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NPENLHUCJOBUE

TBopueckHe cnoco6HOCTH 4YesoBeKa (OPMHPYIOTCS CHNEUHANbHO
OTOGPaHHHM MpeJMETHHM COAepKaHHeM OOyYeHHs M COOTBETCTBY-
el opranu3anues NO3HABaTeNbHON NeATENBHOCTH IO €ro ycBoe-
HHI0. OCHOBHYIO POJIb B 3TOH AefATENbHOCTH MrpaeT pelleHHe 3aaay
Kak J1ab0paTOPHO-NPAaKTHYECKOTO, TaK H TEOPETHYECKOro HalpaB-
JIEHHSL.

B HacrosmeM 3agayHHKe BONPOCK M 3afayd OTOGpaHHE H
CTPYNNHPOBAHE Ha OCHOBE CHCTEMHOTO MOJAXOA2a K OGYYEHHIO H OT-
paxaroT 1) cucreMy coBpeMeHHOH XxHMHH (06ineii) KaK HayKH H
KaK y4eOGHOH AHCHUIVIHHE H 2) CHUCTeMY NpeAMeTa H3yYeHH XHMH-
4eCKOH HayKH — PEeaKlHH U BellecTBa. )

CofpaHHEe B MOCOGHH 3afaid — 3TO CJEACTBHE MNOCTOSIRHOTrO
ofllleHHs aBTOpa C NpPENOJaBaTeJsIMH MHOTHX BY30B CTpPaHH, cO
CTYJE€HTaMH Dpa3JHyHHEIX CcIlelHaJdbHOCTEHl (XHMHKaMH, TreoJoraMHy,
6uoJoramH, reorpa@aMy H APYTHMH) H YYHTEJNAMH XHMMH CpPelHHX
HIKOJI. .

ABTOp ray60Ko 6aarofapeH KOJJIEKTHBY KageAph ofmied xu-
MHH XHMHYeCcKOoro (akyanTera MockoBckoro IocynapcTBeHHOTO
YuuBepcutera uM. M. B. JlomoHocoBa (3aB. Kadenpoét mnpod.
E. M. CoronoBCcKasi) 3a MHOTHE MeTOAHYECKHE H HaYUHBle HIEeH, Io-
JIOXKEHHHE B OCHOBY IIOCOGHA B LIeJIOM H OTHAEJbHHX ero 3ajad. As-
Top npusHateseH wia.-kopp. AITH CCCP npo¢. H. @. Tanuizunof 3a
HpefJIOXKeHHEe BOCIOJAb30BATLCS CHCTEMHHIM MOAXOAOM AJs MOCTpO-
eHHd Kypca XMUMHH U KaHi. nex. Hayk T. A. CepreeBo#i 3a psaj co-
BETOB B OCYIIECTBJEHHH PeKOMeHJaLu#l CHCTEMHOro noixoxa. B o6-
CYKAEHHU TeOPETHYECKHX BONPOCOB COAEPKAHHA Kypca XHMHH ydya-
cTBoBanH ua.-kopp. AITH CCCP mnpog. JI. A, liserkos, npod.
B. C. Ilosocun u gou. I’ M, UeproGennckast. MIx noxejaHud cro-
cobeTBoBanH paboTe Hajx nocobuem. Mckpennioro 6JarofapHoOCTbh
aBTop BhIpaxaer ua.-kopp: AITH CCCP npog. E. . llykuny 3a
rOpSYYI0 MOAJEPIKKY MeTOAHYECKHX HOBOBBEeNEHHH B KypChl XHMHH.
Boabimymo momouis B pa6oTe Hax KHHro# okasamu npod. A. B. Cy-
BopoB u npo¢p. C. K. Ipakusn.

INpenyoxeHus M 3aMedaHHs N0 KHHre aBTOP NPOCHT HaNpaBiATh
no azxpecy: 119899, Mocksa, Jlenunckue I'opu, MI'Y, Xumuaeckui
daxyabrer, Kadenpa obied XHMHH.

0. C. 3ARLIEB



METOOHYECKHE YKA3AHHA

®dopMupoBaHHE TBOPUYECKHX CHOCOGHOCTEH OGyAyLIHX ClelHau-
CTOB — BaxKHefiiuag 3ajaua coBpeMeHHOH BHcuiel mroJu. OauH H3
nyTe# pelleHHs 3TOH 3aJaud COCTOHT B HCIOJIB30BaHHH JOCTHIKEHUH
COBpeMeHHOH NCHXOJOTHYeCKOH HayKH, B YaCTHOCTH, CHCTEMHOTO
nojixona B o6yueHHH H MeTOJAOB NpobJeMHOro oOyueHHA U NPH CO-
OTBETCTBYIOUleA OpraHH3auHH coGCTBeHHOM MNO3HaBaTe/]bHOH Jesi-
TeJbHOCTH CTYAEHTOB .

B TpaauuHOHHEIX 3aJaYHHKaxX, KaK NMpaBHJO, OpelJaraioTcs 3a-
Jaud, pelleHHe KOTOPHX 3aKJIuaeTcsl B NOACTAHOBKE UHCJIOBOTQ
MaTepHalla B H3BeCTHhie (DOPMYyJabl H B IOJYUeHHH pe3yJbTaTa, KO-
TOPHIA cpaBHHBAeTcsA ¢ OTBeTOM. B mopaBasiiomieM GOJBIIHHCTBE
caydaeB 3ajiaya pelllaeTcd OJAHHM €AHHCTBEHHHIM CIocoGoOM H CTY-
JIeHT JHIIEeH BO3MOXHOCTH BHGOpAa NYTH pellleHHS 3ajlayH. 3amayd
noJlo6HOr0 THNA CNOCOGCTBYIOT 3aMOMHHAHHKO (OpMYJ, KOTOpHE
JIeTKo HaWTH B JI060# cnpaBoyHo#l sutepartype. [TojoGHue 3agaqd
HYXKHBE /I 3aKpeNJieHHs OMOPHHX 3HAHHH H HX IPOBEPKH, HO OHH
He [IOJIXKHBEl 3aHHMAaTh CJAHIIKOM 6OJbBIUOTO MecTa B OOyYeHHH.

B HacrosimeM moco6un cobpaHo GoJsee 2000 3anay u BOIPOCOB
KaK pacyeTHOTO XapakKTepa, TaK M 33Jlay HeCTaHJAPTHHX H KauecT-
BEHHHIX, NPEeAHA3HAYEHHHX A4 (QOPMHPOBAHHA TBOPYECKHX CIO-
co6HOCTEH CTYREHTOB.

Ha ocnoBe cucreMHoro mnojixofa naparpadn B npeisaaraeMoMm
c6opHHKe moxo6paHbl COOTBETCTBEHHO BHIJIENEHHRIM pasfesaM XH-
MHH: 1) cTpoeHHe BellecTBa, 2) HanpaB/JeHHEe XHMHYECKHX HpO-
eccoB, 3) CKOPOCTb XMMHYECKHX MpOIECCOB H 4) NepHOAHYECKOE
H3MeHeHHe CBOHCTB 3JIeMEHTOB H HX COeJHHEHHI.

B TpaguuHOHHHX 3afayHHKax N0 o6lled XHMHH BONpOcaM cKoO-
POCTH XMMHYECKMX peakKUHH YHeJeHO O4YeHb MaJ0 BHHMaHUA,
B npeanaraeMoM noco6GHH 3TOMy pasnedy Kypca o6uiel XMHMHH OT-
IaHo 3HAYHTeJbHO GoJblle MecTa. B HcmoJab3yeMHX B HacTodmes
BpeMa 3aJlaYHHKaxX KaxKjasd 3adaya oOLIYHO NOCBSIEHA OTAEJILHOM
TeMe Kypca M He BKJIOYaeT 3JeMeHTH H3 Jpyrux TeM. B maHHOM
noco6HH pellleHHe MHOTHX 3ajAaq OCYyLIECTBHMO C IIpHBJICUEHHEM
TEOPeTHYECKHX OCHOB BceX NMepeyHcJeHHBIX Pa3jielloB XHMHH, 9TOOH
BEHpa6oTaTh y ofyvaiouiuxcsd cnoco6HOCTh K KOMIJIEKCHOMY  He-
NOMb30OBAHHIO HAaKOIVIEHHHIX 3HAHHH H CHCTEMHOMY H3YYEHHIO i
ONHCAHHIO XHMHYeCKOro 06beKTa, ABJEHHA WJH [polecca.

B npo6aemHoM o6yueHHH 3afaya HJAM npobJema BO3HHKaeT
IPH OTCYTCTBHH OZHOTO HJH HECKOJbKHX 3JEeMEeHTOB 3HAHHA B CR-
cTeMe HMelouuxcsa y o6yuyaeMoro 3HaHHM#, YTO BH3HBaeT noTpeb-

¥1) 3aiyes O. C. Hamu mMeToguueckHe MPHHUHOL NpenofaBaHHA oOlieR XH-
Muu. — BecTHHR BHCcmell mxoawn, 1983, Ne 7, ¢. 27—31.

2) Badyes Q. C. TlytH ¢$opMHPOBAHHA TBODPYECKOTO XHMHUECKOrO MHILJE-
nusa. — )KypHan Bcecowanoro xuMuueckoro o6-sa uM. [[. M. Mengeneesa, 1983,
1. 28, Ne 5, ¢, 35—40.

3) 3adyesa 0. C. CHCTeMHO-CTPYKTYPHHA MOAXOA K O6GydYeHHio obIueil XHMHH,
M., nag-so MockoBckoro yH-Ta, 1983. 170 c.



'HOCTh B NOHCKaxX Heo6xoanMo# HHGoOpMAaNUH, CHHTEe3a HOBOTO 3HA-
HHS M pa3pellieHHH Mpo6aeMHOH CHTyauHH. STOT NPHHIHI NOJOXKEH
B OCHOBY nojGopa Npo6JeMHBIX 3ajad H BolpocoB. MHorue us
npejJaraeMbiXx pacueTHHIX 3afad cay»aT npHOOpeTeHHI0 HOBHIX
‘BHAHHH, KOTOpPHE HJH e 3aJI0KEeHbl B YCJAOBHH 3aJa4H, HJH BHI-
ABAAIOTCA NOCJe pelleHHs B BHIAE OTBeTa, cofepxkauero B cele
npobieMy u Tpelbyiouero oObsCHEHHS ¢ OJHOBPEMEHHBIM IOHCKOM
HejpocTaouelf HHOOPMAIHH.

Jas hopMHpOBAHHA TBOPYECKOTO MBIUIIEHHA BaAXKHO O3HAKOM-
Jgerne o6yuyaeMhlX ¢ OCHOBHBIMH METOJaMH Hay4yHOTO NO3HAHHA, XO-
T Gbl B MHHHMaabHOM o0neme. [TodToMy B cOOpHHKe HMeeTCA DA
3ajad Ha OCYUIeCTBJEHHE BaKHeHIUHX AeHCTBHH M onepalHi Hayd-
HOTO MO3HAHHUA M HCCHEJOBAHUA: CDaBHeHHe, BBIAeJEHHe Cyecr-
BEHHBIX MPH3HAKOB, CHCTEMATH3alHd, KJacCHOHKaUHA, OPMYIHPO-
BaHHe ONpefieIeHHd TOHSATHS, Npejes] NPHUMEHHMOCTH 3aKOHA HJM
tTeopHu M T. I. [Togo6HOTrO THNA 3a7a4H He MEHee BAXKHBI MO CPaB-
HEHHK ¢ Mpo6JeMHBIMH H pacUeTHBIMHU.

3ajsauH B MOCOGHH pacHOJIOKEHH, KAK NMPaBHJIO, B MOPSIAKE NIPO-
XOXJEeHHS MaTepHaja H yBeJHYEHHS HX CJOXKHOCTH H TPYAHOCTH.
OnHako HeKOTopble 3alayH, oCOGEHHO Te, KOTOphle TPeOYIOT NpH-
BJIEYEHHA TeOPeTHUECKHX CBEJCHHI H3 DA3JHUYHBEIX PasfesioB H TeM
Kypca, DacloJIOKeHHl paHblie, ueM H3ydaerc Tpebyembllt ajas pe-
IICHHS MaTepuaJs. Takde 3alaud AONYCKAIOT HEMOJHOE PELIeHHE C
nocleAylOWHM Bo3BpanienueM. Kpome Toro, npuem «3aleraHus Bie-
pel» OKa3biBaeTCs MOJe3HBIM, TaK KaK MOBHILAET MO3HABATEILHYIO
AKTHBHOCTb CTYAEHTOB NMpH GoJiee MO3JAHEM H3YUEHHH MaTepHaJa.

3ajauH, OTHOCALIHECS OMXHOBDEMEHHO K PA3JHUYHBIM TeMaM Kyp-
€a 3acTaBJAIT 06yYaloEerocs HCNOJb30BATh CHCTEMHEIA, MHOTOCTO-
POHHHH MNOAXOX K HX pelleHHI0, MOKa3blBAIOT HAYUHYIO 3HAUYMMOCTb
BCceX H3yuaeMHIX pasfleIoB Kypca H KpOMe TOro, He NO3BOJSIOT 3a-
6bITb paHee NpoififeHHbll MaTtepuan. Ciaexyer o6paTHTh BHUMaHHe
H4 TO, 4TO MHOTJa GoJiee CJOXKHAS H TPyAHAa 3ajaua NpejlIecTBY-
et Gosee npoctofi u Jerkofl. IIpn TakoM pacnmosOXKeHHH 3aJad CTy-
JeHTHl, B clyuyae 3aTPYAHCHHSI B DElIeHHH, JOJXKHBEI ITPOCMOTPETHb
nocJaeAyomte (H NpeAhAYlIHe) 3afauyd AJS NOJYyYeHHS HeJOCTa-
romux csefleHuil. [lostoMy npenmojgaBsaTenNb JoJKeH 3apaHee NO3Ha-
KOMHTbCSA CO BCeMH 3a/auaMH M paclpefelUTb HX B COOTBETCTBHH
€ KOHKPEeTHHIM Ipad)HKOM H3YUEHHS MATepHAJA.

B noco6¥H HMeOTCH 3aJaud OJHHAKOBOTO = COLEPKAHHS, HO
c(POpMYJHPOBaHHBIe pa3auuHHM 06pasoM. lleawr Takoro mpuema —
NoKa3aTh CTyJeHTaM OoraTble BO3MOXKHOCTH COBPeMEHHOI'O Hay4HO-
ro A3blKa H BJHAHHE GOPMYJHUPOBAHHUSA YCJOBHS 3a/]auy HA BO3MOK-
HOCTBb €€ DelIeHHS.

Jns1 pa3BHTHS TBOPYECKOTO MHEILIEHHA NPH OGYyYeHHH XHMHM
MOXHO PEKOMEHJ0BaTb U HCNOJb30BATb «XHMHUUECKHe COUHHEHUAY.
Temnt counHenmit caMBle pa3HooGpasHBie: ONHCAHHE XHMHUECKHX
00beKTOB (BOAA, aMMHAK, MeTaH, aaMa3s, TrpadHT), oObACHEHHE
OPUYHH NPOXOKJAEHHS HJIH HEOCYUIECTBHMOCTH IPOIECCOB (CHHTE3
anMasa, CHHTe3 aMMHaKa H T. I.), IIOHCK Npo6JeM B 3aJaHHHIX 9HC-
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JOBHIX JaHHHX, PelieHHe pacueTHOH 3afayu C NOAPOGHHM OMHCA-
HHEM XOJZa pELIeHHS H aHAJH30M pe3yJbTaTOB, OCYHIECTBJEHHE
NpHEMOB CHCTEMaTH3allMH H KJlacCHQHKauuH GeclnopsnoduHO Mpef-
JIOXKEHHOro (haKTOJMOTHYECKOTO HJIH YHCJIOBOrO MaTepHaJa, BhGOp
CYIIEeCTBEHHHIX NPH3HAKOB H3 pAfa MNpelJloXXeHHHX INPH3HAKOB M
NOCTPOEHHE ONpeleeHHs] MOHATHA H T. . [Toro6HOTO THNA 3afaHHA
TaK¥e NPHBOAATCA B NOCOGHH.

TpanWuHOHHBlEe 3aJaYHHKH O XHMHH AJs cpelHel MIKOJH H By-
30B mpexsaraioT oGyuaeMeIM 3afadH ¢ TeM KOJHYeCTBOM HHpOpMA-
LLHH, KOTOpOe JAOJKHO BOHTH B PAcCUeTHYIO (OPMYJay H IPHBECTH K
NPaBHJIbBHOMY De€3yJabTaTy. DTO He CNOCOOCTBYeT BOCIHTAHHIO TBOP-
dJeckoro Muilinenusi. Korga npefsaralorcs cTyZAeHTaM 3afadH ¢ He-
JOCTAaTKOM HJH H36LITKOM HH(QOPMAUHH, OHH OKA3HBAlOTCA LM HHX
B GOJIBIIHHCTBE CAyuaeB HepellaeMhiMH. FIHTepecHO OTMeTHTB, UTO
3a7ayd ¢ HeJOCTAaTKOM HHOPODMAaIlHH, TpebylOUlHe ee NMOHCKA M3
CHpPaBOYHHKOB, pelIaloTcs Jerye, ueM 3afaud ¢ H3OBITKOM HHODOP-
MalHH,

B moco6ui NmOYTH OTCYTCTBYKIT OXZHOTHNHEIE 3ajauH, JTO HCK-
JI0YaeT BO3MOXHOCTb OOYUEHHS pelleHHK 3ajad no oGpasnam H
IIOKa3hiBaeT CTYyAeHTaM OrPOMHOe MHOrooGpasue 3ajay B peatib-
HOH Hay4HO-HCC/IeHOBaTeJbCKoH paGore. OnHaKo, s Toro 4toGhi
3a/layddK MOl OHITh HCHOJNB30BAH TaKKe NPH TPaXHIHOHHBHIX Me-
TOlaX NpenofaBaHHs, YyacTh 3afay HaNHCaHA N0 OGHYHHM 00pas-
[aM H pacCiMTaHa Ha 3aNOMHHAHHE PAacyYeTHHX (opMy.J.

MH NpHBLIKJIH K YeTKO NMOCTaBJeHHHM 3agauaM. CJefyeT HOpPH-
y9aTh K MOHCKY pelleHH# HeueTKO CGOPMYJHPOBAHHBIX, CJOXKHBIX
3aj1aY, ycJA0BHE KOTOPHIX He BhipaXKaeTcs B aHaJIMTHYecKoH ¢op-
Me. B noco6Hu nMmeeTcss 6OJbIIIOE UHCJAO 3alay, I[03BOJSIONMHX
LaBaTh pasJjiHyHhle NO WIHPOTe H TAyOHHE COLEPXKAHHS OTBETHL

Pexomenayercs caenyromas opraHusanus paboTn ¢ mocobuem.
3apanee (Ha NMpeABbAyLIeM 3aHATHH) NpeNofaBaTeJb AaeT TpyImIe
CTYIEHTOB PELIHTh ONHY OOLIyI0 AJS BCEX 3ajnauvy, H, KpoMe TOrg,
KaXJOoMy CTYIeRTy ellle IO OJAHOU 3ajaue HHAHBHAYaJbHO. [laBaThb
GoJiblllee YHCAO 3aja4y HellesecooGpasHo. CTYZEHTH JOJKHB H3J0-
KHTb NMHCbMEHHO pellleHHs 3afay Ha OTAeNbHBIX JHCTax, KOTOphle
npenojasaTesnb cobHpaeT 3a IeHb 00 ceMHHapa. Ha ceMuHapckom
3aHATHH CPyNNa IOX DYKOBOACTBOM IpenojaBaTelia ofcyxkKaaer
ofmymo 3afady, IpHYeM NpelNoRaBaTeNIo, 3apaHee H3yUHBIIEMY pe-
LUIEHHA CTYAEHTOB, 3HAUUTEJNbHO Jlerie OPTaHH30BaTb OHCKYCCHIO H
[IPOaHaJIH3HPOBaTh yAauHble H HeylauHble pelleHHs. Ha aToM ke
ceMHMHape DasOHPAIOTCH HHTEPeCHBle PELIeHHS OCTaJIbHBIX 3aj7au.

Herotopuie 3afaun TpeGyOT AJHTENbHHX PACYETOB, IPHYEM OT-
BeTHl, MOJYy4YeHHbIE HA OTAEJAbHBIX CTaNHAX, AaJjee BXOAAT B 3aKJK-
YHTEJbHYI0 CTafHio. B aromM ciayyae nenaecoob6pasHo oTHeJbHEE
onepanuu (CTafHH) MOHCKA PEUIEHHS PacHpenesNUTb MeXAY CTyIeH-
TaMH TPYONH, a 3aBepLIANOLIHA 3Tall pelleHHs NPOBECTH KOJJIEK-
THBHO, BCEH IPYNINON (Ha CEMHHAPCKOM 3aHSATHH).

Heo6s3aTenbHo Bcerna TpeGoBaTh OT CTYLEHTOB PElUEHHs BCeX
PacYeTHBIX 3a1a4, MOXKHO OTPAHHUHTBCS NOAPOOGHBIM ONHCAHHEM
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X0la peluieHus. 3TO 4acCTO OKA3HIBAETCS HAMHOTO IOJE3HEE, YeM
CBOAKa apu¢pMeTHYecKux AekicTBuil. Takoe omucaHHe pelleHHS NpH-
HYXJaeT CTYJeHTa 3apaHee INIAHHPOBATb NeATEJbHOCTb H PasCHs
BaTh €¢ Ha NOCJeN0BaTeJbHOCTb AEHCTBHH W oNepauuii, yeTko ¢op-
MYJHPOBaTh OOLIYIO M YacCTHBIE UeJdH, a KpOMe TOro, 4TO Haubosee
BaXHO, Pa3BUBAeT HABLIKH NHCbMEHHOH DEYH.

Ilpy BEGope 3amau Aasi OGCYXKAEHHS WJH XKe NPH CaMOCTOS-
TEJbHOM CO3IaHHH HOBHIX 3aJay NpelofaBaTelb JOJXeH IOMHHTb,
49T0 mpobseMa, MoCTaBJeHHasl Nepel CTYAEHTOM, JOJKHA OHITh AJS
HEro 3HaYHMOH, T. €. B KaKOH-TO CTelNeHH CBA3aHHOH ¢ ero 6ynyuei
ACATEJNBHOCTbIO 10 CnenuanbHOCTH. JKesaTesqbHO, YTOGH mNpenoja-
BaTe/b KaXAHA pa3 oObSACHAI CTYAEHTaM, TAe H KaK NMOLOGHOro
pona sanmauu GyAyT compoBoxAaTh HX B Gyaymeii pa6oTe.

B noco6uu oTCYTCTBYIOT TeopeTHYeCKHe BBENEHHS, UTO BHI3BAHO
Ha/lAYHeM GOJbIIOTO YHCJA YYeGHHKOB W mocobuit. UacTo TeopeTH-
YECKHE CBeJeHHs], HeOOXONHMbIe AJIs YCIEIIHOTO pelleHHs 3a4ayH, B
O49eHb CKaTOH (OpMe MPHBOASTCS B CAMOM YCJOBHH 3afayH. Tak
KaK OjHa 3ajaua oObeiHHsieT B ceGe YCJIOBHS H METOAH pelIeHHS
HECKOJIbKMX JPYTHX, CTyNeHTaM peKOMeHAyeTcsi AJsi MOHCKa Teope-
THYECKHX CBEJeHHH NPOCMATPHBATbL YCJOBHs HECKOJAbKHX Ipeibiay-
MUX H MOCJEAYIOIHX 3a1a4. MHOrHe 3aayH He COAEpRKAT HeobXo-
AHMBIX JJIS PEeLIeHHs] YHCJAOBHIX JaHHHX. TH JaHHHE MOTYT GHTb
HafileHHW HJH B COCEJHHX 3ajayaX MHJH B y4eGHOH M CIIpaBOYHOMH
JuTepartype. B moco6uM OTCYTCTBYIOT OGHYHO NpUJaraeMule cripa-
BOYHble TaGuaHUE. CTYHeHT HOJKEH YYHTbCH INOJb30BAaThCSl CHpa-
BOYHOH JHTEpaTypo (CIHCOK CNPaBOYHBLIX HCTOYHHKOB NMPHBOAHTCS
B KOHIle KHHIH). .

B nanHoM nocoGHH He galoTcst OTBeTH K 3agadaM. OJHAKO MHO-
FHE 3a/1a4H NOCTPOEHH TaK, UTO OTBET MOXKET OHTb HaltfeH B yCJO-
BHAIX 3a/a4, PacnoJIOXXeHHBIX A0 HJH moche nauHol 3amxagd. [losTto-
My, €c/li CTYIEHT He YBepeH B NPaBHJbHOCTH OTBETa, OH HOJIXKEH
NIPOUHUTATh HECKOJIBKO NpeANAYIHX H Nociaenymomux 3axad. Takoi
npHeM MO3BOJISIET MOBEICHTh MO3HABaTeJbHYI) aKTHBHOCTb CTYyHEH-
TOB H NPHOOPECTH NONOJHHTEJNbHYI0 HH(popManuio. Kpome Toro,
MHOTMe 3aJa4d NMpe[CcTaBJAT co6oi o0beAHHEHHE ABYX HJH 6GOJb-
IIero yxcja 3ajay. PeuwleHde no KpafHeidl Mepe OZHOH M3 HHX CJay-
JXMT OTBETOM Ha [ pyTHe.

OTcyTcTBHE OTBETOB K 3aJauyaM H3MEHsieT OTHOLIEHHe CTYAeH-
TOB (4 NpenofaBaTesefl) K NPOLECCY pelweHHs 3aAadd, Tpebyer
KPHTHYECKOr0 OTHOWIEHHMS K MOJYy4YaeMBIM pe3yJbTaTaM, YCHJIHBAET
oflleHne CTyJeHTOB MeXAy co6oii. ,

Ouenb BaxXHa H Apyras NpMYMHA OTCYTCTBHS OTBeTOB. KoJliek-
THBHO OGCYX/aTh PAa3JMYHHe NYTH PELICHHS 3a4aYH H MCKATh Npa-
BHJIbHble MOXHO TOJbKO B TOM cJydae, eCJH YYaCTHHKH NHCKYCCHH
He 3HAIOT OTBETA.

OO6hyHO OmeHKa YCMEWHOCTH BHINOJHEHHS pacyeTHOH —3agaud
O4eHb NPOCTa — NOCTATOYHO CBEPHTDb MOJYYEHHKIH THCAOBOH Pe3yJb-
TaT C OTBETOM B KOHIe 3a4ayHHKa. OLleHKa 3a BHINOJHEHHYIO He-
‘CTAaHAAPTHYIO KaYeCTBEHHYI0 3aflayy — Npo6JieMy 4acTo OKa3hlBa-
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€Tcsl QUeHb TPYRHOH HJIM JaX{e HEeBO3MOXHOA M HeoOBeKTHBHOM,
Hasa yBeauueHusi 06beKTHBHOCTH XeJaTeJbHAa NPOBepKa H OLEHKA
pelleHHHX 3aJa4d ONHMM InpenofaBaredeM. HecOMHeHHO, UTO KaXK-
0é HOBOe NpelJIOXKEeHHe, KaXKIas HOBasi MBICJAb, HecTaHAapPTHHA
X0 pelleHHS M T. I. JOJKHEI NOJYYHTb HAHBLICIIYIO OLEHKY.

B To ke BpeMsi HMeeTcs pPsiJ NPHEMOB, NO3BOJSIOIUX NPHOAH-
3UTbCA K KOJHUECTBEHHOH OHeHKe KauecTBAa pelleHHs] HecTaHZapT-
HOH HJHM TBOpYECKOH 3aiayi. KpHTepHSAMH OLEHKH OTBeTa /A Ka-
TecTBEHHHIX 33]a4 MOLYT OHTBH CAeAYIOlIHe.

1) Yucao obHapyeHHHX H chopMyIHpoBaHHHX npobaeM. [lo-
HCK mpobjiembl HaMHOro 6ojiee TPYLOEMOK H CJOXeEH, ieM ee IIO-
clenyiolllee penieHHe. DTO MOJXKHO YYHTHIBATHCH IIPH OIEHKe.

2) Uncsio pelleHHH (NIPaBHJAbHHX WM GAM3KHX K NPAaBHJbLHEIM)
3anaHHofl Mpo6/eMH, YHCJAO NMOAXONOB K pellleHHIO H T. I

3) Ilepeunciiende ()akTOpOB, BJMSIOLIKX Ha Ipolecc, CBOACTBA
BellleCTB, OTBETCTBEHHHX 3a IOBEJE&HHe BellleCTBA B ONHCHBaeMOM
SIBJIEHHH H T. I

4) MHOroCTopOHHOCTb NMOAXOJa K pelleHHIo 3ajaud. Hanpu-
Mep, 3a YHCJO IIPUBJEKAeMHX K pEUIeHHI0O TEeOPHH W3 OCHOBHHIX
YUeHHH XHMHH (TepMOZHHaMHKa, KHHeTHKa, CTPOEHHe BelliecTBa,
[IEPHOTHYHOCTD).

5) CobuaiogeHHe BHYTpPeHHe# JOTMKH HayKu (TepMOJHHAMHYe-
CKasgd 4YacTb ONHCAHHA [OJXHAa IpellleCTBOBATh KHHETHYECKOH,
OMMCAHHE HJY H3yYeHHe BeUlecTBa OCYILECTBJSETCS B NOCJHel0Ba-
TeJIbHOCTH 3aKOHOMepHOCTeH nepeXofa ¢ OJHOTO YPOBHSl OPraHH3a-
IIHH BelllecTBa Ha ADYTOH M T. 1.).

6) OcymecTsienHe omepauHii CHCTEMaTH3AUHH HAM Kaaccudu-
KalliH npejJjaraeMHX JaHHHIX. :

7) PacnosioxeHHe NpPH3HAKOB HJAH (AKTOPOB B NOPSAKE IOHH-
JKEHHS HX 3HaUYWMOCTH, OTBETCTBEHHOCTH 3a NPOXOXK/JEHHEe Ipolec-
CAHT I

8) OfunapyxeHue HaHOOJBIIEr0 YHCJA NPH3IHAKOB OOIIHOCTH ¥
Ka3aJjoch Obl HECPaBHHBAeMBIX OGBEKTOB H, Ha060OPOT, NPH3HAKOB.
pa3iMyHg y OJHM3KHX 1O HeKOTOPHIM MNOKAa3aTedasM 06DbeKTOB.

9) Uucno KpUTHYECKHX 3aMeYaHME, YHCJIO BHISBJEHHHIX HELO-
CTaTKOB, OINXGOK H T. I.

10) KauectBo HayuHO# peun (uYallle BCero NMHCbMeHHOH) Jerko
OLEHHBAETCH MO TOYHOCTH H YHCJAY HCHONb30BAHHREIX B ONHCaHHH
HJIH 00'bSICHEHHH HAaYYHEIX TEPMHHOB.

Caenyer 0co60 OTMETHTb, YTO CTYAEHTH AOJKHH OHITb 06d3a-

TeJIbHO O3HAKOMJIEHHl ¢ KPHTEDUSIMH OLEHOK HX Pa6OTH H npeib-
ABJIAEMBIM K HHM TpeGOBaHHUSAM.



TJIABA |

CTPOEHHUE BEILECTBA

§ 1. ATOMHO-MOJIEKY/IAPHOE YYEHHE

1-1. Kak Bu aymaere, KakoBa Lesdb H3yueHUss BamMu XuMHH?

1-2. Uto u3yyaeT XUMHS KaK HAYKa?

1-3. MHOrouHC/IeHHEe OMNpeAeJeHHs XHMHHM, INpPHBOXMMBIE B
yueGHHKaX, B OCHOBHOM MOXHO Da3je€JHTb H4 ABE TPYNNbI, ONpe-
JeqsIome XUMHIO KaK HayKy: a) O BellecTBax M HX IpeBpalie-
HHAX 4 6) o mpeBpauleHHsiX BeuecTB. KakoBo Bame mHeHHe oTHO-
CHTEJIbHO 3THX IIOAXOJO0B K ONpee/eHHIO XHMHH.

1-4. XuMusi —HayKa H yueGHBIH NpeiMeT COAEDKHT cJeaylo-
mige yyeHHsi: 1) O CTpOGHHH BellecTBa, 2) O HAaNpPaBJeHHH XHMH-
YeCKHX HPOIECCOB (XHMHYecKas TepMOJHHAMHKA), 3) O CKOpOCTd
XMMHUECKHX TMpOUEccOB (XHMHYecKasd KMHETHKa), 4) o NepHOAM-
YeCKOM H3MEHEHMH CBOHCTB 3J1eMeHTOB H coeluMHeHHi. [TocmoTrpuTe
COepXKaHUe 3TOTO NOCOOHS H OHpeJesIHTEe, HACKOJbKO OHO OTBeYa-
€T TepeuncJeHHBM yueHHsM. [IpocMOTpHTe ApyrHe yueOHHKH XH-
MuH., Hacko/abko X cojep:KaHHe OTBeyaeT 3THM YYEHHAM?

1-5. CHcreMOH Ha3HBAlOT OMNpPefe/eHHYI0 COBOKYNHOCTb 3Jle-
MeHTOB (Belllel, 06bEKTOB, Y4CTHL, CBOHCTB, MPH3HAKOB, NOHATHH,
Jo6HX 06pa3oBaHHH MaTepHaJAbHOTO HJIM JYXOBHOTO XapakTepa),
HaXoJAIIMXCH B ONpPEJEJEeHHOH B3aHMOCBSI3HM, KOTOpash NpHAAeT
JIAHHOH COBOKYNHOCTH IeJocTHbIE xapakTep. CHCTeMHBIH TOAXO[I
TpebyeT, UTO6H B ONMCAHHMH, OOBSICHEHHH M H3yUEHHH XHMHYECKO-
ro sIBJIeHHSI HJIH OOBEKTa MCIOJb30BaJHCh B DABHOH Mepe HAeH H
MeToJ b OCHOBHBIX YUEHHJ XHMHH, NEePeuHCJeHHHX B 3ajaue [-4.
OnHIIUTE CHCTEMHO BOAY KaK XHMHUecKHH oObekT. [afite cHcTeM-
HOe OO'BSICHEHHE YCJOBHSM CHHTE€3a aMMHaKa.

1-6. CucrteMa -—3T0 TaKoe MHOMKECTBO, 3JeMeHTH KOTOpOro
B3aMMHO BJHSIOT APYr Ha Apyra W npeobpasyloT Apyr Apyra. ¥Yka-
JKHTe MHOXKECTBA H CHCTEMBI CPefM CJeAyloUUX OOBeKTOB: MoJie-
Kyna, 10 Moaekys, 6,02-1023 moJsiekyJ, ra3 NpH HH3KOM JaBJIEHHH,
ras NpH BHICOKOM AaBJeHHH, ra3 NpPH HH3KOH TeMmepaType, ras
IpH BHICOKOH TeMIepaType, Kyda IecKa, OAHa IeCYHHKA, KPUCTAJN
Si0,, moaekyna SiOj, mosekyna Op, aTOM KPeMHHS, aTOM KHCJO-
pona. Kak B 3aBHCHMOCTH OT LI€JIM PACCMOTPeHHs1 0B6BEKTa CHUCTeE-
Ma M[peBpallaeTcsi B MHOXKECTBO He CBSI3aHHBIX 3JIEMEHTOB M Ha-
060poT? BHeJHTE 3JEeMEHTH IEpPeYHCIEHHBIX CHCTEM.

1-7. Kakast cucTeMa cJo¥Hee — MOJIeKyJ/a BOAbL HJIH 4TOM ypa-
Ha?

1-8. OnpeneauTs Kakoe-au6o NOHSTHE — 3HAYHT YKa3aTb Ha Cy-
[IeCTBEHHEE OTJAMYUTEJbHBIE NMPU3HAKH OOGBEKTOB, OXBATHIBAEMBIX

10



3TUM NoHATHeM. Kaxaoe onpenesneHue COCTOHT H3 ABYX yacTedl —
OnpejeaseMoro NOHATHA (ero cylmecTBeHHHle NMPH3HAKH OThICKHBA-
I0TCSI) H ONpelleJsIIOLIETO TIOHATHS (MM OlpelessieTcss HeH3BeCTHOE
nonsaTHe). Haubosee pacnpoctpaHeH cioco6 ompefesieHuss uepe3
O6nvxkadui poJ W BHAOBOE OTJHYHE. B onpemensioiieil yacTu ro-
BOpUTCSL O 6uMKakieM poje ompenessieMoro NMOHSTHs, T. €. 0 MHO-
JKecTBe 00BEKTOB, K KOTOPOMY OTHOCHTCS NaHHBIH 0GBEKT, H yKa-
3piBaercs BHAOBOe OTJH4YHE, T. €. OTJHYHUTENbHHE NPU3HAKH, HMe-
IOIHecs1  TOJBKO Y paccMaTpHBaeMOro  BHRZAa  OOBEKTOB H
OTCYTCTBYIOLIHE Yy OCTAJIbHBIX BHAOB, BXOAMIUHMX B 3TOT DOA.

Ykaxure B OnpenesieHHH <«XHMHUECKHH 3JIEMEHT — 3TO BH/[
ATOMOB C OJHMHAKOBBLIM 3apsSiOM sipa» OHpefesisieMoe H ONpejeJs-
Iollee MOHATHA, pOA OOBEKTOB, BHIOBOe OTJAHYHE. AHAJOTHYHO
pasbepute onpeznesnenne «CJloXKHOE BelleCTBO — 3TO BeLIECTBO, CO-
CTOoflllee M3 pasHbIX atoMoB». IlpensoxuTte onNpeleieHHs MOHATHH
CJeAyOUHUX 06BEKTOB: IPOTOH, H30TOI, ATOM.

1-9. Yacro usjoxeHHe Kakoro-auGo MarepHasa CTPOMTCH Ha
NOCJeI0BATENBHOCTH onpefeseHnl. CHauana ¢GOpMYJIHPYIOTCS ON-
penesieHns HaunOosiee OOLIUX MOHSATHH, 3aT€M NpPH HX TOMOILH OI-
peneaswTca MeHee o6lllMe NOHSITHS, Aajiee elle GoJiee YacTHBIE
HOHSITHSL, ¥ T. X. TakuM 06pa3oM CTPOHTCS Hepapxus (MOAYUHEH-
HOCTb) ONpelesJeHHH B H3J0XeHHH. Pacnpenenute ciaeayloline no-
HATHS B MepapXH4yecKOM MOPAAKe: KHCJAOTHHH OKCHI, CMEeChb, MpO-
CTOE BENIECTBO, OKCHI, CJOXHOE BelleCcTBO, OCHOBHBIH OKCHH, 3Je-
MEHT, MOJIeKYyJa, aToM, MaTepHusi, BelIeCTBO.

1-10. Jlro6oe HayuHOe MOHSITHE IO Mepe Da3BUTHS HAYKH He-
NpepLIBHO 060Tamaercss IO CMbicAy. BCIOMHHTe H3BeCTHHE Bam
onpeneseHHs NOHSATHSl «BaJeHTHOCTb». [ToKaXHTE HCTOPHYECKM H3-
MEHSIOUIYIOCS CMBICJIOBYI OCHOBY NOHATHS. KakK pacuiupssoch 310
HOHSITHE 110 Mepe H3yyeHHA Bamu XUMuH?

1-11. IlpuBenuTe XapakTepHble NPH3HAKH METAJJIOB M HeMeTaJ-
JIOB, KOTOpHE MOryT ObITb HCHOJB30BAHBLI NPH NOCTPOEHHH OIIpe-
AeneHu# 3THX noHaTHH. CuHraere Ju Br uenecoo6pasunm pede-
HHE 3JIEMEHTOB Ha METaJ bl H HEMEeTaJJIhl?

1-12. [lafiTe onpejeieHHe MOHSTHS <«XUMHYecKas (GoOpMysas.
Kakue cBeseHHSI MOXHO Y3HaTb W3 XHMHUYECKOH (GOpPMYJbI?

1-13. Knaccuduxauus —3to pacnpefesneHde H3yyaeMBIX o6b-
€KTOB Ha KJacCH (rpynmbl) coraacHo HauboJee CyLIeCTBEHHEM
NpH3HAKaM, NPHCYIUUM OGBbeKTaM JAaHHOTO KJacca M OTJHYAIOIUM
HX OT 06BeKTOB APYrHX KjaaccoB. IIpelsioxkHTe pasiauynble cHOCO-
65l KMacCHOHKAUMH OKCHIOB, KHCJAOT, OCHOBAHHH H coJeil.

1-14, Hanumure Kak MoXHO GoJblie (popMys GUHAPHBIX COEIH-
HEeHHH BOZOPOJAA ¢ Pa3NHYHLIMH ADYTHMH 3jeMeHTamH. [Ipeasoxu-
Te DasJIMYHHE NPHU3HaKH A5 KJaccHQHUKALHH STHX COeLHHEHHH
(npefyoKHTe pa3HYHEE NPHHUMIL KAACCHPUKALHH).

1-15. Uro BHpaxkaer XHMHYecCKasi CTpyKTypHas ¢opmyaa? as

K3aKorgo arperatHoro CoCTodHHsA BellecTBa OHa IpHrogHa H IIO-
yemy?

11



1-16.. [Tpennoxxkute crnocobbl KJAAC:HOHKALHH COCTHHEHHH:

H,S504 K,[Fe(CN)4) [Cr(NHy)g]Cl4
H,0 K, [Fe(CN),] Na[Zn(OH),]
SO, Fe(CO)s KI,

CuSO, Ni(CO) , Mn(CO),
CuSO,4-5H,0 co [Fe(H,0)4]S0;4
K,Mg(S0,),-6H,0 NH, FeSO,-7H,0
KCN H,0 KI

Fe(CN), Iy CrClg

Fe(CN), FeSO, H,CO,
[Cr(NHg);CI]Cly Cr, 04 NH,OH

CO, ' NH,CI HCl

1-17. TlpoBexute kiaccHHKAUUI0O DPeaKUUHd O DPa3JAHYHBIM

NpH3HaKaM:
1) Ca-}Oy=2Ca0
2) CaO 4 COy= CaCQOyq -
3) 2HgO = 2Hg - O,
4) NH4Cl = NHg 4 HCI
5) Fe 4~ CuSO4 = FeSO, -}- Cu
6) 2KBr + Cl, = 2KCl + Br,
7) KCI 4+ AgNOg = AgCl + KNO,

M NOMOJHHTE KJacCH JPYrHMH PeaKUHAMH.

1-18. Huxe Hanucanu ¢(opMyan ¢ochopubix kucaor. Crpyn-
NHPYHTE HX pPas3JHYHEIM 00pa30M, NOJb3yfACh HECKOJbKHMH IPH-
SHaAKaMH. YKaXKHUTe NPHHIHNE HX KJIaCCHOUKALHH.

H3PO; oprodochopucTas HsP300 TpugochopHas
H3PO, optodocdopHas HsP,O13 tetpadocdopHasn
H,P:0, nudocdopHas (nHpo- H P05 nupodocdopucras

tochopHas) HPO, metadochopHcTas
H3P30, TpHMeTadocopHas HsPO, dochopHoBaTHCTAA
H,P4O,2 teTpaMetadochopHan H,P,04 ¢ocopHoBaTan
HPO;, MeTatocopHasn

1-19. Huxe npuBefieHbl (GopMYyJb H Ha3BaHHA HECKOJAbKHX Be-
IIECTB:

HCI XJOPOBOAOPOA CaH, CHADHJI KaJbLHs
HyS CepOBOAOPOL PH,3 dochux Bogopoaa
H.Se CeJEHOBOJOPOX

C¢opMyaupyiiTe NPaBHJO NOCTPOEHHS Ha3BaHHH NMOJLOGHBIX cO-

eIHHEHUH BoAOpOaA.

1-20. Huxe paHB (opMyJB H Ha3BaHHfl HECKOJbKHX BeIleCTB:

CaH2
H,0,

Nazo
N azs

CéopmyaupyiiTe npaBHlO, COTIACHO KOTOPOMY

OKCHJ HaTpHs
cyabhuL HaTpHA

Io6HBlE COETHHEHH .
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1-21. YKkaxuTe NpH3HAaKH pa3jHuHsd U OGIIHOCTH PEaKUHH:
Ca0 (k) + H,yO (r) = Ca(OH), (k)
Ca0 (K) + CO, (r) = CaCO; (k)
1-22. O6cynuTe coriacHo coBpeMeHHOH HOMEHK/IaType XHMHUeE-
CKHX COellMHeHHU} caenywouue Haspanusa HE:

GTOpPHCTHIA BOJOPOK IIJ1aBUKOBasi KHCJIOTA
ruapug dtopa () TOPOBOAOPOAHAS. KHCAOTA
(b TOPOBOAOPOL thTOpPHCTOBOAOPOAHAS KHCJI0TA

dTopHa BogopoAa

1-23. Hanumure ypaBHeHHe peaKuuH B3aumoleHcTBHA Nap0O
H CO,. CocTaBbTe ypaBHeHHE aHAJOrHYHOH pPEaKUHH, 3aMEHHB KHC-
nopon B ¢popmyaax BeutectB Ha cepy (Na,S, CS,). Hanumure ypas.
HEHHs DeaKUHH TepMHYECKOro Da3JIOXEeHHsS MOJYYEeHHOTO BEIIecTBa
H B3aHMOJIEHCTBHS €ro ¢ XJOPOBOLOPOAHOH H cepHOH KHCJIOTaMH.
1-24. ITo aHaJOrHH cO CJAeAYIOUIHMH YPaBHeHHSIMH peakUHd
y4acTHeM BOJLHI:
H,0 = H*+ OH-
2H,0 = H,0* 4 OH"
2Na -+ 2H,0 = 2NaOH + H,
H,0 + HCIO, = H,0ClOy (x)

HalMIUHTe YPABHEHHS PEaKLHH AN aMMHaKa.
1-25. Ilo araJorHu ¢ ypaBHEHHSIMH DEaKIHH

BeO 4 Na,0O = Na,BeO,
BeO + SiO, = BeSiO,4
3aKOHYHTE CJAeLYIOLIHEe YpaBHEHHS:
BeS 4 Na,§ =
BeS 4 SiS, =
BeF, 4- NaF =
BeF, + SiFy =

Ha3zoBute npoayKThl peaKuui.

1-26. Briuncaure maccy BaSQ,, obpaaymouierocs B peayJbTaTe
PeaxIHu

BaCl, + HgSO, == BaSO, 4 2HCI
ecyiH GLlJo B3FTO

BaCl,, r 208 350 208 104 208
H,SO,, 98 98 150 98 49

Kaxoﬁ BRIBOJ MOXKHO ClHeJ/iaTb IHOCJ/e H3YUEHHA ITHX lIaHHle?

1-27. 3akoH coXpaHeHH MacChl BELIECTBAa B XHMHYECKHX peak-
HUAX NMOABEpraJjcss MHOTOYHCJEHHHIM NPOBEpPKaM H He OHIJIO 3KcMe-
PHMEHTAJNBHO OGHADYXKEHO OTKJOHEHHH OT Hero. YKaXHTe B CaMbiX
ofIUKMX YepTax NMYTH NMOBHIIEHHS TOYHOCTH (YMeHBIUEHHS MNOrpell-
HOCTH) 3KCIepHMeEHTa.
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1-28. VYKa}HTe, KAKHMH 3HAaYeHHAMH — TOYHHIMH HJH NOpHOJIH-
XKEeHHBIMH BHIpaXkaeTcs:

1) uHCAO0 MHJJIHAHTPOB B 1 a1

2) eMKOCTb KONGBL B MHJJTHJIHTPAX

3) uKcaeHHoe 3HayeHHe ra3oBOH MOCTOAHHOM

4) npousBejeHHe 2)2, HaliflenHoe Mo TabJHIE YMHOMKEHHSA

5) npounsBefenne 22, BHIYHCACHHOE [NPH NOMOINH TabJHIE JO-
rapH@MoB

6) 5 r HeKOTOpOrO BellecTBa

7) noctosiHHas ABoraapo

8) lg 10=1

9) YMCJIO HayYHHIX COTPYAHHKOB B J1aGOpPaTOPHH

10) yHC/I0 HAYYHHIX COTPYAHHKOB B CTpaHe

11} BaNleHTHOE COCTOSIHHE 3J€MeHTa ,.

12) aToMHas Macca aneMeHTa :

13) aTtoMHas Macca H30TONa 3JEMEHTa

14) nopsaKOBHIH HOMep 3JeMeHTa

18) 4ncsa0 MPOTOHOB H HEHTPOHOB B sIApe aTOMa

1-29. Tlonyyenbr caefymollide 3HAUEHHS HEKOTOPOH BeJNHYMHBL
x=10, 11, -3, 14, 18. TIpoBefnTe cTaTHCTHYECKYIO 06pabOTKy pe-
3yJbTaTOB 5KCIEpHUMEHTA.

1-30. B ofpa3ue GpoMuAa Kajus OLUIO HAfIEHO AaHAJH30M
67,03% Gpoma. BhiuncanTe aGCOJIOTHYI0O M OTHOCHTEJBHYH HO-
IPelIHOCTH 5TOTO Pe3yJ/bTaTa.

1-31. OnHTHBEIM nyTeM Gblio HaffleHO 3HAUeHHe ra3oBOH NOCTO-
AaHHol R=8,309 [x/(K-moap). OTHOCHTeNbHAs MOTPEUIHOCTL CO-
crasaser 0,01%. Onpeneante npefenbl, MeXIy KOTOPHIMH 3aKJio-
YyaeTcsl HCTHHHOE 3HayeHHe R. BXOAMT /M B 3TH npejesbl OKpyTIJeH-
Hoe 3Hayenne R=8 JIx/(K-Moab).

1-32. Ecnn nap Harpernim okcuioM mexn CuQO mponyctuts CO

CuO (&) + CO (r) = Cu (x) -+ CO, (1)

H 06pa3oBaBIINHCA JHOKCHA YrJjepojia NPONYCTHTEL yepe3 CJACH pac-
KaJIeHHOrO yris, cHoBa oGpasyerca CO:

C (k) 4 CO, (r) = 2CO (1)

HO ero o6beM B ABa pasa GoJbllle nepBoHauajbHoro. Ecan o6pa-
30BaBLIMACA OKCHJ, yIJepoja CHOBa BBECTH B OMHCAHHEle PeaKIHH,
ero o6beM BO3pacTeT B 4YeThipe pasa. [IpeiJioXHTe ApyrHe peak-
IHH «XHMHYeCKOr0 YMHOXKEHHI>».

1-33. B xakux epnnuuax CH usmepsiioTcss H KakoBa pasMep-
HOCTb 4Kcaa ABOrajpo H MOCTOSIHHON ABOraapo?

1-34. IlnotHocTs mapoB Gpoma mo BO3AyXy paBHa 5,37. Kakos
COCTaB MoJieKyJs Gpoma?

1-35. Tlpo6a cmecn kueaopoga ¢ ozoHom (0°C, 1,013-105 ITa)
o6beMoM 750 MJa mocae pasnoxkeHMS 030HA 3aHHMaeT OGBbeM
780 ma. Ilpu nmpoxoxpaeHuH 1 J 3TOro 030HHPOBAHHOTO KHCJOPO/a
uyepe3 200 ma 0,1 M pacteopa KI sujenuaocs 0,9 r uoga. Kakoso
COflepXKaHHe 030HA B ra3oBol CMecH? :
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1-36. BrucjaHTe Macchl pa3JIMYHbIX BeUlecTB, NMPH NeHCTBHH Ha
KOTOpHe BOJO# BHAensieTcs 1 M* BOAOpOAA. ‘

1-37. llap o6beMom 5 i mpu AaBjenun 1-10° I[la u Temmepary-
pe 300 K momHAT B BepxHHe CJIOH aTMocdepsl, rie JaBJieHHe
1-10% Ma u temmeparypa 250 K. BriuncjuTe 06beM Iapa B STHX
YCJIOBHAX (1D HMeeT JerkopacTsIKUMYIO 060JI0UKY). :

1-38. Mpu 300 K u 1,013-10° [Ta Macca rasoo6pa3Horo HF.
o6bemoM 1,5 a1 coctaBiser 4,755 r. O ueM roBOPAT 3TH JaHHKE?

1-39. O6mbsicuute, noyeMy ra3 NO; HH OpH KaKHX AaBJeHHAX HE
nojuKHAeTCs 3akoHy Boitna-Mapuorra (V~1/p). Hasosure apy-
THe rasel ¢ NOAOOHBM IOBEJEHHEM.

1-40. Macca 1 a1 asora.npu 0°C u 10133-10° Ila paBHa
1,25050 r, a mpu 0°C u 0,10133-10° [la cocraBisieT 0,125002 r.
BLIUHC/HTEe M3 3THX AAHHBIX HaHGoJlee TOUHOE 3HAUeHHe MOJBHOH
Macchl a30Ta.

1-41. B peakmuu MexJy a30TOM H KHCJOPOJAOM OOBeM peaki-
OHHOH cHCTeMBI He M3MeHslercs. Kakofi OKCHA I@OJydYaeTcss B pe-
3yJbTaTe peaklHH? .

1-42. B aBroMo6usbHO#l muHe o6beMom 0,0 M® BO3AYyX HAaXo-
nuTCs nop AaejeHHem 1,8-105 [Ma. CkosibKO BO3AYyXa BHIJET U3
IUHHBI, eCJH OTKPHITh KJamaH?

1-43. Macca 1 a1 Bo3ayxa npu 1,0133-10° [Ta u 20°C pasHa
1,2 r. BHuHCAHTE CPeIHIOI0 MOJIbHYIO Maccy Bo3ayXa.

1-44. Tas B KoJHuYecTBe n MoJeil sanumaer o6beM V H Haxo-
nuTcsl moj AaBieHueM p. KakoBa OyaeT KOHUeEHTpauus rasa, eciu
ero JaBJleHHe YBeJHUHTCA B JBa pasa?

1-45. Tlo mamueiM 1970 r. (ABToMaTHUeCKasg MeXIJaHeTHAd
craunus «BeHepa-7») Ha NoBepXHOCTU BeHepnl AaBJjeHHe COCTaB-
aster 100-10° ITa u Temnepartypa 6auska k +500°C. IlpeacraBbTe
cefe, 4TO COCYA eMKOCTbIO | J HaNOJHEH Ha TMOBepXHOCTH BeHepH
rasoBofi aTMocepoli, repMeTHYeCKH 3aKPHT H JOCTaBJeH Ha 3eM-
J110. Beryucanrte 06beM raza npH 3eMHBIX YCJAOBHSAX.

1-46. B 3akpbiToii KoMHaTe o6bemoM 100 M* mpomwaun 10 ma
aneroHa. [loJb3ysicb CHPaBOYHHIMHM A2HHBIMH, ONpelesuTe AaBJje-
HHe napoB anetona B ToMemenuu (20 °C).. Hackonbko onmacha co3-
JaBuiasgcss KOHIEHTPAIMA MapoB aleToHa s jAblxanus? Bosmo-
®eH JH B3pbiB Hau noxap? (I[locMOTpHTe CNPaBOYHHK MO TeXHH-
Ke 6e30TaCHOCTH).

1-47. Camas HH3Kas TeMIepaTypa, Habuaiofaemas Ha 3eMHOM
mrape —89,2°C, camas Bhicokas +-58°C. Ilpu craupaptHoM AaE-
snenun (1,01326-10% Ila) cocyA HamoJHUJH BO3AYXOM IIpH caMo#
HUM3KOH TeMmepaType, TIepMeTHYHO 3aKPBUIH H MepeHeCaH B 06-
JacTh € caMol BHICOKOH TemmepaTypo#t. Kakoe paaBjeHHe ycCTa-
HaBJHBaeTcd B cocyde?

1-48. BbluHcJHTe, CKOJbKO 2a30Ta COAepxkHTCA B 1 Kr cienyio-
mux coepuHenuit: KNQs, NaNO;, NH4NO,, Ca(NOs)s, CaCNy,
CO(NH3) ».

1-49. Tlpu pacTHpaHHH HOAa C MOPOINKOM XeJse3a o6pa3syercH
BelllecTBO cocTaBa Fesls. CuuTasi, 4TO Kene30 HaxoAHTCA B ABYX-
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H TPEeXBaJIEHTHOM COCTOSIHHH, BBIBEAHTEe (POPMYJY 3TOro COeIHHe-
nus. Ilpensoxurte o6IMA MeTOL COCTaBJEHHS XHMHUYECKHX (op-
myJ. IlpoBepnTe MeTon Ha npuMepe coemuHeHHs Fe,Fs.

1-50. Hanummute ¢oOpMyny coeAMHEHHS ¢ COOTHOLIEHHEM aTO-
MoB O:Cl:1=4:1:1. Ilouemy Bu nmpeanaraere takywo qopMmy.y?
HasoBuTe npennoxennoe BaMH coefHHeHHe.

1-31. Tlo BO3MOXKHOCTH KPaTKO ONHIIHTE MOPSAOK ONepalHil
IJI YCTaHOBJEHHS (POPMYJbl XHMHYECKOro BellleCTBA II0 H3BECT-
HOMy ero coctaBy (B %). OTBer olleHHBaeTCsl 1O CTeleHH KpaTKo-
CTH H YHHBEPCAJbHOCTH NMPHMeHeHHA cOo3AaHHoro Bamu npeanuca-
HHA (anroputM AeiictBuda). Ecan Bam TpyaHO cOCTaBHTL aJrOPHTM,
BOCMONBL3YHTECh YHCJIOBLIMH 1aHHBIMH M NPOBEJHUTE [0 HHM Pacyer;
HanpHMep, NIPH aHaJIM3€ MEJHOTO KoJdyeAaHa HaiaeHo (B Y% m9
Mmacce): 34,64% Cu, 30,42% Fe u 34,949% S.

Hanucanuelii anroput™ nposepbTe, NPeAJOXKHB PelIWTh 3afady
CTYLEHTY, He 3HAKOMOMY C pelleHHeM TaKoro THHa 3ajnady.

1-52, Tpu pasinHyHBIX BellleCTBa HMEIOT OJHHAKOBBIA COCTaB:
85,7% C u 14,3% H. IIpu HOpMaJIbHHEIX ycaoBHAX 1 J1 KaXAoro Be-
mmecTsa umeer maccy 1,87; 2,560 u 3,75 r. KakoBn ¢opMyan 3THX
BeleCTB? :

1-53. BemecTBo uMeer cocras: 36,369% O, 9,12% H, 54,52% C.
Ipu cxurannn 1,21 r BemecTBa B H3OLITKE KUCAOPOAA GBHIIO MOJY-
yeHo 0,99 r HyO u 2,31 r CO,. TMapu BewiecTBa 6LIIH B3BELIEEHl B
koa6e npu 20°C u 9,33-104 Ila. EMkocTh KoJ6H 293 MJ, Macca
KoOJIOH ¢ Bo3ayxoM 48,369 r, Macca KoJGH ¢ IapaMH BelllcCTBA
48,537 r. BHUHC/IHTe MOJIBHYIO MacCy BeIeCTBA.

1-54. 3anumuTe XHMHYeCKHe (DOPMYJIB CJHEAYIOLIHX MHHEPAa0B
gepe3 GOPMyJBl COCTABISIOUIHX HX OKCHIOB:

Taabk Mg;H,Si,0,,

MyckoBu1  KoH;AlSis04
Hedenur NagAl;SisOg

Paccunraiite cogepxkanne (B %) 3/71eMEHTOB H OKCHAOB B KaxX-
JOM MHHepaJe.

1-565. Coenunenne coaepxur 28,2% K, 69,09 F, 2,9% H. Co-
CTaBbTe ero XHMHYECKYI0 hopMy.ay.

1-56. M3BeCTHBI COeIHHEHHS BOJOPOAa, XJOpPa W KHCJIOPOAA clle-
AYIOLUIHX COCTaBOB:

%H %Cl %0 %H %Cl1 %0
1,92 67,59 30,49 1,19 41,98 56,83
1,47 51,79 46,74 1,00 35,29 - 63,71

CoctaBbTe npocreiiline ¢opMyan BellecTB. Kak jgokasaTtb, 4To
npoctefimas ¢opMmysna coBnagaer ¢ HcTHHHOH? Kak uaMensiorcs
CBOHCTBA COeJHHeHHH NPH YBeJHYEHHH YHCJa aTOMOB KHCJIOpOAa
B MoJIeKyJle?

1-57. MuHepan aJbOHT (HATPHEBHIH MOJIEBOH INNAT) CONEPHKET
32,1% Si, 48,8% O, ocTanbHoe — aMMHHKI H HATPHE. Kakopa ero

¢dopmyaa?
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1-58. Huxe npuseneHbl MOJbHHE MAacCH H COCTaBH HEKOTOPHIX
COeIHHEHHH 3JeMeHTa A:

Mon. macca, r Copnepxa- Moa. Macca, 1 Comepxa-

: HHe A, % HHe A, %
Oxcug 109,94 56,34 Xnopua 208,22 14,87
Oxeng 141,94 43,64 OKCOXJIOPHLR 153,33 20,20
Xnopux 137,33 22,55 OKco6poMHA 286,70 10,80

Haifignte ero aToMHyn Maccy M BBIYHCJIHTE NMOTPEMHOCTb OIpe-
AeJeHHusl.

1-59. Munepaa 6upiosa conepxur 2,3% H, 14,2% P, 24,8% Al,
58,7% O u npuMmecH Melu (BbI3HBalOllHe OKpacKy). Buisenure npo-
creiiliyio ¢popMyay BelllecTBa. 3anuunTe (opMyay MHHepasa B BH-
Je (GOpMYJ BO3MOXKHBIX €r0 COCTAaBJAIUIAX KOMIOHEHTOB (COJb,
CHAPOKCHI, BOAA).

1-60. Munepan uaympyn conzepxur 5% Be, 10% Al, 319% Si,
54% O u mpuMech xpoMa (BHI3HBAIOIIYIO 3€JI€HYI0 OKpPackKy). BH-
BeduTe Ipocrefimyo popmyny u3ympyaa. 3anuiiute ¢opmyay MH-
HepaJia B BHIe GOPMYJ OKCHAOB.

1-61. Cnnas comepxur 85% Mg u 15% Al. Hasecky 852 r
cnaaBa 06paboTatH XJA0POBOAOPOAHON KHCNOTOH. Beluncante 06b-
eM BhiJeauBuierocs Bogopoxa. Hasecky 6,89 r cnmasa o6paGoTan
WeJao4bl0. BruHCAHTE 06beM BHAENHUBINErocHd BOAOPOAA. BhIUHC-
JeHHd NpoBelHTe MAJS HOPMajbHHX ycaoBHE H Aad 21°C u
9,88:10* Ila.

1-62. Tlpu o6pa6oTke 50 r cMecH NOPOLIKOB aJIOMHHHSI H MEIH
6M pactBopoM ruiapokcuaa Hatpus (p=1,22 r/cM?3, pacTBop mpuro-
toBaen pactBopenveM 240 r NaOH B Bose H pas6aBieHHeM [0
1 1) obpasoBasoch 8,2 a1 Boxopoaa (IPH HOPMaJbHBIX YCJIOBHSX),
BuuucauTe copepkaHie Kaxa0ro MeTaya B CMECH.

1-63. Tlpu cxkuranuu 0,310 r HEKOTOPOro cOeiHHEHHS a3oTa ¢
BoxopoaoM moayuero 0,348 r H,O u 216,7 Ma asora npx HOpMaJb-
HHX ycaoBuil, IlmorHocTs mapa 3rtoro BemiecTBa no Bosayxy 1,10.
KaxoBa ¢opMyJsia 3TOro COeIHHeHUA?

1-64. Ons onpenenenus cogepxanus FeSO,-7H,0 B xesne3nom
Kylopoce NPHMEHSIIOT CJeIyIollyl0 MeTOAMKY. [oToBAT pacTBOp
HCXOLHOTO BemlecTBa, oKucasgior Fe?t B Fe?t asoTHo#t KHCAOTOH,
OCaXK/al0T THAPOKCHZ XKeje3a. 3aTeM THAPOKCH] NPOKaJIHBAIOT,
npespamas ero B FegOs.

Briuncaute maccy FeSO,-7H,O B HCXOZHOH HaBecKe, ecqH
Macca NmpoKaJeHHoro BemecTBa cocTasuaa 0,5026 r. Tlouemy B X0-
Je aHaJH3a Heab3s cpa3y OPOKaJHTb Ha Bo3ayxe cyJabdar xKe-
Jesa?

1-65. TTpo6a rasa cofepxur o3oH. Ilocje pasnoXeHus 030Ha
o6beM rasa yseanumics Ha 1%. Kakoe comepXaHHe 030Ha B HC-
XOIHOM raser

1-66. OnpelennTte cOCTaB CMEeCH Xeje3a M MarHud, ecau NpH
o6paborke 8,0 r atolt cMecu 100 M1 KOHUEHTPHDOBAaHHOH XJIOPOBO-
LOPOAHOM KHCJIOTH (12 M, p=1,19 r/cm?®), pasbas/ieHHOH BOJOH B
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JBa pasa, BbiAeauyoch 4,48 1 BojdopoAa (OpH HOPMAJbHHX YCJO-
BUSAX).

1-67. laa ycraHnoBjaeHuss ¢GopMyabl rasoo6pasHoro yriaeBoio-
poda 5 ;1 mpobbl GHVIM COXMKeHH ¢ 25 ma Kucaopoapa. O6pasoBa-
Joce 15 My guokcupa yroepoaa ¥ 20 ma napoB Bogu., KakoBa
dopMysa yriaeBosopona? '

1-68. Ilpn meficTBHH XJOpPOBOJODPOAHOH KHCJAOTH Ha 1,031 r
CIllaBa MarHusl ¢ anioMHHHeM Belgensercda 1,309 g Bogopoma mpu
25°C u 9,997-104 ITa. [Ipn nonHOM OKHCIEHHH HaBeckH 2,445 r
clllaBa Macca BelllecTBa yBeJHuHsaack Ha 2,005 r. Ilpu peficTBHH
wegoun Ha 0,0988 r cnnaBa BHjengerca 95,97 Ma Bogopoaa Tmpu
26,3°C u 9,983-10* Tla. Kakos cocrap cnaasa? OlueHute morperu-
HOCTb B OllpeflesIeHHH COCTAaBa.

1-69. Ilpu npoxoxnaenun 1447 Ka 3sextpuuecTBa yepes pac-
TBOp CcOJIM cepebpa Ha kaTode ocaxzaaercs 1,60 r cepe6pa. Briuuc-
JUTE Maccy cepebpa, KoTopad [AOJKHA BBIJEJHUThCA TEOPETHUECKH.
YKaxuTe NPUYUHBL Pa3/JUYHS MeXKIAY KOJHUECTBOM NpaKTHUeCKH
OCaXKJEeHHOTO cepefpa u PacCUUTAHHBIM.

1-70. IIpu saexrponuse 200 ma pactBopa FeSO, ua aHcle BHI-
ndesujiock 2712 Ma xkucaopoga (mpu +8°C u 1,034-10° [la), a ma
Katofle —2 r Xese3a. MOXHO JIM [0 3THM JaHHBIM BBIYHCJHTH
KOHIEHTpAIlHIO pacTBopa?

1-71. B TeueHHe KaKOTO BPEeMeHH cJeAyeT NPONYCKaTb TOK cH-
Joi 6 A u mampsxenuem 8 B uepes 1251 22 M pacteopa
NaySO,, uro6m nmoayunts 1,25 a1 rasa (kakoro?) mnpu 20°C u
9,86-10* I1a?

1-72. Yepes aBa moc/jenoBaTeNbHO COeAHHEHHBIX 3JIEKTPOJIH3e-
pa, cogepxamux pactsoph FeCl, u FeCly oquHaKOBOH KOHHIeHTpA-
1nHd, nponyctuan 96500 Kn aaexktpuuectBa. CKOJBKO XJopa H XKe-
Jie3a MOXeT BbIJeJHTbCA TEOPETHUYECKH B KaXIOM 3JeKTpoJH3epe?

1-73. Tpu anexrponusepa, cogepxauue pactBopul FeCls, CuCly
n NaCl coeauHeHHl mocienoBaresbHO. Yeped Iemb MNPONYLIEHO
9,6484 Ka anektpuuectBa. CKOJIBKO XJOpPa M MeTajjJa MOLYT BbI-
JeJHTbCS TEeOPeTHYECKH B KaXK/0M 3JEKTpoJH3epe?

1-74. TpebyeTcd H3MepHTb KOJHYECTBO 3JeKTpUUecTBa (NOCTO-
SIHHBIH TOK), IIPOILUe/IIEro Yepe3 pacTBOP HJHM KaKoi-1uGo mpuGoOD.
B pacnopsaxennn uMeloTCSH TOJNBKO TOYHBIH aMIepMeTP H CeKYHZO-
Mep. Cuja TOKa BO BpeMeHHM H3MeHsiercsl. Kak OCYLIeCTBHTH H3-
MepeHHe KOJHYecTBa 3J1eKTPHYEeCTBA?

1-75. Uepes pacTBop cOJH NMpomycKaercs MOCTOSIHHBIH 3JeKT-
pHueckHd TOK. B pesysbrare aneKkTposinza (MM KaKHX-JIHG6O 1py-
THX NPOHECCOB) CHJIA TOKa BO BpeMeHH u3MeHsercs. Ilpeasioxure
crnoco6bl H3MePeHHaA KOJIHYecTBa MPOXOJSAILEro uepe3 PacTBop 3JeK-
TPHYECTBA,

1-76. PactBop cynbdarta menu moaBepraercsi 3JeKTpoJuay. Ilpu
cuye Toka 0,5 A 3a 214,3 mun Bugeauaoch 2,118 r meau. Kakos
3apsj] HOHA MeIH?

1-77. Menbr o6pasyer ABa NMPHUPOAHBIX OCHOBHBIX KapGoHara:
agypur 2CuCO;-Cu(OH),; n mManaxur CuCOjz-Cu(OH);. Uccreny-
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eTcsl OJUH U3 3TUX KapGonaTtoB. [lana atoro mpokaauax 1,84 r kap-
6onata u noayuuan 13,26 r CuQO, 3,67r CO; u 1,61 H20 [Ipn
JefdicTBUM H36HITKA xnopoaonoponaoﬂ RucaoTel Ha 0,463 r Toro ke
kap6ounaTa Bhfeauaoch 238 Ma CO; npu 22°C u 99480 ITa. TToay-
YeHHHIH PACTBOpP NOJBEPIJIH 3JeKTPoJu3y H BblAeauau 0,266 r me-
nu. Kakon kap6oHat usyuaacss

1-78. OnpeleanTe aTOMHYIO Maccy MeTaJJaa, eCaH €ro yjielb-
Hasd TemjoeMkocTb cocTaBaser 0,1276 JIx/(K-r), a okcHABl cofep-
xart 13,98 u 7,16% KHCJI0POJa. HasoBute atoT MeraJ..

1-79. Tlpu B3aumopeiictBuu 3,000 r xeaeza c¢ 985 r xuciaopona
(22,5°C u 1,004-10% I1a) noayuaerca 4,289 r okcHpa. 3Had, 4TO
yloeJbHas TeIVIOEMKOCTh Jese3da paBHa 0,447 JIx/(K-r), paccuu-
TaliTe aTOMHYIO Maccy XKeJe3a,

1-80. ITpu B3aumoneiictBuu 6,000 r xkesnesa ¢ KucjaoposoMm o6pa-
3oBaJock 8,578 r okcHAA. YJAesnbHas TeNJOEMKOCTb XkKeJe3a paBHa&
0,447 Ox/(K-r). BoluncanTe aTOMHYI0O Maccy KeJgesa.

1-81. BeiuHcJIUMTe aTOMHYI0O Maccy LMHKa, 3Has, uto 26,78 r ero,
pearupys ¢ KucJaopoioMm, aaior 33,333 r okcuia. YjedbHasi TelJo-
eMKocThb uMHKa paBHa 0,389 JIx/(K-.r). Kakumu apyrumu mero-
JaMH MOXHO ONpEeLeNUTh aTOMHYIO Maccy IIMHKA?

1-82. Merann obpasyer nBa okcuiaa, cofepxamwux 21,20 n
11,889 &ucaoposa. Yaenbhad TemmoeMKocTb MeTaaaa 0,217 JIxk/
(K-r). BeiyucauTe aTOMHYIO Maccy MeTajdja ¥ YCTaHOBHTe (OpMy-
JIBlL OKCHJIOB.

1-83. I1pu B3aumonefictBuu 0,563 r Mmeranna c BoJOH BHAeNH-
Jock 348,9 Ma Bojopozna npu 24 °C u 9,943.104 Tla. Ilpu okrucae-
auu 1,830 r aToro meraJsiia KucjaopoaoM obpasoBatock 2,560 r ox-
cufa. IIpu HarpeBaHHH HOJYYEeHHOro OKcHia B aTMocepe AHOK-
CHJa yrjepoja Macca BelllecTBa yBeauuugack Ha 2,009 r. Ilpm
HarpeBanut 0,980 r Meranaa B atMocdepe BJIaXKHOTO JHOKCHAA YyI-
Jepoia Macca BelllecTBa craja 3,963 r. Brluncnute atoMHylo Mac-
Cy MeTaJjJja, 3Has, 4YTO €ro YyJeJbHafd TelIOEMKOCTh paBHa
0,647 1x/(K-r). HasoBute sToT Mera.

1-84. Uepes pacTBop COJIH ABYXBaJIEHTHOTO MeTaJJja B TeueHHe
10 u npu cuse Toxa 2,68 A nponyiteHo 96 484 Kua saexTpuuecTBa.
Ha anextpoae Bupenuaocsk 12,15 r meranna*, KakoBa ero aToM-
Hag Mmacca?

1-85. Uepes pacTBOp COJM Iponylled TokK cuaoft 2,00 A B Teue-
Hue 1 u, Beitenunocs 0,910 r meranna, ero yiaeabHasd TeNJoeM-
KocTh paBua 1,024 JIx/(K-r). IIpu cxuranuu B xucsaopoae 0,810 r
Meranna o6pasoBajoch 1,343 r okcunaa. Ilpn neficTBUH XJ0pOBO-
nopoauo#t kucjoret Ha 0,100 r meraana u3 pacTBopa BBHIJEJNHJIOCH
0,969 Ma Bojmopona, KoTopuil co6pannm Haj Boao# npu 19°C m
1,051.105 ITa. (/laBneHue napa BOJbI IPH 3TOH TeMIlepaType paB:-
Ho 2,2.10% I1a).

qTO 3TO 3a MeTalll H Kakas ero aToMHas Mmacca? OueHuTe no-

* 3mece W B APYrHX 3272uax MpPeANoJaraeTcd, Y10 BHXOJA MO TOKY paBeH
100%. .
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rpeliHocTh H3MepeHHH. Kakoil cmoco6 ompejeseHdst aTOMHOR mac-
CH Jan pesysabraT, HauGosee GJIH3KHH K TeopeTHUeCKOMY?

1-86. TIpu B3aumonelictBuu 0,1080 r Merasnna ¢ KHCJOTOH BHI-
fenuaoch 53,46 MJa BoAopoja, KOTOpHIH cob6pas Hald BOLOH MPH
25°C u 9,93-10% I1a (puyo mpu 25°C pasuo 3132 Ila). ITonyuns-
tIHiics pacTBOpP IOABEPT/IH 3jeKTposu3y. [as eigenenus 0,92 r
Mmerasana norpeGosanoch Tok cuaod 0,947 A mpomyckaTb B TedeHHE
1 u 30 muy. YieibHas TelnJoeMKocTh Merassa 0,449 JIx/(K-r).
BrlunciIHTe aTOMHYIO Maccy MeTaJjla.

1-87. TIpu BOCCTAHOBJIEHHH BOAOPOAOM 5,422 I OKCHAA 6nly0 Mo-
ayueno 4,331 r meranna. PactBopunn 10,5 r okcuna B 100 Ma xJqo-
POBOLOPOJAHOM KHCJOTH H H3 NOJOBHHBI TOJYYEeHHOTO pacTBopa
BBIIETHJIH XJODUA, KoTophli cofepxan 52,73% xiaopa. Uepes BTO-
PyI0 YacTb pacTBOpa MPONYCTHAH MOCTOSHHBIA TOK HaIPAXKEHHEM
6 B. Ilpu cune Toxka 1,55 A 3a 8 mun 22 ¢ Bujenusaoch 1,02 r me-
taana. OnpenendTe, KaKOH 9TO MeTa/Jl H KaKoBa ero aToMHas mac-
€a, 3Had, UYTO YyAeJbHas  TeIVIOEMKOCTb  MeTaJja  paBHa
0,384 I/ (K-r).

1-88. Onpenenute MeTaJl H ero aTOMHYI0O MacCy Ha OCHOBaHHH
caenyolux cBefeHufl. [Ipn sJeKTpoJIH3e COMH MeTajljla TOKOM CH-
qoff 44 A 3a 1 u 12 MuH 22 ¢ BEAeadsocs 1,782 r meranana. Ito
KOJMHYECTBO MeTasa 6bIo NpeBpallleHo B KOMMNAKTHHIH KyCOK, KO-
Topuit Harpeau ot 20 go 100°C, npu 3toM OHJIO 3aTPayeHO
1288 I Tenaore. IIpu pacrsopenuu 0,395 r meranna B 15 Ma
209%-noi HC1 Buigenunoch 540,8 Ma Bojopoaa (06beM H3MepAJH
npu 20°C u pasjieHnn 98686 Ila). TIpu OKHCIEHHH KHCJAOPOAOM
1,387 r srtoro Meraasa mnoaydmyaoch 2,62 T okcuja. Kakosa mno-
TPEUIHOCTb B ONpe/ie/leHHH aTOMHOH Macchl (CPaBHHTE ¢ TaGNHYHbI-
MH AaHHBIMH)?

1-89. OnpesenrTe MeTall H €ro aTOMHYI Maccy Ha OCHOBAaHHH
cleAyIOlHX AAHHHX: a) NpH CHHraHHH B Kucjopoie 3,35 r MeTal-
Jaa nonydeno 4,26 r okcuia; 6) npH npoKaJMBaHMH B XJope H3
4,02 r Meraana mnonayuexo 8,87 r xJopuaa, B) NPH 3JCKTPOJH3E
pacTBopa cosid TokoM cuJjoil 0,78 A 3a 96 muH 43 ¢ BbLIENUIOCH
1376 r MeTaJaaa; r) yldenbHas TEMJOEMKOCTb MeTasa
0,444 JTx/(K-r). BruncauTe MOrpelIHOCTL B ONpee/]eHHH aTOMHOH
MaccHl.

1-90. BoiucauTe aTOMHYK Maccy KeJje3a, HCXOAS #3 clAelylo-
wux ganawx: 3,000 r >kKene3a mpopearupoBanu c¢ 985 Ma KHCJODO-
na npu 22,5°C u 1,004.10% [1a; 6) Kycok xeJse3a macco#i 50,12 r
TlepeHec/IH H3 Kunsilel BoAbl B 250 MJ BOAH € TeMIepaTypoi
+21,30°C, B pesynbraTe TeMmeparypa BOJAH MNOJAHAJNACh 10
+23,15°C. [TennoeMkocTs XHAKOH BOAH 75,31 Ix/(K-moms)].

§ 2. ATOMHOE PO

9.1. Bo3MOXHOCTL OecKOHeUHOro AeJIeHHS Teja NPHBOAHT K 34-
KJIOUEHHIO, UTO OHO COCTOHT H3 GecKoHeuHo Goabluoro yucjia 6ec-
KOHEUHO MaJbiX UACTHI, T. €. YAaCTHIl, He HMelUx pasmepa. Tor-

20



Ila Ka)KeTcsl HeBEPOSTHBIM, YTO M3 TAKHX YACTHL MOJyddeTcs TeJo
KOHEUHRIX pasMepoB. DTH pacCyXKJHEHHs JeXKaT B OCHOBe 3HAMEHH-
TOH TeOpHH aToMOB [leMOKpHTa, COrJacHO KOTOpPOH KaXJAoe TeJo
COCTOHT He H3 6eCKOHeYHO 60JblIOro, a M3 oueHb O0JBUIOrQ YHC-
Ja BeCbMa MaJjblx yacTHU. M3 aroil Teopuu ciefyet, UTO BBHIBOA O
NeJHMOCTH Tedl A0 6eCKOHeUHOCTH HeBEpEH, T. €. CYLeCTBYIOT rpa-
HULKH geanmocTH. KakoBo Baite MHeHHe?

2-2. Tne comepxutcs Goabllee YUCAQ YaCTHL —B | MoJb afao-
MHHHSA HJIH B | MoJb xaopa?

2-3. Uro TdXKedee: aTOM BOAOPOLA HJIH HEHTPOH?

2-4. TlepeuMcaMTe Bce H3BecTHhle BaM MeToibl onpeleneHHS
ATOMHON Macchl 3JeMeHTa.

2-5. [Tofpo6HO onuiIHTe, KAK NPH NOMOLIM 3JeKTPONH3A MOXK-
HO ONpefieUTh aTOMHYIO MacCy 3JeMeHTa.

2-6. B yeM NPHUHHB! 3aMeHBl TePMHHOB ATOMHBIH H MOJIEKYyJ/sip-
HEHIH Bec Ha aTOMHYIO H MOJeKYJApHYI0O Maccy?

2-7. B Kaxkux elMHHIAX BRIpAXKaeTCs aTOMHAs, Macca H aTOM-
HBIH 06beM?

2-8. CpapHute MofenH atoMa Tomcona, Pesepdopaa u Bopa
C COBpPeMEHHOH MOJiebl0 aToMa. YKaXKHTe NPH3HAKH, MNpPHCYLIHe
BCEM I3THM MOJEJSIM.

2-9. Jk. Ox. ToMcoHOM 6Hla mpefJoXeHa MOJeJb aToMa, B
KOTOpO# MNMPOTOHH M 3JeKTPOHH #Apa OKDyXeHBl 3JeKTpPoHaMI:.
Kak onpesensierca aTOMHBII HOMep B 3ToH Mofean aToma? Kak
OOBACHHTb fBJNeHHe H30TONMHH B 3TOH MoJean? KakHe 3KchepH-
MeHTallbHble J4HHBIE TOATBEPXAAIOT M ONPOBEPraioT 3Ty MOAeNb?
Kak 6nJ0 10Ka3aHO, YTO B aTOMe SIAPO 3aHMMAET He3HAUHTEJbHYID
Ao o6bema?

2-10. Buo NpefsioXeHO TPH MOJEJH aTOMHOTO sjapa: a) aapo
COCTOHT H3 IPOTOHOB H 2JeKTPOHOB; 6) AP0 COCTOHT H3 HMPOTOHOB
H HeHTPOHOB; B) SIAPO COCTOHT H3 HEHTPOHOB M NMO3HTPOHOB. YKa-
KHTE TIPEMMYLIECTBAa M HeNOCTAaTKH 3THX Moaenedl. Onpegenure
YHCJIO YACTHIL B Ape aTOMAa KaXKAOH MOAENH.

2-11. U3oTonnul a/jeMeHTa M YacCTHIE NPHHATO 0603HAYATR CJe-
aywoonuM o6pasom:

10,8, 27,41, Lpn, 4p
Coopmyanpyiite npaBujio Hamucanus GOpMyJ, U30TONOB H YACTHIL.
IlpoBepbTe ero, npensoXHB TOBapHIaM HeCKOJbKO 3afaHH.
2-12. ,°He, 3°Li, 4"Be, s®B — usotounl. [aiite onpejenente no-

HATHA «H30TOH». [IpefsoxXuTte Apyrie nmpuMepnl H30TOHOB.
2-13. BpluuciMTe aTOMHYyIl0 Maccy* yriiepofa, eCjH cojepxa-

* AToMHas Macca sleMeHTa BHYHCASeTCs no dopMyne
M;N;
1= 3
100
i
rne M; — macca i-ro nsorona; N; — conepxkaure {-ro usorona, %.

21



HHe H30TOmna ¢ aToMmuoil maccod 12,00000 cocraBaser 98,89%, a
H3oTona ¢ Maccoit 13,00332 cocrasaser 1,119%.

2-14. U3 1000 &1 o6biyHO# BoAabkl mnogayueHo 10 ma  98Y%-Hoit
D,0. PaccunraiiTe cofepxaHue TAXKeNOH BoAH B 0OBIYHOH BOJfe 4
LeliTepus B BOLOpole.

2-15. AtomHaa Macca ypana 238,03, XxoTs nmpHpOAHHI ypaH co-
CTOHT M3 CMECH H30TONOB g°24U (0,00589%), o2%3%5U (0,715%) u
022%8U (99,28%). O6mbaAcHHTe, NOUEMY aTOMHAs Macca ypaHa mpe-
BHIIIIaeT MACCOBOE YHCJAO CAMOTO TAMKENIOr0 H30TONA.

2-16. Mexr HMeer ABa H30TONa C MAaCCOBHIMH uHcaaMH 63 H
65, comepxaHue KOTOPHX coctabasiior 73 H 27%. [Ipennoxure cno-
co6(bl) BHIYHCJAEHHS cpeflHeH aToMHOH Macchl MedH. [Ipemnoxure
cnocob pacyera cpefHel aTOMHOH MaccChl, eClH B CMeCH COAEPKHT-
cs 6oJlee IBYX M30TOIOB.

2-17. TloueMy BepXHHHA HHJeKC B 3anmucH GOpMyJBl H30TONA He
paBen aroMHoi Macce? Hanpuwmep, 1737Cl umMeer wmaccy 36,966.
KakoB ¢usnueckufi cMblcs BepXHero HHAEKCA?

2-18. Uem oO6bAcHAETCH, UTO aTOMHBIE Macchl BhHIpaXkaloTCs He
LeJbiMH YHCJAAMHU?

2-19. TlpupoaHBIA aNIOMHHHME COCTOHT TOJbKO H3 aToMoB 27Al,
TeM He MeHee ero aTOMHASl Macca BhHIpa)KeHa HEUENBIM YHCHOM.
[louemy?

2-20. AtoMHas macca xJjopa paBHa 35,453. Xiop HMeer nABa
H3otona: 17°°Cl ¢ Maccoit 34,969 u ;°7Cl ¢ maccon 36,966. Kak
0oOBACHATB, YTO ATOMHAs Macca XJopa MeHblle AaTOMHHIX Mace
0601X H30TONOB?

2-21. TlpHpoAHBIH KHCAOPOJ HUMeeT CAeAYIOLHH H30TOMHBIA CO-
ctaB: 99,7599% 5'90, 0,037% 37O n 0,204 §'*0O. ATOoMHBEE MaccChl
3THX H30TONOB COOTBeTCTBEHHO paBHH 15,99441; 16,99914 wu
17,99916. BrluMcanTe aTOMHYI0 MAacCy MHPHPOAHOTO KHCJOPOAA.
OnniuTe MOpAZOK BBIYHC/AEHHS aTOMHBIX MacC IO H30TOMHOMY cO-
CTaBy.

2-22. Huxe npuBeseHbl COOTHOLIEHAS OTHOCHTEABHOTO CojepiKa-
HHS U30TONOB HEKOTOPHIX 3/1€MEHTOB!

160 : 180 : 170=2670:5: 1

'H:2H=670:1
HUN : I5SN=270:1
12C: 13C=90:1

Kakoit BHBOA caenyeT H3 3THX AaHHBIX? KaKoe HCKaloueHHe HMe-
eTcs B 3THX OTHOIIEHHAX?

2-23. Huxke comocTaBaeHH 4Hcaa, Bhpaxaloliye 3apsAAn 4 Mac-
Chi f€p H30TOIMOB 3JEMEHTOB H HX PacHpoCTpaHeHHOCTH (B aT. %)
B 3eMHOH Kope:

3apsjg fApa yeTHOE HeueTHoe yeTHOE HEUeTHOe
YHCJIO YHCII0 YHCJIO YHCJNIO

Macca yeTHOE HEeyeTHOE HEuETHOE YETHOE
YHCNo YHCJIO YHCIO YHCNO.

COJEPIKaHNe 73,17 25,77 1,03 0,03

Haotona, Y
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fopadroBerl HoMep sneMeHmL

PHUC. 2-1.

OmHocUmensHaa pacnpecmparerHocms anemenmoB

Kaxkoif MoXHO cenarb BbIBOA OTHOCHTEJLHO CTPOEHHSI H YCTOHYH-
BOCTH fflep?

2-24, Puc. 2-1 naJ0OCTPHPYET OTHOCHTEJNBHYK) paclpocTpaHeH-
HOCTb 3JIEMEHTOB 3eMHOH KOpH (y TOUeK HEKOTOPHIX MaKCHMYMOB
¥ MMHHMYMOB KPHBOH [OMOJHHTEJbHO YKa3aH MOPAAKOBHIH HOMep
anementa). I[Ipeasnoxurte NpaBuio, KOTOPOMY MNOAUMHAETCA Npea-
CcTaBjeHHAsA 3aBHCHMOCTb. [lomblTaliTech OGBSACHHTHL HNPHUMHBL Jeil-
¢TBHS 3TOro mpaBuaa. Kakue uMelTCs HCKIIOUEHHS] H3 3TOro mpa-
BHJa?

2-25. O6bsicHHTe, noueMy p-3ieMeHTH VIII rpynnel (MHepTHEHIE
‘WAH 6JaropoAHEE ra3bl), XOTS H HMeIOT YeTHbHle aTOMHble HOMepa,
pacnpocTpaHeHbl ropasjo MeHbllle, YeM COCEJHHE C HUMH JIEMEHTHL.

2-26. Ha puc. 2-2 nokasaHa OTHOCHT@/JbHAS PaCHPOCTPAHEHHOCTh
JIAHTAHOMIOB B 3eMHOH Kope OT MX aToMHoro HoMepa. Kakas aako-
HOMEDHOCTb INIPOCJEXKHBA- PUC. 2-2.
€TCsl B 3TOH 3aBHCHMOCTH '

H B YeM COCTOHMT €¢ IIpH- h Ce
yHHAa?

2-27. B 100 n Boanyxa
conepxurca 0,524 ma He,
1,82 Mman Ne, 934 ma Ar,
0,114 ma Kr u 0,0087 ma
Xe. TloueMy, HaumHasi ¢
aproHa, colepxaHHe 3THX
ra3oB yMeHbLIAeTCs IIpH
nepexoje BHH3 [0 OOA-
rpynne? Ilouemy resuit u | PmyEu)/TbVHoV VT
HeOH BbBINAJAIOT H3 3TOH 58 60 62 64 68 68 70
BaK‘OHOMepHOCTH? ﬂDpﬂﬁKDﬁb/d HOMED JaHmanouda

pacnpocmpa-

HeHHOCME AaHManoUiDs

Omuocumenshog
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2-28. Kakue BuBOAb BH MoxeTe CoenaTh H3 JaHHEIX, TMOKAa3hl-
BAIOIIHX COJlepKaHHe HEKOTOPHX 3JEeMEHTOB B 3eMHOH Kope H 30Je
pactenuft (B r/1):

B 3eMHoft B sone B aemAof B 3one
KOope pacTeAuf Kope pacrenuft
Muuupax 2 500 CaHHell, 16 100
Bepunuii 2 45 Cepe6po 0,1 2
Ko6anbt 23 300 Monu6zen 1 50
Huxesas 80 700 Ypan 2 400
Kanmui 0,156 5

2-29. Tpuponnkle ypaHOBHe PyAH AefcTBYIOT Ha tdororpapuue-
CKYIO INTaCTHHKY CHJIbHee, YeM YHCTHIH OKcHA ypaHa. [louemy?

2-30. O6bscHHUTE, NOUEMY aapa “He ouenb cTa6uabHH, a *H u
‘Li He cymecTByIOT.

2-31. Kakoe aTOMHOe a1po 06aafaeT HauGoJbliell cTaGHIbHO-
CTBIO (C TePMOAMHAMHYECKOH H KHHETHYECKOH TOueK 3peHus)?

2-32. Tlepuon moiypacnajga CBOGOLHOTO HeHTPOHZ COCTABASET
Ti/2=12 mun. Tlouemy o6pasyomuecs npu pacnage NPOTOH H 3J€eK-
TPOH pasfeTaloTCa B pasHele CTOPOHH He moa yraom 180°, a mox
HEKOTOPBHIM HHEIM YTJIOM,

2-33. a-Yactuuws ,*He Jierko morJoumiaoTcs BelleCTBOM, OHH He
MOTYT NPOHTH AaXe uepes jqucT Gymarn. OfHAaKO BellecTBa, HCIy-
CKallie Q-YacTHIL, OYeHb OMACHH AJs uejoBeka. [Touemy?

2-34. CKOpOCTb @-HaCTHI[ NMPHMEPHO B 15 pas MeHblue CKOPOCTH
f-uacTHU, ONHAKO Q-YaCTHUH 3HAUHTENBHO CJaabee OTKJIOHSITCH
MarHdTHHIM nosaeM. Hafinnre o6bacHenus.

2-35. O6bAcHHTe, moueMy HeHTPOHBI NOLJIOIIAKTCH HaHGouee
HHTEHCHBHO COeIHHEeHHAMH, COJepXKallHMH Bopopon (Boxa, mapa-
¢un). Tak, OHH IPOXOASAT uepe3 c/iok cBHHUA B 50 cM, HO c/10f na-
paduna B 20 cM HX NOJHOCTBIO 3alepKHBaET.

2-36. CepebpsHbIfi cOCYA, B KOTOPOM HAXOAHTCA HCTOUHHK Heli-
TPOHOB, MOMECTHJIH B CBHHUOBHHA AMHK. OGBACHHTE, NOYEMY aKTHB-
HOCTb cepeGpa 3aBHCHT OT MOJIOXKEHHS COCyAa B AllhKe (B LeHTpe,
Y CTEHOK HJIH B YIJIY) H OT TOTO, CTOHT JIH COCYJ HAa MeTaJIHYecKof
HJH JlepeBSHHOH NMOACTaBKe, MPHYEM B INOCJEAHEM cJydYae aKTHB-
HOCTb cepebpa Boime. [IpenckaxuTe, KAK MOXKHO NOBHICHTb AKTHB-
HOCTb cepe6pa NpH 06J1yueHHH ero HeliTpoHaMH.

2-37. KpuTuueckas macca Kycka ypana 23U (93,5%) B dop-
Me OTKpHITOro mapa =250 Kr, mapa ¢ oTpaxaTeleM HeHATPOHOB
~20 Kr, a 1Js BOAHOro pacTBOpa MeHee 1 Kr. IToueMy KpHTHue-
CKasl Macca B BOJHOM pPacTBOpPE HAMHOTO MeHblie?

2-38. Huxe npupeleHH NpHMepH TNONHOH M COKpAIGHHOH 3a-
NHCeH ypaBHEHHH AEPHHIX PeaKIHi:

8uCr+2H=8,Mn{1n wm 5Cr(D, n)tMn
BF 4L H=2Ne+t+y wum !F(p, y)20Ne

CchopmyHpyHTe NpaBuia COKpPALIeHHOH 3amMCH ypPaBHeHHUA aAnpep-
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‘HBIX PeakUHHA M HaMmHIIHTE COKPAlleHHRIM CHOCOGOM ypaBHEHHE
peaxiuH

226,.Ra = 222, Rn + 4,He
'H MOJHKM Cn0co60M:
Zn (p, n) Ga

2-39. Kak H3MeHHTCS aTOMHasi Macca H HOMep 3JeMeHTa NpH
NOrNOUIEHHH AADPOM 3JIeKTpOHA H3 GJHXKafllero 3jeKTPOHHOrO
caoa (K-3axsar)?

2-40. B aToMHOM sjpe 3JEKTPOHOB HET, TEM He MeHee IpH
f-pacnane onu m3ayuaioTcd anpamu. OTKyaa oHH Gepyrtcsi?

2-41. 3axoHYHTe ypaBHEHHA peaKuufi 06pa3oBaHHA H pacna-
na '4C: :

Ln4 ... =4C41H
¥C=...4p"

2-42. Kak y3HaTb, KaKHe H3 siiePHbBIX peakuHA Gosee BepoAT-
HHI:

) 1B 4-2%H=1,B41,p
108 - % H = 11,C 4 14n
2) 1B - ¢;He = 13,C - %,H
10:B -+ 4He = 1%,C 4 1,p
10sB +- 4;He = 1%;N - 1pn
3) ¥sAl 4 % H = 25, Mg |- 4,He
¥ Al 4- 2 H = %Al - 1yp
138l 4 3 H = %8, Si - 1on
4) Al Tn 42 Mg 4 Lip
FisAl - Tgn = %Al 4y
2-43. Ins dpopmysn DiHmTeHRHA
E = mc?
rpe E—SHepI‘Hﬂ TeJla; m-— Macca Teda, ¢-— CKOpPOCTb pacnpocrpaHeHHs CBeTa
B BaKyyme.
YKaXHT€ B3aHMOCBfI3b BeJHUHH (KaKafl BeJHYHHA 3aBHCHT OT JpY-
roil) H Kakyl BeJHYHHY MOXHO CUHTATb KO3((HLUHEHTOM Mpomop-
HHOHAJILHOCTH.

2-44. Tlpeo6pasyiite ¢opmyny DfinmTefiHa B BHpaXeHHe A4

pacueta 3HePrHH siiepHOH peaKIHH.

2-45. Kakad peakLHsi COMPOBOXAAETCA OOJBUIAM BhieJeHHEM
IHEpPrHH:

6Li 4- 2H = 24He
nau
7Li 4 1H = 24He _
2-46. BuluncnuTe 3HepreTHuecKHH adQeKT ANepHOR peaKuHH
Li 4 1H = 2tHe
€C/IH aTOMHBle MacChl M30TONOB JIHTHA, BOAOPOJA H TeJHA COCTaB-
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JFI0T cooTBeTcTBeHHO 7,01655, 1,00733 u 4,00297 y.e. CkoJbKO
yris norpe6oBajock 6B CxXedb A7 NOJYYeHHS TOFO XKe KOJHYECT-
Ba TENJOTHI?

2-47. BbluucaHTe, KAKOMY KOJIH9eCTBY 3HEPrHH 3KBHBaJIEHTHO
H3MeHeHHe Macch Ha 1 r.

2-48. BHuHC/AHTe, KAKOMY H3MEHEHHIO Macchl OTBeHaeT H3MeHe-
HHe 3HepruH, paBuoe 1000 x/Ix/MoJb.

2-49. M3BecTHHl cJyuaHd, KOria aTOMHble fApa ¢ OJHHAKOBLIMH
MAacCOBBIMH YHCJAaMH H OJHMHAKOBHIMH TIOPAJKOBBIMH HOMepaMu
nepexoJsT B OJAMH H TOT JKe NPOAYKT pacnaja ¢ pa3jUYHHMH Te-
pHOAaMH MoJypacnajia, HanpHMep:

30 Mun a9
#90Ca —> 49,5c +-e¢

2,5 u
49,0Ca —> 49, Sc{ e~

O XaKoM SIBJIeHHH 3TO TOBOPHT?

2-50. Slapa HeKOTODHX 3J€MEHTOB ¢ OJHHAKOBHM 3apAioM H
Maccoll MOryT pacmajgaTbcd pasjuyHbiM o6pasoM, HanpuMep, 1/3
Agep s3*12Th noaBepraerca a-pacmany, a 2/3 anep — f-pacnany.
Kako#l BHIBOZ MOXHO cleaTh H3 3TOro akra?

2-51. IlpuBenurte 06bACHEHHUSs, TOYeMY OJHO H3 MHOTHX siep pa-
JHOAKTHBHOIO M30TONA B JAaHHLI MOMEHT BpeMeHH pacmajaercs, a
0CTaJ/IbHElE MPOJONKAIOT CYLIECTBOBATD.

2-52. TepMosepuble peaklUHH B JAeHTepHeBOH MmJaa3Me HAYT C
OJMHAKQBOH BEPOATHOCTBIO JBYMS ITYTAMH:

SHe 4-n
D+ D 7 +
\ 8H_|_p

IlaiiTe BO3MOXHble OOBACHEHHS NPUYHHE PaBHOBEPOATHOCTH O6eHX
peaxkuus.
2-53. Ilepeyncaute akTophbl, onpeeasiomiHe NyTh peakUHi (XH-
MHYeCKoH H fAJepHOH):
C+0=COo
C+0=si

2-54. TlpuBenure Bce M3BecTHHE BaMm oTauuusa siAepHHIX peakIHit
OT XHMHYECKHX. ‘

§ 3. ATOM

3-1. TlpuBeanTe KaK MOXKHO GoJblie NPSIMBIX B KOCBEHHHIX JOKa3a-
TEeJILCTB CYINECTBOBAHHS aTOMOB.

3-2. Ha puc. 3-1 nokasana Buaumas o6JacTbh ClexTpa BOJOPO-
lla.;’ Uro MOXKHO CKa3aTh O NMOBEJEHHH 3JEKTPOHA B aToOMe BOAOPO-
nas

3-3. Kak M0oXHO 06BACHHTL TOT (aKT, YT0 06/M1aCTH MaKCHMAJb-
HOH BepOATHOCTH HaX0oX/eHHS! 3JeKTPOHa 0K0JO fApa pacloJjara-
IOTCSl Ha PacCTOSHHAX, OTHocAwuxcs, Kak 12:22:32:42 u 1. 1.
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4101
4340 4861 656,2

HI Hy[Hy [Hg Hey
o I 1 L | | I
400 500 600 7002 ,HM
PHUC. 3-1

3-4. BcmOoMHHTe MOC/AEN0OBATeNbHOCTh PACHOJIOXEHHsI LBETOB B
paayre. CoBnanaeT J OH& ¢ IOCJeJ0OBATENbHOCTbIO ITOJNOC CIEKTPa
BOAOpOAa?

3-5. Bce 6e3 HCKJIOUEHHS] 3JeMEHTHl HMEIOT B DPEHTIeHOBCKOM
cnekTpe Ko-1HHHIO. ¥ BCeX 3J1€MEHTOB, KpoMe CaMbIX JerkKux (Bo-
Jopoja M rejus) umelorcs L.-nunud. Kakue U3 aToro MoxHo che-
JaTh BBIBOABI (laXe He 3HafdA, 4YTO o03HauaeT Kg HAH Lo-THHHH
CIIeKTPOB).

3-6. [Tepeuncsaute Te CBOACTBa 3/MEKTPOHA, KOTOPHM MPHCYILA H
He MPHCYILAa MaKPOCKONHYeCcKasi onpe/eJeHHOCTh,

3-7. O6belHHUTE COOTHOIUEHUS

E=me? u E=hv

rie E — 3Heprus KBaHTa H3Jy4yeHHS; m — Macca YacTHUH; A — mocTosHHasa [laan-
ka, 6,626-10-3% Jx-c; ¢— ckopoctb cmera, 2,998-10% m/c; v —uyacrora Koseba-
HHH H3AYyueHHS.

YYHTEIBad, 4TO
=M

rie A — AJMHA BOJIHHL.

n BuBeauTe ypaBHenue [le-Bpoiing, cBAsbBawllee AJHHY BOJHE
H3Jy4YeHHS C MaccCoi.

3-8. [IpoBenute MBICAEHHO CJAEAYIOWIHH 3KCHEPHMEHT: Ha MOJY-
npospauHoe 3epkano I mocwblaaercss omuH ¢oron (puc. 3-2). Ha
KakoOM 3KpaHe, 2 UJH 8, HIAH OLHOBPeMeHHO Ha 06OHX, OH 6yner 3a-
perHcTpUpOBaH?

3-9. Ilepeuncaute NpuU3HaKu OGINHOCTH M pas3iuyus JBYX ua-
CTHIL — ¢oTOHa ¥ HeHTpHHO. [ToueMy DOTOHH NMPOXOAST TOJBKO ue-
pe3 pax BelllecTB (KaKHX?), a HEATPHHO NMPOXOISAT uepe3 BCE Bellle-
cTBa Ge3 3aTpyAHeHHUH?

3-10. PaccuuTtafiTe CKOpPOCTb ABHXKEHHSI CBeTOBOro 3aflumka, oT-
pa>XeHHOTO Ha B3KpaH, Ko-

TOpPHI pacrnosioxeH B | kKM 1 3
OT 3epKaJjia Bpallaloumerocs
co ckopocthio 100000 o6/c. o -

CdopMynupyiiTe BHBOL O

|
MaKCHMAaJbHO  HOCTHKH- II N\
MBIX CKOPOCTAX.

3-11. Macca 3emau co- ¢
CTaBJAET 598.1027 r. W
Cpenndas  JHMHeftHas CKo- m
POCTb ee ABHXEHHS 10 Op- PHC. 3.2
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6ute paBHa 3,0-10* M/c. BruHCcIHTe HeoIpeleseHHOCT* MOJONKe-
Mg 3emaH. [lpennmonarasi, uTo 3/MeKTpOH aToMa BOAOpOLAa Bpa-
maercd no op6ure ¢ paguycom 0,053 um (0,53-10-1° M), BBIUHCIH-
T€ HEOIIPeleJeHHOCTb CKOPOCTH H CPaBHHTE €e CO CKOPOCTBIO 3JIKT-
poHa, paBHo# 2,2-105 m/c. CuenaiiTe HeO6XOAHMEIE BLIBOJHL.

3-12. BocCnodb30BaBUIHCh COOTHOLIEHHEM  HEONpe/leJeHHOCTH
TefizenGepra, BoiBenuTe (GOpPMyay [Js BHUYHCIEHHS HeONpeleleH-
HOCTH IIJIOTHOCTH Trasa.

3-13. Ceifyac yxe HHKTO He TOBOPHT O BpallleHHHM 3JEKTPOHA
BCKPYTr sApa U coO6CTBeHHOH ocH. Mmul paccMaTpHBaeM o6JacTH
HanG6oJblIefl BEPOATHOCTH HAXOXKJAEHHS 3JEKTDOHOB Ha TOM HJH
HHOM pAacCTOSIHHHM OT fApa. TeM He MeHee MOHATHE CNIHHA 3JeKTpoO-
Ha H CIHHOBOT'O KBAHTOBOTO HHCJA cyllecTBYIOT. Pa3nuunbim 3Ha-
KOM CHOHHOBOTO KBAaHTOBOIO YHCJa, KAK HHOTJA TFOBOPAT, OTBEYAIOT
p43/HYyHble HaNpaBJEHHs ero BpallleHHs (10 H IPOTHB 4acOBOH
cTpeqkH). [lpuaymafite Monenu 3JeKTpoHa MM KaKHe-1HGO aHaJo-
THH JJs OGBSCHeHHS NPHPOAHL CIIHHOBOTO KBAHTOBOrO YHCJA.

3-14. IlepeuncauTte AOBOAB B NOJB3Y TOTO, YTO OAHY OpGHTaNb
MOTYT 3aHHMATh TOJBKO ABd 3JEKTPOHA.

3-15. Ilpunuun Ilaynu siBnsieTcsi SMIHPHYECKHM H [0 CHX TOp
ellie He IOJY4YHJI SICHOTO TeopeTHuecKoro o6bscHenus. [IpeadoxeHo
MHOro ero GopMyJHPOBOK, HallpHMep: a) B aToMe He MOXeT GHITh
JIBYX 3JeKTPOHOB, ¥ KOTOPBHIX BCe YeThIpe KBAHTOBHIX YHCJa OHIJIH
6L ofHHAKOBH; 6) oJHa aTOMHas OpPOGHTaJb MOXeET OHITh 3aHATa
He 6oJlee ueM ABYMS 3JeKTPOHAMH, KOTOPBIEe [OJXKHBL HMeThb IIpO-
THBOMOJIOXKHBEIE CNHHH, B) BOJHOBas (GYHKUHS MHOTO3JEKTPOHHOIO
aToMa JoJIXKHa OBITb AHTHCHMMETPHYHOH 10 OTHOLUEHHIO K mepe-
CTAaHOBKE KOOPAHHAT JIOOBIX ABYX 3JEeKTPOHOB; T') JioGble ABa 3JeK-
TPOHA B aTOMe AOJIXKHH pa3jHuaTbcs 3HAUEHHSIMH 10 KpafiHelt Me-
pe OAHOro KBaHTOBOro YHCJA.

Brifepute nHanGosee BaM moHATHYIO ¢GOpPMYJIHPOBKY. ,Z],oxa)Kn-
Te, YTO [IPHBeJeHHEE (GOPMYJIHPOBKH HAEHTHUHEI,

3-16. Ilpencrasbre cebe, uTo npuHuun Ilaynau He cobaropaercs.
Hsmenurtess am ot atoro ¢dopma [lepuoauueckolt cucteMbl 3JeMeH-
TOB?

3-17. TlpeacraBbTe ceGe MHD, Iie Y aTOMOB B ONHOH 3J1eKTPOH-
HOH OpOMTANH MOKET HaXOJAHThCA TOJbKO OfHH 3JeKTpoH. [lo-
crpoiite [TepHoanuecKyIo cuCTeMY 3JeMeHTOB B 3ToM Mupe. Kakue
3J1eMeHTHl JOJXKHBEI CTaTh HHEPTHBIMH rasaMH, rajoreHaMmH, mepe-

* CornacHo npuHUHMNY HeompefejeHHocTH [efisen6epra mpousBeneHne Beompe-
JleleHHOCTH B CKOpocTH Au, (M/c) ABHXKYyluerocs BLOJAb OCH X Teaa ¢ Macooli m
(kr) Ha HeonpeneJeHHOCTb B NOJOXKeHHH Ax (M) He MOXeT GWTh MeHbHIe 9eM
h/(2nm)

Au,Ax > h/(2nm)

rae h — nocronunan [Tnanka 6,626-10-34 [Ix-c.
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XOAHHMH 3MeMeHTaMn? HanHwmte GopMyaE MPOCTEHIUAX MOJEKY.T
sToro Boo6paxaemoro Mupa. TOUHO TaK e NMOMbITadTeCh NpeicTa-
BHTb ce6e MHD, rje B OLHOH OpPGHTANH pa3peuanoch GH HaXOAUTb-
cs TpeM 9JeKTPoHaM.

3-18. Kak mpH NMOMOIIH 9/1€KTPOJH3a ONpeleNUTh 3apsi 3JIEKT-
poHa?

3-19. KakoBa ¢opMa u pasMep 3JIEKTPOHA, Haxoldluerocs B
IPOCTPAHCTBE, JHUIEHHOM KaKHX-J1HGO noseii? Uemy paBHO IJaB-
HOe KBAHTOBOE UHCJO 7 TAKOro 3JeKTPOHa?

3-20. Kakne 3HaueHHS MOXET NPHHHMATh TrJaBHOEe KBAHTOBOE
yueno n? O6bacHATe CMbica 3HaueHHd n=0 u n=oo. [Ipx Kakux
3HauYeHHSIX 1 JEKTPOH 06/ajaeT HauGoJblIe H HaHMeHbLIEH 9HEP-
raeii? TIpH KaKuX 3HAueHHAX r 9HEePrusl CBA3H 3JEKTPOHA C fAAPOM
Hau60abLAas H HAHMEHbIIAsN?

3-21. MoxeT JH uacTHlla, cocTodlllas H3 ABYX HJH 6oJee aTo-
MOB, HMETh HeCNapeHHHIEe S-3JeKTPOHRI?

3-22. BocrnoJb3oBaBLIHCh NpaBHJIoM KieukoBckoro  (IpaBHIO
cyMMH n--[), OpeAcKaXHTe SHEPreTHYeCKHA NOAYypPOBeHb, Ha KO-
TOPHI MOCTYyHmAaeT 3JEKTPOH, N06aBiAsieMBIl K 3/JE€KTPOHHEIM CTPYK-
TypaM caeaywoumux atomos: Ca, Zn, Kr, Sr, Cd, Ba, Yb, Hg, Ra.
Hao6pasnTe cxeMaMH HCXOAHBe H ofpasylomuecs 3J€KTPOHHBIE
CTPYKTYPHL

3-23. CocTaBbTe AMarpaMMH pacnpefieleHHsl  3JIEKTPOHOB Mo
ypOBHSIM H MOAYpOBHsM B atomax Ca, Y, In, Hf u Pb.

3-94. MoxXeT JH CBOGOIHLIN 3JIEKTPOH H3JayyaTh 3Hepruw? Mo-
JXeT JIi OH TOTJIOTHTb KBAHT CBeTa?

3-25. [lo TeopHH CTPOEHHSI aTOMa INOIJIOLIEHHE CBeTa BelUeCT-
BOM BHI3HIBaeT Nepexoj 3JeKTPOHOB Ha GoJjiee BEICOKHe 3SHEpreTH-
yeckHe ypoBHH. [IpH BO3BpallleHAH 3JIEKTPOHOB Ha HCXOAHHE dHEP-
reTHYeCKHe YPOBHH 3Heprusl BHAeaseTcs. ECAH NpeinosoXHTh, 4TO
3HePrHsl TOIJIOLIEHHOro CBeTa paBHA 3SHEPIHH HCIYCKaeMOro Cue-
Ta, TO BElleCTBO AOJXKHO ObITh GecuBeTHbIM. [loueMy Ke BelleCTBa
GLIBAIOT LIBETHRIMH?

3-26. B cTOpOHY KAKOT0 3JEKTPOAa OTKJIOHAETCHA MJaam#d, MmoMe-
IleHHOE B 3JEeKTPHYeCKoe 1oje?

3-27. Tlocrosuuas Ilnanka pasma h=(6,626176--0,00027) X
X 10~3 JIx.c. YKaxXuTe BepHble LH(PH B 3TOM YHCJE.

3-28. Huxe npHBefeHnl AJHHB BOJH (B M) pa3/MUHEIX BHIO8
H3JIyUeHHA:

' PafiHOBONHE 103 — 1078
Undpakpachele ayyH 1073 —7,6.1077
BupuMuit ceer 7,6-1077 —3.8.10-7
YabTpadHoneToBHEe NYYH 3,8.10-7—10-8
PeHTreHOBCKHE JY4H 1078 — 10-11
FamMMa H3nyyeHHs 10711 — J074
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Paccuuraiite sHepruu (B JIK/MOJb) KBaHTOB pAa3/HYHHX BHJIOB
H3JMYUeHHST*.

3-29. IIBeT — 3To pe3yJbTaT BO3LEHCTBHA Ha rJas 3JeKTpoMar-
HUTHOTO M3JydYeHus B [uanasoHe gaud BoaH ot 3,8.102 1o
7,6-102 um. ManyueHus ¢ pasHoi OJHHOH BOJHBI BOCHPHHHMAIOTCA
TJIa30M B BUAe DPAa3JHYHBLIX 11BeToB. [[BeTa M CoOTBeTCTBYyIOLIHE
JJMHBl BOJH (B HM) CHOEKTpPa BM/JHMOTO COJHEYHOTO CBeTa:

KpacHnit (7,60—6,20)-102  3emenuit (5,50—5,10)-102
‘OpaHxeBHlil (6,20—5,85)-102  Toay6oit (5,10—4,80)-102
XKentaiit (5,85—5,75)-102  Cunnii (4,80—4,60)-102
JKento-seneunntit (5,75—6,50) - 102  duoseToBBIH (4,50—3,80) - 102

Paccuyurafite sueprum wuanyuenuii (B JXK/MOJb) Da3IHUHBLIX
Y4acCTKOB CHEKTpa.

3-30. OkpaiiuBaHHe NMJAMeHH NPU BHECEHHH B HEro MNIEJOUHHX
MeTaJ/JIOB HJH HX COeAVHEHHWH BBI3BAHO 3JEKTPOHHRIMH Hepexoja-
MH IIpelBapHTeNbHO BO36YKAEHHHX aTOMOB. [Ipm ob6paTHoM Te-
pexole 3/eKTPOHOB BO3HHKAeT M3JyueHHe, KOTOpOe BOCIpHHUMA-
€TCcs B BHAe OKpacKd niameHn. HampuMep, 3a cueT TemaoTe nja-
MeHH aToMbl HaTpus norjomiat 200,8 xJIk/MOJb TeNJOTH, NpU
3TOM MPOHCXOAHT B0O30YXIeHHe aTOMa U NEPEXOA 3IJMeKTPOHOB HA
6oJlee BHICOKHe 3HepreTHYeckHe ypoBHH. JKentas JuHHS crekTpa
Hatpus umeerT A=>5,893-102 uM W BO3HHKAeT NPH Nepexoje 3JeKT-
poHa ¢ ypoBHA 3p Ha ypoBeHb 3s. [IpoBepbTe pacueToM COOTBETCT-
BHe JJIHHB BOJHBEL U SHEPTHH H3JTYUYEHHS.

Huxe mpuBelensl AJHHH BOJH (B HM) HOJOC CHEKTpa H3Jyue-
HHAl IIeJIOYHBIX MeTaJJIOB, NpHXOAAlIMecST HA BHIUMYK 4acTh
CIleKTpa:

Li 6,708.102 Rb 4,202-102
Na 5,893-102 Cs 4,555-102
K . 4,044-102

B KaKoll uBeT OKpalluBaeTCs nJaams, B KOTOpPOe BHeCeHH YKa3al-
Hble MeTaanbl? PaccuurafitTe sHepruy 5MeKTPOHHBIX NEPEXOAOB H
IpejicKaXkuTe HX THll (§—>S, s—»p U T. IL.).

3-31. Huxe ykazanbl AJHHHE BoJH (B HM) HEKOTOPHIX CIIEKT-
PAJbHLIX JHHHE ATOMOB 3JeMeHTOB raaBHbX noArpynn I u 11 rpynn

* SHépmﬂ H3Jly4yeHHS QUpPeNesIAeTCA COOTHOLUEHHEM
E = hv = hc/A
B pacdete Ha 1 MoJIb KBaHTOB:
E = Nphe/h

cge Na-—nocrosHHas Asoragpo, 6,022-1023 wmonp—!; A — nocroanHasn Ilaanxa,
6,62610—3 Ix-c; v — uacrota KoneGaHuil H3ajayueHus, c—!; A — JJHHA BOJHEL, M;
€ — CKOpOCTh cpera, 2,998-108 m/c.

TTopcraBnsis 3HAaYeHHA BXOZAIMX B GOPMYJY BENHUMH, NOJy4aeM:

1,1963.10-1
=73 [ x/Moib]
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[lepHoaHYeCcKO! CHCTEMBL:

K 4,044.102 Mg 5,184.102
Sr 4,078.102 Ba 5,536.102
H 4,102-102 Ba 5,778-102
Rb 4,202.102 Na 5,893.102
Ca 4,227.102 Li 6,104.102
H 4,341.102 H 6,563.102
& 4858 102 R 0 Foa108

4,555.10 ,664. -
(S:ls" 4,607.102 ﬁ 7,699.102
Sr 4,832.102 Rb 7,800-102
Mg 5,173-102 Rb 7,948.102

ITpoBennTe KnaccHpUKauUMIO JHHHH CIEKTPOB Mo sjaeMeHTaM. Ilpen-
CKaXHTe LBeTa MX CNeKTPoB. Kakue 3JeMeHTH MellaloOT JPYr APYrY
NPH HX ONpeflleNeHUH MO OKpacke mnaMeHH? Kakum cnocob6oM MOXK-
HO OCJa6HTh Mellakuee BAUAHHE JPYTHX aTOMOB?

3-32. Kanuii (conu Kaius, MOHH KaJHA) OKpallHBAIOT nJaaMms
ropeqkn B ¢HojeToBH# uBeT. OJIHAKO B NPUCYTCTBHH JlaXe HH-
YTOXKHBIX KOJIHYECTB HATPHA (HOJETOBHR LBET MaCKHpYeTcsd xeJ-
TeIM. Ilpeanoxure ni06hle cnoco6H KaueCTBEHHOTO OIpejeseHHs
KaJIHg H HATPHS NIPH HX COBMECTHOM INIPHCYTCTBHH. ,

3-33. Ilouemy B cmekTpax Ha6aiopaeTcs GHCTpoe cOJHMKeHHe
OTJeJbHRIX JHHHH NPH MOJAXOJe K TpaHHIle cepHH CNeKTPaJbHBIX
JHHHHA? ‘

3-34. InaMeTp HOHOB, NOJyYalolUXCs B pe3ysabTaTe OTLIenJe-
HHS BaJEeHTHHIX 3JEKTPOHOB OT aTOMOB, JeXHT B npefenax 0,02—
0,35 HM. Iuamerp mpoToHa, 06pa3syiolerocsi NpH OTPHIBE 3JEKTPO-
Ha oT artoMa Bojopoia, paBen (,000001 nm. K kxakum xapakTtep-
HbIM CBOHCTBaM BOJOPOJA MPHBOAHT CTOJb MajHii 1HAMETpP €ro
aToOMHoOro ajapa?

3-35. OT kako#l yacTHUH TPyJAHEE OTOPBaTh 3JEKTPOH — OT aTo-
Ma BOJOPOJa HJH MOJIEKYJH Bojopona?

3-36. Monu Li* 1 H~ nMeioT oAHHAaKOBOe YHCJIO 3JeKTPOHOB.
Kakoit non 6osbuie?

3-37. TloctpofiTe rpaduK H3MeHEeHHS NMepPBHX 3HEPrHA HOHH3A4-
OHH atoMoB aJjeMmeHToB Il rpynnm (rnaBHas u no6odHas MOArpyn-
nu). OGeyanTe XapakTep H3MeHEHHS SHepruHil HOHH3aLHH.

- 3-38. IlepBrie 3HepTHH HOHH3aLHH aTOMOB

d—e =2t

ajleMeHTOB riaBHhix moarpynn [, VII u VIII rpynn ciaenyioune:

sB KX/ MoTb aB kIIx/Monb
Ne 21,559 2080,0 Br 11,84 1142,3
F 17,418 1680,4 1 10,44 1007,3
Ar 15,755 1520,0 Li 5,39 520,0
Kr 13,996 1350,3 Na 5,138 495,7
H 13,595 1311,6 K 4,339 418,6
Cl 13,01 1255,2 Rb 4,176 402,9
Xe 12,127 1170,0 Cs 3,893 375,6

3%



BriBeAHTEe COOTHOlIEHHE, CBSI3BIBaIOllee BHIPaXKEeHUS 3HEPTHH
B 3B u k[x/monb. Kak u3MeHsIOTCS SHepPTUM HOHHM3aLHH aTOMOB
37eMeHTOB NpH Nepexole BHH3 MO Tpylle H BJAOJb [0 HEPHOLY?
Onpepenute HampaBleHHe peaKUu#l, NPOXOJALIHX B rasoeoit dase
H BLIYHCJIHTE HX TelJoBO# 3()eKT:

1) H4 Li* = H*++ Li 5) F*+4 Ne = Ne*t +F
2) Li*+ F=F+4Li 6) F++ Ar= Ar*+F
3) F4+Cl-=F-+Cl 7) Cl* 4 Xe = Cl 4 Xe*

4) C1+4+Br-=CI~+4 Br

CtopMynupyiiTe NpaBHIO BO3MOXHOCTH OGMeHa 3JIeKTPOHaMH
MeK1y aTOMaMUu H HOHAMH.

3-39. TlepBrle 3HEpPTHH HOHH3allHM aTOMOB BOAOPOAA H ¢Topa
COCTaBJSOT

H (r) —e™ = H*(r); AH, = 1311,6 xIx
F(r) —e~ =F*(r); AH, = 168C,4 xIx

[TepenuuieM BTOpPOE ypaBHeHHe B MPOTHBONOJOXHOM HalmpaBJeHUH
H IPOCYMMHPYEM C NEPBHIM:

H (r) + F* (1) = H* (1) +- F (0);
AH = AH, —AH, = 1311,6 —1680,4 = —368,8 Kk

Orpuuarteibioe 3naueHne AH CBHIETENbCTBYeT O BLILEJIEHHH Tel-
g0t (—AH=-Q) ¥ BO3MOXHOCTH NPOTEKaHHS npolecca.

CopMyIHpyiiTe mpaBUao paciera TemnoBoro 3addexra Q (v
AH peakuuu) nogo6HEIX mpoleccoB. Ompenenute, BO3MOXKeH JH
npolecc:

F(r) 4 Cs*(r) = F+(r) + Cs (1)

3-40. [lepBble 3HepPrHH HOHH3aLlHH aTOMOB 3JIEMEHTOB 2 mepHo-
na takoBn (B 3B): Ne 21,66, F 17,42, N 14,53, O 13,62, C 11,26,
Be 9,23, B 8,30, Li 5,39. [Tpoananusupyiite NaHHEIE H chopmyTH-
pyiiTe COOTBETCTBYIOINHe BHIBOAbL. MOXHO JiH Ha OCHOBAHHH 3THX
JaHHBIX TIOKA3aTh NposiBieHue npuuuuna [layan?

3-41. Huxe npuBeleHH 3HAaueHUH CPOACTBA K 3JIEKTPOHY

3+e =3
aTOMOB HEKOTOPHEIX 3JIEMEHTOB!
7 sB K% /MONb 3B KJ X /Modb

Be +2,5 +-241,2 H —0,75 —72,4

Ne 40,30  4-28,9 C —1,27  —122,5
He +0,22 +21,2 0] —1,47 —141,8
N 0 0 [ —3,06 —295,2
B —0,24 —23,2 F —3,34 —322,2
Na —0,55 —53,1 Br —3,36 —324,2
Li —0,62 —59,8 Cl —3,61 —348,3
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Kax uamensieTci CPOACTBO K 3JIEKTPOHY NPH Nepexojie sJeMeH-
TOB BHH3 N0 TMOATPYNNe H BLOJb N0 NePHOLY? YUHTHIBad, 4TO 3a-
MHCH )

H4-e =H"; AH = —0,75 3B

03HayaeT, YTO B NpOLECCE MPHCOeNMHEeHHs 3JeKTPOHA TemJoTa BhI-
nenstiercs (AH<<0), paccumraiite AH peakuuu (WiH ee TeNIOBOH
aexT):

H )+ F@)=F () +H({)

Bo3sMoOxKHa JIX 3Ta peaKUus?

3-42. BocrnoJb30BaBUIHCh AAHHBIMH NpeJBIAYILHX 3a1a4, Haixu-
Te CpeAu NpPHBeJEHHBIX NPHMEPOB aToMbl, 06.1ajamilne HanGojee
CUJbHBIMH H CJa6bIMH OKHCJHTEJbHbIMH H BOCCTAHOBHTEJNbHBIMH
CBOHCTBAMH,

3-43, ATOMHEl Ilie3usi M 30JI0Ta Ha BHEIIHEM SHepPreTHYECKOM
ypOBHe ComepXaT MO OAHOMY 3aeKTpoHy. IlepBas sHeprus HOHH-
3auuu nesus (Ne 55) 3,89 3B, a sosnora (Ne 79) mamHOro GoJb-
me — 9,22 3B. O6bgcHHTe IPHYKHY 3TOrO akKTa.

3-44. [TepeuyHcNHTe OCHOBHble Pa3jHYH CBOACTB CBOGOJHBIX
aToMOB S-, p-, d- B [-3/1eMEHTOB.

§ 4. MOJ1EKYJ1A

4-1., TlpuBenuTe KakK MOXKHO G6oJblile A0Ka3aTesJbCTB CYIIECTBOBA-
HHUS MOJIEKyJ.

4-2. VMeetca 22,4 41 a3oTa IpH HOPMAJbHBIX YCJIOBHSX. O6peEM
rasa pemutcs Ha 10 uacTed, Kaxnasi yacTb geautcs Ha 10 "acrelt
i T. 1. CKOIbKO pa3 MOXKHO NOBTOPATh ONepalHio AeCATHKPAaTHOrO
yMeHbllenHs o6beMa NPH YCJAOBHH COXpaHeHHA KaXJOH JacThio ra-
33 MepBOHAYAJbHEIX CBOHCTB (XHMHYECKHX, QUSHUECKHX)?

4-3. MoJexkysa — HauMeHbllad dYaCTHLIA BelllecTBAa, COXpaHA-
plast cBOMCTBa BCero BelllecTBa B LejoM. KaxHe H3 npHBeJeHHBIX
HHJKe CBOHCTB BellleCTB MOXHO HCIOJB30BaTh AJA MOATBEPIKIEHHA
3TO# (hOPMYJHPOBKH: IJIOTHOCTh, SHEPTHS CBfA3H, 3JeKTPHYECKHH
MOMEHT IHIOJS, Macca, TBepAOCTb, YroJ MeXIYy CBA3SIMH, 3HTaJib-
nusi 06pa3oBaHusl 3 aTOMOB, SHTPOIHS, PaCTBOPHMOCTb, BKYC, 1BET,
MeXDbSACPHblE PAaCCTOSHHS, CKOPOCTb IBHIKEHHA, pa3Mep, KHHETH-
yecKasi SHePIHs, TeMlepaTypa, AaBieHHe, MarHUTHHH MomeHT. Ec-
au Bu cuHTaeTe, 4TO MpeAJOXKeHHOe BhILIe onpelesieHHe MOJeKYabl
HeTOYHO HJH HeNpaBHJbHO, AafiTe cBoe COOCTBEHHOe ONpeleleHHE.

4-4, MoXHO JIM TOBODHTh, uto HHepTHHe rasu (He, Ne, Ar, Kr,
Xe) COCTOAT H3 MOJIEKY?

4-5. Cunbl KyJOHOBCKOro mpuTsixenust vonoB H* m Cl- 1 H™ 1
Cl* Ha OZHOM M TOM e PacCTOSHHH OJHHAKOBEI, OZHAKO CTPYKTY-
pa H+Cl~ 6onee ycroiuuBa, yem H-Cl*. M3 Kakux JaHHHX 3TO0
clenyet?

4-6, Kak MOXHO OGBACHHTb, YTO aTOMBEI, He MMeEIOIHEe NPOTHBO-
MOJIOXKHEIX 3apSAL0B, MOTYT MPOYHO COENHHATLCA?
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4-7. O6bacHuTe TOT $akKT, 4TO, HECMOTPS HA B3aUMHOe OTTaj-
KHBaHHe 3JeKTPOHHHIX OopOuTanell (KaK HeCYMHX OAHMHAKOBHle 3a-
PANB), OHH BCe Xe IPHTACHBAIOTCA H 00pasylOT XHMHUYeCKHe
CBA3HN. :

4-8. Hruxe npuBefieHO HECKOJbKO MOAeNdedl MOJeKyJ BOJOpOAA:

UTo omHcHBAaMT 3TH Mojxeau? KakoBH HX NpeHMyIeCTBa H HeLo-
CTATKHU?

4-9. U3yvas THOB cOeJHHEHHIH 3JeMeHTOB C KHCJOPOLOM H BO-
poponoM, [, M. MenjeneeB npuimen K BHBOAY, YTO CYMMa MaKCH-
MaJbHEIX 3Ha4YeHHH BaJeHTHOCTeH 5JeMeHTa MO BOAOPOAY H MO KHC-
JOPOAY AJsl MHOTHX 3JieMEHTOB paBHsieTcs BocbMH. O6bscHHTE dH-
3UYECKHH CMEBIC/ 3TOro ABJCHHS,

4-10. B coeanHeHHAX C JAHTAHOHJAAMH B 06pa3OBaHHH XHMHYe-
CKOfl CBSI3H Y49acTBYIOT HX HapyXHHe, §-, d- H f-3JaeKTpoHH. [Toue-
My He MOTYT y4acTBOBaTh Bce S-, d- H f-ajexTpoHH? (B 3ToM cay-
qae 3jeMeHTH O 6bl MakcuMym 3+ 14=17 BajeHTHHIMH).

4-11. OnpenennTe BaJIeHTHOE COCTOSIHHE H CTelMeHb OKHCJIEHHA
KHCJOPOAA B CJAeAyIOIMHX coenuHeHusx: Na,O, NayO,; CaO, BaO,,
K.0, CsO,, MnO.. Kakoe 6h1 6bl 3apajf HOHAa KHCJIOpPOZA TIIPH
HOHHOM CTPOEHHH 3THX BellleCTB?

4-12. TlpencraBbTe cebe, UTO CyllleCTByeT BOCbBMHATOMHasg Mo-
JeKyJa, B KOTOpoH KaXIHH aToM CBf3aH C TpeMs APYTHMH paB-
HBIMH N0 AJMHe cBa3sMH. [Ipeanoxurte Haubosee YCTOHYHBYIO
KOH(PHTYpaLHIO TAKOH MOJIEKYJIHL.

4-13. M3 mwecTH chnuueKk CJAO0XKHTe 4HeTHpe PAaBHOCTOPOHHHX Tpe-
yroJibHHKa, JAJHHA CTOPOH KOTOPHIX paBHa AJHHe cnuukd. Kak na-
3piBaeTcs IloayueHHasi ¢urypa? Kaxne MOJeKyJnl H HOHBI HMEIOT
KondHurypanuio sTo# GHUrypH? _

4-14. TlpuBenure Heob6XOAMMHle NPH3HAKH TeTpasipa, Kak OA-
HOIl H3 pPacopOCTPAHEHHBIX CTPYKTYD B XHMHH.

4-15. Kakyo cTpykTypHylo ¢opmyay Brl mpeiasoXute coenHHe-
nuio HCNS: H—C=N=S§, H—-S—C=N, H—-N=C=S uau npy-
ryio?

4-16. Crpykrypune dopmyan kuciaor HOCI, HCIO;, HCIO; n
HCIO, wmoxHo mnpeacraButh tak: H—O0—Cl, H—0—0—Cl,
H—0—0—-0Cl # H—-0—0—0—0—CI.

Kakne umeioTcs faHHKe NPOTUB NMOAOGHBIX LENOYEYHHIX CTPYKTYp?
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4-17. Ias monekyns gucepopuBopopona HaS, MoxHo 3anucaTb
aBe QopMyaBl:
H
S=S/ u H-S—S—H
\H

Kaxoit ¢popmyae Brl oTaaauTe npeanodTenuer
4-18. Huxe npHBelleHs cBoiicTBa AByx H3oMepoB CoHgO:

tan, °C —114 —141

tium, °C 78,3 —24.8
DNeKTPHYECKHY MOMEHT 5,61-10-% 4,31.10-3%
nunoast, Ka-m

PacTBOPHMOCTb B BOJe HeorpaHuYeHHast OrpaHHYeHHad
BsauMmogeiicTaie ¢ MeTan- 1 mMons Na BHjenser He pearHpyet
JHYECKHM HaTpHeM 11,2 & Hy

IIpeanoxuTe HX POPMYJIHL
4-19. Huxe npHBefleHH NPHMepH (OpPMYyJ HNePBHYHOTO, BTOPHU-
HOT'O U TPETHYHOIO CIHPTOB: :
CH;—CH,—OH
CHy—CH(QH)—CHj
CH;—C(OH)CH,—CH,q

CdhopmyanpyiiTe onpejeleHdss NOHATHH INePBHYHBLIX, BTOPHYHHIX H
TPeTHUHEIX CHHPTOB. BoCHOJB30BABLIMCE NPHMEPAMH NePBHYHBIX,
BTOPHYHBIX ¥ TPETHYHHIX CIIHPTOB, IpPHBeIHUTe NPHMepH NEePBHUHHIX,
BTOPHYHEIX H TPETHUYHHIX aMHHOB. [lafiTe omnpeleseHdss NOHATHH
S5THX aMHHOB.

4-20. Kax o6DBSACHHTb, NOYEMY HPH OOBIYHHIX YCJIOBHAX AaTOM
XJIopa B CBOGOJHOM COCTOSIHHHM He CyllecTByeT, a HoH Cl— cymect-
ByeT (B BOAHOM pacTBOpE). ‘

4-21. TloueMy coepunenne SFg cyuectByer, a SHg— Her,
TiCl; — cymectByer, a TiH,— ner? IlpuBefuTe ApyrHe aHasorudy-
Hble IpHMEPH. B ueM 3aKjoyaercs IJaBHas MPHYHMHA STHX QaKTOB?

4-22. O6bscuure nouemy Mmoaekyna C(OH), (unmm H,CO,) ne
CyILeCTBYeT, XOTs HeTHIpeXBaJleHTHOe COCTOSHHE yrjepofia caMoe
ycroiiynBoe, a ¢Bsisb C—OH ouens pacnpoctpaHeHa H 3HepreTHue-
CKM BHTOLHA.

4-23. Kakast cTpyKTypa GoJiee NpPEnNOYTHTENbHA LJs MOJEKYJ/H
SCO: S=C=0 pmu C=8=0?

4-24, MoryT JM CyIleCTBOBATL MOJIEKYJIEl ¢ HOHHOA CBA3bIO B
ra3oo6pa3HoM COCTOSTHHH?

4-25. B yeM mpHYHHA TOrO, YTO 4JJIOTPONHBlE MOAHGHKAIHH Y
rajloreHOB He H3BECTHHI?

4-26. Kakasi ¢opMyna okcuzna ypana UzOs Gosee mnpaBu/bHa:
U022U03 HJH U205-U03?

4-27. BewecTBo ¢ smnupuueckoit popmyioii HyPO; nnamaruur-
HO. YKaxuTe UCTHHHYIO HopMyJy sTOro BellleCTBa.

4-28. B Mogaekyae O, uMeeTcsa ABa HeclaDeHHBIX 9JEKTPOHA.
ITouemy He o6pasyerca Moaekyaa O,?
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4.29. B cujbHO CcXAaTOM MJH CXKHXEHHOM KHcaopoje o6Hapy-
*Kenbl MosieRyaE (Oj)s. Kakne cHAE oTBeTCTBEHHH 3a 06pasoBa-
HHE 3THX MOJIEKyJa? '

4-30. Kak o6BAcHATL TOT (aKT, YTO NpPOH3BOJHEIE STHJEHA
C:H, uMeioT reoMeTpuuecKue H30MepH, TOrJa KaK [POH3BOJHELIE
stana C,Hg HX He uMeloT? '

4-31. DneKTpHUeCKHe MOMEHTBI JUIOJel* MOJieKyJa raJioreHoBO-
JIOPOJOB HMEIOT Claefylowine 3HaveHus (B Ka-M):

HF 6,38.107% HBr 2,67.10730
HCl 3,61.10730 HI 1,40-1073%¢

[ToueMy 3JieKTpHYeCKHe MOMEHTHl AHIOJEH 3THX MOJeKyJa IpH
Nepexoje 3J€MeHTOB BHH3 [0 NOATpymne yMeHbualoTca  (xoTd
PACCTOAIHHS MEXAY SApaMH aTOMOB B MOJIEKyJax BO3pacTaior)?

4-32. HNsomepbi CyHyCl; uMeerT crepyiollide ajeKTPHYecKHe MoO-
MeHTH nunoJeii: 0, 4,01-1073° u 6,34-10739 Kn-m. YKaxute ¢op-
MYJBE 5THX H30MEpOB. :

4-33. daektpuueckuit moment punmoas CH,CICH,Cl mpu 298 K
paBen 3,67-10-3° Ku-Mm. Ilpu moBHILeHHH TeMIlepaTyph OH BO3pa-
craet ¥ npu 550 K cocraraser 5,01-10-%° Ka.M. KakoBa npHuHHa
€ro yBeIHYEHHA C MOBBILIEHHEM TeMIepaTypH?

4-34. DnekTpUUYeCcKHE MOMEHTH JHUNOJAS H30MepoB TPHXJ0pOeH-
sona pasHu 0, 4,21-1073° » 7,78.107%° Kn-M. YKaxHTe 3TH H30-
MepHL.

4-35. Tlouemy Mosiekyna CO, uenoaspua, a COCl; — noaspua?

4-36. daektpuueckde MoMeHThl jaumoas MoJekya CO; u CS:
paBuu Hyawo. IloueMy moMeHtT Moaekyan COS N0BONbHO BLICOK
(6,61-107%° Kn-m)?

4-37. dnertpuueckuit MoMeHT Aumoas Mogaekyan H,O pasen
6,21-10-3° Ka-M, a moaeryas CO; — Hyaio. O6bscHHTE TaKoe pas-
auupe. Hapucyiite Monenn MoJiexys, yKa3aB BeKTOPaMH 3JEKTpHUe-
CKMe MOMEHTH JHNONA (NPHHATO HANpaBJeHHE OT OTPHUATENbLHOI'G
3apsjia K I0JIOXHTEIbHOMY).

4-38. TlpeackaxuTe XxapakTep H3MeHEHHA 3JEKTPHYECKHX MO-
MEHTOB [HIIOJIS B pAAAaX coeJHHEeHHH

CH,Cl—CH,Cl,—CHCl; u  SiH,Ci—SiH,Cl,—SiHCl,

4-39. Moaexkyna NF. uMeeT MeHBIIHH 3JeKTPHYECKHH MOMEHT
nunons, 4eM MmoJjekyana NH, (coorserctBenso 0,70-10-3° u 4,88-
-1030 Kn-m). Uem o0bsacHAeTcs TaKoe DasjHyHe B 3HAYeHHAA
MOMEHTOB 3THX MOJEKY.I.

* B Monekyde, COCTOsel M3 ABYX Das/HYHHX ATOMOB, NOJOXHTENbHBIA H
OTpHUATENLHE 3apSAAH He ypaBHeBelleHsl B oAHOH Touke. Takas Mojexyna mo-
JIIpHa, H MepoA ee MONAPHOCTH ABJAAETCA 3JeKTPHUECKHA MOMEHT AMNOAA. JieK-
TPHYECKHH MOMEHT AWNOJS €CTh BEKTOPHAs BeJHYHHA, HaNpaBjeHHas OT OTPUL2-
TEJLHOrO 32pAAa K NONOXHTEJAPHGMY H DaBHAS NPOU3BENCHHIO 3apAja Ha paccTod-
AHe MeXny ueHTpaMH sapanos. Corsacno CH enuHHUA SNEKTPHUECKOTO MOMEHTa
nunoas Ka.-m, paBHa MOMeHTY Aunoas, 3apsaau Kotoporo no 1 Ka pacnonoxenn
Ha paccrosHHM | M. Paubllte 3eKTPHYECKH MOMEHT JHIOJS H3Mepsjics B AebasAx
(1 D=3,34-10-% Ka-m),
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4-40. Moxer Ju MOJEKyJa, COCTOAIlAsA H3 JABYX ONHHAKOBH2
aTOMOB, 6LITh mOAsApHOA? MoxeT Jn MOJIeKYNna, COCTOAILAA M3 pas-
HBIX @TOMOB, GEITb HEMOJNSPHOH? ‘

4-41. TloyeMy 3JIeKTPHUECKHH MOMEHT AMNOAA MOJEKYJH JH-

x
xJnop6eH3ona /(;( paBeH HYJI0, a MOJeKyJh AHTHAPOKCH«
Cl

~CH
6eH30sa (THAPOXHHOHA) )i;l/ 5,48-10739 Ku-mM?
HO

4-42. na paspuiea H—H cBsisu B MosieKyJe BogopoRa Tpeoy-
erca 435 kJIx/Moab, PaccuuraiiTe AMHHY BOJHH cBeTa*, jocrarod-
HYI0 AJA JUCCOIHAIIHH MOJEKYJbl BOJOPOAA Ha aTOMH. B Kako#
0621aCTH CIIEKTPa JEeXAaT 3TH AJHHEL BOJH? ‘

4-43. Moaekysan uoauja Hatpus (rasoo6pa3Hoe COCTOSHHE)
pacnanaiotcst (QOTOAMCCOLMUPYIOT) HA HOA M HaTpHA NOA AedcT- .
BHeM H3ayueHus ¢ A=3,240-102 uM. BHuuCIHTe 3Hepruio CBSA3H B
MogexyJe Nal. :

4-44, Ilennas peaKuus

H, (r) + Cly (1) = 2HCI (r)

HauHHaeTCs C pa3phiBa CBA3ell B MoJeKyJle XJopa:
Cly (r) = 2CI (r); AH = 243 xIx

BhuncaHTe MaKCHMaJbHYI0 [AJHHY BOJHBI CBeTa, NMOA AeACTBHEM
KOTOporo npoucxonut paspuis ceasu Cl—Cl.

4-45, Huxe npusejenhl sHepruu cBssu (B kJlx/Monp) B MO-
JleKyJax BOJOPORA, [ajOreHOB H TaJoreHOBOJOPOAOB:

H, 432,07 HF 566,28
F: 154,81 HCI 427,77
Cly 239,22 HBr 362,50
Br, 190,10 HI 294,64
I 148,82

* DHeprusi XUMHYECKOIH CBA3H MOXET GHTb OMpelelieHa MO CNEKTPY MOJEKYJH.
DNeKTPOHHEE MOJEKYIsPHEE CIEKTPH COCTOAT H3 DPSANA JIMHHH, PACCTOSHHS MEXRY
KOTODHIMH YMeHBIUAIOTCA B 06JacTH GOJbIIHX 9acTOT HJIH BHICOKMX 3HEpPruil csera.
JIMHHH ceKkTpa C/MBAIOTCH NPH HEKOTOPOH ONpefeNeHHOA 4acToTe -— 4ACTOTe, OpH
KOTOpOil sHeprua mnepecTaeT KBAHTOBATbCA H HAYHHAETCA JHCCOLUHALHA MOJEKYA
Ra aToMH. 1lo MONOXKEHHI0 TPAHHIE MEKAY JHHEAHHM CIeKTPOM H CIVIOLIAHM
MOJKHO OTpelelHTh MUHHMA/IbHOE KOJNHYECTBO IHEPrHH, Hea6xoAuMoe /s PaspLBa
CBfI3H, T. € CaMy 3Hepruio cBa3u. IlpupaBHAeM SHEPrHiQ CBA3YM JHEPrHH H3JAYYEHHH,
NpH KOTOPO! NOABJAETCHA CIJIOWIHOHA CIeKTD:

AHep == Nty = ‘,‘v’“

rie Na—nmoctosnmas Asorazpo, 6,022-10% wmonp—!; h— nocrosiHHas IMaanka,
6,626-10—3 [Ix.¢c; v —uacrota KoJeGauui, c—!; A — AJAHHA BOJHH, M, ¢ -— CKO-
poctb cBeta, 2,998- 108 M/c; oTkyaa

Nphe 6,022-10%8.6,626-10-34,2,998.108  1,1963.10-1

M= By = 8 =, M




" PaccuuTafiTe AJHHE BOJIH CBeTa H OTBeUYalOUIHE HM YacTOTH.
VKakuTe yYacTKM CHeKTPOB CBeTa, BH3HIBAIOUIEr0 IHCCOLHALHIO
9THX MOJeKyJ. Huccounauus kKakod MOJIEKYJE OOHApYXKHBaeTCHd
gesqoBeyecKuM riaasoM? IlpoamanusupyifiTe 3HaueHHsi sHepruil cBd-
3H B MOJIEKYJaX raJIoreHoB.

4-46. MoJiekyJbl KHCJOPOAa AHMCCOLUMHPYIOT HAa aTOMH NIpH 06-
JYYeHHH YJAbTpadHOJNETOBHIM CBETOM C AJMHOH BOJHH 2,4-107 uMm.
BriuncauTe sHEpPruio CBs3H B MOJIEKYJe KHCJAOPOAA.

4-47. ueprus cBaau B C, paBua 602 kJx/Moab, a B O, cocTab-
ager 494 xJIx/moan. [louemy Moaexyna C; He cyliecTByeT B aT-
Mochepe 3emaH, X0TH OHA NMPOYHee?

4-48. TloueMy HeKOTOphle XHMHUECKHe CBfI3H C yuacTHeM (ou-
¢opa npouHee XHMHYECKHX CBfI3eif ¢ yyacTHeM a3oTa?

4-49. Mexwsinepnoe paccrosune C—H B CH, paBuo 0,1093 M,
a paccroaudie C—D B CD, paBuo 0,1089 um. [Touemy paccrosiHHe
C—D menbwe? .

4-50. B nonax N3~ u NCO~ Bce MeXbslepHHE pacCTOSIHHUS
N—N, N—C u C—O oaunakoeu u paseu 0,116 um. [IpuBenure
KaxymHecss BaM pasyMHEIMH oGbsCHeHHS,

4-51. ITapamarHeTusaMm rasoo6pasHoro NO; cHibHO yMeHblraer-

CA ¢ NOHHXeHHeM TeMIepaTyPhH NPH OAHOBPEMEHHOM OCJabJeHuH
okpackH. OGBACHHTe 3TO SBJIEHHE.

