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MMPEOAHCJ/IOBHE

TBopueckHe cnocoGHOCTH YesoBeKa (OPMHUPYIOTCS CIELHAJNbHO
0TOGpaHHBIM NpeAMETHBIM colepxKaHHeM OOY4YeHHS] H COOTBETCTBY-
Iolleli opraHu3alluell MO3HaBaTeJbHOH NEATEJbHOCTH IO €ro ycBoe-
HHI0. OCHOBHYIO DOJIb B 3TOH AEATEJbHOCTH HTPaeT pellieHHe 3afay
Kak Ja60paTopHO-IPaKTHYECKOro, TaK H TEOPETHYECKOro Hampas-
JIEHHS.

B mHacrosimeM 3alayHHKe BONpPOCH H 3afayd oOTo6GpaHbl H
CTPYNIHPOBaHb HAa OCHOBE CHCTEMHOIO NOAX0Ja K OOYYEHHIO H OT-
paxawoT 1) cHcTeMy coBpeMeHHOHA xumuH (o6uiefi) Kak HayKH H
Kak y4eOHOH IHCLMIJIMHH U 2) CHCTeMy IpelMeTa M3yueHHS XHMH-
4YecKkof HayKH — peaKlHH H BellecTBa.

Cob6paHHHe B NOCOGHH 3aJayd — 3TO CJEACTBHE IOCTOSHHOIO
oflleHHss aBTOpa C NpenofaBaTesJIIMH MHOTHX BY30B CTpPaHH, CO
CTyLEHTaMH pa3JIMYHHX CIelHaJbHOCTeH (XHMHKaMH, Te0JIOraMH,
6uosoraMu, reorpaaMu H APYTHMH) H YUHTEJSMH XUMHH CPEIHHX
LIKOJIL.

ABTOp ray6oko GaaromapeH KoJJIeKTHBY Kadelapwl obuiefi xH-
MHH XHMHYecKoro ¢akyJbrera MockoBckoro I'ocyaapcTBeHHOTO
YuuBepcurera um. M. B. JlomoHnocoBa (3aB. Kadexnpo#i mnpodg.
E. M. CokoJioBCcKasi) 3a MHOT'He MEeTOAHYECKHE U Hay4HBIE HIEeH, Mo-
JIOXKEHHble B OCHOBY NOCOOHS B LJIOM H OTHAEJbHHEIX ero 3ajgad. As-
Top npH3HatesneH 4ia.-kopp. AITH CCCP npo¢. H. ®@. Tanbisunoit 3a
HpelJIoKEHHEe BOCIOJb30BATbCS CHCTEMHHEIM NOAXOHOM HAJSI IOCTPO-
eHHUs] Kypca XHUMHH 4 KauA. nei. Hayk T. A. Cepreesoii 3a psap co-
BETOB B OCYLIECTBJIEHHH PeKOMEHZAlHii CHCTEMHOro moaxoxa. B o6-
CYXIEeHHH TeopeTHYeCKHX BONPOCOB COXEepXKaHHUS Kypca XUMHH yya-
ctBoBanu un.-kopp. AIIH CCCP mnpo¢p. JI. A. Llisetkos, mpod.
B. C. ITonocun u mou. I'. M. UepHoGeabckas. Mx moxenanus cno-
cob6cTBoBasM pabore Haj nocobreM. MckpeHrHIo - 6narofapHocTb
aBTOp Bhipaxaer wia.-kopp. ATIH CCCP mnpo¢. E. I. Illykuny 3a
ropsiuyio NOAAEpPKKY METOAMYECKHX HOBOBBeJEHHiH B KypCHl XHMHH.
Boabuiyio moMouis B paboTe Haj KHUroil okasanm npod. A. B. Cy-
BopoB u npod. C. K. Ilpakun.

[penJsoKeHus ¥ 3aMeYaHUs 10 KHUI'E aBTOP IIPOCHT HANpPaBJATb
no aapecy: 119899, Mocksa, Jlenunckue I'opwl, MI'Y, XuMuueckH#
¢dakyabTeT, Kadenpa obued XHMHH.

O. C. 3AALEB



METOOHUUYECKHE YKA3AHMHA

®opMupoBaHHe TBOPUYECKHX CNOCO6GHOCTeH OGyAyImIHX cHelHau-
CTOB — BaXKHelllllasg 3ajaya cOBpeMeHHOH Bhicuefl mKoJaH. OXHH H3
nyTell pelleHHus 3TOH 3aJa4H COCTOHT B HCIOJb30BAaHHH HOCTHKEHUH
COBDEMEHHOH ICHXOJIOTHYECKOH HayKH, B YaCTHOCTH, CHCTEMHOro
noaxona B o6y4yeHHH M METONOB NpPOGJEeMHOro o6ydyeHHs H IPH CO-
OTBETCTBYIOIleH OPraHu3alMH cOGCTBEHHOH MO3HaBaTeJbHOH nes-
TeJbHOCTH CTYNEHTOB*.

B TpamuuHOHHBIX 3aJaYyHHKaX, KaK NPaBHJIO, NpelJaraloTcs 3a-
Jaud, pelleHHe KOTOPBIX 3aKJlOyaeTcsl B NMOACTAaHOBKE YHCJIOBOTO
MaTepHaJsa B H3BeCTHBle (POPMYJIbl U B IOJYYeHUH pe3yJbTara, Ko-
TOPHIl CpaBHHBaeTcs C OTBeTOM. B mojaBuasiomeM 60JbLIHHCTBE
clAyuyaeB 3ajaya pellaercs OJHHM eJHHCTBEHHBIM CIOCOOOM H CTY-
JEHT JIMIIeH BO3MOXHOCTH BHIOOpa NMyTH pelleHHs 3ajayd. 3ajauH
Noxo6GHOTO THIA CHOCOOGCTBYIOT 3allOMMHAHHIO ()ODMYJ, KOTOpHE
Jerko HalTH B JI060# crnpaBouHo#l Jurtepatype. [logo6Hule 3agaud
HYXKHBI AJIs1 3aKpEIVIEHHs] ONMOPHEIX 3HAHHH H MX IIPOBEPKH, HO OHH
He JOJIXKHBl 3aHHUMAaThb CJHIIKOM OOJBIIOrO MecTa B OGYyYEHHH.

B nacrosimieM mnocobun cob6paHo GoJsee 2000 3amay u BONPOCOB
KaK pacyeTHOTO XapaKTepa, TaK H 3ajfay HeCTaHAaPTHHX M KauecT-
BeHHHIX, NpeJHa3HAYeHHHX JJs (OPMHPOBAHHSI TBOPUYECKHX CHO-
cobHOCTE! CTyAEHTOB. '

Ha ocHoBe cucremHoro moaxofa naparpagun B npeljaraeMoM
c6opHHKe NMOXO6GPaHBHl COOTBETCTBEHHO BHIJEJNEHHBIM pasjesaM XH-
MHH: 1) cTpoeHHMe BemllecTBa, 2) HampaBJieHHe XHMHYECKHX IpO-
IIecCOB, 3) CKOPOCTb XHMHUYECKHX INpPOLECCOB H 4) MepHOAHUECKOE
H3MeHeHHe CBOHCTB 3JIEMEHTOB H HX COeIHHEeHHH.

B TpaguuMOHHHIX 3afayHHKax No oO6lled XHMHH BONpPOCaM CKO-
POCTH XMMHYECKHX peaKUHi yHOeJeHO OuYeHb MaJi0 BHHMaHHA,
B npensaraeMoM noco6Guu 3TOMYy pasfesy Kypca obluieil XHMHH OT-
JlaHO 3HAYHTeJbHO GoJsblle MecTa. B HCHOJb3yeMHX B HacTosiew
BpeMsT 3aJayHHKaX KaxJas 3ajaya oOBIYHO NMOCBSIIEHa OTHAEJNbHON
TeMe Kypca M He BKJIOYAeT 3JleMeHTH H3 APYrux TeM. B naHHOM
nocob6HH pelleHHe MHOTHX 3alad OCYLUIECTBHMO C IIpPHBJIEYEHHEM
TEOpPeTHYECKHX OCHOB BCeX IlepeyHCJeHHBIX Pa3iesioB XHMHH, YTOOH
BbIpaboTaTh y 0Oy4aloImHXC CNOCOOHOCTD K KOMIIEKCHOMY HC-
NOJb30BAHUIO HAKONJIEHHBIX 3HAHHI M CHCTEMHOMY H3yYEHHIO M
ONMHCaHHI0O XHMHYeCKOro o0beKTa, sBJEHHS WJH Ipollecca.

B npobnemHoM 06yueHHH 3ajauya HJH [OpobjeMa BO3HHKaeT
NpH OTCYTCTBHH OJHOTO HJIM HECKOJbKHX 3JEeMEHTOB 3HAaHHS B CH-
cTeMe HMeloUHXCA y oOyyaeMoro 3HaHHH, YTO BhI3bIBaeT norpeb-

* 1) 3aiyes O. C. Hamn MeroanyecKue NPHHUMNH NpenogaBaHus obuied Xu-
Mud. — BecTHuk Bhicmelr mkoas, 1983, Ne 7, ¢. 27—31.

2) 3Baiiyes O. C. TIlyth HopMHPOBaHHS TBOPYECKOTO XHMHUECKONO MHILJIE-
Husi. — )KypHan Bcecolosnoro xmmuyeckoro o6-sa mMm. . M. Mengeneena, 1983,
T. 28, Ne 5, c. 35—40.

3) 3aiiyes O. C. CHCTEMHO-CTPYKTYPHHI NMOAXOA K OGYyueHHIO OGluedi XHMHH,
M., nu3x-so MockoBckoro yH-Ta, 1983. 170 c.



TIOCTb B MOHCKAaxX HeoOXOZMMOH HH(OpDMAaIHH, CHHTe3a HOBOTO 3Ha-
st 1 paspelleHUH MPOGJEeMHON CHTYalUH. DTOT NPHHLHI NOJOXKEH
B OCHOBY nox6opa mpobJeMHBIX 3aAay H BONpocoB. MHorue H3
npeanaraeMblx pacyeTHBIX 3aJay CJYyXKAaT NPHOGPETeHHIO HOBHIX
3HaHHI, KOTOpble HJIH K€ 3aJI0JKEHHl B YCJOBHMH 3afayH, HJH BHI-
SIBJISIIOTCSl MOCJIEe pElleHHst B BHAe OTBeTa, coAepiKauiero B cele
npobsemy u Tpebylomero o6bsACHEHHS C ONHOBPEMEHHBIM IOHCKOM
Henocramwuleft HHPopManHH.

Hnsi ¢opMHpOBaHHS TBOPYECKOrO MBILIJIEHHS BaXXHO O3HAaKOM-
JieHHe 00yuyaeMbIX C OCHOBHBIMH METOZAMH HayyHOrO NO3HAHHSA, XO-
T 6Bl B MHHHMaJbHOM o6beMme. [ToaTomy B c60pHHKe HMeeTcs Pl
3aay Ha OCYyLIeCTBJIeHHEe Ba’KHEHIIHX AEHCTBHH W olepanuil Hayd-
HOTO NO3HAHHS M HCCJAeLOBAHMSA: CPaBHEHHe, BHJeJeHHe cyliecr-
BEHHBIX NMPH3HAKOB, CHCTEMATH3allUsA, KJacchpuKanus, GopMyaupo-
BaHHe ONpelesieHHs NOHSATHUS, Npeles NPUMEHHMMOCTH 3aKCHa HJIM
Teopuu u T. 1. [Togo6HOro THnMa 3afayn He MeHee BAXKHHI IO CPaB-
HEHHI0O ¢ 1NpoGJIeMHBIMH M pacyeTHHIMH.

3anayn B NOCOOHH paclosIOXKeHbl, KaK NPaBHJIO, B MOPSIAKE NpO-
XOXKJeHHs MaTepHaja M yBeJHUYEHHS HX CJOXKHOCTH M TPYAHOCTH.
OnHakKo HEKOTophle 3ajayH, 0cOOEHHO Te, KOTOpHe TpeOyIoT NpH-
BJIEUEHUS] TEOPETHYECKHX CBelleHHH H3 Da3JNYHHBIX Pa3fesiOB U TeM
Kypca, pacnoJIOXeHH paHblle, yeM H3yuaeTcsl TpebyeMblit AJs pe-
IeHus: MaTepuat. TakHe 3ajaud JONYCKAaIOT HENMOJIHOe pellleHHe C
nocsaenymouuM Bo3BpaulenneM. Kpome Toro, npuem «3aberanus BIie-
pen» oKa3blBaeTcsl MOJE3HBIM, TaK KaK NOBHIIaeT MO3HaBaTeJbHYIO
aKTHBHOCTb CTYAEHTOB NpH GoJjlee NMO3ZHEM H3YUEHHH MaTepHaga.

3ajauy, OTHOCSLIHECS OZHOBPEMEHHO K Da3JIMUHBIM TeMaM Kyp-
€a 3acTaBJaAI0T 06yyalomerocst HCN0/1b30BaTh CHCTEMHBIH, MHOTOCTO-
POHHHUH NOAXOJ K HX peLIeHHIO, [IOKa3blBaIOT HayYHYI0 3HAYHMOCTb
BCeX M3yyaeMblX pa3fiesioB Kypca M KpoMe TOro, HE IO3BOJSIOT 3a-
O6BITb paHee MpofifeHHHH MaTepuas. Ciaenyer oOpaTHTb BHHMaHHe
Ha TO, 4TO HHOrjAa GoJsiee CMOXKHAs H TPYyAHAs 3ajaya NpenilecTBy-
eT GoJsiee mpocToil U Jerkoil. [Ipn TakoM pacroJioXXeHHH 3aAay CTY-
IeHTH, B cJgydyae 3aTPyAHEHHSI B peLIEHHH, LOJXKHB IPOCMOTPETHb
nocaenymouue (¥ NpelblAyliHe) 3afauyu AJs INOJYYeHHS HeXoCTa-
folux cBeneHuil. IToaToMy npemnomaBaTesNb NOJXKEH 3apaHee IO3Ha-
KOMHTbCSI CO BCEMU 3aJayaMH U pacHpeleJHTb UX B COOTBETCTBHU
C KOHKDeTHHIM I'pa(HKOM H3yueHHs MaTepHaJa.

B nocobun HMelOTca 3aJayH OXMHAKOBOIO COXepXKaHHUs, HO
copmynHpoBaHHblEe pa3JHYHHIM o6pa3oM. llesap Takoro mpHema —
MOKa3aTh CTyAeHTaM 6oraTble BO3MOXKHOCTH COBPEMEHHOTO Hay4yHO-
ro s3blKa ¥ BJAHSIHHE (OPMYJNHPOBAHHS yCJOBHS 3allayd Ha BO3MOXK-
HOCTb €€ pelIeHHs.

Jnsi pasBHTHSI TBOPUYECKOTO MBIILJIEHHS] NMPH OOYYEeHHH XHMHM
MOXXHO DEKOMEHJOBAaThb M HCINOJb30BATb «XHMHUYECKHE COYHHEHHS».
Tembl counHeHHit camble pa3HooGpa3Hble: ONHCAaHHE XHMHUYECKHX
00beKTOB (Boja, aMMHakK, MeTaH, aama3, rpadur), oGbsCHeHHE
NPHYHH TIPOXOXKJAEHHS HJHM HEOCYLIeCTBHMOCTH IIpOIleccOoB (CHHTE3
aJMasa, CHHTe3 aMMHaKa H T. IL.), IOHCK mpo6/ieM B 3aJlaHHBIX YHC-
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JIOBHIX [JaHHBIX, pelIeHHe pacyeTHOH 3afayH ¢ NoAPoGHHIM omHca-
HHEM XO[a pelleHHs H aHaJU30M pe3yJbTaTOB, OCYyLIeCTBJeHHE
NPHEMOB CHCTEMAaTH3allMM H KJaaccHHKauuu 6eCNOpSNOYHO Npex-
JIOKEHHOro (aKTOJIOTHUECKOTO HJH WYHCJOBOIO MaTepHasa, BHOOD
CYIIEeCTBEHHBIX NPH3HAKOB M3 psAfa NpPeAJOXKEHHHIX NPH3HAKOB H
NOCTPOEHHE ONpefeseHHsI MOHATHA H T. M. [Togo6HOro THNA 3alaHHA
TaK¥XKe NPUBOASITCSA B MOCOOHH.

TpaauUHOHHBIE 3aJaYHUKH MO XMMHH JJs1 CPeJiHel IIKOJBI H By-
30B IpejJsaraioT o0y4yaeMbIM 3aJauyd C TeM KOJHYeCTBOM HH(pOpMa-
I[HH, KOTOpOe HOJIKHO BOHTH B pacueTHyI0 ()OpMYJy H IPHBECTH K
NpaBUJIbHOMY pe3yJabTaTy. DTO He CIOCOGCTBYyeT BOCIHHTAHHIO TBOD-
4eCKOro MbLLIeHHs. Korna npengaramoTcs CTyZeHTaM 3ajaduH C He-
JIOCTaTKOM HJIM H36BITKOM HH(ODMAIMH, OHH OKAa3BIBAIOTCS AJsl HHX
B GOJIbLIMHCTBE CJIyYyaeB HepellaeMBIMH. MIHTepeCHO OTMEeTHTh, 4TO
3ajlayd ¢ HeJOCTaTKOM HH(popMauuy, Tpebyloliyue ee NOHCKA H3
CIIPaBOYHHKOB, pellaloTcs Jierye, yeM 3ajadyd ¢ HU3OBITKOM HH(DOD-
MalHH.

B moco6uu IOUTH OTCYTCTBYIOT OZHOTHIIHBIE 3a4aud. DTO HCK-
JI0YaeT BO3MOXKHOCTh OOyUYeHHs pelleHHI0O 3ajay mo obpasunam H
I0Ka3blBaeT CTYHEHTaM OrpoMHOe MHoroo6Gpasyue 3afad B peajib-
HON HayuHO-HccCJefoBaTenbcKoit pabore. OfHaKo, AJs TOro YToOhI
3aJlaYHHK MOT OBITb MCIOJb30BaH TaKKe NPH TPaJHLHOHHHIX Me-
TORAX NpenojaBaHus, YacTb 3aflay HalHcaHa Mo OGBIYHEIM 006pas-
IlaM H paccyMTaHa Ha 3alOMHHaHHe pacyeTHHX GopMy.I.

MBl NpUBBIKJIM K 4eTKO NOCTaBJeHHBIM 3afauaM. Cienyer NpH-
y4aTh K IIOMCKY pelleHUH HeueTKO CGHOPMYJHPOBAHHBIX, CJIOXKHBIX
3aJay, ycJOBHe KOTODHIX He BBIPaXKaeTcs B aHAJHTHUYeCKO# ¢op-
me. B moco6unm mMeercs GOJbIIOE YHCJIO 3a1a4, MO3BOJSIOUINX
JlaBaTb pasjiHUHBIE IO IIMPOTe M IJIyOHHe CONepKaHHUS OTBETHL.

PexomenayeTcs cllefiylollasi opraHusanus paboTh ¢ nocobuem.
3apanee (Ha mpelbIAylleM 3aHATHH) IpenojaBaTen]b 1aeT Tpylne
CTYIAEHTOB pellHuTb OAHY OOIIyI0 AJisl BCeX 3ajady, H, KpOMe TOrg,
KaXJIOMYy CTYIEHTY ellle IO OXHOH 3anaye WHAWBHAyaJbHO. [JaBaTh
GoJbillee yHCJO 3amay Henesaecoo6pasHo. CTydeHTH NOJXKHBI H3J0-
KHUThb NMHCbMEHHO pElIeHHS 3a1a4 Ha OTHEJbHBIX JHCTaX, KOTOphEe
npenonaBaTesb co6UpaeT 3a HeHb OO ceMuHapa. Ha ceMHHapcKom
3aHSITHH Tpynna MojA PYKOBOACTBOM mpenonaBatenass obcyxaaer
ofmylo 3anauyy, mpuueM IpenojaBaTello, 3apaHee H3yYHBIIEMY pe-
IIEHUS] CTYNEHTOB, 3HAYHMTEJbHO JIerye OpPraHH30BaThb MHMCKYCCHIO H
NpoaHaJU3NpPOBaTh ylauHble H HeylnauHble peileHus. Ha atom xe
ceMHHape pa3bHpalOTCs HHTEpeCHble DeLIeHHs OCTaJbHHIX 3ajav.

Hekoropble 3agauu TpeOyIOT AJUTENbHBIX PaCYeTOB, IPUUYEM OT-
BEeTHl, NIOJYyYeHHble Ha OTIEeJbHBIX CTalusX, Hajlee BXOIAT B 3aKJIC-
YUTEJNbHYIO CTafHlo. B aToM cayuae wesnecoo6pasHo OTAeJbHHE
onmepanuy (CTaiuM) HOHCKA PEUIEHHS paCNpelesuTh MeXAY CTyAeH-
TaMHM TPYNNH, a 3aBepLIAIONIHI 3Tal pelleHUs IPOBECTH KOJlJeK-
THBHO, Bcelt rpynno#l (Ha CeMHHAaPCKOM 3aHSTHHU).

HeoG6sa3aTenpbHo Bcerna Tpe6oBaTh OT CTYAEHTOB pEILEHHS BCEX
pacyeTHBIX 3aJay, MOXHO OTPAaHHYHTbCS MNOAPOOGHBIM ONMCAHUEM
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xola pelleHHsl. DTO YaCTO OKAa3bIBAETCS HAMHOIO IOJIE3HEE, UeM
cBOAKAa apupMeTHUYecKHX AelicTBHi. Takoe onHcaHHe pelleHHsS NpH-
HYXJaeT CTyleHTa 3apaHee INIAHHPOBATb AesATEJbHOCTb H pa3b-
BaTb ee Ha II0CJeN0BaTeJbHOCTb JEHCTBHH H omepamuii, 4eTko ¢op-
MYJHDPOBaTb OOLIYI0 M YacTHHe leJH, a KpOMe TOro, 4To HauboJee
BaJKHO, Pa3BUBaeT HaBBIKH IIHCbMEHHOH peyH.

Ilpu BHIGOpe 3amau ANs OOCYyXIEHHS HJH XKe NPH CaMOCTOS-
TeJbHOM CO3JaHHH HOBHIX 3alay IpenojaBaTelb JOJKeH HOMHUTD,
uTo npobJeMma, NocTaBJeHHas nepej CTyLEHTOM, NOJXKHA GHTb A
Hero 3HayHMoH, T. e. B KAKOH-TO CTeleHH CBSA3aHHOU c ero Oynyeit
JHesTeJbHOCTBIO N0 clenHaJbHOCTH. JKesaaTenbHo, 4TOOH mNpenofa-
BaTeJb KaXKIAbIH pa3 oOBSACHSJ CTYyAeHTaM, TIAe M Kak NmoJoGHOro
poxa 3azaud OynyT conpoBokIaTb HX B Oyzaylueii pabore.

B noco6uu OTCYTCTBYIOT TeopeTHYecKHe BBeJeHHS, YTO BHI3BAHO
HaJuuHeM 6GoJibLIOro 4¥cya yueGHMKOB M mocobuit. Hacto TeopeTH-
4yecKHe CBelleHHs, HeoOXoJHMble IJIsl YCIellHOro pelleHHs 3alayH, B
oueHb cxkaToH (hopme NPUBOAATCA B CaMOM YCJOBHH 3ajaud. Tak
Kak OJlHa 3ajaya oObeiHHsieT B cebe YCJOBHS M METOAH pelleHHS
HECKOJIbKHX ADYTHX, CTyLEHTaM peKOMeHAyeTcsl IJis NMOHCKa Teope-
THYECKHX CBeJeHHH NPOCMAaTpHBATh YCJOBHS HECKOJBbKHX Npeabay-
MHX H NOCJeLyIOHX 3afay. MHorue 3afayu He cojepxar Heo6Xxo-
JAHMEIX JJIS PELIEHHS YHMCJOBBIX JaHHBIX. DTH HNaHHHE MOTYT OHITh
HaiileHH HJIH B COCEAHHMX 3ajflayaX HJH B yueOHOH M cIPaBOYHOMH
JauTepatype. B mocobun oTCyTCcTBYIOT OOBIYHO NpHJaraeMble cnpa-
BoyHble Ta6Gauubl. CTYZEHT XOJIKEH YYHTbCA NOJb30BaThCA CHpa-
BOYHOH JIHTepaTypoil (CMHCOK CNPaBOYHBIX HCTOYHHKOB npnsonmca
B KOHIle KHHIH).

B manHOM moco6uu He ZaloTcs OTBeTH K 3agmayaM. OIHaKo MHO-
rue 3aJayd MOCTPOEHHl TakK, YTO OTBET MOXKeT OHITh HalJeH B ycJo-
BHAX 3a/lay4, PacloJIOXKEHHBIX OO HJIH Nocje JaHHO# 3ajauH. [ToaTo-
MYy, €CJH CTYAEHT He yBepeH B IPaBHJBHOCTH OTBETa, OH HOJIXKeH
NPOYHTATh HECKOJbKO NPEIBIAYUIHX H NocJeAylomnx 3ajgay. Tako#t
NpHeM INO03BOJISeT NOBLICHTb NO3HAaBaTeNbHYI0O aKTHBHOCTb CTyHIEH-
TOB H NpPHOOGPEecTH NONOJIHHTEeJbHYI0 HHGpopmanuio. Kpome Toro,
MHOTHe 3aJayd NpencTaBJsIOT co6oii oObenquHeHHe NBYX HJH 60Jb-
mero yHcjaa 3ajfad. Pemlenve no KpaiiHe# Mepe oIHOH M3 HHX CJYy-
JKHT OTBETOM Ha JpYTHe.

OrcyTcTBHE OTBETOB K 3ajlayaM H3MeHsIeT OTHOLUeHHe CTyZHeH-
TOB (M IpenojaBaTeseif) K IpollecCy pelLIeHHs 3afauH, Tpebyer
KDHTHUYECKOTO OTHOLIEHHS K NOJYyYaeMbiM pe3yJbTaTaM, yCHJHBAeT
obuieHHe CTYIEHTOB Mexay coboii.

OueHb BaXKHa W JApyrasi NpHYHHA OTCYTCTBHS oTBeToB. KoJex-
THBHO OOCYXZAaTh pa3JiHyHHE NMyTH pelIeHHs 3afadH H HCKATb Ipa-
BHJIbHble MOXHO TOJIbKO B TOM CJyuae, eCJH YYaCTHHKH AHCKYCCHH
He 3HAIOT OTBeTa.

O6BIYHO OLIEHKA YCNEUIHOCTH BHINOJIHEHHUS pacyeTHOH 3anay#
OYeHb IIPOCTa — AOCTATOYHO CBEPHTDb MOJYYEHHBIN YHCAOBOH pe3yJib-
TAT C OTBETOM B KOHUe 3afayHHKa. OLeHKa 3a BHINOJHEHHYIO He-
CTaHIApTHYI0 KaueCTBEHHYIO 3ajauy — npobJeMy 4YacTo OKa3hbiBa-
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eTcsl oueHb TPYLHOH HJIH JajKe HEBO3SMOXHOH H HeOoGBbeKTHBHOM.
Jast yBennueHUs O6beKTHBHOCTH JKeJlaTeJbHA NpOBePKa H OHEeHKa
peuleHHHX 3afiay OAHHM mpemojaBaTtejeM. HecomMHeHHO, YyTO Kax-
o€ HOBOe NpelJIOXKeHHe, KaXKaas HOBasi MbICJAb, HeCTaHZAapTHHX
XO[ pelleHHs H T. N. JOJIKHBI NOJYYHTb HaUBBICUIYIO OLEHKY.

B To xe BpeMsi uMeeTcsl psii NPHEMOB, MO3BOJSIOIIMUX NpHOJIH-
3HTbCS K KOJIHYECTBEHHO! OlleHKe KayecTBa pelleHHs HecTaHAapT-
HOM HJIM TBOpYeCKOH 3afauyd. KpHTepHSIMH OLlEHKH OTBeTa MJs Ka-
YeCcTBEHHHIX 3a1a4 MOI'YT OBITh CJeAYIOIHE.

1) Uncao obHapyKeHHHX H chopMyanpoBaHHHX npobaeM. ITo-
HcK mpo6aeMbl HaMHOro 6ojiee TPYIOEMOK H CJIOXKEH, YeM ee IIO-
caenyloliee peuleHde. DTO AOJNXKHO YYHTHIBATBCS NPH OLEHKe.

2) Unchao pelwieHu# (NpaBHJABHBIX HJIH OJU3KHX K NPaBHJIbHHIM)
3ajlaHHO# Npo6JieMbl, YHCJIO NMOAXOJOB K PELIEHHIO H T. II.

3) Ilepeuncinenne ¢axropoB, BIHAIOLIHX Ha Mpoliecc, cBOHCTBA
BellleCTB, OTBETCTBEHHbIX 3a NOBEJEeHHEe BelleCTBAa B ONMCHIBAEMOM
SIBJIEHHH H T. I

4) MHOroCTOpOHHOCTb MOJAXOJAa K pelleHHIO 3ajaud. Hanpu-
Mep, 32 YHCJIO [pHBJEeKaeMblX K pelleHHI0 TeopHH H3 OCHOBHHIX
yyeHHH XHMHH (TepMOIMHAMHKa; KHHETHKa, CTPOEHHe BellecTBa,
NepHOIHYHOCTD). _

5) CobJuiofeHre BHYTpPeHHeH JIOTHKH HayKH (TepMOXHHaMHUe-
CKasl 4aCTb OMHCAHUS JOJIXKHA IIpeNIIeCTBOBaTh KHHETHYECKOH,
ONHCaHHe HJHM H3yUYeHHe BelllecTBa OCYILIECTBJsSETCS B NOCJeNOBa-
TeJbHOCTH 3aKOHOMEPHOCTeH mepexoja C OJHOTO YPOBHsI OpraHH3a-
IIMY BelllecTBa Ha JPYroi M T. XI.).

6) OcymecTBlieHHe omepalHii CHCTeMAaTH3alHH HJIH Kjaccupu-
KalliH{ mpelJiaraeMbiX JaHHBIX.

7) PacnoJsoxeHHe NpH3HAKOB MU (DaKTOPOB B NOpsiLKE NOHH:
JKeHHsl HX 3HAYHMOCTH, OTBETCTBEHHOCTH 3a NPOXOXKIeHHe Ipolec:
CAauT I

8) O6napy:xeHue HauboJbIlIEero YyucJga NPU3HAKOB OGIIHOCTH Y
KasaJjoch 6B HecpaBHHBaeMhIX OOBEKTOB H, Ha060pOT, MPH3HAKOB
passuyus y ONH3KHX [0 HEKOTOPHIM MOKa3aTeasiM OOBEKTOB.

9) Uucno KpUTHYECKHX 3aMeuyaHHH, YHCJO BBHISIBJEHHBIX HeHO-
CTaTKOB, OIHOOK H T. I

10) KauectBo HayuHO# peud (4yallle BCero IHCbMEHHOH) Jerko
OLIEHHBAETCSI MO TOYHOCTH H YHCJY HCIOJb30BAaHHBIX B OINHCAHHH
HJIH OObSICHEHHH HayYHBIX TEDMHHOB.

Cnenyer 0co60 OTMETHTb, YTO CTYIAEHTH NOJKHBI OHITH 00s3a-
TeJIbHO O3HAKOMJIEHbl C KPDHTEDHSIMH OL€HOK HX paboTHl H Ipexb-
sIBJIseMBIM K HHUM TpeOGOBaHHSIM,



FTABA 1

CTPOEHUE BEIHIECTBA

§ 1. ATOMHO-MOJIEKYJIAPHOE YYEHHE

1-1. Kak Bel nymaere, KakoBa LeJb H3yueHHs BaMH XHMHH?

1-2. Uto u3yyaeT XHMHS KakK HayKa?

1-3. MHorounc/jeHHble oONpejeJeHUs XHMHH, NDHBOJHMBHE B
yuye6HHKaX, B OCHOBHOM MOXHO pa3fielUTh Ha JABe IPYyNINHl, Onpe-
JeJsiolde XHMHIO KaK HayKy: a) O BellleCTBax H HX IpeBpalie-
HUsIX U 6) o mpeBpaueHusx BeuiectB. KakoBo Bauie MHeHHe OTHO-
CHUTEJIbHO 3THX NOJXOAOB K OIllpefieleHHI0O XHMHHU.,

1-4. XuMHus — HayKa U y4yeOHBIH IpeJMeT COAEPKUT CJeAYIO-
mue y4yeHHs: 1) O CTpPOeHHMH BellleCTBa, 2) O HaNpaBJEHHH XHMHU-
YeCKHX MNpoleccoB (XHMHYeckas TepMOAMHAMHMKa), 3) O CKOpOCTH
XHMHUYECKHX NpOLeccOoB (XHMHUeCKass KMHeTHKa), 4) o NepHOJH-
YeCKOM H3MEeHEHHH CBOHCTB 3jJeMeHTOB H coenuHeHuil. [TocMoTrpure
colepxaHue 3TOro mocobHs H ONpelNesyHTe, HACKOJbKO OHO OTBeYa-
€T nepeyucJeHHHIM ydyeHHsM. IIpocmoTpHuTe HApyrue yueGHUKH XH-
mun. Hackonbko HX colep:KaHHe OTBe4yaeT 3THM YUEHHSM?P

1-5. Cucremoi#i Ha3bIBalOT OMNpeJeJeHHYIO COBOKYNHOCTb 3Je-
MeHTOB (Bellell, 06beKTOB, YaCTHL, CBOHCTB, NPH3HAKOB, MOHATHI,
J106bIX 00pa30BaHUH MaTepHaJbHOIO MJH AYXOBHOTO XapakTepa),
HaXOASIUIMXCS B ONpelesieHHOH B3aHMOCBfI3H, KOTOpasi IpHAAeT
JaHHOH COBOKYNHOCTH LeJOCTHbIH XxapakTtep. CHCTeMHBIH NOAXOX
Tpebyet, 4TOObl B ONHUCAHUH, OOBACHEHHH M H3yUYeHHH XHMHYECKO-
ro siBJeHUs HJIHM 0ObeKTa HCNOJNb30BAJHCh B PaBHOH Mepe HIEH H
METOJAbl OCHOBHBIX YYEHHH XHMHH, NepeyHCJeHHBIX B 3ajaue 1-4.
OnuIIKMTEe CHCTEMHO BOAY KaK XHMHUecKHil o0bekT. [laiiTe cHcTeM-
HOe 00bsICHEHHe YCJOBHAM CHHTe3a aMMHaKa.

1-6. CucreMa —3TO Tak0Oe MHOXECTBO, 3JEMeHThl KOTOpOro
B3aMMHO BJIMSIIOT IPYF Ha Jpyra M npeo6pasylor ApDYyr apyra. yka-
JKUTE MHOXKECTBAa M CHCTEMBI CPelU CJAeAYIOMHUX OOBEKTOB: MoJe-
kyaa, 10 monekyJa, 6,02-10%% moJsekys, ra3 npu HH3KOM JaBJeHHH,
ra3 npy BLICOKOM MAaBJIeHHH, I'a3 NPH HH3KOH TeMmIeparype, ras
IpH BBEICOKOH TeMmepaType, Kyya lecka, ogHa NMeCYHHKa, KPHCTAJLI
Si0,, monekyna SiO,, Mogekysa Op, aTOM KPeMHHs, aTOM KHCJIO-
pora. Kak B 3aBHCHMOCTH OT LieJIM pacCMOTpeHHS] 0GbeKTa CHCTe-
Ma NpeBpallaeTcss B MHOXECTBO He CBS3aHHBIX 3JIEMEHTOB M Ha-
o6opoT? Bhigenure 3j7eMeHTHl NEPEUHUCTEHHBEIX CHCTEM.

1-7. Kakas cucreMa cJOXKHee — MOJIeKyJ/ia BOJABI HJH aTOM ypa-
Ha?

1-8. Onpenenutb Kakoe-qu6o NMOHSITHE — 3HAYHT YKa3aTh Ha Cy-
lileCTBEHHBIE OTJIMYUTEJbHBIE NPH3HAKH OOBEKTOB, OXBaThIBAEMBIX
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9THM NoHsATHeM. KaxKioe onpelesieHHe COCTOUT M3 ABYX yacTel —
onpenessieMOro MOHSTHA (ero cyllecTBeHHble NPH3HAKH OTHICKHMBA-
I0TCs1) M ONpeleNsIOLero MOHATHS (MM onpelessieTcss HEH3BeCTHOE
nousirue). HamnbGoJiee pacmnpocTpaHeH crnoco6 onpefelieHHs uepe3
6auxaliuii poJ M BHIOBOe OTJHUYHe. B onpegnensiomell yacTu ro-
BOPUTCSL O GaHKalimieM poje ONpefessieMOro NOHSATHSA, T. €. O MHO-
KecTBe 00BEKTOB, K KOTOPOMY OTHOCHTCSI JaHHBIN 0OBEKT, H YyKa-
3bIBa€TCSl BHAOBOE OTJHMYHe, T. €. OTJIHYHTeJbHble NPH3HaKH, HMe-
jolHecss  TOJMBKO Yy paccMaTpHBaeMoro BHAa  OGBEKTOB H
OTCYTCTBYIOIIME Y OCTAJbHBIX BHAOB, BXOASIIHX B 3TOT POA.

YKaxuTe B ONpefeJeHHH «XHMHYECKHH 3JleMeHT — 3TO BHI
aTOMOB C OZMHAKOBHIM 3apsilOM sipa» olpelessieMOe H ONpenelis-
jolllee MOHSTHSA, POX OOBEKTOB, BHIOBOE OTJHYHEe. AHAJOTHYHO
pa3bepute omnpenesenue «CJ/i0KHOe BeleCTBO — 3TO BeleCTBO, CO-
crosulee H3 pasHBIX aToMoB». IIpelJoxuTe onpejeeHHs NOHATHH
cJeAylouux 06bEKTOB: IPOTOH, H30TOI, aTOM.

1-9. Yacro u3jIoXKeHHe Kakoro-iubo MarTepuasa CTPOUTCS HA
nocJjefoBaTeNbHOCTH onpefenenuii. CHauasna ¢hopMyJaupyloTes on-
peneseHuss HauboJsiee OOGIIMX NOHSATHH, 3aTeM HPHU HX NOMOIIU ON-
penessloTCss MeHee oflLiHe NOHSITHSA, JaJjee ellle Gojee YacTHbHIE
NOHATHS, U T. A. Takum o6pasoM CTPOHTCS Hepapxus (HOAYHHEH-
HOCTb) OIpelesieHHH B H3JI0XKeHHH. PacnpelresauTe ciefylolliHe IO-
HSITHSL B HepapXHuyeCKOM MOpsAKe: KHCJAOTHBIH OKCHA, CMeChb, IpO-
CTO€ BelLIeCTBO, OKCHI, CJOXKHOe BellecTBO, OCHOBHBIA OKCHJA, 3Jie-
MEHT, MOJIEKyJla, aTOM, MAaTepHsl, BellecTBO.

1-10. Jlio6oe HayuHOe NOHATHE IO Me€pe PAa3BUTHS HayKH He-
npepuBHO oboramiaercss MO cMBICAy. BcrnomHHTe H3BeCTHHe Bam
onpenesieHus NMOHSATHA «BAJEHTHOCTD>. ITokaxure HCTOPDHYECKH U3-
MEeHSIOLLYIOCS CMBICJIOBYIO OCHOBY MOHsATHS. Kak pacmupsiioch 310
MOHSATHE MO Mepe udyueHus Bamu xumuu?

1-11. TlpuBenuTe xapakTepHble NPH3HAKH METAJJIOB M HeMeTaJ-
JIOB, KOTOpble MOTYT OBbITb MCIOJb30BaHBl IPU IOCTPOEHHH OIpe-
JejeHuit 3Tux noHATHH. Cuutaere Ju Bel mesecoo6pasHbHIM jede-
HHe 3JleMEeHTOB Ha MeTaJ/lIbl U HeMeTaJJb?

1-12. JafiTe onperesneHHe NOHATHS <«XHMHUecKas (opmyaas.
Kakune cBelleHHSI MOXHO y3HaThb H3 XHMHYeCKOH (OpMYJIbI?

1-13. Knaccuuxkauus — 3tro pacnpefesnenne H3yuaeMbIXx 06b-
€KTOB Ha KJacchl (Tpynmbl) corJiacHo HauboJjiee CYLIEeCTBEHHBIM
NpH3HAaKaM, NPUCYIHUM OoObeKTaM HAHHOTO KJacca M OTJIHYAIOLIHM
HX OT OGBEKTOB JPYyrux KjaaccoB. IlpenJioxkurte passMyHble CIOCO-
6bl KJaccH(UKALHH OKCHJIOB, KHCJIOT, OCHOBAHHI U COJIEH.

1-14. Hanumnre Kax MoXHO GoJgiblile ¢opMyJs GHHAPHEIX COELH-
HEHUMH BOZOPOZA C PAa3JIHYHBIMH APYTHMH 3JeMeHTaMu. IIpemyoxu-
Te pasJMuHble NPHU3HAKH [Js KJAacCH(PHKALMH STHX COeIHHEHH
(npexnnioxxuTe pasnMuHble NPHHUMIB KIacCHbHKALKH).

1-15. Urto BHIpakaeT XMMHUecKasl CTPYKTypHas ¢opmynaa? as

KaKoro arperaTHOTO COCTOSIHHSI BelllecTBa OHa IIPHTOAHA H MO-
yemy?
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1-16. TIpensoxurte crnoco6Gn kJaac:HOHKAUHH COCAMHEHHH:

H,SO4 K4[Fe(CN)] [Cr(NH,),]Clg
H,0 K3[Fe(CN)g] Na[Zn(OH),]
SO, Fe(CO) 5 KIg

CuSO4 Ni(CO) 4 Mn(CO);
CuSOy4-5H,0 co [Fe(H,0)g]SO4
K,Mg(SOy),-6H,0 NH, FeSO,-7H,0
KCN H,0 KI

Fe(CN), I, CrClg

Fe(CN)g FeSO,4 H,CO4
[Cr(NH,),CIICl, Cr,04 NH,OH

CO, NH,4CI HCl1

1-17. TlposenuTe KNacCHPHKAUHIO peaKUHH IO pPas3JHYHLIM
NpH3HAKaM:
1) Ca+4 O, = 2Ca0
2) CaO + CO, = CaCOq
3) 2HgO = 2Hg + O,
4) NH,Cl = NH, + HCI
5) Fe 4- CuSO, = FeSO, - Cu
6) 2KBr + Cl, = 2KCl + Br,
7) KCl 4 AgNOg = AgCl - KNO,

H DOIOJIHUTE KJacChl ADYTHMH peaKIHsIMH.

1-18. Huxe HanmucaHn ¢opMynan ¢ocpopHHx kucaor. Crpyn-
NUpYHTE HX pas3JHYHBIM 00pa3oM, NOJb3YsICb HECKOJbKHMH IIpH-
SHaKaMH. YKaxHTe NPHHUUNB HX KJaCCHOUKALHH.

H3POs oprodocdopucras HsP30yo TpudochopHas
HaPO,4 oprogocdopHas HgP4Oy3 reTpagochopHas
HP:0; audochopras (mupo- H4P,05 nupodocdopucTas

docpopHas) HPO, MeTaiocq;opncran
H3P30q TpuMeTadochopHas H3PO, tdocchopHoBaTHCTASA
H4P4O;2 TeTpametatdocopHas H4P,06 ¢docpopHoBaTas
HPO; MmeTtadocpopHas

1-19. Huxe npuBefeHbl (OPMyJH H Ha3BaHHA HECKOJbKHX Be-
IIEeCTB:

HCI XJIOPOBOLOPOL, CaH; THADHA KaJblHSA
HyS CepoBOAOPOJ PH; ¢docpna Bogopozna
H,Se CeJIeHOBOJOPOL,

CdopmyaupyiiTe npaBHIO NOCTPOEHUS Ha3BaHUH NOZOOHBIX CO-

eJUHEeHU} BOAOpoOAaA.
1-20. Huxe paHb ¢opMyJabl M Ha3BaHHS HECKOJbKHX BellleCTB:

Na,O OKCHJ HaTpHs CaH; THAPHI KaJbLUHSA
NagS cynbdHL HaTpHA H,0, NIepOKCHA BOJAOpOAA

Cdhopmyaunpyiite mpaBHIO, COIVIAaCHO KOTOPOMY Ha3bIBAIOTCA IO-
NOoOHBIe COeIHHEeHHS.
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1-21. YVkaxute NPU3HAKH Pas/JHYMsi U OGLIHOCTH PeakuHii:
" CaO (k) 4 H,0 (r) = Ca(OH), (x)
\CaO (k) + CO, (r) = CaCOj, (k)
1-22. O6cynuTe CONIaCHO COBPEMEHHOH HOMEHKJAaType XHMHYe-
CKHX COefMHeHHI caenylouine Ha3Banus HF:

¢dbTOpHCTEI! BOZOPOX NJIaBUKOBas KHCJOTA
THAPHA ¢TOpa (pTOpOBOAOPOAHAS KHUCIOTA
($HTOpPOBOROPOA ¢bTOPHCTOBOAOPOAHAA  KHCJOTA

¢dropun Bomopona

1-23. Hanumute ypaBHeHHe peaKuuu B3auMmogelcTBHa NapD
H CO,. CocTaBbTe ypaBHEHHE aHAJIOTHYHOH DeaKIHH, 3aMeHHB KHC-
Jopox B opmysax BeulecTB Ha cepy (NasS, CSp). Hanumnure ypab.
HeHHsl PeaKIHH TePMHUYECKOTO Pa3JIOXKEeHHs NOJYUYeHHOTO BelllecTBa
H B3aHMOIEHCTBHS €ro ¢ XJOPOBOALOPOAHON M CepHOH KHCJIOTaMH.
1-24. TTo aHaJIOTHH CO CJAEAYIOLUIHMH YpaBHEHHSIMH peakHHHd ¢
y4acTHeM BOMHI:
H,0 = H+4 OH"
2H,0 = H;O* + OH~
2Na 4- 2H,0 = 2NaOH +- Hy
H,0 + HCIO, = Hg0CIO, (k)

HANHIIHTe YpaBHeHHs PeaKUHHu AJS aMMHakKa.
1-25. 1o aHaJOrHH ¢ ypaBHEHHSAMH peaKIHi

BeO 4 Na,O = Na,BeO,
BeO - SiO, = BeSiOq4
3aKOHYHTE CiaeAyloluHe YPaBHEHHUA:
BeS 4 Na,S =
BeS 4- SiS, =
BeF, + NaF =
BeF, 4 SiFy =

HasoBuTe NpoayKThl peaKuHii.

1-26. Briuucaure maccy BaSO,; obpasylomerocs B pesyJbraTte
peakuuu

BaCl, + H,SO, = BaSO, -+ 2HCI

ecJIH OhlJIO B3SITO

BaCly, r 208 350 208 104 208
HsSO4, 1 98 98 150 98 49

Kako#i BbIBOL MOXKHO chesnaTb NoOCJe H3YYeHHsS 3THX HaHHLIX?

1-27. 3akoH coXpaHeHHs MacChl BellecTBa B XUMHUYECKHX peak-
UHSAX [OJABEPraJicsi MHOTOYHCJEHHBIM NpPOBEpKaM H He GbLIO 3KCIle-
pPHMEHTaJbHO OOHApYKeHO OTKJIOHEHHH OT Hero. YKaKHTe B CaMBIX
o6umux yepTax NYTH MOBLIIIEHHS TOYHOCTH (YMeHbILUEHHS NOrpem-
HOCTH) 3KCIlepHMEHTa.
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1-28. YkaxuTe, KaKHMH 3HAUCHHSAMH — TOYHHIMH HJM npuGJIH-
KEHHBIMH BBIDAXKaeTcs:

1) uuca0 MHJJIHJIATPOB B 1 a1

2) eMKOCTb KOJIOB B MHJIJIMJIUTPAX

3) uHucJeHHOe 3HauYeHHe ra3oBo# NOCTOSTHHOH

4) npousBenenue 22, HalileHHOoe mo Tal/HIle YMHOXEHUSA

5) mpousBefeHne 22, BHIUKHCJAEHHOE NPH MOMOIIH TabJHLLl JIO-
rapu¢pmMoB

6) 5 r HEKOTOPOro BelleCTBa

7) nocrosinHasi ABoraapo

8) lg 10=1

9) uHCI0 HAayYHBIX COTPYAHHKOB B JabopaToOpuH

10) uncJ0 HAyUHBIX COTPYAHHKOB B CTPaHe

11) BaseHTHOe COCTOSIHHE 3JleMeHTa

12) aTomHas macca ajeMeHTa

13) atoMHas Macca H30TONa 3JIEMEHTa

14) nopsinKOBHIE HOMep 3JieMeHTa

15) 4HCJIO IPOTOHOB M HEHTPOHOB B sIIpe aToOMa

1-29. Ilonyuenbl cJenyiolie 3HAUEHHs HEKOTOPOH BeJHUHHH
x=10, 11, —3, 14, 18. IlpoBeanre craTucTHUeCcKyI0 06paboTKy pe-
3yJbTAaTOB 9KCIEPHMEHTA.

1-30. B o6pasue Gpomuza kKaaus GbUI0O HaHLEHO aHaJH30M
67,03% O6poma. Briunciure aGCOMIOTHYIO H OTHOCHTEJNbHYIO IIO-
I'PELIHOCTH 9TOTO pe3yJbTaTta.

1-31. OnuiTHEIM DyTeM GbIJIO HalAeHO 3HaYeHHe ra3oBOiM NOCTO-
aaHoit R=8,309 [:x/(K-Momnb). OTHOCHTeNbHAsl NMOTPELIHOCTb CO-
craBasier 0,01'%. Onpenennte mpenennl, MeXAy KOTOPHIMH 3aKJIIO-
qaeTcs HCTHHHOe 3HAaYeHHe R. BXOAHT Jiu B 3TH Npefesnl OKpyrieH-
Hoe 3HaueHue R=8 JIx/(K-moiib).

1-32. Ecau nap HarpeteiM okcuzoM Mmeau CuO npomycrtuts CO

CuO (k) 4 CO (r) = Cu (x) 4 CO, (r)

u ob6pa3oBaBLIMfica AHOKCHA Yriepoia NPONYCTHTb yepe3 CJOH pac-
KaJIeHHOro yrJisi, cHoBa o6pasyercsa CO:

C (k) - CO, (r) = 2CO (r)

HO ero o06beM B JBa pasa GoJblle HepBoHauaJbHOro. Ecim ob6pa-
30BaBLIMHCSL OKCHJ, yrJiepoia CHOBAa BBECTH B ONHKCAHHble PEAKIINH,
ero o6beM Bo3pacTeT B yeThipe pasda. [IpelJoxkure Apyrue peak-
IIUH «XHMHYECKOTO YMHOXEHHS.

1-33. B kakux enununax CH uaMepsiloTcss U KakoBa pa3Mep-
HOCTb 4ucJa ABOrajpo u IocTosiHHON ABoraapo?

1-34. TlnorHocTe mapoB Gpoma mo BO3AYXy paBHa 5,37. Kaxom
cocTaB MOJIeKyJ Gpoma?

1-35. TIpo6a cmecu xucaopoza ¢ o3oHom (0°C, 1,013-105 [Ta)
o6bemMoM 750 MJ mocse pasJioKeHHS O30HA 3aHUMaeT o00beM
780 ma. Ilpu mpoxoxnaeHun 1 J1 3TOro 030HHPOBAHHOTO KHCJIOPOAA
yepe3 200 max 0,1 M pacreopa KI Brigenunocs 0,9 r noxza. Kakoso
CoJlepXKaHHe 030HA B ra30BOH CMecH?
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1-36. BrluHcauTe MaccH pas3/HYHLIX BellleCTB, IpHU HeficTBUM HA
KOoTophle BofOH Buaensiercsa 1 M3 Bogopoaa.

1-37. lllap o6wvemoM 5 o npu maBieHuu 1.10° ITa u Temmepary-
pe 300 K momHAT B BepxHHe CJOH aTtMmocdepbl, rie JaBjeHHe
1.10® ITa u temmeparypa 250 K. BriunciauTe o6beM L1apa B 3THX
YCA0BHAX (LIap HMeeT JIETKOPaCTAXKUMYI0 0060J0UKY).

1-38. ITpu 300 K u 1,013-10% [Ia wmacca rasooGpasHoro HF
o6pemoM 1,5 1 cocraBaser 4,755 r. O ueM roBOPAT 3TH [aHHEIE?

1-39. O6mbscuure, nouemy ra3 NO, HH NpH KaKHX NaBJIeHHSX He
nopuuHsiercsi 3akoHy Boi#ns-Mapuorra (V~1/p). Hasosure npy-
rve rashbl ¢ NOJOGHBIM NIOBeleHHEM. ,

1-40. Macca 1 o1 a3ora npu 0°C u 1,0133-10° Ila paBHa
1,25050 r, a mpu 0°C u 0,10133-105 [Ta cocraBaser 0,125002 r.
BhlyncauTe M3 3THX JaHHBIX HaubGosee TOUHOe 3HAUEHHE MOJIBHOH
Macchl a3oTa.

1-41. B peakuuu MexXJy a30TOM H KHCJOPOAOM OGbEM peakiH-
OHHOH cHcTeMbl He H3MeHsleTcsl. Kakoifi OKCHA moJsiyyaercs B pe-
3yJbTaTe peaklHu?

1-42. B aBToMoOuabHO! wmHHe oO6bemoM 0,5 M® BO3ZyX Haxo-
aurcs mof npaBiedHdeM 1,8-10°5 Ila. Ckoapko BO34yXa BBIAAET H3
LIHHEBL, eCJIH OTKPHTDb KianaH?

1-43. Macca 1 n Bosayxa mnpu 1,0133-10° [Ta u 20°C pasHa
1,2 r. BuiuncauTe cCpefHIO0 MOJbHYIO Maccy BO3AyXa.

1-44. Tas B KosaHMuecTBe n MoJjeil 3aHHMaeT o6beM V u Haxo-
JuTcA nod naBJseHueMm p. KakoBa 6yleT KOHLEHTpaLHs rasa, eciH
ero JaBJieHVe YBeJHYUTCS B IBa pasa?

1-45. Tlo mawnbim 1970 r. (ABTOMaTHYecKas MeXIJaHeTHas
craHuusi «BeHepa-7») Ha mMoBepXHOCTM BeHephl naBjieHHe COCTaB-
Jasier 100-10° I1a u temneparypa 6au3ka k 4500 °C. IIpencraBere
cebe, YTO COCYA eMKOCTbIO 1 Ji HamnoJIHEH Ha MOBEPXHOCTH Benephl
rasoBoil arMoc¢epolf, repMeTHYeCKH 3aKPBHIT M JOCTABJEH Ha 3eM-
Jio. Beiuncante o6’beM ra3a npu 3eMHBIX YCJIOBHAX.

1-46. B sakpoiToit KomMHaTe o6beMom 100 M3® mpoauam 10 ma
aneroHa. IloJb3ysch CIpaBOYHBIMH [aHHBIMH, ONpEdEeHTE IaBJe-
HHe mapoB auetoHa B moMelleHuun (20°C). Hackosabko omacHa co3-
AaBluasicsl KOHLEHTpallHsl NapoB alleTOHa AJs JBXaHusa? BoaMmo-
XKeH JH B3pHIB uau nmoxap? (IlocMOTpHTe CHpaBOYHHK IO TEXHHU-
Ke Ge30macHOCTH).

1-47. Camasa HH3Kas TeMmepartypa, HabJiomaeMas Ha 3eMHOM
wape —89,2°C, camas Buicokas —+58°C. Ilpu craHzaptTHomM naB-
nenun (1,01326.10% Ila) cocyn HamoJHHJIM BO3JAYXOM HpH caMo#
HU3KOH TeMmIepatype, TeDMETHYHO 3aKPBLIM W IepeHecaH B 06-
JlacTh C CaMoOH BHICOKOH TeMmmepatypoii. Kakoe pnaBJseHne ycra-
HaBJHBaeTcsa B cocyne? ,

1-48. BoluncauTe, CKOJBKO a30Ta COAepKHTCA B 1 Kr clepyio-
mux coexuHenuii: KNO;, NaNO;, NHNO; Ca(NOjz)e, CaCNj,,
CO(NHa;) ..

1-49. Tlpu pacTHpaHHH HOAA C TMOPOIUKOM xKeJse3a obGpasyercsd
BelecTBo coctaBa Fezlg. CunTasi, 4yTo Xeje3o HAXOZHTCA B JBYX-
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H TPeXBaJIEHTHOM COCTOSIHHH, BHIBEIHTEe (OpPMYJy 3TOro COeIHHe-
Hud. Ilpensioxkure o6Gmuit MeTol COCTaBJeHHS XHMHYeCKHX ¢op-
mya. IlpoBeppTe MeTon Ha npuMepe coennHenusi FeyFs.

1-50. Hanumure ¢opMyny coeZMHEHHS C COOTHOLIEHHEM aTo-
MoB O:Cl:1=4:1:1. [louemy Bn mnpeanaraere Takyio ¢popmy.y?
HasoBuTte npeasoxenHoe BaMu coexnHeHHe.

1-51. Tlo BO3MOMKHOCTH KPATKO ONHMIUUTE TNOPSAJOK OIepauuil
IJi1 yCTaHOBJIeHHS (OPMYJBl XHMHYECKOro BelllecTBa II0 H3BeECT-
HoMy ero coctaBy (B %). OTBeT oueHHMBaeTCsi O CTeNeHH KPaTKo-
CTH M YHHBEpPCAaJbHOCTH NPHMeHEHHS cO3JaHHOro Bamu mpenmnuca-
HHA (ajaroput™m meiictBus). Ecin BaM TPyAHO COCTaBHTb ajiTOPHTM,
BOCIIOJIb3YHTECh YHCJIOBBIMH IaHHHIMH H NPOBeJHTE IO HHM pacuyer;
HanpHMep, NPH aHaJii3e MeJHOro KoJiuejaHa Hafijeno (B % mo
macce): 34,64% Cu, 30,42% Fe u 34,94% S.

HanuncaHHH# ajJropuT™M npoBepbTe, NPEJIOXKHB PELINTh 33a4auy
CTYIEHTy, He 3HAKOMOMY C pellleHHeM Takoro THHa 3ajadu.

1-52. Tpu pasiuuHbIX BellleCTBAa HMEIOT OJMHAKOBHIH COCTaB:
85,7% C u 14,3% H. Ilpn HOpMaJbHEIX yCJAOBHAX | J1 KaxXKIoro Be-
mectBa uMeer maccy 1,87; 2,60 n 3,75 r. KakoBul opMynan 3THX
BelllecTB?

1-53. BemecTBo HMeer cocraB: 36,36% O, 9,12% H, 54,529, C.
Ipn cxuranuu 1,21 r BemecTBa B H36BITKE KHCJA0pOAa GBIJIO IMOJY-
yero 0,99 r H.O u 2,31 r CO,. Ilapnl Bemiectsa OblM B3BEIIEELl B
kKon6e npu 20°C u 9,33-10% ITa. EmMxocTs KoJ6H 293 Ma, Macca
KoJ6bl ¢ Bo3ayxoM 48,369 r, macca Koa6wl ¢ mHapaMu BelICCTBa
48,537 r. BeiuucanTe MOJIBHYIO Maccy BelllecTBa.

1-54. 3anumuTe XUMHYecKHe (OPMYJIbl CJAeAYIOIIHX MHHEPa.J0B
uepe3 HOPMYJIHI COCTABJAIIINX HX OKCHIOB:

Tanbk Mg;H,S8i,0,2

Mycxosm K2H4A155i5024
Hedenun NagAlySisOg

Paccunraiite cogepxanne (B %) 3/7eMEHTOB H OKCHIOB B KaX-
JIOM MHHepaJe.

1-55. Coenunenne comepxur 28,2% K, 69,0% F, 2,9% H. Co-
CTaBbTe ero XUMHuecKyio dhopmyJy.

1-56. M3BecTHH coelMHEHUS] BOJAOPOJA, XJ0Opa U KHCJaopoda cle-
JYIOIIHUX COCTaBOB:

%H %Cl %0 %H %Cl %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 mpocTeiiline popMyJasl BellecTB. Kak nokasaTh, yTO
npocreiimas ¢opmysa coBmafaer ¢ HCTHHHOH? Kak naMensiorcs
CBOMCTBA COeAHWHEHHH NPH yBeJHYeHHH YHCJA AaTOMOB KHcJOpoOAa
B MoJieKyJe?

1-57. MuHepan anb6ur (HaTpHeBBIH NOJIEBOH LINAT) COAEPXKKT
32,1% Si, 48,8% O, ocranbHoe — anioMHHHH 1 HaTpuil. KakoBa ero

tdopmyna?
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1-58. Huxe nmpuBefeHB MOJbHBlEe MACCH H COCTaBH HEKOTOPHIX
COelMHEHHU ajieMeHTa A:

Moa. macca, r  Conmepixka- Moua. macca, T Coxnepxa-

HHe A, % HHe A, %
OKcHJ, 109,94 56,34 Xnopung 208,22 14,87
OKeup 141,94 43,64 OKkcoxJopua 153,33 20,20
Xnopun 137,33 22,55 Okco6poMuf 286,70 10,80

Haiinute ero aToMHyI0 Maccy M BBIUHC/IHTE NOTPEIIHOCTH OINpe-
JeJIeHHUs.

1-59. MuHepan Gupiosda comepxut 2,3% H, 14,2% P, 24,89 Al,
58,7% O u npuMecr MeiHn (BHI3BIBalOllNe OKPacKy). BriBeaute mpo-
cTefiuyio ¢popMyay BelllecTBa. 3anuuiute GopMyJay MHHepaJa B BH-
ne $opMyJ BO3MOMHEIX er0 COCTaBJSIOIMX KOMIOHEHTOB (COJb,
THIPOKCHI, BOAA).

1-60. Munepan usympyn coxepxur 5% Be, 10% Al, 319% Si,
54% O u npuMmecb xpoma (BHI3BIBAIOLLYIO 3eJIeHYI0 OKpacKy). BH-
BelHTe mpocTefimyio ¢opMyay u3yMmpyna. 3amuuiute GopMyay MH-
HepaJia B BHAe (OpPMYJ OKCHIOB.

1-61. CnnaB copepxkur 85% Mg u 159% Al. HaBecky 8,52 r
cnyaBa ob6paboTrasH XJOPOBOAOPOAHOH KHCJIOTOH. Bhuncaute 06b-
eM BblaenuBlierocss Bogopoaa. Hasecky 6,89 r cnaasa o6paborann
IWesoublo. BheiupcauTe 006beM BhIAEJHBIIErocs BOLOpoAa. Bhumc-
JE€HHs NpOBEJUTE JJS HOPMAaJbHHX YycaoBui u aas 21°C w
9,88.104 Ila.

1-62. Ilpu o6pabotke 50 r cMecu MOPOIIKOB aJIOMHHHUS H MeIH
6M pactBOpOM rufpoKcuaa Hatpusa (p=1,22 r/cM3, pacTBop mpHro-
toBieH pacrBopenueM 240 r NaOH B Boae u pa3baBieHHeM [0
1 n1) o6pasoBanocek 8,2 1 BomopoAa (IPU HOPMAJBHHIX YCJIOBHSX).
BrhluncaMTe colepikaHue KaX/JOro MeTaJa B CMEeCH.

1-63. Ilpu cxwuranun 0,310 r HEKOTOPOro COeIMHEHHS asora ¢
Bonopoaom noayueno 0,348 r H,O u 216,7 mMa a3ora npu HopMmaJsb-
Heix ycaoBuii. IlnoTHocTh mapa atoro BemectBa mo Bo3ayxy 1,10,
KaxkoBa ¢opmysa 3TOTO COeHHEeHHSI?

1-64. ns onpenenenus corepxanus FeSO,-7H,O B Xkene3HoM
Kylopoce NPHMEHSIOT CJAeAYIOHIYIO MeTOZHKY. [0TOBSIT pacTBop
HCXOJHOTO BelllecTBa, oKucasor Felt B Fe3t a3oTHO! KHCIOTOH,
0CaXaaloT THAPOKCHJ 2KeJe3a. 3aTeM THAPOKCHJ IIPOKaJHBAIoOT,
npespainas ero B FeyOs.

Buoiuncaute maccy FeSO4.-7H,O B ucxogHolt HaBeckKe, ecld
Macca IpoKaJleHHOro BelllectBa coctaBusia 0,5026 r. ITouemy B x0-
Jle aHaJ{3a HeJb3sl cpa3y NpOKaJHTb Ha Bo3ayxe cyabdar xe-
Jaesa?

1-65. Ilpo6a rasa coaepxuT o30H. [locne passioxeHHs] 030HA
o6beM rasa yeeauunscsi Ha 19%. Kakoe comep:kanHe 030Ha B HC-
XOJHOM rase?

1-66. Omnpegennrte cOCTAaB CMeCH Kejle3a W MAarHus, ecjH IpH
o6pa6otke 8,0 r sToit cMecn 100 M1 KOHIEHTPHPOBAHHOH XJIOPOBO-
noponHo#t kucaore (12 M, p=1,19 r/cm®), pasGaBieHHO# BOmOH B



ABa pasa, BoAeaHaoch 4,48 1 Bojopoda (IPH HOPMAJBHBEIX YCJO-
BHAX).

1-67. Ons ycraHoBJieHHST (GOPMYJB ra3oo0pa3sHOTO YrJeBOAO-
poxa 5 s mpoOnl GBLTIH COXXKeHHW ¢ 25 MJa Kuciaopoza. O6pasoBa-
Jocb 15 ma pmokcuna yraepoga H 20 ma mapoB Bojah. KakoBa
topmyJa yriaesonopona?

1-68. Ilpn peficTBHH XJOpOBOmOpOAHO# KucaoTH Ha 1,031 r
CcnjiaBa MarHusd ¢ ajloMHHHeM Bhgeasercs 1,309 s BoZopoma mpu
25°C u 9,997-104 Tla. Ilpy moJHOM OKHCJIEHHM HaBecKH 2,445 r
CIslaBa Macca BelllectBa yBeauuusack Ha 2,005 r. Ilpm gmeficTBuu
umesnoun Ha 0,0988 r cniaBa Bhimensiercs 95,97 Ma BojopoAa mpif
26,3°C u 9,983-10* Ila. KakoB cocraB cniaBa? OlLeHHATe IOrpell-
HOCTb B OIlpefleJIEHHH COCTaBa.

1-69. Tlpu npoxoxaenun 1447 Kua snekrpuuecTtBa uepe3 pac-
TBOp cOJIH cepebpa Ha Katoie ocaxpaaercs 1,60 r cepeGpa. Briuuc-
JUTEe Maccy cepebpa, KOTOpas NOJIKHA BBIAEJHTHCS TEOPETHYECKH.
YKaxuTe NPUYHHBL PA3JHYHS MeXKAY KOJHUECTBOM IPAKTHYECKH
OCaxJIeHHOro cepeGpa U paCCUHTaHHBIM.

1-70. Tlpu snekrtposaunse 200 ma pacrBopa FeSO, na aHcle BHI-
pennyoch 2712 ma xucaopona (nmpu +8°C m 1,034-10° [1a), a ua
Karoje — 2 r Kese3a. MOXHO JIH IO 3THM JaHHBIM BBIYHC/IHTH
KOHUEHTpPalHIO pacTBopa?

1-71. B TeueHHe KaKOro BpPeMeHH CJelyeT IPONYyCKaTh TOK CH-
Joi 6 A m wuanpsizkenuem 8 B uepes 12 a1 22 M pacreopa
NapSO,, uto6n noayuutb 1,25 o1 rasa (kakoro?) mpu 20°C u
9,86-10% T1a?

1-72. Yepes aBa moc/el0BaTeNbHO COeNHHEHHBIX 3JIeKTPOJIH3e-
pa, conepxamux pactBophl FeCly u FeCl; onnHakoBolt KOHIEHTpa-
uuy, nponyctuan 96500 Ka asnektpuuectBa. CKOJMBKO XJ0pa H XKe-
Jie3a MOXKET BBLIEJNUTHCS TEOPETHUECKH B KaXXAOM 3JeKTpoJHusepe?

1-73. Tpu snekrponusepa, copepxkauue pactsophl FeCls, CuCl,
# NaCl coenuneHBl nocjiefoBaTeJbHO. UYepe3 1enb NPONylLeHO
9,6484 Kua snektpudectBa. CKOJMBKO XJOpa H MeTaj/la MOTYT BHI-
LEJUThCS TEOPETHUYECKH B KaXK/J0M 3JeKTpoJiu3epe?

1-74. Tpebyercsi u3MepHTb KOJHYECTBO 3JeKTpuuecTBa (IOCTO-
SIHHBIA TOK), NpoOllelllIero yepe3 pacTBOP HJH KaKoi-1u6o nmpuoéop.
B pacnopsi:keHUH HMEIOTCS TOJNBKO TOYHBIH aMIepMeTD U CeKyHIO-
mep. Cuna ToKa BO BpeMeHu H3MeHsieTc. Kak ocyllecTBHTb u3-
MepeHHe KOJHUYEeCTBA 3JeKTPHYECTBA?

1-75. Uepes pacTBOp COJNH HpPONYCKAaeTCS IOCTOSHHBIA  3JeKT-
pHueckuii ToK. B pesysbrare ssekTposusa (MJaH KakKHX-IHGO Inpy-
rEX NPOIECCOB) CHJIA TOKa BO BpeMeHH H3MeHsieTcsl. [Ipensoxure
Crnoco6bl H3MepEeHHSI KOJHYeCTBa NPOXOJAIIEr0 yepe3 pacTBOp 3JeK-
TpHYeCTBa.

1-76. PactBop cysibdata MeZH MmoABepraercs 3jeKTpoJun3dy. [Ipu
cune toka 0,5 A 3a 214,3 mun Bogeaungocb 2,118 r menu. Kaxos
3apsig HOHA MeJHu?

1-77. Menp o6pasyer ABa HNPUPOAHBIX OCHOBHEIX KapOoHara:
asyputr 2CuCO;-Cu(OH), u manaxur CuCO;z-Cu(OH),. Hccneny-
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eTcsl OfMH M3 9THX KapGoHatoB. as atoro nmpokasauiau 1,84 r kap-
6onarta u noayuuau 13,26 r CuO, 3,67 r CO, u 1,5 r H,O. Ilpn
JefcTBHH H36BITKA XJOPOBOAOPOAHOH KucaOThH Ha 0,463 r Toro ke
kap6onara Bhizeanioch 238 ma CO, npu 22°C u 99480 Ila. IToay-
YeHHHI PacTBOP MORBEPINH 3JEKTPOJH3Y H BHeNHIH 0,266 T Me-
1. Kakoi xap6oHat uayuaJscsr

1-78. Omnpeneanre aTOMHYI0O MacCy MeTajja, €CJH ero ylefb-
Has TemloeMKocThb cocraBaser 0,1276 Ix/(K-.r), a okcuaw coxep-
xkar 13,98 u 7,16% xkuciopona. HaszoBurte ator MeraJi.

1-79. Ilpu B3aumogefictBuu 3,000 r xkese3a ¢ 985 r kucaopozna
(22,5°C u 1,004-105 Ila) nomnyuaerca 4,289 r okcupa. 3Has, uTO
ylelbHas TelJoeMKocTb xeje3a paBHa 0,447 IIx/(K-r), paccum-
TalTe aTOMHYIO0 Maccy xeJesa.

1-80. ITpu B3aumozeiictBun 6,000 r kenesa ¢ Kucjaoponom obpa-
3oBanoch 8,578 r okcuaa. YheabHas TeNJOeMKOCTb KeJe3a paBHa
0,447 Ox/(K-r). Brlunciute aTOMHYIO Maccy KeJsesa.

1-81. BrluncsanTe aToMHYy10 Maccy LHHKA, 3Hasd, uto 26,78 r ero,
pearupysl ¢ KHcJopoZoM, aawT 33,333 r okcuia. YaeabHas TelJoO-
eMKkocTh uuHKa paBHa 0,389 [x/(K-r). Kakumu apyrumu Mero-
JaMH MOXHO ONpeJeJHTb aTOMHYIO Maccy IIHHKa?

1-82. Merann obpasyer nBa okcuaa, colepxamux 21,20 u
11,889% xucaopona. ¥YnenbHasi TelmsoeMKocTh Meraanaa 0,217 OIx/
(K-r). BriuucanTe aTOMHYI0 Maccy MeTaJjla H ycTaHOBHTe GopMy-
Jibl OKCHJI0B. '

1-83. Ilpu B3aumopefictBuu 0,563 r Meranna ¢ BOLOH BBIAENIM-
Jgocb 348,9 ma Bomopona npu 24°C u 9,943-10* ITa. [Ipu oxuciae-
Huu 1,830 r atoro MeraJjJsa KuciaoporoM o6pasoBaJsoch 2,560 r ok-
cuna. Ilpn HarpeBaHHH MOJYYEHHOrO OKCHAA B aTMocdepe IHOK-
CHIa yrJjepoia Macca BellecTBa YyBeJjuuuaach Ha 2,009 r. Ilpu
HarpeBanud 0,980 r Merasnna B aTMocdepe BIaXKHOro AHOKCHIA Yr-
Jepoja Macca BelllecTBa crana 3,963 r. BeiuncauTe aToMHylo Mac-
Cy MeTajJja, 3Has, YTO €ro yJAeabHas TeNJIOEMKOCTb paBHA
0,647 Ox/(K-r). HasoBure ator mMerasn.

1-84. Uepe3 pacTBOp COJH ABYXBaJIEHTHOTO MeTaJjJja B TeYeHHE
10 u mpu cuse TokKa 2,68 A mponyiieHo 96484 Ku anekrTpuuecta.
Ha snexrpone Bmimeausoch 12,15 r meraana*. KakoBa ero aTom-
Hasl Macca?

1-85. Uepes pacTBop COJIH mponylleH ToK cuioit 2,00 A B Teue-
uue 1 4, Beigeaunsaocs 0,910 r meranna, ero yaenabHass TenJaoeM-
KocTb paBHa 1,024 Ix/(K-r). IIpn cxuranun B kucaopoze 0,810 r
Mmeranna o6GpasoBasnoch 1,343 r okcuma. [Ipu neficTBHH XJOpOBC-
noponHo#t kucaothl Ha 0,100 r meTansna u3 pacTBOPa BHAENHJIOCH
0,969 mMa Bomopoza, KoTophlii cobpanun Haa Boao npu 19°C u
1,051.10° ITa. ([aBJsenne mapa BOABl IPH 3TOH TeMIepaType pas-
Ho 2,2-10% Ia).

Uro 3T0 3a MeTajJ M Kakas ero atomMHas macca? Ouenurte mo-

* 3mech W B APYTHX 3ajayax NpPEeANOJaraercs, 4To BHIXOJ MO TOKY paBeH
100%.
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rpellHoCTb H3MepeHHH. Kako#i cmoco6 ompenesenus’aTOMHOR Mac-
CBl JaJj pe3ysabTaT, HaH6Gosee OJH3KHH K TeOpeTHUECKOMY?

1-86. Ilpu Bsaumopedicteuu 0,1080 r Meranjpa ¢ KHCIOTOH BHI-
Aeaunocb 53,46 MJ BOZOpOAa, KOTOPHIA coGpaaM Hal BOLOH INpH
25°C u 9,93-10% Tla (puyo mpu 25°C paBuo. 3132 Ila). IToayuus-
wniicss pacTBOp NOABEPTVIM 3JeKTponausdy. as seigenenus 0,92 r
MeTaJjJsa norpe6oBanoch TOK cujoit 0,947 A mpomyckaTh B TeueHHe
1 4 30 mHH. YaeabHas TemnoeMKocTb MeTadsia 0,449 JIx/(K-r).
BriuncauTe dTOMHYIO Maccy MeraJuia.

1-87. Ilpu BoccTaHOBJIEHHH BOAopoaoM 5,422 r okcuia Gbljao Io-
Jyyeno 4,331 r meraana. PacrBopuau 10,5 r okcuga B 100 Mo xJo0-
POBOLOPOJHOM KHCJOTHL M M3 IOJIOBHHBI IOJIYYEHHOrO pacTBopa
BREIZEMJIN XJOPHI, KOTOpHIH comepxkan 52,739% xmaopa. Uepes BTo-
Pyl0 yacTb pacTBOpa NPONYCTH/IHM INOCTOSIHHBIA TOK HaNpsKeHUeM
6 B. Ilpu cune Toka 1,65 A 3a 8 mun 22 c Bwigenusoch 1,02 r me-
Tajna. Onpenenure, KaKOH 3TO MeTas sl H KaKoBa ero aToMHasi Mac-
€a, 3Had, UTO YyAesJbHas TelJIOEMKOCTb MeTaJJa  paBHA
0,384 Ix/(K-r).

1-88. Onpenenure MeTa/1 U ero aTOMHYIO MacCy Ha OCHOBaHHH
cleqyomux cBefeHuil. [Ipn s/eKTpo/H3e COJH MeTaslla TOKOM CH-
Joit 4,4 A 3a 1 u 12 mMun 22 c Bugeaugocb 1,782 r Meranana., dto
KOJIMYeCTBO MeTaJJa GblIo NpeBpallleHo B KOMIAKTHHIN KYCOK, KO-
Tophlit Harpead ot 20 mo 100°C, npu sToM O6BIIO 3aTpadeHo
128,8 Hx Temsotnl. [Ipu pacrBopenun 0,395 r merasna B 15 ma
209%-noit HCI Buimenunocy 540,8 ms1 Bomopoma (o6beM H3Mepsian
npu 20°C u naBienun 98686 Ila). IIpu OKHCIEHHH KHCJIOPOAOM
1,387 r storo Meranna mnosayuusnoce 2,62 r okcupa. Kakosa mo-
TPELIHOCTh B ONpeJe/eHHH aTOMHOH Macchl (CpaBHHUTE C TabGJHYHHI-
MH JaHHBIMH) ?

1-89. Onpenenute MeTana U ero aTOMHYIO Maccy Ha OCHOBaHHH
CJIeAYIOIMX NaHHBIX: a) IIPH CXKHraHHH B Kucsaopoje 3,35 r meran-
Jia nosaydeHo 4,26 r okcupa; 6) npH NpPoKaJuBaHHH B XJOpe M3
4,02 r Meranna .moayuyeHo 8,87 r xJopuia, B) IPH 3JeKTPOJH3E
pactBopa coJH TokoM cuJjolt 0,78 A 3a 96 MHH 43 c BBIIEIHJIOCH
1,376 r Meranna; r) yheJabHas TeIJIOEMKOCTb MeTaJia
0,444 Ox/(K-r). BruncIuTE NOrpEMIHOCTL B ONPEAEJIEHHH aTOMHOM
Macchl.

1-90. BhlynciuTe aTOMHYIO Maccy KeJe3a, HCXOAs U3 CJenyio-
wux paHaeix: 3,000 r xenesa npopearupoBatu ¢ 985 MJa Kucaopo-
na npu 22,56°C u 1,004.10°% ITa; 6) Kycok xkenesa Maccoit 50,12 r
TlepeHecJM M3 Kunsillel BoAbl B 250 MJ BOABL C TeMIepaTypoi
-+21,30°C, B pesysnbraTe TeMImepaTypa BOAB NOZHAJACh 10
+23,15°C. [Tenmoemkocts xuaxoit Bogsl 75,31 Hx/(K-Moub)].

§ 2. ATOMHOE 4/1PO

2-1. Bo3MOXHOCTb 6eCKOHEYHOro JeJieHHsl Teja IPHUBOAUT K 3d-
KJIIOYEHHIO, YTO OHO COCTOHT M3 OecKOHeuHO O6oJiblIoro yucaa 6ec-
KOHEYHO MaJjblX YacTHll, T. €. YacTHl, He HMelOlINx pasmepa. Tor-
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Jla KaXkeTcsl HeBepPOSITHBIM, 4TO M3 TaKHX YaCTHIl NOJYy4YaeTcs TeJo
KOHEUHBIX pa3MepoB. DTH pacCyKIeHHs JieKaT B OCHOBe 3HaMeHH-
TOH Teopud aToMOB J[leMOKpHTa, COIJIACHO KOTOPOH Kaxioe Tesn
COCTOMT He U3 6eCKOHeYHO O60JIbIIOTrOo, a M3 OYeHb GOJBLIOrQ YHC-
Ja BecbMa MaJjbx yactHU. M3 3Toit Teopuu cieayer, 4TO BHIBOJ O
JeJMMOCTH Tesl 00 OeCKOHEYHOCTH HeBepeH, T. e. CYLIeCTBYIOT rpa-
HUuIH geauMoctd. KakoBo Baue MHeHHe?

2-2. Tne comepxurcs 6GoJblliee YHCJAO HACTHL —B 1 MOJb aJio-
MHHHSL HJIH B 1 MoJb xJopa?

2-3. Uro TaxKeJiee: aTOM BOJOPOAA HJH HEHTPOH?

2-4, TlepeuncnauTe Bce H3BeCcTHBle BaM MeTOAB omnpejeseHHUS
ATOMHOH MaccChl 3JleMeHTa.

2-5. [logpo6Ho omumHNTe, KaK NPH NMOMOILHU 3JEKTPOJH3a MOXK-
HO ONpe/leJIUTh ATOMHYIO Maccy 3JeMeHTa.

2-6. B ueM npUYHHBEI 3aMeHBl TEDMHHOB aTOMHBIH H MOJIEKYJsp-
HBI BeC Ha aTOMHYIO H MOJIEKYJSIPHYIO Maccy?

2-7. B Kakux elMHHIlaX BhHIpaxaeTcsl aTOMHas Macca H aToM-
HBI 06BEM?

2-8. CpaBuute Mmogmenu atoma TomcoHa, Pesepdpopma m Bopa
C COBpPEMEHHOH MOJeJbl0 aToMa. YKa)KuTe NPH3HAKH, NPUCYLHE
BCEM 3THM MOJEJSIM.

2-9. Ix. Ix. TomcoHoM Obljia mpeinsoxkeHa MOJeJb aToOMa, B
KOTOpOH NPOTOHBl M 3JEeKTPOHHI SIAPA OKPYXKeHBl 3JeKTPOHAME.
Kak omnpenensiercss aTOMHBIH HOMep B 3TOH Mojenanm atoMa? Kak
OOBACHHTb $IBJEHHEe H30TONMM B 3Toi Monenu? Kakue sxcmepn-
MEHTaJIbHble JaHHble NOJTBepXIaloT H ONPOBEpPraliT 3Ty MOJeNb?
Kak 6b110 HOKa3aHO, YTO B aToMe SIAPO 3aHHMAaeT He3HaUHTEJbHYIO
noJio o6bemMa?

2-10. Bulo mpelJioXKeHO TPH MOJeaHd aTOMHOro siapa: a) sapo
COCTOHT H3 IIPOTOHOB H 3JEKTPOHOB; 6) SiAPO COCTOHT H3 IPOTOHOB
H HeATPOHOB; B) SAPO COCTOMUT H3 HEHTPOHOB H IIO3HTPOHOB. YKa-
JXXHUTe IpPEHMYIUeCTBA H HeNOCTaTKH 3THX Mojenell. Onpenenure
YHCJIO YACTHUIL B fipe aToMa KaxKJoH MOAeJH.

2-11. M3oTonbl 3jeMeHTa M YaCTHUB NPUHATO 0003HAuUaThH cJe-
LyloluM ob6pa3oM:

105B, 27341, Yon, 1yp

CoopmynupyiiTe NpaBHIO HAaHCAHUSA (GOPMYJ, H30TONOB H YACTHLL.
[IpoBepbTe ero, mpenJsiOXKUB TOBapHIlaM HECKOJBKO 3aJaHHH,
2-12. 55He, 3°Li, 4'Be, 5B — usoTonrl. [JaiiTe ompenenenue Io-
HATHS «H30TOH». IlpensioxuTe Npyrue npuMepsl H30TOHOB.
2-13. BoluMcauTe aTOMHYIO Maccy* yrijepoaa, eciH CoJAepKa-

* ArtoMHas Macca 3JeMeHTa BHYHCJseTcs o GopMyJe
M;iN;
A= o5~
i
rae M; — macca i-ro usorona; N; — conepxaHue i-ro usorona, %.
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HHe u3otona c¢ aromuoil maccoit 12,00000 cocrasaser 98,89%, a
usotona ¢ Maccoit 13,00332 cocrasaser 1,11%.

2-14. U3 1000 1 o6biyHO# BoAbl moayueHo 10 ma  989%-noit
D,0. Paccuntaiite comepxanue TaxKenoll BOAK B OGHIYHOH Bofe #
IlefiTepHusl B BOAOPOZe.

2-15. AtomHast macca ypana 238,03, xoTss NpHPOAHBIA ypaH cO-
CTOHUT M3 CMECH H30TOINOB ¢22%4U (0,0058%), ¢22%5U (0,715%) u
922%8U (99,28%). OGBbsicHuTe, MOYEMYy aTOMHasi Macca ypaHa mpe-
BLIIIAET MacCOBOE YHCJIO CaMOro TSXKeJOro H30Tona.

2-16. Meap uMeeT ABa H30TONa C MAacCCOBHIMH uucaamu 63 n
65, cogepxaHue KOTOpPhIX cocraBasiior 73 u 27%. IIpensoxure cno-
co0 (bl) BBIYHCJEHHSI cpefHell aTOMHOH Macchl MenH. Ilpensoxure
cnoco6 pacyera cpelHeHl aTOMHOH Macchl, €CJH B CMeCH COAePXKHUT-
cs1 60Jiee ABYX M30TOIOB.

2-17. TloueMy BepxXHHH HHJeKC B 3amHCH (OpMYyJbl H30TONAa He
paBeH ~atoMHo# Macce? Hanpumep, 1737Cl umeer maccy 36,966.
KaxoB ¢u3uuecKuii CMBICJ BepXHero HHAeKca?

2-18. Uem o00bsicHSIETCS, YTO aTOMHBIE MacChl BHIDaXaloTcsid He
LeJNbIMH YHCJAaMU?

2-19. TIpHpoaHBIH aNIOMHHHE COCTOMT TOJbBKO H3 aTtoMoB 27Al,
TeM He MeHee ero aTOMHas Macca BHIpaXKeHa HelleJLIM YHCJIOM.
Ilouemy?

2-20. AtomHasi Macca xJopa paBHa 35,453. Xnop uMeer ;B2
n3oromna: ;73°Cl ¢ maccoit 34,969 u ,37Cl ¢ maccoit 36,966. Kak
OOBSACHHTb, UTO aTOMHAasi Macca XJopa MeHblle aTOMHbIX Mace
060UX U30TONOB?

2-21. TlpupoiHHI KHCJIOPOJ HMeeT CJAeAYIOUIHH H30TONHHIHA co-
craB: 99,7599 5!%0, 0,037% 3570 u 0,204 §'80. ATOMHBIE MacChi
STHX H30TONOB COOTBETCTBEHHO paBHH 15,99441; 16,99914 wu
17,99916. BrluucauTe aTOMHYI0 Maccy IPHPOAHOTO KHCJOPOAA.
OnuunuTte NOPSILOK BHIYHCJIEHHS aTOMHBIX MacC IO H30TOHNHOMY CO-
CTaBy.

2-22. HuxXe npuBeleHBl COOTHOUIEHHS] OTHOCHTEJBHOTO COJAepKa-
HHS H30TONOB HEKOTOPHIX 3JIEMEHTOB:

180 : 180 : 70=2670:5:1
'H:?H=670:1

LN ; 5N =270: 1
12C:18C=90:1

Kaxko#t BBIBOJ cjenyeT H3 3THX JaHHBIX? Kakoe HCK/IIOUeHHEe HMe-
eTCsl B 9THX OTHOLIEHHSX?

2-23. Huxe conocraBJjieHHl yucsaa, BhpaxKawlliue 3apsiibl U Mac-
Chi siiep H30TOMOB 3JIEMEHTOB H HX pacmpocTpaHeHHoctH (B aTt. %)
B 3eMHOH Kope:

3apsp aapa yeTHOe HeyeTHoe yeTHoe HeueTHoe
YHCJIO YHCIIO0 4YHCTI0 YHCJIO0

Macca YyeTHoe HeueTHOe HeueTHOe yeTHOe
YHCII0 YHCJI0 YHCJI0 YHCJIO

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

usortona, %
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89

OmHocumensHas pacnpocmpaHeHHocms SAeMeHmol

)
151

PHUC. 2-1. PR AT SN NN [ NN N TN N A B

8 16 24 32 40 4B 56 64 72 80 88 95
MopsikoBeil Homep 3nemeHma

Kaxko¥ MOXHO cHeJaTh BBHIBOJ OTHOCHTE/IbHO CTDOEHHS M YCTOHYH-
BOCTH AAep?

2-24, Puc. 2-1 uamocTpupyeT OTHOCHTEJbHYIO pacHpoCTpaHeH-
HOCTb 3JIEMEHTOB 3eMHOIl KOpHl (Y TOYeK HEKOTOPHIX MaKCHMYMOB
4 MHHHMYMOB KPHBOH JONMOJIHHUTEJNBHO yKa3aH NOPSAKOBHIE HOMep
asementa). IlpenJsiokure npaBHJIO, KOTOPOMY IOAYHHSETCS MNpen-
CTaBjleHHasl 3aBHCHUMOCTb. [lombiTaliTech OGBSICHUTL NMPHYHHBI JHei-
CTBUA 3TOro npasusia. Kakue HMelOTCS HCKJIOYEHHSI H3 3TOro Ipa-
BuJja’?

2-25. O6bsicHuTe, MoueMy p-ajeMeHTH VIII rpynnbl (uHepTHBIE
UM 6naropofiHble rasbl), XOTSl H HMeIOT YeTHBHle aTOMHBle HOMepa,
pacnpocTpaHeHHl ropa3jao MeHbllle, YeM COCeJHHe C HUMH 3JIeMEHTH,

2-26. Ha puc. 2-2 noka3ana OTHOCHTeJIbHasl PaCHpPOCTPaHEHHOCTh
JIAHTAHOHIOB B 3eMHOH KOpe OT HX aTOMHOro HoMepa. Kakas 3ako-
HOMEPHOCTb IIPOCJIEKHBa- PUC. 2-2.
€Tcsl B 3TOM 3aBHCHUMOCTH
H B YeM COCTOUT ee IpH- Ce
qHuHa?

2-27. B 100 n Bosnyxa
conpepxurcs 0,524 ma He,
1,82 mn Ne, 934 ma Ar,
0,114 ma Kr wu 0,0087 ma
Xe. TloueMmy, HauuHas c
aprosa, cojepxaHHe 3THX
rasoB YyMeHbIUAeTCs MpH
mepexoje BHH3 IO MOX-
rpynne? Ilouemy reanit u . PmyEu\/ T\ HoV /T
HEOH BHINAjJAalOT M3 JTOoH 56 60 62 &8k 66 68 70
3aKOHOMEPHOCTH? TNopsdxoBoidl Homep nanmarouda

pacnpocmpa-

HEHHOCMb NaHMAHoUIDE

OmHocumensHas
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2-28. Kakue BHBOAH BBl MoXeTe chaenaTh H3 JaHHBIX, IMOKa3H-
BAIOLHX COAepKaHUe HEKOTOPHIX 3JeMEeHTOB B 3eMHOH Kope H 30Je
pactenu#t (B r/t):

B 3emHoft B 3soxe B 3emnoft B 3one
Kope pacTeHuft Kope pactesuft
Muibsk 2 500 CauHen 16 100
Bepuaanii 2 45 Cepe6po 0,1 2
Ko6anbT 23 300 Moaun6aen 1 50
Hukeann 80 700 Ypau 2 400
Kanmuit 0,15 5

2-29. TlpupoaHble ypaHOBHE PYAH HeHCTBYIOT Ha ¢ororpaguuye-
CKyIO TJIaCTHHKY CHJIbHee, YeM YHCTHIH OKCHJ ypaHa. [louemy?

2-30. O6bscHuTe, noueMy sjapa *He ouenb crabuibuel, a ‘H u
4Li He cyILlecTBYIOT.

2-31. Kakoe atomHoe siapo o6aazaer HauboJbllell CTaGUIBHO-
CcThi0 (C TepMOAMHAMHYECKOH H KHHETHYECKOH TOYeK 3peHHs)?

2-32. Ilepron moaypacnajga cBOGOJHOrO HeHTPOHA COCTaBJsieT
Ti72=12 muH. [louemy o6pasylolluecss npu pacnajge NPOTOH H 3JeK-
TPOH pasjeTaloTcss B pa3Hble CTOPOHH He Iof yriaom 180°, a mon
HEKOTOPBIM HHBIM YIJIOM.

2-33. a-Uacrtuusl *He Jgerko morJolialTcsl BellleCTBOM, OHH He
MOryT NpOHTH Haxe yepe3d jHcT Oymaru. OgHakKo BellecTBa, HCMy-
CKalollfe @-4acTHIBl, OYeHb ONAaCHHl OJg desoBeka. [louemy?

2-34. CKopoCTb @-4acCTHLL HIpHUMepHO B 15 pa3 MeHbiue CKOPOCTH
B-uacTul, ONHAKO G-YaCTHLbI 3HAYHTEJbHO cJaGee OTKJIOHSIOTCA
MarHuTHEIM noJsieM. Hafigure o6bacHeHus.

2-35. O6GBsacHHTe, MOYeMy HEHTPOHH NOTrJOLIalOTCA HanboJee
HHTEHCHBHO COeJHHEHHSIMH, coJepXKallUMH Bojopon (Boja, mapa-
¢un). Tak, oHH mpoxoaAT 4yepe3 cjaoli cBHHLA B 50 cM, HO cnofi na-
paduna B 20 cM HX NOJHOCTbIO 3ajlepXKUBaeT.

2-36. CepebpsiHBIH cOCyl, B KOTOPOM HAXOAMTCSI HCTOYHHK HeH-
TPOHOB, HOMECTHJIH B CBHHHOBHIH AIHK. OGBICHHTE, IOYEMY AaKTHB-
HOCTb cepe6pa 3aBHCHT OT IOJIOXKEHHS COCyla B filiHKe (B LEHTpe,
Yy CTEHOK HJIH B YIVIy) H OT TOrO, CTOHT JH COCYJ Ha MeTaJjH4yeCKOH
UM JepeBSHHOH MOJACTaBKe, MPHYEM B NOCJeAHEM cJydae aKTHB-
HOoCTb cepe6pa Bhile. IIpexckaxkure, KaK MOXKHO NOBLICHTb aKTHB-
HOCTb cepebpa npH o6GJydyeHUH ero HeHTPOHaMH.

2-37. Kpuruueckass macca Kycka ypana 235U (93,5%) B dop-
Me OTKpHITOro mapa =50 Kr, l1apa c oTpaxarejeM HEHATPOHOB
=~ 20 kr, a nng BomgHoro pacrBopa MeHee 1 kr. IloueMy kpHTHYe-
CKas Macca B BOJHOM pacTBOpPe HaMHOI'O MeHble?

2-38. Huxe npuBeleHH NpHMepH NMOJHOH M COKpalleHHOHA 3a-
nucell ypaBHeHHH SIAEPHBIX peaklHi:

88,,Cr+2,H=5,Mn{1n wm 5Cr (D, n)%Mn
19F 44 H=20,Ne{-y wum 1°F (p, y) **Ne

CchopMmynupyiiTe mpaBuJa COKpalleHHOH 3amHCH ypaBHeHHHA sjlep-
24



HBIX peaKUHi M HaNmHUIMTe COKPalleHHHIM CcIoco60M ypaBHeHHe
peakuuy

226, Ra = 222, Rn + 4,He
H TOJIHHIM CIIOCOGOM:
Zn (p, n) Ga

2-39. Kak u3MeHHTCSI aTOMHasi Macca M HOMep 3JieMeHTa NpH
NorJolleHHH AAPOM 3JeKTPOHA H3 GJHXKaMlllero 3JeKTPQHHOrO
cnos (K-3axsar)?

2-40. B aroMHOM siApe JIEKTDOHOB HeT, TeM He MeHee NPH
B-pacnage oHH H3nyuwalorcs sapamu. OTkyaa oHH Oepytcs?

2-41. 3akoHuYHMTe ypaBHeHHs peaKHu#t 0O6pa3OBaHHSA H pacma-
na "C:

Ln4...=4C+1H
8C=...+p"

2-42. Kak y3HaTb, KaKHe H3 sileDHHIX DeakKUHil GoJiee BeposiT-
HHIL:

1) 1B+ 2H=1"B41p
105B + % H = 114C +gn
2) 1B  ¢,He = 12,C 4 2,H
10;B + 4,He = 13,C +,p
105B + 4,He = 1%,N + 14n
3) *';3Al 4 2, H = 28,,Mg - 4,He
715Al + % H = 2,5A1 4 4p
M1gAl 4 3 H = 28,4Si + 1on
4) ¥735A1 4 1gn 427, Mg 4-1yp
319A1 - 1on = A1 -y
2-43. I na dopmynn DiiHmTelHA
E = mc?
rae E— 3Heprusg TeJja; m -— Macca TeJla; C-— CKOPOCTb paclnpoCTpaHEHHS CBeTa
B BaKyyMe.
yKaXHTe B3aHMOCBSI3b BEeJHUHH (KaKas BeJHYHHA 3aBHCHT OT JpY-
rof) U Kakylio BeJHUHHY MOXHO CUHTaTh K03(GHUHEeHTOM npomop-
IHOHAJIbHOCTH.
2-44, TlpeoGpasyiite popmyny DiHITeliHa B BHIpaXeHHe 1J
pacuera 3HepPrHH sfepHOH peaklHH.

2-45. Kakas peakuusi compoBoxpaercs OOJbLIMM BHAeJeHHEM
SHepruu:

6Li 4 2H = 2¢He
HJIH
7Li 4 1H = 2¢He
2-46. Briuncaute sHepreTHYecKuit addexkT sAepHOH peaKLHH
7Li 4 1H = 24He

€CJIH aTOMHble MAacCbl H30TOIIOB JIHTHA, BOAOpPOAA H reJjius COCTaB-
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Ja10T cooTBeTcTBeHHo 7,01655, 1,00733 u 4,00297 y.e. Cxonabko
yras notpeGoBajioch OBl CXKeub AJsS NMOJYYEHHS TOro 2Ke KOJHYeCT-
Ba TEMJIOTHI? .

2-47. BbIUHCJHTE, KAKOMY KOJHYeCTBY SHEPrHH 3KBHBaJIEHTHO
H3MeHeHMe MaccH Ha 1 r.

2-48. Brlunciure, KAKOMY H3MEHEHHIO MAacChl OTBEYaeT H3MeHe-
HYe 3Hepruy, paBHoe 1000 kJIx/MoJIb.

2-49. V3BecTHH cayuyaH, Korjia aTOMHbBle siipa C OJHHAKOBBIMH
MAaCCOBHIMH YHCJaMH H OLHHAKOBBIMH TODSIAKOBEIMH HOMepaMH
IepexXonsiT B OLMH H TOT e NPOAYKT pacmaja C pa3iMYHBIMH Ile-
pHOLaMH HoJiypacnaja, HanpuMep:

30 muu
#999Ca —> 49,,Sc + ¢

2,54
19,0Ca —> 49,,8c | e~

O KaKoM sIBJIEHHH 3TO TOBOPHT?

2-50. Slnpa HEKOTOPHIX 3JIeMEHTOB C OJHHAKOBHIM 3apSAOM H
Macco¥ MOTYT pacmafaTtbCs pas3JHuHbM o6Gpa3oM, Hampumep, 1/3
anep s32'?Th moxBepraercs a-pacmaly, a 2/3 snep — B-pacnapy.
Kako# BbIBOA MOXKHO cleJjlaTb U3 3TOro ¢akra?

2-51. IlpuBeauTe 06BSICHEHHS, IOYeMY OAHO U3 MHOTHX siiep pa-
JHOAKTHBHOI'O M30TONla B NaHHBIH MOMEHT BpPeMeHH paclajaercs, a
ocTaJibHble IPOJOJKAIOT CYIeCTBOBATD.

2-52. TepMosiiepHble peaKlUHM B JeMTepHeBOH IMJasMe HAYT C
OJHMHAKOBOH BePOATHOCTbIO ABYMS NyTAMH:

SHe+4-n
D+D/
NS

JafiTe BO3MOX<Hble OGBSICHEHHS] NPHYHHBI PAaBHOBEPOSITHOCTH 0GeHx
peakuui.
2-53. ITepeuncante pakTophl, onpelensiollie NyTh peakuui (Xu-
MHUYECKOH U SILepHOH):
C+0=CO
C+0=Ssi

2-54. IlpuBenuTe Bce H3BeCTHble BaM OT/IHUHSA slepHBIX peaKUuit
OT XMMHYECKHX.

§ 3. ATOM

3-1. IlpuBeanuTte Kak MOXKHO 6oJibllle MPAMBIX H KOCBEHHHIX J0OKa3a-
TeJbCTB CYLIECTBOBAHHSI aTOMOB,

3-2. Ha puc. 3-1 nokasana BHAuMas o6,acTb CnekTpa BOAOPO-
11a.p UTo MOXKHO CKa3aTb O NOBeJEHHH 3JeKTpPOHa B aTOMe BOJLOPO-
nar

3-3. Kak M0oXHO 06bsCHUTb TOT (akT, uTo 06/1aCTH MaKCHMaJlb-
HOH BepPOSATHOCTH HaXOXJAEHHsS 3JeKTPOHa OKOJIO siApa pacloJara-
I0TCS Ha PacCTOSIHHAX, OTHOCSALINXcH, Kak 12:22:3%2:4%2 u 1. 1.
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3-4. BCOMHHTe IOC/IE€LOBATEJbHOCTh PacClOJIOXKEHHS I[BETOB B
panyre. CoBnajaer JIH OHa C HOCJEeA0OBaTEJbHOCTBIO IIOJOC CIEKTpa
BOJOpOAA?

3-5. Bce 6e3 HCKJIOUEHHS 3JeMEHThl HMEIOT B DEHTIEHOBCKOM
crnekTpe Kq-UHHIO. ¥ BCeX 3/71eMeHTOB, KPOME€ CaMBIX JIerKHX (BO-
IOpOoAa H rejusi) uMewTcs Lo-1uHHH., KaKue H3 3TOro MOXKHO CcHe-
JaTh BBIBOABI (#axe He 3Has, YTO o3HauYaeT Kq HIH Lg-JHHUH
CIEKTPOB).

3-6. IlepeuncanTe Te cBOHCTBa 3JeKTPOHA, KOTOPHIM NPHCYyLLa H
He MPHUCYIla MaKPOCKOMHYEeCKasi ONpeneseHHOCTD.,

3-7. O6beUHATE COOTHOLIEHHS

E=m? n E=hv
rie E — 3Heprusi KBaHTa M3JIyYeHHs; m — Macca 9aCTHUH; h — noctosinHas Ilaan-

Ka, 6,626-10—% JIx-c; ¢ — ckopocTb cBera, 2,998-10% m/c; v —yactora Kose6a-
HHH H3Jy4YeHHS.

YUYHTEIBaf, 4TO
c=MAv

rae A — JJuHa BOJHHL

U BbiBenuTe ypaBHeHHe [le-Dpofisisi, cBsisbiBawoouiee IJHHY BOJIHBI
H3JIy4eHHs C Maccou. v

3-8. [IpoBenuTe MBICJEHHO CJAeAYIOIHH SKCIEPHMEHT: Ha IOJY-
npo3payHoe 3epkaJso I mochlnaercs oauH ¢oron (puc. 3-2). Ha
KakKoM 3KpaHe, 2 /U 3, UM OJHOBPEMeHHO Ha 000HX, OH OyJer 3a-
perucTpupoBaH?

3-9. IlepeuncinTe mpu3Haku OGIIHOCTH M pas3jHuYHsl [ABYX ua-
cTul, — otoHa u HeHTpHHO. [ToueMy ¢OTOHBI MPOXOASIT TONIBKO ue-
pe3 psan BelllecTB (KaKHX?), a HEATPDHHO NPOXOAAT yepe3 Bce Bellle-
cTBa 6e3 3aTpydHeHUH?

3-10. Paccuutaiite cKOpoCcTb JBHKEHHS CBETOBOrO 3afUYHKa, OT-
pPaxeHHOro Ha 3KpaH, KO-
TOPHIH pacrnoJioXeH B 1 KM
OT 3epKaJia BpallaoLlerocs
co ckopoctbio 100000 o6/c.
CdopmyaupyiiTe BBIBOL O
MaKCHMaJbHO  JOCTHXH-
MBIX CKODOCTSIX.

3-11. Macca 3eman co-
CTaBJseT 5,98-1027 .
Cpenusasi JuHeflHass CKO-
pOCTb ee ABHXKEHHS IO Op-
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6ute paBHa 3,0-10* M/c. BriuncauTe HeomnpeneseHHOCTb* MOJOXKE-
Husi 3emiu. Ilpexnosaras, 4Tro 3JEKTPOH aTroMa BOJOPOAA Bpa-
maercs no op6ure ¢ paxuycom 0,053 um (0,53-10-1° M), BEIYHCIH-
Te HeONpeJeJeHHOCTb CKOPOCTH M CPaBHHUTE €e CO CKOPOCTbIO 3JIEeKT-
poHa, pasHoit 2,2-10% m/c. CnenaiiTe HeOGXOAHMBIE BBHIBOIHL.

3-12. Bocnmo/nb30BaBIIHCh COOTHOLIEHHEM HEONpELeJeHHOCTA
leiizen6epra, BeiBeaute (OPMYyay IJs BBIUHCJAEHHS HEOIpPeAeseH-
HOCTH IIJIOTHOCTM rasa.

3-13. Ceituac yXe HHKTO He TOBODHT O BpAallleHHH 3JIEKTPOHA
BCKPYT fAlpa H co6cTBeHHOH ocu. Mml paccmatpuBaeM obJact#
Hau6oJbIIell BEpOSITHOCTH HAXOX/JEHHS SJEKTPOHOB Ha TOM HJIH
HHOM DacCTOSIHHH OT siipa. TeM He MeHee IOHSITHe CIIHHA 3JEKTPO-
Ha H CIHHOBOTO KBAaHTOBOIO YHCJa CYIIeCTBYIOT. Pa3jHyHBIM 3Ha-
KOM CIIHHOBOIO KBaHTOBOTI'O YHCJa, KaK HHOrZa rOBOPAT, OTBEUAIOT
pas/iMyHBle HaNpaBJIeHHs €ero BpalleHHsl (MO H NPOTHB 4YacoBOi
crpenku). [Ipuaymaiite MoJesan 3/7eKTPOHa HJH KaKue-1160 aHalO-
THH 175 00BSICHEHHS NPHPOAH CIHHOBOIO KBAaHTOBOrO YHCJA.

3-14. Tlepeuncaurte KOBOAH B NMOJb3Y TOrO, YTO OLHY OpPGHTa]b
MOT'YT 3aHHMaTh TOJbKO JBa 3JEeKTPOHA.

3-15. Ilpunuun ITaynan sBasieTcs SMIOHPHYECKHM M 10 CHX MOP
ellle He MOJYYHJ SICHOTO TeOpPeTHYeCKOro o6bscHeHus. [Ipennoxeno
MHOro ero (opMyJIHPOBOK, HalpHMep: a) B aTOMe He MOXeT GHITb
JIBYX 3JIeKTPOHOB, Y KOTOPHIX BCe YeTHIpe KBAHTOBLIX YHCJa GHJIH
6bl ofMHaKOBH;, 6) oAHa aTOMHas OpOHTalb MOXeT OHITb 3aHATA
He 6oJiee ueM [ABYMsl 3JeKTPOHaMH, KOTOpble JOJIXKHH MMeTb IpO-
THBOIIOJIOXKHbIE CIHHBI; B) BOJHOBasi (YHKLHS MHOTO3JIEKTPOHHOrO
aToMa J0JXKHa OBITb aHTHCHMMETDHYHOH IO OTHOIIEHHIO K mepe-
CTaHOBKe KOOPAHMHAT JIIOOGHIX ABYX 3J€KTPOHOB; T') Ji06ble JBa 3JeK-
TPOHA B aTOMe [NOJIKHBI Pa3/jMyaThCcs 3HAUEHUSAMH IO KpaiHed Me-
pe OAHOro KBaHTOBOI'O YHCJa.

Bribepure Haubosee Bam monsiTHyio ¢opMyaHpoBKy. JloKaxu-
T€, YTO NpPHUBEJEHHBIE (POPMYTHPOBKH HAEHTHUHHI.

3-16. Tlpeacrasbre cebe, yto npuHuun Ilayau He cobaiomaercs.
Hsmenntcss au ot atoro ¢opma Ileprnoanyeckoit CHCTEMBI 3JeMeH-
TOB?

3-17. TIpencraBbTe ce6e MHD, Ille y aTOMOB B OLHOH 3JeKTPOH-
HOH OpOHTANM MOKET HaXOLHTbCS TOJBKO ORHH 3JeKTpoH. [lo-
crpofite Ilepuoanueckyio cucreMy sJaeMeHTOB B 3ToM MHpe. Kakue
3JIeMeHThl JOJXKHBEl CTaTh HHEPTHBIMH ra3aMy, rajJoreHami, nepe-

* CorslacHO MpHHUMNY HeomnpeneseHHocTu [efisenGepra nmpousBeleHHe Heompe-
JIeJIEHHOCTH B CKOpOCTH Au, (M/C) ABHXKYIUErocss BROJb OCH X Teja ¢ Maccofi m
(Kr) Ha HeompejeJeHHOCTb B MOJOXeHHH Ax (M) He MoxXeT OLHITh MeHbIIe 9eM
h/(2num)

AuyAx > h/(2nm)

riae h — nocrosuuas [Tnanka 6,626-10-34 [Ix-c.
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XOAHBIMH 3JeMeHTaMu? Hanmumure ¢opMyssl mpocTeRIIUX MOJEKYJ
3TOro BooGpaxaeMoro Mupa. TOUHO Tak e IoONbiTalHTech NmpeicTa-
BUTBb ce6e MHp, I'le B OJHOH OpOGHTAJH paspellanoch GBI HaXOAHTb-
csl TpeM 3JIeKTPOHAM.

3-18. Kak mpu moMoIiu 3JeKTPOJH3a ONpPeNeJHTb 3apsj 3JeKT-
poHa?

3-19. KakoBa ¢opma u pasMep 3JeKTPOHA, HaxoAfllerocs B
NpPOCTPAHCTBE, JHLUIEHHOM KakKHX-1H60 moJgeit? Uemy paBHO raaB-
HOe KBaHTOBOE YHCJIO 7 TAKOTO 3JIeKTPOHa?

3-20. Kakue 3HaueHHS MOXKeT NPHHHMaTb IJaBHOe KBaHTOBOE
uucao n? O6bscHuTe cMBbIca 3HaueHHH n=0 u n=oco. Ilpu Kakux
3HauYeHHUSAX 1 3J1eKTPOoH o6Jiafjaer HauboJblled H HaHMeHblueH 3Hep-
rue#i? I1py KakuxX 3HAUYeHHAX 7 JHEPTHS CBS3H 3JeKTPOHA C SLPOM
HauboJsbllasi H HaUMeHbIIAs?

3-21. Moxer s yacTHLa, COCTOsIlas M3 ABYX HJIH 6oJjee aTo-
MOB, UMEeTb HeCIlapeHHbIE S-3JeKTPOHHI?

3-22. Bocnosb3oBaBuinch npasuioM KieukoBcKoro (mpasuio
cyMMBl n-+l), NmpeAcKaXKHTe 3HEPreTHUeCKHHA IOAypOBeHb, Ha KO-
TOPHIH NOCTynaeT 3JeKTPOH, N00aBJIAeMHH K 3JEKTPOHHHIM CTPYK-
TypaM caenyiomux atomoB: Ca, Zn, Kr, Sr, Cd, Ba, Yb, Hg, Ra.
Hsob6pa3nte cxeMaMH HCXOAHble H obpasywoliuecsi 3JeKTPOHHbIE
CTPYKTYPHI.

3-23. CocTaBbTe aHarpaMMbl pachnpejejeHHsl 3JeKTPOHOB MO
YPOBHSIM H NOAYpOBHSM B aToMmax Ca, Y, In, Hf u Pb.

3-24. Moxer /M cBOGOJHBIN 3JIEKTPOH H3JyyaTbh SHepruio? Mo-
JKEeT JIM OH NOTJIOTHTh KBaHT CBeTa?

3-25. Tlo TeopuH CTpPOEHHSI aTOMa IOTJOLIeHHe CBeTa BeIIecT-
BOM BLI3HIBAaeT Iepexof 2JeKTPOHOB Ha 6GoJsiee BHICOKHE 3JHepreTH-
yecKHe ypoBHH. [Ipn Bo3BpallleHHH 3J1eKTPOHOB Ha HCXOAHBIE SHep-
reTHYeCKHe YPOBHH 3Heprus BhifenasieTcs. Ecau NpeANoJoXKHUTh, YTO
9HeprHsl NOIJIOLIEHHOrO CBeTa paBHA SHEPrHH HCIOYCKaeMOro CBe-
T4, TO BellleCTBO HO/XKHO OBITh GecuBeTHHIM. [loueMy ke BellecTBa
6bIBalOT LIBETHBIMH?

3-26. B cTOpOHY KakKoro aJeKTpoja OTKJOHSETCA IJaams, IoMe-
LIleHHOe B 3JIeKTPHYEeCKoe MmoJse?

3-27. Tlocrosinnasi Ilnanka paBHa h=(6,6261764-0,00027) X
X 1073 JIx-c. YKaxuTe BepHble LHGPHI B 3TOM YHCJIE.

3-28. Huxe npuBeleHbl AJHHB BOJH (B M) pasJHYHBIX BHAOS
H3JIyYeHHus:

PanuoBosIHEI 103— 1073
HudpakpacHeie nyun 1073 —7,6.1077
Bugumnbiit cser 7,6-1077 —3,8.10-7
YasTpaduosneToBre 1y 3,8.10-7—10-8
PeHTreHoBCKHe Jyun 1078 — 10-11
FamMma u3nyueHHs 10711 — 10714
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Paccuurafite sHepruu (B Jk/MOJNb) KBAHTOB pa3jHYHHIX BHIOB
H3JIyYeHHus*.

3-29. 1IBeT — 3TO pe3ysabTaT BO3AEHCTBHA Ha IJja3 3jeKTpoMar-
HHUTHOTO M3JIyUueHHsT B JAuanasoHe JjauH BoaH ot 3,8-102 no
7,6-10% uM. W3nyueHus ¢ pasHo#l JJHHON BOJIHBlL BOCIPHHHMAIOTCS
ra1a30M B BHAE PAa3JHYHBIX IBeTOB. llBeTa # COOTBETCTBYIOLIHE
JIUIMHBL BOJH (B HM) CHEKTpPa BHAMMOIO COJIHEYHOTO CBeTa:

Kpacubit (7,60—6,20)-102  3emenwiit (5,50—5,10) - 102
OpaHxeBHit (6,20—5,85)-102  Tony6oit (5,10—4,80) - 102
JKeanthiit (5,856—5,75)-102  Cuuuit (4,80—4,60)-102
JKenro-3enensiit (5,75—6,50)-102  ®duoseToBHIIt (4,50—3,80) - 102

Paccuyuraiite sHeprun Hu3nyuenuit (B IIX/MOJb) pasyMYHBIX
y4acCTKOB CIIeKTpa.

3-30. OxpamryBaHHe NIJIaMeHH NPH BHECEHUH B Hero IIEJOYHHIX
MeTaJJIOB HJM HX COelHHEHMH BBI3BaHO 3JIEKTPOHHBIMH INepexoja-
MH INpelBapuTejbHO BO30YXIeHHBIX aToMoB. [Ipu o6paTtHoM me-
pexone 3/JeKTPOHOB BO3HHKaeT H3JyueHHe, KOTOPOe BOCIPHHHUMa-
eTcs B BHAe OKpacKu nijaMmenu. Hampumep, 3a cueT TemsjoTH NJja-
MeHH atoMbl HaTpus noruomaior 200,8 kI[K/MOJb TENJNOTH, IpPH
39TOM NDOHCXOJHUT BO30OYXKIeHHe aToMa H IepexoJ 3JEKTPOHOB Ha
6GoJslee BEHICOKHMe 3HepreTHueckHe ypoBHH. Kesras JIMHHHMS CcIeKTpa
HaTpus umeeT A=5,893-102 HM M BO3HHKaeT NpH Ilepexofe 3JeKT-
poHa ¢ ypoBHS 3p Ha ypoBeHb 3s. [IpoBepbTe pacueToM COOTBETCT-
BHe IJHHBI BOJHBI H SHEPTHH H3JyUeHHs.

Huxe npuseneHBl QJHHBI BOJH (B HM) IIOJIOC CIIeKTpa H3Jyde-
HUSI ILIeJOYHBIX MeTaJJoB, NpPHXOAsALIHeCA HA BHAHMYIO 4acTb
ClieKTpa:

Li 6,708.102 Rb 4,202-102
Na 5,893.10% Cs 4,555-10?
K 4,044-102

B kakoil 1BeT OKpaumiMBaercs MJamsl, B KOTOpOe BHECEHBI yKa3al-
Hele MeTaqanb? PaccyuTaiiTe 3HeprHH 3JEeKTPOHHBHIX IEPEXOJ0B H
NpeACKaXUTe UX THI (S—>S, S—>p H T. IL.).

3-31. Huxe yKas3aHbl OJHHB BOJH (B HM) HEKOTOPHIX CHEKT-
pPaJbHBIX JIHHHH aTOMOB 3/7eMeHTOB riaBHbX noarpynn I u II rpynn

* DHeprus H3Jy4YeHHS ONpPEeAeNseTCs COOTHOLICHHEM
E = hv = hc/A
B pacgere Ha 1 MOJIb KBaHTOB:
E = Nphc/A
rae Na— nocrosnHas Asoragpo, 6,022-102 wmosnp—!; h— nocrosunas Ilnauka,
6,626-10—3¢ IIxx-c; v — vyacrota xonaeGaHuil uanyyeHus, c—!; A — NJIHHA BOJIHEHI, M;

¢ — cKOpocThb cBera, 2,998-108 m/c.
TloacraBasisi 3HaYeHHS BXOMSIIMX B GOPMYJy BENUUHH, MOJSyUaeM:

1,1963.10-1
E =3 [dx/moub)
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[Tepuonuyeckoit CHCTEMBI:

K 4,044-102 Mg 5, 184.102
S 4.078-102 Ba 5. 536.102
H 47102-102 Ba 5. 778102
Rb 4202102 Na 5, 893. 102
Ca 4,227.10: Li 6. 104102
H 4)341.10 0 ' 563 102
& T b g ot 108
St . 4.607-102 5 77699. 10
Sr 4832102 Rb 7" 800- 102
Mg 5.173. 102 Rb 7,948 102

[TpoBeaute Kaaccudukauuio JUHUH CIEKTPOB IO 3aeMeHTaM. [Ipen-
CKaXKHTe LBeTa UX creKTpoB. Kakue ajeMeHTH MeWAIOT APYT APYry
IpPH HUX ONpeleJeHHH 10 OKpacKe miaMeHH? Kakum cmocofoM MOXK-
HO ocnabuTh Mellaloliee BJHsIHNE APYTHX aTOMOB?

3-32. Kanuit (cosu Kanusi, HOHBl KaJiusl) OKpalUHBAIOT INJaMs
ropeaku B ¢HoJseToBhH 1BeT. OfHAKO B NPUCYTCTBHH Jaxe HH-
YTOXHBIX KOJIHYECTB HaTpHS (HOJETOBBIH ILBET MacKHpyeTcs XKel-
ThIM. [Ipensoxure J106ble CIOCOOGH KayeCTBEHHOrO ONpefeseHus
KaJiisl ¥ HaTPHUSl IPH HX COBMECTHOM NPHCYTCTBHH.

3-33. Tlouemy B cmekTpax HaGuaiomaercsi GHICTpOe COJHXKeHHe
OTIEJNbHBIX JIMHUH HPH NOAXOLe K TPaHHLE CEPUH CHEeKTPaJbHBIX
JIMHUH?

3-34. [JuaMeTp HOHOB, MOJY4YaIOIIMXCS B pe3yJabTaTe OTIelJe-
HHS BaJIGHTHBIX 3JIEKTPOHOB OT aTOMOB, JeXHT B npenenax 0,02—
0,35 uM. duaMeTp nmpoToHa, 06pasylollerocss IpH OTPLIBE 3JeKTPO-
Ha OT aToMa Boxopona, pasex 0,000001 M. K xakum xapakTtep-
HEIM CBOHCTBaAM BOZOpPOZAa NPHBOAHT CTOJNb MaJjbli JdaMeTp ero
aTOMHOrO fapa?

3-35. OT KaKo# yacTHIBl TPYyJIHEe OTOPBAThb 3JeKTPOH — OT aTo-
Ma BOJOPOJa HJIH MOJIEKYJE BOLOpORa?

3-36. HMonml Lit 1 H~ uMeloT oAHHAKOBOe YHCJO 3J€KTPOHOB.
Kakoit noH GoJsbuie?

3-37. Tloctpoiite rpaduk H3MeHEHHS NepPBHIX SHePTHA HOHH3a-
UMM aToMOB 3jieMeHTOB Il rpynnbl (rsaBHas u mo6ouHass MOArpyn-
ne). O6cynuTe xapakTep U3MeHEHHS SHepruif HOHH3aLHMH.

3-38. IlepBbie 5HEpruH HOHH3AIHK aTOMOB

d—e =23t

sjseMeHTOB riaBHuX noarpynn I, VII u VIII rpynn caenyromue:

sB kIx/Monb 3B kIlk/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
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BhiBenuTe COOTHOLIEHHe, CBSI3bIBAIOllee BhIPAXKEHHS JHEPTHH
B8 3B u xJIx/Moab. Kak H3MeHSIOTCA 3HEPrHH HOHH3alMH aTOMOB
3/IEeMEHTOB MNIPH Iepexole BHH3 IO Tpynne H BAOJb MO IMEePHOAY?
OnpenennTe HampaBJleHHE peaKUHH, NMPOXOASILIMX B ras3oBoi ¢dase
H BBLIYHCJHTE HX TeNJ0BOH 3¢ (eKT:

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

4) Cl4Br~ =Cl- 4 Br

CohopmyaupyiiTe npaBHJIO BO3MOXKHOCTH OOMeHa 3JEKTPOHAMH
MeXAy aTOMaMH U HOHaMH.

3-39. IlepBbie sHepruM HOHH3aLMH aTOMOB BOZOpOAa H ¢rTopa
COCTaBJSIOT

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

IlepenumeM BTOpOe ypaBHeHHe B IPOTHBOIOJIOXHOM HanpaBJeHHH
¥ NPOCYMMHDYEM C IEPBBIM:

H{r) 4+ F*@)=H*(r)+F(r);
AH = AH, —AH, = 1311,6 —1680,4 = —368,8 xIIx

OrpunarenbHoe 3HaueHHe AH cBUIETeNbCTBYeT O BHIJIEJEHHH Tell-
Jotet (—AH=-+Q) H BO3MOXHOCTH NPOTEKaHHS Ipolecca.

Cdopmyaupyiite npaBujao pacuera TemjoBoro 3pdekra Q (u
AH peakunn) nomo6HbIX mnpoueccoB. Ompenennrte, BO3MOXEH JH
npouecc:

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

3-40. ITepBble 3HepruH HOHH3allHH ATOMOB 3JEMEHTOB 2 MepPHO-
na takoBn (B 3B): Ne 21,56, F 17,42, N 14,53, O 13,62, C 11,26,
Be 9,23, B 8,30, Li 5,39. ITIpoananu3upyiite nanubie H cHopMyH-
pyiiTe COOTBETCTBYIOLIHE BHIBOAB. MOXKHO JH Ha OCHOBAHHH 3THX
JNlaHHBIX MOKa3aTh MpPOsiBieHHe npuHuuna [Taynun?

3-41. Huxe npuBefeHBH 3HAUEHHS CPOACTBA K 3JEKTPOHY

d+e =3
ATOMOB HEKOTOPHIX 3JIEMEHTOB:
sB k% /Monb sB KJ X /MOJIb

Be +2,5 +-241,2 H —0,75 —72,4

Ne 40,30 -+28,9 C —1,27 —122,5
He 40,22 +21,2 (6] —1,47 —141,8
N 0 0 I —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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Kak uameHsieTcsi CPOACTBO K 3JEKTPOHY IpPH Nepexofe 3JeMeH-
TOB BHH3 [0 NMOATPYMNNe M BAOJb IO NMEPHOAY? YUHTHIBasi, 4TO 3a-
MHCh

H4-e =H"; AH =—0,75 3B

03HauaeT, YTO B Ipollecce NPHCOeIHHEHHS 3JEeKTPOHA TEIJIoTa BHI-
neasiercsi (AH<<0), paccuuraitte AH peakuuu (HJAH ee TemJaoBOM
adeKT):

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

Bo3MmoxHa M 3Ta peaKuus?

3-42. Bocnosb30BaBIIKHCh AAHHBIMH NpedBIAYLIUX 3anad, HaigH-
Te CpelH NpPHBeJeHHLHIX NPHMEPOB aTOMHI, obJajaiollive Haubosee
CHJbHBIMH H CJa6bLIMH OKHCJHTEJIbHBIMH H BOCCTAHOBHTEJbHBIMH
CBOHCTBaMH,

3-43. AToMBI Le3usi M 30J70Ta Ha BHEUIHEM 3HEPreTHYECKOM
YPOBHe colepKaT HO OXHOMY 3JeKTpoHy. IlepBasi sHeprusi HOHH-
sauuu uesus (Ne 55) 3,89 sB, a 3omora (Ne 79) nHaMHOro 60Jb-
we — 9,22 3B. O6BbsAcHUTEe NPUUHHY 3TOrO daKTa.

3-44. TlepeunciHuTe OCHOBHBIE Pa3JIHUHS CBOHCTB CBOGOAHBIX
aToOMOB §-, p-, d- H f-27IeMEeHTOB.

§ 4. MOJIEKYJIA

4-1. TlpuBeanTe KaK MOXKHO GoJbllle X0Ka3aTeJbCTB CYIeCTBOBa-
HHSL MOJIEKY.JI.

4-2. Umeetcs 22,4 1 a3oTa npu HOPMaJbHHX ycJaoBHAX. O6beM
rasza geautcda Ha 10 yacrteit, Kaxzaas yacTb Aeaurcsa Ha 10 wacredt
# T. 1. CKOJbKO pa3 MOXKHO NMOBTOPATH ONepalHio AeCATHKPATHOTrO
yMeHblLIeHHs 00beMa NPH YCJIOBHH COXPaHeHHS KaXIOH 1acTblio ra-
3a NepBOHAYaJIbHBHIX CBOHCTB (XHMHYECKHX, (PH3HYECKHX)?

4-3. Monekyna — HauMeHblllasl YacTHlLa BeleCTBa, COXpaHAIO-
as CBOHCTBA BCero BelllecTBa B LeJoM. KakHe H3 NMpHBeJeHHHX
HHXe CBOMCTB BeLIeCTB MOXKHO HCIOJIb30BaTh IJIS1 NMOATBEPKIAEHHA
3To# (OPMYJHPOBKH: IJOTHOCTb, 3HEPrHfl CBS3H, 3JeKTPHYECKHH
MOMEHT [HIOJf, Macca, TBEPAOCTb, YroJl MeXAy CBSI3SIMH, SHTaJb-
nusi 06pasoBaHUs U3 aTOMOB, SHTPOIHS, PACTBOPHMOCTb, BKYC, LIBET,
MeXbslepHble PacCTOsHUSA, CKOPOCTb JABHXKEHHS, pasMep, KHHETH-
yecKasi SHeprus, TeMnepaTypa, AaBjeHHe, MarHUTHHIH MoMeHT. Ec-
au Bel cuMTaeTe, 4TO NpeaJioKeHHOe BhHILIE ONpejeJeHHe MOJEKYJH
HETOYHO MJIM HeNpaBHJIbHO, AailiTe cBoe COGCTBEHHOE OIpeleleHHE.

4-4, MoxHO Ji1 roBOpuTb, uTO HHepTHHIe rasn (He, Ne, Ar, Kr,
Xe) cOCTOAIT H3 MOJIEKYJI?

4-5. Cunnl KyJnoHOBCKOro nputsxenus HoHoB H¥ u Cl- u H- 1
Cl* Ha OZHOM H TOM Xe PacCTOSIHHH OJUHAKOBHI, ONHAKO CTPYKTY-
pa H+Cl— GoJee ycroituuBa, uem H~Clt. H3 kKakKux maHHHX 3TO
craenyer?

4-6. Kak MOXHO OGDBACHHTb, YTO aTOMBI, He HMEIOLIHE IPOTHBO-
NOJIOXKHHIX 3aPAA0B, MOT'YT MPOYHO COEAHHATHCH?
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4-7. O6GpsacHuTe TOT (akKT, 4TO, HECMOTPSI Ha B3aHMHOE OTTaJi-
KHBaHHE 3JeKTPOHHHIX op6GHTanell (KaK HeCyWIHX OJHHAKOBHE 3a-
PAABI), OHH BCe XKe NPHTATHBAIOTCA H O006pa3yloT XHMHUeCKHe
CBSI3H.

4-8., Huxe mpuBeleHO HECKOJIBKO MoJeJied MoJieKys BOAOPOAa:

UTo omuchBaIOT 3TH MoAenu? KaKoBH HX NIpeHMYIleCcTBA H HeLO-
CTaTKH?

4-9, N3yuas TUNBl COeHHEHHH 3JIeMeHTOB C KHCJOPOAOM H BO-
noponoMm, 1. M. MenjeJseeB npuilleJ K BHIBOAY, YTO CyMMa MaKCH-
MaJIbHBIX 3HaUeHHH BaJeHTHOCTeH 3JeMeHTa IO BOAOPOLY H IO KHC-
JIOPOAY HJISl MHOTHX 3JIeMEHTOB paBHseTcs BOCbMH. OO6BsICHHTEe ¢H-
3HYECKHI CMBICJ 3TOrO SIBJEHHS.

4-10. B coenuHeHHAX C JaHTaHOMAAaMH B 06pa30BaHUH XHMHYe-
CKOfl CBSI3M y4YacCTBYIOT HX HapyXHHle, S-, d- H [-3jeKTpoHH. [Toue-
My He MOTYT yYacTBOBaTb Bce §-, d- H f-aneKTpoHH? (B atom cay-
yae 3JMeMeHTH ObliH Obl MakKCUMyM 3-+14=17 Ba/eHTHBIMH).

4-11. Onpejenure BaJIeHTHOE COCTOSIHHE H CTelleHb OKHCJIEHHA
KHCJOopofa B chaenylomux coefuHeHusix: NayO, Nag0,; CaO, BaO,,
K.0, CsO;, MnO,. KakoB 6bl1 Obl 3apsin HOHAZ KHCJIOpOAa TNpH
HOHHOM CTPOEHHMH 3THX BellleCTB?

4-12. TlpencraBbTe cebe, YTO CYyLIeCTBYeT BOCbMHATOMHas MoO-
JleKysna, B KOTOpOH KaXIHH aTOM CBSI3aH C TpeMs IPYrHMH pas-
HBIMH N0 JJuHe cBA3sMH. [lpelJsoxurte HaubGosee YCTOHYHBYIO
KOH(QHUI'ypalLHIO TaAKOH MOJIEKYJIH.

4-13. VI3 1ecTH CIHYeK CJOXKHTe YeThipe PaBHOCTOPOHHHMX Tpe-
yroJqbHHKa, AJHHA CTOPOH KOTOPHIX paBHA AJHHe cinuukd., Kak Ha-
3bIBaeTcs NoJyueHHass ¢urypa? Kakue MOJIeKyJbl H HOHB HMEIOT
KOH(GHrypaluio 3ToH GUTYpH?

4-14. IlpuBeauTe HeoOXOAMMBble NPH3HAKH TETPa’Apa, Kak Of-
HOI H3 pacHpOCTPaHEHHBIX CTPYKTYP B XHMHH.

4-15. Kakyo ctpykrypHylo ¢opmyay Bl mpeasoxure coeiuHe-
aui0 HCNS: H—C=N=S, H—-S—C=N, H—N=C=S uJu npy-
ryio?

4-16. Ctpykrypure ¢opmyas kucaor HOCI, HCIO,, HCIO; u
HCIO, wmoxuo mnpexcraButh Ttak: H—O0—Cl, H—0—O0—CIl,
H—0—0—0Cl 1 H—-0—0—0—0—Cl.

Kakue uMeloTcs JaHHble IPOTHB NMOAOGHBHIX IleMOYEUHBIX CTPYKTYp?
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4-17. Ons monekyJasl pucepopuBomopona H.S. MoxHo 3amucaTth
IBe (opMyJIb:

H
s=”  w H_S—S_H
\H

Kakoit ¢popmyne Bul oTnanure npeanoureHue?
4-18. Huxe npuBeleHBl cBoiicTBa ABYX H3oMepoB CoHgO:

tam, °C —114 —141

txun, °C 78,3 —24,8
DJIeKTPHYECKHIT MOMEHT 5,61.10—-30 4,31.10-30
nunoas, Kia-m

PacTBopHMOCTb B BoJZe HeorpaHHYeHHas orpaHHyeHHas
BsauMmogeiticTBre ¢ MeTaJ- 1 moap Na BhIzeaser He pearupyer
JIHYECKHM HaTpHeM 11,2 a H,

IIpennoxute ux GopMyHl.
4-19. Huxe npuBeleHH NpHMepH (GOPMYJ NEepBHYHOIO, BTOPHY-
HOTO H TPETHYHOTO CIIHPTOB:
CH,-—CH,—OH
CHg—CH(OH)—CH,
CHy—C(OH)CH,—CHg

Chopmynupyiite onpenesneHHst NMOHATHH NePBHYHBIX, BTOPHYHBIX H
TPETHYHBIX CHUPTOB. Bocnosp3oBaBLIMCh NpHMepaMH IIEPBHYHBIX,
BTODHYHBIX M TPETHYHHIX CNHPTOB, NIPHBEAHTE NPHMepHl MEPBHYHKIX,
BTOPHYHBIX U TPETHYHBIX aMHHOB. [laiite onpeneseHHs NOHATHH
9THX aMHHOB.

4-20. Kak 0OBSACHHUTb, OUeMy IIPU OOBIYHBIX YCJOBHSX aTOM
xJnopa B CBOOOZHOM COCTOSIHMH He cyllecTByeT, a HoH Cl— cymecr-
ByeT (B BOLHOM pacTBope).

4-21. Tlouemy coeamnenume SFg cymecrtByer, a SHg— Her,
TiCly — cymecrByer, a TiH;— Het? [IpuBenuTe ApyrHe aHajoruy-
Hble MpUMepH. B yeMm 3akJioyaercs rjaBHasi NPHYHHA 3THX (AKTOB?

4-22. O6bsacuure nouemy moJekyna C(OH), (uam H4CO4) He
CylllecTByeT, XOTSl YeThipeXBajleHTHOE COCTOSIHHe YrJjepoja caMmoe
ycroitunBoe, a c¢Bi3b C—OH oueHb pacnpocTpaHeHa M 3HepreTHye-
CKH BBHITOJIHA.

4-23. Kakas cTpyKTypa 6oJiee IpellNOYTHTENbHA AJSI MOJIEKYJIH
SCO: S=C=0 umu C=S=0?

4-24. MoryT JiM CcyllecTBOBaTb MOJIEKYJIBl C HOHHOM CBfI3bl0 B
Ta3006pa3HOM COCTOSIHHU?

4-25. B ueM mpHYHMHA TOrO, YTO aJJIOTPONHBIE MOAMGHKAUKH ¥
raJIOreHOB He M3BECTHLI?

4-26. Kakas dopmyna oxcuna ypana UzOg Gosee mnpaBuJbHA:
U02'2U03 HJIN UzOs*UOa?

4-27. BemectBo ¢ amnupuyeckoit ¢opmynoit HoPOs; nnamaruut-
HO. YKaXKHTe HCTHHHYIO (OPMYJy 3TOTO BellleCTBa.

4-28. B mosekyse Op uMeerTcss [Ba HeCllapeHHBIX 3JIEKTPOHA.
IToyemy He o6pasyercst Mosekyna Oy4?
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4-29. B cHJIBHO C€XAaTOM HJH CXHXKEHHOM KHCJIOpOoAe o6Hapy-
XKeHbl MoJekyJabl (Og)s. Kakne cuibl OTBeTCTBEHHH 32 06pasoBa-
HHE 3THX MOJIEKYJ?

4-30. Kak o6BACHHTL TOT (akT, YTO NPOU3BOAHbIE ITHJAEHA
C,H; umeloT reoMerpuyeckHe H30Mephl, TOIZa KaK NPOH3BOAHLIE
srana CyHg ux nHe umelor?

4-31. DJeKTpuyecKHe MOMEHTHl AHMOJEH* MOJIeKyJ rajJoreHoBo-
JOPOJIOB HMeIOT caeAylollle 3HayeHus (B Ku-m):

HF 6,38.10730 HBr 2,67.1073%
HCI 3,61.107%0 HI 1,40.10730

[Touemy sJeKTpHYeCKHe MOMEHTH IHIOJEH 3THX MOJEKYJ NpH
nepexojie 3JeMeHTOB BHH3 IO NOATPYNNe yMeHbIUAlOTCA  (XOTH
paccTOsiHHST MeXAy spaMH aTOMOB B MOJIEKYJaxX BO3pacTaioT)?

4-32. Usomepn C,H,Cl, uMmeer caenmylolie ajieKTpHYECKHe MO-
MeHTHl gunoJei: 0, 4,01:1073° u 6,34-10—3° Kn-m. Ykaxure dop-
MYJIBI 3THX H30MEpOB.

4-33. Dnexrpuueckuit MmoMmeHt aunoas CH.CICH,Cl npu 298 K
paBeH 3,67-10~3° Kua-m. [Ipn moBhillleHHH TeMNepaTypw OH BO3pa-
craer u npu 550 K cocrasaser 5,01-10-3° Ka.M. KakoBa npuunHa
€ro yBeJHYeHHS C NMOBLILIEHHEM TeMIIepaTyphi?

4-34. DnekTpuuecKHe MOMEHTHl IHIOJIS H30MEPOB TPHXJOpPGeH-
3osa paBHH 0, 4,21-1073% u 7,78.10—3° Kua-M. YKaxure 3TH H30-
MepHl.

4-35. TTouemy moaekyna CO, HenoaspHa, a COCl, — noaspua?

4-36. DnekTpuuecKHe MOMeHTH aumoJsi Mmonekya CO; u CS.
paBHbl Hymdo. [louemy momenT MoJseKyan COS n0BOIbHO BHICOK
(6,61-10-3° Kn-m)?

4-37. DaexkTpHuecKuit MoMmeHT aunoas Mojekynan Hp;O pasen
6,21-10-3° Kn-M, a Mosnekyan CO; — Hymio. O6bsiCHHTE TaKoe pas-
auune. Hapucyiite Monean MoJieKyJ, yKasaB BeKTOPaMH 3JleKTpHue-
CKHe MOMEHTHl IHNoJs (NMPHHATO HampaBjieHHe OT OTPHLATENbHOI'O
3apsiia K NOJIOXKHTENbHOMY).

4-38. Tlpenackaxkure XxapakTep H3MeHEHHS 3JEeKTPHYECKHX MO~
MEHTOB JIHNOJIS B PslaxX COeLHHeHH

CHyCl—CH,Cl,—CHCl; u  SiHyCl—SiH,Cl,—SiHCl,

4-39. Mosexyna NF; nMeer MeHbWIMH 3/eKTpHYECKHAI MOMEHT
nunoJsi, 4yeM MoJiekyana NH; (coorBercrBenno 0,70-10-3° u 4,88
-1073° Kn-m). Uem oO6bscHsieTcss TaKoe pasjHyHe B 3HAYEHHAN
MOMEHTOB 3THX MOJIEKY.JI.

* B MoJaekyJe, cocrosiuefi U3 ABYX Pa3iHYHHX aTOMOB, NOJOMXHTENbHLIA H
OTPHLATeNbHEIH 3apAAH He ypaBHOBeUIeHH B OAHON Touke. Takas MoJekysaa mo-
JsipHa, H Mepoft ee MOJIADHOCTH SBJSETCH 9JEKTPHUECKMH MOMEHT AHNOJA., DJeK-
TPHYECKHH MOMEHT JHIOJA eCTh BeKTOpHas BeJHYMHA, HanpaBjeHHas OT OTpHuA-
TeJIbHOTO 3apsifia K NOJIOXKHTEJIbHOMY H paBHas NPOH3BEAEHHIO 3apsifia Ha paccros-
HHe MeXny leHTpaMHu 3apagoB., CoranacHo CH eauHHna 3/eKTPHUECKOrO MOMEHTa
punosns Ki-M, paBHa MOMeHTY RunoJs, 3apaan kotoporo mo 1 Ka pacnosnoxenn
Ha paccTosiHuM 1 M. Panblue 3/1eKTpHUeCKHA MOMEHT AMNOJS H3MepsJcs B mebGasx
(1D=3,34-10-%° Ka-m),
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4-40. MoxeT JH MOJIeKyJna, COCTOslllafg H3 ABYX OAHHAKOBHZ
aTOMOB, GLITb NMOJAPHOH? MoXeT /i MOJieKyJa, cOCTOfllas H3 pas-
HBIX aTOMOB, GHITh HEMOQJSPHOH? :

4-4]1. TloueMy 3JleKTPHYeCKHH MOMEHT JHIOJAA MOJIEKYJAH JH-

N
xJ0p6GeH3oaa | . paBeH HYJIIO, a MOJEKYJH AHATHIPOKCH-

cl1-

~~CH
6eH30/a (THAPOXHHOHA) /(j 5,48-10-3° Ku-m?
HO~

4-42, las paspeBa H—H cBssu B MoJekyse Bozopona Tpely-
erca 435 kI x/mosb. PaccuuraiiTe AJHHY BOJIHBE CBeTa*, JOCTaTO4-
HyI0 AJI AHMCCOIHALHH MOJIEKYJbl BOJOpPOJa Ha aTOMHL. B Kako#
06J1aCTH CIeKTpa JexaT 3TH AJHHEI BOJH?

4-43. MoJekyan HonuAa HAaTpHA (rasoo6pasHoe COCTOSIHHE)
pacnananorcs ((POTOAHCCOUMHPYIOT) HAa HOA H HAaTpPHH moj AedcT-
BHeM H3aydyeHHs ¢ A=3,240-102 uM. Buuuc/HTe SHeprHio CBSI3H B
Mosekyse Nal.

4-44. llenHnas peakuus

Hg (r) 4 Cly (r) = 2HCI (r)

HaYyHHaeTCA C pa3phiBa CBfi3el B MOJIEKYJIe x.nopa:
Cl, (r) = 2C (r); AH = 243 xIx

BrluncIHTEe MaKCHMaJbHYIO [IJHHY BOJHHE CBeTa, Noj AefcTBHEM
KOTOpOro npoucxoauT paspuiB csisdu Cl—Cl.

4-45. Huxe npuBeleHH 3HeprHu cBasu (B kJIk/Moab) B Mo«
JeKyJax BOZOpOAa, TraJOreHoB H raJoreHOBOJOPOAOB:

H, 432,07 HF 566,28
Fg 154,81 HCI 427,77
Clp 239,22 HBr 362,50
Bry 190,10 HI 294,64
I 148,82

* OHeprus XMMHYECKOH CBA3H MOXeT GHTb onpejeseHa MO CNEKTPY MOJIEKYAH.,
OneXTPOHHLIE MOJIEKYJSPHLIE CHEKTPH COCTOAT H3 PAAA JIHHHMA, PacCTOSHHA MeXAy
KOTOPHIMH YMEHbLIAIOTCA B 06/1aCTH GOJbIIHX YaCTOT MJIM BHICOKHX SHEpruii cera.
JIMHHHK clleKTpa CJAMBAIOTCA NPH HEKOTOPOR OmpefesieHHOR 4acToTe — YacToTe, OPH
KOTOpPOf 9Heprus nepecraeT KBaHTOBaTbCA H HAYHHAETCA JHCCOLHAUMA MOJEKYJH
Ha atoMHl. [lo no/soXeHHIO IPaHHUH MEXAY JHHEAHHM CNEKTPOM H CIVIOIOHHM
MOXHO ONpefeJHTb MHHHMAJbHOE KOJHYeCTBO SHEPTHH, HeOGXOAHMOe AJs pPas3pHBa
CBS3H, T. €, CaMy SHepruio CBs3H. [IpHpaBHsieM SHEPruio CBA3H SHEPTHH H3JyYeHH:,
NpH KOTOPO#H NMOABAAETCH CIVIOLIHOH CNEeKTP:

Nahe
AHp= Nphv = R

rge N, — nocrosinnass Asoragpo, 6,022-102 Moab—!; h— mocrosnnas [lnauka,
6,626-10-34 IIx.c; v —uacTota KoaeGaHHit, c—!; A — AJMHA BOJHH, M; C — CKO-
pocThb cBeta, 2,998- 108 M/c; oTKyna
N Nahe 6,022.10%-.6,626-10-3¢.2,998-108 1,1963.10-2
= AHy — : AHo, =" AH, M
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Paccuntafite QJHHB BOJH CBeTa H OTBeyalollHe HM YacTOTHL.
YKaxuTe y4acTKH CIEKTPOB CBeTa, BHI3HIBAIOIIEr0 JHCCOIMAIHIO
9THX MoJekyJ. Jluccoumauuss Kakod MOJIEKYJB OGHapyXHBaeTcs
YejioBeyecKuM rjasoM? IlpoaHanusupyiiTe 3HaueHHs] SHEPTHil CBH-
3H B MOJIEKYJaxX rajloreHoB.

4-46. MoJsieKysbl KHCJOpOJAa AHMCCOLMHUPYIOT HAa aTOMHI IpH 006-
JIy4eHHH YyJbTPa(HOJETOBHIM CBETOM C IJHHOH BosHH 2,4-102 HM.
BriuncauTe S5HEPrUIO CBSI3H B MOJIEKYJI€ KHCJIOPOAA.

4-47. Dueprus cBsiszu B Cy paBHa 602 kJx/mMoab, a B Op cocras-
aser 494 xJx/Moab. Iloyemy monekyna C, He cyllecTByeT B ar-
Mocdepe 3emsH, XOTSI OHA IIpOYHee?

4-48. Tlouemy HeKoTOpBHle XHMHYECKHe CBSI3H C yyacTtHeM ¢ot-
¢opa npouHee XMMHYECKHX CBSI3ell C yyacTHeM a3oTa?

4-49. MexpanepHoe paccrosinne C—H B CHy paBno 0,1093 uwm,
a paccrosinne C—D B CD, paBuo 0,1089 um. ITouemy paccrosHue
C—D wmeHnsb1e?

4-50. B nmonax N3~ m NCO~ Bce MexXbslepHEHE pacCTOSHHA
N—N, N—C u C—O onunakoBel u paBHbl 0,116 uMm. [IpuBenute
Kaxyumuyecs Bam pasyMHBEIMH 00BACHEHHS.

4-51. ITapamarHerusm rasoo6pasnoro NO; CHJIBHO yMeHbIIAeT-
cd C NOHMXKEHHEM TeMIepaTypsl IpH OJHOBPeMEHHOM oOcaalbJjeHHH
okpacku. OGbSCHHTE 3TO SIBJIEHHE.

