM CTEMEHU
(MaJio MpOyKTOB PeaKLInm)

2NaOH + H,S = Na,S + 2H,0

CHJIbHOE crnabast MPOJYKTOB peaKLnK
OCHOBaHUe KHCTIOTa GoJiblie

Tao6bnuma 8.5

Knaccudukamus ocHoBaHMii 10 Cije

CuJibHblE OCHOBaHMSI Cnabble OCHOBaHUSI
NaOH runpoxkcua HaTpust Mg(OH), runpoxkcun MmarHust
(emkwmit HaTp) Fe(OH), runpokcun xenesa (IT)

KOH runpokcun kanus (enkoe Zn(OH), rMApOKCHA LIMHKA

Kaju
) NH,OH runpoxkcua aMMoOHMST

LiOH runpoxcun s Fe(OH); runpokcua xenesa (I11)

Ba(OH), riunpokcenn 6apust U T. I. (GONBIIMHCTBO
Ca(OH), runpokcua Kaiablidsi | TUIAPOKCUIOB METAJLIOB)
(raireHast U3BECTh)
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Euie ogHO BaxkHOE XMMHYECKOE CBOMCTBO OCHOBAHUI —
CIIOCOOHOCTh pasjaraThbCs IIpY HarpeBaHUM Ha BOAY U OCHOB-
HOW OKCHII.

Cu(OH), —» CuO + H,0 (npu HarpeBaHUM)

2Fe(OH); — Fe,0; + 3H,0 (mpu HarpeBaHUM)

PactBOpHI 1ien04eli OKpalIMBalOT MHANKATOPHL: JIAKMYC —
B CUHUI LIBeT, (peHOI(PTaleUH — B MaJIMHOBBIN LiBeT. HaM-
KaTop METUJIOBBIM OpaHKeBbIN (MM METUJIOPAHK) B pacCTBOpax
meno4yeil uMeeT KeaToiid uBeT. [logpodHee 00 MHAMKATOpax
MOXHO IIPOYMTATh B CJIeAyIoleM Itaparpade.

HNuTepner:

Ennnasg xoyutekuust mudpoBhIX 00pa3oBaTeIbHBIX pecyp-
COB:

http://school-collection.edu.ru — Konnekunu — Ilpen-
METHbIe KOJIeKuuu. XumMusa — Heopranudyeckass XuMus.
BuneoonsiTel — ...

a) ... —» PactBophl. Boma. OcHoBanusa. Conu — OcHoBa-
Hus — 3. [lonyyeHre HepacTBOPUMbBIX OCHOBaHUIA.

0) ... —» PactBophl. Boga. OcHoBanusi. Coiu — OcHoO-
BaHUA — 5. XMMHYECKHUE CBOICTBA HEPACTBOPUMBIX OCHO-
BaHUIA.

B) ... — PactBopbl. Bona. OcHoBaHus. Conu — OcHoBa-
Hus — 1. [elicTBre 1Ie104eid HAa MHIUKATOPHI.

r) ... —» Iloarpynna azora — A3ot, ammuak — 8. PacTBo-
peHue aMMHaKa B BOJIE.

§ 8.5*. nauKkaTopbl B peakiusax HedTpaIu3aum.
TutpoBanue

HMHaukaTtopsl — crieliiajibHble BellleCTBA, KOTOPhIE UCIIONb3YIOT
IIJISI OMpEeAe/IeHUs] KUCIOThl MJIM OCHOBaHUs. J1eJ10 B TOM, UTO B KUC-
JIOM WJIY ILIEJIOYHOI cpele MHAMKATOPHI MEHsIOT 1BeT. LlBeta pas-
JIMYHBIX MHAUKATOPOB B pacTBOpax KUCJIOT U 1IeJI0oueii TpUBEICHbI B
taonuie 8.6. C MX MOMOIIBIO OMPENEITIOT KUCIOTHOCTD VITH IHET0Y-
HOCTb pacTBopa. sl TIpOsIBIIEHUsI OKPAacCKHU JIOCTaTOYHO J00aBUTH B

301



Ta6nuuma 8.6

OKpaCKa MHIMKATOPOB B pPaCTBOPAX IIeji04Yeil U KUCJIAOT

LIBeT MHOUKATOpa B pacTBOpax:
Ha3BaHnue .
. B KUCJIBIX B HEUTPAJIbHbIX B IICJIOYHBIX
MHIMKaTopa:
Jlakmyc KpacHBII ¢uoJIeTOBBIN CUHUIA
DeHondranenH | 6eCUBETHBIA | GJIEIHO-PO30BBIA | MAJIMHOBBI
MetunopaHx KpacHbIN OPaHKEBbI XKEJThIA

HccienyeMbIii pacTBop Beero auinb 1—2 karmau 0,1%-ro pactBopa
WHIVKaTOpa.

MHaukaTopbl MOXKHO YCJIOBHO CUUTATh C1a0bIMU KUCIOTAMU, COJTU
KOTOPBIX B PacTBOPE UMEIOT MUHYIO OKPACKy, YEM CaMU «KUCJIOTbI».
Dra OKpacka He 3aBUCUT OT MOHA MeTaljla, BXOJSIIETO B COCTaB COJIH.
Hanpumep, 3anuiiem popmMyity lJakmyca B Buae «kuciaotel» HII (3nech
H — arom Bogopoaa, a JI — yacTh MoJieKyJibl JJaKMyca, UMeIoLLei
CJIOKHOE CTpoeHUe). B pacTBopax M3aMeHeHue OKpacKu JlakMyca Ipo-
HCXOMMT B pe3yJibTaTe peakiiMi HeUTpau3alu:

HJI + NaOH = Nall + H,0

9TU MOJIEKYJIBI 9TH MOJICKYJIBI
OKpALIMBAIOT PACTBOP OKpALIMBAIOT PaCTBOP
B KPACHBI LIBET B CMHUIi LIBET

A BOT KaK U3MEHSIET OKPaCcKy pacTBOPOB MHAMKATOP (peHOo(PpTa-
snenn HOD:

H® + NaOH = Na® + H,0

9TU MOJICKYJbI 9TU MOJIEKYJIbI
GeCLBETHBI OKpALIMBAIOT PaCTBOP
B MaJIMHOBBIN LIBET

Ecnu noce nosiBieHus MaIMHOBOI OKPacKH B I1IEJIOYHOI pacTBOP
deHonpTanenHa 106aBUTh U30BITOK KaKO-HUOYIb KMCIOTHI, TO
Mpou30iieT oOpaTHasl peaklsl U PacTBOp BHOBb CTaHET OeclBeT-
HbBIM:

Na® + HCl = H® + NaCl

MaJIMHOBBIf GecLBETHbI

B ombiTe B KOHIIe Taparpacda moka3biBaeTcsl, Kak TaKou MHINKa-
TOPHBIM mepexon (M3MEeHeHUe 1LIBeTa pacTBOpa) MPOMCXOAUT MpU
He#itpanu3auuu pactBopa NaOH ykcycHoit kucioroit CH;COOH.

M3MeHeHMe OKpaCKM MPOUCXOAUT PEe3KO — IIBET MEHSIETCS cpa3y
Xe, KakK ToJbKO B pacTBope He ocTaHeTcss NaOH. Ha atom sBieHuun
OCHOBAHO OIMpejeseHue HEU3BECTHON KOHIIEHTpalluu pacTBopa
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KaKOTo-HUOYIb OCHOBAHMS MJIW KUCJIOTHI C MIOMOIIBIO J0OaBICHUS
pacTBopa KMCJIOThI MM OCHOBAHMUSI U36ecmHoil KOHIIEHTpaluu. Takoi
CIoco0 Ha3bIBACTCS MUMPOBAHUEM.

TutpoBaHue MIPOBOAUTCS C IMTOMOIIBIO OIOPETKU — CTEKJISIHHOM
TPYOKU C KPAaHUKOM, Ha KOTOPYIO HAHECEHBI JIeJIEHUSI C TOYHOCTHIO
nmo 0,1 ma. B OlopeTKy HaJIMBalOT PpacTBOP KUCIOTHI WM IIEI0YU
TOYHO M3BECTHOI KOHLIeHTpauuu (puc. 8.1).

JomycTM, Hago OIpenesIMTh KOHIIEHTpauuo pactBopa NaOH.
TouyHO OTMEpEeHHBbI!I 00BEM ITOrO PacTBOpa HAIMBAIOT B KOJIOY s
TUTPOBaHUSs, 100ABISIOT MHAUKATOD (puc. 8.1, @) 1 Mo KaruisiM mpu-
JINBAIOT U3 OIOPETKU PacTBOP KUCIOTHI, KOHIEHTpAIUsl KOTOPOTO
n3BecTHa. C MOMOIIIbIO OIOPETKU TOUHO U3MEPSIeTCS 00bEM KUCIIOTHI,
HEOoOXOIMMBIN [JIs1 OJHOM HEeWTpalu3alii pacTBOpa — B 3TOT MO-
MEHT OKpacka pacTtBopa ucuesaet (puc. 8.1, 6). [TockoibKy TOUHO
M3BECTHA KOHIIEHTPAIWsI KUCIOTHI, B3SITOW JJISI TATPOBAHMUSI, HE CO-
CTaBJISIET TPY[a PACCUUTATh U KOHLIEHTPALMIO ILET0YH.

PaccmoTpum kKoHkpetHbil mpumep. [Tycts nmeetcs pactBop NaOH
HEeU3BeCTHOM KoHLeHTpauuu. C MoMollbio MepHoii nuretku 10,0 M
3TOTO pacTBOpa NMOMECTUM B KOJIOY /uist TUTpoBaHus. [locne atoro B
KOJIOY T06aBMM HEMHOTO ITMCTWIIMPOBAHHOM BOJABI — KOJMYECTBO
mouieit NaOH, momaBmmx B KoyiOy, OT 3TOro He m3MeHuUTcd. Jlanee
nmo6aBuM 1—2 xarumm pactBopa deHoadTarenHa — pacTBOp IIEI0UN
OKpacujcsl B MAJIMHOBBII 11BET.

JormycTM, MaJUHOBBIN PacTBOP TUTPOBAIU U3 OIOPETKHU C TO-
moibio 0,1 M pactBopa consiHoli kuciaoTel HCI. Okpacka pactBopa

} pacxon pactsopa

Puc. 8. 1. TutpoBaHue: a — pacTBOP OKpallleH
B MaJIMHOBBII 1IBET, 6 — PacTBOpP OECIIBETHBIN
(uHaukatop — ¢eHodTanenuH)
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KhcYessia, Korja u3 OpeTKH BeUIMIOCh 16,4 M kuciaoTel. KakoBa
MOJISIpHAsI KOHILIeHTpanus pactBopa NaOH?
Hanuiiem ypaBHeHMe peakLMd HEUTpaInu3allin:
NaOH + HCI = NaCl +H,0

M mons/n 0,1 Monb/1
10,0 M 16,4 M
ITockonbKy peakuusi UAET «MOJIb K MOJIIO», Mbl MOXEM YUCJIO
MoJieit, HeOOXOAUMBIX IIJIsI 3aBEePILEeHUs peakliu, 3arucaTh ClIeIylo-
UM 06pa3om (3necb M — MoJisipHasi KOHLIEHTPAIIUSI PaCTBOPOB):

Myaon - MiNaon = Miucr - Mg
WIN
Myon - 10,0 M = 0,1 mMonb/7 - 16,4 Mi1.

Orciona: My,on = 0,1 - 16,4/10,0 = 0,164 monb/m1.

Hrak, KoHueHTpauus uccieayemoro pactBopa NaOH cocraBiser
0,164 mounb/m1.

PasymeeTcsi, TOYHO Tak k€ MOXHO TUTPOBATh U PACTBOP KMCJIOTHI
HEM3BECTHOM KOHILIEHTPALMU CIIELIMAIbHO PUTOTOBIEHHBIM PacTBO-
POM IIeJIOUM, KOHIIEHTpALIMsl KOTOPOTO HaM M3BECTHA.

PacTBop misi TUTpOBAaHMS, KOHIIEHTPAIIMsI KOTOPOTO M3BECTHA
3apaHee, MHOTIA Ha3bhIBAIOT CTaHIAPTHBIM pacTBOpoM. Ero oobeMm
0003HAYAIOT v, B3SITHIN 11 TUTPOBAHUS 0OBEM PACTBOpPA HEU3BECT-
HOW KOHIIEHTpALlM MOXHO O0003HAaYMTh v,. B 00IIeM ciaydyae mis
TUTPOBAHUST OMHOOCHOBHBIX KMCIIOT ¥ OCHOBaHMI cripaBeiiBa Hop-
MyJa:

MCT * Ver = Mx * Uy

rne M, M, — MOJsIpHbIE KOHILIEHTPAallMM CTaHIapTHOTO U HCCIIe-
JIyeMOTO pacTBOPOB.

TutpoBaHuMe — pacmpocTpaHeHHas IIpoleaypa B XUMHYECKON
JnabdopaTopuu.

NuTepner:

Enunas xomnexkuusi LHudpoBbIX 00pa3oBaTebHbIX peCyp-
COB:

http://school-collection.edu.ru — Konnekxuuu — Ilpen-
METHbIe KoJuleKuuu. Xumusi — OpraHuueckast Xxumusi. Bu-
JIEOOTIBITHL — ...

...— KapOoHoBbIe KUCTOTHI, 3(pUpbI, KUPbl — B3auMoaeri-
CTBHME YKCYCHOM KUCJIOTBI C PACTBOPOM IIIEJIOUM.
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3anaun

8.14. Kakoit oobeM pactBopa NaOH koHnenTtpauuu 0,1 Mosb/n
notpedyercs mis HerTpammzaunuy 20,0 M pactBopa HCI koHuieHTpa-
uuu 0,5 monb/n?

8.15. [Ins TuTpoBaHUSI TPUTOTOBUIN PACTBOP, B JTUTPE KOTOPOTO
pactBopeHo 40,0 r NaOH. Ha turpoBanue 10,0 M pactBopa HBr
HEM3BECTHOM KOHIICHTPALIUK ITOTPeOOBaIOCh 1,6 MII IPUTOTOBJIEHHO-
ro pactsopa mejsoyn. KakoBa MossipHasi KOHIIEHTpAllUsl pacTBoOpa
HBr?

8.16. [Ins1 onpenenenust KoHueHTpauyu pactsopa HCI B3stu 2,0 M
3TOTO PacTBOpPA U TUTpOBaIM ero cTaHmapTHbIM 0,5 M pactBopom KOH.
Ha tutpoBaHme m3pacxomosajoch 11,2 M cTaHZapTHOTO pacTBopa.
KakoBa xoHneHTpanus pactsopa HCI?

8.17. IpenenbHo nomnyctumast KoHueHtpauus (ITJAK) razoobpas-
Horo HCI B Bo3ayxe 1 4esioBeKa cocTapiseT 5 mr/m>. B 1exe 3aBo-
Jia TI0 TIPOM3BOJCTBY XJI0poBogopoaa nponyctuau 100 M* Bosnyxa
yepe3 10 1 Boabl. M3 mosyuyeHHOro pactBopa otobpanu 10 Ma u Tu-
TpoBasiu ctaHgapTHeiM 0,01 M pactBopom KOH. Ha TtutpoBaHue
U3pacxogoBagsoch TOUYHO 1,15 ma cranmaptHoro pactBopa KOH.
CKOJIbKO MUIUrpaMMoB razoo6paszHoro HCl npuxoaurcs Ha 1 m®
BO3Iyxa B 1iexe?

§ 8.6*. AmcoTtepHbie 0ocCHOBAHHS

Tunpokcun nunka Zn(OH), sBisieTcsi MaqopacTBOPUMBIM OCHO-
BaHMeM. ETo MOXHO TIOJTy4UTh, IEHCTBYS IeJI0YbIO Ha KaKylo-HUOYIb
pacTBOpPMMYIO CcOJb LIMHKA, TIpu 3ToM Zn(OH), BbIMagaeT B ocagok:

ZnCl, + 2NaOH — Zn(OH),! + 2NaCl

I[Tomo6HO Bcem JPYTUM OCHOBaHMAM, OCAJOK I'MAPOKCHIA IIMHKA
JICTKO paCTBOPACTCA IpU JI00ABIICHUN KaKOﬁ—HM6yﬂL KHCJIOTBI:

Ecnm xxe BMeCTO KMCIOTHI K OCaKy THAPOKCUIA IIMHKA T06aBUTh
M30BITOK IIEJTOYH, TO OH TaKXKe pacmeopsemcs, 9eTo He TPOUCXOIUT
¢ apyrumu ruapokcugamu. [louemy Zn(OH), pactBopsiercs B 1iie-
Joymn?

OTO siBJieHUE OOBSICHSIETCS T€M, YTO B TIPUCYTCTBUM U30BITKA
CWJIBHOTO OCHOBaHUSI TUIPOKCUJI IIMHKA CIIOCOOEH OTIaBaTh aTOMBbI
BOIOPOAA, MOAOOHO KUCIIOTE (3HAK = 03HAYAET TOXAECTBO, OAMHAKO-
BOCTb):
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Zn(OH), = H,ZnO, + 2NaOH — Na,ZnO0, + 2H,0

TUJIPOKCHU]] IMHKA 1LIEJI0Yb COJIb BOJA

[IporicxomuT peakius HeUTpaiu3aluy HAIogo0ue Tol, KoTopas
Moria 6u1 mpousoiitu Mexxny NaOH u kucimoToit. Dta Kucjiora (LIMH-
koBas kuciora H,ZnO,) u runpoxkcua uuHka Zn(OH), saBastorcs
omHMM U TeM ke coennHeHreMm! CokpallieHHas1 (HO He CTPYKTYpHas)
¢opmysia 3TOro coegMHEHUs MOXET OBITh 3alMcaHa IBYMS CIOCO-
Gamu:

Zn(OH), = H,ZnO, — amo dee cokpanieHHble HOPMYIIbI;
H—0O—Zn—0—H — eduncmeennas crpykrypHas ¢popMyJia.

IMockonbky nmpoyHocTh cBsizeit H—O u O—Zn cpaBHUMBI MEXIy
c0001i, TUAPOKCUI IIMHKA CITOCOOEH OBITh KaK OCHOBaHWEM B TIpH-
CYTCTBUU KHUCJIOTHI, TAK U KUCJIOTOM B NMPUCYTCTBUU OCHOBaHMSI:

NaOH

2H,0 + ZnSO, «—>—7Zn(OH), = H,Zn0, —*—Na,ZnO, + 2H,0

pearupyet Kak OCHOBaHHe THIPOKCHIT LIMHKA pearupyer Kak Kucjiora

JlaHHOE CBOMCTBO IMIPOKCHIOB HAa3bIBACTCS aMBOMEpHOCbIO.

Amgomepnoimu Hazvlearomes maxue 2uopoxcudbt, KOmMopwvie cnocoo-
Hbl 0moasams 6 PeaKuusx ¢ Opy2uMi cOeOUHeHUsAMU KaK amombl (LOHbL)
6000poda, max u 2udpoxcu-epynnot (AHUOHBL cUOPOKCUAQ).

IToMuMo rugpokcuga 1yHKa, aM¢GpOTEepHLIMU CBOMCTBaMU 00JIa-
JIAIOT TUIPOKCUIBI HEKOTOPBIX Apyrux meTtayuio: AI(OH);, Cr(OH);,
Be(OH),, Sn(OH),, Pb(OH),.

OObsicHeHME TIPOsIBJIeHNSI aM(OTEPHOCTU Y OMHUX METAIJIOB U
OTCYTCTBUE €€ Yy APYTUX CJeAyeT UCKATh B TEOPUU XMMUYECKOU
CBSI3MU.

MoXHO 3aMeTUTh, 4TO aM(OTEpPHbIE CBOMCTBA MPOSBISIOT TE
MeTalibl, KoTopbie B [lepuonnyeckoit Tabauiie HaxoasiTcsl Haubosee
0sM3KOo K HeMeTa/uiaM. Kak U3BeCTHO, HeMeTaJLTbl 00JalatoT O0bLIEeH
3JIEKTPOOTPULIATEILHOCTBIO (TI0 CPABHEHUIO C METa/IaMu), TTIO3TOMY
UX CBSI3b C KUCJIOPOAOM HOCUT KOBAJIEHTHBIN XapakTep U OTIMYaeTcs
3HAYUTEJIbHOM MPOYHOCTHIO.

CBs13u MeXIly MeTa/llaMU M KUCJIOPOJIOM, KaK MPaBUjio, NOHHbIE
(M3-3a HU3KOW 3JEKTPOOTPULIATEILHOCTU MeTa/ioB). Takue cBs3u
YacTO MEHee MPOYHbI, YeM KOBaJE€HTHbIE (BCIOMHUTE MOHHbBIE U
aTOMHBIE KPUCTAJUIBI).

PaccMoTpuM cTpyKTypHBIE (POPMYJIBI TPEX Pa3HbIX COEAUHEHUIA:
rujpokcuaa 6opa, rulpokcuaa aJloMUHUS U TUAPOKCUIA KaJb-
LM,
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B(OH), Al(OH), Ca(OH),
SJICKTPOOTPULIATCIIbHOCTD

2,04 1,61 1,0
H--0—B—0-~H H-0-Al~O-H H-0---Ca---O-H
0 0
0 0
TUITNYHadgd KUCJIOTa aM(I)OTCpHOC COCOUHECHUC TUITUYHOC OCHOBAHUEC
H,BO, AI(OH); umn H;AlO; Ca(OH),

[TepBblit U3 HUX UMEET BHYTPU MOJIEKYJIbl HAaKboJIee «KOBAJICHTHYIO»
CBSI3b OOpa ¢ KUCIOPOIOM, ITIOCKOIBKY 00p — 0oJiee 371eKTpOoOoTpHlIia-
TeJbHBIN 371eMeHT 1o cpaBHeHUIO ¢ Al u Ca. M3-3a BBICOKOI1 271€KTpO-
OTPUILIATEILHOCTA OOPY SHEPTETUUECKU BHITOJHEE BXOAUTH B COCTaB
OTPULIATENILHO 3apSIKEHHON YacTHUIIbI, TO €CTh KMCIOTHOTO OCTaTKa:

H;BO; — 3H* + BO3™ (B pacTBOpE)

Kanpuit — HaMeHee 3JIeKTPOOTPULIATETbHBIN U3 3TUX SJIeMEH-
TOB, TIO3TOMY B €T0 MoJieKyie cBsi3b Ca—O HOCUT MOHHBIN XapaKTep.
M3-3a HU3KOM BJIEKTPOOTPULIATSIILHOCTH JIJISI KaJIbLIWS BBITOIHEE
CyLIECTBOBaThb B BUe KaTuoHa Ca’':

Ca(OH), = Ca*" + 20H" (B pacTBOpE)

B cBs131 ¢ 3TUM B CTPYKTYPHBIX (DOpPMYJIaxX MyHKTUPHBIMU JIMHUSIMU
OTMEUEHBI CBSI3U, Pa3pblB KOTOPBIX SHEPTETUUECKHU OO0Jiee BHITOICH.

A 3TOT To4emy
2 WX KomARAE?

CtpyKTypHBble (popMyIBl MOKa3bIBaloOT, yTo coenuHeHue B(OH);
OyneT Jierye oTaaBaTh MOHBI BOIOPOA, YeM MOHBI TUIPOKCHIA, TO €CTh
SIBJIIETCSI KMCJIOTOM W TI0 TPaJAUIIMKM JOJDKHO OBITh 3alMCaHO COKpa-
meHHoi opmynoit H;BO;. Hanpotus, Ca(OH), — TMnmuyHoe ocHO-
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BaHMe. [MAPOKCUI aTIOMUHUS, B KOTOPOM LIEHTPAJIbHBII aTOM UMeeT
MPOMEXYTOUHYIO JIEKTPOOTPULIATEbHOCTb, MOXET MPOSIBISITh KaK
CBOIICTBA KMCJIOTHI, TaK 1 OCHOBaHUsI — B 3aBUCUMOCTH OT TapTHepa
10 peakUuy HeUTpaau3amuu. DTo HaOJM0maeTcsa B IeMCTBUTEIb-
HOCTH:

2A1(OH); + 3 H,SO,4 = Al,(SO,); + 6H,O
(pearupyeT KaKk OCHOBaHUE);

Al(OH); = H;Al0; + NaOH = NaH,AlO; + H,0
(pearupyeT Kak KUCJIOTa),

MpUYEM €CJIM peaKlMio MPOBOAUTH NMPU HarpeBaHUM, TO COJIb
NaH,AlO; TepsieT onHY MOJIEKYJly BOJbI M1 00pa3yeTcsl alloMUHAT Ha-
tpusi NaAlO,. B pactBope aqtoMuHaT HaTpus, HAOOOPOT, JIETKO MPU-
coenuHsiet nBe MoiekyJibl H,O u cyiiectByet B Bune conv Na[Al(OH),].
NUrak, koraa AI(OH); pearupyetr Kak KMCJI0Ta, MOTYT TOJy4yaThbCsl
CJIeyIoIIue COMU:

Al(OH); + NaOH = NaAlO, + 2H,0 (nipu cruiaBieHun);

Al(OH); + NaOH = Na[Al(OH),]
(rpu po6aBiaeHuu BogHOoro pactBopa NaOH, 6e3 HarpeBaHust).

Y LIMHKa 371eKTPOOTPHUIIATEILHOCTD MPAKTUIECKU TaKasl Xe, KaK y
amomunus (1,65), mosromy ruapokcua iimHka Zn(OH), MposiBIiseT mo-
xoxue cBoiicTBa. TakuM o6pa3oM, aM(poTepHbIC TUAPOKCUIbI B3aAUMO-
JIEACTBYIOT KaK C PacTBOpaMU KHCJIOT, TAK U C paCTBOPaMU IIeJIOUei.

WHrepHeT:

Enunas xoyekius Iu@pPOBhIX 00pa30BaTEIbHBIX PECYPCOB:

http://school-collection.edu.ru — Komnekuun — Ilpen-
METHbIE Kojmekiuu. Xumusad — Heopranndeckas xumus. Bu-
JICOOITBITHL — ...

... = PactBopsl. Boga. OcnoBanus. Conmu — OcHoBaHUS —
2. [TonydyeHMe U XUMHUUYECKHE CBOMCTBA aM(OTEPHEBIX OCHOBA-
HUIA.

3axaumn

8.18. 3akoHunTe ypaBHEHUS peaKInii:
Cr(OH); + 6HCl — ?
Cr(OH); + NaOH — ?

308



8.19 (®MIII). HarmmuimuTe ypaBHeHUs peaklnii, OTMCHIBAIOIINE
cleaylonme XMuMUIecKe TpeBpalleHMs:

a) ZnCl, + KOH ,;;6,110) = 0CaIOK — pacTBOPEHME OCAIKa;

6) Cr(NO;), + NaOH ;;6:10¢) — OCalOK — PacTBOPEHME OCAJIKa;

B) Be(NO3), + LiOH ;,56,10x) — OCalOK — pacTBOPEHME OCAlKa,

r) Aly,(SO4); + KOH ;56110¢) —> OCalOK — PaCTBOPEHME OCALKa,

8.20 (HTY). OcyiectBuTte cienyoiine npeBpaiieHus:

Al,O; — Al —» ALL,O; —» NaAlO, — AICl;

8.21 (HI'Y). U3 nopoiiikoobpa3Hoii cMecu, coaepxaiieit Na,COs,
Fe, Al u BaSO,, BblIeINTe XUMUUYECKUM MYTEM BCE COCAUHEHUS B
yucToM Buje. Hanuinure ypaBHeHUsT peaklvii U MOCIeA0BaTeIbHOCTh
WX TIPOBeIeHUS (OTMIIIUTE TEXHOJIOTHIO BCeil paboThI).

8.22 (HTI'Y). B Tpex pa3HbIX MpoOMpPKax 0€3 S3TUKETOK HAXOIATCS
pactBopsl NH,Cl, ZnCl,, MgCl,. C noMol11ibl0 TOJTbKO OJHOTO XUMU-
YeCcKOro peareHTa yCTaHOBHUTE, KAKOe COeIMHEHUE HAXOOUTCS B KaX-
oI MpoOupKe.

§ 8.7. Conu. Ha3Banus u kiaccupukamus coei

B mpempimyiimx maparpadax 3TOi IJIaBbl BbI ITOCTOSTHHO
BCTPEYANINCh C peaKIUsIMU, B KOTOPBIX 00Pa3yIoTCS COJIM.

Coaamu Hasviearomes eeuiecmea, 6 KOomopslx amomst meman-
Ad C6AA3AHblL C KUCAOMHbBIMU ocmamKamu.

HMckiaoueHreM SBASIOTCS COJM aMMOHUSI, B KOTOPbIX C
KHUCJIOTHBIMU OCTaTKaMM CBS3aHbl HE aTOMbI MeTasula, a ya-
ctunel NHj. I[IpuMepsl TUTTMYHBIX COJICH TIPUBENCHBI HITKE.

NaCl — xnopun HaTpus,

Na,SO, — cyabdar HaTpusl,
CaSO, — cynabdar Kaiablius,
CaCl, — xyiopuJI KaabLusl,
(NH,),SO, — cynbpaTr aMMoHUsI.

®opMmyJia COIM CTPOUTCS C YIETOM BaJICHTHOCTEM MeTasuia
M KMCJIOTHOIO octaTka. OueHb MHOTHME COJIM — MOHHBIE COEIU-
HEHUsI, TO9TOMY MOXHO TFOBOPUTH, UYTO B COJISIX CBSI3aHBI
MeXKIy co0Oi MOHBI METa/UIa U MOHBI KUCIOTHBIX OCTATKOB:

Na*Cl- — xjmopun HaTpus
Ca?*SOZ — cyabdar Kajibuus 1 T. .
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Ha3zBaHust coseil cocTaBisIloTCsS U3 Ha3BaHUSI KUCIOTHOTO
ocTaTKa M Ha3BaHUs MeTajlla. [JJTaBHBIM B Ha3BaHUM SIBJISIETCS
KUCJIOTHBIN ocTaToK. Ha3BaHMS coseil B 3aBUCIMOCTH OT KHC-
JIOTHOTO OCTaTKa ToKa3aHbl B Tabuiie 8.6.

M3 tabauisl 8.6 BUAHO, YTO HAa3BaHUS KUCIOPOACOAEpKa-
IIAX COJIENl MMEIOT OKOHYAaHUsS «aT», a Ha3BaHUs OECKUCIIO-
POIHBIX COJIE — OKOHYAHUS «U[1».

B HekoTOpBIX ciydasx IS KMCIOPOIACOACPXKAIIUX COJIeH
MOXeET MCMOJIb30BaThCsl OKOHUaHue «um». Hanpumep, Na,SO; —
cyabpum HATpUsL. DTO JeslaeTcs IJIsl TOro, YTOObl pa3inyaTh
cosu cepHoit kucaotsl (H,SO,) u cepuucroii kucinotsl (H,SO;)
1 B IPYTUX TaKUX XKe CIIydasix.

Bce conu pasnensitorcst Ha cpednue, Kucavie N ocHosrbvle. CpedHue
COJIM COMEPKAT TOJbKO aTOMbI MeTaslla U KUCJIOTHOro ocratka. Ha-
TIpUMeEp, BCE COJM M3 TAOIUIIBI 8.6 SIBISIIOTCS cpedHuMu CONSIMU.

JI100y10 COJIb MOXKHO ITOJIyYUTh COOTBETCTBYIOLIEH peakiieil Heil-
Tpanu3auuu. Hanpumep, cynbdur Hatpus obpasyeTcs B peakuuu
MEXIly CEpHUCTON KUCIOTON U OCHOBaHMEM (eIKUM Hatpom). [Ipu
5TOM Ha | MOJIb KUCTIOTBI TpeOyeTCsl B3ATh 2 MOJIsI OCHOBaHUSI:

HzSO3 + 2NaOH = Nast3 + 2H20
cybdUT HaTpus
(cpenHsist colib)

Ecnu B3sTh TOJIBKO | MOJIb OCHOBaHUSI, TO €CTb MEHbIIIE, YEM
TpedyeTcs 11 TOJTHOM HeUTpaan3aly, TO 00pa3yeTcs: KUcas Colb —
TUAPOCYIbMUT HATPUSI:

H,SO;+ NaOH = NaHSO;+ H,0
TUAPOCYIbMUT HATPHs
(Kucnas coib)

Kucavie conu 06pa3yloTcsi MHOTOOCHOBHBIMM KucjaoTaMu. OaHO-

OCHOBHbBIE KMCJIOTBI KUCJIBIX COJIeil He 00pasyloT.

Kucavte coau, nomumo uonoeé memania u Kuciomuozo ocrmamea,
cooepicam uoHbl 6000pooa.

Ha3zBaHust KucabIx coseit comepxkar MpUcTaBKy «ruapo» (OT CioBa
hydrogenium — Bomopom). Hampumep:

NaHCO; — runpokapOoHat HaTpusl,
K,HPO, — ruapodocdar kanus,
KH,PO, — nuruapodocdar kanus.

OcHosHble CONTI 00Pa3yIOTCST IPU HETIOJTHOM HEUTpaIu3allii OCHO-
BaHMs. Ha3BaHMsI OCHOBHBIX COJIEN 00pa3yIOT C ITOMOIIBIO IIPUCTABKA
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«TUAPOKCO». Hixe mpuBeseH MpUMep, MOKA3BIBAIOLIMI OTIMYKE
OCHOBHBIX COJIEM OT OOBIYHBIX (CPETHUX):
Mg(OH), + 2HCI = MgCl, + 2H,0

XJIOpUL MarHus
(cpeHsist coib)

Mg(OH), + HCI = Mg(OH)Cl + H,0
THAPOKCOXJIOPUI MarHust
(OCHOBHast COJb)

OcHogéHble COaU, NOMUMO UOHO8 MEMAALA U KUCAONHO20 OCIAMKA,
coodepicam 2u0pOKCUAbHbLE 2PYNNbL.

OCHOBHBIE COJIM 0OPA3YIOTCS TOJILKO U3 MHOTOKUCJIOTHBIX OCHOBA-
HMit. OMTHOKMCIIOTHBIE OCHOBAHMS TAaKUX COJIei 00pa3oBaTh HE MOTYT.

B tabmmie 8.6 npuBeneHbI MexcOyHapoOHble HA36aHUs COTIEN.
OmHako IoJIe3HO 3HATh TAKXKe PYCCKMe Ha3BaHUSI U HEKOTOPhIE
HWCTOPUYECKHU CIIOKUBIINECS, TPAAUIIMOHHBIE Ha3BaHMS COJIEH,
MMEIOIINX BaXKHOe 3HaueHue (tadmuua 8.7).

Hanpumep, HU B KoeM ciydae Helb3sl myTaTh cody Na,CO,
u nuwesyro cody NaHCO;. Ecnu HeyassHHO MCMOJIb30BaTh B
MUIILY cody BMECTO nuUuesoil codbl, MOXHO MOJTYUYUTh TSXKEJIbIN
XUMUYECKUN OXKOT.

B xumuu 1 B TEXHUKE JO CUX ITOP COXPaHSIETCS] MHOTO CTa-
PUHHBIX HazBaHW. Hampumep, kaycmuyeckas coda — BOBce
He COJib, a TEXHUYECKOE Ha3BaHUe ruapokcuaa Hatpust NaOH.
Ecam 06bIKHOBEHHOH COA0I MOKHO TTOYMCTUTH PAKOBUHY WU
MOCYY, TO KQyCTUYECKYIO COAY HU MPU KaKUX OOCTOSITEIbCTBAX
OpaTh B pyKU WJIM MCITOJIb30BaTh B OBITY HeJb3sl!

DTH NPOCThbIe 3HAHUS MOTYT IIPUTOAUTHCS B XKU3HU — MaJio
JIA ¢ KaKMMU BEIIeCTBAMM TIPUAETCS CTOJIKHYTHCS B OYIYIIEM.

CTpoeHue cofieil aHAIOTMYHO CTPOEHUIO COOTBETCTBYIOLIUX KUCIIOT
1 ocHoBaHUi. Hike TIpuBeneHbl CTPYKTYpHBIE (DOPMYITBI TUTTMYHBIX
CPEeHUX, KUCJIbIX U OCHOBHBIX COJIEIA.

+ - + —
— Na Na
H O\ NaOH O\ NaOH O\
70 o 470 "o~ A0
. mr V-
H-0 : H-O Na O
YroJbHasd KUuceiaota l"l/l,lpOK'JDGOH'dT HaTpud K'dpGOH'dT HaTpHA
H,CO; NaHCO;, Na,CO;3
HO—Mg—OH — < Ho—Mg—c1 9
g o g~ =g ¢ Me—Cl
THMAPOKCHUI MarHu#d THAPOKCOXTOPHUI MarHud XJTOpHI MarHu
Mg(OH), Mg(OH)CI MgCl,
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B 3akimoueHue mpuBeneM CTpOeHUe U Ha3BaHUE OCHOBHOM COJIH,
dopmyna KOTOpoii, Ha MEPBBI B3TJISI, BHITJSIUT OYEHb CIOXHOM:
[Fe(OH),],CO; — nurumpoxkcokapooHar xenesa (II1).

Ha camowm zesie ipu paccMOTpeHUU CTPYKTYPHOI (hOPMYJIbI TAKOM
COJIM CTAHOBUTCS SICHO, UTO 3Ta COJIb — MPOIYKT YaCTUYHOW HeHTpa-
nm3anuy rugpokcuaa xenesa (I11) yronpHo# KuCIoTOi:

HO_
Fe—0O
7/
HO_ HO_ HO
/C=O +2 Fe-OH — C=0 +2H,0
7/
HO HO HO
/Fe -0
HO
yrosibHas Kucnota  ruapokeu sxkenesa (I111) aurnapokcokapdonar xenesa (I111)
H,CO; Fe(OH); [Fe(OH),],CO;

3axaumn

8.23. 3akoHuuTe ypaBHeHUs peakiuii. OnpenennTe, Kakue
comu (cpeaHue, KUCIbIe, OCHOBHBIE) TTOTYYalOTCS TIPU JAHHOM
MOJILHOM COOTHOILIEHWM peareHToB. HazoBute aT1 comu.

a) 2NaOH + H,SO, =

6) KOH + H,S0, =

B) 3Ca(OH), + 2H,PO, =
r) Ca(OH), + H,PO, =
1) Ca(OH), + HBr =

¢) Ca(OH), + 2HBr =

8.24. Hanumure ypaBHeHUS peakKLdii HeMTpalu3anuu, B
KOTOPBIX ToJjiydaroTes cieaytoiiue coau: Na,CO;, NaHCO;,
Na,;PO,, Na,HPO,, NaH,PO,, AICIl;, AI(OH)Cl,, Al(OH),Cl.
Hazosute a1 comu.

8.25% (®MII). K pactBopy H,SO, nob6asunu pactsop NaOH.
O6pa3zoBajoch 3,6 T ruapocyibdaTta Hatpust NaHSO, u 2,84 1 cynb-
(ata Hatpus Na,SO,. Onpenenute, CKOIbKO ObUIO B pACTBOPE CEPHOM
KUCJIOTBHI M CKOJIbKO MPUOABICHO eIKOro HaTpa (B rpaMMax).

8.26* (®MII). K pactBopy, comepxaiemy 1,96 r dochopHoii
kucnotel H;PO,, npubasunu pactsop, conepxaiiuit 2,8 r riApoKCU-
nma kamuss KOH. Kakue conmm n B KakoM KOJIMIeCTBe 00pa30BaJliCh B
pe3ysbTaTe peakiuy HelTpaauzauuu?

314



§ 8.8%. Coum. IToyyeHne u XuMHYECKHE CBOMCTBA

PaccMmoTpuM BaxkHeHIIIME CIIOCOORI MOMYIeHUS COJICH.

1. Peakums HeiiTpaauszanuu. DTOT crocod yxke HeOTHOKPATHO
BCTpeyvasicsl B TpeAbIAYyIIMX Maparpacdax. PacTBOpbl KUCIOTBI U OCHO-
BaHMSI CMEIIMBAIOT (OCTOPOKHO!) B HY>KHOM MOJIbHOM COOTHOIIIEHUU.
IMocne BeIMapuBaHus BOMBI MOJIyYalOT KPUCTAUIMYECKYIO coyib. Ha-
mpuMep:

H,SO, + 2 KOH = K,SO, + 2H,0
cynbdar
Kanus

2. Peakuus KHCJIOT C OCHOBHBIMH OKCHIAMH. DTOT CITOCOO IOJTyde-
HUS coJieil ynomuHaicsd B maparpade 8.3. dakTuuecku 370 BapHaHT
peakumu HeiTpanusanuu. Hampumep:

HQSO4 + CuO = CUSO4 + Hzo
cynbdar
Mean

Oxcun Meau — HepacTBOPUMBIN YepHBIM MOPOIIOK, a BOAHBIN
cynabdaT Menu — pacTBopuMasi cojib rosryooro 1Bera. [1o mosisineHuto
roryooii OKpackyd B pacTBOpe MOXHO HaOJIOAATh 3a MPOTEeKAHUEM
peakiuu (ITOCMOTPUTE OIBIT «a» B KOHIIE Maparpada).

3. Peakuusi ocHOBaHMId ¢ KUCJIOTHBIMH OKcHIamu (cM. Tiaparpad 8.2).
OTO TaKxXe BapuaHT peakiMu HelTpaln3aluuu:

Ca(OH), + CO, = CaCO;{ + H,0
KapOoHat

Ecnu npomnyckats B pactBop u30bIToKk CO,, TO TOJy4aeTcs: u3-
OBITOK YTOJBHOM KUCIOTHI U HEPACTBOPUMBIN KapOOHAT KaJbIUs
TpeBpaIiaeTcsl B paCTBOPUMYIO KUCIIYIO COJTb — IMIPOKapOOHAT Kajlb-
uust Ca(HCO;), (mocMoTpuTe ONnbIT «0» B KOHIIE Maparpada):

CaCO; + H,CO; — Ca(HCOj;),(pacTBop)

4. Peakuusi OCHOBHBIX H KHCJIOTHBIX OKCHIOB MEXKIY CO0OIi:
CaO + SO; = CaSO,

cynbdar
KaJIbLIUA
5. Peaknus KUCJIOT € COJAMH. DTOT CIIOCOO MOAXOIUT, HAIIPUMED,
B TOM CJlyyae, eciii o0pa3yeTcss HepacTBOpUMasl COJb, BbIMafaroIiast
B 0CalloK (IMMOCMOTPUTE PEAKIIUIO B OMBITE «B» B KOHLIE Naparpada):

st + CUSO4 = CuS\L + HzSO4

cynbhun
Meaun
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6. Peakmusa ocHoBaHmii ¢ coxsaMu. {151 TaKMX peaklMil TTOIXOIST
TOJIBKO 11IeJI0YM (pacTBOpUMBIE OCHOBaHUs). B aTux peakuusx o6-
pasyeTcsl Apyroe OCHOBaHWE U JApyrasi cojib. BaxHo, 4ToObl HOBOE
OCHOBaHUE He OBLIO IEJI0YbI0 M He MOTJIO pearnpoBaTh ¢ 00pa3oBaB-
1ieiics conplo. Hampumep:

3NaOH + FeCl; = Fe(OH)3l + 3NaCl

XJIOpUIL
HaTpust
7. Peakiua ABYX pa3iMdHbIX coJjeii. Peakiinio ymaercs nmpoBecTu
TOJIBKO B TOM CJIy4ae, eCIu XOTsI Obl OIHA M3 00pa3yIOIINXCs CONei
HepacTBOPYIMA U BBIMMAAaeT B 0CamoK (ITOCMOTPHUTE OMBIT «I» B KOHIIE
maparpada):

NaCl + AgNO; = AgClL + NaNO;

XJIOpHUL HUTpaT
cepebpa Kavst

Brmasgiiyio B ocanok cojib OT(hMIBTPOBBIBAIOT, a OCTABIIMIACS pacTBOP
yIapuBaloT U MOJTyYaloT Apyryto cosb. Ecu xe 06e oOpasyroliuyecs conu
XOPOIIIO PAaCTBOPMMEBI B BOJIE, TO PeaKIIMU He TIPOMCXOIUT: B PaCTBOPE
CYIIIECTBYIOT JIMIIIb MOHBI, HE B3aMMOMIEHCTBYIOIINE MEXIY COOOM:

NaCl + KBr = Na* + CI" + K* + Br~

Eciu Takoit pacTBOp ynapuTh, TO MbI OJy4uM cmecsy cotieid NaCl,
KBr, NaBr u KCl, HO ynCTBIe COIM B TaKUX peaKLMSIX MOTYIUTh HE
yaaercs.

8. Peaknusa mMetaiioB ¢ Kucjaotamu. B coco6ax 1—7 Mbl umenu
IIeJIo ¢ peakuusiMM oOMeHa (TOJIbKO crocob 4 — peakiusi CoeluHe-
Hust). Ho conmm o6pasyrorcs ¥ B OKHMCIUTETbHO-BOCCTAHOBUTEIBHBIX
peakiusix. Harpumep, MeTalibl, pacrosoXeHHbIe JieBee BOIopoaa B
psily aKTUBHOCTU MeTaJuloB (Tabyiuiia 8.3), BBITECHSIIOT U3 KUCJIOT
BOIOPOJ ¥ CAMU COCAMHSIIOTCS C HUMH, 00pasys COJIu:

Fe + H,SO4 5, = FeSO, + H,T
cynbdar
xenesa (II)

9. Peaknus MeTaJUIOB ¢ HEeMeTAJUIAMU. DTa peakivsi BHEITHE MOXET
HAITOMHHATh TOpeHre. MeTall «Cropaer» B TOKe HeMeTaslia, 00pasyst
MeJTbYaiIiiie KPUCTAJLTBI COJIA, KOTOPbIE BBIMJISIISAT KakK OBl «IbIM»
(ombIT «I1» B KOHIIEe Tlaparpada):

2K + Cl, = 2KCl

XJTOpUT
Kanst

10. Peakuusi MeTaJuIoB ¢ coisiMi. bojiee akTMBHBIE METaJJIbI, pac-
MOJIOXKEHHBIE B PSITy aKTUBHOCTH J1egee, CITOCOOHBI BHITECHSITh MEHEE
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aKTUBHbBIE (PACTONOXEHHbBIE npasee) METAJUIbl U3 UX COJiel (MToCMO-
TPUTE OIIBIT «E»):

Zn + CuSO, = Cu + ZnSO,

MOPOLIOK  CyIb(ar
Menu LIMHKa

Terepb pacCMOTPYM XHMHYECKHE CBOIMCTBA COJICIA.

HaubGosee pacnipocTpaHeHHbIE peakIUW COJieli — peakluu
oO0MeHa M OKMCIIMTEIbHO-BOCCTAaHOBUTEIbHBIE peakinu. CHavaja
pPaccMOTPUM MPUMEPHI OKMCIUTEIbHO-BOCCTAHOBUTEIBHBIX peaK-
1970788

1. OKuCIMTEIbHO-BOCCTAHOBUTE/IbHbBIE PEAKIIMH COJIEIA.

ITocKOBKY COJTM COCTOAT M3 MOHOB MeTaJlTa M KUCIIOTHOTO OCTAT-
Ka, X OKHCIUTEIbHO-BOCCTAHOBUTENIbHBIE PEAKIINN YCIIOBHO MOXKHO
pa3ouTh Ha JBE TPYIIBI: peakiMy 3a CYeT MOHA MeTalula U peakiuu
3a CUET KUCJIIOTHOTO OCTaTKa, €CJIM B 3TOM KUCJIOTHOM OCTaTKe KaKou-
JIUOO aTOM CMOCOOEH MEHSTh CTENEHb OKUCIEHUSI.

a) Peaxyuu 3a cuem uona memanna.

