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NPENLHUCJOBUE

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

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

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

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

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

0. C. 3ARLIEB



METOOHYECKHE YKA3AHHA

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

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

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

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

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

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

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

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

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



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

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

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

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

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

Jns1 pa3BHTHS TBOPYECKOTO MHEILIEHHA NPH OGYyYeHHH XHMHM
MOXHO PEKOMEHJ0BaTb U HCNOJb30BATb «XHMHUUECKHe COUHHEHUAY.
Temnt counHenmit caMBle pa3HooGpasHBie: ONHCAHHE XHMHUECKHX
00beKTOB (BOAA, aMMHAK, MeTaH, aaMa3s, TrpadHT), oObACHEHHE
OPUYHH NPOXOKJAEHHS HJIH HEOCYUIECTBHMOCTH IPOIECCOB (CHHTE3
anMasa, CHHTe3 aMMHaKa H T. I.), IIOHCK Npo6JeM B 3aJaHHHIX 9HC-

6



JOBHIX JaHHHX, PelieHHe pacueTHOH 3afayu C NOAPOGHHM OMHCA-
HHEM XOJZa pELIeHHS H aHAJH30M pe3yJbTaTOB, OCYHIECTBJEHHE
NpHEMOB CHCTEMaTH3allMH H KJlacCHQHKauuH GeclnopsnoduHO Mpef-
JIOXKEHHOro (haKTOJMOTHYECKOTO HJIH YHCJIOBOrO MaTepHaJa, BhGOp
CYIIEeCTBEHHHIX NPH3HAKOB H3 pAfa MNpelJloXXeHHHX INPH3HAKOB M
NOCTPOEHHE ONpeleeHHs] MOHATHA H T. . [Toro6HOTO THNA 3afaHHA
TaK¥e NPHBOAATCA B NOCOGHH.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



TJIABA |

CTPOEHHUE BEILECTBA

§ 1. ATOMHO-MOJIEKY/IAPHOE YYEHHE

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

1-2. Uto u3yyaeT XUMHS KaK HAYKa?

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

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

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

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

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

1-8. OnpeneauTs Kakoe-au6o NOHSTHE — 3HAYHT YKa3aTb Ha Cy-
[IeCTBEHHEE OTJAMYUTEJbHBIE NMPU3HAKH OOGBEKTOB, OXBATHIBAEMBIX
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3TUM NoHATHeM. Kaxaoe onpenesneHue COCTOHT H3 ABYX yacTedl —
OnpejeaseMoro NOHATHA (ero cylmecTBeHHHle NMPH3HAKH OThICKHBA-
I0TCSI) H ONpelleJsIIOLIETO TIOHATHS (MM OlpelessieTcss HeH3BeCTHOE
nonsaTHe). Haubosee pacnpoctpaHeH cioco6 ompefesieHuss uepe3
O6nvxkadui poJ W BHAOBOE OTJHYHE. B onpemensioiieil yacTu ro-
BOpUTCSL O 6uMKakieM poje ompenessieMoro NMOHSTHs, T. €. 0 MHO-
JKecTBe 00BEKTOB, K KOTOPOMY OTHOCHTCS NaHHBIH 0GBEKT, H yKa-
3piBaercs BHAOBOe OTJH4YHE, T. €. OTJHYHUTENbHHE NPU3HAKH, HMe-
IOIHecs1  TOJBKO Y paccMaTpHBaeMOro  BHRZAa  OOBEKTOB H
OTCYTCTBYIOLIHE Yy OCTAJIbHBIX BHAOB, BXOAMIUHMX B 3TOT DOA.

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

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

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

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

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

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

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

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

K3aKorgo arperatHoro CoCTodHHsA BellecTBa OHa IpHrogHa H IIO-
yemy?
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1-16.. [Tpennoxxkute crnocobbl KJAAC:HOHKALHH COCTHHEHHH:

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

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

Fe(CN), Iy CrClg

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

CO, ' NH,CI HCl

1-17. TlpoBexute kiaccHHKAUUI0O DPeaKUUHd O DPa3JAHYHBIM

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

M NOMOJHHTE KJacCH JPYrHMH PeaKUHAMH.

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

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

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

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

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

C¢opMyaupyiiTe NPaBHJO NOCTPOEHHS Ha3BaHHH NMOJLOGHBIX cO-

eIHHEHUH BoAOpOaA.

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

CaH2
H,0,

Nazo
N azs

CéopmyaupyiiTe npaBHlO, COTIACHO KOTOPOMY

OKCHJ HaTpHs
cyabhuL HaTpHA

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

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

dTopHa BogopoAa

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

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

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

Ha3zoBute npoayKThl peaKuui.

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

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

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

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

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

1) uHCAO0 MHJJIHAHTPOB B 1 a1

2) eMKOCTb KONGBL B MHJJTHJIHTPAX

3) uKcaeHHoe 3HayeHHe ra3oBOH MOCTOAHHOM

4) npousBejeHHe 2)2, HaliflenHoe Mo TabJHIE YMHOMKEHHSA

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

6) 5 r HeKOTOpOrO BellecTBa

7) noctosiHHas ABoraapo

8) lg 10=1

9) YMCJIO HayYHHIX COTPYAHHKOB B J1aGOpPaTOPHH

10) yHC/I0 HAYYHHIX COTPYAHHKOB B CTpaHe

11} BaNleHTHOE COCTOSIHHE 3J€MeHTa ,.

12) aToMHas Macca aneMeHTa :

13) aTtoMHas Macca H30TONa 3JEMEHTa

14) nopsaKOBHIH HOMep 3JeMeHTa

18) 4ncsa0 MPOTOHOB H HEHTPOHOB B sIApe aTOMa

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Taabk Mg;H,Si,0,,

MyckoBu1  KoH;AlSis04
Hedenur NagAl;SisOg

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

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

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

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

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

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

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

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

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

Haifignte ero aToMHyn Maccy M BBIYHCJIHTE NMOTPEMHOCTb OIpe-
AeJeHHusl.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

§ 2. ATOMHOE PO

9.1. Bo3MOXHOCTL OecKOHeUHOro AeJIeHHS Teja NPHBOAHT K 34-
KJIOUEHHIO, UTO OHO COCTOHT H3 GecKoHeuHo Goabluoro yucjia 6ec-
KOHEUHO MaJbiX UACTHI, T. €. YAaCTHIl, He HMelUx pasmepa. Tor-
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Ila Ka)KeTcsl HeBEPOSTHBIM, YTO M3 TAKHX YACTHL MOJyddeTcs TeJo
KOHEUHRIX pasMepoB. DTH pacCyXKJHEHHs JeXKaT B OCHOBe 3HAMEHH-
TOH TeOpHH aToMOB [leMOKpHTa, COrJacHO KOTOpPOH KaXJAoe TeJo
COCTOHT He H3 6eCKOHeYHO 60JblIOro, a M3 oueHb O0JBUIOrQ YHC-
Ja BeCbMa MaJjblx yacTHU. M3 aroil Teopuu ciefyet, UTO BBHIBOA O
NeJHMOCTH Tedl A0 6eCKOHeUHOCTH HeBEpEH, T. €. CYLeCTBYIOT rpa-
HULKH geanmocTH. KakoBo Baite MHeHHe?

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

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

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

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

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

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

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

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

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

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

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

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

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

21



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

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

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

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

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

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

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

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

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

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

160 : 180 : 170=2670:5: 1

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

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

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

3apsjg fApa yeTHOE HeueTHoe yeTHOE HEUeTHOe
YHCJIO YHCII0 YHCJIO YHCJNIO

Macca yeTHOE HEeyeTHOE HEuETHOE YETHOE
YHCNo YHCJIO YHCIO YHCNO.

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

Haotona, Y
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fopadroBerl HoMep sneMeHmL

PHUC. 2-1.

OmHocUmensHaa pacnpecmparerHocms anemenmoB

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

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

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

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

H B YeM COCTOHMT €¢ IIpH- h Ce
yHHAa?

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

pacnpocmpa-

HeHHOCME AaHManoUiDs

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Ln4 ... =4C41H
¥C=...4p"

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

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

2-44. Tlpeo6pasyiite ¢opmyny DfinmTefiHa B BHpaXeHHe A4

pacueta 3HePrHH siiepHOH peaKIHH.

2-45. Kakad peakLHsi COMPOBOXAAETCA OOJBUIAM BhieJeHHEM
IHEpPrHH:

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

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

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

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

30 Mun a9
#90Ca —> 49,5c +-e¢

2,5 u
49,0Ca —> 49, Sc{ e~

O XaKoM SIBJIeHHH 3TO TOBOPHT?

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

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

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

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

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

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

§ 3. ATOM

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

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

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

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

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

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

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

3-7. O6belHHUTE COOTHOIUEHUS

E=me? u E=hv

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

YYHTEIBad, 4TO
=M

rie A — AJMHA BOJIHHL.

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

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

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

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

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

CdopMynupyiiTe BHBOL O

|
MaKCHMAaJbHO  HOCTHKH- II N\
MBIX CKOPOCTAX.

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

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

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

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

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

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

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

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

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

Au,Ax > h/(2nm)

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

TTopcraBnsis 3HAaYeHHA BXOZAIMX B GOPMYJY BENHUMH, NOJy4aeM:

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

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

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

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

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

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

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

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

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

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

- 3-38. IlepBrie 3HepTHH HOHH3aLHH aTOMOB

d—e =2t

ajleMeHTOB riaBHhix moarpynn [, VII u VIII rpynn ciaenyioune:

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

3%



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

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

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

CtopMynupyiiTe NpaBHIO BO3MOXHOCTH OGMeHa 3JIeKTPOHaMH
MeK1y aTOMaMUu H HOHAMH.

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

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

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

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

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

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

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

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

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

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

Be +2,5 +-241,2 H —0,75 —72,4

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

H4-e =H"; AH = —0,75 3B

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

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

Bo3sMoOxKHa JIX 3Ta peaKUus?

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

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

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

§ 4. MOJ1EKYJ1A

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

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

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

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

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

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

4-8. Hruxe npuBefieHO HECKOJbKO MOAeNdedl MOJeKyJ BOJOpOAA:

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

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

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

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

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

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

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

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

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

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

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

tan, °C —114 —141

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

4-44, Ilennas peaKuus

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

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

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

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

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

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

AHep == Nty = ‘,‘v’“

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

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

M= By = 8 =, M




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

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

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

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

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

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

4-51. ITapamarHeTusaMm rasoo6pasHoro NO; cHibHO yMeHblraer-

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

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

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

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

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

4-56. Ha ocHoBanum peakuufl

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

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

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

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

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

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

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

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

4-62. XNOpHA LUHHKA THAPOJH3YeTCA II0 YPABHEHHUIO

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

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

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

§ 5. METOJ, BAJIEHTHBIX CBSA3EH

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

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

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

0=Al—0—Al=0 o]
o w
0
A1£O>Al Al
No” o

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

NIPHMEPHO TETPas3ApPHYECKHM YIJIOM Yy aTo-
Ma a30Ta, a BTOpas MOJeKyJa — IJIOCKas
PHC. 51 ¢ yraoM Mmexay cBsassiMu 120°,
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5-16. IToueMy yrinl Mexay cBs3sMH B MoJgekynax CH; u SiH,
OMMHAKOBHI, a y MoJekya HyO u HyS pasauunsr?

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

N ™A
AT

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

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

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

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

?

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

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

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

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

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

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

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

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

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

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

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

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

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

BJIH
[-C=C—C=C—C=ly

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

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

CyHy —> ByH,

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

§ 6. METOJI, MOJIEKYJISIPHBIX OPBHTAJIEN

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

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

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

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

AH 5 I, HM MaruuTHhe

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

3, hv=3,* ¢
32+hv= 23

Kaxue nanubie HeOGXOAUMEI AJ OTBeTa?

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

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

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

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

AH o I, M MarsATRbIE

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

§ 7. ME)XMOJIEKYJISIPHBIE B3AMMOJEACTBHSA

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

7 °
\OH

cl

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

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

7-30. Kako#t U3 H30MepOB XJIOPGEH30HHOH KHCIOTH

/ COOH > COOH .
| HIH ]
Sl x
&

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

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

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

H : H

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

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

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

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

I
O

OH
|

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

|
OH

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

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

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

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

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

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

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

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

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

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

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

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

O6bAcHUTEe NPUYHHY TaKoro H3MeHCHHS MMJIOTHOCTH.

§8. KOOPAUHALLMOHHAS YACTHIIA

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

8-9. YKaxwure o6lIHe NPH3HAKK PeaKuHi:

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

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

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

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

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

8-7. YraxuTe NOHOP H aKIENTOp B peaknHsx:

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

O6mbsicHuTe, IOUeMy He MPOTEKaeT TaKoi mpouecc.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

spd 8-42. Coepunenue

—_ [CO (NH3)5N02] C12

spé

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

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

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

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

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

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

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

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

PHC. 8-3
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aJeKTpoHOB Ha 3d-, 4s- H 4p-monypoBHsix HOHOB  Ni’t H
[Ni(NH;)4]?*. Kakos THI rH6pHAM3alHH opOuTajedl CBA3M B
KOMILJIeKCHOM HOHe?

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

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

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

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

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

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

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

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

I 11 ur

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

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

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

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

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

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

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

§ 9. YACTHLUBI KOJJTOUAHBIX CHCTEM

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

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

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

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

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

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

[(AgCly- nAg* «(n — xNO, P+ xNOg~

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

apcop6upoBaH-

Hbleé ARPOM, HJH

MOTeHIHaIonpe-

JeJAIoMHe HOHBI

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

[IPOTHBOHOHBI| NPOTHBOHOHMH
ancop6uHol- |  AuddysHoro
HOro CJI08 caos

-— Munenna —>

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

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

[(AgCl)y»nCl™ - (n — x)Na*+}¥--xNa+

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

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

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

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

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

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

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

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

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

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

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

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

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

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

1) AgNOy+ KI, KI -4 AgNO,

2) AgNOy+ HCl, HCl - AgNO,

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

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

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

6) FeCly+ NaOH, NaOH - FeCl,

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

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

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

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

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

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

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

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

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

— RT t
=V Np 3anr

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

IlpennoxkunTe nporpaMMy 3KCIePHMEHTANbHOH NpPOBEPKH 3TOMH:
dopMyaHL.

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

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

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

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

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

63



§ 10. KPUCTAJI

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

A= Pewy — Pon .100

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

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

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

233,76

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

5) T783-10-® = 2,177 rjewd

Onumyte mopsanoK pacuerta.

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

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

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

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

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

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

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

Kakoii JHraug — aMMHaK WIH BOJa — CHJbHee?

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Ot Kakux ¢pakTopoB 3aBHCHUT IBET KPHCTAJJIOB?

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

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

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

tn.n' °C p, r/em3

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

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



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

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

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

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

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

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

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

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

)

§ 11. TEOPHUS KPHCTAJITHYECKOTO NMOJIA

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

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

TMonuTaiiTech BIHCATh B Ky6 OKTasAp H TeTpa3ap.

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

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

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

p=Vnrnt+2

rjae n— 4YUCa0 HeCnapeHHHX 3JeKTPOHOB.

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

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

)]



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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

9) [Ma(CN); ¢~ [MnFq]4-

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

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

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

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

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

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

TMIABA 2 ‘
HANPABJIEHHE XUMHYECKHX INPOLECCOB

§ 12. 3AKOHBI XUMHYECKOHA TEPMOJIHHAMUKH

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

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

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

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

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

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

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

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

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

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

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

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

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

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

AU=Q—4
Q=AU+ A

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

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

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

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

AU=Q—A

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

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

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

TloueMy TemnoTa W pa6oTa He sIBJAsSeTCS MOMHBIMH AHpdepeH-
qHaJaMHu?

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

1) HeB03MOXHO NMOCTPOHTb BeUHHH ABHrartes]b BTOPOro poia.

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

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

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

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

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

7) HeBosmoxHo npeBpaTuth B paboTy Temiory KaKoro-Jaubo

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

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

9) TemaoTta Haunbojee XOJOJHOrO H3 YYacTBYIOIIHX B mpouecce
Tes He MOXeT CJYXHTh HCTOUYHHKOM PaGoTHL.

Bub6epute GoOpMynHpOBKH 3aKoHa: a) HaHGouee obuyio,
6) paBHOlleHHble, T) HMelollHe HauGoJbHlee 3HayeHHE B ¢dusuKe,
XHMHH, OMOJOTHH, TEXHHKE. :

12-8. B caexnywomux Tpex GopMyJIHPOBKAaX BTOPOro 3akoHa Tep-
MOAMHAMHMKH YKa3hnBaeTcss Ha NepHOAHYHOCTb [eHCTBHS MallMHBL
H NEPHOAHYHOCTD TIpoiecca.

1) HeB03MOXHO MOCTPOHTE NEPHOAHYECKH J[edCTBYIOULYIO Ma-
IIMHY, KOTOpasi He NPOM3BOJAMT HHUEro JPYroro, KpoMme MOAHSATHR
rpy3a H oxJaxJeHHs pe3epByapa TeNJOTHL.

2) HeBo3MOXHO €O3/aTh MePHOJAUYECKH AeHCTBYIOUIyl0 MallH-
Hy, KOTOpas Npou3BojH/aa Ob paGoTy 3a CUeT OXJaXAeHHs OKpy-
¥Kawleld cpeaH.

3) HeBoamoxeH NMepHOAHYECKHH MPOlECC, €LHHCTBEHHHM pe-
3yJbTaTOM KOTOPOTO fBJsETCS NpeBpallleHHe TemJIOTH B pabory.

[ToyeMy B 3Tux OpMyJHPOBKAX MOAYEPKHBAETCA MEPHOAHY-
HOCTB TIpollecca M AeHcTBHS MawuHH? JloKaXHTe, 4TO 3TH tdopmy-
JIHPOBKH ' 3aKOHOB ‘COBMafalT ¢ QOPMYJHPOBKAMH B 12-7.
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12-9. B crexymowmux AByX BHpaMeHHSX BTOPOro 3aKOHa TepMo-
AHHAMUKH BBENEHO MOHSITHE BEPOSTHOCTH COCTOSHHS,

1) HsonupoBanHasi cHcTeMa cTpeMHTCH JNOCTHTHYTh HaunboJee
BEPOATHOIO COCTOSIHHSA, T. €. MaKDPOCKONHYECKOrO COCTOSIHHS, CO-
OTBETCTBYIOLIero HauboJbllleMy 4YMCIy MHKPOCKOINHYECKHX COCTOf-
HUH.

2) Ilpupoaa CTpeMHTCH OT COCTOSIHHE MeHee BepOSITHHIX K CO-
CTOSIHHSIM 60Jiee BEPOSITHBIM.

JlokaxuTe, 4TO 5TH BHIpaXKeHUS DaBHOLEHHHI BLIpaXKeHHUSIM B
12-7 u 12-8.

12-10. Huxe npuBefeHo HecKOJBbKO bopmyTHPOBOK  Tperbero
34KOHA TePMOIHHAMUKH.

1) SuTpomus MHAMBHAYaNbLHBIX KPHCTANIHYECKHX T CTPEMHT-
€ K HYJIO IPU CTPEMJIEHHH TeMIepaTyphl K aGCOJIOTHOMY HY.JIIO.

2) Jlo6oe BeltecTBo HMeeT ONPeleNEHHYIO MOJOXKHTEALHYIO SHT-
POnHio, HO NpH aGCOMIOTHOM HyJe SHTPOMHS MOMKET CTaTh paBHoI
HyJ 10 (AJsl YHCTHIX, NPABHALHO O6Da30BaHHAEIX KPHCTAJTUYECKH X
BellleCTB).

3) OHTpOIHS YHCTHIX BellecTs, CYLUIECTBYIOLUIHX B BHAE HAEaNb-
HbIX KpUCTAJ/JIO0B, IDH TeMIepaType abCOMIOTHOTO HyJs paBHA HYJIO.
Hokaxure, uTo Bce npuBeLeHHbIE GOpPMYJHDOBKH  paBHOLEHHBHI.
Bripasute nepByio (opMyJHPOBKY B BHAE MaTeMaTHUECKOH dop-
MYJIBL

12-11. Bujo npennoxeno etme ase GopMYyJTHPOBKH TpeThbero 3a-
KOHa TePMOJAMHAMHKH.

1) HeBo3MOXHO HOCTHYL COCTOSHHS C HyJeBoH 3HTpomnuei.

2) HeBo3moxHO mocTHub abcomoTHOrO HyJsl TeMOepaType Ko-
HEYHBIM YHCJIOM oNepanui.

O6mbsacuuTe GU3MUECKHH CMBICA 3THX ($opMy.THPOBOK.

12-12. Hafinure owu6Ky B caenyiomux paccyX IeHHSX:

a) 3Heprus ecTb QYHKIHS COCTOSIHHS;

6) TemaoTa eCTb 3HEPrus;

B) C/1eJOBATe/IBHO, TEIIOTA eCTh GYHKUHS COCTOSHHUS:

T) HO TemJIoTa He siBJAsercs BYHKIHeH COCTOAHHS,

12-13. MoXHO J¥ cO31aTh YCTPOHCTBO, MO3BOJSIOLIee NMOJYYHTh
paboTy B pe3yJbTaTe H3MeHeHHS atMocdepHoro naB/ieHHs? Byner
JI1 OHO BEUHHIM JABHraTeJeM?

12-14. [IBa coBeplleHHO OZUHAKOBHIX COCYyIa 3amoJIHEHB OJHHM
W TE€M Xe rasoM (nanpumep, reauem) npu 20°C. B oxnom cocyae
‘Heo6XOAHMO MOAAEepPIKHBATD TeMneparypy -+50°C (B marpeBaTeJb-
HoM mKady), B apyroy —10°C (B xonommishuke). Ha xakoit
npouecc (Ha HarpeBaHHe WJIH OXJAaXkjeHHe) GyxeT 3aTpaveHo GoJib-
llee (WJH PaBHOE) KOJIHYECTBO 3JEKTPHUECTBA?

12-15. ITymeuns#i cTBOM mpH cTpeabbe XOJOCTHIMH H 3apsxKen-
HBIMH CHapsANaMu HarpeBaeTcsi Ho-pasHoMy. B kaxoM cayuae cie-
AyeT 0XKHJaTh GOJbIIEro HACPEBAHHSA?

12-16. Kak usmensieTcss TemnepaTypa LeTaun IIPH ee KOBKe?
12-17. Harpesanue 1 Kr Boan Ha 1°C paBHOLEHHO NOLBEMY Te-
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Jaa maccoft 1 rr Ha 460 ™.
CocTaBbTe KaK MOXHO GOJIb-
Ile 32124 HA 3TO YCJOBHe.

