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ITPEAUCJIOBUE

B ocHOBY yueOHUKA MOJIOYKEHBI TIOHATHA, KOHIIENIIUY U PyH-
JTaMeHTaJNbHbIEe 3aKOHBI XUMUHU, OIIPeesieMble IIPOrpaMMOi
JaHHOM AUCIUNINHEI IJIS CeJILCKOX03ANCTBEHHBIX By30B. OHHI
HEeOOXOAMMBI CTYAEHTaM, B YACTHOCTU ArpOHOMUYECKOTO U
BETEPUHAPHOTO IPODUIS, JJId OCBOCHUSI XUMUU BOOOIIE U ee
KOHKPETHBIX HAIPaBJIE€HUHN B YaCTHOCTU (HeopraHuMdecKasd
XUMUA, QuanyecKasd U KOJIJIOUJHASA XUMHUA, OPraHUYecKasa
XUMUSA U Ip.). YUeOHUK IpeanoaaraeT 3HaHme OCHOB XUMUU
Ha YpPOBHE CPeJHEH IIIKOJbI, IIOATOMY B HETO He BKJIIOUEHBI
HEKOTOphIe IIPOCTEHIINe pas3mesbl IIKOJBHOTO Kypca (THUIIBI
XUMUYECKUX PeaKI[Uii, OCHOBHBIE KJIACCHI HEOPTAHUUYECKUX
coequHeHuit). ['1TaBHOEe BHUMaHUE yAEJIE€HO TEOPETHUUYECKUM
OCHOBaM XVMWHU U UX MPAKTUUYECKOMY MCIIOJIb30BaHUIO. [[0-
HOJIHUTEJBbHO IIPeACTaBJIeHO 0oJjee yriay0bJeHHOe paccMOTpe-
HUe OTAENbHBIX NOJIoKeHui. HOBBIM IO CpaBHEHUIO C Tpa-
IUIMOHHBIMY KypCaMU ABJISETCA IPEICTAaBJIeHUE O PACTBO-
PUMOCTU BJIEKTPOJIMTOB B BOJE, €€ CBA3U C pasMepaMu
00pas3ymoIuX NX NOHOB.

ABTOD BBIpaskaeT 06J1aroJapHOCTL BCEM CBOUM KOJLJIEraM —
COTPYAHUKAM Kadeaphl HEOPTaHMUECKON M aHAJIUTUYECKOHN
xumuu MITABMuB um. K. 1. CKkpabuHa 3a IleHHbIe 3aMeda-
HUA U IIOMOIIh IPU 0POPMJIEHNN TJaHHOTO yueOHUKA.



KPATKAA
HCTOPUYECKAS
CIIPABKA

Wcropus pasBUTUA XUMHUU HACUUTHIBAET HE OJHO CTOJIETHE U JaKe
ThicsiueseTne. Eile npeBHUI UeJIOBEK B CBOell IMIPAaKTUKE HUCIIOJIb30-
BaJI M IPOCTHIE BelecTBa (Meab, 30JI0TO, cepedpo, PTYTh, KeIe30
¥ Op.), U CJOKHBIe coequHeHUA. KaKk Hayka XUMUsA 3apoguach B
npesHeMm Erunre, riae ObLIM PasBUTHI TAKKWE OTPACIU HPOMBIIILIEH-
HOCTHU, KaK MEeTAJLIyPrus, MPOU3BOACTBO CTEKJA, KepaMUKa, Kpa-
mieHue TKaHed u np. VdydyeHueM XUMUYECKUX COeIMHEHUU U IIPO-
IIECCOB 3aHMMAJIUCH KPEIIbl, CKPHIBAA CBOU JOCTUKEHUA B 0071aCTH
«b0KeCTBeHHOM HayKu». [asee uepes Buzauntuio u apabckue cTpa-
HBI XMMHAA IONagaeT B EBpomy, IMOJyYuB IPHUCTABKY «aj» WM Ha3Ba-
HHUE «aJXUMHUSI», UTO I0-apabCKU 03HAUAET «XUMUSI».

AHTUYHBIM yYEHBIM KPOME OTAENbHBLIX IIPOCTHIX U CJIOMKHBIX
BeIlecTB (KMUCJIOTHI, II[eJI0YN, COJU) OBLIM M3BECTHBHI M HEKOTOPHIEe
XUMHAYECKUEe U (PU3NKO-XMMUUYECKUE MPOIeCCHI: OOMKHUI, IIaBJe-
HUe, BO3TOHKA, paCTBODPEHUeE, IIePerouKa, JeKaHnTanus u ap. B au-
TUYHbIE BPEeMeHAa MOABJSITCA U MepBble (GUIOCO(CKUE IPEACTAB-
JIEHUS O IPUPOJie OKPYIKAIOIIEr0 MUPA, €ro COCTABHBIX 3JI€MEHTaX
¥ IIPOIleccax, MPOTEKAIOIINX B HEM.

Ivnenoky (490-430 rr. g0 H. 3.) OJHUM U3 MEPBBIX BHICKA3aJ
TIOJIO’KEHNE O TOM, UTO BEI[eCTBO HE MOJKET OBITh IIPEBPAIIEHO B
HAYTO U, HAOOOPOT, M3 HUUYEro HEJb3sA MOJYUUTh UTO-IN00. ITO
MOJIOJKEeHNe SBUJIOCH MPOOOPA30M M3BECTHOTO 3aKOHA COXPAHEHUS
Macchl ¥ SHEPTUH.

Pab6ors! JIeskunmna (okoso 500 r. 1o H. 3.) u [emoxpura (460—
370 rr. 1o H. 3.) COMEPIKAT HOHATHUA 00 dJIeMEHTapPHBIX YaCTHUIAX,
00pas3yiomux BcCe BeIecTBa, T. €. aToMaxX. ITU IIPEACTaBICHUS
no3nHee nmoxmepskanu Inukyp (341-271 rr. go H. 3.) u Tur JIyk-
peuuit Kap (85—55 rr. g0 H. 3.). OH u Apyrue mocjiefoBaTeIN aTo-
MUCTUYECKOM Teopuu Has3bIBaAIU cels sSIUKypeimamu.

BMmecTe ¢ TeM B 3TO BpeMs HOABIAIOTCA U 3a0IYKIEHUA O
€IMHOM HMCTOUYHUKE IPOUCXOXKIEHNN Bcex BerlecTB. Ilonaranm, 4To
aTo mMorJia OuITh Boza (Panec, 625—550 rr. 1o H. 5.), Bo3ayx (AHaK-
cumer, 588-524 rr. mo H. 3.), 3emuas (Kcenoponr, 565—-473 rr.
o H. 9.), oroub (I'epaxaut, 540-475 rr. go H. 9.).

B cBoro ouepens Apucroress (384—322 rT. [0 H. 3.), BBIIBUHYBIITHHI
Te3uc 0 6OKEeCTBEHHOM IIPOMCXOKIEHUN MUPA U ero HeJOCTYITHOCTH
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IS TOHUMAHUS YeJI0OBeKa U IIPeIIIOJIOMKNII, UTO BCe BeI[eCTBA COCTO-
ST U3 YKAa3aHHBIX YEThIPEX «CTUXUI»: OTHSA, BOJbI, 3eMJIX U BO3Y-
Xa. ITH B3TJIAABLI JOMUHUPOBAIN Y MHOTUX CPEJHEBEKOBBIX YUEHBIX-
aIXUMUKOB. Y TOJIBKO mOUTHM ABA CTOJIeTUA ciycTsa (uaocodur Ile-
KapT (1596-1650) u I'accenau (1592-1655) BepHYy M HayKe yUeHUE
IMUKypa U aTOMUCTUUYECKYIO TEOPHUIO.

B cpename BeKa aTOMUCTHYECKOU TeopuM IpUAep:KkuBaiica Po-
oept Boiiab (1627-1691). OH ke BBeJ MOHATHE O MPOCTBIX BelIle-
CTBaxX — IPOCTBIX TEJIAX, HA3BAHHBIX UM djieMeHTaMu. OTHAKO TOJIBKO
B pesyabraTe pabor [ambrona (1766—1844), oTKPHIBIIIETr0 3aKOH KpaT-
HBIX OTHOIIIEHUH, AaTOMUCTHUYECKAS TEOPHUs IMIPOUHO BOIILJIA B XUMUIO.

Henb3ss HE OTMETUTBH BBIZAIOIUXCS PePOPMATOPOB AJIXUMUN
ITapanensca (1493—-1541) u Arpukoay (1494-1555). Ilapamenbc
CUMTAaJ, UYTO XUMHUKAM CJeAyeT MPEeKPATUThb MOUCKU METOAOB CO-
3mauusi cepedpa, 30JI0Ta C IOMOINBIO «(PHUIOCOPCKOTO KaMHA», a
FOTOBUTL JIEKAPCTBA, UeM U 3aHMMAJICA HA IPOTSIKEHUHU CBOEH
JKU3HU. ArprKoJia ObLI aBTOPOM IEPBOTO TPYLA II0 METAIIYPIUN U
TOPHOMY ZeJy, IIOCKOJbKY K 9TOMY BpeMeHU ObLT HAKOILJIEH 3HAUM -
TeJIbHBIN MaTepuaJ B 06JIaCTH CIIOCOOOB MOJMYUEHN MHOTUX METa-
JIOB U X COEQUHEHUI, B IEPBYIO OUePEenb OKCUIOB U COJEH.

BwMmecre ¢ TeM ompeieseHHBIM ITaroM Hasajd SBUJIACH IIPEJIO-
JKeHHasd B 2ToT mepuon Teopusd ¢quorucrona (IIrans, 1659—-1734).
C oHO# CTOPOHBI OHA IO3BOJIMJIA OKOHYATEIHHO OCBOOOJUTHCSA OT
BBIVIAZOB APHUCTOTE S Ha 00YKECTBEHHBIN MOPSIJOK B MUPE, HO BMECTE C
TeM OOy[ujia XMMUKOB B TeUEHNE IIOUTHU I0JYBeKa NCKATh HEKYIO
HEBECOMYIO KHIKOCTh B COCTaBe JIIOOBIX BEI[eCTB, B UACTHOCTH B
MeTaJlIaX, KOTOpas IPUCOeANHAETCA K HUM IIpy HarpeBaHuu (Boiis).

OmHAKO 5TO CBITPAJIO U IOJIOXKUTEILHYIO POJIb, IIOCKOJIBKY MMEH-
HO 3TH IIOMCKU IPUBEIU K PaspabdOTKe CIIOCOOOB OUNCTKU BEIIECTB
¥ OIIPeZieSIeHNI0 KOJMUYECTBEHHBIX COOTHOIIEHN, HAIIpUMep, MeXX-
Iy MeTaJlJIOM W ero OKCHIOM. YUeHble HAYUUJINUCh BBIJAEJIATH U3
cMecell U ONMpeAessaATh TaKue BeIecTBa, Kak Boxopon (Kasemmwui,
1731-1810), xucaopox (Ilpuctieii, 1733—-1804), asot ( Pesepdopa,
1871-1937) u MmHOTHE ApYyTHE.

IlonyueHre M3 CIOKHBIX Psfa MPOCTHIX BEIECTB, HAIPUMeD,
Kucyopona u asora (Illeene, 1742-1786), Takke ABUJIOCH PE3YJIb-
TaToM PaboT CpemHEeBEKOBBIX yUeHBIX. VMU »Ke ObLIU CO3JaHBI U
HOBBIE METOIblI uccaenoBanusa. B wactanoctu, Toppuuenau (1608—
1647) paspaboTays MeTO]] B3BEIIIUBAHUA BO3AYXA.

JlomonocoBy (1711-1765) u JlaByasne (1743—-1794) ymamnochb
IOKas3aTh HECOCTOATEJIBLHOCTH Teopuu (JIOTHMCTOHA W OOBACHUTD
IPOIleCChl OKUCJEHUS METAJIJIOB IPU HATPEBAaHWU HA BO3AYyXEe U
IIPoIlecChl TOPEHU S MHOTHUX BeIIeCTB yuyacTueM Kucyopoza (JIasya-
3pe). M Ke IPUHALJIEKUT UYeCTh OTKPBITUA 3aKOHA COXPaHEHUS
Beca (Mmacchl) BemecTBa. lIpuopuTeT HECOMHEHHO IPUHAIJIEIKUT
JlomoHOCOBY, chOPMYJINPOBABIIEMY 9TOT 3aKOH 3a[0JIT0 10 JlaBya-
3be. Ognaxo JlaByasbe, KOTOPBIIA BBEJ B XUMUIO KOJIUYECTBEHHBIN
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MeTOJ] U3YUYEeHUS BeI[eCTB, YAAaJOCh JOKAa3aTh COXPAHEHWE MacChl
KasKJI0ro 9JIeMEeHTa B IIPOoIlecce PeaKIluu. ITO ITO3BOJIAIO IPOMU3BO-
IUTh COOTBETCTBYIOIME pPacueThl M ajre0pamyecKH 3aIlMChIBATD
ypaBHeHUs peakiuii. JlaByasnse u Bepuennyc (IpeioKui 3amuchl-
BATb ATOMBI B BUJ[€ U3BECTHBIX HAM CHMBOJIOB) ()aKTUUECKHU CO3/a-
JIA TOT XUMUYECKUH «SI3BIK», KOTOPHIM MBI IIOJB3YEMCS CETOTHS.

IIpycr (1755-1826) chopmyaupoBas 1 000CHOBAJ 3aKOH IIOCTO-
STHCTBa COCTaBa XMMUUYECKOTO COeJUHEHNs, B TO BpeMs, Kak BeproJ-
ge (1748—-1822) cuurasi ero mepeMeHHbIM, UTO, KAK U3BECTHO, SBJIS-
€TCs YaCTHBIM CJIyY4aeM B XMMHUH. OTOT 3aKOH MO3BOJUI [{anbToHY
M3YYUTH U CUCTEMATHU3UPOBATH BECOBBIE COOTHOIIEHUS, B KOTOPHIX
COEIMHAIOTCSA MEXKIy CO00M IIPOCThIE BEIeCTBa, U B Pe3yJIbTaTe BBe-
CTH IIPEJCTABJIEHNE O COeUHUTEIbHBIX BeCaX (IKBUBAJIEHTAX).

Jlaniac (1749-1826) nmepBbIM HAYaJ CHUCTEMATUYECKOE M3Mepe-
HUE TeIJIOBON 9HEPTHUU, BBIJEJAOIIelicA B IIPOIllecce peakiiuu, a
Maiiep (1814-1878) u H:xoyap (1818—-1889) ybenuresbHO mOKasa-
JIX, YTO TeIIoTa u paboTa CBsA3aHBI MeXXKAy coboii. Maitep morasas
TaK)Ke MPUMEHHMOCTh IIEPBOTO HAavdajla TEePMOAMHAMHUKHU (3aKOHA
COXPaHEHMs SHEPTUN) AJIS IPOIECCOB, IPOTEKAOIINX B OPraHU3ME.

T'azoBrie 3akonbl Boiina, Mapuorra, Illapas u Ieii-JIroccaka
no3Bosuau ABorazapo (1776—1856) npeayiosKUTh KaK TUIIOTE3Y CBOI
3aKOH (3aK0OH ABOraapo), He3aBUCHUMO CHOPMYJTUPOBAHHBIH AMIe-
pom (1775-1836). dra rumoTesa BBeja B HAYKY IpEICTaBICHUE O
MOJIEKYJIaX, KOTOpOe GbLI0 OpUIINAIBHO IPUHATO HA II€PBOM MEXK-
IyHApOJHOM cheslie XUMUKOB B 1860 r.

Bypnoe pasBurtue pusuku u xumuu B KoHie XIX — nauame XX B.
MIPUBEJIO K PALY BAKHENIIINX OTKPBITHM, KOTOPBIE 3aJI0KUIN ITPOY-
HBIH (PYHZAMEHT B OCHOBY COBpeMeHHOII Hayku. O0Hapy:KeHHBIE
Kpyxcom (1832-1919) kaTonuble 1yun (IOTOK 9J€KTPOHOB); PEHT-
renoBcKkoe usayudenue (Peurren, 1845-1923) u sBieHue paguoak-
TUBHOCTU, OTKPBITOEe U mucciaenoBaHHoe cynpyramu II. Kiopu
(1859-1906) u M. Crananosckoii-Kiopu (1867-1934), mosBoauiu
Pezepdopay (orkpbin B 1899 r. a- u B-nyum) m mosgHee Bopy
(1885—-1962) mpenso:XUTh MOJEJIU aToMa, a IOCJeSHEMY O0BsC-
HUTDH IPOUCXOKIeHNEe aTOMHBIX CieKTpoB. Hunbe Bop momyuwnia 3a
cBou pab6orel HoGeseBCKyIO mpeMuio.

Teopuu pactBopoB Baut-I'opda (1852-1911) u Payna (1830—
1901), a Tak:Ke TeOpUA BIEKTPOJUTUUECCKON AUCCOIUAIIUU, IIPEIJIO-
sxkenHasa Appenuycom (1859-1927), He mperepmesu CyIeCTBEHHBIX
u3MeHeHUil u moHbIHe. IlociemHuil chirpaj TaksKe BasKHYIO POJb B
CO3IaHUYN XUMHWYECKON KUHETUKU.

Bepruauyc (1779-1848) u Hdesu (1778—-1829) oTKpHLIU sABJIE-
HUe 3JIEKTPOJIN3a, KOTOPOe KOJIUUECTBEHHO ucciaenoBas Papaneit
(1791-1867), haxTrueCKH NJOKAa3aBIINI CYIEeCTBOBAHNE B PACTBOPE
(pacuiaBe) 3apAMKEHHBIX YacTUll, — MOHOB. BmociaexctBuu Oct-
Basbx (1853-1932) u Hepuer (1864-1941) 3an0Kuaum OCHOBBI
YYEHUS O 3JIEKTPOIMPOBOIHOCTH BJIEKTPOJUTOB.
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OrpomMHoOe 3HAUeHNE I/ PAa3BUTUSI XUMHUU UMeIu paboThl poc-
cuiickux yuenbrx. I'. . T'ecc (1802-1850) B 1840 r. chhopmyaupo-
BaJI OCHOBHOIT 3aK0H Tepmoxumuu, [[. 1. MeuzneneeB (1834—1907)
B 1869 r. OTKPBLI meprogUUECKUI 3aKOH U CO3aJl IePUOIUUECKYI0
cucremy asemeHToB, M. M. IlBer (1872-1919) 3a/10XK1J1 OCHOBBI
xpomaTtorpaduueckoro ananusa. Umena H. H. Bekerosa, [I. II. Ko-
HOBajoBa, A. M. Bytieposa, 1. A. Ka6aykosa, H. [I. 3erunacko-
ro, B. B. MapkoBuukoBa, H. A. Meumyrkuua, H. A. IIlunosa,
H. C. Kypuakosa, H. H. Sununa, C. B. Jlebegesa, M. I'. Kyuepo-
Ba U MHOI'UMX JPYIUX DPOCCUUCKUX YUYEHBIX-XMMUKOB BIMCAHBI 30-
JIOTHIMU OYKBaMU B CKPUIKAJIU HAYKH.

ToBopsa 0 coBpeMeHHOM 3Talle B XUMUU, HEJIb3sd HE OTMETUTh
paboTtsl Jaypeata HoGesleBCKOI mMpeMyuu aMepUKaHCKOro (YU3UKO-
xumuka HW. Jlearmiopa (1881-1957) mo m3ydyeHUI0O MOBEPXHOCT-
HBIX SIBJIE€HUM, a TaKKe TPYAbI pocCUicKuX akazeMukos K. A. Tu-
mupsseBa (1843—-1920) B obsmactu poroxumuu, A. H. ®PpymruHa
(1895-1976) B obsacTu siekTpoxuMuuecKoit kuueturu, H. H. Ce-
meHoBa (1896—-1986) B o61acTu TeopUU IMOPEHUA U IEMHBLIX pPeak-
ou#l u pAga Jpyrux.

MegumuHCKOE HATPaBJIeHNEe B XUMUU, OCHOBOIIOJIOKHUKOM KO-
Toporo cumraercsa Ilaparense (1493—-1541), moayumnio pasBuTue B
paborax Illeese (1742—1786), BbIAEIUBIIErO PAL OPraHMYECKUX KIC-
got, u Ilacrepa (1822—-1895), cosmaBimmero crocod CTepUJIN3anUu U
yCOBepIIIeHCTBOBABIIero mpoiecchl Oposkernusa. M. M. Ceuenos (1829—
1905), mpumMeHUB MeTOALI (GUBUUECKON XUMUU K GHOJOTMUYECKUM
mmporieccaM, 00'bSCHUII IIEPEHOC YIUIEKUCJIOro rasa B opranusme. Mak-
THUYECKU OH ABWJICA co3fareiaeM (QU3UKO-XMMUUYECKON MEeIWIIVMHEI.

Jlaypearamu HoGesneBckoit mpemun cranu Ipaux (1854-1915)
3a paboTel B obsactu xumwuotepanuu u Ilommur (pox. 1901) sa
HCCJIeOBaHUA MOIUIeNTUA0B. [lomuHT paszpaboTaa croco0bl IOIy-
YeHUs BUTAMUHOB, & TAaKiKe IMPEAJOKUJI TEOPUIO T'HOpUAM3aAIUN
AJIEKTPOHHBIX OpOmTasieil aToMOB Ipu 00pa30BaHUM MOJIEKYJ. Pax
OMOXMMHUKOB BJIOKUJIN BECOMBIM BKJIAJ B paciinpPOBKY CTPYKTY-
pet IHK (YorcoH, pox. 1928; Kpuk, pox. 1916), a P. Cenrep
(pox. 1918) aBaskanl 011 yaocToen HobeneBckoil mpemun 3a pado-
THI II0 OIPEIEJIEHNI0 CTPOCHUs I'eHOB-HOCHUTEJEeH HACJIeICTBEHHOMN
nHGOPMAIUY U CTPYKTYPHI HEKOTOPHIX GEJIKOB.

Cerogmasi OMOJIOTHYECKOE HAIIPABJIEHNE B XUMUU ABJISIETCS Of-
HUM W3 OPUOPUTETHHIX, W HE TOJIBKO B CBSIBU C OTMEUEHHBIMU
paboraMu, HO M BCJEACTBUE TOTO, UTO XUMUS, €€ PE3yJbTATHl MO-
TYT HAaHECTHU U YK€ HAHOCAT CePhE3HBIN YPOH IPUPOJE U UETIOBEKY.
9TO OTXOABI U BHIOPOCHI IPOMBIIIIIEHHBIX MPEANPUATHH, a TaKIKe
HEKOTOpbIe IPOAYKTHI HU3KOH CTeNeHN OYMCTKHU. Bce 9T0 IIioc Ha-
JIUYne «XUMUYECKUX» B3aUMONEHCTBUII B OKPYIKAIOIel Npupome
MIPUBEJIO K CO3JAHUIO dKOJOTMYECKOM XMMHUHU KAK CaMOCTOATEIbHOMN
Hayku. OCHOBOITOJIOKHUKOM SKOJIOTMYECKOTO HAIPAaBJIeHUSA B HayKe
sABMJCA poccuiickuii akamemuk B. U. Bepmagckuii (1863-1945).



I'IABA 1

OCHOBHBIE IIOHATHUA
N 3AROHbI XUMHM.
ATOMHO-MOJIERY JITPHOE
YUYEHHE

1.1. MECTO XHUMHUH
CPEJIH IPYTUX HAYE

XUMUS OTHOCUTCSA K €CTeCTBEHHBIM HayKaM, M3y4aroIluM
OKPY:KAIOIUN HAaC MaTePUAJbHBIN MUD, €r0o ABJEHUSA U 3a-
KOHBI.

OCHOBHBIM 3aKOHOM IIPUPOJLI ABIAETCSA 3aKOH BEUHOCTU
MaTepuu u ee ABmKeHUs. OrmenbHble ()OPMBI IBUMKEHUS
MaTepUM M3yYaroTCs OTAeJbHBIMU HayKamu. MecTo xumuu,
VMEIOIIEeH 1eJI0 TIIaBHBEIM 00Pa30M C MOJIEKYJIAPHBIM (M aTOM-
HBIM) YPOBHEM OpPTaHUBAIUYU MaTEPUU, MEKIY (DUIUKOU dJIe-
MeHTapHBIX YacTull (Cy0baToOMHBIN YPOBEHB) U OuoJsiorueii (Haj-
MOJIEKYJIAPHBIA YPOBEHD).

Xumus — Hayka o 8ewecmeax, ux cocmase, cmpoe-
HUU, c80ILCMBAX U NPe6PAULeHUAX, CBA3AHHbLX C U3MEHe-
HUeM cocmasea, CMmpoeHus U ceollcma 06pasyruux ux
wacmuy,.

Besukuit pycckuii yuenniii M. B. JIomoHOCOB ckasaJ:
«IIIupoko mpocTHpaeT XUMUSI PYKM CBOW B Jejla UYejoBede-
ckue». lleficTBUTENIbHO, TPAKTUYECKN HET HU OJHOM TEeXHU-
YeCKO! AUCIIUIIINHBI, KOTOpPas MorJia ObI 000iTHChH 6e3 3Ha-
Huit xumuu. Jlaxke TaKkre COBpeMeHHBIE U JajeKue, KasaaoCch
ObI, OT XMMHUM HaYKH, KaK JJIEKTPOHUKA, WHOpPMATHKA, Ce-
TOMHS IMOJIYUYNJIM HOBBINA MMITYJIbC B CBOEM Pa3BUTUM, 3AKJIIO-
YUB «COI03» C XUMHUeH (3amuch mHPOpMAIMU HA MOJIEKYJIAp-
HOM ypOBHE, pa3paboTKa 6MOKOMIBIOTEPOB U 1p.). UTo TOTMA
TOBOPUTH O (hyHIAMEHTAJbHBIX NTUCIUILINHAX: (PU3UKE, O1O0-
JIOTUY U JP., TAe JaBHO CYIIECTBYIOT CaMOCTOSATEJIbHbBIE pas-
IeJbl, TOTPAHUYHBIE C XUMUEl (XuMuuecKaa pusnka, 0moxm-
MU, TeOXUMUSI U 1IP.).
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1.2. OCHOBHBLIE IIOHATHUA XUMHUMN.
ATOMHO-MOJIERYJIAPHOE YYEHHUE

IIpencraBienue 06 aToMaxX, KaK KOHCTPYKI[IMOHHBIX dJIe-
MEeHTaXxX BeIleCTBeHHOTO MUPAa, 3aPOAMUJIOCH eIlle B JpeBHeHl
T'penunu (JleBkumnm, Hemoxpurt, IV-III BB. mo u. s.). Ho
ToabKO B KoHIle XVIII — mauvane XIX B. OBLIO CO3ZaHO
aTOMHO-MOJIEKYJIAPHOEe yueHue. BarkHelmuii BKIag B 0000-
IeHne HaKOIIJIEHHOTO MaTepuaJja 0wla caesnan M. B. Jlomo-
HOCOBBIM.

ATOMHO-MOJIEKYJIAPHOE YUeHNe BKJIIOUAeT B ce0s CIeqyio-
II[1ie OCHOBHBIE ITOJIOMKEHMA.

1. Bce BelmecTBa He SBJIAIOTCA CIJIOITHBIMU, & COCTOSAT
u3 yacTturl (MOJeKyJ, aTOMOB, MOHOB).

2. MoJIeKyJIBI COCTOAT U3 aTOMOB (3JIEMEHTOB).

3. Pasianunsa Me:kay BellleCTBAMU OMIPEAeIAI0TC Pas3Jju-
YUAMU 00pa3yIoNINX UX YaCTUI[, KOTOPbIE OTJINYAIOTCSI APYT
OT Ipyra COCTaBOM, CTPOEHUEM U CBOMCTBAMU.

4. Bce uacTuIlbl HAXOAATCSA B IIOCTOSHHOM [IBUKEHUMU,
CKOPOCTh KOTOPOTO yBEJIMUMBAETCA IPU HATPEBAHUMU.

AToM — HauMeHbIIIAA YaCTUIA XUMHUUECKOTO 9JIeMeHTa,
SABJIAOIAACT HOCUTEJIEM €TI0 CBOHCTB. OTO 9JI€KTPOHEHTPAIE-
Hasg MUKPOCHCTEMA, IIOBEeIeHre KOTOPOH HOSUNHAETCS 3aK0-
HaM KBAaHTOBON MeXaHUKMH.

XUMUUECKUH 3JIeMeHT — BUJ aTOMOB, UMEIOINX OAUHA-
KOBBIH IIOJIOMKUTEJBHBIN 3apAl SApa U XapaKTepu3yIoIMnuX-
CA OIpeleJIEHHOM COBOKYIIHOCTBIO CBOMCTB.

M30TOmBI — aTOMBI OJHOI'O 3JI€MEHTAa, Pa3IMYAIOIUecs
Maccoi (KOJInUYecTBOM HEHTPOHOB B sape).

JI10007T XUMWUYECKUI 5J€MEHT B IPUPOIEe MpeACTaBJIeH
ompeeieHHBIM M30TOMHBIM COCTABOM, IIOSTOMY €ro Macca
pacCcUUTHIBAETCA KaK HEKOTOPAs CPEJHASA BeIUUNHA 3 MacC
M30TOIIOB C YYETOM HX COAEPIKAHUA B MIPUPOJE.

Mosexkyia — HaumMeHbINIasdA YaCTUIlA BEIleCTBa, SABJISIO-
miasicss HOCUTEJEM €ero CBOWCTB M CHOCOOHAA K CaMOCTOSA-
TEJILHOMY CYIIIeCTBOBAHUIO.

IIpocToe BemecTBO — BEIIECTBO, MOJIEKYJIBI KOTOPOTO
COCTOSAT TOJIBKO M3 aTOMOB OJHOT'O 3J€MEHTa.

Anmorponus — CIIOCOOHOCTH dJIeMeHTa 00pasoBaTh IIPO-
CThIE BeIleCTBa, MMEINe PAa3JNUYHBIA COCTAB, CTPOEHUE U
CcBOIiCTBA.



10 TEOPETHYECKHE OCHOBBI HEOPTAHUYECKOH XUMHUH

PasHOBUIHOCTHY AJIJIOTPOIHBIX MOAUMUKAIINE OIpeIesis-
I0TCA:
® Pa3JIMYHBIM YKCJIOM aTOMOB 9JIEMEHTa B COCTaBe MOJIe-
KYJIBI TIPOCTOT'0 BelllecTBa, Hampumep, Kucaopon (0Oy) u
030H (0O3).
® DABINYUSMHU B CTPOEHUU KPUCTAJINUYECKON pPeIleTKH Ipo-
CTOTO BeIlleCTBa, HAITPUMED, COeTUHEHUA yTIJyepoaa: rpa-
¢dur (miaockas, UJIM OBYMEpHas, pelleTKa) W ajMas
(o0beMHAA, UK TPeXMepHas pelreTKa).
CJI02KHOEe BeIleCTBO — BEeIeCTBO, MOJIEKYJbI KOTOPOI'O
COCTOST M3 aTOMOB Pa3HBIX 9JI€MEHTOB.
CosKHbI€ BeIecTBa, COCTOSINME TOJBKO M3 IBYX dJie-
MEHTOB, HAa3LIBAIOTCSI OMHAPHBIMU, HAIIPUMED:
e okcumwi: CO, CO,, CaO, Nay0O, FeO, Fe,0s3;
rasoreaunsl: NaCl, CaF,, FeBrs;
cyabduner: ZnS, Na,S, CS,;
ruapunsl: CaH,, LiH, NaH;
uutpunsl: LigN, CasNy, AIN;
dbochunsr: LigP, MgsP,, AlP;
Kap6I/I,ZH>I: Bezc, A1403 5 Ag2C2;
cunununbel: CasSi, NaySi.
CioxHbBIE COeIUHEHN s, COCTOAIIME 00Jiee UeM 13 ABYX dJIe-
MEHTOB, OTHOCATCSA K OCHOBHBIM KJIaCCAM HEOPTaHWYECKUX CO-
eIUHEHUH. ITO TUAPOKCUALI (KUCIOTHI 1 OCHOBAHMS) U COJIN, B
TOM UYHCJie KOMILIEKCHBIE coennuennsa. OHM paccMaTPUBAIOTCS
B IUIaBaxX «OJIEKTPOJIUTEI» U « KOMILIEKCHBIE COeTUHEHMA» .
ATOMBI 1 MOJIEKYJIBI UMEIOT a0COJIIOTHYIO MAaccy, Halpu-
Mep, macca aToma C!2 pasma 2-10726 kr.
TaxkumMu BeJIMUNHAMHA II0JIb30BATHCA Ha MPAKTHUKE HEY100-
HO, II09TOMY B XMMUU IIPUHATA OTHOCUTEJIbHAS IIIKaja Macc.
Atovuasa emmuuma maccwl (a. e. M.) paBHa 1/12 maccsl
usoromna C!2,
OrHocuTeabHaA aTOMHaA Macca (A, — O6e3pasMepHas Be-
JUYWHA) PaBHA OTHOIIIEHUIO CpeIHell Macchl aToMa K a. €. M.
OrHocuTebHASA MOJIEKYIsApHaa macca (M, — Gespasmep-
Had BeJIMUNHA) pPaBHA OTHOIIEHUIO CPeIHEIl MacChl MOJIEKY-
JIBI K a. e. M.
Mouab (v — «HI0») — KOJIMUYECTBO BEIIeCTBa, ComepKaIiee
CTOJIBKO K€ CTPYKTYPHBIX eIWHUI (ATOMOB, MOJIEKYJ WJIK
MOHOB), CKOJILKO aTOMOB cofeps:kurca B 12 r uzotoma C12.
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Yucso ABoragpo — UYHCJIO YacTul, (ATOMOB, MOJIEKYJI,
MOHOB U Ip.), comepsKalieeca B 1 mMoje J1000TO BelecTna.

N, = 6,02-10%3.

Bouiee TouHbIEe 3HAUEHNS HEKOTOPBIX (PDYyHIaMEHTAIbHBIX
KOHCTaHT npuBenensl B Tabauie 1 Ilpunoxennus.

Monsapuaa macca BeiectBa (M) — sT0 Macca 1 moisa
BemecTBa. OHa PacCUYUTHIBAETCA KAK OTHOIIIEHIE MacChl Be-
IIeCTBa K €ro KOJUYECTBY:

M = m/v (r/Mo0ab). (1)

MonspHasa Macca UYMCJIEHHO paBHa A, (A aTOMOB) MU
M, (oass MOJIEKYJI).

W3z ypaBHeHus 1 MOKHO ONpPEAEIUTh KOJIUUECTBO BeIrle-
CTBa, €CJIM M3BECTHHI €T0 Macca U MOJISIPHAs Macca:

v =m/M (MOIB). (2)

Mounsapusrii o6sem (Vyy, 818 ra30B) — 00'b€M OJTHOTO MOJIS
BelmecTBa. PaccumMThIBaeTCA KaK OTHOIIEHUE o0hbeMa rasa K
ero KOJUYeCcTBY:

Vi = V/v (1/Mmoub). (3)

06beMm 1 Moss J1I060TO rasa IPU HOPMAJbHBIX YCIOBUIX
(P=1 arm = 760 mm. pt. ct. = 101,3 kIla; T = 273’K = 0°C)
paseH 22,4 .

Vo, = Vo/v = 22,4 (1/Mo0nb). 4)

IInoTHOCTH BelllecTBa paBHA OTHOIIEHUWIO €r0 MAacChl K
o0BeMy.

p =m/V (r/mm). ()

1.3. OCHOBHBIE 3AKOHBI XMW"

1. 3ak0oH coxpaHeHHUsS MAaccChl M 3Hepruu. ITo o0HEIU-
HEHHBIN 3aKOH. B Hero BXoAAT ABa 3aKOHA.

3aKOH COXpaHeHUs MACCHI:
Macca seujecmas, scmynuswux 6 peakuyuio, PpasHa
macce npodyKmos peaxyuu.

* IlepuogudecKuil 3aKOH CM. B TiaBe 3.



12 TEOPETHYECKHE OCHOBBI HEOPTAHUYECKOH XUMHUH

Irot 3akoH O0bL1 OTKPEIT M. B. JIomoHocoBsiM 1748 r. u
momosueH A. JI. JlaByasbe B 1789 1.

B npovecce peaxkuuu coxpadsdenicsa macca Kaxncdozo
aJjlemenma.

9TOT 3aKOH IO3BOJIAET COCTABJIATH YPABHEHUS XUMUUE-
CKUX peakIUii ¥ OCYII[eCTBJIATL pacueThl Ha ux ocHoBe. OH
He ABJsAeTcA abCOJIOTHBIM (CM. HHUKe). AOCONIOTHBIM ABJS-
eTcs 3aKOH COXPaHEeHUs dHEPTUu.

3aKO0H COXpaHEeHUSA dHEePTruu:
JHepzus He 603HUKAem U3 HUYez0 U He ucueszaem, a
mosbio nepexodum u3 00Hoz0 8uda 8 dpyzoil.

JroT 3aKOH — pesyabTar pabor A. dinmreiina. OH yc-
TaHOBUJI CBA3b MEXKAY 9Hepruel u Mmaccoir Beriecta (1905 r.):

E = mc?, (6)

Tle ¢ — CKOPOCTh cBeTa B BakyyMe, paBHas ~300 000 km/c.
ITockosbKy B pe3yabTaTe XUMUUECKOU peaKIUU BEIJe-
JSIeTCA WJIX TIOTJIOIIAaeTCA SHEPTusi, TO, B COOTBETCTBUU C
ypaBHeHUEM OWHINTelHa, M3MEHAETCA M Macca BeIlecTB.
OgHaKo 3TO M3MEHEeHHEe CTOJIb MaJjo, YTO Ha IPaKTUKe He
yuuThIBaeTcsa (TaKk Ha3bIBaeMbIil Je(eKT Macchl).
IIPUMEP.
OﬁpaSOBaHIer OOHOTO MOJIA XJIOPpOBOAOpPOAa M3 IIPOCTBIX BEI[eCTB

COIIPOBOKJAeTCA TeIJIOBBIM 3(derrom 92,3 KJ{K/MOJB, YTO COOTBET-
CTByeT IIOTepe Macchl BemecTBa («medeKT mMacchl») okoso 107 r.

Credyrowue 3aK0HbL CNPagediu8bl MOAbKO 015 coeduHe-
HUll ¢ NOCMOSHHbLM COCMABOM MOJLEKYL — 0anibmOoHUOOE.
OHH OTJIMYAIOTCS OT COEeNMHEHWH, MMEIOIUX HepeMeHHBIN
COCTaB MOJIEKYJ — 6epmoanudos.

IIPUMEP.
B cnmaBax MeTasioB cozepiKaTcs coequuenus tuna M, M,, roe m
U n — IepeMeHHbIe.

2, 3akoH nmocrosHcTBa coctaa (VK. JI. IIpycr, 1801).

CoomHuouternue mexcdy MaAccam XuMULeCKux daemeH-
moa, 8xodawux 8 cocmasé 0AHH020 COeOUHEeHUSs, ecmb
B8eJUYUHA NOCMOAHHASL, He 3A8UCAULASL OM Cnocoba ezo
nosyweHus.
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3. 3akoH KparHbix orHomenuit ([I:x. [laapron, 1803).

Ecau 0sa anemenma obpasyrom 0pyz ¢ Opyzom He-
CKOMbKO XUMUUECKUX coeOuHeHUll, mo maccvl 00H020 U3
NeMeHmos, npuxodauuecs Ha onpedeseHHY10 maccy Opy-
2020, omHocamces Opyz k Opyzy KAk HeOoJbluUe yeabvle
yucaa.

IIPUMEP.

B okcuge yraepoga (II) CO: M(C)/M(O) = 12/16 = 3/4, B okcuge
yraepoga (IV) CO,: M(C)/M(20) = 12/32 = 3/8. CnenoBaTebHO, Mac-
CBHl yIJepoja, IpuUXoAAIirecsa Ha OIpeleleHHYI0 Maccy KHUCJIOpoja, B
9TUX COEAUHEHUAX OTHOCATCS, KAK:

%+%:2+L
4. 3akoH mpocThix 00beMHBIX oTHOomeHuit (VK. JI. Teii-
JItoccak, 1808).
Ob6sembL. 6BcMYNUBUWIUX 6 PEAKYUIO 203068 OMHOCAMCA
Opyez Kk Opyzy u Kk obsemam o6pPa3o6aBUUXCS 24308 KAK
HeboabULUEe Uegble YUCA.

ITPUMEP.
B peaxknuu o6pasoBaHus aMMHaKa B COOTBETCTBUU CO CTEXHOMET-
puYeCcKUMU Kod(hhunueHTaMu B YypaBHEHUU PEAKIINN:

N, + 3H, = 2NH;
mnmosydyaeM, 4TO
V(Ny) : V(Hy) : V(NH) = 1:3: 2.
5. 3akon Asoraapo (1811).

B pasHbix 06semax pa3iudiHuvlx 2a308 Npu 00UHAKO-
svlx yeaosguax (p u T) codeprcumes oduHarogoe 4ucio
MOSEKYTL.

OTOT 3aKOH BBITEKAET W3 AHANN3a YPABHEHUS COCTOSHUS
upneaspHOrO rasa Kianeitpona—MenzgeneeBa (cMm. ypaBHeHmEe 19):

pV = vRT.
9To ypaBHeHVe MOXKHO 3allMCATh AJIA ABYX I'a30B:
p1V1 = ViRTy;
Pp2Va = V2RT,.

IIpu paBeHcTBE p1 = P2, T1 = Ty u Vi =V, OyAyT paBHBI
U KOJIMUECTBA BEI[eCTB ra3oB: Vi = Vg
UJIN, ¢ y4eToM umcyia ABoraapo:

Vi Ng = vy Ny,

T. €. 6y11e'1‘ PaBHO W YMCJIO MOJIEKYJI 9TUX I'a30B.
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3akoH ABoraapo MMeeT CJIeACTBUI:
1. O0unaxosoe yucao moaexys a06020 za3a npu odu-
HAKOBbLX YCLOBUSAX 3AHUMAem O0UH U mom dce 00seM.
2. MaccoL 2a308, 63amblx 68 00UHAKOBbLX 00BeMAX
npu odunakogbvix ycaosusax (p, T), omHocamesa Opyz k
Opyzy KaAK UX MOLAPHBLE MACCHL:

my/my = My/M,. (D

ITO CcJIeACTBUE BBLITEKAET M3 PABEHCTBA KOJIMUECTB Be-
IITeCTB 3TUX Tas30B (CM. BBIIIE): Vi = Vs.

IToxcraBisAss BMECTO KOJMYECTBA BEIECTBa OTHOIIEHUE
€ro Macchl K MOJIAPHOIN Macce (ypaBHeHUE 2) MOJIYyUNM:

my/ My = my/M,
nin
mqy/my = My/Ms,.

Bropoe ciencTBue ImMO3BOJISIET BBIBECTH ypaBHEHUE IJIA
oIpe e IeHUA MOJISIPHOM MacCchbl HEM3BECTHOTO r'asda 1Mo N3BeCT-
HOU BeJIMUYMHE OTHOCUTEJIHHOU IIJIOTHOCTH 9TOTO I'ada II0 APY-
TOMY M3BECTHOMY Tasy.

ITocsie moaCcTaHOBKU B UMCJIUTENb U 3HAMEHATeNb JIEBOM
YacTU ypaBHEHUsS 7 00beMOB IIEPBOTO 1 BTOPOTO rasoB, KO-
TOpPbIE PaBHBI, MOJIYUYAEM:

my-Vy/my-Vy = M/ M.

OTHOIIEHNe MacChl BeIlecTBa K ero 00beMy 3aMeHseM Ha
IJIOTHOCTH (CM. ypaBHeHUE H):

p1/p2 = M1/M,

¥ MOJIyyaeM ypaBHEHUeE JJIA pacueTa MOJEKYJISAPHOU MacCChl
IIepBOTO rasa II0 BTOPOMY:

M; = (p1/p2)M; = D1/2M2 (8)
Wnau B obimiem Buje:
M = DM, 9

roe Dr — OTHOCHTEJIbHadA IIJIOTHOCTH II€PBOI0 rasa Imo BTO-

pomy.
Eciu usBecTHA MJIOTHOCTSL JAHHOT'O ra3a II0 BOJOPOLY, TO
WCIIOJIB3YIOT YpaBHEHUE:



I'nasa 1. OcHOBHbLE NOHAMUS U 3AKOHbL XUMUU 15

M =2Dy,. (10)

Ecsim u3BecTHa MJIOTHOCTH r'asa MO BO3AYXY, TO UCIIOJb-
3YIOT YpPaBHEHUE:

M = 29D, (11)

1.4. 9KBUBAJIEHT.
3AKOH 9KBHUBAJIEHTHBIX
OTHOIIEHUU

W3 3aKOHOB KPATHBIX OTHOIIIEHUI 1 MPOCTBIX 00BEMHBIX
OTHOIIIEHUH C YUETOM IMOCTOSHCTBA COCTAaBa BEIIECTBA CJIIEY-
eT, UTO XUMHUUYECKUEe COeINHEeHNA BCTYIIAIOT B PEaKIIUU MeX-
Iy coboil B OIpemesIeHHOM KOJUYECTBEHHOM COOTHOIIECHUH.
CrnemoBaTesibHO, AJIA IIPOCTOTHI PACUETOB MOXKHO IIPUHATH
oIpefieJiIeHHOE BEIeCTBO, er0 KOJMUYECTBO UJIM ero YacTh 3a
enuHUNY (SKBUBAJIEHT) M Uepe3 Hee BhIPAKaTh KOJUUECTBA
IPYTUX BellecTB. B KauecTBe TaKOM eNWHUIILI ObLIT IPUHAT
OIWH aTOM Bomopoja (MJIu OAWH 3JIEKTPOH).

IJKBUBAJEHTOM HA3bIBAETCA pPeasibHAas WJIM YCJIOBHAA Ya-
CTUIIA BEIleCTBa, KOTOpasaA MOKET IPUCOETNHATH, BLICBOOOMK -
IaTh UJAW ObITh SKBUBAJIEHTHON OJHOMY aTOMYy BOAOPOJa B
KMCJIOTHO-OCHOBHBIX PeaKINAX WJIN OSHOMY JJIEKTPOHY B
OKHCJINTEIbHO-BOCCTAHOBUTEJIbHBIX PEAKITUAX.

B xuMmyeckux coefuHEHUAX SKBUBAJIEHT BellecTBa ((ak-
TOP SKBUBAJEHTHOCTH) PACCUUTHIBaeTCA Mo opMyie:

f=1/zZ. (12)

31ech Z paBHO:

1) urcay aToMOB BOJOPOAa B OGMHAPHOM BOJOPOACOMAED-
JKAIleM COeNVHEHWHU; YHCJIY KHCJIOTHBIX IIPOTOHOB B MOJIE-
KyJie KHUCJIOTHI;

2) cTemeHU OKUCJIEHUS aTOMAa METAaJJIa B MOJIEKYJI€ OCHO-
BaHUS;

3) Ymcay MOHOB MeTaJljla, YMHOMKEHHOMY Ha CTeleHb UX
OKUCJIEHUS, B MOJIEKYJIE COJIU;

4) yncyay aTOMOB dJIEMEHTA, YMHOXKEHHOMY Ha CTeleHb
€ro OKUCJIEHUA, B MOJIEKYJIe OKCHUa.

IIPUMEPBGI.
f=1/z
LiH 1/1-=1 Ca(OH), 1/2
nal n=1 Fe(PO);  1/(2:3) = 1/6
H,S0, 1/2 SO, 1/(1-4) = 1/4.
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B xyuMHuecKuX peakIuiaxX SKBHBAJEHT IIOKAa3bIBAET, Ka-
Kafd YacTh aToMa, MOJIEKYJIBI UJIN MOHA SKBUBAJIEHTHA 1 MOHY
BOmOpoaa (B KMCJIOTHO-OCHOBHBIX DPEAKIIUAX) WJIU OTHOMY
2JIEKTPOHY (B OKUCJIUTEIbHO-BOCCTAHOBUTEIbHBIX PEAKITUAX).
OKBUBAJICHT JAHHOTO COEQUHEHMNS 3aBHUCUT OT KOHKPETHOI
peaxkiuum, B KOTOPOil OHO y4aCTBYeT.

IIPUMEPBHI.

f=1/Z
H3;PO, + NaOH = NaH,PO, + H,0 f(HsPOy) =1/1=1
H3;PO, + 2NaOH = Na,HPO, + 2H,0 f(HsPOy) = 1/2
H3;PO, + 3NaOH = NazHPO, + 3H,0 f(HsPOy) = 1/3
MnOj + 5 - Mn?" (kuciaa cpeza) f(MnO4) =1/5
MnOj; + 1e = MnOj~ (imesnouHas cpeja) f(MnO,)=1/1=1

MnOy; + 3e = MnO, (HeiiTpasbHas cpena) fMnO,7) =1/3

Moansapras macca sxeusanenma (9KBUBAJEHTHAA Mac-
ca) — 9T0 Macca 1 MOJIg SKBUBAJIEHTOB BEIlECTBA.
Ona paccuuTsiBaercs 1o GopmyJie:

M(/z) = M,-f, = M -(1/2) (r/monb-3kB.).  (13)

KosmuecTBO BerecTBa 9KBUBAJIEHTA JIO0O0T0 COETMHEHU A
v(1/z) paccuuThIBaeTCA JeJeHUEM MacChl BeIlleCTBAa Ha MO-
JIAPHYIO MacCy ero SKBUBAJIEHTA:

v(1/2) = m/M - (1/2) = vz. (14)

OKBUBAJEHTHBIN 00HeM (1A Ta3000pa3HbIX BEIIECTB) —
9T0 00beM 1 MOJIA 9KBUBAJIEHTOB BEIIECTBA.
On paccuuTbsiBaeTcsa mo GopmyJe:

V(1/2) =V -f=V-1/z. (15)
IITPUMEP.
BKBI/IBaJIeHTHLIﬁ 06'BeM BOOOpoOaa IIpU HOPMAaAJIBHBIX YCJIOBUAX
paBeH:
Vo(l/z Hy) = Vou =24 1125

B 1800 r. memenkuit xumuk U. B. PuxTtep BBen 3aKoH
SKBUBAJEHTHBIX OTHOIICHUIA.

Maccovl geuecma, peazupyiowux 6e3 ocmamka, om-
Hocamces Opyez K Opyzy KAK MONAPHbBLE MACCHL UX IKBUBQA-
JeHMmOo8.

my/my = M(1/2);/M(1/2)s. (16)

Orcroma ciegyer, 4YTO eCJIM M3BEeCTHBI MacChl B3aMMOJ el -
CTBYIOIIIUX BEIIECTB X MOJISAPHAA Macca 9KBUBAaJIEHTa OJHOTO
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U3 HUX, TO MOYKHO OIIPENEeJUTh MOJAPHYIO Maccy 9KBUBA-
JIeHTa ApPyroro mo dopmye:

M(1/2)1 = M(1/2)3- m1/ms.
CJleficTBHe W3 BTOTO 3aKOHA:

Koauuecmea seuwjecme sxeuBasieHmos 6cex yuiacm-
HUKO08 PeaKyuu pasHbL.

W3 ypaBuenus 16 ciaexyer:
my/M(1/2); = mg/M(1/2)s.

Orcioza ¢ yueToM ypaBHeHUs 14 moayuaeM MCKOMOe CJIe-
CTBHE:

v(1/2); = v(1/2)s. 17)

1.5. OCHOBHBIE
T'A3OBBIE SARKOHBI
3axoH Boiing-Mapuorra.

ITpu mocToAHHO# TeMmIepaType JAaBjeHWEe, IPOM3BOAMMOE NAHHOU
Maccoii raza, 00paTHO IIPOIOPIMOHAILHO ero 00beMy.

ITpu T = const
P1/p2=V1/Va
(pV)r = const.

3axoH Ieii-JIroccaka. IIpu mOCTOSHHOM JaBJIeHUU 00'beM rasa us-
MeHAEeTCA IPAMO IIPOIOPIUOHAIBHO a0COIIOTHON TeMIIepaType.
ITpu p = const

nian

Vi/Ve=T1/Ts
Wi
(V/T), = const.

3akon Illapasa. IIpu mocTrosHHOM 00beMe MaBJeHUE ra3a U3MeHA-
eTcs MPSAMO TPOMOPIMOHATLHO aGCONIOTHOM TeMIepaType.

ITIpu V = const
p1/p2 = T1/T>
(p/T)y = const.

nian

V3 nmpuBeeHHBIX YPABHEHUN MOYKHO BBIBECTH O0'beIUHEHHBIN ra-
30BBIil BaKOH:

pV/T = const. (18)
ITosyueHHas KOHCTAHTA HA3BIBAGTCH 2A30801 NOCMOAHHOUL:
R = 8,3 x/mons-K = 62,36 1-MmMm. pr. cT./Moub-K.

C y4yeToM rasoBoOil IIOCTOSIHHOU mojiydyaeMm ypaBHenue Kiaameiipo-
Ha—MeHgeneeBa:

pV = VvRT, (19)

Tle V — KOJIMYEeCTBO BelllecTBa (MOJIb).



TJIABA 2
CTPOEHUE ATOMA

2.1. 3JJEMEHTAPHBIE YACTHUIIbI,
OBPASYIOIIUE ATOM

B cocTaBe aToma HaxXOATCA CAENYIOIINE YACTUILHI.

DIeKTPOH — diIeMeHTapHasA yacTuma maccoit 9,1-10728 r
(=1/2000 a. e. M.), uMewIIad OTPUIATEILHBLIN 3apan
1,6-10719 K. DexTpoH 656LI OTKPHIT B 1897 r. aHrIHiCKEM
dusurom Mx. H:x. TomconoM.

IIporon — sjemMeHTapHAs YACTHUIA B COCTABE aTOMHOI'O
agpa maccoil 1,67-10724 r (=1 a. e. M.), UMeIOIIaA IOJOMKH-
renbHLIH 3apaz 1,6-1071° Kia. Ero cymiecTBoBaHNe BEITEKAIIO
u3 pabor BekKepess, OTKPBIBIIEr0 paguoaKTUBHOCTL. IIpo-
TOH ObLI OTKPBIT B 1920 r. aurnuiickum pusuxom J. Pesep-
dopaom.

Heititpon — sjeMeHTapHas YacTUIlA B COCTABE aTOMHOIO
anpa maccoit 1,67-10724 r (=1 a. e. m.). He zapa:xena. HeifiTpon
O0bLT OTKPBIT B 1932 1. aurauiickum dusukom x. YegBurom.

2.2, MOJEJHN ATOMA
9. PESEP®OPJA u H. BOPA

OnwiT 9. Pesepdopaa — paccemBaHme IIOTOKA O-UACTHIL
(axpa resusa) IpU IPOXOKIECHUN depes 30JI0TYI0 Gosmbry, —
ITOKa3aBIINI CYI[eCTBOBaHIUE AApA B aTOMe, IIO3BOJIUJ €My
MIPEeIJIOKUTH CBOIO MOJeJb aToMa.

Mopgens aToma 9. Pesepdopaa (1911).

1. ATOM COCTOUT 13 IOJIOKUTEJIHHO 3aPAKEHHOT0 Aapa
¥ OTPUIIATEIHLHO 3apAKEeHHOMN 000JI0UKM, 00pasoBaHHOI Bpa-
MIAIONIUMUCA BOKPYT AApPA 3JeKTPOHAMIU.

2. ddapo mmeer Majblii pasMep W COAEPKUT OCHOBHYIO
Maccy aTtoma.

3. Huco 5JeKTPOHOB B aTOME PABHO MHOJIOMKUTEILHOMY
3apany AApa aToMma.
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IluameTp BIeKTPOHHOM 06010uKu — okoso 1078 cm. ua-
MeTp saapa — okoso 10712713 ey, AToMm sieKTpoHeHTpaeH:
CYMMAapPHBIA 3apsij 9J€KTPOHOB B aTOME PAaBeH 3apsAmy ero
anpa (4ucay IPOTOHOB B SAApE).

3apsdA sapa YNCIEHHO PaBeH IOPAIKOBOMY HOMEDY dJie-
meHTa B nepuoaunueckoii cucreme (IIpasuio I'. Mosam).

9Ta MOZeJb IO3BOJINIA O0BACHUTL MHOI'MIE CBOMICTBA. BMe-
CcTe C TeM OHa MMeJa U psan npotuBopeunii. OHU COCTOAT B
CJIEeYIOIIEM.

1. JIBmxyIIuiica sJIeKTPOH JOJIJKEH MMOTEePSATH CBOIO dHEP-
THI0O M yIacTh Ha AP0, T. €. aTOM IOJIYKEH OBITh HEYCTOIi-
yuB. Ha camoMm jgejie OH yCTONYUB.

2. IBMKYIMICA 9JIEKTPOH, HEIIPEPHIBHO TEPSIOIIUI CBOIO
SHEPTUIO B IIPOIeCCe IBUKEHUA, JOJKEH JaBaTh CILJIOIIHBIE
CHEKTPHI usayuenusi. Ha camMom Jejie CIEKTPBI SIBJISIOTCS
JUHEeAYATBIMI UJIU AUCKPETHBIMU, T. €. COCTOAT U3 OTAENb-
HBIX II0JIOC.

Taxum obpasom mozaenb Pesepdopaa okasagach BO MHO-
TOM He COOTBETCTBYIOIIEH nericTBUTEeIbHOCTU. IIpu BceM aToM
OHA I0JIOKEHA B OCHOBY COBPEMEHHOII MOIEeJH aToMa.

HexoTopble IPOTUBOPEUUS TOH MOAEJN OBLIN CHATHI B
aromuoi mozenu H. Bopa. Ona 6asupoBajiach Ha KBaHTOBOM
Teopuu cBeTa, npenyoskennoit M. Ilnankom B 1890 r., u Ha
3aKOHAX KJACCUYECKOM MeXaHUKU.

IToctynar M. Ilnanka.

Jyuucmasn sHepzus ucnyckaemcsa u noz2rouaemcs
menamu OUuCKpemHo, m. e. 0mOesbHbLMU NOPUUAMU —
K6aHmMamu.

Ipuanun A. diamreiiHa (1905).

Ceemosas anexkmpomazhumuas (Ayvucmas ) sHepzus

cywecmayem moJabko 8 opme K6aHmMos ((Pomonos ).

B nocaenyiomiue rogsl GusuKaMu ObLIO YCTAHOBJIECHO CJIe-
nymoiee: ¢pomorn cgema obaadaem 080iicmEeHHOll, Kopnyc-
KYJAPHO-80AHO0801 Npupodoil. ITO 03HAUAET, UTO OH ABJISIET-
cA yacTuiei (KOpHyCcKyJoi), TaK KaK HPOU3BOIUT IaBJie-
HUe, He CIIOCO0eH APOOUTHCA, MOKET BBIOUTH DJIEKTPOH U3
aToMa dJIeMEeHTA.

B T0 ke BpeMsa OH ABJISETCS BOJHOM, HA YTO YKAa3bIBAET
BOJIHOBOM XapaKTep PacIIpOCTPaHEeHUS CBETa U €ro BOJIHOBLIE
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cBoiicTBa: uHmepgepeHyus u ougparyus. POTOH HE UMeeT
TOYHOTO IOJIO}KEHUA B IIPOCTPAHCTBE.

JBoticTBeHHAsT KOPIYCKYJIAPHO-BOJHOBAs IPUPOJA M3-
JyUYeHUs OMUCHIBAETCS CJAEAYIOIIUMU YPaBHEHUAMMU:

1. Sueprusa GpoToHA KaK uacmuub. CBA3aHA C €r0 MAacCoii
(m) ypaBHeHUEM OJWHINITENHA:

E = me? (20)

dHeprus GoToHa cBeTa KaK BOJHBI MOJKET OBITH PacCuu-
TaHa 0 ypaBHeHuIio IliaHKa, yYNTHIBAIOIEMY YaCTOTY CBe-
TOBOU 9J€KTPOMATHUTHOMN BOJIHBI (V):

E = hv, (21)

rae h — xoucranTa Ilmaska = 6,6-103¢ JIx-c.

9Tu mpeAcTaBIeHNA, a TaK)Ke YCTAHOBJIEHHBIN PaKT qu-
CKPETHOCTH JHepruu 3JeKTpoHa B artome ([:x. PpaHk,
T. Tepi, 1912) mosBoauau Bopy nmpeasio:KuTh CBOIO MOJETb
aroma.

Mogeas atoma H. Bopa (1913).

1. B mieHTpe aToMa HaXOAUTCS MOJIOMKUTEIBHO 3apPIKeH-
HOEe AIpOo.

2. Bokpyr Aapa BpalfaioTcsa 5JeKTPOHBI IO OIpeneseH-
HBIM CTaIlMOHAPHBLIM OpOHUTaM.

3. [lpurasicb mo cBOeH OpOuUTE, SJIEKTPOH HE U3JIyUaeT
(4 He TIOTJIONIAET) BJIEKTPOMATHUTHYIO S9HEPTUIO.

4. Nznyuenue (WM MOTJIOIEHNE) SHEPTUU IPOUCXOIUT
OpU CKAauKOOOpa3HOM IIepexojie 3JeKTPOHA C OJHOI OpOUTHI
Ha APYIyI0 ¢ UCIycKaHueM (IOTJIOIIeHWEeM) KBaHTA CBETA,
SHEPrusi KOTOPOr0 PaBHA PA3HOCTH SHEPTrHil dJIEKTPOHA B
HAYaJIbHOM ¥ KOHEUYHOM COCTOSHUMU.

AE ;w0 = hv, (22)

rae AE,; ., — Pa3HOCTDL SHEPTUil BO30OYKIEHHOTO U OCHOBHO-
TO COCTOAHUM 3JIEKTPOHA (COOTBETCTBYIOIINUX BJIEKTPOHHBIX
moxypoBHEH, puc. 1), h — KoHcTaura Il1anka, v — gacrora
CBETOBOI 3JIEKTPOMATHUTHOM BOJIHEI.

IIpenno:xenHnas Mmomeab mo3BoauJa Bopy ommcaTh moBe-
JIeHUe BJIEKTPOHA B aTOME BOJOPOAA U IPEACKAa3aTh IOJHBIH
CIEeKTp ero majaydyeHus (moryoineHus). BmecTe ¢ TeM oHa
colep:Kajga U pAS IPOTUBOPEUMIL.
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1. Hocrynarsr Bopa mpo- by OPEKMPOH
THBOPEUMIHN 3aKOHAM MEXaHU- [foenomenue enycasue
KaaHma KeaHma
KH, HO CAMU 3aKOHBI HCIIOJIb- caema ceema

30BaJINCh IPHU pacueTax.

2. He o0bsacHANCA cIoco0
mepexoja 3JeKTPOHA C OLHOMI
OpOUTHI HA APYT'YIO U €ro Ipo-
MEXKYTOUHOE COCTOSHUE B IIPO-

AE,

' INERTPOHA

CcHO8HOL Bo3Gymdennsil
mjecce mmepexona. yhoseHs * Ypo8eHs
3. He ob6bacuamach pas- Puc. 1
JUYHAST MHTEHCUBHOCTD JIMHUHA Modeav amoma Bopa

ATOMHBIX CIIEKTPOB.

HamHas mMomenb ObLa IIaroM BIIEPeJ] IO CPABHEHUIO C
Mozenbio Pesepdopna, HO m oHa ObLIa HECOBEPINEHHA, TaK
KaK MeXaHNYeCKHU IePEeHOCHJIa IPeACTaBJICHUS MAaKpPOMUPa
B MHUKPOMUP.

Cerogusa OJid ONMCAHUS SABJCHUNA MUKPOMHPA CIYIKIUT
KBaHTOBasg MeXaHWKa. PaccMOTpUM ee OCHOBHbBIE MPUHITH-
IIBI, TIOJIOKEHHBIE B OCHOBY COBPEMEHHOI MOJEJIN aToMa.

2.3. OCHOBHBIE ITPUHITHIIBI
" TTOJIOKEHUA KBAHTOBOU MEXAHUWKH.
COBPEMEHHASA MOJEJb ATOMA
1. IIpunnun JI. ne Bpoitna (1924)
INeKMPOH umMeem KOPRYCKYLAPHO-80JIHOBYI0 NPUPODY.
VYpasuenue ne Bpoitnsa cBA3bIBaeT AJIUHY BOJIHBI 3JIEK-
TpoHAa (A) ¢ ero Maccoi (m) u CKOPOCTHIO eTo ABUKeHus (v):

A= h/mv, (23)

rae h — KoHcranTta Ilinanka.

ITOT NPUHIINI TBONCTBEHHON! IPUPOIBI, KaK 1 CAMO ypaB-
HeHUe, IPUMEeHUM He TOJBKO K BJIEKTPOHY, HO U K JPYTUM
5JIeMEeHTapHBIM YacCTUIAM.

2, ITpuniun HeonpenesenHoctu B. Teitzendepra (1927).
B mukpomupe koopdurnamvl. U CKOpocmu O08UNCEHUS
yacmuy HeonpeodeseHHbl.

B maxpomupe ar00as dacTuIla B JAHHBIN MOMEHT BpeMe-
HU MMEeT BIOJIHE OIpeAesieHHbIe KOOPAMWHATHI B IIPOCTPAH-
CTBe, a B JaHHBI NMPOMEKYTOK BPEMEHU — OIIPENeIeHHYIO
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CKODPOCTH JBMKeHUdA. (A MUKpOMUpA 3TO IOJIOJKEHUE He
BepHO. Hampumep, nBUKeHUE 3JIEKTPOHA HEJIb3s paccMar-
pUBaTh KakK JBUKEHNE TOUEUHOTO 3apsjia Mo CTPOTo OmIpe/e-
JeHHOM TpaexkTopuu. CorsmacHo mpuHnuny IeiisenGepra B
cyuae 3JIEMEHTAPHBIX YACTUI[ MMEETCs OIpejeseHHas II0-
TPeITHOCTh OmpefesieHnA X KoopaumHaT (AX) M CKOPOCTU
nBukeHusa (Av,). Uem OosibIle mepBasd IOTPEITHOCTH, TEM
MeHbIIIe BTOpasd ¥ HA0OOPOT. OTU BEJIUYUHBI CBA3AHBI MEX-
Iy co0oil COOTHOIIIeHMEM HeompenejeHHOCTU [eifizenbepra:

Ax - Av, > h/2nm, (24)

roe m — Macca JacTuIlpl, h — KoHcTaHTa Ilnanka.

CMBICJI 9TOT'O COOTHOIIIEHUS AJIA BJIEKTPOHA CJIEXYIOITH!i:
BJIEKTPOH PACIIOJIaTAeTCs B OIPENeJIeHHOM 00'heMe TPOCTPAH-
CTBa M IBUKETCS C OIpEeIe/IEHHBIM MHTEPBAJIOM CKOPOCTEH,
T. €. JAHHBIN IPUHIIAII OIIPEAEJIsIeT er0 CBOMCTBA KaK BOJIHEIL.

9TU MOCTYJaThl JIETJIX B OCHOBY COBPEMEHHOM MOJesun
aToMma.

CoBpeMeHHAsA MOAEJb aTOMA.

1. B menTpe aToMa — IOJIOMKUTEJIBHO 3apsKeHHOe AIpOo,
COCTOsAIlee U3 IMPOTOHOB M HEHTPOHOB. BOKpYyr aAgpa ABU-
JKYTCS DJIEKTPOHBI, 00pasysd MyJbCUPYIOIUE dJIEKTPOHHBIE
obsaka (cTosume BOJIHEI).

4n(2||:2

Puc. 2
Paduanvhoe pacnpedenenue
8ePOAMHOCIU HAXONOeHUS

1s-anexmpona 6 uwaposom cioe
8odopoda

rmex

2. MakcuMaibHaaA MJIOTHOCTH 3JIEKTPOHHOTO O0JIaKa CO-
OTBETCTBYET 3JIEKTPOHHOUN OpOUTANIN — MECTy, I'lle BepOsAT-
HOCTh OOHAPY:KUTH 3JIEKTPOH MaKcuMaabHa (puc. 2).

2.4. YPABHEHUE IMPEJUHTEPA

B 1925 r. 9. lllpengunrep, UCXoAa U3 IPUHITUIIOB e Bpoii-
aa u leiizenbepra, ommcajy IBUKEHNE dJIEKTPOHA B aToOMe
ypaBHeHUEeM cToAYel BoaHBI. OH BBeJI TaK Ha3bIBAEMYIO BOJI-
HOBYIO QyHKIMIO ajmeKTpoHa Y (mcu), KOoTOpas mMeeT cJie-
IyIOIire CBOICTBA:



T'nasa 2. Cmpoenue amoma 23

e B JII000# TOUKEe IPOCTPAHCTBA OHA MMEET OIIpeaeseHHbIN
3Hak u ammauryny Y(x, y, 2);

e KBaJIpaT ee MOXYJS IIPOIOPIIMOHAJIEH BEPOATHOCTHU Ha-
XOMKIeHUA YACTUIBI B JAaHHOM 00'beMe UJIU eIUHUIE 00he-
Ma (TIJIOTHOCTH BE€POATHOCTH):

[¥(x, y, 2)P.

BepoaTrHocTs HafiTH 37IeKTPOH B 00beMe AV paBHa P2AV,
T. €. 3JIEKTPOH MOXXHO 06Hapy>1c1/1'1‘1> ¢ MaKCHMAaJbHOI BepoO-
ATHOCTBIO B HEKOTOPOM 00'beMe IIPOCTPaHCTBa, HO HE B TOU-
Ke. Hanmpumep, BEpOATHOCTh OOHADPYKUTH 9JIEKTPOH B IIapo-
BOM CJIO€ aToOMa BOOOPOJAa BOKPYT AApa aToOMa MOMET OBITH
mpeacTaBJieHHA B Bujle rpaduka, rie rp.x — PacCTOSHUE OT
Anpa, Ha KOTOPOM BEPOATHOCTh O0OHAPYKUTH 9J€KTPOH MaK-
cumasibHa (puc. 2).
ITPUMEP.
I 1s-371eKTpOHa aToMa BOLOPOJa 3T0 paccrosaHue paBHo 0,053 HM,

4TO coBIazaeT ¢ pacueramu Bopa Oimikaifineil K APy BOAOPOJA dJIEK-
TPOHHO¥ OPOUTHI.

IIpenuurep mpenao:xua (GyHIaMeHTAJIbHOE ypaBHEHUE
KBAHTOBOII MeXaHUKU (B ero OCHOBE — ypaBHEHUE CTOAUeH
BOJIHBI), CBSIBBIBAIOINEE TTOJHYIO SHEPTHUIO 9aeKTpoHa (E), ero
noreunuanbHyo (U) 1 KUHETUYECKYIO SHEPTUIO (BTOPBIE IIPO-
usBoxHble QyHKIUU V¥ 110 KOOpAMHATAM), Maccy 3JIEKTPOHA
(m) u BosmHOBYyI0 hyHKIUL (V) ¢ KOOpamMHATAMU X, Y, 2:

%Y + oY N %Y " 8n’m
ox?  oy? 022 h?
Ist pelreHusi 9TOro ypaBHEHHUSA HCIOJIb3YETCS BBIPAXKE-
HUe IOTEeHIINAJNbHON SHEPTUHN B3aMMOAEHCTBUS 9JIEKTPOHA C
ATOMHBIM SIPOM:

(E-U)¥ =0. (25)

_~ap2
U= ze
Va2 +y? + 22

(B ciyuae OTHO3JIEKTPOHHOTO aTOMa), TAe 2 — 3apsan saapa,
e — Macca 9JIeKTPOHa, a TaKyKe I'DAaHUYHOE YCJIOBUE, O3HAa-
yamolree, uro GyHKnusa VY obpaiaercsa B HOJIb Ha OeCKOHEU-
HOM DPaCCTOAHUU OT sApa:

Y > 0npur=+x2+y’+22 > o



24 TEOPETHYECKHE OCHOBBI HEOPTAHUYECKOH XUMHUH

IlonyueHHoe pellleHue MTO3BOJISET ompenenuTs V¥ kKak
dyuarmuo Koopauaat VY(x, y, 2) B BUJe ONpPeAEIEHHOTO pac-
IIpeesieHns, KOTOPOe HA3bIBAETCSA JIEKTPOHHBLIM O0JIAKOM,
¢ MaKCHUMAaJbHBIM 3HaU€HUEM (PYHKIIUM, COOTBETCTBYIOIIIUM
SJIEKTPOHHON OpOuTAaJIN.

Cucrema nByx ypaBHeHwuii: ypaBHeuus Illpegmurepa u
ypaBHEHUA IJA MOTEHIIMAJIbHON SHEPTHU 3JEKTPOHA ILITIOC
rpaHUYHOE YCJIOBUE — NAIOT HECKOJILKO PeIleHuii A GyHK-
muu ¥, Kammoe U3 KOTOPLIX COOTBETCTBYET OIpeaeIeHHOH
opOuTaNM, CBA3AHHON C KOHKPETHBIMM 3HAUCHUSIMU KBAaH-
TOBBIX YHCEJ: N, [, m. ITO 0OBHAUAET, YTO PEIIeHUA YPaBHE-
aHusa [lIpeguHrepa KBaHTOBAHBI, T. €. UMEIOT CMBICJ TOJbKO
IIpY OIpeIeIeHHBIX 3aJaHHBIX KBAHTOBBIX UHMcaax. TaKuM
00pasoM, KOHKPETHOMY HabOPY KBAHTOBBIX UMCEJI COOTBET-
cTByeT KOoHKperHas Gyurmus ¥, saBucsmas or n, [, m
(He 3aBUCAIIAA OT S), U KOHKPETHAA BeJIMUYNHA IIOJHOM SHED-
rum pnamHol opbOurtanu E, saBucaimas ot n, [ (He 3aBucH-
miasg OT m U S).

B aTome Bogopoa B moJie AApa HaXOAUTCA TOJIBKO OSUH
DJIEKTPOH, IO3TOMY MOJeJb aTOMa BOAOPOJa U MaTeMaTH-
YyecKoe OIMCaHWEe IOBEJAEHUS €ro 3JIEKTPOHA TOCTATOUHO
mpoctel. Ilpy mepexome K OPyruM dJIEMEHTAM BO3PacTaer
3apAn Anapa (KOJUYECTBO IMIPOTOHOB B HEM) M KOJUUYECTBO
SJIEKTPOHOB BOKPYT aAxpa. IloBemeHMe 3JIeKTPOHA B TAKUX
MHOTO3JIEKTPOHHBIX aTOMAaX JOCTATOYHO CJOMKHO, HOCKOJIb-
KY OHO 3aBHUCUT OT APYTUX 3JIEKTPOHOB (B3aMMHO OTTAJIKHU-
BaHMUe, PKPAaHMPOBAHNE), IIOSTOMY TOUYHOE pPeIlleH’e ypPaB-
neuus [llpenuurepa, a ciegoBaTeaIbHO, ¥ TOUHOE ONMUCAHUE
IIOBEIeHN S 9JIEKTPOHOB B TAKUX aTOMAaX IIOKA HEBO3MOXKHO.
Hua pemenus ypaBHenuda lllpeguHrepa mcrnoab3yoOT OIIpe-
IeJIeHHbIe TPUOJIUKEHUA, OJHO M3 KOTOPBIX — IIpeICcTaB-
JeHre QYHKIIUU BCEHl CHUCTEMBI 9JIEKTPOHOB (3J€KTPOHHBIX
00J1aK0B) B BHUIE CYMMbI (DYHKIIUH AJA OTAEJBHBLIX 3JIEK-
TPOHOB.