ITockoIbKY B COJISIX COAEPXKUTCS MOH METasljia B MOJOXUTETbHON
CTEMEeHU OKMCJIEHUSI, OHU MOTYT Y4aCTBOBaThb B OKUCJIUTEIbHO-
BOCCTaHOBUTEbHBIX PEAKLIMsIX, T1Ie NOH MeTaljla UTpaeT POJb OKUC-
satesnist. BoccraHoBUTEIEM Yalle BCETro CAYXUT KaKo-HUOYAb TPYroit
(6onee akTuBHLBIN) MeTasul. [IpuBenem mpumep:

+2 0 0 +2
HgSO, + Sn ——Hg +SnS0O,
Gonee

AKTUBHBIN MeTaLl
(BoccraHoBuTENB)

coMb MeHee
AKTUBHOIO MeTaJia
(okucamrenp)

[IpuHATO rOBOPUTH, YTO 0OJIe€ aKTUBHBIE METAIbI CIIOCOOHBI
8bimecHAmMbd NPYrie METAILIbl U3 UX cojieil. MeTasuibl, Haxonsiuuecs B
PSNY aKTUBHOCTH /€8ee, SIBIISIOTCS Oosiee akTUBHBIMU. HeTpynHo 3a-
METHUTh, YTO 3TO T€ K€ peakiMM METAIJIOB C COMSIMU (CM. TIyHKT 10
TPENbIMYIIETO pa3nena).

0) Peaxyuu 3a cuem KUca0mHo2o 0OCmMamka.

B KMCIIOTHBIX OCcTaTKaX 4acTO MMEIOTCSI aTOMbBI, CIIOCOOHBIE 13-
MEHSTh CcTeneHb oKucaeHus. OTciofa — MHOTOYUCIEHHbIE OKMCIIU-
TEJIbHO-BOCCTAHOBUTEJIbHBIC PEAKIIMU COJIEN C TAKUMU KUCIIOTHBIMU
ocratkamu. Hampumep:

-2 0 0 -1
Na,S +Br, >S+2NaBr
COJIb
CEPOBOIOPOIHON
KHCJIOThbI

317



-1 -1 0 -2
2KI  +H,0,+H,50, - 1,+K,S0, +2H, 0
MOI0BOJIOPOIHOH

noan

+7 -1 0 +2 -2
2KMnO, +16H Cl — 5CL,+ 2KCl+2MnCl, +8H, O

conb XJop
MapraHuLoBoii
KHCJIOTBI

452 +4 0
2Pb(NOy), —=2 5 5ph0+4N O, +0,

COJTb a30THOM
KHUCJIOTbL

2. OOMeHHbIe peakIu COJIeii.

Takue peakliiyd MOTYT IMPOMCXOAUTH B pacTBOpaXx, KOraa COJIK
pearupylot: a) ¢ KUCJI0TaMu, 0) ¢ 1IeJI0YaMU, B) C APYTUMU COJISIMU.
Hanpuwmep:

a) CuSO, + H,S — CuS{ + H,S0,

AgNO; + HCl — AgCIl + HNO,

6) FeCl; + 3NaOH — Fe(OH),! + 3NaCl
CuSO, + 2KOH — Cu(OH),d + K,SO,

B) BaCl, + K,SO, = BaSO,l + 2KCl
CaCl, + Na,CO; = CaCO;l + 2NaCl

HexoTopble 13 3TUX peaklMii yXe BCTpeyaauch B OMBITAX «B» U
«» (cM. KoHell maparpada). O6pazoBaHue HepacTBopumMoro Cu(OH),
B peakIU CO IIEJIOYbI0 MOXHO ITOCMOTPETh B OITBITE «XK».

Bo Bcex cayyasx ooquH U3 OPOAYKTOB OOMEHHOM peakiiuy 00s13a-
TeJbHO NOJKEH MOKUIATh PeakKlIMOHHYI0 CMECh B BUIE OcCaiKa Wu
razoo0pa3Horo BeiiecTBa. JInOo TOKHO IMOJy4aThCsl COeAMHEHNE, HE
pacragatoliieecss B pacTBope Ha MOHBI. Eciiv aT1 yciioBUsSt He BBIMOJI-
HSIIOTCSI, TO TIPY CMEIIMBAHUY PEareHTOB B JIyYIlIeM CiTydae o0pasyeT-
cs1 CMeChb He pearnpylonmx Mexmay coboil MIOHOB (peakiusl He UJIET).

HNuTepner:

Enunas xoanekius 1ubpoBbIXx 00pa3oBaTeIbHbIX pecyp-
COB:

http://school-collection.edu.ru — Komanekuuu — I1peamer-
Hble KoJuleKIMU. XuMusi — Heopranunueckas xumus. Buneo-
OIIBITHI — ...
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a) ... — Bonopon. Kucnotsl — CBoiictBa Kucior — 4. Peak-
ust ooMeHa Mexxay okcuaom meau (I1) u cepHoit KUCIOTOM.

0) ... —» IMoarpymnna yriepoga — YrojibHasl KMCJIOTa U €€
coiu — 1. B3aumornpeBpalieHrue KapOoHaTOB U THIpoKapoo-
HATOB.

B) ... = [loarpynma kucinopona — Cepa 1 ee COeIMHEHUS —
5. IlonyyeHue cepoBogopoaa U U3yyeHUe ero CBOMCTB.

r) ... —» lanorensl — 12. KauecTBeHHbIe peakiMM Ha XJIO-
pun-, 6pOMUI-, 1 MOOWUI-NOHBI.

n) ... — Tanorensl — 6. BzanMmoneiicTBue xjopa ¢ KajaueM.

e) ... = PactBoprl. Boga. OcnoBanus. Coau — Conmu —
2. BzanMopeiicTBre METAIJIOB C COJISIMU.

X) ... = PactBophl. Boga. OcHoBanusi. Conu — OcHoBa-
HuA — 3. [ToaydeHre HepaCTBOPUMEIX OCHOBAHMIA.

3amaun

8.27 (®MIII). [TpomomxuTe ypaBHEHUS peaklivii U ypaBHSIATE UX.
CrpenkaMy YKaXXWTe TTPOAYKTHI, BhIMAAAIONIMe B 0CAIOK WIM BbIe-
JIAIONIMecs B BUIE rasa.

1) AgNO; + FeCl; =

2) Pb(NO;), + K,S =

3) Ba(NOs3), + Al (SOy); =

4) CaCl, + Na;PO, =

5) Na,S + HCI =

6) (NH,),SO, + KOH =

7) K,CO; + H,SO, =

8) Ba(HCO3)2 + HzSO4 =

9) A1203 + KOH(I/BGI:ITOK) =

10) SiO, + NaOH =

11) NaHCO; + HCl =

12) NaHCO; + NaOH =

13) [Cu(OH)],SO, + KOH =

14) [Cu(OH)],SO, + H,S0, =

15) MgO + HBr =

16) MgO + SO; =

17) K,S + HNO; = kucnas cosib

18) Mg(OH), + H,SO, = ocHoBHas conb

19) FeSO, + KMnO, + ... = MnSO, + ...

20) KzSO3 + K2C1‘207 + HzSO4 =
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§ 8.9. CBa3b MexIy KIaCCAMU HEOPraHMYECKHX COeTMHEHHMi

HaBaiite npeacTaBUM M3BECTHBIE HAM KJIACCHI COEIMHEHUI B
BUJIE €AMHOM CXEMBI (3Be3M0YKaMI IIOMEUEHBI KJIacChl, KOTOPHIC
paccMaTpUBaIMCh TOJIBKO Ha BTOPOM YPOBHE 3TOM IJIaBbl):

— MeTajuibl
— [IpocTbie —
— HewmeTannbt
—— OCHOBHbIE
— OKcuabl
—— KucnoTtHbie
BeutectBa —
—— Kuciaopoaconepxaiiue
— Kucnotst
L BecKuCIOpOIHbIE
— Illenoun
— CJI0KHbIe —
—OcnoBanus ——— HepacTBopumbie
—— AMdortepHbie*
—— Cpennue*
— Comu — 1 Kucinpie*
—— OcHOBHBIC*

HeneHue BEEeCTB Ha KJacchl JOCTaTOYHO yciaoBHO. Harpu-
MEp, Mbl 3HA€M, YTO KHCJIOTHI MOAPA3AESIIOTCS Ha OQHO-,
JIByX- U TPEXOCHOBHbIE, HO UX OOBIYHO HE BBIAEISIOT B OT-
JleJIbHbIE KJlacchl coeArHeHUli. TOYHO TaK Ke He SBJSIOTCS
OT/EJIbHBIMU KJIaCCaMU CUJIbHBIE U cJla0ble KUCIOTHI. DTO Xe
CIPaBeJJIMBO U IIJII OCHOBAaHUIA.

Mexny KjlaccaMy CYLIECTBYET BaxkHasl CBS3b, KOTOPYIO Ha-
3bIBAIOT eeHemuyueckoll («reHe3us» Mo-rpevyecku 0003Havyaet
«IIPOUCXOXIEHUE»). DTa CBI3b 3aK/II0YACTCSI B TOM, YTO U3
BELIECTB OJHOrO Kjacca MOXHO IOJYyYUTh BELIECTBA APYIUX
KJIaCCOB.

CyuiecTByeT 1Ba OCHOBHBIX IMYTU F'€HETUYECKUX CBSI3ei
MEXY BEIIECTBAMM: OJMH W3 HUX HAYMHAETCS METAJIaMU,
JIPYroi — HeMeETaJUIaMU.

Hanpumep, cynbdar kanbumst CaSO, MOXHO MOTYYUTh JTUOO
W3 MeTaJula KaJbLus, JIN0O APYTMM MyTeEM — W3 HEMeTalla
Cephl:
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Ca —*Ca(OH), —2*-CaS0,
MeTaun 2 CoJlb
OCHOBaHME

S —%,80,—% ,80,—%° ,CaSO,

HEMETa/LT KHMCJIOTHBIE OKCHIBI collb

C npyroii CTOpOHBI, U3 COJIM MOXHO OITSITh IIPUNATH K Me-
TaJITy U HEMEeTaJLTy:

H
Ca0 — Ca
o OCHOBHOI MeTalll
CaSO4 t°C OKCHIL
coJlb 7n
SO, S + ZnSO,

KUCTOTHBIM 2 HEeMeETaJL1
OKCHT

OnHOBPEMEHHO CYLIECTBYIOT U APYrUe MyTU B3aUMOIPEB-
pallleHUil CoeqMHEeHUI pa3HbIX KjaaccoB. Takum obpa3om, re-
HETUYECKUE CBSI3U MEXAY Pa3HbIMU KJIacCaMU COEIUHEHUIA
O4YE€Hb MHOT0OOpAa3HBbI.

3amaum K rase 8

8.28. K kakoMy kjaccy (MM KjiaccaM) OTHOCSTCS Iepe-
yucjaeHHble coeauHeHus: Na,O, CO,, CuO, SO;, Fe,05?
C XakKMMU U3 HHUX OyIeT pearnpoBaTh KOHIIEHTPHPOBAHHAS
cepHas kuciota? Hanuimre ypaBHeHUST peaklMii.

8.29. Ecimi xpaauTh menoun (HarpuMep, NaOH) B Herior-
HO 3aKPBITBIX OaHKaX, TO C HUMH TTIOCTETIEHHO ITPONCXOIAT W3-
MEHEHMS, CBSI3aHHBIE C KOHTAKTOM 3THX BEIIIECTB C YIIEKUCIBIM
razom CO,. Harmuimre ypaBHEHHS IIPOMCXOISIINX PEaKIINIA.

8.30. Huke npuBeaeHbl CTPYKTYpHbIE (hOPMYJIbI MSITU Be-
mectB. K KakuM KiaccaM COeIMHEHMI OTHOCSITCSI 3TU Bellle-
ctBa? Hanumure peakuuu mMexay BeliecTBamu (a) u (T);
MexXay BelecTBamu (a) u (0); Mexay BellecTBaMu (a) U ().

H—0
H—0—Na H—0—Cl HO—Be—OH 0=S=0 c=0
H—0
a 17 8 2 0

8.31. Hanmuimre ypaBHeHUS MOTyYeHUS OKCHIOB HAarpeBaHU-
eM caenyroiux BeuiectB: a) Ca(OH),, 6) H;PO,, B) Ca;(PO,),.
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8.32. Hapucyiite cTpykTypHYI0 (DOpMYJTY CyabdaTa aaTioMu-
HUA Al2(SO4)3.

8.33. B pesynbraTe peakiiMu MexIay pacTBOpaMu ABYX COJIei
o0pazoBajics 0cagoK XJopuiaa cepedpa, a B paCTBOPE OCTaICs
TOJIBKO HUTpAT Kalus. Mexay KakKuMu COJISIMUA IPOU30IILIA
peakius?

8.34. U3 nByx NpuBeAeHHBIX HUXE YPaBHEHUM peakLuii
MIPOAOJLKUTh MOXHO ToJIbKO ogHO. Kakoe? Uto obpasyercs?

Ni + MgCl, =
Mg + NiCl, =

8.35. M3 nByx nmpuBEIEHHBIX HIXKE pEaKkIMii UIeT TOJbKO
onHa. Kakas? Hanuiure ypaBHeHUEe peakLIMU.

FeCl, + NaOH =
NaCl + KOH =

8.36*. Ha tutpoBaHue 5,0 MJI pacTBOpa COJISIHOM KMCIIOThI HEM3-
BECTHOI KOHIEHTpauuu uzpacxomosano 10,0 ma 0,1 M pactBopa
NaOH. KakoBa KOHIIeHTpalKsI COJISTHOM KUCTOTHI?

8.37*. K pactBopy, conepxaiieMmy 1 MOJb CEpHOI KUCIOTHI, TIPH-
6aBuIM 1| MOJIb TUAPOKCHUIA HATPUsI, a 3aTEM PACTBOP J0CYyXa BhIMa-
punu. Kakas conb npu 3ToM Beiaemiack? Kakosa ee macca?

8.38* (®MIII). Yepes pacTBop, comepKaiiuii 3,2 T TUAPOKCUAA
Hatpus, porryctuiu 1,568 1 CO,. Kakue cou 1 B KaKOM KOJTMIeCTBE
o0pazoBaiuch?

8.39. Opgnaxnab! FOx mpoBoaua 3KCNEPUMEHTHI 110 U3Mepe-
HUIO 3JIEKTPOITPOBOIHOCTH PacTBOPOB pa3HBIX cojieil. Ha ero
JJabOPaTOPHOM CTOJI€ CTOSUTM XUMUYECKUE CTaKaHbl C pacTBO-
pamu KCI, BaCl,, K,CO;, Na,SO, u AgNO;. Ha kaxxaom
CTakaHe Obljla aKKypaTHO IIpHKJIeeHa 3TUKeTKa. Kak Bbl moM-
HUTE, B J1a0OpaTOPUU KUJI MOIyraid, KJIeTKa KOTOPOro 3amu-
pajachk He oyeHb xopoiio. Koraa FOx, moriomeHHbIi 3KcIe-
PUMEHTOM, OTJISTHYJICS Ha TOMO3PUTEIbHBIN IIOPOX, OH C
y>XKacoM OOHapyXuJs, 4YTo momyrai, Tpy0o Hapylias mpaBuia
TEXHUKHU 0€30MacHOCTH, MbITaeTCs MUTh U3 CTaKaHa C pacTBO-
pom BaCl,. 3Has, 4To Bce pacTBOPUMBIE COJIM Oapursl Ype3Bbl-
yaliHO SA0BUTHI, FOX OBICTPO CXBaTUJ CO CTOJia CTaKaH C
JPYroii STMKETKON ¥ HACWJIBHO BJIWJI PACTBOP B KJIIOB MOITyTalo.
IMTonyrait 6611 cnaceH. CTakaH ¢ KaKUM pacTBOPOM ObLI HMC-
MOJIb30BaH ISl ClaceHus moryras?
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8.40. Kax ocylecTBUTh CeaylolIe MpeBpalleHMsI:

Ca — Ca(OH), —» CaCO; —» CaO — CaSO, — CaCl, —
Ca?

8.41*. Kak ocyliecTBUTh CJIeAyIONINE TIpeBpalleHs:

Dochop — xmopun dpocdopa (V) — XJI0poBOAOPOI —> XJIOPULL
LIMHKa — XJI0pua cepebpa?

8.42* (HT'Y). Ilpu B3aumoneiictBum xjaopuna docdopa PCls ¢
BOION 00pa3oBajioch 2,5 MOJIST XJIOPUCTOro Bogopona. Paccumraiite
MaccCy ocajka, o0pa3ylomerocs npu Jo0aBICHUN K MOTyIeHHOMY
pactBopy u3obiTKa CaCl,.

8.43* (HI'Y). HanuiuTe ypaBHEeHUs peaklii, TTPOUCXOMSIINX
MPY CJIMBAHWM PaBHBIX 00BEMOB CIIEAYIOIINX PACTBOPOB:

a) IM NH, + | M HCI

6) | M NaOH + 1M H,SO,
B) 1M NaOH + 1M NaHCO;
r) IM MgCl, + 1M NaOH

HazoBuTe BelllecTBa, KOTOPbIE MOTYYalOTCS TPU OCTOPOXKHOM HC-
MapeHUH BOIbI U3 3TUX pacTBOPoB. K KakoMy Kilaccy OHU OTHOCSITCS?
Haruimre ux cTpyKTypHBbIE (OPMYJIBL.

8.44* (HI'Y). Ykaxure cOCTaB KOHEUHBIX TTPOAYKTOB, HA30BUTE
UX U paccTaBbTe KOA(MPGOUIIMEHTHI B CIEAYIOIINX YPaBHEHHSIX:

H,S + Pb(NO;), =
Cu + HNO3 (koHIL) =
CuSO,+ Zn =
Na,CO; + HCl =

OnuUIIMTEe BHEIITHUE TTPU3HAKKA 3TUX PEaKIIMIA.

8.45* (HT'Y). [Ipuseaute cTpykTypHbIE (hOPMYJIBI YTOJBHOM KUC-
JIOTHL U ee cojieil (¢ HazBaHMsIMU). Hamuimre ypaBHeHUST peakiiuid,
OoTpaxalolllie CBOMCTBA YroJbHOW KHUCIOTHI U ee cosieil. B yuem ot-
JIMYUE STON KUCIOTHI OT APYTUX MUHEPATbHBIX KUCITOT? YKaXHTe He
MeHee TpeX CIIOCOOOB TOyYeHUsI COJIel YrobHOM KucaoThl. Kakue
MUHEPAJbl, SIBJSIONIAECS COMSIMU YTOJbHOM KUCIOTHI, Bbl 3HaeTe?

8.46* (HI'Y). K BomHOMY pacTBOpY, comepxaiueMy 26,4 T cyibda-
Ta aMMOHUSI, TOOABJISIOT U30BITOK TUAPOKCHIA HATPHUS M HarpeBaroT.
BreigenuBimiics mpu 3TOM ra3 moJHOCTHIO rtortomaercs 100 mir pac-
TBOpa 4 M (ochopHOil KMCIOTH ¢ IUIoTHOCThIO 1,2 r/cm®. Ompene-
JIUTE COCTaB 0Opa3yIolleiics COU U ee KOHLEHTpaluo (Macc. %) B
MTOJIy4eHHOM pacTBOPE.

8.47% (HI'Y). [1ocie Bblaep:KMBaHUSI IIMHKOBOI IJIACTUHKY Maccoit
80 r B pactBope Pb(NO;), ee macca yBeanumaach 10 94,2 . CKoibko
IrpaMMOB CBMHIIA BBIAEIMIOCH Ha TUTACTUHKE?
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8.48* (HI'Y). Hanummure ypaBHeHUs peakKLUUii CIEIYIOIINX IIpe-
BpAlLICHUIA:

Ca — CaH, — Ca(OH), — Ca(HCO3), — CaCl, — Ca,PO,

8.49* (HI'Y). MuHepait u3yMpya COISPKUT CASIYIOIINE 3JIEMEHTHI:
Be — 5,0 macc. %, Al — 10,0 macc. %, Si — 31,0 macc. %, KoTopbie
HaxogsTCd B HEM B BUIE OKCUOOB. XpOM, OTBETCTBEHHBIN 3a 3CJICHYIO
OKpacKy M3ymMpyja, COAEPKUTCS B HEM B HE3HAUYUTEJbHBIX KOJUYE-
CTBax, 1 €Y0 MOKHO HE MIPMHMMATh B PACUYCT. Hanumwre XUMHNYECKYIO
bopmyy usympyza.



Thaea 9

TEPMOXUMUS, CKOPOCTh XUMUYECKOH
PEAKIINN 1 XUMNYECKOE PABHOBECHE

§9.1. TennoBoii 3ppexT XxMUYECKOIi peakuuu.
OcHoBHbI€ 32KOHbI TEPMOXHUMUH

Panblire MBI UL KOPOTKO YIIOMUHAIM O PEaKIIUsIX, UIy-
IIUX C BbIACJIEHUEM WM ToTrjolieHueM Tera (cMm. § 5.3).
Teneps paccMOTpUM 3TO sIBJieHUE OoJjiee OAPOOHO, yXKe Ha
KOJIMYECTBEHHOM YPOBHE.

B xaxmom BelllecTBe 3amaceHo OIpeAeIeHHOe KOTUIECTBO
sHeprur. C 5TUM CBOMCTBOM BEIIECTB MBI CTAJIKUBAEMCS YXKe
3a 3aBTpakoM, 00€I0M UM YKMHOM, TaK KaK MPOIYKThI MUTA-
HUS TO3BOJIAIOT HaIlleMy OpTaHW3MY MCITOJIb30BaTh SHEPTUIO
CcaMbIX pa3HOOOpPa3HBIX XUMUYECKUX COCIUHEHHI, comepxkKa-
muxcs B nuie. B opraHusme 3Ta sHeprus npeodpasyercs B
IBIDXEeHUE, paboTy, UAET Ha TOoIAep:KaHNe TTOCTOSTHHOM (1 10-
BOJILHO BBICOKOM!) TeMmIiepaTyphl Teja.

DHeprusi XMMUYECKUX COSAMHEHUI coCcpeaoToYeHa IiaB-
HBIM 00pa30M B XUMHIECKHX CBSI3AX. UTOOBI pa3pyIInTh CBA3b
MEXIy IBYMS aTOMaMu, TpedyeTcsl 3ampamums 3Hepeuro. Kor-
Jla XMMUYecKasl CBSI3b 00pa3yeTcsl, SHEPTUsl 8bidensiemcs.

BcriomMHMM, 4TO aTOMBI HE COEAUHSIIMCH OBl MEXIY COOOI,
€CJIv OBl 3TO HE BEJIO K «BBIUTPLILILY» (TO €CTh BLICBOOOXKIECHUIO)
SHEPTUH. DTOT BEIUTPHIIT MOXET OBITH OOJBIINM WU MaJTbIM,
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HO OH 00$13aTeJIbHO €CTh MPU 00pa30BaHWM MOJIEKYJ U3 aTo-
MOB.

Jto6as xumuueckasi peakiius 3aKJI04aeTcsl B pa3pbiBe OMHUX
XUMUYECKUX CBsI3ei 1 00pa30BaHUM JAPYTUX.

Korna B pe3ysibsraTe XMMU4eCKOM peakiiuy pyu o0pa3oBaHur
HOBBIX CBSI3€i BBIIEIISICTCS DHEPTUM O0bUle, YEM TIOTPEOOBaA-
JIOCh IIJIST pa3pyIIeHUST «CTapbIX» CBsI3ell B MCXOTHBIX Belle-
CTBaX, TO U3OBITOK IHEPIrMM BHICBOOOXIAETCS B BUIE TEILIa.
IIpumepoMm MOryT ciyXuTh peakuuu ropeHusi. Hanpumep,
npuponHbiii ra3 (MmetaH CH,) cropaeT B KUCJIOpO€e BO3ayXa C
BblJeJIeHUEM OO0JIbIIOr0 KOJMYECTBa TeTI0Thl. Takue peakuuu
Ha3bIBAIOTCS 9K30TEPMUUECKUMM OT JIATUHCKOTO «9K30» — Ha-
pPYXy (MMesl B BUAY BBIACISIONIYIOCS SHEPTHUIO):

CH, + 20, = CO, + 2H,0 + Q (teroTa)

B npyrux cinyyasix Ha pa3pyllleHHe CBsI3eid B UCXOIHBIX Be-
1IeCTBax TpebyeTcss S3HEepruu OOoJIblIe, YeM MOXET BbIACIUTHCS
MpU 00pa30BaHUM HOBBIX CBsi3eil. Takue peakuuu MpPOUCXOIST
TOJIBKO TTPY MOABOJIEC SHEPIUM U3BHE U HAa3bIBAIOTCS IHOOTEPMU-
YeCKUMU (OT JIATUHCKOTO «3HA0» — BHYTPb). [IpriMepoMm siBIIsI-
ercs obpaszoBaHue okcuaa yrieponaa (II) CO u Bogopona H, us
YIJISt U BOZIbI, KOTOPOE MPOMCXOIUT TOJIbKO MPU HarpeBaHUU:

Q (rerutora) + C + H,0=CO + H,

TakuM obGpaszoM, Jrodass XuMuUYecKasi peakiusi COrpoBO-
KIAaeTcs BbIAEJeHUEM WU MOTJIoleHrueM sHeprun. Yarie
BCETO 3HEPTHS BBIIESIETCS WX ITOTJIONIAeTCs B BUIE TEILIOTHI,
pexke — B BUIE CBETOBOU MJIM MeXaHWYECKOU 3Hepruu (I10-
CMOTpUTE ONBITHI (a, 0) B KOHIIe Maparpacda). DTy TernjaoTy
MOXHO U3MEpUTh. Pe3ynmbTaT m3MepeHUs BHIPAKaloT B KHJTO-
Jxoynsx (kJIX) aisi OMHOTO Mo4s peareHTa WiIM (pexe) IJIst
MOJISI TPOAYKTa peakiyu. Takas BeJJMIrMHa Ha3bIBAeTCsl Menio-
evim 3pghexmom peaxyuu. Haripumep, TerioBoit a¢p@ekT peak-
LMY CTOPAHUS BOIOPOIA B KMCIIOPOIE MOKHO BBIPA3UTh JIIOOBIM
W3 IBYX YpaBHEHUIA:

2H, (1) + 0, (r) = 2H,0 (%) + 572 kJIx
nin

H, (r)+%02(r) =H,0 (x) +286 KX
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O0a ypaBHEHMSI OJMHAKOBO MPaBWIbHbI, U 00a BbIpaXKaroT
TEeIIOBOM 3((PeKT 3K30TepMUIECKOI peaKluu oOpa30BaHUs
BOJIbI U3 BoJopoJa u kuciaopoaa. Ileppoe — Ha 1 MoJb uc-
MOJIb30BAaHHOTO KMCJIOPOA, a BTOpoe — Ha 1 MOJIb CropeBIiie-
ro BoAopoja uiav Ha 1 Mojb 06pa3oBaBIIEHCST BOMAbI.

3Hauku (T), (k) 0003HAYAIOT Ta3000pa3HOE U KUIKOE CO-
CTOsIHUE BelecTB. BeTpeuatoTes Takke 0003HaueHUsI (TB) WU
(K) — TBepaoe, KpUCTANINYECKOEe BEllecTBO, (BOAH) — pac-
TBOPEHHOE B BOJIIE BEIIECTBO U T. .

OO6o3HaYeHUe arperaTHOro COCTOSIHUS BellleCTBa UMEeT
BaxXHOe 3HaYeHMe. HamprmMep, B peakiiny CropaHus BOIOpoaa
MepBOHaYaJIbHO 00pa3yeTcsl BoAa B BUIe Iapa (razoodpa3Hoe
COCTOSTHHE), TIPY KOHACHCAIINY KOTOPOTO MOXKET BBIICIUTHCS
ellle HEKOTOpoe KoJuyecTBo aHepruu. CiaepoBaTebHO, s
00pa30BaHMs BOIBI B BUIE KUIKOCTH U3MEPEHHBIN TEITOBOM
3¢ heKT peakuu OyIeT HECKOJIbKO 00Jibliie, YeM 1151 00pa3o-
BaHUS TOJBKO IMapa, MOCKOJbKY IPY KOHACHCAIIMY T1apa BbI-
JEJUTCS eIlle TTOPIHS TeTUIOTHI.

HMcnonb3yeTcs TakKe YaCTHBIN CIydail TeIioBoro adekra
peakuuu — menioma ceopanusi. I3 caMoro Ha3BaHMSI BUITHO,
YTO TEIUIOTa CTOPaHUS CYKUT ISl XapaKTepHUCTUKM BEIEeCTBa,
MIPUMEHSIEMOTO B KaueCcTBEe TOIIMBA. TeIJIOTY CrOpaHUS OT-
HOCAT K 1 MOJIIO BellleCTBa, SIBJSIONIETOCsl TOIUIMBOM (BOC-
CTAHOBUTEJIEM B pEaKIIM1 OKHUCIICHUS), HAIIPUMeEp:

C,H, + 2,50, = 2CO, + H,0 + 1300 xIx

aueTuiieH TEIJI0Ta CropaHus
aueTuiieHa

3anaceHHyI0 B MoJIeKyIaX 9Hepruio (£) MOXHO OTJIOXUTh
Ha 3HepreTuyecKoi mkajue. B aToM ciaydyae TeruioBoii 3¢ dexT
peakuuu (AE) MOXHO Mmokasarh rpadudecku (puc. 9.1).

TertoBblie 3(hheKTbl XUMUUECKUX PeaKIMidA HYy>KHbI 1711 MHO-
I'MX TeXHUYeCKuX pacyeToB. [IpencraBbre ceOsl HA MUHYTY KOH-
CTPYKTOPOM MOIIHOM paKeThl, CIIOCOOHOI BEIBOJUTHL HA OPOUTY
KOCMUYECKre KOpabyiM U Apyrue moyie3Hble rpy3bl. Hanpumep,
TaKoM, KaK poCcCHiicKasl pakeTa « DHEPTHUsT», IBUTATEIN KOTOPOM
paboTaloT Ha CXKMXKEHHBIX Ta3ax — BOAOPOJE U KUCIOPO/IE.

HomyctuM, BaM n3BecTHa paboTa (B K/IK), KOTOpyio mpu-
JIETCS 3aTPaTUTh T JOCTABKU PAKEThI C TPY30M C MOBEPXHOCTU
3emiin 10 OpOUTHI, U3BECTHA TaKXKe padoTa II0 IMPEOI0JICHUIO
COIPOTUBJICHUS BO3AyXa U APYTrUe 3aTpaThl SHEPTUU BO BpeMs
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E E ]
H, + %02 H, + 502
E| —— E, :
5 |
AE } 286 kI AE; 286 xIx
‘ i
: H,0/
+H,O 20
E, 2 E 2
KoopauHaTa peakKiun KoopauHaTa peakinuu
0 100 0 100
a 6

Puc. 9.1. Tpadbuueckoe nzodpaxeHue TerioBoro 3hdex-
Ta (Q = AF): a — 3K30TepMUYECKON peaKlMU TOPEHUS
BOIOPO/Ia; 6 — BHAOTEPMUUYECKON PEaKUU Pa3IOXKEHUS
BOJIbI MOJ ACWCTBUEM 3JIEKTpUUecKoro toka. KoopauHary
peakiuu (TOpU30HTATIBHYIO OCh Tpadhrika) MOXKHO paccMa-
TpUBATh, HAMIPUMeEP, KaK CTEIMEeHb MPEeBPALICHUS BELIECTB
(100 % — mosHOe MpeBpallleHUe UCXOMHBIX BELIECTB)

nojeta. Kak paccuuraTh HeoOXOOMMBIM 3amac BogOpoia U
KUCJI0pOJia, KOTOpbIe (B CXKMXEHHOM COCTOSIHUM) UCIOIb3Y-
I0TCSI B 9TOM pakeTe B KaueCTBE TOILIMBA M OKUCIUTENS?

be3 nmomoiu TerioBoro adekra peakiuu oopa3oBaHUs
BOJBI U3 BOIOPO/A M KMCJIOPOIa CAEaTh 3TO 3aTPyTHUTEIBHO.
Benp TenoBoit a3 heKT — 3TO U ecTh Ta camasi SHEprusi, Ko-
TOpasi JOKHA BBIBECTU paKeTy Ha opouTy. B kamepax cropaHust
pakeThl 3Ta TeIUIoTa MpeBpaliaeTcsl B KWHETUYECKYIO0 SHEPIUIo
mousiekyn H,O B Bune packajieHHOro rasa (Imapa), KOTOpbIi
BBIPBIBAETCS U3 COTEJ U CO3MAeT PEAaKTUBHYIO TSTY.

B xuMuuecKoi MpOMBILIIEHHOCTU TeTJIOBble 3(PGheKTh
HYXHBI IJISI pacyeTa KOJMYecTBa TEIUIOTHI IJIsl HarpeBaHMUsI
pEeaxKkToOpoOB, B KOTOPBIX UAYT 3HAOTEPMUUYECKNE pEeaKIIUU.
B sHepreTuke ¢ moMoOUIbIO TEIJIOTHI CrOpaHMsl TOILIMBA pac-
CUUTHIBAIOT BHIPAOOTKY TETJIOBOI 3HEPTUM.

Bpaun-aueTonoru UCIoJb3YIOT TerioBble 3(PhEeKThl OKKC-
JIEHUs TIMILEBbIX MPOAYKTOB B OpraHU3Me ISl COCTaBJIEHUS
MPaBWIbHBIX PAllMOHOB MUTAHUSI HE TOJBKO ISl OOJIbHBIX, HO
W JIJIS1 300POBBIX JIIONIeil — CIIOPTCMEHOB, pA0OTHUKOB pa3ind-
HbIX ITpodeccuit. [To TpaguiMu nj1s1 pacyeToB 3A€Ch UCTIOJIb3Y-
10T HE JIXKOYJIU, a APYTYe SHepreTUUecKre eAMHULIbI — KaJopuu
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(1 xan = 4,184 JIxx). DHepreTuueckoe coaepKaHue MUILU OT-
HOCAT K KaKOW-HUOYAb Macce MUILEBbIX MPOAYKTOB: K 1 T, K
100 r un gaxxe K cTaHAApTHOM yrakoBke npoaykTa. Hanmpumep,
Ha 3TUMKETKe 0OAHOUYKHU CO CTYLIEHHBIM MOJIOKOM MOXHO ITpO-
YUTATh TaKyl0 HAIAMUCh: «KaJlopuitHOCTh 320 kkan/100 r».

YpaBHEHUS XUMUYECKUX PEAKLU, B KOTOPBIX BMECTE C
peareHTaMu U MpoayKTaMU 3alucaH U TeIIoBoi 3deKT pe-
aKIIWU, HAa3bIBAIOTCS MEPMOXUMUYECKUMU YPAGHEHUAMU.

OC00EHHOCTh TEPMOXUMUYECKUX YPABHEHUH 3aKITI0YaeTCs
B TOM, YTO MpHU pabOTe C HUMU MOXHO MEPEHOCUTh (DOPMYJIbI
BEIIECTB U BEJIMYMHBI TEIUIOBHIX 3(P(PEeKTOB M3 OMHOI YacTh
ypaBHeHUsI B Apyryto. C 0ObIYHBIMU YPaBHEHUSIMU XUMUUECKUX
peaklMii Tak MocTynaTh, Kak MpaBUio, HElb3s.

HomyckaeTcs TakKe MOWIEHHOE CIOXEeHHWE M BhlYMTaHUE
TEPMOXUMHUYECKUX YPaBHEHMI. DTO OBIBACT HYXKHO JIJIST OIIpe-
JleJIeHUs TETIOBbIX 3(PMEeKTOB peakiinii, KOTOpble TPYAHO WIU
HEBO3MOXXHO U3MEPUTH B OIBITE.

IIpusenem npumep. B n1adbopaTopuu ype3BblYaliHO TPYIHO
OCYILIECTBUTD «B YMCTOM BUIE» PeaKIMIO MOJyYeHUsT MeTaHa
CH, nyteM npsiMOro COeIMHEHMUsI yriiepoaa ¢ BOAOPOIOM:

C + 2H2 = CH4

Ho MoxHO MHOroe y3Hath 00 3TOl peaklMy ¢ MTOMOIIbBIO
BblUMCIeHUI. Hanmpumep, BBISICHUTD, OYIET 3Ta peakiys 9K30-
WM 3H0OTEPMUYECKOM, U NaXe KOJMYECTBEHHO pacCUMTaTh
BEJIMUMHY TeILJIOBOro 3¢ geKTa.

M3BecTHHI TeroBbIe 3G GEKTH peakIlnii TOPEHUST MeTaHa,
yrjiepojaa U Boaopoaa (3TU peakiyMu UAYT JIETKO):

a) CH, (1) + 20, (1) = CO, (1) + 2H,0 (k) + 890 x/Ixx

6) C (1B) + O, (1) = CO, (1) + 394 x/Ix

B) 2H, (1) + O, (r) = 2H,0 (x) + 572 xIx

Belutem nBa mociaegHux ypaBHeHUs (0) U (B) U3 ypaBHe-
Hus (a). JIeBble yacTy ypaBHEHUI1 OyleM BbIUMTATh U3 JIEBOM,

MpaBble — W3 MpaBoit. [1py 3TOM COKpaTATCS BCE MOJIEKYITBI
0,, CO, u H,0. ITonyyum:

CH, (r) — C (1B) — 2H, (r) = (890 — 394 — 572) x/JIx = —76 kJIx

DTO ypaBHEHUE BBHITJSIAUT HECKOJIBKO HETTPUBBIYHO. YMHO-
>XUM 00e yacTu ypaBHeHUs Ha (—1) 1 mepeHecem CH, B paByto
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4acTh C 0OpPaTHBIM 3HaKOM. [1olyduM Hy>KHOe HaM ypaBHEHHE
00pa3oBaHMUsI METaHa U3 YIUI U BOJOPOJIA:

C (tB) + 2H, (r) = CH, (1) + 76 x/Ixx/Mo0Jb

HTak, Halm pacyeThl MOKAa3aju, YTO TEIUIOBOI a(pdeKkT 06-
pa3oBaHuUsI METaHA U3 yIJIEPOaa K BOAOpoaa cocTassieT 76 kJIx
(Ha MOJIb MeTaHa), MPUYEM ITOT MPOLECC JOJIKEH ObITh 9K30-
TePMUYECKUM (3HEPIUs B 3TOU peakuuu OyAeT BBIACISTHCH).

OO6paTuTe BHUMaHUE, YTO MOYJIEHHO CKJIalblBaTh, BBIYUTATD
U COKpalllaTh B TEPMOXUMUUECKUX YPABHEHUSIX MOXKHO TOJIBKO
BeIlleCTBa, HAXOISIIMECS] B OAMHAKOBBIX arperaTHbIX COCTOSI-
HUSIX, UHAaye Mbl OLIMOEMCSI B OMNPENeJIEHUU TEIJIOBOTO 3(-
(hexTa Ha BeTUUMHY TEIJIOTHI IEpEXoaa U3 OJHOTO arperaTHoO-
IO COCTOSIHUS B APYTOE.

Paznen xumuu, 3aHUMaIOIIMICS M3YYEHUEM MpEeBpallleHUs
SHEPTUM B XUMUUECKUX PEeAKIIUsIX, Ha3bIBACTCS MepMOXUMUEIl.
CylecTByeT ABa BaXKHEWIIMX 3aKoHA TepMoxuMuu. [lepBoIii
U3 HUX, 3aKoH JlaBya3spe—Jlaruraca, hopMyanpyeTcs Claeayto-
1M 00pa3oM:

Tenaosoii 3¢hgpexm npsamoil peaxyuu écezoa paseH menio6omy
ahhexmy obpammoii peakuuu ¢ NPOMUBONOAONCHBIM 3HAKOM.

DTO 03HAYaeT, YTO IIPU 00pa30BaHMU JIFOOOT0 COCTUHEHUS
BBIZETIsSIeTCS (ITOTJIONIAETCS) CTOIBKO XXe DHEPIUU, CKOJIBKO
rnorJioiiaercsl (BblaessieTcs) Mpy ero pacnane Ha UCXOAHbIe
BelecTBa. Hampumep:

2H, () + O, (r) = 2H,0 (k) + 572 xJIxx
(ropeHure BoAOpoJa B KMCIOPOJIE)

2H,0 (x) + 572 xJIx = 2H, (1) + O, (1)
(pa3noxxeHue BOIBI AJICKTPHUIECKIM TOKOM)

3akoH JlaByaspe—Jlariaca sIBJsIeTCs CJIEACTBUEM 3aKOHA
COXpaHEeHNs SHEePTUM.

BTopoii 3aKoH TepMOXUMUU ObIT cHOPMYIUPOBaH B
1840 romy poccuiickum akagemukom .M. Teccom:

Tenaosoii 3¢hgpexm pearuuu 3aucum moabKo om HA4A.1bHO20
U KOHEYHO020 COCMOAHUSA GeU,eCME U He 3AGUCUM OM NPOMeXHCY-
mouHbIX cmaduii npouecca.
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DTO 03HAYaeT, YTO OOILIMIA TerI0BOi 3 dEKT psiaa Iocie-
JOBaTe/bHBIX peakUuil OyIeT TaKUM 3Ke, KaK U Yy JI000ro apy-
TOro psijia peakluii, eciy B Hauajie U B KOHIIE 3TUX PSIOB OIHU
U TE XK€ UCXOJHbIE U KOHEUHKIC BEIIECTBA.

PaccmoTrpum npumep, miosicHsIouMi 3aKoH Iecca. Cynbgar
HaTpusi Na,SO, MOXHO MONYYUThb ABYMs IyTSIMU U3 €IKOIO
HaTtpa NaOH. OnuH nyTh BKJIIOYAeT TOJILKO OAHY CTaIuIo, a
BOT BTOPOIi — JBE CTaIuU, C TPOMEXYTOUHBIM TOJyYCHUEM
kucnoit comu NaHSO,:

IlepBriii yTh (OAHOCTAAUITHEBIN):

2NaOH + H,SO, = Na,SO, + 2H,0 + 131 x/Ixx
Bropoii nyTh (IByXCTaAUAHBIN):

a) NaOH + H,SO,= NaHSO, + H,0 + 62 x/Ix

6) NaHSO, + NaOH = Na,SO, + H,0 + 69 x/Ix

CornacHo 3akoHy Iecca, TemioBoii 3(p¢heKT MmoaydyeHus
cynbdara Hatpus n3 NaOH He 3aBUCHUT OT crioco0a IoTydeHMs].
JleficTBUTEIbHO, CKJIaabIBasl TEIUIOBBIE 3((MEKTHI ABYX MOCTIC-
JIOBaTeJIbHBIX peakluuii B criocobe (2) Mbl MOJy4aeM TOT Ke
TerToBoM 3¢ deKT, uTo u ;I crrocoba (1): 65 kX + 69 kI =
= 131 kJIxx. KctaTtu, nouyeHHOe CIOXEHUE ABYX IOCIeIHUX
YpaBHEHUII 1aeT TepBOe ypaBHEHUE PEAKIIMH.

MMeHHO 3TH IBa OCHOBHBIX 3aKOHA TEPMOXMMUHU MPUAAIOT
TEPMOXMMUYECKUM YPaBHEHUSIM HEKOTOPOE CXOJCTBO C MaTe-
MaTUYECKMMMU, KOTJa B YpaBHEHUSIX peaklUii MOXHO Iepe-
HOCHUTb YJIeHbI U3 OJHOM YacTU B APYIYIO, TIOYJIECHHO CKJIAIbI-
BaTb, BHIUMTATh U COKpallaTh (DOPMYJIbl XUMUUECKUX COEIU-
HeHuit. I1pu 3ToM HEOOXOOUMO YYUThIBATh KO UIIMEHTHI B
YpaBHEHUSIX peaklMii U He 3a0bIBAaTh O TOM, UTO CKJaJbIBac-
Mbl€, BBIUMTAEMbIE MM COKpalllaéMble MOJIU BellleCTBa TOJIX-
Hbl HAXOAUTHCS B OAMHAKOBOM arperaTHOM COCTOSIHUM.

KoMmy-To 13 Bac MHTepECHO y3HaTh, KaK SKCIIEPUMEHTATLHO MOX-
HO U3MEPUTD TEILIOBOI 3h(eKT KaKoi-HUOYIb XUMUUYECKOM peakIu.
PaccMoTpuM Ha npuMepe 3K30TepMUYECKON peakIIuy MeXIy MeTall-
JINYECKUM TIOMUHMEM W OKCUIIOM Xese3a. st 9Toi 1eau Ucnoib-
3YIOT CTelMalbHBINA Tpubop — Kajmopumetp. [IpenctaBbTe cebe
OOJIBIIYIO «KACTPIOIIO», OOEPHYTYIO TEIJIOU30JIUPYIOIIUM MaTepUATIOM,
YTOOBI TETJIO HE MOIJIO MPOHUKATh CKBO3b CTEHKU HU BHYTPb, HU
Hapyxy. Kpsliika mpubopa Toxe TeIuion3ojnupoBaHa. B kajopumeTp
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IMOMEIIAIOT Jied 1 Bomy. Yepe3 HeKOTOpoe BpeMsl BHYTpH IIpubopa
ycTaHaBIUBaeTcsl mocrosiHHas Temnepatypa: 0 °C. Boay MOXHO BbI-
JINBaTh U3 KAJOPUMETPA Yepe3 CNelUaTbHbI KPaH, a B3BEIICHHbI
Ha Becax Jiel J00aBIsITh, MOMHIB KPBIIKY. [ToMecTuM B KaJIopuMeTp
«OOMOy» — TepMETUYHBII cocyl, coaepxaiuii 5,40 T aTlOMUHUEBOI
ctpyxku u 15,97 r okcupa xenesa (I11): Fe,O;. BHyTpb «00MOBI» TIpO-
BeJIEHbI MPOBOJIA, YTOObI MOXKHO ObLIO C MOMOUIBIO JEKTPUYECKON
HCKPBI MHULIMMPOBATh PEAKIIMIO:

2Al (1B) + Fe,05 (tB) = Al,O5 (TB) + 2Fe (TB) + O xJIx

JonycTuM, YTO K MOMEHTY Hayaja peakiiiu B KaJlopuMeTpe Ha-
xonutcs 8,000 xr apaa u 8,000 kr xunkoi Boasl. [locne okoHYaHMS
peaKkiMu U OCThIBaHUST «60MObI» 10 0 °C MbI YyCTaHOBWIM, YTO B Ka-
JlopuMeTpe HaxomuTces 8,254 Kr XUAKoi BoIbl (M, COOTBETCTBEHHO,
7,746 kr npaa). Takum o0pa3oM, pacruiaBuiioch 0,254 Kr jibaa, Terio-
Ta IjaBjieHus: Kortoporo coctasisieT 335 JIx/r (wiu 335 kJX/Kr).
CrnenoBatesibHO, B peakiiuu Boiaeamnoch (0,254 kr) - (335 kIx/Kr) =
= 85,1 k/Ix TernoTsl. [ToCKONBKY JUISI 3KCIIEPUMEHTA Mbl B3SUIM POB-
Ho 0,2 Mot Al u 0,1 monst Fe,O5 (mocuutaiite camu u yoeauTech, 4YTo
YUCJIO MOJIeil MPONOPLUMOHAILHO KO3 dulineHTaM B ypaBHEHUHU

MHULUAPOBaHUE
MCEIIATIKA  31eKTPUYECKON

/ HUCKPOW

TEPMOMETP

BOIa

«Oomba»

peareHThbl

Puc. 9.2. YcTpoiicTBO BOASTHOTO KaJOpPUMETpa
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peakiuun), To TeraoBoi addekT ncciaenyeMoir peakiiMy B TaHHBIX
yeaoBusix coctaBisieT 851 kJIxX (peakuust sk3oTtepmudeckas). Cmech
ATIOMUHMS C OKCUAAMU Xejle3a Ha3bIBaeTCs TepPMHUTOM. BBl MoXeTe
MMOCMOTpPETh, KaK «rOpUT» TepMUT (OMBIT (a) B KOHIIE Maparpacda).
Yaiile MCMONB3YIOT HE JIeAsIHbIE KAIOPUMETPHI, a 6oJiee ya1o0Hble —
HamnoJIHEeHHbIe BoAoil (puc 9.2). B aToM ciiyyae o KOJIMYECTBE Bble-
JIMBLIEHCS TETJIOTHI CYIAT 110 TTOBBIIIEHUIO TEMIIEPAaTypPhl KUAKOCTH.
KonuuectBo ternotsl Q = me(t, — t,), TAe m — Macca BOIbl B KaJIOpH-
MeTpe, ¢ — ee yaeJbHas TeMJI0eMKOCTb, f, — TeMIepaTypa BOAbI 10
Hayajla peakiuu U t, — TeMIepaTypa BoAbl IO OKOHYaHUU PEaKIIUU.