4-52. TlpuBenuTe BO3MOXKHEIE JOKa3aTeJbCTBa TOMY, KOrla Be-
wecTBo THHAa 30, sABAAeTCA MEePOKCHJAOM, a KOrAa MHOKCHIOM.

4-53. Y Mmosexynn NF; cBasu Gosnee mnoaspue, ueM y NCl,.
KakoBu npoaykth BsaumoneiictBug NF; u NCl; ¢ Bogofi?

4-54. O6GbAcHHTe NPHYHHH Pa3JHYHi CBOHCTB MOJIEKYJ, COLEp-
¥Kallux o6LIYHEIE BOAOPOA H AeHTepHH.

4-55. O6bsAcHHTe, nOUeMy COJH OGHYHO HPOYHEEe COOTBETCTBY-
IOIIKHX KHcaoT, HanpHMep HoCO3; 1 NagCOs, HNO; u KNO,.

4-56. Ha ocHoBanum peakuufl

9NF, - 3H,0 = 6HF -4 N,0,
NCl, 4 3H,0 = 3HOCI 4 NH,

YKaXXuTe, y Kotoporo u3 coenunenuil, NF; uan NCl; cBasu GoJee
HOJSIPHBL?

4-37. Kak 0oODBACHHTH, UTQ TepPMHUecKas YCTOHUMBOCTb MOJeEKy-
au HD 6oabiue, ueM Hy 1 Dyo?

4-58. Ilpu rmaposause CepHHCTHIX COefAHHeHHH a3oTa o6paay-
I0TCSl aMMHaK H KHCJOPOAHBIe KHCJOTH Cephl, a NMPH THIAPOJH3E
cynbdpunoB ¢ochopa Hapsify ¢ KHCIOPOAHHIMH KHCJOTAMH ¢ocdo-
pa ofpasyercss cepoBojopod. O uem 310 roBopuT? Kakue MOXHO
cnl%.z;arb BHBOJALI O pachpelefeHHH 3JeKTPOHHHIX TJIQTHOCTeH y N
u Pr

4-59. OGpdacuute, noueMy npH B3auMofefictBuu NO; ¢ Bonoi
He ofpasyeTcsi KHCJ0Ta, aTOM a30Ta B KOTOPOHA HMeeT TO XKe Ba-
JeHTHoe cocrosinhe, 4uTo U B NO,, a oOpa3syercsa cMech a30THCTOH
H a30THOH KHCJIOT.
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1-60. Ha ocHOBaHWH peaKuuii THAPOTM3a COENMHEHHA a30Ta
chenafiTe BHIBOJ O XapakTepe XHMHYECKHX CBf3ed B HHX:

Li,N + 3H,0 = 3LiOH + NH,
NCl, - 3H,0 = 3HCIO + NH,

Hanuwure ypaBHemns peakumit rumpoansa MgsN,, AIN, SisNy,
P3Ns, SiN,.

4-61. HanmummuTe ypaBHeHHe peaKuuu rujapoausa IBr, cuuras,
YTO HOL B 3TOM COELHHEHHH SIBJASeTCs 3JeKTPOIOJOXHTENbHOA co-
CTAaBHOH QAaCTLIO. ‘

4-62. XNOpHA LUHHKA THAPOJH3YeTCA II0 YPABHEHHUIO

ZnCl, +- 2H;0 = Zn(OH), -+ 2HCI

Hanuumure Mo aHanoOrHH ypaBHeHHe PeaKUHH B3aHMONEACTBUA AH-
meruauunka Zn(CHj)g ¢ Bogof. YKaXkuTe riaBHble OTJIHYHA 3THX
IABYX peaKIHi.

4-63. TlpusenuTe NpHMepbl B3aWMONECHCTBHA HEOPraHHIECKHX
KHCJIOT ¢ obpasoBaHHeM coJefl. KakoBH IPHUHHH TAaKOro THNA
B3aHMCAeACTBUA?

§ 5. METOJ, BAJIEHTHBIX CBSA3EH

5-1. IlpuBeauTe AOKa3aTeJbCTBA HJIH XKe 0oOllHe yKa3aHHS Ha TO,
yTo GOJBUIMHCTBO XHMHUYECKHX CBA3eHl OCYylIeCTBAAETCA MapaMH
sneKTpoHoB. Kakne Bhl 3HaeTe HCK/IOUEHHSA?

5-2. 1. U. Menaenees B «OcHoBax XMMHH» IHCaJ, UTO 3JeMeH-
THl COOCOGHH COEAHHSATHCA C TeM GOJbIIHM KOJHYECTBOM KHCJIODO-
12, 4eM MeHee MOTYT yAepxaTh Bojopoaa. IlpuBeauTe nmpuMepH CO-
elHHeHHH U HafiiuTe 06BSICHEHHS 3TOMY SBJIEHHIO.

5-3. ®opMmyay OKCHAa allOMHHHS B rasoo6pasHoM COCTOSIHHH
MOXHO H300pasuThb pa3JHYHBIMH cnoco6aMH, HANPHMeD:

0=Al—0—Al=0 o]
o w
0
A1£O>Al Al
No” o

Kakoii dbopMyJsie creayeT oTA4Tb IpeANOuTeHHe ¥ moueMy? IIpBe-
IHTe 3KCIePHMEHTa]bHHE H TeOPEeTHYECKHe [0Ka3aTelbCTBa peallb-
HOCTH TOH HJH HHOR CTPYKTYpHI?

5-4. ¥ monekyan HD o6napyxkeH HeGoJblIOf AHNOJAbHBEA MO-
MeHT (3-10732 Kn-M). YKaxuTe ero HalpaBleHHe.

5-5. ITpeamosaraior, 4To B MoJeKyJle KHCA0pOAa ABOAHAsA CBA3b
O=0 OoTCyTCTBYET, CBfi3b OCYIIeCTBJsAETCA Iapoi 3/1€KTPOHOB MO
OHOMY OT KaXX/JO0ro aToMa:

H306pasute MeTOJOM BaJIeHTHBIX CBfi3eil MOJENH MOJeKYJhl KHCJIO-
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poia ¢ ABofiHofi u onuHapHOA cBsA3siMH, O6cylHTe HeNIOCTATKH H
NPEeHMYIIECTBA KaXA0H MO/eNH. :

5-6. Okcun asora NO. cnoco6eH faBaTh HeyCTOMYHBHIA AHMep
(NO),. Kaxas u3a cTpykryp 60Jee BepoATHA

-0 N—O N—O
O=N—N=0, O=N=N=0, |1, J) | wum H[ | ?
N—O —N -0

5-7. Ha puc. 5-1 kauecTBeHHO 0TOOpa)KeHO PpacHOJOXeHHe
SHepPreTHUECKUX YpOBHefl s- H p-aTOMHEX op6utaned. [Tokaxute
pacnosoxeHue THGPHIU3OBaHHBX sp-, sp?-, sp3-opbuTanef.

5-8. Kak Bu cuHTaeTe, Kakad u3 JByX 3ajiay chopMy/JHPOBAHA
HayYHO H MeTOJHYeCKH 6oJlee MPaBHJBbHO:

a) B MonekyJe CH, BaneHTHHe op6HTaJH aToMa YrJepoia Ha-
KONATCA B COCTOSHHMH Sp3-THOpHAM3AaUHH. KaKOBH Yrawm MeXay
CBA3AMH?

6) B MoJekyje CH, yrawm Mexny cBs3sMu paBaul mo 109,5°.
KakoBo cocTosiHHe THOPHAH3ALMH BaJeHTHHIX opOHTaJje#t aTtoma
yrJiepoaa?

5-9. B Mmoxekyne P, atoMn ¢ochopa pacHonoxkeHH B BeplLIH-
Hax NpaBHJABHOTO TeTpasipa. KakoBo coCTOsSIHHE THODHAH3aAUUH
opburaaeit ¢pocgopa?

5-10. YUem ob6bAcHAeTcs GIH30CTb 3HAUYEHHH YIJIOB MeXAy CBA-
aamMu B Mmogekysaax CH,, NH; u H,O (yroa, 6iu3kuit K TeTpasa-
pHUECKOMY). .

5-11. YKaxuTe, KaKHe M3 NpPHBEJEHHbIX HHXe NPH3HAKOB fIB-
ASI0TCA HeoOXOAMMHIMHE ISl TeTpasjpa: a) ueThlpe rpaHd; 6) Kax-
Aas TpaHb NpeiacTaBjsgeT co60f NMpaBUJIbHBIA TPeyroJbHHK; B) IJIO-
HIa[ TrpaHed paBHH; I') PAacCTOSHHA MeXKAY BepPLIHHAMH DPAaBHBEL;
1) pacCTOSIHHS OT LEeHTPa A0 BepIIHH paBHH. KakHe NMPHU3HAKH clie-
IyeT YKasHBaTh NPH ONHCAHUH TETPA5PHYECKHX MOJIEKYJ?

5-12. ¥rawel MeXay CBA3SMH B MOJeKyJax ra3oo6pasHHX THADH-
208 sneMentoB VI rpymmsl pasun: B Hy,O 105°, B HyS 92°, B HiSe
91°, B HyTe 89°. O6bACHHTe YHCJIOBHIE 3HAYEHHS YIJOB MEXIY CBf-
3AMH H [OPHYHHLI HX W3MeHEHHs [IPH Nepexole BHH3 MO MOATpymme
3JIeMeHTOB. ,

5-13. B moaexynax CHy, NH; u HyO BaneHTHEIE Oop6uTadH aTo-
m moB C, N 1 O naxonsarcs B COCTOSIHHH Sp?-

rHGpHAN3ALHH, OJHAKO YIJIHL MEXAy CBfl-
Pz B B,  3AMH HE DAaBHHL! B CH, 109°, 8 NH; 107° u
B H,O 105°. Kak 370 06BACHHTDL?

5-14. Ykaxure o6liHe MPH3HAKH, TPH-
cymue Mmogekyaam u moHam CH, NHs,
H,0, NH,*, H;0*.

5-15. KakoBH COCTOSIHHA THOPHAH3aLHH
op6uTasell UeHTPaJbHLIX aTOMOB B MoJe-
kynax NH; v BF;, eciH u3BecTHO, 4TO Iep-
G Basg MoJiekyJja umeer GOpMy MHpPaMHAH C

NIPHMEPHO TETPas3ApPHYECKHM YIJIOM Yy aTo-
Ma a30Ta, a BTOpas MOJeKyJa — IJIOCKas
PHC. 51 ¢ yraoM Mmexay cBsassiMu 120°,

40



5-16. IToueMy yrinl Mexay cBs3sMH B MoJgekynax CH; u SiH,
OMMHAKOBHI, a y MoJekya HyO u HyS pasauunsr?

5-17. Yrawl MexAay CBA3SIMH Y THAPHIOB 3JeMeHTOB V rpynmel
H3MeHAIOTCS B CJefymollefi mociegoBatenbHocTH: B NHg 107,3°,
B PHj3 93,3° B AsH; 91,8°, B SbH; 91,3°. Kak 06BscHHTH pe3Koe
pa3nuuue 3HaueHHH yrioB y moJgekynd NHy u PHi? Uem o6bsicua-
eTCSl yMeHbIUeHHe YIJVIOB NIPH Iepexoje BHH3 IO NOATPYIIe 9Jje-
MEHTOB?

5-18. Huxe yKasaubl yrJabl MeXAY CBA3AMH H COCTOSIHMA THG-
puAau3auuH op6HTalell IEHTPAJbHOrO aTroMa B MOJeKyJdax HeKo-
TOPHIX COelHHEeHHH ¢ BOZOPOAOM 3JeMeHTOB 2 M 3 mepHoAa:

2 nepuojg 3 nepnon
yroa, rpap rU6pUAHaa- yrof1, rpag ruGpuanaa-
uus s
CH, 109,5 sp3 SiH, 109,5 sp3
NH;, 107,3 sp? PH, 93,3 HeT
H,0 104,5 sp? H,S 92,3 HET

[Tpeackaxure cocTossHHe TUGPUAM3ALHH BaJleHTHHX opGHTasell
atoMoB ¢dTopa U xaopa B Mosekynax HF u HCI,

5-19. Hapucyiite Mogmenu Mosekyan HF B npeimonoxenns,
YTO BaJieHTHBle OpGHTanu aToMa ¢TOpa HAXOASATCA B HErHGPHIH-
30BaHHOM COCTOSIHMH H B COCTOSIHHAX Sp-, sp?-, sp3-ruGpHAH3aIHA.
OGcynute atH Mojelu u BoiGepuTe HaunGodee, Ha Bam B3rasg,
NpeANOYTHTENbHYIO.

5-20. CpaBHHTe XapaKTePHCTHKH MOJEKYJh BOAH u HoHa H,O®:

< HOH, rpan oy » HM
H:O0 105 0,0957
H, O+ 11 0,0999

OG6bscnuTe, noueMy OTPHB 3/eKTPOHA MPHBOAHT K HEKOTOPHM
H3MEHEHHSAM B CTPOEHHH MOJIEKYJIEl BOJHL.

9-21. Monekyna xnopupa Gopa BCly uMeer miockyio cTpyKTy-
Py, a xaopuna asora NCl;— nupamuganbuyn. Yem o6bacHseTcs
TaKoe pasauyue?

5-22. Morneryna TiF, uMeeT TeTpasiApHUECKYID CTPYKTYpY.
[Tpepckaxure THN rUOGPUAH3ALUMH BaJIEHTHHX OpOHTaledi THTaHa.

5-23. Yram MeXny CBA3AMHU B MOJIEKyJax THADHAOB H (TOPH-
0B a3ota H KHeJgopoja paBHel: B NH; 107°, B H,O 104,5°, B NF,
102°, B FoO 101,5°. TToueMy yribl Mexnxy CBA3SMH B MOJeEKyJax
GTOpUIOB MeHbllle, YeM Y THAPHAOB?

5-24. KakoBa ru6punH3aluus BaJeHTHHX op6uTaneli B HoHe Ig~,
eCJIM OH JIMHeeH?

5-25. Monexyna HN; nuneiina. KakoBo cocrosiHHe TH6pHAH3a-
uuu opbutaseit aToma asora B 3Toffl MoJeky’ne? KakoBa KoHGHry-
pauusa moJekyJbl azufa ammoHua (NHg)Ns?

5-26. Mosexyna NO comepXHT HecmapeHHH# 3JaeKTPoH. O6b-
AcCHUTE, NoueMy aBe MoJekyasl NO He 06pa3yioT NpPOYHOIO COENR-
HeHud?
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5-97. Q6bACHUTe, TIOUeMYy He CYLIeCTBYeT MOJEKYJa ClH,, xor4a
speprus cBa3un Cl—H Besnka, a cocrosinue Cl3+ ycroltuHBO?

5.28. KakoBe NpPHYHHH TOrO, YTO MOJEKYJA BeF, /nuHefiHa, a
Monekyna MgF; Henunefina? _

5-29. YKaxHuTe cyllecTBeHHHe NPH3HAKA CXOACTBA H PA3NHUHA
B cTpoeHHH Mosekya Nj, CO u BF.

5-30. Moaekyna NH; umeer ¢opmy nupaMHAHL, MOJIEKYJa BH;
nnockas. IIp¥ B3aMMOJEHCTBHH 3THX MOJIEKYJI obpasyercs MoJie-
kyaa HsNBF;. IlpeackaxuTe CTPYKTYPY 3TOft MOJIEKYJHb.

5-31. Ha OCHOBAHHM 4Yero MOXHO ClenaTb BHOOp MexX1y IJIO-
CKOCTHOH M NHPAaMHUAAJbHOH CTPYKTYpaMH IS MOJEKYJ BF; u
NF3?

5-32. Mosexkyasl NH; u NF3; HMeIOT OIMHAKOBHE reOMETpHde-
ckue KoHourypauun. OJHAKO HX AHINOJbHBHIE MOMEHTH CHJIbHO
paanuyatores: 5011073 Ka-M nas NH, u 0,67-1073° Kn-m mid
NF,. IIpuBefinTe BO3MOXHBIE OGBACHEHHS 9TOrO (akTa.

5-33. Tlouemy mosekyna CO, JHHEHHA, a MOJIEKYJa SiO; nmeer
TeTpasApHUecKyl0 KOHQHTYpaLHio? '

5-34. Mouaekyaa NF; npefacrasnser co60H TPHIOHAJIbHYIO IHPa-
MHJYy C aTOMOM a30Ta B BepIUHHE, YroJf F—N—F=103°. KaxoBo
cocTosIHMe IHOpHAK3anHK opburaleit aToMa asorar

dTOpHA a30Ta — OUeHb YCTOHYHBOE COELHHEHHE. HecmoTps Ha
To uro NHs TakKe AOBOJBLHO YCTOHYHMBOE BeLIECTBO, NH;F =u
NHF; upespbluaiiio B3pbiBuaTel. B oT/MuHe OT NF; ocrajbHble ra-
norenuns azora NCls, NBrz u Nl3 upessbiyaifHo B3PBIBYATHI. 065-
SCHUTE TPHUMHBI PA3JHYHOM YCTOHYHBOCTH TaJOTeHHAOB a30Ta.

5-35. Huxe npuselleHbl CBeJleHHss O CTPOEHHH MOJIEKY. rajore-
HHJ0B riaBHO# moArpynnsl 11 rpymmbl 37eMEHTOB MT, (1 — nuHeR-
Hasl, y — yroJ Mexiy CBSI3IMH He paBeH 180°):

F Cl Br 1
Bel; a a Ja a
Mgl y n Ja Ja
Carl’g y 1 1 a1
Sl y y a a1
Bal y y y y

Tlpoananusupyiite NpuBENeHHbE AAHHBIC U crefaiiTe COOTBETCTBY-
[OlIHEe BLHIBOJBL. :

5-36. O6bACHHTE, TTOUEMY MOJIEKYJId CO,; He uMeeT 3JEKTpHUe-
CKOTO MOMEHTa [HIIOJs, XOTS CBASh C—O xapaKTepuayeTcsi BBICO-
KHM MOMEHTOM [HIIOJSA (3,7-107%° Kn-M). OObscHHTe TaKkKe, MO-
yeMy 5JeKTPHUECKHA MOMEHT IHNOJS moJsekysnsl CO mouTH paBeH
HYJIIO. )

5-37. BoiGepuTe HeoGxoauMble NPH3HAKH reoMeTpuyecKkod KOH-
¢urypansy MOoJeKyJIbl CH,: a) Bce yrim H—C—H pasug; 6) Bce
MeXbsalepHble PACCTOSHHS C—H paBHB; B) BCce paccTOAHHS MEX-
Iy SiApaMH aTOMOB BOJOPO/a paBHEL

g 5-g8. Mouekyast CTa nMeloT popmy TETPAd/Apa, COT'; u CST'z —
TPeyroJabHHKE, a CQ,, COS, CS; — nuHeHHEEe MOJEKYJIbL. KaxkoBo
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rH6pH/HOe COCTOSIHMe BalleHTHHRIX op6urajneff atoMa yriaepoAga
B 3THX MOJIEKyJ1ax?

5-39. B monekyne B,Hg cBsi3b Mexay atomaMu 60pa ocylecT-
BJACTCA 4Yepe3 aTOMH Boaopoaa:

NN
[TZANTZERNT,
[Touemy Takas cBf3b HeBO3MOXHA B MoseKyge CoHg

N ™A
AT

5-40. TlpuBepure Kak MOXHO Gosblle (aKTOB, YKA3HBAIOUIUX
Ha PaBHOIEHHOCTb BCEX CBA3eH B MOJIEKyJle MeTaHa.

5-41. Moaekyna NyH, umeer mexbsnepune paccrosuus N—N
0,147 um, N—H 0,104 M u yroan mexay cBsssmu ZHNN=108°.
KakoBo cocrosinne ru6puinsaunn opGurajeii aToMa a3ora?

5-42. Huxe npHBelleHH 3HAYEHHS YIJIOB MeXIy CBA3AMH, SHep-

THH CBSI3€fl U MeX'bsifilepHble PACCTOSHHS B MOJIEKYJaX 5TaHa, 3TH-
JeHa H alleTHJeHa:

?

= HCC, rpan AH ¢ ¢ e~ ™
kD x/Monb
C,H, 109,5 327 0,154
C,H, 120 586 0,134
C,H, 180 808 0,120

IIpenckaxuTe cocTosHHe THODHAH3AlMM BaJEHTHHX OpGHTAMEd
aATOMOB YyIJIepoJda M THI CBS3H MEXJYy aToOMaMHu yriaepoja. Hapn-.
CYHUTE MOJeqn MOJIEKYJ 3THX COeNHHeHHH.

5-43. O6pscHATe, MOYeMy B Moaekyae stana C,Hg aToMH Boxo-
POfa OAHOM METHJILHOH TPYNNBI PACHOJONKEHH Haj MPOMEXYTKAMH
MeX1y aToMaMH BOAOPOAA APYroH MEeTHJBHOH rpynnul (pHC. 5-2,a)
a B MoJeKysre atunena CoH, (puc. 5-2,6) aromsl Bomopoia oaHoRt
rpynna CHp pacmosoxennl TouHO Hajg aToMaMH BOZOPOAA Apyroft.
Ilouemy cTpyRTypa € pacmogoXeHHEM aTOMOB, H306paXKeHHOM Ha
puc. 5-2, 8 HEH3BeCTHA?

5-44. B MoJeRyse sTHIeHa OPGHTANH aTOMOB YI/epOfa HAXOAAT-
Cfl B COCTOSIHHH Sp*-ru6puAH3auuy. Yroa mexay csasama H—C—C
paseH 121,5°, a me 120°. OGbsACHUTe NPHYHHY TAKOTO OT/IHYHA.
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5-45. Kak 06bACHHTh, UTO B MOJIeKyJax 3THJeHa H 1,1-pudTop-
3THJIeHa
H\C=C/H F\C=C/H
174 \H r \H
yron H—C—H (~117°) GoJpue yria F—C—F (~110°).
5-46. Jlnuubl cBazeit C—C u C—H B Mosekynax sraHa, STHAE
Ha W aleTHJIeHa UMeIOT cJefylolue 3HaueHns (B HM):

c—C C—H
CqoHe 0,154 0,110
CoHy 0,134 0,109
CoHo 0,120 0,106

CoopmynupyiiTe BONpoCH, BHTEKalollHe H3 3THX [AHHHX, H OT-
BeThTe Ha HHX.

5-47. O6bACHHTe, [OUYEMY YyMeHblUeHHE MeXBAAEPHHIX paccro-
sunii B cBA3Ax C—C, C=C u C=C npHBOAHT K OJHOBPEMEHHO-
My yMeHblueHHIO ¢BA3H C—H?

5-48. U3BecTHO, uto cBA3b C==C npounee cBsAsu C=C, a CBsA3b
H—H npounee cBasn C—H. O6bscHuTe, 1OYeMy HPOXOAHT peak-
uns CH=CH+H, = CH,=CH..

5-49. Dneprus Gapbepa BpalieHHs1 BoKpyr cBasu C—C B aTaHe
coctaBaser 12,6 xJx/moab. HapucyfiTe MomenH MoOJeKysa STaHa,
oTBedalolllie MHHHMAaJbHOMY H MAaKCHMaJbHOMY 3HEPrHYECKHM CoO-
CTOSIHHSIM.

5-50. U3 tpex msomepoB C,Hs oflHH HMeeT 3JeKTPHYECKHH MO-
MeHT aunons, paBuuii 1,0-10-3¢ Ka.M. KakoBa ero CTpyKTypHas
¢opmyaa?

5-51. [pHBeaUTe KaK MOXHO 6oJibllle JOKa3aTe/bCTB PaBHOLEH-
HocTH Bcex cBadeft C—C B Mosekyse 6eH3oua.

5-52. HCKycCTBeHHO NOJYUeH JHHeHHHIH NOJHMep yrjepoia—
Kap6uH. CBA3H B KapOHHe MOXKHO H306pasHTh ABYMS CMOCOGaMAh:

[=C=C=C=C=C=],

BJIH
[-C=C—C=C—C=ly

Kakas Mofenb Gonee mpexmoututenpHa? Kakue cBelleHHs! HYXHH
AJs OTBETa Ha BOMPOC?

5-53. dapo aToMa Gopa (popmasibHO) MOXKHO MOJYYHTH, OTHSB
HPOTOH OT fApa atoMa yriaepona. [IpeacraebTe cebe, uTO OT Adep
KaXA0ro atoma yrjiepofa B MoJaekynae aThuiaeHa CoH, orphiBaercs
NO NPOTOHY, KOTOPHE OCTaloTcsl B MoJeKyae. B pesyibrate obpa-
ayerca moJekyaa BoHg

CyHy —> ByH,

OnuiluTe BCe H3MeHeHHH, KOTOPHeE NPOHCXOAAT MeXAY CBA3AMA
ABYX LIEHTPaJbHHX aTOMOB.
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5-54. CTpyKTypy Kap6uHa MOXHO H306pasuTb ABYMSl cmocofa-
MH: TOJBKO C ABOHHBIMH CBSI3IMH HJIH ¢ 4YepeldyOLIHMHCS OAHHAp-
HBIMH M TpOHHEIMH cBfi3siMH. OmnpesnenHTe, KaKas MOAEAb 3Hepre-
THYeCKH 60Jiee BHITOJHA, eCJAH 3HEPTHH CBA3U aTOMOB yriaepoaa
paBabi: B 3strane C—C 326 k[dx/Moab, B srtHieHe C=C
586 kdx/monb, B auetuinene C=C 808 k[ x/mouab. Ilpeackaxure
CBOMCTBa, KOTOPHIMH JOJXeH o6JafaTh KapG6HH, coome’rcmyloumﬁ
o6euM MoJeNsiM.

§ 6. METOJI, MOJIEKYJISIPHBIX OPBHTAJIEN

6-1. ITpuBenute ¢akTH, yKashBaiolliHe Ha CyIIeCTBOBaHHe MOJEKY-
JAPHBIX OopOuTasef.
6-2. YKaxuTe PasjHUHSl MeXIY aTOMHOH M MOJEKYJSPHOH op-
6uTanaMH.
- 6-3. Huxe npuBefenbl CBOHCTBA ABYXAaTOMHHIX MOJEKYJ H MO«
JIEKYJISIDHBIX HOHOB 3JIEMEeHTOB IIepBOTO IIepHOJA:

AHCB l, HM MarHuTHble CBOf-
kJI%/MONB CTBa MOJEKVIH
HJAH HOHA
(H*) ~ — —
Hy* 260 0,106 napaMarHuTHoIH
H, 432 0,074 AWaMAaTHATHAA
H7, 17 ? napaMarHuTHbII
(Hz*-) — — —
He,t 250 0,108 napamMardHuTHLA
(He,) ~ - —

O6DbsicHATe NPHYMHB NPOSBJEHHS YKa3aHHBIX cBoificTB. [louemy
MoJiekyasipHult HoH He,™ cymectByer, a monexysna He; He cymiects
ByeT? KakHe [Be YacCTHLUBE HMEIOT OJHMHAKOBBIE MOJEKYJAPHH®
op6utanu?

6-4. Hekotopsle cBolicTBa ABYXaTOMHBIX MOJIEKYyJ 3JeMeHTOB
BTOPOro NepHojia:

AH 5 I, HM MaruuTHhe

kIK/MOAB CcBORCTBA
Lis 107 0,267 AMAMATHHTHAA
Bey O(nau 54) oo (?) —
B, 274 , 189 napaMaradTHas
Cq 603 0,124 LHaMarHHTHas
Ng 942 0,110 AMaMarHHTHAS
(o)} 494 0,121 napaMaruHdaTHas
F, 155 0,142 AHAMATHHTHAs
(Nez) 0 o0 —_—

HapucyfiTe 3HepreTHYeckne AHarpaMMhE MOJEKYJSIDHRIX OpGH-
Tajsed AJA 3THX coelMHeHHH. YKaXHuTe WHCIO 9JeKTDOHOB Ha CBA-
3HBAOLUMX H paspHxJAUHX opbutansax. O6bACHHTe CBOACTBA MO-
qaekya. Ilpeackakute MarHHTHHle CBOACTBA MOJOXHTEAbHO H QTPH-
LATENBHO 3apsXeHHBIX MOJIEKYJNADHBIX HOHOB, a TaKXe, Kak
H3MEHSIOTCS SHEePrHs CBS3U H MeXbsjepHOe PacCTosHHe (yBeNHYH<
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BAaIOTCA HJH YMEHBIIAIOTCA) MO CPAaBHEHHIO ¢ 3THMH BeJHYHHAMH
Yy HCXOJHOH MOJIEKYJIHL.

6-5. O6mscuute, nmoueMy MoJekyaa O, mapaMarsuTHa,

6-6. Uem GoJblue AaBieHHe, TeM cjalee ImapaMarHeTHaM KHC-
nopoaa. [IpH BEICOKHX TeMmeparypax NapaMarHeTH3M KHCJIOPOAA
ncuesaer. [louemy?

6-7. Bompoc o cyliecTBOBaHHH MoJeKyanl Hz no cux mop He
pemen, xoTs HoH Hjt o6napyxeHn. UeM 06BACHHTL 66JbIIYI0 YCTOR-
‘upBoCTb HOHA Hat 110 cpaBHEHHIO ¢ MOJIEKYJIOH?

6-8. KakoBa mpHuYMHa upe3BHYaiHO GOJbLIOH 3HEPTHH CBSSH B
monekyae No? [IpuBeauTe mpuMephl peakKUHHl ¢ yuacTHeM MOJEKYJ
N2 n 06BACHHTE, TOUEMY 3TH pPeaKIHH NPOTEKAIOT.

6-9. HazoBuTe AByXxaTOMHEE MOJEKYJH 3JeMeHTOB | u 2 mepno-
J0B, ¥ KOTOPHIX a) OTPBIB 3J€KTPOHA IPHBOAHT K YCHJEHHIO CBf3H,
6) npubaBieHHe 3JeKTPOHA NPHBOAHT K ocaabieHuio cBA3H. O6b-
ACHHTe TPHUHHB 3TUX siBJeHH#. [locTpoiiTe sHepreTHuecKHe [Ha-
rPaMMHl MOJIEKYJSPHHX op6HuTajell HOHOB B MoJeKyda. IIpeackaxu-
Te HX MAarHHTHbBle CBOHCTBA.

6-10. IToueMy OTpHB OJHOTO 3JEKTPOHAa OT MoJeKyaw Fg mpu-
BOAHT K YCHJIEHHIO CBA3H MeXJAY aTOMaMH, a OTPHB 3JeKTpoHa OT
MoJeKyan N — K oci1a6JIeHHIo CBA3H?

6-11. B psgax cleRylomux MOJeKyJ H HOHOB BhfepHTe Ty ua-
CTHHY, ¥ KOTOpO# HaHGOJbWIAA SHEPrHS CBA3H:

1) Hy+—H,—H,™ 6) Cp+—Cp—Cy~
2) He,*¥—He,—He,™ 7) Ngt—N,—N,~
3) Ligt—Ligz—Liy~ 8) 0,+—043—0,4"
4) Bey+*—Be,—Be,- 9) Fpt—F3—F,~
5) Byt—By,—By~ 10) Ne,+—Ne—Ne,~

6-12. Kakxumu cmoco6aMy MOXHO OT aToMa HJH MOJEKYJB OTO-
pBath 3jekTpoH? Kak K aToMy HIH MOJEKyJe INPHCOEAHHUTH SJeK-
Tpor? HamumuTe ypaBHeHHs COOTBETCTBYloulMx mpoueccoB. O6cy-
IHTe BO3MOXHOCTH HX NPOTEeKaHHsS ¢ TOYKH 3PeHHs TePMOLHHAMHU-
KM H KHHETHKH.

6-13. Kagne nByXaToMHble MOJEKYJIbl, CYLleCTBYlOLUIYe IIpPH
0OHYHBIX TeMIlepaTypax B rasoBoll ¢ase, mapaMarHHTHLI?

6-14. O6bsAcHHTe, IOYEMY IPU OTPHIBE 3JIeKTPOHA OT MOJIEKYJIH
¢Topa mabaionaercsa 6oJiee 3HAUHTENbHOe yNDOYHEHHe CBA3H, UeM
IpH OTPHBE 3JEKTPOHA OT MOJIeKYJhl KHCJODPOJa, XOTs H3 MoJe-
KyJbl KHCJIOPOAA YXOAHT OJAMH ¥3 [ABYX PaspLIXJSIOIHX 3JEKTPO-
HOB, a H3 MOJIEKYJBl (TOpPa — TOMLKO OJHH H3 4YETHIPEX.

6-15. B Mozeky/sax KHCJIOPOAA W (PTOpa YHCJIO PasphIXAsIONHX
31eKTPOHOB NPEBHIUIAET YHCJIO cBA3bBatoluX. [Ipuy oTphiBe OoT Mo-
JIEKYJE Pa3pHIXASIOUIETO 2JeKTPOHA CBA3b MeXJ]y aTOMaMH ynpou-
HAAeTcA. DT0, Ka3anoch OH, JOJMKHO CocoOCTBOBaTh Ilepexoiy Mo-
JeKyJH B SHepreTHuecKH G6oJiee BHITOAHOE COCTOSHHE MOJIEKYJsip-
HOTO HOHA:

Oy = Op* + e~
Fo=Fyt e
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[Mouemy kucaopon H ¢GTOp CYLUIECTBYIOT B BHAe MOJEKYJ, a2 He B
BUJIe HOHOB?

6-16. Kakast u3 peaknufi Gosee npelNoYTHTENbHA AJSI KHCJI0OpPO-
Ja, Kakasg — IS a30Ta:

3, hv=3,* ¢
32+hv= 23

Kaxue nanubie HeOGXOAUMEI AJ OTBeTa?

6-17. Huxke npuBeleHbl 3HePTHH JAuccolHaluy (B kJIX/MOJb)
JByXaTOMHBIX MOJeKyJ Bopopoia u anementoB 1 u VII rpymn u
HX MOJIEKYJSIPHBIX HOHOB!

Oqt 2, 95—
H 255,7 432,1 14,6
Fy 320,0 154,8 117,2
Clg 387,9 239,2 120,1
Br, 316,3 190,1 82,4
Iz 250,2 148,8 102,1
Lig 157,7 99,0 —
Nag 94,1 71,1 —
Ko 87,9 53,6 —
Rbg 71,1 41,8 —
Csg 46,0 38,0 —_

CpaBHuTe M3MeHeHHs SHEPrHH JHCCOLHAIHH MOJEKYJ H HOHOB
mo rpynnaM 3jeMeHTOB. C KaKHX MOJEKYJAPHBIX opOuTanedi (cBs-
3EBAIOIIHX HJH Pa3pLIXJISIOLIMX) OTPHIBaeTcsl 3JeKTPOH NpH obpa-
30BaHHM NOJOXHTEJbHO 3apsixKeHHoro HoHa? Ha Kakue opOuTanH
BXOJUT 3JeKTPOH NpH 06Gpa3soBaHHH OTPHUATENBHO 3apsiXKeHHOro
HoHa? YKaXHTe 3JeMeHTH, o6Jajaioliie aHOMAJbHRIMH CBOMCT-
BaMH. YKaxHdTe Apyrie oco6GeHHOCTH B MOBEAEHHH paccMaTpHBae-
Mbix yacTul. [lonmTaiiTece 06GBSCHHTL oOHapyXeHHble Bawmu
3aKOHOMEPHOCTH H HECOOTBETCTBHS.

6-18. Huxe npHBefeHbl JaHHBE IO SHEPrHAM CBA3H, MeXbAAep-
HBEIM PACCTOSTHHSIM W MarHHTHBIM CBOHCTBAM ABYXaTOMHBIX MOJIEKYN
3JleMeHTOB BTOpOro NMepHoja:

AH o I, M MarsATRbIE

®II/MoMb cBoftcTBa
Li, 107 0,267 AUAMATHUTHAA
Be, O(unn 54) o (?) —
Bg 274 0,159 TapaMarHuTHas
Cq 603 0,124 JAHaMarHuTHas
Ng 924 0,110 JUaMarHuTHas
O, - 494 0,121 napaMarsuTHas
F 155 0,142 JHAMAarHUTHAs
N62 0 o8} —_

TIpoaHanu3upyiiTe npHBEeJcHHEe NaHHble H CAeJaiTe KaK MOX-
HO GOoJbllle COOTBETCTBYMOIUKX BHBOAOB. [IpeicTaBbTe JaHHHIE Tpa-
GHYeCKH B 3aBHCHMOCTH OT NOJIOXKEHHs sJeMeHTa B mnepHofe Ile-
prongHyecKolt cucreMbl. Kak Ha OCHOBaHMH NpHBeJEHHHIX AAHHHIX
MOKa3aTb HeOGXOJUMOCTb HCHOJb30BAHHA METOAA MOJEKYJIAPHEX
op6uTaJjei A5 ONHCAHHS ITHX MOJIEKYJ?
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6-19. CornacHo MeTOAY MOJeKYyJAsipHHX op6uTanedl o6pa3oBa-
HHe MoJeKysn Beg, Mg, Cay, Sry m Ba, HeBO3MOXHO H3-32 paBeH-
CTBa YHCJA CBS3HIBAIOIHX H Pa3pHIXJAAIOMIHX 3JEKTPOHOB B TaKHX
Mosexynax. TeM He MeHee MoJekyanl Mg: H Ca, ofHapyXeHH, a
cyllecTBOBaHHe MoJekyn Beg, Stz u Ba. cTaBHTCA 104 COMHEHHE.
Her y6enutenbHoro oGbSCHEHHS 3TOTO SABJEHHI. Jlafite o6bsAcCHE-
HHe TNpHUBEJEHHWM HHXe 3HAUeHHAM BJHePrHH  JUCCOLHALHH
(8 kJIX/MoMb), mpeanosnaras, BO3MOXHOCTb ABYX Da3JHYHBIX 3HA-
YeHHH 3HepPTrHH AHCCOLHAUHH Bey:

Be 0 (uau 54) Srg 0
MgZ 30 B ap 0
Caz 23

6-20. TlepeBoi MOJEKYJH KHCJIOPOAA H3 HOPMaJbHOTO COCTOR-
HHs C ABYMS HeCapeHHHIMH 3JeKTPOHAMH (TPHILTETHOE COCTOAHHE)
B COCTOSIHHE C IBYMfA CNapeHHbLIMH 3JeKTPOHaMH (CHHIJIETHOe CO-
cTosiHHe) Tpe6yeTcsl 3HAuMTeNbHBIX 3aTpaT 3Heprun (97 KJx/
Mosb). HecMoTpsi Ha cmapeHHBle 3JIEKTPOHBI, KHCJIOPOA B CHHIJIET-
HOM COCTOSIHHM cIoco6eH yuacTBOBaTh BO MHOTHX peakIHsAX, B KO-
TOPHIX OGHUHHH KHCJIOPOJ He yd4aCTBYeT, HalpHMep, B3anMoJeHCT-
BOBAaThb C 3THJEHOM!:

0—-0
O, (cunrmernoe cocrosnue) | CpHy = J: |
2 —CHZ

TTpuBequTe BO3MOMKHbIE 06DBACHEHHS! BO3MOKHOCTH NpPOTeKaHHA NO-
LOGHOro BHAA peaKuHH,

6-21. Chopmynupy#iTe NMpaBHIO MOCTPOEHHA 3HEPreTHIECKHX
AHATPAMM MOJEKYJASPHBIX OpOHTaJefil ABYXaTOMHBIX MOJEKYJ, CO-
CTOSALIHX H3 Pa3HBIX 4TOMOB.

6-22. UeM OO6BACHHTL CXOACTBO (DH3HUECKHX CBOHCTB BEILECTB
OYeHb Da3JHYHOrO XHMHUECKOro Xapakrepa, TaKHX, KakK CO u N,
C02 H NQO?

6-23. Kak npenckasarb, Ha KakHe YacTHUH GyAYT JHCCOLHHPO-
BaTh B ra3oBofi (ase caepyiomne HoHH: a) NO%, 6) NO-,
8) NO;*, t) NO;~, 1) NO;-, e) N,OF, x) NH*, 3) NH,®, u) NH:~,
k) NHs+, 1) NH;+, m) HNg*, 1) NF+, o) NF;*, m) NHD,".

6-24. TocTpofiTe aHepreTHYecKHe AHArpaMMbl MOJIEKYJIAPHEIX Op-
G6urtanefi NO, NO— u NO+. IIpexckaxuTte NPOYHOCTb CBA3U MOJEKY-
JAPHHX HOHOB H CPaBHHTE €€ C MPOYHOCTBIO CBS3H MOJEKYJIEI NO.
TIpeackaxkuTe MPOAYKTH IHMCCOUHALHH MOJEKYJ] H MOJEKYJMADHBIX
HOHOB.

6-25. Huxe npuBefeHH sHepruu cBasH (B kJ{x/Monp) atomoB
yIrJaeposa H KPeMHHs C aTOMaMH BOAOPOA2 H rajloreHoB:

C—H 413 C—F 461 C—Cl 334
Si—H 314 Si—F 565 Si—Cl 381

ChopmyupyfiTe BONPOC 0 HeOXKHAAHHHX cBofcTBax cBazedt. [lo-
neiTafiTeCh HA HEro OTBETHTh.
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6-25. O6BacHHTe, TIOdeMy OTPHB OJHOr0 3JEKTPOHA OT MOJIeKY-
an CO NPHBOZHT K OCHaG/eHHI0 CBA3H, 2 OT MOJEKYJIH NO —K ee
yIPOYHEHHIO.

6-27. [ouemy MoJjekyna CH; He cymecTsyeT, 2 HOH CHs? cy-
[ecTBYyeT?

6-28. O6DbACHHTe, MOYEMY CBSI3b aTOMOB TaJIOr€HOB C yIJepoaoM
ciabee, ueM ¢ KpeMHHeM. Kakne MeTofn (BaJeHTHHIX cBA3el, MO-
NeKyJaspHBX OpOHTajel HJH Ap.) TNPHMEHHMBl I o6bsAcCHEHU
pasJHyHs B MPOUYHOCTH cBA3ei?

6-29. MHorga roBopsT, YTO 3JEKTPOHHBIE 060JOYKH HOBOB B
aTOMOB MOTYT AeOpMHPOBAThCA TOX JAeHCTBHEM IDYyrHX 4TOMOB,
HOHOB HJIH MOJeKyJa. Kak MOXHO OMHCATb 3TO ABJEHHE, NoJb3YSCh
npencTaBIeHAeM 00 3HEPreTHYECKHX ypOBHAX?

6-30. [lepeunc/inTe NpPEeHMYIIECTBA M HENOCTATKH METOJLOB Ba-
JCHTHBIX CBA3ell U MOJEKYJIsADHBIX OPOHTAEH.

§ 7. ME)XMOJIEKYJISIPHBIE B3AMMOJEACTBHSA

7-1. ITepeunciute THOB CBA3eH (B mopsjiKe MNOHHXeHHA HX 3HA-
YHMOCTH), OTBeTCTBEHHBIX 34 00pa3oBaHHe CBSI3H MEXIy: a) ABy-
Msi HelTpaJbHbIMH YacTHLaMH, 6) HeliTpasibHOMH uacTHUEH H 3aps-
KeHHOH H B) JABYMf 3apsXEHHBIMH YacTHIaMH.

7-2. TlepeuncauTe BO3MOMKHEE NPHYHHE], TNOueMy ypaBHEHUE
pV=nRT TONbKO NMPHUOJHKEHHO OMUCHIBAET MOBE/ECHHE peaJsibHBIX
ra3os.

7-3. MOXHO JH TpeBpPAaTHTb HAealbHHH ras B KHUAKOCTD?

7-4. O6DbACHHTe, NOUeMy 06beM rasa, H3MepPeHHBIH NpH TeMIle-
paTypax, G/IM3KHX K TeMIepaType KHIIeHHs, BCeria OKashHBaeTcH
HeCKOJbKO MeHbLIEe BRIYHCJIEHHOTO.

7-5. Kak H3BeCTHO, 6JaropofiHble Trasbl /[E€HCTBHTENbHO XHMHU-
YecKH OUeHb HHEPTHH. BMecTe ¢ TeM HX CIOCOGHOCTb NEPEXOAHTD
B JUAKOE H KPHCTAJJHYECKOe COCTOsHHe CBHAETENBCTBYET O B3aK-
MOJeHCTBHE MeXJy aToMaMH. YUHTHBasl, YTO TpPH Iepexoie BHA3
0 NOATPYNINE 3JeMeHTOB TeMNepaTyphl IMUIaBJeHHs M KHIeHHs no-
BHILIAIOTCS, OOBACHHTE MPHUPOLY B3aUMOJEHCTBHA aTOMOB 6s1aro-
POJHBIX Ta30B B XKHLKOM H KPHCTAJ/JHUECKOM COCTOSHHUSAX.

7-6. TloueMy ycTOHUHMBOCTb THAPATOB 3.5,75H,0O nosHIIaeTCs
B pany Ar—Kr—Xe?

7-7. Dueprus cBsi3u B MoJekyse Hg, ouenb HH3Ka (=~10 xIx/
Monib). KaKOBO COOTHOIIeHHe YHCeJ CBSI3BIBAIOUIMX H DPa3phIXJIO:
KX 3JeKTPOHOB B MOJeKyJe? 3a cueT 4ero aToOMHI o6pa3yoT Mo-
JeKyay?

7.8. TloueMy Cpefl HEHOHHHIX COEIHHEHHH COeJHHEHHS C 6po-
MOM HMeIOT 60Jee BHCOKHE TeMIepaTyphl KUMEHHs MO CPaBHEHHIO
¢ HEeMOHHHIMH COEJMHEHHSIMH C XJOpOM, B TO BpeMA KaK A5 HOH-
HBIX COEJHHeHHH Ha6mofaeTcsl NPOTHBONONOMXKHAA 33BHCHMOCTD.
[IpoBepbTe 3TO yTBepXJeHHE 1O CIIpaBOYHHIM JaHHBEIM.
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7-9. IlpoaHanusupyliTe cnpaBOYHble 3HAYECHHS TeMIepaTyphl
gunenuss CHy, CH3Cl, CH,Cly,, CHCIl; u CCly. O6mscuute Bamm
BLIBOJ L.

7-10. Tlpn pas6aBieHnH aTaHosma BOION HabMIONAETCA YMEHb-
iteHHe o6beMa H BhieJeHMe TemIoThH. KakoBa NPHYHHA 3TOro $§IB-
Jenns? llonHTaiTech 0XapaKTepPH3OBATH €ro XUMHYECKHMHU npo-
fteccaMy,

7-11. BomopomHast cBA3b— 0COGH# THII B3aHMO/JEACTBHS MEXK-
Ay MOJeKylaMH — NpOSIBISETCs, KOrAa IOJSPHAS MOJeKyJa, co-
J€pxalllass aToM BOAOPOAA, B3aHMOAEHCTBYeT C aTOMaMH KHCJO-
pona, asora wuaH ¢ropa. ODHeprus BONOPOAHOH  CBSISH 4—
40 xxx/Moab. TTpuunHa o6pa3oBanus BOJOPOAHOH CBSI3H COCTOHT
B TOM, 4TO €[MHCTBEHHHIA 3JIEKTPOH aToMa BOJOPOAA y4acTByeT B
CBI3H C IPDYTHM 4aTOMOM H TeM CaMKIM 3KPaHHPOBAHHE Alpa aro-
Md BOJOPOAA ocnabisieTcsl, YTO JaeT BO3MOKHOCTb K B3aHMOJeH-
CTBHIO NPOTOHA C JAPYrHMH aToMaMH. Ha OCHOBAHHH CKAa3aHHOrO
BbIICJIHTE CYLUECTBEHHHIE NPU3HAKH BOAOPOAHON CBSI3M H N2fiTe OI-
penenenne MNOHATHS BOAOPOAHOH CBSI3H.

7-12. Kakoe BellecTBO HMeeT 6oJee BLICOKHE TEMIIEPATYDHl KH-
fleHHs ¥ NJAaBJEHHS:

H,C CH, H,C CH,
\N— B/ U \CH—HC /
me” N\cH, H,c” \CH,

7-13. Y kakoro coennnennst CoHsOH mmm CoHsSH Bhme Temme-
partypa kunenus? Ilouemy?

7-14. Pacnonoxure BelleCTBa B NOpSAKe MOBHIUEHAS HX TEeM-
mepatyp kuneHus: NHs, PH,;, AsH;, PbH,.

7-15. TloueMy BOJOpOAHAS CBf3b OKA3HBAET BAHAHHE HA CBOi-
<tBa NH,;, H:O u HF, Ho He OKa3nBaeT 3aMeTHOTO BJMSIHHS HA
cBo#ictea PHy, H,S w HCI?

7-16. ranon kunut npu 78 °C. ITouemy TeMNepaTypa KHIEHHS
3TanTHONA CoHsSH Huxke (37 °C)?

7-17. Moaerynsl Bojb H CepoBOJOpPoJla MOrYT CBsI3RIBATHLCS
TIpH NOMOLUH BOAOpPOAHOH cBsA3u. HapucyliTe Moldenn Bo3MOKHBIX
modexyn H,O-H.,S.

7-18. [louemy ¢TOpOBONOPOAHAS KHCJIOTA ciaabee XJIOpOBOJIO-
ponHoi?

7-19. PacrnonoxuTe BelllecTBa B NOpSIIKE NOBBIIIEHHS HX TeM-
nepatyp kunenus: CsH,, C,HsNH,, C,H,OH, C,H,SH.

7-20. ITouemy amumon HCl,~ ge usBected, a HF,~— u3Becren?

7-21. MoJseKy/Bl cepoB0/0poAa H BOAH moryr ob6pa3oBaTh Io-
CPEACTBOM BOJOPOAHON CBA3H JBA THIA MOJEKY.JI

H H
/ /
H/O_H. . .S\H sl__H. . 'O\H
H
1 I

Kaxast u3 ctpykryp I man 11 Gonee mpeamouTuTenpua? Onuuako-
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BH HJH PA3NHUHH MeXbAlepHHE PaCCTOAHHA S—H—O B 3THX
MOJIeKyJ1aXx?

7-22. Ecau uwepes pacTsBop ¢ TOpPOBOLOPOAHOR KHCJIOTH TNpOMy-
ctuTh 96484 Ku saexrpuyecTBa, TO OGyAeT mepeHeceHO 2 MoJb
HoHoB ¢ropa. Ilouemy?

7-23." Kak 06GBACHHTb Upe3BHUAfHO GOJbLIYI0 PACTBOPHMOCTL B
BoJe XJOPOBOAOPOJAa H aMMHaKa — BelleCTB CO CTOJb PasJIHYHOM
XHMHYECKOH MPHPOLOH (IpH OOGHIYHBIX YCJIOBHSX B 1 o6beMe BOABI
pacteopsiercss 450 o6bemo HCl u 700 o6beMoB NHj)?

7.94. B uem coeTouT npHunHa Toro, yTo HyO, KMIHT mpH 3HA-
yuTesbHO GoJee BHCcOKoH Temmepatype (150°C) mo cpaBHEHHIO €
BOJOH, XOTSl HX TeMIepaTyphl NJ/aBjeHHs GJIH3KH (0 u —0,46°C)?

7-25. TlonspHOCTL CBA3H B MOJIEKyJe HF Gonbize, yueMm B MoOJIe-
xyae HCl. Tem He MeHee B Boge HCI Gonee cuibHAS KHCJIOTA. [To-
geMy?

7-26. Tlouemy Temnota HcnapeHus ¢TOpOoBOAOpOAA C yMeHblle-
HHEM JlaBJIeHHS CHJBHO BO3pacTaer?

7-27. YKcycHasi KHCIOTa PacTBopsieTcss B BOZE, 6eH30JIe, TET-
paxqaopuje yraepoia. OGBACHMTE NPHUYHHH €€ DAaCTBOPEHHA B BE-
IeCTBaX pasiu4yHON MPHPOJH.

7-98. B MoJeKy/1aX o-H3oMepa XJOpOeH30MHOM KHCJOTH

7 °
\OH

cl

BO3HHKAET BHYTPHMOJEKYHsipHas BOAopoAHas cBidb. K KakuM 3TY
LOMKHO TpHBeCTH mocaefcTBHAM? CpaBHHTE CO CBOHCTBAMH APY-
THX H30MepPOB XJ0pGeH30AHON KHCIOTH.

7.99. BsskocTb ramuepuna CHp(OH)CH(OH)CH,(OH) B
75 pas GoJsbie BA3KOCTH 3TUJIEHVIHKOJS CH,(OH)CH;(OH). Ka-
KOBa IPHUHHA CTOJb CHIBHOIO Pa3/IHuUsl B BASKOCTH?

7-30. Kako#t U3 H30MepOB XJIOPGEH30HHOH KHCIOTH

/ COOH > COOH .
| HIH ]
Sl x
&

uMeer GoJee BHICOKYIO TEMIEPATypy IJIaBJEHHS M TOuUeMy?
7-31. TIpeackaxuTe xapakrep CTPYKTYp (TpexmepHble, IVIOCKKE,

HenoyeuHHe), 06pa3yeMbiX MOJEKyJaMH HF, NH; u H.O B XKHIKOM
COCTOSIHHH.

7-32. Huxe nokasas (parMeHT CTPYKTYpbl acCCOLMHPOBAHHLIX
MOJIEKYJl JKHAKOH BOJBI:

H : H

|
Ht* — O
NH. -0
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K memsH Mosexyn moAXOAHT mPOTOH, HAH HoH H;O* (mokasamo
ctpenkoit). ITpeanonoxuM, 4ro B acconmatax 3apsji NepPexoiHT
BROJb UenH MoJexkya. Hapucyfite cxeMy toro Xe ¢parMmedTa, HO
-C 3apsioM, NepellefIAM Ha ApYrofi KoHell LenH MoJsekyd. Kaxo-
:Ba _poJib BOAOPOMHHIX CBfi3ell B Ipollecce NMepeHOca MPOTOHA B XKHI-
Xo# Boje? ONHUIHTE MpOLECC NMepeHoca IPOTOHA B Bofe.

7-33. YKaxuTe BO3MOXHBE CINOCOGHl YCTAaHOBJEHMS HaJHYHA
'BOJIOPOAHHIX CBsisel,

7-34. O6bsAcHUTe, NOYeMy MaKCHMaJbHAsi NPOYHOCTb BOAOPOJ-
#0il cBA3M RocTHraercst npu yrae A—H-...B, pasmom 180°.

I -
7-35. Ecnn K pacTBOpPY XHHOHa @ IPHJHBAaTh PAacTBOp THA-

I
O

OH
|

=
POXHHOHA @ , TO BbimaJaeT oOCafgoK XHHTHAPOHA, B KOTOpOM
\ N N

|
OH

‘OTHOUIEHHe XHHOHA H THAPOXHHOHA paBHO 1:1. Ecan xe X pacTtso-

PY XHHOHa NPHJMUBATL PacTBOp (beHo.na y TO B 0CanoK

Bbimajaer (GEeHOXHHOH B KOTOPOM OTHOLIEHHe XHHOHA H (peHOMA
paBHO 1:2. OGbAcHHTe NPHYHHH 0GpPA30BaHMsI XHHTHADPOHA H (e-
HOXHHOHA H HANHIUHTE HX CTPYKTYPHEIE (OPMYJEL.

7-36. Ilpennoxnre BO3MOMKHble 0GbICHeHHS Toro (akTa, uTO
‘HanGollee MPOYHAS BOAOPOJHAS CBA3b OGpasyeTcs MeXAy aToMa-
MH BOJOpOZAa H aTOMAaMH a30Ta, KMcJopoaa M ¢Topa.

7-37. TlpocMOTpHTe HpeAbIAyliHe 3afaud 3TOr0 pasfena, Kaca-

fomHecss BogopogHo# cBaau. [lpendo-
+°C JKHTE OllpefileJIeHHe HOHATHS <«BOJODOJ-
40F Hasl CBS3b>.

7-38. B HayuHO# nauTepatype c00G-
laJoch O CYIHIECTBOBAHUH <«JHTHEBOH»
CB53H, OJH3KOH MO HNPUPORe K BOAOPOJ-
soH. IlpefckaxuTe BO3MOXHBE CcOEIH-
HeHUS HAa OCHOBE «JHTHEBOH» CBA3H.

7-39. Monekyant BH; cyuiectByloT
TOJbKO TIPH BHICOKHX TeMHIepaTypax.
[Ipu Hu3KHX TeMIepaTypax OHH AHMeEpH-

L ' 1 1 3ywores B BoHg. O6cynnte Bo3MOXKHEE
0 20 40 60 80 100 mHpHUMHH AUMepH3ALMH.

S03,% 7-40. TTouemy BH; aumepusyercs, a
PHC. 7.1 CHy He cnocobeH K IHMepH3alHH?
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7-41. Ha puc. 7-1 moxasaHa 3aBHCHMOCTb TeMnepaTypH IJ1aB-~
nenus B cucteme HyO—SO; ot conepxanus SO, Ykaxute XHMH-
yecKue COeLHHeHHs H,S0,-nHyO # 0oGbsCHHTE NPHIHHB ux o0-
pasoBanusl. ‘ ‘

7-49. TlnoTHOCTh Mapa XJOpHAA aJIOMHHHS CHJIBHO H3MEHAETCH
¢ TeMIepaTypoi:

¢, °C 218 350 758 943 1117 1244 1260
o, rjem® 9,19 9,34 4,80 4,56 4,27 4,25 4,28

O6bAcHUTEe NPUYHHY TaKoro H3MeHCHHS MMJIOTHOCTH.

§8. KOOPAUHALLMOHHAS YACTHIIA

8-1. HafinuTe ocHOBaHHs NS KJIAaCCHQHKALUUH HACTHIL: HySO,,
H,0+, HF, SOs, H;0, (H20)na, HFy7 Ki[Fe(CN)e], KAI(SO4)2,
[Ag (NHa)z] Cl, [CO (NHa)s]‘Cls, K2CI‘207, K2CI‘3010, Fe (CO)s,
Na|BF,], NH,Cl, NHs-H;0, CrO;, CO, NHa.

8-9. YKaxwure o6lIHe NPH3HAKK PeaKuHi:

H,O + H* = HyOt
NH, + Ht = NH,*
NH, -+ BF, = H;NBF,

8-3. [ToueMmy cyluecTByeT COelHHEHHE HF.BF;, #Ho He cyLlecTe
pytor H—H-BF; n F—F-BFs?

8-4. [Nepeuncaute pas3juyus, CBA3aHHHE C oGpasopaHHeM H
CBOHCTBAMH KOMILIEKCOB C He3apSXKeHHEIMH M 3apsKeHHBIMU JH-
rangamu, nanpumep CO u CN-.

8-5. ITpenckaxuTe BJIHSHHe TEMIEpaTypbl Ha KOOpAHHAIHOH-
Hoe UHCJO KOMILJIeKcooOpa3oBarels.

-8-6. O6bsicHuTe, MOYEMy COEIHHEHHE aMMHakKa c Bojo# mpa-
puabhee u3o6paxars NHj-HyO (ruzpatr amMMHakKa), a He NH,OH,
a coelHHEHHE XJOPOBOJAOPOAA C aMMHAKOM (XI0pHI aMMOHHS)
clefyeT 3amHCHBaTh B BHIE NH,Cl, a ne NH;-HCI?

8-7. YraxuTe NOHOP H aKIENTOp B peaknHsx:

NH, -+ H* = NH,*
H,0 4 H* = Hy0+
BH, -+ H™ = BH,~
Fe -} 5CO = Fe(CO)s

8-8. MoJekysia rujipasnna H,N—NH;, nogo6Ho MOJeKyae aM-
MHAKa, CHOCOGHA NMPHCOENHHATh MPOTOH HJH B3 MPOTOHA H o6pa-
30BHIBATH COJIH C KHCIOTaMH (aHaJOrHIHHE NH,Cl). I[Ipasenure
npuMepH cojiefl THAPa3HHAL.

8.9 BanenTHHe OpOHTAanH KHCAOPOAA B MOJEKYJ€ BOAH HaX0-
LATCSl B COCTOSHMH Sp3-THOPHIK3ALMH, MPHUEM JiBE sp3-THOPHAHBIX
op6uTanu CBOGOAHH, MO3ITOMY BO3MOXHO npHcoeHHeHHEe OJHOr0
€OH2 BOZOPOZA MO HOHOPHO-AKUENTOPHOMY MEXAHH3MY:

H,O + H* = H,0*
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O6bsACHHTe, NMOYEMY He MOXKeT NPHCOELHHHTHCH ellle OfHH HOH BO-
Iopoaa K ocraBillefica cBOGOAHOH spi-0p6HTAH:

Hy0" 4+ H+ = H,0%+

8-10. B BomnoM pacrBope KCN Haxomarcs wonm K+ u CN-, B
pactsope Fe(CN);—uonn Fe?t u CN—. K 1 &1 0,04 M pacrBopa
KCN mnpu6asnen 1 1 0,01 M pactBopa Fe(CN),. IToueMy ua yka-
3aHHHIX BBIIIE HOHOB B INOJYYEeHHOM pacTBOpe yZAaerTcs o6HApy-
XKHTb TONBKO K*? -

8-11. IlpurotoBnren 1 M (mo xpoMy) pacTBop coas
[Cr(H;0)sCl]Cl.. Onpenenurte 3HaueHHe X H BaJeHTHOE COCTOf-
HHe XpoMa, HCXOAA H3 CJelyIOWUX AAHHBIX: AJS OCAXKAEHHA XJO-
puna cepe6pa Ha 50 MJ 3TOro pacTBopa O6HUIO H3PacXOLOBaHO
100 M1 1 M pactsopa AgNO;.

8-12. Kak BH cuHTaere, Kakas cBA3b npeobuagder npH B3aH-
MOJIeHCTBHH dMMHaKa H BOJLbl — JOHODHO-aKLENTOpHAas

H H
I |
H—N:—0O:
I {
H H
HJIH BOJOPOAHASA CBSA3b
H\ /H
N—H---O
1374 \H

8-13. Ilpu BBelleHHH HOLHAA Kadusi B PacTBOp XJOPHAA pTYy-
tu(II) Brnagaer Kpacuulff ocagok HomHAa PTYTH:

Ilpu panbuefinleM npuGaB/eHHH HOLHAA Kaaus 0CAfoOK PacTBOPS-
€TCsl, H CHOBA moJyuaercsi GecuseTHH# pactBop. Ecam ua pacTsopa
HCIIADHUTH BOLYy, TO BBIAEJSIOTCH 3KeJTOBAThle KPHCTAJJBl COCTaBa
Hgl;-2KI. Kakoe cTpoenHe MOJIeKyJH 3TOro BelllecTBa GoJlee

npeAnoYTHTEJNbHO:
1 J—K
\Hg( AU H{
¥ NI—K N---K—1

O6cynute Kaxaylo CTPYKTYpY HAH NpeisoxuTe Apyrde. Haiimy-
Te HX HE/0CTATKH H NpeHMyllecTBa. Kak 3KcnepHMeHTANbHO J0Ka-
3aTh MNpPaBHJbHOCTL TOH HJH HHOH CTPYRTYpHI?

8-14. EnmHcTBeHHBIH rajoreHup cepebpa, o6pasyioliufi Iu.-
pat,—3to AgF. Coan AgNO; u Ag;SO,— 6e3Bonnuie conu. Onua-
KO aMMHaKaThl 00pasyloTcsi cO BceMH coMAMH cepeGpa. O6bsacHHTE:
IPHYHHH PA3IHYHOTO NMOBEJeHHS BOLLK H aMMHaKa.

8-15. YcToMYMBOCTE KOMILIEKCHBIX MOHOB, coAepxamux Fed+,

- U4, Zr*+ ¥ rajoreHufi-aHHOHEI B KayecTBe JHIaHJOB, yMEHbIIaeT-
ca B pagy F->CI->Br—>1I-, a ana wosoB Cu?*, Ag* Cd?*,
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Hg?+, Pt?* ycTofiuMBOCTb KOMIIEKCOB B TOM Ke pALY JHraHAoB
yMeHbLIaeTCs: I->Br->Cl->F~. YKaxure OPHYHHKI Tako#t sa-
BHCHMOCTH. ‘

8-16. YCTORUHBOCTb KOMIIEKCHBEIX COeMHHEHHH € HOHOM ILIeJOoY-
HOrO MeTajJa B KadyecTBe KOMILIeKCOOO6pa3oBaTelsl IOHMKALTCH
BHH3 1O NOATPYIIE 3JeMeHTOB. YCTOHYHBOCTb XK€ KOMILJIEKCHBIX
COe/lHHEHUM, V KOTOPHIX HOHB INEJOYHOro MeTanna pacnofaraior-
cs BO BHeliedl cdepe, BO3pacTaeT BHH3 IO NMOATpyMNne SJEMEHTOB
(HecMoTpsl Ha yBeJqHueHHe pasMepa uonoB). ITonuraiTech 06bsC-
HUTb [PHYHHBE NOJOGHOTO MOBEJEHHS HOHOB IUEJOHHBIX MeTaJoB.

8-17. O6msicuuTe, MoueMy NpH JeHCTBHH Ha pacTBOp CuS0Oy
BOAHEIM pacTBOPOM aMMHaKa o6pa3syercsi KOMIJIEKCHHIH HOH
[Cu(NHs),]?*, a mpu AedcTBHH PacTBOpoM XJIOPHAA aMMOHHSA
5TOrO He MPOHCXOJHT.

8.18. Won SO,2— yacto urpaer poJb JHrauaa. Kakoi aToMm BXO-
JHT IPH 3TOM B KOHTAKT € KOMILTeKcooGpa3oBaresieM?

8-19. Yxaxure pasnuuus B IOBeJEHHH COJEH NiSO,;-6NH; u
NiSOy4- (NH,)2S0,. .

8-20. Hapsiny ¢ KOOpAHHAIMOHHEIM 4HCJIOM 6 dallle BCero BCTpe-
yaloTes KOMIJIEKcoo6pasoBaTeNH ¢ KOOPAHHANMOHHBIMH YHCIAMA 4
u 3. Ilouemy He ¢ 2, 5 mam 7?

8-21. MgCl, oGpasyer ¢ BOAOH THApPAThl, cOflepxallue 2, 4, 6,8
u 12 mosexyn Bombl. Kakoit ruapar naun6oree ycTOHYMB M moueMmy?

8-99 TlonbiTaiiTech 0GBACHHTL, TOUeMy Cy/ibdaThl MeAU U HHKE-
a5 umeior coctas CuSO,-5H,0 u NiSO,4-7H,0.

8-23. B KucJblX BOJHBIX PacTBOpPax He 06pa3yloTCsl KOMIJIEKC-
unle HOHHI, cofepxawne H;Ot B KauecTBe JIUTaHAA. Hanpumep, ne
Ha6aopaercs Ipouecc:

Fed+ - 6H,0* = [Fe(Hy0)el*+

O6mbsicHuTe, IOUeMy He MPOTEKaeT TaKoi mpouecc.

8-94. O6bsicHHTe, NOYeMy B KOMILJIeKCax ¢ HeHTpajbHEIMH JIH-
ranaaMu oObLUHO KOOPAHHAUHOHHOE YHCJIO GoJblle, ueM ¢ 3api-
sennbiMy, Hanpumep [Ni(NHs)e]?* n [NiCl4]%.

8-25. IMoueMy KoMmiexcHbiil uoH [AlFg]®~ cyllecTsyeT, a HOH
[AIClg]3~ me o6HapyxeH? ‘ :

8-26. Ilpu neficTBUM HA PacTBOp KOMIIJIEKCHOH COJIH COCTana
Co0SO,Cl-5NH; muTpaToMm cepe6pa OCaj0K He BhEJseTcs, a XJO-
pHA Gapus ocaxjaeT H3 pacTBopa cyandar Gapusi. Hanuumure xo-
OpAMHALHOHHYI0O GOPMYJTY COJH.

8-27. 3 pacTBOpa KOMIJIEKCHOH COJH CoCl;-dNH; muTpar ce-
peGpa ocaxjaeT ToAbKO 2/3 coxpepiallerocs B Hell xaopa. Hana-
mHTe KOOPAHMHALMOHHYIO ¢opMyay COJH. :

8-98. U3 pacrsopa conu PtCl,-6NHs HuTpar cepeGpa ocaxpa-
et Becb xJqop B Buge AgCl, a u3 pactBopa COJH PtCly-3NHg —
TOJbKO UeTBEPTh BXOASIIEro B e¢ COCTaB XJOpa. Hanuwute Xo0p-
JHHALMOHHBle (OPMYJH COJei.

8-99. MapecTHH JBe KOMIJIEKCHHE COJH ko6ajbTa, OTBeYaloue
cocrapy CoSO,Cl-5NH;. Pasauune Mexiy HUMH NposIBASAETCA B
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TOM, YTO B BOJHOM pacTBOpe OAHA COJb 06pasyer ¢ XJOpHAOM 6a-
pusa cyJbdaTt GapHs, BHNaJalIHi B 0CafloK, HO He AAET OcafKka C
HUTpaToM cepebpa. PactBop apyro#i cosnu, Hao60poOT, AaeT ocaioK
¢ HHTpaTOM cepebpa, a He ¢ xJopuiaoM Gapusi. Hanuwnre Koopan-
HallHOHHble GOpMYJIH 06EHX Cosed.

8-30. IlpoanannsupyiiTe NpHBEJCHHEHE HUXKE YpPAaBHEHHH peak-
OHH aMMHAaKaTOB IJIATHHBI C HHTPATOM cepefpa C BHIeJeHHEM
ocajKa XJ0pHAa cepebpa U chenafTe KaK MOXKHO 60Jblle BRIBOLOR]

DtCl,-6NH, - 4Ag+ = 4AgCl + Pt(NH,) 4+
PtCl-5NH, -+ 3Ag* = 3AgCl - Pt(NH,),Cl3+
PtCly-4NH, + 2Ag+ = 2AgCl + Pt(NH,),Cl,2+
PICly-3NH, 4 Ag+ = AgCl 4 Pt(NHg),Clg*
B peakuuu ¢ PtCl;-2NH; ocamok He BuIIagaer.

8-31. IlpuBeneHHBle HUXe AaHHble HJJIIOCTPHPYIOT NOBefeHHE B
BOJHHX pPacTBOpax COeJHHeHHH NJATHHH DPasJHYHOTO COCTaBa:

Yucao moan AgCl, NeKTPONPOBOAHOCTR COBMa-~
ocaxpaeMbx AgNO, AaeT OPHUMEPHO ¢ 3JMeKTPO-
(Ha | MOJb HOHOB NPOBOAHOCTbI) BOLHALIX pace
NJAaTHHK) TBOPOB coJelt TOi e KOH-
WeHTPal¥u (HJAH BOXHI)
PtCl,-2KCl 0 K2SO,
ptClq'GNHa 4 BaClz+ KC]
PtCl4-2KCl 0 K.SO,
PtClp-4NH; 2 BaCl,
PtCl,-5NH;4 3 KsPO,
PtCl,-KCl-NHj,4 0 KCl
PtCl2-2NH; 0 H,0O
PtCl,-3NH, 1 KCl
PtCl;-2NH;,4 0 H.0
PtCl;-3NH,3 1 KCI
PtC14-4NH3 2 B3C12
PtCl,-KCI-NH; 0 KCl

CocTaBbTe KOOpPAHHAUHOHHBIE GOPMYJH NPHBEAEHHEIX COeIHHEs
HHH M onpejllelHTe KOOPAHHALHOHHOE YHCJO MJaTHHH. Kaxoi -
rant NH; uanm Cl- asnsercs 6osee cunbnbiM? Crpynnupyfite co-
eIuHeHHs 1o HauboJee CylIeCTReHHOMY NMpH3HAKY (Kakomy?). Pac-
HNOJIOXKHTE COEAHHEHHA B IIOCJEJQBATENbHOCTH, NOKa3HBawLeH Ka-
KHe-1u60 3aBUCHMOCTH,

8-32. Besmoannift xmopux xpoma CrCls, npucoeiuHsss aMMHaK,
mMoxeT o6pasoBats ABe conu: CrCl;-5NH; u CrCls-6NH;. Hanu-
LIHTE KOODAMHAUHOHHBIE (QOPMYJH STHX coJelf, YIHTHBAfA, 4TO U3
pacTBopa oAaHOH cONH HHTpAT cepe6pa ocaxiaaer Becb cOJepiKa-
wukica B He# xJop, a U3 pacTBopa ADPYrod — ToJbKo 2/3 Bxoadlle-
ro B ee COCTAaB XJopa.

8-33. O6ruHO ypaBHEHHS CTYNEH4aTOH AHCCOLHAUMH KOMILJIEKC-
HbIX HOHOB 3allUCHBAIOT TaK: :

[Ni(NHg)qJ** = [Ni(NH,)5]** 4 NH,
(Ni(NHg)g]** = [Ni(NHy),J*+ 4 NH,
[Ni(NHg)g]*+ = [Ni(NHg)s]2* + NH; u 1o R
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PHC. 8-1

UeMy paBHO KOODAHHAUMOHHOE UYHCJIO HHKeNd B HOHAX, o6pasylo-
[uXCs TPH JAHCCONMHALMH KOMIJIeKca (B BOAHEIX pacTBOpax)?

- 8-34. [IpennioxuTe BCe BO3MOXHBIE I€OMETPHIECKIE CTPYKTYpH
KOMILJIEKCOB ¢ KOOPJHHALMOHHHIM UHCIOM 4 H 6 (Bce JHraHAgH OJH-
HakoBH). Kakas CTPyKTypa 3HepreTHUeCKH Haubosee BHroJHA?
KaK 10Ka3aTb, 4TO H3yuaeMblii KOMIJIeKc o6/anaer JlaHHOH CTPYK-
Typo#?

8-35. Ha puc. 8-1 moxasaHu reoMeTpHUYecKHe CTPYKTYPH KOMT-
JIeKCOB ¢ KOOPJAHHAUMOHHEIM UYHCJIOM 4: TETpasip (a), nupamuia
(6) u xBagpat (8). Bce cBA3H JHrani (/1) — xoMnaekcoo6paso-
paTeqb (K) aHepreTHYeCKH PaBHOLECHHAL Kaxkofi cTpykrypo#i obaa-
faeT KoMmeke [MJIJIy’], ecn OH HMeeT a) JBa reOMETPHIECKHX
n3oMepa, 6) OIHH H30Mep.

8-36. Ha puc. 8-2 moKa3aHH TPH BO3MOXHHE CTPYKTYPH KOMI-
HEKCOB ¢ KOOPJAHHALMOHHHIM uncjaoM 6. Bce paccTosiHus JHTraHA
(/1) — komniiekcooGpasosatens (K) paBHAL O6bAcHHTE, KaKad H3
CTPYKTYp @, 6, 8 clocoGHa K CyLIeCTBOBAHHIO H npuBefuTe AOKA-
3aTesbCTBA.

8-37. U3BecTHO, 4TO KOMIIJIEKCHOE CO€IHHEHHE [Pt(NH,)2Cl4],
3 KOTOpOTO XJIOp HE OCaxJaeTcs HoHaMu cepeGpa, HMEET [Ba Ieo-
MeTpHUeCKHX H3oMepa. BbiGepuTe Ha pHC. 8-2 cOOTBeTCTBYIOLLYIO
CTPYKTYpy H H3006pasure CTPOeHHE KOMIJIEKCa.

8.38. VKaxuTe THCJIO H30MEPOB AJ5 COeHHEHHH [Co(NHa)s]Cla,
[CO (NHa)sCl];Clz H [CO(NH3)4C12] Cl

8-39. Eume 10 pa3paGoTKH MeToAa DEHTTEHOCTPYKTypHOro aHa-
An3a 6bito m3BectHo, uro Monekyaa [Pt(NHs)eCly] mmeer CTpyK-
Typy KkBazpara. Kak 370 G6hlIO A0Ka3aHo?

8-40. KaKoe H3 COeIHHEHHN MOXET HMETb reOMeTpHueCKHe H30-
mepr: [Pt(NH;)sCl]Cl, [Pt(NHs)2Cle], K[Pt(NH;)Cls]?

8-41. Komnaexe PtCly-2NH; MoxeT 6HTb MOJydYeH B BHAE ABYX
u3omepos. OHH pas3iuyaloTcs MO OKpacke (omuH — OpaHXeBHIR,
Apyrofl — XeJTH) H IO PacTBOPHMOCTH. M3 pactBopoB o6oHX Be-
leCTB XJIOPHA cepe6pa ocaxjaercd HUTPATOM cepebpa c pasnui-
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EP HOA ckKopocTeio. Onpefenure,

sp’f® ~  KaKoBa CTPYKTypa STHX coJeft
. (TeTpasmpuueckas MJAH KBai-
=7 paTHas).

spd 8-42. Coepunenue

—_ [CO (NH3)5N02] C12

spé

g cyllecTByeT B BHAE IBYX H30Me-
sp POB: XKEJTOro H KpacHOro LBera.
O6a u3zoMepa B BOAHKX PacCTBO-
pax npu neficrBun AgNO; ocax-
AAI0T OJMHAKOBHIE KOJHYECTBA XJopa. Ha3oBHTe THUI mposiBasieMoh
H30MepHH H HanuiuTe GOPMYJaH H30MEPOB.

8-43. O6bsacHUTE, MOUeMY CoeluHeHHs Pt4+ o6BUHO HMEIOT OK-
Ta3lpUYeCKyI0 CTPYKTYpYy, a coeiuMHeHHs Pt2+ —xkBajnparuyio.

8-44. Ha puc. 8-3 naHu sHepreTHuecKHe YPOBHH AJS PasJHUHEIX
THIIOB ruGpuausaunu opburaneir. ITouemy opburtanu sp3d He pas-
HOLeHHH!, a opbuTtaau sp3d? paBHOUEHHE?

8-45, O6bACHHTe NPHYNHY JIHHeHHOH CTPYKTYpH KOMIIeKca
[Ag(NHs).]t. CocraBeTe auarpammy pacmpefefeHHs 3JIeKTPOHOB
Ha 4d-, 5s- ¥ 5p-monypoBHAX B atoMe cepebpa M HoHe Ag*. Mow
[Ag(NHa)o]* nuamariuten. Onuimute 3MeKTPOHHOE CTPOeHHe TeX
Xe 3JIeKTPOHHHIX IIOAYPOBHEH B KOMIJIEKCHOM HOHE H YKAXKHTE THIE
rubpuiusdanuu opbutaneii woHa cepebpa. BosMOXKHO JHM KOOPHIH-
HAallHOHHOE YHCIO 4 ANA HoHA cepe6pa?

8-46. CocTaBbTe NMAarpaMMmy pacipele/ieHHs 3/JeKTPOHOB Ha
3d-, 4s- u 4p-nonypoBHsx B noHe Ti**. K 3ToMy HOHY mo LOHOPHO-
aKUEeNTOPHOMY MEXaHH3MYy MNPHCOELHHSTCS WeCTh (TOPHI-HOHOB,
TaK 4TO 45- M 4p-opOUTANH OKa3HBAIOTCH NOJHOCTBIO 3aMOJHEH-
HBIMH II4DAaMH 3JIEKTPOHOB. YKa)KMT€ THUN THGPHAM3alHH opGHTa-
nedl uoHa Turana B [TiFg]?- u, o6bscHuTE, MOYeMy ocTaBIIHeCH
CBOOOAHEIME TPH 3d-Op6HTANH HE MOTYT HPHHSNTH ellle AONOJHH-
TEJbHO TDH Naphl 3Je€KTPOHOB OT TPex HOHOB ¢ropa. [Touemy Ko-
OPIHHALHOHHOE YHCJIO THTAaHa paBHO 6, a He 9?

8-47. CocraBbTe AHarpaMMy pacnpeieieHHsi 3MeKTPOHOB B aTo-
Me xpoma u B HoHe Cr3*, K uony Cr®t mnpucoeluHsiloTCS IeCTh
HoHOB CN~, TaK 9To MAPH 3/1€KTPOHOB 3aNOJHAIOT MOJHOCTHIO Iy -
CThle 4s- M 4p-op6HTanu M ocTaBiuHecsi 3d-OPOHTAJH HOHA XpOMa.
YKaxuTe THN THGPHAM3ALMH BaJeHTHHX OpGUTaleli HOHA XpoMa.
CKoJIbKO HecHmapeHHHX 3/1eKTPoHOB uMeeT HOH Cr(CN)¢3~ u xako-
BHl €T0 MAarHUTHBIE CBOHCTBA?

8-48. CocraBbTe AMarpaMMmy paclpefeseHHs 9JeKTPOHOB Ha
3d-, 4s- W 4p-opGuransx uoHoB Fe2+ u Fe’*. KoMmieKCHBE HOHB!
[Fe(CN)gl*~ u [Fe(CN)g]3~ umeror OKTa3JApHuecKoe CTpPOeHHe H
d*sp®-rubpuHOe COCTOsHHE OpOHTAsIell CBA3H. YKaXHTe, KaKoi H3
3THX HOHOB NlapaMarHUTeH.

8-49. Hou [Ni(NH,)]?* napamaruuteH, u ero MATHHTHBI MO-
MEHT OTB€YaeT ABYM HeCIapeHHHIM 3JeKTpoHaM. HMoH uMeer TeTpa-
dApHuecKoe cTpoeHHe. CocTaBbTe JAMArpaMMH  pacrnpefeleHHS

PHC. 8-3

68



aJeKTpoHOB Ha 3d-, 4s- H 4p-monypoBHsix HOHOB  Ni’t H
[Ni(NH;)4]?*. Kakos THI rH6pHAM3alHH opOuTajedl CBA3M B
KOMILJIeKCHOM HOHe?

8-50. OnuuIuTe MexaHH3M 06pa3oBaHH# MOJIeKYJbl Kap6oHHAA
unkeasd Ni(CO),, 3Had, 4TO yYacTBYHOLlHe B CBA3H op6HTalH HH-
Keisi HAXOAATCH B COCTOSIHHH Sp3-rHOGPHAH3ALHH. TIpenckaxure
MarHHTHEIE CBOMCTBa MOJIEKYJIHL. '

8-51. Ilpeamosoxum, 4TO KOMIIeKcoo6pa3oBaTels HCIOAb3YET
B CBfI3AX C JHraHAaMH OpGHTaJH B COCTOSIHHAX ruGpUAM3alHK: SO,
dp, sp®, sd3, dsp?, d?sp3. TlpeacKaXkuTe KOOPAHHAUHOHHOE YHCNO
KoMILIeKcoo6pa3oBaTelss H CTPYKTYPY o6pa3yeMoro HM KOMILIeKC-
HOro ¥oHa (COeqHHeHH:).

8-52. [IpuBeauTe BO3MOXHble OOBSCHEHHS TOTO ¢akra, 4TO NMpH
IeHCTBMA aMMHAaKOM Ha KBaJipaTHBI# KOMILIEKC [Pt(NH3)Cls]~ B
flepByI0 OdYepelb 3aMelllaeTcsi XJOPHA-HOH, HaXOAALIHACA B TPAHC-
NoJIOXKeHHH K JPYroMy XJOPHA-HOHY:

[ NH; ci NHj NHj
' NH;
Pt —_— Pt
—C1~
Cl— Cl NHj3 NHj4

8.53. O6bacuure, nouemy mpu obpaborke [PtCly]?— ammua-
goM moayuaercs yuc-usomep [Pt(NHs):Cl:], a mpm o6paboTke
{Pt(NH;) 4]?+ xnOpuA-HOHAMH — TPAHC-H3OMEP.

8.54. Jiwraun Cl- o6aamaer GoJee CHAbHEIM TPAHC-BIHARHEM
no cpaerenuro ¢ NHs. Kako# u3omep [Pt (NH3)Cls] —yuc nad
Tpawc TOJydYaeTcs Opu  a) neticteud  NH; Ha  pactBop
K[Pt(NH;) Cls] nau 6) B peakuuy

[Pt(NHy);CI]Cl = NH, + [P(NH,),Cl,]
8-55. YKaxuTe, KakHe H3 M30MEPHLIX COelHHEeHNUH

CoHy Br CoH, Br C.H, cl
Pt Pt Pt
c1 NT, NHj c NH,, Br

I 11 ur

pearupyror a) ¢ AgNO; ¢ BEeNeHHEM OCALKOB AgCl uan AgBr,
6) ¢ HCl ¢ o6pa3oBanueM HOHA NH,* B pactBope. CocTaBbTe KO-
OpIHHALKOHHKE (OPMYJH MOMYHAIOLEXCA BEILECTB,

8-56. L[uc-[Pt(NHj;),Clp]l momyyaercsi npH neficTBHM aMMHaKa
#a [Pt(NH3)Cls]~, a Tpanc-nsoMep — IpH IefCTBHH XJOpHAa HA
[Pt (NH;)sCl]+. Kako#t auranp, Cl- uan NHs, o6aanaer 6oJiee
CHJBHLIM TPAHC-BIASHHEM?

8-57. O6bscHATe, TOUeMY CBEXeMPUTOTOBJEHHble pacTBOPHl CO-
nett Tuna [Co(NHs)oClo]l nau [Pt (NHj),Cls] ouenr mroxo IpoBO-
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IAT 3JeKTPHYECKHA TOK, HO C TeYeHHEM BDEMEHH HX 3JeKTPOmpo-
BOAHOCTb YBeJHUHBAETCH. '

8-58. Hamumnre  ypaBHeHHS peakuuH (i) noJydeHHs
[pt (NH3)4]C12 H3 Kg:[PtCh].

8-59. IlpenckaxnTte NPONYKTH B3aHMOJEHCTBHS KapOGOHHJIA JKe
ne3a Fe(CO)s ¢ cepHO#t KueaoTOR.

8-60. Tlpensoxkurte cnoco6bl W BO3MOMKHEE CTALHH NnoJIyaeHUs
#3 Ka[PtClg]i xomnaekca coctaBa Ho[Pt (OH)g].

8-61. Moxuo au noayunts NiSOy4- (NH,)oSO, nefictBiem cep-
Ho# KucaoTe Ha NiSO,-6NH;?

§ 9. YACTHLUBI KOJJTOUAHBIX CHCTEM

9-1. O6mpsicHHTE, MOYEMYy B 3TOM NOCOGHH IaHHas TeMa pacnoJo-
XeHa mexny temamn «Koopaunauwonnas wactuuas u  «Kpu-
CTaaa»? .

9-2. MiMeeTest KyOHK, IJMHHA pe6pa KOTOPOro pasHa 1 oM. Ky-
OMK pasgpo6uaH HA KyOWKH ¢ mauHOM pebpa 1-10~8 cm. Paccun-
TaliTe YHCA0 NOJYUHUBIIHXCH KYGHKOB H HX CYMMapHYI0O mOBepX-
HOCTb, COpMymHpyliTe BHIBOABI H3 IOJYYeHHHIX pe3yJIbTaToB.

9-3. Yactuubl aHcnepcHO# ¢asnl M cpeia, B KoTopo#l OHH pac-
npejlesieHBl (AHCHEPCHOHHAS CPeld), MOTYT HAXOJHTLCS B TPex ar-
PeraTHHX COCTOSIHHSIX: KDHCTAJJIMYeCKOM, XKHIKOM H rasoo6pas-
HoM. CocTaBbTe NeBATH BO3MOMHBIX KOMGHHALHI pacnpefleneHHus:
onHo# ¢asul B IOpyroi. BriGepure peanbHo cymectByomue. Haso-
BHTE HX H OPHBEAHTE NPHMEPHI.

9-4. Ha puc. 9-1 cxeMaTHUecKH H306DaXKeHO CTPOEHHE MHIENT
xqnopuia cepeGpa, obpasyiloliuxcst MpH H3GHITKe HHTpaTa cepe6pa
(@) n mpu u36riTKe XJI0pHAA HaTpHA (6). '

Hafinure xak MoXHO GoJblile CYIECTBEHHBIX PA3JIHIH B CTpO-
eHAH MHLeMT NBYX TunoB. OGbACHHTE HalifeHHHe pasanund. Omu-
LWIHTE IIOC/IeJ0BATEJbHOCTh CTaiHH BO3HHKHOBEHHSI MHLEMI, NOJb-
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3ysck cxeMaM# HX cTpoenns. CpopmyanpyiTe NpaBHJIO MPEACKA3A-
HUS 3HAKA 3apsifa 4acTHUE KOJJIOULHO! CHCTEMEL

9-5. CxeMaTHUeCcKH MHUeNIy XJopuia cepebpa, HaXoAALYyIoCH B
pactBope HuTpara cepebpa (uau o6pasylomylocs IpH no6aBJeHHH
K pacTBOpy HUTpaTa cepe6pa pas3faBfeHHOTO pacTBOpa XJOPHA2
HATpHsA) MOXHO 3amucaTh TakK:

[(AgCly- nAg* «(n — xNO, P+ xNOg~

«— SInpo—»|<«——Honbt,—|+——ITpoTHBoHOHB———>

apcop6upoBaH-

Hbleé ARPOM, HJH

MOTeHIHaIonpe-

JeJAIoMHe HOHBI

<~——2JICOPOIHOHBEI  clioll— |<—auddy3HEIil—
<«~———FKoanonasas yacTHIa——————> cou

[IPOTHBOHOHBI| NPOTHBOHOHMH
ancop6uHol- |  AuddysHoro
HOro CJI08 caos

-— Munenna —>

JlafiTe onpenejeHdss TEPMHHOB:  [OTEHLHAJONpele]sIONIHe
HOHHI, TPOTHBOMOKH, afCcOPOUHOHHDBIA ciiolt, Auddy3HHH CIO0H, KO-
JOHJHAS YacTHIla, MHlleJJIa.

9-6. dopMyaa MULENTb XJOpHILa cepebpa B pacTBOpe HHTpaTa
cepe6pa (o6pasyerca npH no0aBJeHHH K PAacTBOPY HATpaTa cepeb-
pa pa36aBJeHHOTO pacTBOPa XJOPHIA HATpUS) HMeeT BHA, MpHBe-
neHHL# B 3agaue 9-5. dopMmyna MHuUeaJb XJOpHAa cepebpa, HaXo-
Asllascs B pacTBope xJopuaa HaTpus (o6pasyercss mpH nobasJae-
HHH K PaCTBOPY XJOPHAA HaTpus pa3baBieHHOro pacTBopa HHTpa-
ta cepebpa), uMeeT BHA:

[(AgCl)y»nCl™ - (n — x)Na*+}¥--xNa+

Kak BaHsieT crnoco6 MONYYeHHS KOJJIOHAHOH CHCTEMEl Ha CTPOEHHE
mHLeanb? OT KaKux (aKkTopoB 3aBHCHT 3apsj rpaHyan? KakoBo
noBefeHHe KOJJOHIHOH CHCTEMH B [OCTOAHHOM  3JEKTPHYECKOM:
none (3aekTpodope3)? Kaxk ocyllecTBHTh KOAary/sildio H MenTH-
3aLHI0?

9-7. TpenJoxXHTe KpaTKoe, HO YHHBepcaJbHOe NMpaBUJo (aJjro-
DHTM) AJS HAaOHCAHHS (GOPMYNBl KOJNJIOHAHOH YaCTHIB H MHUEJJIBL.

9-8. OnuiuKMTe MOPSAOK OMepalUd MPH NOJYYeHHH KOJNJIOUAHBIX
CHCTEM C TOJOXHTeJbHO H OTPHLATEJNbHO 3apsXKeHHBIMH 4acTula-
mu: a) Agl, 6) Fe(OH),.

9-9. YkakuTe yc/ioBHE 06pasOBaHHS 3apAla Ha KOJIOHLHOM
yacTHlle.

9-10. HanumuTe cxeMy MHLeNJH THAPOKCHIAA aJlOMHHHSA, obpa-
ayiolllerocsi o peakLUHH THAPOJNH33 XJOPHAA aMIOMHHHSA:

A3+ 4 3H,0 = Al(OH), + 3H*

K xakoMy 3JeKTpPoAy NOA LeHCTBHeM 3JeKTPHYECKOro moJsi 6ynyT
nepeiBHraThCsl dacTHUH? IlpeAsioxuTe CmOCOOH H3MeHeHHS 3aps-
12 4acTHLH.

9-11. Tuaposoib Hogupa cepe6pa, NONYYEHHHIH NPHIHBAHHEM
pacTBopa HMTpaTa cepe6pa K pacTBOpy, ColepiamleMy H36HITOK
MOLHAA Kaihf, KOAryAupyeT NpH BBeJeHHH PacTBopoB cyjbdara
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KaJud W HHTPaTa Kaabluud. Kakofl saektposutr o6aagaetr Godgee
CHJABHBIM KOAaryJHpPYIOIHM JeficTBHeM? ByAyT AH 3TH BelllecTBa
006/alaTh KOaryJHpyMOLHM AefCTBHEM HA THAPO30Jb HOAHAA Ce-
pebpa, NOJyueHHLIH IpPHJIHBAHHEM pacTBoOpa HOAMJAA Kaaud K pac-
TBOpY HHTpaTa cepe6pa (H3GHTOK)?

9-12. Kak moayuuTh 30JH rHApoKcuaa xenesa Fe(OH)s ¢ ua- -
CTHILAMH, TEpeMeIlaollHMHCS Noj AeHCTBHEM 3JEKTPHUECKOrO IIO-
J11 a) K OTPHIATENbHOMY SJEKTPOAY, 6) K NMOJOXKHTENLHOMY 3JEKT-
pony?

9-13. Tlpn KakHX YCJOBHAX KOJIJIOHJHHE YAaCTHLH He 06pasyioT
arperartos?

9-14. Tlepeuncanre (aKTOpPH, CHOCOGCTBYOLIME H IPENSITCTBYIO-
AUMe MPOTEKaHHIO IIPOLleCCOB KOaryJadlyH, CceAHMeHTalluH H Tel-
TH3aLUU,

9-15. Tlpx ofHOM U TOM e aHHOHe IO KOAryJHpyIOLleMy AeH-
“CTBHIO KAaTHOHH pacloJaratored B pax: Lit>Na+>K+>Rb*+>
>Cs*, a mpH O/lHOM H TOM e KaTHOHE AHHOHBI PACIOJAraloTcs
B pan: I=>Br=>Cl-. Uem o6BicHAeTCI TakKoe PacnoJOoXKeHHe
HOHOB?

9-16. Koaryaupymwomee jeficTBHe 0oGHYHO OKa3blBaeT HOH, 3a-
PAL KOTOPOr0 MO 3HAKy IPOTHBOMOJOXEH 3apaAny KOJJOHIHOH ua-
<tuubl. [Tpenckaxkure BAMAHHe 3HAKAa M BeJMUMHBL 3apsia HOHA Ha
KOaryJupymlllee fAeliCTBHEe 3JEKTPOJHTA.

9-17. Hanuwute ¢opMynasl KONIOHAHOH YACTHIL H MHIENIH
304141, MOJNYYEHHOTO NPH NOCTeNEHHOM NPHJAHBAHHH K BOAHOMY pac-
"TBOPY MepBOH coJH pa36aBJIeHHOrO PacTBOpPa BTOPOH COJIH:

1) AgNOy+ KI, KI -4 AgNO,

2) AgNOy+ HCl, HCl - AgNO,

3) AgNO, - CaCl,, CaCl, 4 AgNOQ,

4) AsCly 4+ Na,S, Na,S+ AsCly

5) NiCly+H,S, H,S+ NiCl,

6) FeCly+ NaOH, NaOH - FeCl,

7) FeClg - Na,S, Na,S - FeCl,

8) FeCly 4 N2,COy,  Na,CO4 - FeCly

9) FeClg+ Kg[Fe(CN)yl,  K,[Fe(CN)4] - FeCly
10) BaCl, + Na,SO4,  Na,SO, + BaCl,
11) ZnSO4 4 (NHy),S,  (NH,),S + ZnS0O,
12) HyAsOy 4 H,S, H,S 4 HzAsO,

Onpeseanre, K KakoMy 3JeKTPOAY OYAYT ABHraTbCs YacTHIIE
MPH 3JeKTpodope3e, KaKHe HOHEL MOILYT BBI3BaThb KOaryJALHIO
304141.

9-18. TloueMy fAapa YacCTHI KOJJOHAHBIX CHCTEM MpeKpallaioT
«BOH DOCT, He JOCTHTHYB pa3MepOB, JOCTATOYHHIX AJI OCAXK/EHHS?

9-19. Ilouemy Mopckas Boaa, Kak NpaBHIo, Mpo3pauHee pey-
Ho#?

9-20. Ilouemy pTyTh Jerko o6pasyeT aMYJbCHIO TPH pacTHpa-
HHH C 2KHDOM, & Bo/la HeT?
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9-21. IToueMy npH CHJIBHOM BCTPAXHBAHHM DPTYTb MOXHO Ipe-
BPATHUTb B MOPOLIOK?

9-22. JlaBJjieHHe HACBIIIEHHOrO Mapa XHIAKOCTH 3aBHCHT OT KpH-
BH3HH ee moBepxHOCTH. UeM MeHbLIe pajuyc KalJjH, TeM GoJjblie
nmaBnenue mapa. Kak M3MeHHTCS TeMnepaTypH 3aMep3aHHA IIPH
yMeHBbLIEHHH pa3Mepa YacTHIL?

9-23. OcHoBHas ¢opMyna TeopHH GPOYHOBCKOTO — JABHIKEHHS:
HMeeT BHJ:

— RT t
=V Np 3anr

rie T — CpefHUR CABHT YacTHUH; Na— qucao Asorajpo; { — BpeMst HaGRIOfeHHS;
7| — BSI3KOCTb CPEAH; I — PaJHyC 9acTHIUH.

IlpennoxkunTe nporpaMMy 3KCIePHMEHTANbHOH NpPOBEPKH 3TOMH:
dopMyaHL.

9-24. BosbMeM IUHPOKYI) CTEKJSHHYH TPYOGKY, HHXHHH KOHell
ee 3aKpoeM IJIEHKOH M3 KOJJIOAHS HJIH NepraMeHTHOH OyMarH, Tak
uyTO6B HaJHBAaeMHH B COCYH PacTBOP He BHITEKaJ 4Yepe3 MecCTo Co-
NPHKOCHOBeHHS MJIeHKH H CTeHKH Uuiaupipa. HaznbeM B uuiamuip
pacTBop noBapeHHOH cOJH H caxapa. IlorpysuM IUJHHApP C pac-
TBOpPOM B OoJblIoii cocyl ¢ Bomof. Uepes HeKoTopoe BpeMs MOX-
HO OOGHAapyXuTb, YTO BKyC pacTBopa H BKyC BOAB H3MEHHTCS.
IIpousoutno pasmeneHHe pacTBOPEHHHX BeHIECTB; 3TO SIBJEHHe Ha-
3nIBaercs JAuanu3oM. Hapucyiite cxeMy mpouecca. Ykaxure, Kakoe
BellleCTBO Nepello B BOAY M KaKoe oCTajloch B pacTBope. [lombi-
rtafiTeck OOBACHUTb 3TO siBieHHe. IlpencKaxure, Kak GYAYT BeCTH
cebs caenywomne pacreope: 1) CH3COOH wu caxap, 2) ranuepum
u caxap, 3) caxap u NaOH, 4) caxap u ¢eHos, 5) pacTBopuMoe
CTEKJIO H caxap.

9-25. Ecan HedTh BHIIMBaeTCAd NPH KPYUIEHHH TaHKepa BOJO-
naMemenneM 500 THICAY TOHH, OHA MNOKPHBAaeT INOBEPXHOCTb B
50 Tric. KM2, OLeHHTE TOJNMIUHY NJAEHKH,

9-26. IloueMy XUJIKHe KOJJIOHIAHLIE CHCTEMBHl IOUYTH He HCIIOJb-
3yI0TCSl B KaueCcTBe KaTaJH3aTOPOB?

9-27. Ilpu couBaHUM pacTBOPOB XJIOpOBOIlOpOILHOPI KHCJIOTHl M
Na,S,0; BoimafaeT ocagok cephl. Hamuumute ypaBHeHHe mpolecca.
Onuumute npolecc dbopMUpOBaHHA OCajKa cepHl, Hau{Has CO CTa-
Aun o6pa3oBaHHS aTOMHOH CepH H 3aKaHUHBas cTajuedi KpHCTaJ-
JIN3aUHUH.

9-28. 3axMuTe MeXAy MaJOHAMH KapaHaam (HJIH CTEKISHHYIO:
NaJ0YKy), ONYCTHTE B CTAaKaH C OAHOH H3 CJAEAYIOMIHX XHAKOCTEH:
BOAAa, Ka3eMHOBHH KJjell, pe3HHOBHI KJjeH, pacTBOp Kpaxmaja
(kneficrep, Kucedb), OeH3WH, anufoQuJIUH, pPacTBOPHMOE CTEKJO
(cunukaTHBIE Kaell), Bpamaiite Kapanzail, mepeiBHras JaJOHH B
pasHele CTOPOHH (MOXKHO BOCIOJIB30BaTbecs JApenbio). Hekorophie
H3 XHIKocTeHl (Kakue?) HOJHHMYTCH BBepx no kKapangamy. O6b-
SICHHTe 3TO fIBJIeHHe.
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§ 10. KPUCTAJI

10-1. B rnaBe 1 MaTepuasn pacnoJoxeH B NOCJAeLOBaTesbHOCTH,
OTpaxkaiolle# Bo3pacTaHHe YDOBHS OpraHH3alHH BellecTBa (CBOM-
CTBA BelllecTBA Ha KaXJOM MOcJdelyOlleM YpOBHe BKJKOYAIOT CBOM-
CTBa NpelbIAYLIEro): fAAPO — aTOM — MOJEKYJ1a — KOOPAHHALHOH-
Has 49acTHIla — 9acTHLA = KOJJOHIHOH CcHCTeMBl — KpHCTawl., Kak
Ber nymaere, xakue GopMH OpraHH3alHH BeulecTBa MOTYT NPOJOJ-
XKHTb 3Ty NOCJEL0BATENBHOCTL?

10-2. Ilepeuncaute Te xapaKkTepHble CBOHCTBA KPHUCTAJJIHYeCKO-
FO COCTOSIHHS, KOTOPhle IPUCYILH TOJMbKO eMy.

10-3. Kakue cBOICTBa KycKa BellleCTBa H OAHON OTZeJbHOH MO-
JIEKYJ/Ibl COBIALaioT?

10-4. TIpuBenuTe BO3MOXHO G6OJblle TPHMEPOB aHH30TPOIHNH
CBOHCTB KPHUCTAJJOB.

10-5. AMopdHOoe CcOCTOSIHHe BellleCTBA HHOTAA paccMaTpHUBAIOT
KaK XHAKOCTb C OYeHb BBICOKOH BSI3KOCTBIO HJH KaK MHOXECTBO
MeJbYaHlINX KpHCTalaoB. HacKoobKO TOYHBI TaKHe aHAJOTHH?P

10-6. B aByx cocynax Haxopsrcsi rasoo6pasiele HCl u NaCl.
ITo Mepe mocTeneHHOro OXNaXAeHHs COCYNOB HPH JOCTHXKEHHH He-
KOTOPHIX ONpefe/ieHHBIX TeMIlepaTyp HauMHAaeTCsl KOHIeHCalHd Be-
Iectd ¥ BhidensAoTcss Kpucrtadanl HCl u NaCl. Onuwure pasnu-
4Hs TpoueccoB o6pasoBaHus Kpucraaaudeckux HCI u NaCl u
CBOHCTB 3THX KPHCTAJJOB.

10-7. Okcua Mmareusi U QTOPHA HATPHA HMEIOT OAHHAKOBHIE
KpHCTasJIH4ecKHe CTPYKTyprl. Kpucraan MgO moutH B aBa pa3a
TBepxKe NaF; Temnepatypw ux nnasaenus 2830 u 992 °C cooTBeT-
cTBeHHO. OGBACHHTE NPHUYHHBI CTOJb CHJBHOTO Pa3JH4HS CBOHCTB
3THX BellleCTB.

10-8. OOGbsicHHTe, moYeMy KHCJAOPOA OGpPasyeT MHOTOYHCJEH-
Hble HOHHBIE OKCH/BI, XOTs NpHCOeAHHEHHE [JBYX 3JeKTPOHOB K aTo-
My Kucjaopoza tpebGyer 3atpathl 711 KJ[2K/MOJb TeINOTHL.

10-9. Ecan B cTpPyKType AHOKCHAA KPEMHHs 3aMEHHTb KPEMHHM
Ha YrJepof, HCXOJHAas KPHCTAJJHYecKasl CTPYKTypa He COXpaHf-
ercq. [Touemy? '

10-10. 3akoH mocTosiHcTBa (GOPMYJHPYIOT HHOTAA TaK: cOCTaB
XUMHYECKOTO COeJHHeHHs He 3aBHCHT OT crmocoba ero moJaydeHHS.
Huxe npHBeneHO HeCKOJMBKO peakuH#l KaK MOATBePXKAAIIUHX 3TO
onpejiefleHHe, TaK H HeCOT/IaCyIOUHUXCSA ¢ HEM:

Na (r) 4 1/2Cl, (r) = NaCl (r)
Na (r) + 1/2Cl, (r) = NaCl, ., (k) (pct, > PNa)
Na (r) 4 1/2Cl, (r) = Na,4,,Cl(x) (pc1, € PNa)
Na (r) 4 1/2Cl, (r) = NaCl(;-x)Fy () (B npucyTcTBUH ¢Topa)
NaCl (k) = NaCl ;) F, (x) (B aTMocdepe dropa)
- Na (r) 4 1/2Cl, (r) = Na;—,K,Cl (k) (B npucyTcTBUH MapoB Kaius)
Na* (p) 4 CI” (p) = NaCl (x)
Na+ (p) + CI~ (p) = NaCl;_,F, (k) (B npucyTcTbuy HOHOB F-)
Na* (p) + CI™ (p) 4+ K+ (p) + F (p) = NaCl-KF (k)

[IpamMevsaHue 3HaueHHA X U y — UPe3BHTAAHO MAJH, 3HAKH DABEHCTBA

B HEKOTOPHX CJyd4asaX NOCTABJEHH YCJIOBHO.
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[Ipensoxure, Kak clelyeT AONOJHHTb 32KOH MOCTOSIHCTBA CO-
CTaBa MJIH LaiiTe HHYIO ero (GopMYyJHPOBKY.

10-11. IIpuBefuTe MpUMepHl BJHsHHSA CTPYKTYPH Ha CBOHCTBA
BelllecTB.

10-12. TlepeunciuTe BCe THIBI CBsi3el B CTPYKType rpadmura.

10-13. Touemy rpadur o6nafaer BoJbiueH ajcOPOUHOHHOR H
KaTaJHTHUECKOH aKTHBHOCTBIO 0 CPABHEHHIO C aJMasoM?

10-14. Kak Bal cunTaeTe, B Kako# CTDYKType, ajMasa HJH rpa-
¢uTa, CBA3H MeXJy aTOMaMH Yriepoja npounee? Ilpeasioxure
caMBlii OOIHUI MOAXCA K onpele/leHHI0 SHEPTHH CBA3H B 3THX Be-
1IecTBaXx.

10-15. B cTpykType ajiMa3a BajleHTHhHe OpPOHTa/H aToMa yrie-
pOlla HAXONATCS B COCTOSHHH SP3-THOPHAM3ALMH. YTJBL MeXAY
cBsi3siMH paBHH no 109,5°C; MexbaAjepHHe paccrosnua 0,154 uM.
B cTpykType rpaduTta BasleHTHble OpOHTaNH aTOMa yrjepoaa Ha-
XONATCA B COCTOSIHMH sp2-rHGpuAnu3aliud. ATOMEl yrijiepoja pacno-
JIOXKEHBl TIJIOCKHMH CJI0SIMH, B KOTODBIX MeX'bsllePHbE PACCTOAHHA
paBunl 0,142 HM; yrael MeXAy cBasamu 120°; pacCTOAHHA MeXAY
caoamu 0,335 HmM.

[Tpu nomoluu cHHYeK ¥ IJACTHJIMHA H3rOTOBbTE MOJCJH KpH-
CTa/IIHYecKHX pellleToK anMa3a M rpaduTa. YKaxKuTe Xapakrep-
Hble NPH3HAKH KPHCTAJJHYECKHX CTPYKTYp aimaza u rpadura.
O6cynHTe aHH3OTPOMMIO CBOHCTB 3THX KPHCTAJJIHYECKHX CTPYKTYP.
Kakoe MHHMMAJbHOR HHCJIO AAHHBIX HYXKHO HMeTb, UTOOH H3roTO-
BHTb MOJLENH ajima3a 4 rpadura?

10-16. O6buHO rajbKa HA MOpPcKoM Gepery He OHBaeT KpYyIJoi,
B TO XXe BpeMs B UIAPOBOH MeJbHHLle MeTajlIYeCKHe HJIH Kepa-
MHUeCKHe 1Iaph COXPAHAIT CBow (opmy. O6bacHuTe noueMy. Ka-
KoBa HanGoJlee uacTo BCTpeuamliasics (GopMa MOPCKOH TajibKH H
yeM OHa 0BGycJoBJeHa?

10-17. IToa aneMentaproil Auefikoii KpPHCTajjla IOHUMAKT HaH-
MeHbIIMH ero obbeM (mapallie/ienunesr), KOTOPHH MO3BOJAET MEIC-
JIeHHO TMOCTPOHTb BCIO CTPYKTYPY KPHCTaJjia NMyTeM IepeMellleHHs
(TpaHcJALMM) Tapajule/enunela B Tpex HanpasjeHHAX. B sanaue
Ne 10-15 Bu co6panu MofeaH KDHCTAJNIHYECKHX pelIeTOK ajnmas’a
u rpadura. BrjenHTe 3/MeMeHTapHYI0 SueliKy B KaXKJOH MOJeNH.
Onumure ¢opMy 3saeMeHTapHofi siuefiku. CKOJbKO aTOMOB yrJiepo-
Jla CONEePXHUICA B KaXA0H H3 sAUYeek?

10-18. Kak HaasbiBaeTCsi KpHCTaJJHyecKas pelleTKa, B KOTODOH
TOJIHOCTBIO OTCYTCTBYIOoT HedekTH. B Xakux ycnoBHAX OHA cyIle-
CcTByet?

10-19. B xpucTanaudeckoff pelleTKe HEKOTOPHE MeCTa MOryT
OHTL cBOGOAHMIMH (Bakaucud), ITJOTHOCTL peasbHOro KPHCTaIa,
gMelolllero BaKaHCHH, H3MepeHHAd ONHTHKM INyTeM, @on MEHBILE,
9eM IVIOTHOCTb Qpwe, BHUMCIEHHA H3 PeHTreHOrpaduyecKHx JaH-
HEIX N0 pa3Mepy aseMeHTapHofi aueiiku. CopepXaHue paxaHcuit A
(8 %) BuuHcagerca o Gopmyie

A= Pewy — Pon .100

Prux
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PaccunrafiTe coflepKaHHe BaKaHCHH B KpHCTaJJe XJODHAA HaTPHH,
ecan nJaotHocth kpucranana NaCl paBra 2,165 r/cM3, pasmep aune-
MeHTapHOH siueiiku coctaBasier 0,5628 Hm.

10-20. TeopeTHueckas IJOTHOCTb KDHCTaJJaa PpAacCUHTHIBAETCH
H3 pa3MepoB KpHCTanauuecKofi peuierku. Pasmep sieMeHTapHOM
aueiiku NaCl (Bmoab mw6oii ocu) coctaBaser 0,5628 uMm. B adge-
MEHTapHYI0 fuefiKy BXOAMT ueThipe HOHa Nat u zermpe nona Cl—.
Huxe npuBefleH pacueT TeOpeTHUeCKOH IJIOTHOCTH KpHCTaALIa
NaCl:

1) (5,628:10-8 cM)® = 1,783:10-22 cm?
2) 22,99 - 35,45 = 58,44
3) 58,44-4 = 233,76

233,76

4) 5 oz.708 = 38,8210 r
38,82.10-28

5) T783-10-® = 2,177 rjewd

Onumyte mopsanoK pacuerta.

10-21. Kak paccuurath uuc/o ABoraapo, 3Haf NJOTHOCTh KpH-
CTajJa H pasMmep aJeMeHTapHOH AYEHKH?

10-22. Bhuncaute uyucao Asoraipo, HCXOAA H3 CJAeAYIOLIHX
JaHHBIX: IJIOTHOCTh 3oJioTa paBua 19,30 r/cM®, 3040TO KpHCTalJH-
3yeTcsi B rpaHEleHTPUDOBAaHHOH KyGHUecKOH CHCTeMe, pasMep 3fe-
MeHTapHOH fuefiku paBen 0,4078 HM.

10-23. HMayueHue KpucTalja XJOpuia HATpusA peHTreHorpadu-
HeCKMM METOLOM I0Ka3aJo, YTO OH IpPelACTaBaseT rpaHeleHTPHPO-
BaHHYI0 KyGHYeCKYIO pelieTKy ¢ paccTosHHeM MexIy moHamu Nat
u Cl- 0,2814 uM. ITnotHocTs KpHcTaaaa paBHa 2,165 r/cm3. Beruuc-
aute yucao Asoranpo.

10-24, JInuna pebpa KyGuuecKolf 31eMeHTapHOH sueAKH MeTaJ-
na, comepxalleii [Ba aTtoMa, CONVIACHO JAaHHHIM peHTreHorpadmuye-
CKOTo HccJeloBaHus cocrtasaser 3,16:-10-8 cm. [TaoTHOCTE MeTanna
19,35 r/cM3. BuiuucauTe aTOMHYyI0 Maccy ajaeMeHTa (uHcao ABoran-
po pasno 6,02.1023),

10-25. TToueMy XHMIKOCTbH MOXKHO NeperpeTb (MOBBICHTb €€ TeM-
mepaTypy BHINe TEMIEPATYpH KHIEHHS) U Nepeoxaafutb (NOHH-
3HTb TEMIEPATypy HHXe TeMIepaType IJaBleHHA), & KPHCTall
meperpeTh He yjaercs? MoXHO Ju nepeoXJafHTh HACHIEHHBIH pac-
tBOp? Ilap?

10-26. YkaxuTe rpaHHUb NPUMEHHMOCTH mpaBuiaa JlwoJoHra R
Itu. KakoBu TeopeTHuecKHe INOJOXKEHHS, JeXalllHe B OCHOBe 3TO-
ro 33KoHa?

10-27. Tlpn HopMaabHuX ycaoBusx 1,640 r MeTajsa BHTECHSAIOT
H3 kucaoTh 0,617 & BojaopoZa. ¥YjeibHass TeNJOEMKOCTb MeTajnaa
0,486 [Ix/(K-r). BulupcauTe aTOMHY0 Maccy MeTajna M Has30Blu-
TE €ero. :

10-28. Ynenbuas TemnoeMKocTh Meraina paBua 0,238 JIx/ (K-
-q). Xnopua sTOro Merajia COAEPHKHT 38,7% xnopa. Onpeneaute
4ATOMHYI0 MaccCy MeTaJjJa.



10-29. Kpucrannudeckas CTPYKTypa ¢pochara anOMUHESA AIPO,
AHAJOTMYHA CTPYKType AHOKCHAA KpeMHHUS. UeM 3T0 06DBACHAETCH?

10-30. Kucnopol, MoJyudeHHHH Pas3oXKeHHeM KMnOQO,, conepXur
B BHje NpHMecH JNHOKCHA yriaepoia. Orxyna ou Gepercsi?

10-31. Xmopun Merajna COJAEPHKHT 44,73% xaopa. Merann 006-
pasyer KapOoHar, psoMopthubill KapGoHaTy Gapus. Kaxoi#i 3T0 Me-
Tall M KakoBa ero aTtoMHas Macca?

10-32. CyabdaT MeTasnna COAEPKHUT 43,84% Boxpbl. On H30OMOP-
den NiSO4-7TH;0. MoxHO M ONPEACTUTD aTOMHYIO Maccy MeTaJ-
Jga, ofpasyioulero 3TOT cynbdar? -

10-33. B kpucralsiH4ecKoM COCTOSIHMH N,Os— HoHHOe coeluHe-
uHe. YKaXKHUTe HOHBI, COCTABJSIOUIHE €ro CTPYKTYDY. ‘ _

10-34. B KpuCTaMJHYECKOM COCTOSHUH PCl; wuMeeT HOHHYIO
ctpyxrypy [PCly]H[PCle]~, HO He TMpPOBOAHT 3JIeKTPUYECKHH TOK.
IMouemy? UTo MpPOMCXOAMT NPH PacTBOPEHUH €ro B spone? Ilouemy
pacTBOp NPOBOJMT 3/EKTPHYECKUH TOK?

10-35. Coenunenne PCI4F cyulecTsyer B BHAe ABYX H30MEDOB
PCI,F u [PCL]F. Ilpn OGBMUHLIX YCJAOBHUAX OAMH H3 HHX — KH-
KOCTb, APYrOi — KpHCTAMN. YKaXuTe, KaKOH H30MEp — KHAKOCTD,
a KaKo# KpHCTaJl.

10-36. KakoBo BaJIeHTHOe COCTOSIHME€  CYpbMbl B COJH
(NH,):SbClg, ecau 3Ta coab nuaMaruuTHa? Kakue HOHBI BXOJSAT
B COCTAaB KpHCTaJJHueckoil (H, BO3MOXKHO, WHIKOH COJH)?

10-37. Buipenens coenutedns CsBry u CsBrClg, ycroluuBbie B
KPUCTAJJIHYEeCKOM COCTOSIHHM TPH o6biunoli Temmepatype. KakoBo
BaJIeHTHOE COCTOSIHHE 11e3Hsl B ATHX COeJMHEHHsX?

10-38. Buo mpefJioXXeHO paccMaTpHBaTh COEAHHEHHE FeS,
kak pucyabdun xenesa (II) (Fe?tSy?~). Kak aTo MOXHO 9KCHEpPH-
MeHTAJbHO J0Ka3aTb?

10-39. [TpuBenuTe BO3MOXKHbBIE JI0Ka3aTeJbCTBA TOrO, UTO COELH-
HeHye nmepeMenHoro cocraBa FeS., Hampumep FeSi,14, He CMechb
cynpbpuna FeS u cepol, a CoeAMHEHHE.

10-40. JlaBneHHe mapa BOABl W aMMHaKa IpH 77 °oC wuap Lil-
.9H,0 u Lil-2NH; paBao cootBerctBenHo 600 u 2700 Ila:

Lil-2H,0 (k) = Lil-H,0 (k) 4 HyO (1)
Lil-2NH, () = Lil-NHjz (k) 4 NHy (r)

Kakoii JHraug — aMMHaK WIH BOJa — CHJbHee?

10-41. O6bsAcHUTe, NOUeMYy ¢ YyBeJHUYEeHHEM CTelleHM JHCHepC-
HOCTH KDHUCTAJIOTHAPATA TeMIepartypa, MNpH KOTOpPOH BOiA HA4H-
HaeT NMepexo/HTh B rasoobpasuyio dasy, NOHUIKAETCH.

10-42. Ha puc. 10-1 cxemaTHueckd NpelCTaBjJeHH 1Be CTPyK-
TypH TBepAHX pacTBopoB. IlpeajoxuTe, KaK HX MOMHO Ha3Barb.

10-43. Kak 3KCIepHMEHTaJbHO OTJHMYHTb CINaB, ABJAIILAHCA
TBEPARIM DacTBOPOM, OT CIJiaBa, NMPeACTaBJISIOUIETO co6oft HHTEp-
MeTaNlJIHIecKoe CoelHHeHue?

10-44. Atom Na 6oabie atoma Pb, oflHaKO npH BHeJAPEHHH
HATPHH B PelUeTKY CBHHIA IPOMCXOAHT He paClIMpeHHe, a-CXKaTue
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PCIIETKH, YTO NPHBOJAMT K yBeJHUEHHIO TBEPAOCTH cBHHLA, O6b-
SICHHTE 3TOT (haKT.

10-45. Cynedar Gapus Moxer naBaTh TREDABIE DaCTBOPH C
GosbiuM conepxanuem (1o 609 Mon.) KMnO,. Kakue BHIBOIM
CJIEeAYIOT U3 3TOro?

10-46. Hafinure HeTounoctu CJefyIoliero onpeneseHust MeTaJ-
JOB: «MeTamibl OTJHYAIOTCA OT HEMeTanJOB IJiaBHBIM o6pazom
CJACNYIOUIHMH XapaKTePHHIMH CBOACTBaMH. MeTaa/inl HMEIOT CBOe-
06pa3ubil 6JecK (MeTasJIHUeCKHi 6JIECK), KOTOPBI 06ycJ/ORIeH
HX BEICOKOH OTpaXaTesbHOH CIOCOGHOCTBIO BUAMMOro cBera. OHu
06/12/1210T HE3HAYHTENBLHOH CBETONPONYCKAEMOCTbIO U laXe B TOH-
KHX CJI0AX Henpo3paunnl. Merasant o6aanaioTr Xopomrell KOBKO-
CTBIO H NO3TOMY MOryT GHTb 06paGoTaHH NP MOMOIUH BaJIblOB,
npecca, monora ¥ T. 4. OaHaKO npeXile BCEro MeTaJ bl ©TIHYAIOT--
¢s1 BHICOKOH TENJIONPOBOJHOCTBIO H XOpOLIEd 3JIEKTPOIIPOBOAHOCTbIO,
TIPHYEM HX 3JIEKTPONPOBOAHOCTL BO3PacTaeT ¢ MOHHIKEHHeM TeMIle-
pPaTyphl».

YKaXuTe cymecTBeHHble W HeCyIiecTBeHHHe [IPDH3HAKH MeTaJl-
J0B. PacnosioxuTe Npu3sHaKu 1o uX 3HAYHMOCTH. [pennoxure croe
onpefesNeHHe METAJJIOB.

10-47. 1A KaKuX arperaTHHIX COCTOSHHI CIpaBeNJIHBEl pPa3Jina-
UYHA MeXIy MeTaJJIaMH H HeMeTaJdJaMuP?

10-48. Bousee 3/4 sieMeHTOE B Ilepnonnueckoit cucreme
JI. U. MeHneneeBa SBJAIOTCA THIUYHBIMH METAIAMH. Kak uame-
HUTCA MX HHCJIO, €CMH a) MOBEICHTh TeMIepatypy? 6) yBeJHUUTH
IaBJjeHHe?

10-49. TIpusennte BO3MOXKHEIE OGBSICHEHHS, no4eMy pTyTh, SAB-
JA0IIAACA MEeTa/JI0M, NpeAcTaBasieT CO60H KHUIKOCTD.

10-50. Potoanement —npubop, B KoTOpoM B pesyJbrate MorJao-
INEHHS] SHEPrMH CBETAa HCNMYCKAIOTCH 5JeKTPOHH M TeHepHpYeTCs
S/EKTPHYECKHA TOK. KaK BO3HUKalOT 06yClaBIHBAIOUIME 3JeKTpH-
4eCKHH TOK aanektporn? IlpencraBbre ce6e, 9TO NOBEPXHOCTL Be-
INecTBA OCBEIAeTCs B TeYEHHe IJIHTEJLHOTO IPOMEXYTKa BpeMe-
HH. Byner nu MeHATbCS Co BpeMeHeM CHa TOKa (3. n. c.)? Beuen
T4 Gorosnement? Ilouemy saeKTpHueCKHe (OTO3KCIOHOMETPEE
HE/Ib3s 0T hepxkath Ha ceeTy? IloueMy uyepes HecKosbKo JeT
PabOTH ORM HAUHHAKOT 14BATh HeNPABU/BHE NMOKA3AHHSP

10-51, O6mwscHnuTe, noueMy npu 1000 °C Xenezo CBETHTCH oYeHb
ApKO, @ KBapnm IIOYTH He CBeTHTCH.
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10-52. HauMenblllag sHeprusl, KOTopas [OJXKHAa OHITb 3aTpaue-
Ha Ha OTPHB 3JEKTPOHa OT TBepjoro Meraana (pa6ora BbIXOAA
3JIeKTPOHA), HAMHOrO MeHbllle 3HEePTrHH HOHH3anuu. Hanpumep, nas
Menn pa6ora Brixoga aJaeKTpoHa 4,3 3B, a sHeprusi HOHH3alHH
7,7 3B. O6bsicHnTE 3TO pa3aHyHe.

10-53. Ilpenaoxure MaTepHaJbl, KOTOPHE MOTYT obsanats ayy-
IDHMH HU30JUPYIOIIMMH CBOHCTBAMH, YeM BaKyyM. !

10-54. ITo KakuM cBo#iCTBAM MOXHO OTJIHYHTL NOJYyNPOBOAHHK
OT HU30JATOpa U NPOBOAHHKA?

10-55. Tlouemy docop NmpH BLICOKHX JaBJI€HHSIX CTaHOBHTCH
IPOBOAHHKOM?

10-56. Hekorophle CyabHAb, HaNpHMep CoS4 H FeS,, uMeior
MeTaNIHuecKuH 6GJleCK H IPOBOASAT 3JEKTPHYECKHH TOK (SJIeKTPOH-
Hast NpOBOAHUMOCTh). KakK 3T0 OOGBACHHTBL?

10-57. DJeKTpONpOBOAMMOCTL KPHCTaJJa 3aBHCHT OT PAa3HOCTH
3HepreTHUeCKHX YPOBHell BaJleHTHOH 30HBI H 30HH NPOBOAHMOCTH,
HJH, KaK roBOPAT, OT HIMPHUHH 3anpelleHHOH 30HHB. ¥ NOJYIPOBOA-
HHKOB C HelIHPOKOH 3ampellieHHOH 30HOH NepeBoJ, 3JeKTPOHOB B 30-
HY NPOBOAMMOCTH MOXET NPOHCXOAKTb IPHU OCBellleHHH (sABaeHHe
¢doronpoBoAUMOCTH). 3ampelleHHAass 30HA y KPeMHHS COCTaBJseT
AE=1,1 3B. KpeMHuii ocBelllaercsi cBeToM ¢ v=>5-10'% ¢! (xen-
ThIfl cBeT). BO3HHKHET JH NPOBOAMUMOCTH?

10-58. Kakue BelllecTBa MpH BBEAEHHH B KPHUCTAJJIMYECKYIO pe-
leTKY repMaHHs YBeJHYHBAlOT €ro 3JeKTponpoBoiuMocTb? (['ep-
MaHH# HMeeT aJMa30noJo0HYI0 CTPYKTYDY).

10-59. HuXe npuBefieHH NPHUMepbl HEKOTOPHX OKpalleHHHIX W
HeoKpallleHHbIX TaJOoreHu0B:

CuF, 6eclBETHRIA TiCl, GecClBETHRIA TiCl, 6eCLBETHHI I
CuCl, XKeJThIH TiBr, XKeATHIH TiCl, (pHoneToBbI it
CuBr;  uepHuit Til, KpacHH1fi TiClg YyepHHIH

Ot Kakux ¢pakTopoB 3aBHCHUT IBET KPHCTAJJIOB?

10-60. ITlpeackaxkure xapaKrep H3MeHeHHS lBeTa KPHCTAJJIOB
B pagax ZrCly4—ZrBry—Zrl; u TICl3—TIBrs—TlIs.

10-61. O6mbacuure, noueMmy okcuan CdO, PbO u BiO; okpa-
IIeHBl COOTBETCTBEHHO B KOPHUYHEBLI, MEJTHIi M OpaHXeBHA IBe-
ta, a ruapokcuan Cd(OH), Pb(OH), u Bi(OH)s umeror Geawtit
nBer.

10-62. Huxe mpeacraBjieHH TeMNepaTyphl NJaBJeHHA H IJOT-
HOCTH HHTPOGEHOJIOB:!

tn.n' °C p, r/em3

o-Hutpodenon 45 1,29
n-Hutpoderon 114 1,48
2,4-TuruTpOdEerON 113 1,68
2,4,6-Tpunrutpodenon 123 1,76

OGbsaAcHMTe NPHYHHEI MOBLILIEHHS TeMIepaTyphl MNJaBjeHH H
IJIOTHOCTH NIPH YBeJNHUEHHH Yucaa HUTpOrpynn, MoxHo N HaiTH
CBSI3b MEXAY H3MEHEHHSMH TeMIEpaTyp NIaBJeHHuA B NJOTHOCTER?



10-63. Ckopocti Auddysun HOHOB HaTpHs
B KpHCTaJJaX XJopHiaa H GpomHpa cepeGpa
npu 573 K pasnu 0,00021 u 0,0023 cm?/c. Ka-
KOH BBIBOJA MOXHO CHeJaThb H3 3THX JaHHKIX?
Hab6aronaerca Jau  Kakasf-an60 B3aHMOCBSI3b
MEXAY cKopocTbio AHGGY3HH B XJOpHIE H
6poMuge cepebpa ¢ SHEPrHAMH HX KPHCTAJJIH-
YeCKHX pelleTOK H TPOU3BEIAEHHUSIMH PacTBO-
PHMOCTH?

10-64. Cocyn H3 xkese3a, cHaGXKEHHEIH Ma-
HoMeTpoM (pHc. 10-2), morpyxkeH B eMKOCTb
¢ kueaoroii (HCI, H,SO,). Ha napyxHoit
NOBEePXHOCTH cocy/a BhlJessieTcsi BOAOPOJ, H OJHOBPEMEHHO AaBiie-
HHe BHYTPH cocyda Bo3pacTaeT. OGbACHHTE 3TO siBJeHHe. B pe-
3yJbTaTe 3TOr0 SBJEHHA NpPH TPaBJEHHH B KHCJAOTaX Y MeTajJioB
BO3HHKAeT B3AYyTHE.

10-65. M3 Tpex oAHHAKOBBIX MO Macce o6paslloB CTajH H3rO-
TOBJNEHH NpfAMas MPOBOJOKA, NPYXKHHA H CHJbHO OTOHTas MOJOT-
KoM nuactHHa. [lnolmagp moBepXHOCTH BCeX H3MenHHl OLHHAKOBA.
Kaxanii H3 MpeMeTOB MOrPYXKaeTcsi B PAacTBOP KHCJAOTH OXHHAKO-
BOi KOHUeHTpauHH. KakoBbl OTHOCHTE/NbHBle TeMIOBHe 3(eKTH
pactBopenna? Kako#i u3 nmpeaMeToB pacTBopHTCH GHICTpee?

10-66. [IBe onMHaKOBHle MeJHble MJACTHHKH HarpeThi B aTMO-
chepe BomopoAa AJsi mpefoTBpalleHHst okKHcaeHHsa xo 600 °C u ox-
JaXAeHbl — O0fiHa GHICTPO, a APyrasi MefJieHHO (TaKXe B aTMocge-
pe Boxopona). 3aTeM oGe MNACTHHKH MOMelleHbBl B KaJOPUMETPHI,
COflepxkKalllie paBHBle MO KOHLEHTPAaLHH H 06beMy pacTBOPH a307T-
HOH KHCJOTH. PacTBopeHHe KaKOH MJIACTHHKH CONPOBOX/JaeTcs
66nbiiuM TennoBeM spdekToM? Kakas niacTHHKa pPacTBOPHTCH
OLicTpee?

[IpuroToBJIeHHBE OMHCAHHBIM METOAOM IJIACTHHKH IOMEIeHH
B kKucaopod npu 700°C. [1pu oKHC/eHHH KaKO# M3 NJACTHHOK BHI-
Aesutcsl GoJiblllee KOJHYECTBO TemaOTH? Kakasi miacTHHKAa G6BICT-
pee OKUCJHTCAP

Te Xe maacTHHKH NoMellleHbl B meyb ¢ TeMmepaTypoit 1100 °C.
Ha narpepanne W nzaBieHHe KaKoH NJIACTHHKH 6YyAeT 3aTpPayeHo
6oJsibliee KOMMYECTBO TelsOTH? Kakasti 3 miaacTuHOK 6biCTpee pac-
NJIaBHTCA P

Npamenanune. [lanHas 3aKa9a HOCHT XapaKTep MHICJGHHOTO SKCTEPHMEH-
Ta, H HA PAX BOIPOCOR HafiTH oTBeT 3KCNEePHMEHTAJbHO HE NpPEeACTaBJSAETCA BO3-
MOXHBIM.

10-67. B mpolLecce pocTa KpHCTajaa BhgeaseTcsl TemoTa. UTo
TelJlee, PaCTyLIHA KPHCTaJJ HJIH OKPYXKAIOUHA ero pactBop?

)

§ 11. TEOPHUS KPHCTAJITHYECKOTO NMOJIA

11-1. KakoBH NpHHLIHOHAJbHBE OTJHYHAS TEOPHH KPHCTAJJIHYECKO-
TQ MoJisi U TEOPHH MOJsi JUranjoB? Uro o6llero B STHX TEOPHAXP
Kakue nosioxenus MeTONOB BaJeHTHHIX CBfi3elft H MOMEKYJSPHBIX
op6HTasieii 5TH TEOPHH 3aHMCTBOBAJH?

0
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11-2. TTpeanoxute cnoco6bl MOCTPOEHHS TETPasApa H OKTa3xapa
B NPSMOYroJbHON cHcTeMe KoopAuHAT. OMHIIMTE MOCJAeL0BATENb-
HOCTb OMepalluii, KOTOpble HCHOJb3yiTe AJS BHISCHEHHS BJHSHHA
TeTpasipHYeCKOro H OKTa3/PHYECKOro MOJs JHIaHLO0B Ha op6HTa-
JH KoMmmJekcoo6pasoBaTeds.

TMonuTaiiTech BIHCATh B Ky6 OKTasAp H TeTpa3ap.

11-3. CuenaiiTe 43 NJAacTHJIHHA HJH JAPYroro MarepHajia MOAe-
AM OLHOH s-op6uTanu, Tpex p-opGHTajedl H MATH d-op6uranet. U3
MPOBOJIOKK COTHHTe OKTasip. [1peAnosiokuM, YTO BEPIIHHE OKTa-
51pa — 3TO LIeCTb JHIAHAOB, OKA3BIBAIOIIMX OTTANKHBAOUICE nefi-
CTBHe Ha OpPOGHTANM LeHTpajbHOro aroMa. IlomecTdTe B UEHTP OK-
Tas/pa MOOUEPESHO MOAEIH §-, p- H d-0pOHTalIe. Kakoe nampabJie-
HHe Ocell KOOPAMHAT OKTa3Apa H op6HTaled LEHTPaJbHOTO aToMa
caenyer ‘Bubpath? Ha kakue opOMTa/H UEHTPAJbHOTO aToMa BO3-
JeficTBHe JHTranioB Gymer Haubojee cHAbHHIM? OpOHTANH KAKOro
NMOAYPOBHS OKAa3HIBAIOTCS B Pa3/UUHbIX JHepreTHuecKHX COCTOMHH-
X, HAXOAACh B OKPYXXeHHH OKTa3/pPHUecKOro moJsi aurangos? Hso-
6pa3nTe NOJYUEHHBle Pe3yJAbTAaTH B BHAE AHArPaMMBl SHEPreTHHE-
cKux ypoBHeli. OTMeTbTe MOAYPOBHY, NMOJABEPramLIKecs pacllerie-
uHio. [lpojenaiiTe Te Xe OMepalliH AJas KBaApaTHOTO H TeTpa3l-
PHUECKOTO TMoJiell JIUTaH/0B.

11-4, Ha puc. 11-1 nmokasaHo paclienniende d-nOAYPOBHS B OK-
Ta5APHUECKOM, TETPA3APHUECKOM H KBaAPAaTHOM OKDYKEHHH JIHraH-
namu. O603HaubTe NOAYPOBHH CHMBOJAaMH d-opOHTajel: diy, dxz
dyz, dza H dxa_ya. )

11-5. CnHHOBMI MATHHTHEI MOMEHT aToMa HJH HoHa (B Mar-
HeToHax Bopa) BHuHcAsleTcs o popMmyae

p=Vnrnt+2

rjae n— 4YUCa0 HeCnapeHHHX 3JeKTPOHOB.

BLIUHCJAHTE MAarHHTHble MOMEHTH HOHOB NPH pPa3JIMIHEIX THCJIAX
d-S.HCKTpOHOB B c1a00OM H CHJBHOM OKTa3JpHYeCKOM NOJAX JINr'aH-
JOB:

Yueao d-3neKTPOHOB 1 23 456748910
Yucno HecnapeHHHX
3/IEKTPOHOB
cnaboe MmoJjie JHras-
0B : 1 2345643210
CHJIbHOE NOoJe JHraH-
JoB 123210121 0

)]



IToctpofite rpadgux 3aBHCHMOCTH MArHHTHOTO MOMEHTA HOHOB B
CHJIBHOM H C/1aGOM OKTa3ApHYECKHX TIOJSX JHTAaHAOB OT YHCAa d-
3JIeKTPOHOB (CHJIBHOE ToJie co3faioT Juranas NH,;, CN- g IP.
cnaboe — HyO, F~u np.).

11-6.  MAarHUTHHH MOMEHT MOHOB [Mn(CNg) ]2+t  nam
[Mn (NH,)6]P*+ npumepro B gBa pa3sa MeHblle MarHHTHOTO MOMeEH-
‘Ta HOHOB MnF¢*~ man [Mn(H;0)6]3+. IlpuBenute Bo3MOMHEIE
OODBIACHEHUS 3THX PaAKTOB.

11-7. OGbsicHuTe MPHYHHY pa3/MuHil B 3HAYEHHAX 5PDEKTHBHLIX
MarHHTHBIX MOMEHTOB (B MarHetoHax Bopa) KoMIJeKCHBIX HOHOB
Maprasua:

[Mn(CN),]4- 1,8
[Mn(CN),Je- 3,2
[Mn(SCN) 14~ 6,1

11-8. Marnutuuit Moment Ky¢[Mn(SCN)g]-3H,0 paBen 6,06, a
K4[Mn (CN)¢] -3H,0 — 2,13 marserona Bopa. O6cynnte 3T maH-
HEIE.

11-9. Huxe panbl 3d(eKTHBHBIE MATHHTHBle MOMEHTHI (B mar-
HeTOHax Bopa) HEKOTODHIX KOMIJIEKCHHIX HOHOB KeNe3a:

[Fe(H,0)q]2* 5,3 [Fe(CN)q]4- 0
[Fe(H,0) B+ 5,94 [Fe(CN)gI3- 1,76

Onpenenure, Kakoe nose cosgaior auranas HoO u CN- — cuabnoe
HIU caaboe.

11-10. Kaxkoit non [Fe(CN)g]3~ unu [FeFs]®~ umeer Gosee Bh-
COKHEe MapaMarHHTHble CBOHCTBA? BO CKOJBKO pa3 MarHHTHBIE MO-
MEHT OXHOTO HOHA GoJibllle APYroro?

11-11. Hon [Co(CN)s]*~ nMeer oOKTasapHuecKoe CTpOeHHE.
IIpefckaxuTe ero MarHHTHEle CBOHCTBA M BEJNHYHHY MATHHTHOIO
MOMeHnTa (B MarHeToHax Bopa).

11-12. O6bsicuure, moueMy wuonbl  [Co(NHs)e]3+  wuaa
[Co(CN)e]®~ nuamarnutusl, a nonst [CoFg]3~ mau [Co(Hy0)e]3+
napaMarHuTHHL. KakoBbl MarHHTHBlE cBOHCTBa HOHOB [Co(NHj)e] 2+
H [CoFeg] 4.

11-13. O6bsicuute, MOYeMy B BOLHOM pacTBope cyabdar KoGaib-
T4 J1HAMarHATEH, a B IPHCYTCTBUH GOJbIIOrO H36HITKA HOHOB (propa
BellleCTBO CTAHOBUTCSH llapaMarHHTHHIM.

11-14. O6cynute cBo#icTBA CaAENYIOIHX KOMIJEKCHBIX HOHOB:

1) [Fe(H,O)3* wu  [Fe(CN)g3~
2) [CoFg]*- H  [Co(NHy)gP+
3) [Co(NO,)gl*- mn [Co(H,0)6)2+
4) [FeFgp- u  [Fe(NHg) P+
5) [CoFgJ*- 1 [Co(NOy)g]?-
6) [Co(NHg)g]** u  [CoF,*-

7) INi(NHg)gl?* u  [Ni(H,0)g2+
8) [Mn(CN),>- w [MnFg]3~

9) [Ma(CN); ¢~ [MnFq]4-

10) [Ti(H,0)sP* u  [Ti(NO,)sB-
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Pacckas o cpoiicTBax HOHOB CJefyeT CTPOHTb NPHMePHO B TAKOH
MOC/AEA0BATENBHOCTH (@JTOPUTM OTBETA):

1) 4HCa0 31€KTPOHOB HA d-NMOAYPOBHE HeBO3OYKAEHHOTO ATOME,
2) 4ucaAQ 3MeKTPOHOB Ha d-NOAYPOBHEe HOHA; 3) BHA OKPYXeHHS —
TETpasipHUECKOe, OKTA3APHUYECKOE HAM AP.; 4) THI JHTaHAOB (CO3-
J4IOT CUJIbHOe HJM caaboe noJje); 5) THO CHOHHOBOTO COCTOSIHH#
HoHa (BBICOKOCIHHOBOE HJH HH3KOCIHHOBOe); 6) uHCJI0 HecmapeH-
HHIX 3JIeKTPOHOB n Yy MOHa B OKPYMeHHMH J4dHHOTO THIIA JMTaH/0B;
7) MarHHTHBle CBOMCTBA MOHa (MapaMarHUTHbIE, AHAMATHHTHEE);
8) 3HaueHHe CNHHOBOTO MATHHTHOrO MOMeHTa u=Yn(n-+42) (B mar-
HetoHax Bopa).

11-15. BricOKOCHHHOBOe cocTOfiHMe aToMa Fe B reMoraobuHe
(v=4,9 B MarneroHax Bopa) npu npucoeaMHeHHH KHCIOPOAA HJH
OKCHJA YrJepoia mepeXxoAHT B HH3KocmuHoBoe (p=0). Kargosu
TIPHYHHBL 3TOTO fABJEHHA? ,

11-16. O6BsicHHTE, MOYEMY OKpacka pa3baBJeHHOTO BOAHOTO
pactBopa CuSO, mo Mepe NpPH/JIHBAHHS KOHILEHTPHPOBAHHOH XJO-
POBOJOPOJHOH KHCJIOTH MepeXofRHT OT roay6boil B 3ejenyn. Mox-
HO JIH CYAHTb O CHJle MOJfl JHUTaHAOB HAa OCHOBAHHHM 3TOTO 3KCIe-
pHMeHTa?

11-17. Oxkpacka KOMIJEKCHHX HOHOB ¢ Mn2?*+ B KauecTBe KOMI-
Jekcoobpa3oBaTensl 3aBUCHT OT €ro KOOPJAHHALLMOHHOIO YHCJA.
Tak, Mn?t B TeTpa3ipHYeCKOM OKDYXKEHHH HMeEeT HHTEHCHBHYIO
JKeJTo-3e/eHYI0 OKpPacKy, a B OKTa3ApHYecKOM — po3oByto. O6bsc-
HHTE MPHUHMHY 3TOrO ABJEHHs.

11-18. O6bacuurte, noueMy u kak KoMmiaekcH ([Cu(NHs),]%* n
[Cu(H20)¢]?*+ o1nuatotes no okpacke.

TMIABA 2 ‘
HANPABJIEHHE XUMHYECKHX INPOLECCOB

§ 12. 3AKOHBI XUMHYECKOHA TEPMOJIHHAMUKH

12-1. Huxe paHb GOpMYyJHPOBKH HECKOJbKHX BaXKHEHIIHX 3aKo-
HOB. Ha3oBHTe 3TH 3aKOHH H PacnoJOXHTe B NMOPAAKE NOHHKEHHS
06IHOCTH (HJM YHHBEPCaJbHOCTH), T. €. B TAKOM MOpsifKe, 4TOOH
KaXJbeil MOoCHeAyIOUAi 3aKOH BXOAMWI B NpelWAYHlHf HJH BhiTe-
KaJ U3 Hero.

1) TennoBo#t sddeKT XHMHUECKON peaKIHH He 3ABHCHT OT Xa-
paKTepa MPOMEXYTOYHHX NPOAYKTOB M paBeH CyMMe TeMJIOBHEX
3¢ ¢eKTOB MPOMEKYTOUHNX pPeaKIuil,

2) Bcerna Tpebyercsl OAHO H TO Ke KOJHYECTBO MEXaHHYECKOM
paGoThl, 4TO6H HArpeTb ONpefeeHHOEe KOJHYECTBO BoAl Ha 1°C.

3) Besikas Macca o6JafiaeT SKBHBAJIEHTHOH el 3Hepruell, a
IHEPrusi — 3KBHBAJIEHTHOH eft Maccoil.
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4) Ins pasnoXeHHS XHMHYeCKOTO COCAHHEHHS HeoOGXOAHMO 3a-
TPATHTh CTOJBKO TEMJOTH, CKOJBKO ee BHfe]sieTcsa npu ero o6pa-
80BaHHH.

12-2. Huxe npuBegeHO HecKOJBKO (QOPMYJHPOBOK NEPBOro 3a-
KOHA TepPMOAHHAMHKH.

1) KonuuecTBO TeNJOTH, NOJyYeHHOE CHCTEMOH, paBHO YBEJH-
GeHMIO ee BHYTPEHHeH 5HepPrHH H NpoH3BelleHHOH el paGoTH.

2) Tlpu Bcex B3aHMHBIX NpeBpallleHHAAX SHEPrHH OHa He Teps-
£TCA U He cOo3JaercH.

3) B u3oaupoBaHHOH cHCTeMe CyMMa BCeX BHJOB 3Heprud mo-
CTOAHHA,

4) TlepexoAnl BCeX BHAOB 3HeprHH APYr B Apyra IPOUCXOAAT B
CTPOrO 5KBHBAJEHTHBIX OTHOIUCHHAX, :

5) Bcesikufi ABHraTe b, NPOH3BOAAILIMA paboTy Oe3 3aTpar IHep-
THH, HEBO3MOXEH.

; 6) CyMMa TenoTH H paGoThl He 3aBHCHT OT NYTH Nlepexoja.

7) YBennueHue BHyTpE€HHefl 3HePrHH CHCTEeMbl PABHO COOGLIEH-
HOU cHCTeMe TeIJIOTe 3a BEIUETOM IpPOH3BeLeHHOH CHCTEMOH BHell-
tefl paboThL.

BriGepure ¢GOpMyJHPOBKY 3aKoHa a) HaHGoaee ofiiyio, 6) HaH-
6olee Bam moHATHYIO, B) HMelollyio camoe 6JH3Koe OTHOLIEHHE X
XHMHH, T) Ty, KoTopas, o BalleMy MHeHH!0, 61uXe K Bameit cre-
LHaJbHOCTH.

- 12-3. Onuiute GH3HYECKHH CMBICH CJAEAYIOUIHX IBYX BHIpaxe-
HHt TepBOro 3aKOHa TePMOJHHAMHKH

AU=Q—4
Q=AU+ A

rae AU — mprpamtende BHYTpeHHEH 3HeDCHH CHCTeMH; Q — KOMHUECTBO €OOGIIeH-
soft cucreMe TemnoTH; A — KOJHYeCTBO PaGOTH, COBepIEHHOA CHCTEMOR.

12-4. JloxaXHuTe, uTo CJeAylolive jBe ¢GOPMYJHPOBKH INepPBOTD
8aKOHa TePMOJIHHAMHKH HIEHTHYHEL:

1) yBelHueHHe BHYTPeHHeH 3HEPrHH CHCTEMBI PaBHO coobleH-
HOM CHCTeMe TeNJOTe 3a BHYETOM NPOH3BeleHHOH CHCTeMOH BHelI-
Hell paGoThl; 2) mofiBelleHHAs K CHCTeMe TellJIOTa 3aTpauHBaeTcs Ha
yBeJHYeHHe BHYTPeHHeH SHePrHM CHCTEMHl H Ha COBeplleHHEe BHem-
Helt pa6oTHI. o

12-5. B mMaTeMaTHYeCKOM BLIpaXXeHHH IEePBOro Hadasna TepMo-
IHHAMHKH

AU=Q—A

voabko AU He 3aBHCHT OT NMyTH Nepexoja, a pa6oTa H TEMIOTa —
3apucar. Kak 3to corsnacosaTh ¢ 3aKoHOM ['ecca, COrfiacHo KOTOPO-
My TemnoBod 3¢ ¢dekT peakKuuH He 3aBHCHT OT NYTH NPOTEKAHHs NIPO-
mecca?