IIpencraBieHHas MOZEJNL CHSJIA HIPOTHUBOPEUMNSI MOIEJIH
Bopa. OHa gaeT cTporo ompeaeseHHOe UHCJIO YPOBHEl, Ha
KOTODBIX MOYKET HaXOJUTHLCA 9JIEKTPOH B aTOME, OIpeaesIsieT
OTHO3HAYHO SHEPTUIO KAaKIOTO YPOBHS M YKa3bIBAET HA OT-
CYTCTBUE IIOTE€PU SHEPrUU JICKTPOHOM MPU €ro IBUMKEHUN
Ha JaHHOM ypOBHE (Ha JaHHOI SJIEKTPOHHOUN opOUTAaN), I0-
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CKOJIBKY CTOsuYasl BOJIHA COXPAaHAET CBOIO sHepruio. Kpome
TOTO, U3 JAaHHOUM MOJEJIU CJIEeLYeT, UTO JEKTPOH MOJKET Ha-
XOAUTBHCSA TOJHKO HA CTPOrO OIPEAeSIeHHOM YPOBHE, a B MO-
MEHT ero Iepexoja C OZHOTO YPOBHA HA APYroi 3JeKTPOH
OKa3bIBAETCS B MAJOBEPOATHOM, & IIOTOMY HEYCTOMYMBOM
COCTOSTHUM.

2.5. KBAHTOBBIE YHUCJIA

I'nasHoe keanmosgoe uucsio n (3HepreTUUECKUl YPOBEHb)
ompeze/geT BO3MOXKHBIE COCTOSHHS JJIEKTPOHA B aToMe U
SHEPruio 3TUX cocTosuuii. Kpome Toro, oHO ompeeasier pas-
Mep 3JIEKTPOHHOT0 0o0JaKa. YBeJlnUeHNre 1 COMPOBOMKIAETCA
yBeJqmueHuEeM pasMmepa (paguyca) objgaka m BO3pacTaHUEM
SHEPTUU JeKTPOHHOTO YPOBHS, TaK KaK UTOOBI YBEJIUYUTH
pasmep o0saKa, HAAO YAAIUTh JIEKTPOH OT siApa, YeMy IIpe-
MATCTBYeT WX 3JIEKTPOCTATUYECKOEe B3auMOJeicTBUe, T. €.
HAIO MPUIOMKUTL JHEPTHUI0. DJIEKTPOHBI, MMEOINe OJNHA-
KOBOe 3HaueHue n, objgamaioT OJM3KOUN sHeprueit, mo3ToMy
IJIS1 HUX UCIIOJIB3YeTCs MOHATHE 00 SJIeKTPOHHOM cJioe (9JIeK-
TPOHHOUM 000JI0UKeE).

Yucsio n IpUHUMAET CJAeAYIOIe 3HAUCHU:

1234567.

CooTBeTCTBYIOINE 9HEPTETUUECKIIE YPDOBHY 0003HAUAIOTCA
OyxkBaMu:

KLMNOPAQ.

3HaueHMe TJIABHOTO KBAaHTOBOTO UMCJIA ONPENedeT UucC-
JIO TIOAYPOBHEH M MAaKCHUMAJIbHOE YKCJIO SJIEKTPOHOB HAa JaH-
HOM ypOBHe (CM. HHKe), a TaKiKke HoMmep mepuoga B Ilepuo-
IUYECKOI CUCTEMe, T/le HAaXOUTCA 3JIEMEHT, Y KOTOPOTO UAET
3alloJIHeHNe dJIEKTPOHAMY JAHHOTO YPOBHSA.

OCHOBHOII ypOBEHb, HA KOTOPOM HaXOOUTCA 3JEKTPOH,
HasbIBaeTCs HeBO30y:kKIAeHHBIM. Ilepexon Ha 6oJiee BLICOKUM
YPOBEHb COIIPOBOKIAETCS MOTJIOIIEHEM 9HEPTUY 1 Ha3bIBa-
erTcs BO30YIKIeHUEM, a YPOBEHb — BO30Oy:KAeHHBIM. O0par-
HBIM IIepexol 3JIEKTPOHa ¢ BO30Y:KIEHHOTO YPOBHS Ha OC-
HOBHO! IIPOMCXOAUT CaMOIIPOM3BOJILHO C MCIyCKAHUEM IIO-
TJIOIIEHHOW 9HEeprum, HalpuMep, B BHUIEe KBaHTa CBeTa,
SHEPrus KOTOPOro pacCUMTELIBaeTCA U3 ypaBHeHUs (22).
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Op6umaJnvHoe K8aHMOB0e Yucao | (sHepreTUYeCKUl mO/I-
YPOBEHB) XapaKTepU3yeT COCTOSAHWE JJIEKTPOHA HA MOJ-
ypoBHe (ero sHepruio M CpeHee pPacCTOSHUE OT AApa) U
ompenensaeT GopMy 3JIeKTpOHHOro obiaka. OHO CBSI3aHO C
TJIaBHBIM KBAHTOBBIM uucJyioM: uamMeHaerca or 0 mo (n — 1).

Yucyo | mpuHUMAaET CJeayIolue 3HAUSHU:

0123.

CooTBeTCTBYOIIHE dHEpPreTUUecKrue MOAypPOBHHU 0003HA-

yapTcsa OyKBaMu:
spdf.

PaccmorpuM, Kakue 3HaUeHWsS NPUHUMAIOT TJIaBHOE U
opOuTaThbHOE KBAHTOBBIE UNCJIa HA IMEPBBIX DHEPTreTUUECKUX
YPOBHSX.

n=1,1=0 1s-mogypoBeHb
n=2,1=0,1 2s-, 2p-nOayPOBHU
n=3,1=0,1,2 3s-, 3p-, 3d-mIoaAypPOBHU
n=4,1=0,1, 2, 3 4s-, 4p-, 4d-, 4f-nmonypoBHU

BaxxHO oTMeTUTBH, UTO BO3pacTaHWE 3HAUEHUSA YUCJIA [
COTIPOBOKAAETCS YBEJIMUEHUEM SHEePIUU IMOAYPOBHSI.

AJeKTpOHHBIe 00JIaKa COOTBETCTBYIOIUX IIOAypPOBHEI
umeioT opMy, MOKa3aHHYIO Ha PUCYHKE 3.

MaznumHoe K8aHMOB0E YUCLO M XaPAKTEPUIYET OPUEH-
TaInIo 9JEKTPOHHOI0 00JIaKka B MPOCTPAHCTBE, KOTOPAA OI-
penessieTcs B3aUMOAEHCTBUEM MaTrHUTHOTO TOJA 9JeKTPOHA
C BHEIITHUMU MarHUTHBIMU mojiamu (puc. 3). OHO cBI3aHO C
OpOUTATBHBIM YKCJOM [ M IPpUHUMAET BCe IieJible 3HAUeHUA
ot —I mo 0 u ganee mo +lI.

s-mogypoBeHb: [ = 0, m = 0;

p-nomypoBeub: [ =1, m = -1, 0, 1;

d-nogypoBeun: [ = 2, m = -2, -1, 0, 1, 2;

f-momyposens: [ =3, m = -3, -2, -1, 0, 1, 2, 3.

ANeKMPOHHAs OpOUMALb — TIOBEPXHOCTb PABHOM 9JIEK-
TPOHHOM IIJIOTHOCTU, B IIpeaesiaX KOTOPOIi COCPemoTOUEHO
90% 3apsAga SJIeKTPOHA, HAXOMIIIErOCs HA SAHHOM JJIEK-
TPOHHOM IIOAYPOBHE (ILIOTHOCTU 3JIEKTPOHHOTO obaaka). Ha
3JIeKTPOHHOM OpOUTAIN BePOATHOCTH OOHAPYIKUTH dJEKTPOH
MaKcuMaJibHa (cM. puc. 2).

FKaxknmasa simekTpoHHAA opOUTANb XapaKTepu3yeTcsa KOH-
KpeTHBIM HAaOOpOM 3HaueHUu n, [ u m.

Ha cxeme oHa o6o3HaUYaeTcA SUYEHKOM (KBagpaToM).
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Puc. 3
dlexmpoHHbvLe 00.1aKa
s-, p-, d-3leKMpPOHO06
s — obnako-chepa; p — obuia-
y X ¥  Ko-ranTenb; d — 00IaKO-UETHI-
X pexJjenecTkoBas ¢Qurypa (nBe
3dx2_y2 3d,2 TmepeKpeIleHHBIX TaHTeJn)
IITPUMEP.
IIpencraBieHO cxeMaTUUeCKoe M300pa’keHUE 3JIEKTPOHHBIX IOJ-
YPOBHEH.

s p d f
L1 DHE OOt CEEHeee

CnuHosoe K8aHMOB0E YUCLO S XapaKTepuayeT COOCTBEH-
HBIN MOMEHT BpAaIlleHUs 2JIEKTPOHAa BOKPYT cBoeit ocu. (CTporo
roBOPsS, PeYb UAET O MPOEKIIUY CIIMHA Ha OCh 2 — TaK Hasbl-
BaeMOM MATHUTHOM CIHHOBOM YHCJE §,.) Cumraercs, 4To
s = +1/2, ecau 3I€KTPOH BPAIIAETCS IO YaCOBOM CTPEIKE, U
s = —1/2, eciu OH BpalllaeTcs MPOTUB YacOBOM cTpenku. Ha
cXeMe 3TH 3HAUeHUA S 0003HAUAIOTCSA CTPEJIKaMU, HaIllpaB-
JIEHHBIMY BBEPX WJIA BHUS.

IBa byIeKTpOHA C ONMHAKOBLIMU 3HAUEHUAMU 1, [, m
(HaxomAlreca Ha OSHON OpOMTaNM), HO C PASHLIMU 3HaAUEe-
HUAMHU S HA3HIBAIOTCA CIIaPEHHBIMU.
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2.6. 9JJERTPOHHBIE KOHOUTYPAIIUHU ATOMOB.
ITPUHIIAII ITAYJIN.
IMPUHITUII MUHUMAJBHOU 9HEPTHH.
IMPABHUJIA XYHJIA U KJIEYKOBCROI'O

ITpusanun ITaymau.
B amome He moxcem 6bimb 08YX I1eKMPOHOE ¢ 00UHA-
KOBbLMU 3HAUEHUAMU 6CeX iemvlpex K6AHMOBbLX Huce.l.
CaencrBue: Ha 00HOil opbumanu moxcem OblMmb MOJLb-
KO0 2 2JleKmpOHA ¢ NPOMUBOTONOHHLMU CRUHAMU.

ITOT TPUHIIUI TO3BOJIAET OUPENeJUTh MAaKCUMAJIbHOE
YHMCJO0 9JEKTPOHOB HAa JaHHOM YHEPTreTHUUYecKOM ypoBHeE (71)
o ¢opmye:

Nmax = 2n?. (26)

OHO MMeeT KOHKPETHOEe 3HaUeHue IJIA KayKJ0ro YPOBHS,
T. €. OIIPeIesAeT ero eMKOCThb:

n=1 Npax = 2
n=2 Npmax = 8
n=3 Npmax = 18
n=4 Nopax = 32

ITpumepsl MaKCUMAaTILHOTO 3aTI0THEHNS [TOAYPOBHEH dJIeK-

TPOHAMU: )
’

IIpuHIIMUT MUHNMAJIbHOU HEPTHUH.

JLeKMPOH 8 HeB030YHDeHHOM COCMOAHUU PACNOLA-
2aemcs Ha Oauxcailueil k aA0py c60600HOU (uau 3aHS-
moil moabKo 00HUM 3JLeKMPOHOM ) OpOUMATU.

B cooTBeTCTBUU C 3TUM NPUHIIUIIOM 3all0JHEeHNEe sHepTre-
TUUYECKUX YPOBHEN U IMOAYPOBHEH 5JIeKTPOHAMY HaUMHAETCS
¢ OMMKaAMIIUX OT Apa.

Paccmorpum 3amosiHeHMe opOuTajiell SJIeKTPOHaAMU, Ha-
YyyHas C 9JI€MEHTOB IIePBOr0 IEPHOLa, C YUETOM TOr'0, UTO
YHCJI0 9JIEKTPOHOB B 000JOUKE aToMa, PaBHOE UUCJIY IIPOTO-
HOB B €ro sipe, ONpenessieTcsa ero MOPATKOBEIM HOMEPOM B
Ilepuoguueckoii cucreme.
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V¥V mepBoro sjieMeHTa — BOAOPOAAa — OAUH 9JIeKTPoH. OH
pacmoJjiaraeTcs Ha IIEPBOM DHEPTeTUYECKOM YPOBHE, S-IIOJ-
YPOBHE. OTO COOTBETCTBYET MAKCHUMAJbHOM CHUJIe eT0 IPUTS-
JKeHUA K AIpy U MUHUMAJIbHOMY SHAUEHUIO 9HEPTUU aToMa
(HEeBOBOYIKIEHHOE COCTOSHUE). JJEKTPOHHAsS CXeMa aToMa
BOZOpOIA: 1s

DnexTpoHHas GOpPMyJa aToMa Bogopoja (ycaoBHOe 060-
3HAUEHNEe DPACIOJIOMKEHHUSA 3JeKTPOHOB HA YPOBHAX M IIOJ-
ypoBHAX) — 1s!.

B aTome resius, ©MeOIIEro Ba 3JeKTPOHA, BTOPOiA dJIeK-
TPOH, B COOTBETCTBUU ¢ HpuHIUIOM Ilaynu, pacmonaraercs
Ha TOii sKe OpOUTAIN, HO C IPOTHBOIOIOMHBIM CIHOM.

DJIeKTPOHHAS CXeMa aToMa TeJIHs:

1s

OnexTpoHHad (popmyia reaus — 1s2.

YV sTuX 37€MEHTOB 3aIOJHSAETCA S-MoaypoBeHb. OHU Ha-
3BIBAIOTCA S-3JIEMEHTAMMU.

Craenmyer oOpaTuTh BHIMAaHNE Ha TO, YTO Yy eI dHepre-
TUYECKUI YPOBEHb IIOJHOCTHIO 3aIOJHEH, II09TOMY 3TOT dJIie-
MEHT OUYeHb YCTOMUYMB M XUMHUYECKHU He aKTUBeH (MHEPTHBIHA
ras). B To :xe BpemMs, BOAOPOI MOKET OTJaTh CBOI € JTUHCTBEH-
HBIN SJIEKTPOH MM IPUOOPECTH HETOCTAIOIIUN OO0 3aIloJIHe-
HUS YPOBHS, T. €. OH CTPEMUTCS [IOJYUYUTD YCTOMUNBYIO SJIEK-
TPOHHYIO KOH(PUI'YypaInio, KaKk y MHEPTHOT'O Irasa rejinsd.

IIpaBuaa.
1. Bonee ycmoiluusvlmu A8AAI0MCS NOJLHOCMbIO ULU
HANOJOBUHY 3ANO0JIHEeHHble IHepzemuyecKue nodyposHuU.
2. JI6oil anemenm cmpemumcs omoams UL NPuoo-
pecmu aaeKmpoHbL, 1Mo0bL NOLYYUMb YCMOULUBYIO IJLeK-
MPOHHYI0 KOHPUZYPAYUI0 UHEePMHO020 2a34.

Bo BTOpOM mEpUMOAE Y IEPBHIX 3JE€MEHTOB UJET 3aIIOJIHE-
HHue 2S-TIOAYPOBHS, T. €. TO S-2JIeMEeHTHI. VIX sJIeKTPOHHEBIE
dopmynasr: Li: 1s22s!, Be: 152252,

VY aTUX 5/eMeHTOB IepBblii sHepreTHyecKkuii yposeHs (1s2),
COOTBETCTBYIOIUH YCTONUNBOM 9JIEKTPOHHOM KOH(pUTrypamuu



30 TEOPETHYECKHE OCHOBBI HEOPTAHUYECKOH XUMHUH

VHEPTHOI'0 rasa Irejins, IOJHOCTHIO 3aIl0JHeH U He ABJSEeTCS
BaJIEHTHBIM (B IIPOIIECCE XUMUUECKON peaKIuy 3JIEKTPOHBI C
9TOTO YPOBHS HE OTHAIOTCI M HE IPUHUMAIOTCS TOIOJIHU-
TeJbHBIE). BaJIeHTHBIM SABJISETCA TOJbKO BHEITHUI 2S-TIOJ-
YPOBEHb.

Hanee B mepuoje HaXOAATCA p-dJIEMEHTHI (Y HUX 3aIl0J-
HAETCS BaJIEHTHBIHN p-TIOAYPOBEHD) U MEPBHIN M3 HUX — 00D,
Y KOTOPOTO pP-3JIEKTPOH pacIiojiaraeTcs Ha IepBOil opouTaiu

2p-TIOayPOBHA: 2

¥ BTOpDOrO p-3jieMeHTa — yrJjiepoJa — BTOPOU 3JeKTPOH
Ha 2p-MOAYPOBHE MOYKHO PACIIOJIOMKUTH HA IIEPBOM OpOUTaIN
C TPOTUBOIOJIOKHBIM CIMHOM:

OpHaKo 9TO COCTOSAHME MeHee YCTOWUMBO II0 CPaBHEHUIO
C ero pacIlOJIO}KEHVWEM Ha BTOPOIl OpOUTAJIM TOTO JKe IOJ-
YPOBHS C TEM K€ CIIMHOM:

2p
IIpaBuno XyHnaa.

Yemoiiuusomy cocmosanuio amoma coomgemcmayem
makoe pacnpedesenue 31eKMpPOHO6 Ha OAHHOM nodYpos-
He, NPU KOMOPOM UX CYMMAPHbLI CRUH MAKCUMAJLEH.

9TO MpPaBUJIO COOTBETCTBYET HEBO3OYKIEHHOMY COCTOS-
HUIO aTOMa, B KOTOPOM ero 9Heprus MUHUMAaJIbHA, HO OHO He
3aIpeniaeT B BO3OYKAEHHOM COCTOAHUY APYTUX PACIOJIOMKe-
HUH 3JIEKTPOHOB.

IIPUMEP.
¥V yriepoza B BO30Y:KJ€HHOM COCTOSHHUU Deain3yeTcs PACIIOJIO-
JKeHUe: 2s

2p

VIMeHHO OHO OIpe[eJisieT OCHOBHYIO BAJIEHTHOCTH yIIepoga, PaB-
HyIO 4.

BcmomuMM, UTO BATEHTHOCTE XapaKTepU3yeT CIIOCOOHOCTD
aToMa dJIEMEHTa K 00pasoBaHUIO OOIMMX 3JEKTPOHHBIX IIap
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C IPYyTUMHU aTOMaMHU 34 CYET ero HeCIapeHHBIX BaJIEHTHBIX
BJIEKTPOHOB (KpPOMeE 3TOT0 CM. JOHOPHO-aKIIENITOPHBIN MeXa-
HM3M 00pasoBaHus KOBAJEHTHON CBA3U — rJiaBa 4).

OJIeKTPOHHBIE (DOPMYJIBI P-3JIEMEHTOB BTOPOTO IIEPUOA:
B — 1522522p!, C — 1522522p%, N — 15%22522p%, O — 15%2522p?,
F — 1522522p5, Ne — 15%25%22pS.

Y HeoHa MOJHOCTHIO 3aII0JTHEHHBIN SHEPTETUUECKUU YPO-
BeHb. OTO MHEPTHBIN ras.

JJIeKTPOHHBIE (POPMYJIBI BJIEMEHTOB IPUBEAEHBLI B Ta0-
auiie 1. Emre pas o0patuM BHUMAaHNe Ha TO, YTO S-3JI€MEH-
TaMH! Ha3bIBAIOTCS T€, ¥ KOTOPHIX HIET 3alOJIHEHUE S-TOJ-
ypoBHA. COOTBETCTBEHHO, Y P-3JIEMEHTOB 3aIIOJIHAETCA P-TIOJ-
YPOBEHbD, Y d-3JIEMEHTOB — d-IIOAYPOBEHb, V f-3JIeMEHTOB —
f-IoIypOBEHB.

Tabrnuuya 1

OnexTpounsie (OPMyYJIBI ATOMORB 3JIEMEHTOB
B HEBO30YKJCHHOM COCTOSTHUN

CumBou OnexTpoHHas CumBou OnexTpoHHAs
a/IeMeHTa dopmya a/IeMeHTa dopmya
H 1s! Ar [Ne] 3s23p$
He 1s2 K [Ar] 4s?
Li [He] 2st? Ca [Ar] 4s2
Be [He] 2s2 Sc [Ar] 3d14s?
B [He] 2s22p! Ti [Ar] 3d24s?
C [He] 2s22p2 \% [Ar] 3d34s2
Cr [Ar] 3d>4s?
(0] [He] 2s22p* Mn [Ar] 3d54s2
F [He] 2s22p> Fe [Ar] 3d¢4s?
Ne [He] 2s22p8¢ Co [Ar] 3d74s2
Na [Ne] 3s! Ni [Ar] 3d34s?
Mg [Ne] 3s2 Cu [Ar] 3d104s?
Al [Ne] 3s23p?t Zn [Ar] 3d104s2
Si [Ne] 3s23p? Ga [Ar] 3d104s24p!
[Ne] 3s23p3 Ge [Ar] 3d194s24p2
S [Ne] 3s23p* As [Ar] 3d104s24p3
Cl [Ne] 3s23p5 Se [Ar] 3d104s24p*

* [He], [Ne], [Ar], [Kr], [Xe] — 3amo/iHeHHEIE 2JI€KTPOHHBIE 000JIOYKHI COOT-
BETCTBYIOIUX HHEPTHBIX I'a30B.
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IIpodonocenue maba I

Cumsoun OuekTpoHHAas CumBon OuieKTpOHHAs

aJIeMeHTa cdhopmyna aJIeMeHTa dopmyia
Br [Ar] 3d104s24p5 Ba [Xe] 6s2
Kr [Ar] 3d104s24p® La [Xe] 5d16s2
Rb [Kr] 5s! Ce [Xe] 4f15d16s2
Sr [Kr] 5s2 Pr [Xe] 413652
Y [Kr] 4d15s2 Nd [Xe] 4f*6s2
Au [Xe] 4f145d106s! Pm [Xe] 45652
Hg [Xe] 4f145d106s2 Sm [Xe] 416652
T1 [Xe] 4f145d1°6s26p! Eu [Xe] 417652
Pb [Xe] 4f145d196s26p2 Gd [Xe] 4175d16s2
Bi [Xe] 4f145d1°6s26p3 Tb [Xe] 42652
Po [Xe] 4f145d196s26p* Dy [Xe] 4f106s2
At [Xe] 4f145d1°6s26p® Ho [Xe] 4f116s2
Rn [Xe] 4f145d106s26p6 Er [Xe] 4f126s2
Fr [Rn] 7s! Tm [Xe] 4116523
Ra [Rn] 7s2 Yb [Xe] 4f146s2
Ac [Rn] 6d17s2 Lu [Xe] 4f145d16s2
Th [Rn] 6d27s2 Hf [Xe] 4f145d26s2
Pa [Rn] 5f26d17s2 Ta [Xe] 4f145d36s2
U [Rn] 5f36d17s2 w [Xe] 4f145d46s2
Zr [Kr] 4d25s2 Re [Xe] 4f145d56s2
Nb [Kr] 4d5s! Os [Xe] 4f145d66s2
Mo [Kr] 4d55st Ir [Xe] 4f145d76s2
Te [Kr] 4d55s2 Pt [Xe] 4f145d%6s?!
Ru [Kr] 4d75s! Np [Rn] 5f46d17s2
Rh [Kr] 4d85s! Pu [Rn] 56752
Pb [Kr] 4dto Am [Rn] 5f77s2
Ag [Kr] 4d105s! Cm [Rn] 5f76d17s2
Cd [Kr] 4d105g2 Bk [Rn] 59752
In [Kr] 4d105825p! Cf [Rn] 5f107s2
Sn [Kr] 4d105525p2 Es [Rn] 5f117s2
Sb [Kr] 4d105825p3 Fm [Rn] 5f126d07s2
Te [Kr] 4d105825p* Mb [Rn] 5136d07s2
I [Kr] 4d105s25p5 (No) [Rn] 5f14 6d07s2
Xe [Kr] 4d105825p6 Lr [Rn] 5f146d17s2
Cs [Xe] 6s! (Ku) [Rn] 5f146d27s2

(Ns) [Rn] 5f146d37s2
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W3 cpaBHEHUA IEePBBIX TPeX MEePUOI0B BUIHO, UTO C BO3-
pacTaHWEM IOPAZKOBOTO HOMepa djieMeHTa B Ilepmogumue-
CKOIi cucTeMe (3apsama ero Aapa) 9JeKTPOHHOe CTPOeHNe BHEIII-
HEr0 PHEPreTUYECKOT0 YPOBHS IIOBTODSETCA.

ITPUMEP.

CpaBHUM 3JIEKTPOHHBIE ()OPMYJIBI 3JIeMeHTOB I A-moarpynmbr —

auTusg u Hatpua: Li — 1s22s1, Na — 1522s522pe3si.

CpaBHUM 3JeKTpOHHBIE (hopMyabl amemMeHToB II A-moarpynnbr —
Gepumus u Maruusa: Be — 152252, Mg — 1522522p%3s2.

BuaHO, 4YTO KOJIMYECTBO 3JIEKTPOHOB Ha BHEIITHEM 3HEPTeTUUECKOM
YPOBHE ¥ KaXKJ0# maphl aTOMOB OJUHAKOBO.

Orcloma cieayer, 4TO O0beAUHEHNE SJIEMEeHTOB B IIO[-
rpynnsl B Ilepuonmueckoil cucTeMe OCyIlecTBIAETCA B COOT-
BETCTBUU C 9JI€KTPOHHLIM CTPOCHUEM BHEIITHEro BaJIEHTHOTO
SHEePreTUYEeCKOTr0 YPOBHSA UX aTOMOB.

B MHOTr05JIEKTPOHHBIX aTOMAaX DHEPrUs 3JIeKTPOHA 3aBU-
CUT He TOJLKO OT I'JIAaBHOT'O KBAHTOBOTO UMCJA 7, HO W OT
OpOUTAJIPHOTO KBAHTOBOT'O UMCJA [, TMIOCKOJBKY 3JEKTPOH-
HbIe 00JIaKa OCHOBHBIX YPOBHEM IEPEeKPhIBAIOTCA M MOIKET
OKasaThCsd, UTO, HAIIPUMeE], S-IIOJAYPOBEeHb BHEIITHETO YPOBHA
OIMKe K AIpy, T. €. DHepreTUYecKu BBITOMHEe, UeM d-IIOH-
YPOBEHb IMPEIBIAYIIEr0 BHYTPEHHETO YPOBHA.

IIPUMEP.
PaCCMOTpI/IM 3alloJIHEeHHEe 3JIEKTPOHHBIX ypOBHefI Y Kanuda:
1522522p%3523p®4sl, mo me 3d'.

1 TpaBUJILHOTO COCTABJIEHUSA JJIEKTPOHHBIX (hOPMYJI Ta-
KHUX aTOMOB CJIELYET MOJL30BaThCA npasuaamu Kieurxosckozo.

IlepBoe nmpaBuio KieurkoBckoro.

ITpu yeenuuenuu 3apsada 10pa amoma CHA4YALA 3anoJ-
HAemcs 3JeKMPOHHAL OpOUMAans ¢ MEHbULUM 3HAYCHUEeM
CYMMbL 21ABH020 U OPOUMANLHOZ0 KBAHMOBLLX YUCEJL:

n + 1 = min. (27)
Bropoe npasuio Kieukosckoro

ITpu odunako8om 3HAUEHUU IMOIL CYMMblL 3ANOAHSI-

emcs opoumanb ¢ MEeHbWUM 3HAYEHUCH N

ny + ll =ng + l2, ny — min. (28)

B cooTBeTcTBUUY C 3TMMU IPABUJIAMU MOPALOK 3aIlOJIHE-
HUSA 9JeKTPOHHBIX YPOBHE! U IOLYPOBHEM CJIeIyIOIIUMN:
1s <25 <2p<385<3p<4s<3d <4p <bHs<4d <
<bp<6s<4f<bd<bp<Ts<bf<6d<Tp
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IIpu paccMoTpeHUM 3aMOJHEHUS BHEIIHUX BaJIEHTHBIX
SHEPTreTUYECKUX YPOBHEH 3JIEMEHTOB UETBEPTOTO IIepHoza
(cM. Tabs. 1) MOXKHO YCTAaHOBUTH CJEAYIOIEee: BO-TIEPBBIX, Y
OOJIBIIMHCTBA MMEPEeXOIHBIX d-2JIEMEHTOB HA BHEIIIHEM SHep-
reTU4YeCKOM YPOBHE HAXOOUTCH 2 3JIEKTPOHA, CJIEI0BATENIb-
HO, BC€ OHU SABJSIOTCS BOCCTAHOBUTEJISIMU-MeTaJIaMH, H,
BO-BTOPBIX, B PAJE CaydaeB (CM. XPOM U MeJb) HabJogaerca
mepexofi OJHOT'O 9J€KTPOHA C BHEIIHEro S- Ha BHYTPEHHUM
d-TIoxypoBEeHb

B pesynbpraTe d-mogypoBeHb CTAHOBUTCS 3aIOJHEHHBIM
HanosnoBury (Cr — 3d°4s!) nnu nmonnocTsio (Cu — 3d1%4s!) 1,
B COOTBETCTBUY C IPUBEEHHBIM BbIITIe TPAaBUJIOM (CM. cTp. 29),
CTAHOBUTCA 00Jiee YCTOMUUBELIM.

2.7. CBOIICTBA ATOMOB

AToMHBIN paguyc. DJIeKTPOHHOe 00JIaKO He MMeeT TOY-
HBIX Pa3MepOB, II0ATOMY HEJIb3s CTPOTO OIPENEe]UTb PasMep
atoma. Mo:xHO 100 OIEHUTH €ro pPaguyc, MCXOAd 13 MEXK-
SAIEPHBIX PACCTOAHUI B MOJIEKYJaX, KPUCTAJLJIaX # T. X.,
T. €. HAWTHU ahpexmusHuLil paduyc aToma, JubO TeopeTuue-
CKM pacCUmTaTh IIOJIOKEHHEe TJIABHOTO MaKCHUMyMa 3JIeK-
TPOHHOM IIJIOTHOCTH BHEIITHErO 3JIeKTPOHHOI'0 00JaKa II0 OT-
HOIIIEHUIO K AAPY, T. €. OIPEJeJUTh TaK Ha3bIBaeMbIil OPOU-
TAJbHBIN paguyc aToMa.

YcTaHOBIEHO, UTO 3aBUCUMOCTH aTOMHBIX PagUyCOB OT
3apdAfa aapa mepuognyeckas (cMm. riasy 3, maparpad «3ako-
HOMEPHOCTHU BJIEMEHTOB U COETMHEHUMN» ).

IToTepsa aToMOM 3JIEKTPOHOB IPUBOAUT K YMEHbBIIIEHUIO
paguyca, IpruoOpeTeHre — K YBEeJIWYECHUIO paguyca.

ITPUMEP.
K K* Cl Cl-
R(EM) 0,236 0,133 0,099 0,181

IIpy yBeqnMUYeHUM OTPHUIATEJIHLHOTO 3apAga MOHA €Tro
5 GeKTUBHBIII paguyC BO3pPacTaeT, HPU YMEHLIIeHUU —
yOBIBaeT.

JHeprusd, nau moreHuayg norusanuu (J, x[°x/mMonp) —
9TO SHEPTuUsd, 3aTpaurBaeMas Ha yIajJeHue OTHOI'0 3JIEeKTPO-
Ha W3 aToMa WUJIU MOHA.

9Tra BeJIUUYMHA, OIIPEIeISIOIas BOCCTAHOBUTEIbHYIO aK-
TUBHOCTD 3JIEMEHTA, B HanOOJIbIINIEH CTeIIeHr XapaKTepHa IJIsa
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MeTasyi0B. IIoCKOIBKY MOYKHO yIaJIUTh OAUH 9JIEKTPOH U 00-
Jiee, IIOCTOJILKY TOBOPSAT O IEPBOM, BTOPOM U T. JI. IOTEHIMA-
JlaX MOHUBAIUHU.

W3MmeHeHre sHePruyd MOHHU3AIMN aTOMOB B IEPUOAaxX U
Tpymmax moApoOHO paccMOTpeHO B TiiaBe 3 (cM. maparpad
«3aKOHOMEPHOCTH 3JIEMEHTOB U COeIMHEHUN » ).

C ynaneHueM mIepBOrO, BTOPOTO M OPYTUX 3JIEKTPOHOB
pacTeT IOJIOKUTEJNbHBLIN 3apsig MOHA, CJAeJ0BaTENIbHO, BO3-
pacTaeT SHEPTUS OTPHIBA OT HETO OTPHUIATEIbHO 3aPAKEHHO-
ro 3JIEKTPOHA, T. €. PACTET SHEePrusd MOHU3AIUU.

IIPUMEP.
J(Fe) = 762 x]lxx/Mounb, J(Fe?t) = 2960 k]l»x/Monb,
J(Fed) = 5290 k]I%/MOb.

Kpome ypanmeHus s3eKTPOHOB aTOMBI CIIOCOOHBI UX IIPHU-
HUMATb.

CpoxcTBo aToMa K 3JeKTpoHY (&, KI[K/MOib) — BHEp-
rusi, BbIAeNAOMasacA (UIM IIOTJIONIAOIIASACH) IIPU IIPUCO-
eINHEHUU OHOTO 3JIEKTPOHA K aToMYy.

Jra BeIUYMHA, OTPAKAIONIAA OKUCIUTEIHHYIO aKTUBHOCTD
2JIEMEHTa, XapaKTepHa i HeMeTawaoB. OueBuIHO, UTO 9Ta
SHEPrusa NOJI’KHa OBITh TeM OO0JIbIlle, UeM MEHBIIle pPaguyc
aToMa, T. €. CPOACTBO K 9JIEKTPOHY MOJMKHO BO3PACTATh C
POCTOM IIOPSAAKOBOTO HOMEpPA JJIEMEHTA B MEPUOJE CJIeBa Ha-
mpaBo (moapodHee cM. TIaBy 3, maparpad «3aKOHOMEPHOCTH
9JIEMEHTOB U COeTUHEHUII» ).

ITo mepe mpucoegUHEHUS IIEPBOTO, BTOPOTO M APYTUX
SJIEKTPOHOB BEJIMUYMHA OTPHUIATENLHOI'O 3apsAfa MOHa BO3-
pacTaer, CJIeJ0BaTEJIbHO, YMEHBIIIAETCSI €ro CIOCOOHOCTH
IIPUCOENUHATEL 3JIEKTPOH, T. €. BEJMYMHA €ro CPOJACTBA K
SJIEKTPOHY.

IIPUMEP.
&(N%) = —20 x[I3/Moab, e(N7) = —800 k][] /MOIb,
g(N%7) = —1290 x/I3k/MOTb.

IEKTPOOTPHULIATEILHOCTD. DHEPIUsA NOHU3AIUY U CPOJI-
CTBO K 9JIEKTPOHY ABJAITCA XapaKTepPUCTHUKaMU CBOﬁOJ.I-
HBIX aTOMOB, HE BCTPEYAIOIMXCA B IIPUPOJE, U IIOITOMY HeE
HNMEIOT IIPAKTHUYECKOI'0 SHAYE€HUA. ILTIH aTOMOB, HAXOOAIITNUXCA
B CBA3aHHOM COCTOAHHNU B COCTaBe COGI[I/IHeHI/II;'I, HCIIOJIB3YIOT
IPYI'yIO XapaKTePUCTUKY, KOTOPAsA HA3bIBACTCS 3JLeKMPOONL-
puuamejlibHoCmbvio.



36 TEOPETHYECKHE OCHOBBI HEOPTAHUYECKOH XUMHUH

AIeKTPoOoTpUIATEeIbHOCTh (E, OTH. €I.) — 3TO CII0C00-
HOCTHb aToMa HPUTATUBATH OOIIHE 3JeKTPOHBI XMMHUUECKOH
CBSI3U B COENUHEHUSX.

OTHOCUTEBHOI 3JIEKTPOOTPHUIATENHFHOCTHIO HA3BIBAETCA
SJIEKTPOOTPUIIATEILHOCTD 9JIEMEHTA OTHOCUTEIBHO (hTopa, I
KOTOPOT'0 OHA IPUWHATA paBHOU 4 (B APYyroi IIKajie — OTHO-
CUTEJILHO JIUTUSA, AJISI KOTOPOTO OHA IPUHUMAETCS PaBHOH 1).

B KauecTBe MephbI 5JI€KTPOOTPUIATEIHBHOCTA MOMKET OBITH
NPpUHATaASA IMOJYyCyMMa SHEPTUM HMOHHU3AIUU U CPOJACTBA K
9JIEKTPOHY, YMHOMKEHHAs Ha OIpeNeeHHbIN Koa(puiuenT.
Ee BeJIMUMHY MOYKHO PacCUMTaTh, HAIIpUMep, IO (opMyJie
MennukeHna:

E = 0,002(J + ¢). (29)

3aKOHOMEDPHOCTY M3MEHEHUA SJIEKTPOOTPUIATETHHOCTH

9JIEMEHTOB B IIE€PUONAX U I'PYIIIAaX MEePUOSUYECKON CHUCTEMBI

cM. B riaBe 3 (maparpad «3aKOHOMEPHOCTU 3JIEMEHTOB U
COeIUHEHU» ).

2.8. CTPOEHHE
U ITPEBPAIIEHUA ATOMHOI'O SJPA

I'maBHBIMU COCTABIAIOIINMU AP0 YaCTUIIAMHU ABJIAIOTCS
mpoToHbI (p) 1 HEHTPOHEI (727). CyMMa IPOTOHOB U HEHTPOHOB
Ha3bIBaeTCA MACCOBBIM umcjaoM aToMa. OHO OJIM3KO II0 BEJIH-
YpHEe Macce AApa dJIEMEHTa, KOTOpas HUKe ero Ha BeJIUYU-
HY, HasplBaeMyio naedeKToM Macchbl. dTa BeJIUMUYMHA SKBHUBA-
JIeHTHA SHEPTUHU, BBIAEJIEHHOI Mpu 0o0pasoBaHUU Aapa aTo-
Ma, T. €. OIPeHe/deTcs SJHepruell CBsI3Y YaCTHUIl B sIpe.

ITPUMEP.
IedeKT Macchl U PHEPrUsd, BBIIEJIUBIIAACA IIPU 00pPa30BAHUU OJI-

HOTO MOJIA sI[ep TeJiis U3 MPOTOHOB M HEATPOHOB COCTABJAIOT, COOT-
BercTBerHO 0,03 1 u 2,7-10° k]Ix.

HamoMHMM, YTO YMCJIO IMIPOTOHOB B aTOMHOM SIpe OIIpe-
IeJIsgeT BeJIMYUHY IIOJIOKUTEIBHOTO 3apAna sapa. OHO paBHO
HOPAAKOBOMY HOMepY sjJeMeHTa B IlepromnuecKoil cucreMe.

Yuciio HeATPOHOB B ATOMHOM SIIPe PABHO PA3HOCTU MEKAY
OTHOCUTEJHHON aTOMHOI MAacCOU 3JIEMEHTA W €ro HOPATKO-
BBIM HOMepoM B Ilepuogumueckoil cucreme.

SAnepHble CUIBI — 9TO CHUJLI B3aMMHOTO IPUTAKEHUS
YACTHUIL, COCTABJAIOIUX saAp0o. Kpome sTOro mMexmy HUMHI
IeHCTBYIOT CUJIBLI B3BAMMHOTO OTTAJIKUBAHUS, HATIPUMED, O-
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HOMMEHHO 3apsAKEeHHBbIX MPOTOHOB. Bce aTu cujibl ypaBHOBE-
IIeHbl B YCTOMYMBOM SApE, UTO CBA3AHO C OIpPeaeeHHBIM
COOTHOIIIeHeM IPOTOHOB 1 HEUTPOHOB B HeM. Tak, B Aapax
JeTKUX 9JIEMEHTOB UMCJIO IIPOTOHOB PABHO UYUCJIY HEHTPO-
HOB, a B AJpax TAMKEJIbIX dJIEMEHTOB UNCJIO HEHTPOHOB IIpe-
BBIIIIAET YKCJO IIPOTOHOB, M 3Ta PA3HUIA YBEJIUUYUBAETCH C
BO3pacTaHMEM IIOPSATKOBOTO HOMepa sjieMeHTa B Ilepmomu-
YeCKOU cucTeMe.

IIPUMEP.

‘He (n = 2, p=2), 28Na (n = 12, p = 11), 8°Br (n = 45, p = 35),
rie n — 4YUCJIO HEUTPOHOB, p — YHCJIO IPOTOHOB B AJpe aToMa.
ATOMBI OIHOTO 3JIeMEeHTa, UMeIOoIre ONMHAKOBOe UHCJIO

IPOTOHOB, HO Pa3sHOE YMCJIO0 HEMTPOHOB, HA3bIBAIOTCS M30TO-
ImaMu, HaIlpuMep, M30TOHEI Bogopoza: 'H — mporuii, 2H —
netiteputi, 3H — Tpurnii.

OHU OJIUBKY 110 XUMUUECKHUM cBoiicTBaM. IIpu sToM 130-
TOIIBbI, MMEIOII[II€ COOTHOIIIeHNEe HEMTPOHOB M IPOTOHOB, HE
COOTBETCTBYIOIIlee PAaBHOBECHOMY COCTOSHUIO sIep, HeYCTO-
YUBBI, T. €. CIIOCOOHBI K paarMoaKTUBHOMY pacmanmy. Tak,
HaIpuMep, TPUTUU SBJIAETCSI PaguOaKTUBHBIM.

PannoaKTUBHOCTh — CAMOIIPOM3BOJILHOE IIpeBpAallleHIe
HEeyCTOMUYMBOI'0 M30TOIIA OJHOT'O 3JIEMEHTA B M30TOI JPYTOTo
C BBIJEJIEHIEeM 9Hepruu (raMma-us3jaydeHnsa) U UCIIyCKaHueM
5JIEMEHTAPHBIX YACTHUIL: ITOJOKUTEJTbHO 3apPAKEHHBIX Anep
renus (aabda-dyacTuil) 1 sJIEKTPOHOB (6eTa-uacTuir).

IIPUMEP.

PanmoakTuBHBIN paclaj ypaHa U TOPUS:

238 ,U—234, Th + 4,He?’" — a-pacman;

284 ) Th—234y,Pa + e~ — B-pacmag.

B IIocJIeJHEeM ciiydae OqJUuH HeI‘/JITPOH B AOpe TOpHuA IpeBpaljaeTcda B
IPOTOH ¢ 00pasoBaHMEM IPOTAKTHUHUA U BBHIJEeJE€HUEM 3JIEeKTPOHA.
3akoH.

Koauvecmso paduoaxkmueHnozo uzomona, pacnadaro-
weecsa 6 eOUHUUY BPeMeHU, NPONOPUUOHAJLHO 00uemy
ez20 KoUYecmay.

AVpaen.= = KV. (30)

Bpems, 3a KOTOpoe pacIafaeTcs MOJIOBMHA BCETO KOJIUYe-

CTBa M30TOIA, HA3BIBAETCA nepuodom ezo0 noaypacnada (tis).

9Ta BeJMUMHA ABJIAETCA XapaKTePUCTUKON M30TOIIa JAHHOTO

sjemenTa. Hampumep, mepuos moaypaciana pagoHa — 4 cyT.,
pagus —1600 jser, ypana — 0Ko0JIO 4,5 MUILINAPIOB JIET.



I'JIABA 3

INEPHOJIUYECKUHN 3AKOH
A IIEPHOJUYECKASI CUCTEMA
9JEMEHTOB

3.1. IEPUOTUYECKHUI 3AKOH

ITonpiTKM KJaaccu(uKaIUU 3JIEMEHTOB, TPYINIHUPOBAHUSI WX
110 Pa3JIMYHBIM MPU3HAKAM MPEANPUHNMAINCH HEOTHOKPAT-
HO (M. B. [Hebepeiinep — Tpuansl asneMeHTOB, k. Hbio-
JeHJC — 3aKOH OKTaB, 1863), Ho ToabKo [I. YI. MeumeneeBy
B 1869 r. ymasock 00HAPYKUTH MEPUOAUUHOCTDh M3MEHEHUSA
CBOMCTB XMMHUUYECKHUX DJIEMEHTOB 1 C(hOPMYJIUPOBATH II€PHO-
OUYeCKUil 3aKOH.

. . MeHngeneeB Tak chopMyJIMpPOBAJI CBOM 3aKOH: C80ll-
cmaea npocmulx mea (daemMeHmos ), a makice gopma (cmpoe-
Hue) u ceoiicmea ux coeduHeHuil Haxodamcs 8 nepuoduie-
CKOll 3a8UCUMOCU OM BeJUYUHbL AMOMHbLX 8eco8 (macc)
aJleMenmos.

9ra (popMyIHpPOBKA CETOMHS HAC He MOXKET YIOBJIETBO-
puTh, Tak KaK B psane cayuaeB B Ilepumomuueckoii cucreme,
YTOOBI COXPAHUTL ee (GopMy, HEOOXOAUMO HAPYIIUTH IIOP-
IIOK B PACCTAHOBKE 9JI€MEHTOB B COOTBETCTBUU C UX ATOMHBI-
mu Becamu. Hampumep, aromHasa macca xauua 39,09, a apro-
Ha — 39,94, T. e. Kayaunii HOJKeH ObLI ObI OKA3aThCsA B IPYIIIIe
VHEPTHBIX I'a30B, a aproH — CPeJU IeJOYHBIX METaJJIOB.

9Tu «HAPYIIeHUA» CBA3AaHbBI C M30TOIIHLIM COCTABOM JJIe-
MeHTa B IPUPO/e, T. €. CO CPeIHUM KOJNUECTBOM HEeNTPOHOB
B ero Anpe (y Kaaus B Ipupofe O0JIbIlle JeTKUX U30TOIOB, a
Yy aproHa — TSXKeJIbIX). BMecTe ¢ TeM KOJIMYeCTBO MPOTOHOB
B dAApe aToMa MTAHHOTO 3JeMeHTa Bcerga moctodHHo. OHO
oIpenesigeT BeJIMUNHY TOJOKUTEILHOTO 3apafa ero Aapa, a
U3MeHeHte YKCJia IPOTOHOB B aToOMe, T. €. 3apsjaa ero sapa,
MPUBOIUT K HOBOMY JJI€MEHTY.

B cBs3u ¢ 9TMM OPUHSTA COBPeMEHHasA (DOPMYJIUPOBKA
IlepuoguuecKoro sakoHa: C80UCMBA INeMeHMOo8, 4 MaAKMce
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cmpoeHue u ceoiicmea ux coe0uHeHUil Haxo00amcs 8 nepuo-
Juueckoil 3a8uUCUMOCMU OM BEAUYUHbL NOJONUMELbHO20
3apsada a0pa amoma 3jemenma.

B ocHOBe mepHMOaNYECKOT0 M3MEHEHUA CBOMCTB 3JI€MEH-
TOB IIPU YBEJUYEHUU 3apsga sapa aToMa JIEXKUT IIePUOLH-
YyecKoe M3MEHEHWE CTPOEHUS BHEIHEro BaJIEHTHOTO JJIeK-
TPOHHOTO YPOBHSA 3JIEMEHTAa, OIPEAEJIAIONIero ero CBOMCTRA.

Hampumep, Bo BTOPOM Iepuoje B HAUaJe CTOAT 9JIEMEHTHI,
uMeoIe HeOOJIBIIIOe YKCJI0 BAJEHTHBIX SJJIEKTPOHOB, OIUH
wiu gBa. OHU CTPEMSTCA WX OTHATH, IIOITOMY SABJISIOTCS Me-
rajtamMu-Boccranopurenamu (Li, Be). Bauke K KoHILy aToro
Ieproia HaXOAATCA DJIEMEHTHI, Y KOTOPBIX MMeEETCs OOJIBIIOoe
YKCJIO BaJIEHTHBIX 3JIEKTPOHOB M HEJOCTAET OJHOIO WM IBYX
SJIEKTPOHOB 0 3aTIOJTHEHUS BHEIITHETO SHEPTETUYECKOTO YPOBHA,
TO9TOMY OHU SBJIAIOTCA HeMmeTasLtamMu-oxucaurensamu (O, F).
3akaHUMBAETCS TEPUOJA WHEPTHHIM ra30M, MMEIOIIAM 3aIloJi-
HEHHBIN BHEITHWN BaJEHTHBIN dHepreTuyecKkuii yposeHsb (Ne).

IIpu mepexone K TpPeTheMy MEPUOAY CUTYAIIUSA IIOBTOPS-
eTcs: B Hayaje CTOAT METaJIJIbI-BOCCTAHOBUTEJM, MMEIOIIIIE
MaJioe UHMCJIO BaJIeHTHBIX 9JieKTpoHoB (Na, Mg), a Oauike K
KOHIIY — HEMETAJJIBI-OKUCIUTENN C OOJIBIINM YKCJIOM Ba-
JIEHTHBIX 3JIeKTPoHOB (S, Cl). 3akaHumBaeTcsa OH TaKKe
UHEPTHBIM TasoM (Ar).

3.2. IEPUOIUYECKAS CUCTEMA 9JJEMEHTOB
A. U. MEHJAEJEEBA

CosganHasas MeHgeseeBBIM B pPe3yabTaTe OTKPBITUS IIe-
puognYecKoro 3akoHa llepumoamuecKkas cucTeMa 3JIEMEHTOB
COCTOUT U3 IE€PHUOIO0B, I'PYIIN, IOATPYII, TPUAL U CEMENUCTB
(cm. ¢dopsartr).

ITepuod — TOPUBOHTAJBHBIN PAN BJIIEMEHTOB, PACIIOJIO-
JKeHHBIX B IOPAAKE BO3PACTAHUS aTOMHOI MacChl U Xapak-
TEePUIYIOIINXCS 3allOJHEHUEM OIIPEJeIEHHOTO dHepreTuye-
CKOI'0 yPOBHSI.

B sTOM pAxy cBOIiCTBA 3JIEMEHTOB 3aKOHOMEDPHO M3MEHA-
IOTCA OT TUIWYHO METAJIMYECKUX MO TUINYHO HEMETAJJIN-
uyeckux. Ilepros saKkaHumMBaeTCd MHEPTHHIM Ia3oM.

Ilepuoap! mompasmensa0Tcsa Ha Majible 1 OoJbinue. B ma-
JbIX mepuongax (1—-3) HaxXomATCS TOJIBKO S- U pP-dJIEMEHTHI, B
6onpmmux (4-7) — s-, p-, d-, f-aJIeMeHTHI.
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I'pynna — BePTUKAJBHBIA DPAN 5J€MEHTOB, MMEIOIINX
OIMHAKOBOE UYMCJIO BAJIEHTHBIX 9JIEKTPOHOB, OMMHAKOBYIO BBIC-
IIYI0 CTENeHb OKWCJIEHUA M CXOMHBIX IO CBOUM CBOICTBAM
(BepTUKaIbHASA aHAJOTUA).

I'pynnbl mogpasaendaioTess Ha TJIaBHbIE W MTOOOYHBIE TTOJ-
rpynnel. [staBHBIe moArpynnbl (A) COCTOAT U3 5JIE€MEHTOB
MaJILIX IIePUON0B U OAUHAKOBBIX ¢ HUMHU IO CBOMCTBaAM 3Jie-
MEHTOB OOJIBIINX IIEPHUOAOB (OAMHAKOBOE KOJMUYECTBO DJIEK-
TPOHOB Ha BHEIIITHEM BaJIEHTHOM YPOBHE). ITO S- U pP-dJIEMEH-
Thl. ITo60ouHbIe mOATPYIITIEI (B) cOCTOAT TOMBKO U3 d-dJIeMEH-
TOB OOJIBIITUX IIEPUOIOB.

IIpocTeie BelmecTBa, 00pasoOBaHHLIE 3JIEMEHTAMM TJIaB-
HBIX U MOOOUYHBIX HOATPYIII, B PAAE CIyUYaeB PE3KO OTJIMYA-
IOTCA IO cBOouM cBoiicTBaM. OTHAKO B BLICIIIEI CTeIIeHN OKIC-
JIEHUS UX CBOMCTBA OJIMBKU.

Hamnpuwmep, VII A-noarpynmna — rajaoreHbI-OKUCIUTEINN,
VII B-moxarpymnma — MeTajiabl-BoccTaHoButenn. OgHaxko B
CBO€l BBICIIIEH CTEIIeHU OKUCJIEHUS 9THU 9JIEMEHTHI B COCTAaBE
COOTBETCTBYIOIUX COeAUHEHUH 6JM3KU 1o cBoiicTBaMm. Taxk,
rajoreHsl 1 MeTajabl VII rpynnel B BICIIElH CTEIEeHU OKUC-
JIeHnsA 0o0pas3yioT CUJIbHBIE KUCJOTHI, KOTOPHIE SBJISIOTCS
CIJIbHEHIINME OKucanTensavu, sanpumep, HCIO, m HMnO,.

B Ilepuommueckoil cucTemMe PAI SJI€MEHTOB OO0BHEeIUHSA-
IOTCS B TPUAABI (TpHUALBI Keje3a, PyTeHusd U ocMusA). BHYT-
pu TpHUAIbl CBOMICTBA 9JIEMEHTOB OJIM3KH.

B cucreme MenpgeneeBa BbIAEIAIOT ABa ceMeiicTBa f-aJie-
MEHTOB: JIAHTAHOUABI M aKTUHOUABI. JIEMEHTHI BHYTPHU KaiK-
JIOTO M3 CEMEIHCTB TaK:Ke MaJIO OTJIUYAIOTCS IO CBOUM CBOI-
cTBaM (TOpMBOHTAJbHAS AaHAJIOTUS), MOCKOJLKY Ha ABYX
BHENTHUX YHEPreTUUYECKUX YPOBHAX y HUX OJAMHAKOBOE UHUC-
JIO 9JIEKTPOHOB.

3.3. SBAKOHOMEPHOCTH
JJEMEHTOB U COETHHEHUU

3akoHoMepHOCTH 3jieMeHTOB. B Ilepuogmueckoii cucre-
Me HaOJIOfaeTcsa pAJ 3aKOHOMEPHOCTel, CBA3aHHBIX C BO3-
pacTaHueM IOPATKOBOI0 HOMEpPA 3JIeMEeHTa B IIePUOe, IPYII-
me, MOATPYINe, IO AWaroHajiu. B YacTHOCTH, IO TJIaBHOM
ouaroHaaun ot (GpaHuua K (Topy HaOmomaerca HamboJee
pesKoe U3MeHEeHNE CBOMCTB 9JIEMEHTOB OT METALJINYECKUX U
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BOCCTAHOBUTEJHHBIX K HEMETAINYECKUM U OKUCIUTEIbHBIM.
Hpyrasa muaronaus : Be, Al, (Ge, As), (Sn, Sb, Te), At —
o0benuHsier am(pOTepPHbIE METAJLJIbI.

CtpoeHne aToMa 3J1€eMeHTa 3aBUCHUT OT €ro IOPAIKOBOTO
HOMepa (B Iepuojie — CJeBa HAIIPaBo, B TPYIIIE — CBEPXY BHUI).

1. Yucio mpoTOHOB M HEUTPOHOB B fAApEe BO3PaCTaeT B
nepuone, rpymmne. [Ipuuem, d1cao HeNTPOHOB pacTeT ObICTpee.

2. O0O1ree umcyIo 3JEKTPOHOB BO3pacTaeT B MepuoJe,
rpymome.

3. Hucmo sJIeKTPOHOB HA BHEIIIHEM BaJIEHTHOM YPOBHE
yBeJInunBaeTcd B mepuone (B MaJabIX IepHOLAax) U He MeHd-
eTcsA B T'pyImme.

4. Yucio sHepreTuYecKnuX YypoOBHEI Bo3pacTaeT B I'PYIIIe
U He MEHSETCA B MEPUOIE.

CBoiicTBa aToMa 3JIeMEHTa C POCTOM €T0 IOPSITKOBOTO
HOMepa TOKe MEHAIOTCA.

1. Pasmep u 3apapn Aapa yBeJUMUMBAIOTCS B IIEPUOLE U
rpyimme.

2. Pasmep aToMa yMeHbIIIaeTCA B IEPUOJEe, PACTET B I'PYII-
ne (puc. 4, cm. Taba. 2).

Bupguao, uTo B IIepuoje ¢ yBeIUUYEeHUEM 3apAfa sapa aTo-
Ma Z (TIopAIKOBOTO HOMEpA dJieMeHTa Z — T. €. cJieBa HaImpa-
BO) paguyc aToMa yMeHBIIaeTcAa. ITO O0bACHAETCS yBeJauye-
HUEM CUJIbI IPUTAKEHUS 3JIEKTPOHOB K ANPY:

Vops HM 7R B mmepuoe.
5,20 L

005

2 10 18 Z

Puc. 4
3asucumocms opoUMALLHOZ0 AMOMHO20 paduyca
om nopsadK068020 HoMepa dJeMeHma
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Tabruua 2
OpOuTaIbHBIIN ATOMHBIN paguyc,
IEePBBINA NOTEHINAJ MOHU3ANUN, CPOJCTBO K JJIEKTPOHY,
OTHOCHUTEIbHASA JJIEKTPOOTPUIATEIHHOCTD JJIEMEHTOB

OnemeHT Rops, HM J, kllsx/mone | €, kJ[s/Monb E, otH. en.
He 0,029 2370 -21 0
Li 0,159 520 57 1,0
Be 0,104 900 -18 1,5
B 0,078 800 29 2,0
C 0,062 1090 123 2,5
N 0,052 1400 -20 3,0
O 0,045 1310 142 3,5
F 0,040 1680 333 4,0
Ne 0,035 2080 123 0
Na 0,171 496 33 0,9
Mg 0,128 738 -21 1,2
Al 0,131 578 48 1,5
Si 0,107 768 178 1,8

0,092 1010 71 2,1
S 0,081 1000 200 2,5
Cl 0,073 1250 350 3,0
Ar 0,066 1520 -36 0
K 0,216 419 48 0,8
Ca 0,169 590 -186 1,0
Sc 0,157 630 =70 1,3
Ti 0,148 658 38 1,5
\Y 0,140 650 63 1,6
Cr 0,145 653 95 1,6
Mn 0,128 717 -94 1,5
Fe 0,123 762 56 1,8
Co 0,118 759 91 1,8
Ni 0,114 737 - 1,8
Cu 0,119 745 118 1,9
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J.xmimons

2000 -

1000 -

2 10 18 Z

Puc. 5
3asucumocmo nepeozo nomernyuaJla uoHu3ayuu
om nopﬂaicoaozo HoOoMepa dJjemenma

C mepexofoM K HOBOMY IIEPUONY IOSABIAETCSA HOBBIU
9JIEKTPOHHBIA YPOBEHb U PajulyC aTOMa BO3pacTaeT. OTHUM
oIpenesiAeTcsA BO3pacTaHUe pajuyca dJIeMeHTa B IOATPYII-
e CBepXy BHUS3:

TZ > TR B moarpymme.

3. IloTennuan noHmsau BO3pacTaeT B Iepuoje, yMeHb-
mraetrca B rpymnme (puc. 5, Taba. 2).

VBennuenue pammyca aToma, T. €. yOAJeHWE BHEIIHUX
9JIEKTPOHOB OT AJpa, OUYEBUAHO, OOJerdaer UX OTPHIB, a
yMeHbIIIeHe pagunyca — HaobopoT. CiemoBaTelbHO, BO3pa-
cTaHue IOPSAAKOBOTO HOMEpa sjieMeHTa B IIepHojie CJIeBa Ha-
IPaBO, COITPOBOXKIAIOIITEECS YMEeHbIIIEHIEM ero paguyca, q0J-
JKHO BBI3BIBATH YBEJIHUYEHHNE SHEePruu MOHusanuu (IepBoro
MOTeHIInaJIa NOHU3AI[U — PUC. D).

17 — 1J B mepuoze.

ITa TeHIeHIIUA NHOTAA HapyIlTaeTcsa. [IOBBITIIeHHBIN MO-
TEeHI[MAJ MOHU3AIUU HaOJII0ZAeTCA Y aTOMOB C IIOJHOCTHIO
WJIW HaTOJIOBUHY S3AaIlOJHEHHBLIM BHEITHUM 3JIEKTPOHHBIM
MOAYPOBHEM (CM. HPABUJIO YCTOWUYMBOCTH IMOAYPOBHEN u
YPOBHeI).
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Hanpumep, us pucyHKa BUIHO:

e J(Be) > J(B); J(N) > J(O) (2 mepuon);
e J(Mg) > J(Al); J(P) > J(S) (3 mepuon).

CiiemoBaTesIbHO, DJIEKTPOHHBIE KOHQMUTYypaIllMd aTOMOB,
COOTBETCTBYIOIIIME IIOJHOCTHIO MJIM HAMOJOBUHY 3aIlOJIHEH-
HBIM 9JIEKTPOHHBIM IOAYPOBHAM, O00JIafalOT IIOBBLIIIIEHHOMN
YCTONUYUBOCTHIO.

VBeanueHue MOPATKOBOTO HOMEpPA dJIeMeHTa B IOATPYII-
Ie CBepXy BHU3, COIPOBOKIAIOIIEECS YBeJIUMYeHueM ero ag-
(hbeKTHBHOTO OPOUTAIBHOIO PAagNyCca, IPUBOAUT K YMEHBIIIE-
HUIO IIePBOTO IMOTEeHIMAa noHu3anuu (cM. puc. 5, Tada. 2).

12 — | J B moarpymme (rraBHOi)

4. CpoAcTBO K 3JEKTPOHY YBEJIUUYMBAETCSA B IIepuoje H,
KaK IpaBuUJIO, YMEeHbIIaeTcsa B rpymnime (puc. 6, Taba. 2).

YMeHbIlIEHUE paguyca aToMa B IIePUOJe CJIeBa HaIlPaBO
¥ yBeJMUYEeHNEe YKCJIa BAJIEHTHBIX DJIEKTPOHOB B €ro COCTaBe
IOJI?KHO YBEJIMYNBATH €TI0 CIIOCOOHOCTD ITPUCOEAUHATH JIEK-
TPOHBI [JIA B3aIOJHEHUA BHEITHEr0 JJIEKTPOHHOTO YPOBHI,
T. €. CPOJACTBO K 3JeKTpoHy. Kak BumHO ma3 puc. 6, Takas
TeHIEeHINA IeHCTBUTEIbHO CYIIIECTBYeT, HO MMEIOTCA U OT-
KJIOHEHUS OT Hee:

1Z — T¢ B nmepuoze.

B moxrpynmne ¢ yBesnueHMEM IOPATKOBOTO HOMEpA dJie-

MeHTa JO0JIKHA HNPOSBIATHLCA O0OpaTHAS TeHIeHI[U:

TZ - ¢ B moarpynme (riaaBHOil).

&, KK/ Mons
r F
300
200
i C
100 +
N Li
\2/\ y
1 1 1 1 1 1 | 1

Hev Be\/ I Nvl 10 Mgv

Puc. 6
3asucumocms cpodcmea amoma K deKmpony
om nopsadK06020 HoMmepa dJeMeHma
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E.omu.ed.

2 10 18 2

Puc. 7
3asucumocmsv 0MHOCUMENbHOLL alexmpoompuyamesbHocmu
om nop}la}cosozo HOoMmepa ajemeHma

OpHako, Kak BUIHO W3 puc. 6, 9Ta TeHAEHIIUA BbIpaske-
Ha elre cjuabee, YeM IIPeIbIAYIad.

5. W3 Bcero BBIIIIECKA3aHHOI'O CJEIYET, UTO BOCCTAHOBIU-
TeJIbHASA CIIOCOOHOCTH 9JI€MEeHTa YMEHbIIIaeTca B mepuoje, pa-
CTET B I'PYIIE, a OKUCINTEIbHAA CIOCOOHOCTH — HAOOOPOT.

6. DJIEKTPOOTPUIIATEIBHOCTh YBEJIUUUBAETCA B IIEPUOLE
U yMeHbIIaeTrcA B rpynne (puc. 7, Tabdua. 2).

W3 pucyHKa BUIHO, UTO YBEJUUYEHUE IOPSIIKOBOIO HOME-
pa sJIeMeHTa B Iepuoje IPUBOINUT, KaK IIPABUJIO, K POCTY €ro
SJIEKTPOOTPUILIATENBHOCTH, & B IPYIIIIe — K YMEHBIIIEHUIO.

17 — TE B nepuoge;
M2 — JE B mogrpymme (riaBHON).

7. MeTanqInuyHOCTh, YMEHBIIAETCA B II€PUOJE, PACTET B
rpyimne, HeMeTaJJINYHOCTh — Hao0OpOT.

IIpaBuio.

JI060il anemenm 6 Ilepuoduueckoil cucmeme umeem
ceolicmea, npomexcymounvie mexdy ceoilcmeamu coceo-
HUX ¢ HUM 3JleMeHmos8 (no 20pu3oHmaJsu, no epmukxa-
AU, no JuazoHaau ).
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IIeproguuecku N3MEHSIOTCA 1 JPYTHE CBOMCTBA 9JI€MEHTOB:
aTOMHBIN 00hEM (OTHOIIIEHVIE ATOMHOI MAacCCHI 9JIEMEHTa K eT0
IJIOTHOCTH), CXKMMAaeMOCTb, KO3(h(PUIIMEeHT TEILJIOBOT'0 PACIIIL-
peHus, TemMIiepaTypa miIaBIeHNsa, MAaTHUTHAA IPOHUIIA€MOCTb,
aTOMHAsI TeILJIOEMKOCTDb IIPY HU3KMX TEMIEpaTypax, Paccem-
BaHUE O.-UaCTHIL, IIOrJIOIeHNe PeHTTeHOBCKUX JyUel u 1Ip.

B uacTHOCTM, 3aKOHOMEpPHOE M3MEHEHUEe XapaKTepHOMH
IJIAHBI BOJIHBI PEHTTEHOBCKOTO CIIEKTPAa IIOTJIOIIEHUS dJIe-
MEHTAa IM03BOJISIET TOYHO YCTAHOBUTD €TI0 MOJOKEeHe B IIePU0-
OUYEeCKOU cucteMe. ITO 0COOEHHO BayXKHO B TOM CJIydae, KO-
raa HabJIIOMAIOTCA HAPYIIEH!UA B PACCTAHOBKE 5JI€MEHTOB 110
BeJIMUYMHE UX aTOMHBIX Macc.

C pocToM IIOPSAAKOBOTO HOMEpPA dJIEMEHTA CBA3aHbI 3aK0-
HOMEPHOCTHM COeIMHEeHMI.

1. CmocoOHOCTE K 00pa30BaHUI0 OKCHUIOB YMEHBIIIAETCS
B Ilepuojie, BO3pacTaeT B rpyiie (B IJIaBHON MOATPYIIIIE).

2. CBoiicTBa OKCHUIOB U T'MAPOKCHUIOB B IIepHOgaX H3Me-
HSIOTCA OT OCHOBHBIX K aM(MOTEPHBIM U [gajiee K KHUCJIOT-
HBIM, B TJIaBHBIX MOATPYHOIAX — HA00OPOT.

3. Briciiasa cTeneHb OKUCJIEHUS SJI€eMEHTa B OKCHE BO3-
pacTaer B mepuojie, MOCTOAHHA B TPYIIIIE.

4. CmocobHOCTh K 00pa3s0BaHUIO TUAPUAOB BO3PACTAET B
mepuoje, yMeHbIIAaeTcs B rpyiie (B IJIaBHOI IOATPYIIIE).

5. BrIcuras BaJIeHTHOCTD 3JIEMEHTA, T. €. eI'0 CIIOCOOHOCTD
K 00pasoBaHHIO OOIIUX 3JEKTPOHHBIX Hap, obecleuurBalio-
mux obpasoBaHUE XUMUUYECKON CBA3U C IPYTUM JJI€MEHTOM
B COEIUHEHWHN, B TUAPUIE IPOXOIUT UYepe3 MAKCUMyM B IIe-
puome, He U3MEHSETCS B TPYIIIIe.

IIPUMEP.

PaccMoTpuM coefUMHEHUS ¢ BOJOPOAOM (TUAPHUIEI) 3JIEMEHTOB BTO-
poro mepuozja.

Briciiasi BaJIeHTHOCTb:

1 2 3 4 3 2 1

LiH BeH, BH; CH, NH; H,0 HF

6. CmocoOHOCTL K MPOABJICHUIO BLICIIIEIH CTEIIeHU OKUC-
JIEHWS aToOMa B COeIUHEHUU BO3PAaCTaeT B IPYIIIeE.

7. CIIOCOOHOCTh 3JIEMEHTOB K KOMILIEKCOOOPa30BaHUIO
BO3pacTaeT B IPYIIIE.

8. Hucno coemmHeHUil, B KOTOPHIX 3JIEMEHT IIPOABJIAET
Pa3JINYHYIO CTeeHb OKMCJEHHUsA, KaK MPaBUJO yBeJNUYUBA-
eTcs ¢ BO3pacTaHMEM €ro MOPSIIKOBOTO HOMepa.
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9. PacmpocTpaHeHHOCTh 9JIeMEeHTa B IPUPOJe, KaK Ipa-
BIJIO, YMEHBIITAETCSA C POCTOM €ro ImopsiJKoBoro Homepa. Ha-
mpumMep, B cocTaBe 3eMHOM Kopbsl 99,8% mo macce cocraBiid-
1oT caenyiomiue aaemenTsl: O, Si, Al, Fe, Ca, Na, K, Mg, H,
Ti, C, Cl, P, S, Mn, F, Ba.

PacopocrpaHeHHOCTs 3jIeMeHTa B OMOJOTUYECKOUN MpU-
pojie, B TOM YHCJIe HaJU4YKMe ero B OpTaHU3Me, TaKiKe, Kak
MIPaBUJIO, YMEHBIIIAETCS C POCTOM MOPSAKOBOrO HOMepa. Ha-
npumep, B opranusme 97,4% 1o macce COCTaBJISIOT CJIEAYIO-
mue saementsl: C, H, O, N, P, S.

CiexyeT OTMETHUTH, YTO YKa3aHHbIE DJIEMEHTHI, TaK Ha-
3bIBaeMble JIeTKIe, 00pas3yoT OpraHnvyecKue MOJEKYJIbl. ITO
MaKpO3JIeMEHTBI, COAepiKaHue KOTOPBLIX B OpPraHuaMe, Kak
BU/HO, BeJIUKO. B TO Ke BpeMs TsKeJble 3JIEMEHTBI OTHO-
cATCA K MHUKPOJIE€MEHTaM, KOTOpbIe, KAaK MIPaBUJIO, HAXO-
IATCA B cocTaBe (hepMeHTOB. OTO OeJIKU, ABJIAIOININECA KaTa-
JIM3aTOPaMM, aKTHBATOPAMHU M MHTHOUTOpPAMH OMOXHMHUYE-
CKUX pPeakrIiuid.

BasxHOo 3aMeTUTH TaKsKe, UYTO 6J1aropoAHbIe MeTaJLIHI (AU,
Pt, Ag) obGiramaroT 6MOJIOTMUYECKON aKTHUBHOCTBHIO, a MHEPT-
HbIE Ta3bl — a0MOTEeHHBI.

3.4. SBHAYEHUE
MNEPHOJUYECKOI'O 3AKOHA

OrkpriTue Ilepuoguueckoro 3akoHa u cosmanue Ilepuo-
IUYECKOM CHUCTEeMbI OIIPEIeININ PAa3BUTHE XUMUU U IPYTUX
HAyK Ha MHOTO JieT BIepel. 3HaUeHHEe HX 3aKJIYaeTcsd B
cJIeyIoIeM:

1. IIpeackasaHie He3BECTHBIX 3JIEMEHTOB M UX CBOMCTB.
OTKpbITHE 3TUX dJIeMeHTOB. (Dkaamiomuuuii — Ga, sKacu-
aunuym — Ge, skabop — Sc).

Paccmorpum skacunumuym — Ge.

Ilpenckazanume MeHaeineeBa Onpenenenue ceoiictB Ge
TJIaBKUH MeTaJlI na

BO3IOHAETCA IIPXU HarpeBaHUU aa

aToMHasa macca 72 72,6

ImJI0THOCTE 5,5 r/cM3 5,385 r/cm®

OKCH/J[ JIETKO BOCCTAHABJIMBAETCS na

IJI0THOCTH oKcuza 4,7 r/cm® 4,7 r/cm?®

TeTPaXJIOPUL — SKUIKOCTDH na

ero Ty, = 90°C 83°C

ero miaotHocTh 1,4 r/cm® 1,88 r/cm?®
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2. YcraHoB/IeHNe UCTUHHBIX ATOMHBIX MAacC 9J€MEHTOB U
WX BaJEHTHOCTEH B psjge COeIMHEHUI.

Hanpuwmep, BeO, a ne Be,0,, kak monaraju XUMUKH.

3. IlomryueHMe HOBBIX COETUHEHU, B TOM UMCJIE C BLICIIEH
CTEeINeHbI0 OKUCJIeHU dJIeMeHTa.

4. TloryueHue HOBBIX BJIEMEHTOB (TPAHCYPAHOBBIX).

5. CosmaHne HOBBIX TeOpPUi (TEOPUA CTPOCHUST aTOMAa, TEO-
PHUA CTPOEHUS XUMHUUYECKUX COeIUHEHUHN U Ap.).

6. O0bscHeHUe psga SBJIeHUHN (PaguOaKTUBHOCTH U IP.)

9TOT 3aKOH MMeeT 3HAUeHHUe AJIS IOHMMAaHWS MHpPa, ero
SABJCHUN 1 3aKOHOMEpHOCTel. B uacTHOCTH, OH ABJISAETCS HOJ-
TBep:KAeHUEeM (PUI0CO(PCKOTO 3aKOHA Ilepexoja KOJUYecTBa
B KauecTBO U 3aKOHA OoTpullaHud oTpunanud. Tak, yBeanue-
HUe YH’CcJia BAJeHTHBLIX 3JIEKTPOHOB B aTOMe B IEePHUOJe IPH-
BOAUT K 3aKOHOMEPHOMY M3MEHEHHUIO CBOMCTB dJIeMEHTa U
ero coequHeHU, a HobaBJIeHNe OJHOTO JIEeKTPOHA K OKTETY
SJIEKTPOHOB B aTOME€ MHEPTHOTO ra3a — K CKauK00OpasHOMY
M3MEHEeHWIO ero CBOMCTB M MePexXony K MeTajly — aKTUBHO-
MYy BOCCTAHOBUTEJIIO.



I'JIABA 4

XUMHNYECKAA CBA3b
U CTPOEHUE MOJIERY /I

4.1. OCHOBHBIE
IHOCTYJATHI U THUIIOTE3bI

O6pasoBanue XUMUYECKOTO COeINHEeHUA MPOUCXOIUT B pe-
3yJbTaTe B3aMMOAENCTBUS aTOMOB, KOTOPOE MPUBOAUT K
00pa3oBaHUI0 XNUMHUUECKOH CBA3U MeKAy HuMu. Ilpm stom
IMOHMUXKAETCS SHEPrus CUCTEeMbI, T. €. OHA IIePeXOIUT B 00-
Jee ycTouuBoe cocTossHre. Mepoii IPOYHOCTU XUMUYECKON
CBSASH CJIYXKUT dHeprusi ee pasperBa. OHa Bcerma IIOJIOMKU-
TeJIbHA, B IPOTUBHOM CJIyYae XUMUUECKNe COeTUHEHUS JOJI-
JKHBI OBIIM OBI CAMOIIPOM3BOJBHO PACIafaThCd B OOBIUHBIX
YCJIOBUSAX.