WHurepHeT:

Enunas xojutexkuus: nudpoBbIXx 00pa3oBaTeIbHBIX PeCyp-
COB:

http://school-collection.edu.ru — Komnekuuu — Ilpen-
METHBIE KOJUIeKLIUU. XUuMusi — HeopraHuueckass xumus.
Buneoonsitel — ...

a) ... » Metamibl — MeTtajlibl HOOOYHBIX nmoarpymn. XKe-
Je30 — 6. [TonyyeHue xene3a aTlOMUHOTEPMMUEIA;

0) ... — IlepBoHauyanbHbBIC XUMUYECKHUE TTOHATUST — DPusn-
YyecKre ¥ XUMUYeCcKue siBlieHus — 6. BelneneHue cBeta — mpu-
3HAaK XMMUYECKOI peakliuu (CBEUCHUE JIIOMUHOJIA).

3anaun

9.1 (HI'Y). OnpenenuTe BeJIUYMHY TEIUIOBOTO 3ddeKTa
peaKInu:

2S + 30, = 2S0;
€CJIM U3BECTHHBI TeILIOBbIe 3(PpeKThl peakinid

a) S + O, = SO, + 297 k/Ix/mMomb
6) SO, + 0,50, = SO; + 396 x/Ixx/MoJb

9.2. Ha ocHOBaHMU ABYX TEPMOXMMMYECKUX YPaBHEHUIA
OIpele/IUTe, YTO YCTOMYMBEe: aiMa3 Win rpadpur?

C (rpadur) + O, = CO, + 393,8 kJIx
C (anmma3) + O, = CO, + 395,7 xk[Ix
9.3* (MI'Y). [lanbl Tpu ypaBHEHUS] XUMUUYECKUX PEAKIIUA:

a) Ca (tB) + 2H,0 (x) = Ca(OH), (BomH) + H, (T) + 456,4 xJIx
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6) CaO (tB) + H,O (k) = Ca(OH), (BomH) + 81,6 xJIx
B) H, (r) + 140, (r) = H,0 (x) + 286 xJIx
Omnpenenure TeruioBoit a¢hdeKkT peakimu:

Ca (1B) + 140, (1) = CaO (1B) + O KJIX.

§ 9.2*. Tepmoxumus (nponosukenue). Tennora odpa3oBanus
BelecTBa u3 jieMeHToB. CTaHAapTHAS SHTAIBINS
o0pa3oBaHus

B npornutom maparpacde Mbl IpUBEIY TIPUMED BBIYUCICHUS TETLIO-
Boro addeKxTa peaxkiiuu:

C (tB) + 2H, (1) = CH, (1) + 76 KII>X/MOb.

B manHoM ciydae 76 KX — 3TO He MPOCTO TEIIOBON 3(PpdekT
NAHHOW XMMMUYECKOW peakliuu, HO eIlle U menioma oopa3o8anus me-
mana u3 snemenmos. JleiicTBUTENbHO, B 3TOi peakuuu metaH CH,
00pa3yeTcsl UMEHHO M3 COCTABJISIIOIIMX €ro BJIEMEHTOB — yTjiepoaa u
BOZIOpPO/ia, a HE KAKMM-HUOYIb IPYTUM CIIOCOOOM.

M3BecTHBI TETUIOTHI 00pa30BaHUS CaMbIX PA3HOOOPA3HbIX BEIIECTB
U3 COCTaBJSIOLIMX UX 2JieMeHToB. Hanpumep:

CO, (1): 393,5 xIxx/Monab (13 C u O,, sHeprusi BbLIEISIETCS);

SiO, (tB): 859 xIIx/mMonb (u3 Si u O,, sHeprus BbIAESETCS);

NaCl (tB): 411 x/Ixx/Monb (13 Mot Na u 0,5 monb Cl,, sHeprus
BBIIEJISIETCS) U T. 1.

Ony0JMKOBaHBI OOIIMpPHBIE TaOJIUIIBI TEIUIOT 00pa30BaHUS Be-
mectB. B yeMm xxe 1mmojie3HoCTh 3THX BeJnurH? JIea0 B TOM, UTO TEILIO-
Thl 00pa30BaHUSI BEIIECTB M3 3JIEMEHTOB YPE3BBIYAHO yOOOHKI IS
pacuera Teru1oBbIX 3¢ GEKTOB JI0OBIX peaKiivii, B KOTOPIX 3TU Bellle-
CTBa MOIJIM ObI y4aCTBOBATh.

Tenaoma aroboii peaxyuu (daxce noka He ocyujecme.neHHOll HA NPaK-
muie) Moycem Gblmb 6bIMUCACHA KAK PA3HOCHb MENHCOY CYMMOU meniom
00pazoeanus ecex NPoOyKmMoe u Cymmoii meniom o6pazoeanus écex pea-
2eHMO6 6 OaHHOIl peaKuuu.

OpHako 37ech HEOOXOAMMO CTPOTO COOJIONATh «TIpaBUIa UTPBI»,
MpUHSITEIE B TepMoxuMuu. Hampumep, Mpl uieMm: C (TB), HO «TBep-
IIBIi» YIJIEpOd MOXET OBITh KakK Ipa¢uToM, Tak 1 anMmazom! B Tepmo-
XUMMUYECKUX U3MEPEHUSIX CTAHIAPTHBIM COCTOSTHUEM YTJIEpO/ia CUMTa-
eTcs rpaduT, a He anMa3. Bo-BTOPbIX, Hy>KHO TOTOBOPUTLCSI O TEMIIe-
patype M IaBJeHUU, IMPU KOTOPBIX HAXOASTCS BEIIECTBA, ITOCKOJIbKY
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5TU TIapaMeTPhl MOTYT 3aMETHO BJIMSITh Ha BEJIMYMHY TETIOBOTO 3(-
dekTa. [IprHATO UCII0IB30BaTh TEILIOTH 00pPa30BaHUS COSIMHEHMI U3
YUCTBIX DJIEMEHTOB @ cmaHdapmHblx ycaogusax. Takue cTaHAapTHbIE
YCJIOBUSI Yallle Ha3bIBAIOT CMAHOAPMHbIM COCMOAHUEM BEIIECTB:

1. /lns meepobix, scudxkux u 2azoo00pasHvix éeuiecme CMAaHOApmmoe
cocmosanue onpedeasiemca Kax Haubosee pacnpocmpanennas gopma
anemenma npu 25 °C (298 K) u daseaenuu 1 ammocegpepa (1 amm).

2. Tenaoma obpazosanus wucmoix 34eMeHmMO8 NO Onpedeaenuro pasHa
Hya10.

Hanpumep, temnoBoit acbekT peakiimu B3auMOAEMCTBUST BOAO-
pona u Kkucjiopoza ¢ oopazoanuem Boasl (H, + 0,50, = H,0 + Q kJIx)
MBI HA30BEeM CHAaHOapmHol menaomoil 00pa3o8anus 600bL N3 dJIEMEHTOB
TIpY YCJIOBUU, €C W3HAYaTbHO BOIOPOJ M KUCIOPOI HAXOAWINCH
pu aTMocepHOM IaBlIeHUM U TemIepatype 25 °C, 3aTeM Ipou3oliuia
peakiiusl C BblieJIeHueM OOJIbIIOro KOJIMYEeCTBa TEeIJIOTHI, a 3aTeM
MPOAYKT peakiu (Boja) BHOBb ObLT oxyaxieH no 25 °C, otnaB Bce
MOJTyYeHHOE BO BpeMs peakllMM TETUIO B OKPYXXAMIIYIO cpeny. DTOT
TeTI0BOM 3(dEKT, KaK MBI yXe 3HaeM, cocTaBseT 286 K/I/MOJb.

TepMmoxumust sIBJIsIeTCSl 4acThio OoJiee OOIIMPHOI HAyKU mepmo-
OJunamuxu. B TepMOAMHAMUKE TIPUHSATHI CBOU TEPMMHBI, K KOTOPbIM
YUTATET0 HAMO MPUBBIKHYTh. Tak, TeruioBoil apdekT onucaHHOM
BBIIIIE PeaKIIMK TTOJTyYeHUS BOJbI B TEPMOIMHAMUKE TIPUHSITO HAa3bIBATh
aumanvnueii (AH) o6pa3oBaHUs BOILI B TOM CiIydae, €Cl peakius
MIPOMCXOAUT TIPU HEU3MEHHOM JIaBJIeHUU (HarpuMep, B OTKPBITOM
cocyne). Eciu peakiiust mpoBoAUTCS B 3aMKHYTOM COCYZIe U JaBJIeHUe
B XOJIe peakluu MeHsIeTCsI, TO TeruioBoi 3¢ dekT (Q) U 3HTANbIUS
(AH) — He coBceM oJlHO U TO Xe. [laBaiiTe pasdoepeMcsi, 3a4eM MOHa-
JIOOUIOCH BBOAUTH TaKOe MOHATHE, Kak SHTabus AH (Hapsimy ¢ yxe
MIPUBLIYHBIM HaM TETIOBBIM 3 (HEeKTOM), M UeM OHU OTJIMYAIOTCS APYT
OT IpyTa.

[eno B TOM, 4TO HauboJjee yIoOHbIM METOIOM U3MEPEHUS TEII0-
BbIX 3((PEKTOB IJIsI XKMUKOB J0JITO€ BpEMsI CITYKUJT CITOCOO TpoBeie-
HMS peakluii B «0oMbe» — 3aMKHYTOM METaJLTMIECKOM cocyie, KO-
TOPHII MOMEIIAIOT B KajopuMeTp (cM. puc. 9.2). B KoHlle npenpioy-
mero naparpada pacckasblBaloch MMEHHO O TaKOM 3KCIEpUMEHTE
(eciu BbI ellie He MPOYUTAIA 00 3TOM — BEPHUTECH Ha OMH Maparpad
Hazan). B 3aMKHYTOM cocyjie MpoAyKThl peakiMy JUIIEHbI BO3MOX-
HOCTHU U3MEHATHh 00bEM, TTO3TOMY OHM HE MOTYT BBITTOJIHUTH KaKylo-
HUOYIb Mexanu4eckyio padboTy. B 3THX yCIOBUSX BhIIEIMBIIIEECS CKBO3b
CTEHKU «0OMOBI» TeILI0 (Ha30BeM ero AE) — 3To ellie He BCSI SHEePTrus,
3aKJII0YaBIlasicsl B JaHHOM peakuuu. Ecau naBieHue B peakiiuy BO3-
pacTaet, a «6oM0Oa» OKaxXeTcsl He OYECHb MPOYHOM, TO €€ MPOCTO-
HAIpoCTO pa3opBeT, IpUYeM Ha 3Ty paboTy OyneT MoTpayeHo elie
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KaKoe-TO KOJIMYECTBO dHEPTMHU, KOTOPOE MBI «HE 3aMedyaeM» B TOM
clyyae, eciii «0oMba» ocTajiachk 1ena.

Ho 601b1MHCTBO XUMUYECKUX PeaKIUii XUMUKU IPOBOIST HE MPU
IIOCTOSIHHOM 00BbeMe (He B «00MOe»), a B OTKPHITHIX cocyaax (T.e. IIpu
MOCTOSIHHOM JaBiieHun). [1oaToMy morpebdoBajiach BeIMYMHA, aHAJIO-
ruuHasi AE, Ho u3aMmepsiemast 1Sl peaklMii B OTKPBITBIX COCYyIaX.
HMMeHHO Takasi BeJIMIMHA Ha3bIBACTCS IHMAAbNUEIH.

Dumaavnusa — 3mo meno6oi Ihghexm peaxuuu, uzmepennsiii (uau
GLIMUCACHHDLIL) 0451 cAYHas, K020a PeaKuis npoucxooum 6 omKpovimom
cocyde (m. e. npu neusmennom daeaenuu). Obosnauaemes kax AH.

Korna o6beM, 3aHUMaeMbIii TPOAYKTaMU PEaKIIUU, OTIUIAETCS OT
o0beMa, 3aHMMaeMOTO peareHTaM1, XMMUYecKas CUCTeMa MOXET CO-
BEPLIUTh TOMOJHUTENbHYIO paboTy PAV (tne P — naBieHue, a AV —
usMeHeHune oobema). [Toaromy AH u AE cBg3aHBI MeXAy COOOI Cco-
OTHOILIEHUEM:

AH = AE + PAV

Wrak, ecnu peakiysi IPOBOAUTCS HE B «0OMOE», TO SHTAJIBIUS U
Tery1oBoi 3(deKT coBmagaoT Mexay coboii. DHTAIBIINIO Ha3bIBAIOT
TaKKe «TeriocoaepkaHueM». Eciiv Mbl IpOBOAMM PEaKIIMIO MTOJTyUeHUST
BOIBI B OTKPBITOM cocyze, To 286 KJIx/Monb — 310 «reruio» AH, co-
Jiepakalieecs B BOIOPO/Ie U KUCIOPOe AJIsl Cilydasi, KOraa Mbl MoJTyya-
eM 13 HuX Bomy. [T0CKOJIbKY MCXOTHBIE BEIIeCTBa (BOIOPOI ¥ KMCIOPO)
HaXOJIWJIMCh B HAILIEM OIbITe B CTaHIAPTHBIX ycioBusx (25 °C u naB-
JieHuu 1 at™), a TIPOAYKT peakiuu (BOLy) Mbl TOXE TIPUBEIN K CTaH-
JAPTHBIM YCJIOBUSM, MBI BIIpaBe cKa3aTbh, 4To 286 KJI>X/MOJb — 3TO
cmanoapmuas menioma o0pa308anus 600bl WIN, 4TO TO Xe, cmandapm-
Has IHManbnus 00paz08anus 600bl.

Ecnu MBI 6yeM Tofry9aTh M3 TeX e 3JIEeMEHTOB He BOY, a Tepe-
kuch Bonopona H,0,, To «remnoconepxxaHue» TaKO XMMUUYECKOU
cuctembl 6ynet uHbM (187,6 kJIxx/Moib). Bo BpeMst ipoTekaHus pe-
akuuit ¢ oopasoBaHueM 1 monst Bonbl win 1 Monst H,O, ocBoboxna-
€TCsl pa3HOEe KOJIMYECTBO SHEPTUM, YETO U CIe0BATIO OXKUIaTh. B maib-
HelilleM CTaHIApTHYIO TETUIOTY 00pa30BaHUsI BELLECTB Mbl yaliie Oynem
Ha3bIBaTb UMEHHO cmardapmuoil sumanvnueli oopazosanus AH. YToOb
MMOMYEePKHYTD CITPABEUTMBOCTh 3TOW BETUIMHBI TOJIBKO IS crnandapm-
HbIX YCJIOBUH, B TabauIax e€ 0003HAYaIOT CAEAYIOIIUM 00pa3oM:

AH4

MajeHbKUI «HOJUK» pSAaoM ¢ AH 1o Tpaauiuyi CUMBOJIM3UPYET
HEKOE CTaHIAPTHOE COCTOsIHME, a Irdpa 298 HaITOMUHAET, YTO 3HA-
yeHus1 mpuBeneHsl 115 Beniects mpu 25 °C (wiu 298 K). CrannaptHast
SHTAJIbIUS He 00513aTeIbHO TOJKHA OBITh SHTABITMEN 00pa3oBaHUS
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BeIllecTBa U3 JIEMEHTOB. MOXHO TOMYYUTh 3HAUECHUE CTAHTAPTHOU
SHTaIBNUU AHg 1151 11000 XMMUYECKO peakuuu. Ho B Hauem
clly4ae C IMoJy4YeHUeM BOIbl U3 BOAOPOIA U KUCIOPOLA MbI MOTYyYWIN
MMEHHO CTaHJAPTHYIO SHTAIBIIUIO 00pa30BaHUsI BOMbI. 3aNUChIBAET-
csl 3TO TaK:

H2 + 0,502 = Hzo (AH;gg = —286 K,H)K/MOHL)

OTKyna B3sUICS 3HaK «MUHYC» TIepell 3HaYeHUEM TeITOBOTO 3¢-
¢ekra? 3mech aBTOp CO B3IOXOM JOJDKEH COOOIIMTDH YUTATEIIIO O elIlle
OITHOI OCOOEHHOCTH TMpPeCTaBIeHMSI TETUIOThI (M SHTAJIBIIUU) B TEPMO-
NMHaMuKe. 37eCh MPUHSITO HOMeEPAHHYI0 TI000W CUCTEMOI HEPTUIO
MPENCTABISITb CO 3HAKOM «MuHyc». PaccMOTpUM, Hampumep, yxxe 3Ha-
KOMYIO HaM CUCTeMY M3 MOJIEKYJI MeTaHa U Kuciaoposa. B pesynbrare
9K30TePMHUYECKON peakIuM MeXITy HUMM TTPOUCXOAUT BhIAeIeHe
TETJIOTHI:

CH, (r) + 20, (r) = CO, (r) + 2H,0 (x) + 890 kJIx

MoXHO 3amucaTh 3Ty peakivio U IPYTUM ypaBHEHUEM, e BbI-
JEMUBIIAsICS («ITOTEpsTHHASI») TEMJI0Ta UMEET 3HAK «MUHYC»:

CH, (r) + 20, (r) — 890 k[Ix = CO, (r) + 2H,0 (x)

[To TpanguIIM SHTAJIBIUIO 3TOM U APYTUX IK30MEPMUHECKUX peaK-
LU B TePMOAMHAMMKE IIPUHSITO 3aIICHIBATH CO 3HAKOM «MUHYC»:

AH39g = =890 kJI>X/MOb (3HEPTUS BbIAEISIETCS).

Haobopor, ecitit B pesyiisTate sHdomepmuteckoli peakiiuy cucTeMa
no2a0muaa HEPTUIO, TO SHTAIIBITNS TAKOM SHIOTEPMUYECKOM peakuu
3alUChIBAeTCI CO 3HaKOM «IUmoc». Hampumep, aias yxe 3HaKOMOM
HaM peakuuu noiydyeHust CO u Bogopona U3 yrist U Bofabl (Mpu Ha-
IPEBAHUM):

C (1B) + H,O (1) + 131,3 x/Ixx = CO (r) + H, (1)
AH5g = +131,3 kIx/M0oJb (9HEPrUsl MOMJIOIIAETCS)

K 3T0i1 0cO6EHHOCTU TEPMOAMHAMIUYECKOTO SI3bIKA CJIEAYET IIPOCTO
MPUBBIKHYTh, XOTSl Ha MEPBbIX MTOpax MyTaHUIIA CO 3HAKAMU MOXET
U3PSIIHO JOCaXIATh MPU PEIIeHUU 3a1a4.

[aBaiiTe monpoOyeM pelinuThb OAHY U TY XK€ 3a1ady cHaJyajia B mep-
Modunamuueckoi Kane (Toe BblaensieMasl peaklneil TeraoTa uMeeT
3HaK «MUHYC»), a TIOTOM B mepmoxumuueckoil 1Kaiae (KOTOpOil MbI
MOJIb30BAIMCH B MpeAbIAYyIleM Naparpade U rae BblaesieMast peakiy-
el DHEPrusl UMeeT 3HaK «ILTIOC»).

Hrak, npusenem rpumep pacuera TeraioBoro acdekTa peakiyu:

Fe,0; (tB) + 3C (rpadur) = 2Fe (1B) + 3CO (1)
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Dra peakiysi TPOUCXOANT B JOMEHHOM MeYr MPU OYeHb BHICOKOM
temnepatype (okojo 1500 °C). B cnpaBouYHHUKaX, TAE MCIOJIb3YEeTCS
mepmoduHamu4eckas 1Kajia, MOXHO HalTU CTaHAAPTHBIE TEILJIOTHI
ob6pazoBaHus Fe,0; (AH5y = —822,1 xIx/Moinb) 1 CO (AH5 =
=—110,5 kI>x/Monb). [IBa Ipyrux BelleCTBa U3 STOTO YpaBHEHUsT —
VIJIEPOI U XeJIe30 — SIBIISIIOTCS 3JIeMEHTaMM, TO €CTh UX TeTUIoTa
oOpa3zoBaHUs 110 OIpeAeIeHUIO paBHA Hyio0. [loaToMy cTaHmapTHas
TEeIJioTa paccMaTpuBaeMoi peakiiuy paBHa:

A5 =3 - (=110,5) — (=822,1) = —331,5 + 822,1 = +490,6 kJIx

Hrak, peakiuus BocctaHoBieHMsT okcuaa xenesa (I111) yraepomom
saBisieTcst aHdomepmuyeckoii (AHyyg monoxuTenbHal), mpuyeM Ha Boc-
cTaHoBJIieHHUe ogHOoTro MoJIist Fe,0; TpeMs MoJisiMu yriiepoa Haao ObUTIO
ObI 3aTpaTuTh 490,6 KX, €CIIM MCXOMHBIE BELIECTBA JO Havala peak-
LIUU U TIPOAYKTHI MOCJIe OKOHYAHUS PeaKIIMi HaXOMWJINCh B CTAHIAPT-
HBIX YCJIOBUSX (TO €CTh TP KOMHATHOM TeMIiepaType 1 aTMochepHOM
napieHun). He nMeeT 3HaYeHUsI, YTO MCXOMHbBIE BEllleCTBA MTPUIILTOCH
CWJIBHO HArpeTh ISl TOro, YTOOBI peakiusl nmpousolnia. BexnunHa
AH95 = +490,6 KJIX OTpaXaeT «IUCTHI» TETUTOBOU 3(heKT SHIoTEP-
MMUYECKON peakliMu, B KOTOPOIl peareHThl CHauyajga pa3orpeBajiCh
BHEIITHUM MCTOYHMKOM Terria oT 25 mo 1500 °C, a B KOHIIe peaKLnu
MPOMYKTHI OISITh OCTHIBATM MO KOMHATHOM TeMIIepaTyphl, OTIAaB BCe
TeIJI0 B OKpyXaloliyto cpeny. I[Ipu aToM ormaHHOro Teria 0ymer
MEHBbIIIe, YeM TPUIILIOCH MOTPATUTh Ha pa3orpeB, TOTOMY YTO YacThb
Teria MOTJIOTUIaCh B PeakIIuM.

[TpoBeneM TOT Xe pacyeT, UCTIONb3Ys MepMOXUMUYECKYVIO TITKAITY.
JonycTM, M3BECTHBI TETUIOTHI CTOPAHUS YIJIepoia U Xeje3a B KUC-
Jiopozae (Mpu HEU3MEHHOM JaBJICHUN):

1) C+'40,=CO + 110,5 kIx
2) 2Fe + 340, = Fe,0, + 822,1 klIx

YTo0ObI MOIyYUTD TETUTOBOM 3(D(hEKT MHTEpEeCyoIIeil HAaC peakivu,
YMHOXHWM TIepBO€ YpaBHEHME Ha 3, a BTOPOE TIepeTuIiieM B 00paTHOM
MopsIIKe:

1) 3C + 340, = 3CO + 331,5 k/Ix
2) Fe,0; + 8221 k/Ix = 2Fe + %40,
Tenepb MOYIEHHO CIIOXUM 00a ypaBHEHUSI:
3C + 340, + Fe,05 + 822,1 xk/Ix = 3CO + 331,5 xkIx + 2Fe + 340,

TMoce cokpaleHus B 06erX YacTax ypaBHeHus Kuciopoaa (7 0,)
u niepeHoca 822,1 kX B IIpaByI0 4acTh MOJIYUYHNM:
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3C + Fe,0; = 3CO + 2Fe — 490,6 kJIx

HTak, MBI MOJTYYMIM TOT X€ CaMbIii Pe3yJIbTaT, HO YXe B mepmo-
Xumuueckoil Kaje. B ypaBHeHUSIX 11 TIPOCTOTHI MBI He YKa3bIBaJIA
KaXIblif pa3 arperaTHOe COCTOSTHUE BEIlIeCTB, OMHAKO MpeAroaraim,
YTO OHO OJIMHAKOBOE B Pa3HBbIX Mpolieccax. KpoMe Toro, B Havaie u
B KOHIIE KaXJ/I0TO OMbITa PeareHTbl U MPOJAYKThI TOJKHbBI HAXOIUTHCS
B OJIMHAKOBBIX (CTAaHIAPTHBIX) YCJIOBUSIX — IPU KOMHATHOMW TeMIIe-
partype U naBjieHur 1 at™.

Yurarenb AOKEH caM BbIOpaTh CIIOCOO pelieHrus] TEPMOXUMUYE-
CKUX 3a/1a4, KOTOPBI eMy 0oJIbliie 110 aytie. OmHaKo ciiemayeT MTOMHHUTD,
YTO B COBPEMEHHBIX 33JJauHMKAaX Yallle UCIOJIb3YeTCsl TEPMOAMHAMU -
yeckas I1Kaa.

3agaun

IMpuBeneHHbBIC B 9TOM IMaparpade 3amadu B3SThl U3 KHUTH: Ky3b-
meHko H.E., Epemun B.B. 2400 3agay mo xuMuu 1151 IIKOJIBHUKOB 1
MOCTYTAIOIIMX B By3bl. M.: [Ipoda, 1999. C. 59, 63.

9.4. Benblii ¢pochop 1 yepHblii pochop — aBe aUIOTPONHBIE MO-
mudukannu 3aeMeHTa docdopa. YpaBHeHue ropenus gocdopa B
KUCJIOPOJe MOXHO MPEACTaBUTh B BUJE:

P + %0, = /4P,05

IIpu craHmapTHBIX YCIOBUSX TEIUIOTAa cropaHus 6emoro gocdopa
paBHa 760,1 xJIX/MoJIb, a TETUIOTa CropaHus YepHoro docdopa pas-
Ha 722,1 x/Ixx/Monb. Uemy paBHa TemjoTa MpeBpalleHnus YEPHOTO
docdopa B Gesblii IpU CTAHIAPTHBIX YCIOBUSIX?

9.5. Kakue 13 HMKENPUBEACHHbBIX peaklnii SBISIIOTCS SHI0TEP-
MUYECKUMU?

a) 41N, + O, = NO,; AH%g = 33,5 KJIX/MOJIb.

6) 4N, + %H, = NH;; AH3s = —46 kJ1X/MOJIb.

B) 4N, + 140, = NO; AH34s = 90 kJI/MOJIb.

r) H2 + ]/202 = H20, AH°298 =-286 KI[)K/MOJH).

9.6. CKOIBKO PHEPIUU HANO 3aTPATUTH TSI Pa3JIoKeHUs 9 T BOIEI
Ha BOAOPOJ U KUCJIOPOJ, B CTAHAAPTHBIX YCIOBUSIX?
9.7. laHbl CTaHIAPTHBIE SHTAJBIINU CIEAYIOIINX PeaKLIMIA:

H, = H + H (AH595 = 436 K/IX/MOJIb)
Cl, = Cl + Cl (AH55 = 243 xJIx/MOIB)

CranpaprHas sHTanbnus oopazoanus HCI cocraBnsier —92 k/Ixx/
MoJib. PaccuuTaiite sHepruto cBsi3u B mosiekyie HCIL.
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9.8. Mcxonst U3 TepMOXMMUYECKUX YPABHEHUH peakluit
KCIO; = KCl1 + 340, (AH54s = —49,4 kJ1X/MOJIb)
KCIO, = KCl1 + 20, (AH>9s = 33 k/Ix/Mo0Jb)
paccuutaiite AH5g st peakunu: 4KClO; = 3KCI1O, + KCI.

§9.3. Ilouemy Bce BO3MOXKHBIE XHMUUECKHE PEAKIMH
elie He MPOU30NLIH? DHEPrusi AKTHBALMH.
ITonsiTie 0 CKOPOCTH XMMHYECKO# PeaKInu

PaccMmoTpuM peakiyio, KOTopasi IPOMCXOAUT B 3aMKHYTOM
cocylle MEXIy HeKUMU ra3000pa3HbpIMU BelllecTBaMu A 1 b 110
YPaBHEHUIO:

A+b=B

st Toro yToOBI MOJIeKyIBI A 1 b mpopearnpoBaim Mexny
co00i1, OH! TOJDKHBI CHavajia CTOJAKHYThes. [IpryeM cToaKHO-
BEHME JOKHO OBITh JOCTATOUHO SHEPTUUHLIM. DHEprus, 3a-
naceHHas B MoJieKynax A u b, nojkHa ObITh O0JIbIIIe KAKOM-TO
oIpenesieHHOM BeIWYMHBI — MHAYe OHU MPOCTO OTTAIKUBA-
I0TCSI APYT OT Apyra, He BCTyIasl B peakuuoo. Eciau xke sHeprus
CTOJIKHOBEHMS TOCTaTOYHA, 00pa3yeTcsl mpoayKT B.

Mepoii «3HEePTUUHOCTHU» MOJIEKYJT MOXKET CIYXKUTb, HAIIPU-
Mep, CKOPOCTh UX ABMXKEHHUSI, KOTOpPasl BO3PACTAET C IMOBBI-
IIeHWEeM TeMIIepaTyphl raza. KcTaTu, TeIio Wil XOJIOd MBI
BOCIIPMHMMAaeM MUMEHHO KaK pe3yJIbTaT CTOJKHOBEHUM OKpY-
KAIOIIUX HAC «OBICTPBIX» WIM «MEIJIEHHBIX» MOJIEKYJI aTMO-
cdepnl ¢ Halllell KOXeN.

OmHako He Bce MOJIEKYJIbI TIpY JaHHOM TeMIepaType 00-
JIafaloT OJMHAKOBOM dHEprueil n IBUXYTCS ¢ OJMHAKOBOM
ckopoctbio. CylllecTByeT pacrpenesieHue MOJIEKYJI 0 CKOPO-
CTSM, a 3HAYUT, U TI0 SHEPTUM.

TOJIBKO YacTh MOJIEKYJT IBIDKETCST C OYeHBb MaJTOi MJIN OYeHb
0OJIBIIION CKOPOCTHIO, HO OOJIBIIMHCTBO — C HEKOTOPOI cpe-
Heil ckopocTbio (puc. 9.3). PearrpoBaTh MOXET TOJIBKO Ta YacThb
MOJIEKYJ, B KOTOPBIX 3arlaceHHas aHeprus Bbilie E,;,, T.e€.
BBIILE OMPEACICHHOTO Mmpeaenaa I KaxXIoil KOHKPETHOM pe-
aKkiuu (3Ta 00JacThb 3alTpUXOBaHa Ha puc. 9.3).
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Puc. 9.3. Pacnipenenenue monekyn  Hucio momekyn

110 BHEPTUU TIPU KaKOH-TO Orpese-

JieHHOM TemriepaType. KonunuecTBo

TaKUX «aKTUBHBIX» MOJICKYJ IPU-

MEpHO MPOMOPLUMOHATIBLHO 3allTPU- /
XOBAaHHOW TUTOIAA TTOJ KPUBOM

E.in oHeprusi E

ITosscCHUTH CUTYallMI0 MOXET MPOCTON MpUMeEp, KOTOPBI
OMHAXJbI yXe MpuBoAuiCs B naparpade 2.7 1o Apyromy mo-
BOJy: TIO TOPOJACKUM YJIULIaM JABUXETCS MHOXECTBO MalllvH,
MpUYEM TOJIbKO HeOOJIbIlIasl UX YacTh €AET JUOO ¢ OYeHb Ma-
JICHbKOH, 1100, HA00OPOT, C OYEHb OOJBIION CKOPOCTHIO.
OcHoOBHa# e Macca TpaHCIIopTa ABMKETCS 110 TOPOMY C KaKoi-
TO cpeaHelt (He o4yeHb OOJIbIIIOM U HE OYeHb MaJeHbKON)
CKOpOCThI0. B peakiimoHHOM cocyie MOJIEKYJIbl TOXe pacrpe-
JIEJISTIOTCS TI0 CKOPOCTSIM (M 110 3HEprun) HepaBHoMepHo. He-
00X0AMMON 1T XMMMYECKOUM peakiluu sHeprueit obaagaet
TOJIBKO ¥acmb CTATKUBAIOLIMXCST MOJIEKYJI.

PacueTbl moKa3bIBaIOT, YTO B OOBIYHBIX YCIOBUSIX MOJIEKYJIbI Ta3a
CTAJIKMBAIOTCS MEXAY cO00ii upe3BbluaiiHo yacto. OMHAKO, KaK Mbl
BUIIVIM, TAJIEKO HE BCE CTOJIKHOBEHMSI MOJIeKy1 A u b mpuBondr K xu-
MUYECKON peakliuy MexXay HUMU. 3HAYUTETbHAS YaCTh MOJIEKYJT <«KIIET»
YIAYHOTO CTOJIKHOBEHUSI, YTOOBI TTEPEMECTUTRCSI B 3aKpallleHHYIO0 Ha
pucyHke 9.3 o61acTb. Takoii criocod rnpuodpeTeHus1 MOJIeKyIaMUu SHep-
WY Ha3bIBAETCST mepmuteckoll akmusayueii Mosekyn. Ho 3Tot cmocob —
He eqMHCTBeHHbI. Hanmpumep, eciu Mosekysna A TOJIBKO 4TO 0Opa3o-
BaJlach B pPe3yJIbTaTe KaKOW-HUOYIb 3K30TEPMUUYECKON peakliy U ellie
He ycrieia OTIaTh SHEPTUI0 B OKPYXKAIOIIIYIO CPely, OHA OKa3bIBaeTCS
aKTUBMPOBAHHOM IS JabHEMIIINX peakiuii. Takoii croco0 akTiBaIuu
He TpeOyeT CTOJIKHOBEHUN C IPYTMMU MOJIEKYJaMU U HA3bIBAETCS XU-
Muyeckoil akmusayueti. Eie onuH crmoco0 akTUBalLlMM MOJIEKY] 0e3
CTOJIKHOBEHUII — TIOIJIOIIEHUE UMU
sHepruu cseta. Ho, momyepkHem, B MC/I0 MallnH
OYE€Hb MHOTUX peaKUsIX aKTUBUPO-

BaHHbIE MOJIEKYJbl HaAXOISITCS B

(oo
o B
MEHBIIMHCTBE IO CPAaBHEHUIO C
OCHOBHOM MacCOW «HEaKTUBHBIX»
I S o
MOJICKYJI. iomo
~
Cd
30 60 100

Orcrona ciaeayeT BasKHbI BbI-
BO: HUKaKas XMMHYECKas peak- HX CKOPOCTh (KM/4ac)
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LIMST HE MOXKET IMPOMCXOIUTh MTHOBEHHO (Cpa3y MeXIy BCeMU
MOJIEKY/IaMH), TIOCKOJIbKY 3HAUMTE/IbHAS MX YaCTh IIPOCTO HE
00J1aIaeT TO0CTaTOYHOM 3Heprueii mist atoro. CieaoBaTeIbHO,
Kaxmasi XUMHW4YecKasl peakIIns ITPONCXOINT ¢ KaKOW-TO KOHEY-
HOI ckopocmbio. T1om CKOPOCTBIO peaKIInK MbI OyIeM IIOHUMATh
YUCIIO MOJIEKYJI, KOTOPBIE BCTYITAIOT B XMMHUYECKOE B3aMMO-
NEUCTBUE ¢ IPYTUMHU MOJICKYJIaMU 3a eAMHUILY BpeMEeHH. YI00-
HO 3TO YMCJIO MOJIEKYJ BBIpaxkaThb B M0.158X U OTHOCUTH K
eIMHUIIe 00beMa CMECH.

Cropocmblo xumu4eckoil peaKuyuu HA3bl6AeNCA KOAUHECHE0
eeuwecmea, 6Cmynaiouezo 6 peaKyuro uiu oopasyrouiezocsa npu
peaxuuu 3a eOUHUYY 8peMeHU 8 eQuHUYe 006eMa cucmembl.

C MaremMaTUYeCKUM BbIpaxk€eHUEeM JIJIsi CKOPOCTU XUMUYe-
CKOI1 peakilMd Mbl TTO3HAKOMUMCS B ClieaylollieM naparpade.
IToka xe obcynuM, 4TO MIPOUCXOAUT C «IHEPTUUHOMH» MOJIEKY-
JIoli A B TOT MOMEHT, KOT/Ia OHa BCTYIAeT B XMMUYECKOe B3au-
MOJIEHCTBUE C MOJIEKYJION b.

B a1o Bpems ¢ mosiekyiaamu A u b mpoucxonut HacTosIas
KatacTpoda — CTapble XUMUUECKHE CBSI3U yXKe TMOUTH pa3py-
LIUJIKUCh, a HOBBIE, XapaKTepHbIE IJIsI MOJIEKYJbl B, ele He
yCIIeJIN BITOJIHE C(hOPMUPOBATHCS. B Takoit MOMEHT BEILIECTBO,
3aKJIIOUEHHOE B 9TUX MOJIEKYJIaX, HEYCTOMYMBO U MMEET BbI-
COKy10 3Hepruio. ITomobHoe cocTosIHME B XUMUYECKOM peaKiinu
Ha3bIBAETCS nepexooHbiM cocmosanuem (Korma MoJjieKyna mpes-
CTaBJIsieT cO00l HEUTO «CpeaHee» MeXAy MosekynaMu A, b
u B).

Ipaduyecku rmepexogHOE COCTOSIHUE PeaKIIUM MOXHO M30-
Opa3uTh Tak, KaK MoKa3aHO Ha pUCYHKe 9.4. 31ech Mo BepTU-
KaJbHOW OCH OTJIOXKEHA CpedHsiss SHEPTHUS MOJIEKYJT Ha Pa3HBIX
CTaJAUSIX XMMUYECKOTO MpeBpallleHus] — KOTJa OHU €11 SIBJISI -
[0TCs MosieKysiaMu A 1 b, 3ateM Korga yxe mpeBpaTUIUCh B
MepexoaHOe COCTOSIHUE U, HAKOHELI, KOTa CTalu MoJieKysoil B.
TopuszoHTaNbHAsI OCh HAa3BIBA€TCSI KOOPAMHATON peakiuul U
OTpaxkaeT CTeTIeHb «IIOX0XECTH» BEIIeCTBa B IIPOIIeCcCe peaKIIuy
Ha KOHEYHY10 MoJyiekysly B. MoxHo paccMaTpuBaTh KOOPIU-
HaTy peakliuU U KaK cmeneHb npeepaujerus, Kak Mbl 3TO Jena-
s B maparpade 9.1. IlepexomHoe COCTOSIHME 3aHUMAET CaMylo
BBICOKYIO TTO3UIIMIO HA OCU DHEPTHUH.
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CPCIHss SHEPIrus TEPEXOTHOE COCTOSAHUE

MOJIEKYJT /

AE = E, — sHeprus
aKTHUBaLUU
777777777777777777 A+b
0O — TenIoBoii 3P HeKT
peaxkuuu (3Heprust
BBIJEJICHUS) B

KOoopJauHaTa peaKlnuu

Puc. 9.4. DHepreTnuyeckuii mpoduyib 3K30TepMUIECKON
peakuuu A + b =B

PazHuna Mexny cpenHeii sHeprueid mojekyn A u b u cpen-
HEeW dHepTueil MepexXomHbIX COCTOSHUM (KOTOPHIE TOXE pac-
CMaTpUBAIOTCS KaK MOJIEKYJIbI) Ha3bIBACTCSl SHEPreTUYECKUM
0apbepoM WM dHepruei aktupauuu E, 3Toil peakunu. SHep-
reTuyeckue 6apbepbl CYLIECTBYIOT HE TOJIBKO Y 9K30-, HO U Y
9HOOTEPMUYECKUX PEaKIIUi.

HMtak, Mbl BUAUM, YTO HayaJbHOE U KOHEUYHOE COCTOSIHUE
BEIIECTBA B XUMUYECKOW peaklIMy pa3feieHbl HEKUM 3Hepre-
TUYEeCKUM OapbepoM. Ero BenunHy 00bIYHO BbIpaXXaroT B KJIX
Ha MOJb A (MM Ha Mosib B). DTOT Gapbep Ha3bIBaeTCsl dHep-
euell akmueayuu peakyuy 1 0003HayaeTcsi CMUMBOJIOM E,.

Anepeus axmusauuu E, — 3mo ma donoanumenvnasn snepeus
(k cpeoneii snepeuu E cmaaxusarowguxca wacmuu), Komopas Heoo-
Xo0uma, 4moGvL CIMOAKHOGEHUE NPUBEAO K XUMUYECKOU PeaKuuu.

He cnenyer nmyrats 3Hauenus £, u E,;, u3 pucyHka 9.3. Bo-niepBbIXx,
TT0 JOCTVKEHUH MOJIeKyJIaMH SHepruM E,;, CKOPOCTh peaKIIiH ellle Ha-
CTOJIBKO MaJjia, YTO TaKylo PeakiMio MbI BPSII JIM MOIJIM Obl HAOTIOIATh.

Bo-BTOpBIX, 3HEprUs akTUBALIMU E, — 3TO pa3HULIA MEXIY cpeoHel
SHEprueil UCXOMHbBIX BEIIECTB U cpedHell HEpTUeil TOTO Xe BellecTBa,
YK€ HaXOSIIIETOCsT B TIEPEXOIHOM COCTOSIHUU (ITPU 3TOM TepPEXOTHbIC
COCTOSIHUSI TOXE pacCMaTpMBAIOTCS KaK MoAeKyabl, TIYCTh Aaxe U
HeoObIuHbIe). B oTiuuue ot E,;,, KOTOPYIO MOXHO TPEACTaBUTh IS
OTIEJIbHOW MOJIEKYJIbI, 9HEPTUsl aKTUBALIMU E, MOXeT ObITh onpee-
JIeHa TOJIbKO JIJIS1 aHcamobas pearupyronimx Mosiekyn! TepMUH «dHeprust
aKTUBALUUU» JUISI 0mMOeAbHOoi MOJIEKYJIbl HE UMEET HUKAKOTO CMbICIA.
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IMpuBenem npumep. Ha pucyHnke 9.5 mokasaHo pacrpene-
JIEHHUE T10 CKOPOCTSIM MOJIEKYJ ra3000pa3HOro a3oTa Mpu Tpex
pa3IMYHBIX TeMIIepaTypax. A30T — 0YeHb MHEPTHOE BEIIECTBO,
HO BCe-TaK{ €r0 MOXXHO 3aCTaBUTh BCTYNaTh B XUMHYECKUE
peakuuu. JomycTuM, MOJIEKYJIbl a30Ta MOTYT pearupoBaTh C
HEKMM BJIEMEHTOM TOJbKO TOTJa, KOTJa OHU «pa30THAHbI» J10
ckopoctu 2000 m/c u Gosnee.

Mui Buaum, uto nipu 273 K (0 °C) a3oT He BCTyIaer B pe-
aKuuoo (HeT MOJIEKYJ] B 3alTPUXOBAHHBIX 00JacTsx). [1pu
teMmnepatypax 1273 u 2273 K pacrnpeaeneHue MoJeKya IO
CKOpOCTSIM HE OJMHAKOBO (IB€ pa3Hble KpMBbIE Ha puc. 9.5).

273 K

OTHOCHUTECJIBHOC YHUCJIO MOJICKYJI C JAaHHOU CKOPOCThIO

0 1000 2000 3000
CKOPOCTb MOJIEKYJT (M/C)

Puc. 9.5. PacnipeneneHue MoJjieKyJsl ra3000pa3HOro
a30Ta 10 CKOPOCTSIM TIPU TPeX Pa3TUIHBIX TeMITe-
patypax. Temreparypa B KeJIbBUHaX yKa3aHa psiioM
¢ Kaxmoil kpuBoil. KpuBble pactipenesieHusT B3SThI
u3 kauru P. lukepcoHa u coaBT. «OCHOBHBIE 3a-
KOHBI xumun» (M.: Mup, 1982. T. 1. C. 143).
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Ho pa3znuiia Mexnay cpenHeil aHeprueil nepexoaHbIX COCTOSIHU
U CPEIHEN 3HEePruei MCXOMHBIX MOJIEKYJI COXPaHSIETCSd MpU-
MEpHO TTOCTOSTHHOM. TakuM 06pa3oM, TIPH TTOBBITIICHUN TeM-
repaTtyphl BCsl KpYBasl pacripeiesieHusl CIBUTraeTcs BIpaBo, HO
pasHuna £, He U3MeHSIeTCs: sHepeus akmusayuu E, npakmuue-
CKU He 3a8uUcum om memnepamypbi.

DTOro HeJb3s cKa3aThb O CKOPOCTH peaklIMy, KOTopas ¢ Mo-
BBILIEHUEM TEMIIEPATyphl yeeauuusaemcs. IeiCTBUTEbHO, 3a-
IITPUXOBaHHAsI Ha rpaguke 0671aCTh MPOMOPILIMOHATbHA YUCITY
pearupyomux Mojekyi. I1pu temneparype 2273 K ata miomanb
oouibliiie, yem nipu 1273 K. CienoBarebHO, Ipu 00Jiee BEICOKOM
TeMIIepaType CKOPOCTb peakiMu OyIeT 3aMETHO BBhIIIIE.

Yaiie sHepruo akTuBaluuu rpacpudecky n300paxaroT B BUIE
aKmueayuoHHozo bapvepa (Kaxk 3To cnejaHo Ha puc. 9.4). [1pu
W3MEHEHUU TeMIIepaTyphbl BeCchb rpacduK OyIeT LEJIMKOM CMe-
aThCsI BBEPX WJIM BHM3 IO IIKaje SHEPTUM, HO SHEPTHUS
aKTMBallMU U TerUIoBOM 3(pdeKT peakluyd Npyu 3TOM HE U3-
MeHsTCs. [1py BRICOKMX TeMIIepaTypax 4yepe3 «TOpKy» aKTHBa-
LIMOHHOTO Oapbepa B eAWHUITY BpeMEHH ITPOCKAKMBAET MHOTO
MOJIEKYJI, IIPU IMMOHKEHUY TeMIIepaTyphbl UX CTAHOBUTCS MEHb-
ure. [Tpy oueHb HU3KMX TeMIlepaTypax MoJIeKyJiaM MPOCTO He
XBaTaeT SHEPIUU, YTOOBI MPEOI0IETh SHEPTreTUUECKUI Gapbep,
1 peaxivs OCTaHABIMBAETCSI.

o cux 1mop Mbl CpaBHUBAJIU 00Ky U MY Jce Peakliuio mpu
pa3HbIX TeMmneparypax. Eciau xxe cpaBHUTh MeXay co0oil pa3-
AUYHble XUMUYECKHE PEeaKIMU, TIPOTEKAIe B OMMHAKOBBIX
YCJOBUSIX, TO BBISICHSIETCS CIIEAyIOLIEe.

JIUIst Kaxkaoi XMMUYECKOl peakliMy XapaKTepHO CBOe CO0-
CTBEHHOE 3HaueHue E, (He 3aBucslIee OT TeMIepaTyphl).
B GonbIMHCTBE CiIy4aeB dHEPTUsl aKTUBALIUM XUMHIECKUX
peaKkumnii MeXIy HeNTPaTbHBIMUA MOJIEKYJIAaMHM COCTaBJISIET OT
80 mo 240 x/Ixx/Moab. YeM Huoce akTUBAIIMOHHBIN Oapbep E,
KaKoN-IM0O XMMUYECKOU peakliuu, TeM Obicmpee OHA UJAET B
JNAHHBIX YCJIOBUSIX, TIOTOMY YTO OOJIbIIIEE YMCIO MOJEKYJI A U
b criocoGHbBI TipeogosieBaTh 6apbep B €AUHUILY BPEMEHU.

Ecnm B apyroit XuMu4ecKoi peaKIUM aKTUBAIIMOHHBIM
Oapbep 6blule, TO TaKask peakins B TEX XK€ YCIOBUSIX UAET Meo-
sneHHee. Eciu 6appep 04EHb BBICOK, B CUCTEME BOOOILE HET
MOJIEKYJI, CIIOCOOHBIX MTPEOI0JIETh aKTUBALIMOHHBIN 6apbep, U
peakims He MPOUCXOINT.
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HTak, Mbl BUIUM, YTO JJIs1 MPOTEKAHUSI XUMUYECKOU peak-
LIMY MOJIEKYJIBI MICXOIHBIX BEILIECTB JOJIKHBI CHauaja IpeoIo-
JIeTh aKTUBALIMOHHBII Oapbep E,. Takum oOpa3oM, akTUBal-
OHHBI Gapbep MOXET SIBJISITHCS MPENSITCTBUEM TSI CAMOIIPO-
M3BOJILHOTO MPOTEKAHUS JaXe OYeHb «BBITOJHBIX» C DHEpPTe-
THYECKOI TOUKM 3peHUS 9K30TEPMUIESCKIX PEaKIIMIA.