12-18. Ha moaweM rpysa

Macco#t 1 xr Ha 1 M 3aTpaun-
paerca 9,8 /Ix. B neun ueso-
BEK TMOTpebJseT KOJHIEeCTBO r—
HLIH, COOTBETCTBYIOLIEE
sHepruu B 12,5 xJIx. Ckoas- '
KO pa3 YeJIOBEK CMOXKeT Moj- PHC. 121
HATh Tpy3 B 1 Kr Ha BhicoTy 1 mM? Ha noameM mo Kakofi BHICOTH
rpysa B 50 kr uenoBeky 6yjAeT AOCTAaTOYHO JHEBHOH HOPMbI MHILH?
(I1pennonaraercsa, 4ro BcA 9Heprys NHIUH nNpeoGpasyeTcsi B Me-
XaHHYECKYI0 SHEPTHI0.)

12-19. HaMepunu TennoBoii adpderT cropanus 1 r yraepopa a
#30LITKe KHCJIOpPOZa. 3ateM | I yriepoja M KHCJIOPOX MOAHSIH
Ha HeKOTOPYI0 BHCOTY. IloTeHuHanbHas aHEPrHs pearupyloillux Be-
flleCTB IOBHICHJIACh. B 9T0M COCTOSIHHH CHOBa H3MEPHJIH TEIJIOBOMN
adeKT cropanusa. KakoBbl pe3yJbTaTh aKCnepHMeEHTA?

12-20. B Tpex coBeplieHHO OJHHAKOBHIX KOMHATAX HAXOASATCAH:
B OJIHOH KOMHATe 9JeKTDHUYECKHH pajaHaTop MoumiHocrbio 500 BT, B
Apyro#t — aNeKTpolauTka MmolmHocThio 500 BT u B TpeTbelt afekT-
pHUecKas JaMmouka MollHocTbio 500 Br. OnuHakoBas uJH pasiuu-
Has teMiepatypa 6yner B KOMHaTax?

12-21. Ilo Kycky 2KeJe3a H IO KyCKy CBHHIIA yIapHJH MOJOTKOM.
Ilpennosaras, 4ro B KaXIOM KyCKe COLEDPKHTCS OJHHAKOBOE GHC-
JI0 aTOMOB, OpeJCKaXKHTe, Kakoe BellleCTBO OoJblle HAarpeercs oOT
yaapa.

12-22. Tlo KaKHM NpHYHHAM B KaueCTBE OXJAaXKAaIolle#l KHIKO-
CTH. XOJIOJHJIbHHKA JACTO HCNOJE3YETCA aMMHAK?

12-23. Ha nexotopo#t nJjaHere TemmepaTypa paBua --150°C,
Kaxkoe BeilecTBO MOKHO TPHMEHHThL Ha 9TOH MJAAHETE B KayecTBe
oxJaxaamilell JKHAKOCTH B XOJOJHIBHHKE?

12-24. Ha pnc. 12-1 usobpaken MPOEKT BEUHONO JBHraTessl.
‘Crenkn cocyia I NpOMyCKalOT TOJNBKO JerKHE MOJIEKYJhl COCTaB-
JAOILRX Bo3Ayxa (BOJOPOA, Teluil) U He TPONYCKAIOT THAKeJble
Mosekyapl. Co BpeMeHeM jaBjeHHe B cocyAe / MOBHILIAETCS H MOP-
wenb 2 moiHUMaeTcs BBepX. Korja OH HaXXHMaeT Ha KHONKY 3,
OTKpLIBaeTCs KpaH 4, ra3 BBIXOAHT H3 CHCTEMH, NMOPIIeHb OMyCKa-
TCA BHU3, KpaH 4 3axphiBaeTcs. 3aTeM Npoliecc moBTopsiercd. DBy-
JleT JH yCTPOHCTBO TAaK paboTaTh?

12-25. YraxuTe, KaKHe Ta3wl IPH JIOOHX JaBJeHHAX He TOJbKO

He NOAYHHAIOTCS YPABHEHHIO raszoBOro COCTOSHHSI, HO H YPaBHEHWU-
M COCTOAHHSA peaJbHBIX ITa30B.

12-26. 113BeCTHO HECKOJBKO YPABHEHHH COCTOSHHS
ra3oB, HallpEMEp:

=

peaJbHBIX

. a
(p+w ) —n=ar
i(y;parHerne BaH-nep-Baannca)
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(p+ V‘:/3 ) (V—b)=RT

(p+vir )0 = =&T

(p + ﬁy) (V ~b)=RT
p(V—b) e/ RTV) — RT

rge. p — AaBienue; V —o6beM; T — TeMnepatypa;, R —ra3opasg NOOCTOIHHAH;
a, b, ¢ — KOHCTaHTH, 3aBHCALLHE OT Pa3MEPOB H CBOACTB MOJEKY.

YKaxute a) (QU3HYeCKHil CMBICJ MONpaBoK a U b (Kakoe sABJe-
HHE OHH YYHTHIBAIOT?); 6) Kakoi BuJ NMPHOGPETAIOT BCe 3TH ypaB-
HEHHSl NPH YMEHbIUEHHUH NMONPABOK A0 HYyJf; B) BCe OTJIMYHA B IO-
BEJEHHH peaJbHOTO Ta3a W HJeasNbHOro, YYHTHBaAs AAd HAealb-
Horo rasa a=0u b=0.

QO6bsicHHTE, IOYEMY H3 IPHUBEJEHHBIX YDABHEHHH COCTOSIHHA pe-
aJbHOrO ra3a MOXHO MOJYYHTb OFHO H TOJbKO OJHO ypaBHEHHe CO-
CTOSIHMSl MIE€asibHOTO ra3a, HO U3 YPaBHeHHUSl COCTOAHUA HAEaJbHOTO
rasa HeJb3sl HE TOJbKO BHBECTH YPaBHEHHE COCTOHHHS DPeaJbHOrO
rasa, Ho H Jaxe MOJIYUHTh KaKHX-1MG0 yKa3aHHl Ha NoBeJeHHE pe-
aJLHOrO rasa. :

12-27. IBa cocyna umetor Temnepatypul Ty u To (To>T,). daB-
JIGHHS B COCYyZax paBHbl. TeMnepaTtypy rasa B KaXIoM coCyle IO-
BHICHJIM HA4 DaBHOE YMCJO rpazycoB. Kak u3MeHHMTCA JaBleHHe B
cocynax? '

12-28. BrlupcauTe 3HaYEHHE Ta3oBOH NMOCTOAHHOH R, HCXoAf H3
CAEAYIONIHX AaHHBIX: 8,47 T OKcHaa yriepoga npu 7°C M [aBJe-
HuM 1,040.105 [1a 3anumaior 06beM 6,78 1.

12-29. BosaymHniii map o6beMoM 5 a1 npu Ramjienun 1-10° Tla
u teMmnepatype +20°C noansat B cTpatoctepy, rie AaBJeHHE paB-
Ho 3-102 ITa. O6bem wmwapa craa paBubuiM 1390 n. Kakxosa Temnepa-
Typa Ha 3TOH BHCOTe?

12-30. TTouemy aJis 3al0o/IHEHHA BO3AYLIHOTO 1Iapa HeJb3s MOJb-
30BaTbCS BOASIHEIM I1apoM, a TOJbKO HArpeTHIM BO3AyXoM (B TO XKe
BpeMa HaJ MOBEPXHOCTbIO 3eMJH NJBIBYT 00/MaKa M BOASHOH map
HOAHMMAeTcAd KBepXy)?

12-31. B u30oaHpOBaHHOH cHCTeMe COMepXAaTcs MOJEKYJBl rasa,
KOTOphle HaXO[sTCS B HeNpepHBHOM ABHKeHuH. OTKyZLa OHH Moay-
ualoT 3Hepruto? He ABndercd JH 3TO HapylLIeHHEM 33aKOHOB TepMO-
nuHAMHKH? He DOJXKHH /M MOJEKYyJB 4epe3 HEKOTOpoe BpeMs
OCTAHOBHTBCA?

12-32. O6bAcuuTe, MOYEMY N0 Mepe IOoAbeMa B ropy TeMIepaTy-
pa MOHHXKAaeTcs, XOTA TelILH BO3AYX MOJHHMAaeTcs KBepXy.

12-33. OcHOBHOe KHHeTHUeCKOe ypaBHeHHe Ta30B MOMeT OblTb -

3aMHCAHO B BHJE!
R =3[,NsE/T

Toe Na— uHcsno Asoraapo; E — kuHernueckas sHeprus 1 MOab MOJEKyJ rasa.
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Ha ocHoBaHHHE 3TOH (GOPMYJH MPELJOKHTE ompejejeHue MoHA-
THsi Ta30BOH IOCTOSHHOA (OAHO H3 muorux). Kakue Apyrue Ompe-
JeseHns BaM H3BeCTHBI? Bocnosb30BaBIIHCE 3TOH dopmMyaofi, Aak-
Te onpefe/eHne TeMNepaTyph.

12-34. JI. V. MengeneeBnM GBI usrotopJien mepBhifi B PoccuH
BOZOPOAHHI TepmoMerp. MccnenoBaHus BOLOPOLHHX TEpMOMETPCB
[OKa3aJH, YTO MMH MOMKHO H3MepATb TeMnepaTypy He HHXE
900 °C u ue Buime +100°C. Touemy?

12-35. Tlpu 100 K # 102.10% Tla nosa renns 3aHHMacT obbeM
10 5. TIpu mMOBBHIIEHHH TeMIepaTyphl H yBe/iHueHHH JaBJIeHHA 1O
902.10° I1a o6beM rasa craj paBHHM 90 ;1. BHuHCaHTE TeMIepa-
Typy KOHEUHOrO COCTOSIHHS rasa.

12-36. Kak oGBACHHTb, YTO TENJI0EMKOCTH OJHOATOMHOrO rasa
He 3aBHCHT OT TeMIepaTyphl?

12-37. Humxe mnpHBeJeHB. 3HAUCHHA H306apHOR TeNJOeMKOCTH
(p=const) C°, 298 H nzoxopHof (V=const) C°y, 208 TEIJIOEMKOCTH
(B Ox/ (K-Moap)] 0AHOATOMHOTO, JByXaTOMHOTO H TPeXaTOMHOIO
rasos:

C° py 998 v, 208
He 20,8 29,3
H. 28,8 37,2
CO, 37,2 45,5

Kaxie BHBOAA Bh MOXeTe CAeJaTh IPH CpaBHEHHH 9THX AAHHHX?

12.38. KaK HM3MeHSIOTCH TeMJOeMKOCTH ra3oB IpH yBeJHYEHHH
yHcNla ATOMOB B MoJeKyae? B uem NMpuuHHA HepaBneHCTBA H3obap-
HOH H H30XOPHOH TeNJOeMKOCTEH?

12-39. CKoOJIbKO HYXHO 3aTPATHTh TEIJIOTH HA HarpeBaHue
294 1 renust ot 0 no 100 °C npu NOCTOSTHHOM JaBJIEHHH?

19-40. ' CKONBKO HYMHO 3aTPATHTh TEMJNOTH HA HarpeBaHHe
1 moap asota oT 20 ao 30°C mpH NOCTOAHHOM NaBJieHHu?

19-41. Kakoe KOJHYeCTBO TEMJOTHI HYXKHO coo6muTh 100 © BO-
ASIHOTO mapa, 4ToOH Harperb ero ot 100 mo 150°C mpu moCTOsAH-
HOM JlaBJeHHH?P

19-42. CKOJBKO TemJaoThl motpebyercsd, yTo6s Harpets 5 r ra-
3006pasHoro xsopa Ha 10 °C npu NoCTOSHHOM o6neMe?

12-43. Kak Bnl o6bAcHHTE, OYEMY a) usoGapHass W H30XOpHad
TeMI0eMKOCTH OTJHUAIOTCS Ha BeJHUYHHY, PaBHYIO rasopofi MOCTO-
AHHOH, ©) TEIJOEeMKOCTH OJHOATOMHOTO H JByXaTOMHOrO ra3os,
pasiHyaloTCs Ha Ty Xe BeJIHUHHY?

12-44. Onpefenure yACAbHYIO TemJ0eMKOCTh a30Ta IpH MOCTO-
qHHOM LABJNEHHH H NOCTOSHHOM OOBeEMe.

19-45. B kaKOM COCTOSHHH (aTOMHOM HJIH MOJIeKyJSipHOM) Ha-
xoAuTCs mapoo6pasHas pTyTh, €CaH HA narpeBanne 20 r mapos pTy-
11 or 20 no 30°C mpH NMOCTOAHHOM AaBJEHHH notpe6oBanoCch KO-
AMYECTBO TelIOTH, paBroe 21 JLxK?
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12-46. Mousexynst CH, u CCl, HMeIOT ofHHaKOBOE TeTpa’ipH-
Y€CKOe CTpPOeHHe. YKaXKHTe, TelJIOEMKOCTb KAKOro BellleCTBa GOJIb-
ure, #H o6BSACHHTE NOYEMY, .

12-47. O6DBscCHATE, NOYEMY TENIOEMKOCTD [IPH NMOCTOAHHOM 00B-
eMe Cy BOZOPOJA 3aBHCHUT OT TeMIIepaTypHl:

7, K 50 298 2000
. Cv, Ox/(K-Monn) 12,6 20,9 29

12-48, MoxHo au cuutath npasuio [liononra u IITH 3aKOHOM?

12-49. Pacnonoxute ciefyioliHe MeTaaabl B nopfiKe Bo3pa-
CTaHHS HX yIeJbHBIX Temjoemkocteii: Ag, Zn, Al, Cr, Ni, Cu, Fe,
Mg, Sn, Pb.

12-50. Onpepenurte yaeabHy1o Ten/l0eMKOCTh XpoMa, KakHe gaH-
Hble Bam 1719 310r0 HyKHBI?

12-51. Hafizute KoaHuecTBO TENJIOThI, HEO6XOAUMOe [JisI Harpe-
Bauusd 5 r Mexn ot 30 go 50 °C.

12-52. Kakoe KONHYECTBO TeNIOTHl BBHIAEJHTCS NpH OXJaXie-
HuH 50 r amioMunus or 40 go 15°C?

12-53. HaBecka meraasa 0,3082 r BLITeCHSeT H3 XJIOPOBOLOPOA-
HO# Kucaots 114,8 mMa Bogopoma mpu 20°C u 9,997-10% Ia. IIpu
OKHCcJeHHH 1,026 r storo MeTansa noaydyeHo 1,277 r okcuua.
YieabHasl Tem10eMKOCTh MeTaJia 0,389 Mx/(K-r). Buluncaure
aTOMHYIO MacCy 3TOro MeraJa.

12-54. Poct naBienuns (mpu o6bruHOH TEMIIEDATYPEe) BHI3LIBALT
CH/IBHOE YMeHbIIEHHE TEMJOEMKOCTH MUAKOH BOAbl. K4aK 3TO 06b-
SICHUTB?

12-55. 3HaueHHs SHTPONUH BeleCTB IOAYYAIOT H3 AAHHBIX HO
TeNJI0EMKOCTAM. TennoeMKOCTH HHEPTHHIX ra3oB  (OZHOATOMHBIE
MOJIEKY/IBI) ONHHAKOBHL [C°p 995=20,786 IOx/(K-Moas)], a ux sHu-
TPOITHH BO3PACTAIOT 110 MePe POCTa aTOMHON MacCh:

Sa08115, L/ (K-momb) S 0815 LK/ (K-Momb)
He 126,043 Kr 163,971
Ne 133,666 Xe 169,573
Ar 154,733 Rn 167,762

Iloyemy?

12-56. KauecTBeHHO oueHHTe (6oJblue HJIH MEHblIe) H3MeHEeHHe
SHTPOIIHH TIPH CMEIUeHHH CJeLYIOUHX [a30B, B3STHIX HO 1 MOJIO
(npu 298 K):

He u Xe
He u Ne
dHe wu SHe
%0, n 180,

12-57. TIpH pacTsiXeHHH Pe3HHOBOH MOJOCKH TeMllepaTypa ee
nosuimaercsa. Kakoe cocTosinMe pesuHBl 6odee BEPOATHO — CXKa-
TO€ HJIH pacTsHyroe? B Kakom coCTOSIHHH MOpPSAMOK B CHCTeMe BHI-
me? Kakoe COCTOAHME pe3HHBI HMeeT 6oJee BRICOKYIO SHTPOMHIOP

12-58. TlpennosioxuM, uTo KPHCTAN OKCHAa yraepona CO co-
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CTOMT H3 1 MoJb MoaeKyJa. Paccuuraiite sutponuio npu 0 K B npei-
[OJIOXKEHHH, YTO MOJIEKYJibl PacloJiOKeHbl B KDHCTaJJIH4YeCKOH pe-
leTKe a) MOJHOCTBIO ynopsifoueHuno, HanpuMep ...COCOCOCOCO...,.
6) B nosHoM 6ecrnopsiake, Hanpumep ..COOCOCCOCOCOOCOC....

12-59. IlpeasioxkuTe CHOCOG BHIYHUCJAECHHS 3HTPONHH KpPHCTAMJIH~
yeckoro NO npu TeMnepatype a6CcoNMIOTHOrO HY s,

12-60. [ToueMy pasMepHOCTH M eJHHHLBI H3MepeHUsA Ta30BOH No--
crosHHOH R, TensoeMkocTd C M SHTPONHH S OAHH H Te XKe?

12-61. YeM o6BscHAeTCSI POCT SHTPONHH NPH [OBHIUNEHHH TeM--
neparyphl?

12-62. ¥ xakoro BelllecTBa — 3TaHa, 3THJAeHa HAH alleTUjeHA —-
IPH PaBHHX TeMIepaTypax M [aBJeHHAX H OJHHAKOBBIX arperar-
HBEIX COCTOAAHHAX 6osibllie SHTPONHUA?

12-63. DHTpONHH HEKOTOPBIX HOHOB HMeEIOT OTPHIATeNbHBIH
3Hak*, Kak Bnl cuuTaete, IpH NMOHHMXKEHHH TeMIlepaTyphl SHTPONHE
3THX HOHOB CTAaHOBHTCA GoJiee OTPHLATENBHOH HJH, HAa060pOT, yBe-
JHUYUBAETCA? .

12-64. Tlpn cTpeMyieHHH K a6COJIOTHOMY HYJIO SHTPONHA KpH-
cTajsa OKcHAa yraepoia npubiaumxKaercss K 3nauenuio 4,6 JIx/(K-
-moab). Kak pacnosmoxenn Monekyasl CO B KpHcranne?

12-65. Ilpoananu3upyiite dopmyasl (o6cyAHTe BAHSHHE TeMIe-
pPAaTypH, H3MeHeHHs 06beMa M 4Hcaa MoJell ra3006pasHbIX BelEeCTB:
Ha TepMOAHMHaMHYeCKHe XapaKTePHCTHKH NPOLECCOB):

AG® = AH° —TAS®

AF° = AU° —TAS°

AH® = AU® - pAV = AU°® -+ AnRT

rae AG — HameHeHHe HM306apHOPO (H306apHO-H3O0TEPMHYECKOrO MOTeHIHaJa) HIH
sHepruu [u66ca B xuMuHYeckoM npouecce (p=const); AF — H3MeHeHHe H30XOPHOTO-
(nsoxopﬂo-nao'repmuqecxoro HOTEHI.I.HaJIa) HJIH 3HEPrHH reJIbMI‘OJlbI.la B XuUMH4Ye-
ckoM npouecce (V=const); AU — uameHeHHe BHyTpeHHell 3HepTHH B XMMHYECKOM
npotecce; AH — n3MeHeHHe 3HTAJLIMH B XHMHUECKOM npouecce; p— AaBJ/EHHE,;

AV — usmenenne o6beMa; An — H3MeHEHHe YHC/aa MOJell ra3ooGpa3HEIX BeLIEeCTB;:
An=nyou—MNuex; R — yHUBepcaslpHasi rasoBas NOCTosiHHast; T — TeMnepaTypa.

BriBenute dopmyay, cBassiBawouyio AG® 1 AF°, Ykaxure ycio-
BuA, Korga AH°=AU°, AG°=AF°, AG°=AH°, AF°=AU°, AG°=
=AF°=0,AG°<0, AG°=0u AG°>0.

12-66. IlpuBeante Bo3MoXHble 06bACHEHHHA, NoYeMy B CIpaBoy=
HMKax jadi 3Hauenus AH¢ u AG®, a ue AU® u AF°.

12-67. B u3onupoBaHHO! CHCTeMe IIPOXOAMT peaKIus

H, (1) = Cl, (r) = 2HCI (r)

Kak u3MeHAIOTCA BHYTDEHHfSl 3HEPIHs, 3HTAJABOHA W SHTPONUA CH-
CTEMBI?

12-68. Ilpu cTaHgapTHHX YCJAOBHAX MPOUECC
H, (r) -+ 1/20, (1) = Hy0 (x)
* DHTpPONMH HOHOB CDaBHHBAKOTCH € SHTPONHEA HOHAa BOJOpOJa, NpHHATOR
paBHOR Hymo.
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TIPOTeKaeT CaMONpPOU3BOJbHO (AG°<C0). Bo3MOXeH JIH 3TOT IpO-
alecc B H30JMUPOBAHHOR CHCTEME?D
12-69. Peakuusa

3SiCly (k) - 2A1,04 (k) = 35i0, (k) 4 4AIClg (k HaH X)

fIPOXOJHUT HACTOJIBKO GYpHO, UTO pacTBOP x.nopnna KpeMHUS 3aKi-
naet. Kak 3T0 0GbSICHUTB?

12-70. IIpuBeauTe NpHMepHl MPOLECCOB, KOTOPHE NPOTEKAIOT Ca-
MOIPOU3BOJBHO, HO Ge3 3aMeTHOro H3MeHeHHS TeMIEpaTypHl, T. €.
6e3 NOTJIOIeHN S UK BhIJeJeHHS TelJIOTHL.

12-71. Tlpenckaxkure 3HaK U3MeHEHHS SHTPONUH B PeaKIHH:

NH,HCO, (x) = NH, (r) + CO, (r) + H,O (1)

{loueMy BemiecTBO ycTOHUMBO NMpPH CTAHZAPTHEIX ycaoBuAx? [loue-
MYy Jaxe IPY MOBLILIEHUH TeMIePaTyphl CKOPOCTb €r0 Pa3JOXeHHS
He CAHILKOM BeJiMKa?

12-72. TlpeackakuTe 3HaK H3MeHEHHS SHTPOIHH B CJAEAYIOIIHX
peaklusix (IIpoBepbTe HPeJMNOJOXKeHUS PACUETAMH):

1) CaO (k) 4- CO, (r) = CaCO, (k)

2) 4Fe (x) 4- 30, (r) = 2Fe,05 ()

3) N,O,4 (r) = 2NO4 (1)

4) 2H,0 (r) = 2H, (r) + O, (1)

5) NH, (r) 4 HCI (1) = NH,CI (x)

6) CaO (x) + H;0 (r) = Ca(OH), (k)

7) CaO (x) 4 HzO (%) = Ca(OH), (x)

8) CaO (k) + H O (x) = Ca?* (p) + 20H" (p)
9) AlOy (¥) + 3504 (r) = Aly(SO)s (¥)

12-73. O6DbsicHHTe, TMOYEMY 3HTAJbNHA peaKUHH MeXAy KpH-
CTaJIMYeCKHMH BellleCTBAMH 3HAYHTEJbHO MeHbllle 3aBHCHT OT TeM-

iepaTypn o CpaBHEHHIO C SHTaJIbNHeHR P€aKlI il MexXAy raaooﬁpas-
‘HBIMH BellleCTBaMH.