12:6. Jl.1a npoleccos, COMPOBOXAAOMIKXCA GECKOHEUYHO MaJBIMH
H3MeHeHHSAMH COCTOAHHA CHCTEMH, NepBHH 3aKOH TepMOJHHAMHKH
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3amuchHIBaeTCs B BHAE!
dU = 8Q — 84

rae dU — nonuuil guddepennnan BHYTpeHHeA 3HEPrHH chcTeMu; 8Q X 6A — Gec-
KOHEUHO MaJible KOJIHUECTBA TelIOTH H paboThl.

TloueMy TemnoTa W pa6oTa He sIBJAsSeTCS MOMHBIMH AHpdepeH-
qHaJaMHu?

12-7. Huxe npuBeaeHb (GopMYyJHPOBKH BTOPOro Havala T€pPMO-
IHHAMHKH.

1) HeB03MOXHO NMOCTPOHTb BeUHHH ABHrartes]b BTOPOro poia.

2) HeBo3MOMXKHO MOCTPOHTb MallMBY, KoTopast paborana 661
CKOJIb YTOAHO JOJLO 3a CYeT 3Hepruh  (TelJIOTH) OKpyXalollleH
CpelHl.

3) Pa6oty MOXHO INOJYUYHTb JHIIb MyTeM BbIDABHHBAHWs I€-
penajioB KakHX-Ax60 MapaMeTpoB CHCTeMbI (TeMIepaTyphl, AaBie-
HHS, 3JeKTPHUECKOro MOTeHlUHana, KOHUEHTPauuH H Ap.),

4) B saMkHyTOH (He moJyuawollledl H3BHe 3Heprud) CHCTeMe
NPUPOCT SHTPONHH BCeria MOJOXKHTeNeH.

5) Bce caMompou3BOJbHO IMPOTeKaiollHe MPOLECCH B 3aMKHY-
THIX CHCTEMax HAYT B HampaBJieHHH JOCTHXKeHHs Hauboliee Bepo-
ATHOTO COCTOSIHHSI CHCTEMBL. '

6) Ilepexoa TemoOTH OT XOJORHOrO Tela K TellIOMY He MOXeT
NPOHUCXOAHTh CAMONPOH3BOJBHO. _

7) HeBosmoxHo npeBpaTuth B paboTy Temiory KaKoro-Jaubo

Tella, He NPOH3BOAS HHKAKOIO APYroro AeHCTBHA, Kpome oxJnaxie-
HHS 3TOrO TeJa.

8) Dueprus pasiMYHLIX BUJOB CTPEMHTCS NepeiiTH B TEMJIOTY,
a TelJOTa CTPeMHTCsl paccesTbcss (T. €. PaBHOMEPHO pacnpene-
JIMThCH ).

9) TemaoTta Haunbojee XOJOJHOrO H3 YYacTBYIOIIHX B mpouecce
Tes He MOXeT CJYXHTh HCTOUYHHKOM PaGoTHL.

Bub6epute GoOpMynHpOBKH 3aKoHa: a) HaHGouee obuyio,
6) paBHOlleHHble, T) HMelollHe HauGoJbHlee 3HayeHHE B ¢dusuKe,
XHMHH, OMOJOTHH, TEXHHKE. :

12-8. B caexnywomux Tpex GopMyJIHPOBKAaX BTOPOro 3akoHa Tep-
MOAMHAMHMKH YKa3hnBaeTcss Ha NepHOAHYHOCTb [eHCTBHS MallMHBL
H NEPHOAHYHOCTD TIpoiecca.

1) HeB03MOXHO MOCTPOHTE NEPHOAHYECKH J[edCTBYIOULYIO Ma-
IIMHY, KOTOpasi He NPOM3BOJAMT HHUEro JPYroro, KpoMme MOAHSATHR
rpy3a H oxJaxJeHHs pe3epByapa TeNJOTHL.

2) HeBo3MOXHO €O3/aTh MePHOJAUYECKH AeHCTBYIOUIyl0 MallH-
Hy, KOTOpas Npou3BojH/aa Ob paGoTy 3a CUeT OXJaXAeHHs OKpy-
¥Kawleld cpeaH.

3) HeBoamoxeH NMepHOAHYECKHH MPOlECC, €LHHCTBEHHHM pe-
3yJbTaTOM KOTOPOTO fBJsETCS NpeBpallleHHe TemJIOTH B pabory.

[ToyeMy B 3Tux OpMyJHPOBKAX MOAYEPKHBAETCA MEPHOAHY-
HOCTB TIpollecca M AeHcTBHS MawuHH? JloKaXHTe, 4TO 3TH tdopmy-
JIHPOBKH ' 3aKOHOB ‘COBMafalT ¢ QOPMYJHPOBKAMH B 12-7.
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12-9. B crexymowmux AByX BHpaMeHHSX BTOPOro 3aKOHa TepMo-
AHHAMUKH BBENEHO MOHSITHE BEPOSTHOCTH COCTOSHHS,

1) HsonupoBanHasi cHcTeMa cTpeMHTCH JNOCTHTHYTh HaunboJee
BEPOATHOIO COCTOSIHHSA, T. €. MaKDPOCKONHYECKOrO COCTOSIHHS, CO-
OTBETCTBYIOLIero HauboJbllleMy 4YMCIy MHKPOCKOINHYECKHX COCTOf-
HUH.

2) Ilpupoaa CTpeMHTCH OT COCTOSIHHE MeHee BepOSITHHIX K CO-
CTOSIHHSIM 60Jiee BEPOSITHBIM.

JlokaxuTe, 4TO 5TH BHIpaXKeHUS DaBHOLEHHHI BLIpaXKeHHUSIM B
12-7 u 12-8.

12-10. Huxe npuBefeHo HecKOJBbKO bopmyTHPOBOK  Tperbero
34KOHA TePMOIHHAMUKH.

1) SuTpomus MHAMBHAYaNbLHBIX KPHCTANIHYECKHX T CTPEMHT-
€ K HYJIO IPU CTPEMJIEHHH TeMIepaTyphl K aGCOJIOTHOMY HY.JIIO.

2) Jlo6oe BeltecTBo HMeeT ONPeleNEHHYIO MOJOXKHTEALHYIO SHT-
POnHio, HO NpH aGCOMIOTHOM HyJe SHTPOMHS MOMKET CTaTh paBHoI
HyJ 10 (AJsl YHCTHIX, NPABHALHO O6Da30BaHHAEIX KPHCTAJTUYECKH X
BellleCTB).

3) OHTpOIHS YHCTHIX BellecTs, CYLUIECTBYIOLUIHX B BHAE HAEaNb-
HbIX KpUCTAJ/JIO0B, IDH TeMIepaType abCOMIOTHOTO HyJs paBHA HYJIO.
Hokaxure, uTo Bce npuBeLeHHbIE GOpPMYJHDOBKH  paBHOLEHHBHI.
Bripasute nepByio (opMyJHPOBKY B BHAE MaTeMaTHUECKOH dop-
MYJIBL

12-11. Bujo npennoxeno etme ase GopMYyJTHPOBKH TpeThbero 3a-
KOHa TePMOJAMHAMHKH.

1) HeBo3MOXHO HOCTHYL COCTOSHHS C HyJeBoH 3HTpomnuei.

2) HeBo3moxHO mocTHub abcomoTHOrO HyJsl TeMOepaType Ko-
HEYHBIM YHCJIOM oNepanui.

O6mbsacuuTe GU3MUECKHH CMBICA 3THX ($opMy.THPOBOK.

12-12. Hafinure owu6Ky B caenyiomux paccyX IeHHSX:

a) 3Heprus ecTb QYHKIHS COCTOSIHHS;

6) TemaoTa eCTb 3HEPrus;

B) C/1eJOBATe/IBHO, TEIIOTA eCTh GYHKUHS COCTOSHHUS:

T) HO TemJIoTa He siBJAsercs BYHKIHeH COCTOAHHS,

12-13. MoXHO J¥ cO31aTh YCTPOHCTBO, MO3BOJSIOLIee NMOJYYHTh
paboTy B pe3yJbTaTe H3MeHeHHS atMocdepHoro naB/ieHHs? Byner
JI1 OHO BEUHHIM JABHraTeJeM?

12-14. [IBa coBeplleHHO OZUHAKOBHIX COCYyIa 3amoJIHEHB OJHHM
W TE€M Xe rasoM (nanpumep, reauem) npu 20°C. B oxnom cocyae
‘Heo6XOAHMO MOAAEepPIKHBATD TeMneparypy -+50°C (B marpeBaTeJb-
HoM mKady), B apyroy —10°C (B xonommishuke). Ha xakoit
npouecc (Ha HarpeBaHHe WJIH OXJAaXkjeHHe) GyxeT 3aTpaveHo GoJib-
llee (WJH PaBHOE) KOJIHYECTBO 3JEKTPHUECTBA?

12-15. ITymeuns#i cTBOM mpH cTpeabbe XOJOCTHIMH H 3apsxKen-
HBIMH CHapsANaMu HarpeBaeTcsi Ho-pasHoMy. B kaxoM cayuae cie-
AyeT 0XKHJaTh GOJbIIEro HACPEBAHHSA?

12-16. Kak usmensieTcss TemnepaTypa LeTaun IIPH ee KOBKe?
12-17. Harpesanue 1 Kr Boan Ha 1°C paBHOLEHHO NOLBEMY Te-
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Jaa maccoft 1 rr Ha 460 ™.
CocTaBbTe KaK MOXHO GOJIb-
Ile 32124 HA 3TO YCJOBHe.

12-18. Ha moaweM rpysa

Macco#t 1 xr Ha 1 M 3aTpaun-
paerca 9,8 /Ix. B neun ueso-
BEK TMOTpebJseT KOJHIEeCTBO r—
HLIH, COOTBETCTBYIOLIEE
sHepruu B 12,5 xJIx. Ckoas- '
KO pa3 YeJIOBEK CMOXKeT Moj- PHC. 121
HATh Tpy3 B 1 Kr Ha BhicoTy 1 mM? Ha noameM mo Kakofi BHICOTH
rpysa B 50 kr uenoBeky 6yjAeT AOCTAaTOYHO JHEBHOH HOPMbI MHILH?
(I1pennonaraercsa, 4ro BcA 9Heprys NHIUH nNpeoGpasyeTcsi B Me-
XaHHYECKYI0 SHEPTHI0.)

12-19. HaMepunu TennoBoii adpderT cropanus 1 r yraepopa a
#30LITKe KHCJIOpPOZa. 3ateM | I yriepoja M KHCJIOPOX MOAHSIH
Ha HeKOTOPYI0 BHCOTY. IloTeHuHanbHas aHEPrHs pearupyloillux Be-
flleCTB IOBHICHJIACh. B 9T0M COCTOSIHHH CHOBa H3MEPHJIH TEIJIOBOMN
adeKT cropanusa. KakoBbl pe3yJbTaTh aKCnepHMeEHTA?

12-20. B Tpex coBeplieHHO OJHHAKOBHIX KOMHATAX HAXOASATCAH:
B OJIHOH KOMHATe 9JeKTDHUYECKHH pajaHaTop MoumiHocrbio 500 BT, B
Apyro#t — aNeKTpolauTka MmolmHocThio 500 BT u B TpeTbelt afekT-
pHUecKas JaMmouka MollHocTbio 500 Br. OnuHakoBas uJH pasiuu-
Has teMiepatypa 6yner B KOMHaTax?

12-21. Ilo Kycky 2KeJe3a H IO KyCKy CBHHIIA yIapHJH MOJOTKOM.
Ilpennosaras, 4ro B KaXIOM KyCKe COLEDPKHTCS OJHHAKOBOE GHC-
JI0 aTOMOB, OpeJCKaXKHTe, Kakoe BellleCTBO OoJblle HAarpeercs oOT
yaapa.

12-22. Tlo KaKHM NpHYHHAM B KaueCTBE OXJAaXKAaIolle#l KHIKO-
CTH. XOJIOJHJIbHHKA JACTO HCNOJE3YETCA aMMHAK?

12-23. Ha nexotopo#t nJjaHere TemmepaTypa paBua --150°C,
Kaxkoe BeilecTBO MOKHO TPHMEHHThL Ha 9TOH MJAAHETE B KayecTBe
oxJaxaamilell JKHAKOCTH B XOJOJHIBHHKE?

12-24. Ha pnc. 12-1 usobpaken MPOEKT BEUHONO JBHraTessl.
‘Crenkn cocyia I NpOMyCKalOT TOJNBKO JerKHE MOJIEKYJhl COCTaB-
JAOILRX Bo3Ayxa (BOJOPOA, Teluil) U He TPONYCKAIOT THAKeJble
Mosekyapl. Co BpeMeHeM jaBjeHHe B cocyAe / MOBHILIAETCS H MOP-
wenb 2 moiHUMaeTcs BBepX. Korja OH HaXXHMaeT Ha KHONKY 3,
OTKpLIBaeTCs KpaH 4, ra3 BBIXOAHT H3 CHCTEMH, NMOPIIeHb OMyCKa-
TCA BHU3, KpaH 4 3axphiBaeTcs. 3aTeM Npoliecc moBTopsiercd. DBy-
JleT JH yCTPOHCTBO TAaK paboTaTh?

12-25. YraxuTe, KaKHe Ta3wl IPH JIOOHX JaBJeHHAX He TOJbKO

He NOAYHHAIOTCS YPABHEHHIO raszoBOro COCTOSHHSI, HO H YPaBHEHWU-
M COCTOAHHSA peaJbHBIX ITa30B.

12-26. 113BeCTHO HECKOJBKO YPABHEHHH COCTOSHHS
ra3oB, HallpEMEp:

=

peaJbHBIX

. a
(p+w ) —n=ar
i(y;parHerne BaH-nep-Baannca)
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(p+ V‘:/3 ) (V—b)=RT

(p+vir )0 = =&T

(p + ﬁy) (V ~b)=RT
p(V—b) e/ RTV) — RT

rge. p — AaBienue; V —o6beM; T — TeMnepatypa;, R —ra3opasg NOOCTOIHHAH;
a, b, ¢ — KOHCTaHTH, 3aBHCALLHE OT Pa3MEPOB H CBOACTB MOJEKY.

YKaxute a) (QU3HYeCKHil CMBICJ MONpaBoK a U b (Kakoe sABJe-
HHE OHH YYHTHIBAIOT?); 6) Kakoi BuJ NMPHOGPETAIOT BCe 3TH ypaB-
HEHHSl NPH YMEHbIUEHHUH NMONPABOK A0 HYyJf; B) BCe OTJIMYHA B IO-
BEJEHHH peaJbHOTO Ta3a W HJeasNbHOro, YYHTHBaAs AAd HAealb-
Horo rasa a=0u b=0.

QO6bsicHHTE, IOYEMY H3 IPHUBEJEHHBIX YDABHEHHH COCTOSIHHA pe-
aJbHOrO ra3a MOXHO MOJYYHTb OFHO H TOJbKO OJHO ypaBHEHHe CO-
CTOSIHMSl MIE€asibHOTO ra3a, HO U3 YPaBHeHHUSl COCTOAHUA HAEaJbHOTO
rasa HeJb3sl HE TOJbKO BHBECTH YPaBHEHHE COCTOHHHS DPeaJbHOrO
rasa, Ho H Jaxe MOJIYUHTh KaKHX-1MG0 yKa3aHHl Ha NoBeJeHHE pe-
aJLHOrO rasa. :

12-27. IBa cocyna umetor Temnepatypul Ty u To (To>T,). daB-
JIGHHS B COCYyZax paBHbl. TeMnepaTtypy rasa B KaXIoM coCyle IO-
BHICHJIM HA4 DaBHOE YMCJO rpazycoB. Kak u3MeHHMTCA JaBleHHe B
cocynax? '

12-28. BrlupcauTe 3HaYEHHE Ta3oBOH NMOCTOAHHOH R, HCXoAf H3
CAEAYIONIHX AaHHBIX: 8,47 T OKcHaa yriepoga npu 7°C M [aBJe-
HuM 1,040.105 [1a 3anumaior 06beM 6,78 1.

12-29. BosaymHniii map o6beMoM 5 a1 npu Ramjienun 1-10° Tla
u teMmnepatype +20°C noansat B cTpatoctepy, rie AaBJeHHE paB-
Ho 3-102 ITa. O6bem wmwapa craa paBubuiM 1390 n. Kakxosa Temnepa-
Typa Ha 3TOH BHCOTe?

12-30. TTouemy aJis 3al0o/IHEHHA BO3AYLIHOTO 1Iapa HeJb3s MOJb-
30BaTbCS BOASIHEIM I1apoM, a TOJbKO HArpeTHIM BO3AyXoM (B TO XKe
BpeMa HaJ MOBEPXHOCTbIO 3eMJH NJBIBYT 00/MaKa M BOASHOH map
HOAHMMAeTcAd KBepXy)?

12-31. B u30oaHpOBaHHOH cHCTeMe COMepXAaTcs MOJEKYJBl rasa,
KOTOphle HaXO[sTCS B HeNpepHBHOM ABHKeHuH. OTKyZLa OHH Moay-
ualoT 3Hepruto? He ABndercd JH 3TO HapylLIeHHEM 33aKOHOB TepMO-
nuHAMHKH? He DOJXKHH /M MOJEKYyJB 4epe3 HEKOTOpoe BpeMs
OCTAHOBHTBCA?

12-32. O6bAcuuTe, MOYEMY N0 Mepe IOoAbeMa B ropy TeMIepaTy-
pa MOHHXKAaeTcs, XOTA TelILH BO3AYX MOJHHMAaeTcs KBepXy.

12-33. OcHOBHOe KHHeTHUeCKOe ypaBHeHHe Ta30B MOMeT OblTb -

3aMHCAHO B BHJE!
R =3[,NsE/T

Toe Na— uHcsno Asoraapo; E — kuHernueckas sHeprus 1 MOab MOJEKyJ rasa.
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Ha ocHoBaHHHE 3TOH (GOPMYJH MPELJOKHTE ompejejeHue MoHA-
THsi Ta30BOH IOCTOSHHOA (OAHO H3 muorux). Kakue Apyrue Ompe-
JeseHns BaM H3BeCTHBI? Bocnosb30BaBIIHCE 3TOH dopmMyaofi, Aak-
Te onpefe/eHne TeMNepaTyph.

12-34. JI. V. MengeneeBnM GBI usrotopJien mepBhifi B PoccuH
BOZOPOAHHI TepmoMerp. MccnenoBaHus BOLOPOLHHX TEpMOMETPCB
[OKa3aJH, YTO MMH MOMKHO H3MepATb TeMnepaTypy He HHXE
900 °C u ue Buime +100°C. Touemy?

12-35. Tlpu 100 K # 102.10% Tla nosa renns 3aHHMacT obbeM
10 5. TIpu mMOBBHIIEHHH TeMIepaTyphl H yBe/iHueHHH JaBJIeHHA 1O
902.10° I1a o6beM rasa craj paBHHM 90 ;1. BHuHCaHTE TeMIepa-
Typy KOHEUHOrO COCTOSIHHS rasa.

12-36. Kak oGBACHHTb, YTO TENJI0EMKOCTH OJHOATOMHOrO rasa
He 3aBHCHT OT TeMIepaTyphl?

12-37. Humxe mnpHBeJeHB. 3HAUCHHA H306apHOR TeNJOeMKOCTH
(p=const) C°, 298 H nzoxopHof (V=const) C°y, 208 TEIJIOEMKOCTH
(B Ox/ (K-Moap)] 0AHOATOMHOTO, JByXaTOMHOTO H TPeXaTOMHOIO
rasos:

C° py 998 v, 208
He 20,8 29,3
H. 28,8 37,2
CO, 37,2 45,5

Kaxie BHBOAA Bh MOXeTe CAeJaTh IPH CpaBHEHHH 9THX AAHHHX?

12.38. KaK HM3MeHSIOTCH TeMJOeMKOCTH ra3oB IpH yBeJHYEHHH
yHcNla ATOMOB B MoJeKyae? B uem NMpuuHHA HepaBneHCTBA H3obap-
HOH H H30XOPHOH TeNJOeMKOCTEH?

12-39. CKoOJIbKO HYXHO 3aTPATHTh TEIJIOTH HA HarpeBaHue
294 1 renust ot 0 no 100 °C npu NOCTOSTHHOM JaBJIEHHH?

19-40. ' CKONBKO HYMHO 3aTPATHTh TEMJNOTH HA HarpeBaHHe
1 moap asota oT 20 ao 30°C mpH NOCTOAHHOM NaBJieHHu?

19-41. Kakoe KOJHYeCTBO TEMJOTHI HYXKHO coo6muTh 100 © BO-
ASIHOTO mapa, 4ToOH Harperb ero ot 100 mo 150°C mpu moCTOsAH-
HOM JlaBJeHHH?P

19-42. CKOJBKO TemJaoThl motpebyercsd, yTo6s Harpets 5 r ra-
3006pasHoro xsopa Ha 10 °C npu NoCTOSHHOM o6neMe?

12-43. Kak Bnl o6bAcHHTE, OYEMY a) usoGapHass W H30XOpHad
TeMI0eMKOCTH OTJHUAIOTCS Ha BeJHUYHHY, PaBHYIO rasopofi MOCTO-
AHHOH, ©) TEIJOEeMKOCTH OJHOATOMHOTO H JByXaTOMHOrO ra3os,
pasiHyaloTCs Ha Ty Xe BeJIHUHHY?

12-44. Onpefenure yACAbHYIO TemJ0eMKOCTh a30Ta IpH MOCTO-
qHHOM LABJNEHHH H NOCTOSHHOM OOBeEMe.

19-45. B kaKOM COCTOSHHH (aTOMHOM HJIH MOJIeKyJSipHOM) Ha-
xoAuTCs mapoo6pasHas pTyTh, €CaH HA narpeBanne 20 r mapos pTy-
11 or 20 no 30°C mpH NMOCTOAHHOM AaBJEHHH notpe6oBanoCch KO-
AMYECTBO TelIOTH, paBroe 21 JLxK?
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12-46. Mousexynst CH, u CCl, HMeIOT ofHHaKOBOE TeTpa’ipH-
Y€CKOe CTpPOeHHe. YKaXKHTe, TelJIOEMKOCTb KAKOro BellleCTBa GOJIb-
ure, #H o6BSACHHTE NOYEMY, .

12-47. O6DBscCHATE, NOYEMY TENIOEMKOCTD [IPH NMOCTOAHHOM 00B-
eMe Cy BOZOPOJA 3aBHCHUT OT TeMIIepaTypHl:

7, K 50 298 2000
. Cv, Ox/(K-Monn) 12,6 20,9 29

12-48, MoxHo au cuutath npasuio [liononra u IITH 3aKOHOM?

12-49. Pacnonoxute ciefyioliHe MeTaaabl B nopfiKe Bo3pa-
CTaHHS HX yIeJbHBIX Temjoemkocteii: Ag, Zn, Al, Cr, Ni, Cu, Fe,
Mg, Sn, Pb.

12-50. Onpepenurte yaeabHy1o Ten/l0eMKOCTh XpoMa, KakHe gaH-
Hble Bam 1719 310r0 HyKHBI?

12-51. Hafizute KoaHuecTBO TENJIOThI, HEO6XOAUMOe [JisI Harpe-
Bauusd 5 r Mexn ot 30 go 50 °C.

12-52. Kakoe KONHYECTBO TeNIOTHl BBHIAEJHTCS NpH OXJaXie-
HuH 50 r amioMunus or 40 go 15°C?

12-53. HaBecka meraasa 0,3082 r BLITeCHSeT H3 XJIOPOBOLOPOA-
HO# Kucaots 114,8 mMa Bogopoma mpu 20°C u 9,997-10% Ia. IIpu
OKHCcJeHHH 1,026 r storo MeTansa noaydyeHo 1,277 r okcuua.
YieabHasl Tem10eMKOCTh MeTaJia 0,389 Mx/(K-r). Buluncaure
aTOMHYIO MacCy 3TOro MeraJa.

12-54. Poct naBienuns (mpu o6bruHOH TEMIIEDATYPEe) BHI3LIBALT
CH/IBHOE YMeHbIIEHHE TEMJOEMKOCTH MUAKOH BOAbl. K4aK 3TO 06b-
SICHUTB?

12-55. 3HaueHHs SHTPONUH BeleCTB IOAYYAIOT H3 AAHHBIX HO
TeNJI0EMKOCTAM. TennoeMKOCTH HHEPTHHIX ra3oB  (OZHOATOMHBIE
MOJIEKY/IBI) ONHHAKOBHL [C°p 995=20,786 IOx/(K-Moas)], a ux sHu-
TPOITHH BO3PACTAIOT 110 MePe POCTa aTOMHON MacCh:

Sa08115, L/ (K-momb) S 0815 LK/ (K-Momb)
He 126,043 Kr 163,971
Ne 133,666 Xe 169,573
Ar 154,733 Rn 167,762

Iloyemy?

12-56. KauecTBeHHO oueHHTe (6oJblue HJIH MEHblIe) H3MeHEeHHe
SHTPOIIHH TIPH CMEIUeHHH CJeLYIOUHX [a30B, B3STHIX HO 1 MOJIO
(npu 298 K):

He u Xe
He u Ne
dHe wu SHe
%0, n 180,

12-57. TIpH pacTsiXeHHH Pe3HHOBOH MOJOCKH TeMllepaTypa ee
nosuimaercsa. Kakoe cocTosinMe pesuHBl 6odee BEPOATHO — CXKa-
TO€ HJIH pacTsHyroe? B Kakom coCTOSIHHH MOpPSAMOK B CHCTeMe BHI-
me? Kakoe COCTOAHME pe3HHBI HMeeT 6oJee BRICOKYIO SHTPOMHIOP

12-58. TlpennosioxuM, uTo KPHCTAN OKCHAa yraepona CO co-
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CTOMT H3 1 MoJb MoaeKyJa. Paccuuraiite sutponuio npu 0 K B npei-
[OJIOXKEHHH, YTO MOJIEKYJibl PacloJiOKeHbl B KDHCTaJJIH4YeCKOH pe-
leTKe a) MOJHOCTBIO ynopsifoueHuno, HanpuMep ...COCOCOCOCO...,.
6) B nosHoM 6ecrnopsiake, Hanpumep ..COOCOCCOCOCOOCOC....

12-59. IlpeasioxkuTe CHOCOG BHIYHUCJAECHHS 3HTPONHH KpPHCTAMJIH~
yeckoro NO npu TeMnepatype a6CcoNMIOTHOrO HY s,

12-60. [ToueMy pasMepHOCTH M eJHHHLBI H3MepeHUsA Ta30BOH No--
crosHHOH R, TensoeMkocTd C M SHTPONHH S OAHH H Te XKe?

12-61. YeM o6BscHAeTCSI POCT SHTPONHH NPH [OBHIUNEHHH TeM--
neparyphl?

12-62. ¥ xakoro BelllecTBa — 3TaHa, 3THJAeHa HAH alleTUjeHA —-
IPH PaBHHX TeMIepaTypax M [aBJeHHAX H OJHHAKOBBIX arperar-
HBEIX COCTOAAHHAX 6osibllie SHTPONHUA?

12-63. DHTpONHH HEKOTOPBIX HOHOB HMeEIOT OTPHIATeNbHBIH
3Hak*, Kak Bnl cuuTaete, IpH NMOHHMXKEHHH TeMIlepaTyphl SHTPONHE
3THX HOHOB CTAaHOBHTCA GoJiee OTPHLATENBHOH HJH, HAa060pOT, yBe-
JHUYUBAETCA? .

12-64. Tlpn cTpeMyieHHH K a6COJIOTHOMY HYJIO SHTPONHA KpH-
cTajsa OKcHAa yraepoia npubiaumxKaercss K 3nauenuio 4,6 JIx/(K-
-moab). Kak pacnosmoxenn Monekyasl CO B KpHcranne?

12-65. Ilpoananu3upyiite dopmyasl (o6cyAHTe BAHSHHE TeMIe-
pPAaTypH, H3MeHeHHs 06beMa M 4Hcaa MoJell ra3006pasHbIX BelEeCTB:
Ha TepMOAHMHaMHYeCKHe XapaKTePHCTHKH NPOLECCOB):

AG® = AH° —TAS®

AF° = AU° —TAS°

AH® = AU® - pAV = AU°® -+ AnRT

rae AG — HameHeHHe HM306apHOPO (H306apHO-H3O0TEPMHYECKOrO MOTeHIHaJa) HIH
sHepruu [u66ca B xuMuHYeckoM npouecce (p=const); AF — H3MeHeHHe H30XOPHOTO-
(nsoxopﬂo-nao'repmuqecxoro HOTEHI.I.HaJIa) HJIH 3HEPrHH reJIbMI‘OJlbI.la B XuUMH4Ye-
ckoM npouecce (V=const); AU — uameHeHHe BHyTpeHHell 3HepTHH B XMMHYECKOM
npotecce; AH — n3MeHeHHe 3HTAJLIMH B XHMHUECKOM npouecce; p— AaBJ/EHHE,;

AV — usmenenne o6beMa; An — H3MeHEHHe YHC/aa MOJell ra3ooGpa3HEIX BeLIEeCTB;:
An=nyou—MNuex; R — yHUBepcaslpHasi rasoBas NOCTosiHHast; T — TeMnepaTypa.

BriBenute dopmyay, cBassiBawouyio AG® 1 AF°, Ykaxure ycio-
BuA, Korga AH°=AU°, AG°=AF°, AG°=AH°, AF°=AU°, AG°=
=AF°=0,AG°<0, AG°=0u AG°>0.

12-66. IlpuBeante Bo3MoXHble 06bACHEHHHA, NoYeMy B CIpaBoy=
HMKax jadi 3Hauenus AH¢ u AG®, a ue AU® u AF°.

12-67. B u3onupoBaHHO! CHCTeMe IIPOXOAMT peaKIus

H, (1) = Cl, (r) = 2HCI (r)

Kak u3MeHAIOTCA BHYTDEHHfSl 3HEPIHs, 3HTAJABOHA W SHTPONUA CH-
CTEMBI?

12-68. Ilpu cTaHgapTHHX YCJAOBHAX MPOUECC
H, (r) -+ 1/20, (1) = Hy0 (x)
* DHTpPONMH HOHOB CDaBHHBAKOTCH € SHTPONHEA HOHAa BOJOpOJa, NpHHATOR
paBHOR Hymo.
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TIPOTeKaeT CaMONpPOU3BOJbHO (AG°<C0). Bo3MOXeH JIH 3TOT IpO-
alecc B H30JMUPOBAHHOR CHCTEME?D
12-69. Peakuusa

3SiCly (k) - 2A1,04 (k) = 35i0, (k) 4 4AIClg (k HaH X)

fIPOXOJHUT HACTOJIBKO GYpHO, UTO pacTBOP x.nopnna KpeMHUS 3aKi-
naet. Kak 3T0 0GbSICHUTB?

12-70. IIpuBeauTe NpHMepHl MPOLECCOB, KOTOPHE NPOTEKAIOT Ca-
MOIPOU3BOJBHO, HO Ge3 3aMeTHOro H3MeHeHHS TeMIEpaTypHl, T. €.
6e3 NOTJIOIeHN S UK BhIJeJeHHS TelJIOTHL.

12-71. Tlpenckaxkure 3HaK U3MeHEHHS SHTPONUH B PeaKIHH:

NH,HCO, (x) = NH, (r) + CO, (r) + H,O (1)

{loueMy BemiecTBO ycTOHUMBO NMpPH CTAHZAPTHEIX ycaoBuAx? [loue-
MYy Jaxe IPY MOBLILIEHUH TeMIePaTyphl CKOPOCTb €r0 Pa3JOXeHHS
He CAHILKOM BeJiMKa?

12-72. TlpeackakuTe 3HaK H3MeHEHHS SHTPOIHH B CJAEAYIOIIHX
peaklusix (IIpoBepbTe HPeJMNOJOXKeHUS PACUETAMH):

1) CaO (k) 4- CO, (r) = CaCO, (k)

2) 4Fe (x) 4- 30, (r) = 2Fe,05 ()

3) N,O,4 (r) = 2NO4 (1)

4) 2H,0 (r) = 2H, (r) + O, (1)

5) NH, (r) 4 HCI (1) = NH,CI (x)

6) CaO (x) + H;0 (r) = Ca(OH), (k)

7) CaO (x) 4 HzO (%) = Ca(OH), (x)

8) CaO (k) + H O (x) = Ca?* (p) + 20H" (p)
9) AlOy (¥) + 3504 (r) = Aly(SO)s (¥)

12-73. O6DbsicHHTe, TMOYEMY 3HTAJbNHA peaKUHH MeXAy KpH-
CTaJIMYeCKHMH BellleCTBAMH 3HAYHTEJbHO MeHbllle 3aBHCHT OT TeM-

iepaTypn o CpaBHEHHIO C SHTaJIbNHeHR P€aKlI il MexXAy raaooﬁpas-
‘HBIMH BellleCTBaMH.

12-74. Tlouemy Mosexyna Cl,O; cymecrByer, X0oTl TepMOAHHA-
MHYeCKH OHa MeHee BeposTHa, ueM Cl,0 u 30.?

12-75. Ilpu npuGAHIKEHHH TeMIepaTyphl K a6CONMIOTHOMY HYJIIO
U3MeHeHHe SHTPONHU B peaKUuH OOGRYHO HPHOJHKAeTCHd K HYJIO.
OnHaKo HMeIOTCS HCKJIOUEHHS M3 3TOrO IpaBHJa, HalpHMep:

C (rpagut) -4 1/204 (x) = CO (k)
1/2N (k) + 1/20, (k) = NO (x)
CO, (x) + C (k) = 2CO ()

Jas atux peakuuit naxe npu 0 K AS=£0. Iloyemy?

‘ 12-76. Ha xap6onat naTpus QeficTBYIOT KHCJOTOH, BBIAEJHBIUINA-
€fl Ta3 HampaBJslOT B COCY[ C PacTBOPOM INeJOYH, rie obpasyercs

cHoBa Kap6oHaT. Kak OOBACHHTb, 4TO OXHOBPEMEHHO NMPOHCXOIHT

pasjoxeHHe ¥ 06pa3oBaHHE OJHOrO H TOrO e BeIleCTBA? -

82



12-77. TepMoauHaMHYeCKHe XapaKTePHUCTHKH BelllECTB 1 u2co-
craBa CqHgO B razoo6pasHoM COCTOfIHHH TaKOBHI:

AH® 36ps 298 S7rn, AG® o6p; 2981

wJK/MonB Ix/(Mmonb - K) K OK/MONb
Bemecrso | —234,81 282,59 —168,28
Bemectno 2 —184,05 267,06 —112,93

Kakoe BeltlecTBO, 1 HaH 2, fiBAsieTCs 3THJAOBBIM CIHPTOM, Kakoe
AVMETHJIOBHIM 3(pHPOM? '

12-78. Ilpu cropandn 1 MOJIb FJIIOKO3H CgH 206 10 ra3o06pasubix
CO, u HyO u3MeHeHHe SHTANBIHK COCTABJSAET —2538,6 kdx/M0Jb,
a M3MeHeHHe HM306apHOro MOTEHIHasna paBHO —2818,6 kJlx/Moab
(298 K). Kak uaMeHsieTcsl CTeleHb MOpAAKAa B CHCTEME, B KOTOpoit
cropaer rMI0K03a? BbruucinTe H3MeHeHHe SHTPONHH.

12-79. Ha ocHOBaHMH cleAYIOIUHX TePMOAHHAMHYECKHX Xapak-
TEPHCTHK LOKAaXHTE, UTO CTOPAHHE IJIIOKO3bl SBJAETCA CAMOMPOH3-
BOJIbHEIM TpoleccoM (mpu 298 K):

At 06p» s AG® GEPr
xJx/Monb Hox/(K-MoJb) gJlx/Monb
CGHmOG(K) —1274,4 212,1 —919,4
0,(r) —393,7 213.8 - —394,4
H,0(r) — 241,8 188,7 —228,6
01(r) — 205,0 —

§ 13. TEMJIOBBIE 3¢ PEKTbl XUMUYECKHUX MPOLECCOB

13-1. Noxaxute, uto 3akoH [ecca: «TenyoBoH 3¢deKT (unu H3Me-
HeHHe SHTAJbIIHH) XMMHYeCKOH DEeaKUHH 3aBHCHT TOJBKO OT Ha-
4yaJbHOTO H KOHEUHOIQ COCTOSIHMSI CHCTEMBI, HO He 3aBHCHT OT NIyTH
nepexosia», ABJASETCA CEJCTBHEM NEPBOro 3aKOHA TEPMOAHHAMMKH.

13-2. Tlo oxHo# H3 GOPMYJNHPOBOK TEpBOro 3aKOHa TepMOJAHHA-
MHKH B J1060M [pollecce NpHpaluleHHe BHYTPeHHeH 3SHeprHn
AU=U,—U, cucTeMbl pPaBHO KOJHMYecTBYy COOCILEHHOH cHCTeMe
Tem10Th Q MHHYC KOJHYeCTBO paGoThl A, COBEpIIEHHOH CHCTEMOH,
t. e. AU=Q—A. Ouenb BaXHO, YTO M3 TPeX BEJHUYMH, BXOJSUIHX B
9TO COOTHOLIeH¥e, ToNpKo ofiHa — AU 0JHO3HAYHO ONpefesseTcs
HauajbHBIM H KOHEUHBIM COCTOSIHHSIMHM CHCTEMBI M HEe 3aBHCHT OT
nyTH mepexoja. JTO O3HAHaeT, 4TO Q u A 3aBucaT OT cnocoba co-
Bepiuedns npouecca. [lockosbky TerioTa Q cBa3aHa ¢ M3MeHEHHEM
SHTANBINA cooTHoueHHeM: Q=—AH, cienoBatelbo, Al 3aBUHCHT
OT MyTH nepexofa u sakoH lecca K AH ne npumennM. Ho 310 He
Tak. Haliaute olIHOKY B paccyXAeHHX. -

13-3. Ilpu cropanun 1 MOJb IIIOKO3H C¢H,206 10 rasootpas-
apix CO; u H,0 Bhigeasercs 2538,6 k(K TemsoTbl. HanumuTte TEp-
MOXHMHMUYECKOe ypaBHeHHe peakluuH. Uemy paBHO H3MeHEHHE 3HTaJb-
nuW npH cropadu 1 Mosb rioKosn? Hamuumre TepMOAHHAMHYE:
CKOe  ypaBHeHHe  peakuHH. 3Had AH%6sp, 208 COz (1)
(—393,7 k[x/monb) u  BOABI (—241,8 xJ{x/MoJsb), BHUYHC/IATE
AH®s6p, 208 TJIIOKO3BIL.
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13-4. Onpenenute pasuuny mexay Q, 1 Qv mpu 100 u 1000°C
B CNEIYIOIHX PEAKIIHOHHHIX CHCTEMaX:
1) HCI(r), O, (r) — H,0 (1), Cl,(r)
2) Fe,04 (), CO (1) —— FeO (x), CO, (r)
3) Fe(x), Hy0 (1) — FeO (x), H, (1)
4) HyO (1) —— Hy (), O, (r)
5) MgO (), CO,(r) — MgCO, ()
6) CO(1), Cly(r) —> COCl, (r)
7) NO, (1) — N304 (1)

13-5. B peaxnuu 16,34 r nunka ¢ 0,5 1 1 M H,SO, Buizeansoch
41,425 x>k TemJIoTH NP NOCTOAHHOM 06heMme. BhIUHCIHTE Qv, Q,,
AH° u AU° (B xIx/Moub).

13-6. Ha npuMmepe peakiHit :

Za (¥) 4- HySO; (p) = ZnSO, (p) + H, (1) AHPy0s = —165,7 xJIx (V = const)
Zn (¥) 4 H,SO4 (p) = ZuSO, (p) + H, (1) AHg5 = —163,2 Ik (p =const)
JIOKaXHTE, UTO

Qp= QV -—-pAV: Qv— AnRT
H

AH = AU + pAV = AU - AnRT

Tie An— pa3HoCTh uncaa Moself Ta3006pasHHX NPOAYKTOB peaKuHH H razoo6pas-
_HEIX HCXOJHKIX BEIlecTB.

13-7. PaccunTaiiTe CTaHZapTHYI0 SHTAJLIHIO 06pa3oBaHus
NH4NO: (x), ecnn TemnoBofi sddeKT pearuuu (298 K) npu no-
CTOAHHOM O6BbeMe

NH,NO, (8) = N, (r) + 2H,0 ()

PaBen Qy=+310 kJIk/Mosb (AU°=-—310 x[x/moab) u
AH%6p 20sH20 (%) =285,8 k13 /MOD.

13-8. CranpaptHast sHragbmus o6pasoBamns CO (r) pasua
AH®398=—110,5 k]J12k/MOJD. Ilpu cropanun 1 moas CO BmensieTcs
:283,0 x[Ix Tennorn. Buuncante CTaHAAPTHYIO 3HTAJbIOHIO 06pa3zo-
Banusa CO; (r).

13-9. Nokaxute (m066M crnocoBom: NpH  NOMOIIH OpHMepa,
‘OOIIUX pAacCyKAEHHH, OT NMPOTHBHOTO H T. ), YTO TeIIOBOH 3¢-

dexT peakuuu paBeH PasHOCTH CyMM TEIJIOT 00pa3oBaHHsT MPOAYK-
TOB PeaKIHH H HCXOAHHIX BELIECTB

AH = 2 AH6p (RponyKTOB) — 2 AH,6p (Mcx. Bewmectn)

OueHka orBeTa mpoBomutes mo 1) KpaTKocTH J0Ka3aTenLCTBa,
2) OpPHIHHAJLHOCTH XONA [OKA3aTeJbCTBa, 3) YPOBHIO Hay4YHOroO
X4pAKTepa TEKCT4, HANpPUMEpP MO YHCAY HCMOJIb3OBAHHHIX HAYUHBIX
TEPMUHOB, 4) NPABHILHOCTH JIOTHYECKHX TPHEMOB, 5) no Tomy, Ha-
CKOJIbKO TOHATHBEIM H SICHEIM OKaXKeTCH A0KA3aTeJhCTBO.

13-10. Cxonbko morpeGyercs cxeun yriepona, 4ro6ul Harperhb
I o1 Bomsl or 20 10 100°C, ecin AH®36p,29sCO; (1) =
=—393,7 k1 /MOJIb.
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Ca0 (k) + SiO, (k) = CaSiO; (x)

eC/IH CTaHJapTHas SHTaAbNHs 06pasoBaHHsi AH’.ep YYaCTBYIOIIUX
B peaknun kpucradaudeckux semtects CaQO, SiO,, CaSiOs; cooT-
BeTCTBEHHO paBHa —636, —908, —1582 x[x/Moab. ChopmyaupyH-
Te mpaBuJo pacyera AH peaklHH 1O H3BECTHBIM 3HTAJbIHAM 06pa-
30BAHHA YYACTBYIOUIHX B PEaKIHH BElUieCTB.

13-12. Onpepenute AH® peakiuu

Fe, 0, -+ 2Al = Al,O, + 2Fe
ecqu AH%6pFe203;=822,2 kIlx%/Moab " AH®,6pA1,0;5=
=1669,8 k% /Moab.

13-13. BHIYHCIHTE KOJHYECTBO TEIIOTH, KOTopoe Tpebyercsa Ha
pasnoxende 10 kr 6e3aBofHOro Kap6oHaTa HATPHA

Na,COj4 (k) = Na,O (k) -+ CO, (r)
€CJH U3BECTHO, UTO
Na,COy (K) + SiO, (k) = Na,SiO, (k) + CO, (r); AHP = 81,04 k[Ix
Na,O (k) + Si0, (k) = Na,SiO; (k); AH® = —243,17 xllx
13-14. Onpenenute sutanbnuio pasnoxenuns HyOp na Boay u
KHUCJIOPOJ, HCNOJb3YyS clelyIoliHe JaHHbe:
SnCl, (p) 4 2HCI (p) 4 Hy0, (p) = SnCl, (p) + 2H,0 (x);  AH° = —393,3 klx
SnCl, (p) 4 2HCI (p) + 1/20, (r) = SnCl, (p) + H,0 (); AH® = —296,6 k[
13-15. BbluHCAHTE KOJHYECTBO TEIJOTH, KOTOpOe BblAe/seTcH
TpH npou3BoAcTBe 10° Kr aMMHaKa B CYTKH, €CJIH
N, (r) 4 3H, (r) = 2NH, (r); AH® = —92 Ik
IIpennokKuTe, KaK HCMOAb30BATh 3Ty TEMJOTY.

13-16. BHUYHCJIHTE CTaHAAPTHYI0 SHTAJbIHI0 06pPa30BaHHHA
Fe;03, ecin M3BecTHO H3MeHeHHe 3HTaJ bNHH (298) B peakuuu

Fe,O4 (k) + 3CO (r) = 2Fe (k) + 3CO, (r); AH° = —28,4 x]Ix

Suranbnus obpasosanus CO; (r) u CO (r) paBHa cOOTBETCTBEHHO
—393,7 u —110,6 xJIxx/Mo0a5.

13-17. Vcxons u3 JaHHHIX AJs peakiuil okucaeHHs As,O; KHc-
JIOPOAOM H O30HOM

As,05 (K) + Oy (1) = As,05 (K); AH° = —270,9 kx
345,05 (K) 4- 20, (1) = 345,05 (x); AH° =—1096,5 k] x

BHIUHCJIHTE H3MEHEeHHe SHTAJbIUH NPH mepexoie 1 MoJb KHCAOpOAa
B 030H (298 K).

13-18. Brumcaute usmeHeHue sHrtanbnuu (298 K) B peakuuu
2H,S (r) 4 SO, (r) = 3S (k) + 2H,0 ()
eciim
H,S (r) 4 3/20, (r) = H,0 (k) 4 SO, (r); AH° = —561,1 rIx
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M CTaHfapTHas SHTadenua o6pasosaHus SO, (r) cocrasiger
—296,2 &J1x/MoJb.

13-19. Onpenennre sxHTanbnuwo o6pasosanua (298 K) kpucras-
JIHYECKOro IeHTaxJopHuia docdopa H3 CACAYIOMHX NaHHHX:

P, (k) + 6Cl, (r) = PCl, (%); AH® = —1272,0 kIx
PCl, (%) + Cl, (1) = PCl; (k); AH° = —137,2 xIx
13-20. Buiuncaute AH® peakuuit (298 K)
2PbS (k) 4- 30, (r) = 2PbO (k) + 250, (1)
PbS (k) 4 PbSOy (k) = 2Pb (k) 4 250, (r)
€cJIH SHTaJbNHM 06pa30BaHUs YYaCTBYIOIIMX B PEAKUHAX BellecTB
paBHH (B KJ:K/MOJB):
PbS (k) —100,4 SO.(r) —296,9
PbO (k) —219,2 PbSO4 (k) —920,4

13-21. Briuucante sHTanbNMio 06pasoBaHHA BOJHOrO pacTBOpa
a30THCTOH KHCJIOTH, BOCHOJIL30BaBIIKCh SHTaNbNUAMH (298 K) cae-
OYOUIUX peaKuui.

NH,NO, (p) = N, (r) 4 2H,0 (x); AH° = —320,0 k[Ix
NH; (p) 4 HNO, (p) = NH,NO, (p); AH° = —37,7 glIx
NHj, (p) = 1/2N, (r) 4 3/2H, (r); AH° = -1-84,9 x[Ix
H, (r) 4+ 1/20, (r) = H,0 (x); AH° = —285,8 k%

13-22. BuiyncanTe H3MEHEHHE SHTAJBLIIHH B PeaKIUMH
H, (r) 4 1/304 (r) = H,0 (r)
no caenywuuM naHHeiM (298 K):
20, (r) =30, (r); AHe = —288,9 kIIx
AH%gp HyO (r) =—241,8 g1 x/Mods

13-23. Bolunesnnte n3MeHeHHe aHTanbnuu peakuuit (298 K)
CaO (k) + H,0 (k) = Ca(OH), (k)
Ca0 (x) 4 CO, (r) = CaCOyq (x)
Ca(OH), (k) + CO, (r) = CaCO;q (x) +- H,0 (%)
CaCOg (k) +- CO, (r) 4 HyO (%) = Ca(HCOy), (k)
HcnoabayfiTe cnpaBoyHHe JaHHHE, HeOGXOAMMHe LJsi pacuera.

13-24. Bulunc/HTe CTaHAAPTHYIO SHTAJBNHI0 06PAa30BaHUA raso-
oGpasnoro HBr Ha ocHOBaHHH cieaywomux aaHHHX (298 K):

2KBr (p) - Cl, (r) = 2KCl (p) 4 Br, (p); AH° = —92,9 g]Ix
1/2H, (r) + 1/2Cl, (r) = HCI (p); AH® = —166,8 kx
Br, () = Br, (p); AH° = —0,8 k%
HBr (r) = HBr (p); AH°= —81,2 xIx

13-25. BrluHcaHTe CTaHAAPTHYIO SHTAJLIMIO 06pasoBaHHs 6po-
MOBOJ0pOAA :

1/2H, (r) + 1/2Br, (x) = HBr ()
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Ha OCHOBaHMH CJeAYIOUMX AaHHHX (298 K):

9KBr (p) -+ Cly (r) = 2KCI (p) + Brs () AH° =—92,9 kX
1/2H, (r) 4 1/2Cl, (r) = HC1(p); © AH° =—166,8 x[Ix
KOH (p) + HCI (p) = KCl (p) +- H,O (x); AH° = —55,8 kX
KOH (p) + HBr (p) = KBr (p) 4 Hy0 ()3 AH® = —55,8 kXK
Br, (%) = Br, (p); AH° = —0,8 x]Ix
HBr (r) = HBr (p); AH® = —81,2 Klx

13-26. Huxe mnpuBeJeHbl 3SHTAJBIHH o6pasoBaust AH’oep, 298
(8 xJL/MO/b) aTOMOB, HOHOB H MOJIEKYJl XJ0pa B Pa3JHYHBIX CO-
CTOSIHUSAX:

ci(r) 121,31 Cla(r) 0
Cl+(r) 1383,69 Cla(p) —96,78
Cl-(r) — 233,62 Cly* (r) 1107,92-
Ci-(p) — 167,11

[Toan3ysch 3THMH AaHHBEIMH, paccuuTafiTe: a) SHTAJBINI HOHH3A-
UMH aToma xJopa; ©6) CPOACTBO aToMma XJopa K SJIEKTPOHY
(AH cponcrea) ; B) SHTANBIHNIO HOHH3ALHH MOJIEKYJIHL XJ0pa; ') Hep-
U0 (9HTAJBOHNIO) CBASH M JHCCOUMAIMH MOJEKYJIH xJopa; A) 3H-
ranbnuio ruipaTtauun Hona Cl=; €) IHTAJBIHIO pacTBOPEHHA xxopa
B BOJE.

Kakne ApyrHe SHTAJbIHE MOXHO BEIYHCIHTD H3 STHX JaHHBIX?

13-27. CraHgapTHHE = 3HTAJbIHH o6pasopaHus 6poma
AH®o6p, 208 (B KJ1K/MOJb) B Pa3JIHIHHX COCTOSTHUAX HMEIOT ClIeAYIo-
[pe 3HAYEHHs:

Br(r) 111,84 Bra (%) 0
Br+(r) 1260, 14 Bry(r) 30,91
Br-(r) —218,87 Bra(p) —0,84
Br-(p) —121,71

TlposepuTe pacuet, aHaJIOTMuYHbLIH pacyeTy B 3ajaue 13-26.

13-98. Huxe npuBefeHH CTAHAADPTHBIE IHTAJLIHH o6pa3oBaHus
(298 K) mona (B kJK/MOJIB) B Pa3JIHYHBIX COCTOAHHMSX M SHTaJb-
nua ¢asoBoro nepexoja:

1(r) 106,76 1() 0

I~ (r) —195,00 15(r) 62,43
i-(p) —55,23 I2(x) =12 (r) 62,43
1+(r) 1121,33

ITpoBenuTe pacHer, aHaJJOrHYHEIA pacyeTy B 3aaadax 13-26.
 13-29. Ha ocnoBaHHH AaHHHIX 3aja4 13-26, 13-27, 13-28 yka-
JKHTE CBOficTBa ranoreHoB (B BHAe rabauusl) H copMyanpyHTe
BHIBOAM O XapaKTepe H3MeHeHHs CBOHCTBA B TIOArPYIIIE.
13-30. BpludcJHTe CTaHAAPTHYIO 3HTAJbLIIHIO 0o6pa30BaHus XKHA-
KOO METHJOBOTO CITHPTA, BOCNOJb30BABUIHCE CEAYIOIHMH JaHHH-
MH:

H, (r) + 1/20, (r) = H;0 (%); AH® = —285,8 xllx
C (X) 4 Oy (r) =CO, (1); AH° = —393,7 k[Ix
CH,OH () -+ 3/20, (r) = CO, () + 2H,0 (%); AH° = —715,0 X

87



13-31. TennoBo#i a¢dexT cropaHus aueruneHa, onpeiejeHHbH B
KaJlopaMeTpHueckoi GomGbe npu nocrossHHOM oObeMe u 298 K, pa-
Ben 1301,6 k/I:x/mMonb. Beiuncanre AH® u AU° cropanus aueTuJe-
Ha. Kakue nanuble HyxHb 1Js Bbiuncaenuss AH® o6pasoBanus alle-
THJI€HA C HCIIOJIb30BAHHEM 3HTAJIBIHH CTOPAHHA?

13-32. Suranbnuu cropaHus GeHsoda M alleTHJeHa PaBHH COOT-
BeTcTBeHHO —3270 u —1302 k/Ik/Mosab. OnpenennTe 3HTANbIHIO
NpeBpallels alleTHIeHa B GeH3041

3C,H, (r) = CgHg (r)

Ocy1iecTBUMO /1M npeBpalleHHe alleTHAeHA B GeH30.?
13-33. [1pouecc cropanus cepoyriaeposa

CS, (r) 4 30, (r) = CO, (r) - 250, (1) ; AH® = —1080 kI

CONPOBOXKaeTCsl CBETJIO-CUHUM IJIaMeHeM C TaKOH HH3KOH TeMmme-
paTtypoi, 4To B HeM He o6yriuBaercs fake Gymara (xoTs TemaoBok
3¢dexT cropanus cepoyriepona BeaHk). Kak 3To MOXHO 0Gbsic-
HHUTL?

13-34. Brruucaute HaMeHeHHe sHTambmoud AH® B npoliecce npe-
BpalleHHsT TUMETHJIOBOro 3(hHpPa B STHJOBKIH CHPT:

CH,OCH; (r) = CH,CH,OH (1)

€CJIn
CHZOCHj (r) - 30, (r) = 2CO, (r) 4 3H,0 (1}; AH® = —1454 k]Ix
CHLCH,0H (r) -+ 30, (r) = 2CO, () - 3H,0 (1); AH® = —1402 kIx

Kakoe BemecTBo —3¢up umu cnupr — Gosee ycrodunBo? [loue-
My He€ NPOUCXOAHT CaMONPOH3BOJNLHOIO NpeBpallleHUs] OJHOLO Be-
IeCTBA B Apyroe?

13-35. Cxurasorest usomeprel CoHao:

CHy(CH,),CH, u  (CHy),CCH,C(CH,),

B xakom cnyuae BHgenuTcs Gosblliee KOJHYECTBO TEMJIOTHI? O6cy-
AHTE 3TOT BONPOC /sl ADYTHX H30OMEPOB 3TOTO JKe BeIecTBa.

13-36. Tlpu ompeneslenuu SHTanbNHH CropaHus pPa3IuYHBIX 00-
pasuos okraHa CgHis 6bi10 06HapyKeHO, YTO 3HAYEHHE OJHOrO H3-
MEpeHKs OTJiHYaeTcs OT APyroro Ha 5,4 kJI/Moab. UeM o6bsc-
HfIETCH TaKOe pasyinune? :

13-37. Tennopoii ekt cropanus HopMaJibHOro O6yTaHa Ha
8,4 k]lx/momb BhIe, ueM u30-6yTana. Kakoil H3omep GoJiee ycTOM-
4YHB?

13-38. Tensora cropanus sTaHa, 3THJeHa H alleTHIeHa paBHa
coorBeTcTBeHHO 70129, 64937 u 58657 k[Ixk/mM3. O6bsicHuTe, moue-
My A7 CBADKH IIOJIb3YIOTCS aleTHJIEHOM, a3 He 3TaHOM HJIH 9THJe-
HOM.
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13-39. BuiyucianTe CTAaHAAPTHYIO 3HTAJBIHIO CTOPAHHA 3TaHa B
030He

CoH, (1) - 7/30, (r) = 200, (r) + 3H,0 (x)

ecin AH°qopCo:He B 0.=—1561,0 x/Ix/moab u  AH%603=
=142,3 kX /MOJBb.

13-40. [1pu croparun 1 & aueTuHIeHa BBIAEJSAETCA 58,0 JIx Tem-
aothl. Tlosb3ysich STHMH JaHHBIMH, COCTaBbTe yueGHyI0 3ajady H
JlaiiTe ee peIHTb BALIHM TOBAPHILAM.

13-41. Onpenenurte CTaHAApPTHBIE 3HTAJIbIMH CTOPAHHS 3TAHA B
aTOMHOM KHCJIOpoje (BooOpaxcaeMblfi MPOLECC), MOJEKYJIIPHOM
KHCJIOpOJIe H O30He:

C,H, (r) + 70 (r) = 2CO, (r) + 3H,0(r)
C,H, (r) 4+ 7/20, (r) = 2CO, (r) + 3H,0 (r)
C,H, (r) + 7/304 (r) == 2CO, (r) + 8H,0 (1)

13-42. Ilpu cropauuu 1 a1 auernieHa Bejensercs 58,0 [x Ten-
JOTHl. MOXHO JIM Ha OCHOBAHMH S3THX AAHHBLIX BBIYHCJIHTH CTaH-
JAapTHYIO HTAJbIHIO CTOPAHHS aLeTH/IeHA?

13-43. TIpu meiitpanusauuu 1 1 1 M HCl ¢ nomomeio 1 1 1 M
pacrBopa NaOH seigenunocs 57,3 k[x rtemnotsl. Omnpenennre:
a) CKOJIbKO TeIJIOTHl BhIEJHTCS MpH Helirpanusanun 200 ma 0,45 M
HCI ¢ nomompbio 200 ma 0,45 M pacteopa NaOH; 6) ckosbko Ten-
JIOTH BhIAeNHTCS NpH cauBanuu 300 ma 0,5 M HCl u 200 ma1 0,5 M
pacteopa NaOH; B) CKOJbKO TeNJOTH BLIAENHTCS NPH CJIHBaHHH
300 ma1 0,5 M HCl u 200 ma 0,3 M pacrBopa NaOH; r) cxosbko
B3ATO TMAPOKCH[A HATPHs JAJIsi NPHTOTOBJEHHS PAacTBOpPA, €CJIH MpH
C/IMBAHMH [OJYYEHHOTO pPacTBoOpa € KHCJOTOH  BBIAENHIOCH
42,89 /I TENJIOTH; /) KAKOBO H3MEHEeHHe 3HTAJbIIUH NPH HelTpa-
ausaund 1 a 1 M HCIO, ¢ nomomsio 1 1 1 M pacreopa KOH?

13-44. Tpu meitrpasnusaumu 0,5 a1 0,2 M HCI ¢ momombro 0,5 a1
0,2 M pactBopa NaOH swizenunoce 5,73 xIx Ttemsnorn. Paccyu-
taiiTe KoHuenTpauuio pactsopa HCI, ecan npu cMeutenuun 0,5 J1 ero
¢ 0,45 a1 0,25 M pactBopa NaOH Brienuiochk 0,573 kXK TEMIOTH.

13-45. 3Has 3HTAJbIOHI0 HEHTpPAJIH3AUMM CHMJIbHBIX KHCJOT H OC-
HOBaHWH :

H*(p) -+ OH~ (p) = H,0 (x); AHCyeprp = —57,32 xJIx
H 5HTaJbLIHI0 06pa30BaHUs XKUIAKOH BOJH
H, (r) 4+ 1/20, (r) = H,0 (k) ; AH%ep = —285,96 x]lx

H, Mpexnosaras, uTo 3HTaJblHA 06pa3oBaHHs HOHa Bojopopa H¥
B BOJHOM pacTBOpe

1/2H, (r) = H* (p)

paBHa HYJ10, ONpeaeJHTE 3HTAJbIIHIO oGpasoaaﬂuﬂ THAPOKCHA-HOHA
H3 NPOCTRIX BEILECTB.

13-46. Tlpu sxcnepHMeHTANTbHOM H3YYeHHH HEKOTOPHIX KHCJIOT
docdopa GbI0 HaleHO, UYTO HX SHTAJbLIHM HEATPaJH3aLHH
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(B xJx/MoJb) 3aBHCAT OT KOJHYecTBa NPHGABJEHHOLO CHJIBHOTO
OCHOB2HHS:

UpH6aBJleHO ngo'g ngO:-_\ H3PO4 H4p207

Monb NaOH «

1 MOaIb KHCIOTHL
0, —32,2 =31,1 —30,7 —30,0
1 —63,2 —62,0 —62,0 —60,2
2 —63,9 —119,0 —113.3 —I119,9
3 —64,0 .o =121,1 —I142,4 —180,7
4 —64,1 —121,9  —146,4 —220,7
5 —64,3 —122,0 —147.,6 —227.,9

Kagne BoBOABI Bbl MOXxeTe copMynHpOBATL?

13-47. Bbiunc/inTe OTHOCHTENbHYKO IOIPEIIHOCTh OOGLIKHOBEHHO-
ro tepmomerpa npu +100, +20, 0 ¥ —20°C, eciu a6coawTHas
norpetHocTs paBHa a) 1°C, 6) 0,05°C.

13-48. BhluncinTe sHTaabNnHi0 obpa3oBaHus Ca(OH), nz CaO
u H,O, ecan npu pactBopennu 1 kr CaO u Ca(OH). B BoAe BhI-
nensercs 76,7 v 11,7 kJI3k TenJoTbl COOTBETCTBEHHO.

13-49. BHTajbnHK pacTBopeHHs (10 6eCKOHEeYHO pa3GaBJEHHOTO
pactBopa) CuSO,, CuSO,-H,O u CuSO,-5H,0 paBHB cooTBeTCT-
BeHHO —66,5, —38,9 u +11,7 xJIx/Monb (298 K). Bnuucnure
3HTAJBMHIO THADPATAUHH cyJbdaTa MelH OJHOH H NATHIO MOJEKyJa-
MH BOAH (2KHAKOCTb). KaK BBHIUMCIHMTbL 3HTAJBNHIO TMApaTalHy Na-
poo6pasHOi BOJOH?

13-50. OnpenennTe 3HTaJABNHK THAPAaTalUHH KapGOHATa HATpHSA

NayCOy (k) ++ 10H,0 () = Na,CO,- 10H,0 (%)

€CJITH H3BECTHBl 3HTAJbIIHH PACTBODEHHA 6e3BOHOH COMbI

Na,CO, (k) 4 H,0 (k) = Nay,CO4 (p); AH° = —24,6 gIx
H KpHCTaJJIoruapara
Na,CO,-« 10H,0 () 4 H,0 (k) = NayCOq (p); AH® = 66,6 gIx

13-51. Ilpu pacrBopennn 4 r Ge3BOAHOro cynbdara MeAH B
6onblIOM KoJHYecTBe BOAH Bhigeasiercs 1680 x renaors. [lpu
pPacTBOPeHHH 5 r NMeHTaruAparta cyabdara MeIH B TOM XK€ Kojuue-
cTBe BOAH noraomiaerca 227 Jx rtensoth. Bruncaute AH° npo-
necca: :

CuSOy (k) 4 5H,0 () = CuSO,-5H,0

13-52. DHranbuuu pacTBOpeHuss Ge3BoAHOro KapGoHaTa HaTpHs
H ero KpucrainoruapatoB (B 400 o6weMax Boau npn 18°C) paBHH
(B kK /Moab):

N82C03 —24,6 N32C03-7H20 43,9
Na,CO,-H,O —10,5 NayCO4-10H0 66,6

BhluycanTe 3HTANBIHH NOCAELOBATENbHOH T'MAPATallMH COJH H
SHTaJbLNHH CHApaTauuu Ge3pognoro KapGonata 1, 7 B §0 Moneky-
aaM# BOAH. OOBACHHTE 3HAKH 3HTAJLIHA PacTBOPEHHA.

(
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13-53. duTaibNHM PaCTBOPEHHs Ge3BOJHOrO XJOpHAA HATPHA H
ero Kpucrtamioruapatos (B 400 o6veMax BOABL MPH 18°C) paBHH
(B k1x/M0b):

MgCl,;-2H,0 —85,4 MgCl,-6H0 —12,31

CocTaBbTe Kak MOXHO 60Jbiiie BONPOCOB H 33/1a4 MO 3THM JaHHRIM.
13-54. OnpegenuTe 3HTAJbLNHIO PeaKIHH

Li(r) + Na* (r) =Li*(r) 4-Na (r)

3Has 3HCPIrHH HOHH3alHH:
Li(r)=Li*(r) 4 ¢7; AH = 520 xJx/Monb
Na (r) = Na* (r) + e; AH = 496 xJx/Monb

BoaMOeH JH mpoliecc Nepefaul 3JEKTPOHa aTOMOM JIHTHA MOJIO-
KHTEJIbHO 3apSKEHHOMY HOHY HATPHA? YKaxHuTe OKHCIHTEIb H
BOCCTAIIOBHTEJb B JaHHOH peaKIHH.

13-55. PaccunTafiTe 3HTAJIbIHIO peaKIHU

F(r) + Li(r) = F~ (t) + Li* (1)
eCJHn
F(r)+e =F (1); AHcpoperea = —322 r[Ix
Li(ry=Li*t(r)+¢7; AH youns = 520 gl

Bo3MOXHA JH 3Ta peakuus? YKaXKHTe OKHCJIHTENb H BOCCTAHOBH-
TeNb.

13-56. Paccuuraiite sHepruio cBssu H-—Br, ucxons u3 chaeayio-
[UUX AAHHBIX: H3MEeHeHHe JHTaJIbIIHK NpPH o6pasosanuun HBr us ra-
3006pa3HOro BOAOPOAA H KHAKOrO 6poma pasHO 36,4 KILK/MOJb;
SHTAJbLNUA HCHapeHHs O6poMa COCTaBJfET 15,4 gx/MOJb; IHTAJb-
MK JMCCOLHALMH BOAOPOAA H raso0o06pasHOro 6poMa paBHBI COOT-
BeTcTBeHHO 432,2  192,4 KJX/MoJb. '

13-57. BruHcaKTe CPefiHIO 3Hepruio cBasy N—F Ha OCHOBaHHH
CJEeAYIOIHX JaHHBX

NF, (r) = NF, (r) + F (r); AH® = 242,7 xJx
- NF, (r) = NF () 4 F (1); AH® = 318,0 KIx
NF (r) =N ()} + F(r) AH°o = 301,2 xJIx

O6mbsicHuTe, MoueMy Gosiblle 5Hepruu TpeGyeTcs Ha OTPEIB BTOPOrO
H TPeThero aToMoB (TOpa, YeMm NnepBoro.

13-58. Paccuntafite cpeaHioio sHepruio cBasn C—H B moJekye
METAaHa HA OCHOBAHHH cJeAyOUIHX AaHHHX!

C (rpacdur) - 2H, (r) = CH, (r); AH® = —T74,9 k[Ix
C (rpadur) = C (r); - AHe = 715,0 kIx
H, (1) = 2H (r); AH° = 432,90 k[Ix
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chnepuMeHTaano NOoJYy4YeHbl caefyrouide >3HTAaJJbIUH IOCJHea0Ba-
TeJbHON JHCCOLMALHH MeTaHa

CHy (r) = CH,(r) + H (r); AH = 435 k1%
CH; (r) = CH, (r) + H (1); AH = 444 k]Ix
CH, (r) = CH (r) + CH (r); AH = 444 g1k
CH(r) =C(r)+H(r); AH =335 g[x

Paccyuraiite cpenHioo 3Hepruo cBasn C—H 1o 3THM JaHHBIM.
OG6cynnte xapakTep M NPHYMHBI Pa3jMYHOrO M3MEHEHHs 3SHEpPruu
CBfI3H 110 Mepe OTPbIBA aTOMOB BOJOPOAA.

13-59. Paccuntaiite 3Hepruwo cBsisn C—H B Moaekyaax: CHy,
CH,, CH;, CH, ucxoms M3 3HadeHHH SHTaJbIH# HX 06pasoBaHus
(B xdx/MOJb):

H(r) 216, 1 CH, 376,6
C(r) 715, 1 CH, 1423
CH 594, 2 CH, —74,8

Briancaute cpenHio sHepruio cesasuw C—H.
13-60. Boluncaute snepruto (sHtaabnuio) cBssu C—C B Mmose-
Kyse 3tana Cy;He Ha OCHOBaHUH CJEAYIOIIHX AAHHBIX:

2C (rpadmr) 4- 3H, (r) = C,H, (1); AH = —85 xIx
C (rpadut) = C(r); AH =716 xIx
H, (r) =2H (r); AH = 432 k[Ix

Auepruio cBsaan C—H npuMuTe paBHOH 3HepPruH CBA3H B MOJeKyJe
CH,4 (413 g1x&/Mounb).

13-61. Bocnonb3oBaBIINCh HEKOTOPHIMH AAHHLIMH 3agaun 13-60,
paccuntaiite 3Heprumo cBa3y C=C B MoJeKkysle 3THJIeHa
[AH®6pCoH, =52 kJIx/Monb]. KakoBa npupona 31o#t cBsiau?

13-62. BocnoJ/ib30BaBIIHCh HEKOTOPBIMH JaHHHMH 3afadn 13-60,
paccuntaiite 3Hepruio cBisH C=C B MoJeKyjse alleTHJEHA
[AH®.6pCoH, =227 xIdx/Monb]. KakoBa npupoxa sToit casu?

13-63. Bocnmonb30BaBIlMCh HEKOTOPHIMH AaHHLIMH 3ajgaun 13-60,
paccuutaiite 3Hepruio cBidh C—C B MoJekysde GeHsosa
[AH®:6pCeHe =83 x[Ix/Monb]. CpaBHHTE TOJyueHHOEe 3HAUEHHe C
SHeprUsIMU CBfI3H B MOJIEKYJaX 3TaHa, 3TH/IEeHa H aleTuaeHa (cM.
sagayu 13-60, 13-61 u 13-62). KakoBa mpupona cesisu C—C B Mo-
Jekyae 6eHsona?

13-64. CpaBuuTe 3HTaAbNUI0 06pa3oBaHMs 3TaHa, STHJIEHA M
aneTHIeHa ¢ 3HEPrUsIMM CBA3H MeXIy aToMaMHu yraepoaa (B
kJIx/Moab)

AHoodpv 208 AHcB
CoHs —85 335
CoH, 52 592
CoHg 227 811

[Touemy mpu mepexofie OT 3TaHa K aleTHJEHY NPOYHOCTL CBSI3H
MEXJY aTOMaMH YrJepoja BO3pacTaeT, a yCTOHYHBOCTb MO OTHO-
IIEHHIO K NMPOCTHIM BELIECTBAM IOHUMKAETCs?
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13-65. Cesisp C=C B auetrunene npoutee ceisd N=N B asore.
[ToueMy aleTH/EH TOPHT, a A30T HET?

13-66. Ecnu npH nociefoBaTeNbHOH JHCCOLHAUMH MOJEKYJLE
(oTpbiBaeTcs 10 OJHOMY aTOMY) COCTOsIHHE THOPUAH3ANUH OpGHTA-
Jel HEeHTpaJbHOr0 aTOMa He M3MeHseTCs, PasHyHe MeXAY 3HTaJ/b-
TIUSIMHU CBSI3H M CPeJHEl SHTAJAbNHENR CBS3H He CJAHIIKOM 3HAYUTEJNb-
Hoe (=&~ 109%). Huike mnpuBefeHB 3SHTAALIHH MOCJAEAOBATEIbHOIE
JHCCOLMALUA MOJIEKYJ QTOPUAOB 6apUs U MarHHsi:

MgF, (r) = MgF (r) + F (r); AH = 544 x[Ix
MgF (r) = Mg (r) + F (r); AH = 502 xx
BaF, (r) = BaF (r) 4+ F (r); AH = 794 x]JIx
BaF (r) = Ba (r) + F (1); AH = 368 xOx

BHIUHCIHTE cpeAHHE 3HTAJBbIHH CBsisell B MoJekyaax MgF, u BaF,.

YeM pasnuuaioTcs NMPOLECCH NOCJAEA0BaTeNbHOR HHCCOUHALMH (TO-

PHIOB Marnus u 6apus? :
13-67. Bocnoan3oBaBUIMCh 3HTAJbNHSAMH CAEAYIOUIUX peakiHik

HOH=H {0+ H; AH =924,6 K1k
HOH = H 4- OH; AH = 497,9 kI
OH=0-+}H; AH =426,8 Ik

paccuuTafiTe cpefiHion sHepruio cBsish O—H B MoJekyne BOIH..
13-68. Buuncnure H3MeHeHHe SHTAJNbIUH B PEaKLHH

CIF (r) 4+ HCINr) = Cl, (r) + HF (1)
HCXOJA H3 3HEPTHH CBA3H:

CIF(r)=CI(r) +F(r); i AH = 246,9 x[Ix
HClI(r)=H(r) 4+ Cl (r); AH = 427,6 xIx
Cl, (r) = 2CI (r); AH =238,4 x[Ix
HF (r)=H (r) + F (r); AH =561,9 xIx

CdhopMmynupyiiTe npaBHJIO pacueTa SHTAJbIHH PEaKUMH Ha OC-
HOBAHHH 3HTAJbIHHA CBASH MOJIEKYJ, YYaCTBYIOUIHX B peakiuH. Jas
KaKOro THIA peaKIHil 3TOT cnoco6 NPUMEHHM?

13-69. Cesiau B Ny u H, npounee cBaseit B NHi. Ilouemy xe
IPOHCXONUT PeaKUHsl CHHTe3d aMMHaKa?

13-70. PaccmoTpHTe IBe peaKUUH:

SiO, (x) 4 2Mg (k) = 2MgO (k) 1 Si (x); AH® =—372 x]Ix
MnO, (x) + 2C (k) = 2CO (r) + Mn (x); AH = 293 x]JIx

O6mbscHuTe, IOUEMY SHTANBIHH 3THX PeakUHi HMEIOT pa3nuyHbe
3HaKH.

13-71. Ha puc. 13-1 mokasaH sHTaJbNHAHLIA IHKA B CHCTEME ra-
JIOTEHH[IOB 3JeMEeHTOB [JIaBHOH moArpynnsl BTOpo# rpynnul. K ka-
KHM TpolleccaM OTHOCATCS 3HTAaAbDHH AH,, AH,, AH;, AH,,
AHjs, AHg? OGcynuTe xapakTep H3MeHeHHsl 3HTA/bIUA B PA3JIHYHHIX
pajax coeaHHeHHM:

M= Be, Mg, Ca, Sr, Ba, Ra

I'=F, Cl, Br, 1
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M*%r) +2r(r) - Jlas xakux M uau [ sHTanLOAM MaK-

cUMaJibHh wid MuHMMaabHE? Tlpen-
AHg ' noMoXKMTE, UTO 06pasylotcsa He My, a
M2 ) +2r@)+2e coennHeHus MTIT wiu MI;, B ykaxd-
- Te, KaK M3MEHATCHA YHCJCHHBIE 3HaYe-
Al HHUA SHTAJbOHE B 9THX cJOydyasfx.
¢ 13-72. Kakue cBSI3H Pa3phiBAOTCHA
2Mm+are | H 06pasyloTcs B CJEAYIOIHX PeaKIH-
AHg ax:
Mo | 1) 2H,0 (1) = 2H, (1) + 0, 1)
r r
— 2) 2CO (r) = CO4 (r) 4 C(x)
aH, 3) NH; (r) -+ HCI (r) = NH,Cl (k)
Meo) | 4) NH4NO; (8) = N,4O (r) - 2H,0 (1)
: " 5) CgHsOH (r) = CqHy (k) -+ H,y0 (r)
1
MT2() Kakue CcBA3H MMeOT GOJblIHe
PUC. 131 sHepruu? [lpeackaxwure suak AH B

atux peakuusax. Tlpeackaxure Baug-
#HHe TeMIepaTypbl Ha paBHOBecHUs 3THX pearuuil. Kaxos 3Hak AS
B 3THX peakunsx? CpaBuuTe Bamu OTBeThH ¢ pe3y/jbTaTaMH BHI-
YHCJEHHS 110 CIIPABOYHBIM JaHHEIM.

13-73. MOXHO /il Ha OCHOBAHMH H3MEHEHH{ SHTAJbIHH B peakK-
E1378:0:4 .
LiBr (k) 4 2H,;0 (%) = LiBr-2H;0 (x); . AH°= —I26 k[Ix
LiBr (k) 4 2NHg () = LiBr-2NH, (k) ; AH® =—109 k[x

CKa3aTh, Kakad MmoJexyna — H,O wuau NH;-—umeer 66ubiuyio
CKJIOHHOCTb K B3aUMOJAEHCTBHIO ¢ 6poMuaoM JuTHs. Han kaxkum co-
«€TaBOM OoJiee BEHICOKOE fAaBjieHHe (aMMHaKa HJIH NapoB BOALL) ?

13-74. ChopmynnpyiiTe npaBHMAa BHIYHCJIEHHS H3MEHEHHA 3H-
TaJbIMH B XUMHUYECKOH peakKIHd 10 U3BECTHHIM 3HaUCHHAM
a) sHTaJbNIMM 006pasosaHusA, 6) 3HTAJLIIHH CTOPAHHS, B) JHEPTHH
XHMHYECKOH CBSI3H.

13-75. CKONBKO HYXKHO CXeUb YIVIepoAa, UToGsl pa3HOCTL MeXAY
CyMMO# MacC NPOAYKTOB peaKUWH M CyMMOH MacC HMCXOAHHX Be-
411eCTB COCTaBusa 1 r?

§ 14. PABHOBECHE XUMHYECKHX TTPOILECCOB.
KOHCTAHTA PABHOBECHSA

14-1. Kak o6bscHHTD, TOUEMY H3MEHEHHE TeMIIepaTypH B paBHOBeC-
HOH cHucTeMe NMPHBOJAHUT K CMeHIeHHIO paBHOBeCHA?
14-2. TIpeo6pasyiiTe cCOOTHOLIEHHE

AG® =AH° —TAS*=—RT InK

Takym 06pa3oM 4To6H O6HLIO BPU.IHO Kak TeMHepaTypa BIHAET Ha
'KOHCTaHTy paBHoBecHsd K.
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14-3. Coraacuno npusuuny Jle Illatenre 19k
BJIHSHHE TeMMEepaTypH Ha DaBHOBecHe OI- 2
pellefisieTcsi 3HAKOM M BeJMYHHOH TeMJI0oBO-
ro agdekra npouecca. O6bACHUTE, NOYEMY
BJHAHHE TeMIepaTypH oONpelessieTcs 3H-
TaJbIOHEH mpouecca, He SHTPONUAHBIM Wie-
Hom TAS, XoTa NOBHIUEHHE TeMIepaTypHl ‘ 77
COOTBETCTBYeT YBeJHYEHHIO KaK €aMoro
wieda TAS, Tak 4 B GOJbIUHHCTBE CAy4YaeB SHTPONHH CHCTEMHL.

14-4. HasoBHTe (aKTOpPH], CMeIIaloke paBHOBECHE H H3MEHHIO-
Y€ KOHCTAHTY paBHOBECHA.

14-5. HasoBuTe ¢aKTOpH, MO3BOJAIIHE CMEMAaTb PABHOBECHE,
He M3MeHsAsl KOHCTaHThl PaBHOBeCHs.

14-6. Toyemy uem GoJblue TemjaoBoH 3(deKT peaKuHH, TeM:
CHJbHEe CKa3blBaeTcs H3MEHeHMe TeMIlepaTypH Ha paBHOBECHE H-
KOHCTaHTY paBHOBecHH?

14-7. Ha puc. 14-1 npuBefieHB 3aBHCHMOCTH KOHCTaHTHI paBHO-
BecHs OT TeMIepaTypH ABYX peakuui. YKaKuTe, Kakas peaKilHs,.
(1) mau (2), npoTekaeT ¢ BblAeNEHHEM TEMJOTHl, Kakas ¢ MONJIO-
ImieHueM?

14-8. Bauser Ju TeMnepaTypa Ha paBHOBecHe peakuud c
AH=0?

14-9. B KaKyio CTOPOHY CMECTATCS CJEeAylolliie paBHOBeCHs MpH:
HOBLIIEHHH TEMIIEPaTyph.

N, 4 0,=2NO —Q
2CO + 2H, = CH, + CO; + Q
CO,+C=2C0—Q

14-10. TIpy mOBHILEHHH TeMIepaTypbl paBHOBECHOE AaBJeHUE:
KHCA0poia Hal okchaoM Kobaabra CoQO BospacTaeT. YKaXuTe C
MOrJIOMEHNEM HJH ¢ BblAeJeHHeM TEIIOTH IIPOXOJHT AHCCOUHALUs:
OKCHJa Ko6aJbTa.

14-11. C noBHILIEHHEM TEMIepaTyphl paBHOBECHE PEaKUHH

SO, + 1/20, = SO,

cMemaercs BjaeBo. CledaliTe BEIBOL O 3HaKe TEIIOBOTO 3¢deKra.
14-12. HuXe NOKa3aHO HalpaBJeHHe CMeIleHHsi paBHOBeCH%
NPOLECCOB NPH H3MEHEHHY TeMIepaTyphl:

H, (r), O,(r) «— HO (1) (TemnepaTypa MOBEILIAETCS)
HCI (r) —— H, (1), Cly(r) (TemMnepaTypa MOBLILAETCS)
H, (r), Ny(r) —— NH, (1) (TeMmepaTypa MOHHIKAETCH)
. CaCOj4 (k) —> CaO (8), CO,4(r) (remmepaTypa moBILAETCS)
H;0 () <—— H(r), O4(r) (TemmepaTypa mOHMMKAeTCs)

IIpenckaxkuTe 3HaK TemaoBoro >g¢exTa H 3HAK H3MEHEHH] SHTANb-
A OIY KaxaoH peakuud. [TpefoxuTe HECKOJBKO aHAJOTHYHBIX
NpHUMEpOB.
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14-13. Kak BausieT U3MeHeHHe 1aBJEeHHs Ha pAaBHOBECHE CJAENYIO-
HIHX CHCTEM:

1) Hy (r), HyO(r), O, (r)
2) H, (r), HCI(r), Cl, (r)
3) NH, (), H, (1) Ny (r)
4) HCl(r), H,O(r), O, (), Cl, (r)
5) CH, (r), CO, (), HyO (r), O, (r)
6) CH,y (r), CS,(r), H,(r), HyS(r)
7) CHy(r), H,(r), CO,(r), HyO(r)
8) H,0(r), H, (r), CO,(r), CO(r)

14-14. Tlpu BHICOKHX TemnepaTypax (okoao 1000°C) mnpouecc
PA3JI0KEHUST METaHA NMPOTEKAET HECKOJBKHMH NYTAMH:

CH, —~ C, H,
CHy —> C,H,, H,
CH, —> C,H,, H,

Tlo 3HaveHusiM 3uepruit cBsasu (3amaun Ne 13-58, 13-61, 13-62,
13-64), paccuutaiiTe TenjoBhe 3hGEKTH KaXA0TO Ipolmecca H
TpeNCKaXHuTe, KaK BIHAET TEMIIEPATypa H AaBJeHHe Ha TPOXOKIe-
HHE 3THX MPOIECCOB.

14-15. Cranpapruee sHTanaenuu o6pasosanus CO u CO, paBHH
-cOOTBeTCTBeHHO —110,5 1 —393,7 k[k/MoMb. YKaxHTE yCAOBHA
(MOBHILIGHHE HIH TOHHXKEHHE TEeMIepaTypH ¥ AaBjeHus), 6J1aro-
TIpPHATCTBYIOLIHE MPOXOXKACHHIO DEakOHi B CHCTEMe YIJepoj—
KHCJIOPOA:

C0, =C+ 0,
C +1/,0,= CO
€O, + C = 2CO

200 4- 0, = 2CO,

14-16. Kakue ycioBHs clelyeT YKa3aTh, YTOGH OTBETHTb Ha BO-

IIpOC, B KAKYI0 CTOPOHY CMelllaeTCsi paBHOBeCHE B CHCTEMAX;

N, (r), O, (r), NO(r)
Cl, (r), HCI(r), O, (r), H,O(r)
COCl, (), CO (r), Cl,(r)

TIpH X00aBJIeHHH B PABHOBECHYIO CHCTEMY HHEPTHOTrO rasa?
14-17. B xakKylo CTOPOHY CMECTHUTCS PaBHOBECHE DeaKIHH

COCl, (1) = CO (r) + Cl, (r)

TIpH BBeAE€HHH B PaBHOBECHYIO CHCTEMY HHepTHOI‘O rasa npHx
a) V=const; 6) p=const.
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14-18. TennoBoii 3hGEKT peaKUKH
1/2N, + 3/2H, = NH,

npu Temmeparypax 20, 500 u 700°C paBen COOTBETCTBEHHO 46,4,
53,1 u 55,2 kJk/moapb. [Touemy npu MOBBILICHHH TEMIepaTyphl Ten-
70BOit 3(QEKT BO3PACTAET?

14-19. YxaxuTe, KaK HCHOJNb30BATb PEaKIHIO

HDO + H,S = HDS + H,0

nasi oborameHust OGBIYHOH BOAK Ts2KeJoH, YUHTHIBafl, YTO PaBHOBE-
CHe peakIMH cMellaeTcs NPaBO MPH MOBHIICHHH TeMnepaTyphu?

14-20. Ha HeKOTOpPHX CT4PHIX 3aBOAAX IIO MPOH3BOACTBY aMMHa<
Ka, a30THOH KHCJOTH H a30THHIX YRLOGpeHH# MOMKHO Hab/i0AaTh KaK
u3 Tpy6 B aT™Mocepy BhIGpachiBaeTCsa KpaCHO-KEITOro 1BeTa ras.
O6mbsicHATe NPHUMHY PA3/IHYHOH WHTEHCHBHOCTH €r0 OKPAacKH B 3a-
BHCHMOCTH OT BpeMeHH roja (/IeTo H 3uMa).

14-21. [Tpennoxute cmocoObl MOMTYdYEHHS ra3oo6pasHoro XJaopo-
BOAOPOJA M3 KOHIEHTPHPOBAHHOH XJIOPOBOJOPOJHOH KHCJIOTHL.

14-22. TIpefcKaXKHTe BJHSHHE JJEKTPHUECKOTO M  MarHHTHOrO
nofeli Ha paBHOBECHE ra3006pa3HON CHCTEMH H,—0.,—H.O0.

14-23. [ KaKMX ra3oB KOHCTaHT2 DaBHOBECHS peakumui ¢ HX
yuacTHeM He 3aBHCHT OT NaBJeHHs? B Kakux YCJOBHAX 3Ta 3aBH-
CHMOCTb CTaHOBHTCS 3aMETHOM?

14-24. [l MOBHILEHHs BHXOAA GeH3HHA H3 HE(QTH €€ noasepra-
JOT KPEKWHTY, JJsi 4ero He(Tb MM BEICOKOTEMNeEpaTypHHIC IPOAYK-
TH ee MEePeroHKH HarpeBalwT A0 500—700°C Ge3 moctyma Bo3jyXa
non nasaenueM 7,30-10% ITa. OGbsacHUTE, NOYEMY HYXKHO MOBHIIIIeH-
Hoe naBJeHHe (B 3TOM IpOLECcce BHICIIME YINIEBOLOPOB! PACIIEIf-
JOTCS HA HH3KOMOJEKYJspHEE YIJIeBOAOPOAb, H NOHMXEHHOE [aB-
NeHHe JOMKHO CIOCOBCTBOBATH PaCUIEIUIeHHIO N0 NpHHLHMNY Jle IIa-
TeJjbe)?

14-95. UspecTHO, yTo aMMHaK H XJIOPOBOAOPOJ Ou€Hb XOPOIIO
pactBopsiioTcst B Bofe. [ToueMy HX PAcTBOPHI OUeHb CHILHO NaXHYT
aMMHAKOM HJIH XJOPOBOJOPOAOM?

14-26. Jlns H3yueHHsl DaBHOBECHH NpPH BHICOKHX TeMIepaTypax
HHOTZ2 IOJb3YIOTCH TaK Ha3nBaeMBIM METOJLOM 3aKaJKH, KOTOpHIH
3aK/II0Y2eTCH B TOM, 4TO PaBHOBECHYIO I'a30BYI0 CMeCh, HampHMEp
H,, O. u H,O, Haxoasuylocs NPH BHICOKOH TEMIEPAType, GHICTPO
OXJ1aM/1A10T A0 TEMIEepaTypsl, MPH KOTOPOfl peaKuus He IMPOXOAHT.
Jlanee uccaelylOT cOCTaB rasa M NMOJydeHHbC KOHUEHTpallHH IOA-
CTABASIOT B BHIpa)KeHHEe KOHCTAHTH paBHOBecHs. Kak BEIMHC/EHHAA
KOHCTAHTA paBHOBecHsi OyAeT oTaHyaTbes (Gosblue, MeHblle) OT
JlefiCTBUTE/bHOM MPH BHICOKOH TeMIeparype?

14-27. TIpennioxute BO3MOXKHBIE OOBSCHEHHS, MOYEMY KOHLEHT-
palus BellecTBa B KPHCTAJIMYECKOM H JKHAKOM COCTOSIHHAX HE
BXOJHMT B BHIpakKeHHEe KOHCTAHTH PaBHOBECHS. :
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14-28. Hanuiuure BHIpaeHHsi KOHCTAHT paBHOBeCHsi 0o6pa3oBa-

HHA H3 IPOCTHIX BEH(ECTB XHUAKOH H ra3oo6pasHOfl BOAHL.
14-29. BriBeiuTe BblpaXKeHHs KOHCTAaHT paBHOBeCHsi* clenyio-

HIHX IreTepOreHHBIX NMPOUECCOB!:

1) 6Fe,O4 (k) = 4Fe304 (k) + O4 (1)

2)73Fe,04(K) -+ H, (r) = 2Fe,0 () 4+ H,0 (r)

3) AgCl(R) = Ag* () Cl=(p) (K =TIP**)

4) AsyS; (x) = 2483+ (p) 4-35%(p) (K = ITP)

5) S(x)-}- O, (r) = SO, (r) (cropaer rasooGpa3uas cepa)
6) CaCOy (k) -+ HCl (p) = CaCl, (p) + CO, (1)

[Tpennoxure fpyrue OGBbACHEHUS, TOUEMY B KOHCTAHTY PaBHOBECHH
He BXOASIT KOHUEHTDAUHH TBEpAHX (a3. [IpH KaKuX YCJIOBHAX 3TO
yTBEpKAEHHE NIPaBHIALHO?

* PaccMoTpuM crenytomuf npaMep:
BripaxkeHHe KOHCTAHTH DAaBHOBECHS reTepOreHHONO HpoIecca

CaCOy, (k) = CaO (x) -}- COy (1)

NPH HEKOTOPOH TeMMepaType MOXKET GHThb BHBEAEHO caepyomuM nyTeM. CKopocTb
nepexosa Monekyn CO; ¢ nopepxuoctd CaCO; (npsiMofl peaknuu) vqp NPONOPIHO-
Ha/bHAs MAoMafn 370f MOBEPXHOCTH [Tcaco,:

tnp~ Icaco,
Beeass k03)@HUMEHT NPONOPUHOHANLHOCTH (KOHCTAHTY CKOPOCTH) MOJYydHM:
Unp = knpllcaco,

CkopocTs 0GpaTHOrG Npomecca TpPONOpHMOHanbHa napuuaipHomy Aasienuio COg
H OJ0MAAH MOBEPXHOCTH OKCHAA KaJbIHA:

Yosp ~ Pco,1ca0
HJH, BBeAS KO3(QQUIHEHT NPONOPIHOHAALHOCTH:
Uo6p = %o6pPco,l1Ca0

IIpn paBHOBECHH
tmp=1tosp H IIcao= IIcaco,

(TaK KaK NpOoIecc COBEPIIACTCA TOJMBKO B MECTe KOHTAKTA KPHCTAa/JJJHIECKAX BeE-

IIECTB).
IMoaTomMy

kapllcaco, = ko6pPco,lTcao

Janee nojyyaeM BHPaXKCHHE KOHCTAHTH DPaBHOBECHA

— St _
koGp CO,

B Koroplgllo He BXOAAT XOHUESHTPALHY KPHCTALIHYECKHX (a3,
*+ [IP — xoHCTaHTa PaBHOBECHs, Ha3LBaeMas NPOH3BEACHHEM DACTBOPHMOCTH

(cM. Huxe, § 29).
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14-30. KakoBo BJHsfHHE J[aBJeHHs Ha paBHOBeCcHe CJEAYIOIIHX
CHCTEM:
1) Fey0, (x), Fe(x), H,(r), HyO ()
2) FeyO4 (¥), FeS(x), S; (1), O, (r)
3) CO, (r), CaCOq(x), CaO (x)
4) H,0 (%), Hy,O(r)
5) H,0 (x), HyO (%)
6) Mg(x), MgyN, (®), Ny(r) .
7) CuO (x), CO (r), CO,(r), Cu (k)
8) C(x), CH,(r), Hy ()
9) ZnS (¥), ZnO (x), SO, (r), O, (r)
10) Fe,O4 (), FeyOy (K), O, (r)
11) FeS (x), CuSO4 (), CuO (x), FeO(k), SO, (r)
12) MgCl, (x), MgO (x), O, (r), Cly(r)
13) FeyC (x), Fe (k), O, (r), CO(r)
14) Fe,C (x), CO (r), CO,(r), Fe(x)
15) FeyC (k), Fe(x), H,O (r), CO(r), H,(r)
16) FeyC(x), Fe(x), H, (r), CH; (1)
17) Fe(x), Fe,04(x), CO(r), CO,(r)
18) CO,(r), CO(r), FeyOq(K), FeyO4 (k)
19) Fe,O, (x), Fe (x), H,O(r), H,(r)
20) NH,HCO, (x), NH; (1), CO, (r), H;0 (r)
21) C (anmas), C (rpacur)

HanuiuTe BHPAaXKEeHHs KOHCTAHTHl PAaBHOBECHS JJIS KaXJOH peak-
LHH.

14-31. HanmuiipTe BHIpAaXKeHHs KOHCTAHTHl PaBHOBecHs (€CJH 3TO
BO3MOXXHO) sl CJEAYIOMHMX PeaKUui:

1) AL, () + Hy0 (k) = AlO,-H,0 (8) -
2) AlLO; H,0 (k) = Al,O5 (¥) 4+ H;0 (1)
3) Al,04+H,0 (k) + 2H,0 (%) = Al,05* 3H,0 (¥)
4) A1,O4-3H,0 (x) = Al,05-H,0 (x) -+ 2H,0 ()
14-32. Hafiqure BHpaXX€HHsl, CBSA3bIBAIOLINE KOHCTAHTHI PABHO-
BecHs CJIEAYIOUHX DeaKI(Hii:

1) Fey0, (k) + H, (r) = 3FeO (k) 4 H;0 (1) K
2) 3FeO (x) - 3H, (r) = 3Fe (k) 4 3H,0 (r) Ky
3) FegOy (k) 4 4H, (r) = 3Fe (k) - 4H,0 (1) Ky
4) 3Fe,0, (k) + H, (r) = 2Fe;04 (x) +-H0 () Ky
5) Fe,Q4 (K) + H, (r) = 2Fe0 (x) 4 H,0 (r) Ks
6) Fe,Oq (k) 4 3H, (r) = 2Fe () - 3H,0 (r) Kg

14-33. Brlpasute KOHCTAHTY PaBHOBECHsI PEAKLHM
9H, (r) 4- 0, () = 2H,0 (1) Ky
yepe3 KOHCTAHTH PaBHOBECHs PeaKuuil
2C0O, (1) = 2CO () -0, (1) K,
CO (1) + HyO (1) = CO, (1) + Hy (1) Ky
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14-34. Bripasute KOHCTaHTy paBHoBecHS K, peakuuu
CO, M)+ C(K)=2CO(r) Ky
gepe3 KOHCTAHTHL. PABHOBECHS peaKIHi
0, (r) 4+ C (k) = CO, () Ky
2C04 (r) =2CO (r) 4- O, (r) Ks
H NpeJCKa’KHTe BIHAHHE JaBJEHHs HAa PaBHOBECHE.
14-35. KoHcTaHTa paBHOBECHs PeaklHM 06pa3oBaHHS aMMHaKa

H3 IPOCTHIX BEIIECTB MOXeT OLITh HamHcaHa PasjJHYHEIMH CIIOCO-
GaMH B 3aBHCHMOCTH OT K03()(HI[HEHTOB ypaBHEHHA:
3H, + N, = 2NH,

H, + 1/3N, = 2/3NH,

3/2H, + 1/2N, = NH,
Pa3nnuaroTcs JH YHCJIEHHO KOHCTaHTHl paBHoBecHs (T =const)?
Ecam pasnnualoTcs, TO BEIBEAHTE MAaTEMATHUECKOE COOTHOLIEHHE
MeX1y HHMH,

14-36. Kak passnuaoTcsi KOHCTAHTH PABHOBECHs PEAKIHH JHC-
COLHAIlHH BOJAK B 3aBHCHMOCTH OT cIoco0a HaIHCaHHA ypaBHEHHs:
2H,0 (r) = 2H, (r) 4- O (r) Ky
H,O (r) = Hy (r) + 1/20, (1) K, -

14-37. Kak oranuyaloTcs uMcaeHHbe 3Hauenus K. m K, npm
300 K creayrouiux ra3oBEHX peakiiuii:
H,0 = H, 4 1/20,
2NO 4 0, = 2NO,
H, + Cl, = 2HCI
N,O4 + 1/202 = N205
9HI =H, 41,
N, + 1/20, = N,0
KaxuM 3HaueHHeM rasoBOH NOCTOSIHHOH c/leflyeT I0JIb30BaThCsA NPH
pacuerte?
14-38. JIna BHIUHC/EHHS KOHCTAHTH PABHOBECHS, PEaKIIMH, Ha-
npHMep:
H, (r) + 1/20, (r) = H,0 (r)
HeoOXOJHMO 3HAThb KOHUEHTpAIlMd YYaCTHHKOB peaklIHH. B Kakux
c1yyasX AOCTATOYHO H3MEPHThb KOHIEHTpPALHI0 OAHOTO, ABYX HJH
BCEX BellleCTB B PaBHOBECHOH cHcTeMe?
14-39. Tlo mn3BecTHBIM 3HAaYeHHSIM KOHCTAHT PAaBHOBECHS Ta30-
BHIX peakuuii (1000 K)
250, = 250, + O, Kp=14,7-10- Tla
2C0, =2CO0 40, Kp=3,7-10"%]Ia
BHIYHC/IHTE KOHCTAHTY PABHOBECHS PEaKIMH
SO, 4 CO, = SO, 4 CO
B kakux efHHHLIaX H3MepeHHSA BbIpaXkaeTCs 3Ta KOHCTAHTa?P
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14-40. TIpennoxuTe MeTOAHl ONPENeNeHHs] KOHCTAHT PaBHOBECHS
peakuu# Tuna

FeO (x) -+ H, (r) = Fe (¥) + H,0 (r)
Co0 (k) -+ CO (r) = Co (x) -+ CO, (r)
CaCO, (k) = CaO (x) -}- CO, (1)

14-41. BemectBa A ¥ B B KonuuecTBe 3 ¥ 4 MOJIb COOTBETCTBEH-
HO, HAXOASIIHECS B COCYNE €MKOCTbIO 2 Ji, pearHpyioT COrJacHO
yPaBHEHHIO

5A 1 3B = A;B,

[popearupoBano 1,6 mMoab BeuiectBa A. OmpenenuTe KOJAHYECTBA
M3pPaCXOJ0BAHHOrO BemlecTBa B M monayueHHoro mpoaykra. Paccus-
TalTe KOHCTAHTy PaBHOBECHS.

14-42. B cocyn emkoctbio 0,2 a1 noMectuau 0,3 u 0,8 r Bogopona
u uopa. [Tocse ycTaHOBJEGHHS paBHOBeCHS B cocyle OOGHapYKeHQ
0,7 r HI. BrunciuTe KOHCTAHTY PABHOBECHS! PEAKIHH.

14-43. HayaneHue KoHUeHTpanuH Hy H I, paBHH COOTBETCTBEH-
1o 0,6 u 1,6 monb/a. ITocne ycTaHOBJNEHHS PaBHOBECHA KOHLEHTPa-
IHS HOAOBOROPORA oKaszanach paBHo# 0,7 Moab/an. BrluHcauTe pas-
HOBecHble KoHuUeHTpauuu Hy ¥ I, U KOHCTAHTY paBHOBECHA.

14-44. T1pu u3yuenuH paBHOBECHS peaKlHH

H, + I, = 2HI

HafileHo, UTO NpPH HCXOAHHX KouueHtpanusx H, u I, mo 1 moan/n,
paBHOBecHass KoHueHtpauus HI paBra 1,56 Mmoab/n. BuuHncaute
paBHOBecHYI KoHUeHTpauuio HI, ecnu HavajsbHBe KOHUEHTDAUHH
H, u I, cocraBasnu no 2 moans/a (T=const).

14-45. TIpn H3yueHHH paBHOBeCHSA

H, 41, = 2HI

OKa3ajoch, UTO paBHOBeCHble KOHHIEHTpallMM BOAOpOJAa, HOAa H
HONOBOAOPOJA paBHBI COOTBETCTBeHHO 4,2, 4,2, 1,6 Monbp/n. B npy-
rom ormmiTe, NPOBOJAMBILEMCS TIPH TOH e Temmepartype, ObJO Hai-
IeHo, YTO paBHOBecHHe KoHueHTpauuu [, u HI pasim 4,0 u
1,5 Monb/n. PaccuutafiTe paBHOBECHYKW KOHIEHTpaUHI0 BOLOpOAA
B 3TOM OIILITE.

14-46. T1pu HekOoTOpOH TeMmepaType B PaBHOBECHOH rasoBoil cH-
cteme SO3—03—S0O; KOHUEHTPAUUH BEIIECTB COCTABHJIH COOTBET-
creenHo 0,035, 0,015 u 0,065 Moab/n. BHYHCINTE KOHCTAHTY pPaBHO-
BEeCHS M HayaJibHble KOHIEHTPAIMH BelecTB, Npeanojaaras, 4To 3To
TOMBKO KHCA0pox ¥ SO..

14-47. B cocyne eMkocThio 8,5 /1 yCTaHOBHJOCH PaBHOBECHE

CO (r) + Cl, (r) = COCl, (1)
Cocras paBHoBecHoil cmecH: 11 r CO, 38 r Cl; u 42 r COCl,. Bu-
9HCJIHTE KOHCTAHTY PABHOBECHS PeaKUHH.

14-48. Brluncaute paBHOBecHble MapuuanbHue gasienus CO;
CO, korophie o6pasyrotcs npu 1000 K Haxg cMechlio kap6oHaTa



KaJbliHs H yraepoja B 3aKpHITOM cocyle, ecad mpu 1000 K
CaCO; (k) = Ca0 (k) - CO, (1) K, =13,95-102TIa
C (k) + CO4 (r) = 2CO (r) Kp=1,92-105TIa

14-49. TIpn HeKOTOpOH TeMIepaType KOHCTaHTa PaBHOBECHH pe-
aAKIUH

2NO -} O, = 2NO,

paBHa 2,5 Momb—'-m M B paBHOBecHOM rasomoit cmecu [NO.]=
=0,05 moab/n u I[[NO]=0,04 moxb/n. BouHciauTe HayaibHBIC KOH-
nenTpanuu kuciopoga H NO, mpeamosaras, 4TO HCXOAHAs CMeECh
COCTOfIJIa TOJMBKO H3 3THX BEILECTB.

14-50. [Ipu HeKOTOpOH TeMIepaType KOHCTaHTa PABHOBECH: pe-
aKIHH

9NO 4- 0, = 2NO,

paBHa 2,5 Momb~'-q H B paBHOBECHOH rasoBOH cMecH [NO,]=
=0,07 moab/n u [NO]=0,04 monnb/n. BuuucauTe HavajbHLE KOH-
nentpanuu Kucaopona # NO B ucxonHok rasoBodt CMecH, cojepxa-
meh takke NO, B koauuectse 0,02 moab/a. (Cp. ¢ 3anaueit 14-49).

14-51. Huxe npuBeeHH CTENEHH JHCCOLHAUMH « BOAOpOAA
(3500 K) npu pasauuAbLIX JaBJCHHUSX:

p, Ta 1-108 2.108 5-108 1-108 2-108 1.107
a 7,83.10"2 5,55.1072 3,50.10-2 2,48.10-% 4,76.10~-2 7,86.10-3

- PaccuuTafiTe KOHCTaHTH DPaBHOBECHS NpH YKa3aHHHIX AaBJICHH-
six. [TocTosiHHa 1M KOHCTaHTa PaBHOBeCHS?
14-52, PaccMOTpHTE paBHOBECHYIO CHCTEMY

9H, (1) + O, (r) = 2H,0 (1) AH L0

Kax BausieT H3MeHEeHHe HaBJeHH Ha COCTOAHHE PaBHOBECHHA M Ha
KOHCTaHTy DaBHOBeCHs? AHaJOTHYHO OGCYAMTE BJHsHUE TeMIepa-
TYPHl H KOHLIEHTpailHH.

14-53. Q6cyauTe BAHMSHME HAa CMellCHHE DPABHOBECHS U KOHCTAH-
Ty PaBHOBECHS peaKLHH

H, (r) + Cl, (r) = 2HCI (r) AH <O

CaenyIOIHUX GaKTOPOB:

a) yBeauuenue kouuentpauuu Ha, Clp, HCI; 6) yBenuyenne oGiue-
ro JaBJeHHs; B) pa30aBjeHHe HHEDTHHIM asoM; T) MOBHILEHHE
TeMIepaTypHl.

14-54. Tloab3ysch 3aKOHOM AEHCTBHS MAacc, MOXKHO KOJHMYECT-
BEHHO ONpeAeJHTh, KaK A00aBjeHUE ONHOIO M3 BELIeCTB B PaBHO-
BECHYIO CHCTEMY H3MEHsieT cojepxaHue apyroro (apyrux). Hampu-
Mep, TpeGyeTcst yCTaHOBHTb, KaK BJHSET yBeMYeHHe [1apUHaIbHOro
JlaBJIeHHs] a30Ta B 4YeTHIPE pa3a Ha napuHajbHOe JaBJieHHe aMMHa-
Ka B CHCTEME

N, (r) -+ 3H, (r) = 2NH, (r)
102



KoncraETa paBHOBecUSl peakLMH pPaBHA:
K P’NH,
P pN,PH,

H U3 Hee IIOJNYYHM
PNHy = Kp'%pN,M2py Y2

OTKyna ciaeiyer, 4TO yBeJHueHHe NapLHAJbHOIO JaBJEHHA a30Ta B
YeThIpe Pasa NPUBOAUT K yBEJHUEHHIO NAapIHaJbHOrO NaBJeHHsd aM-
MHaKa B 4!/,, T. €. B IBa pasa. -’

Kax moBauser yBelHueHHe MaplUUAJBbHOTO NABJEHHUS BOLOPOAA B
JIBa pa3a Ha NapuuaJbHOe [aBjeHHe aMMHaka? AHaJOrHYHBIM 06-
Pa3oM ONpeJeNHTe, KaK H3MEHHUTCA IapluHajbHOE AaBleHHe Ipo-
JYKTOB IPH H3MeHeHHH B 2, 3 W T. J. pa3 nmapuuajbHbIX AaBlIeHUH
BEIeCTB B CJAEAYIOUHX CHCTEMAaX:

1) C(x) 4+ H,0(r)=CO(r) 4 H, ()

2) H, (r) 4 Cl, (r) = 2HCI (1)

3) 2CO (r) = CO, (1) 4 C (r)

4) 250, () 4 O, () = 250, (r)

5) 3Fe (k) 4 4H,0 (r) = Fey0y (k) 4 4H, (1)

8) CO (r) + Cl, (r) = COCl, (r)

7) Co () + 4CO (r) + 1/2H, (r) = HCo(CO), (r)
IlpuBenHTe aHAJOrUYHBIE NIPUMEPH PAaBHOBECHBIX CHCTEM € Y4acTH-
eM XHUAKHX ¢a3.

§ 15. BO3BMO)XHOCTb MMPOTEKAHUS XUMHUYECKHX PEAKLLUA

15-1. O6bacHuTe, MOYEMY AJS OUeHb MHOTHX peaKlUHu#l NPH HEBHICO-
KHX TEMIepaTypax 3HAUeHHA TepMOJHHAMHUECKHX XapaKTepPHCTHK
peaxkuuit AH® u AU°, AG®° u AF° 6au3xkn.

15-2, lokaxuTe, 4TO ¢ H3MeHeHHAMH u306apHOro MOoTeHUHaka M
3HTPONHH (OPMAJBHO MOXHO IIOCTYNAThb KaK C M3MEHEHHSMH 3H-
TaJbINH HPH BCEX BHAAX PaCcueToB IO 3akoHy Iecca.

15-3. BripasuTe KOHCTAaHTYy paBHoBecws K, u3aMeHeHHe H306ap-
Horo mnoreHiHala AG®, wu3MeHeHHe 3HTaJbOud AH®° ¥ sHTpONMH
AS° peaxnuu

CO, (r) 4+ C (k) = 2CO (1)
yepes Te K€ XapaKTePUCTHUKH peakluui
C(K)+ Oy (r) = CO (1)
2CO (r) + O, (r) = 2CO, (1)
15-4. BripasuTe H3MeHeHHe H306apHOro NOTEHIHAJa pPeaKIHH
2H, (r) + O, (r) = 2H,0 (1)
yepe3 HaMeHeHHs H306apHBIX NOTEHIHAJOB peaKIHi:
2CO,4 (r) = 2CO (1) + 0,4 (1)
CO (r) 4 H30 (r) = CO, (r) + Hy (1)
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15-5. BocnoNb30BaBUIMCE CHPABOYHEIMH [AHHBIMH, BHIYHC/IHTE
AG®y95 peakuuil B cAeAYIOLIKX TpOLECCAX:
1) Fe,04 (), Hy(r) —> Fey04 (k), HyO (1)
2) Fe,04 (), CO(r) —_Feg0y (%), CO4 (1)
3) Fe,04(x), H; (r) — Fe(x), H;O(r)
4) Fe,04 (), CO(r) — Fe(x), CO, (1)
5) FegO4 (x), H, ) — Fe(x), H,0 (r)
6) FegOy (k), CO(r) — Fe(x), CO,(r)

15-6. TIpeackaxure cooTHomenue (Gomblue KA MeHbIle) MeXAy
AH°, TAS®, AG® (npn 298°) AJs CIEAYIOUHX PeaKUHH:

1) NH¢NO, (k) —> Ny (r), H,0 (r)

2) NH NOg (k) — Ny (r), O,(r), H;O (r)
3) NH, (r) + HCl (r) — NH,CI ()

4) NH4 (r) 4- 0, (r) — Ny (r), H,O ()

BOCNOMb30BABILHCh CIPABOYHBIMH NAHHEIMH, paccuuTaiite AG°2e8
peakuuil U yKaXkKuTe WX HalpaBlEHUE.
15-7. ¥YKaxuTe, BO3MOXKEH JIH NPOIECC

Pb (x) 4- 2AgCl (x) = 2Ag () + PbCl; (x)

KaK H3MeHseTCsl BEPOSTHOCTb €ro MPOXOKAEHHS NpH MOBLILIEHHH
TEMIEpPATyphHI?

15-8. Kak MOXHO NMOJNYYHTb COEAMHEHHS TEPMOANHAMHUYECKH HE-
ycroiunBeie? IIpuBeanTe cmoco6bl MOJAYyYeHHS H HECKOJbKO NMpHMeE-
pOB.

15-9. Uro Takoe cTaHaapTHbie ycaosus? (Cp. ¢ HOpMaJbHBIMH
YCIOBUAMH) .

15-10. Oaa peakiuH

H,0(r) 4 C (x) = CO{r) 4 H; (r)

napecTH AG%00=>50,96 kx/Monb H AG°700=34,70 xIx/MOMB.
Buiuncaute AH® u AS°, npeinosnaras HX MOCTOAHHBIMH B HHTEpBaJe
Temnepartyp 600—700 K.

15-11. I[1pu cTarAapTHHIX YCAOBHAX Npouecc

H, (r) 4 1/20, (1) =H,0 (%) - AG L0

ApPOTEKaeT caMONpOou3BOJbHO. Bo3MOXKeH JIH 3TOT mpolecc MpH o=
CTOAHHHIX TEMIEPAType H JaBJEHHU?
15-12. Bergncaure AG®29s 1051 CAEAYIONIHX PEaKUHA?
1) HCl(r) — H,y (1), Cla (1)
2) CO4(r) — CO (1), O, (r)
3) CO(r), HyO0() — CO,(r), Hy (1)
4) MgCO4(x) — MgO (x), CO,(r)
5) Mg(OH), (), CO,(r) —> MgCO; (), H,0 ()
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15-13. TIpomecc BOCCTAHOBJIEHHS OKCHAZ Kejle3a OKCHAOM yrie-
poja B JOMEHHOH redy NPoTeKaeT N0 ypaBHEHHIO

Fe,04 () + 8CO (r) = 2Fe (%) 4 3CO4 (r)

[a3, BHIXOAAMIMH H3 AOMHBI, COAEPKHT 3HaYHTelbHBEe KOJHYEeCTBA
HeHCIOJAb30BAHHOTO OKCHAa yrjaepoja. [IpennoxuTte CNOCOOH
yMeHbIIIeHHs COJEPIKaHUsA OKCHAA yriepoaa B BHIXOAAIINX rasax H
criocoBnl ero AalbHeHlero HCNOJb30BAHUA.

15-14. TIpu KaKHX YCJOBHAX KHCIOPOA fojiee CHABHBIH OKHCJIH-
Teib, YEM XJOp B pPeakinH

2CrClg (k) + 3/20, (1) = Cry04(x) + 8Cly (r)

15-15. TIpn mponyckKaHHH rasooGpasHoro GeCl, Haj HArpeTHM
MeTaJlIHYeCKHM repMaHueM, o0pasyercd GeCl,, KOTOpHH KOH/EH-
cHpyeTcs Ha XOJOIHBIX YaCTHX peakTopa H uepes HEKOTOpOoe BpeMs
pacnajaercs (nMCHpoONOpUHOHHDYET) Ha MeTaJlIHYecKHE repMaHui
u GeCl,. Hanumurte ypaBHeHHs peakumil. KakoBa mpH4HHZ NpO-
XOMEHMA Kax0# M3 peakluil ¥ BCero mpoiecca B neaom? Ilpune-
IMTe Jpyrue aHaJOTHYHblE DPEaKUHH.

15-16. TIpemckaxuTe NMPOAYKTHl BBLICOKOTEMIIEPATYPHOTO THAPO-~
JM3a KPHCTAIIHYECKOTO XJIOpHAa HATPHA. JlokaxXuTe BO3MOXKHOCTD
ux o6pa3oBaHHs. .

15-17. Yka)uTe, KakHe XJOPHAL MOryT ObiTh MOJYYEHH NPH He-
NOCPEJICTBEHHOM B3aHMO/EHCTBHH NPOCTHIX BEIECTB: AlCl;, FeCls,
FeCly, ZnCl,. Kakne u3 5THX BeNIECTB MOTYT OHTb MOJYyHUeHH NpH
B3aHMOJICHCTBHH METAJJIOB C XJIOPOBOLOPOAHOMN KHCJIQTOH?

15-18. Kak o6BACHHTb, YTO alleTHJEH — COCJHHEHHE C 6oJiee
MpOYHOH CBSI3bI0 MEX/]y aroMaMM YTJepoia (808 xIx/Moab), pe-
arupys ¢ XJAOPOBOJOPOAOM, JaeT CoelnHeHHe C MeHee NpoYHOA
cBaA3bio (586 KIk/MOJb): :

HC=CH + HCl = H,C=CHCI

15-19. OjuH M3 NPOMLILUIEHHBIX METOLOB MOJNYy4YeHHs KajHd CO-
cTOHT BO BaauMoneiicTeuu pacnnasiennoro KOH ¢ xXHAKHM HaTpH-
eM (440°C) :
KOH + Na =NaOH + K

JoKaxuTe, uTO peaKilHs BO3MOXKHA.
15-20. OauH 1¥3 NPOMLILIJIEHHBIX METOAOB IMOJYUEHHS KalHi
OCHOBaH Ha peaKlHd
KC1 4 Na= NaCl + K
B sTOM MeToje Yepe3 pacnjaBieHHHH XJOPHA NPONYyCKaloT HNapH
natpua (800°C), a jnanee KOHACHCHPYIOT Maphl KaflHd. ITokaxure,
YTO JaHHBIH mpollecc TePMOAHHAMHUECKH BO3MOXEH.
15-21. PaajloxeHHe HATpaTa aMMOHHS BO3MOXKHO MO ABYM CXe-
MaM:
NH,NO (k) = N,O (r) 4 2H,0 (1)
NH,NO; (&) = N, (r) -+ 1/204 (r) + 2H,0 (r)
Kaxko# npouecc Gosee BEPOsiTEH, H KaK OH 3aBHCHT OT ycnoBH#?
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15-22. Kak yanaTh, Kakue MPOAYKTH 06pasyioTcsi MpH O6XKHre
MHIIbAKOBACTOro kosnvenana FeAsS: Fe,0,, Fe,0,, FeO, Fe, SO,
SO2, ‘S, ASQOS, AS203, AS, ASQSS, ASQSa?

15-23. Peakuus

2NF, 4 3H, = 6HF -+ N,

TpOXOAUT Ype3BhHIYaiHO Jierko. [Touemy? Moxer au B 3TOMH peak-
LIHH 06Pa30BaThes aMMHAK?

15-24. B BogHOM pacTBOpe IIPOXOJHT peakiusg
I, 4+ HyS=2HI 4 S; AH® = —73,3 kT

B rasosom COCTOAAHHH BEILECTB peaKiugd [IPOTEKAeT B IIPOTHBOIO-
JIOZKHOM HanNpaBJICHUH:

2HI +S=1,4H,S; AH® = —20,9 x[Ix
TToyemy?
15-25. Paccunraiite H3MeHeHHe SHTPOIHH B peakIHAX

H;0 (r) = Hy (r) 4 1,20, (r)
Ca0 (k) + CO, (r) = CaCO, (x)
€CIIH SHTPOMUA BewlectBa pasHa [B [x/ (K- mosb) ]

H,O(r) 188,7 CaCO4(x) 88,7
Hs(r) 130,5 CaO (k) 39,7
O2(r) 205.0 CO,(r) 213,8

O6cynnre 3HaKH H3MEHEHHs SHTPOIHH. IIpenckaxure nanpassenue
TPOLIECCOB NPH CTAHAAPTHOH TeMmepaType.
15-26. ITpenckaxure, Kakas ua peakuH# BO3MOKHA:

CaCl, (k) + F, (r) = CaF, (k) + Clg (r)
CaF, (k) 4 Cl, (r) = CaCl, (x) + F, ()

Ilposepsre mpaBuabHOCTL Npesckasanus pacueraMu ¢ ucIOAB30Ba-
HUEM CNPaBOYHLIX JaHHEIX.

15-27, Bhiuucaure, II0/B3YACh CIIPABOYHBIMH  JaHHBIMH, AH°,
AS° v AG® nns peaxuuit:
NHy (r), O, (r) —— N, (r), H,0(r)
Cly (r), HyO (r) —> HCI(r), O, (r)
B,0; (), Mg(x) — MgO (x), B (k)
CO, (r), Mg(x) —> MgO (x), C(x)

[Ipenckaxure BiHAHHE H3MeHEHHS TEMIEPaTyphl W JaBJECHHS Ha
PaBHOBecHe MpPOLECCOB.

15-28. Koucranta pasroBecus K, peaxuuu
2CO, (r) = 2CO (r) + O, (r)

npu 1000 K pasna 3,7-10-'S [Ta. Buiuncaure KOHCTAaHTy paBHOBe-
cus mpu 2000 K, ecmu AH®1500=561,9 xJI /Mo,
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15-29. KoHcTaHTa paBHOBECHSA peaKIlHH
2HI (r) = Hy (1) + 12 (©)

npu 360°C pasra 0,0162, a npu 445°C — 0,0240. Boiuncaure Tep-
MOJHHAMHUECKHE XapDAKTEPHCTHKH IIpolecca AHCCOUHAUHH HOAOBO-
Jopola.

15-30. KoHcTanTa paBHOBecHs K, peaKkuHH

NH,Cl (k) = NH, (r) 4 HCI (1); AHPyq = 177,1 KK

npu 25°C paBra 1,01-107"! Ila. Haitpute TeMmnepartypy, IpH KOTO-
pO#i JaBleHHE AHCCOLUHALHH NOCTHraeT 101325 Ila.

15-31. [laBnenue puccouuauun PbO mpu 600 K pasHO
9,52-10-26 I1a, a npu 800 K 2,33.107'¢ I1a. OnpexnennTte Temmnepa-
Typy, npu Koropoit PbO HaynHaeT AMCCOLHHPOBATL HAa BO3LAYXE.

15-32. Jlo KaKhX TeMIepaTyp B aTMocdepe KHCJIOPOJA yCTOHUH-
Bbl ClEeAyKOIlHe OKCHAB Mapranua: MnO,, Mns;0,, Mn,0;, MnO?
Jlo KaKHX TeMIepaTyp Ha BO3[AyXe YCTOHUHBBI T€ XK€ OKCHJH Map-
raHna?

15-33. Bocnoab3oBaBIiuch 3HAUEHHAMH JABYX KOHCTAHT paBHO-
pecuss K; n K, npn nsyx temnepatypax Ti1 u T, (T2>T1) u cocra-
BHB CHCTEMY ABYX yPaBHEHHH:

—RT,InK, = AH —T,AS
—RT,InK, = AH — T,AS

MOYHO NOJYYHTb COOTHOIIEHHE

K _AH 1 ]
"K, TR (Tz.—rl

VKaXKHTe yCJOBHS, IPHMEHHTEJNbHO K KOTOPHM MOXHO NOJb30BaTh-
Cs 9THM ypaBHeHHeM JJsi ONpe/e/ieHHs H3MEHeHHs 3HTAJbIHH IO
H3BEeCTHEIM KOHCTAHTAM PABHOBECHS INIPH DAa3IHUHHIX TeMIIEpaTy-
pax.

15-34. PacTBOpHMOCTb AHOKCHAA YrJaepoAaa B BOAC NpH 0°C co-
crasiasier 7,99-10~2 moab/a npu gasaeHnn CO, 101325 Ila. Briuuc-
AuTe u3oGapHuil morteHuuan pacrsopenua CO. B Boje H cpenafTe
BBEIBOJ O HampaBJEHHH CaMOIPOH3BOJbHOrO Ipoliecca NpH 3THX yC-
JIOBHSIX.

15-35. Cmech kapGoHATa KaJbliHf H Yyriepoja HaXoJHMTCH B 3a-
KphiToM cocyne npu 1000 K. Kakos cocraB ra3oBoi cmecu? Ilpen-
JOXHTE Cocod ero pacuera.

15-36. He oueHp UHCTHIL a30T MOXHO IOJYYHTb, N1PONYCKaAs BO3-
AyX Han HarpeToll Mefwlo. Kucsopoa u3 BO3AyXa MOMJIOLLAETCS MO
peaxKnun

2Cu (k) 4 120, (r) = Cu,0 ()

Jl1s aTofi peakuUHM H3MeHeHHe H306apHOro MOTeHIHala ONHCHBAET-
Csl COOTHOIIEHHEM:

AG° = —165 812 4 66,27T [dx/mMonn]
BHIUHC/UTE COfepIKaHHe KHCJIOPOAa B BhXoAsmeM rase npu 500
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H 600°C. VkaxuTe onTHMajbHBE YCJIOBHSI TOJYYEHHS] a30Ta C MH-
HUMAaJbHBIM COIEPKAHHEM KHCJIOPOAA.

15-37. Kak o6BsCHHTb, 4TO B OOLIYHEIX YCJOBHSIX HEMOCPEICT-
BeHHOe B3aHMOJIefiCTBHe yIJepoAa H BOAOPOAA ¢ 06pa3OBaHUEM Me-
TaHa N0 peakiHH

C (k) + 2H, (r) = CH,4 (1)

He nmpoucxoguT  (AHep. 20s=—74,81 &Ik/Moab, AG°s=
=--50,82 xx/Mosb)? PaccunraiiTe KOHCTaHTy pPaBHOBECHSI 3TOrO
npouecca.

15-38. YKaxuTe, KaKie HYXHE LaHHBIE LJ pacqe'ra KOHCTaHTH
paBHOBeCHs1 IpoLEecca HOHU3ALHH?P

h‘:h""-—l—e’l

. 15-39. IlpuBeante oGBACHEHUS BO3MOXKHEIX NMPHYHH CAMOIPOH3-
BOJILHOI'O pacTeKaHHs HEKOTOPHIX XHAKOCTEH MO MOBEPXHOCTH TEJ.
B ueM npuyHHH pa3’aHYHOrO NMOBEAEHHH XHIKOCTEH?

15-40. [Tepep xuMukamMuH # (HU3UKaMH YacTO BCTaBaJ BOIPOC:
MOXeT JH NPOXOAHTh XHMHUecKas peakuus MeXJy Haubojee pac-
NpocTpaHEHHEIMH KOMIOHEHTaMH 3eMHOH aTMOCGhepH — MeX/Jay aso-
TOM, KHCJIOPOAOM H BOJOH, HapHMED

N, + 0, = 2NO
N, + 2H,0 = NH;NO,
2N, + 50, + 2H,0 = 4HNO,

Paccunraiite AH® 1 AG® 3TuX npoueccos (npH 3ajanHbix Bamu ar-
peraTHHX COCTOSIHHAX) H CJeJalTe COOTBETCTBYIOHIHE BLIBOIHL

15-41. HanumuTte Kak MOXHO GoJblie ypaBHEHHH pa3iHuHBIX
peakuuii, KOTOpble MOLYT IPOTeKaTb MeXJAYy ra3aMH 3eMHOH aTMo-
cteprl. O6cynuTe BO3MOXKHOCTh UX IPOXOXAEHHUS.

15-42. OnpegfennTe, BO3MOXHO JIH B3aHMofeficTBHe aTMocdep-
HLIX a30Ta H KHCJOPOZAA, HCXOJAS H3 3HauyeHHi# 3HTanbmHH o6pa3oBa-
HHS OKCHJIOB a30Ta AH%u6p, 208 (B KJ2K/MOJD)

NO(r) 90, 4 N,Os(r) 82,1
NOa(r) 33,4 N2Os (k) —42.7
N2O4(r) 10,9 N2Os(r) 11,7

N2O(r) 82,1

15-43. Huxe paHu u306apHHe NOTeHUHalhl 06pasoBaHHS OKCH-
AoB a30Ta AG°ep. 208 (B KK /MOJD) :

NO(r) 86,7 N20s(r) 140,7
NO,(r) 51,4 N:Os(x)  114,3
Nz04(r) 98,4 NzOs(r) 115,6
N0 (r) 104,3

Cpasaute AG° w AH° o6pasoBaHua OKCHAOB (CM. 3ajauy
15-42). B kakux cayuasx u noueMy nposiBasiorcs GoJbluHe YHCJEH-
HHe pa3juung Mexay AH° u AG® o6pa3oBanua?
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15-44. B onmoit HayuHO# cTaTbe GBLIO CKa3aHO, YTO PeaKuHs
FeS, (k) - 3Fe304 (k) = 2FeS (k) -+4F40; (x)

npu {>675°C npoTekaer BIPaBoO, MPU t<675°C — BaeBo. Jloka-
JHTE pacueToM Ha OCHOBAHHHM CIPaBOYHBIX AaHHBIX MPaBHALHOCTD
(u1M O1M6GOYHOCTE) 3TOrO yTBEPXKAEHHS.

15-45. M3meneHue usobapHoro moteHuuana AG°zgs B peaKUHH

4NH, (r) -+ 50, (r) = 4NO (1) 4 6H,0 (r)

paBHO — 958,6 KJIx/MOJb. [IpoananuaupyiiTe Ha NpUMepe 9TOH pe-
aKIKH, KaK HaMeHsercd AG B HeCTaH[apTHLIX YCHOBHAX IPH yBEJH-
YeHMH MJH YMEHbIUEHHH NapIHaNbHBIX AaBJeHHA pearupyloulux be-
mecTB. KakoBH YCJOBHA MaKkCHMAaJlbHBIX M MHHHMAaJbHBIX 3HaUe-
Hufl AG? TIpH KaKHX yC/IOBHSIX DaBHOBECHE CMellaeTcs BIPaBO HIH
81eBo? CopMmyJHpPYHTe NIPHHLAI CMEILEeHHs PABHOBECH.

15-46. Cmemupaerca 10 r CH;COOH, 20 r C.HsOH, 15
CH,COOC.H;s u 25 r Boan. Onpenenute, BO3MOXHA JIK peakLud
sTepHPHKALHU

CHZCOOH () 4 CgHsOH () = CHyCOOC,Hs () + HyO (%)

HCcXoAsA H3 CAeAYIOIUX NJaHHBIX:

AHo s°,

06D 2908+
kO x/Monb I/ (K- Moab)
CH;COOQC,H; () —479,026 259,4
H,0 (%) —285,830 70,1
C,HsOH (x) —976,939 161,0
CH;COOH (x) —484,089 159,8

Tor xe cambii pacuer npopenuTe s cMecH 1 r CH;COOH, 1 p
C,H;s0H, 10 r apupa u 100 r BoAHL

15-47. Uto saBasercs 6ojiee CHJABLHLIM OKHCIHTEJEeM — XJOpD HIH
KHCJIOPOJ B CHCTEeMe, COCTOsimell H3 rasoobpasubix O, Cl;, HCl n
H,0, npu KomHaTHOH TeMmnepaType H 1000 K? Berunciure reMnepa-
Typy, TIpH KOTOpOfl B AaHHOM CHCTEME OKHCJIHTENbHEIE CBOHCTBA
XJlopa U KUCJAOPOAa OJHHAKOBHL.

15-48. Haligute TeMmnepaTypHyi0 3aBHCHMOCTb H3MEHEHHA H30-+
6GapHOTO NOTEHIHAJa B PeaKIHH

4HCI (1) + O, (r) = 2Cl; (r) + 2H,0 (r)

OnpejiesiuTe TeMnepaTypy, IpH KOTOPOH H3MeHAeTCs Hanpas/eHHe
peaKlUHH NMPH CTaHJAPTHEIX KOHIEHTPALHAX YYaCTBYIOUIUX B peaK-
IlMH BeulecTB, H HPH JIOOHX 3afaHHBEIX [POM3BOJBHHX KOHLEHTpa-
IHAX.

15-49. PaccuuTaiiTe TepMOAHHAMHYEeCKHE XapaKTePHCTHKH AH®,
AS° v AG® peakuuu

2NQ, (r) = N3O, (r)
UCXOAA U3 CAEeAYIOIINX AaHHBIX:
AH?® . s,
BN T/ (K- woas)
NQ,(r) 33,47 240,2
N204 (l‘l 9,62 303,8



Pacgtm’raii're TaK¥e KOHCTAaHTy paBHoBecHsi K, mpu 0, 25, 51 n
100°C.

15-50. [lna peakuun AHMepU3auuu AHOKCHAA a30Ta KOHCTAHTa
paBHoBecHs npu 25°C paBHa 0,654-10—4*ITa~!., Omnpesenute BO3-
MOXHOCTh MPOTEKaHHs peakuuH NpH ofureM nabaeHun 101325 [la
H CJIeAyIOINX HayaJbHRIX TNapUHaJbHbHIX faBienusx (B Ila) Be-
WEeCTB: a) pPnyo, = 100000, pro, =1325; 6) P Ny0,=68880, prno, =
=32450; B) pn,0,=1325, Pno, =100000.

15-51. F3BecTHa KOHCTaHTa PABHOBECHS peaKUHHU
2NO, = N,0, Kp = pn,0,/P°No,

H oflllee JaBJjieHHe B PaBHOBECHOH CMecH p= + . Ipepao-
P ngo4 NOy

XHTe HanOoJiee KOPOTKHH NyTh ONpeAEJEHHs MapUHAJbLHHX AABJIE-
HHH pPNo, ¥ P Nyo, -
15-52. KoHcTaHTa paBHOBECHS pPeaKIHH

2NO, = N,0,

NpH o6lLIeM AaBJEeHHH B CHCTEMe P=PNo, +P N0, MOKET GHITb BHI-
paxeHa ABYMs CIOCO6aMHU

K _ P= o,
P Pno,
H
PN,0
K 2“4

P~ (I —pn,0,)?

Pemnre 06a ypaBHEHHS! OTHOCHTEJNLHO Pnog, HIH pryo,. [Ipoananu-
3UpYHTe pELIeHHs [AJIS MajleX HJIH GOJbLIHX 3HAYeHHA p, Prog»
Pnjo, Paccuurafite paBHOBecHEHle mnapumanbHHE AaBJeHHS TpH
CTaHAAPTHHX ycnoBuaX (K,=0,654-10-* [1a~!) u npu ycaoBuaX,
yKa3aHHHX B 3agave 15-50.

15-53. TlonwbiTaliTech 06BACHUTL, IOYEMY NIPH TEMIEpPaType Kpac-
HOro KajleHUusi Mefb, B3auMogefictBys ¢ NoO u NQO, gaer Cu.0, a ¢
NQ, — CuQ.

15-54. PaccuyntaiiTe KOHCTaHTH paBHOBecHst NMpH AG°yes= 1000,
100, 10,0, —10, —100 1 —1000 k[Ix/Moab. Kax H3MeHsieTCH KOH-
CTaHTa paBHOBecUs NpPH H3MeHeHHH AG° B 10 pas? Kak usMeHsercs
KOHCTaHTa pABHOBECHS TpH wu3MeHenuun AG° mna 10, 100 uam
1000 x[1x/Mons. TIpn Kakux 3HaueHHssX AG° MOXHO CYHTATb, YTO
peakUHs NPOXOAHUT NMOJHOCTBIO MJIH HE NPOTEKAeT COBCEM.

15-55. TIpH HHTErpHPOBAHUH BHIpAMXKEHHS

dln AH®
dT" = RT?

nonyyaeres (upu T.>T)):

nRa A1 1)
"k TR (TZ‘T—Ix
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O6bsacuuTe cojepxaHue o6enx GopmyJ. MoOXXHO JH H3 BTOpPOil
$opMyJbl BEIBECTH NEPBYIO? B KakHX IeJsfiX MOKeT GHTb HCMOJb-
30BaHO BhIBEIEHHOE COOTHOLIEHHe? YKa)uTe Npeiebl NpHMEHHMO-
cTi qopMyJIbl.

15-56. BhluMCIHTE KOHCTaHTy paBHoBecHss Kp nmpH 1000 K peak-
L INZA

FeO (k) 4 H, (r) = Fe (1) + H,0 (r)

HA OCHOBAHHMH CJIEAYIOUIMX NaHHBIX: [aBJeHHe KHCJIOpOAa TpH
1000 K uan FeO pasno 2,53-107'¢ [la, KOHCTaHTa pPaBHOBECHA Ko
peaKkuuu

9H,0 () = 2H, (r) + 04 (1)

IpH TOH Ke TeMIeparype paBHa 77,2 Ta.

15-57. OnpeneluTe IHTANbIHI0 AHCCOLHAIMA CaCO;, ecau mpH
800°C jpapnenme CO, pasmo 2,683-10% Tla, a npu 900 C
1,322-10% Tla. Bruucaure aasaenne COp npu 850 950 °C. Omnpe-
JeNuTe TeMIepaTypy, npu KoTopoi nasnende CO, paBHO CTaHAAPT-
HOMY.

15-58. PaccuuTaiiTe Ha OCHOBAHMM CIIPABOYHLIX MAHHBIX TEPMO-
JHHAMHYECKHE XapaKTepHCTHKH Tpolecca AHCCOUHALHH kapOoHaTa
KaJbIlHsl HA OKCHJ KaJbLHs M AHOKCHA yIJepoia TPH CTaHAapTHOM
TeMmepaType. PaccunTaiiTe AaBjeHHe JHOKCHAA yI/€poiad HAL Kap-
60HAaTOM KaJblHs NPH CTAaHJapTHOHR TeMnepaType H NpH 500 °C. Ka-
KOBa TeMIepaTypa, INpH KOTOPOH [AaBjleHHe AMOKCHAA yrJepola
kap6onatoM Kaabllus cocrasaser 101325 IMa? Omnpepeaute TeMmIe-
paTtypy, NpH KOTOpO#H AaBJeHHe [AUCCOLHALHH CaCO; pasHO
1,01395.10¢ I1a. Uemy paBHa TemnepaTypa, IpH KOTOPOH JaBJeHHE
IMOKCHa yraepoia Haj Kap6oHATOM KaJjblHs PaBHO NapHHa/bHO-
My JaBJeHHIO JHOKCHJAA yrjepola B BO3AyXe (3-10% I1a)?

BLiuHCJKTE aBieHHe IHOKCHAA yriepoja HaA KapOoHaTaMH
MarHHs, KaJblus, CTPOHIUs K GapHsi NPH CTaHLapTHOH TeMNeparty-
pe u cllelaliTe BHIBOA XapaxTepa H3MCHEHHs yCTOMYHUBOCTH Kap6o-
HATOB MeTaJJIOB rJaBHOH noarpynnsl 11 rpynnel nepuoan4ecKoi C-
CTEMH 3JIeMEHTOB.

15-59. MOXHO /1M OCYILeCTBHTb CHHTE3 3THJIOBOrO CIHPTA K3 yr-
Jlepofia, KHCIOPOAa W BOJOPOAA NPH KOMHATHOH TeMneparype?

15-60. MoXHO JIH OCYWECTBHTb NPOLECC MOJNYyHYEHHs AMMHAKA
NpH CTAHAAPTHHIX YCJIOBHSAX IO cXeMe

N, (r), HyO (1) — NH; (1), 0, ()
15-61. BoaMoxXHa JH peaKius ruaposnsa asora (p=101325 Ila,
{=25°C) no ypaBHEHHIO
N, (r) + 2H,0 (x) = NHg* (p) + NOy™ (p)
BHIUHC/IHTe KOHCTAHTY PaBHOBECHsI 3TOrO mpolecca H HakhjuTe TO
AaBlleHHue, IPH KOTOPoM KOHUeHTpanuH HoHOB NHi* n NO.~ B pac-
TBOpe cocTaBJsioT o 1-10~% Moab/.

15-62. YcroliuHBa JK MPU CTaHAAPTHHIX YCJIOBHfX CMeChb CE€pOBO-
DOpO/ia U KHCIOPOAa (Pp,s=Po,=101325Ila)? B pacuere npeano-
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JIOXKHTE, YTO B3aHMOJEHCTBHE, €CJH OHO BO3MOXHO, HIET MO cXeMme:
H;$(r), 0;(r) — H,0 (), S(x)

15-63. BoaMoxHO JH mpeBpalleHHe aleTHJeHa B 6eH30J NpH
CTaHAAPTHHX ycaoBHAX? KakoBh JOMXHH OHiTh YCJIOBHA AJfl OCY-
IeCTBJEHHS STOrO Iponecca?

15-64. [To xakUM peaKIHIM MOXKHO MOJYUHTL GEH30J:

'  6C (1) -- 3H, (r) = C4H, (r)

6CHy (r) = CqgHs (r) - 9H, (r)

3C;Hy (r) = CgH, (r) +- 3H, (r)

3C,H, (r) = C4H, (1)

6CO; (r) - 15H, (r) = C4Hs (r) + 12H,0 (r)

15-65. Kako#t okcun ycroduuBee IIpH BHICOKOH TeMOepaType
Fe,O; uau Fe ;047

15-66. MOXHO JIM IPH CTAHAAPTHHIX YCAOBHSX OCYIULECTBHTb MpPO-
Lece mo cxeme _

CO(r), Hy(r) —— C,H;OH (%), H,O (%)

15-67. Bo3MOXHO JIH pacTBOpPEHHe aJIOMHHHSI B BOJE MO peakK-
LHH :
2Al (k) -+ 6H,0 () = 2A(OH), (k) -- 3H, (1)

15-68. BoamMoXHO JH B3aHMOJAEHCTBHE OKCHIA AaJIOMHHHS C BO-
Joft 10 peakIuu

Al405 (x) - 3H,0 () = 2A1(OH)s (x)

15-69. MoxHO nH KapGHI KajbLUHs NOJYYHTh MO peaKIHAM:
Ca (k) - 2CO (r) = CaC, () -- O, (1)
Ca (k) 4 2CO, (r) = CaC, (k) -}- 20, (r)

Ecau aTH peakunH HeBO3MOXKHbI, TO yKaxuTe npyrue. IlpoaHajn-
3HpyiiTe BO3MOXHOCTH NOJYYeHHs] Kap6uaa aaromuuus Al,C; ana-
JIOTHUHEIMH DEaKIHSIMH.
15-70. VYcro#uuB aH KapOuA aldIOMHHHS 110 OTHOIIEHHKO K KHC-
JIOPOAY:
AlCy (k) -+ 60, (r) = 2A1,04 (k) - 3CO, ()

OGcynuTe BO3SMOXKHOCTH XPAHEHHsi Kap6HAa KajbllHst HA BO3AY-
xe (KHCJI0pOJ, AHOKCHJ Yriepoja, Bjara).

15-71. OcymecTBHM /M CHHTE3 STHIOBOrO CIHPTA H3 YIIepoja,
KHCJI0OPOAa H BOJAOPO/JA NPH CTAaHAAPTHHIX Yca0BHAX? [IpH pelueHun
3aJayM HCMOJb3YHTe ClelyIoLINe JaHHbe:

AHoL o s
K.ﬁg&lljuoglf’ Ix/(K-Mons)
CqHsOH (r) —234,3 282, 4
C (rpacur) 0 5.73
Ha(r) 0 130,7
02(r) 0 205.2 -

Kax nosy4aioT CHpPT B NPOMBILIJIEHHOCTH?
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15-72. MOXHO JIH OCYIIECTBHTb NPOLECC
CCl, (r) 4 2H, (r) = CH, (r) 4 2C1, (©)
npH cTaHaapTHoit TeMnepaTtype? KakoBo BiHsiHHE TeMIepaTypH Ha

JlaHHOe paBHOBecHe?
15-73. BuiuiciiTe KOHCTAHTY paBHOBECHs PeakKLUHH

CO (r) 4 H,0 () = CO, (r) + H, (r)
npH ctaHpaptHoii Temnepatype M 1000°C. Ilpu Kakux yc/oBHAX
yBeJIHYHBaeTCsl BHIXOJ Boaopoaa?
15-74. Cmech cepnl M rpaguTa HaXOAUTCA B aTMOC(epe KHCJIO-
poza. Kakas peakius TepMOAHMHAMHMYECKH NpPEANOYTHTEJIbHEE:
C(x) + O, (r) = CO, (r)
S (K) 4 Oy (r) = SO, (1)
C(x) 4+ S (k) = CS, (r)

15-75. Kakass u3 AByX peakuHil MOXeT NPOXOJAHTh CaMOIPOH3-

BOJILHO s

Fe () + Al,Oq (x) = Al (k) + Fe,O4(K)

Al (k) + Fe,O4 (k) = Fe (k) 4 Al,O, (x)
15-76. MO3XHO M TOJIYYUTL TNIEepPOKCHA BOAOPOAA MO peaKluu:

2H,0 (k) 4 O, (r) = H,0, (k)
15-77. I1o xako#l peaKuuH NPOXOAHUT PassoKeHHe NEePOKCHAA BO-
JlOpoJa TNpH CTaHAApPTHOH TeMIepaType
Hp04 (r) = Hy (r) + Oy (r)
H,0, (r) = H,y0 (k) 4 2/,0, (r)

15-78. MoXHO JH MPUMEHATL MeTaJJHUeCKUH aJNIOMHHUE [as
BOCCTaHOBJICHHSsI MAarHusi U3 €ro OKCHjJAa MO peakKnuu

3MgO (1) + Al (k) = 3Mg (x) 4 Al,O4 (x)

15-79. MoXHO /M IPUMEHATh METaJJHYECKUH MarHui WJH KaJjb-
UMA AJ9 [OoJdydYeHHst MeTaJJIHYeCKOrO0 HTTPHS NyTeM BOCCTaHOBIe-
Hud ero raJjiorenuga npu 298 K:

2YCly (k) 4+ 3M (x) = 3MCl, (x) 4+ Y (k)

Cpenafite BHIBOA O HampaBJeHUH peaKUUH NMPH NOBHILEHHOH TeM-
neparype.

15-80. © Brrumcaure  TepMoaMHAMHUECKHE — XapaKTeDHUCTHKH
AH®45, AS°sss, AG°20s TpoOlLlecCa aIOMOTEPMHM TPH CTAHAAPTHOM
TeMnepatype u 1000°C

Fe,04 (K) + 2A1 () = Al,Oq (k) + 2Fe ()

KakoBo BiusAHHe TeMIepaTypHl Ha NPOXOXKJAEHHE PeaKIHH?
15-81. Brluncaute KOHCTaHTH paBHOBeCHs CHHTe3a aMMHaKa U3
NpPOCTHIX BelleCTB NPH CTAaHAAPTHOH TeMnepaType W OAfHOH GoJee

BLICOKOH TeMIepaType H clesalTe BHIBOA O BJHSHHH TeMIepaTyphl
Ha BLIXOJ aMMHakKa.
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15-82. BriuucauTe  TepMOAHHaMHYecKHe  XapaKTEPHCTHKH
AHg98, AS®298, AG°298 peakiuu

Fey04 (x) + 3H, (r) = 3Fe (x) + 3H,0 (r)

U cfieqaiiTe BHIBOJ O HANDPABJIEHHH PEaKLHH.
15-83. MOXHO JIH IOJYYHTb NPH CTAHAAPTHHIX YCAOBHAX XJOPHI
«cepebpa o peaklHH

2AgBr (k) + Cl, (r) = 2AgCl () 4 Br, (1)

15-84. BrluucauTe jfaBJeHHe KHCJIopoja NpH KakoH-iIubo Temie-
paType HajJ OKCHAaMH XKese3a paainyHoro cocraBa (FeO, Fe;Oy,
Fe;,03) u chenafite BHBOA 00 YCTOHYHBOCTH 3THX OKCH/OB.

15-85. BruiuncauTe TeMmepatypy, IpH KOTOpOH JaBJieHHE KHCJO-
pojaa Hajl OKCHAAMH Kene3a pasiHuHoro coctaBa (FeO, FesOq,
Fe,O;) paBHO cTaHAapTHOMY, H clenaliTe BBIBOA O TE€PMHYECKOH
YCTOHYHMBOCTH OKCHAOB.