Hanpumep, eciau 661 He ObLIO aKTHBALIMOHHOTO Oapbepa,
peakiMs TOpeHus] MeTaHa B KMCJIOPOIIe HauMHaIach Obl cpasy
MocJie COMPUKOCHOBEHUSI MeTaHa ¢ Bo3ayxoM. B aTom ciyuae
He TOJbKO MPUPOIHEIN ra3 (B HeM 95 % MeTaHa), HO M He(Th,
OEH3UH, yT0Jb, OyMary, ofexmy, MeoeJib, IepeBSIHHbIE ITOCTPO-
KM W BCE€, YTO B MPHHIINIIE MOXKET TOPETh, MPUIIIOCH OBI
TIATEJbHO M30JUMPOBaTh OT Bo3ayxa. K cyacThlo, HA MyTH
CaMOIIPOMU3BOJILHOTO MTPOTEKAHUS 3TUX 9K30TEPMUIYECKUX pPe-
aKLMi CTOUT aKTUBALIMOHHBIN Oapbep F,.

Korna Mbl MOJHOCHM ropsnylo CIIUYKY K OTKPBITOM KOH-
(¢opxe ra3oBoif TUIMTBI, MBI 3aCTaBJIsIeM KaKylO-TO YacTb MO-
JIEKYJI MeTaHa M KHUCJIOPOJa «IIePECKOYNTh» aKTUBAL[MOHHbII
Oapbep, He MPeodOJUMbBI TP KOMHATHOI TeMIlepaTtype.
B nanbHeliniemM sHeprus akKTUBALIMK JJTSI B3aMMOJIECTBUS BCe
HOBBIX U HOBBIX MOJIEKYJI METaHa U KUCJIOPO/1a YepIiaeTcs yKe
M3 TeIJjia CaMOM 5K30TEPMHUUYECKON peaKLIuU.

3amaumn

9.9. Bo3aMoxxHa JIM XXM3Hb Ha IUIaHETe 3eMHOIo TUIa, Iae
SHEPrus aKTUBALIMU IS JIF0OOI XMMUYECKOI peakliMy ObLIa ObI
paBHa Hymo? Kak BBl AymMaeTe, KaKue sIBJICHUs, HaOIogacMble
Ha 3emie, ObUTM Obl HEBO3MOXKHBI Ha TaKo# IiaHeTe?

9.10. Ouenure (110 IPUHIIUAITY OOJIbIIIEe—MEHbIIIE) SHEPTUHU
aKTUBAIlMU: a) PeaKIUM OKMCJICHUS Xejle3a KHCIOPOIOM B
MPUCYTCTBUU BOJbI; 0) peakiM OKUCISHUsI METaHa KUCIOPO-
noM. Hammuiure ypaBHEHUS 3TUX PeaKIIUiA.

9.11. [TpuBeauTe Mo OJHOMY MpUMeEpPY: a) PU3UIECKOTO
MpeBpallieHus1 U 0) XMMUYECKOTo MpeBpalleHUsl, MPOTeKalOIIUX
C OYeHb BBICOKMMU CKOpocTsIMuU. [IprBenuTe 1o omHOMY IpH-
Mepy TaKuX TpeBpalleHnii, MPOTEKAIOMNX ¢ 0YeHb HU3KNUMU
CKOPOCTSIMU.

9.12. IIpounTaB 3TOT maparpad, HaIll XOPOIITUl 3HAKOMBIH
FOx 3amymaricst Hag TeM, HeJlb3sl I M300peCTH TaKoi IIpuodop,
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KOTOPBII MOT Obl CHYKATh 10 HYJISI SHEPTUIO aKTUBALIMU JTIOOBIX
XUMUYecKux peakuuii? «Jomyctum, — myman FOx, — Takoit
npuodop yXe co3gaH B Moell J1abopaTopuu U €ro IMpeacTOUT
UCIBITaTh. YTO mMpoM30iiAeT BO BpeMsI UCIIbLITAHUS?»

FOx B3s171 TucT Gymaru u caeiajl Habpocok paHTaCTUYECKO-
ro pacckasa: «EnBa 51 BKIoUMJI npubop, Kak B JabopaTopuu
BCHBIXHYJIM IITOPHI U HaYaJI TJIETh JePEBSIHHBIN J1TaOOpaTOPHbIA
CTOJI, HA KOTOPOM CTOS1J1a YCTaHOBKA. XOpOIIO, YTO Mepe UcC-
MBITAHUEM S CMOYMJI OJEXKIy BOAOM M3 IMyJibBepHU3aTopa, Io-
3TOMY OJIe3K/Ia TTOKa He 3aropajach, HO BHE3aITHO 3aIbIMUIIUCH
KoXaHble 60TMHKHU. K cyacTbio, MHE caMOMY HUYEro He Ipo-
31J1I0 — Beab B atMocdepe 21 % kuciopopa, a Mpu TaKoM ero
KOHIIEHTpaLluY TOpIovlre MpeaMEThl He BOCTUIaMEHSIIOTCS, eCn
WX BIQXHOCTb TipeBbIiiaeT 15 %. U nec 3a okHOM, U 3eeHast
TpaBa IoKa Toxe B 6e3onacHoctu! Ho Hamo ObL1O cnacaTh
IITOPHL U CTOJI. I OpoCcUIICS K BOIOIIPOBOAHOMY KpaHY U C
y>KacoM OOHapyKWJI, 9TO XKeJIe3Hble TPYObl Ha MOMX IJIa3ax
BCITyUYMBAIOTCS OT pXKaBUMHBI U pacchinatorcs B Tpyxy! B na-
OopaTopuIO XJIbIHYJIa BOAA U3 OTBEPCTUI B CTEHE, a 32 OKHOM
BIPYT B3METHYJICS CTOJIO TUIaMEHM — 3TO B3opBajics 0eH300aK
Hallero aBToMoomIs. X0polilo, 4YTo paanuyc AeiCTBUS TpUbopa
OTrpaHUYeH, YCIes MOAYMATh 51 M BAPYT OLIYTUJI BOJTYUIA TOJIOM.
K cuactblo, MOst MBICTIb TETIEph paboTalia C ObICTPOTON MOJTHUMU.
B MrHoseHue oka s OUyTHJICS OKOJIO PyOMIIbHUKA U BHIKJTIOUMIT
ToK. IIITOpBI M CTOJ MTHOBEHHO ITOTacjiu, a 32 OKHOM Tepe-
CTaJIX OBITh BUIHBI BCIIOJ0XU OTHS. £l ¢ 0bJieryeHreM OMmyCTII-
Csl Ha cjierka OOYIJIEHHBIN CTyII...»

Haiinute omHy CyIieCTBEHHYIO M HECKOJIBKO MEJIKUX HETOY-
HOCTel B (paHTAaCTMYECKOM paccKase Haiero yBaxxaemoro IOxa,
WCTIPABbTE UX U JOMOJHUTE PacCKa3 IPYTUMHU NETASIMMU.




§ 9.4. Cxopoctb xumuveckoii peakiuu. Knnetuyeckoe
YPaBHEHHE H KOHCTAHTA CKOPOCTH. 3AKOH JefCTBYIONIMX MACC

MHoroe ymaercsl y3HaThb O XMMHYECKUX peaKIUsIX, U3ydasi
CKOPOCTB UX ITPOTeKAaHUS U (PaKTOPHI, OT KOTOPBIX OHA 3aBUCHT.
DTUM 3aHMUMAETCS pa3aen XMMUM, Ha3bIBaeMbIil XUMUYeCKOi
KUHemuKo.

BcnomMHMM yXe M3BECTHOE HaM OIIpeesieHUe CKOPOCTH
XMMUYECKON peakluu:

Cropocmblo Xumu4eckoil peaKuyuu HA3bl6AeNCca KOAUHeCcmeo
eeuwjecmea, 6Cmynarnuie20 6 peaxuuro Uil oopasyroue2ocsa npu
peaxuuu 3a eOUHUYY 8peMeHU 8 eOuHUlYe 006eMa cucmembl.

KonuuectBo BeliecTBa BbIpaxkaloT B MOJISIX, & OObEM B JIU-
Tpax. B aTOM cilyyae MbI nojlydyaeM ynoOHYI0 JUisl pabOThl Be-
JIMMUHY — KOHUeHmpayur BEUIeCTBa B MOJIb/J, KOTOpasl u3-
MeHsemcs B XOA€ PeaKiIvu.

TakuM 00pa3oM, CKOPOCTBIO peaKIMK Ha3bIBAIOT U3MEHEHNE
KOHIIEHTpAallMM KaKoTo-HUOyAb BellecTBa, y4acTBYIOIIETO B
peakiiu, 3a eAMHUILY BpeMeHU (HampuMep, 3a CEKYHAY WIK 3a
MUHYTY). OTclofa Apyroe onpeaeaeHue CKOpOCTU peakiivu:

Cropocmbro Xumu4eckoil peaxyuu Ha3ovl6aemcs UsmMeHeHue
KOHUeHmpauuu peazenma uiu npooyKma 6 eOUHUuy pemeHu.

PazHully Mexay Tem, 4yTo ObLIO, M T€M, YTO CTajio, 4YacTo
0003HayvaloT OykBoil rpeueckoro andasurta A (mensra). Cieno-
BaTe/IbHO, TOJILKO UTO MPUBEAEHHOE OIpeaeeHue MaTeMaTH -
YeCKU MOXHO BHIPa3UTh TaK:

AC
v=—o-.
AT
I1e v — CKOpocTh peakiuu, AC — u3MeHeHre KOHLUEeHTpaluuu
(B MOJb/7), a AT — MHTEepBaj BpeMEeHU, B TeUYEHUE KOTOPOTO
5T0 U3MeHeHue npousonuio (¢). CiegoBaTeIbHO, pa3MEPHOCTh
Y CKOPOCTH pEaKIIM’ TaKas: MOJIb/J - C.

3a ckopocTbio peakunu A + b = B MoxHO cienuTs 1Mo pac-
XOJIOBaHUIO OJIHOTO U3 peareHToB (A uiau b), 1Mbo Mo Hako-
IIeHUo TpoaykTa (B). 3aech Mbl cTaTKMBaeMCsl C CEpPbe3HOM

MPoO0JIEMOIi: CKOPOCTb peaKIMU MOXET MOCTOSIHHO MeHSAMbCA.
HeicTBUTENIbHO, B HaYaJle peaklluu, Koraa moyiekys A u b eure
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MHOT0, CTOJIKHOBEHMSI MEXIY HUMU B, monb/n
MPOUCXOISIT ropa3no yaile, YeM B
KOHIIE peaKiIMu, KOraa MOJeKylI A 1
b yxe namuoro mensblie (puc. 9.6).

O6pazoBaHue npoaykra (B) ripo-

HUCXOIUT OBICTPO B Havalle peaKiInu
U 3aMeIsgeTcsl OJIKe K KOHIY pe-  Puc. 9.6. Tpaduk usmene-
akuuu. Ha rpacduke HaKOIJIEHUSI HHUS KOHUEHTpaUuM Mpo-
npoaykra (B) B cMecu xopoio Bua- — Aykra peakuuu A + B =B
HO, 4TO IPU OITHOM U TOM XK€ WH-
TepBajic BpeMeH! AT U3MeHeHNe KOoHILIeHTparuu AC B Havyaje
peakiluu 0oJibllle, YeM B KOHIIe peakuuu. Takum oOpa3om,
CKOPOCTh XMMHUYECKOTO TPEBPAIIeHUS] MOXET TTOCTOSTHHO Me-
HATBHCS B XOJIe peaklMHu.

Kak ke ObITh B TakoM ciiydyae? YTo mpuHUMATH 32 UCTUHHYIO
ckopocTb peakuuu? K cyacTbio, CylIeCTBYET IIOAX0I, KOTOPHIA
MTO3BOJISIET YCTPAHUTh 3TY TPYAHOCTh B M3YYEHUM CKOPOCTEM
XUMHAYECKUX PeaKITniA.

Yem OGosbliie KoHLEeHTpauust Mojieky (A) wiu (B) B cMmecu,
TeM 0O0JIbllIe BEPOSITHOCTb CTOJKHOBEHUSI MexXAy HUMU. Eciu
0003HauUUTh OykBamMu A 1 b (B KBaipaTHBIX CKOOKAaxX) MOJISIPHBIE
KOHIIEHTPALIMK 3THUX BEIIECTB, TO CKOPOCTh PeakIMy OyIeT Mpo-
MTOPLIMOHAIBHA TTPOU3BEACHNIO STUX MOJISIPHBIX KOHIIEHTPALINIA:

v = |A monb/n][b Mob/1] 1)

B nanbHeliiem o003HaUEHUS «MOJIb/J» B KBaJApaTHBIX
CKOOKax MbI yXke nmucath He OyaeM. 3aMeTUM, YTO B MOJTYYEH-
HOM HaMH BbIpaxkeHUM (1) 11s1 CKOPOCTU XMMUYECKOMN peakiuu
pa3MEepHOCTH JIEBOU 1 IMpaBoOil YaCTU He CoBNanaoT. JelcTBu-
TEJIbHO, Pa3MEPHOCTb CKOPOCTH PEAKIIMU, KaK Mbl YK€ 3HAEM,
«MOJIB/TT - C», a pa3MEPHOCTD TTPOM3BEACHUS B TIPABOM YacTH
YPaBHEHUS Apyrasi: «MoJjib>/n%». JIJI1 TOro 4TOObI BEIPABHATH
pPa3MEpPHOCTU B MPABOM M JIEBOM YacCTSIX YpaBHEHUS, HYXEH
KO3 ULMEHT MponopLruoHaaIbHOCTH. O003HAYMM €ro OyK-
BOI k M MIPUCBOUM €MY pa3MEpHOCTb «JI/MOJb - ¢». Torma
ypaBHeHMe (1) mMpuMeT Takoi BUI:

v = k[A][B] (2)

Oxa3anoch, YTo KO3(pGUIHUEHT IMPOITOPLHUOHATBLHOCTH K
CITOCOOEH BEITIOTHATE TOpasno 0oJiee moJie3HyI0 (GYHKIINIO, YeM
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MPOCTOE BbIpaBHUBAHUE Pa3MEPHOCTEN B JIEBOU U MpaBoi ya-
ctsax ypaBHeHuUs (2). KoadduumeHT k He 3a6ucum oT KOHIIEH-
Tpauiit A u b. 9Tu KoHlleHTpaluu (KakK U CKOPOCTb) MOTYT
U3MEHSTHCS B XOJIe PeaKIny, HO 3HaUeHHUE k COXpaHsIeTCs T10-
CTOSIHHBIM JIJISI JaHHOUW peakKUUM B BBIOPAHHBIX YCIOBUSIX.
IMoaTomy K03 GULIMEHT kK HA3bIBAIOT KOHCMAHMOL CKopocmu
peakyuuy. YpaBHeHUe (2) Ha3bIBACTCSl KUHEMUUYECKUM YPABGHEeHU-
em anst peakiii Tuma A+ b=B (um A+b=B+T +..).

MHTepecHO, YTO B KUHETUYECKOM YpaBHEHUU CKOPOCTH
peaklMy He 3aBUCUT OT KOJIMYECTBA HPOJyKmog PEeaKlIuu U UX
KOHILIEHTpalMii. DTO U MOHSITHO: Beb CKOPOCTb PEeaKlIMM B
JAHHOM cJiy4yae OIpenessieTcsl TOJbKO CTOJIKHOBEHUSIMU MO-
JIeKyJ1 peacenmog A u b.

KoHcTaHTy cKOpocTu & MOXHO OmNpeneanuTh SKCIepUMeH-
TaJbHO: OHA YMCJIEHHO paBHA CKOPOCTH PEAKIIMHU B TOT MOMEHT,
KOraa KOHLIEHTPAlWKM UCXOAHbBIX BELIECTB paBHbI 1 MOJIb/:

v = k[A][F] = k[1][1], cnemoBaTeIbHO, B 3TOT MOMEHT v = K.

KoncranTa ckopocTu kK maeT XMMHUKaM BO3MOXHOCTb K01l -
yecmeeHHO OOCYXIaTh BOMPOCHI, CBSI3aHHBIE C U3yYeHUEM
ckopocrteii peakiuii. [TpuBeaeM npuMephl:

Kunernyeckoe
Peakuust YcnoBus k
ypaBHEHME

H*+OH =H,0 | 20°C | y=k[H*][OH] | 1,4 - 10" s1i/momb - ¢
NH;=NH;+H*|[20°C | y=k[NH]] 24 cex™!

M3mepeHHbIe KOHCTAHTBI CKOPOCTEl MTPUBEACHHBIX PeaKInii
MMO3BOJISIIOT YK€ He TPOCTO F'OBOPUTH O TOM, UTO peaKIIus
HeuTpanuzauuu (H* + OH™) npoTekaer HaMHOTO ObICTpEe
peakIuu pa3ioXeHUs MOHa aMMOHMs. MOXHO paccyXIaTh
koanuyecTBeHHO: Tipu 20 °C peakiiysi HelTpaau3aluu mpoTe-
KaeT B 6 - 10° pa3 6bIcTpee, 4eM peakliys paclaga MoHa aMMO-
HUSI HA aMMMaK U MOH BOAOPO/A.

HMHTtepeceH Bopoc 0 TOM, ITI04eMy B KWHETUYECKOM YpaBHEHUMU (2)
(burypupyetr UMEHHO npou3ssedeHue MOJISIPHBIX KOHIIEHTpallUii peareH-
toB? ITouemy, Harpumep, He cymMma? OTBET MOXHO TMOJYYUTh IKC-
MEPUMEHTAIBHO U TEOPETUYECKU. DKCIIEPUMEHT TOATBEPKIAET
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MPaBUWIBHOCTbh KWUHETUUECKOTO YPABHEHMSI, HO K HEMY MOXHO TIpHUii-
TU U U3 TEOPUU BEPOSITHOCTEM.

J1J1s1 TOTO YTOOBI CTOJKHYTBCSI, MOJIEKYJIBI A U b MOKHBI OKa3aTh-
Cs1 OTHOBPEMEHHO B KaKOI-TO TOUKe IMpocTpaHCcTBa. BeposiTHOCTh TOTO,
YTO JBa HE3aBUCUMBIX COOBITUS TTPOU30MIYT OMHOBPEMEHHO (MOJie-
KyJibl A 1 b okaxyTcsi B OMHO BpeMsI B OTHOM U TOM K€ MeCTe) paBHaA
npouseedeHuo BEpOSITHOCTEH KaXI0ro U3 3TUX COOBITUI MO OTAETb-
HOCTHU. DTO TMOJIOXEHUE TEOPUM BEPOSITHOCTEH JIETKO TTPOBEPSIETCS.
HawnGomnpiryio BepossTHOCTh 0003HavaioT eauHuieir. Hampumep, Be-
POSITHOCTb TOTO, YTO TIOAOPOIIEHHAs BBEpPX MOHETA yMajieT TulalliMs,
MpakTU4Yecku paBHa 1. BeposTHOCTH TOro, 4YTo0 MOHETa ynaaeT OpjoM
BBEPX, paBHa . Ecam Mbl MOAGPOCHM OTHOBPEMEHHO JIBE MOHETHI,
TO BEPOSTHOCTb TOTO, YTO 00€ OHU YIAamayT OpJIOM BBEPX, COCTABIISIET
Vo - Vs =1/,. DTO 03HAYAET, UTO B CEPUU U3 YETHLIPEX OIBITOB C MOJ-
OpacblBAaHMEM MOHET TOJBKO OJWH pa3 BeIMaAyT aABa opia. Ecinu B
MaJIeHbKOI CEpUM OIBITOB Y MPOU30MAET OTKIOHEHNE OT TEOPUU, TO
B Oospinoii cepun (HarpuMmep, u3 100 OIMBITOB) TAKMX OTKIOHEHUI
yKe TIpakKTUYeCKU He Habuonaercs. MoxeTe MpoBepUTh CaMu.

BeposTHOCTH 111 MOJIEKYJI A OJHOBPEMEHHO OKa3aThCsl B OTHOM
1 TOM K€ MECTE TIPSIMO MPOTTOPIIMOHATIbHA MOJIIPHON KOHIIEHTPALlUU
3THX MOJIEKYII [A]. DTO ke MOXHO cKa3aTh 0 MoJjiekyiax b. CnemoBa-
TEJIbHO, BEPOSITHOCTh UX CTOJIKHOBEHUS JOJIXXKHA ObITh MPOMOPILIMO-
HaJlbHa npoussedenuro MONSIPHBIX KOHIeHTpauuii [A][B].

BriBaloT ciyyau, Korua peakiusi IpoOMCXOIUT B pe3yjbTrare
OIHOBPEMEHHOI'O CTOJIKHOBEHMSI Tpex yactuil. Hampumep, mis
peakuuu 2A + b =B (w1 2A + b = B + T +...) KuHeTnuyeckoe
ypaBHEHUE JOJKHO BBITJISIIETh TaK:

v = k[A][A][B] nmm v = k[A]?[B].
B obGmem ciyyae, mist peakumnu
aA+bB+cC=dD +eE +fF + ...

KUHETUYECKOE ypaBHEHUE IS CKOPOCTU PeaKIUU 3aluchiBa-
eTCsl CIAEAYIOLIUM 00pa3oM:
v = k[A]“[B]’[C]* (3)
OHo mpexacrasiseT co00i Mpou3BeAeHNE KOHIIEHTPALUA
peareHToB, KaxJasli U3 KOTOPBIX B3sSiTa B CTEIIEHU, PaBHOM
YHUCITY MOJIEH COOTBETCTBYIOIIETO BEIIECTBA B TIOJIHOM ypaBHE-
HUU peaKIInr. DTO He YTO MHOE, KaK MaTeMaThJecKasl 3a1ich
3aKoHa deiicmeus macc.
YacTo BcTpeyaeTcss ¥ TEPMUH 3aK0H OCHCMBYHOUUX Macc, TIpy-
YeM MOXHO MCITOJIb30BaTh JTI000e M3 3TUX Ha3BaHWIl. 3aKOH
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JIEHCTBYIOLLIMX MAacC U €T0 MaTeMaTUYEeCKOe BbIpaKeHUE — KUHE-
TUYECKOe ypaBHEHNE — Ha3bIBAIOT OCHOBHBIM 3aKOHOM XUMUYE-
CKOI KMHETUKM. DTOT 3aKOH MOXHO c(hOpPMYIMPOBATh TaK:

Ilpu nocmosnnoii memnepamype ckopocmov XuMu4eckoi pe-
aKyuu npsamo nPonopuUoOHALbHA NPOU3EEOCHUI0 MOASAPHBIX KOH-
ueHmpauuii peazeHmos.

HaszBaHnne ocCHOBHOTO 3aKOHA XMMUYECKOI KWUHETUKY CBSI3a-
HO ¢ paboTaMM HOpBeXCKUX yuyeHbIXx [ynpaoepra u Baare, omy-
OsKoBaHHBIMU B 1864 1 1867 romax. DTUMU MCCIIeIOBATEISIMU
OBLIO 3KCIEPUMEHTATBHO MOKa3aHO, YTO CKOPOCTh peaKkiuu
MMPONOPLIMOHAIbHA TTPOM3BEICHUIO MacC PEareHTOB B peaKIInu,
TO €CTh «IEHCTBYIOIINX Macc», OTKyIa M BOZHUKIIO Ha3BaHME.

Oo1uiee ypaBHeHuUe (3) moTpedyeTcss HaM TOJBKO IJisl 00-
CYXIEeHUS B MOCIENYIONIMX aparpadax BOIpocoB, CBI3aHHBIX
¢ XUMUYECKUM paBHOBecHeM. B peaTbHBIX XMMUUYECKUX peak-
USIX OMHOBPEMEHHOE CTOJTKHOBEHHME MEXIy COOOM yxke Tpex
pearnpyonnx YacTUIl — pPeaKoe COOBITHE, TTO3TOMY TaKHUX
peakuuit HeMHOro. BoJIbIIMHCTBO XUMUYECKUX peaKnii mpo-
HUCXOIUT 100 Tpu pacnaae ogHoii yactubl (A=b+ B +1...),
JINOO TIpU CTOJIKHOBEHMU MeXIY co00it n1ByX yacTull (A + b =
= B + I'..). Eciu ypaBHeHUE peaklMU CIOXHOE, TO, CKOpee
BCEro, OHa BKJIIOYAET B ce0s1 HECKOJIbKO 00Jiee MPOCThIX peak-
LU, KaXIast U3 KOTOPBIX IMPOUCXOIUT ITyTeM MOTapHBIX CTOJI-
KHOBEHUI JIMOO ITyTeM pacrana OTHOM YaCTUIIBI. DTH IIPOCTHIC
peakiuu Ha3bIBAIOT A1emMeHmapHuimu peakuusiMu. ToJbKo I
TaKUX — 21eMeHMApHbIX peakyuil — CIpaBelIUBO KMHETUYE-
cKoe ypaBHeHue (3).

IMpuBenem mpumep. IsT OKMCIUTEITHHO-BOCCTAHOBUTEIb-
HOM peakiuu:

K2Cr207 + 14HI = 312 + 2Cf13 + 2KI + 7H20
He clle[lyeT TOPOIUThCS 3alKucaTh KUHETUYECKOE yPaBHEHUE:
v = k[K,Cr,O,][HI]'*  (HenpaBuibHO!)

DTa cioXHas peakilds Ha caMoM Jiejie BKITIoYaeT B ceOs
HECKOJIbKO MPOCTHIX (2JIEMEHTapHbIX) peakuuil. TpyaHo npen-
CTaBUTh, YTO TSI 0Opa30BaHUs MIPOIYKTOB JOJIKHBI OTHOBpPE-
MEHHO CTOJIKHYTbCI MexXAay coboil onHa mosekyna K,Cr,0; u
14 monexkyn HI. DTo coBepllieHHO HeBEPOSITHOE COObITHE!
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Kpome Toro, 06a uCXOAHbIX COENMHEHMs pacnaaalTcsl B pac-
TBOpE Ha MOHBI, ITIO3TOMY TPYIHO HaXe OXUIATh, YTO MEXIY
€000 TOIKHBI CTOJIKHYThCS YacTULbl BocctaHoBUTeN s (I7) 1
okuciurens (Cr,027) B Buse aHUOHOB (BeIb OHU OTTAJIKKBA-
1oTca apyr ot apyra). Mon Cr,O2™ noskeH mpeTepneTs ps
CJIOXXKHBIX TPeBpallleHUH, Mpeke YeM MPeBPaTUTCS B YACTUILY,
CTOJIKHOBEHUE KOTOPOW C MOHOM MOJAA NEUCTBUTEIBHO MPU-
BeJEeT K XMMUYECKOM peakinu. 151 3Toro N0KHO MPOU30HTH
HECKOJIBKO DJIEMEHTAPHBIX PeaKlUii, Kaxaasi U3 KOTOPbBIX
OIMCHIBAETCS CBOMM COOCTBEHHBIM (ITPOCTHIM) KUHETUYECKUM
YPaBHEHUEM U UMEET CBOIO KOHCTAHTY CKOPOCTH.

B utore o0111y10 CKOpOCTb peakiUu OmpenessieT Kakas-To
camas mednaeHnas dIEeMEeHTapHas peakinsl. Takas peakivs Ha-
3bIBACTCS Aumumupyrouieii cmadueii. Kaxk ke HailTu oOliee
KWHETHMYECKOe ypaBHEHME IS HaIllel OKUCIUTEIIbHO-BOCCTA-
HOBUTEJIbHOU peakiuu? Crneaath 9T0 MOXKHO TOJIBKO 9KCIIEPU -
MeHTabHO. OKa3aJloch, YTO CKOPOCTh TAHHOW peaKlMu TpU
25 °C 3aBUCUT TOJBKO OT KOHILIEHTpalMKU OuXpomMaTa Kajlusl 1
He 3asucum OT KOHLEHTPALUU NOAOBOIOPOAHOI KrcaoTel HI:

V= k[chr207]

CrienoBareibHO, TMMUTHPYIOILAS CTaausl CBsI3aHa ¢ KAKUM-TO TIpe-
BpallleHreM OuxpomMara Kayius. Tak KWHeTUKa MoMoraeT y3HaTh Mexd-
Huszm peakuuu. Ecniu HanmucaTh He TIPOCTO ypaBHEHUE PeaKIuH,
BKJTIOYAIOIIIEE TOJIBKO MCXOMHBIC BEIIECTBA M KOHEUHBIE TTPOAYKTHI, HO
1 BCE TIPOMEKYTOUHBIE BEILIECTBA B 3TOM peakliu (4acTO OHU HEYCTOM-
YUBBI U BBIICJIUTH UX HEBOZMOXKHO), TO MbI TIOJIYYMM 3aITUCh MEXAHU3-
ma peakyuu. IMEHHO TIPOMEXYTOUHBIE BEILIECTBA ONPENEISIIOT BHIOOD
TOTO WJIM MHOTO BO3MOXKHOTO HanpaBieHus peakiiuu. [1oaToMy 3HaHMe
MeXaHM3Ma MO3BOJISIET YIPaBJISTh peaklMeil 1Mo XKeJlJaHUIo XuMuKa. st
BBISICHEHUSI MEXaHU3Ma TPEOYIOTCS JOTIOJTHUTEIbHbIE UCCIIeOBAHUS.

ITpusenem apyroit mpumep. M3ydeHue peakliMu OKUCIESHUS
NO kuciopoaoM IMoKas3ajao, YTO B 3TOM CJydyae KUHETUYEeCKOe
ypaBHEHME COOTBETCTBYET MOJTHOMY XMMUUYECKOMY YPaBHEHUIO:

2NO + 0, = 2NO,
v=k[NOJ*[O,]

DTO peaKuii IpUMep mpumoseKyAapHoll peakun. Moaexy-
AAPHOCMb PeaKyuy — 3TO YUCIIO UCXOIHBIX YaCTUILI, OMHOBpE-
MEHHO B3aMOICHCTBYIONINX APYT C IPYTOM B OTHOM DJIEMEH-
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TapHOM aKTe peakInu. MoJIeKyJIsIpHOCTh peaKlMd MOXKET
coctaBisATh 1, 2 unu 3. CoOTBETCTBEHHO Pa3IMYaIOT MOHOMO-
AeKYASApHble, OUMONCKYAADHbIe T MPUMOACKYAAPHbIEe PEAKIIUU.
Hanpumep, peakiius

NH} = NH; + H* aBasieTcss MOHOMOJIEKYJISIPHOM, a peakius
H" + OH™ = H,0 — 6uMoJeKyJsipHOii.

O kuHeTH4eckoM ypaBHeHUHU v = k[A][B]°[C]¢ roBopArT, 4To
OHO MMeEET NOps00K TI0 KAXIOMY U3 BXOISIIMX B HETO BEILLECTB.
Ilopsdok peaxyuu IO JAaHHOMY BEIIECTBY — 3TO TOKa3aTeslb
CTEeTTeH! TPY KOHIIEHTPALIMK JAHHOTO BEIIECTBA B KWHETHIECKOM
ypaBHeHnu. Hanpumep, ypaBHenue v=k[NO]?[O,] nmeeT Bropoii
nopsaok o NO u nepBbliii opsinok mno O,. Cymma nopsiakoB
II0 BCeM BellleCTBaM (a + b + ¢) Ha3bIBaeTCs 0OuUM VUTA CyMMAp-
HbiM nopadkom peaxyuu. Hampumep, KMHETUYECKOE YpaBHEHUE
v = k[H*][OH™] umeeT ob1mit 6mopoii MOpSIIOK. YpaBHEHHE v =
= k[NOJ*[O,] umeeT 001Mit mpemuii TIOPANOK. YpaBHEHHS TUIIA
v=k[NH}] unmu v = k[K,Cr,0;] — nepsoeo nopsinka.

11 3IeMeHTapHBIX peaKIuil nops0oK peakyuu — 1IeJI0INC-
JICHHAsI BeJIMYMHA, COBIANAIOILAS C MOAEKYAAPHOCHbIO PEAKIIVIU.
s Bcex Apyrux (He 3J€MEHTAapHBIX, CJIOXHBIX) peakluii ux
ROPAOKU MOXCHO onpedeaunts moavKko sxcnepumermansho. Ipraem
OHU MOTYT MMETh KaK IIeJI0UNCIeHHBIE, TaK 1 APOOHBIE (11 JaXkKe
HyJieBoe!) 3HaueHUs1. B peaTbHBIX KWHETYECKIUX UCCIIeIOBaHM! -
SIX PEIKO BCTPEYaeTCs MOPSIIOK pPeaKIMK BEIIIE TPETHETO.

3anaumn

9.13. Huxe npuBeAeHbl OMbITHbIE TaHHBIE MO IBYM peak-
uusiM. Peakuus (1) mpoucxonut B ra3oBoit ¢ase, a peak-
uust (2) — B pacTBoOpE.

KuneTnyeckoe = g

aBHEHUE = =

IMonmHOE ypaBHEHWE peaKIIum yp ’ S k SIS
YCTaHOBJIEHHOE 3 %

ONBITHBIM TTyTEM 5

(=)
(@]
p
N
—
oo
(o0}

1) [2NO +Cl,=2NOCl  |v=k[NOJ[CL]
2) [3KBrO=KBrO; + 2KBr | v=k[KBrO]> |80°C |9,3-10* | 105
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a) Ecnu peakiiuy nmpoBoauTh NMpU OAHOHN TeMmmepaType, TO
KOTOpasl U3 HUX OyaeT IpoTeKaTh ObicTpee U mouyemy? 6) Kakos
cyMMapHbIii mopsiaok peakiyu (1)? B) KakoB cyMMapHbIif mmo-
psinok peakuuu (2)? r) KakoBa MojiekyasspHocTh peakuuu (1)?
1) KakoBa MoeKyJIsipHOCTh peakuuu (2)?

9.14. 2 1 pacTtBOpa BemecTBa A (KoHIIeHTpauwms 0,6 MOIb/T)
cMelajuy s peakuuu ¢ 3 J1 pactBopa BelectBa b (1 monb/i).
KakoBa HavanbHas1 KOHLIEHTpalys BelecTB A U b B monydyeH-
HOM pacTBope?

9.15. Oxcup azora (II) NO oxkucnsercst kuciopoaom O, ¢
obpazoBanueM okcuaa azora (IV) NO, (B razoBoii daze). Ku-
HETUUYECKOe YpaBHEHHE ITON PeaKIIMU COOTBETCTBYET IOJTHOMY
XUMUUYECKOMY YpaBHeHU0. Kak M3MEHUTCSI CKOPOCTh peakiinu,
eclii JaBjieHWE YBEJIMYUTh B nBa pasza? Mcciemyiite 3amauy:
yOenuTech B TOM, YTO OTBET HE 3aBHCHUT OT MOJISIPHOTO COOT-
HOIIIEHUsI PEareHTOB.

9.16. Peakuug A + b = B gaBasgercsa 6UMoOJIeKyJISIpHOIA.
HavanbHble KOHLIEHTpALlMW BeIIEeCTB TaKOBbI: [A], =
= 2,5 monsi/a, [B],, = 1,5 monsa/n. KoHcTaHTa CKOpOCTH pe-
akuuu k = 0,8 1/Moub - ¢. BeluncanTe KOHLEHTPALUIO Bellle-
cTBa [A] ¥ CKOpPOCTh peakliMi K MOMEHTY, KOIla KOHILIEHTpa-
uus BeuiectBa [B] cocraBut 0,5 Monsi/n.

9.17* (®MII). Peaxkims 2A + b = B siBsieTCSl TPUMOJIEKYJISIPHOM.
HauvanbHble KOHIIEHTpAllMU BellleCTB TakoBbl: [A], = 2,5 Mo/,
[B],,= 1,5 monsa/n. KoncranTa ckopoctyt peakuuu k = 0,8 12/Monb’ - C.
Brramcnmre KOHIIEHTpamuio BemecTBa [A] M CKOPOCTh peaKIuy K
MOMEHTY, KOT/la KOHLIeHTpaLus Belectsa [b] cocraBut 0,5 mMons/m.

§ 9.5. Peakiuu roMoreHHble 1 reTeporeHHble.
DakTOpbl, BIMSAIONHE HA CKOPOCTh XUMUYECKOI PeaKiuu

Kunetnueckue ypaBHEHMS, paCCMOTPEHHBIEC B IIPEABIAYIIIEM
naparpade, cupaBeyIMBbl TOJIbKO JJISI 20MO2EHHbIX PEAKLIUM,
TO €CTb IIJI1 TaKUX peakiiuii, KOTOpble UAYT B KaKOW-HUOYIb
OIHOI (haze — ras3oBoOii WM XuAKoi. Hampumep, 310 MOryT
OBITh peaklMd MeXIy IBYMS ra3zamu, JIMOO peakUMu, poTe-
KalolllMe MpU CIMBaHUU PacTBOPOB:

NO, (r) + CO (r) = NO (1) + CO, (r);
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NaOH (p-p) + HCI (p-p) = NaCl (p-p) + H,0.

Ho cyiiecTByeT 1 MHOXECTBO APYTUX peakluii, MPOUCXOIsI-
IKUX Ha TpaHuIlax pasaena dha3z — Mexay ra3oo0pa3HbIM Be-
IIECTBOM U PAcTBOPOM, MEXIY PaCTBOPOM W TBEPIbIM Bellle-
CTBOM, MEXY TBEpJbIM U ra3000pa3HbIM BelllecTBamMu. Takue
peaxkiu Ha3bIBAIOTCS eemepoceHHbimu. B KauecTBe TUTTMYHOTO
MpuMepa reTeporeHHOM peaklu pacCMOTPUM Ja00paTOPHbBIA
METOJ, TTOJIYYEHUSI BOAOPO/Ia U3 METAJUIMYECKOTO IMHKA U pa3-
0aBJIEHHON CEpHOU KUCIOThI:

Zn (1) + H,S0, (p-p) = H, (r) + ZnSO, (p-p)

LuHK B BUAE rpaHys (KyCOUKM MeTajlla HelpaBWIbHOM hop-
MBI U Pa3HOI BEJIMYMHBI) ITOMEIIAIOT B pa30aBIeHHBII pacTBOP
CEpPHOM KMCJIOThI U COOMPAIOT BbIACJSIOMIMIACS Ta3000pa3HbIi
Bomopox. B mpobupke ¢ oqHOM KPyITHOM IT'paHyJION peakius UaeT
3aMeTHO MemjieHHee (puc. 9.7). Ipu onrHaKoBoi Macce 1IMHKA
B NMPOOUPKAX KOJUYECTBO BBIACIMBIIEIOCS BOAOPOIA B 000UX
onbITax OyIeT ONMHAKOBBIM, HO B MPOOUPKE C MEJKUMU IpaHy-
JlaMu peakuusi uaet obicTpee. IIpuunHa B TOM, 4TO peakiius
MEXIy [IMHKOM M pacTBOPOM CEPHOI KMCJIOTHI MIET TOJIBKO Ha
MOBEPXHOCTY KOHTAKTa TpaHyJl C pacTBOpoM (TpaHHUlla pasaena

¢a3), a ob1Ias MOBEPXHOCTh y HE-

CKOJTbKUX MEJIKMX TPaHyJI 001blie, YeM

" Y OOHOW KPYIHOM I'paHyJibl TOX Xe

. °°z «| maccel. [IuHK B BHUIE TIOpOIIKa IS

o o © % 9TON peakluu UCIOJIb30BaTh MPOCTO

o : *| omacHoO — peakuys HauMHAET UATU

G " & # #| HACTONBKO GBICTPO, YTO CMECH BBI-

90 *|  IJIeCKUBaeTCs U3 MPOOUPKMU.

J11g Takoi reTeporeHHOl peak-

‘ @ LIMU y>X€ HeJb3s 3alucaTb KWHETU-
YeCcKoe ypaBHEHME BUJA:

MpoSHpaY o AKODA v=kZn|[H,80, (1)

Puc. 9.7. Paznast ckopocTb OnuH U3 4JIEHOB 3TOTO ypaBHe-
peakiyy B onbITax ¢ ogHoii HAA — «MOJISIDHAA KOHICHTpalMsA
prHHOﬁ WJIN HECKOJbKUMU IIMHKa» — HE UMECT CM])IC.Ha, I10-
MEJKMMM TpaHy/aMi [MHKa ~ CKOJIBKY LIMHK HAXOAUTCS B TBEPAOU

B CEPHOIi KMCIIOTE ¢aze. M3 onbiTa Mbl BUAUM, UTO Ha
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CKOPOCTb I'eTepOreHHON peakiiMy BIUsIET CTeNEeHb pa3npo0ieH-
HOCTH TBEpIOro BelllecTBa. B mpuHLMMIE 3TOT (haKTOp MOXET
YUUTBIBATHCS (UMCTO IKCIEPUMEHTATbHO) KOHCTAHTOU CKOPO-
CTU peakLUM — TOTAa JJis peakUuuil ¢ OAHON KPYIMHON Wi
HECKOJIbKUMM MEJIKUMU TpaHyJlaMU YMCJIeHHbIe 3HaUYeHUs K
OyIyT pa3HBIMM, 2 KWHETUIECKOE YpaBHEHHE PeaKIIMU B 00IIIeM
clyyae MpUMET BUIL:

v =k[H,SO,] (2)

Ho u Takoe ypaBHEHUE HE CMOXKET JOCTATOYHO XOPOIIIO ONUCHIBATh
CKOpOCTh Halllell peaklnu. Bo-mepBbIX, B X0/Ae peaKlMU TpaHyJIbl
MTOCTETIEHHO YMEHBINAIOTCA B pa3Mepax, TIOMAaah UX MTOBEPXHOCTH
MEHSIeTCSI U KOHCTaHTa CKOPOCTH PeaKIIMU k YK€ He MOXKET YUUThIBATh
5T0 u3MeHeHue. Eciu ncnonb3oBaTh TpaHyJibl U3 OYEHb YMCTOTO
IIMHKA, TO K HUM «ITPWJIAMaeT» 00pasylonuiicss Bogopo (Kak 3To HU
VIWBUTENBHO) M TIJIOIIAAb KOHTAKTa PeareHTOB MEHSIETCS Herpea-
ckazyemMo. Bo-BTopbIX, Ha TOBEPXHOCTHU pazfesia ¢a3 KOHIEHTpalus
CEpHOI KMCJIOThI COBCEM HE TakKasi, KaK B BEPXHMX CJIOSIX pacTBoOpa.
B 30He peakiiuu akTuBHO 00pa3yetcs pacTBop coiu ZnSO,, KOTOPHIi
BBITECHSIET PACTBOP CEPHOI KHMCJIOTHI C ITOBEPXHOCTH TPaHyI.

Wrtak, Mbl BUAMM, YTO B OOLIEM Cyyae CKOPOCTb TeTepOTeHHO
peaxiuy 3aBUCHUT OT:

a) CKOpPOCTH MOABO/A PeareHTOB K rpaHulie pasneia das;

0) CKOpPOCTHM peakliMi Ha MOBEPXHOCTU pasaena ¢az, KoTopasi 3a-
BUCHUT OT IJIOIIAAMN 3TON MOBEPXHOCTH;

B) CKOPOCTU OTBOJA MPOAYKTOB peaKlMu OT TpaHUIIbl pa3zaena ¢das.

Cranuu (a) u (B) Ha3bIBAIOTCS dughghyzuonnsimu (CM. CI0Baph Tep-
MMHOB), a ctagus (0) — kunemuueckoii. Ta ctagusi, KOTopasi poTe-
KaeT Haubosiee MeIJIEHHO, Ha3bIBACTCS AUMUmMupyioujeii, MEHHO OHa
onpeJesisieT CKOPOCTh PeaklMU B LIEJOM.

YHUuBepcaabHOTO BBIPAXKEHUS IS CKOPOCTU TeTEPOTEHHBIX peak-
LIMI1 He CYIIECTBYET, MMOCKOJbKY KaxKaasi U3 CTaauii (a—B) TIpH Oompe-
JIEJIEHHBIX YCJIOBUSIX MOXKET OBbITh JIUMUTHUpPYIolei. Ho B HEKOTOPBIX
ciy4dasix, korna nucGy3noHHBIE CTaAUuM 3aBEIOMO HE SIBJISIIOTCS JIM-
MUTHPYIOIIUMU M3-3a aKTUBHOTO TepeMelllMBaHUs peareHToB, a
TJIonIaab TOBEPXHOCTU pazfena dha3 MeHsIeTcsl MeIIEeHHO, MOXHO
SKCIEPUMEHTAJIBHO TOJYYUTh KMHETUYECKUE ypaBHEHUS TUMa (2),
VIOBJIETBOPUTELHO OMUCHIBAIONINE MTPOTEKAaHNE TeTePOTEHHBIX pe-
aKIMii. DTo MMeeT BaKHOE 3HaYeHUE IJIs1 XMMUYECKOTO ITPOM3BOICTBRA,
rae GOJIBIIMHCTBO MCITOb3YeMBIX pEeaKIIMii — reTeporeHHBbIE.

Korna mkoiabHMKa UM CTyAEHTA MPOCIT MEePEeYUCIUTh
(akTOpHI, BIMAIONIEC Ha CKOPOCTh XMMUYECKON peaKkIni, TO
OOBIYHO OXXMJIAIOT TaKOTO OTBETA:
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— npupooa peazupyrouux eeuecms,
— KOHUEHMPAyUs peazeHmos,

— memnepamypa,

— Haauuue Kamaau3amopa.

Ha camoM fiejie 3TOT MepedeHb IMpe: MBI YK€ 3HaeM, YTO Ha CKO-
POCTb FeTEPOreHHbIX peaKLMil CUIbHOE BIMSIHUE OKA3bIBAET IUIOLIANb
MOBepXHOCTH pasneiia da3 u quddysust. OmHAKO MOJIE3HO 0000IINTh
MepevyrCIeHHbIE BhIIIE YeThIpe (haKTopa, TOHUMASI IIPU 3TOM, UYTO OHU
MMEIOT OTHOIIEHNE TJIABHBIM 00Pa30M K 20MO2eHHbIM PEAKIIAAM.

ITon BAustHUEM npupodvl peazupyrouux eeujecms 0ObIYHO
MOJPa3yMeBalOT TO MPOCTOE OOCTOSATENBCTBO, UTO Pa3HBIE BE-
1IeCTBA pearnupyroT Mo-pa3HOMY. DTO TpUBUAJIbHOE HAOIIOE-
HUE MOXHO clejaTh 0ojiee LIEHHbIM, €CU aHAIU3UPOBaTh
MIpUMEpPbl Pa3HOI peakKlIMOHHOM CIIOCOOHOCTU CXOMAHBIX I10
CTPOEHMIO BEIECTB B OJHOTUMHBIX peakuusx. Hampumep,
peaxkiys ra3oo0pa3Horo MOAMCTOro BOIOpOAa C KUCIOPOIOM
MpU KOMHATHOM TeMIiepaType UIET C 3aMETHOM CKOPOCThIO:

4HI + 0, = 2H,0 + 21,

AHanornyHas peakiusi razooopasHbix HCI u O, ¢ obpaszoBa-
HMEM XJIopa U BOIbI MPYU KOMHATHOMW TeMriepaType UIeT OYeHb
MemieHHO. O6e peakliMM — OKHUCIUTETbHO-BOCCTAHOBUTEIBHbIE,
U JJIs1 UX TIPOTEeKaHUs aToM rajioreHa B Mojiekyaax HCI unu HI
JIOJIXKEH TepenaTh 3JIEKTPOH Kucaopony (yoeauTech B 3TOM, pac-
CTaBUB CTETIEHU OKUCJICHMSI Hall aTOMaMU B YpaBHEHWH PeaKInu).
HMon B monexkyne HI — Oosee nmoaxoasiunii TOHOP 3JI€KTPOHA,
TaK Kak ero BaJIeHTHasi 000J104Ka HaXOAUTCS CYILIECTBEHHO Najb-
11Ie OT sipa, yeM y atoma xsiopa B mosnekysie HCL. Takum o6pazom,
3HAHUE 3JIEKTPOHHOIO CTPOSHUST aTOMOB U MOJIEKYJT pearupyro-
IIMX BEIIECTB YacTO IMO3BOJISIET KAYECTBEHHO OLIEHNUTh OTHOCH -
TeJbHbIE CKOPOCTU HEKOTOPBIX peakluii. Takke 1o mpupoaoi
pearvpyiolmx BelecTB HHOTAa MOTYT MOoApa3yMeBaTh CTeIIeHb
UX pa3npoOJEHHOCTU B FeTEPOTeHHbBIX peaKIIUsIX.