PaccMoTpuM T'MIIOTE3BI U TEOPHUHU, O0BACHSIONHE obOpa-
30BaHNE XUMUUYECKOUN CBA3U.

ITocryanar I'. [leBn.
Xumuueckas c613b umeem ILeKmMpPuUiecKyo npupody.

9ro OyZeT OTUETINBO BUJHO U3 PACCMOTPEHUS KOHKDET-
HBIX THIIOB CBsA3el. B uacTHOCTH, MOHHAA CBA3bL 00pasyeTcs
3a CYET B3AMMHOTO IPUTAKEHU IIPOTUBOIIOJIOKHO 3apAIKEH-
HBIX YACTUI[ — HMOHOB MeTaJlJla U HeMeTaJLIa.

Daexrpoxumudeckad teopus casu (M. . Bepueanyc,
1812-1818).

Coedunernue obpasyemcs 3a ciem 83AUMHO020 NPUMSL-
HCeHUS 3JIeKMPONOJONUMENbH020 U IAEKMPOOmMpuya-
MmeJsbH020 3JleMeHmOo8.

Hanpumep, B3auMoeliCTBIIe METAJJIOB C HeMeTaJlJIaMu:
NacCl, K,0.

Jra TeopuA 00BACHANA 00pa3soBaHME OKCHUAOB METAJLIOB
U coJieii, HO He 00bsICHANIA o0pas3oBaHme, HaIpUMep, MOJIe-
KYyJI KHCJIOpOJa U BOAOPOIA.
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T'unoresa 06 oomene snexrponamu (B. Koccenn, 1916).

AmombL anemenmo8 npu o06pa3o6aHuUl COeOUHEHUS
omodaiom usu NPUHUMAION 8AJeHMHbLE IJeKMPOHbL O
noaYyYeHus Yycmouyusoil 3NeKmpoHHOU KOHPU2Ypayuu no
muny uHepm#nozo 2a3d.

Jra rumoTesa MOJIOKEHA B OCHOBY MeXaHmM3Ma o0pasoBa-
HUS MOHHOU CBSSU.
IIPUMEP.
Na: = :0- < ‘Na
T'unoresa snexrpounsix map (I'. H. JIsrouc, 1916).
AmombL anemenmo8 npu o6pa3o6aHuUl COeOUHEHUS
o6o0uecmansiom ceou 6aJleHmHble ILeKMPOHbL MAK,
umolOvL KaxOblli NOAYYUL YCMOUYUBYI IJEKMPOHHYIO
KOH@QuU2zYypayuio no muny uHepmHozo 2a3d.

9ra rumoresa MOJIOXKEHA B OCHOBY MeXaHM3Ma 00pasoBa-
HUS KOBAJIEHTHOU CBSSU.

IIPUMEPBI.

H : H — oguHapHad cBA3b

V¥V BomOpOZa 3JIEKTPOHHAA KOH(PUTYpAIIUA Tenusd.

:0: :0: — nBoitHas cBASH

¥V xuciopozna sJIeKTPOHHASA KOHGUTYypanusa HeoHa.

N :::N — rpoiimas cBassb

¥V asora 2sIeKTPOHHAA KOHGUIypanusa HeoHA.

H:0: H

¥V Bozopoza M KHCJIOPOJa dIEKTPOHHBIE KOH(MUIYpPAIIUY, COOTBET-
CTBEHHO, TeJIUA U HeOoHa.

OpmHaKo HY OfHA U3 BBIIIEIIPUBEICHHBIX I'UIIOTE3 He 00bsC-
HsJa, KaKue 9JeKTPOHBI JOJIXKHBI yUYacTBOBATh B 00pa3oBa-
HUU CBA3€H, KaKOoBa MJMHA 00pasyIoIuXx CBA3ell W MHOTOe
Ipyroe.

Teopua xumudeckoro crpoeausd (A. M. Byriepos, 1861).

1. CoegnueHre aTOMOB B MOJIEKYJIY IIPOUCXOIUT B COOT-
BETCTBUU C BAJIEHTHOCTHIO 9TUX ATOMOB.

2. AToMBI B MOJIEKYJE€ COEOUHSAIOTCA B OIpPeIeIeHHON
mocJIeJOBaTeIbHOCTH. V3MeHeHMe IOCJIef0BATeIbHOCTH UX
coeIVHEHUA MMPUBOAUT K HOBOMY BEIIIECTBY C HOBBIMU CBOM-
CTBaMU.

3. CBoiicTBa MOJIEKYJI 3aBUCAT OT UX COCTaBa U CTPOEHUA.

4. ATOMBI B COEIMHEHUY OKAa3bIBAIOT B3aMHOE BIUAHUE

APy Ha apyra.
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Ha ocuHoBamuu sToii Teopum ObLIN IPEAJIOMKEHBI CTPYK-
TypHBIE (DOPMYJILI COETUHEHUN U OBLIN O0BbSICHEHBI MHOTHUE
SIBJIEHUS, HAIIPUMED, U30MEPUS OPraHNIeCKUX COeTUHEeHWH.
IIpu sToMm gaHHasA Teopus He O0BACHSATIA cCaMy IPUPOAY XU-
MUYECKOH CBSIBU.

4.2. TEOPUN OBPA30BAHUA
ROBAJIEHTHOHU CBS3H

Meron BaseHTHBIX cBsa3eit — meron BC (B. I'. Taiitaep,
&®. Jloumon, 1927).

9Tu yueHble IPEIJIOKUIN KBAHTOBO-MEXaHUUECKOe OIIH-
caHUe JJIEKTPOHHOTO CTPOEHUA MOJIEKYJ Ha OCHOBAaHUU De-
menus ypaueuus IllpeguHrepa Ipu OIpeneieHHOM IIPH-
OJMKEeHNN, B KOTOPOM YUYHTHIBAJIOCH TOJIBKO B3aUMO/IelicTBIE
SJIEKTPOHOB CO CBOUM M UYIKHM SIIPOM.

1. KoBajleHTHasA CBA3b OCYIECTBJIAETCA IBYMS SJIEKTPO-
HAMHM C IPOTUBOIIOJOMKHBIMY CIINHAMY, KOTOPBIE IIPUHAIJIE-
JKaT OJHOBPEMEHHO ABYM DPa3JMUHBIM aTOMaM.

2. BzammHoe mepeKphIBaHNEe BAJIEHTHBIX 3JIEKTPOHHBIX
00JIaKOB JBYX ATOMOB IIPUBOAUT K 00pasOBAHUIO SJIEKTPOH-
HOTO 00J1aKa MOJIEKYJBI, ¥ KOTOPOTO MaKCHMaJIbHAA dJIEK-
TPOHHASA MJIOTHOCTL PACIIOJIATAETCS B IIPOCTPAHCTBE MEMXKIY
AApaMu, BBIBLIBAS UX IPUTIKEHNE, T. €. OCYIIeCTBIASI CBA3b
MeXKIy HUMH.

3. CBaA3b MeXKIy aToMaM’ B MOJIEKYJIe TeM IIPOYHee, ueM
0oJbIlle TepeKphIBaHMEe 00JIaKOB.

IIPUMEP.
OTOT METOJ IT03BOJIMJ OOBACHUTH 00pasoBaHUE CBSA3U B cjydae
IBYX'bANEPHON MOJIEKYJIbI, HAIIPUMED, BOAOPOJA, CIAEAYIONAM 00pa3oM:

Momnexkyna Hy

Atom H .HH Atom H

IToT MeTOon OO0BACHWJ 00pasoBaHME KOBAJEHTHBLIX CBS-
3ell, B YaCTHOCTHU, G- U T-CBA3€il: G-CBA3b 00pa3yeTcsa B pe-
3yJIbTATE MEPEKPBHIBAHUS SJIEKTPOHHBIX OOJIAKOB IO JUHUMH,
COeIUHAIOIIEH Aapa aTOMOB, a T-CBA3b — B Pe3yJbTaTe Iie-
peKpbIBaHUA 00JIaKOB BHE 3TOH JuHUU (cM. puc. 8).

IToT MeToa He O0BICHSJ CIeylolee.

1. CymectBoBanmue uouos Fyt , 0,7 , Hy™ (cm. merox MO).

2. MarguTHbIe CBOMCTBA MHOTHX MOJEeKYJ, Hampumep O,
(cm. metom MO).
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n-CEA3L a-CeA3b

Puc. 8
Cxema o6pa3oeanus
G- U m-ceasell

E
Ll. T el

— <D

sp-aubpudusalus

E
p
L. —— s[p[i]

spi-aubpuduzanus
E
e pLnnn
s[4t

-

sp -2ubpudusayus

Puc. 9
Cxema 0o6pa3osanus zubpudrbLx
opbumaaneil

sp3-3u5puduaauu;r

Puc. 10
Cxema 06pa3o8anus zubpudHbLX
opbumadneil asoma 6 MoLeKyLe
ammuaxa

3. O6pasoBanue paBHOIIEH-
HBIX CBA3El, HATIPUMED, B MOHE
NH} (cm. [ToHOPHO-aKIENTOD-
Has CBA3bL).

4. CyIecTBOBaHMNEe pas3janu-
HBIX BAJIEHTHBIX YIJIOB B MO-
JIEeKyJIax.

Ilocnemuue nBa (pakTa yna-
JIOCh OO'BSICHUTEL B PaMKax Me-
TOA rUOPUANBAIINY €K TPOH-
HBIX OopOuTaseii.

Merton ruOpUAM3AIINH DJICK-
TpoHHBIX opoéuraaen (JI. Ilo-
JIVHT).

1. U3 s-, p- u d-271€KTPOH-
HBIX O0JIAaKOB aTOMOB (hopMu-
pyioTcA cMerniaHHbIe (Tubpum-
HbIe) o0OJaKa, KOTOphIe obOpa-
3yIOT XWMUUYECKUe CBs3WU,
paBHBIE IO CBOEIl SHEPruum u
UMeIle OmnpeaesieHHOe Ha-
IIpaBJIeHre B IIPOCTPAHCTBE.

2. Ilpu sTom obecmeymBa-
ercsa OoJiee TIOJTHOE B3aWMHOE
mepeKphIBaHNe SJIEKTPOHHBIX
00J1aKo0B, T. €. o6pasyroTcsa 6o-
Jiee MPOYHLIE CBSI3H.

B zaBucumocTH OT BHUIA
rubpuan3anuy B MOJIEKYJIaxX
HaOJII0OMAI0OTCS pas3JInuYHbBIE Ba-
JIEHTHBIE YTJIBI MEXKIY G-CBS-
3amu (puc. 9).

Craemyer 3aMeTUTh, UTO B
rubpugusanuu y4acTBYIOT U
HEeCBS3HIBAIOINE BaJIeHTHBIE
SJIEKTPOHHBIE TIAPHI.

IITPUMEP.

O0Opa3oBaHUE MOJIEKYJIBI aM-
muaka NH; B pesysbraTe sp®-ru6-
PUAMBANAU BAJEHTHBIX 9JIEK-
TPOHHBIX OGJIAKOB a3oTa IpuBe-
neno Ha puc. 10.
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Teopus OTTAJIKMBAHUA DJIEKTPOHHBIX AP BAJEHTHBIX
000J10UeK. ITa TeopusA MO3BOJISIET 0OOJiee TOUHO IPEACKA3aTh
IIPOCTPAHCTBEHHOE PACIIOJIOMKEHEe CBsI3ell B MOJIEKYJIaX, T. €.
BaJIEHTHBIE YTJIBI.

1. BajseuTHBIE 5JIEKTPOHHBIE IIaphl B3ANMHO OTTAJIKKBA-
I0TCA, paclojiarasich TakKuM 00pasoM, UTOOBLI SHEPTUS MOJIe-
KYJIBI WM MOHAa Obljla MUHUMAJbLHOM.

2. Ecnu Bce ajIeKTPOHHBIE ITapbl OAUHAKOBEI, TO 00pasy-
eTcsA MOJIeKYJia IpaBUILHON popMmbl. Eciiu B MOJIeKyJie ecTh
HECBS3bIBAIOIIIYE BAJIEHTHBIE DJIEKTPOHHBIE ITaphl, TO OHU OT-
TAJIKWBAIOTCA CUJIbHEEe U NCKAXKaT (hOpMYy MOJIEKYJIbI, VBe-
JUYMBAas BaJIeHTHbBIE YTJIbI.

3. KpaTHble cBSI3U TaKKe OTTAJIKUBAIOTCA CUJIbHEEe, yBe-
JUYUBAsS YIJIBI MEXKIY CBA3AMU.

IIPUMEPHEI.

Mounekyna merana CH, (sp®-rubpuausanus yrieposa) umeet Gopmy
IPaBUJIbHOM MUPaMUALI, IOCKOJIBKY Bee 6-cBsa3u (C—H-cBa3u) oquHaKO-
BBI. MoJieKysia Bofbl (sp3-rubpuausanus KUCIopoaa) umeeT HopMmy He-
TPaBUJIBHON MUPaMuIbl. 3[leCh B TUOPUAN3AINY YUACTBYIOT HECBA3bIBA-
IOI[e BaJICHTHBIE 3JIEKTPOHHBIE Iapbl KUCJIOPOJa, OTTAJIKUBAIOIAECS
CHUJIbHEe 4YeM 3JIEKTPOHHBbIE IIapbl y-CBHSeﬁ. AHaJIOrmYHOe MCKaXKeHUe
HaOJIIOlaeTca B MOJIEKYJle MYPABBUHOTO aJbJeTHa II0 CPAaBHEHUIO C
60pPOBOIOPOIOM B pe3yJibTaTe OTTAIKUBAHUSA KPATHBIX cBaA3eil (puc. 11).

Puc. 11
Cxema usmeneHus zeomempul MONLeKYibl npu i
nepexode om npedenbHoll K HenpedelbHOU C643U sp -2ubputuIauus

MeTon HaJIOKEeHUS BAJIEHTHBIX cXeM. JTOT METOJ IIpH-
MEeHSAETCS TOTa, KOT/a MCTUHHBIE CBOMCTBA COeIMHEHUA U,
COOTBETCTBEHHO, €Tr0 CTPOEHNE OKA3bIBAIOTCSA IIPOMEKYTOU-
HBIMHI MEXXIYy OTAeJbHBIMHU CXEeMaMHU.

B sToM cayuae ncmosb3yioT cienyoliiue 2 cmocoba m300-
Pa'KeHUs CTPOEHUA MOJIEKYJILI MJIN HMOHA:

Ilna mona CO3

0 <o- 0-& ool
0" Nop C“o
nian 2-
0
0-C
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Merox MmonekynapHbIX opouTtaxeit (merog MO). OTor meToz
SIBJISIETCSA YCOBEPIIIEHCTBOBAHHLIM METOJOM BAJIEHTHBIX CBS3EH.

1. VI3 n BaJeHTHBIX 3JIEKTPOHHBIX 00JIAaKOB ATOMOB 00pa-
3yeTcsA N 3JEKTPOHHBIX 00JIAKOB MOJIEKYJIBI, IPUHAAJIEKA-
X OSHOBPEMEHHO HECKOJIBbKUM aTOMAM.

2. ITonoBuHa opbuTajeil MOJEKYJIbI SBISIOTCA CBA3BIBAIO-
muMu (00pas3yioT CBA3b), a MOJOBUHA — Pa3PBIXJIAIOITUMU
(paspyiiaioT CBA3b).

3. IIpu 3amoJHEHWM MOJEKYJIAPHBIX OpOuTaeil sJeK-
TPOHAMY WCIIOJb3YIOTCS HPUHIINI MAHUMAJLHON 9HEPIuwu,
npuHnun Ilayau u npasuao XyHzIa.

4. CBasp obpasyeTcs TOJBKO TOTAA, KOTIAa YMCJIO 3JIEK-
TPOHOB Ha CBA3LIBAIOIIUX OPOUTAIAX OOJIbINIE, UEM Ha pas-
PBHIXJIAIONTNAX.

5. KpaTHoCTh CBSA3U ONpeJesdeTcs IO PAa3SHOCTU 3JIEK-
TPOHHBIX IIap Ha CBA3LIBAIOIIUX U PA3PBIXJIAIONINX OpOMUTAa-

JAX, a MaArHUTHBIA MOMEHT MOJIEKYJILI — HeCIapeHHBIMU
9JIEKTPOHAMMU.
IIPUMEPBEI.
O6pasosanue moueryast Hy mo merony MO y mona H3 u moue-
Kyabl Os.

osexyna H
E mousiexysia Hy

G-pas3phIXJIAIOIas

arom H
1s

G-CBA3bIBAIOIag

Oo6pasosanue nona Hj

von Hj

OG-Pa3pPHIXJSAOas

G-CBA3bIBaKOIasg

Oo6pasosanue MoJseKyasl Oy
mosexkysa Oy

G-pas3pBIXJIAIONIas
T-Pa3pPBIXJIAOIAT

C
i1 e~ 5

G-CBA3bIBAIOIag
T-CBA3BIBAIOIIIAA
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KpataocTs cBsisu paBHa (6—3)/2 = 2. Mosnekyia obaamaer
MAarfvTHBIM MOMEHTOM, TaK KaK y Hee €CTh JBa HECIIapE€HHBbIX
5JIEKTPOHA, PACIOJIOMKEHHBIX Ha Pa3PhIXJISIONINX T-OPOUTAIAX.

B sTOM MeTO/ie IO aHAJIOTMY C ONIHCAHNEM COCTOSHUSA 9JIEKTPOHOB B
aToMe ¢ moMoInsio GyHKINI V¥, roe Kakgas aToMHasg OpOUTANb XapaK-

Tepu3yeTcsA OIpefeJeHHBIM HAG0pOM KBAHTOBBIX UHCEJ, IPEAJIOMKEHO

TaKUM ’Ke 00pasoM OIMCHIBATH U COCTOSAHWE SJIEKTPOHOB B MOJIEKYJIE.

Tounoe peurenne ypaBHeHus IlIpequarepa 4 MEOTOATOMHBIX MO-

JIEKYJI IOKA HEBO3MOXKHO, II09TOMY IIPEAJIOKEHO ero IpUOIMIKeHHOe

pellleHNe B BapUaHTe JUHEeHHOM KOMOMHAIIMY aTOMHBIX opOuTaei (me-

Tox MO JIKAO).

CMBICJI JAaHHOTO NPUOIMKEHUA COCTOUT B ciaexyiomeM. ITycTs aTom-

Hble 9JIEKTPOHHBIE o0Jsaka (opburanu) onuckiBaioTca GyHKIuamu Vi,

Yy, ¥ ... Torma MosiexkyasipHoe 06J1aK0 (MOJIEKYAsipHAS OpOUTAJB) MO-

JKeT OBITH IIPEJCTaBIEHO B BHUJAE UX CYMMBI C COOTBETCTBYIOIUMU KO-

s punuenTamMu:

VY=c¢ ¥Y; +cy¥y+cg¥s..31

IIpu sTOM, MOCKONBKY Kakaad GyHKIuA V mmeeT omnpeseseHHOE
HaIpaBJieHHWEe B IIPOCTPAHCTBE, BO3MOXKHBI 2 cIydasi: OOZUHAKOBOE U
IPOTUBOIIOJIO}KHOE HampasieHue ¢yHKnuit 2 atomoB ¥y, ¥, (ue my-
TaTh ¢ HAIIpaBJeHNEM CIMHOB 9JIeKTPOHOB!). B mepBoM ciaydae cooTBeT-
cTByIoIe GYHKIIUU CKJIaAbIBaloTCA (00JIaKa IepeKphIBalOTCA) 1 o0pa-
3YIOTCS CBA3BIBAIOI[NME OPOUTANIN, & BO BTOPOM OHM B3aWMHO BBIUWTA-
I0TCA U 06pasyIoTCs PasphIXJIAoNie OpouTaIu.

4.3. TUIIBI .
BHYTPUMOJERYJAPHBIX CBA3EU
KoBanentnas cass (150—400 k/l3x/mMoab). ITta CBA3D
obpasyeTcsa OOIIMMK BAJ€HTHLIMH 3J€KTPOHAMU 2 aTOMOB
3a cueT ux 006001ecTBIeHUA. [Ipyu 9TOM y KaKIOTro M3 aTo-
MOB (hOPMUPYETCA YCTONUNBAA 3JIeKTPOHHAA KOH(pUrypamnus
IO TUIY WHEPTHOTO rasa.
Yucao oOIIMX 5JIEKTPOHHBIX Map OIpelesisdeT BAJIEHT-
HOCTBH 9JIeMEHTAa B COeIUHEHUU.
CBoiicTBa KOBaJIEHTHOM CBSI3MU:

e BLICOKODHepreTuueckasa (IpodyHas);

e HachIlmaemMas. UucI0 KOBaJIEHTHBIX CBA3ell y aToMa B
COEIMHEHUN CTPOr0 COOTBETCTBYET UUCIY HeCIlapeHHBIX
BJIEKTPOHOB (CM. IOIIOJHEHUE);

e HampaBieHHasdA. MeIy CBSI3AMU MMEIOTCS OIIpeesieH-
HBbIE YTJIBI;

® MOKeT OBLITH IOJIAPHON M HEeHOJNAPHOU (CM. HUKe).
Kpowme sToro ciegyer OoTMETUTH, YTO JaHHAA CBA3b UMe-

eT IJINHY, OIPeNeSAeMyI0 PACCTOAHNEM MEXKIY ATPaMU aTo-
MOB B MOJIEKYJie, a TaKiKe KPaTHOCTh (ogmHapHad, ABOM-
Has, TpoUHas). B IByX MOCJeIHUX CIyUYadX KPOMe G-CBI3U
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(mepexprIBaHME SJIEKTPOHHBIX 00JIAKOB I10 JINHUU, COeTUHSIO-
e Aapa aToMOB, ) 00pPas3yIoTCs T-CBA3Y (ITepeKpPhIBAHNE SJICK-
TPOHHBIX 00JIAKOB BHE 9TOU JMHUU — CM. PHUC. 8).

Ecnau MoJeKyJia COCTOUT U3 aTOMOB OJHOTO 3JIEMEHTAa, TO
ee JIEKTPOHHBIE 00/IaKa He CMEeIleHbl HY K OTHOMY M3 HUX,
T. €. pacmoJiaralTca CUMMETPUYHO Mexkay aromamu. Obpa-
3yeTcs HEeUmOJIAPHAA CBA3b.

Ecniu monexkysna oOpasoBaHa aTOMaMM PAa3HBIX 3JIEMEH-
TOB, TO €e 9JEeKTPOHHBLIE 00JIaKa PacIojaraloTcsa acHuMMeT-
pUUHO, OJMKe K aTOMy 06oJiee 3JIeKTPOOTPUIATEIHHOTO dJIe-
MeHTa (moJsiyuaeT M30BITOUHBIN OTPHUIATENBHBIN 3apAl, a
IPYyToil aToM — M30BITOYHBIN MOJIOKUTENLHBIN 3apAx) u 00-
pasyeTcsi IOJIAPHAA CBSA3b.

IIpuobOperennble 3apAAbl — 3TO 3(PPEeKTUBHBIE 3apAIbI
aTOMOB B MOJIEKYJie, KOTOPas B OTOM CJIyuae Has3bIBAETCS
nunojeM. IIoJIAPHOCTh TaKOM MOJIEKYJIBI OIPEIEIAeTCS ee
IUIOJBHLIM MOMEHTOM, KOTOPBIA H3MepseTcsa B mebasax
(1 D = 3,3-1073° Kn-M) u paccunTsIBaeTCs 0 (PopMyJIe:

n=ql, (32)
re ¢ — 3apsan 9JIeKTPoHa, [ — paccToAHMe MEeKIY IeHTPaMU
TIOJIOYKUTEIBHOTO U OTPUIIATENIHLHOTO 3apAAOB B MOJIEKYJIE.

JunonvHulit MomMeHm — 9TO KOJMUYECTBEHHAs XapakKTe-

PHUCTHUEKAaA IIOJAPHOCTU MOJIEKYJIBI.

IIPUMEP.
qunonbHBIM MOMEHT, PaBHBIM HYJIIO MMeeT, HaIpuMep, MOJeKyJia
yrueKucsaoro rasa. JIumoIbHbIe MOMEHTHI HEKOTOPBIX APYTUX MOJIEKYJT:

H,0 0, SO0, HF HCl HBr HI
wD 1,85 2,26 1,67 1,92 1,04 0,29 0,36

Kakx BugHO Ha IpUMepe rajJlore HOBOJOPO0OB, TUIOJIbHBIH
MOMEHT MOJIEKYJIBI BO3PACTAET C YBEJHUUEHUEM 3JIEKTPOOT-
PUIATEJIHHOCTH DJIEMEHTA.

Boxkpyr mosiApHON MOJIEKYJIBI B IPOCTPAHCTBE BO3HUKA-
eT BJIEKTPOMATHUTHOE I0JIe, HAIPAKEHHOCTh KOTOPOro IMpPsi-
MO HPOIIOPIIMOHAJNLHA €€ TUIOJbHOMY MOMEHTY. IlosapHble
MOJIEKYJIbI B3AMMHO OPHEHTHUDPYIOTCSA B PACTBOpE, IIPU 9TOM
TIOBBIIIAIOTCS TEMIEPATYPHI KUIIEHUA U IIJIaBJIEHU BEIIIECTB.
ITonsspHBIE MOJIEKYJIBI 00JIafal0T MOHUSUPYIONIUM TEHCTBU-
eM, T. e. 00JIer4aroT pacuaj 9JeKTPOJUTOB Ha MOHEI.

2 IUIIONBHBIA MOMEHT OTCYTCTBYET y MOJIEKYJ, Tlie BeKTOpA MArHHUT-
HBIX MOMEHTOB, CBA3€H IIPM CJIOXKEHWW B3aMMHO COKpAIlaloTCsA, HAIIPH-
mep B PH3, O,.
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O0pasoBaHUe KOBAJEHTHBHIX CBA3EH MEXAY OBYMs (X HE TOJBKO)
aToMaMu, KaK IPABUJIO, IIPOUCXOJUT 34 CUET y)Ke MMEIOIMUXCHA dJIEeK-
TPOHHBIX BaKAHCHUIL.

Hanpuwmep, B mosexryse CO:

VR
¢ 3 []1] ]
20 1]

OpgHako OBIBAIOT CJIyuau, KOT/Aa KOBAJEHTHBIE CBA3U 00Pa3yIOTCSA
U B pe3yJbTaTe BO30YKIEHUS dIEKTPOHOB C IEPeXOoZoM HMX Ha Oosee
BBICOKHUI DHEPreTUYECKUil IOAyPOBEHB, UTO OKA3BIBAETCA B JaHHOM
cJlyyae 9HEPreTUYEeCKHU BBITOAHBIM B CBA3U C 00pa3OBaHUEM JOIIOJIHU-
TeJIbHBIX CBA3EU (CM. «DJIEeKTPOHHBIE KOH(PUTYPALUU aTOMOB» ).
Hanpuwmep, B mosekyse CO,:

I 1
¢ 2y [1]1]1]
2 1)

HonopHo-akuentopaaa cBasb (200—400 k/x/Moab) —
5TO OVH M3 MeXaHW3MOB 00pa3oBaHUS KOBAJEHTHOMN CBSBHU.

KoBanmenTHasa cBsa3b oOpasyeTcs 3a cueT 0000IIecTBJIe-
HUA IBYMSA aTOMaMU BaJEeHTHOUM 9JIEKTPOHHOM Haphl, IPU-
HaJAJIeKallleld TOJILKO OMHOMY U3 HUX (HeIoeJJeHHO BaJIeHT-
HOM 9JIEKTPOHHOI maphl). ATOM, IPEIOCTABIAIOIIUNA CBO-
0OZHYIO BaJEHTHYIO OpOHTaJh W NIPUHUMAWOINNA Ha Hee
9JIEKTPOHEI, HA3bIBaeTCA aKI[EIITOPOM, a IIPeIOCTaBIIAIOIIUHA
BJIEKTPOHHYIO ITapy — AOHOPOM.

ITPUMEP.
O6pasoBanne KaTuoHa amMmoHus NHJ.

H b
HN:>H' N 2s[N] 1s | | H'

IOHOD aKIEIITOD
Takuve CBA3M XapaKTEPHBI IJI KOMILIEKCHBIX COEIUHE-
Hui (cM. raaBy « KoMILIeKcHBIE COeIUHEHNA» ), KOTOPHIE 00-
pas3yIoT, TJIaBHBIM 00pasoM, IePeXOJHBbIe MeTaJLIbl (aKIem-
TOPBI BJIEKTPOHHOI Maphl) U HEMeTaJLIbI (JOHOPHI SJIeKTPOH-
Hoi1 mapsr). CeoBaTeIbHO, 3TO IPUMEDP KOBAJEHTHOM CBA3H,
o0pasymoleiica MexX Iy aToMaM{ MeTaJllla 1 HeMeTaJLia.

CymecTBoBanue MoHa ruapoxconnsa HsO' B BomHBIX pacTBOpax
KHCJIOT 00'bACHSETCA 00pa30oBaHMEM JOHOPHO-AKIIEIITOPHOMN CBAZU MEXKIY
KHCJIOPOAOM MOJIEKYJIBI BOAKI (ZOHOD 3JI€KTPOHHOM Haphl) U KATUOHOM
BOZOPOJa (aKIENTOp 9JeKTPOHHOMN IaphI).

H,0: > H*

Honnaa cBasp (600-800 k/l:x/mMoan) obpasyeTrcss B pe-
3yJIbTaTe Iepexoa BaJeHTHBIX 9JIeKTPOHOB OT OJHOTO aToMa
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(meTasnia) K Apyromy (HeMeTaJLy) U IOCJIEeAYIOIIEro MpuTs-
JKeHUsA ITPOTUBOMIOJIOMKHO 3apAKEHHBIX MOHOB ¢ 00pasoBa-
HHEeM YCTOHUYMBOW MOJIEKYJIbI MJIW MOHHOWN PeIleTKM KpIC-
Tajia, HanpuMmep B Kpuctasie NaCl:

Na' CI~ Na* CI-
Cl” Na* CI” Na*t

ATy cBS3b MOYKHO pacCMaTpUBaATh KaK KPaAaWHUH cayuait
MOJIAPHON KOBaJIEHTHOM CBSA3HU, TaK KaK IepeIleaIne daeK-
TPOHBI TEM He MeHee OKAa3bIBAIOTCA B 00IEM II0Jb30BAHUU
IBYX syieMeHTOB. IIpu 00pasoBaHUM CBSA3U MPOUCXOIUT IIe-
peKphIBaHME BAJEHTHBIX 3J€KTPOHHBIX O0JIaKOB CO 3HAYMU-
TeJbHBIM CMeIIleHrneM 5JeKTPOHHOU IJIOTHOCTH 00pasoBaB-
merocs o0JaKka K aToMy HeMeTaJlia.

OrmeTuM, 4TO CBOOOAHBIE MOHBI CYIIIECTBYIOT TOJBKO B
pacTBope, I'fie OHU TaKiKe MOTYT B3aUMOAENCTBOBATL APYT C
IPYyrom.

CBoiicTBa MOHHOM CBSBU:

® BBICOKOAHEpTreTnUecKad (IPoOYHas B KpUCTAJe);

e He 00J1aZlaeT HACKIIIIAEMOCThIO, IIOCKOJIbKY BO3MOXKHO B3a-
UMOeNCTBYEe NAaHHOI'0 MOHA C PA3JUYHBIM YMCJIOM IIPO-
THUBOIIOJIOKHO 3aPSIKEHHBIX NOHOB;

e He 00JIaaeT HAIPABJIEHHOCTHIO B IIPOCTPAHCTBE, MIOCKOJIb-
Ky BO3MOXKEH IIOAXOJ ITPOTUBOIOJIOMKHO 3apsaKeHHOTO
WOHA K JAHHOMY C JIIOOOM CTOPOHEBI C IIOCJIEAYIOIIUM KX
B3auMoeiicTBreM (B pacTBope).

Meranmuueckasa cBasb (100—800 k/I:x/mMomb) obpasyercsa
B MeTaJljIaX 3a cUeT 00O0O6IIEeCTBICHUS OOJIBIIINM KOJIUYECTBOM
aTOMOB CBOMX BHEIITHUX MHOJBHUKHBIX BAJEHTHBLIX DJIEKTPOHOB.
Takue sJIeKTPOHBI, CJIa00 CBA3aHHBIE C AAPOM, O0PA3YIOT €Iu-
HOe JIEKTPOHHOE 00JIaKO («3JIEKTPOHHBIN Tras» ), KOTOpPoe HaXo-
IUTCS B OOIIEM II0JIb30BAHUY BCEX SIEP, OCYIIECTBIAS UX CBAS.

CBolicTBa MeTaJLINUECKOM CBA3MU:

® BBICOKOAHEpTreTnuYecKad (IIpoyHas);

e HeHachIII[aeMasi;

e HeHaIllpaBJIeHHAasd.

W3 npeacTaBIeHHOIO OIpeIe/IeHNs CJIeIYeT, UTO 9Ta CBI3b
CPOIHYW KOBAJIEHTHOUN HEIOJSAPHOM, TOJLKO 00Ilee 3JeK-
TPOHHOE 00JaKO HAXOMUTCSA B MOJie OOJBIIIOT0 KOJIMYecTBa
aTOMOB, a CaMH 3JIEKTPOHBI 00JIaJal0T 3HAUUTEIHLHOM MOJ-
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BHXKHOCTBIO, OIIPE/ieJIsAsi MHOTHE CBOMCTBA METAJLJIOB, HAIIPH-
Mep, TEIJIO- U BJIEKTPOIPOBOIHOCTD.

Taxum oOpasom, Bce THUIIBI BHYTPUMOJIEKYIAPHBIX CBS-
3eii o0pasoBaHBI IO €IMHOMY MeXaHU3My — IIyTeM Iepe-
KDPBIBAHUSA BaJIEHTHBIX JJIEKTPOHHBIX 00JIAKOB aTOMOB, BBI-
3BAHHOTO CTPEMJIEHHNEM aTOMOB IIOJYYUTh YCTOMUMBYIO 000-
JIOUKY IO THUIY WHEPTHOT'O rasa.

4.4. MEKMOJIERY JIAPHDBIE
B3AUMOJEUCTBUA

Bonoponuas ceass (10—50 k/l:x/M0ab) ObIBaeT BHYTPHU-
WJIN MEXXKMOJIEKYJIAPHOM.

Bogoponnasi cBsasp obOpasyercs, Korga aToOM BOIOpOIa
OIHOM MOJIEKYJbI (OQHOM T'PYIIBI B MOJIEKYJIE), CBIBAHHBINA
C CHJIbHO 3JIEKTPOOTPHUIATEIbHBIM 3JIEMEHTOM, B3aUMOIEH-
CTBYeT C aTOMOM CHJIbHO 3JIEKTPOOTPHUIIATEILHOTO dJIEMEeHTa
IPYTOM MOJIEKYJIBI (IPYTroi TPYIIbI B MOJEKYJe).

CoenmueHusi, CIocoOHBIE K 00OpPasOBaHUIO BOJOPOMTHBIX
cesasen: H,O, HF, HCI, H,S, NH;.

AToM BOmOpOJIa OSHOUM MOJIEKYJILI, UMEIONINI Ae(UIUT
SJIEKTPOHHOM ILJIOTHOCTH, MOJKET IPUHATL Ha cebsd JacTb
BJIeKTPOHHON TJIOTHOCTM (HETOIeJeHHOUM BaJIEHTHOM dJIeK-
TPOHHOH IIaphbl) CHUJBHO 3JIEKTPOOTPUIATEIHLHOIO dJIeMeHTa
IPYTOM MOJIEKYJIBI ¢ 0OpasoBaHMEM IO JOHOPHO-aKIEITOP-
HOMY MeXaHW3MYy CJIa00i BOZOPOIHOM CBA3U.

ITPUMEP.
O6pa303aHne BOOOPOOHBIX cBA3e MeX Ay MOJIEKYyJaMu BOOBI.
st Lo st
/_H ...:0 EI
05 H3
\H;‘,Jr

B pesysbraTe 06pasyroTCs accomUaThl MOJEKYJ, YTO IPUBOAUT K

IIOBBILIEHUIO TeMIIepaTypPhbl KUIIEHUA U IIJIaBJIEHUA BOJBI.

Cuasr Ban-nep-Baaasca (5—10 k]I /mMoab). ITO ciaabbie
B3aMMOJelicTBUA, AeHCTBYIOINe Ha OOJBIINX PACCTOAHUIX.
IIpu GosbIlIOM UMCJIe TAKUX B3aNMOAEHCTBUM OHU MOT'YT OKa-
3BIBATh CYIIIECTBEHHOE BIMAHIE HA CBOMCTBA COETUHEHUM.

K rakum B3amMogelCcTBUAM OTHOCATCS:

a) OpUeHTaIlMOHHbIEe B3aMMOJIEeHCTBUA — dSJIEKTPOCTATH-
YeCKUe B3aMMOIENCTBUA MEKIY MOJEKYJIaMM, MMEIOIUMUI
JUIOJbHBIA MOMEHT, HAIIPUMEp:
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H—Cl H—-Cl]

S+ 5— 3+ -

0) UHAYKIIMOHHbIE B3aUMOJENCTBUSI — 3TO 3JEKTPOCTa-
TUYECKNE B3aMMOJENCTBUSA MUIIOJEA C MHIYINPOBAHHBIMU
nunonamu. Ilociengnue, Kak IpaBUo, 00PasyOTCA MOJEKY-
JlaMU, CHOCOOHBIMU K IOJIAPU3AIUU, T. €. K 00pa30BaHUIO
IUIIOJIS TIOJ BAUSHUEM BHEITHUX I0Jel, HalmpuMmep:

Hunonb Benzon
5~ ot 5~ o+
B) OUCHEPCUOHHLIE B3aMMOAEHCTBUS — 5TO 3JIEKTPOCTA-

TUYECKNe B3aMMOMENCTBUA MT'HOBEHHBIX AUIIOJel, 06pa3o-
BAHHBIX B Pe3yJIbTaTe Iepepaciipene/ie s 9JIeKTPOHHOM ILI0T-
HOCTH B MOJIeKyJiaX. MTIHOBEHHOe HapyIlleHrne PaBHOMEPHOI'O
pacipeeeHusa 9JIEKTPOMHON IIJIOTHOCTH HaOJIIOAETC B JIIO-
6oif uactuiie (MoJieKyJae, noHe, arome). OHO BLISBAHO JABUIKE-
HUEM 3JIEKTPOHOB (IIyIbCAITNS SJIEKTPOHHBIX 00JIAKOB) U SIep.

Oco0yi0 posb TaKue B3aMMOJAEHCTBUS UTPAIOT B MKUIKO-
CTSAX W KpHUCTAJLIaX.

Brian pasiaMuyHBIX MEXKMOJEKYJIAPHBIX cua (cua Bam-
Iep-Baanbca) B 9HEPrui0 MeEXKMOJEKYJISAPHOTO B3aWMMOMIEMH-
CTBUS HEKOTOPBIX COeTWHEHUI IpencTaBjeH B Tabauie 3.

Buauo, uTo yBeJnueHUEe HOJAPHOCTA MOJIEKYJIbI IPUBO-
IUT K BO3PACTAaHMWIO BKJIaJla OPUEHTAIIMOHHBIX B3aWMOIeii-
CTBUM M YMEHBIIEHUIO NOJIU IUCIEPCUOHHBIX CHII.

Tabruuya 3

BKJIaL[ OTAEJIBbHBIX COCTABJ/IAKOINMX B IIOJTHYIO dHEPIrUuiO
MEXKMOJIEKYJIAPHOTO B3aHMO,I[efICTBPIﬂ

3J1e1c€pnqe— Oddexr, kx/Mmonn
Bemecrso M%I:II/;HHI\HH:I;)- Opuenrauu- | Maagyxkuuon- Jucnepcu-

1, 102°, Kn-m OHHBII HBIN OHHBII

He 0 0 0 0,17

HI 1,25 0,58 0,295 60,47
HBr 2,57 1,09 0,71 28,42
HC1 3,40 3,34 1,003 16,72
NH3 4,95 13,28 1,565 14,72

H:0 6,07 36,32 1,92 8,98
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P-T, T-T-B3aMMOJENCTBMA p- WU T-3JIEKTPOHOB ORHUX, COOTBET-
CTBEHHO, aTOMOB WJIH MOJIEKYJI C T-3JIEKTPOHAMH APYTUX MOJEKYJ C
06pas3oBaHUEM acCOIIMATOB XapaKTePHBI AJIA PACTBOPOB I'JIaBHBIM o0pa-
30M OPraHUYECKUX COEJUHEHUH.

I'mapogoO6HBIEe B3aMMOIEHCTBUS — 5TO PE3yJbTaT BbBI-
TEeCHeHUA HETOJAPHBIX (MAJIOMOJIAPHBIX, TU(MUILHBIX) MOJe-
KYJI U3 CPeAbl MOJIAPHBIX MOJeKyJs. OHO BBIBBAHO BBITOIHO-
CTHIO KOHTAKTOB MOJIIPHBIX MOJIEKYJI C IIOJIAPHBIMU (CM. OPHEH-
TaIlMOHHbBIE B3AaMOIEHCTBIA) 1 HEBBITOJHOCTHIO X KOHTAKTOB

—0 o CH,{CH,),COOCH, —
CH,(CH,),C00 Me

CH4(GH,), N H,A |

CH,(CH,),COCCH
o) C|) o) T a
oL | | ;
7N CH—0—P—0C  CH,NH,
90 © A |
%\BH&/? o
Muuenna Q_:Q.) cﬂﬂj
L, &L
Puc. 12 o= /QHQ\ ~o Besuxyna
JudunvHole Moseryrbl &
u ux accoyuamol 6 6ode U

C HEHOJIAPHBIMY MOJIEKYJIAMH HJIM UX HEMOJAPHBIMHU (ppar-
menTamu. Takue B3auMOAeCTBUS XapaKTePHbI I/ BOSHBIX
PACTBOPOB MBI, KUPOB, JUINLAOB, I'/le B Pe3yabTaTe UX BbI-
TeCHEeHUSA U3 BOABLI 00Pa3yI0TCA acCOIUATEHI AUPUIBLHBIX MO-
JeKya (MUIEJIIbl, JUTIOCOMBI — puc. 12).

4.5. BUOJIOTUYECKAS POJIb 3
MEKMOJIEKY JIAPHBIX B3AMMOJENCTBHI

3HaHUe MexaHu3Ma 00pasoBaHUA KOHKPETHBIX CBA3EH He-
00XO0AMMO [JIs1 IOHMMAHMSA IIPOIECCOB, IPOTEKAIOINX B OMO-
JIOTUYEeCKUX CHUCTeMax. B YacTHOCTM, BTOPMYHAS U TPETUY-
Had CTPYKTYPHI OEJIKOB OIIPENESATCA o0pasoBaHMEM OO0JIb-
IIOT0 YHCJa BHYTPUMOJIEKYJIAPHBIX BOJOPOIHBIX CBSA3€I.
AHecTeTuKN, HaIpUMep, TaKKe CIOCOOHBI K 00pasoBaHUIO
BOJOPOAHBIX CBfA3ell ¢ OeJKaMiu. OTO BBLI3LIBAET HAPYIIIEHIE
CTPYKTYPHI GeNKOB U ux QyHKuuit. Hampumep, aHecTeTUKM:
CHCl;, CFsCHCIBr, CH;0CF5,CHCIl, HapymaioT QyHKIuH Oei-
KOB, ABJAIOIINXCA MOHHBIMU KaHAJaMu B MeMOpaHax.



I'JIABA 5

KROMIIJIERCHBIE
COEIUHEHUSA

5.1. OCHOBHBIE ITOHATH.
KOOPIMHAIIMOHHASA TEOPUA BEPHEPA

IIpu paccMOTpeHUU PA3IUYHBIX TUIIOB XMMUYECKUX COEU-
HEeHUH B pAJge CIAyduaeB MBI BCTpPEUaeMCs C MOJIEKYJIaMWu,
UMEIIIUMHU JOCTATOYHO CJIOMKHYIO CTPYKTYPY, T. €. KOMII-
JIEKCHBIMU coefquHeHuamu, Hanpumep: Hy[SiFg], Ky[PtClg],
K[A1(OH),], Ks[Al(OH)s], [Cu(NH;),]SO;.

KomnaexcHvimu coedunenuamu (KOMILJIEKCAMY) HA3bIBa-
IOTCSA CJIOKHBIE COCTaBHbIE XMMUYECKUE BeIllecTBa, 00pasyo-
IIUecs 3a CYET JOHOPHO-aKIIENITOPHBLIX CBA3EH.

I9TU BeIlecTBa COCTABJSIOT B HEOPTaHUUYECKON XWMUU
HamboJee OOIIUPHBIN K1ace. VIX cTpoeHUe U CBOMCTBA 00bsIC-
HAET KOOPAWHAIIMOHHAA Teopud, Ipeaaoxkentnasa A. Bepue-
pom (1893).

OcHOBHBIE IOJIOKEHUSI KOOPAUMHAIMOHHONI Teopuu Bep-
Hepa.

1. KomnekcoobpasoBaTeaeM WM IEHTPAJIBHBIM MOHOM
(aToMOM) Ha3bIBaeTCA aTOM WJIM MOH (OOLIYHO KAaTHUOH Me-
Tannaa), GOPMUPYIONIUHA CTPYKTYPY KOMILIEKCa U 3aHUMAro-
il B Hell IeHTPaJIbHOe MEeCTO.

2. JIuraamamMu Ha3BIBAIOTCA MOHBLI MJIM MOJEKYJIBI, pac-
TIOJIOXKEHHbBIe HEMOCPeACTBEHHO (KOOPAWHUPOBAHHBIE) BOK-
PYT IIeHTPaJIbHOTO NOHA UJIN aToMa. BMecTe ¢ KOMILIEKC000-
pasoBaTejieM OHU O0pa3yioT BHYTPEHHIOI KOOPIMHAIIMOH-
HYI0 chepy KOMILIEKCa, KOTOpas OIpPeneisdeT CBOMCTBA 3TOr0
COeIUHEHUA.

ITo umcny MecT, KOTOPHIE 3aHUMAIOT JIMTAHABLI B KOOPAU-
HAIIMOHHON cdepe KOMILJIEKCa, OHHU IOAPA3IessAoTCA Ha
MOHO-, O1- U MOJIUAEHTATHEIE.

3. OcrasbHbIE HOHBI ¥ MOJIEKYJIBI COCTABJISAIOT BHEIITHIOIO
KOOPAMHAIIMOHHYIO chepy KOMILIEeKca.
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4. KoopamHaIOHHOE YKCJI0 KOMILIEKCA — 5TO YMCJO
JUTaHAOB (B pacueTe HA MOHOJEHTATHBIE), HAXOMAIIUXCA B
ero BHYTPeHHeH cdepe.

5. BHyTpeHHAA cdepa coxpaHAeT cTabUIbHOCTh IPU pa-
CTBOPEHUU KOMILIeKca (HeMOHOTeHHA), a BHEITHAS JEeTKO OT-
mierisgercs (MOHOTeHHa).

6. 3apAn KOMILIEKCHOTO MOHA PaBEH CyMMe 3apsaioB CO-
CTaBJIAIOIINX €ro IPOCTHIX MOHOB.

Paccmorpum atu mososkeHusa Ha nmpuMmepe Ks[Al(OH)gl.
31ech KOMILIeKcooOpasoBaTeeM ABadeTcsa kaTuoH Al3T, ko-
OPAUHAIIMOHHOE YMCJI0 KOTOPOr0 PaBHO 6; JIUTaHABI — THU-
pokcum-anuounsl (OH™). BmecTe ¢ amoMuHEEM OHU COCTaB-
JISIOT BHYTPEHHIOK KOOPAMHAIIMOHHYIO cdepy KOMILIeKca
[A1(OH)¢]?", may KOMILIEKCHBIH aHMOH, 3apAf KOTOPOTO pa-
BEH CyMMe 3apsAJ0B 00pa3yIoinX ero IpocThiX NoHOB. OcTalb-
uble noHBI (K1) 06pasyioT BHEIIHIO KOOPAUHAITNOHHYIO cde-
py. B mpoiiecce guccomuanuyu KOMILJIEKCHOMN COJIM B IIEPBYIO
ouepenb OTIMEIJIAIOTCA KAaTHOHBLI BHEITHEH cdepbl, a BHYT-
peHHAA cepa coXpaHAETCSA HEM3MEHHOM.

Ks[Al(OH)s] = 3K+ + [Al(OH)s]>".

Kak Oymer moxasaHo HHMXKe, SUCCOIMAIIMA BHeEIIHel cde-
PBI IIPOTEKAET 10 TUITY CUJILHBIX DJIEKTPOJINTOB, 8 BHYTPEH-
Hell — 10 TUIY CJIabbIX 3JEKTPOJIUTOB.

Wousl 1 MoOJIeKyJIbl, HaxXOAsdIlecs BO BHEIIHelH cdepe
KOMILIeKCa, JIETKO OIPEeNeAI0TCA Pa3JIUYHBIMU MeTONaMU,
HAIpuMep, C IIOMOIIbI0 XUMAYECKNX PEeaKIluii.

IIPUMEP.
XIOpUA-aHUOHBI BHEIIHEH CephI JErKO OCAMKJAIOTCH COJISIMU Ce-
pe6pa:

[Pt(NH3)]Cl; + AgNO; = 4AgCIl + [Pt(NH;)s](NOs),,

a BHyTpeHHeil — Her, Hanpumep B Mmojekyje Ko[PtClg]. CiemoBarenn-
HO, JaHHBIM METOAOM MOKHO KAaueCTBEHHO U KOJIUYECTBEHHO OIIpeje-
JIATH XJIOPUJ-aHUOHBI BO BHEIIHeH cepe KOMILJIEKCOB.

Has onpeneneHns KOJIMYECTBA MOHOB BO BHEITHEN chepe
KOMILTeKCa MOXKHO KCIIOJH30BAaTh TaKiKe JSJIEKTPOXHMUUE-
CKHe MeTOJbl, HAalpHUMep, M3MEPEHIEe 3JIEKTPOIPOBOIHOCTU
pacTBOpa, KOTOpasd MPOMOPIMOHAJIbHA UUCIY 3apAKEHHBIX
yactul B HeM. CTpoeHre KOMILJIEKCHBIX COeIMHEeHU aHaJI-
3UPYIOT PEHTTEHOCTPYKTYPHBIM U APYTUMHU METOJaMMU.
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Kax OnL1o ycramoBieHo B paborax Bepmepa m mapyrux
YUEeHBIX, KOOPAWHAIMOHHOE YKCJIO0 KOMILIEKCA B 3HAUNTEJb-
HO¥ CTeIleHU OIpeesiaeTca 3apAa0M IeHTpabLHOTO noHa. JJia
COOTBETCTBYIOIIINX 3apAJ0B KOMILJIEKCOOOPa3yIOINX HMOHOB
ObLIN HAWJeHbI CIEeIYIOINe KOOPAUHAIIMOHHEIE YHCIA:

3apAf IeHTpajabHOro moHa: +1 +2 +3 +4

KOOPAMHAIIMOHHOE YKCJIO: 2 4,6 4,6 8
IIpaBumno Bepuepa.

B K00p0UuHAUUOHHO-HACLIULCHHbLX KOMNJLEKCHbLX CO-
e0UHEeHUAX KOOPOUHAUUOHHOE YUCJO UCHMPATbH020 UOHA-
Komnaekcoobpazogamens, KaK npasuo, pagHo ezo yoso-
eHHOMY 3apsdy.

Crenmyer 3aMeTUTh, YTO BO MHOTHUX CJIyUYadaX MBI BCTpeUa-
eMCs ¢ KOOPAMHAIMOHHO-HEHACHINIEeHHBIMI COeIUHEeHUAMU,
T. €. TAKUMU, B KOTOPBIX KOJIMYECTBO JIUTAHIOB BO BHYTPEH-
Hel cepe MeHbIITe TPeIeIbHOTO 3HAUCHUS IJIS JTaHHOTO KOM-
IJIEKCO0OPa3yIoIero noHa.

IIPUMEP.
PaccMOTpUM KOMILIEKCHBIE COJIM, 00pasyeMble I'UIPOKCUIOM aJIi0-

MHUHHA CO IeJIOuaMu:

e K[Al(OH),] — KOOpAMHAIMOHHO-HEHACHIIIEHHBIA KOMILIEKC;
o K3[Al(OH)g] — KOOPAMHAIIMOHHO-HACKIIIIEHHBIA KOMILIEKC.

CrnemoBaTesbHO, KOOPAWHAIIMOHHOE UYWCJIO HE SABJISETCSA
CTPOTO OMpeNeJIeHHON BEeJIWUYMHOM [Jis JAHHOTO aToMa WJIN
nora. OHO 3aBUCUT OT IPUPOALI JIUTAHIA, €r0 SJIEKTPOLOHOD-
HBIX CBOMCTB, OT arperaTHOr0 COCTOSHMUSA KOMILIEKCa, OT KOH-
meHTpaiuu, pH, TeMepaTypsl U IPYTUX BHEIITHUX (PAKTOPOB.
B uacTHOCTH, yBeIMUeHNE KOHIIEHTPAIMH JUTAHAOB B PACTBO-
pe IpUBOAUT K 00pasoBaHUIO KOMILIEKCOB C OOJIBIITIM KOOP-
IWHAITMOHHBIM YHCJIOM (CM. IIPUBEIEHHBIN BRIIIE IIPUMeEp).

5.2. TUIIbI
N HOMEHRJATYPA KOMIIJIEKCOB

1. KoMILIeKChbl ¢ MOHOJEHTATHBIMY JIUTaHIAMU
e AmMmuakartsl. JIuraug — NHj:

[Cu(NH3)41S04, [Pt(NH;)6]Cly.

e Ammunartel. Jlurauger — RNH,, NH,RNH,:
[CU(NchHchzNH2)2]804.
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o AxBaxkominiekchwl. Jluraug — H,0:
[Co(H30)6]Cl3, [Cr(H0)6]Cls.

ITocemuue He HALO MyTaTh C KPUCTAJJIOTUAPATAMU, Tae
MOJIEKYJIBI BOIBI HE CBSI3aHBI JOHOPHO-AKIIEITOPHBIMU CB-
35MU C I[EHTPAJbHLIM MOHOM, T. €. JIETKO OTIIEILIAIOTCSI OT
COOTBETCTBYIOIIET0 COeTNHEeHM .

o ANuI0KOMILIEKCHI. JINTaHAbI — KHUCJIOTHBIE OCTATKY UK

TUIPOKCUL-aHUOH:

K,[PtCly], K4[Fe(CN)s], Ho[SiFs], Nay[Sn(OH),].

Kpome yKasaHHBIX OCHOBHBIX KJIACCOB CYIIIECTBYIOT CMe-
IIaHHEBIE WX IePeXOAHble KOMILICKCHI.

2. KoMIIeKcsl ¢ IOJMUAeHTATHLIMI JUTaHIaMKI

K sTuM coepuHEHUAM OTHOCATCA IUKJINYECKNe WIN Xe-
JIATHBIE KOMILIEKCHI («XMJIOC» — KJIEIIHSA), KOTOPLIE COLEp-
sKaT OM- WM IOJIAJEHTATHLIC JIUTAHIEL.

Hanpumep, komnnekc Fe3' co maBesneBoii KucIOTO

HOOC-COOH:
[o =G-0"_ p 51y 0=C- o}
0-C=07"" “—-0-(=0

Komnierxce Cu2t ¢ raunmmaoM:

[ H2(|3_NH2\ Cuzt¥ NHz_qHzJ
0-C-0— | —— “0-C=0

CrpeskaMy OKa3aHBI JOHOPHO-aKIIENITOPHBIE CBSASH.

K sT0i rpynne KOMIJIEKCOB OTHOCATCS BHYTPUKOMILIEKC-
HBbIe COeANHEHU, T. €. TaKue, B KOTOPHIX OAUH MOJUIAECHTAT-
HBIZ JuraHf (KOMIJIEKCOH) CBA3LIBAET KATUOH-KOMILIEKCO-
o0pas3oBaTesb B IIUKJIUYECKOE COeTNHEHNE.

Hampumep, KOMIJIEKC MeTajjia ¢ JUHATPUEBOI COJILIO
sTUJIeHANAMUHTETpayKcycHOM KucaoTsl (QUTA mnu «Tpu-
J0H B»):

CHZ_CH2
/ \
“O0CH3,—N: » Me"" « :N-CH,COO~
\ /\ \
CH, (‘) (0] CH,

11
(O2N0)
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Oco0eHHO MPOUYHBIMU SABJSIOTCS COeIUHEHUS KOMILIEK-
COHOB C MOHAMHU METAJIJIOB, B KOTOPBIX 00pas3yioTCsa IATH- U
IIeCTUYUJIeHHBIE IMUKJBI (CM. TTOCJTeTHUI TPUMED).

Bce mepeuncieHHbIE TUIIBI KOMILIEKCOB ABJSIOTCS OJHO-
anepHbIiMu. Kpome 3TOro CyIecTBYIOT IIOJHALEPHBIE KOMII-
JIeKChI, 00pa30BaHHbIE HECKOJIbKUMU KOMILIEKCO00Opa3oBaTe-
JIIMH CO CBOMMU U OOIITMMHU JIMTaHAaMu. BeTpeuaroTes Takike
KOMILJIEKCHI KJIACTEPHOI'0 THUIIA, KOTOPbIE MMEIOT MHOI'OCJION-

HYIO CTPYKTYDPY.

5.3. HASBAHUE
ROMILJIERCHOI'O COEAUMHEHUNS

IIpaBuio.
HassaHue kKomnJaerxca écezda HAuUHAEMCa ¢ HA384-
HUA GHUOHA, NPOCMO20 ULU KOMNJLEKCHOZO.

Hanee IOpPANOK CJIENYIOMIMI.

1. B KOMIIJIeKCHOM aHMOHE Ha3BAaTh AaHNOHLI BHYTPEeHHEH
cepsl (XJI0pO-, UAHO-, THAPOKCO-) U UX YKUCJI0 (MOHO-, TU-,
TpH-, TETpa-).

2. HagBaTh HeliTpasibHBIE MOJIEKYJIbI BO BHYTpPeHHell cdepe
(aMMUH-, aKBa-) U UX YUCJIIO.

3. HasBaTh IeHTpaNbHBLIN HOH-KOMILIEKCO00pa3oBaTeIb
U ero CTeIeHb OKUCJIEHU.

IIpaBuio.

Ecau xomniexkcHolil UOH A8JSeMCSA KAMUOHOM, MO
UCTONBb3YIOM PYCCKOe HA38AHUE eHMPALbH020 UOHA (Jice-
ae30, medv), a ecau KOMNJAEKCHbLIL UWOH — QHUOH, MO
JAMUHCKOe ¢ OKOHYAHUeM «am», «um» (geppam, Kyn-
pum) uau «08as» 8 cayiae KucJaombl.

Hamee ciemyeT Ha3BaTh MOHLI BHEITHEH chephl.

IIPUMEPHI.

K[Fe(NHj3)2(CN),] — rerpanmuanoguammvuadeppar (I1I) kanus,
[Cu(NH,),]SO, — cyabdat Terpaammuuamesnu (1I),

H,[Pt(CN)g] — rexcanuanomnnatuaosasa (IV) Kkuciora.

5.4.
CTPOEHHUE KOMILJIEKCHBIX COEIMHEHHNI

1. JeyxauzarndHvie komnaekcot, Haipumep [Ag(NH;z),JC1 —
XJIOpUL AuaMMHuHcepeopa.

Takue KOMILIEKCHI (KOMILJIEKCHBIE MOHBI) MMEIOT JUHEH-
HyI0 cTpyKTypy: NH3s—Ag"—NHs;.
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2. YemuvipexnuzanOuvle Komn.aekcol. Takue KOMILIEKCHI
MOT'YT UMETH IJIOCKYIO CTPYKTYPY, Hanpumep [Pt(NHj3),Cly] —
npuxjgoponuammvuumiaatTuaa (II).

B arom coyuae oHU 00J1aaI0T T€OMETPUYECKOM M30MEPHE:

Cl NH;3 Cl NH;
TPaHC-u30Mep P2t Pt2* I[uC-u3o0Mep
NH3 Cl Cl NH;

YeruIlpexaurauauble KOMILJIEKChI MOTYT UMETh IIPOCTPaH-
CTBEHHYIO CTPYKTYPY (TeTpasap), Hanpumep [Zn(NHjz),]Cl, —
XJIOPUJ TeTpaaMMUHITUHKA.

Takve KOMILIEKCHI 00JaJal0T ONTUYECKON u30Mepuei
(cIOCOOHOCTRHIO BpAaIllaTh IMJIOCKOCTH IIOJISIPUBAIlUU CBETa),
ecJii UMeIOT XOTs ObI TPW PasIUUYHBIX JUTAHIA.

[MeL;LyLsL4]
L-nzomep D-uzomep
(JIeBOBpAIIAOII i) n n (TpaBOBpAIIAIOIITHIT)
2 3 3 2

3. IllecmuauzanOuble Komnaekcol, Hapumep [PH(NH;)g]Cly —
xJjopun rerpaaMMmuHILIATAHBL (V).

9TH KOMILIEKCHI MMEIOT IIPOCTPAHCTBEHHYIO CTPYKTYDY,
coco0HYI0 00/IaIaTh U TeOMETPUUECKON U ONITUYECKOH M30-
mepuei (OKTasap).

Y

TpaHC-u30Mep nuc-u30Mep L-uzomep D-usomep

5.5. IIPHPOJA
XUMHUYECKOHN CBSA3HU B KOMIIJIEKCAX
dIeKTpocTaTHYECKAA MOEb.
ITonoxncumenvHo 3apAHCeHHbBLIL KAMUOH MEMALLA NPU-
msazusaem ompuyAmMeLbHO 3aPAHCCHHbLe AHUOHbL UAL NO-
JASAPHbLE MOJLEKYbL.

IIpu sTomM yuuThIBaeTCsa 00BEeM JUTaHAOB. ITa MOIENb
CBA3BIBAET KOOPAUHAITMOHHOE YHCJIO C 3aPAI0M IIeHTPAIHLHOTO
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MOHa, ero pasMepoM, HO He pacCMaTpPUBAaeT ero cruenuduxru B
OTHOIIIEHUN JIUTAHI0B.

IlonapusanuoHHasA MOJEJb.

Heb6oavuiue mH0203apsadHble KAMUOHBL d-3J1eMEeHMO08
0KaA3bl8AI0M NOAAPU3YOWee delicmaue Ha JezK0 NOJAPU-
3yemble UOHbL U MOJLEKYJLbL JUZAHO08.

9ra MomeNb 00bSICHSIET YCTONYNBOCTh, KMCJIOTHO-OCHOB-
HbI€ ¥ OKHUCJIATEJIbHO-BOCCTAHOBUTEJbHBIE CBOMCTBA KOMIIO-
HEHTOB, HO He JaeT 00bACHEHNI X CTPOCHUS, PeaKIIMOHHOMI
CIIOCOOHOCTH, OKPAaCKM, MATHUTHBIX CBOMCTB U T. II.

Teopusa KpHCTAILINIECKOTO I0JIA.

Jluzandvt HeoOuHaK080 8030eiicmayrom Ha d-opbumanu
KomnJaexcoodpazoeamens: wem 0audxe e2o opoumadv K Jau-
2an0y, mem 6osbllie 603pacmaem ee IHepzus NPU 83aumooell-
cmeuu ¢ auzandom, m. e. 8 noJe Au2andosé Habrwdaemcs
pacuwenaenue d-no0yposHs ueHmpaibHozo UoHa (amoma ).

B ocHOBe 3TO# Teopum — 3JIEKTPOCTATHYECKHWE B3aMMO-
]_Ief/’ICTBI/IH, HO C y4eTOM BJIMAHHUA JIUTAHJOB Ha 9HEpPrermuyde-
CKUe COCTOSHUSA SJIeKTPOHOB IIEHTPAJIBHOTO MOHA (aToMa).

IIPUMEP.

JIJisi mecTUIMTaHAHOTO KOMILIEKCa HAGJII0[aeTcs CIeqyolee pac-
menaenne d-moqypPOBHA:
dy, dyz 2
OJIMIKe K JIUTAaHZY)
dxy’ dxs dyz’ d.2, dxzfyz ( y
dyys dy d

yz $AEpﬁcm-
= (maJybllle OT JUTAHAA)

OdHepzus pacuienjeHus — 3TO PA3HOCTh SHEPruil Mmoj-
ypOBHEM, 00pa3yoIUXcsa B Pe3yabTaTe PACIIeIIeHN.

Ee BesinumHa 3aBucur ot IIPUPOABI IIEHTPAJBbHOI'O MOHA 1
JINTAHJOB, a TAKKe OT X KOJMNUYECTBA U IPOCTPAHCTBEHHOTO
CTPOEHUA KOMILIEKCA. DHEPIUI0 PACIIEIIEHN OIpPeneIaioT
[0 CIIEKTPaM KOMILJIEKCOB.

«Cnexmpoxumuueckuil psad» — PaCHOJOKEHNe JINTaH-
IOB B IOPSAKEe YMEHBIIIEHNS UX PACHIEILISIONIEro TefcTBU
(sHEpPTUU paCHIeIIeHUT):

CO,CN- > NH3,SCN- >H;,O>0H >F >Cl" >Br >J".
CUJIbHOE cpeziHee cnaboe

ITOT DPAX MOYKET HECKOJHKO M3MEHATHhCA MPU HU3MEHe-
HUY OPUPOABI KOMILIEKCO06pa3oBaTes.
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Metopa BasieHTHBIX cBsa3eil. (OCHOBHBIE MMOJIOMKEHUSI CMOT-
pu B paszesie « XUMHUYECKAs CBABD»)

1. TonopHo-aKuenmopHas c8:a3b 8 KoMNJieKcax oopa-
3yemcs 3a cuem 00se0UHEHUs HenodeseHHOl 8ajeHm-
HOll napvl 3J1eKmpoHo8 amoma JAuzaHda U 8aKAHMHOIL
opbumanu Komniexcoodpa3osameJns nymem 83aUMHOZ0
nepexpvLeanus 001aK08, 8 pe3ysbmamne uezo 3ma napa
cmaHosumcs obuieil 0as o6oux amomos.

2. IIpocmpancmeeHHOe cmpoeHue KOMNJLeKca C8A3a-
HO ¢ Munom zubpudu3ayuu 8aNeHMHbLX IJLCKMPOHHBLY
001aK08 KoMNnJeKcoobpa3osamedds.

IIPUMEPBHI.

CrpesiKaMu IIOKa3aHbl OPOUTAIN KOMILIEKCO00pPa3oBaTesd, yIacTBYIO-
17e B 00pa3oBaHUU JOHOPHO-aKIEIITOPHBIX CBA3€l, B CKOOKaX — CTPYK-
Typa KoMIaekca (cMm. pasdznen «CTpoeHre KOMIJIEKCHBIX COETUHEHUM» ).

Agt: 55? 4p l%\:\j sp-ruGpuAN3anua (JIMHeHHAST MOJEKYJIa)
Zn>*: 43@ 4p|j_r\%\;_| sp3-rubpugusanusa (TeTpasap)

Pt2+: 5dg ng 6p l%\%\;_! dsp3-rubpunusanusa (KBagpar)

Pttt 5dl;_|%| GSQ 6p I;_I%\;_! d?sp®-rubpupusanus (OKTasap)

MeTo/ BAJIEHTHBIX CBSI3€H 00BACHAET KOOPANHAIIMOHHBIE
YycjIa U reOMEeTPUIO0 KOMILIEKCOB, MX MarHUTHBLIE CBOMCTEA.
OxHaKo OH He O0BSICHAET UX CIEKTPHI, a TaK:Ke oOpasoBa-
HIe KOMILJIEKCOB KJIACTEPHOTO THUIIA.

Meton mMoaekyasapHbIX opoutanaeit (OCHOBHBIE ITOJIOMKE-
HUA CM. B pazfeyie « XUMUUEeCKasa CBA3b»)

1. O6pasoBaHMe MOJIEKYJISPHBIX opouTasei (/2 cBA3bI-
BAIOIIUX U 1/2 PasphIXJIAIONINX) IIPOUCXOAUT U3 71 BAJIEHT-
HBIX ATOMHBIX OpOHTaJIeli.

B xommiekcax o0pasyoTcss MHOTOIIEHTPOBbBIE JEeJIOKAJIN-
30BaHHLIe opbuTanu (mo Tumy 6eHsosa).

2. MonekynapHble OpOUTANN 3AIOJHAIOTCA B COOTBET-
CTBUU C IPUHIIUIOM MUHUMAJLHON SHEPTUU, TPUHIIUIIOM
ITaynu u npaBusom XyuHzga.

JroT MeTon 00BsACHAET 0O0pa3oBaHUE KOMILJIEKCOB KJiac-
TepHOTo THUIa («CeHABUYEBBIX KOMILIEKCOB») — HaIpumep,
B cayuae OeH30Jia — Ilepegaveil UM CBOMX T-dJEKTPOHOB Ha
BaKaHTHBIE OPOUTAIN KOMILIEeKCcooOpasoBaTesis ¢ ob6pas3oBa-
HUeM o0Imux mis 0eH3oJa M IEHTPAJbHOTO MOHAa (aToma)
BJIEKTPOHHBIX 00JIaKOB.
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5.6. BBAUMOBJINIHUE
B KOMIIJIEKCAX
BsaumopeiicTBre JUTAHLOB ¢ KOMILIEKCOOOpasoBaTeaeM
BBISHIBAET IIepepacupeeeHre 3JIEKTPOHHOM IIJIOTHOCTHA MeXK-
Iy IeHTPaJbHLIM MOHOM W JHUTaHJaMu. B pesyabrare msme-
HAIOTCSA UX CBOMCTBA.

IIPUMEP.
ANMMuak npofABJsieT B BOZle OCHOBHBIE CBOMCTBA:

NH, + H* = NHJ,
HO B KOMILJIEKCaX JIMI'aHO—aMMMHAK BeleT ce0sl KaK KHCJIOoTa:
[Pt(NH;)6]*" + OH- = [Pt(NH,);NH,]** + H,0

nin
NH; = H" + NH,".

ITO 00BSICHAETCA TeM, YTO 2JIEKTPOHHAaA IIJIOTHOCTH a30Ta aMMHUa-
Ka B KOMILJIEKCe CMellleHa K KaTUOHY IIJIaTHUHBI, YTO ocJsiabiisieT CBA3b
asoTra ¢ BOOOpoaomM mn obJsieruaer OTIIIeIlJIeHe IIPOTOHA.

IIpu o6pasoBaHMY KOMILIEKCOB U3MEHSIOTCA U CBOMCTBA
KOMILIeKCcooOpa3oBaTed. B uacTHOCTH, 3a CUET YBEJIUUEHU T
SJIEKTPOHHOM IIJIOTHOCTH YMEHBIITAeTCsS ero OKUCJIUTEIbHAS
¥ BO3pPaCTaeT BOCCTAHOBUTEJIbHASI AaKTUBHOCTD.

IIPUMEP.
CraHgapTHBIA JJIEKTPONHBINA IIOTEHIMAJ KaTHOHA JKejie3a B pa-
cTBODE: E°. —0.77B

Fed3+
Fe2+

HO B COCTaBe KOMILIEKCA OH 3aMETHO CHUIKAETCA:
=0,36B.

0
[Fe(CN)s 13~
[Fe(CN)6 I+~

Cie[0BaTeIbHO, OKUCIUTEIbHAA AKTHUBHOCTb KATHOHA Keje3a Fedt
YMEHbIIIAaeTCs.

5.7. TACCOIIUAIINS KOMILJIEKCOB

Huccomuanusa KOMILJIEKCOB CKJIaBIBAETCS U3 AUCCOIIMA-
MUY X HAPYKHOU cdepsl (IepBUYHAA AUCCOIUAINA) U BHYT-
peHHel chepb! (BTOpUUHAA Auccouanua). B mepeom caydae
KOMILJIEKCHI JUCCOIUUPYIOT IIOJ00HO CHJILHBIM JJIEKTPOJIH-
TaM ¢ COXpaHeHNeM KOMILJIEKCHOTO MOHAa, BO BTOPOM — IIPO-
HCXOOUT OOpPaTHUMBIN pacliay KOMIJIEKCHOTO MOHA II0 THUIY
cJ1ab0r0 3JEeKTPOJINTA.

ITPUMEP.
[Ag(NHj3),]Cl - [Ag(NH;),]" + CI- — nepBuuHas quccomuanus;
[Ag(NHj3),]" = Ag* + 2NH3 — BTOpMYHAS JUCCOIMAIUS.
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O mpoTekaHUM IIEPBUYHOM AUCCOIMMAINN B YKa3aHHOM
KOMILJIEKCEe CBUIETEIbCTBYET KaueCTBEHHAA PeaKIluA Ha XJIO-
pUI-MOH, HAIIPUMeEP, C COJIAMHU cepebpa:

Ag* + Cl- = AgCl.

Ha BTOpuuHyio auccommanunio ykKasbiBaeT oOpasoBaHUE
ocaaka cepebpa € COIAMMU HOAMCTOBOJOPOTHOM KMCJIOTHI,

Agt + T = Agll.

B T0 ke BpeMs ¢ CONIAMM XJIOPUCTOBOIOPOSHON KMCJIOTEI
Takas peaKIusa He uIeT u3-3a 0ojiee BLICOKOTO IIPOM3Beje-
HUS PAaCTBOPMMOCTH XJIOPHUAa cepebpa 1Mo CpaBHEHUIO ¢ HOIU-
noM cepebpa. 9TO CBUAETEIBCTBYET O IIPOTEKAHUU BTOPUU-
HOM AUCCOIMAIIY B OYeHb HU3KO! CTEIeHU.

Bropuunas guccornuamnusa SBasgeTCsa PABHOBECHOI 1, CJie-
IOBaTeJbHO, MONUNHAETCA 3aKOHY AeMCTBYIOIIUX Macc, T. €.
IJIs Hee MOKeT ObITh 3alllicaHa KOHCTaHTa paBHOBecus. Ta-
Kad KOHCTAHTa Ha3bIBAETCA KOHCTAHTOM HECTOWKOCTU KOMII-
JeKca. 3HaUEeHUST KOHCTAHT HECTONKOCTH HEKOTOPBHIX KOMII-
JIEKCHBIX MOHOB IIPHUBENEHBI B Tabaure 4.