15-86. BoaM0OXHO JIH ropeHHe KaJjblusa B aTMocdepe AHOKCHAA
yriepoja o peakiuy

CO, (r) + 2Ca (8) = 2Ca0 (k) + C (x)

‘KaxoBo BiHsiHHE TeMIepaTyphl?
15-87. B0o3MOXHBE JIH CJAeAVIOUIHE PeaKUHH AHCIPONOPLHOHHPO-
BaHHUA

Cu,S (8) = CuS () + Cu (x)
Cu,0 (k) = CuO (k) + Cu (k)

TIpH cTaHAapPTHOH K GoJiee BBICOKHX TeMIlepaTypax?
15-88. Onpeneaute, NpH KaKoH TeMnepaType BO3MOXKHO B3aHMO-
JeiicTBHe cepebpa ¢ KHCJIOPOAOM ¢ 0o6pa3oBanHeM OKCHAa cepebpa
15-89. Omnpenenute, BO3MOXKHA JH caelyomas TeeprodaszHas
peaxLus

CuSOy (K) + Zn (k) = ZnSOy4 (x) + Cu (x)

15-90. KoHcTaHTa AHCCOLHALHH THAPOKCHIA aMMOHHSA npH 18 U
925°C paBHa cooTBercTBeHHo 17,2.107% u 18,1.1078. Briuncaunre
TepMOAHHAMHYeCKHe XapakTepucTHKH AH®, AS® u AG° mpouecca
JMCCOLMAIMH THAPOKCHAA AMMOHHSI B 3TOM HHTepBaJjie TeMIEepaTtyp
# KoHcTaHTy pasHoBecHs npu 20 °C.

15-91. KoHcTanTa AHCCOLMAUMH YFOJBHOH KHCJOTH IO IepPBOM
ctaanpy npu 10°C pasua 3,43-10-7 u mpu 30°C pasna 4,71-107".
BriunciuTe TEpMOAHHAMHYECKHE XapakTepHcTHKH AH®, AS® u AG®
JHCCOLHAIMK 110 NEpBOH CTajHH, a TaKXe KOHCTaHTH AHCCOLHALMH
npu 20 u 35°C.

15-92. Huxe npusefeHnl KoHCTaHTH auccounannn K, (B Ila)
HaCHIEHHBIX YIJIEBOAOPOLOB ¢ 06pasoBaHHEM HEHACHI[EHHOTO yrI-
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Aesozoposa (c OfHOM JABOMHON CBA3bIO) W BOAOPOAA AJdA ABYX TEM-
nepaTyp:

500 K 1000 K
Aran=3tunen+H, 1,26-1073 3,44.104
TNponau=1IIponen+ Hp 6,46.10-2 3,48.10%
Byran=Byrten-1+H, 4,31-1¢-2 2,99.10%
Ilentan=1lenten-14+H, 6,18-10-2 4,15.108
Texcan=Tekcen-1+H,  5,96-10-2 4,00-10%

BLIYHCJIHTE H3MEHeHHe H306apHOro NMOTeHLHa a DPeakuHH H Ha#-
AHTE ypaBHeHHe 3aBUCHMOCTH AG® OT TeMNepaTyphl. Onpepenure
¥3MEHEHHe SHTaJblMM W SHTPONHH B ITHX peakuHaX, BbIYHCIHTE
K, npu 600 u 1100 K. Kak Bauser AJHHA LENH U YHCIO aTOMOB yr-
jepoaa (ueTHoe HJIM HEYeTHOe) Ha NMPOUYHOCTh CBASH c—C?

15-93. Tuppar CaCly-6H,O mpu 293 K nMeeT HaBjienHe Napa
Boan 333 Tla. [1pu To# ke TeMmepaType AaBJeHHe mapa BOABI Hal
HaCHILEHHEIM pacTBopoM coctaBaser 1000 Tla. TIps Kakux ycnoBu-
X COJib HaUMHAEeT PacIIbIBaTLCA?

15-94. BaiaXHOCTb rasa, BEICYUIHBAEMOro IIPH MOMOIUH TPaHyIH~
POBAHHOrO XJOPHAA KajbuHs NpH 25°C, cHHKAeTCH N0 0,2 r BOARE
Ha 1 M® rasa. BbluHcjHTe JaBJjieHH€ NapoB BOAR Haj KPHCTaJ0-
FHAPATOM XJODHAA KaJblHs K ouenHTe AG® rujapaTaunx 6e3BoAHO-
ro XJIOpHAa KaJbllHg.

15-95. B 5KCHKATOp ¢ KOHILEHTPHPOBAHHOH CEpHOH KHCJIOTOH MO-
MecTHIH HekoTopoe KosuuectBo CuSO,4-5H:0 (npu 50°C). Cuavua-
Jla JaBJieHHe NapoB BOJABL B 9KCHKaTope cocTabJsno 6264 Ila, satem
OHO pesko cHHsHioch o 3999 Tla m mociie HEKOTOPOH 3alePKKH
yMeHbluHIoch A0 266 Ila. O6bscHHTE ONHCAaHHOE ABJIEHHE. Kaxkue
OIBITE HEOOXOAHMO TPOBECTH AONOJHHTEJBHO IJisl MOATBEDPKACHHS
IIPaBHJBHOCTH OOBACHEHHSA?

15-96. JlaBjenue BoasHoro mapa npu 25°C maa CuSO,-5H.0
paBHO 1040 TTa, a Han NapSO4-10H,O pasro 2533 Ila. Kakas us
cosell TepseT Ha BO3AyXe BOAY (BHIBeTPHBAaeTCH), €CJH NaplHalb-
HOe faBlleHHE NapoB Boibl B aTMoctepe cocrapager 2000 [Ta?

15-97. JlaBnenne BoasiHoro mapa Hag CuSOs-5H.O npu 30°C
paBHo 1453 Ila, a npu 26°C — 1076 Ila. Ha#ipure TepMOIHHAMH-
yeckHe xapaktepucTHKH AH°, AS® n AG® npouecca

CuS0,-5H,0 (k) = CuSO,-3H,0 (k) 4 2H,0 (1)

Kaxk  BBIYHCJHTb  SHTAJbIHIO THADPATalHMM  XHAKOH  BOJBI
CuS04-3H,0 po CuSO,-5H.0?

15-98. Kakoe BelllecTBO Jyylle NOIVIOLLAET Maphbl BOABI — OKCHJ
Kaspuua CaO uan oxkcua doctdopa P,Os? OtBer obocHy#TE TEpMO-
JHHaMHYeCKMMH NaHHBIMH, INpeinoJiaras CYIIECTBOBaHHe CJIe/lylo-
HIMX PaBHOBECHH:

Ca0 (x) + H,0 (r) = Ca(OH), (x)
P,05 (%) + H,0 (r) = 2HPOy4 (k)

15-99. IIpocMoTpuTe 3anaun 15-93—15-98 u chopmyaupyire yc-

JIOBHSI OCYIIAIIIErO AeHcTBUA BEIIECTB.
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15-100. Xnopun cepe6pa oGpasyeT ¢ aMMHaKOM J[Ba COelHHe-
ausa AgCl-2NH, u AgCl-3NH,. [laBnenne ammuaka npu 24 °C Han
fNIePBEIM coelMHeHMeM coctaBaser 14630 I[la, a Hanx BTOpPBIM —
125020 ITa. B cocyn emkoctbio 5 s nomectunn 0,001 moabp AgCl u
0,06 monmp NH; mpu 24°C. Kakoe coeauHenue o6pasyercs B cO-
cyne?

15-101. KoHcranTa paBHOBECHS pPeaKIHH

aA+bB=dD+4 fF

MOXeT OHThL pacCyHTaHa IO ABYM GopMynaM:

_ [D} [FY
[A]2 B}
H
AG@ =—RT InK
HJTH
AG®
~ RT

K=e

QO6cyante BONPOC O PasMEPHOCTH M €HHHIAX H3MEPeHHs KOHCTaH-
THl PaBHOBECHS. ’

§ 16. MIPABHJIO $A3 H $A30BbIE MEPEXObI

16-1. YkaxuTe ycJOBHS, IPH KOTOPHIX CHpaBeJJHBH (GOPMYJH, BH-
paxaromHe npaBuio ¢gas 'ubéea:

C=K—¢p+n
C=K—¢+2

rae C—uucno crenedell cBOGOAH; K — UHCAO KOMIOHEHTOB, ¢ — qHCIO das;
#—YHCNO (HAKTOPOB, BJHAOMWMX HA DABHOBECHE CHCTEMH (T. €. THCIO (aKTOPOB,
KOTOpHE MOXHO H3MEHHTh, HEe H3MEHAS THCJA (a3 B CHCTEME).

16-2. OnpenennTe MakCHMaJbHO BO3MOXKHOE 4HCJIO TPOMHBIX TO-
4eK JUIsi CHCTEM, COCTOSIIHX H3: a) JABYX KpHCTaaJHdYecKHX (a3,
KHUAKOCTH, rasa; 6) 5 KpucTaJJHUecKHX (a3, XKHAKOCTH, rasa.

16-3. Onpepenure uncao $as, YHCJO KOMIOHEHTOB H YHCJIO CTe-
fieHe# CBOGOJH A/l PABHOBECHHIX CHCTEM:

1) ZnO (x), Zn(r), C(x), CO(r)

2) ZnO (x), Zn(x), C(x), CO(r)

3) ZnO (x), Zn(r), CO(r), CO,4(r)

4) ZnO (x), Zn(x), CO (r), COy(r)

5) Ia(x), I,(r)

6) H, (r), O, (r), HyO(r)

7) Na,CO4 (), NaHCO, (k), CO,(r), H,yO (r)
8) CuSO,-5H,0 (k), CuSOy (x), H,O (r)
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16-4. BetusciuTe YHCJIO cTENEeHefl cBOGOAH B CIEAYIOMHX PaBHO-
BECHBIX CHCTEMAX:

1) H,O0 (r) = H, () + 1/20, (r) (T > 1200K)

CucreMa IoJyyeHa: a) AHCcOlMauuedl BOAH; 6) M3 CMECH BOAOpOAA
M KHCJIOPOfia, B3ATHX B MOJbHOM OTHOLIeHMH 2:1; B) cMelleHHeM
IIPOM3BOJIbHEIX KOJHYECTB BCEX TPeX BEHIeCTB.

2) 2NO, (r) = NyO4 (r)

CucreMa moaydena: a) u3 NOy; 6) u3 N:Oy; B) rasoo6pasnsie NO2
u N.O4 HaxomaTcs Hal KHAKHM N2O,

3) Hy () + 1, (1) = 2HI (1)

CucreMa modaydena: a) u3 HI; 6) u3 paBueix kosmHuecTs Hp u I
(3KBHMOJIbHAS CMecCh); B) CMelIeHHEM BCeX TPEX BEIIECTB, B3ATHIX
B MPOH3BOJbHEIX KOJHYeCTBaX.

16-5. CopmynupyfiTe ycloBHA NOJYYEHHS CIEAYIOLIHX CHCTEM
aHAJOTHYHO TOMY, KaK YKa3aHo B 3ajade 16-4 ¥ onpejeanTe YHCJIO
creneHel cBobobL:

1) CH, (r) = 2H, (r) + C (%)

2) CaCO, (k) = CaO (k) + CO, (1)

8) 4HCI(r) + O (r) = 2Cl, (r) + 2H,0 (r)

4) CO, (r) + C (k) = 2CO (r)

5) Fe (k) -+ HyO () = FeO () 4 H, (1)

7) 2NH, (1) = Ny (r) +- 3H, (r)

8) 2MnO, (k) = 2MnO (k) -+ O, (r)

9) CuSO0y-5H,0 (k) = CuSO,4+3H,0 (k) + 2H,0 (r)
10) NH; (r) + HCI (r) = NH,CI (k)

16-6. PaccuuTaiiTe 4HCJO CTeneHel cBO6OAB B CHCTeMe, -o6pa-
30BaHHON: a) rasoo6pa3HbniM HOAOBOAOpOAoM npH #<<C150°C (amc-
connauus HI ne o6mapyxuBaercs); 6) B pesyjbTaTe AHCCOLUHALHH
rasoo6pasHoro HojaoBojoposa npu ¢=>500°C

2HI (r) = Hy (1) 4 14 (1)

KakoBo Baile MHeHHe O uMClie cTeleHell CBOGOAB! 3TOH CHCTEMH
TpH nocTosHHO#H TeMnepaType B uHTepBane 150-+-500°C (mpu nosw-
LIIeHHH TeMIepaTyphl KOJHYECTBO BOAOPOAA H MOAA B rasoBOH cMe-
CH IOCTENeHHO BO3PACTaeT, OAHAKO YMCJO cTeneHed CBOGOAH H3Me-
HSETCH TOJbKO Ha €AHHHIY).

16-7. HarpeBaerca BeIIECTBO W uY€pe3 ONpelesleHHbe NpOMe-
KYTKH BpPeMEHH OTMeuaeTcs ero TeMIiepaTypa. Pe3yabTaThl Npen-
craBasioTcsl B BHAe rpaduka (Ha ocH aGcuHcC — 3HAYEHHA BpeMe-
HY, a TI0 OCH OpJAMHAT — Temnepartypa BemecrBa). [lonyuenHas
KpuBasi HasniBaeTcsi KPHBOH HarpeBamus. OxJaxjas BelleCTBO,
aHaJOrM4HRIM 00pa3oM CTPOAT KPHBYIO OXJaXKAEHHUA.

[TocTpoiite KPUBYIO HarpeBaHus BOAHI NpH atMochepHOM AaBie-
guu ot —10 po +110°C.

16-8. B Tpu cocyaa Haaura BoAa. IlepBHi#l cocyd OTKDHT, BTO-
poil repMeTHUECKH 3aKPHT H HANOJOBHHY 3alONHeH BOAOH, TPETHH
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CoCyZl MOJHOCTBIO 3a/JHT BOJOH H repmeTuyeH. Bee cocyanl Harpesa-
10T oT KOoMHaTHoH Temnepatypul o 130°C. TIlocrpoiite rpadukn
H3MeHeHHMsT TeMIepaTyph BOAH B KaX/[OM COCyJle B YKasaH-
HOM HHTepBaje TeMNepaTyp. YKaXXHTe pasjiMuusi B Npoleccax Ha-
TPEBaHHUs KHIKOCTH B KaXK/JOM cOCyle M OOBsICHHTE MX MPHUIHH.

16-9. Cocyn ¢ HEKOTOPHIM BEILECTBOM PaBHOMEDHO HAarpeBaeTcs
ot Temnepatypsl —30 no 125°C. OnpesenuTe 3T0 BEWIECTBO N0 [aH-
HbIM H3MEHEHHsI €r0 TeMIIepaTyphl BO BPEMEHH:

T, MHH i, °C T, MHH i, °C T, MHH {, °C
0 —30 28 35 56 89
2 —22 30 39 58 93
4 —14 32 43 60 97
6 —6 34 47 62 100
8 0 36 51 64 100

10 0 38 55 66 100
12 43 40 59 68 100
14 7 42 63 70 100
16 11 44 67 72 100
18 15 46 71 74 102
20 19 48 75 76 110
22 23 50 79 78 118
24 27 52 81 80 126
26 31 54 85

TToctpoiiTe Tpa@HK H3MeHeHHs TeMneparyphl. CKOJIBKO (ha30BBIX
Nepexo0oB GhIO 3aQUKCHPOBAHO? CpaBuute (GoJiblle, MeHbILE)
TeMI0eMKOCTH a3, CpaBHHTe aHTa/bNHH (as3oBHX nepexonos. Ka-
KOB 6y[eT XOJ H3MeHEHHs TeMIepaTypH, eC/H B JaHHOM BellecTBe
pacTBOPEHO Apyroe?

16-10. B ueM COCTOHT OT/IHYHe TPOHHOH TOYKH BOJH OT TeMIlepa-
TypHl 3amMep3aHusa?

16-11. TloctpoiiTe KpuBYl0 HarpeBaHus Jnaa or —20°C 1o
4120°C npu DOCTOAHHOM [aBJIEHHH, PABHOM JAdBJEHHIO TpoHHOH

TOYKH BOJHIL.
16-12. IuarpaMMy COCTOSIHHS BOJHI, COCTaBJIEHHY!O B KOOpAHHA-

tax p— T, noctpolite B kKoopaunartax lgp — 1/7.

16-13. Cocyn ¢ Bojo# oxJjaxjer no —o °C u 3aMmepsiiag BOLa
He pasopBaJjia ero cTeHKH. Cjie/lyeT JIM OacaThCsl, 4TO NpH JdajibHeH-
1lleM NOHHKEHWH TeMIlepaTyphl COCYy/l paspymures?

16-14. TIpouecc HarpeBaHHsi BOABl (JIel, XKHIKOCTb, nap) Inpn
[OCTOSTHHOM JaBJIEHHH ONHCHIBAETCH COOTHOILEHHEM:

C=2—90

TIps paBHOBECHH CHCTEMa COCTOHT M3 ABYX (a3, K—X unu )K—T
H oHa Ge3BapHaHTHA:
C=2—-2=0

HpeILCTaBbTe cebe, UTO NpOBOJHTCH NMOCTENeHHOe HarpeBaHHe JbAd
IpH MOCTOSHHOM JAaBJIeHHH, PaBHOM JAaBJICHHIO TpOﬁHOﬁ TOYKH, K
CHCTEMa JOCTHraeT TPOMHON TOUYKH, NPH KOTOPOH COCYLIECTBYIOT TPH
hasst K— K —T. Ckonpko creneHeli cBOGOAB MMEET CHCTEMA B

3TOH TOYKe?
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16-15. Uem o6bsicHSAETCH, UTO TeMIepaTypa 3aMep3aHHus TsKe-
noit Boas D,O Brime Ha 3,8°C TeMmnepaTyphl 3aMep3aHus OGBLIMHON
BOJbI?

16-16. BuluncauTe H3MeHEHHE SHTPONHH IPH IJaBJeHHH | MoJb
abaa npu 0°C, ecnu Ags npeBpamtenust 1 r abaa B Boay Tpebyercs
333,4 IIk/r TENJOTHI.

16-17. Tloabaysice ¢opmynoit AG°=AH°—TAS® u cuuras, 4TO
KOHCTAHTAa pAaBHOBECHs Ipollecca HCOAPEeHHs BOJHl INpeACTaBJISET
co6oil aaBneHne napa Boanl K=py,o Buuucautre AH® u AS° mpo-
Iecca UCIapeHusi BOAHL.

16-18. Hasecky 100 r sbpa, umetomero teMneparypy 0°C, omyce-
tuau B 100 r Boaw ¢ temnepatypoit +50°C. Kako#i craHer TeMIe-
paTypa  BOAH  [oclde  TOro, Kak  Jlel  pacllJaBHTCs?
(AHooﬁp_ 293H20 (K) =—286,336 Kﬂ)K/MOJIb, AHOOGP, 298H20 ()K) =
=—285,767 xJIx/M0iB).

16-19. Hcxons u3 toro, uto npu 20°C nasieHHe BOASHOTO Hapa
paBHo 2338 Ila, a Bopa xunut npu 100°C, BEIYHCIHTE 3HTAMBIHIO
HclapeHus BOJAH (cpedHIOI0O B 3TOM TeMIlepaTyPHOM HHTepBaJe).
CpaBHHTE pe3yJbTaT CO CIPABOYHHIM 3HAYEHHEM.

16-20. DuTponusi BOAbL B pPa3JUUYHBIX arperaTHbIX COCTOSIHHAX
paBHa [B J{x/(K-Moab)]:

Kpucramaa (aen) 43,9
JKuakocetsb 66,9
las (nap) 188,7

PaccunTaiiTe H3MeHEHHE 3HTPOIHHA B NPOIECCAX:
H,O0 (k) = H,0 (%)
H,O0 (%) = H,0 (r)
H,0 (x) = H,O (r)

OO0DBsCHHTE, IOYEMY SHTPONMH JbJa M KHAKOH BOAB MaJjO OTJHUA-
I0TCsL MeXAY co00H, HO CUJbHO OTJHYAIOTCSl OT SHTPONHH mapa. Ilo-
KaxKHuTe, YTO H3MeHeHHe SHTPONHH MOXKeT ObITh BHIYHCJIEHO TaK Xe,
KaK U H3MeHeHHe 3HTaNbIIMH IO 3aKoHy [ecca.

16-21. Kaxue cBe/leHHsI O CTPYKType XH/JAKOCTH MOXKHO IOJYYHTh
N0 YHCJHEHHOMY 3HaueHHIO H3MEHEHHsl 3HTPONHM NPH NJaBJAEHHH?

16-22. Tlouemy HeT OJHO3HAUHOH CBSI3M MeXAY TeMIepaTypoi
TJIaBJEHHS U SHTaAJbIHEH N1aBJeHHSA?

16-23. OnpeneinTe H3MEHEHHE SHTPONHUH NPH IUIaBJeHHH 1 MOJb
Me[lH, ecqH H3MCHEeHHe 3HTAJbIUHN NPH NJIABJEHHH | I MEJH COCTaB-
aser 204 Ixk/r U TeMnepaTypa naaBieHHs meaw pasHa 1084 °C.

16-24. I'padut ynanoch mepesecTH B anMmas 6jarofiaps HCIOJb-
30BaHHI0 O4YeHb GOJbMIHX AaBJeHHH W TeMmmepatyp. HecMoTps Ha
BEICOKHE JOCTHXKEHHS JKCIIepUMEHTAJNbHON TeXHHKH, SHTAJbIIUSA 5TO-
.TO Tepexojla HENOCPeACTBEHHO ellle He H3MepeHa. TeM He MeHee
BHTAJNbIHNA 3TOr0 (a3oBOro Nepexoja U3BECTHA YXe MOYTH CTO JeT.
Kak oHa 6nl1a onpeneinena?

16-25. Kakas cBAsb MexJy aToMaMH yrJjepoja NpOYHEe — B
CTPYKType aJMasa WiH B CTPYKType rpadura? Otser cieayer oGoc-
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HOBaTh, C YMETOM TOrO, 4TO 5HTAJIbNIHH aTOMHU3ALHMH ajMasa H rpa-
¢uTa paBHH cooTBeTcTBeHHO 713,0 1 715,0 KJI3K/M0JIb.
16-26. PaccunraifiTe H3MeHeHHe sHTaabnuu AH° mpu mpespaie-
HHH TpapuTa B ajaMas
C (rpadut) = C (amma3)

Ha ocHOBaHHH cJelYIOIHX JaHHBIX:

C (rpadut) 4 O, (r) = CO, (r); AH° =—393,3 g[Ix
C (anmas) + O, (r) = CO,'(r); "AHP = —395,5 kJIx

CdopMynupy#iTe NpaBHJIO pacyeTa 3HTaNbuM (PasoBOro nepexona
[0 3HAYEHHSIM SHTAJbIHH CrOpaHHs BellleCTBA B HayaJbHOM H KO-
HeYHOM COCTOSIHHAX.

16-27. BriuncauTe 5HTaNbIHIO BO3TOHKH rpadHTa, eClH SHEPrun
cBssn AH°CO=1071,9 xJx/moab, AH°0,=493,7 x[{x/mMonp u
AH%6pCO=—113,8 xJIx.

16-28. BolukcauTe HTAJBOHIO aTOMH3AlHH rpaduTa, €ClIH JAaB-
JeHHe Napa yriepofa (OLHOATOMHEE MOJIEKYJH) Hal TpadutoM
IpH pas3JuYHLIX TeMIepaTypax COCTaBJfeT:

T,K 1700 2000 2400 3000
p, Ia 1,3.1070 2,71.10-9 3,76.1078 4,68

IIpennoxuTe cnoco6 BHYHCICHHS HTAJbIIHH aTOMH3AUMH ajiMa-
3a. B xakom BelllecTBe — ajsiMase HJH rpadure — cBA3bL NpoUHeEe H
nouemy? (s pacueTa SHEpPTHH CBsi3eH MeXNy aTOMaMH yIJIepoia
B 5THX BElleCTBax CJEAYeT pa3je/HTh SHTAJbIHH aTOMH3AUHH al-
Masa H rpaduTa Ha 4HCJIO CBs3el, pa3pHIBAIONIMXCS NPH MepeBoje
aToMa yrJepoja M3 KPHCTAJJIHYECKHX pelleTOK a/nMasa M rpadura
B COCTOSIHME OJHOATOMHOTO rasa).

16-29. 3uaa naBjieHHe Mapa KpPeMHHS Hal KPHCTAJJHYECKHM

KpeMHHeM

t, °C 1220 1240 1260 1280 1300 1320
p, Ia 0,200 0,800 0,351 0,579 0,891 1,344

OMpEeNIUTe SHTAJNBNHIO CyOJHMAIMH KpeMHHs H BBIYHCJIHTE 3HEp-
rui cBssd Si— Si B KpHcTa/ne KpeMHHs, Opeanoyiaras, 4To aTOMH
HaXOASITC B COCTOSHHMH Sp°-THOPHAH3AIIHH, KaK H aTOMBl YIJepoAa
B ajMa3ae. IloueMy KpeMHHH He o6JajaeT TakKoH ke TBEPHOCTBIO,
4YTO H aJMa3s?

16-30. AMop¢Hble BellecTBa NOCTEINEHHO CaMOIPOU3BOJbHO IIpe-
BpAIAIOTCS B KPHCTAJJIHUECKHE, POTHBOIOJOKHLI Ipouecc (IpH
TOfl e Temmepatype) He Habaionaercd. CrefoBaTellbHO, KpHCTall-
JINUECKOE COCTOSTHHE SIBJSIETCS PABHOBECHBIM M HaHG6oJee yCTOHYH-
BHIM COCTOSIHHEM TBEPAOro BellecTBa.

OGbscHUTe TPHUHHY CAMONPOH3BOJLHOTO TE€PEeXOfa BellecTBa
H3 MeHee YIOPALO4YEHHOTO COCTOSIHUS B GoJjee ymopafodyeHHoe. ITo-
YeMy caMONpPOHM3BOJLHO NMPOHCXOAMT Npollecc, COMPOBOXKAAIHICH

120



yMeHblIeHHeM 3HTponHH? KakoBo COOTHO-
wenue BenuunH AH® u TAS® B 3TOM mpoO- H,O(r)
necce? KakoB 3HaK M3MeHeHHSI H306apHOro Ho(r)

HNOTeHIHAJa [pPH I[epexojie BellecTBa U3
aMOp(GHOro COCTOSIHHSA B KPHCTaJHYecKoe?

16-31. duranenus o6pasosanus (298 K)

KPHCTaJIHYECKOr0 W aMopdHoro (cTekmo- [F6s04®) Fe (k)
o6pasnoro) B,0s; paBHa COOTBETCTBEHHO oG, 14
—1272 u —1255 gIx/Moab. Kakas ¢op- - 1o

Ma 3TOTO OKCHAa 6Gojiee ycTOHYHBa? YKaXXHMTe NPHUMHHL mepexoia
onHOH ¢GOpMEL B Apyrue?

16-32. B xanopumeTpe NpH H36BITKE KHCJIOPOAA CXKHraercs 00-
pasen xene3a. B kakoM cayuae TeimsoBol 3ddekT 6yner GoJblie —
IPH CKUIaHUM 3aKaJEHHOTO HJHM He 3aKaJIGHHOTO >Kesie3a, KOBaHOro
HJIH HEKOBAHHOIO JKeje3ar

16-33. DHTanbIHA Hepexoja KpHCTaJdJuYecKoro §-MapraHila B
f-mapraHel mpH CTAaHAAPTHHIX ycJOBHAX paBHa 1550 IIx/Monb, a
usMmenenue sutponun 0,545 Ix/(K-Moap). Kakas MoaHduKaius
Mapranua 6oJiee yCTOHYMBA NPH CTAHAAPTHHIX YCJIOBHAX?

16-34. Tlpn xoMHaTHOH TeMIepaType OJIOBO MOXET CYLLECTBO-
BaTb B ABYX MOAM(MKAUUAX: cepoe OJOBO M Gejaoe ojxoBo. Tepmo-
JHHAMHYECKHe XapaKTePHCTHKH Moaudukauui: aas 6eJoro oJoBa
AH%6p=0; S°=51,54 IIx/(K-Moan); ans ceporo onoBa AH%ep=
=—92090 JIx/Monab, S°=44,14 Ix/(K-monas). Kakoe 010Bo TepMmo-
JVHAMHYECKHe YCTOHUHBO IIPH CTaHAApTHOH TeMIepaType M NpH
—20°C? KaxkoBa CKOPOCTb nepexoja OJHOH MOAHGHKAIHU B IpYy-
ryiwo?

16-35. B ueM HeTOYHOCTL (HENpPaBHJLHOCTB) H306paXkeHHs paB-
HOBECHOH CHCTEMBbI

FegOy (k) + 4H, (r) = 3Fe (k) + 4H,0 (1)

Ha cXeMe, MpeACTaBJeHHON Ha puc. 16-1?

16-36. COrnacHO NMpPHHIMNY NOCTEAOBATENLHOCTH NpeBpameHHui
nepexoj] BHICUIErO OKCHJa B HH3IIMA M B KOHEYHOM HTOTE B MeTan
fIPOHCXOJUT Yepe3 NnocaenoBa-

g K

TeJbHbIE CcTaJud o6pa3oBa-
HHSl YCTOHUHBHIX B JaHHHX o5k 1
YCJAOBHAX  [POMEXYTOYHHIX
okcupoB. Hanummute dopmy- ok p
Bl moc/AeAoBaTeNbHO o6pa-
3YIOIUXCA OKCUAOB NpPH BOC- oel
craHoBnennn Fe,O3 10 wme- ”
Taja. —0l-

16-37. Ha puc. 16-2 noka- '
3aHa 3aBHCHMOCTb Jorapud- s ‘ ! L P
Ma KOHCTaHTHl paBHOBECHs OT 760008 00010 000121 TK
o6paTHO/l TeMmnepaType AJd (1250k)  (1000K)  (833K)

peakuui: PHC. 16-2
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Feg0, (K) + CO (r) = 3FeO (k) + CO, () (1)
3FeO (k) + H,O (f) =Fey04 () + Hy (1) (2)

Kpussle nepecekaloTcst B TOUKe, COOTBETCTBYIOLIeHl TeMmepaType
920 K. Uro o3HayaeT paBeHCTBO KOHCTAaHT PaBHOBECHs peaKLHil IPH
3TOH TeMmnepaType?

16-38. Ilpn marpeBaHHH MejgHOro Kymopoca Ao 650°C oH mpe-
TeplieBaeT psjf NpeBpalileHHH:

CuS04-5H,0 (k) —> CuS04-3H,0 (k) —> CuSO,-H,0 (k) —>
— CuSO, (k) — CuO (x), SO, (r)

O6mnsicaute, mnoyeMy B 3TOH LiellH MpeBpamleHHH He 06pasyloTcs
TAAPATHl C YeTHIpbMS H ABYMS MOJIEKYJdMH BOABL YKaXKHTE Xapak-
TeP CBA3H MOJIEKYJ BOJH C LEeHTPANbLHHIM aTOMOM.

16-39. O6pasen, CuSO4-5H,0 noMelaioT B cOCyA ¢ MaHOMETPOM
u npu 50°C cocyl mocTemeHHO BakyyMHpyioT. [[aBjeHHe B cocyfe
nonuxaercs xo 6000 [1a u mocae sToro, HecMoTpsi Ha paGoTy Baky-
YMHOrQ Hacoca, HEKOTOpOe BpeMs OCTA€TCs MOCTOSHHBIM. 3aTeM
AaBJleHHe CHOBA MOHMXKaeTcs H, AocTHrHyB 4130 [la, eme pas ocra-
HaBauBaerca. Eme o6Hapy:eHa opHa ocraHoBKa npu 27 Ila. O6b-
SICHUTE, HCIIOJAb3Ysl NPABU/IO (a3, NIPHUMHY ONMMCAHHEIX OCTAHOBOK H
XapakTep NpeBpalileHHi BelecTsa.

16-40. Ha puc. 16-3 noxasaHHl yC/JOBUS YCTOHUMBOCTH KpPHCTAJ-
Joruapatos cyiabdara Mean. [TocTpoiiTe KpUBYID H3MeHEeHHsS TeMIe-
paTypel B KpHCTajlIMuecKOR ¢ase JJs mnpolecca HarpeBaHHs
CuS0O,-5H.0 npu mocrosHHoM naBaennd 2000 ITa or 25°C no
+60°C.

16-41. Jlapnende BOASIHOTO TMapa HaJ KPHCTANJOTHAPATAMH
cynbdata MelH NPH ABYX TeMnepaTtypax pasHo (B I1a):

25 °C 50 °C
CuS0,4-5H50 (k) =CuS04-3H,0 (x) +2H,0 (r) 1040 6000
CuS04-3H,0 () =CuSO,-H,0 (k) +2H,0 (r) 706 4130
CuS0,4-Hy0 (x) =CuS0;s (k) + H;0 (r) 2,6 27

Omnpenennte TepMOAHHAMMYECKHE XaPAKTEPHCTHKH YKA3aHHHIX
nporeccoB. OnuinmMTe XapakTep CTPYKTYPHHIX NpPeBDAIIeHHH IPH
yaJIeHHH MOJIEKYJ BOABI U3 TBepJOH (asml.

P lla
6000

4000

2000
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16-42. YKaxuTe KaK BJIHUsSET HA BO3MOXKHOCTb IPOXOXJEHHs pe-
aguuy 06pasoBaHHe KPUCTAIHIECKOro HIH rasoo6pasHoro HaTpHs:

Na,O (x) + Mg (k) = MgO (k) + 2Na (x)

Na,0 (%) + Mg () = MgO () + 2Na (1)
16-43. TlocTpoiiTe rpaduK 3aBHCHMOCTH NJIOTHOCTH KHMAKOIO 4
ra3006pa3HOTO 3THJIOBOTO CIHPTA Px M Pr OT TEMNEPATypbl H Onpe-

JeqHTe KPHTHUECKYIO TeMneparypy (pr=px) 1O CJAEAYIOIHM
JaHHBIM: .

t, °C 100 150 200 220 240
O, T/MA 0,716 0,649 0,557 0,496 0,383
Or T/Ma 0,004 0,019 0,051 0,085 0,172

16-44. TpoiiHas ToyKa HOJa COOTBETCTBYET +116°C u naBjeHHIO
11970 T1a. Kak noayyuThb KHAKHHA HOL?

16-45. O6bsicuuTe, NOYEMy TNapLHalbHOE AaBJieHHe MapoB Gpo-
Ma ¥ HOJa B NPHCYTCTBHH HHAHGb(EpPEeHTHHX ra3oB, HaNpuUMep aso-
Ta, aproHa, BLILIe, YeM IIPH TOi e TeMneparype Ge3 HUX.

16-46. TIpu 25°C naBieHHe mapoB BOABL cocTaBiser 3172 Ila.
3Has TeMIepaTypy KHIIEHHs BOJbl TpH aTMOCepHOM NaBJIEHHH,
BHIYHC/IHTE cpejHee 3HAUCHHE M3MEHEHHs SHTAJbMHU MCNAPEHHs BO-
IH B uHTepBajte Temmnepatyp 256—100°C u oleHuTe H3MEHEHHe
SHTPONHUH NPH TeMINepaType KHIEHHS BOJLL

16-47. Huxe comocTaBJ/JeHBl 3HayeHHs TeMIEpPaTyphl KHIEHAT H
SHTA/bIIHM KHIeHHs Aasa okcuaoB azora N,O u NO

N,O NO
teum, °C —88,5 —151,6
AHun, K x/MonB 16,56 13,77

Kagyio TepMOLHHAMHYECKYIO XaPAKTEPHCTHKY KHIEHHS OKCH/OB
MOXHO BHUMCJAHTh M3 3THX NAHHHX M Kakoi cijelyeT BHIBOXA O
CTPYKTYpe XHUAKHX OKCHA0B? KaKoBO BiHsiHHE HECNAPEHHOIO SJIEKT-
poHa B Mosekysie NO Ha ero cBo#icTBa?

16-48. JlaBnenne napos xaopodopma npu 40°C  cocraBaser
493.104 Tla mpu 50°C—7,13-10% Ila. Beuncaure TemMnepatypy
KHDeHHs xaopodopma, AH°, AS® ucnapenus npu Temnepartype KH-
neHusi. UTo MOKHO CKasaThb O COCTOSHHH MOJeEKyJ XJopodopMma B
KUJKOCTH?

16-49. Huxe npusefensl AS° HchnapeHHsi HEKOTOPBIX BELLECTB

[B Ox/(K-Momb)]:

Br, 91,6 C,H;0H 121,3
CH;COOH 133,1 " CeHia 93,7
H,0 121.8 SO, 134.3
Hg\ 98,8 C2H5CH3 98,4
CCl, . 94,6 CH,COCH; 94,6
CeHe 91,9 H,S0, 136,0
Hy04 120,9

BhienHTe OCHOBaHHe AJs KiaccH(HKAUHHM [AHHBIX, NMPOBEIUTE
KaacCHQUKALHIO ¥ OOBsCHHTE ee (PM3UKO-XHMHYECKYI0 CYILLHOCTD.
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16-50. CpenaiiTe BBHIBOAK O CTPYKTYpPax MKHAKHX rajlOreHOBOJO-
PONOB, HCXOAS H3 3HAUEHHH MX TEMIIEPATYPhl KHUNEHHSA M 3HTAJNbIUY
HcllapeHHd (TNPH TeEMIEPAType KHIEHHA):

HF HCI HBr HI
tewn, °C 19,5 —84.,9 —66,8 —35,4
AH%zen, xI%/M0OND 7,74 16,11 17,61 19,74

16-51. Cenen xunut npu 685 °C, sHTaIbNHA HCMAPEHHSA NPH TeM-
nepartype Kunenus cocrasiser 29,29 xJ/x/Moae. Teaayp Kunut npu
990 °C, AH®cn=51,04 x1x/mMoab. Caenaiite BHIBOZ O COCTaBe XKH/-
KOH W razoobpa3Hofl a3 ceneHa H Teanaypa.

16-52. N,O kunut npn —88,5°C. DHTaNbNUA HCTAPEHHS XHIKO-
CTH TpH 3TOH Temnepartype cocraBaser —16,56 kJIx/moan. Cre-
JIafTe BHIBOA O XapaKTepe B3aNMOJEHACTBHA MOJIEKYJ] JXKHAKOCTH.

16-53. NO kunut npu —151,65°C. Temnora uChapeHHs TIpH
9TON TeMIlepaType paBHa 13,77 k]I /moap. CaenaifiTe BHBOR O Xa-
pakTepe B3aHMOZEHCTBHA MOJEKYJ *KHAKOCTH.

16-54. JlaBnenne mapa auaTHaoBoro a¢upa mnpu 10°C pasHo
3,82-10* Ma, a npu 30°C —7,12.104 Ila. Briuucsiute Temnepatypy
KuneHus, AH® u AS° HcnapeHHs NpH TeMIepaType KHIEHHS.

16-55. 3HTaJbNHH HCIapeHHs HOPMaJsbHBIX cIHPToB NMpH 298 K
cocraBageT (B kI x/Moab):

Meranon CH,OH 37,4 Byranoa C4H,OH 51,4
Sranon C,H;OH 42,2 Meurtanon CsH, OH 55,6
IMponanon C;H,O0H 47,0

Kak u nouemy Bausier go6asaenne rpynnst CH, na sHTaabnuio
HCIapeHHs?

r1ABA 3
CKOPOCTb XUMHUYECKHUX PEAKILHHA

§ 17. BABUCHMOCTb CKOPOCTH PEAKILUH OT KOHILLEHTPALLUH

17-1. Nafite ompejeneHHe CKOPOCTH BOOGME H CKOPOCTH XHMHYe-
CKOH peaKUHH B YaCTHOCTH,

17-2. TlepeuncnuTe B mNOpsAKe MOHHMEHHS 3HAYUMOCTH (aKTO-
PHI, BAHSAIOUIHE HA CKODOCTh XHMHUYECKOH peakIiluH.

17-3. TloueMy MOXHO TOBOPHTb O CKODOCTH XHMHUECKOH peak-
LHH TOJILKO B JaHHBIH MOMEHT BpeMeHH?

17-4. Kak cKaxyTcs Ha 3HaueHHH KOHCTAHTH CKOPOCTH CJledyo-
IHe $aKkTOpHl, BJIHAIOUIHE HA CKOPOCTb PEeaKUHH: a) pa3JHUHble Ha-
YaJibHEle KOHIEHTPAlHH PEearHpYIOIHX BELIECTB; 6) H3MEHEeHHEe TeM-
HepaTypH; B) BBeJleHHe Pas3jHYHHX BEIECTB; I) CMeHa PaCTBOPH-
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Tens; 1) H3MeHeHHe 06bEMa CHCTEMH; €) M3MEHEHHe HOHHOH CHIbE
pacTBopa.

17-5. Tlepeuncaute B NMOpsifKe NOHHMKEHHs 3HAYNMOCTH (HaKTO-
I, BIHSIOIAE HAa KOHCTAHTY CKOPOCTH XHMHUECKOH PEaKLHH.

17-6. T1pu mocTossHHOW TeMIepaType B OJHHAKOBBIX IO dopme u
paBHBIX 10 €MKOCTH COCyAax o6pasoBanock 17 r H.S, 18 r H;0,
18 r H,, 16 r SO, CpaBHHTE CKOPOCTH peakuu#t 0Gpa3oBaHus me-
peUHCJIEHHBIX BEILECTB.

17-7. MOXKHO JIH MpeACKa3aTb 3aBHCHMOCTb CKOPOCTH pEaKUHH
OT KOHLIEHTpauHu?

17-8. JlokaxHTe, YTO CKOPOCTb XHMHYECKOH peaKUHH MaKCH-
MaJbHa NPH CTEXHOMETPHYECKOM COOTHOIUEHHH y4acTBYIOLIHX B pe-
akuuH BemecTB. [Touemy aTo npaBHaO COOMIOAAETCS He TONBKO A5
2JeMEeHTApHEIX peakuui, Ho H LJs APYTHX NPOLECCOB?

17-9. Jlns KakHX peaknuifl MOXKHO INpeJcKa3aTb 3aBHCHMOCTE:
CKODOCTH PEaKUMH OT KOHUEHTPAluHil pearupyrIllHX BelecTB?

17-10. B noco6un no XHMHH HanucaHo: «3aBHCHMOCTb CKODOCTH
peakuHH OT KOHIUEHTPAIMH PearupYHLIUX BelecTB ONpEeAensieTcs
3aKOHOM JieHCTBHSI Macc: CKOPOCTh XMMHYECKOH peakiHH TpH IOo-
CTOSHHOH TeMIepaType NMpONOPLHOHANbHA NPOU3IBEACHHIO KOHIEHT-
paumuii pearupyioLIMX BelllecTB, BO3BEJEHHBIX B CTENeHb HX CTEXHO-
MeTpHYeCKHX Koadduuuento». Hafinure omu6Ky(H) H HETOYHOCTH
B OnpejieseHHH.

16-11. 3akoH fmeficTBHA Macc MoOxeT ObiThb BhIBEJEH Ha OCHOBE
CJeYIOMEro NOJOXEHHS TeOPHH BEPOSITHOCTH: BEPOATHOCTb OJHO-
BPEMEHHOTO OCYILECTBJEHHSI HE3aBHCHMEIX COGBITHH paBHa NPOH3-
BeJIeHHI0 BepOSITHOCTEH Kaxaoro co6mTHs. [lombitaiitech clenaTb
3TOT BHIBOJ. YKaXKHTE ApPYrHe CIydaH HCNOJb30BaHHS 3TOrO IOJO-
MEHHS TEOPHH BEPOSATHOCTH.

17-12. YkaxuTe, KOTLa CKOPOCTb XMMHUYECKOH PeakKlHH JeHCTBH-
TeJIbHO TPOTOPIHOHAJIbHA TNPOU3BEEHHIO KOHLEHTPALMA peart-
PYIOLIHX BEIlECTB B CTENEHfAX, PaBHBIX CTEXHOMETPHYECKHM KO3~
(pHIIHEHTaAM.

17-13. B ypaBHEHHH, OMHCHBAIOMIEM 3aBHCHMOCTb CKOPOCTH pe-
aKUHH :

aA -+ bB = IIponyKTH

OT KOHLEHTpPaUHH pearHpyronux BelecTs
= kc*pc¥p

k — KOHCTaHTa CKOPOCTH PEaKIHH.

KakoB (h)M3HUECKHI CMBICA KOHCTaHTH CKOpOCTH? Kak OHa ompe-
nenserca? Korga uHcneHHOoe 3HayeHHe KOHCT2HTH CKOPOCTH H CKO-
poctH coBmafalT? KakoBhl pasMepPHOCTH H €IMHHIb H3MEDEHHA
KOHCTaHTHl CKOPOCTH H CKOPOCTH? A

17-14. Tlpennoxute onpejeleHns NOHATHA MOPsAKa H MOJEKY-
JSPHOCTH XHMHYECKOH DeaklUHH. YKaxHTe HeoOXOJMMble NPH3HAKH,
XapakTepHaylolue 3TH noHatHs. Oco6oe BHHMaHHe 06PaTHTE HA TO,
4TO MOJEKYJASPHOCTb BCEerAa LejJoe HefoJblloe YHCIO0, a MOPSAoK
MOXKeT GHITb PaBHBIM HYJIO, LeJOMY H ADOGHOMY YHCIaM.
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17-15. Onpenennte H3MeHeHHe CKOPOCTH NMPSAMHX 3JeMEHTAapPHHIX
TA30BLIX PeaKUHil MPH YBeJHUEHHH [aBJeHHs B 2 pasa:

1) H,+OH=H,0+H 5) N,0, =2NO,
2) 2NO + Cl, = 2NOCl 6) 0, +H=0H+O
3) H4 Cl= HCl 7) Cl,+H=HCl +Cl
4) NO 4 0= NO, 8) H,4+0=O0H+H
17-16. Peaguus npoXofut B rasoBoH ¢ase:
A+2B+D=F

Tlpu ypesiMueHHM KOHIEHTpAlH¥ KOMIOHeHTa A B 2 pasa CKOPOCTD
peakiuu Bospocia B 2 pasa. [Ipn yBejnueHHH KOHLUEHTPALKH KOM-
1loHeHTa B B 2 pasa ckRopocTh He H3MeHHaach. [IpM yBejaMueHHH
KOHIEHTpaluuu KoMmnoHnenta D B 2 pasa ckopocTh BO3pocna B 4 pa-
3a. Kak H3MEHHTCS CKOPOCTb DEAKIHMH MNPH yBeJHUEHHH OOLIEro
Jasjieauss B 3 pasa? Ilpennoxure ypaBHeHHe, MO3BOJSIOLIEE TIPEN-
CKa3HIBATh BJIHSIHHE H3MEHEHHS KOHIEeHTpalUMH pearipyloulnx Be-
A11€CTB HA CKOPOCTb AAHHOH XHMHYECKOH peaKIHH.

17-17. TIpu yBesHueHHH KOHUeHTpauuu BellectBa A B 1,6 pasa
-CKOPOCTb peaklUHH BospacTaer B 2,93 pasa. KakoB mopsiloK peax-
AIHH [0 BeniecTBy A?

17-18. [lpu H3yueHHH KUHETHKH DEaKIIHH

A4+B4+2D=F

‘6pI0 OOHADYKEHO, YTO CKOPOCTb peaxuu# (BAaNH OT COCTOSIHHS
‘DaBHOBECHs]) MNpH yBeJHYEHHH KOHLeHTpauuu A B 2 pasa Bospa-
.cTaeT B 4 pasa, He 3aBHCUT OT KOHIEHTpauMH B M Bospacraer B
3 pasa mpM yBeJHueHHH KoHUeHTpauuun D B 3 pasa. Hanuuuinte Ku-
'HETHYeCKOe YpaBHEHHE [JaHHON peaKLHH.

17-19. MUsyuaeTcsi CKOPOCTb peakIHM B3aHMOAEHCTBHSI BENIECTR
A, B u D. I[Ipu nocTosHHEIX KOHIEHTpauuAX B u D yBenuueHnue KoH-
IeHTpAllMH BellecTBa A B 2 pasa NPHUBOAHMT K BO3PAaCTaHHIO CKOPO-
<Ti B 8 pas. Ecau B ABa pa3a yBeJHUHBAETCS KOHIEHTPALHs Belle-
.cTBa B Ipu nocTosHHBIX KOHUeHTpauusx seuiecTs A u D, To cko-
pOCTh peakimuH BospacTaeT B 2 pasa. IIpH MOCTOAHHBEIX KOHLEHTpA-
amAX A u B yaBOeHHe KOHUEHTpalHH BemlecTsa D MpHBOAHT K yBe-
JUUYEHHIO CKOPOCTH B 4 pasa. CocTaBbTe KHHETHYECKOe ypaBHEHHE
peakuud H cGOPMyJHpyHTe MPABHJIO 3aBHCHMOCTH CKOPOCTH XHMH-
YeCcKOH peaklMM OT KOHUEHTpPAIUH pearHpyrouinX BeLIeCTB.

17-20. Huxe npuBefeHHl pe3ysabTaThl H3YUYEHHS CKOPOCTH peak-
UMK MeXLy BeuiecTBaMd A u B:

KoHlenTpauus, Moan/n )
BemiecTso A 0,10 0,20 0,20 0,10
BelllecTBO B 0,10 0,10 0,20 0,05
CKOpPOCTb peaKIlHH, MOAb/ (/- MHH) 0,0040 0,0160 0,0160 0,0040

EBblpaBPITe pe3yJbTaTH HCCJ/IEfOBaHHUA B BHAE KHHETHUECKOTO Ypas-
HEHHUA peaKIHH.
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17-21. Oas peaxnuu B ra3oBoit dase
2A 4 3B = A,B,

nmoJyyeHa CJenyrollias 3aBHCHMOCTb €€ CKODOCTH OT KOHUEHTpaIlluIE
pearupyrIliux BellecTB:

Konuentpauus, Moab/a

BellecTeo A 0,20 0,40 0,50 0,60 1,20 0,20
BemecTso B 0,20 0,40 0,20 0,80 0,80 1,00
CKOpoCTh peaKuHH v.108, 0,32 0,64 0,32 1,28 1,28 1,60

Moab/ (/1-MHEH)

KaxkoB mopsiok peakuuu? Kak H3MEHHTCS CKODOCTh DEaKUHH
NpH yBeJHUeHHH [aBJeHHs B 2 pasa? BriuHCJUTe KOHCTAaHTY CKO-
POCTH.

17-22. J1as OKHCIHTENLHO-BOCCTAHOBHTENBHON peakiiuu

2Co8+ 4~ TI+ = 2Co?* + TI3+

H3ydyeHa 3aBHCHMOCTL CKOPOCTH OT KOHUEHTPalMH pearHpyroliHx.
HOHOB!:

KoHueHTpauus, MOab/a
Co¥* 0,1

TI+ 0,1

Ckopoctb (ycn. en.) -1

,3 0,4 0,3
,1 0,1 0,2
4 6

woo
oo
ww

BhiBe[iNTe KHHETHYECKOE ypaBHeHHe peakuun. KakoB mopsiiok pe--
akuuu? PaccunTaiiTe CKOpOCTH peakllHH B CHCTeMe, TOJydeHHOH
CMellleHHeM paBHHX o6beMoB: a) 0,6 M pactBopa Co3t u 0,4 M’
pactBopa TIt, 6) 0,35 M pactBopa Co*t u 0,25 M pacrsopa TIt.

17-23. [TonyueHs caenyiolue pe3ylbTaTh H3ydeHUs 3aBHCHMO--
CTM CKOPOCTH peaKlHH

80, (r) + 2H, (r) = S (x) 4- 2H,0(r)
oT gaByaenusi SO, u Hjy:

HauaneHoe naBaenue (yci. eQHHHIL)

SO, 202 50 199 101 200
H, 49 201 98 198 199
CKOpOCTb B HAYaNbHEIA MOMEHT peak-
unM (yCI. eIMHHIEL) 35 36 71 72 145

BriBeguTe ypaBHeHHe 3aBHCHMOCTH CKODOCTH OT OaBJEHHs Dpeart-
PYIOLIHX BEIIECTB.

17-24. /In6poMsiHTapHAasi KHCJOTAa B BOJHOM pacTBOpe NpPH Ha--
rpeBaHHM NepexoJUT B GPOMMAaJeHHOBYIO KHCJOTY:

HOOC(CHBr),COOH = HBr+ HOOCCH=CBrCOOH
IIpepnoxure SKCNEPHUMEHT MO ONpPeNeNeHHI0 KOHCTAHTHl CKOPOCTH
3TOH peakKIHH.

17-25. MoHOXJMOpYKCYCHAsi KHCIOTa B BOJHOM pacTBOpE THAPO--
Jausyercsi ¢ 06pa3oBaHHeM IMIHKOJIEBOH H XJOPOBOAOPOAHOH KHCJIOT:

CH,CICOOH 4 H,0 = CH,OHCOOH + HCl
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{Ipn KOMHaTHOA TeMIlepaType peaKuUMsd NPOXOAMT OdeHbh MeMJIeHHO,
#o yxe npu teMmnepatype 100°C cKOpOCTb peaKIHH MOXET OBITH
usmepeHa. KoHCTaHTa CKOPOCTH 3TOH peakuuHu Obuia ompefiesieHa
(Baur-Todd, 1884 r.) caeayomuM — obpasom.  Pacteop
CH,CICOOH, coaepxauiuil B 1 a1 4 r KMCJIOTH, HaIuau mo 15 Ma
B CTEKJSIHHblE aMIYJH, KOTOpble 3aTeM 3aMafau U NOMECTHIAH B KH-
NA11y1I0 BoAsHyio 6aHio. Uepes onpejeseHHble NTPOMEKYTKH BPEMeHH
BHIHMMAJH 10 OJHOH aMiyJie, pe3KO ee OXJaXAajau (AJad 4Yero?),
BCKpBIBanyu U pactBop TutpoBaau 0,1 M BOAHHM pacTBOPOM aMMH-
aga. O6peM pacTBOpa aMMHaKa V, 3aTpayeHHOro Ha THUTPOBaHHe,
B 3aBHCHMOCTH OT NPOACJIKHTEJbHOCTH PEaKIHH T:

T, 4 0 10 13 34,5
V, Ma 12,9 15,8 16,4 20,5

Omnpezenure NOPSIAOK H KOHCTAHTY CKOPOCTH PeaKUuH.
17-26. BeriecTBO A AHCCOLHHPYET MO PEAKIHH

A=B+C

CKopocTh peakuuu pasHa 1,18-10~° moub/(n1-¢) NPH KOHIEHTpalH-
ax semiectTBa A (B MoJab/n): 2,05; 4,1; 8,2; 3,0. KakoB mopsgok pe-
akuud? BHBeLHTe BHIpAXEHHe 3aBHCHMOCTH CKODOCTH OT KOHIEHT-
panuHu. BelunciuTe KOHCTaHTY cKOpocTH. KaKoBa CKOpOCTb peak-
ILHM TIpU KOHLEHTpauuu BeuiecTBa A 2,5 moab/n? KakoBa KOHILEHT-
pauus BeuiecTBa A uepe3 1 4 1ocae Hayasa peakKuur? OmnuiuHuTe
YCJIOBHS, NPH KOTOPHIX BO3MOXKHO NPOXOXKIeHHE PeaKUMH C TaKHM
NOPALKOM.
17-27. T'asoBas peakuus

2NO + 0, = 2NO,

TpeTbero nopsiaka. Hanumure KuHeTHYeCKOe ypaBHeHHE DEaKIHH H
TpeICKaXKUTe, KaK H3MEHHTCH CKOPOCTb PEAaKUHH IIPH YBEJIHUYEHHH
of1ero gaBjeHus B 3 pasar

17-28. I1pu 25°C KOHCTaHTa CKOPOCTH peaKUHH B rasosoil ¢dase

N,04 = 2NO,
#MeeT CAeAYIoINE 3SHAYEHUA
p, a 21 590 34 660 89 040
k (yen. eAMHHIK) 4,4 4,8 6,0

[ToyeMy KOHCTaHTa CKOPOCTH BO3pacTaeT NpH YBeJHYEHHH 1aB-
nenus? [loueMy KOHCTaHTa CKOPOCTM Ha3BaHa KOHCTaHTOH, B TO
BpeMsi KaK OHa 3aBHCHT OT AaBjeHHs (H KOHLEHTPAIlHH)?

17-29. TasoBas peakius

9NO, = N,0,

TMPOXOAHUT KakK 6PIMOJIeKy.HﬂpHaﬂ. YKaxure MMOpAAOK pE€aKIHH HU O~
peaequTe, KaKk H3MCHHUTCS CKOPOCTb peaKUHH IIpH YBEJHYEHUH OaB-
Jenus B 2 pasa? ‘
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17-30. B o6paTtumoii peakuun A==B koHcraHTa CKOPOCTH Mpf-
Moii ¥ o6paTHOi peakuuii paBHa COOTBETCTBEHHO 300 u 100 c.
B HCXOLHOM COCTOSIHHH CHCTeMa COAEPIKHT TOJIbKO BEILIECTBO A. Bu-
yHcaAMTe KOHCTAHTY paBHOBecHs. 3a Kakoe BpPeMs KOHUCHTpALUH A
yMeHbIIHTCS B 2 pasa?

17-31. KoucTaHTa paBHOBeCHsI paBHA OTHOLICHHIO KOHCTAHT CKO-
pocreit mpsMoi M OGpaTHOR peaKuuH. KoHcranTa paBHOBECHS §B-
JsteTcs OCTOSHHOM NPH JAAHHOH TeMIepaType BEJIHUHHOH, HE 3aBH-
csillefl OT KOHIEHTPAllHil peardpylolMX BellecTB. B To e BpeMs
3HAUEHHS KOHCTaHT CKOpoCTell mpsiMo#i M oGpaTHOM peaklHil 3aBH-
CAT OT KOHIEHTpaluil, [aBJeHUs, HAJIHYHA KaTaaH3aTOPa, GopMH
PEaKIMOHHOTO COCYa H APYTHX (PaKTODOB. [Touemy yTBEpKACHHE
(BO3MOXKHO, H npaBu/bHOE) O MOCTOSTHCTBE KOHCTAHT cKopocrTeil Ie-
PEHOCHTCS HAa KOHCTAHTY DaBHOBECHS? JlokaxuTe, 4TO KOHCTAaHTa
paBHOBeCHsl He 3aBHUCHT OT KOHIEHTpalUuii pearHpYIOLUIHX BellecTB
M YKaXuTe, NPH KaKHX YCJIOBHAX H JJIs KaKHX peakuuit 3T0 Cmpa-
BE/JHBO. .

17-32. CKOPOCTb XHMHUECKOR PEaKUUH MPOMOpLUHOHAJIBHA IPOH3-
BeJleHHI0 KOHIEHTPAIMH PEArHPYIONIHX BELIECTB B CTENeHH HEKOTO-
pHX YHcel, ONpefeNseMblX 3KCIePHMEHTAILHO. Tlouemy B BHpa-
JKEeHHH KOHCTAHTH PAaBHOBECHs KOHLEHTDAlLHH BEIleCTB yKa3aHH B
CTeNeHsX, COOTBETCTBYIOUIHX CTEXHOMETPHUECKHM k03¢ QUIHEHTOM,
a He KCMEPHMEHTAJNbHO ONpe/leNseMbIM THCIaM [, m, n, p (nopan-
KaM pPeaKlHH 10 peareHTam)?

Hamnpumep, Aaa peakuuH

dA + 6B = dD + [F
Unp = kanlACmB
Uosp = ko6pc™DOPF
NpH PaBHOBECHH
Unp = Uosp T K kupc'ac™s = kospc"pcPR
HJH
kap "pePr

kosp —  clac™p

OnHaKO KOHCTaHTa PABHOBECHS paBHA
_ [DEFY
(AP(BI®

17-33. Hcxonsi W3 paBeHCTBa CKOpocTeft npsamoit B o6paTHOM
peaxiuii, BhlBeJUTe BbPaXKEHUs KOHCTaHT paBHOBeCHss B TOMOreH-
HEIX T'A30BHX CHCTEMAaX: '

1) H,, Cly, HCI
21 N,05, NyO4, Og
3) N;0, Ny, O,
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17-34. BrHBeAHTEe BHIpAaXKE€HHSI KOHCTAHT pPaBHOBECHA TIe€TEpPOreH-
HHX CHCTEM:
1) C(x), CO(r), CO,(r)
2) Fe (k), Feg04(x), H,(r), HyO(r)
3) C(x), H,y(r), CHy(r)
4) Fe(x), Fe;0,(x), CO(r), CO4(r)
5) S(x), Oy (r), SO4(r)
6) C(x), O4(r), CO,(r)
7) Fe(k), FeO(x), O4(r)

17-35. CKopocTb a/eMeHTapHO# rasosoil peakuun (1000 °C)
CH, + HI = CHy +1

npH ceyy =1,0-1078 Monb/n u  cur=2-10"% MoAb/1 paBHA Unp=
=2.10-7 Moab/(n-¢). CKopocTe OOpaTHOH peaklHH (Takke 3Je-
MEHTapHOH) mpH Toil Xe TeMneparype H npu ¢;=1-10"% mMoan/n u
CCcH, =3-10"% MOJB/N COCTABJACT Ugsp=3-10"%* MoJb/(71-c).
BLiuHC/IHTe KOHCTaHTH CKOPOCTEH Rap M Rosp H KOHCTAHTY paB-
HoBecus K. .
17-36. KoncraHnta paBHOBecHsl paBHa OTHOIIGHHI0 KOHCTaHTH
CKOpocTel NpAMOH H 06paTHOH peaxuui:
K= knp/kodp
MoxHo n¥ aag BryucjeHus K moab3oBaTbCAd KOHCTaHTaMH CKOPO-
CTeH, onpefesiieMbIMH B HEKOTOPHH MOMEHT BPEMEHH, KOTAa CHCTe-
Ma JaJleKka OT COCTOSIHHSI PaBHOBECHS? :
17-37. Ha puc. 17-1 mokasaHo AOCTHXeHHE DaBHOBeCHs BO Bpe-
MeHH B rasoBHIX cucTemax (445°C):
9HI =H, +1,
H, + I, = 2HI

OueHnuTe, HCXO[S M3 JAHHHX PUCYHKa, 3HaYeHHe KOHCTaHTH paBHO-
BecHs. ,
17-38. Peakuust (B pacTBOpPE METHJOBOTO COHMPTA)

C,H,Br; + 3KI = C4H, + 2KBr 4 Kl

yckopsieTcsi B 3 pasa IpH yBejaHueHuwn Konuentpauud C.H.Br. B
3 pasa u B 4 pasa npu yBenHueHHH KoHueHTpauuu KI B 4 pasa.
CocTaBbTe KHHETHYECKOE ypaBHeHHe peaKuud. Kakos mopsilok pe-
aKLHuH?

17-39. Peakuun OMHJEHHS 3Tuaauerata (B BOAHOM DPacTBope)

CH,COOC,H; + NaOH = CH,COONa + C,H;OH
2CH,COOC,Hs + Ba(OH), = (CH;C00),Ba + 2C;H;OH
IPOTeKaloT KaK peakuuu nepporo nmopsaxka. CKOPOCTh KaKOH peak-
1HH GoJblIe H BO CKOJBKO pas?
17-40. TlpeackaxkuTe, KaK H3MEHMTCS CKOPOCTb Ta30BHIX pe€aK-

Uyl OPH YBeJMYeHHH KOHUEHTPAIMH KaXK/[0ro M3 pearupyiollHx Be-
mecTB B 2 pasa W NpH yBeJHYEHHH LaBJeHH B CHCTeMe B 2 pa3a?
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1) 2N,0, = 4NO, + O, HI1,%

v= key,0 700 :
2) 2N,0 = 2N, + O, -\QIFHZJ’IZ

v= kCzN,O 80~ >——
3) CH,CHO = CH, + CO -

v= kecgcro 0 g =2mn
4) 2NO 4 0, = 2NO,

v = keNoco, 40
5) F, -+ 2CI0, = 2FCIO,

U= kCF,'cCIOZ 20
6) 4H, + 2NO, = 4H,0 + N, -

v= key,c*Noy 0 201550 80 2‘ i

PUC. 17-1

17-41. KakoB nopsiiok peaxiuH, NpoTeKaloleld B pacTBope
S;0g%~ + 31~ = 250,2~ + I3~
€CIIH ee CKOPOCTb ONHCHLIBAETCS YpaBHEHHEM
v = keg,0,2-Cr

Kax Binser u3MeHeHHe KOHIEHTpPAlMil pearHPYIOLLHX BELIECTB Ha
CKOPOCTb peaKkLHH?

17-42. Ha puc. 17-2 rpaduueckn npeacTaBleHO H3MEHEHHE KOH-
IEHTPAlHH pearupyioliero BelleCTBa BO BpeMeHH (Co — HayalbHas
KOHLEHTpaLHsA). YKaKHTe, KAKOMY MNOpSAAKY OTBeuaeT KaxXJAas H3
33BHCHMOCTEH?

17-43. Tlpn Kakux ycnoBHAX MOPAJOK peaKkUHH NMOHWXKaeTcs Ha
enuHuny? Koraa peakius mepBOro Hopsijika CTaHOBHTCS peaKinef
HyJIeBOro nopsiikar BO3MOXHH JIH yCJIOBHS, IPH KOTOPHIX NOPALOK
pPeaKuUH NMOHHXKaeTcs Ha JBe eJHHHULI? [IpHBegHTe NMPHUMEpH.

17-44. CxopocTh peaKuud B pacTsope

30CgH;OH + B,oH,q = 10B(OC,Hjy); + 22H,

OIINCHIBAIOTCA ypaBHEHUEM

dec,Hy0H b
- d = RCCaHyOH By ¢Hyq
Kaxos nopsaok peakuuu?
¢4 n CJ ik o3
G| nc,

oo YEE

3
e\

&Y
Y
L) Y

PHUC. 172
9* _1a1



17-45. Peakuus nHMeeT HyJeBo# nopanok. Kak H3MeHseTcs BO
BpeMeHH CKOPOCTb H KOHLUEHTPAUHH HCXOJHOrO BEmecTBa H MPOAYK-
Ta? '

17-46. KakHe SKCIepHMeHTaJbHHE AaHHble TpeGywTcs AJls On-
pelesieHHsi MOPALKA PeaKUHH?

17-47. O6BACHATE, NMOUEMY KOHCTAHTA CKOPOCTH pEaKIHH OMBHI-
JIeHHS 3THJIALeTaTa FHAPOKCHIOM 6apus

9CH,COOC,H; + Ba(OH), = (CH;CO0),Ba -+ 2C,H;OH
B 2 pasa 60JibllIe KOHCTAHTH CKOpPOCTH OMBUIEHHA THIAPOKCHAOM
HaTpHA HJAH KaJHuf:
'CH,COOC,H; + NaOH = CH,COONa -+ C,H,OH

KaxkoB mopsiox peakuuii?
17-48. Onpenenute MOpsiiOK PEAaKIHH OMBUIEHHS 3THJOBOro 3¢Hu-
pa MypaBLHHOM KHCJOTH THAPOKCHIOM HaTpHA B BOJHOM pacTBOpe:

HCOOC,Hj -+ NaOH = HCOONa + C,;H;OH
Hayanrnaga KOHIEHTpalnHuda 3¢Hpa H eJOoYH B pacTBOpe paBHA

0,01 Moan/n. KoHueHTpanuy 3THAOBOTO COHPTA H 3(Hpa B pacTBope
B MOMEHT BPeMeHH 1:

T, MUH 4 5 6
CCsHsOH » MOJB/N 3,17-10-8 3,66-1078 4,11-10-8
CHCOOCaHS6 » MOJB/N 6,83-1078 6,34-10-3 5,89.1078

BHIYHC/JIHTE KOHCTaHTY CKOPOCTH, paccyHTaiTe CKOPOCTb B Hayalb-
HEI!l MOMEHT BPeMeHH H uepe3 5 MHH Mocjie Hadaja PeaKIHH.
17-49. Cxopocts peakunn (25°C, Boanmit pactsop ¢ pH=11,3)
Br- -4 ClIO™ =BrO~ + CI”

H3yyaJlH H3MepeHHeM KOHUEeHTpauun HoHoB BrO~ wepes ompeje/eH-
HEle TIPOMEXYTKH BpeMeHH. HauaibHble KOHUEHTpAUHH HOHOB Br-
u ClO- B pacTsope cocrasisan 0,0025 u 0,0032 mosb/a. IToaydens
pe3yJbTaTH:

T, MHH 3,7 7,7 15,1 26,0 47,6 90,6
CBrO~ , MOJb/n 0,056 0,095 0,142 0,180 0,212 0,237
gv KakoB Nopsiiok peakuuu? Bounc-

\guy—————————— JHUTe KOHCTAHTy CKODOCTH.

17-50. Puc. 17-3 nagoCTpHDYET
rpa¢HyecKHd MEeTOJ OIpejeaeHHs MOo-
psKa peaklHH n MO HEKOTOPOMY Be-
mectBy A: v=kcs". Eciu H3BeCTHO
IBa 3HAYEHHS CKOPOCTH U1 H Uz NpH
JBYX KOHLEHTpauHsx (M3MeHSIOmHUX-
cfi BO BPEMEHH) C1 H Cj, TO NMOPSNOK
peakuuH omnpejensiercs NO YLy Ha-
kaoHa npaMoll: n=tg¢. Kak BHuHC-

: JIMTh TMOPALOK peakllHH, He H3Mepss
9¢; g, g6 yron HakJoHa npsMoi? BuBenute

v ———

I
|
f
i
|
|
|
i
I
[
|
!
!
I
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¢dopmyay Ids pacyeTa mopaika peakuud. JlOKaxuTe TaKKe, 4TO
KOHCTAaHTa CKOPOCTH £ CBsi3aHa C OTPE3KOM 4, OTCEKaeMbIM NpAMOU
Ha ocH 1g v, cooTHOILEeHHEM a=Ig k.

17-51. B peaxtope eMkocThio 5 a1 ipu 400 °C copepxurcsa 1 Moab
yuc-u3oMepd, KOTODHI H3OMepH3yeTcs B Tpaxc-usoMep. Uepes omn-
pefle/ieHHbE POMEXYTKH BpeMEHH T OT Hauaja PeakUHH H3MEDEeHHI
KOJIHUECTBA BEllleCTB B PeaKUHOHHOH cHCTEME:!

T 0 3u 79 8u T7cyrok | Mec
KoauuectBo HaoMmepa, Mofb
yuc 1,00 0,96 0,9 0,8 0,50 0,50
TpaKc 0 0,04 0,10 0,14 0,50 0,50

Briuncsiute uaMeHeHHe H306apHOro MOTEHLHANA IIPH yuc-TPAHC-TIpe-
BpallleHHH,
17-52. Ins peakuuu

C,H,Br, + 3KI = C,H, 4 2KBr -+ KI,

npoTekawlueil B cpefe MeTusaosoro cnupta (npu 60°C), nonayueHs
clefyiollie qaHHBIE:

Konuentpauus, moan/a

CoH(Br2 0,500 0,500 1,500

KI 1,80 7,20 1,80
CxopocTb 06pasoBaHus

K13, Moab/(a-Mun) 0,269 1,08 0,807

CocTaBbTe KHMHETHUECKOe ypaBHeHHe peakiuu. KakoB mopsapox
peakuHH? BEIUHCANTE KOHCTAHTY CKOPOCTH peakLHH.

BEruncanTe  CKOPOCT  TPH  Cyuypr, =0,8 MOMB/N M cxi=
=3,0 Mosb/n. B HeKOTOPHIH MOMEHT BPEMEHH CKOPOCTb PeaKLHH IO
CqH4Br; cocraBaser 2,5 mMoab/(1-MuH). KakoBH B TOT e MOMEHT
BpeMeHH ckopocTH no KI u KI,?

17-53. B rasoBoit ¢ase okcun asora ¥ Bojopoa npu 1000 K pe-
arupyloT N0 ypaBHEHHIO:

2H, + 2NO = N, + 2H,0

ITpeanoxure pasnHuHbE METOAB H3MEPEHHs CKOPOCTH 3TOH peak-
uun. MamepeHa CKOPOCTb peakUWH B HayajbHBHIH MOMEHT Ug IpH
HauaJbHOH KOHUEHTPALHH Co PEarupyIoIHX BellecTs:

Co, MOJB/A
NO

0,012 0,012 0,012 0,002 0,004 0,006
H. 0,002 0,004 0,006 0,012 0,012 0,012
Vo, MOJIb/MHH 0,20 0,40 0,60 0,30 1,20 2,7

BriBennTe KHMHETHUeCKOe ypaBHeHHe peaKuUHH. KaKOBHI O6M{Hil
NOPSI0K PEAKUHH H NOPsA/J0K IO Peardpylolllum BemecTBaM? Boiuuc-
JHTE CKOPOCTh DEAaKUMH IPH KOHUEHTPAUHAX: a) Cno=Cp, =
=0,012 Mons/x1; 6) eno=cp, =0,024 Moab/n; B) cno=0,05 Momb/m;
¢y =0,01 MosB /1. '
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17-54. Insa rasosoit peakuuu (660 K)
9NO 4- O, == 2NO,

H3MepeHa CKOPOCTh PeaKUHH IPH Pa3NHYHHX KOHUEHTpPaUHAX pea-
FUPYIOLHX BELLECTB:

¢, Monb/n
N 0,010 0,010 0,030
. Og 0,010 0,020 0,020
v no O, MOAb/(n-c) 2,5-10-3 5.10-3 45,0-10-8

KakoB MOpsiioK peakuuu? Beiuuc/IHTe KOHCTAaHTY cKopocTH. Pac-
cuHTaiiTe cKopocTb NpH ¢no=0,020 u coﬁ=0,030 MOJIb/J1. BrruuciH-

Te ckopocTh peakiuu Mo NO u NO,, eciu ckopocTh no O, pasHa
5,0-1073 moan/(a-c).

17-55. PasjoxeHnue MmepokcHaa BoJopoja ¢ o6pa3oBaHHEM KHC-
nopona B 0,045 M pactBope KOH mpu 22°C npoxoAuT Kak peak-
1Ms NEpPBOro MOPsiAKAa C NEPHOAOM HoJypacmaja T i;=0584 MHH.
BblYHCIHTE CKOPOCTb PEaKiHM B HaYaJbHHH MOMEHT BPEMEHH Iocye
cMelleHHsl paBHBIX o6bemoB 0,090 M pacrBopa KOH u 0,042 M
pactBopa H,O, M KoJMYeCTBO NMepPOKCHAA BOJAOPOAA, OCTABLIErocsi B
pacTBOpe Mo HCTedeHHH 1 4.

17-56. KoHcTaHTa CKOPOCTH PasJOXEHHs AHA30yKCYyCHOro agupa
N:CHCOOC;H;s npomopuunoHaibHa KOHLUEHTPALHH HOHOB BOJAOPOJAA
B BoaHoM pactBope. (IIpu cu+=1 MOJB/J KOHCTAHTA CKOPOCTH pas-
JoXeHust aupa npuHaTa paBHofi 1). OmpeneneHa KOHCTaHTa CKO-
POCTH pasjioXeHHsi aQupa B pacTBOpe YKCYCHOH KHCJOThL H B Tpex
pPacTBOpax yKCyCHOH KHCJOTBHI, cOJepXXallHX pas/HyHble KOJHUeCTBa
aneraTta HaTpHS:

¢, MOJb/N
CH3COOH 0,091 0,091 0,091 0,091
CH3COONa — 0,0023 0,0045 0,0091
k (ycn. en.) 1,29-10-% 5,83.10-¢+ 3,56-107* 1,99-107¢

Onpefennte KOHLUEHTPALHI0O HOHOB BOAOPOJAa B KaXaAOM pac-
tBope. Kak OHa HaMeHseTcsi IpH BBeJCHHH aleTaTa HaTpus? B
YHCJIHTE KOHCTAHTY AMCCOLHALHH YKCYcHOH KHcioTh. Kakue apyrue
CBeJleHHs MOXHO NOJYYHTb M3 NAaHHHX 3TOr0 HCCAeJOBaHHA?

17-57. Ckopocts rugpoausa agpupa CH;COOCHs B BOAHOM
pacTBope IpPH NOCTOSIHHRIX 3HAadeHusix pH, HoHHOH cHAB H TeMIle-
paTypH 3aBHCHT TOJBKO OT KOHLUeHTpaluH 3¢upa. Hanuiuurte ypaB-
HeHHe pPeaKIHH IHAPOJH3a.

Huxe npuBefieHn NaHHbIE MO W3MEHEHHIO KOHLEHTpalUHH 3dHpa
BO BPEMEHH!

Ccuscood » Moasfn 0,61 0,37 0,27 0,15 0,11
T, MHH 0 25 75 100 125

~ IlpencrasbTe 3TH jAaHHHe rpadguyeckH. B Kakux KoopaHHAaTax
c/leflyeT NMOCTPOHTL rpaMK AJsA NOJydYeHHsi NPsAMOJHHEHHOH 3aBH-
CUMOCTH? BHIuHC/HTE KOHCTAHTY CKODOCTH, HpeAnoJaras pasjnd-
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HEle TOpsiAKH peakuuii. KakoB mopsnok AaHHOA peakuuu? Boivydc-
JHUTE NMEPHOA MoJynpeBpaileHHss s¢upa. KakoBa KOHUEHTpalHS
adupa uepes 2, 5 u 10 nepHofoB noaynpeBpalleHAs? i

17-58. Jlna u3yueHHs CKOPOCTH Pa3jiOKeHHs 1aBeJeBOH KHCJIO-
TH npurotoBuau 0,025 M pacTsop wiaBesneBoft KHCAOTH B 99,5% -Hoi
cepHofi kHcaoTe. Uepe3 onpejiesieHHble IPOMEXYTKH BDEMEHH T MPH
50°C ot6upann 20 MJ pacTBopa M OmpeielsylH o6beM pacTBopa V
nepMaHraHaTta KaJus, N10oTpe6OBABUIHACA HA THTPOBAHHE:

T, q 0 2 4 7 10 15 24
V, ma 23,0 19,3 16,2 12,5 9,6 6,0 2,9

OnpenesnnuTe NOPSAOK peaKlUMH IO 11aBeJEBOH KHCJAOTE H KOH-
CTaHTY CKODOCTH €€ Pa3JIOXeHHS.

17-59. CkopocTts pasnoxenusi NoOs B cpefie TeTpaXJiopHjia yrJe-
pOZa ONHCHIBAETCH YpaBHEHHEM

U= chzob

O6bem V BhgesHBuIerocss KHCAOPOAAa B 3aBHCHMOCTH OT NpPOAOJ-
XHTEJbHOCTH PEAKLUHHU T:

T, MHH ‘10 20 30 40 50
V, ma 6,30 11,40 15,53 18,90 21,70

ITo oxkoHuaHHH peaKUHH 06beM BHIAENHBLIErocs BOAOpoOLa CO-
ctaBus 34,75 M.

BhluHC/IHTe HECKOJIBKO 3HAaYeHH#A (HE MeHee NATH) KOHCTaHT
CKODOCTH H CpeJHee 3HayeHHE KOHCTAHTH CKOPOCTH. [locTpoiite
rpadHk 3aBHCHMOCTH Oo6beMa BHIJEJHBIIErocsi KHCJAOPOAA OT MpoO-
JOJIXKMTEJbHOCTH DeakUHH M HaHAHTe INepHOJ IOJylNpeBpallleHUs
okcuaa. [lo 3naueHuio mepHoja moJiynpeBpallleHHs] BHUYHCJAHTE KOH-
CTaHTY CKODOCTH H CDaBHHTE ee CO CPeAHHM 3HaueHHEM, MOJydYeH-
HEIM DaHee.

17-60. Tepmuueckoe passioxeHHe YKCYCHOrO aJjibJernia IpOXo-
IHT N0 YPaBHEHHIO:

CH,CHO (r) = CH, (r) 4+ CO (r)

[Tpu 800 K monydgeHH cJiefyloliye AaHHHE MO 3aBHCHMOCTH CKOPO-
CTH pPa3/IOXXeHHA OT KOHUEHTpPalHH ajJdbAernaa:

CCHaCHO» MOJH:./JI 0,2 0,4 0,6 0,8
v-108, Moaw/(a-c) 1,8 7,2 16,2 28,8

Hanumure KMHeTHYecKoe ypaBHeHHe peakund. KakoB mopsimox
peakuuH? BriuHcaMTe KOHCTaHTY ckopocTd npu 800 K. Paccuuraiite
CKODOCTb Da3JjioKeHHA NPH HauadbHO# KoHuenTpammu CH,CHO,
paBro#t 0,3 MoJb/a.

17-61. PacTtBopenne colH cn1a6offt KHCAOTH B pacTBOpax KHCJIOT
AOJIXKHO NMPOXOAHTb TeM GHICTpee, 4eM GOJbIle KOHUEHTPALHA HOHOB
Bojopojia. OnHako Kap6oOHAT Ka/bLMs PACTBOPSAETCA B DPACTBOPE
YKCYCHOA KHCJOTHI GhICTDEe, ueM B pacTBOpe cepHoii. [Touemy?
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17-62. KoHcraHTa £ CKOPOCTH peakl(HM IepBOro nopsiika pac«
CUHTHIBAETCH MO yPABHEHHAM:

ILE)
k=1_lﬂc

HIH
1 Co
k= 2,303'? 1g -

rie ¢o— HauaJlbHasli KOHLUEHTPAIUA BeMEeCTBa (B MOMEHT BpPEMEHH 1‘=0); c—
KOHIIEHTPaLHsl BelecTsa B MOMEHT BPEMEHH T.

KakoBa pa3MepHOCTb KOHCTAHTHl CKOPOCTH DeakluH [epBoro
NopsAJKa U B KaKHX eIMHHLAX H3MEPACTCH KOHCTAHTA CKOPOCTH? -

17-63. Peakuusi B3aUMOJeHCTBHA yKCYCHOTO aHTHIpPHAA C BOAOH
sBJAsieTcsl peakuueil nepsoro nopsaxa (16°C):

(CH,C0),0 + H,0 = 2CH;COOH

B HayanbHHIH MOMEHT BpeMeHH pactBop coepxan 0,892 Moab yk-
CYCHOrO aHrWapHAa, a uyepe3 15,2 MUH KOJHYECTBO €ro yMeHbIUH-
gock a0 0,481 moab. BriudcaHTe KOHCTAHTY CKOPOCTH, MepHOA MOJy-
npeBpallleHHsl, HaYaJbHYI0 CKOPOCTb PEAKIHH H CKOPOCTb PeaKLHH
B MOMEHT BPEMEHH, paBHHIH BpPeMeHH MOJyNpeBpalleHus.

17-64. Tlpu H3yueHHH CKOPOCTH pPeakUHH OOMEeHa JHraHIAaMH B
BOJHOM PacTBOpe

[Co(NHg)sCl]** + H,0 = [Co(NHg);H, 0+ + Cl=
NOJyyeHHl CJAeyIOLUHe AaHHbE 0 3aBHCHMOCTH CKOPOCTH Ug (B Ha-

yaJje peaKuHH) OT HauaJbHOH KOHIEHTpALlHH KOMIJICKCHOrO HOHAa
Co:

co-IO’;, MOJIB/ 11 1,0 1,3 1,5 1,7 2,0 2,5 3,0 4,0
00-10 '
o/ (a1- MuH) 1,41 1,83 2,12 2,40 2,82 3,53 4,23 5,64

JIOKaXHUTe, 4TO PeaKiHs NepBOro nopsaxa. BrYHCIHTE KOHCTAH-
TY CKODOCTH H HNEPHOJ, MOJyNnpeBpalleHUs.

17-65. CKOpoCcTb CaMOIPOH3BOJLHOTO PA3JIOKEHHS PaMOAKTHB-
HOTO BellecTBa, HampuMep ¢'“C=7!*N-+e~, 3aBHCHT TOJIBKO OT
MMEIOILIErocsl YMCJa aTOMOB 3TOTO BeulecTBa. KakoB NMOPSZOK STOH
peakuuu? Hanuurite KHHETHUECKOE ypaBHEHHEe 3TOr0O Ipouecca.

17-66. KakoBa KOHCTAHTa CKOPOCTH pacmaja H30Toma, €ClH
87,5% ero pacmajaertcst B TeueHHe 4 JeT?

17-67. B cBOGOAHOM COCTOSIHHHM HEHTPOH HeycToHuuB. B cpennem
yepes 20 MHH mocJe 06pPa3OBaHHs OH CaMONPOH3BOJBHO pacnajaert-
csi HAa NMPOTOH M 3JeKTPOH. HUeMy paBeH ero nepuoi noaypacmnaja?

17-68. Ilepuop noaypacmaja paaHOAKTHBHOIO yrJ€poAd 14C
paBeH 5600 JeT. Yraepoa, MOJyueHHBIH H3 MKHBOH CHCTEMbl, COAED-
xuT 4C ¢ akTHBHOCTbIO 15,3 pacn./MHH B pacuere Ha 1 T yraepoaa.
CKOMbKO aKTOB pachajfa cieiyer oxuaaTb or 1 r yraepoaa "G,
BHIAGJCHHOTO H3 Kycka fepeBa, cliomaHHoro 2000 jeT Tomy Hasan?

17-69. Copepanue paauoakTHBHOro yraepona '“C B ocTaHKax
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MaMOHTA cocTapJjseT 5,25% OT cojiepXaHHS B XKHBHIX TKaHsax. On-
pelleNuTe, CKOJBKO BPeMEHH MaMOHT NpoJiexall B MOYBe, eCaH. Ie-
pyon noaypacnaaa #C cocrasasier 5600 zer.

17-70. Huxke npuBefieHH AaHHBIE [0 YMEHBIIEHHIO aKTHBHOCTH
HEKOTOPOro H30TOMAa ¢ TeYeHHeM BPeMeHH:

T, 4 0 1 2 4 6 8 10
AKTHBHOCT,
pacn./MHH 3600 3439 3275 3058 2760 2477 2248

[IpencTaBbTe 3TH AaHHHE rpaduueckH. B KaKux KOOpAMHATaX
fmonyyaercss NPAMOMWHERHAas 3aBHCHMOCTL?  KakoB ¢ H3HYeCKHH
CMBICJ yraia HaKJI0HA MpPAMOMH?

BLIUHC/IHTE HECKOJbKO 3HAayeHHM KOHCTAHTH CKOPOCTH pacmana
usorona. OLeHATe MOTPEIHOCTb SKCNepHMeHTa. BEIYHCAHTE NEPHOA
nmojypacnajia H CpaBHHTE ero ¢ NMEpHOAOM [oaypacmaja, HaHmeH-
HBIM TpagUUecKH.

17-71. OguH U3 H30TONOB 230Ta HMeeT NEpPHOA TnoJypacnana
9,93 muH. Kakag ero yacTe pasnoxures 3a | ¢, 1 MuH, 14,1 cyr.?

17-72. Paguii 22Ra ucnyCKaeT g-4acTHUH H IpeBpamaercs B pa-
nou 222Rn. IMepuoa nosypacnaja paaus paser 1590 wer. Hamuurx-
Te ypaBHeHHe NpOLecca pacnaja M BEYHCIHTe 06heM pajoHa, BhI-
penuBlIerocst npu pacnafge 1 r pagus sa 10, 50 u 100 xer.

17-73. B BakyyMHpPOBaHHBIH COCYJl €MKOCTbIO 1 J1 BBelleH l rpa-
nus 226Ra. Kakos Gyget cocta (B % Mo o6keMy M 1O Macce) ra-
30BOll CMecH B cocyle uyepes Hekoropoe Bpems (1 ndeHb, 1 rof,
1 Bex)? Ilepnox moaypacmajga 22°Ra paser 1590 uer. Moxer au
B coCyJle yBenHunTbcA AaBienne o 1108 Ta?

17-74." Tlepuon monynpeBpalieHuss (W30MepH3alMu) rasoo6pas-
HBbIX IHUKJONPONAaHa B NPONEH

CH,—CH, = CHy—CH=CH,
N

CH,
npu 710 K u 8,2-10% Ila cocraBnser 12,8 u. Kakas yacTb OHKJIO-
nponaHa octaHeTcs yepes 1 cyT?
17-75. O6bsAcHATE, TOYEMy peaKlHs oOMeHa THNa

AX 4 BX* = AX* 4-BX

rae X* — paauoaKTHBHEI H3oTON (NPHCYTCTBYET B BHAC Cl1e/10B)
TPOTEKAIOT KaK PeaKl(HH [epBOro nopajka.

17-76. B none ([Cr(H:0)6]3* B BoAHOM pacTBOpe MOJIOBHHA MO-
JexyJ BOABl (JMraHibl) OGMEHHBAETCS C MOJEKyJaMH pacTBOPHTe-
as 3a 40 u, B none [Co(NHa)sH,0]%+ —3a 24,5 4, y ApYrux HOHOB
oGMeH TNPONCXONWT MeHble yeM 3a 3 MuH. IIpelsoxnTe KaK MOX-
HO GoJbllIe 32]au, UCXOJS H3 3THX JAaHHBIX.

17-77. VimeeTcs HeMaJO peakiHii, y KOTOPHIX HECMOTPS Ha OJH-
HAKOBHLIE HCXOJHBIE BellecTBAa H NMPOJAYKThl, CTEXHOMETPHUECKHE KO-
s¢QuIHeHTH YPABHEHHH Pas3/IHYHBI, HAIPHMED:

4HCIO, = HCIO4 + Cly + 20, 4 H,0
11HCIO; = 5HCIO, + 3Cl; 4 50, + 3H,0
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[Mpuxoannoce nn BaM BeTpeuaThess ¢ NOROGHHM  siBJAEHHEM?
O6bsacuuTte ero. IlonuTafiTech NPeANOKHTL JPyrHe aHaJOTHUHbBIE
npuMepH. Kak HayuaTb CKOPOCTH TaKHX peaKIHH?

17-78. O6GbsicHHTe, OYEMY CKOPOCTb YCTAHOBJEHHs DPaBHOBECHs
B CHCTEME

2NO, = N,0,
HaMHOroO BHILIE, YEM B CHCTEME
2NO = N,0,

YKaxHTe pa3Hyds 3THX NPOIECCOB.

17-79. Huxe npuBejeHH KOHCTAHTH CKOPOCTH OTPHIBA OJZHOrO
aTtoMa (Topa OT MoJeKysa ra3oo6pasHbIX (GTOp3aMelieHHHX [IPOH3-
poAnbIXx MetaHa (520 K):

gk
CH3F+N3=N3F+CH3 7,3
CH.Fo+ Na=NaF+CH,F 8,8
CHF;+Na=NaF+ CHF, 8,9
CF4,+Na=NaF+CF, 9,4

Kakue BHBOAH MOXHO CHOPMYJHPOBATh NPH H3YYEHHH 3THX
JaHHBIXP

17-80. Ilprm TepMHYECKOM pa3JIOXEHHH TeTPaMeTHJCBHHLA
Pb(CH:)4 o6pasyiorca paaukansl CHjs, KoTOpHe peKoMGHHHDPYIOT
JI0 3TaHa:

CH, + CH, = C,H,

JIis H3yueHHS] CKOPOCTH 3TOr0 MPOLECCa HCHIOAb30BAJCA METON
3epKaJ, OCHOBAHHHH peaKUHH DaAHKAJIOB C MaTepPHAJOM IIOBEpX-
HOCTH 3€pKaJjia, KOTOpoe IOMelllaloch B CTPYIO rasa, COJAEepKallyio
panukasnn. B pesyabrate o6pasoBaHHs JIeTYYHX MeTaJjJIopraHuye-
CKHX cOeiHHEHHH Haliiopaercs ocnabaeHHe Gsecka 3epkaJaa. Ilo
CKOPOCTH CTPYH rasa H paccTOSIHHIO OT HaBecKHM [0 30HHl 3epKaJja ¢
onpesieJieHHOH CTeneHbi0 OTpa)KaTeJbHOH CIIOCOGHOCTH MOKHO Cy-
JIHTb 06 H3MEHEHHH KOHIIEHTpPalUHH PajHKaJIOB CO BpPeMeHeM.

Paaukan CH; 6 H3yyeH C MOMOILBIO LMHKOBOTO 3epKajia*.
B skcnepumente (npu aaeiennn 270 Ila) ras, comepxamuit CHa,
IPONyCKaJH Co cKopocTbio 16 M/c depe3 TpybKy, BHYTPEHHHE CTEH-
.KH KOTOpO# GBI HOKPBHITH LHHKOBBEIM 3€pKajoM. BLlio ycranos-
JIEHO, YTO Ha PACCTOSTHAH 9 cM OT HABECKH TETPaMETHJICBHHILA KOJIH-
YecTBO PajAHKaJOB yMEeHbUIAJOCh BABOE MO CPABHEHHIO C HX KOJIH-
YeCTBOM HENOCPeACTBEHHO y HaBeCKH. BHIYHCIHTe KOHCTAaHTY CKO-
pocTH PeKOMOHHAIMH paaHKaJOB.

17-81. KoHcTaHTa CKOPOCTH DEaKIHH

N(CzHl)a -+ Canl = N(CzHa)AI
* Q6paaytomufics gumetwanuHk Zn(CHs), 6ua upenTHOHIMpPOBaH mo Temmne-
paTypaM KHOEHHs H DJIaBJeHHS H N0 BHUENAIOMEMYCA NPH CrOPAHHH OKCHAY IHHKA,
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3aBHCHT OT NpHpOAH pactBoprrens (FH. MenwyTkuH, 1890 r.):

k (yen. en.) k (yea. ep.)
Benaoa 0,06 Tekcal 0,002
Aneton 0,6 Srtuaosuit cnupt 1,0
Metnnosuifi cuupt 1,5

CéopMyanpyiiTe BBIBOJIE], KOTOPhie MOXHO CA€N4Th NpH aHaJH-
ae 5THX AaHHbX. Kakue JOMOJMHHTeabHHE NaHHbe BaM HyXHB A4
HOATBEpXAEeHHSI BEIBOJOB?

§ 18. 3BABUCHMOCTb CKOPOCTH PEAKLLHH OT TEMNIEPATYPHI

18-1. TMepeuncaure B NOPSAKe NOHHKEHHS 3HAUYMMOCTH BOSMOXKHLIE
' IpHYHHEI BJHSIHHS TeMIIepaTyphl HA CKOPOCTh PEaKUUH.

18-2. VkauTe, AJS KaKHX peaklHi MNOBHIIeHHE TeMIepaTypH
NPHBOAKT K 3aMe/lJIEHHIO HX CKOPOCTH.

18-3. Tlpoanaauaupyiire ¢opmyay, CBA3EBAIOLIYI0 CKOPOCTDb
JBHXKEHHS 4 MOJIEKYJ rasa ¢ HX Maccod m:

RT = 1/3N pmu?

rie Ni— aucao Aporafgpo; m — Macca MOJEKYJH; 4 — CKOPOCTb JABHKEHHS MO+
JeKyJ rasa,

Kak 3aBHCHT CKOPOCTb MOJIEKYJ OT MOJEKyJsipHOH Macchl H TeM-
nepaTypul? Ilosib3ysick OpMyJsio#, BHBEIHTE COOTHOLIEHHE, NO3BO-
Asollee CYAHTh 06 H3MeHEHHH CKOPOCTH MOJIeKYJ NpPH NOBHILIEHHH
TeMnepaTypH. Bo CKOJBKO pa3 BO3pacTaeT CKOPOCTb MOJIEKYJ rasa
TpH NOBHILIEHAH TEMIEepPaTypH B 2 pasa? Kak H3MEHHTCH CKOPOCTb
MOJIeKyJI ra3a IpH NOBHILIEHHH TeMnepaTypsl Ha 10 n Ha 100°C?

BeeguTe B GopMyJay BeJHYHHY KHHETHYECKOH SHEPrHH mocTyna-
TeJBHOTO [ABHIKEHHsS] OAHON MOJIEKYJH e=mu?/2 K mojydure popmy-
Ay A7l SHEPTHH 1 MOJb MOJEKYJI

E = 3/2RT

Ha ocHoBaHHH 3THX GoOpMya JaiTe olpejesieHHe MOHSTHS TeM-
nepatyps. Kak n3MeHseTCs KHHETHYECKas SHEprHs 1 Moabp oaHO-
aTOMHOTO rasa NpH NOBHIIEHHA TeMmnepaTyps Ha 1 K? OTser Ha
3TOT BONPOC NPHBOAMT K IPEACTABJEHHIO O TENJOEMKOCTH Taaa,
CdopmyarupyiiTe onpeeseHne H30XODHOH H H306apHOM TeNJ0eMKO-
cTeli MHOrOATOMHBIX rasoB. Ilepeync/iuTe OrpaHHYEHHS B HCIOJb3O-
BaHHH PACCMOTPEHHHIX GOpMYJL.

18-4. CreknsHBas TpyOKa ¢ OJHOro KOHIA 3aKpbITa BATHRIM TaM-
IOHOM, CMOYEHHBLIM PacTBOPOM aMMHaKa, a C Jpyroro KoHua — TaM-
IOHOM, CMOUEHHHM pacTsopoM cMecH KhcaoT HF, HCl1, HBr u HI.
TIpeackaxkuTe, Ha KAKOM OTHOCHTEJIBHOM PacCTOSHHH OT OJHOTO H3
KOHIIOB TPYOKH Pacnooxarcs Ha CTeHKax TPyGKH KoJbla OCEBIIHX
KpHCTa/JIHYECKHX T2JOTeHHI0B aMMOHHuA. Kak 6yJeT BIMATh H3Me-
HeHHe TeMnepaTyphl H O6liero AaBJEeHHs Ha paclnoJoXeHHe KoJsiel ?

18-5. Bocnonb3oBaBUIHCh GOPMYOH

pV = 1/3N gmu® = RT = 13Mu?
rae M — monekynspHasg Macca.
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[IOK2)XXKHTe, YTO MOBHIIIEHHe TeMmepaTypel Ha 10 K He mpHBOAHT K
YBeJHYEHHIO CKOPOCTH JBHXKEHHs MOJeKyad u B 2—4 pasa.

18-6. I1pn nw06blx TeMnepaType H JaBJeHHH YHCIO CTOJKHOBEHHH
MEX/Iy MOJIeKyJaMH B TAKHX rasax, Kak KHCJOpOA HJH a30T, IpH-
MepHO oauHakKoBo. O6GbscHHTE, 6YAYT JH KHCJOPOJA H a30T OAHMHA-
KOBEIM 06pa3oM pearHpoBaTh ¢ HEKOTOPHIM TPETbHM ra3oMm?

18-7. B cocyne mpu HEKOTOPOM AABJEHHH HAXOAHMTCH CMeCh BO-
Jopoja, MeTaHa H THOKCHJa yraepona (kaxpaoro mo 1 mouas). B co-
Cyle CeNaHO OYeHb MaJieHbKOe OTBEpCTHe, 4epe3 KOTOpoe rasopas
CMeCh BBIXOAHUT HapyXy. [IpeacKakuTe KauecTBeHHBIH cOCTaB raso-
BOH CMeCH B COCYJe B MOMEHT, KOTAa JaBJeHHe ee CpaBHseTCA ¢ aT-

MOc(epHEIM?
18-8. OcHOBHOe KHHeTHYeCKOe YpaBHeHHe rasa
3 RT
E=72 Na

[0OKa3blBaeT, YTO CpelHsi KHHETHYecKas 3HEPTHS € MOJIEKYJ rasa
3aBHCHT TOJIBKO OT TeMMepaTyphl H He 3aBHCHT OT NMPHPOAH rasa
(Macchl H pa3MepoB ero MoJsekysa H T. I.). CaexoBaTeabHO, MoJe-
KyJbHl BOJOPOAA JOJKHBl 00/1a/1aTh TOH XKe cpeiHell KHHeTHUeCKOH
SHeprueH, YTo W, HanpHMep, MOJEKYJH XJ0pa, XOTfA Macca NOocJes-
Hux B 35,5 pasa Gouablue. UeM e o6yCJOBAEHO pasjuyHe B CBOH-
CcTBax (TepMOAHHAMHYECKHX, KHHETHUECKHX) 3THX ras3on?

18-9. KaxkoBa ckopocth 3¢ ¢dy3uu (MeAJeHHOro HCTEYEHHS) MO-
JEeKyJ JHOKCHAa CepHhl depe3 MaJjoe OTBEPCTHE, eCJH CKOPOCTh 3¢-
tdy3uH MeTaHa [IPH TeX XKe YCJIOBHAX cocTaBJser 4,0 cM?/c.

18-10. Ckopocts 3¢dy3nn MeTaHa W JHOKCHIA CepH Yepe3 OfH-
HaKOBble MaJkie OTBEPCTHS paBHH 4 H 2 cM®/c. Kak 3aBHCHT CKO-
pocTb 3dPy3HH OT MOJIEKYJISIPHOH MacCH rasa?

18-11. YuuTeIBasi, 4YTO CKOpOCTH 3(dy3HH ABYX rasoB v onpefe-
JAIOTCS COOTHOLIEHHEM HX MOJEKYJAPHHX MacC H OTHOCUTEJNbHBIX
NJIOTHOCTEH

t/og=V My/M; =V dy/d;

paccuHTaliTe, CKOJIbKO BPeMeHH OYJE€T BBIXOAUTb 4yepe3 HEKOTOpoe
MaJjoe OTBEPCTHE BOAOPOJ, €CJIH TIPH TeX XKe YCJOBHAX TO Ke KOJIH-
4eCTBO KHCJOpoJa BBIXOAHT 32 20 MHH.

18-12. Kak Bwl cuuraere, ckopocTb 3¢p(dy3HH rasza NpH IOBH-
IIeHHH TEMIepaTyphl YBeJMYHBAETCH WU YMEHbINAETCH?

18-13. HauepTuTe KpHUBYIO pacnpejelleHHs MOJEKYJ IO 3HEPrH-
AM. OTMeTbTe Ha KPHBOH JOJII0 MOJEKYJ, CHOCOGHBIX YHaCTBOBATh
B XHMHuecKuX npeBpaiieHusiX. O6bsicHUTE HOPMY KPUBOH.

18-14. U3 paGor Makcsensa u BojbuMaHa CJEAYET, YTO B pPag-
HOBECHOM rase J0Js MOJEKYJ, HMELHX CKOPOCTH MeXIY U H
u+Au (u>Au), paBHa

A 8/2 —mu?
n m 2kT -
— - =4n (W) e Au

rae m— macca Mojekynan; k=1,38-10-28 /K (nmocrosnHaa Boabumana),
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an/nk an/n

PUC. 18-1 U

PUC. 18-2 >

TMpoananuanpykre 3Ty dopmyay. Kak unameHsietcsl 3Ta A0Js MO-
ZeKyJ Tpu H3MeHeHHH TemmepaTypnl (oT 0 110 o0)? Kak oHa 3aBH-
CHT OT MacChl MoJeKysn M ux ckopocTu? IlonwiTafiTech HapHCOBAaTb
rpad MK 3aBUCHMOCTH JIOJH MOJIEKYJ OT TeMNepaTypH.

18-15. PacnpeneneHne MOJEKYJ 10 CKOPOCTSM ONHCHIBACTCS BBI-
pax{eHHeM, KOTOpOe AaHO B 3aflaue 18-14. Pacmpenesienie MOJeKyJl
10 DHEPTHSIM XapaKTePH3YETCA BHpakeHHEM:

A 3/t E
n 1 T ET
—n—=2ﬂ: (W) Elze AE

rie An/n— 10ns MOJeEKYJ], HMEIOUHX KMHETHUECKYI0 SHEPIHIO B HHTEpBAJE OT E
go E+AE.

Vkaxure pasiuuns B 3THX (opmynax. O6bacuuTe QH3HICCKHH
CMBIC M NPHUMBEH 3Tux pasnuuuit. Kak npeoGpa3oBath MepByio
¢opmyay Bo BTopyio? [lonmeiTaliTech HapuCOBaTh KpHBHE pacClpele-
JIleHHsi MOJIEKYJ 10 CKODOCTSIMH H 3HEPrUsiM AJIs BOJAOPOAA H KHC-
sopona npu 300 u 1000 K.

18-16. Ha puc. 18-1 nokasaHo pacnpefe/ieHHe MOJIeKy.l (Makc-
BeJlJ1 — GOJbLIMAaHOBCKOE paclpejiesleHne) JJIa HEeKOTOpOro rasa mnpH
Temnepatype T (II0 FOPH3OHTAJbHON OCH OTJOXEHA CKOPOCTh MoJe-
KYJ 4 WIM HX S5HeprHs, MO0 BePTHKAJbHOH OCH— [0Js MOJIEKYJ
An/n, 061aalolIEX AAHHOA CKOPOCTbIO MM SHeprueit). Kaxk name-
auTcs GopMma KpHBOH pacnpefe/ieHHs NpH TMOBHIIEHHH TeMnepary-
pbl, NIPH TOBBIIIEHHH NaBJEHHs, INPH YyBEJIHUECHHH MOJIEKYJisSpHOH
Macchl rasa H NpH BBEJEHHH B ra3 NOCTOPOHHHX BeleCTB, HAMpH-
Mep BOHOpoOAa?

18-17. Ha puc. 18-2 npeacTas/jieHo pacnpeiejeHne MOJEKyJ LA
ZIBYX T'a30B — FeJIif U MeTaHa NPH OJHON M TOH Xe TeMmmepaType.
L’K?amme Kakas kpuBasi (I, 2) OTHOCHTCH K TeJiHlo, KaKas K MeTa-
Hy

18-18. Ecau u3BecTHO Mo KpaiiHell Mepe JiBa 3HaueHHs KOHCTaH-
TH CKOpPOCTH ki H ks (MJIH CKODOCTH) MpH ABYX TeMNlepaTypax T,
u Ty, TO COCTABHB CHCTEMY M3 JBYX YpPaBHEHHH

EaK‘l‘

by = Ae RT1

— EBK‘I‘
ky = Ae RTy
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Anfh rre A —mocrosHnas, mpeg-
SKCHOHEHIHAMBHHA  MHOXH-
TeNb; Eaur — SHEPrHS aKTH-
BALHH

MOXHO MOJYYHTH (Op-

| ) MyJay AJs pacueTra sHep-

a Eakm 6 'k THH aKTHBAUHH Eaxr pe-
PHUC. 18-3 akuuH (npu Ta>T)
E T1T2 k2

aur =R T,—T, n Ry
MoxHo np u3 3TOHl GopMynH mOMYUHTH HcXomHOE BHIpaXeHHEe
ans k?

18-19. Kak Bu cumraere, 6ymer Ju NpOTeKaTh peaKuHd, eclRr
SHEPrusi MOJIeKYJ COOTBETCTBYeT 3HepruH, oG603HAueHHAs Ha
pHc. 18-3 Touko# a. KakuMH 0COGEHHOCTAMH HOMKHB GBIH Gh
061ajaTh PeakUHH, HMEIOLIHe TaKHe 3HAUCHHS SHEPTHH AKTHBALHHP
Moxer nn MpOXOZHTL peakuus Mexmy MOJIEKY/JIaMH, eC/IH HX 3Hep-
THsI HAMHOrO NpEBHIIAET SHEPrHIO aKTHBALMH (TOYKa 6)?P

18-20. [Tosb3ysick ypaBHeHHEM

_ Eaxr
k=Ade RT

H306pasuTe rpadHuecKH 3aBHCHMOCTb KOHCTAHTHI CKOPOCTH peak-
IIHH OT TeMnepaTyph (TeMmmepartypa usmensiercss ot 0 jo 00) U o7
SHEPrUH aKTHBALUMM (3HEPrHs aKTHBAlLMH H3MeHsieTcss oT 0 10 0o},
YKaxute npepenn NPHMEHHMOCTH 3TOrO ypaBHeHus. KakoB ¢usn-
YECKHH CMBIC/I 3KCTPeMaJsbHbIX 3HAUeHHH T H Eaxr H KAKOBH 3Ha-
9eHHS k£ B 3THX YCJOBHAX?

18-21. B nononHenwe K ycJa0BHAM npenwyymed 3agaum H3o-
6pasuTe rpaHYecKH 3aBHCHMOCTb KOHCTAHTHI CKOPOCTH peakUHH OF
SHTPONHH aKTHBAUMH Sakr (IpH Eaxr=const), ecan

SﬂK‘l‘ — Eal(‘l‘

k=2ze R o RT

rae Z — nocTosiHuag.

18-22. B KaKHMX Cayyasx SHTPONHS AKTHBALMH 6oabllle, paBHa
HJTH MeHblle HyJs?

18-23. B TeopHH NepexoAHOr0 COCTOSIHHS KOHCTAHTA CKODOCTH
©00pa3oBaHHsA NEPEXOAHOTO KOMIIeKca BEIpaxkaetcsi hopmyJioi

S AH
R I it
k=" K="Tme R o A

Tae k— nocrosiHas Boasumana, 1,38-10-2 IOx/K; h— nocrosmnas [lnanxa,
6,63-10-% Ix.c; K — KoHcTaHTa paBHOBecHs peakuHH 06pa3oBaHHA NeEPEXOHO~
IO KOMITeKca.
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Kakos dusmueckuit
CMbICH TIOCTOSIHHEIX B H R
B faHBOl QopMyne? Kakue
3KCNEepHMeHTaJbHble J1aH-
gbple HeOGXOJHMHE JJsi BhI-
4HCJEHHAs] 3HEPrHH W 3HT-
POIIHH  aKTHBAallAH peak- AH,
Luu?

18-24. Jipe peakuHH
HMel0T OJ[HHAKOBHE MOpPSA-
KH, OJIHHAKOBHIE 3HEpPrHH
aKTHBALMHA W PaBHbIE SHAYEHHs NOCTOSIHHOA Z, HO MX SHTDOMMH aK-
THBAWHH pasanuatoTes Ha a) 50 Ix/(K-mons), 6) 100 JOx/(KX
X Moab) mpu 500 K. PaccuntaiiTe OTHOINEHHS KOHCTaHT cKopocTedt
s yKasaeHbIX ycaoBufi. Te ke BHIUHC/IEHHS MOBTOpHTE JJls
1000 K. CpaBHHTE pe3yJbTaThl.

18-25. Tlouemy npH MOBHIILUEHHH TEMIEPATYypPH CKOPOCTDb mo6oi
PeaKlHH yBEJIHYHBAETCH HE3aBHCHMO OT TOrO, NPOXOAMT OHA C BhI-
JleJleHHeM WJIH ¢ NOTJIOLieHHeM TEIJIOTH?

18-26. Ha puc. 18-4 nokasaHa sHTaJblHAHAs JHarpaMma xoja
peakuun. Kakue mpolecchl XapaKTepH3YIOTCSl H3MEHEHHSMH SHTallb-
auu AH|, AH, 1 AH;? Kak 3HaueHHs 3HTAJbIUH BJIHSIOT HA 3HTAJIb-
MHI0 PeaKUWM W HA CKOPOCTh peakiuuu? Hem onpejessercs BHIXO
fiposykTa? OT uero 3aBHCHT KOHCTAHTAa PABHOBECHS M CKOPOCTH 06-
pa3oBaHUsl MPOAYKTa?

18-27. Peakuus

A4+B=D+F+Q (AH <L0)

conpoBOX/aeTcs BhjedeHHeM TemoTs Q. CocTaBbTe 3HTAJbMHA-
#ylo AuarpaMMmy peakuun. [TocKoJbKY, COTIAaCHO MPUHLHIY Jle Mla-
Tesbe, TIPH TOBHIUEHUH TeMIEpaTypH paBHOBecHe CMelllaercs B CTO-
poHy 06pa30BaHHsI HCXOAHBIX BEIIECTB, TO, C/IEJIOBATENLHO, CKOPOCTh
ofpaTHON peakuun BospacTaeT. OJHAKO INPH AH <0 sHeprus ak-
TuBaluM oGpaTHOf peaklHH Oojblile SHEPTHH AKTHBALMH npsaMo#
peakiun. [loueMy ke BO3pacraeT CKOPOCTb o6paTHOH peaxIluy,
ynynedl ¢ MOrJaolleHHeM TemoTe? IloueMy HMEHHO AJd o6paTHoh
peakuHH BO3PACTAET YMCJO AKTHBHBEIX MOJIEKYJ (Mo cpaBHEHHIO C
fIpsMOi peakuued ) ?

18-28. [IpuBepHTe BO3MOXHHE 0GBACHEHHS, IOUEMY UeM 6oJble
TenjoBo# 3¢dexT peakuHH, TeM CHJbHee CKa3HBaeTCs BJMSHHE
TeMIepaTyphl Ha CMelleHHe DaBHOBECHs H KOHCTaHTY paBHOBECHA
(TeMmepaTypa yCKOpsieT OAHOBPEMEHHO NpPSIMyI0 W 0GpaTHYIO peak-
wun. TloueMy NpeHMYIIECTBEHHO YCKOpPSIETCS OflHA M3 HHX, 4TO H
TIPUBOJMT K CMELIEHHIO PaBHOBECHS?).

18-29. Mpu KoMHATHOH TemnepaType OGBIYHO NPOXOAAT peaKuUHH

¢ sHeprusiMu akTtuBaunn 60—105 k[lx/monb. Bocrons3oBaBIIHCH
COOTHOIIEHUEM

Uczolrbie
Bewecmba

Mpodyrmat

Xo8 peaxyuil
PHC. 18-4

n _EaK'r
daKT RT
n ¢ .
CNIe flagr = GHCAO GKTUBHHIX MOJEKYJ; n — ofliee UHCAO MOJEKYJl B CHCTeME.
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Paccuuraiite gono akTHBHHX

nk

T MOJIEKYJN flaxr 0pH 300 K ans
anepru#t  akruBaumn 60, 80,

nkf-——— 105 xJIx/Monb.

18-30. BriyncauTe, BO cKOJb-
KO pa3 BO3pacTaeT YHCJAO aKTHB-
HEIX MOJIEKYJ T[pPH [OBHILEHHH
temnepatypu Ha 10°C (293—
303 K) B pearkuuu c sHeprueii
nkr——=—7 akTHBalUuH 75 KJ[X/MOb.

18-31. BruBeaute dopmyay
IJf BBIYHCJIEHHS] 3HEpruH aKTH-
BallH peaKUHH [0 HU3BECTHHIM
JIBYM KOHCTAHTaM CKODOCTH ki U
k, npu pByx Ttemnepartypax T
H Tg.

18-32. KakoBa 3Heprus akTHBAlUHH PeaKIHH, €CH H3BECTHO, UTO
peaxknus npu temnepaTtype T, IPOXOAHUT AQ HEKOTOPOrO ONPEIeseH-
HOro COCTOSIHHSI 3a BpeMs T; H IpPH TeMmnepatype T, —3a BpeMs T2
(o Toro e cocTosTHHs) ?

18-33. Ha puc. 18-5 mokasan rpaguueckuil MeTOJ ONpe/eseHus
SHEePrHH aKTHBALHH PEAKUHH Eaxr MO JBYM 3HAUYEHHSIM KOHCTAaHTH
CKOPOCTH k; H k; npu ABYX Temnepatypax T u Ts:

PUC. 18-5

Exr=Ritgy

BriBesuTe opMyny, mosSBOMSIOUIYI0 MO 3THM AAHHBIM BHYHCIHTE
SHEPrHIoO AKTHBAUMM DEaKIuH, He U3MEPHAs YIia HaKJIOHAa NpsiMoi.

18-34. O6mbscHHTe, MOYEMy HEKOTOpHIE peaKIHH IPOXOAAT OUEHbL
MEAJIEHHO, HeCMOTPA Ha TO, YTO DearupylouiHe YacTHUH 06JafaioT
BHICOKOH 3Hepruei,

18-35. ¥ Bac uMeercsi BO3MOMKHOCTb H3MePHTb KOHCTAaHTH CKO-
POCTH GHMOJIEKY/ISPHOH PeaKuud NpH pasJIHYHBIX TeMIiepaTypax.
CKOJIbKO ClIeflyeT NpOBEeCTH ONBITOB OpH Pa3nHYHHIX TeMIepaTypax,
YTOGH BBHIYHCAUTb Eaxr, Saxr B Z N0 yPaBHEHHIO:

S E

axT aKT

k=2Ze R o RT

IIpy kakux ycroBusx BeiuuuHa Z paBHa KOHCTaHTe CKODPOCTH?
18-36. CocraBbTe 0fHO OfLlee ypaBHEHHE 33aBHCHMOCTH CKOpo-
CTH pEaKUWM OT TEMIepaTyphl H KOHUEHTPalHi pearupylomHux Be-
LIecTB A/ GUMOJEKYAAPHONR peakuHu
A4+B=C
18-37. TIpu noBbieHHn TemnepaTypsl Ha 10°C CKODPOCTb H KOH-
CTaHTa CKODOCTH peaKUHH BO3PacTaloT B 2-—4 pas3a HIM B Y pas:
UT+10 Bri10
T T TE T

Brsennre dopmyny aas pacuera TeMnepaTypHOro KoadduiiHeHTa
CKOPOCTH peaklliH y B JIOObIX TeMNEpaTypHLIX MHTepBalaX. BrBe-
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aute QGopMyay AJs pacyeTa yp M0 BPeMEHH NMPOXOXK/JEHHS DeakuHH
IpH IBYyX TeMIlepaTypax.

18-38. BuBeaute ¢opMmysy AJAs pacuera HEPruH aKTHBALMH pe-
akupH (ypaBHeHHe AppeHHyca) [0 H3BECTHOMY 3HaUYeHHIO TeMIlepa-
TypHOro Ko3¢@HUHEHTa CKOPOCTH y peakuun (ypaBHeHHe Bant-
Togpda) npu naHROH TeMmepaType.

18-39. IMpu nospiweHnn TeMnepatyphl Ha 30°C cKOpOCTh peax-
uMK Boapocna B 9 pas. BuuMciHTe TeMIepaTypHBIH KO3(QOHUHEHT
CKOPOCTH DeaKLUHH H 3Hepruio akrupauuu (npu 300 K)?

18-40. TIpn moBuileHHH TeMnepaTypnl Ha 27,8 °C cKopocTpb pe-
axuuu Bospocaa B 6,9 pasa. BeuHcaHTe TeMmepaTypHhI K03¢du-
nueHT ckopocTH. Beuncanre Eaxr npu 300 K.

18-41. TIpu moBbiennn TeMmnepaTyps Ha 8,5°C BpeMs MpOXOX-
neHHus peakuun (Ha 25%) yMenbwnnaocs ¢ 16,5 no 7,3 MuH. Brunc-
JHTe TeMIlepaTypHHIH KO3(QQHIMEeHT CKODOCTH H SHEPTHI0 aKTHBa-
uuu (npu 300 K). :

18-42. PaccunraiiTe 3HEepPrui0 aKTHBAaLUH peakUHi, NMpOTeKalio-
KX NpH o6biyHEX Temnepatypax (T=300 K) u umewowmux Temmne-
paTypHble K03 ¢uuneHTH y=4, 3, 2, 1 u 0,9.

18-43. TIpu 28°C HeKOTOpasi peaklHs 3aKaHUHBAETCA 3a 3 MHH,
a npu 12°C—3a 16 MuH. BeiuHcauTe TemnepaTypHBI KO3QQHUH-
eHT CKODOCTH PeaKUHH H SHEePTHI0 AKTHBALMH H ONpE/EJHTe, CKOMb-
KO BpeMeHH noTpefyeTcsi Ha NPOXOXkIeHHe peakuun npu 20°C.

18-44. BrluucaHTe, BO CKOJBKO pa3 BO3PacTaeT CKOPOCTh peak-
IHH (KOHCTAHTa CKOPOCTH) IpPH yMeHbIIeHHH 3HEPrHH AKTHBALHK
Ha 1, 10 u 100 xJlx/MONb, eCNH 3SHEPrHA AKTHBALlHH paBHa
150 xIx/mons (npu 300 K).

18-45. [Tpu moBwileHHH TemnepaTypu Ha 10°C cxopocTs peak-
uHH Bo3pocsaa B 2,5 pasa. Kakux JaHHBIX He XBaTaeT B YCJOBHK
3ajayd JJs pacuera SHEPrHH aKTHBallHH? BBeauTe HX M BHYHCJIHTE

aKT-

18-46. Hekotopass peakuuns npoxonut (Ha 20%) 3a 15 MuH npu
40°C u 3a 3 mun npu 60°C. BriuncanTe 3HEPrHI0 aKTHBALUHH PeaK-
I[HH.
18-47. CKoOpoCTb XMMHHUECKOH peaxllHH B0o3pocja B 2 pasa npw
noshilieHuH TeMnepatypsl Ha 10°C. BBIUHCIAHTE 3HEPIHIO AKTHBA-
nuu npu 300 K.

18-48. KoncranTa cKOopocTH HekoTopoll peakiun npu 20°C pas-
Ha 3-102, a npu 50°C 4.10~! (yca. exuHuun). OnpenennTe sHep-
rm?CaKmBaan M paccuuTaiiTe KOHCTAHTY CKOPOCTH peaKUHH NpH
30°C.

18-49. JIBe peakuHH HMeEIOT OJHHAKOBHIH MOPAAOK H NpeAdKCHo-
HeHUHAaJbHBle MHOXHTENH, HO. HX SHEPrHH aKTHBAUHH PAa3JHYaAIOTCS
Ha 100 kJIxx. Bo cKONbKO pa3 KOHCTaHTa CKOPOCTH OJHOH peakuun
Goablle KOHCTAHTH CKOPOCTH BTOpPO# peakuuu mpH 500 m 1000 K?

18-50. KoncTaHTa CKOPOCTH pa3/OXeHHA AMOKCHAA a30Ta

9NO, = 2NO + O,
npu 600 K passa 8,4-10' a/(Mmoab-c), a nmpu 640 K—
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4,1-10% a/(Monb-c). BoluuciuTe 5HEPrHi0 aKTUBALMH M HalauTe
TEeMIIEPATYPHYI 3aBHCHMOCTb KOHCTaHThl CKOPOCTH peakuud. Omnpe-
JleJIuTe KOHCTaHTY ckopocTH npH 620 K (unTtepnoasiuus) u npu 580
# 660 K (3kcTpamossinus).

18-51. Buiuucaute 3Hepruy aKTHBALMH peakUHMi, Y KOTOPHIX NpPH
NOoBHIIEHHH TeMuepaTypel ¢ 20 o 30°C ckopocTb peaKUHH yBeJH-
YyHBaeTcs B a) 2, 6) 3, B) 4 pasa H r) CKOPOCTb PedKIHH He H3Me-
HsieTCsl.

18-52, lansg sneMeHTapHOH rascBOH peaKLMH

A+B=D

noshiieHHe TeMuepatypel Ha 10 °C NpUBOAUT K YBEJIHYEHHIO CKOPO-
<TH peakuud B 2 pasa. [Ipu 20°C n paBnennu 1.10% [1a peakuus
IIPOXOAHMT A0 HeKkoToporo mpefena 3a 100 mun. CkoJbKO BpeMeHH
6yJeT NPOXOANThL Ta XKe PeakIusl A0 TOro xe mpejena npu a) 30°C
¥ 1-10°% ITa, 6) 30°C u 2-10° Ila, B) 40°C u 3-105 [1a, r) 50°C u
0,2-105 ITa. Pewnte 51y 3aja4y, HO [IPH YCJOBHH, YTO PEaKLHs Ipo-
XOJIHT NPHU TaKoM GoJbIIOM H3OLITKE BeliecTBa B, 4TO ero KOHLEHT-
pauHs He H3MeHsIeTCA,

18-53. OnHa u ta xe peakuusi (E.xr=const) udyuaercs B ABYX
uHTepBanax Temneparyp: 1) 100—110 K u 2) 300—310 K. Ha cko-
POCTH KaKOH peaknuH, NMpoTeKalouled NpH HH3KOH HAH mpH OoJee
BLICOKOH TeMmepaType, CHJbHee CKa3blBaeTCs OJHO H TO e IOBH-
uleHHe TeMIlepaTyphl?

18-54. Paccunuraiite, BO CKOJILKO pa3 BO3pacCTaeT CKOPOCTb peak-
1lMH TIpH TOBHIUEHHH TeMmmepatypul oT 20 mo 30°C, ecniu sHeprus
aKTvBanud paBHa 125,6 kI x/Mosb. Bo ckolbKO pas Boapacraer
CKOPOCTb TOH K€ peaKUUH NpH MOBHIUIEHHH TeMmepaTyps ot 20 1o
120°Cp

18-55. B ofHOM H3 ONBITOB IO H3YYEHHIO CKOPOCTH Da3jIOKeHHS
"THOCEPHOH KMCJOTHI GbJIO HaHJeHO, 4TO OJHa H Ta Ke MJOTHOCTB
CyCIleH3UH cePHl, o6pasywouleficss 10 peaKUuH

H,S,0, = H,S0, + S

Jocturaercs npu 20°C 3a 110 ¢ u npu 30°C 3a 45 c. Briuucaute
SHEPrHI0 aKTHBALHH Pa3/0XKeHHsl THOCEPHOH KHCJOTHI H BpPeMsi, KO-
TOopoe NoTpebyeTcs AJA JOCTHKEHHS TOH Ke IJOTHOCTH CepHO#H cyc-
nen3ud npu 40°C. (YuTHTe, YTO KOHCTaHTa CKOPOCTH H BpeMs IpO-
XOXKJEHHS peaKIHH CBA3aHbl OOPATHO MPOMNOPLHOHAJNLHOH 3aBHCH-
‘MOCTbIO).

18-56. Ilpn HekoTOpOH TemmepaType ONpeleNsilOT BpeMs, B Te-
YeHHe KOTOpOro o6GpasyeTcsi CyCIHEeH3Hs Cephl OJHHAKOBOH IJIOTHO-
<TH NPH pasjOXEHHH HECKOJBKHX Npo0 THOCEPHOH KHCJOTH B pac-
TBOpaX OJHHAKOBOH KOHUeHTpauuH. [losyyeHHl cienyioulHe JaHHBE:
©=21, 22, 23, 22, 28 u 21 c. Onpepenute cpefHee 3HaUeHHE BpeMe-
HU 06pa3oBaHHs cycneH3HH cephl. OleHUTe MOrpeliHoCTh B OMpeje-
JIEHHH BpeMeHH.

- 18-57. Kaxyulasncs 5Heprusi aKTHBALUH Pas3JOKEHU THOCEPHON
KHCJIOTHl, KaK [OKa3aJH pesyJbTATH OJHOTO H3 3IKCNEPHMEHTOB,
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okasanach pasro#t 65,96 x[[x/moan. ITpn 30°C peakuus MPOXOANT
aa 45 c. OnpejennTe Bpems NPoxoXAeHHs peakuun npu 20°C.

18-58. KOHCTaHTHI CKOPOCTH HEKOTOpO# peakunu npu 25 u 60°C
paBHbl coOTBeTCTBeHHO 1,4 B 9,9. BHIUMCIHTE KOHCTAHTH CKOPOCTH
aro#t peakuun upu 20 n 75°C.

18-59. KoHcTaHTB CKOPOCTH HEKOTOpOf peakumyu paBHH 2-10~5
u 9-10-5 (yca. exunuun) coorBerctBeHHO npH 22 u 35°C. Bhiunc-
JINTe KOHCTAHTH CKOPOCTH 3Toi peakiun npu 20 u 40 °C.

18-60. [lenaTypauusi HEKOTOPOrO BHPYyCa fIBJSETCS MPOLECCOM
nepBOro nopsaka c smepruedl aktuauuu 630 xJx/moan. Ilepron:
nonypacnaja supyca npr 30°C paseH 5 4. BruncaHTe NMEpPHOA NO-
aypacnaja npu 34 °C.

18-61. Bo cKoabKO pa3 Bo3pacTaeT CKOPOCTb PEAKLHMH NPH NOBHI-
meHuH Temuepatypu ot 20 po 100°C, ecnu E.xr=125,5 K[k /Moab?*

18-62. KoncraHTa cKopocTH pasnoxenus N,Os; paBHa
3,46-10-5%¢! npm 25°C, 1,46-10—* ¢! mnpu 35°C, u 4,98.-10~4c*
npu 45°C. Bruuciure KoHcTaHTH ckopoctu npu 20, 30 u 50 °C.

18-63. BaskocTh XHAKOCTH H rasa npeacTaBafeT coboft compo-
THBJIEHHe BelleCTBa NepeIBHIKEHHIO OJAHOTO €ro CJOS OTHOCHTEJBHO
npyroro. KakamMu ¢H3HKO-XHMUYECKHMH NPHYHHAMH OG6YCJIOBJIEH2
Ba3KocTh? KakK u3MeHseTcd BSI3KOCTb ra3a U XXHAKOCTH NPH NMOBH-
IIEHUH TeMIepaTypH?

Kak 6yper usmenathed BaskocTb Oz Ny, NyOs;, NO, NO-
1 N,O; npu noBHIIEHHH TeMIepaTyphI?

18-64. O61bsacHHuTE, MOYEMY BI3KOCTh XHAKOCTH NPH TNOBHILICHHH
TEeMIIepATYPhl YMEeHbIIAETCA, a Ta32 NOBLILIAETCH.

18-65. Huxe npuBelenn sHauenus Bsa3xoctu (B Ila-c) HekoTo-
PBIX XHJKOCTeH IPH ABYX TeMIepaTypax:

0°C 20 °C 0°C 20 °C
Bona 0,1789  0,1005 dtunosud cnupr 0,178 0,119
Aneron 0,0395 0,0322 I auuepun 1210 150
Benson 0,091 0,065

O6BbscuuTe, B YeM COCTOHT MPHYHHA CTOJb CHJILHOTO Pa3JIHUHSE
XKHAKOCTeH Mo HX BA3KOCTH. [ToueMy NMpH NMOBHILIEHHH TeMIepaTyphk
BA3KOCTb XHUAKOcTeHd NoHHKaercsi? OAHHAKOBO JH BJAMSHHE TeMIle-
paTypsl Ha BS3KOCTb pas3iMuHBIX Xuakocted? Tlpensoxure cnocob
BHIUHCJIEHHS BA3KOCTH MPH APYTHX TeMmeparypax M paccuuraire
BsiskocTb pu —10, +10 u 30°C.

18-66. Baskoctb xuiakoit cepsl paBHa 0,0115 IMa.c npu 119°C,
0,0103 Tla-c opm 126°C u 0,0088 Tla-c npu 133°C. Onpepenure
3HEPrHIO aKTHBAllMM BA3KOrO TeueHHss KHAKOH cepnl mpu 100 m
140°C (skcrpanonsuns) u npu 130°C (unTepnoasiuusg).

18-67. Koapduuuent auddysun nuHKa B MOHOKPHCTaJJE Medw
npu 1320 u 1010 K pasen coorsercrBenno 1,0.10-12 u 4,0.1015 Mm2/c.
Paccunrafite sHepruio akTuBauuu AH(Qy3HH LHHKA.

18-68. [Ina HeKOTOPO#l peakiuu NEpBOro MOPsSAKa MepHOA MOy~
npespamenus Bemectsa npu 351 K cocrasaser 411 MuH. Sueprus
aktuBauuu pasHa 200 xJx/Moab. BruuciuTe, CKONLKO BpeMeHH
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notpebyercs AJs PasoxKe-
HHst 759 HCXOJHOrO KOJH-
yecTBa  BemecTBa  ITPH
402 K.

18-69. Onpenennte,

CKOJIbKO BpeMeHH TOTpe-

Xugpeaxqu[ 6yeTcss Ha pas/oXeHHe He-

PUC. 186 KOTOpOro BelllecTBa MpPH

temnepatype Ty, ecau H3-

BECTHBl SHEDrHs AKTHBALHM DEAKIHH DasNOXKeHHT Ear (peakuus

flepBOr0 MOPRAKA) M MEPHOA MONYyMNpeBpalleHHs Ty, MNPH TeMiepa-
Type T,.

18-70. Tlepuoa noaynpespalleHHs HEKOTOPOrO BeIleCTBa MO pe-
aKuuMK nepBoro nopsaka pased 8,0 mud npu 40°C. Boruuciute mne-
pHos noaynpespauieus npu 60 °C, ecin 3HeprHst aKTHBALMHM peak-
uuy pasBHa 62,76 kJX/MOJb.

18-71. TlpoananusupyHTe JBe PeaKLHH:

H+4 0, =0H+ O; AH, =35 ®lIx, Eger =65 kI
H+OH=H,+0; AH, =30 x]Ix, Eary=70kIx

CKopOCTb Kako# peakunH Goablie? PasHOBecHe KakoO# peaklnH
cuibHee cMemeHno Brnpaso? Ilo kakoil M3 peaknu#t GricTpee 06pa-
3yercst Gonbinee umcio atomoB kucaopopa? (Ilpexnonaraercd, 4To
TIpe/I3KCIOHeHIHaTbHbBe MHOXKHTENH B ypaBHEeHMAX AppeHnyca JJIs
KaxJ0H peaKIUH PaBHBHI).

18-72. CocTaBbTe IHEpreTHUECKHE AHATPAMMH XOJa PEaKLH:

A4+ B=D; AH, =85 klIx, Eucri =100 k1%
A+ E=F; AH, =170 g1k, Eaxrs=130 gIx%

Kaxkoe BeutectBo, D uan F, o6pasyercs B 6osbllieM KOJHUYECTBE
8 HayaJe peakiuu? Kakoro BeuiecTBa GyneT Goublie B KOHIE peaK-
unu? ([Ipeanonaraercss paBeHCTBO NMPEAIKCHOHEHIMANbHBIX MHOXH-
Teselt B ypaBHeHHsAX AppeHHyca sl KaXJIOH PeaKIuH).
18-73. BemectBo A pacnaaaetcs Ha BemectBa b u B mo AByM
1apajieJbHBIM DEeaKIUAM:
A=B
A=B
DurajbnuiiHag JAHarpaMma 3THX DeaklIMd 1NpejcTaBleHa HAa
puc. 18-6. VaMeHeHne sHTAIBIMH COCTABISET:
INs mepBoit peakuuu AH, = Hg—Hp
AIA BTOpOi peakuun AH,= Hp — Ha, npuaem AH, >AH,
duepruM aKTHBALMH NepBOH M BTOPO#M peakuHH COOTBETCTBEHHO
paeubl E; u E, npuuem E;>FE,. Kakoro semectsa, b uin B, Gyner
coflepKaTbcs Gosblile B CMECH MPOAYKTOB PEaKUHH H [oYeMy? Cue-

JIyeT AaTk 10 BO3MOXHOCTH IMOJHOE 00BAACHEHHEe C HCNOJb30BAHHEM
ﬂpe;lCTaBJIEHHI‘JI XHUMHYECKOH KHHETHKHM H TePMOJHHAMHKH.
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18-74. Xumuueckuit mpolecc copepliaercs B ABe CTaiHH:
A=B Eax'r]_
9B =D Eaxra
VYKaxuTe NOPAAOK PeaklUuH B LEJIOM, eCllH
a) Eaxn » Eaxrai 6) Eakra » Eaxny

18-75. Kakoit Bui HMMeT rpaduku TemnepaTypHBIX 3aBHCHMO-
cTell KOHCTAHTH PaBHOBECHS H KOHCTAHTHI CKOPOCTH:

1) K= F(T) 4) Ink=7(T)
2) k= f(T) 5) InK = f (1/T)
3) InK = f (T) 6) Ink=f(1/T)

18-76. IIpuBeauTe BHIpaXKEHUs 3aBHCHMOCTH OT TEMIEpPaTypHl
a) BpeMeHH NDOXOM/JEHUS PEaKUuH JO HEKOTOpOro pe3yabrara,
6) CKOPOCTHM peaKuMH, B) KOHCTAaHTH CKOPOCTH, I) KOHCTaHTHl paB-
HOBECHS.

18-77. PacTBOpH ILEJOYHBIX MeTaJJOB B XHUIKOM aMMHaKe Mpo-
BOAAT 3JEKTPUYECKHH TOK, NPH 3TOM Y 3JIEKTPOAOB XHUMHUECKas
peakuus He NpoucxoiuT. Kak BausieT n3MeHeHHe TeMIepaTyphl Ha
NpPOBOJUMOCTE pacTBopa?

18-78. O6GBsicHUTEe, B KaKOH cpeje Bhillle MOABHXKHOCTL NPOTO-
Ha — B BOJE WJH BO JBAY.

18-79. OGbsicHUTe, IOYeMy B 3amepallell BoAe (Ael) HEKOTOphHe
peakUMH NPOTEKAT 3HAUUTENbHO OhICTpee, YeM B JKHIKOH.

18-80. I1pu Temnepatype Bhute 14 °C ycTofiunBo Gesoe B-0J10BO,
HUKe 3TOH TeMmepaTyphl YCTOHYHBO cepoe a-0J0B0. CKOPOCTb me-
pexona 6esoro o/oBa B cepoe TeM Gonblie, 4eM HHXe TeMmepatypa
(CKOpOCTb NpeBpaiuleHusa MaKCUMajbHa NpPH —40°C). Kak 3710 06b-
acHuTb? KaKoB 3HAK 3HEPrHH AKTHBALMH NPeBPaILEeHHUs?

18-81. Peakuuu

9NO -+ O, = 2NO,
9NO 4 O, = N,0,

XapaKTepHbl TeM, YTO NpPH TOBHILIEHWH TeMIepaTyphl HX CKOPOCTb
YMEHBIIaeTCsl H TeMIuepaTypHLIi KO3 @HIUEHT CKOPOCTH v=0,9. ITo-
NbTaliTech HafiTH oObscHeHHe 3ToMy sBiaeHHI0. OLEHHTE 3HAYEHUE
SHepruu akTHBauMH npx y=0,9 u 100°C.

18-82. 'a3oBas peakuus

NO + 1/20, = NO,; AGY= —31,4 g]Ix
NPOXOAUT IIpH KOMHAaTHOM TeMIieparype, a ra3oBaf peakuus
H, + 1/20, = H;0; AG® = —238,4 rIlx

HECMOTpPSl Ha 3HAUMTEJbHO GosMee BHICOKOE OTPHUATENbHOE 3HAUEHHE
AG® npu Tex e YCJOBHUAX He IPOTEKaeT. JlaiiTe BO3BMOXHBE 0GBAC-
HeHUs1 3TOMY (DAKTy, HCHIOJb3Ys CBEJCHHSA 0 TeDMOAHHAMHUKE, KUHE-
THKE U CTPOEHHIO BelllecTBa.

18-83. T'a3oBble peakiyH NpeBpallleHuss OPTOBOAOPOAA B NapaBo-
Zopon (mpsMas peakuus) W NapaBopopoia B OpToBOAOPOA (06paT-
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Hasl PeaKUHA) HMEIOT CJIELYIOIIHe KOHCTAHTH CKOPOCTH (YCN. enm-
HHI(H) B HHTepRaJie faBJjeHnit 6500—53500 Ila:

aas npamoit peakiuu  8,0-10~¢ npu 600°C
2,7-10~* npu 700 °C
aag o6patHoil peakuyuu 2,5-10-5 npu 600°C
8,0.10—* npu 700°C

KakoBa npHpoja mpeBpalleHHsi H K KaKOMY THNY peaKuMi OHO
OTHOCHTCsI? BHUMC/IHTE 3HeprHH aKTHBAUHH npsMoli u obpaTHo#R
peakiuil. Bhync/aHTe KOHCTAaHTH DAaBHOBECHs NPH ABYX TeMmepaTy-
pax. BeiBeauTe 3aBHCHMOCTY KOHCTAHTH paBHOBeCHs OT TeMIlepary-
pe. KakKoBo 3HayeHHe KOHCTaHTH DAaBHOBECHS IpH CTaHAApPTHOMH
TeMnepatype (3KcTpanossuus)? Bruncaure AG°, AH° 1 AS® stux
peaxnui.

18-84. DHeprusi aKTHBallHH pa3JIOXEHHS HMOAOBOAOPOAA paBHA
185 gIx/monb. PaccunTaiiTe HOMI0 aKTHBHHX MOJeKysa npu 500,
1000 u 1500 K.

18-85. Huke npHBeeHE KOHCTAHTH CKOPOCTH (B MOAb—!-s1~1.c71)
npsiMoit © 06paTHO# ra3oBoil peakKUHH B CHCTEME

2HI =H;+1,

T.K "up "otsp T. K "np "odp
556 3,52.10-7  4,44.10-% 683 5,12.10-4 2,46.1072
575 1,22.10-8 1,32.1074 700 1,16.10-8 6,42.10-%
629 3,02.10-% 2,52.10-3 716 2,5-10-8 1,40.10"1
647 8,59.107% * 5,23.1078 781 3,95.10-2 1,34
666 2,20-10-4 1,41-10-2

BhiuncnuTe sHepruu aKTHBALHH NpsAMOH H O6GpaTHoH peaKuuf
Eap v E,ep, Buuncaute AH® mpomecca KakK pasHocTb Eqp H Eosp.
PaccunraiiTe HeCKOJILKO 3HAYeHHH KOHCTAaHT paBHOBecHs. BHumciu-
Te AG®°, AH® u AS° npouecca. Ha ocHOBaHHH 3HEprHH CBSI3H pearH-
PYIOIIHX MOJIeKyJ O00CyANTe BO3MOXKHEIA MeXaHH3M NpsaMoft H o6-
paTHOfi peakuuid. Briunc/aHTE KOHCTAHTH CKOPOCTH H paBHOBECHS
npu 500, 750 u 800 K.

18-86. O6pasoBaHHe HOJOBOAOPOLA H3 MPOCTHIX BeLIeCTB BO3-
MOXHO IO Pa3JHYHBEIM MEXaHH3MaM C OTJIHYAIIIHMHCH PacyeTHHIMH
SHEpPrHAMH aKTHBAIHH BCEro Mpolecca B LeJoM:

1) Hy=2H
I,=12I E jur = 419 x]JI%/MoAL.
H+1=HI

2) Hy=2H
H+1l,=HI+1

3) I,=12
l1+Hy,=HI+H

4) Hy+ 1, =Hl,
Hyly = 2HI

E ke = 335 x][x/Monb.
E xr = 210 x][x/MOAB.

Exr= 170 K] XK/MO/b.
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MoXHO J#, TOJb3yACh ATHMH AaHHBIMH, NPEACKa3aTb OTHOCH-
TeqbHHE KOJHYECTBA HMOAOBOJOPOZAA, 06pasymromierocs no KaxioMy
#3 PACCMOTPeHHHX IyTeH?

18-87. Huxke npuBefeH:l 3HAUEHHs 3HEPrHMH AKTHBALMH H Mpen-
9KCIOHEHIMaAbHOrO MHOXKHTenss A (B ypaBHeHMH AppeHHyca) AJs
peaxkui:

Hy + Iy = 2HI Eaxr = 170 xIx A=3,23 (ycn. en.)
9HI =H,y -+ 1, Egier = 192 kJIx A=1

Kakas peakuus npoTeKaeT ¢ 66sbiell CKOPOCTbIO?

18-88. O6bacHUTE NPUYMHY YMEHbIIEHHS1 3HEPIrUH AKTHBALHH B
CHEeAYIOILEM PSAAY ra30BhIX PeaKLHi:

Cl4+H,=HCi+H Ear =22 x/I=
Br+ H, =HBr+4+H Egre = 81 xlIx
14+H;=HI+H E e = 140 xIIX

CpaBHHuTe ¢ ycaoBHueM 3azay 18-89 u 18-90.
18-89. Huxe naHBl 3HEPTHH aKTHBAlLUH GHUMOJEKYJASDHHX peak-
LMl B3aUMOJEACTBHA BOAOPOJiA C raJOreHaMHu:

H, + F, =2HF Egr = 125 ®IIx
H, + Cl, = 2HCI Egur = 151 k]I
Ha + Iﬂ = 2H[ Ea]ﬂ-= 171 KII)K

O yeMm CBHAETEJNLCTBYIOT 3TH JlaHHHEE?

18-90. O6bacHUTe NPHUUUHY YMEHbLIEHHUS SHEPTHil aKTHBAalMK B
CJIeAYIOIEM PAly Fa30BHX peaKIui:

HCl4+H=H,+Cl Eger =15 X%
HBr 4 H= H, + Br Eger =6 xJIx
HI+H=H;+1 Egr=0

CpaBHHTe C ycJa0oBueM 3aaay 18-88 u 18-89.

18-91. KuHeTHUeCKHe XapaKTePHCTHKH ra3oBHX PeaKIHi OTPHBa
aToMa BOJOPOAa OT MOJIeKyJ MeTaHa H 3TaHa aTOMaMH raJjloreHoB
8 uateprase 200—600 K caenyrowue:

lgA. EaKTl
®JIx /MONb

CH;+F=HF+CH, 14,1 5,1
CH,;+Cl=HCIl+CHj; 13,4 16,0
CH,+Br=HBr+CH, 13,7 76.5
CH4+1=HI+CH; 14,7 142,7
C,Hg+F=HF+C;Hs 13,8 5,1
CzHg¢+Cl=HCIl+C3H; 14,0 4,6
C,Hg+ Br=HBr+C.Hj; 13,9 55,6
CoHe+I=HI+CeHs 14,4 115,4

* A — npeA’KCOOHEHOHANLHLIA MHOXKHTENb B yDaBHeHHH Appenmyca.

ITpoananuaupyiite NpuBeJeHHbIE JaHHBIE, COCTABbTE KAK MOXHO
60JbI1Ie BOMPOCOB.

18-92. Peaku#y OTphBA aToMa rajoreHa OT OJHO3aMeLIEHHRIX
raJloreHoNPOX3BOAHbHIX MeTaHa XapaKTEPH3YIOTCA CIeLYIOLIHMH KH-
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HETHUECKHMH JaHHBIMHU npH 548 K:

lgk EaK-r,
kI x/Monb
CH;F+Na=NaF+ CH, 7,3(520K) 77
CH,Cl+Na=NaCl+CH, 10,7 42
CH3Br+Na=NaBr+ CHj 13,0 18
CH3l+Na=Nal+CH; 14,7 0

Kakne BBIBOZH MOXHO CAEJNaTh U3 3THX JAHHBIX?
18-93. KuHeTHuecKHe XapaKTEeDHCTHKH Ta30BBIX PEaKIHH OTpLIBa
aToMma XJ0opa OT XJODHPOH3BOAHBIX MeTaHa mpu 548 K caexywoune:

lgk Eokrs
kx /Monb
CH;Cl+Na=NaCl+ CH, 10,7 42
CH,Cly;+Na=NaCl+CHCl 11,75 31
CHCl3+Na=NaCl+4CHCl, 12,7 21
CCl,+Na=NaCl+CCly 13,3 14

OO6DbsicHHTe, KaK 3aBHCUT CKOPOCTb DEaKIHH H 3JHEPrHsi aKTHBA-
IUH OT YHCJIAa aTOMOB XJIOpa B MOJIeKyJie?

18-94. Tlouemy ckopoctb cropanus n-rentana CH,(CH,)sCH; B
4BTOMOOHJIBHOM JABHraTtelie GoJblie, yeM ra3oo6pasHOro u30-renTa-
Ha (CHj3):CHC(CH;)s;, HecMOTpPsi Ha TO, YTO 3HAYEHHS] SHEPTHUH
aXTHBALHKH OGOHX NMpONUECCOB GMUIKH?

18-95. Ilpoananmnsupyiite TEPMOAHHAMHYECKHE H KHHETHYECKHE
XapPAKTePUCTHKH HEKOTOPHIX OJHOTHIIHBIX peakUH#l M CTPYKTYpHBIE
JaHHBIE UCXOAHBIX BEIlleCTB:

AHe, le-y ~«C—C—H, E 4 7(800 K),

xJx /Monb HM rpag KX /Mogb
CHg+H=CH;+H; —26,4 0,111 109 49,79
CHy+H=CH;+H, +2,9 0,107 120 26,36
CoHa+H=C,H+H, -+41,8 0,106 180 15,06

CoopmyaupyiiTe npo6aeMsl U OOBSICHATE UX.

18-96. Bona, aulleHHast pacTBOPEHHBIX Ta30B, MOXKET GbHITbL nepe-
oxJaxaeHa 1o —70°C 6e3 npesBpauieHus B Jel. [Ipu BCTpAXHBAHHH
HJIM TIDH BBEJEHHU LIEHTPa KPHCTAJJNH3ALUUH NepeoXJaXKaeHHas BOAa
MTHOBEHHO NpeBpalllaeTcsi B JeA. YKaXHTe, KakoH o6pasel] BOAb
6ricTpee IpeBpaTUTCA B JeA: OJHH o6pa3ell BOJAbI NEPEOXJATUIN 10
—20°C, a gpyro#t 1o —60°C u o6a o6pa3ua BCTPAXHYJIH.