BnusHue xonuenmpayuu peacenmos Ha CKOPOCTb peakini
MBI YK€ JOCTaTOYHO MOAPOOHO OOCYIMIN — KUHETUYECKUeE
ypaBHEHUST KOJUUYECTBEHHO YUYUTHIBAIOT 3TOT (aKTop.

Yto KacaeTcs BAUSIHUSI memnepamypbi, TO 3TOT (hakTop Aeii-
CTBYET OAMHAKOBO KaK Ha CKOPOCTb PeakliMu v, TaK U Ha KOH-
CTaHTy CKOPOCTU k — 00€ 3TU BEeJIMUMHBI ObICTPO BO3pacTaloT
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C TIOBbIIIEHUEM Temnepatyphl. [1ojie3HO paccMOTpPETh BIUSIHUE
TeMIIEpaTypbl MUMEHHO Ha KOHCTAHTY CKOPOCTH — B 3TOM Clly4yae
Hallly 3a7a4y He OCJIOXHSIOT TTOCTOSTHHO MEHSIIOIIMECS B XOIe
peakiiuy KOHLUEHTpalMU pearupyrolux BellecTB.

Eme B XIX Beke rommanackuii ¢pusnkoxumuk Bant-Todd
OTBITHBIM MyTEM OOHAPYKWJI, UTO MPU MOBBIIIEHUU TeMIIepa-
Typbl Ha 10 °C cKOpOCTH MHOT'MX peakluii BO3pacTaioT B 1Ba—
yeThipe pasa. Ha si3piKe XMMMYECKOW KMHETUKM MpPaBUIO
Banr-ITodda MoXHO BbIpa3UTh CAEIYIOIIMM COOTHOIIECHUEM:

Ko _,
k, ’
r1e Yy IpUHMMAaeT 3HaueHue ot 2 1o 4.

3nmech y (rpevyeckasi OykBa «ramMma») — TaK Ha3bIBaeMbIit
TeMnepaTypHblid KoadduuueHt, uau koapduieHt BaHT-
Todda, k, u k,, ) — KOHCTAaHTBI CKOPOCTU pEaKIIMU TPU TEM-
nepatypax f u (¢ + 10) °C. Just kaxkaoii KOHKPETHOM peakLnuu
TeMIIePaTypHBIN KO3DOUIINEHT OMNpeaeaseTCs] OIBITHBIM ITy-
teM. OH TTOKa3bIBaeT, BO CKOJIbKO UMEHHO pa3 Bo3pacTaeT
CKOPOCTh JaHHON XMMMYECKON peakluu (M ee KOHCTaHTa
CKOPOCTH) TIpU MOBBILIEHUN TeMIIepaTyphbl Ha Kaxabie 10°.

TemnepaTypHble KO3MDGUIIMEHTH UCIIOAb3YIOT TJIaBHBIM
o0pa3oM B yueOHOU JauTepaType — ST HYXA XMMUUYECKOM
KAHETUKWA OHU Majio TIPUTOIHBI, ITOCKOJIBKY HE COXPAHSIOT
CTPOTO MOCTOSHHBIX 3HAYCHUI B Pa3HBIX MHTEpBajIaX TeMIIe-
patyp. Ho HaM ¢ Bamu TemmepatypHbie KO3GhdUIIMEHTHI MO-
3BOJISIT HAIJISIAHO pa3o0OpaThCs B XapaKTepe 3aBUCUMOCTHU
CKOpPOCTH peaKLMU OT TeMIlepaTyphbl. DTa 3aBUCMMOCTb He-
JIMHEeHAsI, TO €CTh CKOPOCTh peaKIMy BO3pacTaeT Topa3ao
OBICTpee, YeM TeMIIepaTtypa.

ITokaxeM 3TO Ha MpUMepe PEaKIINU ¢ TeMIlepaTypHBIM
koadunmrenTom y=2,9. JlonycTuM, Mbl XOTUM BbISICHUTb, BO
CKOJIBKO pa3 BO3pacTeT CKOPOCTh peaKIMU (M KOHCTAaHTa CKO-
poctu k) mpu noBwieHnu Temnepartypsl ot 50 °C mo 100 °C.
ITpumeM 3a equHUILY KOHCTaHTY ckopocTu Ipu 50 °C (kso=1).
Yepes 10° (1.e. mpu 60 °C) xoHcTaHTa k BBIpacTeT B 2,9 pasza:
keo = 2,9. Eme uepes 10° (mpu 70 °C) 3HaueHUE KOHCTAHThI
COCTaBMT: k7g = k¢o - 2,9 = 2,92, Tak, mpogosixas 106aBIsATh
10-rpagycHbIE MHTEPBAIBI, MBI IPUAEM K 3HAYEHUIO Kk o = 2,9°.
B oGuiem ciyyae:
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ky=ky-y",

rae n — 9uciao 10-TpamaycHBIX MHTEPBAJIOB B 3aJaHHOM MHTEP-
BaJji¢ TOBBIIIICHUS TeMIlepaTyphbl. B HalieM npumepe Ipu mo-
BbllLIeHUM TeMIiepaTyphl oT 50° 1o 100° TakuX MHTEPBAJIOB MSTh.
[Ipu 3TOM MrHOBEHHAasI CKOPOCTh peakily U KOHCTaHTa CKO-
pPOCTH peakliMK BO3pacTyT MpUMEPHO B 595 pas:

k2/k1 = 'Yn = 2,95 = 595

[IpaBwio BanT-Todda ncnonp3yercs mist IpUOIMKEHHON OLIEHKN
M3MEHEHUs] KOHCTAHThl CKOPOCTU peakiiMy MpPU MOBBILIEHUU WIU
TMOHWXXEHUU TeMmIiepaTypbl. bosiee TOuHOE COOTHOIIIEHUE MEXIY KOH-
CTAHTOM CKOPOCTH M TEMIIEpATypOl YCTAaHOBUJ IIBEACKUNA XUMMK
CaaHTe AppeHuycC:

E,

a

k= Ae rT

3nech k — KOHCTaHTa CKOPOCTH, ¢ — BaXXHOE B MaTeMaTuKe YUCIIO
(paBHOE NPUOIMU3UTENBHO 2,71 11 BO3HMKAIOIIEe BO MHOTUX MaTeMaTH-
YecKUX npeobpa3oBaHMsIX), R — razoBasi ocTosiHHast, 7' — abcoJoTHas
temneparypa B KeiabBunax (ompenencHuss R u T cm. B § 5.6), E, —
SHeprust aktuBalmu. Eiie ogHa nmocrossHHast A — KOHCTaHTa Appe-
HMYCa, WIN MPEIIKCIIOHEHTA, OTIPEee/seTCs U KaXIoi KOHKPETHOI
peakiii U UMeeT Ty K€ pa3MePHOCTb, YTO M KOHCTaHTa CKOPOCTH K.

MHorue HallluM YMTATeJU MOKa He 3HAKOMBI ¢ Jlorapudmamu,
MO3TOMY 3/1eCh MBI He OyIeM MPUBOAMTHL CIIOCOO PEIIeHUST TAKOTO
ypaBHeHUs1. [ Hac ceilyac BaXXeH OOLLUMII HEJMHEUHBINH XapaKTep
3aBUCMMOCTY KOHCTaHTBI CKOPOCTH k OT TeMIIepaTyphl, a TakKe Xa-
pakTep CBSI3M MEXIY CKOPOCTbIO PeaKklIMU W dHEeprueil akTUBaluu.
Ecnu neByto ¥ MpaBylo 4acTU ypaBHeHUsI AppeHUyca pas3ae/iuTh Ha
TOCTOSIHHYIO A 1 3aI1caTh YUCIIO € ero MPUOIMKEHHBIM YNCIEHHBIM
3HAYeHMEM, TO YpaBHEHUE TTPUMET BU/L:

1

= W

HamomuuMm, yto E, — BeIMYMHA MPUMEPHO IMOCTOSTHHASI IS
KaxIoi peaklMu, He 3aBUCSIIAsA OT TeMIepaTypbl. B mosyueHHOM
BBIpaXKEHNH OHA BXOIMT B TOKa3aTelb cTericHu Iipu 2,7 1. UeM 6oabuie
FE, KOHKpeTHOU peakuuu, TeM Ooabuie OyAEeT 3HAMEHaTeslb 1poou U
TeM MeHbute (TIpY TaHHOM TeMmIiepaType) OyaeT KOHCTaHTa CKOPOCTH k
(1 cKOpoCTh) 3TO# peakumu. Ecim xke paccMaTpuBaTh KaKylo-HUOYIb
OIlHY peakluio (¢ pukcupoBaHHO# E,) pu pa3HbIX TeMIlepaTypax, TO
noBbIIeHNe T OBICTPO yMeHbuiaem HYKHIO YacTb ApoOU U, CiIeno-
BaTeJbHO, U3MepsieMasi k OyaeT ObICTPO PacTH.
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[ToBbllIeHWE TeMIIEPATyPhl IPUBOAUT K ObICTPOMY YBEIMYE-
HUIO YKclIa «9HEPTMUHBIX» MOJIEKYJI, CITOCOOHBIX MPEOI0JIeBATh
aKTUBALIMOHHbIN 6apbep E,. [Tpu Mpounx paBHBIX YCIOBUSIX YEM
éviute 6apbep E,, TeM MeHblie CKOPOCTh peaklivii. MHorue (naxe
SHEPreTUYECKU BBITOAHBIE, IK30TEPMUUECKUE PeaKIlui) MOTYT
WITH C 3aMETHOI CKOPOCTBIO JINIIb B OUE€Hb SKECTKHMX YCIOBHUSIX
MMEHHO 13-3a BbICOKOM 3Hepruu aktupaiuu. K Takum peak-
LIUSIM, HallpuMep, OTHOCUTCS noaydyeHue ammuaka NH; us
azoTa M BoAopoIa. AMMMAK SIBIISIETCS] BAXKHEMIITUM ChIPbEM IS
MPOM3BOACTBA MHOTUX XMMUWYECKUX TMPOAYKTOB. 3agady ero
CHHTe3a (KaK M CMHTe3a MHOXEeCTBa JPYIMX MOJIE3HBIX COEAU-
HEHMIT) MO3BOJISIET PELIUTh IPUMEHEHUE Kamaiuzamopos —
BEIIECTB, CITIOCOOHBIX MOHIKATh SHEPTUIO aKTUBAIIUM pPeak-
uuun E,. KatanuzaTopbl He pacXoaylOTCsl B XOJle peakliu, M03-
TOMY JOCTaTOYHO CPaBHUTEJIbHO HEOOJBIIOro MX KOJIWYEeCTBA
JJIsI TIepepaboTKX OO0JIbIION MacChl peareHTOB. 3HAYUTEIbHOE
MOBBIIEHUE CKOPOCTU PEAKIIWIA MO/ BAUSHUEM TaKUX BEILIECTB
HAa3bIBAETCSl KAMAAU3oM. DTOMY XUMUUYECKOMY (DEHOMEHY I10-
CBSILEH Cenyolni maparpad Hailero ydeoOHukKa.

WHurepHeT:

Enunast komtekuus 1y@poBbIX 00pa3oBaTeIbHbIX PECYPCOB:

http://school-collection.edu.ru — Komnekuuu — Ilpen-
MeTHble KojuieKuuu. Xumusi — Heopranuueckast xumusi. Bu-
JEOOTIBITH —> ...

a) ... > KuHeTnka XMuMMYeCKUX peakuuit — 5. BausHue
pa3MepoB MOBEPXHOCTU COMPUKOCHOBEHUS Pearupyrolinx
BEIIECTB Ha CKOPOCTbh XUMUYECKMX peaKIInii.

6) ... » KuHetnka XxuMmyecknx peakuuii — 6. BausgHue
TeMIIepaTypbl Ha CKOPOCTh XUMHMUECKMX PEaKIIUiA.

3axaumn

9.18. Bo ckoibKO pa3 yBeIMUMTCSI KOHCTAaHTa CKOPOCTH
XMMHWYECKOIM peaklIny IIpU MToBbIIeHN TeMnepaTypsl Ha 30 °C,
ecau y=4?

9.19. Ha ckoibKO IpaaycoB ciieayeT MOBBICUTh TEMIIepaTy-
pY, YTOOBI KOHCTaHTa CKOPOCTH peakilMMu Bbipocia B 32 pasa

(v=2)
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9.20. I1pu noseimieHun teMiepatypbl ¢ 20 °C o 60 °C
CKOpOCTb peakliuu Bo3pacrtaeT B 150 pa3. Beiunciaure Temmne-
paTypHbIii KO3POUIINEHT peaknu.

9.21* (®MII). TemmepaTypHbIit KO3(DOUIIMEHT Ta30BO peaKIIuu
2A + B = C paseHn 3. Kak U3MeHUTCSI KOHCTAaHTAa CKOPOCTU PEaKIINK
npu noBeieHun TemnepaTtypsl oT 20 °C go 80 °C u omHOBpeMEHHOM
YBEJIMUYCHUM OaBJIeHUS B 2 pa3a?

§9.6. Katamms

Karanu3 — xumuueckoe sIBJieHre, CyTh KOTOPOTO 3aKJIt04a-
€TCS B UBMEHEHUHN CKOPOCTEN XMMUYECKUX PEaKLIUKA IIpur aeii-
CTBUM HEKOTOPBIX BEILIECTB (MX HA3bIBAIOT KAMAAU3amopamu).

Karanutnueckue peakiiuu BecbMa pacrpoCTpaHEHbl B XU-
MWH, U HEKOTOPbIE U3 HUX MOXHO MPOBECTH JaXKe B JOMAIITHUX
ycnoBusix. Hammpumep, 3%-HbIil pacTBOp TIEpeKUCH BOAOPOIA
(MMEHHO TaKoil MpoAAIOT B anTeKax) BIIOJIHE YCTOMYMB B OT-
cyrctBue npumeceit. Ho nipu nobaBiieHUM o4eHb HEOOIbIIOTO
KoJn4yecTBa (HECKOJbKUX KPYNMUHOK) TBEPAOro TMOKCHUIA
MapraHua MnO, HaunHaeTcsl peakuusi pasnoxenus H,0, c
BBIJIEJIEHUEM Ta3000pa3HOro KUCJIOpOa:

2H,0, % 3 2H,0+0,

3necs MnO, — KaranuzaTop peakiuu. MoXHO 3aMETUTb,
YTO B XMMUYECKOM YPaBHEHUU KaTAJIU3aTOP HE MPUCYTCTBYET
Cpenu peareHTOB WIM MPOIYKTOB, €r0 He HYXKHO YIUTHIBATh U
MpU ypaBHUBAHUM peakiinu. [1oaToMy 0OBIYHO KaTaau3aTop B
ypaBHEHUM YKa3bIBAIOT HaJ CTpeaKoi. Jmokcua MapraHiia
MOXHO 3aMEHHTDb IBYMSI-TpeMsI KpYITUHKAMM MapraHIIOBKU:
KMnO, npu geiictBun H,0, 6sicTpo npeBpatutcs B MnO,
(Tonie3HoO HamucaTh ypaBHEHUE 3TOU peakuuu). Jdanblie mo-
JIy4EHHBIN KaTaJau3aTop, BHE 3aBUCMMOCTH OT €r0 KOJIMYECTRa,
OyzaeT paboTath 10 TeX MOp, NMOKA HE 3aKOHYUTCS BECh pea-
TeHT — MepeKuch Bomopoaa. C anTeyHON MepeKrChio BOIO-
poa MOXXHO MO3KCIIEPUMEHTUPOBATh IoMa — MOoa00paTh IS
ee pasoXeHUs Ipyrue KaTaiu3aTopsl (HallpuMep, COJ Meau
WA IPYTUX TSKEIbIX METALIOB). DTU OMBITHI CEIyeT MPOBO-
JIUTh TOJBKO C pa30aBlIe€HHbIM (alTeYHLIM) PAaCTBOPOM Mepe-
kucu Bogopoaa. C KOHUEHTPUPOBAHHBIM PACTBOPOM pEaKIIUsI
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UIET 0YeHb OypHO. JlMoKcUa MapraHia — He elMHCTBEHHbIN
KaTaJIM3aTop peakiluy pa3IoKeHMs TiepeKrcy Bogopona. buo-
JIOTU4YeCKMe KaTaau3aTophl ((pepMeHThI), coaepxkaliuecs B
KpOBH, IeHCTBYIOT TaK xke. IMEHHO IT03TOMY C1a0blii pacTBOP
MEePEKNUCU BOIOPOAA, HAHECEHHBI Ha LlapanuHy, HAYMHAET
My3bIPUTHCS (BBLACSIOIIMICS TPU 3TOM KUCIOPO Ne3MHPU-
LIMPYET PaHKY).

dpyroii foMallHUI OMBIT — KaTAIUTUYECKOE OKUCIECHUE
caxapo3bl KucaopoaoM Bozayxa. OOBIYHBIM KyCKOBOM caxap
WU caxap-paduHaa MpeaCcTaBlIsieT CO00i MPaKTUIECKU YUCTYIO
caxaposy C;,H,,0,;. Kycouek caxapa He ymaeTcs MoKedb Ha
OTKPBITOM OTHE — OH IUIaBUTCS, HO He 3aropaetcsi. Ho ecnu
caxap «McraykaTh» KaTalu3aTOPOM — TaOayHbIM IEeTJIOM — €ro
YIAETCST TIOIKEYb.

C,H,,0,,+120,—-12CO0, +11H,0

DTOT ONBIT MHOTJA MOKa3bIBAIOT KakK (POKyC — Kycouyek
caxapa «CJIy4aiiHO» POHSIOT B MEMNeIbHUILY, a 3aTeM MOIXKUra-
10T. [Ipennonaraior (XOTs 3TO HE YCTAHOBJIEHO TOYHO), UTO
KaTaJIM3aTOPOM PEaKIIUU OKUCIECHUST caXapo3bl CJYKaT COeAM -
HEHUS 1Ie3MsI, B O9eHb HEOOJIBIIOM KOJIMYECTBE ITPUCYTCTBYIO-
LIME B MeTJIe OT CUraper.

YIUBUTENBHBIM B SIBIEHUM KaTaJln3a SIBJISIETCSI TO 00CTOsI -
TeJbCTBO, UYTO KaTajJu3aTopbl, aKTUBHO Y4acCTBYS B peaklMu,
caMM B UTOIe HE U3MEHSIOTCA. JpyruMu cioBaMu, Kataan3a-
TOPBI HE PACXOMYIOTCS B XO/Ie XMMUYEeCKOM peakuu. [Tockoib-
Ky KaTaJM3aTop ClOCOOeH MHOIOKPAaTHO y4acTBOBAaTh B MPO-
MEXYTOUHBIX XUMUYECKNX B3aUMOJENCTBUSAX C peareHTaMHu,
€ro 4acTo OepyT B HEOOJBIIOM KOJHMYECTBE — 3HAUYUTEIHHO
MEHBIIIEM T10 CPABHEHUIO C pearecHTaMM.

B kauecTBe KaTajJu3aTOPOB YaCTO BBLICTYIAIOT OOBIUYHBIE
KWCJIOThI, OCHOBaHMSI, OKCUJbI META/UIOB UJIM CaMU METaJLIbl.
Ho 6b1BatoT 1 CII0XHBIE KaTaIM3aTOPHI, TIOUCK W IIPUTOTOBJIE-
HUE KOTOPBIX TPEOYIOT OOJIBILIOTO TpyAa.

Paznuyalor 1ojioxXureabHbINM KaTaau3 (YCKOpeHUE peakiinii)
U OTpULATENIbHBINM KaTanu3 (3aMeaieHue peakiuii). OObIYHO
TEPMUH «KaTaJIM3» OTHOCAT MMEHHO K MOJIOXKUTEIbHOMY Ka-
Taju3y, a OTpULIATEIbHBIN Ha3bIBAIOT uHeubuposanuem. Coort-
BETCTBEHHO «OTpHUIATEJbHbIE KaTaJlu3aTOPhl» Ha3bIBAIOTCS
uneubumopamu. Haripumep, B KauecTBe MHTMOUTOpA peakKLuU
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pasIoXXeHMs TTePeKMCH BOIOPOIa UCIIOIb3YIOT OYeHb HEOOIb-
mryto (1 : 10 000) mo6aBky nmupodocdara HaTtpust Na,P,0;. Ero
POJTb 3aKITIOYAETCS B CBSI3BIBAHUM CIIEIOB IIPUMeECeil, KOTOPhIE
SBJISIOTCS XOPOIIMMH KaTaJIn3aTopaMy peaKINU Pa3IOKEHUST
MepeKucyu Bomopona — coenuHeHuii Cu, Mn 1 HEKOTOPHIX
JIPYTUX TSKEIBIX METAJLIOB.

Kamtmuaamopamu Hasvlearomcs eeuiecmea, cnocoouvle YCKo-
pamb Xxumu4vecKue peakuuu, camu ocmaeasacob npu 3mom Heus-
MEHHbIMU.

Enie omHoO BaXkKHOE CBOMCTBO KaTajlu3aTOPOB 3aKJTI0YAETCS
B CIIOCOOHOCTH TOBBIIIATh M30UPATEIBHOCTD ITPOTEKAHUS pe-
akuuii. Ecii Kakue-To peareHTbl MOIYT pearupoBaTh MEXIY
c000i1 10 pa3HBIM HAIPaBJIEHUSIM (TO €CTh aBaTh HECKOJIBKO
Pa3IMYHBIX MPOAYKTOB), TO C YJaCTHEM KaTajlM3aTOPOB BO
MHOTHMX CJIydasiX 00pa3yeTcsl TOJIbKO KaKO-TO OIUH IPOIYKT
peakiuu. M30upaTenbHOe TTPOTEKaHWE PeaKIMU Ha3bIBAeTCS
ceaexkmuenocmoio. TakKuM 00pa3oM, TJIaBHBIE TTOJIE3HBIE CBOM-
CTBa KaTajJM3aToOPOB 3aKJII0YAIOTCS B ITOBBIIIEHUU CKOPOCTH U
CEJIEKTUBHOCTU XMMHUYECKUX PEAKIIMIA.

B kauecTBe mpuMepa pacCMOTPUM DPEAKIINIO Pa3IOKEHUS
stuiioBoro cnupta CH;CH,OH (atanona). be3 karanuzatopa
9Ta peakLys UAET C TPYAOM (HyxKHa BBICOKAas TeMIIepaTypa) 1
He celeKTUBHO. OIVH MyTh peaKIINK MPUBOIUT K 00pa30BaHMIO
srunena H,C=CH, u Boasl H,0, apyroit — yKcycHOro ajib-
neruga CH;CHO u Bogopoaa H,:

CHzZCHz + Hzo

STUJICH

CH;—CH,—OH

ITaHOI

N\

0

CH;—C” " 1+ H,
H

}’KC}’CH])IM albJderug

ITpu npomnyckaHUM MapoB 3TaHOJA Yepe3 HaKaJeHHYIO 10
700 °C cTekIsIHHYI0 TPYOKY 00e peakluu UIyT MapaliebHo.
IIpumepHo 20 % sTaHoOja MpeBpallacTCs B 3TWIEH U BOLY, a
80 % — B YKCYCHBIIl aJbAerua M Bogopoj. Takue KecTKue

364



YCJIOBUS XapaKTepHbI IJIs1 peakliuii ¢ BHICOKOW SHepruei ak-
tuBauuu E,. B cBoto ouepeap, E, TeM Bblllie, 4eM OoJjiee He-
YCTOMYMUBBIMU SIBJISIIOTCSI MIPOMEXYTOUHBIE COEIMHEHUS, 00-
pasylomnecs Ha MyTU OT PEareHTOB K ITPOAYKTaM.

O06pa3oBaHue 3TUJIEHA U3 3TaHOJa 0e3 KaTajiuzaropa UIeT
¢ 00pa3oBaHUEM OYEHb HEYCTOMUYUBBIX MPOMEXYTOUHBIX MPO-
nykToB. [IprMeHeHue KaTanu3atopa — TBEpAOro OKCUaA ajo-
muHug Al,O; — 3acTaBisieT peaklyio UATU 10 APYTOMY MyTH,
re MPOMEXYTOUHbIE MPOAYKTHl yXe 0oJiee YCTOMYMBHI U,
CJIeMOoBaTEJIbHO, MEHBIIIE IHEPTUSA aKTUBAIlMU peaKIUU
(puc. 9.8).

B npucyrctBuun Al,O; peakiiysi 3aMeTHO YCKOPSIETCS U yKe
HET HeOOXOIMMOCTH HarpeBaTh HAITOJTHEHHYIO KaTaIM3aTOPOM
TpyOKy 10 700 °C — peakuusi ¢ XOpolleil CKOPOCThIO UIET MpU
300 °C. Ho 310 eiiie He Bech 2 GEKT OT MPUMEHEHUSI KaTali-
3aTopa! Peakiius Terepsb UaeT ¢ 00pa3oBaHUEM 3TUJICHA U BOJIBL,

SHEPTUst
- E 0e3 KatajmM3aTopa

aKTUBaLIUU

C KaTaJInu3aTopoM
E,
E,
H,C=CH, + H,0
Q (tertoBoii
addexr peakuun) | |

L KOOpAMHATA peaKLuu
CpeIHMe SHEPTUU MOJIEKYT

PEArcHTOB U IIPOAYKTOB

Puc. 9.8. B npucyrctBum karanmzaropa Al,O; peakius pas-

JIOXXKEHMST 3TaHOJIa TIPOTEeKaeT MO MyTH ¢ MEHbIIeH dHepTuei

akTuBauuu E,, yeM 0e3 katanusatopa. TerioBoil addekT

peakuuu mpu 3ToM He MeHsieTcs. [lomo6Has 3aKOHOMEepHOCTh

XapakTepHa He TOJBKO JUTS SHIOTEPMUIECKUX, HO U VTSI 9K30-
TEPMUYECKUX PeaKInii

365



a YKCYCHBI aIbIETU U BOLOPOL B TOM ClIy4yae He 00pa3yloT-
cs. Takum 06pa30M, KaTaJim3aTop MO3BOJIACT NPOBOAUTL p€ak-
IO Pa3JI0KCHUA 3TaHOJIa CCJICKTUBHO:

l‘_)O} TB.

A
CH;—CH,—OH (raz) ——

w0~ CHa—CH, + Hy0

ITHJICH

B npuBeaeHHOM MpuMepe peareHT (3TaHO) U KaTalu3aTop
(mopouikoo6pasHbiit okcun Al,O3;) npu 300 °C HaxonsTcs B
pa3HbIX (hazax — razoobpa3HoOil U TBepAoil. B aToM ciryyae Mbl
AMEeM JIeJIO C eemepoceHHbiM Kamanauzom. Ecin e peareHThI
U KaTaJiu3aTop HaxonasTCsl B OJHOI (ha3ze — Hampumep, oda
SIBJISIFOTCSI Ta3aMU WJIM 00a pacTBOPEHBI B KAKOM-JIMOO pacTBO-
pUTEJie — TO TOBOPSIT O 2OMOCEHHOM Kamanuse.

Kak e paborator katanuzaTopbl? OTBET Ha 3TOT BOMPOC
MU3BeCTEH AajiekKo He Bcerna. OaHaKoO B psifie ClydyaeB KaTaau-
THYECKME TTPEeBPALLIEHHS M3YYeHBI XOPOIIIO M XMMUKAM TTOHSITeH
MEXaHU3M 3TUX peakiuii. HartoMHUM, 9TO BBISICHEHHE MeXa-
HU3Ma — 3TO YCTAHOBJIEHUE CTPOSHHUSI KOPOTKOXKUBYIIIUX ITPO-
MEXYTOUYHBIX YaCTHII, BO3HUKAOIINX Ha IyTH OT PearcHTOB K
MPOAYKTaM peakiuu. Takue HEeyCTOMUYUBBIE MTPOMEXKYTOUHBIE
BellleCTBa YaCTO HEBO3MOXKHO BbIAEINUTb, HO OHU MOTYT OBIThb
M3y4eHbl KOCBEHHBIMU MeTogaMu. UMEHHO OT CTpOeHUs U
YCTOMYMBOCTH (VI HEYCTOMUYMBOCTHI ) TIPOMEKYTOYHBIX YACTHI]
3aBUCUT CKOPOCTbD JIt00OI peakliid U BbIOOpP TOTO WM MHOTO
ee HarpaBJICHUSI.

Hanpumep, ucnonb3doBaHue cepHoit kuciaorel H,SO, B
KayeCcTBE 20M02eHH020 KaTaIu3aTopa Mo3BoJIsIeT MoIydaTh 3T -
JieH u3 9TaHoja yxe npu 170 °C. Oto roBopur o ele Oosee
3HAYNTETLHOM CHUXKEHMHU SHEPTUM aKTUBAILIMM M YCKOPEHUU
peakuuu:

H'_)SO4TB.
CH;—CH,—OH

CH2:CH2 + Hzo
170 °C
Peaxkuuio nmpoBoasT B pacTBope. KartaimzaTopom 3aecCh
SIBJISIETCSI Take He caMa cepHasl KUCI0Ta, a 00pa3yloluecs mpu
ee IMCCOLMaly MOHBI Bogopoaa H™ (mepsas crpouka B rpu-
BEICHHOI HIDKE CXEME):
H,SO, = H~* +HSO;

KaTajim3aTop MosiBJISICTCA
B pacTBOpe
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o H+ +/l_l + ../H
CHy—CH,—OH <= CH,~CH,—0 === CH,~CH,+37
H oo

ITAHOJ KaTaJIu3aTop pacxoayeTcd KLIpGOKﬂTI/IOH BOJ1Aa
Ha pCakUHIo € 3TAHOJIOM

OTCHOIA OTIICTIIACTCA
HOH BOJI0OpOIa

N
CH;—CH, —> CH,=CH, + H*
KaTannusatop

BO3BpaLlaeTCa
B pacTBOp

PazpeiB cBs13m C—O B 3TaHOJIE TIPOUCXOAUT C 00pa30BaHNEM
JIBYX YaCTHI1I, U3 KOTOPBIX HEYCTOMYMBA TOJIbKO OflHA (KapOoKa-
THOH), a BTopas (H,0), HanpoTuB, oueHb YCTONYMBA. DTO MpHU-
BOIIUT K OOIIIEMY CHIDKCHHUIO SHEPTUH aKTUBAIIAN TI0 CPaBHEHUIO
C peakiueit 6e3 Karaimsaropa, rae pa3pbiB cBs3u C—O mpouc-
XOIMT ¢ 00pa3oBaHUEM ropasio 0oJiee HEYCTOMYMBBIX YaCTHII.

Hanee oOpa3oBaBlIniicss KapOOKAaTUOH COCOOEH IpeBpa-
1IaTbCSl B YCTOMUMBOE HEUTpalbHOE COeNUHEHUE (ITUJIEH),
OTILICIUISIST MOH Bomopoxa H* (fmocnemHsist cTpoyka B cxeme).
Takum obpaszom, KatanuszaTop H* Bo3Bpalmaercs B cpeny n
OIISITh TOTOB K paboTre. Mbl BUIMM, UTO B peaKIIMOHHYIO Cpely
B BuIe noHa H* BepHyJics yXe He TOT aTOM BOZOpo/a, KOTOPHIi
HaumHaJ peakiuio. Ho cepHoit KucioTe 6e3pa3ImaHo IIPOuC-
XOXJIEHIE CBOMX BOZOPOMHBIX aTOMOB — B XOJI€ peaKIIMU OHa
ocTajlacb HEM3MEHHOM.

YuratensiM, yxke 3HAKOMBIM C OPTaHUIECKON XUMHUE, MOXKET I10-
Ka3aTbCsl CTPAaHHBIM, YTO Mbl Ha3blBaeM 3Ty pPeakIMi0 TOMOTeHHOIA.
Kakum o6pazom staHon npu 170 °C MoxeT ocraBaTbcsl B pacTBope?
Benp Temmeparypa ero kureHus gaxe Huke, yem y Boasl: 78 °C. On-
HaKo OIIMOKY 3/1ech HeT. [leio B TOM, UTO CEpHYIO KUCJIOTY IpU MO-
JIyYeHUY STUJIEHA UCITOJIb3YIOT He TOJIBKO KaK KaTaJlu3aTop, HO U KakK
pactBopuTesb. OTOTHATH 3TAHOJ U3 TAKOTO PacTBOpa MPaKTHYECKU
HEBO3MOXHO — paHbllle HAUMHAETCSI peaklysl ero pa3jioxeHus (ae-
ruapatanuu). Beigensiomiascs Boaa MorjomaeTcsl CepHON KHUCIOTON
C BBIIEJIEHUEM DHEPTUH, TIO3TOMY SHEPreTMUeCKUii MpobriIb peakivH,
CTPOTO TOBOPSsI, YK€ He TaKol, KaK rnmokasaH Ha pucyHke 9.8. Ho cytu
JieJIa 3TO He MEHSET: YCKOPEHHME PeaKIMK JOCTUTAETCS 3a CUYET CHU-
JKEHMSI SHEPTUU aKTUBALIMU PeaKIIMU JeTUApaTallMy 1O CPAaBHEHUIO C
TaKoii e peakiiuei 6e3 kaTaausaropa.
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HTtak, katanuzaTop He TOJIbKO YBEJIMYMBAET CKOPOCTh pe-
aKkllMY 3a CYeT CHUKEHUS SHEepruu aktuBauuu F,, HO U 3a-
JlaeT CTPOTO OIMpeIeIeHHBIN MEXaHU3M (CTPOCHHUE MPOMEXY-
TOYHBIX YACTHII), 3aCTaBJISIONINI PeaKIIMIO TTPOTeKATh CEIeK-
TUBHO — B JIJAaHHOM cJjly4yae ¢ oO0pa3oBaHUEM 3TUJIEHA U BOIbI.
YKCYCHBIH abAeTHa M BOZOPOI B MPUCYTCTBUM CEPHOI KUC-
JIOTHI HEe 00pa3yloTCsl.

HMHTepecHO, 4TO NMpU UCMOJIB30BAHUU B KaUeCTBE KaTasu-
3aTopa METAJUIMYECKOi MeIu TpeBpalleHUe TaHoIa yIaeTCs
CEJICKTMBHO HAIMPABUTD IO APYroMy IyTH — C 00pa3oBaHUEM
YKCYCHOTO ajibieruja u Bogopoaa. B naHHOM ciyyae Mbl ©UMe-
€M JIeJIO YXe C TeTepOreHHbIM KaTaJau30M:

) Cu /O
CH;—CH,—OH (ras) — = CH;—C7" +H,

H

YKCYCHBI W anpierui

DTa peakius Ha3bIBaeTCs peaKiueil AeruIpupoBaHusl (OTIIETUICHUS
Bogopoaa). OHa Takasi Xe SHA0TepMUYECKas, KaK U peaklus 1eruapa-
Tauuu (oTileruieHus: Boabl). OMHAKO NMPU Kamaiumu4eckom Ieruipu-
pOBaHUU, TIO CPAaBHEHUIO C peakiueil 0e3 Karaau3aTopa, BO3HUKAET
HOBBII, BeCbMa BaxKHbII (haKTOP: BBIIESIOLINAICS B peaKliMy BOAOPO.,
TYT K€ OKHUCJISIETCS Ha MEAW KUCIOPOAOM BO3MyXa C BBIAEICHUEM
0O0JTBILIOrO KOJIUYECTBA TEIUIOTHI. DTO MPUBOIUT K TOMY, UTO CyMMAapHBIi
TerioBoit 3deKT Bcelt mocaenoBaTeIbHOCTA Peaklivii OKa3bIBAeTCs
9K30TePMUYECKUM. VI30BITOUHO TEIJIOTHI BBIAESIETCS TAK MHOTO, UTO
MeIHast criipaiib (KaTaJau3aTop) B XOIe peaklMu pacKassieTcs.

Takyro xe peakiuio JeruapupoBaHus (OTIIETIIEHUs MoJie-
KYJIbl BOIOPOJA) MOXKHO OCYILIECTBUTh U C APYTUM T€TEePOreH-
HbIM KaTajau3aTOpoOM — Harpetoi cepedpsiHoii ceTkoit. [lpu-
BeJEHHbBIE BBIIIIE MPUMEPHI MOKa3bIBAIOT, KaK C MOMOIIbIO Ka-
TaJM3aTOPOB MOXKHO YIIPABIISATH CEJICKTUBHOCTBIO PEaKITUIA.

Eciu MexaHu3Mbl MHOTUX TOMOT€HHbBIX KaTaJIUTUYECKUX
peakiuii ¢ yyuacTueM KUCJIOT (KUCJIOTHBIN KaTaliu3) WK OCHO-
BaHMI (OCHOBHOI KaTajn3) XOPOILLO U3YYeHbI, TO O TeTePOreH-
HOM KaTaJIu3e 3TOro ckaszaTh Hejib3sl. OMHaKO HEKOTOphIE ero
3aKOHOMEPHOCTH BCE K€ U3BECTHHI.

Bo-nepBhIX, B T€TEpOreHHOM KaTajin3e OOJIbIIYIO POJIb
UTpaeT adcopdyus, TO €CTh KOHLIEHTPUPOBAHUE BEIIECTB Ha
MMOBEPXHOCTHU pa3zaena Mexay Humu. Hampumep, agcopOimsa
MOJIEKYJ Ta3a MPOUCXOIUT Ha MOBEPXHOCTU TBEPAOro MOPU-
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cToro Karanuszartopa. biarogapsi ancopOuyMu Ha TOBEPXHOCTU
KaTajau3aTopa pacTeT KOHILEHTpAILMS pearupyrolmx YaCTHIIL,
YTO YX€ caMo Io cebe MOXEeT MPUBOAUTh K YCKOPEHUIO peak-
. [ToaToMy BaXHBIM (paKTOPOM B FETEPOT€HHOM KaTajlnu3e
SIBJISIETCS TIOIIAAb MMOBEPXHOCTU KaTaau3aTtopa, ero rmopu-
CTOCTh. UeM 0oJiblie MOBEPXHOCTh, TEM BBIIIE KaTATUTUYECKASsT
aKTUBHOCTb TBEpAOro KaTaiusaTopa. KoauuecTBo B3SITOTO
KaTaJiM3aTopa TOXe BIMSET Ha CKOPOCThb peaKkIIvH.

Bo-BTOpHIX, ellie Oosee BaxkHYIO POJIb UTPAET MOBBILLIEHNE
XUMUYECKONW aKTUBHOCTHU aJACOPOMPOBAHHBIX MOJIEKYJ IO
CpPaBHEHMUIO C UX OOBIYHBIM cocTOsIHMEeM. KakuM 00pa3oM 1po-
HWCXOJUT MOBBIIIEHWE aKTUBHOCTH, TIOHSATHO He Bceraa. OnHa-
KO MOXHO MPEAnoJOXUThb, YTO 00pa3yloTcs HEMPOUYHbIE TTPO-
MEXYTOUHbIE COENMHEHMS peareHTa ¢ KaTtaau3aTopoM, B KO-
TOPbIX XMMMYECKHE CBSI3M BHYTPU peareHTa ocjlabjieHbl U TeM
CaMbIM TTOBBIIIIEHA €r0 XMMUYeCKasi aKTUBHOCTb. BeposiTHO,
HEUTO ITOXO0XKee IMTPOMCXOINUT B PeaKIINK ITPHUCOEAMHEHMS BOIO-
pona K COeAMHEHUSIM C TPOWHOM CBS3bIO (WIKMHAM) Ha rete-
POTeHHOM KaTajiu3aTope — MeTa/NIMYeCKOM TaJUlagiuu C He-
KOTOPBIMU 100aBKaAMMU:

e CH; CH
Pd/PbO/CaCO - 3
CH,—C=C—CHs + H—H —PPYCO o
- - JABIEeHNE / N
H H
Huc-0yTeH-2

B 3Tux peakiusix o0pasytoTcs yuc-aakeHbl. [eoMeTpruyeckoe
CTpOEHUE TIPOAYKTOB PeaKLUU MO3BOJISIET MPEATION0XUTh, YTO
MOJIEKyJIa BOIOpOAa MPUCOEINHICTCS K AJIKMHY C IIOBEPXHOCTU
Kartanmusaropa. Eciau OBl 3TO OBLIO HE TaK, TO 00pPa30BBIBAJICS
ObI Oosiee YCTOMUMBBIN mparc-aaKeH:

CH; _H
~Cc=C
/
H \CH3

mpanc-0yTeH-2

CrpaBka ISl TeX, KTO eIlle He U3ydasl OpTaHUYECKYI0 XUMMIO: YuUc-
OyTeH U mpanc-0yTeH — pa3Hble COeNMHEHNsI, XOTSI UMEIOT OIMHAKO-
BYIO MOJIEKYIIsIpHYto hopmyity C,Hg 1 1axke oIMHAKOBYIO TOC/IEI0Ba-
TEJIBHOCTh CBSI3bIBAHUSI aTOMOB B MOJIEKYJIaX. DTO TeOMETPUUYECKHE
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n3oMepbl. OHU OTJINYAIOTCSI TeOMETPHUYECKOM (POPMOIT CBOMX MOJIEKYT,
MO3TOMY MX (DU3UYECKUE U JaXe HEKOTOPble XMMUYECKHE CBOMCTBA
ommyaoTcs. B ommmane ot mpocteix C—C cBsi3ei, cBoOOOIHOE Bpa-
meHue BoKpyr 1BoiHbIX C=C cBsI3eil He TPOUCXOAUT, TOITOMY Uuc- U
mpanc-u30Mepbl He TIEPEXOST APYT B Apyra B OObIYHBIX YCJIOBUSIX U
CYIIECTBYIOT KaK MHIUBUIYaTbHbIE COEAMHEHNSI.

Eiie omHa 0COGEHHOCTDH TETEPOr€HHOrO KaTaan3a 3aKJIio-
YaeTcsl B TOM, YTO OKOJIO TOBEPXHOCTU pabOTaIOLIErO KaTaJIU-
3aTopa BcerjJa KOHIEHTPUPYIOTCS KaK MCXOJIHbIE BEIECTBa,
TaK ¥ NMPOAYKTHI peakiiuu. Eciau nmpoayKThl aacopoupyoTcsl Ha
KaTajau3aTope CAUIIKOM ITPOYHO, TO OHU IJIOXO BBITECHSIIOTCS
C TIOBEPXHOCTU U KaTaJIM3aTOP MOCTENEHHO TepsieT aKTUBHOCTb.
B aTOM cilyyae roBOpST, UYTO KaTajau3aToOp OTPaBJISETCS MPO-
IyKTaMM peakuuu. OgHaKo BO MHOI'MX CiIydasiX KaTaJlUTH4e-
CKMMM S7aMM SIBJISIIOTCSI AaXKe He MPOAYKTHI peaklnu, a pas-
JIMYHbIE MPUMECU B UCXOAHBIX BelecTBax. Hanpumep, mis
TUIATUHOBBIX KaTAJIM3aTOPOB TAKUMU KaTaTUTUUYECKUMM siIaMu
apisitorcs mpumecu HCN, H,S, coenuneHuii As, Se, Te.

B psne ciydaeB Kataqu3aTtop CHEUATbHO «OTPaBISIOT» —
TO €CTb YACTUYHO TMOAABJSIIOT €r0 aKTUBHOCTD J1JO3UPOBAHHBIM
BBEACHUEM KATATMTUUYECKUX SII0B, UYTOOBI 3aCTABUTh PEAKLIUIO
WUITU B HYXXHOM HampabjieHuu. Hanpumep, paccMoTpeHHas
BbIIlIE peaKLMsl MPUCOeIUHEHMS BOAOPOIa K TPOHHON CBSI3U C
He «OTpaBJeHHbIM» NAa/UTaIMEeBbIM KaTaJIu3aTOPOM He OCTaHAaB-
JIMBAeTCSl Ha CTalAWM MOJYyYEHUS alKEHOB (COeMUHEHUI C
JIBOMHON CBSI3bI0) U JAeT alKaHBbI:

CH,-C=C-CH, +2H,—<_——CH, - CH,-CH, -CH,
YTUH- Gyrau

HobaBneHue K U3MeIbYeHHOMY Na/UIani0 OKCUAA CBUHLIA
PbO u HeKOTOpPBIX IPYTrUX KaTaJUTUYECKUX SIIOB MO3BOJISIET
OCTAaHOBUTb PEAKIIMIO TUAPUPOBAHUS HA CTAIUU TOJTYyYEHUS
COEIMHEHUN ¢ ABOMHOMN CBSI3bI0. IIOMCK 1 IMIPUTOTOBJICHUE
TaKUX KaTaJu3aTOPOB — HACTOSIIEE UCKYCCTBO, ITOITOMY He-
YIUBUTEJIbHO, UYTO MHOTHE KaTaJIu3aTOPbl HOCAT UMEHA CBOUX
cosnaresneit. Hanmpumep, najinaaueBblil KaTaiu3aTtop s He-
MOJIHOTO BOCCTAHOBJIEHUSI AJIKUHOB HA3bIBAETC KaTaJln3aTO-
pom JIuHmapa.

HaubGonblee npuMeHeHNe reTepOreHHbIN KaTajlu3 HaXOqUT
B IMPOMBIIILIEHHOM MPOU3BOACTBE OpraHUYeCKUX BelecTs. Of-
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HaKO He MeHee HEOOXOAMM OH U MPU MOTyYSHUU TaKUX BAXKHBIX
HEopraHUYeCcKMX MpoayKTOB, Kak aMmMuak NH; 1 okcupa cepbl
SO; (rocnenHuit HyXXeH ISl TPOU3BOJCTBA CEPHON KUCIIOTHI).
Fe
N, +3H, T T 2NH, +92 xJIx

V.

2280, +192 K]k

250, +0,

45

O06e 3Tu MPOMBILIJIEHHbIE peaKlMU — 3K30TEPMUYECKUE,
TO €CTb YHEepPreTUYecku BbirogHble. Ho ecTh U ocioxHso1Iee
00CTOSITENILCTBO: 00€ peakluyd oOpaTUMBbI, TO €CTbh OQHOBpE-
MEHHO IIPOTEKAIOT KaK B IPSIMOM, TaK M B 0OpaTHOM Harpas-
JeHuu. bonee moapodHO Takue peakuuyd Mbl PaCCMOTPUM B
clenyoleM maparpade. 3nech JUIb CKaXeM, YTO CIABUT
paBHOBecusi B ctopoHy NH; unu SO; ctaHOBUTCS BO3MOXEH
TOJIBKO MPU OTBOJIE OOPA3YIOLIErocs B PeaKkiUsIX Teria, TO ECTh
MPU CHUXEHUW TeMIlepaTypbl OTUX peakuuil. OgHaKo ¢ Mo-
HUXXEHHEM TeMIIepaTyphbl peakilMM HaCTOJbKO 3aMeUISIOTC,
YTO paBHOBeCHE yCTaHaBJIMBaeTCs 04eHb MeieHHO. [ToaTomy
HeoOXOIMMO MPUMEHEHUE KaTalu3aTOpPOB.

Kamaauszamop ne cnocoben éausamo Ha noaoixcenue pagHose-
cus, MaK KaxK oH 00UHAK080 XOPOULO YCKOPAem KaK npsamyio, max
u oOpammuyio peaxuuu.

OnHako 0jaromapsi KaTajau3aTopy paBHOBECHE YCTaHABIM-
BaeTcs ObIcTpee. B cuHTe3e amMMMaka IMIpUMEHSIETCST He YMCTO
>KeJIe3HBIM KaTaau3aTop, a ¢ fooaBkamu okcuaos Al,O; u K,O.
DTU OKCUABI CIIYXKAT NPOMOMOPAMU.

Ilpomomopst — 3mo eéewecmea, camu no cebe He agaarouue-
€51 Kamaau3amopamu OanHoll peaxkuuu, Ho ycuausarougie oelicrmeue
OCHOBHO20 Kamaauamopa.