12-74. Tlouemy Mosexyna Cl,O; cymecrByer, X0oTl TepMOAHHA-
MHYeCKH OHa MeHee BeposTHa, ueM Cl,0 u 30.?

12-75. Ilpu npuGAHIKEHHH TeMIepaTyphl K a6CONMIOTHOMY HYJIIO
U3MeHeHHe SHTPONHU B peaKUuH OOGRYHO HPHOJHKAeTCHd K HYJIO.
OnHaKo HMeIOTCS HCKJIOUEHHS M3 3TOrO IpaBHJa, HalpHMep:

C (rpagut) -4 1/204 (x) = CO (k)
1/2N (k) + 1/20, (k) = NO (x)
CO, (x) + C (k) = 2CO ()

Jas atux peakuuit naxe npu 0 K AS=£0. Iloyemy?

‘ 12-76. Ha xap6onat naTpus QeficTBYIOT KHCJOTOH, BBIAEJHBIUINA-
€fl Ta3 HampaBJslOT B COCY[ C PacTBOPOM INeJOYH, rie obpasyercs

cHoBa Kap6oHaT. Kak OOBACHHTb, 4TO OXHOBPEMEHHO NMPOHCXOIHT

pasjoxeHHe ¥ 06pa3oBaHHE OJHOrO H TOrO e BeIleCTBA? -
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12-77. TepMoauHaMHYeCKHe XapaKTePHUCTHKH BelllECTB 1 u2co-
craBa CqHgO B razoo6pasHoM COCTOfIHHH TaKOBHI:

AH® 36ps 298 S7rn, AG® o6p; 2981

wJK/MonB Ix/(Mmonb - K) K OK/MONb
Bemecrso | —234,81 282,59 —168,28
Bemectno 2 —184,05 267,06 —112,93

Kakoe BeltlecTBO, 1 HaH 2, fiBAsieTCs 3THJAOBBIM CIHPTOM, Kakoe
AVMETHJIOBHIM 3(pHPOM? '

12-78. Ilpu cropandn 1 MOJIb FJIIOKO3H CgH 206 10 ra3o06pasubix
CO, u HyO u3MeHeHHe SHTANBIHK COCTABJSAET —2538,6 kdx/M0Jb,
a M3MeHeHHe HM306apHOro MOTEHIHasna paBHO —2818,6 kJlx/Moab
(298 K). Kak uaMeHsieTcsl CTeleHb MOpAAKAa B CHCTEME, B KOTOpoit
cropaer rMI0K03a? BbruucinTe H3MeHeHHe SHTPONHH.

12-79. Ha ocHOBaHMH cleAYIOIUHX TePMOAHHAMHYECKHX Xapak-
TEPHCTHK LOKAaXHTE, UTO CTOPAHHE IJIIOKO3bl SBJAETCA CAMOMPOH3-
BOJIbHEIM TpoleccoM (mpu 298 K):

At 06p» s AG® GEPr
xJx/Monb Hox/(K-MoJb) gJlx/Monb
CGHmOG(K) —1274,4 212,1 —919,4
0,(r) —393,7 213.8 - —394,4
H,0(r) — 241,8 188,7 —228,6
01(r) — 205,0 —

§ 13. TEMJIOBBIE 3¢ PEKTbl XUMUYECKHUX MPOLECCOB

13-1. Noxaxute, uto 3akoH [ecca: «TenyoBoH 3¢deKT (unu H3Me-
HeHHe SHTAJbIIHH) XMMHYeCKOH DEeaKUHH 3aBHCHT TOJBKO OT Ha-
4yaJbHOTO H KOHEUHOIQ COCTOSIHMSI CHCTEMBI, HO He 3aBHCHT OT NIyTH
nepexosia», ABJASETCA CEJCTBHEM NEPBOro 3aKOHA TEPMOAHHAMMKH.

13-2. Tlo oxHo# H3 GOPMYJNHPOBOK TEpBOro 3aKOHa TepMOJAHHA-
MHKH B J1060M [pollecce NpHpaluleHHe BHYTPeHHeH 3SHeprHn
AU=U,—U, cucTeMbl pPaBHO KOJHMYecTBYy COOCILEHHOH cHCTeMe
Tem10Th Q MHHYC KOJHYeCTBO paGoThl A, COBEpIIEHHOH CHCTEMOH,
t. e. AU=Q—A. Ouenb BaXHO, YTO M3 TPeX BEJHUYMH, BXOJSUIHX B
9TO COOTHOLIeH¥e, ToNpKo ofiHa — AU 0JHO3HAYHO ONpefesseTcs
HauajbHBIM H KOHEUHBIM COCTOSIHHSIMHM CHCTEMBI M HEe 3aBHCHT OT
nyTH mepexoja. JTO O3HAHaeT, 4TO Q u A 3aBucaT OT cnocoba co-
Bepiuedns npouecca. [lockosbky TerioTa Q cBa3aHa ¢ M3MeHEHHEM
SHTANBINA cooTHoueHHeM: Q=—AH, cienoBatelbo, Al 3aBUHCHT
OT MyTH nepexofa u sakoH lecca K AH ne npumennM. Ho 310 He
Tak. Haliaute olIHOKY B paccyXAeHHX. -

13-3. Ilpu cropanun 1 MOJb IIIOKO3H C¢H,206 10 rasootpas-
apix CO; u H,0 Bhigeasercs 2538,6 k(K TemsoTbl. HanumuTte TEp-
MOXHMHMUYECKOe ypaBHeHHe peakluuH. Uemy paBHO H3MeHEHHE 3HTaJb-
nuW npH cropadu 1 Mosb rioKosn? Hamuumre TepMOAHHAMHYE:
CKOe  ypaBHeHHe  peakuHH. 3Had AH%6sp, 208 COz (1)
(—393,7 k[x/monb) u  BOABI (—241,8 xJ{x/MoJsb), BHUYHC/IATE
AH®s6p, 208 TJIIOKO3BIL.
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13-4. Onpenenute pasuuny mexay Q, 1 Qv mpu 100 u 1000°C
B CNEIYIOIHX PEAKIIHOHHHIX CHCTEMaX:
1) HCI(r), O, (r) — H,0 (1), Cl,(r)
2) Fe,04 (), CO (1) —— FeO (x), CO, (r)
3) Fe(x), Hy0 (1) — FeO (x), H, (1)
4) HyO (1) —— Hy (), O, (r)
5) MgO (), CO,(r) — MgCO, ()
6) CO(1), Cly(r) —> COCl, (r)
7) NO, (1) — N304 (1)

13-5. B peaxnuu 16,34 r nunka ¢ 0,5 1 1 M H,SO, Buizeansoch
41,425 x>k TemJIoTH NP NOCTOAHHOM 06heMme. BhIUHCIHTE Qv, Q,,
AH° u AU° (B xIx/Moub).

13-6. Ha npuMmepe peakiHit :

Za (¥) 4- HySO; (p) = ZnSO, (p) + H, (1) AHPy0s = —165,7 xJIx (V = const)
Zn (¥) 4 H,SO4 (p) = ZuSO, (p) + H, (1) AHg5 = —163,2 Ik (p =const)
JIOKaXHTE, UTO

Qp= QV -—-pAV: Qv— AnRT
H

AH = AU + pAV = AU - AnRT

Tie An— pa3HoCTh uncaa Moself Ta3006pasHHX NPOAYKTOB peaKuHH H razoo6pas-
_HEIX HCXOJHKIX BEIlecTB.

13-7. PaccunTaiiTe CTaHZapTHYI0 SHTAJLIHIO 06pa3oBaHus
NH4NO: (x), ecnn TemnoBofi sddeKT pearuuu (298 K) npu no-
CTOAHHOM O6BbeMe

NH,NO, (8) = N, (r) + 2H,0 ()

PaBen Qy=+310 kJIk/Mosb (AU°=-—310 x[x/moab) u
AH%6p 20sH20 (%) =285,8 k13 /MOD.

13-8. CranpaptHast sHragbmus o6pasoBamns CO (r) pasua
AH®398=—110,5 k]J12k/MOJD. Ilpu cropanun 1 moas CO BmensieTcs
:283,0 x[Ix Tennorn. Buuncante CTaHAAPTHYIO 3HTAJbIOHIO 06pa3zo-
Banusa CO; (r).

13-9. Nokaxute (m066M crnocoBom: NpH  NOMOIIH OpHMepa,
‘OOIIUX pAacCyKAEHHH, OT NMPOTHBHOTO H T. ), YTO TeIIOBOH 3¢-

dexT peakuuu paBeH PasHOCTH CyMM TEIJIOT 00pa3oBaHHsT MPOAYK-
TOB PeaKIHH H HCXOAHHIX BELIECTB

AH = 2 AH6p (RponyKTOB) — 2 AH,6p (Mcx. Bewmectn)

OueHka orBeTa mpoBomutes mo 1) KpaTKocTH J0Ka3aTenLCTBa,
2) OpPHIHHAJLHOCTH XONA [OKA3aTeJbCTBa, 3) YPOBHIO Hay4YHOroO
X4pAKTepa TEKCT4, HANpPUMEpP MO YHCAY HCMOJIb3OBAHHHIX HAYUHBIX
TEPMUHOB, 4) NPABHILHOCTH JIOTHYECKHX TPHEMOB, 5) no Tomy, Ha-
CKOJIbKO TOHATHBEIM H SICHEIM OKaXKeTCH A0KA3aTeJhCTBO.

13-10. Cxonbko morpeGyercs cxeun yriepona, 4ro6ul Harperhb
I o1 Bomsl or 20 10 100°C, ecin AH®36p,29sCO; (1) =
=—393,7 k1 /MOJIb.
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Ca0 (k) + SiO, (k) = CaSiO; (x)

eC/IH CTaHJapTHas SHTaAbNHs 06pasoBaHHsi AH’.ep YYaCTBYIOIIUX
B peaknun kpucradaudeckux semtects CaQO, SiO,, CaSiOs; cooT-
BeTCTBEHHO paBHa —636, —908, —1582 x[x/Moab. ChopmyaupyH-
Te mpaBuJo pacyera AH peaklHH 1O H3BECTHBIM 3HTAJbIHAM 06pa-
30BAHHA YYACTBYIOUIHX B PEaKIHH BElUieCTB.

13-12. Onpepenute AH® peakiuu

Fe, 0, -+ 2Al = Al,O, + 2Fe
ecqu AH%6pFe203;=822,2 kIlx%/Moab " AH®,6pA1,0;5=
=1669,8 k% /Moab.

13-13. BHIYHCIHTE KOJHYECTBO TEIIOTH, KOTopoe Tpebyercsa Ha
pasnoxende 10 kr 6e3aBofHOro Kap6oHaTa HATPHA

Na,COj4 (k) = Na,O (k) -+ CO, (r)
€CJH U3BECTHO, UTO
Na,COy (K) + SiO, (k) = Na,SiO, (k) + CO, (r); AHP = 81,04 k[Ix
Na,O (k) + Si0, (k) = Na,SiO; (k); AH® = —243,17 xllx
13-14. Onpenenute sutanbnuio pasnoxenuns HyOp na Boay u
KHUCJIOPOJ, HCNOJb3YyS clelyIoliHe JaHHbe:
SnCl, (p) 4 2HCI (p) 4 Hy0, (p) = SnCl, (p) + 2H,0 (x);  AH° = —393,3 klx
SnCl, (p) 4 2HCI (p) + 1/20, (r) = SnCl, (p) + H,0 (); AH® = —296,6 k[
13-15. BbluHCAHTE KOJHYECTBO TEIJOTH, KOTOpOe BblAe/seTcH
TpH npou3BoAcTBe 10° Kr aMMHaKa B CYTKH, €CJIH
N, (r) 4 3H, (r) = 2NH, (r); AH® = —92 Ik
IIpennokKuTe, KaK HCMOAb30BATh 3Ty TEMJOTY.

13-16. BHUYHCJIHTE CTaHAAPTHYI0 SHTAJbIHI0 06pPa30BaHHHA
Fe;03, ecin M3BecTHO H3MeHeHHe 3HTaJ bNHH (298) B peakuuu

Fe,O4 (k) + 3CO (r) = 2Fe (k) + 3CO, (r); AH° = —28,4 x]Ix

Suranbnus obpasosanus CO; (r) u CO (r) paBHa cOOTBETCTBEHHO
—393,7 u —110,6 xJIxx/Mo0a5.

13-17. Vcxons u3 JaHHHIX AJs peakiuil okucaeHHs As,O; KHc-
JIOPOAOM H O30HOM

As,05 (K) + Oy (1) = As,05 (K); AH° = —270,9 kx
345,05 (K) 4- 20, (1) = 345,05 (x); AH° =—1096,5 k] x

BHIUHCJIHTE H3MEHEeHHe SHTAJbIUH NPH mepexoie 1 MoJb KHCAOpOAa
B 030H (298 K).

13-18. Brumcaute usmeHeHue sHrtanbnuu (298 K) B peakuuu
2H,S (r) 4 SO, (r) = 3S (k) + 2H,0 ()
eciim
H,S (r) 4 3/20, (r) = H,0 (k) 4 SO, (r); AH° = —561,1 rIx
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M CTaHfapTHas SHTadenua o6pasosaHus SO, (r) cocrasiger
—296,2 &J1x/MoJb.

13-19. Onpenennre sxHTanbnuwo o6pasosanua (298 K) kpucras-
JIHYECKOro IeHTaxJopHuia docdopa H3 CACAYIOMHX NaHHHX:

P, (k) + 6Cl, (r) = PCl, (%); AH® = —1272,0 kIx
PCl, (%) + Cl, (1) = PCl; (k); AH° = —137,2 xIx
13-20. Buiuncaute AH® peakuuit (298 K)
2PbS (k) 4- 30, (r) = 2PbO (k) + 250, (1)
PbS (k) 4 PbSOy (k) = 2Pb (k) 4 250, (r)
€cJIH SHTaJbNHM 06pa30BaHUs YYaCTBYIOIIMX B PEAKUHAX BellecTB
paBHH (B KJ:K/MOJB):
PbS (k) —100,4 SO.(r) —296,9
PbO (k) —219,2 PbSO4 (k) —920,4

13-21. Briuucante sHTanbNMio 06pasoBaHHA BOJHOrO pacTBOpa
a30THCTOH KHCJIOTH, BOCHOJIL30BaBIIKCh SHTaNbNUAMH (298 K) cae-
OYOUIUX peaKuui.

NH,NO, (p) = N, (r) 4 2H,0 (x); AH° = —320,0 k[Ix
NH; (p) 4 HNO, (p) = NH,NO, (p); AH° = —37,7 glIx
NHj, (p) = 1/2N, (r) 4 3/2H, (r); AH° = -1-84,9 x[Ix
H, (r) 4+ 1/20, (r) = H,0 (x); AH° = —285,8 k%

13-22. BuiyncanTe H3MEHEHHE SHTAJBLIIHH B PeaKIUMH
H, (r) 4 1/304 (r) = H,0 (r)
no caenywuuM naHHeiM (298 K):
20, (r) =30, (r); AHe = —288,9 kIIx
AH%gp HyO (r) =—241,8 g1 x/Mods

13-23. Bolunesnnte n3MeHeHHe aHTanbnuu peakuuit (298 K)
CaO (k) + H,0 (k) = Ca(OH), (k)
Ca0 (x) 4 CO, (r) = CaCOyq (x)
Ca(OH), (k) + CO, (r) = CaCO;q (x) +- H,0 (%)
CaCOg (k) +- CO, (r) 4 HyO (%) = Ca(HCOy), (k)
HcnoabayfiTe cnpaBoyHHe JaHHHE, HeOGXOAMMHe LJsi pacuera.

13-24. Bulunc/HTe CTaHAAPTHYIO SHTAJBNHI0 06PAa30BaHUA raso-
oGpasnoro HBr Ha ocHOBaHHH cieaywomux aaHHHX (298 K):

2KBr (p) - Cl, (r) = 2KCl (p) 4 Br, (p); AH° = —92,9 g]Ix
1/2H, (r) + 1/2Cl, (r) = HCI (p); AH® = —166,8 kx
Br, () = Br, (p); AH° = —0,8 k%
HBr (r) = HBr (p); AH°= —81,2 xIx

13-25. BrluHcaHTe CTaHAAPTHYIO SHTAJLIMIO 06pasoBaHHs 6po-
MOBOJ0pOAA :

1/2H, (r) + 1/2Br, (x) = HBr ()
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Ha OCHOBaHMH CJeAYIOUMX AaHHHX (298 K):

9KBr (p) -+ Cly (r) = 2KCI (p) + Brs () AH° =—92,9 kX
1/2H, (r) 4 1/2Cl, (r) = HC1(p); © AH° =—166,8 x[Ix
KOH (p) + HCI (p) = KCl (p) +- H,O (x); AH° = —55,8 kX
KOH (p) + HBr (p) = KBr (p) 4 Hy0 ()3 AH® = —55,8 kXK
Br, (%) = Br, (p); AH° = —0,8 x]Ix
HBr (r) = HBr (p); AH® = —81,2 Klx

13-26. Huxe mnpuBeJeHbl 3SHTAJBIHH o6pasoBaust AH’oep, 298
(8 xJL/MO/b) aTOMOB, HOHOB H MOJIEKYJl XJ0pa B Pa3JHYHBIX CO-
CTOSIHUSAX:

ci(r) 121,31 Cla(r) 0
Cl+(r) 1383,69 Cla(p) —96,78
Cl-(r) — 233,62 Cly* (r) 1107,92-
Ci-(p) — 167,11

[Toan3ysch 3THMH AaHHBEIMH, paccuuTafiTe: a) SHTAJBINI HOHH3A-
UMH aToma xJopa; ©6) CPOACTBO aToMma XJopa K SJIEKTPOHY
(AH cponcrea) ; B) SHTANBIHNIO HOHH3ALHH MOJIEKYJIHL XJ0pa; ') Hep-
U0 (9HTAJBOHNIO) CBASH M JHCCOUMAIMH MOJEKYJIH xJopa; A) 3H-
ranbnuio ruipaTtauun Hona Cl=; €) IHTAJBIHIO pacTBOPEHHA xxopa
B BOJE.

Kakne ApyrHe SHTAJbIHE MOXHO BEIYHCIHTD H3 STHX JaHHBIX?

13-27. CraHgapTHHE = 3HTAJbIHH o6pasopaHus 6poma
AH®o6p, 208 (B KJ1K/MOJb) B Pa3JIHIHHX COCTOSTHUAX HMEIOT ClIeAYIo-
[pe 3HAYEHHs:

Br(r) 111,84 Bra (%) 0
Br+(r) 1260, 14 Bry(r) 30,91
Br-(r) —218,87 Bra(p) —0,84
Br-(p) —121,71

TlposepuTe pacuet, aHaJIOTMuYHbLIH pacyeTy B 3ajaue 13-26.

13-98. Huxe npuBefeHH CTAHAADPTHBIE IHTAJLIHH o6pa3oBaHus
(298 K) mona (B kJK/MOJIB) B Pa3JIHYHBIX COCTOAHHMSX M SHTaJb-
nua ¢asoBoro nepexoja:

1(r) 106,76 1() 0

I~ (r) —195,00 15(r) 62,43
i-(p) —55,23 I2(x) =12 (r) 62,43
1+(r) 1121,33

ITpoBenuTe pacHer, aHaJJOrHYHEIA pacyeTy B 3aaadax 13-26.
 13-29. Ha ocnoBaHHH AaHHHIX 3aja4 13-26, 13-27, 13-28 yka-
JKHTE CBOficTBa ranoreHoB (B BHAe rabauusl) H copMyanpyHTe
BHIBOAM O XapaKTepe H3MeHeHHs CBOHCTBA B TIOArPYIIIE.
13-30. BpludcJHTe CTaHAAPTHYIO 3HTAJbLIIHIO 0o6pa30BaHus XKHA-
KOO METHJOBOTO CITHPTA, BOCNOJb30BABUIHCE CEAYIOIHMH JaHHH-
MH:

H, (r) + 1/20, (r) = H;0 (%); AH® = —285,8 xllx
C (X) 4 Oy (r) =CO, (1); AH° = —393,7 k[Ix
CH,OH () -+ 3/20, (r) = CO, () + 2H,0 (%); AH° = —715,0 X
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13-31. TennoBo#i a¢dexT cropaHus aueruneHa, onpeiejeHHbH B
KaJlopaMeTpHueckoi GomGbe npu nocrossHHOM oObeMe u 298 K, pa-
Ben 1301,6 k/I:x/mMonb. Beiuncanre AH® u AU° cropanus aueTuJe-
Ha. Kakue nanuble HyxHb 1Js Bbiuncaenuss AH® o6pasoBanus alle-
THJI€HA C HCIIOJIb30BAHHEM 3HTAJIBIHH CTOPAHHA?

13-32. Suranbnuu cropaHus GeHsoda M alleTHJeHa PaBHH COOT-
BeTcTBeHHO —3270 u —1302 k/Ik/Mosab. OnpenennTe 3HTANbIHIO
NpeBpallels alleTHIeHa B GeH3041

3C,H, (r) = CgHg (r)

Ocy1iecTBUMO /1M npeBpalleHHe alleTHAeHA B GeH30.?
13-33. [1pouecc cropanus cepoyriaeposa

CS, (r) 4 30, (r) = CO, (r) - 250, (1) ; AH® = —1080 kI

CONPOBOXKaeTCsl CBETJIO-CUHUM IJIaMeHeM C TaKOH HH3KOH TeMmme-
paTtypoi, 4To B HeM He o6yriuBaercs fake Gymara (xoTs TemaoBok
3¢dexT cropanus cepoyriepona BeaHk). Kak 3To MOXHO 0Gbsic-
HHUTL?

13-34. Brruucaute HaMeHeHHe sHTambmoud AH® B npoliecce npe-
BpalleHHsT TUMETHJIOBOro 3(hHpPa B STHJOBKIH CHPT:

CH,OCH; (r) = CH,CH,OH (1)

€CJIn
CHZOCHj (r) - 30, (r) = 2CO, (r) 4 3H,0 (1}; AH® = —1454 k]Ix
CHLCH,0H (r) -+ 30, (r) = 2CO, () - 3H,0 (1); AH® = —1402 kIx

Kakoe BemecTBo —3¢up umu cnupr — Gosee ycrodunBo? [loue-
My He€ NPOUCXOAHT CaMONPOH3BOJNLHOIO NpeBpallleHUs] OJHOLO Be-
IeCTBA B Apyroe?