4-52. TlpuBeaute BO3MOXKHBIe JOKa3aTeJbCTBa TOMY, KOria Be
mectBo THna 0, sABIseTCS NMEPOKCHIOM, a KOrAa JHOKCHIOM,

4-53. ¥V wmounekyawl NF; cBsisu Gosee mnouasipue, ueMm y NCl;.
KaxkoBel npoayktel B3aumonedictBuss NF3; u NCl;. ¢ Boxo#?

4-54. O6GbscHHTE NPUYHHBI Pa3JIHYHH CBOMCTB MOJIEKYJ, conep-
JKalUX OOLIUHBIN BOJODPOA H AeHTepHH.

4-55. OGbsicHHTe, MOYEMy COJH OGHLIYHO IIPOYHEE COOTBETCTBY-
romux kucqaot, HanpuMmep Hy,CO3 n NayCOz, HNO; 1 KNO,.

4-56. Ha ocHoBaHuH peaKuui

2NF; -+ 3H,0 = 6HF + N,0,
NCl + 3H,0 = 3HOCI ++ NH,

yKaxute, y Koroporo u3 coenunenuit, NFs uau NCls cBsisu Gosee
MOJISIPHBI?

4-57. Kak oGBbSCHUTb, YTO TePMHUYeCKas YCTOHYHBOCTb MOJEKY-
asl HD Goubie, uem Hp u Dg?

4-58. Ilpm ruapoJiu3e CepHHCTHIX COeAHHeHMH a3ora o0pasy-
I0TCS aMMHAaK H KHCJOPOLHble KHCJIOTHI CEepHl, a IPH THIPOJH3e
cyabdunoB ¢octhopa Hapsady ¢ KHCJIOPOIAHBIMH KHCJIOTaMH Qocdo-
pa oGpasyercs cepoBojopold. O uem 310 roBopuT? Kakhe MOXHO
clesath BBLIBOABI O pacnpele/ieHHH 3JeKTPOHHBIX IJIOTHOCTeH y N
u P?

4-59. OGbsicuure, nmoueMy npu B3auMojeiictBun NO, c Bojoit
He o6pasyercsi KHCJOTa, aTOM a30Ta B KOTOPOH HMeeT TO XKe Ba-
JIeHTHOoe cocrosiHue, uTo B B NO,, a o6pasyeTcsd cMech a30THCTOH
H a30THOH KHCJOT.
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4-60. Ha ocHoBaHHMHM peakIMii THAPOJNH3a COeJHHEHHA a30Ta
cllenaiiTe BHIBOL O XapaKTepe XMMHYECKHX CBsi3efl B HHX:

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

Hanunmure ypaBHeHus peakuu#t rupposanda MgsNg, AIN, SisNy,
P3Ns, S4Ng.

4-61. Hanumure ypaBHeHHMe peakKuuu rujapoJsusa 1Br, cunras,
YTO HOZA B 3TOM COEAHHEHHH SIBJISETCH 3JEKTPONOJOXKUTEJIbHOH CO-
CTaBHOH 4acThbIO.

4-62. Xymopua UMHKA THAPOJNH3YETCS 110 YPaBHEHHIO

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

Hanumure nmo aHanoruu ypaBHeHHe peaKUUMH B3aHMOJEHCTBHSA RH-
Meruauuika Zn(CHj)e ¢ BoJo#. YKaxXuTe riaBHBE OTIHYHSL 3THX
JBYX peaKuHi.

4-63. IlpuBenuTe npHMepH B3aUMOAEHCTBUSI HeOPraHHYeCKHX
KHCJOT ¢ o6pa3oBaHueM coJsefl. KakoBel NPHYHHBI TaKOro THNA
B3aUMGIeHCTBHUSA?

§ 5. METOJ, BAJIEHTHBIX CBA3EH

5-1. IlpuBenure noKasaTenbcTBa HJH Ke o6liMe yKa3aHHS Ha To,
4YTO GOJIBIIMHCTBO XHMHMUYECKHX CBfi3eHl OCYILeCTBJASETCS NapaMu
371eKTpOHOB. Kakue Brl 3HaeTe HCKIIIOUEHHS?

5-2. 1. . MeHnaeneeB B «OcHOBax XHMHH» IHCAJ, YTO 3JeMeH-
Thl CMOCOGHBI COEAHMHATHCS C TeM GOJBLIHM KOJHYECTBOM KHCJIOPO-
Ja, yeM MeHee MOTYT yldepxkaTb Bofopoza. [IpuBesuTe npumepsl co-
edHHEHNH U HalauTe OOBACHEHHSI 3TOMY SIBJEHHIO.

5-3. ®opMysy OKCHIA aJIOMHHHS B ra3oo0pasHOM COCTOSIHHH
MOXKHO H306pa3uThb Pa3JHYHBIMU cnocobaMu, HalpHMep:

0=Al—0—Al=0 0
NG

O \o
AléO—Al N

No/ No

Kako#t ¢opmyse creayer oTaath npeinoureHve u nouemy? Ilpuse-
JHTe SKCIepPHMEHTaJbHEIE M TeOPeTHYECKHe J0Ka3aTeJbCTBA peallb-
HOCTH TOH WJIM MHOH CTPYKTYpPHI?

5-4. ¥ moaexkynn HD ob6Hapy:eH He6GOJbLIOH AHUNOJBHBIH MO-
MeHT (3-107%3 Kn-M). YKaxure ero HalpaBJieHHeE.

5-5. IlpenmnoJsaraior, 4To B MoJeKyJje KHCIOpPOAa ABOHHASA CBSA3b
O=0 orcyTrcTByeT, CBA3b OCYLIECTBJSETCS Napoi 3JeKTPOHOB IO
OLHOMY OT KaxJOro aToMa:

o e
.
.

e oo

I/I306pa3me METOLOM BAJIEHTHBIX CBSI3eH MOJEeJaH MOJIEKYJIbI KHCJIO-
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pora c nBOiHOW M oxuMHapHOX cBA3AMH, OGCyAuTe HeAOCTAaTKH H
NpeHMyllecTBa KaxX/J0H MOJEJH.
5-6. Oxcun a3ora NO cnocobeH naBaThb HEYCTORYHBHIA HHMEP
(NO),. Kakas u3 cTpykryp GoJiee BeposiTHa
N—O N—O N—O
0=N—N=0, O=N=N=0, | |, (L | wm w [ ?
N—O —N. —0

5-7. Ha puc. 5-1 KauecTBeHHO OTOGpaKeHO PacHOJIOXKeHHE
SHepreTHYECKHX YPOBHeH S- H p-aTOMHBIX op6urajeit. Ilokaxure
pacnoJioxXeHHe THOPHIAH30BAHHHX Sp-, sp2-, sp3-opburaJei.

5-8. Kak Bml cuntaere, Kakas U3 ABYX 3ajauy chopMyJHpPOBaHA
HayYHO W MeTOJWYecKH 6oJiee IPaBHJIBHO:

a) B moJekyne CHy BaneHTHBle opGUTaJu atoMa yriepoja Ha-
XOAATCH B COCTOSIHHH Sp3-ruOpuin3anuy. KakoBH YIIH MeXay
CBA3SMU?

6) B Mmousekyae CH, yrabnl Mexny cBsssMH paBHH mo 109,5°.
KakoBo cocrosiHHe ru6GpHiH3allid BaJeHTHHIX op6GHTajeii atoMa
yraepoza?

5-9. B moaekyae P, atomMm ¢octopa pacnmosoxkeHbl B BepllH-
HaxX INpaBHJbHOrO Terpasapa. KakoBo cocTosiHHe TIHOpHAH3aLHH
op6urane#t dochopa?

5-10. Uem oOmbsicHseTcss 6JH30CTh 3HAUEHHH YIVIOB MeXAy CBf-
3aMu B MmoJjekyaax CHy, NH; m H.O (yroa, 6nu3kuit K TeTpasa-
pHUYECKOMY).

5-11. Ykaxure, KaKue H3 IpHUBEJEHHBIX HHXe IPHU3HAKOB fB-
JAI0TCS HeOGXOMUMBIMHU IJISI TeTpasjpa: a) ueThipe rpaHu; 6) Kax-
Zasl rpaHb NpefacTaB/sgeT co60f NpPaBHJbHBIA TPEYroJbHHK; B) ILJIO-
Imlaf¥ rpaHed paBHBI; T') PACCTOSHHA MeXIY BepIIHHAMH paBHHI;
L) paccTosiHUS OT IL[EHTPa A0 BepIUHH paBHH. Kakue NMpH3HAKH cJe-
JAyeT YKa3bBaTh IPH ONHCAHUH TETPasAPHUYECKHX MOJIEKYJ?

5-12. Yrapl MeX/y CBA3SIMH B MOJIEKyJaX ra3oo6pasHbiX THADH-
noB sjaementoB VI rpynne pasre:: B H,O 105°, B H.S 92°, B HoSe
91°, B HoTe 89°. O6bsicHuTe YHC/IOBble 3HAUEHHUS YIVIOB MeXIYy CBf-
3fMH H NPHYHHBI HX M3MEHEHHUS IpPH Hepexoje BHU3 MO MOArpymme
3JIEMEHTOB.

5-13. B monekynax CH,, NH; u H,O BaneHntHbie op6HTaNH aTo-
MoB C, N u O HaxoAsiTCs B COCTOSIHHH Sp3-
rubpuan3anuy, OJHAKO YTJBl MeXAy CBf-

7y ﬂ_y —— 3sawmu He paBubl: B CHy 109°, B NH; 107° 1
B H,O 105°. Kak 370 06BACHHTL?

5-14. Ykaxurte obimHe NpH3HAKH, NPH-
cymue wmoJgekyaaMm u uwonam CHy NHs,
H.0, NH,*, H;0™.

5-15. KakoBbl COCTOSIHHS THOpHAH3ALHH
opbuTtajeii LleHTPaJbHBIX aTOMOB B MoJe-
kynax NH; u BF3, ecan usBecTHo, 9TO mep-
<5 Basi MoJieKyJja HMmeeT (OpMy HHPaMHABI C

IPHMEPHO TeTPasApPHYECKHM YIJIOM y aTo-
Ma asoTa, a BTOpas MoOJeKyJaa — IJIocKas
PHC. &1 C yriom Mexay cBsizsiMu 120°,

E
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5-16. ITouemy yranl Mexnay cBs3samu B Mosekysnax CHy u SiHj
OdHHaKOBH, a y Mojekyn HoO u HyS pasnnunbr?

5-17. ¥Yrael MeXxAy CBSI3SIMH Yy THADHAOB 3JeMeHTOB V TIpyNNH
H3MeHSIOTCA B chaenyloliell mocienoBatenbHoctd: B NH; 107,3°,
B PHj; 93,3° B AsH; 91,8°, B SbH3 91,3°. Kaxk o6bscHHTL pe3Koe
pa3jinuue 3HayeHuil yrioB y Mojekyn NH; u PH3? Uem o6bsicHs=
eTcsl yMeHbleHHe YIJIOB NpPH Ilepexofe BHH3 IO MOATpynme sJe-
MEHTOB?

5-18. Huxe yKa3aHbl YIVIBl MEXAY CBSI3fIMH M COCTOSIHH THG-
pHAM3alMH op6uTajel LEHTPAJbHOrO aToMa B MOJEKyJax HeKo-
TOPBHIX COeMHHEHHH C BOLOPOAOM 3JieMeHTOB 2 H 3 mepHOAa:

2 mepHoOn 3 nepuon
yroJa, rpan ruépuan3a- yrona, rpan ru6pHIH3a-
igE:d nHsa
CH4 109,5 Sp3 SiH4 109,5 Sp3
NH; 107,3 sp® PH, 93,3 HeT
H,0 104,5 spd H,S 92,3 Her

Ilpeackakute cocTosiHHe THOPUAM3AaUMH BaJeHTHHX op6HTanel
aToMoB ¢Topa u xJjopa B MoJsekynax HF n HCI.

5-19. Hapucyiite mMonmenn mosekyasl HF B mnpeamosoxennn,
4TO BaJeHTHble opOHTanH aToMa ¢TOpa HAXOAATCA B HErHGPHAH«
30BaHHOM COCTOSIHHH H B COCTOSIHHSIX Sp-, Sp2-, sp®-ruGpHAH3aIHH,
O6cynute atH Mogzenu M BbiGepure HanboJsee, Ha Bawm B3rasg,
NpeANoYTHTENbHYIO.

5-20. CpaBHHTe XapaKTePHCTHKH MOJIEKYJ bl BoAb M HOHa HyO®3

<= HOH, rpan lO—H , HM
H.,O 105 0,0957
H.O+ 111 0,0999

O6mbsicuuTe, MoYeMy OTPHIB 3J€KTPOHA NPHUBOAHT K HEKOTOPHM
H3MeHEHHUSIM B CTPOEHHH MOJIEKYJhl BOAHI.

5-21. Moanekyna xaopuaa 6opa BCl; uMeer nJocKyio CTPyKTys
py, a xmaopuna asdora NClz— nupamupanabuyn. Uem ob6bsicHsercs
TaKoe pa3Jjipuue?

5-22. Monekyna TiFy uMeeT TeTpasapuyecKyl0 CTPYKTYpY.
IIpenckaxure TUn ru6pHAH3anuH BajleHTHHIX opOHTajlell THTaHa,

5-23. ¥Yrabl MeX1y CBf3SIMH B MOJEKyJax THAPHIOB H ¢TopH-
0B a3ota H Kuejoponxa paBuel: B NH; 107°, B H,O 104,5°, B NFy
102°, B F,O 101,5°. TToyeMy yrael Mexny CBA3SMH B MOJIEKYyJax
$TOpHIOB MeHbllle, YeM Yy THAPHAOB?

5-24. KakoBa ru6puau3alusi BaJeHTHHX opGuTaneit B uone I3~,
€CJIH OH JIMHEeeH?

5-25. Monekyna HNjs nunefina. KakoBo cocTosinne ru6puausa-
uud opbOurajeit aToma asora B 3TOH MoJjeKysae? KakoBa koHdury-
pauusi Mojekysan asuna ammonus (NH4)Nj?

5-26. Monekyna NO colepXHT HecmapeHHH# 3JeKTPoH. O6b-
ﬁcmng, nouemy naBe MoJeKyabnl NO He 06pasyloT NpOYHOro COEXH-
HEeHHUA?
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5-27. O6bsicHuTe, NoueMy He cyulecTByeT MoJgeKkysa ClHj, xota
sneprusi cBasu Cl—H Beauka, a cocrosnne CI3+ ycroiiunBo?

5-28. KakoBbl NpHYHHB TOrO, YTO MoOJieKyJaa BeF; siuneiina, a
MoJiekysa MgF, HenunefiHa?

5-29. YKaxXuTe cyllleCTBeHHble NMPH3HAKH CXOACTBA H Pa3JHYHSA
B cTpoeHHH MoJsekyJa Ny, CO u BF.

5-30. Mosekyna NH; umeer ¢bopMy mmpamunbl, Mosekynaa BHj
nnockas. IIpy B3auMOJEHCTBHH 3THX MOJeKyJ obpasyercs MoJe-
kyna H3;NBF;. Ilpenckaxute CTPYKTYpPY 3TOH MOJIEKYJIHL,

5-31. Ha ocHOBaHHM Yero MOXHO CAeJaTb BHIGOD MeEXAY IJIO-
CKOCTHOH H NHpaMHJIaJbHOH CTPYKTYypaMu Hjas MoJekya BF; u
NF;?

5-32. Monexynsl NH; u NFs; umeoT ofMHaKOBhle reoMeTpHue-
ckue KoHpurypaumu. OgHaKO HX JAHUIOJbHEIE MOMEHTH CHJBHO
pasauuatorcsa: 5,01-1073° Ku-m gas NH; u 0,67-10-3° Kn-m pas
NF;. IlpuBenure Bo3MOXKHEE OODBSICHEHHA 3TOro (pakra.

5-33. Ilouemy mousekyna CO, quHeiiHa, a Mogekyaa SiOs umeer
TeTpPasapUuecKyio KoHbHUrypauuo?

5-34, Monekyna NF; npeacraBisier co60if TpHrOHAJ/JNBHYIO IHUpa-
MHLY ¢ aToMOM a3oTa B BepuinHe, yron F—N—F=103°. KaxoBso
cocrosiHue ru6puAN3aluu opbuTasell aToMa asora?

®dTopHA a3oTa — oueHb ycToHuuBoe coeluHeHue. Hecmorps Ha
to uto NHj; Takxke moBosabHO ycToiiunmBoe BellectBo, NHoF u
NHF; upesBbiuaiino B3peiBuaThl. B orauune or NF; ocranbHble ra-
aorenngbl azora NCls, NBrz u NI; upesBriuaiino B3puiBuaThl. O6%b-
SICHUTEe NPUYMHBl Pa3JHYHOH YCTOHYHBOCTH TraJIOr€HHIOB a3o0Ta.

5-35. Huxe npuBeleHbl CBelleHHS O CTPOEHHH MOJeKyJ raJjore-
HUJOB IvaBHOH moarpynnel 11 rpynnel anemenToB MI'p (i1 — JauHe#-
Hasl, y — YroJ MeXJy CBsI3sMH He paBeH 180°):

F Cl Br 1
Bel's b Ja a Ja
MgT, y Ja b b,
Carl, y b b Ja
Srly y y a a
Barl, y y y y

[Tpoanasusupyiite npuBe/ieHHEEe JaHHEIE H cienafiTe COOTBETCTBY-
folIye BbIBOABIL.

5-36. O6bsicuute, mouemy MmoJiekyaa CO; He MMeeT 3JeKTpuye-
CKOTO MOMeHTa aumoJsi, xoTs cBsizsb C—O XxapaKrepudyercs BbICO-
KM MoMeHTOM pumoasi (3,7-1072° Ku-.m). OOBsCHHTe TaKxe, IO-
yeMy 3JIEKTPHUECKHH MOMEHT JMIIOJISi MOJIEKYJIbl CO mouTu paBeH
HYJIIO. .

5-37. Buibepure HeOGXOAMMble NPH3HAKH TeOMETPHYECKOH KOH-

durypauuu Monaekynnt CHy: a) Bce yriibl H—C—H pasnH; 6) Bce

MexbsfepHble paccrosuuss C—H paBHbI; B) BCe PacCTOSHHS MeX-
slpaMH aTOMOB BOJOPOAA PaBHHL.

i 51-1§8. Mounekyust CT'y umeior Gopmy TeTpasapa, COT'; u CST, —

tpeyronbuuka, a COg, COS, CS, — nuHeitHble MoJieKyJbl. KakoBo
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riGpUAHOe COCTOSIHHE BaJIeHTHHIX oOpOHTaNedl aTtoMa yrJjepoja
B 3THX MOJIeKyJax?

5-39. B MoJsekyjse ByHg cBf3p Mexay atomMamu 6opa ocyulecT-
BJSIeTCS uYepe3 aTOMBl BOJOPOZA:

NS

v N N

ITouemy Takasi cBsi3b HeBO3MoxKHa B MoJsekyJe CoHg
NN

v N\ N

5-40. TlpuBenute Kak MOXKHO OoJibllle (PaKTOB, YKa3HBAIOUIHX
Ha PaBHOLEHHOCTb BCEX CBfi3ell B MOJIeKyJe MeTaHa.

5-41. Moaekyna NoH, nmeer mexwpsfepuble paccTossHusgs N—N
0,147 um, N—H 0,104 um u yroa mexnay cBs3saMu ZHNN=108°
KakoBo cocrosinue rubpuausanun opburanedi aroma asorar

5-42. Huxe npuBeleHbl 3HAaueHHS YIJIOB MeX1y CBA3SMH, 3Hep-
MU CBfI3ell M MeXDbsilepHble PAacCTOSHHS B MOJIeKYyJax 3TaHa, 3TH-
JieHa U alleTHJeHa:

?

= HCC, rpan Al ¢ lc-co 1M
kJx/Monb
CoHg 109,5 327 0,154
C.H, 120 586 0,134
CoH, 180 808 0,120

[Ipeackazkure coCTOsiHHMe THOpHAM3alUH BaJIEHTHBIX OpOuTasel
aTOMOB yrJlepoja H THII CBS3H MeXAy aToMaMu yriepoma. Hapu-
cyiiTe MOJeNH MOJIEKYJ 3TUX COeLNHEHHH.

5-43. O6bscHuTe, moueMy B MoJgekyJse staHa CsHs aTomMn BomD-
polda OQHOH MeTHJbHOH TPYNNbl PacloJOXKeHb Haj NPOMeXYTKaMH
MeXJy aToMaMH BOJAOpOAa APYroil MeTHJbHOH rpynnbl (puc. 5-2,a)
a B MoJekyJse atuneHa CoHy (puc. 5-2,6) atombl BojgopoJa oXHOH
rpynnet CHy pacnojioxkenbl TOYHO HaJ aToMaMH BOJOpPoAa APYrofi.
Ilouemy cTpyKTypa c pacmoJoxKeHHeM aTOMOB, H306paXkeHHOM Ha
puc. 5-2, 8 Heu3BeCcTHA?

5-44. B MoJieKyJie 3TH/IeHa opOUTall aTOMOB YIJepoAa HaxXoxAT-
csl B COCTOSIHHH sp?-rubpuausaunuu. yron mexnay csasaimu H—C—C
pasen 121,5°, a He 120°. O6BbsicCHUTE NPUYHHY TAKOTO OTJIHYHSI.

{_l ﬁl:H oH
H HO |
X/ R
u S|
oH HlI»H J]—[
a 6 8
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5-45. Kak o6bsCHHTb, UTO B MoJeKyJsax 3THaeHa u l,1-nudrop-
3THJIEeHA

H H F, H
\C=C/ N’
R o\
yron H—C—H (~117°) 6oabme yrna F—C—F (~110°).

5-46, IIaunb cBs3eit C—C u C—H B MoJekynax sTaHa, 3THIE-
Ha M alleTHJIeHa HMEIOT cJaeaylolye 3HayeHHs (B HM):

c—C C—H
CoHg 0,154 0,110
CoHy 0,134 0,109
CgH 0,120 0,106

CoopmyaupyiiTe BOMpOCH, BbITEKaIOIlHe H3 3THX [aHHBIX, H OT«
BeTbTe Ha HHX.

5-47. OGbscHATe, IMOUeMYy yMeHblIeHHe MeXDbSAEPHBIX PaccTo-
auuii B cBsi3six C—C, C=C u C=C npuBoAUT K OJAHOBPEMEHHO-
My yMeHblueHHI0 cBsisu C—H?

5-48. UsBectHo, uTO cBfI3b C=C npounee cBsizdu C=C, a cBfA3b
H—H npounee cBsisu C—H. O6bsicaure, moyeMy NPOXOAHMT peak-
uuss CH=CH+H; = CH;=CH,.

5-49, Dueprus Gaprepa BpauleHus Bokpyr cBsisu C—C B 3TaHe
cocraBaser 12,6 kllx/moab. Hapucyfite Mozenu MoJieKysa 9TaHa,
oTBeyalollye MHHHMaJbHOMY W MaKCHMaJIbHOMY 3HeprHYeCKHM CO-
CTOSIHHUSM. .

5-50. U3 Tpex usomepoB C,Hg ofuH nmMeer 3jeKTpHUeCKHHA Mo-
MeHT aunons, paBHuit 1,0-10-3° Ku.Mm. KakoBa ero cTpykrypHad
dopmyaa?

5-51. [IpuBeanuTe Kak MOXHO 6oJblle N0KAa3aTeJbCTB PaBHOLEH-
HoctH Bcex cBsideit C—C B MoJekyJse OGeH3oJ1a.

5-52. HMckyccTBeHHO NOJyuYeH JHHeHHBIH NOJHMep yrJaepoia —
Kap6uH. CBs3u B KapOHHe MOXHO H300pasuTb ABYMSl CIocoGaMu:

HJIH
[-C=C—C=C—C=l],

Kakas moznenb Gosee npeanoututesbHa? Kakue cBeleHHSI HYXKHH
IJIs OTBeTa Ha BOIpoc? '

5-53. flapo aroma Gopa (popmasbHO) MOXKHO NOJNYUYHTh, OTHSB
OPOTOH OT siApa aTtoMa yriepona. IlpeacraBbre ceGe, 4TO OT ALEp
KaxX/[0ro aroma yriepoia B MoJiekyJe 3TuieHa Cg;H; oTphBaercs
A0 NpPOTOHY, KOTOpble OCTaloTCsi B MoJieKyJe. B pesyabrare o6pa-
3yercsl MoJiekysa ByHg

C;H; —> BgH,

OnuwnTe BCe H3MEHEHHs, KOTOphleé IPOHCXOASAT MeEXAY CBS3SIMHA
ABYX LEHTPAJIbHbIX aTOMOB.
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5-54. CTpykTypy KapGuHa MOXHO M306pa3uth ABYMsi crmocoba-
MH: TOJBKO C ABONHBIMH CBSI3IMM HJIH C YePeAYIOIHMHCS OLHHAp-
HBIMH H TPOHHHIMH cBfidsiMu. Omnpejenure, Kakas MoJesb SHepre-
THYeCKH GoJsiee BBIFOJHA, €CJNH SHEPTHH CBfI3H aTOMOB yrJjepoaa
paBubl: B 3rane C—C 326 xkIx/mMonp, B 3stuaeHe C=C
586 xlx/moab, B auerusnede C=C 808 kI x/monb. IIpenckaxure
CBOHCTBA, KOTOPBIMH HOJKeH 06J1afaTh KapGHH, COOTBETCTBYIOIIHH
oGenM MOAeNsiM.

§ 6. METOJ, MOJIEKYJISIPHBIX OPBUTAJIEN

6-1. IIpuBeante ¢aKThHl, yKa3blBalolllie Ha CYIIeCTBOBaHHE MOJIEKYy=
JSIPHBIX OopOHTaJsei.

6-2. YKaxuTe pas3iHuHs MeXJy aTOMHOH H MOJIEKyJspHO# Op-
6uTansiM.

6-3. Huxe mpuBeleHB CBOHCTBA JBYXaTOMHBIX MOJIEKYJ H MO-=
JIeKyJSIpDHEIX HOHOB 3JIeMeHTOB IIepBOro nepHoAa:

AHCB I, aM MarHuTHble CBOM-
k/MOMb CTBa MOJICKVJIbl
HJIM HOHa
(H) = — —
Ho+ 260 0,106 napaMarHHTHBLH
H. 432 0,074 JHaMarHuTHasi
g 17 ? napamMarHMTHbIHA
(H22-) — - —
He,t 250 0,108 napaMarHUTHHI
(Hee) - - —

OG6bscHHTe NMPUYHHBI NPOSABJIEHHS yKa3aHHHIX cBoiicTB, [ToueMy
moJieKynsipublii uoH Hept cyuectByer, a Mosekysa He; He cymecTs
Byer? Kakue fABe 4YacTHUB HMEIOT OAHMHAKOBblE MOJIEKYJSAPHHO
op6uranu?

6-4. HekoTopble cBoficTBa ABYXaTOMHBIX MOJIEKYJ] 3JIeMEHTOB
BTOPOro NMepHoja:

AH I, M MarHuTHbie

k3%/MOMb cBONCTBa
Lig 107 0,267 AMaMarHuTHas
Bey O(nan 54) o (?) —
B, 274 0,159 napaMariHuTHas
Ca 603 0,124 JHaMarHuTHas
Ng 942 0,110 JHaMarHuTHas
O, 494 0,121 napaMarHuTHas
Fs 155 0,142 JUaMarHuTHas
(Ney) 0 o -

Hapucyfite sHepreTHueckHe AMAarpaMMel MOJIEKYJSPHHIX OpGH-
Tajell AJS 3THX COeAMHeHHH. YKaXXHTe YHCJIO 3JEKTPOHOB Ha CBS-
3bIBAIOLIHX H. Pa3phIXJAIOMHUX op6uTanax. O6bAcCHUTEe CBOHCTBA MO-=
Jaexya. Ilpenckaxure MarHUTHHE CBOHCTBA NOJOXKHTENIbHO H OTPH-
1aTeJqbHO 3apSXKEHHBIX MOJIEKYJSIDHHIX HOHOB, a TakXe, KakK
U3MeHSIOTCA 3Heprus CBS3H H MeXbAlepHOe paccTofiHHe (YBeJHUYH=
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BAaIOTCS HJHM YMEHbUIAIOTCH) IO CPABHEHHIO C 3THMH “BeJHYMHAMH
y HCXOJAHOM MOJIEKYJHBIL. .

6-5. O6bsicuute, moueMy MoJgeKkysna O, mapaMarHHTHA,

6-6. Uem Goublle naBieHHe, TeM cjabee ImapaMarHeTH3M KHC-
Jgopozna. IIpy BBHICOKHX TeMmIlepaTypax IapaMarHeTH3M KHCJOpOAa
ucuesaet. [louemy?

6-7. Bompoc o cymiecTBoBaHMM MoJeKyJasl Hj no cux mop He
peueH, xoTsl HOH Hst o6HapykeH. UeM 06BACHUTL GOMBINYIO YCTOM-
yuBOCTh HOHA H3t o cpaBHeHHIO C MOJEKYJIOH?

6-8. KakoBa npuuHHA ype3BbIYaHHO OOJbLIOH SHEPTHH CBSI3H B
Mmonekysne No? IlpuBenuTe nmpumepnl peakluil ¢ yuacTHeM MOJIEKYJI
N2 # 00BsicCHHTE, IOUEMY 3TH PEaKLUHH IPOTEKAIOT.

6-9. Ha3oBuTe AByxaToOMHBIE MOJIEKYJH 371eMeHTOB 1 H 2 mepuo-
JOB, Y KOTOPHIX @) OTPBIB 3JeKTPOHA NPHBOAUT K YCHJEHHIO CBS3H,
6) npu6GaBjeHHe 3JeKTPOHA NPHBOAHUT K ocJabaeHHI0 CBA3H. O0Db-
SICHUTe IDUYHMHBL 3THX sBJeHHH. [locTpoiiTe sHepreTHyecKne JHa-
rpaMMBI MOJIEKYJSIPHBIX OpOHTaseil HOHOB H MoJeKyJ. IIpexckaxu-
Te X MarHUTHBIE CBOHCTBA.

6-10. Tlouemy OTpHIB OJHOro 3JIeKTPOHA OT MoJeKynan Fp mpu-
BOJIHUT K YCHJIEHHIO CBSI3H MEXJy aTOMaMH, a OTPHIB 3JeKTPOHA OT
MoJieKyJsbl Ny — K ocsa6JIeHHIO CBSI3U?

6-11. B psagax ciaedylOLIHX MOJeKYyJ U HOHOB BHIGepHTe Ty ya-
CTHLY, Y KOTOpo#f HauboJibi1asi 3HePrusl CBA3H:

1) Hy*—Hy,—H," 6) Cy+—C,—Cy~
2) He,*—He,—He,"~ 7) Nyt—Ny,—N,~
3) Lig*—Li,—Li,~ 8) 0,*—0,—0,"
4) Be,*—Be,—Be,~ 9) Fy+—F,—F,”
5) Byt—Bys—B,” 10) Ne,*—Ne—Ne,~

6-12. KakuMu cnoco6aMi MOXKHO OT aTOMa HJH MOJEKYJHl OTO-
pBaTbh 3JeKTPpoH? Kak K aToMy HJIH MOJeKyJie NPHCOeAHHUTb 3JIeK-
TpoH? Hamnuuure ypaBHEHHSI COOTBETCTBYIOILHX npoleccoB, O6cy-
JIUTe BO3MOXKHOCTb HX HPOTEKaHHUS C TOYKH 3PEeHHS TepPMOAHHAMH-
KU ¥ KHHETHKH.

6-13. Kaxue nByXaTOMHBIe MOJEKYJBl, CYyLIeCTBYIOLIHe IIpH
OOBIUHBIX TeMIlepaTypax B ras3oBoH (pase, mapaMarHHTHHI?

6-14. O6bsicHUTe, TOYEMY IPH OTPHIBE 3JEKTPOHA OT MOJIEKYJHI
¢Topa Habaogaercss 6osee 3HAYHTeJbHOE YIPOYHEHHe CBf3H, UEM
IPH OTpHIBE 3JEKTPOHA OT MOJIEKYJbl KHCJIOPOAA, XOTS H3 MoJie-
KyJbl KHCJIOPOAA YXOAUT OAUH M3 [ABYX Pas3phIXJSIOLIUX 3JeKTPO-
HOB, a H3 MOJIEKyJbl (PTOpa — TOJBKO OAMH H3 YeThIpex.

6-15. B mosexysnax kuciaopoja u (propa 4HCJIO Pas3pHIXJSIOUHX
3JIEKTPOHOB IpEBHIIIAeT YUCJIO CBA3bIBaloliux. IIpu oTphiBe 0T MoO-
JIEKYJIBl Pa3pHIXJSIOLULEero 3JeKTPOHA CBA3b MeX]y aTOMaMH ynpou-
Hsercsa. 10, Kasajgocb OBl, JOJXKHO CIOCOOCTBOBATh MepeXoiy Mo-
JeKyJbl B 3HepreTHUeCKH OoJiee BBHIFOJHOE COCTOSIHHE MOJeKyJsip-
HOr'o HOHa:

Op,=0O,* 4~
Fg=Fy*+e”
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IToueMy Kucnopox M (Top CYLIecTBYIOT B BHJIe MOJIEKYJ, a He B
BHJAE HOHOB?
6-16. Kakas u3 peakuuit 6oJiee NpeANOUYTHTEJNbHA LJIsI KHCJOPO-
Ia, Kakasg — AJs a30ra:
3,4 hv=D3,*+e"
3, 4 hv =23

Kaxkue nanHble HeO6GXOAUMEL AJIS1 OTBETa?

6-17. Huxe npuBefeHbl 3HeprHH auccounanuu (B KJI[K/MOJb)
JIBYXaTOMHBIX MOJIEKYJI BOJJ.OpOILa u anementoB I u VII rpymn u
HX MOJIEKYJIIPHEIX HOHOB:

At [EH D~
H, 255,7 432,1 14,6
F» 320.0 154,8 117,2
Cly 387.9 239,2 120,1
Bry 316,3 190,1 82,4
. 250,2 148.8 102,1
Li; 157,7 99.0 =
Na, 9.1 71,1 —
K 87,9 53,6 —
Rb, 71,1 41,8 —
Csz 46,0 38,0 -

CpaBHHTe HM3MEHEHHS 3HePruH JUCCOLHALMH MOJIEKYJ H HOHOB
no rpynmaM sjeMeHTOB. C KaKMX MOJeEKYJSPHBIX op6GHTajedl (CBS-
3BIBAIOLIMX HJH Pa3pLIXJASIOIIHX) OTPHIBaeTCA 3JEKTPOH NpH obpa-
30BaHHM IOJOXKHTENbHO 3apsxkeHHoro HoHa? Ha kakue op6GuTanu
BXOAHT 3JIEKTPOH NPH 06pPa30BaHHH OTPHIATEJNBHO 3apSAXKEHHOTO
HOHA? YKaxKuTe 3JeMeHTH, o6/ajaiollue AHOMAJbHBIMH CBOHCT-
BaMH. YKaxHTe Jpyrue oco6eHHOCTH B IOBefleHHH paccMaTpHBae-
Meix yactuu. IloneitaliTech 00bSICHHTD oOOHapyXeHHble Bamu
3aKOHOMEpPHOCTH ¥ HEeCOOTBETCTBHS.

6-18. Huxe npuselleHbl JaHHBIE IO HEPIHAM CBSI3H, MeXbsAep-
HBIM PacCCTOSIHHUSIM U MarHUTHBIM CBOHCTBaM JBYXaTOMHHEIX MOJIEKYJI
3JIeMeHTOB BTOPOTO IepHOAa:

AH b {, oM MarHuTHBIE
k% /Monb CcBOHCTBa

Lis 107 0,267 JHaMarHuTHas
Be, O(unn 54) o (?) —_

B, 274 0,159 napaMarHHuTHas
Cq 603 0,124 JMaMarHuTHas
N, 924 0,110 JHaMarHuTHas
0, 494 0,121 napaMariuTHas
Fs 155 0,142 JMaMarHUTHast
NEZ 0 [es] —_

IIpoananusupyiiTe npuBeleHHble NaHHble H CHeJalTe KaK MOX-
HO GoJsibllle COOTBETCTBYIOIIUX BBIBOJOB. IIpeAcraBbTe AaHHHIE rpa-
¢HYecKH B 3aBHCHMOCTH OT IOJIOXKEHHS 3jeMeHTa B nepHoie I[le-
puoauueckoil cucreMbl. Kak Ha OCHOBaHMM NpPHUBEeNEHHBIX JaHHBIX
NOKa3aTb HeoOXOJAHMMOCTb HCHOJIb30BAaHHS MeTOLa MOJIEKYJSPHEIX
opburaseil 1J151 ONHCAHHS 3THX MOJEKYJ?
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6-19. CorsnacHo MeTOLy MOJeKyJspHbIX opOuTajéii obpasoBa-
HHe MoJsieKy.a1 Bey, Mgy, Cay, Sty u Ba, HeBO3MOXHO H3-3a paBeH-
CTBa YMCJa CBS3bIBAIOLIMX H Pa3pLIXJSIOLMX 3JEKTPOHOB B TaKHX
Mosekynax. Tem He meHee Mosekynn Mg, u Cds; o6HAapyKeHH, a
cylllecTBOBaHHe MoJieKyJs Bep, Sro m Ba. craButcs moj cOMHeHHe.
Her yGenntenbHoro oGbsicHeHHSI 3TOro sBJeHus. [lalite o6bscHe-
HHe IpHBEJEHHbIM HHXKe 3HaueHHSIM SHEPrHi  AHCCOLHAIHH
(8 kx/Mosb), npenmoJsarasi, BO3MOXKHOCTb JABYX Pa3JHYHBIX 3Ha-
YeHHH 3HepPrHH AuccouHanuu Be,:

Be, 0 (wmu 54) Srg 0
Mg2 30 Baz 0
Caz 23

6-20. IlepeBox MoJIeKyJbl KHCJOPOJAa H3 HOPMAJbHOI'O COCTOSE-
HUSA C ABYMS HeCllaDeHHBIMH 2JeKTPOHAMH (TPHIJIETHOE COCTOSHHE)
B COCTOSIHHE C [BYMS CIapeHHBIMH 3JeKTPOHaMH (CHHIJIETHOE CO-
crosHue) TpebGyeTcss 3HAYUTEJbHBIX 3aTtpaT 3Hepruu (97 kIIx/
MoJsb). HecMOTpSl Ha cnapeHHBIe 3JIEKTPOHE!, KHCJOPOA B CHHIJIET-
HOM COCTOSIHHH cnoco0eH y4YacTBOBaTb BO MHOTHX peaKUHsSX, B KO-
TOPHIX OOBIYHBIA KHCJOPOA He ydacTBYyeT, HalpHMep, B3aHMOJeHCT-
BOBATb C 3THJEHOM:

0—0
O, (cunryetHoe coctosinue) + C,Hy = é |
2 -CHB

[TpuBenuTe BO3MOXKHBIE OOBSICHEHHS BO3MOXKHOCTH NPOTEKAHHS MO~
IOOGHOro BHAA peaKIuH.

6-21. ChopmyaupyiiTe NpaBHJIO INOCTPOEHHS 3HEPreTHYECKUX
JHarpaMM MOJIEKYyJSIPHBIX opOuTasell JBYXaTOMHBIX MOJEKYJ, CO-
CTOSILIMX U3 Pa3HHIX aTOMOB.

6-22. UeM OGBACHHTb CXOACTBO (H3HUECKHX CBOHCTB BellecTB
OYeHb DAa3J/IHYHOrO XMMHYECKOro xapakrepa, tTakux, kak CO u Ng,
C02 H NQO:’

6-23. Kak npenckasatb, Ha KaKHe YacTHUb OYAYT HHCCOLHHPO-
BaTb B rasosoil (ase caexywomue HoHH: a) NO*P, 6) NO-,
B) NO,*, r) NO,~, 1) NOs—, e) N.O*, x) NH*, 3) NH.®, u) NH,,
K) NHs*, n) NH+, M) HNs*, v) NF+, 0) NF.*, n) NHD,®.

6-24. TITocTpofiTe sHepreTHUYeCKHe JHArpaMMbl MOJIEKYJsSpPHEIX Op-
6uraneit NO, NO~ u NO*. [Ipenckaxute npoyHOCTb CBSI3H MOJIEKY-
JSIPHHIX HOHOB H CPaBHUTE €€ C NPOYHOCTHIO CBfI3H MoJekyan NO.
IlpenckaxuTe NPOAYKTH AUCCOLHALHH MOJIEKYJ H MOJEKYJISPHBIX
HOHOB.

6-25. Huxe npuBeneHsl 3Heprun cBasu (B kIx/moab) aToMmom
yriiepoiia H KpeMHHSI C aTOMaMH BOJAOPOJa U raJjioreHoB:

C—H 413 C—F 46l C—Cl 334
Si—H 314 Si—F 565 Si—Cl 381

CoopmynnpyfiTe Bonpoc 0 HeOXKHAAHHBLIX CBOMCTBaxX cBa3ell, Ilo~
NbITalTeCh Ha HEro OTBETHTh.,
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6-25. O6BacHHTEe, NIOUEMY OTPHIB OJHOTO 3JeKTPOHA OT MOJIEKY-
abl CO mpuBOAUT K ocnabJeHHIO CBA3H, a oT MojeKyan NO —«k ee
YIPOYHEHHUIO. .

6-27. ITouemy moaexyna CHs ne cymecrtsyer, a uon CHs? cy-
1eCcTByeT? ‘ '

6-28. OGbsicHHTE, TIOUEMY CBSI3b aTOMOB T'aJIOT€HOB C YIJePOAOM
cnabee, ueM ¢ KpeMHHeM. Kakue MeTonbl (BaJIeHTHBIX CBf3eH, MO-
JIEKYJASPHBIX OpOHTasefl MM Ip.) NPHMEHHMB JJs OODbACHeHus
pasyiHuKs B IPOYHOCTH CBSA3eH?

6-29. HMHorna roBopsAT, UTO 3JMEKTPOHHBE OOOJOYKH HOHOB H
aToOMOB MOryT AedopMHpOBaTbCcs IOJ [IeHCTBHEM IPYTHX aTOMOB,
HOHOB HJIH MoJieKyJ. Kak MOXHO omHcaTb 3TO siBJIeHHE, MOJb3YsCh
npeacTaBieHHeM 00 SHEPreTHYECKHX YPOBHSIX?

6-30. IlepeuncauTe npeuMylllecTBa H HeJOCTAaTKH MeTOAOB Ba-
JIEHTHBIX CBSI3efl B MOJIEKYyJSIPHBIX opOuTaJnei.

§ 7. ME)KMOJIEKYJIIPHBIE BBAUMOJENCTBHUS

7-1. Tlepeuncaute THNB cBsideflt (B MOpPSiAKe NOHHXKEHHSA HX 3Ha-
YHMOCTH), OTBETCTBEHHHIX 3a 00pa3oBaHHe CBSI3N MeXIy: a) ABY-
M HeHTpa/IbHbIMH YaCTHIAMH, 6) HeHTpaJbHOH uyacTHUeH H 3aps-
JKEHHOH M B) [BYMs 3apSKeHHBIMH YaCTHUAMH.

7-2. TlepeuncauTe BO3MOXHble NPHYHHB, INOYEMY ypaBHeHHE
pV=nRT toabKO NPHOGIHKEHHO OIHCHIBAET IIOBENEHHE peasbHBLIX
rasos.

7-3. MoXHO JM NpeBPaTHTb HAEAJBHBIH ra3 B XKHIKOCTb?

7-4, O6bsicHHTe, noueMy oObeM rasa, H3MepeHHBIH NpPH TeMIe-
patypax, GJIM3KHX K TeMIepaType KHIIeHHS|, BCerja OKashlBaeTcst
HEeCKOJIbKO MeHbllle BEIYHCJIEHHOrO.

7-5. Kak u3BecTHO, 6/1aropoJHble rasdbl AeACTBHTEJNbHO XHMHU-
YeCKH OueHb MHepPTHH. BMecTe ¢ TeM HX CIOCOGHOCTb NEPEXOAHUTH
B XHIKOe H KPHCTaJJHYeCKOe COCTOSIHHE CBHAETEJNbCTBYET O B3aK-
MOLEHCTBHH MeXIy aTOMaMH. YUHTBIBasi, UTO IPH Ilepexoje BHA3
MO0 MOATPYINE 3JeMEHTOB TEeMIepaTyphl MJABJEHHS W KHIEHHA IIO-
BHILIAIOTCS, OOBSICHUTE NPHPOLY B3aUMOJEHCTBHSI aTOMOB 6Jaro-
POLHBIX Ia30B B XKHJAKOM H KPHCTaJJHYECKOM COCTOSIHHUSX.

7-6. Tlouemy ycrofiuuBocTb rugpatoB J-5,75H,O mnoBwmaercs
B psany Ar—Kr—Xe?

7-7. DHeprus cBsi3H B MoJeKyjne Hg, ouenp HH3ka (=10 kIx/
Mosb). KakoBo cOOTHOIIEHHE YHCesa CBSI3bIBAIOUIUX H Pa3phIXJsiio-
IIHX 3JIeKTPOHOB B MoJeKysae? 3a cueT yero atoMel 06pasyioT Mo-
JIEKYJy?

7-8. TloueMy cpeiH HEHOHHBIX COEIMHEHHI COeJHHEHHS ¢ Gpo-
MOM HMeloT 6oJiee BHICOKHE TeMIepPaTypbl KHIEHHS N0 CpaBHEHHIO
C HEHOHHBIMH COEAMHEHHSIMH C XJIOPOM, B TO BpeMsl KaK JNJSl HOH-
HHIX COeJMHeHHH Habmi0JaeTcss NPOTHBONOJOXKHAS 3aBHCHMOCTD.
[IpoBepbTe 3TO yTBepKAeHHE IO COPABOYHBIM JaHHBIM.
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7-9. Tpoananu3upyiiTe COpaBOYHBlE 3HAYEHHs ~TeMIepaTyph
gunenuss CH,, CH3Cl, CH,Cl,, CHCl; u CCl,. Oﬁéacnm‘e Bamun
BLIBOADL.

7-10. ITpu pasGaBneHHH 3TaHOJNa BOJOH HabJIoNaercs YMeHb-
weHHe o6beMa M BHIAeJeHHe TelJoTH. KakoBa IpHYHHA 3TOrO SB-
Jenusi? IlonwlTafiTech OoXxapaKTepH30oBaTb €ro XHMHYECKHMH IIpO-
fleccaMH.

7-11. BomopoaHasti cBI3b-— OCOOBII THH B3aHMOJEHCTBHSI MeX-
1y MoOJIeKyJaMH — IposiBJsieTcsl, Korja MoJspHas MOJeKyJa, Co-
Jepxallasi aToM BOAOPOAa, B3aHMOAEHCTBYeT C aTOMaMH KHCJO-
polda, asoTta HJAH (rTopa. IHeprusi BOAOPOJHOH  CBA3H 4—
40 xOx/moab. IlpuunHa 06pa3soBaHUs BOJOPOAHOH CBSI3H COCTOHT
B TOM, 4YTO €JHMHCTBEHHBIH 3JIeKTPOH aToMa BOAOPOLA Yy4YacTBYeT B
CBA3M C APYIMM aTOMOM H TeM CaMbIM 3KDaHHPOBaHHe fApa aro-
Ma BOZOpOAa ocJjabJjsiercs, YTO AaeT BO3MOXKHOCTb K B3aHMOJeH-
CTBHUIO IIPOTOHA C JApPyruMu aromaMu. Ha ocHOBaHUMH CKa3aHHOrO
BHIIEJIUTE CYlLleCTBeHHBle NMPH3HAKH BOLOPOLHOH CBSI3H M AaiTe OI-
pefesieHHe IOHATHS BOLOPOLHOH CBS3H.

7-12. Kakoe BelllecTBO HMeeT 6oJiee BBICOKHE TeMIepaTyphl KH-
fleHUs U IJIaBJIEeHHS:

H,C CH, H,C
\N— B/ U \CH—HC
H,C” \CH, H,e” \CH,

7-13. ¥V xaxkoro coeaunenusi CoHsOH unn Co;HsSH Bhime temme-
patypa xunenus? [Touemy?

7-14. PacmoJioxuTe BellleCTBAa B NOpPSAAKe NOBHILIEHASI HX TeM-
nepatyp kumenus: NHs;, PHs;, AsH; PbHs.

7-15. TloueMy BoO#OpOAHAS CBSI3b OKa3blBAaeT BJHsAHHE Ha CBOIi-
ctBa NHi, HoO nu HF, HO He oKa3biBaeT 3aMeTHOrO BJMSIHHA Ha
cpoiictBa PHj;, H,S u HCI?

7-16. dranoa kunut npu 78 °C. IloueMy Temmepatypa KHIEHHS
srantHona CoHsSH uumxke (37°C)?

7-17. MoJexysabl BOABl H CepPOBOJOPOJA MOTYT CBSI3BIBATHCS
npH TOMOIIM BOJOpPOAHOH cBA3H. HapucyiiTe Momenn BO3MOXKHBIX
modstekya HoO-H,S.

7-18. Tlouemy ¢ropoBomopoaHass KHCJIOTAa caabee XJIOPOBOAO-
POIHOM?

7-19. PacnosioxuTe BelllecTBa B NOpSJAKe INOBBHIIEHHS HX TeM-
nepatyp kunenus: CsHj,, CsH¢NH,, C4;Ho,OH, C,HsSH.

7-20. ITouemy anmon HCl,~ ne mn3Becten, a HF;~— usBecren?

7-21. Mounekynbl cepoBOJOpPOAA H BOAB MOIYyT 00pa3oBaTh IO-
CPEeACTBOM BOIOPOLHON CBSI3H ABA THIIA MOJIEKYJ

H H
/ /

_H...S S—H-..0
H/O H \H | \H

H
I 11

Kakaa u3 crpykryp I miu II Gosee mpeamourutenbna? OpHHaKO-
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Bl MJHM Pa3JqHYHBl MeXbsanepHble paccrosiusi S—H—O B stux
MOJIEKYJ1ax? ‘

7-22. Ecan 4epe3 pactsBop ()TOPOBOJOPOIHOA KHCJIOTH NpOMNy-
cruth 96484 Kua anektpuuectBa, TO OYZEeT HepPEHECEHO 2 MOJIb-
noHoB ¢ropa. Ilouemy?

7-23. Kak OGBACHHTb 4pe3BBIYAHHO O60JBIIYI0O pacTBOPHMOCTH B-
BOJle XJOPOBOJOPOJAa H aMMHaKa — BelleCTB CO CTOJb pPa3JHYHOMN
XMMHUYECKOH NPUPOAOH (IpH OGHIYHBIX YCJOBUAX B 1 0O6beMe BOABL
pactBopsercsi 450 o6bvemoB HCI u 700 o6bemoB NHj)?

7-24. B uem cocToHT nmpuuyMHa Toro, uto HyO, Kumur mpu 3sHa-
ynTebHO Gosiee BHICOKOH TeMneparype (150°C) mo cpaBHeHHIO €
BOJOH, XOTSI X TeMIepaTyphl IJjaBJjeHuss 6ausku (0 u —0,46 °C)?

7-25. TlonspHocTh cBs3u B MoJekynae HF Gosbiue, ueM B MoJge-
kyJe HCI. Tem e MeHee B Bofe HCl 6osee cunbHasi Kucaora. Ilo-
yeMy?

7-26. Tlouemy TemsoTa ucnapeHus ¢TOPOBOAOPOAA C yMeHblle-
HHEM JlaBJIeHHS CHJIbHO BO3pacTaer?

7-27. YxcycHass KHMCJOTa pacTBopsieTcss B BofAe, GeH30Je, TeT-
paxnopuze yriepofa. OGbsACHHTe NPHUYMHBEL ee PacTBOPeHHS B Be-
IeCTBaX Pa3IHYHON IPUPOAHL.

7-28. B MmogexkyJsaax o-usoMepa xJOpOEH30HHOH KHUCJOTHI

(0]

C/
z | \QH
NNcr
BO3HHKaeT BHYTPHMOJIEKYJsIpDHAst BOJOPOAHAs cBA3b. K KakuM 3Ty
JOJIKHO NpHBecTH mocieacTBusAM? CpaBHHTe CO CBOHCTBaMH JApY-
THX H30MepOB XJOpP6eH30HHON KHCJIOTHI.

7-29. Bsskocts rauuepuHa CHy(OH)CH(OH)CH,(OH) &
75 pa3s GoJblue Bsi3KocTH stHaAeHraukonss CH,;(OH)CH,(OH). Ka-
KOBa NPHYHHA CTOJb CHJIBHOTO PA3JHYHsl B BA3KOCTH?

7-30. Kako#t u3 H30MepoB XJ0p6EeH30HHOM KHCIOTHI

~ COOH _ COOH
| HIH |
e cl A

uMeeT 6oJlee BBICOKYIO TeMIepaTypy IJaBJeHHS H INoueMy?
7-31. Tlpenckaxure xapakrep CTPYKTyp (TpexMepHble, MJIOCKHE,

uenoueunse), o6pasyembx Mosekynamu HF, NHs u HyO B xkuakom
COCTOSTHHH.

7-32. Huxe nokasaH ¢parMeHT CTPYKTYPbl aCCOLMHPOBAHHBIX
MOJIEKYJ KUIAKOH BOJHI:

H i

H---O
LN
\H

4* 5%

|
H* — O
\H-'-O



K wenmn Mosekys MOAXOAMT NMpoTOH, HaM HoH H;0* (mokasano
cTpenkoit). [IpeamnosoXuM, 4To B accouuarax 3apsi, NepexOoiHT
BLOJIb Lenu MoJekyn. Hapucyiite cxemy Ttoro € ¢parmeHnra, HO
¢ 3apsaoM, NepellefIIXM Ha APYro#l KoHell Lemu MoJeKyJa. Kako-
Ba poJib BOZOPOJAHBIX CBfi3el B Ipoliecce MepeHOCa MPOTOHA B KHA-
Kofi Bome? OmuuiMTe mpollecc IepeHoca NPOTOHA B BOJeE.

7-33. YKaxuTe BO3MOXHBIE CHOCOGBl YCTAaHOBJIEHHS HaJHYHA
BOJODPOAHBIX CBs3eil.

7-34. O6psacHuTe, MOYEeMy MaKCHMaJbHas NPOYHOCTb BOAOPOJ-
#ofi cBsi3u nocruraerca npu yrne A—H-.-B, paBHom 180°.

I
7-35. Ecain K pacTBOpPY XHMHOHA @ OPHJHBAThb PacTBOP I'HI«

I
O

OH
|

POXHHOHA @, TO BbimajgaeT oOCaAOK XHHTFHAPOHA, B KOTOpPOM

OH
OTHOILEHHEe XUHOHA M rHApoXHHOHA paBHO 1:1. Ecau Xe K pacTBo-
Py XHHOHA NIPHAHBATh pacTBop deHona [ | , TO B 0CaZoK
N

BhIMajaeT (PEHOXHHOH B KOTOPOM OTHOILIEHHe XHHOHa H (¢eHOJA
paBHO 1:2. O6GbsicHHTe NPHUYUHB 00pa30BaHUsI XWHTHAPOHA U (e-
HOXMHOHA W HaNHIIKTE X CTPYKTYpHbIE (HOPMYJIHL.

7-36. IlpemnoxuTte BO3MOXKHBle 0OBSCHEHHsI Toro (pakra, 4TO
Han6oJiee MpouHast BOLOpPOAHas cBA3b ob6pasyercs MeXJAy aToMma-
MH BOAOPOAA M aTOMaMH a30Ta, Kucjopoja H ¢ropa.

7-37. TlpocMoTpuTe Hpeiblayliiie 3afayd 3TOro pasfena, Kaca-
IolHecss BOJOpOAHON cBA3H. IlpenJo-
t,°C JKUTe oIpeJesieHHe MOHATHS «BOAOPOA-
40 Hasl CBSI3b>.

7-38. B HayuHO#i sHTepaType c0006-
11aJ0Ch O CYLIeCTBOBAHHH «JIHTHEBOH»
cBs3H, O/M3KOH Mo NMpHpole K BOJOPOA-
noit. IIpenckaxuTe BO3MOXKHBIE COENH-
HEHHS] Ha OCHOBE «JIHTHEBOH» CBA3H.

7-39. Mounekyan BHj; cyuiectsyior
TOJIKO TPH BBICOKHX TeMIlepaTypax.
[Ipu HH3KHX TeMIlepaTypax OHH JHMepH-
1 3yiorca B BoHs. O6cynure Bo3mMoxkKHBIE

— | ! | |
5020 40 60 60 100 TPHYMHBEI IHMEPH3AIHH.
S03,% 7-40. ITouemy BH; numepusyercs, a
PHUC. 7-1 CH, He cmocobeH K AUMepH3aLHU?
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7-41. Ha puc. 7-1 nokasaHa 3aBHCHMOCTb TeMIepaTypH INJaB-
Jenusa B cucreMe H,O—SOj; or comepxanuss SOz YKaxKute XHMH-
geckne coenuHeHnss HySO,-nH;O u 06GBACHHTE NPHYHHH HX 06-
pasoBaHus.

7-42. TlnoTHOCTh mapa XJOpHAA aNIOMHHHS CHJIBHO H3MeHsSercs
€ TeMIepaTypoi:

t, °C 218 350 768 943 1117 1244 1260
p, r/leM® 9,19 9,34 4,80 4,56 4,27 4,25 4,28

O6DbsicHHTe NPHYHHY TAKOrOo H3MeHeHHS IJIOTHOCTH.

§ 8. KOOPAHHALIMOHHAS YACTHLA

8-1. Haiinute ocHoBaHHs mus Kiaaccudukanuu yactul: HySO,,
HsO+, HF, SOs;, H;0, (H:0)n, HF2~, K¢[Fe(CN)s], KAl(SO4)2.
[Ag(NHa)z] C] [CO (NHs)s]Cls, K2Cr207, KzCI’aOm, FE(C )5,
Na[BF,], NH4C1 NH;-H;0, CrO;, CO, NHa.

8-2. ¥Kaxure o6luKe NPH3HAKH peaKIui:

H,0 4 H* = H;0+*
NHg + H+ = NH,*
NH, + BF; = HyNBF,

8-3. Ilouemy cymectByer coeannedve HF.BFs, HOo He cywecT.
Bytor H—H-BF3; u F—F-BFj3?

8-4. Tlepeuucaute pa3iuuusi, cBi3aHHBHEe ¢ oO6GpasoBaHHEM H
CBOMCTBAMH KOMIIJIEKCOB C He3apSXKeHHBIMH H 3apsiXKeHHBIMH JIH-
rannamu, Hampumep CO u CN-.

8-5. TIpemckaxkuTe BJ/HsIHHe TeMIlepaTyphl Ha KOOPAHMHAIHOH-
HOe YHCJIO KOMIJIeKcoo6pa3oBaTels.

8-6. O6bsicHHTe, NoueMy COeJHHEHHe aMMHaKa ¢ BOAOH mpa-
BuJbHee H306paxarb NHjs-HyO (ruppar ammuaka), a ne NH,OH,
a CoeJlHMHEHHe XJOPOBOAOPOJAA C aMMHAaKOM (XJIOPHA aMMOHHf)
caenyet 3anuceiBath B Buge NH,Cl, a ne NH;z-HCI?

8-7. YKaxuTe JOHOP U aKUENTOp B peaKLUHAX:

NH,g + H* = NH,*
H,0 4 H* = H,0+
BH, + H™ = BH,~
Fe + 5CO = Fe(CO);

8-8. Moaekyna rugpasuna HoN—NH,, nono6Ho Monekyne am-
MHaKa, croco6Ha NMPHCOEAHHATb NMPOTOH HJH JBa MPOTOHA H 06pa-
30BBIBaTh COJIH ¢ KucaoramH (aHasjornudnie NH,CI). l'IpuBemlTe

NpHMephbl coJiell THAPa3HHHA.

8-9. BasentHHle op6maJm KHCJIOpOZa B MoOJieKyJie BOAH Haxo-
OATCA B COCTOSIHHH Spi-rHGPHAM3alMH, NPHYEM ABe SP3-THOPHAHBIX
op6uTanu CBOGOAHBI, NMO3TOMY BO3MOXKHO NPHCOENHHEHHE OJHOro
HOHa BOLOpPOJA MO JOHOPHO-aKUENTOPHOMY MeXaHH3MY:

H,O + H* = H;0*
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O6mbscHuTe, MOYeMY He MOXKET NPHCOEAHHHTBCS ellle OAHH HOH BO-
Jopoza K octaBllefica cBob6oAHON spi-op6OUTANH:

H;O* 4 H+ = H,0%+

8-10. B Bognom pacrBope KCN naxoasarcss nonnt K+ 1 CN—, B
pactBope Fe(CN);—unonn Fe?* u CN—. K 1 1 0,04 M pacrBopa
KCN npu6asaen 1 a1 0,01 M pactBopa Fe(CN),. Ilouemy us yka-
3aHHBIX BbILIE HOHOB B IIOJYYEHHOM pacTBope yaaercs oO6HApy-
KHUTb ToJabKo K*?

8-11. TlpuroroBmrer 1 M (mo XxpoMmMy)  pacTBOp  COJH
[Cr(H0)sCl]Cly. Onpenennre 3HaueHHe X H BaJIEHTHOE COCTOSf-
HHe XpOMa, MCXOAS M3 CJeAYIOIIMX MAHHBIX: AJS OCaXKIEeHHs XJIO-
puna cepe6pa Ha 50 MJ aToro pacrBopa G6bIJIO HM3PacXCAOBaHO
100 mn 1 M pacrBopa AgNOs.

8-12. Kak Bnl cuurtaere, Kakas CcBf3b npeobsajaer IpH B3ad-
MOLEHCTBHH aMMHaKa M BOJBl — JOHOPHO-aKILENTOPHAsS

H H
>0
ho
HJIH BOAOpoAHAsA CBsA3b
H H
H>N——H~--O<H

8-13. Ilpn BBelleHHH HOAHMIA KaJHf B pacTBOpP XJOpHAA PTy-
TH (II) BHIMasaer KpacHBIY OCafioK HOAHAA PTYTH:

HgCl, + 2KI = Hgl, + 2KCl

Ilpu nanbHelilneMm npubaB/jeHHH HOAMIA KaJus 0CaJOK pacTBOpH-
ercsl, U CHOBa moJayuaercsl 6eciBeTHHIH pactBop. Eciim u3 pacTtBopa
HCIIapHTb BONY, TO BHIIEJSIOTCS KeJTOBAaThle KPHUCTAJJbl COCTaBa
Hgl,-2KI. Kakoe crpoeHHe MOJIeKyJH 3TOro BelllecTBa 6oJee:

NPEeANOYTHTEJNbHO:
I ,I—K [---K—I
\ HIU Hg/
. 1/ NI—K NI---K—1I

OG6cynute Kaxnayio CTPYKTypPy Hau npeAjoxurte apyrue. Hainu -
Te HX HeJOCTAaTKH H IPEeHMYIleCTBa. Kak skcnepuMeHTaJbHO HOKa-
3aTh INPaBHJBHOCTb TOH MJH HHOH CTPYKTYPHI?

8-14. EnuHcTBeHHBIH rajoreHun cepebpa, oO6pasylollUid TIHA-
pat,— 310 AgF. Conn AgNO; u AgySO4— 6e3Boannie coau. Onna-
KO aMMHakaThl 06pasyloTcs co BceMH consiMH cepe6pa. OGbACHHTC
HNPHYHHBI Pa3/IHYHOrO NMOBeJEHHS BOABI H aMMHaKa.

8-15. YcTOHYHBOCTD KOMILIEKCHEIX HMOHOB, cofepxamux Fed+,
U4+, Zr*+ u rajoreHuA-aHHOHB B KauecTBe JIMIAHJOB, YMEHbIIaeT-
ca B pagy F->Cl->Br—>1I-, a naa uwonoB Cu?t, Agt, Cd?¥,
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Hg?*, Pt2* ycTofiunBOCTP KOMIIJIEKCOB B TOM Ke PSLy JHraHAOB
yMmenbuiaercsi: I=>Br—>Cl->F~. Ykaxure NpHUHHH TaKoil 3a-
BHCHMOCTH.

8-16. YcToHUYHBOCTh KOMIJIEKCHBIX COEJHHEHUH C HOHOM IeJsoy-
HOro MeTaJjya B KayecTBe KOMILIEKCOOOpa3oBaTessi IOHHXKAaercs
BHH3 [0 INOATPYIIEe 3JeMEHTOB. ¥CTOHYHBOCTb 2Ke KOMILJIEKCHBIX
COelMHEHHH, Y KOTOPHIX HOHBI IIEJOYHOrO MeTajljla pacloJjaraoT-
cs Bo BHelllHe#l c(epe, Bo3pacTaeT BHH3 IO IOJATPYIIE 3JEeMEHTOB
(HecMOTpst Ha yBesJuueHHe pa3Mepa HouOB). [lombiTaiiTech 06Gbsic-
HHTb NPHYHHBI MOZOGHOrO IOBeJEeHUS HOHOB IIEJOYHBIX MeETaJJoB.

8-17. O6bsacHuTe, MoYeMy NpH JeHCTBHH Ha pactBop CuSO,
BOJHBIM pacTBOPOM aMMHakKa o6pasyerci KOMIJIEKCHBI HOH
[Cu(NHs)4]?*, a npu neficTBHM pacTBOPOM XJOPHAA aMMOHHSA
3TOTO He MPOUCXOMHUT.

8-18. Hou SO,4%~ uyacto urpaer poJb Jjuragga. Kakoit atoM BXxo-
JIUT IIPH 5TOM B KOHTaKT C KOMILJIeKCOoOpa3oBaTeaeM?

8-19. Vxaxmutre pasnuuusi B noBegeHuH coJgeit NiSO,-6NH; u
NiSOy- (NH,)2SO,.

8-20. Hapsiny ¢ KoopJAHHALlHOHHLIM YHCJOM 6 uyalle Bcero BCTpe-
YyaloTCS KOMIJIeKCOO6pa3oBaTeu ¢ KOOPAMHALIMOHHBIMH yHcaaMu 4
u 3. Tlouemy He ¢ 2, 5 uau 7?

8-21. MgCl, obpasyer ¢ BO#OH rujparhl, colepxaliue 2, 4, 6, 8
u 12 monexkyn Boabl. Kakoit ruapar HanboJiee YCTOHUHB M NOYeMYy?

8-22. TlonbiTaliTech 0OBACHHTD, TOYEMY CYJb(aThel MeaH H HUKe-
as umetor cocraB CuSO,-5H,0 u NiSO,-7H,0.

8-23. B kucablx BOAHBIX pacTBopax He 00pa3yloTcs KOMILJIEKC-
HBle HOHBI, collepxkamue HzOT B kauectBe suranna. Hanpumep, e
Ha6mogaeTcss mpouecc: ‘

Fe3* + 6H,0* = [Fe(H;0)e]**

O6pbsicHuTE, TOUEMY He MPOTeKaeT TaKoH mpolecc.

8-24. O6bsicHHTe, NOYEMY B KOMILJIIEKCAaX C HEHTPAJbHBIMH JIH-
raggaMyu OOBIUHO KOOPAHMHAIMOHHOE YHCJO GoJblle, uYeM C 3api-
xKenubiMu, Hanpumep [Ni(NHs)gl?+ u [NiCly]2-.

8-25. ITouemy xommiekcHbii noH [AlFg]3~ cymecrsyer, a HOH
[AICl¢]3~ He oOHapyxeH?

8-26. Ilpn nelficTBHM Ha pacTBOP KOMIIJIEKCHOH COJIH COCTaRa
CoSO,Cl-5NH; nurpatoM cepe6pa 0OcajoK He BBHIAEJSIETCS, a XJIO-
pun 6apus ocaxpaer u3 pactBopa cyabdar 6apus. Hanumure xo-
OpJIHHAIMOHHYI0 (GOPMYJY COJH.

8-27. 13 pacrBopa koMmiekcHo#t coju CoCls-5NH; nurtpar ce-
pebpa ocaxpaer ToJabKo 2/3 conepxxallerocss B Hell xsopa. Hamu-
IIHTe KOODJAMHAUUOHHYI0O (OpMYJNy COJH.

8-28. U3 pacrtBopa conu PtCl,-6NH; HuTpar cepebpa ocaxna-
et Becb xyop B Bume AgCl, a u3s pacrBopa coau PtCly-3NH3; —
TOJILKO 4eTBePTh BXOISIIEro B ee cocTaB xJopa. Hanuiurte Koop-
JHMHALHOHHbBIE (OPMYJBl COJIeH.

8-29. HM3BecTHBl JBe KOMILJIEKCHBIE COJIM KOo6aJbTa, OTBeualolue
cocraBy CoSO,Cl.5NH;. Pasnnyne MexAy HHMH IPOSBJSETCS B
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TOM, 4YTO B BOJHOM pacTBOpPe OJHa COJb 06pasyeT ¢ XJOopHAOM Ga-
pusi cynbpar Gapus, BeIafalomMi B 0CaJoK, HO He JaeT ocajika ¢
HUTpaToM cepebpa. PacTBop Apyro#l cosnu, Ha060pOT, naeT OCafoK
¢ HHTpaTOM cepe6pa, a He ¢ XJopuaoMm Gapus. Hanumnre xoopan-
HalHOHHBIe (HOPMYJIBI 06enx coJeil.

8-30. IlpoananusupyiiTe NpHBeleHHbBle HMUXe YpPaBHEHHS peak-
IHMH aMMHaKaTOB IJIATHHBI C HHTpPatoM cepe6pa C BhlAe/NEHHEM
ocajKa XJopHaa cepebpa H clenaiTe KaK MOXHO 6oJblie BHIBOAOE]

PtCly-6NH; + 4Ag+ = 4AgCl + Pt(NH,)*
PtCl,-5NH; + 3Ag* = 3AgCl + Pt(NH,);CI3+
P{Cl,-4NH, + 2Ag+ = 2AgCl -+ Pt(NH,),Cl,2+
PICl,-3NHg + Ag* = AgCl -+ Pt(NHj),Clg*
B peakunun c¢ PtCly-2NH; ocamok He Bhimapaer.

8-31. IlpuBenecHHBIe HUXe NaHHBle HJJIIOCTPHDPYIOT NOBeJeHHe B
BOAHBIX pacTBOpax COeJHHEHHH NJaTHHB Pa3JHYHOrO COCTaBa:

Yucao moabr AgCl, DJeKTPONPOBOAHOCTh COBMNa-
ocaxzpaeMblx AgNO; JaeT NPUMEPHO C 3JEeKTPO-
(Ha 1 Moab HOHOB NPOBOAHOCTbIO BOXHBIX pac-
NJaaTHHBI) TBOPOB coJiel TO# Ke KOH-
LeHTPalHH (HJAH BOXBI)
PtCl,-2KCl 0 K.SO4
PtCl,-6NH; 4 BaCl,+KC1
PtCl,s-2KCl 0 K2SO4
PtCl;-4NH; 2 BaCl,
ptChSNHa 3 K3p04
PtCl;-KCl-NH; 0 KCl
PtCl,;-2NHj; 0 H.O
PtCls-3NH; 1 KCl
PtCl,s-2NH, 0 H.O
PtClz-3NH,3 1 KCl
PtCl4-4NH3 2 BaClg
PtCl,-KCl-NH; 0 KCl

CocraBbTe KOOpAHHAIMOHHblE (OPMYJbl NPHBEJEHHEIX COeJHHEes
HHH ¥ omlpeleuTe KOOPAHHALUOHHOE YHCJI0 HaaThHHh. Kakoii nn-
raifg NHj unn Cl- saBasiercsi 6oJiee cuabHbIM? Crpynmupyiite co-
eHHEHHsI MO0 HauOoJiee CyIIeCTBEeHHOMY NpH3HAKy (Kakomy?). Pac-
NOJIOXHTE COEAMHEHHS B NOCJEN0BAaTENbHOCTH, MOKa3bIBaloOWeH Ka-
Kue-nu60 3aBHCHMOCTH.

8-32. BesBomunit xqopun xpoma CrCls, mpucoelnHsis aMMHaK,
moxet o6pasoBaTh ABe cosu: CrCl;-5NH; u CrCls;-6NH;. Hann-
LIHTE KOODAHHAUMOHHEIE (GOPMYJBl 3TUX COJel, YUHTHIBas, 4TO H3
pacTBopa OLHOH COJNH HUTPAT cepebpa ocaxpaeTr BeCb COAepxKa-
IHiica B Hell XJ0p, a W3 pacTBopa APYroil — TosbKo 2/3 BxoAslle.
ro B ee COCTaB XJopa.

8-33. OGbluHO ypaBHEHHS CTyNeHYaTOH AMCCOLMALHH KOMILJIEKC-
HBIX HOHOB 3alUCHIBAIOT TaK:

[Ni(NH,)g]** = [Ni(NHy)5]** + NHy
[Ni(NH)g]*+ = [Ni(NH), ]2+ + NH,
[Ni(NHg)gJ*+ = [Ni(NHg)el** + NH, 1 7 2.



PHUC. 8-1

YeMmy paBHO KOOpAMHAIHOHHOE YHCJO HHKeJsl B HOHAaX, 06pasyios
WHXCs NpH AHCCOLMAlMH KOMIUIeKca (B BOAHBIX pacTBOpax)?

8-34. Ilpensioxure Bce BO3MOXHBIE I'eOMeTPHYECKHE CTPYKTYpH
KOMIIJIEKCOB C KOOPJAMHALHOHHBIM 4HCJIOM 4 U 6 (Bce JIMTaHABI OAH-
HakoBH). Kakasi CTpyKTypa 3HepreTH4ecKH HaHGoJiee BHIFOAHA?
Kak jpoka3aTb, 4TO H3yuaeMblii KOMIJIeKc 06/afiaeT JaHHOH CTpPyK-
Typo#?

8-35. Ha puc. 8-1 noka3aHH reoMeTpHyecKHe CTPYKTYpPHl KOMM-
JIEKCOB C KOOPJHHAIMOHHHIM 4HCJIOM 4: TeTpasfip (a), mupaMuia
(6) u xBazmpart (8). Bce cBasu smrann (JI) — xomniekcoo6paso-
BaTeab (K) sHeprerHuecku paBHOLeHHH. Kakoit cTpykrypo#t o6Ja-
naer Kommiekc [MJIpJI'], ecam oH HMeeT a) ABa reoMeTPHYECKHX
u3omepa, 6) OZHH H30MeD.

8-36. Ha puc. 8-2 nokasaHbl TPH BO3MOXHble CTPYKTYypH KOMI-
JIEKCOB C KOODAHHAUMOHHBIM uucjaoM 6. Bce paccrosiHuss JuHraspg
(JI) — xomnaiekcoo6pasoBarenp (K) paBun. OGbsicuutTe, Kakas H3
CTPYKTYp @, 6, 8 cnoco6Ha K CyILeCTBOBAaHHIO H NpPHBEIHTE JOKa-
3aTesbCTBA.

8-37. UsBectHo, uTo KoMiieKcHoe coeauHeHue [Pt(NHj;)qCly],
#3 KOTOPOTO XJIOD He OcaxKaaeTcsi HOHaMH cepeGpa, HMeeT JBa reo-
MEeTpPHUYeCKHX H3oMepa. BhiGepuTe Ha pHC. 8-2 COOTBETCTBYIOILYIO
CTPYKTYpy H H306pa3uTe CTpPOeHHe KOMILJIeKca.

8-38. Ykaxurte uuncJo usoMepos aas coenunennit [Co(NHs)s] Clg,
[Co(NH;)sCl]Cl; n [Co(NHs;)4Clz]Cl.

8-39. Eme no pa3paloTkKu MeToja PEHTreHOCTPYKTYPHOTO aHa-
Jausa Obl10 H3BecTHO, YTo MoJekyaa [Pt(NH;)qCly] umeer cTpyk-
Typy kBajapara. Kak 370 G6blJO J0Ka3aHO?

8-40. Kakoe u3 coelHHEHHI MOXeT HMeTb reoMeTpHuecKHe H30-
mepn: [Pt(NH;)sCl]Cl, [Pt(NHs).Cly], K[Pt(NH3)Cls]?

8-41. Komnnexc PtClz-2NHj3; Moxer GHTb NmOJyYeH B BHIE ABYX
n3omepoB. OHH pas3qHyalOTCs IO OKpacKe (OXHH — OpaHKeBHIN,
Ipyro#t — XeJaThlfi) u HO pacTBopHMOCTH. VI3 pacTBopoB 06OHX Be-
LIeCTB XJODHA cepebpa ocaxjaaeTcss HHTPATOM cepebpa Cc pasiHd-

7 N~
YO N B
JI . JI JI , - J1
a 6 8

)
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s ______ HO#i ckopocTblo. Ompeneaure,
sp3d? KaKoBa CTPYKTypa 3THX coJeft

(TeTpasapuyeckass HJH KBal-
== partHas).

8-42. CoennnHeHnne
—_— [CO (NHa) 5N02] Clz

<p?

b CYIIeCTBYET B BHJE ABYX H30Me-
sp POB: KEJTOr0 W KpPacHOro LBera.
OG6Ga n3omepa B BOLHBIX PacTBO-
pax npu aeiictBuu AgNOj; ocax-
Jal0T OJHHAKOBbIE KoJnyecTBa xJjopa. HasoBuTe THN NposB/IsSeMOR
H30MEDUH U HamuuuTe HOPpMYJLl H30MEPOB.

.8-43. O6BsicHUTE, NIOYeMy coeiuHeHHs Pt4+ o6buHO HMelOT OK-
TasIpHYECKYI0 CTPYKTYpY, a coeiuHeHHs Pt2+ —kBaapaTHylo.

8-44. Ha puc. 8-3 naHbl sHepreTHYeCKHe YPOBHHU [Js1 PA3JHYHBIX
TunoB rubpupusauuu opburaneit. I[louemy opburanu sp’d He pas-
HOUEHHEI, a opOuTanu sp3d? paBHOLEHHBI?

8-45. OGbsCHHTe NPHUYMHY JHHEHHOH CTPYKTYpPH KOMIJIeKca
[Ag (NHsj):]i*. CocraBbTe AmHarpaMMmy pacnpefeseHHsI 3JeKTPOHOB
Ha 4d-, 5s- u Sp-nonypoBHSX B aToMe cepebpa u mone Agt. Hon
[Ag(NH;)2]* nmamarnuten. Onuiuute 3JeKTPOHHOE CTPOEKHe TeX
e 3JeKTPOHHBIX NOAYPOBHeHl B KOMIJIEKCHOM HOHE M YKaXKHTe THI
rubpunusanuud op6GuraJjeil HoHA cepebpa. Bo3MoXHO JH KOOpAH-
HallMOHHOe 4YHucao 4 nAJsa HMoHa cepebpa?

8-46. CocraBbTe nuarpaMMy pachnpeleseHUS] 3JeKTPOHOB HA
3d-, 4s- u 4p-nonypoBHAX B HoHe Ti*t. K 3TOMy HOHY 1O JOHOpPHO-
aKUENTOPHOMY MeXaHH3My HPHCOEAUHSTCS LIECTb (TOPUA-HOHOB,
Tak 4TO 4S- U 4p-opO6HTanH OKa3bIBAIOTCA IOJHOCTbIO 3aMOJIHEH-
HBIMH NApaMH 3J1eKTPOHOB. YKaxKUTe THI THOpPHAH3anuud op6ura-
ageit noHa TtutraHa B [TiFg]?~ u, oObscHHTe, NQUEMYy OCTAaBIIHECSH
CBOGOAHBIME TpH 3d-op6HTajM He MOTYT IPHUHSITH ellle AOIOJIHH-
TeJbHO TPH Naphl 3JeKTPOHOB OT TPeX HOHOB (Topa. l'quemy KO-
OpAMHALMOHHOE YHCJIO THTAHA paBHO 6, a He 9?

8-47. CocraBbTe AuarpaMMy pacnpefesieHUus 3JeKTPOHOB B aTo-
Me xpoma u B umoHe Cr3t+, K mony Cr3t npHcoeqHHSAIOTCA LIECTh
HoHoB CN~—, Tak uTO MApH 3/JeKTPOHOB 3aMOJIHSAIOT IOJHOCTbIO Iy-
cThle 4s- H 4p-opbutanu u ocraBmvecs: 3d-opOUTANN HOHA XpoMa.
YKaxure TUN TrHOPUAM3ALUH BaJIeHTHBIX OpOGHTasell MOHA XpoMa.
CkoJsibKO HecnapeHHBIX 3JeKTPpoHOB HMeeT MoH Cr(CN)e®~ u Kako-
BBl €r0 MarHUTHHIE CBOHCTBA?

8-48. CoctaBbTe aHarpaMMy pachnpejeseHHs] 3JeKTPOHOB Ha
3d-, 4s- u 4p-op6utansx noHoB Fe?+ u Fe3+, KoMmiekcHble HOHHI
I[Fe(CN)s]*~ u [Fe(CN)g]®~ uMeloT OKTasapHYecKOoe CTPOeHHe H
d?sp3-ru6puaHOe cocTosiHHe op6uTaseil CBS3H. YKaxuTe, KaKoi H3
3THX HOHOB IIapaMarHHTeH.

8-49. HMon [Ni(NHj),]?+ mapamMarsuTeH, H ero MarHUTHBIH Mo-
MeHT OTBeyaeT ABYM HeCllapeHHBHIM 3JjieKTpoHaM. oH uMeer TeTpa-
sApHuYecKoe cTpoeHde. CocTaBbTe JaHArpaMMbl paclpefeseHHs

PHC. 8-3
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3JIeKTPOHOB . Ha 3d-, 4s- u 4p-nmoAypoBHAX HOHOB Ni?t p
[Ni(NHs)4]%*. KakoB Tun rubpuausauun opGHTajell CBsS3H B
KOMIIJIEKCHOM HOHe?

8-50. OnumuTte MexaHH3M 06pa3oBaHHS MOJIEKYJBl KapGoHH/IA
mukeass Ni(CO)y, 3Haf, YTO yyacTBYIOIIHe B CBSI3H OpOHTaJNH HH-
KeJsl HaxoJATCA B COCTOSIHHM sp3-ruGpuausanuu. Ilpeackaxwure
MarHuTHBE CBOHCTBA MOJIEKYJIBL.

8-51. IlpeamosioXuM, 4TO KOMIJIEKCOOGpPa30BaTeJb HCIIONb3YeT
B CBfI3SX C JIHTAHJaMH OpOGHTAJH B COCTOSTHHAX T'HGPUAM3AlHU: Sp,
dp, sp?, sd®, dsp?, d2sp®. IlpeackaxHTe KOOPIHHAIHOHHOE YHCJIO
KOMILIeKcoo6pa3oBaressi U CTPYKTYpy 006pasyeMoro HM KOMILJIEKC-
HOro HoHa (COeHHEHHS).

8-52. IlpuBenute BO3MOXHBEIE OGBSICHEHHSI TOTO (hakKra, 4TO IpH
JeficTBUM aMMHakKoM Ha KBaapaTHeiii kommaekce [Pt(NH;)Cls]— B
MepByl0 oyepelb 3aMellaeTcs XJOPHI-HOH, HaXOASALIUHCA B TPaHC-
MOJIOXKEeHHH K JPYrOMYy XJOPHA-HOHY:

NH; Cl NH, NH;
' NH;
Pt —_— Pt
~Cl1
cib——ci NH; NH,

8-53. O6mbscuure, mouemy npu obpaborke [PtCly]?~ ammua-
KoM noaydaercs: yuc-usomep [Pt(NH;)q.Cly], a npu obpaboTke
[Pt(NHj3) ]2+ xnopua-HOHAMHE — TpAHC-H30MeP.

8-54. Jluranp Cl- o6samaer 6oJsiee CUJABHBIM TPAHC-BIHSHHEM
no cpaBuennio ¢ NHs. Kaxko#t usomep [Pt(NH;).Clo] —yuc nnn
Tpanc ToJyuaercs npu a) pedictBum  NH; Ha  pactBop
K[Pt(NHj;) Cls] uau 6) B peakuuu

[Pt(NH,)4Cl]JCl = NHj -+ [Pt(NHj),Cl,]

8-55. ¥Ykaxure, KaKue U3 H30MePHBIX COeJHHEHHH

CpHy Br CoHy Br CoHy c1

Pt Pt Pt

Cl NH, NH, CI NH, Br
1 11 1T

pearupyior a) ¢ AgNO; c Benenennem ocankoB AgCl uau AgBr,
6) ¢ HCI ¢ o6pasoBanuem uona NH,+ B pactBope. CocTaBbTe KO-
OpPAMHALMOHHBIE (OPMYJIBI MOJYYAIOWIUXCS BellleCTB.

8-56. Luc-[Pt(NH;)oCly] nonyuyaercs npu JeHCTBHH aMMHaka
Ha [Pt(NH;)Cls]—, a rpauc-usomep —npu JeHCTBHM XJOPHAA HA
[Pt (NH3)sCl]*. Kakoi#t surana, Cl— uan NHs, ob6aamaer 6Gosee
CHJIBHBIM TPAHC-BIUSTHHEM?

8-57. O6bsiCHHTE, [IOYEMY CBEXKEIPHIOTOBJEHHBIE PAcTEOPHL CO-
Jgeit tuna [Co(NHj)oClo]t nuan [Pt(NHj)oCls] ouenp miaoxo mposo-
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IOAT 3JEKTPHUECKHA TOK, HO C TeueHHeM BPEMEeHH HX 3JIeKTponpo-
BOJHOCTb YBeJUYHBAETCS.

8-58. Hamnumure  ypaBHeHHS peaxkuuH () HoJyueHHus
[Pt (NHs) 4] Clz H3 Kz:[PtC14]. )

8-59. ITpenckaxure MPOAYKTH B3aUMOJAeHCTBHS KapOOHHJIA Kes
ne3a Fe(CO)s c cepHOfi KHCJIOTOM.

8-60. Ilpeanoxure cnoco6bl B BO3MOXKHBIE CTaAHH NOJYdeHHS
13 Ky[PtClg]i koMnaekca cocraBa Hy[Pt (OH)e].

8-61. MoxHo Ju moayuuTb NiSO,- (NH4)2SO, mefictBHeM cepe
Hoit KucJaoTH Ha NiSO,-6NH;?

§ 9. YACTHIBI KOJIJIOUOHBIX CHCTEM

9-1. O6bsicHHTE, NIOYeMy B 3TOM NOCOGHH JaHHas TeMa pacmoJo-
XKeHa Mexay temaMu «KoopauHauuoHHass ugacthHla» H «Kpu-
CTaJI»?

9-2. MeeTcs KyOHK, AJaHHa pebpa xotoporo paBHa 1 cM. Ky-
6uK pa3apobuiu Ha KyOGuKM c aauHo#t peb6pa 1-10-% cMm. Paccun-
TaTe YHCJIO NMOJYYHBIIHXCA KyOGHKOB M HX CyMMapHyI0 IoBepX-
HocTb. CdhopMyaupyiiTe BHIBOAB H3 IOJYYeHHHIX Pe3yJbTaToB.

9-3. Hactuusl aucnepcHoit ¢ase M cpela, B KOTOpOA OHM pac-
npefesieHbl (LHCIEPCHOHHAS cpela), MOTYT HaXOAMTbCS B TpPeX ar-
pPeraTHhIX COCTOSIHHSIX: KPHCTaJJHYeCKOM, XKHAKOM H rasoobpas-
HoMm. CocraBbTe 1eBSITb BO3MOXHBIX KOMOHHaLMHA pacnpeleseHH
ofHO# ¢ha3wl B Apyroil. BriGepure peasnpHo cymectByiomue. Haso-
BHTE HX H NPHBEAMTE IPHMEPHI.

9-4. Ha puc. 9-1 cxemartHueckn H306paxeHO CTPOeHHe MHIENI
xJopuna cepebpa, o6pasyiomiuxcss npH H36bITKe HHUTpaTa cepebpa
(a) u npu n36riTKe XJa0puAa HaTpus (6).

Hafinute kak MoXHO GoJblle CYIIeCTBEHHHX Pa3JHUHui B CTPO~
eHHH MHUeM1 ABYX THIOB. OGbscHHTe HalileHHble pasauuud. Onu-
LIMTe IOC/JeJ0BATEJbHOCTh CTaZHMH BO3HHKHOBEHHS MHIeJJ, NMOJb-

Cragtcr
Agt CI™ Ag*) Ag'

60



3ysacb cxeMaMH nx ctpoenus. ChopMynupyite npaBujo npeiackasa-
HHSI 3HAKa 3apsijia YaCTHIB! KOJIIOHAHOH CHCTEMBI.

9-5. CxeMaTHueCKH MHLEJJIY XJOpHAA cepeGpa, HAXOAAIWIYIOCS B
pactBope HuTparta cepeGpa (unu obGpasyoulyiocs npu AobaBleHHR
K pacTBopy HHMTpara cepebpa pa36aBJeHHOr0 pacTBOpa XJOPHAE
HaTpHs) MOXKHO 3alHCaTh Tak:

[(AgClyp,* nAg* «(n — x)NOgJx+- xNOg~
<—$511po—>|<«——Hounbl,——|<«——IIporuBoHoHEI——> |
afcop6upoBaH-

TIPOTHBOHOHKI | TP OTHBOHOHHI
afcop6uHoH- | AubdysHoro
HOro cJjos clos

HblE SAPOM, HJIH
noTEHIHaJJomnpe-
JeNIslIolHe HOHBI
~——aJICOPOLMOHHBIN  cJ10H —> |<—audipy3HEIT—
<+—KouonaHas yacTHIa—————> cJ0i

e Munenna >

Halite omnpenejeHuss TepMHHOB: IOTEHLHAJONpEIeNSIOIHE
HOHBI, IPOTHBOHOHBI, aJCOPOIHOHHBIN cJa0H, 11U Py3HHIH CJI0H, KO-
JIOMJHas YyacTHlla, MHLeJdJa.

9-6. ®opmysna Mmullenabl XJopuia cepe6pa B pacTBOpPe HHTpaTa
cepebpa (obpasyercss npH A06aBJeHHH K pacTBOPY HHTpaTa cepel-
pa pa36aBJjieHHOrO pacTBOpa XJOPHIAa HATpHs) HMeeT BHJ, NpHBe-
IeHHBIH B 3anaue 9-5. dopmyna MHuennn xJopuna cepebpa, Haxo-
Aslascs B pacTBope XJOpHAa HaTpus (o6pasyerca npu jpobGasie-
HHH K PacTBOpPY XJOpHIAA HATPHs pa3b6aBJeHHOro pacTBopa HHUTpa-
Ta cepebpa), uMeeT BHJ:

[(AgCl)p-nCl~« (n — x)Na+]*--xNa+

Kak Bausier cnoco6 noJyyeHHs1 KOJIJIOHAHOH CHCTEMHl Ha CTPOeHHe
muneaab? OT Kakux (akTopoB 3aBHCHT 3apsif rpaHyan? KakoBo
noBefeHHe KOJJOHIHOH CHCTEMBbl B IIOCTOSSHHOM  3JIeKTPHUECKOM:
nose (ajexrpodopes)? Kak ocylleCTBHTb KOaryJsLHIO H MNeNTH-
3auHIo? :

9-7. TlpensoxuTe KpaTKoe, HO YHHBepCaJbHOe NpaBHJO (aJjro-
PHTM) 1Ji HanHCAHHA (GOPMYJB KOJJOHAHOH YACTHLH H MHIEJJIHL.

9-8. OnuunTe NOPAAOK ONepalHil NPH NOJYYEHHH KOJJIOHIHEIX
CHCTEM C IIOJIOXKHTEJNbHO M OTPHIATENbHO 3apsXKEHHBIMH YaCTHIla-
mu: a) Agl, 6) Fe(OH)s.

9-9. ¥Ykaxure ycJjoBusi o0pa3oBaHUA 3apsfa Ha KOJJIOHIHOM
qacTHIle. ,

9-10. Hanumure cxeMy MuIeJJbl FHAPOKCHAA aJIOMHHHS, o6pa-
3ylOllerocs NO peaKIHH T'HAPOJH3a XJIOpPHAA aJIOMHHHS:

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

K kakomy sseKTpoAy NOA AeHACTBHEM 3JeKTPHYECKOro mojs GyayT
nepeaBHrathcs vacTuubsl? Ilpensnoxute cnoco6el M3MeHeHHS 3aps-
Aa 4acCTHILHL.

9-11. T'uaposoar Homuia cepebpa, NMOJYYeHHHH NPHIAHBAHHEM:
pacTBopa HHTpaTra cepebpa K pacTBOpYy, colepxkKalleMy H3GLITOK
HOJAHAA KaJjus, KoaryJupyeT NPH BBeJeHHH PacTBOpPOB cyJbdara
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Kanusd W HHTpara Kauabuus. Kakofl a/eKTposHT o6aamaer GoJee
‘CHJIbHBIM KOAaryJHpPyoOIUM [AeHcTBHeM? DByAyT /im 3TH BelllecTBa
-06J1aflaTh KOATyJHPYIOLIUM AeHCTBHEM Ha THAPO30Jb HOLMUAA Ce-
pebpa, mosyuyeHHbI# NPHJIHBAHHEM pAacTBOpa HOAHAA KajHsi K pac-
TBOPY HHTpaTa cepe6pa (H3GBITOK)?

9-12. Kak noayunte 30/u ruppokcuia xenesa Fe(OH)s ¢ ua-
CTHUAMH, NepPeMeIlaloUMMHUC N4 JAeHCTBHEM 3JeKTPHYECKOro Io-
JI1 @) K OTPHLATENBHOMY 3J1eKTPOAY, 6) K MONOMKHTENLHOMY SJEKT-
pony?

9-13. Ilpn KakHX YCJIOBHSIX KOJJIOMAHBIE YAaCTHLH He o6pasyior
.arperaros?

9-14. Tlepeuncaute (GakTophl, CHOCOGCTBYIONIHE H NpensTCTBYIO-
Juue NPOTEeKaHHI0 NMPOLECCOB KOaryasluH, CeJHMeHTAlHH M Iel-
TH3all¥H.

9-15. Ilpu ogHOM ¥ TOM e aHHOHe IO KoaryJupymomemy nei-
*CTBHIO KAaTHOHH pacmoJjaraiorcss B psag: Lit>Nat>K+>Rb+>
>Cs*, a npu ONHOM M TOM 2Ke KAaTHOHE AHHOHHI PacCIOJAarapTCs
B paf: I7>Br=>Cl~. UeM oGbsicHseTcSI TaKoe pacHoOJOKeHHe
HOHOB?

9-16. Koaryaupyiolllee neficTBHe O6GBLIYHO OKAa3bIBAeT HOH, 34-
PAL KOTOPOro IO 3HAKY HPOTHBONOJIOXEH 3apiny KOJJIOHAHOH ua-
cTuubl. [IpenckaxuTe BiMsSHMe 3HAKA M BeJHYMHBI 3apsAjia HOHA Ha
KoaryJupyioulee [eHCTBHEe 3JeKTPOJHTA.

9-17. Hanuiure $opMyJsl KONIOHAHOH YaCTHUB M MHIEJJIb
-30J151, IOJIYYEHHOrO HPH NOCTENEeHHOM IPHJIHBAHHH K BOJHOMY pac-
“TBOPY IepPBOH CONU pa3baBJeHHOr0 pacTBOPa BTOPOH COJIH:

1) AgNO;z 4 KI, KI -4 AgNO,

2) AgNOz+HCI, HCI 4 AgNO,

3) AgNO, 4 CaCl,,  CaCl, -~ AgNO,

4) AsCly+ Na,S, Na,S -} AsClg

5) NiCl, + H,S, H,S 4 NiCl,

6) FeClg+ NaOH, NaOH -+ FeCl,

7) FeClg+ Na,S,  Na,S - FeClg

8) FeClg+ Na,COg, Na,CO,4 - FeClg

9) FeClg+ Kg[Fe(CN)gl,  K,[Fe(CN)4] +- FeCly
10) BaCl, -+ NaySO,,  Na,SO, +- BaCl,
11) ZnSO, + (NHy),S,  (NHy),S + ZnSO,
12) Hy,AsOg 4 H,S,  H,S 4 HgAsOq4

Onpenenurte, kK KakoMy 9JeKTPOLY OyAyT HBHIraThCS YaCTHIM
TIPH 3J1eKTpoopese, KakKHe HOHbBl MOTYT BHI3BaTh KOaryJslHIO
30J141. A

9-18. TloueMy snpa wacTHI, KOJJIOHLHBIX CHCTeM NpeKpallaioT
CBOH POCT, He JOCTHI'HYB Pa3MepoB, AOCTATOYHBIX AJf OCaXKIeHHA?

9-19. IloueMy mopckasi BOAa, KaK HpaBWJIO, NpPO3pauHee ped-
HOH?

9-20. IMouemy pTyTh Jlerko 06pasyer 5MYJbCHIO TPH PacCTHpa-
HHH C XKHPOM, a BojJa HeT?
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9-21. TloueMy mpH CHJIBHOM BCTPSIXHBAHHH PTYTh MOXKHO Ipe-
BPaTUTh B NOPOIIOK?

9-22. [1aByieHHWe HacCBILIeHHOrO Napa KHAKOCTH 3aBHCHT OT KPH-
BU3HHl ee NMOBEPXHOCTH. UeM MeHblle pafuyc Kamid, TeM GoJblie
naBjeHHe nmapa. Kak H3MeHHTCS TeMIepaTyphl 3aMep3aHHsl HpH
yMeHbLIeHHH pa3Mepa 4acTHI?

9-23. OcHoBHasi ¢opMmyJa TeopuH OpPOYHOBCKOTO [IBHXKEHHS
HMeeT BHJ:

— RT ¢
*= Na ~ 3anr

rie ¥ — CpefHHH CABHT vYacTHUH; Na— umcno Asorafpo; ¢ — BpeMst HaGJIOAEHUS
1) — BSI3KOCTb CPelbl; I — PaAHyC YaCTHIHL.

Ilpenasioxute mnporpaMmy 3KCIIepHMeHTAaJbHOH IpPOBEPKH 3TOL
hopMyJIHL.

9-24. Bo3bMeM IIMDPOKYIO CTEKJISHHYIO TPYOKY, HUXKHHH KOHELL
ee 3aKpoeM IIJIEHKOH M3 KOJJIOAHSl MJIM NepraMeHTHOH GyMarH, Tak
uTo6bl Ha/UBaeMBIl B COCYA pacTBOpP He BBHITEKaJs uepe3 MeCTO CO-
IPHKOCHOBEHHS] NJIEHKH M CTeHKH HUJIHBApa. HajabemM B UHJIHHID-
pacTBOp InoBapeHHOH cosu u caxapa. Ilorpysum nunmeap c pac-
TBOPOM B 60JbLION cocyh ¢ BomoH. Uepe3 HeKOTOpPOe BpeMsl MOXK-
HO OGHapy>XHTb, YTO BKyC pacTBOpa M BKyC BOJABl H3MEHHTCS.
[Ipousowmno pasfeseHHe pacTBOPEHHBIX BeIeCTB; 3TO sBJEHHE Ha-
3biBaeTcs AuanudoM. Hapucyiite cxeMy mpouecca. Ykaxure, Kakoe:
BellleCTBO IepellJio B BOAY M KaKoe OCTaJoch B pactBope. [lombl-
TaliTecb OGBSICHUTL 3TO fiBjeHHe. Ilpenckaxure, Kak GYLyT BeCTH
cebs caenyrouue pactBoprl: 1) CH3COOH u caxap, 2) rauuepun
u caxap, 3) caxap u NaOH, 4) caxap u ¢enoa, 5) pactBopuMoOe
CTEKJIO U caxap.

9-25. Ecan HedTh BhIIMBaeTcss NPH KPYLIEHHH TaHKepa BOJO-
uaMemiendeM 500 THICAY TOHH, OHa HOKDHIBaeT IOBEPXHOCTb B
50 TeIc. KM2, OLeHHTe TOJILHHY NJEeHKH.

9-26. IloueMy KHIKHe KOJIJIOMJAHblEe CHCTEMBI IIOYTH He HCIIOJb-
3YIOTCS B KauecTBe KaTaJu3aTopoB?

9-27. Ilpu caMBaHWM pPacTBOPOB XJOPOBOAOPOZHOH KHCJOTH M
NayS;0; Brimagaer ocaiok cepbl. Hanummure ypaBHeHHe Hpoliecca..
Onuunte npouecc (GOpMHPOBAHHMS OcCaZkKa Cephl, HaYHHAS CO CTa-
aud oOpa3oBaHUSl aTOMHOM cepbl M 3aKaHYMBasi CTafuedl KpUCTaJ-
JIM3alHH.

9-28. 3axXMHTe MeX]y JaJOHIMH KapaHAaw (HJH CTEKISHHYIO«
NaJjoykKy), ONYyCTHTEe B CTaKaH C OAHOH H3 CJeLyIOLIHX XKHAKOCTEH:
BOJA, Ka3eHHOBHIH KJelH, De3HHOBHI KJel, pacTBop KpaxmaJa
(xsefictep, Kuceab), GeH3UH, alUAO(UJIHH, PaCTBOPHMOE CTEKJO:
(cunukaTHBI Kielt), Bpamaiite KapaHpalm, nepeiBHrasl J2AO0HU B
pa3Hble CTOPOHBEI (MOXKHO BOCIIOJIB30BAThCs Apesbio). Hexorophle:
U3 XHAKOcTell (KakKHe?) NOAHUMYTCA BBepX Ho Kapanpaumy. O6b-
SICHUTE 3TO SIBJIEHHE.
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§ 10. KPUCTAJLJI

10-1. B rnaBe 1 maTepuasa pacnoJioKeH B IIOCJ€I0BAaTesbHOCTH,
oTpaXkarlllefl Bo3pacTaHHe ypPOBHS OpraHH3aliH BelllecTBa (CBO#-
CTBa BellleCTBa Ha KaX/JOM IIOCJeAYIOLIeM YPOBHe BKJIIOYAiOT CBOH-
CTBa MNpeAbIAYILero): SAPO — aTOM — MOJIeKyJa — KOOPAHHALHOH-
Hasl YyacTHLA — YacTHLA KOJJIOHAHON CHCTeMBl — KpucTaJl. Kak
Bbl nymaere, Kakue ¢opMbl OpraHH3alMy BelllecTBA MOTYT NPOROJ-
JKHTb 3TY NOCJEN0BaTENbHOCTD? ‘

10-2. Tlepeuncaute Te xapakTepHble CBOHCTBa KpHCTaJJIMYecKo-
ro COCTOSIHHS, KOTOPble NIPUCYLIH TOJBKO EMY.

10-3. Kakue cBoiicTBa KyCKa BellleCTBA U OAHOI OTHeJbHOI MO-
JIeKyJIBl COBNafaT?

10-4. TlpuBenuTe BO3MOXKHO GoJibllie NPHMEPOB aHH3OTPOMHH
CBOHCTB KPUCTAJJIOB.

10-5. Amop¢Hoe cOCTOsSIHHe BellleCTBA HHOIAAa pacCMaTpHBAIOT
KaK JKHIKOCTb C OYeHb BLICOKOH BA3KOCTbIO HJIM KaK MHOXeCTBO
MeJbyaluX KpHCTaanoB. Hackoabko TOUHBI TaKHe aHaJNOTHH?

10-6. B nByx cocymax Haxonatcsa rasoo6pasubie HCl u NaCl.
ITo Mepe mocTeneHHOro OXJaXIeHHS COCYAOB IIPHU NOCTHKEHHH He-
KOTODBIX OIpelesleHHbIX TeMIlepaTyp HauMHaeTCsl KOHJeHCalus Be-
mectB u BoAenastores Kpucraiaiw HCl m NaCl. Onumunre pasau-
yus npoueccoB ob6pasoBaHus kKpuctaanuueckux HClI u NaCl u
CBOMCTB 3THX KPHCTAJJIOB.

10-7. Okcup MarHud u ¢TOpuHJ HATpPHA HMMelOT OXHHAKOBHE
KpHCTaJnInyeckne CTpyktyphl. Kpucraan MgO nourn B ABa pasa
tBepxke NaF; remneparyprl ux nuaBiaenus 2830 u 992 °C cooTtserT-
cTBeHHO. OOBSICHHTE NPHYHHBI CTOJIb CHJBHOIO Pa3JIHYHS CBOHCTB
STHX BellleCTB.

10-8. O6BbscHuTe, HmOuYeMy KHCJOpPOX o6pasyeT MHOTOYHCJIEH-
HEle HOHHBle OKCHIHl, XOTSl NPHCOeAHHEeHHe ABYX 3JeKTPOHOB K aTo-
My Kucjaopoia tpebGyer satpatel 711 KJ[3kK/MoOJb TENJOTHL.

10-9. Ecau B CTPYKType DHOKCHAA KPEMHHS 3aMeHHTb KpPeMHHH
Ha YIJepoJ, HCXOJHAas KpHCTajlJHyecKass CTPYKTypa He cOXpaHs-
ercs. [Touemy?

10-10. 3akoH nocTosiHCTBa (OPMYJHPYIOT HHOTLA TaK: COCTaB
XHMHUYECKOr0 COeJMHEHHS He 3aBHCHT OT crnoco6a ero moJydeHHs.
Huxe npuBeneHO HeCKOJNbKO peaKUHil KaK NMOATBEPXKIAIOIIHX 3TO
onpejie/ieHHe, TaK H HECOIVIACYIOWIHXCA C HUM:

Na (r) 4- 1/2Cl, (r) = NaCl (r)

Na (r) 4- 1/2Cl, (r) = NaCly 4 () (Pc1, > PNa)

Na (r) + 1/2Cl, (r) = Nay4+4ClL (k) (pc1, < PNa)

Na (r) 4 1/2Cl, (r) = NaCl(;—x)Fx (k) (B npucyTcTBHH tdTopa)
NaCl (k) = NaCl ;- x)F (k) (B atmocdepe ¢Topa)

Na (r) + 1/2Cl, (r) = Na;-,K,Cl (x) (8 mpucyTcTBUH NapoB KaJus)
Na* (p) 4- CI~ (p) = NaCl (k)

Na* (p) + CI~ (p) = NaCl;_,F, (x) (B mpucyTcTBHH HOHOB F~)
Na*(p) + CI” (p) 4 K* (p) + F (p) = NaCl-KF (k)

MNpuMeuanue, 3HaueHus X M y— Upe3BHUANHO MaJH, 3HAKH PaBEHCTBA
B HEKOTOPHX CJIy4asiXx MOCTABJEHH YCJIOBHO.
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[Tpennoxure, Kak cjaelyeT AONOJHHTb 3aKOH IOCTOSIHCTBA CO-
CTaBa HJIH JaiiTe HHYIO ero (POpMYJHDPOBKY.

10-11. IlpuBeauTe npUMepHl BJHSHHS CTPYKTYPHl Ha CBOHCTBA
BelllecTB.

10-12. ITepeunciauTe Bce THNB CBsI3eHl B CTPYKType rpadura.

10-13. Ilouemy rpadur o6namaer GoJblueit afxcOpGIHOHHOA H
KaTaJHTHYECKOH aKTHBHOCTBIO MO CPaBHEHHIO C aJMa3oM?

10-14. Kak Bbl cunutaere, B KaKOH CTPYKType, ajiMa3a HJH rpa-
¢ura, cBA3H MeX1y aToMaMM yriepoiga mnpouHee? Ilpendoxure
caMblii OOWHH NMOAXOA K ONpefie/leHHIO 3HEPTrHH CBSA3H B 3THX Be-
IIecTBax.

10-15. B cTpykType ajnMa3a BaJieHTHHle OpOMTaJM aToMa yrJe-
poLa HaxoAATCS B COCTOSIHMH Sp3-rHODHAM3aLHUH. - YTJIBl MeXALYy
cBsa3aMH paBHH mo 109,5°C; mexbanepHHe paccTosHus 0,154 HM.
B crpykrype rpaduTra BajJeHTHHe OpPOHTAaNIH aroMa yriaepojia Ha-
XOAATCA B COCTOSIHHM Sp2-ru6puan3auud. ATOMH yriepoja pacro-
JIOXKEHBl IJIOCKHMH CJOSIMH, B KOTOPHIX MeXbslepPHble PacCTOSHHA
paBubl 0,142 HM; yrael Mexay cBsa3sMu 120°; paccTOfHHA MeXLy
cioamu 0,335 M.

[Ipn nmoMowM cnuyYeKk W NJACTHJIHHA H3rOTOBbTE MOJEJH KpH-
CTaJIIMYECKHX peLIeTOK aJMa3a M rpadura. YKaxHTe Xxapakrep-
Hble NPHU3HAKH KDHCTAJJIHYECKHX CTPYKTYp aiMa3a H rpadura,
O6cynnuTe aHM30TPONHIO CBOHCTB 3THX KPHUCTAJJIHYECKHX CTPYKTYP.
Kakoe MHHHMajbHOE YHCJO NAHHBIX HYXHO HMeTb, YTOGH H3rOTO-
BHTb MOJeJIH ajMa3a u rpagura?

10-16. O6biuHO rajibka Ha MOpDCKOM Oepery He GblBaeT KpyrJioft,
B TO XXe BpeMs B LIapOBOH MeJbHHIle MeTaJJHYeCKHe HJIH Kepa-
MHYeCKHe LIapHl COXpaHsAIT cBol (opmy. O6bsacHuTe nmoyeMmy. Ka-
KoBa HauGoJjlee yacTo BCTpeuawoulascsi (opMa MOPCKOH raJjbKH H
yeM OHa o6ycJoBJeHa?

10-17. Tlox sneMeHTapHOH sYeliKOA KpHCTassla NMOHMMAIOT HaH-
MeHbIIHH ero o6beM (mapanJesenunen), KOTOPHH MO3BOJSET MBbIC-
JIEHHO IIOCTPOHTb BCIO CTPYKTYPY KpDHCTaJja HYyTeM IepeMeLleHUS
(TpaHcasuMM) nmapaJnJesieuNela B Tpex HanpaBjeHHAX. B 3amaue
Ne 10-15 Bu cobpanu Mojenn KPHCTANJHYeCKHX pelIeTOK ajaMmasa
H rpadura. Beinenure sseMeHTapHyl0 fueHKy B KaXKAOH MOZEJH.
Onuinre popMy sneMeHTapHOH siyedKH. CKOJBKO aTOMOB YTIJepo-
la CONEpXKHTCA B KaXIOH H3 sdyeek?

10-18. Kak Ha3blBaeTcs KpHCTaJJHuecKas pelleTKa, B KOTOPOi
MNOJIHOCTbIO OTCYTCTBYIOT AedeKThl. B Kakux yc/JoBHSIX OHa Cylle-
CTBYeT?

10-19. B xpucraiaauyeckoil pellleTKe HeEKOTOpPble MeCTa MOTYT
6uiTh CBOGOAHBIMH (BakaHcuHu). IlMOTHOCTH peasbHOro KpHcCTaJsJia,
HMelolllero BaKaHCHH, H3MepeHHasl ONMBITHBIM IyTeM, Pon MEHbLIE,
YyeM MNJIOTHOCTb QPpuy, BBHIUHCJEHHAsl H3 DPeHTreHorpaguyeckux paH-
HBIX [0 pa3Mepy a/ieMeHTapHoH sueliku. ColepkKaHue BakaHCHH A
(8 %) BBuHcasercs mo Gopmy.e

A= Psbiw — Pomr .100

Ppriy
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Paccunraiite coflepxKaHHe BaKaHCHil B KPHCTaJjle XJOPUAa HATPHH,
ecan niaotHocth Kpucrasaaa NaCl paBua 2,165 r/cm®, pasmep aie-
MeHTapHOH siueliku cocrasiser 0,5628 M.

10-20. TeopeTuueckassi MJOTHOCTb KPHCTaJ/Jia pPacCUHTHIBAETCS
H3 pa3MepoB KDHCTAJJIHYECKOH pellleTKH. Pasmep aseMeHTapHO#H
sueiku NaCl (Bmosb Jio6o#t ocu) cocraBiasier 0,5628 am. B aae-
MeHTapHyIo fueliKy BXOAHT ueThipe MOHa Nat u uerhipe HoHa Cl-.
Huxe npuBefleH pacueT TeOpeTHYeCKOH IJIOTHOCTH KPKCTaJl1a
NacCl: ,

1) (5,628-10-8 cm)3 = 1,783.10-22 cm3
2) 22,99 35,45 = 58,44
3) 58,44-4 = 233,76

233,76
4) 6.02-10% = 38,82-10-23 r

38,82.10-23
5) 1,783.102 = 2,177 r/em3
Onuunre nopsgoK pacyera.

10-21. Kak paccuutaTb yucjao ABoraipo, 3Has IJOTHOCTb KpH-
cTaJljla U pasMep 3JIeMEHTapHOH SUeHKH?

10-22. Buiuucaurte uucjo ABOraapo, HCXOAS H3 CJAeLYIOMIUX
IaHHBIX: IJIOTHOCTb 30J10Ta paBHa 19,30 r/cm®, 30/10TO KpHCTaJIH-
3yeTcsl B IpaHELleHTPHPOBAHHON KyOHYeCKOH cHcTeMe, pa3Mep 3Je-
MeHTapHOH siuefiku paBeH 0,4078 HM.

10-23. H3yueHue KpHcTasasla XJOPHAA HATpus peHTreHorpadu-
YeCKHM METOJOM I0Ka3aJjo, 4TO OH IPelNCTaBJseT IDPaHEeLeHTPUpPO-
BaHHYI0 KYyOGHUYECKYIO pelleTKy C pacCTOSHHeM MeXAy nmoHaMu Nat
u Cl~ 0,2814 um. ITnotHocTh KpucTasnna paBHa 2,165 r/cm3. Boiunc-
JHTe uucJao ABorajpo.

10-24. Jauna pebpa KyOuueCKOH 3/JeMeHTapHON siueHKH MeTaJl-
Ja, comepiKallell ABa aTroMa, COIVIACHO JaHHBIM DeHTreHorpaduue-
CKOro HccJenoBaHus cocrabJaser 3,16-10~8 cMm. [TnoTHOCTh MeTasna
19,35 r/cm®. Briuncaute aTOMHYyI0 Maccy aneMeHTa (uHcao ABoraf-
po paBHo 6,02-1023).

10-25. IToueMy XHAKOCTb MOKHO Ileperpetb (IOBHICUTbL ee TeM-
nepaTtypy BbILIe TeMIIepaTyphl KHIEHHSI) M [ePeoXJajHTb (IOHH-
3HTb TeMIepaTypy HHXKe TeMIlepaTyphl IJaBJieHHs), a KDHCTaJJ
neperperb He ynaercsa? MoXHO JIH nepeoXJafiHuTh HACHIEHKHIH pac-
tBop? [lap?

10-26. YxaxuTe rpaHHLIbl NPDHMEHHMMOCTH npaBuia JllonoHra n
ITtu. KakoBH TeopeTHUeCKHe IOJIOXKEHHS, Jexallhe B OCHOBe 3TO-
ro 3aKoHa?

10-27. Ilpu HOpMaJbHBIX ycaoBuAx 1,640 r meranJa BHITECHSIOT
u3 kucaotrn 0,617 1 Bomoposa. ¥YieiabHasi TelJIOEMKOCTb MeTasna
0,486 Ox/(K-r). BrlunciuTe aTOMHYI0 Maccy MeTasja H Ha3oBu-
Te ero.

10-28. YnenbHas TemaoeMKocTh Merasnia paBua 0,238 Ix/(K-
-y). Xsnopun storo Merasia cogepxut 38,7% xaopa. Onpenenunte
aTOMHYI0 Maccy MeTaJJa.
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10-29. Kpucrananueckass cTpykrypa ¢ocdara amoMunus AlPO,
aHaJOTHYHA CTPYKType AHOKcHAa KpeMHHsS. UeM 3T0 06bsACHseTCS?

10-30. Kucsaopon, mosnyueHHBIH pasnoxenueM KMnO,, copepXHUT
B BHJe NpuMecH AUOKcup yriepoga. OTkyna oH Gepercs?

10-31. Xnopua Mmeranana comepxurt 44,73% xuopa. Meranan o6-
pasyer Kap6oHaT, H30MOpQHHIH KapGonaty 6apus. Kakoit 3To Me-
TaJJ] U KakoBa ero aroMHas Macca?

10-32. Cyabpar meranna conepxut 43,849% Boab. On usomop-
den NiSO,-7H;O. MoxHO /M oIpeleJUTb aTOMHYIO Maccy Mmeral-
Ja, obpasymouiero 3ToT Ccyabdart?

10-33. B xpucrasinueckoM coctosinnu NOs — HOHHOe coenuHe-
HHe. YKaXKHUTe HOHBI, COCTABJSIOUINE €r0 CTPYKTYDY.

10-34. B kpucrananaundyeckom cocrogHuun PCls uMeer HOHHYIO
crpykrypy [PCls]H[PCls]~, HO He NDPOBOAMT 3/IeKTPHUYECKHI TOK.
TTouemy? UTO NpPOHCXOAMUT NPH pacTBOPeHHH ero B BoAe? Ilouemy
pacTBOp NPOBOAUT 3J€KTPHUECKHH TOK?

10-35. Coenunenne PCLF cymecTtByer B BHIe ABYX H30MepOB
PCL,F u [PCl]F. Ilpn oO6BIYHBIX yCJNOBHSIX OAMH H3 HHX — XHI-
KOCTb, IPYroff — KpHCTaJJ. YKaXKHuTe, KaKoi H30Mep — XKHAKOCTD,
a KaKo# KpHCTaJll.

10-36. KakoBo BasJleHTHOe  COCTOSIHHE CYpbMBl B COJIH
(NH,4)2SbCls, ecan sTa cosb nuamMarHuTHa? Kakue HOHB BXOISAT
B COCTaB KPHCTAJJIHYeCKOH (M, BO3MOXKHO, XKHUIKOH COJIH)?

10-37. Boipenenn coenuHeHusi CsBry u CsBrCly, ycroiiunsbie B
KPHCTAJJINY4eCKOM COCTOSIHHH INpH O6GbIUHOH Temmepatype. KakoBo
BaJIEHTHOE COCTOSIHHE Lle3Usl B 3THX COeJHHEHHAX?

10-38. Belio mpenJoxeHo paccMaTpHBaTh coeluHeHHe FeS,
Kak aucyabpun xenesa (II) (Fe2tSy?~). Kak 3T0 MOXKHO 3KCHEpH-
MeHTaJbHO J0Ka3aThb?

10-39. IlpuBeauTe BO3MOXKHBEIE 10Ka3aTeJbCTBa TOrO, YTO COEAH-
HeHHe IepeMeHHoOro cocraBa FeS., nanpumep FeS;1s, He cMech
cynbbuna FeS u ceprl, a coennHeHue.

10-40. [laBsenne mapa BoAbl H aMMHaka npu 77°C wuapg Lil-
-2H,0 u Lil-2NH; paBHo cooTBerctBenHo 600 u 2700 ITa:

Lil-2H,0 (k) = Lil-H,0 () 4 H,0 (r)
Lil-2NH (k) = Lil-NH, (k) 4+ NH, ()

Kaxko#t surang — aMMuak uid Boja — CHJbHee?

10-41. OGbsicHuTe, mOYeMy C yBesqMYEHHEM CTelleHH HCIepC-
HOCTH KpDHCTaJJIOTHJpaTa TeMmlepaTypa, PH KOTOPOH Boja HauH-
HaeT NepexoAHuTh B ra3oo6pa3nyio dasy, moHHKaeTCs.

10-42. Ha puc. 10-1 cxemaTHYeCKH NpeACTaBJeHH JBe CTPYK-
TYphl TBepIbiX pacTBOpoB. IIpensioxkuTe, KaK HX MOXKHO Ha3BaTb.

10-43. Kak sKcnepHMeHTaJbHO OTJNHYHTb CIJIAB, SBJSIOLHHCA
TBEPALIM pacTBOPOM, OT CIJaBa, MpPeACTaBJIAIOLIEro co6oi HHTep-
MeTaJlTHYecKoe CoeJHHeHHe?

10-44. Atom Na Gosbwie aToma Pb, ofHako npH BHeApeHHH
HaTpUA B pellleTKy CBHHUA IPOMCXOAHT He paCIUHpeHHe, a cxKaTHe
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PHC. 10-1

pellleTKH, YTO NPHBOAHT K YBeJHUYEHHIO TBepLOCTH cBHHIA. OGBb-
SICHHTe 3TOT (aKT.

10-45. Cysbdar Gapus MoXKeT JnaBaTb TBepAble pAacTBOPH €
6onbmuM copepxkanueM (10 60% wmoma.) KMnO,. Kakue BHIBOLH
CJIeYIOT U3 3TOro?

10-46. Haiiiute HeTOYHOCTH CJeAYIOLIEro ONpeleseHHs MeTas-
J0B: «MeTa/lIbl OT/IHYAIOTCS OT HEMETAJIOB TIJaBHEIM 06Gpa3oM
CJENYIOUIMMH XapaKTepHBHIMH CBOHCTBaMH. MeTasbl MMeIOT cBoe-
o6pasublii GJjeck (MeTajJHuyecKH#i 6JiecK), KOTOPHI 0G6GycJoBJIeH
HX BBICOKOH OTpaxaTeJbHOH crnocobHOCTbIO BHAHMOro csera. OHH
06/1afal0T HE3HAYUTEJbHOH CBETONPONYCKAaeMOCTBbIO H JaXe B TOH-
KHX c€J0AX Hempo3padHbl. Merannnl o6ganaloT Xxopolleii KOBKO-
CTbI0 H NO3TOMY MOryT OBITh 06paboTaHbl NMPH MOMOIUM BaJblOB,
npecca, Mosiota H T. A. OZHAaKO MpexJe BCero MeTaJlibl OTJIHYAOT-
csl BRICOKOH TEeMNJIONPOBOAHOCTBIO M XOpOlLIeH 3/eKTPONPOBOLHOCTBIO,
NpUYeM HX 3JeKTPOIPOBOLHOCTb BO3PACTAET C NIOHHXKEHHEM TeMIle-
paTyphi».

YKaxHuTe CylleCTBEHHble M HeCYIIeCTBeHHBle NPH3HAKH MeTall-
JoB. PacnosioxuTe NpH3HaKu No UX 3HauyuMocTH. [Ipensoxure cBoe
onpepeseHne MeTaJJIoB. _

10-47. [Ins Kakux arperaTHHIX COCTOSIHHH CIIpaBefJIMBHI pa3JH-
yus MeXJAy MeTa/IaMH H HeMeTaJJaMu?

10-48. DBoaee 3/4 amemenToB B Ilepnomuueckoi cucreme
. Y. MenneneeBa sBJISAIOTCA TUNUYHBIMH MeTajnaMu. Kak uame-
HHTCSl HX YHCJO, €CJH a) NOBHICHTb TeMIepaTtypy? 6) yBeJHUHTb
LaBJjeHHe?

10-49. IlpuBenute BO3MOXKHBIe OOBSICHEHHS, NOYEeMY PTYThb, fAB-
JSAIOUIASICS MeTaJlIoM, NpexcTaB/sieT COGOH KHIKOCTb.

10-50. ®oTo31eMeHT — pU6OP, B KOTOPOM B pe3yJibTaTe IOTJO-
IIeHUs] 3HEPrMH CBeTa MCIOYCKAlOTCS 3JEKTPOHHEI H reHepHpyeTcs
ajekTpHueckuii Tok. Kak Bo3HHMKaloT o6GycjaBJHBalollye 3JeKTpH-
yeCcKH# TOK 3a/eKkTpoHH? IlpeicraBbTe cebe, YTO MOBEDXHOCTH Be-
IecTBa OCBellaeTcsl B TeYeHHe [JHUTEJbHOTO NPOMEXYTKa BpeMe-
Hu. Byzner Ju MeHAITbCS CO BpeMeHeM CHJia ToKa (3. A. c.)? Beuen
an  ¢oroanemenT? Ilouemy sjeKTpHuecKHe (POTOIKCIOHOMETDHI
HeJb3sl JHOJMro Jepxkatb Ha cBeTy? IloueMy uepe3 HecKOJBKO JieT
paGoTH OHH HAUYMHAIOT NaBaThb HeNpaBHJbHble NOKa3aHHA?

10-51. O6BsicunTe, nouemy npy 1000 °C kxesne30 cBeTHTCS OYeHb
SpKO, a KBapu IOYTH He CBETHTCH.
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10-52. Hanmenbiiass sHeprus, KoTopas AOJXKHa OHITL 3aTpaye-
Ha Ha OTPHB 3JIeKTPOHA OT TBepAoro Meraana (pa6ora BbIXOAA
3JIeKTPOHAa), HAMHOTO MeHbllle SHeprHM HOHM3auuu. Hanpumep, nisa
menu pabora Bhixoga ajekTpoHa 4,3 3B, a sHeprusi HOHH3alMH
7,7 3B. O6bsicHHTE 3TO pa3/uyHe.

10-53. ITpensoxkute MaTepuasbl, KOTOPEE MOryT 06JafaTh Jyd-
IIMMH H30JIHPYIOIIMMH CBOHCTBaMH, YeM BaKyyM.

10-54. ITo kakKuM CBOHCTBAM MOXKHO OTJHYHTH IOJNYIPOBOAHHK.
OT H30JATOpPa U MPOBOAHHKA?

10-55. Tlouemy ¢ocop mpH BLHICOKHX HaBJEHHSIX CTaHOBHTCS
NPOBOJHUKOM?

10-56. Hexotopble cyabtunsl, HanpuMmep CoS; u FeS,, umelor
MeTaJlJIM4eCKHH 6JIeCK M NpPOBOJAT 3JEeKTPHYeCKHH TOK (3JeKTPOH-
Hasi TNpPOBOAUMOCTh). Kak 3T0 OGBACHHTH?

10-57. DeKTPONPOBOANMOCTb KPHCTAJNJNa 3aBHCHT OT Das3HOCTH
9HepreTHYeCKUX YPOBHeH BaJIeHTHOH 30HBI H 30HBl IPOBOJKMOCTH,
WJIH, KaK TFOBOPAT, OT IIHPHHBI 3ampelleHHOH 30HHL. Y MOJYNpPOBOA-
HUKOB C HelIMPOKOH 3ampellleHHOH 30HOH IepeBOJ 3JeKTPOHOB B 30-
HY HpPOBOJHMOCTH MOXET IIDOMCXOAHMTb INPH OCBEUIeHHH (SIBJIeHHE
¢dotonpoBoauMOCTH). 3amnpellleHHass 30HA y KPEMHHSI COCTaBJSeT
AE=1,1 3B. KpeMHuii ocBellaercs cBeToM ¢ v==5-10!* ¢! (xKen-
THIH cBeT). BO3HHKHET JH NPOBOAHMOCTB?

10-58. Kakue BelllecTBa IPH BBeJ€HHH B KPHCTAJJIHYECKYIO pe-
meTKy repMaHUs YBeJHYHBAIOT ero 3JjeKTponpoBoiumoctb? (I'ep-
MaHUH HMeeT aJMa3oNoA06HYI0O CTPYKTYPY).

10-59. Huxe npuBefeHH NpUMepbl HEKOTOPHIX OKpAalIeHHBIX M
HeOKpallleHHBIX raJIOreHU/I0B:

CuF, 6ecLBETHEIH TiCl, 6ecLBETHBII TiCl, 6ecuBeTHEHIT
CuCly  xenThit TiBr, KEJNTHI TiCl, (hHONETOBEII
CuBry  uepHBIit Til, KpacHBbI TiCly uepHbIH

Or Kakux ¢aKTOPOB 3aBUCHT LIBET KPHCTaJNJOB?

10-60. Ilpenckakute xapakTep H3MeHeHHS LBeTa KPHCTAJJIOB
B panax ZrCly—ZrBry—Zrly u TICl3—TIBr;—TIIs.

10-61. O6bsicuute, noueMy oxcugsl CdO, PbO u Bi,O3; oxpa-
IIEeHBl COOTBETCTBEHHO B KODHYHEBBIH, XKEJTHIH H OpaHXKeBHI LBe-+
ta, a ruppokcuabnl Cd(OH), Pb(OH)., u Bi(OH); umelor Genblik
IIBeT.

10-62. Huxe mnpeacrtaB/eHBl TeMIepaTyphl IJaBJeHHS H IJOT-
HOCTH HHTPO(EHOJIOB:

frm' °C p, r/cm3

o-HutpodeHnou 45 1,29
n-Hurtpodenon 114 1,48
2,4-TuHuTpOdeHOoN 113 1,68
2,4,6-TpunutpodeHon 123 1,76

OO6DbsicHUTe NPHUYMHBL INOBBHIIIEHHS TeMIlepaTyphl INJaBJeHHS R
IJIOTHOCTH NpH yBeJHYEHHH YHCJIa HHTporpynn, MoXXHO JM HaHTH
CBSI3b MeXJy H3MeHEHHSIMH TeMIlepaTyp IJaBJeHHS H IJOTHQCTEH?,
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B KpHCTa/ulaX XJopuja U 6Gpomuaa cepebpa

— npu 573 K pasusl 0,00021 u 0,0023 cm?/c. Ka-

| KOW BBIBOJL MOXHO cHeJaThb H3 3THX JaHHBIX?
=° Hab6aonaercs Jsu  Kakas-nmu60 B3aMMOCBSI3b

Fe—°~ MeXJYy CKOPOCTbI0 JH(P(PY3HH B XJOpPHAE H

Ha OGpomujae cepe6pa ¢ SHEPTHIMH HX KPHCTAJJIH-
- YECKHX DELIeTOK H IPOH3BeJeHHSMH DPacTBO-
- puMocCTH?

- 10-64. Cocyn us xesesa, cHaGXeHHBIH Ma-
HoMeTpoM (pHc. 10-2), morpyxeH B €MKOCTb
¢ kucaoroit (HCI, H,SO,). Ha mapyxHoi

MOBEPXHOCTH COCYAa BHIIENAETCA BOAOPOA, H OJHOBPEMEHHO [aBJje-

HHe BHYTpH cocyla Bo3pacTaeT. OObsicHHTe 3TO sBjieHHe. B pe-

3yJbTaTe 3TOr0 SIBJIEHHS NPH TPABJEHHH B KHCJIOTaX y MeTaJl10B

BO3HHKaeT B3JyTHe.

10-65. M3 Tpex oAHWHAKOBEIX IO Macce o6pasuLoB CTajJH H3ro-
TOBJIEHBI IpsIMasl NPOBOJIOKA, NPYXHHA U CHJIbHO OTOGHTas ‘MOJOT-
KoM IJiacTHHA. [lsgollajab NMOBEPXHOCTH BCeX H3AeNHH OIMHAKOBA.
Kaxnbifi U3 npeaMeToB NOrpyxaeTcss B pacTBOP KHCJOTH OZMHAKO-
BOM KoHLeHTpauuH. KaKoBBl OTHOCHTE/IbHBIE TelJOBHle 3((eKTH
pactBopeHusa? Kakoii H3 nmpeaMeTOB pacTBOpPHTCSA GrICTpee?

10-66. [IBe onuMHaKOBBle MelHbBlE IJIACTHHKH HarpeThl B aTMO-
chepe Boropona s mpeloTBpallleHus okucienus po 600°C u ox-
JaxaeHs — oJHa GLICTPO, a Apyras MelJieHHO (Takxke B aTMocde-
pe Bojopona). 3ateM o6e IJACTHHKHM NOMeIeHH B KaJOpPHMETPH,
colepaKalllie paBHble N0 KOHIEHTpalHuH H 06beMy pacTBOPH a3oT-
HOH KucJoThl. PacTBopeHHe KaKOH IJIACTHHKH CONPOBOXKIaeTcs
66/bIIM TeNsNoBHIM 3(dekToM? Kakas mnaacTHHKa pacTBOPHUTCA
6nicTpee? .

IlpuroroB/ieHHbEIE ONMHCAHHBIM METOAOM IJIACTHHKH IIOMeLleHbI
B kucsaopon npu 700 °C. Ilpu oKHCJeHHH KaKOH H3 NJACTHHOK BBI-
Jenutcsi GoJsiblliee KOJHYECTBO TemnoThl? Kakasi miacTHHKa OGBICT-
pee OKHCJIHTCA?

Te Xe IJIaCTHHKH NOMelleHH B meyb ¢ TeMmepartypoit 1100 °C.
Ha narpeBaHue W nJaBjieHHe KaKOH MJACTHHKH OyIeT 3aTpaueHO
6oJblllee KOJHYECTBO TelJOTH? KaKasl M3 NJacTHHOK ObICTpee pac-
NJIaBHTCA?

IIpumeuanue. JlaHHasg 3ajaya HOCHT XapakTep MBICJEHHOTO SKCIIEPHMEH-
Ta, H Ha pAX BONPOCOB HalTH OTBET 3KCNepHUMEHTaJbHO He IIpenCTaBJIA€TCSA BO3-
MOXHRIM.

10-67. B mpouecce pocta KpucTaJjja BbAesseTcs TemjoTta. UTo
TenJjee, PaCTyLIMH KPUCTAJJ HJIH OKPYXKAIOLIHH ero pactBop?

§ 11. TEOPHUS KPUCTAJIJIMYECKOTIO NOJIA

11-1. KakoBbl NpUHUUNHAJbHbIE OTJIHUHS TEOPHH KPHCTAJJIHYECKO-
ro NoJsi H TEOPHH MoJs JuraHaoB? Uro obliero B 3THX TEOPHAX?
Kakue noJsoxKeHusi MeTONOB BaJIEHTHBIX CBfi3efl H MOJIEKYJISPHBIX
op6HTaJiell 3TH TEODHH 3aHMCTBOBAJIH?

@ 10-63. Ckopoctn nuddysun HOHOB HaTpus
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dyy, dyz,dyz
dz?, arz_yz

Okmasdp  Tempaadp KBadpam
PHC. 111

11-2. Tlpensoxute cnocoOw MOCTPOEHHS TeTpasipa U OKTasApa
B NpPSAMOYroabHOH cHCTeMe KoopAHHaT. OmnHullinTe moOCJaeAO0BaTeNb-
HOCTb OmepalHuii, KOTOpble HCHOJb3yiHTe [Js BBHIICHEHHS BJHSIHHA
TeTPasAPHYECKOTO H OKTa3JpHYECKOro IoJs JHraHAOB Ha opbura-
JIH KOMIlJIeKcooBpa3oBarTedsl.

ITonmwiTafiTech Bnucath B Ky6 OKTasAp H TeTpasip.

11-3. CuenaiiTe U3 mIacTHIMHA HJH APYroro MarepHana Moje-
JH OLHOH Ss-op6GuTaJu, Tpex p-opburtasnedl u nsith d-opburaneit. U3
IPOBOJIOKH COTHHTe OKTasiap. IlpeAnmosoxuM, YTO BepLUIMHBI OKTa-
3]pa — 9TO LIECTb JIMI'aHJO0B, OKa3bIBAIOLIHX OTTaJKHBalolllee HeH-
CTBHe Ha OpOHTaJH LieHTpaJbHOro aroma. IloMecTuTe B LEHTpP OK-
Tasapa noovepeaHO Mojenu S-, p- U d-opbutaneir. Kakoe Hanpasie-
HHe ocell KOOpPAMHAT OKTasapa H opOuTaJell LEeHTpPaJbHOrO aToMa
caenyetr BoiOpath? Ha kxakue op6uTanyu LeHTPAJbHOrO aTtoMa BO3-
IelcTBHe JUranioB Oyaer Hanbosee cuiabHBIM? Op6uTasH KaKoro
NOJYPOBHSI OKa3blBAalOTCS B PAa3JIHUHBIX 3HEPTeTHYECKUX COCTOSIHH-
X, HAXOASICh B OKPYXKEHHU OKTa3/pHYeCKOro noJs Jurasaos? Mso-
6pasuTe nosyyeHHble Pe3yJbTaTh B BHJAe AUArpaMMbl 3HepreTHue-
ckux yposHeidl. OTMeTbTe NMOAYPOBHH, NOJBepraroliHecs pacliele-
nuto. IlpomenafiTe Te Xe omepauuu AJNS KBafApaTHOTO M TETpash-
pPHYECKOTO IOJiell JIHraHIOB.

11-4, Ha puc. 11-1 nokasaHo paclienyeHue d-NOJYPOBHS B OK-
Ta3ApHUYECKOM, TeTPa3ApHUECKOM H KBAaJDAaTHOM OKPYXXEHHH JIMTaH-
aamy. O603HaubTe NOAYPOBHH CHMBOJIAMH d-opGuTajell: dyiy, dys,
dyz, da 1 dxe_ye.

11-5. CnuHOBHIf MarHUTHBIEI MOMEHT aToMa HJH HoHa (B Mar-
HeToHax Bopa) Bhuncasiercs no gopmy.ie

p=Vnn+2

Tle 7 — YHC/IO HECNAPEHHHIX JeKTDPOHOB.

Briuncsaute MarHUTHble MOMEHTH HOHOB IIPH pa3JHYHBIX YHCJAX
d-SﬂCKTpOHOB B ¢JaboM H CHJIBHOM OKTa3ApHYECKOM IIOJAX JHIaH-

JAOB:
Uncno d-aneKTpoHOB 1 23 45678910
Uncno HeClapeHHBIX
3J1eKTPOHOB
cnaboe mose JHraH-
J0B 1 23454321 0
CHJIbHOE TOJIe JIMIraH- .
JI0B 123210121 0
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ITocTpoiiTe rpaduKk 3aBHCHMOCTH MAarHHTHOTO MOMEHTa HOHOB B
CHJIBHOM H cJlaboM OKTasJAPHYEeCKHX IOJISIX JIHFaHAOB OT yHcJaa d-
3JIeKTPOHOB (CHJBHOe moJsie co3palor Juraianl NH,;, CN- u gp.,
«ciaaboe — H,O, F— u np.).

11-6. MarHuTHEIE MOMEHT HOHOB [Mn(CNg)]3*+  nuam
{Mn (NHj;)¢]P+ npumepHo B nBa pa3a MeHbllle MarHHTHOTO MOMEH-
'ra HOHOB MnFg*~ mau [Mn(H,0)s]3+. IlpuBennre BO3MOXKHBIE
©00DBACHEHHS 3THX (PaKTOB.

11-7. O6bsicHUTe NPHYHHY Pa3JHUYUi B 3HAUYeHHAX 3(PPeKTUBHBIX
MAarHHTHBIX MOMEHTOB (B MarHeroHax bBopa) KOMIJIEKCHHIX HOHOB
Maprasua:

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

11-8. MaruutHbiit MmoMeHT K¢[Mn(SCN)¢]-3H,O paBen 6,06, a
Ki[Mn(CN)¢] -3H;0 — 2,13 marHeroHa Bopa. O6cynure stH nau-
HEIE.

11-9. Huxe naubl s¢p¢eKTHBHbIE MarHUTHBE MOMEHTHl (B Mar-
HeToOHax Bopa) HeKOTOPHIX KOMIJIEKCHBIX HOHOB XKeJse3a:

[Fe(H,0)q])** 5,3 [Fe(CN)]*- 0
[Fe(H,0)o+ 5,94 [Fe(CN),J2- 1,76

Onpenennte, kakoe noJe codnaiotr aurauasl H,O u CN— — cuabHoe
uan cnaboe.

11-10. Kaxoit non [Fe(CN)g]®~ uau [FeFg]®— umeer Gosee BH-
COKHe IapaMarHuTHble CBOHCTBa? Bo CKOJbKO pa3 MAarHHUTHBHIH MO-
MEHT OJHOro HOHa 60Jbllle APYroro?

11-11. Hon [Co(CN)e]4~ umMeerT oKTasapuHyecKoe CTPOEHHE.
[Tpenckaxute ero MarHHTHble CBOMCTBAa M BEJHYHHY MAarHHTHOTO
MoMeHTa (B MarHetoHax Bopa).

11-12. OGwpscuure, moyeMy uoHbl  [Co(NHj)e]?+ muaa
[Co(CN)g]®~ mmamaruutabl, a HoHbl [CoFg]3~ nau [Co(H:0)e]%?
napaMariuTHb. KakoBbl MarHuTHble cBoiictBa HOHOB [Co(NHj)e]2?
H [COFG] 4=,

11-13. O6BsicHuTe, MOYEMY B BOAHOM pacTBope cyabdart KobaJs-
Ta IHaMarHuTeH, a B MPUCYTCTBHH 6oJblioro H36HITKAa HOHOB ¢TOpa
BELIEeCTBO CTAHOBHTCS NapaMarHUTHHIM.

11-14. O6cynuTe cBOHCTBA CJAEAYIOIIHX KOMIJIEKCHBIX HOHOB:

1) [Fe(H,O)glP+ u  [Fe(CN)gJ3-
2) [CoF]3- 1 [Co(NHg)gl**
3) [Co(NOy)gl*= u  [Co(HO)e)**
4) [FeFgP*- u  [Fe(NHg)gl**
5) [CoFgl*- 1 [Co(NO,)*-
6) [Co(NHg)g]** u  [CoFg]¢-

7) [Ni(NHg)gl** u  [Ni(HO)gl*+
8) [Mn(CN)g]*= u [MnF3-

9) [Mn(CN)gli- u  [MnFg]4-

10) [Ti(HyO)l?* u  [Ti(NOy)sl*-
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Pacckas o cBolicTBax HOHOB cCJie[yeT CTPOHTb NIPHUMEPHO B TaKOH
nocJel0BaTeJbHOCTH (aJrOPHTM OTBETA): -

1) uHc/a0 37€KTPOHOB HA d-NOAYPOBHEe HeBO3OyXKIEHHOrOo aToMa;
2) 4HCJO 37EeKTPOHOB Ha d-TNOJAYPOBHe HOHA; 3) BHI OKPYXeHHS —
TeTpasApHyYecKoe, OKTa3ApHUeCKOe HJIH Ap.; 4) THN JHraHAOB (CO3-
Jal0T CHJbHOE HJIH cjaaboe moJse); 5) THN CIHHOBOrO COCTOSIHHS
HOHa (BBHICOKOCIIHHOBOE HJH HH3KOCIHHOBOe); 6) 4YHCJO HecCmapeH-
HHIX 3JIeKTPOHOB 7 Yy HOHAa B OKDY>K€HHH JaHHOrO THIA JIHIaHIOB;
7) MarHuTHHle cBOMCTBAa HMOHa (apaMarHUTHBle, AMaMarHHTHblE);
8) 3HaueHHe CIIHHOBOTO MarHHTHOTO MOMeHTa u=Yn(n+2) (B Mmar-
HeToHax bopa).

11-15. BricokocnuHOoBOe cocTosiHHe artomMa Fe B remorso6GuHe
(n=4,9 B MarHeroHax Bopa) npu nmpucoennHeHHH KHCJIOPOLA HJIH
OKCHIa Yrjepoia NepexoAHT B HH3KocnHHoBoe (pu=0). Kakosu
NPHUYHHK 3TOTO SBJIEHHS?

11-16. O6BsicuuTe, MoyeMy OKpacka pa36aBJeHHOr0 BOLHOIO
pactBopa CuSO, mo Mepe NpHJIHBaHHS KOHLEHTPHPOBAHHOI  XJoO-
POBOLOPOAHOH KHCJOTHI IepeXOAHT OT roJy6oit B 3ejenyn. Mox-
HO JIH CYIMTb O CHJIe NOJIS JIMTaHAOB HAa OCHOBAHHH 3TOrO 3KCIe-
pHMeHTa? ‘

11-17. Oxpacka KOMIIEKCHHX HOHOB ¢ Mn2* B KauecTBe KoMmn-
JeKcoobpa3oBaTesss 3aBHCHT OT €ro KOOPAHHAIHOHHOIO 4YHCJA.
Tak, Mn?+ B TeTpasapH4YeCKOM OKpYXeHHH HMeeT HHTEHCHBHYIO
XKeJITO-3eJIeHYI0 OKpPacKy, a B OKTasApuHueCKOM — po3oBylo. O6mbsc-
HHTE NMPHYUHY 3TOTO SIBJIEHHS. _

11-18. O6psacHuTe, noueMy H Kak Kommaekchl [Cu(NH;)4]%* n
[Cu(H20)¢]2+ oTanualorcs no oKpacke.

FrIABA 2
HANMPABJEHHE XUMHYECKHX NMPOLLECCOB

§ 12. BAKOHBl XUMHYECKOA TEPMOOHHAMHKH

12-1. Huxe nanel opMy/JHPOBKH HEeCKOJBKHX BaXKHEHLIMX 3aKo-
HoB. HasoBuTe 3TH 3aKOHH H PacnoJOXHTe B NOPALKe MOHHMKEHHS
OOIHOCTH (MJIH YHHBEPCaJbHOCTH), T. €. B TAaKOM NOpsAKe, YTOGH
Ka)KIAbli MOCJeAYIOWHA 3aKOH BXOAHJ B NpeNRAYIIHA HJH BHITe-
KaJ H3 Hero.

1) TennoBo#t spdeKT XHMHUECKOH peaKUHH He 3aBHCHT OT Xa-
paxkTepa. NPOMeXYTOUHBLIX NMPOAYKTOB H paBeH CyMMe TelJOBHX
3(p¢eKTOB NPOMEXYTOUHHIX PeaKUHil.

2) Bcerna TpeGyercsi OLHO H TO Ke KOJHYECTBO MeXaHHUeCKOH
paboTsl, 4TOGE HarpeTb onpejeseHHOe KOJHYecTBO BOAM Ha 1 °C.

3) Bcsikas macca o6sajaeT SKBHBAaJIGHTHOH eif SHepruell, a
3HePrus — 3KBHBAJIEHTHOH et Maccoii.

73



4) Ias pasnoxeHUS XHMHYECKOTO COeAHMHEHHS HeOGXOAHMO 3a-
TPAaTHTb CTOJIbKO TEIJIOTH, CKOJbKO ee BhiJesseTcs NpH ero obpa-
30BaHUH.

12-2. Huxe mnpuBeleHO HECKOJbKO (OPMYJTHPOBOK MEPBOro 3a-
KOHAa TepMOJHHAMHKH.

1) KoJnuecTBO TENJIOTH, NMOJyYeHHOE CHCTEMOi, PaBHO YBeJH-
YEeHHIO ee BHYTPeHHeH 3HePrHH H NPOH3BeleHHOH el paGoOTHL.

2) Tlpu Bcex B3aHMHBIX NpeBpallleHHAX 3HEPTHH OHA He Teps-
€TCSl ¥ He cOo3JaeTcs.

3) B u3oampoBaHHOH cHCTeMe CyMMa BCeX BHAOB 3HEPrHH IIO-
CTOSIHHA.

4) Ilepexoibl Bcex BHAOB 3HEPTHH APYr B Apyra NMPOHUCXOAAT B
CTPOrO 9KBHBAJIEHTHBIX OTHOIIEHHSX.

5) Bcsakuii ABHrartesb, NPOH3BOAAIIUN paboTy 6Ge3 3aTpaTr 3Hep-
THH, HeBO3MOXeH.

6) CymMma TemygoThl M paboThl He 3aBHCHT OT NyTH Ilepexoja.

7) YBenuuyeHHe BHYTPeHHell 3HeprHH CHCTEMbl PaBHO COOGIIEH-
HOH CHCTeMe TeIJIOTe 3d BBIYETOM IIPOH3BeJEHHOH CHCTEMOH BHeL-
Hell paboTHL.

Brib6epure ¢opMyJHPOBKY 3aKoHa a) HauboJjiee ob6uiylo, 6) Hau-
Gosiee BaM noHsTHY0, B) HMelOLlyl0 camoe 6JH3Koe OTHOIIeHHe K
XHMHH, T) Ty, KOTopas, mo Balllemy MHeHHIO, 6inxKe K Bawei cre-
L HaJbHOCTH.