B npou3sBoacTBe cepHO KMCIOTHI A noaydyeHus SO,
paHblile B Ka4eCTBe KaTaau3aTopa MCMOoJIb30BaIl MeTajinye-
ckyio miaatuHy. Ha coBpeMeHHBIX CEpHOKHUCIOTHBIX 3aBOJaX
paboTaloT 3HAYUTEJILHO OoJiee AellieBbie BaHAAeBble KaTalu-
3aTopnl (V,05) ¢ nobaskamu SiO, u K,O.

Cpenu BelllecTB, KOTOpbIe He CAeAyeT MyTaTh C KaTajiuza-
TOpamu, CleAyeT YIOMSHYTb UHUYUAMOpbl XUMUIECKUX peakK-
1uii. B oTMuMe ot Katajin3aTopoB, MHULIUATOPBI PACXOIYIOT-
cs B XOJle peakliMu, HO UX TpeOyeTcsl OYeHb HEMHOIO, IO-
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CKOJIBKY OHU CJIyXaT BCETO JIMIIb «CIMYCKOBbIM KPIOYKOM»
Hayvajla XMMUYeCcKoro rnpoiiecca. Hanpumep, nonmMmepusanuio
9TUJIEHa MOXHO OCYIIECTBUTh B MPUCYTCTBUU HEOOBILIOTO
KOJINYECTBA BELIECTBa-UHULIMATOPA, CIIOCOOHOTO pacnagaThCsl
¢ 00pa3zoBaHKWEM CBOOOAHBIX PaJAMKaIOB — YacTHIl C Hecna-
PEHHBIM BJIEKTPOHOM. TaKoi aKTUBHBIN paguKas (Harmpumep,
RO"), npucoeauHssiCh K €AMHCTBEHHO! MOJIeKyJie 3TUJIeHa,
crnoco0eH BbI3BaTb MHOXECTBO TMOCJIEAYIOIIUX peakKUil Mpu-
COEIMHEHUs APYTUX MOJIEKYJ 3TUJIEHA:

N A~
RO + CH,=CH, — RO—CH,—CH, —2——2

CH,=CH,

RO_CHz_CHz_CHz_CHz
pacTymiad MOJICKY.1a MOJIH2THIICHA
B Gonee xopoTkoii ¢hopMme peakiuio MOJIydeHUs TOIUITU-
JIeHa MOXHO BBIPa3UTh YPABHEHUEM:
TeMIlepaTypa,
JaBJICHHUC
nCH,=CH, ——— > (—CH,—CH,—),

HHULHUATOP
MOHOMCD noaumMep

HMuaexkc n B (popmylie nosvmepa Ha3blBaeTCSl CTENEHbIO
MoJIMMepU3aluu (3HaAYCHUE 7 MOXET JOCTUraTh AECITKOB ThI-
cs4). B pesynbraTe mpourcxonsiieil CIIMBKYA MOJIEKYJT STUIeHA
00pa3yloTcs JIMHHBIE MAaKPOMOJIEKYJIbI ITOJIMATUJIEHA C MOJIE-
kynsapHoil maccoit ot 30 000 mo 800 000 B 3aBUCMMOCTHU OT
ycioBuii peakiuy. Ha KoHIIe KaxXImoil Takoil TMTAaHTCKOM MO-
JIEKYJIBI UMEETCS «IIPUIIUTHIA» K HE UHULIMATOP, OMHAKO €TI0
coliepxKaHue B 00Iei Macce MOIUATUIEHAa HUYTOXHO MaJlo.

Huuyuamopor — eewecmea, 6 psade cayuaee Heobxooumble 044
6030YHCOCHUA XUMUHECKOIL PeaKuuu, Komopas daiee npoucxooum 6e3
nocmoponneil nomougu. Huuyuamopoi pacxodytomcs 6 xooe peaxyuu,
00HAaKo ux mpebyemcst HAMHO20 MeHbULE, HeM PeazeHInos.

BripoueMm, MHUIIMMPOBaHNE BO3MOXHO M Ha ITOBEPXHOCTH
reTeporeHHOro Kkataausaropa. B aToM cityyae roBopsiT yke He 00
WHUIIMATOPAX, & O KAMaiu3amopax noaumepu3ayuy — Takue Toxe
IIMPOKO TIPUMEHSTIOTCS B XUMHUYECKOMN TTPOMBIIIUICHHOCTH.

HMHutmaTophl 4acTo MyTaT ¢ KaTanauzatropaMu. IlocMmort-
pUTe OMBIT «B» B KOHIIE Maparpaga — 3T0 peakivs Uoia C
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aJTIOMMHMEM, JUTSI KOTOPOil Bona siBisieTcsl unuyuamopom. on
MEeJIEHHO B3aMMOJAECUCTBYET ¢ BOJAOM (MO peakuuu ducnpo-
nopyuonuposarus — § 5.8), o0pasysl KUCIOTbl. DTU KUCIOThI
pPacTBOPSIIOT 3alIMTHYIO OKCUIHYIO TIJICHKY Ha MeTajlle U Ha-
yrHaeTcsd OypHas peaklus amtoMuHUs ¢ nogoM: 2Al + 31, =
= 2All;. Pazymeercs, Boaa pacxodyemcs B 9TUX XMUMUYECKUX
MpeBpalleHUsIX, TTOATOMY OHA He SIBJISIETCS KaTalau3aTOpOM,
KaK CKa3aHO B OMMCAHMUU OTbITA.

B onHoM naparpade HeBO3MOXHO pacCMOTPETh BCE MHOIO-
00pa3ue KaTaTuTUIECKIX peaKInii, U3BECTHBIX B HEOpraHWYe-
CKO1 ¥ OpTaHMYECKO# XMMUHU, B OMOXUMUM ((pepMeHTATUBHBIA
KaTaJn3), B TEXHUKE (aBTOMOOMIbHBIE KaTaaIu3aTOPhl JOXKUIa-
HUS BBIXJIOITHBIX Ta30B) U T.A. 31eCh MBI CTAaBWIM 3a4ady pa3o-
OpaThCs UL B HEKOTOPBIX KJIIOUEBBIX BOMPOCAX, & UMEHHO:

* Yro 0o6111eTO B IEHCTBUU BCEX KaTaau3aTopoB?

* Ha 9To crmocoGeH BIUSTh KaTaJu3aTop (SHePTUsl akKTUBa-
LIMM, MEXaHU3M peaKkliM), a Ha YTO TMOBAUSIThL HE MOXET
(TeruioBoii 3¢ heKT peakun).

+ KaknMm 06pa3oM KaTaamu3aTop CIIOCOOEH OCTaBaThCs HEM3-
MEHHBIM B XOJI¢ peaKlIMU, XOTsI aKTUBHO B HEil yJacTByeT?

* B yeM pasnuure MexXIy TOMOTEHHBIM M TeTepOTeHHBIM
KaTajJnu3om?

* OT 4ero 3aBUCUT aKTUBHOCTh TeTEPOTeHHOI'0 KaTaau3aropa?

* Bimster wiim He BIIUSIET KaTaJIM3aTOp Ha TTOJIOXEHUE paB-
HOBecHSI B 0OOpaTUMBIX peaKIMsIX?

* YTo TaKkoe MUHTMOUTOPHI?

* B yem paznmmune MeXmy KaTalu3aTopaMu, TIPOMOTOpaMM
U UHULIMaTOpaMu?

PexomeHyeM yuTateso ele pa3 BEpHYTbCS K 3TUM BOITPO-
CaM M OTBETUTh HA HUX CAMOCTOATEJBHO IJIS 3aKpEeIUIEHU
MPOUAEHHOrO MaTepuala.

WnTepuer:

Enunas xojutexkuus: nu@poBbiXx 00pa3oBaTeIbHBIX PeCyp-
COB:

1. http://school-collection.edu.ru — Komnekuuu — Ipen-
MEeTHbIE KoJuleKuuu. XuMusi — Heopranunueckast xumus. Bu-
JIEOOIBITHI —> ...
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a) ... » KuHeruka xumuueckux peakuuii — 1. BausiHue
WHIMOUTOPOB Ha CKOPOCTh XMMUYECKUX pEaKIIi.

0) ... > KuHeTuka xuMHnueckux peakuuit — 2. BausiHue
KaTaJM3aTOpOB Ha CKOPOCTb XMMMUYECKUX pPeaKlvii.

B) ... = lTanorensl — 13. IlonyyeHue noauga aaIlOMUHUS
(Boma — uruyuamop, a He KaTajlu3aTop peakiluu).

2. http://school-collection.edu.ru — Konnekuuun — Ilpen-
METHbIE KoJuUleKuuu. Xumusi — OpraHuueckast xumusi. Bu-
JEOOTIBITHL —> ...

r) ... —» HenpenenbHble yriaeBogopoasl — IlonydeHue 3Tu-
JIeHa 13 3TWJIOBOIO CIUpTA.

1) ... = Criuptel. ®eHoab — OKUCIeHUE STUIOBOTO CITUP-
Ta okcugoM meau (I1).

§9.7. Xumnveckoe paprosecue. [Ipunmun Jle Ilaresnne

XUMUYECKHE peaKiluu, KOTOPhIE ITPOTEKAIOT CO CPABHUMBI-
MU CKOPOCTSIMU B 00OMX HampaBJIEHUsIX, HAa3bIBAIOTCS 00pa-
mumbimu. B Takux peakiysx oopa3yroTcsl paBHOBECHbBIE CMECH
peareHTOB U TPOIYKTOB, COCTAB KOTOPHIX JaJiee yKe He MEHSI-
eTcs co BpeMeHeM. HampuMep, TIpy HarpeBaHWM MPOUCXOISAT
cJenyooIme oopaTUMbIe MPEeBpaIeHUs TPEX BEIECTB:

H, (r)+1, (r)fﬁ2HI (r)

Y 3T0li paBHOBECHOI CUCTEMBI €CTh 3aMedaTesIbHOE CBOM-
CTBO: €€ COCTaB He 3aBHUCHUT OT CIIoco0a monydeHus1. MoxXHO
HarpeBaTh CMeCh ra3000pa3HbIX BOJOpOAAa U MOJa, a MOXHO
B34Th [JIs onbiTa YucThiii HI — pe3ynbrar Oyaer omiHUM U TEM
>Xe: o0pasyeTcsl paBHOBecHas1 cMech Tpex BetecTs (H,, 1,, HI)
OJIHOT'O M TOro Xe cocTtaBa. {1 BHEIIHero HaoOJomaTess B
TaKOM CUCTeMe XUMUYECKHE TIpeBpalleHUsI HEe IIPOMCXOIT, HO
Ha caMOM JeJie 3[1eCh MOCTOSIHHO MAYT MpsMas U odpaTHas
peakuuu. PaccMOTpuM 3Ty CUCTEMY C TOUKM 3PESHUST XUMUYE-
CKOUW KMHETUKMU.

JomycTuM, U1 OIbITA B3SIJIM ra3000pa3HbIe BOAOPO 1 MO/,
B niepBBIit MOMEHT BpeMeHH enie HeT HI, mosTomy naeT ToJib-
KO NpsiMast peaklusi, CKOPOCTb KOTOPO# (vy,) BbIpaxaercs
KMHETUYECKUM YpaBHEHUEM:
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vnp = kl [HZ] [12]

3nech k; — KOHCTaHTa CKOPOCTU npsamoii peakiiuu. [Tocte-
MEHHO B CMeCHM HakaruiuBaeTcsl mpoaykT peakuuu HI. Ho B
9TUX K€ YCIAOBUSX UOAUCTHIA BOIOPO C 3aMETHON CKOPOCTBHIO
pasznaraercs Ha ucxoaHble Beliecta: H, u I,. CkopocTh 00-
pammoil PEakUnu (Vys,) BHIPAXKAETC KUHETUYECKUM YPaBHE-
HUEM C KOHCTaHTOM CKOPOCTH k:

v06p = k2[HI]2

Kornma noauctoro Bogopona obpasyercs yxke HJOCTaTOYHO
MHOTO (T. €. KOT/Ia €r0 KOHIIEHTPAIlUs JOCTUTHET OIpPeIe/IeH-
HOM BEJUYMHBI), CKOPOCTHU NPsIMON M 0OpaTHOI peakluu
BBIPAaBHUBAIOTCSI:

vl'lp = Voop
B sTom cJydyac roBopAT, YTO HACTYIIMUJIO XUMu4ecKkoe pasHo-
gecue. KommuaectBo coacpxalmunxcsa B paBHOBeCHOﬁ CUCTEME

Bemects H,, I, u HI Tenepb He MeHsIeTCSI CO BpeMEHEM, €CIn
HET BHELIHUX BO3NCUCTBUIA HA CUCTEMY.

Xumuueckum paeHoeecuem Haszvleaemcsa makKoe cocmosnue
Xumu4eckou cucmembl, npu Komopom kKoauvecmea UCXOOHBIX
eeuiecme u npodylcmoe He MEHAIOMCA CO 6peMeHeM.

XuMHUeCcKoe paBHOBECUE HOCUT OuHaAMU4eckuii xapakrtep.
Hanpumep, B npuBeaeHHoi peakiuu HI moctosiHHO 00pa3y-
ercsa U pacxoayercs. Eciim 100aBUTH B TaKyl0 paBHOBECHYIO
CMeCh PaIMOaKTUBHBIN MO, TO OH OBICTPO pacIIpenessseTcs
Mexay Moiekyiamu I, u HI. DTo roBoput o nmocrossHHOM
repexone aTOMOB MOJa M3 MCXOMHOIO BEIIEeCTBa B MPOIYKT
peakuuu 1 o0paTHoO.

MOXHO JIU UBMEHUTb COCTOSIHUE XMMUYECKOTO paBHOBECHSI?
MHBIMM cJTOBaMM, MOXKHO JIU CIBUHYTh PAaBHOBECHE B CTOPOHY
o0pa3oBaHUs TPOJAYKTOB WINM B CTOPOHY 00pa3oBaHUs UCXO-
JHBIX BeleCTB?

OTBeT Ha 3TOT BONPOC MOACKA3bIBAIOT KWHETUYECKHE ypaB-
HEeHUsS IIpsIMOii M oOpaTHO# peakumii. Eciu mo6aBiasTh B
PaBHOBECHYIO CUCTEMY M3BHE «WIMIIHUI» BOAOPOI, TO BO3pac-
TET BeJIMYMHA MOJIIpHOI KoHLleHTpauuu [H,] B KWHeTU4ecKoM
ypaBHeHUHU TIpsiMoii peakiiuu. ClienoBaTebHO, YBEIUUNUTCS
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CKOPOCTb IIPSAMOM PEAKLIMHU Uy, @ CKOPOCTh OOPATHOM peakun
Uosp OCTAHETCS HEM3MEHHOM. B uTore uspacxonyercs Kaxkas-To
4yacThb 100aBJIEHHOIO BOIOPO/Ia, a PABHOBECHE CMECTUTCS 8npa-
60, TO €CTb B CTOPOHY 00pa30BaHUsI MPOAYKTa peakuuu. Takoi
Ke 3G GhEeKT JacT U BBEACHUE B CUCTEMY JOMOJHUTEIbHBIX
nopuuit I,.

Hanpotus, no6asnenune HI nmpuBeneT K caBUry paBHOBECHS
61€60. DTO TIONTBEPXKIAeT KWHETUYECKOE YpaBHEHHME 0OpaTHOM
PEAKLUU (Uy5,): OHA TIONYYUT IPEUMYILECTBO, TIOCKOJIBbKY BO3-
pacret BesimunHa [HI)2.

MpbI MOXeM 3aMETUTh BaXKHYI0 3aKOHOMEPHOCTb: TpHU IO-
MBITKE BO3IEMCTBOBATh HA PABHOBECHYIO CUCTEMY OHA «COIPO-
THBJISIETCST» TAKOMY BO3IENCTBUIO. JleiCTBUTEILHO, 1OOABICHHE
B paBHOBeCHYIO cuctemy H, mnm 1, IpuBOOUT K yBETMUEHUIO
UX pacxoioBaHus B npsiMolt peakuuu. B utore H, unu I, B
CUCTEME OKaxKeTcsl MeHblle, YeM ObLIo J00aBJIeHO, 3aTO BO3-
pacrteT KonnuectBo HI. Haobopot, nobaBnenne HI nmpuBonut
K 0oJjiee OBICTPOMY €r0 PacXoJOBaHMUIO B OOPAaTHOMN peakIluu.
Takast cmocOOHOCTb PABHOBECHBIX CUCTEM «COTIPOTUBIISITHCS»
BHEIITHUM BO3ICHCTBUSIM HOCHUT OOIIMIT XapaKTep U U3BECTHA
1o HazBaHueM npuryuna Jle lllamenve:

Ecau na paenosecnyro cucmemy eozoeiicmeoeamo usgHe, us-
MeHA KaKol-HuOyos u3 ghaxmopos, onpedessrougux noaoxiceHue
PasHogecust, Mo é cucneme yCUAUMCA Mo HanpaeieHue npoyeccd,
Komopoe ocaabasem 3mo 8osdeiicmeue.

B HekoTOpbIX Y4eOHBIX MOocoOUsIX (hOopMYIMpPOBKY NpuHIUMa Jle
IIaTenne ynpolilawT: pagnosecnas cucmema, Ha KOMOPYI0 OKA3bI8AIOM
6030eiicmeue, cmeujaem pasHogecue mak, 4nmoovl yMeHoUUMs eAUAHUE
amozo eo3deiicmeus. Ha camoM siesie He BCSIKOE BO3IEHCTBHE MOXKET
TIPUBOANTD K CMEIIEHUIO PAaBHOBECHSI, a TOIBKO onpedeasiroujee. Ha-
MpuMep, pacCMOTPUM Ty Xe peakiuio mexay H, u I,. laBnenue B
JTAHHOI KOHKPETHOW CUCTEME He SIBJISIETCS OTpeesIsitoluM (haKTopoM,
TMOCKOJIBKY B MPSIMOI K 0OpaTHOI peakInsIx o0pa3yeTcsi OMMHAKOBOE
KOJIMYECTBO MoJjielt Ta3a. B urore ¢ usmeHeHneM AaBiIeHUS] HU OfHA
13 peaklivii He MojayyaeT mpeumyliecTBa (KOHIEHTPAIMU BCeX ra3oB
MEHSIIOTCS OMHAKOBO) U MOJIOKEHUE PABHOBECHSI OCTAETCS TIPEXKHUM.
Takum obpaszom, [Jisi CMEILIeHUs] PAaBHOBECUSI HA0 U3MEHSITh TOJIbKO
Te MapaMeTpbl, KOTOPBIE SIBJISIIOTCS AJIs1 JAHHOW peakliuu onpedensio-
wumu. B paccMOTpeHHOM cliy4yae aBjlieHUe He SIBJISIETCSl TaKUM (ak-
TOPOM.
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[IpuBenem npuMep peaklivu, B KOTOPOM BaKHBIM IS MO-
JIOXKEHUST paBHOBecHs (haKTopoM siBiisieTcs AaBjieHue. OHa Toxe
MIPOMCXOAUT B ra30BoM (haze:

2NO, (r) 22 N,04 (1)

ITpu komHaTHOM TemniepaType NO, — TeMHO-KOPUYHEBbII
ra3 (4acTo ero Ha3blBalOT «OypbIM» ra3oM). [1pomykT ero aume-
puzauuu N,O, 6eciiBeteH. O6a raza mpu OObIYHBIX YCIOBUSIX
TIPUCYTCTBYIOT B CMECH, T.€. HAXOISITCS B XMMUYECKOM PaBHO-
Becuu. Ecnuv yBennurBaTh B TaKOW paBHOBECHOW XMMUYECKOM
cucTteMe JlaBjieHue, TO paBHOBECHE CABUTaeTCsl 8npago — B
cropoHy obpazoBaHusi N,O,. [leo B ToM, UTO TpU OJHOBpE-
MEHHOM yBeJInyeHuU KoHueHTpauu [NO,| u [N,O,] npeumy-
IIECTBO MOJIyYaeT IpsiMast peakiiys, MOCKOJIbKY B KUHETUYECKOe
ypaBHeHUe KoHleHTpalus [NO,] BXoauT B KBaapare:

Upp = kl[NO2]2 Vogp = k3[N,O4]

ITpoucxoasiuuii mpu 3TOM CIABUT PAaBHOBECHS BIIPABO MOX-
HO HaOI0AaTh SKCIIEPUMEHTAIbHO: MIPU CKaTUKM CMECH ra30B
OHa CBETJICET, MOCKOJIbKY YMEHBIIAETCs KOHIIEHTpALIUSI OKpa-
meHHoro NO, u Bo3pacTaeT KOHLEHTpalus 0eClBETHO-
ro N,O,.

Ho Ha paBHOBECHBIE peakllUU B pacmeopax U3MEHEHUe
JaBJIEHUsT He OKa3bIBAaeT 3aMETHOTO BJIMSIHUS, €CJU TOJbKO B
peaklMu He BbIOEISeTCs KaKoi-HUOyab ra3. [ego B ToM, 4To
SKMIKOCTHU TIOYTH HE CXKMMAIOTCS oM AaBJIeHUEM, U KOHIIEH-
TpalMy PacTBOPEHHBIX B HUX Pearnupyrolrx BeIIeCTB MpaKTH-
YECKU HE U3MEHSIIOTCS (ECJIM 3TO HE Ta3000pa3HbIE pearupyro-
ILIME BELIECTRA).

C MoMol1IbI0 KWUHETUYECKUX YPaBHEHUI TTPSIMOil 1 0OpaTHOM
peaklMii MOXXHO BBIBECTHM 3aKOH JAEHCTBYIOLIMX Macc IJIsl XU-
MUYECKOro paBHoBecus. I1ycTh mpoucxonut oopaTuMas peak-
LML

aA+bBZ<—>_1cC+ dD

3nech a, b, ¢, d — KO3(pPULIMEHTHI TIepe] BellleCTBAMU B
XUMUUYECKUX YPABHEHUIX MPSIMOM M 0OpaTHOM peakluid.
B 3TOM cilyyae MOXHO 3anucaTh KWUHETUUECKUE YPaBHEHUS:

i = Ki[AI[BI” 0oy = ko[ CI[D]?
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[Ipu HacTymieHMU paBHOBECHSI CKOPOCTU MPsIMOA U 0O0-
PaTHOM peakUU CTAHOBATCS PABHBI (U, = Uygp) U MOXHO 3a-
M1caTh:

k\[Al’[B]’ = k,[CI[D}
13 3TOTO COOTHOIIEHUS MOXHO TOJIYYUTh KOHCMAHMY

pasrosecus K,, Kotopast paBHa OTHOLIIEHHMIO KOHCTAHT CKOPOCTH
MpsSIMOM M 0OpaTHOM peaKIIunii:

B npenpinyniemM ypaBHEHUM JOCTATOYHO NIEPEHECTH B JIEBYIO
4acTh kj:

%{AJG[BV’: [CFDY,

a 13 IOJIYYCHHOI'O YPaBHCHMSA YK€ JICTKO ITOJIY4acTCA BbIpaKe-
HUE OJId KOHCTAHTblI paBHOBECHUA 1(171

_k _ICF[DF
"k [AFIBP
DTO He YTO MHOE, KAaK MaTeMaTHyecKas 3alucCh 3aKOHA

deiicmgyowux macc 045 Xumuieckoeo pagerogecus. Hampumep,
IUTSL PACCMOTPEHHOM BBIIIIE PEaKITUU:

H,(r)+ 12(r)<—::j2HI(r)

_[HIp
" HIL]

Koncranra PaBHOBECHUA OIIPEACIIACTCA SKCIIEPUMEHTAJIBLHO.

Yucaennoe 3nauenue K, xapaxmepusyem noaoxcenue pasno-
eecus npu 0aHHOl memnepamype U He MeHACMCA ¢ U3MeHeHuem
KOHUeHmpauuil peazupyouwux 6eulecms.

o cux mop MBI UCITOJIb30BaIM KUHETUYECKHE YPABHEHMUST
JIUIST BBISICHEHUST BOIIPOCA O CABUTE XMMUYECKOTO PABHOBECUS
B Ty WJIM MHYIO CTOPOHY. M XOTS majleKo He JUIS BceX peaKIuid
NX KNHETUYECKUE YPAaBHEHUSI COOTBETCTBYIOT XMMUYECKUM
YpaBHEHUSIM, KA4eCMEeHHo OTIPENEINTh HallpaBIeHUe CMellle-
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HUS PAaBHOBECUS TaKMM criocodboM ynaercs. Hanpumep, mis
CJIOXXHOW TETEPOTEHHON XUMUYECKOU peakIuu

Fe;0, (tB) + CO (1) 2 3FeO (1B) + CO, (T) + Q KJIxX

MOXHO TIpeAcKa3aTbh, YTO U3MEHEHUE AaBJeHUs] He MPUBEIeT
K CMEIIEHUIO paBHOBecUs. 31eCh CKOPOCTH MPsSIMOil 1 oOpat-
HOI peakuMu 3aBUCSIT B OCHOBHOM OT KOHLEHTpalUil ra3oB
(KoTOpbIe TIPU UBMEHEHUU NaBJIEHUSI MEHSIOTCS OJMHAKOBO),
a TBep/ble BEIIECTBA HE BXOIAT B KMHETUUYECKUE YpaBHEHUSI.

vnp = kl[CO]s v06p = k2[CO2]

TermoTy ToXXe MOXHO pacCMaTPUBATh KaK «IIPOAYKT» peak-
uuu. CrenoBaTeibHO, HarpeBaHUe TaKoi paBHOBECHOM cMecH
JIOJIKHO TIPUBOINTH K aKTMBU3AIlMM OOpaTHOU peakinu U
CMEILIEHMIO PAaBHOBECUS 61€60 — B CTOPOHY 00Opa30BaHMSI UC-
xonHbix Fe;0, u CO.

Hao6opor, orBeneHne odpa3syouierocs Teria (IIoHXeH!e
TeMIIepaTyphl) OyIeT YMEHBIIIATh CKOPOCTh OOPATHOM peaKIInm
1 paBHOBECHUE CIIBUHETCS 81pago — B CTOPOHY NpoaykToB FeO
n C02

MOXXHO He TOJIb30BaThCS ST PEIIeHUST TAKUX BOIPOCOB
KWHETUYECKUMU YPaBHEHUSIMU, a TIPSIMO TPUMEHMTh MTPUHIIUIT
Jle aTenwe. JlelAcTBUTENBbHO, MPU HATPEBAHUY PaBHOBECHOM
CHCTEMBI C OKCUAAMMU XKeJie3a OHa JOJKHA COMPOTUBISTHCS
3TOMY BO3ACHCTBHUIO — TO €CTh 3aMeJIATh MPSIMYIO PEaKIIMIO,
WOYIIYIO C BblAeJIeHneM Teruia. ToyHo Tak ke (6e3 KMHeTHYe-
CKUX YpaBHEHUIT) MOKHO pelllaTh BOIIPOC O CMEIIEHNH PaBHO-
BeCUsI TIPU YBEIMYCHUM JaBJICHUS B CUCTEME:

2NO, (r) 2 N,O4 (1)

7151 TOro 4TOOBI «COMPOTUBISITHCSI» YBEIMUESHUIO JaBJIeHUS],
3Ta CUCTeMa JOJKHA aKTUBU3MPOBATh PEaKIIUIO, TPUBOISIIILYIO
K yMeHbUieHulo O01IETo Yrcia MoJieKyal B cMecu. Takoil peak-
LMeH ABISIeTC IMpsiMasi peakiivsi, B KOTOPOW U3 ABYX MOJIEKYJI
rasza nosiyyaercsi ogHa. CiaegoBaTebHO, MPEUMYIIECTBO TO-
JIYYUT ApAMAas peakiivdsi, 1 paBHOBECHE CIBUHETCS 61paso.

Crioco0bl CMeIIeHUsSI XMMUYECKOro paBHOBECUSI UTPaAIOT
0OJIBIIIYIO POJIb B XMMUUECKOU mpombllieHHocTH. Hanpumep,
CMHTE3 aMMMaKa sBJsIeTcs 00paTUMOi, 9K30TEpPMUYECKOIA,
KaTaJUuTUYECKON peaklMeid:
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N, +3H, %Wmm +92 kJTx

Bo Bcex paccMOTpEHHBIX 10 CUX TOP peaKIUsX, KpoMe
CMHTE3a aMMMaKa, KUHETUYEeCKHE YpaBHEHUS TIPSIMbIX U 00-
paTHBIX peaklUii COOTBETCTBOBAIU UX XMMWUYECKUM ypaBHeE-
HusgM. Ho monayyeHue ammuaka u oOpaTHasi peaklusl ero
pPa3loXeHUsI — BTO CJIOXHbIE, MHOTOCTaAUHbBIE MPOLIECCHI,
COCTOSIIIME Ha CaMOM [IeJIe U3 HECKOJIbKUX DJIEMEHTapHbIX
craguii. [ToaToMy BbIpaxkeHue IS KOHCTAaHThl PaBHOBECHS B
CHHTE3e aMMMaKa HeJib3sl 3arucaTh Ha OCHOBaHMU (hopMaib-
HOTO 3aKOHA JEUCTBYIOIIMX Macc. Buipaxenue mis K, B Takux
cJTy4asix MOXHO TOJIyYUTh, TOJIbKO ONMUPAasCh Ha SKCITIEPUMEH-
TaJIbHbIE JAHHBIE.

Opnako npuHumn Jle IaTenbe Mo3BosSET KaUeCTBEHHO
oao0paTh yCJA0BUS, HAaUOoJIee TTOAXOSIIME ISl CIBUTA PABHO-
BECHs BIIPaBo, TO €CTb. B CTOPOHY MaKCMMaJIbHO BO3MOXHOTO
collepXkaHMsl aMMUaKa B paBHOBECHON cMecu. DTO UMeEeT
00JIbIIOE MMPAKTUYECKOE 3HAUeHNE — BeAb YeM OO0JIbIlle paBHO-
BecHe CABUMHYTO BIpPaBO, TeM 0OJbllle aMMMaKa MOXHO TMO-
JIy4yaTh B IIPOMBIIILIEHHOW YCTaHOBKE.

IMTpunuwun Jle [larenbe roBOPUT O TOM, YTO JIJIsI CMEILEHUS
pPaBHOBECHS BIPABO HY>KHO, BO-TIEPBbIX, H0GblULaMb TABICHUE.
JelcTBUTENbHO, MPU MOBBIILIEHUN JaBJIEHUS cuUcTeMa Oyner
«COTIPOTUBJISITHCS» BO3PACTAHUIO KOHLICHTPALUM Ta30B — JIJIsI
9TOr0 aKTUBU3UPYETCS MpsiMasi peakliius MpeBpalleHus YeThbl-
pex MoJieKyJl ra3a (OQHOM MOJIeKYJbl a30Ta U TpeX BOIOPOaA)
B JIB€ MOJIEKYJIbI Ta3000pa3HOro aMmmuaka. Bo-BTophsix, HE00-
XOJUMO OTBOJIMTH 0OPa3yIoIIyloCsl B peaKlIuK TETIOTY, TO €CTh
nouudcams Temmneparypy. Ecau temrnepatypy moBbIIIATh, TO
oOpaTHas peakldsl yCKOPUTCSI B OOJbIIEH CTENMEHU, MOCKOIb-
KY OHa MIIET C MOIJIOIIEHUEeM TeTU10Thl. OTHAKO €CJIU OXJIaXKIATh
peaKToOp CJIMIIKOM CUJIbHO, TO 00€ peakiMu 3aMeJIsIoTC U
paBHOBECHE YCTaHABIMBAETCS CIUILIKOM MEIJIEHHO.

B npoMBIIIJIEHHOCTU HaXOASIT KOMIIPOMUCC — JIaBJIEHUE B
afnrnaparax CMHTe3a aMMuaka JAep>KaT HaCTOJIbKO BBICOKHUM,
HACKOJIbKO MOXET BbIAEPXKaTh UX KOHCTPYKLMSI, a TeMIIepaTy-
Py BBIOMpAIOT CpedHeli, IIPU KOTOPOil paBHOBECHE B CUCTEME
HaCTyMaeT AOCTaTOUHO OBICTPO U B TO XK€ BPEMS HE CIMIIIKOM
CUJIbHO CMEILEHO B CTOPOHY MCXOIHBIX BEIIECTB — a30Ta U
BOJOPOIA. DTOM XKe LIeJIU CIYXKUT U KeJIe3HbII KaTaiuzaTop —
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OH YCKOPSIET HAaCTYyIJICHUe XUMHMUIECKOro paBHOBecHsl. Kak Bb
yXe 3HaeTe, KaTaJlu3aTOPhl OMMHAKOBO XOPOIIIO YCKOPSIIOT KaK
MPSIMYI0, TaK U OOPaTHYIO peaKiuu, II03TOMY dobasaeHue Ka-
manuzamopa He Modcem U3MeHUmMb HOA0NCeHUe PABHOBECUS, HO
cnocobcmeyem bonee Obicmpomy e20 00CMUNCCHUR).

[TpoMBITIUIEHHOE TTOTYYeHNE aMMUaKa 13 aTMOC(epHOTo
a30Ta MMEET OIPOMHOE 3HaueHMeE [JIS1 COBPEMEHHOM LIUBUIIN-
3aIn. A30T — BeCbMa MHEPTHOE BEIIECTBO, M €T0 COSAMHEHMS
B BHJE IOJIE3HBIX UCKOIAEMBIX (CEJIUTP) BCTPEUAIOTCS OYE€Hb
penko. B To ke BpeMsl pacTeHUST Hy>KIAlOTCS B a30T€, IIO3TOMY
COBPEMEHHOE CEJIbCKOE XO3MCTBO TpeOyeT MHTCHCUBHOIO
MIPUMEHEHUS BCe OOJIBIIETO KOJIMYECTBA a30THBIX YI00OPEHUIA,
KOTOpHEIE [IeIaloT Ha OCHOBE aMMMaKa. Takske aMMHaK CITY>KUT
CHIPbEM JIJIS1 IPOU3BOJICTBA a30THOM KUCJIOTHI, a YK€ C y4aCTH-
eM HNOj ocyIiecTBsIIoTcsl MHOTHE APYTUe BaxKHEHIIIE TIPo-
MBIIIJICHHBIEC TIPOIIECCHl — OT ITOJyYeHUs JIEKAapCTB M B3PBIB-
YaThIX BEIIECTB J0 MepepabOoTKU SISPHOrO TOILIMBA.

3agaun

9.22. B kakmux peakumsax M3MeHEHUE MaBIIEHUS OKaXeT
BJMSIHUE HAa CMEIlleHUEe paBHOBECHS?

1) CO (r) + H,0O (r) = CO, (1) + H, (1)
2) 250, (1) + O, (1) = 2505 (1)

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

4) 2HCI (r) = H, (1) + Cl, (1)

5) 2C0O, (1) = 2CO (1) + O, (1)

9.23. B kakoit U3 peakiuii npeablaylleid 3a1a4u MOBbIILIEHUE
JABJICHUs IPUBOIUT K CABUTY PAaBHOBECHSI BIEBO?

9.24* (®OMIII). Peakuusi mporekaer Mo ypaBHeHuio: 2A &= B.
KoHcranTa paBHOoBecus paBHa 0,25. Haiinute paBHOBeCHbIE KOHLIEH-
Tpaluu, eciiv HayalibHasi KOHLEeHTpauus [A], = 4 MoJb/J.

[Ipumeuanue: ecau 3amaya He peELIAETCS, BOCIIOJAb3YHTECH MO -
CKa3Koil B KOHLe pasfesna. Ho He ToponuTech U noaymaire ee —
Be/lb Ha 3K3aMeHe MOJCKa30K He Oynert!

9.25. Paccuuraiite, BO CKOJIBKO pa3 U3MEHSTCSI CKOPOCTHU
MPSIMOI M OOpaTHOM peakiiMy B paBHOBECHOI CUCTEME:

2NO (r) + 0, (r) = 2NO, (1)
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Mpyu yBeJIWYECHUM AaBiieHUsT BABoe. McXxoas U3 pe3yabTaToB
pacyeTa, peuinTe, Kak OTpa3uTCsl Takoe U3MEHEHME NaBJIeHUs
Ha TI0JI0XEHUU PaBHOBECUSI.

Ilpumeuanue: nyist pacuyera MOXHO OpaTh Jit0Oble MCXOIHbIE
KOHIICHTPAIIUM BEIIECTB — PEe3YJIBTaT OT 3TOTO He MU3MEHUTCSI.
Hccrnenyiite 3amadqy 1 yoeauTech B 5TOM CaMHU.

9.26. ITpumenuTe mpuHumn Jle IllaTtenbe K ycaoBUIM 1
BoIpocy 3aaauu 9.25. Yoenurech B TOM, YTO BBIBOJ O HarpaB-
JICHUW CMEILeHMsI paBHOBECHST KaueCTBEHHO COBIMAmaeT C pe-
3yJIBTAaTOM KOJIMYECTBEHHOTO pacuera.

9.27. B KaKkoif U3 YeThIpeX peaklnii paBHOBeCHE OOJIbIIE
BCETO CMECTUTCS BIIPABO MPU OTHOBPEMEHHOM ITOBBIIIICHUN
TeMIIepaTyphl ¥ TIOHMKEHUH JaBJICHUS?

1) CO (r) + 2H, (r) = CH;0H (1) + 0
2) H, (r) + C3Hg (r) = C5Hg () + O

3) 2NH; (1) = N, (r) + 3H, (r) - Q

4) N, (r) + O,(r) =2 NO (1) - Q

* [loockaska k 3adaue 9.24. HeobxonguMo HaliTU paBHOBECHbBIEC
KoHueHTpauuu [A], u [B],. ITycts [B], = x monb/n. [lonymaiite, uemy
B TaKOM cJjiyyae Oyner paBHa [A],? YuTure, 4To Ha 0Opa3soBaHKE OXHOM
MOJIEKYJIbl B Hamo «morpatuth» aBe Moneky.ibl A. Korma [A], u [B],
OyIyT BhIpAXKEHBI Yepe3 «X», MOACTaBbTe MX B BhIpAaXKeHUE TS KOH-
cTaHThI paBHOBecHsl. [TonmydnTcst KBagpaTHOE ypaBHEHUE, pellIeHUEM
KOTOpPOro OynyT nBa KOpHs. OIUH U3 HUX UMEET HempaBaonogo0HOe
3HAYEeHNE U MOXET CUMTATHCS JIOXKHBIM. 3aTO IPYyroil KOpeHb MO3BO-
JISIeT TOJyYuTh perieHue 3aaauu. Caenaiite mpoBepKy: MOJACTaBbTE
nosnydyeHHble 3HayeHus [A], u [B], B KoHCTaHTy paBHOBecUA U yOe-
IUTECh, YTO IojydaeTcss uMeHHo (,25.



ITOCJIECJIOBUE

HMrak, yBaxxaemblii UUTaTeb, Bbl TEEPb 3HAKOMbI CO MHO-
r'MMU (akTaMU U TEOPUSIMU, COCTABISIOIIMMU QYyHIaAMEHT
coBpeMeHHOU xuMuu. KoHeuyHo, 10 KOHIIAa TyTH €1IE JaEKO,
€c/ii BOOOIIle MOXHO TOBOPUTh O KAKOM-TO «KOHEYHOM MYyH-
KTe» B MO3HAHUM OKpyxXaroimero mupa. Ckopee cuTyalmio
00pa3HO MOXHO CPaBHMUTH C TeM, KaK €CJIi Obl Bbl, 3aTpaTUB
HeMaJblii TPYyA, MOAHSUIMCH U3 JOJMHBLI HAa TOpY, C KOTOPOK
BIPYT OTKPBUICS BUJ Ha HOBbIE BHICOKME TOPbl. DTU HOBbIE
BEPIIMHBI HE YTO MHOE, KAK MHOTOYUCJIEHHBIE CTIELNATA3U-
pOBaHHBIE pa3/ie/ibl XAMUU — HEOpPraHWYeCcKasi, OpraHnvecKasl,
(uznyeckas, aHaIMTUUYECKAs!, KBAaHTOBas!, MEAULIMHCKAS,, KOJI-
JIOuJHAasA, KpUMUHAIMCTUUYECKAS, OMOXUMMUS U €llle MHOTO
npyrux. Terepb MyTb K HUM JJIs1 BaC OTKPBIT.

Hanpumep, 3HaHUE 3aKOHOB XUMUYECKOTO paBHOBeCHS (I10-
ClIeHSIS IJ1aBa Hallleli KHUTHU) OTKPBIBAeT MPSIMYIO JOPOTY K
MU3YYEHUIO TAKUX MHTEPECHBIX BEIIEH, KaK TEOPUST SJIEKTPOJIU-
TUYECKOM IHUCCOLUMALMU, KMCIOTHOCTh U OCHOBHOCTD, IIKajia
pH, odMeHHbIe peaklnMy B pacTBOpax — MHBIMU CJIOBaMU, KO
BCEMY TOMY, YTO Ha3bIBAa€TCSl XMMUEN pacTBOPOB (HaIeeMCsl, 3TOT
Matepuai MosSIBUTCS B MOCJIEAYIOIINX U3JAHUSIX KHUTH). 3HAaHUE
00 OKUCIUTENbHBIX U BOCCTAHOBUTEIbHBIX CBOMCTBAX BEILIECTB
TOMOTYT BaM B JE€TAJIbHOM M3YYEHWU HEOPTraHWYECKOW XWMUU.
3HaHUs O CTPOEHUM aTOMa M BOJIHOBasi MOJIE/Ib aTOMa YPE3BbI-
YaHO MPUTOAITCS IPY U3YYEHUU OPTaHUYECKON XMMUU — OIHO-
ro U3 HauboJiee OCHAILIEHHBIX TEOpUEN pa3neioB XUMUU, U T.1I.

Mpbl KejnaeM BaM YCIIEXOB Ha 3TOM IyTU. bynem npusHa-
TeJIbHBI 3a MPeJIOKEHUS U 3aMeUaHusl 10 CoAepKaHUI0 KHU-
ru. CBOU OT3bIBBI MPUCHLIANTE B U3AATEABLCTBO M aBTOpPaM I10
agpecy manuilov.a@yandex.ru.
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Ilpunoxncenue 2

TABJINIA PACTBOPUMOCTHU HEKOTOPBIX
XUMUWYECKUX COEJTUHEHUI

BemectBo: «P» — pactBopumo, «H» — HepacTBopuMoO,
«M» —ManopacTBOpUMO, «—» — B BOIHOI cpejie pa3iaraercs,
«?» — HET JaHHBIX O CYIIECTBOBAHUU COEAMHEHMUS.

HWon | OH- | NO; | CI" | S* | SO% | SO | CO¥ | Si0¥ | PO}~
H* P P P P P P H P
NH; | P P P P P P P ? —
K* P P P P P P P P P
Na* P P P P P P P P P
Ag" ? P H H H M H ? H
Ba”* P P P P H H H H H
Ca¥ | M P P M H M H H H
Mg* | H P P H H P H H H
Zn* | H P P H H P H H H
Cu* | H P P H ? P H ? H
Hg** ? P P H H ? ? H
Pb** H P H H H H H H H
Fe? H P P — H P H H H
Fe3+ H P P _ 2 P 2 9 H
AP H P P — ? P ? ? H
Cr3t H P P — — P ? ? H
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Ilpuaoxcenue 3

BJIEKTPOOTPULIATEJIBHOCTD (X)
XUMHNYECKUX BJIEMEHTOB
110 JI. ITIOJIMHTY!

Ne | Onement | X Ne | Onement | X || Ne | DnemeHT X

1 H 2,20 || 21 Sc 1,36 || 41 Nb 1,6
2 He — 22 Ti 1,54 | 42 Mo 2,16
3 Li 0,98 || 23 \Y% 1,63 || 43 Tc 2,10
4 Be 1,57 || 24 Cr 1,66 || 44 Ru 2,2
5 B 2,04 || 25 Mn 1,551 45 Rh 2,28
6 C 2,551] 26 Fe 1,83 || 46 Pd 2,20
7 N 3,04 || 27 Co 1,88 || 47 Ag 1,93
8 (0] 3,44 || 28 Ni 1,91 | 48 Cd 1,69
9 F 3,98 || 29 Cu 1,90 || 49 In 1,78
10 Ne — 30 Zn 1,651| 50 Sn 1,96
11 Na 0,93 || 31 Ga 1,81 | 51 Sb 2,05
12 Mg 1,31 || 32 Ge 2,011 52 Te 2,1
13 Al 1,61 || 33 As 2,18 || 53 I 2,66
14 Si 1,90 || 34 Se 2,551| 54 Xe 2,60
15 P 2,19| 35 Br 2,96 || 55 Cs 0,79
16 S 2,58 || 36 Kr — || 56 Ba 0,89
17 Cl 3,16 || 37 Rb 0,821 57 La 1,10
18 Ar — 38 Sr 0,951 58 Ce 1,12
19 K 0,82 || 39 Y 1,22 | 59 Pr 1,13
20 Ca 1,00 || 40 Zr 1,33 ]| 60 Nd 1,14

! lannble u3 cnpasounoro nganust: CRS Handbook of Chemistry and
Physics, 87th Edition / Ed. D.R. Lide., Taylor & Francis: CRC Press, 2007,
P.9.77.
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Ne | Onmement | X Ne | Onement | X || Ne | DnemeHt X
61 Pm — 73 Ta 1,5 || 85 At 2,2
62 Sm 1,17 || 74 W 1,7 || 86 Rn —
63 Eu — |75 Re 1,9 || 87 Fr 0,7
64 Gd 1,20 || 76 Os 2,2 || 88 Ra 0,9
65 Tb — || 77 Ir 2,2 1 89 Ac 1,1
66 Dy 1,22 ]| 78 Pt 2,2 11 90 Th 1,3
67 Ho 1,23 1| 79 Au 2,4 || 91 Pa 1,5
68 Er 1,24 || 80 Hg 1,9 || 92 U 1,7
69 Tm 1,25 || 81 Tl 1,8 || 93 Np 1,3
70 Yb — 82 Pb 1,8 || 94 Pu 1,3
71 Lu 1,0 || 83 Bi 1,9

72 Hf 1,3 || 84 Po 2,0




CJIOBAPb TEPMUMHOB

Agozadpo uucao (unv noctostHHas Asoranpo): Ny = 6,02 - 107 ya-
CTUII BelllecTBa (CM. Takxke Moab).

Agoeadpo 3akon — cM. 3axon Aeoeadpo.

Adcopbyuss — KOHILIEHTPUPOBAHUE KaKOTO-JIMOO BelllecTBa Ha IMo-
BepxHOCTU paszena da3. Hanpumep, KOHUEHTPUPOBAHUE MOJIEKYJ
rasa (amcopbara) Ha TBepIoi MOBEpXHOCTHU (agcopOeHTe). B kauecTBe
aJicOpOEHTOB UCIOJB3YIOT, KaK MPaBWIO, MOPUCTHIE TeJla C CUIBHO
Pa3BUTOI MOBEPXHOCTHIO (MPUMEP — aKTUBUPOBAHHBIN yrojib). Af-
COPOLIMST MOXET OBITh Pe3yIBTaTOM ACHCTBUS TOJBKO (PU3NIECKUX CHTT
MeXIy YaCTUIIAMM BEIlleCTBa, HO MOXET COIMPOBOXAATHLCA M XMMUYe-
CKMM B3auMOJIeiicTBUEM afcopbaTa ¢ aicopOSHTOM (XeMOCOpOLIMs).

a.e.m. — cM. Amommnas eduHuya maccol.
Axmuesuposannutii komnaexc — cM. [lepexodHoe cocmosnue.

AxuenmopHole (21eKmpoHoaKyenmopHble c8oicmea) — ClOCOOHOCTh
aTOMOB BJIEMEHTa NMPUTATUBATh (YIepK1UBaTh) 3JIEKTPOHBI. Konuue-
CTBEHHOI MEPOI1 aKIIETITOPHBIX CBOMCTB aTOMOB, O0Pa3yIOIINX XUMU-
YECKYIO CBA3b, SIBISIETCS UX DJIEKTPOOTPULIATEIbLHOCTD.