IIPUMEP.
Il mpuBefleHHOTO BbINle KOMILIEKCHOTO MOHA:

= IAEINIE
[[Ag(NH;)2]7] Tabruuya 4

KoucrauTsl HeCcTOMKOCTI HEKOTOPBIX KOMIIJIEKCHBIX NOHOB

Komnexco- Vpasuenue nuccounuanumn K.
oGpasoBarens KOMILTEKCHBIX HOHOB

[Ag(NH3)2]* = Ag* + 2NH; 6,8-10-8

Ag* [Ag(CN)z]- = Ag*+ 2CN- 1,0-10-2
[Ag(S203)2]* = Ag* + 282032 1,0-10-13

Car [CA(NH3)4]?* = Cd?* + 4NH3 1,0-107
[CA(CN)4]z= Cd2* + 4CN- 1,4-10°17

Cott [Co(NHs3)6]2* = Co?" + 6NH3 1,3-105
[Co(SCN)4]? = Co* + 4SCN- 1,0-10-3

Cus* [Cu(NH3)4]2* = Cu2* + 4NH3 2:10-13
[Cu(CN)4]?> = Cuz* + 4CN- 5,0-10-28
Fes+ [Fe(CN)g]3-= Fe3* + 6CN- 1,0-10-4
Fe2+ [Fe(CN)s]+= Fe? + 6CN- 1,0-10-37
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Bugno, uTo KoHCTaHTa HECTOMKOCTU KOMILIEKCHOI'O MOHA
oueHb MaJja. IIOCKONBKY OHa ABJIAETCA OTHOIIEHMEeM KOHIIEHT-
paluii IPOAYKTOB paciiaja KOMILIEKCca K PABHOBECHOM KOHIIeH-
Tpamuyu KOMILIEKCHOTO MOHA, TO CTOJb HU3Kas ee BeJIUUYrHAa
CBUIETEJILCTBYET O HU3KOM CTEIIeH! AUCCOIINAINN KOMILIEKCA.

Benuunna, oOpaTHas KOHCTAHTE HECTOMKOCTH KOMILIEK-
ca, Ha3bIBAETCA €ro KOHCTAHTON YCTOMYMBOCTH.

K,=1/K,. (33)

IToCKONIBKY KOMILIEKCHBIE HOHBLI BCErjga COLEpKaT He-
CKOJIBKO JINTAHIOB, PEaJbHO WX IUCCOIMAIIUA IIPOTEKaeT
CTYIIEHUATO U KayKJAasd CTaAUA OIPeIesIIeTCA CBOeH KOHCTAH-
TO paBHOBECHA.

IITPUMEP.
Iuccomuanusa [PtCl ]2~

[PtCl, 1> —HKZIO S[PtCl3(H,0)] + Cl- —HKZZO -
— [PtCly(H50)5] + Cl- 'HKf N

— [PtCl(H0)5]" + Cl- AH;fa[Pt(Hzou]% +ClI.
BaxxHo ormeruts, uto K; > Ky > K3 > K.

5.8. IIOJIYYEHHUE KOMIIJIEKCOB

KoMmneKcHbIE COeIMHEHUS IIOJYUYaiOT C IIOMOIIbIO CJIe-
IVIOMNX peakIuii.
1. Peaknuu mpucoegnHeHns, HalpuMep:

CUSO4 + 4NH3 = [CU(NH3)4]SO4; Hg12 + 2KI = Kz[HgI4].
2. Peaxknuu oOMeHa, HalIpuMep:
4FeCl; + 3K4[Fe(CN)¢] = Fe JFe(CN)g]s + 12KCI.

3. Peaknuu OKUCIEHUA—BOCCTAHOBJIEHUA, HAIPUMED:
4Au + 8KCN + 2H,0 + O, = 4K[Au(CN),] + 4KOH.

5.9. IPUMEHEHHUE KOMIIJIEKCOB,
NX BHOJOTNYECKAdA POJIb
KomnieKkcHBIE cOeIUHEHUA TPUMEHSAIOT B aHAJUTHUUE-
CKUX IEeNaX AJIA OIpeneJeHUuA W pas3fejieHus MOHOB B pac-
TBOpe. B wacTHOCTH, MHOTHE M3 KOMILJIEKCOHOB CBS3BIBAIOT
TOJBKO OMWH UJIU OIPeeJeHHYIO TPYIIY MOHOB, YTO BaXKHO
IJIS OTHEJIEHUS 3TUX MOHOB.
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CH, Puc. 13
| | MoaneKkynvl 2em02100UHA U XIOPOPULLA
CH, HO —R CH,
CH CH
CaHs CH, AN ™~
/N N N
Mg Neg# TN cH=cH,
\N y CH CH [ CH
\ AN N N /
CHy _ /
0=CH CH
¢ / \N - /. 3
I CH
H
CH, CH——C=0 C.H, C.H,
COOR COOGCH, COOH COOH
Xnopochunn Mem (yumoezem)}

KoMIIIeKCOHBI UCITONB3YIOT B 9KOJOTUUECKUX MENAX IS
OUYHMCTKY BOJBLI OT TOKCUUYHBLIX MOHOB. B MPUCYTCTBUU KOMII-
JIEKCOHOB PACTBOPSAIOTCA MHOTHE MaJOpPacTBOPHMBIE COJIU
(CaS0Oy4, BaSOy), uTo I03BOJIET MEPEBOAUTL UX B PACTBOP.

VCKIIOUNTENBHO BajXKHYIO POJb WUIPAIOT KOMILIEKCHI B
opraHmsMe. Y pacTeHUH, HanpuMep, KOMILJIEKCOM MarHUSA
SABJIAETCA XJIOPODUIJI, CTONH HEOOXONUMBIN IJIA PEaKIUU
dorocunTesa (puc. 13). 'em KpoBU KUBOTHBIX — 9TO KOMII-
JIEKC JKeJie3a, 00eCcIIeunBaroIINil CBA3BIBAHNE U IIEPEHOC KIC-
Jopozna B opranuame. OrpoMHOe YHMCIO OMOJIOTHUECKUX Ka-
TAJIN3aTOPOB — (PEePMEHTOB TaKIKe SIBJIAETCSI KOMILJIEKCAMU,
COZEePKANNMY KAaTUOHBI PA3INUYHBIX METAJIJIOB — TJIABHBIM
00pasoM MHUKPO3JIEeMEHTOB.



I'JIABA 6

IHEPTETURA
XUMHUYECKUX ITPOIIECCOB

6.1. OCHOBHBIE ITOHATUA
TEPMOINHAMHUKHA
Matepusa HaXOOUTCA B MOCTOSHHOM ABUKEHUM, MEPOU KOTO-
pOTO ABJIAETCS DHEPTHUA.

TepMmoguHaMUKa — HayKa 00 SHepPreTHMKe pPas3InYHBIX
mpoIteccoB. XuMHUUYecKas TEpPMOANHAMUKA — HayKa 00 dHep-
TeTUKe XWUMUYECKUX ITPOIECCOB, O IIPEBPAINeHUN SHEPTUU
XMMHUUYECKOH peaknuu B paboTy, TEIJO M O 3aKOHAX BTUX
nIpeBpaleHui.

Tennosoii agpexm peaxunum (@, KIK) — KOIUUECTBO
BBIJIEJIUBIIIETOCA MJIU IIOTJIOIIEHHOTO B PEe3yJIbTaTe PeakI[uu
Tera.

JK30mepmMuiecKkas peakiud — peakIus, IPOTeKaroIas
C BBIJIeJIEHVEM TeILIa.

IIpu sTOM cucTemMa pacxoayeT SHEPTUIO, T. €. €€ d9HEePrua
YMEHBIIIAaeTC.

A + B = AB + Qrepyoxny. — TI0 TEDMOXHMHUUYECKOH CHUCTe-
Me 3HaKOB.

A + B — Quepmogun. = AB — TIO TepMOAMHAMHUUYECKOH CH-
cTeMe 3HAKOB.

dHlomepmuyeckas peakius — peakiius, IPOTeKAaroIas
C TIOTJIOIIIEHUEM TeILia.

IIpu sTOM cucTeMa mOJIydaeT AOHMOJHUTEILHYIO SHEPTHUIO,
T. €. ee 9HEPTUA BO3PaCTAET.

A + B = AB — Qqepyoxny. — 10 TEPMOXMMHIYECKOIl cucTe-
Me 3HAKOB.

A + B + Quepyogmn. = AB — 10 TepMOJUHAMUYECKOR CH-
cTeMe 3HAKOB.
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Taxum o6pasoM, TEpMOXUMHUUECKAs TEIJIOTA paBHA Tep-
MOIMHAMHUYECKON TEmJIOTe, B3ATOH C IIPOTUBOIIOJIOMKHBIM

3HaKOM.
QTepMOXHM. = _QTepMOJIHH. (34)

Cucmema — COBOKYIIHOCTH BeIIECTB, PEAaJbHO HJU YyC-
JIOBHO BBIJIEJIEHHBIX M3 OKPYKalolei cpeabl.

H3onuposanHnas cucmema — cucTemMa, KoTopas He 00-
MEHHBaeTcs C OKPYsKalollleil cpeloil HU sHepruei, HU Be-
IIIECTBOM.

3axkpvimas cucmema — CHUCTEMAa, KOTOpad 0OMeHUBAaeT-
cA C OKPYJKalolnei cpenoil TOMbKO dHEpPTHUeid.

Omkpvimas cucmema — CUCTEMa, KOTOpPas 0OMeHUBAET-
cs C OKPY:KaIoOIleil cpemoil 1 BeIIecTBOM, U SHEepTrueii.

PasHogecHas cucmema — CUCTEMAa, CBOMCTBA WJIU Ilapa-
MeTPbI KOTOPOM OAMHAKOBEI BO BCEX €€ TOUKAaX U He M3MEeHs-
IOTCA CaMOIIPOMBBOJIBLHO.

IIpoyecc — 9TO mMEPEXO CUCTEMBI U3 OJHOI'0 COCTOSHUSA
B apyroe. M 30x0pHbim Ha3bIBaeTCs IIPOIECC, MPOTEKAOIUH
0e3 msMeHeHUs o0beMa cucTeMbl. M 300apHbLM HAa3BIBAETCA
IpoIlecC, IPOTEKAIIUI IIPH IIOCTOAHHOM AaBiieHUu. H30-
mepmuieckum Ha3bIBAETCA IIPOIIECC, ITPOTEKAIOITHUI IIPHU II0-
CTOAHHOM TeMIlepaType.

CocmosHue cucTeMbl XapakTepusyercs HabopoM ee Iia-
paMeTpOB: XUMUUECKUI COCTaB, 00'beM, TeMIepaTypa, JaB-
JIeHue U [Ip.

CmanOdapmHoe COCTOAHME CUCTEMBI — Hambojiee yCTO-
YUBOE €€ COCTOAHME B CTAHTAPTHBIX ycaoBuaAx (p = 1 aTwm,
T = 298 K, C = 1 moab/mn). OHO 0003HAUAETCS HOJTUKOM BBEp-
Xy y CUMBOJIA, B OTJIMYKME OT HOPMAJLHOTO COCTOSIHWS, I'/e
HOMMK BHu3y. Hampumep, V0 — 06beM B cTaHZAPTHBIX yC-
J0BUAX, Vj — 00bEeM B HOPMAJIbHBIX YCJIOBUAX.

IIpu maMeHeHHM ITapaMeTPOB CHUCTEMBLI MU3MEHSIETCS ee
moBefeHMe. ITO OMUCHIBaeTCA MYHKIMEH COCTOAHUA.

DPYHKUUA COCMOAHUSA CUCeMbl. — OTIPeleJIeHHBIN 3aKO0H,
OIMMCHIBAIOIIUY IIOBEAeHNEe OIpPeaeeHHON CUCTEMBI B OIIpe-
IeJIEHHBLIX YCJIOBUAX IPU U3MEHEeHUU ee mapaMeTpoB (ypaB-
HeHUe, CBA3bIBAIOIIee ITapaMeTpPhl CUCTEMbI, — CM., HAIIPHU-
Mep, ypaBHeHue 19 Kianeiipona—MeHnzeeesa).

NsmeHeHve QYHKINYM COCTOAHUSA CUCTEMBI OIPeNeJIsdeT-
cA HAYAJBHBIM U KOHEUHBLIM COCTOSHUSAMU CHUCTEMBI.
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6.2. BHYTPEHHAA 9HEPTHUA.
IIEPBOE HAYAJIO TEPMOJIUHAMUKHA

Brympennsas asnepeus (U, gll:x/Moub) — QyHKOUA CO-
CTOAHUA CUCTEMBI, SBJISIONIAACA COBOKYIITHOCTHIO BCEX BU-
OB 9HEPrUy COCTABJIAIOIINX €€ YACTHII.

BHyTpeHHAsS sHepPrusa pPaBHOBECHOU CHUCTEMBI CKJIAJbIBa-
eTcA M3 CYMMbI KMHETUUYECKOH SHEPTUU IBUKEHUS ee Jac-
Tul (IOCTynaTeJabHOE, BpalllaTe/JibHOe, KoiebaTeJIbHOe) U TO-
TeHIIUAJbHON SHEPTUN UX B3aUMOAENCTBUIL.

IlonHas sHeprus cucTeMbl, HAIIPUMep, (pU3UIeCKoro Tema,
OIIpefiesIseTCs ero BHYTPEHHEl 9Heprueil 1 COOCTBEHHOM sHep-
rueii Teja, CBA3aHHOM C er0 MacCOii IIOKO4.

IlepBoe Hauamo TepMomUMHAMUKM (CM. 3aKOH COXpaHe-
HUA DHEPTUu).

JHepzusa He B03HUKAemM U3 HUYez0 U He ucyeszaem, a
moJvko nepexodum u3 00H0zo suda 6 Opyzoil.

ITo HAYajJI0 MOCTYJIUPYEeT HEBO3MOYKHOCTH BEUHOTO JBU-
raTejs IEPBOTO POJA, T. €. OCYIIleCTBJIEHUE paboThI 6e3 pac-
X0/Ia 9HEPIuMu.

HVsmeHeHUe BHyTpeHHeﬁ 9HEPruu CUCTEMEBI IIPU IIepexoae nu3 OqHO-

TO COCTOAHUSA B JPYyroe He 3aBUCUT OT IIYTHU IIPOIECCA, & OIPeAessaeTcsa
TOJBKO €e HaYaJbHBIM U KOHEYHBIM COCTOAHUSMU.

AU = UKOHA - UHB‘L (35)

ITO IIOJOXKEeHUe IIOKa3bIBaeT, UYTO BHYTPEHHAA SHEPIrud ABJIAETCA
GyHKI e COCTOAHUA CHUCTEMBI.

1 ciencTBUe MEPBOro Ha4YaJjia TEPMOSUHAMUKH.

B cayuae Heu30aUPOBAHHOU cucmemvl. U3MeHEHUe
6HYMPpEHHell IHepeuUl pPAaBHO NO2J0ULeHHOU menJome
MUHYC cOBepULeHHAs elo paboma.

AU = QTepMo;mH. - A. (36)
Orcroza
Q=AU + A. (37)
Ecau cucrema He coBepiiaet padory (A = 0), To MbI UMe-
eM [IBa ciydJas.
1. IIpu mocTOAHHOM OOBEME CHUCTEMEI, T. €. B CIydae
M30XOPHOTO IIPOIlecca:

AU = Qy = vCyRT, (38)

roe CV — TEIIlJIOEMKOCTBh CHUCTEMBI IIPX IIOCTOAHHOM o0beme.
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Tennoemrkocms — KOJIUUYECTBO SHEPTUH, HEOOXOAMMOeE
nnsa marpeBanua 1 MoJib BeriecTBa Ha 1 rpanyc.
W3 ypaBHenusa 36 cienyer, 4uTo U3MeHeHNe BHYTpPEHHeI
SHEPrUU PAaBHO TEILIOBOMY 5(P(eKTy M30XOPHOT'O IIpoliecca.
2. Ilpu mocTosHHOM AABJIEHWU, T. €. B M300apHOM IIPO-
mecce:
Q, = VC,RT = AH (cM. HMXKe), (39)
rae C, — TeIJI0eMKOCTb CUCTEeMBI IIPU IIOCTOAHHOM JJaBJIeHNH.

2 CJIeaCTBHME MMePpBOoro HavaJjga TepMOANHAMUKHU
BuympenHnas aHepzus U30JUPOBAHHOIL CUCMeMbL NO-
CMOAHHA:
AU 05, = 0.

6.3. OHTAJIBIINSI

W3 1-ro ciaemcTBus IepBOro HAUaJIa TEPMOJNHAMUKY CJIe-
IyeT, UTO TOTJIOIIEHHOE CHCTEMOM TeIlJI0 PacxXomayeTcs Ha
yBeJIMUeHre BHYTPeHHell sDHepruu U COBePIIeHe ei0 padoThI
(cm. ypaBHeHUE 37):

QR =AU + A.

Harpesanue cucremsl (morJjorieHne ) IpUBOIUT B IIep-
BYIO OUepeIb K ee PACIINPEHUIO, T. €. OCYII[eCTBIIAETCA pado-
Ta pacCIIMpPEeHusd, KOTopas B M300apHOM IIPOIlecce paBHAa:

A, = pAV. (40)
Torga
Q, = AU + pAV. (41)

Jra BeJIWUYMHA HAB3BIBAETCA TEILJIOCOAEPKAHUEM CHCTe-
MbI, WJIM €€ DHTAJbINEN (M3MEHEHUEM SHTAJBIINN).

Inmanvnus (H, kI[2K/M0Ib) — QYHKIIUSA COCTOSTHUSA CU-
cTeMbl, paBHasA ee BHYTPeHHeN sHepruu ILIIoC paboTa pac-
mupeHnd (UIU CXKATUA):

H=U+pV. (42)
B ciyuae msobapnoro mporiecca (mpu p = const):
AH, = AU + pAV. (43)

3anunieM I8 TEPMOAUHAMHUYECKOU TEIJIOTHI IIpoIlecca
(cMm. ypaBHeHUE 39):

Q, = AH, — AH; = AH,. (44)
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Taxum obpasom, U3MEHEHNE SHTAJILINN PABHO TEILJIOBO-
My addeKrTy n3ob6apHOTO IIpoIecca.

Korga AH, > 0 — mpomecc IpPOTeKaeT C IOIJIOIeHneM
Temnsa (9HEePTUA CUCTEMBI BO3PACTaeT), T. €. ABJIAETCA dHIO-
TEePMUYECKIM.

QTepMO,Z[I/IH. > 09 QTepMOXHM. < 0‘

Korga AH, < 0 — nporecc IpoTeKaeT ¢ BbIJeJIeHNeM Tell-
Ja (9Heprus CHUCTEMBI YMEHBIIIaeTCA), T. €. SABJISIETCS DK30-
TEePMUYECKUM.

QTepMOl[I/IH. < O’ QTepMOXI/IM. > O‘

3amMeTuM, UTO ompezeieHre abCOTIOTHRIX 3HAUEHU BHYT-
PEeHHEHW HEPTUN U SHTAJBIUU CUCTEMBI HEBO3MOXKHO, IIO-
CKOJIBKY He CYII[eCTBYeT TOUKH OTcueTa (TaKOro COCTOSHUS
CUCTEMBI, KOTJa OHM pPaBHBI HYJI0). IlosToMy B pacuerax
WCTOJIL3YIOT m3MeHeHus 9tux Gyaknuii: AU u AH (taba. 5).

Tabruuya 5
CrangapTHBIE dJHTAJIBINN, JHTPONUH U dHepruu I'n66ca
00pasoBaHuA HEKOTOPLIX BemecTs mpu 273 K

BemectBO AH®, x]JT:x/Momn S, Max/moms K AGY, x]Tx/Monn
Al2Os(x) -1676,0 50,9 —1582,0
C (rpadur) 0 5,7 0
CO (p) -110,5 197,5 -137,1
CO:z (r) -393,5 213,7 -394,4
CaCOs (x) -1207,0 88,7 -1127,7
CaClz (v) —785,8 113,8 —750,2
CaF: (x) —2114,6 68,9 -1161,9
CasNz (x) -431,8 105 -368,6
CaO (w) -635,5 39,7 -604,2
Ca(OH): (x) -986,6 76,1 -896,8
Clz (v) 0 2229 0
CLO (r) 76,6 266,2 94,2
ClO:z (r) 105,0 257,0 122,3
Cr20s (x) —1440,6 81,2 —-1050,0
CuO (x) -162,0 42,6 -129,9
FeO (x) —264,8 60,8 —244,3
Fe203 (%) —-822,2 87,4 —740,3
Fes04 (x) -1117,1 146,2 -1014,2
H: (v) 0 130,5 0
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IIpoodonoscenue maba 5

BemectrBo AH®, x]/Tsx/Monb SO, Msx/monb K AG®, x]JIax/Monn
HBr (v) -36,3 198,6 -53,3
HCN () 135,0 113,1 125,5
HCI (v) -92,3 186,8 -95,2

HF (v) -270,7 178,7 -272,8
HI (v) 26,6 206,5 1,8
H20 (r) —-241,8 188,7 —228,6
H:20 (x) —285,8 70,1 -237,3
H:S (v) -21,0 205,7 -33,8

KClIOs (v) -391,2 143,0 —289,9

MgCl: () -641,1 89,9 -591,6

MgsNz2 (k) -461,1 87,9 -400,9
MgO (x) -601,8 26,9 -569,6

Nz () 0 191,5 0
NHs () —46,2 192,6 -16,7
NH4NOs (x) -365,4 151 —183,8
NH,CI (x) -315,39 94,56 —343,64
N:20 (r) 82,0 219,9 104,1
NO () 90,3 210,6 86,6
N20s3 (r) 83,3 307,0 140,5
NO: (r) 33,5 240,2 51,5
N204 () 9,6 303,8 98,4
N205 (x) —42.7 1,8 114,1

NaOH (x) -426,6 64,18 -371,0
NaCl () -410,9 72,36 -384,0
NiOq (%) —239,7 38,0 -211,6

Oq (r) 0 205,0 0
OF: () 5,1 247,0 42,5
P20s (%) -820 173,5 -
P20s (%) —1492 114,5 —1348,8
PbO (x) -219,3 66,1 -189,1
PbO: (x) —276,6 74,9 -218,3
S (pom©b) 0 31,88 0
SO: (r) —296,9 248,1 -300,2
SOs () -395,8 256,7 -371,2
Si02 (x) -859,3 42,09 -803,75
SnO (x) —286,0 56,5 —256,9
SnOsq () -580,8 52,3 -519,3
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6.4. SAKOHbI TEPMOXUMHUHA
Pazgen xumMum, B KOTOPOM M3y4YalOTCs TEMJIOBBIE a(hdek-
ThI IIPOIIECCOB, HAa3hIBaeTCSI TepMoxmuMmuei. Paccmorpum oc-
HOBHbBIE€ 3aKOHBI TEPMOXUMMUMU.

3akon JlaByasse—Jlammaca (1780).
Tenaoma, Heobxo0umas 0N PA3NONEHUS XUMUYe-
CK020 CcOeOUHEeHUS, PABHA Mmenjome ez0 06pa308aAHUA.

Tenaomoil (snmanvnueil) 06pa308arHus coeOuHeHUs Ha-
3BIBAETCS M3MEHEHUEe 9HTAJIbIINY CUCTEMbI IIPDU 00pa30BaHUU
1 MOJIb 3TOTO COeNMHEHUA U3 IPOCTHIX BEII[ECTB.

IIpm sTom cunuTaercs, YTO CTaHJAPTHAA SHTANBINA 0Opa-
30BaHUS IIPOCTOTO BEIIECTBA PaBHA HYJIIO.

3axon I'ecca (1840).

Tenaoeoil appexm xumuueckoil peaxyuu (npu V uau
p = const) 3agucum moJabKO Om HAYAJLbHO20 U KOHEYHO20
COCMOSHUS CUCMeMblL U He 3a8UcCUm Om NYmu peaxyuu.

B ciyuae m3obapHoro mpoiiecca (cM. ypaBHeHUe 44):
AHp-I/II/I = AHROH. - AIT[Haq. (45)
B ciyuae m3oxopHOTO mporiecca (CcM. ypaBHeHHE 35):

AUp-I/II/I = AUKOH. - AUHa‘{.'

1 cxexcrBue 3akona I'ecca.

Tennosoil aghpexkm noayverHus onpedeieHH0z0 KOJLU-
uecmaea geujecmea u3 0AHHbLX UCXOOHbLX COeOUHEeHULL He
3asucum om cnocoba noayveHus.

PaccmoTpum, HampuMmep, n3MEHEeHNE SHTAJIBINY (TeIIo-
BbIe 9(p(heKThI) IPU NPOTEKAHUU PEAKIIUH OKHUCJIEHUSA yTJe-

pozna. @
C + 02 v d COZ

QN 0 Qs
B sTom cayuae:

Ql = Q2 + Q3 nJjian AHl = AH2 +AH3.

2 caencreue 3axoHa I'ecca.

H3smenenue cmandapmHuoil IHmMaabnuu 6 xode peak-
YUU PABHO cymMme cCMaHOapmMHbLX SHMAALNULL 06PA308a-
HUs npodyKmos peaKyuu MUHYC CYMMa cmaHOapmHuuvLx



I'nasa 6. dHepzemuKa XUMULECKUX NPOYECCO8 81

dHMAabNULL 06PA308AHUS UCXOOHbLX 8euecm (UAU CYM-
Me cCmaHOApPMHbLX IHMAAbNUL C20PAHUSL UCXOOHbLX 8e-
wecme MUHYC Cymma cmandapmuvlx SHMAAbnUil czopa-
HUs npodyKmoe pearKuyuu ).

AHP i = ZAH 6p (npon.) — ZAHo6p. (uex.)- (46)

ITPUMEP.
B ciyuae peaknuu oxuciaeHus okcupa yriepozna (II):

2CO + Oy = 2CO,
AH,_,, = 2AHco, — 2AHco — AHo,.

Tax g{al{ SHTaﬂBHI%H OﬁpaSO?aHHﬂ HI?)OCTOFO BelgecTBa paBHa HYJIIO,

T. €. AHp, =0, 10 AH iy = AHgo, — AHco.
Pacuer nsMeHeHUA SHTAJIBINY B IIPOIlECCE PEAKIIU MOXK-
HO IIPOBOAUTH TaKMKe HMCXOOA M3 SHTAJIBIIUHN Cropanusa Be-

I1EeCTB:

AH}‘))-I/II/I = ZAI_Icrop.(mcx.) - ZA-E[crop.(npou.)' (47)

6.5. OHTPOIINA.
BTOPOE U TPETBE HAYAJIA
TEPMOINHAMHUKHU

W3 mepBoro Hauajia TEPMOJMHAMUKHN BHITEKAaeT, UTO B
M30JIMPOBAHHBIX CHCTEMAX IIPOI[ECC MOJKET IPOTEKaTh ca-
MOIIPOM3BOJIBHO TOJBKO 34 CUET dHEPIUHU CAMOI CHCTEeMBbI,
T. €. B CAMOIIPOU3BOJILHOM IIPOIlECCE SHEPTUA CaMOIi CUCTe-
MBI JOJIKHA YMEHBIITaThCA Mepexonsa B APYrue BUABI SHEP-
ruu u B pabory.

AU < 0 umu AH < 0. IIpu 9T0M Qrepmoxmu. > O-

CiieoBaTeIbHO, MCXOAS M3 IIEPBOTO Hayajla TepMO-
INHAMUKHN, CAMOIIPOU3BOJIBHO HOJIMKHBI IIPOTEKATH TOJBKO
AK30TepMHUUECKNe PeaKIiuu. BMmecTe ¢ TeM B XUMUU U3BECT-
HBI SHIOTEPMUYECKUE PeaKIuu, IPOTeKaoI1ue CaMOIPOu3-
BOJIBHO.

PaccmoTrpum, HaIpuMep, PeaKI[UIO AUCCOIUAIINY XJIODPU-
Ia HaTpUsi, IPOTEKAIOIIYyI0 CAMOIIPOM3BOJILHO B IIPOIIECCE
€ro pacTBOPEHUS:

NaCl = Na® + Cl™ — QTepMOXHM-

IIprnunHy ODpoTeKaHUA TAaKUX IIPOIECCOB paccMaTpUBa-
eT BTOpPOe HAyvajgo TepMOoAWHAMUKV. B ero ocHoBe aBa mo-
cryJjara.
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IToctrynar Tomcona.

Tennoma HaumeHee HAZPeMO20 Meaqd CUCMEMbL He
Mmoxcem OblMmb UCMOYHUKOM pAbomuvL 6 YUKLUYLECKOM
npoyecce.

ITocrynar Kaaysuyca.

EduncmeenHbLM pe3yibmamom L0060l COBOKYNHOCMU
npoyeccos He moicem OblLmb nepexod menJna om MeHee
Hazpemozo meJa Kk 6oJee Hazpemomy.

9TH mOCTYyJaThl FOBOPAT O TOM, YTO HEBO3MOXKHO CO-
3aTh ABUTATEJb, PAOOTAIOIINH 3a CUET HSHEPTUU CAMOTO XO-
JIOTHOTO TeJia CUCTeMBI (BEUHLIM ABUTATEJIh BTOPOTO POjIa).

Bropoe Hauasio TepMOAMHAMUKY CBA3aHO CO CJIEIYIOIIH-
MU HOHATUAMU: BEPOATHOCTH COCTOAHUA MU IPOIECCA, DH-
TPOIMS COCTOAHUSA U €e M3MEHEHNe B XOJe IIpoIecca.

BeposmHocmb COCTOSTHUSA CUCTEMBI XapaKTepHU3yeTcs Ync-
JIOM CIIOCO0OB, C IIOMOIILI0 KOTOPHIX 9TO COCTOSHIE MOYKET
OBITH peaJn30BaHO.

PaccmoTrpuM 3TO Ha MOAeau: pacupefiesieHUEe UeThIPeX
MEeUeHBIX IIIapUKOB IO IBYM PasJNUYHBIM dueiikam (puc. 14).

JKudkoe s JKudkoe

Tsepdoe Teepdoe
Puc. 14
~&lol- ~[oH~[ K3 K nonamuro
4.0 3:1 2:2 1.3 o4 8eposmHocmu
(e (e Briey () (g COCMOsAHUS cucmembl

Eciu KamIblii IMapuk IIOMETHUTb, TO YHCJIO CIIOCOOOB, C
IOMOIILI0 KOTOPBIX MOXKHO peaii30BaTh KasKIoe pacipee-
JeHune (COCTOAHNE) COOTBETCTBEHHO PABHO:

(a) —1,(06) —4,(8) —6,(r) — 4, (1) — 1

3a CUeT IePeCcTaHOBKU MEKAY COOOU IITapuKOB, HAXOAITUX-
cd B pasIMYHBIX fAueiikax. Bcero 16 cmoco6os. CiemoBa-
TeJIbHO, BEPOSATHOCTD KaKJOT0 pacupeneaeHus (KaKI0To Co-
CTOSHUSA CHCTEMbBI) COOTBETCTBEHHO PaBHA:
(a) — 1/16, (6) — 4/16,
(B) — 6/16, (r) — 4/16, (1) — 1/16.

Bugzo, uTro HambOIBIITYI0O BepOATHOCTL 6/16 nMeeT paB-
HOMepHOe (HeymopAAoUeHHOe) pacupeeseHne MapuKoB (B)
2:2, a HaumenbInyio 1/16 — mepaBHOMEpHBIE (YIIOPAILOUEH-
ueie) (a) 0:4 u (x) 4:0.
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Tepmodunamuieckas seposmuocmsv (W, GespasmepHas
BeJIMYMHA) ABJISETCSI MepPOil HeynopAZoueHHOCTH (0ecmopsa-
Ka) cucrembl. OHa ompenesnseT yCTONUYMBOCTL TAHHOTO CO-
CTOSHUSA IPU CAYYANHBIX U3MEHEHUAX BHYTPHU CHUCTEMEI.

Taxum o6pasomM, HanboJee YCTOMUNBLIM C TOUKK 3PEHII
TEPMOANHAMUYECKOM BEPOATHOCTH ABJIAETCA COCTOAHUE (B) —
aHaJIOT rasza, MeHee YCTONUMBBIMU — cocTOAHUA (0) u (T) —
aHaJIOTH JKUIKOCTH, a HauMMeHee YCTONUMBBIMH — COCTOS-
HEuA (a) 1 (O) — aHAJOTU TBEPAOTO TeJa.

B TepMoguHaMuKe NpuUHATA Apyras Mepa 6ecmopsagka —
SHTPOMUA, CBA3AHHAS C TEPMOJUHAMUYECKON BEPOATHOCTHIO.

durponud (S, Ix/Monb K) — GYHKIIHA COCTOAHUA CHUC-
TeMbl, SBJIAIONIAACA TEPMOAUMHAMUUECKONI Mepoil ee HeyIo-
PAZOUYEHHOCTH.

Omna paccunThiBaeTcsa n3 ypaBHeHuA BoJbiiMaHa:

S =K 1nW, (48)

rae K = R/N, = 1,38-10723 IIxx/monb-K — KoHcTanTa BoJbll-
MaHa.

IIpenmoso:kuM, UTO B PACCMOTPEHHOM BBIIIE IIpUMeEpe
(puc. 14) MmapuKu-yacTUIIHI ABUKYTCA B KaKA0M Aueiike Gec-
MOPAmOYHO (TemsmoBoe ABU:KeHUe). Ecau ynaanuTh meperopo-
Ky MeXKIy ABYMs AYeliKaMu, TO, OUEBUTHO, UTO BO BCEX CJIY-
YasgxX YaCTUIBI OYAYT CAMOIPOU3BOJIFHO CTPEMUTHCA K HAMOO-
Jiee HEYIIOPAJ0UeHHOMY (PaBHOMEPHOMY) pacipeiesieHuio, T. e.
K coctoaHuio (B). CiemoBaTesbHO, CAMOIIPOU3BOJIHLHO MOXKET
IIPOUCXOMUTH IIPOIIECC, KOTOPHIN COIPOBOMKIAETCA POCTOM Oec-
MopAAKa B CHUCTEME. OTO ABJSIETCA MPUUYUHON CaMOIIPOU3-
BOJIBHOTO IIPOTEKAHUS SHAOTEPMUYECKUX DPEaKI[MI.

Bropoe Hauao TepMOTUHAMUKY.
Camonpoussonbhblil npouecc 8 cucmeme 803MONCEH
3a cuem ysesudeHUs ee IHMPONUU.
Tperbe Hauaso TepmMoguHaMuku (mocryaar Ilmanka).
Beauuuna sumponuu udeanbHozo Kpucmaiia npu
memnepamype abconMH020 HYJLS PABHA HYJLIO.

ITOT IOCTyJIAT IIO3BOJISIET OIPEIEISATh aOCOIOTHRIE 3Ha-
YeHUS SHTPOMUU B OTJUYMNE OT BHYTPEHHEI SHEePTrUU U DH-
TAJIBINHU, IJISI KOTOPBIX OIPENeAITCI TOJbKO OTHOCUTEIb-
Hble u3MeHeHUusa (cM. Tabda. 5).
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Hapymienus B KpHUCTAJINUYECKOU CHUCTEME, PacCIIUpeHue
€e IpU HarpeBaHUU 3a CUET HOABJIEHUSA U YCKOPEHUA NBUIKE-
HUSA COCTABJIAMIIINX €€ YACTHUII, [IJIaBJIeHNE U IIOCIeIY I
mepexof JKUIKOCTH B ra3d — BCE 9TO BeAET K YBEJIUYECHUIO
0ecIopsgKa B CUCTEME, T. €. K POCTY ee SHTPOIIUMU.

B xmMMuecKux peakiiusX POCT SHTPOIUU HaOJIOdaeTcs
TaK’Ke, €CJIU B PE3YJIbTATe PEaKIINM YBEJNUYMBAETCA UKCJIO
yacTur, (MOJIeKYyJI U MOHOB) BellecTBa.

Hampumep, peakiusa pasJiosKeHuA KapOoHaTa KaJIbIU:

CaCO5; = CaO + CO,,
WK IIPOIleCC AUCCOLUALNYN XJIOPHUAA HATPUS:
NaCl = Na* + CI".

B sTux peaKnusax YMCIIO YACTHUIL, T. €. SHTPOHUSI CHUCTE-
MBI, BO3PAaCTaeT, CJIEI0BATEILHO, B COOTBETCTBUM CO BTOPHIM
HAYaJIOM TePMOAWHAMUKM, OHU MOTYT IIPOTEKATh CaMOIIPO-
M3BOJILHO IIPU OIIPEEJIEHHBIX YCIOBUAX.

6.6. DOHEPTHUH
T'ABBCA U TI'EJBMI'OJIBIIA

PasHosecHbLM Ha3bIBAETCS IIPOILECC, IIPOTEKAIOIIIL ¢ Oec-
KOHEUHO MaJILIM H3MEeHEHUEeM CHCTeMbI, 0€CKOHEUHO OJIm3-
KOU K paBHOBECHUIO.

ITO UCKJIIOUUTEIbHO MEIJeHHBIN IPoIiecc.

B ciyuae paBHOBeCHOTO (00PATHMOTO0) U30TEPMUUECKOTO
IIpoIlecca M3MeHeHNe SHTPOINY PABHO HPUBEIEHHON TeILIo-
Te, TOTJIOIIEHHON CUCTEMOM.

ASy = Q/T. (49)
B ClIy4dae CaMOIIPpOM3BOJIBHOTIO IIpoItecca, B COOTBETCTBHUU CO BTO-
PBIM HAYaJIOM TePMOAWHAMUWKU, SHTPONUA CUCTEMBI BO3paCTaeT:

AS yer. > 0.

DHTpONUA — 9TO0 PYHKIIUA COCTOSAHUS CHCTEMBI, CJIEeJOBATEIHHO,
ee M3MeHEHVE PABHO DA3HOCTU HSHTPONHUN KOHEYHOTO M HAYAIHHOTO
COCTOSTHUI CHUCTEMBI, TOT/a:

AS; — AS; > 0.
Ho, kak nokasauo Boiie (ypaBHenue 49): AS = Q/T.
CiemoBaTeIbHO:
AS; = AS; = Q3/Ts —@Q1/T1 > 0.

Ecau B cucTeme oT OJHOTO TeJsia K APYyTOMYy IIepexXoauT OOHO U TO
JKe KOJIM4eCTBO Telli1a, TO

Q2 = Q1.
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Torpa u3 mpuBeeHHOTO YpaBHEHHUs ImojsydyaeMm, uto 1/Ty > 1/T4,
unu Ty > T, T. €. B cucTeMe CaMOIIPOM3BOJIBHO MOKET OCYIIEeCTBIATD-
cs IIepexo/i TeIia TOJILKO OT 60Jiee HarpeToro Tejia K MeHee HarpeTomy.
Takum o6pa3oM, MOKHO cBs3aTh moctyaaTtsl Tomcona u Kiaysuyca co
BTOPBIM Ha4YaJIOM TEPMOAWMHAMUKH.
3akoH.

Paboma PasHOBeCHOZ0 npouecca MAKCUMAJLbHA.

Omna 6osbire paboThI JII060TO Ipoliecca (HepaBHOBECHO-
r0), KOTOPBIA IIPOTEKAaET CO CKOPOCTHIO, OTJIMYHOI OT O6ECKO-
HEYHO MaJIOH.

3aKoH.

Maxcumanvhas paboma He 3a8ucum om nymu npo-
uecca, a onpedensemcsa HavaibHblM U KOHEYHbLM COCMOsL-
HUAMU cUCmeMbl.

CiemoBaTesibHO, MaKCUMAaJbHaA padoTa — 3TO QYHKIIUS
COCTOSITHUSA CUCTEMBI.

MaxkcumasibHas padboTa CHCTEMbBI B I30XOPHOM IpPOIlecce
CBf3aHA C U3MEHEHUEM ee BHYTpPeHHell sHepruu (B m3o0ap-
HOM — C W3MeHeHUWeM SHTaJbIInU, cM. Bbilie). I3 1 cien-
CTBUA MEPBOTO Havajia TEPMOAUHAMUKY [IJIS HEUM30JHUPOBAH-
HOI cucTeMbl ciaenyeT (cM. ypaBHeHue 36):

AU = Q — Ay
— HWB30XOPHBIN IIPOIlECC MU
Ay = AU - Q. (50)

BrIpasus BeJIMUYMHY TEILIOTH Yepes N3MeHeHNre SHTPOIINN
CHCTEMBI B M30TEPMUUECKOM IIpoIiecce (13 ypaBHeHus 49):

Q = TASy (51)

M IIOJCTAaBMUB STO BBIpasKeHUe B ypaBHeHue 50, MOIyuuM
BEJIMYMHY MaKCHUMAaJbHON pPa0OTHI CHCTEMBI B M30XOPHOM
U30TEPMUUECKOM IIpoliecce:

~Ary = AU — TAS. (52)

Jra BeIWUYMHA HA3LIBAETCA M30XOPHO-M30TEPMHUUYECKUM
WJIM IPOCTO M30XOPHBLIM IIOTEHIIMAJIOM (ero msMeHeHUeM).

H30xopro-usomepmuueckuii nomenyuan (F, x[[3x/Mons —
sHeprus ['ebMrosbiia) — 9TO MakKCcUMaJbHaA pabora cucre-
MBI B UB0XOPHOM HM30TEPMHUUECKOM IIPOIIECCE.
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OH Ha3BIBAETCS TaK}Ke CBOOOJTHOII 9HEPTHel CUCTeMbI TP
TIOCTOAHHOM 00hbeMe cucTeMbl. Ero m3amMeHeHre paBHO:

AF = —Agy = AU — TAS. (53)

B cayuae nzobapHOro mpoiecca B CCTEMeE MOXKET OCyIIfe-
CTBJATHCS paboTa pacIiupeHus WX ciKaTusd. Torma B maH-
HOM BBIpa’KEHUU CJIEIYeT 3aMEeHUTHh U3MeHeHNe BHYTPeHHeHl
SHEPruM Ha H3MEeHEeHUe JHTAJLINU CUCTEeMBI (CM. ypaBHE-
Hue 43). B pesyabTaTe MOJNyuYnM ypaBHEeHNE MaKCHUMAaJIbHOMR
paboThI cuCTEMBI B M300apHOM M30TEPMHUECKOM IIPOIEecCe,
UM 1300apHO-N30TEePMUUECKUI TOTEHITHAI.

H306apro-usomepmuneckuii nomenyuan (G, k1:x/Moabp —
sueprus I'mb66ca) — mMakcuMaabHasA paboTa CHUCTEMBI B M30-
0apHOM mM30TepMmUecKoM mporecce. OH Ha3bBIBAETCA TAKIKe
cBOOOAHOII SHEpPruell CUCTEeMbI IPU IIOCTOAHHOM JaBJICHHUU.
Ero usmeHnenmue paBHO:

AG = ~Ar, = AH — TAS. (54)

3HaueHus uaMeHeHUWU sHepruu ['mb6ca mpm obGpasoBa-
HUM BeIIECTB B CTAHJAPTHBLIX YCJIOBUAX IPUBEAEHBI B CIpAa-
BOUHMKAX (cM. Tabi. 5).

6.7. TEPMOJVUHAMUYECKOE YCJIOBHE
CAMOITPOU3BOJIbHOI'O ITPOIIECCA

B cooTBeTcTBUY C IEPBLIM HAUAJIOM TEPMOIAMHAMUKHU Ca-
MOIIPOUM3BOJIbHOE IPOTEKAaHNE IIPOIecca B CHUCTEME BO3MOXK-
HO 3a CUEeT pacxXoja ee dHEepPTUM’, T. €. YMEHBIITEHUA dHTAb-
nuu (MU BHYTPEHHEH 9HepTrum):

e AH < 0 — sHTanbnuitHbIi (GaKTOP B M300aPHOM IIPOIECCe;
e AU < 0 — (dakTOop BHYTpPEeHHEH 5HEPruud B M30XOPHOM
mpoIecce.

B cooTBeTcTBUU €O BTOPHIM HAYAJIOM TEPMOAMHAMUKU
CaMOIIPOM3BOJIBHO MOTYT IIPOTEKATh IIPOIECCHI, IPU KOTO-
PBIX BO3pacTaeT 0ECIOPAJOK CUCTEMBI, T. €. YBEJIUUYNBAETCA
ee 9HTPOIUS:

e AS > 0 — sHTpPONUHIHLIA QaKTOD.

CrnemoBaTenbHO, MCXOHAS 13 ypaBHEHUS 53, CaMOIPOU3-
BOJIBHOE IIPOTEKaHYE N30XO0PHO-U30TEPMUIECKOTO IIPOIIEcca BO3-
MOXKHO, KOT/Ia YMEHbIIIaeTCsa sHeprud ['eITbMTrobIta CUCTEMBI:

AF = AU — TAS < 0. (55)
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Amnajoruuuo AJISA CaMOIIPOM3BOJIBHOI'O ITPOTEKaAHMUA M30-
0apHO-M30TEPMUYECKOTO Ipollecca HeoOX0IMMO YMEHbITIeHIe
suepruu I'mb6ca cucTeMbl:

AG = AH — TAS < 0. (56)

TepmoduHamuvecKum Kpumepuem camonpous3éosibHo-

20 npouecca ABAAEMCA YMeHbUleHUe mepmModuHamuye-

CK020 NOMEHUUALA CUCTeMbl.

AF < 0 uau AG < 0.

PaccmoTpum yeI0BUsI CaMOIIPOU3BOJIBHOTO IIPOTEKAHUS
M300aPHO-N30TEePMUYECKHUX IIPOIECCOB, K KOTOPHIM OTHOCUTCS
OOJIBLIITMHCTBO XUMUYECKUX peaknuii. Ecau peaknus umer
CaMOIIPOM3BOJIBHO, TO BCETAA

AG < 0.

9TO BOSMOIKHO B CJIEAVIOIIUX CIyUaATX.

1. AH <0 u AS > 0 — sK30TepMHUUeCKas peaxkiiud C po-
crom Oecmopsnka B cucteme. OHa Bcerjga IpPOTEKaeT CaMO-
OpPOU3BOJILHO, TaK KaK W3 BbIpakeHus 56 ciaemyer, UTO B
aToM cayuae AG < 0 mmpu J1000i TeMIiepaType.

ITPUMEP.
B cuyuae peakuu OKUCJICHUS CIUPTA:

C,H;OH + 30, = 2C0O, + 3H,0(r) + @

MPOUCXOMUT yBeIWYeHHWE O0ECHOPANKA CHUCTeMBI UJIHM OHTPOIUN

(AS° = 217,8 II:x/mMonb-K) 1 yMeHBbIIEHHE ee 9HEPTUH WM SHTAJBIAN

(AH® = —1234,8 x]I3/MOJb), Clle0BATeILHO, 5Ta PeaKIUA JOMAKHA IIPO-

TeKaTh IIPU JIOOBIX TeMIIepaTypax.

2. AH <0, AS < 0 — sx3oTepMuUecKas peakiiusa ¢ yBe-
JIMYEeHneM IIoOpAJKa B CHCTeMe. Yciaosue CaMOIIPOM3BOJIBHO-
ro nmpoTrekanusa mnporecca: AG < 0 BBIIOJIHSIETCA TOJBKO TOT-
na, xorga |[AH| > |TAS| (cM. BeIpasenue 56). 9T0 BOBMOMKHO,
Korga maJia BejmumHa AS miaIM Korga MaJjo 3HaueHue 7.
CiiemoBaTesibHO, IPOTEKAHME SK30TEPMUUYECKUX PEAKIUI Hau-

06oJiee BEPOSATHO MPU HUBKUX TeMIepaTypax.
IIPUMEP.
Peaxnusa o0pasoBaHusa aMMuaKa:
N, + 3H, = 2NH; + @
MPOUCXOAUT ¢ yMeHbImeaneM suTponmu (AS® = —197,8 IIsx/mons-K) u
sHTanbOuu cucreMbl (AH? = —46,2 k][ /Monb). Ee mpoTeKaHuIio cIo-
CcOGCTBYeT MOHUYKEHIE TeMIIePATYPHI.

3. AH > 0, AS > 0 — sHIoTepMHUYecKasa peaKIlusd ¢ Poc-
TOM 0ECIOPALKA B CICTEME. ¥ CJIOBLE CAMOIIPOU3BOJILHOIO IPO-
TekaHus mIpoliecca (BbIpaskeHue 56): AG < 0 BBINOJIHSETCST,
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ecau |[AH| < |TAS|. 9to Bo3Mo:xHO, Korga BeaumuuHa AS 60JIb-
masa aubo BesmKo sHaueHue 1. CiemoBaTesnbHO, IPOTEKAHUE
SHIOTEPMUUYECKUX PeaKIinii Hambojiee BEPOATHO IPHU BHICO-
KHX TeMIlepaTypax.

IIPUMEP.
Peaxnus passoykeHus KapOboHaTa KaJabIlusa:

CaCO; = CaO + CO, — @

mpoucXoAuT ¢ yBeaumdenuem sHTpommu (AS® = 164,7 Ix/moas-K) u
sHTaNbINH cucteMbl (AH? = 178,0 k]l /Monb). ClegoBaTe bHO, ee Ipo-
TEeKaHUIO CIOCOOCTBYET HOBBIIIIEHNE TeMIePaTyPhI.

4. AH > 0, AS < 0. B atom cayuae Bcerga AG > 0 (cM. BbI-
pakeHue 56) u mpaAMaa peaKIusd HEBO3MOXKHA, HO o0OpaTHasa
peaknud MPOTEKAaeT IIPU JIO00H TeMIlepaType, IMOCKOJLKY
IJs Hee Bcerga AG < 0.

IIPUMEP.
Peaxmus o6pasoBaHUs 3TUJIOBOTO CIMPTa M3 YIJIEKUCJIOTO rasa u

BOJIBI:
2C0, + 3H,0 = C,H;0H + 30, — Q

COIPOBOXKAAeTCA yMeHbIIeHneM sHTpormn (AS® = —217,8 Iw/monb-K) u
yBeIudeHueM sHTanboun cuctemsl (AH? = 1234,8 k]l /Mons). Cienosa-
TEJBHO, €€ NMPOTEeKAHNE TEPMOAMHAMUUYECKU HEBO3MOXKHO HU IIPU Ka-
KHUX TeMIleparypax. B aToMm ciydae fossKHA IpOTEKATh oGpaTHAs peak-
Uus OKUCJIEHUs CIIUPTA.

B nuTepaType mpeAcTaBiIeHBI TAGINIIbI, B KOTOPHIX JAHBI
sHauenus AH? u S°, mosBossiomue onpenenaTs 3HaK AG? u
TeMIepaTypHbIe YCJIOBHA CAMOIPOM3BOJILHOTO IIPOTEKAHIA
PasINUYHBIX PeakIlnil B CTAaHJAPTHBIX YCJIOBUAX (CM. Tabi. 5).

AHAJIOrMYHO IPUBELEHHBIM BBIIIE PACCYKIECHIAM MOK-
HO PacCMOTPETh YCJIOBHUSA CAMOIIPOM3BOJIBLHOIO IPOTEKAHUSA
M30XOpPHO-U30TEePMIUECKOTO IIpollecca. B aToM ciydae Bce-
roga AF < 0.

B zakroueHue ciegyeT OTMETUTh, UTO B COCTOSHUY PAaB-
HOBECHA CHCTEMBI ee TePMOZMHAMHWYECKUEe IIOTEeHIIHATILl He
U3MEHAIOTCH, T. €. BBIIOJHAIOTCA CJeNYIOIe YCIOBUA:

AGpaBH. = Oa AFpaBH. = 0.

6.8. XUMHUYECKHU ITOTEHITNAJ

B ciyuae xuMuueckoil peaKIuu COCTOSHUE CHUCTEeMBI U3-
MeHAETCs He TOJNBHKO 3a CUET BBIAEJICHUS WU HOTJIOIEHUA
TeILJIa W COBEPIIIeHNA PabOThl, HO U 34 CUET U3MEHEeHUA KOJIH-
YyecTBa MCXOAHBLIX M KOHEUHBIX KOMIIOHEHTOB B cucteMe (Av).
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W3 sToro ciaenyer, 4TO B BhIpaKeHUe IJId U3MEHEHUA JTI000H
TEPMOAMHAMUYECKONH (QPYHKIINU COCTOSTHUSA CUCTEMbI, B IIPO-
Iecce peaxkiuy, IPU YCIOBMM, YTO 5TA CHCTEMA HE OCYyIIe-
CTBJIAET APYTruX paboT, KpoMe padOThl pacCIIUpPeHUus, XOJI-
JK€H BXOJIUTDH YJIEH, OTPAKAIOIINI 5TO M3MEHEeHNe.

AF = AU — TAS + pAv. (57)
AG = AH — TAS + pAv, (58)

rage Av — U3MEHEeHWs KOJIMUEeCTBa BEIeCTBAa KOMIIOHEHTa B
cucreMe, || — XUMWYECKUI MOTEHIINAJ KOMIIOHEHTA.

CMBICT XUMUYECKOT'0 MIOTeHITAaJIa CTAHOBUTCS IOHATEH,
ecau B NMPUBEIEHHBIX YPABHEHUSX IIPEANOJIOKUTH OTCYT-
CTBUE M3MEHEeHUA APYTUX BEJUUYUNH, KPOMe KOJUUECTB Be-
I[eCTBA MCXOAHBIX KOMIIOHEHTOB PEaKIUU U ee IPOLYKTOB
(Av). Torga:

m = (AF/Av)y s = (AG/AV)g s. (59)

Xumuueckum nomenyuanom (L, KIK/M0JIb) KOMIOHEH-
Ta Ha3bIBAETCA IIPUPOCT COOTBETCTBYIONIEH (DYHKIMK COCTOS-
HUS CUCTEMBI IpU A00aBIeHNN K 0€CKOHEUHO OOJIBIIIOMY KO-
JINUECTBY PAaCcTBOPA OIPEAEeJIEHHOTO COCTABA IIPU OIPEeHeIeH-
HBIX YCJIOBUSX OJHOI'O MOJIA JAHHOTO KOMIIOHEHTA.

XUMHUYECKUH IIOTEHIMAJ JaHHOTO KOMIIOHEHTa B JaH-
HOM PaCTBOpPE IPU COOTBETCTBYIOIIUX YCJIOBUAX MMEET CTPO-
TO ompefeeHHOe 3HaUueHue. VI3 aToro caemyer, 4To B caydae
PABHOBECHOM CHCTEMbl XMMHWYECKHE IIOTEHI[HAJILI JAaHHOI'O
KOMIIOHEHTA BO Bcex (pasax paBHBI. Ecyii 9TO ycIoBHUE OTCYT-
CTBYET, TO KOMIIOHEHT JOJIXKEH IePeXOAUTh nu3 (has3bl, I'Zje ero
IMOTeHIIAaJ 00JibIlle, B (pasy, I'le OH MEHBIIIE.

6.9. IIOHATHE
0 TEPMOJUHAMUKE
BHOJOT'HYECKUX CHCTEM

Buosornueckue cucTeMbl ABJISIOTCA OTKPBITBIMU, T. €.
00MEHUBAIOTCA C OKPYIKAIOIEH Cpeioil U BEeIleCTBOM U DHED-
ruedi. Becraer Bommpoc 0 npruMeHeHUY 3aKOHOB TEPMOIUHAMMU-
KM K 9TUM CHCTEeMaM.

OTBeT Ha 3TOT BOIPOC OBLI IIOJIyUYEH HPU MCCJIEIOBAHUNI
TEILJIOBBIX 9()()EeKTOB IIpollecca MUIIEBAPEHUA V KUBOTHBIX
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(JIaByaswe, Jlansac, 1780). BbLio ycTaHOBJIEHO, YTO OKHCJIE-
HUe OpPraHWYeCKUX BEIeCTB B OPraHu3Me OO0 YIJIEKMCJIOTO
rasa 1 BOJABI COIIPOBOKAAETCA TEILIOBLIMU s dexTamu, O6JIm3-
KMMU 10 BeJWUYHHE TeILJIOBBIM d(h¢eKTaM CropaHusd 3TUX
BeriecTB. CiemoBaTeIbHO, OMOJIOTUYECKME CUCTEMBI ITOTYM-
HSAIOTCA MIEPBOMY HAYaJly TEPMOAUHAMUKH.

OueBUAHO, YTO K HUM IPUMEHUMO U BTOpOe Hauayo. Bce
9TO U TOCJIEYIOITNE OIBITHI IOKA3aJM, YTO OMOJIOTUYECKIE
CHCTEeMbI MOYKHO CUUTATH YCIOBHO 3aKPBITHIMHU, T. €. MOMKHO
pacCUMTHIBATH IIPOTEKAHMWE IIPOIECCOB B HUX C ITOMOIIBIO
ypaBHeHUII TepMOAWHAMUKU (OIpeaeeHne KaJOpPUHAHOCTH
MPOAYKTOB II0 TEILJIOTAM UX CTOPaHUs, OpeaesieHre Halpas-
JeHUsS KOHKPETHBIX PeaKIuil, UX dHEePreTUKU U Jp.).



IJIABA 7

KHHETHKA )
XUMHYECKUX PEAKIIUN

7.1. OCHOBHBIE ITOHATHUA
XAMHAYECKOU KHHETHKH
Paszmen xumum, m3ydarominii CKOPOCTH XMMHUYECKUX peak-
muii 1 GaKTOpPLI, BIAUAIOIINE Ha HUX, HA3LIBAETCA XUMUUE-
CKOll KUHemukKoil.
Cropocmbv peakuyuu — 9TO M3MEHEHUE KOHIIEHTPAIUM
pearupyonux uin o0pas3yoninxcsa BEITecTB B eTUHUILY Bpe-
MEeHU.

v = —Ac/At (B UCXOTHOTO BEIIEeCTBA); (60)
v = +Ac/At (BnA TPOAYKTa peaxkIiuu), (61)

rge Ac — m3MeHeHUe KOHIIeHTPAIlUK BellecTBa, At — IIpo-
MEeXKYTOK BpeMeHH, 3a KOTOPbI IIPOMU3OIILIO 9TO U3MEeHEeHIe.

CKOpOCTh XUMUUECKOH peakIuy — BeJIUYNHA BCeraa mo-
JIOXKUTETbHAA.

T'omozenHnas peaxkyus — pearnus, IPOTeKamIIasg B OJ-
HOU (dase. ITa peakIusd UAEeT BO BCEM 00beMe CHUCTEMBI.

CKOpPOCTb TOMOTeHHOII peakIlnu — KOJIMYeCTBO BeIlllecTBa
(Av), pearupyioiiiee nau obpasyorieeca B eIUHUILY BpeMeH!
B eJUHUIE 00'beMAa CUCTEMBI.

v = Av/At -V (Mmonb/n-c, I TIPOAYKTaA peakmun). (62)

T'emepozenHas peakyus — peaKkIus, IPOTEKAOIasa B CU-
cTeMe, COCTOSINEeN M3 HEeCKOJbKMX (pa3. ITa peaxkiiusa HUAET
Ha rpaHuie ¢as, pasmesaionieil peareHTsI.

Cropocmb zemepozeHHOU peakyul — KOJIUYIECTBO BeIIle-
ctBa (Av), pearupyioliee ujin o0pasyiolieecs B eIUHHUILY Bpe-
MeHU Ha eIWHUIIe IIomanu pasgena das (S):

v = Av/At - S (Mosab/n-c, I TPOAYyKTA peakum). (63)
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7.2. 3AKOH JENCTBYIOIINX MACC
(KHHETHYECKHU)

XuMuueckas peakIusa MeKIy ABYMS BellleCTBaAMHU CTa-
HOBUTCA BO3MOYKHOH TOJIBKO Torga, Korga mx 4aCTUILbI coJu-
YKAIOTCA Ha pacCTOAHNEe, IPU KOTOPOM BO3MOXKHO IIepepac-
npegesieHre 3JeKTPOHHOU IIJIOTHOCTH C PaspbIBOM OTHUX U
oOpasoBaumeM Apyrux cBAseil. [losTomy ycioBreM peakiium
MeXXAy OIByMs dacTuilaMu (aToMaMu, MOJIEKYJIaMU, MOHAMMU)
ABJIAETCA X CTOJIKHOBEHUE. CJIelIOBa’I‘eJII:HO, CKOPOCTBH pe-
aKIUHU OOJIXKHA OBITH MPOIIOPIMOHAJNBHA UHCIY COyNapeHUi
pearupymommnx 4acTuUll B eIUHUIY BPEMEHU. BTO YHCJIO TeEM
BBIIIIE, UeM 0OJIbITe KOHIIEHTPAIlNN PearupyoInX BeIlecTB.
CremoBaTesIbHO, IJIST PEAKIIUU:

A + B = npoayKTHI peakmuu

CKOPOCTh PEaKIINH IIPOIOPIIMOHATILHA KOHIIEHTPAIINY PeareH-
toB (I'yanpmaoepr u Baare):
v ~ [A][B].
3aKoH [eHCTBYIOIUX Macc (KMHETWUecKuit) popmysn-
pyeTcd Tak:

ITpu nocmoauHoOll memnepamype CKOPOCMb XUMUYe-
CKOll peaKyuu npsamo nponopyuoHaAlLbHA NPOU3EE0eHUI0
KOHUEeRmMpayuil peazupyroujux 6eu,ecmas, 63a4mvlx 6 cme-
NeHU UX CMexuomMempuieckux Koa@uyuenmos 6 ypas-

HeHUuU pearxuuu.
v = E[A][BP. (64)

B o61em caydae qiisi peakiiuu:
oA + BB + yC = OpomgyKThI pearkIuu
ypaBHEHUE CKOPOCTY PEaKIINU MMEEeT BUA:
v = K[A]'[BPICYT, (65)

rIe k — KOHCTaHTa CKOPOCTU YKasaHHOU peakiinu. OHA paBHA
CKOPOCTH PEeaKIiuy IPU KOHIEHTPAIUIX PeareHToB, PABHBIX
1 monw/m, T. e. eciu [A] = [B] = [C] = 1 moab/a, TO kB = v.

BennunHa KOHCTAHTBI CKOPOCTM XMMHUYECKOU peaKIuu
3aBUCUT OT BHEITHUX YCJOBUU U MPUPOALI peareHTOB, HO He
3aBHUCHUT OT UX KOHIleHTparuyu. OHa HA3BIBAETCS TAKIKE YIeJIb-
HO¥ CKOPOCTBHIO XMMUUYECKOH peakIuu.
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B ypaBHenuu 3akoHa JelicTByrOIIUX Macc o, B, y — Io-
DPAOK peaKIVy IO JaHHOMY peareHTy. B Tom ciayuae, Korga
peaxIusa MPOTEKaeT B OAHY CTAAUIO, IMOPAMOK peakIuu IO
TaHHOMY BEII[ECTBY COBIIAJAaeT C €ro CTEXHUOMETPUUECKUM
KO3(pPUIIIEeHTOM B YPAaBHEHUN PEaAKIIHU.

ITo Mepe mpoTeKaHUA peaKNIUM KOJUYECTBA, a CIeNOBaTEIbHO, U
KOHIIEHTPAINX PEareHTOB YMEHBIIAIOTCS, 3HAYUT YMEHBIIAeTCA U CKO-
pocTh peaknuu. B XxuMUYecKOl KMHETHKEe 332 UCTHHHYIO CKOPOCTH pe-
aKIUY IPUHATA ee CKOPOCTh B HAUaJIbHBIM MOMeHT BpeMeHHU (upu t—0
u At—0), KoTopas 3a OUeHb KOPOTKHUI IIPOMEKYTOK BPEMEHHU OCTAETCSA
IpaKTUYeCKHU HenaMeHHOH. Ee Mo:xHO 3anucaTs B JuddepeHInaaIbHON

bopwe: vo = ~(de/dt) 0 (66)

(1A UCXOTHOTO BEIecTBa).

OTo ypaBHEHUE MT'HOBEHHOI HAYaJIbHOU WU MCTUHHON CKODPOCTH
peaxknuu. VIM MOXKHO ITOJIB30BATHCA TOTJA, KOIAa U3MeHEeHNeM o0'beMa
CHCTeMbI MOYKHO IIpeHe6peusb, HAIpuMep, IPU IPOBEeJeHUN DeaKIuu B
pacTsope.

7.3. IPUMEPHI OCOBBIX PEAKITU

1. TereporeHHbie peakuuM M PeaKIUM C y4acTHeM ra-
30B. B ciyJae reTeporeHHO peaKkIuy B YpaBHEHIE ee CKOPO-
ctu (ypaBHenue 65) BXOAAT TOJBKO II€pEeMEHHbBIE BeJIUUYNHEI,
T. €. KOHIIEHTPAIIUU BEIECTB, HaXOOAINXCA B Ta30BOi dase
uiau B pacTBope. KOHIIeHTpaluy TBEPALIX BEIECTB OCTAIOTCS
TIOCTOSTHHBIMHU B IIPOIlEcCe peaknuu (M3MEHAETCS TOJIbKO UX
KOJIMYECTBO), IIO9TOMY OHU HE BXOJAT B 9TO ypaBHEHUE.

g peakuii MeKay rasaMy NPUHATO UCIOJIH30BATH HE
KOHIIEHTPAIlUN, a IPOHOPIIMOHAJIbHBIE UM BEJWUYMHBI Iap-
IMUAJIbHBIX MaBJICHUN rasoB (JaBjieHue JAaHHOTO rasa B CMECH
IIpU yCJIOBUM, UTO OH 3aHUMAaeT BeCh 00bEM).

IITPUMEP.

C yueTOM IpUBENEHHBIX YCJIOBUM [/ I'eTEPOTeHHON peakIuu C
ydJacTheM TBEePAOTO BelllecTBa M rasa:

C(TE.) + 02([‘33) = COZ(ras)
YpaBHEeHUE CKOPOCTU peaKIUU BBITVIAAUT CJIEOYIOIITUM 06pa30M:
v="F p(0y),

rae p(O,) — mapmuaIbHOe JaBjieHre KHUCJIOPoza.
CienyeT OTMETHUTH, YTO CKOPOCTH 'OMOTEHHBIX PeaKI[uii, KaK Ipa-
BUJIO, BBIIIIE, YEM I'eTE€POT€HHBIX.

2. MHorocraaguiiHple peakiuu. BOJBLIIUMHCTBO XUMUUE-
CKUX PeakIuii IIPOTEeKAeT B HECKOJBKO CTaIUIA.

A+B—" >C+D—2 5 E+F - npogykrer.
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IToka B cucTeme He MOSABATCA IMIPOAYKTHI IIEPBOI CTaANH,
He ToHAeT BTOpad M T. J., T. €. IPOTeKaHNe KaXKJ0HU IOCJIe-
OVIOMIeH CTAAuM 3aBUCUT OT HpeabIiayinux. IIpu aToM CKoO-
POCTH KaKIOI CTagmu pasjiudHA.

IIycts ks Ooabirie, uem k;. OUueBUIHO, UYTO BTOPAs OBLICT-
pad cragus MpakTUuecKu He OyzeT saMeTHa Ha ¢oHe IepBoi
mezngenHoi. CiaenoBaTeIbHO, CKOPOCTH BCETO IIPOIecca B TaH-
HOM cJyuae OyIeT OIpenessiThbCs ero MepBOM cTaameid.

vpea}cunu = kl[A][B] .

IIpaBuio.
Cropocmb MHO20cmaduiiHoz0 npouecca onpedensem-
cs cKopocmuio Hauboaee medeHHoll e2o0 cmaduu.

3. O6paTumsbie 1 HeoOpaTUMbIe peakuu. TeopeTuUecKn
BCe XMMHUUeCKIe peaknuu obpatumbl. KuHeTmnuecku HeobOpa-
TUMBIMY (OTHOCTOPOHHUMMU) SABJISIOTCA PEAKIINU, B KOTOPBIX
110 OKOHYAHUY MPOIECCa B CHCTEME OOHAPYKUBAIOTCS TOJIb-
KO MPOAYKTHI PEAKI[UU, & OCTATKOM MCXOJHBIX BEIIECTB MOMK-
HO TIpeHeOpeus. K HUM OTHOCATCS peaKIMu, IPOTEKAaIoIue
C BBIZIleJIEHHMEM 0CajJKa, ra3000pasHOro IPOAyKTa UJIKU 0O0JIb-
IIIOT0 KOJIMUEeCTBA TeIlia.

Hanpumep, HeoOpaTUMBIMU SBJIAIOTCA CJEAYIOIIHE pe-
AKITUM:

AgNO; + KCl = AgCll + KNOy;
CaCO3; = CaO + CO,T.

7.4. ®OPMAJIbHASA KMHETHKA

Pasmen XxuMu4ecKod KWHETHKM, TJe PACCMaTPUBAIOTCH
3aKOHBI MPOTEKAHUS XUMWYECKUX PeaKIUii BO BPpeMEHU B
3aBUCUMOCTH OT KOHIIEHTPAIIUM DEareHTOB (IIPU IIOCTOSH-
HOH TeMIepaType) HasbiBaeTca (DOPMAaJLHON KMHETUKOM.

MonekynaprHocms peaKyul OIPEeIeISAeTCsa YNCIOM MOoJIe-
KyJ, YYaCTBYIOIIIUX B 3JIeMeHTapDHOM aKTe.

Monomonekyaaprovle peaKyuu — PEaAKIUU XUMUUECKO-
r0 IpeBpallleHuA OLHOM MOJIEKYJIBI (AuccoIuanus, pacman,
M30MepUu3aIus).

K MOHOMOJIEKYIAPHBIM pPEaKIUsAM OTHOCATCS, HAIpH-
Mep, CJIeAYIOIIue:
NaCl = Na' + Cl~;
CaCO; = CaO + CO,.
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BumoanexkynapHvie peakyuu — peakIuu MeXKIy IBYyMs
MoJieKysaMu. K HUM OTHOCATCS TaKWe peaKI[uu:

C + 1/2 02 = CO;
NH, + HCI = NH,CL

ITopsadkom peakuyuu no danHHOMY 8euLecmay Ha3bIBAeTCA
YMCJIO, PABHOE ITOKAa3aTei0 CTeIeH, B KOTOPOIl KOHIleHTPA-
YA JAHHOI'O BEIECTBA BXOJAUT B YpaBHEHUE CKOPOCTU PeakK-
muu (ypaBHeHUe 64):

v = E[A][BT.

3mech TOPATOK PeaKIMM IO BeIleCTBY A paBeH o, IO
BemiecTBy B — PB. Cymma mokasateseit a + [ + ... ompene-
JISeT MOPAAOK PEeaKIIU! B IIEJIOM.

ITopsadox 8ceil peakuyuu paBeH CyMMe IIOPSAIKOB 3TOM
peaxIuy mo KakJIoMy peareHTy (paBeH cyMMe IToKasaTeJei
CTeTeHn).

1. Peakuuu nepporo nopsaaka. [I[pumepom peakiuii mep-
BOTO OPANKA ABJIAETCA pasiioskeHme okcuzpa azora (V).

N;05 = NyO4 + 1/505.

CKoOpoCTh 9TOIi peakIuu B JaHHBIM MOMEHT BpeMeHHu t
BHIpasKaeTcsl YpaBHEHUEM:
AC _ __x k(o —x) (67)
At " vat v

MrHoBeHHAA CKOPOCTH PEAKIIUU MOJKET OBITH paccumTa-
Ha Kak

U=

,_dC _dx o kv -)

= =kC, = ———=
dt  Vdt ! 4 (68)
NI d
x —_— —
dt = k(vo — x) (69)
— B nuddepeHInaIbHONR (hopMe;
AY _ k(vo - %) (70)

At

— B MHTErpaJbHOI dopme.

31ech vy — HavaJbHOE KOJMYECTBO MCXOIHOTO BellecTBa
B obbeme V, x — ero KOJUUYECTBO, PA3JIOKUBIIEECT K MO-
meuty t, C;, — ero mMoisdpHas KOHIIEHTPaIlus B MOMEHT t,
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k — KoHCTaHTa CKODPOCTH peakiiuu. BbIpaskeHue IS KOH-
CTAHTBI CKOPOCTU PeaKIIuU MUMeeT BUI:

k= %(mg—fj (e, (71)

rae Cy — HavaJbHAsg MOJIAPHAA KOHIEHTPAIUA HMCXOIHOTO
BEIIeCTBA.

Ilocnentee BhIpaskeHMe IIOCJE IIPeOOpPa30BaAHUS IT03BOJIS-
€T MOJYYUTHh 3aBUCUMOCTH KOHIIEHTPAIIUU MCXOMHOTO Bellle-
CTBa OT BPEMEHU B BHUE

C,=Cye™, (72)

CienyeT 3aMeTUTH, UTO, IOCKOJIBKY II0 OIIPEEeJIEHUI0 B —
yIeabHasi CKOPOCTb PEAKIMM WJIN KOJUYECTBO MCXOIHOTO
BelllecTBa (HAaIpUMepP, €ro MOJIEKYJI), IIPeBpaIaioIneecs B
eINHUILY BpEMEHU B eJUHUIe 00'beMa CUCTEeMEI, TO O0paTHAd
BesmumHa 1/k — BpeMsA KU3HU OTHOM MOJEKYJIBI UCXOIHO-
r'0 BeIlleCTBa B CUCTEME.

2. Peakuuu BTOPOro mopAmAkKa. TUNIWYHBIM IPUMEPOM
TAKOH peaKIMU SBJIAETCS B3aMMOJENCTBUE YKCYCHOM KUC-
JIOTBI C TUAPOKCUIOM HATPUS:

CH3;COOH + NaOH = CH3COONa + H,O0.

Bripaskenue AJsi CKOPOCTH 3TOH peaKIuy MMeeT BUJ:

p=dx _ka-20b-x) (73)
Vdt V2
nJiIn d b
x
:VTdt:W(a_x)(b_x)’

rue a u b — HUCXOAHBIE KOJIMYECTBA PEaTrHPYIOIIUX BEIlleCTB
(Mosb), B — KOHCTaHTa CKOPOCTH DEeaKIlMu, BbIpasKeHHadA B
a-c! momp7l.

Ecau a = b, T0

dx k 2
—=—(a—-X)".
7t V( ) (74)
B 06H.IeM cIydae OJid peaKIMy n-HOr'o IIopAaAgKa, Korga
a=b=c=..
dx k n
—=——(a-x
dt vnt ( )
nian
Av k n
— = Vo — X)*.
A VH( 0—X) (75)
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7.5. OITPEJEJEHUE

MHHOPAAKA PEAKIIUU
st ompenesieHus IOPSAAKA PeaKIMM B I[€JIOM CHAdaja
OIIPENENIAIOT ee IOPANOK MO0 KayKIOMy M3 KOMIIOHEHTOB.
C 9T0li 1eJbI0 N3YUYAI0OT 3aBUCHUMOCTh CKOPOCTH PEaKI[UU OT
KOHIIEHTPAIMN AAHHOI'O KOMIIOHEHTA, U3MEHSs ee IIPU IIO-
CTOSTHHBIX KOHITEHTPAITUAX OCTAJILHBLIX KOMITOHEHTOB (puc. 15).
s aToro mocaenume 6epyT JOCTATOUHO OOJBIIUMU, TOTIA
WX U3MeHeHNEeM B IIpoliecce peaKIiuu
MOJKHO IIpeHeOpeub. B pesayiabTaTe
MOJIyYaloT MOPAAOK CKOPOCTU peak-
Y IO TaHHOMY KOMIIOHEeHTY. AHa- y~Cp
JIOTUYHO OMPEeJISiOT IOPSII0K peak-
IUW TI0 OCTAJbHBIM KOMIIOHEHTAM.
3aTeM CKJIaAbIBAIOT HOJYUYCHHBIE 3HA-

v
2
v~Cp

[+

YeHUud INOPAAKOB PEaKIUn II0 BCEM Puc. 15

ee KOMIIOHEHTAM U IOJYyd4aloT Tpe- Ipaguueckui cnocod
onpedenenus nopadrxa

6yeMon BeJINYUHY. peaxkyuu no peazenmam

7.6. DAKTOPHI,
BJIUAIOINIUE HA CKOPOCTh PEARIINN

IIpupona peareHTOB, X XUMHUYECKHNE CBoOiicTBA U (ha3o-
Boe cocTossHMe. [IpuumHa pasjuumili B CKOPOCTAX peaKIluit
Pa3HBIX BEIIECTB 3aKJIOUAETCSA B DHEPreTUYECKOM OaJiaHce,
KOTOPBIN OIpeesseTcs Pa3HOCThI0 SHEPTUH HAuaJbHOTO U
IIPOMEKYTOUHOT'O COCTOAHUA CUCTEMBI (AKTUBHOTO KOMILJIEK-
ca — cMm. HuKe). [Ipu aTom peratorum GaKTOPOM ABIIAET-
cA XUMHUUYEeCcKas aKTUBHOCTb JaHHOTO BEIIleCTBA.