§ 19. MEXAHH3M XHMHYECKOH PEAKUHH

19-1. Peakuus B pactBOpe
2Fed+ 4 2]~ = 2Fed+ 1 |,

NPOXOAHT [0BOJBHO GHCTpO. Onpefennte, KaKo# MeXaHH3M MpeA-
NOYTHTEJIbHEE:

I. Fedt 4 I~ = Fel2+ I1. Fed* - [~ = Fel2+
Fel?* 4 I~ = Fel,* Fel?+ 4 [~ = Fe?* -+ [,-
Fel,* + Fes+ = 2Fe?+ 4 I, Fed* 4 I, = Fe?* 4 I,
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[Ipn BHGOpE MexaHH3Ma PEAKIHH CleflyeT HCXOAHTb H3 Clelylo-
1UX OCHOBHHIX MOJIOKEHHH: a) cOoynapsAIOTCA ABe 4aCTHIBL; 6) npo-
XOJHT Ta 3JeMeHTapHas peaKlus, KOTopas 3HepreTHyecKH HamGo-
Jee BHIFOJHA; B) B KaMJOH CTajHH XKejaTe/lbHO HCIO/Jb30BATh IO
KpaiiHei Mepe OJHO H3 HCXOJHBIX BEIIECTB (ero KOHUEHTpaLHsA Be-
JIMKa); T) B3aUMOJEHCTBYIOT HOHBI [POTHBONOJOXHBIX ~3apAN0B
(1 HeATpajbHble YACTHIH); A) B PeaKUHAX y4acTBYIOT UACTHLL
gau6oJjiee IPOCThiEe H3 NpeAloaraeMblX 4acTHIL; e) nIpH CYMMHpOBa-
HiMH cTafuil noJgydaerca tpefyemas peakLHs. [TonwiTaliTech Npes-
JIOXKHTb APYroil MEXaHH3M 3TOH peaKlHH. .

19-2. HexoTopasa peaklys IPOXOAHT yepe3 HECKOJLKO NOCJEN0-
BaTeJbHBX CTafuH, MpHUEM OJHA M3 IepPBbIX CTafMil OKa3bBAETCH
TepPMOJMEAMHYECKH HEBHIofHO# (AG°>0). Kax 0GBACHHTb IpO-
XOXKEHHe Tpolecca B LeJOM?

19-3. Peakuuu

A=D
{IPOXOJHT yepes ABe CTaAlHH!:
A=B u B=D
Bo3MmoxHa JH 3Ta peaklus, €CJIH CTaHAAPTHOC H3MEHeHHe H30-

GapHoro mnotennuana (B kJk/MOIb) B NEpBOH M BTOpOH CTafusAX
COCTaBJIAIET COOTBETCTBEHHO:

a) 10 u —30 r) —30u 10
6) 30 u —10 » n) 10 1 30
8) —10 u —30 e) —10u 30

19-4. OKHCJIeHHe 6POMOBOZOPOAA KHCIOPONOM B ra3oBoil dase
4HBr -+ O, = 2H,0 - 2Br,

MO2KHO NPEACTABUTD CTaaHuAMHU:
1) HBr + O, = HOOBr
2) HOOBr - HBr = 2HOBr
3) HOBr + HBr = H,0 + Br,

U3BecTHO, 4TO NPH YBeJHUeHWH KoHuenTpaumuu HBr B 2 pasa cko-
pOCTb peaklUHH Bo3pacTaeT B 2 pasa M NPH YBEJHYEHHH KOHLEHTpa-
UMH KHCA0pOZa B 2 pasa CKOPOCTh BO3pacTaeT TaKke B 2 pasa.
Kaxkas craaus camas Melnessas? He Bu3biBaer Ju y Bac coMHenus
NMpeAJOXKeHHBIH MeXaHH3M?

19-5. T'upposua AHOKCHAA a30Ta B ra3oBoll ¢ase

3NO, 4+ H,0 = NO 4 2HNO,
KakK HPEJIHOJIaI‘alOT, NPOXOAHT yepes caenymwoiiie CTaaHH:
1) 2NO, = N,0,
2) N,04 + H;0 = HNO, + HNO;,
3) 2HNO, = NO + NO, +H,0
Bropas crajus —caMas Me[JeHHas (nemutupyiomas). Kakos

OXHIAeMBIH BUJ 3aBHCHMOCTH CKOPOCTH PEaKUHH OT KOHUEHTpAUHH
pearupyoiux BeiecTs? ‘
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19-6. ITpn u3yYeHHH KHHETHKH ra3oBofl peakuuy
S0, + 2H, = S+ 2H,0
TIOJIY4eHH cJelyIolliie JaHHLIe O CKOPOCTH Uo B HavasIbHHIA MOMEHT

BPEMEHH B 3aBHCAMOCTH OT HAaYaJbHOrO JAaBJeHHS HCXOAHRIX Be-
LECTB po:

po (yca. en.)
SO, 200 200 200 100 50
H, 50 100 200 200 200
vy (ycn. en.) 36 72 154 72 36

Hanumure xuneTHueckoe ypaBHeHHe mpouecca. KakoBH nopsin-
KH peaKLHH N0 Ka)A0My M3 HCXOAHHX BeuiecTB? [Ipeasoxure Mme-
XaHH3M peaklMH, COrJIaCyIOLIMHCS C 3KCIEePHMEHTaAbHEIMH JaHHH-
MH. Kakas cragus siBasercs auMutupywoweit? Ilpeanoxute dop-
MYJy IPOMEXYTOYHOIO KOMILJIEKCA.

19-7. Bo ckoabKO pas BO3pacTeT CKOPOCTb T'a30BOH peakUHR
pasnoxenus NoOs: '

2N,05 = 2N,0, + O,
Tipu yBeaHuyeHHH koHUeHTpanud N.Os B 2 pasa, ecqn H3BecTHO, YTO

PeakKuHst uaeT 1o CTagusMm: .
1) NyOg= N,0, + O, MeJIeHHast
2) N,0,= NO, 4+ NO GricTpas
3) NO 4 N,04 = 3NO, GhicTpast
4) 2NO, = N,0, GLIcTpas

19-8. Ckopocts oxucinennsi oo Fe?t B BoaHOM pacTBope 3a-
BHCHT OT KOHUeHTpauuu Fe’t, pacTBOpPeHHOro KHCJOpPOAa M HOHOB
BOJAOpOAA:

dcpe?+ €0,CFe?t

dt C’H+

[pensoxuTte ypaBHEHHs] COOTBETCTBYIOIM[HX peakumil. Kak mus-
MEHAeTCs CKOPOCTb peaklUHH npH yBenamuenud pH wa 1 mam 2 enu-
HHIH? BhiBennTe BHpaXkeHHe, MO3BOJSIOIIEe ONpPeeNHTh KOHIEHT-
pauvio noHos Fe?* B yio6ofl NaHHHI MOMEHT BpeMeHHM MO H3BeCT-
HOH HX HayaJbHOM KOHLEHTpaIuH.

19-9. O6HuHbI BOZOPOA COCTOMT H3 HBYX MoaMbHKauuii Moje-
Kyau Hy; —opro- u mapasomopopa*. Ipeanosaraior, uto mnpespa-

* B Mosexyse 0pTOBOAOPOAA CNHHH ABYX NPOTOHOB MapaJieNbHM  (De3yJb-
THPYIOIURA cnEH 1). B Mosexy/e napaBofopofd CMHHH AHTHNADAJLIEALHH (pe3Yy.be-
THpyomnfi comn 0). Tlpm komuaTHON TeMnepatype BOJOPOZL COCTOHT H3 PABHOBEC-
HOli cmecH 3 uacreft opToBogopoAa H | uacTH mapasojoposa. [lepexoa oauoR
MOAH(BKAOHH B A;H'ryro 3ampelieH H NPH H3MEHEHHH TEMNepaTypH COBEpINAeTCS
O3eHb Mepnenro. llpomece xaranusmpyioT napaMarHHTHHe BellecTBa, HaNpDHMep
KHCJIOPOJ, aacopOupoBaHHMA NPH TeMIepaType XHAKOTO BO3AyXa HA yrie, H Aaxe
CTEHKH coc*na. Ipx nonuxenHu TemmepaTypu cMech o6oramaercs napaBojopoaOM
K npu 20 K ypaercs nosyants uHcTmA mapasopopoi. ITpH moBMWITeHHH TeMnepa-
TypH NapaBoAOPOA, OUeHb MELIEHHO NePeXOLHT B OPTOBOJAOPOA.
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ieHye napaBojopola B OPTOBOJAOPOA coBeplllaeTcs 4yepes3 JBe CcTa=-
JAHHU:

1) H, (napa) = 2H 6rictpas, paBuoBecHad, By, K
2) H, (mapa) + H = H, (opro) + H MmejuieHHas, k,
Torna
vy = R0, mapa®H
2
k= CH,,:apa
OTKy/a
g = VK1CH,,uapa
44

vy = RyCH, napa VK1CH,,napa = kCa[aH,,uapa

NONyYeHHOe ypaBHEHWE COBNAfaeT ¢ SKCHEPHMEHTaNbHO HalIeHHEM
KHHEeTHYeCKMM ypaBHeHHeM peakuud. KakoB nopsjox ¥ MOJEKYJsp-
HOCTh Kaxjod cTaiun? KakoB mopafox mpotecca B ueaoM? Kak us-
MeHsieTcs CKOPOCTb eaKIlM¥ NpH YBeJMueHHH JaBJieHust B 2 pasa?
19-10. l'a3zoBas peakuHus
CO + Cl, = COCl,
NpoTeKaeT uepe3 CTaJHH:

l) C]n = 2Cl U = k1CCI,
2) Cl 4 CO=COCl vy = Ryccicco
3) cocl -+ Cln = COCI, -+ Cl Ug = kaCCOCICCl,

DKCIepUMEHTAbHO HaieHHOe BHPaXKEeHHe CKOPOCTH Beefl peaKlHE
B 1LIEJIOM HMEET BHA:

U= kCalz(nzCCo

VKaXuTe, Kakas cTafha Haubonee MelJeHHas. B Kakoft Mepe CO-
raacyercsl MEXaHH3M DeaKLHH C ee KHHETHKOi?

19-11. BnuseT NH TeMmepaTypa Ha cKOpPOCTb (OTOXHMHIECKHX
peakuui?

19-12. OnpeaenuTte KBaHTOBHIH BRIX0J peaKLHH

OHI =H, + I,
eCJIH IPeANONOXKHTD CJIeIl)’IOI.llI/II‘;I e MEXaHH3M!

HI S H41

H+HI=H, +1
oa=1I,

(Ha cTeHKe WM TIpH TPOHHBIX CTOJKHOBEHHUSIX)
19-13. Kak MOxHO o6bscHuTh moyemy pacnai HI nmo peaknns

9HI = Hy + I,

Be MPOXOJHT KaK llenHasd (OTOXUMHYECKas peaxuus?



19-14, Baxumuii jpas atmocdepHeIXx npomeccoB uoH NOt, kak
npeanoJaraiTt, obpasyercs IByMs NyTSAMH:

1. Ny + 2N+ 4o . 0422 0% f-em
N, O = NO*+4N O+ - Ny = NO*-+N

AtomBl KHesoposa o6pasyloTcss B pesyJbTaTe JAHCCOMHALMH MoJe-
KyJa. YKaxXuTe ycJoBHs, GraronpHsTcTBylomue o6pasosanuio NO+
no mepBoMy H BTopoMy nyTH. I[louemy B 3eMHO# aTMocgepe HOR
NO* He o6pa3syeTcs N0 peakiHH

NO 22 NO* - = ?

19-15. Kak o6BACHHTb, 4YTO NPH KPaTKOBPeMeHHOM OOGJydYeHHR
ra3oo0pasHoOro XJopa MOIIHBIM HCTOYHHKOM cBeTa (MHTEHCHBHOCTb
B 104 pas Bblillle cOJHEYHOro) IaBjeHHe rasa NOBHILIAeTcs B 2 pasa
6e3 cyulecTBeHHOro NOBHIIEHHsI TeMnepaTyphi? Kakne npyrne spie-
HHA JOJIKHH CONPOBOXKAAThL 3TOT IpoLece?

19-16. IIns razoBolt GOTOXHMHUECKOH peaKUHH

9HI =H, 1,
KBaHTOBHH BHIXOJ pPaBeH ABYM. KBaHTOBHIA BHIXOJ peakUHH
H, -+ Cl, = 2HCI

pasen 10*—108. O6bsicHHTe CcTOML GOJBIIYIO Pa3HHILY MeX]y KBaH-.
TOBHIMH BHIXOZaMH 3THX peakiuii.
19-17. ITox peficTBHeM yAbTPadHONETOBOrO H3JAYyUEHHs MOJEKY-
Jbl 1H60paHa pacnajaloTces ABYMsl pa3iHYHBIMH NYTAMH:
B,H, = B,H, +H
B,H, = BHj - BH,
Kaxko#t nyTo 6osee BepositeH? Kakue paHHble HEOOXOAMME AJS OT-
BeTa?
19-18. O30n o30HOBOro ol aTMochepn 3eMan MHOrJOWAeT
yJIbTpaduo/IeToBOe H3JyYeHHe H MNpeBpaIlaeTcsi B KHCJIOPOL:

hv
03=0y+0
04+ 0= 20,
YxamxuTe NopAnoOK Kaxpoi peakunu. Kakne Heo6X0QMMH AONyIIe-
HHs1 JJIA oNpejeJeHHss CYMMapHOro nopsiika npouecca?
19-19. Iina kaxoii Iesn B ra3oOoTBOAHYIO TPYGKy mpu6opa Ans

NOJIyueHH A BOJOPOAa TOMEIIAIOT MEHYIO CETKY?
19-20. T'azoBas peaxuus

H, -+ Br, = 2HBr
[IPOTEKAET 110 HEMHOMY MEXAHU3MYy: - '

Br, = 2Br Hauajo lemu
Br+H,=HBr}H TPOROJIKERHE LelH
H+ Br, =HBr -}-Br HPOLOMKEHHe LenH

Hanumure ypaBHenHe peaKuuu oGpHBa IlenH.
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_ 19-21. MakcuManbHasi CKOpocTb (B cM/c) pacmpoCTpaHEHHA
IaMeHH B CMecsX ¢ BO3AYXOM M KHCJIOPOJAOM COCTaBJAET:

¢ BO3RYXOM € KHCIOPOJOM € BO3YXOM C KHCJIOPOAOM
AneTHaeH 131 1350 Meran 35 330
Bonopoa 267 890 Ilponax 32 370

Kak O6BACHHTb, YTO CMeCh alleThjieHa ¢ KHCJODOLOM Cropaer
GhicTpee, ueM CMeChb BOLOPOAA C KHCIOPOAOM, & B CMECH C BO31Y-
xoM, Hao6opoT, ObICTpee CTOpaeT BOAOPOL. Kak Bu nymaere, Io-
yeMy NepPexoj OT CMeCH BOAOPOAA € BO3AYXOM K CMECH &€ ¢ KHCJO-
DOLOM COTIPOBOXKIAETCS YBeJHUEHHEM CKOPOCTH pACTIPOCTP aHEHH P
niaMeHH MpHMepHO B 3 pa3a, a y OCTaJbHBIX Ia30B —B 10 pas?

19-22. O6mbsicHHTe, ¢ KaKof 1e/blo TIPH KHCJIOPOAHOM KpEKHHre
B ra3soByio cMecb Ro6aBisercsa HeGOJbIIOe KOJHYECTBO KHCI0poaa.

19-23. B monekyne toayona CeHsCH; aneprus cBssed Ce¢Hs—
—CH; u C¢HsCH,—H paBHH COOTBETCTBEHHO 377 % 335 k% /MOMb.
VKaxuTe MPOAYKTH Paclaia MOJEKy/bi B NEpPBO# MOHOMOJEKYJSD-
HOH CTaiHH H TIPOAYKTHI PeakiHH B LEJOM.

19-24. O6bsAcCHHTe, MOYEMY NPH TEPMHUECKOM Da3JTOXEHHH TO-
Jayona moayudaercd AHGEH3UT (C¢HsCH,) 2 1 Bomopon Hs, a e am-
denun (CgHs)o u aTan CoHg?

19-25. Kak 06bACHUTD, UTO alleTHJIEH pearupyer ¢ XJ0pOM Jerde
3THJIEHA, XOTA CBA3b MEXJy aTOMaMH yrjepoia B MOJEKyJe ale-
TH/eHa TIpOUHee CBS3H B MOJeKyqe 3THJIEHa?

19-26. O6bsicHETE, TIOUEMY cMech 1 0o6beMa MeTaHa H 2 06BeMOBE:
kucaopoaa wiax 100 o6beMOB BO3AYXa HauboJee B3PBBOONACHA.
[IpencKaXuTte cocTaB HauGojee B3PHBOOMACHBIX cMeceH aneTuie-
Ha ¢ KUCIOPOAOM H BO3LAYXOM.

19-27. IlpeamonoXuM, peakuus A=D mpoxofuT 4UEpe3 [Be CTa-
IUHU:

1) A=B GbicTpad, paBHoBecHad, Ry, Kj
2) B=D MennenHas, R,
CKOpOCTb peakKiuy B lleJIOM BHHOHCAAETCH CleAYIOIIUM 06p830M2
v=~Fkyn
TTocKoMBKY
K, = cg/ca., cg = Kica
TO

v= kKicacg = RcpCB
Kakop 06Luil MOPAAOK peakuun? ONHIIKTe METOA ONpeleeHHs¥
CKOPOCTH peaxilMH, BKJIIOYalOIluH 6LICTPYI0 PABHOBECHYIO CTaiHIO.-
19-28. PasioxeHHe 030Ha B ra3opoll dase
90, = 30,

BEPOATHO NPOXOJHMT Uepes CTaLMHU:
1) Og=0,+0
9) O 4 0y=20,
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YKaHTe MOJNEKYJASAPHOCT M TMOPAJOK KaxXAo# cTaiuH. BeiBe-
AHTe KHHETHYECKOe ypaBHeHHe peaKLUHH B NPEANQJOXKEHHH, UTO
fiepBas CTajfua NpoTeKaeT GHICTPO H HcXOoAHoe BelllecTBo (Oz) H
TIPOAYKTHl HAaXOAATCA B PAaBHOBECHH, a BTOPasl CTaAHsA NPOTEKaeT
MelJIeHHO. BeiBeauTe Apyroe ypaBHeHHe CKODOCTH Tpolecca, mpef-
fIOJIOJKHB, 4YTO IepBas CTajHA MelJIeHHas, a Bropasi GmicTpas H
paBHOBecHas. Kakolt MOXHO clenarh BHBOA cpaBHUB 06a ypaBue-
HHA?P

19-29. YKaxuTe BO3MOMKHEIH MeXaHH3M pEaKUHH PasJOKEHHS
030Ha B Ta3oBoi ¢)ase Ha KHCJIOPOH, €CHH IPOLECC ONMHCHIBAETCH
KHHETHUeCKUM ypaBHEHHeM:

U= k(:zoﬂ/{:o2

19-30. Huxe nan mpHMep BEIBOAA KHHETHUECKOIO YPaBHEHHS pe-
AKIHMH, B KOTOPOH OflHA H3 CTaAHH GHICTPO AOCTHraetr pPaBHOBECHS.
TasoBas peakuus

2NO +- Cl, = 2NOCl
umeeT TperHil mopsanoK. IlpeamonoxuM, peakuus HAeT B ABe CTa«
AHH:

1) NO - Cl, = NOCl, GricTpas, k;
2) NOCl, 4+ NO = 2NOCl MelJleHHas, R,

Ecan peakuus (1) mporekaer Gnicrpee, 4eM (2), TO MOXKHO NpeA«
TOJIOKHTh, YTO peakuHsa (1) MoxKeT NpoTeKaTh PABHOBECHO ¢ KOH-
crantofi papHoBecHs Kji:

¢Nocl,
tNoCCl,

1 —
OTKYyAa
eNoct, = Kitnotct,

<CKopocTb peaKuuu (2) paBHa -

deno
i = kacNocl, no

TloacTaBUM KOHLEHTPALHIO CNoCI,

deno
— 2 = kKitnocer,tno = keNotcl,

Takum o6pa3oM, monydaercsi ypaBHeHHe TpeThero NOPSAAKa, X0«
Tl HH B OAHOH CTaJHH peaKLUHH He TIPOHCXOJHT CTOJKHOBEHHA Tpex
-qacTHl. [lpeasiokKuTe ApyrHe INPHMepH peakKUHH € paBHOBECHHIMH
cTaguaMu. O6CyAHTe BapHaHT ¢ MeAJIeHHOH DaBHOBECHOH CTalMeR,
HauMHallleH HJIH 3aKaHYWBawILeH nmpolecc.

19-31. B omHOM HCCJHeIOBAHHH ONHCHIBAJICS MEeXaHH3M Tra30BOH
;peaKuun o6pa3oBaHMsl HOJOBOAODOAA

H, + 1, = 2HI
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ABTODH NpPEAMNONOXKHIH, UTO PeaKUHd TIPOXOAMT uepe3 CTaJHH:
1y I, =2I GuicTpasi, paBHoBecHas, Ry, K,
2) 21 +H, =2HI meanenHasn, R,

CKOpPOCTh PeakllHH B LeJOM ONpeje/sieTcs CKOPOCTbIO MelJeHHOMA:
CTajgHHn:
vy = kyor’oy,

[MoACTaBNASA BHpaXKeHHe KOHUEHTPAlUMH aTOMHOTO MOAa H3 ypaBHe--
HUA KOHCTAHTH DaBHOBECHS
Ky =ci?/ery; o = Kyei,

noJyuaem
Uy = k2chlch2 = kCHzC]2

Ha ocnOBaHHH 3TOTO aBTOPH [eJalOT BHIBOM, YTO peaKlUHA Opo-
XOJMT uepe3 o6pa3oBaHHe aKTHBUPOBaHHOro kommaekca Hapls. O6B-
SCHHTe TI0YeMY aBTOPH OPHILJIH K TAKOMY BEIBOAY.

19-32. Panee npeanosaraioch, 4TO peaklHs OOGPa3OBaHH:
HOJOBOMOPO/ia H3 BOJAOPOAA H HOMA MpOTeKaeT COrJacHO ypaBHe-
HHIO

H, + 1, =2HI

T. e. SBASleTCH THIHYHON GHMOJEKyAApHOH peaKumued (mpoxoisuled:
uepes CTafgHi0 06Da30BaHHA MPOMEXYTOUHOrO KOMINIEKCa H,lb)..
BEIBHHYT W APYrofi MeXaHH3M, BKJIOYAIONIHH OHICTPYIO PaBHOBEC-
HYIO CTALHIO H MelJIeHHYIO CTaIHIo:

1) I,=21 6hicTpasl, paBHOBECHast

2) 21 +H=2HI1 MejJleHHas

BHBeAMTe KHHETHUECKHe YpPaBHEHHS peaKLUHH COTJIaCHO TEPBO-
My H BTOpOMY MexaHH3MaM. KakOBH MOPAIKH H MOJEKYJAPHOCTH:
OTAeNbHHX cTasuil? KakoB mopsloK peakUHH MO TMepBOMYy H BTO-
poMy MexaHH3MaM?

19-33. Peaxuus

9A + 2B =A,B,
HMeeT cAeRyIOmHi MeXaHU3M (TPH CTajuu):
1) 2A=A, GricTpast, paBHOBECHas

2) A,+B=AB MejJieHHan
3) A, B+B=A,B, GricTpast

KakoBa 3aBUCHMOCTb OOLiefl CKODOCTH PeaKiuH OT KOHUEeHTpaLHH»
BeutectB A u B?
19-34. [lns ra3oBofi peakiHH

9NO + 0, = 2NO,

fIpeAVIoeH CeAyIOIHA MeXaHHSM (ABe CTafHH)

1) NO 4 0, = NO, GHIcTpas, paBHOBECHad
2) NOy 4- NO = 2NO, Mef/1enHasn
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I[oxaxm"re, YTO ME€XAHH3M COrJacyercs ¢ 3KCOepHMEHTAaJbHO Han-
JeHHBIM BhIpa>XeHHEeM CKODOCTH:

dCNO
v=——ygq = k?Noco,

19-35. TasoBas peakuus
9NO + 2H, = 2H,0 + N,

fIOAYHHACTCHA KHHETHUYECKOMY YpPaBHEHHIO:

U= kc‘ch)CH2
Moxno NpeAJOXKHUTL ABAa Me€XaHH3Ma pEeaKIHH:
I. 1) 2NO -+ H, = N, + H,0, Meastennas, ky
2) H,0,+ H, = 2H,0 GoicTpas
1n03ToMy U1 =Ric?nocH, ,
I1. 1) 2NO = N,0, GbicTpast, paBHOBecHad, K
2) N3Oy + H,; = N, 4-H,0, MEJIEHHAS, Ry
3) H,0, +H, =2H,0 GhicTpast

OTKyza
Ug= kch,O,CH,
TTopcrasass BEIpaXKeHHe KOHIEHTPALUH N2Os H3 KOHCTaHTH paB-
HOBeCHs! TMePBOH CTanMH
K, = on0,/*No, N,0, = Ki1¢%N0
flonyuaem:
vy = RyK Nocw, = kePnocw,

ClegoBaTtesibHO, 062 MeXaHH3Ma OIHHAKOBLIM 06pa3oM OIHCH-

BAOT SKCOEPHMEHTANbHEHIE AaHHble. KakoMy MexaHusmy caeayer

OTAATh TMPEeANOYTeHUE?
19-36. Peakuus B rasoso#t dase

2NO, + F, = 2NO,F

BEpOATHO, OCYUIeCTB/AETCA uepes CTagHy:
1) NO, -} NO, = N,0O, 6ricTpast, paBHOBecHas
2) N,0, - F, = 2NO,F MELJIeHHas

BhiBenuTe KuMHETHUECKOE YypaBHeHHe PEaKUHH H NpefcKaxuTe
BJHAHHE NaBJEHHS HAa CKOPOCTb peaKIHH.
19-37. PasnoXeHne a3oTHCTOH KHCJOTH B BOLHOM pacreope

3HNO, = H* 4 NO;~ 4 2NO + H,0
AIpOTEKaeT yepe3 cTaguu:

1) 2HNO, = H,0 + NO + NO, 6LICTpast, paBHOBECHas
2) NO, -+ NOy = NO++ NO,~ MeIeHHas
3) NO*+ H,0 = HNO, + H* 6LicTpast

BhIBeIlHTe YpaBHEHHe 3aBUCHMOCTH CKODOCTH p€aKUHuH OT KOH=
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LeHTPAIHH a30THCTOH KHCJIOTHL. Kag ckaercsi Ha CKOPOCTH IpO-
fecca H3MeHeHHe KOHIIEHTDaIHH a30THCTOR KHCJOTH B 2 pasa?
19-38. PeakKuuio TepMHUYECKOTO Pa3/JOKEHHs TOIYo/Ia MOXKHO
BHIDA3HTb ABYMS ypaBHEHHSIMH
CgHsCH, = CqHj -+ CHs
C3H5CH3 = C3H5CH2 + H

Kakne HyXKHH AaHHHe, 9TOOH yCTaHOBHTD HanGoslee BePOSTHHIA
OyTb Pa3nOKeHHs TOTYoJa?
19-39. Peakuus TepMHYECKOro pacnafa 3TaHa

C;Hg = CHy -+ H,
MPOXOXUT uepe3 pal craaufi:

1) C,Hg = 2CH,4 4) H+- CgHy= CyHy + H,
2} CH, + C,Hg = CH, + CyHs 5) C,Hs + C,Hs= CqHio
 3) CiHy=C,Hy+H 6) C,Hs -+ CoHp = CoHy + Catlg
O6bsicHHTe, IOUeMYy B Tpolecce HET peaknuit
H+H=H,

19-40. Moo TPeANONOKHTh HECKOJbKO Pa3JHIHEIX MeXaHH3-
MOB MPOTEKaHHs pPeaKilHH: :
2NO + 0y = 2NO,
1) Onna cragns
9NO -+ 0, =2NO,

2) Ise cragun
NO -+ 0, = NO,
NO -+ NO, = 2NO,

3)Tpu cragnu

NO - 0, = NO,
NO -+ NO, = N,04
N,O, = 2NO,

JrcrepHMEHTaIbHO HalkjeHo, 4T0 CKOPOCTH peaKIHH ONHCHIBAETCS
ypaBHEeHHEM

deno
v=—"g = ketnoCo,

KakoMy 'MeXaHH3MYy He TPOTHBOpedaT JKCrIepHMeHTaNbHbIe AaHHbE?
19-41. Tasopas peakuus
H, + 2ICl = 1, + 2HCI
HoITHHseTCs ClefyoluleMy YPaBHeHHIO CKOPOCTH
dCHz
v= — T = kCICICHz
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I'onaxm're, 4YTO 3THM 3KCIE€PpHMEHTAJbHBIM HaHHHIM He HpoOTH-
BOPEUHT CJAeAYIOIHHA MeXaHH3M
1) ICl4-H, = HI 4- HCI MeLJAeHHas
2) ICI4-HI =1, 4 HCl 6hicTpas

19-42. MoxHo nM mpefckasaTh, Kakas peakuHs NPOXOIUT
6LICTpee
NO 4 O+=N++0,
HH
NO 4 O+=0,++4N

Kakas u3 peaxuuii TepMopuHamuueckn Gonee BeposiTHa? Pac-
CMOTPHTE aHAJIOTHYHHM 06pa3oM clenyIolliHe PeaKUHH:
N+4 0, = NO 4 O+
N+ 0,=NO 1 0+

B Kakyio cropony cMellleHo paBHOBecHe B KaxIOH pearHpyiomiedt
cHcTeMe?

19-43. Onpenenute, Kakoe HaupaB/eHHe PeaKUHH TePMOLHHAMH-
YeCKH M KHHeTHUeCKH 6oJsiee BeDOSATHO:

NO*+4 NO = N,*+ 0,
NO*+ NO =N, 4 0,+

CpaBuuTe npamble H OOGpaTHhle PeaKuHH, YKaXHTe, B KaKyIO
CTOPOHY CMCIeHO PAaBHOBeCHe B KaXKJOH M3 pearupyIoLIHX CHCTEM.

19-44. BocnonbsoBaBumich HIESIMM METOAA MOJIEKYJASPHBIX op-
Gutajeil, a Takxe yuHTHIBAas TePMOXHHAMHUECKHe NpelCTaB/eHHS,
00BbACHHTE, OUEMY PeaKuus

Np* + 0, = N, + O,*

NpOTEeKaeT HAMHOTIO Jierie, 4eM peaxuus
NO* 4 N, =NO + N,*

19-45. Kak OGBACHHTB, UTO NPH HENOCPeJCTBEHHOM B3auMozedl-
CTBHH a30Ta M Kucaopoaa okcuia NO, He o6pasyercs, Ho o6pasyer-
¢st npH B3auMoaeicTBuH NO ¢ KHCaI0pOOOM BO3LyXa.

19-46. Ilpenckaxure, KakHe TIPOMeXYTOUHble COCIMHEHHS MO-
ryT o6pasoBarbest B peakuun BsauMofelicTBus NO ¢ O..

19-47. O6bsacuuTe, noueMy moJekyna NO, uMerolias HecnapeH-
HBIA 3JIEKTPOH, He COeIHHSETCS MPOUYHO CO BTOPOH ModeKynaofi NO,
HO COeJHHSIETCS ¢ aTOMOM KHCIOPOAa, HMEIOLIMM HeclapeHHHH
3nekTpon (o6pasyerca NO,).

19-48. CKopocTh npsaMof ra3oBoll peakuuu

2NO + 0, = 2NO,
ONHChIBacTcAd YpaBHEHHEM
v = kenp, o,

Koncranra cKopoctn k yMeHblaeTcsi ¢ MOBHILIEHHEM TEMNEPATYPH.
[TpuBenuTe BO3MOXHEE 0GbACHEHHS TaKO! 3aBHCHMOCTH.
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19-49. O6bscHHTe, KaKas M3 peakuuii o6MeHa NMPOXOAHT OHICT-
pee H MoYeMy:
ND, + HCl = ND,H + DC!
D,0 + HCl = HDO + DCI

19-50. Kak 06bscHHTH, YTO pa3foXeHHe THOCEPHOH KHCJOTH'
npoTeKaeT Mo-pa3sHOMY B Pa3/IHYHBIX PAcTBOpaAxX:
B BOAHOM pacTBOpe
H,S,05 = HyO + SO, + S

B pacTBope sdupa
H,S40; = H,S + SO,

19-51. Tlouemy ruaposna terpaxJaopuna yriaepona CCl, wuper
menJientee, uem COCl,, xotsa moaspuocth cBa3y C—Cl moutu opu-
HaKoBa B 00OHX COeTHHEHHAX?

19-52. JIucr 6ymarn, cmoueHHH#E pacrBopoMm Genoro docdopa
B cepoyraepofe CS,, nocie ucnapeHus cepoyrjepoia CaMOBOCIIA-
menserca. OGBACHHTE, MOUEMY €CJAH TAKOR Xe JHCT 6yMarH, CMo-
9eHHHIE pacTBOpoM ¢ochopa, NOMECTHTL B COCYH C YHCTHIM KHC-
JOPOAOM, CAMOBOCIJIAMEHEHHS He IPOHCXOAHT.

19-53. Kak Bnl cunTaere, MOTyT JIH ypaBHeHHs peakUHH C OfH-
HaKOBbIMH YYaCTBYIOIHMH BeIeCTBAMH, HMETb pa3/H4YHble CTeXHO-
MeTpHuecKHe K03DPHUHEHTH?

19-54. IlpoBepbTe, NPaBHJIBHO JH TIOAOGPAHBl CTEXHOMETpHUE-
CcKHe KO3GOUUHEHTH B CJIeAYIOIMHX YpPaBHeHHAX:

2KCIO, 4 4HCI = 2KCl + 2H,0 -+ Cl, + 2C10,
11KCIOg 4 18HCI = 11KCI + 9H,0 + 3Cl, + 12ClO,
8KClO, + 24HCI = 8KCI + 12H,0 + 9Cl, -+ 6CIO,

Kakopo Balle MHeHHe O MPHYHHAX Da3/IHYHBIX K03 HUIHEHTOB?
19-55. Peaxknus

2HI + S = H,S + I,

B rasoBoii ¢ase mpoTekaeT cJeBa HalpaBo, a2 B BOAHOM pacTBOpe
cnpasa HaJeBo. B geM COCTOMT IpHMUHHA 3TOro ABJEHHSP

19-56. CKopocTb OKHCJEHHs cOeAWHEHHH ABYXBAJEHTHOTO e-
Jie3a noJ JeficTBHeM KHCJIOPOAA BO3AyXa

4Fe(OH), + O, + 2H,0 = 4Fe(OH),
4FeSO4 + O, + 2H,0 = 4Fe(OH)SO,

CHIIBHO 33BHCHT OT CpeAn: yeM Oodblue KoHueHTpauusa H*, Tem
Me/sienHee Her okucaenHde. Ilpenaoxute o6bsiCHeHHe TAaKoH 3aBH-
CHMOCTH.

19-57. OauH u3 MeXaHH3MOB 06pa3oBaHHs MOJeKyan AB u3 A,
u B; B rasoBoii dase mpeanosaraer o6pasoBanue NpPOMeXKYTOUHO-
ro xommiaexca AgBs (puc. 19-1, nyuktup o6o3nauaer o6pa3oBaHue
HOBO# cBsi3u AB u ocnabaenune csaseit AA u BB). Tlo anaJjoruu ¢
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Ag+By=[AgBy|= 2AB
PUC. 19-1.

aTofi cXeMOH pPaccMOTPHTE PEAKIHH:
1) CN+CN 2) C,+ N, 3) H4+0 4) OH 4 OH

H TpegaoXuTe GopMyJH MepeXoLHBIX KOMIJIEKCOB.
19-58. BaaumopeiictBue hTopa ¢ JUOKCHAOM a30Ta

2NO, + F, = 2NO,F

B ra3oBoil ¢a3e NOAYAHAETCH KHHETHUECKOMY YPaBHEHHIO:
U= kCNOZCFo

KakoB cocrap MpOMeXYTOUHOro KOMIJIeKca?

19-59. Ecan peakuusa o6paTHMa H €c/lH IIepeXof OT PeareHTOB
K TMpPOAYKTAM TPOHCXOAHT dHepreTHYecKH Hau6GoJee BBIIOAHBIM IIy-
TeM, TO ofpaTHas PeaKUHs COBEpLIAETCH TEM 2Ke TYTeM, HO B 0O-
paTHoH mocaenoBareabHocTH crafufl. Ilosromy npaMas H obpat-
Has peakuHs HMelOT OJHH H TOT JKe MeXaHH3M (IIPHHIHI MHKDOCKO-
nHdeckoil o6patHMocTH). Kak nokasaTtbh aTOT NpHHIHI? ,

19-60. Ha puc. 19-2 nokasano u3MeHeHHe BO BPeMEHH KOHIEHT-
pauun Bewects A, B u D, yyacTBylomux B peakuud. Hanuwure xu-
MHYecKHe YpaBHeHHs CTafHH 3TOH peakKnuu.

19-61. [Tonurafitecs mpefcka3aTh, Kakasg H3 peaKUHil H30TON-
Horo o6MeHa ¢ yyactueM 3°S u 180 npoxoaut GuicTpee:

S180, + SO, = SO, - S1%0,
30, + SO, = SO, -+ %50,

19-62. O6bscHUTE, MOYEMY AMCCOLHALHS MOJEKYJH BOAH MPO-
XOXHT TI0 peakluH

H,0 =H + OH

a He MO peaKnuaM
1) H0=2H+ O 3) 2H,0 = 2H, + O,
2) H0=H; + O 4) 2H,0 = H, + 20H

19-63. Tuocyabdar HaTpus NazS;03 MoxeT OBITh MOAYYEH KH-
nAYeHHeM NOpOlIKa cephl B pactBope Na;SOs. YpaBHeHHe peakuun
¢ yuyacTHeM DajHOAKTHBHOrO H3oToma 35S 3amuchBaeTcd Tak:

B - SO42~ = B0~

Ecau nosyyeHHB pPacTBOp MOAKUCIUTH, TO BCA PafHOAKTHBHAS Ce-
Pa CHOBA BHINIafaeT B OCaLOK

3855042~ - H+ = %S + SO, + H,0
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Kakue cBefleHHSI MOXHO TO- %
JYYHTb M3 Pe3yJbTaTOB 3TOrQ
sKkcnepuMenTta? KakoBa CTpyK- B
Typa HoHa S20;27?

19-64. TIpoAyKTaMH KpEKHH-
ra auerona CH3;COCHj; sBast-
torca CO, keren CH,CO, meTan
CH; u stan CyHe. CocraBeTe

ypaBHEHHS peaklluil, B Ppe3yJb- A

TaTe KOTOPHIX o6pasyloTcs 3TH .

BelecTBa. T
19-65. Tlpeaaoxure Mexa- PHC. 19-2

HHU3MBI HPEBpaLLLEHHH l{uc-H3OMepa B TpaHC-HSOMep:
H H H Y
\C=C/ _ \C=C/
X Ny x H
KakHe cBA3H pa3pHBAIOTCA B 3TOM mpoliecce?

§ 20. KATAJIMTHYECKHE MPOLLECCHI

20-1. HuxXe NPHUBOXHMTCS HECKOJbKO ONpefleJieHHH MOHATHA KaTa-
432 W KaTaJu3aTopa.

1) KaranuaoM Ha3EIBaeTcsl sIBJeHHe, COCTOAlllee B TOM, YTO NPH-
CYTCTBHE B CHCTeMe KaKoro-JH60 BellleCTBA BRI3HBAET WM YCKOPs-
eT TpOTeKaHue HEeKOTOPOH XHMHYECKOH peaKUuH, NpuieM COCTOSHHe
H KOJHYeCTBO 3TOr0 BELIeCTBA B KOHLE DeaKIHH OCTAETCs] HEH3-
MeHHHM. BelllecTBO, YCKOpfIOIlee -KaKyio-JH60 XHMHYeCKYIO Deak-
IIH10, HO OCTaolleecs MOC/Ae pPeakuud B HeH3MEHHOM COCTOSHHH H
KOJHYECTBE, Ha3LIBAETCH KATaJH3aTOPOM XHMHUeCKOH peaKiuH.

2) KaTaiuzoM Ha3nBaeTCsl H3MEHEHHE CKOPOCTH XHMHYECKOR
peakuud [OJ JeACTBHEM BEIECTB, KOTOPble B pe3yJibTaTe peaKUHH
OKa3HBAIOTCH XHMHYECKH HEU3MEHHBIMH. BelllecTBa, H3MeHsIOUIHE
CKOPOCTb XHMHYECKHX peakKUu#i, HA3HIBAIOTCA KaTaJM3aTOpaMH.

3) Karanus — 3To ceNeKTHBHOe YCKODEHHe XHMHUUYECKHX peak-
UMt B MPUCYTCTBHH BelleCTB (KaTaJH3aTOPOB), KOTOpble NMPHHHMA-
10T yYacTHe B NIPOMEXYTOUHBIX TpOLECCAX, HO pEreHepHpyOTCI B
KOHIle peaKIUuH.

4) Tlox KaTaNH3OM NOHMMAIOT fBJEHHE YCKODEHHs peaKUHA B
NPHCYTCTBHM BELIECTB, KOTOPHe He PACXOAYIOTCS B peaKuHH, a Kak
Onl BAMSIOT Ha Hee CBOHM NPHCYTCTBHEM.

5) KaranuzaTopoMm Ha3bBaeTca BellEeCTBO, YCKOpsiiolliee peak-
LMIO, HO B pe3yJbTaTe €e CAMO OCTAlOLleeCss XMUMHYECKH HEH3MEH-
“HEIM.

6) Karaamsatop — 3TO BellleCTBO, KOTOpOe H3MEHSET CKOPOCTb
peaKi(ii, caMO OCTaBAsCh XMMHUYECKH HEH3MEHHBIM.

BuiGepuTe Hanbosee TOYHOe ONpeleeHHe, HaluTe HETOYHOCTH
H HeJOCTAaTKH APYraX onpefenennfi. [IpocMoTpuTe 3ajia9 H BOTIPO-
Chbl TOrO ‘pasjena H Ha OCHOBAHHH 3TOr0 MPEAJNOXKHTE cobcTBeH-
HOe OTpe/iefieHHe NOHATHH «KAaTalu3» M €¢KaTalH3aTopP>. '
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20-2. MoxXHO 1M HCXOAS M3 oNpeleseHHH NOHATHSA «KaTaju3a-
TOp», IpHBeAeHHBIX B 3azauye 20-1, aHanorHuHeM 006pa3oM JaTh
onpelefeHde NOHATHA «HHTHOHTOP» KaK OTPHLATEJNLHOTQ KaTalHe
satopa?

20-3. Ioxaxure, uTo ecian Obl KaTaaH3aTop CMelllal pABHOBE-
cHe peaKuud, TO Hapymajcs Ob mepBHIA 3aKOH TepMOAHHaMHKH,
MoxXeT 11 KaTaaH3aTop cMelliaTh DaBHOBeCHe peaKUuH, IpoXoAs-
mux 6e3 TemaoBEIX 3 deKToB?

20-4. B ogmHoit u3 craTelt 60 Hamucano caenymwoiuee: «[Ipuua-
TO pa3jeNsTb KaTaJHTHYECKHe NpOLeCCH Ha TPH IPYNNB: TOMOreH-
HBIH KaralH3, reTepOreHHH KaTanu3, PepMeHTATHBHHIHA KaTajlu3s.
YKaxHTe HeJOCTATKH MOLOGHOrO pasgefeHus.

20-5. CTeHKH peaKUHOHHOTO COCYZa YacTO OKAa3HBAaOT GoJblloe
BJIMAHHE HA CKODOCTh XHMHUECKHX IPOIECCOB, YCKOPAS HAM 3aMen-
A5aa ux. IlpuBesuTe BO3MOMHBE NPUYHHBI 3TOrO SIBJICHHS.

20-6. Peakuusi MeXAy aTtoMaMH BOJODOLA IPOXOAMT KAaK peak-
IHA TPeTbero NOPsiiKa H TpHMOJeKyJaspHas. IlpucytcreHe Tperheft
YaCTHIW HeoOXOZHMOQ AJf OTBOLA H3GLITKA 3HEPrHH, BLIAEJSIO-
uiefica npu oGpasopanuu a3y H—H:

H4+H+M=H, + M

Moryt nn urpath poab TpeTbelt yacTuE MoJeKyas Ni, O, CO,
Hy, a Takxe atomn He, Ar u Bomopona. fIsasercs au yacTHna M
KaTaJaH3aTopoMm? ‘

20-7. KakoB MeXaHM3M ydyacTHs B XHMHUECKOM IIpoliecCe Be-
HIECTB, 3aMeAJAIOUIUX CKOPOCTh XMMHYECKHX peaKuuii U Ha3biBae-
MHX OTPHIATEJIbHBIMU KaTaJH3aTOPaMH, HJAH HHCHOGHTOpaMH?

20-8. MoXHO /4 moAOGPATh OJHH KAaTaJu3aTOP, KOTOPHI YCKO-
PHJ OBl OHOBPEMEHHO ABe HJH TPH PEAKIMH U3 HEKOTOPOro GoJb-
LIOr0 YHCJa TePMOAHHAMHYECKH BO3MOJKHBIX peaKIluii?

20-9. MoXHO JH IPHrOTOBHTL CMeChb JBYX KaTajlH3aTOPOB, KO-
TOpas ycKopsasna Obl cpa3y JBe peaKUHH M3 HEKOTOPOrO 4HCJIa BO3-
MOKHBIX?

20-10. K xakuM mnociaefcTBusiM mnpHBeso Onl GoJblluee ycKope-
HHe KaTajJiH3aTOpOM NPAMOH peakUWH 0 CpaBHEHHIO ¢ o6paTHOH?

20-11. K KakuM NOCJeACTBUAM MOr/I0 Obl NPHUBECTH CMellieHHe
paBHOBeCHs KaTaJu3aTopoM?

20-12. Coo6umanoce 0 TOJAYYEHHHM KaTaJH3aTOPOB pPa3joKeHHs
BOJAK COJHEUHHMH Jy4aMH (HanmpHMep, TAaKHMH KaTa/JH3aTOPaMH
MOIYT CJAYXHWTb HeKOTOpble cerHeTOanieKTpukH). KakK o6GBSICHUTH
YyCKOpeHHe TOJbKO IpsaMoO# (a He obpaTHoi onHOBpemeHHO!?) pe-
aKIHH.

20-13. O6nyyeHHe CBeTOM De3KO YCKOpsieT peaKIHIO B3aHMojefi-
CTBHSI BOAOPOAA M KHCJIODOJAa B pe3y/bTaTe NDOTEKAHHSA LEMHBIX
peaxuui

H4+0,=0H40
OH + H, = H,0 + H
O+H,=OH4+H
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Kakne MoJekyJqrl, KHCJIOPOZA HJAH BOROPOAA, TOA AeACTBHEM
06/1yueHHd pacnagarorcsd Ha CBOGOAHEIE aTOMH, HPHBOAA K LemHOR
peakuun? MOXHO JIH CUHTATb CBeT KaTaJH3aTOPOM?

20-14. MoxHo J1H moAo6paTh KaTamH3aTOPhl AJs peakiui

H; (r) 4- O, (r) = H,y0, (x)
H,0 () 4+ 1/20, (r) = H,0, (k)
H, (r) 4- O, (r) = H,0, (%)

20-15. MoxHO JH moaO6GpaTh KaTaJH3aTOPhl AJS peaKIHil:
1) 2CH, + H,0 = C,H;OH + 2H,
2) C,H, + H,0 = C,H;0H
3) CHg + CO, = CH4,COOH
4) C,H, + CO, + H, = 2CH;COOH
5) CH;COOH + H,0 = C,H;0OH -+ O,
6) CH;COOH + 2H, = C,H;OH -+ H,0
7) C,H;O0H + O, = CH,COOH + H,0
8) 3CH4COOH = CgH;,0, (caxapoaa)
9) CgHyy0p = 2CO, 4 2C,H;0H

10) C4H;304 = 3CHyCOOH

20-16. KakoBa mpHYHHA YCKODEHHsl KaTa/JH3aTOPOM LeNMHO# pe-
aKLIHH?

20-17. OnMH KaTaNH3aTOpP CHHXKAET 9SHEPrHI0 AKTHBALHH INpH
300 K na 20 k]Ix/monb, a Apyro#t — Ha 40 kJIx/Monb. Kako#t Ka-
Tann3atop a¢dexTunHee? Bo ckoJBKO pa3 BO3pacTaeT cKOPOCTh pe-
aKIHH MDH UCNOJIb30BAHUH TOI'O MJH HHOrO XaTaJu3aTopa?

20-18. Brna mpepsioxeHa caeayoliasi MOCJAef0BaTeNLHOCTb pe-
aKuHi JJ MPOMBILTEHHOTO NOJYYeHHsl BOAOPOJLA H TeMIepaTyp-
HOTO pexuMa:

t, °C
315 () +6LiOH (p) =5Lil (p) +LilO;s (k) +3H:0 () 150
LilOs (k) +KI (p) =KIOs (x) +Lil (p) 0
KIO; (k) =KI (k) +3/20; (1) 650
6Ll () +6H,0 (r) =6HI (r) +6LiOH (%) 500
6HI (p) +3Ni (k) =3Nil; (p) +3Hz (r) 150
3Nil, () =3Ni (k) +313 () 700

Hanumure cyMmapHoe ypaBHenHe mpouecca. Kakue BelliecTBa
MOTyT Hrpath PoJb KaTa/nH3aTOPOB? BhIYHCAHTE HCXOAA H3 clpa-
BOYHEIX JaHHBIX H30GapHEE MOTEHIHA/b BCeX CTaAuil U CyMMapHO#
peakunn. [lonmeiTafitech OGBACHUTL NPHYHHEI HCOMOJB30BAHHUS TOR
HJIH IPYTOH TeMMepaTyphL ,

20-19. JKmpu u YrileBofibl OKHC/IAIOTCA B JKHBHX OpraHH3Max
NPH TeMmepatype okoso 37°C, a BHe ero WX OKHCJEHHE NPOHCXO-
aur npu 450—500 °C. OGbACHUTE IPUYMHB STONO ABJCHHS.

20-20. O6bAcHHTe, MOYeMY SHEPTHA AaKTHBAUMH JHCCOLHALUH
MOJIeKys 6poMa Ha aTomel (1200—1900 K) saBUCHT OT NpHpOAH
NPHCYTCTBYIOLIET0 HHEPTHOIO ra3a u cocrasiasier B Ne — 131, Ar —
132 u Kr — 140 xJIx/Mouxb.
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90-21. Kak M3MeHHTCH CKOPOCTb LETHON peaKuud NPH yMEHb-
lleHHH AHaMeTpa PeakUHOHHOro COoCyAa?
20-92. PaanoXeHHe aleTalblerHia B rasoBoit tdasze:
O
CHsC/ = CH, + CO
\H

yckopsieres B 10000 pas mozn neficTeueM mapos moaa. ITpu 800 K
5Heprus aKTHBAlMH 6e3 KaTajau3aTopa paBra 190 & JI /Moab. BHI-
gHCMTe SHEPrHI0 AKTHBALMH PEAKUHWH B NPHCYTCTBHH KaTalu3a-
topa. TIpeiJOXHTe MeXaHH3M KaTalHTHIECKOrO JelicTBHSL HOMAA.
90-23. Peakuus B rasonoit pase
9NO +4- Cl, = 2NOCl

ycKopsieTcss B NPHCYTCTBHH 6poma. Ilpeamosaraior, 4To MepBasd
CTagHsl OMHCHIBAETCS ypaBHEHHEM

2NO + Br, = 2NOBr

Hanuwute ypapHeHue BTOPOH CTaiHH. Kak BAHAT KOHIEHTPa-
uur NO, Cly u Bry Ha cropocts mpouecca? ITpesickaxuTe TMOpsL0K
mpoliecca H MOJEKYJAPHOCTh OTAGJBHEX craauii. OTHecuTeCh KpH-
THYeCKH K IPeLJIaraeMoMy MEXaHH3MY H TIPelTOXHTE apyrofi Me-
XaHH3M mpouecca.

90-24. PeaklHs pasjioXeHHs aneradblerdia CH,CHO B raso-
Boii thase ¢ oGpasopaHHeM MeTaHa H OKCHIA yraepoaa (II) mmeer
sHepruio axTuauuu 190 KJLK/MOJB (npu 800 K). B mpucyTcTBUH
napoB MOA4a Heprus aKTHBAlMH CHUXKaeTCd JIO 136 kJLxK/MOJB.
PaccuuTafiTe OTHOlIGHHe KOHCTAHT CKOPOCTEH KaTalu3upyeMoH H
HeRaTanuaupyeMofi peaxuuii. Tlpepnoxure MexannsM peakunh.

90-25. Uoa yckopsieT pasfioXkeHHe alleTa/lbleriia B rasoBoH
dase ¢ o6pasoBaHHeM MeTaHa H CO. Ilpennonaraiot, 4ro neppas
CTafiusl OMHCHBAETCA YpaBHEHHEM

e
CHy—C{ 4+ 1= CH,l 4- HI 4 CO
H

_HanmuuruTe ypaBHeHHe BTOPOH CTapHH.

20-26. Tipu HcciefoBanUU CHHTE3a aMMHaKa B 3JI6KTPHYECKOM
paspsfie G6H0 06HapyXeHO, YTO MPOLECC yCKOpsieTCst B TPHCYTCT-
BHM [ApOB PTYTH, KOTOpas CMOCOGCTBYET AHCCOUHAIHH MOJIEKYJIBl
BofOpOAa Ha aToMhl. Hamuumre ypaBHeHH: MPOIECCOR.

90-27. PasnoXeHue l1aBe/ieBOH KHCIOTH

(COOH), = CO, + CO + H;0

POMCXOLMT TPH IeHCTBHH CBeTa C nauHOH BoaH 2,5-102—4,5-10% nM
¥ B IPUCYTCTBHH COJell ypaHHJa. [pennonaraercs, YT0 B pacTsope
ofpasylotcsi Bo30yKJAeHHbBIE WHOHBI JOy2+. HanumiHTe ypaBHeHHSA
peakuu# 06pasoBaHHA BO36YyXIeHHOrO HOHAa ypaHu/aa IOL JeHcT-
BHeM KBaHTa CBeTa ¥ PA3JONKeHHs LlaBelieBOH KHCIOTH. O6mbsicHu-
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Te, MOYeMy He TPOHCXOJHT Pa3/OXeHHS LraBeJeBOfl KHCJIOTHL NOA
feficTBUEM CBeTa B OTCYTCTBHE cosell ypaHuia.

90-28. PassoxeHue auerajbleruia B ra3oBoll ¢ase TOXUHHA-
eTcsi YPaBHEHHIO CKOPOCTH

decp,cHO ,
U= di = ky¢%cH4CHO

B npucyTCTBHH apoB MOAa HEPIHi aKTHBALUMH mpouecca CHHXKa-
eTcsl  ypaBHEHHe CKODOCTH NPHOOpeTaeT BHA:

decHycHO
— —r = kafcHycHO,

Uy =

[TpepnoxkHTe MEXaHH3M HeKaTaJu3UpyeMoro M KaTalu3upyeMoro
npoueccoB. O6bsACHHTE POJb HOLA.
90-29. Peakuus pasioxeHHa MePOKCHAa BOACPOAE B KHCJIOM
pacTBope
9H,0, = 2H,0 + O,

ycKopsieTcss OPOMUIL-HOHAMH. [TpennoxeH clefyloUInHd MeXaHH3M:
H,0, + Br~ 4 H+= HBrO 4 H,0
H,0, + HBrO = H,0 + Br~ +-H* 4 O,

Ykaxure nopanox peakinu no HyOz, Br™m H+? KakoBH Heno-
CTATKH 3TOTO MEXaHH3Ma? ‘

90-30. PasnoXeHHe MepOKCHAAa BOJOPOAa AO BOAH H KHCJIOPO-
Ja B BOJHOM pacTBOPe YCKopsiercs HOANA-HOHAMH. CxkopocTb npo-
Jlecca OTMCHIBAETCS KHHETHUECKHM yDaBHEHHEM:

U= kCHzOzCI_

[TpeanioxHTe YpaBHEeHHE MeJJIeHHOH CTafHH H MEXaHH3M BCero
npolecca.

90-31. KOHCTaHTY CKOPOCTH PeaKIHH PasfioKeHHd H,O, B npu-
CYTCTBHH KaTanashl, BhILEJeHHOH H3 JpoXXKefl, onpegensan (NpH
25°C) TuTpOBaHHeM paBHBIX 06heMOB AHAJH3HPYEMOIQ pacTBOpa
pacTBOPOM TepPMaHraHaTa Kajaud. [Tonyuenn caepyiollye AaHHbIE
(Tt — BpeMs OT Hayana peakxIHy) :

T, MHH 0 10 20 25
VkMnOs » M 41,8 23,7 13,5 10,2

BhluncaHTe KOHCTAHTY CKODOCTH pas3fioXeHHs H20o.
20-32. TepMuueckoe pa3JoxeHHe >¢Hpa C,HsOCoH5s npoxoaur
1o ypaBHEHHIO

2C,HsOC,H; = 4CH, + 2CO +- C,Hy
B mpHCYTCTBHH TapoB HOAA (xaTanu3aTop) peaklHs NMPOTEKaeT MO
LpYroMy IyTH:
C,H;0C,H; = CH;CHO + CyHg

OfDbAcHHTe MEXaHH3MB DEaKiufl, NPOTEKAIOUIHNX B COOTBETCTBHH C
YKa3zaHHbBIMH YPaBHEHUSIMH. ’
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20-33. Pa3anoxenue alerasnblerHfia B rasoBoit ¢ase B mpHCYyT-
CTBHH [aPOB HOJA MPOXOAHT uepe3 CTa/HH:
1) CH4CHO 4 I, = CH4l + HI 4 CO MeJIeHHas
2) CHyl +HI =CH,+ I, GuicTpas

CocraBbTe KHHETHYECKHE YDABHEHHS HeKaTaJH3HpyeMOH H Ka-
TaNu3UpyeMOi peaKUHi B LieaoM.
20-34. Pasnoxenne C,H;Br, BepoaTHO, MPOXOAHT MO ABYM My-
TAM:
1. CyH;Br= HBr +- CyH,
IT. C,H;Br= Br - C4Hs
C,H;Br + Br = C,H,Br + HBr
CyHyBr = C,H, 4 Br

Kak skcmepumenTanbhHO f0Ka3aTb, YTO BTOPOA MeXaHH3M BO3MO-
XKeH?

20-35. TloueMy BOfa B HeCTeKJSHHOM COCyAe He DacTBOPSAET
KpeMHHi1, a B cTeK/JsHHOM pactBopseT? Kak nposeputh Baite 06b-
AcHeHHe?

90-36. Boccranosnenue Xenesa B HoHe Fe(CNS)¢?~ wuoHamu
Sn2+ pesko yckopsiercs HoHamu Cu?t, [Ipensoxure MEeXaHH3M Ka-
TanuTHueckoro geficteusa Cu?t,

20-37. Bessopunifi xaopua xpoma CrCls pactBopsercs B BOAe
odeHb MedJjenHo. OGbACHHTE, TOUeMy CKOPOCTb PACTBODEHHS DPE3KO
yBeJHuHBaeTcs B MpHCYTCTBHH caefos Cri+ uam Snt,

20-38. [IpuMepoM aBTOKATaJHTHYECKOH peaKUHH MOXeT cJay-
HTb TIpOlleCC OKHCJeHHs liaBeaeBolt KHcaoTh HeC204 mepmanra-
HATOM Kalusl B KHcaolt cpele (¢ o6pasoBansiemM CO: n Mn?t), Kaxk
AOKa3aTb, 9TO PeaKlHs sBJSETCS aBTOKATaJHTHUECKOHA?

20-39. O6bacuuTe, NoYeMy peaKlHsa B BOAHOM pacTBOpe

" 9Cet* 4- TI* = 2Ced+ 4 TI3+

yckopsieTcsl HoHamMH Mn?+,
20-40. OGbsicHUTE, TIOUEMY peaKIHs OO6MeHa 3JeKTPoHaMHU

Fed+ |- Fed+ = Fe+ |- Fed*

yCKOpsieTcsl B MPHCYTCTBHH OTPHUATEIbHBIX HOHOB.
20-41. MexaHu3M pa3JOXKeHHs MYPAaBbHHOH KHCJOTHl B BOLHOM
pacTBope MOXHO NPEACTaBHTh B CJeAyOlleM BHIE!

HCOOH - H+ = HCOOH,*
HCOOH,* = HCO* + H,0
HCO+ = CO 4 H*

KaKoe BelIeCTBO JOJXKHO JeifcTBOBAaTh KaTaJHTHUECKH Ha CKOPOCTb
Pa3noXKeHHst MypaBbHHOH KHCJIOTHI?

20-42. B BogHOM pacTBOpe pa3jioXKeHHe NEPOKCHAA BOAODPOAA
10 KHCIODORa M BOAH Yckopserc uonamu OH-. Kakosm mpuun-
HB KaTajauTHueckoro AeficrBua uoHos OH-? Ilpenckaxure Mexa-
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HH3M [poliecca, YUHTHIBasl, YTO II0 KHCJIODOAY peaKUusi NPOXOJAHUT
KaK peaKLud fepBOTO MOPAAKa.

20-43. Peaknus mpeBpallleHuss HEKOTOpOro BelliecTBa X YCKOpS-
eTcsl B MPHCYTCTBHH KHCJOQTH, HampuMep, YKcycHoH. [Tpeamosioxu,
4TO ‘PeaKuHs MPOXOJHT deped clelylollHe CTafHH:

1) CH,COOH = CH,COO~ 4- H* 6biCTpast, paBHOBECHAs
2) X4 H*+*= XH+* GbIcTpas, paBHOBeCHad
3) XH+ = npoaykTu - H* MeJIeHHas

CocTaBbTe KHHETHUECKOe ypaBHeHHe npouecca, Kak 6Gynaer
BJHATH Ha CKOPOCTh DeaKlHu 3aMeHa YKCYCHOH KHCIOTH Ha 6o-
Jiee CHJILHYIO?

20-44. KakoBo BJHSHHE MPHPOABI DPACTBOPHTeNs (MOJASPHOCTD)
Ha CKOPOCTh peaKuuit. MOXHO JH CUMTaTh, UTO pPaCTBOPHTENbL B
3aBHCHMOCTH OT NPHpPOAR o6Jagaer KaTalUTHUECKHM MJAH HHIHOH-
pYIOIIHM AeHCTBHEM?

20-45. Ecnn mepexofnbli KOMIUIeKc uMeeT 6oJiee BLICOKHH M-
MOJNILHBI MOMEHT, YeM DPeareHTH, TO CKOPOCTb PeakUHH 6yleT BO3-
pacrath B OoJiee MoNApHOM pacTBopHTese. Ecau mepexoaumii KoM-
JleKe uMeeT Gojiee HH3KHH OOLIMH AUIOJBLHBI MOMEHT, UeM peareH-
TH, TO B_0oJiee NOJNSPHOM DPacTBOPHUTENE CKOPOCTb PEAKIHH yMeHb-
wmtcss. [lpuBenuTe BO3MOXKHBle OObACHEHHS TaKOM 3aBHCHMOCTH.

20-46. O6bluHO, 4eM MOJspHee pAacTBOPHTeJb, TeM CHJbHee
0CNabNAITCAa CBSA3M B PEarHPYIOLIMX MOJeKyJax M TeM Bhblllle CTa-
HOBHTCSl HX PeaKIHOHHAasi cmoco6HocTb. B KakoM pacrBopHTene pe-
aKUMH TIDOXOAAT Haubosee OGhcTpo? MMeloTest AM HCKAOUeHHA HA
3TOTQ MpaBHsa?

20-47. TlpeanosoXuM, 4TO HHXKe NpUBELEHHblE PEAKIUH  CMO-
COOHBI NPOTEKaTh W B BOJE, U B 3TaHOJeE:

1) A*4-B= AB+ 3) A+ 4 B+= AB+
2) A+4-B-=AB 4) A+4-B2%*- = AB-

Karas peakuns [oJXXKHa NpPOTeKaTh OblcTpee B BOAe (MO CpaBHe-
HHIO CO CITHPTOM)?

20-48. IlepeuncanTe TPHYHHE YCKODEHHSl peaKLUHH reTeporeH-
HHM KaTaJH3aTOpPOM.

20-49. TNpoanannsupyfite BHpaXeHHe KOHCTAHTH CKOPOCTH

EEKT SBKT

k=Ze— RT 4 R

NPHMeHUTEeNLHO K peaKlHH, YCKopseMofl reTeporeHHbIM KaTaju3a-
TOPOM. .

20-50. Yacto cTuTaOT, YTO POJb TETEPOreHHOr0 KaTaJH3aTopa
3aKJalogaercss B o6pasoBaHuy 0co00 peaKUUOHHHIX NPOMEXYTOYHKIX
BelllecTB. Jlanbnefiline mpeBpallleHHsi STHX BELIECTB NPUBOAAT K
BHJIe/IEHHI0 KaTaJaHsatopa B CBOOGOJAHOM cocTosiHHH. Kak o6msc-
HHTB, UTO NJaTHHA YCKOpPSieT HeKOTOphle XHMHUecKHe PeaKLuH, XO-
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T8 OHa OYeHb HHEPTHHIH MeTanN M TPYAHO HPeANONOXKHUTb 06Da3o-
BaHHe NPOMEXYTOUHBIX NPOAYKTOB C Hef.

20-51. CropocTh pa3noxeHHs aMMHakKa Ha BoJbdpaMe De3Ko
YMEeHbLIAETCA B TIPHCYTCTBHH a30Ta, HO He CTAHOBHTCA PaBHOH HY-
JI0 MPH HaCHIIEHHH TOBepXHOCTH a30ToM. O6BbACHHTe 3TO sABle-
HHeE.
20-52. Kax o6bACHUTb, UTO Pa3jiokKeHHe aMMHAKa TMDH KOHTaK-
Te ¢ BoMbhpaMOM MPOXOAHT KaK peaklHs NepBOro mopsaka?

20-53. O uyeMm cBHAETeJBCTBYeT TOT (haKT, 4TO CKOPOCTh pPasfio-
JKeHHS aMMHaKa Ha NOBePXHOCTH MJAaTHHB NPONOPHHOHANBHA OT-
HOLUEHHIO NapUHaJbHBX JaBJcHHH pNHa/pﬂz?

20-54. Kak OGbACHHTb, UTO TIPH OKHCIEHHH aMMHakKa KHCJIOpO-
ZOM BO3[lyXa Haj HarpeTo¥ NJaTHHOH

4NH, + 50, = 4NO + 6H,0; AH® = —900 k[Ix

Heo6X04uMO, 4TOOLI ra3oBas CMecChb CONPHKAacalach C KaTaJaH3aro-
POM JIHIIL B TedeHHe OYeHb KOPOTKOro BpeMeHu (okotao 0,001 c).

20-55. Ecan B Kon6y, HAa JHO KOTOPOH HAJHUT PacTBOp aMMHaxa,
BBECTH TIPelBapHTeJIbHO HArpeThli (MJlaMeHeM TOpeJKH) IOPOLIOK
okcuga xpoMa CreOs, To Ha yacTHUaX OKCHAA, KaK KaTalH3aTtopa,
HaYyHHAETCA NPOollecC OKHCJeHHs aMMHuaka. [IpeinoXHTe KOHCTDYK-
muo naGopaTopHOro MpHGOpa AJA HelPepbIBHOTO OKHCIEHHS aM-
muaka. Kak okucieHHe aMMHaKa OCYUIECTBJASAIOT B TPOMEIIJIEHHO-
CTH (KaKofl KaTaJqH3aTop HCHOJb3YIOT, KAKOBH YCJIOBHSI OKHCJEHHS]
aMMmaka)?

20-56. ITopAnok peakUuHii B3aMMOAEHCTBHA BOAOPOAA C KHCIO-
poloM

2H, + 0, = 2H,0

Ha NOBEPXHOCTH TBePABIX KarasnH3aTopoB, HanpuMep, CdO, sasm-
CHT OT AaBJIEHHS KHCJOpOAA:

PHz‘ kIla POz' kIla KuunerHaeckoe OG6umuft
ypaBHeHHe nopALoK
0,13—2,60  26,00—53,30 v=FAp'y,r%0q 1
©2,60—8,00  20,00—53,30  v=Fp°y,p%P0, 0,5
30,60—50,00  1,33—5,30  v=Fkp%i,p030, 0.7

Kak H3MeHHUTCA CKOPOCTh NpoLecca NPH YBEJTHYEeHHH AaBJEHHA
BOMOPON A, KHCIOPOAA M 06lllero AaBjleHHs B 2 pasa B KaXAoM Ba-
pHaHTe YCIOBHHA NMpOBeleHHs Tpolecca?

20-57. Peakuusa o6pa3oBaHHs aMMHaKa Ha 2KeJle3HOM KaTajusa-
Tope npu xoHueHtrpanuax Ho u N,, fajekuX OT paBHOBECHHX, ONH-
ChIBaeTCd YpaBHeHHeM

v = kp%5y,p"EN,
Kak u3MeHHTCSl CKOPOCTb PeaKUuH NPH YBeJHYEHHH AaBJEHHS a30-

Ta Mau Bogoponaa B 0,1 u 2 pasa? Kaxk u3MeHHTCH CKODOCTb TpH
yBeJHYeHUH o0llero AapieHus B cucreme B 0,1 u 2 pasa?
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20-58. CKOpOCTb Da3/OXeHHs aMMHaKa Ha XKeJle3HOM KaTalu-
3aTope B NPHCYTCTBHH BOAOPOAA ONHCHIBACTCHA YpPaBHEHHEM (500—
700°C):

dpnm, P'NHq
v=— dx = ‘ pl| 5Hz

rAe ©— BpeMsa KOHTAKTa C KaTaJH3aTOpPOM.

Kak BiHseT Ha CKOPOCTb Da3JioXeHHf: a) yBeJHueHHE fapuH-
aJbHOrO AABJEHHA aMMHaka B 2 pa3a; 6) yBelHYeHHe NMapHHAa/b-
HOTO JaBJEHHA BOROPOAA B 2 pasa; B) YBesHueHHe OOIIero pamie-
HUS B CHCTeMe B 2 pa3sa?

20-59. lmeercss TMpeANoJOXKeHHe, YTO TPOLUECC OKHCJIeHHA AH-
OKCHJa Cephl Ha BaHaJHeBOM KaTaJM3aTOpPEe NMPOXOAHT UMKAHUECKH:
HenpepHBHO UepeAYIOTCsl CTaAHH OKUCJEHHS BaHaJHf KHCJIOPOLOM
¥ BOCCTAaHOBJEHHS AHOKCHAOM cephl. KpHTHYeCKH oO6GCyAMTe ONH-
CaHHBIA MpoOLece.

90-60. Pa3soxenue HOLOBOLOPOAA B Ia3oBoi ¢ase

9HI =H, + 1,

IOJUHHAETCS KUHeTHUeCKOMY YpPaBHEHHIO

dCHI
W= —Tg T kyc*my

SHeprus axtmBaumuu sTofi  peakuumnm npu 800 K cocramaser
190 kx/Moab. B NPHUCYTCTBHH TIaTHHW 3HEePTHsl aKTHBALWH CHH-
®aercs A0 60 xJI¥/MoJb, KpOMe TOrO CKODOCTb 3aBUCHT OT 10~
Iagy TIOBEePXHOCTH S IJIATHHHL:

dCHI
Oy = — _dt = szHIS

Kak BaMfeT YBeNHUeHHe MNapIHaJbHOrO AaBJeHHA HOAOBOXOPOAA
Ha CKOPOCTh HEKATAJHTHUECKOA H KaTalHTHUECKOH peakuun? Bo
CKOJIbKO pa3 KOHCT@HTa CKODOCTH KAaTaJUTHYECKOTrO Pas/ioXeHHs
Go/ibllle KOHCTAHTBl CKOPOCTH TFOMOTEHHOro pasnoxenus? Ilpesso-
JKUTe MexaHH3M Pas3JOKeHHs MONOBOAOPOJa Ha TaTHHE.

20-6]1. CunTes GeH3oJa NOJHMepH3alMell aleTHJIEHA MO CXeMe

3C,H, = CgHq: AH° = —620 x]Ix

IPOHCXOAUT B TIPHCYTCTBHH AKTHBHOTO YIJIfi, HarpeToro A0 650 °C.
KakoBa poJsib yIiisa B 3TOM mpouecce? :

90-62. O6bsacuute, modeMy peaxuus ropenuss CO mpoTekaeT ¢
aaMerHoft cxopoctbio (mpu 900—1300 K) To/ibKO B MPHCYTCTBHH
mapoB Boab uaM ra3os tuna HyS u NHs.

20-63. Kak mpou3BOAHTCA HarpeBaHue KaTaiusaropa B KOJIOH-
Hax cHHTe3a aMMHMaKa:

1/2N, -+ 3/2H, 22 NH,: AH=—53,1 klx
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20-64. TlpennoxuTte BO3MOXKHBIH MeXaHH3M OKHCIEHHS aMMHa-
Ka Ha NJaaTHHe, KaK KaTaJHu3aTope:
4NH, + 50, = 4NO + 6H,0; AH = —900 kJIx

20-65. BoaMOXHH MeXaHH3M KaTaJHUTHUYECKOTO OKHCJACHHA aM-
MHaKa Ha IJIaTHHe:
Oy, = 20 (ua nnatunue)
NH, + O = NH,0
NH;0 + 0, = HNO, 4 H,0
HNO, + 0, = HNO,
HNO, = NO + O, + OH
20H=H,0+40
YKaxuTe HelOCTATKH (€CJH OHH €CTb) 3TOr0 MexaHH3Ma.

20-66. ITpu o6GCyXneHvH MexaHM3Ma OKHCJeHH aMMHaKa Ha
nJjaTiHe (XKaK KaTajlH3aTOpe) MOXKHO IIPEANONOXHTh aACopOIHIO
KaK KHCJIOPOAa, TaK H aMMHaKa Ha NOBePXHOCTH TJIaTHHH. [lepBEiil
NOAX0J paccMOTpeH B MNpexabayuief sajgaue. Kakas cBsasp, N—H
niH O—O Jerue paspuiBaercss Ha nuaTuHe? [1pemmosioxuM, uTo Ha
NJaTHHE HMEeT MeCTO aAcOop6Ius MOJeKyJ aMMHaKa ¥ uX JHCCO-
nHalHs '

NHa = NHz + Hazlc
NH, + 0, = NH,0,
NH,0, = NO + H,0
2Hape + Oy = H,0 40
2H,;c + 0 = H,0

OG6cynuTe 5TH peaKUHH OTHOCHUTEJNLHO BO3MOXMHOCTH HX HC-
N0JIb30BaHUs 1151 0ObSICHEHHS MeXaHH3Ma mpollecca.

20-67. TlonyuenHe a30THOM KHCJIOTHI M3 aMMHaKa NPOXOLHT B
TPH 3Tana:

1) oKucneHne amMHaka B IPHUCYTCTBHH IIJIATHHBI

4NH, 4 50, = 4NO -+ 6H,0
2) OKHCJICHHEe KHCJAOPOAOM OKCcHJAa a3oTa A0 AHOKCHAA
2NO + 0, = 2NO,

3) norJollleHHe OKcHAA BOXOH B HPHUCYTCTBHH KHCJIQPOAA
4NO, 4 2H,0 4+ O, = 4HNO,
OG6BsicHHTE, NOYeMy TIPOUECC HeJb3S NPOBECTH B OHY CTalHIO:
NH; + O, + H,0 —— HNO,
20-68. Tlpoumecc KOHBepCHH OKCHAa YIJIepoAa BOAAHHM Iapom
#a TBepAoM Karaansatope K
CO + H,0 = Hy + CO,
Moxet 6HITb NpeAcTaBJeH MeXaHH3MaMH:
I. H,0+ K=H,+ KO
CO 4 KO=CO,+K
II. CO4 K= COK
COK + H,0 = CO, 4+ Hy + K
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IMpennoxure Apyrue MeXaHU3MH U BHGepHTe HaunGollee IpaBHJb-
HhIH.

90-68. OGmpsicuuTe, noyeMy pasnoxeHne N2O Ha NOBepXHOCTH
MeTaJJHYecKoro 30J0Ta MOAUHHSETCH KHHETHYECKOMY YPaBHEHHIO
fIepBOro TIOPAAKA.

20-70. PegoMOGuHAlHs aTOMOB BoJopoja Ha MOBEPXHOCTH 30./10-
Ta NPOHCXOAMT KaK peakiusi BTOPOro mopsifika. KakoB MmexaHH3M
npoliecca?

20-71. CxopocTb peaKIlHH

250, + 0, = 250,
Ha NMOBePXHOCTH NJATHHH TpH HSGblT»Ke KHUCAOpOoAA paBHa:

€s0,

U=
Mg,

OGwsacHHTe mpHIHHY 3Tofi 3aBucuMocTd. JlodeMy KoHIleHTpaUHs
KHCJIOPOAA He BXOAHT B BhIpaXKeHHe CKOPOCTH?
20-72. IlpeamonaraioT, 9T0 sillepHast peaKuus

4,1H = ,4He + 2,,%8
npoTekaer MO cAeAyiollleMy MeXaHH3MY:

;:,C +H=13,N=13C + +1°8
fC+ H = 2N

4N 4 1H = 15,0 =15;N +,,°8
157N + 11H — lzac + 42He

Kaxue sgpa urpaioT podb Kartanusatopa? BosMomxna JiM peakuus
MeXKAY YeThHpbMA SAPAMH BOAOPOJa?

TNABA 4.
PACTBOPbDI

§ 21. OBIHE CBOACTBA PACTBOPOB

921-1. Uto B monuMaeTe noa BHpaXeHHeM «pacTBopeHue»? Kakue
U3 NpUBELEHHHX HHKe IIPOLECCOB ABJSIOTCA MPOLECCaMH pacTBO-
peHuna?

NaCl (k) = Na+ (p) + CI~ (p)
Zn (k) + 2H* (p) = Zn**+ (p) + H, (1)
caxap (k) = caxap (p)
CO,4 (r) = CO, (p); COq (p) + H,0 (%) = H,COq (p)
FeCl, (x) + H,0 () = FeOH?* (p) 4 3CI~ (p) + H* (p)
CaCO; (k) + 2H* (p) = Ca?* (p) -+ CO, (1) + HyO (%)
Cu (k) 4 2NO=3 (p) + 4H* (p) = Cu®* (p) + 2NO, (r) + 2H,0 ()
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21-2. O6bsicHuTe, MOYEMy MHOTrHe METaJJIW DPacTBOPANTCA B
JKHUIKOM aMMHaKe, He DEarupys ¢ HHM, a TIDH PacTBOPEHHH B BOJE
NPOMCXOAHT XMMHUECKAs! PeaKius (XOTs aMMHMaK H BOAA 06/1a1aioT
MHOIMMH OGLIHMH CBOHCTBAMH).

21-3. YKaxuTe CyliecTBeHHHe NMPH3HaKH pa3GaBjleHHOro, KOH-

_ IeHTPUPOBAHHOTO, MEPECHIEHHOr0, HACHIIEHHOr0 K HeHaChIeHHO-
ro pactBOPOB.

21-4. I[Tunetxoit otMepeno 20 Ma pacrBopa. AfconiorHas mo-
rPellHOCTb M3MepeHHs numetkolft coctasisier 0,05 Ma. Brruncaure
OTHOCHTEJIbHYI0 NMOrPELIHOCTh. KaKOBH BO3MOXHOCTH €€ yMeHblie-
HHA?

21-5. Paccuutafite, ckoabko rpamMoB KOH Heo6xoaumo aas
npurotoBaenns 2 a1 15%-noro pacrBopa*.

21-6. Huxe mpuBeneHH NJIOTHOCTb P H COOTBETCTBYIOLIHE KOH-.
uentpauuu B % (Macc.) (uMcao r pacTBOpeHHoro Belilectsa B 100T
pactBopa), Moab/n u r/a pns pacrsopoB KOH (mpu 20°C):

o, rfem?® 9% (Macc.) MOak/ N ria
1,130 14,19 2,86 160,5
1,135 14,70 2,97 166,6
1,140 15,22 3,09 173,4
1,145 15,74 3,21 180,1

BHIuHCIHTE NJOTHOCTh M KOHLUEHTpauux B MoJab/a U /1 15% -Ho-
ro pacrBopa KOH. Paccunrafite, cKOJbKO BOAB cleayeT Npuba-
BuTb K 250 Ma 15%-uoro pacrBopa KOH nas nmomyuenust 5% -noro
pacTBopa**,

* B gayecTse npuMepa paccuurtaeM, cxoapko (B r) KOH neobxomumo nas
npurotosaenus 0,5 a1 20%-Horo pacrsopa. Ilo cnpasounolt Tabaule HAXOAHM NJOT-
wocTe 20%-ro pacrsopa KOH; ona cocraeaser 1,176 r/em® (mpu 20°C). Macca
0,5 a1 20%-noro pacteopa KOH pasra: 500-1,176=>588 r

Macca KOH » 20%-uoM pacreope paBHA
588-20
100

** B gauvecrse MPHMepa paccuMTaeM, CKOJBKO BOAL HEOOXOZHMO TNpHOaBHTL
kK 100 ma 20%-uoro pacrsopa KOH (p=1,176 r/cm?), uTo6u moayuutb 5% -Huf
pacTrop.

Maceca 100 mMa 20%-uoro pactsopa KOH pasna: 100-1,176=117,6 r

B 117,6 r 20%-1oro pacrsopa KOH cogepxHurea

117,6-20
100 = 23,52 r KOH

= 117,6 r

Takum 06pas3oM, B HCKOMOM 06beMe 5% -HOro pacTBopa HOJXHO CONEPKATLCH
23,52 r KOH. Maccy storo o6nema pacreopa KOH HaxoauM, cOCTaBHB IPOMOPLHIO:

B 100 r 5%-uoro pacteopa cosepxurea 5 r KOH

Xy —€—&— — —g— —»— —s23,52»

100.23,52
r=—p = 470,4 r pactBopa

v

Caepobarenbto, B 470 r 5%-noro pacrBopa KOH gmoaxHo comepxatbcs TO
xomuuectso KOH, xoropoe cogepxurcs B 100 ma 20%-Horo pacrsopa. [Tosromy
k 100 ma 20%-noro pacteopa caeayer npu6asuth Boaw: 470,4—117,6 =352,8 r
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91-7. PaccuuTafite, Kakoii o6bem (B Ma) 15%-HOro pacTsopa
KOH caenyer B3sTh AJsl NPHTOTOBJEHHS 1 11 59% -HOro pacraopa.

91-8. OnuuuuTe, XKaK mpurotosutb 1 J 1%-HOTO, OAHOMOJSPHO-
ro, OLHOMOJSIABHOTO M OAHOHOPMAJBHOIO pacTBopa CepHOH KHC-
JIOTHL.

91-9. VKaXuTe HENOCTATKH H NDEUMYIIeCTBA  HCMOMb30OBAHHR
MOJISIPHOM ¥ MOJISIIBHON KOHILeHTDalHi.

91-10. YKaxHTe BO3MOXHBE MPHUHHBL OTKJOHEHH] OT 3aKOH&
Payas.

91-11. Huxe npuBeneHsl AaBjeHus NapoB BOAH MDY ABYX TEM-
népaTypax Hal PacTBOPAMH TPOCTHHKOBOIO caxapa C1oH2004, pa3-
JHYHOH KOHILEHTD allHu:

¢, Y%(macc.) G pH2060:(é'Ia ¢, Y%(macc.) ‘ 400CpH20' Knaeooc
0 7,355 19,870 50 7,009 19,099
10 7,275 19,790 60 6,916 18,713
20 7,222 ~ 19,684 70 6,796 18,248
30 7,155 19,564 80 6,597 17,742

40 7,089 19,391 90 6,291 16,984

Kak Biusier u3MeHeHHe KOHIEHTPALUHH H TEeMIepaTypsl Ha naB-\;
NeHHe Tmapa pacTBopuTeaA? IlpeicTaBpTe AaHHbBIE rpaduuecky. Bu- |
pasuTe 3aBUCHMOCTh AaBJeHHs Mapa pacTBOpHTeNd OT KonueHTpa-\
UMH pacTBopa (IPH NOCTOSHHOH TeMmeparype) B Buie MareMaT- .
yecKoll 3aBucuMocTH (Qopmyab). B Kakdx eAWHHIAX CJIEAYET BhH-
pa3uTh KOHIEHTPaLHIo?

91-12. Jlapnenne napa Haj PacTBOPOM, COLEPKALIMM 52 r He-
KOTOPOro BelllecTBa B 117,0 r Boawl, pasuo 3,07-10° I1a (npu 70°C);
naBnenue BoaAzoro mapa npu 70°C paBHO 3,12-10° TTIa. Omnpene-
JIATe MOJDbHYIO Maccy BellecTBa.

21-13. YkaxHTe YCJOBHfA, NPH KOTOPBIX cobnofiaeTcss 3aKOH -
Payas.

91-14. Napnenue mapa Hap 10%-HBIM pacTBOpoM CcaXapa
C19H2,01; pasuo 1,007-10° ITa npu 100°C. Cocrapbre OAHY HIH He-
CKOJIbKO 323/a4, HCXOAA M3 3TOro yCJIOBHA.

91-15. Mo nepsomy 3akony Payas:

' np pa®— Pa

Mo = Tty TR

rie Np — MofbHAas AOJS PAacTBOPEHHOro BeILECTBA B; np—uHcao Moaei pac-
TBOPEHHOTO BellleCTBA B; na— 4YHCIO Mojell pacTBOpHTEas A; pa° — AaBicHHE
napa YMCTOTO DACTBOPHTENs; pa — AaBaeHHe Napa pAacTBOpHTeJs Haj pPacTBOPOM.

BuiBenute GopMyday AJs ONpefeleHHs Macchl pacTBOPEHHOTo
BemecTBa. Ilpeo6pasyfiTe (YmpocTHTe) ypaBHeHHE NDPHMEHHTEJBHO
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A,100% B,100%  A,100% B, 100%

PHC. 21-1

'K YCJIOBHIO, KOr/la a) PacTBOPEHHOe BEIUECTBO He Jetyye; 6) pac-
‘TBOP pa36aBJcHHBIA.

21-16. O6bacuuTe, MoO/MbL3yscs NpUHUHNOM Jle Ilarease, npu-
UHHY YMEHBIUICHHs JABJICHHS Mapa Hal PacTBOPOM HeJETYuero se-
WeCTsa N0 CPABHEHHIO C /IaBJIEHHEM Hajl YHCTHIM DAacTBOpHTEJEM.

21-17. BrluHcanTe K0o3b(HUHEHT AKTHBHOCTH* BOIH B DacTBO-
P€, B KOTOpOM MOJbHAS 1O/ HENEeTyyero BelllecTBA paBHA 0,05,
€CAu NaBlieHHe HAaCHIUECHHOrO BOASHOINO Napa Hal PacTBOPOM npu
298 K pasHno 30,0-102 I1a, a nasrenue HacHIIEHHOro Mapa Haja 4u-
CTO! BOJOH Npu TOH XKe TeMmepatype paBHo 32,2-102 [1a.

21-18. Kak nasmBaoTca pacTBopHl, A/ KOTOpPHIX Ha pHc. 21-1,a
H 6 Tpe/CTaBJieHbl 3aBHCUMOCTH IaBJEHHS nmapa Hajg pacTBOPOM
BelllecTs A u B? UTo MoXHo CKasatb 0 COOTHOILEHHW CHI B3aHMO-
Ae#cTBHS Monekyl A—A, B—B u A—B B srux pacTBopax?

21-19. Mexny Mosekynamu Xn10podopMa u auerToHa o6pazyer-
Csl BOJOPOAHAS CBA3b:

ClgC—H- - -0 = C(CH,),

[Ipenckaxcute BHI KPHBHX AaBJeHHUS napa auerosa, xaopogop-
Ma H o0lllero AaBjeHHs Haj PAacTBOPAMH aueToHA H xJopodopma,

€CJIH TeMIepaTypbl KHIEHHS aleToHa H xJaopodopMa pasHE COOT-
BeTCTBEHHO 56 u 60 °C.

* PeanbHBle pacTBOpH He MOAUHHAIOTCS aakoHy Payas, a nap mam peasbnum
PAcCTBOPOM He MOAYHHSETCA YDPAaBHEHHIO COCTOSHHA HIEadbHOIO ra3a (BMecTO
MOJILHEIX JONell B pacderax ¢ peabHLIMH DacTBOPaMH HCMONILAYIOTCA TePMOXHHA-
MHUECKHE AKTHBHOCTH ;). AKTHBHOCTb PacCMaTPHBAEMONO BeleCTBA B pacTeope
PaBHA OTHOLICHHIO NABJIEHHS Napa AaHHOrO KOMMOHEHTA p; Haf PacTBOPOM K maB-
JIeHHI0 HACHINEHHOTO NMapa Haj YHCTHIM BEleCTBOM MpH TOR Xe TeMneparype p°:

a= pi/p;®

AxTHBHOCTB CBfiaaHa ¢ MosbHOR Aonefl my yeped kO3GHUHEHT aKTHBHOCTH fi,
33BHCALIHA OT KOHUEHTPALHH:

a; = fym;
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91-20. Jlapnenne mapa Bofbl mag pacrBopoM caxapa CioHeoOus
B 32BHCHMOCTH OT KomIentpauuu npu 40°C pasHo:

¢, %(mace.) P30 xIla c, %(mace,) Pri40r xIla
0 7,37 50 7,02
10 7,29 60 6,93
20 7,24 70 6,81
30 7,17 80 6,61
40 7,10 90 6,30

Co6nionaeTcss Ju 3akoH Payas ans pactsopos caxapa? HYro
MOMKHO CKa3aTb O MeXMOJIEKyJAsipHBIX B3aHMOAEACTBHAX B PacTBO-
pe?

921-21. JlaBnenne mapa BoAW H 3THJoBoro cmupra (mpu 40°C)
Haj MX PACTBOPaMH Pa3JHIHHX KOHUEHTPalHA paBHO:
ecH,0m,  PH,0r M8 Pemone KTB cons  Puyor KB Pemgome KT8

% (mon.) % (Moa.)
0 7,24 0 60 5,72 9,97
10 6.88 3,59 70 5,40 11,04
20 6,34 5,80 80 4,79 12,24
30 6,16 7,29 90 3,29 14,18
40 6,06 8,33 98 0,87 16,39
50 5,94 9,09 100 0 17,86

Ha6mofattrcs M B cucTeMe OTKIOHEeHHs OT 3akona Payns?
Ecau fa, TO KAKOBH HX NPHYHHEI?

21-22. B 3aKpHTOM cOCyJe HaxXOAATCH 1BA CTAKaHA: C WHCTOR
BOJOH W ¢ pacTBOpOM caxapa B Bojle. Kaxkoif mpouecc Gyler Ha-
6monaThes W Ao KAaKOro mpefena oH Gyier mpoxomuth? O6cyaure
€ro TIPHYHHHL

21-23. O6bsAcHHTE, NoYeMy npu AoOaBJeHHH 3THJIOBOTO CIHD-
Ta K BOJe NMOHHXKAeTCs KaK TeMIepaTypa ee IJaBJeHHs, TaK H TEM-
fepaTypa KHIeHHS.

21-24.O6bsiCHUTe, TOYEMY NpH BBeJeHUH B BOAY MHOTHX pacTBO-
PHMHX B Hefl BellieCTB NOHHXaeTcsl ee TeMllepaTypa 3aMep3aHns
H MOBHILAETCA TeMIepaTypa KHIEHHS.

21-25. ITosmb3ysick nmpasuioM ¢a3, o6cyauTe mMOBeIeHHe BOMHBIX
pacTBOPOB caxapa H CMUpTa MPH oxaaxgenun (A0 —50°C) u Ha-
rpeBaruu (g0 -+ 150°C). Hapucyiite cooTBeTCTBYIOIHE KPUBBIE OX-
JaXIeHHSl ¥ HarpeBaHHUd.

21-26. TloueMy ans 9ucTOR BOABI MH TOBODHM <«TeMIepaTypa
IJaBJeHHS», a AJs PacTBOPa «TeMIepaTypa Hayala KpHCTaJ/H3a-
IMH», «TeMIepaTypa NOSBJEHHS NepPBHIX KPHCTAJJOBY», «TeMmepa-
Typa 3aTBepAEBAHUA»?

21-27. YKaxuTe Pa3MepHOCT: H eJHHHIIE H3MepeHHS KPHOCKO-
nuuecKod H 36yJHOCKOMHYECKOH MOCTOSTHHBIX.

21-28. as ompelefeHHs] MOJEKyJPHOA MacCH MO TIOHHXEHHIO
TeMmmepaTypsl 3aMep3anus HaBecka Bemectsa 1,50114-0,0002 r G-
na pactBopena B 24,980,056 ma Boadl. IlonukeHne TeMmepaTypsl
3aMep3aHHs COCTABHJIO At=1,31+0,01 °C. Bruncaure MoJeKyasip-
HYI0O Maccy BelllecTBa H aGCOJIOTHYIO ¥ OTHOCHTEJbHYIO TMOrPeIrHO-
CTH ee OMpefeNeHHs (KPHOCKOTNIHYECKas NMOCTOAHHAA Kw,0=1,86).
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Yxaxute naMepeHue, cleNaHHOe ¢ HaHOOJBIIEH TIOrPelIHOCTHIO.

21-29. OnpefenuTe KPUOCKOMHYECKYIO MOCTOSIHHYIO BOAH, HCXO-
A U3 caepywoumx AaHHbx: 0,001 MoasjbHHE pacTBOp HesJIeKTpo-
JiHTa B Bofe 3aMep3aer npu —0,00186 °C.

21-30. O6mscuuTe, mouemy 0,001 MOMAABLHHIE PacTBOP HedseKT-
‘poanuta B BofAe 3aMep3aer mpu —0,00186°C, 0,01 Monsawumil pac-
TBOp — npu —0,0186°C, a | MoJsabHBIE pacTBOp 3aMeps3aeT He
npu —1,86°C. IIpn Kakoifi TeMmepaType 3aMepaaeT TaKoli pacTBOp,
6oJbllle MIH Medbine —1,86°C? '

21-31. Huxe mpuBemeHbl faHHbBle MO TeMOepaType 3aMep3aHus
BOAHKX pacTBOpoB rioKo3nl CeH9Og, rmunepuna C;HgOs u caxapa
CioH2204;:

KoHuenTpamus tazm’ °C
Moab/1000 r HeO r/100 rHoO

Tmoxo3a 0,010 0,357 —0,036
0,132 2,388 —0,247

0,407 7,342 —0,772

1,102 19,85 —2,117

Cnunepun 0,020 0,184 —0,034
0,101 0,928 —0,187

0,984 9,054 —1,888

5,24 48,24 —I1,15

Caxap 0,00] 0,048 —0,003
0,010 0,341 —0,019

0,105 3,596 —0,196

1,681 57,53 —3,702

BhiyucauTe MOJA/bHEE NOHMXEHHS TeMIepaTyp 3aMep3aHus
AJIsl 3THX BeLleCTB. 3aBUCAT JH OHH OT KOHIIEHTPAUHH pacTBopa?
Eciau 3aBucaT, To o6biIcHHTE, NOYEMY.

21-32. Huxe mnpHBefileHH JaHHBE [0 KOHUEHTPALHAM M TeMIle-
patypaM 3aMep3aHus BOAHHX PACTBOPOB HEKOTOPHIX OPTaHHYECKHX
BellleCTB:

¢, MoAb/1000 r HqO Ly °C Mounsnbroe no-

HHXeHHE TEeMIlé«

paTyphl 3amep-

33aHHA

Tmokosa 0,020 —0,036 1,84
1,102 —2,12 1,92
Tauiepun 0,020 —0,003 1,86
5,24 —I11,15 2,13
Caxap 0,010 —0,019 1,86
1,681 —3,70 2,20
Aueton 0,020 —0,037 1,86
7,800 —12,35 1,58
ATUn0BHI 0,010 —0,018 1,87
CMHPT 11,92 —25,70 2,16
Yrkeycuas 0,010 —0,020 1,96
KHCJIOTA 7,18 —10,87 1,51
IllaBeneBas 0,027 —0,084 3,17
KHCIOTA 0,366 —0,936 2,56
“Denon 0,052 —0,101 1,90
0,489 —0,843 1,72
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Kak H3MeHSIOTCS MOJANBHEIE NOHMXEHHS TeMIepartyp 3aMmepsa-
HHS PACTBOPOB YKA3aHHBIX BelleCTB MPH H3MEHEHHH KOHLEHTpa-
uun? O6bscHATe 06HAPYXEHHOE HECOOTBETCTBHE.

21-33. [ToueMy MoasiibHHeE TOHH)KEHHs TeMmeparyp 3aMepsa-
HUS DACTBOPOB IJIOKO3H, TJIHIEPHHA, Caxapa, 3THJIOBOTO cnupTa
[OBHINAIOTCS ¢ POCTOM KOHLUEHTPALHH, a MOJANBHBIE NMOHIKEHHS
pacTBOPOB alleTOHA, YKCyCHOH KHCJOTH, IaBeJieBON KHCIOTH H de-
HOJIa, HA060POT NMOHHKAKITCA? MOXET AU 3TO CAYXHTH yKa3aHHEM
Ha npHPOAY BellleCTBa?

21-34. PacteopenueM B 500 r Boabl 0,5 I KaXJOro u3 YETHpeX
BelleCTB, HMEMIIHX ofuH M TOT e cocras: 6,66% H, 40,1% C u
53,33% O, mpuroTOBJEHH pPacTBOPH, 3aMmep3aiollue TpH —0,062,
0,031, —0,021 u —0,0103°C. YcraHoBuTe MOJEKYJspHLIE dbopmyas
3TUX BelleCTB.

21-35. Temmepartypa 3aMepaanus 19%-HOro pactBopa GeHsofno#
gucaorhl CgHsCOOH B 6eusone Ha 0,211°C 6oablie, 4eM Y 9HCTO-
ro Gemsona (5,45°C), a Temmepatypa 3aMep3auus 1%-noro pac-
TBOpa GeH30fHOA KHCJIOTH B BOJAE Gonbiie Ha 0,154°C, ueM y uH-
cToit Bogbl. (Kpnockonuyeckasi nocrosinHas K GensoJa 5,07, BoAH
1,86). O yem roBOPSIT 3TH JaHHBE? ,

21-36. [Ipu CHraHHH OJHOTO H3 TMPOAYKTOB KOHAEHCALHU Hed-
TH GBUIH TOJYUEHH CJAEAYIOIHE pe3yJbTaThl: IIPH HaBeCke 0,2106 r
nosayueno 0,6672 r CO, u 0,2606 r H,0, npu naBecke 0,1979 r no-
ayueno 06270 r CO, u 02418 r H,0. PactBop, conepxaiui
1,0002 r storo BemectBa B 100 r GeHsoJa, 3aMep3aeT Ha 0,243°C
gixe, ueM umcThfi Gemson (Keg, =907, tua CeHe=—5,45°C).
MO3KHO JH HA OCHOBAHHH 3THX JaHHBIX CJleiaTh BBIBOJ O THIE CBi-
34 B H3YUEHHOM COEJHHEHHU?

21-37. OmpezesnuTe coCTaB CMeCH KaMQophl 'C10H160 1 MoOueBH-
#inl (NHy)oCO, ucxoas H3 clefylolluX JaHHHIX: KPHOCKONMHYecKa
mnocrosiHHag Kamdopsl paBHa 40; TemIeparypa MNJIaBJIEHHS Kamdo-
pul 178,4°C, a cmech KaM(popbl H MOYEBUHH NJIABHTCA MPH 171,55 °C.

21-38. OnpegenuTe TemnepaTypy miasienus 1%-HOTO pacTBopa
KaMdophl B 6eH30HHOM KHuCJIOTe U GeH30HHO¥M KHCJOTHL B rampope
10 CAeAYIOUIUM JAHHEIM: KPHOCKONHUECKas NOCTOSIHHAS KaMdophl
CyoH,60 paBHa 40, TemmepaTypa IJaBJeHHA ee 178,4 °C; KpHOCKO-
nHYeckas mocrosiHHast Gensoitnoft xucaoTH CeHsCOOH pasuna 8,8,
oHa naasutes npu 122°C.

21-39. PacrBop caxapa (MoJieKyJspHas Macca 342), conepxa-
mui 0,6844 r ma 100 r Boaw, 3amepsaer npu —0,0374 °C. Briuncau-
Te TeMmepaTypy 3amep3anus pactsopa 1,5876 r caxapa B 125 r
BOJHL

21-40. PacTtBOp, comepxamufi 7,92 r HEKOTOpPOro BellleCTBa B
78 r 6ensona, saMepaaer npiu 4,16°C. Bemecto cogepxut 50,69%
C, 4508% O u 4,23% H. Temmeparypa 3amep3anus Gensola
5,45 °C. KakoBa ¢opMyna BellecTBa? ‘

21-41. BuuncauTe MOJEKYJASAPHYIO Maccy INepOKcHaa BOLOpoOAa
#a OCHOBAHMH CJe[yIOIIHX JAHHEIX: pACTBOP, COJAepKallui
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0,2235 r H,0; B 18,1049 r Boasl, 3aMepsaer npu —0,071°C, a pac-
teop 1,667 r H;0, B 103 r Bomm, 3amepsaer mnpu —0,829°C.
(Km ,0=1,86).

21-42. YKaXHTe, B KAKOM COCTOIHHM HaXOAMUTCHA MOA B PacTBO-
pe uutpobensona CgHsNO,, ecnu pactsop 0,148 r woaa B 22,405
HUTpPo6eH30Ja 3aMep3aer npu 5,35 °C. UncTuift HUTPOGEH30M 3aMep-
saer npu +5,82°C, ero KpHoCKONHYeCKas IOCTOsiHHas pasHa §,1.

21-43. O6BAcHUTe, TOUeMy TOJNBKO YTO KHTEBLIAd BOJa 3aMep-
3aer npH GoJee BRICOKOH TeMTlepaType, UeM HeKHNSueHad?

21-44. PactBop, codepxamuit 0,5 r O6GpoMHAa aJIOMHHHS B
200 r GensoJsia, 3aMepsaeT TpH TeMnepatype Ha 0,025 °C nuxe teM-
nepaTtyph 3aMep3aanus yncroro 6ensona (ana CeHe K=5,07, fna=
=5,45°C). KakoBo cocTosinMe MoJeKysn G6GpoMHMIa aJIOMUHHA B
6eH30JLHOM pacTBOpe?

21-45. PacTBopuMOCTh asoTa M Kucaopoaa B Bofe mpu 0°C n
101325 Ila pasna cootBercTBenHo 23,5 u 48,9 Ma/a. Breiuucaure
TeMINepaTypy 3aMep3aHHs BOALI, HACHILEHHOH BO3AYXOM.

21-46. Tlo maHHHIM H3y4YeHHsl CBOHCTB pacTBopa Gpomuaa aJio-
MHHHSI B IHSTHJIOBOM 3¢Hpe M NUPHAHHE MOJEKyaspHas Macca:
3TOr0 BellleCTBa COOTBeTCTBYeT (opMyse AlBrs, a B cepoyraepone
MoJlexyJsspHas Mmacca B 2 pasa Goabue., ChopMyaupyfiTe Ha OcHO-
BaHuUH 9ToH MHoOpManuu 3a]ady, NPeJOXUTE PEUIMTh ee Baumum
TOBapHIlaM H OObSCHHTH TNPHUHHY CTOJNB PAa3JHUHONO TNOBEJEHHS
6poMHA2 ANIOMHHHS B Pa3JHUHEIX PacCTBOPHTEJAX.

21-47. BrruncauTe COAEpXKaHHe CBHHILA B CIJaBe C 30J0TOM,.
eClMH CIJaB HauYHHAeT KPHCTAJNNU30BAThCS TPH TeMMeparype Ha
60° nyXke TeMmepaTyphl NJIaBJeHHS YHCTOro 3oJ0Ta. KpHOcKOmH-
yecKast TIOCTOSIHHAS 30JI0Ta paBHa 226.

21-48. B cnpaBounofi nuTeparype MPHBOAATCH CJAEAYIOLIHe TeM-
TepaTyphl T1aBJeHHst ypaHa: ot 1600 po 1850°C (mo 1930 r.),
1690°C (1930 r.), 1130°C (uepes Heckosabko JeT). [louemy uaMmeH-
YMBHl JlaHHHE O TeMNepaType NJaBJeHHS ypaHa?

21-49. O6cynuTe, KakK, MOJb3yACh KPHOCKOTHYECKUM METOILOM,
ONpeNeNUTh COflepKaHHe MpHMecell B BelllecTBe? KakoBm orpaHu-
geHHst MeTofa? ‘CocTaBhTe 324Uy MO 3TOf TeMe W MPeAJOKHUTE €€
pewruTh BamuM TOBapHILAM.

21-50. Jlafite Bo3MOXHBle OObACHEHHSA, NTOYEMY PAacTBOD 3aMmep-
3aer Tpu Gojee HU3KOR TeMmmepaType, 4eM YHCTHIi PAaCTBOPHTENb?
Bo3aMoXHO a1 MPOTHBONONOXKHOE fBJEHHE?

21-51. B Tpex crakaHax HaJHTa XUAKOCTh: B MeDPBOM — PacTBO-
pHTeNb, BO BTOPOM — Pa36aBJIeHHLIR DAaCTBOD BellleCTBA, HMEIOUIHA
6o/lee HH3KYIO TEMIEPATYPY KHIIEHHS, YeM DACTBOPHTENb, H B TPETh-
eM — TaKoil e PacTBOP BellleCTBA, MMeWOIIHH GoJiee BHICOKYIO TeM-
NepaTypy KHUIeEHHs MO CpaBHEHHIO ¢ pacTtBoputeneM. Bce Tpu cra-
KaHa ONHOBPEMeHHO HarpeBaloTcs. B Kakom cTakaHe paHblle 3a-
KMIOHT XHIKOCTE?

21-52. B GosbllloM cocyle KHIIHT BOJAQ; B 3TOT COCYJ INOMECTH-
A4 ApYroit cocyn Takxke ¢ Bojo#. 3aKHIHT JH B HeM BoAa? B Goab-
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woft cocys A06aBUIN HEKOTOpPOe KOJMHMYECTBO XJOPHAA Harpus. Uto
npou3ofiieT B MaloM cocyae?

91-53. Buuncaure coxepx®anue caxapa CiaHeOn B pactsope,
TeMmepaTypa KHNEeHHS KOTOPOIO paBHA 100,13°C (a6ynuockKonude-
ckas Tocrosudas Em,0=0,52%).

91-54. D6ynnockonHyeckoe ONpefeneHue MOJIEKYJSpHOH Macchl
As,0O; B HuTpoGeH30Je YKa3bBaeT, YTO OHA paBHa npHGIH3HTEND-
10 390. [To 3THM M CIPABOYHEIM JAHHBIM COCTaBbTE 3alady.

21-55. Onmpefeaute MOJEKYJAsSpHYIO Maccy cephbl, eClH pacTsop
0,7199 r ee B 88,9 r GeH3oJle KMIAT Ha 0,081 °C Bniule, ueM gHCTHIA
Genson (Ecn, =2,60). Pacrsop 0,678 r cepn B 85 r GeHsoxa 3a-
mepaaer Ha 0,013°C muxe, ueM gucrnifi  Gemson  (Kegn, =5,07).
‘CopmyaupyfiTe BHBOAB U3 3THX AAHHBIX.

21-56. Ompenenute, U3 CKOJbKHUX aTOMOB COCTOMT MOJIEKyJ1a ce-
pH, €CaIu TeMIepaTypa KulleHus pacTBopa 4455 r cepn B 50 T
Bensona ua 0,891 °C phillle TeMnepaTyphl KHNEHHA YHCTOrO GeH3oJ1a
(Ecgn, =2,60).

21-57. Onpenenure MOJEKYJISPHYIO Maccy kamdopsl, eclH pac-
TBop 12,987 r Kamdopni B 399,6 r AHSTUIOBOrO sdupa (CoHs)20
«xdmuT Ha 0,453°C Boillle, yem uyucrnifl admp. [Hdas (CoHs) 20 E=
=2,02, txun=234,6°C].

91-58. B armocdepe cBOGOAHOro XJopa XJOpHI Xele3da FeCls
HaxoMUTC MOYTH TOJHOCTbIO B AHMepHOM COCTOSHHH (mpu (=
~400°C), B pacrBope 3dupa (CoHs)20 — B MOHOMEPHOM COCTOA-
unn. CocTaBbTe KAK MOXHO Goabllie 3ajay 1O 3THM AAHHBIM. 065-
SICHHTE BJHAHHe CpPelbl Ha COCTOSHHe BelUeCTBA. [na (CeHs)20
K=1,79, E=2,02, tra=—117°C, txun=34,6°C].

21-59. Ilpu ocmoce TPOUCXOAHUT CaMOTIPOU3BOJIbHEIH Tepexoi
pacTBOpHTENd B PacTBop, OT/eJIeHHH OT Hero NOJYNDPOHHIaeMOHt
neperoponkofi. Tak, MoJeKyJEl caxapa He NPOXOLAT Hepe3 nepero-
POIKY, YTO MOXHO OOBACHHTD GOMBIIUMHE pasMepaMu MOJeKyJ ca-
Xapa 10 CPaBHEHHIO C BOJOH. Kakx 06bACHUTh, 9TO OCMOTHHECKHM
napnenueM o6aanaior pacropu HCI, LiCl, NaCl u mpyrux Be-
mecrs? Kasanoch GH, HOHBL [OJKHH Jaxe Jierie MPOXOAMTb He-
pe3 Meperopoiky, ueM MOJIeKyJbl BOLBL. '

21-60. Kycok nepeBa, €C/lH €r0 CMOUYHTH Bofiol, pasbyxaer. SIB-
JIleTcsl JH 3TO CJeCTBHEM IPOfABJEHHS OCMOTHYECKOTO JaBJIeHHA?

91-61. MOXHO JU CUMTATh OCMOC YACTHHIM CJydaeM nuddyaun?

91-62. OcMOTHIECKOE flaBjieHHe W JaBjeHHe rasa ONHCHIBAIOTCA
ONHHMH ¥ TeMu Xe (popMynamu. AHAJlOrus B INOBEJICHHH MOJIEKY I
elllecTBA B ra3o06pasHOM W PACTBOPEHHOM COCTOSHHAX 1O KOHIA
He o6bgcHeHa. PaccMOTpHTe BO3MOXHHIE NPHYHHH Habnaopaomei-
cq anajnorud. Jlokaxure 3aKOHOMePHOCTb HJH, HaobopoT, cayda#-
gocth aroit anajorud. Cdopmynupyiite u3BECTHHE Bam rasoBue
32KOHH TIPHMEHUTEJBHO K OCMOTHHUECKOMY AaBJEHHIO.

* 3eck M HUXe JLaBleHue aTMochepHoe.
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921-63. OcMoTHYecKoe -JaBjeHHe 1t BOAHOIO pacTBopa, cofepixa-
mero 4 r caxapa C;2HgzOy; B 200 M1 pacTBOpa, paBHO 1,33-10° Ila
npu 0°C. ITokaxuTe, 4TO AJisg PACTBOPOB KOHCTaHTa R B ypasHe-
HuH m=cRT HMeeT TO e UHCJeHHOe 3HauyeHue, UTO H JJfA rasos
(¢ — KOHUEHTpalusd B MOJb/N, c=n/V, n—uucno moxel, V—
ob6BeM).

91-64. Ocmornueckoe aabyienne 0,001 M pacTBOpa HE3JIeKTpO-
auta B Boge npu 0°C cocrasasier 0,0224-10° ITa, 0,01 M pacrBo-
pa — 0,224.105 Tla. O6baAcHuTe, MoueMy 1| M pacTBop He TOKa3hl-
BaeT OCMOTHUECKOTo AaBJeHusi, pasuoro 22,4.10% ITa. Kakoso
NOJYKHO GBITb OCMOTHUECKOe jaBJeHHe 3TOTO pacTsopa, Goibiie
AW MeHblie 22,4.10° [Ta?

21-65. Huxe mpeAcTaBieHH 3KCIepHMeHTasbHble 3HaYeHHA OC-
motnueckoro Aapnaenusa (npu 20°C) pacTBOpOB Caxapa B 3aBHCHMO-
CTH OT ero KOHIIGHTpPAUWH H 3HAUeHHMs OCMOTHYECKOro AaBJ/eHHd,
paccunTaHHbe mo ¢opmyae n=cRT [R=8314,8 Tla-a/(K-Moub)]:

€, MOJb/N 0,098 0,192 0,282 0,370 0,453
n, MIla .
3KCIEPHMEHT 0,262 0.513 0,771 1,027 1,292
pacuer 0,238 0,467 0,687 0,902 1,104
¢, MOJb/J 0,533 0,610 0,685 0,757 0,825
n, MIla
JKCTIEPHMEHT 1,559 1,837 2,119 2,403 2,699
pacuer 1,298 1,487 1,670 1,845 2,011

Kakie BHBOAB MOXHO CAENATh NPH W3YUEeHHH 3THX JAHHBIX?
O6bscHHTE TIPHYHHBI PACXOMXJEHHs 3KCIEPHMEHTaJbHO HaHAEHHBIX
W pacueTHHX 3HAYEHHH OCMOTHYeckoro Aapjenus. IlonkrafiTeck
BHIBECTH TakKylo (opMyJay AJsS pacdeTa OCMOTHYECKOro JaBJeHHd,
yTOGBl 3KCTepHMeHTaJbHble H pacueTHEe AaHHBlEe COBNAAAJNH.

21-66. YcranoBuTe XHMHUeckyw (OpMyJay BellecTBa, HCXOAA U3
caefyIOLIMX AaHHBX. BellecTBo HMeeT COCTAB: 42.11% C, 6,48% H,
51,42% O. [aBienue HachlLIeHHONO Tapa Haj pacTBOPOM, COAEp-
KaluM 34,2 © sroro BemectBa B 90 r BoAnl paBro 2,444.10% [la
npu 65°C. Pacreop 53,44 r aroro BellecTBa B | J pacTBOpa obHa-
PYXHBaeT OCMOTHuecKoe Aabjenue 3,54-10° Tla. Temmneparypa sa-
MepaaHusi PacTBOpa, cofepxaiero 0,6844 r seiectsa B 100 r Bo-
el —0,037 °C.

21-67. PactBop caxapa C;oHgOy1, comepxamuit 68,4 r caxapa
B 1 &1 pactBopa, umeer npu 0°C OocMOTHUeCKOe jaBJienue 4,786-
105 T1a. OnpefenuTe OCMOTHYECKOE AaBJIEHHEe PacTBOPA, COAEPIKaA-
mero 8,55 r caxapa B 100 ma pactopa npu 30 °C.

91-68. BruucauTe kopueHTpanuio pactsopa caxapa CisHz20u,
KoTOpHlii Tpu 27°C uMeeT OCMOTHYECKOe AaBJieHHe, paBHOeE 1,56-
.105 [1a, u 3amepaaer npu teMuneparype —0,119°C.

21-69. OcMoTHuecKoe  JaBJeHHe  pacTBOpa,  COJEepKallero
5,463 r masmuta CeH;4Os B 100 Ma pacrsopa, cocraBager 7,032
-10° T1a mpu 10°C. OcMoTHYecKoe AaBJeHHe PAaCTBOPA, COAepHKallle-
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ro 34,2 © TPOCTHHKOBOro caxapa Ci2H204; B 200 Mma pacrsopa, cO-
crasager 1,246-106 Ila mpu 10°C. OcmMoTrHuecKoe paBleHHe pac-
TBOpa, Cofepxailero B 1 a1 9 monn Manuuta u 0,4 Monb caxapa,
pasHo 5,688-10% Ila npH 10°C. Ha ocnoBaHMM 3THX JaHHBIX yCTa-
HOBWTE, NPOHCXOJMT JI¥ B3aHMOJEHCTBHE MOJIEKY MaHHHTa H Ca-
Xapa B pacTBOpe.

91-70. B KoHIle TIPOLIJIOTO BeKa GBI CIOPHHM BOIPOC Q MOJIeKY-
JasipHoft Macce paHHA3HL Eit npunuceBagd (GOpMYJIEL C1oHg2011 -
'BHQO, C13H33015-5H20 H C35H54032'10H20. Bbuao HpeJ.UIO)KEHO
ONpeje/ ATy OCMOTHYECKOE JIaBJieHHe pacTBOPOB nyTeM CpaBHEHHS C
OCMOTHIECKHM JlABJEHHEM KJETOYHOro COKa pacTeHHd: Usyuenne
pasaHUYHHIX PaCTBOPOB paduHassl MoOKa3ano, UTO €e 5,96% -HBl# pac-
TBOp OKa3HBaeT Ha KJIeTKH TaKOe XKe JeficTBUe, KaK H 3,42% -ublit
pacTBOP TPOCTHHKOBOIO caxapa. (Ecam  ocMOTHYECKoe JaB/ienHe
pacTBopa PaBHO OCMOTHYECKOMY JABJEHHIO KJeTOYHOTO COKa, TO
KneTka He maMeHsierca.) KaxoBa gopMyna padunasu?

91-71. YcTanoBHTEe XHMHUecKyro <¢$opMyay BellecTa IO cleny-
folmuM AaHunbM. PacTBOp, cofepXxawui B 1 21 4,054 T BellleCTBa,
yMeeT ocMOTHYecKoe jaabBienue 3,067-10° Ila mpu 0°C. CocraB Be-
mecrBa 40,0% C, 6,7% H u 53,3% 0. Uto 3to 3a BeliectBo? [IpH
Kakoi Temnepatype Gyner 3aMepaarb 3TOT pactBop?

21-72. Nas pacreopa 1 T Genka B 100 Ma BOAH B OCMOMETDE
o6HApYyXKeHO MOBHIIIEHHE YPOBHA pacTBOpa (MOXHO TPHHATD —
soin) Ha 25,2 cM (mpu 95°C). BuluHCIHTe MOJEKYJApHYIO Maccy
Genka. PaccuuTaiiTe NMOHHMKeHHe TeMnepaTypbl 3aMep3aHui 3TOTO
pactBOpAa.

91-73. O6cynuTe BO3MOXHOCTH METOLOB onpele/eHHs GOIbIIOH
MOJIeKyNpHOA MacChl BellleCTBA, OCHOBAHHEIX Ha H3MepeHHH NOHH-
MEHUs TeMIepaTyphl 3aMep3aHus H TOBHIUCHUS TeMIEPATYpH KH-
Nenus, MOHHMEHHA AaBJeHHs Tapa pacTBOpuTe]d Hal pPacTBOPOM
M OCMOTHUECKOro JAaBJeHHs. B KauecTBe mpumepa paccMOTpuTe
pacTBOp, TIPHTOTOB/NEHHLIH PacTBOPEHHeEM B 100 r Boasl 1 T Belle-
cTBa ¢ MoJAeKyaspuo# Maccol 10000.

91-74. CMelIHBaloTCA JBEe XMIKOCTH A u B, NOJAHOCTbIO pac-
TBOpHMHIe XPYT B jpyre. flocie CMellenud ocaZloK He BHITalM, Tas
He BHUIENHJCS H CJHOH JPYrofi XuiKoCTH He o6pazopanca. IlpHBe-
JMTe M3BECTHHe BaM J0Ka3aTelbCTBA, TMO3BOJIOMIHE yTBEPX/AaTb,
9TO MeXAy MojeKkyiamu A u B ectb B3auMojelicTBHe HJH ero HeT.
Eciu o6pasyeTcs PacTBOpPHMOE BELIECTBO AB, xak ero o6Hapy-
JKHTb?

91-75. AHajik3 TJIOKO3H JAaeT MPOCTeHIIYIo dopmyay CH.O0.
TIpeaJsioxuTe CNOCOOH OTpefeeHHs HCTHUHHOH GOPMYJIHL.

91-76. B 100 o6bmeMax BOALK pacTBOPAETCH TPH 0°C 10, 23 n
{73 o6beMa COOTBETCTBEHHO 3TaHA, 3THJEHA H anetuaena. B -100
06beMax cnupTa pacTBOpAETCA 52, 150 m 600 o6bemMoB 2TaHa, 3TH-
JleHa ¥ aueTHaena. Ha oCHOBaHMH NpHBeEHHBIX TPHMEPOB yKaKH-
e, KAK CBSi3aHa PacTBOPHMOCTD BEUIECTBA C €ro TpHPOJOH M TPH-
pOJIOH pacTBOPUTENA.
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21-77. O6BbsCHHTe, B KaKOM BelllecTBe — GeH30Je HJAH Bode —
ayume pactBopuMul rasu He, Hy, Ar, Nj, O;, CO, CO,, SO;, NH,,
HCI. TlposepbTe CBOH MPelNONOXKEHHS MO CIPAaBOYHHIM JaHHHIM B
00BACHHTE HX. ‘

21-78. Boma ¥ TeTpaxJopHi yraepolia He CMeUIMBAIOTCH APYT
¢ apyrom. B cucremy, cocrosmyto u3 HeO u CCly, BBesieno nekoro-
poe KoutdecTBo Hoaa. Kak pacnpefesUTcs UOA MeXAy ABYMA pac-
TBOpUTeNnAMHU? Kak MOXHO omucaTh pacnpeflelleHHe HoAa B CHCTe-
Me JBYX HecMelIUBAIOUIHXCS XKHUIKOCTeH?

21-79. Kaxko#t npouecc(H) OTBeTCTBEHEH 3a TemnoBo# 3¢ddekr,
NPOSIBASIIOUIUICS TIpU BBeJEHHH KOHIIEHTPUDOBAHHOH CcepHOH KHC-
JoTH B Boay? Ilouemy mpuGaBlieHHe K BoJle XJOPHOH, XJOPOBOAO-
POAHOM MJAH a30THOH KHUCJAOT CONPOBOXIAETCS MeHBIUHMH TelJo-
BuIMH 3(dekTaMu?

21-80. Paapymenue KpHCTadJdHuecKo# pelierku tpebyer 3arpa-
Thl SHePruH, HO NPH pacTBOPeHHH KpHcTanauueckux NaOH uin
KOH B Bosme BuijensieTcs Temnotra (a He noraomaercs). Kakof
Npoliecc COMPOBOXK/aeTCs BhleNeHHEM TEMJIOTHI?

21-81. Dueprus rumparauuu mpotoHa papHa 1088 Ix/monb, a
sneKkTpoHa okoao 154 kIlxk/moab, T. e. B 7 pa3 MeHblle. Kak MoX-
HO OOBACHHTDb, YTO MeHblllas 110 pa3MepaM 4acTHla o6aajfaerT MeHb-
Ilefi sHepruell rupparauuu (a He Gogblielf, KaK OXHULAJNOCH Obl)?

21-82. Ykaxure sKcmepHMeHTalbHbie (GaKTH H TeopeTHUYeCKHe
MOJIOXKeHHs, CBUAETeJbCTBYIOIHE O COJbBATAUHH (THAPATALHH)
HOHOB B PacTBOPax (B BOIHEIX PACTBOPAX).

21-83. 3HTanbnusa rujparauuy razoobpasupx HoHo Cd?t mou-
TH B 4 pasa Goablue, yeM y Na+t, xoTs1 pazMepsl HOHOB Oouellb GIH3-
K. Kak 3T0 MOXHO OGBSCHUTH?

21-84. PactBopuMocts GopHO# kucaoTei H3BO; B BOme npw
13°C paBua 385 rB I m pacreopa u 49,1 r npu 20°C. Briunciu-
Te TepMOJMHAMHYECKHE XapAKTEPHCTHKH IIPOLECCA PACTBOPEHHS.

21-85. PactBopuMoCTh AMOKCHEA yriepofa B Boje mnpu 0 n
50°C cocrapaser cooTBeTcTBeHHO 7,99-10-2 u 2,04-10-2 Moub/a
npu pasaenun CO; 101325 Tla. Beisenute ypaBHeHue 3aBHCHMOCTH
pPacTBOPMMOCTH AMOKCHAA YIrJAepoia OT TeMmIepaTyphl. BHUHCAHTE
AH° u AS° npouecca pacrBopenusi © AG°9 H PACTBOPHMOCTb NDH
CTaHaapTHOH TeMIeparype.

21-86. Huxxe mpuBefeHbl TepMOAHHAMHYECKHe XapaKTEPHCTHKH
mpoliecca pacTBOPeHHS HEKOTOPbIX COJeH B BONE H METHJIOBOM
cnupte (mpu 25°C):

Bona CH.0OH
ASe, AHC, ASe, AH®,
O/ (K-monb) kx/MONB I x/(K-Monb) w1 x/Monb
KCl 75,7 17,24 —69,03 4,52
KBr 89,5 20,00 —53,56 3,64
NaCl 43,1 3,84 —76,14 8,37

Kakue 3aBHCHMOCTH BHISIBASIOTCA TIPH AaHAMH3e TPHBEJEHHHIX
nanuux? CdopMyaupyiiTe BOmpochl, BHITEKAIOUIHe W3 CONOCTaBJe-
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HHA YHCJOBBIX 3HAYEHHH TepMOZHHAMHMHECKHX XapaKTepPHCTHK H
Xafite 060CHOBAHHEIE OTBETHL.

21-87. O6bsAcHHTe, IoYeMY, €ClIH peakKlHs coBepllaeTCA HeEpe3
craauio 06pa30BaHHA TIEPEXOMHOTO KOMILIEKCA, KOTOpHH GoJiee IO-
JsipeH, 4eM HCXOAHbe BelllecTBa, TO B GoJiee MOJNAPHOM DacTBOPH-
Tesle peaklus MPoTeKaeT GLICTpee.

21-88. B ABYX ORZMHAKOBBIX CTaKaHax A0 BePXYy HaJHTH Harpe-
THe clafXuil yail U Boxa. HauanbHaa TeMmmepatypa UX OJHHAKOBA.
Kaxoft crakan paHbllie OXJaAHTCS A0 KOMHATHOH TeMIepaTypHI?

§ 22. PACTBOPLI 3JIEKTPOJIUTOB

22-1. OnpepennTe YHCIO He3aBHCHMBIX KOMIIOHEHTOB B CHEAYIOIHX
cHcTeMax: a) XHAKas BOAAa, 6) pacTBop caxapa B BoAe, B) pac-
TBOP XJIODHIA HATPHA B BOJE, I') PAcTBOP XJIOPHAA M HHTpaTa HaT-
pHsA B BOZe, 1) PAcTBOP XJOPHAA HATPHSl M HUTPATA Kajlud B BOAE.

92-2. Briuucaure MonsiprocTs pactBopa HoSO4 B 50 Mo koTo-
poro copepxurca 5 r HoSO,. .

92.3. Kakoit 06bem 96%-noii HoSO4 (p=1,84 r/cm?) Tpebyercs
aas npurotosaenus 0,5 1 0,5 M pacrsopa?

22-4. TloueMy BOJAA XOpOLIO PaCTBOPSAET XJIOPHA HATPUA, HO He
pacTBopsier mapaduH, a GeH3HH, Ha000pOT, He PaCTBOPSET XJOPHA
HaTpHs, HO XOPOLIO PacTBOPsAET mapaduH.

99-5, TIpemnoxure HaU6OJblIEE HUCAO BO3MONKHEIX €NOCOGOB
OlleHKH (CpaBHEHHsI) CIOCOGHOCTH 3JEeKTPOJNHTOB K JHCCOLHAIHH.

22-6. [lepeuncanute B MOPAAKe MOHHKEHHS 3HAUHMOCTH PasiH-
qus MeXAy METaJJHyecKoil (3JIeKTPOHHOH) M AMeKTPONHTHYECKOH
IPOBOAHMOCTSAMH.

22-7. IlpuBefHTe BO3MOXHHIEe TPHYMHEL TOro, YTO MeTaJjjHue-
CKasl MPOBOAHMOCTb C MOBLIIEHHEM TeMIepaTyphl yMeHbILIACTC,
a 3JIeKTPOJUTHYECKAA BO3PACTAaeT. :

29-8. TIpencrtaBbTe rpaduueckn (6e3 Macmrtaba u 6e3 yHC/IO-
BLIX JAHHHIX) 3aBHCHMOCTb 3JE€KTPONpPOBOJHUMOCTH BOJHOrO PacTBoO-
pa HEKOTOPOH COJIH OT ee KOHLEHTPaLHH.

22-9. O6bsicHHTE, TIOYeMY HOH JHTHS B BOJHOM pacTBOpe HaH-
MeHee TOABHIKCH, XOTS OH HAMMEHBIIHH CpelH HOHOB IUEJOYHBIX
MeTaJlJIoB.

22-10. MerogaMu peHTreHorpaduH KpPHCTaJJIOB YCTaHOBJEHO,
qto B paay Lit—Na+—K+ pasaMepsl noHOB yBeauuuBaiorcs. Hayue-
HUe JKe uHce/J TlepeHoca TeX JKe HOHOB B BOJe H CKOPOCTEH HX fe-
pelBHKeHHsl OOHAPYKHBAeT POCT STHX BEJHUYHH B DALY Lit—Nat—
K+, 49ro CBHAETENBCTBYeT 06 yMeHbLIEHHH Pa3MepoB HOHOB. Kax
OGDBACHHTL 5TO MPOTHBOPeyHe?

22-11. Pacreop kakoro seiectea, HCl uau NaCl (kxoHuentpa-
LMK ONAMHAKOBHI), Jiyullle TIPOBOAHT 3JeKTPHUECKHH TOK?

29-12. Kak u3MeHnsieTcsi aJaekTpomnpoBoAuMocts 10 M- pactBOopa
HCIl npu noctenenHoM pa36aBjieHUH ero BOAOH?

22-13. Kax oObSICHHTb yBeqHUeHHe 3JeKTPONPOBONHMOCTH XH[-
KOro aMMHaka no Mepe pacrsoperus B Hem NH,CI?
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22-14. B KayecTBe CTaHJ4pPTOB DPAacTBOPOB HJAA  H3MEpeHHA
3/MeKTPONPOBOJIMMOCTH YACTO HCIOJAB3YIOTC PACTBOPH XJIOPHAA Ka-
Aus. YIenbHas 3JeKTPONPOBOJHMOCTb % DPAacTBOPOB XJOPHAA KaJHA
(npu 18°C) caenyomas:

¢, r/1000 r pactBopa 71,1352 7,4191 0,7452
%, OM—1.cM~! +0,09783 0,011166 0,0012205

BoluHCIHTe MOJADHBIE KOHUEGHTPAUHH PacTBOPOB XJOpPHAZ Ka-
nud. Kak 3aBHCHT yiedbHas 3JeKTPONPOBOAHMMOCTE OT KOHIEHT-
pauuu? :

TIpenoxeHa GopMmyna 3aBHUCHMOCTH YIeJbHOH 3JEKTPONPOBO-
EuMocTH pas6asiennbix pactBopoB KCl oT KoHueHTpauuu (Ko ¢=
=0,001 Moas/a):

3= 0,14992c — 0,09467¢%/2

IlpoBepsTe, OTBeuaer Jau 3Ta GopMmMyJa NDHBEACHHBIM BHIle KaH-
HBIM,

- 22-15. Yncna nmepeHoca 3JEKTPOJHTA ONPEAENIIOT Kak JOJH KO-
JHYECTBA JEKTPUYECTBA, MEPEHOCHMOrO KaTHOHAMH H aHHMOHAMHU.
B 0,10 M pacrBope KCl uncno mepenoca K+ cocraBaser 0,4894.
Uemy paBeO uHcI0 nepenoca Cl— B TOM ke pacTBope?

22-16. B 0,10 M pacteope KCI uyncio mepenoca Kt paBho
0,4894. MouxpHas 3/J4eKTPONPOBOAMMOCTL PacTBopa <CoOJH TOH Xe
KOHUEHTpAlHH cocTaBaseT A=128,9 OmM~!.cM?-Moab~!, MosbHas
aJ1eKTPONpoBOAMMOCTE HoHa K+ paBma 128,9-0,4894=63,08 Om~!.
éCM2~M0J1r1. BHunc/HHTe MOJBHYIO 3JeKTPONPOBOAHMOCT:  HOHa&

1~

22-17. YUucna mepeHoca Li, H3MepeHHble B pacrBOopax pas/Hu-
HBIX KOHUeHTPalHi, paBHH:

¢, MOJb/N 0,01 0,02 0,05 0,10
Yueno nepexoca 0,329 0,326 0,321 0,317

[ToueMy c yBeJMdYeHHeM KOHIEHTDPALHH PacTBOpa YHCJAA NMepPeHo-
ca MoHa JuTHs yMenbiuatprcsa? OO6bAcCHUTE, KAK OyAYyT U3MEHATHCSH
yHcsa mepeHoca XJOPHA-HOHA B TeX e PacTBOpax?

99.18. Kax 06bACHHTB, 4To mpH BBeaeHun Boabl B PCls anekrpo-
npoBoAMMOCTb De3ko BospacraeT, xoTa PCl; — XuIKoCTb, He MpPO-
BOAsAIIAs 3JeKTPHUECKHH TOK, a YHCTas BOJAa HMeeT OYEHb HU3KYIO
3J1eKTPONPOBOAHMOCTD.

22-19. KaxoBa KonuenTpaius pacreopa AgNOs, ecin fJs Bbifie-
JeHHsi Bcero cepe6pa u3 100 Ma 3TOrO pacTBopa NOTPe6OBAOCH
npomyckaTh TOK cuioft 1 A B revene 30 MUH?

22-20. Kakoe KoJuyeCTBO (B MOJISAX) BOAOPOAA BLIAGJIHTCA IPH-
nponyckanun 9650 Ka aaexrpuuectsa wepes 0,1 M pactsopu HCI
H }128()4?

22-21. Ilpeacrasbre ceGe TaKofl (MBICJEHHBIA) 9KCIEPHMEHT:
yepes pactBop AgNO; mpomyckaercss 1 a/IeKTPOH, B pe3y/bTaTe H&
aNleKTpofie Bhjensiercs | artom cepeGpa. Ecin ABa 3jekTpoJH3epa
COEHMHHTDL TOCJEN0BATENbHO, TO NPH NPONYCKAHHH | 3JeKTPOHA Ha
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KaX/J0M KaTofie BhAesuTcs mo 1 atomy cepebpa, T. €. Bcero 2 ato-
ma. [Ipu nocnenosatensHoMm coenuHeHud 6,02-10%2 sjekrponuse-
pOB MoK AeHCTBHEM OLHOTO 3JieKTpoHa BeAeuTed 6,02-1023 atomos
cepebpa, T. e. | Moab cepebpa. Ho Bu 3Haere, 4To AJdA MOJy4eHUS
1 Mo/b OXHOBaJieHTHOTO MeTajyia Tpe Greresi 96500 Ka anekTpuue-
ctBa iy 6,02-10%% smexkrponoB. O6BACHUTE 3TO MPOTHBOPEUYHE.

22-22, JlaBnenue mapoB BOJH Haj pacTBOPAMH XJIOpHA2 HAT-
pHusl PA3NHUHHEX KOHUEHTPalluil cOCTaBJseT:

& % (mace) a0o€" Mg 60°C e % (Mace) e 4%,.(1:(Ha 60°C
5 2,261 7,129 19,258 20 1,968 6,198 16,758
10 2,181 6,876 18,580 25 1,809 5,719 15,534
15 2,088 6,584 17,782

[TpencraBbTe Aannne rpaduyeckn U cAejaiTe HeOOXOTHMbBIC BhI-
BoAbl. CpaBHHTe TOBeJeHHE 3THX DacTBOPOB C PaCcTBOPaMH caxapa
(cM. 3amayy 21-20).

22-23. Tlo onuy cropony MeMOpaHBl, NPOHHIlaeMOH [AJs1 BOAH,
uoHoB K+ u Cl—, 1 HempoHuuaeMol nAJsi MOJEKyJ TPOCTHHKOBOTO
caxapa, moMectuau 100 mMa pacTBopa, comepxauiero 35 r caxapa B
1000 Ma pactBopa, 2 mo Apyryio — 500 mMJ pacrtBopa, cofepxKallg-
ro 11 r xnmopupga xanua B 2000 mn pacrBopa. Kak pacnpefenarcs
XJIODHJL KaJlusg B caxap B pacTBOpax No o6e CTOPOHE OT MeMGpaHH?
KakoB cocTap pacTBOPOB IOC/e YCTaHOBJeHHA paBHosecHs? Ilog
KaKHM HaBjIeHHeM JIOJIXKeH HaXOILUThCSA pacTBOp caxapa, 4ToOH erc
KOHOEHTDPAUUA He H3MEeHHJIAch?

22-24. OTAeNHTh BOJY OT PACTBOPEHHOTO XWMHUYECKOTO BelLeCT-
Ba, HampHMep XJOpHIA HATPHA, MOXHO ¢ IJIOMOIbI0 MeMOpaHH.
PactBop mon nasnexueM 5-106—7-106 [Ta mponyckaioT uepe3 MeM-
6pany, Urparollyio poJib CHTa, Yepe3 KOTOPYIO MOJIEKYJ/H BOABI PO~
xonaTt, 8 HoHs Nat u Cl— 3agepxubatorcs. [logemy HoHBI He mpo-
xoadar? Hafigute B cnpaBouHOH JuTepaType pasMepnl MOJEKyJ BO-
A B HOHOB. MoOXHO JiH OOGBSCHUTH 5TO Pas3/IMYHBEIMH pasMepaMi
gacTuu?

22-25. Ocmoruueckoe fasienre 0,1 M sopnoro pactBopa CaClg
cocrasaser 135-10° Ila mpu 0°C. Bplumcnaurte creneHb AMccolHa-
IUH COJIH.

22-26. B 0,5 1 pacrBopa copepxurca 0,62 r CuSO,4-5H:0. Ilpu
19°C ocMOTHUECKOE [aBJieHHe pacTBopa paBHo 162-102 [Ta. BH-
YHCJUTE CTENeHb THCCOUHANHH COJH.

22-27. Umerotcs 1 M pacrBopnl YKCYCHON M XJI0POBOJOPOLHOHR
kucnoT. Kaxoii u3 pactBopoB 3aMepsaeT Iipu GoJiee HH3KOH TemIe-
patype?

22-28. IIpu kaxoi TemnepaType B 6yTHUJIKe 3aMep3HeT BOja, Ha-
coilllenHass COg? Ouennre 3Ty Temnepatypy. Kakue faHHBE AAS:
3TON0 HYXHH?P

22-29. Tlpu oxnaXpeHHH OKeaHCKOH BOABI MepBble KPHCTAJABL
Abaa mosBasioress mpu —2,2°C. BhiuncnuTe KOHLEHTpauHio —pac-
mBopa NaCl, samepaalomiero npu 3Tofi TeMneparype.
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22-30. Hekotopoe KoauuectBo BelllectBa pactsopedo B 100 r
Gensona. TeMmepaTypa 3aMepsanus aroro pacrsopa Ha 1,28°C Hu-
Ke, yeM uHcToro Gensosna. To e KOJHYECTBO BellleCTBa pacTBOpe-
go B 100 r Bomnl. DTOT pacTBop 3aMepsaeT MpH TeMIepartype
—1,39°C. Kakue BHIBOAH MOXHO CIeJaTh U3 3THX JAHHBIX?

22-31. O6bacHUTe, TOYeMY MOJISJIbHOE MOHHXKeHHe TeMIepaTty-
pH 3aMepaanus aas 0,010 moasaseoro pacteopa KCl 6oapiue, gem
Aas 1,0 moaanpnoro pacreopa.

22-32. Hcxoas u3 TeMmepaTyp 3aMep3aHHsd BOJHHX PacTBOPOB
alleTOHA M YKCYCHOR KHCJIOTH:

KoHumeHTpaIus tian, °C
mMoas/1000 r r/100 r H,0
)

Aneton 0,020 0,119 —0,04
0,101 0,585 —0,18

1,071 6,221 -—1,93

7,800 45,30 —12,35

YreycHas KucaoTa 0,010 0,060 —0,02
1,158 6,956 —2,09

7,18 43,10 —6,92

19,42 116,6 —22,30

OO6GBbACHATE, KaK H MOYEMY H3IMEHAIOTCA MOJAJbHBlE TOHHXEHHS
TeMMepaTyp 3aMep3aHHsI ¢ POCTOM KOHIEHTDAalHH HE3JNEKTPOJHTa
(auetoH) u 3nekTpoauTa (YKCycHas KHCJIOTA).

22-33. Huxe mpuBefieHH TeMNepaTypH 3aMep3aHHsi BOLHBIX
PAacTBOPOB XJOPHON KHC/IOTHI:

‘ (7
Monb/IcD)DD . KoHUEHTPALHA o100 ¢ HyO gau 1 °C
)
0,413 4,15 ) —1,49
0,797 8,01 —3,06
1,570 15,77 —6,87

BHUHCAHTE AJS KaXIONO0 PACTBOPA MOJAJNbHOE TOHHKEHHe
TeMIepatypsl 3amep3aHus. [lodyeMy OHO 3aBHCHT OT KOHIEHTpPAlLUH?
‘Buuyncanre crenenn aucconnamun HClO, [louemy crenenn nmcco-
HHaluy caMoil CHAbHOH HeopraHHuecKoifi KHCJOTH B BOJHOM pac-
TBOpe He paBHa 100%?

22-34. Huxe mpuBeleHH TeMNepaTypH 3aMep3dHHsl BOIHBIX
;pacTBOPOB NMepXJopaTa HATPHUA:

4 ° 4 , 0
Monglléé’é’ T e o s O woms/ 1000 & o0 ¢ H0 oM C
2 2
0,001 0,013 —0,004 0,116 1,423 —0,40
0,007 0,086  —0,03 0,529 6,479 —1,74
0,024 0,293 —0,09 0,884 10,831 —2,86
0,061 0,752  —0,21 1,208 14,786  —3,86

BriyHcAHTe 1J151 KaXAOrO pacTBopa MOJAJIbHOE MOHHIKEHHE TeM-
nepaTypH 3aMep3aHHs H cTeleHb AHccolHauuH. Cprenafite BbIBOJH
‘B3 TMOJYYEHHHX Pe3yJIbTATOB.
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22-35. Xnopuaa kucnora HCIO, — camas cuibHas KHCJOTa:
MoxHO a1 0XKHIATh, YTO €€ COJMH TaK¥e GYAYT CAMBIMH CHJBLHHIMA
anexrpoautamu? CpaeHure nmopeleHne HCIO, u NaClO, B BogHEIX
paCTBOPaX, BOCIIOJNB30BABLINCL AAHHEIMH NpelBHAyUIHX 3apfad.

22-36. HuxXe npuBeleHB! TeMUepaTypsl 3aMep3aHus H MOJSLIb-
Hble MOHHMXKEHHS TeMNepaTyp 3aMep3aHHs BOAHBIX PAcTBOPOB XJOP-
HOH KHCJOTH M TIepXJopara HaTpHus:

C, Moan/1000 r HaO taaM’ °C At C, monn/1000 r HoO taaM' °C At
HCIO, 0,413 —1,49 3,61 NaClO, 0,529 —1,74 3,29

1,670 = —6,87 4,38 1,208 —3,86 3,20

B 4eM cOCTOMT OT/IHUME B MOBEJEHHUH KHCJOTH H €€ COJH?

22-37. Kak 06 bSICHUTB, YTO NIPH MOBHILIEHWH KOHIIEHTPAallHH pac-
TBOPOB, MOJISIbHOe NMOHHXKeHHe TeMIepaTyph 3aMep3aHHs PacTBo-
Pa XJIODHOH KHMCJIOTH BO3pacTaeT, a PacTBOpa TepXJopara HATPHS:
CHUXKaeTcs?

22-38. Bemectro copmepxut 1,59% H, 76,20% O um 22,219% N.
Pacrsop, comepxamuit | r storo BemectBa B 100 r 6ensosa, 3a-
Mepsaer npu 5,419°C (ana CgHe K=5,07, tar=+5,45°C). Pac-
TBOD, coepxamui 1 r sroro BeulectBa B 100 r BOAH, 3amep3aer
mpu —0,472°C (Km,0=1,86). YcraHOBHTe XMMHUYeCKyl0 (opMyay
3Toro coenuHenus. Kakoso ero nosenenne B pacTBOPEHHOM €OCTOSI-
HHHU?

22-39. MonexynsipHasi Macca a30THOH KHCJIOTHI, ONpeneseHHas
N0 NOHHXKEHHIO TEeMNEepaTypbl 3aMep3aHus B HHUTPOGEH30Me, OTBe-
yaer ¢opmyne HNO;, a npn onpefienenun B Boge HMeeT B 1Ba pa-
3a 6osiee HU3KOe 3HAUeHue. Kak 3T0 O6bACHUTL?

22-40. OnpepenuTe, YKCycHAasi KHCIOTA — CHJABHBIA WM caa6bif
3/JeKTPOJIUT, ecliH pacTBop, colepxkamuit 0,571 r xucaorsl B 100 r
BOJAH, 3aMep3aer npu —0,181 °C.

22-41. Pacrsop 1,7 T xsopufa nuaka B 250 r BoAH 3aMep3aer
npu —0,24°C. Ku,0=1,86 BbIUHC/IHTE CTeNeHb AMCCOUHALMH COJMH:
B 3TOM pacTBoOpe. '

22-42. Temmneparypa 3amep3anusi 10%-Horo pacTBOpa cephoift
KHCJOTHL paBHa —5,5°C. BHUuC/AHTE cTeneHb AMCCOIHAIIMH KHCJIO-
TH B 3T0M pactBope (Ku,0=1,86).

22-43. TemnepaTypa 3aMep3anus pactsopa 2,93 r NaCl B 50 r
BoAu paBHa —3,35°C. Omnpenenute crenens auccounmanmud NaCl
(Kz,0=1,86).

22-44. Kpuockonuyeckas nocrosiuias NaCl pasma 19,7. Temre-
paTtypa Hayana KPHCTaJJH3aLUH cMecH, cofepxamieii 256 r NaCl u
6 r BaSOy, na 37°C nuxe TeMnepaTypH KPHCTA/JIH3ALHH THCTOrO:
XJOpHAa HaTpuA. Ha ocHOBaHMu pe3ynbTaTOB pacieToB chenaiiTe
BEIBOJ 0O coctosnuu BaSO, B pacnaasaennom NaCl.

22-45. Temneparypa Hauana KpHCTANNH3ALMK XMOPHAA KalHs B.
pacteope KCl—BaSO,, conepxamem 8,9% BaSOj, pasna 1024 K,
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a npu cofepxanuu 17,9% BaSO, ona cocraBasier 1006 K. HucThiit
KCI nnautca mpu 1043 K, ero xpuockomuyeckas mocTosHHas K=
=25,2. BeruncanTe cTeleHb AHccouHanun BaSO4 B yKasaHHHIX pac-
“TBOp ax.