13-35. Cxurasorest usomeprel CoHao:

CHy(CH,),CH, u  (CHy),CCH,C(CH,),

B xakom cnyuae BHgenuTcs Gosblliee KOJHYECTBO TEMJIOTHI? O6cy-
AHTE 3TOT BONPOC /sl ADYTHX H30OMEPOB 3TOTO JKe BeIecTBa.

13-36. Tlpu ompeneslenuu SHTanbNHH CropaHus pPa3IuYHBIX 00-
pasuos okraHa CgHis 6bi10 06HapyKeHO, YTO 3HAYEHHE OJHOrO H3-
MEpeHKs OTJiHYaeTcs OT APyroro Ha 5,4 kJI/Moab. UeM o6bsc-
HfIETCH TaKOe pasyinune? :

13-37. Tennopoii ekt cropanus HopMaJibHOro O6yTaHa Ha
8,4 k]lx/momb BhIe, ueM u30-6yTana. Kakoil H3omep GoJiee ycTOM-
4YHB?

13-38. Tensora cropanus sTaHa, 3THJeHa H alleTHIeHa paBHa
coorBeTcTBeHHO 70129, 64937 u 58657 k[Ixk/mM3. O6bsicHuTe, moue-
My A7 CBADKH IIOJIb3YIOTCS aleTHJIEHOM, a3 He 3TaHOM HJIH 9THJe-
HOM.
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13-39. BuiyucianTe CTAaHAAPTHYIO 3HTAJBIHIO CTOPAHHA 3TaHa B
030He

CoH, (1) - 7/30, (r) = 200, (r) + 3H,0 (x)

ecin AH°qopCo:He B 0.=—1561,0 x/Ix/moab u  AH%603=
=142,3 kX /MOJBb.

13-40. [1pu croparun 1 & aueTuHIeHa BBIAEJSAETCA 58,0 JIx Tem-
aothl. Tlosb3ysich STHMH JaHHBIMH, COCTaBbTe yueGHyI0 3ajady H
JlaiiTe ee peIHTb BALIHM TOBAPHILAM.

13-41. Onpenenurte CTaHAApPTHBIE 3HTAJIbIMH CTOPAHHS 3TAHA B
aTOMHOM KHCJIOpoje (BooOpaxcaeMblfi MPOLECC), MOJEKYJIIPHOM
KHCJIOpOJIe H O30He:

C,H, (r) + 70 (r) = 2CO, (r) + 3H,0(r)
C,H, (r) 4+ 7/20, (r) = 2CO, (r) + 3H,0 (r)
C,H, (r) + 7/304 (r) == 2CO, (r) + 8H,0 (1)

13-42. Ilpu cropauuu 1 a1 auernieHa Bejensercs 58,0 [x Ten-
JOTHl. MOXHO JIM Ha OCHOBAHMH S3THX AAHHBLIX BBIYHCJIHTH CTaH-
JAapTHYIO HTAJbIHIO CTOPAHHS aLeTH/IeHA?

13-43. TIpu meiitpanusauuu 1 1 1 M HCl ¢ nomomeio 1 1 1 M
pacrBopa NaOH seigenunocs 57,3 k[x rtemnotsl. Omnpenennre:
a) CKOJIbKO TeIJIOTHl BhIEJHTCS MpH Helirpanusanun 200 ma 0,45 M
HCI ¢ nomompbio 200 ma 0,45 M pacteopa NaOH; 6) ckosbko Ten-
JIOTH BhIAeNHTCS NpH cauBanuu 300 ma 0,5 M HCl u 200 ma1 0,5 M
pacteopa NaOH; B) CKOJbKO TeNJOTH BLIAENHTCS NPH CJIHBaHHH
300 ma1 0,5 M HCl u 200 ma 0,3 M pacrBopa NaOH; r) cxosbko
B3ATO TMAPOKCH[A HATPHs JAJIsi NPHTOTOBJEHHS PAacTBOpPA, €CJIH MpH
C/IMBAHMH [OJYYEHHOTO pPacTBoOpa € KHCJOTOH  BBIAENHIOCH
42,89 /I TENJIOTH; /) KAKOBO H3MEHEeHHe 3HTAJbIIUH NPH HelTpa-
ausaund 1 a 1 M HCIO, ¢ nomomsio 1 1 1 M pacreopa KOH?

13-44. Tpu meitrpasnusaumu 0,5 a1 0,2 M HCI ¢ momombro 0,5 a1
0,2 M pactBopa NaOH swizenunoce 5,73 xIx Ttemsnorn. Paccyu-
taiiTe KoHuenTpauuio pactsopa HCI, ecan npu cMeutenuun 0,5 J1 ero
¢ 0,45 a1 0,25 M pactBopa NaOH Brienuiochk 0,573 kXK TEMIOTH.

13-45. 3Has 3HTAJbIOHI0 HEHTpPAJIH3AUMM CHMJIbHBIX KHCJOT H OC-
HOBaHWH :

H*(p) -+ OH~ (p) = H,0 (x); AHCyeprp = —57,32 xJIx
H 5HTaJbLIHI0 06pa30BaHUs XKUIAKOH BOJH
H, (r) 4+ 1/20, (r) = H,0 (k) ; AH%ep = —285,96 x]lx

H, Mpexnosaras, uTo 3HTaJblHA 06pa3oBaHHs HOHa Bojopopa H¥
B BOJHOM pacTBOpe

1/2H, (r) = H* (p)

paBHa HYJ10, ONpeaeJHTE 3HTAJbIIHIO oGpasoaaﬂuﬂ THAPOKCHA-HOHA
H3 NPOCTRIX BEILECTB.

13-46. Tlpu sxcnepHMeHTANTbHOM H3YYeHHH HEKOTOPHIX KHCJIOT
docdopa GbI0 HaleHO, UYTO HX SHTAJbLIHM HEATPaJH3aLHH
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(B xJx/MoJb) 3aBHCAT OT KOJHYecTBa NPHGABJEHHOLO CHJIBHOTO
OCHOB2HHS:

UpH6aBJleHO ngo'g ngO:-_\ H3PO4 H4p207

Monb NaOH «

1 MOaIb KHCIOTHL
0, —32,2 =31,1 —30,7 —30,0
1 —63,2 —62,0 —62,0 —60,2
2 —63,9 —119,0 —113.3 —I119,9
3 —64,0 .o =121,1 —I142,4 —180,7
4 —64,1 —121,9  —146,4 —220,7
5 —64,3 —122,0 —147.,6 —227.,9

Kagne BoBOABI Bbl MOXxeTe copMynHpOBATL?

13-47. Bbiunc/inTe OTHOCHTENbHYKO IOIPEIIHOCTh OOGLIKHOBEHHO-
ro tepmomerpa npu +100, +20, 0 ¥ —20°C, eciu a6coawTHas
norpetHocTs paBHa a) 1°C, 6) 0,05°C.

13-48. BhluncinTe sHTaabNnHi0 obpa3oBaHus Ca(OH), nz CaO
u H,O, ecan npu pactBopennu 1 kr CaO u Ca(OH). B BoAe BhI-
nensercs 76,7 v 11,7 kJI3k TenJoTbl COOTBETCTBEHHO.

13-49. BHTajbnHK pacTBopeHHs (10 6eCKOHEeYHO pa3GaBJEHHOTO
pactBopa) CuSO,, CuSO,-H,O u CuSO,-5H,0 paBHB cooTBeTCT-
BeHHO —66,5, —38,9 u +11,7 xJIx/Monb (298 K). Bnuucnure
3HTAJBMHIO THADPATAUHH cyJbdaTa MelH OJHOH H NATHIO MOJEKyJa-
MH BOAH (2KHAKOCTb). KaK BBHIUMCIHMTbL 3HTAJBNHIO TMApaTalHy Na-
poo6pasHOi BOJOH?

13-50. OnpenennTe 3HTaJABNHK THAPAaTalUHH KapGOHATa HATpHSA

NayCOy (k) ++ 10H,0 () = Na,CO,- 10H,0 (%)

€CJITH H3BECTHBl 3HTAJbIIHH PACTBODEHHA 6e3BOHOH COMbI

Na,CO, (k) 4 H,0 (k) = Nay,CO4 (p); AH° = —24,6 gIx
H KpHCTaJJIoruapara
Na,CO,-« 10H,0 () 4 H,0 (k) = NayCOq (p); AH® = 66,6 gIx

13-51. Ilpu pacrBopennn 4 r Ge3BOAHOro cynbdara MeAH B
6onblIOM KoJHYecTBe BOAH Bhigeasiercs 1680 x renaors. [lpu
pPacTBOPeHHH 5 r NMeHTaruAparta cyabdara MeIH B TOM XK€ Kojuue-
cTBe BOAH noraomiaerca 227 Jx rtensoth. Bruncaute AH° npo-
necca: :

CuSOy (k) 4 5H,0 () = CuSO,-5H,0

13-52. DHranbuuu pacTBOpeHuss Ge3BoAHOro KapGoHaTa HaTpHs
H ero KpucrainoruapatoB (B 400 o6weMax Boau npn 18°C) paBHH
(B kK /Moab):

N82C03 —24,6 N32C03-7H20 43,9
Na,CO,-H,O —10,5 NayCO4-10H0 66,6

BhluycanTe 3HTANBIHH NOCAELOBATENbHOH T'MAPATallMH COJH H
SHTaJbLNHH CHApaTauuu Ge3pognoro KapGonata 1, 7 B §0 Moneky-
aaM# BOAH. OOBACHHTE 3HAKH 3HTAJLIHA PacTBOPEHHA.

(
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13-53. duTaibNHM PaCTBOPEHHs Ge3BOJHOrO XJOpHAA HATPHA H
ero Kpucrtamioruapatos (B 400 o6veMax BOABL MPH 18°C) paBHH
(B k1x/M0b):

MgCl,;-2H,0 —85,4 MgCl,-6H0 —12,31

CocTaBbTe Kak MOXHO 60Jbiiie BONPOCOB H 33/1a4 MO 3THM JaHHRIM.
13-54. OnpegenuTe 3HTAJbLNHIO PeaKIHH

Li(r) + Na* (r) =Li*(r) 4-Na (r)

3Has 3HCPIrHH HOHH3alHH:
Li(r)=Li*(r) 4 ¢7; AH = 520 xJx/Monb
Na (r) = Na* (r) + e; AH = 496 xJx/Monb

BoaMOeH JH mpoliecc Nepefaul 3JEKTPOHa aTOMOM JIHTHA MOJIO-
KHTEJIbHO 3apSKEHHOMY HOHY HATPHA? YKaxHuTe OKHCIHTEIb H
BOCCTAIIOBHTEJb B JaHHOH peaKIHH.

13-55. PaccunTafiTe 3HTAJIbIHIO peaKIHU

F(r) + Li(r) = F~ (t) + Li* (1)
eCJHn
F(r)+e =F (1); AHcpoperea = —322 r[Ix
Li(ry=Li*t(r)+¢7; AH youns = 520 gl

Bo3MOXHA JH 3Ta peakuus? YKaXKHTe OKHCJIHTENb H BOCCTAHOBH-
TeNb.

13-56. Paccuuraiite sHepruio cBssu H-—Br, ucxons u3 chaeayio-
[UUX AAHHBIX: H3MEeHeHHe JHTaJIbIIHK NpPH o6pasosanuun HBr us ra-
3006pa3HOro BOAOPOAA H KHAKOrO 6poma pasHO 36,4 KILK/MOJb;
SHTAJbLNUA HCHapeHHs O6poMa COCTaBJfET 15,4 gx/MOJb; IHTAJb-
MK JMCCOLHALMH BOAOPOAA H raso0o06pasHOro 6poMa paBHBI COOT-
BeTcTBeHHO 432,2  192,4 KJX/MoJb. '

13-57. BruHcaKTe CPefiHIO 3Hepruio cBasy N—F Ha OCHOBaHHH
CJEeAYIOIHX JaHHBX

NF, (r) = NF, (r) + F (r); AH® = 242,7 xJx
- NF, (r) = NF () 4 F (1); AH® = 318,0 KIx
NF (r) =N ()} + F(r) AH°o = 301,2 xJIx

O6mbsicHuTe, MoueMy Gosiblle 5Hepruu TpeGyeTcs Ha OTPEIB BTOPOrO
H TPeThero aToMoB (TOpa, YeMm NnepBoro.

13-58. Paccuntafite cpeaHioio sHepruio cBasn C—H B moJekye
METAaHa HA OCHOBAHHH cJeAyOUIHX AaHHHX!

C (rpacdur) - 2H, (r) = CH, (r); AH® = —T74,9 k[Ix
C (rpadur) = C (r); - AHe = 715,0 kIx
H, (1) = 2H (r); AH° = 432,90 k[Ix
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chnepuMeHTaano NOoJYy4YeHbl caefyrouide >3HTAaJJbIUH IOCJHea0Ba-
TeJbHON JHCCOLMALHH MeTaHa

CHy (r) = CH,(r) + H (r); AH = 435 k1%
CH; (r) = CH, (r) + H (1); AH = 444 k]Ix
CH, (r) = CH (r) + CH (r); AH = 444 g1k
CH(r) =C(r)+H(r); AH =335 g[x

Paccyuraiite cpenHioo 3Hepruo cBasn C—H 1o 3THM JaHHBIM.
OG6cynnte xapakTep M NPHYMHBI Pa3jMYHOrO M3MEHEHHs 3SHEpPruu
CBfI3H 110 Mepe OTPbIBA aTOMOB BOJOPOAA.

13-59. Paccuntaiite 3Hepruwo cBsisn C—H B Moaekyaax: CHy,
CH,, CH;, CH, ucxoms M3 3HadeHHH SHTaJbIH# HX 06pasoBaHus
(B xdx/MOJb):

H(r) 216, 1 CH, 376,6
C(r) 715, 1 CH, 1423
CH 594, 2 CH, —74,8

Briancaute cpenHio sHepruio cesasuw C—H.
13-60. Boluncaute snepruto (sHtaabnuio) cBssu C—C B Mmose-
Kyse 3tana Cy;He Ha OCHOBaHUH CJEAYIOIIHX AAHHBIX:

2C (rpadmr) 4- 3H, (r) = C,H, (1); AH = —85 xIx
C (rpadut) = C(r); AH =716 xIx
H, (r) =2H (r); AH = 432 k[Ix

Auepruio cBsaan C—H npuMuTe paBHOH 3HepPruH CBA3H B MOJeKyJe
CH,4 (413 g1x&/Mounb).

13-61. Bocnonb3oBaBIINCh HEKOTOPHIMH AAHHLIMH 3agaun 13-60,
paccuntaiite 3Heprumo cBa3y C=C B MoJeKkysle 3THJIeHa
[AH®6pCoH, =52 kJIx/Monb]. KakoBa npupona 31o#t cBsiau?

13-62. BocnoJ/ib30BaBIIHCh HEKOTOPBIMH JaHHHMH 3afadn 13-60,
paccuntaiite 3Hepruio cBisH C=C B MoJeKyjse alleTHJEHA
[AH®.6pCoH, =227 xIdx/Monb]. KakoBa npupoxa sToit casu?

13-63. Bocnmonb30BaBIlMCh HEKOTOPHIMH AaHHLIMH 3ajgaun 13-60,
paccuutaiite 3Hepruio cBidh C—C B MoJekysde GeHsosa
[AH®:6pCeHe =83 x[Ix/Monb]. CpaBHHTE TOJyueHHOEe 3HAUEHHe C
SHeprUsIMU CBfI3H B MOJIEKYJaX 3TaHa, 3TH/IEeHa H aleTuaeHa (cM.
sagayu 13-60, 13-61 u 13-62). KakoBa mpupona cesisu C—C B Mo-
Jekyae 6eHsona?

13-64. CpaBuuTe 3HTaAbNUI0 06pa3oBaHMs 3TaHa, STHJIEHA M
aneTHIeHa ¢ 3HEPrUsIMM CBA3H MeXIy aToMaMHu yraepoaa (B
kJIx/Moab)

AHoodpv 208 AHcB
CoHs —85 335
CoH, 52 592
CoHg 227 811

[Touemy mpu mepexofie OT 3TaHa K aleTHJEHY NPOYHOCTL CBSI3H
MEXJY aTOMaMH YrJepoja BO3pacTaeT, a yCTOHYHBOCTb MO OTHO-
IIEHHIO K NMPOCTHIM BELIECTBAM IOHUMKAETCs?
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13-65. Cesisp C=C B auetrunene npoutee ceisd N=N B asore.
[ToueMy aleTH/EH TOPHT, a A30T HET?

13-66. Ecnu npH nociefoBaTeNbHOH JHCCOLHAUMH MOJEKYJLE
(oTpbiBaeTcs 10 OJHOMY aTOMY) COCTOsIHHE THOPUAH3ANUH OpGHTA-
Jel HEeHTpaJbHOr0 aTOMa He M3MeHseTCs, PasHyHe MeXAY 3HTaJ/b-
TIUSIMHU CBSI3H M CPeJHEl SHTAJAbNHENR CBS3H He CJAHIIKOM 3HAYUTEJNb-
Hoe (=&~ 109%). Huike mnpuBefeHB 3SHTAALIHH MOCJAEAOBATEIbHOIE
JHCCOLMALUA MOJIEKYJ QTOPUAOB 6apUs U MarHHsi:

MgF, (r) = MgF (r) + F (r); AH = 544 x[Ix
MgF (r) = Mg (r) + F (r); AH = 502 xx
BaF, (r) = BaF (r) 4+ F (r); AH = 794 x]JIx
BaF (r) = Ba (r) + F (1); AH = 368 xOx

BHIUHCIHTE cpeAHHE 3HTAJBbIHH CBsisell B MoJekyaax MgF, u BaF,.

YeM pasnuuaioTcs NMPOLECCH NOCJAEA0BaTeNbHOR HHCCOUHALMH (TO-

PHIOB Marnus u 6apus? :
13-67. Bocnoan3oBaBUIMCh 3HTAJbNHSAMH CAEAYIOUIUX peakiHik

HOH=H {0+ H; AH =924,6 K1k
HOH = H 4- OH; AH = 497,9 kI
OH=0-+}H; AH =426,8 Ik

paccuuTafiTe cpefiHion sHepruio cBsish O—H B MoJekyne BOIH..
13-68. Buuncnure H3MeHeHHe SHTAJNbIUH B PEaKLHH

CIF (r) 4+ HCINr) = Cl, (r) + HF (1)
HCXOJA H3 3HEPTHH CBA3H:

CIF(r)=CI(r) +F(r); i AH = 246,9 x[Ix
HClI(r)=H(r) 4+ Cl (r); AH = 427,6 xIx
Cl, (r) = 2CI (r); AH =238,4 x[Ix
HF (r)=H (r) + F (r); AH =561,9 xIx

CdhopMmynupyiiTe npaBHJIO pacueTa SHTAJbIHH PEaKUMH Ha OC-
HOBAHHH 3HTAJbIHHA CBASH MOJIEKYJ, YYaCTBYIOUIHX B peakiuH. Jas
KaKOro THIA peaKIHil 3TOT cnoco6 NPUMEHHM?

13-69. Cesiau B Ny u H, npounee cBaseit B NHi. Ilouemy xe
IPOHCXONUT PeaKUHsl CHHTe3d aMMHaKa?

13-70. PaccmoTpHTe IBe peaKUUH:

SiO, (x) 4 2Mg (k) = 2MgO (k) 1 Si (x); AH® =—372 x]Ix
MnO, (x) + 2C (k) = 2CO (r) + Mn (x); AH = 293 x]JIx

O6mbscHuTe, IOUEMY SHTANBIHH 3THX PeakUHi HMEIOT pa3nuyHbe
3HaKH.

13-71. Ha puc. 13-1 mokasaH sHTaJbNHAHLIA IHKA B CHCTEME ra-
JIOTEHH[IOB 3JeMEeHTOB [JIaBHOH moArpynnsl BTOpo# rpynnul. K ka-
KHM TpolleccaM OTHOCATCS 3HTAaAbDHH AH,, AH,, AH;, AH,,
AHjs, AHg? OGcynuTe xapakTep H3MeHeHHsl 3HTA/bIUA B PA3JIHYHHIX
pajax coeaHHeHHM:

M= Be, Mg, Ca, Sr, Ba, Ra

I'=F, Cl, Br, 1
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M*%r) +2r(r) - Jlas xakux M uau [ sHTanLOAM MaK-

cUMaJibHh wid MuHMMaabHE? Tlpen-
AHg ' noMoXKMTE, UTO 06pasylotcsa He My, a
M2 ) +2r@)+2e coennHeHus MTIT wiu MI;, B ykaxd-
- Te, KaK M3MEHATCHA YHCJCHHBIE 3HaYe-
Al HHUA SHTAJbOHE B 9THX cJOydyasfx.
¢ 13-72. Kakue cBSI3H Pa3phiBAOTCHA
2Mm+are | H 06pasyloTcs B CJEAYIOIHX PeaKIH-
AHg ax:
Mo | 1) 2H,0 (1) = 2H, (1) + 0, 1)
r r
— 2) 2CO (r) = CO4 (r) 4 C(x)
aH, 3) NH; (r) -+ HCI (r) = NH,Cl (k)
Meo) | 4) NH4NO; (8) = N,4O (r) - 2H,0 (1)
: " 5) CgHsOH (r) = CqHy (k) -+ H,y0 (r)
1
MT2() Kakue CcBA3H MMeOT GOJblIHe
PUC. 131 sHepruu? [lpeackaxwure suak AH B

atux peakuusax. Tlpeackaxure Baug-
#HHe TeMIepaTypbl Ha paBHOBecHUs 3THX pearuuil. Kaxos 3Hak AS
B 3THX peakunsx? CpaBuuTe Bamu OTBeThH ¢ pe3y/jbTaTaMH BHI-
YHCJEHHS 110 CIIPABOYHBIM JaHHEIM.

13-73. MOXHO /il Ha OCHOBAHMH H3MEHEHH{ SHTAJbIHH B peakK-
E1378:0:4 .
LiBr (k) 4 2H,;0 (%) = LiBr-2H;0 (x); . AH°= —I26 k[Ix
LiBr (k) 4 2NHg () = LiBr-2NH, (k) ; AH® =—109 k[x

CKa3aTh, Kakad MmoJexyna — H,O wuau NH;-—umeer 66ubiuyio
CKJIOHHOCTb K B3aUMOJAEHCTBHIO ¢ 6poMuaoM JuTHs. Han kaxkum co-
«€TaBOM OoJiee BEHICOKOE fAaBjieHHe (aMMHaKa HJIH NapoB BOALL) ?

13-74. ChopmynnpyiiTe npaBHMAa BHIYHCJIEHHS H3MEHEHHA 3H-
TaJbIMH B XUMHUYECKOH peakKIHd 10 U3BECTHHIM 3HaUCHHAM
a) sHTaJbNIMM 006pasosaHusA, 6) 3HTAJLIIHH CTOPAHHS, B) JHEPTHH
XHMHYECKOH CBSI3H.