12-3. Onuiunrte puU3HUeCKHH CMBICA CJeAYIOIIUX ABYX BHIpaxe-
HUH NepBOro 3aKOHA TePMOJAHHAMHUKH

AU=Q—A
Q=AU+ 4

rae AU — npupaueHue BHYTpPeHHell SHePrHH CHCTeMBI; Q — KOJHYECTBO COOGLIEH-
#HOM cHCTeMe TeIJIOTH; A — KOJHYecTBO PaGOThl, COBEPIIEHHOA CHCTEMOH.

12-4. doxaxuTte, 4YTo claelyioliHe aBe (GOPMYJHPOBKH IEPBOrd
3aKOHa TePMOAHHAMHKH HAEHTHUHBI:

1) yBesnuueHHe BHYTDeHHeH 3HePrMHM CHCTEMBI pPaBHO CcOOOIlIeH-
HOH cHCTeMe TelJoTe 3a BBIYETOM INPOHU3BEJEHHOH CHCTEMOH BHell-
Hell pa6oThl; 2) MojBelleHHAs: K CHCTeMe TellJioTa 3aTpayHBaercs Ha
YBeJIHUeHHe BHYTPEeHHE!H 3HEePTHH CHCTEMBl H Ha COBeplLIEHHE BHeLl-
Heil paboTHL.

12-5. B marTeMaTHYeCKOM BBIpaXXeHHH IepPBOro HayaJja TepMo-
JUHaMUKH

AU=Q—A4

T0abK0 AU He 3aBHCHT OT NYTH Nepexofa, a paboTa u Temjaora —
3aBucaT. Kak 3To corniacoBath ¢ 3akoHOM ['ecca, corjiacHo KOTOpO-
My TemnoBo# 3¢(deKT peakuuu He 3aBHCHT OT IyTH NPOTEKaHHS NPO-
Kecca?

12-6. lna npoleccoB, COMPOBOXKAAOIINXCA GCKOHEYHO MaJbIMH
W3MEHEHHSMH COCTOSIHHSI CHCTEMEl, IepBbii 3aKOH TePMOJHHAMHKH

i
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3amHCLIBAaeTCs B BUAE:
dU = 6Q — 64

rae dU — noannit auddepenunan BHyTpeHHell sHepruum cucreMul; 6Q u 64 — Gec-
KOHEYHO MaJible KOJNHYECTBa TEMNOTH H PaGoTH.

[Touemy Tensnota u pabora He sBJseTCS NMOJHBIMH AupepeH-
uHasaMu?

12-7. Huxe npuBegeHbl (pOPMYyJHPOBKH BTOPOro HayaJjia TEPMO-
IUHAMHKH.

1) HeBo3MOXKHO NOCTPOHTb BeUHHIH ABHraTesNb BTOPOTO poOja.

2) HeBo3MOXHO NOCTPOHTb MalUHHY, KoTopass pa6oTaja Ghl
CKOJIb YrOJHO AOJrO 3a CYeT 3HepruH (TelJIOTH) OKpyKalolleh
CpenHl.

3) Pa6ory MOXHO MNOJYYHTh JHLIb NyTeM BblpaBHHBaHHUS Ie-
penajoB KaKHX-JHOO IMapaMeTpoB CHCTeMBl (TeMmepaTyphl, HaBJe-
HHS, 3JIeKTPHYECKOro IIOTeHIlHaJa, KOHUEeHTpaluuH H Ap.).

4) B samkHyTo#i (He moJyualolllei M3BHE 3SHEPTHH) CHCTeMe
NPHPOCT SHTPOINHUH BCerja MoJOXKHUTeeH.

5) Bce caMompou3BOJIbBHO NpPOTeKalollHe NPOIECCH B 3aMKHY-
ThIX CHCTeMax HAyT B HaNpaBJeHWH NOCTHXeHHs HauboJiee Bepo-
SITHOT'O COCTOSIHHSI CHCTEMBI.

6) Ilepexon TemsoTHI OT XOJOLHOIO TeJa K TelJIOMY He MOXKET
NPOUCXOJUTb CAMOIIPOHU3BOJBHO.

7) HeBo3MoxHO npeBpaTHTb B paboTy TeMJAOTy KaKoro-jiu6o
TeJa, He NPOM3BOAS HMKaKOro APYroro JedcTBHS, KPOMe OXJaxKie-
HHS 3TOTO TeJsa.

8) OHeprusi pas3jMyHBIX BHAOB CTPEMHTCSl NepedTH B TeNJOTY,
a TemJoTa CTPeMHTC pacceiTbess (T. €. paBHOMepHO pachpefe-
JHTBCS).

9) Tensora HaubGoJsiee XOJOAHOrO M3 Y4acTBYIOILHX B Hpoliecce
TeJl He MOXKET CJYXKHTb UCTOUHHKOM palboTHI.

BriGepute (GopMyJHpOBKH 3aKoHa: a) HauboJee o6uiyio,
6) paBHOLeHHBble, I') HMelollve HanboJsbllee 3HaueHHe B (U3HKe,
XHMHH, GHOJIOTHH, TeXHUKeE.

12-8. B caenyromux Tpex GopMyJHPOBKAX BTOPOro 3aKOHa Tep-
MOAMHAMHUKH YKa3biBaeTcss Ha INepHOAMYHOCTb AeHCTBHSI MalUHHBL
1 NMepHOAMYHOCTD Npoliecca.

1) HeB0o3MOXHO MOCTPOHTb NEPHOAHYECKH HEHCTBYIOLIYID Ma-
LIMHY, KOTOpasi He NPOH3BOAUT HHUYEro APYroro, Kpome MNOAHATHS
rpy3a W oxJiaxK/JeHHsl pe3epByapa TelJOTHI.

2) HeB03MOXKHO:  co31aTh MNEepHOAHYECKH AEHCTBYIOUIYIO MAaLIH-
Hy, KOoTopasi Nmpou3BoAH/aa Ob paboTy 3a cyeT OXJaXKIeHHS OKpY-
XKarolei cpelnl.

3) HeBoamoxkeH nepHoAHYeCKHH Ipolecc, eIHHCTBEHHBIM pe-
3yJbTAaTOM KOTOPOTO fIBJIsIeTCSl IpeBpallleHHe TeMJOTH B pabory.

IToueMy B 3THX (OpPMYJHPOBKAX NOAUYEPKUBAETCH IEPHONHY-
HOCTb Mpolecca H AeHcTBHA MalHHH? JlokaxxuTe, uto 3TH dopMy-
JHPOBKH 3aKOHOB COBNafamT ¢ (popmymupoBkamMu B 12-7.
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12-9. B caenyomux ABYX BHIpaXKeHHSX BTOPOTO 3aKOHa TepMo-
AHHAMHKH BBeJEHO [OHSATHE BEPOATHOCTH COCTOSIHHS,

1) H3soampoBaHHasg cuCTeMa CTPEMHTCS NOCTHTHYTb HamnboJee
BEPOSITHOTO COCTOSIHHS, T. €. MaKPOCKOIHYECKOIO COCTOSIHHS, CO-
OTBETCTBYIOLIEro Han60nbmemy YHCJY MHKDOCKOIIHYECKHX COCTOS-
HHi1.

2) Tlpupona CTPeMHTCS OT COCTOSIHHH MeHee BepPOSTHBIX K CO-
CTOSIHUAM 6OoJiee BEepOSITHBIM.

JloKaxHuTe, YTO 3TH BHIPAXKEHHSI DABHOLEHHB BHIpAXKEHHAM B
12-7 u 12-8.

12-10. Huxe npuBedeHO HeCKOJbKO (GOPMYJIHPOBOK TpPeTbero
3aKOHA TEPMOAMHAMHUKH.

1) DHTpONHs MHAMBHIYaJbHBIX KPHCTAJJIHYECKHX TeJ CTPEMHT-
cs K HyJIO IIPH CTPeMJIEHHH TeMIlepaTypel K abCOJIIOTHOMY HYJIIO.

2) JTio60e BelecTBO HMEET ONpeleieHHYIO HOJOXKHTENbHYIO JHT-
POIHIO, HO IpPH aGCOJIIOTHOM HYJie SHTPONHS MOXET CTaTh paBHOH
HyJ10 (AJS YHCTHIX, NPaBHJIbHO O6pa3oBaHHHIX KPHCTAJJIHYECKHX
BellleCTB).

3) DHTpONHS YHCTHIX BELIECTB, CYIIECTBYIOIIHX B BHIAe HAealb-
HBIX KPHCTAJIJIOB, IpH TeMNnepaType aGCOJIOTHOTO HYJs paBHA HYJIO.
Jlokaxure, 4TO BCe NpHBelJeHHHe (OPMYJHDOBKH paBHOLEHHHI.
Bripasure nepByio ¢GOpPMYJHPOBKY B BHIE MaTeMaTHuecKo#l ¢op-
MYJIBL

12-11. Beuto npennoxeHo eile aBe (OpMY/IHPOBKH TpPeTbero 3a-
KOHAa TepMOIHHaMHKH.

1) HeBo3MOXHO IOCTHYb COCTOSIHMSI C HYJIEBOi aﬂTponHeﬁ

2) HeB03MOXHO AOCTHYb a6COJNIOTHOrO HYJS TeMIepaTrypn Ko-
HEeYHHIM YHCJIOM Ollepalui.

O6DbsicHuTe hH3HUECKUN CMBICT 3THX GOPMYJIHDPOBOK.

12-12. Hafinute OWHOKY B CJAEAYIOUIMX PaCCyXAeHHSX:

a) sHeprus ectb HYHKUUS COCTOSHHUSA;

6) TemJoTa eCTb SHEPTHS;

B) cJlel0BaTeJbHO, TENJOTA eCTh (YHKIHUS COCTOSIHHS;

I') HO TemJIoTa He sABJAseTCS (yHKLUUeHd COCTOSHHSA.

12-13. MoxXHO /M CO3AaTbh YCTPOHCTBO, MO3BOJAIOIee NOJYYHTh
paboty B pe3yJbTaTe M3MeHeHHS aTMocdepHoro maBiaeHus? Byner
JIH OHO BEUHLIM JBHraTeJNEeM?

12-14. [IBa coBeplIeHHO ONHHAKOBLIX COCYAa 3aNOJHEHBH OJHHM
¥ TeM Xe rasom (Hanpumep, renuem) npu 20°C. B omnoM cocyne
HeoOX0AHMO NoAfepxKHBaTh TeMnepatypy -+50°C (B HarpeBaTeb-
HoM mkady), B apyrom —10°C (B xomonmibHuke). Ha kaxo#
mpoliecc (Ha HarpeBaHHe HJIH OXJa)KJIeHHe) Oyjaer 3aTpayeHO 60Jib-
mee (UJIH paBHOe) KOJIHYECTBO 3JEKTPHYeCTBA?

12-15. Ilymeunslit cTBOJ NMpH cTpeabbe XOJOCTHIMH H 3apsiKen-
HBIMH CHapsilaMH HarpeBaeTcs Nmo-pasHoMy. B kakoMm ciydae cie-
AyeT OXHuaaTh GOJIbIIEro HarpeBaHUs?

12-16. Kak u3aMeHsieTcsl TeMIepaTypa IeTajH IPH ee KOBKe?
12-17. HarpeBaune 1 kr Boanl Ha 1 °C paBHOLEHHO NMOABEMY Te-
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jla Maccoit 1 Kr Ha 460 M.
CocraBbTe KaK MOXHO 00ilb-
e 324a4 Ha 3TO YCJIOBHE.
12-18. Ha noamem rpysa 2
Maccoii 1 kr Ha 1 M 3aTpaun- ~ 4
paerca 9,8 k. B nenp ueno-

BEK norpe6.nae'r KOJIHYECTBO Lr l

g

MUY, COOTBeTCTBYIOLIEE
sueprun B 12,5 xJIx. CkoJb- HC. 12.1
KO pa3 4eJOBEK CMOXeT MOA- .

HaTb rpy3 B 1 kr Ha BricoTy 1 M? Ha noabem 10 Kakoil BBHICOTHI
rpy3a B 50 Kr yesjoBeKy OyAeT AOCTATOYHO JHEBHOH HOPMBI MHIIUP
(Ilpeanonaraercsi, 4To BCS 3Heprus NHUH npeo6Gpa3yercs B Me-
XaHHYECKYI0 SHEPrHio.)

12-19, Hamepuan TenJoBoit adekt cropanus 1 r yrsaepona 8
u36biTKe Kucjaopoma. 3ateM 1 r yrjepoia M KHCJOPOJ NOAHSIIH
Ha HEKOTOpYylo BHCOTy. [ToTeHIHa/bHAst SHEPrHsl pearHpyloUIHX Be-
{[eCTB IOBHICHJIAcCh. B 3TOM COCTOSIHMH CHOBAa H3MEpHJH TEIJIOBOH
st ekt cropanusa. KakoBhl pe3y/1bTaThl 3KCIePHMEHTA?

' 12-20. B Tpex coBeplIeHHO OAHHAKOBHIX KOMHATaX HAaXOAATCH:
B8 OJHOH KOMHaTe 3JeKTpHueckuil paauatop mouuocteio 500 BT, B
JApyro#l — ajleKTponauTKa MollHOCTbI0o 500 BT m B TpeTbelt ajekrT-
puyeckas sammnouyka MouHoctbio 500 Br. OgnnakoBasi uiu pasiauy-
Has TeMneparypa 6yjerT B KOMHaTax?

12-21. [To KycKy xkesie3a H O KYCKy CBHHIIA YAaPHJIH MOJIOTKOM.
[Ipennosaras, 4To B KaXAOM KyCKe CONEePXKHTCS OXMHAaKOBOE UHC-
JIO aTOMOB, IPeICKaXKHTe, KaKoe BellleCTBO GoJibllie Harpeetrcs OT
yaapa.

12-22. Tlo KaKuM NmpUYHHAM B KadecCTBe OXJaxKJaloulel KHIKO-
CTH XOJIOAHJIbHHKA YaCTO HCHOJb3YyeTCs] aMMHAK?

12-23. Ha nexoTopo# mnJiaHere TeMmnepatypa paBHa --150°C,
Kakoe BelecTBO MOXHO NDHMEHHTb Ha 3TOH NJIaHeTe B KauecTBe
oxJlaxaamuei KHUAKOCTH B XONOAHAbHHKE?

12-24, Ha puc. 12-1 u3obpaxeH NPOeKT BEeYHOrO JBUraTessl.
CTeHKH cocyfa I IpONYCKalOT TOJbKO JerKHe MOJIEKYJHl COCTaB-
JSIOMHX Bo3ayXa (BOLOpOJ, TeJqHi) H He HPONYCKAIOT TsSXKeJble
Mousekyasl. Co BpeMeHeM JaBJleHHe B cocyje ] NMOBBIIAETCS M MOp-
weHb 2 mogHuMaercs BBepx. Korsa oH HaXHMaeT Ha KHONKY 3,
OTKpbIBaeTcss KpaH 4, ra3 BbBIXOOHT H3 CHCTEMBbI, MOPLIEHb OMNYCKa-
eTcs BHU3, KpaH 4 3akphiBaeTcs. 3aTeM Ipollecc noBropsiercs. By-
JleT JIM YCTPOHCTBO Tak paboTaTh?

12-25. Ykaxure, KaKue rasnl INpHu JIOOBX NaBJeHHSIX HE TOJbKO
He MOJUUHSAIOTCS YPaBHEHHIO I'a30BOTO COCTOSIHHSA, HO M YpPaBHEHW-
$IM COCTOSIHHSI peaJIbHHIX I'a3oB.

12-26. 3BecTHO HECKOJbKO YPaBHEHHH COCTOSIHHS
ra30B, HallpUMep:

peaJibHBIX

a
(p+vr)v—t=rr
(ypaBHenne BaH-nep-Baasnca)
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(52 ) ==

(P'l“VTT')(V—b)=RT

p(V—b) ea/<RTV>= RT

rie p — nasneHne; V —o6GbeM; T — Temnepatypa; R — rasoBasi MOCTOSHHAf;
a, b, ¢ — KOHCTaHTH], 3aBHCSIIKE OT Pa3MEPOB U CBOHCTB MOJEKY.I.

YKaxHTe a) (H3HUYeCKHH CMBICJ NONpPaBOK a U b (Kakoe siBJie-
HHe OHH YUHTBIBAlOT?); 6) KakKoH BHA NpHOOGpeTAalOT BCe 3TH ypas-
HeHHUsl IIPH YMeHbUIEHUH NONPAaBOK L0 HYJs; B) BCe OTJIHYHA B MO-
BeJleHHH peaJbHOI'O rasa M HAeasbHOTO, YUHTHIBasg [Jf HIeatb-
Horo rasa a=0wu b=0.

O6mbscHuTe, IOYEeMY M3 NPHBEJEHHBIX yPaBHEHHH COCTOSIHHSI pe-
aJbHOr0 ra3a MOXHO MOJYYHTb OJHO M TOJIBKO OJJHO YPaBHEHHE CO-
CTOSIHUSL HealNbHOrO ra3a, Ho H3 ypaBHEHHSl COCTOSIHHS HIeaJbHOTO
rasa HeJjb3sl He TOJIbKO BBIBECTH YpaBHEHHE COCTOSIHHS PeajbHOro
rasa, Ho ¥ Jaxe INOJYYHTb KaKUX-THO0 yKa3aHUH Ha NOBeJeHHE pe-
aJIbHOTO rasa.

12-27. [IBa cocyna umetor Temneparypsl Ty u T (T2>T,). Has-
JIeHHS B COCYAax paBHBL. TemmepaTypy rasa B KaXAOM COCyZe IO-
BBHICHJIM Ha paBHOe 4HCJO rpaaycoB. Kak H3MeHHTCH [aBjieHHe 3
cocynax?

12-28. BriuncauTe 3HayeHHe ra3oBOH MOCTOSSHHOH R, HCXons H3
clenymoumux pnaHubix: 8,47 r okcupa yraepoga npu 7°C u gabJe-
Huu 1,040.10°% [1a 3anumalor o6bem 6,78 1.

12-29. Bo3nywsbiii map o6beMoM 5 J npu pasJjeHun 1-105 I1a
n temneparype —+20°C nmoausAT B ctpatocdepy, rie naBjeHue paB-
Ho 3-10% ITa. O6bem mapa cran paBHeiM 1390 s. KakoBa Temnepa-
Typa Ha 3TOH BHICOTE?

12-30. TMouemy nns 3anosiHeHHs BO3AYIIHOrO lliapa HeJb3sl MOJb-
30BaThCsl BOASIHBIM MMapoM, a TOJBKO HAarpeThiM BO3AYXOM (B TO Xe
BpeMsl Haj NMOBEPXHOCTbIO 3eMJH NJBIBYT 00Jiaka M BOASIHOH map
IOAHUMAaeTCs KBepXy)?

12-31. B u30oqHpOBaHHOH CHCTeMe COAepKaTcsi MOJIeKYJbl rasa,
KOTOphle HaXoJsATCS B HeNpephBHOM JBHKeHHH. OTKyJda OHH moJay-
yaioT sHepruo? He sBjasieTcsi M 3TO HapylleHHeM 3aKOHOB TepMoO-
auHaMukua? He MOJMXKHBL U MOJIEKYJH uYepe3 HEKOTOPOe BpeMs
OCTaHOBHTHCH?

12-32. O6®bsicHUTE, TOUEMY IO Mepe MoAbeMa B rOpy TeMmmeparty-
pa MOHHKAeTcs, XOTs TeNJbI BO3AYX NMOAHHMAeTcsl KBepXy.

12-33. OcHOBHOe KHHETHUeCKOe ypaBHeHHe Tra3oB MOXeT ObiTh

3alHCaHoO B BHOE:
R =3/,NAE/T

rae Na—uucao Asoranpo; E — KuHeruueckasi sHeprus 1 MoJb MOJIeKyJs rasa.
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Ha ocHoBanuu 3to#f (opMyJHl NpeAJOXHTe onpenesieHHe MOHA-
THS ra30Boii NOCTOssHHOH (oAHO W3 MHorux). Kakue japyrue ompe-
nNeJenuss Bam u3BecTHB? BocmoJsb3oBaBuIuch 3TOH GopmyJoH, pai-
Te ONpejeseHHe TeMIepaTypPHl.

12-34. [I. Y. MenneneeBblM Obl M3rOTOBJEH NnepBhii B Poccun
BOJOPOAHBI TepMoMeTp. MccienoBaHHsl BOLOPOAHBIX TEPMOMETPOB
noxKas3ajH, 4YTO HMH MOXKHO H3MepsATb TeMINepaTypy He HHXKe
—200 °C u ne Boime 100 °C. ITouemy?

12-35. Ilpu 100 K u 102-10° Ila mosa remus saHHMaeT 0Gbev
10 . [1pu moBBILIEHHH TeMIepaTyphl H yBeJHUYEHHH [aBJEHHS JO
202-10% Ila o6beM rasa crai paBHeM 20 J1. Briuncaure Temmnepa-
TYpPy KOHEUHOrO COCTOSIHHSI rasa.

12-36. Kak o0OBSICHHTH, UTO TEIJIOEMKOCTb OAHOATOMHOI'O0 rasa
He 3aBHCHT OT TeMIepaTyph?

12-37. Huxe mnpuBeleHb 3HaueHHsT H3006apHOH TEMIOEMKOCTH
(p=const) C%, 208 u usoxopHoit (V=const) C°, 298 TEMI0EMKOCTH
[B Ox/(K-Momab)] 0XHOATOMHOro, AByXaTOMHOTO H TPE€XaTOMHOrO
rasos:

C® py 208 C°v. 208
He 20,8 29,3
H. 28,8 37,2
CO, 37,2 45,5

Kakue BuBOAE BH MoXeTe clesaTh NPH CPaBHEHHH 3THX HAaHHHBIX?

12-38. Kax u3MeHSIOTCA TENJIOEMKOCTH ra3oB IPH YBeJHYEHHH
qHucJa aToOMOB B MoJekyne? B ueM npHuMHa HepaBeHCTBa H306ap-
HOH H H30XODHOH TenJoeMKOCTen?

12-39. Cko/JIbKO HYXXHO 3aTpaTHTb TeIJIOTEHL Ha HarpeBaHHe
2,24 51 reaus ot 0 go 100 °C npu MOCTOSSHHOM JaBJIEHHH?

12-40. Cxko/bKO HYXKHO 3aTPaTHTb TelJOTHl Ha HarpeBaHHe
1 moub asora ot 20 1o 30°C npH NOCTOSHHOM JaBJIEHUH?

12-41. Kakoe KoJauuecTBO TelJOTH HYyKHO coobmutbk 100 r BoO-
ngHoro mapa, utobnl Harperb ero oT 100 mo 150°C mpu mocross-
HOM [ aBJICHHH?

12-42, Ckoabko TenjoThl norpebyercs, yto6bl Harpetb 5 r ra-
3006pa3Horo xmaopa Ha 10°C npu mocTosiHHOM o6GBbeMe?

12-43. Kak B o6bsicHHTe, OueMy a) H3o0apHas M H30XOpHas
TEIJIOEMKOCTH OTJHYAIOTC Ha BEJHYHHY, PaBHYIO ra30BOH IOCTO-
ssHHO#, 6) TemJ0eMKOCTH OZHOATOMHOTO H JBYXaTOMHOILO TrasoB,
pasyiHyaloTcsl Ha TY XKe BEJHYUHY?

12-44. Omnpepnenute yAeNbHYIO TeNJOEeMKOCTb a30Ta NPH IIOCTO-
SHHOM [1aBJIEHHU H OCTOSHHOM 06GbeMe.

12-45. B KakoM COCTOSIHHM (2TOMHOM HJIH MOJIEKYJSIDHOM) Ha-
XonuTcs mapoobpa3Has pTyTh, €C/H Ha HarpeBaHue 20 r mapoB pTy-
T# oT 20 no 30°C npH NOCTOSIHHOM AaBJEHHH NMOTPebOBaJJOCh KO-
JHYECTBO TEILIOTH, paBHoe 21 J[xk?
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12-46. Mousexyast CHy u CCly nmeloT 0JHHAaKOBOe TeTpas]pH-
YeCKoe CTPOeHHe. YKaXKHTe, TEIJIOEMKOCTh KaKoro BellecTBa 60JIb-
ule, 1 06bACHUTE NOUEMY.

12-47. O6BbsAcHUTE, IOYEMY TENMJOEMKOCTh IPH MOCTOSHHOM 00b-
eme Cy BOLOpOZLA 3aBHCHUT OT TEMIIEPATYPHL:

T,K 50 298 2000
Cv, HOx/(K-Momb) 12,6 20,9 29

12-48. MoxHo Jsu cyutaTth npaBuiao [rosnoura u Ity 3akoHOM?

12-49. Pacnonoxute cjelylolllie MeTajsbl B HOpsiAKe Bo3pa-
CTaHHSl WX YAeJbHBIX TemsoeMkocreii: Ag, Zn, Al, Cr, Ni, Cu, Fe,
Mg, Sn, Pb.

12-50. OnpenenuTe yneabHylo TenJoeMKOCTb xpoMa. Kakie naH-
Hble BaMm 17151 3TOr0 HY>XHBI?

12-51. Hafinute xosauuecTBO TemJOTH, HeO6XOAMMOe 1Jis Harpe-
BaHus 5 r meau ot 30 no 50 °C.

12-52. Kakoe KOJMYECTBO TeNJOTH BBIAENMTCS MNPH OXJaxie-
Hun 50 r amomunud ot 40 o 15°C?

12-53. HaBecka Mmerasna 0,3082 r BriTecHSIeT H3 XJOPOBOAOPOI-
Ho#t Kucaorel 114,8 ma Bomoposa npu 20°C u 9,997.104 Ila. [Ipn
okucaenun 1,026 r atoro Merasna mnoaydedHo 1,277 r okcuia.
YaenbHass TtenjoeMkoctb Meranana 0,389 HOx/(K-r). Beiuncaure
aTOMHYIO Maccy 3TOro MeTaJlia.

12-54. Pocr naBieHust (mpu oOGBIYHON TemnepaType) BLI3LIBAaET
CHJIbHOE YMeHblLIeHHe TeIJIOeMKOCTH XKHAKOoil Boabl. Kak 3to 06Bb-
SICHUTB?

12-55. 3HaueHHsS 3HTPONHM BeIUECTB NOJYYalOT M3 NaHHBIX IIO
TENn10eMKOCTAM. TemloeMKOCTH HHEPTHHX ra3oB (OLHOATOMHhLIE
MOJIEKYJIbI) OAMHAKOBBI [C°p 20s=20,786 IIx/(K-Mosb)], a ux sn-
TPONHHU BO3PACTAIOT 0 Mepe POCTa aTOMHOH Maeckhk:

908016 L/ (K-MoB) S*g08,150 H2K/(K-MoAB)
He 126,043 Kr 163,971
Ne 133,666 Xe 169.573
Ar 154,733 Rn 167,762

[Touemy?

12-56. KauecTBeHHO oleHHTe (60Jblie HJIH MeHbHIe) H3MeHeHHe
SHTPONMH INPH CMeLIeHHH CJelylOLHX ras3oB, B3SITHIX Mo 1 MoJalo
(mpu 298 K):

He un Xe
He u Ne
4He u SHe
10, u 180,

12-57. Tlpn pacTsKeHHH pPe3MHOBOH MOJOCKHM TeMIepaTypa ee
noBuimraerca. Kakoe cocrosiHme pe3uHbl 60jiee BepOSITHO — CXKa-
TO€ HJH pacTsiHyToe? B KaKOM COCTOSIHHH NOPSALOK B CHCTeMe BHI-
me? Kakoe cocTrosiHHe pe3uHBl HMeeT 6oJiee BBICOKYIO JHTPONHIOP

12-58. IlpenmosoxuM, 4TO KpHCTaJ1 okcuiaa yriaepopa CO co-
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CcTOUT u3 1 MoJsb MoJseKyJ. Paccunrtaiite suTpenuio npu 0 K B mpen-
[OJIOXKEHHH, YTO MOJEKYJbl PacloJioKeHbl B KPHCTaJJIMYeCKOH pe-
IIeTKe a) IOJHOCTbIO yNOpsA04eHHO, HanpuMep ..COCOCOCOCO...,
6) B mosiHoM Gecnopsake, HanpuMep ...COOCOCCOCOCOO0OCOC....

12-59. TlpensioxuTte CHOCOG BBIYHC/EHHS 3HTPONHHM KpHCTaJJIH~
yeckoro NO npu TeMnepatype abCOJIOTHOrO HYJIS.

12-60. IToyeMy pasMepHOCTH M e€JHHHIBI H3MepeHHs ra30oBOd MO~
cTosiHHO!M R, TemjoeMKocTH C Y 3HTPONUH S OAHU H Te XKe?

12-61. Uem oObsicHsieTCs POCT SHTPONHH NPH NOBBILIEHHH TeM-
nepaTtyphl?

12-62. ¥ Kakoro BellleCTBa — 3TaHa, 3THJEHA HJIH alleTHJIeHA —
IpH PaBHHIX TeMIepaTypax H HaBJleHHSIX H OJHHAaKOBHIX arperart-
HBIX COCTOSIHHSIX 6OJibllle SHTPOIHUA?

12-63. DHTpOonMH HEKOTOPHIX MOHOB HMEIT OTpHLATEeJbHBbI
3Hak*. Kak Bul cunTaere, IpH NMOHH2KEHHH TeMIEPaTyphl SHTPONHS
39THX HOHOB CTaHOBHTCA GoJiee OTpHLATEJbHOH HJH, HA0060POT, yBe-
JIHUHBAETCS?

12-64. Ilpn ctpeMyieHHH K ab6COJIIOTHOMY HYJIO SHTPONHUS KPH-
CTajjla OKCHAA yryiepola npubauxaercsi K 3HaueHuio 4,6 JIx/(K-
-MoJsib). Kak pacmosioxensl MoJeKysabl CO B KpHcTadssae?

12-65. Ilpoananusupyiite dopMmyabsl (o6cyAuTe BJAHSHUE TeMIle-
paTyphl, H3MeHeHHsI 06beMa M YHcsa MoJieH ra3oo6pasHBIX BelleCTB
Ha TepMOAHHAMHYeCKHe XapaKTePUCTHKH NPOLECCOB):

AG®° = AH®° —TAS®

AF° = AU° — TAS°

AH® = AUP 4 pAV = AUP + AnRT

rie AG — n3Menenne u3o6apHOro (M306apHO-H30TEPMHUUYECKOrO MOTEHLHANa) HIW
suepruu I'n66ca B xuMuyeckoM npouecce (p=const); AF — u3MeHeHHe H30XOPHOIG:
(H30XOPHO-H30TEPMHYECKON0 MOTEHIHaJa) HJAH 3Hepruu [ejbMrosibua B XuMHYe-
ckom npouecce (V=const); AU — n3MeHeHHe BHYTpPEHHEHl 5HEPrMH B XHMHYECKOM
npouecce, AH — y3MeHeHHe 3HTaJbIHH B XHMHYECKOM npouecce; p— naBJIeHHE;

AV — u3meHeHne o6beMa; An — H3MeHeHHe YHCJa MoJedl raso06pasHbIX BeILeCTBj
An=nyon—nucx; R — yHHBepcaJbHasi rasoBas mnocrTosHHaf; T — TeMmepatypa.

BriBeaute dopmyay, cBasbiBaomyio AG° n AF°. Ykaxute ycio-
BuS, Korna AH°=AU°, AG°=AF°, AG°=AH°, AF°=AU° AG°=
=AF°=0, AG°<<0, AG°=0u AG°>0.

12-66. IIpuBennte Bo3MOXKHble 0ObACHEHHS, IOUEMY B CIpaBOY-
HHKax nanbl 3HaueHust AH° u AG®, a ue AU° u AF°.

12-67. B n30/HpOBaHHOH cuCTeMe NMPOXOAHT peaKlus

H, (r) + Cl, (r) = 2HCI (1)
KaK H3MEHSIOTCSI BHYTPEHHsIs1 3HEPLHs, 3HTAJbIHA W 3HTPOIHA CH-

CTEMBI?
12-68. Ilpu cTannapTHHIX YCJAOBHSX Npollecc

H, (r) + 1/20, (r) = H,O (k)
* DHTPONMH HOHOB CPaBHHBAIOTCA C SHTPONHedl HOHa BOAOPOAA, NPHHATON
paBHO# Hy.JIIO.
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TIpOoTeKaeT CaMoNpou3BoJbHO (AG°<<0). Bo3moxeH JH 3TOT IIpoO-
tlecc B H30JHPOBAHHOM CHCTeMe?
12-69. Peakuus

3SiCly (k) 4 2A1,04 (k) = 3SiO, (k) 4 4AICl; (k uaH X)

fIPOXOJHUT HACTOJbKO GYpPHO, YTO PacTBOP XJOPHAA KPEMHHS 3aKH-
naet. Kak 310 06bSICHUTE?

12-70. IIpuBenHTE MPHMEPHl NPOLECCOB, KOTOPHIE IPOTEKAIOT Ca-
MOIPOHM3BOJIbHO, HO 6e3 3aMeTHOro M3MEeHEeHHS TeMIepaTyphl, T. e.
6e3 NOIJIOLEeHHS HJIH BIIEJEHHST TeNJIOTH.

12-71. TlpeackaxuTte 3HaK H3MeHEHUS SHTPONHH B PEaKLHH:

NH,HCOg (k) = NHj (r) + CO;4 (r) + H,0 (1)

{Toyemy BelllecTBO yCTOHYHBO NpPH CTaHAAPTHHIX ycJoBHAX? IToue-
My Jaxe IpH NOBHIIEHHH TEMIIEpaTypPhl CKOPOCTb €ro pa3JjioXeHHs
He CJHIIKOM BeJIHKa?

12-72. TlpenckaxuTe 3HaK H3MeHEHHS SHTPONHH B CJeAYIOLIUX
peaxuusax (NpoBepbTe NPeANOJOXKEHHS PacueTaMu):

1) CaO (x) 4 CO, (r) = CaCO;4 (k)

2) 4Fe () + 30, (r) = 2Fe,Og4 (k)

3) N,O4 (r) = 2NO, (r)

4) 2H,0 (r) = 2H, (r) + O, (1)

5) NHg (r) 4 HCI (r) = NHCI (x)

6) CaO (x) + H,0 (r) = Ca(OH), (0

7) CaO (x) 4 HyO (k) = Ca(OH), (k)

8) CaO (x) + H,0 (x) = Ca** (p) + 20H" (p)
9) AlOg (k) 4 3SO4 (r) = Aly(SOy)s (K)

12-73. OObsicHuTe, IOYEMY 3HTAJbIHS peaKUHH MeXIy KpH-
CTa/THYeCKUMH BellleCTBAaMH 3HAYHTEJbHO MeHblIe 3aBHCHT OT TeM-
TlepaTypHl MO CPaBHEHHIO C 3HTAJIbIIHEH peaKUHH MeXAy rasoobpas-
HBIMH BellleCTBaMH.

12-74, Tlouemy Mounexkyna Cl;O; cymiecTByer, XOTI TepMOJAHHA-
MHYECKH OHa MeHee BeposiTHa, yeM Cl.0 u 30,?

12-75. Tlpu npu6IHKEHHH TeMIepaTyphl K aGCONIOTHOMY HYJIO
U3MEeHeHHe SHTPONMH B peakluu OOBIYHO NpHOJHKAeTCd K HYJIO.
OnHaKO HMEIOTCS HCKJIIOYEHHS] H3 3TOro NpaBHJa, HANpHMep:

C (rpadur) 4 1/20, (x) = CO (x)
1/2N, () + 1/20, (k) = NO (k)
CO, (k) 4 C (k) = 2CO (x)

Hans atux peakuuit naxe npu 0 K AS=40. ITouemy?

12-76. Ha xap6onart HaTpusl AeHCTBYIOT KUCJOTOH, BEIAEJIHBIIHA-
€5l ra3 HampaBJsIOT B COCYA C PacTBOPOM liesouH, rie obpasyercs
cHoBa Kap6oHaT. Kak OGBSCHHTb, YTO ONHOBPEMEHHO NPOHCXOLMT
pasyoxeHne u o6pasoBaHHe OJHOTO H TOrO XKe BelllecTBa?
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12-77. TepMoAMHaMHYeCKHe XapaKTePHCTHKH BelllecTB 1 u 2 co-
craBa CyHgO B razoo6pasHoM COCTOSIHHH TaKOBHI:

AH® 56p, 208 S8, AG® o6p, 2085

kJ1x/MoNb Jx/(Moab-K) kI K/Moab
Bemectso 1 —234,81 282,59 —168,28
BemectBo 2 —184,05 267,06 —112,93

Kakoe BeliecTBo, 1 unu 2, sfiBisieTcss 3THAOBBIM CIIMPTOM, KaKoe
NHMETHJIOBBIM 3(UpPOM? .

12-78. Tlpu cropauun 1 moub raoko3sl CgH ;06 10 razoo6pasibix
CO; u H;0 u3meHenme sHTaJbnHH cocTaBaser —2538,6 k[2K/MoJb,
a u3MeHeHHe H306apHOro moreHuuasna paBHo —2818,6 x[lxk/moub
(298 K). Kak uaMeHsieTcsl cTelleHb IOPsJKa B CHCTeMe, B KOTOPOH
cropaer rawokKo3a? BHYHNCAHTe H3MeHeHHe SHTPONNH.

12-79. Ha ocHOBaHHH CJeAYIOIIUX TEPMOJHHAMHYECKHX Xapak-
TEPHCTHK [OKaXHTe, UTO CrOpaHHe IVIIOKO3bl fBJSETCS CaMOIPOH3-
BOJIbHBEIM npoueccom (npu 298 K):

AH® 60, s, NG
kA x/Monb x/(K-Moab) kA x/Monb
CGH|206(K) —1274,4 212,1 ——919,4
0.(r) — 393.7 213.8 —394.4
H.0(r) — 241.8 188,7 —298.6
02(r) — 205,0 —

§ 13. TENJIOBBIE 3 ®EKTbl XUMHYECKHX IMPOLLECCOB

13-1. Hoxkaxure, yto 3aKoH I'ecca: «TemsnoBoit apdekT (unu H3Me-
HEHHe SHTaJbIIHH) XUMHYECKOH peaKUWH 3aBHCHT TOJbKO OT Ha-
YaJIbHOTO H KOHEYHOTO COCTOSIHHSI CHCTEMBI, HO He 3aBHCHT OT IIyTH
nepexona, siBISeTCs CJAeACTBHEM IIepPBOr0 3aKOHa TePMOAMHAMHKH.

13-2. Ilo onHoO#t M3 (OPMYJHPOBOK IEePBOro 3aKOHa TEPMOAMHA-
MHUKH B J000M IIipolecce TIpHpalleHHe BHYTpPeHHel 3Hepruu
AU=U,—U, cucreMmbl DaBHO KOJIHYECTBY COOOIIEHHOH CHCTEME
TenJoTe Q MHHYC KOJHYeCTBO paGoThl A, cOBepLIEHHOH CHCTEMOI!,
T. e. AU=Q—A. OueHb BaxHO, YTO M3 TPeX BeJHUUHH, BXOAAIIHUX B
3TO COOTHOLLEHHe, TOJIbKO onHa — AU OJIHO3HAaYyHO ompejessieTcs
HayaJbHbBIM U KOHEYHBIM COCTOSIHHSIMH CHCTEMBl H He 3aBHCHT OT
nyTH nepexopa. DTo o3HauaeT, uto Q u A 3aBucAT OT cnocoba co-
BepuleHus npouecca. [TockoabKy Temsora Q cBs3aHa ¢ H3MeHEHHEM
SHTAJbLINWH coOTHoWeHueM: Q=—AH, cnenoBatenbHo, AH 3aBHCHT
OT myTH nepexona u 3akoH I'ecca k AH He npuMenuMm. Ho 310 He
Tak. Halinure owin6Ky B paccyXIeHHUSX.

13-3. Tlpu cropanuu 1 mouap raoko3nl CeH;20s m0 rasooGpas-
Heix CO; u H,O Boipensiercs 2538,6 kIxx Tensnotel. Hanuuure tep-
MOXHMHUYECKOe ypaBHeHHe peakiui. UeMy paBHO H3MEHEHHE SHTAJIb-
MK IIpH CropaHuu 1 MoJsb rJ0Ko3b? Hanuimunre TepmoauHamuye-
cKoe  ypaBHeHHe  peakuuH. 3Hast  AH%ep 208 CO (r)
(—393,7 xx/mMonb) u Boabl (—241,8 x[1K/MOJb), BBHIYUCIUTE
AH®,6p, 295 TIIIOKO3HI.
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13-4. Onpeaenure pasuuuy mexay Q, u Qy mpu 100 u 1000°C
B CJIeyIONIHX PeaKLHOHHBIX CHCTEMAX:
1) HCI(r), O, (r) —> H,0 (r), Cl, ()
2) FeyOg (x), CO (r) —— FeO (x), CO, (r)
3) Fe(x), H,O (r) — FeO (x), H, (1)
4) H;0 () — H, (1), O, (r)
5) MgO (x), CO, (r) — MgCO; (k)
6) CO (r), Cly(r) —> COCl, (r)
7) NO, (1) — N;04 ()

13-5. B peakuuu 16,34 r uunka ¢ 0,5 1 1 M H,SO, Bbgeausocsh
#1,425 k][I TenJOTH NPH NOCTOSHHOM o6beMe. Bruucanre Qy, Qp,
AH® n AU° (B kIx/MoOub) .

13-6. Ha npumepe peakuui

Zn (k) 4 H,SO4 (p) = ZnSO, (p) + H, (r) AH®y9q = —165,7 kIIx (V = const)
Zn (x) + H,SO4 (p) = ZnSO4 (p) 4 H, (1) AH%gg = —163,2 kI (p = const)
JIOKaxKHuTe, 4YTO

Qp = Qy —pAV= QV— AﬂRT
M

A€ An — pa3HOCTb YHC/a MOJell ra3006PasHEIX NPOAYKTOB DEAKUHH H rasoo6pas-
HBIX HCXOIHBIX BELIECTB.

13-7.  PaccuurafiTe CTaHIAPTHYI0 SHTAJIbIHIO 06pa3oBaHHs
NH4NO: (k), ecan rensnopoit spdexr peakuun (298 K) IpH 1o-
CTOSIHHOM 006beMe

NH4NO, (k) = N, (r) + 2H,0 (x)

Pasedn Qy=+310 k[xk/Mom (AU°=—310 kIIx/Monb) M
AH®6p, 208H20 (k) =285,8 k1 /MO0b. '

13-8. Crannaprhas sHTaibmus o6pasoanus CO (r) paBHa
AH®45=—110,5 kJI2/mMoab. IIpu cropannn 1 Moas CO BhgessieTcs
283,0 x[Ix Tensote. Briuncaute CTaHAapTHYIO 3HTaJIbIHIO 06paso-
Banug CO; (r).

13-9. Jlokaxute (M06GBIM COCOGOM: NpPH NOMOILH npHMepa,
OOLIHX DpacCyXAeHHH, OT NPOTHBHOIO W T. 1.), YTO TeIJIOBOH 3(-
<PeKT peaKUHMH PaBeH Pa3HOCTH CYMM TemIOT 0Gpa3oBaHHS NPOAYK-
TOB PeaKUHH H HCXOIHBIX BEILIeCTB

AH = E AHoep (mponyKkTOB) — 2 AH,qp (ucx. Bemects)

Ouerka oTBera mpoBoauTca mo 1) KpaTkoctu Il0Ka3aTeNbCTBA,
2) OpHMTHHAJILHOCTH XOAa [0Ka3aTe/lbCTBa, 3) ypoBHIO HayuHOro
XdpaKkTepa TeKCTa, HaNpHMep IO YHCJIY HCHOJNb30BAHHBIX HAYYHBIX
TePMHHOB, 4) NPaBHIBHOCTH JIOTHYECKHX NIPHEMOB, 5) NoO TOMY, Ha-
CKOJIbIO TIOHSITHBIM H SICHBIM OKaKeTcsl J0Ka3aTesbCTBO.

13-10. Ckosbko motpebyercst cikeub yriepoaa, 4to6bl HarpeTb

1 1 Boasl or 20 ;o 100°C, ecam AH®s6p, 290sCO; (r) =
=—393,7 kI :x/MoJb.
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13-11. Paccuutafite AH® peakuuu
CaO (k) -} SiO, (k) = CaSiOy (k)

€CJIM CTaHAapTHas 3HTajbhus o6pa3oBaHusg AH°.sp YUaCTBYIOLIMX
B peakuun kpucrajainyeckux BemectB CaO, SiOp, CaSiO; coot-
BeTCTBEHHO paBHa —636, —908, —1582 kx/monb. Chopmyaupyii-
Te NMpaBHJO pacyera AH peakuuu no U3BECTHHIM SHTaJbNHAM 06pa-
30BaHHUs YUYAaCTBYIOUIHX B PEaKIHH BELIECTB.

13-12. Onpenenure AH® peakuun

Fe,04 + 2A1 = Al,0, -+ 2Fe
eciy AH,Fe20;=822,2 kIx/Mojb U AH®,6pA1,03=
=1669,8 kK /MOJb.

13-13. BrluucauTe KOJHYECTBO TEMJIOTHI, KOTOpoe TpebyeTcs Ha
pasnoxeHnue 10 xr 6e3BofgHOro kap6oHara HaTpHs

Na,COj (k) = NayO (k) + CO, (r)
€CJIH U3BECTHO, UTO
Na,COq () 4 SiO, (k) = Na,SiOj (k) 4 CO,4 (r); AH°® = 81,04 xIx
Na,O (k) + SiO, (k) = Na,SiOj (K); AH® = —243,17 xIIx
13-14. Onpegenure 3HTaJbnHl0 pasnoxeHuss HyO, Ha BOmy H
KHCJIOPOJ, HCIOJIBb3Ys ClAeLyloulue JaHHbIe:
SnCly (p) 4 2HCI (p) 4+ H,0, (p) = SnCl, (p) + 2H,0 (x); AH° = —393,3 xOx
SnCl, (p) + 2HCI (p) -+ 1/20, (r) = SnCl, (p) + H,0 (x); AH® = —296,6 k%
13-15. BpluncauTe KOJHYECTBO TEMJOTH, KOTOPOE BHIAE/ISETCS
npH npoussoiactse 108 Kr aMMHaKa B CyTKH, eCJIH
N, (r) + 3H, (r) = 2NH, (r); AHP = —92 x]x
[IpexnsoxuTe, KaK HCIOJAb30BAaTh 3TY TEMJOTY.

13-16. BpluncauTe CcTaHAApTHYI0 3HTaJbIHIO 006pa3oBaHHs
Fe;0;, eciu n3BecTHO M3MeHeHHe 3HTaJbnHH (298) B peakuuu

FeyO4 (k) 4 3CO (r) = 2Fe (k) + 3CO, (r); AH° = —28,4 k[Ix
dnranbnusa obpasoBanua CO; (r) 1 CO (r) paBHa COOTBETCTBEHHO
—393,7 u —110,5 xx/MO0JIb.

13-17. Hcxoaa u3 AaHHBIX AJs1 peakuuit okucieHus As,O; kuc-
JIOPOJOM U 030HOM

As,04 (K) + O, (r) = As,O5 (K); AH®° = —270,9 kOx
3As,054 (K) + 205 (r) = 3As,05 (K); AH® =—1096,5 k0x
BLIYHCJ/INTE H3MEHE€HHE 3HTAaJbIIHH NIDH nepexone'l MOJIb KHCJIOpOAA

B 030H (298 K).
13-18. Briuuciure usMeHeHue sHTajbnHu (298 K) B peaknun

2H,S (r) 4 SO, (r) = 3S (x) 4 2H,0 (r)
€CJIn
H,S (r) 4 3/20, (r) = H,0 (k) + SO, (r); AH° = —561,1 kIIx
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H cTaHjapTHas HTajbnus o6pasoBaHua SO, (r) cocrasiser
—296,2 kJ1X/M0Jb.

13-19. Omnpenenure sHTanbnu0 o6pa3oBaHus (298 K) kpucraxa-
JIHYECKOro meHTaxjopuia ¢ochopa U3 cIelyIOMHUX JaHHBIX:

P4 (K) 4 6Cl, (r) = PCl, (%); AH°® = —1272,0 k]Ix
PCl, (k) 4 Cl, (r) = PCl; (x); AH® = —137,2 x[Ix
13-20. Boiuncaure AH® peakuuit (298 K)
2PbS (k) - 30, (r) = 2PbO (k) -+ 250, (r)
PbS (k) + PbSOy (k) = 2Pb (k) + 250, (r)
€CJIH 3HTaJbNHK O06pa30BaHUs YYaCTBYIOIIHX B peakKUHUAX BellecTB
paBHH (B KJ1K/MOJIBb):
PbS (k) —100,4 SO, (r) —296,9
PbO (k) —219,2 PbSO4(k) —920,4

13-21. Briuncaute 3HTaAbNHI0O 00pa30BaHHsi BOAHOTO pacTBOpa
a30THCTOM KHCJOTHI, BOCNOJIb30BABINKCh HTaAbnHAME (298 K) cie-
LYIOIIUX peakLHi:

NHyNO, (p) = N, (r) 4+ 2H,0 (x); AH° = —320,0 k%
NHj (p) + HNO, (p) = NH4NO, (p); AH® = —37,7 x[Ix
NH; (p) = 1/2N, (r) + 3/2H, (r); AH® = 84,9 k[Ix
H, (r) 4 1/20, (r) = H,0 (x); AH° = —285,8 kIx

13-22. BrluncanTe H3MeHeHHEe SHTAJIbIIUH B peaKUHH
H, (r) 4 1/304 (r) = H,0 (r)

no caenymoumuM gaHHeM (298 K):
204 (r) =30, (r); AH° = —288,9 r[Ix
AH%6p HyO (r) = —241,8 k1 x/moib

13-23. Brluncaure n3MeHeHHe 3HTaAbnuu peakuuit (298 K)
CaO (k) + H,0 (:x) = Ca(OH), (k)
CaO (k) + CO, (r) = CaCOg (k)
Ca(OH); () + CO, (r) = CaCOy (k) + H,0 ()
CaCOg (k) + COy (r) + Hz0 () = Ca(HCOq), (k)
Hcnonb3yiiTe cnpaBouHbe JaHHBE, HEOOXOAMMbIE AJsI pacyera.

13-24. Boluucaute cTaHAapTHYIO dHTaAbNHI0O 06pa3oBaHUs raso-
o6pasnoro HBr Ha ocHOBaHuH cienyiomux naHHbX (298 K):

2KBr (p) 4 Cl, (r) = 2KClI (p) + Br, (p); AH® = —92,9 k[x
1/2H, (r) 4 1/2Cl, (r) = HCI (p); AH° = —166,8 x[Ix
Br, () = Br, (p); AH° = —0,8 x[Ix
HBr (r) = HBr (p); AH° = —81,2 x]Ix

13-25. Bblyuc/HTe CTaHAApPTHYIO 3HTAJBNHIO 06pa3oBaHus Opo-
MOBOZOpPOAA
1/2H, (r) + 1/2Br, () = HBr (r)
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Ha OCHOBaHHH CJeAYIOIIHX AaHHBIX (298 K):

2KBr (p) + Cl, (r) = 2KClI (p) + Br, (p); AH° =—92,9 x[Ix
1/2H, (r) 4 1/2Cl, (r) = HCI (p); AH° = —166,8 kIIx
KOH (p) 4 HCI (p) = KCl (p) + H,0 (x); AH° = —55,8 klIx
KOH (p) 4 HBr (p) = KBr (p) 4 H,O (x); AH° = —55,8 x[Ix
Br, (%) = Br, (p); AH° = —0,8 klIx
HBr (r) = HBr (p); AH° = —81,2 x[Ix

13-26. Huxe mnpuseneHb 3HTaJbNUH oOpa3oBaHua AH .ep, 208
(B k[ x/MoJb) aTOMOB, HOHOB H MOJIEKYJ XJOpa B PasjIMYHBIX CO-
CTOSTHHAX:

cl(r) 121,31 Cly(r) 0
Cl+(r) 1383,69 Cly(p) —26,78
Cl-(r) — 233,62 Cly+(r) 1107,92
Cl-(p) — 167,11

[Tosnb3ysick 3TUMH HAHHBIMH, PAacCUHTalTe: a) SHTAJbIHIO HOHH3a-
u¥H atomMa xjopa; 06) CpPOACTBO aToMa XJopa K 3JEKTPOHY
(AHcponcrsa) ; B) HTAJbIHIO HOHH3ALHH MOJIEKYJBl XJ0Opa; T') 3Hep-
ruio (3HTaJbIMIO) CBSI3H M JAHCCOLHMALMH MOJIEKYJH XJOpa; A) 3H-
Tanbnuio rugparauud HoHa Cl—; e) sHTaNbIHIO pPacTBOPEHHs XJopa
B BOJe.

Kakue Jgpyrue 3HTaJbOMH MOXKHO BBIYHCJIUTb H3 3THX NAHHBEIX?

13-27. CranpapTHbie  3HTaJbNHH  obpa3oBaHus  6GpoMa
AH®6p, 208 (B K 2K/MOJIb) B Pa3IHYHBIX COCTOSIHHAX UMEIOT CJEAYIO-
LIHe 3HaYeHHs:

Br(r) 111,84 Bra (%) 0
Br+(r) 1260, 14 Bre(r) 30,91
Br—(r) —218,87 Brz(p) —0,84
Br-(p) —121,71

IMpoBenute pacuer, aHaJOrHYHBIH pacuery B 3afnaue 13-26.

13-28. Huxe npuBeleHH CTaHAAPTHHE 3HTAJbIHH 06pa3oBaHHUs
(298 K) monma (B KJk/MOJb) B Pa3IMYHBIX COCTOSIHHSIX H 3HTaJb-
nus ¢as3oBoro nepexoja:

1(r) 106,76 I (k) 0
1= (r) —195.00 I (r) 62,43
I-(p) —55,23 I (k) = I (r) 62,43
I+(r) 1121,33

TIpoBenure pacuer, aHaJOTHYHHIA pacueTy B 3axauax 13-26.

13-29. Ha ocHoBaHuM paHHBIX 3ajnau 13-26, 13-27, 13-28 yka-
JKHTE CBOMCTBAa rajoreHoB (B BHJe Ta6/HIE) H chopMyaHpYiTe
BHIBOABI O XapaKTepe H3MeHEHHsI CBOHCTBA B NOATrPYIIE.

13-30. BriunucauTte CTaHAApPTHYIO 3HTAJbIHI0O 00pa30BaHUSA XKHUJ-
KOr0 METHJIOBOTO CIIMPTa, BOCIOJb30BABUINCH CJAEAYIOIIHMH JaHHbI-
MHu:

H, (r) 4+ 1/20, (r) = H,0 (x); AH° = —285,8 x[Ix
C (k) + O, (r) =CO, (r); AH® = —393,7 x[Ix
CH,OH (%) 4 3/20, (r) = COq (r) + 2H,0 (x); AH° = —715,0 xx
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13-31. Tennosoit addeKT cropanus alleTHJIeHa, ONpeleJeHHHR B
KajopuMeTpuueckoil 6omMbe NpH nmocTogHHOM o6beMe u 298 K, pa-
BeH 1301,6 xJx/monb. Beruncante AH® u AU cropanus aueTtuie-
Ha. Kakue jaHHble HYXKHB Ui BeluHcJaeHuss AH° o6pasoBaHus aue-
THJIEHA C HCIIOJib30BaHHEM SHTAJIbIINH CrOPaHUA?

13-32. DHTanbnuu cropanus 6eH3oja W aleTUJIeHa PaBHBI COOT-
BercTBeHHO —3270 um —1302 x/:xk/Moab. OnpenesnuTe SHTAJNbIHIO
NpeBpalleHus alleTHIeHa B 6eH30J

3CyH, (r) = CgH (r)

OcyumecTBMMO /1 NpeBpallleHHe aleTH/IeHa B 6eH30?
13-33. Ilpouecc cropaHus cepoyraepona

CS, (r) 4 30, (r) = CO, (r) -+ 250, (r); AH® = —1080 xIx

COTIPOBOXKIAETCS CBETJIO-CHHHM IJIaMeHeM C TakOi HH3KOH TeMme-
paTypoi#i, yTo B HeM He oOyrJuBaercs naxe 6ymara (XOTs TelJoBOf
addexT cropanus cepoyriepoia Besnk). Kak 3To MoxHO o6bsc-
HUTB?

13-34. Boiuucsiure usMeHeHue sHraabnuun AH° B npouecce npe-
BpallleHHs AHMETHJIOBOTrO >@Hpa B 3THJIOBLIH CHUDPT:

CH3OCH; (r) = CH;CH,OH (1)

ecJIv
CH;OCHj (r) + 30, (r) = 2CO, (r) ++ 3H,0 (1); AH® = —1454 k%
CH;CH,OH (r) + 30, (r) = 2CO, (r) 4 3H,0 (r); AH® = —1402 kI

Kaxkoe BemiectBo — 3up uam conuprt — 6osee ycroiunBo? [loue-
My He IIPOHCXOJHT CaMOINpPOM3BOJbLHOIO IPEBPAll€HHS OJLHOrO Be-
miecTBa B Jpyroe?

13-35. Cxurajorcst u3oMepnl CoHyo:

CHy(CH,),CH; u  (CHg){CCH,C(CH,),

B xakoMm ciydyae BHAEJNHTCS GOJibllIee KOJHUECTBO TelaoTH? O6cy-
IHUTe 3TOT BONPOC [IJIs1 APYTHX H30MEPOB 3TOrO Ke BellecTBa.

13-36. Ilpu omnpenesneHHH 3HTAJbIHH CrOPaHUS Pa3JHYHBIX OG-
pasuoB oktaHa CsH;s Gb10 06GHapyKeHO, YTO 3HAUEHHE OJHOTO H3-
MepeHHsI OTJIHYaeTcs OT Apyroro Ha 5,4 kIx/Moab. UeM o6bsc-
HSIETCS1 TaKoe pasjnuue?

13-37. TennoBo#t sdpdeKT cropaHust HopMajbHOro OyTaHa Ha
8,4 _'I)(,U,)K/MOJIB BhIlLe, yeM u30-6yTaHa. Kakoli usomep Gosee ycrofi-
YUB?

13-38. Temsora cropaHusi sTaHa, 3THJIEHA M alleTHJeHAa paBHa
cootBeTcTBeHHO 70129, 64937 u 58657 kIlxk/M3. O6bsicHuTe, moye-
My JJIl CBapKH NOJIb3YIOTCSI alleTHJIEHOM, a He TaHOM HJH 3THJe-
HOM.
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13-39. Bplunc/auTe CTaHAAPTHYIO SHTAJBIHIO CFOPAHHS 3TaHAa B
030He

CaHs (1) + 7/304 (1) = 2CO, (¢) + 3H,0 (%)

ecii AH°uopCoHs B 0y=—1561,0 xIx/Moab H AH%6p03=
=142,3 xkIx%/M0JIb.

13-40. lpu cropanuu 1 g aunerunena Bwipensiercs 58,0 IIx Ten-
Jd0TH. Ilosb3ysick 3THMH JaHHBIMH, COCTaBbTe YyueOGHYIO 3ajauy H
JafiTe ee pelIHTh BalUUM TOBapHUIaM.

13-41. Onpenenute cTaHJapTHblE 3HTAJbIIMH CTOPAHUS 3TaHa B
aTOMHOM KucJoponae (BoobOpaxkaeMhblil mpouecc), MOJEKYJSPHOM
KHCJIOPOZE H O30He:

C;Hs (r) 4- 70 (r) = 2CO,4 (r) + 3H,0 (r)
C;Hy () + 7/20, (1) = 20, (r) + 3H;0 ()
CaHy (1) 4+ 7/304 (r) = 2C0, (r) 4 3H,0 (1)

13-42. Tlpu cropanuu 1 51 auneruiena Bwenasercs 58,0 Ix rten-
JIOTHI. MOXHO JIH Ha OCHOBaHHM 3THX JaHHBIX BBIYHMCJIUTbL CTaH-
JapTHYIO SHTAJbIIHIO CTOPaHHUs alleTHJIeHa?

13-43. Tlpu Hefitpanusauuu 1 1 1 M HCl ¢ nomompro 1 1 1 M
pacrBopa NaOH Bnipenusocs 57,3 kIxk temyorel. Omnpenenure:
a) CKOJIbKO TeIJIOTHl BhAeJuTCs NpH HeHrtpanusauuu 200 ma 0,45 M
HCI ¢ nomousio 200 ma 0,45 M pacrtBopa NaOH; 6) ckoabko Tem-
JIOTHI BhifieautTcs npu cauBanuu 300 ma 0,5 M HCl u 200 ma 0,5 M
pactBopa NaOH; B) CKOJBKO TeNJIOTH BLIAEJNHTCS NPH CJAHUBAHUH
300 ma1 0,5 M HC!l u 200 ma 0,3 M pacrBopa NaOH; r) ckosbko
B3ATO T'HAPOKCHIA HaTpHs [Js NDUIOTOBJEHHS PacTBOpa, €CJIH NpH
CJHBAHHH IIOJIYYEHHOTO pAacTBOpa € KHCJIOTOM  BBIAEJIHJIOCH
42,89 xJIx TensoTH; A) KaKOBO H3MeHEHHe JHTAJbIIHH NpU HeHTpa-
gusanuy 1 1 1 M HCIO4 ¢ nomompio 1 1 1 M pacrBopa KOH?

13-44. Ilpu wefirpanusanuu 0,5 a1 0,2 M HCI ¢ nomoupio 0,5 a
0,2 M pacrsopa NaOH sBwmigenunocs 5,73 kIx Temyoth. Paccun-
TaiiTe KoHueHTpauuio pacreopa HCI, ecau npu cmewenuu 0,5 g ero
c 0,45 a1 0,25 M pacrBopa NaOH Bwigenunocs 0,573 kK TEmIOTH.

13-45. 3Has 3HTAJBNNIO HEHTPANH3aUKH CHIbHBIX KHCJIOT H OC-
HOBaHHUH

H* (p) + OH~ (p) = H,0 (x); AH epmp = —57,32 xIx
H 3HTaJIbIIHIO 00pa30BaHHA XKHUIKOH BOABI
H, (r) + 1/20, (r) = H,0 (x); AH%gp = —285,96 kIx

H, npeanoJaras, YTo 3HTaJblus o6pa3oBaHHs HOHa Bojopoma H?
B BOJHOM pacTBOpe

1/2H, (r) = H* (p)

PaBHa HYJIIO, OIIpEAENHUTE DHTAJBIIHIO oépaaoaaﬂm THAPOKCHI-HOHA
H3 IIPOCTBHIX BEIILECTB.

13-46. Tlpn sKcnepuMeHTaJbHOM M3YYE€HHH HEKOTOPHIX KHCJOT
¢ochopa Gbl10 HafiaeHO, YTO HX SHTAJLIHH HeHATpaJH3alHH
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(B xIIX/MOJb) 3aBHUCAT OT KOJHYECTBA NPHGABJIEHHOTO CHJIBHOIG
OCHOBaHHS:

npﬂéaBJ’[eHO H3p02 H3P03 H3p04 H4p207

moap NaOH «k

1 MOJIb KHCJIOTHI
0,5 —32,2 =31,1 —30,7 —30,0
1 —63,2 —62,0 —62,0 —60,2
2 —63,9 —119,0 —113,3 —119,9
3 —64,0 —121,1 —142,4 —180,7
4 —64,1 —121,9 —146,4 —220,7
5 —64,3 —122,0 —147,6 —227,9

Kakue BriBoAB BBl MOKeTe chopMysnpoBaTh?

13-47. BbluHc/HTE OTHOCHTENbHYIO MOTPENIHOCTb OGBIKHOBEHHO-
ro tepmoMerpa npu +100, +20, 0 u —20°C, ecau abcosioTHaR
norpewHocTs pasHa a) 1°C, 6) 0,05°C.

13-48. Briuncaute sHrasbnuio obpaszosanus Ca(OH). nz CaOr
n H,O, ecau npu pacrBopenuu 1 kr CaO u Ca(OH). B Boze BHI-
neasiercs 76,7 u 11,7 k12X TenJoTH COOTBETCTBEHHO.

13-49. Suranapnuu pacTBopeHus (K0 GeCKOHEWHO pa3baBJIEHHOTO
pacteopa) CuSO,, CuSO4-H,0 u CuSO,4-5H,O paBHBI coOTBeTCT-
BeHHO —66,5, —38,9 u +11,7 xx/moap (298 K). Buiuncaure
SHTAJIBIIUIO MHApPATALUU cyabdaTa MeAd OLHON H NSATbI MOJeEKyJa-
MH BOABl (KMIAKOCTb). Kak BBIYMCJAHTbL HTaJbNHUIO THApaTaluH na-
poo6pasHoit BO#oi?

13-50. Onpenenure 3HTaJBNHIO T'MJpaTalMu KapGoHaTa HaTPHUS.

Na,COj (k) 4 10H,0 () = Na,COy-10H,0 (k)

€CJIH U3BECTHBI S9HTAJBLIIHH PACTBOPEHHA 6e3BOJHON COMBI

Na,COg (k) + H,O () = Na,CO;3 (p); AH® = —24,6 k[Ix
U KpUCTaJJIOTHpaTa
Na,COj4- 10H,0 (k) 4 H,O (k) = Na,COgq (p); AH® = 4-66,6 xIx

13-51. Ilpu pacrBopeHun 4 r Ge3BomHOro cyJjbdara MelH B:
GosmblioM KoJuyecTBe BoAbl BhiAeasiercss 1680 Ik Ttensmornsl. Ilpm:
pacTBOpeHHH 5 r meHTarugparta cyJabgpaTa MeJH B TOM e KoJHye-
ctBe BoAbl morsomaerca 227 Jxk rtensorhl. Breuucaure AH® mpo-
Hecca:

CuSOy (k) 4+ 5H,0 () = CuSO,4-5H,0
13-52. DHTanbNUU pacTBOpeHHs Ge3BOAHOro KapOoHAaTa HaTpHs

H ero KpucramiaoruapatoB (B 400 o6bemax Boabl npu 18°C) paBHbE
(B xkIIx/Mo0JIb) :

N32C03 —24,6 N32C03-7H20 43,9
Na,CO,;-H,0 —10,5 NayCO;-10H,0 66,6

BLIYHCJAHTE 3HTAJbIHK INOCAEA0BATENbHON THApPATALMU COJH H
SHTaJbIIUM THApATaluH Ge3BojHoro Kap6onata 1, 7 u 10 MoJeky-
Jamu Boabl. OGbACHHTE 3HAKH SHTAJbIUH PAacCTBOPEHHS.
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13-53. DHTanbNUK pacTBOpeHHst Ge3BOLHOrO XJIOPHAA HATPHS H
ero kpucrajnoruapatos (B 400 o6bemax Boxabl mpu 18°C) paBHBI
(B xx/Moub):

MgCl, —149,9 MgCly-4H,0 —41,8
MgCl,-2H,0 —85,4 MgCl;-6H,0 —12,31

CocraBbTe KaK MOXHO GoJiblle BOIPOCOB M 3aJau 110 3THM AaHHBIM.
13-54. Onpexnenute SHTANBIUIO PEAKIHH

Li (r) 4+ Nat(r) =Li*(r) 4 Na(r)

3Has 3HEePTHH HOHH3aLUH:
Li(r) = Li*(r) 4-¢€~; AH = 520 x[Ix/Monb
Na (r) = Na*(r) 4-e~; AH = 496 xx/Monb

BoamoxeH JH mpolecc nmepefayd 3J€KTPOHAZ aTOMOM JIUTHS IOJIO-
JKHUTEJbHO 3apsKeHHOMY HOHY HaTpHA? YKaXXHTe OKHCJIHTEJNb H
BOCCTaHOBHTEJIb B JaHHOH peaKUHUH.

13-55. PaccuuTaiiTe 3HTaJbIHIO peaKIHU

F (1) 4 Li (r) = F~ (r) + Li* ()
€CJIu
F()4+e =F (r); AHcpopersa = —322 kI x
Li(r)=Li*(r)4¢~; AHyouns = 520 xIx

Bo3aMoxxHa JIH 3Ta peakuus? YKaxKHTe OKHCJIHTEJNb H BOCCTAaHOBH-
TeJb.

13-56. Paccyuraiite sHepruio cBsisu H—Br, ucxons us caexnyio-
LI¥X NaHHBIX: H3MEeHeHHe 3HTaJbnuH NpH obpasoBaHuH HBr us ra-
3006pasHOro Bojopoda H xuakoro 6poMa paBHO 36,4 KIK/MOJb;
3HTaJbNIUs HcnapeHus GpoMa cocraBiseT 15,4 kJk/MoJb; 3HTaNb-
OHM JQUCCOLMAIMK BOAOpoAa M rasoo6pasHoro 6poMa paBHBI COOT-
BeTrcTBeHHO 432,2 u 192,4 kK /MOJIb.

13-57. Briuncaure cpeaHiolo 3Hepruio cBsish N—F Ha ocHoBaHHH
CJIelyIOIUX JaHHBIX

NFg (r) = NF, (r) 4+ F (r); AH° = 242,7 kIx
NF, (r) = NF (r) + F (1); AH° = 318,0 kIx
NF(r) =N(@ 4 F(r) AH° = 301,2 xOx

O6bscHHuTe, oyeMy 6oJiblie SHEPTHH TPeGyeTcst Ha OTPHIB BTOPOTO

H TPeTbero aToMoB (pTopa, yeM IepBOTo.
13-58. Paccuuraiite cpenHiolo sHepruio cBg3u C—H B MmoJekyse

ME€TaHa Ha OCHOBAHHHU CJACAYIOUIUX JdaHHBIX:

C (rpacut) 4 2H, (r) = CHy (1); AH° = —T74,9 x[x
C (rpadur) = C(r); AH°® = 715,0 k%
H, (r) = 2H (r); AH°® = 432,0 k1%
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SKcnepnmeHTaano NMOJYYEHBl CJEAYIoIHe 3HTAJNBIINH MOCJeJloBa-~
TeJIbHOH JHCCONMAallUN MeTaHa

CH4 (r) =CH, (r) + H (r); AH = 435 k[Ix
CHj; (r) = CH, (r) 4 H (v); AH = 444 x[Ix
CH, (r) = CH (r) 4 CH (r); AH = 444 xIx
CH(r)=C()+H(1); AH =335 kIx

Paccuuraiite cpenHioio sHepruio cBs3u C—H 1no 3TuM KaHHHIM.
OG6cynute Xapakrep M NPHYHHBl Pa3jIMYHOIO H3MEHEHHSI 3HEPTHH
CBSI3H IO Mepe OTPhlBa aTOMOB BOJOPOAA.

13-59. Paccuuraiite sHepruwo cBsisu C—H B Mmoaekynax: CH,,
CHj;, CH,, CH, ucxoada u3 3HayeHHH 3HTaJbNHH HX 0o0pasoBaHHR
(B KIIX/MOJIb) :

H(r) 216,1 CH, 376,6
C(n) 715,1 CH; 142,3
CH 594,2 CH, —74,8

Briuncaute cpenHon sHepruio ¢z C—H.
13-60. Bulyucaure sHepruio (3HTagnbnuio) ces3nw C—C B MoJe-
KyJe stana C.H¢ Ha OCHOBaHHUM CJEAYIOIIUX JaHHBIX:

2C (rpadut) 4 3H, (r) = C,Hg (r); AH = —85 k[Ix
C (rpadur) = C(r); AH =716 xIx
H, (r) =2H (r); AH =432 x[Ix

Auepruio cBsa3u C—H npuMute paBHOH 3HEPTHH CBSI3H B MOJIEKYJe
CH, (413 xOx/moub).

13-61. Bocnosb3oBaBIINCh HEKOTOPHIMH AaHHBIMH 3agaun 13-60,
paccuuraiite 3Hepruio c¢Bsi3H C=C B MoJeKyJe 3THJEHA
[AH®06pC2H4=52 kxk/monb]. KakoBa nmpupona 3ToH cBS3u?

13-62. BocnoJsib30BaBIINCh HEKOTOPBIMM JaHHBIMH 3ajxauu 13-60,
paccumuraiite sHepruio cBsisn C=C B MoJieKyJe aleTHJeHa
[AH®06pCoH, =227 x][Ix/mMonb]. KakoBa nmpupona aTo#t cBs3u?

13-63. Bocnosb30BaBIMINCE HEKOTOPHIMH JaHHBIMH 3anauyn 13-60,
paccuntaiite asHepruio cBisHk C—C B MoJsekysne OGeH3onaa
[AH®06pCeHs=83 kxk/Monp]. CpaBHHTE NOJyueHHOe 3HaYeHHe C
9HEepPrUsMH CBSI3H B MOJIEKyJlaX 5TaHa, 3THJEHa M aleTHjaeHa (cM.
3agaun 13-60, 13-61 u 13-62). KakoBa npupozna ceszu C—C B Mo-
JgekyJse 6eHsona?

13-64. CpaBHuTe 3HTaJbNHIO O06pa3oBaHUS 3TaHA, STHJIEHAZ H
aleTHJeHa C SHEeprHsIMH CBSI3H MeXJy aToMaMu yriepoja (B
kI x/Monb)

AHoo()pv 208 AHcB
CoHsg —85 335
C.H, 52 592
C.H, 227 811

l'queMy NpH nepexoje OT 3TaHA K AaUEeTHJAEHY IIPOYHOCTb CBSA3H
MeXAy aToMaMHu yrJjepoha BO3pacTaeTt, a YCTOﬁllHBOCTb II0 OTHO-
LWICHHIO K IIPOCTHIM BelleCTBaM MOHHUKAETCA?
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13-65. Cesisab C=C B auertuseHe npounee cBs3u N=N B asore.
ITouemy aneTuJieH ropuT, a a3oT HET?

13-66. Ecan mpu mocJjiefoBaTeNbHOR AMCCOLHALNU  MOJIEKYJIBR
(oTprIBaeTcst MO OZHOMY aTOMY) COCTOsIHHE TMOPHIM3ALHH OPOHTA-
Jiell LeHTPaJbHOrO aToMa He M3MEHSIeTCs, Pa3/HuHe MEXIy SHTaJjb-
IIHSIMHU CBSI3H M CpPelHeH SHTasblHell CBA3H He CJAMIIKOM 3HAYHTEJNb-
Hoe (=&~10%). Huxe npuBeneHB 3HTAJbNHH MOCJEIOBaTENbHOM:
LHCCOLHALUY MOJIEKYJT GTOPHAOB GapHusi U MarHus:

MgF, (r) = MgF (r) + F (r); AH = 544 x[Ix
MgF (r) = Mg (r) +F (1); AH = 502 xIx
BaF, (r) = BaF (r) 4 F (r); AH =794 x[Ox
BaF (r) = Ba (r) + F (r); AH = 368 kIIx

Briuncante cpefHue 3HTAJbNHHU cBsidell B Mojekyaax MgF, u BaF,..
UeM pasnuuaioTCs NPOLECCH NOCJef0BaTeJbHON AHCCOLHALMH ¢TO-
PHIOOB MarHust ¥ 6apus?

13-67. Bocnoan30BaBIIHCL 3HTAJbIHAMH CJAEAYIONIHX peaKUuui

HOH=H+4 O+H; AH =924,6 xIx
HOH = H -+ OH; AH = 497,9 x[Ix
OH=O0-+4H; AH = 426,8 xIx

paccuuTaiiTe cpefH0l0 3Hepruio cBsish O—H B MoJeKysie BOABHL..
13-68. Briuncainte H3MeHeHHe SHTAJBIHH B PeaKUUH

CIF (r) 4+ HCI () = Cl, (r) + HF (r)
HCXOoas H3 aﬂepmﬁ CBSI3H:

CIF(r)=Cl(r)4+F(r); AH = 246,9 kIx
HCI (r) = H (r) 4+ CI(r); AH = 427,6 x[Ix
Cly (r) = 2CI (r); AH = 238,4 x/Ix
HF (r) = H(r) + F.(r); AH =561,9 kIx

ChopMmynupyfiTe mpaBuUJO pacueTa SHTAJbIHH peaKUUH Ha ocC-
HOBAHHH SHTAJBIHI CBSI3H MOJIEKYJ, YUYaCTBYIOUIUX B peakuuu. Jas
KaKOro THIIa peaklHil 3TOT Cnoco6 NpUMeHHM?

13-69. Cssasu B IN; u H, npounee cBsizeii B NHj. ITouemy xe
NPOMCXOAUT PeaKLHs CHHTe3a aMMHakKa?

13-70. PaccMoTpuTe JBe peakuuu:

SiO, (k) 4 2Mg (k) = 2MgO (x) 4 Si (x); AH° = —372 xIx
MnO; (x) 4 2C (x) = 2CO (r) + Mn (x); AH° = 293 xIIx

O6BsicHHTE, TOYEMY SHTAJBIUH 3THX peaKkuUil MMEIOT PasJHYHbE
3HaKH.

13-71. Ha puc. 13-1 nokasaH 3HTaJbNUHHBIA LUK B CHCTEME ra-
JIOTEHHJOB 3JIEMEHTOB IJIaBHOH NOArpynnel Bropo# rpynnel. K ka-
KMM IIpolieccaM OTHOCSITCS dHTaiabnuu AH,, AH,, AHs, AH.,
AHg, AH¢? O6Gcynnte xapakTep U3MEHEHHS] SHTAJbIHH B Pa3JHYHBIX
palaax CoeqHUHEeHHI:

M = Be, Mg, Ca, Sr, Ba, Ra
r=F, Cl, Br, I
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MZr) +2rtr) a5 xakux M wnu I' sHTanbIMU Mak-
cHMMaJibHbl MM MuHHEMaJdbHB? Ilpen-
AH; 0JIOXKHTE, 4TO 06pasyioTcs He MI'y, a
M) +2r(r)+2e coenqunenns MI' mau MI;, ¥ yKaxu-
-k Te, KaK H3MEHsTCS YHCJIEHHbIEe 3Haye-
HHS SHTaJbIHUH B 3THX CJydasX.
13-72. Kakue cBsi3u pa3pbIBAlOTCS
H 06pasyloTcsi B CJEAYIOLIMX peakiH-

AH,
M(r) +2I'(r)

AHg X!

M(r) +To(r) . 1) 2H,0 (r) = 2H, (r) + O, (1)
— 2) 2CO (r) = CO, (r) + C (k)

AHy 3) NH; (r) 4 HCI (r) = NH,CI (k)
MI(r) B 4) NH4NO, (k) = N,O (r) 4 2H,0 (r)

At 5) CoH;OH (r) = CoH, (x) + H,0 (r)
M () Kakue cBA3H uMelOT G60Jablune

PHC. 131 sHeprun? Ilpenckaxure 3nak AH B

aTHX peakuusx. Ilpeackaxure BJHS-
HHe TeMIepaTypbl Ha paBHOBecHsi 3THX peakuuil. KakoB 3Hak AS
8 atux peakuusx? CpaBHute Bamu oTBeThHl ¢ pe3yJjbTaTaMH BHI-
YHCJIEHHUS] 110 CIIPAaBOYHBIM JaHHBIM.
13-73. MoXHO JIu Ha OCHOBaHHHM H3MEHEHHH 3HTAJIbIIUH B peak-
LHAX

LiBr () 4+ 2H,0 (x) = LiBr-2H,0 (k); AH° = —126 xIx
LiBr (x) 4- 2NHg () = LiBr-2NH; (k); AH° =—109 xJx

cKas3aTb, Kakas MoJgekyjaa —H,O wuan NH;— umeer 66ubuyio
CKJIOHHOCTb K B3aHMOJeHCTBHIO ¢ 6poMuaoM autus. Hax kakum co-
cTaBoM 6oJiee BEICOKOe AaBjeHHe (aMMHaKa HJIH IapoB BOABI)?

13-74. ChopmynupyiiTe npaBHJa BHIYHCJIEHHS H3MEHEHHs 3H-
‘TaJbIIMH B XHMHYECKOH peaKUHH 10 H3BECTHHIM 3HAYeHUAM
a) 3HTaJbNUH o6pa3oBaHus, 0) SHTAJbIHH CTOPaHHS, B) SHEpPrHH
XHMHYECKOH CBSI3H.

13-75. CKOJIbKO HYXKHO CXKeub YIVIepoAa, YTOOBl Pa3HOCTb MEXAy
CyMMOH Macc NPOAYKTOB peaKIHH H CyMMOH MacC HCXOAHBIX Be-
IIecTB cocTaBugaa 1 r?

§ 14. PABHOBECHE XUMHUYECKHX NMPOLLECCOB.
KOHCTAHTA PABHOBECHA

14-1. Kak o6bsCHUTb, IOYEMY H3MeHEHHe TeMIepaTyphl B paBHOBeC-
HOH cucTeMe NPHBOJHT K CMeIlleHHI0O PABHOBECHS P
14-2. [IpeoGpasyiiTe cooTHOLIEHNE

AG® =AH®° —TAS° = —RT InK

‘TakKuM 006pa3oM 4yTOGHl OBIIO BHAHO, KaK TeMIlepaTypa BJHseT Ha
KOHCTaHTy paBHOBecHs K.
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14-3. Cornacno npunuuny Jle lllatense 1gx
B/IMsiHHe TeMIlepaTypbl Ha paBHOBecHe OIl- 2
pelensieTcss 3HaKOM H BEJHYHHOH TeNJOBO-
ro at¢ekra npouecca. O6biAcCHUTE, NOYEMY
BJIMSIHHE TeMIlepaTyphl OIpefessieTcs 9H-
TaJblHell INpolecca, He SHTPONUNHBIM 4Jie-
HOM TAS, XOTsi NOBBHILIEHHE TeMIlepaTyphl v
COOTBETCTBYeT YyBeJHYEHHI0 KaKk CaMoro '
unena TAS, Tak U B GOJIbIIMHCTBE CJydyaeB SHTPONHH CHCTEMHL.

14-4. HasoBurte (akTophl, cMelaioliie paBHOBeCHe U H3MEHSIO-
LIHe KOHCTAHTYy DPaBHOBECHS.

14-5. HasoBute (akTophl, NO3BOJFIOIIHE CMeELlaTb pPaBHOBecHe,
He H3MeHsiss KOHCTaHThl paBHOBECHS.

14-6. [louemy uem GoJblie TemaoBOH 3(@eKT peakuUuH, Tem
cubHee CKa3blBaeTcsl M3MeHeHHe TeMIlepaTyphl Ha paBHOBeCHE H
KOHCTaHTy paBHOBeCHS?

14-7. Ha puc. 14-1 npuBeleHBE 3aBHCHMOCTH KOHCTAHTHI PaBHO-
BeCHs OT TeMIlepaTyphl JBYX peaklui. YKa)KuTe, Kakas peaklius,
(1) mnun (2), nporekaer ¢ BhJeJeHHEM TeNJOTH, Kakas C IOIJIO-
L eHneM?

14-8. Bavsier M TeMIepaTypa Ha paBHOBecHe peakUuil c
AH=0?

14-9. B Kakyio CTOPOHY CMeCTAITCSl CJelyolile PaBHOBECHUS Ipu
NOBHILIEHHHN TEMIIEPATYPHL:

N, 4+ 0, = 2NO —Q
2CO + 2H, = CH, + CO, + Q
CO,+C=2C0—Q

14-10. Ilpu noBbllIeHUH TeMIlepaTypbl PaBHOBECHOE JaBJIeHHE
KHucaopoja Haj okcupoMm kob6anbra CoO BoadpactaeT. YKaxure, c
NOIVIOLEHHEM HJIM C BbIJeJIEHHEM TeIJIOTHl NPOXOAUT AHCCOLHALHUS
OKCHAa KobaJsbTa.

14-11. C noBbilleHHeM TeMNepaTypbl PaBHOBeCHe peaKIHH

SO, + 1/20, = SO,
cMeliaeTcss BJIEBO. Cne.naﬁ’re BbIBOA O 3HakKe TeIllJIOBOI'O 3¢)q)eKTa‘.

14-12. Huxe nokasaHo HanpabJ/ieHHe CMelleHHs paBHOBECHS
NPOLIECCOB NIPH U3MEHEHHH TeMIlepaTyphl:

H, (r), O,y(r) <— H,0(r) (TemMneparypa moBlaeTcs)
HCI (r) — H, (1), Cl,(r) (Temneparypa MmoOBBLIMIAETCS)
H, (r), Ny(r) —— NH;(r) (TemMmepaTypa MOHHXaeTCs)
CaCOg (k) — CaO (k), CO, (r) (TemmepaTypa moBbilIaeTCS)
H,O (r) «<— H, (1), O, (r) (TemMmepaTypa NOHMXKaeTcs)

[Tpeackaxure 3HaK TemnoBOro apdekra U 3HaK MU3MEHEHHS 3HTAJb-
MHH 171 Kaxjao# peakuud. ITpensioxuTe HECKOJbKO aHaJOrMYHBIX
IIPHMEPOB.
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14-13. Kak Bnuser u3sMeHeHHe NaBJIeHUs HAa pPaBHOBeCHe CJeNYIo-
€IIUX CHCTEM:

‘1) Hp(r), HyO(r), O, (r)
2) H,(r), HCI(r), Cl, (r)
3) NHy(r), H, (r) N, (r)
4) HCI(r), H,0(r), O, (r), Cly(r)
5) CHy (r), CO,4(r), H,O(r), O, (r)
6) CHy (r), CS,(r), H,(r), H,S(r)
7) CHy (r), H,(r), CO,(r), HyO(r)
8) H,0 (r), H, (1), CO, (r), CO (1)

14-14. Tlpn BBHICOKHX Temnepartypax (oxoso 1000°C) mpouecc
Pas3JIOKeHHsT MeTaHa NpPOTeKaeT HeCKOJbKHMH NMyTSIMH:

CH4 E— C, Hz
CH; —> C,H,, H,
CH, —> C,H,, H,

flo 3HaueHusM sHepru#l cBsa3u (3amaum Ne 13-58, 13-61, 13-62,
13-64), paccuutaiite TemsoBble 3¢(deKTH KaxAoro mpouecca H
fipeICKaXKHTe, KaK BJIMsSET TeMIepaTypa W JAaBJeHHE Ha NMPOXOXKAe-
HHe 3THX HPOLECCOB.

14-15. CranpaptHble aHTanbnuu o6pasoBanuss CO u CO, paBHH
cootBercTBeHHO —110,5 m —393,7 x[xk/Mosb. YKaxuTe YCJIOBHSA
(noBbILIEHHe KM TOHHXKEHHe TeMIepaTyphl M JaBJieHHs), OJjaro-
TIDUATCTBYIOLINE IPOXOXKAEHUIO peakuuid B CHCTEMe YIJIepog —
HCJIOPOA;:

CO,=C+ 0,
C+1/,0,=CO
CO, + C=2CO

2CO 4+ 0, = 2CO,

14-16. Kakue ycioBus cilefyeT yKa3aTb, YTOOb OTBETHTb Ha BO-
€1poc, B KaKyl0 CTOPOHY CMellaeTcss paBHOBECHE B CHCTEMax:

N, (r), O, (r), NO(r)
Cl, (r), HCI(r), O, (r), H,O (r)
COCl, (r), CO(r), Cly(r)

f1pu J06aBJeHHH B PABHOBECHYIO CHCTEMY MHEPTHOTO rasa?
14-17. B Kakyio CTOPOHY CMECTHTCS PaBHOBECHE peaKLHH

COCl, (r) =CO (r) 4+ Cl; (r)

TIpH BBeJIeHHH B DaBHOBECHYI0 CHCTeMY HHEDTHOrO rasa mnpH
a) V=const; 6) p=const.
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14-18. TennoBoii sddexr peakuuu

1/2N, - 3/2H, = NH,

ripu Temneparypax 20, 500 u 700°C paBeH cooTBercTBeHHO 46,4,
53,1 n 55,2 kIxx/moub. [ToueMy npH MOBHIIIEHHH TEMIEPATYpHl TeN-
JI0BOH 3(ppeKT Bo3pacTaer?

14-19. Ykaxure, KaK HCIOJNb30BaTh pPeaKUHIO

HDO + H,S = HDS + H,0

Iia oboraiieHUss OORIYHOH BOABI TSKeNOH, YUUTHIBAsl, YTO pPaBHOBE-
CHe peakIHH CMel[aeTCss NPaBO NPH NOBHILIEHHH TeMIEpPaTyphl?

14-20. Ha HeKOTOpHIX CTapHIX 3aBOjax IO NMPOH3BOACTBY aMMHa-
Ka, a30THOH KHCJIOTH M a30THHIX YAOOpEeHHH MOXKHO HabJa104aTh Kak
u3 TpyO B aTMocdepy BhOpachiBaeTCsi KpacHO-KeJTOro LBeTa ras.
OO6pbsicHHTe NPHYHHY Da3iHYHOH HHTEHCHBHOCTH €ro OKPacKH B 3a-
BHCHMOCTH OT BPEMEHH roja (Jeto u 3uma).

14-21. Ilpennoxure cnocoGbl MOJyueHHUs] ra3006pasHOro XJOPo-
BOJOpPOJAAa H3 KOHLEHTPHPOBAHHOH XJIODOBOJOPOJHOH KHCJOTEHIL.

14-22. TlpeicKaxuTe BJAHsSHHE 3JIEKTPHUECKOTO H MAarHMTHOrO
nosefi Ha paBHOBecue rasoo6pasnoit cucremMbl H,—O,—H,0.

14-23. [Ins Kakux ra3oB KOHCTaHTa DaBHOBECHS peaKUHH C HX
yyacTHeM He 3aBHCHUT OT [JaBJieHHSI? B KaKHX yCJOBHSIX 3Ta 3aBH-
CHMOCTb CTAHOBHUTCSI 3aMETHON?

14-24. 11 noBullleHHs BhIXOAA GeH3HHA H3 He(TH ee MoABepra-
IOT KPeKHHTY, AJsl 4ero He(Tb HJIH BBICOKOTEMIlepaTypHBIE NPOAYK-
Thl ee neperoHKH HarpeBaioT A0 500—700°C Ge3 mocTyma Bo3pyxa
non passeHuem 7,30-105 [Ta. OGbscHuTEe, HOYEMY HYKHO IOBHIILIEH-
Hoe JaBjieHHe (B STOM IIpOLlecce BBICIIHE YIJIeBOLOPOJbI pacuIemnsi-
IOTCA HAa HH3KOMOJIEKYJsipHble YIJIeBOLOPOABI, H NOHHXKEHHOe HaB-
JIeHHe JOJI2KHO CIocOO6CTBOBATh pacuienieHyio no npuHuuny Jle Ila-
TeJbe) ?

14-25. HM3BecTHO, 4TO aMMHaK H XJIOPOBOJOPOZ OYeHb XOPOILIO
pactBopsioTcs B BojJe. [loueMy HX pacTBOpHl OYeHb CHJIbHO MaXHYT
aMMHaKOM HJIH XJOPOBOAOPOAOM?

14-26. Insa u3yyeHHs paBHOBECHH INPH BBICOKHX TeMIlepaTypax
HHOrJa NOJb3yIOTCS TaK Ha3blBa€MbIM METOAOM 3aKaJKH, KOTOPHIH
3aKJI0yaeTcs B TOM, YTO DaBHOBECHYIO Ta30BYI0 CMeChb, HampHMep
H,, O, n H:0O, Haxoasuylocs NpH BEICOKOH TeMmnepaType, GHICTPO
OXJIaXKJaI0T A0 TeMIepaTyphl, IPH KOTOPOH peakUHusi He IPOXOIHT.
Jlanee HccleayloT cocTaB ra3a M IoOJydYeHHble KOHUEHTPaLUHH NOJ-
CTaBJISIIOT B BbIpaxKeHHe KOHCTAHTHl paBHOBecHs. Kak BHIUHCJIEHHAs
KOHCTaHTa paBHOBecHs OyaeT oOT/IMYaTbes (6oJblle, MeHbLIE) OT
JleHiCTBHTENbHOM NPH BHICOKOH TeMmepaType?

14-27. Tlpensioxure BO3MOXKHbBIE OOGbSICHEHHS, NOYEMY KOHIIEHT-
panHs BeUlecTBa B KPHCTAJJIHUECKOM H XHIKOM COCTOSIHHSIX He
BXOJIHT B BhIpa:KeHHe KOHCTAHThl PaBHOBECHSI.
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14-28. Hanuiunre BHIpaXkeHHs1 KOHCTaHT PaBHOBeCHsi 06pasoBa-
HHS U3 IPOCTHIX BEILECTB XHIAKOH M ra3000pa3HOll BOAHI.

14-29. BriBenHTe BbIpaXKeHHST KOHCTAaHT paBHOBecHsi* clefyio-
IIMX reTeporeHHHIX MPOLECCOB:

1) 6Fe,04 (k) = 4Feg04 (k) + O, (r)

2)_3Fe;04'(k) -+ H, (r) = 2Feg04 (x) -+ H,0 (r)

3) AgCl(x) = Ag*(p) +CI~(p) (K=TIP**)

4) AsySq (k) = 2As** (p) +-35*-(p) (K=TIP)

5) S (k) 4 O, (r) = SO, (r) (cropaer rasoo6pa3Hasi cepa)
6) CaCOq (x) + HCI (p) = CaCl, (p) + CO, (r)

IIpensioxute Apyrue oGbsICHEHHS, IOYEMY B KOHCTAaHTYy paBHOBECHS
He BXOJAST KOHUEeHTpauuu TBepAbix ¢a3. IIpu kakux ycaoBusix ato
yTBepxKJeHUe NpaBUIbHO?

* PaccMoTpuM clefylOmuA NpHMeD:
BripaxeHHe KOHCTaHTH DaBHOBECHS IeTePOreHHOIO Ipolecca

CaCOyg (x) = CaO (k) -+ CO, (1)

NIPH HEeKOTOpON TeMIepaType MoxeT GHTH BHIBELEHO CJaeAylowuM nyTeM. CKopocTb
nepexoaa Mojekya CO, ¢ mosepxnoctd CaCOg (npsiMORt peakuuH) Unp NMPONOPLHO-
HaJbHAs MOWanK STof MoBepXHOCTH [Tcacog:

vnp~ 11 CaCOg
BBeas xkosadpdHUHEHT NPONOPUHOHANLHOCTH (KOHCTAaHTY CKOPOCTH) MOJIY9HM:
Unp = up”CaCOa

CxopocTb 0OGpaTHOIO mpolecca TPONOPUHOHAJbHA NapuuaibHOMy AaBieHnio CO,
H NJIOINAAH MOBEPXHOCTH OKCHIA KaJbIUs:

Yo6p ~ Pco,!1ca0
HJH, BBeAs K03()(GUUHEHT NPONOPIHOHANbHOCTH:

Yosp = *o6pPco,Tcao

ITpn paBHOBecHH
Ump=1Uo6p H Icao= Ilcaco,

(TaK KaK IpolecC COBeplIAaeTCS TOJNBKO B MeCTeé KOHTaKTa KPHCTaJlNTH9eCKHAX Be-

LIECTB).
INosTomy

kapllcacog = ko6pPco,llcao

Ilanee nony4aeM BHpaXkeHHe KOHCTAHTH PaBHOBECHS

kop
K= Fogp — PCO:

B xo-ropl\:}o He BXOAAT KOHIEHTPAIMH KPHCTAJJIHIECKHX (a3,
** [TP — KoHCTaHTa paBHOBecHsi, Ha3blBaeMasi IPOM3BEJEHHEM PaCTBOPHMOCTH

(cM. Huxe, § 29).

98



14-30. KakoBo BJHsIHHe AaBJeHHSI Ha PaBHOBeCHE CJeEJYIOMHX
CHCTEM:
1) FeyOs (x), Fe(x), H,(r), HyO (r)
2) Fes04 (K), FeS(x), S, (1), O, (r)
3) CO, (r), CaCO4(x), CaO (k)
4) H,O (x), H,0(r)
5) H,O (x), H,O (x)
6) Mg (K)’ MgsNz (K)’ Ni (I‘)
7) CuO/(x), CO(r), CO,(r), Cu(x)
8) C(x), CH, (r), H,(r)
9) ZnS (), ZnO (x), SO, (r), O, (r)
10) Fe,O4 (x), FegOq (k), O, (r)
11) FeS(x), CuSOy(k), CuO (x), FeO (x), SO, (r)
12) MgCl, (x), MgO (x), O,(r), Cl,(r)
13) Fe4C (x), Fe(x), O, (r), CO(r)
14) FegC (x), CO (r), COq4(r), Fe (k)
. 15) FeyC (), Fe(x), H,0 (r), CO(r), H, (r)
16) FesC (x), Fe (k), H, (r), CH4 (1)
17) Fe (), Fe,Og(x), CO(r), CO,(r)
18) CO,4(r), CO(r), Fe,O4(x), FegO4 ()
19) Fe,Og(x), Fe (x), HyO (r), H, (1)
20) NH,HCO, (x), NHy (r), CO, (r), H,O (r)
21) C(amma3s), C(rpadur)

Hanuuure Bblpa:KeHHsT KOHCTAHTHl paBHOBecHs [IJsi KaXXAOH peak-
ILHH.
14-31. Hanumure BblpaxKeHHsT KOHCTAHTHl PaBHOBeCHSI (€CJH 3TO
BO3MOXKHO) IJs1 CIeAYIOIUX peaKLUHi:
1) Al,O4 (k) + H,y0 (k) = Al,04-H,0 (k)
2) Al30,-H;0 (k) = Al,Os (k) + H,O (1)
3) Al,04-H,0 (k) 4 2H,0 (%) = Al,O4-3H,0 (x)
4) A1,04-3H,0 () = Al,04-H,0 (k) + 2H,O (r)
14-32. Haiinute BbIpaXkeHHs, CBSA3bIBAIOIHE KOHCTAHTH PaBHO-
BECHs CJeAYIOLHX peaKIHii:
1) FegOy4 (k) 4 H,y (r) = 3FeO (x) 4 H,0 (r) Ky
2) 3FeO (k) -+ 3H, (r) = 3Fe (k) 4- 3H,0 (r) K,
3) FegOy () + 4H, (r) = 3Fe () + 4H,0 () Ky
4) 3Fe;04 () + Hp (r) = 2Feg04 (k) +-H,O (r) K,
5) Fe,04 (k) + H, (r) = 2FeO (x) + H,0 (r) Ks
6) Fe,Og (k) 4 3H, (r) = 2Fe (k) 4- 3H,O (r) K

14-33. Bripa3uTe KOHCTAHTY DaBHOBECHS peaKlHH
2H, (r) + O, (r) = 2H,0 (r)  K;
yepe3 KOHCTAHTHl PaBHOBECHS] peaKLHUH

2C0, (1) = 2CO (1) + 0, (t) K,
CO (r) + Hy0 (r) = CO, () + Hy (1) K
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14-34. Bripasute KOHCTaHTy paBHOBecHsi Kp peakuun
CO, (r) 4+ C(x)=2CO(r) K;
gepe3 KOHCTAHTH PaBHOBECHS peaklui
O, (r) + C (k) = CO, (r) Ky
2CO, (r) =2CO (r) 4 O, (1) K
M NpelCKaXKuTe BIHSHHE NaBJEHUsS Ha PaBHOBECHE.
14-35. KoHcraHTa paBHOBeCHs] peaKUUH 06pa30BaHHUSI aMMHaKa

H3 TIPOCTHIX BEIIECTB MOXKeT ObITh HaNHCaHa PAa3JIMYHBIMH CIIOCO-
6aMH B 3aBUCHMOCTH OT KO3()(HIUEHTOB ypaBHEHUS:

3H, + N, = 2NH,
H, + 1/3N, = 2/3NH,
3/2H, + 1/2N, = NH,
PasnunuaioTes M uncieHHO KOHCTaHTH paBHoBecHss (T =const)?
Ecnu pasnuuaiorcsi, To BHIBEIHTE MaTeMaTHYeCKOe COOTHOLIeHHE
MexX 1y HHMH.

14-36. Kak pa3nnuaroTcsi KOHCTAHTH DaBHOBECHSI DeaKIHH JHC-
COLHaLMH BOABI B 3aBHCHMOCTH OT cnoco0a HalucaHHUs ypaBHEHHS:
2H,0 (r) = 2H, (r) 4 O, (r) Ky
H,0 (r) = Hy (r) 4 1/20, (1) K,

14-37. Kak otanuaioTcsi 4uciaeHHble 3HaveHus K. u K, npn
300 K crnenyoomux ra3oBbiX peakLMi:
H,0 = H, + 1/20,
2NO + 0, = 2NO,
H, -+ Cl, = 2HCl
N;O4 + 1/20, = N,04
oHI =H, + 1,
N, + 1/20, = N,0
KakuM 3HaueHHeM ra3oBoil NOCTOSIHHOH cJjelyeT N0Jb30BaThCA NpPH
pacuere?
14-38. na BLIUMCJEHHS KOHCTAHTHl DAaBHOBECHs, peakUHH, Ha-
npHuMep:
H, (r) + 1/20, (r) = HgO (r)
Heo6X0AUMO 3HaTh KOHIEHTPAllUM YYacTHHKOB peaKUHH. B Kakux
cayyasix OOCTATOYHO M3MEPHUTh KOHIEHTPAllHI0 OAHOro, ABYX HJRB
BCeX BellecTB B PaBHOBECHOH cucCTeMe?
14-39. Tlo mu3BecTHEIM 3HAaYeHHSIM KOHCTAHT DaBHOBECHS TIas30-
Bhix peaxknuii (1000 K)
250, = 250, + O, Kp=4,7-10-% Ia
2C0, = 2CO + O, Kp=23,7-10-1Ila
BLIUHCJIUTE KOHCTAHTY PaBHOBECHSI PeaKLHH
SO, + CO, = SO, + CO

B kakux eguHHLIIAX H3MEpEeHHd BbIpaxKaeTcd 3Ta KOHCTaHTa?
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14-40. TIpenJoxuTe MeTOJAH ONpEe/eJeHHs] KOHCTAHT PaBHOBECHA
peakuui Tuna
FeO (x) + H, (r) = Fe (x) + H,0 (r)
CoO (k) + CO (r) = Co (k) + CO, (r)
CaCOj (k) = CaO (k) 4 CO, (r)

14-41. BemectBa A u B B xoauyectBe 3 ¥ 4 MOJIb COOTBETCTBEH-
HO, HaXOJsIIHeCs B COCyde €MKOCTbIO 2 JI, pearHpyIOT COIVIACHO
ypaBHEHHIO

5A -+ 3B = A;B,

IpopearupoBasno 1,6 monb BemectBa A. Omnpenesnnte KOJHYeCTBa
H3pacXOJ0BAaHHOro BellecTBa B m moayyenHoro nmpoaykra. Paccusm-
TalTe KOHCTAaHTy paBHOBECHS.

14-42. B cocyn emxkocteio 0,2 1 nmoMectunu 0,3 u 0,8 r Bogopona
H uozpa. Ilocse ycTaHOBJEeHHsS paBHOBecHusi B cocyle OOHapyXeHO
0,7 r HI. BeiuucsiuTe KOHCTAaHTY PaBHOBECHSI peaKIHH.

14-43. Havanbuble KonueHTpanuu Hy u I, paBHBI cOOTBETCTBeH-
Ho 0,6 u 1,6 mosb/a1. ITocse ycTaHOBJIeHHS paBHOBECHsS KOHIIEHTpa-
IIH HOJOBONOpOAA OKasajach paBHo# 0,7 Mosb/n. Briuncaure pas-
HoBecHble KoHLeHTpauun H, u I; M KOHCTaHTY paBHOBECHS.

14-44. I1pu n3yyeHHH paBHOBECHS PeaKIHH

H,+ I, = 2HI

HalileHo, YTO NpPH HCXOAHBIX KOoHUeHTpauusx H, u I, mo 1 mouasn/a,
paBHoBecHasi KoHueHtpauusi HI paBuna 1,56 Moan/n. Briunciaute
paBHOBecHYI0 KoHUeHTpauuio HI, ecnn HauasnbHBle KOHIEHTpalHH
H, u I, cocraBasau no 2 moas/n (T =const).

14-45. I1pn n3yyeHHH paBHOBECHS

H, 4 1, =2HI

0Ka3aJloCh, YTO paBHOBECHHIE KOHIIEHTPAaLMH BOAOPOXA, HOJA H
HOJOBOJOPOZAa PaBHH COOTBETCTBeHHO 4,2, 4,2, 1,6 moab/n. B npy-
roM OINbITe, NPOBOAMBLIEMCSI NMPH TOH XKe TeMmmeparype, ObUIO HaM-
JeHO, YyTo paBHOBecHble KoHuUeHTpauuun I, u HI pasum 4,0 m
1,5 moab/a. PaccunraiiTe paBHOBECHYIO KOHLEHTPALHIO BOAOpoAa
B 3TOM OIILITE.

14-46. I1pun HeKOTOpO# TeMIepaType B paBHOBECHOH ra3oBoii cH-
creMe SO;—0;—SO; KOHUEHTPAUHNH BEIECTB COCTABHJIH COOTBET-
creenno 0,035, 0,015 u 0,065 mMosb/n1. BHyHCANTE KOHCTAaHTy paBHO-
BeCHSl M HayaJbHble KOHUEHTPAlUH BelleCTB, NpeAnosaras, YTo 3TO
TOJMbKO KHcJa0pon U SO..

14-47. B cocyae eMKocTbio 8,5 J1 yCTaHOBHJIOCH pPaBHOBECHe

CO (r) 4 Cl, (r) = COCl, (r)
CocraB paBHoBecHo# cmecu: 11 r CO, 38 r Cl; u 42 r COCl,. Bu-
9HCJIHTEe KOHCTAHTy PaBHOBECHS PeaKIHH.

14-48. Buluncanre paBHOBecHble mapuuasbHbie aaBaeHus CO; B
CO, xotopble o6pasyrorcss npu 1000 K Hag cMmecbio kKap6oHaTa
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KaJbllUsl M yrjepoja B 3aKpPHITOM cocyle, ecau npu 1000 K
CaCOy (k) = CaO (k) + CO, (r) Kp =3,95-10%T1a
C (K) 4 CO, (r) = 2CO (r) Kp=1,92-10°TTa

14-49. TIpu HeKoTOpO# TeMmepaType KOHCTaHTa pPaBHOBECHs pe-
aKIHH

2NO + 0, = 2NO,

paBHa 2,5 mMosnb~!-q W B paBHOBecHO# rasoBoii cmecn [NO,]=
=0,05 mMoan/a u [NO]=0,04 Moab/n. Beruncaure HayaabHBIE KOH-
HeHTpauun kKucaopoxa H NO, mpeamoJsaras, YTO HCXOAHAsi CMeCh
COCTOs1J1a TOJIbKO M3 3THX BEIECTB. ,

14-50. IIpu HexkoTOpO! TeMIlepaType KOHCTAaHTa paBHOBECHS pe-
aKIHH

2NO + 0, = 2NO,

paBHa 2,5 Momb~'-1 H B paBHOBecHOH rasoBoii cMecu [NO;]=
=0,07 mosb/n u [NO]=0,04 moab/n. Beruncaure HavajbHBIE KOH-
neHTpauuu kucjopora H NO B HCXOLHON ra3oBOd CMeCH, COAepIKa-
med Takxke NO, B kosnuectBe 0,02 mosn/a. (Cp. c 3anaueit 14-49).

14-51. Huxe npuBeleHH CTENeHH NUCCOLMALMH o BOJOpOJLa
(3500 K) npu pasnHYHBIX 1aBJIEHHAX:

p, Ma 1.108 2.108 5-108 1-108 2.108 1.107
a 7,83.107% 5,55.10™ 3,50.10-2 2,48.10-2 4,76.-10-2 7,86-10-3

PaccunTafiTe KOHCTaHTHl paBHOBECHsSI MPH yKa3aHHBIX JaBJIeHH-
ax. [TocrosiHHa 11 KOHCTaHTa paBHOBECHS?
14-52. PaccMoTpuTe paBHOBECHYIO CHCTEMY

2H, (r) 4 Oy (r) = 2H,0 (r) AH L0

Kak BiMseT H3MeHEHHe JaBJIeHHS Ha COCTOsSIHHe DaBHOBECHS H Ha
KOHCTaHTy paBHOBecHs? AHaJOrMyHO OGCyAHTe BJIHSIHHE TeMIlepa-
TYPHl H KOHIIEHTPaIHH.

14-53. O6cynuTe BJaHSIHME Ha CMellleHHe PaBHOBeCHS H KOHCTaH-
Ty pPaBHOBeCHs] peaKIuH

H, (r) + Cl, (r) = 2HCI (r) AH L0

CJeAyIomHuX (paKTopoB:

a) yBennueHue KoHueHtrpauuu H,, Cl,, HCl; 6) yBenuuenue obuie-
ro fnaBJleHHsi; B) pa36aBJieHHe MHEDTHBIM ra3oM; TI) MNOBBLILIEHHE
TeMIlepaTypHl.

14-54. ITosb3ysicb 3aKOHOM MNEHCTBHSI Macc, MOXKHO KOJHYeCT-
BEHHO ONpeNeNHTb, KaK Ho0aB/eHHe OJHOTO H3 BelIeCTB B PaBHO-
BECHYIO CHCTeMy H3MeHsieT cofep:KaHue apyroro (apyrux). Hanpu-
Mep, TpebyeTcst YCTaHOBHTb, KaK BJIHSET yBeJHYeHHe IapLHaJbHOTO
JaBJIeHHs a30Ta B YeThlpe pasa Ha napluaJjbHOe AaBJieHHe aMMHa-
Ka B CHCTeMe

N, (r) + 3H, (r) = 2NH; (r)
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KoHcTanTa paBHOBeCYsl peaKklUUH paBHa:
P*NH,

Kp = PN,P%H,

H U3 Hee NOJyYHM
PNHy = Ko, 2pg 32

OTKYJla ciaeayer, 4To yBeJHMYE€HHE IIapUHaJbHOrO AaBJICHHA a30Ta B
YEeThIpe pa3a IPHBOAHT K YBECJHYEHHIO IIAPHHAJBHOIO HaBJEHHA aM-
MHaka B 41/, T. e. B 1Ba pasa.

KaK NOBJIHUSAET yBE€/JHUYEHHE ITaplHaJbHOro AaBJjICHHS BOAOpOAA B
ABa pa3a Ha napuHaJ/JibHOe JaBJiIeHHE aMMHakKa? AHaJIOl"PI‘-IHbIM 06-
pasoMm omnpenennTe, Kak H3MEHHTCA NaplHaJbHOE HAaBJeHHE IpOo-
JYKTOB NPH H3MeHeHHH B 2, 3 W T. A. pa3 mapuuajbHbIX AaBJEHUH
BELIECTB B CJHCAYIOIIHX CHCTEMAX!:

1) C (k) +H,0 (r) = CO (1) + H, ()

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

3) 2CO (r) = CO4 (r) + C (k)

4) 250, (r) + O, (r) = 250, (r)

5) 3Fe (k) 4 4H,0 (r) = FegOy (x) 4 4H, (r)

6) CO (r) 4 Cl, (r) = COCl, (r)

7) Co (k) - 4CO (r) + 1/2H, (r) = HCo(CO), (r)

IIpuBenure aHaJOrHUHBIE NPUMEDPH PABHOBECHHIX CHCTEM C Y4acTH-
eM XHIAKHX ¢as.

§ 15. BO3BMO)KHOCTb HPOTEKAHHUAA XUMHYECKHX PEAKLHA

15-1. O6GpsacHuTe, NOYeMy IJisI OYeHb MHOI'MX peaKIUH IPH HEeBHICO-
KHX TeMIepaTypax 3HaueHHMs TepPMOJHHAMHYECKHX XapaKTEePHCTHK
peakuuit AH° u AU®, AG®° u AF° 6aun3ku.

15-2. [JokaxuTe, YTO C HU3MEHEHHSIMH H306apHOro NMOTEHIHasa H
3HTponu# ¢GOpMajbHO MOKHO IMOCTYNaTb KaK C H3MEHEHHSIMH 3H-
TaJbIMH NIPH BCeX BHJaX pacueToB No 3akoHy [ecca.

15-3. Bripasure koHcTaHTy paBHOBecusi K, u3MeHeHHe H306ap-
Horo noteHuuana AG°, usMeHeHHe sHTaspnnu AH° M 3HTPONHH
AS° peaxiuu

CO, (r) 4- C (k) = 2CO (1)
yepes Te e XapaKTepHCTHKH peaKUHuH
C (k) 4 O (r) = CO(r)
2CO (r) 4 Oy (r) = 2COy4 (r)
15-4. Bripa3ure u3MeHeHHe H306apHOro NMOTEHIKAJjla pPeaKIuH
2H, (r) 4 O, (r) = 2H,0 (r)
Yyepe3 H3MeHeHHs] H300apHBIX MOTEHINAJOB peaKIui:
2C0, (r) = 2CO (r) + O, (r)
CO (r) + H;0 (r) = CO, (r) 4 Hy (r)
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15-5. Bocnosb30BaBIINCh CNPAaBOYHBIMH LAaHHHIMH, BBIYHCIHTE
AG°29s peakuuii B cJeAYIOLUIHX Npoleccax:
1) Fe,04(k), H,(r) —> Feg04 (x), HyO(r)
2) Fe,Oy(K), CO(r) —> FegOq (x), COy4(r)
3) Fe,04(x), H, () —— Fe(x), HyO(r)
4) Fe,O4 (K), CO(r) — Fe(x), CO,4(r)
5) FegO, (x), H, (r) — Fe(x), H,0 (r)
6) Fey04 (x), CO (r) — Fe(k), CO, (r)

15-6. IIpenckaxure cooTHoueHue (GoJblie HIH MeHblIE) MeXAy
AH°, TAS®, AG® (npu 298°) ansa ciefylOIHX peaKUHH:

1) NH{NO, (k) — Ny (r), H,0(r)

2) NHgNOg (k) — N, (r), O,(r), HyO(r)
3) NH, (r) + HCI(r) —— NH,CI (k)

4) NHg (r) + Oy (r) —> Ny (r), H,O(r)

Bocrnosb3oBaBIIKCh CNPAaBOYHEIMM JaHHEIMH, paccuutaiite AG°pes
peakLHui U yKaxXuTe HX HalpaBJeHHe.
15-7. YKaxuTe, BO3MOXKEH JIH NPOIecC

Pb (k) + 2AgCl (k) = 2Ag (x) -+ PbCl, (x)

Kak H3MeHsieTCs BEpOSATHOCTb €ro NPOXOXKAEHHS NPH NOBLILIEHHH
TEeMIIEpPaTypHI?

15-8. Kak MOXHO NOJYYHTb COeJUHEHHS TEPMOIHHAMHUECKH He-
ycroliuuBbie? IlpuBenute cnocoGbl NMOJyYeHHs H HECKOJBKO NpHMeE-

poB.
15-9. Uto Takoe craupaptHble ycaoBus? (Cp. ¢ HOpMaJbHHEIMH

YCJIOBHSIMH).
15-10. dnsa peakuun

H,0 (1) + C (k) = CO (r) + H, (1)

u3BecTHH AG°00=050,96 xIlx/Moap u AG°00=34,70 kI :K/MOJb.
Bruyncaure AH® u AS°, npeanosnaras HX NOCTOSHHBIMH B HHTepBaJe
Temneparyp 600—700 K.

15-11. Ilpu cTaHZapTHEIX YCJIOBHAX NpoLiece

H, (r) + 1/20, (r) = H,0 (x) AG° <0

NpoTeKaeT CaMONPOH3BOJbHO. Bo3MOXKeH JIH 3TOT mpouecc NpH Mo=
CTOSTHHBIX TeMIlepaType H JaBJEHUH?
15-12. Beryncnure AG°295 47151 CEAYIONHX PeaKuui:

1) HCI(r) —— H, (r), Cl, ()
2) COz(r) ——> CO(r), O, (1)
3) CO(r), HyO(r) —— CO,(r), Hy (1)
4) MgCOg4 (k) — MgO (k), CO, (r)
5) Mg(OH), (r), CO,(r) —- MgCOs4 (), H,0 (k)
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15-13. TIpouecc BOCCTaHOBJIEHHS OKCHIAA Xejie3a OKCHAOM yrie-
poia B JOMEHHOI NeYyH NPOTeKaeT MO ypPaBHEHHIO

Fe,O4 (k) + 3CO (r) = 2Fe (x) -+ 3CO, (r)

a3, BHIXOAfALIMH H3 AOMHBI, COJAEPXKHT 3HauUTeJbHHIE KOJHYECTBa
HeHCIOJb30BAHHOTO OKcHAa yriepoaa. Ilpensoxutre cmocoOn
yMeHbLIEHHs] COJepXKaHHsA OKCHAa YIJepoja B BHIXOAAILIHX rasax H
crnoco6bl ero AaJibHeilIero HenoJib30BaHHS.

15-14. Tlpu KakHX YCJOBHAX KHCJIOPOA 6oJjiee CHJIbHHIE OKHCJH-
TeJb, YEM XJIOP B pPeaKLHH

2CrCly (k) + 3/20, (r) = Cr,04(k) + 3Cl, (r)

15-15. Ilpn nponyckanuu rasoo6pasHoro GeCly, Haj HarpeThM
MeTaJjnyecKUM repMmanueM, oGpasyercsi GeCle, KOTOpHI KOHIEH-
CHpYeTCs Ha XOJIOAHBIX YacTsIX peaKTopa H 4yepe3 HEKOTOpOe BpeMs
pacnajgaercsi (ZMCHPONOPIHOHHPYET) Ha MeTaJJIHYeCKHH repMaHHi
H GeCl,. Hanumure ypaBHeHHsi peakuuii. KakoBa npuuumHa mpo-
XOXKJIEHHUS KaxJAoil M3 peakuuil u Bcero mnpouecca B mesnom? [Ipuse-
JHUTe [pyrue aHaJOTHYHblE peaKIHH.

15-16. ITpeackaxkute npoAyKTH BLICOKOTEMIIEPATYPHOrO THAPO-
JIH3a KPHCTaJJIMYeCKOro XJopujaa HaTpHs. JloKaxKHTe BO3MOXKHOCTb
ux obpasoBaHHusl.

15-17. YkaxuTe, KaKkue XJOPHABI MOTYT OBITb NOJyYeHH NDH He«
nocpeicTBeHHOM B3auMojeficTBuu npocthix BemecTB: AlCls, FeCly,
FeCly, ZnCl,. Kakue u3 3THX BellecTB MOryT OHITb NOJY4YeHH INpH
B3aUMOJEHCTBUH METAJJIOB C XJOPOBOJOPOJAHOH KHCJOTOH?

15-18. Kak oOBsICHUTb, UTO alleTHJIEeH — coefuHeHHe C GoJee
NPOYHOH CBs3bl0 MeXAy aToMaMu yriepoia (808 kIlx/MoJab), pe-
arupys ¢ XJOpPOBOAOPOAOM, JaeT COeJHHEHHe C MeHee IPOYHOA
cBa3bi0 (586 kI xk/Moub):

HC=CH + HCl = H,C=CHCI

15-19. OauH M3 NPOMBIILJIEHHEIX METOJOB NOJYYEHHS KajlHsl CO-
CTOHT BO B3aUMoJeHcTBHH pacmiasjeHHoro KOH ¢ XHAKHM HaTpH-
em (440°C)

KOH + Na = NaOH + K

Jlokaxure, 4YTo peakuus BO3MOXKHa.
15-20. OnuH H3 NPOMBIIIEHHBIX METOAOB IMOJYYeHHS KaJHA

OCHOBaH Ha peaKkiHH
KCl 4- Na = NaCl 4 K
B sToM MeToie uepe3 pacnJaB/eHHBI XJOPHA MPONMYCKAIOT NapH
Hatpusa (800°C), a nasee KOHAEHCHPYIOT mapsl Kanus. ITokaxwure,
4TO JaHHBIH IpoLiecC TepMOAHHAMHYECKH BO3MONKEH.
15-21. PasnoxkeHHe HHTpaTa aMMOHHsS BO3MOXHO IO JBYM cXe-
MaM:
NH,NOj (k) = N,O (r) -+ 2H,0 (r)
NH{NO; (k) = Ny (r) + 1/204 (r) 4 2H,0 (r)
Kakoii npouecc Gosee BeposiTeH, H KaK OH 3aBHCHT OT YCJOBHii?
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15-22. Kak ysHaTb, KakHe NPOAYKTHI 06pa3syioTcs NpH 06xKHre
MBIIbAKOBHCTOrO Komyenana FeAsS: Fe,Os, Fe;O4, FeO, Fe, SOs,
SO;, S, As;0s, As;03, As, As,Ss, As,S;?

15-23. Peakuus

2NF, + 3H, = 6HF + N,

NPOXOAUT upe3BbIYailHO Jierko. ITouemy? MoxeT au B 3TOll peax-
UM 06pa3oBaThbCs aMMHAK?

15-24. B BogHOM pacTBOpe MpOXOAUT peakuus
I; +Hy,S=2HI 4 S; AH® = —73,3 k[Ix

B rasosom COCTOSIHMH BeIEeCTB peaKUus nIpoTeKkaeT B NIPOTHBOIO-
JIO2KHOM HaIllpaBJIEHHH:

2HI 4+ S=1, + H,S; AH° = —20,9 x[Ix
ITouemy?
15-25. PaccuuTaiite namMenenue sutponuu B peakuusax
H,0 (r) = H, (r) 4 1/20, (r)
Ca0 (k) + CO, (r) = CaCOq (k)
€CJIH SHTDPONHSA BewecTBa paBHa [B [/ (K- moub) |

H,0(r) 188,7 CaCO(k) 88,7
Ha(r) 130,5 CaO (k) 39,7
0.(r) 205,0 COa(r) 213.8

O6cynure 3HaKM H3MeHeHHs sHTponuH. ITpeackaxure Hanpasienue
TNPOLECCOB NPH CTAHAAPTHOH TeMmepaType.
15-26. I1penckaxure, Kakas U3 peaKuHii BOZMOKHA:

CaCly (k) + F, (r) = CaF, (x) 4 Cl, (r)
CaF, (k) + Cl, (r) = CaCl, (k) + F, (r)
IIpoBepbTe mpaBH/IBHOCTL NMpeacKasaHHs pacyeTaMH ¢ HCIOJIb30Ba-
HHEM CIIPABOYHBIX JAHHBIX.
15-27. BobluncauTe, mosb3ysich CIIDAaBOYHBIMH  NaHHbIMH, AH°,
AS° u AG® pna peaxuwuit:
NHg (r), Op(r) — N, (1), H,O (r)
Cly (r), HyO (r) — HCI (1), O, (r)
B203 (K)v Mg (K) I Mgo (K)7 B(K)
C02 (r)r Mg(K) I Mgo (K): C(K)

Hpeacxamme BJHSAHHE H3MEHEHHUd TeEMNepaTypbl H JOaBJEHHS Ha
pPaBHOBECHE IPOIIECCOB.

15-28. Koncranra paBHoBecus K, peakuuu
2CO, (r) = 2CO (r) 4 O, (r)

npu 1000 K paBra 3,7-10-16 [1a. Briuucaute KOHCTaHTy paBHOBe-
cust mpu 2000 K, ecnn AH 500 =>561,9 kJIx/Moub
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15-29. KoHcTaHTa paBHOBECHS PEaKIHH
2HI () = Hy (1) + 13 ()

npu 360°C paBHa 0,0162, a npu 445°C — 0,0240. Brruucaure Tep-
MOJHHAMHYECKHE XapaKTePHCTHKH Ilpollecca AMCCOLHMALUH HOLOBO-
Jopoja.
15-30. Koncranta paBHoBecusi K, peakuuu
NH,Cl (k) = NH; (r) + HCI (r); AH®y0s = 177,1 KX

npu 25°C paBna 1,01-107!! [Ta. Halinure TeMmeparypy, IpH KOTO-
poil naBiieHHe Quccouyanuu pocturaer 101325 Ia.

15-31. [daBnenue puccoumauyun PbO npu 600 K paBHO
9,52-10~2¢ [1a, a mpu 800 K 2,33-10'¢ [Ia. Onpenenute TeMmnepa-
Typy, npu Kotopoit PbO HauMHaeT AHCCOLHMPOBATb Ha BO3ZLYyXe.

15-32. Ho kKakux TeMmmepatyp B aTMocpepe KHCI0pOAa YCTOHUH-
BH cJelylouine okKcuapl Mapraiua: MnO,;, Mns;O4, Mn,0;, MnO?
o Kakux TeMnepaTyp Ha BO3AyXe YCTOHYMBBH Te K€ OKCHJB Map-
ranuar

15-33. Bocnosnb3oBaBIIHCh 3HAYEHHSIMH [ABYX KOHCTaHT DaBHO-
Becuss K; u K, npu aByx temneparypax Iy u T, (T:>T;) u cocra-
BHB CHCTEMY [BYX ypaBHEHHIH:

—RT;InK; = AH —T,AS
—RT,InK,= AH — T,AS

MOXKHO NOJIYYHTb COOTHOLIEHHE

K _AF 1 1
l1K1= R (TZ—TI)

YKaxure ycJOBHS, NIPHMEHUTEJbHO K KOTOPHIM MOXKHO HOJb30BaTh-
Cs STHM ypaBHEHHEM IJIs ONpejesieHHss H3MeHeHHMs SHTaJbIHU IO
M3BECTHBHIM KOHCTAaHTaM paBHOBECHsI IIPH pPAa3JIMYHBIX TeMIlepaTty-
pax.

15-34. PacTtBopuMOCTb AMOKCHAA yriaepona B Boze mpHu 0°C co-
crapasier 7,99-10~2 moab/a npu gasnenun CO, 101325 Ila. Briunc-
JuTe H306apHH noTeHuuas pactsopeHHs CO; B Boje H clenaiTte
BLIBOJ, O HalpaBJIeHHH CaMOIIPOH3BOJBLHOIO Ipoliecca NPH 3THX YC-
JIOBHSX.

15-35. CMecp kap6oHaTa KaJbl¥s M yrjepoia HaXoXUTCS B 3a-
kpoiToM cocyse npu 1000 K. Kakos cocras rasosoii cMmecu? Ilpex-
JIOXKHTe cnocob ero pacuera.

15-36. He oueHb uHCTHIH a30T MOXKHO NOJYyYHTb, IPONYyCKasi BO3-
AyXx Haj Harperoii Mejplo. Kuciopon H3 Bo3ayxa IOIVIOLIAETCS IO
peakuun

2Cu (k) + 1/20, () = Cu,0 (x)

Jss 370l peakuun u3MeHeHHe H306apHOro MOTEHIIMAJa ONHCHIBaeT-
Csl COOTHOLIEHHEM:

AG° = —165 812 4- 66,27T [Hix/Mons)
BriuncauTe conepikaHHe KHCIOpoJa B BHXOAsmEeM rase mpu 500
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H 600°C. Ykaxure onTUMaJbHbE YCJIOBHS NOJYYEHHS a30Ta C MH-
HHMaJIbHBIM COJePIKaHHeM KHCJOopoJa.

15-37. Kak 0ODBACHUTb, YTO B OOGBLIYHBIX YCJIOBHSAX HENOCPEACT-
BEeHHOe B3aHMOJeHCTBHe yrjepojia H BOAOpPOAa ¢ o6pa3oBaHHEM Me-
FaHa 0 pPeaKkUHH

C (k) + 2H, (r) = CH, (r)

pe  npoucxoautT  (AHep. 20s=—74,81 kIX/MOab, AG°9s=
=—>50,82 kJlxk/Mosb)? PaccuuraiiTe KOHCTAaHTy PaBHOBECHS 3TOro
npoiiecca.

15-38. YkaxuTe, Kakne HyXKHBl JaHHbe JJIsi pacyeTa KOHCTaHTH
paBHOBeCHsI Hpoliecca HOHU3ALHH?

M= M++e‘

15-39. IlpuBenure 006bsICHEHHS BO3MOXKHBIX NDHYHH CaMONPOH3-
BOJILHOI'O pacTeKaHHMs HEKOTODBIX JKHAKOCTEH IO IOBEPXHOCTH TeJ.
B ueM npHYHHE Pa3JIMYHOTO NOBEJEHUS KHAKOCTEH?

15-40. Ilepex xumMukaMu H (H3HKAMH YacTO BCTaBaJ BONPOC)
MOXeT JIH IPOXOJHTb XMMHUYECKasi peakiusi Mexj]y HauGoJee pac-
NpPOCTPaHEHHBIMH KOMIIOHEHTaMH 3eMHOH aTMocdepbl — MeXay a30-
TOM, KHCJIOPOJAOM H BOJOH, HalpHMep

N, + 0, = 2NO
N, -+ 2H,0 = NH,NO,
2N, + 50, + 2H,0 = 4HNO,

Paccunraiite AH® u AG® 3Tux npoueccoB (mpu 3agaHHbx Bamu ar-
peraTHbIX COCTOSIHMAX) M CleJiaiTe COOTBETCTBYIOIHE BBIBOAHL.

15-41. Hanumurte Kak MOXHO OoJbllle ypaBHeHHH pasHYHBIX
peakuuii, KOTopble MOTYT NpOTeKaTb MeXAy rasaMH 3eMHOH aTMo-
ctepnl. O6cynuTe BO3MOXKHOCTb X NIPOXOXKAECHHS.

15-42. Onpenennte, BO3MOXKHO JIH B3aHMOAEHCTBHe aTMocdep-
HHIX a30Ta M KUCJOpPOJa, HCXOAS U3 3HaueHHH 3HTajbnuit o6pa3oBa-
HHS OKCHIOB a30Ta AH’06p, 208 (B KIK/MOJIB)

NO(r) 90, 4 N20s(r) 82,1
NOz(l") 33,4 NzOs(K) —42,7
N;04(r) 10,9 N:0s(r) 11,7

N2O(r) 82,1

15-43. Huxe nanel u3o6apHble NOTEHIHAJNB 06pasoBaHUsi OKCH-
noB a3ora AG°ep. 208 (B KJ2k/MOJIb) :

NO(r) 86,7 N,0s(r) 140,7
NO,(r) 51,4 N:Os(x)  114,3
N;O4(r) 98,4 N:Os (r) 115,6

N2O(r) 104,3

CpaBunte AG° m AH° o06pa3soBaHHs OKCHAOB (cM. 3ajgady
15-42). B xakKux ciyyasix H noYeMy NPOSIBJISIOTCH GOJbIIHE YHCJEH-
HHe pa3anuusa Mexay AH° u AG®° o6pa3oBaHuA?
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15-44. B oxHoii HayyHOH cTaTbe OBLIO CKa3aHO, YTO peaKUHs
FeS, (k) 4 3FegO4 (k) = 2FeS (k) +- 4F;03 ()

npu {>675°C mporekaer Bnpaso, npu {<<675°C — BaeBo. Iloka-
JKHTE PacyeToM Ha OCHOBaHHH CIHPaBOYHHIX JAHHBIX NPaBHJIbHOCTDH
(miM OIMGOYHOCTb) 3TOrO YTBEPKIEHHS.

15-45. HaMeHeHne usobapHoro mnorennuaia AG°zos B peakuHH

4NH; (r) 4 50, (r) = 4NO (r) + 6H,0 (r)

paBHo — 958,6 kIIxx/Mousb. [IpoananusupyiiTe Ha mpHMepe 3TOH pe-
aKuyH, KaKk u3MeHsieTcsi AG B HeCTaHJapTHHIX YCJOBHSIX IPH yBeJH-
YeHHH HJIH YMeHbLIEHHH NMaplHaJbHHX JaBJeHHH pearHpylolHX Be-
mectB. KakoBH yC/0BHS MakCHMAaJbHBIX H MHHHMaJIbHHIX 3Haue-
Huit AG? [lpu Kakux ycJOBHSIX paBHOBecHe CMelllaeTcsi BIpaBO HJIH
BineBo? CopMmynupyiiTe NPHHLIHUN CMEILEHHS] PaBHOBECHS.

15-46. CmewnBaercs 10 r CH;COOH, 20 r C,HsOH, 15r
CH3;COOC;Hs u 25 r Boanl. Omnpeaesnure, BO3MOXKHA JIH PeakLHA
aTepH(PHKaLUH

CH4COOH (i) + C,HsOH () = CH;COOC,Hj () + H,0 ()

HCXO04A H3 CHEAYIOLIHX JaHHBIX!:

AH%6p. 98, S
K K/Moab Jx/(K-monw)
CH;3;COOCH; (k) —479,026 259,4
H20 (k) —285,830 70,1
CoHsOH (x) —276,939 161,0
CH3COOH (x) —484,089 159,8

Tor xke camuiit pacuer nposexaute aas cMecu 1 r CH;COOH, 1 p
C:H;sOH, 10 r a¢upa u 100 r BogHL

15-47. Uro aBasieTcss GoJiee CHJIbHBIM OKHCJIHTENEM — XJIOp HJIH
KHCJIOPOA B cHCTeMe, cocrosmleii H3 rasoo6pasHeix Og, Cl,, HCI m
H,0, npu kKomHaTHO#H TeMmnepatype H 1000 K? Briuncaure Temnepa-
TYypYy, NpPH KOTOpOH B JaHHOH CHCTeMe OKHCJHTeJbHEE CBOHCTBa
XJIOpa H KHCJIOPOAAa OJHHAKOBHIL.
. 15-48. Hailinure TeMnmepaTypHyI0 3aBHCHMOCTb H3MEHEHHS H30+
6apHOro NoTeHIHaJla B peaKkUUuH

4HCI (r) 4 O, (r) = 2C, (r) 4 2H,0 ()

OnpeneanTe TeMnepaTypy, NpH KOTOpPOH H3MeHsieTCS HalpaBJlieHHe
pPeakuMH NMPH CTaHAAapPTHHIX KOHUEHTPaUHAX yYaCTBYIOLIHX B peak-
LUK BEIIECTB, H IPH JIOOHX 3aJaHHHIX NMPOH3BOJbHHIX KOHIEHTpas
HUHAX.
15-49. PaccunrafiTe TepMOAHHAMHYECKHe XapaKTePHCTHKH AH®,
AS° u AG° peakuun
2NOj (r) = N304 (r)

HCXOAs H3 CJICAYIOLIUX NAaHHBIX:

AH® . S,

K,U.H?/?a%.r’i:” Ix/ (K- Moan)
NO.(r) 33,47 240,2
N204(r) 9,62 303,8
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Paccgmaﬁ’re TaKxXe KOHCTaHTy paBHOBecusi K, mnpu 0, 25, 51 u
100°C.

15-50. [aa peakuuu AMMepH3aluH JHOKCHJAA a30Ta KOHCTAHTa
paBHoBecus npu 25°C paBHa 0,654-10—*ITa—!. Omnpegneaunte BO3-
MOJHOCTb NPOTEKaHWs peakuuu npu obmem jasienud 101325 [la
M CJeLyIOLIHX HAYaJbHBEIX TNapuMaibHbIX JaBieHdax (B [la) Be-
ILECTB: a) PNgo, =100000, pno,=1325; 6) pnyo,=68880, pno, =
=32450; B) pnyo, = 1325, pxog =100 000.

15-51. M3BecTHa KOHCTaHTa paBHOBECHS PeaKLHH
2NO, = N,0, Kp = PN,0,/P*NO,
u oflee JiaBJieHHe B PaBHOBECHOH CMECH P=pN,o, + Pno, I1peaJIO-
J)KuTe HanGojiee KOPOTKMH NYTb OINpeJesieHHs NMaplLHaJbHbIX JaBJe-

HHI PNog M P Ngo, -
15-52. KoHcTaHTa paBHOBECHS pEaKIIMH

2NO, = N,0,

npu oblieM AaBJeHHH B CHCTEME P =pNo, +PNy0, MOXKET OHITb BHI-
paxeHa JByMs cnoco6aMu

PPN,
P~ p*No,
H
PN,0,
Ko=1a — PN,0,)*

Peiwnte 06a ypaBHEHHs] OTHOCHTENbHO Pyo, HJIH PNgo,- [Ipoanann-
3UpyHTe pelleHHs /IS MajblX WX OOJBIIMX 3HAYEHHA P, PNoy»
PNgo,- Paccunraiite paBHOBeCHHE NapuHajbHble AaBJIEHHS IPH
craHfapTHex ycaoBusix (Kp,=0,654-10-* [la—!) u npu ycjaoBusx,
yKasaHHHIX B 3afaue 15-50.

15-53. IlonwiTafiTech 06BACHUTD, IOYEMY NPH TeMIlepaType Kpac-
HOro KaJjieHusi MeJb, B3aumoeiictBys ¢ N.O u NO, paer Cu:0, a ¢
NO; — CuO.

15-54. PaccuntafiTe KOHCTaHTH paBHOBecHsi NPH AG°»9s=1000,
100, 10,0, —10, —100 u —1000 kI x/Monab. Kak HM3MeHseTCs KOH-
cTaHTa paBHOBecHs npu uaMmeHeHuu AG° B 10 pas? Kak uaMmeHsercs
KOHCTaHTa paBHoBecusi npu usMeHeHun AG° Ha 10, 100 uian
1000 x[d:x/monb. Ilpn kKakux 3HaueHHsiX AG° MOXKHO CYMTaTh, YTO
peaKIUsi IPOXOJHUT MOJHOCTbIO HJIM He NPOTEKAET COBCEM.

15-55. IIpu MHTErpHPOBAaHUH BLHIpAXKEHHS

dinK AH°
dT' = RT?

noayyaetrcss (npu To>Ti):

Ky A1 1
an“=R( )
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O6bsicHATe COfepkaHHe 06enx ¢opMys. MoXKHO JIH M3 BTOPOM
¢opMysibl BHIBECTH NepByl0? B KakuX LesaX MOXKeT OBITb HCIOJb-
30BaHO BbiBEJIEHHOE COOTHOIIEHHe? YKaxKHTe Ipejelbl NPHMEHHMO-
CTH QOPMYJIHL.

15-56. Boluncaute koHcTaHTy paBHOBecus Kp mpu 1000 K peak-
LHH

FeO (k) + H, (r) = Fe () + Hy,O (r)

Ha OCHOBAaHHMH CJEAYIOUHX [aHHBIX: JaBJieHHe KHCJIOpPOAa IpH
1000 K nag FeO paBno 2,563-107'¢ [la, koHcTaHTa paBHOBecHs Kp
peaxiuu

2H,0 (r) = 2H, (r) 4 O, (r)

1pu ToH Ke TeMneparype paBHa 77,2 Ila.

15-57. Onpenenure sHTaubnui0 Auccounanun CaCOs, ecan npu
800°C naBnenne CO, pasHo 2,683-10% [Ia, a mpm 900°C
1,322-10* Ila. Briuucaure paBnenne CO, npu 850 u 950 °C. Ompe-
JleJIUTe TEMIepaTypy, Npu Koropoi nasjeHue CO. paBHO cTaHAapT-
HOMY.

15-58. PaccuuTaiiTe Ha OCHOBAaHHH CINIPABOYHBIX JAHHBIX TEPMO-
JHHaMHYecKHe XapaKTepHUCTHKH IIpoliecca JHCCOLHaLMH KapOoHaTa
KaJblKs Ha OKCHJ KaJblHUs U AMOKCHJ yrJepoia IpH CTaHAAPTHOI
Temneparype. PaccuyuraiiTe faBjeHHe NMOKCHAA yrJjepojaa Haj Kap-
G0HATOM KaJbLMs NPH cTaHAapTHOH TeMneparype u npu 500 °C. Ka-
KOBa TeMmIepaTypa, IpH KOTOpDOH HaBlieHHe AHOKCHAA Yrjepoja
Kap6oHaToM KaJbuus coctaBisier 101325 Ila? Omnpenenurte TeMne-

aTtypy, npu KkoTopoii paBjeHHe auccouvauun CaCOs; paBHo
1,01325- 108 ITa. Uemy paBHa Temmepatypa, IpH KOTOpPOH JNaBiieHHe
JHOKCHAA yriepoja Haj KapOOHAaTOM KaJbliHs PaBHO NaplHaJbHO-
My [IaBJIEHHIO JHOKCHJA yraepoia B Bosayxe (3-103 [Ia)?

Brlunciute naBieHMe AMOKCHAA yrjepoja Haj kKapGoHaTaMmu
MarHus, KaJblHus, CTPOHLHMSA M O6apus NPH CTaHAapTHOH TeMIeparty-
pe H clenafiTe BbHIBOJ XapaKTepa H3MeHeHHs] YCTOHYHMBOCTH KapG6o-
HaTOB MeTaJlJIOB TJaBHOH moarpynmnsl II rpynnel nepuoauueckoit cu-
CTEMBI 3/IeMEHTOB.

15-59. MOXHO JIM OCYIIECTBHTb CHHTEe3 3THJIOBOrO CIHUpTa H3 yr-
Jlepofa, KHCJIOpPOAa H BOJOPOAa NMPH KOMHATHOH TeMmepaType?

15-60. MoOXHO JH OCYLIeCTBHTb IpOLECC NOJY4YeHHss aMMHaKa
NP CTAHAAPTHHIX YCJIOBHSAX IO CXeMe

N, (r), HyO(r) — NH;(r), O, (r)
15-61. BoamoxHa /M peakuusi ruaponausa asora (p=101325 Ia,
¢{=25°C) no ypaBHeHHUIO
N, (r) + 2H,0 () = NHy* (p) 4 NO,™ (p)

Bblync/iHTe KOHCTAHTY paBHOBECHsI 3TOr0 Mpolecca W HaWiuTe TO
JlaBjieHHe, IPH KOTOPOM KOoHUeHTpauuu HoHoB NHs+ u NO,~ B pac-
TBOpe COCTaBJAIOT 10 11073 MoJib/i.

15-62. YcrofiunBa JIM NPH CTaHAAPTHHIX YCIOBHAX CMECH CEPOBO-
JIOPOa H KHCIOPOAA (Phyes =Po, =101325 I1a)? B pacuere mpeamno-
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JIOXHTE, YTO B3aUMOJEHCTBHE, €CJIH OHO BO3MOXKHO, HIET MO CXeMe:
HyS (1), Og(r) — H,0 (), S ()

15-63. Bo3MOXHO /1M NpeBpallleHHe aleTHIeHa B GeH30J NPH
CTaHAApPTHHX YCJAOBHSAX? KakoBH JAOJXKHBI ObITb YCJHOBHSL AJsf OCY-
IECTBJIEHHs 3TOro mpoiecca?

15-64. ITo KaKuM peaKUHUsIM MOXKHO NOJYYHTb GeH30J:

6C (x) + 3H, (r) = CgH, ()

6CH, (r) = CqH, (r) +- 9H, (r)

3C,Hj (r) = CgH (r) + 3H, (r)

3C,Hj (r) = CgH, (r)

6CO, (r) + 15H, (r) = CgHg (r) + 12H,;0 (r)

15-65. Kako#t okcua ycrofiuuBee IIpH BLHICOKOH TeMIepartype

Fe;O3 unn Fe;O4?
15-66. MOXHO JIH IPH CTAHJAAPTHHIX YCJIOBHAX OCYIIECTBHTb MPO-

ecc no cxeme
CO (r), H, (r) —> C,H;OH (), H,O (%)

15-67. Bo3MoxKHO JII pacTBOpeHHe aJIOMHHHMS B BOJ€ IO Deak-
LMK
2Al1 (k) + 6H,0 () = 2A1(OH)g (k) + 3H, ()

15-68. Bo3MoOxKHO JiH B3aHMOJEHCTBHE OKCHAA aJIOMHHHS C BO-
A0 NO peaKUUH
Al04 (k) + 3H,0 (i) = 2A1(OH)g (x)
15-69. MoxHO Ju KapOuJ KaJblUMs NOJYYHUTb IO PEaKIHAM:
Ca (k) 4 2CO (r) = CaC; () + O, (r)
Ca (k) -+ 2CO, (r) = CaC, (K) 4 204 (r)

Ecau aTH peakuuH HeBO3MOXHBH, TO yKaxurte apyrue. IIpoananu-
3HpyHTe BO3MOXKHOCTH IOJYy4YeHHs1 Kap6Gupa anwomunus Al,C; aHa-
JIOTHYHBIMH peaKIHsIMH.
15-70. YcrofiuuB M KapOuI aJIOMHHHSI 1O OTHOLIEHHIO K KHC-
JIOPOAY:
Al,Cy (K) + 60, (r) = 2A1,04 (k) + 3CO, (r)

OGcynnTe BO3MOXHOCTH XpaHeHHsi KapOHIa KaJbLHs Ha BO3AY-
Xxe (KHCJIOpOJ, AHOKCHA YIJIepofa, Bjara).

15-71. OcymecTBUM JIH CHHTE3 3THJIOBOrO CIHPTA H3 yrjepona,
KHCJIOPOJa M BOAOPOJA NPH CTaHAAPTHHX ycjaoBusx? IIpu peueHun
3a/layy HCIOJb3yHTe ClefyIolIue JaHHbIE:

AH® s,

Kl?)‘;(ll)mogx?’ JIx/ (K- Momb)
C,H;OH(r) —9234,3 282,4

C (rpagur) 0 5,73
Ha(r) 0 130.7
O2(r) 0 205.2

Kak nosyyaoT cnHpT B NPOMBILIJIEHHOCTH?
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15-72. MOXHO JH OCYIIECTBHTb IPOIECC
CCl, (r) + 2H, (r) = CHy (r) + 2Cl, (1)
npu craHzapTHo# TemmepaTtype? KakoBo BiaHsiHMe TeMIiepaTyphl Ha

JlaHHOe paBHOBecHe?
15-73. BoiuncinTe KOHCTAHTY PaBHOBECHSI PEaKIHH

CO (r) 4 H,0 (r) = CO, (r) + H, (r)
npu cranpaprtHoil Temmepatype u 1000°C. Ilpum Kakux ycJOBHAX
yBeJMYHBAETCS BBIXOJ BOAOPOAA?
15-74. Cmecb cepbl H rpaduTa HaxXoAHMTCS B aTMocdepe KHCJIO-
poaa. Kakasi peakuus: TepMOJAMHAMHYECKH IpeANOYTHTEJbHEe:
C (k) 4 O, (r) = CO, (r)
S () + O, (r) = SO, (r)
C(x) + S (k) = CS,4 (r)
15-75. Kakasg U3 ABYX peakIHi# MOXKeT NPOXOAHTb CaMOIPOH3-
BOJIbHO
Fe (k) 4 Al,04 (¥) = Al (k) + Fe,04 (x)
Al (k) 4 Fe,Og (k) = Fe (k) + Al,Oq (k)
15-76. MoOXHO JI NMOJY4YHUTh HEPOKCHI BOAOPOJA IO peaklHH:
2H,0 (k) + O, (r) = H,0, (k)
15-77. Tlo Kakoil peakuuH NMPOXOAMT PasjioXeHHe INePOKCHAA BO-
J0poja NpH CTaHAapTHOH TeMIeparype
H,0, (r) =H, (r) + O, (r)
H,0, (r) = Hy0 (&) + /40, (r)
15-78. MOKHO JIM NPUMEHSATb MeTaJJIHUeCKHH aJIOMHHHH A/
BOCCTAHOBJIEHUsI MarHusa M3 ero OKCHAa MO peakUHH
3MgO (x) + Al (k) = 3Mg (k) + Al,Oq (k)
15-79. MOXXHO /11 IPUMEHSITh MeTaJJIHUeCKUH MarHuil WIH Kajb-

UUHA Ui TOJIYYEHHs METaJlJIMUecKOro HTTPHs NyTeM BOCCTAaHOBJIE-
HHs ero rajoreHuaa npu 298 K:

2YCl, (k) 4 3M (k) = 3MCl, (k) + Y (x)

Chenaiite BEIBOJ O HalpaBJeHUH DeaKUUH NPU NOBBILIEHHOH TeM-
neparype.

15-80. Bhiyucaute  TepMOJAHHAMHMYECKHE  XapaKTEPHCTHKH
AH®398, AS°208, AG°29s NpoLeCcCca aJIOMOTEPMHH IIPH CTaHAAPTHOH
tremMnepatype ¥ 1000 °C

Fe, Oy (k) + 2Al (k) = Al,Oq (k) + 2Fe (k)
KakoBo BIHsIHHE TeMIlepaTyphl Ha NMPOXOXKIEeHHEe peaKIUHu?