PaccmoTpuM, Kak MEHSIOTCA YCJIOBUS NMPOTEKAHUA pe-
aKIuy o0pas3oBaHUA TraJIOT€HOBOJOPOJAA IPU M3MEHEHUH! aK-
TUBHOCTU ¥ arperaTHOTO COCTOSHUA rajioreHa.

Tomozennvle peakyuu:

(rag) F5 + Hy = 2HF (B3pBIB B TEMHOTE);
(ras) Cl, + Hy, = 2HCI (B3psIB Ha CBETY).

T'emepozeHnHble peakyuu:

(xugk.) Bry + Hy = 2HBr (T = 200°C)
(tBepa.) I, + Hy = 2HI (T > 300°C)

W3 sTux mpuMepoB CJIEAYET, UTO UYeM MeHee aKTUBHBIM
SABJISIETCSA TajioreH, TeM 0oJiee BBHICOKAasA TeMIlepaTypa Tpeody-
eTcs AJIA MPOTEeKAaHUsS e€ro peakIuu ¢ BOLOPOAOM, T. €. TEM
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HUKe CKOPOCTh 9TOI peaKIuu. ¥ MEHbIIIeHe CKOPOCTH IIPO-
Imecca OTUETJINBO HAOJII0AeTCsa TaKiKe IPU IePexofie OT To-
MOT€HHBIX K I€TE€POr€HHBLIM PeaKIIUsIM.

Kouuenrpamnusa, gaBjieHue u o0'beM cHCTeMbI (IJIA Ta-
30B). ¥YBeInueHUE KOHIIEHTPAIINY PeareHTa B CUCTeMe IIPUBO-
IUT K BO3PACTAaHUIO CKOPOCTH XWMHUUYECKOH peaKIuu. ITO
clIefyeT M3 3aKOHA AEUCTBYIOIINX Macc (KMHETHYECKOTO —
cM. ypaBHeHnue 65).

v =Ek[A]"[B]2[C]".

HaBnenme n o6beM rasa CBA3AHBI C €70 KOHIIEHTpAIUEeH
¥ B3aMMHO CBS3aHBLI MeXXIy co0oii (cMm. ypaBHeHue 19 Kia-
netipona—Mengeneena).

pV = vRT
W
p = CRT.

ITosToMy yBenueHUe AABJICHUA MM YMEHbIIIeHNe 00beMa
CHCTEMBI JIeHCTBYIOT Ha Ira3s000pasHbIe PeareHThl B HAIIPABIEHUN
YBeJIUYEeHUS CKOPOCTU PEaKINy Me:Kay HuMu. B ciyuae :Kum-
KX WJIY TBEPIbIX PEATeHTOB JAeHCTBIE TaBICHU He3HAUNTEIHLHO
(3KMIKOCTH HEC)KMMAaeMbl), 1 er0 MOKHO He YUNTHIBATD.

IIPUMEP.

4NHj(ras) + 704(ras) = 4NOy(ras) + 6H,0(ras.)

ITockonbKy rasaMu B LAHHOM CIydae SIBISIOTCS W PeareHThbl, U
IPOAYKTHI PEAKIVIN, TO IPY YBeJINIEHUH AABJICHUA BO3PACTAIOT CKOPO-
CTH U IPAMOI, 1 00PaTHOM peaKI[uu.

CKOpOCTh IIPAMOI peaKIMy PaBHA:

Unp. = Kup. P*(NH;) - p7(02).
CxropocTh 00paTHOII peakIuy paBHA:
Uosp. = koGp. P4(N02) 'PG(HZO)-
Temmeparypa cucrembl. HarpeBaHume cucTeMbl BCeria BbI-
3bIBaeT yBeJIMUeHNe CKOPOCTH XUMUUYECKOU peaKIuu B Hel.
Paccmorpum m3aMeHeHVe TPY HAarpeBaHUY KOHCTAHTHI CKO-
POCTH peaxkIuy MeKJy AByMs rasaMu:

HQ + IQ = 2HI.
T, K 556 575 629 666 700 781
k, n/mons-c  4,45:107° 1,37.10* 2,52.10°% 1,41-10°% 6,43-1072 1,34

BuHo, 4TO CKOPOCTh PEAKIIUM B STOM CJIydYae yBEJIUUH-
BaeTcs npu HarpeBanuu Ha 100 rpagycoB B 100—300 pas.

B XxuMuy M3BECTHO SMINPUUYECKOE IPABUJIO, T. €. yCTa-
HOBJIEHHOE OIILITHBIM ITyTEM.
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IIpaBuno Baur-T'odda.
ITpu ysenuvenuu memnepamypuvl Ha Kaxcovie 10 zpa-
dycos ckopocms n10001 peakyuu go3pacmaem 8 2—4 pasa.

B cooTBeTcTBUU € 3THM IIPaBUJIOM MOMHO 3allncCaThb:

-Th
Y2 _y 10 (76)
U1
rge y (ramMmma) — TeMIepaTypHBIH KO3(G(PUIMEHT peaKkIuu

unu koadhdunuent Baut-T'odbda (y = 2—4).

7.7. IPUUYUHBLI YCKOPEHUSA PEAKIIUI
ITIPA1 HATPEBAHUHA

1. CxkopocTh peakIuu MeKJy ABYMs MOJEeKyJaaMu (aTo-
MaMu, TOHAMHK) 3aBUCUT OT YKCJIA UX COyIapeHuii. YBeauue-
HIUe TeMIIePATYPhI IPUBOIUT K BO3PACTAHUIO CKOPOCTH IBU-
JKeHUs YacCTHUIl, a CJIeA0BATEeJIbHO, U K YBEJIIMUEHUIO KOJIUUe-
CTBAa MX COYJAPEHUI B €IUHUIY BPEMEHHU.

2. He Bce coymapeHUs IPUBOIAT K PEAKI[UM, a TOJILKO
Te, IPU KOTOPBIX SHEPTUS COYAAPAIOIIUXCA YACTHUIL BHIIIIE
HEKOTOPOTO Ipejesa, Has3bIBAEMOTO HEPTeTUUEeCKUM Oapbe-
POM peaxIuu WU dHeprueil aKkTuBamuu. deM BbBIIIE TeMIIe-
paTtypa, TeM 0OJIbIlle SHEPTUA YACTHUIL, TeM OO0JIbIIle KOJIMUe-
CTBO aKTHBHBIX COYIapeHuUll, IPUBOAAIINX K PEaKI[UU MEK-
Iy YacTHUIaMHU.

3aBUCUMOCTh KOHCTAHTBI CKOPOCTH pPeaKkIuyd OT TeMIIe-
paTypHI OIIPESENIAETCA YPaA8HeHUeM AppeHuyca:

—E,
k= Ae BT . (77)

B arom praBHeHHH A— Ecuer AB*— armusHblil KoMiinexkc

CTEPUYECKUN MHOKUTEND, 3a-  § —ocompmgomme

BUCAIINUA OT qmCIa JBOMHBIX E[pAM. [—

coyZapeHUI U B3aUMHOTO pac- a

TIOJIOKEHU S Pearupyolinx ua- +Q }-

CTUI] B MOMEHT COyZIapeHud, -_«.#_! _______

E, — sHeprus akTuBaIuu. pattn “"'PQ
Ouepaus aKMUEayUL — 3TO Pyms p;;xu;u_ AB

TOT U30BITOK BHEPTUHU IO CPaB- 218 AR

HEHUIO CO CpemHel »Heprumen Puc. 16

YACTUIL IIPHU TAHHON TeMIepa- Hsmenenue sHepzuu cucmemvlt 6

npoyecce peaxyuu. Bauanue

Typ€, KOTOPBIM OHU OJOJIMKHBI HAZPe6AHA CUCTeMbl
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00samaTh, UTOOBI ITPOM3OIIJIA pPeak-
musa Mexay aumu (cMm. puc. 16).

Ha pucynke BugHO, YTO SHEPrus
aKTUBAIlNU IPAMOH peaKkIuu paBHA
PasHOCTH SHEPruil IPOMEKYTOUHO-
ro cocrosuusa (6apbepa), HasbIBae-

Puc. 17 % MOTO aKTUBHBIM KOMIIJIEKCOM, U HC-
T'paguueckuii cnoco6 ~ XOTHOTO COCTOSHUSA CHUCTEMBI. JHED-
onpedenerus snepaul  pyg aKTUBAIMK OOPATHOH peaxIuu
aKmueayuu peakyuu

oIpemessaeTcsa KaK PasHOCTh JHep-

TUif aKTUBHOTO KOMILJIEKCA ¥ KOHEUHOT'O COCTOAHMUA CUCTEMBI.
BesnnumHy 2HEPTMM aKTHUBAIMU MOKHO OIPENENUTH U3

JorapudmMuyueckoi (popMbl YypaBHEHU A 3aKO0HA AEHUCTBYIONINX

Macc (KMHETUYECKOTO) IOCJIe IMOJCTaHOBKY B HET'O BBIpA’Ke-

HUSA KOHCTAHTBI CKOPOCTH XMMUYECKOM PeaKI[uy U3 ypaBHe-

Hus Appenunyca (77):

-E,
v = E[A][B] = Ae ET [A][B] (78)

_ _ _E,
Inv=Ilnk+K=InA+K BT (79)

Ha mpakTuke HaXOAAT 3HAUEHUS CKOPOCTHU PEaKIIUU IIPU
PaBINYHBIX TEMIEPATypPaX W CTPOAT TpadUK 3aBUCUMOCTU
«Ilnv—1/T» (puc. 17). Ilo TanreHcy yria HaKJOHA 3TOU 3aBU-
cumMocTHu (IIPAMOI) K ocu abciuce onpenenssior suaueHue E,/R
u paccumThsiBaioT E,. Uem Gosblirie BesuunHua E,, TeM 3Haun-
TeJbHEee yBeJIUUYeHNEe CKOPOCTH PEaKIINM C TeMIIEPATYPOi.

7.8. KHHETHYECKHE
IMPEACTABJIEHUA B BHOJIOTHHN

3HaHue KNHETUKU XUMUUYECKUX, B IIEPBYIO ouepeab Ouo-
XUMUYECKUX, PEaKIINi NMeeT BasKHelIee sHaueHue JJis1 01o-
JIOTUH B ILJIaHE YCTAHOBJIEHUA HAIPABJICHUA N3MEHEHU CKO-
POCTH peaxIuy IPY M3MEHEHUU YCJIOBUIA, B YACTHOCTH [IJIs
yIpaBIeHUsA KOHKPETHBIMHU PeaKIIUIMHU IIyTeM H3MeHeHUS
KOHIIEHTpaIlnii peareHTOB, TeMIlepaTypbl u np. Hampuwmep,
yBeJInYeHNe TeMIIepaTyphbl OPpraHn3Ma Ipu 3a60JIeBAHUHN YC-
KOpSAeT Bce IIPOIeCcChl, B TOM YHCJIe U OMOXUMHUUECKNe peak-
UK B HEM, T. €. SIBJAETCS OTBETHOI 3aIll[UTHON peaKIuei
opranmsma, IIoMOTaloIell eMy CIIPaBUTHCA ¢ 0OJIE3HBIO.



TJIABA 8
CJOHBIE PEARIINU

IIpunnun He3aBUCcUMOCTH. Bce paccMOTpeHHOE BBIIIIE OTHO-
CHJIOCh K CPAaBHUTEJNBHO IIPOCTHIM PEAKIIUSAM, HO B XUMUU
YacTO BCTPeUaloTCs TaK Ha3blBaeMble CJIOYKHBIE DPeaKI[Uu.
K Takum peakIusaM OTHOCATCS paccMaTpuBaeMble Huke. [Tpu
BBIBOJZIe KMHETUUYECKUX YPaBHEHUU [IJIs 9THUX PEaKIUil mc-
MOJIL3YIOT MIPUHITAI HE3aBUCUMOCTH.

Ecau 8 cucmeme npomekxaem HeCKOLbKO DeaKuyuil,
mo kaxdas u3 HUX He3asucuma om Opyzux u ee CKo-
pocmb nPonopyUOHAbHA NPOU3BEDeHUI0 KOHUeHMPayuil
ee peazenmoa.

ITapajanensHble peakMu — 5TO PEAKIUM, HUAYIINE Of-
HOBPEMEHHO B HECKOJbKNX HAIMPABJIEHUAX.

IIPUMEP.
TepMuuecKuil pacmaj xJopaTa Kajaus IPOTeKaeT OJHOBPEMEHHO

TIO ABYM PEAKIHUAM:  y 0, T s KCl+ 0,1
NKCI + KClO,

ITocaemoBaTesibHBIE peaKIIMUM — 9TO PEaKINM, KOTOPHIE
OPOTEKAIOT B HECKOJIBKO cTanuii. Takux peakIuil B XUMUU
OOJIBIIIMHCTBO.

IIPUMEP. )
C+ Y50, > CO—12%2 5 CO,.

Conpsa:xennsie peaknuu. Eciiu B cucTeMe MPOTEKAIOT He-
CKOJIbKO peakIinii U IPOTeKaHNe OSHOM U3 HUX HeBO3MOIKHO
6e3 Ipyroi, To 3TU peaKIUM HA3LIBAIOTCA CONPAKEHHBIMH, a
caMo ABJeHUE — UHIYKIUEN.

MPUMEP.
HI + H,CrO4 — I, + Cr,05 + H,0.
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OTa peaknus B OOBIYHBIX YCJIOBUAX NMPAKTUUECKU He HAOJIONAeT-
cd, HO ecsqu B cuctemy n06aButh FeO, TO IPOUCXOAUT PEAKI[UA:

FeO + H,CrO4 — Fe,03 + Cry05 + H,O
" OJHOBPEMEHHO C Hell ujaeT nepBad peaknusa. [IppumHOi 9TOr0 ABIA-
eTcsa o0Opa3oBaHME BO BTOPOU PEAaKIMU IPOMEKYTOUHBIX IIPOJYKTOB,
YYacTBYIOIUX B IIEPBOM PeaKI[UU:
FeO, + H,CrO4 — Cry05 + Fed*;
HI + Fe®* - Fe,05 + I, + H,0.

* % %

Xumuueckas uHdyKyus — siBJeHUe, IPU KOTOPOM OJHA XUMUYE-
cKasl peakKnusa (BTOPUYHAA) 3aBUCUT OT APYroil (MepBUYHOIM).

Eciu A + B — mnepBuunas peaknusa, A + C — BTOpUYHAs peak-
nus, To A — akTuBaTOp, B — MHAYKTOpP, C — aKIemnTop.

IIpu XxUMUYECKOH MHAYKIIUU, B OTJIMYME OT KaTanausa (cM. HUXKE),
KOHIIEHTPAIMX BCEX YYACTHUKOB PEAKIIUM YMEHBIIAIOTCH.

DaxTOp MHAYKIUY OIPEAesieTcs U3 CIeAYyIOIero ypaBHeHU:

I - 7Acmtuen'rop X (80)
7ACHH}.1YKTOP

B 3aBUCHUMOCTH OT BeIMUYUHEI (DAKTOPA WHAYKIIUY BO3SMOYKHEI CJIe-
IYIOINe CIIyYau.

I > 0 — zaryxarmuii nporecc. CKOPOCTh peakIuy CHUIKAETCS CO
BpPEMEHEM.

I < 0 — yckopsaomuiica npoiecc. CKOPOCTh peaKIuy yBeJIUYU-
BaeTcs CO BpeMeHeM.

SIBeHVMEe WHOYKIMK Ba’KHO TEM, YTO B PAJe CIy4aeB dHEPTUA
IePBUYHON peaKIUy MOKET CKOMIIEHCHPOBATHL 3aTPaThl dHEPTUHU BO
BTOPUYHOI peaknuu. I1o aToi mpuunHe, HAIPUMED, OKA3hIBAETCSA TeP-
MOJMHAMUYECKN BO3MOYKHBIM CHHTE3 OEJKOB IIyTeM IIOJUKOHJEHCA-
AU AaMUHOKUCJIIOT.

Iennubie peakuunu. Ecoiu xuMuyecKkas peakIus IpOTeKa-
eT ¢ oOpasoBaHMeM AKTUBHBLIX YacTuIl (MOHOB, PAgUKAaJIOB),
KOTOpPHIE, BCTYIIaA B IOCHEAVIOIINE PEAKIIUN, BHI3BIBAIOT II0-
sIBJIEHVE HOBBIX AKTHUBHBIX YaCTHUI[, TO TaKas II0CJIEI0Ba-
TeJbHOCTHh PEAKI[MIl Ha3bIBaeTCs IETHOM peaKI[uen.

IIPUMEP.
Peaxmnus o6pasoBaHUA XJIOPOBOJOPOJAA M3 IMPOCTHIX COENUHEHUIH,
aKTUBUPYeMas CBETOM.
CyMMapHas peakmus:
H,+Cl, ¥ 2HCL
OTaenbHBIE CTASUN:
Cl, = 2CI doToarTHUBaNUA XJ0pa (MHUIUMIPOBAHUE)
Cl' + H, = HCI+H® pasBuTue nemnu
H' + Cl,=HCI+Cl* wurT. a.
H' + Cl' = HCl 00pBIB Ilenn
3mecs H' u Cl° — aKTUBHBIE YAaCTUIIHI (PaJUKATIbI).

Ecnu B pes3yabTare axKTa POoCTa IIOABJIIAIOTCA ABE€ MJIN

0ojiee aKTUBHBIX YACTHUIL, TO 9TA IeMTHAA PEaKIUs SIBJISETCS
Pas3BeTBJIEHHOIA.
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Peakmuu noaumepusanuu. YacTHBIN caydail IemHON pe-
aKIIUM — PeaKIiusd MOJIUMePU3aIuiu.

ITonumepusayueil Ha3bIBAETCS MIPOIECC, IIPU KOTOPOM pe-
aKIUsg aKTUBHBIX YacTUII (paJfnuKaioB, HOHOB) C HU3KOMOJIE-
KYJSPHBIMU COeIUHEHUAMHU (MOHOMEPAMM) COIIPOBOXKIAET-
cs IIOCJIeIOBAaTEIbHBIM IIPUCOEINHEHUEM IMOCJIeIHUX C yBe-
JUYEeHUEeM AJWHBI MaTepUaJbHOM Ienu (IJIUHBI MOJIEKYJIBI),
T. €. ¢ 00pasdoBaHUEM IOJHMEpA.

MoHoMepaMu ABJIAIOTCS OPraHUYeCKUe COeIUHEeHN, KaK
IIPaBUJIO, COMEPKAIINe B COCTABE MOJIEKYJIbI HEeIpeIelbHbIe
(nBoOiiHBIE, TPOUMHBIE) CBABHU.

OcHOBHBIE CTaaUM IIPOIECCa MOJTUMEPU3aI[UN:

1. Hruyuuposarue (on meficTBUEM CBETa, HarpeBaHUA
ur.5.);A:A—>A +A — romoauTHUeCKHil pacman ¢ 06-
pasoBaHNEM PAaINKAJIOB (AKTUBHBIE BAJI€HTHOHEHACHIIIIEHHBIE
yactungsl). A : B> A~ + BY — rereposuTuuecKuii pacuazg ¢
o0pas3oBaHMEM HOHOB.

2. Pocm yenu: A" + M > AM" (wiu A+ M — AM™,
nnu BT + M — BM™).

3. O6pvie uenu: AM' + AM' — nonumep (wau AM~ +
+ B* — monumep, BM* + A~ — moJsumep).

CiiemyeT OTMETHUTD, YTO CKOPOCTH IIEIIHOTrO IIPOIlecca Bee-
raa 0oJbIlle, UYeM HeIeIIHOro.

doroxummnueckne peaknmuu. 3aKOHbI (POTOXUMHUU. 3aKO0-
HOMEPHOCTH IPOTEKAHWS XWUMUYECKUX PeakIuil IOJ BO3-
IeicTBUEM cBeTa M3yuaeT (POTOXUMUA. ITOT Pa3mesl XUMUN
BKJIIOYAET DAL 3aKOHOB.

3akon I'porryca—/Ipeiiaepa (1837-1839).
Xumuiecku aKmMu6HbL JUWb Mme JAYil, KOmopble no-
2710W,a0Mcs PeaKyUOHHOI cMecyio.

3akon Jlambepra (1760).

OcnabneHue uHmMeHCUBHOCMU céema, npouwedurezo
yepe3 caoll MoAWUHOl 1, nPONOPYUUOHALLHO MOLULUHE
C/0s U UHMeHCcUBHOCmU nadawu,ezo cgema J .

3axon Bapa (1853).

IToznouwenue céema MOHKUM CAOEM PACMEOPA NPS-
MO NPONOPUUOHALLHO YUCLY YACTMUY NO2JOWAU,Ee20 8e-
wecmea uau ux KOHUeHmpayuu 8 cJjoe.



104 TEOPETHYECKHE OCHOBBI HEOPTAHUYECKOH XUMHUH

O6benunennslii 3akon Byrepa—Jlam6epra—Bopa.

Pacmeopv. 00H020 U mozo e eujecmea 8 PABHHLX
ycaosuax npu 00UHAKOB80l KOHUEHMPAUUU U MOJULUHE
c08 nozaowarom gcezda 00HY u my xHe 0oJto nadaiouie-
20 ceema.

VpaBsHeHUEe 00'beIMHEHHOr0 3aK0Ha Byrepa—Jlamb6epra—
Bapa:
Inpom. = IOeiknl’ (81)

rae Inpom., lo — MHTEHCHBHOCTb, COOTBETCTBEHHO, IIPOIIE]-
IIeT0 M IaJaloIlero cBeTa, kB — Ko3Gh(GUIIMEHT CBETOIIOIJIO-
IIeHNA, 3aBUCAIINI OT IPUPOAHI MOTJIOIAIOIIETO BEIIIECTBA,
PacTBOPUTENA W BHEIITHUX YCJAOBUM, N — YKCJIO IIOTJIOIA0-
WX CBET MOJIEKYJ B KyOMYEeCKOM CaHTHUMETpe cJod, [ —
TOJIITUHA cJIoA (CM).

3akon Bynzena—Pocko (1855).

Xumuyeckoe deiicmaue caema npsamo nPONnOPYUOHALb-
HO Nnpou3éefeHui0 ez0 UHMEeHCUBHOCMU HA 8pems Oeil-
cmaus.
3akon Bant-T'odda (1904).

Konuuwecmeo xumuvecku usmeHeRH020 8eUecmea nps-
MO NPONOPUUOHAALHO KOJAUYECMBY NO2JO0U,eHHOlU 6eule-
cmeom ceemogoil snepeuu (Q ).

O0BbenuHeHHbIE YPABHEHUA:
1. KosmnuecTBO TOTJIOIIIEHHON SHEPTUN:

Q = Iy — Inpom. = To(1 — &™), (82)
2. CKopocTh (POTOXMMHUUYECKOM peaKI[nu:

v =dn/dt = kQ = kIl — e ). (83)

3akon IllTapka—9ditamreiina (1912).
Kaxcdomy noznowenHomy xkearnmy usaywerus (hv)
coomaemcmayem 00HA U3MEHEHHAA MOJEKYAA.

B cooTBeTCcTBUU C 3TUM 3aKOHOM 1 = Q/hv — UmcCIo U3-
MEHEHHBIX MOJIEKYJI.

PeanpHO He KasKIbIM KBAHT CBeTa BELI3ZBLIBAET M3MeEHE-
HUe MOJIEKYJbI, II0O9TOMY BBOIUTCH MOHATHE KBAHTOBOI'O
BBIXOZA.
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Keanmoeblil 6b1x00 (Y) — 9TO OTHOIIIEHUE YKCJIa IPOPEaru-
POBABIINX MOJIEKYJI (71) K UMCJTY TOTJIOIIEHHBIX KBAHTOB CBETA.

n
Y= (84)
@/ hv
C yueTOoM 5TOT0 ypaBHEHHUS CKOPOCTH (POTOXMMUUECKOI
peakIuu paBHa:

v =dn/dt = vQ/hv = yJy (1 — e **)/hv. (85)

W3BecTHBI cieayOIe THILI (DOTOXMMUUYECKUX PeaKIuii
B 3aBHCHMOCTH OT BEJIMUYMHBLI KBAHTOBOTO BBIXOJA:

’Y:]. H2+02—) HzOz;
Y > 1 H2+BI'2—) HBI‘;
Y >> 1 012 + HZ — HCI.

IIpumepom OmoxmMHUUECKHX (POTOXMMHUUYECKUX PeaKIuii
SIBJISIOTCA peakiuu GOTOCUHTE3a, IPOTEKAaoIue B PACTEeHN!-
AX € y4acTueM XJopoduiiia.

IIPUMEP.
CyMMapHOe ypaBHEHWE peaKIuy 00pa3oBaHUSA TJIFOKO3BI U3 yIJIe-
KIICJIOTO ra3a M BOJBI:

6C05+6H,0 —— - C4H 1,04+605.
XJIOPO(UILIL

Karanutuueckue peakiuu. BoJIbIIMHCTBO XUMUUYECKUX
peaxknuil uneT uepe3 o0pas3oBaHUE IPOMEIKYTOUHOTO COCTOS-
HUS UJIW TaK Ha3bIBA€MOTO aKTHBHOTO KOMILIEKCa, KOTOPBIH
obpasyeTcs BCeMM pearupymoinuMu BermlecTBamMu. Ho ecTh
cayuam, KOTa B ero COCTAB BXOIAT NOMOJHUTEIbLHbBIE COSIM -
HeHUs, KOTOPhIe HEe PAaCXOAYIOTCS B IPOIlecce pPeaKIiuu, HO
U3MEHAIT ee CKOPOCTh.

Kamanus — sBneHune, Ipu KOTOPOM B COCTaB aKTUBHOTO
KOMILJIeKCAa XMMHUYECKOH peaKkIMy BXOAUT BEIECTBO, CTe-
XMOMETPUUYECKHU He YUACTBYIOIllee B Hell, HO N3MEeHSIoIee ee
CKOPOCTbD.

Kamaanausamop (ct) — BelllecTBO, He PacxXomyIoIeecs B
peaxIiuu, HO BIUAIOIIEe Ha ee CKOPOCTh.

Axmueamop — KaTaJaus3aTop, YCKOPSAIONINN peaKIlnio.

HHuzubumop — ratranusaTop, 3aMeJIAIONIUY peaKIuio.

T'omozennvlii kKamaau3 — peareHTHl U KaTaJIu3aTop Ha-
XOAATCA B OOHOU (pase.
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IIPUMEP.
H,0, > H,0 + 0,1 ct: Fet2:*3

I’emepoeel-mbm KamaJus — peareHTbl N KaTajJam3aTop

HaXoOgATCA B Pa3HBIX (baaax.

IIPUMEP.
Fe + Oy — FeO + Fe,03
ct: BOZla, PACTBOPHI 3JIEKTPOJIUTOB.

Asmokamaau3 — sBJeHUE, IPU KOTOPOM KaTaausaTop

obpasyeTcsa B MIPOIlECCE PEaKIIUN.

E

CUCT.
AB*— akmusHbIl KOMIREKC

Puc. 18
H3menenue snepzuu
T cucmembut

AH 6 npoyecce peaKyuu.
peadua BausHue kamaausamopa-
AB akmusamopa

ymb peakyuu
A+B+ct — AB+ct

Baxuo OTMETUTH, UYTO KaTaJdunu3aTOpP HEe MOET BBI3BAThb

TePMOANHAMUYECKN HEBO3MOMKHYIO PEAKIINIO UJIN U3MEHUTDH
paBHOBecHe peakIumu. Pojb KaTajimsaTopa-aKTUBaTOpa 3a-
KJIIOUAeTCs, MNIaBHBIM 00pa30M, B CHUMKEHUU dHEePruu aKTH-
BaIuu peakmuu. 3a CUET 9TOT0 IPOUCKXOAUT YBEJIUUEHUE CKO-
poctu peaknuu (puc. 18).

Teopus karamusa E. H. Illnuraasckoro.

1. KaTanusaTop — BeIeCTBO, MEPEBOAAIIEE PeareHThl B pPeaKIlu-
OHHOE COCTOsIHUE (AKTUBHBIM KOMILIEKC).

2. OOpasoBaHUe aKTUBHOTO KOMILIEKCA — 9TO O0PATUMBIA U OBICT-
pBIF mporecc.

3. AKTUBHBINI KOMILJIEKC OTHOCHUTEJIbHO MeIJIEHHO pa3Jjiaraercs C
BBIJeJICHUEM KaTaJInu3aTopa U MPOAYKTOB PeaKI[Uu.

4. O0mrasi CKOPOCTh MPOIlecCa OIpeedeTcsa CKOPOCThIO pacimana
aKTUBHOT'O KOMILIEKCA.

B reTeporeHHOM KaTajnse PasinYaioT CIAeYIOIINe CTAANN:

1. AxgcoplOiiusi peareHTOB Ha KaTaau3aTope, OMPEeNe/IdioIasacad ux
CPOJICTBOM.

2. O6pa3oBaHMe aKTUBHOI'O KOMILJIEKcA.

3. Pacmaj akTUBHOTO KOMILJIEKCA.

4. Tecopbuusi MIPOAYKTOB.

MrHoOBeHHasi CKOPOCTh TAKOTO IIPOIECCa OIpefessieTcsa Haubosee
MeJJIEHHOH ero craameil 3 v omuMChIBaeTCsA ypaBHeHHeM 65 mociie moi-
CTAHOBKM B HEro BBIDAyKEHUS CKOPOCTH I'eTepOTeHHON peakiuu 63 B
nuddepernuanbHOil hopme:

v = dn/Sdt = kC,,
rae C, — TOBEPXHOCTHAA KOHIIEHTPAIWS PeareHTa, paBHAs KOHIIEHT-
panuy aKTUBHOT'O KOMILJIEKCA.
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8.1. TIOHSITHE
0O ®EPMEHTATHBHOM KATAJMU3E

B 6uosiornu MIinpoKo pacIpocTpaHeHbl OpraHNYecKue Ka-
TAIN3aTOPEl — (hepMEHTHI. ITO COeAMHEHUA OEJIKOBOM IPU-
pOABI, 00pas3ymoIue ¢ COOTBETCTBYIOIUMYU OPraHUYECKUMU
peareHTaMu-cybcTpaTaMu IIPOME:KYTOUHbIE COeTUHEHUs (aK-
TUBHBIE KOMIIJIEKCHI), PACIaAaloNIecsa ¢ BbIAeIeHueM HaTHB-
HOro OesJKa u IPOAYKTOB peakmnuu. O6pasoBaHNEe aKTHUBHOTO

KOMILJIeKCa — Ype3BBbIUAHO
cruenupuuecKad peakiiud IJad
IaHHOTO (bepMEHTa, ITOCKOJIb-
Ky U3 TPYNIBI BO3MOYKHBIX
cyOcTpaToOB OH 00pasyeT akK-
TUBHBIY KOMILJIIEKC TOJIBKO CO
CTPOTO OTIPEeIEeSIEHHBIMU CO-
equHeHuAMH (puc. 19). Umen-
HO 3TUM W BBICOKUMHU CKO-
pocTaAMHu (epMeHTAaTUBHBIX
peaknuil omnpenensgeTcad UX
3HAUYeHUe AJA OpraHu3Ma.

Kamanumuveckull
yeHmp

O

S2
—O

Sy

Ens Q

Tudpoghobrisiy Pepumenm Cybempamb!
“KEPMIH»
Puc. 19
Cneyudura epmenma
no omHouleHu Kk cybempamy,
onpedensemas pa3mepomn
€20 MoNeKynbl



I'JIABA 9

XUMUYECROE
PABHOBECHE

9.1. YCJJOBUE PABHOBECHS
B XUMHUYECKOU PEARIINH

B mporiecce XUMUUECKOM peaKIMU 00PasyIOTCSI ee MPOAVK-
ThI. ATO IPUBOAUT K PEAKIIUYU MEXKAY HUMHU, T. €. K IIOABJe-
HUIO0 00paTHOM peaKIni, MOCKOJIbKY, KaK OTMeUaJI0Ch BhIIIIE,
BCE XMMHUUYECKNE PEaKI[NU TEOPEeTUUYECKN O0paTHMBbI:

A+ Bz C+ D.

VYMenbIlieHre KOJIUYECTB (KOHIIEHTPAINil) MCXOIHBIX Be-
IIIeCTB II0 Mepe MPOTEeKaHUA PeaKI[MU BbI3BIBAET CHUIKEHUE
CKOPOCTH HPSIMOI PeaKkIluu:

Lonp, = ko [AN[BN.

B 10 Ke BpeMsa yBeJMUeHUE KOJIUYECTB (KOHIIEHTPAIMIA)
IIPOAYKTOB PEaKIINU IPUBOAUT K BO3PACTAHUIO CKOPOCTHU 00-
paTHOU peaKIuu.

Tvoﬁp. = koﬁp.[C]T[D]T~

Yepes onpeesieHHBIN IPOMEXXYTOK BpeMeHU HacTyIla-
€T TaKOe COCTOAHUE B CHCTEeMe, KOrZa CKOPOCTH IPAMOI
peakuu CTAHOBUTCS PABHOM CKOPOCTH OOpATHOI peak-

nuu (puc. 20).
Mpavan ITO coCTOAHTIE BO3SMOXKHO TOJIBKO AJIs
peaxuun 3aKPBITHIX cucTteM. Ecau IPOAYKTHI pe-
AKIUU YIAJIAIOTCA TeM UJIU UHBIM CIIOCO-
6om (ocaJoK, ra3 1 T. II.), TO CUCTEMA CTa-
HOBUTCSA OTKPBLITOU U peaKIusl B Hell MoO-
JKeT IIPOTeKAaTh 10 KOHIIa, T. €. PABHOBeCHe
Puc. 20 B TAKOU CHCTEME He HACTyHaerT.
3asucunocms Pasnogecue xumuueckoii peakuyuu —

CcKopocmu peakuyuu
om epemenu TaKOe COCTOSIHHNE CHUCTEMEI, IIPX KOTOPOM

GéopamHas
peakyus
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CKOPOCTh IIPSIMOM peaKINU B HEll paBHA CKOPOCTH 00paTHOI
peaxium. .
vnp. - Uo6p. (86)
ITO COCTOAHUE SABJSIETC:
a) TMHAMUYECKUM, T. €. B COCTOAHUY PAaBHOBECUS B CUCTE-
Me IIOCTOAHHO IIPOTEKAIOT M MpAMas, 1 o0paTHas peakIuu;
0) TOABUKHBIM, T. €. U3MeHeHNe KaKuX-JIu00 (PaKkToOpoB
BBIBBIBAET CABUT PABHOBECHUA B Ty UJU APYT'YIO CTOPOHY.
Hsa onucaHusA COCTOAHUS PABHOBECUS UCIIOJIB3YIOTCA ABa
HOoAX0Ja: KUHEeTUUECKUl U TepMOIMHAMUYECKUIA.

9.2. KHHETHYECKAS
KOHIIENIIMS PABHOBECHSI.
3AKOH JEHMCTBYIOIIHX MACC
(TEPMOTHHAMHUYECKHI)

Ecnu B cucTeMe IpOTEKaeT peaKIius:
oA + BB =yC + 8D,
TO CKOPOCTDH IPAMOI peaKIuu paBHaA (cM. ypaBHenue 64):
U p.= knp [A]'[BY.
CoOTBEeTCTBEHHO, CKOPOCTh O0OpATHOU peaKIny paBHA:
v 06p. koﬁp.[C]y[D]67
rae k — KOHCTAHTHI CKOpOCTEH IpAMOil M obpaTHOI pe-
aAKITUN.
B cocTosaHuM paBHOBECHUS:
vnp. = Uo6p.

WU, 3aMEHUB CKOPOCTH HA COOTBETCTBYIOIUE BHIPAIKEHUSA
U3 3aKOHA JeHCTBYIOIUX MacC (KMHETHUUECKOTO0), IOJYyINM:

knp.[A]a[B]B = koﬁp.[C]V[D]8° (87)

OTHoIIIeHIe KOHCTAHT CKOPOCTEN IpPaMOi M oOpaTHOI
pPeaKIuil Ha3bIBAETCA KOHCMAHMOU PABHOBECUS XUMULECKOLL
peaxyuu. OHa paBHA:

K, = kup./kosp. = [CI[DY/ [AT[BY. (88)

B o61miem ciryuae:
K, = Co'Cpl.../CA*CEP (88a)
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rae K, — KOHCTaHIIUS pPaBHOBECUS, BHIPAsKeHHAA Yepes KOH-
IIeHTpanuy (CUMBOJ KOHIIEHTPAIINY KaKOT0-I100 BEIecTBa,
nanpumep C,, PKBUBAJICEHTEH ee m300pakeHuio B Bujie [A]).

3aKoH aeicTBYIONINX Macce (TepMOTUHAMUICCKMIT).
Koncmanma pasHogecus XumuyvecKkoii peakyuu pas-
Ha npousgedenuio KOHUeHmMpayuil npodyKmos peaxuyuu,
B834MbLX 68 CMENeHU UX CMeXuomMempuyecKux Koa@pou-
UUeHMOo8 8 YPABHeHUU PeaKyuu, 0ejleHHOMY HA Npou3ae-
OeHue KOHUeHMPAUUil UCXO00HbLX 6euLecme, 83amuvlx 8
cCmenenu ux cmexuomempuieckux Koapouuyuenmos.

Ecau K > 1, To (cM. ypaBHeHUEe 88) B COCTOAHUU PAaBHO-
BeCHs KOHIIEHTPAIIMU IPOIYKTOB PEAKIINU IIPEBLIIIAIOT KOH-
IMEeHTPauy UCXOMHBIX BEIeCTB, T. €. PaBHOBeCUe PeaKI[uu
CABMHYTO BIIPABO, B CTOPOHY ee IPOAYKTOB, ecaum K <1 —
TO BJIEBO, B CTOPOHY MCXOIHBIX BEIIECTB.

IIPUMEPHI.

Paccmorpum nBe peaknuu.

1) 2Fe™® + 81" = 2Fe™2 + I3 K = 5,5-10%.

B »aT0i1 peakiuu KOHCTAaHTA paBHOBECUSA 3HAUUTEIHHO OOJIbIIIE €U~
HUIBI, CJIEeI0BATEJbHO, paBHOBecne COBUHYTO BIIPABO.

2) 2HF = H, + F, =10713

B aToi1 peaknuum KOHCTaHTa paBHOBeCI/IH CYLIEeCTBEHHO MeHBbIIle
eIVHUIBI, 3HAYUT PAaBHOBECHE CIBUHYTO BJIEBO.

B cayuae peakIuii MexxIy rasaMu, IIPOTEKAIONIUX C 00-
pasoBaHUeM Ia3000pa3HbIX MPOAYKTOB, KOHIIEHTPAIIUH B BhI-
PaKeHNU IJId KOHCTAHTHI PABHOBECHUS 3aMEHSAIOTCA Ha Iap-
IuaJbHbIe JaBJIEHUA COOTBETCTBYIOIUX I'a30B:

K, = pc'pp°/pa“ps’, (89)
rie K, — KOHCTaHTa PaBHOBeCHsd, BHIDasKeHHAs uepes IasB-

saenne. Cease mexgy K, u K, ycTaHABIMBAETCA C IOMOIIBIO
ypaBuenua Kiameiipona—Menzgeneesa (19):

pV = vRT
unu p = (v/V)RT = CRT. Torga
K, = K (RT)r" o8, (90)
Mo:xHO TOKa3aTh TaKKe, UTO
Ky = Ky(Poow ) 77 F, (91)
roe Ky — KOHCTaHTa paBHOBECUH, BHIDAYKEHHAA UePe3 MOJIb-
HEIE JOJIY YYACTHUKOB PEAKINH, & Pogy, — OOIee JaBlIeHNe

B CUCTeMeE.
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9.3. TEPMOJMHAMWYECKAS
KROHIOEIINNUA PABHOBECHA

IIpu GeckoHEUHO MajJOM M3MEHEHHM YCJIOBUII HaOJI0mIa-
eTcs OECKOHEUHO MaJioe U3MeHEeHNe COCTOSHUSA PaBHOBECUA.
B sTOM CMBIC/IE XUMUUYECKYIO PEAKIINI0 MOXKHO CUNTATD YI0B-
JIETBOPSAIOINIEl YCIOBUIO TEPMOIUHAMUYECKOTO DPABHOBECUS
U MPUMEHATH K Hell ypaBHeHUSA TEPMOIWHAMUKH.

WsmeHneHne n300apHO-M30TEPMHUUECKOTO IIOTEHIIMAIA CHU-
CTeMBbI B IIPOIecCe XMMUUECKOM peaKIiny PaBHO CyMMe XUMHU-
YECKUX IIOTEHIIMAJOB KOMIIOHEHTOB U IPOAYKTOB PEaKINU,
B3SATBIX C COOTBETCTBYIOIIIMM 3HAKOM M YMHOXKEHHBLIX Ha W3-
MeHeHUE UX KOJIMYECTBA B IIPOIlecCe PeaKInuu (CM. ypaBHEHUE
58 mpu ycaosuu mocrosiucTBa AH u AS cucteMsl):

AG = E”’iAVi .

AHanornuHo n3sMeHeHNe N30X0PHO-N30TEPMUUECKOTO II0-
TeHIMaja PaBHO:

AF = ZpAv;.

B sTux ypaBHEHMAX M3MEHEHUA KOJIUYECTB KOMIIOHEH-
TOB U HNPOAYKTOB XUMUUYECKO# peakmuu (Av;) He SBIAIOTCA
He3aBucuMbIMU. OHU CBSA3aHBI CO CTEXUOMETPUUECKUMU KO-
appunueETAMMN PEAKIIUNA:

oA + BB =vC + 6D
CJeIYyIONINM 00pa3oMm:
—Ava/o = —Avg/B = Ave/y = Avp/d = Ay, (92)
rae y (KCcM) — XUMHUUeCcKasa IepeMeHHasd NJaHHON peaKIuu.

Xumuyeckoil nepemerHHOll pearkImy Has3bIBA€TCA OTHO-
IIeHre KOJMYEeCTBa BeIlleCTBA KOMIIOHEHTA, BCTYIIMBIIETO B
peaknuio miau o0pPa30BABIIIErOCA B Pe3yJbTaTe PeakIuu K
ITaHHOMY MOMEHTY BpeMeHU, K er0 CTeXUOMEeTPUUECKOMY KO-
s punmeHTy B ypaBHEHUU PEAKIIUMU.

BripasuB maMeHeHHe KOJIMUECTBa BeIleCTBA UYepe3 ero
CTEXMOMETPUUECKUIT KOI(GGUIIMEHT B YPaBHEHUU DPeaKIUU
(K) U XUMHUYECKYI0 IepeMeHHY0: Av = KAy ¥ IIOLCTaBUB 3TO
BBIpa’KeHNWEe B ypaBHEHNWE M3MEHEHUS COOTBETCTBYIOIEH
GYHKIIMY COCTOAHUA CUCTEMBI, ITOJIYUNM:

AG = Ay, (93)

AF = ZKiHiAX- (94)
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Orcrona MOKHO BBIPA3UTh NUBMEHEHU S COOTBETCTBYIOIIIX
byHKIUHE cOCTOAHUA IPU U3MEHEHUU KOJIMYeCTBa KOMIIO-
HEHTa CUCTEMBI.

B u300apHO-U30TEPMUYECKOM IIpOIlecce:

AG

- = Kili). 95

Ny ™ 2 k) (95)
B m30X0pHO-U30TEPMUUECKOM ITPOIIECCE:

AF

- = Kilti)-

a2 (36)

B cocToaHUY paBHOBECUS MOTEHIIMAJ CHUCTEMbI He M3Me-
HAETC:
AG _o AF _q or
B stom cayuae:
Z(Kipi) =0. (98)
12
JTo 00IIee ycIoBUEe TePMOANHAMUYECKOTO PABHOBECHUS.

TepmoduHnamureckum Ycro8uem pABHOBECUS XUMU-
4eCKOll PearKyuu A8AAemcs pageHCcmeo HYJLI0 CYMMbl XU-
MUYEeCKUX NOMEHYUANL06 6CeX peazenmos U npolyxmos
pearkuyuu, 63amvlx ¢ COOMEEMCMECHHbLM 3HAKOM U YM-
HOJ}CEHHbLX HA COOMEeMmcmayouue CmexuomempuiecKue
Ko3ghuyuenmol 6 ypasHeHUU pearKyuu.

IIpuBeneHHbIe BBINIE BLIPAKEHWSA KOHCTAHTHI pPaBHOBE-
cuA XUMHUUYeCcKou peaxknuu (ypaBuenud 88a u 89) BBIBOAAT-
csA M3 MOJIYUYeHHOT'0 YCJIOBUS TePMOAMHAMUYECKOTI0 PaBHOBE-
CHs B TOM CJIy4ae, KOrJa XMMUYECKUe IIOTeHI[NAIbl KOMIIO-
HEHTOB BbIPaKeHbI Yepes NX KOHIIeHTPAIuHU (IJId PACTBOPOB)
WJIY TapliuajbHble TaBlieHud (I ra3oB).

9.4. KOHCTAHTA PABHOBECHS
N 9HEPTHUA TUBBCA

PaccMoTpuM CBA3b KOHCTAHTHI DABHOBECHS XMMHYECKON peak-
IUY ¢ U3MeHeHueM sHepruu ['ub6ca (a1 1306apPHO-UB0TEPMUUECKOTO
mpoiecca).

B TepMmopmHamMuKe mM300apHBIN IOTEHIMAJ V MOJIEH HUAEaJIbHOI'O
rasa OIpeeseTcs U3 CIEAYIOIEr0 BhIPAXKeHU:

G = G° + VvRTInp. (99)

Ecnu mporekaeT XuMuuecKas pPeakIUs Me)KAy rasaMu:

oA + BB = yC + 3D,
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TO M3MeHeHVe M300apHOro moreHnuassa (sHepruu I'mb66ca) B 9TOM CIy-
Jae MOXKHO BaIlHCATh CJIEAYIOIIUM 00pasoM:

¥ 1o
AG = YAGe + BAG) + aAG, + PAGs = AG® + RTIn PCPD (100)
UIn Pips
AG = AG® + RTInK,, (101)
B ciyuae pacTBOPOB 5TO ypaBHeHUE MMeeT BU:
AG = AG® + RTInK,. (102)

B cocToAHUM pPaBHOBECUS M3MEHEHUS TePMOJUHAMHYECKOTO IIO-
TeHI[HAaJia He IPOUCXOAUT, T. e. AG = 0
Torga [js pacTBOPOB MOXKHO 3aMMCATD:

AG°® = —RTInK,, (103)

a JIJId ras3oB:
AG°® = —RTInkK,, (104)

Kaxxnoe 13 9TMX BBIPAKEHUM HCHOJIb3YyeTCA IJIA OIpeleseHUd
M3MeHeHUs U300apHOro IOTeHI[MAaJa B IIPOIECCe XMMUYECKOR PeaKIuu
¥ Ha3bIBAETCS CTAHJAPTHHIM N300apHBIM MOTEHIIMAJIOM peaKIuu (CTaH-
mapTHOM cBOOOAHOI sHeprueit ['mb6ca peakmum).

AHanoruyHble BHIDAYKEHHUS MOMKHO B3amUCaTh [JId CTaHIAPTHOI'O
M30XOPHOTO MOTeHI[Hajaa peaknuu (sHepruu I'esbpMroabpia).

151 pacTBOPOB:

AF® = —RTInK.,. (105)
Jns rasos:
AF® = —RTInkK,. (106)
ITpuuem
(AG%),r = (AF)ry. (107)

9.5. ®AKTOPHI,
BJAUAIONIUE HA PABHOBECHE.
IIPUHIOUII JE MATEJBE-BPAYHA

Bausanue Temmepatypsl. [Ipy ITOBBIIIIEHUY TEMIIEPATYPBI
CKOPOCTH U IIPSAMOM 1 OOpaTHOU peaKIIMM BO3PacTaioT, II0-
9TOMY OJHO3HAYHO OTBETUTH HA BOIIPOC O BIUAHUU TeMIIepa-
TYphlI Ha PaBHOBECHE JAHHON pPeaxkIuyd MOXKHO TOJBKO IIPO-
aHAJIN3UPOBAB CBA3b KOHCTAHTHI PABHOBECUSA C U3MEHEHUEM
suepruu ['m66ca (ypaBHenue 103)

AG® = —RTInkK,.

Orcrona
K = ¢™AGY/RT, (108)

3aMeHUB M3MeHeHNre M300apHOro IIOTeHIINAIa Uepes us-
MeHeHUs SHTaJbINMN U sHTponuu (ypaBHeHue I'mbb6ca 54):

AG® = AH® — TASY,

IIOJIYYXM BBIPpaAXE€HHe AJId KOHCTAHTHI PABHOBECUA PEaKI[UM:

—(AH?-TAS%) AS®  —AHO
K=c¢e RT —e¢ R ¢ RT | (109)
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31ech IMEPBLIIT — SHTPONUNHBLIN — UJeH He 3aBHUCUT OT
TeMIIepaTyphl, a BTOPOU — 9HTAJNBIUNHLBIN — CBA3aH C TEM-
mepaTypoii 1 sHeprueil CICTeMbI, ee N3MEHEeHIeM B IpoIiecce
peakKIuu, OmpenesieMbIM II0 PA3HOCTH HHEPTUil MPOAYKTOB
¥ UCXOTHBIX KOMIIOHEHTOB PEaKI[UU.

Caedyem obpamumbs 6HUMAHUE HA MO, YMO NOLYLEeHHOe 8blpadice-
Hue no sudy 0U3KO BLLPANCEHUIO 0N KOHCMAHMbL PABHOBECUS. XUMU-
ueckoll peakyuu u3 ypasnenus Appenuyca (ypaBHeHUE 77):

k= Ae E/RT,

B o6oux ypaBHEHHUSX MEPBBIN YieH — dakTop Gecropsanka (B ypas-
HeHUU AppeHUyca A — CTEPUUYECKUN MHOMKUTEINb, 3aBUCAIIUI OT B3a-
MMHOT'O DACIIOJIOKEHUA YACTHI[), & BTOPOH — JHEPreTUUeCKUil, 3aBHU-
cAmMUY OT TeMIepaTyPHI.

AS” —AH" —Ea

CBsa3b e R cAwu e RT ¢ eRT ciemyer U3 aHAJIU3a OIPELEICHUA

KOHCTAHTHI paBHOBecusA peaknuu (ypaBHeHue 88):

K ="
koﬁp
ITogcraBuB BmecTo K ee Bhipaskenue u3 ypaBuernus 109, a BmecTo
k — u3 ypaBHeHUdA 77, MOJyUNM:

Eup

AS _AH Enp —Eosp
s Al RT _mp_—oop
eRe RT — Ame :he RT
o A
- P
Agpe BT
Ecan
_AH _ Eyp —Eogp

e RT —¢ RT
uin

—AH = Ey, — Egsp,s

YTO BBITEKAET M3 aHaJIU3a 3aBUCUMOCTH HEPTUUM CUCTEMBI OT IIyTH
peaknuu (cMm. puc. 16), Torga
AS
eR =P
A06p
T. €. U3MeHeHNe SHTPOIIUHU B IIPOllecce peaKIIUM CBA3aHO C ee CTepude-
cKuM (HaKTOPOM.

>

NsmeneHre TemMIepaTyphl IPUBOAUT K U3MEHEHMIO KOH-
CTAHTHI paBHOBeCUsI. ITO CJIeNyeT U3 YPaBHEHMs, CBA3BIBAIO-
1I1ero 3HaUeHUs KOHCTAHT PABHOBECUSA DPEAKIIMU IIPU TeMIle-
parypax T1 u T, coorBeTcTBeHHO K| 11 K5:

In(K1/K5) = (AH%)(1/T1 = 1/T5). (110)

OHo BBIBOAUTCA U3 ypaBHeHUs 109 mpu mocTOsSHHON Be-
anunHe AS® 1 mepeMeHHOII TeMIeparype.

Amnanus ypaBuenusa 110 mokasbIBaeT, UTO B CIydYae 9HIO-
TepMudecKkoii peaknuu (AH? > 0 ) yBelrumdenne TeMIepary-
DBI BHI3BIBAET BO3paCTaHNEe KOHCTAHTHI paBHOBecus (Ky > Ky),
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T. €. CMeIlleHe PaBHOBECHUSA B CTOPOHY ITPOAYKTOB PEaKINH,
a B cayuae sK3oTepMmudeckoil peaxnuu (AH? < 0) — maobo-
poT. BaxxkHo oTMeTuTh, UTO 5TH 5PPEKTHI TeM 3HAUUTEJb-
Hee, ueM BbIe Benuunaa AHO, T. e. ueM GoJibIlle H3MeHEeHIIe
SHTAJBIINY B MPOIECCe PEaKIINN.

Biauanue TeMmepaTyphl OTUETJIMBO BUAHO U W3 TEPMOXU-
MUYeCKOI'0 ypaBHEHUs, HalIpIMeD, SK30TePMUUECKON peaKIum:

oA + BB =yC + 3D + Q.

3necy mobaBieHme TelJa (HarpeBaHuUe), BbI3BIBAET CMe-
IeHre PaBHOBECHUS BJIE€BO B CTOPOHY SHIOTEPMUUYECKOH pe-
aKIIUM, a YMEHBIIIeHe TeMIIepaTyphl — BIIPaBO.

Bauanue naMeHeHNS KOHIIEHTPALIUM WU AaBjaeHu:d. Pac-
CMOTPUM BJIUAHUE 3TUX (PAaKTOPOB Ha MpUMepe PeaxIluu:

oA + BB = yC + 8D.

Ananus ypaBHEeHUH, OTPAKAIONINX 3aKOH JeMCTBYIOIINX
Macc 1 ra3oB (ypaBHeHue 89):

K, = Pc'pp’/Pa°Ps
¥ IJis pacTBOpoB (ypaBHeHUe 88):
K, = CJCp°/C*CyP

IIOKAa3bIBAET, UTO M3MEHEeHNe KOHIIEHTPAIIUYN WU JaBJICHWS
OIHOT'O U3 KOMIIOHEHTOB BBEISHIBAET CMEII[eHIEe PABHOBECUSA B
peaxmuu. Tak, yBeanueHue KOHI[EHTPAIlMN, HAIPUMED pea-
relra A, IOJIKHO COIPOBOMKIATHCA YBEINUYECHUEM CKOPOCTHU
npAMoii peaknuu (cM. ypaBHeHUe 64):

Tv = E[A]*T[B]P.

9To BBLI30OBET YMEHbIIeHNE KOHIIEHTpAIluu peareHTa B u
BO3pacTaHue KOHIeHTpanuil mpoayxkToB peaxuuum C um D.
CiemoBaTesbHO, PABHOBECHE B 9TOM CJIyUae CMECTUTCA B CTO-
POHY IIPOIYKTOB PEAKIIVH.

Ba)XHO OTMETUTH, UTO BEJIMUYMHA KOHCTAHTHI PABHOBECHUSA
IIPU 9TOM He M3MEHUTCH, IIOCKOJIBKY OHA PaBHA OTHOIIEHUIO
KOHCTAHT CKOPOCTeU IIPAMOII 1 00paTHOU peakIinii, KOTOPLIE
He 3aBHUCAT OT KOHIIEHTpAaIUii peareHToB (CM. ypaBHeHue 88).

MsmeHeHUe qaBIeHUS OJHOI'O M3 KOMIIOHEHTOB PeaKI[uu
(B cayuae peakIuu C y4acTHeM ra3oB, PaBHOBecHe KOTOPOit
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onmuceIBaeTcsa ypaBHeHHeM 89) B COOTBETCTBUU C IIPUBEIEH-
HBIMU PaCCYKISHUAMU TaKKe IPUBEIET K CMEIIeHNI0 PABHO-
BeCHUs B CHCTEME, HO He OTPABUTCS HA BeJINUYNHE KOHCTAHTHI
paBHOBecus. B To 'Ke BpeMs m3MeHeHUE OOIIETr0 JAaBJIEHUS B
cucreme, I'ie IPOTEKAeT PeaKkIud MeXKIy rasaMM, MOXKET OT-
pasuThCA Ha ee BeJIUUYuHE. ITO CIEeAyeT W3 aHaIU3a ypaBHE-
HuA 91, CBA3BIBAIONIETO KOHCTAHTY PABHOBECUS, BHIPAKEH-
HYIO uepe3 MOJBLHBIE JOJU YUYaCTHUKOB peaknuu, u K :

KN = Kp(P06H_()Y+670ﬁB'
Hanpuwmep, B peakIiuu:
N2 + 3H2 = 2NH3

B COCTOAHUYN PaBHOBECUs 00bEeM DeareHTOB BABOE OOJIBIIIE
o0beMa mpoAyKToB peaxiuu. CiemoBaTelbHO, YBeIHUEHIE
001IIeTO AABJIEHUA B CUCTEME AOMKHO IPUBECTU K YMEHBIIIE-
HUIO 00'beMa 5TOM CHUCTEMEI, T. €. CMECTUTL PABHOBECHE BIIPa-
BO, B CTOPOHY MEHbIIIET0 00'beMa, UTO IPUBEIET K BO3pacTa-
HUI0 KOHCTAHTHI PABHOBECHUS:

K, = p*(NHj3)/p(Ny) p*(Hy).

PaccmoTrpenHoe BIMAHUE Pa3JUUYHBIX (DAKTOPOB Ha CO-
CTOSTHNE PABHOBECUSA B XMMUYECKON PeaKIIUy MMO3BOJIAET CIe-
JaTh CAeAYIONuH ob1uii BeiBoA. OH M3BeCTeH B XUMUU KaK
npunuun Jle Illarease—bBpayna.

Ecau Ha cucmemy, HAX00AUWYIOCA 8 COCTMOSAHUUL PAB-
HoBecus, okasvieaem eo030eiicmeue 8HeUWHUIL (axKmop,
mo pasHosecue cOguzaemcss 8 CMOPOHY YMeHbULEHUS
amozo 8o3deiicmaus.

Bausanue karamuszaropa. B cayuae peaxkmuu:
A+ B=AB

mobaBiieHMe KaTaausaTopa-akTuBaTopa (¢t) BEIBBIBAET YCKOPe-

HUe U IpAMOI m obpaTHOU peakmuu (cM. ryiaBy «CioKHBIE

peaknum», pasgea «Karaautuueckue peakiuu»). IIoCKOIbKY

KaTaJIn3aToOp SBJSETCS YIACTHUKOM STHUX PEeaKINil, KOTOPBIA

He UBMEHAETCA U He PAaCXOAYEeTCs 0 XOAY Ipoliecca, TO ypaB-

HEHUEe B 9TOM CJIy4Yae MOYKHO 3alMCaTh B CJAEMYIOIIEM BUIE:
A+ B+ ct=AB + ct.
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Bripaskenue njd KOHCTAHTHI PABHOBECHUS 3TOHM peaKkIuu
(cMm. ypaBHeHue 88):
K = CypC.t/CaCp Cqy.
Wnu, mocyie coOKpaleHns OTUHAKOBBIX UJIEHOB:

K = CAB/CACB'

Bungso, uTo ypaBHeHNe IJisi KOHCTAHTBHI PABHOBECHUS pe-
AKI[MM B 3TOM CJIyYae He COAEePKUT KOHIEHTPAI[NI0 KaTaJIu-
3aTOpAa, YTO IIO3BOJIAET CAEJIATh CJAEeAYIO[NIA BBIBOJ.

IIpaBuio.

Kamanausamop yckopsem (uau samedasem ) docmu-
JCeHUue pasHogecus, He c08Uzas ezo, M. e. He 8aUseMm HA
KOHCMAHMY pPABHOBeCUS.

9.6. PABHOBECHUE
B 'ETEPOTEHHBIX PEAKIIUAX
IIpu BLIBOZE 3aKOHOB pPaBHOBeCUS He OBLIO YKa3aHUii Ha
(hazoBoe cocTossHME KOMIIOHEHTOB CUCTEMbI, CJIeI0BaTEIbHO,
COOTBETCTBYIOIINE YPAaBHEHUS NMPUMEHUMBI U K T'eTepPOTeH-
HBIM DPeaKIIUAM.
PaccmoTpuM peaknuio pasjaosKeHnA KapOoHaTa KaabIlus:

CaCOs(ry) = CaOyyy + CO,T ras.

IIpu ompeseieHHBIX YCJIOBUAX 3TA PEAKI[US MOJUNHSIET-
csl 3aKOHAM DPAaBHOBECUSA, CJIETOBATEIHHO, MOKHO 3aIllMCATh
BBIpasKeHUE IJIA KOHCTAHTHI PABHOBECUSA TOH DPEAKITUN:

 _ [Ca0lICO,]
[CaCO;]

B srom Beipaskenuu [CaO] u [CaCOz] — KoHIIeHTpamuu
COOTBETCTBYIOIIUX BEIIECTB B TBEP/OI (hase, T. €. OTHOIIIEHUA
KOJIMUeCTBa BellleCTBa KOMIIOHEHTAa K 00'beMy TBepHaoii (has3bl.
IIpu usMeHeHMM KOJIMYECTBA TBEPAOr0 KOMIIOHEHTA B IIPO-
Imecce peakIIuM ero KOHIIEHTPAIIMA B HEM OCTaeTCA IMOCTOSH-
Hoii. Ee BKJIIOUAIOT B KOHCTAHTY paBHOBecus. B pesyibraTe
STOTO MOJyYaeM BBHIpAKEHUE:

K' = [CO,].

Wnnm, ¢ yueToM TOTO0, YTO AJIS Fa30B MCIOJIB3YIOT HE KOH-

IeHTpAaluU, a MapiuaJbHble TaBICHU:
K" = pco,-
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IIpaBuso.

Koncmanma pasHogecuss Xumuieckoll peakKuyuu He
3asucum om KOHUEHMPAyuil seulecme, Haxo0Auuxcs 8
ocadke.

B cocTosinvu paBHOBECUSA AJIs IPUBEIEHHOM BBIIIE Peak-
muu (cMm. ypaBHeHue 104):
AG® = -RTIn K, = —-RT In pco,,

OTKYyZa cJeayeT: AGO

Pooy = ¢ T a11)

9TO ypaBHEHUE MOKAa3bIBaeT CBA3b MaBJIeHUs 00pas3yio-
IIerocs ra3a B CUCTEME C M3MeHeHueM ee sHeprum ['mbbca.

YacTHBIM ClIyyaeM I'eTepPOTeHHbBIX PeaKInuil ABISIOTCA pe-
aKIUU AVCCOIUAINY MaJIOPAaCTBOPUMEIX B BOJe COJIeli, Ha-
mpuMep:

AgClOCa}IOK = (AgCIPaCTBOP) = Ag+ + Cli'

CoJib B pacTBOpE IIPaKTUYECKHU HAIEeJ0 JUCCOIMUPOBaHA,
cJemoBaTeNIbHO, KOHIIEHTPAIlA ee MOJIEKYJ B HeM OJiM3Ka
mymaio. KoHIleHTpamusa comu B ocafike He U3BMEHAETCA B IIPO-
Imecce peaKIud U ee MOXKHO BKJIIOUUTH B KOHCTAHTY PaBHO-
Becus. B pesyabTaTe KOHCTaHTa PABHOBECUS B JaHHOU peak-
Y paBHA ITPOU3BEMEHUIO KOHIIEHTPAIIMI MOHOB COJIM B pa-
ctBope. (B ob1ieMm cryuae OHM BOSBOASATCSA B CTEIIEHU, PABHBIE
COOTBETCTBYIOIINM CTEXUOMETPUYECKUM KOd(hPUIIMeHTaM B
YPaBHEHUU PEeaKIlUuu.)

ITP = (CpgaiK) = Cag+ Cq-- (112)

Tabruuya 6
IIpousBeneHnne pacTBOPUMOCTH HEKOTOPHIX coseli nmpu 273 K

Coenunenue 1P Coenunenue 1P
AgCl 1,7-10-10 CaCOs 5,0-10-10
AgBr 5,0-10-13 SrCOs3 1,6:10-

Agl 1,0-10-16 HgS ~ 10-52
Cu(OH): 2,2.10-20 CuS 3,2-10-38
Zn(OH)2 1,0-10-17 CuzS 2,0-10-48
Al(OH)3 5,0-10-33 CuCl 3,2-107

BaSO, 1,510 CuBr 5,9-10-°
CaSO0q 2,4-10-5 Cul 1,1-10-12
PbSO,4 1,3-10-8 BaCrO4 8,5-10-11
SrSO4 7,6-107 PbCrO4 2,0-10-16
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9To Mpou3BeIeHNEe HA3BIBAETCS IIPOM3BEIEHIEM PaCTBO-
pUMOCTH.

IIpoussedenue pacmeopumocmu PaBHO IIPOU3BEIEHUIO
KOHIIEHTPAIlHl MOHOB MAaJIOPACTBOPUMOI COJIM B PACTBOpE,
B3ATHIX B CTEIEHUN UX CTEXMOMETPUUECKUX KO03(P(PUINEHTOB
B YPAaBHEHUU PEAKI[NU SUCCOIMAIMA.

3HaueHUA MPOU3BEACHUN PACTBOPUMOCTH IJIA PASIUUHBIX
coJieli IpuBeneHbl B Tadauie 6. OHU Cays:KaT OIS OIpeaesIeHIs
yCJIOBUIL, IPU KOTOPHIX JAHHOE BEIIECTBO MOJKET OBITh IIepeBe-
JeHO B PACTBOP MJIM B OCAJOK. B uacTHOCTH, OCAfOK BeIecTBa
oOpasyeTcs B TOM ClIyuae, KOT/Ja Ipon3BeeHIe KOHIIeHTPAIIi
€ro MOHOB B PAcTBOPE IIPEBBIIIAET IPOU3BEIeHNEe PACTBOPUMO-
cTu (B caydae OJHO-OTHO3aPATHOTO 3JIEKTPOJINTA).

9.7. PABHOBECHE
B BUOJIOTHYECKHX CHCTEMAX

Kak y:xxe oTMeuasaoch, OMOJIOTMUYECKME CHCTEMbI IIPH OIIpe-
IeJIeHHBIX YCJIOBUSAX MOI'YT OIMCHIBATHCS YPABHEHUSIMU Tep-
MOIWHAMUKHU, T. €. K HUM OPUJIOKUMBI 1 3aKOHBLI PABHOBECHS.

IIPUMEPHI.
Il peakIuy CBASBIBAHUA KHCJIOPOAA TeMOIJIOOMHOM:
Hb + O, = HbO,
B JIETKUX, e U30BITOK KUCI0POJa, PABHOBECHE CMEII[eHO BIIPABO, T. €.
uUeT CBA3BIBaHNE KHCJIOPOZa. B KpoBAHOM pycie, e KOHIIEHTPAIUS
Kuciopona 19,4% o6beMHBIX, PABHOBECHE CMEIeHO BJIEBO, T. €. IPO-
MCXOAUT BHIJIEJIEHNE KUCJIOPOJA.
st peakuu yrapHoro rasa (okcuja yriepoza II) ¢ reMoriio6uHoM:
Hb + CO = HbCO
WIN ¢ KHCJIOPOAcoaeprkaleil ¢opMoil reMorao6mHa:
HbO, + CO = HbCO + O,
KOHCTAHTHI PABHOBECUS DAaBHBI:

_ IHBCO] _ o060 950 g - [HBCOIO,]
[Hb][CO] [HbO,](CO]

CrezoBaTeIbHO, PABHOBECHE CMEII[€HO BIIPABO, B CTOPOHY IPOAYK-
TOB peakuuu. B pesyibraTe 06pasyeTcs OUeHb NPOYHOE COeIMHEHUE
HbCO, mosromy CO — ToKcuuHOoe BeiiecTBo. OTpaBiieHre HACTYIaeT
upu comepskanuu CO oxosio 0,07% maccoBBIX B BO3AyXe, I'lle COAepIKa-
HUe Kucyoponaa okoso 20%.

CMecTUTh pPaBHOBeCHE BTOPOM pPeaKI[MU BJIEBO MOYKHO YBEJIWYUB
KOHIIEHTPAI MO (JaBjeHre) KKCIoposa. [IJIa 3TOro uCmoab3yoT KHUCIO-
poxHyo moAyinky. IIpyroil myTts — moOaBjieHHe COeJUHEHUH Kejesa
uiau KobasibTa, cBaseiBapoimux CO.

=200 - 250.

O‘{eBI/I,Z[HO, YTO IIpeaCTaBJI€HHbIE IIPDUMEPBI CUJIBHO YIIPO-
IITeHbl, HO OHMW HAaAIJIAOJHO IIOKa3bIBAIOT POJIb TEPMOIMHAMM-
YEeCKOro paBHOBECHUA B OMOJIOTUUYECKUX CHCTEeMaX.



TJTABA 10
®A30BBIE PABHOBECHUA

10.1. ATPETATHBIE
COCTOAHHUA BEHIECTBA

Bce BerecTBa cOCTOAT M3 YacTull. B 3aBUCUMOCTH OT XapakK-
Tepa B3aUMOAEHCTBUS 9TUX YACTHUIL PABJINUYAIOT CJIETYIOIIIE
arperaTHble COCTOSHUS BEIECTB: TBEPOE, JKUITKOE, Ira3000-
pasHoe u miuIasmy (paccMaTpuBaeTcs B Kypce GU3UKH).

Teepdoe cocmosiHUe BelecTBa CYIIECTBYET, KaK IIPaBUIIoO,
pU CPABHUTEJIHHO HUSKUX TEMIIEpaTypax W/UJIU BBICOKUX
nasiaennax. OHO xapakTepuayeTcs BLICOKOW sHEpPruei B3au-
MOAEHCTBUA YACTHUIL U, KaK CIEICTBUE, UX HUIKOHN ITOIBUIK-
HOCTBIO. B 5TOM cOCTOAHMY N0 BAUSHUEM TEILJIOBOM SHEPTUU
(kT) mabmiogaroTcsi TJIAaBHBIM 00pasoM KoJjebaTesbHbIe IPo-
IIeCChI AaTOMOB, MOJIEKYJI I MOHOB. ITO COCTOSAHYE TPU O0BIU-
HBIX YCJIOBUSX Pean3yeTcs, B IEPBYIO OUepenb, V COequHe-
HUH ¢ MOHHON 1 MeTaJLINUYEeCKOH cBA3bI0. TBeEpabIe Tejla nMme-
IOT ¢BOIO (hOpMY U 00'EM, HUBKYIO C}KMMAEMOCTh U TIP.

TBepoe COCTOAHNE XapPaKTEPU3YETCS BBHICOKUM OJITIK-
HUM ¥ OaJbHUM TOPAIKOM B PACIIOJOMKEHUW YaCTHUIl, T. €.
UX PEryJApHON YIaKOBKOIH ¢ oOpas3oBaHUEM KPUCTAJLIOB.
B zaBuCcMMOCTH OT TOpAAKA PACIOJIOMKEHUS YACTHUIL CYIIe-
CTBYIOT pasjuuHble KpucTajanuecKkue (GopMbl BelllecTBa.

Kpowme 3T0oTO, B TBEPAOM COCTOAHUU MOKET HaAOJIIOAATH-
Ccsd BBICOKUH MOPSANOK B OJMIKHEM PACHOJIOKEHUUN YaCTUIL U
HU3KUU JaJbHUU TOPSAA0OK. B 9TOM ciiyuae MBI UMEEM JIEJIO C
aMOp(pHBIMU BeIleCTBaMU, KOTOPbIe (DAKTUUECKU ABJIAIOTCA
3aMOPOYKEHHBIMU JKUIKOCTAMU. VX YaCTO OTHOCAT K JKUJ-
KOMY arperaTHOMY COCTOSHUIO.

TBepable BelllecTBa MPAKTUUYECKU He OKA3bIBAIOT JaBJIe-
HUS Ha OKPY/KaloIllie WX Teja, HO 00JaZaioT BHYTPEHHUM
IaBJeHNeM M HEeKOTOPOIi nM30LITOUHOI IIOBEPXHOCTHOMN sHEP-
rued, KOTopas xXapaKTepHa IJIaBHBIM 00pa3oM [JId KUITKO-
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creii. OHa BLIZBAaHA HEPABHOBECHBLIM CO-
CTOSTHUEM YaCTUIl Ha TOBEPXHOCTHU, CTpe-
MAIUXCA «BTAHYTHCSI» BHYTPh B PE3YJib- ';%)\’
TaTe B3aMMOIENCTBUA C IPYTUMU YaCTHU- %
IIAMM, PACIIOJIOKEHHBIMY B HIMKHUX CIIOIX

IaHHOTO BelmecTBa (puc. 21).

JRudrkomy cocmosiHUI0 OTBEUAET CPAB-

HUTEJIbHO BBICOKUII OJMMKHUN M HUIKHUHN %”:fﬂil
JaJbHUI MOPAAOK B PACIIOJJIOMKEHUHN Uac- deiicmeyiousue Ha
turn. OZHAKO BCTPEUAIOTCS MKUIKOCTH C Zaft’g‘;;fz}fu:gﬁde)gj
OTHOCHUTEJIbHO BBICOKUM JAJbHUM IIOPSJ-

KOM, TaK Ha3bIBaeMble ;KUIKNe KPUCTAJLIbI, HATPUMED BOJa.

B sTOoM cocTossHUM sHEepPrusA B3aUMOAEHUCTBUS YACTHII
3aMeTHO HUKe, YeM B TBepPAOM, a IMOABUKHOCTH, COOTBET-
CTBEHHO, BBIIIE. 37ech HAOI0AaI0TCSI KoaebaTeJabHbIEe, Bpa-
miaTeJbHbIE U MMOCTYHATEJbHbIE NBUIKEHUS UACTHUIL, TOCTO-
SAHHO B3aMMOJENCTBYIOIINX APYTr C APYroM. OHEPrUsA HUX
B3aMMOJEHCTBUII OQHOTO IMOPSAKa C TENJOBOII sHepruein
BeIIlecTBa, HO HECKOJbKO HUMKE ee II0 BeJIMYUHEe. ITO COCTOA-
HUe IPU OOBIUHBIX YCJIOBHUAX PEANN3yeTcs B MEePBYIO oue-
peab v coeIuHeHnI ¢ KOBAJEHTHOUN CBA3LIO, OMHAKO BCTPE-
YyaeTcAa M Y MeTajyaoB (PTYTh).

JKugkocTu nMeioT ompeneeHHbIN 00beM, HO HEe UMEIOT
cBoeit popmbl. OHE 00/1aKAI0T TEKYUECTHIO, BA3KOCTHIO (CO-
IPOTUBJIAEMOCTDh TEUEHHNIO), HUBKOU C:KMMaeMOCTbI0, BHYT-
PEeHHUM ¥ BHEITHUM JaBJieHWeM Ha CTeHKH cocyzxa (cM.
«OcMmoTHUecKoe TaBJIeHUE» ), a TaKMKe U30bITOUYHOMN TOBEePX-
HOCTHOM sHeprueii, Tak HA3bIBAEMBIM IIOBEPXHOCTHBIM Ha-
TSKEeHNEeM, BLI3BAHHBIM TeMU K€ IPUYNHAMM, YTO U Y TBEP-
oeix tea (puc. 21).