Annomponus — siBJieHUE CYLLIECTBOBAHUS XUMUUYECKOTO JIEMEHTA
B BUIE NBYX WJIN HECKOJBKHUX MPOCTHIX BEIIECTB, PA3JIUIHBIX IO
CTPOEHUIO U CBOMCTBaM. DTU MPOCThbIE BEIECTBA, Pa3IUYHBIE TTO
CTPOEHUIO U CBOMCTBAM, HAa3bIBAIOTCS aJLIOTPOITHBIMU (DOpMaMU, WU
aJUTOTPOITHBIMU Moaudukanusmu. Hanpumep, rpadut u anmasz — nse
aJUIOTpOITHBIe (pOpMEI (MOAM(UKAIINM) YIIepoaa, MOJIEKYISIPHBIN
KHCJIOPOA U 030H — JIB€ aJUIOTPOTHbIE MOAMMUKAIIMU KUCIOPOa.
[Tpu onpeneseHHBIX YCAOBUSIX aJJIOTPOITHbIE MOIM(MUKALIUA MOTYT
TepeXOIUTh IPYT B IpyTa.

AmopgHoe BenlecTBO — HEKPHUCTALIMYECKOE BEIIECTBO, TO €CTh
BEIIECTBO, HE MMEIOIEe KPUCTA/UIMYECKON pelneTku. [Ipumepst:
Oymara, TUIaCTMAacChl, pe3MHa, CTEKJIO, a TAKXKE BCE XUAKOCTH.

Amehomeprocms — CTIOCOOHOCTH HEKOTOPBIX XUMUYECKHUX COEIM-
HEHMIA TIPOSIBIIATH KUCIOTHBIE MJIM OCHOBHBIE CBOIICTBA B 3aBHCHMO-
CTH OT BEIIIeCTB, KOTOPbIE C HUMM pearupyioT. AMcbOTepHbIe BelllecTBa
(amMboanTHI) BeOyT ce0s KaK KHUCIOTHI ITO OTHOIIEHUIO K OCHOBAHUSIM
M KaK OCHOBaHUSI — TI0 OTHOIIECHUIO K KUCIOTAM.

Ampoaumsr — 1O ke, uyTo OcHosanus amgpomepHvie. CM. TaKXKe
Amghomeprocme.

Anuonot — OTpULATCIIBHO 3apAXKCHHbBIC UOHBLI.
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Amom — HauMeHbIIasl YacTUlla XMUMUYECKOTO 2JIEMEHTa, SIBJISIIO-
IIasICST HOCUTEJIEM €r0 CBOMCTB. ATOM ITOCTPOEH M3 CyOaTOMHBIX Ya-
CTHUI] — TIPOTOHOB, HEWTPOHOB, BJIEKTPOHOB.

Amomnas edunuya maccol (a.€.M.) — POBHO Y, 4acTb Macchel aToMa
yraepona '2C, B spe KOTOPOro 6 MpOTOHOB U 6 HEHTPOHOB, a B
3JIEKTPOHHOM 000JI0YKe 6 3JIeKTPOHOB. Jpyroe Ha3BaHUEe — YIIEPOMI-
Has efMHUUA. EqMHUIA, B KOTOPOil M3MEPSIOT MACCy aTOMOB, MOJIE-
KyJl U cydaToMHBbIX yacTull. CM. Takke OmHocumenvHass amomHas
macca i AmommbLil gec.

AmomHbiil gec (B UACJEHHOM BBIPAXEHUU TO Xe, UTo OmHocumens-
Has amomHas macca) — Macca aToMa Kakoro-Jnbo 3JieMeHTa, BbIpa-
JKEHHAsI B AMOMHbIX eOuHUuyax maccyl (yriIepoaHbIX eAUHUIIAX). ATOM-
HBII Bec 3JIeMeHTa paBeH CpeTHeMY 3HaYeHUIO U3 aTOMHBIX BECOB BCEX
€ro MPUPOAHBIX U30TOIOB C YYETOM MX PACIIPOCTPAHEHHOCTH (CM.
§ 2.4). B HIOIIAK (IUPAC) noctosiHHO neiictByer Komuccust mo ot-
HOCUTEJbHON pPacmpoCTpaHEHHOCTH M30TOIIOB M aTOMHBIM Becam
(Commission on Isotopic Abundances and Atomic Weights, cokpartiieH-
HO — CIAAW).

AmomHblil HOMep — TO Xe, YTO TIOPSIIKOBBIM HOMEp 3JIeMEHTa B
Ilepuonuueckoit cucrteme .M. MeHneneeBa. ATOMHBIII HOMEpP 4uUC-
JIEHHO PaBeH TOJOXUTEIbHOMY 3apsiay siipa 3TOrO JIEMEHTa, TO €CTh
YUCJTy MPOTOHOB B SIIpe TAaHHOTO 3JIeMEHTa.

Basenmnocms — daucio QJICKTPOHHBLIX ITap, ¢ IIOMOIIbIO KOTOPLIX
aTOM JJaHHOI'O 2JICMEHTA CBsA3aH C APYrMMU aTOMaMM.

Beujecmso. B ecTeCTBO3HAHUU CYILIECTBYET PSII IIOHITUI, KOTOPBIM
TPYAHO JaTh CTPOTOe orpezesieHue. BellecTBo — 0JHO U3 TaKUX I10-
HATUIi. B 00111eM CMbICIe OHO MCITOIb3yeTCs IJIs1 0003HAYEHUSI TOTO,
YTO 3aI0JIHSET IMPOCTPAHCTBO U MMeeT Maccy. B 6osiee y3KoM cMbICIie
BEIIECTBO — 3TO TO, U3 YETO COCTOST OKPYKAIOIIKME HAC MPEAMETHI.
B xumuu yaiie MCIOJIb3yeTCsI MOHSITHE KOHKPETHOrO BEIlleCTBa —
XJIOpUI HaTpus, cyiabdar Kajablius, caxap, 0eH3uH u T.4. CM. Takxke
IIpocmoe sewjecmeo, Croxcroe seujecmeo, Cmecs.

Bodopodnas césa3v — TOHOPHO-aKILIENITOPHAs CBA3b, oOpaszyemast
MeXIy aekTpooTpuliaTesbHbIM aToMoM (N, O, F) u atomom Bojo-
pona, CBI3aHHBIM XMMUYECKON CBS3bIO C APYTUM 3JIEKTPOOTpULIATE b~
HBIM aTomMoM. Hampumep, BogopoaHasi CBSI3b MEXIy MOJIEKyJaMu
Bozbl (0003HAYEHA TTYHKTUPOM):

H-Greo=0
H H
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BomoponHas ¢BS3b — OIWH U3 BUIOB MEXMOJIEKYISIPHBIX (a B opra-
HUYECKUX MOJIEKYJIaX — M BHYTPUMOJEKYJISPHBIX) CBs3eil. Bomopo-
Hasl CBSI3b HE TaKasl POYHasl, KaK KOBaJIeHTHasl Win noHHas. [1pu ee
BO3HUKHOBEHUHM YKCIIO CBsI3eif, oOpa3yemMbix arToMoM H, mpeBkiiiaer
ero (hopMaJbHYIO BaJIEHTHOCTD.

Boccmanogaenue (BelecTBa) — XMMUYecKasl peakius, Mpu KOTO-
pO¥1 BJIEKTPOHBI MepeNaloTcs TAaHHOMY BEILIECTBY.

Boccmanoeumens — BelllecTBo, COCOOHOE OTAABaTh 3JEKTPOHBI
JIIPYTOMY BelIeCTBY (OKUCIMTEIIO).

lazoseas nocmosunas. R=0,0821 n - arm/monsb - K. B cucteme CH,
rie oobeM usMmepsercd B M°, a gaBienue B Ila (mackansax), R =
= 8,314 Ix/K - monb. Cm. Takxke Kraneiipona—Mendeneesa ypasHe-
Hue.

lemepoeennvie peakyuu — XUMUYECKUE peaklIMM MEXy BElIECTBa-
MU, HAXOISAIIIMMHUCS B pa3HbIX (pa3zax (pa3HbIX arperaTHbIX COCTOSTHU-
X BelllecTBa). Hampumep, peakuust ropeHUsl yriss — TreTeporeHHast
peaKIus MeXIY TBEPIbIM YITIEPOIOM M Ta3000pa3HbIM KUCIOPOIOM.
Peakiiust B3auMoneicTBYs LIMHKA C COJISTHOM KUCTIOTON — TeTeporeH-
Hasl peakiysi MeXIy TBepabIM IMHKOM 1 pactBopoMm HCI. [ereporen-
HbIe peakluy IPOTeKaloT He B 00beMe, a Ha TpaHulle pasneia ¢a3 —
B 3TOM UX NMPUHUUMUATBHOE OTIIMYME OT JoMOoceHHbIX PeaKIIUIA.

Tubpuduzayus. TeopeTnyeckoe MpeacTaBieHue, ¢ TOMOIIBIO KOTO-
pOTO yIaeTcsl CBSI3aTh MeXIy co00i (PU3MUECKYIO KapTUHY CTPOCHUS
aToMa U ONpeaesieMyIO OMBITHBIM MyTeM T€OMETPUIO MOJIEKYJT (CM.
Penmeenocmpyxmypnuiii anaauz). Hanpumep, aTom yriaepoaa uMeeT
s- U p-opburtanu, Ho B MosieKysie CH, He ynanoch ONbITHBIM TyTeM
O00HAPYXUTh OTAEIbHBIX CBSI3eil, 00pa30BaHHbBIX S-2JEKTPOHAMU, U
OTIEIbHBIX CBSI3eil, 00pa30BaHHBIX p-3eKTpoHaMu (Bce cBsizu B CH,
onrHaKoBbl). [109TOMY NPUHSTO, YTO OAHA S- U TPU p-opOUTAIU
«CMEIIMBAIOTCSI» (TMOPUAM3YIOTCS), 00pa3ysl 4 HOBbIE, COBEPILIEHHO
OJMHAKOBble OpOUTAIH (YeTbIpE sp>-rUOpPUAHbIE OpOUTAIN). DTU Ye-
ThIpe TUOPUAHBIC OPOUTAIM MEPEKPHIBAIOTCS C 3JEKTPOHHBIMU 000-
JIoukaMmu 4eThipex aroMoB H. [eoMerpuaeckyio dhopmyiay o6pazoBaB-
eicst MoJeKyJbl MPeICKa3bIBAOT UCXOMS U3 MPpaBuiia, YTO THOPUAHBIE
OpOUTAIM B MOJIEKYJIE CTPEMSTCSI PACTIOIOXKHUTHCS HA MAKCUMAaJTbHOM
PacCTOSAHMU APYT OT Apyra. Hanpumep, 1S YeThIpeX sp>-TMOPUIHbIX
opbuTaseil aTo Terpa’ap. B Tex ciaydasix, Korma oaHa UM JBE
p-opouTanu He yuacmeylom B TUOPUINU3AIN, OHU OCTAIOTCSI B HETH-
OpUIM30BaHHOM BUIIE U TMOO HE HECYT JIEKTPOHOB, TMOO Y4acTBYIOT
B CBSI3BIBAHWM JIPYTOro TUTIA (IBOWMHBIC M TPOIHBIE CBSI3M). DTO CO-
OTBETCTBEHHO Sp>- U Sp-TUOpUIM3ALMU. B pasnuuHbIX TUOpUAN3ALIM-
SIX BMECTE C §- U p-OpOUTAJISIMU MOTYT Y4aCTBOBATb TAKKe 1 d-OpOuTan
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(sp’d- u sp>d*-rubpuauzauuu). Tun rubpuau3aluu aToMa 4acTo
ONPEIEIIIOT C TIOMOIIBIO ero Opbumanvhoi duaspammol.

Tudpamayuss — cBsI3bIBaHKE MOJIEKYJ (ATOMOB, MOHOB BEIIECTBA)
C BOZIOM, HE COMPOBOXKIAIOIIEECS pa3pylIeHUEM MOJIEKYJT BOJIbI.

Tudpamst — coemuHEHYsI BEIIECTBA C BOIO, UMEOILME MOCTOSTHHBIN
WJIM TIEPEMEHHBIN COCTaB M 00pa3yIoIIrecs: B Pe3y/IbTaTe TMApaTaLvim.

Tudpokcu-epynna — rpynmna OH.

lopenue — OBICTPHIN IIPOLIECC OKMCIEHMS BEIIeCTBa, COIMPOBO-
KIAIOIIMICS BbIAEJEHUEM OOJIBIIIOTO KOJUYECTBA TEIUIOTHI U, KakK
MpaBujIo, CBETA.

Tomocennvie peakyuu — XUMUYECKUE peaklMu, TTpOTEKalolne B
OIHOPOJHOM (haze. OOBIYHO 3TO peakiivu JUOO B ra3oBoii dase (pe-
aKIMU MEXy razamu), Ju0o B XUAKOU (daze (peakimu MeXIy pac-
TBOpamu). [oMOTeHHbIe peaKIIMy MPOTEKaloT BO BCeM 00beMe peak-
LIMOHHOTO cocyla — B 3TOM MX MPUHUUNHUAIBHOE OTJINYue OT leme-
POCEHHbIX PEAKIIUM.

Ipamm-mons — cM. Moaaprnas macca.

Jlegpekm maccol — yMEHbUIEHWE MACChl aTOMa M0 CPaBHEHUIO C
CYMMapHOI Maccoif BceX OTAETbHO B3ATHIX COCTABISIONINX €T0 3JIe-
MEHTapHBIX YacTHll, OOYCTOBIEHHOE SHEPTUEl UX CBSI3U B aTOME.

Hucmunnayus — 10 Xe, uto [lepeeonka.

Jugpgysus (ot nam. diffusio — pacrpocTpaHeHUEe) — caMOIIPOU3-
BOJIbHOE BbIpaBHMBaHWE KOHILIEHTPAIIUU BEIIECTB B CMECH, 00YCIOB-
JIEHHOE TEIJIOBBIM JABMXXEHUEM MOJIEKYI. [lepeHOC YacTHIl BEIIeCTRa,
MPUBOMSIINIA K BBIPABHUBAHUIO €r0 KOHIIEHTPAIIMH B TIEPBOHAYAIBLHO
HEOTHOPOTHOU cucteMe. MICKyccTBeHHOE TTepeMelTMBaHuEe CMECH
JIECTBYET B TOM K¢ HaIlpaBJICHUU.

Jlauna 60aHbl — PACCTOSIHUE MEXIY COCETHUMU MUKAMU BOJHBI
(HanmpuMep, BOJHBI 3JIEKTPOMArHUTHOTO U3JTyYEHMST).

JloHoprbie (21eKmpoHOO0HOPHbIE) C80licMmEa — CTTIOCOOHOCTh aTOMOB
3JIEMEHTAa OTAaBaTh CBOU 3JIEKTPOHBI IpyruM atomaM. KonnyecTBeH-
HO# Mepol TOHOPHBIX CBOWCTB aTOMOB, 00PA3yIOIINX XUMUUECKYIO
CBSI3b, SIBJISIETCSl X 3JIEKTPOOTPUIIATEIBHOCTD.

3akon Asoeadpo. PaBHble 00BbEMBI JTIOOBIX ra30B (MPU OIMHAKOBBIX
TeMITepaType U JaBJIeHUH) COAepXKaT paBHOE YUCIIO MOJIEKY/. 1 MOJIb
JII000T0 raza Mpu HOPMaJIbHBIX YCIOBUSIX 3aHUMaeT o0beM 22,4 1.

3axon coxpanenus maccoi. Macca BelLIECTB, BCTYNAIOIIUX B XUMU-
YEeCKYyI0 peakiIvio, paBHa Macce BEIIeCcTB, 00pa3yolIuXcs B pe3ybTa-
Te peaKiivu.
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3apsd a0pa — MONOXUTENbHBINA 3apsi aTOMHOIO SiApa, PaBHBIM
YKUCJIy MPOTOHOB B SiApe AAHHOTO 3JieMeHTa. [TopsimKoBbIii HOMEp
XuMmIeckoro ayeMmenTa B [lepunomnueckoii cucteme .M. MeHnneneeBa
paBHsIETCS 3apsiAy spa aToMa 3TOrO 3JIEMEHTA.

H30monbi — aTOMHBIE PA3HOBUIHOCTH OIHOIO U TOTO XK€ 3JIEMEH-
Ta. MI30TOMBI COCTOSIT M3 aTOMOB C ONMHAKOBBIM 3apsadom adpa (To
€CThb C OIMHAKOBBIM YMCJIOM TTPOTOHOB), HO C Pa3HBIMU OTHOCUTEITh-
HBIMH aTOMHBIMM MaccaMu (TO €CTh C Pa3HBIM YKMCJIOM HEHUTPOHOB B
snpe). OueHb MHOTHE 3JIEMEHTHI B IIPUPOJIE HAXOIATCS B BUIE CMECH
M3 HECKOJIBKMX M30TOIIOB.

HHeLl6blm0pbl — BCLICCTBA, 3aMEIJIAIOIINEC XUMUNUYECCKUE PCAKIINH.

Hnouxkamopwst (KUCJIOTHO-OCHOBHBIE) — BEIIECTBA CJIIOXHOTO
CTPOEHMSI, MMEIOLINE Pa3HYI0 OKPACKY B PACTBOPaxX KHUCJIOT U OCHO-
BaHMWI. BBIBAIOT MHAMKATOPHI U IS APYTUX BELIECTB (HEe KUCIOTHO-
OCHOBHBI¢). HampuMep, Kpaxmay — MHAMKATODP Ha IOSIBJICHUE B
pacTBope nona (IaeT CUHIOI OKPAacKy).

Hnuyuamops: — BelliecTBa, N00ABIEHNE KOTOPBIX K peareHTaM B
psine ciiydaeB HEOOXOAUMO JUISl BO30OYXKIEHMSI XUMUUECKOI peaklivu,
KOTOpas najee MpOMCXOAUT O6e3 TOCTOpOHHEeM ToMoly. MHUImaTopst
pPacXoayloTcsl B XO[ie peakiiuu, MOo3TOMY UX He Haao myTaTh ¢ Kama-
AU3amopamu.

Honnas ces3v — TIpeNeAbHBIN CIIydail MMOJSIPHON KOBaJIEHTHOU
CBSI3U. YCJIOBHO IPUHSTO, YTO CBSI3b MEXIY aTOMaMM C Pa3HOCThIO
3JIeKTpoOoTpULIaTebHOCTEl Gobiie 2,0 (o mkane [TonuHra) cunra-
€TCs1 HOHHOM.

Honbl — oTpULIATEIBHO WU TTOJIOKUTETLHO 3apsKEHHBIC YaCTULIBI,
obpasyoluecs Mpy NPUCOENMHEHNY WIM OTaue 2JIEKTPOHOB aTOMa-
MM 3JIEeMEHTOB (WJIX TpyIIiaMu aToMOB). MIOHBI ObIBaIOT OHO3aPSITHBIC
(1+ wmu 1-), nByx3apsuHbie (2+ uiau 2-), Tpex3apsmHble U T. 1. Cm.
Takxe Kamuonor i AHUOHbL.

HIOIAK (IUPAC) — MexXayHapOIHBIil COI03 TEOPETUYECKOI
(yucroit) u npukiagHoit xumuu (International Union of Pure and
Applied Chemistry). Opranusauusi, co3nanHHas B 1919 rony. Bxonut B
MexxayHaponHblli COBET HayuyHbIX cOl030B. KoopnuHupyeT uccieno-
BaHUS, TPeOYIOIINEe MEXIYHAPOIHOTO COTJIACOBAaHMSI, KOHTPOJIS U
CTaHAAapTU3ALMU, PEKOMEHAYET U YTBEPXKAAET XUMUUECKYIO TEPMUHO-
JIOTHIO.

Kamaﬂu3am0pbt — BEIIICCTBA, CIIOCOOHbBIE YCKOPATH XUMHUYECCKNEC
p€akuunm, caMu OCTaBadAChb ITPpU 3TOM HCU3MCHHBIMU.

Kamuonbr — 10N0XUTETHEHO 3aps>KEHHBIC MOHBI.
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Keanm — onpeneneHHOE KOJIMYECTBO («ITOPIIHsI») SHEPTUM, KOTO-
poe crocoOHa OTAATh WM HOMIOTUTD (hr3nUecKast crucTeMa (Harpumep,
aToM) B OJHOM aKTe U3MeHeHUs cocTosiHus. KBaHT cBeTa — mopuust
CBETOBOI SHEPTUM — Ha3bIBaeTCs (POTOHOM.

Keanmosbie uucsa — ONMUCHIBAIOT COCTOSIHUE KOHKPETHOTO dJIeK-
TPOHA B 3JICKTPOHHOM 00J1aKe aToma:

— Inaenoe (n) — 1moKa3bIBaeT, Ha KaKOM 2JIEKTPOHHOM YPOBHE,
HayuMHasl ot Onuxkaiimero K sapy (1, 2, 3...), HAXOOUTCs AaHHbBII
SJIEKTPOH,;

— Bcnomoeamenwvnoe unu Opbumansroe () — 1MoxKasbIBaeT BUI I10-
IypOBHS (S-TIOAYPOBEHb, p-MONYPOBEHb, d-MOAYPOBEHD, f~TIOAYPO-
BEHbD);

— Maenumnoe (m) — yKa3bIBaeT Ha IIPOCTPAHCTBEHHYIO OpHEHTA-
110 OPOMTAIM BO BHELIHEM MATHUTHOM MoJie (p,-0pOuTab, p,-opou-
Tajlb ¥ T.11.):

— Cnunosoe (s) — TIOKa3bIBAeT, KaKOe M3 IBYX BO3MOXKHBIX (pa3-
PEIleHHBIX) COCTOSIHMI 3aHMMAET 3JIEKTPOH Ha JaHHOW OpOMTaIu.

Kucaoma — cIIOXHOE BEIIECTBO, B MOJIEKYJIE KOTOPOI'O MMEETCS
OIVH WM HECKOJIBKO aTOMOB BOIOPOIa, KOTOPbIE MOTYT OBITh 3aMe-
HIeHBl aTOMaMK (MOHaMM) MeTaIoB. OCTaBLIASCS YAaCTh MOJIEKYJIBI
KHUCJIOTHI HA3bIBAETCS KUCIIOTHBIM OCTaTKOM. Ellle 0HO omnpeneieHme
KHUCJIOTBI — BEIIECTBO, paclagalolieecs: B pacTBOpe ¢ 00pa3oBaHUEM
noHoB Bogopoaa H*. KucioTHble CBOMCTBA BELIECTB He 00513aTeIbHO
HCYEPIIBIBAIOTCS CIIOCOOHOCTBIO JaBaTh B PACTBOPE MOHBI BOIOPO/IA.

Kucaomuuiii ocmamok — cM. Kucaoma.

Knaneiipona— Mendeneesa ypasnenue: PV = nRT. B aTtoM ypaBHe-
HUM: n — YUCJIO MoJiell raza; P — nmapneHue rasza (at™m); V — odbem
rasa (B surpax); T — aOcoytoTHas TeMIieparypa rasa (B KeJbBUHaX);
R — razoBast nocrosgHHas (0,0821 i - atM/Monb * K). Ecau Berumncie-
Hus nipoBoaaT B cucteMe CU, To 06beM U3MEPSETCA B M3, a IaBIeHNE
B I[la (mackansax). B mocienHem ciyyae razoBasi MocTossHHast R =
= 8,314 Ix/K - Mob.

Kosanenmuas c6a3b — CBSI3bIBAHUE aTOMOB C MMOMOILIbBIO OOIIUX
(TmomeeHHBIX MeXAY HMMM) DJIEKTPOHHBIX Iap. HemonsipHas koBa-
JIEHTHasl CBS3b 00pa3yeTcsl MeXIy aTOMaMK OJHOTO BUAA WIM MEXIY
aToMaMu ¢ OJIM3KMMU 3HAUYEHUSIMM 3JIEKTpooTpuliatebHOCTU. [To-
JIApHask KOBaJeHTHAs CBA3b 00pa3yeTcs MeXIy IByMsl aTOMaMU B TOM
ciyyae, ecv MX 2JIEKTPOOTPULIATEIbHOCTU He OMHAKOBHI.

Konyenmpayus — OTHOCUTETbHOE KOJIMIECTBO KaKOTO-JIM0O0 Bellle-
cTBa B pactBope. Hanpumep, llpoyenmuas konuyenmpayus — TO Xe, 4TO
u Maccoeas doas pacmeoperHoeo éeujecmea — OTHOIIIEHNE MacChl pac-
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TBOPEHHOTO BEIIECTBA K MACCe PACTBOPA, BBIPAKEHHOE B IPOLIEHTAX.
Monspras konyenmpayus — OTHOIIEHUE YUCIIa MOJIEN paCTBOPEHHOTO
BelllecTBa K 0011eMy 00beMy pacTBopa (eIMHUIIA — MOJb/M).

Koopounayuonnoe uucao — X KaxIou yacTulie, HaxoAsIeics B
KpucTajie, IPUMbIKAeT BIJIOTHYIO TOJBKO OIpeneIeHHOE YMCIIO CO-
CEIHUX YACTUL]. DTO pa3IMUHOE IJISI Pa3HBIX KPUCTAJIOB YKUCIIO CO-
CEIHUX YaCTULL Ha3bIBAETCS KOOPAMHALIMOHHBIM YKUCIIOM.

Kpucmann — TBepaoe BelecTBO, B KOTOPOM aTOMBbI, MOHBI WX
MOJIEKYJIBl PACTIONIOXEHBI B MPOCTPAHCTBE PETYJISIPHO, MPAKTHUECKU
0ECKOHEYHO MOBTOPSIOLIMMMUCS IPYyINIIaMHu.

Kpucmannusayus — obpazoBaHUe KpUCTANIMIECKOM ha3bl U3
1000t HekpucTayumyeckoit. Hampumep, BelneleHe KPUCTALIIOB U3
HACBIIIEHHOTO pacTBopa BelecTBa. OAUH U3 CIOCOOOB OYMCTKU Be-
IIECTBA MyTeM OCaXKIEHUS er0 U3 HACHIIIEHHOTo pacTBopa. OGBIYHO
HACBIIIEHHBIN PacTBOP BelIeCTBA TOTOBUTCS TIPU MOBBIILIEHHOM TeM-
neparype. [Ipu oxaxxaeHUM pacTBOP CTAHOBUTCS TEPECHIILICHHBIM 1
YUCThIE KPUCTAJUTBI BBITIAAAIOT B ocanok. [Ipumecu, 1o KoTopsiM pac-
TBOP OCTaeTCs HEHACHIIIIEHHBIM, OCTAIOTCS B PACTBOPUTENE U OT(HUITb-
TPOBBIBAIOTCSI OT KPUCTAJLIOB.

Kpucmanauueckas pewemka. Kpuctanimyeckasi CTpYKTypa Xapak-
TepU3yeTcsl MPaBUIbHBIM (PETYJISIPHBIM) PACMOJIOXEHUEM YACTULL B
CTPOTO OTpeJEeIEHHBIX TOUKaX MPOCTpaHCTBa Kpuctauia. [Ipu mMbic-
JICHHOM COEIVMHEHUM 3TUX TOYEK JIMHUSIMU MOJydyaeTcsl MpOoCTpaH-
CTBEHHBI KapKac, KOTOPbIi Ha3bIBAIOT KPUCTAIJIMYECKON peIIeTKOM.
Touku, B KOTOPBIX pa3MelleHbl YaCTUIIBI (TOYHEEe, UX TeOMETPUUECKHUE
LIEHTPBI), HA3bIBAIOTCS y3JIaMU KPUCTAIMYECKOU pelieTku. B y3max
MOTYT HaXOJIUTbCSI MOHBI, aTOMbI WJIX MOJieKybl. Kpucraminueckas
pelieTKa COCTOUT M3 COBEPIIIEHHO OJWMHAKOBBIX 2JIEMEHTaAPHBIX STYeeK
(cM. Dnemenmaphas aueiika).

Kpucmannoeuopamer — KpUCTAJUTMIESCKUE TUAPATHI (COSTMHEHMS
BellleCTBa C BOAOI), MMEIOIIMe MOCTOSTHHBIN COCTaB. Briaensiorcest u3
pPacTBOPOB MHOTUX BEIIIECTB, OCOOEHHO COJICH.

Jlvrouca gpopmyavt — 10 XKe, 9T0 U CmpyKmypHbie opmyas. MOJIEKYIT,
HO ¢ M300paXXeHUeM CBsA3el MeXIy aToMaMH He YepTOYKaMu, a TOY-
KaMu, Kaxas U3 KOTOpbIX 0003HayaeT OIMH 3JIeKTpoH. Hampumep,
!N:iN: — Monekyna azota N,. B ominuue ot cTpyKTypHBIX (hopmyiI,
BO3MOXKHBI (popMyibl JIblovca v i OTAeAbHBIX aToMOB. Hampumep
H- — arom Bonopona (H:H — monekyna Bomopona H,).

Maccosas doas pacmeoperHoeo eeulecmea — CM. KOHL{(?HmpaL(Ll}Z.

Maccosoe uucnro (A) — cymMma 4uciia IpOTOHOB (Z) U HEUTPOHOB
(N) B sinpe aroma Kakoro-iun6o anemeHTa (A =Z+ N).
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Memanauueckas c6136 — XUMHUIECKasl CBSI3b B KpUCTAJLZIE MEXIY
IIOJIOKHMTEJIBbHO 3apAXKECHHBIMM MOHaAMM METaJlJla ITOCPEACTBOM CBO-
6omHO nepeMelIaroImnXxcs (1'[0 BCEMY 06'I)CMy KpHCTaJ'IJ'[a) 9JICKTPOHOB
C BHEIIHUX 000JI0YeK aTOMOB MeTaJlia.

M0/telcy/1a — HaMMeHbIIIas 9acTUlla KaKoro-Jimoo BCIICCTBA,
orpeacdonasg €ro XuMmM4YeCKue CBOICTBA U CITOCOOHAsI K CAaMOCTOSI -
TCJIbHOMY CYLIECTBOBAHUIO. MOJ'IeKyJ'ILI COCTOAT U3 aTOMOB.

Monexynaprnas opbumans — 3JEKTPOHHOE 00J1aK0, oOpasyrouieecs
MpY CIUSTHUY BHEITHUX 3JEKTPOHHBIX 000JI0YeK aTOMOB (aTOMHBIX
opOuTajeit) npu o6pa3oBaHUU MEXAY HUMM XUMUYECKOU CBSI3U.
MoutekynsipHbIe OpOUTaTN 06pa3yloTCs MPU CIUSHUU IBYX WA He-
CKOJILKMX aTOMHBIX opOutaieil. Yuciio MoJIeKyIsIpHBIX OopOuTaneit
BCeT/Ia PaBHO YMCJY B3aMMOJIEHCTBYIOIINX aTOMHBIX opouTasieii. Bee
BaJIEHTHBIE 3JIEKTPOHBI CBSI3bIBAIOLLMXCS ATOMOB PACIIONAraloTcsl Ha
BHOBb 00pa30BaHHBIX MOJIEKYJISIPHBIX OPOUTANISIX.

Monexyasprocms peakyuu — 4UCIO UCXOIHBIX YaCTUL (HampuMep
MOJIEKYJT, IOHOB), OMHOBPEMEHHO B3aUMOIEWCTBYIOIINX IPYT C IPYTOM
B OTHOM 3JIEMEHTApHOM aKTe peakiuu. MoneKyasapHOCTb peaklnu
MOXeT cocTaByisITh 1, 2 niau 3. COOTBETCTBEHHO paznnyaioT MoHomone-
KkyaapHole, bumonexynaprvie n Tpumonexynrspuoie peakiuu. MHorma (HO
He BCeraa) MOJIEKYJISIPHOCTb peakiuu coBnanaet ¢ /lopsadkom peakyuu.

Moab — KOJINYECTBO BellecTBa, papHoe 6,022 - 102 cTpyKTypHBIX
eIMHUII JAHHOTO BEIIeCTBA: MOJIEKYJ (ECJIM BEIIEeCTBO COCTOUT M3
MOJIEKYJI), aTOMOB (€CJIM 3TO aTOMapHOE BEIIEeCTBO), MOHOB (eCIu
BELIECTBO SBJISIETC MOHHBIM coenrHeHueM). Yucio 6,022 - 103 Ha-
3BIBAETCST TIOCTOSTHHOM ABOTAIpO WJIM YKCIIOM ABOTajpoO.

Moaspuas konyenmpayus — cM. Konyenmpayus.

Moanspuas macca — macca OJJHOTO MOJISI BelllecTBa B TpaMMax Ha-
3bIBAETCSl MOJISIPHOM Maccoil BellecTBa WX rpaMM-MoJieM (pa3mep-
HOCTb T/MOJIb). YncaeHHOE BhIpaxkeHUe MOJISIPHOI Macchl (rpaMM-
MOJIsT) B TpaMMaXx COBIIAIAET C MOJIEKYJISIPHBIM BECOM (MJIM aTOMHBIM,
€CJIM BEIIECTBO COCTOUT U3 aTOMOB) B €IMHUIIAX a. €. M.

Mounsprocms (pacTBOpa) — KOHIICHTpAIIUS PacTBOPA, BhIpasKeHHAs
B MOJISIX PAaCTBOPEHHOTO BelllecTBa Ha | J1 pacTBopa. O0Go3HavYaeTcs
oyksoit M. Hanmpumep, 1 M NaOH — 3t0 pactBop NaOH c KoH1eH-
Tpauueit 1 Mob/.

Monokpucmann — KpUCTaJLI BELLIECTBa, BO BCeM 00beMe KOTOPOTrO
Kpucmannuueckas pewiemrxa OTHOPOIHA, TO €CTh HE MMEET Ne(EeKTOB.
MOHOKPHCTAJLIBL YaCTO IIPO3PauyHbl ¥ OOBIYHO MMEIOT IPaBUIbHYIO

bopmy.
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Hetimpaauzauyus — cM. Tunvl Xumuueckux peakyuii.

Heiimpon — snekTpryeckKu HeUTpaibHasl 3JIeMEHTapHas YacTulla
. _27 .
¢ Maccoit mpumepHo 1,67 - 107" xr umm 1,00867 a.e.m. HeiirpoHs!
BMeCTe C MMPOTOHAMM BXOISIT B COCTaB aTOMHBIX SIZIEp.

Henodeaennas napa >1eXTpoOHOB — BHELIHSISI 3JIEKTPOHHAsI Iapa
aToMa, He y4acTBYIOIIas B 00pa30BaHUM XMMUYECKON CBS3M.

Hecessvigarowas napa — 1o xe, 4to Henoodenennas napa 31eKTpo-
HOB.

Hopmanvhoimu ycaosusamu (H.y.) Ha3biBaloT Temmeparypy 0 °C
(273 K) u naBnenwne 1 at™ (760 MM ptyTHOTO cTOJ10a vt 101 325 TTa).
He niyrate co Cmandapmusimu ycaoguamu!

Hykaonbr — daeMeHTapHble YaCTULBI (ITPOTOHBI U HEUTPOHBI),
BXOJISIIIIME B COCTaB siipa aToma.

Okucnenue (BellecTBa) — XUMUYECKas peaklus, IIpU KOTOpPOi
3JIEKTPOHbI OTOMPAIOTCS] Y TAHHOTO BEIIECTBA OKUCIUTEIEM.

Oxucaumens — BeIIECTBO, CITOCOOHOE OTHUMATh BJIEKTPOHBI Y
JIPyroro BelllecTBa (BOCCTAHOBUTES).

Okcudbl — CIOXHbBIE BCILICCTBA, COCTOAILIME U3 aTOMOB IBYX 3JIC-
MCHTOB, OIVH 13 KOTOPbIX — KUCJIOPOI.

Okcudsl Kuciomuvle — OKCHIbI, KOTOPbLIC B3211/IMOLLCI710TBY10T C
OCHOBAaHUSAMHU C 06pa30BaHI/ICM COJIM U BOJHKI.

Okcudbl 0cHOBHbIE — OKCHIbI, KOTOPbIC B3aHMOHCﬂCTBy}OT C KHnc-
JIOTaMHU C o6pa303a}meM COJIM U BOJIBLI.

Opbumans — TIPOCTPAHCTBO OKOJIO sipa, B KOTOPOM MOXKHO OOHa-
DPYXUTh 3JIEKTPOH. 3a TpeleiaMu 3TOro IPOCTPAHCTBA BEPOSITHOCTD
BCTPETHUTD 3JIEKTPOH TOCTATOYHO Maya (MeHee 5 %).

Opbumanvhas duaepamma — TO Xe€, YTO IneKmpoHHAs gopmyara
3JIeMEHTa, HO 3alMcaHHasl ¢ TTOMOIIbI0O HAPUCOBAHHBIX OT PYyKU
DnekmponHbIX A4eeK, BHYTPU KOTOPBIX 3JEKTPOHBI U300paxaloTcs
BEPTUKAJIbHBIMU CTPEJIKAMU.

OcHosaHue — CIIOXHOE BEIIeCTBO, B KOTOPOM aTOM (MJIM aTOMbI)
MeTalljia cBsizaHbl ¢ ruapokcu-rpynnamMu (OH-rpynmamu). PactBo-
pUMble OCHOBaHMsI MOTYT paclafaThCsl B pacTBOpe ¢ 00pa3oBaHUEM
ruapokcua-noHoB OH™. OcHOBHBIE CBOMCTBA BEIIECTB HE 00s13aTe/Ib-
HO MCYEPIBIBAIOTCS CITOCOOHOCTBIO JaBaTh B pacTBope MoHbl OH™.

OcHosanue ampomeprHoe — CIIOXHOE BEIIECTBO, CIIOCOOHOE MPO-
SIBJIATH KaK KMCJIOTHBIE, TAK M OCHOBHBIE CBOMCTBA B 3aBUCMMOCTH OT
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MmapTHepa 1o peakuuu. AM(OTepHOEe OCHOBAHUE CIIOCOOHO OTIABATh
KakK MOHBI Bomopoaa H* B peakiiusx ¢ 0ObIYHBIMU OCHOBAaHUSIMU, TaK
¥ THApoKcH-Tpymbel OH™ B peakiusx ¢ OOBIYHBIMU KUCTOTaMU. CM.
Takxke Amgpomeprocms M Amgoaumet.

OmuocumenvHas amomuas macca — o003HAYaeTCs CUMBOJIOM A,
(r — oT aHrnuiickoro relative — OTHOCHTENbHBINM) — OTHOILIEHHUE
Macchl aToMa K macce Y[, atoma yrinepona-12 (cMm. a.e.m.). B cospe-
MEHHOI Hay4YHOI JIUTepaType Hapsay C TEPMUHOM «OTHOCUTEIbHAS
aTOMHasl Macca» MCHOJb3yeTCsl TePMUH AmomHbiil 6ec (KaK CUHO-
HYIMBI).

Ilepeconka — cioco0 OYMCTKHU BelllecTB (KaK IIPaBUIIO, XKUIKOCTEIR)
MyTeM KX UCTIApEHUSI B OJHOM COCYIe U KOHIEHCALIUM TTapoOB B APYTOM
cocyne. [TeperoHkoil MOXHO pa3nessiTh XXUJIKOCTH, €CIU UX TeMIIe-
paTypbl KUTIEHUsI OTJIMYAIOTCS.

Ilepexodnoe cocmostue (TO Xe, YTO AKMUBUPOBAHHDYLIL KOMIACKC) —
KOPOTKOXMBYIIIAsi TPYIITUPOBKA aTOMOB, BOZHMKAIOIAs B XMMUYECKOit
peakiuu Mpu Mepexone OT HAYaIbHOTO COCTOSIHUS (peareHThl) B KO-
HeYHOoe (ITPOIYKTHI). DHEPTUS MEPEXOTHOTO COCTOSTHUSI COOTBETCTBY-
€T BepILIMHE dHEPTreTUUECKOro 6aphepa, pasielisioniero peareHTbl 1
MPOAYKTHI (CM. TaKXe JHepes akmusayuu).

Ilepuoduuecxuii 3axon /1. U. Mendeaeesa. CBoOiicTBa 2J1€MEHTOB
MEePUOANIECKUA U3MEHSIIOTCSI B COOTBETCTBUMU C 3apsIIOM SIIEp MUX aTo-
MOB.

Ilodoboaouka (To xe, 9t0 Ilodyposenv) — 9aCThb IEKTPOHHOU 000-
JIOUKHU, COCTosIasi u3 opobutaneii ogHoro Buaa. Hanpumep, nsarb
d-opbuTaneil cocTaBasiiOT d-1OA000J0UKY (d-TTONYPOBEHDb), TPU
p-opouTanu — p-noao060I0uKy (p-noaypoOBeHb) U T. 1.

Ilodyposenvs — cM. [lodobonouka.

Tloauxpucmans — MHOXECTBO CPOCIIMXCSI MOHOKPUCTALJIOB KpU-
CTaJIZTMYecKoTo BelllecTBa. Hambomee pacnpocTpaHeHHast opma cy-
IIECTBOBaHUSI KPUCTAUIMUECKUX BelecTB. Harpumep, ObIToBast mo-
BapeHHasl CoJib.

Toaspuzayus — pasgelieHre MOJOXUTEIbHBIX U OTPULATEIbHBIX
3apsiIoB.

Ilopsidok peakyuu — MO TAHHOMY BELIECTBY — IOKa3aTelb CTerne-
HM TIpY KOHIIEHTPAIIMX 3TOTO BEIleCTBAa B KWHETUYECKOM ypaBHEHUH.
CyMMa TIOpsITIKOB TI0 BCEM BeIlleCTBaM Ha3bIBAETCS OOLIUM MW CyM-
MapHbIM MopsiaAKoM peakimu. Hanpumep, ans peakuuu 2NO + O, =
= 2NO,: kuHetnyeckoe ypapHeHue v = k[NO]?[O,]; BTopoii mopsamok
nmo NO, nepBbiit nopsinok mo O,, obmuii (cyMMapHBIii) TTOPSIIOK
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peakiu 3. JI1sT 351eMeHTapHBIX peakIiA TTOPSIOK — LIEJTOYNCIeHHAs
BeJIMYMHA, coBHamaroas ¢ Mosexyaapnocmoio peakyuu. st Ipyrux
peaxinii MOPSIKK OIPEIEIISIIOTCS TOJIBKO 3KCIIEPUMEHTAIBHO, TIPUYEM
OHU MOTYT UMETh KaK LIEJIOYMCIEHHOE, TaK 1 IpoOHOE (M Aaxe Hye-
BO€) 3HAUCHUE.

Tocmosnnas Asoeadpo — 6,022 - 10 (cMm. Moav).

Ilpasuno Iynoa. Ilpu 3acenennn opOUTaieil ¢ OMMHAKOBOI SHEP-
rueil (Harmpumep, ISITU d-opOuTalieil) 2JIeKTPOHBI B IIEPBYIO O4Yepelb
paccesisoTcs MOOAMHOYKE Ha BAKAHTHBIX («ITYCTBIX») OPOUTATISIX, TTO-
cJie Yero HaYMHaeTcs 3acesieHre opouTaneil BTOpbIMU 2JIEKTPOHAMMU.

IIpasuno okmema. ATOMBI 3JIEMEHTOB CTPEMSITCS K HauboJjiee yCTOoM-
YUBOI1 31eKTpOHHOI KoH(purypauyu. Camast paclipocTpaHEeHHasl yCTO-
yKuBasl 3JeKTPOHHasE KOHUTypalus — ¢ 3aBepIlIEHHO BHEIIHEH
3JIEKTPOHHOM 000JIOUKOI U3 8 3JIEKTPOHOB (C 0KMmemom SJIEKTPOHOB).

Ilpunyun Iayau. (3anpem Ilayau). Hukakue nBa 3JIeKTpoOHA B
OJIHOM aTOM€ HE MOTYT XapaKTepHU30BaThCsl OAMHAKOBBIM HAabOpOM
BCEX YeThIpeX KBAHTOBBIX YMCEIN M, [, m U S.

IIposan anexkmporna — 10 Xe, UT0 TIpockok Inekmpona.

HpOMOMOpr — B€IIECTBa, CaMH I10 cebe He ABJIAIOIINECA Kama-
auzamopamu JIaHHOM p€aKkliMn, HO YCUJIMBAIOIINEC JIeAICTBUE OCHOBHO-
TO KaTajJu3aTtopa.

IIpockok 2aekmpora — OTCTYIIJICHUS OT OOIIEl /it OOBbIIIMHCTBA
3JIEMEHTOB IOC/IeI0BATEIbHOCTH 3aII0JTHEHUST 3JIEKTPOHHBIX 000JI0UEK
(Ls, 2s, 2p, 3s, 3p, 4s, 3d...).

IIpocmoe 6ewjecmgo — BellleCTBO, KOTOPOE COCTOUT U3 aTOMOB
TOJIBKO OJHOTO 3JIEeMEHTa WJIM U3 MOJIEKYJI, IOCTPOSHHBIX U3 aTOMOB
OIHOTO 35ieMeHTa. [TpuMepsl: Xkene30, KUCIOPO, aiMa3, aproH, Melb
U T.1.

ITlpomor — ycToluMBast 3JIeMEHTapHast YaCcTUIIA C DJIEMEHTapHBIM
(T. €. HAUMEHBIIM U3 BO3MOXHBIX) ITOJOXUTETbHBIM 3JIEKTPUUECKUM
3apanoM u Maccoit 1,67 - 107 kr (uau 1,00728 a.e.m.). [IpoToHbI
BMeCTe C HEHTPOHAMU BXOJSIT B COCTaB aTOMHBIX siiep. [TopsiakoBbIit
HOMep XxuMudecKoro ssieMeHTa B [lepuonnueckoii cucreme .M. Men-
JiesieeBa paBHSIETCS YMCITy TIPOTOHOB B SIIPe aToMa 3TOTO 3JIEMEHTA.

Ilpoyenmnasn konyenmpauus — cM. Konyenmpayus.

Pacmeopumocms — CTIOCOOHOCTH BEILIECTBA PACTBOPSITHCS B TOM
WUJIM UHOM pacTBopuTesie. Mepoii pacTBOPUMOCTH BellleCTBa MPpH JaH-
HBIX YCJIOBUSIX SIBJISIETCSI €T0 COAep>KaHUE B HACBHIILIEHHOM pacTBOpE.
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Pacmeopumens. I3 NByX NI HECKOJIBKHUX KOMITOHEHTOB pacTBOpa
pacTBopuTeseM B OOJBIIMHCTBE CIy4yaeB Ha3blBaeTCs TOT, KOTOPbIi
B3AT B 0OJIbLLIEM KOJIMYECTBE U UMEET TO K€ arperaTHoe COCTOSIHUE,
YTO M Y pacTBOpa B LIEJIOM.

Pacmeop nacviuennsiii — pacTBOp, B KOTOPOM TaHHOE BEIIECTBO
MpU TaHHOM TeMrieparype yxe OoJibllie He pacTBopsieTcsl. HacbleH-
HBIIf pacTBOP HAaXOMIWTCSI B TMHAMUYECKOM PaBHOBECUM C HEPACTBO-
PUBILUMCS BELIECTBOM.

Pacmeopui. TIpocToe omnpeneneHue: OTHOPOIHbBIE MOJIEKYISIpHBIC
CMecH U3 IByX WM 0oJiee BellecTB. bosee mojiHoe onpeneneHue: pac-
TBOpPaMU Ha3bIBAIOT (PM3UKO-XUMHUECKIE OMHOPOIHBIE CMECH TIepe-
MEHHOTO COCTaBa, COCTOSIIINE U3 ABYX WM HECKOJBKUX BEIIECTB U
MPOAYKTOB MX B3aMMOJECHCTBUSI.

Peacenmb — VICXOIHBIE BellleCTBA B XUMMUECKOM peakiu. Dop-
MYJIbl peareHTOB 3allMChIBAIOTCS BCETJa B JIEBOM 4acTU ypaBHEHUS
XMMUYECKON peakiivu.

Penmeenocmpykmypuolii aHaau3. DKCTIEPUMEHTAIbHBIA METOJ
onpeJesieHUs] CTPOEHUSI KPUCTAIOB U TeOMETpUU MoJsiekys. PeHTre-
HOBCKO€ M3JIy4eHHEe HeceT ellle 0ojiee BHICOKYIO SHEpPruto, yeM Vib-
paghuosemosoe, TIOITOMY MOXET IMIPOHUKATH B IITyOb «HEIIPO3PauHbBIX»
TBepAbIX Ted. Ecau peHTreHOBCKUM U3JIydyeHueM 00aydyuTh MowHo-
Kpucmann Kakoro-ambo BellecTBa, TO BHYTPU €r0 peHTIEHOBCKUE JIyYur
paccemBaloOTCsT M OTPAKAIOTCS OT aTOMOB, PACITONIOKEHHOM B CTPOTOM
MOpsIAKE, AaBasi TOXE YIOPSIAOYeHHOE M300pakeHue Ha (DOTOILUICHKE.
[TonyyeHHOe doTOM300pakeHne MOXHO paciindpoBaTh TAKMM 00-
pa3oM, 4TO MOJIYJalOTCS KOOPAMHATHI X, ¥, Z JJIS KaXIOTO aToMa
KpUCTaJIa B TpeXMEepHOM ITpocTpaHcTBe. CoennHsIsl HaliieHHbIE TOY-
KU JUHUSIMMU, MOJYYalOT TOUHbIE FeOMeTpUUYECKHUe M300pakeHus
MOJIEKYJT BEIIECTBA.