13-75. CKONBKO HYXKHO CXeUb YIVIepoAa, UToGsl pa3HOCTL MeXAY
CyMMO# MacC NPOAYKTOB peaKUWH M CyMMOH MacC HMCXOAHHX Be-
411eCTB COCTaBusa 1 r?

§ 14. PABHOBECHE XUMHYECKHX TTPOILECCOB.
KOHCTAHTA PABHOBECHSA

14-1. Kak o6bscHHTD, TOUEMY H3MEHEHHE TeMIIepaTypH B paBHOBeC-
HOH cHucTeMe NMPHBOJAHUT K CMeHIeHHIO paBHOBeCHA?
14-2. TIpeo6pasyiiTe cCOOTHOLIEHHE

AG® =AH° —TAS*=—RT InK

Takym 06pa3oM 4To6H O6HLIO BPU.IHO Kak TeMHepaTypa BIHAET Ha
'KOHCTaHTy paBHoBecHsd K.
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14-3. Coraacuno npusuuny Jle Illatenre 19k
BJIHSHHE TeMMEepaTypH Ha DaBHOBecHe OI- 2
pellefisieTcsi 3HAKOM M BeJMYHHOH TeMJI0oBO-
ro agdekra npouecca. O6bACHUTE, NOYEMY
BJHAHHE TeMIepaTypH oONpelessieTcs 3H-
TaJbIOHEH mpouecca, He SHTPONUAHBIM Wie-
Hom TAS, XoTa NOBHIUEHHE TeMIepaTypHl ‘ 77
COOTBETCTBYeT YBeJHYEHHIO KaK €aMoro
wieda TAS, Tak 4 B GOJbIUHHCTBE CAy4YaeB SHTPONHH CHCTEMHL.

14-4. HasoBHTe (aKTOpPH], CMeIIaloke paBHOBECHE H H3MEHHIO-
Y€ KOHCTAHTY paBHOBECHA.

14-5. HasoBuTe ¢aKTOpH, MO3BOJAIIHE CMEMAaTb PABHOBECHE,
He M3MeHsAsl KOHCTaHThl PaBHOBeCHs.

14-6. Toyemy uem GoJblue TemjaoBoH 3(deKT peaKuHH, TeM:
CHJbHEe CKa3blBaeTcs H3MEHeHMe TeMIlepaTypH Ha paBHOBECHE H-
KOHCTaHTY paBHOBecHH?

14-7. Ha puc. 14-1 npuBefieHB 3aBHCHMOCTH KOHCTaHTHI paBHO-
BecHs OT TeMIepaTypH ABYX peakuui. YKaKuTe, Kakas peaKilHs,.
(1) mau (2), npoTekaeT ¢ BblAeNEHHEM TEMJOTHl, Kakas ¢ MONJIO-
ImieHueM?

14-8. Bauser Ju TeMnepaTypa Ha paBHOBecHe peakuud c
AH=0?

14-9. B KaKyio CTOPOHY CMECTATCS CJEeAylolliie paBHOBeCHs MpH:
HOBLIIEHHH TEMIIEPaTyph.

N, 4 0,=2NO —Q
2CO + 2H, = CH, + CO; + Q
CO,+C=2C0—Q

14-10. TIpy mOBHILEHHH TeMIepaTypbl paBHOBECHOE AaBJeHUE:
KHCA0poia Hal okchaoM Kobaabra CoQO BospacTaeT. YKaXuTe C
MOrJIOMEHNEM HJH ¢ BblAeJeHHeM TEIIOTH IIPOXOJHT AHCCOUHALUs:
OKCHJa Ko6aJbTa.

14-11. C noBHILIEHHEM TEMIepaTyphl paBHOBECHE PEaKUHH

SO, + 1/20, = SO,

cMemaercs BjaeBo. CledaliTe BEIBOL O 3HaKe TEIIOBOTO 3¢deKra.
14-12. HuXe NOKa3aHO HalpaBJeHHe CMeIleHHsi paBHOBeCH%
NPOLECCOB NPH H3MEHEHHY TeMIepaTyphl:

H, (r), O,(r) «— HO (1) (TemnepaTypa MOBEILIAETCS)
HCI (r) —— H, (1), Cly(r) (TemMnepaTypa MOBLILAETCS)
H, (r), Ny(r) —— NH, (1) (TeMmepaTypa MOHHIKAETCH)
. CaCOj4 (k) —> CaO (8), CO,4(r) (remmepaTypa moBILAETCS)
H;0 () <—— H(r), O4(r) (TemmepaTypa mOHMMKAeTCs)

IIpenckaxkuTe 3HaK TemaoBoro >g¢exTa H 3HAK H3MEHEHH] SHTANb-
A OIY KaxaoH peakuud. [TpefoxuTe HECKOJBKO aHAJOTHYHBIX
NpHUMEpOB.
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14-13. Kak BausieT U3MeHeHHe 1aBJEeHHs Ha pAaBHOBECHE CJAENYIO-
HIHX CHCTEM:

1) Hy (r), HyO(r), O, (r)
2) H, (r), HCI(r), Cl, (r)
3) NH, (), H, (1) Ny (r)
4) HCl(r), H,O(r), O, (), Cl, (r)
5) CH, (r), CO, (), HyO (r), O, (r)
6) CH,y (r), CS,(r), H,(r), HyS(r)
7) CHy(r), H,(r), CO,(r), HyO(r)
8) H,0(r), H, (r), CO,(r), CO(r)

14-14. Tlpu BHICOKHX TemnepaTypax (okoao 1000°C) mnpouecc
PA3JI0KEHUST METaHA NMPOTEKAET HECKOJBKHMH NYTAMH:

CH, —~ C, H,
CHy —> C,H,, H,
CH, —> C,H,, H,

Tlo 3HaveHusiM 3uepruit cBsasu (3amaun Ne 13-58, 13-61, 13-62,
13-64), paccuutaiiTe TenjoBhe 3hGEKTH KaXA0TO Ipolmecca H
TpeNCKaXHuTe, KaK BIHAET TEMIIEPATypa H AaBJeHHe Ha TPOXOKIe-
HHE 3THX MPOIECCOB.

14-15. Cranpapruee sHTanaenuu o6pasosanus CO u CO, paBHH
-cOOTBeTCTBeHHO —110,5 1 —393,7 k[k/MoMb. YKaxHTE yCAOBHA
(MOBHILIGHHE HIH TOHHXKEHHE TEeMIepaTypH ¥ AaBjeHus), 6J1aro-
TIpPHATCTBYIOLIHE MPOXOXKACHHIO DEakOHi B CHCTEMe YIJepoj—
KHCJIOPOA:

C0, =C+ 0,
C +1/,0,= CO
€O, + C = 2CO

200 4- 0, = 2CO,

14-16. Kakue ycioBHs clelyeT YKa3aTh, YTOGH OTBETHTb Ha BO-

IIpOC, B KAKYI0 CTOPOHY CMelllaeTCsi paBHOBeCHE B CHCTEMAX;

N, (r), O, (r), NO(r)
Cl, (r), HCI(r), O, (r), H,O(r)
COCl, (), CO (r), Cl,(r)

TIpH X00aBJIeHHH B PABHOBECHYIO CHCTEMY HHEPTHOTrO rasa?
14-17. B xakKylo CTOPOHY CMECTHUTCS PaBHOBECHE DeaKIHH

COCl, (1) = CO (r) + Cl, (r)

TIpH BBeAE€HHH B PaBHOBECHYIO CHCTEMY HHepTHOI‘O rasa npHx
a) V=const; 6) p=const.
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14-18. TennoBoii 3hGEKT peaKUKH
1/2N, + 3/2H, = NH,

npu Temmeparypax 20, 500 u 700°C paBen COOTBETCTBEHHO 46,4,
53,1 u 55,2 kJk/moapb. [Touemy npu MOBBILICHHH TEMIepaTyphl Ten-
70BOit 3(QEKT BO3PACTAET?

14-19. YxaxuTe, KaK HCHOJNb30BATb PEaKIHIO

HDO + H,S = HDS + H,0

nasi oborameHust OGBIYHOH BOAK Ts2KeJoH, YUHTHIBafl, YTO PaBHOBE-
CHe peakIMH cMellaeTcs NPaBO MPH MOBHIICHHH TeMnepaTyphu?

14-20. Ha HeKOTOpPHX CT4PHIX 3aBOAAX IIO MPOH3BOACTBY aMMHa<
Ka, a30THOH KHCJOTH H a30THHIX YRLOGpeHH# MOMKHO Hab/i0AaTh KaK
u3 Tpy6 B aT™Mocepy BhIGpachiBaeTCsa KpaCHO-KEITOro 1BeTa ras.
O6mbsicHATe NPHUMHY PA3/IHYHOH WHTEHCHBHOCTH €r0 OKPAacKH B 3a-
BHCHMOCTH OT BpeMeHH roja (/IeTo H 3uMa).

14-21. [Tpennoxute cmocoObl MOMTYdYEHHS ra3oo6pasHoro XJaopo-
BOAOPOJA M3 KOHIEHTPHPOBAHHOH XJIOPOBOJOPOJHOH KHCJIOTHL.

14-22. TIpefcKaXKHTe BJHSHHE JJEKTPHUECKOTO M  MarHHTHOrO
nofeli Ha paBHOBECHE ra3006pa3HON CHCTEMH H,—0.,—H.O0.

14-23. [ KaKMX ra3oB KOHCTaHT2 DaBHOBECHS peakumui ¢ HX
yuacTHeM He 3aBHCHT OT NaBJeHHs? B Kakux YCJOBHAX 3Ta 3aBH-
CHMOCTb CTaHOBHTCS 3aMETHOM?

14-24. [l MOBHILEHHs BHXOAA GeH3HHA H3 HE(QTH €€ noasepra-
JOT KPEKWHTY, JJsi 4ero He(Tb MM BEICOKOTEMNeEpaTypHHIC IPOAYK-
TH ee MEePeroHKH HarpeBalwT A0 500—700°C Ge3 moctyma Bo3jyXa
non nasaenueM 7,30-10% ITa. OGbsacHUTE, NOYEMY HYXKHO MOBHIIIIeH-
Hoe naBJeHHe (B 3TOM IpOLECcce BHICIIME YINIEBOLOPOB! PACIIEIf-
JOTCS HA HH3KOMOJEKYJspHEE YIJIeBOAOPOAb, H NOHMXEHHOE [aB-
NeHHe JOMKHO CIOCOBCTBOBATH PaCUIEIUIeHHIO N0 NpHHLHMNY Jle IIa-
TeJjbe)?

14-95. UspecTHO, yTo aMMHaK H XJIOPOBOAOPOJ Ou€Hb XOPOIIO
pactBopsiioTcst B Bofe. [ToueMy HX PAcTBOPHI OUeHb CHILHO NaXHYT
aMMHAKOM HJIH XJOPOBOJOPOAOM?

14-26. Jlns H3yueHHsl DaBHOBECHH NpPH BHICOKHX TeMIepaTypax
HHOTZ2 IOJb3YIOTCH TaK Ha3nBaeMBIM METOJLOM 3aKaJKH, KOTOpHIH
3aK/II0Y2eTCH B TOM, 4TO PaBHOBECHYIO I'a30BYI0 CMeCh, HampHMEp
H,, O. u H,O, Haxoasuylocs NPH BHICOKOH TEMIEPAType, GHICTPO
OXJ1aM/1A10T A0 TEMIEepaTypsl, MPH KOTOPOfl peaKuus He IMPOXOAHT.
Jlanee uccaelylOT cOCTaB rasa M NMOJydeHHbC KOHUEHTpallHH IOA-
CTABASIOT B BHIpa)KeHHEe KOHCTAHTH paBHOBecHs. Kak BEIMHC/EHHAA
KOHCTAHTA paBHOBecHsi OyAeT oTaHyaTbes (Gosblue, MeHblle) OT
JlefiCTBUTE/bHOM MPH BHICOKOH TeMIeparype?

14-27. TIpennioxute BO3MOXKHBIE OOBSCHEHHS, MOYEMY KOHLEHT-
palus BellecTBa B KPHCTAJIMYECKOM H JKHAKOM COCTOSIHHAX HE
BXOJHMT B BHIpakKeHHEe KOHCTAHTH PaBHOBECHS. :
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14-28. Hanuiuure BHIpaeHHsi KOHCTAHT paBHOBeCHsi 0o6pa3oBa-

HHA H3 IPOCTHIX BEH(ECTB XHUAKOH H ra3oo6pasHOfl BOAHL.
14-29. BriBeiuTe BblpaXKeHHs KOHCTAaHT paBHOBeCHsi* clenyio-

HIHX IreTepOreHHBIX NMPOUECCOB!:

1) 6Fe,O4 (k) = 4Fe304 (k) + O4 (1)

2)73Fe,04(K) -+ H, (r) = 2Fe,0 () 4+ H,0 (r)

3) AgCl(R) = Ag* () Cl=(p) (K =TIP**)

4) AsyS; (x) = 2483+ (p) 4-35%(p) (K = ITP)

5) S(x)-}- O, (r) = SO, (r) (cropaer rasooGpa3uas cepa)
6) CaCOy (k) -+ HCl (p) = CaCl, (p) + CO, (1)

[Tpennoxure fpyrue OGBbACHEHUS, TOUEMY B KOHCTAHTY PaBHOBECHH
He BXOASIT KOHUEHTDAUHH TBEpAHX (a3. [IpH KaKuX YCJIOBHAX 3TO
yTBEpKAEHHE NIPaBHIALHO?

* PaccMoTpuM crenytomuf npaMep:
BripaxkeHHe KOHCTAHTH DAaBHOBECHS reTepOreHHONO HpoIecca

CaCOy, (k) = CaO (x) -}- COy (1)

NPH HEKOTOPOH TeMMepaType MOXKET GHThb BHBEAEHO caepyomuM nyTeM. CKopocTb
nepexosa Monekyn CO; ¢ nopepxuoctd CaCO; (npsiMofl peaknuu) vqp NPONOPIHO-
Ha/bHAs MAoMafn 370f MOBEPXHOCTH [Tcaco,:

tnp~ Icaco,
Beeass k03)@HUMEHT NPONOPUHOHANLHOCTH (KOHCTAHTY CKOPOCTH) MOJYydHM:
Unp = knpllcaco,

CkopocTs 0GpaTHOrG Npomecca TpPONOpHMOHanbHa napuuaipHomy Aasienuio COg
H OJ0MAAH MOBEPXHOCTH OKCHAA KaJbIHA:

Yosp ~ Pco,1ca0
HJH, BBeAS KO3(QQUIHEHT NPONOPIHOHAALHOCTH:
Uo6p = %o6pPco,l1Ca0

IIpn paBHOBECHH
tmp=1tosp H IIcao= IIcaco,

(TaK KaK NpOoIecc COBEPIIACTCA TOJMBKO B MECTe KOHTAKTA KPHCTAa/JJJHIECKAX BeE-

IIECTB).
IMoaTomMy

kapllcaco, = ko6pPco,lTcao

Janee nojyyaeM BHPaXKCHHE KOHCTAHTH DPaBHOBECHA

— St _
koGp CO,

B Koroplgllo He BXOAAT XOHUESHTPALHY KPHCTALIHYECKHX (a3,
*+ [IP — xoHCTaHTa PaBHOBECHs, Ha3LBaeMas NPOH3BEACHHEM DACTBOPHMOCTH

(cM. Huxe, § 29).
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14-30. KakoBo BJHsfHHE J[aBJeHHs Ha paBHOBeCcHe CJEAYIOIIHX
CHCTEM:
1) Fey0, (x), Fe(x), H,(r), HyO ()
2) FeyO4 (¥), FeS(x), S; (1), O, (r)
3) CO, (r), CaCOq(x), CaO (x)
4) H,0 (%), Hy,O(r)
5) H,0 (x), HyO (%)
6) Mg(x), MgyN, (®), Ny(r) .
7) CuO (x), CO (r), CO,(r), Cu (k)
8) C(x), CH,(r), Hy ()
9) ZnS (¥), ZnO (x), SO, (r), O, (r)
10) Fe,O4 (), FeyOy (K), O, (r)
11) FeS (x), CuSO4 (), CuO (x), FeO(k), SO, (r)
12) MgCl, (x), MgO (x), O, (r), Cly(r)
13) FeyC (x), Fe (k), O, (r), CO(r)
14) Fe,C (x), CO (r), CO,(r), Fe(x)
15) FeyC (k), Fe(x), H,O (r), CO(r), H,(r)
16) FeyC(x), Fe(x), H, (r), CH; (1)
17) Fe(x), Fe,04(x), CO(r), CO,(r)
18) CO,(r), CO(r), FeyOq(K), FeyO4 (k)
19) Fe,O, (x), Fe (x), H,O(r), H,(r)
20) NH,HCO, (x), NH; (1), CO, (r), H;0 (r)
21) C (anmas), C (rpacur)

HanuiuTe BHPAaXKEeHHs KOHCTAHTHl PAaBHOBECHS JJIS KaXJOH peak-
LHH.

14-31. HanmuiipTe BHIpAaXKeHHs KOHCTAHTHl PaBHOBecHs (€CJH 3TO
BO3MOXXHO) sl CJEAYIOMHMX PeaKUui:

1) AL, () + Hy0 (k) = AlO,-H,0 (8) -
2) AlLO; H,0 (k) = Al,O5 (¥) 4+ H;0 (1)
3) Al,04+H,0 (k) + 2H,0 (%) = Al,05* 3H,0 (¥)
4) A1,O4-3H,0 (x) = Al,05-H,0 (x) -+ 2H,0 ()
14-32. Hafiqure BHpaXX€HHsl, CBSA3bIBAIOLINE KOHCTAHTHI PABHO-
BecHs CJIEAYIOUHX DeaKI(Hii:

1) Fey0, (k) + H, (r) = 3FeO (k) 4 H;0 (1) K
2) 3FeO (x) - 3H, (r) = 3Fe (k) 4 3H,0 (r) Ky
3) FegOy (k) 4 4H, (r) = 3Fe (k) - 4H,0 (1) Ky
4) 3Fe,0, (k) + H, (r) = 2Fe;04 (x) +-H0 () Ky
5) Fe,Q4 (K) + H, (r) = 2Fe0 (x) 4 H,0 (r) Ks
6) Fe,Oq (k) 4 3H, (r) = 2Fe () - 3H,0 (r) Kg

14-33. Brlpasute KOHCTAHTY PaBHOBECHsI PEAKLHM
9H, (r) 4- 0, () = 2H,0 (1) Ky
yepe3 KOHCTAHTH PaBHOBECHs PeaKuuil
2C0O, (1) = 2CO () -0, (1) K,
CO (1) + HyO (1) = CO, (1) + Hy (1) Ky
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14-34. Bripasute KOHCTaHTy paBHoBecHS K, peakuuu
CO, M)+ C(K)=2CO(r) Ky
gepe3 KOHCTAHTHL. PABHOBECHS peaKIHi
0, (r) 4+ C (k) = CO, () Ky
2C04 (r) =2CO (r) 4- O, (r) Ks
H NpeJCKa’KHTe BIHAHHE JaBJEHHs HAa PaBHOBECHE.
14-35. KoHcTaHTa paBHOBECHs PeaklHM 06pa3oBaHHS aMMHaKa

H3 IPOCTHIX BEIIECTB MOXeT OLITh HamHcaHa PasjJHYHEIMH CIIOCO-
GaMH B 3aBHCHMOCTH OT K03()(HI[HEHTOB ypaBHEHHA:
3H, + N, = 2NH,

H, + 1/3N, = 2/3NH,

3/2H, + 1/2N, = NH,
Pa3nnuaroTcs JH YHCJIEHHO KOHCTaHTHl paBHoBecHs (T =const)?
Ecam pasnnualoTcs, TO BEIBEAHTE MAaTEMATHUECKOE COOTHOLIEHHE
MeX1y HHMH,

14-36. Kak passnuaoTcsi KOHCTAHTH PABHOBECHs PEAKIHH JHC-
COLHAIlHH BOJAK B 3aBHCHMOCTH OT cIoco0a HaIHCaHHA ypaBHEHHs:
2H,0 (r) = 2H, (r) 4- O (r) Ky
H,O (r) = Hy (r) + 1/20, (1) K, -

14-37. Kak oranuyaloTcs uMcaeHHbe 3Hauenus K. m K, npm
300 K creayrouiux ra3oBEHX peakiiuii:
H,0 = H, 4 1/20,
2NO 4 0, = 2NO,
H, + Cl, = 2HCI
N,O4 + 1/202 = N205
9HI =H, 41,
N, + 1/20, = N,0
KaxuM 3HaueHHeM rasoBOH NOCTOSIHHOH c/leflyeT I0JIb30BaThCsA NPH
pacuerte?
14-38. JIna BHIUHC/EHHS KOHCTAHTH PABHOBECHS, PEaKIIMH, Ha-
npHMep:
H, (r) + 1/20, (r) = H,0 (r)
HeoOXOJHMO 3HAThb KOHUEHTpAIlMd YYaCTHHKOB peaklIHH. B Kakux
c1yyasX AOCTATOYHO H3MEPHThb KOHIEHTpPALHI0 OAHOTO, ABYX HJH
BCEX BellleCTB B PaBHOBECHOH cHcTeMe?
14-39. Tlo mn3BecTHBIM 3HAaYeHHSIM KOHCTAHT PAaBHOBECHS Ta30-
BHIX peakuuii (1000 K)
250, = 250, + O, Kp=14,7-10- Tla
2C0, =2CO0 40, Kp=3,7-10"%]Ia
BHIYHC/IHTE KOHCTAHTY PABHOBECHS PEaKIMH
SO, 4 CO, = SO, 4 CO
B kakux efHHHLIaX H3MepeHHSA BbIpaXkaeTCs 3Ta KOHCTAHTa?P
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14-40. TIpennoxuTe MeTOAHl ONPENeNeHHs] KOHCTAHT PaBHOBECHS
peakuu# Tuna

FeO (x) -+ H, (r) = Fe (¥) + H,0 (r)
Co0 (k) -+ CO (r) = Co (x) -+ CO, (r)
CaCO, (k) = CaO (x) -}- CO, (1)

14-41. BemectBa A ¥ B B KonuuecTBe 3 ¥ 4 MOJIb COOTBETCTBEH-
HO, HAXOASIIHECS B COCYNE €MKOCTbIO 2 Ji, pearHpyioT COrJacHO
yPaBHEHHIO

5A 1 3B = A;B,

[popearupoBano 1,6 mMoab BeuiectBa A. OmpenenuTe KOJAHYECTBA
M3pPaCXOJ0BAHHOrO BemlecTBa B M monayueHHoro mpoaykra. Paccus-
TalTe KOHCTAHTy PaBHOBECHS.