I'a3006pa3noe cocmosanue BelllecTBa KaK IIPaBUJIO pea-
JIN3yeTCs IIPU BBICOKUX TeMIIepaTypax u/Mjiu HUSKUX JaBJie-
HUAX. [Ipy OOBIYHBIX YCJIOBUAX OHO XapaKTEePHO AJISA COeIu-
HEHUH ¢ KOBAJIEHTHON CBA3BIO. B 3TOM COCTOSHUU YaCTHUILBI
PACIIOIOKEHBI HeYIIOPAIOUEeHHO. JHEPIriua X B3aMOAEHCTBUA
Ype3BbIUANIHO HU3KA, ropasfo HUKe TEIJIOBOM SHEPTruu CH-
cTeMbI B IleioM. Bce yacTuIlbl IepeMeIalTcs B IPOCTPAH-
CTBe MIPaKTHUUYECKMW He3aBUCKHMO OJHA OT APYroil, coBepIas
BCe BOBMOKHBIE BHUIBI NBUKeHUS (KoJsebaTelbHOE, Bparlla-
TeJIbHOEe, TTOCTYIIaTeJIbHOE).
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T'asel He mMelOT HM cOOCTBEHHOro obbema (He cumTas
cyMMapHOTO 00beMa BceX YacTuir), Hu (opmbel. OHu 0b1aga-
IOT BBICOKOM C)KMMAaeMOCTbIO 1 CIIOCOOHOCTBIO PACIIUPATHCS
TeopeTuUecKu a0 OGeckoHeuHocTr. OHU MMEIOT OIpeaesieH-
HOe BHYTpPEHHEee W BHEIIHee AaBJIeHHe, YIapsascCh O CTEHKU
cocyza, B KOTOPOM HaXOASATCS, WM, He MMes COOCTBEHHOU
TIOBEPXHOCTH, He 00JIaaloT ¥ TTOBEPXHOCTHON dHepruei.

10.2. ®A30BBIE ITEPEXO/1bI

IIpu HarpeBaHVY KPUCTAIINUYECKUX TEJI CHaUYaja IPOKC-
XOIUT UX PacCIIVpPeHue, a MOTOM IIPU OIpeAeIeHHON TeMIle-
parype — miaBieHue. [lepexos TBepAOTO Tejia B KUIKOCTH
MIPOUCXOIUT 34 CUET IIOCTYIIAIOIero B CUCTEMY TeIljia, T. €.
COIIPOBOJKIAETCS POCTOM HHTAJIBONU CUCTEMEBI. IIpm sToM
YBEeIMYMBAETCS U €€ SHTPOIMS 34 CUeT IIpeBpaleHus 0ojee
YIOPSATOUEHHOTO COCTOAHUA CUCTEMBI (KPUCTAJJ) B MeHee
ymopAagoueHHOe (3KUIKOCTD).

IIpu pmanpHeWIIeM HATpPEeBAHUU TMOJIYUYEHHOUN KUIKOCTHU
IIPOUCXOAUT €€ PACIINpeHue, a IPU TeMIIepaType KUIeHUd —
mepexos B razoo0pasHoe cocTosgHUe (map). ITOT IPOIECC TaK-
JKe COIIPOBOXKIAETCSA POCTOM SHTATBINY U SHTPOIINY CUCTEMEIL.

Pa308bLil nepexod — IIPOIIECC IIEPEX0Ia BEIeCTBA U3 OfI-
HOTO (ha30BOr0 COCTOSHUS B APYTOE.

Daszosbim nepexodom nepeozo poda Ha3bIBAETCA U3MEHE-
Hue (daszoBoro cocrosHuA BelmecTBa (AG = 0), manmpuwmep,
IJIaBJIe€HUE, KUIIEHNE.

daszo8bLm nepexodom 6mopozo poda Ha3bLIBAETCA N3MEHe-
HUEe COCTOAHME BellleCTBa BHYTpM maHHOH (aswl (AG = 0,
AV = 0, AS = 0). Hanpumep, nusMeHeHNEe KPUCTATLINUECKOTO
COCTOSIHUS BeIlecTBa.

Bce (dasoBble mepexonbl, B YaCTHOCTU IEPEXOABI: TBEP-
o€ TeJO—KUAKOCTb W KUAKOCTb—Ta3, MONUUHAIOTCA 3aKO-
HaM TepMOAWHaMUKU. [ HUX, HaIpuUMep AJS IIePEeX0I0B
Jlef—BOjJa U BOZA—IIap, MOXXHO PACCUUTATH U3MEHEHUSA COOT-
BETCTBYIOIIIMX TEPMOIUHAMUYECKUX (DYHKITUHA.

IIPUMEPBI.
s mpomecca IJIaBJIeHUS JIbJA:

AH = 6,01 xlx/Moub, AS = 22,2 T:x/Mmons-K.

st mpomecca KUIEHUS BOLBL:
AH = 44,01 x[»xx/™monb, AS = 118,78 I»x/monb K.
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BesmmumHBI U3MEHEHUA SHTAJBINYN U DHTPOIIUY CUCTEMBI
B IIpPOIlecce Iepexoia KUAKOCTb—Iap ¢JIabo 3aBUCAT OT TeM-
mepaTypsl Iepexofa, a BeauunHa AS — U OT IPUPOILI KU -
KOI'0 BelllecTBa.

IIpaBumo TpyrtoHa:
Jumponus ucnaperus (Kunemus) iudKocmu npu-
oausumenvro pasua 100 [xc/monv-K.

3aBLINIeHHbIe 3HAUEHUSI SHTPOINN KUIEHUA MOJIyUaroT-
cd B TeX CIyYasX, KOrJa JXKUIKOCTh CTPYKTypUpoBaHa (acco-
IIUUPOBaHAa), KaK 9TO HaOJII0JaeTcsa B CIydyae BOIBI.

IIpy HMBKUX JaBJIEHUAX [IJSI pPAJa TBEPABIX BeEIECTB
HaOJII0JaeTcs IIpolece mepexoia TBepaoe BelecTBo—ras (cyo-
JUMAIINA).

IIPUMEP.
B cayuae cyGiaumanuu Jbaa:

AH = 50 x]I»x/Moab, AS = 141 II»x/moab-K.

3Has 3HAUEHUs SHTAJBINYU U SHTPOMUHU B mpoliecce (a-
30BOTO IIepexoja, MOKHO PacCuuTaTh M3MEeHeHU’e SHePruu
T'u66ca (1306apHO-M30TEPMUUECKOTO ITOTEHIINAA) CUCTEMBI
(cMm. ypaBHeHUe 54):

AG = AH — TAS.

BesnunHa 3TOTO M3MEHEHUS CYIIECTBEHHO 3aBUCUT OT
TeMIepaTyphbl, IO3TOMY, U3MEHAA IIOCIENHIOI0, MOYKHO M3-
MEHATH W HallpaBJIeHUe IIpoliecca.

Hampuwmep, B cayuae mepexoma Kugkoctb—ras3 (AH > 0,
AS > 0) moHMKeHNe TeMIIepaTyphl ra3a MO3BOJIAET JOCTUYD
TaKOTO ee 3HAUEHUs, KOTAa

IAH| > |TAS|  AG > 0.

B sTom cayuae moiimeT o0paTHBIN Ipollecc — KOHAEHCA-
K rasa ¢ o0pa3soBaHMUEM JKUIKOCTH.

ECJII/I IIOBBIIIIATH TEMIIEPpaATypy XKUIKOCTHU, TO BBIIIE OII-
PenesIeHHOI'O ee 3HAUEHUA

|AH| < |[TAS| AG <0

B cucTeMe Oy/IeT IPOUCXOIUTh IIePexXo KUIKOCTh—Tas, T. €.
Kumnenue (mapoobpasoBaHue).

B tom ciyuae, korga AH = TAS, AG = 0, B cucteme XKu-
KOCTb—Tas3 HacTymaeT COCTOAHUe paBHOBecusA. Temmeparypa,
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COOTBETCTBYIOIIAs STOMY COCTOSHUIO, HA3BIBAETCA TEMIIEPATY-
poii KuneHuda Kugkoctu. OHA ompenesdeTcsa U3 YpaBHEHUA:

T, = AH/AS. (113)

AHaJIOrMYHO MOXKHO PACCUMTATH TEMIIEPATypPhI ILIaBJIe-
HUA U CyOJImMAaIiuu.

Ilepexon TBepgoe TelO-Ta3 B TePMOAWHAMUKE OINMCHIBA-
ercsa ypaBHeHuAMHU 103 u 104 (B cocToAHMM paBHOBECUS IIPU
p, T = const):

AG® = -RTInK. = —RTInK,,.
ITocKOIBbKY KOHCTAaHTA PABHOBECUA 9TOTO IIPOIlecca PaBHa:

K = C.s/Chrs,

WJIN, IIPpU YCJIOBHUU IIOCTOAHCTBA KOHIIEHTPAIIMX BEIIlEeCTBa B
TBepHou dase:
KC = Cram Kp = DPras-

CnemoBarenbHO (cM. ypaBHeHue 111):
p= Ae—AG"/RT'

3uaga sHaueHue AG®, U3 JaHHOTO YPaBHEHUS MOKHO PAac-
CUMTATh 3aBUCUMOCTb U3MEHEHU JaBJICHUS IMepexoaa TBep-
o€ TeJI0—Tras IPU U3MEHEHUN TeMIIEPATYPhI, HAIIPUMep, AJIs
mpoIrecca mepexoa Jbaa B map. AHaJOTHYHbIE 3aBUCUMOCTH
MOYKHO MOJYUYUTH JJIA IPOIECCOB IIJIABJICHUA U KUIEHUA.

10.3. ®A30BAA TUATPAMMA BEIIECTBA

ITocTpouM 9TM 3aBUCUMOCTH IJIS BOALI, PYKOBOICTBYSACH
CJAENYIONINME paccysKaeHuamu (puc. 22).

B xoopauHaTax «IaBjeHHE—TEeMIIEPATYPa» BO3bMEM TOUY-
Ky A, Ipu HUBKOU TeMIlepaType U BbICOKOM AaBieHuun. OHaA
COOTBETCTBYET TBEPAOMY COCTOAHUIO BOABI, T. €. JbAY. [Ipm;
IMOCTOSTHHOM JaBJI€HUY OyeM IMOBBIIIATEL TeMiepaTypy. Ilpu
oIpeZieJIeHHOM 3HAUEeHUUW TeMIlepaTyphl (Touka B;) HauHeT-
cA TIaBJeHUWe Jbja (PaBHOBECHBIM MEPEXO: TBEPA0e TeJ0—
JKUIKOCTh). Bymem HarpeBaTh gajibiiie. B onpemeeHHOM TOUKe
(rouka C;) OyZeT TPOUCXOOUTH KUIEHWE BOABI (PaBHOBEC-
HBIM Mepexoj: KUIAKOCTb—Tas).

Bepuemcsa B TOUKy A; U MOHU3UM JAaByieHUe (TOUKa Aj).
BHOBB OymeM IMOBHIIIIATE TEMIEPATYpPY BelecTBa. IIpu ompe-
IeJeHHOM 3HaYeHWUU, KOTOpPOe OyIeT A BOAbI HECKOJBKO
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BBIIIIE TI0 CPABHEHUIO C TOUKOI
B, MBI JOCTUTHEM TEMIIEPATY-
PBI TLIaBIEHUA Jb1a (TouKa By),
a mpu JaJibHEHIeM Harpesa-
HUU — TeMIIepaTyphl KHUIle-
HudA Boakwl (Touka Cs), KoTOpas 50t
3aMeTHO HUKe II0 CPAaBHEHUIO
¢ Touroii C; B pe3yJbTaTe I10-

100

HIKeHUS AaBJIeHUA. /

Bepuemcsa B TOukKy Ay u | P
BHOBB IIOHU3UM JABJIEHNE IIPU -50 0 +50 +100
TIOCTOSTHHOM TeMImepaType (Tou- Puc. 22

Dasosasn duazpamma

Ka Aj3) u, IoJIb3yACh aHAJIOTHY- .
cocmosHruil 800bL

HBIMU PaCCYKAEHUAMU, IOy -

YyM CJeAYIOINe 3HAUEHHUSA TeMIIepaTyphl IJIaBjieHus (Tod-
Ka Bs3) u kunenus (touxka Cs). Coegunus Touku B;, B,y, Bs,
a rakxe Cq, Cy, C3 INIABHBIMU JIUHUSIMU U IPOLOJIKUB UX J0
mepeceuyeHns, MBI IOJyuYuM TOUYKY X, B KOTOpPOII OTHOBpE-
MEHHO IIPONCXOAAT PAaBHOBECHBIE IPOIECCHI IJIABJIEHU JIBA,
ero cyonumanuu (CM. HUMKE) M KUIIEHUS BOIBI.

Ecnu BepHYTBHCA B TOUKY Az U Jajiee TIOHUBUTDH AABJIEHUE
(Touka A,), TO IPU TOBBIINIEHUU TEeMIIEPATYPHI MBI JOCTHUT-
HEM OIIPeleJIeHHOTO ee 3HaueHUs (Touka D;), Ipu KOTOPOM
OyzmeT HaOJIOZATHCS He IJIaBJEHUE JIbJa, a Cpasy ero mepe-
X0 B cocTosiHUE rasa (cybammarnus, T. €. pPABHOBECHBIN IIe-
pexon TBepaoe Teao—Tas).

IIpu manbpHENIIIeM IOHNKEeHNY JaBJIeHNs, UCXOMI U3 TOU-
K1 A4, MBI MOJYYUM TOYKY Dy, TaKiKe COOTBETCTBYIOIIYIO
npoiieccy cyboaumanuu. CoefuHNM MIJIABHOM JUHUEH TOUKN
D2, Dl uX.

Mg osIy4YnIu IPOCTEUIITYIo IIIIOCKYI0 JuarpaMMy COCTOS -
HuA Bombl. Ha aroii mmarpamme KpuBas X—Bs;—B,—B; Ha-
3bIBAETCS KPUBOU ILJIaBJIe€HUA JbAa (KPUBOI pPaBHOBECUS:
TBEPIOe TeJO—KUIKOCTD), KpuBasi X—C3—Cy—C; — KpUBOH
YIOPYTrocTH mapa BOABI (KPUBOI KUIIEHUS WJIN HUCIAPEHUd),
KpuBasa Dy,—D;—X — KpPUBOI yIPYTrocTH Hapa Jbia (KPpUBOHi
cyOomuMmaIlum), a Touka X — TPOMHON TOUKOI.

3ona 1 Ha guarpaMMe COOTBETCTBYET CYIIECTBOBAHUIO
BOZIBI B TBePAOM Buje (yen), 30Ha 2 — 00JaCTh ee CYIIeCTBO-
BaHUA B BUIE JKUIKOCTH, 30HAa 3 — B Bujie mapa (rasa).
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CoOTBeTCTBYIOIIIIE KPUBBLIE COCTOSAT M3 TOYEK, I'le Ha-
0JII0[TaeTCsA COCYIIIEeCTBOBAHNE BEIleCTBA OJJHOBPEMEHHO B IBYX
arperaTHbIX COCTOAHUAX: X—Bs—By,—B; — TBepAoe Tejao U
KugKoctb, X—Cs;—Cy—C; — KUAKOCTH U Tas, Dy—D;—X —
TBephoe Tesio u ra3. B Touke X cOCYIIeCTBYIOT BCe TPHU arpe-
raTHBIX COCTOSHUS: TBEPAOe TeJO, *KUAKOCTD 1 ras. Bo Bcex
TOYKAX YKAa3aHHBIX KPUBBIX IOCTOAHHO ITPOUCXOAAT COOT-
BeTCTBYIOIIIHE (ha30BbIe IIePEeXObl.

10.4. IIPABHJIO ®A3 THBBCA

@®a3a — COBOKYIHOCTb BCEX TOMOTE€HHBIX YacTell cucre-
MBI, OAMHAKOBBIX BO BCEX TOUKAX II0 COCTABY, XUMUUECKUM
U GUsMYEeCKUM CBOWCTBAM, HE 3aBHUCSIINM OT KOJIHUYECTBA
BemecTBa. OHA OrpaHMUYeHa IIOBEPXHOCTHIO pasjesia.

K o6pasoBamusaM ¢ OueHb MaJbIMH O0BLEMaMU IIOHATHE
(hassl HEIPUJIOKUMO, TaK KaK B HUX BeJUKa JOJIA IIOBEPX-
HOCTHOTO WJIY IOTPAHUYHOI'O CJIOS MOJIEKYJ, KOTOPBIA OTJIN-
yaeTcs MO CBOMICTBAM OT OCHOBHOM (pasbI.

Cocmasasiouiee cucmemy 8euLecnmeo — 3TO BEIIECTBO, KO-
TOpPOE MOXKET OBITH BBIZEJIEHO U3 CUCTEMBI U OYIEeT CYIIeCTBO-
BaTh HesaBucuMo, Hanpumep, NaCl, Ho ne Na' uau Cl".

Heszagucumble cocmagasouue cucmemy seu,ecmaa, nin
KOMNOHEHMblL — 9TO BEIeCTBa, KOHIIEHTPAIIUU KOTOPHIX OII-
penendaioT cocTaB (a3 JaHHOW PaBHOBECHOU CHCTEMBI.

ITockonbKY B PaBHOBECHOM CHCTEMe MHOTHE COCTABJISIO-
IIIe ee BEIleCTBa CBA3SAHBI MEKIY CO00I ypaBHEHUAMHU De-
aKIuil, TO He BCe OHU SABJSIOTCS KOMIIOHEHTAMU.

Hucno KOMNOHeHM08 — HauMEeHbIIIee YUCJIO COCTABJIIAIO-
X CHCTEMY BEIeCTB, NOCTATOUHOE IJIS OIIPeNeIeHUS CO-
cTaBa JI1000ii ee (asbl.

IIpaBuio.

Hucno KOMNOHEHMOE PAGHOBECHOIL CUCMeMbl PAGHO
YUCAY COCMABNANULUX ee geulecma MUHYC YUCA0 Ypas-
HeHUll, C853bl8AI0ULUX IMU BeULeCMEQ.

ITPUMEP.
PaccMmorpuMm cucremy, B KOTOPOH COCTaBJIAOIINE BellleCTBa CBA3a-
HbI YDaBHEHUEM:
H, + I, = 2HI.

31ech YMCJIO COCTABJIAIOIINX BEIeCTB PAaBHO 3, HO KOHIleHTparuoo HI
MOXKHO OIIPelesinuTh, 3HasA KoHmeHTpanuu H, u I, u KoHCTAaHTY paBHO-
Becus, MOITOMY UHCJIO KOMIIOHEHTOB PaBHO 2.
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B xauecTBe KOMIIOHEHTOB MOTYT OBITH BBIOPaHBI JIOOBIE
BEIIIECTBA, ITI0ATOMY CBOMCTBA CUCTEMBI OIIPEIeIAIOTCSI HE TEM,
Kakue BellecTBa BLIOPAHBI B KAYeCTBE KOMIIOHEHTOB, a HUX
YUCJIOM.

Cmenenb c60600b. — 3TO WHTEHCHUBHBLIN IIapaMeTp CH-
CTeMbl, UBMEHSAIOIIUICA He3aBUCUMO OT IPYTUX €e IapaMeT-
pPOB, He BIUAA Ha (pasoBOe COCTOSTHME CUCTEMEI.

Bepuemcsa k guarpamme cocrosauuii (cm. puc. 22). B Tou-
Kax A MOKHO He3aBUCUMO MEHATH (B OIPEeAeJeHHBIX IIpe/e-
JlaxX) JaBJI€HUE U TeMIIePaTypPy, He U3MEHS TBEPIOr0 COCTOM-
HUSA BEIeCTBa, MOITOMY UMCJIO CTeIlleHell CBOOOABI B 3TUX
TOYKax paBHO 2.

B roukax B, rie maBiieHHe U TeMIIEpaTypa CBSI3aHbI MEK-
Iy 000, MOYKHO U3MEHATH JINOO TOJIHKO TEMIEPATYPY, 100
TOJIBKO JaBJIEHHE, OCTABasCh B 00JIACTH IEpPexoia TBepIoe
TeJI0—KUAKOCThb. UMcao cremeHell cBo6oabI paBHO 1.

B Touke X Hesb3sa M3MEHATh HU ONUWH M3 IIapaMeTpoOB,
He BBIXOJs 3a Ipeaesibl COCYII[eCTBOBAHUS TBEPIOro TeJia,
JKUAKOCTH UM rasa. dumcejo cremeneii cBoboabr pasuo 0.

IIpaBumao ¢as3 I'm66ea:

Qucao cmeneneil c80600vL (f) pasnosecHoil mepmo-
JuHamuyeckoil cucmemvl, Ha Komopyw eausiom (m)
BHEWHUX (PAKMOpPO8, PABHO YUCLY KOMILOHEHMO0E cucme-
MmuL (n) murnyc yueno ¢as (k) naiwoc (m):

f=n-k+m. (114)

Ecau BHemmHuX haKkTOpa TOJIBKO ABAa, TO YpaBHEHUE Ipa-
BuUJIa (pa3 mMeeT CIAeAVIONIUIA BUM:

f=n-k+2. (115)

Bepuemcsa k guarpamMme coctoaHuii (cMm. puc. 22). Ecau
BBIPA3UTh UHMCJIO CTeIleHeil CBOOOIbI Uepes UMCJIO He3aBUCU-
MBIX KOMIIOHEHTOB M YHCJO (Da3 CHUCTEMBI, TO MBI IIOJYUMM:

B TOuKe A: f=1-1+4+2=2;
B TOuKe B: f=1-2+2=1;
BTouke X: [f=1-3+2=0.

Ecin Ha cucTemy meficTBYIOT TpH (haKTOpa: TEMIEpPATypa,
IaBiieHue W 00beM, TO ypaBHeHMe IpaBuJja (a3 mmeeT BUI:
f=n-k+3. (116)
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Ecniu ma cucremy meiicTByeT oiuH (paKTOp, HAIIpuUMep,
TeMIepaTrypa, TO ypaBHeHUe mpaBuia ¢as:

f=n-k+1. (117)

CremyeT OTMETUTDH, UTO STH YPaBHEHUS CIPABEIJINBBI
TOJILKO B TOM CJIyUae, €CJaW KaKIbIil U3 KOMIIOHEHTOB CHU-
CTEeMBI MOYKET OeCIPEATCTBEeHHO IePeX0IUTh U3 OTHOI (ha3bl

B IPYyrylo.

10.5. ®A30BBIE COCTOSHUA
BEIECTB B OPTAHU3ME

B opranmamax BCTpedaroTCA Bce TPU OMUCAHHBIX (ha30-
BBIX cocTOsHUsA. TBepable KOCTH U JepUBATHUBHI (IIaHIIUPH,
KOCTH, IEPhs U NOP.) PaKTUUECKU SABIAIOTCA OPTraHO-HEOpra-
HUYECKUMY KPUCTAJLJIAMU, COCTOAINMMY U3 CMEIIAHHBIX KPU-
CTaJIJIOB, TJIaBHBIM 00pas3oM, dochara Kanbiusa Caz(POy), u
0eJIKOB, UepeayINUXCA TaKuM 00pasoM, UTO pasBePHYTHIE
MOJIeKYJIBI Oejika YKJIAZBIBAIOTCS Ha IIOBEPXHOCTHU JIMHEM-
HBIX KPUCTAJIJIOB COJIU.

JFKugrumuy KprcTaLIaMu II0 CYII[eCTBY SIBJISIOTCSA BCe TKa-
HU U OMOJOrMYecKUe KUAKOCTU (KPOBb, JuMda U mOp.), B
KOTOPBIX OTHOCHUTEJIBHO MaJjIo CBOOOJHOM BOJABI 1 MHOI'O CBS-
3aHHOU C KJIEeTKaMu, 0ejlKkaMu W APYTMMU OPraHUYECKUMU
MOJIEKYJIaMU, KOTOPHIE TaKIKe MMEIOT OIpeIeJIeHHEIE CTPYK-
TYPHO OpPraHM30BaHHBLIE (PparMeHTHI U CAMU MOTYT 00paso-
BBIBATh YIOPAZOUYEHHBIE CTPYKTYPHI, HATPUMEDP, MeMOPAHbI
¥ OPraHeJLIbl KJIETOK.

l'asel B OpraHmaMe BCTPEUYAIOTCS TOJHKO B OpraHax [IbI-
xaHusd (JIETKMX) U He JOJIXKHBI II0IIaJaTh B KPOBb WJIX BBIJE-
JATHCA B HEH.

B opranusme HabII0OJaI0TCA ONIPeeIeHHBIE (Da30BLIE IIe-
pexonabl. Hanpumep, B MemOpaHax KJIETOK 3aMeHa HeIpe-
IeJbHBIX JUOUAOB Ha IIpelesbHbIE B IIpoliecce aHabmosa
BBIBLIBAET II€PEXO] JKUIKOTO COCTOAHHNA KJIETOUHON MeMO-
pPaHBI B KPUCTAJJINYECKOE C TOPMOKEHUEM BCeX MeMOpaH-
HBIX IIPOIECCOB.



TJIABA 11
PACTBOPbI

11.1. OCHOBHBLIE ITOHATHUSA
N KJIACCU®UKAIINA PACTBOPOB

PaccMoTpuM OCHOBHBIE TOHATHSA, CBA3aHHBIE C PACTBOPAMM,
ux o0pasoBaHUEM.

Pacmeopumocmv — 3T0 CIIOCOOHOCTH BEII[ECTBA OTHOPO/T -
HO pacipenenAaTbCA B KaKOH-In00 cpeje.

CMBICT OZHOPOTHOTO MJIU TOMOTEHHOTO PACIpemeseHUs
BEIIeCTBA 3aKJII0YAETCS B TOM, UTO 3TO BEI[eCTBO HAXOIUTCH
B JaHHOM cpejle B BUAE OTAEJNBbHBIX dacTUIl (MOJIEKYJI, aTo-
MOB, MOHOB).

Mepa pacmeopumocmu — coJep:KaHune BeIecTBa B €ro
HACBHIIEHHOM PACTBOPE IIPU JaHHBIX YCIOBUIX.

HacroIimenHbIN pacTBOP — 5TO PACTBOP, B KOTOPOM 00JIb-
IIIe BeIlleCcTBa PaCTBOPUTHL (PaBHOBECHO) HeNb3sA. Kro MoKHO
OIPeNeINTh KaK PaCTBOP, HAXOAANIUNCA B PAaBHOBECUU C
0CaJKOM PACTBOPSEMOTO BelllecTsa.

Pacmeop — opHOpogHaA (TOMOTEHHAsd) CMeCh MOJIEKYJI
(aToMOB, MOHOB) HECKOJIbKUX COeNMHEHUIT, 00pasyiomiasa Gasy
IIepeMeHHOTO COCTaBa.

PactBopuTeseM cunTaeTcsa TOT KOMIIOHEHT, KOTOPLIN Ha-
XOAUTCS B M30BITKE, a PACTBOPEHHBLIM BeIllECTBOM — TOT,
KOTOpPBIN B HEJOCTATKE.

PacTBOpsiemble BelllecTBa IIOAPA3IEJSAIOTCA Ha XOPOIIO
pacTBOPUMEIE U MaJOPACTBOPUMEBIE.

OCHOBHOII MPUHIIUII PACTBOPEHHUA: IOJ00HOE pacTBOpPH-
eTcs B mog0o0HOM. M3 3TOTO MpUHITUIIA CIEYET, UTO IIOJIAP-
HBIE€ COeIMHEHUSA JIYUIlle PACTBOPSAIOTCA B MOJAPHBIX PACTBO-
pUTENAX, HEMOJAPHbIe — B HEHOJAPHBIX.

IITPUMEP 1.

Cepa — HEMOJIAPHOE BEIeCTBO, XOPOIIO PACTBODSETCA B GEH30-
Jle — HeMOoJSAPHOM PacTBOPHUTENEe, a MoIApHbIe coequuenus — NaCl u
9TUJIOBBIA COIUPT — B IOJIIPHOM PACTBOPUTEJE — BOJE.
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IIPUMEP 2.
PaccmoTpuM, Kak u3MeHAETCSA pacTBOpUMOCTEL coiu AgNO; mpu
M3MeHEeHUHU MOJIAPHOCTU pacTBopurenasd (Tabia. 7).

Tabrnuuya 7

H3menenune pacTBOpuMOCTH HUTPATa cepebdpa
IPY U3MEHEHHUH IMOJIAPHOCTU PACTBOPUTEJIA

Pactropurens H-0 CH;0H C.HsOH | CHsCOCHs
JuamekTpudeckas
IPOHUIIAEMOCTh 78 33 24 21
PacTeopumocTs,
moue/n (293 K) 6,800 0,166 0,141 0,021

BugHO, YTO yMeHbIIEHNE MOJSPHOCTHA PACTBOPUTENA IPHU IEPEXO0-
Jie OT BOABI K alleTOHY CHUKAET PACTBOPUMOCTD COJIH (IIOJISAPHOE COENI-
HeHUe) npubiausutenabHo B 30 pas.

Kaaccupuramua pactBopos. CyIiecTByeT HECKOJIBKO
KJaccuuKamuii pacTBOPOB.

1. B zaBUCHMOCTH OT ()a308020 COCMOSAHUS PACTBOPHI OBI-
BAIOT TBEpPJble, *KUIKNE WU Irasoo0pasHbIe.

2. B 3aBucuMoCTH OT paszmepa wacmuy PaCTBOPHI IOJI-
pas3gesdgoTcAd HAa WCTUHHBIE (MOJIEKYJIAPHBIA pasMep uac-
i — oxoso 10 A) u kostonaHbIe (HAAMOIEKYISPHBIN pas-
Mep uactur, — B mpegeaax 100-1000 A). ITocieguue, Kax
MPaBUJIO, COCTOAT M3 AaCCOIMaTOB (arperaToB) YacTHUIL pa-
CTBOPAEMOTO BellecTBa. Hampumep, MOJOKO COCTOUT U3 KC-
TUHHOTO PacTBOPa MOJIOYHOTO caxXapa B BOJE, KOJIJIOUTHOTO
pacTBopa KaseMHa U sMYJbCUHU Kupa (oTAeabHas dasa).

3. B 3aBUCHUMOCTH OT COAEP:KAHUA PACTBOPEHHOTO Be-
IeCTBa PAacTBOPLI OBIBAIOT KOHIIEHTPUPOBAHHBIE U pa3bas-
JeHHbIe, a TaKJ)Ke HaChII[eHHbIe, HeHACLIII[eHHEIE U IIePeChI-
IIeHHEbIE.

ITociensue roTOBAT pacTBOPEHUEM BeIleCTBa IPU Harpe-
BaHUU U MOCJEAVIOIIEM MeAJeHHOM OXJaKJeHUU 10 Tpebye-
Mot TemmepaTypbl. OHU ABJIAIOTCA HepaBHOBECHBIMHU. I3-
OBITOK PacTBOPEHHOI'O BEIIlECTBa BHINAJAET Uepe3 OIpeje-
JIEHHO€ BPeMs, ¥ PACTBOP CTAHOBUTCS HACBIIIIEHHBIM.

KonauzamusHuvle cgoiicmaa pacTBOPOB — 9TO CBOMCTBA,
3aBUCAIINE OT YMCJIa YACTUI[ PACTBOPEHHOTO BEIECTBa B
pacTBope, HO He OT ero mpupoabl. K HUM OTHOCATCS AaB-
JIeHUe TTIapa PaCTBOPEHHOTO BEIECTBA M PACTBOPUTEJS, OC-
MOTHYECKOe JaBJIeHMe, TeMIepaTypa KUIEeHUsS U 3aMep3a-
HUA U IP.



T'nasa 11. Pacmeopbt 131

11.2. CIIOCOBbI BBIPAKEHUA
COCTABA PACTBOPA

1. Maccosas 0onsi — OTHOIIIEHIE MACChl PACTBOPEHHOTO
BelllecTBa K Macce pactBopa. OHa BhIpasKaeTcsa B HOJIAX eIM-

HUIBI, IPOIEHTaX WU IPOMUJLIE.
my
O=—. (118)
My + Mp_ g

IIpouenmuasn konueHmpayus (ycrapeBiiee Ha3BaHUE) —
MaccoBasi JOJI PaCTBOPEHHOT'O BEIIeCTBA B PaCTBOPE, BhIpa-
skeHHasi B mpoueHTax (o - 100%). Ilpomuine (o - 1000%o).
2. Moaapuas (monvHAs) 00l — OTHOIIEHWE KOJUYe-
CTBa PaCTBOPEHHOT'O BEII[ECTBA K CyMMe KOJMYECTB BEIIECTB,

COCTABJISIOIINX PACTBOD.
r=—2—

= . 119

Vo + Vpomn (119)

3. O6semuas dons (0as 2a308) — OTHOIIEHUE 00BEMA

BeIecTBa K 00beMy pacTBopa (rasa).
¢ = Viu/Vpopa (120)

5. MoasapHas KOHUueHmpauus, MOJIPHOCIb pacmeopa —
OTHOIIIEHVEe KOJIMYECTBa PACTBOPEHHOI'O BEIleCTBa K 00BEMy

pacTBopa:
Vg

C= (Moin/ ).

- a (121)

6. MonapHas KOHUeHMpPAyus dK8UBAJCHMA 8euLecmad,
(9K6uUBaANIEHMHASA, HOPMAALHASL KOHUEHMPAUUS, HOPMALbL-
Hocmb) — OTHOIII€HNEe KOJINYeCTBa BeIleCTBa-dKBHBaJICHTAa

PACTBOPEHHOT0 COeINHEHNs K 00beMy pacTBopa.

1
v(¥),
b-pa
7. Monsanvhas KOHUEHMPAyUs, MONLALbHOCMb PACME0-
pa — OTHOIIIEHWE KOJUYeCTBa PACTBOPEHHOTO BeEIleCTBa K
Macce PACTBOPHUTEJSA, BRIPAKEHHON B KMJIOIPAMMAaX.
Vs
C, = (MOJIB/KTp ;q). (123)
p-as
8. Tump — oTHOIIEHUE MacChl PACTBOPEHHOT'O BEII[ECTBA
K 00beMy pacTBOpPA, BHIPAKEHHOMY B MUJLIUJIUTPAX.

T =5 (r/mn). (124)

C(l/z)=N =

(MOJIB-9KB/JI UJIN H). (122)

b-pa
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11.3. TEOPUHA
OBPA30OBAHHA PACTBOPOB

Xumuuecrkasa teopuss pacteopoB (MengemneeB). Pactso-
peHne — XWMHUUYEeCKasd peaKIlud MeKAY PACTBODUTEJIEM U
PacTBOPSAEMBIM BEIECTBOM.

CerogHsi MBI paccMaTpUBaeM PACTBOPEHUE KaK B3amMO-
IeliCTBIIE PACTBOPAEMOTO BEII[ECTBA C PACTBOPUTEJIEM, & IIPO-
TeKaHNe XUMHUECKOHU pPeaKIMu — TOJbKO UACTHBIA Cayuam
TAKOTO0 B3amMMOAEHUCTBUS (CM., HAIIPUMeEpP, PEAKIUU IUCCO-
IMUAIAY UJIW THUIPOJIMN3a COJIEH).

Pu3uKo-xuMHUYECKad Teopus pacTBopoB (Asekcees,
Bant-T'odhd, Appenunyc, OcTBanbig u ap.)

1. PactBop — »TO Tep-
AGper, ACor  MOZMHAMHUYECKU YCTOHUMBAA
cucTeMma.
AGypa = 0.

2. O6paszoBaHMNe pacTBOpa
MIPOMCXOMUT CAMOIIPOV3BOJIBHO,
T. €. COIIPOBOKIAETCA yMEHb-
100%A  Cocmaspacmsopa  100%B  [IeHWEM TepMOAMHAMUYECKO-

AG

p-penuA

Puec. 23 'O IIoTeHI1aJyia CUCTEMBI.
3asucumocmv anepeuu I'u66ca
P AG,. <0.
pacmeopa om ezo cocmasa P-peHus

3. Benuumna AG pacTBOPEHUsS 3aBUCHUT OT COCTaBa pa-
ctBopa (puc. 23).

11.4. TEPMOJUHAMHUYECKOE
YCJOBHE PACTBOPEHHSA

Ecim cucrema 3aMKHyTa, TO PACTBOPEHHE COIPOBOMKIAETCS TOJb-
KO IIePeXO0JI0M BelllecTBa M3 OJHOI (aswl B Apyryio. IsMeHeHUe HEp-
run ['m66ca B mporecce pacTBOpeHus (IPU IOCTOSIHHBIX TeMIlepaType,
[aBJIEHUY, SHTAJIBIINYA U SHTPOIIMU CUCTEMBI B II€JI0M) CBA3AHO TOJIBKO
C UBMeHeHNeM XMMUUYEeCKUX IIOTEeHIINaJIOB KOMIIOHEHTOB PaCTBOpa U UX
KOJINYECTB BelllecTBa. EcIu n3MeHeHUa KOJIUYECTBA BEIeCTBA IPU 00-
pas3oBaHMUM PACTBOPA HEe IPOMCXOAUT, TO AJA AAHHOTO KOMIIOHEHTA,
TepexoAAIero u3 ogHoi (asbl B APYIyIo:
AGp—peHua = ZViAHiy (125)
rae i — Gasbl.
ITocKOJNBKY YCJIOBHEM CaMOIPOM3BOJBHHOTO IIPOIECCA ABIAETCA
YMeHbIIIeHe TEPMOAUHAMUYECKOTO MOTEHIIMAIa CUCTEMBI (CM. ypasB-

enne 56):
HeHH ) AGp-peHHﬁ = AGKOH. - AGHﬂq. < 07
TO
AW = Hyon. ~ Muau. < 0,
NI

Muau. > Hxon. (126)
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9TO0 U SABJIAETCH YCJIOBUEM PACTBOPEHUS.

KommoHeHT caMOIIpOM3BOIBLHO IepexonauT us (Gassl, Iae ero XUMU-
4YeCcKHUi moTeHIuasn GoJblle, B (hasy, Tae OH MeHbIIIe.

B cocTosiHMY paBHOBECUS [JIsI JAHHOTO KOMIIOHEHTA PACTBOPA IPU
ero HaJIWYWH B PA3HBIX (pasax BBINOJHAETCSA yCIOBUE:

AGp-pel{]/m = ZViA“i’

rae i — (assbl.

Torga mysa sTOro KOMIOHEHTA:

Ap; = 0 nim
M1 = Ho. (127)

IIpaBuJo:
B cocmosHUU pagHogecus Xumuieckue nomenHyuaib. 0aHH0z0 KOMNo-
HeHma 60 6cex ()a3ax pasHbl.

Eciu B mpomecce pacTBOpeHHUS B MHOTOKOMIIOHEHTHOII cHCTeMe
HACTyIIaeT paBHOBECHUE, TO:
AGypemns = ) Vb = 0, (128)
rie j — KOMIIOHEHTHI. /

B ciyuae pacTBOpa, COCTOAINErO TOJBKO U3 JBYX KOMIIOHEHTOB,
9TO BBIpasKeHue OyJeT MMeThb BU[:

ViApy + veApy = 0, (129)
Apg = =(v1/vs) Apy. (130)

Jro ypaBHeHue I'n66ca—[lorema, ONMCHIBAIOIIEE CBA3H KOJIUUECTB
KOMIIOHEHTOB B PaCTBOpe C USMEHEHNEM NX XUMHUUYEeCKUX IIOTEeHIINAJIOB
upu 06pasoBaHUU PACTBOPA.

Oueprus ['mb6ca MOJYyYEeHHOr0 pacTBOpa OyIeT BBIPAYKATHCA CJie-
IYIOIUM 00pasoMm:

AGypa = D Viktjs (131)
Te j — KOMIIOHEHTHI. !

OueBUIHO, YTO OHA OTJIUYHA OT HYJ.

IIpaBuio.

H306apHo-usomepmuieckuil. nomeHyual pacmeopa paéer cymme Xu-
MULECKUX NOMEHYUAL08 00pA3YIWUX €20 KOMNOHEHMO8, YMHONCCH-
HblX HQ UX KOJAUYLeCmad.

IIpu aTOM ciemyeT 3aIOMHUTDH CIeAyIOIIee.

IIpaBuJo.

Xumuueckuil nomenyuasl 0aHHO020 KOMNOHEHMA 6 OAHHOM Dacmeope
npu OAHHbLLX YCLOBUAX He 3A6UCUM OmM KOAUYECTNEA KOMNOHEHMO8
pacmaeopa.

11.5. HAEAJBHBIE PACTBOPBI.
YPABHEHUE BAHT-TOD®A.
3AKOH TI'EHPH. IIEPBbIM 3AKOH PAYJIA

HoeanvHbvle pacmaeopb. — 3TO PACTBOPHI, B KOTOPBIX OT-
CYTCTBYeT B3aMMOZEHCTBUE MEXKAY dYacTuUIaMU (MOJEKYJia-
MU, aTOMaMu, TOHAMHU).

Wx obpasoBaHMe He HOJIMKHO COIPOBOMKIATHCS TEILIOBLIM
a¢hdexToM U U3MEeHEeHNEeM 00'beMa CUCTEMBbI.

AHp-peHI/IH = 0;
AI/p-pe}n/m = 0.
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K upgeanbHBIM OJIM3KHM PAcTBOPHI ra30B.
WpeannHbIe PacTBOPHI I'a30B HOTUYUHAIOTCA YPABHEHUIO
Knaneiipona—MengeneeBa (19):

pV = vRT.

B ciyuae :KuUJKUX PaCTBOPOB B 9TOM YPaBHEHUU 3aMeH-
IOT JaBJeHWe rasa Ha OCMOTHYECKOe TaBJIE€HUE KUIKOCTU
(0o603HaUAETCA T MU Pocy, CMBICI €70 OyIeT PACKDPBIT HUMKE).
B pesyabrare moaydaiooT ypasHeHue Baum-I'ogpga dns ude-
anbHbLX HeUOKOCMEell:
PocV = VRT (132)
170 051
Poew = (V/V)RT = CRT. (133)
PaccmorpuMm (hasoBrle mepexoAbl B HAEAJLHBIX PaCTBO-
pax. OoIuH 13 IPUMEPOB — MepPexol] KOMIOHEHTa U3 KUIKOMN
(dass! B raszoByo u HaobopoT. I'asoBas (asa Hax pacTBOpOM B
YCJIOBUAX TEPMOIUHAMUYECKOTO PABHOBECUS, T. €. PABEHCTBA
XUMHUUECKUX ITOTEHIINAJIOB KOMIIOHEHTOB BO Beex (haszax, moJi-
JKHA COZEePsKaTh Bce KOMIIOHEHTHI pacTBopa. OJHAKO YacTh UX
MOJKeT ObITh HeJIeTydUel, U UX NPaKTUYEeCKH HeBO3MOKHO 00-
Hapy:KuUTh B Heil. UTo jKe KacaeTcsA rasoB U JETYUUX SKUIKO-
cTeii, TO OHU peajbHO OIpe[esIsaioTcea B o0enx (asax.
OueBuaHO, UTO UueM OOJIbIIIE BelllecTBa B ra3oBoil (ase,
TeM OOJIBIIIe ero MepPexXomUT B pacTBOpP u HaobGopor. [Hiaa
TaKWX CUCTEM CIpPaBeIJUB 3aKOH ['eHpwu.

3akoH I'enpu.

Macca 2a3a, pacmaopaouasics npu NOCMOsHHOU mem-
nepamype 8 0aHHOM 00BeMe HUIKOCTU, NPAMO NPONOP-
YUOHANLBbHA €20 NAPYUALbHOMY 0a8JeHulo.

I MOJIBHOM TOJIM PACTBOPEHHOTO r'a3a OH 3allMChIBAET-
cA KaK:

x = kp, (134)
rJe ¥ — MOJbHAs JOJs ra3da B ero HaCHIIEHHOM PacTBODE,
k — rosppunuent I'eapu.

Has upgeasbHOTO pacTBOpPA HIPUW HU3KOM JaBJIEHUU Tasa
9TOT KO3((pUIIEeHT paBeH 00paTHOU BeJUUYNHE IIaplruaJIbHO-
IO JaBJIEHUSA Ta3a PACTBOPEHHOTO BEIleCTBA:

k=1/p° (135)
rae p® — naBieHue rasa (mapa) Haf YHCTBIM BeI[ECTBOM.
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W3 saxoua I'empu ciegyer, 4To mapiiiajbHOE IAaBJIEHUE
rasa JI000TO KOMIIOHEHTa PacTBOPa IIPOIOPIIMOHAIBHO ero
MOJIBHOM J0Jie B pacTBOpeE.

1
pP=—% (136)
k

3axou 'eHpu mMeeT BasKHOe IPaKTUUECKOe 3HAUCHUE.

C momorpbio 3aKoHA ['eHpH MOKHO OOBSICHUTH KECCOH-
HYI0 00JIe3HBb Yy BOJOJA30B U HBIPAJIBLIUKOB. YBeJIUUYeHUE
IaBJIEHUS BO3AyXa MPU MOTPYKEHUU YBEJIWUUBAET PACTBO-
PUMOCTB a30Ta B KpoBu. IIpu mogbeMe Ha IIOBEPXHOCTD IaB-
JeHre yMeHbBIIaeTcsA, M as30T, B CIydae Pe3KOTO BCILJILIBA-
HUS, BBIJEJSAETCS B KPOBU B BUE MY3LIPHKOB. JTO MOMKET
MPpUBECTH K 3aKyMOpPKe cocyaoB. I1oaToMy ceromms BMECTO
asoTa B COCTaBe Ta30BOM CMeCH [Jisi ABIXaHWS BOIOJIA30B
YacTO MCIIOJIL3YIOT TeJInii, MeHee PACTBOPUMBIA B BOJE.

0O6o3HauuM HMHAEKCOM 1 pacTBOPEHHOE BEIeCTBO, 2 — pPaCTBOPHU-
TeJIb, TOrJa U3 ypaBHeHui 3akona I'eupu 134 u 135 caenyer:

p1=DP% 1 =PI - xa), (137)
TOCKOJIBKY
ntyx=1
KaK CyMMa MOJIBHBIX JTOJIE PACTBOPEHHOTO BEI[ECTBA M PACTBOPUTEISA
B pacTBOpe.
W3 ypaBHeHus 134 nmonyuaem:
P —p1= D% %es (138)
WU OJId PaCTBOPEHHOI'0 BelllecTBa
0 _
17170172 = Xe- (139)
h
AHAJOTUYHO A PACTBOPUTENST
P —ps _
2 = (140)
P2

910 MaTeMaTU4YeCKOoe BhIpa)keHue IlepBoro sakoua Payus.

IlepBsrii 3akon Payus.

OmHocumenbHOe NOHUMNCeHUe 0a8JeHUS Napa Pacmeo-
pumens Had pacmeopoMm PABHO MOJbHOU doJe pacmeo-
PeHHO0z0 Geuyecmea.

0
Py — D2
PPy, (141)
D3
PacTBOphI, mMOBemeHNE KOTOPBLIX OIMHCHIBaeTcA IlepBHIM

3aKoHOM Payss mpu Bcex KOHIIEHTPAIIUAX ¥ TEMIIepaTypax,
SABJISAIOTCA UJEaJTbHBIMU.
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11.6. PEAJIBHBIE PACTBOPBI
W3z IlepBoro 3akona Paynsa caenyeT, 4To cocTaB Uaealb-
HOTO IIapa HaJ MAeaJbHBIM PACTBOPOM IIPSAMO HPOIIOPILHO-
HaJleH COCTaBy pacTBOpa, T. €. 3aBHUCHMOCTH IIEPBOTO OT
BTOPOTO JOJIKHA OBITH JimHeiliHoW. OgHAKO B HeliCTBUTEND-
HOCTYM HAOJIOMAIOTCA KaK IIOJOMKMU-

Peanorie A TeJbHBIE, TAK W OTPUIlATEIHHBIE OT-
o | PRCTECPS S KJIOHEHUSI OT JIMHEWHON 3aBUCUMO-
g Ry cru (puc. 24).
@ W ITO SABJISAETCA PEe3yIbTATOM B3au-
§ MOJIeACTBIY MEKIY MOJIEKYJIAMU KOM-
© 0,;1’ L Mdeansnsi TIOHEHTOB B pacTBope. Taxue pacTBo-
v A Pacmeop PBI OTHOCATCA K PeaibHBIM.
Cocmas pacmsopa Peanvuvle pacmeopb. — pacTBO-
Puc. 24 PbI, B KOTOPBIX IIPUCYTCTBYET B3aU-
3asucunocms COCMABA  \onefcTBIE MEKLY YACTHIIAMMA.
napa om cocmasa
pacmeopa 013 HOBe,/IeHI/Ie TaKHUX PacTBOPOB HE

udeanvHblx U pealbHblx

pacmeopos OIIMChIBaeTCdA IIPUMBEIEHHBIM BBIIIIE

ypaBHeHueM Bant-I'odbda. B pane
CJIy4aeB UX IMOBeJeHUE MOXKeT ObITH BBIPAKEHO MOAUDUIK-
poBaHHBIM ypaBHeHueM Baut-T'odda, B KOTOpoe BHECEHBI
MOMPaBKW Ha COOCTBEHHBIN 00beM n MoJekyJsa (nb) m ux
B3aUMOJIECTBYE, BJUSAIONIEE Ha BEJIWUYUHY AABJICHUS pa-
creopa (n?a/V?) — Tak HasblBaeMoOe BHYTPeHHee NaBJICHUE
SKUJKOCTH.

Ypasuenue Baut-T'odda gaa peadbHBIX KUIKOCTEN:

(Poow + n2a/V2)(V — nb) = vRT. (142)

AHaJIOI‘I/I‘-IHOG YpPaBHEHNE HCIIOJIb3YyeTCA OJd OIIMCaHNA
IIOBEeJE€HUA peaJIbHbIX I'a30B.
Ypasuenue Ban-gep-Baaasca njia peajabHBIX Ta30B:

(p + n2a/V2)(V — nb) = vRT. (143)

Hawub6oJsiee o61uM ypaBHEHUEM, OIMUCHIBAIOIIUM IIOBEJ€HIE peallb-
HOTO PAcTBOPA, SIBJIAETCS TaK Ha3hbIBa€MO€ YPaBHEHNE C BUPUAJIbLHBIMU
K03 PUIeHTaMU:

Poon = (A1 + Age +Agcy + .. )CRT, (144)

rae Ay, As, Az ... — BupuajgbHbie Ko3dhdunuentsl. [Ipu stom A; = 1/M,
roe M — MonsipHasi Macca BeIl[ecTBa, a Koa(@uiiueHT A, CBA3AH C
ME}KMOJIEKYJISPHBIMU B3aUMOJENCTBUSAMU B PAaCTBOpPe. OTO YPaBHEHUE
YacTO HCIIOJIB3YIOT IPU ONMMCAHUHU CBOMCTB PAacTBOPOB IIOJIMMEDPOB, B
YaCTHOCTHU 0EJIKOB, IOJIMCAXapPUIOB U T. II.
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11.7. PACTBOPEHHE T'A30B B ;KHUJIKOCTH

IIpu mepexope rasa B KUIKOCTh YMEHBIIAIOTCSI IHTPO-
nuda (AS < 0) u saTamsnua cucreMmsl (AH < 0). ITocrenuee
MPOUCXOAUT 3a CUET BBIJEJICHUSA SHEPruu B pPes3yJbTaTe IIo-
SIBJIEHUS B3aMMOJENCTBUSA MEKAY MOJEKYJIAMHU rasa U KuI-
KOCTH B PacTBOpe ¢ 00pasoBaHMEM COJIbBATOB WJIHU B CIydae
BOIBI — THUIPATOB.

CoabBaThl (THAPATHI) — 9TO COEIMHEHUS PACTBOPUTEJIS
C PACTBOPEHHBLIM BeIleCTBOM MJIN C MPOAYKTAMHU €T0 AUCCO-
nuanuu, obpasymoolirecsd, Kak IpaBUJO, 3a cUeT cui BaH-
nep-Baaabca (puc. 25).

Amnanus nsMeHeHus sHeprum I'mbbca B cayuae caMoOIIPo-
M3BOJBLHOTO IIpoliecca (cM. ypaBHeHUe 56):

AG=AH —TAS <0

IMOKAa3bIBAET, UTO YCJIOBUE PACTBOPEHUS Tasa B JKUIKOCTU
6yIeT BHIIOJHATHCA B TOM caydae, Korga |[AH| > [TAS|, Tor-
na sHeprusa ['m66ca OymeT yMeHBIIATBCSA. ITO YCIOBUE BbI-
TIIOJIHAETCSA IIPU HUBKOU TeM-

ras Pacmeop

meparype, T. €. rasbl Jydlie & _& 0.0
PaCTBOPAIOTCA B HKUJKOCTAX ®® ®® Q O
IIPH OXJIAKIeHUN. Q O
Hampumep, KUCJIOPOL Iy4U-  Kudkocms OOOO

Coneearm

IIle pacTBOPAETCA B XOJOLHOI OOOOO
BOJie, O UeM CBUIETEILCTBYET OOOOO
ero BBHIZieJIeHWEe B BUIE IIy-
3EIPBLKOB IIPHU €€ HAarPEeBaHUMN. e o

Konuuecrso rasa, pacrso- Pacmeopenue 122.3(156 audkocmu
PEeHHOTO B eIUHUIE O0beMa
SKUJKOCTH, T. €. €r0 PACTBOPUMOCTL, 3aBUCUT KaK OT TeM-
mepaTypsl, TaK W OT OaBJeHUs (IapIUaJbHOTO TABICHUSA
raza). I3 sakoHa I'eHpu caengyeT, 4To ¢ yBeJIUUYEHUEM IAaB-
JIEHUsA PaBHOBECHE:

ras < pacTBOp

OyZeT cMmelaThCA BIPABO, T. €. OyAeT YBEIWUMBATLCS Pa-
CTBOPMMOCTD T'a3a B MKUIKOCTH.

Ananus ypaBHeHHs 3aKoHA I'eHpu ITOKAa3bIBAEeT, UTO AJIA Heab-
HOTO pPACcTBOpPA OTHOIIEHNE PACTBOPMMOCTU Tasda K IABJIEHUIO — 3TO
TOCTOsTHHAA BenunHa (cM. ypaBHeHue 134):

- %x- x/p = k = const. (145)
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Ecau paccmaTpuBaTh cMech r'a30B, HE B3BANMOZEUCTBYIOIINX MEXKAY
co00l 1 ¢ PACTBOPUTEJIEM, TO PACTBOPUMOCTD KaKIOT0 rasa B OTIEeIBHO-
CTHU B COOTBETCTBHUU C 3TUM BBIBOJIOM He NOJIXKHA 3aBUCETH OT PACTBOPU-
MOCTU APYTIUX rasoB. IIpu 3TOM pacTBOPUMOCTH rasa P HEU3MEHHOM
[aBJIEHNY, KAaK IIOKA3aHO BBINIE, YMEHBIIAETCI C YBeJINYEHUEM TeMIIe-
patypsl. TakuM 06pazoM, MOKHO COeJIATh CJIENYIOIIN BIBOJ (AJ1s ue-
aJbHBIX T'a30B U Pa30aBJIEHHBIX PACTBOPOB PEAIBHBIX I'a30B):

Kaoxblii ras pacTBOPAETCS B MKUAKOCTHA HE3aBUCUMO OT JPYIOro B
COOTBETCTBUM CO CBOMM INapUUAaJbHBIM AaBJeHHEM M K03(DOUIMEeHTOM
PacTBOPUMOCTH (CM. HIUKeE).

U3 ypaBuenus Mengeneesa—Kiamneiipona cienyer (cM. ypaBuenue 19):

pV = vRT = (m/M)RT.

3 ,
HATHT m = (M/RT)pV.
IToxcTaBiisia BMeCTO AaBJIEHUS €T0 BhIpaskeHUe U3 ypaBHeHUs 136,
moJIydyaem:
m = (M/RTE)XV = (1/a)XV, (146)

rae o = RTk/M — x03dPUIUEHT PACTBOPUMOCTH.

Koagguyuenm pacmeopumocmu (I ra30B) TOKAa3bIBa-
€T, CKOJIBKO 00beMOB ra3a PacTBOPSETCS B OJHOM o0BeMe
PACTBOPUTENSI IPU JAHHOM TeMIepaType.

Ero BenmuvHa He 3aBUCUT OT [JABJIEHUS A HAEATHLHBIX
rasoB U NIPeJieTbHO Pa30aBIeHHBIX PACTBOPOB PEABHBIX I'a30B.

11.8. PACTBOPEHHE
TBEPJDLIX TEJ B :KHJIKOCTH

B mporiecce pacTBOpeHU KPUCTAJLINYECKOTO BEIIIECTBA B
SKUOKOCTH yBeauuuBaiorca sHTponud (AS > 0) u sHTAIBINA
cuctemsl (AH > 0). IlociegHee cBA3aHO ¢ TeM, UTO B IPOIEC-
ce PaCTBOPEHUS MPOUCXOIUT PA3PYIIEHNEe KPUCTAIINYECKOH
PeIIIeTKY TBEPAOTO BEIlleCTBA C 3aTPAaTOl 3HAYNTEILHON SHep-
ruu, KOTopas He KOMIEHCHUPYeTCcs OO0pa3soBaHUEM COeIUHe-
HUN MeXIy MOJIEKYJaMHy WJIA MOHAMYU PACTBOPSEMOrO Be-
IIeCTBa U PacTBOPUTENSA (COJBBATOB, TUAPATOB — puc. 26).

Teepdoe B psAze ciayuaeB Takue cOefuHe-

meno HIS GBIBAIOT CTOJE IIPOYHLIMH, UTO Be-

IeCTBO HE TepseT PaCTBOPUTENb, Ha-

& IpHUMep BOZLY, AaKe IIPH HArpeBaHHUU
1 OHA BXOAWT B ()OPMYJIy BEIecTBa.

ITPUMEP.
CuS04-5H,0 — kpucrayiorugpar.

Pacmsop

44.

Mudkocms

O

Amnanns ypaBaenus ['u66ca

Puc. 26 (cMm. ypaBHeHUE 56):
Pacmeopenue meepdozo mena

6 Jscudxocmu AG =AH — TAS <0
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TMOKA3BLIBAET, YTO IIPOIECC PACTBOPEHUS B CIIydyae KPUCTAJIIU-
YEeCKHMX BeEIIeCTB 6y/:1e'1‘ IIPOTEKaTh CaMOIIPOM3BOJIBHO, €CJIN
|AH| < |TAS|, uTo coorBeTcTBYeT BHICOKOII Temmeparype. Takum
06pa30M, TBEPAbI€ BEIleCTBA JIy4dIlle PaCTBOPAIOTCA B XUIKO-
CTAX IIPU HarpeBaHUU, UTO XOPOIIO M3BECTHO U3 NPAKTUKU.
* % %

B cryuae o6pasoBaHMs UeaIbHOTO PAcTBOPa, Kak OBLIO HAWIEeHO
TEOPETUYECKN ¥ IOATBEPIKAEHO NMPAKTHYECKH, PACTBOPHMOCTH Bellje-
CTBa He 3aBUCHUT OT NPUPOABI pacTBopuTessa. I[Is TaKUX PACTBOPOB

HabJsofaeTca JUHEHHAA 3aBUCUMOCTH Jiorapu(dmMa KOHIIEHTPAIMU Be-
miecTBa (MOJIBHOM HOJIM) OT BEJIMUYMHBI OOPATHOM TeMIIePaTyphI:

1ny = -A/T + B. (147)
ITpumep — pacTBOp HaranuHa B OeH30JIE.

Koagguyuenm pacmeopumocmu (Aasa KUAKUX U TBEP-
IBIX BEIEeCTB) MOKAa3bIBaeT, KaKad Macca BeIecTBa B I'paM-
max pactBopserca B 100 r pacTBopurtead.

11.9. TUODY3HUA. OCMOC.
OCMOTHYECKOE TABJIEHHE.
3AKOH BAHT-TO®DA

Beilite mpu paccMoTpeHUM uAeaIbHBIX PAaCTBOPOB OBLIO
IMOKAa3aHo, YTO UX IOBeJeHNe MOKHO ONMCHIBATH YPAaBHEHU-
em (cMm. ypaBueHnue 132 Baur-TI'odda), aHATOTHUHBIM ypaB-
HEeHWIO uIeaJbHBIX Ia3oB (cMm. ypaBueHnue 19 Kiaameiipona—
MengeneeBa), 3aMeHUB TaBJIEHNE ra3a HA OCMOTHUYECKOE 1aB-
JIeHUe pacTBopa.

IIpupony oCMOTUYECKOTO JABJIEHUS PACCMOTPUM Ha CJIe-
nyromiem npuMepe. IlycTs B HEKOTOPOM COCYIe MMEETCS MeM-
O0paHa, IpOHUIlaeMasd JJIA MOJIEKYJ BOObI ¥ HEIIPOHUIlaeMasd
1A MOJIeKYJI Oeska (puc. 27).

IIycTs mo seByio cTOpO- * f P

map

HY OT MeMOpaHBI Haxogured | .~ [ " -

o — HO — | —— H0 —
BOJa, a CIIpaBa BOIHBIH pa- — = ] — @
ctBop Gesnka. OueBUIHO, UTO N f\l’i i K
B pacTBOpe 0esiKa ero XuMu- — T e |3
. — r - 3
UeCKU OTeHNI AN IMeeT oI~ | —  _Toow nL:_O_ =¥ 5
pelieIeHHYI0 BEeJUUYUHY, a B — | — ’Oﬁf g

o T — -
YHCTOM BOJe, r'Ie Oelka HeT, —  — - —
- o

ero XMMHUUYECKUHN HOTEeHI[NAJI

paBeH HYJIIO, T. €. UMEeT Me- Puc. 27
Ocmoc u ocmomuueckoe dagJerue
CTO Pa3HOCTh XUMHUYECKUX eudrocmu
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THOTEHIINAJIOB 0eJIKa B IByX o0'beMaxX JaHHOTO pacTBopa. B pe-
3yJIbTATe [MTOJI’K€H IPOUCXOAUTH IE€PEeXO] MOJEKYJ Oeska
mocpeacTBOM ero auddysun B HaIpaBJIeHUN BhIPABHUBAHUA
moTeHIuaNa (MM KOHIIEHTPAINH).

Huppysus — 3T0 CaMONIPOUBBOJILHBINA IIEPEX O/ BEIIECTBA
B pacTBOpe IO AEMCTBUEM Pa3HOCTHU (TpajueHTa) KOHIEHT-
pamuii.

HeobxoauMbIM yCJIOBUEM JOCTUYKEHUS PABEHCTBA XUMMU-
YeCKUX MOTEHIIMAJIOB SABJAETCA BO3MOKHOCTH CBOOOIHOTO
mepexoia BCeX KOMITOHEHTOB pacTBOpa W3 OMHOHW (ha3bl B
apyryio. IIoCKOJBKY Ieperopoika MeKIy ABYMs YacTAMU
pacTBOpa IpOHUIlaeMa AJIA BOABI M HEIPOHUIlaeMa AJA 0ei-
Ka, TO BIPAaBHMBaHME ITOTEHIIMAJIA MOYKET OCYIIECTBJIATHCA
TOJBKO OyTeM IIepexoja BOIbLI M3 JIEBOM UYACTH COCYyZa B
pacTBop 0eaKa. ATOT IPOIECC Ha3LIBAETCS OCMOCOM.

Ocmoc — caMOIIPOM3BOJIbHBIN TEPEX0]] PACTBOPUTENI Ue-
pes MeMOpaHy, HEITPOHUIIAEMYIO IJIS PACTBOPEHHOTO BEIIleCTBA.

OcmoTuueckoe gaBaeHue (Poey, T) — CUJIA, OCYIIECTBJIIAIO-
masa oCcMOC.

IIepexon BoabI OyAEeT COIIPOBOMKIATHECA YMEHBIIIEHUEM €€
YPOBHSA B JIEBOM YacCTU cOCyda M yBeJIUUYEeHHEeM B IIPaBOii.
B pesynbTaTe B mpaBOii 4acTH cOCy[a HMOSABUTCA BCTPEUHAS
cuJia, BHI3BaHHAsA PAasHOCTHIO YPOBHEH KHUAKOCTH, KOTOpasd,
KaK M3BEeCTHO, Ha3bIBAETCS THUAPOCTATUYECKUM TaBJIEHUEM.
CiemoBaTeIbHO, OCMOC OyZeT OCYIIEeCTBJIATBHCA O OIpeje-
JIEHHOTO TIpejesia, IMIOKa CUJja, 3aCTaBJAI0NAasd PACTBOPUTEID
MPOHUKATh UYepe3 Ieperopoaky (OCMOTHUECKOe TaBJIeHUeE),
He CpaBHAETCS C JaBJIEHUEM KUIKOCTU, IPEIaTCTBYIOIIM
STOMY IIepexony (ruapocTaTudyecKoe IaBJIeHIe):

Prugp. = “Pocu. (1 48)

BeJII/I‘-II/IHy THAPOCTATUYECKOr'o JaBJIEHN A JIETKO N3MEPUTD,
YTO IIO3BOJIAET OIIpeneIATh OCMOTHNYECKOEe JaBJIEHEe PaCcTBO-
POB Ha IMPaKTHUKe JAHHBIM METOLOM.

3axon Baur-T'odda.

Ocmomuueckoe dasnenue pa3basieHHbLX PACME0PO8
YUCJeHHO PABHO MoMYy 0a8JleHu0, Komopoe npou3soou-
J10 Gbl MO JHce YUCLO MOLEKYJ PACMBOPEHH020 8el,ecmad,
ecau 6bL OHO 8 8ude udeaibH020 2a3a 3AN0JHALO Obl MOM
JHce 00Bem npu moil e memnepamype.
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ITOT 3aKOH HEIMOCPEJCTBEHHO BBITEKAET M3 COIIOCTAaBJIE-
Hua ypaBHeHus Baut-I'odpda gma maeanbHBIX KUIKOCTeNH
(132) u ypaBHenus Kaameipona—MengeneeBa A uAeab-
HBIX ra30B (19):

PoeV = VRT; pV = vRT.

Banr-T'odd nmokasas, uTo nia pa3baBJIeHHBIX HUIEATHLHBIX PACTBO-
poB cupaBenauBo ypaBHeHue Kimameilipona—MengeneeBa. OH mCXOAUIT
U3 CleLyIOUINX coobpaskeHuii. VI3BeCTHO, UTO OCMOTHYECKOE [aBIeHue
JJAaHHOTO BEI[eCTBA B PACTBOPE CBABAHO C JaBIECHUEM €0 HACHIIIEHHOTO
mapa cjeAyomuM o0pasoM:

DPocn = (7RT/V)111(P/PO), (149)

re p — JAaBJeHue apa PACTBOPEHHOTO BelecTBa Haj pacTBopoM, p° —
HaJa 4YUCTBIM BemecTBoM. Wim, ¢ yuerom IlepBoro sakona Paynasa
(cM. ypaBHeHue 141), 1pu onpeesieHHBIX JONYIIEeHUAX:

Pocn = (_RT/V)IHXI; (150)

Poeu = (FRT/V)In(1 — %), (151)

TIe }1 — MOJIbHAA JNoJA pacTBopuTend, (1 — y2) — MOJBHAA HOJA pa-

CTBODPEHHOTO BeIllecTBa B pacTBope. B pas6aBiieHHBIX pacTBOpax, Ile
1 — y, Maua:

—In(1 = %) = X2 = v2/(va + V1) & vo/vi ® m/M
upu v ~ 1.
B pesysibTaTe mofcTaHOBKY HoJsiyuaeM ypaBHeHue Baut-T'odda (132).

Poew = (RT/V)v = CRT.

W3 ypasuenus Baur-I'odda cienyer, 4To ocMOTHUECKOE
IaBJIeHWE PAacTBOpa MPAMO ITPOIOPIIMOHAJIBHO €r0 TeMIlepa-
Type ¥ KOHIIEHTPAIUHU.

H3omoHnuueckue pacmeopb. — pPacTBOPHI, MMEIOIIINE O~
HaKOBOE OCMOTHYECKOEe TaBJIeHUE.

IIPUMEP.

0,85% (0,15 mounn/x) pactBop NaCl B Bogie ipu 37°C umeeT ocMOTHYE-
CKOe JaBJIeHWe, PABHOE OCMOTHYECKOMY AaBieHMIo KpoBu (7,8-10° Ila).
Takue pacTBOPBI IPUMEHAIOTCA B OMOJIOTHY U MEIUIAHE.

3Hasi, YTO MOBEIEHNE PACTBOPA BEIECTBA MIOIUUHSETCS
3akony BauTt-I'oda, MOKHO BEIUYHCIUTL MOJIEKYJIAPHYIO Mac-
Cy 9TOrO BeIlleCcTBa MCXOIA U3 Po.y. 3 ypaBHeHusa BanT-
Todda (132) cnenyer:

Poew = CRT = (v/V)RT = (m/MV)RT.
Orcroza
M = mRT /pocyV - (152)

W3 sToro 3aKoHA CJIeAyeT TaK)Ke, UTO SKBUMOJIADPHBIE
(paBHBIE IO MOJISIDHON KOHIIEHTPAIIUU) PACTBOPHI Pa3HBIX
BEIIECTB IIPU OAMHAKOBOIN TeMIepaType WM PaBHOM O0BeMe
00/1a1aI0T OJUHAKOBBIM OCMOTHUYECKUM JaBJICHUEM, T. €. SB-
JISIOTCA M300CMOTHUUECKUMU.
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Jto BeITEKaeT us caexnyiomiero. s ypasaenus Baur-I'od-
(a MOKHO paccuMTaTh KOJUUECTBO BEIIIECTBA:

v =m/M = poenV/RT. (153)

Bugmo, uto, IpM IIOCTOSHHLIX TeMIIepaType m o0beMe
CHCTEMBI OHO 3aBUCHUT TOJBKO OT BEJIUUYUHBI OCMOTHUYECKOTO
TaBJIE€HUA.

11.10. 3BAKOH ®HUKA.
YPABHEHUE OHHIITEUHA. BASKOCTD

3akon ®duka.

Macca BemiecTBa (m), TpoIleAlas 3a OIpegeJeHHOe Bpemsa ()
Jepes OIpesIeJIEHHYIO IJIOManh TpaHunsl (S), pasaesdiolieil pacTBOPEI
OJJHOTO U TOTO ’Ke BeIllecTBa pasHOU KoHIeHTpanuu (AC), paBHa:

m = —DStAC/Ax, (154)

rae AC/Ax — rpafueHT KOHIleHTpaIuii pacTBopa, D — KoahdUIUeHT
nuddysun, paBHBIN KOJIMYECTBY BEIECTBA, KOTOPOE IIEPEXOAUT 3a OJTHY
CeKyHJy 4epe3 KBaApPaTHBIA CAHTUMETpP ILIOLIAAW T'PaHUIBI Gas3 Ipu
rpafveHTe KOHIIEHTPAIUi, PABHOM €JUHUIIE.

Hns gactunsl paguyca r koahdunuesHT nuddy3un pacCINTHIBAET-
cd 10 YpaBHEHUIO JWHIITeHHA:

D = (RT/N,)(1/6nnr), (155)

TIe 1 — BASKOCTH pacTBopuTesd. Ee BesmumHA MOKa3BIBAET CIIOCO0-
HOCTb PACTBOPUTEJS COIPOTUBIATHCA TE€UEHUIO.

Besmunna xkoaddunuenra suddysun 3aBUCUT OT MOJIAPHON Mac-
CHI BelllecTBa, ¥, YeM OHA MEHbIIE, TeM 0OJIbIIe CKOPOCTH CAMOIIPOM3-
BOJILHOTO IlepeMellleHus ero YacTull.

IITPUMEPBI.
M D-107 moxb-cM?/c
MoueBuHa 60 110
Tnunepun 92 73
Caxaposa 342 38

Awnunwiit ans6ymus 43800 7,7

11.11. 9BYJHUOCROIIN .
BTOPOU 3AKOH PAYJIS
(OBYJIHOCKOIINYECKHH)

I0yIMOCKONIUS — pasfieli, U3yUaloluil 3aKOHOMEPHOCTH
Imepexofia BEI[eCTB M3 KUIKOTO COCTOSHUS B rasoo0pasHoe
OpU yBeJIWUEHUU TeMIepaTypbl. PusmuecKoi IIPUUYNHONA Ta-
KOro Iepexoja, Kak y:Ke orMeuasioch (cM. riiaBy «@as3oBbie
DPaBHOBECUs»), ABJIAETCA YBeJWUEHUE CKOPOCTU ABUIKEHUSA
MOJIEKYJI JKUIKOCTHU IIPU HarpeBaHUU, IPUBOJALAIIEe K ee pac-
IIUPEHUIO B pe3yJIbTaTe YBeJIUUYeHUS BHYTPEHHETrO NABJIEHUSA
¥ HapYIIIeHIIO MEXXMOJIEeKYIAPHBIX B3auMoaeicTsuii. IIpu sTom
BO3pACTAaeT JOJIs MOJIEKYJI, OTPHIBAIOIIINXCSA OT €€ IIOBEPXHO-
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CTHU U IIepexonamniux B ra3. Ha-  p.«/la

|
KOHEII, IIPY HEKOTOPOI KPUTHU- L AT i I
YeCKOIi TeMIIepaType JaBJieHne L o s
B JKUJKOCTH OKa3bIBAETCA paB- 50 Pacmsop /__"@msop
HBIM JABJICHUIO ITapa Haj JKUj- r g
KOCTBIO I OHA IIePeXOJUT B CO- | A"‘[mn
CTOsIHWE Tasa. JTO TeEMIEpaTy-
pa KUIeHUS SKUTKOCTH. ! LPE
B cootrBercTBUM ¢ ITlepBhIiM g 100
saxkoHOM Payis naBienue ma- Pasosan 0ua}e);;}n2ﬂ§a cocmoaruil
pa pacTBOpHUTEJNA Hajd PacTBO- 600bL U 8001020 pacmeopa
HeaJlexmpoauma

pOM Bcera HUKe, UeM HaJ| Uuc-
TBIM pacTBoputesieM (puc. 28). ITO pe3yabTAT B3aMMOIEH-
CTBUSA YACTUIl PACTBOPUTEJISI C PACTBOPEHHBIM BEIIeCTBOM.
CiiemoBaTesIbHO, YTOOBI JOCTUTHYTh 3HAUCHHUS TaBJIEHN IIapa,
COOTBETCTBYIOIIIETO UMCTOMY PACTBOPHUTENIO, T. €. IE€PEBECTH
PacTBOPUTEJNL B COCTOSHME rasa, HeoOxoauma 0oJiee BbICOKAS
TeMIIepaTypa, 4eM JJI YHNCTOr'0 PACTBOPUTEJ.

IIpuuem, Kak caemyer us IlepBoro 3akona Payns, pas-
HOCTh MEXKIy AaBJIEHWEeM Iapa Hal PacTBOPOM U YHCTHIM
PaCTBOPUTEJIEM MPSAMO IIPONOPIIMOHAJbHA KOJUYECTBY pa-
CTBOPEHHOro BernecTsa. CiiefoBaTeIbHO, C YBEJIIMUECHNEM 9TOTO
KOJIMUYEeCTBA JIMHEHHO JOJI’KHA YBeJINUNBATHCSI U TeMIIepaTy-
pa KUIEHUA PacTBOpPa. ITO MO3BOJIAET IO HOBBIIIEHUIO TEM-
mepaTypsl KUIEHUS PacTBOpPa OMpPEeNessiTh KOJUUYECTBO pPa-
CTBOPEHHOTO BEIleCTBA. B 3TOM 1 COCTOUT MeTO[ 30YJINOCKO-
MY, WCIIOJIb3yeMBbIi IJI PACTBOPOB HEDJIIEKTPOJIUTOB.