15-81. BriuncsnTe KOHCTAaHTH PaBHOBECHs CHHTe3a aMMHaKa H3
NPOCTHIX BeleCTB NpPH CTaHAAapTHOH TeMmmnepaTtype U OLHOH Gosee

BBICOKOH TeMnepaTtype Hu cjenaliTe BBIBOL O BJIMSTHHH TEeMIIEpaTyphl
Ha BHIXOJ aMMHaka.
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15-82. BmiuncauTe  TepMOJMHAMHYECKHEe  XapaKTEPHUCTHKH
AH°345, AS®208, AG°208 peaxuun

FeyO4 (K) -+ 3H, (r) = 3Fe (k) + 3H,0 (r)

‘H CHleJIaliTe BBIBOJ O HAaNpPaBJeHHH peaKLUH.
15-83. MOXHO JIH NOJYYUTb NPH CTAaHAAPTHBHIX YCJOBHSIX XJOPHJ
«cepebpa II0 peaKIUH

2AgBr (k) 4 Cl,, (r) = 2AgCl (%) - Br, (r)

15-84. Buluncanure naBjeHHe KHCJIOPOAA MPH KakKOH-IH60O TeMIle-
‘paType HajA OKcHIaMHU xeje3a pasnuuHoro cocraBa (FeO, Fe3Oy,
Fe:O3) u cpenalite BbIBoA 00 YCTOHYHMBOCTH 3THX OKCHIOB.

15-85. Briuncaure Temneparypy, IpU KOTOPOI JaBJIeHHE KHCJIO-
pola HaJ OKcUAaMH xeje3da pasjuuHoro cocraBa (FeO, Fe;0y,
Fe;O;) paBHO cTaHZapTHOMY, H cHeJaiiTe BEIBOJ O TEPMHYECKOM
YCTOHYHBOCTH OKCHJOB.

15-86. Bo3moxkHO 1M ropeHue Kajbluus B aTMochepe AHOKCHIA
‘yraepoja no peakiuu

CO, (r) 4 2Ca (k) = 2CaO0 (k) + C (x)

KakoBo BiHsiHHE TeMIlepaTyphl?
15-87. Bo3MOXKHBI JIM CleAyIOLIHe PeaKIHH AHCIPONOPIHOHHUPO-
BaHHUA

Cu,S (x) = CuS (k) + Cu (x)
Cu,O (k) = CuO (x) 4 Cu (x)

TIPM CTaHAapTHOH M 6oJiee BHICOKHX TeMIlepaTypax?

15-88. OnpenenuTte, Npu Kakol TeMIepaType BO3MOXKHO B3aHMO-
JeficTBue cepebpa C KHCJAOPOAOM ¢ o6pa3oBaHHeM OKcHAa cepebpa
AgQO ‘
15-89. Omnpegnenute, BO3MOXKHa JH cjaedylomas TBepiodasHas
peakuus

CuSOy4 (K) + Zn (k) = ZnSOy (k) + Cu ()

15-90. KoHcraHnTa AuccoLMaluH THAPOKCHAA aMMOHMs npu 18 u
25°C paBHa coorBeTcTBeHHO 17,2-10-¢ nu 18,1-10-%. Bpluncaure
TepMOJHHaMuueckue xapakrepuctuku AH®°, AS° u AG° npouecca
IHCCOLMANMN THAPOKCHIA aMMOHMsI B 3TOM HHTEpBajle TeMIepaTyp
M KOHCTaHTy paBHOBecusi npu 20 °C.

15-91. KoHcTraHTa AHCCOUMALMH YTOJbHOH KHCJIOTH IO INepBOH
cragun npu 10°C paBua 3,43-10-7 u npu 30°C paBma 4,71.1077,
BHuHc/aHTe TepMOJMHAMHuecKHe XapakTepucTHkH AH°, AS® u AG°
JUCCOLHANUMH IO NMepBOH CTafMH, a TaKXkKe KOHCTAHThl JHCCOLHALUH
npu 20 u 35°C.

15-92. Huxke npuBefeHB KOHCTaHTHl Auccouuauun K, (B Ila)
HACBILIIEHHBIX YTJIEBOAOPOJOB ¢ 00pa3oBaHHEM HEHACHILIEHHOro yr-
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JaeBogoponaa (c ogHOH ABOHHOH CBSI3bI0) M BOAOPOAA JJsl ABYX TeM-
neparyp:

500 K 1000 K
Aran=3Ttunen+H, 1,26-1073 3,44 .10
Iponan=IIponen+H, 6,46.10-2 3,48.108
Byrau=Dbyren-1+4H, 4,31.10-2 2,99-10%
Ienran=Ilenren-14+H; 6,18.10-2 4,15.105
Tlekcan=Tekcen-1+H; 5,96-10-2 4,00-108

BhluncauTe H3MeHeHHe H306apHOro NOTeHIHaJJ a peakKUUH U Hai-
IuTe ypaBHeHHe 3aBHCHMOCTH AG° or TeMmnepatyphl. Omnpeneaunre
H3MEHeHHEe SHTaJbIIHH W SHTPONHH B 3THX peaKUHUsX, BBIYUC/IHTE
Ko, npu 600 u 1100 K. Kak Bausier JJHHA LeNH H YHCJIO aTOMOB yr-
Jepoja (4eTHoe HJIM HeyeTHOe) Ha NPOYHOCTb cBsish C—C?

15-93. Tugpar CaCl,-6H,O npu 293 K umeer naBiaeHue napa
Boabl 333 Ila. Ilpu To# ke TeMnepaType AaBJIeHHEe Napa BOABI Hal
HachlmeHHBIM pactBopoM cocrabiaseT 1000 ITa. IIpn kakux yc/ioBH-
fIX COJIb HAaYMHAaeT pPacl/bIBaThCA?

15-94. BoaxxHoCTb rasa, BEICYLIMBaeMOro NpH MOMOLIY IpaHyJIH-
pOBaHHOro XJopuaa Kagbuus npu 25°C, cuuxkaercs g0 0,2 r Boabl
Ha 1 M3 rasa. Brlunciaure fAaBjieHHe NapoB BOABl HajJ KpHCTaJJo-
THAPATOM XJODHJa KaJblHs M oueHuTe AG° ruaparanuu 6e3BojHO-
ro XJIOpHAA KaJbLHA.

15-95. B 3kcHKATOp ¢ KOHIEHTPUPOBAHHON CepHO# KHCJOTOH Io-
MmecTuan Hekoropoe KosauuectBo CuSO,:-5H.0 (mpu 50°C). CHauya-
Jla JaBJieHHe IapOB BOJAbI B 3KCHKaTOpe cocTaBJsiyio 6264 [la, 3atem
0HO pe3ko cHu3maoch A0 3999 Ila u mocse HEKOTOPO#H 3aJepIKKH
yMeHblinJIoch Ko 266 ITa. O6BsicHuTe onucaHHoe siBieHHe. Kakue
ONBITH HEOGXOAHMO NPOBECTH JONOJNHHTENbHO JJsI NMOATBEPIKAEHUS
NpPaBHJIbHOCTH OOBACHEHUS?

15-96. daBnenue BojsHoro mapa npu 25°C mapg CuSO4-5H,0
paBHo 1040 Ila, a Hag NasSO4-10H,O pasno 2533 Ila. Kakas us
coJiell TepsieT Ha BO3AyXe BOJY (BHIBETPHBaeTCs), €CJIH NaplHalb-
Hoe JaBJieHHe TMapoB BoAHl B aTMoc¢epe cocrasisier 2000 I1a?

15-97. NaBaenue BoasHoro mapa Hajy CuSO,-5H,O mnpu 30°C
paBHo 1453 Ila, a mpu 26°C — 1076 ITa. Hafinute TepmomuHamu-
yeckHe xapakrepuctuku AH°, AS° n AG° npouecca

CuSO4-5H,0 (k) = CuSO4-3H,0 () + 2H,0 (1)

Kak  BBIYHMCJAHTb  SHTAJBIHMIO  THApPATalUH  KHAKOH  BOAH
CuS04:3H;0 po CuSO,-5H,0?

15-98. Kakoe BelecTBo Jy4lle IOIVIOMAET Hapbl BOABI — OKCHJ,
Kaabuusa CaO uau okcua dpocdopa P,Os? OtBer oGocHyiiTe TepMo-
AMHAMHUECKHMH JaHHBIMH, MpEANoJaras CyUIeCTBOBaHHE CJENYIO-
IMX PaBHOBECHI:

CaO (x) + H,0 (r) = Ca(OH), (x)
P;0; (k) + H,0 (r) = 2HPO,4 (x)

15-99. Tlpocmotpute 3azaun 15-93—15-98 u chopmynupyiite ye-
JIOBHSl OCYIIAIOILEro AefiCTBHS BEILECTB.
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15-100. Xnopun cepebGpa obpasyer c aMMHAKOM J[Ba COeJHHe-
ana AgCl-2NH; u AgCl-3NHs. JaBnenne aMmuaka npu 24 °C Hag
nepBHiM coeguHeHneM cocrabiasier 14630 Ila, a max BTOPHIM —
125020 ITa. B cocyn emkoctsio 5 a momectuaun 0,001 moap AgCl u
0,06 monmp NHj; mpu 24°C. Kakoe coennHenne o6pasyercs B CO-
cyae?

15-101. KoHcTaHTa paBHOBeCHSI PeaKIHH

aA +bB = dD + fF

‘MOXeT GHTb paccyuTaHa Io AByM ¢opMmyJsam:

_ [D[FY
"~ [A°[B)®
H
AG° = —RT InK
HJIH
AG°
K= : RT

QOO6cyauTe BONPOC O Pa3MEPHOCTH H €IHHHLAX H3MEpeHHS] KOHCTaH-
TH paBHOBECHS.

§ 16. IPABHJIO ®A3 H ®A30BLIE IIEPEXObI

16-1. YkaxuTe yc/J0BHS, IPH KOTOPHIX CIpaBelJHBH (HOPMYJIH, BH-
paxarouue npasuiao ¢a3 I'm66eca:

C=K—d+n
C=K—+2

rae C-—uncyio creneHefi cBoGombl; K — UHCAO KOMNOHEHTOB; D — umcyio ¢asjy
n—9ucyao (HakTopoB, BIAMAIOUINX Ha DaBHOBeCHe CHCTeMBl (T. e. YHCJIO (pakTOpOB,
KOTOpHle MOXHO H3MEHSATb, He H3MeHss uHcja ¢a3 B cCHCTeMe).

16-2. Onpenenute MakcHMMaJbHO BO3MOXKHOE YHCJO TPOHHEIX TO-
YyeK JIJis1 CHCTeM, COCTOSIIMX H3: a) JBYX KpHCTaJJIHuecKHX (as,
KHJAKOCTH, rasa; 6) 5 kpHcraniuyeckux a3, XKHAKOCTH, rasa.

16-3. Onpepennte 4uCaO (Pas, YHCIO KOMIOHEHTOB H YHCJO CTe-
fieHe#l cBOGOAH! AJ11 PABHOBECHBIX 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), CO4(r)

4) ZnO (x), Zn(x), CO(r), CO4(r)

5) I,(x), I,(r)

6) H, (r), O, (r), H,O (1)

7) Na,COg (x), NaHCOj4 (), CO, (r), H,O (r)
8) CuS0O,-5H,0 (k), CuSOy (x), H,O (r)



16-4. BriunciuTe 4HCJIO CTeneHed cBOGOAB! B CJIEAYIOLHX PaBHO-
BECHBIX CHCTeMax:

1) H,0 () = H, (r) + 1/20, (r) (T > 1200K)

Cucrema nosyyeHa: a) AHCCOLHalHel BOAH; 6) H3 CMeCH BOAOpOAa
H KHCJOPOJa, B3ATHIX B MOJbHOM OTHOIIEHHH 2:1; B) cMelleHHEM
TIPOH3BOJIbHBIX KOJHYECTB BCEX TPEX BELIECTB.

2) 2NOy4 (r) = N,O4 (r)

Cucrema noayyena: a) u3 NOy; 6) u3 N,O,; B) razooGpasunie NO,
# N2O4 HaxopsiTcst Haj KUAKUM N2Oy

3) Hy(r) + 1, (r) = 2HI (r)

Cucrema nosyuveHa: a) u3 HI; 6) u3 paBHBIX Koamnuects H, u I,
(3KBHMOJIbHAsI CMeCb); B) CMelUeHHEM BCeX TPeX BELIECTB, B3SITHIX
B [IPOHM3BOJIbHBIX KOJHYECTBAX.

16-5. CchopmyaupyiiTe ycJaOBHS NOJYYEHHS CJAELYIOIIHX CHCTEM
aHaJIOTHYHO TOMY, KaK yKa3aHo B 3ajaue 16-4 U ompejesuTe YHCJIO
creneHell ¢cBOOOBI:

1) CHy (r) = 2H, (r) + C (k)

2) CaCOg (k) = CaO (x) 4 CO, (r)

3) 4HCI (r) + O, (r) == 2Cl, (r) 4 2H,0 (1)

4) COq (r) +- C(x) = 2CO (r)

5) Fe (k) + HyO (r) = FeO (x) + Hy (r)

7) 2NH, (r) = N, (r) + 3H, ()

8) 2MnO, (x) = 2MnO (k) + O, (r)

9) CuSO,4-5H,0 (k) = CuSO,+3H,0 (k) + 2H,0 (r)
10) NH; (r) + HCI (r) = NH,CI (k)

16-6. PaccunraiiTe uHcaO cTenmeHedl cBOOGOABI B CHCTeMe, obpa-
30BAHHOH: a) ra3oo6pa3HbIM HOZOBOJopoxoM npH £{<<150°C (mmc-
counauua HI sHe oGHapyxuBaercs); 6) B pe3yJibTaTe AHCCOLHALHH
raszoo6pa3Horo HojgoBojopoja npu £>>500°C

2HI (r) = H, (r) + I3 (r)

Kakoso Bame MHeHue o umcie cTeneHed CBOOOAH 3TOH CHUCTEMH
NpH TMOCTOSIHHON TeMrnepaType B HHTepBaJje 150--500°C (npu noBwi-
UIeHHH TeMIepaTyphl KOJHYECTBO BOAOPOAA H HOAA B ra3oBod cme-
CH TIOCTEIeHHO BO3pacTaeT, OAHAKO YHCJO cTeneHeli cBOGOJAH H3Me-
HSeTCS TOJIbKO Ha €JHHHUILY).

16-7. HarpeBaercsi BeleCTBO M uepe3 ONpefeJeHHBle IpoMe-
KYTKH BPEMEHH OTMeyaeTcs ero TeMmmepatypa. PeayabTaTem npex-
CTaBJAIOTCH B BuJe rpaduka (Ha ocH abciucc — 3HaYeHHS BpeMe-
HH, a 1[I0 OCH OpPAHMHAT — TeMIepartypa BeimectBa). IloayueHHas
KpuBasi Ha3biBaeTcsi KpPHBOH HarpeBaHusi. OXxJaxjas BeLiecTBo,
AHAJIOTHYHHIM 06pa30oM CTPOSIT KPHBYIO OXJIaXK[AeHHS.

[MocTpoiiTe KpUBYIO HarpeBaHHs BOJH NpPH aTMoc(epHOM AaBJe-
#un ot —10 no +110°C.

16-8. B Tpm cocyna Haaurta Boja. IlepBHi#i cocyl OTKpHT, BTO-
POii repMeTHYECKH 3aKDHIT H HANOJIOBHHY 3aNoJIHEH BOJOH, TPeTHH
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COCYJ TOJIHOCTbIO 3aJIMT BOLOH M repMmerHueH. Bce cocynsl Harpesa-
I0T OoT KOoMHaTHOH TemmnepaTtypnl Ao 130°C. Ilocrtpofite rpagpuku
H3MeHeHHs TeMIepaTyphl BOAH B KaXXJOM COCyAe B yKasaH-
HOM HHTepBaJie TeMIepaTyp. YKaxKHMTe pasjIHuus B Ipoueccax Ha-
IPEBAHHUS XHAKOCTH B KaXKAOM cocyle H OODBSICHHTE UX NMPUYHHBIL.

16-9. Cocyn ¢ HEKOTOPHIM BeLleCTBOM DPaBHOMEPHO HarpeBaeTcs
ot Temnepatypnl —30 no 125°C. Onpeaenure 3T0 BelecTBO 10 JaH-
HBIM H3MeHEHHSs ero TeMIIepaTyphl BO BpEMEHHU:

T, MHH t, °C T, MHH t, °C T, MHH t, °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 +3 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

ITocTpotite rpaduk uamMeHeHus temnepatyprl. CKobKO (pa3oBBIX
nepexoJoB 6bu10 3adukcupoBaHo? CpaBHHTe (6oJblle, MeHblle)
TemJoeMKocTH ¢a3. CpaBHHUTe 3HTaJbNUHU (a30BhHIX NepexonoB. Ka-
KOB GyJeT XOJ H3MeHeHHs TeMIepaTyphl, eCc/]H B JaHHOM BellecTBe
pacTBopeHO Apyroe?

16-10. B ueM COCTOHT OTJIHYHE TPOHHOH TOYKH BOABI OT TeMIepa-
Typbl 3aMep3aHHA?

16-11. TlocrpoiiTe KpuBylo HarpeBaHus Jpga or —20°C po
+120°C npu mocTOSIHHOM AaBJieHHH, paBHOM [JAaBJIEHHIO TPOHHOHK
TOYKH BOJBI.

16-12. luarpaMMy COCTOSIHHSI BOJBI, COCTABJIEHHYIO B KOODJAMHA-
tax p— T, nocrpoiite B KoopauHatax lgp — 1/T.

16-13. Cocyxn c Bomo# oxnaxjeH Ao —5°C u 3amepsumas BOAa
He pasopBaJa ero cTeHKH. CJleflyeT JiM omacaTbCsl, YTO NPH AaJibHel -
LIeM NMOHHKEHHH TEMIEePaTyPHl COCYH Pa3pyLIHTCA?

16-14. Ilponecc HarpeBaHHsi BOABI (Jef, XHUJAKOCTb, I1ap) INpwH
NOCTOSIHHOM [ aBJIGHHH ONHCHIBA€TCS COOTHOILEHHEM:

C=2—9

[Tpu paBHOBecHH cHcTeMa COCTOMT M3 ABYX ¢as, K— K umu )K — T
4 oHa 6e3BapHaHTHA:
C=2—-2=0

[Ipencrasbre ceGe, YTO MPOBOAHMTCS NMOCTENEHHOE HAarpeBaHHe Jbla
NpH TOCTOSIHHOM J[aBJIeHHH, PaBHOM [aBJIEHHIO TPOMHOH TOYKH, M
cHCTeMa AOCTHraeT TPOMHOM TOYKH, PH KOTOPOH COCYIECTBYIOT TPH
¢asn K— K —T. Ckonbko creneHedi CBOGOALI HMeeT CHCTeMa B

3TOH TOYKE?
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16-15. Uem oObscHsIeTCs, YTO TeMIlepaTypa 3aMep3aHHs TsKe-
Joit Boasl D,O Bhime Ha 3,8°C TeMnepaTyphl 3aMep3aHusi OGBIUHOM
BOJABI?

16-16. BrluncanuTe H3MeHeHHe SHTPONMH IPU IJIaBJeHHH 1 MOJb
abaa npu 0°C, ecou 15 npeBpamieHust 1 - Jbpja B BOny TpeGyercs
333,4 /T TEmJoTH.

16-17. Iloas3sysick ¢opmynoit AG°=AH°—TAS®° u cuuras, 4ro
KOHCTaHTa DPaBHOBECHsl IIpollecca HCIapeHHsT BOABI IIPECTaBJsET
coGoii naBnenne napa BoAHM K=py,o Beuucautre AH® u AS° mpo-
[ecca HCIapeHHs BOJBIL.

16-18. HaBecky 100 r abaa, uMeromero teMneparypy 0°C, omye-
Tuau B 100 r Boan ¢ Temnepartypoit +50°C. Kakoil craHeT TeMmIe-
patypa  BOAB  mOcCJe  TOro, KakK Jei  pacjaBHTCA?
_(AHooop, 293H20 (K) =—286,336 KI[}K/MO.HI:, AHooﬁp, 293H20 (}K) =
=—285,767 kI x/Mo0Jb).

16-19. Hcxons u3 Toro, uto npu 20 °C naBieHHe BOJSHOro mapa
paBHO 2338 Ila, a Boma kunut npu 100°C, BHIYHCIHTE SHTAJbLIHIO
HcIapeHHuss BOAH (CPeAHIOI0 B 3TOM TeMIepaTypDHOM HHTepBaJe).
CpaBHHTe pe3ysbTaT CO CIPaBOYHHIM 3HaUEHHEM,

16-20. DHTponHs BOABI B pPAa3JIMYHBIX arperaTHHIX COCTOSAHHAX
pasHa [B Ix/(K-moub) ]:

Kpucrana (nex) 43,9
JKuakocTb 66,9
T'as (map) 188,7

PaccunTtaiite H3MeHeHHe SHTPONHH B IPOLECCAX:
H,0 (x) = H,O (k)
H,0 (k) = H,0 (r)
H,0 (k) = H,0 (r)

OO06DBsicHHTE, IOYEMY SHTPOIHH JbJAa M XHUIKOH BOLBI MaJji0 OTJIMYa-
I0TCSL MEXAY cOGO0i, HO CHJIbHO OTJIHYAIOTCS OT SHTPONHMH mapa. Ilo-
KaXKuTe, 4TO H3MEHEHHUE SHTPONMH MOXKET GBITb BEIUMCJIEHO TaK XKe,
KaK 1 H3MEeHeHHe HTaJbIIUuH IO 3aKoHy [ecca.

16-21. Kakue cBelleHHs1 O CTPYKType XHAKOCTH MOXKHO NOJYYHTb
110 YHCJEHHOMY 3HA4YEHHI0 H3MEHEHHS 3HTPONUH INpH IJaBJEHUH?

16-22. Ilouemy HeT OJHO3HAYHO! CBAI3H MeXKAy TeMIepaTypoil
IJIABJIEHHUS] U SHTAJbIMEH NJaBJeHUS?

16-23. Onpenenute H3MEeHeHHe SHTPONMH NPH NJaBJIeHHH 1 MOJb
MeJH, ec/ii H3MEeHEeHHe 3HTAJbIHNH NPH IVIaBJeHHH 1 T Meau coCTaB-
Jasier 204 JIk/r 1 Temnepartypa IJaBJeHHs Meau paBHa 1084 °C.

16-24. Tpadur ynanoch nepeecTd B aaMas 6aarofaps HCIOJb-
30BaHHIO OueHb GOJIbIUHX [aBJeHuii M TemmepaTyp. HecmoTps Ha
BBICOKHE JOCTHXXEHHs1 3KCIIePHMEHTAJNbHOH TeXHMKH, SHTAJbIUS 3TO-
ro rnepexoja HENOCPEACTBEHHO ellle He u3MepeHa. TeM He MeHee
SHTaJIbIIHsl 9TOro (a30BOro Iepexoja H3BECTHA yiKe IOYTH CTO JIeT.
Kak ona 6blia onpenenena?

16-25. Kakas cBAsb MexIy aToMaMu Yyriaepoja poyHee — B
CTPYKType ajiMasa WiH B CTPyKType rpadura? OTBer ciaeayer oGoc-
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HOBaTb, C YYeTOM TOrO, YTO 3HTAJbIIHM aTOMHM3alUMH ajMasa H rpa-
¢uTa paBHH cooTBeTcTBeHHO 713,0 H 715,0 xJ3k/MOJBb.
16-26. PaccuuTaiiTe H3MeHeHHe 3HTanbnuu AH° npu mpespaiie-

HuM rpadura B ajMas
C (rpacdut) = C (anmas)

Ha ocHoBaHHH CJeAYIOIHX AaHHBIX:

C (rpadut) 4+ O, (r) = CO,4 (r); AH° =—393,3 k%
C (anmas) - O, (r) = CO,'(r); AH® = —395,5 k[Ix

CtopmyJupyiiTe npaBuao pacueTa SHTaJbNHH (a3oBoro nepexona
0 3HAUeHHAM SHTAJbIIHMH CrOpaHHsl BellleCTBa B HAYajJlbHOM H KO-
HEUYHOM COCTOSIHHSIX.

16-27. BrlugcauTe 3HTAJBLIHIO BO3TOHKH rpaduTa, €clH 3Hepruuy
cBsisn  AH°CO=1071,9 xJlxx/mMoab, AH°0,=493,7 xIlxx/Moab B
AHooﬁpC0=—l 13,8 K)l)K.

16-28. BrluncauTe SHTAJbLIHIO aTOMH3aluu rpadura, ecjaH AaB-
JeHHe mapa yrjepoxa (OAHOATOMHBEIE MOJIEKYJB) Hajx rpapuroM
IpH Pa3JIHYHHIX TeMIIEPaTypax COCTaBJSET:

T, X 1700 2000 2400 3000
p, Tla 1,3.-107® 2,71.10-8 3,76.1078 4,68

[Mpensoxure cnoco6 BHUUCIEHHs SHTAIBIHH aTOMH3alHMH ajMa-
3a. B xakoMm BemecTBe — ajiMase MM rpadure — CBs3b NpouHee R
nouemy? ([ss pacyera HEpPrHM CBsi3eil MEXAY aTOMaMH yrjepoia
B 5THX BelleCTBaxX CJEAYeT pPas3lesHTb 3HTAJbIHH aTOMHU3ALHMH al-
Ma3a M rpagura Ha YHCJO CBf3eH, paspbiBalOLIUXCH NPH IepeBoje
aToMa yIJiepoja H3 KPHCTaJUIMYeCKHX PelleTOK anMasa u rpadura
B COCTOSIHHE OJHOATOMHOTO rasa).

16-29. 3Has faBJjeHHe Napa KPeMHHsi HaJd KPHCTaJJIHYeCKHM

KpeMHHEM

t, °C 1220 1240 1260 1280 1300 1320
p, Ma 0,200 0,800 0,351 0,579 0,891 1,344

ONpeJle/IUTe SHTAJNbIHIO CyOJMMAUUH KPEMHHs H BBIYHC/IHTE SHEp-
ruio cBsi3n Si— Si B KpHcTase KpeMHHs, MpeanoJaras, 4To aTOMb
HaXOASTCSL B COCTOSIHMH Sp°-THOPUAM3ALHUH, KaK M aTOMBI yrjepoia
B anMase. [ToueMy KpeMHHHl He o6jajiaeT TakOi Ke TBEPAOCTbHIO,
4TO U aJMas?

16-30. AMop¢HBle BewecTBa NOCTENEHHO CaMONPOH3BOJIBLHO Mpe-
BpaIalOTCA B KPHCTAJJIHYECKHE, MPOTHBOIOJOXKHBIN mporuecc (npu
To#l XKe Temmepatype) He Habuionaercs. CieaoBaTeNbHO, KPHCTaJ-
JIMYEeCKOe COCTOSIHHe SIBJSieTCsl PaBHOBECHHIM M HauboJsiee yCTOHYH-
BBHIM COCTOSIHHEM TBEPAOro BeILEeCTBa.

OG6bsicHUTE NPHYHHY CAMOIPOHM3BOJBLHOrO Mepexoia BEIIECTBa
H3 MeHee YIOPSLOYEeHHOTO COCTOsIHHS B GoJiee ynopsiaoYeHHOe. ITo-
yeMy CaMONPOM3BOJIbHO NPOHMCXOJHUT NpoLece, CONpPOBOXAAIOMWHUACS
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yMeHblIeHHeM SHTpomuu? KakoBo COOTHO-
wenue Beauund AH® u TAS® B sToMm mpo- H,O(r)
necce? KakoB 3HaK H3MeHeHHs H3006apHOro Ha(r)

fIOTeHIHasa INpH Iepexole BellecTBa H3
aMOpGhHOTO COCTOSIHHS B KPHCTaJJIHIECKOE?

16-31. Duranbnus o6pasoBanus (298 K)

KPHCTAJTHYECKOTO U aMopgHoro (cTeksmo- [Fe304 (9 Fe (k)
o6pasHoro) B,O; paBHa COOTBETCTBEHHO o1
—1272 u —1255 xJx/moab. Kakas ¢op- PHC. 16-

Ma 3TOro okcujaa Oojiee yCTOHYHMBA? YKaxKHTe NPHYHHH Nepexona
onHo# ¢HopMHl B ApyrHe?

16-32. B kajopumerpe npH H36LITKE KHCJIOPOJA CXKHraercs oG-
pasel xeJse3a. B Kxakom ciyuae TennaoBoi adpdexr 6yaer Goabuie —
IIPH CKHUFaHHM 3aKaJIeHHOrO HJIH He 3aKaJIeHHOTro XeJse3a, KOBaHOTO
HJIH HEKOBaHHOTO XeJje3a?

16-33. dHranbnus nepexofa KPHCTaJJHYECKOro §-MapraHua B
p-MapraHen, npH CTaHAapTHHIX ycJOBHfX paBHa 1550 Ilxk/Mosb, a
uameHenue suTponuu 0,545 Mx/(K-momnp). Kakas Moaupuxamus
MapraHua 6ojiee yCTOHYUBA NPH CTAHJAPTHHIX YCJIOBHAX?P

16-34. Tlpu xKOMHaTHOH TeMmmnepaType OJIOBO MOXKET CYLIECTBO-
BaTh B JBYX MOJAH(HKalHUsX: cepoe 0JOBO H Gejoe osoBo. TepMmo-
JUHaMHYeCKHe XapaKTepHCTHKH Moauduxanuit: Aas Gesoro oJioBa
AH®6p=0; S°=51,64 Ix/(K-Moub); nas ceporo onoBa AH°ep=
=—2090 Hx/monb, S°=44,14 Ix/(K-monp). Kakoe osoBO Tepmo-
JHHAMHYeCKHe YCTOHYHBO NPH CTAaHJAapPTHOH TeMIepaType H IpH
—20°C? KakoBa cKOpPOCTb Iepexofa OJLHOH MOAHGHKALHUH B IpY-
ryio?

16-35. B uemM HeTOYHOCTb (HENPaBHJbHOCTb) H306paKeHHs paB-
HOBECHOH CHCTEMBI

FegO4 (k) + 4H, (r) = 3Fe (x) 4 4H,0 (r)

Ha cxeMe, IpeacTaBJeHHON Ha puc. 16-1?

16-36. CorsiacHO NpPHHIMIY IIOC/]EA0BaTENbHOCTH IpeBpalleHuf
fiepexo/l BHICIIEro OKCHAA B HH3ILIHI U B KOHEYHOM HTOre B MeTasil
OPOHCXOJHT yepe3 NocJea0Ba-

gk

TeJbHble CcTajud obpasoBa-
HUS YCTOHYHBBIX B JaHHBIX 05k 1\
YCJIOBHSIX  NPOMEKYTOUHBIX ’
okcuiaoB. Hamnumunre dopmy- ok 2
JH  NocJefoBaTeNbHO obpa- >
3YIOIIHXCS OKCHAOB INPH BOC- o5l
craHoBjgeHnH Fe,O3 10 wMe- "
Tajja. —10l

16-37. Ha puc. 16-2 noxka- '
3aHa 3aBHCHMOCTb JoOrapHuo- 15 , \ 1 4
Ma KOHCTaHTHl pPaBHOBECHS OT 00008 00070 QO0I21/TK
o6paTHOM TeMmepaTypsl AJIs (1250K) ~ (1000K)  (833K)
peaxkuuit: PUC. 16-2
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Fe 0, (K) + CO (r) = 3FeO () -+ CO, () %))
3FeO (k) + H,0 (1) =Fes04 ) +H, ) (2)

KpuBele nepecekaioTcss B TOUKe, COOTBETCTBYIOIIEH TeMIepaType
920 K. Uto 03HauaeT paBEHCTBO KOHCTAHT PaBHOBECHs peakKiuil mpH
3TOH TeMmepartype?

16-38. Ilpu HarpeBaHHH MeAHOro Kymopoca mo 650°C on mpe-
TepleBaeT PsiA NpeBpalleHHi:

CuS0,°5H,0 (k) —> CuS04-3H,0 (k) — CuSO,4-H,O (k) ——
— CuSO4 (k) — CuO (x), SO4(r)

OO6psicHuTe, MNoOYeMy B 3TOH LieNH NpeBpallleHHH He o6pasyloTcs
THIpPaThl C YETHIPbMS H JBYMSI MOJIEKYJaMH BOJBl. YKaxKHTe Xapak-
Tep CBSI3H MOJIEKYJ BOABI C LIEHTPaJbHBIM aTOMOM.

16-39. O6pasen, CuSO,4:5H,0 nomemaloT B COCYyZ ¢ MAaHOMETPOM
u npu 50°C cocyn mocTeneHHO BaKyyMupyloT. laBieHue B cocyne
nonmxkaercs fo 6000 ITa u mocae aToro, HecMoTpst Ha paGoTy Baky-
YMHOro Hacoca, HEKOTOpOe BpeMsi OCTaeTcsl NOCTOSHHBIM. 3aTeM
JlaBJieHHe CHOBa NOHMKaeTcs M, gocTuruyB 4130 Ila, eme pas ocra-
HaBauBaetcs. Eme o6HapyxeHa oiHa ocTaHOBKa npu 27 ITa. O6b-
SICHUTE, HCIOJb3ysl NPaBUJIO (a3, NPHYMHY ONHCAHHBIX OCTAHOBOK H
XapakTep IpeBpallleHHl BellecTBa.

16-40. Ha puc. 16-3 nokasaHbl yCJOBHSI YCTOHYHBOCTH KpHCTAJ-
JIOTHApPATOB cyabtara menu. [TocTpoliTe KpHBYI0 H3MEHEHUs TeMIie-
paTyphl B KpHCTa/IMyecko#l ¢ase JJs npolecca HarpeBaHHs
CuSO,-5H,0 npu mnocrosinHom pasiaeHun 2000 Ila or 25°C no
460 °C.

16-41. IlaBieHne BOASIHOrO Nmapa HajJ KPHCTAJJIOTHApaTaMHu
cynbdaTa Meau IpH ABYX TeMnepatypax paBHo (B Ila):

25 °C 50 °C
CuSO4-5H,0 (k) =CuSO4-3H,0 (k) +2H,0 (r) 1040 6000
CuS0,-3H,0 (k) =CuSO;-Hy0 (k) +2H,0 (r) 706 4130
CuSO;-Hy0 (k) =CuSOy (k) + H0 (r) 2,6 27

Omnpenenure TepMOAMHAMHYECKHE XapaKTeDHCTHKH yKa3aHHBIX
npoueccoB. OnuiuuTe XapakTep CTPYKTYPHBIX NpeBpalieHHHl NpH
yAaJeHHH MOJIEKYJ BOABI H3 TBepAoH (ashl.

p, I
6000
4000F

2000
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16-42. YkaxuTe KaK BJIHSET Ha BO3MOXKHOCTb IIPOXOXKACHHUS pe-
akuuM 06pa3oBaHHe KPHCTAJIMYECKOTO HJIH ra3o00pasHOro HaTpHA:

Na,O (x) -+ Mg (x) = MgO () + 2Na (x)

Na,0 (k) + Mg (k) = MgO (k) + 2Na(r)
16-43. INoctpoitte rpaduxk 3aBHCHMOCTH IIOTHOCTH KHAKOTO H
ra3oo6pa3Horo 3THJIOBOrO CIHPTA Px M Or OT TeMIEPaTyphl H Ompe-

IeJHTe KPUTHUECKYIO TeMIepatypy (pr=px) IO ClelIyIolluM
JaHHBEIM:

t, °C 100 150 200 220 240
P, T/MI 0,716 0,649 0,557 0,496 0,383
Or T/Ma 0,004 0,019 0,051 0,08 0,172

16-44. Tpoiinas Touka Hozxa cooTBeTcTByeT +116°C H naBieHHIO
11970 ITa. Kak noay4yuTb XKHAKHH HOAL?

16-45. O6bsicHuTe, NOUEeMYy NaplHajbHOE NaBjieHHe NMapoB O6po-
Ma M HOJa B NPHCYTCTBUH HHAH((EDEeHTHHX ra3oB, HalpHMep a3o-
Ta, aproHa, BHILIE, YeM NPH TOH Ke TeMneparype 6e3 HHX.

16-46. IIpn 25°C pmaBJseHue mapoB Boxbl cocraBJser 3172 Ila.
3Hasg TeMmnepaTypy KHIEHMS BOABI IIpH aTMOc(hepHOM JaBJIeHHH,
BLIYHCJIHTE CpelHee 3HaueHHe M3MEeHEHHUsl SHTaJbIUH HCIapeHUs BO-
Ibl B HHTepBase Temnepatryp 25—100°C u oleHHTe M3MeHEHHe
SHTDONMH IIPH TeMIlepaType KUIEHUs BOJBI.

16-47. Huxe comocTaB/ieHbl 3HQUeHHs TeMNepaTypbl KHUIEHHUS H
9HTAJbNHUU KHNEHUs AJs OKCHAOB a3ora N.O u NO

N,O NO
txum, °C —88,5 —151,6
AH°gun, KJ%/MOJB 16,56 13,77

Kakyio TepMOAMHAMHYECKYI0 XapaKTePHUCTHKY KHIIEHHS OKCHIOB
MOXHO BHIYHCJIHTb H3 3THX NAaHHBIX H KaKOH CJefyeT BBIBOL O
CTPYKType XKHIKHX OKCHAOB? KakoBO B/IMsIHHE HECIapeHHOro 3JeKT-
poHa B MoJjekyJe NO Ha ero cBoiicTBa?

16-48. JlaBnenne napoB xJopodopma npu 40°C cocrasiaser
4,93-10* Tla npu 50°C—7,13-10% Ila. Brluucaure Temnepartypy
Kunenus xjopocdopma, AH®, AS® ucnapeHns npu Temmepatype KH-
nenus. UTo MOXHO CKasaTb O COCTOSIHHM MOJIEKYJ XJopodopma B
XKHAKOCTH?

16-49. Huxe npuBeaensl AS° HcnapeHHss HEKOTOPHIX BelleCTB

[B I/ (K-momb) ]:

Br, 91,6 C,HsOH 121,3
CH3;COOH 133,1 CeHio 93,7
H.0 121,8 SO, 134,3
Hg 98,8 C2H5CH3 98,4
CCl, 94,6 CH;3COCH; 94,6
CeHs 91,9 H,SO, 136,0
H,0. 120,9

Boigesute ocHoBaHHe 151 Ki1acCHQHKAUMH JaHHBIX, MPOBEIHTE
KJIACCHQHUKALMI0O H OOBACHHTE ee (DHU3UKO-XHUMHYECKYIO CYIIHOCTb.
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16-50. CpenaiiTe BHIBOJAB O CTPYKTYPaxX XKHAKHX rajioreHOBOJO-
POZLOB, HCXOASl U3 3HAUEHUH HX TeMIepaTypHl KHNEHUS U SHTAJbIHRE
HCrapeHusi (mpH TeMnepaType KHIEHHS):

HF HCI HBr HI
tenm, °C 19,5  —84,9  —66,8  —354
AHC0n, KI1%/MOMb 7,74 16,11 17,61 19,74

16-51. Cenen xkunut npu 685 °C, sHTaJ bNHS HCIAPEHHS NPH TEM-
nepatype kunenus cocrapiaser 29,29 xJlxk/mMosb. Teqnyp KHIHT NpH
990°C, AH®;cn=>51,04 xJI:xx/Moab. CrenaliTe BLIBOA O COCTaBe KH[-
KO# M rasoobpa3Hoit ¢a3 ceseHa u Teaaypa.

16-52. N,O xunur npn —88,5°C. DHTa/bNUsA HCIAPEHHS XKUAKO-
ctH npu 3toll Temmepatype cocraBaser —16,56 k[x/moab. Cre-
JaiiTe BHIBOJ O XapaKTepe B3aUMOAEHCTBUS MOJIEKYJ XKUIKOCTH.

16-53. NO xunut npu —151,65°C. Temsora ucnapeHus TNpH
atoit temnepatype paBHa 13,77 kI x/moab. CuenaiiTe BHIBOL O Xa-
pakTepe B3aUMOJENCTBHUS MOJIEKYJ XKHAKOCTH.

16-54. IaBnenne nmapa nustuioBoro sdupa npu 10°C pasHO
3,82-10% I1a, a mpu 30°C —7,12.10% I1a. Briuncaute temnepartypy
kunenus, AH° u AS° ucnapeHus npu Temnepartype KHUIEHHs.

16-55. DHTanbNUH HCHapeHHs HOpPMaJbHBIX cnuproB mpu 298 K
coctaBaset (B kJx/MoJb):

Meranon CH;OH 37,4 Byranoan C,H,OH 51,4
Sranon C,HsOH 42,2 ITentanon CsH;,OH 55,6
IIponanon C;H,OH 47,0

Kak u mnouemy Bausier no6apienne rpynnsl CH, Ha sHTambnuIO
HCTapeHus?

IFTJTABA 3
CKOPOCTb XUMHNYECKHUX PEAKLLUHA

§ 17. 3BABUCUMOCTb CKOPOCTH PEAKLLIUH OT KOHLLEHTPALLUH

17-1. afite ompenejieHHe CKOPOCTH BOOOIE H CKOPOCTH XHMHUe-
CKOH peaklyy B YaCTHOCTH.

17-2. Tlepeuncnure B NMOpSAKe NMOHUKEHHS 3HAYHMMOCTH (pakTo-
PH, BIHSIONINE HA CKOPOCTb XMMHYECKOH peakIuH.

17-3. TloueMy MOXHO TOBOPHTb O CKOPOCTH XHMHYECKOH peak-
IIHH TOJbKO B JaHHBI MOMEHT BpeMeHH?

17-4. Kak ckaxyTcs Ha 3HaueHHH KOHCTAHTH CKOPOCTH CJIeNYiO-
mue HakKTOphl, BJAHUSIOIHE HA CKOPOCTh PEakKlMH: a) pasJjiHYHHe Ha-
YaJbHble KOHIEHTPAlUH Pearnpylouux BeuecTs; 6) H3MeHEeHHE TeM-
nepatyphl; B) BBEAEHHE DAa3JIMYHBIX BeLIeCTB; ') CMeHa pacTBOPH-
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Te]si; 1) H3MeHeHHe oGbeMa CHCTEMBI; €) H3MEHEHHe HOHHON CHJIBL
pacTBopa.

17-5. Tlepeuncnure B NMOpPsSAKe NOHHIKEHHs 3HAYHMOCTH (hakTo-
PHI, BIHsIOUINE HA KOHCTAHTY CKOPOCTH XHMHYECKOH peaKIMH.

17-6. Ilpu nmocTossHHOH TemIepaType B OJHHAKOBHIX IO ¢opMme W
paBHBIX II0 €MKOCTH cocyhax obpasoBanock 17 r H,S; 18 r H,O,
18 r Hp, 16 r SO,. CpaBHUTe CKOPOCTH peaKuuil o6pa3oBaHHs Ie-
peuHCJIeHHbIX BellecTB.

17-7. MoxKHO JM NpeACcKa3aTb 3aBUCHMOCTb CKOPOCTH peakKIHH:
OT KOHUEHTPAaILUH?

17-8. JloxaxHTe, YTO CKOPOCTb XHMHYECKOH peakUHH MaKCH-
MaJjibHa NpPU CTEXHOMETPHUECKOM COOTHOIUEHHH yYacTBYIOUIHX B pe-
axuuu BeulecTB. [loueMy 3TO mpaBHJIO COGJIONAETCA HE TOJMLKO LIS
3JIeMEHTapHBIX pPeaKUui, HO ¥ AJs APYTHX NPOLECCOB?

17-9. Ons xaxux peakUMil MOXHO IpelcKa3aTh 3aBHCHMOCTb
CKOPOCTH peaKUUH OT KOHIUEHTpalUHUH pearupyollHX BemiecTB?

17-10. B noco6un no XMMHH HanHCaHO: «3aBHCHUMOCTb CKOPOCTH
peakilil OT KOHIIEHTPAallUH pearupyloUIHX BelleCTB ONpeleJseTCs:
3aKOHOM JeHCTBHS MacC: CKOPOCTb XHUMHYECKOH peaKUUH NpH Io-
CTOSIHHOH TeMIlepaType NpONMOpPLUHOHAJbHA NPOH3BENEHHUIO KOHIEHT-
pauuil pearHpylomuX BeLIeCTB, BO3BeIEHHLIX B CTEHEHb HX CTEXHO-
MeTpHUYecKHX Ko3¢duunentToB». Hafigure omwn6Ky (H) M HETOUYHOCTH
B ONpeJesIeHUH.

16-11. 3akoH pneficTBUs Macc MoxKeT ObITb BhIBeJeH Ha OCHOBe
CJeIYIOLIEro INOJIOXKEHHST TEOPHH BEPOSTHOCTH: BEPOSITHOCTb OMIHO-
BPEMEHHOI'0 OCYLIECTBJIEHHSI HE3aBHCHMBIX COGHITHH paBHa IpPOH3-
BeJeHHIO BepOSATHOCTEH KaxKJAoro cobwiTus. [lonmbiTafiTech cpenats
STOT BHIBOJ. YKaxKHTe ApPYyrHe CJydyau HCIOJb30BAHHUSI 3TOrO IOJIO-
JKeHHs TeOpHH BepOSITHOCTH.

17-12. YkaxuTe, Koria CKOPOCTb XHMHUECKON peaKUUH AEHCTBH-
TeJbHO NpPONOPLHOHAJbHA TNPOH3BEAEHHI0O KOHIEHTPAalHil pearu-
PYIOLIUX BeLIeCTB B CTENEHSX, PAaBHBIX CTEXUOMETPHYECKHM KO3(-
¢uuneHTaMm.

17-13. B ypaBHeHHH, ONHCHIBAIOLIEM 3aBUCHUMOCTb CKOPOCTH pe-
aKLHHU

aA 4 bB = IIporyKThl
OT KOHLIEHTPALlUH pearupyioliuX BellecTB
v =kc¥scYp
k — KOHCTaHTa CKOPOCTH peaKLUH.

KaxoB ¢usnueckuil cMbIca KOHCTaHTH cKopocTH? Kak oHa ompe-
neasiercs? Korpa umcieHHOe 3HaueHHe KOHCTAHTHI CKOPOCTH H CKO-
pocTH coBnafaloT? KakoBb pa3MepHOCTH H €JHHHUBl H3MEpEHHUS
KOHCTaHTHI CKOPOCTH M CKOPOCTH?

17-14. Tlpensoxute onpenesneHuss NMOHATHH NOPSiAKA H MOJIEKY-
JSPHOCTH XHMHUYECKOH peaKUUH. YKaxKHUTe HeoOXOJUMble NMPH3HAKH,
XapakTepusyouiue 3Ti nousatus. Oco6oe BHUMaHHe o6paTHTe HaA TO,
9TO MOJIEKYJISIDHOCTb BCEria Lesoe HeGo/bLIoe YHCIO, a MOPsAOK
MOXKeT ObITb PaBHEIM HYJIIO, LEJOMY H APDOGHOMY YHCJIaM.
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17-15. Onpenennte H3MeHeHHe CKODOCTH NPSIMBIX 3JE€MEHTapHBIX
Ta30BBIX peaKUUH NpH yBeJHYEHHH JaBJeHUs B 2 pasa:

1) H,+OH=H,0 + H 5) N,04 = 2NO,
2) 2NO + Cl, = 2NOCI 6) O, +H=O0H40
3) H+ Cl=HCl 7) Cl,+H=HCl+Cl
4) NO + 0= NO, 8) H,+0=OH4H
17-16. Peakuust NpoXOAHUT B ra3oBoi ¢ase:
A+2B4+D=F

Tlpu yBenuueHHM KOHLEHTpPalMH KOMIOHeHTa A B 2 pa3a CKOpPOCTb
peakuuu Bo3pocsaa B 2 pasa. [Ipu yBesMueHMH KOHIEHTpPAlLHH KOM-
noHeHTa B B 2 pasa ckopocTh He H3MeHHJach. [Ipu yBesnueHHH
KOHIleHTpaluu KoMmnoHeHTa D B 2 pasa ckopocTh Bo3pocia B 4 pa-
3a. Kak H3MeHHTCS CKOPOCTb peakUHH IpH yBeJHYEHHH oOIero
JaBneHusi B 3 pasa? Ilpeasoxure ypaBHeHHe, NMO3BOJISIONIEE Npej-
CKa3blBaThb BJIMSIHHE M3MeHeHHs KOHUEHTpalMi pearupymollUX Be-
1UeCTB Ha CKOPOCTb JAHHOH XUMHUYECKON peaKIHH.

17-17. Tlpu yBenuyeHHH KOHIeHTpauuu BemectBa A B 1,6 pasa
CKOPOCTb peakluH Bo3pactaeT B 2,93 pasa. KakoB mopsijok peax-
1IIUM N0 BelecTBy A?

17-18. I1pu n3yyeHHH KHHETHKH peaklyy

A+B+2D=F

OblI0 06HapyXKeHO, YTO CKOPOCTb peaKUUuH (BRAJH OT COCTOSIHHUA
‘PaBHOBecHsI) IpH YyBeJHUYEeHHH KOHIEHTpauun A B 2 pasa Bo3pa-
CcTaeT B 4 pasa, He 3aBHCHT OT KOHIeHTpauuu B u Bospacraer B
3 pa3a npu yBenuueHHU KoHueHTpauuu D B 3 pasa. Hanunmurte ku-
HeTHUeCKOe ypaBHeHHE JaHHO# peaKUUH.

17-19. HM3yyaercss CKOPOCTb peaKUHH B3aHMOJEHCTBHS BeIIeCTB
A, B u D. Tlpu nocrosiHHbIX KOHLeHTpauusx B u D yBeqnuenue KoH-
LHeHTpaluy BemecTBa A B 2 pa3a NPUBOJHT K BO3pPacTaHHIO CKOPO-
ctd B 8 pa3. Ecan B 1Ba pasa yBeJHUHBaeTCs KOHUEHTPALUSA Belle-
ctBa B npu mocTosHHBIX KOHUeHTpauusx BewecTB A u D, To cko-
‘POCTb peaklHHu Bo3pacTaeT B 2 pasa. [Ipu NOCTOSHHBIX KOHILEHTpa-
uuax A u B ynBoeHHe KOHLEHTpalyu BemecTBa D NPHBOAMT K yBe-
JHYEHHIO cKopocTH B 4 pasa. CocTaBbTe KHHETHYECKOe ypaBHEHHE
peakuuu u chopMyaupyHTe IPaBHJIO 3aBHCHMOCTH CKOPOCTH XHMH-
YeCKOH peaKUHH OT KOHIEHTPALUH pearHpylollHUX BellecTB.

17-20. Huxe npuBeneHH pe3yJbTaThl M3yueHHS CKOPOCTH peak-
uuy Mexay BeulecTBamMu A u B:

KoHnuenTtpaunus, Mosb/a
BeliecTso A 0,10 0,20 0,20 0,10
BelecTso B 0,10 0,10 0,20 0,05
CKopocTb peakiHH, MoJb/ (J1-MHH) 0,0040 0,0160 0,0160 -0,0040

Bripasure pesysnbTaThl HCCJEeJOBaHHs B BHAE KHHETHYECKOro ypas-
HEHHs peaKlHH.

126



17-21. s peakuuu B rasoBoi ¢ase
2A + 3B = A,B,

nosiyyeHa CJeAyIollasi 3aBUCHMOCTb €e CKOPOCTH OT KOHIEHTpaIHRE
pearupyiomux BeIIeCcTB: ‘

KoHueHTpauus, MoJb/a

BelecTso 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
CkopocThb peaxkunH v-10%, 0,32 0,64 0,32 1,28 1,28 1,60

Mouib/ (J1+ MHH)

KakoB mopsimok peakuun? Kak H3MeHHTCA CKODOCTb peakuum
IIpU yBeJHYEHHH AaBJeHHs B 2 pa3a? BbluuC/IMTE KOHCTAHTY CKO-

pOCTH.
17-22. Insi OKHCJUTEIbHO-BOCCTAHOBUTENBHOH peakLuU

2Co3+ 4 T+ = 2Co?+ 4 TI3+

H3y4YeHa 3aBHCHUMOCTb CKOPDOCTH OT KOHIEHTpPaUHH pearupyroumux
HOHOB:
KoHueHnTpanus, Moab/a
Cos+ 0,1
T+ 0,1
Ckopoctb (yca. en.) 1

,3 0,4 0,3
, 10,1 0,2
4 6

wWwWo o
©oO
ww

BriBenuTe KHMHeTHYECKOe ypaBHeHMe peakiuu. KakoB MoOpsiok pe-
akuuu? PaccunrafiTe CKOpOCTb peaKLHH B CHCTeMe, IIOJYy4YeHHOM
cMelleHHeM paBHBIX o6beMoB: a) 0,6 M pacrBopa Co®t u 0,4 M
pacrsopa TI*, 6) 0,35 M pacrBopa Co®t u 0,25 M pacreopa TI+.

17-23. TlonyueHnl chenyiomue pe3yJibTaThl M3yYeHHsS 3aBHCHMO-
CTH CKOPOCTH peakIfH

SO, (r) + 2H, (r) = S () + 2H,0 (r)
ot pasgenuss SO, u Hj:

HavanbHoe naBnenne (yciI. e {MHHIIB)

SO. 202 50 199 101 200
H, 49 201 98 198 199
CxopocTb B HayaJbHHA MOMEHT peak-
UHH (ycal. eAMHHLE) 35 36 71 72 145

BoiBenuTe ypaBHeHHEe 3aBHCHMOCTH CKODOCTH OT JaBJIEHHSI Pearu-
PYIOLIHX BeLIECTB.

17-24. :[{lu6poMsiHTapHast KHCJIOTa B BOJAHOM pacTBOpe IPH Ha-
TPEBaHHH NEPEeXOAHT B OPOMMAaJIEHHOBYIO KHCJIOTY:

HOOC(CHBr),COOH = HBr+4 HOOCCH=CBrCOOH
[Ipennioxure 3KCIepUMEHT IO ONpENENeHHI0 KOHCTAaHTH CKOPOCTH
9TOH peakiuH.

17-25. MoHOXJIOpYKCyCcHast KHCJOTa B BOJHOM PacTBOPe THAPO-
Ji3yercst ¢ 06pa3oBaHHEM IVIHKOJIEBOH H XJIOPOBOAOPOAHON KHCJIOT:

CH,CICOOH + H,0 = CH,OHCOOH + HCl
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[Ipu xOMHaTHO# TeMnepaType peakIHsi IPOXOLHT OUYeHb MelJIEeHHO,
Ho yxe npu Temnepartype 100°C CKOpPOCTb peakIHH MOXKET GHIThb
#3MepeHa. KoHCTaHTa CKODOCTHM 3TOH peakuuu Obuia ompenesieHa
(Bant-Todd, 1884 r.)  caexyioomuMm  o6pasom.  PactBop
CH,CICOOH, copepxkamuit B 1 1 4 r KUCJIOTH, HAJHWIM 1O 15 Ma
B CTEKJISTHHBIE aMITyJbl, KOTOpble 3aT€M 3amasijii H MOMECTH/IH B KH-
nsmyo BoAsHy10 GaHio. Uepe3 onpesesieHHbIE NPOMEXKYTKH BpeMeHH
BBHIHHMAJIH 10 OZHOH aMmmyJie, Pe3KO ee OXJa)JajH (JJsd 4ero?),
BCKpHIBaJH H pactBop THTpoBaau 0,1 M BogHEIM pacTBOpOM aMMH-
aka. O6beM pacTBOopa aMMHMaKa V, 3aTpaueHHOro Ha THTpOBaHHe,
B 3aBHCHMOCTH OT NPOJOJIKHTENbHOCTH PeaKUHH T:

T, 4 0 10 13 34,5
V, Ma 12,9 15,8 16,4 20,5

Omnpenenure NOPAAOK U KOHCTAHTY CKOPOCTH peaKIIHH.
17-26. BemecTBO A IHCCOLHHPYET IO pPEaKIHH

A=B+4C

Ckopoctb peakuuu paBHa 1,18-10~° mousb/(s1-c) mpu KOHIEHTpaLH-
sx BewecTBa A (B Moub/a): 2,05; 4,1; 8,2; 3,0. KakoB mopsigok pe-
aKuuu? BriBenuTe BhIpaxkKeHHe 3aBHCHMOCTH CKODOCTH OT KOHLEHT-
pauuu. BhuncIHTE KOHCTaHTYy cKopocTH. KakoBa CKOpOCTb peak-
MK TPH KOHLUEHTpaUHH BeiuecTBa A 2,5 Mosb/a? KakoBa KOHIEHT-
pauus BemectBa A uyepe3 1 4 mocsie Hayasna peakuun? Onuiinte
YCJIOBHS, NPH KOTOPHIX BO3MOXKHO NPOXOXKJIEHHE PEaKIHH C TaKHM
TOPSALKOM.
17-27. TasoBas peakuus

2NO + Oy = 2NO,

TpeTbero nopsiika. HanuimnTe KHHeTHYeCKOe ypaBHEHHE peaKUHH H
IpeICKaXKUTe, KaK HU3MEHHTCS CKODPOCTb peaKIHH NPH yBeJHYEHHH
obmiero nasJjieHus B 3 pa3a? '

17-28. T1pu 25°C koHCTaHTa CKOPOCTH peaKLHu B ra3oBof ¢ase

N;04 = 2NO,
HMEET cJeAyouine 3HaueHHus:
p, Ia 21 590 34 660 89 040
k (ycn. exMHHIIE!) 4,4 4,8 6,0

IToueMy KOHCTaHTa CKODOCTH BO3pacTaeT IpPH yBeJHYeHHH [ aB-
Jgennsi? [loueMy KOHCTaHTa CKOpPOCTH Ha3BaHa KOHCTaHTOH, B' TO
BpeMs KaK OHa 3aBHCHT OT JaBjieHHs (M KOHLEHTPaLHH)?

17-29. T'azoBas peakuus

2NO, = N,0,
TIPOXOAMUT KaK GHMOJIeKyJ/spHasi. YKaxHuTe NOPSANOK peakIMH H ol-

pelenuTe, KaK H3MEHHTCS CKOPOCTb peaKUUH NPH yBeJHUEHHH JaB-
JIeHHs B 2 pasa?
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17-30. B oGpaTtumoii peakunn Az==B KoHCTaHTa CKOPOCTH mpsi-
Mo# M o6paTHO# peakuuil paBHa coorBercTBeHHO 300 u 100 c'.
B HCXOZHOM COCTOSIHMH CHCTeMa CONEPKHT TOJbKO BelnecTBO A. Bhi-
YHCJINTE KOHCTAHTY paBHOBecHsl. 3a KaKoe BpeMs KOHUeEHTpauus A
yMeHbLIHTCS B 2 pasa?

17-31. KoHcTaHTa paBHOBECHsI paBHa OTHOIIEHHIO KOHCTaHT CKO-
pocteli mpsiMoii M o6paTHOll peakuud. KoHcTaHTa paBHOBecHs sIB-
JIsieTCsl TMOCTOSIHHOH IpH JaHHOH TeMIlepaType BeJHYHHOH, He 3aBH-
cslell OT KOHIEHTpPalui pearHpyloumux BeulecTB. B To ke Bpems
3HaYeHHs] KOHCTAHT CKOpPOCTeH NpsiIMOH M O06paTHOH peakUui 3aBHU-
CAT OT KOHLEHTpalui, NaBjleHHs, HaJH4Hs KaTajJusatopa, (Gpopmbl
peakIHMOHHOro cocyfia M Apyrux ¢axropos. [louemy yTBepxKiaeHue
(BO3MOXKHO, M NPaBHJbHOE) O IIOCTOSTHCTBE KOHCTAHT CKOpOCTei Ie-
DPEHOCHTCSI Ha KOHCTAaHTy paBHOBecusi? [loKakuTe, YTO KOHCTaHTa
pPaBHOBecHs1 He 3aBHCHUT OT KOHLEHTDalHH pearupyiollHX BeLlecTB
M yKaXKHTe, IPH KaKHX YCJOBHfIX H AJA KaKHX peakLui 3To cmpa-
BeJJIMBO.

17-32. CkopocTb XHMHYECKOH PeaKLHH NPONOPIHOHANbHA NPOMU3-
BeJleHHIO KOHLEHTpPaUMi pearupylollHX BellecTB B CTENEeHH HEKOTO-
PbIX 4YHCeJ, ompejessieMblX 3KcmepHMeHTaabHO. IloueMy B BhIpa-
JKeHHH KOHCTAaHTHl PaBHOBeCHsl KOHLEHTPAllMH BeLleCTB YKa3aHBl B
CTeNeHsX, COOTBETCTBYIOUINX CTEXHOMETPHUECKHM K03((HINEeHTOM,
a He 3KCNEPHMEHTAJbHO ONpefleJsieMbIM uHcaaM [, m, n, p (MOpAA-
KaM peakiHH 10 peareHTam)?

Hanpumep, ana peakuuu

dA + 5B = dD + fF
Unp = Rnpclac™s
Yosp = Roopc"poPF
NNpH paBHOBECHH
Unp = Uosp ™ B Enpc’acMp = kogpc"pcPp
HJH
kyp PR

kOGP - clACmB

OnHako KOHCTaHTa paBHOBECHA paBHA

_ IDFFY
Carme
17-33. Hcxomss u3 paBeHCTBA CKOpocTell NpsiMOA H obpaTHOR

peaxunﬁ, BBIBEIHTE BbIpaXKEHHSI KOHCTAHT DaBHOBECHSA B rOMOr€H-
HBIX Ira30BbIX CHCTEMAX:

1) H,, Cl,, HCI
2} N,Os, N;O,, O,
3) N,0, N,, O,
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17-34. BriBenuTe BHIPaXKEHHS] KOHCTAHT DaBHOBECHSI €TEpPOreH-
HBIX CHCTEM:
1) C(x), CO(r), CO,(r)
2) Fe (x), FegO4(x), H,(r), HyO(r)
3) C(x), H,y(r), CHy(r)
4) Fe(x), Fe,O4(k), CO(r), CO,(r)
5) S(xk), O4(r), SO, (r)
6) C(x), O,(r), CO,(r)
7) Fe(k), FeO (x), O, (r)

17-35. CkopocTb aseMeHTapHO# razoBoit peakuun (1000 °C)
CHy + HI = CHy + I

HpH Ccyy =1,0-107% Moab/n u  cu1=2-10"% Momb/n paBHA Upp=
=2-10"7 Mousb/(n-c). CxopocTb o6paTHON peakuHH (Takke 3Jje-
MeHTapHOH) NpH TOH e TeMneparype u npu ¢;=1-10~% Moab/n u
cca, =3-107% Mosb/n1 cocTaBasieT Voep=3-10"* momb/(a-c).
BhiyHc/IHTE KOHCTAHTHl CKOPOCTEH Rnp H Rosp H KOHCTAHTY paB-

HoBecHs K.
17-36. Koncranta paBHOBeCHS PaBHAa OTHOLUEHHIO KOHCTaHTH

CcKopocTel NpsIMOH M O6paTHOH peakLHi:

K = kyp/kosp
MoxHo au A5 BeyHciaeHuss K NOJb30BaTbCs KOHCTAHTaMH CKOPO-
cTel, onpefesasieMbIMH B HEKOTOPHII MOMEHT BpeMeHH, KOrJa CHCTe-
Ma JaJieKa OT COCTOSIHHSI PaBHOBECHS?

17-37. Ha puc. 17-1 nokasaHo AOCTHXKeHHe paBHOBeCHs BO Bpe-

MeHH B ra3oBbix cucteMax (445°C):

2HI =H, + 1,

H, + I, = 2HI

OueHuTe, HCXOA M3 JaHHBIX PHCYHKa, 3HaueHHe KOHCTaHTH paBHO-
BecHs.
17-38. Peakuus (B pacTBOpe METHJOBOTO CIHPTA)

C2H4Bl'a + 3KI = C3H4 + 2KBr + K]s

yckopsiercas B 3 pa3a npH yBenuueHHH KoHueHTpauun C.H;Br, B
3 pasa W B 4 pa3a npH yBenuueHuH KoHueHTpauuu KI B 4 pasa.
CocraBbTe KHHETHYECKOEe ypaBHeHHe peakuuH. KakoB nopsimoxk pe-
aKuuu?

17-39. Peakuun OMBblIeHHs 3THJIaneTata (B BOZHOM pacTBope)

CH4COOC,H; + NaOH = CH;COONa -+ C,H;OH
2CH;COOC,Hj + Ba(OH), = (CHy;CO0),Ba + 2C,H;OH
NpPOTEeKal0T KaK peakiuud nepsoro nopsaka. CKOpPOCTb KaKoH peak-
IHH 6oJibllle H BO CKOJIBKO pas? _
17-40. Tlpenckaxute, KaKk H3MeHHTCS CKOPOCTb ra3oBHIX peak-

IXi NpPH YBeJHYEHHH KOHLEHTPAIHH KaXKAO0r0 H3 pearupyiollHx Be-
[eCTB B 2 pasa W NpPH yBeJHYEHHH [aBJeHHs B CHCTeMe B 2 pasa?
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1) 2N,05 = 4NO, + O,

v= chzos
2) 2N,0 = 2N, 470,
v=kc®n,0

3) CH,CHO = CHj + CO
v = Rc®CH4CHO
4) 2NO + 0, = 2NO,
v = ke*NoCo,
5) F, 4 2ClO, = 2FCIO,

v = keg,Cclo,
6) 4H, -+ 2NO, = 4H,0 + N,

v = ke, C*No,

HI,%
100

80

50

40

20

2HI=H2+12

H2+Iz=2HI

N I N
20 40 60 80 2, m

PHUC. 17-1

17-41. KakoB nopsiioK peakuu, npoTrekaiouieii B pacTBope
S,04% + 31~ = 25042 + I~

€CJIH €€ CKOPOCTb OIIHCbIBA€TCS ypaBHEHHEM
v = kes, 02—

UH

Kak BiusieT M3MeHeHHe KOHLEHTpPALHMil pearHpyollMX BellecTB Ha

CKOpPOCTb peaxunn?

17-42. Ha puc. 17-2 rpaduyecku npejcraBjJeHO H3MEHEHHe KOH-
LEeHTPAllHd pearHpyiollero BellecTBa BO BpeMeHH (Co— HayaJjbHas
KOHIEHTpalus). YKaxHuTe, KAKOMy NOPSAAKY OTBedaeT KaxKjaas H3

8aBHCHMOCTEH?

17-43. Tlpu KaKHX yCJOBHSIX IOPSIAOK Peakiud MOHHKAeTCs Ha
enuHuny? Korja peakuus nepBoro nopsijka CTaHOBHTCSl peakiHel
HyJIeBOro nopsiika? Bo3MOXKHHBI JIH YCJOBHS, MPH KOTOPHIX NMOPAAOK
peakuUMH NOHMXKaeTcs HAa ABe eiuHHUBI? [IpuBeauTe MpHMepH.

17-44. CkopocTh peaKLUH B pacTBOpe

30C,H;OH + ByoHyq = 10B(OC,Hj)y + 22H,

ONHCHIBAIOTCA ypaBHEHHEM
dec,Hy0H

Kakos nopsnok peakuuu?

di = kec,H,OHCBgHy,

¢ ncd 1/ 1o}
G ncy
Yoo 1eg
2 ¥ 2 ¥
PUC. 172

Qe
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17-45. Peaknus uMeeT HyJeBo#i mnopsiiok. Kak uaMeHseTcs BO
‘BPEMEHH CKOPOCTb M KOHIEHTPAaUMH HCXOJHOTO BEIIECTBA M IPOIYK-
Ta? .

17-46. Kakue skcnepHMeHTa/JbHbBE NaHHBE TpelGyioTcs AJs OI-
pelesieHHd NOPsIAKA PeaKUHi?

17-47. O6bsicHuTe, NMOYeMy KOHCTaHTa CKOPOCTH PEaKIHH OMBI-
JIEHHS STHJIaleTaTa MHJpPOKCHIOM 6apus

2CH,COOC,H; + Ba(OH), = (CH;COO),Ba + 2C,H;OH
B 2 pasa 6oJibllle KOHCTAHTHI CKOPOCTH OMBIJICHHUS THAPOKCHIOM
HATPpHSA HJIH KaJlud:
CHyCOOC,Hj; + NaOH = CH;COONa + C,H;OH

KaxkoB nopsiaiok peakuun?
17-48. Onpenenure NOPsAAOK PEaKUUH OMBIJIEHHS 3THIOBOrO 3¢H-
pa MypaBbHHOH KHCJOTHl F'HAPOKCHAOM HATDHsI B BOLHOM pacTBOpE:

HCOOC,H; + NaOH = HCOONa + C,H;OH
HauanpHas KoHUeHTpauus apupa ¥ 1IeJOYH B pacTBOpe paBHA

0,01 mMosb/an. KoHIleHTpanuu 3THIOBOrO cnupTa M adHpa B pacTBope
B MOMEHT BPEMEHH T:

T, MHH 4 5 6
CCgHBOH » MOJIB/N 3,17-10-8 3,66-1078 4,11-10-3
CHCOOCaHs » MOJIB/N 6,83-1078 6,34-10-3 5,89.1073

BhluncnTe KOHCTAHTY CKODOCTH, PacCuMTaiTe CKOPOCTb B Hayalb-
HBIf MOMEHT BpeMeHH M uepe3 5 MHH IOC/ie Hauaja peakLHH.
17-49. Cxopoctb peakuun (25°C, Bogumit pacrsop ¢ pH=11,3)
Br~ 4- ClIO~ = BrO~ 4 CI~

H3yuaJi H3MepeHUeM KOHUEeHTpauun HoHoB BrO— uepes omnpenesen-
HbHle TIPOMEXYTKH BpeMeHH. HauanbHble KOHIEHTpauuH HOHOB Br—
u ClO~ B pactBope cocrasasau 0,0025 u 0,0032 mMons/a. [TonyueHn
pesyJbTaThl:

T, MHH 3,7 7,7 15,1 26,0 47,6 90,6

CBrO~ , MOJb/A 0,056 0,095 0,142 0,180 0,212 0,237
Wgv L KakoB mopsifioK peakuuu? Buiuuc-
gy ————————— JIUTe KOHCTAHTY CKOPOCTH.

17-50. Puc. 17-3 uaaocTpupyer
rpaduuecKuil MeToJ onpejeJeHHs Io-
psiika peakLHH n N0 HEKOTOPOMY Be-
wectBy A: v=*kca" Ecan nsBecTHO
JIBa 3HAaYeHHs] CKOPOCTH U; H Uz TPH
IABYX KOHLEHTpaUHsAX (M3MEHAIOmUX-
N csi BO BPEMEHH) Ci M Ci, TO NOPSAAOK
peakuuu omnpefeiseTcs IO YrJay Ha-
KJaoHa npsMoi: n=tg¢. Kak BhIUHC-
JIMTb TOPANOK peaKUHH, He H3Mepsis
19y 19c; lgc yroa HakJjoHa npsMoi? Brisenure

1gve

|
|
|
|
|
|
!
|
|
|
|
|
f
|
|
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dopMysy AJs pacueTa mopsaka peakunu. Jlokaxure Takxe, uTo
KOHCTaHTa CKOPOCTH Kk CBsi3aHa C OTPe3KOM @, OTCEKaeMBIM NpPSMOH
Ha ocH lg v, cooTHoweHHeM a=Ig k.

17-51. B peaktope emkocTbio 5 /1 npu 400 °C copepxutcs 1 Moab
yuc-u3oMepa, KOTOPHIA H30MepH3yeTcs B Tpanc-usoMep. Uepes om-
pelle/leHHbIe IPOMEXXYTKH BPEMEHH T OT Hauajla PeakiHH H3MepeHbl
KOJIMYeCTBa BEIeCTB B PEaKIHOHHON cHCTeMe:

T 0 3u 74y 8y 7cyTok 1 mec
KoanyecTBo H3oMepa, MOJIb
yuc 1,00 0,96 0,90 0,86 0,50 0,50
TPaxc 0 0,04 0,10 0,14 0,50 0,50

Bhiync/inTe H3MeHeHHe H306apHOro NMOTeHIHasla NP’ YuUc-Tpaxc-npe-
BpallleHHH.
17-52. Ons1 peakuuu
C;H,Br, + 3KI = C,H, + 2KBr + Kl
npoTekawoleil B cpefe Merusaosoro cnupra (nmpu 60°C), mosnyueHs
cJelylollHe JaHHbe:

KoHueHTpauus, Moab/a

CgH,Brg 0,500 0,500 1,500

KI 1,80 7,20 1,80
CkopocTb 06pasoBanus

KIs, Mosib/ (1 MuH) 0,269 1,08 0,807

CocraBbTe KHHETHYeCKOe ypaBHeHHe peakuud. KakoB mopsizok
peakuuu? Bhiunc/iuTe KOHCTAHTY CKOPOCTH peaKLHH.

Bhiuncante CKOpOCTb INPH  Cconypr, =0,8 MOMB/A H Cx1=
=3,0 Mosb/1. B HEKOTOpPHII MOMEHT BPeMEHH CKOPOCTb PEaKUHHU II0
CoH4Br, cocraBasier 2,5 Mosb/(s-MuH). KakoBbl B TOT Xe MOMEHT
BpeMeHH ckopoctHd 1o KI u KI,?

17-53. B rasoBoit ¢ase okcua azora u Bogopox npu 1000 K pe-
arupyioT No ypaBHEHHIO:

2H, + 2NO = N, + 2H,0

[Tpeanoxure pasjHuHble MeTOAB M3MEPEHHs] CKOPOCTH 3TOH peak-
uud. MsmepeHa cKOpoCcTb peaKUHHM B HayaJbHBIE MOMEHT Uy IIpH
HayaJIbHOH KOHLEHTPALUH Co Pearupylollux BelecTB:

Co, MOJB/N
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
Uy, MOJIb/MHH 0,20 0,40 0,60 0,30 1,20 2,7

BriBeauTe KHHeTHYecKOe ypaBHeHHe peaklUuH. KakoBbl 06uiuil
NOPAAOK peaKUHH H IOPALOK N0 pearHpyloluM BeliecTBaM? Boiync-
JIUTE CKOPOCTb peakluH IpPH KOHUEHTPAUHAX: a) C(no=Cy, =
=0,012 monb/n; 6) cno=cy, =0,024 Moab/a; B) cno=0,05 Mob/m;
Cyy =0,01 MosTB/a1.
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17-54. Ina rasosoii peakuuu (660 K)
2NO + 0, = 2NO,

y3MepeHa CKOPOCTb peaKLUHH NPH pa3JHYHBIX KOHLEHTpAaUHsX pea-
THDPYIOLHX BEIECTB:

¢, MOJIb/n
N 0,010 0,010 0,030
(o)} 0,010 0,020 0,020
v no Oy, MoJs/(a-c) 2,5-10-2 5.10-3 45,0-10-3

KakoB nopsiiok peaxuuu? BriunciauTe KOHCTaHTY ckopocTH. Pac-
cuyuTaiiTe ckopocTs NpH cno=0,020 u ¢y, =0,030 mosb/a. Beruuciau-
Te ckopocTh peakuuu no NO u NO,, eciu ckopocts no Oy paBHa
5,0-10—23 Mo/ (a-c).

17-55. Pa3noxeHune nepokcHAa BOZOpOAa ¢ 06pa3oBaHHEM KHC-
sopona B 0,045 M pacrBope KOH npu 22°C mpoxoiuT Kak peak-
LM NepBOro Nopsiika C NMepHOJAOM IoJypacrnafa Tti/,=9584 MHH.
BriuncanTe cKOpOCTb peaKUMH B HayaJbHBEIH MOMEHT BpeMeHH mocje
cmemlenuss paBHbx o6beMoB 0,090 M pacrsopa KOH u 0,042 M
pactBopa HO, ¥ KOJIHUECTBO NepOKCHAA BOJAOPOJa, OCTABILIErocs: B
pacTBope 1o ucreuyeHuu 1 .

17-56. KoHcTaHTa CKOPOCTH pa3JoXeHHUs JHa30yKcycHoro sdupa
N.,CHCOOC;Hs nponopiuxoHajbHa KOHIEHTPallHH HOHOB BOJOpOAA
B BogHOM pactBope. (IIpu cu+=1 MOJIB/N1 KOHCTAHTa CKOPOCTH pas-
JOXKeHHs 3¢pupa npHHsATa paBHOH 1). OnpejeneHa KOHCTaHTa CKO-
pPOCTH pa3yioxKeHHs 3¢upa B pacTBope YKCYCHOH KHCJIOTH H B Tpex
pacTBOpax YKCYCHOH KHCJOTHI, COJAepKallluX pas3JjHuHble KOJHYeCTBA
aleraTa HaTpHs:

¢, MOJIb/a
CH3COOH 0,091 0,091 0,091 0,091
CH3;COONa — 0,0023 0,0045 0,0091
k (yca. en.) 1,29.10-% 5,83.10-¢ 3,56-102 1,99.107%

Onpejenure KOHLEHTPAlLHI0O HOHOB BOAOPOAA B KaXJAOM pac-
tBope. Kak oHa M3MeHsieTcs NpH BBeJEHHH alleTaTa HaTpus? Bh-
YHCJHTEe KOHCTAHTY AMCCOLHAIMH YKCYCHOH KucaoTH. Kakue napyrue
CBEIEHHSI MOXHO IOJYYHTb M3 JaHHBIX 3TOrO HCCJELOBaHUS?

17-57. Ckopocts ruppoausa s¢pupa CH;COOCH; B BomHOM
pacTBope IpH NMOCTOSHHBIX 3HaueHHsaXx pH, HMOHHOH CHJIBI M TeMIe-
paTypHl 3aBHCHT TOJIBKO OT KOHLeHTpaunuu s¢upa. Hanumure ypas-
HeHHe PeaKIHH HpOoJH3a.

Huxe npuBeseHB NaHHBIE IO H3MEHEHHIO KOHLEHTPAUHH 3¢pHpa
BO BpEMEHH:

CCH3COOH , Moan/n 0,61 0,37 0,27 0,15 0,11
T, MHH 0 25 75 100 1256

IlpencrasbTe 3TH NaHHble rpaduyeckd. B Kakux koopauMHaTax
CTeyeT NMOCTPOHMTb IpauK AJs MOJyYeHHs NPSMOJHHEHHOH 3aBH-
CHMOCTH? BBHIYHC/IHTE KOHCTaHTY CKODOCTH, NIpeAmoJiaras pasjiud-
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HHe nopaiaku peakuuil. KakoB mopsiaoK AaHHORA peakuuu? Brumc-
JuTe TMepHOj INoJynpeBpalleHusi apupa. KakoBa KoHUEHTpaUus
adupa uepes 2, 5 u 10 nepHoLOB NONYNPEBPALIEHHS?

17-58. s u3yueHHs] CKOPOCTH Pas3JOKEHHs L1aBeJeBOH KHCJIO-
o npuroToBuau 0,025 M pacTBop maBeseBoit KucaoTH B 99,5% -Hoil
cepHoil KucsoTe. Uepes onpejieieHHble IPOMEXYTKH BPEMEHH T NPH
50°C or6upaau 20 MJ pacTBOpa W Ompelensii o6beM pacrsopa V
nepMaHraHarta KaJjHs, NOTpe6OBaBIUMACSA HA THTPOBaHHe:

T, 0 2 4 7 10 15 24
V, ma 23,0 19,3 16,2 12,5 9,6 6,0 2,9

Omnpejaennute NMOPSAOK peaklHH IO l1aBeJeBOH KHCJIOTe H KOH-
CTaHTY CKOPOCTH €e Pa3JIOXKeHHs.

17-59. CxopocTtb pasnoxenus N,Os B cpeie TeTpaxJjopuaa yrie-
pOZa ONHCHIBAETCS ypaBHEHHEM

U= chzob

O6beM V BHAENHBIIErocsi KHCJI0pPOJa B 3aBHCHMOCTH OT NpPOAOJ-
JKHTEJbHOCTH PEaKIHH T:

T, MHH 10 20 30 40 50
V, Ma 6,30 11,40 15,53 18,90 21,70

Ilo okoHuaHuHM peakuuu o06beM BHAE/HBIIErocss BOAOPOAA CO-
craBua 34,75 mJ1.

BhLIYKCJIHTE HECKOJbKO 3HaueHUH (He MeHee INSTH) KOHCTaHT
CKOPOCTH M CpefiHee 3HaueHHe KOHCTaHTH ckKopocTH. Iloctpoiite
rpapuk 3aBHCHMOCTH o6beMa BHIJEJHBLIErocss KHCJopoja OT Ipo-
JIOJXKHTENbHOCTH peakUHH H HaHiuTe NepHOA INOJyNpeBpaileHHs
okcuzaa. [To sHaueHHIO NepHOAA NOJYNpEBpPAlLEHHsT BBHIYHCIHTE KOH-
CTaHTy CKODOCTH M CPaBHHTe ee CO CpPeAHHM 3HayeHHeM, MOJydyeH-
HBIM paHee.

17-60. Tepmuueckoe pa3jiOKeHHe YKCYCHOTO ajbieruja Npoxo-
JHUT MO yPaBHEHHIO:

CH;CHO (r) = CH, (r) 4 CO (r)

ITpu 800 K mosyueHH caeaylouiye AaHHHE MO 3aBHCHMOCTH CKOPO-
CTH Pa3JIOXKEHHSI OT KOHLUEHTPALHH ajIbJiernja:

CCH3CHO, MOJB/J 0,2 0,4 0,6 0,8
v-10%, Moab/(a1-c) 1,8 7,2 16,2 28,8

Hanumnte kuHeTHyeckoe ypaBHeHHe peakuuu. KakoB mopsimok
peakuuu? BouncauTte KoHcraHTy ckopoctd npu 800 K. Paccuuraiite
CKODOCTb pa3JIOKeHHusi NpH HayaabHO#H KoHuentpauuu CH,;CHO,
pasHoii 0,3 MoJb/a.

17-61. PacTBopenne cosH cjaa6Goifi KHCJIOTH B pPacTBOpPax KHCJIOT
JOJI2KHO NMPOXOJHTh TeM ObICTpee, yeM 60Jibllle KOHILEHTPAlUs HOHOB
Bogopoaa. OaHako KapOOHAT KaJbUMsi PacTBOpPsieTCss B PacTBOpe
YKCYCHOH KHCJIOTHI OHICTpee, yeM B pacTBope cepHoil. [Touemy?
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17-62. KoncranTa k CKOPOCTH peaKIHH NepBOro IHOpsaKa pace
CUHTBHIBAeTCS 10 YpaBHEHHSIM:

k==frln—;-

HJIH
1 Co
k=2,303—1lg -

rae ¢o— HayajbHas KOHLEHTpauus Bemiectsa (B MoMeHT BpeMmeHH T=0); ¢—
KOHLEHTpPAIHS BelleCTBa B MOMEHT BPEMeHH T.

KakoBa pa3MepHOCTb KOHCTAHTBHI CKOPOCTH peakiHH MepBOro
NOpsfiKa H B KaKMX eIMHHLAX H3MepsieTCss KOHCTaHTa CKOPOCTH?

17-63. Peakuuss B3auMOAEHCTBHSL YKCYCHOIO aHTHAPHJA C BOAOH
siBJsieTcsl peakuuelt nepsoro nopsigka (15°C):

(CH,4C0),0 + H,0 = 2CH;COOH

B navaiabHBIE MOMEHT BpeMeHH pacTBop comepxkan 0,892 mosab yk-
CYyCHOro aHTHApHJa, a yepe3 15,2 MHH KOJHYECTBO €ro yMeHbLIU-
Jgock A0 0,481 Mosb. BriunciuTe KOHCTAHTY CKOPOCTH, MEPHOA MOJY-
npeBpallleHHs], HayaJbHYI0 CKOPOCTb peakIUM U CKOPOCTb PeaKUHH
B MOMEHT BPE€M€HH, PaBHbIH BpeMeHH IoJylnpeBpaLleHHs.

17-64. Ilpn u3yyeHMH CKOPOCTH peaKlIHH oOMeHa JUTaHLaMH B
BOJHOM pacTBOpe

[Co(NHg)sClJ2+ + H,0 = [Co(NH,)sH,0P+ + Cl-
MMOJIY4YEHBI CJAEAYIOLIHEe NaHHBIE 10 3aBHCUMOCTH CKODOCTH Up (B Ha-

qyaJje peaxuun) OT HauaJbHOH KOHLUEHTpAIHH KOMIIJICKCHOrO HOHA
Co.

Co- 103, Moan/n 1,0 1,3 1,6 1,7 2,0 2,5 3,0 4,0
vo- 107,
Moonb/(n-MHH) 1,41 1,83 2,12 2,40 2,82 3,53 4,23 5,64

JoKa)uTe, 4YTO peaklHsi NepPBOro NMopsiika. BelUHCIHTE KOHCTaH-
Ty CKODOCTH H NepHOJ NOJyIpeBpalleHus.

17-65. CxopocTb CaMONPOU3BOJBHOIO Pas3JiOXKeHHs PaAHOaKTHB-
Horo BemiecTBa, Hampumep ¢!4C=7*N+e~, 3aBHCHUT TOJBKO OT
HMEIOIIerocsi YKCJa aTOMOB 3TOro BellecTBa. KakoB mopsifloK 3To#
peakuun? Hanuuure KHHeTHYECKOe ypaBHEHHE 3TOro Ipolecca.

17-66. KakoBa KOHCTaHTa CKODOCTH pacmaja H30Toma, €CJH
87,59 ero pacmanaercss B TeueHue 4 Jetr?

17-67. B cBOGOJHOM COCTOSIHHH HeHTPOH HeycToHuuB. B cpenneM
yepe3 20 MuH nocje o6pa3oBaHHs OH CaMONPOM3BOJILHO pacnajaet-
csi Ha NPOTOH M 3JeKTPOH. UeMy paBeH ero nepuoj mnosypacnanar

17-68. Ilepuox mnosypacnafa pafHoaKTHBHOro yraepoga !4C
paBeH 5600 Jsier. Yriepon, MOJNyuyeHHBIH U3 XXHBOH CHCTEMBI, COHEp-
KHUT 4C ¢ akTHBHOCTBIO 15,3 pacn./MuH B pacuere Ha 1 r yraepoja.
CKOJMIbKO aKTOB pacnaja ciaepyer oxupaTte oT 1 r yraepoma !4C,
BBIIEJIEHHOrO M3 KycKa jgepeBa, cioMmanHoro 2000 JjieT ToMy Hasal?

17-69. CozepxaHue pagHOakTHBHOro yrsiepopa !'4C B ocTaHKax
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MaMOHTa cocTaBJser 5,25% OT cojepKaHHs B XHUBBIX TKaHaX. Omn-
peleNnTe, CKOJIbKO BPEMEHH MaMOHT IpoJiexaJ B NOYBe, €CJH Ie-
puox noaypacnazaa '4C cocrasaser 5600 set.

17-70. Huxxe npuBefeHBl JaHHblE 110 YMEHbUIEHHIO aKTHBHOCTH
HEKOTOPOTro M30TONa C TeYeHHEM BPEMEHH:

T, U 0 1 2 4 6 8 10
AKTHBHOCTB,
pacm./MHH 3600 3439 3275 3058 2760 2477 2248

IIpencraBbTe 3TH JaHHble rpadHyecKH. B Kakux KoopAHHaTax
nojiyyaercs NpsMoJNHHeHHas 3aBHCHMOCTb? KakoB ¢usnyeckuit
CMBICJ yIJia HaKJIOHa NMPSIMOK?

BrluncauTe HECKOJBbKO 3HAUEHHH KOHCTAHTHI CKODOCTH pacmaja
nsorona. OleHHUTe NOrpPeLIHOCTh 3KcNepHMeHTa. Briuncaure mepuopn
nosypacnaja ¥ CpaBHHTe €ro ¢ NePHOAOM IoJypacnaja, HaljeH-
HBIM rpa¢HYecKH.

17-71. OguH M3 H30TONOB a30Ta HMeeT INepHOJ moJaypacnazga
9,93 muH. Kakas ero yactb pasjoxurcd 3a 1 ¢, 1 mun, 1 4, 1 cyr.?

17-72. Panuit 22Ra ucnyckaeT q-4aCTHLB K IIpeBpalaeTcs B pa-
noH 222Rn. Ilepuopn mosmypacnana paaus pased 1590 ser. Hanumu-
Te ypaBHeHHe Ilpoliecca paclnafia W BHIYHMCJIHTe 00be€M pajlloHa, BHI-
aeauBlierocs npu pacnazge 1 r paaus 3a 10, 50 u 100 Jer.

17-73. B BakyymupoBaHHHH cocyll eMKocTbio 1 g1 BBejeH 1 r pa-
nus 226Ra. Kakos Gyner cocraB (B % mno o6beMmy M mo Mmacce) ra-
30BOH cMecH B cocyle yepe3 HeKoTopoe BpeMmsi (1 menb, 1 rog,
1 Bek)? Ilepuox mnoaypacnapna 226Ra pasen 1590 ser. Moxer Ju
B COCyJe yBelHuYuTbcsi AaBieHue no 1-10° [Ta?

17-74. Tlepuon mnoaynpeBpalieHus (H3oMepH3auHH) ra3oobpas-
HBIX LMKJONpONaHa B NPONeH

C{,—CH, = CHy—CH=CH,

CH,
npu 710 K u 8,2-10% ITa cocraBasier 12,8 u. Kakas uactb LHKJIO-
npornaHa octaHercs yepes 1 cyr?
17-75. O6bsicHuTe, MOYEMy peakuusi oOMeHa THNA
AX 4+ BX* = AX* 4+ BX

rae X* — panuoaKTHBHBIN H30TON (NPHCYTCTBYET B BHJE CJEI0B)
NPOTEKAIOT KaK peakuHH NepBOro nopsjka.

17-76. B uone [Cr(H:0)¢]%** B BoaHOM pacTBOpe NOJIOBHHA MO-
JIEKYJl BOABI (JMraHjbl) o6MeHHBaeTcsl C MOJIEKyJaMH pacTBOpHUTe-
asi 3a 40 u, B none [Co(NHs)sH,O]3+ —3a 24,5 4, y Apyrux noHoB
oO6MeH NPOUCXOAUT MeHblle yeM 32 3 MHH. I'Ipe,zmox(me KaK MOXK-
Ho GoJsibllie 3a/a4, HCXOASl U3 STHX JaHHBIX.

17-77. ImeeTcss HeMaJsio peakUHH, y KOTOPHIX HECMOTpPSI Ha ORH-
HaKOBbl€ HCXOJHble BellecTBa M HPOAYKTHI, CTEXHOMETPHUYECKHE KO-
3(p¢uINeHTH ypaBHEHHH pa3/JHYHb, HallpUMep:

4HCI04 = HCIO, + Clg + 20, + H,0
11HCIOg = 5HCIO, + 3Cl, + 50, 4 3H,0
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[Tpuxoaunock au Bam BcTpeyaTbcssi ¢ NONOGHBIM — SIBJEHHEM?
O6mbsacuute ero. IlonbiTaliTech NPEeAJOKHTb APYTHE AaHaJOTHYHBIE
npuMeprl. Kak H3y4aTb CKOPOCTH TaKUX peaKIHi?

17-78. O6bscHHuTe, MOYEMY CKOPOCTb YCTAaHOBJIEHHSI DPaBHOBECHS
B CHCTEeMe

2NO, = N,0,
HaMHOro BbllIe, YeM B CHCTEMe
2NO = N,0,

YKaxuTe pasyiMyus 3THX NPOIECCOB.

17-79. Huxe npuBeleHBl KOHCTAHThl CKODOCTH OTPhIBA OXHOTO
aToMa (TOpa OT MOJIEKYJ ra3o06pasHEIX (PTOpP3aMeleHHbIX IPOU3-
BOAHBIX MeTaHa (520 K):

CH3F+Na=NaF+CHj, 7,3
CHyFs+Na=NaF+CH,F 8,8
CHF3+Na=NaF+ CHF; 8,9
CF4+Na=NaF+CF, 9,4

Kakune BBIBOJAB MOXHO C(OPMYJHPOBaTb INPH H3YYEHHH 3THX
JaHHBIX?

17-80. Tlpu TepMHYECKOM pa3JOXEHHH TeTPaMeTHJCBHHIIA
Pb(CHs)4 obpasyiorca paaukaas CHs, KoTOopHe peKOMGHHHPYIOT
Jl0 5TaHa:

CHj 4 CH; = C;H,

JJs H3yueHHs] CKOPOCTH 3TOro Npoliecca HCNOJb30BaJICd METOA
3epkaJl, OCHOBAaHHHIH peakIMH paJHKaJOB C MaTepHaJiOM IIOBepX-
HOCTH 3epKaJjia, KOTOpoe IOMEeNajJoch B CTPYIO rasa, CoJepxKaliyio
panukaab. B pesyibraTe 06pa3soBaHHs JIETYYHX MeTaJslJIOpraHuye-
CKHX cOoellMHeHHH HalbuiofaeTcs ocjaabieHne OJsecka 3epkana. [To
CKODOCTH CTDYH I'a3a M PacCTOSIHHIO OT HaBeCKH [0 30HH 3epKaja ¢
onpejleJIeHHOH CTeNeHbIO OTPaXKaTeJbHOH CIOCOGHOCTH MOXKHO CY-
JHTb 00 M3MeHEeHHH KOHIEHTpPAalHH pPajHKaloOB CO BpeMeHEM.

Papukan CHj; 6Bl n3yyeH ¢ NOMOIIbIO LMHKOBOrO 3epKaJa*,
B skcnepumMeHnTte (npu nasjenuu 270 ITa) ras, comepxkawuit CHs,
NpONyCKaJH cO CKopocTbio 16 M/c uepe3 TpyOKy, BHYTpeHHHE CTeH-
KH KOTOpO# OBLJIM NOKPHLITHl LIMHKOBBIM 3epKaJjoM. DBblio ycraHOB-
JIEHO, YTO Ha PacCTOSIHHH 9 CM OT HaBEeCKH TeTPaMeTHJICBHHILA KOJIH-
YecTBO pajHKaJjloB yMEHbLIAJOChb BJBOE IO CPaBHEHHIO C HX KOJIH-
YeCTBOM HENOCPeJCTBEHHO y HaBeCKH. BBIUHCJIHTE KOHCTAaHTY CKO-
pOCTH peKOoMOMHALUHN paJHuKaJOB.

17-81. KoHcTaHTa CKOPOCTH peaKUuH

N(C,Hy)s + CoHsl = N(C,H),l

* O6pasyromuiicss aumeTwanuHK Zn(CHs), 6HA HAEHTHOHUHPOBAaH MO TeMIe-
paTypaM KuneHus W IJIaBJIEHHsS H IO BHAEJAIOIEMYCH NPH CPODAHHH OKCHAY LHHKa,
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3aBHCHT OT npupoan pactBopHTens (H. Menmyrtknn, 1890 r.)3

k (yea. en.) k (yea. en.)
Benson 0,06 Tekcan 0,002
Aneton 0,6 drunosulit cnupr 1,0

Metunosuit cnupr 1,5

ChopmyaupyiiTe BHBOAB, KOTOPEHE MOXHO cleJlaTh NPH aHaJH-
3e 3THX JaHHbIX. Kakue fomnosHuTe/bHble JaHHble BaM HyXHH AJd
NOATBEPKAEHHs BHIBOJOB?

§ 18. 3BABUCUMOCTDb CKOPOCTH PEAKILHH OT TEMNIEPATYPHI

18-1. Tlepeuncaute B MOpsifiKe MOHHXKEHHS 3HAYMMOCTH BO3MOXHLIE
NPUYHHBI BJUSIHUSA TeMIIepaTyphl Ha CKOPOCTb peaKIHH.

18-2. YkaxuTe, A/l KaKHX peaklHil IOBHIIEHHE TeMIepaTypH
NPHBOJUT K 3aMeJJIeHHIO HX CKOPOCTH.

18-3. IIpoananusupyiite ¢opMyJsy, CBSI3LIBAIOUIYI0 CKOPOCTh
JBHXKEHHsI 4 MOJIEKYJ rasa ¢ HX Macco# m:

RT = 1/3N pmu?

rae Na — uucio ABoranpo; m — Macca MOJIEKYJBl; % — CKOPOCTb HABHXKEHHA MO+
JieKyJ rasa.

Kak 3aBHCHT CKOPOCTb MOJIEKYJ OT MOJIEKY/IsIpHOM MaccH H TeM-
nepatypu? I[losab3ysick ¢opMyJoH, BLIBEAHTE COOTHOLIEHHE, N03BO~
Jsiollee CyIHTb 06 H3MeHEeHHH CKOPOCTH MOJIEKYJ NpPH NOBHIIIEHHH
TeMIepaTypu. Bo CKOJIbKO pa3 Bo3pacTaeT CKOPOCTb MOJEKYJ rasa
IpH NOBHILIEHHH TeMIepaTyphl B 2 pasa? Kak H3MeHHTCS CKOPOCTb
MOJIEKYJI ra3a IpHU NOBbILIEHHH TeMnepaTyph Ha 10 u Ha 100°C?

Beeaute B opMyJsy BeNMYHHY KHHETHYECKOH SHEPTHH HOCTyMd-
TeJIbHOrO JBHXKEHHSI OJHOH MOJIEKYyJ/bl e=mu?/2 u noayuaure ¢popmy-
Jy JJI51 9Hepruu 1 MoJb MOJIeKyJ

E = 3/2RT

Ha ocHoBanuu 3THX popMya pailTe onpefesieHHe NOHATHS TeM-
nepatyps. Kak u3MeHsieTcs KHHeTHYecKas 5Heprus 1 MoJb OJHO-
aTOMHOro rasa IpH NOBHILEHHH TemnepaTypn Ha 1 K? Orser Ha
3TOT BONPOC NPHBOLUT K HNPEICTABJEHHIO O TEIJIOEMKOCTH rasa,
Cdopmynupyiite onpeneneHne H30XOpPHOH H M306apHON TEMIOEMKO-
cTell MHOroaToMHbIX rasoB. [lepeuncsure orpaHH4YeHHs B HCIOJIb30+
BaHHH PaCCMOTPEHHBIX HOPMYJI.

18-4. CreknsinHas Tpy6Ka ¢ OLHOrO KOHIIA 3aKPBITa BATHHIM TaM-
IIOHOM, CMOYEHHBIM PacTBOPOM aMMHaKa, a ¢ APYroro KOHUA — TaM-
MOHOM, CMOYEeHHBIM pacTBopoM cMecH kuciaor HF, HCI, HBr u HI.
IMpenckaxure, Ha KaKOM OTHOCHTEJNbHOM PacCTOSIHHH OT OJHOTO H3
KOHLIOB TPYOKH PacIoJioKaTcs Ha CTeHKaX TPyOKH KOJbLd OCEBIIHX
KPHCTaJIJIMYeCKHX rajoreHujoB amMmonus. Kak Gyner BiIusTh H3Me-
HeHHe TeMIlepaTypHl H OOILero AaBJieHHs Ha PacloJIOXKEHHE KOoJel?

18-5. Bocnosb3oBaBLIHCh HOPMYJION

pV = 1/3Ngmu?® = RT = 1/3Mu?
rae M — mosekynsipHas Macca.
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IIOKaXKHTe, YTO NOBHIIeHHe TeMmeparyphl Ha 10 K He npuBogut K
YBeJIMYEHHIO CKODOCTH JBHXKEHHsI MOJIeKyJa u B 2—4 pasa.

18-6. ITpu a106bIX TeMmepaType H AaBJEHHH YHCJO CTOJKHOBEHHI
MeXIy MOJIEKyJlaMH B TaKHX ra3ax, Kak KHCJOPOJX WJH a30T, NpH-
MepHO oauHaKoBO. OOBsICHHTE, GYAYT JIH KHCJIOPOJ M a30T OJHMHA-
KOBbHIM 006pa3oM pearHpoBaTb C HEKOTOPHIM TPETbHM ra3oMm?

18-7. B cocyne npu HEKOTOPOM J[aBJIeHHH HAXOLHUTCS CMeCh BO-
JIopojia, MeTaHa H JHOKCHAa yriepoaa (kaxpmoro no 1 mouan). B co-
CyZAe CHeNaHO OYeHb MaJieHbKOe OTBEPCTHE, yepe3 KOTOpOEe rasoBas
cMech BHIXOZHUT Hapyxy. IlpeickakuTe KauecTBeHHBIH COCTaB raso-
BOH cMecH B cocyjJe B MOMEHT, KOTla AaBJIeHHe ee CPaBHsSIETCH C aT-

MochepHbBIM?
18-8. OcHOBHOe KHHETHYECKOe ypaBHEHHUeE rasa
3 RT
E="9" Na

NIOKa3blBaeT, YTO CPeJHsIs KHHeTHYecKas 3Heprus € MOJeKyJ rasa
3aBHUCHT TOJBKO OT TeMIlepaTyphl M He 3aBHCHUT OT NPHPOALI rasa
(Macce ¥ pa3MepoB ero MoJekyJa u T. m.). CiaenoBaTrennHO, MoJe-
KyJbl BOAOpOJa LOJKHBL 00/1aflaTh TOH XKe cpelHeH KHHETHYeCKOH
SHepruei, yTo H, HanpHMep, MOJEKYJHl XJOpa, XOTS Macca Nocjen-
HuX B 35,5 pasa GoJbiuie. UeM ke 06ycCJOBJEHO pa3juyHe B CBOH-
cTBax (TepMOAMHAMHYECKHMX, KHHETHUECKHX) 3THX ra3oB?

18-9. KakoBa ckopocTb 3¢ ¢y3un (MeaJeHHOr0 HCTEYEHHsI) MO-
JIeKyJl AHMOKCHJa Cepbl yepe3 MaJioe OTBEPCTHE, €CJIH CKOPOCTb 3(d-
¢ysun MeTaHa IpPH TeX XKe YCJOBHAX coctaBiser 4,0 cm3/c.

18-10. Ckopocts 3¢ dy3un MeTaHa W AHOKCHIA Cephl yepe3 OANHM-
HaKOBble Majible OTBepCTHs paBHH 4 u 2 cM®/c. Kak 3aBHCHT CKo-
pocTb 3(dy3HH OT MOJIEKYJNSIPHOH Macchl rasa?

18-11. YuutnBasi, 4To CKOpPOCTH 3(dy3un AByX rasoB v onpeje-
JISIOTCSl COOTHOLIEHHEM HX MOJIEKYJSIPHBIX MacC M OTHOCHTEJbHBIX
IJIOTHOCTEH

v/og=V My/M; =V d,/d,

paccuuTaiTe, CKOJIbKO BpeMeHH OyneT BBIXOAHTb yYepe3 HEKOTOpoe
MaJjioe OTBEPCTHE BOAOPO/, €CJH NPH TeX XKe YCJIOBHSIX TO XKe KOJIH-
4eCcTBO KHCJOpPOAA BHIXOAUT 3a 20 MUH.

18-12. Kax Bnl cuuTaere, ckopocTb 3¢@y3uH raza NnpH MNOBHI-
LIEHHH TeMIepaTyphl YBeJMYHBAETCS HJIH yMeHbIIAeTCs?

18-13. HauepTuTe KpuBYyIO pacnpeieseHHsi MOJIEKYJ N0 SHEPrH-
aM. OTMeTbTe Ha KPHMBOH AOJIO MOJIEKYJ, CHOCOGHBIX y4YacTBOBaTh
B XMMHUeCKHX npeBpaueHusx. O6bsicHuTe GopMy KPHBOH.

18-14. M3 pa6or MaxcBessa u BosbimaHa ciefyer, 4To B paBs-
HOBECHOM rase MAOJs MOJIEeKYJ, HMEIOIIHX CKOPOCTH MexXiy 4 H
u+Au (u>Au), paBHa

A 8/2 —mu2
n m T%RT
- = 4n (m) ue Au

rpe m — Macca Moaekyan; k=1,38-10-28 Ixk/K (mocrosunas Boabumaua),
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an/nk . An/n

PHC. 18-1

PUC. 18-2 >

[Ipoananusupyiite 3ty dopmyay. Kak nsMensercs sta fojas Mo-
JIeKyJ NpH u3MeHeHHH TeMmnepaTyphl (oT 0 n0 oo)? Kak ona 3aBH-
CHT OT MacChl MOJIEKYJ B HX ckopocTH? IlonbTadTech HapucoBaTh
rpa¢uK 3aBHCHMOCTH [LOJIH MOJIEKYJ OT TeMIIepaTypHI.

18-15. Pacnpenenenyne MOJI€KYJ 10 CKOPOCTSIM OIHCHIBAeTCs BHI-
paxeHHeM, KoTopoe AaHo B 3ajaue 18-14. Pacnpenesnenne MoseKy
110 SHEPTHSAM XapaKTepH3YyeTCsl BhipaXKeHHEeM:

A 8/2 E
n 1 ~ kT
= 2n (m—) El2e AE

tae An/n— mons MOJEKYJ, HMEIOIHX KHHETHYECKYIO SHeprHio B HHTepBaje OT E
x0 E4+AE.

Yxaxure pasnuuusag B 3THX ¢opMmyaax. OObsicHure GHu3nyecKuit
CMBICJ M NPHYHHBI 3THX pas3auyuii. Kak mnpeo6pas3oBaTb NepBYIO
¢opmyay Bo BTopylo? IlonmiTaliTecb HapHCOBaTb KpHUBHIEe pacnpeje-
JIEHHs] MOJIEKYJ IO CKOPOCTSIMH M 3HEpPrusiM IJs BOJOPOJA M KHC-
Jqopoaa npu 300 u 1000 K.

18-16. Ha puc. 18-1 nokasaHo pacnpejesneHue MoJjiekysa (Makc-
BeJlJ1 — 60IbLIMAHOBCKOE paclpejelieHye) [Js HeKOTOPOro rasa mnpu
TeMmnepartype T (IO rOpH3OHTaJbHONH OCH OTJIOXKEHa CKOPOCTb MOJie-
KyJl 4 WIH HX 3Heprus, IO BePTHKaJbHOH OCH— NOJIT MOJIEKYJ
An/n, o6nagaomux KaHHOH CKOPOCTbIO HJH 3Heprueil). Kak usme-
HUTCA (popMa KPHBOH paclnpefesieHHs] NP NOBHILEHUH TeMIIepaTy-
pbl, IIPY NOBBILIEHHH AaBJEHHS, IPH YBEJIHYEHHH MOJIEKYJsipHOMH
Macchl rasa M IpH BBelleHHHM B ra3 IOCTODOHHHX BeLIeCTB, HampH-
Mep BojJopoAa?

18-17. Ha puc. 18-2 npexncrasiieHo pacrnpefeseHHe MOJEKYJ AJs
JIByX ra3oB—TreJHsl H MeTaHa NPH ONHOH M TOH XXe TeMIepartype.
Ykaxute Kakas kpusas (I, 2) OTHOCHTCSI K TeJIHIO, KaKasg K MeTa-
Hy?

18-18. Ecain u3BecTHO 1o KpaliHelt Mepe JBa 3HAUEHHs KOHCTaH-
TH CKOPOCTH ki H k (MM cKOpOCTH) NpH ABYX TeMmmepatypax T
d Ty, TO COCTAaBUB CHCTEMY M3 JBYX ypaBHEHHH

EaKT

k= Ae— RTy
— aKT
ky=Ae RT3
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Anjh rge A —mocrosiHHas, TNpea-
SKCIMOHEHIHAJNbHHA  MHOXH~-
Teab; Eaxr — SHEPrHA aKkTH-
BalHH

MOXHO IOJYYHTb (op-

I ] L MyJy JJIs pacuera sHep-

a Eaxm 6k TMH aKTHBAUMH Eaxr pe-
PHC. 18-3 akuun (nmpu To>T,)

T1T2 k2
Exr=R T =T, In N

MoxHo JaH H3 3To#l (OPMYJIH INOJYUYHTb HCXORHOE BHIpaXKeHHE
nas k?

18-19. Kax Bml cuutaere, 6yAeTr JH NPOTeKaTb peaKUHs, ecamn
3Heprusi MOJIEKYJ COOTBETCTBYET SHepruy, oO603HaueHHass Ha
puc. 18-3 Toukoit a. KakuMu o0COGEHHOCTSMH HOJIXKHH OHJH Ob
obiafaTh peakUUH, UMEIOLHe TaKue 3HAUEeHHS] SHEPrHU aKTHBAUUHP
MoxeT JIM NPOXOAHTL peakuus MeXAy MOJIeKyJaMH, eClH HX 3Hep-
rusi HAMHOTO IPEBHIIIaeT SHEPTHIO aKTHBaUWH (TOYKa 6)?

18-20. ITonb3ysick ypaBHEHHEM

EBK'I'

k= Ae RT

H3o6pa3ute rpaduyecKH 3aBHCHMOCTb KOHCTAHTH CKOPOCTH peak-
OUH OT TeMmepaTyph (Temmnepatypa u3MmeHsiercs oT 0 1o oo) u or
SHEPrHH aKTHBALUM (SHeprusi akTHBalHH uH3MeHsieTcsd oT 0 g0 o).
Yxaxure npenessl NPHMEHHUMOCTH 3TOro ypaBHeHusa. KakoB ¢usu-
YeCKHH CMBICA 3KCTpeMasbHHX 3HaueHH# T U E.xr M KakOBH 3Ha-
4YeHHUs k B 5THX YCJOBHAX?

18-21. B ponosiHeHHe K YCJOBHAM NpeiblAyliedl 3ajaydH H30-
6pa3ute rpaUueCKU 3aBHCUMOCTb KOHCTAHTHl CKOPOCTH pPeaKUHH OF
SHTPONHH aKTHBAUHH Sakr (MpH Eaxr=const), ecsn

sﬂ KT EaKT

k=Ze R ¢ KT
riae Z — NoCTOsIHHAA.

18-22. B kakux ciayyasx SHTPONHS akTHBAUUH 6oJiblile, paBHa
HJIM MeHblUe HYJs?

18-23. B TeopuH mnepexooHOro COCTOSIHHSI KOHCTAHTA CKOPOCTR
o6pa3oBaHus NMepeXxOoJHOTO KOMIJIeKca BhlpakaeTrcss Gpopmyson

N AH
kT kT aKT — aKT
k= K="e R ¢ &

rae k— nocrosunas Boabumana, 1,38-10-2 IIxk/K; h— nocrosuuas Ilnanka,
6,63-10-% Ixk-c; K— KOHCTaHTa PaBHOBeCHs peakUMH 06pasoBaHHsl NMEPEXOLHC~
IO KOMILIeKca.
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Kakos busuueckuit
CMBICA TOCTOSIHHEIX kB H h
B NaHHOH (opmyJse? Kakue a
9KCIIepHMeHTaJIbHble JaH- JezodHie ¢ Aty
Hble HEOOXOAMMBl AJsSI BBbI- Bewecmba
YHCJIEHHS] SHEePrHMH H 3HT-
PONMH aKTHBAaLUH peak- AH,
uuu?

18-24. IBe peakuuu
HMEIOT OJHHAKOBble MOpPSJ-
KH, OJHMHAKOBble SHEpTHH
AKTHBALHMH M DaBHble 3HAYEHHUS IIOCTOSHHOH Z, HO HX SHTDPONMH aK-
THBAUHH pasiuyanrcs Ha a) 50 Ix/(K-mouaw), 6) 100 Hdx/(KX
XMoub) npu 500 K. PaccuuTafite OTHOIIEHHST KOHCTaHT CKOpoCTefl
JJISl yKa3aHHBIX yclIoBHH. Te Ke BBHIUHCIEHHS INOBTOpHTE MJIs
1000 K. CpaBHHTEe pe3yJbTaTHL.

18-25. Iloyemy npH NMOBLILIEHHH TeMIEPATYPH CKOPOCTb J0GOM
PeaKkuHy yBeJIUYHBACTCS HE3aBHCHMO OT TOrO, MPOXOAMT OHA C BHI-
JleJIeHHeM HJIH C NOIVIOLeHUEM TEMJIOThI?

18-26. Ha puc. 18-4 nokasaHa sSHTa/MbNMHHAS AHAarpaMma Xoza
peakuuu. Kakue npouecchbl XapakTepH3YIOTCSi H3MEHEHHSIMH SHTAaJlb-
nun AH), AHs u AH;? Kak 3HaueHHs 3HTAJbIHI BIHSIOT Ha SHTAJlb-
TIHI0 peakUHH M Ha CKOPOCTb peakuuu? YeM omnpenensieTcss BHIXOL
npoxykTa? OT yero 3aBUCHT KOHCTaHTa PaBHOBECHSI H CKOPOCTb 06-
pasoBaHus NPOAYKTa?

18-27. Peakuus

A+B=D+F+Q (AH <0)

COINIPOBOXKAaeTcs BhiAeJeHHeM Tem1oTh Q. CocTaBbTe 3HTAJbNHI-
Hyl0 [uarpaMMy peakuuu. [TockombKy, cornacHo npunuuny Jle Illa-
TeJbe, NPH NOBBILIEHHH TeMIepaTyphHl PaBHOBECHE CMELLaeTcsi B CTO-
POHY 06pa30BaHHsI HCXOAHBIX BELIECTB, TO, CJIEA0BATENbHO, CKOPOCTD
ob6paTHO! peakuun Bo3pactaer. OxHako npu AH<<0 SHeprus ax-
THBAllWH OGPaTHOH peakuuu GoJiblle SHEPrHH aKTHBALHH NPSMON
peakuuu. Ilouemy xe BospacTaeT cKopocTh 06paTHOM peakIiuy,
HIYWeH ¢ morjoweHueM TemioTs? IToveMy umenHo mns oGpaTHOH
peakuvd BO3pacTaeT YHCJIO aKTHUBHBIX MOJEKyJ (IO CpPaBHeHHIO C
TNpsMOil peakuueir) ?

18-28. [1puBenuTe BO3MOXKHHBIE OGDBACHEHHS, TIOUEMY YeM GOJIbiHe
TEIVIOBOH 3((EKT peakuUHH, TeM CHJIbHee CKa3bIBAeTCs BJIMSHUE
TEMIEPaTypEl Ha CMelLleHHe PABHOBECHS H KOHCTAHTY pPaBHOBECHS
(Temmepatypa ycKOpsieT OAHOBPEMEHHO NPSIMYIO U o6paTHYIO peak-
uun. IloyeMy npeumymecTBeHHO yCKOpsieTCs OfHA M3 HHX, YTO H
TIPHBOJIHT K CMEILEHHIO PaBHOBECHS?).

18-29. TIpn KoMHaTHO! TeMnepaType 06bIYHO IIPOXOASIT PeaKIHH

C 3HeprusiMu aktuBauux 60—105 kI x/Moab. Bocno/b30BaBIIHCH
COOTHOLIEHHEM

MpoBykmel

Xod peaxyuls
PUC. 18-4

EaK‘I’
Nakr _ TTRT
&L

TAe Naxr == 9HCNO AKTHBHHIX MOJIeKyJ1; n — obmiee 9HCIO MOJIEKyJl B CHCTeMe.

143




PaccuuTaiiTe [JO/MI0 AaKTHBHBIX
MOJIEKYJ Naxr npu 300 K aas
sHepru#i aktuBauuum 60, 80,
105 kI /MoJb.

18-30. Briuuciute, BO CKOJIb-
KO pa3 BO3pacTaeT YHCJO AKTHB-
HBIX MOJIEKYJ TIIpH IOBBIIIEHHH
temneparypsl Ha 10°C (293—
303 K) B peakuuu ¢ 3SHeprHei
akTUBanuM 75 KIX/MoJb.

18-31. BriBenure dopmyay
JJIS BBIYHMCJIEHUS] SHEPTHH aKTH-
BallAM peakIy#d II0 H3BECTHHIM

nk.

lnk,

nky

7T 7T;  7/TR- [IBYyM KOHCTaHTaM CKOPOCTH ki H
PUC. 18-5 sznpu nByx Temneparypax T
H 12,

18-32. KakoBa 3Heprus akTHBAlMM peaKIUH, €CJH H3BECTHO, 9TO
peakiuus npu teMmnepartype T, MPOXOJHT 1O HEKOTOPOro Ompene/eH-
HOTO COCTOSIHHS 3a BpeMs T W npu TeMmneparype T; —3a BpeMs T2
(mo Toro xe cocrostuus) ?

18-33. Ha puc. 18-5 mokasaH rpadHuecKHil MeToJ Onpele/eHus
SHEPTHH aKTHBaUHH peakUuH Eaxr MO ABYM 3HaYeHHSAM KOHCTAHTHI
CKOPOCTH k; U k; npu ABYX Temnepatypax T1 u Ta:

Exr=Rtgy

BriBenute ¢opMysy, MO3BOJSIOMIYIO MO 3THM JaHHBIM BEIYHCJIHTH
SHEPrHi0 aKTHBALUM peaklHH, He H3Mepsis yrja HaKJOHAa NpPSMOH.

18-34. O6bsicHuTE, MOUEMY HEKOTOpPHIE PeaKUHH NPOXOIAT O4YeHb
MeJJIeHHO, HECMOTPS Ha TO, YTO pearupylolide YacTHUh 006/1aJai0T
BBICOKOH 3Heprues.

18-35. ¥ Bac uMeeTcsi BO3MOXKHOCTb H3MEPHTb KOHCTAHTHl CKO-
pPOCTH OMMOJIEKYJISIpHOH peakUHH NPH pa3JHYHBIX TeMIlepaTypax.
CKOJIbKO CJIeiyeT NPOBECTH ONLITOB NPH Pa3JHYHBIX TeMIepaTypax,
4TOObl BEIYHCIHTD Eaxr, Saxr H Z 10 yPaBHEHHIO:

f_aﬂ_ — EaKT
k=2Ze ® e RT

[Ipu KaKuX YCHOBHSIX BeJHYMHa Z paBHa KOHCTaHTE CKOPOCTH?

18-36. CocraBbTe OAHO Ofllee ypaBHEHHe 3aBHCHMOCTH CKOPO-

CTH peaKLUHH OT TeMIepaTypbl M KOHIEHTpalUUil peardpyoLINX Be-
mecTB AJasi GHMOJIEKYJIsIDHOH peakIuu
A+B=C

18-37. I1pu noBbilieHun Temnepatypbl Ha 10°C cKOpOCTb H KOH-
CTaHTa CKOPOCTH peakKLUHH BO3pacTaloT B 2—4 pasa HJIH B y pas:
UT+10 _ k1410 _
ur kr

BriBenute ¢opMysay IJs1 pacyeTa TeMIlepaTypHOro Koa(pGHIHeHTa
CKOPOCTH DeakLMH y B JIOGHIX TeMIepaTypHBIX HHTepBaJax. BriBe-
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nuTe ¢opMmyay AJs pacueTa y IO BPEMEHH IPOXOXKAEHHS DeaklUHm
IpH ABYX TeMIepaTypax.

18-38. BriBeaute ¢opmyJy AJisl pacueTa SHePrHH aKTHBAaLUHU pe-
akuuu (ypaBHeHHe AppeHHyca) IO H3BeCTHOMY 3HayeHHIO TeMIepa-
TYpHOro Ko3(¢QHIHEeHTa CKOPOCTH y peaKuUuH (ypaBHeHHe BaHT-
lF'odda) npu naHHOH TemmepaTtype.

18-39. Ilpu noswiuenun temnepatypsl Ha 30°C cKOpocTb peak-
LUK Bo3dpocia B 9 pas3. Brluncaure TemiepaTypHHIH K03 dHIHeHT
CKODOCTH peaklHuM U sHepruio aktupauuu (npu 300 K)?

18-40. Ilpu noBhieHuH Temnepatypbl Ha 27,8°C ckopocTbh pe-
akiHu Boapocsaa B 6,9 pasa. Buiuncaute TeMnepaTypHBIH Ko3dou-
LHeHT cKopocTH. Buuncaute Eaxr npu 300 K.

18-41. [Tpu moBrieHnn TeMnepatypbl Ha 8,5°C BpeMs NMpOXOXK-
JeHusi peakuuu (Ha 25%) ymenbuuioch ¢ 16,5 no 7,3 muH. Briunc-
JIUTe TeMIepaTypHbIH KO3((HUUEHT CKOPOCTH H SHEPTHI0 aKTHUBa-
uuu (npu 300 K).

18-42. PaccuurtaliTe 3Heprui0 aKTHBAlHH peaKLHiH, NpPOTeKalo-
X NpH oOblyHBIX TeMmnepartypax (T7=300 K) u umelomux temie-
patypHble ko3¢ duuuents y=4, 3, 2, 1 u 0,9.

18-43. I1pu 28°C HekoTOpas peaklusi 3aKaHYMBaeTcs 32 3 MUH,
a npu 12°C—3a 16 muH. Beiuucaure temnepaTypHbI#t K03 duiu-
€HT CKOPOCTH peaKlU¥H U SHepPrHi0 aKTHBALMU M ONpeJesHTe, CKOJb-
KO BpeMeHH norpebGyercs Ha NpoXoxAeHHe peakuuu npu 20°C.

18-44. BrluucanuTte, BO CKOJBKO pa3 BO3pacTaeT CKOPOCTb peak-
UMM (KOHCTaHTa CKOPOCTH) INpH yMeHbLIEHHH 5HepruH aKTHBaL UK
Ha 1, 10 u 100 kIIxk/Monb, ecaH 2HePrHUsl aKTUBALHH paBHa
150 x1x/moab (mpu 300 K).

18-45. Ilpu noBbimieHuH TeMmnepaTypsl Ha 10°C ckopocTb peak-
IuH Bo3pocsaa B 2,5 pas3a. Kakux QaHHBIX He XBaTaeT B YCJIOBHR
3ajayH JJis pacyeTa Hepruy aKTHBaUMH? BBeiuTe HX H BHIYHC/IHTE

aKT. .
18-46. Hekotopas peakuus npoxoaut (Ha 20%) 3a 15 mun npn
40°C u 3a 3 muH npu 60°C. BbiuncinTe 5Heprui0 aKTHBAaLUH peak-
LHH. :

18-47. CxopocTh XHMHYECKOI peakLuH BO3pocsia B 2 pasa IpH
noBhuIlleHHH TeMnepatyphl Ha 10°C. BrlyncinTe 5Hepruio akTHBa-
nuu npu 300 K.

18-48. KoHcTaHTa cKopocTH HeKoTopoi peakuun npu 20°C pas-
Ha 3-1072, a npu 50°C 4.107! (yca. enunuusl). Onpenenure sHep-
rmgCaKmBauuu H paccyuTaiiTe KOHCTaHTy CKOPOCTH peaKUHH IpH
30°C. '

18-49. [IBe peakuuu UMEIOT OJHHAKOBHIH MOPSIOK H MPEAIKCIIO-
HeHIHaJbHble MHOXHTEJIH, HO HX JHEPTHH aKTHBAIMH Pa3/HYaIOTCS
Ha 100 kIx. Bo cko/JbKO pa3 KOHCTAaHTa CKOPOCTH OJHOH peaKLHH
6oJibllIe KOHCTaHThl CKOPOCTH BTOpo# peakuud npu 500 m 1000 K?

18-50. KoncTaHTa CKOpPOCTH pa3/iOKeHHs AHOKCHAA a30Ta

2NO, = 2NO + O,
npy 600 K pasua 8,4-10' a/(Monb-c), a mpu 640 K—
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4,1-102 n/(Mosb-c). BriuncauTe 3Hepruio akTHBAaMM M HaHAuTe
TeMIepaTyPHYI0 3aBHCHMOCTb KOHCTAHTHl CKOPOCTH peakiuu. Ompe-
JeJuTe KOHCTaHTy ckopocTH npu 620 K (unTepnossuusi) u npu 580
1 660 K (akcTpanonsuus).

18-51. BhlurciuTe SHEPTUH aKTHBAUHH peaKUHH, Y KOTOPHIX NpPH
nosbiieHHH Temnepatypsl ¢ 20 1o 30°C cKOPOCTb peaKUHH YBeJH-
yuBaeTcs B a) 2, 6) 3, B) 4 pasa H r) CKOPOCTb PeaKLHH He H3Me-
HsleTCsl.

18-52. Onst ssieMeHTapHOM ra3oBofl peakuuu

A+B=D

nosuliieHHe TeMnepatypbl Ha 10°C NPHBOAUT K YBEJHYEHHIO CKOPO-
<TH peakuuu B 2 pasa. Ilpu 20°C u naBaenun 1-10% Ila peakuus
NPOXOAMT A0 HekoToporo npeaena 3a 100 muH. CKONBKO BpeMeHH
6yneT NPOXOAHTb Ta Ke peaKLHs A0 TOro ke npepena npu a) 30°C
u 1-10° ITa, 6) 30°C u 2-10° Ila, B) 40°C u 3-10° Ila, r) 50°C u
0,2-10° Ila. Pewure 3Ty 3ajauy, HO IPH YCJOBHH, YTO peaKLHs IpoO-
XOJHUT NPH TaKoM 0OJIbILIOM H3OBLITKE BellecTBa B, yTo ero KoHIeHT-
pauus He H3MeHseTCs.

18-53. OnHa u ta xe peakuus (Eaxr=const) usyyaercs B ABYX
uHtepBasax Temnepatyp: 1) 100—110 K u 2) 300—310 K. Ha cko-
POCTH KaKOi peakiiuH, NpOTEKalolled NPH HU3KOH HJH NpH OoJee
BBICOKOH TeMIlepaType, CHJbHee CKa3blBaeTCs OJHO H TO Ke HOBHI-
AlleHHe TeMIepaTyphl?

18-54. PaccuuTaiitTe, BO CKOJbKO pa3 BO3pacTaeT CKOPOCTb peak-
UMK [pH noBbilleHHH Temnepatypsl oT 20 po 30°C, ecau sHeprus
axkTuBauuu paBHa 125,6 kIlk/Mosb. Bo ckoibKo pa3 Bo3pacraer
«CKOPOCTb TOH K€ peakLHMH NpH MOBHILIEHHH TeMmepaTyphl oT 20 1o
120°C?

18-55. B 0fHOM M3 ONBITOB 10 M3YUYEHHIO CKOPOCTH Pa3/IOXKeHHs
‘THOCEPHOH KHCJOTH OBLJIO HalAeHO, YTO OJHA M Ta XKe IJIOTHOCTb
CYCIIeH3HH cephl, o6paasyionieiicsi N0 peakuu

H,S,05 = H,S04 + S

Jgocturaercs npu 20°C 3a 110 ¢ u npu 30°C 3a 45 c. Boiuncanre
SHEPrHI0 aKTHBAIMU PAa3JIOXKEHHs THOCEPHOH KHCJOTHl H BpeMs, KO-
“Topoe moTpebyeTcss AJs1 JOCTHIKEHHS TOH ke IJIOTHOCTH CEpPHOH cyc-
nen3un npu 40°C. (YuTHTe, YTO KOHCTaHTa CKOPOCTH H BpeMs Npo-
XOXKJIeHHSl peaKlHH CBsI3aHbl 06paTHO NPONMOPIHOHAJILHOH 3aBHCH-
MOCTbIO).

18-56. Ilpn HekoTOpO#i TeMmepaType ONpeAe]slOT BpeMs, B Te-
YyeHHe KOToporo ob6pasyeTcst CYCIeH3Hs cepbl OAMHAKOBOH NJIOTHO-
€TH NPH Pa3jOKeHHH HEeCKOJbKHMX NPO6 THOCEPHOH KHCJOTH B pac-
TBOpPaX OJMHAKOBOH KOHLeHTpauuu. [TonyueHsl cienyouine gaHHBE:
1=21, 22, 23, 22, 28 u 21 c. Onpenenure cpeaHee 3HaYeHHE BpeMe-
#H1 0o6pa3oBaHHA cycneH3uH cepbl. OLeHHTe NOrpelHOCTh B ONpeje-
JIeHHH BpPEMEHH.

18-57. Kaxymuiasicsi Heprusi aKTHBAlH¥ PA3JIOXKEHHsT THOCepHOM
KHCJIOTHI, KaK MOKa3aJH pe3yJbTaThl OJHOIO H3 3KCIEPHMEHTOB,
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okasanacb paBHoit 65,96 k[xk/Mouab. Ilpu 30°C peakuus NpoXoaHT
3a 45 c. OnpenenuTe BpeMs NpoxoxaeHus peakuun npu 20 °C.

18-58. KoHCcTaHTH CKOPOCTH HEKOTOpO# peaxiuu npu 25 u 60°C
paBHH cooTBeTcTBeHHO 1,4 M 9,9. BHuHC/AHTE KOHCTAaHTHI CKOPOCTH
7Ol peakuuu npu 20 u 75°C.

18-59. KoHCTaHTB CKOPOCTH HEKOTOpO# peaknuu paBHH 2-10-%
H 9-10~5 (ycua. exuHHuB) cooTBeTcTBeHHO npu 22 u 35°C. Bolyuc-
JIUTE KOHCTAHTBI CKOpPOCTH 3To# peakuuu npu 20 u 40°C.

18-60. [denatypaliusi HEKOTOPOTO BHpyca SBJSIeTCS NPOLECCOM
nepsoro nopsiika ¢ sHeprueil aktuBauuu 630 xIlx/moab. Ilepnox
nonypacnana Bupyca npu 30°C paBer 5 u. Buluuciaure nepuop mo-
aypacnana npu 34 °C.

18-61. Bo ckosbkO pa3 BO3pacTaeT CKOPOCTb PeaKIHH NMPH MOBHI-
menun TeMnepatypsl ot 20 g0 100 °C, ecau Eaxr=125,5 K1k /Monb?

18-62. Koncranra ckopoctH pasjoxenus N,Os paBHa
3,46-10-5¢~! npu 25°C, 1,46-10-* ¢! mpu 35°C, u 4,98.10—4c?
npu 45°C. Briuncanre KoHcTaHTH ckopoct mpu 20, 30 u 50 °C.

18-63. BsiskocTh XKHAKOCTH M rasa npejcraBJseT cobofi compo-
THBJIEHHE BeELIECTBA NEpeIBHKEHHIO OIHOTO €ro CJOS OTHOCHTEJIbHG
apyroro. Kakumu ¢H3NKO-XHMHYECKHMH NPHYHHAMH OOYCJIOBJIEHa
BA3KOCTh? Kak u3MeHsieTcs BSI3KOCTb r'a3a H JKUJIKOCTH IPH MOBHI~
IIEHHH TEeMIepaTypHI?

Kak Gyner mamenstoest Baskocts O, N, N;O4 NO, NO:
# N,O; npu NoBHILIEHHH TEMIepaTypHI?

18-64. O6bsacHuTe, MOYEMY BSI3KOCTb XKHAKOCTH IPU NOBHIILIEHHI
TeMIepaTyphl YMeHbLIAETCS, a ra3a MOBHILIAETCS.

18-65. Huxxe nmpuBeneHsl 3HaueHusi BsaskocTH (B Ila-c) HekoTo-
PHIX XKHJKOCTel NpH ABYX TeMIlepaTypax:

0°C 20 °C 0°C 20 °C
Boaa 0,1789 0,1005 Srtunoswit cnupr 0,178 0,119
Aneron 0,0395 0,0322 Tauuepun 1210 150
Benson 0,091 0,065

OO6bsicHHTe, B YeM COCTOHT NPHYHHA CTOJb CHJIBHOTO Da3jHYHs
XHIKOCTEH MO HX BA3KOCTH. [loueMy nmpH MOBHIIIEHHH TeMIEpaTyphi
BSI3KOCTb XHAKOCTeH NMOHMKaeTcsi? ONHHAKOBO JIM BJHSIHHE TEMIle-
paTyphl Ha BSI3KOCTb Das/IMYHBIX XKHAKOcTeH? [lpemsoxure cnoco6
BBIYHCJIEHHS] BSI3KOCTH NpPH APYTHX TeMIlepaTypax H pacCuuTaiirte
BsiskocTb npu —10, 4+ 10 u 30 °C.

18-66. Bsskoctb xuako#t cepwl pasna 0,0115 ITa-c npu 119°C,
0,0103 Ila-c nmpu 126°C u 0,0088 ITa-c mpu 133°C. Onpepenure
9HEPTHI0 aKTHBALMM BSI3KOTO TeYEHHst KHUAKOH cepnl mpu 100 m
140°C (skcrpanoasiuus) u npu 130°C (unTepnoasuus).

18-67. Koapduuuent nudodysnn nuHKa B MOHOKpHCTAJJIE MeEXH
npu 1320 u 1010 K paBen coorserctsenno 1,0-10-!2 1 4,0- 1015 m2/c.
Paccunraiite 5Hepruio akTuBauuu AHGQY3UH UMHKA.

18-68. [lnsi HEKOTOPO# peaKIuH NMepBOro NOPSAAKA NMEPHOA MOJY-
npespaulenus BemectBa npu 351 K cocraBasier 411 mun. DHeprus
akruBauuu paBHa 200 xJIx/Mosb. BhiuncaHTE, CKOJIBKO BpeMeHM
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norpebyercs AJs pasjioxe-
HHSA 759 HCXOXHOrO KOJIH-
yecTBa  BelleCTBAa  IIPH
402 K.

18-69. Onpepednure,

-~ CKOJIbKO BpEMEHH MOTpe-

X08 peaxuuis 6yeTcs Ha pasiioKEHHe He-

PUC. 18-6 KOTOpPOro BelllecTBa IpH

~ tremneparype T;, eCJIH H3-

BECTHBl 3HEPrHsi aKTHBAallMH PeaKUHH pasyoxeHus Eaxr (peakuus

flepBOro NoOpsiika) H NepuoJ NoJyNpeBpallleHHsi Ti , NPH TeMIepa-
Type To,.

18-70. Ilepuon moJsynpeBpamieHHsi HEKOTOPOrO BellecTBa MO pe-
akuuu nepsoro nopsiaka paseH 8,0 mud npu 40°C. Bolunciure me-
puoj noaynpespaienuss npu 60°C, ecin 3Heprusi akTHBaLUH peak-
siny paBHa 62,76 xJ[K/MOJb.

18-71. ITpoananusupyiitTe JBe peakiuu:

H40,=O0H+0; AH, = 35 k%, Eg = 65 kIx
H+4+OH=H, 4 O; AH, =30 kx, Ezxr,="70xIx

CkopocTb KaKoil peakuuu Goublie? PaBHOBecHe KaKOH peakIuH
CHJIbHee cMenieHo BnpaBo? Ilo kKakoi u3 peakuuit OpicTpee obpa-
3yetcsi GoJibliee yucao atoMoB Kuciopona? (IIpemmosaraercs, urto
fIpeJI9KCIIOHeHIHAJbHble MHOXHTENH B ypaBHeHHsAX AppeHuyca Ans
KaXJI0H peaKlyH pPaBHBHI).

18-72. CocraBbTe 3HEpreTHUECKHe JHAarpaMMBl XOfa peakiHii:

A4+B=D; AH, = 85 xIxk, Eaxri= 100 xIx
A4+ E=F; AH, =170 X1k, Ekrp= 130 xIIx

Kakoe BemectBo, D nium F, o6pasyercss B 6oJjibllieM KOJHYeCTBe
8 HayaJje peaknuu? Kakoro BemiectBa Gyner GoJblie B KOHIE peak-
uun? (Ilpeanonaraercsi paBeHCTBO NpeAdKCIOHEHIMAIbHBIX MHOXH-
TeJeil B ypaBHeHHsIX AppeHuyca /sl KaX/JOH peakiyH).

18-73. BemectBo A pacnanaercs Ha BeuectBa b u B no asym
flapaJjiyieJIbHbIM PeakIHsM:

A=Bb
A=B
DHranbnuiiHag AWarpaMMa 3THX peaKuW#i mNpejAcTaB/JeHa Ha
puc. 18-6. MiaMeHeHHe 5HTAbINU COCTABJSIET:
Jna nepBoit peakuuu AH, = Hp — Hp
ans Bropoit peakuun AH,= Hg — Hp, npusem AH; > AH,
OHepru# akTHBALHMH IE€PBOM M BTOPOH peaKIHH COOTBETCTBEHHO
paBHH E, u E,, npuuem E,>E,. Kakoro BemectBa, b unu B, 6yzner
cojepxaThcs Gosiblile B CMECH NMPOAYKTOB peakuuu H nouemy? Cie-

JAyeT AaTh IO BO3MOXHOCTH IOJIHOE OObSICHEHHE C HCNOJb30BaHHEM
I'Ipe}lCTaBJIeHHﬁ XHMHYEeCKOH KHHETHKH H TepMOAHHAMHKH.
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18-74. Xumuueckuii mpouecc coBepllaeTcss B ABE CTaLHHU:

A=B Eaxmy
2B=D Eaxrg
Ykaxure NMOpAAOK pEAaKIHH B IIeJIOM, €CJIN
a) Eakry > Eaxrad 6) Eakre > Eakry

18-75. Kakoéi BuJ HMeIOT rpadHKud TeMIepaTyPHBIX 3aBHCHMO-
CTeH KOHCTAHTHl PAaBHOBECHSI H KOHCTAHTHl CKOPOCTH:

1) K= f(T) 4) Ink=f(T)
2) k=f(T) 5) InK = f(IT)
3) InK = f(T) 6) Ink=f(1/T)

18-76. ITpuBeauTe BHIpaXKEHHS 3aBHCHUMOCTH OT TeMIepaTyphl
a) BpeMeHH NPOXOXKJEHHs peakiuu [0 HeKOTOPOro pe3y’bTaTta,
6) CKOPOCTH peaKLHH, B) KOHCTAaHTBI CKODOCTH, I') KOHCTaHTH paB-
HOBeCHsI.

18-77. PacTBOpH IIEJIOYHBIX METAJJIOB B XKHIAKOM aMMHakKe Ipo-
BOJAT 3JIEKTPUUECKHA TOK, NMPH 3TOM Yy 3JIEKTPOJOB XHMHYeCKas
peakuus He NMPOUCXOAHT. Kak BiHsfeT U3MeHeHHe TeMIepaTyphl Ha
IIPOBOJUMOCTb pacTBopa?

18-78. OO6bsicHHTe, B KakKoi cpele BhHIILE MNOJABHXHOCTb IPOTO-
Ha — B BOJie MJIH BO JbAY.

18-79. O6bscHuTe, MoyeMy B 3aMepalieil Bojge (J1el) HEKOTOpHIE
peaklyH NPOTEKAaIOT 3HAYHTeNbHO OBICTPee, YeM B JKHMIKOH.

18-80. Ilpu Temneparype Bbie 14 °C ycroiiunBo 6esnoe B-0J10BO,
HHXKe 3TOH TeMIepaTyphl YCTONUYHBO cepoe a-0J0B0. CKOpOCTb Ie-
pexona Gesoro ojoBa B cepoe TeM 6oJibllle, 4yeM HMXKe TeMIepaTypa
(ckopocTb mpeBpameHus MakcumanabHa npu —40°C). Kak 310 005-
sichuTh? KaKoB 3HaK 5HeprHH aKTHBALUY NpeBpalleHus?

18-81. Peakuuu

2NO + O, = 2NO,
2NO + 0, = N,0,

XapakTepHbl TeM, YTO NPH MNOBHILIEHHH TEMIepaTypH HX CKOPOCTb
yMeHblllaeTcss ¥ TeMnepaTypHbiil koadduuuent ckopoctn y=0,9. ITo-
nbITaliTech HaWTH O0ObSiICHeHUe 3TOMY siBJeHHI0. OLieHUTe 3HayeHHe
sHepruu aktuBauuu npu y=0,9 u 100 °C.

18-82. I'azoBast peakuus

NO + 1/20, = NO,; AG? = —31,4 x]Ix
NIPOXOAMT NPH KOMHATHON TeMIlepaType, a ra3oBasi peaKIus
H, + 1/20, = H,0; AG® = —238,4 kIIx

HEeCMOTpPSI Ha 3HAUHTEeJbHO 6oJiee BHICOKOE OTPHLATEbHOE 3HAYeHHe
AG® npu Tex Xe yCJOBHAX He NpoTekaeT. JlaiiTe BO3MOXKHEIE 00bsIC-
HeHHsl 3TOMY (aKTy, HCNOJIb3Ysl CBEleHHs N0 TepMOAHHAMHUKE, KHHe-
THKE H CTPOEHMIO BellecTBa.

18-83. T'a3oBble peaklyy NpeBpalleHUss OPTOBOJLOPOLA B MapaBo-
J0poA (mpsMasi peakuusi) W mapaBofOpPOAa B OPTOBOAOPoL (oGpart-
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Hasl peaklHs) HMEIOT cJelylolye KOHCTAHTH CKOpPOcTH (yca. enm-
HHIH) B HHTepBaJe AaBjenuit 6600—53500 ITa:

nas npaMoit peakuun 8,010~ npu 600 °C
2,7-10—* npu 700°C
s o6paTHoi peakuun 2,5-10~% mpu 600 °C
8,0-10—* npu 700°C

KakoBa npuposa npeBpauieHHss H K KaKOMy THNY peaKLUUH OHO
OTHOCHTCSI? BEHIUHC/IHTE 3HEPrHH aKTHBALMH NpsIMOX M oOpaTHOI
peakuu#l. BeluncaHTEe KOHCTAaHTH PaBHOBECHS NPH ABYX TeMIepaTy-
pax. BeiBeiuTe 3aBHCHMOCTH KOHCTAaHTH PaBHOBECHSI OT TEMIlEpaTy-
pe. KakoBo 3HaueHHe KOHCTAaHTHl pDaBHOBECHSI INIPH CTaHZAPTHOM
TeMnepatype (skcrpanogsuus)? Breiuncante AG°, AH®° u AS°® stux
peakuui.

18-84. DHeprusi aKTHBAaUMH Da3JOXKEHHS HOJOBOJOpPOAA paBH2
185 k[lxk/moab. Paccunraiite R0OJI0 akTHBHBIX MoJjiekysa mpu 500,
1000 u 1500 K.

18-85. Huxxe npuBeneHB KOHCTAHTH CKOPOCTH (B MOJIb~! - .c ')
npsamoi U o6paTHOH ra3oBoli peaklUH B CHCTEME

2HI =H; + 1,

T, K kup kodp T, K kl:lp koﬁp
556 3,52.10-7  4,44.10-® 683  5,12-10-¢ 2,46.102
575 1,22.10-¢  1,32.107 700  1,16-10-3 6,42.10-2
629 3,02.10-  2,52.10- 716  2,5.10-3  1,40.10-1
647 8.59.107 5,23.1078 781  3,95.10- 1,34
666 2,20.10-4  1,41.10-

BrluncauTe 3HepruM akTHBALMHM NPAMOH M o6GpaTHOH peaKuuh
Eny n Eep, Boluncaute AH® npouecca Kak pasHoCTb Enp H Eoep.
PaccynraiiTe HeCKOJbKO 3HaYeHHH KOHCTAaHT paBHOBecHs. BHumcin-
Te AG®, AH° n AS° npouecca. Ha ocHOBaHUH 5Hepruu CBSI3H pearu-
PYIOLIMX MOJIEKYJ OOCYyAHTE BO3MOXKHBIH MeXaHH3M NpsSIMOA H 06-
paTHO! peakuuil. BbluncJHTe KOHCTAaHTBl CKODOCTH M paBHOBECHS
npu 500, 750 u 800 K.

18-86. O6pasoBaHHe HOMOBOAOPOJA H3 MPOCTHIX BELIECTB BO3-
MOXKHO IIO Pa3JIMYHBIM MeXaHH3MaM C OTJHYaIOUMMHCH pPacyeTHHIMA
SHEepPrUsIMH aKTHBAlMH BCEro INpolecca B LEeJIOM:

1) Hy=2H
I, =21 E jr = 419 x]Jx/mMonb
H4I=HI

2) H, =2H

) Hz+ l,=HI+1 Eqkr = 335 kIlx/Moab

3) I,=12I

I4+H, —HI+H E xr = 210 xx/Monb
y =

4) Hy+ Iy =H,l,

H.I. — 2HI Ekr = 170 xIx/M0Jb
23—

150



MoOXHO JiH, NOJb3YysiChb 3THMH NaHHBIMH, NpeicKa3aTb OTHOCH-
TesJbHBie KOJHYECTBa HOLOBOLOPOAA, 06Gpasyiomerocss mo KaxAaoMy
M3 PacCCMOTPEHHBIX myTel?

18-87. Huxke npuBefeHb 3HAUEHHs] SHEPTHH aKTHBALHH U INpel-
SKCIIOHEHIHAJbHOrO MHOXHUTeAss A (B ypaBHeHMH AppeHuyca) Ijs
peakuui:

Hy 4 I3 =2HI Eaxr = 170 xIx A=3,23 (ycn. en.)
2HI =H, + I, Egxr = 192 x[Ix A=1

Kakas peakuus nporekaet ¢ 66JblIei CKOPOCTbIO?

18-88. OGbsicHUTe NPHYHHY YMEHbLIEHHS SHEPTHH AaKTHBAllHH B
CJIeYIOILEM DSIAYy ra30BbIX peaKLui:

Cl4+H;=HCI+H Exr= 22 kIx
Br4+Hy;=HBr+H Egkr = 81 xIx
I+Hy=HI+H Egxr = 140 x]Ix

‘CpaBHHTe ¢ ycjoBHeM 3aiay 18-89 u 18-90.
18-89. Huxxe naHBl 9HEPrHH aKTHBAalUHH OHMOJIEKYJSIPHBIX peak-
&aui B3auMOJelCcTBHS BOAOPOAA C rajloreHaMHu:

H, + F, = 2HF Eqer = 125 x[Ix
H, + Cly = 2HCI Eger = 151 KIIx
H’+Iz=2HI EaK-r=l7l KH)K

O yeM CBHETEJbCTBYIOT 3TH AaHHHIE?
18-90. O6bsicHHTe NPHYHHY YMEHbLIEHHS] SHEPTHil aKTHBAlMH B
CllefyIolleM Py ra3oBbIX peakKIHii:

HCl4-H=H,+Cl Egyr = 15 x[Ix
HBr+4+H=H; + Br Eaxr =6 g%
HI4+H=H,+1 Egr=10

CpaBHuTe ¢ ycaoBueM 3afad 18-88 u 18-89.

18-91. KuHeTHyecKHe XapaKTePHCTHKH ra3oBbIX peaKIH# OTpPhIBa
aToMa BOJOPOZAA OT MOJIEKYJ MeTaHa H 3TaHa aTOMaMH raJioreHoB
8 uarepsaJe 200—600 K cienyromue:

lZA‘ aKT»
K /Moab

CH4+F=HF+CH;s 14,1 5,1
CH4+Cl=HCI+CH; 13,4 16,0
CH4+Br=HBr+CHj; 13,7 76,5
CH4+I1=HI+CH; 14,7 142,7
CoHg+F=HF+C.H; 13,8 5,1
CyHg+ Cl=HCI+C,Hs 14,0 4,6
CoHg+Br=HBr+C.H;s 13,9 55,6
CeHe+1=HI4C.Hs 14,4 115,4

* A — npeNsKCNOHEHNHAJbHEIA MHOXHTeJb B yDaBHeHHH AppeHHyca.

IIpoananusupyiite npuBefeHHbe JaHHbE, COCTABbTE€ KaK MOXHO
60Jble BONPOCOB.