14-42. B cocyn emkoctbio 0,2 a1 noMectuau 0,3 u 0,8 r Bogopona
u uopa. [Tocse ycTaHOBJEGHHS paBHOBeCHS B cocyle OOGHapYKeHQ
0,7 r HI. BrunciuTe KOHCTAHTY PABHOBECHS! PEAKIHH.

14-43. HayaneHue KoHUeHTpanuH Hy H I, paBHH COOTBETCTBEH-
1o 0,6 u 1,6 monb/a. ITocne ycTaHOBJNEHHS PaBHOBECHA KOHLEHTPa-
IHS HOAOBOROPORA oKaszanach paBHo# 0,7 Moab/an. BrluHcauTe pas-
HOBecHble KoHuUeHTpauuu Hy ¥ I, U KOHCTAHTY paBHOBECHA.

14-44. T1pu u3yuenuH paBHOBECHS peaKlHH

H, + I, = 2HI

HafileHo, UTO NpPH HCXOAHHX KouueHtpanusx H, u I, mo 1 moan/n,
paBHOBecHass KoHueHtpauus HI paBra 1,56 Mmoab/n. BuuHncaute
paBHOBecHYI KoHUeHTpauuio HI, ecnu HavajsbHBe KOHUEHTDAUHH
H, u I, cocraBasnu no 2 moans/a (T=const).

14-45. TIpn H3yueHHH paBHOBeCHSA

H, 41, = 2HI

OKa3ajoch, UTO paBHOBeCHble KOHHIEHTpallMM BOAOpOJAa, HOAa H
HONOBOAOPOJA paBHBI COOTBETCTBeHHO 4,2, 4,2, 1,6 Monbp/n. B npy-
rom ormmiTe, NPOBOJAMBILEMCS TIPH TOH e Temmepartype, ObJO Hai-
IeHo, YTO paBHOBecHHe KoHueHTpauuu [, u HI pasim 4,0 u
1,5 Monb/n. PaccuutafiTe paBHOBECHYKW KOHIEHTpaUHI0 BOLOpOAA
B 3TOM OIILITE.

14-46. T1pu HekOoTOpOH TeMmepaType B PaBHOBECHOH rasoBoil cH-
cteme SO3—03—S0O; KOHUEHTPAUUH BEIIECTB COCTABHJIH COOTBET-
creenHo 0,035, 0,015 u 0,065 Moab/n. BHYHCINTE KOHCTAHTY pPaBHO-
BEeCHS M HayaJibHble KOHIEHTPAIMH BelecTB, Npeanojaaras, 4To 3To
TOMBKO KHCA0pox ¥ SO..

14-47. B cocyne eMkocThio 8,5 /1 yCTaHOBHJOCH PaBHOBECHE

CO (r) + Cl, (r) = COCl, (1)
Cocras paBHoBecHoil cmecH: 11 r CO, 38 r Cl; u 42 r COCl,. Bu-
9HCJIHTE KOHCTAHTY PABHOBECHS PeaKUHH.

14-48. Brluncaute paBHOBecHble MapuuanbHue gasienus CO;
CO, korophie o6pasyrotcs npu 1000 K Haxg cMechlio kap6oHaTa



KaJbliHs H yraepoja B 3aKpHITOM cocyle, ecad mpu 1000 K
CaCO; (k) = Ca0 (k) - CO, (1) K, =13,95-102TIa
C (k) + CO4 (r) = 2CO (r) Kp=1,92-105TIa

14-49. TIpn HeKOTOpOH TeMIepaType KOHCTaHTa PaBHOBECHH pe-
aAKIUH

2NO -} O, = 2NO,

paBHa 2,5 Momb—'-m M B paBHOBecHOM rasomoit cmecu [NO.]=
=0,05 moab/n u I[[NO]=0,04 moxb/n. BouHciauTe HayaibHBIC KOH-
nenTpanuu kuciopoga H NO, mpeamosaras, 4TO HCXOAHAs CMeECh
COCTOfIJIa TOJMBKO H3 3THX BEILECTB.

14-50. [Ipu HeKOTOpOH TeMIepaType KOHCTaHTa PABHOBECH: pe-
aKIHH

9NO 4- 0, = 2NO,

paBHa 2,5 Momb~'-q H B paBHOBECHOH rasoBOH cMecH [NO,]=
=0,07 moab/n u [NO]=0,04 monnb/n. BuuucauTe HavajbHLE KOH-
nentpanuu Kucaopona # NO B ucxonHok rasoBodt CMecH, cojepxa-
meh takke NO, B koauuectse 0,02 moab/a. (Cp. ¢ 3anaueit 14-49).

14-51. Huxe npuBeeHH CTENEHH JHCCOLHAUMH « BOAOpOAA
(3500 K) npu pasauuAbLIX JaBJCHHUSX:

p, Ta 1-108 2.108 5-108 1-108 2-108 1.107
a 7,83.10"2 5,55.1072 3,50.10-2 2,48.10-% 4,76.10~-2 7,86.10-3

- PaccuuTafiTe KOHCTaHTH DPaBHOBECHS NpH YKa3aHHHIX AaBJICHH-
six. [TocTosiHHa 1M KOHCTaHTa PaBHOBeCHS?
14-52, PaccMOTpHTE paBHOBECHYIO CHCTEMY

9H, (1) + O, (r) = 2H,0 (1) AH L0

Kax BausieT H3MeHEeHHe HaBJeHH Ha COCTOAHHE PaBHOBECHHA M Ha
KOHCTaHTy DaBHOBeCHs? AHaJOTHYHO OGCYAMTE BJHsHUE TeMIepa-
TYPHl H KOHLIEHTpailHH.

14-53. Q6cyauTe BAHMSHME HAa CMellCHHE DPABHOBECHS U KOHCTAH-
Ty PaBHOBECHS peaKLHH

H, (r) + Cl, (r) = 2HCI (r) AH <O

CaenyIOIHUX GaKTOPOB:

a) yBeauuenue kouuentpauuu Ha, Clp, HCI; 6) yBenuyenne oGiue-
ro JaBJeHHs; B) pa30aBjeHHe HHEDTHHIM asoM; T) MOBHILEHHE
TeMIepaTypHl.

14-54. Tloab3ysch 3aKOHOM AEHCTBHS MAacc, MOXKHO KOJHMYECT-
BEHHO ONpeAeJHTh, KaK A00aBjeHUE ONHOIO M3 BELIeCTB B PaBHO-
BECHYIO CHCTEMY H3MEHsieT cojepxaHue apyroro (apyrux). Hampu-
Mep, TpeGyeTcst yCTaHOBHTb, KaK BJHSET yBeMYeHHe [1apUHaIbHOro
JlaBJIeHHs] a30Ta B 4YeTHIPE pa3a Ha napuHajbHOe JaBJieHHe aMMHa-
Ka B CHCTEME

N, (r) -+ 3H, (r) = 2NH, (r)
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KoncraETa paBHOBecUSl peakLMH pPaBHA:
K P’NH,
P pN,PH,

H U3 Hee IIOJNYYHM
PNHy = Kp'%pN,M2py Y2

OTKyna ciaeiyer, 4TO yBeJHueHHe NapLHAJbHOIO JaBJEHHA a30Ta B
YeThIpe Pasa NPUBOAUT K yBEJHUEHHIO NAapIHaJbHOrO NaBJeHHsd aM-
MHaKa B 4!/,, T. €. B IBa pasa. -’

Kax moBauser yBelHueHHe MaplUUAJBbHOTO NABJEHHUS BOLOPOAA B
JIBa pa3a Ha NapuuaJbHOe [aBjeHHe aMMHaka? AHaJOrHYHBIM 06-
Pa3oM ONpeJeNHTe, KaK H3MEHHUTCA IapluHajbHOE AaBleHHe Ipo-
JYKTOB IPH H3MeHeHHH B 2, 3 W T. J. pa3 nmapuuajbHbIX AaBlIeHUH
BEIeCTB B CJAEAYIOUHX CHCTEMAaX:

1) C(x) 4+ H,0(r)=CO(r) 4 H, ()

2) H, (r) 4 Cl, (r) = 2HCI (1)

3) 2CO (r) = CO, (1) 4 C (r)

4) 250, () 4 O, () = 250, (r)

5) 3Fe (k) 4 4H,0 (r) = Fey0y (k) 4 4H, (1)

8) CO (r) + Cl, (r) = COCl, (r)

7) Co () + 4CO (r) + 1/2H, (r) = HCo(CO), (r)
IlpuBenHTe aHAJOrUYHBIE NIPUMEPH PAaBHOBECHBIX CHCTEM € Y4acTH-
eM XHUAKHX ¢a3.

§ 15. BO3BMO)XHOCTb MMPOTEKAHUS XUMHUYECKHX PEAKLLUA

15-1. O6bacHuTe, MOYEMY AJS OUeHb MHOTHX peaKlUHu#l NPH HEBHICO-
KHX TEMIepaTypax 3HAUeHHA TepMOJHHAMHUECKHX XapaKTepPHCTHK
peaxkuuit AH® u AU°, AG®° u AF° 6au3xkn.

15-2, lokaxuTe, 4TO ¢ H3MeHeHHAMH u306apHOro MOoTeHUHaka M
3HTPONHH (OPMAJBHO MOXHO IIOCTYNAThb KaK C M3MEHEHHSMH 3H-
TaJbINH HPH BCEX BHAAX PaCcueToB IO 3akoHy Iecca.

15-3. BripasuTe KOHCTAaHTYy paBHoBecws K, u3aMeHeHHe H306ap-
Horo mnoreHiHala AG®, wu3MeHeHHe 3HTaJbOud AH®° ¥ sHTpONMH
AS° peaxnuu

CO, (r) 4+ C (k) = 2CO (1)
yepes Te K€ XapaKTePUCTHUKH peakluui
C(K)+ Oy (r) = CO (1)
2CO (r) + O, (r) = 2CO, (1)
15-4. BripasuTe H3MeHeHHe H306apHOro NOTEHIHAJa pPeaKIHH
2H, (r) + O, (r) = 2H,0 (1)
yepe3 HaMeHeHHs H306apHBIX NOTEHIHAJOB peaKIHi:
2CO,4 (r) = 2CO (1) + 0,4 (1)
CO (r) 4 H30 (r) = CO, (r) + Hy (1)
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15-5. BocnoNb30BaBUIMCE CHPABOYHEIMH [AHHBIMH, BHIYHC/IHTE
AG®y95 peakuuil B cAeAYIOLIKX TpOLECCAX:
1) Fe,04 (), Hy(r) —> Fey04 (k), HyO (1)
2) Fe,04 (), CO(r) —_Feg0y (%), CO4 (1)
3) Fe,04(x), H; (r) — Fe(x), H;O(r)
4) Fe,04 (), CO(r) — Fe(x), CO, (1)
5) FegO4 (x), H, ) — Fe(x), H,0 (r)
6) FegOy (k), CO(r) — Fe(x), CO,(r)

15-6. TIpeackaxure cooTHomenue (Gomblue KA MeHbIle) MeXAy
AH°, TAS®, AG® (npn 298°) AJs CIEAYIOUHX PeaKUHH:

1) NH¢NO, (k) —> Ny (r), H,0 (r)

2) NH NOg (k) — Ny (r), O,(r), H;O (r)
3) NH, (r) + HCl (r) — NH,CI ()

4) NH4 (r) 4- 0, (r) — Ny (r), H,O ()

BOCNOMb30BABILHCh CIPABOYHBIMH NAHHEIMH, paccuuTaiite AG°2e8
peakuuil U yKaXkKuTe WX HalpaBlEHUE.
15-7. ¥YKaxuTe, BO3MOXKEH JIH NPOIECC

Pb (x) 4- 2AgCl (x) = 2Ag () + PbCl; (x)

KaK H3MeHseTCsl BEPOSTHOCTb €ro MPOXOKAEHHS NpH MOBLILIEHHH
TEMIEpPATyphHI?

15-8. Kak MOXHO NMOJNYYHTb COEAMHEHHS TEPMOANHAMHUYECKH HE-
ycroiunBeie? IIpuBeanTe cmoco6bl MOJAYyYeHHS H HECKOJbKO NMpHMeE-
pOB.

15-9. Uro Takoe cTaHaapTHbie ycaosus? (Cp. ¢ HOpMaJbHBIMH
YCIOBUAMH) .

15-10. Oaa peakiuH

H,0(r) 4 C (x) = CO{r) 4 H; (r)

napecTH AG%00=>50,96 kx/Monb H AG°700=34,70 xIx/MOMB.
Buiuncaute AH® u AS°, npeinosnaras HX MOCTOAHHBIMH B HHTEpBaJe
Temnepartyp 600—700 K.

15-11. I[1pu cTarAapTHHIX YCAOBHAX Npouecc

H, (r) 4 1/20, (1) =H,0 (%) - AG L0

ApPOTEKaeT caMONpOou3BOJbHO. Bo3MOXKeH JIH 3TOT mpolecc MpH o=
CTOAHHHIX TEMIEPAType H JaBJEHHU?
15-12. Bergncaure AG®29s 1051 CAEAYIONIHX PEaKUHA?
1) HCl(r) — H,y (1), Cla (1)
2) CO4(r) — CO (1), O, (r)
3) CO(r), HyO0() — CO,(r), Hy (1)
4) MgCO4(x) — MgO (x), CO,(r)
5) Mg(OH), (), CO,(r) —> MgCO; (), H,0 ()
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15-13. TIpomecc BOCCTAHOBJIEHHS OKCHAZ Kejle3a OKCHAOM yrie-
poja B JOMEHHOH redy NPoTeKaeT N0 ypaBHEHHIO

Fe,04 () + 8CO (r) = 2Fe (%) 4 3CO4 (r)

[a3, BHIXOAAMIMH H3 AOMHBI, COAEPKHT 3HaYHTelbHBEe KOJHYEeCTBA
HeHCIOJAb30BAHHOTO OKCHAa yrjaepoja. [IpennoxuTte CNOCOOH
yMeHbIIIeHHs COJEPIKaHUsA OKCHAA yriepoaa B BHIXOAAIINX rasax H
criocoBnl ero AalbHeHlero HCNOJb30BAHUA.

15-14. TIpu KaKHX YCJOBHAX KHCIOPOA fojiee CHABHBIH OKHCJIH-
Teib, YEM XJOp B pPeakinH

2CrClg (k) + 3/20, (1) = Cry04(x) + 8Cly (r)

15-15. TIpn mponyckKaHHH rasooGpasHoro GeCl, Haj HArpeTHM
MeTaJlIHYeCKHM repMaHueM, o0pasyercd GeCl,, KOTOpHH KOH/EH-
cHpyeTcs Ha XOJOIHBIX YaCTHX peakTopa H uepes HEKOTOpOoe BpeMs
pacnajaercs (nMCHpoONOpUHOHHDYET) Ha MeTaJlIHYecKHE repMaHui
u GeCl,. Hanumurte ypaBHeHHs peakumil. KakoBa mpH4HHZ NpO-
XOMEHMA Kax0# M3 peakluil ¥ BCero mpoiecca B neaom? Ilpune-
IMTe Jpyrue aHaJOTHYHblE DPEaKUHH.

15-16. TIpemckaxuTe NMPOAYKTHl BBLICOKOTEMIIEPATYPHOTO THAPO-~
JM3a KPHCTAIIHYECKOTO XJIOpHAa HATPHA. JlokaxXuTe BO3MOXKHOCTD
ux o6pa3oBaHHs. .

15-17. Yka)uTe, KakHe XJOPHAL MOryT ObiTh MOJYYEHH NPH He-
NOCPEJICTBEHHOM B3aHMO/EHCTBHH NPOCTHIX BEIECTB: AlCl;, FeCls,
FeCly, ZnCl,. Kakne u3 5THX BeNIECTB MOTYT OHTb MOJYyHUeHH NpH
B3aHMOJICHCTBHH METAJJIOB C XJIOPOBOLOPOAHOMN KHCJIQTOH?

15-18. Kak o6BACHHTb, YTO alleTHJEH — COCJHHEHHE C 6oJiee
MpOYHOH CBSI3bI0 MEX/]y aroMaMM YTJepoia (808 xIx/Moab), pe-
arupys ¢ XJAOPOBOJOPOAOM, JaeT CoelnHeHHe C MeHee NpoYHOA
cBaA3bio (586 KIk/MOJb): :

HC=CH + HCl = H,C=CHCI

15-19. OjuH M3 NPOMLILUIEHHBIX METOLOB MOJNYy4YeHHs KajHd CO-
cTOHT BO BaauMoneiicTeuu pacnnasiennoro KOH ¢ xXHAKHM HaTpH-
eM (440°C) :
KOH + Na =NaOH + K

JoKaxuTe, uTO peaKilHs BO3MOXKHA.
15-20. OauH 1¥3 NPOMLILIJIEHHBIX METOAOB IMOJYUEHHS KalHi
OCHOBaH Ha peaKlHd
KC1 4 Na= NaCl + K
B sTOM MeToje Yepe3 pacnjaBieHHHH XJOPHA NPONYyCKaloT HNapH
natpua (800°C), a jnanee KOHACHCHPYIOT Maphl KaflHd. ITokaxure,
YTO JaHHBIH mpollecc TePMOAHHAMHUECKH BO3MOXEH.
15-21. PaajloxeHHe HATpaTa aMMOHHS BO3MOXKHO MO ABYM CXe-
MaM:
NH,NO (k) = N,O (r) 4 2H,0 (1)
NH,NO; (&) = N, (r) -+ 1/204 (r) + 2H,0 (r)
Kaxko# npouecc Gosee BEPOsiTEH, H KaK OH 3aBHCHT OT ycnoBH#?
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15-22. Kak yanaTh, Kakue MPOAYKTH 06pasyioTcsi MpH O6XKHre
MHIIbAKOBACTOro kosnvenana FeAsS: Fe,0,, Fe,0,, FeO, Fe, SO,
SO2, ‘S, ASQOS, AS203, AS, ASQSS, ASQSa?

15-23. Peakuus

2NF, 4 3H, = 6HF -+ N,

TpOXOAUT Ype3BhHIYaiHO Jierko. [Touemy? Moxer au B 3TOMH peak-
LIHH 06Pa30BaThes aMMHAK?

15-24. B BogHOM pacTBOpe IIPOXOJHT peakiusg
I, 4+ HyS=2HI 4 S; AH® = —73,3 kT

B rasosom COCTOAAHHH BEILECTB peaKiugd [IPOTEKAeT B IIPOTHBOIO-
JIOZKHOM HanNpaBJICHUH:

2HI +S=1,4H,S; AH® = —20,9 x[Ix
TToyemy?
15-25. Paccunraiite H3MeHeHHe SHTPOIHH B peakIHAX

H;0 (r) = Hy (r) 4 1,20, (r)
Ca0 (k) + CO, (r) = CaCO, (x)
€CIIH SHTPOMUA BewlectBa pasHa [B [x/ (K- mosb) ]

H,O(r) 188,7 CaCO4(x) 88,7
Hs(r) 130,5 CaO (k) 39,7
O2(r) 205.0 CO,(r) 213,8

O6cynnre 3HaKH H3MEHEHHs SHTPOIHH. IIpenckaxure nanpassenue
TPOLIECCOB NPH CTAHAAPTHOH TeMmepaType.
15-26. ITpenckaxure, Kakas ua peakuH# BO3MOKHA:

CaCl, (k) + F, (r) = CaF, (k) + Clg (r)
CaF, (k) 4 Cl, (r) = CaCl, (x) + F, ()

Ilposepsre mpaBuabHOCTL Npesckasanus pacueraMu ¢ ucIOAB30Ba-
HUEM CNPaBOYHLIX JaHHEIX.

15-27, Bhiuucaure, II0/B3YACh CIIPABOYHBIMH  JaHHBIMH, AH°,
AS° v AG® nns peaxuuit:
NHy (r), O, (r) —— N, (r), H,0(r)
Cly (r), HyO (r) —> HCI(r), O, (r)
B,0; (), Mg(x) — MgO (x), B (k)
CO, (r), Mg(x) —> MgO (x), C(x)

[Ipenckaxure BiHAHHE H3MeHEHHS TEMIEPaTyphl W JaBJECHHS Ha
PaBHOBecHe MpPOLECCOB.

15-28. Koucranta pasroBecus K, peaxuuu
2CO, (r) = 2CO (r) + O, (r)

npu 1000 K pasna 3,7-10-'S [Ta. Buiuncaure KOHCTAaHTy paBHOBe-
cus mpu 2000 K, ecmu AH®1500=561,9 xJI /Mo,
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15-29. KoHcTaHTa paBHOBECHSA peaKIlHH
2HI (r) = Hy (1) + 12 (©)

npu 360°C pasra 0,0162, a npu 445°C — 0,0240. Boiuncaure Tep-
MOJHHAMHUECKHE XapDAKTEPHCTHKH IIpolecca AHCCOUHAUHH HOAOBO-
Jopola.

15-30. KoHcTanTa paBHOBecHs K, peaKkuHH

NH,Cl (k) = NH, (r) 4 HCI (1); AHPyq = 177,1 KK

npu 25°C paBra 1,01-107"! Ila. Haitpute TeMmnepartypy, IpH KOTO-
pO#i JaBleHHE AHCCOLUHALHH NOCTHraeT 101325 Ila.

15-31. [laBnenue puccouuauun PbO mpu 600 K pasHO
9,52-10-26 I1a, a npu 800 K 2,33.107'¢ I1a. OnpexnennTte Temmnepa-
Typy, npu Koropoit PbO HaynHaeT AMCCOLHHPOBATL HAa BO3LAYXE.

15-32. Jlo KaKhX TeMIepaTyp B aTMocdepe KHCJIOPOJA yCTOHUH-
Bbl ClEeAyKOIlHe OKCHAB Mapranua: MnO,, Mns;0,, Mn,0;, MnO?
Jlo KaKHX TeMIepaTyp Ha BO3[AyXe YCTOHUHBBI T€ XK€ OKCHJH Map-
raHna?

15-33. Bocnoab3oBaBIiuch 3HAUEHHAMH JABYX KOHCTAHT paBHO-
pecuss K; n K, npn nsyx temnepatypax Ti1 u T, (T2>T1) u cocra-
BHB CHCTEMY ABYX yPaBHEHHH:

—RT,InK, = AH —T,AS
—RT,InK, = AH — T,AS

MOYHO NOJYYHTb COOTHOIIEHHE

K _AH 1 ]
"K, TR (Tz.—rl

VKaXKHTe yCJOBHS, IPHMEHHTEJNbHO K KOTOPHM MOXHO NOJb30BaTh-
Cs 9THM ypaBHeHHeM JJsi ONpe/e/ieHHs H3MEHeHHs 3HTAJbIHH IO
H3BEeCTHEIM KOHCTAHTAM PABHOBECHS INIPH DAa3IHUHHIX TeMIIEpaTy-
pax.