Cropocmb Xumuueckoil peakyuy — KOJUYECTBO BEILECTBA, BCTYIIAIO-
IIETO B PeakLMIO WIA 00pa3yIoLIerocs Ipy peakliy 3a eTUHULLY Bpe-
MEHM B eIMHULIE 00beMa cucTeMbl. iMeeT pa3MepHOCTb MOJIL/J - ¢,

Croxcroe geujecmeo — BELIECTBO, KOTOPOE COCTOUT U3 MOJIEKYJ,
ITOCTPOEHHBIX M3 aTOMOB Pa3HBIX JIEMEHTOB. [IpruMepEI: coJlb, caxap,
JIMOKCHI yriiepoaa, OeH3WH, BoAa U T. ..

Cmecy — BELIECTBO, COCTOSILLEE U3 MOJIEKYJT UJIM aTOMOB JABYX WU
HECKOJIbKHX BEIIeCTB (He BaKHO — IIPOCTHIX WIM CIOXHBIX). Bere-
CTBa, U3 KOTOPbIX COCTOUT CMECh, MOTYT ObITh pasaefeHbl. [Ipumepsr:
BO31yX, MOpCKasl BOlla, CIUIaB JBYX METAJJIOB, PACTBOP caxapa W T.II.

Coau — CIOXHBIC BCIICCTBA, B KOTOPBIX aTOMBI ME€TaJljla CBA3aHbI
C KHMCJIOTHBIMHM OCTaTKaMM.
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Conu Kucavie — COJIM, KOTOPBIC ITIOMUMO MOHOB METa/la U1 KUC-
JIOTHOI'O OCTaTKa COACprKaT MOHBI BOAOpOAA.

Conu ocHo6Hble — COJIM, KOTOPHIE TOMMMO MOHOB MeTaJljla U KUC-
JIOTHOTO OCTaTKa coiepxkaT r'MApPOKCuabHbIe rpymnnbl (OH-rpymisr).

Cmanoapmuas 3umanvnus 06pazo8anus eeujecmea — TETI0BOM
addekT peakiy 06pa3oBaHKs JAHHOTO BEIIECTBA U3 3JIEMEHTOB TTPU
orpefe/ieHHbIX yciaoBusax. CM. takxke Tenaosoii s¢gpgpexm, Cmandapm-
Hble ycao8us 1 DHmanvnusi.

Cmandapmusie ycaogus, Cmandapmuobie cocmosnus (He IIyTaTh C
Hopmansnoimu ycnosusamu!) — coctosinue Belectna rpu 25 °C (298 K)
u 1 arm (1,01 - 10° I1a), a 418 MPOCTHIX BELIECTB, KPOME TOTO, CO-
CTOSIHME B HauboJsiee yCTOMUMBOM MPU BTUX YCIOBUSIX A110MPOnHOL
modugpuxayuu. Harpumep, 1Sl yriepoja CTaHIAPTHBIM COCTOSTHHEM
SIBJISIETCSI TpaduUT, HO HE ajMa3.

Cmayuonaphvie opOdums: — B KBAHTOBOW TEOPUM — BJIEKTPOHHbBIE
OpOUTHI, HAXOASICh Ha KOTOPBIX 3JIEKTPOH MOXET CYIIECTBOBATh, HE
M3Iydast ¥ He TOIJIONIAsl SHEPIUIO.

Cmenenb oKkucaeHus — YCIOBHBIN 3apsii aToMa B MOJIEKYyJie WU
KpUCTajJie, KOTOPBIN OINpPEAessioT, YCIIOBHO cUMTasi BCe TMOJISIPHbIE
CBSI3U MOJIHOCTBIO MOHHBIMU. [Tpy 06pa30BaHUM XMMUYECKUX CBA3EH
MEXJy aTOMaMU 3JIEKTPOHBI YACTUYHO MEPEAAIOTCsI OT MEHEe JIEKTPO-
HOAKIIETITOPHBIX aTOMOB K 60Jiee 2JIeKTpOHOaKIeNnTOpHbIM. Konye-
CTBO OTHAHHBIX WU MPUHATBIX aTOMOM 3JE€KTPOHOB Ha3bIBaeTCS
CTEeTIeHbIO OKMCIIEHUs aToMa B MoJiekyse. [Ipu cBA3bIBAHUM Pa3HbIX
aTOMOB CTEIleHb OKMUCJIEHUS] paBHa 3apsiay, KOTOPbI Mpuoopes Obl
aToM B 3TOM COEIMHEHUHU, €CIM Obl OHO MOTJIO COCTOSITh M3 OJHUX
1oHOB. OMUCBIBaET COCTOSTHUE aTOMa B MOJIEKYJIE.

CmpykmypHbie (opmyast — N300paxkeHUE MOJIEKYJIb, B KOTOPOM
TTOKa3aH TOPSIOK CBSI3BIBAHUS aTOMOB MEXIy cO00i. XUMHUUYECKue
CBsI3M B Takux opMmynax o003HavyalTCsI yeproukaMu. Hampumep,
ctpykTypHble hopmyabl: H—O—H (monekyna H,0), O=C=0 (Mone-
kyna CO,) u T.1. PekoMeHayeTcsl B CTPYKTYpHBIX (DOpMyJiax u300pa-
XaTb Takke u Henodenennoie napst SIEKTPOHOB.

Cybamommbie uacmuypi (TO Xe, UTO DaeMeHmapHble 4acmuybl) — psij
Pa3JIMYHBIX IO CBOMM CBOMCTBAM MUKPOYACTUII, U3 KOTOPBIX COCTOSIT
aTtoMbl. HazBaHue «ayieMeHTapHbBIe» OBLIO TIPUHSATO B CBSI3U C TEM, UTO
5TU YaCTUIIBI CYUTAIIMCH HEPa3IOXMMBIMU Ha cOCTaBHBIe yacTu. Ofi-
HaKO 3TO CBOMCTBO CYy0ATOMHBIX YACTHIl YCIOBHO, TaK KakK B HACTOSI-
111ee BpeMsl YCTAHOBJIEHO, UTO OHU TOXE SIBJISIIOTCS CIIOKHBIMU (DU3H-
YeCKMMU OObEeKTaMM.

400



Tenaosoii aghgpexm peaxyuu — TeIIIOTa, BIACTIEHHAs WM TTOTJI0-
LIeHHAs MPU NMPOTEeKaHUU XUMUUecKoi peakiiuyu. OObIYHO 0003HAa-
yaercst cuMBosiamu Q wiu AE. Tlpu noctosiHHOM fnaBineHuu Tenaiooi
aggpexm peaxyuu (AE) paBeH nsmeneHuio Iumanvnuu (AH). B Tep-
MOXMMUYECKON CUCTEME 3HAKOB MOJOXKUTEIbHBIM CUMTAETCS TEIIO-
BOi1 3hheKT IK30TepMUUYECKOI peakliuu (B KOTOPOU TEIJio BbIIE-
JIIETCSl «<HapyXy»). B TepMoanHaMUIecKoil crcTeMe 3HaKOB TEILIO-
Boli 3(pHeKT IK30TepMHUUECKOIN peakIIMU CYNTAETCS OTPULIATETbHBIM

(Q=-AH).

Tuner xumuueckux peaxyuii:

— Coedunenus — xoraa asa (uiam Oosee) BelllecTBa-peareHTa co-
eNHSIIOTCSA B OTHO, OoJiee CII0KHOE BEIIeCTBO;

— Paznoxcenus — Koraa oHO CIIOXXKHOE MCXOMHOE BEIECTBO pas3-
JlaraeTcsl Ha JBa WJIM HECKOJIbKO 00Jjiee TPOCThIX;

— Obmena — KoTraa peareHThl OOMEHHMBAIOTCS MEXIy COOOI aTo-
MaMHM WIM LeJbIMUA COCTAaBHBIMU YacTSIMU CBOUX MOJIEKYJI;

— 3amewjenus — peakuuy oOMeHa, B KOTOPBIX y4acTBYeT KaKoe-
JIM60 TIPOCTOE BEILIECTBO, 3aMellalollee OMUH U3 3JIEMEHTOB B CJIOXK-
HOM BEIlIECTBE;

— Heimpanuzayuu — (BaxkHasi pa3HOBUIHOCTb peakiuii oOMeHa)
peakunu obOMeHa MeX1y KHUCIOTOW U OCHOBaHMEM, B pe3ysbraTe KO-
TOPBIX 00pa3yeTcs COJIb U BOA;

— OKUcAUmMenbHO-80CCMAHOBUMENbHble — PEAKIIMU BCeX Mepeunc-
JIEHHBIX BBIIIE THIOB, B KOTOPBIX MTPOUCXOIUT U3MEHEHUE CTEIICHH
OKMCIIEHHSI KAaKMX-JTMOO aTOMOB B Pearupyromimx MOJIEKyIax.

Tumpoeanue — criocod omnpeneneHust MoaspHocmu pacTBopa Be-
mecTBa A ¢ TIOMOILBIO pacTBOpa BelllecTBa b, KOTOpoe pearupyer
BelecTBOM A. K TouHO 0OTMEpeHHOMY 00beMY MCCIIEIyeMOTO PacTBO-
pa A no karisiM A00aBJSIIOT pacTBOp b uzeecmuoll KoHyenmpayuu.
OKoHYaHME peaKlMU OIMpPEeeIsIIoT ¢ MoMoIIblo Mrouxamopa. Ilo
00beMy M3pacXoIOBaHHOIO pacTBopa b CymsT O Yucjie MOJeit Bellle-
cTtBa A B OTOOpaHHOI TTpobe 1 BO BCeM pacTBope A.

Yavmpacghuonemosoe uznyvenue — HEBUAMMOE TJ1a3y JIEKTpoOMar-
HUTHOE U3Ny4YeHUE C JJIMHAMU BOJIH nNpubansurteasHo ot 400 HM 10
2 HM. DTa 00JaCTh U3IYIEHUS HAXOIUTCI MEXIY KOPOTKOBOJIHOBBIM
KOHIIOM BHIMMOTO CITEKTpa W JJIMHHOBOJIHOBOI 4aCThIO PEHTI€HOB-
ckoro crekrpa. CMm. Takke Jiuna 601Hbi.

Qusuueckue 161eHUL — SABJICHUA, HC COMMPOBOXIAIOIIMNECA TIPE-
Bpalll€cHUEM OOHUX BCILICCTB B IPYIrue€ IMyTEM paspbiBa U O6pa30BaHI/I$I
CBsI3€l B UX MOJIEKYJ1aX.

Xumuueckue peakuyuu — CM. Xumuueckue s61eHUS.
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Xumuueckue seaeHus — SIBJIEHUS, TIPY KOTOPBIX OIHM BELIECTBa,
o0JTamarolye onpeaeeHHBIM COCTABOM U CBOMCTBaMU, MPEBPAIIIalOT-
¢ B IPYTHE BELIECTBA — C APYTMM COCTABOM M IPYTMMU CBOMCTBAMU.
IIpu 5TOM B COCTaBe aTOMHBIX sIEp U3MEHEHMIA HE TPOUCXOIUT. XH-
MUYECKUE SIBJICHMS Ha3bIBAIOT MHAYEC XUMUYCCKMMU PEaKIMSIMU.

Xumus — HayKa O B€IIECTBaxX 1 3aKOHaX, IO KOTOPbIM ITPOUCXOIAT
X NpeBpaliCHuA B IPYyIruc BCIICCTBA.

Yucao Asoeadpo — 6,022 - 107 (cM. Moawb).

1llenouvs — pacTBOPHMOE B BOJI€ CHJIbHOE OCHOBaHue. Bee 1ienouu
(NaOH, KOH, Ba(OH),) B pacTBopax pacrnanaioTcsi Ha KaTUOHBI
METaJUIOB U THApoKcua-noHsl OH™.

Drzomepmuyeckue peakyuu (OT epey. €X0 — BHE, CHAPYXKM) — XU-
MMYECKUE PeaKlUM, MMPOTEKaloII1e C BhIICICHUEM TeTlIa.

Bronoeus (0T epeu. oikos — mpebbIBaHME U logos — cJIOBO, TTO-
HATHE, YIeHWe) — HayKa, M3ydalollas B3aMMOOTHOIIEHUS XWBBIX
OpPraHMU3MOB C OKPY>KAIOIIEH Cpeloid.

Dnexmpon — ycToiumBas 31eMeHTapHad (T.e. HepasaeauMast)
YacTHLA C MIEMEHTAPHBIM (T. €. HAUMEHBIINM U3 BO3MOXHBIX) OT-
pULIATEIbHBIM 3JIEKTPUYECKUM 3apagoM u maccoit 9,11 - 1073! kr.
DIEeKTPOHBI SBISIOTCSI COCTABHOI 4acThlo aTOMOB BCEX 3JIEMEHTOB.
O061a1a10T CBOWCTBAMM KaK YacTHII, TAK U BOJIH.

DnekmpoHHas KoHpueypayus — ONMCaHUe pacIipeie/IeHUs! 3JIEKTPO-
HOB TIO SHEPreTUYECKUM YPOBHSIM, CYIIECTBYIOIIUM B 3JIEKTPOHHOM
obake aTroma. DJIeKTPOHHYIO KOH(MDUTYpaLMIO OMMCHIBAIOT pa3HBIMU
crnocobaMu: a) ¢ MOMOIIbIO BJIEKTPOHHBIX (popMys, 6) C MTOMOILbIO
opouTanbHbIX quarpamMm. CMm. Takxe Daexmpounnas gopmyra, Inek-
mpoHHas auelika.

Daekmponnas napa NonejieHHas: — JIBa 3JIEKTPOHA, OCYIIECTBIISIO-
e XMMU4IecKyto cBia3b. CM. Takke Henodenennas napa.

Dnexmponnas opmysa — 3amich pacrpeieleHns] UMEIOIIMXCS B
aToMe 3JIEKTPOHOB 0 SHEPreTUYECKUM YPOBHSIM U opbuTtansM. Ha-
NpUMep, 21eKTPOHHAs (hopMya KUcaopoaa (3/IEMEHT HOMep 8, aTOM
COZIEPXUT BOCEMbB AJIEKTPOHOB): 152 252 2p*.

DaekmponHas aueiika — N300paxeHne aTOMHOM OpOUTAIN B BUIE
KBaIpaTuKa, KPy>KKa WU TOPU30OHTAIbHOM JIMHUM, HA KOTOPBIX Pac-
TToJTaTaloTCsl (MJIM He pacIioaraloTcs) JIeKTPOHBI B BUIE BEPTUKAIb-
HbIX cTpeioK. McrionbayoTcst B OpbumansHuix duazpammax.

DnexkmpoHnoakyenmopHvle ceolicmea — CM. AKyenmopHble c80ii-
cmea.
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DaexmpoHoO0oHopHbLe c8olicmeéa — CM. JloHopHble ceolicmaa.

DnexmpoompuyamenbHoCms — OTHOCUTENIbHASI CIIOCOOHOCTb ATOM-
HBIX sIIep IPUTSTUBATD K ce0e 3IeKTPOHBI, 00pa3yole XUMUIeCKYIO
CBSI3b. XapaKTepU3yeT CIIOCOOHOCTh aTOMa K MOJIIpU3aluyd XUMU4e-
CKUX CBA3ei. DIEKTPOOTPUIATEILHOCTh PAa3TIMIHBIX aTOMOB MOXKHO
OLIEHUTb KOJIMYECTBEHHO.

Dnemenm — BELIECTBO, COCTOSIIEe U3 aTOMOB OJHOTO Buaa (U3
aTOMOB C OIIMHAKOBBIM 3apsiioM siipa). YacTo ajieMEeHT COMEpPXUT B
CBOEM COCTaBe HECKOJIbKO HM30monos.

Dnemenmapnas A4elika KpUCTaJUIMUECKask — MHOTOKPATHO TMOBTO-
pstoleecsl B KpUcTajjie coueTaHue aTOMOB, MOJIEKYJ UM MOHOB.
M3006pa3uB aieMeHTapHYIO SIYEIKY, Mbl TEM CaMbIM KakK Obl M300pa-
JKaeM BeCh KPUCTAJI, MOCKOJIbKY OH COCTOUT U3 TaKHX siYeeK.

Dnemenmapusie yacmuybi — cM. CybamomHble Yacmuypi.

BDudomepmuneckue peakyuu (0T epeu. endon — BHYTPU) — XUMU-
YeCKUE PeaKiiu, MPOTEKAIOIINE C MOMIOIICHNEM TeIlIa.

Buepeus akmusayuu (E,, nHorma odbo3HavyaeTcsl Kak AE #) — a10
Ta JIOIMOJHUTENIbHAsSI SHeprus (K cpefHeil 3Heprun £ CTalKUBAIOIINX-
CsI 4YacTHII), KOTOpasi HeoOXoauMa, YTOObI CTOJTKHOBEHUE MPUBEJIO K
XUMHUYECKOM peakiuy. DHEPruio akTUBALlMM MHOTIA HAa3bIBAIOT TAKXKE
SHepreTUYecKuM OapbepoM. Kaxmas xumudeckasi peaklius UMeEeT
CBOIO DHEPTUIO aKTUBAaUMK. 3HaueHus F, IS peakluii MexXIy Hewi-
TpaJlbHBIMU MOJIEKYJIJaMU COCTAaBIISIIOT, KakK IpaBuiio, ot 80 mo
240 x/Ix/Monb. Ha BenuuuHy E, He BIUSIET TeMIiepaTypa, HO MOXET
MOBJIUATh PUCYTCTBUE Kamaauzamopa.

Dumanvhus — «TEIUIOCONEpPXaHUe» pearupyoumx semiects. O60-
3HavaeTcsa Kak AH. [Ipu nmoctrossHHOM naBjieHUU (€CJIM peakLus UaeT
HE B 3aMKHYTOM COCY/Ie) U3MEHEHUE SHTAJBIIMU B MPOLIECCe XUMU-
YeCcKOU peakiuy paBHO ee Tenaosomy aghgpekmy.

Sdepnvie peaxyuu — TpeBpallieHe OJHUX BEIECTB B APYrUe, HO
He MyTeM pa3pbiBa U 00pa30BaHUs XUMUYECKMX CBS3EH, a MyTeM U3-
MEHEHUS CTPOCHMUS Sep 3JEMEHTOB, YUaCTBYIOIIMX B TaKUX peak-
LIMSIX.



OTBETHI K 3ATJAYAM

Thaea 1

1.3. Ha teruioBoit cranuuu. 1.7. (6). 1.8. O30H, Kucaopon, a3oT.
1.9. Bona B peke; Bo3ayx. 1.11. (6) «Monekyna Bo3myxa». 1.12. ().
1.13. (0). 1.14. Cmecs. 1.15. 1) 90,; ) CoH3O, + 90, =9CO, + 4H,0;
x) 9CO, + 4H,0 = CyHz0, + 90,. 1.16. YepHas konoTb (CI0XHOE
BEILIECTBO JpeBeCHHA MPEBPATUIOCh B TIPOCTOE BEIIECTBO YIJIEPO;
OCTaJIbHbIE ABJICHUS — (pU3UUYECKUEe).

Thaea 2

2.1. 8p + 8n. 2.2. 5p + 61 + 5e. 2.3. 10e. 2.4. Ca®". 2.5. (0,57 - 121 +
+ 0,43 - 123) = 121,86. 2.6. 151 3amaHHON TOYHOCTU BBIYMCIIEHUIA:
93Cu 75 % (29p + 34n), ©Cu 25 % (29p + 36n).

2.7.

Cinson ne | qor | BMe | aNe | o
Yuciio npoTOHOB 6 8 12 11 8
Yucio HERTPOHOB 6 9 13 12 10
Yuciio 3J1eKTPOHOB 6 10 12 10 10
CyMMapHBIN 3apsif 0 -2 0 +1 -2

2.10. ®ocdop (P). 2.15. 1p, 2d, 3f. 2.16. 10e + 10p. 2.17. (K.
2.18. lonopsl: Na (le), Al (3e), Mg (2¢e); akuenropsi: O (2e), F (le).
2.20. ;N (BHelIHSIs1 2JIeKTPOHHAs 00oJiouKa oivke K sapy). 2.22. ;,Cl
SITOBUT (CHJIBHBIN aKLENTOP 3JIEKTPOHOB), ;sAr — MHEPTHBINA Tas.
2.24. Na** (6onbiue IpoToHOB B sape). 2.25. a) F-, 6) Na, B) Ne,
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r) Na*.2.26. Sb; n=5,1=1,m=+1,s=+%.2.27. Ni;n=3,1=2,
m=0,5s=-1.229.n=4,1=0,m=0, s=+Y%. 2.30. 3d? (Ti). 2.31. 4p*
(Se), 2 HecrapeHHBIX 3aeKTpoHa. 2.32. 2p° (F), 6nuxaimnii Ne.
2.33. a) Si (2), 6) S (2), B) Fe (4). 2.35. CBuneu — plumbum (zam.);
cypbMa — antimony (aues.) (Ho stibium — zam.).

Thaea 3
3.1.
H (1) H
.¢.qH GQﬁQ» W H—(lj—H
c *H <> |
..2572p7 ‘H ” H

N

3.4. F—Ca—F (cTpykTypHy0 (hopMysTy MOXHO 3aMucaTh TakK, XOTsI
cBs13b Ca—F moHHas1, Kak BeIICHUTCS B § 3.4), 1Be CBSI3BIBAIOIINE U
eCTh HEMOMeJeHHBIX 2JEKTPOHHBIX Map Ha aTomax ¢dTopa.
3.5.6) H:C:::C:H (dopmyna JIstorca), KpaTHOCTb TpH. 3.6. a) H:C:::N:
3.7. a) Sc (II1), 6) ScCl;, r) monsipHasi KOBaJIeHTHas JIMOO MOHHAasI.
3.8. 1) KF (a), MgO (6), CaH, (B), AlF;, (r), Al,O3 (). 3.10. I, —
KOBaJleHTHad cBaA3b. 3.11. 452 4p*, H,Se — 1Be noeNeHHbIE, BE He-
roje/IeHHbIe 371eKTPOHHBIX mapbl. 3.12. IllecTs noneneHHbIX U 18 He-
MOJeJICHHBIX 3JIEKTPOHHBIX Tap. 3.13. Mon (ommbouHast BaJieHT-
Hoctb I1). 3.16. Coenunenue PH; (pochun) cyectByeT — a/1eKTpo-
HBbI TpeX aTOMOB BOJOPOJA AOTOJHSAIOT BHEIIHIO 000J0UYKY
dbocdopa no okTera, nenas ee MOXOXeW Ha BHEIIHIOK 000JI0YKY ap-
roHa; coenuHeHue PHs He cyluecTByeT — 3JIeKTpOOTPULIATEIBHOCTD
aTOMOB BOJIOPOJIa HETOCTATOYHA JIJIST TOTO, YTOOBI YACTUIHO «OCBOOO-
IUTHh» BHEIIHIO 000JI04KY hocopa OT 3JIEKTPOHOB U CHIEaTh ee
MOXOXe Ha 3JEKTPOHHYI0O 000JI04KY MHEpTHOro rasza. 3.17. CTpyk-
TypHbIe (DOPMYJIBI:

O

i e
H—0—-CI=0 H—0—Cl H—0—-CI=0
i “
O
H—0—ClI H—CI Cl—ClI

M3 aHamornuHbIX coenvHeHU Gropa cymiecTBytor Toiabko F,, HF u
¢ropHoBaTucras kuciaora HFO (HeycToitunBoe coeqnHeHNE, NMEIO-
mee crpoeHne H—O—F); octanbHbIe KUCIOPOIHBIE KMCIOTHI (pTOpa
CYILIECTBOBATh HE MOTYT, TaK Kak y (pTopa BbICOKasl 3J1eKTPOOTpHlIa-
TEJBbHOCTh M, KPOME TOTO, Ha BTOPOM (BHEIIHEM) YPOBHE HET
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d-opOuraieii; B OTJIMYKE OT XJIopa, (GTOp HE IPOSBIET IIepeMEHHOMK
paneHTHOCTH. 3.19. AICI; (sp?, muiockuit TpeyroabHuk), AICI, (sp3 s
TeTpasap). 3.20. Menbiue 109°. 3.21. Cl sp®. 3.22. SbF; okTasap (¢pu-
rypa c 6 BepIIMHAMU U 8 TPEYTOJAbHBIMU rpaHsamu). 3.23. a) BH; (sp?),
6) BeH, (sp), B) PH; (sp> — ecTb HemomeneHHas napa y P). 3.24. BF;
(sp®, TeTpasmp), AlF; (sp’d?, oktasmp).

3.26.
v :
-2 0
H+—(|3—H+ H+—(|3—Cl‘ & :
\,
Cl- Cl- O—H"
2 cr
+ 0//0 - e
H—C, c—cZqal
HY |
Cl-

3.28. SiH,, H,S0;, MgCO;, C,H,. 3.31. a) Al,O;, 6) P,0s, B) FeS,
r) Fe,05. 3.32. Fr...7s' (I). 3.33. Se (II, 1V, VI). 3.34. SiO, nonsapHoe
koBajieHTHOe, AX = (3,5 — 1,8) = 1,7. 3.35. F, KoBajJieHTHOE.
3.37. NaCl + F, = NaF + FCIl. 3.38. a) BkycoBble pelLienTophl si3biKa
MMEIOT XUMUYECKYIO MpUpOoay. XUMUIECKUEe CBOMCTBA YaCTHUIIBI 3a-
BUCST HE TOJBKO OT CTPOEHUS €€ BHEIIHE 2JeKTPOHHON 000J104KH,
HO M OT 3JIEKTPUYECKOTO 3apsiaa BCcell YacTULBI (3apsi BIAUSET Ha
CIOCOOHOCTDH MOJIEKYJTBI WJIM MOHA CBSI3BIBATHCS CO BKYCOBBIM pelieTI-
TopoM). 6) B maGoparopuu 3amnpeiaercsi roTOBUTb U TTPUHUMATD MTUIILY,
Opath JJI 3TOTO KaKne-JIMOO0 BelleCcTBa U MCIOJb30BaTh MOCYY.

Thaea 4

4.1. S, Se, Te (ns’np*). 4.2. Oxucanrtenu: N, Cl. 4.3. Li*, Sr**, Al**,
Ti*, At". 4.4. NH;, PH;, N,Os, P,Os. 4.7. Lu (...5d"), ananor Sc u
Y — cMm. § 4.4. 4.8. ;;;No (HoGenwmit). 4.9. (Ne, RfCl,. 4.10. ;Na,
I rpynma. 4.12. B 4-m nepuone (ot K no Zn). 4.13. a) Cepa; 6) y
Mbibsika. 4.14. Cs aktuBHee yeM Na B3auMMOIEIICTBYET C BOAOK
(BHewH:I 00010uKa Cs OoJiee ymajeHa — JieTde OTIaeT 3JIeKTPOHEL).
4.15. Ha arome Cl yacTuuHbIif OTpULIATebHbIA 3apsia, Ha aToMe [ —
YaCTUYHBIN TOJOXUTEIBHBIMN.

Thaea 5

5.3. He usmenunace. 5.4. 9,6 r (Cu+ S =CuS). 5.5.88r (Fe + S =
= FeS, cepsl B KoHeuHOIT cMecu HeT). 5.6. CaCO; (20 r) nmpeBpatuics
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B CaO (11,2 r) + CO, (8,8 r); CaO + H,0 = Ca(OH), + Tenora.
5.8. 4 monst 0,. 5.9. 2 mons (64 1) O,; 92 1 NO,. 5.10. 6 - 10%* Mmonekyn
H,0, wiu 10 moneit H,O. 5.11. 1 monp CaCl, (111 1). 5.12. CaCl,
0,1 momns, 11,1 r; Cly, 0,1 mong, 7,1 . 5.13. 2 mona (36 r) H,O.
5.14. 1 monb (32 1) 0,. 5.15. 3 - 103 Mmona = 0,12 1; 6,45 - 1073 .
5.16. 44,8 1 N,. 5.17. 44,8 n Ar. 5.18. 0,089 r/n H,; 0,178 r/a He;
Bomopo BeirogHee. 5.19. 0,3 monsg (9,6 r) O,. 5.20. 0,714 v/n CH,.
5.21.71r1, 71 a.e.m., Cl,. 5.22. 30 r NO. 5.23. 1,52 r/n H,S. 5.24. Ha
Benepe (Ho He Ha 3emiie) MOXHO JieTaTh Ha «BO3MYIIHBIX» IIapax,
HanonHeHHbIX H,S. 5.25. 18 - 102 monekyn HF, 67,2 n F,. 5.26. 98 mo-
neit, 196 T, 2195 1 H,. 5.27. 10 r (0,1 momns) CaCO;. 5.28. He MeHee
1,24 n. 5.30. 0,75 1 CO, u 0,6 r H,0. 5.31. 39 r Na, 19 n Cl,.
5.32. 0,1 monb/n HCI. 5.33. 44 013 1 unn 44 m*> CO,. 5.36. 0,4 Mona
Cr. 5.37. 16 r CH,. 5.38. 40 r Fe,05. 5.39. B 2 paza. Hago 65110 B3STh
24 r Mg (IOx cnyTtan aTOMHBIM HOMep ¢ aTOMHOM Maccoii).
5.40.a) N,: H,: NH;=1:3:2 (1o o6bemy); 6) 34 r NH;. 5.41. 35 kr
necka. 5.42. [epetsiHeT yalka ¢ pacCTBOPeHHbIM LIMHKOM. JlomycTum,
no6aBuiu 1o 1 T Kaxaoro Merajia: arToMHasi Macca Fe MeHbliie, ciie-
JIOBATEJIbHO, YMCIIO ero MoJiei 6oblie, yeM y Zn. boiblie BuIIenT-
¢ M Bomopoja u3 crakaHa, rae uaer peakuust Fe + 2HCI = FeCl, +
+ H,. 5.43. B3opsanocs 1,12 1 H,. 5.44. Ocranetcst 3 mi O,. 5.45 (B
YPaBHEHMSX TTOMUYEPKHYTHI TJ1aBHbIE KO3(POUIIMEHTBI, K KOTOPBIM

MPUBA3BIBAIOTCA BCC OCTaIIBHBIe)I
+2 -2

1) él_\31H3+§(0)2=4NO+6H20
17\31—5ee1+\21 4
(O)z+4e—>285
4) 3Cu0+2NH, = 3Cu+ N»+3H,0
&1+2eeCOu 6|3
21_\31—6e—>1212 2|1
7)1_\31H41\SIO3=1+\1120+2H20
1131—4e—>1+\1141
I+\SI+4eal+\ll41

5.46. 6,72 1 O,. 5.47 (B ypaBHEHUSX ITOAYEPKHYTHI IJIaBHBIE KOA(D-
(buueHThI, K KOTOPBHIM MPUBSI3bIBAIOTCS BCE MPOYUE):
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+7 +4 +2 +6
1) 2KMnO, +5K,S0O;+3H,S0,=2MnS0O,+6K,SO,+3H,0
+7 +2
Mn+5e — Mn|2
+4 +6
S-2¢e—S |5
+6 +4 +3 46
5) K,Cr,0, +3S0,+H,S0, =Cr,(S0,); +K,SO, + H,0
+6 +3
2Cr+6e — 2Cr|2|1
+4 +6
S—-2e—S 6|3

5.49. 1) Peakiinst MeXXMOJIEKYISIPHOTO OKUCIIEHUSI-BOCCTAHOBJICHNS]
4) BHyTpI/IMOJICKy)IHpHOC OKI/ICJICHI/IC BOCCTaHOBJIeHI/Ie 2) u 3):

2) 3K, MnO +2H,0= MnO2 + 2KMr104 +4KOH

Mn+ 2e — Mn 1

+7

Mn le - Mn|2

peakuudg JUCIIPOIIOPIIMOHMPOBAHUA

- +5 0
3) 5NaBr+3H,S0, + NaBrO, = 3Bra+3Na,SO, +3H,0

-1 0
2Br—-2e — Br; |10|5
peakiys KOHIIPONOPLIMOHUPOBAHUS

+5 0
2Br+10e — Br,| 2|1

Thaea 6

6.1. 3 xr 744 1 (48 Momb) Na,0,. 6.2. 249 mMonb O,; 26,56 M> Bo3-
nyxa. 6.3. 45 r KNOs. 6.5. 1,3 r HgO (c yueToM, 4TO B cocynae yxe
ectb 21 %, v 210 M O, u3 Bosayxa). 6.7. SiO,, SeO,, SeO;, SrO,
B,0;, Sc,05. 6.8. 4,0 r Ca. 6.10. 66,7 % PbS nepepaborats B PbO.
6.11. 52 a.e.m. (Cr). 6.12. 15 moneii (336 1) O,, 3201S. 6.14.321/22.4 11
(0,) 6onbure, yem 28 1/22,4 1 N,. 6.15. 1,428 /1. 6.16. 53 %.
6.17. H,CO; yronpHas kuciota. 6.18. 3CuO + 2CO, + H,0.

Thaea 7

7.1. D (10 monsipH. %), H (90 monspH. %); IIpumeuanue: Hanuuue
mosiekyn HDO ananoruyno cmecu mojekya H,O u D,O =1: 1, uro
He BJIMSAET Ha 3HA4YCHME CpeaHel MOJISIpHOU macchel. 7.2. 3,27 1
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(0,05 monsa) Zn. 7.3. 40 r NaOH, 11,2 n H,. 7.4. 1792 n (1.y.), 8360 1
(1000 °C). 7.5. 448 n H,. 7.6. 45t H,0. 7.7. 91,3 kr Fe, 159,8 xr H,SO,.
7.9. 2,66 monsa NH;. 7.10. 36 r H,0, 196 T H,SO,. 7.12. CaCl, - 4H,0.
7.13. Al,(SO,); - 18H,0. 7.14. 34,8 r KBr. 7.15. 11,1 r/100 r H,O.
7.16. 450 &. 7.17. Y3 Na. 7.18. 4 T xuakoro H,. 7.19. 1) 2Cu + O, =
=2Cu0; 2) CuO + H, =Cu + H,0. 7.20. Ocranercs 5 M1 O,. 7.21. 180 T
(10 moeit) H,0. 7.22. 5t NaCl. 7.23. 65,36 mu1, 50 r NaOH. 7.24. 9,51
cnupra u 0,5 r noxa. 7.25. INonyuuncs 20%-ubiit pactBop KOH.
7.26. 51,5 NaBr. 7.27. 50,5 r KNO,. 7.28. 1,33 Mt H,S0,. 7.29. 3 - 10%.
7.30. 2 M pactBop H,SO,. 7.31. 19,1 M NaOH. 7.32. 55,5M, 100 %.
7.33. Bo Bropom ciryyae: KBru KOH. 7.34. 22,3%-Hbri1 pactBop CaCl,.
7.35. 16,5 r CaCl, - 4H,0 + 183,5 mut H,O.

Thaea 8

8.3. 13,6 r CaSO,. 8.4. 4,9 r H,SO,. 8.9. 22,4 1 SO;. 8.11. 284 xr
P,0:s. 8.12. CuO (0,05 mons1) 4 1, ZnO (0,08 mosst) 6,48 r; npumenarue:
npumure x Mosib CuO, y monb ZnO U cOCTaBbIe CUCTEMY YpaBHEHUI
¢ ucnonb3oBanreM 3HayeHuii 10,48 r u 20,88 r. 8.13. B mopsake no-
BhIeHus kuciaotHoctu: H,O < H,S < H,Se < H,Te < H,Po. 8.14. 100 mu1.
8.15. 0,16 M HBr. 8.16. 2,8M HCI. 8.17. 0,0042 r/m3, wu 4,2 mr/m>
HCI B Bo3myxe. 8.22. NaOH umu KOH. 8.25. 0,05 mons (4,9 r) H,SO,
u 0,07 mons (2,8 r) NaOH. 8.26. 0,01 monsa K,HPO, u 0,01 mons
K;PO,.

8.27.

2) Pb(NOy), + K,S = PbS{ + 2KNO;;

5) Na,S + 2HCI = H,ST + 2NaCl;

6) (NH,),SO; + 2KOH = 2NH,OH + K,SO;; onnako NH,OH
MOXET pasjaraThbCs C BBIIECJICHUEM aMMMaKa, ITO3TOMY B MTOTE:
(NH,),SO; + 2KOH = 2NH,T + 2H,0 + K,SO03;

7) K,CO; + H,S0, = H,CO; + K,SO,; onnako H,CO; paznaraercst
Ha YIJIEKUCIIBINA Ta3 U Bojty, moatomy B utore: K,CO; + H,S0, = CO,T +
+ H,0 + K,SO, (B peakiinu OypHO BbIIEJSIETCS YIJIEKUCIIBINA Ta3);

8) Ba(HCO,), + H,SO, = 2CO,T + 2H,0 + BaSO,| (B peakimu
OYpHO BBIIEISIETCS Ta3 M BHITIANAET OCAI0K);

9) Al,O; + 2KOH = 2KAIO, + H,0 (npu HarpeBanuun) u Al,O; +
+ 2KOH + 3H,0 = 2K[AI(OH),] (npu peakiuu ¢ pactBopom KOH);

12) NaHCO; + NaOH = Na,CO; + H,O (4acTHbli1 cinyyail peakuuu
HeWTpau3auMu — U3 KUCJIOW COJIM MOJIYYaloT CPEJHIO COJb);

13) [Cu(OH)],S0, + 2KOH = 2Cu(OH),! + K,SO, (13 Manopac-
TBOPUMOI1 OCHOBHOI COJIM MOJy4yaloT HEPACTBOPUMOE OCHOBAHUE);

14) [Cu(OH)],S0,+ H,SO, = 2CuSO, + 2H,0 (13 0OCHOBHOI1 coun
MOJIYYalOT CPEIHIOI0 COJIb — BapUaHT peakluy HeUTpaiu3alnm);
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17) K;S + HNO; = KHS + KNO; (peakuusi uaet, mocKojbKy
H,S — cnabas xucnora; onHako npu Hemoctatke HNO; obpasyercs
He H,S, a ee xucnast conp);

18) 2Mg(OH), + H,SO, = [Mg(OH)],SO, + 2H,0 (B peakiuu
HeWTpann3aly MpHu HETOCTaTKe KUCIOTHI 00pa3yeTcst He CpemaHss, a
OCHOBHas COJIb).

8.30. a) lunpokcum; 6) KUCIOTa; B) OCHOBHOM OKCHI; T) KMCJIOT-
Heiit okeua; a) kuciaora. 8.33. KCI + AgNO;. 8.34. Mg + NiCl, =
= Ni + MgCl,. 8.35. FeCl; + 3NaOH = Fe(OH); (ocamok) + 3NaCl.
8.36. 0,2M HCI. 8.37. 120 r NaHSO,. 8.38. NaHCO; (0,06 moJst)
u Na,CO; (0,01 mons). 8.39. BaCl, + Na,SO, = BaSO, (ocanok) +
+ 2NaCl (cynbhart 6apust HaCTOIBKO MaJOpacTBOPUM, UYTO HE CIO-
COOEH OBITh STOBUTHIM, KaK MHOTHE IPYTHE, PACTBOPUMBIC COJIU
6apus). 8.42. 0,25 mong (77,5 r) Cas(PO,),. 8.43. a) NH,CI,
6) NaHSO,, B) Na,CO;, ) Mg(OH)CI. 8.46. 27,7%-H¥bIil pacTBOD
(NH,)H,PO, (muruapodocdat aMMoHus); npumeuanue: 46 v conu
comepxarcs B 166 T pactBopa. 8.47. 20,7 r Pb; npumeuanue: pactBo-
PWIOCH X MOJIb Zn U BBIACIUIOCH X MOJb Pb (80 — 65,4x + 207x =
=94,2). 8.49. Be;ALSiO s unu 3BeO - Al,O5 - 6SiO,.

Thaea 9

9.1. 1386 kx (peakuus sk3oTepMudeckas). s pelreHUs
3a7la4d MOXHO MOWIEHHO CJIOXUTh ypaBHeHUd (a) u (6) (mpu 3TOM
cokpatutcs SO,) U YMHOXUTH MOJyYUBIlIEeeCs ypaBHEHUE Ha
IiBa.

9.2. IpacduT Gosiee ycTONUMB, TaK KaK MPU €ro CTOPaHUM BbIIEISI-
€TCs MEHbIIIe SHEPTUU.

9.3. Ca (1B) + /0, (r) = CaO (1B) + 660,8 KJIx. Jlna pemeHus
MOXHO Nepenucarh ypasHeHue (B) B TakoM suge: H,0 =140, + H, —
— 286 xJIx. Ilocie aToro cieayer BoIYECTh 00a ypaBHeHUs (0) 1 (B)
U3 ypaBHeHUsI (a).

9.4. I1pu nipeBpanieHnN YepHOTO pocdopa B OBl MOTIOIIAETCS
38 k/I>x/Mob (peakiysi 3HIOTEPMUYECKas).

9.5. DHOOTEpMUYECKUMHU peaksIMU (IMPOTEKAIOUIMMU C MOTJIO-
IIEHWEeM SHEePTUM U3 BHEIIHEH cpebl) SBISIOTCS peakuuu (a) u (B),
JUTST KOTOPBIX 3HAUeHUST AH59g MOJTOXKUTENbHBI.

9.6. [Ins peleHUss MOXHO BOCIIOJIb30BaThCs ypaBHEeHUEM (T) U3
3amauu 1.5. OtBet: 143 xJIx.

9.7. 431,5 x/Ixx/Monb (TaKkylo dHEpPrui0 Haao 3aTPaTUTb, YTOOBI
«pazopBaTb» 1 Mmoib Mosekya HCI Ha cocTaBiisiioniyie aToMbl 110 ypaB-
Henuto: HCl = H + CI).

9.8. AH55 = —297 x]IX.
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9.10. Peakiuus pxxaBineHus kejie3a uMeeT 0oJiee HU3KYI0 9HEPTUIO
aKTUBaUWU (MPOTEKAET, XOTSI U MEAJIEHHO, yXe MPU KOMHATHOM TeM-
rneparype).

9.13. a) Peakuusa (1) Gyner nmporekath ObICTpee, TaK KaK y Hee
OoJsiee HU3KAsI DHEPTUsT aKTUBALMU; 0) 3-i CyMMapHBI TTOPSIIOK Y
peaxkiuu (1); B) 2-ii cyMMapHBIi TOPSOOK Y peakiuu (2); T) peakius
(1) — TpuMoneKynsipHasi; 1) peakuusi (2) — OUMOJIEKYIsIpHAas.

9.14. [A],, = 0,24 momnb/7, [B],, = 0,6 Moms/m.

9.15. B 8 pa3. YBenuuuTh AaBJICHHUE BABOE MOXHO, YMEHBIIUB B
nBa pa3a o0beMm cMmecu. KoHlleHTpalust peareHToB (B MOJIb/J) MpU
9TOM yBeMurBaeTcs BaBoe. [lonmydeHHbIe 3HaueHUsI Haao TOACTaBUTh
B KMHETHYECKOE YpaBHEHME.

9.16. [A] = 1,5 monst/m; v = 0,8[1,5][0,5] = 0,6 mojs1/71 - C.

9.17. [A] = 0,5 mons/n; v= 0,1 mons/a - c.

9.18. B 4°, unu B 64 pasa.

9.19. Cnenyet nmoBbicuTh Temriiepatypy Ha 50 °C.

9.20. TemnepaTypHblii KoadduLreHT y= 3,5 (mpuMeyaHue: KOpeHb
4-11 cTeneH’ U3BJIEKAETCS C TIOMOIIBIO KATBKYISTOPa — HAO ABAKIbI
M3BJIeYb KBAJAPATHBII KOPEHB).

9.21. Bospacret B 5832 pasa (yBenuueHue B § pa3 1aeT MOBbIILIEHUE
JaBjieHust U B 729 pa3 — MoBbIllIeHWE TEMIMepaTypbl Ha mecTb 10-
IpagyCHBIX UHTEPBAJIOB).

9.22. B peakuusx 2) u 5).

9.23. B peakiuu 5).

9.24. [B], = 1 monb/n, [A], = 2 MosIb/I.

9.25. CKopocTh NpsIMOIi peaklMy YBEJIUUUTCS B 8 pa3, a o00paTHOM
TOJIbKO B 4 pa3a. B pesynbrate paBHOBecHe CABUHETCST BITPABO.

9.27. Pa3 peub uIeT O MOBBIIICHUU TeMIEpaTyphbl, ABE IepBbIe
9K30TePMUUYECKUE PeaKIMK OTIANaloT. M3 ocTaBIIUXCs IBYyX paBHO-
Becue OOJIbIlle CABUHETCS BIIPaBO B peakiviu 3).
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A.B.

MAHYWJIOB ¢ B.1. POMMOHOB

AONTOXAAHHAR NEYATHAA BEPCHA JIETEHJAPHOIO
YYEBHOT0 NOCOBKA!

[IEPEJI BAMHU TOITYJIAPHASL KHIWI'A AJIEKCAH/IPA BUKTOPOBUYA
MAHVYHITOBA U BIIAJIHMHAPA UBAHOBHUYA POJTMOHOBA. OHA YKE
[MOJIYUYHIIA HIMPOKYIO U3BECTHOCTDL B POCCHUH 1 3A PYBEXXOM

B BUJIE MHTEPHET-YUEBEHUKA T10/] HASBAHUEM «OCHOBBI XIIMITH»
CPE[IM EE UNTATEJIEM, YACJIO KOTOPBIX VKE [TPEBBICHJIO
MWJUIMOH, HEO2KUJAHHO OKA3AJIMCh HE TOJIBKO HIKOJIbHHUKH.

I[NEPBOHAYAJIBHO 3AJYMAHHASI KAK YYEBHUK, KHUT'A, ITOCJIE BCEX

JIOTIOMHEHHWI 1 USMEHEHWI, CTAJTIA OTBEYATb EIIE U JKAHPY
HAVUYHO-TIOITYISIPHOM, TIO3HABATEJIbHOM JINTEPATYPBI. OCHOBBI
COBPEMEHHOM XUMHH W3JIOKEHBI 3/[ECH B IOCTYITHON ®OPME.
ABTOPBI HCIIOJIb30BAJIM MHOT'OJIETHUI QIIBIT [TPEIIOJABAHUA

XUMHHU B ®U3UKO-MATEMATHUUYECKOH ILIKOJIE TIPA
HOBOCUBHUPCKOM HAITMOHAJIBHOM UCCIEJJOBATEJIB.CKOM
YHUBEPCHUTETE. C TEX IIOP KHUTA MHOI'OKPATHO VIIYUIIAJIACH
W OI'PAHAJIACB, IOBABHJIMCh HOBBIE I'JIABBI, TPV/] [TPMOBPEJI
3AKOHYEHHBI BUJI. 9TA YHUKAJIbHASI KHUT'A TIO3BOJISAET HE
TOJBKO N3YYATE XMMHUIO «C HYJIS», HO U ITOATOTOBUTLCS
K CEPBE3HBIM DK3AMEHAM. CTYIEHTAM OHA [TIOMOXET
BOCIOJIHHUTE ITPOBEJIBI B ITKOJIbBHOM OBPASOBAHHWH. KHHUT'A
AJIPECOBAHA CAMOMY LIMPOKOMY KPYTY UNTATEJIEM:
MMOJPACTAIOIIEMY TTOKOJEHUIO 11 B3POCJIBIM, HE YTPATUBIITHUM
WHTEPEC K YCTPONCTBY OKPYXATOIIETO MHPA

MHOI'ME CHHUTAIOT, UTO XMMWA CJIOXKHA U 3AHY/IHA, HO OTO

TOJIBKO [0 TEX ITOP, TIOKA B UX PYKH HE TIOITAJIA
OTA YAUBUTEJBHA SI KHUTA!
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