18-92. Peakuuu OTprIBa aToMa rajioreHa OT OJHO3aMeIlEeHHbIX
raJloreHoNnpPOH3BOJAHBIX MeTaHa XapaKTePH3YIOTCS CJEAYIOIHMH KH-
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HeTHUYECKHMH JaHHBIMM npH 548 K:

]gk EaKT»
K] /Mob
CH3F+Na=NaF+CHj; 7,3(520K) 77
CH;3;Cl+Na=NaCl+CH,3 10,7 42
CH;Br+Na=NaBr+CHj 13,0 18
CHj3l+Na=Nal+CH;3 14,7 0

Kaxkune BBIBOABI MOXHO clleJaTh H3 3THX NaHHBIX?
18-93. KuHeTHYecKHe XapaKTePHCTHKH ra30BbIX PeaKUHil OTpLIBA
aToMa XJopa OT XJOPNPOH3BOAHBIX MeTaHa npu 548 K ciaenymouwne:

lgk Eakr,
KK /Mosib
CH;Cl+Na=NaCl+CHj, 10,7 42
CH.Cl;+Na=NaCl+CHCl 11,75 31
CHCl3+Na=NaCl+CHCl, 12,7 21
CCl4+Na=NaCl+CCls 13,3 14

OGbsicHUTE, KaK 3aBHCUT CKOPOCTb peaKUUH H dHEPrHs aKTHBaA-
UHH OT YHCJIa aTOMOB XJIOPA B MOJIEKyJie?

18-94. ITouemy ckopocth cropanus n-rentana CH; (CH;)sCH; B
aBTOMOOHJIbHOM JBHUrartesie 6oJblie, yeM ra3oo6pasHOro u30-renta-
Ha (CH;),CHC(CHj;)3, HecmMOoTpsi Ha TO, YTO 3Ha4eHHs SHEPTHHR
aKTHBaLlMH 06OMX NpoleccoB 6JIH3KUP

18-95. TlpoaHanusupyiiTe TepMOAHMHAMHYECKHEe H KHHETHYECKHe
XapaKTePHCTHKH HEKOTOPBIX OAHOTHIHBIX peaKUHH H CTPYKTypHbIe
JaHHBle HCXOAHHIX BellecTB:

AH°, ’C—H «C—C—H, Eax-r(8°0 K),
kK /MoJTb HM rpag kJk/Monb
CyHs+H=CyHs+H, —26,4 0,111 109 49,79
CH,+H=C,H;+H, 42,9 0,107 120 26,36
CH;+H=C,H+H, 41,8 0,106 180 15,06

Cdopmyaupyiite npo6aeMbl U OGBICHATE HX.

18-96. Bona, nuuieHHast pacTBOPEHHBIX ra30B, MOXKeT GHITh mepe-
oxnaxaeHa 1o —70°C Ge3 npespalueHus B jel. [Ipu BCTpsiXUBaHUM
HJIM NIPH BBEJEHUH LIEHTPA KPUCTAJJIM3aLUH NepeoxJaxaAeHHas Boaa
MTHOBEHHO NpeBpallaeTcsi B Jiel. YKaxHTe, Kakoil oGpasel BOALE
OricTpee NpeBpPaTUTCS B JieA: OJHH o6pasel] BOALI NEPEOXJIAAUIH LO
—20°C, a ppyroit o —60°C u 06a o6pa3ua BCTPSXHYJIH.

§ 19. MEXAHH3M XUMHYECKOR PEAKLLUH

19-1. Peakuus B pacTBOpe
OFe$+ 4 2]~ = 2Fes+ 4 I,

MPOXOJHUT HOBOJBHO GEicTpo. Ompenesnnte, KaKOH MeXaHH3M Mpef-
IIOYTHTEJIbHEE:

I. Fed+ 4 I~ = Fel2t I1. Fe3* 4 I~ = Fel2+
Fel2+ 4 I~ = Fel,+ Fel?+ 4 I~ = Fe?+ 4 1,
Fel,* - Fe8+ = 2Fe2+ |- I, Fes$+ 4 I,” = Fe?* I,
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IIpu BHIGOpE MeXaHH3Ma PEaKIHH CJIeAyeT HCXOAMTb H3 CleAYIO-
LIHX OCHOBHBIX NOJIOKEHHH: a) coyJapsIioTcs ABe YacTHIbl; 6) mpo-
XOJHT Ta 3JIeMeHTapHas DeaKLHs, KOTopas dHepreTHYeCKU Haubo-
Jiee BHIFOJHA; B) B KaXJOH CTaJHH XKeJaTeJbHO HCNOJb30BaTb IO
KpaliHefl Mepe OJHO M3 HCXOAHBIX BelleCcTB (ero KOHIEHTpalHs Be-
JIMKa); I') B3aUMOJEHACTBYIOT HOHBI IPOTHBOIOJIOXKHBIX 3apsiOB
(1 HeHiTpasbHble YaCTHLB); [) B peakUUsiX YYacTBYIOT YaCTHIIEI
HauboJiee NpOCThle M3 MpealoJaraeMblX YacTHIL; €) IPH CyMMHpOBa-
HUH cTajuil nmoJaydaercs Tpebyemasi peakuusi. Ilommbitaiitech mpen-
JIOXKHUTb APYroi MeXaHH3M 3TOH peaklyH.

19-2. HekoTopasi peakiusi NPOXOAMUT Uepe3 HECKOJBKO NOCJIeNO-
BaTeJbHBIX CTajMi, NpHYeM OJHa M3 INEPBBIX CTaluil OKa3blBaeTcs
TepMOLHHaAMHUuYeCKH HeBHroAHOH (AG°>0). Kax oGbsACHHTH Npo-
XOXJeHHe NpolLecca B LeJOM?

19-3. Peakuuu

A=D
{IDOXOAHT Yyepe3 ABe CTaduu:
A=B u B=D

Bo3MoxHa J1M 3Ta peakuus, ecJH CTaHLAPTHOe H3MEeHEHHe H30-
GapHoro noreHuuana (B kJl:k/Moab) B nepBofi M BTOpOH cTaiusX
COCTaBJISIeT COOTBETCTBEHHO:

a) 10 m —30 r) —30u 10
6) 30 u —10 n) 10 m 30
8) —10 u —30 e) —10u 30

19-4. Okucyenve GpOMOBOROPOAA KMCJIOPOLOM B rasoBoit ¢ase
4HBr 4 O, = 2H,0 + 2Br,
MOKHO NPEJCTAaBUTb CTAAHAMHU:
1) HBr 4 O, = HOOBr

2) HOOBr - HBr = 2HOBr
3) HOBr -+ HBr = H,0 + Br,

UasBectHo, uTOo npu yBesuuyeHun KoHueHtpauud HBr B 2 pasa cko-
POCTb peaKLMH BO3pacTaeT B 2 pa3a M IpH YBeJHYEHUH KOHLEHTpa-
LMH KHCJIOPOJAa B 2 pa3a CKOPOCTb BO3pacTaeT TakXke B 2 pasa.
Kakas cragus camas MennenHasi? He BbiabiBaer in y Bac comHeHus
fpelJIOKeHHBIH MeXaHH3M?

19-5. I'maponus AMOKCHIA a30Ta B ra3oBoil ¢ase

3NO, + H,0 = NO + 2HNO,
KakK npeanoJsiaralT, IpOXOAHT 4Yepes3 Cleaylouine CTaauu:

1) 2NO, = N,0,
2) N,0, + H,0 = HNO, + HNO,
3) 2HNO, = NO 4 NO, + H,0

Bropas cragms—camass MenjeHHas (auMutupyiomas). Kaxos
OXHMJaeMbli BHJ 3aBHCHMOCTH CKOPOCTH pPeaKIHH OT KOHLEHTPalHH
pearupyrouux BelecTs?
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19-6. Ipn H3yyeHHH KHHETHKH ra3oBOfi peaKIHH
SO, + 2H, = S + 2H,0
TIOJIyUeHHl CJefyIolHe NaHHBIE O CKODOCTH Uo B HauaJbHHIA MOMEHT

BPEMEHH B 3aBHCHMOCTH OT HAYaJbHOIO AABJIEHHSI HCXOAHBIX Be-
LIECTB Po:

po (ycar. en.)
SO, 200 200 200 100 50
H. 50 100 200 200 200
vo (ycn. ex.) 36 72 154 72 36

Hanunmurte KuHeTHYecKoe ypaBHeHHe npoiecca. KakoBn mopsa-
KM DeaKLUMH N0 KaXXJOMYy H3 HCXOAHBIX BemiecTB? [Ipeasoxure me-
XaHH3M DeaKLH¥, COrJIacyIOIHiCcs ¢ SKCIePHMEHTaJbHRIMH JaHHH-
mu. Kakasi cragus siBasercss juMuTHpylowei? [Ipensyoxure ¢op-
MYJy IPOMEXYTOYHOI'O KOMIIJIEKCa.

19-7. Bo ckoJbKO pa3 BO3pacTeT CKOPOCTb Ta30BOH peakUHH
pasnoxenus NoOs:

2N,05 = 2N,0, + O,

IIPH YBE€JHYEHHH KOHLEHTpaUHH N.Os B 2 pasa, eCau H3BECTHO, UYTO

pPeakuusa HAET II0 CTaAuAM: P
1) NyOg= N,03+ O, MeJJIeHHast
2) NyO3= NO, 4+ NO GricTpast
3) NO + N,O5 = 3NO, GhicTpast
4) 2NO, = N,04 GbicTpast

19-8. CkopocTtb okucieHuss voHoB Fe2t B BogHOM pacrtBope 3a-
BMCHT OT KOHIeHTpauuu Fe?¥, pacTBODeHHOro KHCJOpPOZA H HOHOB
BOJOpOJA:
dcpez+ €O,CFe?+

a = cy+

Ilpensioxure ypaBHEHHs COOTBETCTBYIOIIMX peakuuit. Kaxk us-
MeHsIeTCSl CKOPOCTb peakuuu npu ysBenuueHuu pH Ha 1 unu 2 enm-
HHLBI? BhiBeiuTe BhIpakeHue, IN0O3BOJSIOLIEE ONpPEJETHTh KOHLEHT-
pauuio HoHOB Fe?* B mo06of AaHHBIH MOMEHT BpEeMEeHH IO H3BeCT-
HOH MX HavyaJbHOH KOHUEHTpalHH.

19-9. O6blyHbII BOLOPOX COCTOMT M3 JBYX MOAHbHKAUUH MoJe-
Kyasl H; —opro- u napaBomopona*. Ilpeamonaraior, 4ro mnpespa-

* B MoJekyse OPTOBOZOPOAA CHHHH ABYX NDOTOHOB MapaJiiesbHH (pe3yiib-
THpylolAR corH 1). B Mosexysie mapaBogopoa CIHHH aHTHNAPaJIeNbHHE (pe3yJib-
THpylomuRt cunn 0). ITpn koMHaTHOR TeMmepaType BOLOPOJ COCTOHT H3 paBHOBeC-
HOit cMecH 3 wuacreit oproBojopofa M 1 uactu mapaBoaopona. Ilepexonm oauoRk
MOZH(HKAHH B APYTYlO 3ampelleH W NPH H3MEHEHHH TeMIepaTypH COBepIlaeTCs
owenb MemieHHo. [Ipolecc kaTaJH3sHPYIOT NapaMarHHTHHE BelleCTBa, HanpuMmep
KHCJIOPOJ, aficop6GHpOBaHHHA NMPH TeMIepaType XKHAKOTO BO3JAyXa Ha yIie, H Jaxe
CTeHKH cocyfa. [IpH NOHHKEHHH TeMNepaTypH cMech 06OrallaeTcsi NapaBeAOPOIOM
n npu 20 K yznaercsa noayunts uncTH napaBojopoi. IIpH noBuiueHHH Temnepa-
TYPH NapaBOAOPOX OYeHb MeNJIEHHO NePeXOfHT B OPTOBOAOPOA.
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[IeH¥e MapaBoA0poJa B OPTOBOJOPOJ COBEpIIAETCS uepe3 JBe CTa=
JHH:

1) H,(mapa) = 2H GbicTpasi, paBHOBeCHasl, Ry, Kj
2) H, (napa) 4- H = H, (opmo) + H MeJUleHHast, k,
Torna
Uy = RyCH, mapaCH
c?
k= CH,,:apa
OTKyZa
cn =V K1, napa
H

Uy = RyCH, napa VchH,,napa = k“"lez,napa
noJiyueHHOe ypaBHEHHe COBNafaeT C dKCINePHMEHTaJbHO HaHJeHHBIM
KMHEeTHYECKHM ypaBHeHHeM peaklnH. KakoB NOpSIOK U MOJEKYJsip-
HOCTb KaxaoH craguu? KakoB nopsuok npouecca B ueaom? Kak us-
MEHSIeTCSl CKOPOCTb peaKLUUH IPH YBeJHYEeHHH NaBJeHHs B 2 pa3a?
19-10. 'a3zoBas peakuus
CO + Cl, = COCl,
IIpOTeKaeT yepe3 CTaJHH:

1) Cly=2CI v = kycl,
2) Cl + CO = COcCl Uy = kchlCCO
3) COCl 4 Cly = COCl, + Cl Ug = kscCOCICCI,

DKclepUMEHTaNbHO HafileHHOe BHIpaXKeHHe CKOPOCTH Bcefl peakuuB
B LI€JIOM HMEET BHJ:

v = ke¥%cy,cco

Ykaxure, Kakas crajgus HauboJsee MejJieHHasi. B Kakoit Mepe cOe
rjacyeTcss MeXaHH3M peaKUHH C ee KHHETHKOH?

19-11. Buausier snu TeMmepaTypa Ha CKOpPOCTb (OTOXHMHYECKHX
peakuui?
19-12. Onpenennte KBAaHTOBHIH BHIXOJ peaKLHH

9HI =H, + I,
€CJ/IH Hpe}lHOJIO)KHTb CJIeIlYlOHII/Iﬁ €€ MEXaHH3M:
HI 2 H 41

H+Hl=H, +1
2 =1,

(Ha crenke uau npu TPOAHBIX CTOJKHOBEHHSX)
19-13. Kak MoxHO o0bscHHTb moyeMmy pacnaf HI mo peakuumm

9HI = H, + I,

He NPOXOJHT KaK LenHas GOTOXHMHUYeCKasi peaKIHs?
156



19-14. Baxunbii ans atMmocdepHbx npoueccoB HoH NO+, kak
TpeAnoJaraiT, o6pasyercs AByMs NYTSMH:

I N, + 2N+ e 1. 0422 0+ 4o
N, 4+ 0= NO*-4N O*++ N, = NO*+ N

AtoMmbl Kucjopona o6pasyloTcs B pe3yJbTaTe AHCCOLHALHH MoJe-
KyJ. YKaxure ycaoBHs, GJaronpusitcTByoomue o6pasoBanuio NOF
no nepsomy M BropoMy nyTtH. Ilouemy B 3eMHoit aTMocdepe HOH
NO+ ne o6pasyercst o peakiuu

NO 22 NO* - ?

19-15. Kak 0GBSCHHTb, 4TO IPH KPaTKOBPpEMEHHOM O0OJyueHHH
ra3oo6pasHOro XxJiopa MOIIHBIM HCTOYHHKOM CBeTa (MHTEHCHBHOCTb
B 10% pa3 BhIlE COJHEYHOrO) JaBJieHHe ra3a NoBBHIIAeTCs B 2 pasa
6e3 cylLecTBeHHOrO NOBHIIEHHs TeMIepaTyphl? Kakue apyrue snie-
HHSl JOJIKHBI CONPOBOXKAATh 3TOT Npoilecc?

- 19-16. Ins rasoBoll GOTOXMMHYECKOH peaKLuH

2HI =H, + I,
KBaHTOBBIH BBIXOX paBE€H IBYM. KBaHTOBbIﬁ BbIXOJ pEaKLHH
H, -+ Cl, = 2HCI

paBeH 10*—108. O6bsicHuTe CTO/Ib 6OJIbIIYIO PA3HHLIY MEXIy KBaH-
TOBBIMH BBIXOJAMH STHX peaKLHi.
19-17. Tlox meficTBHeM yJbTPadHOJETOBOTO H3JYUYEeHHSI MOJEKY-

Jbl fu6opaHa pacnanaloTcs ABYMSI pas3/IMYHBIMH NYTAMH:

B;Hy = B,H; + H

B,H, = BH, + BH,
Kakoifi nmytp Gosee BeposTeH? Kakue naHHbBle HEOOXOJHUMHBI JJis1 OT-
Bera?

19-18. O30H 030HOBOro cJosi armocdepsl 3eMJd MOrJoIaerT
yAbTpaHOJeTOBOE H3JyYyeHHe M IIpeBpalllaeTcsi B KHCJIOPOL:

hv
03=02|+0
03+ O = 20,
YKaxuTe MopsioK KaxjoH peakuunu. Kakue Heo6X0QMMBI aomymie-
HHs )1 ONpejJiesIeHHss CyMMapHOro nopsiika npouecca?
19-19. las kako# Leau B rasooTBOAHYIO TpyGKy npuGopa Ajas

NoJIyueHHsl BOJOPOZa NMOMEINAIOT MEJHYIO CETKY?
19-20. T'azoBas peakuus

H, + Br, = 2HBr
NpoTeKaeT M0 LENHOMY MeXaHH3MY:

Bry = 2Br Havajo Lenu
Br+H, =HBr4+H TNPOJIOJIIKEHHE_LenH
H+ Br, = HBr 4 Br NpOJOJ/IKEHHE LEenH

Hanuwnre ypaBHeHHe peakuuH 0GpHIBa LEMNH.
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19-21. MaxkcuManbHasi CKOpOCTb (B CM/C) pacmpocTpaHeHUst
NJIaMeHH B CMECSX C BO3JYyXOM H KHCJOPOLOM COCTaBJISIET:

€ BO3{YXOM C KHCJIOPOAOM ¢ BO3YXOM C KHCJIOPOZOM
Auerunen 131 1350 Meran 35 330
Boznopon 267 890 Ilponan 32 370

Kak o6GBSACHUTH, YTO CMechb aleTHJeHa C KHCJOPOLOM Cropaer
6ricTpee, 4eM CMeCh BOJOpOJa C KHCJIOPOAOM, a B GMeCH C BO3LY-
XoM, HaoGopoT, ObicTpee cropaet BoJopoAd. Kak Bmul nymaere, mo-
YeMy Nepexoj OT CMeCH BOAOPOAAa C BO3AYXOM K CMeCH ee C KHCJO-
POLOM COTPOBOXJAAETCSl YBeJHYEeHHeM CKOPOCTH PACIPOCTpPaHEHHSE
IJlaMeHH TpUMepHO B 3 pasa, a y ocTaJbHBIX ra3oB — B 10 paa?

19-22. O6BbsicHHTE, C KAKOH Lefbl0 NPH KHCIOPOJHOM KpDeKHHIe
B rasoByl0 cMeCh Ro0aBiseTcss HeGOJbLIOE KOTMYECTBO KHCJIOPOZAA.

19-23. B moaekyae Toayosa CsHsCHj; aneprus cesizeit CgHs—
—CHj; u C¢HsCHo—H pasubl cootBeTcTBeHHO 377 ¥ 335 K K/MOMB.
YKaxuTte MPOAYKTH pachaga MoOJEKyJbl B MepBOH MOHOMOJEKYJSAp-
HOM CTafMH H MPOAYKTH PeakLUHH B LeJOM.

19-24. O6bsicHHTe, MOUEMY IHPH TEPMHUYECKOM passoKeHHH TO-
ayosaa moaydaercsa aubensun (CgHsCHj)o u Bomopon Hp, a He mu-
(be}m.n (CsHs)z H 3TaH Csz?

19-25. Kak 06bsICHHTb, UTO alleTUJIEH Pearupyer ¢ XJOpPOM Jerye
3THJIEHa, XOTsS CBS3b MEXIY aTOMaMH yrJjepola B MOJeKyJe ale-
THJIeHa NpOYHee CBSI3H B MOJIEKyJe 3THJIEHA?

19-26. O6bsacuuTe, moueMy cMmech 1 o6beMa MeTaHa u 2 06bEMOB
kucnopona uam 100 o6weMoB BO3Ayxa Haubosee B3PBHIBOONMACHA.
Ilpenckaxure cocraB Haunbosee B3PHLIBOOMACHBIX CMeceil aleTH/e-
Ha C KHCJIOPOJOM U BO3LYXOM.

19-27. TlpeamosioxkuM, peakuuss A=D npoxoLuT uepe3 nBe cTa-
ILUH:

1) A=B 6bicTpasi, paBHOBecHas, ky, Kj
2) B=D MeJJIeHHas, R,
CKOPOCTb peakKuun B LeJJOM BBLIYHCIACTCA CJEeLYIOUIHM o6pa30M:
V= kch
ITockonbky
Ky = cp/ea, cg = Kyca
TO

v= kK cpcg = kcpcg

KaxkoB o6muit mopsignok peakuun? OHHIIHTE METOJ OINpeldeseHHss
CKOPOCTH peaKUWH, BKJIOYAIOMHUI OBICTPYIO DPaBHOBECHYIO CTaJHIO.-
19-28. PasnoxeHue 030Ha B ra3oBoit ¢ase
20, = 30,

BEpPOATHO NPOXOAHUT Yepe3 CTaaHH:
1) Og=0,+0
2) 04 O;= 20,
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YKaxuTe MOJNEKYJsPHOCTb M NOPANAOK KaXaoi craiuu. BriBe-
AHTe KHHETHYeCKOe ypaBHeHHe peaklHH B NPeANOJOXEHHH, 4TO
fiepBasi CTajlus NporekaeT OBICTPO M HcXoAHoe BemlectBO (O;) H
TIPOAYKTHl HAXOAATCS B PaBHOBeCHH, a BTOpas CTajHs INPOTeKaeT
‘MeJlJleHHO. BriBeauTe Apyroe ypaBHeHHe CKOPOCTH Ipoliecca, Npef-
TIOJIOXHB, YTO INlepBasi CTajAHs MelJieHHas, a BTopas ObicTpas H
paBHOBecHasi. Kakofi MOXHO clesnaTb BBIBOJ, CPaBHHB 06a ypaBHe-
HHUA?

19-29. YKaxXuTe BO3MOXHBLIH MeXaHH3M peaKLHH pa3JoXeHHS
©030Ha B ra3oBod ¢ase Ha KHCJIOPOA, €CIH MNPOLECC ONHChiBaeTcH
KHHeTHUYeCKHM YypaBHeHHeM:

v=ke?p,/co,

19-30. Huxke naH mpuMep BEIBOZA KHHETHYECKOIO YPaBHEHHS pe-
AKIMH, B KOTODOH OfHA M3 cTajuil OLICTPO AOCTHraeT paBHOBECHS.
I'azoBas peakuus

2NO +4- Cl, = 2NOCl
umeeT TpeTHit mopsmok. IlpeamonoxuM, peakuus HAeT B JABe CTas
JAHH:
1) NO + Cl, = NOCl, GricTpas, &,
2) NOCl,; 4+ NO = 2NOCl MelJeHHas, k,

Ecau peakuus (1) mporekaer GwicTpee, 4eM (2), TO MOXKHO Hpex-
MOJIOXKHTb, YTO peakuus (1) MOXKeT NMPOTeKaTb PAaBHOBECHO C KOH-
craHTof paBHOBecHs K;:

NOCl,
ENoCcl,
OTKyAa :
eNoct, = Kienocet,

1=

«CKOpOCTh peaKlUun (2) paBHa

dCNo
——ar = kaoNoci,eNo

JloacraBum KOHLEHTPALHUIO CNOCl,

deno
a1 = kaKienocer,eno = ke*nocal,

Taxum o6pasoM, nojydaeTcss ypaBHEHHe TPeTbero nopsinka, xo-
T HH B OAHOH CTaJHH PeaKIHH He TPOUCXOAMT CTOJIKHOBEHHS Tpex
yacTHl. IlpefsioxuTe ApyrHe NpHMepHl peaKUHd C PaBHOBECHBIMH
cragusamu. O6cyauTe BapHaHT ¢ MeJJIeHHOH PaBHOBECHOW cTajued,
HauMHaIolled MK 3aKaHUHBaIOLLeH mpolecc.

19-31. B ogHOM HcC/eOBaHHH ONMHMCHIBAJICA MeXaHH3M Ta30BOA
;peakuun o6pa3oBaHHs HOJOBOAOPOAA

H, + I, = 2HI
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ABTOpr NPEeANONOXKHUIIH, YTO peakKlus TPOXOAHT 4Yepe3 CTaAHH:
1 I,=2I 6bicTpast, paBHOBecHast, Ky, K
2) 21 4 H, = 2HI MeJJIenHas, k,

CKOpOCTb peakIHH B LEJOM ONpeAessieTcsi CKOPOCTbIO MeJeHHOR:
CTaAHH:
vy = kyer’cy,

INoAcTaBasia BhlpaxeHHe KOHUEHTPALMKH aTOMHOIO MOAA M3 ypaBHe-
HHSL KOHCTAHTH PaBHOBECHS
Ky = cr*/ey,; o = Kiey,

noJsydaeM
Uy = kZKICIZCHz = kCHZCIZ

Ha ocHoBaHuH 3TOro aBTODH AE€JAIOT BHIBOA, YTO PEaKLHsl NPO-
XOZUT yepe3 o6pa3oBaHHe aKTHBHPOBaHHoOro koMmiekca Holo. O6Bb~
SICHHTE NIOYEeMY aBTOpPHl NMPHIULIH K TaKOMY BHIBOAY.

19-32. Panee mnpepmosarajoch, UuTO peakuus o6pa3oBaHug
HOLOBOAOPOZA M3 BOJAOPOAA M HOMA IPOTEKaeT COTrJacHO ypaBHe-
HHIO

H, + I, = 2HI

T. €. ABJISIETCS THIHYHOR GHMOJIEKYJSPHOH peaKuuei (mpoxoasuleft:
yepe3 CTafuio 06pasoBaHMs NPOMeXYTouHoro Komitekca Holo)..
BbIIBHHYT H APYro# MeXaHH3M, BKJIOYAOUHA OLICTPYIO pPaBHOBeEC-
HYIO CTafHIO H MEeAJIEHHYIO CTaJlHIO:

1) I,=21 6hiCTpasi, paBHOBeCHas

2) 21 4+H=2HI MeJJIeHHast

BriBeinTe KHHETHUECKHE YPaBHEHHS peaKIUM COIJIaCHO TepBO-
MY M BTOPOMY MexaHu3MaM. KakoBHI NOPSAKH H MOJIEKYJSIPHOCTH:
OTAeNbHBHIX cTapguii? KakoB NMOpSAOK peaklHy MO TMepBOMY H BTO-
pOMY MeXaHH3MaM?

19-33. Peakuus

2A 4 2B = A,B,

HMeeT CAeAYIOIHA MeXaHH3M (TPU CTAaLHH):
1) 2A=A, GreicTpasi, paBHOBEeCHas
2) A,4+B=A,B MeJl/IeHHas
3) A;B4+B=A,B, GricTpast

KakoBa 3aBHCHMOCTb OOIleli CKODOCTH PeakIMH OT KOHIEHTpalHH:
BemtectB A u B?
19-34. Ilas ra3oBofi peaKuuu

2NO + 0, = 2NO,
TUpeAsoXKeH CAeAYIOIINA MeXaHu3M (ABe CTaAHH)

1) NO 4 Oy = NO4 6LICTpast, paBHOBECHast
2) NO4 4 NO = 2NO, MeJJIeHHas
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JlokaxuTe, 4TO MeXaHU3M corJyacyercss ¢ 3KCInepHUMeHTaJbHO Haf-
JIEHHBIM BBIpaxKeHHeM CKODOCTH:

cho
v=—"gr = ke®noco,

19-35. T'asoBas peakuus
2NO + 2H, = 2H,0 + N,

TIOAYHHsIETCSI KHHETHYECKOMY ypaBHEHHIO:

U= kczNOCHz
MozxHo NpedJIOXHTb ABa MEXaHH3Ma peaKlIHuH:
I. 1) 2NO + Hy = N, 4+ H,0, MepJeHHas, k;

2) H,0, + Hy = 2H,0 GrIcTpast

103TOMy U1=R1c?NOCH,
II. 1) 2NO = N,0, GuicTpast, paBHOBecHasd, K
2) N,O; 4 H, =N, 4+ H,0, MejvIeHHas, kg
3) Hy0, + H, = 2H,0 GricTpast

OTKyZa
Uy = RyCN,0,CH,
IToncraBasis BEIDaXKEHHe KOHIEHTPAUHH N2O2 u3 KOHCTaHTHl paB-
HOBECHSI IIepBOH CTafUH
K, = ¢tn,0,/¢'No> N,0, = Ki¢®No
foyuaem:
vy = kK c®NocH, = ke®NocH,

CaenoBaTesnbHO, 06a MeXaHH3Ma ONMHAKOBHIM 06pa3oM OIHCHI-

BalOT 3KCIepHMeHTaNbHble JaHHble. KakoMy MexaHH3MYy CclenyeT

.0THATh MPeANOUYTEeHHE?
19-36. Peaknus B ra3oBoit ¢ase

2NO, 4- F3 = 2NO,F
‘BE€POATHO, OCYLIECTBJIAETCSA 4Yepe3 CTagHu:
1) NO, + NO, = N,04 6bicTpast, paBHOBECHast
2) N,04 + F, = 2NO,F MeJIeHHas

BriBeguTe KHHETHUECKOE YpaBHEHHE peaKUUH H IPEACKaXKHTe
BJ/IHsSIHHE N aBJIEHHS Ha CKOPOCTb peaKIHH.
19-37. Pa3noxeHHe a30THCTOH KHCJOTHL B BOAHOM pacTBope

3HNO, = H* 4- NO;~ 4 2NO + H,0
fIpDOTEKAeT yepe3 CTagHuH:

1) 2HNO, = H,0 4 NO 4 NO, GhiCTpast, paBHOBECHast
2) NO, 4 NO, = NO+ 4 NO,~ MeJIeHHas
3) NO*++4 H,0 = HNO, 4 H* GbicTpast

BriBenure YpaBHEHHE 3aBHUCHMOCTH CKODOCTH p€aKIHH OT KOH-
160



LHEeHTpalluu a30THCTOH KHCJIOTHI. Kax CKaxeTcqa Ha CKOPOCTH IIpPO-
Iecca H3MeHeHHe KOHLEHTpPAllMM Aa30THUCTOH KHCJIOTHL B 2 pasa?
19-38. Peakuuio TepMHYECKOrO pa3sOXKEHHS TOJYoJda MOKHO
BHIPa3UTb ABYMSI YPaBHEHUSIMH
CgHsCHz = C4Hj -+ CHg
CeHsCHy = C,H;CH, + H

Kakue HyXHB NaHHBIe, 4TOOB YCTaHOBHTH HanGoJjiee BEpOSTHHIA
fyTh Pa3A0XKEHHS TOJYOJa?
19-39. Peakuus TepMHuUecKoro pacrnaga sTaHa

C;Hy = CoHy + H,

NPOXOAUT Yepe3 PAA CTajgui:

1) C,H, = 2CH, 4) H+ CH, = C,H; + H,
2) CH;+- C,Hg = CHy + C,Hs 5) C,Hs 4 C,Hs = CqHyp
3) CzHﬁ = CHy+H 6) C,Hj + CpHg = C,Hy + C,H,
O671bsicHuTe, MOYEMY B IIpollecce HeT peaKIHi
H+4+H=H,

19-40. MoXHO NpPEANOJOXKUTL HECKOJbKO Da3JHUHBIX MEXaHH3-
MOB NIPOTeKaHHs peaKIHu:
2NO + 0, = 2NO,

1) Oxnna cragus
2NO + 0, = 2NO,
2) HBe craguu
NO + 0, = NO,
NO 4 NO, = 2NO,

3)Tpu cranuu

NO + 0, = NO,
NO 4+ NO, = N,0,
N,0, = 2NO,

DKcnepuMeHTaJbHO HafileHO, 4TO CKOPOCTb PEaKUHH ONMHCHIBAETCS
ypaBHeHHEM

dCNo
V= — dt = kCZNocoz

KakoMy MexXaHH3My He MPOTHBOpeYaT dKCNEePHMeHTaJbHble AaHHBle?
19-41. T'a3oBas peakuus
H, + 2ICl = 1, 4 2HCI
NogUHHsEeTCS CAEAYIOUEeMY YPaBHEHHIO CKOPOCTH
dCH2
v=——g; = kecicn,
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l'ona)que, 4YTO 3THM 3KCIE€DHMEHTAJbHBIM JAaHHBIM He IPOTH-
BODEUHT CJEAYIOIIHA MexaHH3M
1) ICl 4 H, = HI 4- HCI MeJJTeHHast
2) ICI4-HI = I, + HCI 6hicTpast

19-42. MoxXHO NH mpeAcKasaTh, Kakas peaKlus [TPOXOLHT
6nicTpee
NO 4 O*=N+4 0,
HJH
NO 4 O*=0,*+N

Kakas u3 peakuuii TepMonuHaMuuecku GoJiee BeposmTHa? Pac-
CMOTpPHTE aHAJOrHYHBIM 06pa3oM CJelYIOllHe PeaKiuu:
N++ 0, = NO 4 O+
N + 0, = NO + O+

B Kakyio cTopoHy CMelleHO paBHOBECHe B KaxJo# pearupyiouief
cucrteme? _
19-43. Onpenenure, Kakoe HalpaBJeHHe PeaKUHH TePMOAHHAMH-
49eCKH W KMHeTHuYecKH 6oJee BEPOATHO:
NO* 4 NO = N+ 4 O,
NO*+4 NO =N, 4 O,*

CpaBHUTe npsiMble M OoOpaTHHle peaKluH, YKaxKHTe, B KaKylo
CTOPOHY CMellleHO PaBHOBeCHe B KaXXAOH M3 pearHpyOLIHX CHCTEM.

19-44. Bocnoabp3oBaBiiMCh HIEAMH MeTOJa MOJIEKYJISPHBIX Op-
6uranel, a Takke yYUTHIBasg TepPMOLHHAMHUECKHe npeAcTaBlenns,
061>acume ToueMy peakuus

Nyt + O3 = N, + Oy*

NpoTeKaeT HaMHOro Jerdue, 4eM peakKuufd
NO*+ 4 N, = NO + N,+

19-45. Kak 006bACHHTD, YTO NpPH HEMOCPEACTBEHHOM B3auMopefi-
CTBHH a30Ta H Kucaopona okcua NOg He o6pasyercs, HO o6pa3syeT-
cs mpu B3aumogeiictBuu NO ¢ KHCIOpPOAOM BO3AYXa.

19-46. Ilpenckaxute, Kakue TNPOMeXYTOUHBlEe COEIMHEHHS MO-
ryT o6pa3soBatbcsi B peakuun B3aumoneiicteus NO ¢ Os.

19-47. O6mbsacuure, noueMy MoJgekyna NO, uMelomas HecnapeH-
HBI 3JIEKTPOH, He COENHHSIETCS MPOYHO CO BTOPOH Mojekyaoir NO,
HO COEIMHSETCA C aTOMOM KHCJIOPOJa, HMEIOIIUM HeClmapeHHHHA
aJeKkTpoH (o6pasyercss NOg).

19-48. CxopocTh NpAMO#N ra3oBoH peaKUHH

2NO + 0, = 2NO,

OIIHCHIBAETCSl YpaBHeHHEM
— b2
v = ke?No, 0,

KoncTaHTa CKOpPOCTH kR yMeHbLIaeTcs C TMOBHILEHHEM TeMIepaTypH.
IIpuBeanTe BO3MOXKHBEIE OOBbSICHEHHS TaKOH 3aBHCHMOCTH.
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19-49. O6bAcHHTe, KaKasd M3 peakiuii o6MeHa NPOXOAMT ObICT«
pee u modemy:
ND; 4 HCl = ND,H + DCl
D,0 + HCl = HDO + DCI

19-50. Kax 06GBACHHTb, YTO Ppas3JjOXeHHe THOCePHOH KHCJOTH
fipOTeKaeT Mo-pasHOMY B Pa3jJHYHLIX PacTBOpPaX:
B BOJHOM pacTBOpe

H,S,05 = H,0 + SO, + S

B pactBope 3dupa
H,S,0; = H,S + SO,

19-51. IMouemy rupponus terpaxsnopuna yraepoga CCly wugmer
mennennee, uem COCl,, xotss nosasipuoctsh cBsisu C—Cl moutu oam-
HaKoBa B 060OHX COeIHHEHHAX?

19-52. Jlucr GymarH, cMOuYeHHBHII pacTtBopoM Gejoro docdopa
B cepoyriaeporie CSg, mocile ucnapeHus cepoyrJepojaa caMoBOCHJa-
Mensercs. O6bsicHHTE, TOUEMY €CJH TaKOH Xe JHcT Gymard, cMo-
9eHHH pacTBOpoM (pocdopa, MOMECTHTb B COCYA C YHCTHIM KHC-
JIOPOZOM, CAMOBOCNJIaMeHeHHs He NPOHCXOIHUT.

19-53. Kak Bul cunutaete, MOTYyT JIH YpaBHEHHS peakKLUHH C OIdH-
HaKOBbHIMH YYaCTBYIOLIMMH BellleCTBAMH, HMeTb Pa3/jHUHble CTeXHO-
MeTpHueckue Ko3pPHLUHeHTH?

19-54. TlpoBepbTe, HPaBUJbHO JH TOAOOpPaHBl CTeXHOMeTpHUe-
CKHe KO3 (HUIHEHTH B CJeLYIOIIHX YpaBHEHHUAX:

2KClO, + 4HCl = 2KCl 4 2H,0 + Cl, + 2C10,
11KCIOg + 18HCI = 11KCl 4 9H,0 -+ 3Cl, + 12CIO,
8KCIOj + 24HCI = 8KCI + 12H,0 + 9Cl, -+ 6CIO,

KakoBo Bamle MHeHHe O MPHYMHAX PasMYHBIX KO3(pdHULUEeHTOB?
19-55. Peakuus

9HI +S=H,S+ 1,

B rasoBoi (pase mporekaer cJeBa HampaBo, a B BOJAHOM pacTBOpe
cipaBa HaJeBO. B ueM COCTOHT MPHUYMHA 3TOrO SIBJICHUSA?

19-56. CKopocTb OKHCJEHHSI COeJHHEHHH [BYXBaJEeHTHOTO IKe-
Jie3a nojJ JeHCTBHeM KHCJIOPOAa BO3AyXa

4Fe(OH), + O, + 2H,0 = 4Fe(OH),
4FeSO, + O, + 2H,0 = 4Fe(OH)SO,

CHJIbHO 3aBHCHT OT cpeflbl: yeM Gosblie KoHUeHTpauus H*, tem
MelJleHHee upaeT okucieHue. [Ipennoxkure o6bsicHeHHe Takoil 3aBH-
CHMOCTH.

19-67. Ongun n3 mMexaHusMoB 06pa3oBaHusi MoJeKyasl AB us A,
u B B rasosoii ¢ase npeamosiaraer o6pa3oBaHne NPOMENKYTOUHO-
ro Kkomniaekca AyB; (puc. 19-1, nyHktup oGosHauaer o6pa3oBaHue
HOBOH cBA3H AB u ocnabienue ceaseii AA u BB). [To ananoruu ¢
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A A ~———e
A e B ?\_‘\B A B
B = h ? ! !
— | | | [
_--"B 2 >——
B - R B A B — o
A A A B
Ap+By=[AgBy]= 2AB

PHC. 19-1.

9TOH CXeMOH# pPacCMOTPHTe peaKUHMH:
1) CN4CN 2) C,+ N, 3) H+0 4) OH 4 OH

H TIpeEJIOXKHUTe (GOPMYJBl NEPEXOAHBIX KOMIIIEKCOB.
19-58. B3aumoneiicTBHe (pTopa ¢ JTHOKCHAOM a30Ta

2NO, + Fy = 2NO,F
B ra3oBoii (a3e NOAYHHSAETCS KHHETHYECKOMY YpaBHEHHUIO:
v = kCNO,CF,

Kakos ‘cocTaB TpoMeXXyTOYHOr0 KOMIJIeKca?

19-59. Ecan peaknus o6paTHMa M ec/JH NepeXof OT peareHToB
K TPOAYKTAM MPOHCXOLHT dHepPreTHYeCKH HanboJiee BHICOAHBIM Y-
TeM, TO o6paTHas peakldsl COBeplIaeTCs TeM e NyTeM, HO B 00-
paTHOH mocJjenoBateabHocTH cragui. Ilostomy npsimas u oGpar-
Has peaKIHs KMeIOT OAMH M TOT Xe MeXaHH3M (NPHHIHUI MHKPOCKO-
nuyeckod obpatumoctu). Kak fokasaTbh 3TOT NpHHLUN?

19-60. Ha puc. 19-2 nokasaHo u3MeHeHHE BO BpPeMEHH KOHLEHT-
pauun BemectB A, B u D, yyacTBylomux B peakunu. Hanumure xu-
MHYeCcKHe YpaBHEHHS CTaqui 3TOH peakLHH.

19-61. IlonmiTaliTech mpeAcKa3aTb, Kakafd H3 peakKnuf H30TOMN-
Horo o6MeHa c¢ yyactueM *°S u '80 npoxoaut GnicTpee:

S180, -+ SOy = SO, + S'80,
50, + SOg = SO, + %S0y

19-62. O6bsicHuTe, TOYEMY AUCCOLHALUA MOJEKYJH BOAHB MPO-

XOAMT 10 peaKkuuu

H,0 =H + OH

a He TIO PeaKUHAM
1) HO=2H+ O 3) 2H,0 = 2H, + O,
2) HO=H,+0 4) 2H,0 = H, -+ 20H

19-63. Tuocynbpar HaTpusi NagSy;O0; MoxXeT OHITH NMOAYYEH KH-
nsueHHeM Topolika cepnl B pactBope NaySOs. YpaBHeHHe peaKIHH
C yyacTHeM DaJHOAaKTHBHOro H3oroma 35S samHcHIBaeTcsi Tak:

%S - SOy~ = $SS0,2~

Ecan HO‘JIY‘IEHHblﬁ pacTBOp NOAKHUCIHTH, TO BCA DANHOAKTHBHAs Ce-
Pa cHOBA BbITagaeT B OCaAOK

33S0,2- |+ H+ = %S 4 SO, + H,0
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ch
Kakne cBegeHHS MOXKHO IO-

JYYdTb H3 Pe3yJbTaTOB 3TOTO ,
skcnepuMeHTa? KakoBa cTpyk- B
Typa noHa S;032~?

19-64. TlpopyKTaMu KpeKHH-
ra anerona CH;COCH; saBas-
forcst CO, keren CH,CO, meraH
CH4 u atan  C,Hg. CocraBbTe :
ypaBHeHHUs peaklHuil, B pe3yJib- A
TaTe KOTOPHIX 06pasyloTcs 3TH
BElIeCTBa, 2

19-65. TlpemsnoxuTe Mexa- PHC. 19-2
HHU3MBl NIpeBpallleHHs YUC-H30Mepa B TPAHC-H30MEp:

H. H H Y
N / N /
C=C = C=C
x/ \y x/ \H

Kaxkne cBsI3H pa3phIBAlOTCSA B 3TOM IIpolecce?

§ 20. KATAJIMTHYECKHE IPOLLECCHI

20-1. Huxe npuBOAHTCA HECKOJbKO OlpefleleHHH NOHATUA Kara-
JM3a H KaTaJlH3aTopa.

1) Karanusom HasbiBaeTcsl siBJeHHe, COCTOsIIee B TOM, UTO IPH-
CYTCTBHE B CHCTeMe KaKoro-iu0o BellleCTBA BLI3LIBACT HJH YCKOpS-
eT IIPOTeKaHHe HeKOTOPOH XHMMHYeCKOH peakIHH, IpHYeM COCTOSIHHE
H KOJIHYeCTBO 3TOro BellleCTBa B KOHIle peaKUHH OCTaeTcs HeHs-
MeHHBIM. BelllecTBO, ycKopsiiolllee KaKylo-THO60 XHMHYECKYIO peak-
IIMI0, HO OCTalolleecsl NOCJAe peakUHH B HEH3MEHHOM COCTOSIHHHM H
KOJIHYecTBe, Ha3blBaeTCSl KaTaJH3aTOPOM XHMHUECKOH peakUUH.

2) Katanu3oM HasbiBaeTcs H3MeHEHHe CKOPOCTH XHMHYECKOR
peaKUHH NOA [eHCTBHEM BelleCTB, KOTODhle B pe3yJbTaTe peaKIHH
OKa3blBAIOTCSI XUMHUECKH HeH3MeHHbIMH. BellecTBa, usMeHsiiomue
CKOPOCTb XHMHUYECKHX peaklMil, Ha3blBalOTCH KaTaJlu3aTOpaMH.

3) Karanus — aTo cesleKTHBHOe YCKOpeHHe XHMHUYECKHX peak-
IHA B NPUCYTCTBUU BelleCTB (KaTaJu3aTOPOB), KOTODHIE NPHHHMA-
IOT yYacTHe B NPOMEXYTOUHBIX MpOlleccax, HO pereHepHpPYyIOTCA B
KOHIle peaKIUH.

4) Ilom xaranu3oM NOHHMAIOT SBJIEHHe YCKODEHHs peaKUHHA B
NPHCYTCTBHH BellleCTB, KOTOPble He PacXOAYIOTCS B PeakKLHH, a KakK
6Bl BJIHUSIOT Ha Hee CBOMM NPHUCYTCTBHEM.

5) KaranusatopoMm HasbiBaeTcs BelleCTBO, YCKOpsiolllee peak-
IIHI0, HO B pe3yJbTaTe ee CaMO OcTalolleecs XUMHYECKH HeH3MeH-
HBIM.

6) Karanusatop — 3TO BellleCTBO, KOTOpOe H3MeHsieT CKOPOCTh
peakuun, cCaMo OCTaBasiCh XUMHYECKH HeH3MeHHBIM.

BriGepute HauGoJsee TOUHOe ONpefiesieHHe, HaHANTe HETOYHOCTH
H HeJlOCTAaTKH APYrHX onpefeseHuit. [IpocMoTpHuTe 3amayn u BOMpoO-
Chbl 3TOTO pa3fesa M Ha OCHOBAHHH 3TOr0 NPEAJIOXHTE COOCTBEH-
HOe OlpejeseHHe MOHATHH «KaTaju3» U «KaTalH3aTop».
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20-2, MoxXHO Jii HCXOAS M3 ONIpefesieHHA NOHATHA <«KaTaju3a-
TOp», NpHBeIeHHBIX B 3ajnave 20-1, aHaJorH4HHIM 06pasoM JAaTb
onpefesieHHe TOHATHS «HHTHOHTOP» KakK OTPHLATENbHOrO KaTaliH«
3aropa?

20-3. Hoxaxure, uTo ecau Obl KaTajau3aTop cMelllaj paBHOBe-
cHe peaKliu, TO Hapyuancs Obl NepBBHl 3aKOH TepPMOJHHAMHKH.
MoxeT i KaTajJH3aTop CMellaTb PaBHOBECHe peaKIuH, MPOXOAs-
mux 6e3 TemaoBuX 3¢ deKTOB?

20-4. B onHo#t u3 crareil 6bl10 HamHcaHo cienylomee: «IIpuua-
TO pas3lensiTh KaTaJUTHYEeCKHEe IPOLECCH Ha TPH TPYINbI: rOMOreH-
HHH KaTaju3, reTepOreHHBIl KaTanu3, (pepMeHTAaTHBHHIN KaTalH3».
YKaxXHuTe HeIOCTAaTKH MOJOOHOrO pasiesieHus.

20-5. CTeHKH peaKUHOHHOIO COCyAa 4aCTO OKa3hnlBaloT 6oJblIoe
BJIHSIHHE Ha CKOPOCTb XMMHUYECKHX INPOLECCOB, YCKOPSsl HJH 3aMej-
a5 ux. IlpuBenuTe BO3MOXKHbBIE IPUYMHBL STOIO SIBJEHHS.

20-6. Peakuus Mexiay aToMaMH BOAOPOJAa NPOXOAHT KaK peak-
IIMSl TPETbero MOpsiAKa H TPUMOJeKyJasipHas. [IpuCYTCTBHe TpeTbeit
9acTHUB HeOOXOZMMO IJis OTBOJAA M30BITKA 3HEPTHH, BBIAEJNSIO-
wefica npu o6pa3osannu cBsasu H—H:

H4+H+M=H,+ M*

MoryT nn urparth posb TpeThell yacTHUbl MoJeKyas Ng, Oy, CO,
H, a takxke aromsl He, Ar u Bogopona. jlBnsiercst jim wactuua M
KaTaJH3aTopoM?

20-7. KakoB MexaHH3M YYacTHs B XHMHYeCKOM Ipoliecce Be-
IIeCTB, 3aMe/JISIOIINX CKOPOCTh XMMHYECKHX peakuuii H Ha3blBae-
MBIX OTPHLATeJbHBIMH KaTaJu3aTOpaMH, HJIH HHPHGHTOpaMH?

20-8. MoxHO a1 nmoao6path OJHH KaTajau3aTop, KOTOPHIH YCKO-
pHJ OBl OLHOBPEMEHHO IB€ HJIH TPH PEAKIHH M3 HEKOTOPOro 60.ib-
HIOro YHCJIa T€PMOAHUHAMHYECKH BO3MOXKHEIX peaKUUi?

20-9. MoxHO JIH NPHUTOTOBUTb CMeCh OBYX KaTaJlH3aTOPOB, KO-
Topas ycKopsiia Obl cpa3y JABe peaKUHH H3 HEKOTOPOro 4YHcJja BO3-
MOXKHBIX?

20-10. K kaxkuM nocJaeiCTBUAM INpuBesio Obl 6oJbliiee ycKope-
HHe KaTaJH3aTOpPOM MNpSMOH peaKUHH 1O CPpaBHEHHIO ¢ oGpaTHOMH?

20-11. K kakum mnocnencTBUsM MOrJO Obl IDHBECTH CMelleHHe
paBHOBECHSA KaTaJH3aTOPOM?

20-12. Coo6majoch 0 NOJYYEeHHH KaTaJH3aTOPOB pPa3JIOXKeHHs
BOABl COJIHEYHEIMH JydaMu (HalnpuMep, TaKHMH KaTaJH3aTOPaMH
MOTYT CJyXHTb HEKOTOpble CerHeTodJeKTpukH). KakK o6BACHHTDH
yCKOpeHHe TOJIbKO NpsAMOH (a He o6paTHOH OLHOBpeMeHHO!?) pe-
aKIHH.

20-13. O6ayueHne CBETOM Pe3KO YCKOpsSieT peaKIHIO B3aHMOJeH-
CTBHSl BOAOPOJa M KHCJODOAA B pe3yJbTaTe INPOTEKaHHS LENHBIX
peakuui

H+0,=OH+0
OH + H, = H,0 +H
O+H,=OH+H
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Kakue MoJIeKyJH, KHCIOPOAA HJIH BOAOPOAA, MOJ HeHCTBHEM
o6ayueHHs pacmafaloTcs Ha CBOOOAHbIe aTOMBI, MPHBOASA K LeMHOA
peakuuu? MOXKHO JIH CUHTATb CBeT KaTaJH3aTOPOM?

20-14. MoxHo a1 nofo6paTh KaTanu3aTopH AJs peakuui

H, (r) 4- O, (r) = H,0, ()
H,O0 (x) + 1/20, (r) = H,0, ()
) H, (r) + O, (r) = H,0, ()

20-15. MoxHO /M TOXO6GpaTh KaTalu3aTophl AJs peakuui:
1) 2CH, + H,0 = C,H;OH + 2H,
2) C,Hg + H,0 = C,H;OH
3) CH, + CO, = CH,COOH
4) C,Hs + CO, + H, = 2CH,COOH
5) CHyCOOH + H,0 = C,H;0H + O,
6) CHsCOOH + 2H, = C,HzOH -+ H,0
7) C,H;OH + O, = CHyCOOH -+ H,0
8) 3CH3COOH = CgH;,0,4 (caxapo3a)
9) C4H, 4,06 = 2CO, + 2C,H,0H

10) CgH;,0q = 3CHgCOOH

20-16. KakoBa npuynHa YCKOPEHHS KaTaJH3aTOPOM LENHOH pe-
aKUHH?

20-17. OguH ‘KaTtajau3aTop CHHXKaeT SHEPrHI0 AaKTHBALUH INPH
300 K na 20 xIx/mosb, a apyroit — Ha 40 kx/moab. Kako#t Ka-
Tanu3atop s dekruBHee? Bo ckoabKO pa3 Bo3pacTaer CKOPOCTb pe-
axKU{y OPH MCHOJb30BaHUH TOIO HJIM HHOTO KaTajausartopa?

20-18. Bria npenJioxXeHa ciaelylollas MocjefoBaTeNbHOCTb pe-
akuuil [Js TPOMBILIJIEHHOrO NOJY4YeHHs BOAOPOAA H TeMmepaTyp-
HOI'o pexuMma:

t, °C
31, (x) +6LiOH (p) =5Lil (p) +LilO; (k) +3H;0 (x) 150
LilO; (k) +KI (p) =KIOjs (k) +Lil (p) 0
KIOs (k) =KI (k) +3:0, (r) 650
6Lil (%) +6H,0 (r) =6HI (r) +6LiOH (x) 500
6HI (p)+3Ni (k) =3Nil; (p)+3Ha (r) 150
3Nil, (k) =3Ni (k) +3I2 (r) 700

Hanumure cymmaproe ypaBHeHHe mpouecca. Kakue BelllecTBa
MOTYT HrpaTh PoJb KaTaJu3aTopoB? BhuucauTe HCX0As U3 chpa-
BOYHBLIX AaHHBIX H306apHble NIOTEHIIHANbl BCEX CTaAHM M CyMMapHOM
peaxuuH. IlonmbiTaliTech OOBSCHUTH NPHUYHHBI HCIOJbL30BaHHSA TOR
HJIH 1PYTOH TeMIlepaTyphl.

20-19. JKHpEl M YraeBOAH OKHCJASIOTCS B KHBBIX OpPraHu3Max
npH Temmeparype okosJo 37 °C, a BHe ero HX OKHCJIEHHE NPOHCXO-
AuT npu 450—500 °C. O6bsaAcHUTEe IPUUKHBL 3TOTO SBJEHHS.

20-20. O6bsicHHTe, OYeMYy SHeprusi AaKTHBALHH JHCCOLMALHH
MoJekya 6poMa Ha atoMbl (1200—1900 K) 3aBHCHT OT NpHPOAH
NPHCYTCTBYIOLEro HHEPTHOro rasa u cocraenaser B Ne — 131, Ar —
132 u Kr — 140 xIx/Mo0b.
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20-21. Kak u3MeHHTCS CKOPOCTb LENHOH peakuuH TNPH YMeHb-
LIeHHH IHaMeTpa PeaKUHOHHOrO Cocyna?
20-22. PasnoxeHnne alerajbierujia B rasoBoil dase:

0
cH,c”7 = CH, + CO
\H

yckopsietcss B 10000 pa3 mox neitctBueM mnapoB uona. Ilpu 800 K
3Heprus akTuBauuu 6e3 Karanusatopa paBHa 190 xJIx/Mosb. Bl
YHCJIHMTe SHEPrui0 aKTHBAIMH peaKUWH B IPHCYTCTBHH KaTaju3a-
topa. IIpensiokuTe MeXaHH3M KaTaJHTHYECKOro AeHCTBHS HOAA.
20-23. Peakuus B ra3oBoi (ase
2NO -+ Cl, = 2NOCI

yckopsiercss B mpHcyTcTBHH 6poma. Ilpeamosaraior, 4YTO mnepBas
CTagHsl OTIHCHIBAETCS ypaBHEHHEM

2NO + Br, = 2NOBr

Hanuwnte ypaBHeHune BTOpo#i craauu. Kak BAMSIOT KOHIEHTpa-
uuu NO, Cly u Brp Ha ckopocth mpouecca? IIpeackaxure mopsaok
mpollecca M MOJIEKYJISIPHOCTb OTJeNbHBIX cTanauil. OTHecuTech KpH-
THYeCKH K NpeNJaraeMoMy MeXaHH3My H TIPelJIOXKHTe ADYrod Me-
XaHH3M mpolecca.

20-24. Peaxuus pasnoxenus: aueranapieruna CH;CHO B raso-
Boit (pase ¢ o6pasoBaHHeM MeTaHa M OKcuaa yriaepoxa (II) umeer
snepruio aktuauuu 190 xJxk/monp (mpu 800 K). B mpucyrcrBuu
napoB HMOMA SHePruHs AKTUBALWM CHHXKaeTcs Jo 136 xIlx/Monb.
PaccuuraiiTe OTHOIIEHHe KOHCTAHT CKOpPOCTeH KaTasM3HpyeMoi H
HekaTaJusupyemoil peakuuil. Ilpensoxure MeXxaHH3M peaKUHi.

20-25. Uon yckopsier pasiioxKeHHe aleTajblernia B Tra3oBoi
¢ase ¢ ob6pasoBanuem Merana u CO. ITlpeanosaraior, uto mepBas
CTaHsl ONMHCHIBAeTCsl YpaBHEHHEM

CH—C/O-H = CH,l + HI + CO
] \H 2= 8

Hanumurte ypaBHenue BTOPO# CTaiuH.

20-26. Ilpu HccrefoBaHHM CHHTe3a aMMHaKa B 3JIEKTPHYECKOM
paspsiiie GblIO OGHapy:XeHo, YTO TNpolecc yCKOpsieTcs B MPUCYTCT-
BHH NapoB PTYTH, KOTOpPas CHOCOGCTBYeT MHCCOLHAIMH MOJEKYJbl
BOJAOpOZLA Ha aToMb. Hanuiunte ypaBHeHHs NPOLECCOB.

20-27. PasjoxeHHe 1laBeseBOM KHCIOTH

(COOH), = CO; 4 CO + H,0

NPOHCXOIHUT TIPH AefCTBHU CBeTa ¢ AJHHON BOJMH 2,5-102—4,5-10% uM
¥ B NPHUCYTCTBUHU coJleli ypanuaa. IIpennonaraercs, 4to B pacTsope
o6pasyworcs Bo36yxaennble HoHnl UQOp?+. Hamummrte ypaBHeHHA
peakuuii 06pa3oBaHHs BO3GYXKIEHHOTO HOHAa YypaHHJIa NOJ HeHCT-
BHEM KBaHTa CBEeTa H PasJoXKeHUs IaBeseBoH KHCAOTH. OODbsCHH-
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Te, MOYEeMY He TIPOHCXOJHT pa3JoXKeHHs IlaBeJeBOH KHCJOTH MOA
IelicTBHEM CBeTa B OTCYTCTBHE CoJieli ypaHuJa.

20-28. PasjoxeHHe alleTajbllerHia B ra3oBod (pase HOAYHHSA-
eTcsl ypaBHEHHIO CKOPOCTH

dech,cHO .
—ar =MhccngcHo

Ul-_—'

B npucyTCTBUM IapoB HOJA 3HEPTHs aKTHBAlMH Npolecca CHHXa-
eTcsl 1 ypaBHeHHe CKODOCTH IpHOGpeTaeT BHA:

dechgcHO

Uy = — g = RyCcHycHOCT,

[Tpensioxxure MexaHH3M HeKaTaJH3UPYeMOro H KaTalH3HPyeMOro
npoueccoB. O6bCHHTE POJb HOAA.
20-29. Peakuuss pas3joxeHHs TepOKCHIA BOAODPOAA B KHCJIOM
pactBope
2H,0, = 2H,0 + O,

yckopsiercsl GpoMuia-HoHaMH. IIpelJloXeH clefYIOIIHH MeXaHH3M:
H,0, + Br~ + H* = HBrO + H,0
H,O, + HBrO = H,0 + Br~ 4 H* + O,

Vkaxute nopapok peakuuu nmo HyOg Br— u H*? KakoBn Heno-
CTaTKH TOIO MeXaHH3Ma?

20-30. PaasioxeHHe mepoKcHIa BOAOPOAA LO BOABI H KHCJIOPO-
l1a B BOLHOM pacTBOpe ycKopsieTcss Hoauna-uoHaMu. CKopocTb mpo-
liecca OMHMCHIBAETCS KMHETHUECKHM ypaBHEHHeM:

v = key,0,0r"

[Tpennoxute ypaBHeHHe MeAJIeHHOH CTafHH M MeXaHH3M BCero
npouecca.

20-31. Koncraury ckopoctu peaxuun pasnoxenus HqoOp B npu-
CYTCTBHH KaTasasbl, BHIEJeHHOH U3 APOXKXKel, omnpenensnu (mpu
25°C) TuTpoBaHHeM pPaBHBIX O06BEMOB aHaJIH3HPYEMOro pacCTBOpa
pacTBOpOM IepMaHraHata Kanus. [losyyeHnl ciepyiollne AaHHbIE
(T — BpeMsl OT Hauasa peaKUHH):

T, MHH 0 10 20 25
VKMnos , Ma1 41,8 23,7 13,5 10,2

Buiuncaute KOHCTaHTY cKopocTH pasyoxeHus HyO,.
20-32. Tepmuueckoe pasnoxenue spupa C.HsOCyHs nmpoxoaut
N0 YpaBHEHHUIO

2C,H;0C,Hy = 4CH, + 2CO + C,H,

B mpucyrcTBun mapoB Hojza (KaTta/nu3aTop) peaKUMs NPOTEKaeT Mo
IPYrOMy NyTH:

C,H;0C,H; = CHZCHO -+ C,H,
OO6bsiCHATE MeXaHH3Mbl PeaKIHiH, NMPOTEKAIOIHX B COOTBETCTBHH C
YKa3aHHBIMH ypaBHEHHSIMH.
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20-33. Pasnoxenue auerajibiersjia B rasoBofi ¢ase B mpHcyT-
CTBHH NTApOB HOJa MPOXOAHUT Yepe3 CTaLHH:
1) CHgCHO + I, = CHyl + HI + CO MeIenHan
2) CH4l +HI =CH 4+ I, GuicTpast

CocraBbTe KHHeTHUECKHE YPaBHEHHsl HeKaTa/lH3HPYyeMoil H Ka-
TaJH3UPYeMOH peakiuil B 1ea0OM.
20-34. Pasnoxenne C,H;Br, BeposiTHO, npoxoauT no ABYM my-
TAM:
1. C,HsBr = HBr + C,H,
II. C,H;Br = Br+4 C,Hy
C,HgBr + Br = C,H,Br 4 HBr
CgH,Br = C;H, + Br

Kak 3KcnepuMeHTaJbHO [0Ka3aTh, YTO BTOPOA MeXaHH3M BO3MO-
xeH?

20-35. TToueMy Boja B HeCTeKJSHHOM COCyJe He pacTBOpsieT
KpeMHHI1, a B CTeKJsiHHOM pactBopsier? Kak nposeputb Baie 06%-
siCHeHHe?

20-36. BoccranoBaenre xkenesa B HoHe Fe(CNS)e*~ wuonamu
Sn2+ pesko yckopsiercs moHamu Cu?t, Ilpensoxure MexanusM Ka-
taauTHuYeckoro Aeicteus Cu’t,

20-37. Bespoaunii xmopuf xpoma CrCls pactBopsiercs B BoJe
oueHb MefJsenHo. OObsCHHTE, TOYeMY CKOPOCTb PacTBOPEHHS Pe3KO
yBeJHuHBaeTcss B pucyTcTBHH cefoB Crit uim Sn*t.

20-38. TIpuMepoM aBTOKATAJIHTHUECKOH pEaKUHH MOXKeT CJy-
KHTb TpolecC OKHMCJeHHs liaBeseBoili kucaorn H,C,O4 mepmanra-
HaTOM Kajus B Kucao#t cpefe (¢ o6pasoBanneM CO; m Mn?*), Kak
AOKa3aTh, UYTO PeaklHs SBJISETCH aBTOKATaJHTHUECKOH?

20-39. O6bscHHTE, IOYEMY peakilusi B BOJHOM pacTBope

2Cett 4 TI+ = 2Ce3+ 4 TI3+

yoKopsieTcs: HoHaMH Mn?t,
20-40. O6bsicHUTE, TIOUEMY peaKlusi oOMeHa 3JeKTPOHAMH

Fe3+ 4 Fe?+ = Fe?+ - Fed+

yCKOpsieTCsi B IPHCYTCTBUH OTPHUATEJbHbIX HOHOB.
20-41. MexaHu3M pa3/i0oXKeHHSs MYPaBbHHOH KHCJIOTH B BOJHOM
pacTBOpPe MOXXHO NMPEACTABUTb B CJENYIOUIeM BHAE!

HCOOH - H* = HCOOH,*
HCOOH,*+ = HCO* + H,0
HCO* = CO + H*

Kakoe BellleCTBO JOJKHO JAeHCTBOBATb KaTaJHTHYECKH Ha OKOPOCTb
pasoXKeHHss MYypaBbHHOM KHCJIOTHI?

920-42. B BomHOM pacTBOpe pasjioxeHHe NEepOKCHAA BOAOPOAA
10 KHclopoAa m BoAb yckopsiercss monamu OH~. Kakoen mpuun-
HE KaTajuTHueckoro mefictBus noHoB OH™? Ilpemckaxmure Mexa-
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HH3M Tpollecca, YYHTBHIBas, YTO IO KHCJIOPOAY peakius NPOXOAHT
KaK peaKUus MepBOTO MOPsAKa.

20-43. Peakuus mpeBpalleHHs] HEKOTOPOro BemlecTBa X YCKOpS-
eTcs B MPUCYTCTBHH KHCJOTHI, HalmpHMep, YKcycHoH. [Ipeanosoxum,
4TO peaKUHs MPOXOAHUT depe3 cJeAyIOIHe CTAaJHH:

1) CH3gCOOH = CH4COO~ -+ H* 6biCTpast, PaBHOBECHAS
2) X -+ H*= XH* GhicTpasi, paBHOBECHas
3) XH+= npopykta 4+ H* MeJl/IeHHast

CocraBpTe KHHeTHUECKOe ypaBHeHHe mnpollecca. Kaxk 6yzmer
BJIHSITh Ha CKOPOCTb PEaKUHH 3aMeHa YKCYCHOM KHCJIOTH Ha Go-
Jee CHJIbHYIO?

20-44. KakoBo BJIHsiHHe NPHPOJAB pacTBOPHTeNas] (MOJSPHOCTD)
Ha CKOpPOCTb peakuuil. MoOXHO JIM CYHTaTh, YTO PaCTBOPHTENb B
3aBHCHUMOCTH OT NIpPUPOJBI 06JafaeT KaTaJHUTHUECKUM HJIH HHIHOH-
pYIOIIUM deficTBHEM?

20-45. Ecniu mepexoAHBIH KOMILJIEKC HMeeT OoJiee BBICOKHHA oM~
NOJIbHBIA MOMEHT, YeM peareHTH, TO CKOPOCTb peakuun GynerT BO3-
pacrath B 6oJiee MOJSIPHOM pacTBopHuTese. Ecau mepexolHbI KoMII-
JeKc uMeeT 6osiee HU3KHH OOLIMI IHMOJBHBIH MOMEHT, UeM peareH-
Thl, TO B GOJlee MOJISIDHOM PacTBOPHTEJEe CKOPOCTb peaKUHH yMeHb-
murcd. IlpuBeanTe BO3MOXKHBlE OOBSICHEHHS TaKOH 3aBHCHMOCTH.

20-46. OGbIUYHO, YeM moJsipHee pacCTBODHUTEJb, TeM CHJbHee
0cnabJsAoTCs CBSI3H B PearHPYIOUIMX MOJIeKyJax H TeM BhIlle CTa-
HOBHTCSl HX PeaKUMOHHas crmocoOHocTb. B KakoM pacTBopHuTese pe-
axKlHy mpoxoiaT HaubGosee GbICTpo? MMeroTcs /M HCKIIOUEHHS H3
3TOro npapHia?

20-47. TlpenmonoXXuM, YTO HHUXKe INPHUBeJEHHBIE PEAKIHH CIIO-
COOHBI NMPOTEKaTh H B BOJE, H B 3TaHOJE:

1) A*4B= AB+ 3) A+ B+= AB2+
2) A*++B- = AB 4) A*++ B2- = AB-

Kakasi peakuusi ROJKHA NpPOTeKaTb GHICTpee B BoAe (IO CpaBHe-
HHIO CO CITHPTOM)?

20-48. IlepeuncauTe NPHYHHBI YCKODEeHHsI peaKLUHH TreTeporeH-
HBIM KaTaJH3aTOpOM.

20-49. Ilpoananusupyiite BHpaXKeHHe KOHCTAHTH CKOPOCTH

EBKT SaKT

k=2ze RT ¢ R

NPUMEHHTENbHO K peaKUHH, YCKOPSIeMON TreTepOTeHHHIM KaTaJju3a-
TOPOM.

20-50. Yacto cguTaioT, 9TO pOJIb I'eTePOreHHOro KaraJH3aropa
3akJji04aeTcs B 06pasoBaHHM 0C060 PeakKIHOHHBIX NMPOMEXYTOUHbIX
BewectB. JlanpHedliHe NpeBpalleHHss 3THX BEIIECTB MNPHBOAAT K
BhIJeJIeHHI0O KaTaju3atopa B CBOGOAHOM cocTosiHHH. Kak oGmbsc-
HHTb, 4TO IUIATHHA YCKOPSET HEKOTOphle XHMHYeCKHe peaKUuH, XO-
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TA OHa OYeHb HMHEPTHBHIH MeTaJJl ¥ TPYLHO IPeNIOJIOXHTb 06paso-
BaHHe NPOMEXYTOUYHHIX NMPOAYKTOB C Heil.

20-51. CKopocTb pasyioXeHHss aMMHakKa Ha BoJb(pame Pe3Ko
YMeHbLIAETCS B MPHCYTCTBHM a30Ta, HO He CTAHOBHUTCA PaBHOH HY-
JI0 TPH HacblllleHHH TOoBepXHOCTH a3oToM. OObAcHHTE 3TO sBJe-
HHe.

20-52. Kak OGBSACHHTb, 4TO pa3jioXKeHHe aMMHMaKa TIPH KOHTaK-
Te ¢ BONb(PpaMOM NMPOXOAUT KaK peakllls MepBOro NopsiiKa?

20-53. O ueM CBHAETEJbCTBYeT TOT (PaKT, UTO CKOPOCTb pPasJo-
JKeHHsi aMMHaKa Ha MOBEPXHOCTH TJIAaTHHBl TIPONOPLHOHAJNBHA OT-
HOUIHHIO MapUHAJbHBIX AABJACHHH PNH,/Pu,”

20-54. Kak 00BSICHHTb, YTO IPH OKHCJIEHHH aMMHaKa KHCJOPO-
JOM BO3JlyXa HajA HarpeTod NJAaTHHOH

4NH, + 50, = 4NO + 6H,0; AH® = —900 x[Ix

Heo6X0nMMO, 4TOGH rasoBas CMeCh CONpHKacajach € KaTasJH3aTo-
POM JIHIIb B TeuyeHHe OYeHb KOpoTkoro Bpemenu (okoso 0,001 c).

20-55. Ecan B Koaby, Ha JHO KOTOPOH HAJHUT PacTBOp aMMHaKa,
BBECTH NpeJBapHTeNbHO HarpeThiffi (m1aMeHeM TOPeNKH) NOPOLIOK
okcuga xpoma CrqO;, TO Ha yacTHIAX OKCHAA, KaK KaTajH3aTopa,
HayHHaeTcsl Mpolecc OKHCJeHHs aMMHaka. IIpeasioXuTe KOHCTpYK-
muo JaGopaTopHOro nmpubopa MAJs HeNPepLIBHOTO OKHCJEHHS aM-
MHaka. Kak okucjeHHe aMMHaKa OCYLIeCTBJSIIOT B NMPOMBIUIJIEHHO-
CTH (KaKo# KaTalu3aTop HCMOJb3YIOT, KAKOBHl YCJNOBHSI OKHCAEHHS
aMMuaka)?

20-56. ITopsanox peakuuit B3aMMOJEHCTBHS BOAOPOAA C KHCJO-
poroMm

2H, 4 O, = 2H,0

Ha TNOBEPXHOCTH TBEPABLIX KaTasnusatopos, Hanpumep, CdO, zapu-
CHT OT JlaBJIeHHSI KHCJOpoja:

PHZ’ kl[la POz' kIla Kuucruueckoe O6wuf
ypaBHCHHE NnopsnoK
0,13—2,60  26,00—53,30 0=Fkp 1,00, 1
2,60—8,00  20,00—53,30  v=kpP,p%50, 0,5
30,60—50,00  1,33—5,30  u=Fp%i,p"30, 0,7

Kax u3MeHHTCS CKOPOCTb Npolecca NPH yBeJHYEeHHH AaBJIEHHS
BOROPOJA, KHCJIOPOAA H obllero naBjeHHs] B 2 pa3a B KaXIOM Ba-
pHaHTe YCJOBHIl NpOBeLeHHs Npolecca?

20-57. Peakuuss o6pa3oBaHus aMMHaKa Ha XKeJle3HOM KaTaJju3a-
Tope npH kouuentpanusax Hy u N,, na/fekHx oT paBHOreCHbIX, OMH-
CHIBaeTCs ypaBHeHHeM

v = kp®8y,p%0N,
Kax H3MEHHTCSI CKOPDOCTb peaKUHWH MNMPH yBEJHUYEHHH NaBJIeHHH a30-

Ta uan Bogopofa B 0,1 u 2 pasa? Kak H3MeHHTCS CKOpPOCTb TIPH
yBeJqHYeHHH o6iero aaBiexus B cucreme B 0,1 u 2 pasza?
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20-58. CKOpOCTh DPa3JIOXKEHHSI aMMHaKa Ha KeJe3HOM KaTanaH-
3aTope B NPHCYTCTBHH BOJAOPOJA ONMHChIBaeTcs ypaBHeHneM (500—
700°C):

dpNh, P'NH,
V=—"gz = pl,sﬂz

fAe T— BpeMs KOHTaKTa C KaTaJH3aTOPOM.

Kak BiHsieT Ha CKODPOCTb Pa3JjIOKeHMs: a) yBesJuueHHE TapUH-
albHOrO AaBjleHHs aMMHaka B 2 pa3a; 6) yBeJHUeHHE NaplHalb-
HOrO HaBJIeHHs BOJOPOZAa B 2 pa3a; B) yBejHueHHe obllero masJe-
HHA B CHCTeMe B 2 pasa?

20-59. meercss mpeAmosioXeHHe, YTO TpOLleCC OKHUCJIEHHS HH-
OKCHIa Cephl Ha BaHaJHeBOM KaTa/JH3aTope MPOXOMHUT LHKIHYECKH:
HenmpephIBHO UepPEeAYIOTCS CTaJMH OKHCJEHHS BaHagus KHCJIOPOLOM
# BOCCTaHOBJIEHHSI AHOKCHAOM cepbl. Kpuruueckn o6cyauTe OmMH-
CaHHHI}I TIpollecc.

20-60. Pasnoxenue HOMOBOAOPOJA B ra3oBol (¢ase

2HI = H, + I,
MOAUYHHAETCA KHHETHUYECKOMY YpaBHEHHIO

dCH‘
u=—""7 =k

OHeprus axkTuBauumu 3toii  peakumn npu 800 K cocraBnser
190 x[Ix/Mosb. B NPHCYTCTBHM MNJIAaTHHBl SHEPrHS aKTHBALHH CHH-
Kaercsl Zo 60 kI x/MoJab, KpOMe TOr0 CKOPOCTb 3aBHCHT OT TJIO-
IMaAH TOBEPXHOCTH S MJIATHHBI:

dCH]
Oy = — T = kzcmS

Kak BiusieT yBeJHueHHe INaplUHaJbHOTO MAAaBJEHUS HOKOBOAOPOAA
Ha CKOPOCTh HEKaTaJUTHYeCKOH M KaTaJUTHUeCKON peakuuu? Bo
CKOJIbKO pa3 KOHCTaHTa CKOPOCTH KaTaJHTHUECKOTO Pa3JoXKeHHS
6oJibllle KOHCTAHTHl CKOPOCTH T'OMOTeHHOTo pasjoxeHusa? Ilpexso-
JKHTe MeXaHH3M Pa3JyioXeHUs HOLOBOAOPOAA Ha IJIAaTHHE,

20-61. CuHre3 GeH30Jla NMOJHMepHU3allHell aleTHIEHA IO cXeMe

3C,H, = C4Hg; AH° = —620 kIx

TIPOHCXOAHT B TPUCYTCTBHH aKTHBHOTO yrJif, Harperoro xo 650°C.
KakoBa poJb yrisi B 3TOM npoiecce?

20-62. O6bsacuuTe, noueMy peaxuus ropeHus CO mnporekaeT ¢
saMeTHoR cKopocTtbio (mpu 900—1300 K) ToabKO B NPHCYTCTBHH
napoB BoAbl MK ra3oB tHna HeS u NH,.

20-63. Kak npoH3BOAHMTCS HarpeBaHHe KaTaju3aTopa B KOJIOH-
Hax CHHTe3a aMMHakKa:

1/2N, + 3/2H, =X NH,; AH=—53,1 xlIx
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20-64. IlpenyiokuTe BO3MOMKHBIH MEXaHH3M OKHCIEHHS aMMHa-
Ka Ha IUIaTHHe, KaK KaTaJu3aTope:

4NHj + 50, = 4NO + 6H,0; AH = —900 xI[x

20-65. BO3MOXHBI MeXaHH3M KaTaJHTHYECKOro OKHCJEeHUS aM-
MHaKa Ha NJaTHHe:
O,y = 20 (na nnaTHHe)
NHj + O = NH,0
NH;0 + 0, = HNO, + H,0
HNO, + 0, = HNO,
HNO, = NO + O, ++ OH
20H = H,0+ 0

VYkaxuTe HeIOCTATKH (€CJH OHH €CTh) 3TOr0 MeXaHH3Ma.

20-66. IIpn oOcyXneHHH MexaHH3Ma OKHCJEHHS aMMHaKa Ha
njaTHHe (KaK KaraJu3aTope) MOXKHO NPEeANOJOXHTb aAcopOLHIO
KaK KHCJOPOZa, TaK H aMMMaKa Ha IOBEPXHOCTH TaTHHHL [lepBHIit
NOAXOJ paccMOTpeH B mpeibayumel 3anave. Kakas csass, N—H
u1n O—O Jerue paspruiBaercs Ha miaatuHe? IlpeamonoxkuM, 4To Ha
nJjaTHHE MMeeT MeCTO afcopOIus MOJIeKysJ aMMHaka M HX AHCCO-
LHanus

NHy = NH, + Hape
NH, + O, = NH,0,
NH,0, = NO + H,0
2Hapc 4+ Oy = H,0 4+ 0O
2H,c + O = H,0

OG6cyanTe 3TH peakKUHH OTHOCHTEJbHO BO3MOXHOCTH HX HC-
T0Jb30BaHHUSA AJs OOBSCHEHHS MeXaHH3Ma mpolecca.

20-67. Ilonyuense a30THOH KHCJOTHL H3 aMMHaka NPOXOAHT B
TpH 3Tamna:

1) okxucireHHe aMMHaKa B MPHCYTCTBUU NJIATHHE

4NHg + 50, = 4NO + 6H,0

2) oKHCleHHe KHCJIOPOAOM OKCHIa a30oTa A0 AHOKCHAA

2NO + 0, = 2NO,

3) morJollleHHe OKCHAA BOJOH B MPHCYTCTBHH KHCJIOpOAa
4NO, + 2H,0 + 0, = 4HNO,

O6mbsacuuTe, MOYEMy TPOLECC HeJb3si NMPOBECTH B OAHY CTaIHIO:
NH, + O, 4+ H,0 —> HNO,

20-68. Ilpomecc KoHBepCHH OKCHAA YIJIepoja BOINSHLHIM Napom
Ha TBepAOM KaTtanusartope K
CO + H,0 = H, + CO,

MO}KeT OBITh npeacraBJ/I€H MeXaHH3MaMHu:
I. H,0 + K= H, + KO
CO +KO=CO,+K
II. CO+ K= COK
COK + H,0 = CO, + H, + K.
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[Ipennioxure Apyrue MexaHH3MBl H Bbi6epHTe Haunbojee IPaBHIb-
HEIH,

. 20-68. O6GmbsacuuTe, moueMy pasnoxeHHe NyO Ha MOBepXHOCTH
MEeTaJJIHYeCKOro 30J10Ta NOAUHHSETCS KHHETHYECKOMY YpPaBHEHHIO
TIePBOro MOpPAAKaA.

20-70. PekoM6HHaAUHs aTOMOB BOZOPOJa HAa INOBEPXHOCTH 30JI0-
Ta INDPOUCXOAHUT KaK peakKluusa BTOPOro mnopsaka. KaKOB ME€XaHHU3M
npouecca?

20-71. CxopocTb peaKUHH

250, + 0, = 250,
Ha TNOBEPXHOCTH IIJIATHHHI TIDH H30BITKE 'KHCJ0poAa paBHA:

€50,
v=k—F—
01/2503

OO6bsicCHHTe MPHYHHY 3TOR 3aBHCHMOCTH. IloueMy KOHLEHTpauus
KHCJIODOZla He BXOAMT B BhHIPAaXKeHHEe CKOPOCTH?
20-72.  I1pennonaraior, 4To fAepHas peaKUHs

4,'H = y*He + 2,,°8
npoTeKaeT Mo ClelyloLUleMy MeXaHH3MY:

12,C44,H=13,N=13,C -}, 8
13,C 41 H=14N

14N + 4H = 150 =15,N + ,,°B
3N + 14 H = 12,C +- 4,He

Kaxkue sapa urpaior posb KaTaiusdatopa? Bo3aMoxHa JH peakius
MeX1y YeThipbMs IAPaMH BOJOPOAA?

T/JIABA 4.
PACTBOPbI

§ 21. OBILHUE CBONCTBA PACTBOPOB

21-1. Uro Bul moHuMaere noj BhIpaxeHHeM «pacTBopeHHe»? Kakue
#3 TpHBeNEeHHLIX HHXe IPOLECCOB SBJSIOTCS NPOLECCaMH pacTBO-
peHusa?
NaCl () = Na* (p) + CI~ (p)
Zn (k) + 2H* (p) = Zn+(p) + H, (1)
caxap (k) = caxap (p)
CO4 (r) = CO,4 (p); CO4 (p) + H,0 () = H,CO;4 (p)
FeCly () + H,0 () = FeOHz* (p) 4 3CI" (p) ++ H* (p)
CaCOgy (k) -+ 2H* (p) = Ca?* (p) 4- CO, (r) + H,0 ()
Cu (k) + 2NO=4 (p) + 4H* (p) = Cu* (p) + 2NO, (r) + 2H,0 (x)
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21-2. O6bscHATE, TOYEMYy MHOTHe METaJJIK pacTBOPSAIOTCA B
XKHAKOM aMMHaKe, He pearHpysi ¢ HHM, a TNPH PacTBOPEHHH B Boje
NPOUCXOAHT XHMHYeCKasi peakKUHsl (XOTs aMMHaK H Boxa ob6Jjanaior
MHOrHMH OOLIHMH CBOMCTBaMH).

21-3. YKaxHuTe CyllleCTBeHHHe NPU3HAKH pa30aB/eHHOro, KOH-
IeHTPUPOBAHHOrO, MepechIlleHHOr0, HaCHIEHHOr0 H HeHaCHIIIEeHHO-
ro pacTBOpPOB.

21-4. ITunetko#t orMepeno 20 MJa pacTtBopa. AGCOJIOTHAs moO-
rpelIHOCTb H3MepeHHs nuIeTkoHd cocrasisier 0,05 ma. Boiumcaute
OTHOCHUTEJIbHYIO NOrpellHOCTb. KaKoBbH BO3MOXKHOCTH ee yMeHblle-
HHA?

21-5. Paccunraiite, ckoapko rpaMmMoB KOH Heo6Gxomumo nis
npuroroBsenus 2 1 15%-Horo pacreopa®.

21-6. Huxke mpHBeAeHH NJOTHOCTb P H COOTBETCTBYIOLIHE KOH-
neHrpauuud B % (Macc.) (uHcao r pacTBopeHHoro BewlectBa B 100Tr
pactBopa), Moab/am u r/a pas pacreopoB KOH (mpm 20°C):

p, rfem® % (macc.) MOJIb/ N r/a
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

BhHIYHCAHTE MJIOTHOCTb H KOHLEHTPALHH B MOJb/A Hu T/a 15% -Ho-
ro pactBopa KOH. Paccuuraiite, ckoJbKo BOAH cieayer npu6a-
BUTb K 250 Ma 15%-Horo pacrBopa KOH pas nmonyuenus 5% -Horo
pacTBopa™*,

* B xauecrse mpumepa paccuntaeM, ckosbko (B r) KOH neo6xomumo aas
npurotoByenus 0,5 a1 20%-noro pacrsopa. Ilo cnpaBouHoit Ta6aHIe HAXOAUM MJIOT-
noctb 20%-ro pacrsopa KOH; ona cocraeaser 1,176 r/cm® (mpu 20°C). Macca
0,5 a1 209%-uoro pactsopa KOH paBna: 500-1,176=588 r

Macca KOH B 20%-1oM pacTBope paBHa
588.20
100
** B kauecTBe NpHMepa pacCUHTaeM, CKOJbKO BOJH HEOGXOAHMO NpHOGaBHTL
K 100 ma 20%-noro pacreopa KOH (p=1,176 r/cM®), 9T06m moaydutb 5% -Huid
paCTR/(l)géca 100 ma 209%-unoro pactBopa KOH paBua: 100-1,176=117,6 r
B 117,6 r 20%-roro pacrsopa KOH coxepxurcs

117,620
00 = 23,52 r KOH

= 117,6 r

Takum 06pasoM, B HCKOMOM ob6beMe 5%-HOro pacTBopa JOJMKHO COAEPIKATHCS
23,52 r KOH. Maccy storo o6bema pacrsopa KOH HaxozuM, COCTaBHB NPONOPLHIO:

B 100 r 5%-noro pacrBopa cozepxurca 5 r KOH

X —C— Q= — —g— —3— —23,52»

100-23,52
r=—p = 470,4 r pactsBopa

CanenoBatensho, B 470 r 5%-noro pactBopa KOH pmonxHo coxepxatbes To
koanyectBo KOH, koropoe coaepxutcs B 100 Ma 20%-noro pacropa. [lostomy
K 100 ma 20%-noro pacreopa cieayer npu6asuth Boam: 470,4— 117,6 =352,8 r
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21-7. Paccuuraiite, Kakoit o6bem (B Ma) 15%-Horo pacrBopa
KOH cienyer B3sTh MJs npurotoBseHusi 1 i 5%-Horo pactBopa.

21-8. OnuuuTe, KaK TWPHUrOTOBHTh 1 J 19%-HOro, OLHOMOJSIPHO-
ro, OZHOMOJISJILHOTO M OJHOHODMAaJbHOrO pPacTBOPa CEpPHOH KHC-
JIOTHI.

21-9. YKaxure HeNOCTAaTKH U MPeuMyLlecTBa HCIOJb30BaHU®
MOJISIPHOH H MOJISIIBHOH KOHLEHTpauui.

21-10. YKaxurte BO3MOXHble NPHUHHEL OTKJOHEHHSI OT 3aKOHa
Payas.

21-11. Huxe mpuBeleHH [aBJeHHs MapoB BOJABI TPH IBYX TeM-
nepaTtypax HajJ pacTBOpaMH TpocTHHKoBoro caxapa CjoH,20p, pas-
JIMYHOH KOHILEHTPallHH:

¢, %(macc.) G szoéoZ(ga ¢, %(macc.) 4o°cpH20’ Knasmc
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 Bauser u3MeHeHHe KOHLEHTPalWH H TeMIepaTyphl Ha J1aB-
JeHue mapa pacrBoputenas? IlpencraBbTe faHHble TpadHueckH. Be-
pa3uTe 3aBHCHMOCTb [aBJIeHHS Tapa PacTBOPHTeNs OT KOHLEHTpa-
LMK pacTBopa (NpH NMOCTOSIHHOM TeMIeparype) B BHAe MaTeMaTH-
4eCKOH 3aBHCHMOCTH ((dopMyJHl). B Kakux eiMHHIAax ciaelyer BhI-
Pa3HTb KOHIEHTPAIHIO?

21-12. 1aBnenve mapa Haj pacTBOPOM, conepxKamuMm 52 r He-
Koroporo BeulectBa B 117,0 r Boasl, paBno 3,07-105 ITa (npu 70°C);
ILaBieHHe BoasiHoro mapa npu 70°C paBno 3,12-105 ITa. Omnpene-
JIUTE MOJILHYIO Maccy BellecTBa.

21-13. YxaxHTe YCIOBHSA, IPH KOTOPHIX COGJIOAaeTCs 3aKOH
Payuas.

21-14. laBnenne mnapa Han 10%-HbIM pacTBOpoM caxapa
Ci12H320,; paBHo 1,007-10° ITa mpu 100°C. CocraBbTe OZHY HJIH He-
CKOJIbKO 331124, HCXOJSl U3 3TOr0 YCJOBHS.

21-15. Ilo nepeoMy 3akony Payuas:

ng pA°—pa
na—+ng PA°

Np =

rie Np— MoJbHasi 10Js DacTBODEHHOTO BellecTBa B; np—uHca0 MoJefl pac-
TBOPEHHOTrO BellecTBa B; ni—vuHCIO MoJell pacTBOpHTeass A; pa° — naBieHHe
mapa YHCTONO DPacTBOPHTENs; pa — JaBJjieHHe Napa PAaCTBOPHTENS Hal pacTBOPOM.

BriBegute ¢opMyny Ass onpefeseHHsT MacChl PacTBOPEHHOTrO
BelectBa. [Ipeo6Gpasyfite (ynmpocTHTe) YypaBHeHHe NPUMEHHTENbHO
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A,100% B,100%  A,100% B, 100%

PHC. 21-1

K yCJOBHIO, KOrla a) pacTBOPEHHOe BeLIECTBO He Jeryue; 6) pac-
TBOD pa30aBJieHHHI.

21-16. OGbsicHuTe, mOMB3ysichk MpHHUHIOM Jle arenve, mpn-
UHHY yMEHbLUCHHS NaBJIEHHS Napa HaJl PacTBOPOM HeJIeTYUero Be-
lleCTBa O CPaBHEHHIO C NaBJEHHeM HaJ YHCThIM PacTBOpHTENEM.

21-17. BoluHcanTe KO3(P(MHUHEHT aKTHBHOCTH™ BOJBI B PacTBO-
Pe, B KOTOPOM MOJIbHAsi JOJI1 HeJeTyyero BelLlecTBa paBHa 0,05,
€C/H NaBJeHHe HACHILEHHOr0 BOASHOIO Napa Hal DacTBOPOM npu
298 K pasno 30,0102 Il1a, a nasnenue HacChILIEHHOro mapa Haj, uu-
CTOH BOIOH IIpH TOH Xe TeMnepatype pasHo 32,2-102 [1a.

21-18. Kak HasblBalOTCS PaCTBOPHI, A5 KOTOpHIX Ha puc. 21-1,a
H 6 TpeicTaBleHbl 3aBHCHMOCTH I aBJIEHHS nmapa Haj pacTBOPoOM
BelllecTB A ¥ B? UTo MOXKHO CKa3aTb 0 COOTHOWICHHH CHI B3aHUMO-
mefictBust Mostekyn A—A, B—B u A—B B stux pacTtBopax?

21-19. Mexay Mosekynamu xymopodopMa H aueToHa obpasyer-
Cs1 BONOPOAHAS CB3b:

ClyC—H- - -0 = C(CHj),

Ilpenckaxure BUI KPUBBHIX NaBJeHHS napa aueroHa, xJopocgop-
Ma u o0llero 1aB/eHHs Hal PacTBOPAMH AalleTOHAa K xJnopoopma,
€C/IH TeMNepaTypbl KUMEHHS aleTOHa M XJopodopMa paBHE COOT-
BeTCTBeHHO 56 u 60 °C.

* Pea/bHEe DacTBOPH He MOIYHHSIOTCS 3aKkony Payss, a map man peanbubim
PacTBOpPOM He MNOJYHHACTCS YPAaBHEHHIO COCTOSHHA HIEAaJbHODO rasa (BMecTO
MOJIbHEIX HOJIeli B pacyerax C peaJbHHIMH PacTBOpaMH HCTIOJIb3YIOTCST TePMOIHHA-
MHYECKHE aKTHBHOCTH @;). AKTHBHOCTb PacCMaTPHBaeMOrO BellecTBa B pacTBope
PaBHa OTHOLICHHIO JaBJeHH:A Napa AaHHOrO KOMIOHEHTa p; Haj PacTBOPOM K AaB-
JIEHHIO HACHIUEHHOrO Mapa Haj YHCTHIM BELIECTBOM MpPH TON e Temneparype p;°:

a=pi/p;®

AKTHBHOCTb CBsI3aHa C MOJIBHOH Aoselt my yepe3 KO3)(HUIHEHT aKTHBHOCTH [y,
3aBHCAILHA OT KOHUEHTpPAIHH:

a; = f,-mg
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21-20. HaBaenue mapa BoAel Hapm pactBopoM caxapa CioHgeOgp
B 3aBHCHMOCTH OT KoHleHTpauuu npu 40°C paBHO:

¢, %(mace.) Pus0r kIla ¢, %(mace.) PH40r kIla
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

Cob6atonaercss Ju 3akoH Payasa ans pactBopoB caxapa? Uro
MOXHO CKa3aTb O MEXMOJIEKYJSPHBIX B3aHMOXEHACTBHAX B PacTBO-
pe?

21-21. JaBnenue mapa BOAW H 3THJIOBoro cnuptra (mpu 40°C)
Hajl HX PacTBOPAMH Pa3JIHYHBIX KOHUEHTpalH# pPaBHO:
°C,HsOH, Pu,or X182 pc,yone ¥I18  6cyon,  PH,or K18 Pc oy one KB

% (Mon1.) % (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

Ha6aonalorea au B cCHCTeMe OTKJOHeHHS OT 3akoHa Payas?
Ecan ma, TO KaKOBH HX TPHYHHBI?

21-22. B 3axkpHITOM cocyfle HaxXo#ATCS IBa CTakKaHa: ¢ YHCTOH
BOJOH M ¢ pacTBOpoM caxapa B . Boje. Kako#i mpouecc 6yner Ha-
6ao1aThCd H A0 Kakoro mpenesa oH Oyaer mpoxoiuth? O6GcyauTte
€ro NPHYHHHL

21-23. O6bsacuuTe, MoyeMy NPH A06GABJEHHH 3THJIOBOTO CIIHP+
Ta K BOJe NMOHMHIKAaeTCs Kak TeMmepaTypa ee NJaBJEHHS, TaK H TeM-
nepatypa KHIEHHS. ’

21-24.06mbsicHUTe, TOYEMY NpPH BBelleHHH B BOAY MHOTHX PacTBO-
PHMBIX B Hell BelllecTB INOHHXAeTCS ee TeMIlepaTypa 3aMep3aHHS
H NOBHILIAETCS TEMIIepaTypa KHUIEHHS.

21-25. Tloawb3ysice npaBuaoMm (a3, o6CyquTe TOBELeHHEe BOMHEIX
pacTBOPOB caxapa M CmHpra mpH oxJaxpenuu (no —50°C) u Ha-
rpeBanun (fo +150°C). Hapucyiite CoOoTBETCTBYIOIIHEe KPHBHIE OX-
JaXJeHHs U HarpeBaHHf.

21-25. TloueMy naJs1 4yucTOM BOABI MBI TOBOPHUM «TeMIlepaTtypa
NJ1aBJIeHHsI», a [JIg pacTBOpa «TeMIepaTypa Hayajla KpPHCTaJjH3a-
IHH», «TeMIepaTypa MOfBJEHHS IePBHIX KPHCTAJJIOB», <«TeMIepa-
Typa 3aTBepAeBaHHUA»?

21-27. YKaxuTe Pa3MepHOCTb H €JHHHIBI H3MEPEeHHs KPHOCKO-
MHYEeCKOH H 30YJHOCKOMUYECKOH IMOCTOSHHBIX.

21-28. ns ompepfeseHHsT MOJIEKYJISPHOH MacChl M0 NMOHUXKEHHIO
TeMnepaTyphl 3aMep3aHus HaBecKa BemlectBa 1,5011+4-0,0002 r G-
Ja pactBopeHa B 24,984-0,05 ma Boabl. IToHMKeHHe TeMmepaTyphi
3amep3aHusi cocraBuno Af=1,3140,01°C. Briuncaure MoJsekynsp-
HYIO Maccy BelllecTBa H a6GCOJIOTHYIO U OTHOCHTEJbHYIO NMOTPeLIHO-
CTH ee ompelelieHUsi (KpHOCKomHueckass mocrosnHas Km,o0=1,86).
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YKaxuTe uaMepeHHe, CleJaHHOe ¢ HauGOJbIUEH NMOrpeuIHOCTbHIO.

21-29. Onpefenute KPHOCKONHYECKYIO NMOCTOSIHHYIO BOJBI, HCXO-
A u3 caenyomux paHabix: 0,001 MoJsS/JbHBIE pacTBOpP HEAJEKTpPO-
JiuTa B BoAe 3aMep3aer mpH —0,00186 °C.

21-30. O6mbscuute, novemy 0,001 MonsiIbHBEIA pPacTBOpP HE3JIEKT-
‘poauta B Boje 3amepsaer mpu —0,00186°C, 0,01 MoasanpHBI# pac-
tBop — npu —0,0186°C, a 1 MosnsIbHBIA pacTBOp 3aMep3aeTr He
npun —1,86°C. I1pu kako#l TemmepaType 3aMep3aeT TaKOH pacTBOpP,
.6oJibllle MK MeHblIe —1,86 °C?

21-31. Huxe mpuBefeHbl JaHHBE TO TeMIepaType 3aMep3aHHs
BOIHBIX pacTBopoB rioKo3n CgH 206, rannepuna CsHsO; u caxapa
Ci2H2201;:

KOHUEeHTpaLus tsa.\:‘ °C
Monb/1000 r HeO r/100 rHgO

[aioko3a 0,010 0,357 —0,036
0,132 2,388 —0,247

0,407 7,342 —0,772

1,102 19,85 —2,117

I'nuuepiH 0,020 0,184 —0,034
0,101 0,928 —0,187

0,984 9,054 —1,888

5,24 48,24 —I11,15

Caxap 0,001 0,048 —0,003
0,010 0,341 —0,019

0,105 3,596 —0,196

1,681 57,53 —3,702

BhlunciiuTe MOJAJbHBIE TOHHMMKEHHS TeMIepaTyp 3aMep3aHus
AJIg 3THX BellleCTB. 3aBUCAT JH OHM OT KOHLEHTpAalUHH pacTBopa?
Ecnu 3aBUCAT, TO 06bSCHHTE, IOYEMY.

21-32. Huxe mnpuBefeHH JaHHble IO KOHIEHTPALUHUSM H TEMIe-
paTypaM 3aMep3aHHs BOLHBIX PAcTBOPOB HEKOTODHIX OpPraHHYeCKHX
BellleCTB:

¢, Mo&Ab/1000 r HaO taam' °C MonsaabHoe mo-

HHUXXEeHHe TeMIes«

paTypsl 3aMep-

3aHHA

Taoke3a 0,020 —0,036 1,84
1,102 —2,12 1,92
Taunepun 0,020 —0,003 1,86
5,24 —11,15 2,13
Caxap 0,010 —0,019 1,86
1,681 —-3,70 2,20
Aueron 0,020 —0.037 1,86
7,800 —12,35 1,58
D THJIOBBIIT 0,010 —0.018 1,87
CHOHPT 11,92 —25,70 2,16
YKcycHas 0,010 —0,020 1,96
KHCJIOTA 7.18 —10,87 1,51
IIlaBeneBas 0,027 —0,084 3,17
KHCAOTA 0,366 —0,936 2,56
®enon 0,052 —0, 101 1,90
0,489 —0,843 1,72
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Kak u3MeHsIOTCS MOJs/IbHblE NOHMXKEHUS TeMIepaTyp 3aMep3a-
HHS PacTBOPOB YKa3aHHBIX BellecTB TPH H3MeHeHMH KOHIIeHTpa-
nuu? O6bsicHuTe 06HApyKeHHOe HECOOTBETCTBHE.

21-33. TloueMy MoJIsIIbHBlE TIOHHXKEHHsI TeMIepaTryp 3aMep3a-
HHsl PacTBOPOB IVIIOKO3HI, IVIHMIlepPHHA, Caxapa, 3THJIOBOTO CIHPTa
fIOBHIINAIOTCS ¢ POCTOM KOHLEHTpalUH, a MOJSJbHblEe NOHHKEHHUS
PacTBOPOB alleTOHA, YKCYCHOH KHCJOTHI, IlaBesieBOH KHCJOTH H (e-
HOJIa, Ha060pOT MOHHMKAIOTCA? MOXKeT JIH 3TO C/IYyXHTb YKa3aHHEM
Ha NPHPOAY BellleCTBA?

21-34. PactBopenuem B 500 r Boxwl 0,5 r KaXka0ro u3 dYeThlpex
BellleCTB, UMeIOIIUX OAHH H TOT Xe cocraB: 6,66% H, 40,1% C u
53,33% O, npurotoBNeHH pacTBOpbl, 3aMep3aioumue npu —0,062,
0,031, —0,021 1 —0,0103°C. YcraHoBHTe MOJeKyaAsipHble HOPMYJH
3THX BeleCTB.

21-35. TemnepaTypa 3amep3anus 1%-Horo pactBopa 6eH3ofiHOM
gxucaothl CsHsCOOH B Gensose Ha 0,211 °C Gosblle, yeM y YHCTO-
ro 6ensosna (5,45°C), a rtemneparypa 3amep3anus 19%-Horo pac-
TBOpa G6eH30iiHOA KHCJOTH B Bole Goabuie Ha 0,154°C, uem y uu-
croi Boabl. (Kpuockonmuueckass mocrosiHHas K Gensona 5,07, Boaw
1,86). O ueM roBOpSIT 3TH AaHHbIE?

21-36. Ilpu cKMraHHH OLHOTO H3 NMPOIAYKTOB KOHAeHcauuu Hed-
TH OBbIJIM TOJIYYeHBl CJefyioliue pe3yJybTaThl: npu HaBecke 0,2106 r
noayuerHo 0,6672 r CO. u 0,2606 r H,O, npu nHaBecke 0,1979 r no-
Jayuero 0,6270 r CO, u 0,2418 r H,0. PacrtBop, conepxamui
1,0002 r storo BemiectBa B 100 r Gensosa, 3amepsaer Ha 0,243°C
syxe, yeM 4yuCcTHifl GeHson (Kgp, =5,07, fnn CeHe=—5,45°C).
MoXHO /i Ha OCHOBaHHUH 3THUX JaHHBIX CH€JaTh BHIBOJL O THIIE CBS-
3H B U3YUYEHHOM COEJUHEHHH?

21-37. Onpeneaure cocraB cmecu kamdopsl Ci;o0His0 u MoueBn-
#ibl (NH3)oCO, ucxonss us ciaenyolux NaHHBIX: KPHOCKONMHYECKas
noctossHHasi Kamdopnl pasna 40; tTemmeparypa nsaBJjeHus kKam¢o-
pol 178,4°C, a cMech KaMdophl ¥ MOYEBHHH MaButes npu 171,55 °C.

21-38. Ompenennute teMnepatypy niaasneHHs 1%-Horo pactBopa
Kamdopsl B GeH30HHOH KHCI0Te M GeH30/HOH KHCJIOTH B Kamdope
70 CJeNYIOUHM JNaHHLIM: KDHOCKONHYECKasi MOCTOSIHHAsi KaM(opsl
C1oH6O paBna 40, temmnepartypa naaBienus ee 178,4°C; Kpuocko-
nuyeckass nocrosiHHas Gensoinolt kucioTe CeHsCOOH pasua 8,8,
OHa nuaasutcs npu 122 °C.

21-39. PactBop caxapa (MmonexynsipHasi macca 342), comepa-
wuit 0,6844 r na 100 r Boakwl, 3amep3aer npu —0,0374 °C. Breruncan-
Te TeMmmepaTypy 3amep3anus pactBopa 1,56876 r caxapa B 125 r
BOJIBL.

21-40. PactBop, comepxkamuit 7,92 r HEKOTOpPOro BelllecTBa B
78 r Gensona, 3aMep3aaer npu 4,16 °C. Bewecrso comepxut 50,69%
C, 45,08% O u 4,23% H. Temneparypa 3amep3aHus GeH3oJa
5,45°C. KakoBa ¢opmysa BemecTBa?

21-41. BeluucauTe MOJeEKYJSIPHYIO Maccy NepoKCHAa BOLOpOAA
Ha OCHOBAHHM CJENYIOWHX AaHHBIX: pacTBOp, COAepKalIuf



0,2235 r H,O, B 18,1049 r BoAHl, 3amep3aer npu —0,071°C, a pac-
tBop 1,567 r HyO, B 103 r Bome, 3amep3aer npu —0,829°C
(Kr,0=1,86).

21-42. YKaxure, B KAKOM COCTOSIHHH HaXOJHTCSl HOJ B PacTBO-
pe Hurpobensosna CgHsNO,, ecnn pacrop 0,148 r mona B 22,405 r
HuTpoOeH3ona 3aMep3aer npu 5,35 °C. Uuctoifi HUTpOGEH30M 3amep-
3aer npu +5,82°C, ero KpHocKomuueckas NOCTOSiHHasi paBHa 8,1.

21-43. O6GbscHHTe, NOYEeMy TOJBKO YTO KuIleBLIas BOZA 3aMep-
3aer npu 6oJiee BLICOKOH TeMNepaType, 4eM HeKHIIsiueHas?

21-44. PacrBop, comepxamuii 0,5 r Gpomupza aJIOMHHHS B
200 r GeHsoJia, 3aMep3aer npu temneparype Ha 0,025°C puxe Tem-
nepatypsl 3amep3aHus uyucroro G6eHsona (ans CeHe K=5,07, tan=
=5,45°C). KakoBo cocTositHHe MoJieKyal OpOMHAa aJllOMHHHSI B
6eH30/ILHOM pacTBOpe?

21-45. PactBopHMOCTh a3oTa M kuciaopoga B Boie npu 0°C mu
101325 ITa paBHa cooTBercTBeHHO 23,5 u 48,9 Mma/n. Broiuncaure
TeMIepaTypy 3aMep3aHHs BOJbl, HACHILEHHOH BO3LYXOM.

21-46. Ilo manHbIM H3yyeHHs] CBOACTB pacTBopa GpoMuaa aJjio-
MHHHS B IU3THJIOBOM 3(GHpe H NUPUAHHE MOJeKyJspHas Macca
3TOro BelllecTBa cootBeTcTBYyeT (hopmyne AlBr;, a B cepoyriepone
MoJieKy/asipHass Macca B 2 pasa 6GoJgbue. Chopmynupyiite Ha ocHoO-
BaHuu 3TOH HHGopMauMH 3amady, NPeAJOXKHTE PelldTh ee Bawum
TOBapulllaM M OOGBSCHUTb HNPHYHHY CTOJNb Da3JHYHOTO NOBENEHHS
6poMuaa aJOMHHHSI B Pa3JUYHBIX PACTBOPHTEJISX.

21-47. BrouucauTe colepxKaHHe CBHHLUA B CIJaBe C 30JI0TOM,
eCqM CIJaB HauWHaeT KPHCTAJINH30BaTbCsl ITPH TeMIepaType Ha
60° HuXe TeMmepaTyphbl IJAaBJEHHST YHCTOrO 30J0Ta. Kpuockomu-
yecKasi IOCTOSIHHASA 30J10Ta paBHa 226.

21-48. B cnpaBouHO# JuTepaType NMPUBOAATCSA CJAeAYIOUIHE TeM-
nepatypbl miaBjaeHus ypana: ot 1600 mo 1850°C (mo 1930 r.),
1690°C (1930 r.), 1130°C (uepe3 HeckoJsbKo Jjer). [TloueMy m3meH-
YHBHl J@HHBIE O TEMIepaType MJaBJeHHs ypaHa?

21-49. O6¢cynure, Kak, NOJAb3YSACh KPHOCKOMHYECKHM METOAOM,
OTNpeNeNuTh CONepXKaHHe NMpHUMecelt B BelllecTBe? KakoBwl orpanu-
yeHnss Meroma? ‘CocTaBbTe 3alauy TO 3TOH TeMe H NPEAJOKUTE ee
pelwuTs BamuM ToBapHILam.

21-50. [aiite BO3MOXHbIe 00bsICHEHHS, NI0OYeMy pPacTBOp 3aMep-
3aer nipu 6oJsiee HH3KOH TeMnepaType, YeM YHCTHIH PacTBOPUTENb?
B03MOXKHO J1 IPOTHBOMNOJOXKHOE SIBJIeHHE?P

21-51. B Tpex cTakaHax HaJHTa XHAKOCTb: B IIEPBOM — PacTBO-
pHTEJb, BO BTOPOM — pa36aBJIeHHBIl PAcTBOP BellleCTBa, HMeEIOUIHA
60Jiee HH3KYIO TeMIepaTypy KUIEHHs, YeM PaCTBOPUTENb, H B TPeTh-
eM — TaKol JXe pacTBOp BellleCTBAa, UMeIOLIHH 6oJiee BHICOKYIO TEM-
nepaTypy KHIIEHHS MO CPaBHEHHIO ¢ pacTBoputeseM. Bce Tpu cra-
KaHa OJHOBPeMeHHO HarpeBaloTcsi. B KakoM cTakaHe paHblle 3a-
KHUITHT XKHAKOCTb?

21-52. B 6oJblIOM cocyle KHMITUT BOAA; B 3TOT COCYX NOMECTH-
JIE IpYyroft COCyl Takxe ¢ BOAOH. 3aKHIOHUT JH B HeM Boja? B 6osb-
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woit cocya H06aBuUIM HEKOTOPOE KOJHYECTBO XJopHaa HaTpus. Uto
fIpOU30HIET B ‘MaJOM cocyne?

21-53. Breiuncaute conepxkaHue caxapa CyoHg0Oy1 B pactsope,
TeMmnepaTtypa KumeHusi kKoroporo paBHa 100,13°C (36ynnockomuue-
ckasi moctosinHas Em,0=0,52%).

21-54. D6ynnocKoONHYecKoe onpefesieHHe MOJeKYJsIpHOH MaccH
As;O; B HHTpOGeH30Je YKa3hIBaeT, UTO OHA paBHa NpPHOJIH3UTEJNb-
10 390. ITo 3TUM ¥ CIpaBOYHLIM AaHHBIM COCTaBbTe 3ajavy.

21-55. OmnpenesnuTe MOJNEKYJSPHYIO Maccy cephl, eCJH pPacTBOP
0,7199 r ee B 88,9 r Gensose kunut Ha 0,081 °C BhHIlIe, YeM YHCTHIN
Genson (Ecg, =2,60). Pacteop 0,678 r cepnl B 85 r Gensosa 3a-
Mep3aer Ha 0,013°C nuxe, yem uucThit 6enson (K¢, =5,07).
Cdopmynupyiite BHIBOAH U3 3THX JaHHHIX.

21-56. Ompepennte, H3 CKOJBKHX aTOMOB COCTOHT MOJeEKyJsa ce-
pH, €clH TeMmeparypa KuneHus pacTtBopa 4,455 r cepnl 8 50 r
6en3onia Ha 0,891 °C BhIlle TeMnepaTyphl KHIEeHHS gucToro GeH3ona
(Ecgn, =2,60).

21-57. Onpenenurte MOJeEKYJspHYIO Maccy KaMdophl, ecqn pac-
TBop 12,987 r kamdops B 399,6 r mustuaosoro spupa (CzHs) 0
kunut Ha 0,453 °C Boiute, yem uucthii adup. [das (CeHs):0 E=
=2,02, tKun=34,6°C].

21-58. B armochepe cBoGoaHOro xmaopa xmaopup xenesa FeCls
HaXOAHTCS MOUTH TOJHOCTbIO B TUMEDHOM COCTOSHHM (NMpH (=~
~400°C), B pacrBope spupa (CsHs):O — B MoHOMepHOM cocTOS-
#uu. CocraBbTe KaK MOXKHO Gouibliie 3amay 1O 3THM AaHHBIM. O6b-
SICHHTe BJHsHHe cpeibl Ha cocrosiHue BemectBa. [Has (CqgHs)0
K=1,79, E=2,02, tya=—117°C, txun=234,6°C].

21-59. [Ipn ocmoce TPOUCXOAUT CAMONPOH3BOJIBHBEIA Mepexon
pacTBOpPHTENIST B PacTBOP, OTAeJEHHBIH OT Hero MOJyNnpOHHLAaeMO#
neperopofaKoil. Tak, MoJleKy/Nbl caxapa He IPOXOAAT yepe3 Iepero-
POAKY, UTO MOXHO OOGBACHHTb GOJBLUIMMH pa3MepaMu MOJEKYJ ca-
Xxapa mo cpaBHeHHIO ¢ BoAOH. Kak 0OBACHMTb, YTO OCMOTHYECKHUM
naBaenneMm obaanaioor pacrBopsl HCI, LiCl, NaCl u npyrux Be-
mecrB? Kasanoch 6bl, MOHB JOJIKHBI Jlaxe Jerde INPOXOAHTh de-
pe3 neperopoiKy, 4eM MOJIEKYJBl BOABL.

21-60. Kycok mepeBa, eciu ero CMOYHTb BOAOH, pa3byxaer. JIB-
JsieTcsl JIH 3T0 CJEeNCTBHEM IIPOSIBJEHHS OCMOTHUYECKOrO JaBJIEHH:A?

21-61. MoXKHO JIM CUHTAThb OCMOC YaCTHHIM ciaydaeM AupPysuu?

21-62. OcMoTHUECKOe JfaBjeHHe W JaBJIieHHe rasa ONHCHIBAIOTCS
OILHHUMH U TeMH Xe (opMmynamMu. AHaJorusi B NMOBENEHHH MOJEKYJ
gelllecTBa ‘B ra3o00pasHOM H PacTBOPEHHOM COCTOSIHMAX N0 KOHLA
He o6bsicHeHa. PaccMOTpHTe BO3MOXHBIE NPHYMHEI HabJiofarollel-
¢ aHajoruu. JloKaxuTe 3aKOHOMePHOCTb HJH, Hao6opoT, cayyai-
HocTb 3Toii aHaJjorud. CdopMmynupyiite usBectHele BaM rasosble
3aKOHbl TIDUMEHHTEJIBHO K OCMOTHUECKOMY AaBJIEHHIO.

¢ 3jech ¥ HHXKE AaBJieHHe aTMOC(epHoe.
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21-63. OcmoTHnueckoe AaBJIeHHEe ; BOAHOIO pacTBopa, comepkKa-
mwero 4 r caxapa Cj;oHgOy; B 200 Mot pacTBoOpa, paBHo 1,33-10° Ila
npu 0°C. ITokaxuTe, 4TO AJsI PAacTBOpPOB KOoHCTaHTa R B ypaBHe-
HUH n=cRT uMeeT TO XKe UYHCJEHHOe 3HauyeHHe, YTO H IJd rasos
(¢ — KoHLeHTpauuss B Moab/a, c=n/V, n-—uucro moner, V—
o6beM).

21-64. Ocmornueckoe nasseHue 0,001 M pacrBopa He3JaeKTpo-
auta B Boje mpu 0°C cocraBasier 0,0224-10°% Ila, 0,01 M pacrtBo-
pa—0,224-105 Ila. O6bsicHuTe, moyemy | M pacTBop He TIOKa3sbl-
BaeT OCMOTHYECKOro MHaBJjieHHs, paBHoro 22,4-105 ITa. Kakoso
IOJIXKHO OBITH OCMOTHYECKOe [aBJleHHe 3TOro pacTtBopa, 6oJblie
HJIH MeHblle 22,4.105 [T1a?

21-65. Huxe mpencraB/ieHbl 3KCIEPHMeHTaJbHble 3HAUEHHs OC-
MoTHYeckoro AasJjeHus (mpu 20°C) pacTBOpoB caxapa B 3aBHCHMO-
CTH OT ero KOHLEHTPAUWM H 3HaueHHs OCMOTHYECKOro AaBJjeHHud,
paccuutaHHble o ¢opmyne n=cRT [R=28314,8 Ila-a/(K-moap)]:

¢, MOJIb/N 0,098 0,192 0,282 0,370 0,453
7, MIla
SKCIEePHMEHT 0,262 0,513 0,771 1,027 1,292
pacuer 0,238 0,467 0,687 0,902 1,104
¢, MOJb/a 0,533 0,610 0,685 0,757 0,825
7, MIla
9KCIIEPHMEHT 1,559 1,837 2,119 2,403 2,699
pacuer 1,298 1,487 1,670 1,845 2,011

Kakue BHIBOAB MOXKHO cle]laTh IPH H3yYeHUH 3THX MaHHBIX?
OGBbsCHHTE NPHYMHBI DACXOXKJEHHsI SKCIIEPHMEHTaJIbHO HalijeHHBIX
H pacyeTHbIX 3HayeHHH ocCMoTHYeckoro paamjeHusd. [lombiTaiiTech
BHIBECTH TaKylo (opMyJay IJs pacueTa OCMOTHYECKOro [aBJieHHs,
uyTOGHl SKCIEePHMeHTaJbHble H pacueTHble JaHHble COBNALaJIH.

21-66. YcraHoBHTe XHMHYECKyl0 (OpMyJy BelllecTBa, HCXOAS U3
cleqylolx naHHBIX. BemectBo mMeer cocras: 42,11% C, 6,48% H,
51,429% O. laBieHne HacCHILEHHOrO Iapa Hajx pacTBOPOM, COAEp-
)awum 34,2 r srtoro BeullectBa B 90 r Boabl paBHO 2,444-10% [la
npu 65°C. PactBop 53,44 r storo BemecTBa B | J1 pacTtBopa o6Ha-
pyXHBaeT ocMOTHUecKoe HaBieHue 3,54-105 ITa. Temneparypa 3a-
Mep3aHHusi pacTBopa, cofepxauero 0,6844 r pewecrsa B 100 r Bo-
aul —0,037 °C.

21-67. PactBop caxapa C;oH2O;, conepxammuii 68,4 r caxapa
B 1 2 pacrBopa, umeer npu 0°C ocMoTHuYecKoe naBieHHe 4,786-
-105 ITa. Onpepenure OCMOTHYECKOe JaBJeHHE PacTBOpa, CoLepxka-
wero 8,55 r caxapa B 100 mMa pactBopa npu 30 °C.

21-68. Briuncaute KOHUeHTpanuio pactBopa caxapa Ci2H.2On,
KoTophlii mpu 27°C mMeeT OCMOTHYeCcKoe JaBJeHHe, paBHoe 1,56-
-10° T1a, u 3amep3aer npu Temneparype —0,119°C.

21-69. OcMoTHueckoe  JaBjeHHe  pacTBopa, cojepKallero
5,463 r mannuta CgH,40¢ B 100 M1 pactBopa, cocraBiaser 7,032-
-105 ITa npu 10°C. OcMoTHUeCcKoe faBJeHHe PacTBOpa, CoAepxKalle-
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ro 34,2 r TpoctHukoBoro caxapa CjoHgOy1 B 200 Mo pactBopa, co-
crasasier 1,246-10% Ila mpu 10°C. OcMoTHYecKoe IaBleHHe pac-
TBOpa, comepxauero B 1 a1 2 Monp MaHHHTa B 0,4 MoJab caxapa,
paBHo 5,688-108 ITa npu 10°C. Ha ocHOBaHHH 3THX JaHHBIX ycTa-
HOBHTE, MPOHCXOAMT JIH B3aHMOJeHCTBHE MOJIeKyJ MaHHHTa M ca-
Xapa B pacTBope.

21-70. B xoHIle polsIoro BeKa OBl CIIOPHBIM BONPOC O MOJIEKY-
JsipHo#t Macce paduuasbl. Eii mpunuceiBasu dopmynsr CigHgeOy-
'3H20, C13H33015'5H20 )44 C36H54032'10H20. BbIJIO IpenJyoxXeHo
olpeleNsiTh OCMOTHYeCKOe [aBJieHHe PacTBOPOB NyTeM CPaBHEHHS C
OCMOTHUECKHM JaBJeHHeM KJETOUHOTO coKa pacrenus. H3yuenune
Pas3JIHYHBIX PacTBOPOB paduHa3wl mokasamno, uto ee 5,96%-unlit pac-
TBOp OKa3biBaeT Ha KJETKH TakKoe e JeficTBHe, KaK H 3,42% -Hblil
pacTBOp TpoCTHHKOBoro caxapa. (Ecam ocmoTHueckoe naBieHHe
pacTBopa PaBHO OCMOTHYECKOMY [AaBJIEHHIO KJIETOYHOTO COKa, TO
KJeTKa He u3MeHsieTcs.) KakoBa Gpopmyna padunasn?

21-71. YcraHoBHTEe XHMHUYECKYy10 (OpMyJy BelllecTBa MO CJELY-
1OlIMM EaHHBIM. PacTtBop, comepxkamuit B 1 o 4,054 r BelecTBa,
HMeeT ocMmoTHyeckoe nasienue 3,067-10% ITa npu 0°C. CocraB Be-
wecrsa 40,0% C, 6,7% H u 53,3% O. Uro ato 3a Bemecto? Ilpu
Kakoit TemmepaTtype GyIeT 3aMep3aTh 3TOT PacTBOp?

21-72. Ons pactBopa 1 r 6enka B 100 Ma BOAB B OCMOMETpe
o6HapyKeHO TOBHILIEHHE YPOBHS pacTBopa (MOXHO IPHHATH —
Boabl) Ha 25,2 ¢cm (mpu 25°C). Briuncaure MOJeKyJSpPHYIO Maccy
6enka. PaccunTaiiTe NOHHXKeHHe TeMmepaTypsl 3aMep3aHHS 3TOrO
pactBopa.

21-73. O6cyauTte BO3MOXKHOCTH METOJOB ONpelesleHHs O6OJbIIOH
MOJIEKYJISIPHOH 'Macchl BellleCTBa, OCHOBAaHHBIX Ha H3MePEHUH IOHH-
JKeHHs TeMIepaTypbl 3aMep3aHHs W TIOBHILIEHHUS TEMIEepaTyphl KH-
TICHHS, TIOHMXKEHHS [NaBJeHUs Tapa PacTBOPUTE]sT HaJ PacTBOPOM
H OCMOTHYECKOro JaBJjieHHs. B KauecTBe mpuMepa pacCMOTpPHTE
pacTBOp, TMPUTrOTOBJeHHHIH pacTBopeHHeM B 100 r Bomel 1 r Belle-
CTBa C MoJeKyasipHo#t maccoir 10000.

21-74. CmemnBalotTcss JABe XHAaKoctH A u B, mosnHocthio pac-
TBOpHMble APYr B Apyre. ITocne cMellenuss ocafox He BHIIaJ, Tas
He BBIEJHJICS M CJOH Apyro# XuAKocTH He obpasoBaics. [Ipuse-
IuTe H3BecTHble Bam nokasartesbCTBa, TIO3BOJISIOLIHE YTBEPKIATh,
YTO MeXAy MoJeKysaMu A u B ecTb B3aumMoneiicTBHe HJIH ero HeT.
Ecnu o6Gpasyercs pactBopuMoe BeulectBo AB, kak ero oGHapy-
JKHUTb?

21-75. AHanu3 rJIOKO3Bl faeT npocteiimylo ¢opmyay CH,O.
Tlpennoxure cnoco6Hl onpeneseHHss HCTHHHON GOPMY.JIHL

21-76. B 100 o6wemax Boanl pactBopsiercss mpu 0°C 10, 23 n
173 o6beMa COOTBETCTBEHHO 3TaHa, 3THJeHa W auerunesa. B 100
o6beMax cnupra pacrBopsiercs 52, 150 m 600 o6beMoOB 3TaHa, 3TH-
JieHa U auerusaeHa. Ha ocHOBaHUM NpHBENEHHBIX TPUMEPOB YKaXKH-
Te, KaK CBS3aHa DAacCTBOPHUMOCTb BellleCTBA € €ro NPHPOAOH U TpH-
PONOH PaCTBOPHUTES.
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21-77. O6bsicuute, B KakoM BellecTBe — 6eH30Je HJIH BOJe —
ayuuie pactBopumbl rassl He, Hs, Ar, Ny, O, CO, COq, SO,, NHs,
HCI. TlpoBepbTe CBOM NMPEANOJOXKEHHS MO CIPAaBOYHBHIM HAHHBIM R
06BACHUTE HX.

21-78. Boma u TeTpaxJOpHA Yyriepoia He CMeUIHBAlOTCA IPYF
¢ npyrom. B cucremy, cocrosimyio u3 H,O n CCly, BBeneHo HekoTo-
poe KOJIH4eCTBO Hofa. Kak pacmpelelUTCs HOA MeXAy ABYMs pac-
TBOpHTEASIMH? Kak MOXHO OmHMCaTh pacnpefeseHHe HOAA B CHCTe-
Me IBYX HECMEIIHBAIOUIMXCS XKHAKOCTEH?

21-79. Kaxkoit npouecc(bl) OTBETCTBEHEH 3a TemJoBOH 3(dexT,
NpOsIBASIOIKICS TPH BBEIEHHH KOHIEHTPHPOBAaHHOH cepHOH Kuc-
JIOTHl B BOAY? l'quemy npubaBieHdHe K BOAe XJOPHOH, XJOPOBOAO-
PONHON WM a30THOH KHCJOT COTPOBOXKAAETCS MEHBIUHMH TemJo-
BEIMH 3 deKTaMu? ;

21-80. Paspyurenne KpucTanIuuecKofl pelleTkH Tpebyer 3aTpa-
Thl HEPTHH, HO NMpH pacTBOpeHHH KpHcrannuyeckux NaOH wuan
KOH B Bome BBIesdsiercs Temaotra (a He norsomaercs). Kako#t
IPOLIECC CONMPOBOXKAAETCS BblIEJIEHHEM TENJNOThI?

21-81. DHeprus rugparauuu nporoHa paBHa 1088 IIx/mosb, a
3JIeKTpOHa 0Koso 154 xIIk/MoJb, T. €. B 7 pa3 MeHblue. Kak Mox-
HO OOBSICHHUTH, YTO MeHblHas Mo pa3MepaM yacTtHua obJsafaer MeHb-
et sHeprueil rupparauud (a He GousblIel, KaK OXHAAJMOCh Obl)?

21-82. VKaxuTe 3KCIepHMeHTaJbHble (AaKTH H TeopeTHUeCKHe
IOJIOXKEHHs, CBHAETENbCTBYIOLIMEe O COJbBATalMM  (THApATALHH)
HOHOB B pacTBOpax (B BOLHBIX PAacTBOpax).

21-83. DHranbnus ruApatauuyu razoo6pasunix moros Cd?+ mou-
TH B 4 pa3a GoJblile, yeM y Nat, xoTs1 pasmeps! HOHOB ouellb 6J/1H3-
Kd. Kak 310 MOXHO OOGBSCHHUTL?

21-84. PactBopuMoctb GopHoi#i kuciotel HsBO; B Bome mnpn
13°C paBHa 385 r B 1 1 pacrBopa u 49,1 r npu 20°C. Beruuciane
Te TePMOJAHHAMHYEeCKHe XapaKTEePUCTHKH MNpollecca pacTBOPEHHS.

21-85. PacTBOopUMOCTb JHOKCHAA yraepopa B Bofe npu 0
50°C cocrasasier cootrBercTBeHHo 7,99-10-2 u 2,04.10-2 Moab/a
npu nasieHun CO, 101325 [Ta. BeiBenute ypaBHeHHe 3aBHCHMOCTH
pPaCTBOPUMOCTH INHOKCHAA YIJIepofa OT TeMIepaTyphl. Bblunciante
AH® u AS° mpouecca pacrBopenust u AG°ogs ¥ PacTBOPHUMOCTb NpH
CTaHAAPTHOHN TeMIepaType.

21-86. Huxe mpuBeleHH TepMOAMHAMHYeCKHe XapaKTePHCTHKH
Impollecca PacTBOPEHHS HEKOTOPHIX coJlel B BOJAE M METHJIOBOM
cnupte (npu 25°C):

Bona AH® . CH3;0H
ﬂ)K/(K'M’OJIb) K,Elm/Mbnb JOk/ (K- M'O.nb) Kll)K/M;).'lb
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

Kakne 3aBHCHMOCTH BBISIBJSIOTCS TPH aHAJH3e INPHBENEHHBIX
AauHbix? CoopMyJupyfiTe BONpOCH, BHITEKAlOLIMe M3 COMOCTaBJe-
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HHSA YHCJOBHIX 3HAUEeHHH TePpMOLMHAMHYECKHX XapaKTeDHCTHK H
Xafite 060CHOBaHHbBIE OTBETHI.

21-87. O6bsicHUTe, TOYeMYy, €CJH PeaKuus CcoBepllaeTcs uepe3
cranauio o6pa3oBaHusl TEPEXOLHOrO KOMIJIeKca, KOTophii 6oJjee mo-
JsipeH, 4eM MCXOJHBle BelllecTBa, TO B 6oJiee MOJIAPHOM DPacTBOPH-
TeJle peakuus nporekaer GLICTpee.

21-88. B aByX OAHMHAKOBBIX CTaKaHaX A0 BepPXy HaJHUTH Harpe-
THe caaikuii yai u Bopa. HauanpHas TeMmepaTtypa HX OJHHaAKOBa.
Kakoil crakan paHbllle OXJNafHTCA A0 KOMHATHOH TeMIlepaTyphi?

§ 22. PACTBOPDBI 3JIEKTPOJIUTOB

22-1. OnpenenuTre YHCJIO HE3aBUCHMBIX KOMIOHEHTOB B CJeLyIOIIHX
cHCTeMax: a) XKujikas Boja, 6) pacTBop caxapa B BoZe, B) pac-
TBOp XJIOpPHJa HaTpHs B BOAe, I') pacTBOP XJOPHAA W HHTpPaTa HaT-
pHA B BOJe, ) PacTBOD XJOpHJAA HaTpPHA W HUTPATa KaJus B BOJe.

22-2, Briuncaure MoJjsipHocth pactBopa HeSOs, B 50 Ma koro-
poro cogepxurcsa 5 T HpSOy.

22-3. Kaxkoit o6beM 96%-noit HoSO4 (p=1,84 r/cm®) Tpebyercs
Ans npurortoBaenus 0,5 1 0,5 M pacrBopa?

22-4. TloueMy BOJAa XOpOLIO PacCTBOPSET XJIOPHI HATpHs, HO He
pacrBopsier mapadul, a 6eH3uH, HA060pOT, He PacTBOPSET XJODHA
HATpHs, HO XOPOLIO PACTBOpPsieT mapaguH.

22-5. TlpenJyoxure HauboJbliee YUCJAO BO3MOXKHBIX CIIOCOGOB
OLEHKH (CpaBHEHHs) CIOCOGHOCTH SJEKTPOJNHUTOB K AHCCOLHALHH.

22-6. Tlepeuncsnute B NOpsiAKe NOHHKEHUS 3HAYMMOCTH Pasfu-
9Hsl MeXAY MeTaJJIH4eCKOH (3JeKTPOHHOH) U AJeKTPOJUTHUECKOH
TIPOBOJHMOCTSIMH.

22-7. IlpuBeanTe BO3MOXKHBle NDHYHHBI TOrO, 4TO MeTaJjJHye-
CKasi NPOBOJAMMOCTb C IOBBILIEHHEM TeMIepaTypbl yMeHbllaeTcs,
& 3JIeKTPOJIMTHUECKas BO3PacTaer.

22-8. TlpencraBbre rpaduueckn (6e3 Macwiraba u 6e3 uucio-
BLIX JaHHBIX) 3aBUCHMOCTb 3JEKTPONPOBOAMMOCTH BOAHOIO PacTBO-
pa HEKOTOPOH COJIH OT ee KOHIEHTpalHUH.

22-9. O6bsicHUTE, TIOUEMY HOH JIHTHSI B BOJHOM pacTBOpe Hau-
MeHee TIOJBHXEH, XOTS OH HAaHMeHbLIMH CpelH HOHOB LIEJTOYHBIX
MeTaJsioB.

22-10. Metonamu peHTreHorpa®uu KpUCTAJNJIOB YCTaHOBJEHO,
gro B psaay Lit—Na+—K+ paamepr HoHOB yBesnuuBaiorcsi. Mayue-
HHe ke YHCeJ TlepeHOca TeX e HOHOB B BOJE H CKOPOCTeH HX Tle-
pelBHKEHHA oOHapyXXHBaeT POCT 3THX BeJH4HH B pany Lit—Nat—
K*, uro cBHEeTeJbCTBYeT 00 yMeHbLIEHHH pa3MepoB HOHOB. Kak
OODBSICHUTb 3TO MPOTHBOpeUHe?

22-11. PacrBop kakoro BemecrBa, HCl uan NaCl (konuenrpa-
ilHH OJHHAKOBHI), Jyyllie TIPOBOJUT dJTEKTPHUECKUN TOK?

22-12. Kax u3MeHsercs sJjeKTponpoBojumocts 10 M pacreopa
HCI npn nocrenenHoM pas6aBiieHuH ero BoAo#?

22-13. Kax 00bACHUTL yBeJHYEHHe 3JeKTPOINPOBOJAHMOCTH XKHI-
Koro ammuaka mo mepe pacrBopeHus B HeM NH,CI?
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22-14. B KauecTBe CTaHAapTOB DacTBOpPOB AJS H3MepeHHs
3JIEKTPOIPOBOAHMOCTH 4acCTO HUCIOJb3YIOTCA PACTBOPHI XJOpHAa Ka-
JHsA. YIenpHasi 3JeKTPOIPOBOAMMOCTb % PACTBOPOB XJOPHAA Kaus
(npu 18°C) cnenymwowas:

¢, /1000 r pactBopa 71,1352 7,4191 0,7452
%, OM~!.cMm~! 0,09783 0,011166 0,0012205

BuluncinTe MonsipHble KOHUEHTPAUMH PacTBOPOB XJOpHAA Ka-
aus. Kak 3aBHCHT yleJbHAast 3JeKTPONPOBOAHMOCTh OT KOHLEHT-
pauuu?

Ilpennoxena ¢opMysna 3aBHCHMOCTH YIEeJNbHOH 3JEKTPOIPOBO-
nuMocTH pasbasienHbix pactBopoB KCl or xoHuenTpauuu (1o c¢c=
=0,001 MoJn/a):

% = 0,14992¢c — 0,09467¢3/2

IIpoBepbTe, OTBeuaeT Jau 3Ta (OpMyJa NPHBEAEHHBIM BHIIE [aH-
HBIM.

22-15. Uncna mepeHoca 3JeKTPOJIHTA ONPELesIoT KaK JOJH KO-
JIH4YeCTBa 3JEKTpUUYeCTBa, IIEPEHOCHMOro KaTHOHAMHM W AaHHOHaMH.
B 0,10 M pacrBope KCl umcsno nepenoca K* cocrasasier 0,4894.
UeMy paBHO uucJo mepeHoca Cl~ B ToM XKe pacTBope?

22-16. B 0,10 M pacrsope KCI uucio nmepesoca K+ pasHo
0,4894. MoJbHast 3JeKTPONPOBOAMMOCTb PacTBOpa COJH TOH XKe
KOHIIEHTpauuu coctasiaser A=1289 OM~!.-cmM2.-Moab~!, MoJsbHaR
sJeKTponpoBoauMoctb HoHa K+ pasna 128,9.0,4894=63,08 Om~!-
-clM2-Monb—‘. BhluncanTe MOJBHYIO 3JIEKTPONPOBOAUMOCTb  HOHA
Cl~.

22-17. Yucna nepenoca Li, uaMepeHHble B pacTBOpax pasiud-
HBIX KOHUEHTpalui, paBHHL:

c, MOJb/ 0,01 0,02 0,05 0,10
Yueno nepeHoca 0,329 0,326 0,321 0,317

IToueMy ¢ yBenHueHHeM KOHLEHTPalHM pacTBOpa YHC/a IepeHo-
ca HoHa JHTHS yMeHbawTcss? OOBsACHUTE, KaK OyLyT U3MEeHATLCSH
yHcJla nepeHoca XJOPHA-HOHA B TeX XKe pacTBopax?

22-18. Kak o6bsicHHTD, uTO IpH BBefeHHH Boawl B PCl; anekrpo-
NPOBOXHMOCTb pe3ko Bo3pacraer, xotss PCls — XHIKOCTb, He npo-
BOJSAILAST 3JEKTPHUECKHH TOK, a yHCTas BOJA MMeeT OUYeHb HH3KYIO
3JIEKTPONPOBOJHMOCTD.

22-19. KakoBa xonuenrpauus pacrsopa AgNOs, ecan 1451 Bblae-
JeHHs Bcero cepe6pa u3 100 mMa 3Toro pacTBopa noTpe6OBaOCh
npomyckaTth TOK cusoit 1 A B teuenne 30 MUH?

22-20. Kakoe KoaMueCTBO (B MOJIAX) BOAOPOJA BHIAEJIHTCS INPH
nponyckanuu 9650 Kua snektpuuectBa uepe3 0,1 M pacrsopsl HCI
H H2SO4D .

22-21. TlpeacraBbTe cebe TakoH (MBICJAEHHBI) 9KCIEPHMEHT:
gepe3 pactBop AgNO; npomyckaercs 1 aJeKTPOH, B pesyjabTaTe H&
aJleKTpoje BhAeasieTcs 1 atom cepebpa. Eciu nBa anextposusepa
COeIMHUTb ITI0CJIe0BaTe/NbHO, TO NMPHU NMPONYyCKaHHH 1 3JIeKTPOHA Ha
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KaX/JOM KaToZe BblieJuTcsl Mo 1 atoMy cepeGpa, T. e. Bcero 2 arto-
ma. [Ipu nocnenosarenbHoM coennHeHHH 6,02-102%  sjgekTpoJH3e-
pOB IOA JeHCTBHEM OJHOrO 3JeKTpPOHa Bhimesautcs 6,02-1023 atoMos
cepebpa, T. e. | Mosb cepe6pa. Ho Bhl 3Haere, uto ajs moayyeHus
1 mosb onHOBaJIeHTHOTO MeTansta TpeGyercss 96500 Kua asnektpuue-
crBa uau 6,02-10%% agexTpoHoB. OOBSCHHTE 3TO MPOTHBOPEUHe.

22-22. JlaBiieHHe MapoB BOAbI HaJ PacTBOPAMH XJOPHAA HaT+
pHS Pa3JIMYHBIX KOHUIEHTPaLHil CoCTaBJsieT:

¢, % (macc.) p, xI1

a ¢, % (macc.) p, xlla
20°C 40°C 60°C 20°C 40°C 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

ITpencraBbTe maHHBIe rpadHUYeCcKH U chenaiiTe HeOOXONHMEblE BhI-
BoAn. CpaBHHTe NOBeJeHHe 3THX PaCTBOPOB C PaCTBOPAMH Caxapa
(cM. 3amauy 21-20).

22-23. Ilo omny cTOopoHYy MeMOpaHBl, NPOHHUAEMOH IJIsi BOALH,
noHoB Kt u Cl-, n HempoHHLaeMoil MAJsi MOJIEKYJ TPOCTHHKOBOIO
caxapa, noMectusx 100 Ma pacrsopa, copepxaiero 35 r caxapa B
1000 ma pacrsopa, a mo Apyryio — 500 Ma pacrBopa, comepKalie-
ro Il r xaopupa xanus B 2000 ma pacrBopa. Kak pacmpenensrcs
XJIODHJ KaJsius U caxap B pacTBopax mo o6e CTOPOHBl OT MeMGpaHBI?
KakoB cocTaB pacTBOpPOB IOCJe YCTaHOBJEHHS paBHOBecHs? Ilox
KaKHM JaBJIEHHEM [0JI2KeH HaXOMHTbCS pacTBOP caxapa, 4yToOhl ero:
KOHIIeHTpaluus He M3MeHHJacCh?

22-24. OtaenuTb BOAY OT PacTBOPEHHONO XMMHYECKOTO BeLleCT-
Ba, HampuMep XJOPHAA HATPHs, MOXHO C MOMOIIBIO MeMGpaHHI.
Pactsop moa nasnenuem 5-108—7-10° ITa nponyckalor yepe3 MeM-
GpaHy, Urpamollyio poJib CHTA, Yepe3 KOTOPYIO MOJIEKYJ/Bl BOLb MpPO-
xoasar, B vonsl Nat u Cl~ sagepxusaiorcs. IToueMy HOHBI He mpo-
xopsaT? Hafinute B cnpaBoyHOM JHTEpaType pasmepsl MOJEKYJ BO-
Abl U HOHOB. MOXHO JiM OOBACHHTb 3TO Pa3JHYHBIMH Pa3MepaMK.
4acTHL?

22-25. Ocmornueckoe nasiaenne 0,1 M Bopsoro pacrsopa CaClg
cocraBaser 135-103 Ila npu 0°C. BbluncauTe cTeleHb NHCCOLHA-
IHH COJIH.

22-26. B 0,5 ;1 pactBopa comepxurcst 0,62 r CuSO,4-5H,0. IMpr-
19°C ocmoruyeckoe HaBieHHe pactBopa paBHo 162-10° IT1a. Bwu-
YHCJIMTE CTelleHb NHCCOLHALUH COJIH.

22-27. Mmeworcs 1| M pacTBOpH YKCYCHON M XJIOPOBOLODOAHOR
kucaoT. Kakoit u3 pactBopoB 3aMep3aer npu 6eoJee HH3KOI TeMmIe-
patype?

22-28. Tlpu xaxoil Temmepartype B GyThUIKe 3aMep3HET BOJAA, Ha-
coimentass CO,? Ouenure Ty Temmnepatypy. Kakue JpaHHBe RIS
3TOr0 HYXHBI?

22-29. Ilpu oXJIaXXIeHHH OKeaHCKOH BOAbl TepBble KPHCTAMJIH.
Jblla mosBasiorcss npu —2,2°C. BLUHCIHTe KOHUEHTPALHMIO pac-
tBopa NaCl, samepsaromiero npu aroit Temneparype.
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22-30. Hekoropoe KosauuecTBO BellecTBa pacrBopeHo B 100 r
-6ensonia. TeMneparypa 3aMep3aHusi aToro pacrBopa Ha 1,28°C Hu-
.Ke, ueM yuctoro GeHsosa. To e KoauyecTBO BellleCTBa pacrBope-
#0 B 100 r Boxb. DTOT PpacTBOpP 3aMep3aeT MpPH TeMIeparype
—1,39°C. Kakue BHIBOAB MOXHO CHeJATh H3 3THX JAHHLIX?

22-31. O6bsicHHTe, TOUYEMY MOJIAJbHOE MOHHXKEHHe TeMIepary-
.pul 3amep3anus aaa 0,010 monsnbHoro pacrsopa KCl 6Gosbule, ueM
ansa 1,0 MoaanbHOrO pacreopa.

22-32. Hcxonst u3 TeMnepaTyp 3aMep3aHHs BOAHLIX DacTBOPOB
.alleTOHa H YKCYCHOH KHCJOTHI:

KoHuenTpauus tiam, °C
Mosb/1000 1 r/100 r H,0O
Hy
Anerton 0,020 0,119 —0,04
0,101 0,585 —0,18
1,071 6,221 —1,93
7,800 45,30 —12,35
YkcycHas KucioTa 0,010 0,060 —0,02
1,158 6,956 —2,09
7,18 43,10 —6,92
19,42 116,6 —22,30

OO0BsACHHTE, KaK B NOYEMY H3MEHSIOTCS MOJISJbHEE NOHHXXEHHS
-TeMIlepaTyp 3aMep3aHHA C POCTOM KOHLEHTpalHM HesJCKTPOJaHTa
(alleToH) H 3JIeKTpoJHTa (YKCycHas KHCJOTa).

22-33. Huxe mpuBeneHH TeMIEpaTyphl 3aMep3aHHi BOMHAIX
PacTBOPOB XJIOPHOH KHMCJOTHI:

t.,°C .
Moas/1000 Konnentpanus 1/100 r H,0 sam+ €
H;0
0,413 4,15 —1,49
0,797 8,01 -—3,06
1,570 15,77 —6,87

BhlunCAHTEe AJIS KaXAOTO pacTBOpa MOJSAJIbHOE TMOHHXKEeHHe
TeMnepaTtyph 3aMep3aHus. IToueMy 0OHO 3aBHCHT OT KOHUEHTpPaLHH?
Boiuncaute creneHn puccourauun HClO,4 Ilouemy cremens mucco-
OHalKH caMoil CHJbHOH HeopraHMueckKod KHCJOTH B BOLHOM pac-
TBOpe He paBHa 100%?

22-34. Huxe mpuBeJeHB TeMImepaTyphl 3aMep3aHHsi BOJHBIX
PacTBOPOB NepxJopaTa HaTpHUs:

¥ t ° t , ©
Monh/lé&;l 1ll‘eﬂTpra/:-l&)ﬂr H.0 3™ ¢ Monb/llégg li'eHTpl?/?(,){(;' r H,0 sam + °C
20 H,0
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

BriuncanTe mjs Kaxmaoro pacTtBopa MOJIAJbHOE MOHHXKEHHE TEM-
fiepaTypel 3aMep3aHHUA H CTeNEeHb AHCCOLHALMH. ‘CpenafiTe BHIBOAH
#3 NMOJYUYCHHBIX pe3yJ/IbTaTOB.
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22-35. Xnopuast kucaora HCIO, — camas cu/ibHasg KHCJIOTa.
MO3KHO 1M OXKHAATh, UTO €€ COJH TaKXKe OYAyT CAMBIMH CHJIbHBIMK
anekrpomutamu? Cpasuute nosefenne HCIO4 1 NaClO4 B BomHbIX
pacTBOpax, BOCMOJB30BABIIHCH MAAHHBIMH MPEAbIAYUIMX 3anad.

22-36. Huxe TpuBeleHH TeMIePaTypHl 3aMep3aHHS H MOJSIb-
Hble NIOHHXKEeHHsI TeMIlepaTyp 3aMep3aHHs BOAHBIX PacTBOPOB XJOD-
HOil KHCJIOTH M TepXJopaTa HaTpHA:

C, Monb/1000 r HoO £, °C At C, monp/1000 r H2O ..., °C  Af
HCIO, 0,413 —1,49 3,61 NaClO, 0,529 —1,74 3,29
1,570 —6,87 4,38 1,208 —3,86 3,20

B uyeM COCTOHT OTJIHUHE B MOBEJEHHH KHCJOTHL M ee COJHU?

22-37. Kak 06bsICHHTD, YTO IIPH IOBBILIEHHH KOHLUEHTPaLUU pacs
TBOPOB, MOJISIIbHOE IOHHXKEHHe TeMIepaTypbl 3aMep3aHHs PacTBO-
pa XJOpHOH KHCJOTH BO3pacraer, a pacTBopa NnepxJopara HaTpHsA
CHHUXKaeTcs?

22-38. BemectBo comepxutr 1,59% H, 76,20% O u 22,219% N.
Pacteop, copepxawuii 1 r sroro BeuwectBa B 100 r GeHnsona, 3a-
mep3aer npu 5,419°C (mas Ce¢Hg K=5,07, tua=+5,45°C). Pac-
TBOp, cofepxamuit 1 r aroro BewectBa B 100 r BoAH, 3aMep3aeT
nmpu —0,472°C (Ku,0=1,86). YcraHoBHTe XMMHYeCKyl0 Gopmyay
3TOro coegHHeHHsi. KakoBo ero nmoBefeHHe B PaCTBOPEHHOM COCTOS-
HHH?