Bropoii 3akon Payaa (30yamocKomuuecKuii).
ITosviuwieHue memnepamypsvl KUNEHUS pacmaopa nps-
MO NPONOPUUOHALLHO MOJLALLHOU KOHUEHMPAUUU PACTE0-
PeHH0z0 8euwecmaa.
AT un = EC,,, (156)

rae E — sbyauockonnuecKas MOCTOSHHAA, 3aBUCAIIASA TOJIb-
KO OT IPUPOALI pacTBopuTenad. Has Boasl oHa paHa 0,52.
ITonb3ysich 9TUM 3aKOHOM, MOXKXHO IIO HOBBITIIEHUIO TEM-
mepaTypsl KHUIIEHUS PacTBOpPa OMNpPe[esdaTh He TOJBKO ero
KOHIIEHTPAINI0, HO U MOJIAPHYIO MacCy PacTBOPEHHOTO Be-

IIeCTBa, 3HASA €ro MacCy M MOJISAJIbHYIO KOHIIEHTPAIUIO.
M = mB-Ba/mp-JIHCm = mB-BaE/mp-JIﬁAT}CI/IH. (157)
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11.12. KPUOCKOIINS. BTOPOV 3AKOH PAYJIS
(KPHOCKOITHYECKHH)

Kpuockonus — 3To pasges, M3ydaloIluii 3aKOHOMEPHO-
CTU 3aMep3aHus JKUIKOCTell. 3aMep3aHue — IIPOIleCC Iepe-
XOJla BeIlleCTBA M3 KUAKOIO COCTOSHHS B TBEPAOE IIPU OX-
JaKAeHNN. DTOT Iepexo]] CBI3aH C TOPMOKEHNEM JBUKEHU s
MOJIEKYJI U YBeJIWUYEHWEM CUJILI UX B3aUMOJIEeHCTBUA IIPU II0-
HUKEeHUU TeMIOepaTypbl. B pesyibTaTe mpu HEKOTOPOH KpH-
THUUYECKOIl TeMIepaType (TeMIlepaType 3aMep3aHusi) 60Jiee BbI-
TOTHBIM CTAHOBHUTCS CYIIIECTBOBAHNE BEIIECTBA B TBEPIOM BHIE.
Ecnu B pacTBOpUTEIE HAXOAUTCS PACTBOPEHHOE BEIIECTBO, TO
IIPU TeMIEepaType 3aMeP3aHUA YaCTh MOJIEKYJ PACTBOPUTEISA
OKAa3bIBAeTCs CBA3AHHOM C MOJIEKYJIaMU DPACTBOPEHHOTO Be-
IIeCTBA M He IEPEeXOAUT B TBEPAOE cocTosgHUe. [{asa aToro
HAIO IOIOJHUTE/JLHO IIOHU3UTh TEMIIePaTypy, IPUUeM, TeM
HIUKe, JyeM O0O0JIbIlle KOJUYECTBO PACTBOPEHHOTO BEIIECTBA
(cm. puc. 28). CremoBaTeabHO, IO TOHMKEHUIO TEMIIEPATYPBI
3aMeps3aHusA PACTBOPA MOYKHO OIIPENEJUTH ero KOHIeHTpAa-
1uio. B 5TOM COCTOUT CYITHOCTH METOAA KPUOCKOIUY, IIPUME-
HUMOTO JJII PAaCTBOPOB HEIJIEKTPOJIUTOB.

Bropoii 3akon Payna (kpuockonudeckmin).

ITonusxcenue memnepamypvl 3amMepP3aHUSL PACTBOPA
NPpAMO NPONOPUUOHALLHO MOJALLHOU KOHYEeHMPAYUU Pa-
CMBOPEeHH020 BeuLecmaa.

AT,.n. = KC,,, (158)

rge K — KpuocKommuecKas IOCTOSHHAS, 3aBUCAIIAA TOJb-
KO OT IPUPOALI pacTBopuTenad. as Boasl oHa paBHa 1,86.
B namHoMm MeToze, TaK JKe KakK B MeTOje 50yJIMOCKOINH,
MOJKHO II0 IIOHMKEHUIO TeMIIEPATYPhl 3aMepP3aHusA PacTBopa
OIlpeleiATh MOJSIPHYIO MacCcy pacTBOPEHHOTO BeIecTBa.

M = mB-Ba/mp-JIﬂCm = mB-BaK/mp-JIﬁATBaM' (159)

11.13. PACTBOPHI B ITPUPOJIE

B nipupoze pacTBOPBI UTPAIOT UPE3BBIYANHO BAYKHYIO POJIb.
HocTaTouHo cKa3aTh, YTO C PACTBOPAMHU CBA3BIBAIOT IOSABJIE-
HUe JKU3HU Ha 3eMJie U ee CYIIeCTBOBaHME cerogHA. B opra-
HU3Me PACTBOPaAMU ABJISIOTCA KPOBb, TuM@a, CIIOHA, JKEeIy-
IOYHBIM COK M T. A. B pacTBOopax HpoTeKaeT OOJIBIIIUHCTBO
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XUMHUUYECKUX M OMOXMMHUUYECKHX peaKmuii. B Bume pacTBo-
POB B OPTaHU3M IIOCTYIIAIOT MUTATEJbLHBIE BEIleCTBa 1 BHIBO-
IATCA U3 HEro muIaku. PacTBOPBI SBJAIOTCSA IEPEHOCUUKA-
MU OMOJIOTMYECKUX KOMIIOHEHTOB, JIEKAPCTBEHHBIX IIpera-
paToB U T. II. B OpraHuaMe. B Bue pacTBOPOB MBI BHOCUM B
MMOYBY yAOOpPEeHUS W STOXUMUKATEHI.

11.14. OCMOC B OPTAHH3ME

Knerounble CTEHKM PACTUTENBHBIX U JKUBOTHBIX TKaHEH
00J1a1a10T 30U PaTEeJIbHO IPOHUKAIOIEH CIIOCOOHOCTRIO I
pa3IMUYHBIX BelllecTB. Tak, KOHIEHTpAIUA KaJusa U MarHusa
B KJIETKE BBIIIe, YeM BHE ee, a HAaTPUsA U KaJbIUsI — Ha000-
pPOT, UTO OCYIIECTBJIAETCS U MOAAEPKUBAETC OIPeaeIeHHbI-
Mu MeMOpaHHBIMU OejKamMu (HampuMep OeJIKOM, Ha3bIBae-
MBIM «HaATPUHN-KAJNEeBLIM HACOC»). JTO CO3MaeT OCMOTHYE-
CKOe JaBJIeHUE B KJIETKe, o0eciieunBaroIiee ee Gopmy u hopmy
TKaHel, a TakiKe OIpeIesis-
eT Typrop, T. €. YIPYrocTh
KJeTok (puc. 29).

B pacrenmsax ocmoc, Ha-
PALY ¢ KaOIWJIJIAPHBIMY CHUJIA-
MU, 00eCIIeUBAET BCAChLIBAHIE
BOJBI ¥ IUTATEIbHBIX PACTBO-
pOB U3 MMOUYBHI. Ero BenumHa

3aBHCUT OT BUJA PACTeHHUA U ) Puc. 29
,Zleucmeue ocmomuiecKkozo
MecCTa ero nmpous3pacrTaHudd. 0agnenHus Ha KIeMOYHYI0 CIeHKY
ITPUMEPBI.

V¥V pacreHuit cpegHel MOJIOCHI BEJIMYNHA OCMOTHUYECKOTO AaBJICHUA
cocTaBiseT B cpenHeM 5—20-10° I1a, y pacTeHNit IyCTLIHD OHO BBIIIE —
170-10° TIa, a y pacTeHMIT B 30HAX C IOBBIIIEHHOH BIAXKHOCTHIO HIKEe —
0,8-4-10° Ila.

WsMeneHre KOHIIEHTPAIUiT PasiMYHBIX KOMIIOHEHTOB BHE
KJIETKU MOJKET IPUBECTU K M3MEHEHUIO, HAIIPUMED ITOBBIIIIEH-
HOTO BHYTPUKJIETOYHOTO OCMOTHYECKOTO JABJIeHUA. ITO, B CBOIO
ouepenb, MOYKET BBI3BAThL HAPYIIIEHUWsS B KJETKE BILIOTH IO ee
TIOJIHOTO Pa3pyIlieHus (TaK Ha3bIBAEMBIH «OCMOTHUYECKUIA ITIOK» ).

Onkxomuueckoe 0agneHue — 3TO YaCTh OCMOTHUUECKOTO
IaBJIeHUsd, oupeaeiseMasa KoHIleHTpanuei 6enxkoB. IIpu ro-
JOJaHWY OHO YMEHBIITaeTCsd, UYTO CBA3aHO C ITOTepeil OeJTKOB
OpPraHm3MOM. OTO MOMKET OBITHL BBLIBBAHO UM 3ab00JeBaHUEM
MoYeK. YBeJUUYeHNe BOALI B OPTaHM3Me B dTUX YCIOBUAX
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OPUBOAUT K OBOJHEHHUIO TKaHeli (orekam). ITpu aTom ymoTpes-
JleHWe PAaCTBOPOB COJIEM MOYKET TOJBbKO YXYIAIIUTH COCTOS-
HUe OpraHms3Ma.

9t GaKTBl MOMKHO IIPOMJLIIOCTPHUPOBATH Ha IIpUMepe
KYJbTYPBbI KJIETOK, IIOMEIIeHHBLIX B UYHCTYIO BOAY, Y KOTO-
PBIX B peayJbTaTe BO3PACTAHUA OCMOTHUUYECKOTO IABJIEHUS
HabOJOmaeTcsa paspylienue (JIM3KUC), KOTOPOE B Caydae spu-
TPOIMTOB HA3BIBAETCS I'eMOJIN30M. PacTBOPHI, MMEIOIIHe OC-
MOTHUYECKOe JaBjJeHne, MeHbIllee, YeM Yy KPOBH, Ha3bIBAIOTCA
TUIIOTOHUYECKUMU.

B To :Xe BpeMs B KOHIIEHTPUPOBAHHLIX PACTBOpPaX coJieit
MPOUCXOAUT CMOPIITUBAHME KJETOK WM Hapylienmue nux GyHK-
nuii. Takue pacTBOpPbI, UMEIOIINE OCMOTHUYECKOEe JaBJIeHUeE,
O0osbillee, YeM y KPOBU, HA3BIBAIOTCA THUIIEPTOHUUECKUMU.

Hampumep, yBe/inueHre KOHIIEHTPAIIUN COJIM WM caxa-
pa IPUBOAUT K rube/ii MUKPOOPTaHU3MOB B TAKOM pacTBOpe
B pe3yJIbTaTe YBEJINUEHUsSI BHYTPUKJIETOUHOTO JABJIEHUA. ITO
HCIIOJIb3yeTCsA IMPU KOHCEPBAIIMU IIPOIYKTOB.



T'JIABA 12

PACTBOPbI
JJERTPOJUTOB

12.1. U”BOTOHUYECKUI KOIPPUITUEHT

IToBemeHme pacTBOPOB MHOTHX BEIECTB MOAUUHAETCA ypPaB-
"Heuuio Baut-T'odda (132). Ho cyirecTByoT coefuHeHN, IO-
BeJleHIIe PaCTBOPOB KOTOPBHIX MOXKET ObITH OIMMCAHO ypaBHE-
HueM Tuia ypaBHenus Baut-T'odda:

Pocw = ICRT, (160)

rae i — M30TOHUYECKUH KOa(pPUuIeHT, 3aBUCAIIUN OT KOH-
IeHTPaIUy PacTBOpA.

H3omonuyeckuil Koaghuyuenm MoKasbIBAET, BO CKOJIb-
KO pas YmCJIO YacTUIl, 00pasyeMbIX PacTBOPEHHBIM BeIIle-
CTBOM B pacTBOpe, OOJIBbIIIE UKCJIA B3STHIX €ro MOJIEKY.JI.

i = C‘IaCTI/Iu/CMOJleKyJI‘ (161)

IIpu ogmHaKOBO# KOHIIEHTPAIIMU MOJIEKYJI IJIS 9THUX CO-
eIMHEeHU MOYKHO 3aINCATh OTHOIIIeHNE (PU3UKO-XUMUUECKUX
IMOKasaTeseil peaJbHOI'0 U UAEaJbHOI'0 PACTBOPA KaK:

i = n,/n” = AT-V’ICI/II'I./AT"”ICI/IH. = AT’SaM./AT,'SaM. (162)

CiemoBaTesbHO, BEJIMUNHY M30TOHUUECKOTO KO3 dumu-
€HTa MOXKHO OIIPEeNeJINTh, NCXOAA U3 OCMOTUUYECKOTO JaBJie-
HUA, TeMIlepaTyp KUIIeHUSA WU 3aMep3aHusA PacTBOPOB, a
TaKKe JIPYTIUX KOJJIUTaTUBHBIX CBONCTB, CBA3AHHBIX C UMC-
JIOM YacTHUIl, B pacTBODeE.

IIPUMEPBI.

Ona 0,2N pacreopa KCI uzoronnueckuit Koah@UIUEHT OKasaacs
onuskum 2, a giasa 0,2N pacrBopa MgCl, — 6auskum 3. CiaegoBaTeib-
HO, YMCJIO 4acTuUIll B pacTBope B ciayuae NaCl B 2 pasa, a B ciyuae
MgCl, — B 3 pasa GoJbliie, 4eM OBLIO B3ATO MOJIEKYJI:

KCl = K" + C17;
MgCl, = Mg?* + 2Cl.
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Orcroga OBLI coesiaH BBIBOJ O CIIOCOOHOCTH 3TUX COeLIHE-
HUH K JUCCOIMAIINY UM paciany Ha MOHEI B BoJe. B moin3y
IIOSABJIEHNSI B PACTBOPE 3aPSAKEHHBIX YacTull (MOHOB) CBHUIE-
TeJILCTBOBAJIA CIIOCOOHOCTD ATUX PACTBOPOB MMPOBOAUTE dJICK-
TPUUYECKUHA TOK.

12.2. TEOPHUS
IJERTPOJIUTHYIECKON JUCCOIIMAITNHN

IIpuBeneHHBIE BBIIIE U AaHAJIOTUYHELIE UM PE3YJIbTATHI Ha-
VYHBIX WCCJEeNOBAHUU IMO3BOJIUIN APPEHUYCY MPEITIOKUTH
TEOPUIO BJIEKTPOJIUTUYECKON NMCCOIIUAIINN.

Teopus 3JeKTPOIUTHUYECKON muccomuanuu (AppeHuyc,
1884).

1. dnexmporumuueckas Ouccoyuayus — npoyecc pac-
nada moaexyn onpedeneHHblx coeOQuHeHUll (3eKxmponu-
mo6) 6 pacmeope HA UOHbL nod Oeilcmeuem NONAPHbLLX
MoseKya pacmaopumens. Kamuonvt — uoHbL memannos
uau canoxcHole uonvt (NHY ), ooaadaouiue nosoxumes-
HolM 3apadom. AHUOHbL — UOHbL KUCAOMHBLLX OCMaAm-
K08, o0aadanuiue ompuyamesibHblm 3apidom.

2. IIo0 Oeiicmeuem B8HeULHeEz0 INCKMPOMAZHUMHOZ0
noJsL UOHBL 08UNCYMCS K ILeKMPoo0am: KAmuoHsvl. — K om-
puyamenvHomy snekmpody — Kamoody, AHUOHbL — K No-
JOHCUMEAbHOMY 3INeKmpoldy — arnody.

3. IIpoyecc duccouyuayuu obpamum.

HoHHbI Kpucmann Pacmeop Mexanusm AUucconann CBA-

3aH ¢ OpHeHTaIuell IoJAPHBIX MO-

JIEKYJI PACTBOPUTEJIA OTHOCHTEIh-

HO MOJAPHBIX MOJIEKYJ PAacTBO-
PEHHOTr'0 BellleCTBa, UYTO IPUBOJTUT

K 0CJIabJIeHII0 COOTBETCTBYIOMIIX

cBa3eil B BTOM BellleCTBe U CIIO-

Egﬁﬁﬁm; COBCTBYeT ero AWCCONMAIMH Ha
ot pombpl. DTO HaOJMIONAaeTCa B IIO-
JIAPDHBIX PACTBOPUTENAX UJIU B
pacIiaBax IOJAPHBIX BeIeCTB

(puc. 30). Hampumep, Boga YMEHb-

Vo 30 IIaeT IPOYHOCTb CBASEH B KPHC-

duccoyuayuu tasne NaCl npumepro B 80 pas.

Nonapyas monexyna
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12.3. CTEIIEHDb
N KOHCTAHTA JUCCOIIMAIINHN

Eciu 0bI Bce MOJIEKYJIBI 3JEKTPOJIMTA PACIAfANCh Ha
MOHBI, TO M30TOHUYECKUH KOI(PPUIIMEHT HPenCcTABIAT ObI
co0oii 1meoe uncao. B meificTBUTEeILHOCTH B PACTBOPE BCeraa
CYIIIECTBYET PAaBHOBECHE MEXKIY MOJEKYJaMU JJIEKTPOJIUTA
M eT0 MOHAMU, II03TOMY BBEJE€HO IMOHATHE O CTEIIeHU AUCCO-
IMUAIAA 3JIEKTPOJIUTA.

Cmenenv OJuccouyuauyuu — OTHOIIEHNE YMCJIA MOJEKYJ
BJIEKTPOJINTA, MOJHOCTHIO PACIaBIINXCS HA MOHBI, K 00IIe-
MY B3ATOMY UX YHCIY.

o = nnncc./NoﬁLu. (163)

Hcxopsa m3 MOJAPHON KOHIEHTPAIIUY 3JIEKTPOJINTA, CTe-
IeHb AUCCOIIUAIINY MOJYKeT OBIThL IPeACTaBJIeHA B BUIE:

a = szcc./coﬁm. (164)

Yem OoJibllle CTEIE€Hb AUCCOIHAIINU DJEKTPOJIUTA, TeM
OH cUJIbHeEe.

CBs3b CTEIeHU AUHCCOIMAINU 3JIEKTPOJUTA C M30TOHM-
YeCKUM KO3(P(PUIIMeHTOM ero pacTBOpa OMMCHIBAETCA ypaB-
HEeHNeM:

a=(@i-1)/(n-1), (165)

rie n — UYHCJIO0 MOHOB, 00pasyoIMuXCsS IPHU IUCCOIUAIIN
OJTHO¥T MOJIEKYJIBI BJEKTPOJINTA.

Konemarnmoil duccoyuauyuu >JIEKTPOJIATA HA3BIBAETCS
KOHCTaHTa paBHOBECUS peakIuu guccoruanuu (cm. riiasy 10
«3aKOH IEeHCTBYIOINX MAacC TEPMOINHAMUYECKUI» ).

PaBHOBecue B peakIum gucconualniuiy HaOJ0IaeTcsa Bce-
rma. OgHaKoO peaJbHO KOHCTAHTY 3TOTO PABHOBECUSA PaCCUU-
TBIBAIOT B TOM CJIy4ae, KOT[a 3JIeKTPOJIUT ABJISIETCA CJAa0bIM,
T. €. CTeIIEHb eT0 AUCCOIUAIINY MaJia.

IIPUMEP.
PaCCMOTpI/IM JAUCCOIIHUAITUIO ¢c1a00T0 OCHOBAHUA — TUOPOKCHUIOA aM-

MOHUSA:

NH,OH = NH,* + OH".
Jns 9TOM peaKIMM MOYKHO 3aIlMCaTh KOHCTAHTY PaBHOBECHU:
K¢ = [NH,"[OH ]/[NH,OH].

OnHa HasbkIBaeTCsA KOHCTAHTOM ArCCOuanuu.
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12.4. KIACCHOURALINA
IJEKTPOJHUTOB

Teopus Bpencrega—Jloypu
1. Rucnioma — anexkmpoaum, 0uccoyuupyrowuil 8 pa-
cmaope ¢ 06pa308aruem KamuoHos 800opoda ( NPONMoOHOs ).

ITPUMEP.
HNO; = H* + NO;~.
OcHOB8HOCMb KUCLOMbL OTIPEIEIsIeTCA YUCIOM IPOTOHOB,
00pasyoIIUXCcs B pe3yJbTaTe IIOJHON IUCCOIHAIINU €€ MO-
JIEKYJIBI.

ITPUMEPHEI.

HCl — opnHoocHOoBHasa Kuciaora, HySO, — ABYXOCHOBHASA KUCJO-
Ta, H3PO, — TpexocHOBHasA KucCJOTA.

2. OcHosaHue — anexmpoaum, OUCCOUUUPYOULULL 8
pacmsope ¢ o6pas3osanuem 2udpoKcud-aHUOHO8.

ITPUMEP.
KOH =K' + OH".
Kucnomnocmv ocHosaHus orpegesdeTcda YUCJIOM I'mapo-
KCHUJIbPHBIX I'DYIIII B €TI0 MOJIEKYJIE.

IIPUMEPHI.
NaOH — opuoxuciorHoe ocHoBanume, Ca(OH), — aByKuCIIOTHOE
OCHOBAHWUE.

3. Ampoaum — anexmpoaum, cnocobHvlil K ducco-
Yuauuu 8 pacmaeope no KUCL0MmHOMY U OCHOBHOMY Mexa-
HU3MAM.

IIPUMEPHI.
2H" 4+ ZnO,™ = Zn(OH), = Zn%" + 20H".
H,O = H* + OH".

Amdbonuramu (amGOTEepHBIMU OCHOBAHUAMMU) SBJIAIOTCS
OCHOBaHUA aM(pOTEPHBIX METAJIJIOB, & TAaK:Ke OCHOBAHUA Me-
TAJLJIOB B IIPOMEXXYTOUHBIX CTEIIEHAX OKMCJICHUSI.

Hampumep, TUAPOKCUL JKejie3a B HUBKOUM CTeIeHU OKHUC-
aeuus (II) asasaerca ocuoBanuem: Fe(OH),, B BbIcIIell cTe-
nenu oxkucaenusa (VI) — xkucaoroii: HyFeO, (He cymiecTByeT
B CBOOOZHOM BHIE), a B IPOMEKYTOUHOMN CTEeIeHU OKUCJe-
Hua (IIT) — amdpoaurom: Fe(OH);.

4. Cono — anexmpoaum, Ouccoyuupyruwuil 8 pacmeo-
pe ¢ 00pa3oeaHuem KAMUOHO8 MEMALLA ULU CILOHHbLX
KamuoHOo8 U GHUOHO8 KUCJLOMHOZ0 0CMAMKQA.
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Cosu menATcAa Ha cpefHUe, KUCJIble 1 OCHOBHbIe. Hampu-
mep, Nay,CO3; — cpemuasa coab, NaHCO; — kKwucaas coJb,
Mg(OH)Cl — ocHOBHas COJIb.

IIpoTronHas Teopud.

1. Kucnoma — coeduHeHue, sgnsioujeecsi OOHOPOM
npomomHos.

2. OcHnosaHnue — coeduHeHue, A8A0ULeeCs AKUEeNmo-
PpomM npomoHo8.

Kucaora u ocHOBaHME B 9TOH TEOPUU CBA3AHBI MEXKIY
€000 cilenyouM ypaBHEHUEM:

OcuoBanue + H* = Kucaora

Kucmora u OCHOBaHUE, CBA3aHHbIE TAKMM YPDaBHEHUEM,
Ha3bIBAIOTCA COIIPAXEHHBIMM.

ITPUMEPBI.

NH; +H* = NHj;

OCHOBaHHe KHCJIoTa

Cl- +H*= HCl .

OCHOBaHHEe KHCIoTa

B cooTBeTcTBUU ¢ mJaHHOI TEOpUEN HEKOTOPhIEe BelllecTBa
MOTYT IPOABJATH ce6s1 KaK KUCJIOTA UJIN OCHOBaHUE B 3aBU-
CHMOCTHU OT YCJIOBMUIA.

IITPUMEPBI.
PaccmorpuM moBejeHME BOABL B CIEAYIOINX PEAKIIUAX:

NH; + H,0 = NH,* + OH;
HC1 + H,0 = C1- + H;0".

B HeupBOM cIy4dyae MOJIEKYyJia BOABI OTHAaeT IIPOTOH, T. €. ABJIAETCA
KHcCJaoTou, a BO BTOPOM IIPUMHHMAaeET, CJIeJOBAaTEeJIbHO, ABJIAETCA OCHO-
BaHUEM.

Teopus JIsrouca.

1. Kucnioma — eewecmeo, a8as10ujeecs AKyenmopom
anexkmporHoil napvl. OHa npu 06pa308aHUU COCOUHEHUS
npurnumaem 06a 3J1eKMpPOHA.

2. OcHosaHue — geuiecmeo, ssaswuieecsi 00HOPOM
asekmporHoil napvl. OHO npu 06pPa308aHUL COCOUHEHUS
omdaem 08a 3JleKMPOHA.

IIPUMEP. H' + :NH; < NHj.

Kucmjora OCHOBaHUE
K xucaoram JIstouca oTHOCATCA:
1) MOJIeKyJIbI C HE3ATIOJTHEHHOM BOCHhMUIJIEKTPOHHO KOH-
durypanueit, Hanpumep BFs;
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2) KaTHOHBI B KOMILJIEKCHBIX COeJUHEHUIX, HanpuMep Ag™;

3) rajoreHUABI METAJJIOB C HEHACBHIIEHHBIMU KOOPAMHA-
IMOHHLIMU cBsA3amu, Hanmpumep TiCly;

4) MOJIEKYJIBI C TOJIAPU30BAHHBIMU ABOMHBIMU CBA3AMIU,
"Hanpumep CO,.

K ocumoBanmawm Jlbiomca oTHOCATCSA:

1) MOJIEKYJIBI C TMOJIAPUBOBAHHBIMU 3JE€KTPOHHBIMU OP-
ouranamu, Hanpumep NHs;

2) aHMOHBI B KOMILIEKCHBIX coequHeHuAx, Hanpumep OH™;

3) opraHuvyecKue COeIUHEHUS C HEMpPeAeJTbHBIMU CBABS-
MU, HanpuMmep Mmojekyia stuinena: CHy, = CH,.

12.5. MOJIEKYJAPHO-UOHHBIE YPABHEHUS
B peakmun:

HCl + NaOH = NaCl + H,0,

ec/Ii OHa IPOTEeKaeT B BOJE, PealbHO YUACTBYIOT He MOJIEKY-
Jbl cuibHBIX dyeKkTpoauTos (HCI, NaOH, NaCl), a uonsl, Ha
KOTOpPBIE OHU TUCCOLMUPOBAHLI. MOJIEKYJIBI BOABI IIPU 3TOM
IIPaKTUUYECKHU He AUCCOLUUPOBaHLl. Caeq0oBaTe bLHO, OIS JaH-
HOH peaKIuM B PACTBOPE MbI JOJIKHEI 3alCATh CJAEIYIOIIee
ypaBHeEHU’e:

H* + CI” + Na* + OH™ = Na™ + C1~ + H,0.

ITO MOJITHOE MOJIEKYJIAPHO-UOHHOE ypaBHEHUE.
ITocye cokpallieHUA IOJIydaeM:

H* + OH- = H,0

9TO COKpAII[eHHOEe MOJIEKYISIPHO-NOHHOE YpaBHEHUE.

Taxum oOpasom, peaKIusa HeATPaIN3aIlu CUJILHON KHC-
JIOTHI CUJILHBEIM OCHOBaHUEM CBOJAUTCS K PeaKInu oOpa3oBa-
HUSA MOJIEKYJIBI BOABI M3 IPOTOHA U T'MAPOKCUA-aHMOHA. JTa
peaknua odpaTuMa, HO BOJA — CJIAOBIN 9JIEKTPOJIUT, IIO3TO-
My PaBHOBECHE CHJIBHO CABUHYTO BIIPABO. JTO SBJISETCS IPU-
YHHOM TOTO, UTO MHOTHE PEAKIINY HEHTPATIU3aIuY UAYT IPaK-
TUYECKHU IO KOHIIA.

IIpaBuso.

Ilo Kxonua udem awb6as peaxkuyus, 6 pe3yibmame Ko-
mopoil U3 CUNbHBLX INCKMPOLUMOE NOLYLAMC MALO-
JuccoyuuposanHble UAU MAIOPACBOPUMbBLE COCOUHEHUSL.
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IIPUMEP.
Peakmusa:
AgNO; + HCI = AgC1! + HNO,

CBOOUTCA K PEeaKI[UuM:
Ag® + ClI” = AgCl (MoseKyIapHO-HOHHOE ypaBHEHMe).

Takue ypaBHEHUS OTHOCATCA K MOJIEKYJIAPHO-MOHHBIM.
Hina mx cocTaBjieHMA HAJ0 3HATH PACTBOPUMOCTH COOTBET-
CTBYIOIIIUX COeTUHEHUN.

PaccmoTpuM HECKOJBKO IPUMEPOB PeaKIuy HeruTpasiu-
3aIui.

1. HefiTpanusamusa ciaboil KMCJIOTHI CUJIBLHBIM OCHOBA-

HHUEM.
CH;COOH + NaOH = CH;COONa + H,0;

CH;COOH + OH™ = CH3COO™ + H,0
(MOJIEKYJISIPHO-MOHHOE YPaBHEHUE).

B 7meBoii m mpaBoil uyacTAX ypaBHEHUS MHIPUCYTCTBYIOT
cyabble 3JIEKTPOJIUTEI, CIE€OBATENIbHO, TaKaA PeaKIud UIeT
He J0 KOHIIA, & TOJIBKO J0 COCTOAHUS PABHOBECHUS.

2. HetiTpanusanmusa CUJbHON KHCJOTHI cJIa0BIM OCHOBA-

HUEeM.
HNO; + NH,OH = NH,NO; + H,0;

H* + NH,OH = NH," + H,0
(MOJIEKYJISIPHO-MOHHOE YPaBHEHUE).
B cucreme Tak:ke ycTaHABJINBAeTCA paBHOBECHUE.
3. Hedirpanusamusa ciaaboil KUCJIOTHI cIabbIM OCHOBA-
HUEM.
CH3;COOH + NH,OH = CH;COONH, + H,0;
CH3;COOH + NH,OH = CH3;COO™ + NH," + H,0
(MOJIEKYISIPHO-MOHHOE YPaBHEHUE).

B cucreme ycranaBiuBaeTca paBHOBeCHE, CABUHYTOE BJIEBO.

IIpaBumo.

Pearyuu Helimpanrudayuu, 6 KOMOPvLX YLacmaeyiom
CUJIbHOE OCHOB8AHUE U CUNbHAs Kucoma, 00x00am npak-
muuecku 00 korua. Ecau xoms 6v. 00un u3 peazenmos
caabvlil, mo 8 cucmeme YcmaHasiu6aemcs pagrHogecue.

B cayuae pacTBOpeHUSA TBEPABIX 3JIEKTPOJUTOB, HAIPU-
Mep coJiel, KOTOpbIe CIIOCOOHBI K MIPAKTUUYECKH IIOJIHOI auC-
coIMamuu, B CHCTEME IOCJIe HOCTUKEHUS COCTOAHUA HACHI-
IIIeHUA PACTBOPA TAKIKEe YCTAHABINBAETCA PABHOBECUE MEK-
Iy BEIIeCTBOM B OCaJKe M ero MOHAMU B PacTBODE.
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IIPUMEP.
CaS04 4 = Ca?* + 803

ocaziok PacTBop

A sToli peaKmuu MOXKeT OBITH 3amucaHa KOHCTaHTAa
paBHOBECU:
K = [Ca®"] [SO4*7]/[CaSO4]
WJIN, MOCKOJIbKY KOHIIEHTPAIIUA COJIM B OCaJKe IIOCTOSHHA,
TO ee MOYKHO BKJIIOUUTH B KOHCTAHTY paBHOBecus. IlosryueH-
Has BeJIWMUYMHA, KaK y:Ke oTMeuajoch (ryiaBa 6, pasmen «I'e-
TepPOTeHHBIE PEaKIUN » ), Ha3hbIBAETCS IPOU3BEIEHIEM PACTBO-
pumocTH coau (cM. TaKk:ke ypaBHeHue 112):

IIP = [CaZ™] [SO.27].
IIpaBuio.
B HacvluenHOM pacmeope dseKmpoauma npousgede-
HUe KOHUEeHMPAYUil ezo UOHO08 — 3MO BeJULUHA NOCMO-
AHHASA 0151 OAHHOU memnepamypul.

OHa ABJIAETCA KOJINYECTBEHHON XapaKTePHUCTUKOM CIIOCO0-
HOCTH 3JIEKTPOJINTA K PACTBOPEHUIO. 3HAS PACTBOPUMOCTE COJIH,
MOKHO HAMTU ee TPOM3BeJEeHNE PAaCTBOPMMOCTY U HAOOOPOT.

IIPUMEP.
Bossmem ycioBHYy0O cos MA.

MA! = M* + A",
ITycTs ee pacTBopuMocTh paBHa C (Mosb/i). Torga KoHIEHTpALIUAA
Kaoro nona pasua [M*] = [A”] = C (mousb/n). CregoBarenbHo,
IIP = [M'][A] = C2.

B rakux mpumepax KOHIEHTPAIIUM MOHOB MOXKHO WC-
MOJIL30BaTh TOJHLKO B pasd0daBJIeHHBIX PacTBOpPax, T. €. TOJb-
KO IJI MAaJIOPACTBOPUMBIX 3JIEKTPOJUTOB. B KOHIIEHTPUPO-
BaHHBLIX PACTBOPAax, T'ie MOHBI He BeAyT cebA He3aBUCUMO,
UX KOHIIEHTPAIIMM 3aMEeHAIOTCA HA aKTUBHOCTU — CM. HUXKE
(aHAJIOTMYHO 3aMeHe IapIMaJbHOTO JAaBJICHUS ra3a Ha ero
JIETYUYEeCTDb IIPU IePeXofie OT UAeaJbHOTO K peaJbHOMY rasy).

12.6. PACTBOPUMOCTD
SJEKTPOJUTOB B BOJE

KosdpduiimeHT pacTBOPUMOCTH UJIU TIPOCTO PACTBOPHU-
MOCTH TBEPABIX U JKUIKUX BEI[eCTB B PA3JIMUHBIX PACTBOPU-
TelaX, Kak y:Ke orMevasioch (cM. pasmen 11.8), MOKHO BbBI-
pakats B r/100 r pacTBOpuTENa. ITOT MOKA3aTeJah IIPUBO-
IUTCA B COOTBETCTBYIOIIUX CIPABOUHUKAX.
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Ananuz pacTBOPUMOCTH 3JE€KTPOJIUTOB B BOJAE IOKA3BI-
BaeT, UTO B CJIyuae 3JIEKTPOJIMTOB, O0PA30BAaHHBIX OJHO3a-
PASHBIMY MOHAMMU: KATHOHAMY U AaHNOHAMU, PACTBOPHUMOCTH
B BOJie KaK IIPABUJIO BBHIIIE, YeM Y JJIEKTPOJIMTOB, 00paso-
BAHHBIX MHOI'03apPAJHBIMYA MOHAMMU.

IIpaBumo.

Pacmeopumocmsv anekmpoaumos, 06pa3o8aHHuLX 00-
HO3aPA0OHbLMU UOHAMU, KAK NPABUJLO 8blule, YeM Y IJek-
MPOAUNOE, COCMOAULUX U3 MHO203APAOHBLX UOHOE.

B cayuae 9J€KTPOJUTOB, 00Pa30BaHHBIX OTHO3aPATHBI-
MU MOHaMu, HaOJII0JAI0TCA OIpeleeHHbIe 3aKOHOMEPHOCTH
B U3MEHEHUHU PACTBOPMMOCTHU IO Mepe YBeJWUeHUs pasMepa
OJHOTO M3 MOHOB — KaTuoHa ujau aHmoHa (Tabi. 8).

Ecau oguu 13 MOHOB, 00pa3yOIMUX SJIEKTPOJUT, OTHOCH-
TeJBHO MaJ (CM. COeIUHEHU JIUTUSA UIU (PTOpa), TO YBEJIU-
yeHHe pasMepa BTOPOro MoOHA (KaTWMOHa — CJieBa HAIIPaBo,
aHMOHA — CBEePXY BHU3), KaK IPaBUJIO, BbI3LIBAET BO3PACTA-
HUe ero pacTBOPUMOCTU. B ciydae 3JI€eKTPOJUTOB, 00paso-
BaAHHBIX OOJILIMMMU HWOHAMH (CM. COEIUHEHUS Ie3UA WUJIN
oma), BospacTaHme pasMepa BTOPOTO MOHA, KaK IIPaBUJIO,
BBI3LIBAET CHUKEHNE PACTBOPHMOCTHU. B OOJILIIIMHCTBE IIPO-
MEKYTOUYHBIX CJIyUaeB PaCTBOPUMOCTEL C BO3PACTaHUEM Pas-
Mepa IPOTUBOMOHA MPOXOAUT UepPe3 MUHUMYM.

Ta6ruua 8

PacTBOPHUMOCTD 3/IEKTPOJIATOR, OOPA30BAHHBIX
ogHOo3apagHeiMu noHamu (r/100 r Boger)

Karunonst
AHuoHbI

H* Li* Na* K* NH4* Rb* Cs*
Fe o 0,13 4,28 94,4 82,6 300 573
(25) (20) (20) (20) (18) (25)
OH- o 12,9 113 117,9 52,6 170 386
(25) (25) (25) (20) (15) (25)
cr 63,7 84,5 35,9 36,0 39,3 94,2 187
(30) (25) (20) (25) (25) (25) (20)
Br 193 170 94,6 68,1 74,2 113 123
(25) (25) (25) (25) (20) (25) (25)
J 236 167 184 149 177 169 85,6
(10) (25) (25) (25) (25) (25) (25)

B crobrax yrasana temmeparypa B rpajgycax llembcusi.



156 TEOPETHYECKHE OCHOBBI HEOPTAHUYECKOH XUMHUH

AnajornuHple 3aKOHOMEPHOCTH, KaK INPaBUJIO, HabJIro-
TalOTCA U B CJIydYae 3JIEKTPOJUTOB, OOPa30BAaHHBIX OHO3A-
PASHBIM ¥ JBY3apsSIHBIM MOHAMIU.

W3 Tabauisl BUAHO, UTO HAMOOJBIIIEH PACTBOPUMOCTHIO
00/1a1aF0T COeAUHEHNs, PACIIOJIOKEHHBIE B IIPABOM BEPXHEM
¥ JIEBOM HUKHEM YIJIaX, KOTOPhIE XapaKTepPUa3yIOTCs MaKCH-
MaJLHBIM pasjnuyueM B pasMepax o0pasyIomimX MX HOHOB.
Hckniouenne cocTaBiaAOT BoAa U (DPTOPUCTBIM BOAOPOM, pa-
CTBOPMMOCTH KOTOPOTO MPaKTHUUECKM OeCKOHEUHA 3a CUeT
0o0pas3oBaHusa BOJOPOIHBIX CBA3EH ¢ MOJEKYJaMU BOJIBI.

IIpaBuio.

Pacmeopumocmsv anexmposruma, 06pa3o8anHozo 00-
HO3apAOHbIMU UOHAMU, MeM Bbllle, YeM 60JbUle PA3HU-
ua 6 pasmepax 3Mux UOHO8.

OCHOBHBIMHY IPUUYNHAMY HAOII0IaeMbIX 3aKOHOMEPHOCTEH
SIBJIAIOTCS: U3MEHEHNEe [IPOYHOCTY KPUCTAINYECKON peleT-
KU COeIVHEHNS U M3MEeHEeHNe CTeIleHN TuApaTaIllii ero NOHOB
IpU M3MEeHEeHUH! X pasMepa.

12.7. ®AKTOPBI, BJAHAIONIHE
HA CTEIIEHb JHUCCOIUAIINHA
IJERTPOJUTA

IIpupoga 3nexTposura. Bce s1eKTpOIUTHI IO BeJIWYUHE
CTEeIeHN AVCCOITNAIINY JeJISITCS Ha CUJIbHbIe, cIa0ble U CpeJHIe.

1. o > 30% — cuIbHBIE DJIEKTPOJIUTEL.

K HuM oTHocuTcs OOJBIIMHCTBO BOLOPACTBOPUMABIX CO-
Jeli, TaJoreHOBOAOPOaHbIE KucaoThI (Kpome HF) u Kucaopona-
cozepJKaIue KUCJIOThI, Y KOTOPBIX IeHTPAJIbHBIA aTOM Ha-
XOAUTCS B BBICIIEHN CTeleHW OKHUCIeHUs (IJA 3JIEMEHTOB,
PACIIOJIOKEHHBIX B IIEPUOAMUYECKON CUCTEMe Ha AUAroHaIn
«azoT—ion» u Impasee ee). IIpuMepbl CUILHBIX DJIEKTPOJIH-
toB — HCI, H,SO,, HNO3, HMnO,.

W3 ocHOBaHHII K HUM OTHOCATCA TOJNBKO THUIPOKCHUILI
IIeJIOYHBIX U IeJIOuHOo3eMeabHBIX MeTasToB: KOH, NaOH,
Ba(OH),.

2. 0 < 30% — ciabble 3JIeKTPOJIUTEI.

K HUM OoTHOCATCS HEKOTOPHIE MaJIOPAaCTBOPUMEIE COJIH,
OGOJIBIITMHCTBO HEOPTaHUYECKMX U OPraHMYEeCKUX KHCJIOT, a
Tak:ke BCe OCHOBAHUS KpPOMe YKAa3aHHBIX BBIIE, B TOM YKC-
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ae NHOH u amdporepubie ocHOBaHUA, Hampumep, H,S,
Al(OH);3, Fe(OH)s,.

3.3% < a <30% — cpemHue JIEKTPOJIUTHI.

K aum ornocarca: HF, H;PO,, Mg(OH),, HNO, 1 Heko-
TOpPBIE APYTrue COeTNHEHU.

IIpupona pacrBopuresasa. UeM BuIlIe HOJAPHOCTb PACTBO-
puTesnsa, TeM OOJIBIIE CTENIeHb TMCCOIUAINY B HEM 3JIE€KTPO-
auta. [TonApHOCTh PACTBOPUTEIIS ONPEEeIAeTCs ero JUdJIeK-
TPUYECKO IPOHUIAEMOCTHIO (g).

Huasnexkmpuueckas npoHuyaemocms TOKa3bIBAET, BO
CKOJIBKO pa3 HaNpPSIKEeHHOCTH JJIEKTPOMArHUTHOTO TOJSA B
BaKyyMe BBIIIIE, UeM B JaHHOM BeII[eCTBe.

€= EBaRyyMa/EB-Ba- (166)

Yem oma BBIIIE, T€M BEIECTBO IOJSAPHEE, TEM CUJIbHee
OHO B3aMMOJEHCTBYeT C MOHAMMU 3JIEKTPOJIUTA.

MusmekTpuduecKkasd IpoOHUIaeMocTh € mpu 20°C:

H,0 NH; (-50C) C,H;0H CgHg w™moua KpoBb B-BO MO3Tra

80,4 22,7 24,3 2,3 82,2 85,0 90,0

Kouneurpamusd saexktrpoanrta. CTeneHs JUCCOIIUAIIAN CJIa-
60T0 SJIEKTPOJINTA BO3PACTAET MIPU YMEHBIITEHUN ero KOHIeH-
Tpamuu, T. €. I0 Mepe pa3baBJeHUA ero pacTBopa. ITOT GaxT
CTAHOBUTCS MOHATHBLIM, €CJIM PACCMOTPETh B 00IIleM BUIE pe-
aKINI0 TUCCOIUAIINY SJIEeKTPOJIUTA:

MA =M* + A",

CHuKeHUe KOHIIEHTPAIIUY TPUBOIUT K YMEHBIITEHUIO CKO-
pocTH U TpAMOIl M 00paTHOM peakIiuy, HO OOPATHOH — B
OoJIbIlIeli CTeIlleHKu. JTO CIeLyeT M3 YPaBHEHUN 3aKOHA Ieii-
CTBYIOIITUX MAacc (KMHETUUYECKOro, cM. ypaBHeHue 64):

Unp = knp[MA];
Uo6p = ko6p[M+][A7]'

CremoBaTesibHO, IPU pas3daBIeHUM pPaBHOBECHE B Peak-
I TOJI?KHO CABUTATHCA BIPABO, B CTOPOHY €€ MPOAYKTOB, B
pesyabTaTe OyaeT HaOSIOIAaTHCA BO3pACTAHWE CTEIEHU IVC-
coIaI iy 9JeKTPOJIUTA.

CremyeT OTMETHUTDH, UTO BEJIMUNHA KOHCTAHTHI JUCCOITHA-
I[AY 3JIEKTPOJINTA, KAK KOHCTAHTHI XMMUYECKOr0 PABHOBECHS,
He MeHsSeTCs IPU M3MEHEeHU! KOHIIEHTPAIlMN COeIuHEeHWH,
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YYacTBYIOIIUX B PEaKIIUU, B JAaHHOM CJIy4yae KOHIIEHTPAIUN
snekTposuTa (cM. raaBy 6, pasgen «@aKTOpbI, BIAUAIOIITE
Ha paBHOBECHUE»).

Temneparypa. HarpeBanue yBeIudymBaeT CKOPOCTH JIIO-
0ol peakmnuu. B cayuae CHIBHBIX 9JIEKTPOJUTOB, B PACTBOPE
KOTODPBIX MPUCYTCTBYIOT IPENMYIIIECTBEHHO NOHbI, YBeJInYe-
HUe TeMIIepaTyphbl IPUBEIEeT K BO3PACTAHUIO CKOPOCTH peak-
AU MeXKIy HUMHU, T. €. CABUHET PaBHOBECHUE BJIEBO, B CTOPO-
HY UCXOAHBIX BerecTB. CemoBaTebHO, OyAeT HabGII01aThCs
YMEeHbIIIEHUEe CTEIIeH! NUCCOIUAINY CUJILHOT'O SJIEKTPOJIUTA
IpU HArpeBaHUU.

B cayuae ciabbIX 5JE€KTPOJIUTOB, TIe B pacTBOpe IIpe-
VMYIIIECTBEHHO HaXOSATCSA HeIMCCOIMUPOBAHHBLIE MOJIEKY-
Jbl, YBeJWUYeHWEe TeMIIepaTyphl IPUBEIET K BO3PACTaHUIO
CKOPOCTH PEAKIINU UX JUCCOLUAINHU, T. €. CABUHET PABHOBE-
cue BIIPaBO, B CTOPOHY IIPOAYKTOB peakIuu. B pesyiabTare
IIpY HAaTrPEBaHUM YBEJINYMBAETCS CTEIEHb AUCCOINAIIUY CJIa-
060ro 3JIEKTPOJIUTA.

Jlo6aBiIeHe OOHOMMEHHOTO HMOHA, CBA3HIBAHHE MOHA.
OpHuM M3 CIIOCO00B CMEIIeHNSI PABHOBECUS PEAKI[UU JUCCO-
MUaIluy IBJseTCS Ao0aBJieHNe WX yaaJieHre OJHOMMEHHO-
ro MoHa. ITOT (PaKTOP XapaKTepeH, IJIaBHLIM 00pasom, IJsd
caa0BbIX DJIEKTPOJIUTOB, CTEIIEHb AUCCOIUAIINNA KOTOPBIX He-
Benmka. Hampumep,

CH,;COOH = CH,CO0~ + H*.

HobaBinenue K aToii cucreme arerar-aHuona: CH;COO~
nyrem npubasiaesaus conu CHsCOONa uau xatumona HT my-
TeM NPUOaBICHUA CUJIbHON KUCJIOTHI B COOTBETCTBUHU C IPHH-
nunoMm Jle Illarenrre—Bpaysa cmecTuT paBHOBECHE BJIEBO, T. €.
BBIBOBET YMEHBINIEHUE CTEIeHU AUCCOMUAINY KUCJIOTHI.

HobaByieHrE K TOMU Ke CHUCTeMe IIeJOUYM IPUBEAET K CBA-
3bIBAHUIO IIPOTOHOB B PE3YJIbTATE PEAKIIUU C THUIAPOKCHUL-
aHMOHaAMU ¢ oOpasoBamueM BoAbl. CiiemoBaTelbHO, B 3TOM
cayuae KOHIIEHTPAIuA IIPOTOHOB OyAeT YMEeHbIIaThLCA U PaB-
HOBecHUe peakIluy CABUHETCS BIIPABO B CTOPOHY YBEJIUUEHUA
CTEeMeHU AUCCOIUAIUU KHUCJIOTHI.

CBaA3bIBaHNe MOHOB MOYKHO OCYIIECTBJATh W IPYTHUMU
crmocobaMu: go0aBJIeHHMEM OCAAUTEJNs, KOMILIEKcooOpasoBa-
TeJd W T. M.
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IIpaBuio.

Ilo6asaenue k¥ pacmeopy cnabozo aiexkmporuma o00-
HOUMEHHO020 UOHA YMeHbuiaem cmeneHv ezo duccoyua-
yuu, a yoaseHue — yseruvusaem.

B ciyuae mazopacTBOPHUMBIX coJieil JoOaBiieHHMEe K HUX
HEHACBIIIIEHHOMY PACTBOPY OAHOMMEHHBIX MOHOB (MU CUJIb-
HOTO 3JIEKTPOJINTA) BHI3OBET OCAKeHUE COJIU.

IIPUMEP.
CaSO,d = Ca2t + 80,2

Ilo6asaenue uona SO,2~ B Buge conu Na,SO, IpuBefieT K cMelle-
HUIO PaBHOBECHA BJIEBO B coOoTBeTcTBuU ¢ npuHnunom Jle ITarenne—
Bpayna.

Ocaxpenue OyzeT HaOIOATHCA O TeX IIOP, TOKA IPOU3BeLeHUe
KOHIIEHTPAIlMi MOHOB HE CTAHET PABHBLIM IIPOU3BEJEHUI0 PACTBOPUMO-

CTHU COJIH: HPCaSO4 _ [Ca2+ ][SOE*]

IIpaBuio.

Pacmeopumocms anexmpoauma ymeHvllaemes npu
do6asneHuu 00HOUMEHHBLLX UOHO8 8 e20 PACMaEop.

Caencrsue.

CunvHble 31eKMPOLUMbBL BbLMECHAIOM CAA0ble U3 UX
pacmeopos.

12.8. CHJIBHBIE 9JERTPOJINTELIL.
AKTHBHOCTH. HOHHASA CHJA PACTBOPA

CusibHBIE BJIEKTPOJUTHI OOBIYHO IIOJTHOCTHIO AMCCOIUU-
POBaHBI B BOJie, II0ATOMY UMCJIO UX MOHOB B PACTBOPE BEJIH-
Ko0. B HepasbaBIeHHBIX PACTBOPAX PACCTOSHUA MEKAY MOHA-
MUy HebOJIbIlINe, B Pe3yabTaTe KATHOHBLI M AHUOHBI 3JI€KTPO-
CTaTUYeCKU B3aMMOJAEHUCTBYIOT APYT C APYTOM.

Hampumep, B HaceiimenEoM BogaoM pactBope NaCl pac-
CTOAHUE MEXXIy WMOHaMU IPUOJU3UTEIbHO BIBOE OOJIbIIIE,
uyeM B KPHCTAaJLIE.

B Takumx pacTBOpax HMOHBI HEe BeAyT ce0sS He3aBUCUMO.
OHU OKPYsKEHbI NOHAMU HPOTHUBOIIOJJIOMKHOI0 3HAKA (MOHHOM
atmocdepoii). Ira arMochepa TOPMOSUT IBUIKEHUE HNOHOB,
YTO OTpaskaeTcsd Ha WX MOBEJEHUU, HAIPUMEP, YMEHBIIIAeT
BEJINUNHY JIEKTPUUECKOTO TOKA, IPOXOAAIIETO Yepes3 TaKOoH
pacTBOp MpPU MPUIOKEHUU K HeMy HaNPSKeHUs (9JIeKTPH-
YEeCKYI0 IPOBOAMMOCTS).

B pacTBOpax 3JIeKTPOJIUTOB YMEHBIIAETCS U BeJIUYNHA
OCMOTHUYECKOTO JABJIEHUS II0 CPABHEHUIO C TEOPETUUECKUM
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3HAUYEHUEM, MMOJYYEHHBIM B MPEINOJI0KEeHNN, UYTO BCE MOHBI
BeIyT ce0A He3aBUCUMO.

IIpakTruecKu IOJy4YaeTCs, UTO YKCJIO WOHOB, BJIMSAIO-
Iee Ha CBOMCTBa pacTBOpa, MEHBIIIE TOTO, KOTOPOE €CTh B
IelCTBUTEILHOCTI. B TaKHMX pacTBOpaxX BMECTO KOHIIEHTpa-
AU TOJIb3YIOTCA aKTUBHOCTHIO MOHOB.

AKmueHOCMbl0 Ha3bIBAETCS YCJIOBHAA KOHIIEHTPAIIUA Be-
IIIeCTBA B PACTBOPE, B COOTBETCTBUU C KOTOPOI OHO yUACTBYET
B XMMHUUECKUX PEaKIUAX U QUIUKO-XUMHUUECKUX IIPOIleccax.

Omna paccunThIBaeTCA KakK:

o= fC, (167)

rae f — KoshPUIMEHT aKTUBHOCTH. Ero BeJIMUYMHA CYILe-
CTBEHHO MEHbIIe eIUHUIIbI, €CJAN B3aMMOIelCTBUSA MOHOB B
pacTBOpe TOCTATOYHO CUJILHBI (KOHIIEHTPUPOBAHHBIE PACTBO-
pBI), WIu OJIU3Ka eIUHUIE, KOTZAa OHU cIabbl (pa3baBiaeHHBIE
PacTBODHI).

B cuibHO pa3baBieHHBIX PACTBOPAX BeJINUYNHA [ IPaKTH-
yecKu nmocTogHHa. OHA MaJIo 3aBUCUT OT IIPUPOJALI BEIIECTBA
(IpUpOaBI MOHA) U €r0 KOHIIEHTPAIMK, HO 3aBUCUT OT 3apH-
Ja W 4Yucja MOHOB B PAacTBOpEe, T. €. OT BeJIWYNHBI MOHHOM

cuybl pactBopa (Tabi. 9).
Tabruuya 9
Koaddpunmuenrs akTHBHOCTH HOHOB
IPH PA3JINIHON HOHHOM CHJIe pacTBOpa

Honnasa 3apsag nona Honnasa Bapsan nona
cuia cuna
pacTrBopa +1 +2 +3 pacrsopa +1 +2 +3
0,05 0,84 0,50 0,21 0,3 0,81 0,42 0,14
0,1 0,81 0,44 0,16 0,4 0,82 0,45 0,17
0,2 0,80 0,41 0,14 0,5 0,84 0,50 0,21

HouHoll cunoil pacmeopa Ha3bIBAETCA IIOJyCyMMa IIPO-
U3BEeJeHNN KOHIIEHTpaluii BCeX MOHOB HAa KBaJApaThl UX 3a-
PsfOB (2;):

I=1/2(Ci2% + Cy23 + ... C;2d). (168)

KosddurmeHT aKTUBHOCTA MOHA CBSI3aH C MOHHOM CHUJION
pacTBOpa ypaBHEHUSAMHU, BHIBEIEHHBIMU IJA pa30aBIeHHBIX
DPacTBOPOB BJIEKTPOJINTOB.
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Ypasuenus [e6aa—T1okkens.
Inf = —A2>VI. (169)
Ins ouenb pasbasienHoro pacreopa (0,01-0,05 monb/i):
lgf = —0,522I. (170)

s 6osee KouleHTpUpoBaHHOTo pactBopa (0,1-0,5 moun/a):

lgf:—0,5z2i. (171)
NvI+1
Ncnons3oBanue BMeCTO I{OHIIEHTpaIII/Iﬁ HMOHOB UX aKTUB-
HOCTEH II03BOJISAET IIPUMEHATHh 3aKOHBI XMMHNYECKOT'O PaBHO-
BeCHud 1 K paCTBOpaM CHUJIBHBIX 3JIEKTPOJIMTOB.

12.9. CJIABBIE DJEKTPOJIUTBI.
3AKOH PA3BABJEHHUS
OCTBAJIBJIA

K pacTBopam caabbIX 9JI€KTPOJUTOB IPUMEHNMEI BCe 3a-
KOHBI PABHOBECHA, B UACTHOCTHU, 3aKOH JEHCTBYIOIINX Macc
(TepMoOaMHAMUYECKUIT).

Hanpumep, [Ijis peakIuy AUCCOIMAIIUU YKCYCHOM KUC-
JIOTBI:

CH;3;COOH = H" + CH3;COO~

KOHCTAHTa PABHOBECUS 3aINChIBAETCS CIEAYIONINM 00pasom:

K - [H'ICH;C00 ]
[CH,COOH]

B sTOM ciiyuae KOHCTAHTa PABHOBECHUS HA3BIBAETCA KOH-
crauToii guccornuanuu (cMm. Taba. 10). Ee Benruunna 3aBu-
CHUT OT IIPUPOAHI SJIEKTPOJIUTA U PACTBOPUTEJSI, OT TeMIIe-
paTypbl, HO He 3aBHCHUT OT KOHI[EHTPAIIMH KOMIIOHEHTOB
pacTtBopa.

B ciyuyae MHOrOOCHOBHBIX KHCJIOT ¥ MHOT'OKMCJIOTHBIX
OCHOBAHHUI AuCCOIMAINA IIpOoTeKaeT mo craguam. OgHaxko B
cayuae cojieii oHa UAET cpas3y M0 KOHIIA.

PaccmoTpuM gmccommaniuio yroJabHOM KHCIOTHI:

1 cragua: H,CO3 = HCO;~ + HY;
2 cragua: HCO;~ = CO,2” + H™.
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Tab6ruuya 10

KoucTranThl AUCCONMANINY HEKOTOPBIX CIA0BIX 3JI€KTPOJIATOB
B BOAHBIX pacTeopax npu 273 K

OuexTpoauT K OueKTpoanT K
Aszorucras kucmora 4 | Cepuncras ruciora o
HNO:2 410 H>SOs, Ki 1,6-10
EI/I;(?JI'}/IOF;(;B%T(I)/I}%TI‘aﬂ 2,1-10~° || Ceposomopoxn HaS
gﬁ%’ﬁcm AMMOHIA 1,810 K 610
Kpemunesas kuciaora H2SiOs K> 1-10-14

K 2,2.10-1° || Vronpuasa kuciaora HoCOs
K> 1,6-10-12 K 4,5-107
%%%a()BILZIHHaH KHCJIOTA 18104 K 4,7.10-1
OpTtodochopras kucaora HsPO4 gﬂi%g?)sillcncnma 1,810
. || XotopHOBaTHCTaA .
K 75107 | L ienora HOCI 5,0-10-8
K> 6,3-10-8 | ®Toporomopom HF 6,6-104
K; 1,3-10-2 | [Tmamosomopoxg HCN 7,9-10-10
ITepokcun Bogopona 2.6.10-12 [IlaBeneBas kucmaoTa
> H2C204
K 5,4-10-2
Cepnas kucmora HaSOy, 1,210
K> 5,4-10-3

Ja KakI0# cTaguy MOYKHO 3aIMCaTh BhIpasKeHUEe KOH-
CTAHTBI JUCCOI[AIIN:

_ [H*][HCO3]
[H,COs] ~

PaBHOBecue cymMMapHOI peaxkIluu:

H,CO; = CO4% + 2H*

_[H]COF ]

! [HCO3]

OTMCHIBAETCS KOHCTAHTOMN JAUCCOTMATIIN:
K- [HP[CO%]
[H>COs]

KOTopas MOKeT OBITh BBhIpasKeHa uepes MPOM3BeleHUe KOH-
CTaHT IIEPBOM U BTOPOM CTAAWiI peaKIUU AUCCOI[UAIIH.

= KiK,,



T'nasa 12. Pacmeopwl 31eKmposumos 163

Cremenpb AUCCOIHUAIMU DJIEKTPOJNHTA IPU IIepexoje Ko
BTOPOI U MOCTEAYIOIIUM CTYIIEHIM yMEHBIIIaeTCsd, UTO CBA-
3aHO C HEOOXOAMMOCTBLIO OTPhIBA 3apPAKEHHON YaCTHIILI, B
JaHHOM CJIyuae IPOTOHA, OT MOHA C IPOTHBOIIOJOMKHBIM 3a-
PALOM, BO3PACTAIOIIMM [0 BeJIMYMHE:

K,>K,>Ks .. >K,.

PaccmoTpum cayuait pacmaga 5JeKTPOJIUTA, UMEIOIEro
KoHIeHTpamuio C U cTeleHb AMCCOIMAIINY O, HA JBA MOHA.

MA = M*+A".
B sToM cayuae KOHIEHTpaIua KayKIOTO0 HMOHA paBHA
aC, a KOHIIEHTpAIluA HEeANCCOIIMNPOBAHHBIX MOJEKYJ pPaB-

Ha (1 — o)C. Torma BBIpaKeHUE A KOHCTAHTHI IMCCOIMA-
UM MOYKHO 3aMMCATH CIETYIOIUM 00pasom:

K =02C?/(1 — 0)C = a2C/(1 — o). (172)

9To BhIpaKeHNe N3BECTHO KaK 3aKoH paszdasiaenus Oct-
BaJgpaa. OHO IO3BOJISAET PAaCCUUTHIBATL CTENEHDb AMCCOIMA-
AU 9JI€KTPOJIUTA, €CJAU U3BECTHLI €r0 KOHIIEHTPAIlUA U KOH-
CTaHTa AMCCOIUAIINN.

3akoH pasbasieHus OcTBajbla B CJIydae OUeHLb CJIAOBIX
2JIeKTPouTOB (00 <<1) MMeeT cJeAYyIONNI BUI:

K = o?C. (173)
Orcroza: K
a= E (174)

12.10. TUCCOITHAITHS BOJIBL.
BOJTOPOTHBIN IIOKA3ATEJD

(pH)
Yucrasa Boga ciabo IPOBOAUT JEKTPUUECKUI TOK B pe-
3yJIbTaTe HUBKOM CTEIEeHU ee AMCCOIUAIIUM, T. €. OHA ABJIS-
eTcs CJIaOBIM 3JIEKTPOJJIUTOM.

H,0 = H* + OH .

KoncraHTa ee nuccomuanuy MOKeT ObITh BhIpasKeHa cJe-
IyOIuM 00pa3om:
% _ [H'JOH ]

[H0]
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Ee BesmumHA B CTAaHAAPTHBIX ycJIOBUAX Onmsxa 10716,
B pesyJsbTaTe CTOJb MAJIOH BEJIMUYNHBI KOHCTAHTBI JICCOIITA-
WU KOHIEHTPAIMIO HeJNCCONMIPOBAHHBIX MOJEKYJ BOIbI
MOJKHO CUHUTATL HOoCcTOoAHHOM. OHa paBHa 55,56 MoJb/J.

DTy KOHIIEHTPAIINIO MOXKHO BKJIOUNTH B KOHCTAHTY PaB-
HoBecus. IlosiyueHHad B pesysbTaTe BeJIUMUNHA HA3bIBAETCH
VOHHBLIM IIPOU3BEEHIEM BOJEI.

K[H,0] = [H"]J[OH"] = Kn,0 (175)

HouHoe npoussedernue 800bl — 5TO IMPOU3BEIEHNE KOH-
[eHTpaly KaTHUOHOB BOAOPOAA HA KOHIEHTPAIIUIO TI'UIPO-
KCUI-aHUOHOB.

IIpu 25°C B umcTOM BOAE KOHIEHTPAIMU HMOHOB PABHEL:

[H"]=[OH] = 1077 moab/.

B o61rem ciyvyae, KOTa KOHIIEHTPAIIUA IIPOTOHOB paBHA
KOHIIEHTPAIINY I'MIPOKCHUI-AaHNOHOB B BOJHOM PacTBOpE, OH
HasbIBaeTcA HelTpaabHBIM. Eciiu 60JIbIlle mepBasi — PacTBOP
KUCJIBIH, ecau OOJIbIIle BTOpas — IMEJOYHOI.

C yueToM IpuBeIeHHBIX KOHIIEHTPAI[UN AJIA YNCTOH BOJBI:

Ky,0 = 10714, (176)
IIpaBuio.
Ilns 600bL U pa3basaeHHbLX 00HbLLX PACMBEOPO8 NPU

KOMHAMHOU memnepamype UOHHOe npou3gederue 600bL —
6e/UYUNHA NocMmoAHHAs, pasHas 10714,

3Hasd MOHHOE IIPOM3BEeNeHNe BOALI M KOHIIEHTPAIIUIO JO-
0aBJIEHHOM KWCJIOTHI WJIM OCHOBAHUS MOXKHO PaCCUUTATh,
COOTBETCTBEHHO, KOHIIEHTPAIIMIO TUIPOKCUL-AHNOHOB MJIN
IIPOTOHOB B PACTBOPE MCXOASA M3 CAEAYIOMUX (POPMYJI:

[OH |- Kmo __ 1071 . a77)
[H*] [xucnora]

Kupo _ 1014
[OH] [OCHOBaHI/Ie]‘

[OH ] = (178)

ITonbp3oBaThCcA HA MPaKTHKe KOHIEHTPAIIUAMU HMOHOB,
ABJAIOIINXCA OUYeHb MaJbIMM BeJIWUYMHAMU, HeymZ0oOHO, TO-
9TOMY OBLI IIPEAJIOKEeH TaK Has3bIBA€MbIIl BOLOPOAHEBIN IIOKA-
3aTeJb BOZHI.
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Bodopodnuiii nokazamens (pH) paBeH JecATUUHOMY JIO-
rapumMy KOHIEHTPAINKX IPOTOHOB, B3ATOMY C IPOTHUBOIIO-
JIOXKHBIM 3HAKOM.

pH = —lg[H"]. (179)

Amnajgoruaso

pOH = —1g[OH"]. (180)

IIpaBuio.
Cymma pH u pOH 8 pas3basieHHbLX pacmeopax u 8
yucmoil 8ode pasua 14.

pH + pOH = 14. (181)

K sTomy BBIBOAY MBI IPDUXOAUM B pe3yabraTe yorapud-
MUPOBaHUA ypaBHeHUs 175 mocje MOACTAHOBKU B HETO BHI-
paxxenus 176:

Ku,o = [H']JOH ] =10""*;
lg Ky,0 = lg[H*]+1g[OH"] = -14.
CrnemoBaTesbHO, ¢ yueTOM BhIpakenuii 179 u 180:
pH + pOH = 14.

BesnnumHa BOZOPOMHOTO IOKAa3aTess PaBHA:

e B HeliTpansEOM pacTtsope [HT] = 1077 moas/a, pH = 7;
e B K1cygoM pactsope [HT] > 1077 mons/x1, pH < T;
e B menounoM pactsope [H'] < 1077 moxas/a, pH > 7;

Bunguo, uTo BeJMUMHA BOZOPOIHOIO IIOKA3aTeJs OIpee-
JIsIeT KUCJOTHOCTh PacTBOpA.

Onpegenenue pH pacTBOpOB Ha IPAKTHUKE OCYIIIECTBJISA-
IOT C IIOMOIIb UHAUKATOPOB.

Kpome 3TOro cyimecTBYIOT YHUBEpPCAJIbHBIE TPUOOPHI,
no3BoJApmue onpeneauTh pH ¢ Tounoctsio g0 0,1 u BeImIe
B uHTepBase pH ot 1 go 14.

B O6uosoruu pasauyaioT oOIyI0 KMCJIOTHOCTE (0011Iee KO-
JIMYECTBO KUCJBIX IPOTOHOB KUCJIOTHI, Coaep:Kaleiica B pa-
CTBOpE), aKTHMBHYIO KUCJOTHOCTb (KOJUUYECTBO CBOOOTHBIX
IIPOTOHOB B €€ PacTBOPe) W IIOTEHIIMAJIbHYI0 KHCJIOTHOCTH
(KOJIMYECTBO HENMCCOIMUPOBAHHBIX KUCJIOTHBIX IPOTOHOB).
Ee BesnumHa BaXHa [JIS OIEHKU COCTOSHHUS OPraHM3MAa U
OTIEJbHBIX CUCTEM B HEM.
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12.11. THAPOJIA3 COJIEN.
CTEIIEHDb M KOHCTAHTA THIPOJIN3A

Peaknua meliTpammsanuu odpaTuMa, T. €. OSJHOBPEMEH-
HO maeT oOpaTHas peakKIlus — B3aumMOJeliCTBUE COJIX C BO-
ol ¢ oOpasoBaHMEeM KHCJIOTHI M OCHOBaHus. Hampumep:

CH;COONa + H,0 = CH;COOH + NaOH.

Peaxnusa coau ¢ BOgoii, KakK caeqyeT U3 IpeabIayIero,
MPOTEeKaeT B 3HAUUTEJNbHOI CTEIIeHUW TOTJa, KOrga XOTsA Obl
OIMH M3 IPOAYKTOB: KHCJIOTA WJIKX OCHOBAHNE, SABJSIETCS
cJaa0bIM.

B cayuae coam, 06pa3oBaHHO#N CUJILHBIMU OCHOBAHUEM U
KHCJIOTOM, ee peaKIua ¢ BOAOI CBOAUTCA K PeakIuU JUCCO-
IUAIUX BOABI, KOTOpasd MPaKTUUYECKH HAIIeJIO0 CABUHYTA BJIe-
BO. ITosTOMY peakIus B 3TOM CIyyae MPAKTHUYECKU He HUIeT.
Hanpuwmep:

NaCl + H,0 = NaOH + HCI;
Nat + C1~ + H,O = Na* + OH™ + H + Cl;
H,O0 =z H" + OH".

PaBHOBecue CIBUHYTO BJIEBO.

CiemoBaTebHO, PEAKIIUA COJIM C BOJLOI IIPOTEKAET TOJh-
KO Torma, KOTZa COJb 00pasoBaHa XOTd ObI OMHUM CJIaGBIM
KOMIIOHEHTOM: KHUCJIOTOM MW OCHOBAHUEM.

T'udpoaus conu — 9TO peakIus COJU C BOLOM ¢ 00paso-
BaHUEM CJIab0T0 3JIEKTPOJUTA: KUCJIOTHI MM OCHOBAHUA.

PaccmoTpuM rugpoans coJir, o0pasoBaHHOM cJaa00i Kuc-
JIOTON W CUJIbHBIM OCHOBAHUEM.

CH;COONa + H,0 = CH;COOH + NaOH;
CH,COO™ + Na* + H,0 = CH;COOH + Na* + OH~;
CH,CO0~ + H,0 = CH,;COOH + OH".

BupgHo, 4TO B 1efiCTBUTEIFHOCTH PEAKIIUS IIPOTEKAET MEXK-
Iy aHMOHOM KHCJOTHOTO OCTAaTKa W BOAOHN (TUAPOJU3 IO
aHNOHY) C BBIJEJIeHHEeM T'UIPOKCHUI-aHMOHOB, UTO IOJIMKHO
COIIPOBOKAATHCA YMEHBIITEHNEM KOHIIEHTPAI[u KaTHOHOB BO-
mopona. B pesyiabTaTe pacTBOp OyIeT MMETH IEeJOUYHYI0 pe-
aKITUIO.

Taxum o6pazoM, PaCTBOPKI COJIeH CIa0bIX KHUCIOT U CUJIb-
HBIX OCHOBAHUI B BOJE MMEIOT IIEJIOUHYI0 PeaKIlnIo.
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PaccmoTrpum rumposins coau, 00pasoBaHHOI CUJIBHOI KHC-
JIOTO# M cJIa0BIM OCHOBAHUWEM:

NH,Cl + H,0 = NH,OH + HCl;
NH," + Cl" + H,0 = NH,OH + H* + C1;
NH,* + H,0 = NH,OH + H*.

B sToM ciyuae umeT peakiiuda MeKAY KaTHUOHOM U BOIOM
(ruapoJsina Mo KaTUOHY) M B PACTBOPE HAKAILJIMBAIOTCS KATHO-
HBI BOJOPOMA, CJIEJOBATEIbLHO, YMEHbBIINAETCI KOHIIEHTPAIUA
THIPOKCHI-aHNOHOB. B pesysibTaTe pacTBOpP MMeeT KUCIIYIO
peaxIuio.

CiemoBaTesbHO, PACTBOPHI COJIel, 00Pa30BaAHHBIX CUJIb-
HOHW KHMCJIOTOH M cJabbIM OCHOBAHMEM, MMEIOT KHCJIYIO pe-
aKIUIO.

TaxuMm 00pas3oM, MOMKHO CHeIaTh CJAEAVIONINI BLIBO,.

Pearxyus pacmeopa, 06pa306anHoz0 8 pe3yavmame
2u0poaU3a CONU, ONpedensemcs CUibHbLM KOMNOHEHINOM
COMU: COMb CUABbHOU Kucaomyvl daem KUCAYW DeaKryuio,
CUNBLHO20 OCHOBAHUSL — ULCJLOYHYIO.

Bo Bcex pacCMOTPEHHBIX CIyYasaX MUAPOJIN3 COJHU UAET He
IO KOHIIA, a 0 COCTOSHUA paBHOBecusa B peaxmuu. Ciemosa-
TEJIbHO, TOJLKO OIIPeHeIeHHAS YacTh COIN IIOABEPraeTCs M-
poausy. B aTOM ciydae roBOPAT O CTEIEHU I'UIPOJIN3A.

CmeneHnvb 2u0posiu3a — OTHOIIIEHNE YKUCJIa TUAPOIN30BAH-
HBEIX MOJEKYJ COMHU (Myyyp) K 00IIeMy B3ATOMY UX uuciay (N,).

h = Nyuup/No (182)
WY B TEPMUHAX MOJSIPHBIX KOHIIEHTPAIIMI:
C
h= TUID. .
—Co (183)

Ecnu zamucaTh ypaBHeHHE PeaKIIUU THAPOJIN3a COJU B
of0I1eM BHUIE:

MA + H,0 = HA + MOH,
TO KOHCTAHTA PABHOBECHUS 9TO peaKkIIuy paBHA:

K- [HA][MOH]
[MA][H.0]
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Ho xonmenTpaius Boasl B pa3daBIeHHOM PacTBOPE CTOJIb
BeJIMKA, YTO IPaKTUUYECKU He MEHSIeTCs B pe3yJbTaTe mpoTe-
KaHuA ganHoil peakmuu. CiaemoBaTe/bHO, €€ MOMKHO BKJIIO-
YUTh B KOHCTAHTY PaBHOBECHUS:

[HA]IMOH]
[MA]

IlonyuenHoe BbIpakeHUe Ha3bIBAETCA KOHCTAHTOM TH[-
poausa. OHa XapaKTepu3yeT CIOCOOHOCTHL BeIecTBa K T'HI-
pOJIN3Y HPU JAaHHBIX YCIOBUAX.