15-34. PacTBOpHMOCTb AHOKCHAA YrJaepoAaa B BOAC NpH 0°C co-
crasiasier 7,99-10~2 moab/a npu gasaeHnn CO, 101325 Ila. Briuuc-
AuTe u3oGapHuil morteHuuan pacrsopenua CO. B Boje H cpenafTe
BBEIBOJ O HampaBJEHHH CaMOIPOH3BOJbHOrO Ipoliecca NpH 3THX yC-
JIOBHSIX.

15-35. Cmech kapGoHATa KaJbliHf H Yyriepoja HaXoJHMTCH B 3a-
KphiToM cocyne npu 1000 K. Kakos cocraB ra3oBoi cmecu? Ilpen-
JOXHTE Cocod ero pacuera.

15-36. He oueHp UHCTHIL a30T MOXHO IOJYYHTb, N1PONYCKaAs BO3-
AyX Han HarpeToll Mefwlo. Kucsopoa u3 BO3AyXa MOMJIOLLAETCS MO
peaxKnun

2Cu (k) 4 120, (r) = Cu,0 ()

Jl1s aTofi peakuUHM H3MeHeHHe H306apHOro MOTeHIHala ONHCHBAET-
Csl COOTHOIIEHHEM:

AG° = —165 812 4 66,27T [dx/mMonn]
BHIUHC/UTE COfepIKaHHe KHCJIOPOAa B BhXoAsmeM rase npu 500
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H 600°C. VkaxuTe onTHMajbHBE YCJIOBHSI TOJYYEHHS] a30Ta C MH-
HUMAaJbHBIM COIEPKAHHEM KHCJIOPOAA.

15-37. Kak o6BsCHHTb, 4TO B OOLIYHEIX YCJOBHSIX HEMOCPEICT-
BeHHOe B3aHMOJIefiCTBHe yIJepoAa H BOAOPOAA ¢ 06pa3OBaHUEM Me-
TaHa N0 peakiHH

C (k) + 2H, (r) = CH,4 (1)

He nmpoucxoguT  (AHep. 20s=—74,81 &Ik/Moab, AG°s=
=--50,82 xx/Mosb)? PaccunraiiTe KOHCTaHTy pPaBHOBECHSI 3TOrO
npouecca.

15-38. YKaxuTe, KaKie HYXHE LaHHBIE LJ pacqe'ra KOHCTaHTH
paBHOBeCHs1 IpoLEecca HOHU3ALHH?P

h‘:h""-—l—e’l

. 15-39. IlpuBeante oGBACHEHUS BO3MOXKHEIX NMPHYHH CAMOIPOH3-
BOJILHOI'O pacTeKaHHs HEKOTOPHIX XHAKOCTEH MO MOBEPXHOCTH TEJ.
B ueM npuyHHH pa3’aHYHOrO NMOBEAEHHH XHIKOCTEH?

15-40. [Tepep xuMukamMuH # (HU3UKaMH YacTO BCTaBaJ BOIPOC:
MOXeT JH NPOXOAHTh XHMHUecKas peakuus MeXJy Haubojee pac-
NpocTpaHEHHEIMH KOMIOHEHTaMH 3eMHOH aTMOCGhepH — MeX/Jay aso-
TOM, KHCJIOPOAOM H BOJOH, HapHMED

N, + 0, = 2NO
N, + 2H,0 = NH;NO,
2N, + 50, + 2H,0 = 4HNO,

Paccunraiite AH® 1 AG® 3TuX npoueccos (npH 3ajanHbix Bamu ar-
peraTHHX COCTOSIHHAX) H CJeJalTe COOTBETCTBYIOHIHE BLIBOIHL

15-41. HanumuTte Kak MOXHO GoJblie ypaBHEHHH pa3iHuHBIX
peakuuii, KOTOpble MOLYT IPOTeKaTb MeXJAYy ra3aMH 3eMHOH aTMo-
cteprl. O6cynuTe BO3MOXKHOCTh UX IPOXOXAEHHUS.

15-42. OnpegfennTe, BO3MOXHO JIH B3aHMofeficTBHe aTMocdep-
HLIX a30Ta H KHCJOPOZAA, HCXOJAS H3 3HauyeHHi# 3HTanbmHH o6pa3oBa-
HHS OKCHJIOB a30Ta AH%u6p, 208 (B KJ2K/MOJD)

NO(r) 90, 4 N,Os(r) 82,1
NOa(r) 33,4 N2Os (k) —42.7
N2O4(r) 10,9 N2Os(r) 11,7

N2O(r) 82,1

15-43. Huxe paHu u306apHHe NOTeHUHalhl 06pasoBaHHS OKCH-
AoB a30Ta AG°ep. 208 (B KK /MOJD) :

NO(r) 86,7 N20s(r) 140,7
NO,(r) 51,4 N:Os(x)  114,3
Nz04(r) 98,4 NzOs(r) 115,6
N0 (r) 104,3

Cpasaute AG° w AH° o6pasoBaHua OKCHAOB (CM. 3ajauy
15-42). B kakux cayuasx u noueMy nposiBasiorcs GoJbluHe YHCJEH-
HHe pa3juung Mexay AH° u AG® o6pa3oBanua?
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15-44. B onmoit HayuHO# cTaTbe GBLIO CKa3aHO, YTO PeaKuHs
FeS, (k) - 3Fe304 (k) = 2FeS (k) -+4F40; (x)

npu {>675°C npoTekaer BIPaBoO, MPU t<675°C — BaeBo. Jloka-
JHTE pacueToM Ha OCHOBAHHHM CIPaBOYHBIX AaHHBIX MPaBHALHOCTD
(u1M O1M6GOYHOCTE) 3TOrO yTBEPXKAEHHS.

15-45. M3meneHue usobapHoro moteHuuana AG°zgs B peaKUHH

4NH, (r) -+ 50, (r) = 4NO (1) 4 6H,0 (r)

paBHO — 958,6 KJIx/MOJb. [IpoananuaupyiiTe Ha NpUMepe 9TOH pe-
aKIKH, KaK HaMeHsercd AG B HeCTaH[apTHLIX YCHOBHAX IPH yBEJH-
YeHMH MJH YMEHbIUEHHH NapIHaNbHBIX AaBJeHHA pearupyloulux be-
mecTB. KakoBH YCJOBHA MaKkCHMAaJlbHBIX M MHHHMAaJbHBIX 3HaUe-
Hufl AG? TIpH KaKHX yC/IOBHSIX DaBHOBECHE CMellaeTcs BIPaBO HIH
81eBo? CopMmyJHpPYHTe NIPHHLAI CMEILEeHHs PABHOBECH.

15-46. Cmemupaerca 10 r CH;COOH, 20 r C.HsOH, 15
CH,COOC.H;s u 25 r Boan. Onpenenute, BO3MOXHA JIK peakLud
sTepHPHKALHU

CHZCOOH () 4 CgHsOH () = CHyCOOC,Hs () + HyO (%)

HCcXoAsA H3 CAeAYIOIUX NJaHHBIX:

AHo s°,

06D 2908+
kO x/Monb I/ (K- Moab)
CH;COOQC,H; () —479,026 259,4
H,0 (%) —285,830 70,1
C,HsOH (x) —976,939 161,0
CH;COOH (x) —484,089 159,8

Tor xe cambii pacuer npopenuTe s cMecH 1 r CH;COOH, 1 p
C,H;s0H, 10 r apupa u 100 r BoAHL

15-47. Uto saBasercs 6ojiee CHJABLHLIM OKHCIHTEJEeM — XJOpD HIH
KHCJIOPOJ B CHCTEeMe, COCTOsimell H3 rasoobpasubix O, Cl;, HCl n
H,0, npu KomHaTHOH TeMmnepaType H 1000 K? Berunciure reMnepa-
Typy, TIpH KOTOpOfl B AaHHOM CHCTEME OKHCJIHTENbHEIE CBOHCTBA
XJlopa U KUCJAOPOAa OJHHAKOBHL.

15-48. Haligute TeMmnepaTypHyi0 3aBHCHMOCTb H3MEHEHHA H30-+
6GapHOTO NOTEHIHAJa B PeaKIHH

4HCI (1) + O, (r) = 2Cl; (r) + 2H,0 (r)

OnpejiesiuTe TeMnepaTypy, IpH KOTOPOH H3MeHAeTCs Hanpas/eHHe
peaKlUHH NMPH CTaHJAPTHEIX KOHIEHTPALHAX YYaCTBYIOUIUX B peaK-
IlMH BeulecTB, H HPH JIOOHX 3afaHHBEIX [POM3BOJBHHX KOHLEHTpa-
IHAX.

15-49. PaccuuTaiiTe TepMOAHHAMHYEeCKHE XapaKTePHCTHKH AH®,
AS° v AG® peakuuu

2NQ, (r) = N3O, (r)
UCXOAA U3 CAEeAYIOIINX AaHHBIX:
AH?® . s,
BN T/ (K- woas)
NQ,(r) 33,47 240,2
N204 (l‘l 9,62 303,8



Pacgtm’raii're TaK¥e KOHCTAaHTy paBHoBecHsi K, mpu 0, 25, 51 n
100°C.

15-50. [lna peakuun AHMepU3auuu AHOKCHAA a30Ta KOHCTAHTa
paBHoBecHs npu 25°C paBHa 0,654-10—4*ITa~!., Omnpesenute BO3-
MOXHOCTh MPOTEKaHHs peakuuH NpH ofureM nabaeHun 101325 [la
H CJIeAyIOINX HayaJbHRIX TNapUHaJbHbHIX faBienusx (B Ila) Be-
WEeCTB: a) pPnyo, = 100000, pro, =1325; 6) P Ny0,=68880, prno, =
=32450; B) pn,0,=1325, Pno, =100000.

15-51. F3BecTHa KOHCTaHTa PABHOBECHS peaKUHHU
2NO, = N,0, Kp = pn,0,/P°No,

H oflllee JaBJjieHHe B PaBHOBECHOH CMecH p= + . Ipepao-
P ngo4 NOy

XHTe HanOoJiee KOPOTKHH NyTh ONpeAEJEHHs MapUHAJbLHHX AABJIE-
HHH pPNo, ¥ P Nyo, -
15-52. KoHcTaHTa paBHOBECHS pPeaKIHH

2NO, = N,0,

NpH o6lLIeM AaBJEeHHH B CHCTEMe P=PNo, +P N0, MOKET GHITb BHI-
paxeHa ABYMs CIOCO6aMHU

K _ P= o,
P Pno,
H
PN,0
K 2“4

P~ (I —pn,0,)?

Pemnre 06a ypaBHEHHS! OTHOCHTEJNLHO Pnog, HIH pryo,. [Ipoananu-
3UpYHTe pELIeHHs [AJIS MajleX HJIH GOJbLIHX 3HAYeHHA p, Prog»
Pnjo, Paccuurafite paBHOBecHEHle mnapumanbHHE AaBJeHHS TpH
CTaHAAPTHHX ycnoBuaX (K,=0,654-10-* [1a~!) u npu ycaoBuaX,
yKa3aHHHX B 3agave 15-50.

15-53. TlonwbiTaliTech 06BACHUTL, IOYEMY NIPH TEMIEpPaType Kpac-
HOro KajleHUusi Mefb, B3auMogefictBys ¢ NoO u NQO, gaer Cu.0, a ¢
NQ, — CuQ.

15-54. PaccuyntaiiTe KOHCTaHTH paBHOBecHst NMpH AG°yes= 1000,
100, 10,0, —10, —100 1 —1000 k[Ix/Moab. Kax H3MeHsieTCH KOH-
CTaHTa paBHOBecUs NpPH H3MeHeHHH AG° B 10 pas? Kak usMeHsercs
KOHCTaHTa pABHOBECHS TpH wu3MeHenuun AG° mna 10, 100 uam
1000 x[1x/Mons. TIpn Kakux 3HaueHHssX AG° MOXHO CYHTATb, YTO
peakUHs NPOXOAHUT NMOJHOCTBIO MJIH HE NPOTEKAeT COBCEM.

15-55. TIpH HHTErpHPOBAHUH BHIpAMXKEHHS

dln AH®
dT" = RT?

nonyyaeres (upu T.>T)):

nRa A1 1)
"k TR (TZ‘T—Ix
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O6bsacuuTe cojepxaHue o6enx GopmyJ. MoOXXHO JH H3 BTOpPOil
$opMyJbl BEIBECTH NEPBYIO? B KakHX IeJsfiX MOKeT GHTb HCMOJb-
30BaHO BhIBEIEHHOE COOTHOLIEHHe? YKa)uTe Npeiebl NpHMEHHMO-
cTi qopMyJIbl.

15-56. BhluMCIHTE KOHCTaHTy paBHoBecHss Kp nmpH 1000 K peak-
L INZA

FeO (k) 4 H, (r) = Fe (1) + H,0 (r)

HA OCHOBAHHMH CJIEAYIOUIMX NaHHBIX: [aBJeHHe KHCJIOpOAa TpH
1000 K uan FeO pasno 2,53-107'¢ [la, KOHCTaHTa pPaBHOBECHA Ko
peaKkuuu

9H,0 () = 2H, (r) + 04 (1)

IpH TOH Ke TeMIeparype paBHa 77,2 Ta.

15-57. OnpeneluTe IHTANbIHI0 AHCCOLHAIMA CaCO;, ecau mpH
800°C jpapnenme CO, pasmo 2,683-10% Tla, a npu 900 C
1,322-10% Tla. Bruucaure aasaenne COp npu 850 950 °C. Omnpe-
JeNuTe TeMIepaTypy, npu KoTopoi nasnende CO, paBHO CTaHAAPT-
HOMY.

15-58. PaccuuTaiiTe Ha OCHOBAHMM CIIPABOYHLIX MAHHBIX TEPMO-
JHHAMHYECKHE XapaKTepHCTHKH Tpolecca AHCCOUHALHH kapOoHaTa
KaJbIlHsl HA OKCHJ KaJbLHs M AHOKCHA yIJepoia TPH CTaHAapTHOM
TeMmepaType. PaccunTaiiTe AaBjeHHe JHOKCHAA yI/€poiad HAL Kap-
60HAaTOM KaJblHs NPH CTAaHJapTHOHR TeMnepaType H NpH 500 °C. Ka-
KOBa TeMIepaTypa, INpH KOTOPOH [AaBjleHHe AMOKCHAA yrJepola
kap6onatoM Kaabllus cocrasaser 101325 IMa? Omnpepeaute TeMmIe-
paTtypy, NpH KOTOpO#H AaBJeHHe [AUCCOLHALHH CaCO; pasHO
1,01395.10¢ I1a. Uemy paBHa TemnepaTypa, IpH KOTOPOH JaBJeHHE
IMOKCHa yraepoia Haj Kap6oHATOM KaJjblHs PaBHO NapHHa/bHO-
My JaBJeHHIO JHOKCHJAA yrjepola B BO3AyXe (3-10% I1a)?

BLiuHCJKTE aBieHHe IHOKCHAA yriepoja HaA KapOoHaTaMH
MarHHs, KaJblus, CTPOHIUs K GapHsi NPH CTaHLapTHOH TeMNeparty-
pe u cllelaliTe BHIBOA XapaxTepa H3MCHEHHs yCTOMYHUBOCTH Kap6o-
HATOB MeTaJJIOB rJaBHOH noarpynnsl 11 rpynnel nepuoan4ecKoi C-
CTEMH 3JIeMEHTOB.

15-59. MOXHO /1M OCYILeCTBHTb CHHTE3 3THJIOBOrO CIHPTA K3 yr-
Jlepofia, KHCIOPOAa W BOJOPOAA NPH KOMHATHOH TeMneparype?

15-60. MoXHO JIH OCYWECTBHTb NPOLECC MOJNYyHYEHHs AMMHAKA
NpH CTAHAAPTHHIX YCJIOBHSAX IO cXeMe

N, (r), HyO (1) — NH; (1), 0, ()
15-61. BoaMoxXHa JH peaKius ruaposnsa asora (p=101325 Ila,
{=25°C) no ypaBHEHHIO
N, (r) + 2H,0 (x) = NHg* (p) + NOy™ (p)
BHIUHC/IHTe KOHCTAHTY PaBHOBECHsI 3TOrO mpolecca H HakhjuTe TO
AaBlleHHue, IPH KOTOPoM KOHUeHTpanuH HoHOB NHi* n NO.~ B pac-
TBOpe cocTaBJsioT o 1-10~% Moab/.

15-62. YcroliuHBa JK MPU CTaHAAPTHHIX YCJIOBHfX CMeChb CE€pOBO-
DOpO/ia U KHCIOPOAa (Pp,s=Po,=101325Ila)? B pacuere npeano-
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JIOXKHTE, YTO B3aHMOJEHCTBHE, €CJH OHO BO3MOXHO, HIET MO cXeMme:
H;$(r), 0;(r) — H,0 (), S(x)

15-63. BoaMoxHO JH mpeBpalleHHe aleTHJeHa B 6eH30J NpH
CTaHAAPTHHX ycaoBHAX? KakoBh JOMXHH OHiTh YCJIOBHA AJfl OCY-
IeCTBJEHHS STOrO Iponecca?

15-64. [To xakUM peaKIHIM MOXKHO MOJYUHTL GEH30J:

'  6C (1) -- 3H, (r) = C4H, (r)

6CHy (r) = CqgHs (r) - 9H, (r)

3C;Hy (r) = CgH, (r) +- 3H, (r)

3C,H, (r) = C4H, (1)

6CO; (r) - 15H, (r) = C4Hs (r) + 12H,0 (r)

15-65. Kako#t okcun ycroduuBee IIpH BHICOKOH TeMOepaType
Fe,O; uau Fe ;047

15-66. MOXHO JIM IPH CTAHAAPTHHIX YCAOBHSX OCYIULECTBHTb MpPO-
Lece mo cxeme _

CO(r), Hy(r) —— C,H;OH (%), H,O (%)

15-67. Bo3MOXHO JIH pacTBOpPEHHe aJIOMHHHSI B BOJE MO peakK-
LHH :
2Al (k) -+ 6H,0 () = 2A(OH), (k) -- 3H, (1)

15-68. BoamMoXHO JH B3aHMOJAEHCTBHE OKCHIA AaJIOMHHHS C BO-
Joft 10 peakIuu

Al405 (x) - 3H,0 () = 2A1(OH)s (x)

15-69. MoxHO nH KapGHI KajbLUHs NOJYYHTh MO peaKIHAM:
Ca (k) - 2CO (r) = CaC, () -- O, (1)
Ca (k) 4 2CO, (r) = CaC, (k) -}- 20, (r)

Ecau aTH peakunH HeBO3MOXKHbI, TO yKaxuTe npyrue. IlpoaHajn-
3HpyiiTe BO3MOXHOCTH NOJYYeHHs] Kap6uaa aaromuuus Al,C; ana-
JIOTHUHEIMH DEaKIHSIMH.
15-70. VYcro#uuB aH KapOuA aldIOMHHHS 110 OTHOIIEHHKO K KHC-
JIOPOAY:
AlCy (k) -+ 60, (r) = 2A1,04 (k) - 3CO, ()

OGcynuTe BO3SMOXKHOCTH XPAHEHHsi Kap6HAa KajbllHst HA BO3AY-
xe (KHCJI0pOJ, AHOKCHJ Yriepoja, Bjara).

15-71. OcymecTBHM /M CHHTE3 STHIOBOrO CIHPTA H3 YIIepoja,
KHCJI0OPOAa H BOJAOPO/JA NPH CTAaHAAPTHHIX Yca0BHAX? [IpH pelueHun
3aJayM HCMOJb3YHTe ClelyIoLINe JaHHbe:

AHoL o s
K.ﬁg&lljuoglf’ Ix/(K-Mons)
CqHsOH (r) —234,3 282, 4
C (rpacur) 0 5.73
Ha(r) 0 130,7
02(r) 0 205.2 -

Kax nosy4aioT CHpPT B NPOMBILIJIEHHOCTH?
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15-72. MOXHO JIH OCYIIECTBHTb NPOLECC
CCl, (r) 4 2H, (r) = CH, (r) 4 2C1, (©)
npH cTaHaapTHoit TeMnepaTtype? KakoBo BiHsiHHE TeMIepaTypH Ha

JlaHHOe paBHOBecHe?
15-73. BuiuiciiTe KOHCTAHTY paBHOBECHs PeakKLUHH

CO (r) 4 H,0 () = CO, (r) + H, (r)
npH ctaHpaptHoii Temnepatype M 1000°C. Ilpu Kakux yc/oBHAX
yBeJIHYHBaeTCsl BHIXOJ Boaopoaa?
15-74. Cmech cepnl M rpaguTa HaXOAUTCA B aTMOC(epe KHCJIO-
poza. Kakas peakius TepMOAHMHAMHMYECKH NpPEANOYTHTEJIbHEE:
C(x) + O, (r) = CO, (r)
S (K) 4 Oy (r) = SO, (1)
C(x) 4+ S (k) = CS, (r)

15-75. Kakass u3 AByX peakuHil MOXeT NPOXOJAHTh CaMOIPOH3-

BOJILHO s

Fe () + Al,Oq (x) = Al (k) + Fe,O4(K)

Al (k) + Fe,O4 (k) = Fe (k) 4 Al,O, (x)
15-76. MO3XHO M TOJIYYUTL TNIEepPOKCHA BOAOPOAA MO peaKluu:

2H,0 (k) 4 O, (r) = H,0, (k)
15-77. I1o xako#l peaKuuH NPOXOAHUT PassoKeHHe NEePOKCHAA BO-
JlOpoJa TNpH CTaHAApPTHOH TeMIepaType
Hp04 (r) = Hy (r) + Oy (r)
H,0, (r) = H,y0 (k) 4 2/,0, (r)

15-78. MoXHO JH MPUMEHATL MeTaJJHUeCKUH aJNIOMHHUE [as
BOCCTaHOBJICHHSsI MAarHusi U3 €ro OKCHjJAa MO peakKnuu

3MgO (1) + Al (k) = 3Mg (x) 4 Al,O4 (x)

15-79. MoXHO /M IPUMEHATh METaJJHYECKUH MarHui WJH KaJjb-
UMA AJ9 [OoJdydYeHHst MeTaJJIHYeCKOrO0 HTTPHS NyTeM BOCCTaHOBIe-
Hud ero raJjiorenuga npu 298 K:

2YCly (k) 4+ 3M (x) = 3MCl, (x) 4+ Y (k)

Cpenafite BHIBOA O HampaBJeHUH peaKUUH NMPH NOBHILEHHOH TeM-
neparype.