92-46. PacTtBOp, monydeHHblt pacrBoperHeM B 150 r BoAn 2,90 T
Zn (NOj) 2-6H0, xunur npu 100,09 °C. Bblunc/iHTE CTeNeHb AHCCO-
AHalHH HATPaTa LHHKA B 5TOM pPacTBOPe H ONpPeAEJIHTe TeMmIepary-
Py 3aMep3aHHs H ocMOTHYecKoe jAaBnenne npu 20°C 3rtoro pac-
‘TBOpA. :
99-47. KakuM 5JeKTDOJHTOM (CHJABHHM, cJabbiM)  sBJISETCS
HOKLMI, HATPHS B STHJOBOM CIHDTE, eclH pacTBOp, COAepKamud
0506 r Nal B 32,5 r CoHsOH, kunut npu 77,56°C? Uucrwit 3tu-
nosufi cnupT KUnuT npu 77,40 °C. D6ynnockonnyeckas MOCTOSAHHAS
3THJOBOTO CmHpTa papHa 1,04. : '

22-48. CpaBHHTe METOAH OMNpeleJieHHs CTeMeHH AHCCOLHALHH,
OCHOBaHHHE Ha M3MepPEHHsIX NaBJEHHA mapa Hald PacTBOPOM, TeM-
flepaTyp 3aMep3aHHsl U KHIEHHS PACTBOPOB, OCMOTHYECKOTO JaBJle-
HMS1 H 3JIEKTPONPOBOLAHMOCTH. YKaXKUTe KDHTEPHH CPaBHEHHUS H TIe-
PEUHCIUTE IPEUMYIIECTBA H HeJLOCTATKH KaXJ0TO METOHA.

292-49. O6bsacHHTE, TMOUEMY TOHHKEHHE TeMIlepaTyphl 3aMmep3a-
HHS ¥ MOBLILIEHHE TEMNEepaTypbl KHIEHHA BOAHBIX DPAacTBOPOB CO-
Jlell JIMTH$ YacTo TpeBHIIaeT TEOPETHUECKHe 3HaueHMs, BBIYHCJIEH-
#HHe NPH NPEANOJ0XKEHHH TIOJAHON JHCCOLHALHH.

29-50. 3aBucumocth orT Temmeparypsl (0—50°C) u3MeHeHHs
M306apHOTO NOTeHIHANa AHCCOIHALHH BOJAB

H,0 = H++ OH"
MMeeT BHA
AG® = 59000 4 105T [Ix/Mons]

TIpH NOBHILIEHHH TEMNEPAaTYPH LHCCOLUALMS BOABI YCHIHBAET-
Al 1 KOHCTaHTa PaBHOBECHS NHCCOLHAllMH BO3pacTaer, YTO YKashl-
‘BaeT Ha CMellleHHe PaBHOBECHS B CTOPOHy o6pasoBanus uonos. On-
' HaKO H3 BhlpaxeHus AJsi AG° cieiyer, yTo C MOBHIIEHHEM TeMIe-
PaTypsl TONOXUTEJbHOE 3HAYeHHe H3MeHeHHs H300apHOro TOTeH-
LHaJa yBeJHUHBAeTCA H, CJeJ0BaTe]bHO, BEPOATHOCTH IPOXOXKIe-
HUsl Tpollecca AHCcOLMAUnu yMeHbinaerc. OOBsCHUTE 5TO IPOTH-
Bopeune. O6CyAUTe 3HAK W3MEHEHHs @HTPONHMH TPH AHCCOUHALHUH.

292-51. Kako#i cMBIC/1 BKJajbiBaeTcsd B IOHATHE CTeMeHW JHCCO-
AlMallEH CHJBHOTO 3JexTpoauTa (HampuMep, B pactBope NaCl a=
=80%).

92-52. BrieauTe OTAHYHTE/NbHEIE TPH3HAKH HOHHBEIX map, OKpy-
IKEeHHHX MOJIeKyJlaMH PacTBOPHUTeJs, KaK 3TO TpEeACTaBJeHO Ha
puc. 22-1. ITpeanoxuTe Ha3BaHHsA 3TUM BHIAM HOHHBIX Map.

22-53. B 0,01 M pacTBope XJIOPOBOAOPOAHO# KHCJOTH HOHBI BO-
JOpoAa TNpOABASAIOT cebs Tak, OYATO MX KOHIEHTpauus wHa
0,01 Moas/n, a 0,0079 mods/n. [IpepsoxHTe BO3MOXHBIE O GbsiCHE-
HHA.
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22-54. Bo cKOALKO pa3 HOHHaf QG)

cuaa sogHoro pactBopa Mg (NO;),

BhIllle HOHHOH CHJN pacTBopa AgNO; RS )

TO# )K€ KOHLEHTPALUU? & 0 0 Q
22-55. Tlpenyioxure cojib, KOTOpas

B BogHoM 0,01 M pactBope cospaer

Han60Jiee BLICOKOe 3HaYeHHe HOHHOH

CUJIHl PaCTBOpA. Q® & Q©Q
S

22-56. BHYHCIUTE HOHHYIO CHJY @ o @ =
0,01 MoJAJbLHEX pacTBOPOB coJel & @ & o)
AiCl;, NasPOi,  K,[Fe(CN)e], O )
Mga(PO4)2, Mgz [eFe (CN) e], LaPO4.

22-57. Tlouemy B dopmyse pnaa @

BBIYHCJIEHHsT MOHHOH CHJH pacTBOpa Q
HMeeTCsT MHOXHTeb /5?7 ) '

22-58. IlpepnoxeHO HECKOJBKO @ @
SMIHPHYECKHX YpaBHeHHH, CBS3EIBAlO- & @ % & @
IIHX HOHHYI0 cuiy I pacTBOpa ¢ Ko-
9¢p¢uIeHTOM aKTHBHOCTH [ OJHO3a-
PAAHOrO HOHa:

PHC. 22-1

lgf=—hVT
RVT

el =—TravT
hyT

14+AYT +B1

Igf=—

TIpennoxure cnoco6ul onpegenenns kKospduuuentos h, A u B.
22-59. Kos¢pounnesT aKTHBHOCTH HOHA [ cBA3aH ¢ HOHHOH CH-
Jofi I pacTBopa cOOTHOWEHHEM

lgf=—h22yT
Thae z — 3apAn HOHa.

Onpenennre sHauenne Kosdoduunenra k, ecan 8 0,01 M pacreo-
pe XMOpHAa HATPHA MOHH HATPHA H XJOPa BeAyT ce6s Tak, GYATO
HX KOHLeHTpalHH (aKTHBHOCTH) pasHH 0,00889.

22-60. Yxaxute ycnoBHA, NPH KOTODHX clIpaBefnusa ¢opmyna

Igf=—0,512 V7T

22-61. KoaduupenTH aKTHBHOCTH HMOHOB | B 3aBHCHMOCTH OT
HOHHOR CHJH pacTsopa / BHUHCAAIOT MO CJEAYOIEM (QOpMyiaM:

1<0,01 Igf=—0,512 T

. 0,512 VT

120,01 lgfe ——m—m8M8M——
> gf Y
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Tlpu 3HauuTEeNHHOA KOHLEHTPALHH PacTBOP2
0,512V T
1 4r-0,33-100VT

lgf=— +4

rle z— 3apsAA HOHa; r— PajHyc HOHa (cM); A — KosdulHeHT, aasucamaf or
ApPUPOAB PACTBOPEHHOrO 3/EKTPOAKTA H PAaCTBOPHTENS.

OG6BACHATE, NOYEMY NPH YBeJHYEHHH KOHLUEHTPALMH 3JIEKTPOJH-
tTa GopMyna AJs BHUMCAEHHA KoapduuueHTa aKTHBHOCTH YCJIOXK-
HseTca. MOXHO JH, BOCIONb30BaBUIMCH moc/iefHed ¢opMysoft, BhI-
QHCJ/HMTL pasMep HOHa?

22-62. Kak cKamxeTcsi U3MeHeHHe HOHHOH CHJH pacTBopa Ha
CMellleHHH PaBHOBECHA M 3HaUeHHAX KOHCTAHT DaBHOBECHA (KOH-
LEeHTPAllHOHHHX) CJAEeAYIOIHX peaklUufi: a) HAHCCOMMALMs BOJLH;
6) NHCCOLHALMS YKCYCHOM KHCJOTH; B) peaxuus ruaposnsa NH.CI;
r) pacrBopuMocTb AgCl.

22-63. B mpHCYTCTBHH CHJBHOTO 3JIEKTPOJHT2 KOHCTaHTa JHC-
colHalMy ca6oro 3JeKTPOJHTa H3MeHsercs. Tak, KOHCTaHTa RHC-
counauuH (KOHLEHTPAUHOHHAadA) YKCYCHOH KHCJIOTH B DacrBope
" XJIOpPHAA KaJUA B 3aBHCHMOCTH OT €ro KOHIEHTpalHH PaBHA:

¢, MOJb[d 0 0,01 0,05 0,10 1,0,20
K-105 1,75 1,86 2,19 2,69 ' 12,95 ,

Kakne (akTOph BH3HBAIOT yBeJHYEHHe KOHCTAHTH PABHOBECHA?
22-64. [Ina mpecHHX BOL ¢ OOLIEM coJecolepxanHeM P j0
1000 Mr/a (npeHMyleCTBeHHOe cOJiepiKaHHe KaTHOHOB KaJblHi B
MarHHsd) HOHHYIO CHJY PacCUMTHBaIOT Mo popmyne
I = 0,000022P

3nauene P MOXHO MPHHHMATh PaBHHM Macce CyXOro ocTaTka.
IlokaxuTe, 9T0 LaHHas QopMysaa corjaacyercd c ¢opMmyJodl AaA
pacueta MOHHOM CHJH pacTeopa. Paccuurafite HOHHYIO CHJIY DK
cofilepanun HoHos 'Ca?*, paBsnom 1000 mr/u.

99-65. OnuillETe NOBEACHHE CHJBHOTO 3JEKTPOJIHTA IPH MOBH-
IleHHH KOHUEHTPAUMH PacTBOpa, HCXOASA M3 TeMmlepaTyp 3aMep3a-
HHS BOJHBHIX PaCTBOPOB XJIOPOBOLOPOJHOR KHCJOTH pa3jHIHOA KOH-
LEeHTPaLHA:

t ° t °C.
uonml‘(,gn;eﬂrplaﬁ&;l r H:0 sau °C uonblllt()ga";emp:l,ll&;l r-H,0 aaM
H;0 H,0

0,001 0,004 —0,004 0,104 0,381 —0,368
0,002 0,007 —0,007 0,156 0,569 —0,55
0,005 0,018 —0,018 0,502 1,832 —1,83
0,010 0,036 —0,036 1,047 3,818 —4,13
0,020 0,073 —0,071 1,218 4,442 —4,93
0,050 0,182 —0,177

MoOXHO /M, BOCIOJNbL3OBABLUIMCH MPHBeLEHHHMH [LaHHHMH, pac-
CUHTaTh KOHIEHTPAUMIO HOHOB BONOPONA B YKa3aHHBIX PacTBOpaXx,
3Has a) KOHLEHTPalUHMIO KHCJIOTH M Tpejniosaras MOJHYIO ee AHC-
COLHALHI0 H 6) MOHHKEHHE TeMIepPaTyphH 3aMep3aHHs PacTBOpa.
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Ecau Takolt pacder Bo3MOXKeH, OTBEThbTE Ha BONMPOC, KAK OTJIHUa«
eTCcs «MaccoBafi» KOHUEHTpalus MOHOB BOAOPOXA OT <«aKTHBHOMH»,
MoxXHO I Ha OCHOBAaHWH MOJYUYEHHHX Pe3yJbTATOB PACCYHTATH KO-
3((HIHEeHT aKTHBHOCTH HOHa Bojopoja? EcaH MOXHO, TO BHIIOJ-
HHTe 3TOT PacyeT M CPAaBHHTE Pe3yJbTATH ¢ Ko3addHUHeHTAMH aK-
THBHOCTH, paccuHTaHHHMH mo ¢opmyaam. [locrpofite rpaduk 3a-
BHCHMOCTH TeMNepaTyp 3aMep3aHHsi OT KOHIEHTPAallHH KHCJOTH R
OOBACHATE TIOJYYEHHYIO 32BHCHMOCTb.

22-66. OnHiuuTe mMOBeXeHHe CEPHOH KHCJOTH B BOAHOM pacTBO-
pe, HCXORA U3 TeMIepaTypH 3aMep3aHHMA ee PACTBOPOB Pa3JHIHOR
. KOHLleHTpalHH:

t . KonuenTpanus [ZN (o4
Moﬁb/l&)%ageﬂﬂ:-?ﬁ)%ﬂr H,0 sem + °C Moab/1000 x':l 2/100 r H,0 sau
Ha0O H20

0,001 0,013 —0,007 0,105 1,032 —0,42
0,004 0,044 —0,023 0,203 1,989 0,77
0,011 0,109 —0,052 0,369 3,618 —1,37
0,022 0,216 —0,099 0,958 9,397 —2,80
0,054 0,531 —0,22 2,313 22,685 —11,83

OTBeTbTe Ha BOTPOCH, MOCTABJEHHHe B NpeAHAyllell 3amade.
CpasHHTe noBefieHHe XJOPOBOAOPOAHOR H cepHORl KHCAOT. B kakom
H3 DPacTBOPOB TMPH OXHHAKOBOH KOHIEHTPAUHH HOHOB BOJAOPONA HX
4KTHBHOCTb MeHbllle?

21-67. Buuncante KospHUHEHTH aKTHBHOCTH HoHa Na® n
0,001, 0,01 u 0,1 M pactBopax NaCl o dbopmyaam:

Vi
14+VT

[Ipn Kakux sHadeHHAX HOHHOA CHJBI PacTBOPA Pe3yJbTATH BH- .
yncleHHf mpakTAdeckH cosnafaoT? Kakas dopmyna u mouemy
GoJlee NMPHTORHA AJA PACYCTOB NPH GOJbIIHX 3HAYEHHAX HOHHOR
CHAH pacTBopa?

22-68. BrunciHTe akTHBHOCTH HomoB Na*, Cl-, H* y OH- B
0,01 M pacteope NaCl. ,

22-69. BuuncinTe MOHHYIO CHAY, KO3(Q(HIUHEHT aKTHBHOCTH
HoHa Ca’* § ero akTHBHOCTb B DacTBOpe, | J KOTOPOro COAEPIKHT
0,002 mons CaCly u 0,003 Movib Ca (NOj)..

22-70. BHGHCAHTE HOHHYIO CHJIY, KO3(Q(HUHEHT aKTHBHOCTH
HOHa SO4*~ W €ro aKTHBHOCTb B PacTBOPE, B 1 J KOTODOTO cofep-
xHutea 0,003 mons NapSO4 m 0,002 Mone K.SO,.

22-7]. TIpH TOBHIIEHHH HOHHOA CHJIH DPacTBOPA YCHIIHBAETCS
3JIEKTPONMTHIECKAS NHCCOLHALHA H YBEJHYHBAIOTCA KOHUEHTpALH-
OHHble KOHCTAHTH JHCCOIHALIHH, MO3TOMY KOHCTAHTH AHCCOLHAIHH
SACKTPONHTOB CPABHHBAIOT NIPH HOHHOR cHJe, paBHOf Hyaw. Kak
OCYUIECTBHTb 3TO YCJOBHE?

22-72. B 0,002 M pacreope XJOpHRA JNHTHA CTENEHb ero AHCCO-
uxauun pasHa 97%, a 8 0,2 M pacTBope ona monuxaercs xo 81%.
OG6bsicHHTe NPHIHHH TAKOIO MOBEAEHHA COMH. MOXHO MM Ha OCHO-

Ig f=—0,5122y/T; g f=—0,51z2

13* 195,



BAHHHM 3THX AaHHHIX BRIYHCIHTb KOHCTAHTY (BI) AHCCOLHALHMH IJEKT-
ponuTta?

992-73. O6bsacHHTE, NOYEMY KOHCTAHTA AHCCONHAUHH (KOHILEHT-
panuoOHHas) no mepBod cTymeHH (ocdopHOH KHCIOTH B PacTBOpe
¢ uoHHo#t cuao#t 0,5 B 1,5 pa3a 6oJblie, UeM B pacTeape C HOHHOH
cuaoit 0,1.

22-74. O6DbscCHUTE, IOTeMY KOHCTAaHTa AHCCOLHAIHH (docdopHOH
KHUCJOTH 10 NepBOil -CTYNMeHH Bo3pacTaeT B 3 pa3a NpPH MOBHILUEHHH
Aabjenus po 2-108 [la.

99.75. O6bacHHTe YyTBepXKJeHHe: «BaHaHHe JaBjleHHs Ha JHC-
COLMAUUIO JIEKTPONHTA aHAJOTHYHO BJHAHHIO HOHHOH CHJIBI».

92-76, [TonwiTadiTech Npexcka3aTb, KaK H3MEHHTCA CKOPOCTb
peaKUHu MeXJy HOHAMH B PAcTBOpe NPH YBEAHUEHHH HOHHOH CH-
JAH pacTBOpA.

22-77. B pacTBOpax ¢ pasaHyHON HOHHOH CHJIOH peakKlUHH IpO-
TEKAIOT ¢ Pa3iMYHBIMH cKOpocTAMH. KOHCTaHTH PaBHOBECHS TaKKe
32BHCAT OT MOHHOH CHJIM pacreopa. Eciu cuHTaTh Bellectsa, 00y-
CJIOBJIHBAIOINIHE HOHHYIO CHJIY B pacTBODe, KaTalH3aTopaMu HJIH HH-
TH6HTOPAMH, TO TOIZd MOXXHO CIeJaTh BHIBOA, 4TO TaKHe BEIECTBA
CrnocoGHBl CIBHraTh paBHOBeCHe H HM3MEHATb KOHCTAaHTY paBHOBe-
CHA.

Kaxkoe Ballle MHeHHe 10 3TOMY BOIpocy?

99.78. O6bsCHHTE, MOUEMY TPH YBeJHYEHHH MOHHOH CHJIH pac-
TBOPA yBEJHUHBAETCH CKOPOCTb PeaKUHH MeXAy HOHAMH ONHHAKO-
BOrO 3apsifia M YMeHbIUaeTCa CKOPOCTb DeaKIHH MeXAy HOHAMH
pa3nHuHHIX 3apALOB.

22-79. Huxke JaHH TpHMepH BJHSIHHS TOBHIUIEHHS HOHHOA CH-
Jbl PACTBOPA Ha CKOPOCTb PeaKUui

{Co(NH,)sNQ,]2+ 4- OH" CKOpOCTb YMeHBUIAeTCA
S04 41~ CKOPOCTh YBeJHYHBAeTCA
[CO(CyO4)g)*~ + Fe2t CKOPOCTh YMEHRINAETCH

BulBeHTe NMpaBHJO, NMO3BOJSONlee NpPeficKa3aTh BJHAHHe HOHHOH
CHJIB HA CKOpPOCTb peaKIuu MeXA1Y HOHaMH.
22-80. CxropocTb peakuUuH
[Co(NHy)gNO,J*+ +- OH™ = [Co(NHy)sOHJ** - NO,~

SaBHCUT OT MOHHOR CHJIE pacTBOpa CleAyoUInM obpasoM:

I 2,34 5,61 8,10 11,22 11,73 16,90
k-10* 5.81 5,16 4,79 4,43 4,38 3.97

OmnpefiesuTe KOHCTAHTY CKOPOCTH 3TOA PeaKInH NPH HOHHOM cH-
sle, paBHO# Hy/J10. BEHUMCIUTE KOHCTAHTY CKOPOCTH 3TO¥ peakIHH
B 0,1, 1 u 10 M pacTBopax nepxJiopata HaTpHs H B TaKHX Xe pac-
TBOpax Cyibdata HaTpHA. MoOXHO JH CYHTATh BelleCTBa, HIMEHAIO-
Lliie HOHHYIO CHJY DAaCTBOPa, KATaJH3aTOPAMH HJH HHTHOHTOpaMH?

92.81. Kak u3MeHHTCS KOHCTAHTa AHCCOLHMAUHH YKCYCHOH KHC-
JOTH B PacTBOpe, €CIH BOAY (PacTBOpHTEe]b) 3aMeHHTh Ha a) Me-
THJOBHIH CHUPT, 6) STHAOBHA CnupT, B) GeH3on? '
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22-82. Bruucaute AG°, AH° u AS° mpouecca jauccourauun GeH-
30MHOM KHCJIOTHI:

CoHsCOOH = H* + C4H;COO0"

KoHCTaHTH JHCCOLHALHHN GeHn3ofnol KucaoTs npu 35 u 45°C paBHH
coorsercTBeHHo lg K=—4,221 u lg K=—4,241.

22-83. Huxe npuBeleHH KOHCTAHTH JHCCOLMALHH THAPOKCHA-
COflepXKAallUX HOHOB METaJIOB:

LiOH 0,5 BeOH+ 10-7
MgOH+ 1072 MgOH+ 10-2
YOH*+ 10-7 CaQH+ 3-10-3
ThOH3+ 10710 BaOH+ 2.10-1

KakHe BBHIBOABI CJAEAYIOT H3 3THX AAHHBIX?
22-84. KoHCTaHTH AHCCOLMAIMH HEKOTODHIX KHCJOT 3JEMEeHTOB
3 TlepHOJa NMEPHOJHYECKONR CHCTEMBI CJeAYIOLLHe:

Hj3S10g H3POg¢ H3SO4 HCIOg

K, 2,2-10-10 7,5-10-8 1,0-108 ©
K, 1,6-10-12 6,3-10-8 1,2.10-2 )

KaKaﬁ NpOCJEXHBAETCA 3aBHCHMOCTL CHJBI KHCJOT OT MECT4
3JleMeHTa B NEpHOJE TepHOAHYECKOH CHCTeMH, 3apsifa LeHTpPaJbHOo-
ro MoHa W ero paamepa (papuyca)? IlpesckaxHre KOHCTaHTY (Hl)
JHCCOUMALMH AaJNIOMHHHEBOH KHCJOTHI.

22-85. Koncranra jguccondanud caabofi KUCJOTH B BOJHOM pac-
TBOPe CJOXKHHM 06pa3oM 3aBHCHT OT TeMnepaTyph. Yacto B HH-
TepBaste 0—60 °C nabniofaerTcd MakcCHMyM (Y YKCYCHOH U MYpaBLH-
HO¥ Kucaot mpu 25°C, y mponHoHoBo# xucaoTh npu 20°C, y Mac-
asuolt npu 10°C. TlpeanoxeHo HecKoNAbKO O6BbsCHEHHA NMOSBJIEHHS
MakcHMyMa. OfHO M3 HHX OCHOBaHO Ha H3MEHEHHH 3HAaKa 3HTAJlb-
IHH pacrBopenus. AT0 BH3BAaHO NPOTHBONOJOXKHHM XapakTepoM
TeMIepaTypHBIX 3aBHCHMOCTEH [BYX OAHOBpPeMeHHO IPOTEKaIOLIHX
OPOLECCOB: 3JEKTPOJNMTHYECKOH AHMCCOLUMALMH MOJEKYJ H THipaTa-
IHH obpa3youuxcs HoHOB. (KakoBo BiHMAHHe 3THX NpPOILECCOB Ha
KOHCTQHTY AMCCOLMALHUH KHUCJOTH?).

BTopoe ofGbscHeHHe NpelNoJaraeT BJAHMAHME Ha paBHOBECH®
JHCCOLMALMH JBYX TaKXXe NPOTHBONOJOMXHHIX N0 XapakrTepy ¢ak-
TOPOB: TNOIJIOLIEHHe TEIJIOTHl NPH AHCCOLHAIHH (4TO NPHBOAHT K
CMellleHHIO paBHOBeCHA IPH TOBHILEHHH TeMIepaTyphl B CTOPOHY
06pa3oBaHHs HOHOB) W yMeHbLI€HHe AH3JNEKTPHUECKOA NPOHHIlae-
MOCTH BOAH (4TO ocJabJseT AHCCOLHALHIO).

Kaxoe oGbsacnenne Kaxercss Bam Gosee mpaBuasHHM? [Ipendo-
JXHuTe cBoe 00bsACHEHHE. :

22-86. Jlumonnas kucaora (HOOCCH,).C(OH)COOH — rpex-
OCHOBHAsl KHC/J0Ta. MaKCHMYMH KOHCTaHT AHCCOLHAIMH IO INep-
BOH, BTOPOH H TpeTbell CTYHNEHSM IHCCOLHAUHH HAXOAfATCH COOT-
BetcTBeHHO npH 60, 40 1 10°C. O6BsicHHTe, MOYeMy TeMIepaTypH,
IpPH KOTODHX TPOSBJAAIOTCA MaKCHMYMH, He paBHH M MNOHHXXalOTCH
1o Mepe OTPHBA aTOMOB BOAOPOAA OT MOJIEKYJH KHCJOTH.
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22-87. KoHCTaHTH OHCCOUMAUMH JHMOHHON KHCIOTH NMPH ABYX
TeMIepaTypax paBHBI

16°C 30°C
K 6,92.10-4 7,66.10~4
Ka 1,65.10- 1,76.10-
Ks 4,13.10- 3,99-10-1

BHuHCAHTe TepMOZHHAMHIECKHe XapaKTePHCTHKH Tpollecca JHcC-
COLMALAH JIHMOHHOR KHCJOTH M0 KaXOoR CTynmeHH B HHTepBale
TeMnepatyp 15—30°C. O6bscHHTe MOJYyUeHHHE Pe3y/bTaThl.

22-88. KoHcTaHTa AUCCOLHAUHH YKCYCHO# KHcaoTH npH 10, 25
n 40°C paBHa cooTBercTBeHHO 1,729-10-5, 1,754-105 u 1,703-10-5.
BrunHcaHTe TePMOAHHAMHYECKHe XapaKTepHCTHKH Mpolecca JLHCCO-
UHAlHA KHCJIOTH B HHTepBalax Temmepatyp 10—25°C u 256—40°C.
O6bACHUTE NONYYEeHHHE PesyabTaTHL.

22-89. lna ¢ymapoBoit H MaJIeHHOBOR KHCJIOT

H_ ,COOH H_ ,COOH
\C/ \C/
: :
Hooc” N\H H” \CooH

NIPEACKAKHTE pas/iHuHe B 3HAUEHHSAX NepBOA KOHCTAHTH JAHCCOLHA-
UKM (HCHONB3ysd NpeACTaBJAEHHE O BHYTPHMOJEKYJNSPHOM B3aHMO-
BeflcTBHH) ¥ BTOPOM KOHCTAaHTH (HCIIOJB3Yd INpeACTaBJeHHA O
BHYTPUMOJEKYAIPHOH BOSOPOJHOR CBA3H).

22-90. YxaxnTe, KarHe H3 ciaeAyioliux (akTopoB: TeMIiepaTy-
pPa, NpHUPOAA PACTBOPHTEJIA, KOHIEHTPAUHA PacTBOPEHHOTO Belie-
CTBA, HaJUIHe OXHOHMEHHOIO HOHA H CHJBHOIO 3JCKTPOJHTA (HJIH
APYrHe) BJIHSIOT Ha TaKHe XaPaKTeDHCTHKH fIpollecca AHCCOLHAIHH,
Kak AG®°, AH®, AS®, K, a.

22-91. KoHeranTa JAHCCOLUHMAIMH YTLOJbHOH KHCIOTH 1O IepBOA
cryneru npu 0'u 50 °C cootreTcTBeHHO paBHa 2,95-10~7 u 4,90-10~7.
BriBenuTe ypaBHeHHE 3aBHCHMOCTH KOHCTAHTH JHMCCOUHALHH yroJb-
HOMl KHCJIOTH OT TemnepaTypH. Buumcaute K; npH cTangaprTHOH
rTemneparype. BuunciaTe 3Hauenuss AH° u AS° mpoumecca Aucoo-
nuauuu ¥ ob6bsAcHHTe MX 3HaKd. Paccuntaiite AG° mpu JABYX TeM-
nepatypax. Kak o6bsicHUTB, 4TO ¢ MOBHIUEGHHEM TEMMEpaTyphbl H30-
Gapuulii MOTeHIHaJ Tpolecca CTAaHOBHTCH Bce 6oJee MOJOXKHUTENb-
HOH BeJIHYMHOMN, XOTH KOHCTAHTa AHOCOUHAIHH BO3PacTaeT?

22-92. KoncTanTH gHccouHanud ¢yMapoBOH H MaJleHHOBOH KHc-
J0T PaBHH COOTBETCTBEHHO

H._,COOH H._,COOH

C C

I I

C C
nooc” \H 1 \CooH
K1=9,6-10—4 K1=],2-10—’
Kg=4,1-10-56 K2-6,6'10—7
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Kakne HeoXHpaHHHe (aKTH 0GHApYKHBAIOTCA MPH H3YIEHHH STHX
JLaHHBIX?

22-93. Huxe mpuBefieHH OTHOLIEHHS MePBOA M BTOPOHA KOHCTaHT
nucconnanun Ki/K; HeKOTODHX IBYXOCHOBHBIX KapGOHOBHIX KHC-
a0t ans HOOCCH,COOH 1120, nnma HOOC (CHy)COOH 12,3,
aas HOOC (CH,) sCOOH 9,3. :

Chopmyaupyiite BOIpOC, KOTOPHA BO3HHKAET H3 PacCMOTPEHHA
STHX JaHHHIX.

29-94. OTtHolleHne TepBOf ¥ BTOPOA KOHCTAHT JAHCCOUHMALHH
Ki/K: BOILH H cepOBONOPOAA COCTaBIseT cooTBeTcTBeHHO 1072 H
107, [TpuBenHTe BO3MOMXHHE O6BACHEHHS CTOJb BHICOKOTO DPA3JIHIHA
koHetaut. IlpefcKaxute cooTHoueHue KoHcTaRT s HoSe u HiTe.

22-95. Koucranrta auccouxanun ¢roposoaopona B BOIHOM pac-
tBope (25°C) paBHa

HF = H* 4 F- K='[I-I[;_}F—[]F.]=8-10“ MOJB/1

KoHcTanTa CKOPOCTH 3JeMeHTAapHOA PeakIHH
H+4+F =HF k= 1.1011 a/(Monb-c)

BHluKC/IHTe KOHCTaHTY CKOPOCTH AHCcOUMAalHH (TOPOBOAOPOAA.

22-96. ITpenckaxure, KaK H3MEHHTCA KOHCTaHTa JHCCOLHALHKH
YKCYCHOM KHCMOTH TMpH 3aMeHe atoMa Bopopofa ® rpymme CHj Ha
aToMH (TOpa, xJopa HJH 6poMa.

22-97. KoHcTaHTa AMCCOLMAUMH DHADOKCHAA aMMOHHS MpH
25°C pasna 1,8-10-5. KoHcranTa AHCCOUMALMH THAPOKCHIA aMMO-
HUs1, B KOTOPOM BCe aTOMH BOLODOXa 3aMeHeHH nefirepuem, ND,OD
cocrapaser 1,1-1075, O6psicHHTe TMPHIHHY YMEHbIIEHHS KOHCTaHTH
JUHCCOIIH aIIHH.

92-98. Paccaurafite AG° auccoUHAUHH YKCYCHOR KHCJIOTH, €CJH
KOHCTaHTa OMccoumauuu pasHa 1,86-1075. CamonpouasosieH JH
-fIpotece AMcconHanuH? Kakoft mpolecc B CHCTeMe [CHsCOO~] =
=[H+] =[CHyCOOH] =1 Moab/1 TpOTEKaeT CaMONDPOH3BOJILHO?

92.99, Koucrautn muccouuamuu (npu 25°C) KHCJAOT YKCYCHOH
CH,;COOH, ¢dTopyKCYyCHOH FCH,COOH, XJIOpPYKCYCHOR
CICH,COOH u 6pomykcycuofi BrCH,COOH cootsercTBeHHO pas-
gu 1,75-10-5, 2,59-10-3, 1,36.10~2 u 1,25-10-3, O6cyauTe BIHSHAE
saMeHH aToMa Bojopojaa B rpymme CH: nHa aToMm ¢ropa, xaopa
u 6poma.

22-100. IMpenckaxuTe, KaK H3MEHHTCA CHJa GeHsoHHOR KHCJIO-
T C¢HsCOOH npu 3aMeHe 0HOrO aToMa BOAOPOAA B GEH30MBHOM
KoJblle HA aTOMH (Topa, XJopa HIH Gpoma.

99-101. HrXe NaHH KOHCTAHTH AHCCOLUHANHH GeH30fHOH, dTOp-
Gensofimux, XJIop6eH30ANHX U 6poMOeH30RHEX KHCIOT (25°C):

KAHCC
Bensotnax CsHsCOOH 6,29-10-5
m-dropbensoiinas 1,36-10-¢
o-®ropbensoiinas FC¢H,COOH 5,41.10-¢
n-®dropbensoiinas 7,22.10-%
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KAHCC

#-XnopGeHsofinas 1,5.10~¢
o-Xnop6eHaofinas CIC4H,COOH 1,2.10-3
n-XaopGensoiinas 1,03-10-8
x-Bpomberaofinas 1,65-10-4
o-BpomGensofinas } BrCsH,COOH 1,40-10-3
n-bBpoMGeH3oitnas 9,95.10-8

O6cynure sansHHe aTtoMoB ¢Topa, xaopa #u 6poMa B GeHzolHOMA
KHC/IOTE H IMOJOXKEHHS ATOMOB TaJIOTeHOB B GeH30JBHOM KOJbLE
Ha CHJIY COOTBETCTBYIOLIHX KHCJOT. ‘ :
22-102. Huxe npuBeleHHl KOHCTAHTHI AHCCOUHALHH HEKOTOPHIX
(ocHOPHEIX KHCJIOT H HX HOHOB:

K e Kouee
H,PO, 7,5.10-8 HiPO, 1,6.-102
HoPO4~ 6,2.10-8 HaPO. 1,0-10-2
HPO,%*- 1,0-10-12

KaKne BHIBOAE MOXHO CAEJATh M3 3THX JAHHEIX?
22-103. Huxe mpuBefeHH TepMOLHHAMHYECKHE XapaKTEPHCTHKH
doctopHOi KHCIOTH U HOHOB, 0GPA3YIOIMXCS MPH ee AHCCOLHALHH:

AHnu o6p AS°s,
kI x/Monb J%/(K-Moanb)
HsPO, —1290 176,1
H:PO,~ —1302 89,1
HPO, 2~ —1299 —36,0
POg&- —1284 —217,6
H+ 0 0

Buiunc/uTe TepMOAHHAMHYECKHE XaPaKTeDUCTHKH MPOLECCOB MO-
clefoBaTe/bHON AHCccouHanuH docdopHoii Kucaorh. Ha ocHoBanun
NOJYYeHHHIX Pe3yabTaToB chopMyaupyiite u o6bsSCHHTE BOSHHKLIHE
npo6aeMHl.

22-104. TepMofiHHAMHYECKHe XapaKTePHCTHKH TMPOLECCOB CTY-
neHyaToR AHcconHanuH GochopHOH KUCIOTH CJefYOlIHE:

AH°ggs, AS°ags,
K]k /MONB Jx/(K . MOnB)
H,PO,=H++4H,PO —12 —87,0
H2p04—=H++HpO42— +3 '—125,0
HPO2-=H++POg- +15 —181,6

UTO KaXeTcs] HEOXHAAHHKEIM B 3THX JaBHBIXP
22-105. ITpouecc puccomuanuu GochopHol KHCAOTH B BOLHOM
pacTBope
HyPO, = H* + H,PO,~

xapakTepusyercs AH°gs=—12 kJx/Momp B AS®;5=—87,0
IOx/(K-Monp). VsMeHeHHsl 3HTAJbIHH H SHTPONHH — OTPHIATENb- -
HH, XOTdA, Ka3ajochb GH, NPH AHCCOLUHALMH AJA paspbiBa CBsi3efl
Tpe6GyeTcs SHeprHs, a yBe/HUEHHe YHCJIA YACTHI, JOJXKHO MPHBECTH
K YMeHbIIEHHIO cTeneHu nopsiika. OOGhICHATE STOT YAHBHTEILHEIR
daxr.

200



99:106. Huxe npuBeieHEl HEKOTOpHE CBOHCTBa rajoreHoBONO-

pPOLOB:
AH® - °C 4 °C 01 M
Kﬂ,‘,’(ﬁ,ﬁf}ﬁ th:)lgggfgﬁ- funs KH p(:c:Bope. %

nHe, HM

HF —272 0,092 —83 +19,5 9,0

HCl —92 0,128 —114 —85 92,6

HBr - —33 0,141 —87 —67 93,6

HI +25 0,162 —51 —35 95,0

Kakne BONPOCH BO3HHKAIOT IPH PaCCMOTPEHHH STHX ILaHHHX?

22-107. TepMOAUHAMHYECKHE XapaKTePHCTHKH (298 K) mpo-
mecca AMCCOLMAIHH TajJOreHOBOAOPOJAOBR B BOJAHBIX PacTBOpax HMe-
0T CJefyloliye 3HaYeHHA:

AH®, kJx/Monb AS°, Jx/(K-moan) AH°, xJx/M0ab AS°, Ix/(K-Moas)
HF —12,6 —87,1 HBr —63,6 —-38,1
HCl1 —57,4 —56,1 HI —59,0 —13 .4

MOXHO JIH Ha OCHOBAHHH 3THX JAHHHIX PAacCUHTATh KOHCTAHTH
PaBHOBECHSI JHMCCOMHALMH? CdopmyaupyiiTe BONPOCH, BO3HHKAIO-
[iMe Mpy aHalH3e 3THX JAHHBIX U nafite Ha HuX 06ocHOBaHHbBIE OT-
BeTHI.

TJTABA 5
XUMHUYECKUE MPOILECChI B PACTBOPAX

§ 23. HEATPAJIH3AILLUS. JUCCOLLHALLUSA BOJIbI, pH PACTBOPOB

93-1. B uem ImpHYMHA CTOJDb CHJIBHONO Pa3JHYHSA 3HTaANBNUi  mpo-
I[E€CCOB:
H*(p)+ OH- (p) = H;0 (k); ~ AH°= —56,5 xllx
H*(r) 4+ OH~ (r) = H,0 (%); AH® = —1604 x[Ix
93-2. Hanuwure COKpPALLeHHBIM MOJIEKYJASPHO-HOHHBIM  CIOCO-
60M mpUMEpH ypaBHeHMH peaKIHH Heffrpaiu3alud a) CHJBHOMA
KHCIOTHl CHIbHBIM OCHOBaHHEM, 6) CUJIBHOM KHMCJIOTH CJaGBIM OC-
HOBaHUEM, B) ca1aGofl KHCIOTHl CHJIBHEIM OCHOBAHHEM H r) ciaabo#
KUCJOTH ¢1a0bIM OCHOBaHHEM.
93-3. Hanuuiute ypaBHeHHA CHEAYIOLUIHX MPOLECCOB H YKaXu-
Te, KAKHE M3 HUX SBJAIOTCA PEaKUUsMH HeHTpaln3aluu:

1)1NaHCO;, (p) + NaOH (p) 7) NaCH4COO (p) + HCI (p)
2) NaHCO, (p) -+ NaGOH (x) 8) NaCH,COO (p) + NH,CI (p)
3) NaHCO, (p) + HCI (p) 9) HCI (p) + FeS (x)
4) NaHCOj, (p) + HCI (r) 10) NaOH (x) + HCI (r)
5) Na,COq (p) -+ NaOH (p)
6) Mg(OH), (x) - H,S04 (p)
IMpensoxure cnocoGbl xnacondUKalHy peakuuil HeHTpaau3aluH.
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23-4. Huxe npuBefleHH NpPHMEepH HaNHCAHHA ypPaBHeHHH peak-
MHA HeATPaNH3aLUHM COKPAIeHHHM MOJIEKY/ISPHO-HOHHEIM CIOCO-
GoM:

a) cuJibHag KHCJIOTA -+ CHJABHOE OCHOBAaHHe

H* 4 OH~ = H,0

6) CHIbHAs KHCJOTa-+caaboe OCHOBaHHe
H+ 4 NH,OH = NH,* -+ H,0

B} cnabas KHCJIOTa- CHIBHOE OCHOBAaHHE
CH,COOH + OH~ = CH4C00- + H,0

r) ciaboe ocHOBaHHe-+caabasg KHCAOTA

NH,OH - CH,COOH = NH,* -I- CH;C0O" - H,0

CocraBbTe NpaBH/IO (AJrOPHTM) HANHCAHMSA YPABHOHHH peak-
Ui HeHTpaln3aluy.

23-5. Ilpn cmemenun | M BogHBIX pPacTBOPOB OJHOIO H3 CJe-
Aylomnx BeillectB: NaOH, KOH, CsOH ¢ oaurakoBeIMH 06beMaMHu
1 M pacteopos HCI, HBr, HNOs, HCIO4 Bhgenserca mpumepHo
OIHO H TO XK€ KOJHYECTBO TeNJOTHl, COCTaBJswIlee 55—
59 x[xk/monb. O ueM sTo cBuAeTeabcTBYeT? Hamuimure ypaBHeHus
peakuHi.

23-6. Ilpu cmemennn 1 M BOXHBIX PACTBOPOB OQHOH H3 CJeLy-
IOIHX KHCJIOT: a30THOH, YKCYCHOH, GeH30HHOH M IaBeseBOl ¢ OLH-
HaKOBbIMH 00beMamu | M pacrsopo NaOH uin KOH o6uapyxu-
BAalOTCA pasjHuHLe TenJoBhle addexkTs. Kak 310 06bsICHUTL?

23-7. PacnonoxuTe ciepyiolllie pearHpyloiide CHCTEMH B HO-
pAlKe yBeJHYeHHA TellsioBoro addexrTa:

' CHyCOOH + KOH

CH,COOH - NH,OH
NH,OH -+ HCl
KOH + HCl

23-8. Huxe mnpuBeleHN 3HTaNbOHM [pollecca HeRTpaaH3alHH
HEKOTOPHX KHCJOT:

AH®, Kk JIx/Moas AH°, kKJx/MOAbL
CH,COOH+NaOH 55,2 H,SO,+ INaOH 60,7
HCl+NaOH 57,3 H,S0,+2NaOH 128,9
HBr+NaOH 56,9 H;PO,+ INaOH 61,5
HNO3;+NaOH 57,3 H,P0O,+2NaOH 110,9

H3PO,4+3NaOH 144,3

Hcxols U3 9THX AAHHHX, [IPHBEJHTe KaK MOXHO GoJiblie CBe-
EeHul 0 NPHpPOJe IepeyncJeHHHX KUCJIOT KaK 3JeKTPOJHTOB.

23-9. KucaotHocTh pacrBopa docdopHO#l KHCIOTH B BOAe C H30-
TONOM KHcaopona 80 HuxKe, YeM KHCIOTHOCTb PacTBOPA 3TOH KHC-
JoTH B o6nUHON Bone. Kak 570 06bACHUTH?
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93-10. Peakuuio HeATpanH3alHH OGHIYHO 3aMHCHIBAIOT B BHIC
ypaBHeHH

H,0* + OH~ = 2H,0

[ToueMy He cyllecTBYeT COE€JHHEHHA (H;O)OH? [Touemy aBa mpo-
" PHBOMOJIOKHO 3apAXeHHHX HoHa HiOt u OH— me cnocofusl K 00b-
elMHEHHIO B €HHYIO HeHTpaJbHYI0 YaCTHIY (Hz0)OH?

93-11. YKaXxHTe mpolecc, OrPAHHUHBAIOMUHA CKOPOCTh DEAKIHH
HefiTpa/su3aluy B Pa36aBJeHHOM pacTBope

HyO* + OH- = 2H;0

93-12. MMeercs MHOro JA0Ka3aTeJbCTB, UYTO KHCJOTHBIC CBOHCT-
Ba BOJHOTO PACTBOPA OTPEAENSIOTCH He KOHUeHTpauuedi HOHOB H+,
a HoHos HiO+ layueHHe KHCIOTHOCTH PacTBOPOB (ocdopHOll KHC-
JIOTH, IPUTOTOBJNEHHONK B 00HIYHOM BOJe H,'%O u B BOJE C TAXKEJIHIM
n3oTonoM kuciaopoaa Hy'®0, moxasano, uTo B NMOC/AEXHEM pacTBOpe
KHCJIOTHOCTb HHXe. DTO TOBODHT O TOM, 4TO MOJIEKyJ/a H,!80 ynep-
xkuBaeT nporon Ht cnabee, ueM MoJeKyna H,'*0O u B pacTtBOpe
H,'80 xonuentpanus HomoB ruapokconus Hs'®*Ot Memnbuwe, €dTO
o6yc0BaHBaeT MeHee KHCJYIO cpely pacTBopa. IMonurahtecs 06b-
ICHUTD, TIoUeMy TpounocTs cBa3n O—H 3aBucur ot aToMHOH Mac-
CH KHcaopoaa?

IIpeackaXuTe H3MeHeHHe KHCJIOTHOCTH PacTBOPOB NPH CAEAYIO-
IIHX H3OTONHHX 3aMelleHHsx B Modekynax: 1) DO, 2) D3;PO,,
3) HyP'0,.

23-13. [To 3naueHHI0 KOHCTAHTH AHCCOLHANHH BOABI

H,0 = H* 4 OH~

{H*][OH™]

Kauce = _[T‘IzT =1,8.10-16

JeTKO paccuuTaTbh €€ HOHHOEC I pOH3BeASHHE ‘

1000
18

Ky = [H*][OH] = 1,8-10-16. ~ 1.10-14

PaccuuTaiiTe KOHCTAHTY [AMCCOIHAllHH BOAB B COOTBETCTBHH C
ypaBHeHHEM

9H,0 = Hy0* + OH"

YeMy paBHO HOHHOE MPOH3BENEHHE BOJH Ke=[H30*][OH-T?
93-14. KakoBH pasMepHOCTH H B KaKHX elHHHIAX H3MEpATCA
KOHCTAHTa JHCCOLLMALUU BOJABI H HOHHOE NpOU3BEAECHHE BOthI?
93-15. OGbACHHTe, MoueMy HOHHOe mpoH3Besenne ([D+][OD-]
mpu 25°C mpumepHo B 8 pa3 MeHblle HOHHOTO TPOH3BEAEHUS
[H+] [OH"].
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23-16. Huxe mpuBefieHBl JOrapu®MBl HOHHOrO IPOH3BEJEHHA
BO/JB! ITPH Pas3JHYHHIX AaBieHusx (25°C):

p, Tla 1.108 2.108 6-107 1-108
lg Ka —13,998 —I13,918 —I13,767 —13,630

B Kakyio cTopoHy cMelllaeTcs paBHOBecHe
H,0 = H* 4 OH-

pH yBeJAHYeHHH JAaBjeHua? Uto Goabiue: o6beM 1 MoJb BOAH HIH
1 Moae OH= u 1 mons H+?

23-17. Hcxona u3 Toro, uro aas wuctofi soaw [H+][OH-]=
=1.10"", BuuncnuTe HOHHOE poU3BesenHe BoAH B 0,01 M pacTso-
pe NaCl. ,

23-18. HorHoe npoussefenue Boan npu 10 u 30°C pasuO coOT-
BerctBeHHo 0,36-10-' p 1,89.10~!4, BhiuncaHTe TepMOMHHAMHTE-
CKHe XaDAaKTEePUCTHKH [IHCCOLHALHH BOABl H HOHHOE TPOHM3BEIAEHHE
mpu 20°C. KakoBo H3MeHeHHe mOpsAXa B CHCTEMe TIPH AMCCOLHA-
nxn BOAH? HamuurHre ypaBHeHHe caMOmpoH3BOJBHO mpoTeKamollle- -
ro mpouecca B cucreMe '[H+] =[OH-]=[H,0]=1 wmoas/n.

23-19. lns auccolHanyuy BOAB COIJIacHO YpPaBHEHHIO

H,0 = H* -+ OH~

10 3Ha4YeHHIO HOHHOI'O IpOH3BEAEHHUS BOJLI pacCUHTaHH 3Haye€HHA
H3063pHOl"O IIOTEeHI HaJa:

AG°= —RTInK,

t,°C T, K i(n AG, x[x/monp
15 288 0,45.10-14 79,214
20 293 0,68.10714 79,591
25 298 1,01.10-14 79,968

YUto KaxeTcs yAHBHTENbHHIM B 3THX JaHHHX? BHIBeIHTe ypaBHe-
HHe 3aBHCHMOCTH AG® oT TeMmepartyp M oGbscHHTe (H3HYeCKHA
CMBICJ KO3(Q(QDHINEHTOB B MOJYUEHHOM YpaBHEHHH.

23-20. HoxaxHure, 9to

pH-- pOH = 14

23-21. Umerorcs pactBopul NaOH u HCI. Kouuenrtpauus onxo-
ro u3 HuUx H3BecTHa. [IpessoxHTe crmoco6 omnpenescHHs KOHIEHT-
pallun Apyroro (KOTOPHIH, pasyMeeTcsl, HHKOrJa He INpHMeHsercs).

Bac mmeroTcss TO/MbKO MepHHle KOJGH, KOJAGH JJ8 THTPOBAaHHS,
MHIETKH H GIOpeTKH, HO HeT HHKaKHX Npu6OpOB H HHAHKATOPOB.

23-22. Tlepeuncaute TpeGoBaHus, MpelbABAACMEE K HHIHKATO-
paM Aas onpeneienusa pH pacrBopoB (u TUTpOBaHH#).

23-23. MamMenenne OKpacKH HHAHKaTopa mpH wu3MeHenuu pH
Cpelbl TPOHUCXOAHUT CKayKooOpPa3HO B MOMEHT, KOrfa KoHIeHTpa-
unsi nonos H* uam OH-— cranoBuTcs D0CTaToOuHOMR AJ18 XHMHUECKO-
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ro mpeBpallleHHs HHAHKATOPA, HANMpPHMEp, [ METHJOBOrO OpaH-

KeBOTO:
CHa\ HC1
N— NoN=N—¢ N_s0,Na ==
CHa/ __ \__/ NaCOH
tesIouHan cpefia
KEJThIR
_CH3\+ — I|1 / )
— R=( y=N—N—{ N_s0,H
e/ =/ — 3

KHCaag cpefa
KpacHh

Kak BBl cuHTaeTe, MOXKHO JH Ha OCHOBAHHH H3MeHEHHsS OKDacKH
pacTBOpa OLEHHTh JHEePrHio Nepexoja HHAHKaTopa OAHOH (opMbt
B JApyryio?

23-24. Kucnble pacTBOPH HMEIOT KHCJBIH BKYC, IUeNOYHLIC —
BKyc MblIa, ‘CIHBAIOTCS paBHHE 06beMEl PacTBOPOB XJOPOBOLODOA-
HOH KHCJOTH W THIPOKCHAA HATPHA ONMHAKOBOH KOHLEHTpalHH.
KakoB BKyC TIOJTyY€HHOro pacTBopa?

23-25. TIpH THTPOBaHHH KHCJOTOH ONHOrO H TOro e obbeMa
IeNOYH OBLIIM  H3PACXOJOBaHBl cJelylolllde OGBEMH KHCIOTH
(e ma): 21,35; 21,85; 21,65; 21,45; 21,70; 21,66; 21,68; 21,60; 21,65:
21,72. TlpoBefuTe CTAaTHCTHUECKYI0 06PabOTKY 3THX Pe3yJbTaToB.

93-26. Ha meiitpanusauuio 25 Ma pacrsopa KOH morpeGoBa-
Jock 10,24 ma 0,10562 M pactBopa HySO4. KakoBa MoJsipHOCT pac-
TBOpa leaoun u pH?

93-27. Ha turpoBanme pactBopa, cofepxamero 0,2023 r.
Na,COs, uspacxonosano 20,18 M1 pacTBopa XJ0POBOAOPOAHOH KHCe
aote. KakoBa ero koHuextpauns pacrsopa HCI?

23-28. Kako#t o6bem 1 M' pactBopa HCI tpebyercss n06aBHTb
kK 100 ma1 9%-noro pacteopa KOH (p=1,006 r/cmM3) no mocTuxe-
Hus pH=5,5?

23-29. Jsis m3ydyeHHsl peakIlHH OMBUIEHHs STHNANETaTa

CH,COOC,H; -+ NaOH = NaCH;COO + C,HsOH

6LIH B3SATH paBHHe To Konnentpauun (0,02 moan/n) u 06BEMY
pactBopH adupa u menoan. CojgepxaHue LIEJOUH B peaknuoHHON
CHCTEMe MO Mepe MPOXOXKIeHHS PeaKIuH ONpeLesd THTPOBAHHEM:

T, MHH 5 15 35 55 120
Konnenrpanus wenoyd, Moas/a 0,013  0,0077 0,0043 0,0029 0,.0014

Onpenenute NOPsAOK peaknuu. Brlunciurte cpelnee 3HaqeHHE
KOHCTAHTHl CKOPOCTH peakunu u pH pacTBopa B KaAblii MOMEHT
ppemMenn. Kako#f merop Aaer Gojiee BHICOKYIO TOHHOCTHL Ompeaese-
HHSI KOHCTaHTH — THTPOBaHHe WJH TOTEHIMOMETPHYECKoe omnpene-
aenne pH pacteopa?

23-30. Omun u3 MeromoB ompefenenHs pH pacrsopa cocToHT
B TOC/JEOBATENbHOM MCIBITAHHH Pa3NHYHBIMH HHAHKAaTOPaMH He-
CKOMBLKEX Ipo6 u3yuaemoro pacrBopa. ‘Ha puc. 23-1 mokasana ox-
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Q6nacmy Oxpackn unfukamopa npu pH
N o AR AR R R AR A A R AL

MemunDBuiil uonemofel|  1—3  |Keamas ﬁgg"ﬁuﬁﬁﬂ Pugnemoban
Memuno8uil ppanmeeBoill| 3—4 4 Po3pbos ,%%’,;] Kenman

A-HUMPO@eHon 5—7 BecyBemnas ,%m Xenmas

PeHONPMANEUH 8-10 Becyfemnan |Aosabas] kpacHo-anunoban
AnusapunoBeid senmeil| 10 —12 Xeamas om0 | Opanmcedan

Wduzorapmuk 12-1% lonydas Jenewas) HEv

packa pacrBOpoB HEKOTOPHIX HHAHKATOPOB B KHMCJOTHOH ¢opMme, B
ofJnacTd mepexoja H B INenouHOM dopme. HcenbiTanwe pactBopa
yhao6Hee HauMHATh ¢ deHONDTaNeHHA, YTOGH ONpPEAETHTh, KaKHMH
HHAMKATOPaMH CJeAyeT NOJb30BATHCH B MOCJAEAYIOIUHX ONETAX.
- IlpeanonoxumM, yro 2—3 xansau pactBopa (eHosadTantenHa, L06as-
JIeHHBIe K 3—4 MJI HCCJEeAYEeMOro pPacTBOpa, BHISBIBAIOT KPacHO-Ma-
JIHHOBYIO OKpacky, ciaemosateabHo, pH>10. 3ateM wHa gpyryio
npo6y pacTtBopa HeOGXOAMMO MOAEHCTBOBATH HHAMKATODOM ajH3a-
PHHOBBHIM XKeJ/TBIM, TIOJyYyaeTcs — TEMHO-XKeJTasi OKpacka. 3HauuT
pHa11.
OuenuTte snauenne pH pactBopos, ecau npu AeficTBHH HHAHKa-
TOPOB NOABJSIETCA CeAYIOLlaA OKpacKa:
a) denoadranenH — GecllBeTHAA
n-uuTpodeHos — GecuseTHast
METHJIOBHIH OpaHXeBHH — po30Bas
MEeTHJIOBBIH (HOJNETOBHH — rosy6as
6) denoabranenn — 6ecuseTHas
n-HUTpoderos — GecupeTHAs
METHJIOBBIH OPaHKeBHi — XeJiTas
B) deHoadTaNeHH — po3oBas
aJIH3aPHHOBHIA XeJTHH — TeMHO-XeJTasA
T) aJM3aPHHOBHI XeJTHIH — OpaHXeBast
HHAHrOKapMHH — rosy6as.
23-31. KakoBo 3nauenne pH pacTBOpOB, eCliM HHAMKATOPH MO«
Ka3aJi:
a) pH10 u pH>10
6) pH>4,3 u pHKS
B) I0KpHKI12 n 12 pHL 4

23-32. lna pactBopa cuabHOH KucaoTe pH=—Ig ca*, aas pac-
TBOPa cHJABHOro ocHoBaHHs pH=14—Ig cou-. YKaxHTe rpaHHIH
IPHMEHHMOCTH 9THX (HOpMYyJ.

23-33. Yemy pamen pH 1-10~1° M pactsopa HCl u 1-10~* M
pactsopa NaOH?

23-34. Buuncante pH 0,0184 M pactsopos HCl u KOH.

23-35. Temnepartypa 3aMepsanuss 0,105 M pactBopa cepHOf
KHCAOTH paBHa —O0,419°C. KagoBa OCHOBHOCTb CEPHOH KHCAOTHI?
Ouennte pH storo pacreopa?
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23-36. TemnepaTypa 3amep3anns 0,01784 MonsANBHOIO (0,1322 r
B 100 r H,0) pacTBopa rumpokcuia Gapus paBHa —0,088°C. Bur-
yucanTe pH aroro pacreopa. .

23-37. ViMeercs ONHOMOJSAPHHEIH, ONAHOHOPMAaJBHEIM, OJHOMO-
nanpubi u 1%-Hbi# pactBop HeSO,. Onenute pH aTHX pacTBOpPOB.
Kaxkoe npeanoJoxesne Bam npHuLIoch caenaThb? ‘

23-38. Briuncaure pH pacTBOpoB ¢ KOHHEHTpAlHeH HOHOB BO-
gopoia cu*=1-10"2%, 3.107%, 3,45-10-2, 6,789-10—° wmoan/a. Onu-
IIHTe MOPANOK onepanuil BHYHC/AEHHSA pH npu nomoumu TaGMIbE
norapudmos, jorapudmuzeckodi IHHEHKH, KAaDMaHHOTO 3JEKTPOH-
HOTO KaJbKYJAATOpa, KaJbKYJsTOpa ¢ BBOAWMOA mporpaMMoR Aeii-
CTBHH. '

23-39. BriuncauTe KOHIEHTPAllHIO HOHOB BOAOpONa B pPacTBO-
pax ¢ pH=3; 3,01; 3,456; 10,987. OnuiunTe NOPALOK Oonepauui Bbl-
yucJeHHii mMpH nomowy Tabauusl Jorapudmos, JoraphudpmuuecKOH
JHHeHKH KapMaHHOroO 3JE€KTPOHHOIO KajlbKyJiAaTopa, KajbKyJaaTopa
¢ BBOAHUMON nmporpaMMoi AefcTBHH.

23-40. B 200 M pactsopa conepxurcs | r NaOH. Buuucaure
MoJsIpHOCTh, THTP U pH aToro pacrsopa.

23-40. Kaxoifi 06beM KOHIEHTPHDOBAHHOA XJIOPOBOAOPOIHOR
kucaoth [p=1,19 rfemd, ~12 M, 37,23% (macc.)] cnenyer pacrso-
PHTb B BOZe AJs moJyyeHus 1 a1 pacteopa ¢ pH=2?

23-41. Buuncaute pH pacrBopa, moJMyueHHOro TIPUJIHBAHHEM
9,5 Ma1 96%-mo#t HySO, (p=1,84 r/cm?®) Kk 8,5 a1 BOAH.

23-42. Buuncaure pH pacrsopa, MoayueHHOro NpPHJIHBaHHEM X
5 1 Boan 3,3 Ma 96%-Hoft cepHONl KHCIOTHL

93-43. Beuncoute pH 20%-moro  pacteopa KOH (p=
=1,176 r/cM?3).

23-44. Bruncaute pH pactBopa, moaydensoro mpHOaBjieHUEM
2 ma 72%-no#t HNO; (p=1,43 r/cm®) k 6,2 ;1 BORHL.

93-45. PacrBop menoun uMeer pH, papumit 8,315. Bruuciure
KOHIEHTPAlMI0 HOHOB BOAOPONA, MOJIAPHOCTE B HOPMAJILHOCTbL pac-
TBOpa, B IpeANOJOXeHuH, yto 310 pacrsop a) KOH, 6) Ba(OH)..

23-46. MoxHo su mpHroToBuTs pacrsopu ¢ pH 0, —1, —2, 14,
15, 16?

23-47. Pacreopuan 1 r HCl (man H,SO,, NaOH, KOH) B 1 a1
BOAB, | MJI MOJYYeHHOTO pacTBOpa PacTBOPHJAH B 1 J1 BOAH H MO-
BTOPHJIH TaKyl0 Omepauuio euie ABa (Tpu, ueThipe) pasa. OueHure
pH monyueHHBIX pacTBOPOB.

23-48. PacrBop xucaoTH uMeer pH, paBpmit 5,45. Boruncaure
KOHLEHTPAallHl0 MOHOB BONOPOAA, MOJNAPHOCTH H  HOPMaJbHOCTDH
pacTBopa B NPENTOJIONKEHHH, UTO 3TO a) XJOPOBOAOPOAHAs KHCJIO-
ta, 6) cepHas KUCJIOTA.

93-49. CKOMbKO (B MJ) pa36aBieHHOH XJIOPOBOAOPOAHOR KHC-
nota [p=1,06 rfem3~2 M, 9,25% (macc.)] crepyer PacTBOPUTH
B Bofe AJd modaydenns | n pactBopa ¢ pH=2?

93-50. Cxoabko (B M) 38%-Horo pactBopa HCI (p=1,19 r/cm®)
c.ueélye'r B3ATH AJs NPUroTOBMeRHs | a1 pactBopa ¢ pH=5; 2; 5,08;
2,15; 1; 0.
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23-51. Huxe npuBesensl 3HaueHuss pH cHABHOH OMHOOCHOBHOM
KUCJIOTHI; MPOMOJXKAA YMeHbIUHTh Jajiee KOHLEHTPAIlHIO KHCJIOTH
KaX/bf pa3 fecATHKPATHO, BRIYHCAAHTE 3HAUEHHS pH:

¢, MOJB/n 1.10-1 1.10-2 1.10-3 [.10-% 1.-10-% wu T. n.
pH 1 2 3 3u 1.4

23-52. Cvewann 350 ma 1,4 M pacrsopa NaOH w650 max
1,6 M pacreopa NaOH. Kakos pH nonyuennoro pactsopa?

23-53. Cmewann 3 n 0,8 M' pacreopa HCl u 4 a1 0,60 M pactso-
pa HCI. KaxoBa koHUeHTpanus NOJayueHHOro pacTsBopa u pH?

23-54. BbluHC/IHTe KOHIEHTPALMIO MOHOB BOAOPOAA H MOJSAp-
HOCTb PACTBOPa XJIOPOBOJAOPOAHOH KHcaOTH ¢ pH=4,45, conepxa-
wui 0,001 mMosb/n XJ0pHIA HATPHS.

23-55. Pacreopuan 11,16 &1 nopososopona npu 7°C u  9,86-
-10* [Ta B 545 r Boam u nodyuuau 10%-uwit pactsop HI. Brruuc-
aute pH atoro pacreopa.

23-56. Briuncaure pH pactBopa, moayuennoro pobaBieHnem K
50 ma 0,1 M pactsopa HCI pacrBopa NaOH Toii Xe KoHLeHTpaluu
B o6beMe (B Ma): 40; 49; 49,9; 50; 50,1; 51 60.

23-57. Ilouemy 1,184 M pacreop HCl umeer pH=0 npu 25°C?

23-58. Tlpu 25°C 0,1 M pacmsop HCl umeer pH=1,085, a npu
38°C pH=1,082. [ToueMy npu NOBHILUEHHH TeMIepaTypHl pH yMmens-
muaca?

23-59. IlorennuomeTpHyecKH onpefeteHo 3Hadenwe pH pacTBo-
pa x/a0pBOAOPOAHO# KuC/AOTH: pH=2,06. Brluncaute KoOHUeHTpa-
IHI0 pacTBOpaA.

23-60. M3yyenue cBOACTB pacTBOPOB 3JeKTPOJHTOB MOKa3HIBaeT,
4TO HOHEl B DAcTBOpe BeAyT cels He TaK, KaK 9TO OTBEYAET HX KOH-
uenrpauusM. Tax, B 0,1 M pacTBope XJOPBOLOPOAHOH KHCJIOTH
HOHBL BOJAOPONA WPOSIBISAIOT CBOHCTBA, COOTBETCTBYIOLIHE MX KOH-
uentpauuy He 0,1 moan/a, a 0,089 Moub/a WK Xe, 9TO TO e, aK-
THBHOCTb BOAOPOAHHX HOHOB B 0,1 M pacrsope HCI cocrasisier
0,089. UeM BHS3BaHO 5TO siBjJeHHe? BRIYHCJIHTE KoaddunyeHT ax-
THBHOCTH HOHOB Bofopoza B 0,1 M HCI.

23-61. IIpurorosren 0,010 M pactBOp XJI0pPOBOAOPOAHON KHC-
JIOTH, PacTBOPHTeJNEeM sIBJAfAETCA 4YHCTast Boja. Teopernuecku pH
AaHHOTQ pacTBOpa AOMKeH OnTh paBHhM 2 (pH=—IgcH*=
=—lg 0,01=2). Onnaxo npu onpesenenud pH npu momomwu Tou-
Horo pH-merpa o6Hapyxkeno HeGoJblIoe oTKIOHEHHe. [lpemcKaxu-
Te 3KCNepUMeHTaJbHOe 3Hayenre pH aToro pacTsopa ¥ moaTBepaHu-
Te PacueToM.

23-62. BrluHCTHTe KOHIEHTPALMIO HOHOB Bogopoda B 1 M pac-
TBOpe cepHOH KHCJOTH, PH koroporo paBio —0,005. O6bsicHuTe
pesyJbTar.

23-63. Kakoe snayenmne pH noraxer pH-meTp npu u3yueHuu
pacrBopa, copepxaero mo 0,001 M HCl u Na,SO4 B 1 a1 pac-
TBOpA?

23-64. 3nauenne pH 0,01 M pacrBopa X/J0pPOBOAOPONHON KHC-
JIOTHI, onpefeleHHoe ¢ nomompio pH-Merpa, pasro 2,1. Kak usme-
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uuTca 3HayeHwe pH pacreopa, eciu B Hero AOGABUTL KPHCTAJLIH
XJIOPHAA HATPHS HJIH HUTPATa HATPHA?

23-65. 3nauenve pH pacrBopa XJ10pOBOAOPOAHONH KHCJIOTHI, OIl-
penenentoe ¢ momoiubio pH-merpa, cocraBasier 2,45. Omnpenenute
KOHIIEHTPALHI0 KHCJIOTH. (¥YutuTe, uTo pH-MeTp nokasniBaer ak-
THBHOCTb HOHOB Bozopoznal).

23-66. Beruncaure pH 0,01 M pacreopa HCI1 6e3 yuera u ¢ yue-
TOM HOHHOH CHJIBI PacTBOpA.

23-67. Cpasuure pH caenyromux pacTeopos:

0,01 moas/n HCI 2,00
0,01 moan/a HC14-0,09 moaw/a NaCl 2,06
0,01 moaw/n HCI140,09 mons/n KCl 2,08

Kakye BEIBOAH CIEAYIOT U3 ITHX JaHHHIX?

23-68. PaccuuraiiTe  aKTHBHOCTb HOHOB Bojopoxa B 0,184 M
pacrsope HCl ¢ pH=0 (25°C),

23-69. AKTHBHOCTb HOHOB BOZOPOAAa au+ =1 oOOHApYyXKHBaeTcs
B 1,184 M pacrsope HCl u B 3,826 M pacrsope H,SO,. IMouemy
I/ JNOCTHXEHHs TOH Ke aKTHBHOCTH HOHOB BOROPOAA pPAacTBOP
HySO, nomken Guth Gosiee KOHIEHTPHPOBAHHKIM?

23-70. JXcnepHMeHTaJbHEM NyTeM Obllo HafifieHo, uto B 10 M
pactsope HCIl xospduuneHT akTHBHOCTH HOHOB paBen = 10. Ka-
KOBa MPHYHHA CTOJIb BHICOKOrO 3HadeHHA Ko3DPHUHEHTa aKTHBHO-
cru? Bruucaure pH storo pacrsopa.

23-71. B 5 M pacreope KOH cpepuuit xo3gduunest akrusHo-
cru nonoB K+ w OH-=1,5. Buunciaure pH storo pacrsopa.

23-72. PacTBOpH CepHOH KHMCJIOTH Da3JHYHBIX KOHIEHTpalui
HMeIOT cleaywomue 3Hauyenusa pH:

¢, Mons/n 0,005 0,05 0,5
pH 2,1 1,2 0,3

KakoBa akTMBHOCTb HOHOB BOAOPOA@ B 3THX pacTeopax? CHilb-
Had Hau cnabas cepHasd KucjaoTa?

23-73. PacTBOpHl THADOKCHAOB HATPHA H AMMOHHS HMEIOT CJe-
Ayiolliie 3HaueHus pH:

¢, MOJb/J pH
NaQH NH4OH
1,0 14,0 11,6
0,1 13,0 11,1
0,01 12,0 10,6

Kakue BBHIBOAH CJ€NYIOT U3 3THX HNaHHBIX?

23-74. BuiBenuTe GOpPMYJBI NI pacyeTa KOHLEHTPAUMil HOHOB
Bopopona u pH B pactBopax claBEIX KHCJAOT K c1abBIX OCHOBaHHIL.
Yxaxute, Kakue NpHOIHKeEHs Bh cienanu npu BHBOmE 3THX BOp-
MyJl. KakoBEl rpaHHIE NPHMEHHMOCTH NOJYYEHHHX COOTHOIIEHHEH?

23-75. BoiuHcIHTe KOHCTEHTY AHCCOUMANHMH caaboH OLHOOCHOB-
HOH KucnoTH, ecid 0,01 M pactBop ee umeer pH=4.

23-76. Bulukcaure KOHCTaHTY AMCCOLHANMH cJaboro oxHOOC
HOBHOTO ocHoBaHus, ecau 0,01 M pacrsop ero umeer pH=10.
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93-77. Buuucaute pH 0,01 M pactBopa cnaGoft 0XHOOCHOBHOH
KHCJIOTHI, HMelouleH KOHCTAaHTy AHCCOUHAIHH 1-107¢, '

23-78. Bruncanre pH 0,01 M pacrsopa cia6oro 0XHOOCHOBHO-
IO OCHOBAHHs, MMeIOIlero KOHCTaHTy Anccounanmu 1-10-°

93-79. Buuucaure pH pacteopa, conepxamero 8 1 1 0,01 Monnb
cna6oil oaHooCHOBHOH KHcaoTH H 0,01 Moub ee conu. Kucmora nme-
€T KOHCTaHTy Aamccouuanuyn 1-107°.

93-80. BIuHC/AHTe KOHCTAHTYy AHCCOLHAIMH cAabo# OINHOOCHOB-
HO¥M KHCJOTHI, €CJIH PacTBOp, Cojepxamui B 1 1 0,01 MOJb KUCJIOTH
1 0,01 Moab ee conu, umeer pH="56.

23-81. Ilpu kakoil Temnepatype OyAyT 3aMep3aTbh pacTBOpbL
a) 0,01 M HCI, 6) 0,01 M CH;COOH u B) 0,01 M HCI+0,01 M
CH,COOH (KcH3c00H= 1,8 10_5) .

23-82. OAMHaKOB JHM BKYC PacTBOPOB YKCYCHOA M XJIOPOBOJO-
PORHOH KHCJIOT C PABHBIMH KOHLUEHTPAUHAMH HOHOB BofOpona?
MoxHo aH ucmoab3oBath B mumy pactBop HCl BMecTo yKCyCHOH
kHcaots (pH pacTtBOpoB 0fHHAKOBH) ?

23-83. IIpuroToBaeHO HeCKOJbKO DPAaCTBOPOB YKCYCHOH KHCJIOTH
pasJHYHOM KOHUEHTPALHH H olpeAeeHo 3naueHue pH:

¢, MOJb/a 0,0128 0,0094 0,0281 0,0232
pH 3,31 3,38 3,14 3,46

BrIUHCIUTE KOHCTAHTY LHCCOLHALMH YKCYCHOH KHCAOTHL
23-84. KoHcTaHTa AMCCOLMALMH YKCYCHOH KHCJIOTBl B BOJLHOM
pacTBope
CH,COOH = H* 4 CH;COO0~
paBHa

_ [H*+][CHyCOO ]

[CILCOOR] = 118:10% (25°C)

BHIuHCAKTe KOHLeHTpPauHio auerat-uoHos u pH 1.10~* M pacrsopa
YKCYCHOH KHCJOTBHI, CUHTad, ITO

a) [CHyCO0] = [H*]

6) [CH;COOH] 4 [CHyCOO™] = 1-10-4

23-85. PacrBop, conepxauuit 0,001 Moas/n CHsCOOH n crob-
xo ke NaCHzCOO, umeer pH=4,73. BryHCIHTE KOHCTAHTY AHCCO-
LHAIHH YKCYCHOH KHCJIOTHL

23-86. Boiuncante pH 0,01 M pacTBopa YKCyCHOH KHCJOTHL
KOHCTAaHT2 AMCCOLMALMK YKcycHolt xucaorsr K=1,8-1075,

93-87. Bruncaute 6e3 ydera HOHHOH CHJBI M C ee YYeTOM pH
0,1 M pacrBopa  yKCYCHOH KHCJOTH, COAEpHallero TaKme
0,01 moab/n ameraTa matpus. Buiuncaure pH 0,1 M pactBopa yk-
CycHOH KHCJOTH, COAepaallero TaKke 0,01 MoJbp/n XJopHAa Har-
pHA.

23-88. CKOJbKO TPaMMOB YKCYCHOH KHCJOTH CJeAyeT pacTso-
puTh B 2,5 41 BOAM, 9TOOH moayunTh pactBop c¢ pH=5,0?
(Kcuycoom=1,8- 10-5).
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23-89. K 1 &« 0,6%-noro pactBopa yKCYCHOH KHCJOTH Jp0GaBH-
au 0,8 1 Bonu. Kak usmennscs pH pacrsopa? Kew,coon=1,8-10"%,

23-90. CKOALKO rpaMMOB YKCYCHOH KHCJOTHI (IOO%-HOH] cae-
AyeT n06aBHTb K 1 J pactBopa ykcycHOHM KHcaOTH ¢ pH=4, uTo6n
noJy4uTh pactsop ¢ pH=3,5?

23-91. Kaxk uM3MeHHTCst KOHLEHTpalHsf HOHOB Bojopoia u pH
0,2 M pactBopa CH;COOH, ecau ero pa36aButh BoAOH B b pas?

23-92. K 1 a1 pacteopa ykcycHo#t kucaotel ¢ pH=4 po6Gapuian
0,3 r ykcycHo#t xucaors (100% -Hoii). Buiuncnure pH monyueHHOro
pacTtBopa.

. 23-93. Croapko (B MJ) paabaBieHHOH YKCYCHOH KHCJIOTH
[p=1,02 r/em®, 2 M, 12,109 (macc.)] crenyeT pacTBOPHTbL B BOJe
Anst nosyyenns 1 o pactsopa ¢ pH=5,5? (Kcu,coon=128-10"%).

23-94. CmemuBalorcsi paBHbie o6beMul 0,02 M pacrtsopa KOH
u 0,002 M pacrsopa CHsCOOH. Uemy pasen pH nosyuennoro
pacrBopa?

23-95. Kakum o6beMoM Boabl caeayer pasGabuth 1 g 0,6%-Ho-
ro pacTBOpa YKCyCHOH KHCJOTH JJs1 TIoJydeHus pactsopa ¢ pH=
=3? (KCHnCOOH =1 8 10_5)

23-96. CkoJbKO (B MJ) KOHLUEHTPHPOBAHHOM YKCYCHOHl KHCJIOTH
[p=1,05 r/em®, =17 M, 99,50% (macc.)] caenyer pacTBOpHTHL B
Boje Ajs monydyenusi 1 a1 pacrsopa ¢ pH=5,5? (Kcmzecoon=1,8-
-10-5),

23-97. Paccunrafite o6nem 0,01 M pacteopa NaOH, xoTopmi
cnepyer npuautb Kk 0,01 M pacrBopy CH;COOH, uto6nl pacTBop
CTaJ HeHTpaJbHHM.

23-98. K 20 mn 0,4 M pacreopa CH;COOH mnpuauto 10 mna
0,4 M pacrBopa NaOH. Buuucaure pH pacrtsopa.

23-99. Ecim K pacreopy CH3;COOH  npuaute  pactBop
NaCH3COO, To cpena cTaHer MeHee KHCJOH B peaynbTaTe cMelle-
HYs PABHOBECHS NHCCOLHALMH KHCJIOTH TOA NEeHCTBHEM OIHOHMEH-
HEIX HOHOB. Urto mpousoiifer, ecinu mpuauts pacrsop NH,CHsCOO?

23-100. Crkoasko NaCHsCOO (B r) caeayer mnpubaBHTBR K
100 ma 0,01 M pacreopa CH3sCOOQOH, uro6u cpempa pactBopa cTa-
aa Hefirpanapuoi? (Kcm,coon=1,8-10"%). Onumure mnpoueccH H
paBHOBecust B paccmartpuBaemoit cHcreMe. Ckoanko NaOH wmoxHO
B3faTb BMecTo CHgCOONa, uTo6H ZOCTHIHYTH Takoro e 3ddekra.

23-101. 'mppokcun ammonua NH,OH cuwmrair ruapatom am-
muaka NH;-H,0. PactBop aMMuaka B Bojle HaeT IieJOYHYIO peak-
uuto. 'nppar merana CH4.5,75H,0  HeycrofiuuB, HO CYIeCTBYeT.
[ToueMy MeTaH Majo pacTBOPHM B BOJe, H er0 pPacTBOp Aaer Hefit-
PaJbHYIO peaKuMio?

23-102. pH pactBopoB amMMHaKa B BOjle:

C, MOJb/N | 0,1 0,01
pH 11,6 I1,1 10,6

Kakoii 3To 3JeKTPOJHUT — CHUJbHHIE HJAH caalui? Boigncaute
KOHCTaHTy AUCCOLHALHMH THAPOKCHAAa aAMMOHHS.
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23-103. K pacTBopaM aMMHaka MPHJHJIH DacTBOPHI, COAepHKa-
give ogHouMenHule Houbl: NaOH, NH,CI, NH,CH;COO. Kak usme-
HHTCA peakllus cpebl pacTBopa?

23-104. K pacTBOpY aMMHAaKa NPUJIHIH PACTBOP XJIOPOBOAOPOA-
HOfl KHMCHTOTH TOH e KOHUEHTpauuH. B mojyyeHHOM PpacTBOpe
enm#=0,01 Monp/n. Paccuuraiire pH aroro pacrBopa (Knnyon=
=1,8-107%).

93-105. B Boge pacrBopuin 1364 s ammmaka npu 17°C w
1,040.105 Ila, monyuuaum 3,24 a1 35%-Horo  pacrBopa (p=
=0,882 r/cm?). Bruncaure pH storo pacropa (Knm,on=138:
-10-%). KakoBa TeMnepatypa 3aMep3aHHs 3TOrO pactBopa?

93-106. K 10 ma 0,05 M pacrBopa npu6asiero 5 ma 0,056 M
pacrBopa HCIl. Bouncaure pH moaydennoro pacrsopa (Knm, on=
=1,8-1075).

23-107." PactBopuau 510 1 ammuaka (npu 12°C u 1,03-10° Tla)
p 1596 r BOABL, MONYUHJH PacTBOp, copepxaumii 16,3% NHj. Boi-
uucante pH aroro pacrBopa.

93-108. BHIYHCAHTe KOHCTAHTY AMCCOUMAUMH a30THCTOH KHCJO-
Tot, ecin pH 0,1 M pacTBopa KHCIOTH paBeH 2,167.

23-109. BhluHCAHTe KOHIEHTPAUHMI0 pacTBopa GeH30HHOH KHCJIO-
TH, ecau pH ero cocrasaser 2,3. KoHcTaHTa AMCCOUMALNK 6eH30H-
HOlt KuCJoThl K=6-1075

93-110. HachimenHrit pacrop 6Gensoittoit kucnoth CsHsCOOH
p Boge uMeer pH=3,0 (mpu 20°C). PacTBopuMOCTb GeH30HHOH
KHcaoTH cocTaBager 0,3 r B 100 Ma BOABL BhiuncauTe KOHCTAHTY
AuccouManuu GeH30MHON KuCMOTH. CpaBHHTe ¢ TaOJHYHBIMH AaH-
HBIMH M YKaXHTe MPHYHHB PaCXOK/IEeHHS.

23-111. HachlleHHH# MpH OGBIYHEIX YCJIOBHSIX BOAHBLIA PacTBOP
JMOKCHAA YI/epofa HMeeT KoHUeHTpanuio ~ 0,034 Moab/n H pH=
=3,7. OlleHHTe KOHCTAHTY AMCCOLMALHNM YrOJbHOH KHCJIOTHL, Npea-
mosarasi, yTo Bech pactBopeHHHH CO: HaxXOAUTCS B BHAE KHC-
JIOTHI.

23-112. Huxe npuBeeHH HEKOTOPHIE XapaKTePHCTHKH BOAHBIX
pacTBOpPOB AHOKCHAA yrjepoja:

t, °C p*, MNa ¢, MOJTb/ 1t pH t,°C p*, Ia ¢, MOJb/a pH
0 1,01.1086 0,0342 3,8 26 3,9-108 0,130
0 3,6-10°% 0,275 3,3 25 7,9-109 0,269

25 1,01.10% 0,0342 3,7 25 18,9.100 0,647

Lo w
[LESLIE N

* NMapnenne CO; Faf pacTBOPOM.

Kakue cBeieHHsi MOXHO MOJYYHTh H3 3THX A&HHBIX?

93-113. HMonunoe npou3BejeHHe (KOHCTAHTA aBTOMPOTOJH3a) YH-
CTOTO 3THJOBOrO CHHpTa paBHo 8-1072° (mpu 25°C). Bbluncaute
pH uncroro 3THIOBOrO CHUPTa H pH 0,01 M pacrsopa C,Hs;ONa
B 3THJIOBOM crupTe. Kakoil 370 pacTBOp — IIEJOYHOH HIH KHCABIH?

93-114. BHuuc/AHTe aKTHBHOCTH H KOHIeRTpauuu woHoB H*,
HSO,~ u SO42~ B 0,5 M pactsope HoSO4, €ciiii KOHCTAHTA AHCCO-
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LHAIMH CepHOil KUCJOTH IO BTOPOH CTYNEHH PaBHA:

aH+a5042—
Ky=———"— =1,2.10-2
aHSO,
Briuncaure pH atoro pactropa.
23-115. Jloka)HTe, UTO KOHCTaHTH pPaBHOBECHA JABYX CJeAyIO-
HIHX MPOLEeccoB
H,PO, = H* -+ H,PO4~
H
H,PO, -+ H,0 = Hy0* + H,PO,~

gHcJeHHO paBHH. IIpuBeAHTe ApyrHe MPHUMEDHL.

§ 24. THAPOJIN3. BY®EPHBIE PACTBOPbI. AM®OTEPHOCTDb

24-1. TlepeuHcauTe NMPHYHHE, TIOYeMY PacTBOPH GOJBIUHHCTBA CO-
Jefl He TOKA3HBAIOT HeHTPAJbHYIO DEAKUMIO CpPelbl. YKaXHTE, OT
KakHx ¢axropoB 3aBHcut pH pacreBopos coseil.
24-2. O6mbscunTe, nodeMy BoaHkil pactBop AlCls umeer KHCJIYIO
peakiuio, XOTd 3TO BellleCTBO He COAEPXKHT aTOMOB BOAOPOAA.
24-3. Bopuble pacteopi HCl u FeCl; mokasniBaoT KHCJAYIO pe-
AKIUMIO. DTO MOXHO OGbACHHTh CIEAYIONMMY YDABHEHHSIMHU peaKIuii:

HCl + H,0 = H0+ + Cl-
FeCly -+ 2H,0 = Hy0* -+ Cl- -+ FeOHCl,

YKaxuTe Npu3HAaKH CXOACTBA M DPasiH4Hs 3THX mpolieccoB. Haso-
BHTE MPOLECCHL.

24-4. B nurepaType MOXKHO BCTPETHTb ClEAYIOllHe ONpeJe/eHHs
THAPOJIHN3A:

1) TuapoansoM HasblBaeTcs oOMeHHas peakilHsl BellleCTB C BO-
noit. [Tpy 3TOM HMeer MecTo CMellleHHe PaBHOBeCHs JAHCCOLHAIMHU
soguel HyO=H++OH™, BciegcTBue cBA3LIBAHUA OAHOTO H3 €€
HOHOB (MMM 06O0KHX) HOHAMM DAcTBOPEHHOTO BelllecTBa ¢ 06pasoBa-
HHeM MaJIOJHCCOLMAPOBAHHOTO HJH MaJopacTBOPHMOTO MPOAYKTA.

2) Ilox rHApONH30M HJH THADOJHTHYECKHM paclielJIeHHeM COJH
MOHUMAIOT ee pa3JjoXeHHe BOAOH C MOJYyYeHHEM BHOBb KHCJOTH H
OCHOBaHHS, U3 KOTOPHIX OBlIa 06pasoBaHa COJb.

3) THIPOJH3 eCTh TMPOLECC, NPOTHBONOJIOXHMIA mpoueccy 06pa-
30BaHHUs coJell. _

4) Tuppoau3 — mpoLecc pacliell/ieHHs1 BellleCTB BOXOH, KOTO-
pHIl OTJHYAeTCs TeM, YTO COCTaBHBle YaCTH BOJBI COEIHHAIOTCSA C
OPOAYKTaMH pacllienieHHs.

5) TpaguUIUOHHO PeaKUHIO B3aHMOLEHCTBHS HOHOB COJH C BO-
JIofl Ha3BIBAIOT PeaKUHed DMHAPOAH3d COJIH.

OTHecHTeCh KDUTHUECKH K KaXKJAOMY ONpefeleHHI0. YKaXHuTe X
HeJOCTaTKH H NpeAMyllecTBa. IIpefoXuTe cBoe cOGCTBEHHOE OII-
pellesieHHe.

24-5. Tlpouecc HefiTpaiu3aliy c1a6Oro OCHOBAHHUS CHJIbHOH
xucaoroit, nanpumep, NH,OH u HCl B HonHOM Bufile MOXKeT GHITb
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8anucaH ypaBHEHHEM:
NH,OH -+ H* = NH,* 4 H,0

Peakuus, nporekaiolllags B 06paTHOM HanpaBJeHHH, 3anHChBaercs

YpaBHeHHeM:
NH4+ + Hzo = NH4OH + H+

H HaseBaeTcs rHApoaHn3oM. [Ipensoxure uHa ocHoBe mpuHNuna Jle
lateare onpefefeHHe peaKUHH THAPOJH3A, HCNOAbL3YA TOHATHE
HeliTpaJaH3auky W HaoGOpPOT, AafiTe onpeleleHHe mpoliecca HeATpa-
JAH3alHH depe3 TOHATHe THApoJau3a. Kakoe nonstHe 6ojee 0606-
maolee — THAPOJH3 HJIH HeHTpalkH3alua?

24-6. Huxe mpuBeleHH NPHMeDH YypaBHeHHHl peaKuui ruapo-
ausa coaeit 1) NH,CI, 2) NaCH,;COO, 3) NH,CH,COO, 4) FeCls,
5)6Na'C1, 3anucaHHHe COKpallleHHHIM MOJIEKYJISIPHO-HOHHEIM CHO-
coboM:

1) NHg* 4 H,0 = NH,OH + H+ pPH<L 7
2) CH4COO" 4 H,0 = CH;COOH -+ OH- pH>7
3) NHg*+ CHyCO0" + H,0 = NH,0H + CH,COOH pH~ 7
4) Fe8+ | H,0 = FeOH+ - H+ PHLT

FeOH?2* -} H,0 = Fe(OH),* - H*
Fe(OH),* -+ H,0 = Fe(OH)g 4 H*
5) Peakuua rugpoansa NaCl e npoxoaut pH=~ 7

Kakye collu H HOHH MOTYT MOABEPraThCsA peaKUHH T'HAPOJIH3A?P
CdopmynupyiiTe mpaBuao (aATOPHTM) HaNHCaHHA YPaBHeHHW# pe-
aK[OHH THAPOJH3A.

24-7. Hamuumute coOXpallleHHBIM MOJEKYJASPHO-HOHHHIM  CIOCO-
60M ypaBHCHHS PeaKUHH THAPoaM3a CAeJYIOIMHX cojelt (ecaH 310
BO3MOXKHO) :

1) Na,CO;, NaHCO;, NH;HCO,

2) FeCl;, Fey(SO);, Fe(OH)Cl,

3) Nﬂc104, NH‘CIO,‘

4) NaNO,, NH,NO,, NH,NO,

5) Na,S, (NH,),S, NH,HS

6) Na,SO;, (NH,),S0,, NH,HSO,

7) NaCH,COO, NH,CH,CO0

8) Fey(SO,)ss Fe(OH)SO;, Fe(OH)SO,
9) Fe(NOy)s, Fe(OH),;NO,, Fe(OH),NO,
10) Cu(NOy),, Cu(OH)NO,, Cu(OH)NO,
11) Za(NOy),, Ca(NOy),, Ca(NOy),
12) Cu,SOq, CuySOq, CuSO,

13) Cu(CH,CO0),, Cu(OH)CH,COOH
14) Fe(CH;CO0),, Fe(OH) (CHyCOO),
15) CaCl,, Ca(CH,CO0),

VKamuTe peakuHio cpeinl (KHCJasi, LIENOYHAs HJIH HEHTpaslbHas).
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24-8. Peakuuio rHAPONH3a MOHA AJIOMHHHA OGHUYHO IpPelACTaB-
JSAI0T B BHJE CAeAYIOIHX CTAXUN:
Als* 4+ H,0 = AIOH?+ 4+ H*
AIOH2+ 4 H,0 = AI(OH),* + H*+

YTo6n CMeCTHTh paBHOBecHe peakuuil BupaBo u noayuutb Al(OH),,
po6asasior menouyb. Kak B gymaere, Kakoi cnoco6 o6bsacHeHHA
06pa3oBaHHs OcajKa THAPOKCHNA AaNIOMHHHA OoJiee MNpaBUJIbHBINA:
1) rUIPOKCHI-MOHE B3aHMOIENCTBYIOT ¢ MOHAMH BOAOpPoAa ¢ obpa-
30BaHHeM MOJIEKYJ BOJH
Als+ 4 H,0 = AIOH?++ H* u 1. 1.
H* 4+ OH- = H,0

TMoatoMy paBHOBecHe cMeliaercsi corjacHo mpuHuuny Jle Hlatense
BNpaBo; 2) TpH J06aBJeHUM 1IeJOYH TIPOHCXOLHT HEMOCPeACTBEH-
HOE B32UMOJEHCTBHE KATHOHOB H ¢ T'MAPOKCHI-UOHAMH:
A3+ 4 OH™ = AlOH2*
AIQH2+ 4 OH- = Al(OH),*
AI(OH),* + OH- = Al{OH),
24-9. Peaxuusi cpexn Bognoro pacrBopa MgCly neliTpasibHa.
O uem 3T0 [OBOPHT?
24-10. Pacnonoxure coefiuHenus NagCOi;, NaHCO; u NaOH
B nopsAnke yBeauueHusa pH ux pacTBopoB 0JHHAKOBOH KOHUEHTpa-
I[HH.
24-11. Peakuus pactBopa AgNO; neifirpanpHas. O yeMm 3T0 ro-
BOPUT?
24-12. Pas6asnennnie pactsopu Lil u CsF Hefirpanbhu. Tlo
Mepe NOBHIUEHHS KOHUeHTpauuu pactsop Lil HayumHaer mokaau-

BaTb KHC/IYIO peakuuio, a pactBop CsF — menounyo. Kak ato 06%-
SICHUTE ?

24-13. Tlpy KaKHX YCJIOBHAX MOXKHO OMHJAThb (TeOPETHUYECKH)
HeHTpaJIbHY0 peaKlHio cpeJbl PacTBopa COJH?
24-14. Xnopun Kalus — coib, 06pa3oBanHas CHJIbHOH KHCJIOTOH
H CHJbHBIM OCHOBaHHEM, TeM He MeHee €ro pacTBOPH HMEIOT KHC-
fIy10 peaKuuo:
¢, moapfn 0,01 0, 0,
pH 6,9 6,8 675 6,7
Kak 310 06BACHUTL?
24-15. YxaxuTe Cnoco6GH CMellleHHS PAaBHOBECHS peaKUW# rHJ-
poJiH3a BIPABO:
CO,42- + H,0 = HCO,~ 4 OH~
HCO4~ + H,0 = H,CO4 + OH~

Kak MOXHO YCTaHOBUTb, YTO IPOXOAHT BTOpas CTafudA?

24-16. VsBecTHo, uTO NPH YBeJHUEHHH KOHUEHTPAalUMHd - COMH
(HOHa) paBHOBecue peakKUMH [HIPOJH3a cMellaercs Bmpaso. Kak
06bACHUTL TaKoe MPOTHBOPEUHe, 4TO TPH A06aBjeHHH BOAH paB-

215



HOBeCHe TaKXe cMellaeTcss BIPaBo, XOTH Ao6aBJieHHe BOAH — PaB-
HOCHJIbHO YMeHbIUeHHIO KOHIeHTpauuu uoHa. 3asueut jau pH pac-
TBOPA THAPOJH3YIOLlEHCS COMH OT ee KOHUEHTpPAauHH? MOXHO JH
cMmellaTh BIPaBO PaBHOBeCHE peaKUHH TrHADPOJHM3a YBeJHUEHHEM

KOHIIEHTPAUHH COJH?
24-17. IlpuBeaute BO3MOXHHE CIIOCOOH CMellUEHHs DaBHOBECHS

peaKUH# THAPOJH3A BNIPABO # BJEBO.

24-18. Ilpurortosaenbl pactBopsl colelt NagCOs, FeCly m CuSO4
Hanumure no craguam ypaBHeHHs peakuuwil uX rujapoaHsa. Kaxk
OCYLIECTBHTb IOCJIEAHION CTajguio ruaposnsa? Ilouemy ona ne mpo-
XOJHT B pacTBOpe, IIPUrOTOBJEHHOM DacTBOPEHHEM C€OJH B BOJe?

24-19. B pacTBop coAH, HMelolled IEJOUHYIO PeaKIHIO CpPeibl,
IIPHJIHBAIOT PacTBOP KHCJIOTH. MOXHO JH C€KasaTb, YTO IIPOHCXO-
JUT peaKlus HeHTDaJH3ALHH?

24-20. Boxnble pacTBOpH XJOpHA2 OGEpHIAJHA HMEIOT CHJIbHO
Kucaylo peaknuio. [lpeamosiaraloT, 4To THAPOJH3 [pOTeKaeT IO
ypaBHEHHSAM:

Be?+ ++ H,0 = BeOH* 4 H*
9Be2+ -+ 2H,0 = Bey(OH),2* 4 2H+
2Be2+ - H,0 = Be,0% -+ 2H*

KakHe ycaoBHg crnocoGCTBYIOT IMPeHMYUleCTBEHHOMY NpoXoXje-

HHIO TOH HJIM HHOH peakUHH?
24-21. Kakue codiu XeJje3a TrHApoNH3YIOTCs cHIbHee FeCly nin

FeCl; n nouemy?
24-22. Y xaxoro pactBopa pH 6oabie SnCly uan SnCly (npn

OJHMHAKOBHIX KOHUEHTPaUUsax)?
24-23. TlpenckaxuTe pasiuyus B Ipolleccax ruaponnsa SnCly

H Sn (‘C'H3)4.
24-24. Kakyio peakuuio cpeibl nokasmBaer pactBop NO; B

BoJE?
94-25. Uem ortamuaerca rugpoius BCls ot rumpoansa BF? Ot-

auvaercs au ruaposaus AlCl; ot ruapoausa AlF;?
24-26. T'ngpoans SiCly u SiCls NMPOXOAHT MO ypaBHEHHAM:
SiCly -+ 3H,0 = H,Si04 4 4HCl
Si,Clg 4 4H,0 = H,Si,04 + 6HCI

Ha ocHoBaHHH TIPHBEAEHHBIX ypaBHeHm“{ yKaXHre, KaK TNpOXOAHT

ruapon3 SizCls.
24-27. Yxaxure HaubGosiee cyllecTBeHHBle DPa3JHYHA AJA Cje-
AVIOUIHX peaKUHH:
ZnCl, + H,0 = Zn(OH), - 2HCI
Zn(CHy), + 2H,0 = Zn(OH), + 2CH,

24-28. Peaknun tuapoausa PCls v FCl nporekaior corJacHo
cJAeAYIOLIHM YpaBHEHHSAM:
PCl, -+ 3H,0 = H,PO; - 3HCI
FCl 4 H,0 = HF ++HOCI
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IMouemy B oaHoit peakuun o6pasyercs HCl, a B apyroii HOCI?
ChopmyaupyiiTe mpaBrao, N03BOJs©Ollee NPelCKa3hHBaTh MPOAYK-
TH B peaKU#saX THAPOJH3A TAKOrO THIA.

24-29. KakoBH JO/MXHB OGHTbL 3apAA HOHA (MOJOXHTeJbHHIH,
OTpHIaTeNbHHH, BHICOKHH, HH3KHHA) H ero pasmepnl (60JbLIOH, He-
6oJiblioit), 4TO6H B pe3yJabTaTe THAPOJH3a PACTBOP HMed HaH-
MeHbllee 3HaueHHe pH?

24-30. KakuMH npoueccaMd U KaKHMHU (akTopaMu ollpefenserT-
cst pH pacTBopoB KHCJBIX H OCHOBHBIX COJIeH?

24-31. [Touemy pactBop Kucjao#i conu NaH,PO, nokasnBaeTr Kuc-
JYyI0 peaklHIo, a pactBop KHcao#l conn KHS — menounyio?

24-32. IlpenckaXuTe peaKIHIO cpefhll (KHCJaas HJIH IlleJoYHas)
BoAHEIX pacTBopoB NasPO4 Na,HPO, u NaH,PO,.

24-33. O6bacuuTe pasanude B pH 19 -8u1x pacTBopoB docdaros
Na3PO4, ‘NagHP‘O“ H ‘NaHZPO‘;: 12,1, 8,9 ‘H 4,6

24-34. Hanuwinte ypaBHeHHsi peakKuuit, 0O6YCJOBJHBAOIIHX
KHCAYI0 HJIH IICJOYHYIO CpelY BOAHHIX pAacTBOPOB  icoJell:
1) NaHSO,, 2) NaHCO;, 3) NH,HCO;, 4) NHHSO,4, 5) NaHS,
6) NH,HS, 7) NH,HSO,; 8) NaHSO; 9) AIOH(CH;COO),,
10) FeOH(CH3COO),, 11) NH,H,PO,, 12) (NH,),HPO,.

24-35. O6bacuuTe, noueMy npH HarpeBauun pactBopa NaHCOQ,
peakius cpeAbl H3 caabOIleJ0YHOH NEePeXOAHT B CHABLHOLIENIOUHYIO,

24-36. Panblie caaGoluejqouHasi cpefia pacTBopa JAByX3aMellleH-
Horo ¢ocdara narpus NaHPO, ob6bacusanace TeM, uTo 06pasyio-
wuics mpu rufpoause o HoPO,~ muccoumupyer ¢ o6pasoBanueM
HOHOB HT, xorophble M BBHI3BIBaIOT OcnabieHHe IeJOYHOCTH PaCTBO-
pa. Bce qu KoppekTHO B 3TOM 06BbsacHeHHH? HamuuinTe ypaBHeHHs
peaxlyii, npoTeKamwIUX B pacTBope. JlOCTATOUHO JH HOHOB BOJO-
pona, o6pasymioliuxcs mpu Auccounuannn H,PO,~, pas cosmanus
caabollleioYHOH cpefkl?

24-37. B BoanoM pactBope NaHSO, Bo3amoxHH chaepyiwouiie pe-
aKuyy:

HSO,~ 4+ H,0 = H,50, -+ OH-
HSO,~ -+ H,0 = SO,2- - H;0+

Kakas u3 peakuufi 6oJiee BeposATHA W KaKYIO cpefy (KHCAYIO HJIH
LleJOYHYIO) MOXKET HMETb PacTBOp?

24-38. pH 1%-nex pactsopoB NasP,0; u Na,HoP,07 pasen co-
otBeTcTBeHHO 10,2 n 4,2. B yeM ApHYHHA CTOJb DE3KOr0 Pa3/HUHS
pH pactsopor?

24-39. BeiBepute ¢GopMyanl LA pacyeTa KOHCTAHTH THAPOJH3A
collell BceX THHOB. BripasuTe KOHCTaHTY THAPOJHM3a YeDe3 HOHHOE
NpoH3BefeHHe BOAL H KOHCTAHTY AMCCOUHAUHH caaboH KHCJAOTH H
cnaboro OcHOBaHHsA. YKaXHMTe, KaKue npubamxenns Bu cpenann
npu BHBoAe Gopmys. KakoBu rpaHulbl NPHMEHHMOCTH ‘BHBEAEHHHIX
COOTHOLUEHHH ?

24-40. JlokaxuTe, 4YTO KOHCTAHTH THAponau3a K, pasJHYHBIX
cosiel HMeOT CJaeyIOLIHE BHA:
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a) coap o6pa3zoBaHa cnaGolfl KHCJAOTOH H CHJABHBIM OCHOBaHHEM
K. = Kp/Kxuea

6) coab o6pa3oBaHa CHAbHOR KHCJIOTOH H CJAa6GHIM OCHOBAHH-

eM
Kr = Ka/Kocu

B) coJb o6pa3oBaHa cJaaGoii KUCJAOTOH M CAaGhIM OCHOBaHHeM
K = Ku/(KuucaKocn)

rae. Ko — HOHHOe NpoH3BeReHHe BOAHI; Kywen — KOHCTAHTA AHCCOUHALMM caaboft
KHCJIOTH; Koca — KOHCTAHTA RHCCOLHAIHH C/1aGOT0 OCHOBAHHS.

OnuumnTe cMBICA 3THX GOPMYJ. YKaXuTte IPAHUIB BX IPUMeHHU-
MOCTH. )

24-41. BeiBepute QOPMyJH M5 pacyeTa KOHIEHTpAlUil HOHOB
H+ y OH~ u pH pacTBopoB rHApOJH3YyIOLHXCS COJell BCEX THIOB,
HCIOMb3Ys HOHHOE MPOU3BeleHHe BOJAB H KOHCTAHTY KHCCOLHAaUMH
¢J1a60il KHCJAOTH U ¢1a60OT0 OCHOBAHHS.

KakoBH TpaHHIb MPHMEHHMOCTH BEIBELEHHBIX COOTHOIIEHHI?
Ot kKaknx QakTopoB 3aBHCAT KOHIEHTPAaUHH HOHOB BOAOPOLA H
rUApOKcHA-HoHOB H pH pactBOpOB mupponuayiomuxcs conelf? Kax
H3MEHAIOTC KOHIEHTPAUMH HOHOB BOLOPONA WJIH I'MJPOKCHA-HOHOB
H 3HauyeHus pH mpu yBesHdYeHHH KOHUEHTpalUWH coMd B 2, 4 H
10 pas?

24-42. T'uppoans conu, o6pa3oBaHHON cNaGoil KHCAOTOR M CHJIb-
HHM ocHoBaHWeM, HampuMmep NaCH;COO, MoXHO mnpeicTaBHTh
cJAe[yIOIHM YpaBHeHHEM B HOHHOM BHAE:

CHZCOO- + H,0 = CH,COOH + OH~ (PH>7)
KOHCTaHTa PaBHOBECHA Npollecca paBHA!

[CH,COOH] [OH"]
[CH,CO0 ] [H;0]

K=

Konnenrpauuio mMoaexkya soanl [HyO] MoXHO cuHTATh MOCTOSHHOM

. 100
H ‘paBHOH% =55,56 moab/a. Torza

[CH,COOH] [OH"]
Kr =——cH,coo

YMHOXHM YHCJIHTEJb H 3HaMeHaTeab Ha [Ht]:

_ [CH,COO"][OH"][H*] _ [CH,;CO07]1Ka Ks
Ke = [CHyCOO[[H*] = [CHZCOOTH*] = Kiuen

BriBeneM ypasnenne past pacuera [OH-], [H*] u pH. Coraacro
ypaBHeHHio peakuun [CH,COOH]=[0OH"], 10
K. loHP L
T [CHCOO] = Kiuen
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OTkyna

K K
[OHT] = V Ku:cn [CH,COOT] = VT:CH Ccona

K
[H] = 10-14 / KK:ch Cconn

pH = 14 4 1/2 (Ig Ky — 1g Kxpen + 1g cconu)

BriBeAHTe aHAJOTHUHEIE COOTHOLIEHHS AJs THAPOJM3a COMH, 06-
Pa30BaHHOHA CHJIBHOH KHCJOTOH H Cl1a6hiM OCHOBaHHEM.

94-43. Briuncaure pH 0,1 M pacteopa NaCH3COO (Kcugcoon=
=1,8-1079).

24-44, Beuucaure pH 0,1 M pacreopa NH,Cl (Knm,ou=
=1,8-10-5). TMoBTOpHTE pacueT C HCHOJb30BAHHEM HOHHOH CHJIBI
pacTBopa.

24-45. Hacuiennnii pacrtsop taprpara kaiua KC4HsO¢ HMeer
pH=3,56 (25°C). HanuiuuTte ypaBHeHHe peakuUHH rHaponusa. Ka-
KHe HYXHB JaHHBle [JIS BHIYHC/JEHHA KOHIEHTPAlUHH pacteBopa?

24-46. Pacteop, copepxawniica B 1 & 10,21 r dranata Kanus
KCsHs04, uMeer pH=4,01. Hannmure ypaBHeHHe peaKUHH THAPO-
/IH3a, paccuHTaifiTe KOHCTAHTY THAPOJH3a H KOHCTAHTY JHCCONHA-
uxH ¢$TaneBoH KHCJIOTHL. :

24-47. PactBop, cofepxawnii B 1 a1 3,81 T Terpabopata Harpus
NayB4O7-10H,O (6ypa), uMeer pH=9,18. Hanuwure ypaBHeHHe
PeaKuHH THAPOJH3a W BEIYHCIHTE KOHCTAHTY NePBOH CTafHH THAPO-
AH3a, mpeAnoJaras, 4To OHa OOYCJOBJHBAeT LEJNOYHYI0 Cpely pac-
TBOPA.

94-48. CoJab, 06pa3soBaHHasA CHJBLHOH KHCJIOTOH H CHJbHBIM OC-
HOBAaHHEM, NpPAKTHUECKH THAPOAH3y He mojsepraercs. Kakoe B
5TOM ClIyuae AOJXHO OHTb 3HaueHHe KOHCTaHTh ruppoausa (0,
1, o0 ..)?

24-49, Cosu, 06pa3oBaHHBIE MHOTOOCHOBHBEIMH KHCJIOTaMH H MHO-
FOKHCJIOTHHIMH OCHOBAHHSIMH, THAPOJH3YIOTCA IO cTymeHsaM. Jloka-
XHTe, 9TO MMOJIHAad KOHCTaHTa IHAPOJH3a paBHA MPOU3BENECHHIO KOH-
CTaHT THAPOJH3a BCEX CTYNeHEH IHApoJH3a.

24-50. Beruucaure pH 0,2 M pacreopa NaHCOO, ecau
Krcoon=1,7-10"4.

24-51. Buuucaute pH pactBopa, B 5 1 KOTOPOro COAEPKHTCA
20 r NH,Cl, ecin Kym,on=1,8-10"5.

24-52. BrluHcIHTe KOHCTAHTY Auccounauud BeOH+

BeOH+ = Be?+ | OH"

ucxoAs us toro, uto pH 2-10~2 M pacteopa BeCly cocrasaser 4,2
24-53. Haiinute cBA3b MeXAYy KOHCTaHTaMH DaBHOBECHA cJaeny-
IOIIHX IIPOLECCOB:
Zn?t 4+ H,0 = ZnOH* 4 H*
ZnOH* = Zn*+ 4 OH™
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24-54. IToayudTe KaK MOXHO O0Jbllle CBeleHHH H3 NaHHBIX:
0,1 M pacteop CuSO, umeer pH=4,2 (npu 15°C).

94-55. Pacreopumocts NH,Cl B 100 r Boan npu 20°C paBHa
372 r (p=1,08 r/cM?). B koa6y BHecan 10 M/ HacHIEHHOrO pac-
teopa NH,Cl u noBeau o6beM pactsopa Bomod mo 250 mu. Pac-
cuntafite pH nosay4yenHoro pacrtsopa.

24-56. PaccuuTaliTe ¢ yueToM HOHHO# cHJIbI pactBopa pH pac-
TBOpa, B | &1 KoTOporo comepxurcs a) 0,005 Moub NaCH;COO
# 0,005 moab NaCl; 6) 0,005 moap NaCH;COO u 0,005 Mmouab
CH;COOH. Koncranra aucconnannn Kem,coon=1,86-10"".

24-57. KoHIleHTpALHA HACHILIEHHOTO pacTBopa OypHl MPH 0ObIU-
HBIX YCIOBHAX cocTaBaser ~2,5% (macc.), pH=93. IIpun 100°C
KOHIeHTpanusA Bospacraer 10 33% (macc.). Kakue 3agaun MOXHO
COCTABHTh HA OCHOBAHHH 3THX JAHHBIX?

24-58. Briuncanre koHcrauty gucconuaiun HCOOH, ucxonsa ua
Toro, uto 0,25 M pacrBop NaHCOO umeer pH=8,6.

24-59, Briuncanrte koHcraHty aucconuauud NH,OH, nexons us
Toro, uto 0,40 M pacteop NH,NO; nmeer pH=4,8.

24-60. JlokaxHuTe, UTO MpPOMU3BeJeHHE KOHCTAHTHI THApoau3a K
#OHAa Ha KOHCTAHTy JAHccOUMalHM HOHA Kpuce, o0Opasylomerocs B
pe3yabTaTe peaKUHH THAPOJH3a, ecTb HOHHOe NMPOH3BeJeHHE BOJBL:

Kn = KrKnucc

24-61. BrluHCAHTe KOHCTAaHTY AuccolHaunu HoHa ZnOHT, ucxo-
A u3 rtoro, uro 0,30 M pacreop Zn(ClO,), umeer pH=4,8

ZnOH+ = Zn?+ -+ OH-

24-62. O6mpscuute, nouemy 25%-ubii pactBop KF HMeer
pH=86.

24-63. PacrBop ruppokcunamuia NH,OH umeer menounyio pe-
AKUMIO Cpefbl. YKaXHTe, Kakoe M3 YpaBHeHUll mpaBH/ibHEE 06b-
SICHsIET TIPHYHHY 3TOrO sBJIEHHS:

NH,OH - H,0 = HNH,OH* -+ OH=
HIH
NH,OH = NH,* -+ OH~

24-64. TIpenmosaraloT, YTo THAPOJH3 TeTpabopaTa HATPHsA NPO-

TeKaeT B JiBe CTajHH:
B,0,2- -+ 3H,0 = 2H,BO, -+ 2B0,~
BO,~ -+ 2H,0 = H,BO, -+ OH~

Kak paccunrath pH pactBopa TeTpabopara HaTpHA H3BECTHOH KOH-
1leHTpauuu?

24-65. Huxe mnpuBefeHbl KQHCTAHTH JHCCOIHALMHM HEKOTOPHIX
€1a6blX OCHOBAHHM:

Tunpat ammuaka NHs-H,0O 1,75-10-5
Tunpasus-rugpat N.H,-H,O 9,8-10-7
IMupuaus-ruapat CsHsN-HyO 1,5.10-%
Aunmnu-rugpat C¢HsNH,-H.0 4,2.10-20
Tunpokcunamun-ruapat NH:OH-H0 9,6-10-9
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[Ipy moMomy Kakoro H3 peakTHBOB MOXHO NPHrOTOBUTb BOA-
HE pacTtBop ¢ pH=11?
24-66. Paccunraiite pH pacTBopoB, MoJyuaeMbX CMeUIMBaHHEM

PaBHHX 06BbeMOB pacTBOPOB  OJHHAKOBBHIX  KOHUEHTPaUHH
(0,01 moan/n)

1) HCl u NaOH 6) HCI u NH,Cl

2) HCl u NH,OH 7) NH,OH u NH,Cl

3) HCIl n CH,;COOH 8) HCl u NaCH,COO

4) CH,COOH 1 NaOH 9) NaOH u NaCH,COO

5) CH,COOH u NH,OH 10) NH,Cl u NaCH,COO

24-67. CocTaBbTe ypaBHEHHs peaKUHil, MPOTeKawUHX B BOAHBIX
pacrBopax:

1) AICl - H,0 4) AICI, - (NH,),CO4
2) AICl4 + NaOH 5) AICl, -+ (NH,),S
3) AICI, 4 NH,OH

Hanuiinte ypaBHeHHA peaxidii COKpalleHHBIM MOJeKyasdpHO-
HOHHBIM MeTomoM. IlepeurciauTe mpH3HAKM HeOOGPaTHMOro THAPO-
Ju3a.

24-68. O6baACHATE, moueMy NpH BBeleHud B pactsop FeCl; pac-
TBOpa COAbl B OCAafOK BHINajaeT He KapOoHAT :Kejesa, a ero rujp-
okcuj. Hanuunre ypaBHeHHS TIPOLLECCOB.

24-69. B 4eM COCTOMT OTJHYHe  peaKUHuH THAPOJN3A
Al(CH3COOQ); u Al,S3?

24-70. Quenure pH pacrBopa, MOOJYYEHHOrQ0 pacTBOpeHHeEM
0,001 r NH,Cl B 10 n Bombt. Knm,ou=1,8-10"".

24-71. B pacTBOpH YKCYCHOH H XJOPOBOAOPOJAHOH KHCIOT J0-
6aBJeHO HEKOTOPOE KOJHYeCcTBO a) alleraTa HaTpuda, 6) auerata
amMmoHuA. Kak HM3MeHHTCHS KOHUEHTpauui HOHOB Bojopoaa u pH
B 3THX pacTBoOpax?

24-72. B pacreoput NH,OH u KOH nobaBreno HeKkoTopoe Ko-
JHYECTBO a) XJopHjaa aMMOHHA, 6) auerara amMMOHHA. Kak uiame-
HHMTCH KOHLEHTpallus HOHOB Bofopofa M pH aTux pactBopos?

24-73. B pacTBop, cOAep:KallUd YKCYCHYIO KHCJOTY M auerar
HaTpus, Ao6aBieHo HeKoTopoe KoaudectBo a) HCI, 6) NaOH.
O6DAcHHTe KaK u noueMy HaMenuTca pH pactsopa.

24-74. B pacreop, comepxauyit NH,OH n NH,Cl no6asneno
nekoTopoe komuuectBo a) HCl, 6) NaOH. OGbacHuTe, KaK U nove-
my usmenurcs pH pacrtBopa.

24-75. Bouncaure pH ucxopueix 0,10 M pacTBOpOB  KHCIOTH
HJH LIeIOUYH H PacTBOPOB, MOJY4YeHHBIX MNpHGaBiaeHHeM K 100 ma
BOIH HJHM HcxoiHoro pactsopa 1 ma 0,10 M pactBopa KHCJOTHI
UM IIeJIOYH:

Ucexopaniét pacTBop

(100 ma 0,10 M) H,O H,0 HCl HCl NaOH NaOH
Tlpu6anneno (1 mMn
0,10 M) HCI NaOH HCI NaOH HCI NaOH
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BHYHC/IeHHsT TPOBEAHTE, HCIOJb3YS KOHUEHTPAUHH H AKTHBHOCTH
(yunThiBasi HOHHYIO cHAy pacTtBopa). Kakue BEIBOABl MOXHO CJe-
JaTk O TIOBEJEHHH PacTBOPOB XJAOPOBOJOPOJAHON KHCJAOTH H THJp-
OKCHJAa HaTpHs?

24-76. WayuyuTe npHBeJeHHBle HHXe cBefleHHs o pH pacteopos
YKCYCHOM KHCJIOTH M aleTaTa HaTpHUM:

rH
0,1 M CH;COOH 2,40
0,1 M CH;COOH+0,1 M NaCH;COO 4,65
0,01 M CH;COOH 3,40
0,01 M CHyCOOH+0,01 M NaCH;COO 4,71

CoopmyaupyfiTe Kak MoXHo 60Jbllle BRIBOZOB.
24-77. Huxe npusenenn 3uavenns pH 0,1 M pactsopos xaopo-
BOJIOPOJHOM KHCJIOTHI, FHAPOKCHAA HATPH M GydepHEIX PacTBOPOB:
Hcexopubitt k 100 Ma pacTBopa mnocae 10-kpaTe

pactBop Zo6aBaeH 1| Ma HOro paa6ab-
0,10 M pactBopa NeHHA BoZofA
HCI NaOH

0,10 M HC! - 1,00 1,00 1,01 2,00
0,10 M NaOH 13,00 12,99 13,00 12,00
0,10 M CH;COOH+

+0,10 M NaCH;COO 4,76 4,75 4,77 4,76
0,10 M NH,OH +

+0,10 M NH,C! 9,26 9,25 9,28 9,27

O6bscHuTe, MOYeMy pAacTBOPH XJIOPOBOJOPOJAHOH KHCJAOTH H
THLDOKCHIA HATpUi He/Mb3A Ha3BaTb GydepHeIMH. Paccuuraiite pH
UCXOHBIX PacTBOPOB M PacCTBOPOB, NOJYYEHHHX B pe3yJbTare
ONHCAHHHIX oNepalui, CPaBHUTE PACCYUTAHHBIE 3HAYCHHS pH ¢ BH-
IUENPHBEAEHHBIMH H OGCYAHTE NDHYHHB BO3MOXHHIX pAa3JHUHIL.

24-78. Ilpy BBeNEHHH INEJOYH B PACTBOP CHALHON KHCJOTHI pH
pacTBOpa B Hauajle HEHTPAJH3aUHK NOYTH He H3MeHseTcA. TeM He
MeHee pacTBOpP CHJIBHOH KHCJIOTH (KaK H INEJNOYH) He HA3BIBAIOT
6ydpepuuM. [Toaemy?

24-79. BydepHoe neficTBre aueratHoro pacteopa (cmecn ayera-
Ta HATPHS H YKCYCHOH KHCJOTHI) O6BIYHO O6BSICHIIOT CJaeAYIOMHMH
PeakIHAMH:

CHyCOOH -+ OH- = CH,CO0" -+ H,0
CH3COO~ 4 H* = CH,COOH

Byner nu coxpaustecs 6ydepHoe neiicTBHe OoTHOCcHTearHo OH-,
ecaH Henoan3oBath ToaMbKO CH3;COOH? Bypmer am  coxpanareca
Oy¢epHoe AeficTBHe OTHOCHTeNbHO H*, eclM HCNOMB30BATH TOJH-
kKo CH,COO—?

24-80. Byner au pactsop NH,CH;COO 6ydepunM? HMefiTe
B BHLY, 9TO NIPH BBELeHHH B DAaCTBOP HOHOB BOAOPOAA NPOXOLHT
npouecc:

H* 4 CH4CO0™ = CH,COOH
a IIPYU BBeJlEHUH I'HJDPOKCHJ-HOHOB
OH~ + NH,* = NH,0H
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94-81. AneraTHnii  6ydepHHr  pacTBop  HMeeT  COCTaB
CH,COOH+NaCH;COO. byzner su 6ydepHolt cMech CH,COOH+
+NH,CH,COO?

24-82. Byner qu o6aafaTh 6ydepHbM AeACTBUEM CMECh caaboit
KHCJOTH M COJH JApYyroii cjaaGofi KHCJIOTH, HampHMep pacTBoOp
CH,COOH u NaCOOH? B stom pacTBope npH A0GaBJEHHH KHC-
JIOTH TPOXOAHUT peaKIHsA: :

COOH~ 4 H* = HCOOH

a npH f006aBJeHHH ILLEeJOYH: »
CH,COOH + OH- = CH,COO"~ + H,0

24-83. K G6ydepHoMy pacTtBopy HPO,2-—H,PO,~ no6asieHa
KHCJIOTA:
HPQ,2~ 4 H* =H,PO,”
H,PO,~ + H* = HyPO,

Kakas 43 peakuuil mpoteKaer B GOJbLIeH CTENneHUu?
K ToMy e pacTBopy AofaBJieHa MieaoYb: i

HPO,?- -+ OH- = PO,* + H,0
H2P04_ + OH_ = HP042- + H,O

Kaxass H3 peakuufi OPOXOAMT B pacTBope B GoJbllell CTeneHH?

94-84. OKeaHckas Boja BeleT ceGi Kak Oy(epHBIi pacTBOp
[pH TOCTYIJEHHH B Hee MIEJOYHHX HJIH KHCJIBIX BOL Onuuure
npolecchl, OTBETCTBEHHBe 3a Gy(epHoe AeficTBHE BOAM, yUHTHBAA,
YTO Haj BOHOH B BO3JAYyXe COAEPIKHTCA AHOKCHA Yyrjepoma, a B
MOPCKHX OCaJKax HMeeTcs KapGoHAT KasbLHA.

24.85. pH pactBopa, NPHroTOB/IEHHOro M3 48,5 Ma 0,2 M xJo-
POBOAOPOIHOH KHCJOTH H 25,0 M1 0,2 M pacrBopa XJOpHAA KaJjHs,
pasen 1,0. Buuucaunre pH pacTBopa, COCTOAILETNO H3 48,5 ma 02 M
HCl u 25 M Boasl ¥ 0OBACHHTE, MOYEMy NePBHH pacTBOP MPOSB-
asiet 6ydepuble cBOficTBA?

24-86. KoHLeHTpalHi0 HOHOB Bojopoia B OydepHOH cMecH
CH;COOH + CH;COONa M0XHO paccuuTaTh no ¢opmyJe

KcH 3c00H kuen
Cconu

BuBenute 3ty Gopmyay H ¢Gopmyay AJs pacuera KOHUEHTpa-
uuu moHOB Bojopofa B Gydepnoii cvecn NH,OH+NH,CIL. Ilepe-
QHC/IHTe OTPaHHUEHHS B MPHUMEHEHHH 3THX dopMmy.r.

24-87. Buuncaure pH pactBopa, comepxaitero 0,05 MOJIb/ ]I
NH.OH u 0,05 moss/n NH4Cl (Knm,on=1,8-10"5).

24-88. Buyucaure pH pactBopa, NOJNY4€HHOTO CMeNIEHHEM
500 ma 0,02 M pacrBopa CH;COOH u 500 Ma 0,2 M pactsopa
NaCH3COO (KCH3c001=[= 1,8- 10"5‘).

24-89. Briuncaute pH pacTBOpa, NOJYyYEHHOTO pPacTBOPeHHEM
1,08 r xsopuna amMoHHa B 250 wma 0,5 M pactBopa TrHApOKCHAA
HaTpHs.

[H*] =
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24-90. Kakoe KoauuectBo (B r) NH,Cl ciepyer npH6aBuTb
kK 100 ma 0,01 M pacreopa NH,OH, 4ToGul cpefa craja HeHTpalb-
Ho#t (Knu,om=1,8-10-%)? Kakoe koauuectso HCl naer Takodl me
s¢dekTt?

24-91. Tlouemy amdoTepHble 3JIEKTPOJIHTEl ABJAIOTCA CJaGbIMH
KHCJIOTAMH H CJAa6GBIMH OCHOBaHHAMH? MoryT nH 6HTh aMOTepHLIE
3JIEKTPOJIHTH CHJBHBIMH KHCJIOTAMH H OCHOBAHHSMH?

24-92. CocTaBhTe ypaBHeHHs peaklHil npeBpallleHHA HOHOB B
BOAHBIX pacTBOPax NPH H3MEHEHHH CpPelbl PaCTBOPOB:

Zn?* —— Zn0,?-
Zn0,2~ —— Zn%*

Al3* —» AIO,"
AlO," —» Al+

YKaxuTe yca0BHA NPOTEKAHHS peaKIHi.

24-93. Huxe naH npHMep MNOCJEAOBATEJNLHOCTH ONEpauHi IpH
COCTABJICHHH YD4aBHEHHH peakUH# [peBpalleHHs OAHOLO HOHA B
apyro# npu uameHennu pH cpennt. Ilpeanonoxkum, uto Hon Cro0,2—
ciaepyer nepesectd B HoH CrO,%—:

Cr,0.2- —— CrQ42-

Cry,0,2 —— 2Cr0O42-

Cr,0,2- —— 2Cr042- 4+ H,0
Cr,0,2 + OH™ —> 2Cr0O,2- 4+ H,0
Cr,0,%- + 20H- = 2Cr0,2- + H,0

ITporusononoxueit mepexos CrO 2~ B Cry0,2~ 3anuchiBaeTcs
TaK:
CrO2- —> Cr,0,2-
2C102~ — Cr,0.2-
2Ct0,~ —> Cr,0.%- 4+ H,0
2CrO2~ 4+ H* — Cr 0,2~ + H,0
2Cr0,42- + 2H* = Cr,0,%2- + H,0
OG6paTHTe BHHMaHHe Ha TO, B KaKOM CJyuae 3amHCHIBAeTCH HOH
OH~ uan H*, cmoco6eTByromiuil npeBpalleHHIo, H Ha KaKOM 3Tale
COCTAaBJIEHHA YPaBHEHHs CNpaBa OT 3HAKA CTPeJKH npubasasercs
MoJieKyJa BOJB. 3amucaTh YpaBHEHHE CO 3HAKOM PABEHCTBA MOXK-
HO, TOJIbKO YGeIHBIUNHCh B PaBEHCTBE YHC/JA aTOMOB M 3apsifoB IO
o6e CTOPOHB! OT 3HaKa paBeHcTBa. [IpoBepnTe cocTaB/eHHHE Ba-
MH aJIrOPHTM HalHCaHHs YPaBHEHHH Ha NpHMepe mepexoaoB Al%*
B AlO,~ u AlQ,~ B Al
24-94. HanuwiuTte ypaBHeHHs peaKUUHd INpeBpallleHHs CJaefyio-
HIUX HOHOB NpH u3MeHeHud pH cpenbr:

1) Cr3t —— CrO,~ . 8) PO~ —— PQ,3-
2) CrOy~ —— Crd+ 9) POs% —— P04~
3) Znt+ — 5 ZnO,2- ° 10) P,0,4~ —> HPO,2-
4) ZnOy*~ —— Zn2+ 11} AlO,~ —— AI(OH),
5) B4O;* —— BO,- 12) Cr¥* —— Cr, 0,2
6) BOg~ —— B,0,2- 13) CrOy%2= —— Cr8+

7) SigOp3~ ——> Si,042-
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[Tpy cocTaB/ieHHH ypaBHeHHH peakKUHH NOJb3yHTeCh CJEAYIOLIH-
MH ODaBHJAaMH: CJlelyeT YPaBHATb YHCJIA aTOMOB, ONpeJelsolIHX
HasBaHHe HOHA (XpoM, UHHK, 6op, ¢ocdop u T.A.), B Npasoil Hac-
TH ypaBHeHHS HanHcaTh ¢GOpMyay BoOJH, MOACYHTATHL YHCIO aTOMOB
KHCIOpPoja B o6eHX yacTaXx YpaBHEHHA H, ec/U CleBa HMeeTcsl H3-
6HITOK aTOMOB KHCJIOpPOAa, Mepej 3HAKOM paBeHCTBa NpubaBHUThL HO-
Hbl BOJOpPOAAa, a €CJH HeJOCTaTOK — NPHOABHTb TI'HIPOKCHJ-HOHE
H ypaBHATb YHCJA aTOMOB KHCI0pPOJAa H BOAOPOAa No 0b6e CTOPOHH
3HaKa paBeHcTBa. KakHe ypaBHeHHs He COCTABJSIOTCS NPH NMOMOIILH
3TOr0 ajJropuTMar

24-95. YKaxHure, KaKyio cpepy (Kucayio, HeRTpaJbHYIO HIH Lie-
nounyio) HMewr pactBopnl  KyCrQs KoCraOz,  (NH4)2CrOy,
(NH;)2Cr,0;.

24-96. O61bsiCHHTe, MOYEMY BOAHBEIE PACTBOPHl JHXpOMAaTa KalHd
HMeEIOT KHCJYIO cpepy, a XpoMmara— uledoynyro. Hanuwnre ypas-
HEHHs1 peaklHH, oNpeleldAIOIIUX CPeldy pPacTBOPOB 3THX COJe.

24-97. B BOAHHX pacTBOpax XpoMara HaTPHs H AHXpoMaTa Ha-
TPHA OJHOBPEMEHHO NPHCYTCTBYIOT JIHXPOMarT- H XPOMAaT-HOHBL
YKaxuTe cnoco6ul CMellleHHs PaBHOBECHS B CTOPOHY 06pa3oBaHus
OJHOro H3 HOHOB H HAMHIIHTe YpaBHEHHS peaKIui.

24-98. Peakuuu ruiponusa AUXpOMaT-HOHA M XPOMAaT-HOHA BHI-
paxaioTca ypaBHEeHHAMH:

Cry0s2~ + H,0 = 2CrO,2- + 2H+
CrO42- + H,0 = HCrO,~ + OH-

Hanumnte ypaBHeHHs peakumii mpeBpallleHHss OLHOTO HOHA B
Apyroit npH uameHeHun pH cpessl. ‘

24-99. Ha npumepe peakumii npespallleHHs] OfHOTO MOHA B ApY-
roit npx usMeHeHnH pH cpeani:

Cry0;2~ + 20H~ = 2CrO,2~ 4+ H,0
2CrO42- + H* = Cr,0,2- 4 H,0

CopMyaupyiiTe ycnOBHS OCYLIECTBHMOCTH T4KOro Iepexoja.

24-100. ITouemy, ecm B pPacTBOp XpOMaTa HATPHS BBOAMThL IO
nasaedHem COg, To o6paayercs auxpomar? HanuiumTe ypaBHeHHe
npoliecca.

24-101. AMuHOyKCcycHast KHcaoTa (ramkokoas) NH,CH,COOH
ABJSIETCS aMQOTEPHBIM 3JeKTpoanTOM. Hanuuinte ypaBHeHHs pe-
akuMil 3T0# KHCJOTH ¢ HoHaMH H+ u OH-. Byjer aun amuuoykcyc-
Has KuciaoTa B3auMojeiictsoBath ¢ CH3COOH n NH,OH?

§ 25. IPOLLECCHI B PACTBOPAX KOMIIJIEKCHBIX COJIEH

25-1. llpu cnusannn 1 a 0,1 M pacteopa FeCl; u 1 1 0,6 M pac-
t80pa KCN nomyyaercss pacTBop, B KOTOPOM MeTOLaMH KayeCTBeH-
HOro XMMHYECKOro aHa/H3a He 06HapyXuBaloTCA HOHH Fel+ u CN-,
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Ho ob6napyxuBaiorcs HoHH Cl— m K¥. Hanuiate ypaBHeHHe peak-
UHH.
25-2. K pacteopy FeCl, npn6aBaen pactsop KCN. Kak Bl ay-
maere, KakoB Oymer mnpoaykr peakunn: Fe(CN); uam xe
[Fe(CN)e]3—? Uro npeanouTuTeNbHEE — PaBHOMEpPHOE pacnpeje-
nenue HoHoB CN~— cpead 60JbIIOro YHCAa HOHOB Xesesa ¢ 06paso-
panneM [Fe(CN) (HyO)s]?+ uanm xe o6pa3oBaHHe MaJloro 4YHucaa
uonoB [Fe(CN)g]3~, T. e. KoHuenTpupoBanue HoHoB CN~ y HeMHO-
THX HOHOB KeJe3a?

25-3. INpensoxute H3BecTHHe BaM cnoco0b KayecTBEHHOTO H
KOJHYeCTBEHHOrO ONpeJeJeHHs COCTaBa BOJAHBEIX pacTBOPOB, cojlep-
wamux coan: 1) KCN, 2) Fe(CN)s, 3)Ks[Fe(CN)s], 4)Fe(CN)y,
5) K4[Fe(CN)e].

25-4. Yacto cMmelleHHe paBHOBeCHA AEMOHCTPHPYIOT Ha IpHMe-
pe peakluyH o6pa3oBaHHsA pPOAaHHAA KeJe3a KPACHOIO IBeTa:

FeCl, - 3NH,SCN = Fe(SCN); + 3NH,CI

Bsengenne B pactBop FeCl; 1 NH,SCN npuBoAuT K yCHIEHHIO
KpacHo#i okpacku, a BBefenne NH,Cl x ee ocnabaennro. OnHako,
ecan cuurath, uto coli FeCl; 1 NH,SCN — cunpHble 3JeKTpPOJH-
Tel, @ Fe(SCN)3;— cnabulii 3/7eKTPOJHT, YTO YPaBHEHHE peakUHH
MOXKHO 3alHCaTb COKPALIEHHBIM MOJEKYJAPHO-HOHHHM crnocofoM

Fed+ 4 3SCN- = Fe(SCN),

u3 Koroporo caepyer, uto NH,Cl He MoXeT cMewmlaTh paBHOBECHS.
[Touemy mnpu6asaenne kpucraiaudeckoro NH4Cl ocnabaser oxk-
packy?

25-5. IIpu o6BYHBIX ycaoBuax 1 o6beM BOAH pacTBopser 0,02
o6beMa Bojgopona, 400 o6vemos HCl u 700 o6vemos NHj. Ilouemy
pactBopuMocts HCI| 1 NHj; Tak Bennka?

25-6. [Touemy xsopHas KHcAOoTa HauGoJee yAOGHHIH H Yacto
HCIOJL3YEeMbIH 3JEKTPOJNHT AJS NPHIOTOBJIEHHS PacTBOPOB C 3ajaH-
HOHi HOHHOH CHJIOH?

25-7. PactBop conu coctaBa Fe(CN)z-4KCN He moKasuBaeT
peaknu#i Ha HOoHH Fe3+ yu CN—. OcmoTHyeckoe nRaBiaenue 0,002 M
pactBopa 3tofi coau npu 0°C paBHo 22610 [la. Temmepatypa 3a-
mep3anus 3toro pacrBopa —O0,018°C. KakoBa KOOpPAHHALHOHHAs
tdopmyaa coau?

25-8. Hanuuiite ypaBHeHHd peaKuHi#i B3aHMOJEHCTBHA HHTpPATa
cepefpa CcO CJAEAYIOUIHMH KOMIJIEKCHHIMH coeXHHeHHAMH: PtCly.
-6NH;, PtCl4-5NH;, PtCly-4NH,, PtCl,-3NH,, PtCl,-2NH,.

25-9. CHHTEe3HPOBaHH KPHCTAJJMUEeCKHE COeAHHEHHA CJAEAYIO-
mux cocraBoB CrCl;-3NHj;, CrClz-4NHj3, CrCl;-5NH;, CrCls-
-6NHs. U3 stux coneit npurotosienn 0,01 M pacTBoph, kKoTOphHe
uayuanu: 1) peiicteuem AgNQ;, 2) MeroAoM, OCHOBAHHLIM Ha H3Me-
PeHHH 3J1eKTPOIPOBOJHMOCTH, 3) KPHOCKONHYECKHM MeTOAoM (KO-
TOPHIi TOKAa3bIBAET YHCJO YaCTHI, 00Pa3yIOUXCA NPH PacTBOPEHHH
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conn). IMonyuensr cienyiouye pesyabTaThi:

Yucno ocax- SDNeKTPOMPOBOAH- taaM 0,01 m
RaOULAXCA MOCTb COOTBETCTBY- pacteopa, °C
HoHos Cl— eT 3JeKTPONPOBOJH-

MOCTH pacTBopa €O-
a4 TOMt Ke KOHLEHT-

paliy
CrCls-3NH, 0 H,O —0,018
CrCls-4NHj,4 1 KClI —0,035
CrCls-5NH;, 2 BaCl, —0,050
CrCl3-6NH;, 3 KsPO, —0,070

O6bAcHHTE XapakTep H3MeHEHHsI CBOHCTB pacTBOpa MO  Mepe
YBeJHYCHHA YHCJIa MOJEKyJ aMMHaKa B cocTaBe coJH. Hanuuurte
KOOpJAHHAIHOHHLIE  ¢opMyJbl coeinHeHHH. KakoBo KOOpAHHALMOH-
HOe YHCI0 XpoMmar?

25-10. Kak OOBACHHTb, UTO MOJbHAsI HOHHAs 3JEKTPONPOBOAH-
mocTb HOHAa [Fe(CN)g]?~ 3HauuTeJbHO BHIUE, UeM, HAalPHMEP HO-
HoB F~ umu C1-?

25-11. Hanmumute QopMmyast coesuHenuii, o6pasymliuxcs NOpH
NMOC/NeloBAaTEIbHOM  3aMellleHHH  Jguranga NH; #ma NOy7 B
[Co(NH3)6]Cla. IMocTpoifite rpaguueckyro 3aBHCHMOCTb (KadecT-
BEHHYIO) 3JIEKTPONPOBOAHMOCTH W TEMIEpaTyphnl 3aMep3aHHs pac-
TBOPOB CoelHHeHUHl OT uHcaa HOHOB NO,~.

25-12. O6baAcHHTE, MOYEMY B OTJHYHE OT aJOMHMHHA LHHK pac-
TBOPSIOT HE TOJIbKO CHJbHble IIe10YH, HO H PacTBOPH aMMHaKa H
cosefl aMMOHHA. HamuuIHTe ypaBHeHHs peakumil.

25-13. HanumuTe ypaBHeHHs peakuMii pacTBOPeHHS LHHKA B
pacTBopax KHCJIOT W Liesouel, HCmoAb3ys HOHH [Zn(H,0)e]2+
H [[Zn(OH),]*~. Ananoryunble ypaBHEeHHs] HaNUUIKTE AN peaKiHil
KOMIIJIEKCHBIX HOHOB aJIIOMHHHS. A

25-14. CocrapbTe ypaBHEHHS peaKUH# pPacCTBOPEHHS OKCHAA
UHHKAa B pacTBOpPax KHCJIOT H LieJoYeH, HCIOAL3Yys HOHHI
[Zn(H:0)¢]%* u |[Zn(OH),] 2.

25-15. Ha pacTBOpH X/JIOpPHAa UMHKAa JAeACTBYIOT pacTBOPaMH
NaOH u NH,OH. Hanuumure ypaBHeHHs peakuuil. YKaxute, yeM
OTJMYAIOTCS NPOLECCH H YTO B HHX O6Inero?

25-16. I1pu Baammonetictsuu Al (OH); ¢ menouamn o6pasyiores
COOTBETCTBYIOIIHE aJIOMHHATHI, HallpUMED

NaOH -+ Al(OH), = Na[Al(OH),]

Hannmnte ypasHenue peakunn ¢ NH,OH.

25-17. O6bsacHHTe, MOYEMY KOOPAMHAIHOHHBIE YHCJAA KOMILJIEK-
coo6pasoBaTeNst B KHCHOH U IIEJOYHOH  Cpeaax pas/IHIHH:
[Al(H20)¢]%* u [AI(OH).]~,. [Zn(H:0)e]2* [Zn(OH) ]2~
[TpuBeanTe npyrue mpuMepsi.

25-18. Hanuuinte ypaBHEHHs B3aHMHBIX IN€PeX0f0B HOHOB
1) [Zn(H.0)¢]2%+ H [Zn(OH),]*-, 2) [Cu(H:0)¢]%* =
[Cu(OH).]%-, 3) I[Be(H.0),]** u [Be(OH),]*, 4) [Al(H;0)¢]3%*
u [Al(OH),]~.
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YKaxuTe cpefly (KHCIas HJH IIENOYHAs), KOTOPYIO Heo6XoAH-
MO CO37aTb B pacTBope AJsl Mepexoja HOHOB. Hamuirnre Takme
ypaBHeHHsl MPOLECCOB, HCMOMB3Ys MpocTedune (He KOMILJIEKCHbIE)
dopmyab HoHoB (Hampumep, ZnO,?~ uan AlOy7).

25-19. HanuiugTe ypaBHEHHs peakKUud JAHCCOUHALHH HOHOB
[Fe(H,0)6]3* u [Fe(H:0)6]?+ no tumy auccounauun Kucior. Ka-
Kol M3 HOHOB obJajsaeT O0oJjiee CHJIbHBIMH KHCJOTHBIMH CBOHCT-
BaMH?

25-20. Brulpasute KOHCTAaHTY rHApoan3a Kr

A3+ - H,0 = AIOH?+ - H*

yepe3 KOHCTAHTY HECTOMKOCTH Kuecr
[AI{H,0),]#* = [Al{(H,0);OHJ** 4 H*

25-21. Tlouemy Boaunit pacteop coau [Co(OH) (NHs)s]?+ ume-
er pH>7? Hanumute ypaBHeHHe Npolecca, OTBETCTBEHHOro 3a
PeaKIHIO Cpefhl.

25-22. Ypapuenne peakuun ruppoansa [Co(OH) (NHs)s]** mo-
XKeT GHITh BHIPAXEHO B BHJAE:

[Co(OH) (NHg)3]2+ -+ H,0 = [Co(H,0) (NHy)5}8* - OH"

YKaxHTe, K KAKHM THIOAM peakuui MoXeT GHTb OTHECeHa 3Ta pe-
aKiHg FHAPOJaH3a?

25-23. Kakoii H3 HOHOB CJeAyIOWIHX nmap o6aamaer 6osee CHIb-
HBIMH KHCJIOTHBIMH CBOHCTBaMH:

a) [AI(H,0)¢P* wan  [Fe(t,0)e]**
6) [Fe(H,0) B+ wmmu [Fe(H,0))*+

25-24. Kakyio cpepy (KHCAYIO HJIH IIET0YHYI0) HMEIOT PacrBo-
pu coneit [Co(H:0) (NH;)s]Cls u [[Co(OH) (NH3)s]Cl,?

25-25. ¥KaxHTe OCHOBHOE OTJHUHe ABOHHBIX coJed OT KOM-
MJIeKCHBIX.

25-26. KakoBa TteMnepatypa 3amep3anus 0,01 M pacteopa
KAL(SO4)2, ecln KpHocKomnueckas noctosHHas Ku,o=1,86.

25-27. Coi» Mopa comepxur 14,23% Fe?t, 9,20% NH,*®
49,009 SO~ u 27,57% H,0. CocraBbTe GopMyny 3Tofi ABOHHOH
coad. Ee 0,01 M pactsop 3amep3aaer npu —0,093 °C.

25-28. [Touemy KBacLibl pacTBOPMMBI 3HAYHTENBHO XYyXKe, UeM OT-
NeJbHbIE COCTAaBJAIOMHME HX CyabdaThi?

25-29. pH 0,1 M pacreopa kBacuoB K A1(SQO,), pasen 3,2. Bu-
yucaute pH pacrBopa Al,(SO,); ToH Ke KOHUEHTPAUHH HO aJio-
munuio. Kako#l BuiBoa ciaenyer us cpaBHenns pH stux asyx pac-
TBOPOB?

95-30. Monusanuonsas M30MepHsl KOMIJIEKCHBIX COeJIHHEHHH 3a-
KJIOUAaeTCs B Pa3JHYHOM paclpeleleHHH HOHOB MeXJy BHYTPeHHeH
H BHewHeH cdepaMu. ClencTBHE 3TOro NPOSABJAETCS B Pa3JHYHOM
XapakTepe AMCCOLUMAUHH KOMIJIEKCHBIX COeIHHEHHH Ha HoHHL. Tak,
BeltectBo cocraBa CoSOuBr(NH;)s cyulecTByeT B BUAE ABYX H30-
MepOoB: OJHH C HHTpaToOM cepe6pa paer ocafok Ag,SOs, Apyroi —
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AgBr; npu nefictBuu xsopuza 6apus ofuH paer ocagok BaSO.,
npyrofi He o6Gpasyer o0caika; BOAHble PACTBOPH OJHOTO H30Mepa
HMET 66JbIIYI0 3JeKTPONPOBOAUMOCTS.

Hanuwnre koopAHMHAUHOHHEE (GOPMYJH H30MEpOB, YUHTHIBAS,
YTO KOODAHHALHOHHOe HUCJI0 KoGasbTa 6.

25-31. BemectBo cocraBa PtSO4(OH),(NHi)s oGpasyer npa
HOHH3aLHOHHBEIX H30Mepa. BoaHBIN pacTBop OAHOrO K3 HHX HeHTpa-
JIEH, PacTBOD JAPYroro H3oMepa MNOKa3blBaeT LIEJAOUHYI0 peaKLHIO
cpensl. Hanuuminte KOOpAMHAUHOHHbIE (OPMYJbl H30MEPOB, YYHTHI-
Basl, UTO KOODAHHALHOHHOE YMCJO NMJATHHB paBHO 6, a HOH SO,2~
B JlaHHOM COeJHHEHHH 3aHHMaeT MeCTO ABYX Juranios (OujeHTa-
TEH).

25-32. Kakoit nsomep [Pt(NHj)2Cly] — yuc- uan rpanc- nony-
uutcs npu AedictBun NH; va K[Pt(NH;3)Cls]?

25-33. YKaxure, Kakofl H30Mep — Yuc- WK TPAHC- TOJYUHTCS
npu pacuennenunun [Pt(NH;);Cl1]Cl:

[Pt(NH3)3Cl]Cl = NHa + [Pt(NH,,)2C12]

25-34. Komnuekcoo6pasoBatenn Cut, Ag*, Aut npu HeBHCOKOR
KOHIEHTPalKH JIMTAH/[0B B PaCTBOpe Hallle BCero MMEIOT KOOpAHHA-
IHOHHOE 4YHCJAO 2 M 06pa3yloT HOHH JuHeliHoro cTpoenus. Ilpn
GobuIOf KOHIEHTPALKH JHIAHAOB KOOPAKHAIIHOHHOE YHCJO BO3-
pactaer a0 3 M HOHH INPHOGPETAIOT TPEYrodbHOe cTpoeHHe. KoMm-
naekcooGpasosatean Zn?*t, Cd** u Hg?t npu HuSKHX KOHIEHTpa-
IHAX JUTAHAOB HMEIOT KOOPAHHALHOHHOE YHCAO0 3 U 06pasyioT HOHLE
TPEYTOJLHOTO CTPOEHHUS, NPH BHICOKHX KOHIEHTPALMAX JHIaHAOB —
KOOPIHHAIHOHHOE 4YHCJO CTAHOBHTCS PaBHBIM 4 H OHH 06pasyioT
HOHBI TETPa3APHUECKOTO CTPOCHHUS.

OnywnTe BO3MOXHbIe H3MEHEHHs 3JEeKTPOHHOTO CTPOEHHS yKa-
3aHHHIX KOMIIEKCOO6pa3oBaTejedl NMPH YBeJHUEHHH KOHUEHTPALHH
JUTaHjlOB B pPacTBOpE.

25-35. [penckaxure MarHUTHbIe CBOHCTBa HOHOB
a) [Al(Hy0)¢]3, 6) [Zn(H.0),]%t, B) Cu(H,0),]%,
r) [Fe(H;0)e]*+, n) [Fe(H0)¢]%t, e) [Cr(Hz0)¢]3+. Ipencka-
KHTe MarHUTHHE CBOACTBAa HOHOB, Y KOTOPHIX MOJEKYJH BOJAH 3a-
Memensl Ha NHs, F~ unu CN-. Pemnte aHanoruusble 3agaun aas
APYTHX d-371eMeHTOB 4 mepHoza.

25-36. PactBop [Ni(H:0)g]?t umeer senenyio okpacky. O6b-
SICHHTE, NMOYeMy HCYe3aeT OKpacka HpPH BBeAeHHH HoHoB CN-—.

25-37. BesBomnbiit cynbdar menn CuSO, uMeeT Geabli LBeT.
Ilpn pactsopennn B Boje moayuaercsi romy6oii pacrBop. Kakos
COCTaB HOHOB, 0GYC/OBJIMBAIOMHX roay6yi0 OKPacky pacTBopa?

Eciu B pactBop cysibdata Mexu n06aBHTL HOHb Cp042~, TO BH-
ranaer GeJbli OCafloK, KOTOPHI! pacTBopsiercsl B H36bITKe Cp0,2~
H OKpacCKa pacTBOPOB CHOBA CTaHOBHTCA rony6oi. Hamuwmure ypap-
HeHHs COOTBETCTBYIOIHX peakUHil.