KomcranTa ruaposmsa M CTeHeHb THUAPOJIN3a CBI3aHBI
MeKIy coboii ypaBHEeHMEM, aHAJOTMYHBIM IO ¢opMe ypaB-
HeHHNIO0 3aKoHa pasbaBienus OcTBaibla OJS KOHCTAHTHI U
cremenu guccormarnum (172):

K, = h?C/(1 - h), (185)

K, = K[H,0] = (184)

WY, B CIydae HU3KOUM cTemeHu rumaposausa (b << 1):

K, = h2C. (186)

CienmoBaTeabHO,
h= | K
[comnn] (187)

Mo:kHO ITOKas3aThb, UTO B cJydyae coju ¢1a00# KUCIOTHI U
CHUJIBHOT'O OCHOBAHMUA:

K, - Ko _[OHT

K}IHCC.K-TBI [COJIB]

(188)

Ja comm cuabHOM KUCJIOTHI M €JIab0TO OCHOBAHUA:
+12
KH20 _ [H']

K, = _ .
KILHCC.OCHOB. [CO.TII)] (189)
Huia conu cmaboii KUCIOTHL U ¢1aboro OCHOBAHUA:
K
K. = Hp0 ) (190)

K,ancc.x-'rm K;mcc.ocnma.

12,12, ®AKTOPHI, BJIUAIOININAE
HA CTEIIEHb THJAPOJIA3A
CremneHb r'uApOIN3a 3aBUCUT OT IIPUPOABI COJIN, €€ KOH-
IEeHTpalluY ¥ BHEITHUX (HaKTOPOB (TeMIepaTyphl U Ip.),
TOTJa KaK KOHCTAHTa THUAPOJM3a OT KOHIIEHTPAIIUU COJIU
He 3aBHUCHUT.
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Bausanue koHuenrpanuu. Ecau B cucremy, rie mporeka-
eT peakIusa TUAPOJU3a U YCTAHOBMUJIOCH PAaBHOBECHE

MA+H,0 = HA+MOH,

no0aBUTH BOAY, TO B cooTBeTcTBUU ¢ mpuuiunom Jle Illa-
Tesbe—BpayHa paBHOBecue CIBUHETCS BIPABO, B CTOPOHY
mpoAyKToB ruxponmsa. CienoBaTenbHO, pasdaBiieHUWE pa-
CTBOpPA MPUBOAUT K YBEJIUUYEHHUIO CTEIIEHU I'MAPOJIN3a COJIHU.
Hanpumep, crenens ruaposaunza KCN mpu KOHIEHTpaIluu
0,1 moxanw/a cocrasaser 1,2% , npu 0,001 moas/n — 12%,
a opu 0,00001 moas/a1 — 71%.

Bauanue temmepatypsbl. IIOCKOMBKY HpaKTUUECKU BCe
peakIuy HeHdTpaausaluy UAYT C BbIAEJeHreM TeILIa, TO 00-
paTHBIe UM peaKIM¥W THUAPOJM3a MOJIKHBI MPOTEKATh C IIO-
TJIOIIEHWEM TeILia:

MA + H,O 2 HA + MOH - Q.

Torga, B coorBercTBuU ¢ npuHIunom Jle Illarenre—Bpa-
yHa, YBeJIUUYEHNE TeMIIepaTypPhl JOJKHO CMECTUTh PaBHOBE-
cue B CTOPOHY 9HIOTEPMUUYECKON peaKIiuu, T. €. IPUBECTH K
YBEJIUYEHUIO CTEIIEHN I'UAPOJIN3a COJIU.

Hamnpuwmep, cremens rugpoausa CrCls mpu 22°C cocras-
nsiet 4,6%, a mpu 100°C — 40%.

Bauanue oTHOMMEHHOT0 MOHA. B COOTBETCTBUU C MPUH-
IUIIOM paBHOBeCcHA M00aBjeHHe OTHOMMEHHOTO MOHa, Ha-
mpuMep KaTHOHA BOAOPOAa, K PACTBOPY COJIM, 00pa3oBaHHOM
CUJILHON KUCJIOTON U CJIabbIM OCHOBaHUeM (cM. mpumep 1),
WJIN THUAPOKCHUI-aHHOHA K PACTBOPY COJIM, 00pPa3s0OBAHHOM
CUJILHBIM OCHOBaHMEM U CJIa00¥ KUCJIOTOI (cM. mpumep 2),
IOJIXKHO COBUHYTH PABHOBECHE PEAKIIUH I'MIPOJIN3a BJIEBO, B
CTOPOHY MCXOAHBIX BEII[ECTB, T. €. YMEHbLIINUTh CTEIIeHDb T'U/I-
poJsimsa CcOJu. ¥YZajleHue COOTBETCTBYIOIUX MOHOB IOJIMKHO
CMECTUTh PaBHOBECHE BIPAaBO, B CTOPOHY IPOAYKTOB Peak-
YU TUAPOJIN3a, T. €. YBEJIUUUTh CTEIeHb I'UAPOJIN3a.

IIPUMEPHEI.
1. NH} + H,O =2 NH,OH + H*;
2. CH3COO™ + H,0 = CH3COOH + OH".

Taxum ob6pasom, AJA IPEJOXPAHEHUSA COJU OT TUIPOJIN-
3a cJelyeT CHUBUTHh TEeMIIepaTypy U H00aBUTH OOUH U3 IIPO-
IYKTOB T'HAPOJIN3a, T. €. MOAKHUCIUTH (COJU CUJIBHBIX KHC-
JIOT) WJIN IOAIIEeIOUNTh (COJMU CUJIBbHBIX OCHOBAHMUIA).
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12.13. TUAPOJIHN3 COJIEMH,
OBPA30BAHHBIX
NBY3APATHBIMA MOHAMHU

PaccmoTpum cayuyadl rumposimsa coOJiel MHOTOOCHOBHBIX
KMCJIOT MJIM MHOTOKHCJIOTHBIX OCHOBAHNII, KOTZA OJHO U3
CoeMHEeHN, 00pa30BaBIINX COJb, ABJSETCA CJAA0BIM.

IIPUMEPBHI.

B pas6aBieHHBIX pACTBOPaxX TaKUX COJIell MPOTEeKaeT PeaKkI[us TUL-
poJIn3a B COOTBETCTBUU CO CJIEAYIOIUMYU yPABHEHUSAMU:

1. Na,CO3 + H,O = NaHCO3; + NaOH
CO% + H,0 & HCO;3 + OH-

2. MgCl, + H,0 = Mg(OH)CI + HCl
Mg2* + H,O = Mg(OH)* + H*

B sTux cayuasx peakIiums THIPOJIM3a WAET IIPeruMylle-
CTBEHHO IIO IIEPBOI CTaIUM.

Eciu Ke B3sTbh KOHIEHTPUPOBAHHBLIE PACTBOPHLI yKAas3aH-
HBIX COJIeH, TO B IIEPBOM CJIyUae BBIAEJSETCS YIJIeKUCJIBIN
ras, a BO BTOPOM — OCAJOK THUAPOKCHOA MArHUA, T. €. 3TU
peaxiiuu uAyT rayb:Kke, IO BTOPOI CTaaWMU.

Korga o6a koMIoHeHTa, 00pasoBaBIliue COJb, caadbie, TO
THUAPOJIN3 UAET JOCTATOUHO I'JIYOOKO IO 00eMM CTAIUSIM.

12.14. BY®EPHBIE CUCTEMBEI.
pH BY®EPHOI'O PACTBOPA.
BY®EPHASI EMKOCTD

B XuMuu u3BEeCTHBI BOJHBLIE PACTBOPBHI ONPEIEeIeHHBIX
cMecell BJIEKTPOJINTOB, CUJIBHBIX M CJIa0BbIX, KOTOPhIEe 06Jia-
Ial0T CIOCOOHOCTHIO HEe M3MEHATh CBOI KMCJIOTHOCTDL IIOCJIE
Io0aBIeHUs OIPeNeIeHHOTO KOJMYeCTBa CUJIBHOI'O OCHOBA-
HUA, CUJIBHOU KHCJIOTHI, a TaK)Ke BOABI. JTO TaK Ha3bIBae-
Mble Oy(depHbIe PACTBODLI.

BygepHovimu pacmeopamu Ha3BIBAIOTCSI PACTBODHI, 00JIa-
Iaplue ONIpemeJeHHLIM 3HaueHumeM pH u mommep:ruBaro-
IIue ero B OIpeAeJIeHHBIX Ipefesiax IPU TOO0aBIEHUU KUC-
JIOT, OCHOBAHUM MJIN BOJIBI.

OcHOo6HOIL 0Yyhep TONYyYAIOT TMYTEM CMeEIeHUA cJIaboro
OCHOBAHUA C ero cobio. Ero suauenue pH 6oubiie 7.

Kucnomuutil 6ygep mosrydyaroT IyTeM CMeIlleHusa caaboi
KMCJIOTBI C ee coabio. Ero sHauenue pH menbire 7.



T'nasa 12. Pacmeopsl aieKkmporumos 171

Hamnpumep, ecau K 1 1 HeliTtpaabHOoro pacrsopa (pH = 7)
coJi, 00pPa30BaHHOM CUJIBHOMN KHCJIOTON M CUJIBLHBIM OCHOBA-
Huem, 1ob6asuth 0,01 mous HCI, To mosyuum pacTBOp C KOH-
meHTpanueii npororos 1072 mons/a. ClienoBaTesbHO, €0 3Ha-
yenue pH = 2, T. e. cHU3MIOCH HA 5 eTUHMUII.

Eciau po6asuth To ke xKosmuectBo HCl x 1 o1 pacTBOpa
CH3;COONa (0,1 moan/m), comep:xamemy CH3;COOH (0,1
MOJIb/JI), TO ero 3HaueHue pH cHusuTca Bcero Ha 0,1.

PaccMoTpuM MexaHU3M IOAIeP:KaHusA KUCIOTHOCTU pa-
crBopa (pH) OydepubiMu cucremamu.

IIPUMEP.
PaccmoTpuM KucaIoTHBINA 0ydep, 00pasoBaHHBIN YKCYCHONI KHCJIO-

TOW M ee HaTpueBOil coibio. IIpm nOGABIEHWM CUJIBHOU KHCJIOTHI C

yBeJIMUeHWeM KOHIIeHTPAIIUM ITPOTOHOB B PACTBOPE B PEAKIIMU JHCCO-
Uanuu cjaboil KMUCJIOTHI IPOUCXOAUT CABUT PABHOBECUS BJIEBO:

CH,COOH = CH,COO0~ + H,
T. €. /:[OﬁaBJIeHHI:Ie IIPOTOHEI CBA3BIBAIOTCA aHNOHAMU KMCJIOTHI, 06pa-

30BaBIIUMUCS TNIABHBIM 00pasoM B PesyJsbTaTe NUCCOIUAINY €€ COJH
IO peaKInuu:

CH,COONa —» CH,COO~ + Na*.

B pesysibTaTe KOHIEHTPAIsA KATHOHOB BOJOPOZA B PacTBOpE, T. €.
ero 3HaueHue pH HN3MEHUTCA He CTOJIb 3HAYUTEJIbHO.

Ecnu ke K 9TOil cucreMe N0GABUTH II€JI0Yb, TO TUAPOKCUL-aHUO-
HBI 6y}1yT CBA3BIBATHCA IMIPOTOHAMU KHCJIOTHI, OﬁpaSOBaBU.IHMI/ICH B pe-
3yJbTaTe IEePBOYM pPeaKnuu, U ee paBHOBeCHe CABUHETCS BIpPaBo. B pe-
3yJIbTaTe KOHIeHTpanusa npoToHOB (pH) Tak'ke m3MeHHUTCA HE CyIIe-
CTBEHHO.

MosxHO TOKasaTs, uyTo 3HaueHue pH OydepHOro pacTBopa CBA3aHO
C KOJIMYECTBOM COJIU M KWCJOTHI (MU COJM M OCHOBAHUA), KOTODPHIE
HCIOJIL30BAHEI /I MOJIyUYeHUA 9TOT0 PACTBODA.

dopmyna pH kuciaoraoTo Oydepa:

rae C, u C, — MOJIAPHBIE KOHIIEHTPAIINYU KUCJIOThI U €€ COJIK
B UX HUCXOMHBIX pacTBoOpax, V, u V, — 00beMBI UX PACTBO-
DOB, B3ATHIE AJIS IPUTOTOBIeHUs Oydepa, pK, — cuiaoBoit
MOKas3aTe/b KUCJIOTHI, PABHBINA OTPUIIATEILHOMY IeCATUUHO-
My JorapuMy ee KOHCTAHTHI AUCCOIUAIIUN.

pK, = —1gK.. (192)
®dopmyna pH ocHOBHOTO Oydepa:
pH =14 - pKo + lg(COVo/Cch)9 (193)

rae C, u C, — MOJAPHBIE KOHIEHTPAIIMY OCHOBAHUA U COJIU
B MX pacTBopax, V, u V, — 00beMbl X PACTBOPOB, B3ATHIE
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IJs1 mpurorosieHus Oydepa, pK, — cuioBoil moxasareib
OCHOBAHUA, PAaBHBIN OTPUIATEILHOMY MECATHUUYHOMY JOra-
pudmMy ero KOHCTAHTBI JUCCOI[MAIN:

pK, = —IgK,. (194)

BriBejeM COOTBETCTBYIOIee ypaBHEHUE [AJsi KHUCIOTHOrO Gydepa
Ha npuMepe ciaenyoeit napsl coeguaenuii: CH;COOH + CH3;COONa.
3anuiieM KOHCTAHTY AMCCOLMAIMY YKCYCHON KHCJIOTHI:

_ [CH3COO J[H"]

K, =
[CH,COOH]
BmpasnM M3 3TOI'0 YPaBHEHMA KOHIIEHTPAINIO IIPDOTOHOB:
(1] - 1, [CHsCOOH]
[CH,CO0 ]

Ho yxcycuas xuciora ciadas ILTIOC pAaBHOBECHE PeaKIUU ee NUC-
COIMaVU CABUHYTO BJIEBO 3a CUET YBEJWUYEHUS B PACTBOPE KOHIEHT-
panuu ee aHWOHOB, O0PA30BAHHBIX B Pe3yJbTATe NUCCOIMAIMU COJIH.
CriemoBaTebHO, PaBHOBECHAs KOHIEHTPAIMA HEJUCCOIUUPOBAHHOMN
KHUCJIOTHI IPAKTUYECKN PaBHA B3SATON €€ KOHIEHTPAINHU, & KOHIIEHTPAa-
IUA aIeTaT-aHNOHOB — B3ATOHN KOHIIEHTPAIIUY COJIM, CUIHHOTO 3JIEKTPO-
auta. Torga:

[H*] = K C./C.
nin
pH = -lg[H'] = -1gK, - 1g(C,/C.) = pKy — 18(C/C.).

ITockoabKY, 06a coenMHEHUA HAXOQATCA B OJHOM U TOM 3Ke 00'be-
Me, TO 9TO ypaBHEHWEe MOYKHO KCIIOJBb30BaTh AJd pacuera pH, xorza
(cm. ypaBHeHUE 191):

Ve="V,

AHAJOTMYHO MOKHO IOKAa3aTh, UTO AJSA OCHOBHOro Oydepa mpu

ycaoBuu: V, = V..

pH = 14 - pK, + 1g(C./C,).
B o6mem ciyduae B 3T (pOPMYJIBI BXOAAT 00beMbI PACTBOPOB KHC-

JIOTHI (OCHOBAHUSA) U COJIM, B3ATHIE [JIA MIPUTOTOBJIEHUS pacTBopa (cM.

ypaBHenusa 191, 193).

TakuM o6pasoM, 3HAS KOHCTAHTY AUCCOIUAIIMU KUCJIO-
Thl (OCHOBAHUA), B3ATHIE KOHIIEHTPAIIUU, a TaK:Ke 00beMbI
KUCJOTHI (OCHOBAHUA) U COJM MOKHO omnpenenauTh pH 0y-
¢epHOTO pacTBopa.

KonnyecTBO KMCJIOTHI MJAM OCHOBAHMSA, KOTOPOE MOYKHO
I106aBUTH K Oy(hepHOMY pacTBOpy 0e3 maMmeHeHus ero pH, He
6eckoneuno. OHO cBsA3aHO ¢ ero 0y(QepHOii eMKOCTBIO.

Bygepnas emrxocmv pacmeopa onpenesiseTcsa KOIUIeCTBOM
BellecTBa 9KBUBAJIEHTA CUJIBHON KMCJIOTHI MM CHUJIBHOTO OC-
HOBaHUA, KOTOPOE HEOOXOAMMO M00aBUTH K OTHOMY JIUTPY
pacTBOpa, UTOOBI MBMEHUTH ero 3Havenune pH Ha emmHUILY.

__v(1/z) 105)
ApH -V 5 (
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Brimie 6b110 OKa3aHo, UTO HOOABJIEHNE CUJILHOM KMCJIIO-
ThI (CHJIBHOTO OCHOBaHMUA) B ONPEIEJeHHBIX Tpemeax Mn3Me-
Haer 3HaueHnue pH OydepHoro pacreopa HesHAaUUTEILHO. To
JKe OTHOCHUTCSA U K pasbaBiaeHMnI0 0y(epHOro pacTBOpa BOIOM.

IIPUMEP.
Ecau B3ats docdarusiii 6ydep, cocrosamuii us 0,07 H pacTBopa
Na,HPO, u 0,07 u pacrBopa NaH,PO,, To ero pH = 6,8:
e IIpU pasBeleHuH B 5 pas pH = 6,93;
e 1pu pasBesenuu B 20 pas pH = 7,07;
e mpu passezenuu B 100 pas pH = 7,1.

12.15. IPUMEHEHUE
BY®EPHBIX PACTBOPOB.
HNX BHOJOTHYECKASA POJIb

BydepHbIe pacTBOPHI IPUMEHAIOTCA B TEXHUKE, TEKCTUIIb-
HOM, THUIEeBON IPOMBIIIJIEHHOCT W B APYruxX o0JacTAX.
B cennckoM x0341CcTBe BayKHBI OIpeaeeHHble 3sHaueHns pH
IIOYB JJIA HOPMAJBLHOTO Pa3BUTUA KYJIbTYD, KOTOPBIE TaKiKe
moamep:xuBaoTcsa OydepHbIMU cucTreMamu. Hampumep, pH
Kaprodens — 4—8, ropoxa — 5—8, cBeKJbl — 6—8.

s KusHeqeATeIbHOCTH KUBOTHBIX U PacTeHUN HeoO-
XOAMMO cTporoe moaaep:xanue pH opranos u TKaHei, KOTO-
poe OCYILeCTBIAETCA KaK HeopraHudecKuMu oydepamu (aie-
TaTHBIM, (ochaTHLIM U ApP.), TAK U OPraHUYECKUMU, 0Opa-
30BaHHBIMI OPTaHMYECKUMHU KHCJIOTAMU, B TOM YHCJIE B
cocTaBe 0esnKOB, u ux conamu. Hanpumep, pH kerygournoro
coxka — 1,4, moun — 6,0, kpoBu — 7,4.

B opranusme uesoBeKa IIOCTOAHHO MET 00pa30oBaHUE KUC-
gotr. Hampumep, B cyTku obpasyercsa mpumepuHo 20-30 x
COJIAHOM KUCJOTHI (1 H), UYTO COOTBETCTBYET €€ KOJUUECTBY
20-30 moJib. ITa KUCJIOTA HEOOX0oauMAa AJId akTuBanuu ¢ep-
MEHTOB B JKeJIyAKe, B YUaCTHOCTHU JJIs IIepeBOja HEAKTUBHOT'O
TeTICUHOTeHa B AKTUBHBIN TEIICHH.

B KpoBu Tpedyercs moamep:kaHue ONpeneeHHOTO 3Have-
Husa pH, Kotopoe ocyirecrBiaserca 6ydepamu: 6eJIKOBLIMU,
TUAPOKaAPOOHATHRIM, (ochaTHBEIM U AP.



I'JIABA 13

OKHCJUTEJBHO-
BOCCTAHOBHUTEJBHBIE
PEAKIINHT

13.1. OCHOBHBLIE ITOHSATH.
THIINYHBIE OKHCJIHUTEJIN
N BOCCTAHOBUTEJIN

K OCHOBHBIM IMOHATUAM LAHHOI'O Pasaesia XMMUN OTHOCITCS:
CTeleHb OKMCJICHNSA, OKUCINTE]Ib I BOCCTAHOBUTEJL, OKIC-
JIeHHe ¥ BOCCTAHOBJIEHNE, OKMUCJINTEJIbHO-BOCCTAHOBUTEIID-
Has peariius.

OKucaumenbH0-860CCMAHOBUMENbHbLE PeAKUUU — Peak-
MK, B IIPOIeCCe KOTOPBIX M3MEHSETCS CTEIeHb OKMCICHMU
aTOMOB, BXOJAIINX B COCTAB PEareHTOB.

Cmenenv oKuc/leHus — YCJIOBHBIA 3apsA] aTOMa B COEIH-
HEHUU B IPEIIOJIOMKEHNN, UTO BCE CBA3KN B 9TOM COeIUHEHUN
VOHHLIE.

IIPUMEPHEIL.
0 242-  + -+ 642
Clz, CaO, LiH, H2SO4.

ATOMBI B IIPOCTBIX COEIUHEHUSIX HMMEIOT CTElleHb OKUC-
JIEHUA PaBHYIO HYJII0. BBICIIad cTeeHb OKUCJIEHUA dJIeMEH-
Ta paBHa HOMEpPY rpynnsl Ilepuoguueckoii cucTeMbl, B KOTO-
poif oH HaxoxuTcs. Husimas cTeneHb OKUCJIEHUA dJIeMeHTa
paBHa HOMEPY I'PYIIILI MUHYC BOCEMb — IJIA OOJIBIITMHCTBA
9JIEMEHTOB TJIABHBIX IIOATPYIIII.

OKucaeHue — TPOIECC OTNAYM SJIEKTPOHOB 3JIEMEHTOM-
BOoCccTaHOBHUTENeM. Ero cTemedb OKHCJIEHUS IIPU 9TOM BO3-
pacraer.

BoccmamnosieHue — IIPOIECC MPUCOENUHEHUSI 3JIeKTPO-
HOB 3JIEMEHTOM-OKHCAUTEIeM. Ero cTeneHb OKUCIEHUA IPU
9TOM YMEHBIIAeTC .

Oxucaumesnb — aToM, MOJIEKYJa WJIW WOH, MPUHUMAIO-
e 3JIEKTPOHBI.

Boccmanosumeav — aToM, MOJIEKYJia WX HMOH, OTHAIO-
1Iue 3JIeKTPOHBI.
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HPUMEPHIL.
HOJIypeaKHI/IH OKMCJIEHISA BOCCTAHOBUTEJISA: BOCCTAHOBUTEb — € —>
—> OKHCJIUTEJIb.
H, - 26 — 2H".

Honypeal{unﬂ BOCCTAHOBJIEHUS OKUCJUTEJA: OKUCIUTENb + € —>

—> BOCCTAHOBUTEJb.

0, +4e > 207",

B mpupome He cyIllecTByeT OTAEJbHO PeaKIIUil OKHCJIe-
HUA WJIN BOCCTAHOBJIEHUWS, a €CTh TOJNBKO OKUCJIUTEJIBHO-
BOCCTAHOBUTEJbHBIE PEaKIINN.

CIocoOHOCTh K OKMCJIEHUIO MM BOCCTAHOBJICHHUIO 3aBU-
cHuT OT moJioxkenusa aroma B [lepuoguueckoii cucreme. C poc-
TOM MOPAIKOBOTO HOMEPA dJIeMeHTa B IIepuoie cjaeBa Halpa-
BO BOCCTAHOBUTEJIbHAS CIIOCOOHOCTH €ro IIPOCTOTO COEeanHEe-
HUS YMeHbITaeTcA, a OKUCIuTe bHaA Bo3pacraer. C pocToMm
HOPAAKOBOI0 HOMEPA 5JEeMEeHTa B HOArPYIIIE CBEepPXy BHUI3
BOCCTAHOBUTEJbHAA CIIOCOOHOCTEL €r0 IIPOCTOTO COeMMHEHUA
yBEeJINUWBAETCA, a OKUCJIUTEJbHAA yMeHbInaercs (moapol-
Hee cM. IJ1aBa 3, paszen 3.3).

TunuyHbIe OKUCIUTEIIN:

1. CBoGomHbIE HEMETAJLIBI (TaJOTreHbl, KUCJIOPO).

2. VoHBI UM MOJIEKYJIbI, T'Jle IIeHTPAJIbHBLIN aTOM HaXo-

OUTCS B BBICIIIEH CTeIeHU OKMcJeHus. Hampumep:
6+

54
H,SO,, HNOs;.

TunnuHble BOCCTAHOBUTEJIN:

1. CBoGommbIe MeTaIbl, a TaK:Ke BOJOPOI U YIJIEPO..

2. VoHBI N1 MOJIEKYJbI, Tle IeHTPAJbLHLIII aToM HaXo-
IUTCA B HUSINEH cTelmeHu oxuciaeHusd. Hampumep:

2- 3
H,S, NH;.

B npoMeskyTOUHOI CTelleH! OKMCJIEeHUSA BJIEMEeHT MOXKeT

OBITH ¥ OKHCJIUTEJIEeM 1 BOCCTAHOBUTEJIEM.

IIpaBumo.

JI1000il s/1emenm 6 nPomMeHymouHoil cmeneHu OKuc-
JAEeHUS ABNACMCA OKUCAUMENeM 6 PeAKYUU ¢ DoJee CULb-
HblM 60ccmaHoBumesieM U 60CCMAHOBUMENeM 8 Deak-
yuu c 6osee CuULbHbIM OKUCAUMESCM.

NPUMEP.

Bojopo kKak BoccTaHOBUTeNb: Hy + 15 0y = H,0.
Bopopon kak oxucaurensb: Hy + 2Li = 2LiH™.
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13.2. COCTABJIEHUE YPABHEHUII
OKHCJIUTEIBHO-BOCCTAHOBHTEJBHBIX
PEAKITUI

BoJbIINHCTBO OKUCIUTEILHO-BOCCTAHOBUTENIBLHBIX PeaK-
nuii mpoTekaeT B pacTBopax. OgHaKO MeTOH 3JIEKTPOHHOTO
Oanamca, C KOTOPBIM 3HAKOMSAT B IITKOJIe, HE OTPa’KaeT pe-
albHBIE PEAaKIIMU B PacTBOPE, TOCKOJIBLKY He paccMaTpUBaeT
HU peajbHBIX MOHOB, HU KMCJOTHOCTU CPEIbI.

B Kypce BbICIIIEH IITKOJBI IIOJb3YVIOTCS METOIOM IIOJype-
akmnuii. B aToM MeToze 3amuChIBAIOTCSA OTAEJIBHO MOJypPeakK-
MY BOCCTAHOBJIECHUSA OKHUCIUTENS M OKUCJIEHUS BOCCTAHO-
BUTEJIA C YUETOM PealbHBIX COEIUHEHWH, B BUAE KOTOPBIX
OHM YYaCTBYIOT B PeakINy, W PeaJbHOM KHCJIOTHOCTH pPa-
CcTBOpDA.

PaccMoTpuM cxeMy OKHCJIUTEIbHO-BOCCTAHOBUTEILHOI
peakIuu:

KMHO4 + H2804 + KgSOg d MHSO4 + KZSO4 + HgO.
OKHCJIUTEJIb BOCCTAaHOBHUTEJIb
IIpencraBuM ee B MOJIEKYJIAPHO-MOHHOM BU7E:
K* + MnOj + 2H* + 8O3 + 2K* + S0% —
— Mn?* + 802 + 2K* + SO% + H,0.

3amnuimneM oTAeJbLHO IOJyPeaKIlnio BOCCTAHOBIEHU OKIC-

JUTENA U TOJYPeaKIinio OKMCJIEHUS BOCCTAHOBUTENd. Ilpu

STOM MOXKHO BOCIIOJIB30BATHCSA CTAHJAPTHBIMU TabaIUIAMU
nosaypeaknuit (cMm. Tabsm. 11):

Oxucautens: MnO; + 8H' + 58 - Mn2" + 4H,0 2
Boccranosutens: SO~ + H,O — 2e —» SO + 2H* 5

ypaBHI/IBaeM YHNCJIO OTOaHHBIX U IIPUMHATHIX 3JIEKTPOHOB,
IIOJIB3YSACH IIPaBUJIOM bamaHca 9JIEKTPOHOB.

IIpaBuro 6amaHca 3JIEKTPOHOB:

Yucno aeKkmporosg, omOAHHbLX 60CCMAHOBUMELeM
8 OKUCJUMEeNbHO-80CCMAHOBUMENbHOU PeaKyul, PaHO
YUcay INeKMPOHOE, NPUHAMBLX OKUCLUMETEM.

W3 gByx moaypeakIidii coCTaBJfgeM CYMMAPHYIO peak-
IIUI0 B MOJIEKYJISPHO-MOHHOM BUAE C YUE€TOM HANHIeHHBIX
K02 (PUIIMEeHTOB, COKpaIiasd B Hell ONMHAKOBLIE UJEHBI:

2MnOj; + 6H* + 5S02-= 2Mn?2* + 3H,0 + 5807 .



T'nasa 13. OxucaumenbHo-60CCMAHOBUMELbHBLE PEAKYUU 177

OKOHUATEeJIbHO 3alKChIBAEM ypDaBHEHUE DPeaKIUU B MO-
JIEKYJIAPHOM BUJe, N00aBJIAA HeJOCTAIOIIVe NOHEI (3eCh —
KaTHOHBI KaJIUs):

2KMI'IO4 + 3H2SO4 + 5K2803= 2MHSO4 + 3H20 + 6K2804.

ITonypeakuu BocCTaHOBJIEHU ST HEKOTOPLIX OKUCIUTEeit
mpexacTaByieHbl B Tabauiie 11 ma c. 178.

13.3. OKHCJIUTEJIBHO-
BOCCTAHOBHUTEJIBHBIN ITOTEHIHAJI
(3JIEKTPOTHBIN TIOTEHITAAT)

Ecsu onyctuth, HampuMep, MHKOBYIO MIJIACTUHKY B BOAY,
TO B COOTBETCTBUU C 3aKOHAMU TEPMOINHAMUKHU (CM. YCIOBHE
Imepexofa BelllecTBa 13 OJHOM a3kl B Apyryo — paszen 11.4)
OyIeT IPOUCXOAUTDH IIepexo] MeTajla B BUAe KaTHOHOB Zn2"
B Boxy. CaMa IjIacTMHKA IpU 3TOM OyaeT IpuoOpeTaTh OTPU-
IATEJBHBINA 3aPs/ 34 CUET OTHABAEMbBIX I[IMHKOM 3JI€KTPOHOB B
COOTBETCTBHUU CO CJEAYIOIel MmoypeaKkIeri:

7Zn% — 2e —» Zn?2",

TakuM o0pasoM, 3alMCaHHBIE BBINIE HOJYPEaKIUU He
SIBJISIFOTCSA YKHCTO TEOPETUYECKHMU, a OTPAKAIOT PeajibHbIe
mpoIecchl, MPOTEKAIOIIe, HAIPUMED, IIPU IOTPYIKEHUN Me-
TAJIJIOB B PACTBOD.

IloaBienne KaTMOHOB IIMHKA B pacTBOpe OyIeT CoIIpo-
BOXKAATHCS 00PaTHON peaKIMel MX BOCCTAHOBJIEHUA C OCAK-
IeHWeM MeTAJIIMYECKOro IIMHKA Ha IacTuHke. Yepes ompe-
IeJIeHHOEe BpPeMsA B CHCTEME YCTAHOBUTCA PABHOBECHE MEKIY
OTPHUIATEILHO 3aPAKEHHON MeTaJLIMNYECKON IJIACTUHKOMI
(RJIEKTPOIOM) U IIPOTHUBOIIOJIOMKHO 3apAKEHHBIM PACTBOPOM.
IIpu sTOM Ha rpaHUIlE METAJJI—PACTBOD MOHOB IIOSABUTCS Pas-
HOCTB IIOTEHIINAJIOB, T. €. [JIACTUHKA IPUOOPEeTeT OIpeIe/IeH-
HBI ITOTEHIINAJ II0 OTHOIIEHUIO K PACTBOPY, BeJIMUMHA KOTO-
pOro MOCTOAHHA HPU OIPENEeSIeHHOM TeMIlepaType B COCTOS-
HUUW PaBHOBECUS B CHUCTEME: METAJIJI—PACTBOP €ro KaTUOHOB.

ITOT TOTEHIIWAJ B CTAHZAPTHBIX YCJIOBUAX HA3LIBAETCS
CTaHIAPTHBIM OKUCJIUTEIbHO-BOCCTAHOBUTEIBHBIM UJIN, B CIIY-
yae METAJJIOB, SJIEKTPOAHBLIM IIOTEHIINAJIOM U 0003HAUAETCSA
IJIsI MAHKA CJIeLYIONM o613asoM:

Zn2* /Zn’
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Ta6ruuya 11
CrangapTHbIE 3JIEKTPOAHBIE HOTEHIIUAJIBI HEKOTOPBIX
OKHCJINTEILHO-BOCCTAHOBUTEILHBIX CUCTEM B BOIHBIX
pactBopax npu 25°C

Oxg)(g;e::aa H(Ez?fecgﬁ;a OnexkTpogHas peakuus E', B
dopma
2H* H: 2H* + 2e = H» 0
S S2- S+ 28 = S -0,51
PbSO4 Pb + SO42- PbSO4 + 26 = Pb + SO42- -0,356
Sn#* Snz+ Sn* + 28 = Sn2* +0,15
Cu2t Cu* Cuzt +e = Cu* +0,153
SO42-+ 2H* | SOs2-+ H20 | SO42-+ 2H* + 28 = SOs2- + H:O | +0,22
[Fe(CN)¢]*- [Fe(CN)g]4- [Fe(CN)g]*- + € < [Fe(CN)e]*+- +0,36
1/2 Oz + H20 20H- 1/2 Oz + Hz0 + 2¢ = 20H- +0,401
1/2 12 (x) I- 12l +e s I- +0,536
MnO4 MnO42- MnOs + e = MnOg2- +0,564
MnOy4 + MnOq(k) + MnO4 + 2H20 + 36 = +0.57
+40H- = MnO2(k) + 40H- ’
Fe3+ Fe2+ Fe3* + & = Fe?t +0,771
2Hg2+ Hgo2+ 2Hg? + 26 = Hga2* +0,91
NO;s; + 3H* | HNOg + H20 | NOs- + 3H* + 26 = HNO2- + H20 | +0,94
NOs- + 4H+ NO + 2H:0 NOsz-+ 4H* + 3e = NO + 2H20 | +0,96
HNO: + H* NO + H20 HNO: + H* + & = NO + H20 +1
1/2 Brz () Br- 1/2Br2(x) + € = Br- +1,065
105 + 6H* I-+ 3H:0 105~ + 6H* + 66 = I-+ 3H20 +1,195
Oot+ 4H* 2H2.0 02 + 4H* + 46 < 2H20 +1,229
CrOmt | 20r + TH0 Cr:0r G A 60 = +1,36
1/2 Cla(r) Cl- 1/2 Cla(r) + & = ClI- +1,36
ClOs~ + 6H* Cl- + 3H:0 ClOs+ 6H* + 68 = Cl-+ 3H:0 | +1,44
PbOs + 4H* | Pb2+ 2H20 | PbOs + 4H* + 2e < Pb2t + 2H20 | +1,455
MnOs + H* | Mn2* + 4H0 MQOIQ/I;H_F o +1,51
PbO: + 4H* + PbSO,4 + PbO: + 4H* + SO42- + 26 = +1.685
+ S042- + 2H20 = PbSO4 + 2H20 ’
H20: + 2H* 2H.0 Hs02 + 2H* + 26 = 2H20 +1,77
Co3+ Co2+ Co3* +é = Co? +1,82
S20s2- 25042~ S20s2- + 2€ = 2S042- +2,01
1/2 Fa(r) F- 1/2F3(r) + € <= F- +2,87
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Cienyer oOpaTuTh BHHMaHWE Ha TO, YTO B UNCJIUTENID
Ipobu moMeIriaeTcsl OKUCJAeHHasA (hopMa syieMeHTa (CoequHe-
HUs), a B 3HAMEHaTeJIb — BOCCTAHOBJIEHHAS.

INeKmpoOHbLM NOMEHYUAI0M MeTajljla Ha3bIBAETCS Pas-
HOCTH TIOTEHI[MAJIOB Ha TPAHUIE MEeTaJLJI—PAaCTBOD, COJepIKa-
muil ero KaTHUOHBI, B PABHOBECHBIX ycjioBusax. OHa mameps-
eTCs B BOJIBTAX.

BenuunHa 5J1€eKTPOJHOTO MOTEHIIMAA ABJISETCI KOJIUUe-
CTBEHHOII XapaKTEPUCTUKON BOCCTAHOBUTEJIHbHOM aKTUBHO-
CTH MeTajlla ¥ OKUCJIUTEJHHOH aKTUBHOCTH €r0 KATHOHOB.

B o6miem ciyuae Oy XUMUYECKUX COEIUHEHUHN MOYKHO
IaTh CJIeAYIOIIee OIpeesieHNe: OKUCINTETHHO-BOCCTAHOBH-
TeJbHBIA HMOTEeHIUA (Pel-OKC MOTEHITNAJ) ABJIAETCA KOJIU-
YeCTBEHHO! XapaKTePUCTUKOU OKUCJIUTEJIbHON 1 BOCCTAHO-
BUTEJHLHOM aKTUBHOCTH COeIWHEHUA B pacTBope (Tadim. 11).

IIpaBumo.

Yem 6vlule 60CCMAHOBUMENLbHASL AKMUBHOCTb CAMO-
20 Memaanaa, mem HUNMe OKUCAUMENLbHAA AKMUBHOCMb
€20 KAamMuoHO08, U Haobopom.

Hanpumep, MUHK ABJISETCI aKTUBHBIM BOCCTAHOBUTEIEM
(oxucaseTcsa Ha BO3AyXe, IOATOMY MOKPBIT IJIEHKOM OKCHUIa),
a ero KaTMOHBI 00JIafaloT OUeHb HU3KOM OKUCIUTEJIHLHOMN aK-
TUBHOCTBIO, T. €. YCTOHUMBEI B OOBIUHBIX YCJIOBUAX. KaTwmo-
bl Megu Cu’" ABIAIOTCA AKTUBHLIMU OKMCIUTENIMH, a Me-
TaJlI — OUeHb CJIa0BIM BOCCTAHOBUTEJIEM, IIO3TOMY B IPUPO-
Jle YacTO BCTPEUAeTCsA B YMCTOM (CAMOPOJHOM) BHE.

AGcoroTHOE 3HAUEHUE 3JIEKTPOJHOTO MOTEHIIMAaa OIpe-
[eJIUTH HEBO3MOJKHO, II03TOMY HA MTPAKTUKE MOJIb3YIOTCS €T0
BEJIMYMHON 10 OTHOIIIEHUIO K CTAHJAPTHOMY IOTEHIIUATY, B
KauecTBe KOTOPOTO IPUHAT IOTEHIIMAJ BOZOPOIHOTO 3JIEK-
Tpoga. BoZOPOOHBINA 9JIEKTPO IpPEACTaBIAET CO00M raszood-
Pa3HBIN BOJOPO., a0COpPOMPOBaHHEBIN (PACTBOPEHHBIH) B ILJIa-
THHE, MOTPYKEHHOUN B PACTBOP KUCJIOTHI.

IIpaBuio.

B cmaudapmuuix yenosuax (af = 1 monv/a, 298 K,
p(Hy) =1 amm) seruvuna nomenuuana 8000p00H020
aseKkmpoda npuHAMAa PA8HOL HYJIO.

0 _
E2H*/H2 =0. (196)
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TanveaHuuweckue asemenmol
U npouyeccul, npomexaujue
Ha anexmpodax

Ha BomopomHoM sJeKTpO-
e B COEIUHEHUHU C ITUHKOBBIM
SJIEKTPOJOM IIPOTEKAET PeaK-
A BOCCTAHOBJEHUSA KaTUO-
HOB BOZOpOJA:

2H* + 26 — Hy(Pt).

Ecii coefuHUTE ITMHKOBBIN
anekTpon (Zn/ZnSO,) u Bo-
moponubiit amextTpon (Hy(Pt)/
H,S0,) meramimueckuM IIpo-
BOJHUKOM, TO II0 HEMY IIOTEYET
TOK B HAIIPABJIEHUU OT IIMHKO-
BOT'0O K BOJIOPOTHOMY 3JIE€KTPO-
ny. B pesyibraTe MBI IIOJIY-
UMM raJbBaHUYECKUI 9JI€MEHT
(puc. 3la), B KOTOpPOM IIpO-
TeKaeT CyMMapHas PeakIlus::

Zn + H,S0, = ZnSO, + H,T.

AJIeKTPOAHBIN ITOTEHITUAJ
IUHKA, M3MEPEHHLIII B CTaH-
JapTHBIX YCJIOBUAX IIO0 OTHO-
IIIeHUI0 K BOJOPOIHOMY BJIEK-
Tpony (Hamps:KeHHne B rajbBa-
HUYECKOM 2JI€MEHTe), PaBeH:

E? =-0,76B.

Zn2+ /Zn

Eciu B34ATh MeIHBIN DJIEK-
Tpox (Cu/CuSO,) u coeqTuHUTH
ero MPOBOTHUKOM C BOJOPOJ-

HBIM 3JIEKTPOJOM, TO B 9TOI cHUCTE€ME€ TOK IIOTeYeT OT BOMIO-
POIHOTO K MeIHOMY dJeKTpony (puc. 316).
Ha snexkTpomax OyAyT IpoTeKaTh CAEAYIOIINe II0JypeaK-

107078

Cu2t + 2e > Cu%

HY-2e —» 2H".

CyMMapHasa OKUCIUTEIbHO-BOCCTAHOBUTEIbHAA PEAKI A
B 9TOM Tr'aJIbBAHUYECKOM DJIEMEHTE:
CuSO4 + Hy = Cu + HySO,.
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AJIeKTPONHBIA MOTEHITAJ MEeIHOTO 3JIEKTPOoIa, N3MepeH-
HBII B CTAHAAPTHBIX YCJIOBUAX, PaBEH:

E° =0,34B.

Cu?* /Cu

CpaBHeHUe 5J€KTPOJHBIX IMMOTEHITMAJIOB IIMHKA W MeIu
TMOKa3bIBAET, UTO MEHbINIAA BeJIUYNHA IIOTEHIIMAJIa COOTBET-
cTByeT 0o0jiee CMIIBHOMY METAJIIy-BOCCTAHOBUTENIO U 0oJiee
c1aboMy ero KaTuOHY-OKMCJIUTEIIO.

Orcioa MOYKHO CHEJIaTh CJAEYIOIINe BHIBOIBI:

ONEeKTPOAHBIN MOTEHIIUAN (OKUCIUTETbHO-BOCCTAHOBU-
TeJbHBIA WJINU PEeJ-OKC IOTEHIIMAJ) SBJSIETCA XapaKTepu-
CTUKOU OKHCJIUTEJIbHOU aKTUBHOCTU OKMNCJIEHHOU (DOPMBI
5JeMeHTa U BOCCTAHOBUTEJbHOU AKTUBHOCTU €ro BOCCTA-
HOBJIEHHOM# (opmbl. UeM OH BBINIEe, TeM OOJBINIE aKTUB-
HOCTh OKMVCJIEHHOW U MEeHBIIIe aKTHUBHOCTH BOCCTAHOBJIEH-
HOU (hOpMEI ayIeMeHTA.

13.4. 9]IC ORUCJIUTEJBbHO-
BOCCTAHOBUTEJBbHOU PEAKIIUU.
YPABHEHUE HEPHCTA

3HaueHUsa CTAHZAPTHBIX 3JIEKTPOMHBIX ITOTEHIIAJIOB COOT-
BETCTBYIOITUX TIap MPUBEAEHBI B TabauIax (cm. Tadua. 11). 3Hasa
9TH 3HAUYEHUS, MOXKHO PACCUMTATH PA3HOCTh HAIPSKEHUH Ha
3JIEKTPOAaX MU 3JIeKTPOABIKYIYIo cuiy (IIIC) cooTBeTCTBYIO-
I[Iero TraJbBaHUYECKOrO 9JIEMEHTA B CTAHIAPTHBIX YCJIOBUSIX.
Tak, eciu COETUHUTH IMUHKOBBIN W MEIHBIN 3JI€KTPOABI IIPO-
BOJHUKOM, TO TOK IIOT€UET B HAIPABJIEHUN OT IIEPBOr0O KO BTO-
poMYy, T. €. OT BOCCTAaHOBUTENSA (Zn), OTHAIOIIETO SJIEKTPOHBI, K
OKMCIIUTENI0, IPpUHIMaonleMy saekTporsl (Cu?™) (puc. 31s).
B cucreme Oymer mpoTeKaTh cyMMapHas peaKIlus:

Zn + CuSO4 = Cu + ZnSO,.

9J1C rabBaHUYECKOTO dJIeMeHTa (er0 HAIIpSIKeHNe) — Bece-
rIa BeJWYWHA IOJIOKUTeabHasd. OHA OymeT pacCUMTHIBATHCH
KaK Pas3HOCTh IIOTEHITHAJIOB OKVCJIUTENS ¥ BOCCTAHOBUTEJA:
€= EOK - EBOCCT‘ (197)
IIpaBumo.

I[C oxucaumenbHO-860CCMAHOBUMENbHOL DeaKyuu
PasHa PA3HOCU IAEKMPOOHLLX NOMEHYUAN0E OKUCILU-

meas U 60CCMAHOBUMENA.
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B cTaHZAPTHBIX YCIOBUAX IJIA IPUBEAEHHOTO MeIHO-IIIH-
KOBOTO 9JIEMeHTA:
e=E°

cutcu E§n2+/Zn =0,34-(-0,76) =1,1B
Peasibuas BesimunHAa Pef-OKC IIOTEHIINAIA 3aBUCUT OT MHO-
rux (axTopoB (TeMIepaTyphl, KOHIleHTpanuu, pH u ap.).
B ycnoBuAX, OTAUYHBIX OT CTAHAAPTHBIX, €€ PACUET IPOBO-
IAT 1o ypaBHeHHuio HepHcra.
Ypasuenue HepHcra.

Eox. /socer. = E +(RT /nF)In(Ilae. /Iagcer.). (198)

OK./BOCCT.

3necs EY — craEgapTHBIE TOTeHIMAJ AaHHOH mapshl,
F — xoHcrauTa Papajges, moKassIBawoInasa, KaKoe KoJude-
CTBO 3JIEKTPHUYECTBA IEPEHOCUT OAUH MOJIb 3JIEKTPOHOB
(96485 KyJsn/MOJB), N — YHUCJIO JIEKTPOHOB, IPUHUMAaEMOE
OKMCJIEHHON MJIM, UTO TOXKE, OTAAaBaeMOe BOCCTAaHOBJIEHHOM
dopmoit samemenTa (coegunenus), Ila,, u Ilagye., — mTpous-
BeleHNs aKTUBHOCTEHN BCeX COeTUHEHUI, HaXOAAIIUXCS, CO-
OTBETCTBEHHO, B JIEBOI M MIPABOI YAaCTAX IOJIypeaKIIMU BOC-
CTAHOBJIEHUST OKUCJIUTENA.

Mg nmpocteiinieil mosiypeakuu Ipu KOMHATHOI! TeMIIe-
paType mocJie TOACTAHOBKY KOHCTAHT WM 3aMeHBI HAaTypaJb-
HOTO Jjorapu(Ma Ha AeCATUYHBIN moiydyaeMm 6ojiee YIOOHYIO
dbopmy ypaBHEHUA:

EOK./BOCCT. = ng./goccrr. + (0’ 059/n) lg(aox. /aBOCCT.)' (199)

Wnu, B cayuae oueHb HUBKMX KOHIIEHTPAIIMI MOHOB B
pacTBope, KOrjJa UX aKTUBHOCTH MOTYT OBITH 3aMEHEHBI MO-
JIIPHBIMM KOHIIEHTPAIAAMMN:

EOK,./BOCCT. =E? + (0’ 059/"') lg(COK /CBOCCT.)’ (200)

OK./BOCCT.

Hanpumep, gas mapsl MnO, /Mn?", xoropoii coorser-
CTBYET IOJIypeaKI[us BOCCTAHOBJIECHUSA IIepMaHTaHAT-aHUOHA
B KucJIoi cpege MnO,~ + 8H' + 5 - Mn?" + 4H,0 ypaBHe-
Hue HepHcra OygeT 3ammcaHO CIETYIONUM 00pasoM:

Eox.socer. = Ege. jnocer. + (0,059 /5)1g((MnO7J[H* ]* /[Mn**])

C Y4E€TOM TOT'0, UTO KOHI[EHTPAIIA BOILI B PACTBOPE HAMHO-
ro OOJIBITIe KOHIIEHTPAIIUI OCTAJIbHBIX YUACTHUKOB PeaKIIuu
M MOMKET CUMTATHCA IMOCTOSTHHOM.
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13.5. HAITPABJIEHUE .
OKHUCJUTEJBHO-BOCCTAHOBUTEJBHOU
PEAKIIUN
BriBesem ypaBHeHUe A oupezenenusa JJC peakmuu:
Oxucaurenb; + BoccraHoBuTen b, = BoccraHoBuTe b, + OKUCIUTENIb,y

C UCIOJb30BaHUEM ypaBHeHHs HepHcTa A OKHCIUTENS M BOCCTAHO-
Burens (198) u onpenenenus (197).

_ _ _ 0 0
€= EOK-I / BoceT.1 EOK-Z /BoceT.y T Eo}c.l / BoceT.] on.z / BOCCT.2 +

+ (RT / nF) ln(aox.l aBoccT.z /ao}c.zasocc'r.l)'
C yueToM BHIpasKeHUSA AJIsI KOHCTAHTHI paBHOBeCUA peaknuu (ypas-
HeHue 88), 3anMCaHHON A aKTUBHOCTEHN

K = Qox.3 Apocer.y

IoJiy4yaem: Gox1 Fnocer.
€ = AE° — (RT/nF)InK. (201)
B cocTogHuMM paBHOBeCHs TOK II0 IPOBOAHUKY He IOUIET, T. €.
HaIpAMXKeHUe 3JIeMeHTa PaBHO HYJIO:
e=0.
B sTOM cocToAHMY, TpuUpaBHUBAS HPABYIO0 YacTh ITPUBEIEHHOTO
YyPaBHEHUA HYJIIO, IIOJydYaeM:
nFAE® = RTInK. (202)

Ilocnenuas BenwynHA, B3ATAA CO 3HAKOM MUHYC, DaBHA H3MeEHe-
Huio sHepruu 'mb6ca B crangapTHBIX yeaoBuax (ypasuenue 103). Cie-

[OBATEJIBHO:
—AG° = RTInK = nFAE°. (203)
IIporecc OymeT mpoTrekaTh CaMOIIPOU3BOJIBHO (CM. ypaBHeHUE 55),
Korza:
AG® < 0.

I aTOTO, KaK CJefyeT M3 MOJYYEeHHOTOo BhIpaskeHus 203, HeoO-
XOAUMO, 4TOOBI BBIIOJHAIOCH CJIEAYIONIee yCIOBUE:

AE® > 0. (204)
9T0, B CBOIO OUepeb, OyAeT HAOJIIOAaTHCA TOTJa, KOraa 3JIeKTPOI-
HBIHM IIOTEHI[MAJ IePBOi maphl (OKUCIUTENs1) OyneT GoJbIle, YeM BTO-
poit (BoccranoBuresisa) (ypaBuenue 197).
IIpaBuaa.

1. OrucaumentbHO-860CCMAHOBUMEIbHbLE pearxuuu npo-
mexaiom caeda Hanpaso mozda, kozda IJC coomeem-
cmaeyrnuLezo 2ajlb8aAHUYECK020 3JleMeHma noJloxdcumeJslbHa.

2. Oxucaumeanem 8 0aAHHOU cucmeme 6ydem S8ALMb-
Cci coeauHeHue, umernuiee 60thuty10 8eJlU4YUHY OKUCJU-
meJlbHO-860CCMAHOBUNMEJNDHOZ0 nomeHyuaLa.

IIPUMEP.

Ilsisi onpesiesieHUsI HAPABJIEHUS IPOTEKAHUS OKUCIUTEIBHO-BOC-
CTAaHOBMUTEJILHOI peaknuu B cucteme: Fed', Fe2t, I-, I, sanumem coor-

BETCTBYIOIVE YPABHEHU MOJypPeaKIuil 1 HaliieM B TabJIuIle CTaHgapT-
Hble 3HAYEHUS DeJ-OKC IOTEHI[HAJOB YUACTHUKOB.

Fe?*+e—> Fe2t E°=0,77TB
I, +2e > 21 E°=0,54B
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B COOTBETCTBHUHU C IIPUBEIEHHBIM IIPABUJIOM OKHCJIUTEJIEM B OaH-
HOIt cucteMe Gyzer uon Fe3t, a Boccranosutenem I,. Takum o6pasom, B
cucrtemMe OymeT MPOTEKaTh CleAyIonias peaKkIius:

2Fe?t + 21" = 2Fe?" + I,.

Besnnuwnaa 9JIC cCOOTBETCTBYIOIETO 3JIeMEHTAa B CTaHIAPTHHIX yC-
JIOBUAX OyJeT paBHA:

0 _ o _ Eo =
g? = EF63+ JFe? EI2 Jor 0,23 B.

Pacuer gyia aTO# peaknuu M3MEHEHUS CTAHAAPTHOTO 3HAUYEHUS
sHepruu I'm66ca 1 KOHCTAHTHI PABHOBECUSA JAeT 3HAUEHUS:

AG® = -22,7 x[Tsx, K = 9,4-103.

CueoBaTesbHO, PABHOBECHE 9TOI PEeaKIINU CYIeCTBEHHO CABUHY-
TO B CTOPOHY IPOJYKTOB PEAKIINU.

Takum obpasom, onpenenerue JJC peaKIuu MO3BOJIAET
HAaXOAUTh COOTBETCTBYIOIINE TePMOANHAMUYECKIE IapaMeT-
PBI OKHUCJIUTEIbHO-BOCCTAHOBUTEILHBIX PEAKI[MAIA.

13.6. PSAJT HATIPSI'KEHIUI METAJLJIOB

B ciyuae meTanyioB WX CTaHAAPTHBIE JIEKTPOJHBIE IIO-
TeHI[AJIbl CBeIEeHEI B ONPEeJeHHBIN PAL, KOTOPBIA HA3hIBa-
eTcsA PAJ HANPAXKEHUN MeTaJIoB.

P50 nanpsaxcenuil memasniog — BCe METAJLIBI, PACIIOJIO-
JKeHHBIE B IOPAAKE BO3PACTAHUA X OKHUCIUTEIbHO-BOCCTA-
HOBUTEJbHBIX MOTeHInasoB (Taba. 12).

Pap nanpsaskeHuilt meTasLioB*
(Pan crarmapTHBIX 3JIEKTPOAHBIX MOTEHIUAJIOB, E°, B)

Li K Ca Mg Al Zn Fe Sn (H) Cu Ag Pt Au
Li* K* Caz Mg2* AI¥* Zn2* Fe2 Snz* 2H* Cu2* Ag* Ptz* Au*
-3,05 —2,93 —2,87 —2,36 —1,66 —0,76 —0,44 —0,14 0 0,34 0,80 1,20 1,50
* Bribopouno (mostHOCTBIO M. Tab. 12).
B mepBoii cTpoKe CTOAT MeTaJLIbI B MOPAAKE YMEHbIIIEHN S
UX BOCCTAHOBUTEJIbHON aKTHUBHOCTU, 4 BO BTOPOII MX KaTHUO-
HBI B TIOPAAKE YBEJIMUEHUA UX OKUCIUTEIHLHOU aKTUBHOCTH.
IlocemoBaTeILHOCTE B PACIIOJNIOMKEHUY METAJLIOB, KaK IIpa-
BUJIO, COOTBETCTBYET MX MECTY B COOTBETCTBYIOIIUX I'DYIIIaX
u mnoarpynmax Ilepmommueckoir cucrembl. CiieBa HaIIpaBo:
IA-nmoarpynma (Li, K), ITA-mogrpynna (Ca, Mg), IIIA-mozx-
rpymma (Al) u ganee d-smemenTbl. B KoHIE psima paciosara-
IOTCA TaK HasbIBaeMble Gyiaropognblie meTasasl (Ag, Pt, Au).
Amanus 3TOTO pALa TO3BOJIAET CAEJIATh HEKOTOPHIE BBIBOMILI.
1. Ef;+ /10 — MuHUMAaseH, EQ 3+ 4,0 — MaKCHMaJeH, CJie-
IOBaTeNbHO, JJUTUN — CAMBIN CHUJIbHBIN BOCCTAHOBUTENH U3
MeTAaJLJIOB, a MOH 30JI0Ta — CAMBbBIA CUJIbHBIN OKUCIUTENDH U3
KaTHOHOB METAaJIJIOB.
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Tabnrnuuya 12
CTaH,Z[apTHLIe AJIEKTPOAHbBIE IIOTEHIIXAJIBI METAJIJIOB

Onek- OnexTponHas E°. Onex- OnexTpogHas E°. &
TPO peaknusa ’ TPOO peaknus ’
Lit/Li Lit+es Li -3,045 | Fe2Fe | Fe2*+ 2e = Fe | -0,44
K+/K Ktr+e s -2,925 | Cd2*/Cd | Cd2* + 2e = Cd | —0,403
Rb*/Rb Rb*+e <= Rb | —2,925 | Co2*/Co | Co% + 2e = Co | —0,277
Cs*/Cs Cst+e=Cs | —2,923 | Niz#/Ni | Niz*+2e < Ni | -0,25
Ca?t/Ca | Ca2*+e < Ca | —2,866 | Sn2*/Sn | Sn2*+ 2e < Sn | —0,136

Na*/Na Naté = Na | 2,714 | Pb2/Pb | Pb2*+& = Pb | -0,126
Mg2/Mg | Mg?* + & < Mg | —2,363 | H/ SH2 | H* + 26 < %H 0
AB+/AL | Al*+e = Al | -1,662 | Cuz/Cu | Cuzt + 26 < Cu | +0,337
Mn2*/Mn | Mn2* + & < Mn | —1,179 | Hg?*/2Hg | Hg?* + & 5 2Hg | +0,788
Zn2tZn | Zn2*+ @& < Zn | 0,763 | Ag'/Ag Agr+e = Ag | +0,799
Cr3*/Cr | Cr3*+e < Cr | —0,744 | Au3*/Au | Au3* + 3e < Au | +1,498

2. JIioboii mMeTasa, CTOAIIUN JieBee, T. €. UMEIOITUH Be-
JIMYUHY 9JIeKTPOIHOr0 IIOTEHIIAaa MeHbIIYIO, UeM Y IPYTO-
TO MeTaJjijia, CTOAIIEeTO IpaBee, MOJIKeH BBITECHATH (BoccTa-
HaBJIMBATH) IIOCJIEIHUI 13 €ro COeIMHEeHUIA.

3. Bce Merasibl, mMeIOIIe OTPUIIATEJIbHYIO BEJIUUYUHY
SJIEKTPOJHOTO IIOTEHI[MAJA, HOJKHBI BOCCTAHABJIMBATH Ka-
THOH BOJOPOJAa, T. €. PACTBOPATLCA B KUCJIOTAX-HEOKUCJIIU-
TeJIAX C BBIEJeHWEeM BOAOPOIAa, a METaJJIbl, UMEeIOII1e II0-
JIOXKUTEJbHYIO BeJIMUYNHY IIOTEHIIHAJIa, He TOJIXKHBI PacTBO-
PATHCA B TaKUX KUCJIOTaX.

4. B miporiecce 5JeKTpPOJIN3a IPH BOCCTAHOBJICHNHN KAaTHO-
HOB HAa KaToJe MEePBbIM JOJKEH BOCCTAHABINBATHLCA KATHOH
MeTaJljia, CTOAIIero Ipasee, T. €. 00Jiee CUJIbHBINA KaTHOH-
OKUCJIUTENb.

13.7. TU®OY3HOHHBII MOTEHIIHAJ

B pacTBOpax sJeKTPOJIMTOB B HEPABHOBECHBIX YCJIOBUSX,
KaK IPaBUJIO, PA3HEIE YACTH PACTBOPA OTIMYAIOTCA COCTABOM
WX KOHIleHTparmeir moHoB (cM. puc. 32). CiemoBaTeabHO, B
COOTBETCTBMHU C ypaBHeHHMeM HepmHcTa, B TaKHX pPacTBOpPax
PasHbIE YaCTH JOJIKHBI OTJINYATHCSA BEJIUUNHON OKUCIUTEb-
HO-BOCCTAHOBHUTEJLHOI'O TMOTEHI[MAJNA, T. €. AOJKHA HaOJIIo-
IaThbCSA PA3HOCTH IIOTEHI[MAJOB HA TPAHUIE ABYX PACTBOPOB
PasHOro cOCTaBa MJIM KOHIEHTpAIluy (CKAuOK IOTEHIINAJIA).
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Hupdysuonnslii nomenyuas — PasHOCTb IMOTEHIIUAIOB
Ha TPaAHWIlE MEXAY PasHBIMHU II0 COCTABY WM KOHI[EHTpA-
AU PACTBOPAMU.

IlosiBnenue nuddy3snoHHOrO MOTEHI[MAIA CBA3aHO C Pas-
JIUYNSAMU B MOABUIKHOCTY PA3HBIX MOHOB.

IIPUMEP.

Ecsu 0CTOPOYKHO HACIOUTH
PaCTBOpP COJIAHOM KUCJIOTHI Ha
BOAY, TO Oyaer HaOJIIOLATHCSA &) @C? 000
[IBUJKEHUE NOHOB M3 PACTBODA B ‘ ‘ I & * ‘

Boay (puc. 32). Ilpu aTom cKoO-
POCThH IBUMXKEHUS KATUOHOB BO-
Iopojia IMPUMEPHO B HATH Pas CRCHC!
0OoJIbIlle, UYeM XJIOPUI-aHUOHOB,

Puc. 32
HOCKOJPKY IOCIENHIE HMEIOT Cxema nosagrenus Oup@pysnozo
GOJIBIINH pasMep U 3HAYUTEJIb- nomenyuaia

HYIO CTEIIeHb THPATAINH B BOJE.
B pesyabTaTe uepe3 CPABHUTEJIHHO HEGOJBIION IIPOMEKYTOK BPEMEHU
HIDKHUAI pacTBOp OyaeT 00oraleH MOJOKUTEIbHO 3aPIKeHHBIMA IPO-
TOHAMU, 8 BEPXHUI — OTPUIATEIHHO 3aPAKEHHBIMA XJIOPUI-aHUOHA-
mu. Torga Ha rpaHuIle ABYX PACTBOPOB BOZHUKHET PA3HOCTH ITOTEHI[H-
aynoB (CKA4YOK IIOTEHIMAJa), KOTOPAasd MOXKET COCTABJATb OO NECATU
MUJIIABOJIBT.

B ciyuae 91eKTpoOJINTA, JUCCOIMUPYIOIIEro HA JBA ONHO3APAMHBIX
MOHA, 3Ta PAa3HOCTh MOTEHIIMAJIOB PACCUUTHIBAETCA IO opmyJie:

E=U b RT & (205)
G+L) Fooa
3mecs I, I, — TONBMYKHOCTY aHMOHA U KATUOHA, G, @3 — AKTUBHOCTU
9JIEKTPOJINTA B HUKHEM U BEPXHEM PacTBOpax, IPUYEM a; > do.
Crnenyer 3aMeTUTh, YTO YKa3aHHAA PA3HOCTH IIOTEHIIMAJIOB Yepes
oIpefiesleHHOe BpeMsaA HCUe3aeT, T. €. OHA (DAKTHUUECKU SABJIAETCA He-
PaBHOBECHOI BEJWYMHOM, B OTJIMYME OT MeMOPAHHOTO IOTEHIIHAJa
(cMm. HEKE).

B ciyuae raspBaHUUYECKOTO 3JI€MEHTa PaCUeT 3JIEKTPO-
IBUKYIE CUJIBI JOJIXKEH COJepPsKaTh MOMPABKY Ha ee u3Me-
HEeHUe B pe3yJbTaTe MoABJIeHUuA AuG(GY3MOHHOTO MOTEeHIAA-
Ja, yMeHbIaIero peadbuoe 3Hauernue JJC. OgHaKo aTOT
aKTOp MOJKET ObITh YCTPAHEH BBEJEeHMEM HA I'PAHUILY JBYX
PaCTBOPOB PacTBOPA JIEKTPOJIUTA, UMEIOIIero OJIM3KIe 3Ha-
YeHUS MOABUIKHOCTH 000ux moHOoB, Hampumep KCl (Tax za-
3BIBAEMBIN XJIOP-KAJNEBBLIH MOCTUK).

13.8. MEMBPAHHLIN ITIOTEHITAAJI

Ecau ma rpanuiie ABYX PacTBOPOB, PACCMOTPEHHBIX BBIIIIE,
IOMECTUTL MeMOpaHy, n30MpaTeIbHO IPOIIYCKAIOIIYIO TOJIb-
KO MOHBI OJHOTO BUJA, TO CKAUOK IMOTEHI[MAJa Ha 9TOU Ipa-
HUIle BO3pacTeT u OyAeT OCTaBaTbCs IIOCTOAHHBLIM BO BpeMe-
HU TIPU HEM3MEHHBIX YCJIOBUAX.
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MembpantbsLili nomeHyual — PasHOCTD IOTEHI[NAJIOB HA
TPaHUIlEe MEXKIY PasHBIMHU IO COCTaBY WJW KOHIEHTPAIUU
pacTBOpaMu, pasaesIeHHbIMY MEMOPAHON, IIPOHUIIAEMOU TOJIb-
KO [IJIsI MOHOB OJHOTO THIIA.

Pasgnnunas mpoHUIIa€MOCThE MEMOPAHBI IO OTHOIIEHHUIO K
PasHBIM HMOHAM MOKeT OBLITh cBA3aHa Jubo C ee 3apsaaoM
(motuMepHasa MeMOpaHa, 00pasoBaHHAaSA TOJNKATHOHAMU MU
MOJIMAaHUOHAMM), OTTAJKMUBAIOIINM OJHOMMEHHO 3apsAKeH-
HBbIe MOHBI, JU00 C Pa3MepoOM IIOD.

PaccmoTpum mMeMmOpaHy, CHEIAaHHYIO W3 IIOJIMDJIEKTPO-
JINTa, HAIPUMED, U3 YaCTUUHO CIIUTOHN MOJUAKPUIOBOM KHUC-
JIOTHI (IosMaHWOH). B cocTaB 3TOTO mMOJIMMepa BXOAAT Kap-
O0OKCHUJIbHBIE TPYIIILI, KOTOPHLIE B Pe3yJIbTaTe AUCCOIIUAIINHI
B PacTBOPE 3apsKaioTca OTpunaTeabHo. IlomecTuM aTy MeM-
OpaHy MEKAy ABYMS PacTBO-

pamMu, HanpuMep, COJAHOU o= ;
KHUCJIOTHI PaBINYHON KOH- D - o 1@
. ! —
neutpanuu. OTpunaTeIbHbIN O )
1
3apsan MeMOpaHbI OyIeT mpe- @e@_:_._ o )
|- 1
OATCTBOBATH IPOXOXKIEHUIO . .
yepes Hee XJOPUA-aHUOHOB Puc. 33
7 CIIOCOGCTBOBATH IPOXOIK- Cxema nosgrenHus memOpanmozo
nomexryuaJaa

IEeHUI0O KaTMOHOB BOJOPO/A.
B pesysibTaTe KaTHOHBI OyAyT HAKAIJIUBATHCA B OLHOI Uac-

TH pacTBOpa, a aHUOHLI — B apyroii. Ha rpanune aByx
yacTell pacTBopa OyzerT HaOJIIOJZATHCA CKAUOK IIOTEHI[MAJIA
(puc. 33).

Bennunza MeMOPaAHHOTO IIOTEHIIAA PACCUNTHIBAETCS 110
dopmy.e:

E = (RT/F)In(a;/as) (206)

3mech a1 U Gy — aKTUBHOCTY MOHOB B IIEPBOM M BTOPOM
pacTBOpax.

Beanunna MeMOpaHHOTO HMOTeHIIHAJa 00Jiee 3HAUUTEIh-
Ha, ueM Aud@PysmoHHOTO moTeHImaga. OHA MOMKET JOCTHU-
raTh HECKOJbKUX AECATKOB MUJLJINBOJIBT.

Eciu B3aTh, Hanpumep, pacTBopbl KCIl ¢ KoHIleHTpaIn-
et 0,1 moap/n um 0,01 Mmonb/J7, pasgeeHHbIE ITOJUMEPHOMR
HOJIYIPOHUIAeMOII MeMOpaHOoii, TO HA UX I'PAHUIIE BO3SHUK-
HET Pas3HOCTh IMOTeHInaaoB 45—55 MB.
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13.9. SHAYEHHE
OKHUCJIHUTEJIbHO-BOCCTAHOBUTEJBHBIX
PEARIINY, UX POJb B BHOJIOI'HH

OKHMCIUTEIbHO-BOCCTAHOBUTEIbHBIE PEAKIIUU PACIIPOCT-
paHeHbI B MIPUPOJE U B TeXHMKe. K HUM OTHOCATCS IIPOIIEC-
ChbI OKUCJI€HUS MeTaJlIOB (PKaBJIeHUs), BOCCTAHOBIEHUSA UX
u3 PYZ, B TOM YHCJIE 3JIeKTPOXUMUYecKuMu cnocobamu. CBa-
3pIBaHMEe aTMOc(epPHOro asora, AyOJaeHHe KO, IPOU3BOI-
CTBO PasINUYHBIX XUMUYECKUX IIPEnapaToB (JIeKapCTBEeHHBIX
mpemapaToB, KpacuTesell u Ip.), CO3MaHNe XUMUYECKUX HC-
TOUHUKOB TOKA — BCE BTO M MHOTOE JPYroe OCHOBAaHO Ha
OKUCJIUTEJTbHO-BOCCTAHOBUTEIHLHBIX PEAKIIUAX.

MHorue IpOIecChl MKU3HeAeATeILHOCTH OpraHnu3Ma TaK-
JKe B OCHOBE CBOEH SABJIAIOTCA OKUCJIUTEIHLHO-BOCCTAHOBU-
TeJIbHBIMU PEAKIIUAMYU, HAIIPUMED, IIPOIECChI OKUCJIEHUS IH-
TaTeJbHBLIX BEIeCTB, AbIXaHNe, YCBOGHUE YIJIeKUCJIOro rasa
pacTeHusMHU U AP.

K oKucIuTeIbHO-BOCCTAHOBUTEIbHLIM CHCTEMaM OTHO-
cATCA: TeM/TeMaTHH; IIUTOXPOM, comepxamniuii Fe3' u Fe?t;
IIUCTUH/IIUCTENH; OKUCJIEHHAs M BOCCTAHOBJIEHHAS (DOPMBI
aCKOPOMHOBOM KMCJIOTHI W JP.

ITepeHoc 3J1eKTPOHOB ¢ cyOcTpaTa (BOCCTAHOBUTEJS) HA
KHCJIOPOL (OKUCINTEIH) HETPEPHIBHO OCYIIIECTBIISIETCS B TKA-
HAX U TIPEJCTABIAET 000 Ienb OKUCIUTEIbHO-BOCCTAHO-
BUTEJNLHBIX peaxiuii. Kayxmoe 3BeHO 9TOH Ileny XapaKTepu-
3yeTCsI ONpPeNeJeHHBIM OKUCJIUTEIHLHO-BOCCTAHOBUTEIHLHBIM
IMOTEHI[UAJTIOM.

PaccmoTpuM 1ensb hepMeHTATUBHBIX MPOIECCOB (IIpuBe-
IeHbl 3HAUCHUS OKHCJIHATEIbHO-BOCCTAHOBUTEIHHBIX IIOTEH-
I1AaJIoB):

Cybcerpar — geruaporeHasa — (hJIaBUHOBEIH (epMEHT — HUTOXPOMEI — O,
-0,42'B -0,32B ~0,06 B (+0,04)-(0,55B)  +0,82B

B 5101 Ienu KaykI0e IPOMeKyTOUHOe 3BeHO MOJKET ObITh
OKHCJIATEJIEM II0 OTHOIIEHUIO K IIPEIbIAYIeMYy 3B€HY U BOC-
CTAHOBUTEJIEM II0 OTHOIIEHUIO K IOCJIEeAYIOIIEMY.

Muorre MmeMOpaHHBIE IIPOIECCHI B KJIETKAX CBA3aHBI C II0-
sIBJICHUEM U M3MeHeHneM MX MeMOpaHHOoro moreHiuana. Kie-
TOUHBIE CTEHKH 3aIlUIAI0OT BHYTPUKJIETOUHOE ITPOCTPAHCTBO
OT BHeIITHeH cpefbl. MemOpaHa KJIeTKH 00JagaeT n30npaTeb-
HOIT IpoHuItaeMocThio. OHA IPOMYyCKaeT BHYTPh MOHBI KaJIUd,
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a HApYsKy — HOHBI HATPHUA. ITO CBA3aHO C Pa0OTOM TaK Ha3bI-
BaeMbIX HATPUH-KaJNEBBIX HACOCOB — cIenupuuecKux OeJ-
KOB B CTPYKType MeMOpaHbI. PasHOCTL KOHIIEHTPAI[UI MOHOB
MPUBOJUT K IOABJIEHUIO MEeMOPAHHOTO IOTEHITHAJA, UI'Palo-
11ero BasKHYIO POJIb B DYHKIIVMOHUPOBAHUU KJETKU.

IIPUMEP.

MexaHu3M BO3HUKHOBEHWS HEPBHOI'O BO3OYIKIEHUS U €ro mepeja-
YY HePBHBIMU BOJIOKHAMMU CBS3aH C U3MEHEHUeM BeJIWYMHBLI MeMOpaH-
HOTO IOTEeHIAaa:

Wcxonraa membpana (E = const) Na* I1 K"
Pasapaxurens (TE) Na*—I I« K"
«Hacoc» (VE) K*—I I«Na*
Ucxonuoe cocrosuue (E = const) Na‘lI K*

ITOT mpoliece, Tak Ke KaK U APYrue MPoIlecchl JKu3HeIe-
ATEJILHOCTH OPraHM3Ma, HeBO3BMOYKEH 0e3 SHepruu, HaKall-
JauBalolleiica B BUjle ageHO3UHTPUDOCHOPHON KUCIOTHI
(ATD). ATD, B pesynbrare npesBpamieua B AP u AMD
BBIJleJIsIeT 9HePIUIio, UCIO0JIb3yeMyl0, B YaCTHOCTH, Ha BOC-
CTaHOBJIEHVE MeMOPaHHOTO IOTEeHIINAJIA.

Bce npomecchl HaKONMJIEHUS SHEPTUY B KJIETKE OCYII[eCTB-
JIAIOTCS C yYaCTUEM MUTOXOHIPUI, KOTOpPBIE ABISA0TCA ATdD-
IIPOUBBOAAIIINMY OprasesiaMu. JIoKasn3oBaHHbBIE B HUX KOM-
MMOHEHTHI 06pa3yioT CBOEro pola OMOXMMHUUECKYIO OaTapeio,
B KOTOPOI IPOMCXOAUT TPAHCIOPT 3JEKTPOHOB U KOTOPAA
BbIpabaThIBaeT sHepruio ajsa cuuresa ATO.
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