22-39. MouJekyasspHasg Macca a30THOH KHCJOTHI, ONpefelieHHas:
N0 NOHHXKEHHIO TeMIlepaTyphl 3aMep3aHHss B HHTpPOGEH30Je, OTBe-
uyaer Gopmysne HNO;, a npu onpeneseHHH B BOLe HMeeT B JIBa pa-
3a 6osee HU3Koe 3HayeHHe. Kak 3T0 06BACHUTL? _

22-40. Onpenenure, YKCycHast KHCJIOTa — CHJIBHBIA HJH CJa6blit
9JIeKTPOJIUT, e€CJH pacTBop, copepxawuit 0,571 r kucaorst B 100 r
Boxbl, 3amep3aer npu —0,181°C,

22-41. PacrBop 1,7 T xnopuna unHka B 250 r BOABI 3aMep3aeTr
npu —0,24°C. Ku,0=1,86 BbluHCIMTEe CTeNeHb AMCCOUHAUMH COJH:
B 3TOM DacTBOpe.

22-42. Temmnepatypa 3amepsanusi 109%-Horo pacTBopa cepHOH
KHCJIOTH paBHa —5,5°C. BriuncanTe creneHb AHCCOUMAUHH KHCJO-
TH B 3TOM pacTBope (Km,0=1,86).

22-43. Temneparypa 3amep3anus pacrsopa 2,93 r NaCl B 50 r
Boabl paBHa —3,35°C. Onpenenute crenedb puccouunanuu NaCl
(K ,0=1,86).

22-44. Kpuockonuyeckasi nocrosuHas NaCl pasna 19,7. Temme-
parypa HayajJa KDHCTaJJH3alUuH cMecH, cofepxaileii 25 r NaCl u
6 r BaSO,, na 37°C HuxXe TeMnmepaTypsl KPHCTANJIH3ALHH YHCTOTO
xaopupa Hatpus. Ha ocHOBaHWHM pe3ysnbTaToB pacueToB CheJafite
BRIBOJ 0 coctossniu BaSO, B pacnnasaennom NaCl.

22-45. TeMmnepaTypa Hayajla KPHCTaJJIH3aLMH XJOPHAA KalHsl B
pacrsope KCl—BaSO,, conepxamem 8,9% BaSO, pasna 1024 K,
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a npu conepxanun 17,9% BaSO, ona cocraaser 1006 K. Uncreit
KCI nnasutcs mpu 1043 K, ero KpHocKomuyecKas mocTosHHas K=
=25,2. Buiuncaute crenelb puccounannu BaSO, B ykasanHBEIX pac-
“TBOpaXx.

22-46. PacrBop, mosydeHHHIl pacTBopenreM B 150 r Boan 2,90 r
Zn(NOs3)2-6H0, kunut mpu 100,09 °C. BriuncauTte creneHb AHCCO-
LIHallMH HHTPaTa LMHKA B 3TOM PacTBOPEe U ONpeJesHTe TeMIepary-
py 3aMmep3aHusi U ocMoTHuYeckoe naBaenue npu 20°C atoro pac-
TBOpA.

22-47. KakuM 3JIeKTPOJIUTOM (CHJBHBIM, cJaabbiM)  sBJseTcs
HOZMJ HaATpPHs B 3THJIOBOM CIHPTE, €ClIM pacTBOp, COAepKALLUH
0,506 r Nal B 32,5 r CoHsOH, xunutr npu 77,56 °C? YUucrtelf aTH-
JIOBBIH CIIHPT KHNMUT npu 77,40 °C. 96ynnocxonnqecxaa TMOCTOAHHASA
STHJIOBOTO CITMpTa paBHa | 04

22-48. CpaBHHTe MeTOAB! ONpENeNeHHs] CTENeHH MAHCCOLHAIHH,
OCHOBaHHble Ha M3MeDeHHAX [aBJeHHs mapa Hal pacTBOPOM, TeM-
nepaTtyp 3aMep3aHHsl M KHIIEHHS] pPaCTBOPOB, OCMOTHYECKOro INaBJie-
HHS H 3JeKTPONPOBOAMMOCTH. YKaXHTe KDUTEPHHU CPaBHEHUS H Tie-,
peuHcIHTe NPEeUMYLIeCTBAa M HEeJOCTATKH KaXKJOro Meroja.

22-49. O6bacHUTe, MOYEMY TIOHHKEHHe TeMIepaTyph 3aMep3a-
HHUsSl M TOBBILIEHHE TEMIIepPaTypbl KHIEHHsI BOLHBIX PacCTBOPOB CO-
Jiefl JIMTHSA 4YacTo NpeBhIIAeT TeOpeTHYeCKHe 3HAUeHHS, BHIUHCJEH-
Hble IPH NPEINOJOXEHHH TONHOH IHUCCOLHAIIHY.

22-50. 3aBucumocts oT Temmepatypbl (0—50°C) u3MeHeHHA
H306apHOr0 MOTEHIHaJNa AUCCOLHALNH BOJBI

H,0 = H++ OH~
#MIMeeT BUJ
AG® = 59 000 4 105T [Ix/mMoab]

[Ipu MOBBILIEHHH TeMIepaTyphl AMCCOLHALUS BOABLI YCHJIHBAET-
¢ M KOHCTaHTa paBHOBECHs AMCCOLMALHM BO3pacTaeT, YTO YKa3hl-
BaeT Ha CMellleHHe PaBHOBeCHs B CTOPOHY o6pa3oBaHus HoHOB. On-
HaKO W3 BhIpaxkeHHus Ajs1 AG° cieiyer, yTo C NOBLIILIEHHEM TeMIie-
paTyphl TOJIOXKHTEeJIbHOE 3HAUeHHe H3MeHeHHs H300apHOTO MOTeH-
1LHaja yBeJMYUBaeTCs H, CJIedOBaTeNbHO, BePOSTHOCTb IIPOXOXKIe-
HHS Tpollecca JNHCCOUMAUUM yMeHbulaercsl. OObSCHHTE 3TO TPOTH-
Bopeune. O6cynuTe 3HAK MU3MEHeHHSl SHTPONUH NPH JUCCOLHALMH.

22-51. Kakoii cMBIC/I BKJaAbIBaeTcsi B INOHSTHE CTeNeHH AHCCO-
UHAlHH CHJBHOTO 3JeKTpoJuTa (Hanpumep, B pactBope NaCl a=
=80%).

22-52. Brigenute OTJNHYHTEJbHBE MPH3HAKY HOHHBIX T1ap, OKpY-
JKEHHHIX MOJIEKyJaMH PacTBOPHTeJf, KaK 3TO TIPeACTaBJeHO Ha
puc. 22-1. Tlpeanoxure Ha3BaHHA STHM BHJAAM HOHHBIX Map.

22-53. B 0,01 M pacTBope XJOPOBOAOPOAHOH KHCJOTH HOHBI BO-
Jopoia mnposiBasioT cebs Tak, OYATO MX KOHIEHTpalus Ha
0,01 moan/m, a 0,0079 monn/n. Ilpensioxkure BO3MOXKHEE O0OBIACHE-
HUS.

192



22-54. Bo CKOJBKO pa3 HOHHas
cuna BogHoro pacrsopa Mg(NOs). % &
BhIIIe HOHHON cusbl pactBopa AgNOj; @@ @ )
TO# K€ KOHIEHTPaLHHu? & Q

22-55. TlpenJioxure coJb, KOTOpas @ @

B BogHoM 0,01 M pactBope co3maer
HauGoJiee BHICOKOe 3HauyeHHe HOHHOMH © @
CHJIH pPacTBOpa. D Q% &

22-56. BriuncanTe HOHHYIO CHJIY )

0,01 MoJANBHEIX pacTBOPOB coJeit &
AICl;, NasPOs,  K.[Fe(CN)e], O
Mga(p04) 2, Mgz[Fe(CN) e], LaPO,.

22-57. Tlouemy B ¢Qopmyae pas
BHIYHCJIEHHS HOHHON CHJIH pacTBopa Q@
HMeeTcs MHOXHTEJb !/5? ’

22-58. [IlpenyoxeHO HECKOJIbKO < @
SMIHPHYECKHX YpPaBHEHHH, CBA3bIBAIO- &
LINX HOHHYIO cuay I pacTBOpa C KO-
9¢(HLHEHTOM aKTHBHOCTH [ OJHO3a-
PAAHOrO HOHA:

PHC. 22-1

lgf=—hVT
RVT
1+AVT
__mT_
14+AYT

lgf=—

Tpensioxute cnocobul onpeaetenus kospduuuentos b, A u B.
22-59. Koad¢duuueHT aKTHBHOCTH HMOHA | CBS3aH C HOHHOH CH-
Joi I pacTBopa COOTHOILEHHEM

lgf=—h22yT
e z — 3apAj HOHa.

Onpenennre 3HaueHHe Kospduuuenra h, eciu B 0,01 M pacrso-
pe XJIOpHAA HaTpPHA HOHBI HAaTPHA H XJopa BeAyT ce6sa Tak, 6yATO
HX KOHIeHTpauuu (akTuBHocTH) paBHH 0,00889.

22-60. YKaxuTe ycJOBHS, IPH KOTOPHIX CnpaBeAsHBa ¢opmyna

lgf=—0,5122 T

22-61. KosdpHuuuenTol aKTHBHOCTH HOHOB f B 3aBHCHMOCTH OT
AOHHOH CHJH pacTBopa [ BHIUHCAAIOT MO CJAEAYIOIIHM dopMyaaM:

1<0,01 lgf=—0,5122 VT

0,512 V7T
10,01 lgf=——————7
29, gf 1+V1
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ITpn 3HayuTeNIbLHOH KOHIEHTPAIlMH pPacTBOpa
0,512 VT
14r.0,33-18y'T

lgf= +4

rie z— 3apsj HOHa; r — paguyc HoHa (cM); A — kKoaddHuuueHT, 3aBHCAWUA OT
fIPHPOALI PaCTBOPEHHOTO 3JIEKTPOJHTA U PACTBOPHTEJIS.

O6bsicHUTe, TOYEMY NIPH YBEJHUYEHHH KOHLEHTPAIUH 3JEKTPOJIH-
Ta ¢opMyna AJsA BHUHCAECHHS KOd(P(DHUUHEHTA AaKTHBHOCTH YCJIOXK-
HsieTcsl. MOXHO /M, BOCNOJIb30BaBIUHCh NociaefHel (opMysof, BH-
YHCJHTL pa3Mep HOHa?

22462. Kak ckaxercsi H3MeHEHHe HOHHOH CHJBI pacTBoOpa Ha
CMeLeHHH PaBHOBECHS M 3HAaUeHHSIX KOHCTAHT paBHOBeCcHs (KOH-
LIEeHTPAIlMOHHBIX) CJAeAYIOIIMX DeakKUHHd: a) AHCCOIHMAlHsi BOJIHI;
6) Auccolmauus YKCYCHOH KHCJOTH; B) peakuus ruaponusa NH,CI;
r) pacrBopumoctb AgCl

22-63. B mpHCYTCTBHH CHJIBHOTO 3JIEKTPOJHTAa KOHCTaHTa MAHC-
collmanpH caaboro 3JeKTpoJHuTa H3MeHsercd. Tak, KOHCTaHTa JHMC-
couHauMy (KOHUEHTPaUHOHHAA) YKCYCHOH KHCJIOTEHI B pacTBOpe
XJIOpHAA KaJHsA B 3aBHCHMOCTH OT €ro KOHUEHTpAalHH PaBHA:

¢, MOJb/N 0 0,01 0,05 0,10 | 0,20
K-10° 1,75 1,86 2,19 2,69 | (2,95

Kakne ¢aKkTophl BLI3HIBAIOT YBeJHYeHHe KOHCTAHTH DaBHOBECHP
22-64. JIna TmipecHHX BoA ¢ O6IUM cojecomepxanueM P 1o
1000 Mr/a (mpeuMylIeCTBEHHOE COAEpIKaHHE KAaTHOHOB KaJbLUHUS A
Marsis) HOHHYIO CHJIy PacCUHTHIBAIOT O dopmyJe
I = 0,000022P

3HaueHHe P MOXHO MPHHMUMAaTb PaBHHIM Macce CyXOro OcTarka.
Hoxaxmure, 9T0 faHHas (opMmyJaa corsacyercs ¢ QopMyJaol nias
pacuera HOHHOH cHJB pacTBopa. PaccuuraiiTe HOHHYIO CHJIY IpH
comepxanuu HoHoB Ca?*, paBuom 1000 mr/a.

22-65. OnmuiuuTe NOBeNEHHE CHJLHOIO 3JIEKTPOJHTA INPH TOBHI-
IIeHHH KOHLIEHTPALMH pacTBOpa, HCXOAA H3 TeMIepaTyp 3amep3a-
HHS BOXHBEIX PAacTBOPOB XJOPOBOAOPOAHON KHCJIOTH pa3jHIHOH KOH-
LeHTpalHH:

t °C HIEHTPalHs t °C
uonblllsgt;“:'empl?lllxg(;‘ r H,0 sam» uonbll%go 1;9}! pl'/'IlOO r H,0 sam
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

MoxHo 21, BOCNOJNBL30BABIINCH TPHBELEHHBIMH JaHHHIMH, pac-
CYHTaTh KOHLEHTPAIHIO HOHOB BOJAOPOAAa B YKa3aHHHIX PacTBOpax,
3Hasl a) KOHLEHTPAIMIO KHCJIOTH H Ipejmnosaras IOJHYIO ee JHC-
cColHalnHuio u 6) MOHHXKeHHe TeMIleDaTyphl 3aMep3aHHsi pacTBOpa.
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Ecau Takoii pacuer BO3MOXEH, OTBeTbTe Ha BONPOC, KaK OT/IHYa-
eTcsl «MaccoBasi» KOHLEHTPAlusi HOHOB BOJAOPOAA OT <«aKTHBHOM».
MoOXKHO JIH Ha OCHOBAHMH TOJIYYeHHBIX Pe3yJbTaTOB PACCUUTATDH KO-
s dHuUHEHT AKTHBHOCTH HOHa Bojpopoia? Ecau MOxkHO, TO BHINOJ-
HHTe 3TOT pacueT M CPaBHHTe pe3yJabTaThl ¢ KodpduuueHTaMH aK-
THBHOCTH, paccyMTaHHEIMH mo ¢opmyaaM. Ilocrpoiite rpaduk 3a-
BHCHMOCTH TeMIIEpaTyp 3aMep3aHHsi OT KOHUEHTPalWH KHUCJIOTH H
O06bSCHHTE MOJNYYEHHYIO 3aBHCHMOCTD.

©22-66. OnuiuxTe NMOBEJEeHHE CepPHOH KHCJIOTHL B BOJHOM PacTBO-
pe, MCXOsl U3 TEMIepaTyphl 3aMep3aHHs ee PacTBOPOB Pa3JIHYHONA
KOHIIeHTpalHu:

t ° OHLEHTpAIHS t , °C
Monb/l(l)(()((’)mx}emll)-?ll}),(l)ﬂr H;0 sam * c Monb/lé?)o :‘l l:'/llé)o r H,O sam
H20 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

OTBeThTe Ha BOMPOCH, MOCTaBJeHHHE B MpEeABIAYIIeH 3anade.
CpaBHHUTe TOBeJeHHe XJOPOBOLOPOJAHON M CepHOH KHCJOT. B Kakom
H3 pacTBOPOB MPH OAMHAKOBOH KOHIEHTPALHH HOHOB BOLOPOAA HX
aKTHBHOCTb ‘MeHbLIE?

21-67. Boiuncante kKoshdHUHEHTH akTHBHOCTM HoHa Na* B
0,001, 0,01 u 0,1 M pacrBopax NaCl no dopmynam:

VI
14+VT

IIpn kKakux 3HAUEHHSAX HOHHOM CHJHI pacTBOpa pe3yJbTaTH BH-
yHcJeHHA mpakTHyeckH coBmapsaloT? Kakas dopmyna u mouemy
GoJiee TPUrOZHA JAJS pacyeToB HPH O6OJbIIHX 3HAYEHUAX HOHHOMN
CHJIBl pacTBopa?

22-68. Bruiuncaure aktuBHocTH HoHoB Nat, Cl-, H* u OH- B
0,01 M pacreope NaCl.

22-69. BrlunciuTe HOHHYIO CHAY, Ko3(p(dHUMEHT aKTHBHOCTH
HoHa Ca?t u ero akKTHBHOCTb B pacTBOpe, 1 J KOTOPOTO COLEPKHT
0,002 monp CaCly u 0,003 Mo Ca(NOj)e.

22-70. Belypcaure HOHHYIO <CHIY, KO3bD(UUHEHT aKTHBHOCTH
noHa SO42~ ¥ ero aKTHBHOCTL B pacTBope, B 1 J KOTOpOro copep-
xurcs 0,003 Moab NaSO4 m 0,002 moas KoSO,.

22-71. Tlpy TOBHIIIEHHH HOHHOM CHJBI pacTBOpa YCHJIHMBaeTCS
9JIEKTPOJIUTHYECKAs] JUCCOUMALUs H YBENHUHBAIOTCS KOHIEHTpPAIH-
OHHble KOHCTAHTBI AHCCOLHAINH, NO3TOMY KOHCTAHTH JHMCCOLHALUH
3JIGKTPOJIHTOB CPAaBHHBAIOT NPH HOHHOH cHJe, paBHOH Hymwo. Kak
OCYILIECTBHTb 3TO YCJOBHE?

22-72. B 0,002 M pacTtBope XJOpHAA JIUTHS CTeNleHb €ro AHCCO-
nuanuu pasHa 97%, a B 0,2 M pacrBope oHa moHHXKaeTcss 1o 81%.
OO6bsicHHTe NMPHYHHBI TAKOIO MOBefEHHs COJMH. MOXHO JIH Ha OCHO-

g f=—0,5122y/T; lg f=—0,5122
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BaHHH 3THX JAHHBIX BBIYHCJIHTb KOHCTAHTY (BI) AUCCOLMALMU IJEKT-
poaura?

22-73. O6bscHATe, NOYEMY KOHCTaHTa HHCCOLMALHHM (KOHIEHT-
pallMOHHAasA) MO NepBOH cTyneHH (GochopHOH KUCIOTHL B pacTBope
¢ HoHHo# cujoit 0,5 B 1,5 pasa Goablue, yeM B pacTBope C HOHHOH
cusoit 0,1.

22-74. O6bsicHUTE, NIOYEMy KOHCTaHTa JHccouHauun docdopHOH
KHCJIOTH 1T0 IIePBOH CTYNEeHH BOo3pacTaeT B 3 pa3a NpPH NOBBIIEHUH
xaBjeHust po 2-108 Ila.

22-75. O6GbsiCHHTe YTBepXKIeHHe: «BiHsiHHe HnaBjieHMsi Ha JaHC-
COILMALHIO 3JEeKTPOJHTA aHAJOTHYHO BJIHSIHHIO HOHHOM CHJBI».

22-76. TlonbiTafiTech npeacKasaTb, KaK H3MEHHTCH CKOPOCTb
peakiuy MeXJy HOHAMH B PacTBOPe NIPH YBEJHUEHUH HOHHOH CH-
JIH pacTBOpa.

22-77. B pactBOpax ¢ pa3jH4YHOH HOHHOH CHJIOH peakUUH HpoO-
TEKaloT C PAa3JHYHBIMH CKOPOCTSMH. KOHCTaHTB DaBHOBECHSI TaK¥Ke
8aBHCAT OT MOHHOH cHJBl pacTBopa. Eciam cunTaTh BelllecTBa, 06y-
CJIOBJIMBAIOLIMe HOHHYIO CHJY B PacTBOpe, KaTaJH3aTOPaMH HJH HH-
ru6HTOpPaMH, TO TOTJa MOXHO CAeJaTh BHIBOJ, YTO TaKHe BelllecTBa
CIOCOGHB! CABHraTb DaBHOBeCHe H HM3MeHATb KOHCTAHTY DaBHOBe-
CHSL.

Kakoe Baille MHeHHe IO 3TOMY BONpOCY?

22-78. O6mbscuuTe, MOYEMY TPH yBeJHYEHHH HOHHOH CHJH pac-
TBOpa yBeJHYHMBaeTCs CKOPOCTb PeaKUHH MeXJy HOHAMH OXHMHAaKoO-
BOTrO 3apsfia H yMeHbLIaeTCs CKOPOCTb PeaKUMH MeXAy HOHaMH
Pa3HYHBIX 3apsLOB.

22-79. Huxe paHbl NpHMepH BJHSHHS TIOBHIIEHHS HOHHOA CH-
JIBl PacTBOPa Ha CKOPOCTb peaKUHi

[Co(NH,)sNO,]2+ 4 OH" CKOPOCTb yMEeHbIIaeTcs
Sg042- 4 I~ CKOPOCTb yBEJHYHBAETCH
[Co(Cyq04)g)®~ + Fe2+ CKOPOCTb YMEHbUIAeTCH

BuBenure npaBuJO, NMO3BOJSsIOIlee NpelcKa3aTh BJHSHHe HOHHOMH
CHJIBI Ha CKOPOCTb peaKIHH MeXJy HOHaMH.
22-80. CkopocTb peakiuu

[Co(NHg)sNO,]** + OH™ = [Co(NHg)sOHJ** + NO,~
SaBHCHT OT HOHHO!M CHJIBI PacTBOpa CJIeAYIOWIHM o6pa3oMm:

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

Onpenenute KOHCTAHTY CKOPOCTH 3TOH PeaKUHH NPH HOHHOH CH-
ne, paBHOM HyJI0. BbluMCIHTe KOHCTAHTY CKOPOCTH 3TOH PeaKUuH
B 0,1, 1 u 10 M pacTBOpax nepxJiopaTa HaTPHs H B TaKHX e pac-
TBOpax cyJjbdara HaTpHA. MOXHO JIM CUHTATh BellleCTBa, H3MEHSIO-
[ife HOHHYIO CHJIy PacTBOpa, KaTaJau3aTOPAMH MJH HHrHOGHTOpaMH?

22-81. Kax u3MeHHTCS KOHCTaHTa AHCCOLHALMH YKCYCHOH KHC-
JOTHl B PacTBOpE, €ciH BOAY (PacTBOpHTe]b) 3aMEHHTb Ha a) Me-
THJIOBBIH CIUPT, 6) STHJIOBHIHA COHPT, B) GeH30?
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22-82. Briuncsaute AG®, AH® u AS°® npouecca pucconnauuu GeH-
304HOH KHCJOTH:

CeHsCOOH = H+ + C,H;CO0~

KoOHCTaHTH AMCCOIMALHH GeH30iHO# KucaoTs npH 35 u 45°C paBHH
coorBeTcTBeHHO 1g K=—4,221 n 1g K=—4,241.

22-83. Huxe npuBeneHb KOHCTAHTH AHCCOLHAUNM THADOKCHA-
coiepKallluX HOHOB MeTaJJIOB:

LiOH 0,5 BeOH+ 10-2
MgOH+ 1072 MgOH+ 10-2
YOH?*+ 10-7 CaOH+ 3.10-2
ThOH?3+ 10710 BaOH+ 2-10-1

Kakue BBIBOABI CJELYIOT M3 STHX JaHHBIX?
22-84. KoHCTaHTH AHCCOUMALNH HEKOTODBIX KHCJOT 3JIEMEHTOB
3 mepuona mepHOAHYECKOH CHCTEMH Clefyollne:

H2SiOg H3POg¢ H3SO4 HCIO¢

K, 2,2-10-1° 7,5-10-3 1,0-108 )
Ky 1,6-10-12 6,3-10-8 1,2-10-2 w

Kakas npociexxnBaeTcss 3aBHCHMOCTb CHJIBI KHCJOT OT MecTa
3JleMeHTa B NepHOJe NMEepHOAHYECKOH cHCTeMbl, 3apsiia LeHTPaJIbHO-
ro HoHa ¥ ero pasmepa (paauyca)? [IpeackakuTe KOHCTAHTY (M)
IHCCOLHALHH aJIOMHHHEBOH KHCJOTHL.

22-85. KoHcranTa guccolHalMH caaboi KUCJIOTH B BOAHOM pac-
TBOpPe CJOXKHHIM 006pa3oM 3aBHCHT OT TeMmmepatyphl. Yacto B HH-
TepBajiie 0—60°C HabuarofaeTcss MaKCUMYM (y YKCYCHOH H MYpaBbH-
HOH Kucyor mpu 25°C, y nponuHoHoBo# KucaoTe npu 20°C, y mac-
asHo# mpu 10°C. IlpeanoKeHO HECKONBKO OOBSICHEHHH MOSBJEHHS
makcuMyMa. OfHO M3 HHX OCHOBAaHO Ha M3MeHEHHH 3HaKa 3SHTaJb-
IMH pacTBOpeHHs. DTO BBHI3BAHO NPOTHBONOJNOXKHBIM XapaKTepoM
TeMIepaTypHBIX 3aBHCHUMOCTEH JBYX OJHOBPEMEHHO MPOTEKaIoUIHX
IpoLleccoB: 3JEKTPOJHTHUECKOH AHCCOLMALMH MOJEKyJ M THApaTa-
nun obpasymoomuxcsa noHoB. (KakoBo BiHMAHHe 3THX NPOLECCOB HA
KOHCTAHTY NHCCOUHAIMH KHCJIOTHI?).

Bropoe o6GbsicHenue mpeamosaraer BJIMSIHHE Ha paBHOBeCHe
IHCCOLHALMH ABYX TaKxXe NPOTHBONOJOXHBEIX IO XapakTepy ¢axk-
TOPOB: MOIVIOILEHHE TENJIOTHl NPH NUCCOLMALMH (4TO NMPHUBOZHT K
CMelLlleHHIO paBHOBeCHS NpPH NOBHILEHHU TeMIepPaTypel B CTOPOHY
006pa3oBaHHsi HOHOB) M YyMEHbIIEHHe JHIJEKTPHYECKOHX IpOHHIae-
MOCTH BOABl (YTO OCJabiasieT AUCCOLHAIHUIO).

Kaxkoe o6bsicHenne Kaxercs Bam Gosee nmpaBuabHbIM? [Ipenno-
JKHTe CBOe 00bsiCHeHMHe.

22-86. JInmonnas kucjora (HOOCCH,.),C(OH)COOH — tpex-
OCHOBHast KHCJOTa. MaKCHMyMBl KOHCTAHT [IHCCOLNHALMH IO Iep-
BOH, BTOPOH H TpeTbell CTYNMeHAM JHCCOLHALHMH HAXONATCA COOT-
BercTBeHHO npu 60, 40 u 10°C. O6bsicHUTe, MOYEMY TEMIepaTypH,
IPH KOTOPBHIX MPOSBJAIOTCS MaKCHUMYyMBbl, He PaBHH H MOHHXKAaIOTCHA
10 Mepe OTPbIBa aTOMOB BOAOPOJAA OT MOJIEKYJIH KHCJOTHI.
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22-87. KoHCTaHTH MHCCOUMALMH JHMOHHOA KHCIOTH MpPH IBYX
TeMIepaTypax paBHHI:

16°C 30°C
K 6,92-10-4 7,66-10-4
Ko 1,65.10- 1,76-10-5
Ks 4,13-10-1 3,99-10-1

Boiyncinte TepMoAMHaMHUECKHe XapaKTePUCTHKH Npoliecca JHC-
COLHALMH JINMOHHOH KHMC/IOTHl IO KaXNOH CTYNEeHH B HHTepBaJje
Temneparyp 15—30°C. O6bscHuTe NOJAYyYeHHbIe Pe3y/bTaTHI.

22-88. KoHucranta RuccolnHaluu yKCYCHOH KucaoThl mpu 10, 25
1 40°C paBHa cooTBercTBeHHO 1,729-10-5, 1,754.10-5 u 1,703.10-5,
BoiuncinTe TepMOAHMHaAMHUECKHE XapaKTEPHCTHKH Ipolecca AHCCO-
OHalud KHCJIOTH B MHTepBasax Temmepatyp 10—25°C u 25—40°C.
OG6bsicHHTE NONYUeHHEIE Pe3yJ/bTaThl.

22-89. Nna ¢ymapoBoil U MaJIeHHOBOH KHCJOT

H._,COOH H._,COOH
C c
I ]
C C
HOOC” N\H H” \COOH

npeicKaXKuTe pas3jiHuHe B 3HAYEHHSX IePBOH KOHCTAHTH JUCCOLMA-
UMK (HCNIOJb3YSl NpeJCTaBJeHHe O BHYTPUMOJIEKYJSIDHOM B3aHMO-
JefCTBHH) H BTOPOH KOHCTAHTH (HCIOJb3Yysl NpEeACTaBJEHHS O
BHYTPHUMOJIEKYJIIPHOH BOAOPOAHOMN CBSI3H).

22-90. Ykaxure, Kakue M3 ClelylOIIHX (paKTOpOB: TeMmepary-
pa, NpuUpOJa PaACTBOPHTeJNs, KOHILEHTPAllusi PacCTBOPEHHOTO Bellle-
CTBa, HaJHYHe OJHOHMEHHOI'O MOHA M CHJBLHOTO 9JEKTPOJHTA (HJIH
JApyrue) BJMSAIOT Ha TaKHe XapaKTepHCTHKH Tipoliecca AMCCOLMAIHNH,
Kak AG°, AH®, AS°, K, a.

22-91. KoHcraHTa AuccolHanyMy YroJbHOH KHCJAOTH MO TepBOH
crynexu npu 0 u 50 °C coorBeTcTBeHHO paBHa 2,95-10~7 u 4,90-10-7.
BriBenuTe ypaBHeHHe 3aBHCHMOCTH KOHCTAHTHI AHCCOLMALMH YroJib-
HOM KHCJOTHl OT TeMmnepatyphl. Briumcaure K; nmpu CTaHZapTHOH
TeMnepatype. Boiuncaure 3Hauennss AH®° u AS° mpouecca Aaucco-
nManuy H o6bsicHHTe MX 3HaKd. Paccuntaiite AG® mpu ABYX TeM-
nepatypax. Kak oO6bsICHHTb, YTO C NMOBHIIGHHEM TeMIepaTyphl H30-
6GapHbIl MOTEHIHAJ IpoLlecca CTAaHOBHUTCS BCe OoJiee IOJNOXKHTEJb-
HO!M BEJHYMHOMN, XOTA KOHCTAHTAa JAUCCOLMAIHMH BO3PacTaeT?

22-92. KoHCTaHTH qUCCOUHALUH (yMapoBOH M MaJeHHOBOH KHC-
JIOT paBHBl COOTBETCTBEHHO

COOH
H._,COOH NG,

o o

I I

o o
Hooc” \H 1/ \COOH
K1=9,6-10—4 K1=1,2.10—2
Ka=4,1-10—5 K2=6,610—17
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Kaxkue HeoxupaHHble (aKThl 0GHAPYKUBAIOTCS MPH U3YYEHHH ITHX
JaHHBIX?

22-93. Huxe nmpuBefeHb OTHOLIEHHS NePBON H BTOPOfl KOHCTAHT
auccounanuu K;/K; HEKOTOPHIX ABYXOCHOBHHIX KapGOHOBBIX KHC-
Jor: pas HOOCCH,COOH 112,0, aas HOOC (CH;) .COOH 12,3,
xna HOOC (CHg)sCOOH 9,3.

CoopmyanupyiiTe Bonpoc, KOTOPHIH BO3HHKaeT U3 PacCMOTPEHHSA
9THX JaHHBIX.

22-94. OTHolIeHHe TepBOH M BTOPOH KOHCTAHT JHCCOLHALMHU
K,/K: Bombl H (CEpOBOLOPOJA (COCTaBJseT COOTBeTCTBeHHO 1022 u
107. ITpuBeanTe BO3MOXKHBIE OGBACHEHHS CTOJb BBICOKOTO Pa3JIMUHs
goucraut. Ilpeackaxure cooTHoulenne KoHcTaHT mjsi HoSe u HyTe.

22-95. Koncranra puccouuaunuu (GropoBoopofa B BOLHOM pac-
tBope (25°C) paBHa

H*][F~
HF =H*+4F~ I(=—[%=8-10~l MOJIb/Nt

KoHcTaHTa CKOPOCTH 3/1eMEHTapHON peakHuH
H*4-F =HF k= 1101 a/(Monb-C)

Briuncante KOHCTAaHTY CKOPOCTH NHUCCOUMAUMH (TOPOBOZOPOAA.

22-96. Ilpexckaxure, KaKk H3MEHHTCS KOHCTAaHTA JHCCOLMALUHU
YKCYCHOH KHCJOTHI MpPH 3aMeHe aToMa BogopoAaa B rpynne CHj; na
aToMH Topa, xJopa uian 6poma.

22-97. KoHCTaHTa JAMCCOLMAlUMH DHADPOKCHAA aMMOHHS MpH
25°C paBra 1,8-1075. KoncraHTa QHCCOLHALMH THIPOKCHAA aMMO-
HHs1, B KOTOPOM BCe aTOMHI BOJOpPOJa 3aMeHeHH aefirepueMm, ND,OD
cocrasaser 1,1-1075. O6GbscHHTe NMPUUYHHY YMEHbIIEHHS KOHCTAHTH
JHCCOLM ALK,

22-98. Paccuntaitte AG®° guccouManuy yKCYCHOH KHCJIOTHI, eCJH
KOHCTaHTa auccouuauuu paBHa 1,86-10~%, CamompoussosieHn Ju
npouecc auccounanuu? Kakoit mpouecc B cucreme [CHsCOO—]=
=[H+]=[CH3COOH] =1 mosb/n mnporeKaeT caMONPOH3BOJbHO?

22-99. KoHncrautsl auccounanuu (npu 25°C) KHCIOT YKCYCHO#H
CH;COOH, dbTOpyKCyCHOH FCH.COOH, XJIOPYKCYCHOR
CICH.COOH wu 6pomykcycuoit BrCH,COOH coorBercTBeHHO paB-
#n 1,75-10-5, 2,59.10-3, 1,36-10—% u 1,25-10-%. OGcynure BaugHHE
3aMeHB aToma Bojopoxa B rpynne CHs; Ha atoMbl ¢Topa, xJopa
u Opoma.

22-100. ITpenckaxkuTte, KaK H3MeHHTCA cula OeH30HHOH KHCIO-
TH C¢HgCOOH npu 3ameHe ogHOro aroMa BOJOPOAA B GE€H30JBHOM
KOJIblle Ha aToMHI (pTopa, xJopa mian GpoMma.

22-101. Huxe maHbl KOHCTAHTH auccounanuu 6eHsoitHOH, drop-
GeH30HHbIX, XJI0p6eH30AHEX U GpoMGen3ofiHbX KucaoT (25°C):

K}IHCB
Bensoiinas CsHsCOOH 6,29.10-%
m-PropbensoiiHas 1,36-10-4
o-®drop6ensoiinast FC¢H,COOH 5,41-10-4
n-Orop6eHsoiHas 7,22-10-8
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KAHCC

n-Xnop6eHsoiinas 1,5-10-4
o-Xnop6eH3oiHast } CIC¢H,COOH 1,2.10-3
n-Xnop6ensoiinas 1,03-10-3
m-BpombeHsoiinast 1,55.10-4
o-BpoMm6eHsoiinas } BrCsH;COOH 1,40-10-3
n-BpoM6ensoiinas 9,95-10-8

O6cynure BnusHue aTOMOB (ropa, XJopa u Gpoma B GeH30HHOM
KHCJOTE H INOJOXEHHSI aTOMOB TraJIoTeHOB B O€H30JbHOM KOJble
Ha CHJYy COOTBETCTBYIOIIHX KHCJIOT.

22-102. Huxe npuBeldeHbl KOHCTAHTH JAUCCOLHAUHH HEKOTOPBIX
tocopHBIX KHCJIOT H HX HOHOB:

Kaucc Knncc
H;PO, 7,5-10-3 H;PO; 1,6-10-2
HoPO4— 6,2.10-8 H3PO. 1,0.10-2
HPOg2- 1,0.10-12

Kakue BHIBOAB MOXHO CHeJaTh U3 3THX JaHHBIX?
22-103. Huxe npuBeneHbl TepMOAHHAMHUYECKHE XapaKTEPHUCTHKH
¢ochopHON KHCJIOTH H HOHOB, 00Pa3yIOIIKUXCS TMPH ee JHCCOLHAHHS

AHm, o6p AS°8,
kI x/Monb Jx/(K-Moab)
H;PO, —1290 176,1
H,PO,~ —1302 89,1
HPO2- —1299 —36,0
PO3- —1284 —217,6
H+ 0 0

BrolgncanTe TepMOAMHAMHYECKHe XapaKTEePUCTHKH IIPOLECCOB TO-
clefoBaTebHOH Aucconnauuu ¢ochoproit Kucaotel. Ha ocHoBaHuH
HOJIyYeHHHIX Pe3yJbTaTOB ChHOPMYJHpPYyiiTe M OOBACHUTE BO3HHKIIHE
npo6JieMBbl.

22-104. TepmognHaMHUECKHe XapaKTeDHCTHKH TIPOLECCOB CTY-
neHyarofl auccounanuu GochopHON KHCIOTH ciaelyloliue:

AH®39s, AS°g08,
KJIx /Mol JUk/(K . Monb)
H3P04=H++H2PO4" —12 —87,0
H,PO,~=H++HPO2~ 443 —125,0
HPO2-=H++4+PO5- +15 —181,6

UTo KaXeTcsd HEOXHAAHHBIM B 3THX JaHHBIX?
22-105. Ilpouecc mucconuanuu ¢ocPopHOH KHCAOTH B BOAHOM
pacrtBope
H8p04 = H+ + H2PO4_

xapaktepusdyercsi AH°es=—12 xJx/Monmp H AS°95=—87,0
Jx/(K-Moap). VisMeHeHHs1 HTaJbIIHH M SHTPONHH — OTPHIATENb-
HbI, XOTS, Ka3ajocb Obl, IPH AHCCOLHALMH AJS pasphiBa cBA3ed
TpeGyeTcsl SHEPrus, a yBeJHUEHHe YHCJa YaCTHI MOJIKHO NPHBECTH
K YMeHbIUEHHIO cTeneHH mopsiaka. OOBSICHHTE 3TOT YAUBHTENbHHIA
¢daxr.
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22-106. Huxe npuBefeHB HeKOTODHIE CBOMCTBAa TIaJIOTe@HOBOJO-
pozOB:

AH® Amep- °C t °C ,
K n:(ﬁ/a;‘;?: r?ggx;)-gcgrgﬁ- tan Kt p:c:ngge.M %
HUE, HM
HF —272 0,092 —83 -+19,5 9,0
HCI —92 0,128 —114 —85 92,6
HBr —33 0,141 —87 —67 93,6
HI -+25 0,162 —51 —35 95,0

Kakne Bompoch BO3HHKAIOT NpPH PaCCMOTPEHHH 3THX NAHHBIX?

22-107, TepmonuHaMuueckHe xapakrepuctuku (298 K) mpo-
mecca AMCCOLHALHH TrajJoreHOBOLOPOAOB B BOAHEIX PacTBOpPax HMe-
IOT CleAyloliue 3HAUeHHS:

AH°, k1x/Monb AS°, x/(K-Moab) AH°, xIx/Monb AS°, Ix/(K-moab)
HF —12,6 87,1 HBr —63,6 —38,1
HCI —57,4 —56,1 HI —59,0 —13,4

MoxHO M Ha OCHOBAHHM 3THX JAaHHBIX PacCYHTATb KOHCTAHTHI
paBHOBecHsi Auccouuauuu? CdopMyaupyiiTe BOIPOCH, BO3HHKaIO-
IIHe MPH aHa/h3e 5THX AAaHHBIX W AaiHTe Ha HHX 0OOCHOBaHHHIE OT-
BETH.

TJTABA 5
XHMHYECKHE NMPOLECCHI B PACTBOPAX

§ 23. HENTPAJIU3ALLUSA. JHCCOLLUALLHUSA BOAD], pH PACTBOPOB

23-1. B ueM TpHYMHA CTOJb CHJILHOIO DA3J/HYHS 3HTAJBIHH Ipo-
11eCCOB:

H*(p) + OH" (p) = H,0 (x); AH° = —56,5 kIIx

H*(r) 4+ OH™ (r) = H,0 (x); AH®° = —1604 kIx

23-2. Hanumnte cOKpalleHHBIM MOJIEKYJASPHO-HOHHBIM  CIIOCO-
60oM mpuMepHl ypaBHeHHMH peakKUHi HeHTpajusanuu a) CHJIbHOR
KHCJIOTH CHJIBHBIM OCHOBaHHeM, 6) CHJIbHOH KHCJOTH CJAaObBIM oOC-
HOBaHHeM, B) cJaboH KHCJOTH CHJbHBIM OCHOBaHMEM H TI') cjaboi
KHCJIOTHI C/1a6GbIM OCHOBaHUEM.

23-3. Hanumnte ypaBHeHHs CJAeAYIOIIMX TIPOLECCOB H YKaXH-
Te, KaKHe H3 HUX SIBJSIIOTCS peaKUHsSIMH HeATpaiu3aluH:

1)31NaHCO, (p) -+ NaOH (p) 7) NaCH;COO (p) + HCl (p)

2) NaHCO; (p) 4+ NaOH (k) 8) NaCH4COO (p) -+ NH,Cl (p)
3) NaHCO; (p) 4+ HCl (p) 9) HCI (p) -} FeS (k)
4) NaHCOq (p) 4 HCI (r) 10) NaOH (k) 4+ HCI (r)

5) Na,COq4 (p) 4+ NaOH (p)
6) Mg(OH), (k) + H,SOq4 (p)
IMpennoxute cnoco6nl KaaconpHKalud peakUHd HeHTpaJH3aLMH.
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23-4. Huxe npuBefeHH NpHMepH HaNHUCaHUsi YpaBHeHHH peak-
UHH HeATPAJH3allMH COKDALleHHBIM MOJIEKYJSPHO-HOHHBIM CIIOCO-
60M:

a) CHJIbHAs KHCJIOTa + CHJbHOE OCHOBaHHe

H* 4 OH- = H,0

6) cuibHas KHcJOTa-claboe OCHOBaHHE
H*+ NH,OH = NH,* -+ H,0

B) caabasi KMCJ0Ta - CHIbHOE OCHOBaHHE
CHZCOOH -+ OH™ = CH4COO~ + H,0

r) caaboe ocHoBaHHe+ ciabast KHCJ0Ta

NH,OH - CH,COOH = NH * 4- CH,CO0~ 4 H,0

CocraBbTe HpaBHJO (aJIrOPUTM) HAaNHUCaHUs ypaBHeHUH peak-
IIHH HeHTpaJaHu3alHH.

23-5. Ilpu cmemeHun 1 M BOZHBIX pPacTBOPOB OLHOTO H3 ciJle-
ayowmux semects: NaOH, KOH, CsOH ¢ onuHakoBeIMH 06beMaMH
1 M pacteopoB HCIl, HBr, HNO;, HCIO, Brimeasercs mpumepHO
ONHO HM TO K€ KOJHYEeCTBO TEeIJOTH, <COCTaBjasmiollee 55—
59 kJIx/Monb. ‘O ueM 3TO CcBHAeTeabCTBYyeT? Hamuuure ypaBHeHHus
peaxuui.

23-6. Ilpu cMewenun 1 M BOZHBIX pacTBOPOB ONHOH H3 ciaeny-
IOLIHX KHCJOT: a30THOM, YKCYCHOH, 6eH30HHOH M 1laBeseBOH C OJHU-
HakoBbIMH o6beMaMu | M pactBopoB NaOH nian KOH o6unapyxu-
BAIOTCSl pa3jHyHble TelJoBble 3PdekTe. Kak 3T0 0O6BsACHUTH?

23-7. PacnosoxmuTte cjefyiolliye peardpylolle CHCTeMBl B IIO-
pAlKe yBeJHYeHHS TelaoBoro sddekxra:

CH3COOH + KOH
CH4COOH + NH,OH
NH,OH + HCl
KOH 4 HCl

23-8. Huxke mnpuBeleHH 3HTAJbIHH [polecca HeHTpaJH3aluH
HEKOTOPBIX KHCJIOT:

AH°, K /Moib AH®, x]>x/Monb
CH;COOH+NaOH 55,2 H.SO,+ 1NaOH 60,7
HCl+NaOH 57,3 H.SO,+2NaOH 128,9
HBr+NaOH 56,9 H;PO,+ 1NaOH 61,5
HNO;+NaOH 57,3 H;PO,+2NaOH 110,9
H;PO4+3NaOH 144,3

Hcxons H3 3THX HaHHBIX, MPUBEAHTe KaK MOXKHO OoJjblie CBe-
JleHHH O TPUpPOJe MepeyrcJeHHbX KHCIOT KaK 3JeKTPOJHTOB.

23-9. KucnotHocTh pacTBopa pocopHOH KHCAOTH B BOJe C H30-
TonoM Kuciaopona 80 HuKe, yeM KHCJIOTHOCTb PacTBOpa 3TOH KHC-
JOTH B 06buHOM Boze. Kak 310 OGBACHUTL?
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23-10. Peakuuio HelTpanusauuu OOBIYHO 3aNMUCHIBAIOT B BHAE
ypaBHeHHUS

H;O* 4+ OH- = 2H,0

[Touemy He cymectByer coepunenus. (Hz;O)OH? ITouemy mBa mpo-
THBOIOJIOXKHO 3apsikeHHbIX HoHAa H30+ m OH~ He cnocoGHBE K 00b-
€IHHEHHIO B eIHUHYIO HeiTpajbHylo yactuny (HzO)OH?

23-11. YkaxuTe mpolecc, OrpaHHYHBAIOIIUA CKOPOCTb PeaKIHUH
HeliTpajiu3auuu B pa36aBjieHHOM pacTBOpe

H;O* 4 OH- = 2H,0

23-12. ViMeeTcsi MHOro J0Ka3aTeJbCTB, UTO KHUCJIOTHBIE CBOMHCT-
Ba BOJHOTO pPacTBOpa ONpeAeNsIIOTCS He KOHIeHTpauueil woHos H,
a noHos H3O+. M3yuyenue KuCJIOTHOCTH pacTBopoB PochopHOH KHC-
JIOTHI, IPUTOTOBJEHHON B 00bI4HON Boje H,!'°O M B Boze ¢ TAXKeIbIM
usotonoM kucnopozna He'80, mokasano, 4To B MOCJHELHEM pacTBOpe
KHCJIOTHOCTb HHKe. DTO rOBOPUT O TOM, uTO MoJjekyna Hy'®O ynep-
xkuBaer nporoH H+* cnaGee, uem wmosaekysa H,'®0O m B pactBope
H,'®0 xoHueHTpauusi noHoB ruppokconus H;80+ Menbuie, uTO
obycJyoBaHBaeT MeHee KHCJAyI0 cpefy pactBopa. Ilomeitafitech 06b-
SICHHUTb, TIOUeMy Npo4yHOCTb cBA3H O—H 3aBucur or atoMHO# Mac-
CHl KHcJaopoga?

Ilpenckaxnute H3MeHeHHE KHCJIOTHOCTH PAacCTBOPOB IIDH CJELYIO-
IIHX M30TOMHHIX 3aMellleHusix B MoJjekynax: 1) D.O, 2) D3PO,,
3) H,;P1#0,.

23-13. Ilo 3HaYeHHI0O KOHCTAHTH AUCCOLHAINH BOABL

H,0 = H* 4 OH~

[AH*1[OHT] .
Kuce = =07~ = 1,8-10°19
JIETKO pacCUyuTaThb €e HOHHOe npousseaecHue

1000
Ky = [H*][OH"]=1,8-10-16. 8

~ 1.10-14

Paccunurailite KOHCTAHTy AMCCOLHALMH BOAbBI B COOTBETCTBHH C
ypaBHeHHEM

2H,0 = H,;0* + OH"

Uemy paBHO HOHHOe mpoH3BeneHHe Boabl Kpz=[H3;O+][OH-]?
23-14. KakoBBl pa3MepHOCTH M B KaKHMX €JHHHIAX H3MepSIOTCA
KOHCTaHTa NHCCOLMALHH BOABI U HOHHOE NPOHU3BEJEHHE BOIBIP
23-15. O6bsicHHTe, TMouYeMy HOHHOe npousBenenue [D+][OD-]
npu 25°C mpuMepHo B 8 pa3 MeHbllle HOHHONO TIPOH3BENEHHS
[H*] [OH-].
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23-16. Huxe mpuBeneHbl JorapupMbel HOHHOrO TIPOH3BEAEHHSA
BOJbl TIPH Pa3/JHYHHX AaBiaeHusx (25°C):

p, Ta 1.106  2.106  6.107 1-108
lg K» —13,998 —13,918 —13,767 —I3,630

B Kakyio cTOpOHYy cMelllaeTcsi paBHOBecHE
H,O = H* 4 OH-

IPH yBeJHYeHHH AaBjeHus? Urto GoJblue: 06beM 1 MOJb BOIAH HJIH
1 moab OH~ u 1 monp H?

23-17. Hcxoaa u3 Toro, 4to AJas uyucroft Boawm [HH])[OH-]=
=1.10"14, BoluHC/IUTE HOHHOe MpoH3BefeHHe BoAH B 0,01 M pactso-
pe NaCl.

23-18. Honnoe npouspenenue Bogs npu 10 u 30°C paBHO coOT«
BerctBeHHo 0,36-10~' u 1,89-10-'4, Briyuciute TepMOAHHaMHYTe-
CKHe XapaKTepHCTHKH NHCCOLMAalH¥ BOAB M HOHHOE TPOH3BeJeHHE
npu 20°C. KakoBo H3MeHeHHe MOpsAAKa B CHCTEMe TIPH AHUCCOLHA-
IHH BOAH? Hamuirure ypaBHeHHe CaMOIDOH3BOJLHO MpOTeKalolle-
ro mpouecca B cucreMe [H+] =[OH-]=[H0]=1 wmoan/a.

23-19. las nuccoumaunuyu BOABI COMVIACHO YPaBHEHHIO

H,0 = H* 4 OH~

Nno 3Ha4Y€HHI0 HOHHOro NpoOH3BeJAE€HHs BOAHBl pACCHUHTAHbBl 3HAYEHHA
H306apHOI‘O IIOTEHIlhaJa:

AG°= —RTInkK,

ts°C T, K Ky AG, xIx/Moab
15 288 0,45.10-14 79,214
20 293 0,68-10714 79,591
25 298 1,01.10-14 79,968

Uro Kaxercsi yIHBUTEJNbHBHIM B 3THX NaHHBIX? BhiBeauTte ypaBHe-
HHe 3aBHCHMOCTH AG° oT TemmepaTypsl M 0ObscHuTe (H3HTecKHA
CMBICT KO3 (HUIHEHTOB B MOJYYeHHOM ypaBHEHHUH.

23-20. dokaxure, 4TO

pH 4 pOH = 14

23-21. Hmerorca pactBopnt NaOH u HCI. Konnenrpauus oxHo-
ro u3 Hux usBectHa. IIpenanoxure crnocob omnpenesneHUuss KOHIEHT-
pauumn Apyroro (KOTOpHIH, pasyMeercsi, HUKOTa He NpHMeHseTcs).
Y Bac umeloTcs TOJIbKO MepHBle KOJIGBI, KOJOHI AJs THTPOBaHHSA,
NHUIEeTKH U GIOpPEeTKH, HO HeT HUKaKHX TPUOGOPOB H HHAHUKATOPOB.

23-22. Tlepeuncaute TpeGoBaHus, TIpeAbABIseMble K HHAHKATO-
paM jaas onpenenenus pH pactBopoB (u THTpoBaHHs).

23-23. ViaMeHeHHe OKpacKH HMHAHKaTopa mpH wu3MeHeHmu pH
cpelbl TPOHCXOAHT CKauKooOpa3HO B MOMEHT, KOTAa KOHIeHTpa-
uust wonoB Ht uan OH— cranoBHTCS JOCTaTOUHOH IJs XHMHYECKO-
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ro mnpeBpallleHHs HHAMKATOpa, HampuMep, AJs METHJOBOTO OpaH-
2KeBOTo: '

aOH

CHS\ HC1
N— NoN=N— N_so,Na =—=>
cHy” — N

uiesioyHasi cpefia
XKeNThIN

" CH, )
\+_<:>_N_N— 7 N\_sou

KHCJ1an cpefia
KpacHuif

Kak BB cunTaere, MOXKHO JIM Ha OCHOBaHHHM H3MEeHEHHUs OKPacKH
pacTtBopa OLEHHUTb HEPTHIO Ilepexoja HHIHKAaTOpa ORHOH (OopMBI
B ApYryio?

23-24. Kucable pacTBOPH HMEIOT KHCJBIH BKYC, II€JOYHEIE —
BKyC Mbl1a. ‘CiuBaloTcs paBHBEIE 00BEMBl PACTBOPOB XJIOPOBOALOPOX-
HONX KHCJOTHl M THAPOKCHAA HATPHUS OAMHAKOBON KOHIIEHTpAaLHH.
KakoB BKyC MOJy4eHHOro pacTBopa?

23-25. Ilpy TuUTpOBaHHMM KHCJOTOH ONHOrO H TOro XKe obGbeMa
mesoys OBIJIM  H3PacXoNOBaHH ClAeAylollie OGBEMBl KHCJIOTH
(B ma): 21,35; 21,85; 21,65; 21,45; 21,70; 21,66; 21,68; 21,60; 21,65;
21,72. TlpoBenuTe CTaTHCTHUECKYI0 06pabOTKY 3THX pe3yJbTaTOB.

23-26. Ha mneiirpanunsanuio 25 ma pacrsopa KOH morpeGosa-
aochk 10,24 ma 0,10562 M pacrsopa HzSO4 KaxkoBa MoaspHocTh pac-
TBOpa Liestouu u pH?

23-27. Ha rmatpoBanme pacrBopa, coxepxamero 0,2023 r
Na,;COj3, uspacxonosano 20,18 Ma pacTBopa XJOPOBOAOPOLHON KHC-
Jorel. KakoBa ero KoHueHTpauus pacrsopa HCI?

23-28. Kaxkoit o6beM 1 M pacrBopa HCI Tpebyercsi no6aBHTb
K 100 mn 9%-noro pacrsopa KOH (p=1,006 r/cM3) mo mocruxke-
Hua pH=5,5?

23-29. Ilast m3ydeHHsl peaKUUH OMBIIEHHS STHJalleTaTa

CH,ZCOOC,Hj; + NaOH = NaCH,4COO + C,H;OH

6bliH B3ATH paBHBHe Mo KoHueHTpauuu (0,02 Moab/n) H o6beMy
pacTBopH 2pupa u mwenoun. CogepxaHue ILNEJOYH B peaKIHOHHON
CHCTeMe IO Mepe MPOXOXKAEHHS peakUUH ONpefessJH THTPOBAHHEM!:

T, MHH 5 15 35 55 120
Kouuentpauus menous, moan/a 0,013  0,0077 0,0043 0,0029 0,0014

Onpenenure MOPSAAOK peaKuuH. BrluncauTe cpelHee 3HadeHHe
KOHCTaHThl CKOPOCTH peakuuu W pH pacTBopa B KaXKAbIH MOMEHT
BpeMeHH. Kakoli MeTon Aaer 6ojee BHICOKYIO TOUHOCTb ONpeAelne-
HHSl KOHCTaHTHl — THTPOBAHHe HJH TOTEHUHOMeTPHYECKOe OIpeXe-
Jgenne pH pacrBopa?

23-30. Opun u3 MeromoB ompenenennss pH pactBopa cocrout
B NOC/eNOBaTelbHOM HCINLITAHUH Pa3MHIHHIMU HHAMKATOPAMH He-
CKOJIbKHX npo6 u3yuaemoro pacrBopa. Ha puc. 23-1 nmokasana oxk-
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Q6nacmy Oxpacka unfukamopa npu pH
yokamep | MR\ g 4 2 9 4 5 678 9 WA RGN
| | N T S I T O A Oy |
MemuioBeil guonemoBeil| 1 —3 )/(mmaﬂl%?’ Curas] Puonemoban
MemuneBel opandcebbll| 3—k, L Pozobos | B Xeamas
n-HumpopeHon 5-7 Becybemnas |Cemno, Xenmas
PeHONPMANEUH 810 becybemnan IPoJoﬁaﬂ Kpacro-manuHoBan
AnusarunoBul weameil|  10—12 Keamas \Emo- | opanoceBan
WrBucoxapruH 12— ronyéas Jenenas| e |

4

packa pacTBOpPOB HEKOTOPHIX MHAHKATOPOB B KHUCJIOTHOH dopMme, B
obsacTd mepexoja M B llenouHoil ¢opme. Mcmeranue pacrBopa
yaobHee HayuHaTb C ¢(eHoadTaserHa, YTOOB ONpeneJHUTb, KAaKUMH
HHAUKATOpPaMH cJelyeT HOJb30BaThC B TOCJAEAYIOIIHMX OIbITaXx.
Ilpeanonoxum, yro 2—3 Kanjaud pactBopa (peHosadrajenHa, n06aB-
JieHHble K 3—4 MJI HCCJeAyeMOTO pacTBOpa, BHI3BLIBAIOT KpacHO-Ma-
JIHHOBYIO OKpacky, ciaegoBatenbHo, pH>10. 3atem Ha npyryimo
npoby pacrtBopa HeoO6XOAHUMO NOAEHCTBOBATb UHIAHKAaTOPOM aJsu3a-
PHHOBBIM 2KeJITHIM, TOJY4YaeTcsi — TeMHO-XKeJITasi OKpacka. 3HauuT
pH=11.
Ouenure 3HaueHue pH pacTBOpoB, ecnn npu AefcTBUM HHAHKA-
TOPOB MOSIBJISIETCS Clelylolllas OKpackKa:
a) penondranenn — GecuseTHasn
n-uutTpodenos — GecuBeTHas
METHJIOBbIH OpaHXeBblH — po30Bas
MeTHJIOBHIH (HOJEeTOBLIH — roJsybas
6) denoadranens — GecuperHas
n-HuTpo(enos — GecuBeTHAA
METHJIOBBIH OpaHXeBLIH — XKeJTas
B) ¢eHnondrasens — po3oBas
aJM3apPHHOBBLIA XEeJTHIH — TeMHO-KeJITas
I) aau3apHHOBBHIH KeJThli — OpaHkKeBas
HHIUrOKapMHH — roJiy6asi.
23-31. KakoBo 3Hauenne pH pactBopoB, eciu HHAHKATOPH NO-
KasaJsu:
a) pHL10 u pH>10
6) pH>4,3 n pH<S
B) IOKpH<KI12 u 12<pHK 4

23-32. Oas pactBopa cuiabHOH KucaoTel pH=—Ilg cy*, nna pac-
TBOpPa CHJIBHOrO ocHOoBaHus pH=14—Igcou—. YKaxure rpaHHUH
[IDMMEeHHMOCTH 9THX GopMYy.Jl.

23-33. Uemy pasen pH 1-1071© M pacrsopa HCl u 1-10~* M
pacrBopa NaOH?

23-34. Boiuncaure pH 0,0184 M pactBopo HCIl u KOH.

23-35. Temneparypa 3amepsauus 0,105 M pactBopa cepHO#
kuciotel paBHa —0,419°C. KakoBa OCHOBHOCTb CEPHOH KHCJOTHI?
Ouenure pH aroro pacreopa?
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23-36. Temneparypa 3amep3anus 0,01784 monsaproro (0,1322 r
B 100 r H,O) pacrsopa ruppokcuga 6apusi pasHa —0,088°C. Bru-
yucaure pH aToro pacreopa.

23-37. ImeeTcs  OZHOMOJSIDHBIH, OZHOHOPMAJbHHIH, ONHOMO-
asapHbld B 1% -ubiit pactBop HeSO4 Ouennrte pH atux pacrsopos.
Kakoe npexnnosoxenne Bam mpuuitocs caenats?

23-38. Briuucaure pH pacTtBopoB ¢ KoHIeHTpalmHe#l HOHOB BO-
ropopa cu+=1-10"2, 3-10~2, 3,45-1072, 6,789-10-° moab/n. Omnu-
IIuTe MOPSNOK onmepauuii Bbhiuucaenuss pH npu momomu Tabauist
jgorapudmos, Jorapudpmuueckoil JuHeHKH, KapMaHHOrO 3JeKTPOH-
HOTrO KaJbKyJATOpPa, KaJbKyJsTopa C BBOAMMOH IporpaMMmoi mHei-
CTBHI.

23-39. BrluncauTe KOHIEHTpPAILHI0O HOHOB BOJAOpPOJAa B pacTBO-
pax ¢ pH=3; 3,01; 3,456; 10,987. OnuwuTe NOpALOK onepauuil BH-
YMCJEHUH MPH MOMOLIM Ta6JHIbl JorapudMmos, JorapHpMmMHuecKoH
JNHHeHKH KapMaHHOTO 3JIEKTPOHHOTO KaJ/bKYJTOPa, KaJbKyJasiTopa
C BBOOUMOH NPOrpaMMOH NeHCTBHH.

23-40. B 200 ma pacrBopa comepxurcs 1 r NaOH. Bruncaure
MoJsipHOCTb, THTP H pH atoro pacreopa.

23-40. Kako#t o006beM KOHUEHTPHPOBAHHOM XJODPOBOLOPOAHON
kucaoTh [p=1,19 rfcm3, ~12 M, 37,23% (macc.)] crenyer pacTso-
PHTb B Boje AJs mosayueHus 1 g pacrBopa ¢ pH=2?

23-41. Bouuciute pH pacrtBopa, mMOJy4eHHOro TPHJIHBaHHEM
9,5 ma 96% -noit HeSO, (p=1,84 r/cm3) k 8,5 o1 BOAHL

23-42. Bruiuucaure pH pacrBopa, nmoJyyeHHOro TDPHJIMBaHHEM K
5 a1 Boawl 3,3 M 969%-Hoit cepHOl KHUCJOTHL.

23-43. Boiuuciure pH 20%-moro  pacteopa KOH (p=
=1,176 r/cm?).

23-44. Bruiuncanre pH pactBopa, monyueHHoro mpubGaBieHHEM
2 ma 72%-noit HNO; (p=1,43 r/cm?®) k 6,2 ;1 BOAHL

23-45. PacrBop wenoun umeer pH, pasumit 8,315. Briuucaurte
KOHIIEHTPAlHIO HOHOB BOJAOPOAA, MOJSPHOCTh M HOPMaJbHOCTb pac-
TBOpPa, B NpeAnosoxeHuH, uro ato pactBop a) KOH, 6) Ba(OH)..

5 23-46. MoxHO JM NPHNOTOBHTHL pactBopul ¢ pH 0, —1, —2, 14,
15, 16?

23-47. PacrBopuan 1 r HCl (unu H,SO,; NaOH, KOH) B 1 &
BOZABI, 1 MJI MOJIy4eHHOTO pacTBOPa PacTBOPUJAH B 1 J1 BOAHL H NO-
BTOPHJIM TaKylo olepauuio eme aBa (TpH, ueThipe) pasa. OueHute
pH nonyueHHBIX pacTBOpOB.

23-48. PactBop kuciaotel uMeer pH, paBumbii 5,45. Buumcaure
KOHUEHTPALUMI0O HOHOB BOJOPOJA, MOJSPHOCTb H HOPMaJbHOCTD
pacTBOpa B NPEANOJOXKEHHH, UTO 3TO a) XJIOPOBOJAOPOJHAS KHCJO-
Ta, 6) cepHas KHUCJOTA.

23-49. Cxonbko (B MJ) pa3baBieHHOH XJOPOBOAOPOAHON KHC-
Jotel [p=1,06 r/eM®~2 M, 9,269% (Macc.)] caepyer pacTBOPHTb
B BoZe AJs monayueHus 1 1 pacrBopa c pH=2?

23-50. Cronbko (B Ma) 38Y% -nHoro pactBopa HCI (p=1,19 r/cm?3)
c2J1eéLye'r B35ITh 1JIs1 MpHUroToBJeHus 1 a1 pacrBopa ¢ pH=5; 2; 5,08;

,15; 1; 0.
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23-51. Huxe mpuBeneHb 3HaueHHss pH CHAbHOH OZHOOCHOBHOR
KHCJIOTHl; TIPOJOJIXKAasi YMEHBIIHTb Xajiee KOHLEHTPALHI0 KHCJIOTH
KaX/HH pa3 JecsATHKPAaTHO, BhluHCasiTe 3HayeHus pH:

¢, moap/n  1-10-* 1.10-%2 1.10-8 1.10-¢ 1.10-% wu T. &.
pH 1 2 3 34 T.R

23-52. Cmewann 350 ma 1,4 M pactBopa NaOH m 650 ma
1,6 M pactsopa NaOH. Kaxkos pH nonyuennoro pacreopa?

23-53. Cmewaau 3 a1 0,8 M pacrBopa HCl u 4 1 0,5 M pacrso-
pa HCIl. KakoBa koHlUeHTpalusi noJyueHHoro pacmsopa u pH?

23-54. BolunciauTe KOHLEHTPALHIO HOHOB BOAOPOLA H MOJAp-
HOCTb PacTBOpa XJOPOBOAOPOAHOH KucIOTH ¢ pH=4,45, conepxa-
mui 0,001 MoJb/a1 XNOpPHAA HATPHS.

23-65. PacrBopusu 11,16 a1 nmogmoBomopoma mpu 7°C wm 9,86
-10* ITa B 545 r Boasl u moayunan 10%-ubiit pactBop HI. Bhiunc-
aute pH atoro pacrsopa.

23-56. Bruiuncaute pH pacrBopa, noayueHsHoro no6aBleHHEM K
50 ma 0,1 M pacrBopa HCI pacrBopa NaOH Toii Xe KOHIeHTpaLuH
B o6beMe (B MJa): 40; 49; 49,9; 50; 50,1; 51; 60.

23-57. ITouemy 1,184 M pacrBop HCl umeer pH=0 npu 25°C?

23-58. ITpu 25°C 0,1 M pacrBop HCl umeer pH=1,085, a npn
38°C pH=1,082. [Touemy mpu noBuIlIeHHH TemnepaTyps pH ymeHb-
HIHJICS? }

23-59. TToreHunoMeTpHUecKu ompejeneHo 3HaueHue pH pactBo-
pa xJopBomopoAaHO# KucaoTH: pH=2,06. Briuncaure XoHUeHTpa-
IIHI0 pacTBOpa.

23-60. M3yuenne cBOMCTB pacTBOPOB DJIEKTPOJHTOB TMOKa3HIBaeT,
4TO HMOHH B PacTBOpe BeAyT ce6si He Tak, KaK 3TO OTBEYaeT MX KOH-
pextpauuam. Tak, B 0,1 M pacrBope XJOPBOZOPOAHOR KHCJOTH
HOHH BOZOPOZA WPOSABJSIOT CBOHCTBA, COOTBETCTBYIOIIHE HX KOH-
neutpauud He 0,1 Mosn/a, a 0,089 MoJb/1 HIM XKe, 9TO TO XKe, aK-
THBHOCTb BoAopoAHbix HoHOB B 0,1 M pacrsope HC! cocraBasier
0,089. Uem BmI3BaHO 3TO siBJeHHe? BhuuncianTe K03Q(PHUHEHT ak-
THBHOCTH HOHOB Bojopoaa B 0,1 M HCI.

23-61. ITpurorosnen 0,010 M pacrBop XJOPOBOZOPORHOH KHC-
JIOTH, pacTBOPHTeJeM fBJseTCs uYHcTas BoAaa. Teopernuecku pH
AAaHHOrO pacTBopa AoJKeH OunTb paBHHM 2 (pH=—IlgcH*=
=—1Ilg 0,01=2). Onnako mpu onpemenennu pH npu momouu ToOU-
Horo pH-Merpa o6HapyxeHO HeGosbluoe OTKIOHeHHe. TIpemcKkaku-
Te 3KCIepHMeHTaJbHOe 3HaueHHe pH aroro pacrBopa m noaTBepaH-
Te pacueToM.

23-62. BoluuciHTe KOHIEHTPALMIO HOHOB Bomopoaa B 1 M pac-
TBOpe cepHoi Kucjorel, pH kortoporo paBHo —0,005. O6bsicHuTe
pesyJbTar.

23-63. Kakoe 3nauenue pH noxkaxer pH-merp npu uayueHHH
pactBopa, cogepxaitero mo 0,001 M HCl u Na,SO, B 1 a1 pac-
TBOpa?

23-64. 3nauenue pH 0,01 M pacTBOpa XJOPOBOLOPORHOM KHC-
JIOTH, onpeneneHHoe ¢ nomoiubio pH-merpa, paBHo 2,1. Kak uame-
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HHTCA 3HaueHne pH pacrBopa, ecin B Hero n06aBHTb KpHCTAJIH
XJIOPHAA HATPHS HJIH HHTPaTa HATPHA?
. 23-65. 3nauenne pH pacTBOpa XJI0POBOILOPONHON KHCJOTHI, OMN-
penenenHoe ¢ momolublo pH-merpa, cocrasasier 2,45. Onpepenute
KOHLEHTPALUHI0 KHCJIOTH. (YurtHTe, uto pH-MeTp mokasbiBaerT ak-
THBHOCTb HOHOB Bojopozal).

23-66. Beruucaure pH 0,01 M pacrsopa HCI Ge3 yuera u ¢ yuge-
TOM HOHHOH CHJIBI pPacTBOpa.

23-67. Cpasuure pH caenyomux pactsopos:

0,01 moas/n HCI 2,00
0,01 mMoan/n HCI+0,09 Moas/n NaCl 2,06
0,01 mMoan/n HCI+0,09 moas/n KCl 2,08

Kakue BHIBOAH CJAELYIOT H3 3THX JaHHBIX?

23-68. PaccuntaiiTe aKTHBHOCTb MOHOB Bomopoxa B 0,184 M
pacteope HCl ¢ pH=0 (25°C),

23-69. AKTHBHOCTb HOHOB BOAOPOAA au+ =1 o0OHapyXKHBaeTcs
B 1,184 M pacreope HCl u B 3,826 M pacrBope HySO,. ITouemy
IJIsi IOCTHXKEHHMs TOH JKe aKTHBHOCTH HOHOB BOJOpOJa pacTBOP
H2SO,4 nonxeHn GuTh 60Jiee KOHIEHTPHPOBAHHBIM?

23-70. DKkcmepHMeHTaJbHRIM NyTeM ObLio HaiimeHo, yro B 10 M
pactBope HCl koapduuueHT aKTHBHOCTH HOHOB paBeH = 10. Ka-
KOBa NMpPHYHHA CTOJb BHICOKONO 3HaueHUs Ko3(pduuueHTa aKTHBHO-
ctu? Buaucaure pH atoro pacrsopa.

23-71. B 5 M pacrBope KOH cpenunit koapdunnueHT akTHBHO-
ctu uoHoB K* m OH-=~1,5. Bniuucaure pH srtoro pacrsopa.

23-72. PacTBOpHl CepHOH KHCJOTH DAa3JUYHBIX KOHIEHTpaLHi
HMeIoT clenyiomue 3Hauenus pH:

¢, moms/n 0,005 (1),

05 0.5
pH 2,1 2 0.3

’ ’

KakoBa aKTHBHOCTb HOHOB BOJOPOAAa B 3THX pactBopax? Cuib-
Hasi MM caabasi cepHas KHCJIOTA?

23-73. PacTBOpH THADOKCHAOB HaTPHSl H aMMOHHsI HMEIOT cJe-
pylomue 3Hayenns pH:

¢, MOJIb/N pH
NaOH NH4OH
1,0 14,0 11,6
0,1 13,0 11,1
0,01 12,0 10,6

Kakne BBIBOABI CJAEAYIOT H3 3THX JaHHBIX?

23-74. BriBenuTe GOpPMYJBl IJsi pacuera KOHLUEHTpalui HOHOB
Bogopona H pH B pacTBopax cjabbiXx KHCJIOT M ClaGBIX OCHOBaHHI.
YKaxwure, Kakue nNpuOaHXKeHHs Bul crenanu npu BuiBojge 3THX (op-
MyJ. KakoBbl rpaHHUB APHMEHHMOCTH TIOJYYEHHBIX COOTHOLIEHHH?

23-75. Bolunc/iuTe KOHCTAHTY AHCCOLHMAILHNH caaboi OQHOOCHOB-
Hofi kucaoth, ecan 0,01 M pacrBop ee umeer pH=4.

23-76. BrluncanTe KOHCTAHTY IHCCOLHMAUMH cJaa6oro OmHOOC-
HOBHOro ocHoBaHus, ecan 0,01 M pactBop ero mmeer pH=10.
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23-77. Borunciure pH 0,01 M pacrBopa cinaGoil 0JHOOCHOBHON
KHCJIOTHI, HMeIOLLeH KOHCTAHTY aucconuauuu 1-1078,

23-78. Boiuuciure pH 0,01 M pactBopa cna6oro oZHOOCHOBHO-
ro OCHOBaHHS, HMeIOLLEro KOHCTaHTy nuccouuauuu 1-1078,

23-79. Buiuucaure pH pacrBopa, conepxamero B 1 i 0,01 moas
cnaboit ogHoOcHOBHOH KuCJIOTH H 0,01 Mosb ee coau. Kuciaora ume-
€T KOHCTaHTy auccounanun 1-1078.

23-80. BhiuncaHTe KOHCTAHTY AMCCOLHAUMH caaboif ONHOOCHOB-
HO¥M KHCJIOTHI, €C/Ii pacTBop, coaepxamuil B 1 1 0,01 Moabp KuCIOTH
u 0,01 Mosib ee conu, umMeer pH=6.

23-81. Ilpu kakoii TeMmmepatype OyAyT 3aMep3aTb pPacTBOPHI:
a) 0,01 M HCI], 6) 0,01 M CH;COOH u B) 0,01 M HCI+0,01 M
CH3‘COOH (KcH3c00H= 1,8- 10*5).

23-82. OguHakoB /M BKYC PacTBOPOB YKCYCHOH H XJOPOBOAO-
POLHOA KHCIOT C PaBHBIMH KOHIEHTPAUHsMH HOHOB BOAOpOLa?
MoxHo au ucnosnb3oBath B numy pactBop HCI BMecTo ykcycHo#t
KucsoTel (pH pacTBopoB oauHAKOBHI)?

23-83. IlpuroroBsieHO HECKOJIbKO PacTBOPOB YKCYCHOH KHCJOTHI
Pas/IMYHOM KOHLEHTPAUHH H ONpefeeHo 3HaueHne pH:

¢, MOJIb/n 0,0128 0,0094 0,0281 0,0232
pH 3,31 3,38 3,14 3,46

Brlunc/auTe KOHCTAHTY AHMCCOLHALHMH YKCYCHOH KHCJIOTHI.
23-84. KoHcTaHTa AMCCOLHALMH YKCYCHOH KHCJOTHI B BOJHOM
pactBope
CH;COOH = H+ + CH4CO0~

paBHa
[H*][CH,COO~]

= "[CHcoom] = 1,810 (25°0)

BhruncuTe KoHUEHTpaLuio anerat-noHoB u pH 1-10~* M pactBopa
YKCYCHOll KHCJOTBI, CUHTas, 4TO

a) [CHyCOO] = [H*]

6) [CHyCOOH] + [CH;COO"] = 1-10-4

23-85. PactBop, comepxamuit 0,001 moap/n CH;COOH u cronb-
ko ke NaCH3COO, umeer pH=4,73. Beluncaure KOHCTaHTYy AHCCO-
LHAUHH YKCYCHOH KHCJIOTHI.

23-86. Brruucaure pH 0,01 M pacrBopa yKCyCHO# KHCJOTHI.
KoHcranTa nuccounanuu yKcycHoit Kucaotel K=1,8-105.

23-87. BriuncauTe 6e3 yueTa HOHHOH cHJIBI M ¢ ee yyeroM pH
0,1 M pactBopa  YyKCYCHOH KHCJOTHI, COILepKalllero TaKiKe
0,01 Mousb/n auerarta Hatpus. Beruncaure pH 0,1 M pactBopa yk-
CYCHOH KHCJIOTHI, colepkaulero takxke 0,01 moab/an xnopuga Har-
pHus.

23-88. CKOJMIbBKO TPaMMOB YKCYCHOH KHCJOTHl CJIeAyeT pacTBO-
putb B 2,50 1 BoOAB, uTO6H mTOJAYYHTb pactBop ¢ pH=5,0?
(Kcngcoor=1,8-1075).
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23-89. K 1 n 0,6%-HOro pacTBopa yKCYCHOH KHCJOTH 106aBu-~
an 0,8 a1 Boawl. Kak usmenusics pH pactsopa? Kcnycoon=1,8-1075.

23-90. Cko/aIbKO rpaMMOB YKcycHoO# kucaoThl (1009%-Hoit) cie-
nyeT no6GaBHTb K 1 J1 pacTBopa YKCYCHOH KHCJIOTH ¢ pH=4, uTo6H
noJayuutb pacrBop ¢ pH=3,5?

23-91. Kak H3MeHHUTCS KOHIEHTpauus HOHOB Bojopona u pH
0,2 M pacrsopa CH;COOH, ecan ero paz6aButb Boao# B 5 pas?

23-92. K 1 1 pacTtBopa ykcycHo#t KuciaoTel ¢ pH=4 po6aBmin
0,3 r ykcycHoit KucaoThl (100%-Ho#). Buiuucaure pH nonyuennoro
pactBopa.

23-93. Cxosbko (B MJ) pas3bGaBieHHOH YKCYCHONH KHCJIOTHI
[p=1,02 r/cM3, 2 M, 12,109 (macc.)] cienyer pacTBOPHTb B BoJe
nas moayyenus 1 o pacrsopa ¢ pH=5,5? (Kcu,coon=1,38-10°).

23-94. CmewnBatorcsi paBHble o6beMbt 0,02 M pactBopa KOH
1 0,002 M pacrBopa CH3COOH. Uemy paBen pH mnoayuenHoro
pactBopa?

23-95. Kakum o6beMoM Boabl caenyer pas6aButb 1 o 0,69%-Ho-
ro pacTBopa YKCYCHOH KHCJOTH AJs ToJydeHHs pactBopa ¢ pH=
=3? (KCH;:;COOH = 1,8' 10_5).

23-96. CKOJIbKO (B MJ) KOHLEHTPHPOBAHHOH YKCYCHOH KHCJOTHI
[p=1,05 rfem®, =17 M, 99,509% (macc.)] caenyer pacTBOpPHTb B
BoAe AJsl moaydeHus 1 a1 pacrBopa ¢ pH=5,5? (KCH3COOH=1,8'
-10-9).

23-97. Paccuurafite o6bem 0,01 M pacrBopa NaOH, xortopblii
cnenyer npuauth K 0,01 M pacrBopy CH3COOH, uto6n pacTBOp
CTaJ HeHATpaJbHBIM.

23-98. K 20 ma 0,4 M pacrBopa CH;COOH npuauto 10 M
0,4 M pacrBopa NaOH. Buuucaure pH pactsopa.

23-99. Ecin  k pacrBopy CH3COOH  mpuaute  pactsop
NaCH3;COO, to cpena craHer MeHee KHCJIOH B pesysbTaTe CMellle-
HUSI PaBHOBECHS NHMCCOLMALKKM KHCJOTH TOJ -AeHCTBHEM OXHOHMEH-
HbIX HOHOB. YUto npousoiiger, ecau npuautb pactsop NH,CH;COO?

23-100. Crkoabko NaCH3;COO (B r) caenyer npubaBUTh K
100 man 0,01 M pacrBopa CH3;COOH, urob6nl cpena pactBopa cra-
na HeftpanbHoii? (Kcmgcoon=1,8-107%). Onnwure mnpoueccu u
paBHOBecHs1 B paccmarpuBaemoit cucreMe. CKonbko NaOH MmoxHo
B3sATb BMecTo 'CH3COONa, yTo6H HOCTHTHYTH TaKoro ke addexra.

23-101. I'mppokcup ammonus NH,OH cunraior tugpatom am-
muaka NHjz-H,O. PacTtBop aMMHaka B BoJe JaeT LIeJOYHYIO peak-
puto. 'mapar merana CH,4-5,75H,O HeyctoiiuuB, HO CyLlecTBYeT.
IToueMy MeTaH MaJjio pacTBOPHM B BOJeE, M €ro PacTBOp AaeT HeHT-
PaJIbHYI0 peaKuuo?

23-102. pH pacTBOpOB amMMuaKa B BOJE:

¢, MOJb/a 1 0,1 0,01
pH 11,6 11,1 10,6

Kakoii 3TO 37JeKTPOJHUT — CUJAbHHIH WM caa6Gulifi? Boiuncianre
KOHCTQHTY JHCCOLHAIHMH THAPOKCHAA aMMOHHS.
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23-103. K pacTtBopaM aMMHaKa TPHJIHJH PacTBODHI, coLepKa-
mue ogHoumenHble Houbl: NaOH, NH,Cl, NH,CH3;COO. Kak usme-
HHTCA peaklus cpelbl pacTBOpa?

23-104. K pacTtBopy aMMHaKa TIPHJHJIH PACTBOP XJIOPOBOAOPOA-
HOM 'KHCJIOTHl TOH e KOHIeHTpauuu. B ‘moayueHHOM pacTBope
cnmr=0,01 moab/n.  Paccunraiite pH storo pacreopa (Knuon=
=1,8-1079). . .

23-105. B Bome pactBopuau 1364 a1 ammnaka mnpu 17°C wu
1,040-105 ITa, moamyuunn 3,24 1 35%-HOro pacreBopa (p=
=0,882 rfcm®). Bruucaure pH sroro pacrsopa (Knm,on=1,8-
-1075). KakoBa TeMmepaTypa 3aMep3aHHs 3TOro pactBopa?

23-106. K 10 ma 0,05 M pacrBopa mpubasieno 5 mia 0,05 M
pactBopa HCI. Boiunciure pH monyuennoro pacrsopa (Knm,on=
=1,8-1079).

23-107. PactBopuau 510 & ammuaka (mpu 12°C u 1,03-10° Ila)
B 1596 r BOABI, MOJYyYHJH pacTBop, cofepxamuit 16,3% NHs Bh-
uyucaure pH aroro pacrsopa.

23-108. BblyucauTe KOMCTAHTY AHCCOLHALMH a30THCTOH KHCTO-
Th1, eciu pH 0,1 M pacrBopa KucsaoTe paBeH 2,167.

23-109. BuiuucauTe KOHLUEHTPALHUIO pactBopa GeH30HHOH KHCTO-
T, ecii pH ero cocraBaser 2,3. Koncranra auccounauuu GeH30M-
HOM KuCIOTH K=6-10"5,

23-110. Hacbimenusiit pacrBop GensoitHo#t kucaore C¢gHsCOOH
B Boje uMeer pH=3,0 (mpu 20°C). PacrBopumocTb GeH30#HOK
kucjaote cocrasasier 0,3 r B 100 Ma Boabl. BriunciauTe KOHCTAaHTY
JHccolHaluun GeH3oiHoNX KucJaoTH. CpaBHHTe C TabJUUHBIMH JaH-
HBIMH ¥ YKaXXHT€ MPHYUHBI PaCXOX/eHHS.

23-111. HacbllieHHBIH MPH OOGBIYHBIX YCJIOBHSIX BOAHBIH PacTBOP
AMOKCHAA yriepoja uMeeT KOHUeHTpauuio ~ 0,034 moan/n u pH=
=3,7. OleHHTe KOHCTAHTY QHUCCOLHALMH YTOJbHOH KHCJOTHI, Npel-
nosaras, yto Becb pactBopeHHb# CO,; HaXxoAHTCS B BHAE KHC-
JIOTHI.

23-112. Huxe npusBesieHH HEKOTOPhle XapaKTePHCTHKH BOXHBIX
pPacTBOPOB AHOKCHAA YIVIEpPOAA:

t, °C p*, Ila ¢, MOJIb/N pH t, °C p®, Ila ¢, MOJIb/J pH
0 1,01.108 0,0342 3,5 26 3,9-106 0,130 3,4
0 3,6-10% 0,275 3,3 25 7,9-105 0,269 3,3

25 1,01.10% 0,0342 3,7 25 18,9-10% 0,647 3,3

® Nasnenue CO; Haj pacTBOpOM.

Kakue cBeJeHHsi MOXKHO NMOJYYHTb M3 3THX NAHHBIX?

23-113. HouHoe mpousBefeHHe (KOHCTaHTA aBTONPOTOJH3a) YH-
cToro stuioBoro cmupra paBHo 8-1072° (mpu 25°C). Boluucaute
pH uncroro smuaosoro cnupra u pH 0,01 M pacrBopa C.HsONa
B 3TUJ0BOM crupTe. Kakoit 370 pacTBOp — LIEJOYHOH HJIM KHCJBIH?

93-114. BeluncauTe aKTHBHOCTH M KOHIEHTpaUuH woHoB HF,
HSO,~ u SO42~ B 0,5 M pactBope H2SO4, ecin KOHCTaHTa AHCCO-
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[HAllUH CepHOH KHCJOTHL IO BTOPOH CTYNEHH paBHA:

aH+aso42-
Ky=——7— =1,2.10-2
@HSO,
Briancaure pH atoro pacrsopa.
23-115. [lokaxuTe, 4T0 KOHCTQHTHl DaBHOBECHS [ABYX CJelylo-
IIHX IPOLECCOB ‘
H,PO, = H* 4+ H,PO,~
H
HgPO, + H,0 = Hy0* + H,PO,~

9HCJeHHO paBHbL IIpHBeLHTe APyrue mpHMephL.

§ 24. THAPOJIN3. BY®EPHBIE PACTBOPBI. AMOGOTEPHOCTD

24-1. Ilepeuncaure TMPHYHHE], TIOYEMY PaCTBOPHl GOJBLUIMHCTBA CO-
Jeift He TIOKa3BIBAIOT HeHATPaJbHYI0O peaKUHI0 OpeAbl. YKaXHuTe, OT
Kakux ¢axropoB 3aBucur pH pacrBopoB coJef.
24-2. O6bsicuute, nmoueMy BoAHBIN pacTBop AlCl; uMeer Kucayio
peakuHIo, XOTS 3TO BellleCTBO He COJEepPXKHT aTOMOB BOAOPOZA.
24-3. Boansle pacrBopel HCl u FeCl; mokaseiBaloT KHCaAyIO pe-
aKUHIO. DTO MOXKHO OOBbSICHHTD CJIEAYIOIUMHY yPaBHEHUSAMH pPeaKIHii:

HCl 4+ H,0 = H;0* 4 CI
FeClg -+ 2H,0 = Hz0* - CI- - FeOHCl,

YKaxXuTe NMpH3HAaKH CXOACTBA M Pa3jHuHs 3THX mpoueccoB. Haso-
BHTE MPOLECCHI.

24-4. B nurepaType MOXHO BCTDETHTb CJAEAYIOLINe ONpefeseHUs
THIPOJIH3A:

1) T'upposin3om HasbiBaeTcss oOMeHHAas peaKuHs BellleCTB € BO-
noi. Ilpu 3TOM HMeeT MecTO CMellleHHe PaBHOBECHSl AHCCONHAHMH
Bogn H,O=H++OH-, BclencTBHe CBA3BIBAHHA OMHOTO H3 ee
HOHOB (MM OGOMX) HOHaMH DACTBOPEHHOro BelllecTBa ¢ 06Gpa3oBa-
HHEeM MaJOAMCCOUMHPOBAHHOIO HJM ‘MaJOPacCTBOPUMOro NPOAYKTA.

2) Ilox ruapoONM30M MJH FHAPOJHTHYECKHM paciielyIeHHEM COJIH
TMOHHMAIOT ee Pa3jioXKeHHe BOJOH C MOJydeHHEM BHOBb KHCJIOTHI H
OCHOBaHHSI, U3 KOTOPbIX OblIa QGpasoBaHa COJb.

3) I'uaponus ectb mpolecc, MPOTHBOMOJOXKHBIH mpeoleccy obpa-
30BaHHUA coJel.

4) T'mppoans — mpouecc paclleneHuss BellleCTB BOJOH, KOTo-
PHIfl OTNHYAETCS TEM, UYTO COCTaBHBHIE YaCTH BOABI COEJUHSIOTCH C
MPOAYKTaMHy paclienyeHus.

5) TpaauIHOHHO peaKUMI0O B3aHMOMLEHCTBHS HOHOB COJH C BO-
Joff Ha3bIBAIOT peaKUHed DHAPONH3A COJH.

OTHecHTech KPDUTHYECKH K KaXKIOMY ONpeflelleHHI0. YKaXHuTe UX
HeJOCTaTKH H INpeuMylllecTBa. IIpensnoxute cBoe cOGCTBeHHOE OI-
pelleneHiue.

24-5. Ilpouecc HefiTpanu3auu¥ €1a60ro OCHOBAHHSA CHJBHOH
kucaoro#, HanpuMep, NHOH u HCI] B HoHHOM BHZe MOXeT GhiTh
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3aMHcaH ypaBHEHHEM:
NH,OH + H+ = NHy* 4 H,0

Peaxuuﬂ, nporeKawuias B 06paTHOM HanpaBJIeHHH, 3alUCHBAaeTCA

ypaBHeHHEM:
NH,+ + H,0 = NH,OH + H*

B Ha3piBaeTcs rHApoan3oM. Ilpensoxure Ha OCHOBe mpuHUunNa Jle
laTenbe ompeleneHHe peaKUHH THAPOJHN33, HCIOAB3YS TIOHSTHE
HeHiTpajn3allud M Hao6OpOT, faliTe oNpelesieHHe Tpolecca HeHTpa-
JU3allid 4Yepe3 MOHsATHe TruapoJsau3a. Kakoe noHsitue GoJiee 06006-
Iiaolllee — THAPONN3 UM HeATpaTH3aLusA?

24-6. Huxe mpuBeleHH NpHMepbl ypaBHeHUH peaKUuii rujppo-
ausa conedt 1) NH,C], 2) NaCH3COO, 3) NH, CH3;COO, 4) FeCl,,
5) NaCl, 3anucaHHble COKpalleHHBIM MOJIEKYJSIPHO-HOHHEIM CIIO-
cobom:

1) NHg*+ H,0 = NH,OH + H* pH<L 7
2) CH4COO~ 4 H,0 = CH;COOH - OH- pH>7
3) NH,* 4 CH;COO~ + H,0 = NH,OH + CH;COOH pH~7
4) Fed*+ L H,0 = FeOH2+ 4- H* pH<L 7

FeOH?* + H,0 = Fe(OH),* 4 H+
Fe(OH),* 4+ H,0 = Fe(OH)g -+ H*
5) Peakuus rupposusa NaCl He mpoxoaut pH=7

Kakue comn u HOHBI MOTYT NMOJBepPraTbCsl peaKlUHH THAPOJH3aP
ChopmyanupyiiTe mpaBujo (ajJropuTM) HamnHcaHWs YpaBHeHUH pe-
aKIU1 THAPOJIH3A.

24-7. Hanuunte CcOKpalleHHBIM MOJIEKYJISPHO-HOHHBIM  CIIOCO-
60M ypaBHeHHs peaKUHH THAPOJH3a CJeAyIOUIHX coJiell (ecan 3TO
BO3MOXHO) :

1) Na,CO,, NaHCO,, NH,HCO,

2) FeCly, Fe,(SOy);, Fe(OH)Cl,

3) NaClO,, NH,CIO,

4) NaNO,, NH,NO,, NH,NO,

5) Na,S, (NH,),S, NH,HS

6) Na,SO,, (NH,),SO,, NH,HSO,

7) NaCH,COO, NH,CH,COO

8) Fe,(SOy)s» Fe(OH)SO,, Fe(OH)SO,
9) Fe(NO,);, Fe(OH),NO,, Fe(OH),NO,
10) Cu(NOy),, Cu(OH)NO,, Cu(OH)NO,
11) Zn(NOy),, Ca(NOy),, Ca(NO,),

12) Cu,SOg, Cu,S0,4, CuSO,

13) Cu(CH4COO),, Cu(OH)CH,COOH
14) Fe(CHzCOO),, Fe(OH) (CHyCOO),
15) CaCl,, Ca(CH;COO),

VYKaxuTe peakuuio cpelbl (KHMCJasy, LIEJI0YHass HJIH HeHTpasbHas).
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24-8. PeaKuu0 THAPOJMH3a HOHA aNIOMHHHMS OOBLIYHO INPe/CTaB-
JAI0T B BHJe CAeAYIOUIMX CTadHi:
Al3+ 4~ H,O = AIOHz2+ 4 H*
AIOH2+* + H,0 = AI(OH),* + H*

Yro6sl CMECTHTh paBHOBeCHE peaKUHi BnpaBo U 110yuuTb Al (OH) 3,
JoGasasitor menoyb. Kak Bel aymaere, Kakoi cnoco6 o0bscHeHHS
o6pa3oBaHusl OcajKa THAPOKCHAA aJIOMHHHS GoJjlee NpPaBUJbHBIN:
1) rMAPOKCHA-HOHBI B3aHMOJEHCTBYIOT ¢ HOHaMHu Bojopoja c obpa-
30BaHHEM MOJIEKYJ BOJbI
Al3* 4+ H,0 = AIOH2+ + H* u 1. &
H*+ 4 OH- = H,0

ITostoMy paBHOBecHe cMellaeTcs corsaacHo mpuHuuny Jle Ilatenne
BNpaBo; 2) mpH X0o6aBJeHHH MLIeJOYH TIPOHCXOLHUT HeNOoCpeNCTBeH-
HOoe B3aHMOJeHCTBHe KaTHOHOB H € 'HMADOKCHA-HOHAMH:
Al3+ 4 OH™ = AIOH2*
AIOH?* 4 OH~ = Al(OH),*
Al(OH),* + OH~ = Al(OH)4

24-9. Peakuus openbl BosHoro pactBopa MgCly HelitpajbHa.
O ueM 3TO rOBOPHUT?

24-10. Pacnonoxute coeauHennss NayCOs;, NaHCO; u NaOH
B nopsiake yBeauueHuss pH HuX pacTBopoB OJHHAKOBOH KOHIEHTpa-
IHH.
24-11. Peakuus pactBopa AgNO; nefitpanbuas. O ueM 310 ro-
BOPHT?

24-12. Pas6aBnennble pactBopel Lil u CsF Hefitpanbusn. Tlo
Mepe MOBHILIEHHS KOHUeHTpauuu pactBop Lil HauuHaer mokKaswi-
BaTb KHCJYIO peakuHio, a pacrBop CsF — menounyro. Kak 310 06b-
SICHUTB?

24-13. Tlpu KakKuHX YCJNOBHAAX MOXHO OXHAAThb (TEOpPETHUECKH)
HelTpa/bHYIO peaKUHIO Cpelbl pacTBopa COMU?

24-14, Xnopun Kanausi — cosb, 06pa3oBaHHask CHAbHOH KHCJIOTOM
H CHJbHBIM OCHOBaHHeM, TeM Heé MeHee ero pacTBOpPHl MMeIOT KHC-
Y10 peakKlHio;

1 ,02 0,03

¢, MOJIb/n , 0,0 0,
6,8 6,75 6,

0,0
pH 6,9
Kak 3170 06bACHHTBL?
24-15. YxaxuTe cnocoGbl CMelleHHs DPaBHOBECHSl peaKIuit THA-
posiM3a BNIpPaBoO:
CO42- + H,0 = HCO,~ + OH~
HCOj;~ + H,0 = H,CO, - OH-

Kak MO0XHO yCTaHOBHTb, YTO IPOXOAHT BTOpAas CTaZHsA?

24-16. Vi3BecTHO, YTO NMPH YBeJHYEHHH KOHLUEHTPALHH COJH
(noHa) paBHOBecHe peaKIHH T'HIPOJH3a cMelllaeTcss Bnpaso. Kax
OOBACHHTb TaKoe NPOTHBOPEYHe, 4TO TIPH A00aBJeHHH BOABI paB-
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HOBeCHe TaKXe CMelllaeTcs BIPaBo, XOTS noéaBﬂfﬂ-ne BOLH — paB-
HOCHJIbHO yMeHbUIEHHIO KOHLeHTpauun noHa. 3aBucut au pH pac-
TBOpPa THAPOJH3YIOLIECS COMH OT €€ KOHUEHTpauuu? MOXKHO JH
cMelllaTh BIPABO PaBHOBeCHe peaKUHH THAPOJNH3A YBeJHYeHHEM

KOHLEHTPALHH COJH?
24-17. TlpuBeauTe BO3MOXKHHE CIIOCOOH CMeIIeHHsI [PaBHOBECHS

peaKUHuil THAPOJNH3A BIPABO U BJEBO.

24-18. IlpuroroBaens pactBophl cosefi NaCOs, FeCly m CuSO,.
Hanumure no cragusiM ypaBHeHHs peakKUuil ux ruapoansa. Kak
OCYyILIeCTBHTb NOCJENHIO cTafuio ruipoaunsa? [louemy oHa He mpo-
XOIHT B PacTBOpe, IIPUTOTOBJEHHOM pacTBOpeHHeM COJH B BOAe?

24-19. B pactBop coAbl, HMelOllell IIEJOYHYIO PeaKLUHI0 cpelH,
NPUJIHBAIOT PacTBOP KHCJOTH. MOXHO JIH CKa3aTb, YTO INPOHCXO-
JUT peaKUHs HeATpaJIH3aLHU?

24-20. BogHnle pacTBOpH XJOpHAA OepHJJIHS HMEIOT CHJbHO
KHCaylo peakuuio. IlpeamoJaraior, 4To THADPOJNH3 IPOTEKaeT IO
ypaBHEHHAM:

Be?+ 4 H,0 = BeOH* 4 H*
2Be?+ - 2H,0 = Be,(OH),2+ + 2H+
2Be2+ - H,0 = Be, 0%+ - 2H+

Kakne ycaoBHsT crnocO6CTBYIOT NMPeHMYIIeCTBEHHOMY TPOXOXKAe-

HHIO TOH MJIH MHOH peaKUHH?
24-21. Kakue conu xese3a ruaponausyiorcss cuiabHee FeCly nan

FeCls u mouemy?
24-22. Y xakoro pactBopa pH Goabume SnCl; uau SnCly (npn

OJHHAKOBbIX KOHLEHTPALHUsX)?
24-23. TlpeackaxuTe pas/HuHs B npolleccax ruaposansa SnCl,

H Sn ('C‘Hs) 4.
24-24. Kakyio peakuuio cpeinl noxasmsaeT pactBop NO: B

BOAe?
24-25. Yem orauuaerca runpoaud BCls or rugpoansa BFz? Or-

aunvaercst au rugpoau3 AlCl; ot ruaponusa AlF,?
24-26. T'uppoaus SiCly u SigCls mPoXoAHT MO ypaBHeHHSAM:
SiClg + 3H,0 = H,SiOq -+ 4HCl
Si,Clg + 4H,0 = H,Si,04 + 6HCI

Ha ocHOBaHHM TpHBeJEHHBIX YPaBHeHHH yKaXKHT€, KaK INPOXOAHT

rugpoan3 SigCls.
24-27. Ykaxute HauboJlee CYLIECTBEHHbBle DasJHYUs AJA Cle-

AYIOLIHX peaKIui:
ZnCl, 4 H,0 = Zn(OH), + 2HCI
Zn(CHjy), -+ 2H,0 = Zn(OH), + 2CH,

24-28. Peakuun rugpoansa PCls u FCl nporekaior corjacHo

CeAyIOIHM ypPaBHEHHAM:
PCl; + 3H,0 = H,yPO; + 3HCI
FCl + H,0 = HF 4 HOCI
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IMouemy B oxuoli peakunmu o6pasyercs HCI, a B apyroi HOCI?
CctopmynupyiiTe mpaBHJIO, NO3BOJsAIOLIee TPeACKa3hBaTh MPOAYK-
THl B peaKUHsAX THAPOJH3a TAKOro THIA.

24-29. KakoBH JOJIKHB OHITh 3apsfi, HOHA (IOJIOXKHTEJbHBIH,
OTpHLATE/bHEIH, BHICOKHH, HH3KHH) M ero pasMepnl (6oJbuioi, He-
6oJbiIoi), 4TOOBl B pe3yJabTaTe THAPOJH3a PacTBOP HMeJd HaH-
MeHblilee 3Hauenue pH?

24-30. KakuMu mpoueccaMH H KaKHUMH (paKTopaMu onpe,uenaer-
csi pH pacTBOpPOB KHCJBIX H OCHOBHBIX COJIeH?

24-31. ITouemy pacrBop kucJoi conu NaH,PO, nokassiBaer Kuc-
JyI0 peakuuio, a pactBop Kucioi conu KHS — menounyio?

24-32. Tlpenckaxute peakUHiO cpeAbl (KHCJasi MJAH LieJoyHast)
BoaHblx pacTBopoB NasPO4 NaHPO, u NaH3;PO,.

24-33. O6psacuure pasnuyue B pH 19%-Hbix pacTBOpoB ¢ocdaTos
NagPO,, NagHPO, u NaH:POy: 12,1; 8,9 u 4,6.

24-34. Hanumure ypaBHeHHs1 peakuu#, 0GyCJOBJIHBAIOLIUX
KHCIYIO HJIM ILIeJOYHYI0O <CpeAy BOAHBHIX pacTBOpPOB  coJeil:
1) NaHSO,, 2) NaHCO;, 3) NH,HCO,, 4) NHHSO,, 5) NaHS,
6) NH,HS, 7) NH,HSOs, 8) NaHSO; 9) AIOH(CH;COO),,
10) FeOH(CH3COO),, 11) NH4HsPO,, 12) (NH4)HPO,.

24-35. O6bsicHUTe, TIoYeMy NpH HarpeBaHuH pactBopa NaHCO,
peaxuus cpelbl H3 caabOILIEJOYHOH NMEePEeXOAUT B CHJbHOIIEJOYHYIO.

24-36. Panpue caabolllesioyHass cpefa pacTBopa AByX3aMellleH-
Horo ¢occdara Hatpusi NasHPO, ob6bsacHanace TeM, uto obpasyo-
muiics mpu rugpoaunse woH HePO,~ mucconmuupyer ¢ o6pasoBanuem
noHoB H+*, Kotophle u BHI3HIBAIOT OcJabJ/ieHHe IIEJOYHOCTH PacTBO-
pa. Bce nm KoppekTHO B 9TOM 00bsicHeHuH? Hanumnre ypaBHeHus
peakuuil, NpoTekawmux B pacTBope. JLOCTATOYHO JM HOHOB BOJO-
poza, o6Gpasyoomuxcsi mpu Auccounuanuu HePO4~, aasa cospanus
cJ1abolleIOUHOH cpeabl?

24-37. B BonnoM pacrBope NaHSO, Bo3MoXHE! ciepylouiye pe-
axIum:

HSO,4~ -+ H,0 = H,S0, - OH-
HSO,~ + H,0 = SO42- -+ H;O+

Kakas u3 peakuuii 6ojiee BeposiTHa M KaKylo cpely (KHUCJIYIO HJIH
LIeJOYHYI0) MOXKeT HMeTb PacTBOp?

24-38. pH 19%-ubix pactBopoB NasP;0; u NasHeP,07; paBen co-
orBercTBeHHO 10,2 u 4,2. B ueM mpuuMHa CTOJb PE3KOro pas3JiHUHs
pH pactBopoB?

24-39. BriBeaure ¢opMyJabl AJs pacueTa KOHCTAHTHI THAPOJIH3A
coslel BceX THMOB. Bhlpa3uTe KOHCTAHTYy THAPOJH3a depe3 HOHHOE
Npou3BeJeHHe BOJb H KOHCTAHTY JAHCCONHAUHH CAab0H KHCJIOTH H
cjaaboro ocHoBaHHs. YKaxHTe, KakKHe NpHONMXKeHHs Bol cresann
npu BhiBoge ¢opMys. KaKoBE rpaHHIE IPHMEHHMOCTH BhIBeJEHHBIX
COOTHOILIEHUH]?

24-40. JloKaxkHTe, YTO KOHCTAaHTBl THApoau3a K;, pasjHuHBIX
coJielf UMeIOT CJeAyIoIUA BUA:
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a) cosb o6pa3oBaHa c1aGoH KHCJIOTOH W CHJLHBIM OCHOBaHHEM
Kr = Kp/Kyyen

6) coap o6pasoBaHa CHJIBHOH KHCIOTOH M cJabblM OCHOBaHH-

€M
Ky = Kg/Kocn

B) COJIb 06‘p33*0BaHa cnabo KHCJIOTOM H cjaabbiM OCHOBaHHEM
Kr = Ky/ (KKHCJIKOCH)

rie Ko, — HmoHHOe Npou3BefieHHe BOAbI; Kyucn — KOHCTAHTA JHCCOUHaUHH caaboft
KHUCIOTH, Kocw — KOHCTAHTA AUCCOLMALMH C1aGOro OCHOBAHHUSA.

OnuumuTe CMBICT 3THX (OPMYJ. YKaxXKHTe IPAHHUUBI HX IIPUMEHH-
MOCTH.

24-41. BeiBenurte popMyanl nJs pacueTa KOHIEHTPALH# HOHOB
H+ u OH~ u pH pacTBOopoB ruipoJH3yIOLHUXCS COJEH BCeX THIIOB,
HCNOJb3Ys] HOHHOE MPOU3BeJeHHe BOJBI U KOHCTAHTY NHCCOLHALMH
.c/1a60o# KHUCJIOTH U cJ1aboro OCHOBaHUS.

KakoBbl rpaHHIBl MPHMEHHMOCTH BbiBeJeHHBIX COOTHOILUEHHH?
‘Ot Kakux (HaKTopoB 3aBHCAT KOHLEHTPaLuu HOHOB Bojopoma H
rHIPOKCHA-HOHOB U PH pacTBOpOB ruppoJusylomuxcs coteii? Kak
HM3MeHSAIOTCS KOHLIEHTPAllHl MOHOB BOAOPOJA HJH THAPOKCHJ-HOHOB
H 3HaueHus1 pH nmpu yBeJHUeHHH KOHUEHTpauUWH cold B 2, 4 H
10 pas?

24-42. T'ugpoau3 coJsd, 06pa3oBaHHON ca1a60H KHUCJIOTOH M CHJb-
HBIM ocHoBaHHeM, HanpuMep NaCH3;COO, MoXHO mpeAacTaBHTb
CJeyIOlHM ypaBHEHHEeM B HOHHOM BHIE:

CH,4COO" + H,0 = CHyCOOH + OH-~ (PH>7)
Koncranra paBHOBeCHs Ipoliecca paBHa:

K — {CHCOOH] [OH]
= T[CH,CO0 ] [H0]

KoHuentpanuio mosekya Boabl [HpO] MOXHO CUHTATh MOCTOAHHOIM
. 1000 r
# paBHON —g— =55,56 moab/a. Toraa

[CH;COOH] [OH-]
Kr =——cH,c007]

YMHOXHM YHCaHTeNb W 3HaMeHaTeJb Ha [Ht]:

k. — ICHCOOTJ[OH I [H*] _ [CHyCOO1Ks__ Ko
F™ [CHCOO7][H*] = [CHaCOO7J[H*] — Kiuen

BuiBenem ypasnenue s pacuera [OH-], [H+] u pH. Coraacuo
ypaBHenuio peakuun [CH;COOH]=[OH"], to
[OH™]? Ky
Ke = TCH,CO0T = Keuen
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Ortkyna

K K
[OH] = V pr::.u [CHCOO] = V T:cn Cconu

K
1= 10u [J/ R Cooms
pH = 14 + 1/2 (1g Kp — 1g Kxucn + 1€ Ccom)

BriBefnTe aHaJIOTHUHble COOTHOIUEHHS AJisl THAPOJH3a COJH, 06-
Pa30BaHHOH CUJIBHOH KHCJIOTOH H Cl1abblM OCHOBAHHEM.

24-43. Bruiuncaute pH 0,1 M pactBopa NaCH3COO (Kcugcoon=
=1,8-1079).

24-44. Buuucaure pH 0,1 M pacreopa NH.Cl (Knm,on=
=1,8-10-5). TloBTOpHTE pacyeT ¢ HCNOJb30BAHHEM HOHHOH CHJIBI
pactBopa.

24-45. Hacoimenubiit pactBop taprpara Kaiausa KC4HsOg nmeer
pH=3,56 (25°C). Hanumure ypaBHeHHe peaKuuu rupposusa. Ka-
KHUe HYXHBI JaHHble [Jisi BBIYHCJEHHSI KOHUEHTPAlUH pacTtBopa?

24-46. PactBop, comepxamuiics B 1 a1 10,21 r dranara Kanus
KCsHs04, umeer pH=4,01. Hanumure ypaBHeHHe peaKUHH THIPO-
JIM3a, paccuuTalite KOHCTAHTYy THADOJH3a W KOHCTAaHTYy [HCCOLHa-
UMK ¢TaneBoil KHCIOTHL.

24-47. PactBop, copepxawuit B 1 a1 3,81 r terpabopatra HaTpus
Na.B40;-10H,O (6ypa), umeer pH=9,18. Hannmure ypaBHeHue
peaxkluy THAPOJH3a H BHIYMCJAHTE KOHCTAHTY NEPBOH CTaIuH THIPO-
Jiu3a, mpejroJiarasi, 4To OHa OGYCJ/IOBJIMBAeT LIEJOYHYIO CPeLy pac-
TBOpA.

24-48. Couab, o6pa3oBaHHash CHJbHOH KHCJIOTOH H CHJBHBIM OC-
HOBaHHEM, NpPaKTHYECKH THIAPOJH3y He mnojBepraercsd. Kakoe B
3TOM cJyyae JOJIKHO OBITb 3HAaueHHe KOHCTaHTH ruapoausda (0,
1, o0 ..)?

24-49. Cousu, 06pa30BaHHBIE MHOTOOCHOBHBIMY KHCJIOTaMH M MHO-
rOKHCJIOTHEIMH OCHOBAHHUSIMH, THADPOJU3YIOTCS MO CTymeHsM. Jloka-
JKHTe, UTO MOJIHASI KOHCTaHTa 'MApOJH3a paBHA NPOU3BENEHHIO KOH-
CTaHT THAPOJIH3a BCEX CTYIeHell THApoJsH3a.

24-50. Beruucaure pH 0,2 M pacrBopa NaHCOO, ecau
Kucoon=1,7-10"4.

24-51. Broiuncaute pH pactBopa, B 5 /1 KOTOPOrO COLEPKHUTCS
20 r NH,CI, ectn Knm on=1,8-10-5.

24-52. BrluncJauTe KOHCTaHTy auccouuanun BeOH+

BeOH+ = Be?+ - OH"

ucxons us toro, uro pH 2-10-2 M pacrBopa BeCl, cocrasaser 4,2.
24-53. Haiinure CBfi3b MeXIy KOHCTAHTAMH DaBHOBECHS CJefLy-
IOLIHX MPOIECCOB:

Zn** 4 H,0 = ZnOH* 4 H*
ZnOH+ = Zn2+ ++ OH"
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24-54. Tlonyuute KakK MOXKHO Gosbplie CBeIeHHH H3 JaHHHIX:
0,1 M pacrBop CuSO, umeer pH=4,2 (npu 15°C).

24-55. Pacreopumocts NH4Cl B 100 r Bogwm npu 20°C paBHa
37,2 r (p=1,08 r/cm®). B xon6y BHecau 10 MJ HacCHIIEHHOrO pac-
TBOpa .NH4C1 H JoBeau o6beM pacTBopa BoZoH nao 250 ma. Pac-
cuurafite pH monyueHHoro pacrtsopa.

24-56. PaccuuraiiTe ¢ yueToM HOHHOH cHJIH pactBopa pH pac-
TBopa, B 1 a1 Koroporo cozepxurcsa a) 0,006 mMonr NaCH,;COO
g 0,005 moar NaCl; 6) 0,006 mMoar NaCHzCOO u 0,005 Moab
CH;COOH. KOHCTaHTa nuccounauun Kcuzcoon=1,86-10-5.

24-57. KoHLeHTpanusi HaCHIIIEHHOTO paCTBopa 6ypbl npH OOBIU-
HBIX YCJOBHMSX cocTaBiaser =~2,5% (macc.), pH=9,3. Ilpu 100°C
KOHIIeHTpanus Bo3pactaeT 10 33% (macc.). Kakue 3agaud MOKHO
COCTaBHTh Ha OCHOBAHHH 3THX JaHHBIX?

24-58. Bruiuncaure koHcraHTy auccounanun HCOOH, ucxons u3
Toro, uro 0,25 M pacrBop NaHCOO umeer pH=38,6.

24-59. Buiuucaute KoHcraHTy auccoumanud NH,OH, ucxogst us
Toro, uto 0,40 M pacrBop NH/NO; umeer pH=4,8.

. 24-60. IJokaxuTe, UTO NpPOM3BeLeHHE KOHCTAHTH ruaposusa K
HOHa Ha KOHCTAHTy JHccOLHaU¥H HOHA Kiuce, oOOGpasyiouierocs B
pe3yJbTaTe peaKUHMH THAPOJH3a, €CTh HOHHOE IPOU3BELEHHE BOJHI:

Kn= KrK;mcc

24-61. BhiuncauTe KOHCTaHTY AHccouuauuu woHa ZnOH*, ucxo-
s u3 rtoro, yro 0,30 M pacrBop Zn(ClO4), umeer pH=4,8

ZnOH* = Zn%+ 4- OH~

24-62. O6bsacuure, uouemy 25%-umét pactsop KF umeer
pH=38,6.

24-63. PacrBop ruapokcunamusa NH.OH nmeer menounyio pe-
AKIHUIO Cpefbl. YKaxHuTe, KaKoe H3 ypaBHEHHH INpaBu/bHee 06b-
SICHSIeT IPHYHHY 3TOrO SIBJEHHS:

NH,OH + H,0 = HNH,OH* -+ OH"
HJTH
NH,OH = NH,* + OH"

24-64. Tlpennmonaraior, 4TO THAPOJH3 TeTpabopara HaTpPHA Npo-

TeKaeT B JBe CTaJHH:
B,0,2- + 3H,0 = 2H,BO; + 2BO,"
BO,"~ + 2H,0 = HyBO, + OH"

Kaxk paccuurate pH pacTBopa Terpab6opaTa HaTpHs H3BeCTHOH KOH-
LleHTpaLHU?

24-65. Huxe npuBefleHbl KOHCTAHTH JHCCOUHALHH HEKOTOPHIX
cabbIX OCHOBaHHMH:

T'ngpar ammuaka NHs-HO 1,75.10-%
Tuppasus-ruapar NoHy-HyO 9,8.10-7
TMupunun-rugpar CsHsN - HO 1,5.10-?
Aununun-rugpar CeHsNHp-HoO 4,2.10-10
Tuppokcunamun-rugpatr NHOH-H,0 9,6.10-?
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[Ipn momoumu Kakoro U3 PeaKTHBOB MOXKHO NPHIOTOBHTb BOA-
HH# pacTtBop ¢ pH=11?
24-66. Paccuuraiite pH pacTBOpoB, moJydaeMBIX CMeLIHBaHHEM

PaBHHX O0O6BEMOB pacTBOPOB  OJHHAKOBBIX KOHIeHTpauui
(0,01 moub/n)

1) HCl u NaOH 6) HCl u NH,Cl

2) HCl u NH,OH 7) NH,OH 1 NH,CI

3) HCl u CH;COOH 8) HCl u NaCH,;COO

4) CH,COOH u NaOH 9) NaOH u NaCH,COO

5) CHyCOOH u NH,OH 10) NH,Cl u NaCH,COO

24-67. CocraBbTe ypaBHEHHs peaKUHi, NpOoTeKalolMX B BOJHBIX
pacTBopax:

1) AlCl; + H,0 4) AICly + (NH,),CO;
2) AICly + NaOH 5) AICl; -+ (NHy),S
3) AICl; 4 NH,OH

Hanuumnte ypaBHeHHs peaKuuil COKpalleHHBIM MOJIEKYJASPHO-
MOHHHM MeTofoM. [lepeunciure nmpusHaky Heo6paTHMOro THAPO-
Ju3a.

24-68. O6mbsacHuTe, MoueMy npu BBefeHUH B pactBop FeCl; pac-
TBOpa COABI B OCaJOK BhHINajaeT He KapOOHAT Keje3a, a ero rujp-
okcup. Hanumure ypaBHeHHs! IIPOLIECCOB.

24-69. B uyeM cCcOCTOMT OTJIHMYHe  peaKuui rHApOJIH3a
Al(CH3COO) 3 u Al,S;5?

24-70. Ouennte pH pacrBopa, MNOJY4EeHHOrO pacTBOpPEeHHEM
0,001 r NH,CI B 10 & Bombl. Knm,on=1,8-10"5.

24-71. B pacTBOpPH YKCYCHOH H XJOPOBOAOPOAHOH KHCAOT JO-
GaBJleHO HEKOTOpoe KOJHYeCTBO a) auerara Harpus, 6) auerara
amMMoHHA. Kak H3MeHHTCH KOHIeHTpPalHs HOHOB Bojopoja u pH
B 3THX pacTBopax?

24-72. B pacrBopnt NH,OH u KOH po6aBieHo HekoTopoe KO-
JIHYEeCTBO a) XJIOpHAa aMMoOHHs, 6) aumerata aMMmoHus. Kak usMe-
HHUTCA KOHLIEHTPalHs HOHOB Bojopoaa M pH stux pacTBopoB?

24-73. B pactBop, COAepXKalUlUH YKCYCHYIO KHCJOTY H alerar
HaTpHs, Ro6aBjeHOo HeKoTopoe KoauyectBo a) HCI, 6) NaOH.
O6bsicHHTe KaK H nmoyeMy u3MeHurcsi pH pactBopa.

24-74. B pacrBop, comepxawuit NH,OH u NH,Cl mno6asneno
HekoTopoe koauyectBo a) HCI, 6) NaOH. O6bscuure, Kak u moue-
My uaMmenutcs pH pactsopa.

24-75. Boiuucaute pH ucxomubix 0,10 M pacTBOPOB  KHCJOTH
HJIH LIEeJIOYH H PacTBOPOB, NOJy4YeHHHIX npuOaBiaenneM K 100 mJa
BOAH HJHM HcxopHoro pacrsopa 1 ma 0,10 M pacrtBopa KHCJIOTH
HJIH IIeJIOYH:

Hcxonmuelit pacTBop

(100 ma 0,10 M) H0 H;0 HCI HCI NaOH NaOH
TIpu6aBaero (1 Ma
0,10 M) HCl Na©OH HCI NaOH HCI NaOH
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BrIuncieHus1 IpoBeJUTe, HCIONB3Yst KOHIEHTPALUHH U aKTHBHOCTH
(yuuTbiBasi HOHHYIO CHJy pacTBopa). Kakue BBHIBOABI MOXKHO cle-
JaTb O IOBEIEHHH PacTBOPOB XJOPOBOLOPOAHOH KHCJOTH M THAp-
OKCHJa HaTpHsa?

24-76. Mayuurte nmpuBeleHHble HHXKe CcBefeHHss o pH pacrBopos
YKCYCHOH KHCJIOTHL H alleTaTa HaTpHs:

pH
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 CH3;COOH+0,01 M NaCH,COO 4,71

CdopMmyupyiiTe Kak MOXKHO 6oJblile BHIBOJOB.
24-77. Huxe npuBenenn 3Havenus pH 0,1 M pacTtBopoB xJa0po-
BOJOPOJAHON KHCJOTHI, THIPOKCHAA HAaTPHA H OypepHHIX PacTBOPOB:
Hcxopubit K 100 Ma pactBopa mnocae 10-kpaT-

pacTBop AoGaBjaeH | Ma HOro paaGas-
0,10 M pacTtBOpa JIeHHs Bojoft
HCI1 NaOH

0,10 M HCl 1,00 1,00 1,01 2,00
0,10 M NaOH 13,00 12,99 13,00 12,00
0,10 M CH3COOH+

+0,10 M NaCH3;COO 4,76 4,75 4,77 4,76
0,10 M NH,OH+

+0,10 M NH,CI 9,26 9,25 9,28 9,27

OObsacHHTe, NOUEMY pPacTBOPHl XJOPOBOLOPOAHOH KHCJOTH H
IHJpPOKCHA HAaTPHsA Hesb3sl Ha3BaThb OydepHbIMH. Paccuurtaiite pH
HCXOAHBIX PacTBOPOB W pacTBOPOB, IOJYYEeHHBIX B pe3yJbTaTe
ONHCaHHBIX ONlepallMii, CpaBHUTE pacCYUTaHHBle 3HaueHusi pH ¢ BHI-
LIenpUBeLEeHHBIMU M OOCYAUTe NPHYHHBI ‘BO3MOXKHBIX Da3JIMYHIL.

24-78. Tlpu BBefeHHH ILleJOYH B PACTBOpP CHJbHOM Kucjaotel pH
pacTBopa B HauaJje HeHTpa/JM3aUuM NMOYTH He H3MeHseTcsi. TeM He
MeHee PacTBOD CHJIBHOH KHCJOTH (KaK H LIeJOYH) He Ha3blBaIOT
6ydepubM. [louemy?

24-79. BydepHoe nelicTBHe aleTaTHOrO pacrBopa (cMmech alera-
Ta HATPHUSl U YKCYCHOH KHCJOTLI) OOGBIMHO OGBACHSIIOT CJAedYIOIIHMH
peaKkIusMHU:

CH3COOH + OH™ = CH,4COO~ -- H,0
CHgCOO™ + H+ = CH;COOH

Byner au coxpansaTrbca 6ydepHoe meiicTBHe oTHocuTeabHo OH-—,
ecan ucnoJas3oBaTh Tonbko CH3;COOH? DBygmer nu  coxpansaTbcs
6ycdepHoe neficTBHe OTHOCHTeJbHO HT, ecaum ucnosnbsoBaTh TOJb-
ko CH3COO~?

24-80. bymer au pacrsop NH,CH3;COO 6ydepuniM? Hwmefite
B BHJY, YTO NIPH BBeNEHHH B PacTBODP HOHOB BOAOPOAA MNPOXOAMT
npouecc:

H* 4 CHyCOO™ = CH,COOH

a NpHu BBEAEHHH THAPOKCHI-HOHOB
OH_ + NH4+ = NH4OH
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24-81. AueratHbli = OyQepHHIf  pacTBOp . HMeeT  COCTaB
CH;COOH+NaCH;3;COO. byner au 6y¢depnoit cmecb CH3;COOH +
+NH,CH;COO?

24-82. Byzer aun o6aanath 6ydepHBIM OeHCTBHeM cMecb cJaaboil
KHCJOTHl H COJH JAPYyroil caaGoit KHCJIOTH, HANpHUMep PacTBop
CH;COOH u NaCOOH? B 3ToM pacTBope mnpu H00aBJIeHHH KHC-
JIOTHl IPOXOJHUT peaKuHus:

COOH" + H* =HCOOH

a NnpH }106aBJIeHHPl reJiouu:
CHZCOOH + OH~ = CH,COO~ + H,0

24-83. K 6ydepHomy pacrBopy HPO,2-—H,PO,~ npoGasiena
KHCJIO0Ta:
HPO,2~ -+ H* = H,P0,~
H,PO4~ + H* = H,PO,

Kaxkas u3 peakuuii nporekaer B 6GoJbllel CTENeHH?
K ToMy ke pacTBOpy A00aBjeHa IeNOYb:

HPO42- + OH™ = p043- + H20
H,PO,~ 4+ OH" = HPO,*" - H,0

Kakass U3 peakuuifi NpoXOZHUT B pacTBope B 6oJblieil CTeNeHH?

24-84. OkeaHckas Bojfia BejerT ceGs Kak O6ydepHbli pacTBOp
QpH MOCTYNJIEHHH B Hee IIEJOYHBIX MJH KHCJABIX BoA. OmnuumuTte
fipollecchl, OTBETCTBeHHble 3a OydepHoe AefCTBHe BOJbI, YYHTHIBaf,
9YTO HajJ BOJOH B BO3JyXe COAEPKHTCS AHOKCHI Yrjaepoia, a B
MOPCKHX OCajfiKax HMeeTcsl KapOOHAT KaJbIus.

24-85. pH pacrBopa, npurotoBiaenHoro u3 48,5 ma 0,2 M xJo-
poBoaoponHoit kKucaoth H 25,0 ma 0,2 M pactBopa xJOpHUAA KaJius,
paeen 1,0. Boiuncaure pH pactBopa, cocrosiuero u3 48,5 ma 0,2 M
HCI u 25 Ma Boawnl u 06bsiCHHTe, TOYEMY MepBHIH pacTBOp MpPOSB-
Jsier 6y¢pepHble CBOHCTBA?

24-86. KonuenTpalnuo HOHOB BoLOpoia B OydepHOll cMeeH
CH3COOH+CH3;COONa MoxXHO paccuuTaTth 1o QopmyJe
K Ck
(1] — - CHsCO0HOner
COJTH

BriBenute sty ¢dopmyay u ¢dopmyay AJs pacuera KOHIEHTpa-
uHH HOHOB Bojopoaa B Oydepuoit cmech NH,OH+NH,CI. Ilepe-
9HCJHTE OTPaHHYEHUS] B NPUMEHEHHH 3THX (QOPMYJI.

24-87. Buouncaure pH pacrBopa, comepxaiero 0,05 Mouab/n
NH,OH u 0,05 moas/n NH4Cl (Knm,ou=1,8-10-%).

24-88. Boiuncaute pH pacrtBopa, nNoOJydYeHHOro cMelleHHeM
500 ma 0,02 M pacrBopa CHsCOOH u 500 mx 0,2 M pacteopa
NaCH3COO (Kcugcoon=1,8-10-%).

24-89. Buuncaute pH pacTBopa, NMOJy4eHHOr0 pacTBOpeHHEM
1,08 r xsopuaa ammonust B 260 ma 0,5 M pactBopa ruapokcuia
HaTpHsl.
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24-90. Kakoe xoauuectBo (B r) NH,CIl crenyer npu6aBuTh
K 100 man 0,01 M pactBopa NH,OH, uto6nl cpesa crana HeATpaJb-
Holt (Kwu,om=1,8-10-%)? Kakoe konuuectso HCI paer rakon xe
appexr?

24-91. Tlouemy aMmdoTrepHEHEe 3JEKTPOJHTH SBJAAIOTCH CJabHMH
KHCJIOTaMH U CJ1aGHIMH OCHOBaHHAMH? MoryT sy 6HITh aMdoTepHHEe
3JIEKTPOJIUTEl CHJIbHEIMH KHCJIOTAMH H OCHOBAHHSMH?

24-92. CocraBbTe YpaBHeHHSI peaklHH NpeBpallleHHss HOHOB B
BOJHBIX PacCTBOpax NpPH H3MeHeHHH CPeflbl PacTBOPOB:

Zn?*+ — > Zn0,2-
ZnOy?*~ —> Zn?+

Als+ — AlO,"
AlO,~ —> A+

YKaxuTe yCJIOBHUS IPOTEKAHHS peaKLHH.

24-93. Huxe maH npuMep NOCJHeNOBAaTEJbHOCTH ONepauuii npH
COCTaBJIEHHH YpaBHEHHH peaklHH IpeBpallleHHs OLHOrO HOHA B
apyroft npu usmenenuu pH cpenrnl. IlpeanonoxuM, uro nod CryO;%—
caenyet nepeBectd B HOH CrO,2—:

Cry0,2- — CrO,2-

Cry0;2~ —> 2CrO,2-

Cr,0,%= —> 2CrO4%- + H,0
Cry0,%= + OH- —— 2CrO,2- -+ H,0
Cr,0,2- 4 20H" = 2CrO,?- + H,0

[TporuBonosoxunuii nmepexos CrO42~ B CrO;?~ 3anuchHBaercs
TaK:
CrO4?~ — Cr,0,%~
2Cr04%~ ——> Cr,0,2-
2CrO2~ — Cr,0,%- + H,0
2CrOg2- 4 H¥ ——> Cr,0,2- + H,0
2CrO42- 4 2H* = Cr,0.2~ + H,0
OGpaTHuTe BHHMaHHe Ha TO, B KAaKOM CJydyae 3alHCBIBAeTCH HOH
OH- uau Ht, cnoco6cTByoluii npeBpallleHHIo, K Ha KaKOM 3Tane
COCTaBJIEHHSI YpaBHEHHs CIpaBa OT 3HaKa CTPeJKH mpuGaBasercs
MoJIeKyJ1a BOABL. 3amHcaThb ypaBHEHHE CO 3HAKOM paBeHCTBa MOX-
HO, TOJIbKO YOeIMBLIMCb B DaBEHCTBE YHCJa aTOMOB H 3apsifoB IO
o6e CTOpOHH OT 3Haka paBeHCTBAa. [IpoBepnrTe cocraB/eHHHI Ba-
MH aJrOPHTM HaNHMCaHHs yPaBHeHHH Ha NpHMepe nepexogoB Al3+
B AlO;~ u AlO;~ B Al3+.
24-94. Hanunumnte ypaBHeHHsl peakKUHH INpeBpallleHHS CJefyio-
IIMX MOHOB NpH H3MeHeHHH pH cpensr:

1) Cr%* —> CrO,~ 8) P,0,4~ — > PO~
2) CrO,~ ——» Crs+ 9) PO~ —> P,0,4-
3) Zn** —> Zn0,2- 10) P,0,%~ — HPO,?-
4) ZnO,2- — > Znz+ 11) Al0,~ —> AI(OH),
5) B4O,2- —> BOg3- 12) Cr3+ — Cr,0,2-
6) BOg#- —> B,O;2~ 13) CrO42= —> Crs+

7) Sig0p3~ —> Si,0g2~
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[Ipu cocTaB/eHUH ypaBHeHHH peaKIUUil MOJb3YATECH CieLyIOIH-
MH TNPaBHJaMH: ClelyeT YPaBHATb YHCJAa aTOMOB, ONpeAeNsIOIHX
Ha3BaHHe HOHa (XpoM, UMHK, 6op, docdop H T.A.), B MpaBOH vac-
TH ypaBHeHHs HamucaTb (GOpPMyJy BOABI, MOACYHTATH YHCJIO aTOMOR
KHCJOpOAa B OGeHX 4acTAX YPaBHEHHSI H, €CJH CJeBa HMeercs H3-
6LITOK aTOMOB KHCJOpPOAa, Nepeli 3HaKOM PaBeHCTBa NPHOABHTL HO-
HH BOZOPOAA, a €CJIH HENOCTAaTOK — NMPHOaBHTb THAPOKCHI-HOHH
M ypaBHSATb YHCJA aTOMOB KHCJIOPOJa M BOAOPOAa 1o o0e CTOPOHH
3Haka paBeHCcTBa. KakHe ypaBHeHHs He COCTaBJAIOTCS NPH MOMOLIU
3TOro aJropuTMma?

24-95. Ykaxure, Kakywo cpeny (KHCAY10, HEATpAJbHYIO HJIH lie-
Jdounyio) umeior pactBopel  KoCrO4, K:Cr:07, (NHg):CrOy,
(NH4)2CI’207.

24-96. O6BsICHUTE, IOYEMY BOJHBIE PAaCTBOPH AHXpOMaTta KaJjus
HMEIOT KHCJYIO cpely, a XpoMara — llesJouHyro. Hanumure ypas-
HeHHsl peaKLHH, ONpeNeNSIOIIHX CPely PacTBODOB 3THX COJeH.

24-97. B BomHBIX pacTBOpax xpoMara HaTpHMs M JHXpoMaTra Ha-
TPHS OJHOBPEMEHHO NPHUCYTCTBYIOT JHXPOMAaT- H XPOMaT-HOHHL.
YKaxuTe cnoco6nl CMelleHHS] PaBHOBECHSI B CTOPOHY o6pa3oBaHHs
OLHOro H3 MOHOB M HAaNHIIHTE YPaBHEHHUsS peaKLHH.

24-98. Peakuuu ruaposusa AUXpOMAT-HOHA H XpOMaT-HOHA BHI-
paxaloTcs ypaBHEHHSAMH:

Cry0;2 ++ H,0 = 2CrO,2- + 2H*
CrO,2- + H,0 = HCrO,~ + OH-

Hanmumure ypaBHeHMsI peakuuil npeBpalleHHs OJHOTO HOHA B
apyrofi npn uaMeHeHun pH cpennl.

24-99. Ha npuMepe peakuui npeBpallleHHs OXHOrO HOHa B ApY-
roit npun u3MeHenuu pH cpenn:

Cry0,2~ 4 20H" = 2CrO,?- + H,0
2CrO*- + H* = Cr,0,2- + H;0

CcdopMyaupyfiTe YCIOBHSI OCYLIeCTBHMOCTH TaKOrO Iepexoja.

24-100. Tlouemy, ecim B pacTBOp XpoMmara HaTpPHSI BBOLMTb IIOJ
naBneadeM COg, To o6pasyercs auxpomat? Hanuimute ypaBHeHHe
npouecca.

24-101. AmuHoykcycHas Kucaora (raukokoas) NH,CH,COOH
ABaserca amdorepHbM 3jeKTpoanToM. Hanumure ypaBHeHusi pe-
akuu# stoil kHcJoTH ¢ HoHamMH Ht u OH-. Byaer au amuHoykcyc-
Hasi KHcJaoTa B3auMopeiictBoBath ¢ CH;COOH u NH,OH?

§ 25. MPOLLECCBI B PACTBOPAX KOMIIJIEKCHBIX COJIER

25-1, Ilpu caupanun 1 a1 0,1 M pacropa FeCl; u 1 n1 0,6 M pac-
tBopa KCN mosyyaercst pacTBop, B KOTOPOM MeTOZaMH KauyeCTBeH-
HOro XHMHYECKOTo aHaJH3a He o6HapyxuBaloTcs HOHH Fe3t u CN-,
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HO oGHapyxuBaloTcs HoHn Cl- m K+¥. Hanuiunre ypaBHeHHe peak-
UHH.

25-2. K pacrBopy FeCl; npu6asaen pactBop KCN. Kak Bu ay-
MaeTe, KakoB Oyzer mnpoaykT peakuun: Fe(CN)s unam xe
[Fe(CN)g]®—? Yro mnpeanouTHTeJbHee — PaBHOMEepPHOE paclpeje-
JnenHe HoHoB CN— cpenu GOJBIIOrO 4HCJIa HOHOB XKeje3a ¢ 06paso-
BanueM [Fe(CN) (H20)s]?+ nnn xe obpasoBanue MaJjioro 4ducia
noHoB [Fe(CN)g]®~, T. e. KoHnenrpupoBanre HOHOB CN~ y HeMHo-
ruX HOHOB XKeJie3a?

25-3. Tlpennoxure usBecTHhle BaM crmocoObl KaueCTBEHHOro M
KOJIMYECTBEHHOTO ONpeIe/eHHs] COCTaBa BOJHBIX PacTBOPOB, COLEep-
xkawmux coau: 1) KCN, 2) Fe(CN)s, 3) Ks[Fe(CN)g], 4)Fe(CN).,
5) Kq[Fe(CN)s].

25-4. Yacto cMellleHHe DaBHOBECHS AEMOHCTPHPYIOT Ha IpHMe-
pe peakuun o6Gpa3oBaHHS POJaHHAA KeJe3a KPacCHOro lLBera:

FeCly -+ 3NH,SCN = Fe(SCN); + 3NH,Cl

Benenne B pactBop FeCl; u NH,SCN npusoaur x ycuneHuio
KpacHoit okpacku, a BBegeHne NH,Cl x ee ocnabuenuio. OpHako,
ecau cuurath, uto cotn FeCly 1 NH,SCN — cunbHble 3/1€KTpOJIH-
Tol, a Fe(SCN)3 — cnabulii 37eKTPOJHT, YTO yYpaBHeHHE peaKLUHH
MOXKHO 3amHcaTb COKpAlleHHBIM MOJEKYJASPHO-HOHHBIM CIIoCcoGoM

Fe3+ 4 3SCN~ = Fe(SCN),

u3 Kotoporo caenyer, uro NH,Cl He MoxeT cMellaTb paBHOBeCHS.
[Touemy npubasienue kpucranaudeckoro NH,Cl ocnabaser ok-
packy?

25-5. Ilpu o6biunBIX yc/a0BHSAX 1 o6beM BoAH pactBopsier 0,02
o6bema Bogopona, 400 o6vemoB HCI n 700 o6bvemMoB NHj. [Touemy
pactBopumocts HCI u NH; Tak Bennka?

25-6. Ilouemy xJiopHass KucjgoTa HauGoJsiee YAOGHBII M uyacTo
HCIOJIb3YyeMBIH 3/IeKTPOJIUT A/l IPHrOTOBJEHHS PacTBOPOB C 3aj]aH-
HOH HOHHOH CHJIOH?

25-7. PactBop cosu cocrtaBa Fe(CN)2-4KCN He mnoxasbiBaeT
peakuuit Ha noHel Fed+t m CN-. Ocmoruueckoe massenue 0,002 M
pactBopa 3Toil coanu npu 0°C paBHo 22610 Ila. Temneparypa 3a-
mep3aHusi atoro pacrtBopa —0,018°C. KakoBa koopauHauLHOHHas
¢opmyna coan?

25-8. Hanumure ypaBHeHHMs peaKUHM#l B3aHMONEHCTBHSI HHTpATa
cepebpa CO CJeAYIOIIMMH KOMIIEKCHHIMH coefuHeHusmu: PtCl,.
-6NHj;, PtCl4-5NHs, PtCl,-4NH;, PtCly-3NH;, PtCly-2NHs.

25-9. CuHTe3HpOBaHbl KDHCTAJJIMYECKHE COELHHEHHs CJeyIo-
wux cocraBoB CrCls-3NH;, CrCls;-4NHj, CrCls;-5NH;, CrCls-
-6NHj. M3 atux coaseit npurotosaenst 0,01 M pacTBophl, KoTophie
usyvanu: 1) nesicreuem AgNO;, 2) MeTOZOM, OCHOBAHHBIM Ha H3Me-
PEHHH 3JIEKTPONPOBOAHUMOCTH, 3) KPHOCKONHYECKHM MeTOAOM (KO-
TOPHIA NOKa3bIBaeT YHCJIO YaCTHI, 06PasyIOMNXCs IPH PACTBOPEHHH
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coun). [TosiyueHbl ciaenyiollne pe3yJ/bTaThl:

Yucao ocax- DNEeKTPONPOBOIH- taaM 0,01 m
LAOUHUXCH MOCTb COOTBETCTBY- pactBopa, °C
nouos Cl- €T 3JIeKTPOIIPOBOIH-

MOCTH pacTBopa CO-
JIH TOH e KOHLEHT-

pauuu

CrCl;-3NH; 0 H,0 —0,018
CrCls-4NH, 1 KCl —0,035
CrCl;-5NH,; 2 BaCl, —0,050
CrCl;-6NH; 3 KsPOs —0,070

O6BsACHHTe XapakKTep H3MeHeHHs CBOHCTB pacTBopa mo  Mepe
yBeJHYEHHS YHCJIa MOJIeKyJ] aMMHaKa B cocTaBe coJH. Hamuuute
KOOpAHHALHOHHBIe (OpMYJBl coelHHeHHH. KaKoBO KOOpAHHALHOH-
HOe YHCJIO Xpoma?

25-10. Kak OGBACHHUTb, YTO MOJbHAsl HOHHASI 3J€KTPONPOBOJH-
MocTb HoHa [Fe(CN)g]®~ 3HauuTe/bHO BhILIE, YeM, HanmpHMep HO-
HoB F~ unu Cl-?

25-11. Hanumure ¢dopmyJbl coefHHeHHH, oOpa3yloOIUXCS IPH
rmocjeqoBaTeslbHOM 3aMemenun  Jaurasga NH; Ha NOy;~ B
[Co(NHj;)6]Cls. ITocrpofiTe rpaduuecKyio 3aBHCHMOCTb (Kauect-
BEHHYIO) 3JIEKTPOIPOBOJHMOCTH M TeMIlepaTyphl 3aMep3aHHs pac-
TBOPOB COeAMHEHHH OT uucjaa HoHoB NO,~.

25-12. O6bsacHUTe, TOYEeMY B OTJIHYHMe OT aJIOMHHHS LHHK pac-
TBODPSIIOT HE TOJBKO CHJIbHBIE 1IeJOYH, HO M DacTBOPH aMMHaKa H
coseft aMMOHHA. Hanuumurte ypaBHeHHs1 peakKUui.

25-13. Hamumure ypaBHeHHs peaKUMH pacTBOPEHHSI IIHHKa B
pacTBopax KHCJOT M Iiejouelf, Hcnoap3ys HOHB [Zn(H:0)e]%*
1 |[Zn(OH),]?~. AnajorHuHble YpPaBHEHHsl HAIMIUHTE AJS PeaKIHi
KOMIIIEKCHBIX HOHOB aJIIOMHHHS.

25-14. CocTaBbTe YypaBHeHHS peaKUHH pacTBOPEHHSI OKCHAa
LUMHKAa B pPacTBOpax KHCJIOT H IUeJodYell, HCIOJNb3Yysl HOHBI
[Zn (H;0)6]%+ u [Zn(OH) 4] %~

25-15. Ha pactBopml x/10pHAa HMHKA JeACTBYIOT pacTBOpaMH
NaOH n NH,OH. Hanumure ypaBHeHHs peaKUHil. YKaxKute, ueM
OTJIMYAIOTCS IPOLIECCH H YTO B HHX obluero?

25-16. ITpu B3aumoneiicteuu Al (OH)3 ¢ menovyamu o6pasyorcs
COOTBETCTBYIOIIHE aJTIOMHHATH, HAaDUMeEp

NaOH - AI(OH); = Na[Al(OH),]

Hanumure ypaBHenue peakuun ¢ NH,;OH.

25-17. O6GbscHHTe, NMOYEMY KOOPJIHHAIMOHHBIE YHCJAA KOMILJIEK-
coobpasoBaTesss B KHCJIOH W ILeJOYHOH  Cpelax pasjH4HHL
[Al(H20)6]3*+ u [AI(OH).]~,. [Zn(H:0)6]2* [Zn(OH) ]2~
IIpuBennTe apyrue npuMepHl.

~ 25-18. Hanuikre ypaBHEHHS B3aHMHEIX IIEPEXOfOB HOHOB
1) [Zn(H:0)e]2t ¥ [Zn(OH)4]%-, 2) [Cu(H:0)¢]2+ w
[Cu(OH).]*, 3) [Be(H:0) 4]+ u [Be(OH)4]2~, 4) [Al(H;0)¢]3*
u [A1(OH)4]~.
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Ykaxure cpeny (KHciaas HJIM IIeJI0YHas), KOTOPYIO HeoOXOdH-
MO CO34aTh B pacTBope IJs Nepexofa HOHOB. HanuuiHTe TakxKe
ypaBHEHHsI MPOLECCOB, HCIOJB3Ys NpocTeiilline (He KOMIJIEKCHbIe)
¢opmyan HoHOB (HampuMmep, ZnO.2~ uan AlO;™).

25-19. Hanumure ypaBHeHHS peakKHUUH JAHCCOLIMALHH HOHOB
[Fe(H20)¢]%t u [Fe(H:0)¢]?* mo Tuny aucconuamun xuciaor. Ka-
KOfl M3 HOHOB oO6/iajaer O6oJiee CHJIBHBIMH KHCJOTHBIMH CBOHCT-
BaMu?

25-20. BripasuTte KOHCTaHTy rugponau3a K:

Al3+ 4+ H,0 = AIOH?+ 4 H*
yepe3 KOHCTAHTY HeCTOHKOCTH Kuecr
[AI(H,0),** = [AI(H,0);OH]>+ -+ H+

25-21. ITouemy Bomubiii pactBop coau [Co(OH) (NHj)s]?*+ ume-
er pH>7? Hanumunrte ypaBHeHHMe IIpolecca, OTBETCTBEHHOro 3a
PeaKkuHio CpPeasl.

25-22. YpaBHenne peakuun ruaposansa [Co(OH) (NH;)s]%+ mo-
}KeT ObITb BHIPAXKEHO B BHJE:

[Co(OH) (NHg)s]** + H,0 = [Co(H,0) (NHy)5]*+ + OH”

VKaxurte, K KaKHM THIaM DeakKUuH MoxeT ObITb OTHeCeHa 3Ta pe-
aKLUUsa THApOJaH3ar?

25-23. Kakoit u3 HOHOB clelylollux nap ob6naagaer 6osee CHJb-
HBIMH KHCJOTHBIMH CBOHCTBaMH:

a) [AHO)l** mam  [Fe(H,0)*
6) [Fe(H,0)l** mamn  [Fe(H,0)q*

25-24. Kakyio cpeny (KHMCAYIO HJIM LIEJOYHYI0) HMEIOT pPacTBO-
pul cosedt [Co(H.0) (NH3)s]Cls u [Co(OH) (NH;)s]Cl,?

25-25. YKaxXHTe OCHOBHOE OT/IHMYHe HBOHHBEIX COJiell OT KOM-
NJIEKCHBIX.

25-26. KakoBa Temneparypa 3amepsanus 0,01 M pacrtBopa
KAI1(SO4) 2, ecan xpuockonuyeckas mnocrosinHas Ku,o=1,86.

25-27. Conp Mopa comepxur 14,23% Fe?t, 9,20% NH,?
49,00% SO42— u 27,57% H,0. CocraBbTe GopMyay 3TOH ABOHHOR
conu. Ee 0,01 M pacrBop 3amep3aer npu —0,093 °C.

25-28. TloueMy KBacLbl pacTBOPHMEI 3HAYHTENBHO XyXKe, YeM OT-
JebHBIe COCTaBJSIONINE X CYJabdaTh?

25-29. pH 0,1 M pacrBopa kBacuoB KAl(SO,), pasen 3,2. Bu-
yucaure pH pactBopa Aly(SO4); TOH Ke KOHIEHTPaUHH MO aJio-
MHHHIO. Kako#f BEIBO# cJienyer u3 cpaBHenus pH aTux gByX pac-
TBOPOB?

25-30. MonnsanuoHHasi U30MepUs KOMILIEKCHBIX COeNHHEeHHA 3a-
KJIoYaeTcsi B Pa3JHYHOM paclpefe]eHHH HOHOB MeXAY BHyTpeHHed
H BHellHelt cepamu. CjeJCTBHe 3TOro NPOSIBJASIETCA B Pas3JHIHOM
XapakTepe JHCCOLHALMH KOMIJIEKCHHX COelHHEeHHH Ha HOHH. Tak,
BemectBo coctaBa CoSO4Br(NHs)s cymecTByer B BHAE ABYX H30-
MepoB: OJHH C HHTpaTOM cepebpa maer ocasok Ag,SO4 npyro# —
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AgBr; npu nefictBuu XJopHAa 6apus OAMH AaeT ocagok BaSO,,
apyroii He o6pa3yeT ocaaka; BOAHBIE PacTBOPH OJHOrO H30Mepa
HMelT GOJBIIYIO 2JeKTPONPOBOJAHMOCTD.

Hanumnte koopauHHalnHOHHBIE (OPMYJH H30MEPOB, YYHTHBad,
YTO KOOPJAHHAIMOHHOE YHCJO Ko6GanabTa 6.

25-31. BemectBo cocraBa PtSO,(OH).(NHs)s o6pasyer nsa
HOHH3aLHOHHBIX H30Mepa. BoAHBIA PacTBOp OZHOTrO H3 HUX HeHTpa-
JIeH, pacTBOp APYroro H3oMepa IOKa3blBaeT IIEJOYHYIO peakLHIo
cpenbl. Hanmumure KOOpAMHAIMOHHBIE (POPMYJBI H30MEPOB, YUHTHI-
Basl, UTO KOOPAHHALMOHHOE YHCJO NJIATHHB PaBHO 6, a HOH SO4%~
B JAaHHOM CO€JHHEHHH 3aHHMaeT MECTO ABYX JIUTaHAOB (6HlleHTa-
TeH).

25-32. Kaxkoit usomep [Pt(NHj).Clo] —yuc- nnn tpauc- nony-
yurcst npu AefictBun NH; na K[Pt(NH;)Cls]?