25-38. K pacTBopy MeJHOro Kymopoca NpHJIMBAIOT pactBop xJo-
poBonoponHofi KHCAOTH. Ilpeackamure H3MeHeHHs, KOTOpHe npo-
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H30iiAyT B pacTBope. HamumuTe ypaBHeHHS COOTBETCTBYIOIIHX pe-
aKIHH.

95-39. Okpacka pactsopoB xjopuaa Mend CuCly 3aBHCHT OT
KOHIIEHTPAUHH PacTBOPa, TeMIepaTyphl, HAJHUHSA APYrHX coneil.
KounentpupoBauutiit pacrBop CuCly HMeeT KOPHYHEBYIO OKpPackKy,
no Mepe pa3GaBiieHHs OKpacka ero H3MeHseTCA Ha TEMHO-3eJeHYIO,
3eJICHYIO, CBET/O-3e/eHYI0 H NPH CHJIbHOM Pa3GaBJieHHH CTaHOBHT-
cs cBeTJo-rony6oii. KakoBbl NMPHYHHBI H3MEHEeHHS OKPacKH pac-
TBOpa?

[Tpn no6aBieHHH K KOHUEHTPHPOBAHHOMY PacTBOPY CuCl; xJ0-
POBOLOPOAHON KHCJIOTH OKpPacka pacTBOpa CTaHOBUTCH xenarol. [To-
yemy? [Ipu BBefeHHH B pa306aBJeHHHl pacTBOpP XJIOPHAA MeJH
XJIOPHIOB, CKIOHHbIX 06pasoBbiBath ruapaThl, Hanpumep CaCly uin
AlCl;, rony6ble pacTBOPH MPEBPAlLIAOTCS B 3ejeHnle. KakoBa mpH-
ggHa 3TOro sejenus? O6bacuute, modeMy pactsop CuCly, umero-
MM 3ejieHyI0 OKpPacKy NPH oOBIYHON TemmepaType, MPH NOHHXKEHHH
TeMNepaTyphl H3MeHseT ee Ha roay6yio.

25-40. IIBeT — 3TO0 3pHTeJbHOE OlIyllleHHE 3JIEKTPOMATrHUTHOTO
H3anydenus ¢ AJAHHAMH BoaH oT 400 mo 760 um. Ecnnm Bemmectso
MOJIHOCTHIO MPOMYCKAeT MJHM OTPaXKaeT BCe MajaloliHe Ha HETo JYUH
cBeTa C AJHHAMH BOJIH B YKa3aHHOH 06J1acTH, TO OHO KaXercs Oec-
UBETHHIM HJH GelHIM, €CH Xe Mornomaer — to yepHuM. [Ipu n3bu-
paTeNbHOM MOrJIOIIEHHH CBeTa KaKoH-1HGO [JIMHBI BOJHBI OCTaB-
IKecs JYy9H, NPOLIeAlLIHe Jepe3 BEIUECTBO HJH OTpaXKeHHHIE OT He-
ro, co3famT olllylllenHe UBeTHOCTH. TaKol UBeT Ha3biBaercs AOMOJ-
HHTENbHBIM (HAGJI0faeMEIM) :

IauHa BOJMH, HM CnekTpaababIt HBeT JononuutenbHnift nper
400—435 tdHoNeTOBHH 3e/1eHOBATO- KeATHH
435—480 CHHHH KeNThH
480—490 3e/1eHOBaTO-CHHHU OpaHXKeBHIH
490—500 CHHE-3e/leHu i KpacHHI
500—560 3eNleH bl TypnypHEIH
560—580 XKeNTo-3eNeHE thHONeTOBH
580—595 KeJITH I CHHHI
595—605 OpaHxKeBHi 3€J1eHOBATO-CHHHU
605—730 KpacHHI CHHe-3€eMeH Rl
730—760 MypnypHHI 3eseHhli

HanpuMep, eciM BellleCTBO INOIJIOLIAET CBeT ¢ RJMHOH BOJIHH,
580—595 HM (XKeaTHi IBeT), TO OHO GYNeT OKpAWleHO B CHHHA
UBeT.

B xaknx 06/acTAX CIeKTPa MPOHCXOJHT MOrJOIIEeHHe, ecJH pac-
tBOpH HMetoT okpacky: NiClp— 3enenywo, TiCls— Gaennywo kpac-
Ho-nypnypHyio, CuSO;— CHHOK?

95-41. Tlornoluenre cBeTa BellleCTBOM NPHBOJHT K BO36yXie-
HHIO 3JIeKTPOHOB. Pa3HOCTb 3HEPrHil B OCHOBHOM H BO30YyXIeHHOM
COCTOSIHHSIX ompejenseT AJHHY BOJHH MOTJOIIaeMOro lBeTa H TEM
caMuIM HaGJOfaeMyi0 OKpPacKy, a Takxe ee ray6uny. [lauxe BoJ-
ue 400 HM COOTBETCTBYeT 3Heprus Bo36yxaeHus 146 xJIx/Modb,
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IanHe 760 HM — sHeprua 293
KJX/MOAb., BHUACAHTEe 3HEPrHH
BO36YyXJEHHUA JPYTHMH JJIHHA-
MH BOJIH BHJIHMOTO CBETa.
25-42. PacTtBOp MemHOTO Ky-
1opoca OCBeIaeTcsd NooYepeHo

Onmuyeckas
nAGMHOCMb

|
KpacHHIM, 3€JIEHEIM H (PHOJEeTO- 25000 20000 150003;’,0»1-1
L 1
BuIM cBetoM. KakoBa Gyner ero 400 500 600 7007
OKpacka? PHC. 25-1,

25-43. Kakoro uBera Oyzer
KasaTeca KpacHHH pacTtBop Fe(SCN)s, ecnu cocyx ¢ HHM 1nome-
CTHTB B cocyh ¢ pacrBopoM CuSO,? Kakaa 6yner okpacka 3Kuj-
KOCTH, €CJIH pacTBOpPH cMellaTh? IIpuaymafite ApyrHe npumepsi.

25-44. Tlouemy, ecnim Ha MJaMs CBeYH CMOTPEeTh CKBO3b CJIOH
BOASAHOro Mapa, OHo NpHoGpeTaeT KpacHHH uBeT?

25-45. MakcuMyM NOIMIOIMEHHS: B CeKTPe BOAHONO pacTBOpa
TiCly npuxonntcs na 504 nM. KakoBa oKpacka 3TOro pactsopa?
Hanuiute KOOpAHHAUHOHHYIO (QOPMYJay HOHA, OTBETCTBEHHOTO 3a
NOrJIoIeHHe. .

25-46. Ha pHc. 25-1 nokasan CNeKTp NOINIOLUIEHHS KOMILJIEKCa
[Ti(HsO)¢] 3+ Kakyio OKpacKy uMeeT BOAHHH pacTBOpP COJH Tpex-
BaJieHTHOro THTaHa? (Bocnoap3yfiTech naHHBIMH 3apauum  25-40).

25-47. Cnektp moryiomenus uoHa [Ti(Hy0)g]?+ mnokasan Ha
puc. 25-1. CnekTp HMeeT MaKCHMYM morJomenus npu 504 num. Ilo-
rioienre 06yca0BaeHO BO36YXKAEHNEM 3JeKTPOHA:

hy 4

4

BriuncauTe 3HEpruio BO36YIKIEHHS.

25-48. Ha puc. 25-2 nokasaH CHEKTP IOIVIOHIEHHA HOHa
[V(H20)s]?*+ B BoanoM pactBope. IlombiTaiiTech npeackasaTh OK-
packy pacTBopa.

Onmuyeckan
MNGMAGCME

Yy om !

PUC. 25-2

25-49. B pDHJAMHID C NMPO3pPayYHHIM JHOM HAJHTO He6OJbLIOE KO-
JHYECTBO OKDAallleHHOH XHIKOCTH, K KOTOPOHl NpHJHBAaeTCs ROa.
Kak 6yner H3MeHsITbCS OKpacKa pacTBOpa B 3aBHCHMOCTH OT €ro
KOHLUEHTPaUuH, (ecaH CMOTPeTb cBepxy)? B uuiaMHape Gruta XHA-
KOCTB: .

a) yepHusIa
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y 6) xpenkuft yai

4, . B) Ko%uempupoaaﬂnmﬁ pac-

5 tBop CuSO,

z CritFgs II‘)) KOHI[EHTPHPOBaHHHI PacTBOP

2 .. cucl }

g [Cr(H0)] 1) KOHIEHTPHPOBaHHHIE pac-

g tBop FeCls

3 \ 25-50. Ha puc. 25-3 mokasaHHI

g AN CIeKTPHI TOTJTOLICHHUS
| LN N [CT(H20)6] ER ' ‘[CT(NH3)5]3+.

300 400 500 600 A, Hr TTonyunTe Kak MOXHO GObLUe CBe-

[eHHH U3 9THX MaHHBIX.

95-51. Tleppasi KOHCTAaHTa HeCTOMKOCTH HOHA [Co(NHj)e]**
paBHa 4-10-5. PaccyutafiTe H3MeHeHHe H306apHOro MNOTEHIHA/A
npH IHCCONMANMM MOHAa MO MepBoii cTymeHH. MOXHO JH CHHTATh,
YTO Mpolecc AHCCOUHAUHMH sABJISAETCH caMonpousBoJpHEIM? Hamu-
IIHTe  ypaBHeHHe — IIPOIECCA, MPOXOASALLETO B CHCTeMe
[Co(NH;)¢+] = [Co(NH;)s3+] = [NHs] =1 Moap/n1 u yKaxmre
3Hak AG°® mpolecca.

95-52. Bruncaute Kouuentpanu uoHoB Cl~, [Co(NHs)e]?* u
[Co(NH3)s]%+ B 0,01 M pacTBope conH [Co(NHs)e] Cls. Koneran-
T2 HECTOMKOCTH KOMIJIEKCHOTO MOHA MPH AHCCOUHMAlHA MO NepBo#
cranauu paBHa 4-10735,

95.53. TlepBhie KonctauTs nectoiikoctH HoHOB [Co(NHs)e]*t u
[Co(NHs)g]3+ paBHH cooTBeTCTBEHHO 4,2 M 4,0-10-5. KoOHCTaHTH
HeCTOHKOCTH NMPH MOJHOH JAHMCCOLHAIMH TeX JXe WOHOB PpaBHBL:
7.8-10~¢ u 7,1-10-36, Kakoif U3 HOHOB IpOYHEe M MOYEMy?

25-54. OGCyAHTe 3HAYEHHs] KOHCTAHT HECTOHKOCTH Kyeer aMMHA-
KaTOB OfHO- H JBYXBaJeHTHOH MeIH:

JLast [Cu(NHg)g]**
[Cu(NH,),2+] [NH,]

1= [CaNHy2r] = 2107
ko=l =210
K4=%%% =70
JLas [Cu(NHg)g)*
K, — W= 1,26-10-
K2={g_‘u‘(‘g% =1,1.10-6

Kakoit non Menu (Cut uau Cu2t) mpouHee CBsi3aH C MOJEKY-
JaMH aMMHaka? Kaxde KOHCTaHTH HECTOMKOCTH CllelyeT CDaBHH-
BaThb JJISl NOJyYeHHST OTBETA?
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95-55. Ileppas komcranta HecTofikocth HoHa [Cu(NHs).]*?
paBHa
[Cu(NH,)42+] [NHy
1= " [Cu(NHg)4?+]

=7,2.10-3

Koncranta HeCTOAKOCTH IPH NOJHOH AHCCOLMAIMH DaBHA

[Cu*] [NH,}* _
= [CalNHg+] = 211072

PaccunTaiiTe KOHIEHTpalu0 MoJeKyn aMMuaka B 0,01 M pac-
TBOpe KoMmmekcHo#t con [Cu(NHs)4]Clp. (Cnavana nafigure KoH-
LEHTPALHIO MOJIEKYJ aMMHaKa, 06pa3yiolliuXxcs Mo NepBoH CTyleHH
JHCCOLHAllHH, 3aTeM KOHIEHTPAlHI0 MOJEKy/J] aMMHaKa, HCXOAS H3
KOHCTaHTH HECTOMKOCTH AJsa NMOJHOH AuccouHauux). CpaBHHTe pe-
3yJbTaTH H OGbACHHTe HX. MOXHO JIH PacCYHTaTh KOHLEHTPAIHIO
HOHOB Mejfu?

25-56. PaccuurafiTe  KOHIleHTpalHI0 HOHA [Cu(NH,)a]**
B 0,01 M pacreope conu [Cu(NHs),]Cl;. Kak paccunrate KoH-
IleHTpallHH JPYrHX KOMIIEKCHBIX HOHOB H HoHa Cu?t, o6Gpa3syio-
muxed o 2, 3 H 4 cryneHaM Auccounanuu? KOHCTAaHTH HeCTOHKO-
CTH CM. B 3aaaue 25-54.

25-57. Hcxoas 43 maHHBIX 3agaun 25-54, paccuHTaliTe KOHCTaH-
Ty HectofikocTH HoHa Cu(NHj),2* npu nmosHOf AHCCOLMAIIHH:

[Cu?+] [NH,g]*
= [Cu(NHy)4*+]

25-58. KakHe cBefeHHS MOXHO NOJY4YHTh H3 aHaJH3a KOHCTaH-
TBl HECTOHKOCTH IpPH NOJHOH AHCCOLHAlHH HOHAa? KoHUeHTpalHIO
KaKHX 4acTHIL MOXHO PacCYHTaTb, MCXOAf H3 3HAYEHHS 3TOH KOH-
CTaHTbl HeCTOHKOCTH?

25-59. B 0,01 M pactBope [Co(NHs)e]Cls Konuentpanus NHs
pasHa 6,3-10~* MoJb/n. BHYHCIHTE KOHCT2HTy HECTOMKOCTH AJs
JHccollHallHu no nepBoii ctynenn HoHa [Co(NHjs)e] 3+

25-60. ITpurotoBnaen 1 n pactBOpa, comepxkaiiuit 0,2 MOJbL HHT-
para cepe6pa # 0,5 Mosb aMMHaKa. BHIYHC/IHTE KOHIEHTPALHIO HO-
HOB Ag¥, eC/lH KOHCTaHTa2 HeCTOHKOCTH IpH NOJHOH AHCCOIHAIMH
HoHa [Ag(NHs).]+ papna 6-10-% VYkaxHTe ynpolleHHs M Tnpef-
MOJIOKEeHHsA, KOTOPHe HeoGX0AMMO cAenaTh B pacyerax.

25-61. BolumcaHTe KOHCTAaHTH paBHOBecHs npH 25°C mpouec-
COB

I, (&) + I (p) = I3 (p)
L)+ 1" (p)= 13 (p)
HCHOﬂb3yﬂ CleAYIIHE NaHHBIEC:
PaCcTBOPHMOCTD KPHCTAJJHYECKOro uoja B YHCTOH BOJe COCTaBJAeT

0,0013 mosw/n, B 0,10 M pacrBope NaNO;—0,0013 mouas/a,
B 0,10 M pacreope KI— 0,0514 MoJb/a.
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25-62. BH9HCAHTe KOHCTAHTY PaBHOBECHA peaKIHH
[Co(NHy)J** + 6CN™ = [Co(CN)]*~ + 6NH,
SCJH
[Co(NH,)g[** = Co®* + 6NH, Kyeer =7,1-10"%
[Co(CN)gl#- = Co?+ 4 6CN- Kyeer = 8,3-10-8

25-63. CaupaloTcsi paBHele o6vemm 0,01 M  pacTBopoB
Co(NHs)6]Cls 1 [Cu(NHs),]Cl,. Paccunrajite KOHLEHTpalHH
Co(NHs)6]3+, Cl-, Cu(NHj).**, Co*+, Cu?* u NH; B moayueH-

#HOM pacTBope. KOHCTaHTH HeCTOMKOCTH MOJHOM AHCCOLHALHH: s
[Co(NHs)s]3+ 7,1-10-26, pas [Cu(NHas)4]2* 2,1-10-13,

25-64. CpaBHHTe moOBejeHHe B BOAHOM pacTBOpPe [BYX KOMI-
Jaexcunx coneft Ko[PtCl,] 1 Ko[CuCl,]. [ToueMy paBHOBecHe nHc-
counaunu wona [PiCl]?~ casuuyro BmpaBo, a Hona [CuCls]?~—
BJIEBO?P o

25-65. IMoaeMy kommiexcHasi coip Ks[Fe(CN)g] oueHp a10BH-
ra, a K,[Fe(CN)es] — nHaMHOro Mensniue?

25-66. OnpefnesHTe BO3MOXKHOCTH B3aHMOJAeACTBHA B BOJHBEIX
PacTBOpax CJAeAyIOUHX BelleCTB H HaNHIIHTE ypaBHEHHS peaKuHA
B COKpalleHHOM MOJIEKYJAPHO-HOHHOB BHJe:

1) K,Fe(CN)g] -+ NaNO,  4) K[Ag(CN),] + NH,OH
2) K,(Fe(CN)] + NHOH  5) K[Ag(NO,),] + NH,OH
3) K[Ag(CN);] + NaNO, 6) K[Ag(NO,),] + KCN

25-67. OnpenennTte, BOSMOXHE JIH peaklUMH 3aMellieHHs JIHraH-
JAOB B CJeAYIONHX KOMIJIEKCaX:
1) [HgBrgl*-+F 4) [HgBrg®- 4 CN™
2) [HgBrg)*-+CI™ 5) [HgBr,]*- + NH,
3) [HgBrg]*- 417

Kakue cCBefleHHSI HYXHHI AJISI OTBeTa?

25-68. Buancaute pH 0,01 M Boasoro pacrBopa AlCls, Boc-
{10/1b30BABIUHCh KOHCTAHTOH AHCCOUMAUUH Kince KOMIUIEKCHOTO HO-
da [Al(Hs0)s]3* i

[Al(H,0) 4]+ = [Al(H,0);OH]*+ 4 H* Kapee =1,12-108

Bryucaute pH Toro xe pacTBopa no 3Ha4eHHI0 KOHCTAaHTH JHCCO-
nuauun wona Al (OH)2+, paBaomy 1,38-10-°. O6BsicHHTe NPHIHHH
PacxoXjeHHus pe3yJbTaTOB, eCJH OHH OGHapyxarcs.

25-69. Paccuurafite pH 0,01 M pacteopa CrCl, ecau aasg npo-
mecca

[Cr(H,0)aB* = [Cr(H,0);OHJ** 4 H+
KOHCTAaHTa AHCCOLHAIHH DAaBHA

[Cr(H,0),0H™] H*]
Kamee = ™ [C{H,0),™]

=1,3-10-*

25-70. KoHcTaHTH AMCCOLHALHH
[2(HgO)¢l** = [3(H,0);OH]*+ + H*
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paBen aas Al*® 1.10~% u Cr3* 1.10-4, Paccunraiite pH pacrso-
poB ¢ Koruentpauusamu 0,01 moas/n nosoB Al*+ u Cré+.

25-71. Besponuui xjaopua xpoma CrCl; pacTBopsAercs B BOJE
oueHp MengerHo. OJHAKO HpPH BBeJeHHH B pacTBOp He3HAUHTEJb-
Horo KoauuectBa xjopuaa xpoma (II) CrClp coap CrClg ouenb GH-
CTPO pacTBOpsieTCs M MOJydaeTcsi TeMHO-3elenHft pactBop. Hs sTo-
ro pacTBopa Iocje yNnapHBaHHS H OXJaXAeHHS BHNAAAl0T KPHCTaJ-
au CrClg-6H,0. Ecan moJayueHHHE KPHCTAJJH CHOBA PacTBOPHTH
B BoZe M K pacTBopy no6Gasuts pactBop AgNO;, TO B BHIe XJOPH-
Ja cepe6pa ocaXkIaeTcs TOJbKO OfHA TPeTb COAEPXKaIlHXCA B pac-
TBOpe XJODHA-HOHOB. Hamumute ¢opMy/ay KOMIJIEKCHOR COMH H
Ha30BHUTE €e.

Ecnu pas6aBieHHHA PacTBOP 3TOH COJH AOJTO KHNATHTb, 3aTEM
oxaaiuth ¥ npH 0°C HacHILAThL ero XJOPOBOAOPOAOM, TO BHINaja-
10T (GHOMETOBO-TONyGHE KpHCTAMAH COMH xpoMa. IIpH BBeleHHH B
pacTBOp 3TOfl COMM HHTpaTa cepe6pa OCaXJAawTcs BCe XJOPHA-
uonu. Hanuwure ¢dopMmyay stoft conn u Hasosure ee. (Koopauna-
nHOHHOe uHcao xpoma Cr3+ B 3TOfl COJIM TaKXe PaBHO IIECTH).

25-72. TIpeAsoXeHH CleAyiolllHe CTAaJHH 3aMeLieHHs XJOPHI-
HOHA HAa THAPOKCHA-HOH B KoMmmnJjekcHoM Hone [Co(NHs)sCl]2+

{Co(NH,);Cl]8+ 4- OH~ = [Co(NH,){NH,CIl* 4+ H,0 GHCTpas, paBHOBECHAd
[Co(NH,)4NH,Cl}* = [Co(NH,)4NH,]*+ - CI~ MeJUIeHHas
[Co(NH,)yNHyj** + H,0 = [Co(NHy);OHP*  Gucrpas

BriBefuTe KHHETHUECKOEe ypaBHeHHe peaKIRH. Kak 3aBHCHT CKO-
pocts nponecca ot pH?

25-73. Koncranra CKOPOCTH Tpawnc-yuc-npespalleHHs
[Ru(H:0)sCls] paBra 7-10~%a —! (298 K). BrunciHTe KOHCTaHTY
paBHoBecHsi. OObACHHTE NPHYKHY NMOBHUIEHHOA YCTOAYUBOCTH ONHO-
ro H3 u3oMepos. Buuncaute AG® npespalleHHs.

95-74. lMeroTcsl AaHHBe DO CKOpocTH o6MeHa JHMIaHAOB B aK-
gakommiekcax xpoma (25°C):

[Cr(Hy0)s]?* + H,10 = [Cr(H,0);H,* 02+ 4 H,0 Ty =107 ¢
[Cr(H,0),}#* -+ H3 10 = [Cr(H,0);H,#0}*+ + H,0 Ty =108 ¢

BHUHCJIHTE KOHCTAHTH CKOpocTH peakinufi. I[loueMy peaxuuu
LTnefyeT paccMaTpHBATh KaK peakuuu InepBoro nopsanka? Kakoi
KOMIIJIeKC xpoMa GoJiee cTabuieH (TepMOAHHAMHYECKH, KHHETHUeC-
ku)? KakoBa npuurHa GOJBIIOTO Pa3/IMUHA B_CKOPOCTAX PEaKUHA?

925-75. Koncranra nectofikoctd nona [Hgl]?~

[Hglq?- = Hg** 4 41~

paBna
[Hg* 1P

Kuwer ="prgr ey~ =5310%

HecMmoTps Ha CTONbL BHICOKYIO ycToAuHBOCTH KoMmaekca [Hgly]*~
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NpH BBeJieHHH B PacTBOD PafAMOaKTHBHOro moja !3!]- moutu cpasy
XKe ob6HapyxXHBaeTcss B pactBope Kommaekc [Hg!d!'l,]2-.
Koncranta Hecrofikoctn kommiaekca [Fe(CN)g]4~ mpu mosuoi
ZHCCOLHALHH
[Fe(CN),l¢- = Fe?* 4 6CN™
paBHa
24 =16

4TO YKa3hlBa€T Ha O4YeHb BHICOKYIO CTaOHALHOCTL KoMmjeKca. [Ipu
BBEJIEHHH B PacTBOp LHAHHI-HOHOB, cojepxawux !'4C, naxe yepes
5 cyT o6MeH uHaHHA-HOHAMH NPOXOAHT TOJbKO Ha 2%.

OO6bsicHHTE CTOML Pa3JHYHOE MOBEAEHHe KoMmiekcos [Hgl,]2~
1 [Fe(CN)g]*.

25-76. Ilpoanann3anpyfite NaHHHe MO PaBHOBeCHIO (KOHCTaHTa
paBHOBecHs K) H CKOPOCTH peakLHii C y4acTHeM KOMILIEKCOB KO-
6anpra (II) 1 (III) B BogHOM pacTBOpE:

[Co(NHy)oP* 4 6HzO* = [Co(H,0),]*+ 4 6NH,*
mpu 25°C K= 1-10%, 1y, =1c¢ -
[Co(NHy) I+ + 6H;0* = [Co(H,0)¢]** + 6NH,*+

npu 25°C K~ 1-109%, Ti, COCTaBJISIET HECKOJLKO HeJeJb.

Kakoit BEIBOJ MOXHO C/le/1aTh H3 3THX NaHHHX?
25-77. OODBsACHHTE, NMOYEMY CKOPOCTb PEaKUHH o6Mena

[Co(NHg)sH,OJ** 4 SO42- = [Co(NHy)sSO,]* + H,0

MOYTH He 3aBHCHT OT KOHUEHTPAUHH CYJab(aT-HOHOB.
25-78. Peakuus o6MeHa

[3(Hy0)61** + H,*0 = [3(H;0)H,* O+ 4 H,0

H3ydajach NPH NOMOUIM BOJABI C H30TONOM KHCaopoia '80. IToay-
Y9eHhl CIeAYIOlHe AaHHbIe:

Eur, Ix/monn Saxr, Hx/(K-Moan)
Al(H,0)¢+ 113 117
Cr(H0)g%+ 113 41,8

Kakas u3 peakuuit uaer 6uicrpee H nmoueMy?
25-79. O6bacHHTe, IoueMy TaKas, Kas3aJoch 6hl, pocTas peak-
1M o6MeHa 3JEKTPOHAMH B BOJIHOM pacTtsope

Fed* . Fet+ = Fe?+ .} Fes+
KHHETHYEeCKH 3aTpyAHeHa? KakuM crnoco6oM MOIKHO YCKOPHTBL Ipo-
1Iecc?

25-80. Kommaekcrue noun [Cr(C;0,)3]%~ n [Co(C204)5]3 ne
OGMEHHBAIOT B BOJHOM paCTBOPE OKCAJaT-HOH HA OKCAJNAT-HOH
C PalHOAKTHBHEIM YTJIEPOXOM, a B TaKoM HOHe Kak [A1(C,0,)s]3~
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of6MeH ocyulecTBaseTcss MruoBeHHo. OO6BsCHHTe IPHYHHB TaKOro
fIOBEJleHHs1 HOHOB. A

25-81. Ecau pactBoputh koMmiiekcHywo coab [Co(NHj)e]Cls
B Tskeqoft Boge DyO ¥ 3aTeM BHIENHTb KOMILJIEKCHYIO COJdb, TO
B MOJIEKyJaX aMMHaka o6GHapyxuBaercd pefitepuil. [lpedsoxure
MexaHH3M o6MeHa aTOMOB BOAOpOJA H AefTepHs.

25-82. Peakuus o6MeHa 3JIeKTPOHAMH B BOJHOM pacTBope

Fe3+ 4 Fe*2+ — Fe?+ | Fe*3+
YCKOpsIieTCA B NPHCYTCTBHH OTPHLATEJNbHO 3apsXKeHHBIX HOHOB X,
410 OGBACHAETCA CJAENYIOUIHM MEXaHH3MOM:
Fed+ 4 X~ = FeX2+
FeX2+ | Fe*2+ = Fe?+,, X.. .Fe*?+
Fe2+,,.X...Fe*2t = Fe2* . Fe*X2+
Fe*X2%+ =Fe*8t . X~

YKaxuTe, KaKHe OTpPHIaTeJbHBle HOHH X~ YCKODAIOT mpoiecc?
ITouemy He Bce OTpHLATENbHO 3apsiKEHHBle HOHH YCKOPSAIOT IIPO-
gecc? KakoMy YCJOBHIO OOJXHBI OTBEeUaTh HOHH X7

25-83. Peaxkuuio

[Co(NHy)sCO5l* + 2Hg0* = [Co(NHy)sH,O+ -+ 2H,*O -+ CO,

H3YYaJH NPH NOMOIIH MeueHHOA paJHOaKTHBHHM KHCJOpoaoM *QO
BOZB, NIPH 3TOM He OGHApPYXH/IHM PaAHOaKTHBHOIO KHCJOpOAa B
xomnaekce [Co(NH;)sHo0]3+. Tlpennoxure BO3MOXHRIE MexaHHIM
peaxuuu.

25-84. CxopocTh 3aMellleHHs Ha BOAY JIMMaHAa, 3aBHCHT OT IIpH-
poan Jguranaa. Tag, AJs peakuuu

[Co(NHg)sX ]2+ 4 H,0 == [Co(NHjg)sH,OB+ + X~

CKOPOCTh O6MeHa H3MeHseTcst B pALy:

HCOg™ >NOg™>1">Brm >H,0 > ClI">S0.2~->F >
> CH,CO0" > SCN- > NO,~
OnuiuTe ¥ OOGBACHHTE 3aBHCHMOCTb CKOPDOCTH pPEaKUHH 3aMelle-
HHA B MOATPYMNIe rajoreHoB.

§ 26. OKHCJIMTEJIbHO-BOCCTAHOBUTEJIbHBIE PEAKLLUH

26-1. KakoBo rJaBHOE OTJHYHE OKHCJHTEIbHO-BOCCTAHOBHTEIbHRIX
peakuusl OT peakUud APYrHX THIOB?

26-2. Nuxpomat-uon Cry0,2~ B KucJ0o# cpefle, ABJIASCH OKHCJH-
TejeM, nmepexoAnT B HoH Cr3+. YpaBHeHHs peakKluH, 3amHCaAHHHE
3JIEKTPOHHO-HOHHBIM CIOCOG0M, COCTABJSIOTCA B Cleaylole mocJe-
JAOBATEJbHOCTH:

. a) CryO.2- —>;Crd+
6) Cr,0,2~ —— 2Cr3+
B) Cr,0,2~ — 2Cr3+ 4 7H,0
r) Cry0,% + [4H* — 2Cr3+ 4 7H,0
) Cry02- + 14H* -+ 6¢~ = 2Cr¥* 4 7H,0
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OmHIuATe 3JMEeKTPOHHO-HOHHHIA cmoco6 moa6opa CTeXHOMETpH-
9eCKHX K03(pPHUHEHTOB B ypaBHEHHAX OKHC/IHTENbHO-BOCCTAHOBH-
TeJbHHX peakuHii. Bocrnoan3oBaBIIHCH CO3JAHHEIM  aJCOPHTMOM,
COCTaBbTE ypaBHeHHe H NOAGepHTe K03 PHUHEHTH:

S,042~ —> SO,2-

26-3. BocnoJsib30BaBIIHCh 3J€KTPOHHO-HOHHEIM crocoboM noaGo-
pa CTexHOMeTpHYeCKHX K03¢d(HUHEHTOB, COCTaBbTe YpaBHEHHA
OKHCIHTEIbHO-BOCCTAHOBHTEABHEIX peaKlHfl, NpOoTeKaloWuxX Mo cle-
Ayomel cxeMe:

1) Hy0,, KI, H,S0, —> I,

2) H,S, H,0, —> SO, H,0

3) H,S, H;SO; ——> S

4) Hy0,, HIO; —> 1,, O,

5) HyO4, KMnO,, H,50; ——> O,, Mn2+
6) H,0,, K,Cr,0,, H,SO, — > Crd+

7) KyCr0,, H,S, H,80; — > Crd+, SO,
8) Na,S,05, Cl, —> SO42-, CI-

9) NayS,05, I, —> 5402, I~

10) HyS40,, HgSO3 —> HyS:0,, H,yS404
11) FeCly, Na,S,0, —> Na,5,0,

12) §,04%, I" —— I;~, SO,2-

13) Na,V,0,;, KI, H,S0, — V,(SOy)3." I
14) S, OH~ —— SO4%*-, H,0

15) Sg, HNO; — > SO,*-,ANO,

16) Hgy(NOy),, HNO,4, O, —>,Hg(NOy),
17) NH;OH, Fey(SO,)y —> N,O

18) NH,OH, Fe(OH), ——> NH,

19) NH,OH, Br, —> N,, Br-

20) N;H,, I, —> N,, I-

21) N;H,, AgOH —> N;, Ag

22) N,H,, NaOH, Zn ——» NH,

23) NaCrO,, H,0,,° NaOH —— CrO,2-
24) KMnO,, Na,S,0, — Na,S,0,

25) HBr, HBrO, — Br,, H,0

BHunc/auTe MaccH SKBHBAJNEHTOB OKHC/IHTeNed H BOCCTAHOBHTENEH.
26-4. Hafinure crexHoMeTpHYeCKHe KO03hQHUHEHTH B ypaBHe-
HHAX CJAEAYIOIHMX NPOLECCOB C YYacTHEM OPraHHYECKHX BelllecTB:

1) C,H,0H, HNOy™—> CO,, NO

2) CH,OH, I, KOH —> CO,, HCOO-, I-

3) CyHy, KMnO, —» HOCH,CH,0H, MnO,, KOH
4) CgH,, KMnO,, H,SO4—> CO,, Mn2+

5) C,H,OH, Br, —> C,H,Br,OH, HBr

6) C,H;CH,, HNO, —— C,H,COOH



26-5. CocTaBbTe YpaBHEHH OKHCJIHTEJNbHO-BOCCTAHOBHTEJIbHHXE
peakUHi ¢ yJacTHeM KOMILIEKCHEIX COeflHHeHHH:

1) K, [Fe(CN)y], Br,, KOH —— Fe(OH);, CNBr, KBr
2) Ky[Fe(CN)g], Hy0,, HySO4 — Ky[Fe(CN),l

3) KqlFe(CN)o], HyO5, KOH —— 0,, K,[Fe(CN)q]

4) Fe(CN)g4-, Cet* — > Fe(OH);, Ce(OH)g, CO42-, NOg~
5) Zn, ClOy~, OH~ —— Zn(OH)4?~, CI-

6) Al, NOg~, OH" — Al(OH)¢%-, NH,

7) K[Cr(OH)4], Bry, KOH —— K,CrO,

8) Al, NaOH, H,0 — NayAI(OH),|

9) K,[Sn(OH),], KOH, Bi(NQg), — K,[Sn(OH),], Bi
10) KgFe(CN)4l, NH,OH, KOH —— K [Fe(CN),]

11) SnCly, HCl, HNOy — NO, H,[SnCl,]

12) SnCl,y, HgCly, HCl — Hg, H,[SnCly]

13) K,4Cry0,, SnCly, HCl — H,[SnCl,]

14) Cr(OH),~, ClO4~, OH- —— CrO,4?-, CI-

26-6. CocraBbTe YypaBHEHHS OKHCJHTEJNbHO-BOCCTAHOBHTEJNbHHX
peakuuil, B KOTOPEIX OJHO H3 BeIIeCTB HAXOAHTCA B KpHCTAJJHYe-
CKOM COCTOSTHHH:

1) FeS,, HNO; — > Fe3*+, NO

2) Fey04, HNO; — > Fe?+, NO,

3) Fe,0,, H,80, — > Fes+, SO,

4) FeAsS, HNO, — > Fe3*, AsO,%-, SO,2-, NO
5) Fe;P, HNO, — > Fed+, PO,3-, NO

6) Fe,P, HNO, — > Fe3*, POg-, NO

7) FegP, HCl —> Fed+, PH,, H,

8) Zn, ClOy~, OH —> Zn(OH)*, CI-

9) Al, NO,~, OH" —> AI(OH)g*+, NH,

10) CuFeS,, HNO, —» Cu2+, Fes+, SO,.2~, NO
11) CugFeS;, HNO; — > Cu?+, Fed+, SO,%~, NO
12) CuAsS; HNO; — > Cu?*, AsO-, SO,

13) As,S;, HNO;, — > AsO3-, SO.-, NO

14) As,S,, HNO; — >

15) CosSq, HNO; — > Co2+

16) CugAsS,, HNO, — > Cu?+

17) CuySbS,, HNO; — > Cu?+, Sho+

18) NiSbS, HNO, — > Sb+

26-7. [lpenckaxuTe NPOAYKTH H COCTaBbTe YpABHEHHe peak-
IuH, 06ycJoBIKBamollelk pacTBopeHHe MHHepada Cu,S:.FeS.SnS,
B KOHLEHTPHPOBAHHOH a30THOH KHCJIOTe. COCTaBbTE YDaBHEHHE pe-
aKuHH, npencrasuB ¢opMysy MuHepasa B Buie CuzFeSnS,.

26-8. Hanumure ypaBHEHHs peaKUHil B3aUMOJeACTBHS MHHepa-
JIOB C a30THOH HJH CEpPHOH KHCIOTaMH (KOHLEHTPHPOBAHHHIMH H
pa36aBeHHERIMH):

1) napat FeS, 4) Gopuur CusFeS,
2) apcenonupur FeAsS 5) peaavrap As,S,
3) xanvxonmmpur CuFeS,; 6) napportun Fe;S,



7) ro6anetuH CoAsS 13) nuuneut Co0,S4

8) uukenus NiAs 14) cmaneTuT CoAsy

9) marnerur Fe O, 15) aputpun CozAssSs

10) npycur AgsAsS; 16) aunabeprut NisAsiOsg
11) nupapruput AgaSbS, 17) manaxur Cup,CQ3(OH),
12) Gynauxkeput PbsSbsSyy 18) asypur Cus(CO;3)2(OH)2

26-9. IMTpensoxute cnoco6 nop6opa CTeXHOMETPUUECKUX Ko3d-
¢ULMEHTOB B YPaBHEHHH CJe[ylollell peakLUuu:

NH,CIO, + P — Cl,, N,, H;PO,, H;0

96-10. CocTaBbTe ypaBHeHHs peakuuii (rae 3TO BO3MOXHO) cJe-
AYIOIIMX NPOLECCOB, NMPOXOASIIHX B BOAHHIX PacTBOpax:
1) Cr3+ — > [Cr(H,O)**
2) Cr** —> Cr(OH), (x)
3) [Cr(H,0)gl** —— Cr(OH)s (k)
4) Cr3+ —» Cr0,~
5) Cr8* —» CrO,2-
6) Cr¥+ — > Cr,0,2~
7) [Cr(HO)gl* —— CrOy%-
8) [Cr(H,0)4*+ —> Cr,0:*~
9) Cr(OH), (k) —> CrO4?-
10) Cr(OH); (¥) —> Cr,0,2-
11) Cry0,2- —— CrO,2-
12) CrOg2- —— Cr,0.2-
13) CrOg?- —» Cr(OH)s (K)
14) Cry0.2~ —> Cr(OH), (K)
15) Cr(OH)g (K) —> [Cr(H,0)al**
16) CrO,~ — > CrO?-

K KakoMy THNY peaklUH#l OTHOCHTCS Kax[AHfi mpouecc?
26-11. YkaxXHuTe, K KakOoMy THMIY peaKUHMH OTHOCHTCS IpeBpa-
tlleHHe n-HHTPOTOJY0Ja B n-aMHHOOEH3aJbAETHA:

o,r‘1_<;>—c1{s — HzNO—CHO

Kak ocyHeCTBHThL 3Ty PeaKUHI0 MMHHMAJbHHIM UYHCJIOM CTajHi?
Kaxo#f peareHT B HauGoOJblleHd CTeTEeHH MOXeET YAOBJETBOPATH 3TO-
MYy YCJOBHIOP

26-12. Hue paHel NpHMephl peakNHd JHCIPONOPIHOHHPOBA-
HHS:

3NO," -+ 2H+ = NOg~ + 2NO +4 H,0
2NO, + H,0 = HNO, 4 HNO,
3NaQCl = NaClQy +4- 2NaCl

VRaxuTe CYlleCTBEHHBIi NPH3HAK 3THX Peakuufi (mpeanoxute
onpese/ieHHe PeaKLuii AUCTPONOPIUHOHHPOBAHHSA).

26-13. IMpeacKaXuTe NPOAYKTH PEAKIMH MeXAYy n-HHTPOTOJIYO-
JNOM H MOAMCYAb(HIOM HATPHA, HrPAIOUIEr0 POJb H OKHCAHTENd,
H BOCCTaHOBHTENAS OAHOBPEMEHHO.
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26-14. Huxe faHel OpUMepH peakUH# BHYTPHMOJNEKY/IADPHOTO
OKHCJIEHHS1-BOCCTAHOBJICHHA:

H,S,04 = H,S0; + S
PCls = PCl, -+ Cl,

VKaxuTe CcylleCTBEeHHBIH NPH3HAK 3THX peaklUHil (NpelJoxuTe
onpefesenne peakUHi 3TOro THMNA).

26-15. Oasa okucaenus 7,6 r FeSQ4 B CEpDHOKHCIOTHOM pacTBOpe
Tpe6yercs 115 r 6poMHOl BoAH (HacHIUeHHHH pacTBop 6poma
B Boje). Bpomuas Boma samepaaer npum —O0,465°C. Kakoma pac-
TBOpEMOCcTs 6poMa B 100 r H,O?

26-16. Ilnsi monuoro obeciBeyHBaHUsA 40 wa 0,02 M pactsopa
KMnO, (B cepHOKHCJOH cpele) nmoTpeGoBaJjca paBHHH o6beM pac-
teopa H,O, u npu 3TOoM BHaenudoch 44,8 Ma kKucaopona (ycJaoBUS
HopMaJsbHBe). Kakol o6beM 3TOT0 pacTBOpa NepOKCHAA BOAOPOIA
norpebyerca nasa peakuuu ¢ 25 Ma 0,2 M pactBopa wuommzpa Ka-
aus?

26-17. B BojHOM pacTBOPe CEPOBOJOPOA OKHCJAAETCH HOIOM,
a B rasoBoil ¢asze, Hao60pOT, cepa OKHCJSET HOAOBOIOPOJ:

I, (p) + HyS (p) = 2HI (p) + S (k)
S({r)+2HI{r) =H,yS (1) + I, (1)
IIpuBenuTe BO3MOXKHBIE OGBACHEHHA 3TOr0 SABJEHMS.
26-18. Peakuus, npoTekamwias mo cxeme

CyH5OH + CrOg ++ H,80, —> Cry(SO4)s + CH;COOH -+ H,O

HHOrJa HCNOJB3YyeTcs A OOHapYyXKeHHSl ajJKOToJsl B BHIABIXaeMOM
Bo3ayxe. Ha ocHoBaHuH gero CyaAT o Hajduwuud ankoross® IlopgGe-
pHTe cTexHoMeTpHyecKHe KOo3()(HIHEHTH B YPaBHEHHH DeaKLHH.

26-19. Kakue Hemoctatku uMmeror KMnO, u K,Cr:0;, wucnoss-
3yeMble KaK OKHCJHTENH B THTDHMETPHUECKOM aHaju3e?

26-20. Bnl 3naete, 9TO JI060H OKHCJIHTEJIbHO-BOCCTAHOBHTED-
HHH DpoLece MOXeT OHITh NPEACTABJEH ABYMS PEaKIHSMH — OKHC-
JIeHHS U BOCCTAHOBJeHHs. Hampumep, nist B3aMMOAeHCTBUS HUTPH-
Ta Ka/Jus K NePMAHraHATa Kajusd (B KHCJOH cpelie) TaKMMH peak-
LUAMU SIBJASIOTCA:

MnO,~ +4 8H* 4 5e~ = Mn2+ 4 4H,0
NO,™ + H,0 —2¢~ = NOg~ -+ 2H+

IIpennoxuTe yCTPOHCTBO, MO3BOJAKOIIEE OCYLIECTBAATL 3TH pe-
AKLHH pasfeNbHO. YKAXKUTe YCJAOBHUS JJs OKHCJIHTENBbHO-BOCCTAHO-
BUTEJILHOTQ NIpollecca, MPH KOTOPBIX MOXeT OBITh IOJYyYeHO MaKCH-
MaJibHOe KOJHYECTBO pabGoTH. KakuWe H3MeHEHHS CJeAYeT BBECTH B
npubop, AJaA Toro yToGnH obecliedHTh OUEHb OBICTPOE HJAH OYeHb
MEJJIEHHOe NMPOTeKaHHe mpolecca?

26-21. TpensoxuTe OKHUCJAHTENLHO-BOCCTAHOBHTEJBHYIO peak-
M0, KOTOpas M03BOJsAa Obl CPAaBHHBATh MO 3. A.C. raJbBaHHYec-
KHX 3JIeMeHTOB OKHCJHTe/bHO-BOCCTAHOBHTENbHble peakuuu. Kaxo-
BHl Tpe6oBaHMA K 3TOH peakuuu? CKOHCTDYHPYHTe yCTpPOHCTBO nJs
NpoBeJleHHs peaKUHH H CpaBHeHHS 3.1.c. KakoBH NOMXHH OHITb
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PUC. 26-1 PUC. 26-2
KOHUEHTPALMH (aKTUBHOCTH) pearupylollHX BellecTB M [aBJeHHE B
PeaKIHOHHOH CHCTeMe NPH OCYLLeCTBJEHHH PEaKIHi?

26-22. TToueMy A/ TOYHOrQ M3MepeHHs 3.J.C. raJbBaHHYECKOrO
sJeMeHTa HeJb3s1 HENOCPEACTBEHHO HCNOJBE30BaTh ajibBaHOMETD
(naxe npeuusuonssift)? Kako#i cmoco6 H3MepeHHsa 3. 1.C. CIeAyeT
HPUMEHATH? :

26-23. Ha puc. 26-1 uso6pakena cxeMa ra/jbBaHHYECKOro 3Je-
MeHTa, COCTOSILEr0 M3 BOJOPOAHOrO 3JekTpoja H Mn?*/MnO,~-
anektpoga. [IpH KaKHX YCHOBHAX BOJbTMETP MNOKaXXeT paBHOBEC-
HOe H CTaHAapTHOe 3HaueHHE 3. A.C.?

26-24. Ha puc. 26-2 nokasana 3/1eKTPHUECKas cXeMa AJis H3Me-
peHus 3. 1.C. FaJbBaHMYECKOTO 3JIEMEHTa (AB — conpoTHB/JIeHHE).
Ha kakoM NpHHIHIe TMOCTpoeHa cxeMa?® BriBepure ¢opmyay Ajaa
pacyeTa 3.1.C. raipBaHHyYecKoro aieMenta E.. Kak Bbl CUHTAeETE,
B MOMEHT H3MepeHHs 3.J.C. Peaklus cosepimaer paboTy HJIH HeT?
UTO NPOMCXOAMT B CHCTEME B MOMEHT H3MEpEHHS?

926-25. C kako#l LeJbl0 IpPH H3MEpEHHH 3. J.C. raJbBaHHYECKHX
3JE€MEHTOBR KOMIIEHCAIlHOHHBIM MeTOJ0M B 3JIEKTPOHU3MEPHTEJNbHYIO
cxeMy KpoMe Gartapeil (MJIH aKKyMyJsiTOpa) BKJIIOYAIOT 3JEMEHT
Becrona, OTAHYAIOIMHUACA CTAGUABHOCTBIO 3. 1. C.?

26-26. Kakoe uHcao creneHefi cBOGOAB HMMeeT PEaKIHOHHAA XH-
MHUecKas CHCTeMa, eC/IH IPOLecc MPOoTeKaeT: a) B OGBIYHOM XHMH-
YeCKOM CTaKaHe, 6) B raJbBaHMYECKOM 3JeMeHTe?

96-27. 3Has, 4TO H3MeHeHHe HM300apHOro MOTeHlUHaJ a B Ipouec-
ce peaKUMH PaBHO MaKCHMaJ/bHOH paboTe:

A= —AG°®
H 4YTO pa60Ta raJbBaHHUeCKOro sJeMeHTa paBHa:
A= nE°F

rape n— 49UCO y‘laCTBleIU.HX B OKHCJIHTeJ'leO-BOCCTaHOBHTeJIbHOﬁ peakuuu 9JlexK-
Tponos; E°— 3. & c; F—gucao dapages.

BHBEIMTE COOTHOIeHHe, cBsa3HBawoumee AG® Ipolecca M 3. 4. C.
raJbBaHHUYECKOro JeMeHTA. YKaXHTe YCJAOBHS CaMOINPOH3BOJBLHOTO
HPOXOXAEHHs Npollecca B ralbBaHHYECKOM 3JeMeHTe H  yCJOBHA
CaMOIIPOH3BO/ILHOrO MPOTEKAHHS OKHC/IHTENbHO-BOCCTaHOBUTENLHOH
peakiuHH B XHMHUECKOM CTakaHe (MJIH JAPYroM cocyne).
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26-28. Buenure ¢opmyJy, NO3BOJAWILYI0 O CTaHAapTHEIM
3JIeKTPOAHLIM IOTEHLIHANAM NPOLECCOB OKHCJEHHS M BOCCTAHOBJE-
HHSL BBIYHCJIHTL KOHCTAHTY DABHOBECHSI OKHCJHTEJbHO-BOCCTAHOBH-
TeJBHOH peakIHH.

26-29. PaccunrafiTe KOHCTAaHTy pPaBHOBecHs peakumu (298 K)

Fe2+ + Ce4+ - Feﬂ+ + Ce3+
ecJin CTaHAapTHbIe 3JIEKTPOAHBIE IMOTEHIHAJRI COCTABJAIOT
Cet+ 4 e~ = Ced+ E°=1,65B
FeS+ | ¢~ — Fe+ E°=0,77B

Kak MOXHO YCKOPUTh pDeakuuio B3aumofeficTBus Fel* u Cett?

26-30. Bo3MOXHOCTb INPOXOXKAEHHS OKHCIHTENbHO-BOCCTAHOBH-
TeTbHOH PeakUUH ONpeflelAioT CleAyoluM o6pasoM. YpasHeHHe
peakuuu crepyer INPeACTABUTL B BHAE [ABYX MOJypeakuHi,
SaNHCAHHBIX KaK MPOLECCH BOCCTAHOBJEHHA (mepel 3HAKOM
PaBeHCTBa NPHGABJISIOTCS 3JMEKTPOHH); PSIAOM C ypaBHeHHeM CIpa-
Ba 3alUCHIBAIOT HaiJeHHOe M3 CNPABOYHHX TaGJHL OTBeyalollee
€My 3HaueHHe CTAHAApPTHOrO 3JIEKTPOAHOrO MoTeHuHasaa., QAHO H3
YPaBHEHHH clleflyeT MepenucaTh B IPOTHBONOIOKHOM HANpaBJeHHH,
IPH STOM M3MEHAIOT 3HAK 3JEKTPOLHOTO MOTEHIHana. IT0 ypaBHe-
HHE CYMMHDYIOT ¢ JPYTMM ypaBHEHHEM, a 3JIeKTPOJHBEE MOTEeHIlHa-
JIbl MOJypeaklui CK/IaAbiBaloT. IIpH 3TOM CTexHoMeTpHuecKHe KO-
3 QUUKEHTH NONypeaKUHH yMHOKAIOTCA Ha TakHe 4HCAA, YTOGHI
UHC/I2 MPHHATHIX H OTAAHHHIX 3JEKTPOHOB GBI DaBHH. DJeKTPOJ-
Hhle TIOTEHUHAMNB Ha 3TH YHCJAa He YMHOXAIOTCH, a aare6paHuyeckH
CKJIaBIBAIOTCH.

IonoxutenbHoe 3nauenne s. 1.c. (anre6pauyeckas CyMMa Io-
TeHIIHAJ0B NONypeaKIHft) COOTBETCTBYeT OTpHIaTeJILHOMY 3Haye-
HUI0 H3MeHeHHs H300apHoro morteHuuata (AG°=—nE°F, rae
71 — HHCJIO yYaCTBYIOIUX B OKHC/IHTENLHO-BOCCTAHOBHTEIBHOM pPeak-
UHH 3/€KTPOHOB) H OHO MOKAa3HIBAET, UTO PeaKIHs BO3MOXKHA, T. e.
fIPOTEKAeT B TOM HaNpaBJeHHH, B KOTOPOM 3allHCaHO ypaBHEHHe.
Ecan 3. 1. c. okasanach OTPHLATENbHOA BeJHYHHOH, OTBeuatoUiHil
€fl mpouecc TepMOAHHAMHYECKH HEBO3MOJKeH. IpyruMu  caoBaMmu,
AJIs BBIUHCJIEHHS 3. 1. C. ralbBaHHYECKOTO 3JeMeHTa E ciaeayeT H3
SHAUCHHS NOTeHIHana Gosee MOIOKHTENLHONO 3JEKTPOAA BHIYECTD
SHaYUCHHE MeHee MOJIOXHTEJbHOro (GoJee OTPHIATENLHOrO).

OnpenennM BO3MOXKHOCTh B3auMozelcTBHA NOo— 1 MnO,~. Us
CNIPABOYHBIX TaGJHI HAXOLHUM:

MnO,- -+ 8H* 4 5~ = Mn2* - 4H,0 E°Ma+ Mo~ = +1,51 B

NOg™ + 2H* 4 2~ = NO,~ 4 H,0 E°No,~Nog~ = +1,94B
I[a.nee nocTtymnaeM, Kak 6BL10 CKa3aHo BhilIe:
X5 | NO,™ 4 Hy0 — 2e~ = NO,~ - 2H+ E°Nog~No~ = —0,94 B
X2 | MO, - 8H* - Se-=Mn?* 4 4H,0 E°Mnt+Mno~= +1,51 B

2Mn0,~ -+ 5NO,~ + 6H* = 5NO,~ + 2Mn2+ | 3H,0
E°=1,51 —0,94 = 40,57 B
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CocTaBpTe aJdroput™M (KpaTKoe H CTpOroe npeAnHcaHue) AJs
OmpeieseHHs HanpaBJeHHs OKHCIHTENbHO-BOCCTAHOBHTENbHON  pe-
AKIMM ¥ pacdeta 3.[.C. TAJbBAHHUECKOTO SJEMEHTA, B KOTOpOM
mpoTeKaeT sTa peakuus. [Ipefnoxure Apyrue crmocobl (dKenaTenb-
HO GoJjiee MPOCThiE) OMpeEJeNeHHs BO3MOXKHOCTH NPOTEKAHHA OKHC-
JIMTeNbHO-BOCCTAHOBATENbHOM peakiny B BOLHOM pacTBope IpPH
" cTaHAapTHHIX YCJOBHAX.

26-31. TTouemy npu ompejeneHuHu 3.1.cC. raJbBaHUYecKoro sJe-
MeHTa, B KOTOpPOM MpOTeKaeT OKHCJAUTENbHO-BOCCTAHOBHTCIbHAS
peakuusi, 1OCTATOYHO CJIOXKHTH (1M BBIMECTh) 3HAUEHHA SJEKTPOL-
HEIX TOTEHIMAJOB MOJypeakuufl, He MPHHMMAs B DpacueT HUACAA
3J1eKTPOHOB, Y4aCTBYIOIIHUX B peaKIHu?

96-39. B ra6ulle cTaHAAPTHHIX MOTEHUHANOB HaHJHTE Haub0Jb-
llee ¥ HapMeHbllee 3HAUeHHMsl NOTeHNManoB. OOBACHHTE, MOYEMy
HeuaBeCTHH 6oJee BLICOKME M HM3KHE 3HAYEHHs NOTEHIHAJOB?

26-33. TTocMOTpHTE, CKOJBKO 3HaueHUd CTAHAAPTHBLIX MOTEHLHMA-
JI0B NpeicTaBieHo B Tabuulle MOTEHLHAJOB. Onpenenure UHCJIO
peakumii, 1Js KOTOPHIX MOXHO PaccuHMTath 3. A.C. rajbBarHIECKHX
3J1eMEeHTOB.

96-34. TIpeasioXHuTe NpaBUJO, COTMACHO KOTOPOMY OKHMCJHTENL-
HO-BOCCT2HOBHTEJBHYIO PEaKIHIO B BOLAHOM PAaCTBOPE MOXHO IpEL-
CTAaBMTb KaK NpPOTEKAWOINYl0 B ralbBAHHYECKOM 3JEMEHTE.

96-35. MOMHO Ji¥ MPUCOTOBHTL PACTBOPhI, aHAJOrHYHbIE 6ydep-
HBIM, B KOTOPHIX COXPAHANOCH Obl MOCTOAHHBIM 3HATUEHHE 3/eKTPOA-
HOro mMoTeHnHana?

96-36. B ogHOM H3 nOCOGHE HAMMCAHO, YTO €CJH COMOCTABHTH
KHCJIOPOJIHblE KHMCJIOTHL XJiopa MO BaXKHEAIUM [Js HHX XMMHUeC-
KUM CBOHCTBAM — KHCJOTHOCTH H OKHCJHT@IbHOH aKTHBHOCTH, MO-
ayyaercs clefylowmas cxema:

yCHJIeHHe KHCJIOTBBIX CBOﬁCTB
HCIO HCIO, HCIO, HCIO,
-

ycuneﬂne OKHCJ’IHTQJ’[bHOI’I aKTHBHOCTH

—_—

Uro aBTOp NOHMMAeT MNOX TEPMHHOM «OKHCIHTEJbHAS dKTHB-
HOCTB»?

96-37. YKaxuTte, KakoHi raa Bbiejsgercsd TpH B3aKMOJIeHCTBUM
JHOKCHAA Maprahlia ¢ CepHOH KHCJOTOH NDH ca+=1 moan/n. Ilpn
B3aHMOJCHCTBHH C KOHIEHTPHPOBAHHOM XJIOPOBOJLOPOLHOA KHCJIO-
Tofl BHIeNseTcs XJop. HanuumuTe ypaBHeHHsl peakuuil u OO BACHHU-
Te, MOYEMY 3TH PEaKUHH BO3MOIKHEI

26-38. T[IpoaHaMH3HPYHTE BO3MOXKHOCTD B3aMMO/EACTBHSA a) mep-
xnaopat-uona ClO4~ W mepMaHraHaT-HOHA MnO,~; 6) mnepxiopar-
HOH4 W AHOKCHAA Mapraiua.

96-39. Kakoii pacTBOp NpelNOYTHTENbHEE HCIOJIb3OBATL /IS
MoNyueHHs] Cephl: CEPOBOJOPOJHYI0 BOAY HJIH PacTBOP cyabduia
Hatpusi? Kakue JaHHble HYXHBI LIS oTBera?

244



96-40. Huxe npHBeleHbl 3HaueHHs CTaHAApPTHHIX TMOTEHLHAJOB
rajoreHoB:

DneKTPoR Peakius E°, B
F_/Fz F2+2 e—=9F— +2,87
Cl=/Cly Cly+2 e—=2CI— -+1,36
Br—/Br? Bro+2 e-=2Br— 41,09
1-/12 I3+2 e—=2I- 40,54

Kak usMeHsieTcsl OKHCJHTENbHasi CIOCOGHOCTb IaJioreHOB B BH-
Je TMPOCTHX BeUecTB NPH Nepexoie OT dtopa x nopy? Kakoil ra-
JloTeH uMeeT aHoManbHHE cBoicTBa? C MOMOIIbI0 KAKOro rajoreHa
MoxHo nepesectu Fe?t B Fedt (Fe*++e~=Fe?t, E°=+0,77 B)?
96-41. MoXHo JH HCIOJb3OBaThb AUXPOMAT Kaluss B KadecTBe
OKHCJMTENs AJS OCYLIeCTBAEHHs CJAEAYIOLHX MPOIeCcCoB NPH CTaH-
LapTHHIX YCJOBHSX:
1) 2F- — 2 =F,
9) 2CI- — 2~ = Cl,
3) 2Br~ —2¢~ = Br,
4) HNO, -+ H,0 — 2~ = NO,~ -+ 3H*
5) Mn2+ - 4H,0 — be” = MnO,~ + 8H*
6) 2H,0 — 2¢~ = H,0, + 2H*
7) H,S— 2~ =S -+ 2H*

926-42. O6bACHHTEe, NOYEMY a30THYI0 KHCJIOTY MOXHO HCHOJb30O-
BaTh AJsS TOJNy4YeHHsl AMOKCHAA yriepoia H3 KapGoHaTa HaTpHs,
HO He/lp3sl IPHMEHSITb AJs NOJY4YeHHs] JHOKCHIA Cephbl H3 cyabhHTa
HaTpHA.

96-43. TIpomecc B3aumopeiicreus MnSO, 1 KMnO; B cpene
KOHIIEHTPHPOBAHHON CEPHOH KHCJIOTH MOMKeT ObTh ONMCAaH ypaBHe-
HUEM: 3MHSO4+2KMHO4+8HQSO4=5MH(SO4)2+KQSO4+8H20

Yem 06bSICHAETCH, 4TO NPOAYKT peaKIUH HMeeT uepHBIf IIBET.
[pemsoxure  JApyrHe  YypaBHEHHs Mpouecca B3aHMOJefCTBHA
MnSO., u KMnQ, H crnoco6sl A0Ka3aTeJbCTBA HX IIPABHJIBHOCTH.

96-44. BeuHCAHTE AJS CTAHXAPTHHX YCJAOBHH 3. 1.C. 3JIEMEHTA,
cocTosmero u3 aaekrpofos Mn2+/MnOs~ u Hy0,/O, n Hamuumute
ypaBHeHHe CaMOIPOH3BONbHO MPOTeKaolell peakiny. E°Mno ~/mn2+=
=+1,51 B, EOHZOZ/OZ =+0,68 B

26-45. Bo3aMoXHa JH peakliss MeXny NepMaHrasaToM Kajus M
MeTHOBHIM CIHPTOM B KHCJOH cpele ¢ 06pa3oBaHHeM MeTaHa?
EOCH4/CH30H= 40,59 B; EOMno4—/Mn2+=+1,51 B.

96-46. BoamnikHa JH peakUds MeXIy NepMAHTaHATOM KaJfHs H
magesnepodi kucaotoii HoCoOp B kucnofi cpere ¢ obpasoBaHHeM
muokcuaa yraepopa?  E°y 0,00, =—0,49 B;  E°mno/Mnz+=
= +1,51 B.

26-47. JloKaxuTe, 4TO B3aUMOJleficTBHE JHXpoMaTa Kajud C
anokcugom cepbl SOp M CyTbQHT-HOHAMH B KHCJIOM DAacTBOpe BO3-
moxkHo., CraHjapTHbHe 3JeKTPOAHLHIe IIOTEHUHAJbl PaBHBI: AJf
Cr3+/Cr0,2~= +1,33 B, H;S04/S0,2~=+0,17 B, S/H:SO;=
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=+0,45 B, H5204—/H2803=-—0,08 B, 8032—/82032_=—0,58 B,
H2503/52032—=—0,40 B.

26-48. OnpefennTe BO3MOXHOCTL pearuun Mexay FeSO, n
KMnO, B kHciofi cpene, eciau noteHuuan E° ana Fe?t/Fedt nu
Mn2+/MnO,~ paBen coorBerctBeHHo +0,77 u + 1,51 B.

26-49. Hanuwnte GopMyJiH, CBA3HBAIOIIHE a) H3MeHEHHe H30-
6apHOro MOTEHIHaJa U KOHCTAHTY paBHOBecus, G) H3MeHeHHe H30-
6apHOro HOTEHIHAJa H 3.A.C. raJbBaHHYECKOro 3JeMeHTa. BhiBe-
ouTe GOpMyJay AJNS BBIYHCJIEHHS KOHCTAHTH PaBHOBECHS OKHCJIH-
TeJbHO-BOCCTAHOBHTENbHOH DeaKUMH 10 3HAYeHHIO pPaBHOBECHOH
3. 1. C. raJbBAHHYECKOr0 3JeMeHTa.

26-50. TepMoZHHaMHIeCKHe XapaKTePHCTHKH BelIeCTB, IPHHH-
MaoIHX YYacTHe B OKHCJIHTENbHO-BOCCTAHOBHTENbHOH peaKLHH
(BonHHI pacTBOP)

5NO,™ + 2MnO,~ 4 6H* = 5NO,™ + 2Mn?+ 4 3H,0

tirenyioume:
ARogn, 208y S°a98, Jk/(K-MOJMb) AH® 06D+ 298 S°998, JIK/(KeMOMB)
KK /Monb KL% /MOND
NQO,— —104,6 —140,2 Mn2+ —220,5 —66,9
NO3z- —207,4 —146,8 H.O —285,8 —70,2
MnO,~ -—533,0 —196,2

Briuncante AH®, AS°, AG® H KOHCTaHTYy PAaBHOBECHS peaKIHH
IOPH CTaHAapPTHOH TeMmepartype. PaccuuTtaiite Takxke AG®9s H KOH-
CTaHTy DPaBHOBECHH, BOCIOJIL30BABIUHCH CTAHAAPTHHIMH 3JI€KTPOA-
HEIMH TOTEeHIHaJIaMH

NO;~ + 2H* 4 2¢~ = NO,~ + H,0 E° = 40,94B
MnO,~ 4 8H* + 5e~ = Mn2* 4 4H,0 E°=+41,51B

OO6BbAcHUTe NPUYHHY PACXOXKIEeHHA INOJYy4YeHHHX 3HAUEHHH, eCJH
OHH OOHapyXaTcHl..

26-51. BuuucnHTEe KOHCTAHTY PaBHOBeCHSl peaKUMH JHCIPONOP-
IHOHHPOBAHHA B BOJHOM pacTBOpe

2Cut = Cu?+ + Cu (x)
eCcJIH
Cu?+ 4 e~ = Cu?t E°=0,15B
Cu* 4 e~ = Cu (k) E°=0,52B

26-52. K KpHuCTaNIH9ecKOMy JHXPOMaTy KaJHfl NPHJIHBAIOT KOH-
IEeHTPHPOBAHHYIO XJOPOBOJZOPOAHYI0 KHCA0OTY. CMeCh cjerka mojpo-
rpeBaior. Habnionaercs BHOeneHHe ra3a O6JelHO-XeNTOro ILBETA.
Hanuwdre ypaBHeHHe peaKIHH, NOAGEPHTE CTEXHOMETPHUYECKHe KO-
apHUHEHTH H OOBACHHTE BO3MOXHOCTb NPOXOXKJEHHS 3TOH peak-
UHH, eClH CTaHAAPTHHE 3JeKTPOAHLIE NMOTEHUHANH PaBHH

Cr, 0.2 + 14H* 4 6e~ = 2Cr8+ 4 7H,0 E°=11,33B
Cly + 2~ = 2CI- , E°= 41,36B
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96-53. Mcxons M3 ypaBHeHH LJsi pacueTa H3MeHeHHs H3006ap-
HOro MOTEHIMaJa NpH CTAHAAPTHEIX H HECTAHAAPTHHIX yC/JIOBHAX

AGP = —nE°F
f
AG = AG® 4 RT L
CaACbB

rle ca, Cs, Cp H Cp — JIO6He MPOH3BOJIBHHE KOHIEHTPANRHN BEIeCTB, Y4aCTBYIOLHX:
B peakuHu '
aA + B =dD 4 fF

BHBeHTe ypaBHenue HepHcTa, moxasmBaollee 3aBHCHMOCTb 3J€K-
TPOAHOrO MOTEHLUHANa OT KOHUEHTPAlHMii peardpylollux BeIECTs.

26-54. OnpezenuTe BOSMOXKHOCTb B3aHMOAEHCTBUS HOHA Cr,0,2=
¢ wonom Cl~ NpH CTaHAapTHHX YCJOBHAX M B 2 M pacTBope XJoO-
poBonoponHoii kucaote. Hdas Crit/CryO,?~ u Cl7/Cl; norenuuan
E° pamen coorsercteenno 1,33 u 1,36 B. .

96-55. OnuuuTe, Kak MO ABYM 3HAYEHHUSIM PaBHOBECHOH 3. [.C.
npH ABYX TeMIepaTypax NMOJyYHTb TEPMOAHHAMHYECKHE XapaKTepH-
CTHKH peaKLHH.

26-66. aa npornecca

aA + bB = dD 4 fF

M3MeHeHHe M306apHOrO MOTEHLHaja NpH JIOGHX (HEeCTaHAAPTHHIX)
3HAUEHHAX KOHIEHTPAUHA pearHpymolllHX BeILecTB BHUYHC/AAETCA MO
dopmyae
pelp
AG=AG+ RTIn———
c?ac’n .
Tlast TOTO Ke Mpollecca 3JeKTPOAHHI NMOTeHIHas MpH JMo6uX (He-
CTAaHJAPTHHX) KOHUEHTPALMSX BeIeCTB BhHYHCHsETC N0 dopmyie
Hepnera:
RT cIpef|
E=E — -7 1n =2=F
nF c%ac’y
CpasuuTte 06e GOpMYyJH. YKaXHTe NPHYHHY UX CXOACTBA H pas-
auunsi. TTouemy BO BTOpO#l (GOPMyJje NOCTaBJeH 3HAK MHHYC?
96-57. Ypapuenne HepHera s 298,15K nMeer BUL:
0,0592 'L‘dDC‘fF
n O by
[TonyuuTe 3TO ypaBHEHHe, NMOJACTAaBHB COOTBETCTBYIOIIHE IOCTO-
AHHEE B (OpMyJy, NIDHBeLeHHYI0 B NMpeAHaylied 3aznaue. ,
26-58. BBIUHCJAHTe CTAHAAPTHHIA 3JMeKTPOAHLI MOTEHUHAN /A
snekTpofa Mn?+/MnQO,~, eciid N0 OTHOLIEHHIO K CTaHAAPTHOMY BO-
LOPOJHOMY 3JIeKTPOAy 3HAUeHHs NMoTeHHMana E mnpu ciaeayomux
YCJOBHAX COCTABMAIOT:

E=E°—

1) cpmn2+ = CMno~ = 1 moam/n, pH =3, ) E=1,266B
2) cmn2t = CMno~ = 0,01 monr/n, pH=3, E=1,226B
3) cmn2+ = 0,01 Momp/dt,  CMno~ =0,1 Moavjn, pH=2, E=1,332]B
4) cmp2t = MO~ = CH* = 0,01 monaw/a, E=1,321B
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26-59. Bocnosib3oBaBuINCL ypaBHeHHeM Hepuera, BHIBELHTE
¢opMysy ans pacyeTa 3.J.C. raJbBaHHUECKOIO 3jIEMEHTa, B KOTO-
pPOM MpoOTeKaeT OKHCJHTENbHO-BOCCTAHOBUTENbHASA peaKUHus MpH
JIOGBIX KOHIEHTPAUUAX Peardpyloliux BeLleCTB.

26-60. TonycTuM, 9TO TeMIepaTypHas 3aBHCHMOCTB 3. J.C. T'ajb-
BAHMUYECKOI'O0 2JEMEHTA UMeeT BH/:

3.4.¢c. =a-+ bT

UeMy paBHB AH® 1 AS° peakuuu, nporekaioulell B rajJbBaHHYECKOM
3JieMeHTe?

26-61. Onpegenure, BoaMOXHa Ju peakuus Mexay KMnO, u
KBr B KHCJOM pacTBope IpH CTAHAApPTHHIX VCJIOBHAX H IpH
Ckmno, =0,01  Moab/d,  Cmn2+ =0,0001 Moab/a,  Coe-=(Bi,=
=0,01 moaw/n, pH=2. CrangapTunil notenuuan ajas Mn?+/MnQ,
u Br—/Br? paseu coorBercTBeHHo 1,51 u 1,09 B.

26-62. Onpeznenute BO3MOXHOCTbL NPOXOXMAEHHS peakuuit, pac-
CMOTPeHHHIX B 3ajauax 26-44, 26-45, 26-46 npu HecTaHZAPTHHIX yC-
JoBusix. Konuentpauuu uonoB u pH pactBopoB 3agafite camu.

26-63. Co6paHa ralbBaHUYECKad UENb H3 3JIEKTPOAOB

NO,~ -+ 2H* - 2¢~ = NO," + H,0 E° = 10,940 B

MnO,~ 4 8H* - e~ = Mn?* |- 4H,0

BriuHciuTe CTaHZAPTHHE MOTEHUMAN 3JekTpoAaa Mn?t/MnQ,~, ecau
3. A.C. Lellh NpHU CaeAYIOLUX YCJOBHAX paBHA
1) eNog~= ¢No,~ = tMno;~ = CMn?+ = ¢+ = | Moab/a,  3.%.c.=0,570B
2) en 5~ = ONO,~ = CMa%+ = CMno,~ = | Modb/1, pH= 3, a.p.c.=0,286B
3) eNogs = oNo,— = | MOAB/T,  cMn?* = cMno,~ = cu+ = 0,01 Moas/a,

pH=2, 3.p1.c.=0,499B

26-64. Uem oO6bsicHgeTcs pasjudude B CTAHAAPTHHIX 3JIEKTPOA-
HBIX DOTeHLHAaJlax

[Co(H,0)s P+ + &= = [Co(H,0)12+ E°— 1,84B
[Co(NHg)gP* 4 e~ = [Co(NHg)2* E° = --0,10B

Kakoe BanenTHoe cocTosiHHe KoGajbTa Oojiee YCTOHYHBO H Kak
BIUSIOT JIMTAHAL Ha YCTOHYMBOCTH K0OajbTa B TOM HMJIH HHOM Ba-
JEHTHOM COCTOAHMH? Kakoiél M3 HOHOB 6oJiee CHJBHBIH OKHCIHTENb?

26-65. O6bsacHHTe, noyeMy NpHCyTCTBHe MOHOB CN~ obJaeryaer
nepexoa HoHoB Co?t B Co®t, a nowos mMenu Cu?t B Cut.

26-66. B kakoM BHJe ABYXBAaJEHTHHI KoOaNbT nposiBageTr 6o-
Jlee CHJbHBEIE BOCCTaHOBUTeNbHEe cBoiicTBa — B BHie [Co(H0)e]2F
(1. e. Co?t) uau B Buge [Co(NH;)s]?*+? DTu HOHH NpeBpamaloTcs
B HoHHl [Co(H20)s]%t (t. e. Co®**) u [Co(NHj;)e]?*t cooTBerct-
BEHHO.

26-67. B KakoM Bu/ie TpPexBaJieHTHHH KoOGajbT Golee cTabuieH
U B KAKOM NpOABJsET GoJiee CUJIbHHIE OKHUCJHTeJNbHBIE CBONCTBA:
[Co(H20)s]%* unu [Co(NHj)e]3t+?
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26-68. O6bsicHHTe, NOUEMy NPH BBeJIeHHH (TOPHI-HOHOB B CJa-
60 kucanlit pactBop FeCly oH nmoutH o6ecuBeunBaeTcs H BOCCTaHOB-
Jenne HoHa Fedt po Fe?t zamerHo o6aeruzaercs.

26-69. Kak Bausier mpu6aBiende NH;, Cl- u SCN- k pactso-
paM coJefl JByxBaleHTHoro ko6GajJbTa H MeAH Ha HX cTabHJb-
HOCTB?

26-70. B xakoM COCTOAHHH TpeXBaJIEHTHOE Xejle30 60/ee CHJb-
Hbl oKucaHTeJb — B BHAe [Fe(H 0)¢]3+, 1. e. Fe3t uau B BHIe
[Fe(CN)e]®~? VYkasaHHble HOHM NepexofaT B HOHHM Fe?t, T. e.
[Fe(H,0)6]%* u [Fe(CN)e]* cooTBeTCTBEHHO. .

26-71. B xako# cpelle (KHCJIOH WM 1eJOYHOH) HauGoJee CHMb-
HO BHIDAXKEHBl OKHCJIMTENbHHE CBOHCTBA coeluHeHH#l xpoma(VI)?

26-72. B xaxoit cpefie (KHC/IOH HJH 1IeN0UYHOH) HauGodee CHIIb-
HO  BhIpaXeHH  BOCCTAHOBHTe/JbHble  CBOfiCTBA  cOeJHHEHHH
xpoma (I1I)?

26-73. O6cynuTe NPHYMHBI 3ABHCHMOCTH CTAHAAPTHHIX 3J€KT-
POAHBIX HNOTEHIHAJNOB HOHOB ILEPHS OT NMPHPOAW KHCIOTH. IloTeH-
unan  E°cest ces+ paBed: B HCI+1,28 B, B H,SO,+1,44 B,
B HNO; +1,61 B, B HCIO, 41,70 B.

26-74. PaBHOBecHe peaKlHH

UVI 4 Fe?+ = UIV | Fes+

CMELIeHO BJIEBO B pPacTBOpe CepPHOH KHCIOTH H  CMellaeTcs
BIpaBo NpH BBeAeHHH ¢ochaT-HOHOB. O6bICHHTe NPUYHHY.

26-75. Mn2(S0,); pacTBopsieTcs B BOAHOM PacTBOpEe KHCJIOTbE
(1 M). YcTofuHB JH MOJdyYeHHBIH pacTBop? YcTOHYHB am pacTBop
npu pH=7?

26-76. B BomHOM pacTBoOpe, cofepxameMm B | a1 1 Moap Vit
H cToabko XKe Ht, nount V2+, geassch BOCCTAHOBHTEJASIMH, BhIeJA-
IOT BOAOPOA H3 BOJHL:

V2L Ht = o+ 4 [ 9H, E°=0,24B

Kax Y3HaTb, A0 KakKoro npeaesa BO3MOXHO NPpOXOXKJAEHHe 3TO-
ro npouecca, ecjau

eys+py,'/2

F=0,24—0,059 Ig -

26-77. Pa%chTaﬁTe CTaHJlapPTHYI0 3.4.C. raJbBaHHYECKOrO 3Je-
MeHTa H AG%g¢s TPOTEKAIOmEH B HeM P€aKnun, a Takxe 3.1.c.
H AGg9s IIPH HeCTaHAAPTHBIX KOHIleHTpanusix (Hanpumep, 0,1; 0,01

1 0,001 moan/a) u KOHCTAHTY PaBHOBECHS! PeaKlUHH B BOAHBIX pact-
BOpax:
1

1) Sn%+, Fedt — 5 Sps+, Fe2+

2) Cr,0,2-, H+, Fe2+ Fe3+, Crat
3) H,0,, MnO,~, H+ — O,, Mn2+
) Cly, Im — I, CI-

5) H,0,, H,S0, —— SO,2-, H+

6) H,0,, Cr,0,%~, H* —» Crat, O,

249



96-78. Bo3MOXHO JH B3aHUMOJeHACTBHe HOHA Cr;0;2~ c HOHaMH
Fe3t+, F-, Cl-, ClO4 H ClO,—? Bocnosb3oBaBLIHCh CTAaHAAPTHRIMH
3JeKTPOJHHIMH NOTEHIHAJIAMH, paccuuTaiiTe 3. . C. rafibBaHHIECKHX
9JICMEHTOB [JIf PeaKiHil M KOHCTaHTH paBHOBecHfi (1aXe eclH pe-
aKius HeBO3MOXHal).

96-79. [IpepsioXHUTE CXeMy TaJbBaHHUECKOro 3JeMEHTa LJIe ocy-
llleCTBJEHHS PEeaKiHH B BOJHOM PacTBOpe:

H, + I, = 2HI

BhIugcJHTe 3. [. C. IpH CTAHAAPTHHX yCJIOBUIX.
96-80. Kak u3aMepuTb B BOJHOM pacTtsope 9...C. rajibBaHHgec-
KOTO 3JieMeHTa JJisi PeaKlUHH:

91~ + 5,047 = 1, -+ 250,

TIpefIoKHTe CXeMy ra/bBaHUYECKOrO 3JeMEHTa H BHIUHCIHTE 3. J.c.
[IpH CTAaHJAPTHLIX YCIOBHAX.
96-81. PaccunraiiTe KOHCTaHTY PaBHOBECHS DEaKIHH

MnO, + 4H+* -+ 2Fe+ = Mn2+ - 2Fes+ 4 2H,0

Kak oHa M3MEHHTCH, €CJIH KPHCTaJJIHYECKHH MnO, 3aMeHHTb HA
kpucraninueckoit PbOy? CTaHnapTHEE SJEKTPOAHBIE NOTeHIHAJE]
paBHBI AJA: Fe2+/Fe?++0,77 B; Mn2t/MnO,+1,23 B, Pb2+/PoOs+.
+1,45 B.

[IpensioxuTe CXeMH rajbBaHHYECKUX 9/EMEHTOB. Kaxko#i u3 HHX
MOKeT NpousBecTd Goablule paGOTh?

96-82. PaccunTajiTe KOHCTAHTY PaBHO3ECHS peaKuuu (IPH CTaH-
JapTHOK TeMIlepaType):

5PbO, -+ I, - 8H* - 530,42~ = 5PbSO, + 210;” + 4H,0

CraHfapTHBlE 3JIeKTPOJHble NOTEHUHAJbl PaBHB NI Pb2+/PbOg-+|
+1,45 B, I,/I05~+1,19 B, PbSO,/PbO;, H*+1,68 B.

96.83. BouncauTe Kuecr KoMiIekcHOro Hona [Cu(NHj)e]??
Ha OCHOBAHHH CJeAYIOUIHX JaHHBIX: :

Cu?t 4 2¢” = Cu E°=0,348B
[Cu(NHg)q]2* 4 26~ = Cu - 4NH, =—0,07B
26-84. 3. 1. c. raJlbBaHUYECKOrO 3JEeMEHTa
Pt, H,| 1M CHyCOOH|0,5M HCOOH | H,, Pt

paBHa 0,02065 B. OnpeneintTe KOHCTAHTY JMCCOUHANHH MYpaBbH-
noit kucaorst HCOOH, ecau Kcrgcoon= 1,8-10-5.
926-85. Kak wu3meHsercsa 3.].c¢. rajpBaHHYeCKOro 3JieMeHTa, B
KOTOPOM IMpOTeKaeT peaKuus
2H, + 0, = 2H,0

TPH MOBbLIILIEHHH AaBJeHUA?
26-86. Uto 6yner Ha6JiiofaThCA NPH BBEAECHHH AHOKCHIAA Map-
rauna MnO; B pacTBop KHCJOTH ¢ cu+ =1 Moab/a (pH=0)?
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26-87. Oxkuc/AUTENbHO-BOCCTAHOBHTENLHHE CBOACTBA  BelllecTB
gacTo 3aBHcAT oT pH pacrBopa, HanpHMep:
5H,0, + 1, = 2HIO,; + 4H,0 npr pH = 1
5H,0, 4 2HIO, = I, 4 50, 4 6H,0 npy pH=2
B uem npuynHHA 3TOro SABAEHHA?P

26-88. BuIYHCIHTE NOTEHHHAJ BOAOPOLHOrO 3J€KTPOAa B YHCTOH
BoAe (KakoBa KOHIEHTPaUMsi HOHOB BOJOpoja B Boje?).

26-89. Ilo oTHOWEHHIO K BOJe MHOTHE BeIeCTBA MOLYT BECTH
ce6s Kak OKHMCIHTENIM H KaK BOCCTaHOBHTeNH. KakuMu ¢akTopamu
onpefesseTca TO HIH HHOE NOBeJeHHe BelleCTB?

26-90. YKaxuTe BO3MOXHBle NPOAYKTH B3aHMOAeHCTBHS C BO-
J0fi CHJBLHBIX BOCCTAHOBHTENeH H CHJIbHHIX OKHCIHTeJeH?

26-91. OG6mbsACHHTe, TNOYEMY OKHCJHTEIbHO-BOCCTAHOBHTE bHAS
CNOCOGHOCTh BellleCTB [0 OTHOLUEHHIO K PacTBOpaM ¢ cgp+= | MOJb/a
onpejeaserc BO3MOXHOCTBIO NPOXOXKAEHHUA peaKIHii:

2H++2e'=H, E°=0B
O, 4 4H+ 4 4e~ = 2H,0 E°=-41,229B

BLigHCnHTE 371€KTPOJHEIE NMOTEHHHANH NPUBEAECHHHEX MNOJypeak-
OHH, NPOTEKalOUWMX B YHCTOH BOAe, H NPeACKaXHTe XapaKTep H3-
MeHEHHS OKHCJHTeJbHO-BOCCTAHOBHTEJNLHEX CBOHCTB BelllecCTB.

26-92. O6bAcHATe, INOYEMY OKHCJIHTENbHO-BOCCTAHOBHTENbHAS
CIIOCOGHOCTDL BEINECTB IO OTHOUIEHHIO K Boie (cu+=1-10-7 mosn/n)
onpejienseTcsi BO3MOXHOCTbIO NMPOXOXK/JAEHHA peaKUHui:

9H* 4 26~ =H, E°=—0,414B
Oy + 4H* + 4~ - 2H,0 E°=}0,815B

BriYHC/HTE 3/1€KTPOAHLIEe MOTeHHHAH NPHBELEHHBIX MOJYpeaK-
IM#, NpOTeKalolHX B BOAHHX pacTBopax ¢ pH=0, H npeackaxure
XapaKTep H3MEHEHHS OKHCJHTEJbHO-BOCCTAHOBHTENbHEIX CBOHCTB
BEIleCTB N0 Mepe NOBHIIUEHHSA . KOHIEHTPAallHH HOHOB BOJAOpOJAa B
pacTBOpe.

26-93.' Ha OCHOBaHHHM AaHHHX ABYX NPEABIAYIIHX 3aJ4aY BEIYHC-
JHTE 3JEKTPOAHEE NMOTEHUMAJB Peakuui B IIENOYHHX pacTBOpax
C ¢on- =1 Moab/n1 H o6CyAHTE, KaK H3MeHseTcH OKHCAHTEIbHO-BOC-
CTaHOBHTeEJbHAA CNOCOGHOCTH BEIIECTB NPH YBeJHYEHHH KOHIEHTpa-
LYMH THAPOKCHA-HOHOB B PacTBOpe.

26-94. Byner Jiu nepMaHraHaT-HOH BHAEATH KHCJAOPOZ M3 BOAH
B KHCJIOM DacTBOpe, eClH

MnO,- + 8H* 4 5¢ = Mn2+ - 4H,0 E°=1,51B
O, + 4H* + 4e~ = 2H,0 E°=1,229B

26-95. CuilbHBIE BOCCTaHOBHTENH CIOCOGHH BHENATH BOAOPOA
U3 BOLHBIX PAacTBOPOB, a CHJbHHE OKHCJHTENIH — KHCaopoa. Hanwm-
IIHTe NPHMEPH yPaBHEHHH peakiuii.

26-96. BaaumopefictBue HonoB Fe?* B BoAHOM pacTBope B IpH-
CYTCTBHH KHCJIODOJA NMPOXOJAHT O YpaBHEHHIO:

Fett |- O, + 2H,0 = Fe(OH),
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HanuwnTe ypasHeHHe 3TOH peaklHH B kucaoil cpefe. Paccunrait-
Te 3.71.C. raJpBaHMYECKOro 3JeMeHTa, B KOTOPOM peakiHd npore-
KaeT B HeHTpaJbHOM M KHcaoM (cu+=1 MOJb/1) pacTBOpax. Bhl-
yycJuTe KOHCTAHTH PaBHOBECHS.

96-97. Kakoit 13 pacTBOpoB OoJiee YCTOHYHB: CoSO, uam
Cog (504) 3?

96-98. HMoun Co3+ SBJSOTCS CHJAbHBIMH OKHCIHTE/ISIMH IO OTHO-
(IeHHIO K BOJE:

Cod* 4 e~ = Co?* E°—1,81B
1/20, + 2H* + 26~ = H,0 E°=1,229B

Hanumure cyMMapHOoe ypaBHeHHe mpoilecca M NPHMeHHTENLHO
K HeMy BhipaxeHHe ¢opmy.sl Hepucra. [poanaauaupyiite ¢popmy-
Jly OTHOCHTEJbHO BJIHSHHSA KOHLleHTpalKH Ha [npoiecc.

96-99. B 1 J1 BOLHOrO pacTBopa CoAepXurcs 1 MOJb Co3t u
1 moms H+. Honsl Co3+— cHIbHBle BOCCTaHOBHTENIH IO OTHOLIE-
HHIO K BOZAEe M H3 pacTBopa OyjeT BBLIeAATHCS KHCJIOPOAL. Hanuuu-
Te ypaBHeHHe Mpollecca H OMNpeJeJHuTe, J0 KaKoro npepena Oyner
NIIPOXOJNTh peaKiyisi Ha BO3AYXe.

96-100. [lo 3HaueHHSIM CTAHAAPTHBIX 5JeKTPOJHBIX NOTEHLHA-
qoB E° nas Cr3+/Cr2+ —0,41 B, Co%+/Co?*+ +1,84 B u Mn®*t/Mn?**
41,61 B obcyauTe BOIMOXKHOCTb CyIECTBOBAHNS B BOAHOM pacCTBO-
pe Tpex- W ABYyX3apsiIHBIX HOHOB XpOMa, Ko6ajsbTa U Maprasua.

96-101. TloueMy B raJbBaHHYECKOM 3JIeMeHTe peaxlHus NpOXo-
IHT HAMHOIO MejlleHHee, YeM B XHMHUYECKOM cTakaHe? Brijenure
AuMHATHpYloyo (-He) crajuio (-H) mpouecca (Ha mpuMepe peaKIHi
MeX/Jy MepMaHraHaTOM Kajusg M HHTPaTOM KaJjHi. Tlpennoxure
CIIOCOGH YCKOPeHHsl Mporecca, yBeJHYeHHA 3.J.C. H  JOJy4eHH
MaKCHMAaJbHO BO3MOXKHOTO KoJnuecTBa pa6oThl. KaKOBbI OITHMa/b-
HHe YCJOBUSI MCHOMb30BAHHA rajbBaHHYECKOro ajeMeHTa?

96-102. TepMOAMHAMHYECKHMH HJH KHHETHIECKHMH (akTOpaMH
o6bsiCHSeTCS CTOMKOCTb BOAHBIX pacTBOpoB GHXpoMaTa KaJus?

96-103. IToueMy AJisi MPOXOXJEeHHsl PeaKUHd B BOJAHOM pacTBO-
pe MexXJay IepMaHraHaTOM KaJHs H 1[aBeeBOi KHCJIOTOH Heo6xo-
JAHMO HarpeBaHHe?

96-104. Peaguusi B3auMoLeHCTBHA IepMaHraHaT-HOHa C TEPOK-
CHAOM BOZOPOAA MOXKeT GbITh 3alMCAaHA HEeCKOJbKHMH YpaBHeHHUS-
MH C Da3JHYHBIMH KO3(QHIHEHTaMH, HANpHMep:

5H,0, 4+ 2KMnO, + 3H,S0, = 2MnSO, + 50, + K,SO, + 8H,0

7H,0, + 2KMnO, + 3H,50, = 2MnSO; + 60, + K,80, + 10H;0

9H,0, + 2KMnO, + 3H,S0, = 2MnS0; + 70, + K,S0, + 12H;0
YKaxuTe OPHYHHY 3TOr0 H HaNHUIMTEe XOTs Obl elile OAHO ypaB-

HeHMe B3aHMOJEHCTBHS MepMaHraHaT-HoHa ¢ NMePOKCHAOM BOAOPOJA.
96-105. Ec/li B OKHCJAHTEIbHO-BOCCTAHOBHUTENbHOH peaKIHH

Cl, + Hy0, = 2H+ + 2C1" + O,
yuacTByeT I1ePOKCH/ BOAOPOJAA C M30TONOM KHCJIOPOLa 18(), TO BeChb
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o6pa3syoluiics MOJEKYJsAPHBI KHCIOPOJ COMEPIKHT TOJILKO THAXKe-
Au#t H3oton. O 4eM 3TO TOBOPHT?
26-106. Pacnaj mepokcHaa BOJAOpOJa YCKOPsSETCs: HOHAMH Fe?*.
Ipepnoxena ciefyollas N0C/IeJ0BATENbHOCTD cTajui:
H,O, -+ Fe?* = Fe3+ L. OH™ -+ OH
H,0, -+ OH = H,0 + HO,
HO, =H*+4 O,”
Fed+ . 0, = Fe?+ - O,

Hanmummute cymMMapHoe ypaBHeHHe mpouecca. KakoB TOpPSLOK
peaknun no HyO,? Kak uaMeHHTCs CKOPOCTH mpolecca nph yBeJH-
qeHHH KoHleHTpauuu Fe?t B 2 pa3a? Kakue HENOCTaTKH HMEET
NpeaJOKEeHHB MeXaHUaM?

26-107. OKHCAHTENbHO-BOCCTAHOBHTE/bHAST PeaKIHUs

9Fe3+ |- Sn2+ = 2Fe?* -}~ Sni+
NPOXOJAHT OUEHb MeNJIEHHO, €CJIH B KaueCTBe pearupyloliux Be-
{eCTB B3ATh NepXJopaThl ¥Keje3a U OJ0Ba U PEAKUHIO NMPOBOAHTD
B BOJHOM DacTBOP€ XJOPHOH KHCJOTH (IepX/I0paT-HOH OYEHb cJla-
6n1il  KoMIIekcooOpasoBatenn). llpemsnoxure crnocol  YyCKOpeHHd
upolecca H MeXaHH3M, KOTODHIH OTBeyal Obl C/IelyIoIuM tpebGoBa-
HHAM: a) B JI060# crTajuu Ipouecca BO3MOXKeH IMepexoll TOJbKO
O[HOTO 3JIeKTPOHA; 6) CTafUH JOJKHBL OHITh GHMOJEKY/IAPHBIMHY;
B) B3aHMOAEHCTBYIOT YacTUIEl NPOTHBOMOJOXHEIX 3apsilO0B (nnu
HeATpaJbHbElE YaCTHIH).
96-108. O6bsACHHTE, NOUYEMY peaKIHs

9MnO," } 10Fe?+ 4 16H+ = 2Mn2+ - 10Fe3+ |- 8H,0
TPOXOAUT OUeHb GHICTPO, a peaKlHus
9Mn0O,~ - 5H,C;0, -+ 6H* = 2Mn2+ - 10CO, -+ 8H,0
OYeHb MeJJeHHO.
96-109. Q6bscHATE, MOUeMy peakuusi (B BOLAHOM PacTBOpE)
Cett - Fe?+ = Ce?t |- Fed3*
TPOXOAUT OYeHb OBICTPO, 8 peaKuus '
2Cet+ 4 TI+ = 2Ce3+ - T3
fIPOXOJIT OUEHh MEIJIEHHO (XOTsl ee KOHCTAHTa PaBHOBECHs paBHa
1,5-10'2 mpu 298 K).
26-110. IIpeanonaraioT, 4TO peaKuHus
Cl0™ 4 1~ = 10" 4-CI

TPOXOJHUT B BOAHOM pacTBOpe (pPH>>7) uepea clenyoLlse CTaAHH:

ClO~ 4 H,0 = HCIO 4- OH~ 6uicTpast, paBHoBecHas Ky, &y
HCIO 4- I =HIO +4 CI” MenJaeHHas R,
HIO 4+ OH™ = 10~ 4- H;,0 6ricTpas kg

Hafinute BHpaXKeHHe 3aBUCHMOCTH CKOPOCTH OT KOHILleHTpauui
pearupylolux BemiecTs. Kak H3MEHHTC CKOPOCTb peaKlUHH MpPH
uaMenenun pH Ha equHHIy?
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26-111. Peakuns oxucieHMss HoHa I~ mepokcuaoM Bogopoaa
B KHC/JIOM pacTBOPe IIPOXOAHT IO YPaBHEHHIO:

H,0, + 2H* + 21 = I, 4+ 2H,0

Hpe;mo.naralmc;l CleAYyolUIine CTagHHu:
H,0, 4 I= = H,0 4 10~ MeJIJIEHHAs
10~ 4+ H+=HIO GricTpast
HIO 4 H*+ I- =, + H,0 GricTpas

Ecnu MexaHH3M NpaBHJBHEI, TO KaKOBO HOJKHO GHITb KHHETH-
UecKoe ypaBHeHHe peaKuMu? 3aBHCHT JH CKOPOCTh peaKIHH
or pH?

26-112. lna onpefeneHuss Nopsaka OKHCAHTENbHO-BOCCTAHOBH-
TeJbHOH PeaKUHH B BOJHOM DacTBOPe MeXIy HOHaMH S;0g2— u I-
(o6pasytoress I, u SO42~) m3yyamu CKOPOCTH Ipollecca NpH pasa-
JHYHBIX KOHLEHTpaIUaX:

Konnentpauus, Moab/a

[2 2= CKopocTh
S208 o v Ml""eg‘ )
0,032 0,032 4
0,016 0,032 2
0,008 0,032 1
0,032 0,016 2
0,032 0,008 1

CocTaBbTe BHpaXeHHEe 3aBHCHMOCTH CKOPOCTH OT KOHLeHTpalui
pearupyiolux BeulecTs. KakoBH mopsiku Npolecca Mo peareHTaM
M o6uwHit nopsaok? Hamumute ypaBHeHHe OKHCJHTEbHO-BOCCTZHO-
BHTEJbHOH PeaKLUH W CPABHHTE CTEXHOMETPHUECKHE K03 PHIHEeHTH
C NOpsAJKaMH peaKluH.

26-113. Hanumute ypasHeHHs u NOAGEPHTE CTEXHOMETPHYECKHE
KO3 PHUHEHTH [/ peakuuil, NPOTEKAOWHX IO clefylolnM cxe-
MaM:

Na,§,0; + Cl, + H,0 — Na, S04, SO,, HCI
Na,S,04 + Cly + NaOH —— NaCl, Na,SO,, H,0

Kak 06BsCHATL H3MeHEHHe MEXaHH3Ma peaKLHH IPH M3MEHeHHH
cpean?

26-114. Ilpouecc BsaumoneiicTBust HOHOB S30:%2— u ClO- Mox-
HO OmHCaTh ABYMs CIIOCOGAMH:

I. 5,04 + H,0 — 2~ = SO,2- 4 S - 2H+
ClO™ + 2H* + 2~ = CI~ ++ H,0
$405%~ + ClO~ = SO,2- + S + CI-
H,S,05 + HCIO = H,S0, -+ S+ HCI
II. 48,042~ — 2~ = 350,2- + 55
CIO™ + 2H* + 2~ = CI~ + H,0
48,04%~ 4 ClO~ + 2H+ = 350, 4 CI~ 4 H,0 + 55
4H,S,04 + HCIO = 3H,5S0, + HCI + 5S 4 H,0
B yeM npuumuna Bo3moxHOro noaGopa pasaHYHHX Ko3(dHUHEHTOB?
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KakoMy ypaBHeHHIO clefyeT OTAaTh npeanodreHue? IIpefckaxHTe
¢ axrophl, 6JarompHATCTBYIOLUIHE NEPBOMY HJIH BTOPOMY TMpoOLec:
caM.

26-115. KuHeTHueckoe ypaBHeHHe peaKIHH B pacTBOpe
BrOy~ 4- 5Br~ 4 6H* = 3Br, 4 3H,0
UMeeT BHJ
v = kCprogtBrCH+t
Kak H3MeHHTCSl CKOPOCTh peaKlUuH npHu yBeauuenun pH pacrsopa
Ha eJHHHLY? '
26-116. Jlas OKHCJHTEJbHO-BOCCTAHOBHUTEILHON peaKIUH

9CoP+ 4 TI+ = 2Co?+ 4 TIs+
NpEMJIONKEH CAELYIOIHMA MeXaHU3M (CTadHH):

Co3* 4 Tl+ = Co?t 4 T12+ MeJI/IeHHast
Co?t 4 Ti?+ = Co2+ 4- TI3* GhicTpast

TIpeackaxuTe KHHeTHYecKOe ypaBHeHHe peakuud. [Ipeamonaras,
YTO [Jii HEKOTOPHIX YCJIOBHH MPOTEKaHHs peaKIHH KOHCTaHTa CKO-
poctn paBua 0,15 (yca. eIMHHIB), BBIYHCIHTE. CKOPOCTh PeaKlHH
IOJ8 CAeLYIOMX KOHLEHTpauuil: a) Ccos+=0,3 Mouan/n u cr+=
=0,2 Mosap/a, 6) B HauaNbHBEIi MOMEHT BpPeMeHH NPH CJHBAHHH
paBHbix o6beMoB 0,6 M pacteopa Co®t u 0,4 M pacrsopa TI3.

O61bsicHHTE, TOYEMY CKOPOCTh peaKIHU BO3pacTaeT, eclH B pac-
TBOPe HAaXOASTCA HEKOTOPHle OTpHIaTeNbHHe HOHB? Kakme 3T0
MOryT GHITh HOHBI? KaKOBHI AOJXKHBI GHITh YCJOBHS B3aUMOMAEHCT-
BHS OTPHIIATEJLHBIX HOHOB ¢ HOHaMu Co¥t u TIF, uro6mnl AocTHra-
JIOCh MaKCHMaJlbHOe YCKOpeHHe peaKIHH? MoXHO s cuMTaTth Jei-
CTBHE OTPHIATE/LHBIX HOHOB KaTajuTHieckuM? [TomHTa#iTech mpel-
CKa3aTb MeXaHH3M peakiHH.

26-117. KarajanTuuecKoe pasJioXKeHHe MEPOKCHAA BOAODPOAA Mpo-
XOJAHT KaK peakUus MepBOro nopsjaka. KHHeTHKY pa3JoKeHHs H3y-
Yyany THTPOBAHMEM PaCTBOPOM IlepMaHraHaTa Kajaus NPoGH IMepoK-
cHJa BOJAOpOJAA uepe3 DasjHUHbIE NMPOMEXKYTKH BPEMEHH IpPH TeM-
nepatypax 23,5 u 38,8°C; mosyueHn anelyoliHe pe3yJbTATH:

T, MHH 0 15 30 45
O6vem pactBopa KMnO,, Ma
npy 23,5°C 54,6 21,1 8,2 3,2
npu 38,8 °C 54,6 10,9 2,2 0,44

Bruiuncante Ass 30°C KOHCTaHTY CKOPOCTH peaKOHH, MepHOX
[IoJIyNpeBpallleHUss, BpeMs, Heo6xofuMoe nJjd pasnoxeHus 90 u
999, HauaabHoro KoJuuectBa HyO,.

26-118. Hanumure ypaBHeHHe peakKUMH B3aUMOJEHACTBHSA B BOJ-
HoM pacrBope HOHOB [Co(C3y0,)3]%~ u Fe?*. Kak uamenutcs Ccko-
pPOCTb peaKUHH IpH BBeleHHH B CHCTeMy cyJdbdara Kaniusar?

26-119. Omnpefenure, BO3MOXKEH JH NPOLECC B BOLHOM pacTBOpeE:

2Co+ + TI+ = 2Co* 4 TIo+

255



CTaHaapTHhe 3/MEKTPOAHbBIE MOTeHUHAsl NpH 298 K gasa HeEKOoTo-
PBIX 3JIeKTPOAHHIX peakunil ko6anbTa H TAMJIHA H HX HOHOB HMEKT
3HA4YeHud:

Ca3+ + ¢~ = Co2t E°= 11,848

Cot+ 1- 3¢~ = Co E° = 10,33B
Co?t 4 22~ = Co E°=—0,28B
T3+ 4 2¢= =TI+ E°=11,28B
T+ +e =Tl E°=—-0,34B

BrluncauTe KOHCTaHTY paBHOBecHs: peakuud. Jlas peakuuu npeaso-
JKEHBl CTafMu:

Co¥t - Tl+ = Co?+ 4 TI2* MeeHHas

Co3+ |- TI2+ = Co?t+ | TI3+ GricTpast

Kaxk uaMeHuTCs CKOPOCTh peakUHH NPH pa36aBJe€HHH PpacTBopa
B 2 pasa? Kak MOXHO YCKOPHTb Npouecc? YKaXHTe BO3MOXHblE
KaTaJau3aTophl. [lepeuncinTe ycJoBHS MaKCHMaJjpHOTO BHIXOAA NpO-
IYKTOB.

26-120. OnpenenuTre, BO3MOXKHA JH peakKnHsa MeXAy HOHaMH
BrOs~ u Br~ (B Kucji0M BOJHOM pacTBope) ¢ o6paaoBaHneM CBO-
6oaHOrO 6poMa, ecau:

Br, 4 2~ = 2Br~ E°—11,09B
2BrOg~ + 12H* - 10e~ = Br, + 6H,0 E°= 41,52B

Hanumure ypaBHeHHe peakluH U NoAOepHUTe CTEXHOMETPHYECKHEe
Koa®duunentel. PaccunTaiite 3.1.C. raJpBaHHYeCKOro  3JeMeHTa
NPy CTAaHAAPTHBIX YCIOBHSAX M KOHCTAHTY PaBHOBECHS peaKIHH.

CkopocTh peakluH B3auMopeiictBus HOHOB BrOs;~ um Br~ B Kuc-
JIOM BOAHOM pacTBOpe 3aBHCUT OT KOHLEHTPALUUH pPeareHTOB:

Konuenrpamnusi, MoJn/n

BrOs— 0,032 0,016 0,016 0,016 0,032 0,064

Br-— 0,018 0,018 0,036 0,036 0,036 0,036

H+ 0,024 0,024 0,024 0,048 0,048 0,048
v (ycn. en.) 2 1 2 4 8 16

Kakos mopsinok peakuuH? Kak H3MEHHTCH CKOPOCTBR peaKUui
npu yBeaudeHund pH Ha enuunuy? BHuucaure CKOPOCTh PpeakuHM
(8 yca. enumnuuax) npu Konuentpauum 0,08 moan/a BrO;,
0,09 moas/a Br— u 0,012 monp/a H*,

26-121. YKaxuTe Kax BJHsET yBeJHUeHHE MOHHOH CUJIHI PacTBO-

pPa HAa CKOpPOCTh peaxlyH

S,04% 4 21~ = I, 4 2502~

26-122. Kunetuka okuciaednsa Fe?t B BOAHBIX pacTBopax

(FeSO,—Fe2(S0y4)3, ana ycaoeuit pH=0—2, 20—80°C, crez+ =
=0,1—1,0 Mosb/n) ONUCHBaeTCH CJACAYIOLIHM YpaBHEHHEM:

deo, depe2+ deped+
v=—gr =A==
—73 600/(RT)

= 1,32 1Oncpel,g40021,010H+°,25e [1/(MonE  MuH)];
+
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Kak H3MeHHTCS CKOPOCTh PeaKlHH NpPH yBeJlHYeHHH B 2 pasa
konuentpauuii Fe2t, O, uau H+ B pacTBope? BuiBeguTe ypaBHeHHe
3aBHCcHMOCTH ckopoctu oT pH pacrsopa. Bo ckoJbKo pa3 Bospacra-
€T CKOPOCTb pPeaKlHH TpH TOBHIUIEHHH TeMIepaTtyph oT 20 no
30°C?

26-123. Oxucnenune noHoB V3+ nomamu Fe?t yckopsieTcs B mpu--
cyrereun Cu?t. [lpennonaraioTest ciaefyiollive CTaJHH PeakiuH

V3+ | Cu?t = V4+ L Cut MefJeHHas
Cut 4- Fe3+ = Cu2+ - Fe2+ 6bicTpast

HanuiuuTe moJiHOe ypaBHeHue mpouecca. Ilonmraiiteck o6bsc-
HHTb, NIOYEeMy peakiiusi 6e3 KaTajJH3aTopa MPOXOAHT MelJeHHO. Bui-
BeAUTe KHHETHUeCKoe ypaBHeHHe KAaTaJHTHYeCKOTO H HeKaTaJHTH-
YeCKQOro npoIleccos. '

26-124. OkHcleHHe BOJOPOAA B KHCJIOM PacTBOpe XPOMAT-HOHA-
MH NIPOTeKaeT IO CXeMe:

CrO4?- 4+ H, + H* —— Cr3+ 4 H,0

TlonGepure crexuoMerpuueckne Koad¢uuHeHTh. ITosn3ysics.
CIPAaBOYHRIMH 3HAYeHHAMH TepMOAMHAMHYECKHX XapaKTEepHCTHK
HOHOB H BelleCTB, paccuuTaiTe AG® peaklHH M NMPeNCKaXKHTE BO3-
MOXHOCTb ee IPOTeKaHHS.

Peaknus yckopsiercss B npucyretBHr  CuSO, Kuneruueckoe:
ypaBHeHHe KaTalHTHYECKOH peakUHH HMeeT BHA:

dey, . CH,CPCut*

U=—"4¢ = oyt

Kak BiHsieT Ha CKOPOCTb peaKUHUH yBeJHuYe€HHe KOHIEHTpalHy
B 2 pa3a KaxJoro H3 ciaenyioux Bewects: Hy, HT, CrO,2-, Cu?+2
IIpensoxeHHs ciaenyiolmne CTalHu Mpollecca:

Cu?* 4- Hy = CuH+ 4 H* 6bicTpast, paBHOBECHAS
CuH* + Cu?* = 2Cut+ - H+ MennenHast
Cut +4 CrO42- —— Cu?t - Cr3+ 6bicTpass (MEXaHH3M HeH3BecTeHY

BriBeiuTe KHHETHYECKOe YpaBHeHHE DPEaKUHH, IMpPeAloJOXHB,
YTO MeXaHHU3M I[polecca IpaBHJIEH. CpaBHHTe noJiyyeHHoe ypaB-
HeHHe C YpABHEHHEM, HaWJeHHRIM 3KCIIEPUMEHTAJIbHO.

§ 27. BNEKTPOAHBIE NPOLLECCHI

27-1. B Boay omylleHa MeTallHyecKas NJIAaCTHHKa (Melb, IIMHK),
B BOAY C MOBEPXHOCTH MeTajna IepexoisaT HOHH. [louemy mepexo-
ISIT HOHBI, a He 3JeKTPoHH? Jlo KaKoro npezena GyjaeT NMPOXOAHTDb
3TOT mpolecc (CpaBHHTe MeAb M UMHK)? KakMMH nmpHeMaMH MOXHO
IOBLICHTL HJIM NOHH3HThL 3apsi NJacTHHKH? MoXHo JH ero cge-
JaTh HyJeBbiM? MOXHO JIH H3MEHHTb 3HaK 3apsia MJIACTHHKH Ha
OPOTHBONOJIOXHBIA? Kak M3MePHTh BeJHYHHY 3apsaja? Kakamu
Croco6aMy MOXHO MepeBeCTH BeCh MeTassl B HOHbBI, YTO MPH 3TOM
MPOH30HAET ¢ 3/eKTpoHaMH? CyYIIECTBYIOT JH ApYrHe MaTepHauH,
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C MOBEPXHOCTH KOTOPHX, KaK H C METaJ/JI0OB, MOryT IepexOAHTh
TOJILKO MOHK OJHOTO 3apsanar

27-2. Ecau MeTa/Ju ONyCKaTh B PacTBOPHI HX coJel, TO Ha MO-
BEPXHOCTH MeTa/171a BO3HHKAET HJH OTPHIATEJNBHBIH HJH IOJIOXKH-
TeJbHBE 3apsi. KakoBel YCJ0BHA BO3HHKHOBEHHS TOTO MJH HHOTO
sapaga. [Ipn Kakux ycJOBHSIX OTCYTCTBYeT 3apsai? Kakum crmoco-
60M MOXKHO PeryJHpOBaTh BeJHUHHY 3apsja U U3MEHATH ero 3HaK?

27-3. MHorja BeJHUHHY 3JIEKTPOAHOTO MOTEHIHAaNa OOBACHAIOT
Pa3IMYHBIM COZEpXKAaHHEM B MeTa//ax CBOGOJAHBIX 3JIEKTPOHOB R
PAa3JIHYHOH CIOCOGHOCTBIO MOCHLIATh HOHH B pacTBOp. YUem 6Goublie
3Ta cnoco6HOCTb, TeM GoJee OTpHIATeNeH NCKTPOAHBIA MOTEHIHA.
CrangapTHBHIH NOTEHIHA/] IHHKA OTPHIATe/IeH, a MelLH MOJOXKHTe:
JeH, TeM He MeHee Melb c6janaer Jaydlledl 37eKTPOUPOBOAHMOCTHIO,
yeM IHHK. Kak 370 OGBACHHTBL?

27-4. O6cynuTe BOSMOXKHBE CNOCOOB CMEIEHHS DAaBHOBECHS HA
TpaHuLe MeX/Jy MeAbi0 ¥ BOJHEIM PacTBOPOM ee COJIH

Cu?+ 4 2¢~ = Cu
snpaso (o6pa3oBaHHe MeTajJHYeCKOH MedH) H BJeBO (pacTBope-
HHe MeJH).

27-5. Melb He pacTBOpseTcs B KHCJAOTaX — HEOKHCJHTeNAX, TaK
7.aK paBHOBecHe

Cu + H+ = Cu* 4 1/2H,

CHJIBHO CMellleHO BJeBO. ITpensoxuTe BO3MOXKHbBIE CNOCOOR CMelle-
gHs PABHOBECHsS BIPAaBO, T. €. CNOCOObl PACTBOPEHHS MeAH.

27-6. B COOTBETCTBHH CO CTAaHAAPTHHM 3J€KTPOJAHLIM MNOTEHIH-
aJioM MeJH OHA He JOJIKHA BRITECHSTH BOJOPOA H3 PacTBOPOB KHC-
JA0T. O6bACHHTE, TOYEMY MeJb pacTBOPSeTCH B KOHIEHTPHPOBAHHOH
XJIOPOBOOPOLHON KHCJOTE H B pACTBOPE CepOBOLOPOA.

97-7. YKeneanas u HHKeJieBas NJACTHHKH, MOrpyxeHHsle B 1 M
pPacTBOP XJIOPOBOZOPOAHOH KHCJOTBLI, pacTBOPAIOTCA C BhIAeJeHHEM
Bojopoaa. Kakoi# mpolecc HauHHAeTCs, €CJH IJIACTHHKH COeIHHHTH
TIPOBOLHHKOM?

27-8. MoxHO JIH cAe/aTh raJbBaHHUECKHH 3JE€MEHT, B KOTOPOM
6Bl COBEpIIEHHO He CMELIHBAJHCh NPHIJNEKTPOJHBIE PacCTBOPH?

27-9. UMeercq rajnBaHHYeCKHH 3/eMEHT, B KOTOPOM NPOXOLHT
peakuus

Zn -+ Cu?* = Cu - Zn*

Kax naMeHHTCA 3.[.C. 3JeMeHTa NPH H3MEHEHHH CJe[yOLIHX
yCcJ0BHH: a) yBeJHuuBaeTcsd KOHILeHTpanus uoHoB Cu?t; 6) ysesH-
yHBaeTcsd KOHIIEHTpAalHus HOHOB Zn?*; B) yBeJHUHBaeTcsl MOBepX-
HOCTb I[THHKOBOTO 3JIEKTPOAA; ') yBeJHYHBaeTCd TOBEPXHOCTh Mej-
HOrO 3JIeKTPOAa; A) B MPH3JEKTPOJHHI pacTBOP BBOAHTCH KOHILEHT-
puposanuuiii pacteop KCl; e) moBHIIaeTcst TeMnepaTypa?

27-10. M3BecTHO MNpaBH/O, 9TO TBepAble PACTBOPH 34aMellleHHS
00p4a3yioT MeTaJdH, Y KOTOPHX pagMyCH ATOMOB OT/JAHYAIOTCS He
6osiee ueM Ha 10—15% u KoTOpHle HaxoAsATCS GJH3KO B psAy Ha-
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npsikenuii. O6bsACHATE, IOYEMY IIO CTAHAAPTHHIM IOTEHLHAIAM Me-
TaJJOB MOXHO CYIHTh, CIOCOGHK OHH 00pa3oBHIBATE TBepAble
PacTBOpPHl 3aMeIlEHHs] HJH HET.

27-11. 3aBuCAT JH CTaHAAPTHBE 3JIEKTPOLHHIE IOTEHUHANH OT
TeMmnepaTtypnl? EcJH 3aBHCAT, To MOXKHO JIH PACCUHTATh NOTCHIHAM
NpH TeMIlepaType, OTJIHYHOA OT CTaHLapTHOM?

7-12. O6GbsicHHTe, IOYEMY CTAHAAPTHBIA 3JEKTPOLHLIA TMOTeH-
IHaJg ABYX MOJypeaKUHH
Agt e~ = Ag E°=0,80B
2Agt | 2" = 2Ag E°=0,80B
OHH H TOT K€, XOTSl BO BTOPOH PeaKUHH y4acTByeT B [Ba pas3a
6oJiblllee KOJIHYECTBO BelllecTBA.

27-13. CraHZapTHHE MOTEHUHANH JXeJe3a H ero HOHOB PaBHHI

Fe3+ 4 ¢~ = Fe2+ E°=+40,77B

Fe?+ - %¢~ — Fe E°=—0,44B

Fed3+ .- 3¢~ = Fe E°=-0,04B
Joxaxure, uto

3E°pe/pet+ = E°pet+ pet+ + 2E°pepet+

27-14. BuuHCIHTe 3. [.C. TaJbBaHUYECKOTO 3JleMeHTa, B KOTo-
POM NMPOXOJAHT peakUHs JUCIPONOPUHOHHPOBAHHUS

2Cu* = Cu - Cu2+
ecJin
Cut+4-e~=Cu E°=0,52B
Cu?+ 4 2¢~ = Cu E°=10,34B
Cu?t - e~ = Cu* E°=0,15B

27-15. B pacrBope HOHH Fe’+ pearnpyior ¢ MeTaliHdecKHM Ke-
JIE30M 110 YPaBHEHHIO:

Fe 4 2Fed3t = 3Fe?+

Hannwurte no amanornn peakumio mexny Cu u Fed+. Onpege-
JINTE€ BO3MOXKHOCTh NPOXOKICHHS PeakiHil.

27-16. CTaHZapPTHHH 3JeKTPOAHBI NOTEHIHAN cepe6pa paBen
Agtt-e = Ag E°=0,80B
Kaxko 6yner mortenunan 1 Kr MeTasnuuecKoro cepebpa B 1 M pac-
TBope AgNO;?
27-16. MOXHO /M MeTaJlJIHUECKHM JKeJe30M nepepecti Fe3t B
Fe?+, ecau
Fe?+ 4 2¢~ =Fe Ed=—0,44B
Fed+ 4 ¢~ = Fe?+ E°=0,77B
27-17. TIpeanoxuTe BO3MOXHHE CIOCOGHI nepesoja B BOJHOM
pacteope HOHOB Fe2+ g Fed+,
27-18. BuluncanuTte 3. A. C. raabBaHHYECKOroO 3JleMeHTa, COCTOoS-
Ilero U3 MeNHOro 3JeKTpoAa, morpyxensoro B 0,01 M pacrsop
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«CuCly ¥ CBHHLOBOTO 3J€KTPOAa, MOTPYKEHHOIO B 0,001 M pac-
rpop PbCly. CTangapThele 3J1€KTPOAHbBIC MOTeHLUMaNs MeJAd M CBUH-
‘ua cocrasJsioT (298 K):

Cut 4+ 2¢~ =Cu E° =+0,34B
Pb2+ 4 2¢- = Pb E°=—0,13B

© 97.19. TlokaXuTe, UTO AJsS KOMHATHOH TeMmepaTypbli CHpaBel-
_JIUBa 3aBUCHMOCTb:
—nE°F = AHe

rae AH° — H3MeHeHHe 3HTaNbIHH B peaxilM, KOTOpad B raJlbBaHHUYECKOM 3JIEMEH-
‘Te co3pnaer 3. A. C., paBHyio E°, f— 4HCIO y4aCTBYIOLIMX B Rpoilecce 3J1eKTPOHOB;
_F — nocroaugaa $apajes.

"VKaXuTe CPaHHIbl IPUMEHEHHs YKa3aHHOH 3aBUCHMOCTH.
27-20. Brlpasure mpollecc Mepexoja MeTaa/ta B BUAe ero Ho-
'HOB B pacTBOp:

Mn+ (p) 1 ne” = M (x)

“yepe3 psl, MOC/]eI0BaTe]bHbX (MM, BO3MOXHO, napajnseJbHHX)
CTafH#i, SHTAJbIHH KOTOPBHIX MOTYT OBITH OHpEJeJEHbl  SKCIEpU-
MeHTaJbHO. HAa30BHTe 3TH CTAAuud M COOTBETCTBYIOMME 3HTaJbHUH.
B KauecTBe NpHMepa MOKamuTe OOWMA XOJ pacuera 3JCKTPO/HO-
ro MOTEHIHAaJla HAaTPUsi B BOJAHOM pacTBOPe Ha OCHOBE H3MEHEHHS
"SHTaJbIHH B Ipollecce

Na* (p) + ¢ = Na (x)

97.91. PaccuuTaiiTe CTaHAAPTHHI 3JeKTPOAHBIA MOTEHLMAN ce-
‘pe6pa, BOCIOJbL30BABIUIMCh C/EAYIOIUMH SHTAIbIHAMU: 3HTaNBNUA
cy6ruManuu  (aTOMH3alUH) cepe6pa AH°cyea=280 K JI®/MONB,
SHTAJbIMS. MOHU3ANHH aToMa cepe6pa AH°uomsa=728 kK %/ MoJb,
3HTAMbNHSl  THApaTalyH ras3oo0pasHoro HoHa Ag+ AHrup=
= —467 xJ1X/MOJIb. i

Ilasi BOAOPOJAHOTO 3JEKTPOAA NPUMHTe CAeAyILHe 3HAUEHH.
SHTAJNBIMS NHCCOLMALHMH MOJEKYJbl BOLOPOAA B pacueTe Ha ONHMH
atoM Bogopoaa 0,5 AHpucc=236 KJ[3K/MOJIb, SHTAJbIHs HOHH3A-
w atoMa BOZopona AH uomus=1305 KJ[2X/MOJIb, HTANBNUA THA-
‘paTauyi ra3oo6pasHoro HoHa BOA0OpOAa AHpp=—1071 kJ13%/MOJIb.

CpaBHUTe pe3yJbTar CO CMPaBOYHBIM 3HAUCHUEM 3JIEKTPOLHOIO
moTeHnuana cepeépa ¥ OGBACHUTE NPUYHMHBI PACXOMIACHUS. Yka-
SKHTE CTajJMI0, SHTAJblMs KOTOPOH ompeaessiercs c HauGonbliel
TOTPELIHOCTDIO.

97.99. Kak oTjnuaeTcsl MOTeHIHan  BOJOPOAHOrO 3JEKTPOAA B
1 M pacteope HCI o1 ero norenunana B pactsope ¢ AKTHBHOCTBIO
MOHOB BOJOPO/ia, paBHOH elHHULE?

97-23. Hanuwmmte dopmyay HepHera aad npouecca:

Mn+ (p) 4 ne” = M (k)
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97-94. O6bicHUTe, MOUeMy NIpaBU/bHeEe TaKas 3alHCh dopMyant
HepHcra A0 31eKTPOAHBIX IPOIECCOB:

T 1 0,0592 1
E=E° —%ln P =B — = lg W (298,15 K)

O6bsacHHTe QU3MUeCKHH CMBIC KOHLEHTPALHH CmA+t. ,

97-25. BBIUHCAHTe 3JeKTPOAHBle TOTeHUHAJBl MERH B 0,001;
001 u 0,1 M pacrBopax CuSOs E°cuscus+ =-+40,34 B.

97-26. KakoBa 3. 1. C. 3JeMeHTd, COCTOSLIero M3 LHHKA B
0,001 M pacrBope ZnCly; u mMenu B 0,01 :M pactBope - CuSOy
{E°z0jzn0+ =—0,76 B, E°cujcuz+ =-+0,34 B)?

27-27. Kak TOHSTH yTBepkKAeHHe: Sn?* KaK OKHCJIHTENb CHJIb-
Hee Pb?H?

c 2%_7-“28. B ueM npHumHa, uTO Mn2+ KakK OKHCIHMTelb ClaGee
r2+?

97-29. Beluuc/HTe CTAHAAPTHYI0 3. I. C. rajbBAaHHYECKOro 3ie-
MeHTa H KOHCTAHTY PaBHOBECHs PeaKUHH

Pb - Cu?* = Cu - Pb2+

CraHiapTHble 3JeKTPOAHBlE NOTEHIHANBl MeAH H CBUHIA DABHBL
(298 K):

Cu?* 4 2¢~ = Cu E° = 0,348

Pb2+ | 2¢e~=Pb E°=—0,13B

97-30. PaccuuraiiTe 3. I. C. aJbBaHHUECKOIO 3JIEMEHTa H H3-
MeHeHHe HM306apHOro moTeHUHan a AJsf NpOXoAsilled B HEM peax-
UMM NPH CTAHAAPTHBIX YCJIOBHAX AG®g9s, a Taxxe 3. 4. ¢. U AGags
npH KoHuentpauusix nouos 0,1; 0,01 u 0,001 M. B ranpBanuue-
CKOM 3JleMeHTe MPOoTeKaeT peaKkUus:

1) Zn -+ 2Cr¥+ = Zn2+ 4 2Cr2+

9) Cu+ 4H* 4- 2NO,~ = Cut* 4 2NO, + 2H;0
3) Co - 2Fed+ = Co?* - 2Fe+

4) PbO, - 4H* - Sn = Sn*+ - Pb2* -+ 2H,0

27-31. DJeKTPOAHBI MOTEHLHAJ MapraHUeBOro 3J€KTpoia, TOo-
MelieHHOro B pacreop coiu (Mn2+), cocrasiser —1,1 B. KakoBa
KOHLEHTPAIUs MOHOB Mapranla B pacTBope?

97-39. CraupapTHble 3JeKTPOJHEE MOTCHUHANB XKejeza H ce-
pebpa paBHH (298 K):

Fe?+ | 2¢~ = Fe E°= —0,44B
Agtt e =Ag E° = 40,80B

BHUMCIHTE CTaHAAPTHYIO 3. A. C. TaJbBaHHYECKOTO 3JIEMEHTA M
KOHCTAHTy paBHOBeCHs peaKUWH, MpoTeKaolleil B JaHHOH CHCTeMe.
BHUHCAHTe 3J0eKTPOLHHBIE moTeHuuan xenesa B 0,01 M pacrso-
pe Fe(NOy), u cepebpa B 0,001 M pactsope AgNO;. Briuncau-
Te 3.7.C. TaJbBAHHYECKOTO 3JEMeHTa, COCTOSILErO H3 MKeJae3HOro
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SJMeKkTpoia, morpyxenHoro B 0,01 M pactsop Fe(NO;), u cepe6-
pAHOro 3JeKkTpoia, norpyxensoro B 0,001 M pactsop AgNOs.

27-33. Kak oCyIeCTBHTL B rajJbBaHHYeCKOM 3JEeMeHTe peax-
oHIo

Ni (k) -+ 2H;0 (%) = Ni(OH), (k) + H, (r)

OpoxoadIyio B BOAHOM pactsope? [IpemnoxkHTe cxeMy raibBaHH-
YeCKOro 3JeMeHTa, BbIUHCJIHTe ero 3. A. ¢. (KakHe HeO6XOIHME
AaHHBIE AJS1 pacyera?) H cAenaiiTe BBIBOJA O BO3MOMHOCTH MpO-
XOX/]eHHS peaKIHH.

27-34. Bo3MOXHO JIH pacTBOPeHHe HHKeJs H BhlAeJeHHe XpoMa
NpH MOrpyXXeHHH HHKEJEBOH N/NACTHHKH B PacTBOP COJNH TPeXBa-
JIEHTHOTO XpoMa?r

Bo3MOXHO JIH pacTBOpeHHe XpoMa H BhifleleHHe MeTaJ/IHIeCKO-
r0 HHKe/s NPH NOTPYXKeHHH XPOMOBOH IJIACTHHKH B PacTBOp CO-
JH HHKeJs? ‘

BoaMOHO Jiu BhITeCHEHHE XDOMOM 3KeJje3a H3 PacTBOpa ero co-
JIH H BBITECHEHHE JKeJe30M XpOMa H3 PacTBOPA ero COoJH?

Bo3MOXHO /1 BbiTecHeHHe XPOMOM LIHHKAa M3 PacTBOPa ero Co-
JH H BbITeCHEHHE LHHKOM XpOMa H3 pacTBOpa ero COJIH?

B0o3MOXHO /M BEITeCHeHHe KOGaJbTOM XPOMa M3 PacTBOpPa €ro
COMH H, HAao6OpPOT, BHITECHEHHe XPOMOM KoGanbTa W3 pacTBOpa
€ro CoJH?

27-35. Tlpn Kakoll KOHUEHTpPaUuH HOHOB Fe2+ 3/eKTPOIHHI mo-
TeHLUHAJ KeJe3a paBeH HYMIO? (E°perear=-—0,44 B).

27-36. PaccunTaiiTe 3. . ¢. MeAHO-CBUHIOBOTO raJbBaHHZECKOrO
aJleMeHTa, B KOTOPOM Ccuz+=0,1 Moab/n, cppe+=0,01 wMoab/n
(E°cuscuzy=+40,34 B, E°pp/ppe+ =—0,13 B).

27-37. )KeJsesHas NJacTHHKa NOTPyKeHa B pacTBOP MeAHOro
Kynopoca. )Keneso IepexoAHT B pacTBOp B BHAe HOHOB Fe?+, npu
3TOM NPOHCXOJAHT TaKXe Bhiles]eHHe MeTaJaHyecKod menan. Ilpex-
nosarasi, 4To NOJYYHJCS PacTBOP C KOHIeHTpauHueii HoOHOB Fe?+
I Monb/n, BRIYHC/IHTEe KOHUEHTPAUMIO HOHOB MeAH, OCTaBIUIHXCA B
pacreope. :

27-38. BryHcaMTe 3. A. C. CBHHIUOBO-HHKENEBOTO TrajibBaHHYe-
CKOro 3JieMeHTa (MeTa/Jibl HaxomsATcss B 1| M pacTBopax HX co-
neil). Kako#i merana Bbl pekoMeHIyeTe B3sTb BMeCTO HHKeJs,
4TOOK NOJYYHTH GoJbliiee 3HAYEHHE 3. 1. C.?

27-39. IloTeHIMas MeTaJIHYeCKOr0 MapraHila [0 OTHOUIEHHIO K
CTaHAApPTHOMY  BOJAOPOAHOMY 3JjekTpony B 0,001 M pacrtBope
MnCl, pasen —1,277 B. B 0,01 M u 0,1 M pactBopax 3ajeKTpoa-
Hblfi MOTeHLHaJ COOTBETCTBeHHO paBed —1,248 m —1,219 B. Bu-
YHCJHTE CTaHAAPTHHA 3JIeKTPOAHHI MOTEHUHAJ] Maprasua.

27-40. DneKTPONHBIH TOTEHNHAN MapraHua B PacTBOpe €ro Co-
Ju paBeH —1,22 B. BHuHC/HTe KOHLUEHTpaLHI0 HOHOB MapraHia B
3TOM pPacTBOpeE, €CJAH CTAHAAPTHHIA 3JeKTPOJHHH NMOTEHUHAN Map-
ranua pases —1,19 B.



97-41. D.1.c. ralbBaHHIECKOTO 3JIEMEHTa, B KOTOPOM NpOTEKa-

€T peaKlHus

9Ag+ 4 Zn = Zn¥* 4 2Ag
passa 1,56 B (298 K). Paccuurafite AG®° U KOHCTaHTYy paBHOBE-
cus 3TOl peaKlUuH. :

97-49. BmBeaute Qopmyay AJs pacyera KOHCTAHTHI PaBHOBE-
CHS mpolecca .
Cu?* 4 Cu= 2Cut
MCXOAsA U3 CTaHAapPTHHIX MOTEHIHANOB noJypeakuuii (Kakux?).

97-43, Tloa6epuTe cTEXHOMETPHUYECKHE K03 QHIHeHTH U YKaXH-
Te OKHCJHUTE]b H BOCCTAHOBHTENb B PEaKLHH:

AgyAsO, + Zn + H,S0, —> AsHy + Ag+ ZnSOg - H,0

TloueMy LMHK BHTecHseT cepe6po?
97-44. PaccuuTtaiiTe CTaHAApPTHYIO 3.A.C. TaJbBaHHUECKOTO 3Jie-
MeHTa B AGPys NPOXOAALIEH B HEM DPEaKIUH
2Ag 4 Sn2+ = 2Ag* 4 Sn
€CJIH
Agr 4 e~ =Ag E°=+40,80B
Sn?t 4 2¢~ = Sn E°=—0,14B

Paccuuraiite 3.4 .¢. H# AG peaKUHH A CJHEAYIOLHX HeCTaH-
JAPTHHIX YCJIOBHE: KOHUEHTPAUUH Sn2+ u Agt cOOTBETCTBEHHO paB-
gu (B Moan/m) 1) 0,1 u 1; 2) 0,01 wu 1;3) 0ul; 4) 10ul;
5) 1ul10; 6) 1w 0l; 7) 1 mn 0,01; 8 1 u 0; 9) 10 u 10;
11) 0,01 u 0,01.

3anuIIkTe HCXOAHHE [AaHHBle H Pe3yJAbTAaTH PacueToB B BHIC
Ta6auIb, TPHAAB el TaKkylo GopMy, KOTOpas NOKa3hBaja 6bl BAHA-
HHe KOHLEHTPAllHM MOHOB Ha 3. J. C. raJibBAHHUECKOro 3JeMeHTa.
Cdopmynupyiite BHBOA O Xapakrepe 3aBHCHMOCTH 3. . c..rajnBa-
HHUECKOTrO 3JEeMeHTa OT KOHIEHTPallMH HOHOB, MPHHHMAIOIIHUX yda-
CTHE B DEeaKIHH.

97-45. BuluncauTe KOHCTAHTY PaBHOBECHS peaKIHH

Cu 4 2Ag+ = Cu?* - 2A¢
€CJIH EOCu/Cua+=+0,34 B, EoAg/Ag+=+0,80 B.
97.46. BHUMCJAHTe YHCIO CTeneHefl CBOGOAH B CHCTEME!
Th 4 2Ca0 = ThO, + 2Ca
ecqM peaKuus (Bce YYaCTHHKH pPeakUHH — 4YHCTHE KpHCTaJJIHyue-
CKHe BelllecTBa) NPOTEKaeT a) B XHMHUECKOM peakTope, 6) B ranb-

BaHMYECKOM 3JIEMEHTE. _
97-47. OnpejiesuTe YHCIO CTeneHell cBOGOJLI B CHCTEME
Cu?* 4 Zn = Zn** 4 Cu
€CJIM peaKiHsi NPOXOAMT a) NPH OGBLIUHEIX YCIOBHAX, 6) B rajabBa-
HHUECKOM 3JIeMeHTe. '

97-48. UeM oTJHYaeTcsl NPOXOXKAeHHe peaKUHH MeXJy KpH-
CTaJIMYeCKHMH BelleCTBaMH:

Th 4 2Ca0 = ThO, + 2Ca
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a) B OGHYHOM XHMHUECKOM peakTope, 6) B raJbBaHHYeCKOM 3Jie-
MeHTe?

27-49. TloueMy npu 3/€KTPOJH3e BOAH OHA oforamaercss Ta-
KeJo# Bonok? [lepeuncante ocHOBHEIE TIPUYHHEL

27-50. CrangapTuble SJEKTPOAHble  MOTEHUHANH BOLOPOAZ H
JNeATePHS PABHHI:

2H+4- 2¢~ = H, E°=0,0000B
2D+ 4 2~ =D, E°=—0,0034B

Kaxkoit wou: H+ u D+ — serye BOCCTAaHABJHBAETCH?

27-51. 3auem k PAacTBOPY XJIOPOBOAOPOAHOH KHC/IOTH NPH Mo-
JAYY€HHH BOJAOPOAA NeHCTBHEM ee HAa LMHK B KHCA0TY n06aBasiior
HEMHOTO MELHOro Kynopocap

27-52. Bynyrt am pacTtBopsiteess B 0,001 Mus 1 M pacTBopax
;I(;l nian HoSOy4 caenyromue metamior: Mo, Mn, Cr, Fe, Cu, Pb,

n:

27-53. TloueMy anroMuHHI BRITECHSIET Melb M3 pactBopa CuCly,
HO He BEITeCHseT ee H3 pacTBopa CuSQO,?

27-54. O6mbsicauTe TOT ¢ akT, uTo HEKOTODEIe METAaNNb, HMek-
luxe OTpHUATeNbHOE 3HAYEHHe 3JEKTPOLHOTO noTeHlHansa  (Ha-
TIPHUMED, AJs uuHKa E°=—0,76 B), Measienno u AaXe OUeHb Mef-
JIEHHO PearupyroT ¢ BOLOH ¢ BHuedeHHeM Hi. "

27-55. las yckopeHus Tpollecca paCTBOPEHHsI UHHKA B XJOPO-
BOAOPOZHOH KHCJIOTE B PacTBOP AOGABJIAIOT HEMHOLO MeIHOTO KY-
nopoca. Ilpu srom mpennosaraercs, uro Ha UHHKE Ocaxjaercs
Melb H 006pa3yeTcss MeAHO-IHHKOBBI MHKPOTaJbBaHHYECKHH 3Je-
MeHT (pHC. 27-1) u Bomopoj BHUIeJdseTcs Ha Menn. MoxHo JH
BMecto CuSO, B3sTb ApPyrHe coJIH: AgNO;, NiSO,, FeSO,,
F62(iSO4)3?

27-56. B uem npuumna 06pasoBaHHs Pa3/IHYHEIX NPOJAYKTOB B
CAEAYIOIIHX PEeaAKIHAX:

Zn 4 4HNO, (ko) = Zn(NO), + 2NO, - 2H,0
3Zn + 8HNO;, (pa36.) = 3Zn(NOy), + 2NO + 4H,0
4Zn 4 9HNOq (6uens pas6.) — 4Zn(NQq), + NH; + 3H,0

} PHC. 27-1

27-57. CocraBbTe ypaBHEHHs CaMONPOH3BOJILHO NPOTEKAOIHX
PeakuHii NpPH KOPPO3MM B BOJEe LHHKA H OJIOB2, HAXOASIIHXCA B
KOHTaKTe., ,

27-58. TlpenckaxkuTe, KaKUM MeTaJJIoM CJAEIYET NMOKDPLITh 0J10-
BSIHHOE H3JleJIHe, YTOGH OHO He paspymagock B 1 M pactBope KOH
(na Bosnyxe)? ,
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27-59. TlpeanmonaraioT, 4TO NepBoii CTafHell B3aHMOAEHCTBHS
HIeJIOYHOrO MeTaJljla C BOAOH ABJsAeTCA NpoLece:

K (k) + H,0 (%) — K*(p) 4 ¢ (p)
rjae e~ (p) — rMAPAaTHPOBAHHKMA 3JEKTPOH.

Hanyuiate ppyree CTajuu Npoliecca PacTBOPEHHS MeTasja B
BOJIE.
27-60. B cBHHIOBOM aKKyMyJsTOpPe MPOHCXOAAT PEaKLHH:

paspag
PbO, (K) -+ Pb () + 2H,504 () T== 2PbSO4 (k) -+ 2H,0 (x)

KakuM TpeGoBaHHAM [HOJKHA Y/JOBJETBOPAThL PeaKUus, 4TOGHL
€€ MOXHO GhlJIO HCIIOJMb30BAaTh B aKKYMYJsIToOpe?

27-61. OGbscHHTe, NOueMy B CBHHIOBOM  aKKyMYJsATOpe He
TIPOHCXOJNT PeaKUus:

Pb (x) + H,50, (p) = PbSO, (k) + H, (1)

BoamoxHo i HemocpepcTBeHHOe B3auMomeiictsue PbO, m H,SO,
¢ o0padoBanHeM KpHcTasixnyeckoro PbSO, (kak 3To HamHcaHO B
npeinAylles 3afaue)?

27-62. OmpenesuTe, MOXHO JIH NOJYYATb ra3006pasHLl (TOP
3JIeKTPOJH3OM pPacTBOpa (GpTOpPHIa HATPHS, eClH:

0, -+ 4H+ 4 4e~ = 2H,0 E°=1,23B
F, + 2~ = 2F- E°—2,87B

Nat 4 e~ = Na E°=—2,71B
2H* (10-7 My 4 2~ = H, E°=—041B

O6cynnTe aHaJOrHYHBIA MPOLECC € YYacTHEM APYTHX TaJOreHH-
JOB HATpHSI.

27-63. Kakoil MeTaJl1 BHAEJASETCS B MEPBYIO OUepelb IPH 3JEKT-
POJIH3e pacTBOpa HHTPATOB MelH M cepebpa?

27-64. B cepHOKHC/JOTHBbIA pacTBOp, cofepxkawmi Fe?+, Mg?t
a Al** (mo 1 Mousp/n) morpyXeHn IJIaTHHOBLle 3JeKTpoAabl. Ha
9/JeKTpoJaX MelJIeHHO YBe/HUHMBaeTCs HaOpsAXKeHHe M MOc/de Ha-
4yaja BHeJNeHHS] OLHOIO M3 MeTaJIOB OHO MNOAJEpXKHBaercs IIO-
crosiHHbIM. Kakoit mMerans M B KaKOM KOJIMYeCTBE BbLAEJHTCH (Teo-
pPETHUECKH) TPH TNPOXOXKJAEHHH Toka cuiofi | A B rteueHne 1 u?

27-65. Onpenesnvre MHHHMaJbHOe HampsXKeHHe HOPH 3JeKTPOJH-
3e 1 M pacrBopoe CuSO, u CuCl,.

27-66. 115 toro, uToGB H30eXaTh CMelleHHS NMPOAYKTOB 3JEKT-
poan3a (3aueM?) U OGeCHeUHTh HPOXOMAeHHe 3JeKTPHYECKOTO TO-
Ka, ORI H3TOTOBJIEH 3JIeKTPOJH3ep, B KOTOPOM Ieperopofika ciesa-
Ha M3 HepxXaBelolllell cranu (puc. 27-2). B o6a s/MeKTpoJHEIX IIpO-
CTPAHCTBA 3aJHJH PacTBOP XJOPHAA HATPHA H Ha 3JEeKTPOABl IO-
Aanu HanpsixkeHHe. Kak OyfeT /efCTBOBaTh 3TOT 2JIEKTPOJIH3ep?

27-67. CxosJpKOo BpeMeHH CJelyeT NPONyCcKaTh TOK CHJIOH & A
yepes pacteop NaCl ana nosayuenns 20 r NaOH?

27-68. HuxeJeBble 3JeKTpoJAH TNOTPYXeHnl B 1 M pactBop
NiSOs. B pesyabrare snekrposnsa uyepe3 | y macca OJHOro H3
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3JIeKTPOJOB YMEHBIIHAACL HaA
_ ) — 1,000 r. Uemy paBHa cHJA
— U ——d= —| Toka? Uto nmpou3somao ¢ apy-
ruM sJjektpogom? Hamumtare

ypaBHeHHs1 peakUHuH.
Sl / il - 27-69. Ykaxute InpOAYK-
————— - = = = TH 3JeKTpPOMH3a pacTeopa,
PUC. 97.2 copepxamero 1 mosn/n NaCl

u | moas/n NaOH.

27-70. TloueMy mnpH 3JeKTpPOJH3e BOLHOTO pacTBOpa XJODHAA
HaTpHA BHJeNeHHe XJOpa HAauHHAeTC 3HAUHTEJILHO I03Xe, 4YeM
BHIIeJeHHe Bojopolar Kak BJaHsieT KOHUEHTpPaUHs pacTBopa Ha
BpeMsl 3a[epKKH BRIJeJIeHHsT XJaopa?

27-71. YKaxuTe NPOAYKTH 3JEKTPOJH3a BOAHHBIX pacTBOPOB:
1) HsSO4, 2) NaySO4 3) HCI, 4) NaCl, 5) CaCl,;, 6) CuSOs,

27-72. Hcxois N3 TepMOJHHAMHYECKHX XaPaKTEPHCTHK BOAH,
BOJODOAA M KHCJOpPoAa, ONpeleninTe MHHHMalbHOoe HampsXeHHe,
Heo6xoAuMoe O/ 3JIeKTPOJH3a BOAH. Kak 3aBHCHT ~HanpsKeHHE
3JeKTPOJH3a OT TeMIlepaTypsl M naBjeHusi? [loueMy NpH HanpsKe-
HUM, BBIMHCJEHHOM 10 TepMOJAHHAMHYECKHM  XapaKTepHCTHKaM,
9JIEKTPOJH3 He nmpoucxoiut? [loueMy maxe NpH 3HAUHTENBHO 6OJb-
HIeM HalpsiKeHHH 3JIeKTPOJIU3 Takke He mnpoucxoguT? Kak mpak-
THUECKH OCYUIECTBHTb 3JIEKTPOJIH3 BOALI? YKaXHTe JHMHTHpPYIO-
uryio (ue) cTagHio(Md) B Ipollecce IJEKTPOJH32 BOLHL

27-73. Vicxomss u3 TepMOAHHAMHYECKHX XapaKTEPHCTHK Bellle-
CTBa pacCyHTafiTe HanpseHHe, HeO0XOIHMOe JJIsT Pa3joXKeHHSA
pacnyaBjieHHOro ruipokcuia kKaaus npu 400 u 500 °C. Omnpepenu-
Te TEMIEPATypy, BHIlle KOTOPOH BO3MOXKHO  CaMONPOH3BOJILHOE
pa3jioXeHve TFHAPOKCHAA, BuHsHHeM TeMmmepaTyph Ha AH® m AS°
MOXXHO npeHebpeyb.

27-74. BrBeauTe ypaBHeHHe TeMIepaTypHOH 3aBHCHMOCTH Ha-
[pSIXKEHUA Da3JIOKEHHS] PaclJaBJeHHOH COJH HWIH MLIe/J0YH.

27-75. BriBeguTe ypaBHeHHe TeMIepaTypHOH 3aBHCHMOCTH Ha-
NpsAXeHHs Pa3JjIOKEeHHST XJOpUAa MarHus. BhluMciauTe HanpsKeHHe,
Heo6xXoAuMOe [AJis1 Pa3oxKeHUus xJopnaa marnua npu 800 u 1000 K.
Ilpu Kakoil TeMmepaType NPOHCXOAHT CaMONPOM3BOJbLHOE pa3jo-
JKeHHe conMn?

27-76. Tlpeackaxure OPOLYKTEL  3JEKTPOJH3a  pacl/aBoB:
1) NaCl, 2) NagSO, 3) NaNO;, 4) NH,CI, 5) NH4NO,,
6) KCIO;, 7) NaOH, 8) NaHSO,, 9) NasPO,, 10) Na,HPO,,
11) P,0s, 12) HiPO,.

27-77. TloueMy noTeHuuae, Tpebyloliyecs [Js BBIeJEHUS Me-
TaJJOB M3 PaclJaBOB, He HAXOASITCS B IIPOCTOM COOTHOIUEHHH CO

CTaHAapTHHIMH 3JIEKTPOAHBIMH IOTEHUHAaJaMH B BOAHBIX pacTBO-
pax? _

[T LT
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27-78. CranpapTHRle 3JIEKTPOJHHE MOTEHIHAJH IIeJOYHRIX Me-
TaNJIOB B BOAe M XKHIKOM aMMHaKe HMeEIOT clelyllliHe 3HayeHHSA
{8 B):

HaoO NHj
Lit+e—=Li —3,03 —2,24
Nat4e~=Na —2,71 -—2,01
K++e-=K —2,93 —1,98
Rb*t+e-=Rb —2,93 —1,93
Cst+4+e~=Cs —2,91 —1,95

HayuuTe 2TH AaHHBIE H clenafiTe COOTBETCTBYIOUIHE BBEIBOIBL.
27-79. Huxe mnpuBefieHH CTaHAApPTHHe 3JeKTPOJHHE NOTeHIHA-
JH JHTHA W HaTpus B pasiHYHBIX pacTBOpHTeasax (B B):

HaO  CH3OH CaHgOH CHgCN HCOOH  NH3  NaHy

Li++e-=Li —3,03 —3,10 —3,04 —3,23 —3,48 —2,24 —2,20
Nat+e-=Na —2,71 —2,73 —2,66 —2,87 —3,42 —2,01 —1,82

Kak u mouemy BausfeT Npupola PacTBOPHTeNs Ha CTaHAapT-
HbI 3JeKTPOAHBIA NOTEHUHAI?

27-80. DyneKTpOAHBlE NMOTEHIUHWAJLI JUTHA H KaJHs B HX PacIlIaB-
JIeHHBEIX TaJoreHHAaX [0 OTHOUIEHHIO X 3JeKTPOAHOMY IOTEHIHaNy
gatpus (mpu 700 °C) uMeroT caenyiouHe 3Hauenus (B B):

-MF MCl MBr MI
Lit+e-=Li —0,56 40,02 40,05 40,14
Kt+e-=K —0,22 40,14 40,18 40,17

[Touemy mpHu yBe/HUeHHH MOJBHOH MacChl TajioreHHAa IOTeH-
1laJ CTaHOBHUTCH GoJee NoJoXHUTedbHEIM? [JoueMy Kasauit HMeeT
6ojlee BBICOKHe IOJIOXKHTeJbHHe 3HadeHUs  TNoTeHUHaJJa? Kakue
ApyrHe BOHpPOCH BBl MoXeTe MOCTABHTh K NPHBEAEHHBIM JaHHBIM?

27-81. DaeKTpOoRHLIE MOTEHLHAJ KeJsae3a

Fe?+ 1. 2¢~ = Fe

B pacminaBe KCl—NaCl oTHOocHTeNbHO 3JeKTPOJHOro IOTeHLHaJa
cepe6pa npH temmnepatrypax 700, 800 u 900 °C paBeH cOOTBeTCTBeH-
Ho 0,520, 0,510, 0,498 B. Onuiute. IOBeleHHe XeJle3a B pacnia-
Be KCl—NaCl. CxeMa rajipBaHHUeCKOI'0 3JeMeHTa:

Fe|FeCl,, KCl—NaCl| AgCl, KCI—NaCl|Ag

27-82. Bocnoab3oBaBuuck dopMydaoit Hepuera, BHBenute ¢op-
Myny OJf pacdeTa 3. A. C. KOHUEHTPALHOHHOIO 3JeMeHTa  (CM.
27-24), B KOTOPOM OJHH B3JeKTPOA H3 MeTaana M mnomemeH B
PAcCTBOp € KOHLEHTpauHWeHd HOHOB 3TOr0 MeTajlja ¢; H BTODPOH
3JIEKTPOA, H3 TOro K€ MeTaJjJja —B PacTBOP € KOHUEHTpauueHd Ho-
HOB 5TOTO MeTaJjlia C, IpH 3TOM C)>>Ca.

27-83. 3a cueT Yero BO3HHKaeT 3JEKTPHUECKHH TOK B KOHIEHT-
PaLHOHHOM 3JeMeHTe?

27-84. CpenafitTe BHIBOL 00 H3MeHeHHH 3. . C. MeJHO-IHHKOBO-
ro ajJeMeHTa NPH OZHOBPEMeHHOM H3MeHeHHH KOHLeHTpalHil Ka-
THOHOB.
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27-85. 3. A. c. KOHLEHTPALHOHHOI'O 3JeMeHTa olpefefisieTcs MO
dbopmyae
0,0592

&
E=—"—lg - (mpn 298,15K)

rfie ¢~-— KOHUEHTPAUMS MOHA B TPHIJAEKTPOAHOM DPACTBODe, NpHUeM C;>>Ca.

BriBenHTe opMyay AJas pacyeTra 3. A. €. KOHIEHTPAalUMOHHOIO
3JeMeHTa, COCTABJEHHOTO M3 3JeKTPOAOB, NOIPYKEHHHIX B pac-
TBOPHI ¢ Pa3JHUHBIMH 3HaueHUsiMH pH.

27-86. PaccuuTaiiTe 3.1.C. KOHIEHTPAaLHOHHOTO 3J€MeHTa, co-
CTOSIIIEr0 H3 ABYX BOJOPOAHBIX 3JEKTPOLOB, NOTPYXKEHHHIX B pac-
TtBOpH ¢ pH 2 u 4.

27-87. KoHUEHTPAUMOHHBIH 3J€MEHT COCTOHT H3 CTaHAapTHOTO
BOJOPOAHOTO 3JeKTpOJa U BOJAOPOJHOTO 3JeKTpoJa B pacTBOpe C
HeH3BECTHHIM 3HaueHHeM pH; 3. 1.c. aneMenta pasHa 0,118 B. Bu-
gucaute pH pactBopa.

27-88. PaccuuTaiiTe 3. A. ¢. KOHHEHTPAIHOHHOrO 3JIeMeHTa, CO-
CTOSIII[ET0 H3 CTAHAAPTHOTO BOJOPOJAHOrO  3JeKTpoja (am+==
=1 Moab/n) H BOAOPOJHOTO 3JEKTPOAA, HAXOAAIIETOCH B YHCTOM
BOJle.

27-89. KakoBa KOHILEHTpallHss HOHOB BOJOPOJA H YEMY paBeH
pH pactBopa, B KOTOPOM MNOTeHIMas NJATHHB, HACHIIEHHHIH BO-
IopoaoM, pasen —0,236 B?

27-90. T'anbBaHHYeCKH# 3JeMeHT, COCTOSMIMA H3 CTAHZapTHOTO
BOJIOPOAHOTO 3dneKTpoaa (pm,=101325 Ila, ag+=1) u BONOPOA-
HOrO 2JeKTpPOJia ¢ HeW3BeCcTHHIM 3HaueHueM pH pacTeopa, noka-
abiBaeT 3. A. ¢., paBuyw 0,414 B. Buumncaure pH sToro pacreopa
# o6CYZHTE BOIPOC O €ro NpPHpPOJE.

27-91. BHyTpH XKaeTok MJaekonmutawmowux pH=7,0, a B OKpy-
xawoueid xuakoctd pH~~7,4. PaccuuraiitTe BO3HHKAWOIIYIO B 3THX
yCJOBHAX 3. I. C.

27-92. 3. ;1. C. KOHIEHTPAIHOHHOIO 3JeMeHTa ¢ KOHIEHTpauHs-
MU pacTBOpOB Hekortopoft comu 0,01 u 0,00001 mouab/n cocTaBisieT
0,177 B (298,15 K). Briuncaure 3apsin KaTHOHA.

27-93. Kak H3MeHsieTcsi MHHHMaJbHOEe HaMpsiKeHHe BHIAEJNeHHSA
BOLOpo/la U3 BOJAHBLIX pacTBopoB ¢ pH 7 u 14 nmo cpaBHeHH0 C Ha-
npsixeHueM B pactBope ¢ pH=1?

27-94. KakoBa 3.1.c. KOHUEHTPAlHOHHOrO 3JleMeHTa, COCTOf-
1ero U3 cepeGpsIHBIX 3JeKTpoAOB, Haxomsumxea B 0,1 u 0,001 M
pacTBopax Hutpata cepebpa? (CreneHb AHCCOUHALHH 3JEKTPOJH-
Ta npuMuTe paBuoii 1) 100% u 2) 80%.

27-95. HapucyifiTe cxeMy rajnBaHHYeCKOr0 3JEMeHTa, COCTOsH-
Iero U3 JIByX BOJLOPOJAHEIX 3JEKTPOJOB C OAHHAKOBOH aKTHBHOCTBHIO
HOHOB BOOpPOAa. B onHOM 371eKTPOfle MJAaTHHA HACHIAETCs BOLO-
POIOM IIPH CTAHAAPTHOM JIaBJEHHH, B JIPYroM 3JeKTPOLe — CMEChIo
BOJAOPOZa C HHEPTHHIM ra3oM. BhuiBeauTe ¢opMmyay Ajas pacuyera
napuManbHOrO [aBJeHHs BOJAOPOLa IO HM3BECTHOH 3.J.C. rajbBa-
HHYECKOT'O 3JieMeHTa.
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97.06. UMeeTcs ABa KOHLEHTPAUHOHHBIX 3JleMeHTa, COCTOSLIMX:
U3 3J1eKTPOJOB, MOrPyXEHHBIX B 0,1 u 0,01 M pacTBOpHl cynbdara:
[HHKa. Y OJHOrO 3JeMeHTa 06a 3JMeKTpoAa ciejaBbl U3 IJIaTHHBL,.
a y Apyroro — u3 LHMHKA. Bolupcaure 3. A.C. 3JeMeHTOR. Hanumu-
Te ypaBHeHHs 3JIeKTPOJHBEIX MPOLECCOB ¥ yKaxuTe OKHCJHTE]b H
BOCCTaHOBUTEJIb.

97-97. T1pu KakHX KOHHEHTpalHiX 3J1eKTPOJIHTA — XJOPHAZ HHH-
Ka — 3. 1. C. KOHIIeHTPalMOHHOTO 3JeMeHTa pasua 0,1 B? Hanuun-
Te ypaBHeHHe 3JIeKTPOAHOH pPeaKIlHH. VKaxuTe BOCCTAHOBHTE/Ib H
OKHCJHTENb.

97-98. BosHuKaer 3.[.C. HJM HET B rajpBaHHYECKOM 3JleMeH--
Te, B KOTOPOM 3J€KTPOJH, H3TOTOBJICHHEIE U3 PasJMYHBIX MaTepHa-
J0B, HalpuMep NJIaTHHBE H rpa¢uTa, HaxoAsrcd B pacTBopax o~
HOrO M TOr0 e BelllecTBa, HampyMep NaCl, oguHaKoBO#l KOHUEHT-
pauuu?

97.99. BpiuHc/auTe CTeleHb AHCCOUMAlHH HuTpara cepe6pa B
1 M pacrtBope, eciii MOTeHIHA] cepe6pa B HeM IO OTHOUIGHHIO K
CTAaHAAPTHOMY BOJOPOAHOMY 3JEKTPOLY pasen 0,79 B.

97.100. BpiuncauTe MOTeHLHaJ LHHKOBOTO anexrpoaa B 0,05 M
pacteope ZnCly, cTenesb AMCCOIMALIHE KOTOPOro paBHa 80%.

97-101. TajpBaHMYeCKH# 3JEMEHT COCTOHT H3 CTaHAapPTHOrO:
BOJLOPOAHOTO 3JEKTPOAA H BOLOPOAHOTO 3J1eKTPOAA, NOMELEHHOro-
B 0,01 M pacTBOp YKCYCHOH KHCHIOTBL; 9.1 c. 9JeMeHTa paBHa
0,200 B. Bpiuncaure pH pactBopa H KOHCTAHTY. MHCCOLMALNH KHC-
JIOTHL. :

97-102. TanpBaHWYeCKH# 3/1€MeHT COCTOHT H3 CcTaHAapTHOTO BO-
JOPOMHOTO 3JIEKTPOAa M BOLOPOLHOrO 3JeKTPoAa, NOoMelleHHoro B
0,01 M pacrsop xJopuia aMMOHHZ, 3.[.C. 3jJeMeHTa PpaBex
0,366 B. Bpbuucaunte pH pacrBOpa, KOHCTaHTY THApPOJH3a H KOH-
CTaHTy AMCCOLHALHUH NH,OH.

27-103. Tlpepaoxure cnoco6 (B1) ompeaesieHHs KOHCTaHTH JLHC-
COLHAIMH cNab0f KHCIOTHI, eC/IH H3BECTHA KOHCTAHTa JAMCCOLNALHK
Apyroit c1aboil KHCJIOTHL.

97-104. Paccyuraiite 3.1.C. FajbBaHHYECKOTO 3J1eMeHTa, KOTO-
pBIHl COCTOHT M3 cepe6pAHOA MPOBOJIOKH, MOTPYXEHHON B 0,01 M
pacTBop HHTPaATa cepebpa, U cepe6psHOil MPOBOJOKH, NOrpyKeHHO
B 0,01 M pactBOp K([Ag(CN),], ecnu KOHCTAHTA HecTOUKOCTH HO-

Ha [Ag(CN),]~ paBHa
[AgH] [CN]?

Kueer = fagem1 010

97-105. B pactsope KOMIUieKcHas — COJB i[Ag(NHs)]Cl. muc-
COLMUPYET KakK CHJIBHEI 2JIEKTPOJTHT

[Ag(NHa)zlcl = [Ag(NH3)2]+ + CI7

KoslenTpauus HOHOB [Ag(NHs)o]* mpaKTHueCKH COBNafiaeT ¢ KOH=
leHTpallnell ¢ KOMIUIEKCHOH COJH. Uou [Ag(NHs)g]* auccounnpy-
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€T KaK cnaGbifl 57€KTPOJIHT, H KOHCTAHTA HECTOMKOCTH NPH MOMHOR
JHCCOUMallHH paBHA
Koo — LAY NH,J2
HecT = [Ag(NHa)2+]

B ragpBaHHYeCKOM 3jeMeHTe OLHH 3JIEKTPOJ, MpefCcTaBasieT coboi
cepeGpsiHyI0 NMPOBOJIOKY, MOTPYXEHHYIO B pPacTBOp KOMILJIEKCHOH
COJIH KOHUEHTPAuWH ¢ (B MoJb/n), a BTOpok 3JIeKTPoJ — cepebps-
Has NpOBOJIOKA B pacTBOpe HHTpara cepe6pa C KOHIUeEHTPauHel ¢’

IlokaxuTe, YTO 3.4.C. 3TOrO raJbBAHHUECKOrO sJjeMeHTa F
KOHCTAHTa HECTOMKOCTH KOMIJIEKCHOTO HOHZ CBSI3aHBI COOTHOILE-
#uem (npu 298,15 K)

cl
E=0,05921g YTy

§ 28. MPOLLECCHI PACTBOPEHHSA H OCA)KJEHHS

28-1. KakoBHl ycJ0BHSI (¢ TepMOAHHAMHYECKOR TOUKH 3peHHs) o6-
Pa30BaHHA 0CAKOB H HX PACTBOPEHHS?

28-2. PacTBOPMMOCTb XJIOpPHLA KadbLUs B Boze npu 10°C co-
«crapasier 65,0 r, a mpu 50°C pacTBopserTcs 132,0 r 6esBoxgHoro
Bewecta B 100 r uncroit Boxmel. K pacrsopy XJOpHAa KaJblHA
fIpH6ABISIETCA HEKOTOPOe KOJHYECTBO KPHCTAMIHYECKOTO XJOpHZa
Kaapuusa. TloHM3HTCA MAM TOBBICHTCS TeMIlepaTypa pacTBopa?

28-3. Huxe mpuBefieHH 3HTAJBNHH pacTBOpeHHs B BOJe H pac-
‘TBOPHMOCTH HEKOTOPHIX COJIell:

AH°, wJIm/Monn PactropumocTh, r/100 r HaO

npu 10 °C npu 20 °C
AgF —18 120 172
AgNO;, +23 173 223
AgCly —330 46 46
CaCl, —77 65 75
CuS0Q, —67 17 20
MgCl, —152 54 55
MgSO, —88 30 35
KOH +50 102 112
KF —10 54 95
KCI +19 31 34
KBr 422 60 65
KI +16 136 144
NH,Cl +16 - 33 37

[Ipumennte npunumn Jle Illatenve pas IpeACKa3aHUs BJHA-

HH5l TeMIepaTyPul Ha PaCTBOPHMOCTb 3THX COJefi B COOTBETCTBHH
€ TNpHBE/IEHHHMH 3SHTAJIBIHAMH pacTBOpeHHs. CpaBHHTE NOJYYeH-
Hble BRIBOABI C NAHHBIMH M0 pacTBopuMocTsiM npu 10 u 20°C.
‘O6DbscHATE BEIBOLEHL

28-4. ViMeroTca HacblleHHHEe PacTBOpHL: caxapa, XJOpHIa HAT-
PHil, X/JIOpHAa cepebpa, cyabpuna pryTH. OnpefeauTe YHCJAO He-
‘34BHCHMBIX KOMIIOHEHTOB M YHCJO CTemeHeH CBOGOAL B 3THX CH-
CTeMax.
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98-5. BesBoiHble COJH 4aJIOMHHHS, HeCMOTPs Ha YBeJHYEHHE
PacTBOPHMOCTH C NOBHIIIEHHEM TeMIepaTypHl, pacTBOPSIOTCA C BhI-
JeleHHeM GOJBIIOrO KOJHYeCTBA TemnoTH. MoOXHO JiH CYHTATh,
4To B 3TOM cJydae Hapylwaercs npuHuun Jle HlaTtenwe?

28-6. Tlpn nmesicreuu 220 M 0,1 M pacrBopa HHTpara cepebpa
Ha 50 mJa pacTBOpa, coaepxawero 5,32 r cMeCcH XJOPHAOB HaTpH:A
¥ KaJus, 6b10 modyueHo 11,48 r xmopuia cepebpa. Onpenenure
COCTaB MCXOLHOM CMeCH XJOPHIOB HAaTPHA K KaJHsl.

98.7. Tlouemy Al,O; me pacrtsopserca B HiO, a Al;S; wmrHo-
BEHHO THIPOJIH3yeTcs?

98-8. O6DbsACHHTe, OYEMY COJEBOH COCTaB BOAbl OKEaHOB 0CT2-
eTcsl NPaKTHYEeCKH HEH3MEHHBIM, XOTS DeKH eXeroiHo BHOCAT B
oKeaH okKoJo 1,5 MJR. T KapBoHaTa KaJbLHs.

98-9. PacTBOpeHHe KPHCTANJHUECKOro FHAPOKCHAA HATpH#A B BO-
Ale CONPOBOMKAAETCs BblAelleHHeM TeMJOTH:

NaOH(4-H,0) = Na*+ 4+ OH™ 4+ Q

B cootBercTBui ¢ npuuuunom Jle Hlatenabe mpH NOBHIUECHHA TEM-
mepaTypsl PacTBOPHMOCTb LQJKHA MNOHHKATbCS. OpHako pacTBODH-
mocts NaOH B Boze npu 0, 20 u 100 °C cocraB/isieT COOTBETCTBEH-
HO 42, 109, u 342 r NaOH B 100 r H,O, 1. e. BO3pacTaer. B uem
NpHUYHHA NOLOGHOrO SIBJIEHHS?

98-10. Ecan uepes pactBop ZnCly; mpomnycKarsb H,S, To BhIna-
AaeT ocaflok cyidbdupa uuHka. [IpH Kakux yc/lOBHfX MPOHCXOAHT
MPaKTHUECKH IMOJHOe OCaXJeHHe CyabdHLa nuHka? Kak mnpenot-
BPaTUThL OCaxKJIeHHE?

28-11. THAPOKCHA MAarHHA pacTBOPsiETCs B KHCJOTax H B pac-
TBOpax coJell aMMOHHS:

Mg(OH), + 2HCI = MgCl, + 2H,0
Mg(OH), 4+ 2NH,C! = MgCl, 4+ 2NH,OH

YKaxuTe XxapakTepHble NpH3HaKH, oblue AJjsi 0GeHX peakuHi.
Kak MOXHO NOBbHCHTb pactBopumocts Mg(OH), B 3ThHX pacrso-
pax? BymeT Ju THADOKCHA KalbllHsi BeCTH cels aHaJIOTHYHO?

XopolLIo H3BeCTHO, UTO KapGoHAT MAarHHA PacTBOPSETCs B KHC-
JIoTax

MgCO, + 2HCl = MgCl, + CO, + H,0

Byner nu Kap6oHAaT MarHdsi pacTBOPAThCA B pacTBopax coJiell am-
MOHHS?P

98-12. Tlouemy amdoTepHOe CoefHHeHHe OGHIYHO MaJo pacTBO-
DHMO B DacTBOPHTENe, B KOTOPOM KHC/IOTBI H OCHOBAaHHA DacTBO-
pAIOTCA XOpOLIO?

98-13. Kak Bl cunTaere, 6oJblle HJIN MeHblle aMMHaKa H XJO-
POBOJOPOAA MOXHO DacTBOPHTL OJHOBPEMEHHO B OLHOM o6beMe
BOJIH, ecJH Yepe3 1Be TPYOKH B BOAY OLHOBPEMEHHO NOJaBaTh aM-
MHAK H XJOPOBOZOPOA (AaBieHHe H CKOPOCTb NOJau¥ ra3os ONH-
HaKoBH). PacTBOPHMOCTb XJOPOBOAOPOAA  COCTaBJAET 400 o6D-
eMmoB B 1 o6beme Boabl, a ammuaka — 700 o6bemoB. ['aanl mpomy-
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«CKalTC B BOAY A0 MOSIBJEeHHA MePBbIX KPUCTAJJIOB XJOPHAA aM-
‘MOHHS.

28-14. Tlouemy pactBopuMocts CaCO; B BOJe BO3pacTaeT MpH
J06aBJeHHH B pacTBOp coJieit aMMoHHA? Kak BJAHAIOT cOJH Iienou-
HbIX MeTaJnoB Ha pacTBopuMocTh CaCOj?

28-15. Tlpu KuUIISfUEHHH C PacTBOPOM. XJOpPHJAA aMMOHHA Kap6o-
‘HaT KaJbLHA MOJHOCThIO pa3saraercsi. Kak sto oGbscuuth? Ha-
TIHIIHTe ypaBHeHHs peakuuifi. [loueMy cOJH IEJOUHBIX MeTaJJIOB,
B TOM UHC/Ae H XJOPHAH, He 001a1al0T NOAOOHHIM AeHCTBHEM?

28-16. O6cynute TOT ¢hakrt, uro LiF MeHee pacTBOpHM B BOme
7o cpaBnennto ¢ Lil, a Agl pactBopum Mmenee, yuem AgF.

28-17. Tlouemy pacteopumocTs NaCl B BoJe pe3Ko yMeHblia-
©TCA NPH NPONYyCKaHHH B PacTBOp Xjaoposojopopa? Kak uameHut-
«€s1 pacrBopumocTh NaCl npu JoGaBjeHHH B pPacTBOp XJIOPHIOB
Kanus WIM aMMOHMsi, cy/abdaTa Kagaus, rHIPOKCHIOB HATPUS HJH
Kaaus?

23-18. Kap60HaTHYIO KeCTKOCTb BOAB MOXHO YCTPAaHHThL 106aB-
JleHHeM TrauleHOH H3BeCTH:

Ca(HCOy), 4 Ca(OH), = 2CaCOy -+ 2H,0

‘Mg(HCOy), + 2Ca(OH), = 2CaCO, + Mg(OH), - 2H,0

3anunTe ypaBHEHHS pEaKUMH COKPAWIEHHBIM MOJeKYJsIpPHO-
#MOHHBIM cnioco6oM. OOBACHHTE, moueMy oOpasyercsi THAPOKCHI
Maruus, a He Kap6oHaT MarHus. Kakue crnpaBouHble JaHHble HYX-
bl JJIS1 OTBETA Ha 3TOT BONPOC?

28-19. Tlpu BBejeHHH KapGOHAT-HOHOB B PacTBOP HOHOB Tpex-
BaJleHTHOIO XKeJe3a kapbonat xeme3a Fe,(CO); e o6pa3syercs,
4 0CaxJaeTCs THAPOKCH[ XeJe3a:

2[Fe(FL,0)¢]** -+ 3CO4?~ = 2[Fe(OH)4(H,0),] +- 3H,0 +- 3CO,

[Touemy ruapokcun ycroifunBee KapGoHaTa? Kak MOXHO IOJy-
UHTb KapboHar xene3a? Kak Gyner BectH ce6Gs kap6oHAT Xese3a
TIpH KOHTaKTe ¢ BOZOH? KaKOBbI TMpPHYUHHB  CaMONpPOH3BOJBLHOTO
JIPOTEeKaHUs HalUCAHHOH peaKUHH?

28-20. BosBLUIHHCTBO YrieBOjAOB Oaaronaps HAJIHYHIO rpynn OH
Xopomo pacTeopstorcs B Bofe. OGBSCHHTe, TNOYEMY LeJTI0JI032
‘(caMblff pacpocTpaHeHHBIH U3 nonncaxapmlos) B BOJe He pacTBO-
pHMa H He THIPOJH3YeTCs, XOTS MaKpPOMOJeKyJa LeJII0J03bl Co-
“<CTOHT H3 MHOXECTBA OCTATKOB TJIIOKO3bl, KAX/BIH H3 KOTOPBHIX CO-
zepxut 1py OH-rpynnsr.

28-21. Kax u3 xowmmiekcHo#t couu ([Ag(NHj).]Cl Benesuts B
BHIe OCajiKa XJopHJ cepebpa?

28-22. .Ha puc. 28-1 npuseseHa guarpaMma cocTosHus (pac-
TBOPHMOCTH) CHCTE€MBI XJOpui HaTpusi — Boja. I[Ipu 0°C npuro-
TOBJIeH HAacHILeHHBIH pacTBOD XJOPHAA HATpHA, NPH 3TOH TeMIle-
‘paType pacTBOpP OTAEMHJH OT Ocajka H OXJIaguaH jo —20°C
(nmn po —30°C). OcaxaeHHble KPUCTaJJaBl NPH TOH Xe TeMIle-
‘paType OTAENHJIH OT pPacTBopa H IlepeHeC]IH IPH KOMHaTHOH TeM-
{lepaType B cTakaH. UrDp npousofifier B CTakaHe?
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28-23. IloueMy, ecau K HachlimeH- t%
s#iomy pactBopy NaCl npunute KoH- gp
HEHTPHPOBAHHYIO  XJOPOBOLODOIHYIO
KHCJIOTY, BHIMAAa0T  KPHCTAJJH
NaCl? K HacHIlleHHOMY pacTBOpY
NaCl npuauBalOT KOHUEHTPHPOBAH-
uuit pacteop NaOH. Brnmaayt kpu-
cTanawl uiau Het? [IpoBepeTe npenamo-
JIOXKeHHe 3KCHEPHMEeHTAJbHO. 0

28-24. TloueMy B OTJHYHE OT XJO-
PHIOB IIEJOYHBIX METAJJOB XJOPHUJ
JIUTHS He BRIeNsIeTCS H3 PACTBOPA B

40—

HoO (k) + I\‘IaCl'Z‘HZO(KI)
1
BHIE KPHCTAJJIOB IIPH NMPONYCKAHHH B , 10 20 30 40

—40

PacTBOp XJOPOBOXOPOAA? ’ Nac1, %

28-25. IloyeMy LHHK pacTBopsieTcs B PacTBOPe CBOEro XJOPHAAP
Byner nn uMHK pactBopsThes B pacteopax AlCl; man NH,CI? Pac-
TBOPAIOTCA JIH Melb, AJIOMHHHA WJH Kele30 B pacTBOpPax CBOUX
xaopunoB? Ilponenafite ombiTel. CocTaBbTe ypaBHEHHs peaklHE.
Kakumu daktopaMu onpepessieTcsi BO3MOKHOCTE NPOXOXKIEHHS pe-
akuuii? Kak OTHOCATCS MeTajJiel K PacTBOpaM APYTHX CBOHX CO-
Jeit?

28-26. YKkaxuTe OKHCJAMTeNH H BOCCTAHOBHTENH B CJeLYIOLIHX

fapoleccax pacTBOPEHHS LUHHKA B pa36aBieHHOH W KOHLEHTPHPO-
BaHHOMN cepHOH KHCJOTe:

Zn + H,50, (pa36.) = ZnSO, + H,
4Zn 4 5H,S0, (konn.) = 4ZnSO, 4+ H,S +- 4H,0

JoKaxuTe, 4TO Ipolecchl TEPMOAHHAMHYECKH BO3MOXKHEL
O6mbacHHTe, MOYEMY KOHUEHTPALHA KHCAOTH BJHSET Ha NMPOAYKTH
peaKuuH.

28-27. Tlpollecc pacTBOpeHHs MeAH B pa36aBJeHHOH a30THOM
KHCJOTe

2Cu (k) + 6H* + 3NO,~ = 2Cu?* 4 3H,0 + NO,~ +- 2NO, (1)

CHayala NPOXOIHUT OYEHb Me[JleHHO, a Yepe3 HEKOTOpoe BpeMs Ha-
9uHaeT mpoTeKaTb 6ypHo. Kak 3To sBJeHHMe HasmBaercsa? Kakue
BelllecTBa clelyeT N06aBHTh B PacTBOP, YTOGHE! MPOLECC PacTBOpe-
HHA cpa3y fipoxoAun 6ncTpo? [IpoBephTe CBOM OTBeTH Ha OMEITE.

28-28. Kakas cragus B npouecce paCTBOpeHHs MeTanda (Ha-
npuMep, LIEJOYHOrO) B BOJAE H B KHCJOTE JUMHTHpYOINAs?

28-29. Huoraa pacTBOpeHHe Meld B CEPHOH KHCJOTE ONHCHIBA-
IOT MPH NOMOLIH CJAEAYIOIHUX ABYX ypaBHeHHI:

Cu + H,S0; = CuO + SO, + H,0
CuO + H,S0, = CuSO, + H,0

Hpennomme coco6bl 3KCIEepHMEHTAJhHOIO H TeOPETHYECKOro

AOKa3aTesIbCTBa 06pa3oBaHHS OKcHma MefH. Hackoabko pealieH
3TOT MeXaHH3M Mpoliecca?
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28-30. AnioMHHHeBasi TJacTHHKAa ONylieHa B PacTBOp, cojep-
*kawuit Ni2+t y Cu?*t. Kako#t Merann ocaxjaercs? '
28-31. CranjapTHBle 3JeKTpoJHble moTeHuHaanb (298 K) xene-
3a u cepebpa
Fe?* | 2~ =Fe E°=—-0,44B
Agt 4 e = Ag E®=10,80B

Botuvcnure CTaHAApPTHYIO 3. A. C. TaJJbBAHHUECKOrQ 3JeMeHTa W
KOHCTAHTy paBHOBeCHs peaKIHMH '

2Agt + Fe = Ag + Fet+

a TakXe KOHUEHTpalHM HOHOB cepeGpa M KeJe3a NPH paBHOBE-
cuM. B ueM 3aki/iouaeTcsi HPHUMHA TOrO, YTO OJMH METalJ BHITEC-
HfleT JPYrodl U3 pacTBOpa €ro CoJu?

28-32. Merta/InyecKHH CBHHEl BHOCHTCS B HeHTpa/bHBIE pac-
TBOp COJIM NBYXBAJIEHTHOTO 0y10Ba. B0o3MOXHO JH ocaxkieHHe oJo-
Ba Ha cBuHUe? B0o3MOXHO JH ocaxleHMe 0N0Ba B KucioM (1 M)
pacTBope TOH Xe COJIH?

28-33. AnoMuHHMeBast ¥ Me[Has NJaCTHHKHM HaxoiaTca B 1 M
pactBope NaCl. Kakoe Hanpsakenue cjaefyeT NPHIOKHTbL K IJa-
CTHHKAM, YTO6H AJIOMHHHA He PacCTBOPSICI?

28-34. CKOpPOCTb pacTBOPEHHS MeAH B aMMHAYHOM pacrBope

Cu + 1/20, + 4NH,OH = [Cu(NHy)¢J#* + 20H" -+ 3H,0
ONHCHBAETCA ypaBHEHHEM
v = kNH ,OHPO, %

Kak n3aMenHHTCA CKOPOETH DeaKUUH NDH YBeNHUYEHHH KOHLUEHT-
pauun NH,OH u naenenus kucnopona B aBa pasa?

28-35. KoncraHra ckopoctu pactBopennsi PbCl, B Bofe mpm
cTaHfapTHo# TeMnepaTtype paBHa 0,016 wMua—!. PacTBOpHMOCTS.
sTo#l conH paBHa 3,6-10~? moanp/n. OnpefgiuTe KOHUEHTPALHIO CO-
JIH B pacTBOpe Yepe3 1 Y mocje Hayala PacTBOPEHHS.

§ 29. NPOU3BENEHHE PACTBOPUMOCTH

29-1. Bunnuute #3 He MeHee 4eM JecATH YueGHHKOB XHMHH OIpe-
JefleHue NOHATHA <«IPOH3BeleHHe PAacCTBOPHMOCTH», TpOaHaJH3H-
pyfite onpenefenus, BhGepHTe CylleCTBEHHHE NPH3HAKH TIOHATUS
H Ha MX OCHOBE COCTaBbTe KPATKOe M IOJHOE OlpefiesieHHe MOHSs-
THSA «IIPOM3BeJleHHe PacTBOPHMOCTHY.

29-2. Huxe npHBeNeHBl CBOACTBAa HEKOTOPHX BeLIECTB H HX
NPOH3BEEHHA PacTBOPAMOCTH (€ClH OHH MOryT GHITH HaNHCaHBI):

PacTBOpUMOQTb Ip
Caxap —_ HesleKTpo- 6oabluasn —
JIUT
H:S0, KHCIOTa SJIEKTPOJHT  CHJbHHIY Gonbuias —
Cnupt — HE3JIeKTPO- 6onbman —
JUT 7
Fe(OH): OCHOBahMe  SIEKTPOJUT  caaluii Manan 1,0.10-&
Fe(OH), OCHOBaHHe  3JIEKTPOJMT  craluiit Mmanas 3,2-10-%%
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‘PacTBOpHMOCTD p

PbCl, COJIB 3JIEKTPOJHT  CHJBLHHMA Manast 1,6-10-%

NaCl c0Jlb 3JIEKTPOJIMT  CHJBHHR Goabiras —

AgCl COJIb SJEKTPOJHT  CHJBHBEIA Manas 1,8-10-10

BaF, cosib 3JEKTPOJHT  CHIAbHEIMA Manas 1,1-10-6

Ilapaduu — He3JIeKTPo- HepacTso- —
JHT pHM

HAIO, KHCJIOTA SJNEKTPOJMT  CiaGkIfl Manas 1,6-10-13

Ykaxure, KakuMu CBOHCTBaMH AOJMKHO 06JalaTk BelleCTBO, YTO-
6Bl AJ51 Hero MOMKHO :ORJIO HANKCATh BbIpajKeHHe MPOH3BeNeHHs
PACTBOPHUMOCTH ([J51 HAaCHIIEHHOIO pacTBopa).

29-3. Kakue u3 CJelVioUldX TPH3HAKOB H CBOHCTB BeLIECTB H
PacTBOPOB, a TaKKe KaKue TEPMHHBI H CJIOBOCOYeTAaHHS Clelyer
BBOJHTb B ONpe/le/ieHHe MOHSATHS <NPOH3BENEeHHe PAaCTBOPHMOCTHY:
1) 3JeKTPOJIHT, He3JIeKTPOJIHT,

2) 3JNeKTPOJHT CUMLHEH, ClaGHIH;
3) pacrtBop pa3GaBieHHH, KOHUEHTPHPOBAHHHIH, MepeCHICHHBIH,

HachIUIEeHHBIH, HeHaCHIeHHBL;

4) BelecTBO XOPOMIO pacTBOpHMoe, IIJOXO pacTBOPHMOE, Malo
pacTBOpHMOe, TPYIHO pacTBOPUMOe, HePacTBOPHMOe;

B) pacTBOp BOAHEIH, CIHPTOBHIA MJH Ha OCHOBe JPYrHX BELIECTB;

6) Kucao0Ta, OCHOBAHHE, COJb;

7) pactBOp, COfepXKaluuii APyrue BellleCTBA MJM He COJepXKalluii;

8) KOoHLeHTpAUUM CTaHZApTHasi, pAaBHOBeCHas, IPOH3BOJbLHAS;

9) eauHuma u3MepeHus KoHueHtpauuu rfl00 r pacrsopa, r/100 r
pacTBOpHTENs, MOJL/A PpacTBopa, MoJab/1000 r pacTBOpHTE.N;

10) KoHLEHTpalus ‘HIH aKTHBHOCTL HOHOB;

11) pacTBOp C HYJeBOH HOHHOH CHJOH WJH C OmpeldeJeHHBIM 3Ha-

YyeHHeM MOHHOH CHJIBL;

12) Temmepatypa HopMankHasi, CTaHfapTHas, KOMHaTHas, oObI-

Haf;

13) maBJeHHe HOpMaJbHOe, CTaHAAPTHOe, aTMOCcepHOe;
14) paBHOBeCHe rOMOreHHOe, reTepOreHHOE;
15) npousBeseHHe KOHUEHTPALMH HJIH INPOH3BeJeHHe KOHLEHTpa-

UMK B CTeNleHH CTeXMOMeTpHYecKHX Ko3(h(PHLHEHTOB.

'29-4. Huxe npusBeieHH TPH OnpefleleHHsi NOHATHSA <«IPOH3Be-
JleHde PacTBOPHMOCTH»: 1) KOHCTaHTa PaBHOBECHS MeXAY pacTBO-
POM H 0CaJKOM MajlOpaCTBOPUMOrO 3JIEKTPOJNHTA;

2) Tpou3BefeHHe KOHIEHTpalu#i B CTENEHH CTEXHOMETPHYECKHX
®03(GHIHEHTOB HOHOB B HACHIIEHHOM DacTBOpPe MaJopacTBOPHMO-
TO 3JIEKTPOJINTA;

3) mnpou3BescHHe AKTHBHOCTeH B CTeNEHH CTeXHOMETPHYECKHX
K03(bPUIHEHTOB HOHOB B HACHIIERHOM pacTBOpe 3JEKTPOJHTA.

BuiGepute HauboJsee TOYHOE onpenenerme HIH JOKAaXHTe, YTO
ollpeleleHHA HIEHTHUHBI.

29-5. Ha ocHOBaHHH OXHOro H3 ONpejejeHHH TOHATHS «IIPOU3-
BeleHHe pACTBOPHMOCTH», NpHBEJeHHEIX B MNpelHAyled 3anaue,
BHIGepHTe H3 BellecTB, YKa3aHHBIX HHXe, Te, AJNA KOTOPHIX MOX-
HO 3alHcaTh BHpaX¢HHe NPOM3BeldeHHsA PACTBOPHMOCTH, H HalH-
amare TTP: NaCl, AgCl, C,HsOH, Pb,;0y4, FesO,, MgO, Mg(OH).,
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KOH, Fe(OH)3, FeyO3, HNOs, HAIO,, Fe[Fe (CN)¢], Ks[Fe (CN),],
K2Cy04, Agy,CrOs NaCH3;COO, AgCH3;COO, FeOOH, Fe;(SOy)s,
12, NagFe(‘SO4)3-3H20, N33FE(HSO4)3(OH)3, NH4’F€(SO4)2°
«12H,0, Na,S, Fe§, CaCQj;, CaCO;-6H,0.
29-6. Huxe nman npumep pacuyetra NpPOH3BeLeHHS pPacTBOPHMO-
CTH 110 H3BECTHOMY 3HAYEHHIO PACTBOPHMOCTH.
PacteopumMocTe AseS; B Boze cocraBaster 2,146.10-% r/100 r
H;0 nau
2,146-10-8- 1000

64100 — 8,13-10~1 Moms/a

O603HaunM pacTBOPHMOCTh Yepe3 ¥, TOrja

As,Sy = 2As3+ 4 352~
X 2x 3x
ITP = (2x)®-(3x)3 = 108x5 = 108 (8,13-10-7)% = 3,84.10-2¢

OnuiuTe onepauud, KOTOpPbe HEOOGXOAHMO TNPOBECTH AJsA pacue-
ta [IP no u3BecTHOH pPacTBOPHMOCTH. YKaXHTe, B KaKOH omepa-
UuH, o BamemMy MHeHHIO, HauGoJee 4acTO AeJaloTcA OMIHGKH.

29-7. Huxe jpaH mpuMep pacyera pPacTBOPHMOCTH NO 3HAYEHHIO
TIPOH3BE/IeHHS PacTBOPHMOCTH.

Hnsi As,S; ITP=3,84.10-2, OGo3HauuM pacTBOPHMOCTh AsySj
(B Moab/n) uepes x, Torma

As,Sg = 2As3+ - 38~
2938 +

x 2x 3x
ITP = (2x)2-(3x)% = 108x5 — 3,84.10-29
B /o
3,84-10-29
X = Vl—% = 8,13 10-7 MOJb/T
HAH
8,13-10-7-264.100
x= T000 = 2,146-10-5 /100 r H,O

OnumuTe onepauud, KOTOpHe Heo6XOAMMO NpoBecTH [Ja pacyeTa
PaCTBOPHMOCTH TO H3BeCTHOMY 3HaueHHio IIP. B kako#i onepauuu
Hau6oJiee 4acTo AeNaioTcs OIIHGKH?

29-8. Hans auerata cepe6pa IIP=4,4.10-3 npu 25°C. Cumba-
HHEM pacTBOPOB HHTpaTa cepeGpa W anerara HaTPHs I0JYYeHBI
pacTBophl, aas kKorophix [[Agt][CHsCOO-]=1.10-%, 2.10-3, 3.
-10—2 u 4.10-2. Tlpn 3TOM BHIAeJNeHHe OCAAKa alleTara cepe6pa He
o6napyxeno. Ilpu i[Agt][CH;COO~]=4,41-10-% 3ameueno obpa-
30BaHHe 304 auerara cepe6pa. Ecau [Ag+][CH3COO-] cocras-
aset 5-1078, 5-10-2 u 1-102, To BHMajaeT ocafloK aleraTa cepe6-
pa. Ha ocHoBaHMH 3THX JaHHRBIX cleJaliTe BHBOJA 00 YCJIOBHSX BHI-
NajleHHs1 H pacTBOpPeHHs ocafkoB. [lafiTe ompeleneHHe TOHATHSA
«HAacCHIIEHHHH pPAacTBOP MajopacTBOPHMOTO 3JIeKTPOJIHTA».

29-9. as CaCOjz; IIP=|[Ca2t][COs*"] =4,8-10~° Boluucaure
AG° mpouecca pacTBOpeHHsl KapGoHaTa KaJbUMf H CHeNaiTe BEL-:
BOJ O TOM IIpOllecce, KOTOPHIH BO3MOXEH NPH CTaHAaPTHBIX yCJO-:
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Busx B cMecu uoHoB Ca?tu COz2~ ([Ca?+]=i[COs?~] = 1 Moab/n).

29-10. Pacrpopumocth CaCOj npu 18 °C pasua 1,3-10~* moab/a.
Bouncante IMPcaco,.

29-11. [Ipounssesnenne pacTBOPHMOCTH — 3TO KOHCT4HTA paBHOBe-
cus. KakoBw pasmMepHOCTp H eJHHHLB H3MePeHHs MpPOHU3BEeLeHHS
PacTBODHMOCTH?

29-12. B 1000 r HacwiuieHHoro pactsopa MgNH.PO, conepxur-
ca 0,0086 r atoit conn. Beruncante TP coan.

29-13. B xakyno cTOpoHYy cMelleHbl paBHOBECHS CJeAYIOIHX
‘peaxuui: -

BaCOj, 4 Na2,S0, = BaSO, + Na,CO,

CaCOj, 4 Na,SO, = CaSO, -+ Na,CO,
Hannumure ypaBHeHHS COKpallleHHBIM MOJEKYJASPHO-HOHHBIM CHOCO-
6oM. IlponaBesiennst pactBopuMocTH paBHbl: CaCOj; 4,8.10-2, CaSO,
2,4-10-5, BaCO; 5,1-10-%, BaSO,4 1,1-10-1°,
-~ 29-14. BpluncaHTE PAacTBOPMMOCTh XJOpHAA cepeGpa B Bole H
HpelJioXHTe MeToAbl ee onpefeieHusl. I1Pagq=1,8-10-10.

29-15. PactBopumocts Ca(OH), B Bome nmpu 18°C cocrasaser
821-1072 r 8 100 r Bomn. Beyucaute IMPcaomy,-

29-16. Kak npH noMollH NpPOH3BeAeHHS PACTBOPUMOCTH 00bsc-
HUTb 0Gpa3oBaHHe H pacTBOpeHHe KapGoHAaTa KalbLHA:

Ca** (p) + CO, (r) 4- 2HO™ (p) = CaCOy, (k) 4 Hy0 (k)
CaCOg (k) + CO, (r) + H,0 (k) = Ca?*(p) 4 2HCO,™ (p)

29-17. BoluncauTe pacTtBopHMOCTb (octara cepeGpa B BOZE.
MPagpo, =1,3-10720,

Briyucnute Mmacey ocanka AgCl u cocTaB pacTBOpa Hal HUM,
~ MOJNYYeHHOro CJAHBaHHEM CJEIYIOUHX PacTBOPOB:

1) 1 10,000 M AgNOg u | a 0,001 M NaCl

2) 0,51 0,000 M AgNO;, u 1,5 a 0,001 M NaCl

3) 1,56 10,000 M AgNO, # 0,5 a 0,001 M NaCl
HpAgC]= 1,8‘ 10-10,

29-18. HpAg2CrO4 =1,1-10_12, HpAgc1=1,8'10_10. KaKaﬂ COJIb
60J1ee pacTBOpHMA B BOJE?

29-19. K 100 Ma1 HacwIIeHHOro pacTBopa XJopHAa cepefpa IIpH-
auam 100 Ma 0,02 M pacrBopa Hurpara cepeGpa. BrluncanTe KoH-
tenrtpaunn HoHoB Cl— u Ag+ B pacrBope. I1Ppgc1=1,8-10-10,

- 29-20. Brmanaer aun ocanok SrSO, npu camBaHud 100 Ma
©0,0001 M pacrBopa SrCl, 1 200 mMa 0,00005 M pactBopa KoSO4?
[TPsrso0,=3,2-1077.

29-21. Brinamaer am ocagox Ag.CrO, npH causanuu 0,5 a
pacTBopa, copepxkaitero 0,1 Moas/n Ag+, u 0,5 1 pacrsopa, colep-
xkamtero 0,01 Moab/n CrO4?~? IPag,cro, =1,1.10-12,

29-22. PacrBopuMocte Fe(OH)j; cocraBasier 1,9-10-1° Mosp/a1.
Bencanre [Preomy, u pH uHacwimennoro pacrsopa. Bryucianre
pactBopumocts Fe(OH); 8 0,01 M pactBope FeCl; u pH atoro
pacTtsopa. .
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99.23. Jlasi Ag,CrO, TIP=1,1-10"'% (npu 298 K). Bruncaute
pactBopumocts  Ag,CrOs B caefylOMHX CHCTEMaX: 1) B BOZIe,
2) B 0,001 M Bogsom pactope KyCrO,, 3) 0,001 M pacrBope
AgNO;, 4) 0,001 M pacteope KCl, 5) 0,001 M pactsope NaNOQ;,
6) 0,001 M pactBope NaySOy.

29-24. OnpefennTe Maccy ocajka H COCTaB pacTBopa Hajl HHM,
HOJYUEHHOrO CJMBAHHEM CJeLYIOUIKMX PacTBOPOB:

1y 1 20,000 M AgNO; 1 a1 0,001 M NagPO,
2) 0,5 1 0,00l M AgNO; u 1,5 a 0,001 M NayPO,
3) 1,5 1 0,000 M AgNO; =n 0,5 1 0,001 M NagPO,

1P g po, =1,3-10%. BhluncnTe PaCTBOPHMOCTD Ag,PO, B 31HX
pacTBopax.

29-25. PactBopumdcts Zn(OH), cocraBaser 2,2-10-5 r 8 100 r
pontl. Brruncaute ITPznom),. MOXHO JH N0 3THM NaHHBIM BBIYHC-
JIUTH npﬂzznoz?

29-26. Ina Zn(OH), [1P=4,3-10-'7. Onpeneaute pacTBOPH-
mocte Zn(OH), B Bofe. PaBHa au ona pactBopuMoctd HzZnO.?

29-27. K pactBopy, colepiKalleMy B paBHBIX KOHICHTpaUHAX
(8 moanfn) mount Ag+ u Pb?t, npu6aBasioT IO KamasM pacTBOp
KoCrOy. MPag,cro, =1,1:107'%, [1Pppcro,=1,8-107'% Kakasa conp
BHIIafdaeT B 0CaJ0K paHblie?

29-28. B 500 ma Boam pactsopsercs (mpu 18°C) 0,0165 r
Ag,;CrO4. Buuncaute I1TP Ag,CrO,.

29-29. Jlna pacTBopenHs | r moauaa cBuHna Pbly (npu
18 °C) tpe6yercst 1470 M Boabl. Bruiuncaute I1Pppi,.

29-30. BeluHcaHTe NpoH3BeleHHe pactBopuMocTH AgiPO,, ecau
pacTBOpHMOCTh ero cooTBerctByer 6,4-10~% r B 100 r pactBopa.

29-31. Cxoabko AgySO, (B r) MOMXHO pacTBOPHTb NPH KOMHAT-
Hoit Temneparype B 0,5 a1 Bogni? ITPag 50, =1,6-1075.

29-32. PacTBopHMOCTh KapGoHaTa KaJbllHf B Boe paBHa 6,9-
.10 r B | 1 BoAB. BHYHCJHTE DAaCTBOPHMOCTb 3TOH COJNH B
0,001 M pacteope Na,CO; (unu CaCly).

29-33. Tlpou3BefeHHe PacTBOPHMOCTH Kap6oHaTa KalblUsi NPH
0°C pasno 1,01-10~2 u npu 50°C —4,08-10~°. CocrasbTe ypaBHe-
HHMe 3aBHCHMOCTH IIPOM3BeJeHHS PAaCTBOPHMOCTH M PacTBOPHMOCTH
OT TeMmepaTyphl. Bhlumcante pactBopuMocTs CaCOz; mpu 30 H
60°C ¥ TepMOAMHAMHUYECKHe XapaKTePHCTHKH Ipollecca

CaCOy (k) = Ca* (p) + COy*~ (p)

29-34. BumajaeT JH ocajok npu cMemmBanuu 10 ma 0,02 M
pacreopa CaCl, ¢ 5 ma 0,1 M pactopa KoCrOs? TIIPcacro, =
=7,1-104 '

99-35. Jlas Mg(OH), TP =1,_8.10"!". Bruncaute pacTBOPH-
MOCTb THADOKCHIA MarHMs B CJAelyOLIHX CcHcTeMmax: 1) Bone,
2) 0,01 M pactpope Mg(NO;)., 3) 0,01 M pacreope NaOH. Kaxo-
BH 3HaueHus pH sTHX pacTBOpPOB?
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29-36. Ina cdropuna xaawuus CaF, [IP=4,0.10-11. KoHneHt-
pauus uoHos Ca?t B xecTKofl Bofle cocTaBiser -~ 2,0-10~3 moan/a.
BhIuHcAuTe MaKCHMAajbHYIO KOHIeHTPanuio GTOPHA-HOHOB, KOTO-
pas MoxeT 6bIThb JOCTHTHYTA B XKeCTKOH BOJeE.

29-37. Buyncante pacrsopuMocts BaF, B 0,01 M pactsope HCI,
ucxonss u3 ciaenyiowux naHHmx: [MPpap,=1,1-107% u koHcTaHTa
puccounanuu HF pasma 7,410,

29-38. Kak o0OBACHHTb, 4YTO NpPOH3BEJEHHEe PacTBOPHMOCTH.
MgCO; pasro 2,0-10%, a aas MgCO;3-3H,0 2,6-10-5?

29-39. TlpousBefleHHe PaCTBOPUMOCTH THAPOKCHJA KaJbIHL

Ca(OH), = Ca?* + 20H-
PaBHO

ITP = [Ca®][OH ] = 5,5-10-¢

Beuncante pH Hacweimerroro pacrBopa Ca(OH), Bhiuncaure
pH storo pacrBopa, cogepxarrero 0,01 moan/n CaCl,.

29-40. Pacteopumocts Ca(OH), B Bome npu 18 °C cocraBaser
8,21-10~2 r B 100 r Bomh. Bruucaute ITPcaco, ¥ M3MeHeHHe H30-
6apHoro moTerlHasa npH pactBopennd Ca(OH). B BoZe.

29-41. Hacoimennnili pactBop Ca(OH)e npu 25°C umeer pH=
=12,4. Paccuuratite [1Pca(om,.

29-42. B cnpaBouHnx Tab6aupax aas Ca(OH), paworcs aBa 3Ha-
YeHHs NMPOH3BeLEHHA PACTBOPHMOCTH:

Ca(OH), = Cat* + 20H~ IP = 5,5.10-¢
' Ca(OH), = CaOH*+ OH- MP=1,4.10-4

Hcxona M3 3THX MaHHHX, paccudTaiiTe KOHCTAHTY AMCCOLMALHH
CaQH+,

29-43. PaccuutaiiTe pactBopumocTH coqeit BaCO3; u CaCQO,,
HaJ CMecbl0 KPHCTAJJIOB KOTOPHIX HaXOAMTCS HACHIIIEHHBIH OTHOCH-
TenbHO HX pacTBOp. [MPpacoy=5,1-10"%, IMPcaco,=4,8-107%

29-44. PaccuutafiTe pacTBopHMOcTb Kapbouara cepe6pa
l_IPAg’Coa =8,2' 1012,

B HacHIeHHBIH pacTBOp Kap6oHata cepe6pa BHeCaH KpHCTaJ-
Jbl Kap6oHata Kaablusl (I1Pcaco, =4,8-107%). MaMmenurea au pac-
TBOpHEMOCTh Ag,CO;? TloaTBepAHTe CBOH NPEANOJNOXKEHHS pacde-
TaMH.

29-45. PactBopumocts Pb3(PO4), mpr 20°C paBua  1,38.
-10-5 r/100 Ma. Buuncaute pactBopumocts B 0,001 M pacrtBope
N33PO4.

29-46. Hacuuennsifi npu 25°C pactsop CaCO; umeer pH=
=9,4. YeM obycaoBauBaeTcs LeJoyHasi cpefa pacTteopa? Ilpeano-
XKHTe crnoco6 BhluncCaeHHsA KoauuectBa Ca’t B pactBope. MoxHo
JH paccynTaTh H3 3THX AAHHHIX [[Pcaco,?

29-47. Hacnimennniii pactsop MgO umeer pH=10,05. Ouennre,
CKoJbKO Mg?*+ HaxoAuTCs B pacTBOpe?
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29-48. s Pb(OH), B cnpasounblx Ta6JHLaxX NMpHBEelLEHO ABA
SHavYeHHs NIPOH3BelleHHSI PACTBOPHMOCTH:

IMP, = [Pb%+][OH"]* = 1,1.10-%
ITP, = [PbOH*] [OH"] = 3,6-10-1

OuenHTe KOHUEHTPALHIO HOHOB FHAPOKCHA B PaCTBOPE.
29-49. CornacHO cnpaBOYHBIM TaGJHILAM IPOM3BeAEHHe PacTBO-
:paMoctH PbO, pasHo:

IMPppo, = [Pb*+][OH"]* =3,0-10-%

KakoBa KonuenTpauusa Pb*+ B pactBope (HachllueHHOM) Ham
KpHCTA/UIHYeCKHM OKcHIAoM? IloyeMy BhIpaxeHue NpPOU3BefleHHS
PacTBOPHMOCTH He OTBeyaeT (GOpPMYyJie BelleCTBa?

29-50. Maa Pb;O, [MP=5,3-10-5!. Hanuumnure BblpaXieHHe Mpo-
H3BeJleHHSl PACTBOPHMOCTH 3TOrO BellleCTBA H pacCUHTalTe KOHIEHT-
pauyio CBHHLA B HACHILIEHHOM pacTBOPE.

29-51. TIpon3peseHHe DPaCTBOPHMOCTH coiH PbyPbO, pasHo:

TIP = [Pb®+]2 [PbO,4~] = 5,3-10-81

PaccuntaiiTe KOHUEHTpaUHI CBHHLIA B HACHIUIGHHOM pacTBope.
KakuMH npHemMaMH MOXHO H3MEHATb KOJHYECTBA CBHHLA B pac-
TBOpE?

29-52. MoxHo i, usMeHsas pH pactsopa, mepeBecTH xpomart
cepe6pa B auxpomar M Hao6opot? ITPag,cro,=1,1-10"12,
HPAE‘CI"O7=11O' 10—10.

29-53. Nas Al(OH); B cnpaBounmx TabaHuax NPHBOAATCA CJe-
AYMOllHe 3HaYeHHA NPOH3BeAeHHS PaCTBOPHMOCTH:

TP, = [AIS+][OH-]* = 1,0-10-82
IMP, = [AIOH2+] [OH-]* = 1,0-10-22
[P, = [H+] [AlO,"] = 1 ,6-10-18

KakoBa KOHUEHTpallusd AaNIOMHHHS B HaCBhILEHHOM pacTBOpe
rHJpoKcHAa amoMuHHA? Kakyio cpeny (kucaywo, HelTpalbHYIo,
HIEJIOYHYI0) HMeeT 5TOT PacTBOp?

29-54. Ilpoussesenns pactBopuMoctH CaHPO, u Ca(HyPO,),
PaBHHL:

TP, = [Ca?+] [HPO4?-] = 2,7-10-7
P, = [Ca®**][H,PO4 2= 1,0-10-3

Koncrants auccounaunn woios HPO42- u HoPO,~ paBHH cooTBer-
cTtBeHHO: 4,4-10-13 u 6,2.10-8, Kakas KOHLUeHTpalMs HOHOB BOJO-
Pofa B HAaCHILEHHBIX pacTBOpax coJiefi?

29-55. Ilas cyasdara prytu HgS ITP=1,1.10-54 Paccunraiite
KOHIeHTpalHio cyabduia B HachUEHHOM pacTBope. Ha kaxo#l
o6beM BOABI NPHXOAHTCHA OLHH HOH PTYTH? PaccuuTaiiTe pacTBOpH-
MocTb cyanduna prytd B 0,1 M pacrBope Na,S. Ha kakoi o6beM
pacTBopa MPHXOAHTCA OAHH HOH PTYTH?
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29-56. Croapko crepyer B3ate HgS ([IP=4.10-5%) ans Ha-
CHIlleHHsT Bced BoAW okeaHoB (1,3-10%! )., B KakoM o6beMe CO-
JdepxuTcs oauH HOH Hg2+?

29-57. TloueMy, HecMOTPSL Ha OYeHb HH3KOe 3HauecHHe I[IPgygs,
pacreopuMocts HgS B 0,1 M pacreope Na,S cocrabaser 8-
-10-% monb/a?

29-58. TIP Hekoropbix cyabdupos: CuS 6,3:10-36; Cu,S 2,5-
-10-%8, HgS 4-10-%8. Kakasi cosip Jyulue pacTBOpEMa B Boje?
Paccuutaiite pacrBopumocts coseft B 0,01 M pacrBope Na,S.
OuennTe YHC/IO HOHOB Ccepbl B | /1 HACHILEHHOTO pacTBopa KaXKAofi
COJIH.

29-59. TMTPcys=6,3-10-%¢, PactBopumocts CuS B BOAe cOCTaB-
nsiet 3,3-10—* r/a. CpaBHHTe 3TH JaHHHe H cAeJafiTe BHBOAHL

29-60. IMPagc1=1,8-10"1° KoHCTaHTa AMCCOUMALHH PacTBOPEH-
Heix Movekysn AgCl Ha uoHH paBHa 2.10-3. Kakoii cocTaB uMeer
HacHIIEHHHA pacTBop Haj KpHucrajauueckum AgCl? KakoBa pac-
TBOpHMocTb AgCl B BOJE?

29-61. Pacreopumocts CaSO, B Bome paBHa 8.10-3 MoJn/u.
KoHcTaHTa pnmHCcOuHAUHH DPacTBOPEHHHX MOJeKyn paBHa 5-10-3.
MoxHo siH HanHcaTb BbIpa)KeHHe NPOM3BEAEHHS PacTBOPHMOCTH
ans CaSO4 M BHUHC/IUTL €ro?

29-62. OmpenennTe Maccy ocaaxa, o6pasyiollerocss NpH Hcmape-
mlag 1%):1 HaCHIIEHHOro pactBopa xJopuia cepe6pa ([IPagci=1,8«

29-63. PacrBopumocts AgCl npu 20°C pasua 1,1-10-5 moan/a,
Onranbnus pacrBopends AgCl cocraBiaser 66,9 kJ[X/Moab. Onpes
Hdenaute pacteopumocth AgCl npu 30 °C. '

29-64. TIpoussenenne pacrtBopuMOcTH AgCl 3aBHCHT OT TeMmes
paTypsl:

t, °C 5 10 25 50 100
P 2,1-10-1*  3,7.10-11 1,56-10-1° 1,32.10-® 2,5.10-%

BoiBeante ypaBHeHHe 3aBHcHMocTH IIP oT TemmepaTyphl. Bu-
uncaute [P ana AgCl npu 20 u 60 °C M 3HTANBINIO PacTBOPEHHS
AgCl. Kakne apyrie TepMOAMHAMHUECKHE XapaKTePUCTHKH PacTBO-
PeHHSA MOXKHO IQJYYHTh U3 3THX AAHHBIX?

29-65. Mon Ag+ o6sagaeT CHJbHO BBIpaXKEHHLIMH GaKTepHLHA-
HBIMK cBoHCTBaMH. HHXHuE npefen GakTepuuuaHOro Aefctsus Ag?
OlleHHBaeTCs KOHLeHTpauueHd nopsiaika 10-° rfn. Jlocrturaercsa Ju
3Ta KOHUeHTpauus B HacuiieHHOM pactBope AgCI? [TPjgq=1,8-
-10-19,

29-66. IlponsBefeHHs pacTBOPHMOCTH TaJIOreHHAOB cepe6pa,
OnpejeJieHHHe IO 3HaYEHHSM 3. [. C. rajJbBaHHYECKHX KOHUeHTpa-
LUHOHHBIX 3JEMEHTOB IIPH pPa3JMUHBIX TEMIepaTypax, PaBHBI:

t, °C 13 18 25 50

MNP gaa AgCl -— - 1,6-10-¢ 1,3.10-?
AgBr - 4,0.10-8  6,3.10-8 -
Agl 3,2.10-17 — . 1,5.10-16 —
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BruncnuTe TepMoAMHAMHYECKHe XapaKTePHCTHKH IPOLECCOB
pacrBoperust npu 25 °C H cpaBHHTe HX.

29-67. PaccunTaiiTe mpou3BefleHHe PaCTBOPMMOCTH XJOpHIA Ce-
pe6pa 1o cjaelyOHM JaHHBIM: ’

AH%60, 404, $°,5g, AK/(K-MOML)
k]I x/Monb
Ag* (p) 105,5 72,62
Cl-()  —167,1 56.53
AgCl(x)  —127,1 9 11

29-68. YcraHoB/leHa 3aBHCHMOCTb MeXAY DPacTBOPHMOCTBIO Be-
eCTBA H'Da3MepPOM ero YacTHI: YeM MeHblUe pa3Mep, TeM 6oJblie
pacTBopHMOCTb. O6CylHTe BO3MOXKHBIE IPHUYHHBEI TaKOH 3aBHCHMO:
CTH.

29-69. T'na3 ueJoBeKa 3aMeuaeT OCafOK B BHJAEe MYTH B pac-
TBOpe IIpH cojepkaHHH B 1 Ma pactBopa ~10-5 r KpucTanauye-
CKOro BelecTBa. MOXHO JH 3aMeTHTh 06pa3oBaHHe ocafKa, ec]H
B nmpoGupke cmematb: a) 5 Ma 0,001 M pacrBopa Pb(NOj;), u
5 ma 0,001 M pactopa NaCl; [TPppc1,=1,6-10-%; 6) 5 ma 0,001 M
pactBopa Pb(NO;), 1 5 ma 0,001 M pacreopa Nal; [TIPpp1,=
=1,1.10-9%? :

29-70. IlpoussenenHe pacTBOPHMOCTH CBEXEOCAXAEHHOTO THAP-
OKcHla KaAMus paBHo 2,2-10-'4. Tlocne HeKOTOPOro BHAEPXKUBAHHA
ero B HacHlUeHHOM pacTBope [IPcu(om), =5,9- 1015 [Touemy mocise

«CTapeHUsA» oCaikKa ero pacTBOPHMOCTh YMeHbluaeTcsi? B Kakux
XHMUYEeCKHX OllepauusaXx HJH Npoleccax CAeAyeT YYHTHBATh 3TO fAB-
JieHHe?

29-71. TIpousBegenne pactBopumoctd Al(OH); H3MeHsieTcss B
npexesax or 5-10732 no 2.10734. Kakue 3HaueHus IIP orHocsTCH K
ceexeocaxieHHomy Al(OH)as, KakHe K ocafKy, BHAepXaHHOMY B
TeYeHHe HEKOTOPOrO BPEeMeHH?

29-72. Bwlumcaute pH HachweHHBIX pacTBopoB Fe(OH); n
FG(OH)a B Boze. HpFe(OH)a=3,2'10_3a, pre(oH)z=1,O'10_15.

29-73. Bpmuucaute pH, nps KoTopoM HauHHaeTca ocaXieHHe
Ca(OH); us 1-10-2 M pactsopa Ca?* npu 25 °C. [TPcacom) =
=5,5-10-%. Kakofi cocraB uMeeT pacTBOp B 5TOT MOMEHT?

29-74. MoxHO JH OCafHTL CepOBOAOPOIOM HOH Fe2+ u3 ero
pacrBopoB ¢ kKoHueHTpauued 0,001 monaw/n npu pH=2? Kak Baus-
eT H3MeHeHHe Cpelbl PacTBOPa HAa BO3MOXKHOCTbE OCaXAeHHS ce-
POBOJIOPOJAOM CYAbGPHIOB?

29-75. BuuncnuTe 3HaueHHss pH, npH KOTOPHIX MOXKHO OXu-
1aTe Hayala oCaxJIeHHs THAPOKcHAOB H3 0,01 M pacTBOpoB HX
XJIOPHIOB, €C/H MNPOM3BEJeHHSI PACTBOPHMOCTH paBHH:

1) Al(OH), 1,9-10-% 6) Ni(OH), 6,3-10-18
2) Cr(OH), 6,3-10-32 7) Cu(OH), 5,0-10-2
3) Fe(OH), 3,2:10-38 8) Mn(OH), 4,5.10-13
4) Co(OH), 6,3-10-15 9) Zn(OH), 7,1.10-18

5) Co(OH), 4,0-10-4
282



99.76. Pactsopumocts AgCl B Boge mpu 25°C cocraBaser
toapko 1,7-107% MoOJib/JA, NMO3TOMY HeNOCPEACTBEHHO  ONPELEJHTD.
3HTaJBIHI0 PaCTBOPeHHs HeBO3MOXHO. lIpepsoxure Cnoco6ul OIF-
pelenenHs auTanbnud pacreopenus AgCL

99-77. HuKe NaHH CBeleHHA O PacTBOPHMOCTH XJopuia cepeb-
pa B pactsope KNO; (mpu 25 °C):

CKNOg» MOJIB/A 0 0,001 0,005 0,1
PacTBOpUMOCTh
AgCl, Monb/n 1,28-10-5 1,33.10-3 .1,39-10% 1,43-10-3

KakHe BOTPOCH H BHIBOJAB MOXHO C/e/aTh NMPH H3y4YEHHH NaH-
HBIX?

29-78. W3 pactBopa HOHH Ag* MOryT GHITh OCaXJeHul JefiCTBH-
eM NaCl. Pactsopumocts AgCl B 3aBHCHMMOCTH OT KOHIEHTPALHH
NaCl: '

I +: - T L - 7
Q 1,26-10-% 0,9 10.1073
0,004 0,07-10-% 1,9 39-10-9
0,036 0,19.10-8 2.9 1000.-10-8-
0,35 1,7-10-8 3,8 2490-10-6

Kak mamensiercs pactsopumoctb AgCl B pacrBope NaCl? Ilpu
KaKHX YCJOBHSIX JOCTHraercs HauGojee moaHoe ocaxpuenne AgCl?
Paccuurafite nponssefienne Konuentpanufi nonos Agt u Cl~ B pac-
TBOpax ¢ pasauyHOil KoHUeHTpanHed Honos Cl~. OGbsicHuTe NPHYH-
HY HENOCTOSIHCTBA 3TOr0 INpPOH3BeJeHHf. Kak ciaeiyer NOCTYNHTh,
uyToGH TpoH3BeleHHe KOHIEHTPAaUMd HOHOB NPEBPATHJIOCHL B KOH-
CTaHTy paBHOBeCHf (TOJbKO B ONpEJeJ]EeHHOM HHTepBaje KOHUEHT-
pammit NaCl! Kakom?). Tlouemy mocie HEKOTOPOro MOHHIKEHHS
KOHIEHTpPAlHK cepe6pa B pacTBOpE PacTBOPHMOCTb HAUMHAET GHICT-
pO BoapacTaTh N0 Mepe yBeaHueHHs: KoHUeHTpanuu NaCl? CpaBHu-
Te ¢ JaHHBIMH IIpeAbIAYIIeH 3afayH.

29-79. C noBHIIeHHeM HOHHOH cHJIBl | pacTBOpa 3KCIEPHMEH-
TaJbHO ONpefesieMOoe TPOH3BeJeHHe PAacTBOPHMOCTH YBeJHYHBa-
ercsi. Tak, [[Ppaso, B HyO pasuo 1,1-10-'%, a B pacteope ¢ [=
=0,25 cocraBager 2-107°. Kak wH3MeHsieTCI PacTBOPHMOCTbL COJIH
TpH TOBHILIEHHU HOHHOH CHJBI pacTBOpa?

29-80. PactBopumocts CaCO; B Bofie paBHa 6,9-10—2 r/n. Bu-
yucaute pactBopumocts CaCOs; B 0,01 M pactsope NaCl u B
0,001 M pactBope CaCl,.

Kak oramuarortcs pactBopuMmocti CaCO; B peuHOHM M MOpPCKO#
BoOZe?

29-81. HoxkaxkuTe, 4YTO TOBHIleHHe HOHHOH  CHJAB pacTBOpA
JOJKHO TPHBOLHTH K YBEJHYEHHIO PAacCTBOPHMOCTH MajopacTBOPH-
MOTO 3JIeKTPOJIHTA.

29-82. TIpu noBBILIEHHH HOHHOH CHJBI DACTBOPAa PacTBOPHUMOCTDb
MaJopacTBOPHMHEX coJieH yBeanmumBaeTcsi. Kak BiHfeT HOHHAsI CH-
J1a Ha PacTBOPHMOCTb XOPOLIO PacTBOPHMEIX COJIEH?
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29-83. PaccuurtafiTe ¢ yueroM HOHHOH CHJAHR pacTBOopa pacTBO-
pumocts AgCl B 0,01 M pacreope NaCl u B 0,01 M pacrsope
KN03 Hpqu:l,S' 10_10.

29-84. Ilpoussesnienre pacTBOPHMOCTH HOJAHAA CBHHIA I'IPPb;2=
+=1,1-10-°% DBrnuHcAKTe ero pacTBOPHUMOCTL B CJAEAYIOIIMX CHCTe-
max: 1) uncroit some, 2) 0,01 M pacrBope Pb(NO;),, 3) 0,01 M
pacteope KI, 4) 0,01 M pacrBope KNQOj, 5) 0,01 M pacrtsope
K.CrQOy, 6) 0,01 M pacrsope HCI, 7) 0,01 M pacrsope HySO,,
8) HacwiutenHoM pacTtsBope Kl.

29-85. Paccunraitte pactsopuMocTs Caz(PO4)2 B caepymoouux
cucremax: 1) Bogme, 2) 0,001 M pacreope CaCly, 3) 0,001 M pac-
TBope NasPO,, 4) 0,01 M pacteope NaCl, 5) pacreope, coaep:xka-
wem no 0,001 moap Na,SO, u K,SO,4 u 6) B pacrBope, comepxa-
mem B 1 1 0,001 moap NasPOy u 0,01 moas NaCl. MPcaypop, =
=2,0-10-29,

29-86, pH nacwimernoro pacrsopa Ca(OH). paBen 12,4. Boi-
uncaure pH Hacoiennoro pacrsopa Ca(OH), B 0,01 M pacrsope
NaCl, B 0,01 M pacreope MgCly, 3) B pacTBOpe, colepKaILeM IO
0,001 mons/n MgCl, 1 CaCl..

29-87. CpaBHHUTe NPOH3BEJEHUA PACTBOPHMOCTH DPa3JUYHLIX MO-
au¢ukauni cyabduaa Hukeas: a-NiS 3,2-10719, B-NiS 1,0-10-%,
y-NiS 2,0-10-2%.

Kakaa Mmopuduranua HamboJsee ycroiuupa? Briuncaute uame-
HeHUA H306apHOrO HOTeHLUHAJa NpH Nepexofie OAHOH MoAHPHKAUHH
B Apyryio. Uro npou3oijer, ecJH B COCYH C BOZOH MOMECTHTb CMeCh
BCcex Tpex MoAudukanuil? BrluucanTe KOHUEHTPALHHU HOHOB B pac-
TBOpE TOCJE YCTAHOBJEHHS PABHOBECHS.

29-88. Kak u3MeHHTCs pacTBOPHMOCTb oOKcajlaTa KaJblHf
CaC,0, npu ymenbirenud pH pacreopa?

29-89. O6DbAcHHTe, NOYeMy MaJopacTBOpHMas colb cjlaboft KHc-
JIOTH JeTKo pacTBopseTcs B Gosee cHAbHOH Kuegaore. IlpuBeaure
TIPHMEpHL.

29-90. IloueMmy, ec1M aHMOH MaJOpacTBOPHMOH coJiM, HanpHMep
CaCO;, ABasieTCs aHUOHOM C1a60H KHUCJOTH, PacTBOPHMOCTH COJH
BaBHCHT OT KOHLEHTPAalUHMH HOHOB BOROpoAa? MOXKHO JH yTBepX-
[aTh aHaJOTHYHBIM 06pa3oM, YTO ec]H KATHOH MaJopacTBOpHMOil
COJIH SIBJIAETCA KAaTHOHOM ¢J1a60ro OCHOBAHHA, pacTBOPHMOCTb CO-
JIM 3aBUCHT OT KOHLEHTPAllMH UOHOB THIPOKCHAA?

29-91. B nuTheBO# BOAe OOBIUHO coAepixaHHe HOHOB F— cocras-
Jser 0,7—1 wmr/a. Croabko ¢propuna NaF clenyer no6aBuTh B He
cofepxallyio ¢TOp BOAY, YTOGHl €ro cO/fepIKaHHe OTBEYANIO HOpMe?
JHocruraercs nu TpebyeMoe cofepxaHue (Propa B NUTbeBOf Bome
(IpH ee INpoNyCKaHMH Haj  KpHCTalN1aMH (TopHAa KaablLH:
(ITPcar, =4,0-1071)?

29-92. O6bsAcHHTe NPUYHHBI YBeJHYEHHA DacTBOPHMOCTH CYJb-
¢upa cenHua PbS npu yBenHUYeHHH KMCJIOTHOCTH CPelbl:

pH 12,5 5,4 2,2
PacteopaMacte PbS, Moaw/n 2,4-10-1 §8,8.10-¢ 3,6.10-%
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97-93. Tlouemy npu pacrsopenun AlClg B Bofle He BHINafaer
ocanok Al(OH)j, xoTa mpousBeleHHe DPacTBOPHMOCTH THAPOKCHAA
(1,9-10-3%) umeer oueHn HeGOJbILIOE 3HAUCHHE?

29-94. Kakoii ua pacTBopoB cle[yeT HCIOJIb30BaTh AJA TMPOMH-
panus ocanka okcanata xanpiua CaCyO4-HsO, uTo6H yMEHBUIHTH
ero ynoc npombBHeiMH Bojamu: CaCly, HyCyOs NagCrOy,
(NH;)2Cy04, umcras Boma? (KoHlenTpauuu Bcex pacTBOPOB O[H-
HAKOBH) *.

29-95. TIpombiin 10 r BaSO, oxnuM autpoM Boau. CKOJNBKO Be-
iécTBa octagock? [lpernoxkure cnocob6bl yMeHbIIEHHA KOJHYECT-
@a BellecTBa, YHOCHMOrO NPOMBIBHBIMH  BOAaMH. ITPpaso,=1,1-
<1018,

29-96. HekoTopoe KoJHueCTBO mopolnKoofpa3Horo xpomara 6a-
pus npomsito 500 Ma Boabl. CkoibKo xpoMata 6apusi GBLIO pac-
TBOpPeHO M yHeceHo Bofo#f? Kakue yc/ioBHs AOMKHH OBITH COGJIO-
Jennt npu petenny 3agaun? (ITPgacro, =1,2-10719).

29-97. Ocagok BaSO, npombiBaercsa Boxo#i, 0,01 M pacrsopom
H,S0,, 0,01 M pacrsopom BaCly uau 0,01 M pactBopom NaySOy.
Kakoit pactBop Hau6oJlee NPUrojeH JAJs NPOMBIBAaHHA?

29-98. Tlpomein 2 r BaSO, oxuum autpoM Bojnl. CKOJIBKO Be-
wrecTBa octanock? To xe koanuectBo BaSO, npomenu 1 o 0,01 M
pactopa H;SO,. Crosbsko BemlecTBa ocTasioch? CKOJILKO NPOLEH-
TOB COCTABJAIT LOTepH BemecTBa B o6oux caydaax? IIPsaso,~
=]1,1-10-1°.

29-99. YKaxHTe NPHYHHH IIPOXOXKACHHSA PeaKUHH

) FeS (k) + 2H* (p) = Fet* (p) ++ H,S (1)

I1Ppes=5,0-1018; xoHcranta auccounannd H:S mo mepsodt cryne-
#iH pasHa 5,7-10-%.
29-100. IToueMy paBHOBecHue

FeS (k) -+ 2H* (p) = Fe?* (p) -+ H,S (r)
CMellleHO BIPaBO, a pPaBHOBECHE
CuS (k) + 2H* (p) = Cu®* (p) + HyS (1)

BJIEBO?
29-101. B cocyn ¢ Bomoil moMelleHBl kpucramin a) PbCO; u

CaSO, uan 6) PbSO, u CaCO;. Kak onpeaennts, Kakag CHCTe-
Ma ycroHuMBa?

29-102. B cocyx ¢ Bonmo#t moMemieHH Kpuctaaas PbCO; u
CaS0y4. YKaxure, BO3MOXHA JH peaKUus

PbCO; (k) -+ CaSO, (k) = PbSO, (k) -+ CaCOy, (k)

fIpennoxute MaBecTHnle BaM cnocoGhl onpeleneHus HalpaBJeHHs
3TOro npouecca.

¢ 3xech M HHXe IpelnoJaraercs odpaa:oaamle HaCRIEHHHX pacTBOPOB.
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29-103. Ompenennte Hanpap/ieHHe peakilUu B BOAHOMN cpene
MEeXNYy KPHCTAJNIHYECKHMH BelleCTBaMH NpH 25 °C

PbCOy + CaSO, = PbSOy + CaCO,,
Huxe npuBeneHH HeKOTOpHE CBOHCTBA YYaCTBYIOWIMX BeILlECTB:

AH SO9q, AGugn, 208 P (298 K
- x,llo)?(l/)uo%? »U-“‘/(K':‘Mb) (5 Kﬁ)g(l}uo?: -
PbCO; (k) —699,6 131,0 —625,9 1,0.10-1&
CaSO, (k) —1436,3 106,7 —1323,9 2,4.10-8
PbSO, (k) —920,6 148,6 —813,8 1,6-10-8
CaCO; (k) —1206,8 91,71 —1128,4. 4,8-107%

KakoBa poab BOAH NpPH DPOXOKLEHUU peakuuy MeX)y KpH-
CTAIHYeCKUMH BellleCTBaMH? BO3MOXeH JAH npollecc npu Hemno-
CPEACTBEHHOM KOHTaKTe BELIeCTB B aTMoc(epe HHEPTHOrO rasa
HJIH JHOKCHJI A yriaepona?

IIpensoxure aHajJOrHYHHIe MPOLECCH AS APYTHX KpPHCTaJJH-
YECKHX BELleCTB M ONpefe/IHTe BO3MOMKHOCTb NPOXOXKIEHHS peak-
LHH.

29-104. Ons mpouecca, NPOXOASAIIETO B BOJHOM cpele Mexay
KPHCTAJJIHYECKHMH BellleCTBAMH:

PbCO, + CaSO, = PbSO, 4 CaCO,
AG®yes = 7,57 K[l /Moab

MOXHO nM, MOJb3YsCh 3HAUCHHUAMH NPOU3BEIEHHI PacTBOPHMO-
CTH, TpeACKasaTb HanpaBJeHue npouecca (IIP nas PbCO, 1,0-
10718, nas CaSO, 2,4-10-5, paa PbSO, 1,6-10-8 u pas CaCoO,
4,8-10-%)? Ecan MoxHO, TO cOpMY/IHpYiiTe NPaBHIO, NO3BOJSIO-
liee MO MPOH3BENEHHAM pPaCTBOPHMOCTH KPHCTAIJHYECKUX coJiel
[PECKA3hBaTh BO3MOXKHOCTb PeakKUHMH MeXJIY HHMH B BOXHOMR
cpene.

29-105. Kakoe ROJKHO GHITh COOTHOUIEHHE 3HAYEHHH KOHCTAH-
Thl HECTOMKOCTH KOMILJIEKCHHIX HOHOB NJATHHH M INIPOM3BEACHHSE
pacrBopuMoctd AgCl fJ1st TPOXOK/IEHHA PeaAKIIUH:

[PHNHg)sClJ* + H,0 + Ag* = [Pt(NHg)gH, 012+ + AgCl

29-106. Ocaxpaercsl Ju rajgorenuf cepe6pa NpH L06ABACHHH K
I &1 0,1 M pactopa [Ag(NH;)3]NO;, collepxamero 1 mMoJan/a
NH;, 1-10-° moJab onHoro us cleyiwomux uoHoB: F—, Cl-, Br-,
I7? Kuecri[Ag (NH3)5]+=9,3-10-8 IIP:AgCl 1,8-10-1°, AgBr
5,3-10-13, Agl 8,3-10~17. Pacrsopumocts AgF B Boze paBHa
15 Monn/a.

29-107. Pactsopumocts AgCl pasua 1,33.10-5 Mosb/n. Brumc-
aute pactBopuMocts  AgCl B cnenyomux cpemax: 1) Boge,
2) 0,01 M pacrsope NaCl, 3) 0,01 M pactsope AgNO;, 4) 0,01 M
pactsope NaNQ;, 5) 0,01 M pacrsope NH,OH.

29-108., [Ipn KakKo#l KOHUEHTPalHH XJOPHA-HOHOB HAUHET OCANK-
xathest AgCl u3 0,1 M pacrsopa [[Ag(NH;);]NOs, comepxamwero
! moab/n NHi? IIPgei=1,8-10"1°. Kax BaHsier KOHUEHTpallHsk
NHa? Kﬂecr;[Ag (NH3)2]+=9,3' 10_8;
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99-109. HanuiuuTte BbIpasKeHHe MNOPOH3BeJeHHs DPacTBOPHMOCTH
goMmekcHolt conn K,Zns{Fe(CN)s]s, OYeHb MI0X0 PacTBOPHMOM
8 Bofle. Kakue naHHHe HeOGXOAHMBL [/ BBIYHCJEHHS KOHLEHTpa-
HUil HOHOB B HaCHIHEHHOM PaCcTBOpe 3TOH COMH?

99-110. BriuncanuTe koHHeHTpauuio oo Agt B 0,1 M pacteo-
pe [Ag(NHs)]NOs, copepxaimeM 1 Moan/n NHs MoxHO JH H3
storo pacteopa ocaguth AgCl u Ag,S neficrBueM HS man NapS?
Bce Heo6xonuMble KOHCTAHTH HalliHTe B CIPaBOYHHKAX.

29-111. Xsnopua cepe6pa pacTBopsieTcsi B BOAHOM pacTBope aMm-
muaka. Pacreopurcs au AgCl B pacrBopax NHCl uan NaCl?

29-112. TIpoussenenne pacrsopumocts Ko[PtCls] pasno 3-10-5.
HanumnTte BbipameHHe NDOU3BeJeHHs DPacTBOPHMOCTH H pacCH-
TaliTe PACTBOPHMOCTS 3TOH COJIH. _

29-113. Tlpeasoxure cnocobB HaMeHeHHS BaJIeHTHOro COCTOS-
HHS XKeJe3a NepeBonoMm KoMmuekcHolt couu Agi[Fe(CN)g] B apy-
ryio  Ag¢[Fe(CN)g] # mnao6opor.  ITPaggrecryg=1-10""
ﬂpAg4[Fe(CN)a]= 1,5-10—4,

29-114. KakuM K3 cJAe[yIOIIMX BeleCTB MOXHO pPa3pyUIHTbL
komniekcusii HOH |[Ag(NH;)o]*: NaCl, NaBr, NayS, NapSO4?

29-115. TIpn KakoH KOHLEHTPAUHH XJOPHA-HOHOB OCaXAaercs
AgCl n3 0,01 M pacrsopa conu [[Ag(NH;3)2]NOs (Kueer=9,3-
<10-8)? MIPagci=1,8-10-10. Pemnte aHajJorHyHyro 3ajady OpH yc-
JIOBHH, YTO PacTBOP COJH COJEPXKHUT aMMHAaK B KOHLEHTPaLHH
{ Mosn/m.

29-116. Xsmopun cepebpa pacTBOPHM B pacTBope aMMHakKa. Bu-
gHCAMTe KOHLeHTpauuio Agt B HachmeHHom pactBope AgCl, co-
nepxauem 0,1 moan/n aMmuaka. IIPaga1=1,8-1071, Kagnimg,+ =
= [Ag+] [NH;]?/[Ag (NH;)*] =6,8-10-%.

20-117. MoxHO JHM, 3Has CTaHAAPTHHIA MOTeHIHan cepebpa

Ag*(p) +€ = Ag (k) E°=+0,80B

paccuuTaTh KOHUEHTPAlHI0O HOHOB cepefpa B BOJle, B KOTOPYIHO Omy-
fiteHa cepebpAHas MPOBOJOKA?

929-118. PaccuuTtaiite 3. A.C. 1€MeHTa, COCTaBJeHHOTO H3 cepeb-
PSAHON NPOBOJIOKH, NOTPYyXeHHO!l B HACHIUeHHBIH PacTBOD XJOPHAA
cepebpa, U cepebOpsiHON NPOBOJOKH, morpyxkensod B 0,01 M pac-
TBOD HHTpara cepebpa. [IPsgc=1,8-10-10.

29-119. CranpapTHhil 3JeKTPOAHHE MOTEHIHAJ MelH paBeH

Cu?t 4+ 2¢” = Cu E°=+40,34B
TIpoussenenne pacrsopumoctd Cuy[Fe(CN)¢] pasuo 1,2-1071¢, Bu-
YHCIUTE CTAHZAPTHHIA MOTEHUHAN 3JMeKTPOAa, Ha KOTOPOM IPOXO-
AT peaKius
Cuy{Fe(CN),] (k) + 4e™ = 2Cu (k) 4 [Fe(CN)gl4- (p)

29-120. Cepebpaunniii anekTpos mnomeuied B 100 ma 0,1 M pac-
tBopa KCIl. BuuscauTe mnoTreHUHan 3/eKTPOAa, KOTOPHH YCTaHO-
BUTcA Tocae npuausBanust 0,2 M pactBopa AgNQO; B ciaepyoumux
wosnnuectBax: 1) 30 ma, 2) 45 ma, 3) 50 ma, 4) 55 ma, 5) 70 M.
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Kakve nanHHe Heo6XomuMB  mas petieHns - 3anaun? C Kakoli
HEIbI0 B XHMHH HCNIONb3YeTcs NOAOGHas omepaumusi? [lpencrasbre
rpaQHyecKH pesy/abTaThl PacueTos.

29-121. Paccunraiite PaCTBOPHMOCTb H NMPOH3BENeHHe PaCTBOPH-
Mocti AgCl nmpu 50 °C, eciin 3. 4. c. raibBaHHYECKOro ajeMeHTa,
COCTaBJIEHHOrO H3 CepPeGPsIHOrO 3JEKTPOAa, HAXOLSAIIErOCS B HACH-
meHHoM pactBope AgCl, u mpyroro cepe6pAHOrO 3JeKTpofa, Ha-
xoxsimerocst B 0,05 M pacrBope AgNOs, pasHa 0,200 B. IloBTOpH-
T€ pacuer ¢ y4eToM HOHHOM CHJB DacTBOpa HHTpaTa cepe6pa.

29-122. CoGepure Fa/bBaHHYECKYI0 LeNlb H3 JBYX 3JEKTPOJOB:
OIHH — cepe6psiHas NPOBOJNOKA, NOTPYIKeHHAs] B HaCHIEHHAIH pac-
TBOp GpOMHAa cepe6pa, Apyro# — cepe6psiHas npoBoJioka B 0,1 M
pacTsope HuTpara cepe6pa. . A. . Takoii uenu pasHa 0,292 B.
Briuncante KoHueHTpanuio Honon cepefpa B HACHILUEHHOM PacTBO-
pe AgCl, pacTBOPHMOCT: H NpoH3BefekHe pacrBopumoctn AgCl.

29-123. CraupapTH SJIEKTPOAHLIH NOTeHUHan cepebpa (mpm
25 °C) pasen:

Agt(p) + e = Ag(x) E®= 10,808

[IpouspefeHHe PacTBOPHMOCTH KOMIIEKCHOH COJNH Ags[Co(CN)¢}
cocraBager 8,5-10-2!, BruucauTe CTAHAAPTHBIA 3JEKTPOAHHE MO-
TeHIHAaJ

Ags[Co(CN)g] (¥) + 3¢~ = 3Ag (k) + [Co(CN),J8= (p)

29-124. BrlyuciuTe npou3BefeHUe pactBopumoctd Agy[Fe (CN)s}
H3 CJIelYyIOUUX HaHHEIX:

Ag*(p) 4 e~ = Ag (x) E9=140,80B
Agy[Fe(CN)q] (¥) 4 4€™ = 4Ag (k) + [Fe(CN),]¢- (p) E°=10,148B

29-125. OnmHmmTe raJbBaHHYeCKHH 5JeMeHT, B KOTOpOM B BOA-
HOM pacTBOpe NPOTEKaeT peakius

2AgBr (x) + H, (r) = 2Ag (x) + 2HBr (p)
paCC‘-IHTaﬁTe 3. A.C. raJbBaHHYECKOIQO 3JIeMeHTa IIpH CTaHIlapTHI:IX

YCJIOBHSAX.
29-126. BhuHCAHTE 3. [. C. ragbBaHHYECKOro 3JIeMeHTa

Ag| AgCl (nachi.) || Agl (macum.) | Ag

H NPEAJIOXKHTe ero KOHCTPYKnuo. KaKue manable HYXKHBl JJs1 pac-
yera? JliA KaKuxX UeJed MOXKHO HCIIOJb30BATH 3TOT raJibBaHHYe-
CKHH 3JIEMeHT?

29-127. BHYHCAHTE 3. 1.C. raJbBaHHYeCKOro 2JeMeHTa
Ag| Ag,S (nacum.) || AgCl (nachun.) | Ag

H TNPEMJIOXKHTE ero KOHCTDYKUMIO. KakWe NaHHBle HYXHH Aas pac-
vera? Hamuwmre ypaBHeHHe peakumH, npoxomsmiell B rajibpaHmge-
CKOM 3JeMeHTe. Kak omIpefelHTh TepMOAHHAMHUECKHe XapaKrepu-
CTHKH 3TOH peaKUuH?

29-128. IlpennoxuTe croco6u ONpefiesIeHHs1  PacTBOPHMOCTH
XJI0pHAaa cepeGpa B Bofe (TO XKe /s XJOpH/a HaTpua).
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99.129. PaccuuTafiTe 5./[.C. TajJpBaHUYECKOro 3JeMeHTa, CO-
CTOSILIIEr0 H3 cepeGpsiHOi NPOBOJOKH B HAaCBIUEHHOM pacTBope
AgCl u apyroii cepe6psiHOH TNPOBOJIOKH B HACHIEHHOM pacTBOpe
Agl. TTPasgc1=1,8-10"19, ITPgr=8,3-10-'7. MoxHO JAH 3TOT 3Je-
MEHT WUCI0Jb30BaTh B MIPAKTHYECKUX LeNAX?

920-130. Breuucante cTenenb aucconumaund AgNO; B 1 M pac-
TBOpE, €C/M B HEM 5JeKTPO/HBIi MOTeHUHaa cepebpa 1O OTHOILe-
HHIO K BOJOpPOAHOMY sjaekTpoay pasen 0,79 B.

29-131. KayecTBEHHO CpPaBHHUTE SHTPONMH AKTHBAUHMH peakuHi

Ag*(p) + CI” (p) = AgCl ()
Ag* (p) 4 CH3COO™ (p) = AgCH,COO (k)
29-132. CauBaloT pacTBOPH coJiell OAMHAKOBOH KOHILLEHTpAaLUH:

a) AgNO; u NaCl, 6) AgNO; u NaCH3COO. B xakoii cMecu paHb-
e GyneT 3aMeueHo o6pa3oBaHue ocajka?

FNABA 6
3AKJIOYUTEJIbHAA

§ 30. XHMHSA BOKPYI HAC

30-1. Bricka3aHo mosoxeHHe, YTO Jl00asg peakLHd, eCJH ee ypas-
HeHHe COCTaBJEHO NMpPaBHJbLHO, B MPHHLHMIE MOXeT NPOXOAHTb, BH
COTJIaCHBL € 3THM?

30-2. [Tepeuncaute BCce ¢GaKTOPHl, BJAUAIOIIHE HA BLIXOA MPOAYK-
TOB peaKLHuH.

30-3. Kak BausieT U3MeHEHHEe TeMIepaTypH, KOHLEeHTpalui, AaB-
JeHHf, HAaJHYKe [OCTOPOHHHX BEeUIeCTB HA PaBHOBECHe H CKOPOCTb
XHMHYECKOro MNpolecca, Ha KOHCTAHTHI CKOPOCTH NPAMOro H 06-
PaTHOTO MPOLECCOB H HA KOHCTAHTY PaBHOBECHS?

30-4. Ilepeuncnute aKTOPbl, KOTOpble OAHOBPEMEHHO BJHAIOT
Ha paBHOBeCHe H CKODOCTb XHMHUECKHX DeaKluM, a Takke Te pak-
TOpBI, KOTOpble BJHAIOT HJH TOJbKO Ha PaBHOBECHE, HJH TOJBKO
Ha CKODOCTh peaKLUH.

30-5. Ipeanaraercsa caefylollee onpejeseHHe XHMHYECKOH pe-
aKuuu: «Jlio6as XUMHYecKas peakuus [peicTaBjseT coOO# HeKo-
TOPYI0 COBOKYNHOCTb MPOLECCOB pa3pbiBa M 00pa3oBaHHS XHMHUe-
CKHX CBfi3ell B MoJeKyJax pearupylouux BeuiecTB». Kakue peak-
LM He NOAXOAAT HOA 3TO ONpeieseHHE?

30-6. 3aKOH BCEMHPHOTO TATOTeHHs!, OTKPHITHIA B KoHle XVIII B.
HrioToHoM, 10 ¢GOpMe aHAOTHUEH 3aKOHY 3JEKTPOCTATHYECKOrO
B3aUMOIeHCTBHA 3JeKTPHYECKH 3apsiKeHHBIX Tea (3akoH Kysaona).
TlepBruiii 3aKOH BHpaxaeTcs HOPMYJONi:

mymy

F=Kk=
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BTopoit 3aKOH 3alHCHBAETCS TaK:
e18y

f=k 3

afe F—cuna TrpaBHTALHOHHOTO TPHTSXKeHHS; f[— CHNa 371eKTPOCTATHIECKOrQ
“B3AHMOJEACTBHS — NPUTAKEHHA (3apAALH HUMEIOT NPOTHBOMOJOXHHE SHAKH) HJIH
-OTTaIKUBaHHA (3apAlH OAHOUMeHHH); K ¥ £ — K03O(OHIHEHTH MNPONOPUHOHAMb-
‘HOCTH; My H My — MACCH B3aMMOAGACTBYIOLIHX TeJ; &, M e — SNCKTPHIECKHe 3a-
/pALLl B3AHMOACHCTBYIOUIUX TeJ; rf — PACCTOSHHE MeXIy B3aHMOJEeHCTBYIOUIHMHE Te-
-JIaMH.

Kax 06bAcHUTL ¢X0ACTBO GOPMYJ 32KOHOB H KaKHe MOXKHO CHe-
J1aTh BBIBOABI?

30-7. KakoBa OTHOCHTeNbHAsl CKOPOCTh ABYX ()OTOHOB, NOCJA2H-
HEIX HaBCTpeuy APYr APYry co ckopoctbio 300 000 km/c?

30-8. ACTpOHaBTHI MOJYYHJIH HHPOPMALMIO O BO3MOXKHOH BCTpe-
e ¢ NPYrMMH KOCMHYeCKMMH Kopa6asamH. Kak ysHaTh, H3 BelleCTBa
AJTA AHTHBEIECTBA COCTOHT KOCMHUeCKHE 06BEKT?

30-9. M3BecTHH OGpaTHMble siiepHble peaKilHH, HalmpuMep:

LH 4 Yn =D+ 7
7,Li 4 4,He = 10,B + 1;n
1B+ 4,He = 14N + 1y

‘KaK MOXKHO CMEILATh PaBHOBECHE AAEPHHIX NPOLECCOB?
30-10. Peakuus

4, H = 4,He 4 20,.B
«OMNUCHIBAeTCA KHHETHUECKHM YDaBHEHHEM

v=ke® y

TlpennoxuTe MeXaHH3M 3TOH peakKiuH.

30-11. Tlo pacmpocTpaneHHOCTH BO BeeneHHO# BOAOPOL H renui
3aHAMaIOT JBa NMepBhHX MecTa. BMecTe ¢ TeM pacnpoCTpaHeHHOCThb
renusi Ha 3emae B 1.-106 pa3 nuxe Bogopofa. Uem 3T0 06BACHA-
«eTcA?

30-12. Heon .conepxutcad Ha CoJHle M B 3Be3fax NPUMEPHO B
TakoM e KoJuyecTBe, KaK KucjaopoA. Ha 3emie ero cojepxa-
HHe MeHblle, ueM requs. Teqnfi yxonuT u3 aTmocdepn 3eMIH B
‘KOCMHYeCKOe MPOCTPAHCTBO H3-3a €ro Majoli aTOMHOH — Macchl.
(A1. macca He=4). AtomHass Macca HeoHa paBHa 20,2 H HH3KOe
«r0 collepXaHHe Ha 3eMJe Henb3sl OODBIACHHTL YXOLOM B Kocmoc
‘X0oTsl 6Bl TIOTOMY, UTO MOJieKyJsipHas Macca Boibl 18 K paccesHHe
ce MoseKyn B Kocmoc ne mpuseno K mnorepe Boabl 3emiedt. ITo-
TLITafiTeCh OGDLSCHHTL 3TOT NOKA elie HeoGbsCHEHHBIE (haKT.

30-13. O6GbIYHO MPH NPOXOXKIAECHHH XHMHYECKOH DPeaKLHH BBIe-
asercst (uau morsomtaercsi) Temnora Q U OXHOBPEMEHHO MPOHCXO-
IUT H3MeHeHHe oObeMa PEaKUHOHHOH CHCTEMBl, T. €. H3MEHSeTcH
SHTaJbIHs H NPOH3BOJKTCS HEKOTOpOe KoanuecTBO paGoret A, Ha-
qIpUMeED:

Zn (%) ++ HC (p) = ZnCly (p) + Hy (1) + Q+ 4
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MoXHO /R NpPOBeCTH peaKUHI0 TaK, 4TOOH HJH BHEJIAJIact
TOJBKO TEILIOTA HJHM coBepillajach TOJBKO paboTa?

30-14. Kakoe BeuiecTBO 06pasyercs NpH CJAeAYIOLIEM MBICIEH~
HOM 3KCIepHMeHTe: B MoJeKyJle MeraHa CH, Bce uerhipe atoma
BOLOpOAa 3aMemawTrca Ha rpynnu CHj, Tak uro monyuaercs Mo-
gekyaa C(CHas)s Hanee B aToH MoJeKyJe Bce aTOMBl BOLOPOA2:
cHoBa 3aMematorea Ha rpymnset CHj; 3Ta omnepauus noBTOpseTcs.
Lo Tex NoOp, NOKa MoJieKyJa He OYAEeT COJAepIKaThb YHCIO aTOMOB.
yrilepoia, pasHoe uucly Amoragpo. KakoBa cTpykTtypa aToii Mo--
JeKy/aH? MOXHO JIH HasblBaThb 3Ty MOJEKYJy MOJEKyJoH?

30-15. ITpoBepbTe cTexHOMETPHUeCKHe KO3(GHUHEHTH B YpaB-
HEHHSX PeaKUHH: :

380, + 7C = CS, + S+ 6CO
550, + 12C = 2CS, + S + 10CO
580, + 11C = CS, - 3S + 10CO
750, -+ 16C = 2CS, + 3S + 14CO

Kak onu HafneHb?
30-16. B peakuun Mexny SiO, u H,O Temsnora moraowmaercs:

Si0, (K) + HyO () = H,SiO, (k) AH >0

B To Xe BpeMsl H3BECTHO, YTO CHJHKAre/]b XOPOWHH OCYIHHTENb.
OGcynuTe 5TO POTHBOPEUHE.

30-17. B Boambiii pactBop NapCO; npomyckaoTes rassl:
1} NHs, 2) CO,, 3) Cl,, 4) NO,. Hanuumure ypaBHenuss paBHo-
BECHBIX NMPOLECCOB H CyMMapHBle ypaBHEHHA peakiuil.

30-18. Tlpencrasbre cebe, uto Bam cieayer gath mo BO3MOXK-
HOCTH HauboJiee MOJHOe ONMHCAHUE KaKoro-iaubo BelllecTBa, HANpH-
Mep MuHepaaa. CocTaBbTe IJIAH 3TOTO ONHKCAHUSA, CTAPasich MPHIAATE
¢MY YHHBepCa/JbHOCTb, HJIH AJrOPHTMUYHOCTB, T. €. CAeJaB ero npu-
FrOAHBIM JJ51 ONHCAHHS BCEro Kiaacca pacCMaTPHBAEMBIX OGBEKTOB.
B ninaHe orpasuTe riaaBHBle IMOJOXKEHHST YYEHHH O CTPOEHHH Be-
lecTBa, HANPABJEHHH H CKOPOCTH XHMHYECKUX IIPOLECCOB H O Te-
PHOJMYHOCTH.

30-19. IlpuBepHTe 1O BO3MOMKHOCTH HauboJee INOJHOE ONMHCA-
HUe IIpollecca NpeBpallleHHs] alleTHIeHa B OeH30JI:

3CH=CH (r) = C4H, (r)

Kakue OCHOBHHE NOJOXEHHA LOJXKHO BKJIOUATb STO ONHCAHHE?

30-20. Mmeercsi ueThlpe cocyla OAMHAKOBOro o6beMa H (QOPMHL,
cle/aHHble U3 OLHOIO H TOTO XXe MaTepHana. B KaXaoM H3 HHX
HaXOAHUTCS CMecCb ra3o00pasHbIX BOJOPOJA H OJHOr0 H3 raJjore-
Hos: Iy, Bry, Fo u Cly B OANHAKOBBIX KOHUEHTPAUMSIX H TPH pas-
HEIX TEMIEPATYPE H AABJEHHH.

Kakoe conep:kanue rajoreHoBojoposa OyneT B KaX[IOM CO-
cylle 4epes KaKOH-IHOO NMPOMeXKYTOK BPeMeHH? YKaXKuTe JaHHhHIE
(cmpaBoYHBle, TeOpeTHYeCKHe, SKCIEPHMEHTAIbHble), KOTOophle Bawm-
nonano0arcs 4Js1 OTBETA.
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30-21. BBenenne B paBHOBECHYIO CHCTEMY
CH,OH () -+ CH,COOH (:x) = CH,COOCH; (%) -+ H,0 ()

BOMAOOTHHMAIOIIMX BelIeCTB, HAapHMep CEepHOH KHUCJOTH, MO3BOJSET
CMECTHTb paBHOBeCHe BIpaBo. MOKHO JH ¢ 2TOH LeJbI0 HCIOJb-
30BaTh CJeAyIOlUIHe BOJOOTHHMAIOUIHE CpPEeACTBA: Oe3BOAHBIH XJIO-
puA Kanplusi, P;Os, 6e3BOAHBIH alleTaT HATPUA?

30-22. CpaBHHTe CBOHCTBA H NOBeJeHHe ABYX H30MepOB

Ag—O—N=C u Ag—O—C=N

[Tpenckaxure, Kakoil naoMep GoJee ycroituub. [IpoBepbTe cBOit
OTBeT N0 JAaHHBIM Ta6Jull TepMOAMHAMHUYECKHX CBOHCTB BeLIeCTB.
IlpeackaxuTe NPOAYKTH M OTHOCHTEJbHBIE CKOPOCTH pacmaaa o6o-
#x BemecTB. Kak Brl cuuTaeTe, MOXHO JIU Ha OCHOBAHHMH CBeleHHH
0 CTPOEHHH BellecTBa CYJHTb O €ro TepMOJHHAMHYeCKOH H KHHeTH-
4ecKoH cTa6HIbHOCTH?

30-23. O6DbsicHHTe NPHYHHY H3MEHEHHS XapaKTepa B3aHMOAeH-
CTBUS UIEJOYHBIX MeTaJJIOB ¢ BoJoH. M3MeHeHHe 3HTAJBIHU B pe-
aKUMH ¢ BOJAOH, a TaKXe HEKOTOpHle CBOHCTBA MeTAJJOB Clelyio-
auie:

XapakTep p3aH- AH° peakuun E°, B 10,°C pyr/emd
MofefCTRHA © ¢ Bopoit,
Bogoit K J % /Mos1b
Li JOBOJIBHO CIO- —222.6 —3,03 181 0,53
KOHHO
Na SHEPTHYHO —184,5 —2,71 98 0,97
K. MeTann  BOC- —197,1 —2,93 63 0,86
aMeHACTCA
Rb papuBonofo6uo  —187,9 —2,93 39 1,53
Cs CHJbHeH M —189,5 —2,91 28 1,87
B3pHIB

30-24. IMpeanoJsioxuM, Bac nonpocuiu pacckasaTb 0 CBOACTBAxX
9JeMeHTOB OJHOH MOArpynmnsl HJH ofHOoro nepuoma. Hamummre
OUeHb KPATKO IJIaH OTBeTa, KOTOPBIAi OT/aHYaJCs Obl yHHBEpCaJb-
HOCThI0 (T. €. COCTaBbTe AJrOPHTM OTBeTa IO CBOMCTBAM 3JeMeH-
TOB).
%0-25. Ilpencraebte cebe, uTo BH sABJAseTeCb PYyKOBOAHTEJIEM
#cc/efloBaTeMLCKOR rpynnbl. Bam Heo6X0JHMO NPOBECTH TILATeJb-
Hoe H3yYeHHe HEKOTODOrO BeLIECTBAa, KycKa NOPOAK, MHHepana
¥ T. 0. OnuiuuTe NOPSAOK W xapaKTep HccaefoBaHus. Ocoboe BHH-
MaHHe O6paTHTe Ha YKasaHHe HeJd paboThl. KakHe MeToAml HC-
caenoBanus Bol ucmonbayere? Kakue cBoiicTBa cielyeT Y3HATb H
aas dero? YTo MoxkeT CKa3aTb onpefiesleHHOe coyeTaHHe CBOHCTB?
Kakue MeTOmBl H3 CMeXHbIX o6/acTei HaykH ((Qu3HKa, XHMHS,
6uoJIoTHsI, MaTeMaTHKa, ¢uiocodpus © Apyrde) Bm npuBiaedere
AJIS1 OTBeTa Ha MOCTaBJIeHHYIO Npobjemy?
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30-26. HMayuute caefymwoliue CBOHCTBA HEKOTOPHIX rajloreHHI0B:

AH.OS]J. 200, AH°Kpucr.pem.-295 PAacTROPHMOCTD,

K, /Moqb KJx/Mob MOJIb/a
Agl —62,8 —853,5 610~
NaF —573,2 —907,9 1,1
AgBr  —100,4 ‘ —882,8 5-10-7
NaCl —114,2 —765,7 5,8
Nal — 88,7 —677,8 11,8
AgF —205,0 —958,1 15
AgCl —125,5 —907,9 1.10-5
NaBr —359,8 —715,4 8,6

Boyucaute I1P ranorennnos. Hafinute B naHHblx npo6Gaemy (H),
chopmMyaupyiTe ee (HX) H pelUHTe.

30-27. O6GBACHHTE, YTO H MOYEMY 3KOHOMHYECKH BBLITOLHee HC-
[0JIb30BaTh B KadecTBe MATEPHAJNa NPOBOJNOB AJS NEPENAUH 3JEKT-
PO3SHEPTHH — Melb HJH aJTIOMHHHUH. u

30-28. Vkaxure Tpe6GoBaHHS K reorpagHueckKoMy MOJOXKEHHIO
HEKOTOPOro NYHKTA, [Ae MOXHO CTPOHTh XHMHYECKOe MNpeANnpHs-
THe.

30-29. ITouemy cHagasa Onl1 GPOH3OBHIA BEK, a 3aTeM XKeJe3-
HBIA?

30-30. BaxHefillne >Ke/fe3Hble PYAH: 1) MATHUTHBIA XKeJle3HAK
Fe3O4, HanboJee KPymHBlEe €ro MeCTOPOXKIAEHHS HAXOAATCS Ha Ypa-
Je; 2) KpacHu# Xene3ufak Fe,O3, Haubosee MOILHOE MeCTOPOXKJe-
HHe — KpuBopoxckoe, 3) 6yphlil KenesHuak FesOs3. HyO, mecTopox-
JeHHe pacnojoxeHo okoJqo Kepuu. IlonHTadtech 00bACHHTB, HO-
4YeMy B OT/JeJbHEIX yJacTKaX 3eMHOH KODH XeJle30 BCTPEUaETCS B
€TOJb pasHux gopmax. KakdHe ycjoBUS MOTJH cHOCOGCTBOBAThH 06-
PA430BaHUID 3THX MecTopoxieHHd? KakoB cocrar pya Kypckof
MATHHTHOH AHOMAJIHU? ’

30-31. BcectopoHne 0O6CyAHTe BO3MOXHOCTH  HCIOJIb30BaHHSA
CIeNyIOIHX coeflHeHHH B KayectBe yno6penuii: KNQOj; NaNQ;,
NHNO;, Ca(NOjz),, CaCNy, CO(NHy)g Caz(POs)s, Ca(HoPOy)o,
CaHPOQ,. CoueraHne KaKHX CBOACTB 6JaronpHsTCTBYET HCIOJAB30-
BaHHIO HX B KauecTBe yL06peHHH?

30-32. HekoTophie BelllecTBa NPH CMEIUHBAHHH PEarHpykioT, NpH
3TOM BO3MOXKHO pa3orpeBaHHe H BOCIJIAMeHEHHE; JPYrHe BellecTBa
focjie CMELIHBAHHSA CTAHOBATCH HENPHTOAHBIMH ANA JajbHEALIero
ynorpebienus. Takue BellleCTBA HA3KEIBAIOTCA  HECOBMECTHMBIMH.
Huxe npuBeseHb! HEKOTOPHle HECOBMEeCTHMBlE BELLECTBA, YacTO HC-
HOJb3yeMEBle B ObITY: 1) mepMaHraHaT KaJus HECOBMECTHM CO CIHp-
TOM, TJIHEPHHOM, PacTBOPOM aMMHAaKa, XJODHAOM aMMOHHA (Ha-
IIATHIPL), CePOH, HOAOM, YrjeM; 2) pacTBOp AaMMHAKA M XJOPHA
AMMOHHSI HECOBMECTHMH ¢ (OpMaJHHOM M HOZOM; 3) cepa He-
COBMeCTHMA € MepMaHTraHATOM KaJus, XJOPHOH H3BeCThio; 4) aJio-
MHHHEBHlE KBAaCUbl HECOBMECTHUMEHl ¢ INEJOYaMH, PacTBOPOM aM-
MHaKa, 6ypoH, KeJaTHHOH, CTOJNAPHBIM KjeeM; 5) cepHasd H XJo-
POBOAOPOAHAA KHCJOTH HECOBMECTHMH! ¢ KAaNbUUHHPOBAHHOH H
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NUThEeBOH comoH, H3BeCThIO, MeJOM, lllejlouaMK, IepPMaHraHaTOM
Kaaus; 6) Oypa HeCOBMeCTHMa C XJODHIOM aMMOHHS, CEPHOH B
XJIOPOBOJOPOJHOH KHCJIOTaMH.

O6DbsicHHTe TPHUHHY HECOBMECTHMOCTH IePEUHCJCHHBIX BELIECTB.

JIOonmoMHMTe CHHCOK APYFHMH H3BeCTHHIMH BaM mpumepamu. Her
J¥ B NPHBEJEHHOM CIHCKe OLIHGOK?

30-33. B xkeaesHoit Tape HeO6X0AMMO MHOTOKPAaTHO IIE€peBe3TH
HEKOTOpPOe KOJHYeCTBO KOHIEHTPHDOBaHHOH cepHo# KucaoTH. Co-
CTaBbTe HHCTPYKIHI0 MO 3alOJHEHHIO H ONOPOXHEHHIO eMKOCTH
CepHOH KHCJOTOH, NPHHHMAass BO BHHMaHHe, 4TO 3a IlepeBO3Ky Oy-
JIeT OTBETCTBEHeH ueJOBEK, He3HaKOMBIH ¢ OCHOBaMH xuMuH. Co-
CTaBbTeé BONPOCH JJ51 NPOBEPKH 3HAaHHA TeXHHKH 0e30MaCHOCTH Yy
3TOTO 4eJOBeKa H PacloJOXHTe HX B NOPAJAKe MOHUXKEHHS HX Bax-
HOCTH. YKaxuTe [ABa HauboJiee BaXKHHX NpaBUJa, KOTOphle Cleldy-
eT BHIIOJHSAThL NpH pa6oTe ¢ CepHOH KHMCJIOTOH.

30-34. KoHlleHTpHpOBaHHAA a30THAs KHCJIOTA — CHJBHHIH OKHC-
autenb. ONHAKO TaKHe MeTalJhl, KaK aJloMHHHA, XKeae3o, Ko6anasT,
HHKeJb H XPOM, B Hefl yCTOHYMBHL. DTo siBleHHe OOBbACHSETCS Mac-
cHBaldel, T. e. 06pa3oBaHHeM HepaCTBOPHMOH OKCH/IHOH IJIEHKH.

Hanuuiure Bce OPMYsBl OKCH/OB 3THX MeTaJJOB. YCTaHOBHTE
IO CIpPaBOYHHKaM, PACTBOPSIOTCH JH 3TH OKCHABI B a30THOMH KHC-
JoTe (a Takxe B cepHOfl M Apyrux Kucaorax). IlpoepbTe ombiTaMu
pacTBOPUMOCTb OKCHAOB B KucjoTe. Hackolbko NpaBAonOROGHBIM
Bam kaxerca o6bsicCHeHHE HeDaCTBOPHMOCTH YK43aHHBIX BblUie Me-
TalJ0B B a30THOH Kucaore? Ilpeasoxure co6CTBeHHble 00BACHEHAS
(ncmosib3yiiTe NPEACTABJEHHSt O CTPOEHHH BellleCTBA, HANDPABJIEHHA
H CKOPOCTH TIPOLIECCOB).

30-35. Bo3apbMHTe 110 HeCKOJNbLKY KalleJb 3THJOBOro CHOHPTA, IJ/IH-
llepHHAa, STHJAEHITHKOMS ¥ NPOMHJIOBOrO CIHPTA H MOMECTATE B HHX
10 KPHCTAJJMKY IlepMaHranata Kanusa. Kakue cMeCH BOCHJIAMEHSAT-
csi? [loueMy ONHHM BellleCTBa BOCH/IAMEHAIOTCH, a APYrHe — HET?

30-36. [loueMy B caMoJieTaXx KaTeropHyecKH 3alpelleHo MpOBO-
3HTb PTYTb H IPEeAMETHl CO PTYThIO?

30-37. Tlomxeub caXap COHUYKOH Ha BO3ayxe He ynaercs. OnHa-
KO, ec/H TOBepXHOCTb caxapa IOCHhIaThb HeNJIOM OT CHrapeThl, ca-
xap Jerko saropaercs. [lpeamosaraior, 4T0 B Ienje COAEPKHTCH
BeleCTBO, KaTajuaupylolilee npouecc ropenus. [Ipeacrasbre ceGe,
yro BaM nopydeHO BHAE/IHTh KAaTalu3aTOp M OGLACHHTL MEXaHH3M
ero neiicreus. Paspa6oraiiTe nporpaMMy Hccael0BaHHu .

30-38. B omuoit pa6oTe Koppo3ne# Ha3BaH CaMOIPOH3BOJbHILH
npoliece NOTePH MeTalIOM HJAM CNJNABOM  IPAKTHYECKH BaNKHBIX
CBOMCTB BCJEACTBHe (DH3HKO-XMMHUYECKOrO B3aHMOJEHCTBHA HX CO
cpenofl. B ueM cOCTOMT HeOGBIYHOCTH 3ITOTO onpenetenusa? Haidpu-
Te Apyrue onpejeseHHSi KOPPO3HH H COCTaBbTe ONpeAc/]eHHE KOp-
pO3HH, BK/IOUalollee KaK MOXHO OoJblle CyIIECTBEHHBIX CBOHCTB
3TOro mpoiecca.

30-39. Tlpu HarpeBaHHH CTaJH B aTMocdepe BOAOPOAA OHA Mpil-
obperaeT xpynkocTb. AHaJNH3 NOKa3aJs, 4TO NPH 3TOM B CTaJH 00-
pasyercsi MeTaH. [Ipef1oxuTe 00bsICHEHHS NPHYHH XPYIKOCTH CTa-
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J4 U METOABl NpPelOTBPAIIEeHHS p
ee. MOXHO JM Has3BaTh B3TOT
fiponecc Kopposueii?

30-40. O6pasen - cranu
(X18H9) B TeueHnue mepsoro ua- -
ca mpeOLHIBAHHS B BOSHOM pac- l | )T TR
TBOpe, cozepxamenm 15% FeCls 1975 1976 1977 . 1976 08
u 5% HNO;z, repsier 679 npou-

HOCTH IIDH HHUYTOXHO MaJOi morepe Macch. Kak 3T0 O06BACHHTBH?
MOXHO JH CYHTATH 3TO sIBNEHHe KOPPO3Heii?

30-41. ¥V mpamopa HeT cTpalunee Bpara, 4eM NPOMBILIICHHbIE
ABIMBL H KHCJIOTHHE AOXKAH. Kakue MepH claelyeT MNPHHATb A/
COXpaHeHHs apXHTEKTYPHBIX H CKYJBINTYDHBIX MAMSATHUKOB, H3TOTOB-
JeHHRIX H3 Mpamopa?

30-42. Ha puc. 30-1 noxasamo wusMenenue pH aTMocdepHBIX
O0CanKoB B ORHOM M3 paroHoB Epponeiickoit vacru CCCP. Kako-
Ba TeHJeHIHA u3MeHeHHs DH Bo Bpemenu? Kakum npuemom sta
TeHACHIHA OMNHCBHIBAETCS KOJHYecTBeHHO? KaKoBE mpHUMHBI H3Me-
wennsi pH? Ilpeackaxure anauennst pH uwepes 5 u 10 zer, ecau
xon u3MeHenusi pH coxpauutcs. K KakuM NoOcJeICTBUAM 3TO MO-
XKeT NPHBECTH?

30-43. Onuinute GakKTOPH, BAHAIOLME HA Pa3NoXKeHHe IPOMBIII-
JIeHHBIX OTXOHOB B Bojle. [Ipeasoxnte nporpaMmy pa6oThl No H3y-
YeHHO MOBeJeHHS MPOMHIUIEHHBIX OTXOAOB H CHOCOGH 3alLHTHI
MPHPOJAHBIX BOA (NPH OTBeTe CJeAyeT HCIOJB30BATh INpeJCTaBJe-
HHS O CTPOEHHH BelleCTBAa, XHMHUYECKON TePMOIHHAMHKH H KHHe-
THKH).

30-44. Ilpu cpenneromoBoM 1poGere 15000 kKM aBroMalIHHA
«)Kuryan» norpe6aser 4350 kr O, u BHOpachBaeT B aTMocdepy
3250 kr CO,, 530 kr CO, 93 Kr yraeBomopojoB U 27 Kr OKCHIOB
asora. IlpoananusupyfiTe aTH naHHble H COCTaBbTe HECKOJbKO 3a-
Aay (B cyTKu uvenoBeK mortpebaser okosao 500 1 Kucaopona).

30-45. YKaxuTe JHMHTHPYIOLIYIO CTaIHI0 OKHCJIHTEJNBHOTO NpO-
flecca CaMOOYHILEHHS MPHPOAHEIX BOJ, OT OPTaHHYECKHX 3arpsisHe-
HHUIL.

30-46. IlpencraBbTe cee, 4TO yjAasoch CO34aTs MOTOpP, pabo-
Tawlui 6e3 BOASHOrO HJH BO3AYIIHOIO OXJaXAeHHs. DoJiblle HJIH
MeHpllle OyaeT Ko2hGdUIHMEHT MOJE3HOrO JeHCTBHS, MOILHOCTb H
pacxon OeH3HHa Y TaKOro MOTOP2 MO CPaBHEHHIO ¢ OOBIYHBIM?

30-47. ToBopsT, 4TO YeM MOpO3Hee Ha yJaHIE, TeM GBICTpee COX-
Her Oeabe. OGBACHHTE 3TOT (pakT, ecau BHl cuuTaere, uTo OH mpa-
BUJIEH.

30-48. B nBa coBepIeHHO OAMHAKOBHIX cocyaa Haauau 1o 500 ma
BOJONPOBOJHON BOAE M KUNALEH BOAK ¥ NOMECTHJH B XOJOAHJb-
HHK. O6BbACHHTe, NoueMy GhICTpee 3aMep3aeT TOJbKO UYTO KHIEB-
ias BoAa. [IposepbTe 3TOT OMHIT.

30-49. Yro6rl uesoBeKy pYyKOH yaep:KaTh Ipy3 OT NajeHHs Ha
3eMJ110, HeoOXOAMMO HENMpepHIBHO 3aTpauuBaTh 3Hepruio. ToT Xe
TPy3. yaepxkusaercs MaruutoM. OTKyna GepeTcst aHeprusp
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30-50. K MarHuTy NPHTAHYT XKeJe3Hbli npeamer. Kak H3MeHH-
Jacb TeMmmepaTypa MarHHTa M KeJe3Horo npeamera? Ot MarHuTa
OTOpBAJ/IK JKeJe3HHH npeiMeT. Kak M3MeHHIach HX TeMIeparypa?

30-51. B OBM saknanniBaerca HeGosbluas HHOpMaLHd, a Ha
BHXOJe NOJy4aercs ouyeHb O6ogpluas uHHpopMmanua. Kak aro 06b-
SICHUTB?

30-52. KaxAyio BeCHy BO BpeMsi NaxOThl ¢ moJell yGHPAIOT KaM-
HH. Uepes rojg H3 3eMiH BHITAJKHBAIOTCA HOBble KaMHH. Kak 06b-
SICHHTb 3TQ fBJIEHHE?

30-53. ITpeacraBbTe ceGe JABa HENMPO3PaUHbLIX, 3BYKOHENPOHHIaE-
MBIX, SAIIHKa, HMCIOMIMX OTBEpPCTHSI [AJS NPONYCKaHHS BO3AyXa.
B opHOM siliMKe HAXOMMTCH JKMBOTHOE, B APYroM — ropsllas CBe-
ya. Kak onpeniesnTs, B KaKOM fILUHKe YTO HAXOAUTCH?

30-54. Bce xHBHIe Tes1a 06/a4210T CNOCOGHOCTBIO H3MEHATh TEM-
fepaTtypy 4 COCTaB BHECLIHel cpeibl y CBOeil MOBepPXHOCTH. MoOXHO
JH 3TO CYHTATh NpH3HakoM xH3HH? [IpH oTBeTe HcmoJb3yiite Ba-
LK XMMHYeCKHe 3HaHHS.

30-55. Kak Brl cunTaere, ueM MOKET 3aKOHUHTLCH TaKoil 3KCle-
PHMEHT: XKHBOTHOE Ha OYEHb [0Jroe BpeMs NOMELIAIOT B CpeAy ¢
TEeMIIepaTypOH Tesa XHBOTHOrO (MHILA H BOAA NAIOTCH B HeOOXOAHM-
MOM KOJIHYEeCTBE).

30-56. BoJbLIKHCTBO NPHPOAHBLIX AMHHOKHCJOT — «JeBOBpalla-
iouKe» u3oMepnl. IIpHunHH, moyeMy npupoza Buifpana HX B Ka-
ueCTBe OCHOBBI KH3HH, IO CHX NOp HeH3BeCcTHHL IlpeasioxuTe Jio-
6rle, HO He abcypAHble OGBACHEHHS, M OOMeHAHTECH HAEAMH CO
CBOMMH TOBapHLIAMH.

30-57. IToueMy xenynok cam ce6si He mepeBapHBaeT?

30-58. pH kpoBu uenoBeka 7,35. OTKjJoHeHHe Ha 0,4 eqHHHILE
pH npusoaut X cmeptd. Kak momzepxkuBaercs mocrosinctso pH B
OpraHH3Me 4eJOBeKa?

30-59. Oxsax/eHHe PasropsgyeHHOro Ye/0BeKa YacTo COMPOBOXK-
daeTcsl NPOCTYAHLIMH 3abosieBanusmu. [lpeanoxure J106ble (HO
npaBaonoAo6Hble) 06BICHEHHS 3TOTO SABJEHHS.

30-60. B xakKyio cropoHy 3akpyueHb pakoBuHH? Kakoso Ha-
npaBJieHHe BpalleHHH BOXBI, BXQASILEH B CJAHBHOE OTBEPCTHE BaH-
Hel? KakoB Tun BpallleHHsi (IpaBbiff, JIEBHH) €CTECTBEHHBIX (MpH-
ponHBIX) H30MepoB? He cBsfi3aHBl JIH 3TH ABJAEHHS MeX1y coGoii?

30-61. IlepeuncanTte rJiaBHble NPHYHHLI TOTO, YTO 2KHBOH oOpra-
HN3M norufaet, eCJH NOrJollaeMyio MM 0OBIUHYI0 BOJAY 3aMEeHHTh
Ha TAXKeNylo.

30-62. INpexnonoxum, uto npd 15°C Mbllb H AsArywka (oLHHA-
KOBOM Macchl) NMpH JBIXaHHH NMOTpeObJsIOT OAHHAKOBOE KOJHYECTBO
Kucaopoaa. OnHHAKOBLIE JH KOJHYECTBA KHCJAOPoAa moTpelyloTcs
3THM XHBOTHRIM nipH 20 u 10 °C?

30-63. HanuiunTte BhIpa)XeHHe KOHCTAHTHl PaBHOBeCHs Mpollecca

Ca?* (p) - 2HCOy~ (p) = CaCOy (1) - HyO (%) -}- CO, (r)

YKaxuTe MyTh pacueTa KOHCTAHTH DaBHOBecHA. JTa peaKUHs
HMeer 0GoJblloe 3HaUeHHe B NMpHpoAe Anas o6pa3oBaHHA KapGoHa-
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Ta KaJbiH HEOPraHUYECKOro H GHOJOrHYECKOTO IPOHCXOXKACHHA.
Tak, kouuenrpauus Ca?* B KpPOBH KypHIB cocraBiger ~1-
.10-3 M, pH=7,5, naBaeune CO, B BbAbIXaeMOM BO3/lyXe PaBHO
6.10? T1a. Bo3MOXHO JIH NPH 3THX YCJOBHSIX OcaxAeHHe KapOoHa-
Ta Kaablhs (o6pasosaHHe sguuHO# cKOpAynH)? [IPcaco,=
=4,8.1079.

30-64. [TponenaiiTe MEICIEHHO CJeAYIOWUA 3KCIepHMeHT. Bo3b-
MHTe CTeKJsSHHYI0 TPy6y AHaMeTpoM 5 cM H AJHHOH 50—60 cM,
flocpeflHHe YCTAHOBHTe NeperopoikKy C OTBepCTHEM JAHaMeTpOM
~1—2 cm. Onun KoHel TpyGhl 3akpoiiTe npo6kod. B mpyro#i ko-
#en noMectute 100 XuBBIX MyX M 3aKpolTe ero npofkoi. Kaxnee
3—5 MuH cuHTafiTe YHCIO MYX, MHIDUPOBABUIHX B NyCTYIO 4acTb
Tpy6el. OnpeleauTe CKOPOCTh MHrpanuH. Kax 3aBHCHT CKOpOCTb
obpaTHOro nponecca ot ckopoctd npsamoro? Korma ycranasnnsaer-
€ JHHaMHdYecKoe paBHOBecHe? KakoBO 3HaueHHe «KOHCTAHTHI paB-
HoBecHA»? Kakoll THN peakuu#i MOLEJHPYET 3TOT SKCHEPHMEHT?

30-65. Ilpu 17 °C cepaue asarymkn coBepuwiaer 30 coxpalleHHH
8 1 MuH, a npu 27 °C — 60 cokpauiennii B 1 MuH. Buuncaute sHep-
THIO aKTHBALYUH COKpallleHusl CepAeuHOH MBIINBL JArywkH. Kako-
Ba yacTOTa COKpalleHHil cepaua jsarywku npa 15, 20, 25 u 30 °C?

30-66. Ecau B cTBOJEe HepéBa crenaTh OTBEPCTHe, TO Yepe3 He-
O HaYHeT BHIAEJSAThCH COK. Tak co6HpalT OGepe3oBHIfl COK, JaTeKC
IS M3TOTOBJEHHSA Kayuyka, XuBuuy. Heab3s JM, BOCNOJb30BaB-
HIMChL 3THM sABJEHHEeM, CKOHCTPYHPOBaTh NpHcnocobiaeHne A NOLb-
€Ma BOJHl H3 3eMJIH?

30-67. O6DbsACHHTE NPHYHHBL CASAYIOLIMX ABJEHHH.

1) Ilpn mauTenbHOM KyHaHMH B MOPCKOH Bojxe raasa 60JsT
3HAYHTeJbHO MeHbIUE, YeM B PeuHOil.

2) Ilepen TeM Kak BapuTh BapeHbe U3 CJIHB, MJIOIAH B HECKOJb-
KHX MeCTax MpoKaJblBaioT, HHAaue NPH BapKe OHH CMOPLIHBAIOTCA.

3) B xoMnoTte, eciM OH He OHeHb CJajKu#, CIMBH yBeJHUYUBa-
fOTCA B pasMepe H Jaxe JoOMarTc.

30-68. TIpencraBbTe cebe, UTO YEJOBEK KHUBET INIPH TeMmepary-
pe 10, 20, 30, 40 u 50°C. KakoBo 6yJeT OTHOCHTeJbHOe NOTpes-
JiegHHe HM IHUIH B 3aBHCHMOCTH OT TeMOepaTypel OKpyXalollef
cpennl?

30-69. Tpu cropanuu 1 xr xupa Begeaserca okoJo 32 000 xIxk
TensoTH. I1pefmo/oKHM, UTO H3GEITOUHLIA Bec yesaoBeKa O6YCJOB-
JieH OTJ0XeHHeM Xupa. Kakoe pacCTOsiHHe HYXHO npofexaTb ue-
J0BeKy, 4To0ml «c6pocHTb» 1 Kr Beca, eciH NPH yMepeHHOM Gere
co ckopocThio 12 KM/u 3atpauuBaercs 400 kJIx/km? Ha ckosabko
peajbHO MOXHO YMeHbLIHTh BeC TeJsa yYeJoBeKa MOLOOGHBIMH (M3H-
YeCKHMHU YOpPaKHeHHAMU?

Bec Tesa MOXKHO YMEHBIUIHTh HA HECKOJbKO KHJOIrpaMMOB NpH
6onbluHX (U3HUeCKMX Harpyskax 3a OuYeHb KODOTKOe BpeMsl, XOTs
DPH MaKCHMaJbHHIX HAarpyskax B TeueHHe AHS yJaeTcCs MOTePsTh He
6osee 0,5 Kr kupa. Kak ato 06BACHHTE?

HopMmasnbHas Auera paccuHTaHa Ha moJydeHHe B fieHb 10 500 xJIX.
[IpexmonoxumM, uTo 4YenoBeK cokpatia auetry go 6000 kX B AeHb.
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CKosbKO IHel clelyeT cOGIIOZaThb TaKyl0 AHETY, uToGbl BeC TeJa
YMeHbIIUTL (32 cyer XHpa) Ha | Kr?

30-70. Ha sTuKeTKe KOHcepBHpPOBaHHOro o6ena Hanucano: «Cpo-
KH xpaHeHus: npu Temneparype —I18°C —12 Mmecsues, npu
—6°C—5 cyrok, npu +5°C—24 yacas. Kak Bu cuuraere, atu
YHC/aa MOJY4YeHH SMOHDHYECKH HJH B HHX 3aJ0XeHH KaKHe-THGO
TeopeTHYecKHe peKOMeHZaunu? EcMH Bauml XOJOAMJBHHK OTperyJin-
poBaH Ha Temnepatypy 0°C uaum —10°C, TO KakOBH  JOJIKHH
6LHITb CPOKH XpaHeHHS 3TOr0 NPOAYKTa?

30-71. Ilpencrasbre cebe, uto B mepeconuau cyn. MoxkHo Jn
KaKUM-1H60 XHMHYeCKHM cnocoboM y6paTh H3 Hero H36HITOK IIO-
BapeHHON COJIM, COXPaHMB BCe BKYCOBHE€ H IHTaTeJbHBlE KauecTBap

30-72. Kaxoe sifino 6oslee KaJOPHHHO M IHTATENbHO — ChIpOE
HJH cBapeHHoe? (3arycreBaHHe GesKa H JKeJTKa MPOHUCXOAHT IIDH
NOBHINIEHUN TEMIIepaTypH H, CJel0BaTeJbHO, CONPOBOXKAAeTCs MHO-
[JIOLEHNEM TeIJIOTHL.)

30-73. Ha oaHo#t M3 XxMMHueCcKMX BHKTOPHH OBlA 3alaH BOIDOE,
KaK MOXHO YCKOPHTb Ipoliecc BapKu Kaptodeuas. Ilocae obeyxae-
HHS Da3JHYHHX NpeAJOXeHHH OHLIO CKa3aHO, YTO B KacTPIJK ¢
BOJOH H KapTodesaeM CjelLyeT IOJOXHTb HEMHOIO CJIHBOYHOIO Mac-
Ja, TaK Kak 3TO HPHBOAHT K YMeHbUIEHHK TeIJOOTAaud, YTO H
ob6ycaoBanBaeT 3(dekT ycKopeHHs INPHUIOTOBJEHHS  KapTodens.
OO6cyznuTe, NPaBHJALHHL JH OTBeT H oObicHeHHe. JleHCTBHTEJbHO JH
Macjo ycKopsieT Bapky kKaprodens (nmposepbTe onbsitoM)? Ilpenso-
JKUTe ApYyrHe paluKaJbHee NPHEMBl A YCKOPeHHS 3TOro Ipo-
mecca.

30-74. IlpoMBILIJIEHHOCTh BLIIYCKAaeT MeETaJJHYeCKylo IIOCyay
(ckoBOpOAH, KacTpiofiu), NOKPHITYI0 H3HYTPH ClelMaJbHHM CO-
CTaBOM, KOTOpHE INpeloTBpaliaer npuropaHne nuinn. Kak o6msc-
HHTb, YTO NIPH OAHOM M TON e TeMIepaType NOBEPXHOCTH cOCy/la
Ha MeTaJie MNPOHUCXOAHUT OéerIHBaHHe MUK, a Ha NOoJHMepe —
HeT? KakK OOBSCHHTb, UTO BKYC ITHIIH, MPHUrOTOBJEHHOH B IOCYyJe C
HOJHMEPHEIM MOKPHTHeM M 6e3 Hero, 3aMeTHO pa3JHYaercs?

30-75. lllap omoscanu mo 3KBaTOPY BepeBKOH, BepeBKY Daspe-
3ajH, NpubaBuJH K Held KycoK BepeBKM IJHHOH 1 M M pacnoJo-
JKHJIH ee B BHAE KOHLEHTpPHYeCKOH OKpPY>XKHOCTH BOKDYr miapa B
IJIOCKOCTH €ro 3kBaropa. [IpofijieT JH B 3a30p MEXAY OKDYXHOCTLIO
H I1apoM OJMH H3 CJeAyIOIHX NpeIMeTOB: anelbCHH, PyTOOJbHEIRA
Ms4, chepa, 3amonHeHHass 1 r, 1 Kr, 1 T BOAHL, eCcllH B KayecTBe
mapa B3ATh CJelylolide o6bekTe: 1) saektpoH (paauyc <I1-
~10~15 ¢cMm=1.10-8 um), 2) nporoH, He:#TpoH (paauyc 1-10-¢ HMm),
3) artom Bomopoaa (paamyc 0,046 uMm), 4) cBumen, 1 moap (p=
=11,3 r/cm®), 5) Boaa, 1| moan (298 K), 6) ream#t, 1 moan
(298 H), 7) CO, 1 momp (298 K), 8) nnasera 3emas (paauyc
6371 M), 9) connue (paguyc 695300 km), 10) conHeuHas CHCTe-
Ma (paauyc 10 Mapa. Km). )

30-76. Tlepeuncaute H3BecTHHe Bam coepunenus ¢ QopmyJiol
(CH;0) .. Kakoe coefHHeHHe H noueMy HauGolee yCTOHYHBO B 3eM-
HEIX YCJOBHSIX H KaKoe B YCJIOBHAX KocMoca?
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30-77. B onHoi#i H3 KHHUI JaHO CJefyIOHlee ONpeJeJeHHe XHMHH:
«XHMHST — HayKa, 3aHHMalouiasicsi H3yYeHHEM paclpoCTpaHeHHsd,
AO6GHYM M HMCKYCCTBEHHOrO NPHIOTOBJEHHS BellleCTB; OHa H3ydaer
TaK¥e€ UX COCTaB, CBOHCTBA, NMpEBPalleHHs H, KPOMe TOIO, Te fIBJe-
HHf, NPHYHHB H 3aKOHOMEpPHOCTH, KOTOPbHle HaxXOIATCSL B CBSI3H C
STHMH IIpeBpalleHHSIMH».

Hafizure HemocTaTku 3TOro onpefesenusi. Pacnonoxute omnpe-
AeNAI0UINe TIOHSTHA B MOPSAKe MOHHXKEHHS HX 3HAuMMOCTH. [IpHBe-
AHTEe cOGCTBeHHOe OIpefieseHHe XHMHH. B yeM OT/HUHe XHMHH OT
¢&H3uKH H GHoJOrHH? B ueM cOCTOHT HX cBf3n? KakoBa CBA3b XH-
MHH C MaTeMaTHKOH M JpyruMH Haykamu? Kakde IorpaHHuHBIe
#aykd Bam usBectHn? UeM onM sanumalotcsi? [locMoTpuTe, Kakoe
oflpefie/ieHHe HAYKH B UeJOM, a TaKXe XHMHH, (QH3HKH, GHOJIOTHH,
¢unocobur u Apyrux HayK naHo B Bosbmoil CoBeTckoft DHUHK-
JAQNEeIHH.,

30-78. Brl 3akoHuHMJH H3yYeHHe Kypca xuMuH. Jlafite onpele-
JeHHe HAYKH XHMHH. KaKoBHl LeJH H3YyYeHHs] XHMHH Bamu?

30-79. Brickaxkute Baite MHeHUe 06 OpraHU3alid USYYEHHS] XH-
MHH. Kakofi MaTepHasn oka3ancsi TPyAHHIM H HeHHTepecHHIM? YTo
BaMm oco6enno nonpaBuaock B 3ToM Kypce? Kak, mo Bamemy MHe-
HHIO, CJellyeT HM3MEeHHTb JeKUHH, CEMHHAPH, IPAaKTHKYM, AOMAall-
HIOI0 NOJATrOTOBKY, UTOGH HM3ydeHHe XUMHH crajo 6oJiee 3¢¢eKTHB-
HeIM? Dynmere nu Bol Hcmosb3oBaTh MOJyYeHHBle B 3TOM Kypce
3HAHHS M YMeHHS [PH RajbHeHIlleM H3YYeHUH XHMHH H IPH H3Yy-
YeHHH JPYTHX AHCUHUIJIHH?

PEKOMEHIYEMASJ JIMTEPATYPA

1. Taunka H. JI. O6wasa xumus/Tlox pex. B. A. Pa6unoruua, JI., Xumus, 1983.
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6. Kapaneroany M. X., Opaxun C. H. O6was v Heopranmueckas xuMmusa, M., Xu-
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was mkoaa, 1975,
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Kpecros I'. A. TepMoRHHAMHKAa HOHHHX TpoueccoB B pacrBopax. JI., Xumug,.
1973.

Epemun E. H. OcuoBnl xuMuueckofl kuHetHgu. M., Bricluas wkona, 1976.
Smanysse H. M., Knoppe J. I'. Kypc xuMuueckoit KuHetku. M., Brcuas mko-
na, 1969. ‘
Kondparees B. H., Hukurun E. E. XuMuyeckue mpoueccH B rasax. M., Hayxa,.
1981

. Pabunosuy B. A., Xasun 3. f1. Kpatkuh xumuueckuit cnpapounuk, JI., Xumus,.

1977.

. Jypse 0. 0. CnpasouHrK no aramuTHYeckof xuMmuH. M., Xumus, 1979.
. TepMHuueckne KOHCTaHTH BemecT. CnpaBouHHK B jaecaTH Bemnyckax/Ilog pen.

B. Il. Taywko. M,, AH CCCP, BUHHUTH, UBT, 1. 1—10, 1965—1981.

. Epumos A. H., Besopyrosa JI. I1., Bacusvkosa H. B. u dp. CpoficTea Heopra-

HHYeCKHX coefuHeHHA. CnpaBoyHHK. JI., XaMus, 1983.

. MonekyasipHEe nocTosHERE Heopranuueckux coenunenndi/Iloa pen. K. C. Kpac-

HoBa. JI., Xumus, 1979.

. 3HepI‘HH pa3phiBa XHMHYECKHX ceaaeli. [loTeHuHannl HOHU3AUMH H CPOACTBO

K anekTpoHy. M., Hayka, 1974,

. Pabun B. A., Ocrpoymos M. A., Ceur T. @. TepmoguHaMHUeCKHe CBOACTBa:

semects, Cnpasounnk, JI., Xumus, 1977.

. Ocunos O. A., Munkun B. H., F'aprogckuii A. JI. CnpaBouynHK M0 AHTOJNbHBIM!

momentaMm. M., Bucuras wikona, 1971,

. Cnpasounrk no saextpoxumuu/ITox pea. A. M. Cyxorsma. JI., Xumus, 1981,
. Koudparees B. H. Koucrantu cxopocTH rasodasnux peakuuh. M., Hayxa,.

1970.

MPUJIO)KEHUE. HEKOTOPBIE BA)KXHEHIIHE
I[NTOCTOAHHBIE

VHuBepcanbHasi razoBasi nocrosinias R=8,314 JIx-monap~!. K™
AToMHas efHHHIA MaccH a.e. M.=1,66057-10~% xr
3apsan anekrpona e=1,602-10~19 Ka

Macca mnoroa  aaekTpoHa  m.=9,10953.10-31  kr=35,48580-
104 a.e. M.
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Macca nokost mporona m,=1,67264.10~2" kr=1,007276 a. e. M.
Macca mnokos Hefitpona m,=1,67495-10%7 xr= 1,008665 a.e.M.
INocroaunas Ilnanka A=6,626-10"3¢ Ix-Ti—!

IlocTosinras ABoragpo N,=6,022.102 (moas—!)

Ilocrosunas Boasumana k=1,381.10-2 Ix.K-!

CKopocTh cBeTa B BakyyMe ¢=2,998.108 m.c-!

Uncno Papanes F=96 484 Ka-monp—!

Mousbabifi 06beM HA€aJbHOTO Tra3a NPH HOPMaJbHEX  YCJAOBHAXA
(20=273,15 K; po=1,01-10% [1a) v,=22,414 1-Mosap~!
CranpaprHoe faBJenHe po=1,0133.105 [1a
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:Mockpa, 113105, HaraTuuckas ya., A 1



YBAYXAEMbBIE YUUTATEIIM!

U3agaTenscTBo «XMMHA» @XerogHo BbiMycKaer
yue6Hylo nuTepartypy ANS yvalWxcs BbiCLIeH
WKONbI, TEXHWKYMOB M ceTW pabouero obpa-
30BaHKA.

B 1985 rofy BbIMAYT M3 nevaTM KHMrK:

NAHYEHKOB I M., NNEBEAEB B. 1. Xumm-
yecKas KMHEeTMKA M KaTanM3: Ydyeb. nocobue
Ans By3oB. — 3-e u3A., wucnp. W gon.— 43 n.,
1 p. 70 k.

MpepHazHaueHo ANA CTYAEHTOB XMMHMUECKMX
¢aKynbTETOB YHMBEPCHUTETOB M XMMHKO-TEXHO~
noruwueckux By3oB; 6yaer nonesHo Ans acnwu-
PaHTOB npenoaaBaTtenei M HayuHbix paboTHu-
KOB, OCBaUBAKOLLMX METOAbI XMMHYECKOH KMHE-
TUKMK ¥ KaTanusa.

MHUPOHOB B. A., SHKOBCKMHA C. A.
CnexTpockonusa B opraHWueckoi XMMun. C6op-
HMK 33pad: Yueb. nocobue gnsa syzos. — 15 n.,
80 k.

MpepgHasHaveHa ANA CTYAEHTOB-XMMMKOB
M CTYAGHTOB POACTBEHHbIX CNeuMaNbHOCTEHN,
MOMET NPeaCcTaBuTh MHTEPEC AN acNMPaHTOB:
M HayuHbix paboTHWKOB B obNacTu opraHuue-
CKOM XHMMM.

YuebHylo nutepatypy wuspatennctea «Xu-
MUA» MOMHO NPHOBPECTH BO BCEX KHMMKHBIX
MarasuHax CTpaHbl, PacnpOCTPaHAOLMX Hayuy-
HO-TEXHWUECKYIO NIMTEPATYPY.

U3gatenscTBo «XMMHSY



YBAYAEMBIE YUATATERM!

B 1986 rogy n3aarenscTao «XHMHaA»
NNAaHHPYET BbiNYCTHTb KHHTY:

BACMUIILEBA 3.T.,TPAHOBCKAA A. A,
TATMEPOBA A. A.
Na6oparopHuie paGoTkt no obujek
M HEOPraHMUECKOH XMMMM:

Yueb. nocobue ans By3oB. — 2-e n3a.,
ucnp. — 20 n., 1 p.

Bo BTopom wu3panum (l-e wm3a. Buuuno
B 1979 r.) B onucaHne paaa METOAMK BHECEHDI
M3MEHEHMA M YTOUHEHUS, HEOBXOAMMOCTL KO-
TOPbLIX BLIABMNACE MPM MCMONb3OBAHMM MOCO-
‘6us B yuebHOM Mpouecce; npuioXeHue pAo-
nonHeHo HoBbimki Tabnuuamu. Ha dopzaubl
NOMELLEHb KOPOTKO- M AJIMHHOMEPHOAHDBIN
BapMaHTbl MEPUOANYHECKONW CUCTEMBbI DNIEMEH-
toe 0. N. Mengeneepa. OnuncaHsl naboparop-
Hble pPaboTel MO M3YYEHWIO  XMMUUYECKUX
CBOWCTB 3IEMEHTOB BCeX rpynn nepuoauye-
CKOM cucTeMsl. PaboTel OCHOBaHBI Ha coBpe-
MEHHBLIX NPEACTABNEHMSAX O CTPOEHUM Beue-
€TBA U XMMMYECKOM TEPMOOMHAMMKU. B Kaw-
AOH rnaBe npueefeHsl KOHTPONbHbIE BOMPOCH!
M 3apaun.

MNpegHasHaueHO. ANA CTYAEHTOB XWMMMKO-
TEXHOMOrMYECKUX BY3OB; MOMET ObITb UCMOSB-
30BaHO NPEenoAaBaTeNAMM TEXHMKYMOB M YuM-
TEeNSAMMU LIKON HAK PYKOBOACTBO K NpaKTude-
CKMM 3aHATUSAM MO XUMMUMK.

KHury moHo 3axkasaTb 3apaHee [0 BbiXO-
A8 U3 neyatM B MECTHbIX KHUMHBLIX Marasm-
Hax, pacnpPoCTPaHAIOWMUX HaY‘-lHO-TeXHM'-IeCKYIO
amTeparypy.

MagarenbcTBO «XMMHAR