25-33. Ykaxure, Kakodl H30Mep — yUC- HJIH TPAHC- TOJYUUTCH
npu pacieniennu [Pt(NH;)sCl]Cl:

[Pt(NH,)5CIICl = NH, + [Pt(NH;),Cl,]

25-34. KomnaekcooGpasoparenn Cut, Ag*, Aut npu HeBhICOKOM
KOHIIEHTPallM{ JIMTAHJ0B B pacTBOpe yallle BCero MMelOT KOOpJHHa-
IIHOHHOE YHCJIO 2 H o6pa3yloT HOHBl JUHEHHOro crpoeHHs. Ilpn
6OJIbIION KOHIIEHTPALMH JIHFaHJOB KOOPJAHHAIMOHHOE YHCJIO BO3-
pacraer OO0 3 M HOHB NPHOGpPETAIOT TPeyroJbHoe cTpoeHHe. Kom-
njekcoo6pasoparenn Zn?t, Cd?+ u Hg?t npm HU3KHX KOHIEHTpa-
LUAX JUTaHAOB HMEIOT KOOPJAHHALHOHHOE YHCAO 3 U 06pasyioT HOHK
TPEYroJIbHOTO CTPOEHHS, NMPH BHICOKHX KOHLEHTPAUMSX JIMTaHIOB —
KOOpJHHALlHOHHOE YMCJIO CTaHOBUTCS PaBHHIM 4 W OHH 06pasyioT
HOHBI TETPa3ApPUYECKOro CTPOEHHUS.

Onuumure BO3MOXKHble H3MEHEHHS 3JeKTPOHHOTO CTPOEHHS YKa-
3aHHBIX KOMILIeKcooOGpa3oBaTesell NPH yBeJIHYEHHH KOHIEHTPaILHH
JIMTAHJO0B B pacTBOpeE.

25-35. Tlpenckaxure MarHuTHBHE cBolicTBa HOHOB
a) [Al(H,0)e]**, ~ 6) [Zn(H:0)4]**,  B) [Cu(H;0).]%*,
r) [Fe(H:O)¢]%+, n) [Fe(H20)6]%*, e) [Cr(Hz0)¢]3+. Ilpencka-
XKHTe MarHHTHble CBOMCTBA HOHOB, Y KOTOPHIX MOJIEKYJHl BOJB 3a-
Mewlenst Ha NHj, F~ uan CN—. Peumure aHajornudsle 3ajayd AJs
Ipyrux d-sjeMeHTOB 4 mepHozaa.

25-36. PactBop [Ni(H:0)]?* uMmeer 3enenyio oxpacky. O6b-
SICHUTe, NOYeMy Hcue3aeT OKpacKa NMpH BBeJeHHH HOHOB CN-—.

25-37. BesBoannii cynbpar menn CuSO, uMeer Genblif LBeT.
[Ipu pacTsBopenun B Bofe noaydaercs roay6oii pactBop. Kakop
COCTaB HMOHOB, 00YyCJIOBIHBAIOLUIMX roay6yio OKpacKy pacTBopa?

Ecan B pactBop cynbdara Menu n06asuth HOHH Co042~, TO BH-
najgaer OeJBblli OCafOK, KOTOPHIH pacTBopsieTcsi- B M36bITKe C,0,2~
M OKpacKa pacTBOPOB CHOBa CTaHOBHTCS roay6oil. Hanuwure ypas-
HEeHHsI COOTBETCTBYIOLIMX PeaKIHi.

25-38. K pacTtBopy MeNHOro Kynopoca NpHJHBAIOT PAacTBOP XJIO-
poBoAOpOAHOH KHCJOTH. IIpeAcKaXkuTe H3MeHEHHsS, KOTOpble Mpo-
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¢30iayT B pacrBope. Hanumure ypaBHeHHs COOTBETCTBYIOIIHX pe-
aKuui.

25-39. Oxpacka pactBopoB xJjopuna mengn CuCl, 3aBucuT ot
KOHIIEHTpPalHl pacTBOpa, TeMIepaTypHl, HaJHYHUs JPYrux coJel.
KouuentpupoBanubii pactBop CuClp HMeeT KOpHYHEBYIO OKpacky,
110 Mepe pa36GaBjieHHs1 OKpacKa ero M3MeHseTCSl Ha TeMHO-3eJIeHYIO,
3eJIeHYI0, CBETJIO-3eJIeHYI0 U NDH CHJIbHOM pa3GaBJeHHH CTAaHOBUT-
csi cBeTJio-rosiy6o#i. KakoBel NMPHYMHBI H3MEHEHHS OKpPAacKH pac-
TBOpa?

Ilpu no6GaBieHHH K KOHUeHTpHpoBaHHOMY pactBopy CuCly xJ0-
POBOLOPOAHOMA KHCJOTH OKpacka pacTBopa CTaHOBHTCs xkenToil. Ilo-
yemy? [Ipn BBefeHHH B pa36aBJeHHBIH pacTBOP XJOPHAA MeIH
XJIOPHIOB, CKIOHHBIX 06pa3oBLIBaTh ruapaTel, HanpuMep CaCly nin
AlCl;, rony6ele pacTBOphl NpeBpalllaloTCA B 3esleHble. KakoBa mpu-
ypHa 3TOro siBjaeHuss? OO6bsicHure, moueMy pactBop CuCly, HMero-
UM 3eJleHyl0 OKpacKy Nnpu oOGBIYHON TeMmmepaType, NPH MOHHXKEHHH
TeMIIepaTypH H3MeHseT ee Ha roJay6yio.

25-40. LlBeT —3TO 3pHTesNbHOE OLIyIleHHe 3JeKTPOMAaTrHHUTHOIO
H3nydeHuss ¢ AauHaMu BoJH oT 400 no 760 M. Ecau BeliecTBO
NOJIHOCTBIO NPOMNYCKaeT HJIM OTPa)KaeT BCe Majaloliue HAa HEero JyuH
<BeTa C JJIMHAMH BOJIH B YKa3aHHOH 06J1acTH, TO OHO Kaxercs Gec-
LBETHBIM HJIH GeJIBIM, €CJIH 2Ke MOIJIOIaeT — TO YepHbM. [1pu u36H-
paTebHOM IMOIJIOUIEHHH CBeTa KaKoH-Mu60 IJHHBI BOJIHBI OCTAaB-
1IMecs Jy4d, NpollelliHe Yyepe3 BEIECTBO HJIH OTPaKeHHbIe OT He-
r0, CO3MaI0T OllyllleHHe LBETHOCTH. TaKoH 1BeT Ha3bIBAeTCH JOMOJI-
#HuTeNbHbIM (HA6JI0LaeMBbIM) :

JauHa BOJH, HM CnekTpanbHBIf IBeT JlononuuTeNbHBIA [BET
400—435 dbHONETOBBII 3€J1eHOBATO-XKEeJThl i
435—480 CHHHI JKEJITHI
480—490 3e/IeHOBATO-CHHHH OpaHKeBBbIit
490—500 CHHe-3eJIeHbli KpacHHIit
500—560 3eJIeHbli nypnypHBlit
560—580 JKeJTO-3eJeHblil (hHONETOBRII
580—595 JKeJThIH CHHHI
595—605 OpaHXKeBbli 3eJIeHOBATO-CHHHIT
605—730 KpacHHbLit CHHe-3eJIeHbl il
730—760 NypnypHbLi 3eJIeHHl i

Hanpumep, ecan BelllecTBO NOrJOLIaeT CBeT C IJHHOH BOJIHHI,
580—595 HM (KenThll LBeT), TO OHO OydeT OKpalleHO B CHHHH
1IBET.

B kakux o6sacTsiX CmeKTpa IPOUCXOLHT MOIJIOIIeHHe, ecJH pac-
tBOpH HMeloT okpacky: NiCly— 3enenylo, TiCl; — 6nenHyo Kpac-
Ho-nypnypHylo, CuSO,— cusiol0?

25-41. Tloryomense cBeTa BelleCTBOM IIPHBOAHT K BO36yXIe-
HHUIO 3JIeKTPOHOB. Pa3HOCTb 3Hepruit B OCHOBHOM H BO30YXKIEHHOM
‘COCTOSIHHSIX ONpejeJisieT AJHHY BOJIHBI NOIVIOILAeMOro LiBeTa U TeM
caMbIM HaGJiionaeMylo OKpacKy, a Takxke ee rayGuHy. JlJiuHe BOJ-
Hel 400 HM COOTBETCTBYeT 3Heprusi Bo3OyxaeHHs 146 kJ[xk/MoJb,
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anuHe 760 HM — sHeprua 293
kJIk/Mosib. BHIUHCINTE 3HEPTHHU
BO36YXKJAEHHS APYTHMH JUIMHA-
MH BOJIH BHIHMOIO CBeTa.

25-42. PacTtBOp MeIHOTO KY-
mopoca OCBeIIaeTcsi IooyepesHO . | |
KPaCHbIM, 3eJIeHHIM' H (HOJETO- 25000 20000 15000 Yicr~T
BuM cBeroM. KakoBa Oyuer ero N BT R v
oKkpacka? PHC. 251 ,

25-43. Kakoro uBera 6yjier ’

KasaTbcsl KpacHuii pactBop Fe(SCN)s, ecam cocyld ¢ HEUM moMe-
ctuth B cocyn ¢ pacrBopom CuSO4? Kakas Gymer okpacka KHA-
KOCTH, ecJH pacTBophl cmewmats? Ilpuaymaiite npyrue nmpHMephl.

25-44. Ilouemy, ecqu Ha IJIaMsi CBeYH CMOTDETb CKBO3b CJON
BOASIHOrO Iapa, OHO NpHoOperaeT KpacHHH 1BeT?

25-45. MakcuMyM IOIJIOLIeHHsI B CIEeKTPe BOAHOTO pacTBOpa:
TiCl; npuxogutcsi Ha 504 uM. KakoBa okpacka srtoro pacrsopa?
Hannuure KoopAHHAUHOHHYIO (OpPMYJy HOHA, OTBETCTBEHHOro 3a
norJoueHxe.

25-46. Ha puc. 25-1 mokasaH chmeKTp MNOIVIOLIEHHSI KOMILJeKca.
[Ti(HzO)¢]%+. KaKyio okpacky MMeeT BOAHBI PacTBOP COJIH Tpex-
BaJieHTHOro THTaHa? (BocmosbsyfiTech maHHBIMH 3ajgaun  25-40).

25-47. Cnektrp mnoruaomenus uoHa [Ti(Hq0)e]3*+ mnoxasan Ha
puc. 25-1. CrnekTp HMeeT MaKCHMyM IOIJOIIeHHs npu 504 um. Ilo-
ryolleHde o6yc/oBIeHO BO30OYyXKAeHHEeM 3JeKTPOHaA:

Onmuyeckasa
naAomMHocmb

hy 4

—_

?

Briuncaure sHepruio Bo36yXaeHHS.

25-48. Ha puc. 25-2 mnoKa3aH CHEKTpP MOIJIOLIEHHS HOHa
[V(H:0)¢]%+ B BogHOM pacrBope. IlombitaiiTech npeickasatbh OK-
packy pacrtBopa.

Onmuyeckas
nNOMHOCMb

V,om!

PHUC. 25-2

25-49. B uuauHAp ¢ NPO3payHbIM JHOM HAJHUTO He6OJbIIOE KO-
JIAYECTBO OKpAIIeHHOH XKHIKOCTH, K KOTOPOH IpHJHBaeTCs BOAa..
Kak 6yzer H3MeHSITbCSI OKpPacKa pacTBOpa B 3aBHCHMOCTH OT €ro:
KOHLEHTpalUWH, (ecaH cMOTpPeTb cBepxy)? B nuaunape Onlia Kua-
KOCTb:

a) yepHHJIa
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\ 6) kpenkuit uaf

. B) KOHUEHTPHPOBAHHHIH  pac-

g Cr(NH )] > r80p CuSO,

z 38 c (r;)l KOHLEHTPHPOBAHHKEIN PacTBOP

2 uCle

g @r(HzO)£|3+ 1) KOHIEHTDHPOBAHHEI pac-

S ,-\[ tBop FeCls

3 7N 25-50. Ha puc. 25-3 mnoxasaHH

g AN CIIEKTPBI TOTJIOLEHUS
NN [Cr(H:0)6]** n [Cr(NHas)e]?*.

900 400 500 600 A, HM [Monyuute Kax MOXKHO GOsblue CBe-

JleHUH U3 3THX JaHHBIX.

25-51. IlepBasi koHcranTa Hecrtoiikocth HoHa [Co(NHj;)e]%t
paBHa 4-10-5. PaccuuraiiTe u3MeHeHHe H3006apHOr0 MOTeHLHANa
NpH AHCCOLMALHH HOHA MO NepBOi CTymeHH. MOXHO JIH CYHTaTh,
YTO Ipollecc AHCCOLHAUUH SIBJSETCS CaMONPOH3BOJAbHEIM? Hanu-
IIHTe  ypaBHeHHe — Ipollecca, NPOXOASAIIEro B CHCTeMe
[Co(NHj)e?*t]=[Co(NH;3)s3+] =[NH3]=1 M™osp/n u ykaxure
3Hak AG° mpouecca.

25-52. Boiuncante konuentpauun HoHoB Cl—, [Co(NHj;)e]%t u
[Co(NHs)s]%+ B 0,01 M pacrBope conn [Co(NHj)e]Cl;. Koncras-
Ta HECTOHKOCTH KOMIIJIEKCHOTO HOHAa NPH AHCCOLHALUMH IO NepBoi
cTaauMu paBHa 4-1075,

25-53. TlepBrie koHCcTaHTH HectofikocTH HOHOB [Co(NHj)e]2t u
[Co(NHs3)e]3+ paBHm coorBercTBeHHO 4,2 M 4,0-10-5. KoHcTaHTH
HEeCTOHKOCTH NPH NOJHOR JHCCOLNHAUHH TeX Ke HMOHOB pAaBHBHI:
7,8:10~¢ u 7,1.107%6, Kakoii H3 HOHOB IIpOYHee H NOYeMYy?

25-54. O6cyaute 3HayeHHUs] KOHCTAHT HECTOMKOCTH Kyecy aMMHa-
KaTOB OJHO- H JBYXBaJEHTHOH MeIu:

Has [Cu(NHg)J2*

Cu(NHy)42+] [NH,

K= Lt = 72109
Cu(NHg),2+] [NH,

o
[Cu(NHg)3+] [NHy]

Ko= " TCuNBp, ]~ = 3210

Cu?+][NHg}
Hnsa [Cu(NHg),]*
[Cu(NH3)*][NH,]
K1= W: 1,26'10'\".
[Cu*] [NHs]
Ko = Ty = 110
Kakoii non Mean (Cut mam Cu?t) mpouHee CBsI3aH C MOJIEKY-

JaMH aMMuaka? Kakue KOHCTaHTHI HECTOMKOCTH cJiefyeT CpaBHH-
BaTb AJS [OJYyYeHHS OTBETa?
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25-55. Tlepsasi Koucranta HecTofikocTH HoHa [Cu(NHs),]?*
paBHa
[Cu(NHy)s2*] [NH,]
Ki=""lcuNmye1

=7,2-10-2

KoHcTaHTa HeCTOMKOCTH NpPH NMOJHOH AHUCCOUMANUMH PaBHA

_ (G My 11019
[Cu(NHg)4?*]

PaccuuraiiTe KOHIEHTpauuio MoJeKyJs aMMHaka B 0,01 M pac-
tBope KommiekcHoi coau [Cu(NH;)4]Cly. (Crauana nafiguTe KOH-
LIEHTPALHI0 MOJIEKYy/]l aMMHaKa, o6pa3ylolluXcsl Mo NMepBOH CTyNeHr
JHCCOLMAlMH, 3aTeM KOHIEHTPAaLHI0O MOJeKysJl aMMHaKa, HCXOAS H3
KOHCTAHTHl HECTOMKOCTH AJS NMOJHOH nHccouuauun). CpaBHHTe pe-
3yJbTaThl H OOBACHHTe HX. MOXHO JIH pacCuuTaTb KOHUEHTPALHI®
HOHOB MeJH? '

25-56. Paccuntafite  KoHueHTpauuio HoHa  [Cu(NHj)s]??*
B 0,01 M pacrtBope coaun [Cu(NHs)4]Cl;. Kak paccuuraTth KOH-
HeHTPalUHH APYrHX KOMIIJIEKCHBIX HOHOB M HoHa Cu?*, o6pasyio-
muxca no 2, 3 u 4 crynedsaM auccounauud? KoHCTaHTH HeCTOHKO-
CTH CM. B 3ajaue 25-54.

25-57. Ucxona u3 pmaHHbIX 3amaud 25-54, paccuutaiiTe KOHCTaH-
Ty Hecroiikoct HoHa Cu(NH;),4%+ npu nmosHo# puccoumamus:

[Cu+] [NH,]*
= [Cu(NHy)q2+]

25-58. Kakue cBeleHHss MOXHO MOJYYHTh M3 aHaJH3a KOHCTaH-
Thl HECTOMKOCTH IPH MOJHOH AHCCOUMaUUH HoHAP? KoOHUeHTpalHIo:
KaKHX YaCTHI MOXHO PacCUHTaTh, HCXOAs H3 3HAUEHHS 3TOH KOH-
CTaHThl HECTOHKOCTH?

25-59. B 0,01 M pacrBope [Co(NH;)s]Cls konuenTpauus NHsy
paBHa 6,3-10~* Mosb/n. BBIUHCAHTE KOHCTAHTY HECTOMKOCTH AJs
AucconHauuu no neppoit crynenu noHa [Co(NHs)e]3+.

25-60. ITpuroroBnen 1 ;1 pactBopa, comepxamuil 0,2 MOJIbL HHT-
pata cepebpa u 0,5 MoJb aMMHaKa. BHIUHC/IHTE KOHIEHTPALHIO HO-
HOB Agt, eCllH KOHCTaHTa HECTOHKOCTH NpPH IOJHOH AHCCOLHALHHK
vona [Ag(NHs)q]* paBHa 6-1078. YkaxuTe ynpolueHHs M npen-
I0JIOXKEHHS, KOTOphle HeOOXOAMMO clesaTh B pacuerax.

25-61. BHlYHC/IINTe KOHCTAHTH paBHOBecHss mpu 25°C mnpomec~
COB

I, (®) 4+ I7 (p) = I3~ (p)
L +I7() =13 (p)
HCl'IOJIb3y51 c.neﬂ.yloume JaHHbIE:
PaCTBOPDHMOCTb KDHCTAJJIHYECKOro nuoaa B YHCTOU BOJd€e COCTaBJisIeT

0,0013 moan/a, B 0,10 M pacreope NaNO;—0,0013 mous/a,
B 0,10 M pacrBope KI— 0,0514 moan/a.

233



25-62. BHYHCAHTEe KOHCTAHTY PAaBHOBECHS peaKLHH
[Co(NHg)g]** + 6CN~ = [Co(CN),]*~ + 6NHy
£CIH
[Co(NHy),]*+ = Co¥* + 6NH, Kueer = 7,1-10-38
[Co(CN)4J8- = Co¥* + 6CN- Kyecr = 8,3-10-3

25-63. CamuBalorcsi  paBHhe o6bemMnt 0,01 M  pactBopoB
{Co(NH;)6]Cl; u [Cu(NH;)4]Cl;. Paccuntafite KOHIeHTpauUHH
[Co(NH3)g] 3+, Cl-, Cu(NHs).*#, Co®t, Cu** u NH; B moayuen-
'HOM pactBope. KOHCTaHTEI HeCTOHKOCTH NOJHOH AHCCOLMALMH: AJSA
[Co(NH;)e]%+ 7,1-10-%6, nas [Cu(NHs),]2+ 2,1-10-13,

25-64. CpaBHUTe NOBeJeHHe B BOJHOM pacTBope ABYX KOMI-
aekcHbix cogeit Ko[PtCl,] u Ki[CuCl,]. ITouemMy paBHOBecHe mHc-
counauuu Hona [PtCl,]?~ casunyro BmpaBo, a mona [CuCl]?~—
BJI€BO?

25-65. ITouemy xommiekcHas coib Ks[Fe(CN)¢] ouenn snoBu-
Ta, a K4[Fe(CN)s] —HamMHOro MeHblue?

25-66. Onpenennte BO3MOXKHOCTb B3aHMOJEHACTBHS B BOJHEIX
PacTBOpax CJeAYIOIIHX BEUIECTB M HAMMIUNTE YPaBHEHHs peaKuHi
8 COKpPaLIeHHOM MOJIEKYJ/ISIPHO-HOHHOB BHJE:

1) KyFe(CN)] +-NaNO,  4) K[Ag(CN),] + NH,OH
2) Ky[Fe(CN)] +-NH,OH  5) K[Ag(NO,),] 4 NH,OH
3) K[Ag(CN),] -+ NaNO, 6) K[Ag(NO,),] + KCN

25-67. Onpenenure, BO3MOXKHH JIH pPeaKkIHH 3aMeLleHHs JHraH-
XOB B CJIEAYIOLIHX KOMILIEKCax:
1) [HgBrg*~+F~ 4) [HgBry]*~ + CN™
2) [HgBry]-+-CI” 5) [HgBry]*- + NHy
3) [HgBrgJ*~+ 17

Kakue cBefleHHs] HYXKHBI JIJ5 OTBeTa?

25-68. Briuncaure pH 0,01 M Bomuoro pacrBopa AlCl;, Boc-
10/1b30BABLIHCH KOHCTAHTOH AHCCOLHAUMH Kzuce KOMIIEKCHOTO HO-
#a [Al(H20)e]3*

[Al(H,0)6]*+ = [Al(H,0);OH]** + H* - Kpuce = 1,12-10-%

‘Bruncaute pH Toro Xe pacrBopa no 3HayeHHI0 KOHCTAHTH JMCCO-
nuanuu nona Al(OH)?2+, paBHoMy 1,38-10~°. O6bsicHHTE NPHYHHH
PacxoxXAeHUsl pPe3yJbTaTOB, €CIH OHH OOHapyxKaTcs.

25-69. Paccuuratite pH 0,01 M pacrBopa CrCl;, ecan ans mpo-
aecca

[Cr(H,0)el**+ = [Cr(H,0);OHJ2* -+ H+
HOHCTAHTA JHCCOIIHALIMH pPaBHa

[Cr(H,0);0H2+] [H+]
Kauee = [Cr(H,0) %]

=1,3-104

25-70. KoHCTaHTH AMCCOIMaLlH
[3(H,0)gl+ = [3(H,0);OH)** 4 H*
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paBHH aas Al*+ 1.10~% u Cr3+ 1.10-% Paccuuraite pH pacrtso-
poB ¢ xouHuenrpauusamu 0,01 Moan/n noHoB Al*+ n Cri3+.

25-71. BesBonaunii xnopun xpoma CrCls pacrBopsieTcs B BojJe
oueHp MemseHHo. OJHAaKO IPH BBeleHHH B PacTBOP He3HAUHTENb-
Horo KoauuectBa xJopuna xpoma (II) CrCl, coms CrCl; ouenn GHI-
CTPO pacTBOPSIETCS M NOJydaeTcs TeMHO-3eJeHHH pactBop. M3 3rto-
ro pacTBopa nocJie yIapHBaHHS U OXJaXKAeHHS BHINALAIOT KPHCTAJ-
ab CrCls-6H;0. Ecnn nosnyuenHele KpHCTaJJIl CHOBa PacTBOPHTh
B BoJie H K pactBopy Ao6aButh pactBop AgNOj To B BHIe XJOpH-
na cepebpa ocaxjaercs TOJbKO OJHA TPeTh COAEPIKAIHXCS B pac-
TBOpe XJOpHA-HOHOB. Hamumure ¢opMysny KOMIJIEKCHOR COJNH H
Ha30BHTE ee.

Ecnu pas6aBieHHBEIHl PacTBOP TOH COJMH JNOJrO KHISATHTh, 3aTeM
oxjaauth ¥ npu 0°C HachIaTh ero XJOpPOBOJZOPOJOM, TO BHIMAaja-
10T (HOJeTOBO-roJMy6ble KPHCTAMJIB CONH XpoMa. I[Ipu BBeseHHH B
pacTBOp 3TOif COJIH HHTpaTa cepe6pa OCaXJAalOTCsI BCe XJIOPHA-
Honnl. Hanmnmure ¢opmynay sroit conu u HasoBute ee. (KoopauHa-
LHOHHOe yucjo xpoMa Cr3+ B 3TOH COJIM TaKXe pPaBHO ILIECTH).

25-72. TlpensioxeHsl ciaeqyiollHe CTaJHH 3aMeLIEHHSI XJOPHA-
HOHA Ha THAPOKCHA-HOH B KoMiuekcHoM HoHe [Co(NH;)sCl]2+

[Co(NHy)sCl]3* 4+ OH~ = [Co(NH;)4NH,Cl]* 4+ H,0 GrICTpast, paBHOBECHas
[Co(NHg)4NH,Cl]* = [Co(NHg)4NH,]*+ + CI- MelIeHHas
[Co(NHjg)¢NH,]?*+ 4~ HyO = [Co(NH,);0H]2+ GrICTpast

BriBeauTe KHHeTHUYEeCKOe ypaBHeHHe peakluu. Kak 3aBHCHT CKoO-
pocTs nponecca ot pH?

25-73. KoHcranTa CKOPOCTH TPaHc-yuc-ipeBpalleHus
[Ru(H:0)3Cl3] paBua 7-10—%y —! (298 K). BHIYHC/IHTE KOHCTaHTY
paBHoBecHsl. O6bSICHHUTE NPUUUHY NOBHILEHHOH YCTORYHBOCTH OJHO-
ro U3 usomepoB. Briuncante AG® npeBpalleHHsl.

25-74. ViMeloTcsl fRaHHBIE IO CKOPOCTH Oo6MeHa JIMraHIOB B aK-
BaKoMIIekcax xpoMma (25°C):

[Cr(H40)J2* ++ H,180 = [Cr(H,0)sH,0]2+ 4+ H,0 Typ =10 ¢
[Cr(H,0)]*+ 4+ H80 = [Cr(H,0)H,B0P+ + H,0 Ty =10 ¢

BrlunciauTe KOHCTAHTHL CKOpocTH peakuuid. Ilouemy peaxuun
cnenyer paccMaTpHBaTh KakK peakluH mnepBoro nopsaka? Kakoi
KOMILJIeKC XpoMa GoJiee crabujeH (TepMOAHHAMHYECKH, KHHETHYeC-
ku)? KakoBa npuunHa 60JbLIOrO pasjiHuMs B CKOPOCTAX peaKIHii?

25-75. KoncranTa HectofikocT HoHa ([Hgl,]%~

[Hgly)*- = Hg?** 4- 41~
paBHa
[(Hg**][I7]*

Kyeer = _[H—W =5,3-10-%1

HecmoTpss Ha cTOJbL BBHICOKYIO ycTofiuMBOCTh KoMmiekca [Hgl,]?—
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TpH BBEeEHHH B PacTBOP pafHOaKTHBHOro noma !3!I- moutu cpasy
Ke oGHapyxuBaeTcs B pactBope Kommiekc [Hg!3!l,]%
Koncranra necroiikoctu kKoMmmiekca [Fe(CN)g]4~ mpu noanoit
ILHCCOLHANHH
[Fe(CN)gJt~ = Fe2+ 4 6CN™
paBHa

[Fe2+] [CN~]® _
Kieer = recy,e = 1107

YTO YKa3blBaeT Ha OYeHb BBHICOKYIO CTaGHJIbHOCTb Kommjekca. IIpu
BBEleHHH B PacCTBOp LIHAHHJ-HOHOB, colepxkammux C, naxe uepes
5 cyr o6MeH LHAHHA-HOHAMH NPOXOAHT TOJbKO Ha 2%.

OO6bsicCHHTE CTOMb pas3iuyHOoe HoBefeHHe KommiaekcoB [Hgl,]?~
H [Fe(CN)g]4-.

25-76. I1poananusupyfiTe naHHHE MO PaBHOBECHIO (KOHCTaHT&
paBHOBecHst K) H CKODOCTH peaKLHii ¢ yuaCTHeM KOMIJIEKCOB KO-
6aapra (II) u (III) B BomHOM pactBope:

[Co(NHg)g]** + 6H3O+ = [Co(H,0)e]** -+ 6NH,*
npu 26°C K~ 1-10%%, ¢y, =1lc
[Co(NHg)gl?**+ 4+ 6HgO* = [Co(H,0)¢]2+ + 6NH, +

npu 25°C K~ 1-10%, ©y, cocTaBasieT HECKOJBKO HeJelb.

Kaxkoit BHIBOJ MOXKHO CHeJiaTb M3 3THX HaHHBIX?
25-77. O6bscHHTEe, NOYEMY CKOPOCTb peakuuH o6MeHa

[Co(NHg)sH,OJ** + SO4* = [Co(NHyg)sSO4]* + H,0

MOYTH He 3aBHCHT OT KOHLEHTPaUHH Cyab(daT-HOHOB.
25-78. Peakuuss o6Mena

[3(H,0),]8+ + H,*0 = [3(H,0)5H,*OP+ 4 H,0

H3yyaJacb NPH NOMOUIH BOJAH C H30TONOM KHcaopoxa !'80. ITosy-
YeHbl CJAeAYIOIlIHe JaHHhIE:

Eaxr, xIak/moms Sakt, DX/ (K-Moab)
Al(H,0)¢3+ 113 117
Cr(H20)¢3+ 113 41,8

Kakas u3 peakuuii Haer GhCTpee H moueMy?
25-79. O6wbsicHuTe, MOYeMy TaKasl, KasaJoch Gbl, IPOCTasi peak-

uusi o6MeHa 3JIeKTPOHAMH B BOJHOM PacTBope

Fe3+ | Fe2+ = Fe?+ | Fed+
KHHETHYeCKH 3aTpyAHeHa? KakHM cmoco60M MOXHO YCKOPHTH NpO-
ecc?

25-80. Komnuekcubie HOHE [Cr(Cy04)s]3~ 1 [Co(C20,)s]%~ He
OOMEHHBAIOT B BOJHOM pacTBOpPe OKCAaJaT-HOH Ha OKCa/jaT-HOB
C PajHOAKTHBHBIM YIJIEPOAOM, a B TakoM HOHe Kak [Al(C0,)s]?~
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O6MeH OCyLIeCTBJsieTcsi MrHOBeHHO. OOBSCHHTE IPHYHHE TaKOro
MOBe/leHHs HOHOB.

25-81. Ecau pactBopuTh KoMmiekcHylo coib [Co(NHj)e]Cls
B TsxkeJoii Boge D,O W 3aTeM BBIIENIHTb KOMIJIEKCHYIO COJb, TO
B MoJieKyJax aMMHaka oOHapyxkuBaercss pnefitepuil. Ilpemnoxure
MexaHH3M o6MeHa aTOMOB BOZOpPOJAa H JAedTepHs.

25-82. Peaknusi o6MeHa 3JeKTPOHAaMH B BOJLHOM pacTBOpe

Fe8+ _I_ Fe¢2+ — Fe2+ + Fe*3+
yCKOpsieTCs B NMPHCYTCTBHH OTPHLATENbHO 3apsiXKeHHBIX HOHOB X,
4TO0 0OBSCHAETCH CJAeLYIOUIHM MeXaHH3MOM:
Fe3+ 4 X~ = FeX2+
FeX2+ 4 Fe*2+ = Fe2+,, X...Fe*2+
Fe2+, . X.. Fe*2+ — Fe2+ |- Fe*X2+
Fe*X2+ = Fe*3+ | X~

VKaxuTe, KakHe OTPHLATeNbHbie HOHH X~ YCKOPSIOT Ipouecc?
ITouemy He BCce OTDHIIATEJbHO 3apsiXKeHHble HOHBI YCKOPSIIOT IIpO-
necc? KakoMy YCJIOBHIO JOJIXKHBE OTBe4aTb HOHBI X7

25-83. Peakuuio

[Co(NHg)sCOg]* -+ 2HgO* = [Co(NHg)sH,0** + 2H;*O + CO,

H3yyaJd NpH NOMOILHM MeYeHHOH paJHOAaKTHBHBIM KHcaopoxoM *O
BOAKI, NPH 5TOM He OOHApPYXHJHM DPaJHOAKTHBHOIO KHCJIOpOAa B
komnaekce [Co(NHj;)sHo0]3+. IIpeanoxure BO3MOXHEIA MexaHH3M
peaxIuy.

25-84. CxopocTb 3aMellleHHs] Ha BOJY JIHTaH[a, 3aBHCHT OT IpH-
poanl auranna. Tak, AJs peakuuu

[Co(NHg)sX]** + H,;0 == [Co(NH,)H, O+ -+ X~
CKOpOCTb O6MeHa H3MeHsIeTCs B PALY:
HCO;~ > NO;~ > 1> Br~ >H,0 > CI- > 502> F >
> CH,CO0~ > SCN- > NO,*

OnuiinTe B OGBACHHTE 3aBHCHMOCTh CKODOCTH peaKUHH 3amelle-
HUs B NOATPYNIle IaJIOreHoB.

4§ 26. OKHUCJIMTEJIbHO-BOCCTAHOBHUTEJIbHBIE PEAKILUH

26-1. KakoBo rjaBHOe OTJIHYHE OKHCJIHUTENbHO-BOCCTAHOBHTEJILHHX
peakuufl OT peaKUHH APYrHX THIIOB?

26-2. Nuxpomar-HoH CroO7;2~ B KHCJIOH cpefle, ABJASCH OKHCJIH-
TeseM, NepexodduT B HOH Cr3+. YpaBHeHHsI peaKUHH, 3alHCaHHbIE
3JIeKTPOHHO-HOHHBIM CIOCOOOM, COCTABJSIIOTCA B CJEAYIOIefl mocJe-
JZOBaTeJbHOCTH:

a) Cr,0,2- —— Cr8+

6) Cr,0,2- —> 2Cr3+

B) Cr,0,2~ —— 2Cr3+ 4 7H,0

r) Cry0q2- 4 14H* —— 2Cr3*+ 4 7H,0
B) CryOq2 + 14H* + 6™ = 2Cr3* 4 7H,0
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Onuuute 3/7eKTPOHHO-HOHHHIA crnoco6 noz6opa CTeXHOMeTpH-
YeCKHX KO3((HLUHEHTOB B YPaBHEHHSAX OKHCJHTEJbHO-BOCCTAHOBH-
TeNbHBIX peaKuuH. Bocno/sb3oBaBUIHCH CO3JaHHBHIM —aJITOPHTMOM,
cocTaBbTe ypaBHeHHe H noabGepHTe KO3 (DHIHEHTH:

$,042~ —> SO42-

26-3. Bocno/sb30BaBUIHCh 3J€KTPOHHO-HOHHBIM CIOCO60M mopGo-
pa cTeXHOMeTpPHYeCKHX KO3((pHIHEeHTOB, COCTaBbTe YpaBHEHHS
OKHCJIHTEJIbHO-BOCCTAHOBUTE/bHEIX PeaKlHH, PoTeKawlHUX Mo ciae-

Ayolled cxeMme:

1) Hy,0,, KI, HySOy — I,

2) H,S, H,0,, —— SO4%-, H,0

3) H,S, H,SOg —— S

4) H,0,, HIO; —> 1,, O,

5) H,0,, KMnO4, H,S04 —> O,, Mn?+
6) H,0,, K,Cr,0;, H,SO4 —— Cr3+

7) K,Cry0;, HyS, H,SO4 — Cr3+, SO,
8) Na,S,04, Cl, ——> SO,2-, CI”

9) Na,S,04, I, ——> S,042-, I~

10) H,S;04, HySO3 —— H,S304, H,S,04
11) FeClg, NayzS,03 — Na,S,0,

12) §404%-, I- —— I4~, SO,2-

13) NayVgOy7, KI, HySO5 ——> V,(S04)s, 81y
14) S, OH- —> SO42-, H,0

15) Sg, HNO; —— SO4%-, NO,

16) Hgy(NOy);, HNOy, O, —— Hg(NOy),
17) NH,OH, Fe,(SO4)3 —> N,O

18) NH,0OH, Fe(OH), —> NHj

19) NH,OH, Br, —> N,, Br~

20) N,H,, I, —> N,, I~

21) N,Hy, AgOH — N,, Ag

22) N,Hy, NaOH, Zn —— NH,

23) NaCrO,, H,0p, NaOH —— CrO,2-
24) KMnO,4, Na,S,0, — Na,S40,

25) HBr, HBrOg — Br,, H,0

BriyncanTe Macce 5KBHBaJIEHTOB OKHCJHTEJNEH H BOCCTaHOBHTeJeH.
26-4. Hafinute crexmoMerpuuyeckHe KO3((HLMEHTH B ypaBHe-
HHAX CJIEeNYIOIIUX NPOLIECCOB C Y4YacTHEM OPraHHYECKHX BellleCTB:

1) C,H;0H, HNO; —> CO,, NO
2) C,H;OH, Iy~, KOH — CO,, HCOO-, I~

3) CuH;, KMnO, —> HOCH,CH,0H, MnO,, KOH
4) CgH,, KMnO,, H,SO; —> CO,, Mn2+

5) C,Hs;OH, Br, —> C,H,Br,OH, HBr

6) CgHyCHy, HNO; —> C,H,COOH
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26-5. CocTaBbTe YpaBHEHHSI OKHCJHTEJbHO-BOCCTAHOBHTE/bHHX.
peakuuil ¢ yyacTHeM KOMILIEKCHBIX COeHHEeHHI:

1) Ky[Fe(CN)g], Br,, KOH ——> Fe(OH)y, CNBr, KBr
2) K4[Fe(CN)gl, Hy0,, H;SOy —— Ky[Fe(CN),]

3) KgFe(CN)g], Hy0,, KOH —— O,, K4[Fe(CN)4]

4) Fe(CN)g4~, Cet* —> Fe(OH),, Ce(OH)g, COg2-, NOg~
5) Zn, ClOy~, OH~ — Zn(OH),?*", CI~

6) Al, NOg~, OH- — Al(OH)s*-, NH,

7) K[Cr(OH),], Br,, KOH — K,CrO,

8) Al, NaOH, H,0 — Nay[Al(OH),]

9) K,[Sn(OH),], KOH, Bi(NOg); —> K,[Sn(OH)g]," Bi
10) Kg4[Fe(CN),], NH,0H, KOH —— Ky[Fe(CN)]

11) SnCly, HCl, HNOy —> NO, H,[SnCl]

12) SnCly, HgCl,, HCl — Hg, H,[SnCl,]

13) K,Cr,0,, SnCly, HCl —— H,[SnCl,]

14) Cr(OH),~, ClOg~, OH~ — CrO,2-, CI~

26-6. CocraBbTe YpaBHEHHS OKHCJIHTEJIbHO-BOCCTAHOBHTEJIbHBIX
peaxkuuil, B KOTOPHX OJHO H3 BEILECTB HAaXOJUTCS B KpHCTAJ/IHUe-
CKOM COCTOSIHHH:

1) FeSy, HNOg — Fe3+, NO

2) Fe;04, HNO; —> Fes+, NO,

3) FegO4, HySO4 —— Fed+, SO,

4) FeAsS, HNOg — Fe3*, AsQ43-, SO4%-, NO
5) FegP, HNOg —— Fe3*, PO,3-, NO

6) FeyP, HNOy — Fe3t+, POg%~, NO

7) Fe,P, HCl —— Fe?+, PH,, H,

8) Zn, CIOg~, OH™ —— Zn(OH),*-, CI~

9) Al, NOg~, OH" —— Al(OH)g*, NH,

10) CuFeS,, HNOy — Cu?+, Fed+, SO42-, NO
11) CuzFeSg, HNO; — Cu?+, Fe3+, SO,2-, NO
12) CuAsS; HNO; —— Cu?+, AsO43-, SO,

13) As,Sg, HNO; —— AsO43-, SO,4%-, NO

14) As,S4, HNOg ——

15) Co4Sq, HNOy —> Co2+

16) CuzAsSq, HNO; —— Cu2t

17) CugSbS;, HNOg —— Cu?+, Sb3+

18) NiSbS, HNO3 —— Sb3+

26-7. Ilpeackaxure NPOAYKTHl M COCTaBbTe YPaBHEHHe peak-
UK, o6ycJoBiuBamled pacTBopeHHe MHHepana Cu,S-FeS.SnS,
B KOHLIEHTPHPOBaHHOH a30THOH KHcjoTe. CocTaBbTe ypaBHeHHE pe-
akuuu, npeacrasuB (opMmyny MuHepasa B Bume CupFeSnS,.

26-8. Hanmimunure ypaBHeHHS peaKUHHl B3aHMOJEHCTBHS MHHepa-
JIOB C a30THOH HJIM CEPHOH KHCJIOTAaMH (KOHIUEHTPHPOBAHHHIMH H
pa36aBJeHHBIMH):

1) nupur FeS; 4) Gopuut CusFeS,
2) apceHonupuT FeAsS 5) peanbrap As,S,
3) xanpkonupux CuFeS, 6) nuppotun Fe;Sg
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7) xo6aneTuH CoAsS 13) auunnent Co3S,

8) nukenun NiAs 14) cmanbtut CoAs,

9) marnetut Fe;Oy 15) sputpun Co3As,Ss

10) npycur AgsAsS; 16) annaGeprur NisAs;Og
11) nupapruput AgsShS; 17) manaxur Cu,CO3(OH),
12) Gynauxeput PbsSb,Si; 18) asyput Cu;3(CO3)2(OH),

26-9. Tlpensnoxute cnoco6 moa6opa CTeXHOMETPHYECKHX KO03(¢-
<HIHEHTOB B ypaBHEHHH CJeAylollell peaKluH:

NH,CIO; + P —>"Cl,, N,, HgPO,, H,0

26-10. CocraBbTe ypaBHeHHsI peakUHuil (rie 3TO BO3MOXHO) cJje-
AYIOIIHX INPOIEeCcCOB, NMPOXOAAIIHX B BOAHHIX pacTBOpax:
1) Cr3+ —> [Cr(H,0),+
2) Cr%* —— Cr(OH)s (x)
3) [Cr(H,0O)g]3* —— Cr(OH), (k)
4) C%* — > CrO,~
5) Cr3+ —— CrO,4%-
6) Cr3+ — > Cr,0,%-
7) [Cr(H,0)a8* —> CrO,2-
8) [Cr(H,0)gl** —> Cr,0,2-
9) Cr(OH)s (k) —> CrO,2-
10) Cr(OH)g (k) —— Cr,0,2-
11) Cr,0,2~ —> CrO,2-
12) CrOg?~ —— Cr,0,2-
13) CrOgq*- ——> Cr(OH), ()
14) Cry0,2~ — Cr(OH), (x)
15) Cr(OH)(x) —— [Cr(H,0)¢J**
16) CrO,~ — CrOg2-

K kakoMy THNy peakuUMH OTHOCHTCA KaXXAHH mpouecc?
26-11. YkaxuTe, K KaKOMy THIy peaKUHH OTHOCHTCS IpeBpa-
flieHHe n-HUTPOTONyoJia B n-aMHHOGeH3a/bAerny;

OzN—Q—CH, — H,N— N—_cHo

Kak ocyllecTBHTb 3Ty peaKUHI0O MHHHMAJbHHIM YHCJIOM CTamHii?
Kakoit peareHT B Hau6oJiplllell CTeNeHH MOXKET YAOBJETBOPSATbL 3TO-
My YCJOBHIO?

26-12. Huxe pnaHbl NpHMepH peakUHH AHCIPONOPLUHOHHPOBA-
HHS:

3NO," + 2H* = NO,~ 4 2NO + H,0
2NO, -+ H,0 = HNO, + HNO,
3NaOCl = NaClO, + 2NaCl

VKaxuTe CyIIeCTBeHHbI NPH3HAK 3THX peakuuit (mpenyoxute
onpefeieHHe peakUHii THCIPONOPUHOHHPOBAHHA).

26-13. Ilpenckaxute NPONYKTHI peakIHH MeXIy Nn-HHTPOTOJYO-
JIOM H TOJHCYNb()UIOM HATPHS, HrPAIOLIEr0 POJb H OKHCJIHTENH,
H BOCCTaHOBHTEJS OAHOBPEMEeHHO.
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26-14. Huxke manbl NpEUMepH peakIH# BHYTPHMOJIEKYJISPHOTrO
OKHCJIEHHSI-BOCCTAaHOBJIEHHS:

H,S,03 = HySO3 + S
PCls = PCl; + Cl,

VKaxuTe CyLIeCTBEHHBIH NPH3HAK 3THX DPeaKUHii (mpeiasoxure
omnpeneseHHe peaKLUHil 3TOro THOa).

26-15. Naa okucnaenus 7,6 r FeSO, B cepHOKACJIOTHOM pacTBOpe
Tpebyercs 115 r GpoMHO# BOAH (HAcHIEeHHBIE pacTBOop OpoMa
B Boje). BpoMHas Boma 3amepsaer npu —0,465°C, KakoBa pac-
TBOpHMOCTh GpoMma B 100 r H,0?

26-16. Ons noadoro obecuseunsaius 40 ma 0,02 M pacrBopa
KMnO, (B cepHOKHCJIOH cpefe) moTpe6oBaJjicsi paBHEI 00beM pac-
tBopa H,0, u npu atom Bblgenujoch 44,8 M Kucaopoaa (yc/aoBHS
HopMasnbHbe). Kakoii o6beM 3TOro pacTBopa NepoKCcHAa BOAOpPOAA
norpebyercss nJs peakuun ¢ 25 ma 0,2 M pacrtsopa HomuAa Ka-
JIHUs?

26-17. B BogHOM pacTBOpPe CepOBOJAOPOJ OKHCJSIETCS HOIOM,
a B rasoBoii ¢a3e, Ha060pOT, cepa OKHCJSET HOLOBOJOPOA:

I3 (p) + H,S (p) = 2HI (p) + S (x)
S(r) 4+ 2HI (r) = H,S(r) + I, (r)

ITpuBenuTe BO3MOXKHBIE OODBSICHEHHS] 3TOTO SIBJEHHS.
26-18. Peakuus, nporekaiolias 1o cxeme

C4HsOH + CrOg + HySO; —> Cry(SOy)s + CHsCOOH + H,0

HHOTla HCIOJb3yeTcs AJs OGHapyXKeHHs aJIKOroJisi B BHIABIXaeMOM
Bo3ayxe. Ha ocHoBaHuH Yero CyAsT O HaJH4HH ajkoroJs? [lonGe-
pHTe cTexHOMeTpHYeCcKHe KO3(P(HUHEHTH B YPaBHEHHH PeaKLHH.

26-19. Kakue Hemocratku umeior KMnO, u KyCr,O;, HcmoJb-
3yeMble KaK OKHCJHTEIH B THTPHMETPHYECKOM aHaJH3e?

26-20. Bl 3Haere, 4TO JI0OOH OKHCJHTEJNbHO-BOCCTAHOBHTE/b-
HBEII Tpouecc MOMKeT OBITb NPENCTaBJeH JBYMs peaKIHSIMH — OKHC-
JIEHHS H BOcCTaHOBJeHHsl. Hanpumep, ans B3auMONEHCTBUS HUTPH-
Ta KaJusi W NepMaHraHaTta Kajus (B KHCJIOH cpele) TaKHMH peak-
LHSIMH SIBJISIIOTCS:

MnO,~ -+ 8H* 4 5e~ = Mn2+ - 4H,0
NO,” + H,0 — 2¢~ = NO,~ - 2H*

[TpennoxuTe ycTpoHCTBO, MO3BOJSAIOLIEE OCYLIECTBAATh 3TH pe-
aKIUY pasjelbHO. YKaXHTe YCJIOBHS AJS1 OKHCAHTENbHO-BOCCTAHO-
BHTEJbHOTO Ipollecca, NMPH KOTOPHIX MOXKeT GHITh MOJYY€HO MaKCH-
MaJibHOe Ko/1M4yecTBO paboThl. Kakue M3MeHeHHsl CjellyeT BBeCTH B
npu6op, AJs TOro 4ro6bl O6ecHeyuTh OYeHb ObICTPOE HJHM OYeHb
MeJlJIeHHOe NpOTeKaHHe Ipouecca?

26-21. TlpeasioxuTe OKHCJIHMTENbHO-BOCCTAHOBHTEJbHYIO peak-
LHI0, KOTOpasi NM03BoJsia Gbl CPaBHHBAThb IO 3. [.C. rajbBaHHUec-
KHX 3/IeMeHTOB OKHCJHTEJbHO-BOCCTAHOBHTEJbHBle peakuuu. Kako-
Bbl Tpe6OBaHHA K 3TOH peakuuu? CKOHCTPYHDPYiHTE yCTPOHCTBO AJs
IpOBeJeHHs1 peakUHH W CPaBHEHHS 3. 14.C. KaKoBH HOJXKHB OHITh
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PHC. 26-1 PUC. 26-2
KOHIIEHTPAllMH (aKTHBHOCTH) pear:HpylollHX BellleCTB H JaBJeHHE B
PeaknHOHHOH CHCTeMe NPH OCYLIeCTBJEHHH peakKUHi?

26-22. [loueMy nJ1i TOYHOrO M3MepeHHs 3. A.C. rajJbBaHMYECKOro
3JIeMeHTa Heslb3sl HeNOCPeNCTBEHHO HCNOJb30BaTh TIaJbBaHOMETP
(zaxe mpenusuoHHBIH)? Kakoit cmoco6 H3MepeHHSI 3. A.C. caefyeT
INPHMEHSATh?

26-23. Ha puc. 26-1 nso6paxkeHa cxeMa rajbBaHHYeCKOro sJe-
MeHTa, COCTOSILIEro H3 BOZOPOAHOrO 3JeKTpofa M Mn?+/MnO,~-
ajeKTpoga. IIpy Kakux yc/lOBHSX BOJBTMETD IOKa)KeT paBHOBeC-
HOe H CTaHJapTHOe 3HayeHHe 3. I.C.?

26-24. Ha puc. 26-2 nokasaHa 3jeKTpuueckasi cxeMa AJsl H3Me-
peHHsl 3. 1. C. raJpBaHHueckoro aJsemeHra (AB — comporuBienue).
Ha kaxoM npuHuHIe nocTpoeHa cxeMa? BriBenure ¢opMmyay AJas
pacuera 3. 1.C. raibBaHHyeckoro 3jieMenta E,. Kax BB cuHTaere,
B MOMEHT H3MepeHHs 3.[.C. peaKlHsl coBepuiaerT paboTy HJH HeET?
UTO NPOUCXOAHT B CHCTEME B MOMEHT H3MEPEeHHUS?

26-25. C Kako# LeJbl0 NPU U3MEPEHHH 3. 1.C. rajbBaHUUECKHX
9/1eMEHTOB KOMIIEHCAlMOHHBEIM MeTOJOM B 3JE€KTPOH3MEPUTENbHYIO
cxeMy KpoMe Oarapeil (HIH aKKyMyJsiTopa) BKJIOYAIOT 3JEMEHT
BecTtona, oranuarouuiics cTrabUAbHOCTBIO 3. I.C.?

26-26. Kakoe uymncso creneHeil cBOGOAB MMeeT pPeaKUHOHHAs XH-
MHYecKasi CHCTeMa, eCJH Ipolecc NpPoTeKaeT: a) B OOGHIUHOM XHUMH-
YeCKOM cTakaHe, 6) B rajbBaHHYECKOM 3JIEMEHTEe?

26-27. 3nas, uTo H3MeHeHHe H300apHOro MOTeHLUMAasNa B MpoLec-
ce peaKUHH PaBHO MaKCHMaJbHOH pabore:

A= —AG°
H 4T0 paboTa rajbBaHHYECKOro 3JeMeHTa paBHa:
A = nE°F

rje n— YHCJO YYacTBYIOIIHX B OKHCJHTEJbHO-BOCCTAHOBHTEJbHON peakuuH 3Jex-
TpoHCB; E°— 3. 1. c.; F — uncno dapanes.

BbIBeAHTE COOTHOILUEHHEe, CBs3bIBarolliee AG° npouecca ¥ 3. A4.cC.
raJJbBaHH4YeCKOI'o 3JieMeHTa. yKamee yCJa0BUSA CaMOHPOHSBOJIbHOI‘O
IIPOXOXKIEHHUA IIpoliecca B rajbBaHHYECKOM 3JIeMEHTE H yCJOBUA
CaMOIIDOHU3BOJIbHOIO IIDOTEKAHUSA OKHCJIHTEJbHO-BOCCTAHOBHTEJILHOM
peaklHy B XHMHYECKOM CTakKaHe (HJH APYroM cocyne).
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26-28. Brisenute (¢opMyJay, NO3BOJSIOWYI0 IO CTaHAaPTHHIM
9JIEKTPOAHBIM IOTEHLIHANaM IPOLLECCOB OKHCJEHHS H BOCCTaHOBJIE-
HHS BBHIYHCJIHTH KOHCTAHTY PaBHOBECHSI OKHCJHTENbHO-BOCCTAHOBH-
TeJbHOH peaKLMH.

26-29. PaccuuraliTe KOHCTaHTy paBHOBecHs peakuun (298 K)

Fe2+ 4 Cet+ = Fed* - Ced+
€CJIM CTaHJapTHble 3JIEKTPOAHbIE INOTEHIHAJNBI COCTABJAIOT
Cet+ ¢~ = Ced+ E°=1,65B
Fes+ 4 ¢~ = Fer+ E°=0,77B

Kak MOXHO yCKOPHUTb peaKuuio B3aumoneicTBus Fe?t m Cett?

26-30. BOo3MOXKHOCTP NPOXOXKIEHHS! OKHCJIHTENbHO-BOCCTAHOBH-
TeJbHOH peaklUHH ONmpelelsioT CJAelyIOIHM o6pa3oM. YpaBHeHHe
peakuuu ciaenyeT MpeICTaBUTh B BHAe J[ABYyX NOJypeakKuuH,
3aMHCaHHBIX KaK TIPOLECCH BOCCTAHOBJIEHHS (TIepel 3HAKOM
paBeHCTBa NMpHGABJAIOTCSA 3JEKTPOHHI); PSLOM C ypaBHeHHeM clpa-
Ba 3aNHCHIBAIOT HalileHHOe H3 CHPaBOYHBIX TabJIHL OTBeyaiollee
eMy 3HaueHHe CTaHIAPTHOrO 3JeKTPOAHOro noreHuuasna. OpHo u3
ypaBHeHHIi clelyeT NmepelnHcaTh B NPOTHBONOJOXHOM HaNpaBJieHHH,
[NpH 3TOM H3MEHSIOT 3HaK 3JeKTPOLHOTo NMOTeHUHasna. dTo ypaBHe-
HHe CYMMHDYIOT C JPYIrHM ypaBHEHHeM, a 3JeKTPOJIHble NOTEHLHa-
Jbl TONypeakiuil ckJaabiBaloT. IIpH 3TOM cTexHoMeTpuyeckne Ko-
3(p¢hULHeHTH MOJypeakKUHH YMHOMXKAIOTCA Ha TaKHe 4HCJa, YTOOBI
YHC/a NMPHHATBHIX H OTJAaHHBIX 3JIEKTPOHOB GBIJIM paBHBEL. DJEKTPOJ-
HBle NOTEHUHA/J Bl Ha 3TH YHCJAa He YMHOXAKOTCHA, a ajre6paHyecKH
CKJIaJbIBAIOTCS.

[TonoxutenpHoe 3HayeHHe 3.A.C. (aiare6panuyeckass cymma Io-
TeHLHAaJNOB NOJypeaKIui#) COOTBETCTBYeT OTPHLATENbHOMY 3Haue-
HHIO H3MeHeHHst H300apHoro moreHuuana (AG°=—nE°F, rae
n — 4YHCJO YyYacCTBYIOIIHX B OKHCJHTENbHO-BOCCTAHOBHTENbHOH peak-
UM 3JeKTPOHOB) M OHO NOKa3BIBAaeT, YTO PeaKlLHs BO3MOXKHA, T. e.
fpoTeKaeT B TOM HaNpaBJieHHH, B KOTOPOM 3alHCaHO ypaBHEHHe.
Ecau 3. 1. c. oKa3anach OTPHLATEJNbHOM BEJIHUYMHOH, OTBEYaIOIIUH
el npouecc TepMOJHHAMHUECKH HeBO3MOXeH. JIPYrHMH CJOBaMH,
IS BBIYHCJEHHS 3. J.C. rajJibBaHHYecKoro sjeMeHta E cieayer us
3HAYeHHs INOTeHlUHaJa 6oJiee MOJOXKHTEIbHOTO 3JEKTPOAA BHIYECTHb
3HaueHHe MeHee IOJOXHTEJNbHOro (60Jee OTPHIIATENLHOrO).

Onpenennm Bo3MoxHOCTb B3auMogelcTBuss NO,~ u MnO,~. U3
CIPaBOYHBIX TaGJHI, HAXOMUM:

MnO,- + 8H* - 5e~ = Mn2* - 4H,0 E°Mn*+Mno~ = +1,51 B

NO;~ 4 2H* 4+ 2¢~ = NO,~ 4 H,0 EONOZ"/NO:,— =-+41,94B
lla.flee nocrynaeMm, Kak 6BLJIO CKa3aHO BHILLE:
X5 | NO,~ 4+ Hy0 — 2¢™ = NO4~ 4 2H+ EONOS—/NO,— =—0,94B

X2 | MnO,~ + 8H* 4 5e-=Mn?2* 4~ 4H,0 E°Mu+ Mo~ = +1,51 B
2MnO,~ + 5NO,~ + 6H* = 5NO,~ ++ 2Mn2* + 3H,0
E°=1,51 —0,94 = 40,57 B

16* 243




CocraBbTe aJropuT™M (KpaTkKoe W CTPOroe INpeNNHCaHHe) [JA
onpefieieHHs] HaNpaBJEHHST OKHCJIHTENbHO-BOCCTAHOBHTEJBHOR pe-
aKIMH H pacyera 3.[.C. TaJbBaHHUYECKOTO 3JeMeHTa, B  KOTOPOM
nporekaer ata peakuus. [Ipenyoxure Apyrue cnoco6bl (keJsaresb-
HO 6oJiee NpOCTHIE) ONpeleJeHHsT BO3MOXKHOCTH NPOTEKaHHS OKHC-
JINTENbHO-BOCCTAHOBUTEILHOM peakuun B BOAHOM pacTBOpe IIpH
CTaHAAPTHBHIX YCJOBHSIX.

26-31. IloueMy npu omnpeleneHHu 3. A.C. rajbBaHHYECKOro 3Je-
MeHTa, B KOTOPOM HpPOTEKaeT OKHCIUTENbHO-BOCCTAHOBHTENbHAS
peakius, JOCTATOYHO CJOXKHTb (HJIH BBHIUECTb) 3HAUEHHS 3JIEKTPOA-
HEIX IOTEHLIUAJIOB NOJYypeaKUHil, He NDUHMMAas B pacueT YHcaa
3JIEKTPOHOB, YUaCTBYIOIIUX B PeaKUHH?

26-32. B Ta6auue cTaHAAPTHBIX NOTEHLHAJNOB HaiauTe Hanb6oJb-
llee H HaHWMeHbllee 3HaueHHs MoTeHUHA0B. OGBICHHTE, IOUeMY
HeH3BeCTHH 6oJiee BBHICOKHEe H HH3KHE 3HAYEHHS IIOTEHI[HaJOB?

26-33. IlocMoTpHTE, CKONBKO 3HAYEHHH CTaHAApPTHHIX NMOTEHLUHA-
JIOB NpeiAcTaB/JeHo B Tabaule noreHuuanoB. Omnpepenaure uHCJIO
peakuu#i, AN KOTOPHIX MOXHO PacCYHTaTh 3. A.C. rajbBaHHYECKHX
3JIEMEHTOB.

26-34. IlpennoxuTte NpaBHJIO, COTJIACHO KOTOPOMY OKHCJIHTEJb-
HO-BOCCTAaHOBHTEJbHYIO pPeaklHI0 B BOJHOM pacTBOpe MOXKHO Mpex-
CTaBHThb KaK INpPOTEKAIOIIyI0 B TrajlbBaHHYECKOM 3JIEMEHTe.

26-35. MOXHO J1M NPHIOTOBHTb PACTBOPHI, aHaJOrHYHbie Gydep-
HBIM, B KOTOPBIX COXPaHAJOCh GBI MOCTOSIHHBIM 3HayeHHe 3JIeKTPO[-
HOro NoTeHIHaJna?

26-36. B onHoM M3 mocobGuit HamHCaHO, YTO €CJH CONOCTaBUTb
KHCJIOPOAHBIE KHCJOTHl XJIOPa IO BaXKHEMIIHM MAJS HHUX XHMHYec-
KHM CBOMCTBAaM — KHCJIOTHOCTH H OKHCJHTEJIBHOH AKTHBHOCTH, IO-
Jyqaercs cAefylollasi cxema:

Y CHJIEHHE KHCJIOTHBIX CBOHCTB
HCIO HCIO, HCIOg HCIO,
-—

ycujaenune OKHCJINTEJIbHOH aKTHBHOCTH

YUro aBTOp INOHMMaeT NOJ TEPMHHOM <«OKHCJHTEJNbHAf aKTHB-
HOCTBb»?

26-37. YKaxure, Kakoif ra3 BbIeNsieTcsi NPH B3aHMOLEHCTBHH
NHOKCHAA Maprasia ¢ CepHOH KHCJIOTOH mpH cm+=1 Mmoap/a. [Ipu
B3aHMOJEHCTBHH C KOHLEHTPHPOBAHHOH XJIOPOBOJOPOAHOH KHCJIO-
TOH BhAensieTcss XJop. Hanummure ypaBHeHHsT peakuuit H 06bsiCHH-
Te, I0YeMY 3TH PeaKLUH BO3MOMKHHI.

26-38. Tlpoananuaupyiite BO3MOXHOCTh B3aHMOAEHCTBHSI a) mep-
xaopat-uoHa ClO4~ u mepmanranar-nona MnO,~; 6) nepxJopar-
HOHa M JHOKCHIa Maprasua.

26-39. Kakoil pacTBop npeAnouTHTeNbHee HCNONB30OBaTh  [IJifl
MOJIyYyeHHs] Cephl: CePOBOJAOPOAHYI0 BOAY HJH PacTBOp CyJabduaa
HaTpus? Kakue faHHble HYXKHBI JJIsi OTBETA?
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26-40. Huxe mpuBe/leHb! 3HaueHHsl CTAHJAPTHBIX MOTEHIHAJIOB
raJioreHoB:

DNeKTPOxR Peakuus E°, B
~/F, Fy+2 e~ =2F- 42,87
Cl-/Cl, Cly+2e~=2Cl- +1,36
Br—/Br? Bry+2 e—=2Br— 41,09
I_/Iz Iz+2 e—=2I- +0,54

Kak n3MeHsIeTCS OKHCJHTENbHasi CIOCOOHOCTh rajloreHoB B BH-
Jle TIPOCTHIX BELIeCTB NpPH Iepexole oT ¢ropa K Hoay? Kako# ra-
JIOTeH HMeeT aHOMaJbHBle cBoficTBa? C MOMOIIBIO KAKOro rajoreHa
moxHo nepeBectH Fe?t B Fe3t (Fe3t+e~=Fe?¥, E°=+0,77 B)?>
26-41. MOXHO JIH HCIOJB30BaTh AHXPOMAT KaJjHf B KauecTBe
OKHCJIUTENS AJI OCYLIeCTBJEHHS CJAEAYIOLUIHX NPOLecCcOoB IPH CTaH-
NapTHHX YCJOBHSAX:
1) 2F — 2~ =F,
2) 2CI- — 2~ = Cl,
3) 2Br~ —2¢* = Br,
4) HNO, 4 H,0 — 2~ = NO,~ 4 3H*+
5) Mn2+ 4 4H,0 — 5e~ = MnO,~ + 8H*
6) 2H,0 — 2¢~ = H,0, + 2H+
7) H,S— 2~ =S 4 2H+

26-42. O6bscHHTE, OYEeMYy a30THYIO KHCJOTY MOXKHO HCIOJBL30-
BaTh OJf IOJY4YeHHs IHOKCHAa yrjaepoja H3 KapboHaTa HaTpHs,
HO HeJb3s NMPHMEHSATH IJIS MOJYYeHHs] JHOKCHAA CepHl H3 cyJabHTa
HaTpHA.

26-43. Tlpounecc B3aumogeiictBuss MnSO, 1 KMnO, B cpene
KOHIEHTPHPOBAHHOH CEpHOH KHCJOTHI MOXeT ObITb OINHCaH ypaBHe-
mueM: 3MnSO,;+2KMnO,+8H,SO,=5Mn (S0,) .+ K.SO,+8H.0.

UeMm 06bsicHSIETCS, YTO MPOAYKT peaKUHWHd HMeeT YepHBHIN IIBeT.
[Tpenpnoxure  ApyrHe  ypaBHeHHs IIpollecca B3auMOIEHCTBHUSA
MnSO; 1 KMnO,4 u cnoco6bl J0Ka3aTeJbCTBA MX NPaBHJbHOCTH.

26-44. Briuucaure AJ5 CTaHAAPTHHIX YCJIOBHH 3. [I.C. 3JeMeHTa,
cocTosiero H3 3jektponoB Mn?+/MnO,~ u Hy0./O; v HanmumuTte
ypaBHeHHEe CaMONPOH3BOJIbHO NPOTEKaOUIeH PeaKUnt. E°mno,~/mn+=
=+l,5l B, E°H202/02=+0,68 B.

26-45. Bo3MoxHa /i peakuus MeXAy INepMaHraHATOM KajHsl H
METHJIOBBIM CIOHPTOM B KHCJOH cpele ¢ o0pa3oBaHHeM MeTaHa?
EOCH4/CH30H= +0,59 B; EOMno_l—-/ansl-=+],5l B.

26-46. Bo3MnxkHa /1 peaKUHss MeXJy NepMaHraHaTOM KaJiHsl H
maseseBoit xkucmoton H,C,O4 B KHCIOH cpefe ¢ ob6pasoBaHHeM
Avokcupa yraepoaa?  E°y.c.o0,c0,=—049 B; E°Mno/mnt+=
= +1,61 B.

26-47. Jlokaxute, 4TO B3auUMOAefcTBHE [OHUXpoMaTa KaJHs C
AHOKcHAOM cepbl SOp M Cy/NbGUT-HOHAMH B KHCJIOM pacTBOpe BO3-

MoxHo. CraHnapTHHe 3JeKTPOAHblE IIOTEHUHAJbl paBHB: IS
Cr*+/Cr,0,2~=+1,33 B, H,S0;/SO.*~=+0,17 B, S/H:;SO3=
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=+40,45 B, HS,0,~/H,SO3;=—0,08 B, SO,2-/S;032~=—0,58 B,
H2503/82032_=—0,40 B.

26-48. Onpenenure BO3MOXKHOCTL peakuuun Mexay FeSO, wu
KMnO, B kucjao# cpene, ecau noreHunan E° pns Fe?t/Fedt u
Mn?+/MnQ4~ paBeH coorBercTBenHo +0,77 u +1,51 B.

26-49. Hanumute ¢opMyJibl, CBS3bIBalOLHe a) H3MEHEHHE H30-
6apHOro NMOTeHIHaJa U KOHCTAHTYy paBHOBeCHs, 6) M3MeHeHHe H30-
GapHOrOo MOTEHUHasna H 3. [.C. raJbBaHHYECKOro 3JjieMeHTa. BhiBe-
nute ¢GOpMyJy AJS BBIUHCIEHHS KOHCTAHTHI PaBHOBECHS OKHCJIH-
TeJIbHO-BOCCTAHOBHTE/NBHOH peaKIHH IO 3HAaYeHHI0O pPaBHOBECHOH
3. . C. TaJJbBAHHYECKOTO 3JeMeHTa.

26-50. TepMomMHaMHUeCKHe XapaKTeDHCTHKH BellleCTB, NpPHHH-
MaloIUX Yy4YaCTHe B OKHCJ/IHTEJIbHO-BOCCTAHOBHUTENBHOH peaKUHH
(BoaHHI pacTBOP)

5NO,~ + 2MnO,~ - 6H* = 5NO;~ - 2Mn2+ - 3H,0

cJaeayiomue:
AM6p, 908 S°298, JL/(K-Momb) 8HC o6, 908 S°208, JLx/(KeMomb)
KJl)Kﬁlonb KJ1 K /MOJIb
NO,~  —104,6 —140,2 Mn2+  —220,5 —66,9
NO;-  —207,4 —146,8 H0  —285,8 —70,2
MnO,~ —533,0 —196,2

Boiunciure AH®, AS°, AG° 1 KOHCTaHTYy PaBHOBECHSI peaKLHH
IpH cTaHZapTHOH TeMmmepartype. Paccunraiite TakXe AG°29s U KOH-
CTAaHTy DPaBHOBECHS, BOCIHOJIb30BABIUHCh CTAHJAPTHBIMH 3JIEKTPOJ-
HBEIMH NOTEHLHAaJaMU

NO,~ -+ 2H* + 2~ = NO,~ + H,0 E° = +40,94B
MnO,~ + 8H* - 5e~ = Mn2* + 4H,0 E°=-+1,51B

OG6bsICHHTE NPHYHHY PACXOXKAEHHs IOJYYEHHBIX 3HAYEHHH, ecJH
OHH O6GHapyXKaTcs.

26-51. BriuncauTe KOHCTAHTY PaBHOBECHs peakKIHH AHCIPONOp-
LIHOHHPOBAaHHUS B BOJHOM pacTBoOpe

2Cut = Cu?t 4 Cu (x)
€CJIH
Cu?t 4 e~ = Cut E°=0,15B
Cut+ e~ = Cu (x) E°=0,52B

26-52. K KpHcTa IHYeCKOMY AMXPOMATy KaJHs NMPHUIHBAIOT KOH-
LLEHTPHPOBAHHYIO XJOPOBOJAOPOAHYIO KHCJOTY. CMecCh cJierka IHojo-
rpeBalor. Habuonaercss BoigeseHHe rasa 6JelHO-3KeJTOr0 ILBeTa.
Hanumnte ypaBHeHHe peaKLHH, NOAOepHTe CTEXHOMETPHUECKHe KG-
3(pdHIHEHTH H 00BSICHHTE BO3MOXKHOCTb NPOXOXAEHHS 3TOH peax-
LUK, €CJIH CTaHAapTHBEIE 3JeKTPOAHblE MOTEHUHAJNbl PaBHBI

Cr,0,% + 14H* - 66~ = 2Cr3+ - 7H,0 E°=-1,33B
Cl, + 2~ = 2CI- E°=+41,36B
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26-53. Mcxons M3 ypaBHeHH# NJs1 pacueTa H3MeHeHHs H3006ap-
HOTO NOTEHIMaJa MPH CTaHAAPTHHIX H HECTAHAAPTHHIX YCJIOBUAX

AG° = —nE°F
Cdncf F
ca

AG=AG°+ RT In 5
AC'B

rje Ca, Csy, Cp H CF—J]!OﬁHe NPOH3BOJIbHEIE KOHIEHTPAlLHK BELIeCTB, YYaCTBYIOLIHX
B peakLHH
aA 4 6B = dD 4 fF

BhIBeluTe ypaBHeHHe HepHcra, mokaseiBaiolllee 3aBHCHMOCTb 3JeK-
TPOAHOro NMOTEHIHaNa OT KOHIEHTPalMii pearvpymolluxX BelllecTs.

26-54. Onpeznenute BO3MOXKHOCTb B3auMojeicTBusl HoHa Cro0,%~
¢ vonoM Cl~ npu CTaHZapTHHIX YCJOBHSIX M B 2 M pacTBOpe XJO-
posopopoznnoit kucaorel. Ias Cr3+/CryO.2~ u Cl7/Cl; notenunan
E° pasen coorBercTBeHHO 1,33 u 1,36 B.

26-55. OnuuuTe, Kak Mo ABYyM 3HaueHHSM pAaBHOBECHOH 3. 1.C.
NpH ABYX TeMIepaTypax MOJYYHTb TePMOAHHAMHUYECKHe XapaKTepH-
CTHKH peaKIHH.

26-56. s nmpouecca

@A + bB = dD + fF

H3MeHeHHe H3006apHOro HOTEHLHaka IpH JIO6BIX (HeCTaHXApTHBIX)
3HAayeHHAX KOHIEHTPaUWi peardpylollux BellecTB BBIYUC/ISETCS IO
dopmyJe

d_nf
AG= AG® + RT In =22E.
c%pcly

st TOro e mpoluecca 3JeKTPOAHBIH NMOTeHUHAJ NPH JIOGHIX (He-
CTaHJapPTHHIX) KOHLEHTPAlMAX BellleCTB BBIUHC/SAETCS IO (opmyne
Hepncra:

RT CdDCfF
E=E°— "y In

c?ac’p

CpaBuuTte o6e popMyabl. YKaXuTe NPHUHHY UX CXOACTBA M pas-
anuus. [Touemy Bo BTOpO#l ¢opMyJie NMOCTaBJeH 3HAK MHHYC?

26-57. YpaBHenue HepHcra nas 298,15K umeer Bun:

0,0592 | redpe/p

n c?ac’p

[lonyuute 3TO ypaBHeHHe, IOACTAaBHB COOTBETCTBYIOIIUE IIOCTO-
siHHble B (OopMYyJy, IPHBEAEHHYIO B IpelblAylllell 3ajmaye.

26-58. BrluncauTe CTaHAApPTHHIA 2JMEKTPOAHBIA IOTEeHUHAN AJs
snekTpoga Mn2+/MnO,~, ecnu IO OTHOLIEHHIO K CTaHZAPTHOMY BO-
JOPOAHOMY 3JIEKTPOAY 3HaueHHs NOoTeHUHuansa E npu ciaenyrouux
YCJIOBHSAX COCTaBJSIOT:

E =E°

1) cmn2+ = ¢Mno,~ =1 Moab/, pH =3, E=1,266B
2) cmn?t = cMno,~= 0,01 Moas/n, pH =3, E=1,226B
3) emn2+ = 0,01 mMomp/at,  cmno~=0,1 mMoas/1, pH=2, E=1,332B
4) cmn?+ = cMno,~ = cut = 0,01 moab/a, E=1,321B
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26-59. Bocnonb3oBaBuinch ypaBHeHHem HepHcra, BhIBeIHTe
dopMyay nJasi pacyera 3.JA.C. rajbBaHHYECKOro 3jeMeHTa, B KOTO-
pOM IpPOTEKaeT OKHC/IHTEeNbHO-BOCCTAHOBHTENbHAs peaKUHs IpH
JIIOOBIX KOHIIEHTPAlHAX pearHpyiollHuX BellecTs.

26-60. HomycTuM, 4TO TeMmnepaTypHas 3aBHCHMOCTb 3. A.C. raJb-
BaHHYECKOro 3JeMeHTa HMeeT BH[:

3. f.c.=a- 6T

Yemy paBubl AH° u AS°® peakuuu, npoTekaolleil B rajJbBaHHYeCKOM
3JIeMeHTe?

26-61. Onpenennte, BO3MOXHA JH peakuuss Mexny KMnO, u
KBr B KHCJIOM pacTBope NpPH CTAaHLApPTHBIX YCJOBHSIX H IIPH
Ckmno, =0,01  Mouab/a,  Cmnz+ =0,0001 MoJB/N,  CBr—=Cyr,=
=0,01 moap/a, pH=2. CrannapTublii noresunan aas Mn2+/MnQO4~
n Br—/Br? paBeHn coorBerctBeHHo 1,51 u 1,09 B.

26-62. OnpenenuTe BO3MOXKHOCTb NPOXOXKAEHHS peaklui, pac-
CMOTPEHHBIX B 3ajauax 26-44, 26-45, 26-46 nmpu HecTaHJapTHBIX ycC-
JoBusx. KoHuneHrpauun uHoHoB U pH pacTBOopoB 3azmaiitTe caMu.

26-63. Co6pana rajbBaHHYecKasi LeNlb H3 3JeKTPOJAOB

NO;~ + 2H+ 4 2¢~ = NO,~ + H,0 E° = 40,940 B

MnO4~ 4- 8H* - 5e™ = Mn?* 4 4H,0

BrIYHCJAHTE CTaHAApPTHHI NOTeHIHa  ajekTpora Mn2+/MnO,~, ecan
3. 1. C. LleNH NpH CJeAYIOIIUX YCIOBHSIX paBHA

1) CNOg~ = ONO,~ = CMnO,~ = CMn?+ = Cp+ = 1 moab/a, 3.p.c.=0,570B
2) CNOg~ = CNO,~ = CMn?*+ = CMnO,~ = 1 moan/n, pH=3, 3.n.c., =0,286B
3) CNOg~ = ENO,~ = 1 MoAb/NI, Cmn2t = CMno,~ = CHt = 0,01 Mmoab/n,

pH=2, 3.p.c.=0,499B

26-64. Uem oObscHseTcss pas3jiHule B CTAHAAPTHBIX 3JEKTPOA-
HBIX TMOTeHIHaJgax

[Co(H,0)e]3* + &~ = [Co(H;0)]2* E° = +1,84B
[Co(NHp)e]** + e~ = [Co(NHg),J2* E° = +0,10B

Kakoe BaJjieHTHOe cocTOosiHHe KoGasabTa O6oJiee YyCTOHYHBO H Kak
BJHSAIOT JIMFAHABI Ha YCTOHYHMBOCTh KobGasbTa B TOM MJH HHOM Ba-
JIEGHTHOM cOCTOsiHMH? Kako#t U3 MOHOB 60Jlee CHJbHBIH OKHCJHTEJb?

26-65. O6bsicuHTe, MoueMy NpUCyTCTBHe HOHOB CN~ oGJieruaer
nepexon HoHOB Co2*+ B Co®t, a noHoB mMenu Cu?t B Cut.

26-66. B xakoM BHJe [BYXBa/ieHTHHIH KOOaJbT mnposiBaser 60-
Jiee CHJIbHbIe BOCCTaHOBHTeJbHHE cBoiictBa — B BHJe [Co (H0)¢] %+
(t. e. Co?*t) nau B Buae [Co(NHs)e]?+? DTu HOHH npeBpamalorcs
B HoHH [Co(Hz0)e]%+ (r. e. Co3+) um [Co(NHs)g]%+ coorserct-
BEHHO.

26-67. B kakoM BHJe TpeXBaJIeHTHHH Ko6GaJjbT GoJsiee cTabu/eH
H B KakOM IposBJseT 6oJiee CHJIbHBIE OKHCJIHTENbHble CBOHCTBA:
[Co(H20)6]%* unu [Co(NHj)g]3t?
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26-68. O6bsacHUTE, NTOUeMy IPH BBeJeHHH (TOPHA-HOHOB B cJja-
60 kucanii pacrBop FeCl; oH nmoutn obecuBeynBaercsi ¥ BOCCTaHOB-
nenue HoHa Fe?t po Fe2?+ 3amerHo obJeruaercs.

26-69. Kak Bausier npuGasiendne NH;, Cl- u SCN— k pactBo-
paM coJell JABYXBaJleHTHOro ko6GafnbTa M MeIH Ha HX CTabHJb-
HOCTB?

© 26-70. B KaKOM COCTOSIHHH TPeXBaJIeHTHOe xKeJse30 6oJjiee CHJb-
Hbiii oxucautens — B Buje [Fe(Hq0)6]3*, 1. e. Fe3t niu B Buge
[Fe(CN)g]3~? VYxka3aHHBe HOHBHI NepexoAsiT B MOHH Fe?+, T e,
[Fe(H20)¢]%* u [Fe(CN)es]*~ cooTBercTBeHHO.

26-71. B kaxkoli cpefe (KHCJOH HWJIH 1IesOYHOH) HamGoJjiee CHJIb-
HO BBbIpaXKeHbl OKHCJHMTeNbHEIE CBOHCTBa coelHHeHHH xpoMa(VI)?

26-72. B kakoit cpere (KHC/IOH WM L1eN0YHOH) HamboJiee CUJIb-
HO  BBIpaxKeHbhl  BOCCTAaHOBHTEJNbHble  CBOMCTBA  COERNHMHEHHH
xpoma (IIT)?

26-73. O6cynuTe HNPHYMHBI 3aBHCHMOCTH CTaHZAPTHHIX 3JIEKT-
POLHBIX NMOTEHLUHAJOB HOHOB LEPHsI OT NMPHPOAHB KHCJOTH. IloTeH-
pHan  E°ces+ cea+r paBen: B HCl+1,28 B, B H,SO,+1,44 B,
B HNO; +1,61 B, 8 HCIO4 +1,70 B.

26-74. PaBHOBecHe peaKlUHH

UVI 4 Fet+ = UIV 4 Fes+

CMellleHO BJIEBO B pacTBOpe CepHOM KHCJOTHL H CMellaercs
BNpaBO NpPH BBeJeHHH ¢ocdar-HOHOB. OGDBACHHTE NMPHYHHY.

26-75. Mn,(SO4)3 pacrBopsieTcss B BOAHOM pacTBOPE KHCJOTHI
(1 M). YcroiuuB Jin NoJyYeHHHIH pacTBOP? YCTOAYHMB JIH PAacTBOp
npu pH=7?

26-76. B BomHOM pacTtBOpe, coaepxamem B 1 g 1 moap V2+
H cTOJbKO XKe H+, HoHm V24, ABasAsSiC BOCCTAaHOBHUTENSAMH, BHIILEJ -
IOT BOJAOPOJ H3 BOJBI:

V2+ f H* = V8+ 4 1/2H, E°=0,24B

Kak Yy3HaTb, A0 KaKoOro mnpenesia BO3MOXKHO IIDOXOXKAEHHE 3TO-
ro mnpouecca, eCJju

cya+py, /2

E=0,24—0,080lg — -t

26-77. PaccyutaiiTe CTaHOApTHYIO 3.1.C. rajJbBaHHYECKOTO sJie-
mMeHTa M AG°9s NpOTeKalomed B HEM peaklHH, a TakxKe 3. J.cC.
H AG29s IPH HECTAHIAPTHBIX KOHIEHTpauusix (Hanpumep, 0,1; 0,01
# 0,001 MOJIB/N) H KOHCTaHTYy paBHOBECHs! peaklHii B BOXHHIX Pacrt-
BOpax:

1) Sn%+, Fe8+ —» Sni4+, Fe2+

2) Cr,0,%-, Ht, Fe?* —» Fe$+, (Cr3+
3) HyO0,, MnO4~, Ht —— O,, Mn2+
4) Cly, I" —> 1,, CI

5) H,0,4, H;SO — SO,2-, H*

6) H,0,, Cr,0,2-, H¥ — Cr3+, O,
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26-78. Bo3moxHo Ju B3auMogelicTBHe HoHa CryO;2— ¢ HOHaMH
Fe3t+, F—, Cl-, ClO4s n ClO;~? BocnoJib30BaBIIMCh CTaHAAPTHRIMH
3JIEKTPOJHBIMH MOTEHIHaJaMH, paccyuTaiTe 3. . C. raJbBaHHYECKHX
3JIeMEHTOB AJI1 peakUUi ¥ KOHCTAaHThl PaBHOBeCHH (ZaXe eciHd pe-
aKuus HeBO3MOXKHal).

26-79. IlpenJioxuTe cxeMy raJbBaHHYECKOro 3jJeMeHTa AJS OCy-
IIeCTBJIEHHs] peaKUHH B BOJAHOM pPacTBOpe:

H, + I, = 2HI
BriuncauTte 3. O.C. IpPH CTAHAAPTHBHIX YCJOBHSX.

26-80. Kak u3sMepuTh B BOAHOM pacTBope 3.[.C. rajbBaHHyec-
KOro 3JIeMeHTa AJIsl peaKIHH:

21 + S,042~ = I, + 250,2~

[IpensioxKHTe cXeMy rajbBaHHYECKOI'O JeMeHTa H BEIUHCJHTE 3. 1. C.
[PH CTAHAAPTHBIX YCJIOBHSIX.
26-81. PaccunTtaiiTe KOHCTAHTY DaBHOBECHSI peaKLHU

MnO, + 4H* + 2Fe?+ = Mn2+ + 2Fe3+ 4 2H,0

Kaxk oHa u3MeHHTCS, eCciad KpHucranauyeckui MnO, 3aMeHHUTr Ha
Kpucranauueckoit PbO,? CraHzapTHEIe 3J€KTPOLHEBIE IIOTEHLHAJbI
paBubl gas: Fe?t/Fe3++0,77 B; Mn2t/MnO.+ 1,23 B, Pb2+/PnO,-+
+1,45 B.

IIpensnioxure cxeMbl rajJbBaHHUYECKHX 3JeMeHTOB. Kakoii M3 HHX
MoXeT NPOH3BEeCTH 60Jibllie paGOTH?

26-82. PaccuuraiiTe KOHCTaHTY pPaBHO3eCHs DeakUHH (IPH CTaH-
JapTHOH TeMIepaTrype):

5PbO, + I, + 8H* 4 550,2- = 5PbSO, + 2104" + 4H,0

CranjapTHble 3J1eKTPOAHbIE NOTEHUHANbl paBHBl AJas Pb2+/PbO,+!
+1,45 B, I,/105=+1,19 B, PbSO,/PbO,, H++1,68 B. |

26-83. Bolyncanre Kuecr KOMIIekcHoro HoHa [Cu(NHj)4]2+
Ha OCHOBaHHH CJIEIYIOIIHX JaHHBIX:

Cu2* 4-2¢~ = Cu E°=10,34B
[Cu(NH,)]2+ + 2¢~ = Cu + 4NH, E° =—0,07B
26-84. D. 1. c. raJpBaHHYECKOr0 3JeMeHTa
Pt, H,|IM CH,COOH|0,5M HCOOH |H,, Pt

paBHa 0,02065 B. OnpenesnuTe KOHCTaHTYy AHCCOUHALHH MypaBbH-
Hoit kucaorst HCOOH, ecan Kcngcoon=1,8-10-5,
26-85. Kak wusMeHsercs 3.[.C. raJbBaHHYECKOro 5JeMeHTa, B
KOTOPOM IpOTeKaeT peakilus
2H, + O, = 2H,0

NIPH HOBBIIIEHUH JaBJEHUS?
26-86. Uto Gyner HaG/I0AaTbCsA NPH BBeJEHHH NHOKCHAA Mmap-
ranna MnO; B pacTBOp KHCJIOTH ¢ cu+ =1 Mouab/n (pH=0)?
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26-87. OKHCJHTENbHO-BOCCTAHOBHTENbHEIE CBOHCTBA  BelIeCTB
yacro 3aBHcAT oT pH pactBopa, HanpuMep:

5H,0, -}- I, = 2HIO; 4 4H,0 npu pH=1
5H,0, + 2HIOg = I, + 50, 4 6H,0 npu pH=2

B uyem npuuHHa 3TOrO SIBJEHHA?

26-88. BeuHC/IHTE MOTEHUHAJ BOLOPOAHOTO 3JeKTPojAa B YHCTOH
Bole (KakoBa KOHLEHTPallUsi HOHOB BOJOPOAa B BOJe?).

26-89. Ilo oTHOIIEHHI0O K BOJe MHOTHe BellleCTBA MOTIYT BEeCTH
ce6sl KaK OKHCJIHTENH U KaK BOCCTaHOBHTeNH. KakuMmu ¢dakropamu
ompeeNsieTcsi TO MJIH HHOe IOBeJleHHe BellecTB?

26-90. YKaxuTe BO3MOXKHble NPOAYKTH B3aHMOAEHCTBHUA C BO-
IOl CHJIBHBIX BOCCTAQHOBHTeJeH H CHJIbHBIX OKHCJIHTEJEH?

26-91. OOmbsicHUTe, IOYEMY OKHCJIHTEJbHO-BOCCTAHOBHTENbHAA
CIOCOGHOCTb BELIECTB ITO OTHOIIEHHIO K pacTBOPaM C cg+=1 MOJIb/n
onpenessieTcsi BO3MOXKHOCTbIO NPOXOXK/JEHHsI peaKLHH:

2H* 4 2%~ = H, E°=0B
0, + 4H* + 4¢~ = 2H,0 E° =+1,229B

BriuncauTte 3jeKTpoAHble NMOTEHUHAJH NPHUBEAEHHBIX MOJypeak-
LMH, NPOTEKAIOWUX B YHCTOH BOAe, H NPeNCKaXKHTe XapakTep H3-
MEeHEHHS OKHCJIHTEJbHO-BOCCTAHOBHTENbHBIX CBOMCTB BeIECTB.

26-92. O6bscHHTE, IOUEMY OKHCJIHTENbHO-BOCCTAHOBHTE/bHASA
CIOCOGHOCTD BellleCTB IO OTHOILIEHHIO K BoAe (cu+=1-10-7 moub/n)
onpejensieTcs BO3MOXHOCTBbIO NIPOXOXKAEHHS PeaKUuii:

2H* 4 2~ =H, E°=—0,414B
0, + 4H* 4 4e~ 4 2H,0 E°= +40,815B

BhiuHC/IHTE 3/1€KTPOAHBIe MOTEHIHaJ bl NPHBEAEHHBIX MOJYypeak-
Uui, NpoTeKaloUX B BOAHBIX pacTBopax ¢ pH=0, u npeackaxure
XapakTep H3MeHeHHS OKHCJHTeNbHO-BOCCTAHOBHTEJbHEIX CBOMCTB
BeIlleCTB N0 Mepe IOBbILIEHHS KOHLEHTPALHH HOHOB BOZOpOJa B
pacTBope.

26-93. Ha ocHOBaHHM HaHHBIX ABYX NpeabAYLIHX 3aday BHIYHC-
JIUTe 3JIeKTPOAHbIe MOTeHLHAJbl peakUHH B IUEJOYHBIX pacTBOpax
€ Con- =1 Mosb/n u o6GCylHTe, KaK H3MEHSIeTCS OKHCJIHTEJbHO-BOC-
CTaHOBHTEJIbHAS CIIOCOGHOCTh BELIEeCTB NPH yBeJHYEHHH KOHLEHTpa-
UHH THAPOKCHA-HOHOB B PacTBOpe.

26-94. Byner Jiu nepMaHraHaT-HOH BBIAENSITb KHCJIOPOA H3 BOJIH
B KHCJIOM pacTBOpE, €CJH

MnOg4- +- 8H* 4 5~ = Mn2?+ 4 4H,0 E°=1,51B
0, + 4H* 4 de~ = 2H,0 E°=1,229B

26-95. Cu/ibHble BOCCTAHOBHTENH CIOCOGHBI BHIAEJNSATH BOLOPOX
M3 BOJAHBIX PaCTBOPOB, a CHJIbHble OKHCJHTENH — KHcJaopoA. Hanu-
LIHTe NPHMEePhl YPaBHEHHH peakKLHH.

26-96. BaanMopeiictBue nonos Fe?t B BogHOM pacTBOpe B IpH-
CYTCTBHH KHCJIODOZA IPOXOJHT MO YPaBHEHHIO:

Fe?* 4 O, 4 2H,0 = Fe(OH)q
251



Hanumurte ypaBHeHHe 3TOH peakuuu B Kucaoil cpege. Paccuuraii-
Te 3./.C. TaJbBaHMYECKOrO 3JeMeHTa, B KOTOPOM peaklHsi NpoTe-
KaeT B HEHTPaJbHOM H KHCJIOM (cu+=1 MoJb/a) pacTBOpax. Bl
YHCJHTEe KOHCTAaHTHl PaBHOBECHS.

26-97. Kako#i u3 pacrBopoB Gosee ycroiiuus: CoSO, wuau
Cog (504) 3?

26-98. Monbl Co®t+ ABJAIOTCA CHJIbHBIMH OKHCJHTENSIMH IO OTHO-
LIEHHIO K BOJe:

Cod+ 4 e~ = Co?+ E°=1,81B
1/20, + 2H* + 2~ = H,0 E°=1,229B

Hanuinre cymMMapHoe ypaBHeHHe Mpolecca H NPHMEHHTENbHO
K HeMmy BblpaxkeHHe ¢opmyanl HepHcra. IIpoananusupyiite ¢opmy-
JIy OTHOCHTEJIbHO BJIMSIHHS KOHIIEHTpAlMi Ha mpolecc.

26-99. B 1 1 BogHOro pacrsopa cojepxurcs 1 Moap Co3t u
1 moap Ht. Houm Co3t— cunbpHble BOCCTAHOBHUTENH IO OTHOLIe-
HHIO K BOJeE H H3 pacTBopa OyneT BbIAENATbCA KHCA0poA. Hamumu-
Te ypaBHEHHe IIpollecca H ONpeJesuTe, 10 KaKoro mnpeaeiaa Gyaer
NPOXOJHThL PeaKLHsl Ha BO3JAYyXe.

26-100. ITo 3HaueHHSIM CTAaHAAPTHBIX 3JEKTPOLHBIX IOTEHIHA-
JoB E° pgasa Cr3+/Cr2+ —0,41 B, Co®t/Co2+ +1,84 B u Mn3t/Mn?+
+ 1,51 B o6cynnTte BO3MOXKHOCTb CyIIECTBOBAHHS B BOJLHOM pacTBO-
pe Tpex- U JBYyX3apsAAHBIX HOHOB XpoMa, Ko6aJibTa M MapraHia.

26-101. Ilouemy B raJbBaHHYeCKOM 3JieMeHTe peakIHs IpPOXo-
JHT HaMHOro MeJJieHHee, 4YeM B XHMHYeCKOM CTaKaHe? Brigeaure
JUMHUTHpYIoOLYyo (-He) cTafuio (-H) mpoiecca (Ha npUMepe peaKLUHH
MeXJy INepMaHraHaToOM KaJus M HHTpaToM Kaaus. [Ilpeasoxure
Cnoco6GHEl  YCKOPEHHs Mnpolecca, YBeJHYeHHS 3.4.C. U  MNOJYyYeHHS
MaKCHMaJbHO BO3MOXHOI'O KOJHuecTBa paboThl. KakoBbl onTHMaJb-
HBEIE YCJOBHS HCIIOJIb30BaHHS TaJIbBAHHYECKOrO 3JeMeHTa?

26-102. TepMoAHHAMHYECKHMH HJIH KHHETHYECKHMMH (pakTopaMH
00DbsICHSIETCS CTOHKOCTb BOAHBIX PacTBOPOB OGHXpoMaTra KaJjusi?

26-103. IToyeMy sl MPOXOXKIEHHS PeaklUHH B BOAHOM pacTBO-
pe MexXJy NepMaHraHaTOM KaJjHs H IllaBeJeBOH KHCIOTOH Heo6Xxo-
OHMO HarpeBaHHe?

26-104. Peakunsi B3aMMOJeHCTBHS NepPMaHraHaT-HOHa C INEpOK-
CHIOM BOJOpOAA MOXeT OBITb 3anHcaHa HECKOJbKHMH ypaBHeHHs-
MH C pPa3JHYHBIMH KO3 (pHLUHEHTaMH, HapHMep:

5H202 + 2KMHO4 + 3HZSO4 = 2MI]SO4 -I— 502 + KQSO4 + 8H20

7H,0, + 2KMnO, + 3H,S0, = 2MnSO, - 60, 4 K,SO, - 10H,0

9H,0, + 2KMnO, 4 3H,50, = 2MnSO, - 70, + K,S0; + 12H,0
yKa}KHTe HpH‘lHHy 3TOTO H HAITHUIHUTE XOTHA 61)1 ele OAHO ypaB'

HeHHe B3aHMOJEHCTBHs NMepMaHraHaT-HOHA C MePOKCHAOM BOJAOPOAA.
26-105. Ecan B OKHCJIHTEJNbHO-BOCCTAHOBHTEJNBHOH peaKlHH

Cly 4 H;0, = 2H* 4 2CI~ 4 O,
ydyacTByeT NMepOKCHJ BOAOPOAA C H30TONOM KHcaopoaa 80, To Bech
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0o06pasyomuicss MOJIeKyJsIPHbI KHCJIOPOJA COHEPXKHT TOJBKO THAXKe-
Jauft usoron. O yeM 3TO rOBOPHT?
26-106. Pacnaj nepokcuia BOAOPOAA ycKopsieTcss HoHamu Fe?+.
{IpennioxeHa caenyrolias M0C/JAeI0BAaTeNbHOCTb CTAAHH:
H,0, + Fe?+ = Fe3+ | OH~ 4 OH
H,0, 4 OH = H,0 + HO,
HO, =H*+ O,~
Fe*+ 4 0,” = Fe** 4 O,

Hanmumurte cymmapHoe ypaBHeHHe npouecca. KakoB NOpsiioK
peakuun no HyOp? Kak H3MeHHTCS CKOPOCTb Npoliecca NPH yBeJH-
yeHHH KoHuUeHTpauuu Fe?t B 2 pasa? KakHe HeHOCTaTKH HMeeT
npenJioXeHHbIH MeXxaHH3M?

26-107. OKHCIHTENBbHO-BOCCTAHOBHTE/NbHAS PeaKlus

2Fe3* - Sn%+ = 2Fe?+ |- Sni+
[IPOXOLUT OUeHb MeAJeHHO, eCJH B KayecTBe pearHpylmollHX Be-
lleCTB B35ITh [€PXJIOPATHl KeJje3a M 0JI0Ba H peakiHio NPOBOLUTH
B BOJHOM DacTBOpPEe XJOPHOH KHCJIOTHl (NepXJopaT-HOH OYeHb CJaa-
Oblfi KoMIJIeKcoo6pasoBaTesb). IIpensoxure crmoco6 YyCKOpeHHs
fpolecca U MeXaHH3M, KOTOPHIH OTBedas Gbl cielyroliuM TpeboBa-
HUSIM: a) B J1000# cTafuM Ipolecca BO3MOMXKEH Iepexo] TOJbKO
OJIHOTrO 3JIeKTPOHA; 6) CTaAMH AOJKHB OBITH GHMOJIEKYJISIPHBIMH;
B) B3aMMOJEHCTBYIOT YacCTHILI IPOTHBOMOJOXHBIX 3apsiaoB (HJH
HeHTpaJbHble YaCTHIHI).
26-108. O6GBbsAcHHUTE, TOYEMY peaKIus

2MnO,~ -+ 10Fe*+ + 16H+ = 2Mn2+ 4 10Fes+ -} 8H,0

fIPOXOJHT OYeHb GHICTPO, a peaKuHs
2MnO,~ + 5H,C,0, + 6H* = 2Mn2+ - 10CO, + 8H,0
OueHb MelJIeHHO.
26-109. O6bscHuTe, MOYeMy peakKuusi (B BOJHOM pacTBOpe)
Ced+ - Fe2+ = Ce3+ | Fe3+
fIPOXOLUT OYeHb GBICTPO, a PeaKUHusd
2Cett - Tl+ = 2Ce8+ - TI3+

MPOXOJHUT OUeHb MEeAJEeHHO (XOTS ee KOHCTAaHTa PaBHOBECHsI paBHa
1,5-10'2 mpu 298 K).
26-110. ITpenmnosaraior, yTo peakuus
ClO™ 41~ = 10" 4CI*

TIPOXOAUT B BOAHOM pactBope (pH>>7) uepes cienyrouisie cTaguu:

ClO~ 4 H,0 = HCIO + OH~ 6bicTpasi, paBHOBecHass Ky, &,
HCIO 4 I~ == HIO +4- CI~ MelIeHHas k,
HIO + OH™ = 10~ 4 H,0 GuicTpast kg

Hafigute BhIpaxKeHHe 3aBHCHMOCTH CKOPOCTH OT KOHILEHTPalHi
pearupylomux BellecTB. Kak H3MeHHTCSI CKOPOCTb peakKUHUH MNpH
u3MeHennu pH Ha enuHHIy?
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26-111. Peakuusi OKuCJeHHs HOHa I~ mepokcuaoMmM BoaopoAa
B KHCJIOM PacTBOPe NPOXOAHT IO yPaBHEHHIO:

H,0, + 2H+ 4 21 = I, + 2H,0

Hpe;monaralorcsi cleayloline CTaiuH:
H,0, 4 I~ =H,0 + 10~ MeJJIeHHast
10~ 4+ H*=HIO GHICTpast
HIO4H*+4I"=1,+4H,0 GrIcTpas

Ecan mMexaHH3M NpaBHJBHHIH, TO KaKOBO JOJIXKHO ObITh KHHETH-
YecKOoe YpaBHeHHe peakKIUH? 3aBHCHUT JH CKOPOCTb peaKIHH
ot pH?

26-112. Ius onpeneneHHss NOPSiKa OKHCIHTEIbHO-BOCCTAHOBU-
TeJbHOH peaKuud B BOJHOM pacTBope MexAy HoHaMmH S;0s2~'m I-
(o6pasytorcst I u SO42~) m3yuaan CKOPOCTH @polecca IpH pas-
JIHYHBIX KOHIIEHTPalusX:

KOHIeHTpaLus, MOJIb/JT

2 — Ck T
©s308 % (ycf,’,l"":n;
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

CocraBbTe BhHIpaxKeHHe 3aBHCHMOCTH CKOPDOCTH OT KOHLEHTpalHii
pearupyloumux BelilecTB. KaKoBBHI NOPSAKH Ipollecca IO peareHTaM
H obmuil nopsiAok? Hanuumiure ypaBHeHHe OKHCJIHTENbHO-BOCCTAHO-
BHTEJIbHOH PeakIHH H CPaBHHTEe CT€XHOMeTpPHYeCKHe K03 (HUIMEHTH
C MopsiiKaMH peakKLHH.

26-113. Hanuiukte ypaBHeHHsI H NMOAGepPHTe CTeXHOMeTpHUYECKHe
KO3 GHUUHEHTH AJs PeakUHH, IPOTeKaolIUX IO CAeLyIOLHM CcXe-
MaM:

Na,S,04 -+ Cl, 4 H,0 —> Na,S0O,4, SO,, HCl
Na,S,03 + Cl, + NaOH —— NaCl, Na,SO,, H,0

Kak 06DbsiCHHTb H3MeHeHHe MeXaHH3Ma peakUHWH NPH H3MeHeHHH
cpenn?

26-114. Ilpouecc B3aumoneicTBusi HOHOB S3032— u ClO— mMox-
HO ONHCaTh ABYMS CIOCOGaMH:

I. S;04% + H,0 — 26~ = SO,2- 4 S 4 2H*+
ClO™ + 2H* + 2~ = CI~ + H,0
S;04%~ + ClO™ = SO,2- 4- S + CI-
H,S,05 + HCIO = H,S0, + S + HCI
I1. 48,042~ — 2¢~ = 350,72 -+ 55
ClO~ + 2H* + 2¢~ = CI- 4 H,0
48,042~ 4 CIO™ + 2H* = 3502~ 4 CI- + H,0 + 55
4H,S,0; + HCIO = 3H,S0, + HCI + 5S + H,0
B ueM npuyMHa BO3MOXKHOrO NMOAGOpPa Pa3iHYHHIX KO3QPHIHEHTOB?
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Kakomy ypaBHeHHIO cjefyeT OTAaTh npeamnoutenHe? IIpexckaxure
¢akTophl, 6aronpUATCTBYIOIINEe MEPBOMY HJH BTOPOMY Hpoliec-
caM.

26-115. KuHeTHUyecKOe ypaBHEHHe peaKUHH B pacTBOpe
BrO4~ 4 5Br~ - 6H* = 3Br, -4 3H,0
HMeeT BH[,
U= kcproscBr—C?H+

Kak m3MeHHTCS CKOpOCTb peaKuun mpu yBenuuennu pH pactBopa
Hd eJHHHLY?

26-116. s OKHCIUTENbHO-BOCCTAHOBUTENbHOH peaKLHU

2Co8+ 4~ Tl+ = 2Co?%t+ 4 TI3+

fpelJioXKeH CIefyIOUnii MexaHH3M (CTaiuH):

Co3+ - Tl+ = Co?+ |- Ti2+ MeJIeHHas
Cod+ 4 TI2+ = Co?+ - TI8+ GrICTpast

INpeackaxute KHHETHUYECKOe ypaBHeHHe peakuud. [Ipemmonaras,
4TO JJIsT HEKOTODBIX YCJOBHH NPOTEKaHHs PeaKkLHH KOHCTAHTA CKO-
pocti paBHa 0,15 (ycs. eIMHHLBI), BEIYHCJIHTE CKOPOCTh DeaKIHH
LJISl CNeAYIOIMX KOHUEHTpauui: a) ccos+ =0,3 Mosb/m ¥ crie =
=0,2 MoJab/n, 6) B HayaJbHBIH MOMEHT BpPeMeHH NIPH CJHBaHHH
paBHbIX o6beMoB 0,6 M pactBopa Co®t u 0,4 M pactBopa TI%t.

OO67DsicHHTe, TOYeMy CKOPOCTb peaKUMH BO3pacTaeT, eCi B pac-
TBOpe HaXOANTCS HEKOTOphle OTpHLAaTeNbHble HOHBI? Kakue 3710
MOryT OBITh HOHBI? KaKOBEI NOJIXKHBI GBITH YCJOBHS B3aHMOJeHCT-
BUSI OTpUIATeJbHBIX HOHOB ¢ HOHaMH Co3* u TI+, uro6sl mocrHra-
JIOCb MaKCHMaJIbHOe YCKODeHHe peakKuuu? MOXHO JiM CUHTATh Jel-
CTBHe OTPHLATeJbHEIX HOHOB KaTaJHTHYecKHM? [lonmbiTalitech mpex-
CKa3aThb MeXaHH3M peaKLHH.

26-117. KartanuTuyeckoe passioXKeHHe NMEPOKCHAA BOJOPOAA IIPo-
XOAHT KaK peaKlHusl nepBoro nopsiaka. KuHeTHKY pasjioxKeHHS H3Y-
YaJH THTPOBAHHEM DPaCTBOPOM INepMaHraHaTa KaJus NpOGH MepoK-
cHaa BOJOPOAA Yepe3 DasjHYHble NPOMEXYTKH BPeMEHH IPH TeM-
nepatypax 23,5 u 38,8°C; nosyyeHnl ~jefyloOlIHe Pe3yJbTaThl:

T, MHH 0 15 30 45
O6bem pactsopa KMnO,, ma
npu 23,5 °C 54,6 21,1 8,2 3,2
npu 38,8°C 54,6 10,9 2,2 0,44

Beuuciure aas 30°C KOHCTAHTY CKOPOCTH peaKUHH, NePHOX

foJynpeBpalleHyss, BpeMs, HeoOXxoAHMoe [Ji pasjoxeHus 90 u
999 HauasnpHOro KoauuectBa H,0,.

26-118. Hanuimiure ypaBHeHHe peaKUHH B3aHMOLEHCTBHS B BOJ-
HoMm pactBope HOHOB [Co(Cy04)3]%~ u Fe?*t. Kak usamenutcs cko-
POCTb pDEeaKlUHH IIPU BBEAEHHH B CHCTeMy cyJabdaTta Kaaus?

26-119. Onpenennte, BO3MOXKeH JIH IPOLleCC B BOAHOM PacTBOpe:

2Co3+ - TI+ = 2Co2+ - TI3+
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CrasfapTHEE 3JeKTPOAHHE NoTeHnuanw npu 298 K mas Hekoro-
PHIX 3JEKTPOAHHX peaKuuit K06anbTa H TaLJIHs H HX HOHOB HMEIT
3HAYEHH:

Co+ -+ e~ = Co?* E°= +1,84B

Co%+ -+ 3¢~ = Co E°=+0,33B
Co2* 4 2~ = Co E°=—0,28B
TI+ 4+ 26 =TI+ E° =-41,28B
T+ 4e =Tl E°=—0,34B

Brlunc/uTe KOHCTAHTY PaBHOBECHs peakuuH. Jlis peakuuH npejio-
2KEeHBl CTaAHH!

Co3+ -} Tl+ = Co2+ - TI?+ MeJJIeHHast

Co8+ 4 TI+ = Co?+ 4 TI3+ 6ricTpast

Kak H3MeHHTCS CKOPOCTb peaKIHMH NpH pas3baBieHHH pacTBOpa
B 2 pasa? Kak MOXHO YCKOPHTb TNpolecc? YKaxHuTe BO3MOXHbIE
KaTtaJausaTtophl. [lepeuncinTe yc/J0BHS MaKCHMaJlbHOIO BBIXOAA NPO-
JLYKTOB.

26-120. Onpenenute, BO3MOXHA JIH peakuUHss MeXIy HOHaMH
BrOs~ u Br— (B KHCJIOM BOAHOM pacTBope) ¢ o06pasoBaHHeM CBO-
6opHoro 6poma, eciu:

Bry + 2¢” = 2Br~ E°=+1,09B
9BrO,~ + 12H* + 10e~ = Br, 4 6H,0 E°= +1,52B

Hanumure ypaBHeHHe peaKlHH H MOAGEPHTE CTeXHOMETpHYeCKUe
ko3pduuuenTe. Paccunralite 3.A.C. ralpBaHHYECKOro  3JEMEHTa
NpH CTaHAAPTHHIX YCJNOBHAX M KOHCTAHTY DaBHOBECHS PeaKIHH.

CKOpOCTb peakiuu B3auMofeHcTBHsi HOHOB BrOs~ m Br~ B Kuc-
JOM BOJHOM PacTBOPe 3aBHCHT OT KOHLEHTPAIMH DeareHTOB:

Konuenrpauus, MOJb/a

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 (yca. en.) 2 1 2 4 8 16

KakoB mopsjok peakuuH? Kak HM3MEHHTCA CKOPOCTb peakuHHh
npu yseauyeduu pH Ha ennnuuy? BhluucinTe CKOPOCTb peakuun
(8 ycn. emunuuax) npu Kouuentpauunm 0,08 Moan/n BrO;,
0,09 mMosbp/a Br— u 0,012 moan/n H*.

26-121. YKaxXuTe Kak BJHSET YBeJHUEHHE HOHHOH CHJIBI PacTBO-
pa Ha CKOPOCTb PeakIHH

S,0g2~ 4 21- = I, + 250,2-

26-122. Kunetnka oxucienus Fe?* B BOIHBHIX pacTBOpax
(FeSO4—>Fe;(SO4)3, mas ycnosuit pH=0—2, 20—80°C, cre2+ =
=0,1—1,0 moJab/n) omucCHIBaeTCs CJAEAYIOUIHM YypaBHEHHEM:

deo, dcpe2+ dcped+
v=—gy =g =1t =
—73 600/(RT)

=1,32:10¢p,1 ,gicozl,'"cﬂwyzae [a1/(Monb - MuH) ]
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Kak H3MeHHTCSI CKOPOCTb PeaKIHH IPH yBeJHUYeHHH B 2 pa3az
kouuentpauuii Fe?+, O, uau H* B pactBope? BriBenute ypaBHeHue
3aBucHMOCTH ckopocTd ot pH pacrBopa. Bo ckoabKo pas Bospacta-
€T CKOPOCTb peaKUuH NPH NOBLILIEHHH TeMnepatyps oT 20 no
30°C?

26-123. Oxwucaenne woHoB V3+ nonamu Fedt yckopsiercs B npu-
cyrcrBun Cu?t. IlpennosaraioTcsi ciefylollHe CTaAHH peaKUHH

V3+ 4 Cu2t = V4t 4 Cut MeJIeHHast
Cut 4 Fe3+ = Cu?+ 4 Fe2+ GbicTpast

Hanumure mosnnoe ypaBHeHue mpouecca. Ilombitafitech 06bsic-
HHTb, NIOYeMYy peakuusi 6e3 KaTaJau3aTopa NMPOXOAHT MelJeHHO. Bui-
BelUTe KHHETHUYeCKOe ypaBHeHHe KaTaJHTHUEeCKOrO H HeKaTaJUTH-
YeCKOro IPOLECCOB.

26-124. Oxucnenve BOAOPOAA B KHCJIOM DacTBOpe XpoMaT-HOHa-
MH NIpOTEeKaeT Io cxeme:

CrO42- + H, + H* —> Cr3+ 4 H,0

IlonGepure crexuoMerpuueckne ko3adpdunuentsl. Iloabsysice
CIPaBOYHHIMH 3HAaYEHHSIMH TePMOAMHAMHMYECKHX XapaKTepHCTHK
HOHOB M BelllecTB, paccunTaiiTe AG® peakuHH H NPEICKaXKHTE BO3-
MOXHOCTb €e IPOTeKaHHS.

Peakuusa yckopsiercs B npucyrctBuH CuSO, Kunernueckoe
ypaBHEeHHe KaTaJHTHYeCKOH DeaKUHH HMeeT BHA:

dey, cH,C%cu+
V= — dt =k

CH+

Kak BiusieT Ha CKOPOCTb peaKUHH YBeJHYeHHe KOHLEHTPalUL
B 2 pasa Kaxnoro u3 cjaenyiomux Bemects: Hp, H+, CrO,2—, Cu2*+¥®
ITpensioxeHnbl cienywolide CTagHu mpoliecca:

Cu?* 4 Hy = CuH* 4 H+ GeicTpasi, paBHOBeCHas
CuH* +4- Cu2t= 2Cu* 4 H+ MejJIeHHas
Cut 4 CrO 2~ —— Cu?*+4 Cr3+ GhicTpast (MeXaHH3M HeH3BecTeH)

BhiBennTe KHHETHUECKOE YpaBHeHHEe peaklUHH, MNPeanoJNOIKHUB;,
YTO MEeXaHH3M IIpolecca IIpaBHJIEH. CpaBHHTe noJgqy4yeHHoe ypaB-
HEHHEe C YpaBHEHHEM, HalJeHHbIM 3KCIIEpHMEHTAaJIbHO.

§ 27. 3JIEKTPOAHBIE MPOLLECCHI

27-1. B Boay omylleHa MeTaJjJ/HyecKass NJAacTHHKa (Medb, LHHK),
B BOLY C IIOBEPXHOCTH MeTaJjjla mepexoAsT HOHHL [loueMmy mepexo-
AAT HOHBI, a He 3JIeKTPOHBI? Jlo Kakoro npenena GyAeT NMPOXOMHTh.
3TOT Npoluecc (CPaBHUTe Melb H IHUHK)? KakuMu npHeMaMy MOXKHO.
MOBLICUTh HJIM NMOHHM3UTbL 3apsi NJAcCTHHKH? MOXHO JH ero cie-
JaTb HyJeBLIM? MOXHO /i H3MEHHTb 3HaK 3apsiia MJAaCTHHKH Ha
MPOTHBOMOJOXHBIA? Kak H3MepHTb BeJuuHHy 3apsga? Kakumw
cnoco6aMH MOXHO NMepPeBECTH BeChb MeTall1 B HOHbI, UTO IIPH 3TOM
npousoifier ¢ snekTpoHaMu? CyYINECTBYIOT JIH APYrHe MaTepHaJHl,
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C TOBEPXHOCTH KOTODHIX, KaK H C MeTaJIJIOB MOTYT IepeXOJHThb
TOJIKO HOHBI OJHOTO 3apsja?

27-2. Ecan MeTaqsbl ONycKaTh B PacTBOPHL MX COJled, TO Ha IO-
8EPXHOCTH MeTaJjla BO3HHKAaeT HJIH OTPHUATEJNbHBIH HJH NOJOXKH-
TeJbHBIH 3apsaj. KakoBEl yCJOBHSI BO3HHKHOBEHHSI TOTO HJIH HHOTO
3apsiga. [Ipn Kakux yCJOBHAX OTCyTCTByeT 3apsiA? Kakum cmoco-
GOM MOXKHO PeryJHpOBaTh BeJHUHHY 3apsfia U U3MEHSThb ero 3HaK?

27-3. VHorga BeJHYHMHY 3JeKTPOAHOro MOTeHUHana OOBSCHAIOT
pasJIMYHBIM COJepXKaHHEeM B MeTaJjlaXx CBOOOAHBIX 3JEKTPOHOB H
pa3iMYHOA CHOCOGHOCTBIO NMOCHJIATh HOHBI B pacTBop. Yem GoJiblie
3Ta Cnoco6GHOCTh, TeM 6oJiee OTpHLATeNeH 3JeKTPOAHBIH NOTEHIHAJ.
CraHJapTHBI NMOTEHIHAJ LIMHKA OTpPHIATeNeH, a MelU II0JIOXKHTe-
JieH, TeM He MeHee Melb COJiajflaeT Jyyllel 3/eKTPONPOBOJHMOCTHIO,
geM LMHK. Kak 3T0 00bACHUTH?

27-4. O6cynuTe BO3MOXKHBIE CIIOCOOHI CMellleHHs] PaBHOBECHS Ha
rpaHHUle MeXAY MeIbl0 H BOJHBIM PAaCTBOPOM €€ COJIH

Cu?t 4 2¢~ = Cu

snpaBo (o6pasoBaHHe MeTaJIIHYeCKOH MeAM) M BJaeBO (pacTBope-
HHe MenH).

27-5. Menpb He pacTBOpsieTCSl B KHCJIOTaX — HEOKHUCJIHUTENAX, TaK
¥.aK paBHOBecHe

Cu + H* = Cu* + 1/2H,

CHJIBHO CMelleHO BJeBO. 1Ipensiokute BO3MOXKHEIe cOCOOH cMelle-
HHSI PaBHOBECHs BIIPaBO, T. €. CMOCOOBI PacCTBODEHHS MeIH.

27-6. B CcOOTBeTCTBHH CO CTAaHZAPTHHIM 3JEKTPOJHBIM IOTEHIH-
aJoM MeIH OHa He NOJIXKHA BHITECHATb BOJAOPOJ M3 PacTBOPOB KHC-
Jot. O6bacHUTe, TOYeMy Melb PacTBOPSIETCS B KOHLEHTPHPOBaHHOMH
XJIOPOBOLOPOJHOH KHCJIOTE U B PacTBOpe CEpOBOJOPOAA.

27-7. )Kene3Hass U HUKeJeBas NJACTHHKH, NOrpyxKeHHble B 1 M
pPacTBOp XJOPOBOLOPOJHOH KHCJIOTH, PAaCTBOPSIIOTCS C BhHIETEHHEM
Bojopozra. Kakoit npouecc HaunHaercsi, €CJAH IJACTHHKH COEJHHHTH
[IPOBOJHUKOM?

27-8. MoXHO JH clenaTh rajJbBaHHYECKHH 3JeMEeHT, B KOTOPOM
6Bl COBepIIEHHO He CMEeLIMBAJIHCh IIPH3JEKTPOLHBEIE PacCTBOPLI?

27-9. NMeercss ranbBaHMYeCKHH 3J1eMeHT, B KOTOPOM IIDOXOIMT
peakuus

Zn + Cu?*t = Cu + Zn?+

Kak u3MeHHTCSI 3.[.C. 3/71eMeHTa NPH H3MEHEHHH CJeAYIOLIHX
yCJOBHH: a) yBeJHUYHBaeTcsl KOHLeHTpauus nonoB Cu?t; 6) vBesH-
YyBaeTCsl KOHILEHTPalHUs HOHOB Zn?t; B) yBelHUYHUBAETCS IIOBEPX-
HOCTb IIMHKOBOT'O 3JIEKTPOJAA; I') YBEJHYHBAETCS IOBEPXHOCTb Mel-
HOT'O 3J1eKTPOAA; 1) B NPH3JIEKTPOLHBI PacTBOP BBOAHUTCH KOHIIEHT-
pupoBanHblit pactBop KCl; e) noBeaercst TeMneparypa?

27-10. HM3BectHo mpaBHJIO, 4TO TBepAble PacCTBOPHl 3aMellleHHS
06pa3yloT MeTaJsJIBl, Y KOTOPHIX PafMyCHl aTOMOB OTJHYAIOTCH He
6osee uem Ha 10—15% wu xKoTOphle HaxonsiTcs GIH3KO B sy Ha-
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Hpﬂ)KQHPIl’I. O6mbsicHuTE, IIoOYeMy o CTaHAApPTHBIM NOTEHLIHAJaM Me-
TaJdJIOB MOXKHO CYIAHTh, CIIOCOGHBL  OHH 06pa30BbIBaTb TBepAbIe
PacTBOPH 3aMELIE€HHS HJIH HET.

27-11. 3aBHCAT JIM CTaHAApTHHIE 3JEKTPOJLHLIE NMOTEHIHAJH OT
TeMnepatypnl? Eciu 3aBHCST, TO MOXKHO JIH pacCYHTaTh MOTEHIHAJ
IIpU TeMIlepaType, OTJIHYHOH OT CTaHAApPTHOMH? }

27-12. O6bsAcHUTe, NOYEMYy CTaHIAPTHHIH 9JEKTPOJAHBEIN IIOTEH-
IlHaJ ABYX NMOJYypeaKUHi

Agt4-e~= Ag E°=10,80B

2Ag* 4 2~ = 2Ag E°=0,80B
OJHH H TOT Xe, XOTSl BO BTOPOH DeakIHH Yy4YacTBYeT B JBa pasa
6oJsiblllee KOJIHUECTBO BellECTBA.

27-13. CranapTHble NOTEHIHAJB JKeJle3a M- €r0 HOHOB PaBHEI

Fe3+ 4 ¢~ = Fe2+ E°=40,77B

Fe2+ .1 2¢~ = Fe E°=-—0,44B

Fe3+ 4 3¢~ = Fe E°=—-0,04B
Jlokaxure, 4To

3E°pejpet+ = E°pet+ ped* + 2E°pe pe+

27-14. Briuncaure 3. [.C. raJbBaHHUECKOIO 3JeMeHTa, B KOTO-
pPOM NPOXOJAHT peaKLHsl AHCIPONOPIHOHHPOBAHMS

2Cut = Cu + Cu?+
eCJH
Cut+4e = Cu E°=0,52B
Cu?t 4 2¢~ = Cu E°=0,34B
Cu2* 4 e~ = Cut E°=0,15B

27-15. B pacrBope HOHHl Fed+ pearupyior ¢ MeTa/JHYecKHM xKe-
J1e30M N0 ypaBHEHHIO:

Fe 4 2Fe3+ = 3Fe?+
Hanuwnre no ananorun peakuuio Mexay Cu u Fe®+. Ompene-

JIATE€ BO3MOXKHOCTb IPOXOXKAEHHS peakUui.
27-16. CraHpapTHBI 3/eKTPOJHHIH INOTeHUHan cepe6pa paBeH

Agt+4-e~ = Ag E°=10,80B
KakoB 6yner motednnasn 1 Kr MeTaJJinueckoro cepe6pa B 1 M pac-
TBOpe AgNO;?
27-16. MOXHO Ji1 MeTa/JIHYeCKHM KeJe30M HepeBecTH Fed+ B
Fe?+, econ
Fe2+ 4 %~ = Fe E9=—0,44B
FeS+ - ¢~ = Fe2+ E°=0,77B
27-17. TlpensioxuTte BO3MOXKHEIE CIOCOGH NEpEeBOJAa B BOXHOM
pactBope HOHOB Fe2+ B Fe3+,

27-18. BoluucauTte 3. [. C. rajbBaHHYeCKOrO 3JeMeHTa, COCTOSI-
lero M3 MeJAHOro 3JdeKTpoAa, morpyxensoro B 0,01 M pacrBop

17* 259



«CuCly; ¥ cBHHIOBOro 3/]eKTpoia, norpyxexsoro B 0,001 M pac-
‘TBop PbCl,. CTaHzgapTHble 3J€KTPOAHbIE MOTEHUHAJB MEIH H CBHH-
.na cocrasasiior (298 K):

Cu?* 4 2~ = Cu E° =-40,34B
Pb2+ 4 2%~ = Pb E°=—0,13B

27-19. TlokaxuTe, YyTO AJISI KOMHATHOH TeMIepaTyphbl CIIpaBej-
JIIBA 32BHCHMOCTb:
—nE°F = AH®
Tae AH°® — u3MeHeHHe SHTAJbIHHU B peakunuH, KOTopasi B rajlbBaHHYeCKOM 3JIeMeH-

‘Te CO3JaeT 3. A. C., PaBHyI0 E°; n— YHCJIO yYacCTBYIOIIMX B MpOLECCE 3JEKTPOHOB;
.F — nocrosinnas ®apazes.

YKaxuTe rpaHHIBl NPUMeHEHHUSI YKa3aHHOH 3aBHCHMOCTH.
27-20. BripasuTe mnpouecc mepexoia MeTajasaa B BHIE ero Ho-
HOB B pacTBOp:

Mn+ (p) + ne™ = M ()

yepe3 pAM, NMOC/JeAOBATeNbHBIX (MJH, BO3MOXKHO, NapaJliebHbIX)
CTaAMH, SHTAJBIIHH KOTOPbIX MOIYT ObITb ONpefeieHbl 3KCIepH-
MeHTanbHO. Ha30BHTe 3TH CTafiHH H COOTBETCTBYIOIIHE SHTAJbIIHH.
B kauectBe mpuMepa MoOKaxKuTe oOUIMH XOJ pacueTa 3JeKTPOLHO-
ro NoTeHUHaja HaTpHUd B BOAHOM pacTBOpPe HAa OCHOBe H3MEHEHHs
'3HTAJbIHHU B IIpoliecce

Na* (p) + ¢~ = Na (i)

27-21. PaccuuraiiTe CTaHZapTHBIH 3JeKTPOJNHBIH MOTEHLUHAJa ce-
‘pe6pa, BOCNOJNBb30BABLIHCH CJEJYIOUIHMH SHTAJbNHAMH: 3HTAJbIHSA
cy6auManun  (atoMusauuu) cepebpa AH°cy6,=280 kI x/MoOJb,
SHTaJbIMA HOHH3AaUMH aTtoMa cepebpa AHComs =728 KKx/M0.b,
‘JHTaAJBNHS  THApPaTalUH raszoo6pasHoro HoHa Ag*+ AH pp=
= —467 k]J1k/Mo0Jb.

JlJisi BOJOPOAHOrO 3JeKTpoja NPHUMHTe ClAelylollHe 3HaYeHHS:
SHTAJBbIHSA JHCCOLHALHH MOJIEKYJbl BOAOPOAA B pacyeTe Ha OAHH
:atom Bogopofa 0,5 AH°gucc=236 kIIK/MOJIb, 3HTANbIHS HOHH3a-
‘udd atoMma Boaoponaa AH®yomss=1305 KIK/MOJb, 5HTANbIOHA THI-
‘patauud ra3oo6pa3Horo HoHa Boaopoaa AH myp=—1071 k1 2k/M0Jb.

CpaBHHTe pe3yJbTaT CO CIPABOYHBLIM 3HAYEHHEM 3JIEKTPOLHOIO
noteHuuana cepe6pa U OOBSCHHTE NPHUYHHBI DacXoXIeHHA. YKa-
OKHTE CTaJHI0, SHTAJbIUS KOTOPOil onpenenseTcs ¢ HaubOoJblueH
TIOrPEUTHOCTDIO. ‘

27-22. Kak otrauyaercs NOTeHIHaJ BOAOPOAHOTO 3JEKTPOAa B
1 M pactBope HCI or ero noreHunana B pacTBope ¢ aKTHBHOCTbIO
‘MOHOB BOAOpOAA, PAaBHOH eAMHHLE?

27-23. Hanumure dopmyny Hepuera ans npouecca:

Mn+ (p) + ne” = M (x)
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27-24. O6bsicuuTe, MOYEeMy NpaBHJbHee TaKas 3alHCb (POPMYJHI
HepHcra pas 3/1eKTpOAHBIX NMPOIECCOB:
RT 1 0,0592 1

E=b—gphom=F——% lkon

(298,15 K)

O6bscHuTe QH3NUECKUH CMBIC] KOHLEHTPALHMH Cpn+t.

27-25. BhluHcaHTe 3JeKTpoAhble noreHuuans meau B 0,001;
0,01 u 0,1 M pacrBopax CuSO4 E°cy/cuz+ =-10,34 B.

27-26. KakoBa 3. 1. C. 3JeMeHTa, COCTOALIEro M3 LHHKa B
0,001 M pacreope ZnCl, u mMexn B 0,01 M pactBope CuSO,
(E)Zn/Zn2+ =‘_0,76 B, EOCu/Cu2+ =+0,34 B)?

27-27. Kak moHsATb yTBepxKAeHHe: Sn?+ KaK OKHCJHTENb CHJlb-
Hee Pb2t?

27-28. B uem npuuuHa, uto Mn?+ xak okucautear ciaabee
Cr2t?

27-29. BuuncauTe CTaHZAPTHYIO 3. A. C. rajJbBaHHYECKOro 3Jje-
MeHTa M KOHCTAaHTy paBHOBECHS peaKIHH

Pb -+ Cu®* = Cu - Pb2+

CTaHIlapTHbIe 3JIEKTPOAHBIE INOTEHUHAaJbl MELIH H CBHHIIA pPaBHHI
(298 K):

Cu?t 4 2e~ = Cu E°=-+40,34B

Pb2+ 4 2¢~ = Pb E°=—0,13B

27-30. PaccuuTaiiTe 3. A. c. rajJbBaHHYeCKOro 3JeMeHTa H H3-
MeHeHHe H300apHOro IMOTeHLHasa AJs NPOXOAsllef B HeM peak-
iHH NpPU CTaHAAPTHHIX YcJHOBUAX AGCgs a TaKXKe 3. I. C. 'H AGagg
npH KoHueHTpauuax uoHos 0,1; 0,01 u 0,001 M. B ranbBaHuue-
CKOM 3J/IeMeHTe MPOTeKaeT peaKUHus:

1) Zn+ 2Crd+ = Zn?+ 4 2Cr2+

2) Cu - 4H* + 2NO,4~ = Cus* 4 2NO, + 2H,0
3) Co -+ 2Fed+ = Co?+ - 2Fe2+

4) PbO, 4 4H+ 4 Sn = Sn*+ - Pb2+ + 2H,0

27-31. DnekTPOAHBIH MOTEHIHAJ MapraHuUeBOro 3JEKTpOAa, Io-
MellleHHOro B pactBop coau (Mn2+), cocraBiaser —1,1 B. KakoBa
KOHIIEHTPAalLHsl HOHOB MapraHiia B pacTBope?

27-32. CraHpapTHble 3JEKTPOAHBIE INOTEHLHAJB XKeJje3a H ce-
pebpa paBHbl (298 K):

Fe2+ 4- 2¢~ = Fe E°= —0,44B
Agt4 e =Ag E° = +0,80B

BrluncauTe CTaHAAPTHYIO 3. . C. raJbBaHHYeCKOro 3JeMeHTa H
KOHCTAHTY PaBHOBEeCHs DPeaKLHH, NpoTeKawollell B JaHHOH CHCTeMe.
Brlunciute 2JeKTpoAHbIH nmoteHuuasa xesnesa B 0,01 M pactBo-
pe Fe(NOj), u cepebpa B 0,001 M pacrsope AgNO;. Briunciu-
Te 3.[.C. TrajJlbBaHHYeCKOro 3JIeMEHTa, COCTOSILEro H3 XKeJe3HOro
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aJexkTpola, norpyxensoro B 0,01 M pacrBop Fe(NOj), u cepe6-
psiHoro aJjiekTpoaa, morpyxkensHoro B 0,001 M pacreop AgNOs.

27-33. Kak ocyllecTBHTb B ra/jbBaHHYECKOM 3JIEMeHTe peak-
LHIO

Ni (k) + 2H,0 () = Ni(OH), (k) - H, (r)

NPOXOASAIIYI0 B BOAHOM pacTtBope? IlpensoxkuTe cxeMy rajbBaHH-
YeCKOro 3JeMeHTa, BBIUHCJIHTE €r0 3. HO. C. (KaKue HeoOGXOZMMEI
llaHHBle AJs1 pacyeTa?) M CHAesnaliTe BBIBOJ O BO3MOXHOCTH IIpO-
XOXJEeHHsI peaKlMH.

27-34. BO3MOXHO /M DacTBOPeHHe HHKeJ/sl H BblIeJeHHe XpoMa
NpH NOrPYKEeHHH HHKeJeBOH IJIaCTHHKH B pacTBOpP COJIH TPeXBa-
JIEHTHOrO xXpomMar

Bo3MoxHO JIH pacTBOpeHHe XpOoMa H BBIJeJEeHHe MeTaJJIHuecKo-
ro HHKeJs IPH NOTPYy:KeHHH XPOMOBOH IJIACTHHKH B pacTBOp CO-
JIU HUKeJIs1? N

Bo3MOXHO Jii BHITECHEHHE XPDOMOM Keje3a U3 pacTBOpa ero co-
JIM U BBITECHEHHE KeJjle30M XpOMa H3 pacTBOpa €ro Cou?

B03MOXHO JiM BBITECHEHHEe XPOMOM HIHMHKAa H3 pacTBOpa €ro co-
JH H BBITeCHEHHe LHHKOM XpoMa H3 pacTBOpa ero COJIH?

BoaMoxHO /M BbiTeCHeHHe KOOa/JbTOM XpOoMa H3 pacTBopa €ro
COJIH H, Hao60opoT, BLITECHEHHe XpPOMOM KobajbTa H3 pacTBOpa
€ro CoJu?

27-35. Tlpu Kako#l KOHUeHTpauUWH HOHOB Fe?+ ajeKTPOAHHIN IO-
TEHIHaJ Kese3a paBeH HYJIO? (E°pesrez+=—0,44 B).

27-36. PaccuuraiiTe 3. A. ¢. MeIHO-CBHHIIOBOrO raJbBaHHYeCKOro
3jleMeHTa, B KOTOPOM Ccuz+=0,1 Mouab/a, cppa+=0,01 Mouap/a
(E°cu/cuz+=-+0,34 B, E°py/ppe+r =—0,13 B).

27-37. )KenesHass mJacTHHKa NOrpyxkeHa B pacTBOp MeJHOro
Kynopoca. JKeje30 nepexoAMT B pacTBOp B BHJe HOHOB Fe?*, mpn
3TOM NPOHCXOAHT TaKxke BhlJeJeHHe MeTaJjiudyeckoi meau. Ilpex-
HoJsiarasi, 4TO HOJIYYHJCSI PacTBOP C KOHLEHTpaLued HOHOB Fe?+
1 MoJsib/s, BBIUHCJHTE KOHIEHTPAlHUIO HOHOB MeAH, OCTABIUHUXCH B
pacTBope.

27-38. Bpluncaure 3. . C. CBHHIIOBO-HHKeJNeBOTrO raJjbBaHHue-
CKOro 3JjeMeHTa (MeTajjbl Haxoasitca B 1 M pactBopax HX co-
aeit). Kaxkoit Merann Bbl pekoMeHAyeTe B3Tb BMeCTO HHKeJs,
yToOBI MOJYUUTh 6OJbllIee 3HAYEHHeE 3. 1. C.?

27-39. TloreHunan MeTaJJIHYeCKOr0o MapraHua Io OTHOLUEHHIO K
CTaHfZapTHOMY BojopoiHoMy ajekrpoxy B 0,001 M pacrsope
MnCl, paBen —1,277 B. B 0,01 M un 0,1 M pactBOpax 3/eKTpoA-
HBI TMOTEHIHaJ COOTBeTCTBeHHO paBeH —1,248 m —1,219 B. Buml-
YMCJHTE CTAaHAAPTHHIN 3JeKTPOAHBIH INOTEHLUHAJ MapraHua.

27-40. DjeKTPOAHBIH MOTEHLMAJ MapraHia B pacTBOpe ero co-
au paBeH —1,22 B. BhuHCIHTe KOHLEHTpAllMI0O HOHOB MapraHua B
3TOM pacTBOpe, €CJH CTaHAAPTHHIH 3JeKTPOAHBIA IOTeHLHaJa Map-
raiua pased —1,19 B.
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27-41. D.1.c. raJbBaHHYECKOro 3JeMeHTa, B KOTODOM IIPOTeKa-

€T peakuus
2Ag* + Zn = Zn%+ 4 2Ag

pasua 1,56 B (298 K). Paccuuraiite AG° H KOHCTaHTy paBHOBe-
CHSL 9TOH peaKIHH.

27-42. BuiBenuTe ¢opMyJay IJig pacyeTa KOHCTaHTHL paBHOBe-
CHSI mpoliecca

Cu?* 4 Cu = 2Cu+

#ICXOAsl M3 CTaHJAaPTHHIX IOTEHLUHAJNOB NOJNypeakuHil (KaKux?).

27-43. Tlog6epute crexHoMeTpUyecKue KO3(PHLUHEHTH H YKaXKH-
Te OKHCJIHTENb H BOCCTAHOBHTE/b B PEaKIHH:

AgyAsO, + Zn + H,;SO, —> AsHg -+ Ag + ZnSO, + H,0

floueMy LMHK BHITECHSET cepe6po?
27-44, Paccuurtailite CTaHAAPTHYIO 3. [.C. raJbBaHHUYECKOTO 3Je-
MeHTa H AG°9s NPOXOASILEH B HEM pPeaKLHH
2Ag 4 Sn?+ = 2Ag* 4 Sn
€CJH
Agt4-e~=Ag E°= 10,808
Sn2+ 4 2~ = Sn E°=—0,14B

Paccuuraiite 3.4.c. © AG peakuuu AN CJAEAYIOUNX HECTaH-
IapTHBIX YCJIOBHH: KOHUeHTpauuu Sn?+ m Agt coOTBETCTBEHHO paB-
H (B Moan/m) 1) 0,1 u 1;2) 0,01 mw1; 3) Oul; 4) 10ul;
5) 1u10; 6) 1 1w 0,1; 7) 1 u 0,01;8 1u 0; 9) 10 u 10;
11) 0,01 u 0,01.

3anuinTe HCXOAHBle JaHHbBle H pe3yJbTaThl pPacueToB B BHIE
Ta6GJHIE, TpUAAB el TaKylo (GopMy, KOTopas moKa3biBaja OHl BJIHS-
H#He KOHUEHTPaUHWH HOHOB Ha 3. J. C. rajJbBaHHYECKOrO 3JIeMeHTa.
CoopmynupyiiTe BBIBOJ O XapakTepe 3aBHCHMOCTH 3. A. C. rajabBa-
HHYECKOTrO 3/IeMEeHTa OT KOHLEHTPAalMH HOHOB, NPHHHMAIOUIUX yda-
CTHE B peaKIiHH.

27-45. BelyncauTe KOHCTAaHTY PaBHOBECHSI peaKLHuH

Cu + 2Agt+ = Cu?t+ 4 2Ag
€CJIH EOCu/Cu!+=+0,34 B, EoAg/Ag+=+O,80 B.
27-46. BpluncauTe 4YHCJIO cTelmeHell cBOOOABI B CHCTEME:
Th + 2Ca0 = ThO, + 2Ca '
€ClH peaKuusi (BCe YYaCTHHKHM DeaKIHMH — YHCTble KPHCTa/JHYye-
CKHe BellleCTBAa) NpPOTeKaeT a) B XHMHYeCKOM peakrtope, 6) B rafb-

BaHHYECKOM 3JIeMEeHTe.
27-47. OnpenennuTe YuCJIO cTeneHelt cBOOOJBI B CHCTEME
Cu?t 4 Zn =Zn2t 4- Cu
€CJIH peaklUus NPOXOAHT a) NPH OOBLIYHBIX YCJOBHSX, 6) B rajabBa-
HHYECKOM 3JIeMeHTe.
27-48. Uem oT/IHYaeTcss NPOXOXKAEHHE peaKUHH MeXAy KpH-
CTaJJIHIeCKHMH BellleCTBaMH:
Th + 2Ca0 = ThO, + 2Ca
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a) B OGLIYHOM XHMHYECKOM peakrtope, 6) B rajJbBaHHYECKOM 3Jle-
MeHTe?
27-49. TloueMy npH sJeKTpoJH3e BOAB OHAa oGoramaercsi Ts-
xKeJiolt Bojoi? [lepeuncanre OCHOBHBEIE IPHYHHHL
27-50. CraHzapTHBIe 3JIeKTPOJHBle HOTEHIHANH BOJOPOJA H
JleHTepHsI paBHHI:
2H+ - 2= = H, E°=0,0000B
2D+ 4 2%~ =D, E° = —0,0034 B

Kaxoit non: H+ u D+ — serue BoccranaBiuBaercs?

27-51. 3aueM K pacTBOPY XJODOBOJOPOAHOH KHCJOTH MPH MO-
JIyYEHHH BOJOpOJa [IeHCTBHEM ee Ha UUHK B KHCJIOTY H06aB/siOT
HEMHOro MeJHOro Kymopoca?

27-52. Bynyt an pactBopsatecs B 0,001 M u B 1 M pacrBopax
HCl nnn H,SO4 cnenyiomue Meranne: Mo, Mn, Cr, Fe, Cu, Pb,
Zn?

27-53. TloueMy anioMHHHH BEITeCHseT MeAb H3 pactBopa CuClg,
HO He BBITeCHseT ee U3 pactBopa CuSO,?

27-54. O6bsicHHUTe TOT (haKT, YTO HEKOTODHle MeTaJsJbl, HMelo-
e OTpPHIaTeJbHOe 3HauyeHHe 3JeKTPOJAHOIO IOTeHUHasna _ (Ha-
npumep, aasa uuHka E°=—0,76 B), MeAseHHO H Aaxe OuYeHb Mel-
JICHHO pPearupyioT ¢ Bofo# ¢ BuigeneHHeM Ho.

27-55. Ina yCKOpeHHs Ipollecca PacTBOPEHHS LHHKA B XJOPO-
BOJOPOJHOH KHCJIOTe B pacTBOp HOGAaBJSIOT HEMHOrO MEeIHOIO KY-
nopoca. IIpu 3TOM mpeamosiaraercsi, UYTO Ha IHHKE OCaXIaeTcs
Melb H o0pasyeTcss MeXHO-UMHKOBBIH MHMKPOrajbBaHHYECKHH 3Jie-
MeHT (puc. 27-1) u BOROpPOA BHIAeJAsieTC Ha MenH. MoXHO Jm
BMecto CuSO, B3sth apyrue coau: AgNOQOs; NiSO4 FeSO,,
Fe2(804)3?

27-56. B uem npuunHa o6pa3oBaHHsI Pa3JHYHHIX NPOAYKTOB B
CJIEAYIOUINX peaklusix:

Zn + 4HNO, (xonn.) = Zn(NOy), + 2NO, + 2H,0
3Zn 4 8HNOg (pas6.) = 3Zn(NOg), + 2NO + 4H,0
4Zn 4 9HNO, (ouenb pa36.) = 4Zn(NO,), + NH 4 3H;0

—J PHC. 27-1

27-57. CocTaBbTe YpaBHEHHsI CaMOINPOH3BOJbHO INPOTEKAMIHX
peakuuii TpH KOPPO3HH B BOJe LMHKA M OJIOBA, HAXOASLIHXCS B
KOHTaKTe.

27-58. TlpenckaxuTe, KAKHM METaJJIOM CJeAyeT MOKPHITbL OJIO-
BSIHHOE H3JeJHe, 4To6bl OHO He paspymaJnoch B 1 M pactBope KOH
(na Bosnyxe)? '
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27-59. Tlpenmosaraior, 4TOo MepBOi cTaAHell  B3aHMOIEHCTBHS
HIeJIOYHOrO MeTaJjla C BOJOH SIBJSIETCS MPOIece:

K (k) 4+ H,0 (x) — K*(p) + ¢~ (p)
rae e~ (p) — rHAPATHPOBAHHHA SJEKTPOH.

Hanumnre apyrme cTaiuMH Ipolecca pacTBOPEeHHS MeTaJjnla B
BOJE.
27-60. B cBHHIOBOM aKKyMYJSTOPe IPOHUCXOAST PeaKIHH:

PO, (K) + Pb (k) - 2H,S0, (p) %f 9PbSO, (K) -+ 2H,0 ()

Kaxkum TpeGoBaHHSIM NOJKHA YAOBJETBOPSATh peaklHs, YTOGHI
ee MOXHO OblJIO HCIIOJNB30BaTh B aKKYMYJSATOpE?

27-61. OO6bsicHuTe, moYyeMy B CBHHLIOBOM  aKKyMyJsATOpe He
MPOUCXOAHUT peaKlysi:

Pb () -+ H,SO4 (p) = PbSO4 (k) + H, (r)

BosmoxHO M HenmocpeacTBeHHOe B3auMopeictBHe PbO, m HySO,
¢ obpa3oBaHueM KpHcTajnuueckoro PbSO, (xak 3To HanHcaHo B
npeAnAyllel 3anaye)?

27-62. OmnpenennTe, MOXKHO JIH IOJYYHTb ra3006pasHblii ¢GTOP
3JIeKTPOJIN30M pacTBopa QTOPHAA HATPHS, €CJIH:

0, + 4H* 4 4e~ = 2H,0 E°=1,23B
Fy 4 2e~ = 2F- E°=2,87B
Nat+4- e~ = Na E°=—2,71B
2H* (10-7 M) + 2~ = H, E°=—0,41B
O6cynuTe aHaNOTHYHBIH TPOLECC C YYacTHEM APYrHX rajoreHH-

AOB HATpHS.

27-63. Kakoii MeTaJJ1 BbAe/sieTCsl B IEPBYIO OUYepelb MPH 3JEKT-
poJiH3e pacTBOpa HHTPATOB MeJAH H cepebpa?

27-64. B cepHOKHCJOTHHIH pacTBOp, comepxkauuii Fe?+, Mg+
u APt (mo 1 Mosb/n1) mOrpyKeHbl IJIaTHHOBHIE 3JeKTpoAabl. Ha
9JIEKTPOAAaX MeAJIEHHO YBeJHUYHBAETCSl HaNpsKeHHe W IToCje Ha-
yaja BhHIJEJEHHS ONHOTO H3 METa/JIOB OHO INOJJEePXKHBAETCs IO-
crosiHHbIM. Kakofi mMeTann W B KaKOM KOJHYECTBE BBIAETHTCA (Teo-
peTHuUeCKH) INpH NPOXOXKAeHHH ToKa cuaoii 1 A B TeueHne 1 uy?

27-65. Onpenesute MHHHUMAJbHOE HaNpsiKeHHe IIPH 3JEKTPOJH-
se 1 M pactBopoB CuSO,4 u CuCls.

27-66. Oasi Toro, 4To6bl U36€XKaTh CMeElIeHHUS NPOAYKTOB 3JEKT-
ponusa (3ayeM?) M 06eCledyHUTb NPOXOXKJeHHe 3JeKTPHYEeCKOro To-
Ka, Gbl H3rOTOBJIEH 3JIEKTPOJIH3eP, B KOTOPOM Ileperopojika cieJa-
Ha u3 HepxaBewollell cranu (puc. 27-2). B o6a 3JeKTPOAHBIX IpPO-
CTPAHCTBA 3aJIMJH PacTBOP XJOPHAA HATPHS H Ha 3JEKTPOABI MO-
Xaau HanpsixkeHHe. Kak Oyner [edCTBOBAaTb 3TOT 3JIEKTPOJH3ep?

27-67. CKOJbKO BpeMeHH CJeAyeT IPONycKaTb TOK CHJoi 5 A
gepe3 pactBop NaCl ans nonydenus 20 r NaOH?

27-68. HuxkeseBble 3JeKTPOAB INorpyxensl B-1 M pactBop
NiSO,. B pesyabrate anekrpoausa uepes 1 4 macca OJHOro H3
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3JIEKTPOJOB YMEHbIIWJIACh Ha
— v — 1,000 r. YUemy paBHa cHIa
— U -——ods —|  Toka? Uro mpousowyno ¢ Apy-
Top- ] UM 3JeKTPOJOM? }-Ianumme

NaCilNaci — ypaBHeHHS peakIui.
a7 Haiiall il 27-69. Ykaxute TpPOAYyK-
—————— - = = = THl 3JIeKTPOJH3a PacTBopa,
PHC. 972 conepxautero 1 moan/n NaCl

u 1 moap/n NaOH.

27-70. Tlouemy mnpm 37eKTpoJH3e BOAHOTO PAaCTBOPa XJODHAA
HaTpHsl BbleJleHHe XJIOpA HAuHHAeTCsl 3HAYHTEJNbHO TO03XKe, yem
BhlJeJileHHe Bojopoia? Kak BiHsieT KOHLIEHTpPalHsi pacTBopa Ha
BpeMsi 3a/lep:KKH BbIIeJI€HUS XJaopa?

27-71. YKaxuTe NPOAYKTH 95JeKTPOJH3a BOJLHBIX PaCTBOPOB:
1) H.SO,4, 2) NapSO, 3) HCI, 4) NaCl, 5) CaCl;, 6) CuSOs.

27-72. Hcxomss M3 TepMOAMHAMHYECKHX XapaKTEPHCTHK BOJIHI,
BOZOpOJa M KHCJIODOAA, ONpefllesIiTe MHHHMaJbHOe HampsKeHHe,
HeoOxonuMoe AJSl 3JieKTpoJH3a BoAb. Kak 3aBHCUT Hampsi:KeHHe
3JIeKTPOJIN3a OT TeMIepaTypHl H JgaBJjeHusi? Ilouemy npu Hanpsixe-
HHH, BBIYHCJIEHHOM 110 TepDMOJHHAMHYECKHM XapaKTePHCTHKaM,
3JIEKTPOJIN3 He npoucxoaut? IloueMy pmaxe nmpu 3HauuTeNbHO 60Jb-
LieM HaNpsXKEHUH 3JeKTPOJH3 Takxe He mnpoucxogut? Kak mpak-
THYECKH OCYILIEeCTBHUTb 3JIEKTPOJH3 BOJAH? YKaXHTe JHMHTHPYIO-
mylo (ne) crajguio (M) B Ipolecce 3JeKTPOJH3a BOJIHL

27-73. Hcxoas U3 TepMOAMHAMHYECKHX XapaKTeDHCTHK Belle-
CTBa paccyMTaliTe HanpsiKeHHe, HeOOXOAHMOe [IJsI PpasOXKeHHS
pacniaBJeHHoro ruapokcuna kKanaus npu 400 u 500 °C. Onpenednu-
Te TeMIepaTypy, Bbllle KOTOPOH BO3MOXKHO  CaMOIpPOH3BOJILHOE
pasjioxXeHHe ruapoxkcuaa. Biausauem rtemmepatrypnl Ha AH® u AS°
MOXHO NpeHe6peys.

27-74. BoiBeauTe ypaBHeHHe TeMIepaTypHOH 3aBUCHMOCTH Ha-
NpSXKeHHS PassIoXKeHHs pacl/aBJeHHOH CONMH MJAH LIeJOYH.

27-75. BriBenuTe ypaBHeHHe TeMIepaTypHOH 3aBUCHMOCTH Ha-
NpsIXKEHUs] Pa3/IoXKeHUs XJOPHJa MarHus. BbluuciHTe HanpsiKeHue,
Heo6xoaMMOe [AJs1 pasjoxKeHHs xJopuaa marius npu 800 u 1000 K.
IIpn Kako#l TeMmIepaType INPOHCXOJHT CaMONPOH3BOJbHOE pasJo-
JXeHHe COJu?

27-76. ITlpeackaxure NPOAYKTHl  3JIEKTPOJH3a PpacH/aaBOB:
1) NaCl, 2) NasSO,, 3) NaNOs;, 4) NH.Cl, 5) NH4NOs,,
6) KClO;, 7) NaOH, 8) NaHSO,, 9) NazPO4 10) NaHPO,,
11) P,0s, 12) H3PO,.

27-77. Tlouemy moTeHuHans!, Tpebylomuecss AJsS BBIJAEJEHHS Me-
TaJJIOB M3 DPAaCIlIaBOB, He HAaXONSITCS B NPOCTOM COOTHOLIEHHH CO
CTaHAapTHBIMH 3JEKTPOAHBIMH NOTEHIHaJaMH B BOAHBIX pPacTBO-
pax?

|,||||I|
yl
3
=
I

[T
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27-78. CraHpapTHble 3JIEKTPOAHBIE INOTEHIHAJBl IIEJOYHBIX Me-
TaJJIOB B BOJE U JKUAKOM aMMHaKe HMEIOT CleAylollHe 3HaueHHS
(8 B):

H20 NHg
Li++e—=Li —3,03 —2,24
Nat+e—=Na —2,71 —2,01
K++e-=K —2,93 —1,98
Rb*t+e—=Rb —2,93 —1,93
Cst+e—=Cs —2,91 —1,95

Hsyunte aTH naHHBle W cHestafiTe COOTBETCTBYIOLIME BEIBOJHL
27-79. Huxe npuBefeHb CTaHAapTHHle 3JIEKTPOAHLIE MOTEHIHA-
JIBl JIUTHSI U HaTPHs B PAa3JHYHBIX pacTBopuTeisix (B B):

HsO  CH3OH CyHsOH CHsCN HCOOH  NHs  NgHg

Lit++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 nouemy BJHMsieT NpHpPOAA pPacTBOPHTENIST Ha CTaHAapT-
HBIH 3J1IEKTPOAHBIH MOTEHLHAJ?

27-80. DneKTponHble NOTEHIHANbl JIHTHA M KaJHsl B UX pacljas-
JIEHHBIX T'aJIOTeHHJaX MO OTHOWIEHHIO K 3JeKTPOJHOMY NOTeHLHaIy
Harpus (npu 700 °C) uMmeroT cienyiomue 3HaueHus (B B):

MF MCI MBr MI
Li+4+e-=Li —0,56 40,02 0,05 0,14
K++e-=K —0,22 0,14 0,18 40,17

[Touemy npu yBe/HYeHHH MOJLHOH MaccChl rajloOreHHAa IOTEH-
[HaJ CTaHOBHUTCS 6oJjlee MOJOXHTeJbHBIM? I[loueMy Kanuii uMmeer
GoJsiee BBHICOKHe IOJIOXKHTeNbHBle 3HayeHHss mnoreHuuana? Kakue
JApyrue Bonpochl Bbl MoxKeTe MOCTaBHTb K IIPMBEJEHHBIM JaHHBIM?

27-81. DNeKTPOAHBIN NMOTEHIMAJ KeJe3a

Fe?* . 2¢~ = Fe

B pacniaBe KCl—NaCl oTHocHTe/NbHO 3J€eKTPOAHOTO MHOTEeHLHasa
cepebpa npu temneparypax 700, 800 u 900 °C paBeH cOOTBETCTBEH-
Ho 0,520, 0,510, 0,498 B. Omnumure mnoBefeHHe KeJe3a B pacmia-
Be KCl—NaCl. Cxema rajibBaHHYECKOroO 3JeMeHTa:

Fe | FeCl,, KCl—NaCl||AgCl, KCl—NaCl|Ag

27-82. BocnoJab3oBaBiuuch ¢opmysoir Heprcra, BhiBenurte ¢op-
MyJay AJs pacyera 3. J. C. KOHIUEHTPALHOHHOTO 3JeMeHTa (CM.
27-24), B KOTOPOM OJHMH 3JIEKTPOL H3 MeTasna M mnomelieH B
pacTBOp C KOHILEHTpaLHeH HOHOB 3TOT0 MeTajaa ¢; U BTOPOH
3JIeKTPOL H3 TOrO Ke MeTaJjlsa —B PacTBOP ¢ KOHIleHTpauue# Ho-
HOB 3TOTO MeTaJjlja Cg, NPH 3TOM €} >Co.

27-83. 3a cueT yero BO3HHKAaeT 3JeKTPHUECKHH TOK B KOHIEHT-
PalHOHHOM 3JiIeMeHTe?

27-84. Cpenaiite BBIBOJ 06 H3MEHEHMH 3. A. C. MeLHO-IHHKOBO-
ro sjJeMeHTa IPH OJHOBPeMEHHOM H3MeHeHHH KOHLEHTpaUuil Ka-
THOHOB.
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27-85. D. A. C. KOHIEHTPALMOHHOTO 3JieMeHTa ONpeAeNseTCsl Mo
¢opmyse
0,0592

L
E= =7 —lg -\ (npn 298,15K)

rje ¢— KOHLUEHTPAUHs HOHa B INPH3JEKTPOAHOM pacTBOpe, NMpHYEM C3>Ca.

BriBegute popmyay ans pacuera 3. A. C. KOHLEHTPAIHOHHOrO
3JleMeHTa, COCTaBJEeHHOro M3 3JeKTPOAOB, IOTrPyXKeHHHIX B pac-
TBOPHI C Pa3/IHUHBIMH 3HaueHHsIMH pH.

27-86. PaccuntafiTe 5.1.C. KOHLIEHTPAaIlHOHHOTO 3JIeMeHTa, CO-
CTOSILIEr0 M3 ABYX BOJOPOAHBIX 3JEKTPOAOB, HOIPYKEHHHX B pac-
TBOpH ¢ pH 2 1 4.

27-87. KoHUEeHTPalMOHHBIA 3J€MEHT COCTOUT H3 CTaHIapTHOro
BOZOPOJHOrO 3JIEKTPOJa H BOJOPOAHOrO 3JEKTPOAa B pacTBope C
HeH3BeCTHHIM 3HaueHHeM PH; 3.1.c. anementa pasua 0,118 B. Bu-
yucaute pH pacrBopa.

27-88. Paccuntaiite 3. A. ¢. KOHIUEHTPALHOHHOTO 3JeMEHTa, CO-
CTOSIIEr0 U3 CTaHZApPTHOrO BOAOPOAHOrO  3JeKrpoia (am+==
=1 MoJb/1) H BOJOPOLHOIO 3JIeKTPOAA, HAXOASLIErocss B YHCTOH
BOZe.

27-89. KakoBa KOHLEHTpalHsg HOHOB BOJAOPOXa H 4eMy paBeH
pH pacrBopa, B KOTOpOM NOTeHIHasJ NJaTHHH, HAaCHIUEHHHIH BO-
noponoM, pasen —0,236 B?

27-90. T'anbBaHHYECKHH 3JIeMeHT, COCTOAIIUA H3 CTaHAAPTHOrO
BOJIOPOAHOro 3JekTpona (pm,=101325 Ila, am+=1) u Bomopoa-
HOTO 2JIeKTpoja C HeH3BeCTHHIM 3HaueHueM pH pacrBopa, moka-
3bIBaeT 3. A. C., paBHyio 0,414 B. Briuncaute pH storo pactBopa
H 06CyauTe BONIPOC O €ro NPHPOZAE.

27-91. Buytpu kaerok MmJjekonurtatomux pH=7,0, a B okpy-
kamomeit xunkoctu pH=7,4. PaccunuraliTe BO3HHKAIOUIYI0 B 3THX
YCJIOBHSX 3. I C.

27-92. 3. K. C. KOHUEHTPAUHMOHHOIO 3JeMeHTa C KOHIEHTpaLHus-
MH pactBopoB Hekotopo# coau 0,01 u 0,00001 Moab/n cocraBasier
0,177 B (298,15 K). Brruncaure 3apsig KaTHOHA.

27-93. Kak u3MeHsieTcsl MHHMMaJbHOe HalpsXKeHHe BbIJeJeHUS
Bonopojxa u3 BoAHbIX pacTBopoB ¢ pH 7 u 14 no cpaBHeHHIO C Ha-
npsixeHueM B pactBope ¢ pH=1?

27-94. KakoBa 3.[1.C. KOHUEHTPALHOHHOrO 3JIeMeHTa, COCTOsl-
mero M3 cepeGpsIHBIX 3JeKTpojoB, Haxoxsmuxcs B 0,1 u 0,001 M
pacTBopax Hutparta cepe6pa? (CremeHb AHCCOLMALUH 3JI€KTPOJIH-
Ta npuMuTe pasHo#t 1) 100% u 2) 80%.

27-95. HapucyiiTe cxeMy rajbBaHHYeCKOro 3JIeMEHTa, COCTOs-
IIEro H3 ABYX BOJOPOINHBIX 3JEKTPOAOB € OJHHAKOBOH aKTHBHOCTLIO
HOHOB BOZOpOZa. B oxHOM 3JeKTpolde NJaTHHA HAaChILIaeTCsl BOAO-
POLOM IIPH CTaHAAPTHOM MAaBJIEHHH, B IPYrOM 3JIeKTPOJE — CMeChIO
BOJOpPOJA C HHEPTHHIM rasoM. BriBenure QopMyay Ajas pacuera
MnapuHaJbHOrO JAaBJEeHHS BOAOPOAa IO H3BECTHOH 3.H.C. rajlbBa-
HHYECKOTrO 3JIeMeHTa.
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927-96. Meercss ABa KOHIIEHTPALHOHHBIX 3JleMeHTa, COCTOSILINX
3 3/1eKTpoAoB, morpyxenunx B 0,1 u 0,01 M pactBopnl cyabdara
HHHKA. Y OZHOro sJeMeHTa 06a 3JeKTpoja CAesaHbl H3 IJIATHHEI,
a y IpYroro — H3 LuMHKa. BhiumciuTe 3. K. cC. sieMeHToB. Hamuumin-
Te ypaBHeHHs 3JEeKTPOJAHBIX NPOLECCOB H YKaXXHTe OKHC/IHTEeNb K
BOCCTaHOBHTEJIb.

27-97. I1pu KakuX KOHLEHTPaUHUsAX 3JEKTPOJIHTA — XJIOPHAA LHH-
Ka — 9. [I. C. KOHIeHTPalHOHHOrO 3JeMeHTa pasHa 0,1 B? Hamummu-
Te ypaBHEHHe 3JEeKTPOJHOH pDeaKUHH. YKaXHTe BOCCTAHOBHTENb K
OKHCJIUTEb.

27-98. Bo3uukaeT 3.[.C. WM HeT B TaJbBaHHYECKOM 3JIeMeH-
Te, B KOTOPOM 3JIEKTPOJH, H3rOTOBJIEHHble U3 Pa3JHYHBIX MaTepHa-
JIOB, HanpuMep MJATHHB H rpadura, HaXOAATCA B pacTBOpax OA-
HOro M Toro e BelilectBa, HanpuMep NaCl, ofiHHAKOBO# KOHLEHT-
pauuu?

97-99. BhluHcJauMTe CTelleHb AHCCOLMALMH HHTpaTa cepebpa B:
1 M pacTBope, eciu NOTeHHHasn cepe6pa B HeM M0 OTHOUIEHHIO K
CTaHHapTHOMY BOJOPOAHOMY 3JeKTpoAy paseH 0,79 B.

97-100. BhluMCJHTe NOTEHUHas] LHHKOBOro ajekrpopa B 0,05 M
pacrBope ZnCl, cTeneHb AHCCOUHALMH KOTOPOTO paBHA 80%.

927-101. TanpBaHHYeCKHH 3JIeMEHT COCTOMT H3 CTaHAapTHOrC
BOJOPOLHOIO 3JEKTPOAa H BOMOPOAHOTO 3JEKTPOAA, NMOMELIEHHOro
B 0,01 M pacTBOp YKCYCHOM KHCJOTHI; 9.[.C. 3JIeMeHTa paBHa
0,200 B. Buiuncaute pH pacTBopa U KOHCTaHTy AMCCOLMAUHH KEC-
JIOTHL.

97-102. TanbBaHWYECKHHA 3J€MEHT COCTOHUT U3 CTaHAapTHOrO BO-
JIOPOJHOTO 3/1EKTPOoJa M BOJOPOJAHOTO 3JEKTPOAA, MOMELIeHHOro" B
0,01 M pactBOop XJOpHAA aMMOHHs, 3.[.C. dJeMEHTa paBeH
0,366 B. Bruiuucaute pH pacrBopa, KOHCTaHTy THAPOJH3a H KOH-
cranty auccounaunu NH,OH.

27-103. Tlpemsoxute crnoco6 (bl) onpeaeseHHss KOHCTAHTHl AHC-
conraunu caaboit KHCJOTHI, €CIH M3BeCTHA KOHCTaHTa JAHCCOLHALHUH
Apyro# cnaboi KACAOTHI.

97-104. PaccunTaiiTe 3.J.C. raJbBaHHUECKOIro 3JeMeHTa, KOTO-
pHIli COCTOMT H3 cepeGpsiHOH NpPOBOJIOKH, norpyxentuoit B 0,01 M
pacTBOp HUTpara cepeGpa, U cepeGpsiHOH NMPOBOJIOKH, NIOrpyKeHHOMH!
B 0,001 M pacrsop K[Ag(CN).], eciu KOHCTaHTa HeCTOHKOCTH KO-
Ha [Ag(CN).]~ paBHa

TCN-12
Kyooy — LETIENTE 410
[Ag(CN),7]

27-105. B pactBope KOMILIEKCHast COJb [Ag(NHj3)2]Cl nuc-

COLMHPYET KaK CHJbHDBIA 37€KTPOJIUT

[Ag(NH,),ICl = [Ag(NHy),]* 4 CI-

Kouuenrpaunus nouo [Ag(NHs),]* npakTHuecku coBnafaer ¢ KoH-
LeHTpauueli ¢ KoMmjeKcHol coan. Mou [Ag(NHs)o]+ muccounupy-
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eT KakK CJ1a6bifi 3JeKTPOJHUT, H KOHCTAHTAa HEeCTOHKOCTH IPH MOJHOM
JHCCOLMAllMH paBHA
Koo = [Ag*] [NHy]?
Heer ™ [Ag(NHs),*]

B ranbBaHUYeCcKOM 3JIeMeHTEe OIMH 3JIEKTPOX NpeACTaBiseT coboit
cepe6psSIHYI0 NIPOBOJIOKY, HOTPYKEHHYI0 B PacTBOpP KOMILIEKCHOM
COJIM KOHLIEHTPaUMH ¢ (B MOJIb/J), a BTOPOH 3JeKTPOA — cepebps-
Hasi TMPOBOJIOKA B pacTBOpPe HHUTpaTa cepebpa ¢ KOHIeHTpauuei ¢’

JlokaxuTe, 4TO 3.[J.C. 3TOr0 rajbBaHHUYECKOro sjeMeHTa E u
KOHCTaHTa HECTOMKOCTH KOMIIEKCHOrO HOHAa CBSI3aHBI COOTHOLIE-
aueM (mpu 298,15 K)

4

4
E=0,00921g 37——7—
¢ VKHecTC/4

§ 28. MPOLLECCHI PACTBOPEHHUSA U OCAXIOEHHSA

28-1. KakoBul yc/10BHSl (C TepPMOJHMHAMHYeCKOH TOYKH 3peHHS) 06-
pa3oBaHHs 0CaJKOB H HX PAacTBOPeHHs?

28-2. PactBopuMoOcCTb XJOpHAAa Kagawluusf B BoZe npH 10°C co-
crapasier 65,0 r, a mpu 50 °C pacrBopsiercs 132,0 r 6e3BogHOro
BeulectBa B 100 r uuctoit Boae. K pacTBOpPY XJOpHAA KaJbLuS
npubaBisieTcsi HEKOTOPOe KOJHYECTBO KPHCTAJIJIMYECKOro XJOopHAa
Kanabuus. [loHHM3UTCS MM TOBLICUTCA TeMIlepaTypa pacrBopa?

28-3. Huxe npuBelleHbl 3HTAJbIIHHM DacCTBODEHHs B BOJE H pac-
TROPHMOCTH HEKOTOPHIX coJeHi:

AH°, k]lx/monb PacteopuMocTb, /100 r HaO

npu 10 °C npu 20 °
AgF —18 120 172
AgNO; -+23 173 223
AgCls —330 46 46
CaCl, —77 65 75
CuSO, —67 17 20
MgCl, —152 54 55
MgSO, —88 30 35
KOH +50 102 112
KF —10 54 95
KCl +19 31 34
KBr +22 60 65
KI +16 136 144
NH,CI 416 33 37

[Tpumennte npunuun Jle Ilarenbe nJasi npeackasaHHs BJHS-
HHA TeMIepaTypnl Ha PacTBOPHUMOCTb 3THX COJIeH B COOTBETCTBHH
€ TNIpUBeJEHHBIMH 3SHTAJNbIUAMH pacTBopeHHs. CpaBHHTE MOJyuYeH-
Hble BHIBOJABI C JaHHBIMH N0 pactBopumoctsiM npu 10 um 20 °C,

O06DbscHUTE BBIBOJHI.

28-4. VmeloTcs HachlllleHHble PacTBOPHI: caxapa, XJODHAA HaT-
pus, xJopuna cepebpa, cyabpuna pryrd. Onpenesnutre YHCJIO He-
3aBHCHMBIX KOMIIOHEHTOB H WYHCJO CTeleHell CBOGOAEI B 3THX CH-

creMax.
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28-5. Be3BoiHble COJH aNIOMHHHS, HECMOTPsl Ha YyBeJHYeHHe
PaCTBOPUMOCTH C IMOBBIIIEHHEM TeMIepaTyphl, PacTBOPSIIOTCH C BHI-
JeJeHHeM O6OJIbUIOrO KOJIMYeCTBa TeMJMOTH. MOXKHO JIM CUHTaTh,
YTo B 3TOM cJayuae Hapywaercss npunuun Jle Hlatenne?

28-6. Tlpn metictBum 220 ma 0,1 M pacrBopa HHMTpaTa cepebpa
Ha 50 MJ pacTBopa, comepkamwero 5,32 r CMeCH XJOPHIOB HaTpHA
H Kajud, O6wnio monydeHo 11,48 r xiaopuna cepe6pa. Ompenenure
COCTaB HCXOAHOM CMeCH XJOPHIOB HAaTPHS U KaJusl.

28-7. Tlouemy Al,O; He pacrBopsierca B H,O, a Al,S; mrHo-
BEHHO THIPOJIH3YeTCs?

28-8. O6bsicCHUTE, MOYEMY COJIEBOH COCTaB BOJAB OKEaHOB OCTa-
eTCsl NPaKTHYeCKH HEH3MEeHHBIM, XOTSI DPeKH eXeroiHO BHOCAT B
OKeaH 0KoJio 1,5 MJIH. T Kap60oHaTa KaJblLus.

28-9. PacTBOpeHHe KPHCTaJJHUYeCKOTO THADOKCHIA HaTpUsS B BO-
Jle CONPOBOXKAaeTCs BBIeNEHHEM TEMJIOTH:

NaOH(-+H,0) = Na* 4 OH" + Q

B coorBerctBuu c npunuunom Jle llatenbe Nnpu NOBHIIIEHHH TeM-
nepaTypbl paCTBOPHMOCTb JOJIXKHA NMOHHXKaTbcs. OJHAKO pacTBOpH-
mocts NaOH B Boze npu 0, 20 u 100 °C cocTaB/sieT COOTBETCTBEH-
HO 42, 109, n 342 r NaOH B 100 r H;O, T. e. Bo3pacraer. B uem
NPHYHHA NOAOOHOrO SIBJEHHUS?

28-10. Ecan uepe3 pacrBop ZnCly nponyckate H,S, To BhIDa-
LaeT ocajoK cyabopuaa uuHka. IIpu Kakux ycJOBHSIX NPOHCXOTHT
NpaKTHYeCKH INOJIHOe OCaxKJeHHe cyJabpuia unuHka? Kak npemnor-
BPaTHTb OCaxJeHHe?

28-11. T'mapokcua MarsHusi pacTBOpsieTCss B KHCJOTaxX H B pac-
TBOpax coJjef aMMOHHSA:

Mg(OH), -+ 2HCI = MgCl, + 2H,0
Mg(OH), + 2NH,Cl = MgCl, + 2NH,OH

YKaxuTe xapakTepHble NPH3HAKH, oOmue A5 o6euX peaKUui.
Kax moxHO mnoBmicHTh pacTBopuMocTh Mg(OH), B 3THX pacTBo-
pax? DBynmer au ruUApPOKCHA KaJblHs BeCTH cebsl aHaJOTHYHO?

Xopowo H3BeCTHO, YTO KapOoHAT MarHusl pacTBOpsieTCs B KHC-
JoTax

MgCO; + 2HCI = MgCl, + CO, + H,0

Byzer nu xap6oHaT MarHus pacTBOPSITbCSI B pacTBopax coJsiell am-
MOHHSA?P

28-12. Tlouemy amdoTepHOe coeiuHeHHe OOGBIYHO MaJO PacTBO-
pHMO B pacTBOpHTesNe, B KOTOPOM KHCJOTH H OCHOBAHHS pacTBO-
pPSAIOTCS XOpOILIO?

28-13. Kak Bml cuntaere, 6oJbllle HIH MeHblle aMMHaKa H XJo-
pPOBOZOpPOJLAa MOXHO pPacTBOPHUTb OJHOBPEMEHHO B OJHOM oGbeMe
BOJHI, ecJd yepe3 ABe TPYOKH B BOLY OZHOBPEMEHHO NOAABaTh aM-
MHaK H XJOPOBOJOPOA (ZaBleHHe H CKOPOCTh IOJAYH ra3oB OAU-
HakoBHl). PacTBopuMocTb xJ0poBomopoaa cocTaBgaser 400 00b-
eMoB B 1 o6beMe Bozab, a ammuaka — 700 o6beMoB. I'asnl mpomy-

271



«CKAaIOTCSl B BOJY HO NOSBJEHHS NEPBBIX KPUCTAJJOB XJIOpPHAA aM-
MOHHSA.

28-14. TTouemy pactBopumocts CaCOj; B Boxe Bo3pacraer HpH
.no6GaBJeHHH B pacTBOp coJjell aMMoHHA? Kak BJAHSIOT COMH IUeJoY-
HBIX MeTaJlIoB Ha pacTBopuMocTb CaCOj?

28-15. Tlpy KuNsiueHHH C PacTBOPOM XJOpPHAA aMMOHHS Kap6o-
HaT KaJblUs IOJHOCTbIO pasJjaraercs. Kak sto o6bsicHUTL? Ha-
TNUIINTe ypaBHeHHst peakuuil. [ToueMy cOJIM IIEJIOYHBIX MeTaJJOB,
B- TOM YHCJe H XJOPHAB, He 06JiafaloT NMOAOGHBIM AeHCcTBUEM?

28-16. O6cyaute TOT Qakt, uyto LiF MeHee pacTBOpUM B BOZe
mo cpaBHenuwo ¢ Lil, a Agl pacrBopum wmenee, uem AgF.

28-17. Tlouemy pactBopuMoctb NaCl B Boje pe3Ko yMeHblla-
€TCsl NpPH NPONYCKaHHM B pacTBOp XxJopoBojopona? Kak H3MeHHT-
cst pactBopuMmocth NaCl npu no6aBjeHHMH B DacTBOP XJODPHIOB
KaJus HJIM aMMOHHMs, cyJjbdara KaJusl, ’HIAPOKCHAOB HAaTPHA HJH
Kanusr

28-18. Kap6oHaTHY10 XKECTKOCTb BOABI MOXHO YCTPaHHTb J006aB-
JIeHHeM ralleHOH M3BeCTH:

Ca(HCOy), + Ca(OH), = 2CaCOq + 2H,0

Mg(HCOy), 4 2Ca(OH), = 2CaCOy -+ Mg(OH), + 2H,0

SamuiinTe ypaBHEeHHsT peaKIU# COKpalleHHHIM MOJIeKYJsIPHO-
HOHHBIM crmoco6oM. OOBsicHHTe, noueMy o6pasyeTcss  T'HAPOKCH]
MarHus, a He Kap6oHat MarHus. Kakue cnpaBouyHble JaHHble HYX-
HBI IJISl OTBETa Ha 3TOT BOIPOC? :

28-19. Ilpu BBeneHHH KapOOHAT-MOHOB B PacTBOpP HOHOB TpeX-
BaJIeHTHOTO KeJe3a KapGonat xesne3a Fep,(CO)s; He obpasyercd,
a ocaxjaeTcsl T’HIPOKCHJ KeJle3a:

9[Fe(H,0),]3+ 4 3C0O,42- = 2[Fe(OH),(H,0),] + 3H,0 + 3CO,

[Touemy ruapoxcun ycroiiuuBee kKap6oHaTa? Kak MOXHO moJy-
yuTh KapboHaTr XKeJe3a? Kak Oyzer BecTH ce0s KapOoHaT xeJse3a
Tipy KOHTaKTe ¢ BOROH? KakoBBl NPHYHHBI  CaMOIPOH3BOJILHOTO
TpOTeKaHUs HaNMCAaHHOH peaKIHH?

28-20. BospIIMHCTBO yrieBogoB Giaarofapst Hanuuuio rpynn OH
Xopowo pacTBopsitoTcst B Bode. OOBACHHTE, MOYEMY L0032
(caMblii pacnpoCTpaHeHHBIH M3 NMOJHCAaXapHIOB) B BOJe He PacTBO-
puMa M He THAPOJH3YeTCs, XOTS MaKpPOMOJeKy/a LeJJI0J03bl CO-
.CTOHT M3 MHOXeCTBAa OCTaTKOB IJIIOKO3bl, KaXIblil H3 KOTOPBIX CO-
Jepxut Tpu OH-rpynnsl.

28-21. Kak u3 xommiekcHoit coau [Ag(NHs)e]Cl BoiiennTs B
BHJe OcaJKa xJopul cepebpa?

28-22. Ha puc. 28-1 mnpuBeieHa AuarpaMma COCTOsIHHA (pac-
*TBOPUMOCTH) CHCTeMbl XJOPHA HaTpuss —Boxa. Ilpu 0°C npuro-
-TOBJIEH HAaChILIeHHBI PacTBOp XJOPHAA HATPHs, NMPH ITOH TemIle-
‘paType pacTBOp OTAEJHJH OT ocaikKa M oxaamuid fo —20°C
(nmu mo —30°C). OcaxkaeHHble KPHCTAJJIBI IIPH TOH XKe TeMIe-
“paType OTAeNHJH OT PacTBOPa H NepeHeCJH NPH KOMHATHOH TeM-
flepaType B cTakaH. UTo mpoH3ofifieT B CTaKaHe?
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28-23. Tlouemy, eciu K HachimeH- t°C
HoMmy pactBopy NaCl DpuautTh KOH- gg
LEHTPHPOBAHHYID  XJIOPOBOAOPOLHYIO
KHCJOTY,  BBIIaJAIOT  KPHCTAJJIBI
NaCl? K HacblllleHHOMY pacTBOpY
NaCl npuiInBamOT KOHIEHTPHPOBAH-
el pactBop NaOH. Bmimapyr kpu-
craansl uau Het? IIpoBepbTe mpeano-
JIOXKEHHE 3KCIEepPHMEHTAaJbHO. o

28-24. TloueMy B oT/HYHE OT XJIO-
PHIOB LIEJOYHBIX METAJJIOB XJOPHI
JIUTHSI He BBILEJSETCS] U3 PacTBOpa B -y
BHJE KPHCTA/UIOB IPH mpomyckawuu B8 ., 1M 20 30 40
pacTBOp XJOPOBOAOpPOZA? Nacl, %

28-25. TloueMy IMHK pacTBOpPSIeTCS B PacTBOPe CBOEro XJOPHAA?
Byner au uunk pacrBopsitbesi B pactBopax AlCIl; wau NH4CI? Pac-
TBOPAIIOTCS JIH Me[b, aJIOMHHHH HJIH KeJje30 B pacTBOpax CBOHMX
xnopunoB? Ilpomenaiite omnbiThl. CocTaBbTe YpaBHEHHS peakKIHH.
Kakumu dakropamu onpepensieTcsi BO3MOXKHOCTb NPOXOXKJEHHS pe-
akuui? Kak oTHOcATCA MeTaJJBl K pacTBOpaM JIPYIHX CBOHX CO-
Jei?

28-26. YKaxuTe OKHCJIHTENH M BOCCTAHOBUTEJNH B CJeLyIOLIHX

npoueccax pacTBOPeHHS LHMHKAa B pa36aBJeHHOH M KOHIEHTPHPO-
BaHHOH cepHOH KHCJIOTe:

Zn 4 H,SO4 (pa36.) = ZnSO4 + H,
4Zn 4 5H,SO, (koHu.) = 4ZnSO,4 + H,S 4 4H,0

40

H,0 (1) + NaCl-2HpO (1)
|

Jlokaxkurte, YTO IpolecChl TEePMOAMHAMHYECKH BO3MOXKHBIL.
OO6bsicHUTe, NMOYEMY KOHLEHTpPAUHs KHCJIOTH BJIHsSIET Ha HPOLYKTHI
peakunH.

28-27. Ilpouecc pacTtBopeHHsi Meldn B pa3bGaBjeHHOH a30THOH
KHCJI0Te

2Cu (K) 4 6H* 4 3NOy~ = 2Cu2+ 4 3H,0 + NO,~ 4 2NO, (1)

CHayajla NPOXOAMT OYEeHb MelJIeHHO, a Yepe3 HEKOTOpOoe BpeMs Ha-
ypHaeT mporekatb OypHo. Kak 3T0 siBJeHHe Ha3nBaercs? Kakue
BellleCTBa CJeAyeT N06GaBHTb B pacTBOP, YTOOGHI MpolLiecC pacTBope-
HHUA cpasy mpoxoaus OblcTpo? IIpoBephTe CBOHM OTBETHI Ha OIBITE.

28-28. Kakas cragus B Ipolecce pacTBOpeHHs MeTaJjja (Ha-
npuMmep, LIEJOYHOIO) B BOJE W B KHCJIOTe JIHUMHTHPYIOIIas?

28-29. Muoraa pacrBopeHHe MelH B CePHOH KHCJOTe ONHCHIBA-
IOT DY NTOMOILUH CJAeAYIOIIUX ABYX ypaBHEHHH:

Cu 4 H,SO, = CuO + SO, + H,0
CuO - H,S0, = CuSO, + H,0

IMpennoxure cnocoGbl 3KCHEPHUMEHTAJLHOTO H TEOPETHUYECKOTrO
IloKa3aTenbcTBa oOpa3oBaHHsl OKcHAa MeaH. HackoJbpko pealleH
3TOT MeXaHH3M Ipolecca?
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28-30. AnmoMuHHeBasi NJacTHHKA ONylIeHa B pPacTBOP, COAep-
xkawui Ni%t u Cu?t. Kako#t Merasas ocaxpaercs?
28-31. CranpapTHble 3/1eKTpoAHble moTeHuuansr (298 K) xene-
3a H cepebpa
Fe?t 4~ 2~ = Fe =—0,44B
Agt4-e" = Ag E°=40,80B

BhyncuTe CTaHZAPTHYIO 3. 4. C. rajbBaHHYECKOTro  3j1eMeHTa H
KOHCTaHTY PaBHOBECHS PeaKIHH

2Agt |- Fe = Ag - Fe2+

a TakKXe KOHHEHTPallMH HOHOB cepeGpa M Keje3a NPH pPaBHOBe-
cud. B yeM 3akiiouaeTcss MPHYMHA TOrO, YTO OAMH MeTaJJ BhiTeC-
HsleT IPYroH H3 pacTBOpPa ero COJIH?

28-32. MeranjvyecKuii CBHHEL, BHOCHTCSI B HeHTpaJbHBIH pac-
TBOD COJIM JABYXBaJIeHTHOTO 0J10Ba. B0O3MOXKHO JIH OCaKAeHHe 0JIO-
Ba Ha CBHHUE? BO3MOXHO JH ocCa)JeHHe oJioBa B Kuciaom (1 M)
pacTBope TOH e COJHU?

28-33. AnomMuHHeBas W MeflHasi MJACTHHKH Haxoastcss B 1 M
pacteope NaCl. Kakoe HanpsikeHue cieiyeT NPHJIOXKHTL K IMJa-
CTHHKaM, YTOGHl aJIOMHHHUH He pPacTBOPSJICA?

28-34. CxopocTb paCTBOPEHHSI MeAH B aMMHa4yHOM -pacTBope

Cu + 1/20, + 4NH,OH = [Cu(NHj)]** 4- 20H" + 3H,0
ONHCHIBAETCS YpaBHEHHEM
v = keNH,O0HPO,%*

Kak u3MeHHTCS CKOpPOCTh peaKUHH NPH YBeJIHYEHHH KOHIEHT-
pauun NH,OH u paBinenus kucaopoja B ABa pasa?

28-35. Koncranra ckopoctu pacrtBopenus PbCl, B Bome mnpm
cTaHjapTHoii Temmeparype pasHa 0,016 wMun~!. PactBopuMoOCTb
aTo#t coan paBHa 3,6-10~2 moub/n. Onpenenute KOHLEHTPaLUHIO CO-
JH B pacTBope uepe3 1 4 mocJie Hayasna pPacTBOPEHHS.

§ 29. NTIPOU3BEAEHHE PACTBOPHMOCTH

29-1. BunumuTe 13 He MeHee 4YeM AeCATH yYyeOHMKOB XHMHH OIpe-
JeJieHHe TOHSATHS <«IPOH3BeleHHe DacTBOPHMOCTH», IpOaHalH3H-
pyHiTe omnpepnesneHusi, BblGepuTe CYLleCTBeHHble IIDH3HAKH IOHATHSA
H Ha HX OCHOBe COCTaBbTe KpaTKoe H IIOJIHOe OIllpefesieHHe IOHS-
THS «NIPOH3BeJleHHe PaCTBOPHMOCTH».

29-2. Huxe npuBeleHBHl CBOACTBA HEKOTOPHIX BeIUECTB H HX
NPOM3BeJeHHS] PacTBOPHMOCTH (€ClM OHH MOTYT GHITb HANHCAaHBI):

PacTBOpHMOCTDb Ip
Caxap — He3JIeKTpo- 6oJbIuas —
JIHT
H,SO, KHCJI0Ta 9JIEKTPOJIUT  CHJIbHHI Gosblas —_
Cnupr —_ He3JIeKTpo- 6osbIast -
JIUT
Fe(OH). OCHOBaHHe 3JIEKTPOJNIUT  Caabhlit MaJnas 1,0.10-1s
Fe(OH)s OCHOBaHHe SIEKTPOAHT  cJabbiit Manas 3,2.10-%¢
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PacrBopuMoOCTb np

PbCly coJib 3JIeKTPOJINT  CHJBHBIR Manas 1,6-10-5

NaCl coJib 9JEKTPOJIHT  CHJIBHBIM 6oJbLIas —

AgCl CoJb 3JIEKTPOJIHT  CHJIBHBHIR Manas 1,8.10-10

BaF; coJlb 3JEeKTPOJIHT  CHJIbHBIMH Manas 1,1-10-6

Tlapadun — He3JIeKTpo- HepacTBo- -
JIHT puMm

HAIO, KHCJIOTa 3JIEKTPOJIUT  Ccnabhlit Manas 1,6.10-13

YKaxure, KAKHMH CBOHCTBaMH NOJXKHO 006/1afaTh BEIECTBO, YTO-
Obl 1JI1 Hero MOXHO OblIO HamucaTb BhIpaXKeHHe IPOH3BeJCHHS
PacTBOPHMOCTH ([Js1 HACHILIEHHOTO pacTBopa).

29-3. Kakne H3 CjeAyIOUIHX NPHU3HAKOB H CBOHCTB BeleCTB H
PacTBOpOB, a TaKXKe KaKHe TePDMHHH M CJIOBOCOYETAHHS CJEAyeT
BBOAHTb B OllpejleJieHHe NOHSATHS <«IPOH3Be/ileHHe PacCTBOPHMOCTH»:
1) saeKTpOJUT, HEINEKTPOJIHT;

2) 37eKTPOJHUT CUJbHBIH, Caa0bli;

.3) pactBop pa3baBJ/ieHHbIH, KOHLEHTPHPOBAHHBIH, IepECHILEHHbIH,
HaCbIIleHHBIH, HeHaChIIIeHHbIH;

4) BeleCTBO XOPOLIO pacTBOPHMOe, IIIOXO pPacTBOPHMOe, MaJio
pacTBOpHMOe, TPYIHO pacTBOPHMOe, HEPacTBOPHMOE;

5) pacTBOp BOAHBIM, CNHUPTOBBI MJIH Ha OCHOBe JPYTHX BeILECTB;

6) kKucaoTa, OCHOBaHHE, COJb;

7) pactBODp, colepxKalluil ApYyrue BellleCTBA HJH He COLEpKAaLIH;

8) KoHUeHTpPaUMH CTaHAapTHasA, paBHOBeCHasl, [POH3BOJbHAS;

9) enmHuua u3MepeHuss KoHuentpauuu r/l00 r pacreopa, r/100 r
pacTBOpHTeJNs, MOJb/1 pacTtBopa, MoJub/1000 r pacTBopuTeS;

40) KOHUEHTpalUHus UJIH aKTHBHOCTb HOHOB;

11) pacTtBOp C HyJIeBOH HOHHOH CHJIOH HJIH C ONpedeseHHBHIM 3Ha-
YeHHeM HOHHOHN CHJIBI;

12) TeMmnmepaTtypa HopMaJsbHas, CTaHLapTHas, KOMHaTHasi, OObIU-
Has;

13) maBieHHe HOpMaJbHOE, CTaHAAPTHOE, aTMoC(thepHOe;

14) paBHOBecHe roMoOreHHOe, reTepOreHHOe; '

15) npousBefeHHe KOHIEHTPALHUil WM NPOU3BeIdeHHe KOHIEHTpa-
Ui B CTENEHH CTeXHOMeTPHYeCKHX KOo3((HIHeHTOB.

29-4. Huxe mnpHBeleHbl TPH ONpeleseHHUs IOHATHS <«IPOHU3Be-
fleHHe PaCTBOPUMOCTH»: 1) KOHCTaHTa paBHOBEeCHS MeXAy pacTBO-
POM H OCaJKOM MaJIOPaCTBOPHMOTO 3JIEKTPOJHTA;

2) mpousBeleHHe KOHUEHTPAUU#l B CTENEHH CTeXHOMETPHUECKHX
K03 PHIHEHTOB HOHOB B HACHILIEHHOM pacTBope MaJjopacTBOPHMO-
IO 3JIeKTPOJIUTA;

3) mnpou3BeleHHEe AKTHBHOCTEH B CTeNEHH CTEeXHOMETPHYECKHX
K03 PHIMEHTOB HOHOB B HACHIIIEHHOM pacTBOpE 3JEKTPOJHTA.

BriGepure HauboJiee TOYHOe oONpefesieHHe HJH [JOKaXKuTe, 4TO
olpeesieHHs] HIAEHTHYHBI.

29-5. Ha ocHOBaHHH OZHOrO M3 ONpeleNeHHH MOHATHS <«IPOHU3-
BelleHHe pACTBODHMOCTH», IpHBeJEeHHHX B INpeAbAyIleH 3ajadge,
BbIOEpHUTE H3 BeLIeCTB, YKa3aHHBIX HHXKe, Te, IJS KOTOPBIX MOX-
#0 3anucaTh BLIpaXKeHHe INPOH3BeJeHHs pPaCTBOPUMOCTH, M HallH-
aunte [TP: NaCl, AgCl, C;HsOH, Pb3O4, Fe;04, MgO, Mg (OH),,
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KOH, Fe(OH)s3, Fe;0O3, HNOs, HAIO,, Fe[Fe (CN)s], Ks[Fe (CN),],
K2C204, AgQCrO4, NaCH3COO, AgCH:;COO, FeOOH, :Fez (804) 3y
Iz, Nag,.Fe (SO4)3'3H20, N33Fe (HSO4)3(OH)3, NH4IFE ('804)2’
. 12H20, Nazs, FeS, CaCO:;, CaC036H20

29-6. Huxe maH nmpuMmep pacyeTa NIPOH3BELEHHS PacTBOPHMO-
CTH IO H3BECTHOMY 3HQUeHHIO PaCTBOPHMOCTH.

PactBopumMocts AsyS; B Boje cocrasasier 2,146-10-% r/100 r
H.O uan

2,146-10-5. 1000

—%82.100 = 8,13:10~7 mons/n

OG603HauYuM pacTBOPHMOCTb Uepe3 X, TOraa
As,Sg = 2As3+ | 352~
X 2x 3x
IP = (2x)2-(3x)3 = 108x5= 108 (8,13-10-7)% = 3,84.10-2®

OmnuinTte omepauud, KOTOpble HeOGXOJHUMO IIPOBECTH IJIsI pacue-
Ta [IP mo u3BecTHOH pacTBODHMOCTH. YKaX<HTe, B KaKOH omepa-
M, no Bamemy MHeHHIO, HanGoJjiee YacTO AeJNAlOTCS OIUHOKH.

29-7. Huxe naH mpuMep pacyera PacTBOPHMOCTH IO 3HAYEHHIO
NpOH3BeJleHUsI PACTBOPUMOCTH.

Ons AsyS; IIP=3,84-10-2°. O6o3HauuM pacTBOPHMOCTb As,S;
(B Mosib/n1) uepe3 x, Torma

As,Sy = 2As3* 4 38"

X 2x 3x
IP = (2x)2: (3x)3 = 108x% = 3,84-10-2°
5 /3.84-10-% .
X = —m. = 8,13-10-7 mosb/a

HJIH
8,13-10-7-264.100
*= 1000

OnuwnTe omnepaunuu, KOTopble HeO6XOJHMO IPOBECTH AJSL pacuyera
PacTBOPHMOCTH NO HM3BeCTHOMY 3HaueHHio IIP. B kakoii onepauuu
HauboJiee yacTo AeNaroTcs OLUHOKH?

29-8, Ons aperata cepeGpa IIP=4,4.10-3 npun 25°C. CuuBa-
 HHEeM pacTBOPOB HHMTpaTa cepe6pa M aleTaTa HaTPHUs MNOJyYeHBI
pactBophl, aasi Kotophix {[Agt][CH3COO-]1=1-10-3, 2.10-3, 3.
-10—% u 4.1073. Ilpu sTOM BHIAEJEHHe OcajKa auerara cepebpa He
o6uapyxkeHno. Ilpu i[Ag+][CH3;COO~]=4,41-10—3 3ameueno obpa-
3oBaHue 30451 alerata cepebpa. Ecam [[Ag+t]I[CH3COO-] cocras-
asier 5-1073, 5.10-2 u 1-102, To BHN@ZaeT OCaLOK aleraTa cepeb-
pa. Ha ocHOBaHHH 3THX HaHHBEIX cleJaiiTe BBIBOA 06 YCJOBHSIX BHI-
NajgeHusT U pacTBOPeHHs ocajkoB. [laiiTe ompejaeseHHe HOHSITHS
«HACBILIEHHBI PAaCTBOP MaJjOpacTBOPUMOTO 3JEKTPOJHUTAY.

29-9. IOna CaCO; ITP=[Ca%][[CO3?>"] =4,8-10-°. Boiuucaure
AG° npouecca pacTBOpeHHss Kapb6oHaTa KaJblusl H ClesadTe BhHI-
BOL O TOM Ipollecce, KOTOPbIi BO3MOXKEH NPH CTaHAAPTHHIX YCJIO-

= 2,146-10-5 r/100 r H,0
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Busix B cMecu noHoB Ca?tu COz2~ ([Ca%*]=i[CO32~] = 1moab/a}.

29-10. PactBopumocts CaCO; npu 18 °C pasna 1,3- 10~ mosb/a.
Briancante I1Pcaco,.

29-11. IlpousBeneHre PacCTBOPHMOCTH — 3TO KOHCTAHTa PaBHOBe-
cusg. KakoBbl pasmMepHOCTb M €JHHHIB H3MeDeHHs NPOH3BeleHHS
PacTBOPUMOCTH?

29-12. B 1000 r nacuimenHoro pactBopa MgNH,PO, conepxur-
cs 0,0086 r 3toit coau. Beruncaure I[TP coun.

29-13. B kKaKyl0 CTOPOHYy CMelleHbl DaBHOBeCHs CJEeAYIOLUIHX
peaxiui:

BaCO; 4 Na,SO, = BaSO, + Na,COy
CaCO4 4 Na,SO4 = CaSO,4 4 Na,CO4

Hanuiunte ypaBHEHHS COKpalleHHBIM MOJIEKYJSipHO-HOHHBIM CIIOCO-
6om. IIpoussenenust pacrsopumocts pasHb: CaCOj; 4,8-10-9, CaSO,
2,4-10-5, BaCO; 5,1-10-9, BaSO, 1,1-10-10,

29-14. BrluucauTe pacTBOPHMOCTb XJOpHAA cepe6pa B BojAe H
NpensoXute MeToAsl ee onpenesneHHsl. [1Pagei=1,8-10-19.

29-15. PacrBopumocth Ca(OH), B Bome npu 18°C cocraBnser
8,21.1072 r B 100 r Bomb.. Bobiuncaute IMPcacom,-

29-16. Kak npu noMoOILM NPOM3BeNEHHS PacCTBOPHUMOCTH 06bsic-
HHUTb o06pa3oBaHHe H pAaCTBOPeHHe KapOoHaTa KaJbLHA:

Ca?* (p) + CO, (r) + 2HO™ (p) = CaCOy (x) + H,0 (%)
CaCOg (k) + CO, (r) + HpO (x) = Ca?* (p) 4 2HCO;™ (p)

29-17. BrluncauTe pacTBOpUMOCTb ¢ocdara cepebpa B BoZe.
[TPaggp 0, =1,3-1072.

Briuncanre maccy ocagka AgCl m cocraB pacTBopa Haj HHUM,
NOJIyYEHHOTO CJAMBAHHEM CJEAYIOLUX PacTBOPOB:

1) 1 10,000 M AgNOg u 1 a 0,001 M NaCl

2) 0,5 1 0,000 M AgNOg mn 1,52 0,001 M NaCl

3) 1,5 1 0,000 M AgNO; u 0,5 a 0,00l M NaCl
HpAgCl= 1,8 10—10.

29-18. TIPagycro, =1,1-10712, TIPpg1=1,8-10"1% Kakas cous
6oJiee pacTBOpHMA B BOZE?

29-19. K 100 Ma1 HachillleHHOTO pacTBOpa XJopHAa cepebpa Npu-
auan 100 ma 0,02 M pacrBopa HHTpaTa cepebpa. Brlunc/aHTe KOH-
nenTpauun HoHoB Cl— um Ag* B pactBope. I1Ppgci=1,8-10-10,

29-20. Brimapaer au ocagok SrSO, nmpu caumBanud 100 Ma
0,0001 M pacropa SrCl, u 200 ma 0,00005 M pacrsopa K,SO,?
npsl-so4 = 3,2 107,

29-21. Brimagaer au ocamok Ag,CrO, mpu causanuu 0,5 a
pactBopa, cogepxamero 0,1 moas/n Ag+, u 0,5 a1 pactBopa, coxep-
xawero 0,01 mosb/a CrO2=? IMPag,cro, =1,1-10712

29-22. PacrBopumocts Fe(OH)3 cocraBasier 1,9-10-1° Mosb/i.
Boiunciure T1Preomy, ¥ pH Hacbimennoro pacrsopa. Bhlumciure
pacrBopumocte Fe(OH)s; B 0,01 M pactBope FeCl; u pH atoro
pacrBopa.
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29-23. s Ag,CrO4 MP=1,1-10"'2 (mpu 298 K). Bhiuucaure
pacrteopumocts Ag,CrO; B caenyoomux cucremax: 1) B Boge,
2) B 0,001 M Bomnom pactBope K.CrO,;, 3) 0,001 M pacrBope
AgNQO3, 4) 0,001 M pacteope KCI, 5) 0,001 M pacrBope NaNOs,
6) 0,001 M pacrBope NagSOy. -

29-24. Ompenenure Maccy ocajika H COCTaB pacTBOpa Haj HHM,
TIOJY9€HHOI'O CIHBaHHEM CJIeJYIOIIHX PacTBOPOB:

1) 1 10,000 M AgNOg u 1 a1 0,000 M Na,PO,
2) 0,510,000 M AgNO;, u 1,5 a1 0,000 M NagPO,
3) 1,5 10,000 M AgNO; u 0,5 a1 0,001 M NagPO,

[1Pag po, =1,3-10720. Bruncaute pactsopumocts AgsPO, B 3THX
pacrBopax.

29-25. PacrBopumocts Zn(OH), cocraBnsier 2,2-10~5 r B 100 r
soxbl. Buiuncaure I1Pznom),. MOXHO JiM IO 3THM [JaHHBIM BBIYHC-
JINTh npnzzlloz?

29-26. Oas Zn(OH), I1P=4,3-10"'7. Omnpenenure pacTBOpPH-
Moctb Zn(OH), B Boxe. PaBHa Jsium oHa pactBopumoctd HeZnOo?

29-27. K pacrBopy, coiepxauleMy B PaBHBIX KOHILEHTpPaUHsAX
(B Mosp/n) uoHbl Ag* u Pb?t, npu6aBisioT IO KaIjisiM pacTBOP
KzCI’O.;. HPAgzcl-o‘=1,l-10_l2, npph(:ro‘=l,8~10—“. KaKas{ COJIb
BHINaJaeT B 0CaJOK paHble?

29-28. B 500 ma Bomml pacrBopsierca (mpu 18°C) 0,0165 r
Ag>CrO,4. Bruncaure ITP Ag,CrO,.

29-29. lns pactBopenuss 1 r womunma ceuHua Pbl, (mpu
18 °C) Tpebyercst 1470 ma Boasl. Beruucaute I1Pppi,.

29-30. Broiuncante npousBeneHHe pactBopuMocti Ag;POy4, ecau
pacTtBopuMocTh ero coorBetrcrByer 6,4-10~* r B 100 r pactBopa.

29-31. Cxkoanpko Agy;SO4 (B I) MOXKHO PacTBODHTh IPH KOMHaT-
Holi Temneparype B 0,5 s1 Bonni? [1Pag,50, =1,6-1075.

29-32. PactBopuMocTh KapOoHaTa KaJjbliuss B Boje paBHa 6,9:
-10=8 r B 1 51 BoAB. BhHuMCAHTE PacTBOPHMOCTb 3TOH COJH B
0,001 M pacrBope Na,COj; (uau CaCly).

29-33. TlpousBeneHHe pacTBOPHMOCTH Kap6oHara KaJjbLHs IIPH
0°C paBno 1,01-10-% u npu 50°C — 4,08.10~°. CocTaBbTe ypaBHe-
HHe 3aBHCHMOCTH IDOHM3BEJEHHS PaCTBOPUMOCTH M PacTBOPHMOCTH
OT TeMmneparypbl. Boiuncaure pacrBopumocts CaCO; npu 30 u
60°C u TepMOAMHAMHYeCKHe XapaKTePHCTHKH Ipolecca

CaCOs (k) = Ca* (p) + CO4*~ (p)

29-34. Brimagaer JgH ‘ocamok npu cMemnBanuu 10 ma 0,02 M
pactopa CaCl; ¢ 5 ma 0,1 M pacrBopa K;CrO4? ITPcacro, =
=7,1-10"4

29-35. Ona Mg(OH), IIP=1,8-10"!'. Briuuciaure pacTBOPH-
MOCTb THAPOKCHAA MarHus B CJeAylolIuX cucremax: 1) Bone,
2) 0,01 M pacrBope Mg (NO3),, 3) 0,01 M pacrsope NaOH. Kako-
BH 3HauyeHust pH 3THX pacTBopOB?
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29-36. Ins ¢ropuna kanpuusa CaF, [TP=4,0.10"11, KoHueut-
pauus noHoB Ca®t B KeCTKOH Boje cocTaBiseT ~ 2,0-10~3 moub/a.
Bhluc/IHTe MaKCHMaJbHYI0O KOHIEHTPaUMI0 (TOPHA-HOHOB, KOTO-
past MOXeT ObITb JOCTHTHYTa B JKeCTKOH BoOJe.

29-37. Briuncaute pacrBopumocts BaF, B 0,01 M pacrBope HCI,
ucxois M3 cieayiowmux naHHbX: [1Ppap,=1,1-10"%, u kKoucraura
nuccounannu HF paBna 7,4-10~%

29-38. Kak OOBSCHHTb, UYTO NPOH3BEeJEHHE pPacTBOPHMOCTH
MgCO; pasno 2,0-10~%, a gnas MgCO;-3H.0 2,6-10-5?

29-39. IlpousBefeHHe pacTBOPUMOCTH THAPOKCHJa KaJblHs

Ca(OH), = Ca®*+ 20H-
paBHO
= [Ca?*][OH]2 = 5,5-10-8

Briunciure pH naceimensoro pactBopa Ca(OH),. Bruucaute
pH atoro pacrBopa, comepxkamero 0,01 moap/an CaCl,.

29-40. PacrBopumocts Ca(OH). B Bome npu 18 °C cocraBisier
8,21-102 r B 100 r Boxel. Briuucaute IMPcaco, n M3MeHeHHe H30-
6apHoro noreHuuana mpu pacrsopennn Ca(OH). B Boze.

29-41. Hacuimennnit pactsop Ca(OH), npu 25°C umeer pH=
=12,4. Paccuynraiire [1Pca(om),-

29-42. B cnpaBounnix Tabauuax aas Ca(OH), nalorca aBa sHa-
YeHHS NPOU3BELEHHS PaCTBOPHMOCTH:

Ca(OH), = Ca®* + 20H- 5,5-1
Ca(OH), = CaOH* + OH- np 1,4 0_4

I ll

Hcxonst M3 3THX JaHHBIX, pacCuHTaliTe KOHCTAHTY JHCCOLHALHH
CaOH*.

29-43. Paccuuraiite pacrBopuMoctH cogeii BaCO; u CaCOs,
HaJ CMeChbl0 KPHCTAJJOB KOTOPHIX HaXOZHUTCsS HAaCHIIEHHBIH OTHOCH-
TeJbHO HX PacTBOP. I'IPBacos=5,1-10—9, l'IPcacos=4,8-10'9.

29-44. PaccuntafiTe pacTBOpHMOCTL Kap6oHata cepe6pa
[TPag,co, =8,2- 10712,

B HachlmeHHbl pacTBOp KapGoHaTa cepe6pa BHeCJaH KPHCTaJl-
ae kap6onara Kanbuust (IIPcaco, =4,8-107°). Mamenutes au pac-
tBopuMocTh Ag,CO3? I[loaTBepAuTe CBOM NPEANOJOKEHHS pacye-
TaMH.

29-45. PacrBopumocts Pb3(PO4); nmpu 20°C paBHa  1,38-
-10~% r/100 ma. Buiuucaute pacrBopumocts B 0,001 M pacrBope
NazPO..

29-46. Hacwoimennnit npu 25°C pacrBop CaCO; umeer pH=
=9,4. Uem ob6ycioBauBaercsi LesoyHass cpefa pacrBopa? IIpenso-
XKHTe CIoco6 BBIYMC/IeHHs KoauyectBa Ca?+ B pactBope. MoxHO
¥ paccuuTath U3 3THX AaHHBIX [1Pcacoy?

29-47. Hacwimennniii pactBop MgO umeer pH=10,05. Ouennure,
CKOJIbKO Mg+ HaxoquTCsl B pacTBoOpe?
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29-48. Ina Pb(OH). B cnpaBouHBIX Ta6auuax NPHBENEHO ABA
SHauyeHHs NMPOH3BeNEHHSI PACTBOPHMOCTH:

P, = [Pb2+][OH"]* =1,1.10-20
TP, = [PbOH*][OH"] = 3,6-10-13

"OueHnTe KOHIEHTPALHIO HOHOB FHAPOKCHAA B PacTBOPe.
29-49, CorsiacHO cnpaBOYHBHIM TabJHLaM IPOH3BeJeHHE DPacTBO-
pumocta PbO, pasHo:

IMPppo, = [Pb*+][OH"}* =3,0-10-%

KakoBa kxonueHtpauusi Pb*+ B pacTtBope (HaCBHILeHHOM) Haf
KPHUCTAJIHYeCKHM OKcuaoM? [loueMy BHIpaxeHHe IPOH3BEIEHHS
PacTBOPHMOCTH He OTBeuaeT (opMyJe BellleCTBa?

29-50. Oasa PbsO4 [MTP=5,3-10-%. Hanuummute BHIpaxkeHHe MpoO-
H3BeJleHHsI paCTBOPUMOCTH 3TOrO BellleCTBA M pacCyHTaliTe KOHLEHT-
palMIio CBHHIA B HACHILIEHHOM PacTBOpE.

29-51. IlpomsBenenne pacrBopumoctH coau Pb,PbO, paBHO:

ITP = [Pb2+]2 [PbO,4-] = 5,3.10-51

PaccunraiiTe KOHLEHTPALHMIO CBHHIA B HAaCHIIEHHOM pacTBOpe.
KakuMi npHeMaMH MOXKHO H3MeHSTh KOJIHYeCTBa CBHHLIA B pac-
TBOpe?

29-52. MoxHo aun, u3MeHsis pH pacrBopa, nepeBecTH XpoMar
cepebpa B auxpomar H Hao60pot? I1Pag,cro,=1,1-1071%
npAngrzo7 = 1,0' 10—10.

29-53. Ina Al(OH); B cnpaBouHbIX TaGauuax IPHBOASATCS cile-
AYIOIIHEe 3HAaueHHsI NPOU3BeJleHHS PacCTBOPHMOCTH:

TP, = [AI3+] [OH-]* = 1,0-10-32
TP, = [AIOH2+] [OH"]2 = 1,0-10-23
TPy = [H*][AlO,"] = 1,6-10-18

KakoBa KOHIeHTpalUus aJIOMHHHS B HacChIIIEHHOM pacTBope
rHApoKcHAa anoMuHusi? Kakylo cpepy (Kucayioo, HeHTpalbHYIO,
LIeJIOYHYIO) HMeeT 3TOT PacTBOP?

29-54. IIpousBenenus pacrBopumocty CaHPO, u Ca(HPO,).
paBHBHIL:

TP, = [Ca?+] [HPO,2-] = 2,7-10-7
TP, = [Ca2*][H,PO, ]2 = 1,0-10-3

Koncrautn auccouunanuu nonoB HPO2~ u HoPO4~ paBHBEL cOOTBET-
crtBeHHO: 4,4-10-13 u 6,2-10-8. Kakasi KOHLEHTpalusi HOHOB BOJO-
pola B HacCHIllEHHBIX PacTBOpPax coJjen?

29-55. Ias cynbpara pryru HgS I[IP=1,1.10-%. Paccuunraiite
KOHLEHTpAlHIO CyJb(uaa B HachlleHHOM pactBope. Ha kako#
o6beM BOABLI MPHXOAUTCS OJAHH HOH PTYyTH? PaccumraiiTe pacrBopu-
MocTb cyibbuna prytd B 0,1 M pacrBope Na,S. Ha kakoii o6beM
pacTBOpa NPUXOAUTCS OAUH HOH PTYTH?
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29-56. Ckosbko caenyer B3ate HgS (ITP=4-10-%%) aas na-
CHILEeHHs Bcefi Boawnl okeaHoB (1,3-102! g). B kakom o6beme co-
LepKUTCS OfMH HOH Hg?+?

29-57. ITouemy, HecMOTP Ha oyeHb HH3Koe 3HaueHHe IIPggs,
pacrBopumocts HgS B 0,1 M pactBope Na,S cocraBaser 8-
-10~8 Mosb/a?

29-58. IIP Hekorophix cyab¢pumos: CuS 6,3-10-26; CusS 2,5-
-10%8, HgS 4-10-%. Kakas coJb Jyylle pacTBOPHMa B Boje?
Paccuuraiite pactBopumocts cogeir B 0,01 M pacrBope Na,S.
OueHHTe YHCJIO HOHOB cepbl B 1 J1 HACHILIEHHOTO pacTBOpa Kaxaoi
COJIH.

29-59. T1Pcus=6,3-10—2¢, PactBopumocts CuS B Boje cocras-
asiet 3,3-10~* r/n. CpaBHHTe 3TH JaHHble U clejaiTe BHIBOIHI.

29-60. IMTPagc1=1,8-10"1° KoHcTaHTa JAuCCOLMAUUH pacTBOPEH-
Heix MoJekysn AgCl Ha uonnl paBHa 2-10-3. Kakoit cocraB umeer
HachllleHHBI pacTBop Haj kKpucrannunueckum AgCl? KakoBa pac-
tBopuMocth AgCl B Boze?

29-61. PacrBopumocts CaSO, B Boze paBHa 8-10~3 Mouan/ux.
KoHcTaHTa JuccoLMalMH pPacTBOPEHHBIX MOJIeKyJ paBHa 5-10-3,
MoXHO /M HamucaTb BbIpaXK€HHE IPOM3BENEHHS PacTBOPHMOCTH
nnst CaSO4 ¥ BHIUHCIHTBL €ro?

29-62. Onpeneante Maccy ocajaka, o6pasyloerocss npu Hcrape-
HHH l%).n HachllleHHOro pactBopa xJjopuia cepebpa (I1Psgc=1,8+
+10-10),

29-63. PactBopumocts AgCl mpu 20°C pasra 1,1.10-5 mouss/a.
Suranenus pactBopeHust AgCl cocraBnsier 66,9 kJlx/Moab. Omnpe-
neaute pactBopumocts AgCl mpu 30 °C.

29-64. IlpousBenenne pacrBopuMoctH AgCl 3aBHCHT OT TeMie-

parypshl:

¢, °C 5 10 25 50 100
TP 2,1.10-* 3,7.10-1' 1,56.10-1¢ 1,32.10-? 2,5.10-?

BriBenuTe ypaBHeHHe 3aBucuMoctu IIP ot Temmeparyphl. Bh-
uyucnute [P ans AgCl npu 20 u 60 °C ¥ 3HTaABNHIO PACTBOPEHHS
AgCl. Kakue apyrue TepMOAMHaMHUYeCKHe XapaKTePHCTHKH PacTBO-
PEHHs] MOXKHO INOJYYHUTb U3 3THX JAHHBIX?

29-65. Mon Ag* o6nanaer CUJBbHO BBHIPaXKeHHBIMH OakTepHLHA-
HBIMH cBoiicTBaMu. Huxuuit npenen 6akrepuuuaHoro gefictsus Agt
olleHHBaeTcsl KoHUeHTpauuell nopsiaka 10-° r/n. [Docruraercs g
3Ta KOHleHTpauus B HacbilieHHOM pactBope AgCl? [MPaga=1,8-
- 10-10,

29-66. IlpousBelneHHs] pPacTBOPHMOCTH TIaJlOreHHIO0B cepe6pa,
onpejiesieHHble 110 3HAYeHHSAM 3. [A. C. raJbBaHHYECKHX KOHIUEHTPa-
IHOHHBIX 3JIEMEHTOB IIPH PAa3JIHYHBIX TeMIepaTypax, paBHBI:

t, °C 13 18 25 50

P ans AgCl - — 1,6.10-10  1,3.10-°
AgBr  — 4,0-10-13  6,3.10-13 —
Agl 3,2.10-17 — 1,5-10-1 —
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Brliuncnnte TepMOAMHAMHYECKHe XapaKTeDHCTHKH IIPOLECCOB
pacrBopeHus npH 25 °C u cpaBHHTE HX.

29-67. Paccuurafite npousBeJeHHe PacCTBOPHMOCTH XJOpPHAA ce-
pebpa no cleLyrOUUM IaHHBIM:

8H%6p, 208, S% g, HK/(K-MoTE)
KJx/MoNb
Ag* (p) 105,5 72.62
Cl-(p) ~ —l67,1 5653
AgCl(x) —127,1 9611

29-68. YcraHOBNEHa 3aBHCHMOCTb MeXJY PacTBOPHMOCTBbIO Be-
LIeCTBa H pa3MepoM ero YacTHI: YeM MeHbllle pa3Mep, TeM GoJblie
pactBopuMocTh. OGCYAHTE BO3MOXKHBIe NPHYHHBI TAKOH 3aBHCHMO
CTH.

29-69. I'ma3 uesoBeka 3aMeuaeT OCaJOK B BHIe MYTH B pac-
TBOpe NpH comepxaHuH B 1 MJ pactBopa ~'10-% r Kpucrajnuye-
CKOro BellecTBa. MOXKHO JH 3aMeTHTh 00pa3oBaHHe OCajKa, eCc/H
B npo6upke cmemats: a) 5 ma 0,001 M pacrBopa Pb(NOs), u
5 ma 0,001 M pactsopa NaCl; ITPppc1,=1,6-10-°; 6) 5 max 0,001 M
pactBopa Pb(NO;); u 5 ma 0,001 M pactsopa Nal; IIPpp1,=
=1,1.10-9?

29-70. TIpousBeneHHe PacTBOPHMOCTH CBEXKEOCAaXKAEHHOrO0 T'HAD-
QKcuia Kaamus paBHo 2,2-10-!4 Ilocie HEKOTOpPOro BHIAEPKHBaHHS
ero B HacheHHOM pactBope ITPcyom), =5,9-10-15. Tlouemy nocae
«CTapeHHd» OCajJKa ero pacTBOPHMOCTb yMeHbllaeTcs? B Kakux
XHMHYECKHX ONepalHAX MJH Ipolleccax CJAeAYyeT YUYHThIBATb 3TO SB-
JeHue?

29-71. Ilpoussenenue pactBopuMoctH Al(OH); usmensiercs B
npenenax ot 5-10-32 no 2.10-3%. Kaxkune 3Hauenust [IP oTHocATCS K
ceexeocaxaeHHoMy Al(OH)j;, kKakue K ocaiKy, BblIepXKaHHOMY B
TeueHHe HEKOTOPOro BpeMeHH?

29-72. Buumcaure pH HacwimenHbix pactBopoB Fe(OH), n
FE(OH)3 B BOJe. one(OH)3=3,2'10_38, pre(on)z ='1,0-10—15.

29-73. Brmuucaute pH, npm KoTopoM HauHHaeTcsi ocaxIeHHe
Ca(OH); us 1-10-2 M pacrsopa Ca?* mnpu 25°C. IIPcaom,=
=5,5-106. Kaxko#i cocraB HMeeT pacTBOp B 3TOT MOMEHT?

29-74. MOXHO JH OCaguThb CepOBOAOPOAOM HOH Fe?+ u3 ero
pacrBopoB ¢ koHueHtpauueét 0,001 monan/n mpu pH=2? Kak Bnus-
eT H3MeHeHHe Cpelbl PacTBOpa Ha BO3MOXKHOCTb OCaXKAEHHs ce-
POBOLOPOAOM CYJb(HIOB?

29-75. Bulupcaute 3HayeHHss pH, NpH KOTOPHIX MOXKHO OXKH-
JaTh HavaJja ocaxiaeHHss ruapokcuaoB u3 0,01 M pactBOpOoB HX
XJODHAOB, €CJH I[POH3BeJeHHs] pPacTBOPUMOCTH paBHHI:

1) Al(OH), 1,9-10-% 6) Ni(OH), 6,3-10-18
2) Cr(OH), 6,3-10-31 7) Cu(OH), 5,0-10-20
3) Fe(OH), 3,2-10-%8 8) Mn(OH), 4,5.10-13
4) Co(OH), 6,3.10-1 9) Zn(OH), 7,1.10-18

5) Co(OH), 4,0-10-4
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29-76. Pactsopumocts AgCl B Boge mnpu 25°C cocraBiaser
ToJbKO 1,7-10~% MOJIB/JI, O3TOMY HENOCPEACTBEHHO OIpeldeJHUThb
SHTaNBIIHIO PacTBOPeHHs HeBO3MOXKHO. Ilpemnoxmure crnocoGu on-
pelesienus sHTaabnuu pactBopenus AgCl.

29-77. Huxe maHBI CBeleHHS O PAaCTBOPHMOCTH XJopuia cepe6-
pa B pactBope KNO; (npu 25 °C):

CKNOg » MOJIb/J1 0 0,001 0,005 0,1
PacTBopHMOCTD
AgCl, moub/xn 1,28.10-% 1,33-10-% 1,39-10-% 1,43.10-%

Kakue Bompoch M BHIBOJIBl MOXKHO CAesNaTbh NPH H3YyueHHH AaH-
HBHIX?

29-78. M3 pactBopa uoHB! Ag+ MOryT GBIThb OCaxKAeHbl AeHCTBH-
eM NaCl. Pacrsopumocts AgCl B 3aBHCHMOCTH OT KOHLEHTpaluH
NaCl:

NaCl, MOB/A ‘l;z:a?osg?:/c;b Nacl, MOTB/A izgfogg:::;;b
0 1,26-10-% 0,9 10-10-3
0,004 0,07-10-% 1,9 39-10-%
0,036 0,19.10-5 2,9 1000-10-%
0,35 1,7.10-% 3,8 2490-10-5

Kak usmensiercsi pacrBopumocts AgCl B pactBope NaCl? Ilpu
KaKHX YCJIOBHSAX JOCTHraercst Haubosee mnojHoe ocaxaeHue AgCl?
Paccuuraiite nponsBeieHne KoHueHTpauuii uosoB Ag+ u Cl- B pac-
TBOpax ¢ pa3juyHOi KoHUeHTpauuei moHoB Cl=. O6bscHUTE NpUYH-
HY HEIOCTOSIHCTBA 3TOro npousBefeHHs. Kak ciaenyer mocTymurs,
uyToGHl TPOH3BELEHHEe KOHIEHTPAUHi HOHOB IPEBPATUIOCh B KOH-
CTaHTy paBHOBecHsl (TOJIbLKO B ONpEeJeJeHHOM HHTepBaJje KOHIEHT-
pauuit NaCl! Kakom?). Ilouemy mocjle HEKOTOPOro IOHHIKEHUs:
KOHLUEHTpauuu cepeGpa B pacTBOpe PacTBOPHMOCTb HauHHAeT GBICT-
po Bo3pacTaTh no Mepe yBenunueHus: KoHueHTpauuun NaCl? CpaBHu-
T€ C JaHHBIMH NpeJbiAyLiel 3aJaul.

29-79. C noBbiLleHHEeM HMOHHOH CHJB | pacTBopa 3KCHepHMeH-
TaJbHO OmNpelesisieMOe IPOU3BeLEHHE PAaCTBOPUMOCTH YyBeJHUHBa-
ercsi. Tak, [1Pgaso, B H:O paBHo 1,1-10-19 a B pactBOpe ¢ /=
=0,25 cocraBasier 2-107%. Kak u3MeHseTcs pacTBOPHMOCTb COJIH
[IpH NOBLILIEHHH HOHHOH CHJIBI pacTBOpar '

29-80. PacrBopumocts CaCO; B Bojge paBHa 6,9-10—3 r/n. Bor-
uyucaute pacrBopuMocts CaCOjz; B 0,01 M pacrBope NaCl u B
0,001 M pacrBope CaCl..

Kak oraunuatorcsi pacrBopuMoctH CaCO; B peuHOH H MOpPCKOii
BozE?

29-81. JlokaxuTe, YTO NOBHIUEHHe HOHHOH CHJE pacTBOpa
IOJIXKHO NPHUBOAUTH K YBEJHUEHHIO PAaCTBOPHUMOCTH MaJjlopacTBOpPH-
MOTO 3JIEKTPOJIHTA.

29-82. Ilpu noBHIUEHHH HOHHOH CHJIBI PacTBOPa pacTBOPHMOCTH
MaJlOpacTBOPHMEIX coJiell yBeanuuBaercsl. Kak BiHMsieT HOHHAsi CH-
Jla Ha pacTBOPHMOCTb XOPOILO PACTBOPHMBIX COJEH?
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29-83. PaccuuraiiTe ¢ y4yeTOM HOHHOH CHJBI pacTBopa pacTBO-
puMoctb AgCl B 0,01 M pacrBope NaCl u B 0,01 M pacrsope
KNOj. ITPpga1=1,8-10-1,

:29-84. IlpousBeseHne pacTBOPHMOCTH HoAuAa cBuHUA [1Pppr,=
=1,1-10-°. Bbluuc/iHTe €ro pacTBOPHMOCTb B CJEAYIOLIHX CHCTe-
'Max: 1) uucroii Boze, 2) 0,01 M pacrBope Pb(NOj)e, 3) 0,01 M
pacreope KI, 4) 0,01 M pacrsope KNO;, 5) 0,01 M pacrtBope
KyCrOy4, 6) 0,01 ‘M pacrsope HCI, 7) 0,01 M pacrBope H;SO,,
8) HachimenHoM pacteope KI.

29-85. Paccuuraiite pactBopuMoctb Cas(PO4). B ciaenyomux
cucremax: 1) Boge, 2) 0,001 M pactsope CaCly, 3) 0,001 M pac-
TBope NasPOy, 4) 0,01 M pacreope NaCl, 5) pacrtBope, comepxa-
uiem no 0,001 moab Nap,SO, u K.SO4 u 6) B pacrBope, coaepxa-
mem B 1 a1 0,001 monp NagPOy u 0,01 Moabp NaCl. ITPcagpo,, =
=2,0.10-29,

29-86. pH Hacwmimennoro pacrtsopa Ca(OH). pasen 12,4. Brhi-
yucante pH HacwimenHoro pactBopa Ca(OH), B 0,01 M pactBope
NaCl, B 0,01 M pacrsope MgCly, 3) B pacTBOpe, coaepxalleM IO
0,001 mosb/a MgCl, u CaCls,.

29-87. CpaBHHTe NpPOH3BeleHHS PACTBOPUMOCTH DPa3JUYHBIX MO-
nubukauui cyabdpuna Hukeas: a-NiS 3,2-1071%, B-NiS 1,0-10-2,
¥-NiS 2,0-10-26,

Kakasi Momudukauus HauboJiee ycToHuHBa? BhHIuMC/IHTe H3Me-
HeHHs H306apHOro MOTeHLHasa NpU Nepexole OJHOH MOAH(DHKaLUH
B Jpyryio. Uro npousofiger, eciu B COCYA C BOAOH NOMECTHTb CMeCh
BceX Tpex MoAuduKauui? BbluncauTe KOHIEHTPalUHH HOHOB B pac-
TBOpe NOCJIe YCTAaHOBJIEHHST paBHOBECHS.

29-88. Kak H3MeHHTCSI paCTBOPHMOCTb oOKcaJjaTa KaJabLus
CaCy04 mpu ymenbiienud pH pacreopa?

29-89. O6bsicHuTe, MOYEeMy MaJlopacTBOPHMasi CoJb caaboii Kuc-
JIOTHl JIErKO pacTBopsieTcsi B 6oJiee cuJIbHOH Kucsaore. IIpuBenuTte
TIPHMEPHL.

29-90. IToueMy, ecin aHHOH MaJIOpacTBODUMOH COJIM, HalpHMep
CaCOj;, siBAsieTCS aHUOHOM ClabOH KHCJOTH, PacTBOPHMOCTb COJIH
3aBHCHT OT KOHILEHTPAlUMH HOHOB BOZOpoAa? MOXKHO JIH yTBepX-
JaTh aHaJOrHYHBIM 06pa3oM, YTO €CJH KaTHOH MaJjlopacTBOPHMOI
COJIH fABJSIETC KaTHOHOM €Jaboro OCHOBAaHHsI, PacTBOPUMOCTb CO-
JIM 3aBHCHT OT KOHIEHTPAIMH HOHOB I'MJPOKCHIA?

29-91. B nuTtbeBO#t Boje OOBIYHO colepxaHue HMOHOB F— cocras-
Jsier 0,7—1 wmr/a. Ckonbko ¢ropuna NaF cienyer no6aBHTL B He
<cofiepxallyo ¢GTop BoAy, YTOOHI ero colepxKaHHe OTBeUaJO HOpMe?
Jlocturaercss au TpebyeMoe comepxaHHe ¢Topa B INHTbEBOH BOjIe
TP ee NMPONYCKAaHHH Hal KpHCTa/LIaMH (GTOpHAA KaJjbLHs
(ITPcar, =4,0-10-11)?

29-92. O6DbsicHHTe NPHYHHBI YBEJIHYEHHS PaCTBOPHMOCTH CYJb-
«una csunna PbS npu yBenHYeHHH KHCJIOTHOCTH CpeAb:

pH 12,5 5,4 2,2
Pactsopumocts PbS, Moan/n  2,4-10-1° 8,8.10-8  3,6.10-2
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27-93. Tlouemy npu pacrBopeHun AlCl; B Boze He BHIIajgaer
ocafok Al(OH)j;, xoTsi mpousBelleHHe DacTBOPHMOCTH THIPOKCHIAA
(1,9-1033) umeer oyeHb He6OJIbLIOE 3HAYEHHE?

29-94. Kako#f U3 pacTBOPOB CJieAyeT HCIOJb30BaTh AJSL NMPOMHI-
panus ocajgka okcasnara Kaaplusg CaCyOg4-Hy0, uTo6b yMeHBUINTD
ero ynoc mnpombiBHEIMH Bogamu: CaCly, HyCyO4 NayCrOy,
(NH,4)2C204, uncras Boma? (KoHueHTpauHH BceX pacTBOPOB O/H-
HaKOBHI) *.

29-95. ITpomeu 10 r BaSO4 oanuM nutTpoM Boabl. CKOJBKO Be-
mecTBa ocTajocs? IIpeasoxure cnoco6l yMeHbIIEHHS KOJHYECT-
Ba BellleCTBAa, YHOCHMOro NpoMbiBHEIMH  BoaaMH. IIPgaso, =1,1-
-10710,

29-96. HekoTopoe KOJIHYECTBO MOPOMIKOOOGpa3HOro xpomara Ga-
pusi npombito 500 M BoAab. CKoOJbKO XpoMata 6Gapusti ObIO pac-
TBOPEHO M YHeceHO Boxo#? Kakue yc/JOBHS HOJKHBI OBITH COOJIO-
Jenbl npu pemennu 3aaaun? ([MPpacro, =1,2-10710).

29-97. Ocamok BaSO, npombiBaercs Boxo#, 0,01 M pacrBopom
H,S0O,, 0,01 M pacrBopom BaCly uan 0,01 M pactBopom NapSO,.
Kaxkoit pactBop HauGoJsiee NPUrofeH AJsI NPOMBIBAHUSA?

29-98. TIpombiin 2 r BaSO4 onHum sautpoM Boabl. CKOJNBKO Be-
mectBa ocrajock? To ke KomuyectBo BaSO4 nmpombuin 1 a1 0,01 M
pactBopa H2SO,. Ckoapko BemlecTBa ocTajoch? CKOJBKO NPONEH-
TOB COCTABJISIIOT MOTepH BemecTBa B oboux ciayyasx? IIPpaso,=
=1,1.10-'°,

29-99. YKaxuTe IPUYHUHBI IPOXOXKIEHUSA PeaKUUH

FeS (k) 4 2H* (p) = Fe2* (p) + H,S (1)

ITPpes=>5,0-101%; xoncranra auccoumanuu H,S no mepsoit cryme-
HU paBHa 5,7-10-8,
29-100. [Touemy paBHOBecHe

FeS (k) -+ 2H* (p) = Fe?* (p) ++ HyS (1)
CMelleHo BIIpaBo, a paBHOBeCHe
CuS (x) + 2H* (p) = Cut* (p) + H,S (r)

BJIEBO?

29-101. B cocyn c Bomo# nomemienbl kKpucrasasl a) PbCOjz; u
CaSO, unu 6) PbSO, u CaCO;. Kak onpenennth, Kakas CHCTe-
Ma ycTtoHuuBa?

29-102. B cocyn c¢ Bomoii moMemeHbl Kpuctamasl PbCO; u
CaS0,. Yxaxure, BO3MOXHA JIH peaKIus

PbCOy, (k) 4 CaSO4 (k) = PbSO4 (k) + CaCOy ()

ﬂpezulomee u3BecTHHle BaMm crmocoGhut OIpeleJIEHUsT HallpaBJIEeHHSA
9TOro mpouecca.

* 3pece M Huxe npeanoJsaraercsa oﬁpasonaﬂue HaCHIIIEHHHX PacTBOPOB.
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29-103. OmnpefennTe Hanpas/eHHe PeaKkUMH B BOAHOH CpeAe
MeXIYy KPHCTa JHYeCKHMH BelllecTBaMH npu 25 °C

PbCO;, + CaSO4 = PbSO; + CaCO,
Huxe npuBefeHB HEKOTOphle CBOHCTBA YYaCTBYIOLIMX BelLECTB:

AW Lo S8, AGoso, s0an TP (298 K)
Kﬂo)?(]/)mo?i? Hox /(K- MouTB) xﬁ;‘ﬂmﬁ

PbCO; (k) —699,6 131,0 —625,9 1,0.10-13

CaSO, (k) —1436,3 106,7 —1323,9 2,4.10-%

PbSO,4 (k) —920,6 148,6 —813,8 1,6.10-8

CaCO; (k) —1206,8 91,71 —1128,4 4,8-107%

KakoBa posb BOJAB NPH NPOXOXKAEHHH PeaKUHH MeXAY KpH-
CTaJNMYeCKUMH BellleCTBaMH? Bo03MOXKeH JiM Ipollecc INPH HEMNO-
CPeCTBEHHOM KOHTaKTe BellleCTB B aTMoc¢epe HHEpTHOro rasa
HJIM JHOKCHJA yriepona?

[IpensioxknTe aHa/OrHyHbie NIPOLECCH HJsA APYTHX KPHCTaJlJIH-
YeCKHX BelleCTB H ONpPefe]HTe BO3MOXKHOCTb NPOXOXKAEHHUS peak-
LHH.

29-104. Ina mnpouecca, NPOXOASILIEr0 B BOAHOH cpele MeXAy
KpPHCTaJIJIMYeCKHMH BellleCTBAMH:

PbCOjg - CaSO, = PbSO, + CaCOq
AG°yq = 7,57 xk/MONB

MoXHO JH, NMOJb3ysCh 3HAYEHHSIMH NPOU3BEJEHHH PacTBOPUMO-
CTH, NpeickKasatb HanpaBsjeHue npouecca (IIP mgaa PbCO; 1,0.
<1071, naa CaSO, 2,4-10-% pns PbSO, 1,6-10-8 u gas CaCO,
4,8-10-%)? Eciu MoxHO, TO copMynupyiTe NmpaBujio, I0O3BOJSIO-
llee O NPOH3BELEHHSAM PaCTBOPUMOCTH KPHCTALJIHYECKHX coJielt
npeicKa3biBaTh BO3MOXKHOCTb pPeaKLUHH MeXAY HHMH B BOLHON
cpene.

29-105. Kakoe I00JKHO GBITb COOTHOLUEHHEe 3HayeHHH KOHCTaH-
Thl HECTOHKOCTH KOMIJIEKCHBIX HOHOB IJIATHHBI U IPOH3BEAEHHS
pactBopuMocTH AgCl 11 NPOXOXKAEeHUSI PeaKLHH:

[PYNHy);CIJ* + H;0 -+ Ag* = [PHNHy);H, O+ 4 AgCl

29-106. Ocaxpaercsl JH rajoreHun cepebpa npu noGaB/eHHH K
1 1 0,1 M pacrBopa [Ag(NHj)3]NOs, conepxkamero 1 Moab/an
NHj, 1-10~° mosab opHoro u3 caenywowmux uoxos: F—, Cl-, Br-,
I-? Knecr'[Ag(NH3)2]+=9,3'Io_s? I1P: AgCl l',8‘]-0_10, AgBI'
53-10-13, Agl 8,3-10-'7. PacrBopumocts AgF B Boie paBHa
15 Moub/a.

29-107. PacrBopumocts AgCl paBna 1,33-10-5 Mouab/an. Bhiuuc-
aute pacrBopuMmocts AgCl B ciemyromux cpenax: 1) Boge,
2) 0,01 M pacrBope NaCl, 3) 0,01 M pacrsope AgNO;, 4) 0,01 M
pactBope NaNQs, 5) 0,01 M pacrsope NH,OH.

29-108. ITpn kaKoif KOHUEHTPALHH XJOPHIA-MOHOB HAayHeT OCaX-
zatbesi AgCl us 0,1 M pacrBopa [Ag(NH;)2]NO;, comepxkauero
1 moab/m NHj3? IIPsgq=1,8-10"10 Kak BiIHSleT KOHLEHTpaLuUs
NH;? Kueu[Ag (NH3)2]+=9,3' 10-8,
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29-109. Hanumure BblpasKeHHe INPOU3BelJeHHS PaCTBOPHMOCTH
woMmiekcHoit conu KaoZns[Fe(CN)g]2, oueHp mIoXxo pacTBOpPHMOM
B BoJe. Kakue maHHble HeOOGXOLHUMBI [Jisi BHIYHCJEHHS KOHLEHTpa-
LHH MOHOB B HACBLILIEHHOM PacTBOpPe 3TOH COJH?

29-110. Briyucaute konuentpauuio uonos Ag+t B 0,1 M pacrso-
pe [Ag(NHj;)2]NOs, comepxamem 1 MOJIb/JI NHs. Moxmo JH H3
atoro pacrBopa ocanuth AgCl u Ag2$ nDefictBHieM HyoS man NapS?
Bce Heo6x0nHMBIe KOHCTAHTHI HalIuTe B CIPaBOYHHKAX.

29-111. Xuopupn cepe6pa pacTBopsieTCsI B BOAHOM pacTBope aM-
muaka. PactBoputrcs su AgCl B pacrBopax NH,Cl mnu NaCl?

29-112. ITpoussenenue pacrBopumocta Kq[PtCls] paBuo 3-10-5.
Hanumnte BhpaMeHHe NPOHU3BENEHHUS PacTBOPHMOCTH ¥ Paccyu-
TalTe pacTBOPHUMOCTb 3TOH COJIH.

29-113. Ilpensoxure cnoco6bl H3MeHEHHS BaJIEHTHOIO COCTOS-
HUs Kese3a mepeBofoM KommiekcHod coan Agi;[Fe(CN)g] B mpy-
ryio  Ags[Fe(CN)s] u Hao6opoT.  IIPsggrecn1=1-10-2*
ﬂPAg4[Fe(CN)e]—l 5.1041,

29-114. KakuM H3 CAelyIOIIHX BeLIeCTB MOXKHO pa3pyLIHTH
&oMmnuekcHbiii uoH [Ag(NHj)]*: NaCl, NaBr, Na,S, Na,SO,?

29-115. Tlpu KakKoll KOHLEHTPaUHH XJOPHA-HOHOB OCaKIAETCA
AgCl u3 0,01 M pacrBopa conmn ([Ag(NH;3)2]NOs (Kueer=9,3-

-10-8)? I'IPAgCI—-l 8-.10-1°, PemnTe aHaJOrHYHYI 3ajady IpH ycC-
JIOBHH, YTO PacTBOpP COJIH CONEPKHT aMMHaK B KOHUEHTpaUHH
1 MOJ‘Ib/J’I.

29-116. Xnopun cepebpa pacTBOPUM B pacTBOpe aMMHaka. BH-
YHCIHTe KOHUeHTpanuio Agt B HachuneHHoMm pactBope AgCl, co-
zepxkameM 0,1 moab/n amMMuaka. [TPagc1=1,8-10710, Kpgnm
= [Ag+] [NH;]?/[Ag(NHs)2t] =6,8-1078.

29-117. MoxHo nM, 3Has CTaHZApTHHIH moOTeHuuaJ cepebpa

Ag*(p) + e~ = Ag(x) E°=+40,80B

PaccyuTaTb KOHLEHTPAIHIO HOHOB cepebpa B BOAe, B KOTOPYIO ONY-
{lleHa cepeOpsiHas MPOBOJIOKA?

29-118. Paccumuraiite 3. I.cC. 3/1eMeHTa, COCTaBJEHHOTO U3 cepe6-
PAHOH NPOBOJIOKH, NOrDYKeHHOH B HACHIILEHHBIN PacTBOpP XJIOpHIA
cepebpa, u cepebpsiHof npoBoJOKH, norpyxenno#t B 0,01 M pac-
TBOp HuTpata cepebpa. [1Pygc1=1,8.10-10,

29-119. CranpapTHBH# 3JeKTPOILHBIA INOTEHLUHAJ MelH paBeH

Cuz+ + 2~ = Cu E°=40,34B

TIpoussenenue pacrsopumoctn Cus[Fe(CN)g] paBuo 1,2-10-16, Bui-
YHC/JHMTe CTAHAAPTHHIH NMOTEHLHAJ 3JeKTPOoAa, HAa KOTOPOM MPOXO-
JHT peakuus

Cu,[Fe(CN),] (k) + 4e~ = 2Cu (k) + [Fe(CN)4]4- (p)

29-120. CepeGpsinbiit snekrpon nomemen B 100 ma 0,1 M pac-
TBopa KCl. Boluncaure moreHummasn s/ieKTpoia, KOTOPHI yCTaHO-
suTcA mociye npuauBamds 0,2 M pactBopa AgNO; B caexymoummx
Koauyectsax: 1) 30 ma, 2) 45 ma, 3) 50 ma, 4) 55 ma, 5) 70 M.
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Kakue naHHble HeoOGXOAMMBI JAJs pelleHust 3amaun? C Kakoit
LeJbi0 B XHMHH HCIOJb3yeTcsl MOAoOHasi omepauus? IlpeicraBbre
rpaduyecKd pe3ysabTaThl PacyeToB.

29-121. PaccunTaiiTe pacTBOPHMOCTb H IPOH3BeJeHHE PacTBOPH-
moctu AgCl mpu 50 °C, ecau 3. 4. C. raJbBaHHYECKOrO 3JIEMEHTa,
COCTaBJIEHHOTO M3 CePeOPSHOro 3JeKTPoJda, HaXOAsAIIerocsi B Hachl-
meHHoM pactBope AgCl, u npyroro cepeGpsiHOro 32JeKTpPoxa, Ha-
xoasmerocs B 0,05 M pacrBope AgNO;, paBHa 0,200 B. IToBropn-
Te pacyeT C y4eTOM HOHHOH CHJIBI pacTBopa HHTpata cepebpa.

29-122. CobepuTe rajbpBaHHYECKYI0 LieNb M3 JBYX 3JEKTPOLOB:
ONMH — cepebpsiHasi NPOBOJOKA, NMOrPyXKeHHAs] B HAaCHIUIEHHHIH pac-
TBOp 6poMuna cepebpa, npyroit — cepebpsHas nposoJsoka B 0,1 M
pacTtBope HHTpaTta cepebpa. D. HI. c. Takoi unenu pasBHa 0,292 B.
BrlunciuTe KOHIEHTpAlUMIO HOHOB cepe6pa B HACHILIEHHOM pacTBO-
pe AgCl, pacrBopuMocTh H npousBeaeHue pactBopumoctH AgCl.

29-123. CraHAapTHBI 3JE€KTPOLHBIH NOTeHUHaJa cepebpa (mpm

25°C) paseH:
Agt(p) +e" = Ag(x) E°=+0,80B

[Tpoussenenre pactBopuMocTH KommieKcHo#t comn Ags[Co(CN)e)
cocrasaser 8,5-10~2!. BrluncauTe cTaHLApTHHIH 2JE€KTPOJHBIH IO-
TEHIH A

Agy[Co(CN),] (K) -+ 3¢~ = 3Ag () + [Co(CN)*- (p)

29-124, Buiuncaute npousBeneHue pactBopumoctd Agd[Fe (CN)¢}
M3 CJelyIOUHUX AaHHbIX:
Agt (p) +e” = Ag (k) E°=40,80B
Agy[Fe(CN)g] (x) + 46 = 4Ag (k) + [Fe(CN)q]*- (p) E°=+0,148B

29-125. OnuumuTe rajbBaHHYeCKUH 3JeMeHT, B KOTOPOM B BOJ-
HOM pacTBOpE NPOTeKaeT peaKlHus

2AgBr (k) + H, (r) = 2Ag (x) + 2HBr (p)
PaccuyuraiiTe 3.4.C. rajJbBaHHYeCKOro 3JeMEHTa Npu CTaHAApPTHBIX

YCJIOBHSX.
29-126. BriuncauTe 3. [.C. rajJbBaHHUYECKOro 3JeMeHTa

Ag| AgCl (nacen.) || AgI (nachiu.) | Ag

U NpelJIOXKHTe ero KOHCTPyKiuHio. Kakhe naHHble HYXKHBI AJS pac-
yera? Jliasg KaKuX liejeil MOXHO HCIOJb30BaTh 3TOT raJjbBaHHUe-
CKHH 3J1eMeHT?

929-127. BrpluncauTe 3. [A.C. raJbBaHHYECKOro 3JeMeHTa

Ag| Ag,S (nacbi.) || AgCl (nachiut.) | Ag

H NpelJIOKHTe ero KOHCTpyKuHio. Kakne naHHble HYXKHBI AJS pac-
yera? Hanuuurte ypaBHeHHe peaKluH, NPOXOAsAlleH B rajbBaHHYe-
CKOM 3JeMeHTe. Kak onpefeiuTb TepMOAHHaAMHYeCKHe XapaKTepH-
CTHKH 3TOH peakUHu?

29-128. Ilpennoxute cnoco6bl ONpelesNeHHsT PacTBOPHUMOCTH
xJopuza cepe6pa B Boje (TO Xe AJs XJOPHAA HATPHSA).
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29-129. PaccuutaiiTe 3.A.C. rajbBaHHYecKOro 3JjieMeHTa, CO-
CTOsILLIEr0 M3 cepeOpsIHOH NPOBOJIOKM B HAaCHIIEHHOM pacTBope
AgCl u npyroit cepe6psiHOH NPOBOJIOKH B HAaCBIIIEHHOM pacTBOpe
Agl. TIPpgc1=1,8-10"1, TIPAg=8,3-10-17. MoxKHO JH 3TOT 3Jie-
MEHT HUCIOJb30BaTh B MPaKTHYECKHX LedAX?

29-130. Brruncaure crenedp aucconuaund AgNO; B 1 M pac-
TBOpe, €CJM B HeM 3JIeKTPOAHBIH NOTeHUHasn cepebpa IO OTHOIUe-
HHIO K BOJOPOJHOMY 3jeKTpony paBeH 0,79 B.

29-131. KayecTBeHHO CpaBHHTe 3HTPONHH aKTHBAUHUU peaKIui

Ag*(p) 4 CI” (p) = AgCl ()
Agt (p) + CH3COO~ (p) = AgCH,COO (k)
29-132. CauBaloT pacTBOPH coJiefi OJHHAKOBOH KOHIEHTPALHH:

a) AgNO; u NaCl, 6) AgNO; u NaCH3COO. B kaxoii cMecH paHb-
e 6yaeT 3aMeueHo o6pa3oBaHue ocagKa?

FJIABA 6
3AKJIIOYUTEJbHASA

§ 30. XUMHUS BOKPYT HAC

30-1. Bricka3aHO MOJIOXeHHe, YTO Jiobasi peakuus, eClIH ee ypas-
HeHHe COCTaBJIeHO NMPaBHJBHO, B NPHHLHUIE MOXKET NPOXOAUTh. BH
COrJIaCHBI C 3TUM?

30-2. Ilepeuncante BCe (HaKTOPHI, BJAHUSIOLIHE HA BHIXOJ NMPOAYK-
TOB peaklMH.

30-3. Kak BausieT H3MeHeHHe TeMIlepaTyphl, KOHIlEHTpaluii, 1aB-
JIeHUs, HaJMyHe IOCTOPOHHHX BellleCTB HA pPaBHOBeCHe H CKOPOCTb
XMMHYECKOro Ipolecca, Ha KOHCTAaHThl CKOPOCTH IPSAMOro H 06-
pPaTHOTO NMPOLECCOB M Ha KOHCTAHTy PaBHOBECHS?

30-4. Ilepeuncaure (aKTOPH, KOTOPble OLHOBPEMEHHO BJIHSIOT
Ha paBHOBeCHe M CKOPOCTb XMMHUYECKHX peakKuuil, a Takxke Te (ak-
TOpBI, KOTOpPble BJHSIOT HJIH TOJNBKO Ha PaBHOBECHE, HJIH TOJBKO
Ha CKOPOCTb pPeaKLHH.

30-5. Tlpemnaraercsi ciaeiyiolliee ONpejesNeHHe XHMHUeCKOH pe-
akuun: «Jlio6asi xuMuyeckass peakuusi NpeACTaBJasieT co60H HeKo-
TOPYI0 COBOKYNHOCTb NpPOLIECCOB pa3pbiBa M 00pasoBaHHSI XHMHUe-
CKHX CBsI3eli B MoOJIeKyJax pearupymollux BellecTB». Kakue peak-
I[MH He MOAXOMST IOA 3TO ONpeleseHUe?

30-6. 3aKOH BCeMHPHOrO TArOTeHHs, OTKPHITHIA B KoHue XVIII B.
HrioroHoMm, nmo ¢opme aHasOTHUYeH 3aKOHY 3JeKTPOCTATHYECKOro
B3aUMOJEHCTBHSI 3JeKTPHUECKU 3apsiKeHHBIX Ten (3akKoH KyJioHa).
IlepBuifi 3aKOH BhIpaxaeTcs GopMyJIoi:

mymsy
F=K—{F—
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BTopoit 3aKOH 3aMUCHIBAETCS TaK:
e.e,

f=k r2

The F—cuna TrpaBHTAlHOHHOTO NPHTSMKEHHS; f— CHJNa 3JEKTPOCTaTHUECKOTO
1B3aUMOJICHICTBUA — NPUTSAXKEHHA (3apPSAAB MMEIOT NPOTHBOMOJOXKHLIE 3HAKH) HJIH
-OTTAJKHBaHHsA (3apsAibl OfHOMMeHHb); K M k— K03 dHUKEHTH NPONOPIHOHAb-
‘HOCTH; m; H /My — MacCH B3aHMOJEHCTBYIOIIHX TeN; € H ey — 3JEKTPHYECKHe 3a-
.psifibl B3aUMOJEHCTBYIOIHUX TeJ; 7 — PacCTOSHHE MeXJy B3aHMOAEHCTBYIOIUMH Te-
.JIaMH.

Kak 06bsicCHUTb CXOACTBO (POPMYJ 3aKOHOB M KaKHe MOMKHO cle-
.J1aTb BLIBOAHI?

30-7. KakoBa OTHOCHTeJNbHAasi CKOPOCTb ABYX (OTOHOB, NMOCJaH-
‘HBIX HaBCTpeuy APYT APYry co ckopoctbio 300 000 xm/c?

30-8. AcTpoHaBTHl NMOJNYYHJIH HHGOPMAUHIO O BO3MOXKHOH BCTpe-
ye ¢ IPYrUMH KOCMHYeCKHMH Kopabasimu. Kak y3HaTh, U3 BelllecTBa
MM aHTHBEIECTBA COCTOUT KOCMHUYECKHH 0OBEeKT?

30-9. MsBecTHbl o6paTHMBle siiepHble DeaKLHH, HaIpHMep:

YWH4Yn=2D+7
7sLi + 4yHe = 10.B + Ion
11,B + 4,He = ¥,N 4+ 1)n

Kak MOxKHO cMelniaTh paBHOBeCHe SIAEPHBIX IPOLECCOB?
30-10. Peaknus

44H = 9,He + 20,8
*OITHChIBAeTCA KHHETH4YECKHM YpaBHEHHEM

= hc?
v=rhe® y

TIpeanoxure MeXxaHH3M 3TOH peaKLHH.

30-11. TTo pacnmpocTpaneHHocTH BO BceneHHOft Bomopon M renui
3aHUMAIOT IBa NepBBIX MecTa. BMecTe ¢ TeM pacHpoCTpaHEHHOCThb
reqnss Ha 3eMae B 1-10% pa3 HuxKe Bomopoja. Uem aro oObsCHA-
-8TCA?

30-12. Heon comepxutcs Ha CosiHIle M B 3Be3ax IPUMEDHO B
‘TAKOM 2Ke KoJHyecTBe, KaK Kuciaopox. Ha 3emie ero comepxa-
‘HHe MeHbllue, yeM reausi. I'enuit yxoaut u3 arMmochepn 3eMan B
"KOCMHYeCKOe IPOCTPAHCTBO H3-3a ero MaJjoff aTOMHOH  MaccHl.
(Ar. macca He=4). AromHasi macca HeoHa paBHa 20,2 H HHu3KOe
£T0 COZepKaHUe Ha 3eMJe Hesab3sl OOBSCHHTb YyX0A0M B Kocmoc
X0Ts1 6Bl MOTOMY, YTO MOJIEKyJspHass Macca BOAb 18 u paccesHHe
:2e MoJiekyn B KocMoc He mpuBesno K motepe Boian 3emJeil. Ilo-
TbiTaliTech OOGBSCHHT 3TOT NOKa ellle HeoObACHEHHHH (akT.

30-13. O6GBIYHO NMPH MPOXOXKJEHHH XMMHUECKOH peaKIHH Bhife-
.Jasercsl (MM morJsiolaercst) Ttemsota Q H ONHOBPEMEHHO HPOHCXO-
IOUT H3MeHeHHe oGbeMa peaKUHOHHOH CHCTeMBbl, T. €. H3MEHsSeTcCs
SHTAJBINA H TPOM3BOLHUTCS HEKOTOPOe KOJHYecTBO paborel A, Ha-
<JIpuMep:

Zn (x) 4 HCI (p) = ZnCly () + H, () + Q@+ 4
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MoOXHO JIH TPOBECTH peakUHI0 TakK, YTOGH HJIH BBIIENANACEs
TOJILKO TEIJIOTa HJM COBeplliasach TOJbKO paGora?

30-14. Kakoe BemecTBo 06pasyercs NPH CJAELYIOLEM MBICJIEH-
HOM 3KCIepHMeHTe: B MoJseKysne MeraHa CH, Bce ueThipe aTtoMa:
BoJopoxa 3amelnaioress Ha rpynnnl CHs, Tak uTo monyyaercss Mo-
aekyna C(CHs)s [lanee B 3TOH MoJieKyJe BCe aTOMBI BOAOPOA2:
cHOBa 3aMewalorTcs Ha rpynnsl CHjz Dta omepanus moBTOpsieTcs
IO TeX NOpP, MOKa MoJekyJa He OyldeT COlepXkKaTb YHCJIO ATOMOB.
yriepona, paBHoe uucay ABoraipo. KakoBa cTpykTypa 3TOH MO-
JeKyab? MOXKHO JIH Ha3bBaTb 3TY MOJEKYJY MOJeKyJoH?

30-15. TlposepbTe cTexuoMeTpHuecKHe KO3(D(UUHEHTH B ypaB-
HeHHSAX peaKUHMi:

350, + 7C = CS, + S + 6CO
5S0, 4 12C = 2CS, + S+ 10CO
550, + 11C = CS, + 35 + 10CO
750, + 16C = 2CS, + 3S -+ 14CO

Kak onn paiifeHn? .
30-16. B peakuun mexnay SiO; u H;O Temsnora norJouiaercs:

Si0, (k) + H,0 () = H,SiO; (k) AH >0

B To e BpeMs H3BECTHO, 4YTO CHJHKAarejb XOPOIIHH OCYILIHTEJb .
OG6cynute 3TO0 NPOTHBOPEUHE.

30-17. B Bogumiit pactBop Nay,CO; mnpomyckawmoTcs  rasbl:
1) NHj;, 2) CO, 3) Cly, 4) NO,. Hanumure ypaBHeHHSI paBHO-
BECHBEIX NPOLECCOB H CyMMapHBe YpaBHEHHS peakKIuil.

30-18. IlpeacraBbTe cebe, uTo Bam cieayer AaTh HO BO3MOXK--
HOCTH HamGoJiee NOJIHOE ONMCaHHE KaKOro-Mubo BelllecTBa, HAIpH-
Mep MuHepaJsa. CocTaBbTe IJIaH TOrO ONHCAHHMS, CTapasch NPHAATE.
MY YHHBEPCa/JbHOCTb, HJH aJrOPHUTMHYHOCTb, T. €. CLeJaB ero HpH-
_TOLHBEIM JJIsi ONHCaHHUSl BCero KJjacca paccMaTpHBaeMBIX OOBEKTOB.
B nJsane orpasuTre raaBHble MOJIOXEHHSI YYeHHH O CTPOEHHH Be-
L1ecTBa, HanpaBJeHHH H CKOPOCTH XHMHUYECKHX IPOLECCOB U O Ie-
PHOJHUYHOCTH. :

30-19. IlpuBenuTe no BO3MOXKHOCTH HauOoJiee IOJHOe ONHUCA-
HHe Ipollecca NpeBpallleHus aleTHJeHa B 6eH30J:

3CH=CH (r) = CgH, ()

Kakne OCHOBHble INOJIOKEHHS JNOJXKHO BKJIOUAThb 3TO ONUCAHHE?

30-20. Mmeercsa ueThipe cocyla OAHHAKOBOro o6beMa H (OPMBI;,
clesaHHBle H3 OLHOIO H TOrO Ke MaTepHajsa. B KaxXAOM H3 HHUX.
HaXOJIUTCS CMeChb ra3oo0pas3HbIX BOAOpPOJA H OIHOrO H3 rajore-
HoB: Iy, Bry, Fo u Cl; B ONMHAKOBBHIX KOHIEHTpPALHAX H NPH paB-
HBIX TeMIlepaType M AaBJeHHH.

Kakoe conepxkanue rasoreHoBogopoja OyZeT B KaxIoOM CO-
Cyle 4Yepe3 KaKoH-1M00 NPOMEXKYTOK BpeMeHH? YKaXXHTe ITaHHBIE
(cnpaBoyHBle, TeOpeTHUECKHEe, 3KCIepHMEHTaJbHEE), KOTOpble Bam
NoHafo6sATCA AJs OTBETA.
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30-21. BBeJeHHe B paBHOBECHYIO CHCTEMY
CH,OH () + CHyCOOH () = CHyCOOCHj () -+ H,0 ()

'BOLOOTHHMAIOIKX BEIIEeCTB, HalpHMeP CepHOH KHCJIOTHI, MO3BOJSIET
CMeCTHTb paBHOBeCHe BIPaBo. MOXHO JH ¢ 3TOH LeJbI0 HCIOJb-
30BaThb CJeAyIolllde BOJOOTHHMAIOUIHe CPEeACTBA: GE3BOAHBIA XJIO-
pua Kaabuus, PoOs, 6e3BOAHBIN aleTaT HATPUS?

30-22. CpaBHHTe CBOHCTBA H NOBeJeHHE JABYX H30MEpOB

Ag—O—N=C u Ag—O0—C=N

[Tpenckaxure, Kakoii usomep 6Gosee ycroHuus. IIpoBepbTe CBOIt
OTBeT MO JaHHbIM TabJHl, TepMOAMHAMHYECKUX CBOHCTB BeLIECTB.
[Tpeackakure NMPOAYKTH H OTHOCHTEJIbHble CKOPOCTH pacmana o06o-
ux BenlecTB. Kak BhI cuHTaere, MOKHO JIH Ha OCHOBAHHHM CBeJEeHH
0 CTPOEHHH BellleCTBa CYAMTb O €ro TePMOJHHAMHYECKOH M KHHETH-
4ecKOH CTa6GHIbHOCTH?

30-23. O6bsicHHTe NPHYHHY H3MEHEHHs XapakTepa B3auMOJel-
CTBHS IIEJOYHBIX MeTaJJoB ¢ BOAOH. M3MeHeHHe 3HTaJbIHH B pe-
aKUHH C BOLOH, a TaKiKe HEKOTOpble CBOHCTBA MeTaJ/lIOB CJEAYIO-
aye:

XapakTep B3au- AH° peakuuu E°, B tm,"c p, r/cm3
MOfeHCTEHsA ¢ ¢ Bono#, i
BOROH XK /MoJIb
Li JIOBOJIBHO CIIO- —222,6 —3,03 181 0,53
KOHHO
Na SHEPTHYHO —184,5 —2,71 98 0,97
K MeTas1  BOC- —197,1 —2,93 63 0,86
nJ1aMeHsIeTCs
Rb B3phiBonogo6Ho  —I187,9 —2,93 39 1,63
Cs CHIIbHE ALK —189,5 —2,91 28 1,87
B3pHIB

30-24. IlpenmonoxuMm, Bac nmompocuin pacckasaTh O CBOHCTBAax
DJIEeMEHTOB OJHOH MOATpPYNNBl HJH OAHOTO Iepuoma. Hamuumunre
OYeHb KPAaTKO IIIaH OTBeTa, KOTOPHIH OTJHYa/csi OBl YHHBepCaJsb-
HOCTbIO (T. €. COCTaBbTe AaJrOPHTM OTBeTa IO CBOHCTBAM 3JeMeH-
TOB).
30-25. TlpencraBbte cebe, uto Bhl siBisieTech pPYKOBOAMTENEM
HCC/Ie0BaTeNbCKON rpynnbl. BaM Heo6xoAMMO NIPOBECTH TLaTeNb-
HOe H3yyeHHe HEeKOTOPOro BelllecTBa, KycKa MOpPOAB,, MHUHepaJsa
g T. . OnuiKTe NOPsiAOK U Xapaktep HccaeroBaHus. Oco6oe BHH-
MaHHe of6paTHTe Ha yKasaHue LeJH pa6oTel. Kakue MeToAnl HC-
ciaenoBanusi Bel ucnonn3yere? Kakme cBolicTBa ciefyeT y3HaTh H
pas gero? UTo MoXKeT cKasaTh OIpelelieHHOe coueTaHHe CBOHCTB?
Kakne Meromnl M3 cMeXHBIX o6jsactelt Haykn (¢Qu3uKa, XUMHuA,
6uosiorHsl, MaTeMaTHKa, ¢uiaocopus u apyrue) Brl mpusieuere
AJIsSl OTBETA Ha IOCTaBJIEHHYIO NpobJaeMy?
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30-26. lsyunTe ciaeaymoliue CBOfCTBA HEKOTOPHX TaJOreHHIOB:

AH°o5p. 208+ AHoKpncT.pem.’zss PacTBOPHMOCTD,

K% /Modlb KX /MoJIb MOJb/J
Agl —62,8 —853,5 6.10-9
NaF —573,2 —907,9 1,1
AgBr —100,4 —882,8 5-10-7
NaCl —114,2 —765,7 5,8
Nal —288,7 —677,8 11,8
AgF —205,0 —958, 1 15
AgCl  —I125,5 —907,9 1.10-5
NaBr —359,8 —715,4 8,6

Broiuucaure I1P ranorennaos. Halinute B naHHBIX npoGiemy (bl),
chopMyaupyiite ee (HX) W peliuTe.

30-27. O6GbsicHHUTe, YTO U NOYEMY SKOHOMHUYECKHM BHITOJHee HC-
0JIb30BaTh B KaueCTBe MaTepHaja NPOBOAOB JJs Mepedaud 3JeKT-
PO3HEPruy — Me[b HJH aJIOMHHHH.

30-28. VYkaxmurte Tpe6GOBaHHS K reorpapuuecKoMy IOJOXKEHHIO
HEKOTOPOro NYHKTa, IAe MOXHO CTPOHTb XHMHYECKOe HpeldlpHus-
THe.

30-29. Ilouemy cHauyaJsa Gbl1 GPOH30BLIH BEK, a 3aTeM xKeJe3-
HBIH?

30-30. BaxkHeliline KeJje3Hble DYAB: 1) MarHUTHBIH XKeJe3HSK
Fe3O,4, HanbGosee KpynHble ero MeCTOPOXKAeHHS HaXOAsTCs Ha Ypa-
Je; 2) KpacHbifl Xene3HsiK Fey,Os, HanbGosee MOLIHOE MeCTOpOXK/e-
Hue — KpuBopoxckoe, 3) Oyphifi xkene3usk Fe,Os;-HoO, MecTopox-
IeHHe pacnoJoxeHo okosno Kepuu. IlombiTaliTtech OGBSICHHUTB, IO-
yeMy B OTAeJbHBIX y4acTKaX 3eMHOH KODHI KeJje30 BCTpeuaercs B
cTosb pas3Hbix (opmax. Kakue ycjoBHSI MOTJIH CNOCOGCTBOBAThH 06-
pasoBaHHIO 3THX MecTopoxJeHHi? KakoB cocraB pyn Kypckoit
MarHuTHOH aHOMaJHH?

30-31. BcecropoHHe o06CyauTe BO3MOXKHOCTb  HCIOJIb30BaHHS
cJeAylOUIMX coenluHeHHH B KauectBe ynobpenunii: KNO; NaNOsj,
NH4‘N03, Ca(-NO3)2, CaCNg, CO(NH2)2, Ca3(PO4)2, Ca(H2PO4)2,
CaHPO,. CoueraHng KaKHX CBOHCTB 06J1aronpHsTCTByeT HCIHOJb30-
BaHHIO X B KauecTBe YAOODeHHH?

30-32. HekoTopble BelllecTBa NPH CMeIUMBAHMHM pearupyior, IpH
3TOM BO3MOXKHO pa3orpeBaHHe M BOCIJIaMeHeHHe; ADYrue BellleCTBa
rocjie CMEUIMBAHUSA CTAHOBATCSA HENPHUTOAHBIMHM AJSI JAaJjbHefuiero
ynotpebJyenns. Takve BelllecTBA HAa3blBalOTCSl  HECOBMeCTHMBIMH.
Huxxe npuBefeHb HEKOTODBle HECOBMeCTHMble BellleCTBA, 4acTO HC-
nosb3yeMble B OBbITY: 1) NepMaHraHaTt KaJHsl HECOBMECTHM CO CIIHp-
TOM, IJIMIEPHHOM, PacTBOPOM aMMHaKa, XJOPHAOM aMMOHHsA (Ha-
IIaTHIpb), Cepod, HOAOM, YriaeM; 2) pacTBOPp aMMHaKa H XJOPH[
aAMMOHHSI HECOBMECTHMH ¢ (opMaJHHOM H HOAOM; 3) cepa He-
COBMeCTHMA C NepMAaHraHaTOM KaJHs, XJOPHOH Hu3BecTblo; 4) aJio-
MHHHEBble KBacCIlbl HECOBMECTHMBbl C IleJOYaMH, PacTBOPOM aM-
MuaKa, Gypoil, XKeJaTHHOH, CTOJISIDHBIM KJjeeM; 5) cepHas M XJO-
POBOZOPOAHASL KHCJOTH HECOBMECTHMBl C KaJbUHHHDOBAHHOH H

293



NUTbEBOH COJNOH, H3BECTbIO, MeJOM, IIeJOYaMH, MNepPMaHraHaToM
Kanus; 6) 6ypa HecoBMeCTHMa C XJODHAOM aMMOHHS, CEDHOH H
XJIOPOBOAOPOJHOH KHCJIOTaMH.

OO6bsiCHHTEe PHYHHY HECOBMECTHMOCTH IEPEYHCJEHHBIX BellecTB.

JlonoJiHKuTe CMHCOK APYTHMMH H3BECTHHIMH BaM mpumepamu. Her
JIH B NIPUBEJEHHOM CIIHCKE OIIHGOK? ,

30-33. B xese3HOH Tape HeO6XOAMMO MHOTOKPAaTHO II€pPeBe3TH
HEeKOTOpOe KOJIHYeCTBO KOHLEHTPHPOBAHHOH cepHO KucjaoTh. Co-
CTaBbTe HHCTPYKUHIO IO 3alOJHEHHIO H ONOPOXKHEHHIO eMKOCTH
CepHOH KHCJIOTOH, NIPUHMMAas BO BHHMaHHe, 4TO 3a IEPeBO3Ky Oy-
JIleT OTBETCTBEHEH YeJOBeK, He3HAKOMBbIl ¢ ocHOBaMH xuMHH. Co-
CTaBbTe BONPOCH JJisi NPOBePKH 3HAHHS TEXHHKH 6e30MaCHOCTH Yy
3TOroO 4eJIOBeKa H PacHOJIOXKHTE HX B NOpPSAJKe NMOHHKEHHS HX BaXK-
HOCTH. YKaXuTe JBa HanboJiee BaXKHbIX NPaBHJa, KOTOpPHle Cledy-
eT BBINOJHATb NPU paboTe ¢ CepHOH KHCJIOTOH.

30-34. KoHueHTpHpPOBaHHAs a30THAast KHCJIOTA — CHJBHBIH OKHC-
autenb. OgHAaKO TaKHe MeTaJJibl, KaK aJllOMHHHA, Xese30, K06abT,
HHKeJb M XPOM, B Hell YCTOHYMBHL. IDTO siBJeHHe OOGBSICHsETCsS nac-
cuBauue, T. e. o6pa3oBaHHeM HepaCTBOPHMOH OKCHIHOM IJIEHKH.

Hanunmure Bce (GOPMyJBl OKCHAOB 3THX METAJJIOB. ¥YCTaHOBHTE
1O CHPaBOYHHKAaM, PacTBOPSIOTCS JH 3TH OKCHAB B a30THOH KHc-
JoTe (a Takxe B CepHOH M ApPYyrux Kucjorax). [IpoBepbTe onmbiTaMi
pPacTBOPHUMOCTb OKCHAOB B KucJjoTe. HackosbkKo npaBronogoGHHIM
Bam xaxercs 06bsiCHeHHe HepPacCTBOPHMOCTH YKa3aHHBIX Bblllle Me-
TaJJIOB B a30THOH KHcaoTe? Ilpensioxnre co6CTBEHHBIE OOBICHEHUS
(ucrnosb3yliTe mpeAcTaBJeHHS O CTPOEHHH BellleCTBa, HalpaBJeHHR
H CKOPOCTH IPOLECCOB).

30-35. Bo3bMHTE 1O HECKOJBKY Kamejb 3THJIOBOrO CIHUPTA, IVIH-
LepHHa, 3THJEHIVIHKOJS H NPONHJIOBOIO CIUPTA H INOMECTHTE B HHX
no KPUCTaJJIHKY NlepMaHraHata kanus. Kakue cMecu BocllJIaMeHSAT-
cs? [ToueMy oIHH BellleCcTBa BOCIJIAMEHSIIOTCS, a APYrue — HeT?

30-36. Ilouemy B caMoJjeTax KaTeropHuecKH 3alpelleHo NpPOBO-
3HTb PTYTh H NpeIMEThl CO PTYThIO?

30-37. Tlonxkeub caxap cnMYKol Ha Bo3ayxe He ynpaercs. OnHa-
KO, eCJIH NOBEPXHOCTb CaXapa IOChlaTh MEeMJOM OT CHrapeThl, ca-
xap Jerko 3aropaercsi. [IpeanosaraioT, 4To B IelJle COLEPIKHTCH
BeLeCTBO, KaTaJu3upylolllee npouecc ropenus. Ilpencrasbre cebe,
yTo BaM mopyueHo BHIAENHTH KaTanu3aTop M OOBSCHHTb MeXaHH3M
ero jelictBusi. Pa3pa6oraiiTe mporpaMMy Hcclel0BaHHsA.

30-38. B onHo#t paboTe KOppo3uedl Ha3BaH CaMOIIPOH3BOJILHHIR
Ipolecc NOTepH MeTaJJIOM HJHM CIJIaBOM INPAKTHUECKH BaXKHHIX
CBOHCTB BCJeACTBHe (H3HKO-XMMHUECKOrO B3aHMOAEHCTBHS HX CO
cpenoit. B uem cocToHT HeOGLIYHOCTL 3TOro ompenesenus? Haiinu-
Te NpYyrue ONpeleseHHss KOPPO3HH H COCTaBbTe ONpelejeHHe KOp-
PO3HH, BKJIOYaollee KaK MOXHO OoJblle CYIIeCTBEHHBIX CBOHCTB
3TOro npoluecca.

30-39. ITpu HarpeBaHHH cTaJH B aTMocdepe BOJAOPOAA OHA IIPH-
o6peraeT XpynmKoCTb. AHaJM3 NOKa3aJ, YTO NPH STOM B CTajH 06-
pasyercst MeTaH. [Ipeasnoxure o6bsiICHeHHs] MPHYHH XPYNKOCTH CTa-
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JIH ¥ MeTOJbl NpefOoTBPAllleHHUs
ee. MoOXHO JH Has3BaTb 3TOT
mpouecc KOppo3uen?

30-40.  O6pasen cTaju
(X18H9) B TeueHue mepBoro ya-
ca npe6GhIBaHHS B BOJZHOM pac-
TBOpe,~cofepxaiieM 15% FeCl;
u 5% HNO;, Tepsier 67% npou-
HOCTH TIPH HHYTOXKHO MaJioH morepe Macchl. Kak 3To OOBSCHHTBH?
MoXHO JIH CcYUUTaTh 3TO sIBJEHHE KOPPO3HeH?

30-41. ¥ mpaMopa HeT CTpalllHee Bpara, 4eM NPOMEIIIJIeHHbIE
AbIMBI H KHCJOTHBE NOXAH. Kakue Mephl cJiefyeT NPHHSTh IJIA
COXpaHeHHS apXMTEeKTYPHHIX H CKYJBITYPHBIX MaMsATHHKOB, H3rOTOB-
JIieHHBIX M3 Mpamopa?

30-42. Ha puc. 30-1 nokasano uaMenenne pH armochepHbIx
0CajgKoB B OJHOM H3 paioHoB EBpomeifickoii vactu CCCP. Kako-
Ba TeHIeHUHs H3MeHeHHss pH Bo Bpemenn? Kakum mnpueMom 3Ta
TEHJIeHLUsI ONUCHIBAeTCS KOJHYeCTBeHHO? KaKOBH IIDHUMHBI H3Me-
Henuss pH? Ilpeackaxure 3Hauenuss pH uepes 5 u 10 Jjer, ecau
xon usMeHenuss pH coxpanurca. K KakuM noc/ieACTBHSIM 3TO MO-
JKeT IPHBECTH?

30-43. Onuuurte ¢akTOphl, BAUSIOLIHE HA Pa3J/ioKeHHe MPOMBILI-
JA€HHBIX OTX0H0B B BoZe. IIpensnoxure nporpaMMmy paGoThl MO H3Y-
YEHHIO TOBeIEHHS NPOMBILIJIEHHBIX OTXOAOB M CHOCOGHI 3alUTHI
OpPUPOJHHEIX BoJ (NPH OTBeTe CJAeAYyeT HCIOJNb30BaTh NpeAcTaBJie-
HHS O CTPOEHHH BellleCTBA2, XMMHYECKOH TeDMOAMHAMHKH H KHHe-
THKH).

'30-44. Tlpu cpenneromoBoM mnpoGere 15000 kM aBTOMalIHHA
«)Xurynu» mnorpebasier 4350 kr O, u BHIGpackiBaeT B aTMocdepy
3250 kr CO,, 530 kr CO, 93 Kr yrieBofOpPOfOB H 27 KI OKCHAOB
asora. IIpoaHanusupyifiTe 3TH JaHHbBle H COCTaBbTe HECKOJBKO 3a-
Aay (B CyTKH uesoBeK morpebssier okoso 500 s Kuciopozna).

30-45. YkaxuTe JHUMHTHDPYIOUIYIO CTAJHI0 OKHCJIHTENbHOIO IpPO-
flecca CaMOOUYHIIEHHS] NMPHUPOAHBIX BOL OT OPraHHYeCKHX 3arpsisHe-
HHH.

30-46. IlpencraBbTe cebGe, 4TO yAanoch CO34aTb MOTOpP, paGo-
Tawlni 6e3 BOASHOrO WJH BO3LYILIHOTO OoxJaxieHHs. Boabuie uian
MeHbllle 6yleT KO3 (HUIUEHT NOJe3HOro JeHCTBHS, MOIUHOCTb H
pacxor O6eH3HHa y TaKoro MOTOPa MO CPaBHEHHIO C OGHLIYHBIM?

30-47. T'oBopsAT, YTO ueM MOpO3Hee Ha yJHlle, TeM OLICTpee COX-
HeT Genbe. O6bscHHTE 3TOT (aKT, ecau BhH cuHTaeTe, YTO OH Ipa-
BHJIEH.

30-48. B 1Ba coBepIlIeHHO OJHHAKOBBIX COCYAa HAJHIH 10 500 M
BOJONPOBOAHOH BOAKI H KHNSAIIeH BOAH H MOMECTHJIH B XOJOJHJb-
HuK. OGbscCHUTe, NOYeMy OBbICTpee 3aMep3aeT TOJbLKO YTO KHIIEB-
mast Bona. [IpoBepbTe 3TOT OMBKIT.

30-49. Uto6nl uesioBeKy pYKOH ydepXKaTb rpy3 OT NafleHHs Ha
3eMJ10, HeoGXOAMMO HENPepPHIBHO 3aTpayMBaTh 3Hepruio. Tor Xe
Tpy3 ynepxuBaercss MarHutToM. OTKyna GepeTcss HePrHA?
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30-50. K Maruuty NmpHTAHYT Kese3HbH mpeaMmer. Kak u3MeHH-
Jacb TeMmIlepaTypa MarHHTa H XkeJe3Horo npeamera? OT MmarHura
OTOpBaJIM XKeJie3HBIA mpeaMeT. Kak H3meHusach HX TeMmeparypar?

30-51. B 9BM 3aknanbiBaercs Hebosbluiasi HHGOpMaUHs, a Ha
BHIXOJe MOJydaeTcsl O4eHb Goabwiasgs HHpopMmanusa. Kak 310 06%-
SICHHTB?

30-52. Kaxayio BecHy BO BpeMsl axOTHl C NoJell yOHpPAIOT KaM-
HU. Uepe3 rox M3 3eMJH BBITAJKHBAIOTCH HOBble KaMHH. Kak 06b-
SICHUTb 3TO SIBJIeHHE?

30-53. IlpencraBbTe cebe ABa HeNPO3pauyHbIX, 3BYKOHENPOHHILae-
MBIX, SIIHKa, HMEIOUIUX OTBEPCTHS  AJs1 NPONYCKaHHS BO3AyXa.
B ogHOM slnMKe HaXxoJHTCS 2KHBOTHOe, B J[PYroM — ropsinas cBe-
ya, Kak onpejesuTh, B KaKOM SILIIUKE UTO HAXOAHUTCS?

30-54. Bce xuBble Tesa 06/1a1aI0T CHOCOGHOCTbIO H3MEHSTDH TEM-
fnepaTypy H cOCTaB BHeIIHeH cpelbl y CBOel NOBepXHOCTH. MoKHO
JIH 3TO CYHTaTb NpuH3HakoM 2ku3HH? [Ipu oTBerTe Hcmogb3yiiTe Ba-
LM XHMHYeCKHe 3HaHHUS.

30-55. Kak Bhl cuuTaere, ueM MOMKET 3aKOHUHTLCS TaKOH 3KcIe-
PHUMEHT: XKHBOTHOe Ha OYeHb NOJIrOe BPeMs MOMELIAalT B CPeAy C
TeMIepaTypoi Tesia XKMBOTHOTO (MHILA M BoJa JalOTcsi B HEOGXOAH-
MOM KOJIHUECTBE).

30-56. BoJBIIHHCTBO NPHPOJHBIX AMHHOKHCJOT — «JIeBOBpalila-
jomue» u3oMephl. IlpuumHBl, nmoueMy npupoxa BeIGpasna HX B Ka-
yeCTBe OCHOBHI KH3HH, IO CHX NOp HeusBeCTHH. Ilpensoxure Jio-
Obie, HO He alOcypAHble OObsCHeHHS, H OOMeHSHTeCh HIESIMH CO
CBOMMH TOBapHIIaMH.

30-57. TTouemy XKenynokK caMm cebs He mepeBapuBaeT?

30-58. pH kpoBu uesosexka 7,35. OTknoHeHue Ha 0,4 eIHHHLH
pH npusoaut kK cMmepru. Kak noajepxuBaercss nocrosHcrso pH B
OpraHu3Me yejoBeka?

30-59. OxnaxaeHne pasropsiueHHOrO YeJoBeKa 4acCTO CONPOBOXK-
oaeTcsl NPOCTYAHBIMH 3a6oseBaHHAMH. [lpensoxute Jio6ble (HO
npasaonofo6Hbe) 00bACHEHHS 3TOTO SIBJIEHHS.

30-60. B kakyio CTOpOHY 3aKpyuyeHbl DaKOBHHH? KakoBo Ha-
npaBJieHHe BpallleHHsl BOJAbI, BXOAsllell B CJHBHOe OTBEPCTHEe BaH-
Hel? KakoB Tun BpalleHHss (npaBblf, JieBBIH) eCTeCTBEHHBIX (NPH-
poaubix) n3oMepoB? He cBsizaHbl JIM 3TH ABJIEHHS MexXay co6oi?

30-61. ITepeuncnure raaBHble NPHYMHBI TOrO, YTO XKHBOH opra-
HHM3M MOrHGaeT, eC/JH IOIJIoLlaeMyi0 MM OOLIUHYIO BOJLY 3aMeHHTb
Ha TAXeNAylo.

30-62. TIpeanosoxuM, uro npu 15°C Mbmb M aarymxa (oAuHa-
KOBOM Macchl) IpPH ABIXaHHH NOTPeOJSIOT OJHHAKOBOe KOJHYeCTBO
Kucaopona. OAMHAKOBble JIH KOJHYeCTBA KHCJIOpOAa noTpebyroTcs
5THM XHBOTHHEIM npu 20 1 10 °C?

30-63. HanuiunTe BblpaXKeHHe KOHCTAHTHl PaBHOBECHs IpolecCa

Ca?* (p) + 2HCOy~ (p) = CaCO; (k) + H,O () + CO, (r)

VKaxuTe NyTh pacyeTa KOHCTaHTHl PaBHOBecHs. DTa peaKLHs
HMeeT GoJblloe 3HaueHHe B NpHpoAe AJs1 oOpa3oBaHHsl Kap6oHa-
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Ta Kajblusg HeOPTraHHYeCKOro M GHOJOrHYeCKOro IPOHCXOXKIEHHS.
Tak, kKouuenrpauuss Ca?t B KPOBH KypHIB COCTaBjsieT ~1-
-10-3 M, pH=7,5, naBnesne CO, B BHABIXaeMOM BO31yXe pPaBHO
6-102 I1a. Bo3MOxKHO JIH NPH 3THX YCJOBHSX OCaxJAeHHe KapGoHa-
Ta Kaapuus (oGpasoBaHue suyHOH ckopaynsl)? IMTPcaco,=
=4,8-10-°.

30-64. IlpomenaliTe MBICIEHHO CJAeAYIOIIMI SKCIepUMEHT. Bo3b-
MHTe CTEeKJAdHHYIO TpyOy AuaMeTpoM 5 cM H AjauHOoit 50—60 cM,
flocpefiHHe yCTAHOBHTE IIeDPerOPOAKY C OTBEPCTHEM JAHaMETPOM
~1—2 cm. OpuH koHel TpyObl 3akpoiTe npo6Gkoil. B mpyro#t Ko-
#Her nmoMmectuTe 100 XUBBIX MyX M 3aKpoiTe ero mpo6koil. Kaxmable
3—5 MHH cuMTailiTe YHCJO MYX, MHTPHPOBAaBLIMX B MYyCTYIO 4acTh
Tpy6ul. OmnpefesnuTe CKOPOCTh MHrpauud. Kak 3aBHCHT CKOPOCTh
obpaTHOro mpouecca ot cKkopoctu npsmoro? Korza ycraHaBJHBaer-
¢Sl I1MHaMHYecKoe paBHOBecue? KaKoBO 3HaueHHe «KOHCTaHThI paB-
HoBecHsi»? Kakoil THN peaKUuil MoJAeJHpyeT 3TOT SKCIEePHMEHT?

30-65. ITpu 17 °C cepaue Jasrymwkn coBepuiaer 30 cOKpalleHHM
B 1 muH, a npu 27 °C — 60 cokpamenuii B 1 MuH. Boluncaure sHep-
THI0O aKTHBAaLlMH COKpAalleHHs cepAeuyHOH MBIILB JsrywkH. Kako-
Ba yacToTa COKpallleHu#i cepAua Jasarywkud npu 15, 20, 25 u 30 °C?

30-66. Ecix B cTBOJIe IepeBa chesaTh OTBEPCTHE, TO Uepe3 He-
TO HauHeT BBHIJAEJATHCS COK. Tak cobupaloT 6epe3oBHI COK, JlaTeKC
IS HU3TOTOBJIEHHsI Kayuyka, xuBuuy. Heawpadss am, BOcmoJsb3oBaB-
LIHCh 3THM sIBJIeHHEeM, CKOHCTPYHPOBATh NPHCHOCOO/IeHHe AJS NOLD-
eMa BOABI M3 3eMJIH?

30-67. O6bsiCHHTEe NPHUYHHB! CJEAYIOUHUX SBJIEHHH.

1) Tlpn mnuTenbHOM KyNaHHH B MOPCKOH BoOAe rja3a GoJsT
SHAYHTeJbHO MeHbIlle, YeM B PeyHOH.

2) Ilepen TeM Kak BapuTb BapeHbe M3 CJMB, IJIOABI B HECKOJb-
KHX MecTax IpPOKaJbIBalOT, HHaye NpPH BapKe OHH CMOPLIUBAIOTCA.

3) B kommnore, eciH OH He OYeHb CJaJKHH, CJIHBBI yBeJHYHBA-
10TCS1 B pa3Mepe M Jaxe JOMaloTcs.

30-68. IIpencraBbTe cebGe, YTO YeJOBEK XKHBET NPH TeMIepary-
pe 10, 20, 30, 40 u 50°C. KakoBo 6yneT OTHOCHTe/JbHOe MOTpPes-
JieHHe WM IHIIH B 3aBHCHMOCTH OT TeMIlepaTyphl OKpyxXKalolleH
cpenn?

30-69. Ilpu cropanmnu 1 Kr xupa BoAeaseTcs okosao 32 000 k[Ix
TenyoThl. [IpennosoKuM, YTO H3OLITOUHBIA Bec YeJoBeKa 06YCJIOB-
JieH oTJIoXeHHeM Xupa. Kakoe paccTosiHHe HYXKHO IpobGexaTh ye-
JI0BeKy, 4TOGbl «COGpPOCHTBb» 1 Kr Beca, eclH NPH yMepeHHOM Gere
co ckopocThio 12 KM/y 3arpaumuBaercs 400 k[x/kmM? Ha ckonbko
peasbHO MOXHO YMEHbIIHTb BeC Tesja YeJoBeKa MOAOOHBIMH (PU3H-
YeCKHMH yINpaxKHEHHSMH?

Bec Tesa MOXHO YMEHBIIHTh Ha HECKOJbKO KHJOIDaMMOB IPH
6osblINX (DH3MYECKHX Harpys3kax 3a OueHb KODOTKOe BpeMsl, XOTs
pH MaKCHMaJIbHBIX Harpy3kax B TeyeHHe AHs yJdaeTcs NMOTePSATh He
Gosee 0,5 kr xxupa. Kak 310 06BACHHTL?

HopManbHas AueTa paccyuTaHa Ha noJydenue B aeHb 10 500 k1.
Mpeanonoxum, yto yesoBek cokpaTua AHery no 6000 k/IX B HeHb.
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CKOJIbKO AHEH caeayeT cOOJMIONATh TaKylo AHeTy, 4TOGH BeC Tena
YMeHBIINThL (32 cueT XKHpa) Ha 1 Kr?

30-70. Ha stuxkeTKe KOHCcepBHpPOBaHHOro oGena HamucaHo: «Cpo-
Kd XpaHeHHusi: 1ipu TeMmeparype —I18°C —12 Mecsues, npH
—6°C —5 cyrok, npu +5°C —24 yaca». Kak Bu cunraere, 3TH
YyHcaa NOJNy4YeHBH SMIIMPHYECKH MJH B HHX 3aJI0XKeHH KaKue-J1u6o
TeopeTHYecKHe peKoMeHpauuu? Eciu Bam XOJOAMJIBHHK OTPEryJiH-
poBaH Ha Ttemnepatypy 0°C mau —10°C, TO KakKOBHl  JOJIKHHI
OLITh CPOKH XpaHEHHS 3TOro IPOJLYKTa? ’

30-71. IlpencraBbre cebe, uTo Brl mepecosnunan cyn. MoxHO JH
KaKUM-JIH60 XHMHUYEeCKHM crnoco6oM ybpaTh H3 Hero H30HITOK INO-
BapeHHOH COJIM, COXPaHHB Bce BKYCOBble H NHTAaTeJbHbBlE KayecTBa?

30-72. Kaxkoe sino 6ojee KaJOPHHHO M IHTaTeJbHO — CHIpPQe
HJIH cBapeHHoe? (3arycreBaHHue GeJiKa M KeJTKa INPOHCXOZMUT INPH
MOBHILIEHHH TeMIepaTyphl H, CJeJ0BaTeJbHO, CONPOBOXKAAETCS IO-
IJIOLIEHHEM TeNJIOTHI. )

30-73. Ha oaHo#t M3 XMMHYeCKHX BHKTOPHH OBLI 3agaH BONPOC,
KaK MOXHO YCKODUTb Ipollecc Bapku Kaprtodesns. [Tocie o6eyxie-
HHSl Pa3/IMYHBIX NpeAJoXeHUH OBIIO CKa3aHO, YTO B KacTPIOJIO C
BOJOH M KapTodeseM CJelyeT NOJOXKHTbL HEMHOIro CJHBOYHOIO Mac-
Ja, TaK KaK 3TO HNPHBOAUT K YMEHBIIEHHIO TeNJIOOTAAauyH, 4TO H
obycaoBianBaer 3G@eKT YCKOPeHHsI NPHIOTOBJEHHA  KapTtodeJs.
O6cyaunTe, NpaBUJIbHEL JIU OTBET U OObsicHeHHe. [[eHCTBUTENBHO JIH
Macjo yCKopsieT BapkKy Kaprodens (nposepbTe onbiToM)? [Ipenso-
JKHTe JpYyrue pajuKaJbHble NPHEMBl AJS YCKOPEHHS 3TOro Ipo-
mecca.

30-74. TIpoMBILLIEHHOCTh BBHIIYCKAaeT MeTaJJIHYeCKylo IoCynLy
(CKOBOPOABI, KacTPIOJH), NOKPHITYI0O H3HYTPH ClellMaJbHBIM CO-
CTaBOM, KOTODHIH NpeqoTBpallaeT npuropanue numu. Kak o6bsc-
HHTb, UTO NPH OZHOM M TOH Ke TeMIepaType IOBEPXHOCTH COCyAa
Ha MeTajJle INPOHCXOAHT OOYyriMBaHHe HHILH, a Ha IOJHMepe —
HeT? Kak 06BACHHTb, UTO BKYC IHILH, IPHIOTOBJEHHOH B mocyle C
MOJMMepHBIM IMOKDHITHEM H 0e3 Hero, 3aMeTHO pPas3JjiHyaercs?

30-75. lllap omosicasM 1O 3KBaTOPY BepPeBKOH, BepeBKY paspe-
3aaH, NpHGaBHJIH K HeH KyCOK BepeBKM NJHHOH 1 M M pacnoJo-
XHJIH ee B BHJE KOHLUEHTPHUECKOH OKPYXKHOCTH BOKPYT Illapa B
IJIOCKOCTH ero skBatopa. Ilpofiser iu B 3a30p MeX1y OKPYKHOCTbIO
H IIapoM OAHH M3 CJeAYIOUIMX IPeIMeTOB: amesbCHH, (YyTGOJIbHBIA
ms4, chepa, 3amonHeHHas 1 r, 1 kr, 1 T BOAH, eciu B KauecTBe
mwapa B3ATb CleAylolide 0OGbekTH: 1) aaekrpoH (paauyc <I-
.10-15 ¢cM=1.10-% um), 2) nporoH, HeATpoH (paxuyc 1-10-% HM),
3) atom Bomopoxa (pamuyc 0,046 HM), 4) cBuHen, 1 moab (p=
=11,3 r/cm3), 5) Boma, 1 moap (298 K), 6) reamit, 1 Moab
(298 H), 7) CO, 1 moab (298 K), 8) nmanera 3emas (paanmyc
6371 kM), 9) cosnue (paaumyc 695300 kM), 10) conHeuHass cHCTe-
Ma (paauyc 10 MJIpA. KM). .

30-76. Ilepeuncsante u3BecTHhle BaM coenrHeHHst ¢ (opMyJ/oh
(CH20) ». Kakoe coepuneHne H noueMy HanboJjlee YCTOHYHBO B 3eM-
HBIX YCJIOBHSIX H KaKoe B YCJOBHfX KocMmoca?
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30-77. B oxmHOit M3 KHHT JaHO CJeAyolllee ONpeleseHHe XHMHH:
«XuMus — HayKa, 3aHHMamooLlasicss H3yYeHHEM paclpOCTpaHeHHus,
XOOBIYH H HCKYCCTBEHHOrO NPHTOTOBJIEHHS BelleCTB; OHa H3ydyaeT
TaKxe HX COCTaB, CBOHCTBa, NMpeBpallleHHUs U, KPOME TOro, Te siBJje-
HHS, IDHYHHBI M 3aKOHOMEPHOCTH, KOTOPHle HaXOJAATCH B CBA3H C
STHMH NpeBpaLleHHSIMUY.

Halinute HemocrtaTKu 3TOro onpeieseHus. Pacnosoxute ompe-
IeJsollHe NMOHATHS B NOpPSiAKe NMOHMIKEHHS UX 3HauHMocTH. [IpuBe-
AHTe COOCTBEHHOe ONpelesieHHe XHMHH. B ueM oT/MuHe XUMHH OT
¢usuku u G6uosorun? B uem cocToHT uX cBsisb? KakoBa CBS3b Xu-
MHH C MaTeMaTHKOH W JIpYyrHMH Haykamu? Kakue nmorpaHnuHble
Hayku Bam u3BecTHn? UeM onu 3aHuMaloTcs? IlocMoTpuTe, Kakoe
onpejeneHye HayKdH B LeJIOM, a TaKXe XUMHH, (U3HUKH, GHOJIOrHH,
¢unocobun um Apyrux Hayk naHo B DBoabwoit CoBeTcko#l DHUHK-
JonenuH.

30-78. Bbl 3akOHYMJIH H3yueHHe Kypca XuMHH. [laiite ompene-
JeHHe HayKH XUMHH. KakKoBBl LlelH H3yuyeHHsT XMMHH Bawmu?

30-79. Brickaxute Bame MHeHHe 06 OpPraHM3alHM H3yUeHHS XH-
muu. Kaxoii MaTepuasn okxasajcsi TPYAHBIM M HeHHTepecHBIM? UTo
BaMm oco6eHHO noHpaBHJIOCH B 3TOM Kypce? Kak, mo BameMy MHe-
HHIO, CJelyeT H3MeHHTb JeKUHH, CeMHHAaphl, NMPaKTHKyM, JOMall-
HIOIO NIOATOTOBKY, YTOOBI M3yUYeHHe XUMHH cTajo 6osee 3pdeKTHs-
HeIM? DBynere siu Brl Hcnosbp3oBaTh NOJMyYeHHBlE B 3TOM Kypce
3HAHHS U yMeHUS NPH JajbHeHllleM H3yYeHHH XHMHH M IPH H3Y-
YeHHH IPYTUX IUCLHIJIHH?
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MPUJIO)KEHHUE. HEKOTOPBIE BA)XHEVIIINVE
I[MOCTOSMHHBIE

YHuBepcasnbHas razoBas nocrosHHas R=8,314 Hx-moap~!. K~!
AToMHas eauHuLla MaccH a.e. M.=1,66057-10-27 kr
3apsan anekrpoHa e=1,602.10-1° Kan

Macca noxoss  ajekTpoHa  m.=9,10953.10-3! Kr=>5,48580 -
<10~%* a.e. M.
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Macca moxkoss mporoHa m,=1,67264.10—%" xr=1,007276 a. e. M.
Macca mokost HefiTpoHa m,=1,67495-10%" xr= 1,008665 a.e.M.
IMocrosinnasa Ilnanka h=6,626-10"3¢ Ix.I'i!

Iloctosinnas ABoragpo N,=6,022-102 (mouan—!)

Ilocrosinnasa BoabniMana £=1,381-10-2 Jx-K-!

CkopocTb cBeTa B BakyyMe ¢=2,998-10% m.c- 1

Uucao dapanes F=96 484 Kn-monp—!

MoJupHblE 060beM HIeaJbHOrO ra3a NPH HOPMaJbHBIX  YCJOBHAX
(4p=273,15 K; po=1,01-10° [Ta) ©vy=22,414 n1-mMoap™!
CranpapTHoe naBJjeHue po=1,0133-10° I1a
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19,0. Yca. kp.-orr. 19,0. Yu.-u3m. a. 19,86. Tupaxk
49 000 3x3. 1-it aaBox c 1—25000 sk3. 3aka3 Ne 694.
Lena 1 p. Uan. Ne 2591.

Opnena «3Hak IloyeTa» H3XaTeNbCTBO «XHMHSA».
107076, MockBa, CTpoMbiHKa, 21.

MockoBckast Tunorpadus Ne 11 Corwo3snoaurpadbnpoma
a1pu 'ocynapctBeHHoM komuTere CCCP no penam
#131aTeJbCTB, NOJHrpadHH H KHHIKHOH TODPrOBJIH.
MockBa, 113105, HaratuHckas ya., a&. 1.
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