15-80. © Brrumcaure  TepMoaMHAMHUECKHE — XapaKTeDHUCTHKH
AH®45, AS°sss, AG°20s TpoOlLlecCa aIOMOTEPMHM TPH CTAHAAPTHOM
TeMnepatype u 1000°C

Fe,04 (K) + 2A1 () = Al,Oq (k) + 2Fe ()

KakoBo BiusAHHe TeMIepaTypHl Ha NPOXOXKJAEHHE PeaKIHH?
15-81. Brluncaute KOHCTaHTH paBHOBeCHs CHHTe3a aMMHaKa U3
NpPOCTHIX BelleCTB NPH CTAaHAAPTHOH TeMnepaType W OAfHOH GoJee

BLICOKOH TeMIepaType H clesalTe BHIBOA O BJHSHHH TeMIepaTyphl
Ha BLIXOJ aMMHakKa.
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15-82. BriuucauTe  TepMOAHHaMHYecKHe  XapaKTEPHCTHKH
AHg98, AS®298, AG°298 peakiuu

Fey04 (x) + 3H, (r) = 3Fe (x) + 3H,0 (r)

U cfieqaiiTe BHIBOJ O HANDPABJIEHHH PEaKLHH.
15-83. MOXHO JIH IOJYYHTb NPH CTAHAAPTHHIX YCAOBHAX XJOPHI
«cepebpa o peaklHH

2AgBr (k) + Cl, (r) = 2AgCl () 4 Br, (1)

15-84. BrluucauTe jfaBJeHHe KHCJIopoja NpH KakoH-iIubo Temie-
paType HajJ OKCHAaMH XKese3a paainyHoro cocraBa (FeO, Fe;Oy,
Fe;,03) u chenafite BHBOA 00 YCTOHYHBOCTH 3THX OKCH/OB.

15-85. BruiuncauTe TeMmepatypy, IpH KOTOpOH JaBJieHHE KHCJO-
pojaa Hajl OKCHAAMH Kene3a pasiHuHoro coctaBa (FeO, FesOq,
Fe,O;) paBHO cTaHAapTHOMY, H clenaliTe BBIBOA O TE€PMHYECKOH
YCTOHYHMBOCTH OKCHAOB.

15-86. BoaM0OXHO JIH ropeHHe KaJjblusa B aTMocdepe AHOKCHAA
yriepoja o peakiuy

CO, (r) + 2Ca (8) = 2Ca0 (k) + C (x)

‘KaxoBo BiHsiHHE TeMIepaTyphl?
15-87. B0o3MOXHBE JIH CJAeAVIOUIHE PeaKUHH AHCIPONOPLHOHHPO-
BaHHUA

Cu,S (8) = CuS () + Cu (x)
Cu,0 (k) = CuO (k) + Cu (k)

TIpH cTaHAapPTHOH K GoJiee BBICOKHX TeMIlepaTypax?
15-88. Onpeneaute, NpH KaKoH TeMnepaType BO3MOXKHO B3aHMO-
JeiicTBHe cepebpa ¢ KHCJIOPOAOM ¢ 0o6pa3oBanHeM OKCHAa cepebpa
15-89. Omnpenenute, BO3MOXKHA JH caelyomas TeeprodaszHas
peaxLus

CuSOy (K) + Zn (k) = ZnSOy4 (x) + Cu (x)

15-90. KoHcTaHTa AHCCOLHALHH THAPOKCHIA aMMOHHSA npH 18 U
925°C paBHa cooTBercTBeHHo 17,2.107% u 18,1.1078. Briuncaunre
TepMOAHHAMHYeCKHe XapakTepucTHKH AH®, AS® u AG° mpouecca
JMCCOLMAIMH THAPOKCHAA AMMOHHSI B 3TOM HHTepBaJjie TeMIEepaTtyp
# KoHcTaHTy pasHoBecHs npu 20 °C.

15-91. KoHcTanTa AHCCOLMAUMH YFOJBHOH KHCJOTH IO IepPBOM
ctaanpy npu 10°C pasua 3,43-10-7 u mpu 30°C pasna 4,71-107".
BriunciuTe TEpMOAHHAMHYECKHE XapakTepHcTHKH AH®, AS® u AG®
JHCCOLHAIMK 110 NEpBOH CTajHH, a TaKXe KOHCTaHTH AHCCOLHALMH
npu 20 u 35°C.

15-92. Huxe npusefeHnl KoHCTaHTH auccounannn K, (B Ila)
HaCHIEHHBIX YIJIEBOAOPOLOB ¢ 06pasoBaHHEM HEHACHI[EHHOTO yrI-
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Aesozoposa (c OfHOM JABOMHON CBA3bIO) W BOAOPOAA AJdA ABYX TEM-
nepaTyp:

500 K 1000 K
Aran=3tunen+H, 1,26-1073 3,44.104
TNponau=1IIponen+ Hp 6,46.10-2 3,48.10%
Byran=Byrten-1+H, 4,31-1¢-2 2,99.10%
Ilentan=1lenten-14+H, 6,18-10-2 4,15.108
Texcan=Tekcen-1+H,  5,96-10-2 4,00-10%

BLIYHCJIHTE H3MEHeHHe H306apHOro NMOTeHLHa a DPeakuHH H Ha#-
AHTE ypaBHeHHe 3aBUCHMOCTH AG® OT TeMNepaTyphl. Onpepenure
¥3MEHEHHe SHTaJblMM W SHTPONHH B ITHX peakuHaX, BbIYHCIHTE
K, npu 600 u 1100 K. Kak Bauser AJHHA LENH U YHCIO aTOMOB yr-
jepoaa (ueTHoe HJIM HEYeTHOe) Ha NMPOUYHOCTh CBASH c—C?

15-93. Tuppar CaCly-6H,O mpu 293 K nMeeT HaBjienHe Napa
Boan 333 Tla. [1pu To# ke TeMmepaType AaBJeHHe mapa BOABI Hal
HaCHILEHHEIM pacTBopoM coctaBaser 1000 Tla. TIps Kakux ycnoBu-
X COJib HaUMHAEeT PacIIbIBaTLCA?

15-94. BaiaXHOCTb rasa, BEICYUIHBAEMOro IIPH MOMOIUH TPaHyIH~
POBAHHOrO XJOPHAA KajbuHs NpH 25°C, cHHKAeTCH N0 0,2 r BOARE
Ha 1 M® rasa. BbluHcjHTe JaBJjieHH€ NapoB BOAR Haj KPHCTaJ0-
FHAPATOM XJODHAA KaJblHs K ouenHTe AG® rujapaTaunx 6e3BoAHO-
ro XJIOpHAa KaJbllHg.

15-95. B 5KCHKATOp ¢ KOHILEHTPHPOBAHHOH CEpHOH KHCJIOTOH MO-
MecTHIH HekoTopoe KosuuectBo CuSO,4-5H:0 (npu 50°C). Cuavua-
Jla JaBJieHHe NapoB BOJABL B 9KCHKaTope cocTabJsno 6264 Ila, satem
OHO pesko cHHsHioch o 3999 Tla m mociie HEKOTOPOH 3alePKKH
yMeHbluHIoch A0 266 Ila. O6bscHHTE ONHCAaHHOE ABJIEHHE. Kaxkue
OIBITE HEOOXOAHMO TPOBECTH AONOJHHTEJBHO IJisl MOATBEDPKACHHS
IIPaBHJBHOCTH OOBACHEHHSA?

15-96. JlaBjenue BoasHoro mapa npu 25°C maa CuSO,-5H.0
paBHO 1040 TTa, a Han NapSO4-10H,O pasro 2533 Ila. Kakas us
cosell TepseT Ha BO3AyXe BOAY (BHIBeTPHBAaeTCH), €CJH NaplHalb-
HOe faBlleHHE NapoB Boibl B aTMoctepe cocrapager 2000 [Ta?

15-97. JlaBnenne BoasiHoro mapa Hag CuSOs-5H.O npu 30°C
paBHo 1453 Ila, a npu 26°C — 1076 Ila. Ha#ipure TepMOIHHAMH-
yeckHe xapaktepucTHKH AH°, AS® n AG® npouecca

CuS0,-5H,0 (k) = CuSO,-3H,0 (k) 4 2H,0 (1)

Kaxk  BBIYHCJHTb  SHTAJbIHIO THADPATalHMM  XHAKOH  BOJBI
CuS04-3H,0 po CuSO,-5H.0?

15-98. Kakoe BelllecTBO Jyylle NOIVIOLLAET Maphbl BOABI — OKCHJ
Kaspuua CaO uan oxkcua doctdopa P,Os? OtBer obocHy#TE TEpMO-
JHHaMHYeCKMMH NaHHBIMH, INpeinoJiaras CYIIECTBOBaHHe CJIe/lylo-
HIMX PaBHOBECHH:

Ca0 (x) + H,0 (r) = Ca(OH), (x)
P,05 (%) + H,0 (r) = 2HPOy4 (k)

15-99. IIpocMoTpuTe 3anaun 15-93—15-98 u chopmyaupyire yc-

JIOBHSI OCYIIAIIIErO AeHcTBUA BEIIECTB.
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15-100. Xnopun cepe6pa oGpasyeT ¢ aMMHaKOM J[Ba COelHHe-
ausa AgCl-2NH, u AgCl-3NH,. [laBnenne ammuaka npu 24 °C Han
fNIePBEIM coelMHeHMeM coctaBaser 14630 I[la, a Hanx BTOpPBIM —
125020 ITa. B cocyn emkoctbio 5 s nomectunn 0,001 moabp AgCl u
0,06 monmp NH; mpu 24°C. Kakoe coeauHenue o6pasyercs B cO-
cyne?

15-101. KoHcranTa paBHOBECHS pPeaKIHH

aA+bB=dD+4 fF

MOXeT OHThL pacCyHTaHa IO ABYM GopMynaM:

_ [D} [FY
[A]2 B}
H
AG@ =—RT InK
HJTH
AG®
~ RT

K=e

QO6cyante BONPOC O PasMEPHOCTH M €HHHIAX H3MEPeHHs KOHCTaH-
THl PaBHOBECHS. ’

§ 16. MIPABHJIO $A3 H $A30BbIE MEPEXObI

16-1. YkaxuTe ycJOBHS, IPH KOTOPHIX CHpaBeJJHBH (GOPMYJH, BH-
paxaromHe npaBuio ¢gas 'ubéea:

C=K—¢p+n
C=K—¢+2

rae C—uucno crenedell cBOGOAH; K — UHCAO KOMIOHEHTOB, ¢ — qHCIO das;
#—YHCNO (HAKTOPOB, BJHAOMWMX HA DABHOBECHE CHCTEMH (T. €. THCIO (aKTOPOB,
KOTOpHE MOXHO H3MEHHTh, HEe H3MEHAS THCJA (a3 B CHCTEME).

16-2. OnpenennTe MakCHMaJbHO BO3MOXKHOE 4HCJIO TPOMHBIX TO-
4eK JUIsi CHCTEM, COCTOSIIHX H3: a) JABYX KpHCTaaJHdYecKHX (a3,
KHUAKOCTH, rasa; 6) 5 KpucTaJJHUecKHX (a3, XKHAKOCTH, rasa.

16-3. Onpepenure uncao $as, YHCJO KOMIOHEHTOB H YHCJIO CTe-
fieHe# CBOGOJH A/l PABHOBECHHIX CHCTEM:

1) ZnO (x), Zn(r), C(x), CO(r)

2) ZnO (x), Zn(x), C(x), CO(r)

3) ZnO (x), Zn(r), CO(r), CO,4(r)

4) ZnO (x), Zn(x), CO (r), COy(r)

5) Ia(x), I,(r)

6) H, (r), O, (r), HyO(r)

7) Na,CO4 (), NaHCO, (k), CO,(r), H,yO (r)
8) CuSO,-5H,0 (k), CuSOy (x), H,O (r)
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16-4. BetusciuTe YHCJIO cTENEeHefl cBOGOAH B CIEAYIOMHX PaBHO-
BECHBIX CHCTEMAX:

1) H,O0 (r) = H, () + 1/20, (r) (T > 1200K)

CucreMa IoJyyeHa: a) AHCcOlMauuedl BOAH; 6) M3 CMECH BOAOpOAA
M KHCJIOPOfia, B3ATHX B MOJbHOM OTHOLIeHMH 2:1; B) cMelleHHeM
IIPOM3BOJIbHEIX KOJHYECTB BCEX TPeX BEHIeCTB.

2) 2NO, (r) = NyO4 (r)

CucreMa moaydena: a) u3 NOy; 6) u3 N:Oy; B) rasoo6pasnsie NO2
u N.O4 HaxomaTcs Hal KHAKHM N2O,

3) Hy () + 1, (1) = 2HI (1)

CucreMa modaydena: a) u3 HI; 6) u3 paBueix kosmHuecTs Hp u I
(3KBHMOJIbHAS CMecCh); B) CMelIeHHEM BCeX TPEX BEIIECTB, B3ATHIX
B MPOH3BOJbHEIX KOJHYeCTBaX.

16-5. CopmynupyfiTe ycloBHA NOJYYEHHS CIEAYIOLIHX CHCTEM
aHAJOTHYHO TOMY, KaK YKa3aHo B 3ajade 16-4 ¥ onpejeanTe YHCJIO
creneHel cBobobL:

1) CH, (r) = 2H, (r) + C (%)

2) CaCO, (k) = CaO (k) + CO, (1)

8) 4HCI(r) + O (r) = 2Cl, (r) + 2H,0 (r)

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

5) Fe (k) -+ HyO () = FeO () 4 H, (1)

7) 2NH, (1) = Ny (r) +- 3H, (r)

8) 2MnO, (k) = 2MnO (k) -+ O, (r)

9) CuSO0y-5H,0 (k) = CuSO,4+3H,0 (k) + 2H,0 (r)
10) NH; (r) + HCI (r) = NH,CI (k)

16-6. PaccuuTaiiTe 4HCJO CTeneHel cBO6OAB B CHCTeMe, -o6pa-
30BaHHON: a) rasoo6pa3HbniM HOAOBOAOpOAoM npH #<<C150°C (amc-
connauus HI ne o6mapyxuBaercs); 6) B pesyjbTaTe AHCCOLUHALHH
rasoo6pasHoro HojaoBojoposa npu ¢=>500°C

2HI (r) = Hy (1) 4 14 (1)

KakoBo Baile MHeHHe O uMClie cTeleHell CBOGOAB! 3TOH CHCTEMH
TpH nocTosHHO#H TeMnepaType B uHTepBane 150-+-500°C (mpu nosw-
LIIeHHH TeMIepaTyphl KOJHYECTBO BOAOPOAA H MOAA B rasoBOH cMe-
CH IOCTENeHHO BO3PACTaeT, OAHAKO YMCJO cTeneHed CBOGOAH H3Me-
HSETCH TOJbKO Ha €AHHHIY).

16-7. HarpeBaerca BeIIECTBO W uY€pe3 ONpelesleHHbe NpOMe-
KYTKH BpPeMEHH OTMeuaeTcs ero TeMIiepaTypa. Pe3yabTaThl Npen-
craBasioTcsl B BHAe rpaduka (Ha ocH aGcuHcC — 3HAYEHHA BpeMe-
HY, a TI0 OCH OpJAMHAT — Temnepartypa BemecrBa). [lonyuenHas
KpuBasi HasniBaeTcsi KPHBOH HarpeBamus. OxJaxjas BelleCTBO,
aHaJOrM4HRIM 00pa3oM CTPOAT KPHBYIO OXJaXKAEHHUA.

[TocTpoiite KPUBYIO HarpeBaHus BOAHI NpH atMochepHOM AaBie-
guu ot —10 po +110°C.

16-8. B Tpu cocyaa Haaura BoAa. IlepBHi#l cocyd OTKDHT, BTO-
poil repMeTHUECKH 3aKPHT H HANOJOBHHY 3alONHeH BOAOH, TPETHH
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CoCyZl MOJHOCTBIO 3a/JHT BOJOH H repmeTuyeH. Bee cocyanl Harpesa-
10T oT KOoMHaTHoH Temnepatypul o 130°C. TIlocrpoiite rpadukn
H3MeHeHHMsT TeMIepaTyph BOAH B KaX/[OM COCyJle B YKasaH-
HOM HHTepBaje TeMNepaTyp. YKaXXHTe pasjiMuusi B Npoleccax Ha-
TPEBaHHUs KHIKOCTH B KaXK/JOM cOCyle M OOBsICHHTE MX MPHUIHH.

16-9. Cocyn ¢ HEKOTOPHIM BEILECTBOM PaBHOMEDHO HAarpeBaeTcs
ot Temnepatypsl —30 no 125°C. OnpesenuTe 3T0 BEWIECTBO N0 [aH-
HbIM H3MEHEHHsI €r0 TeMIIepaTyphl BO BPEMEHH:

T, MHH i, °C T, MHH i, °C T, MHH {, °C
0 —30 28 35 56 89
2 —22 30 39 58 93
4 —14 32 43 60 97
6 —6 34 47 62 100
8 0 36 51 64 100

10 0 38 55 66 100
12 43 40 59 68 100
14 7 42 63 70 100
16 11 44 67 72 100
18 15 46 71 74 102
20 19 48 75 76 110
22 23 50 79 78 118
24 27 52 81 80 126
26 31 54 85

TToctpoiiTe Tpa@HK H3MeHeHHs TeMneparyphl. CKOJIBKO (ha30BBIX
Nepexo0oB GhIO 3aQUKCHPOBAHO? CpaBuute (GoJiblle, MeHbILE)
TeMI0eMKOCTH a3, CpaBHHTe aHTa/bNHH (as3oBHX nepexonos. Ka-
KOB 6y[eT XOJ H3MeHEHHs TeMIepaTypH, eC/H B JaHHOM BellecTBe
pacTBOPEHO Apyroe?

16-10. B ueM COCTOHT OT/IHYHe TPOHHOH TOYKH BOJH OT TeMIlepa-
TypHl 3amMep3aHusa?

16-11. TloctpoiiTe KpuBYl0 HarpeBaHus Jnaa or —20°C 1o
4120°C npu DOCTOAHHOM [aBJIEHHH, PABHOM JAdBJEHHIO TpoHHOH

TOYKH BOJHIL.
16-12. IuarpaMMy COCTOSIHHS BOJHI, COCTaBJIEHHY!O B KOOpAHHA-

tax p— T, noctpolite B kKoopaunartax lgp — 1/7.

16-13. Cocyn ¢ Bojo# oxJjaxjer no —o °C u 3aMmepsiiag BOLa
He pasopBaJjia ero cTeHKH. Cjie/lyeT JIM OacaThCsl, 4TO NpH JdajibHeH-
1lleM NOHHKEHWH TeMIlepaTyphl COCYy/l paspymures?

16-14. TIpouecc HarpeBaHHsi BOABl (JIel, XKHIKOCTb, nap) Inpn
[OCTOSTHHOM JaBJIEHHH ONHCHIBAETCH COOTHOILEHHEM:

C=2—90

TIps paBHOBECHH CHCTEMa COCTOHT M3 ABYX (a3, K—X unu )K—T
H oHa Ge3BapHaHTHA:
C=2—-2=0

HpeILCTaBbTe cebe, UTO NpOBOJHTCH NMOCTENeHHOe HarpeBaHHe JbAd
IpH MOCTOSHHOM JAaBJIeHHH, PaBHOM JAaBJICHHIO TpOﬁHOﬁ TOYKH, K
CHCTEMa JOCTHraeT TPOMHON TOUYKH, NPH KOTOPOH COCYLIECTBYIOT TPH
hasst K— K —T. Ckonpko creneHeli cBOGOAB MMEET CHCTEMA B

3TOH TOYKe?
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16-15. Uem o6bsicHSAETCH, UTO TeMIepaTypa 3aMep3aHHus TsKe-
noit Boas D,O Brime Ha 3,8°C TeMmnepaTyphl 3aMep3aHus OGBLIMHON
BOJbI?

16-16. BuluncauTe H3MeHEHHE SHTPONHH IPH IJaBJeHHH | MoJb
abaa npu 0°C, ecnu Ags npeBpamtenust 1 r abaa B Boay Tpebyercs
333,4 IIk/r TENJOTHI.

16-17. Tloabaysice ¢opmynoit AG°=AH°—TAS® u cuuras, 4TO
KOHCTAHTAa pAaBHOBECHs Ipollecca HCOAPEeHHs BOJHl INpeACTaBJISET
co6oil aaBneHne napa Boanl K=py,o Buuucautre AH® u AS° mpo-
Iecca UCIapeHusi BOAHL.

16-18. Hasecky 100 r sbpa, umetomero teMneparypy 0°C, omyce-
tuau B 100 r Boaw ¢ temnepatypoit +50°C. Kako#i craHer TeMIe-
paTypa  BOAH  [oclde  TOro, Kak  Jlel  pacllJaBHTCs?
(AHooﬁp_ 293H20 (K) =—286,336 Kﬂ)K/MOJIb, AHOOGP, 298H20 ()K) =
=—285,767 xJIx/M0iB).

16-19. Hcxons u3 toro, uto npu 20°C nasieHHe BOASHOTO Hapa
paBHo 2338 Ila, a Bopa xunut npu 100°C, BEIYHCIHTE 3HTAMBIHIO
HclapeHus BOJAH (cpedHIOI0O B 3TOM TeMIlepaTyPHOM HHTepBaJe).
CpaBHHTE pe3yJbTaT CO CIPABOYHHIM 3HAYEHHEM.

16-20. DuTponusi BOAbL B pPa3JUUYHBIX arperaTHbIX COCTOSIHHAX
paBHa [B J{x/(K-Moab)]:

Kpucramaa (aen) 43,9
JKuakocetsb 66,9
las (nap) 188,7

PaccunTaiiTe H3MeHEHHE 3HTPOIHHA B NPOIECCAX:
H,O0 (k) = H,0 (%)
H,O0 (%) = H,0 (r)
H,0 (x) = H,O (r)

OO0DBsCHHTE, IOYEMY SHTPONMH JbJa M KHAKOH BOAB MaJjO OTJHUA-
I0TCsL MeXAY co00H, HO CUJbHO OTJHYAIOTCSl OT SHTPONHH mapa. Ilo-
KaxKHuTe, YTO H3MeHeHHe SHTPONHH MOXKeT ObITh BHIYHCJIEHO TaK Xe,
KaK U H3MeHeHHe 3HTaNbIIMH IO 3aKoHy [ecca.

16-21. Kaxue cBe/leHHsI O CTPYKType XH/JAKOCTH MOXKHO IOJYYHTh
N0 YHCJHEHHOMY 3HaueHHIO H3MEHEHHsl 3HTPONHM NPH NJaBJAEHHH?

16-22. Tlouemy HeT OJHO3HAUHOH CBSI3M MeXAY TeMIepaTypoi
TJIaBJEHHS U SHTaAJbIHEH N1aBJeHHSA?

16-23. OnpeneinTe H3MEHEHHE SHTPONHUH NPH IUIaBJeHHH 1 MOJb
Me[lH, ecqH H3MCHEeHHe 3HTAJbIUHN NPH NJIABJEHHH | I MEJH COCTaB-
aser 204 Ixk/r U TeMnepaTypa naaBieHHs meaw pasHa 1084 °C.

16-24. I'padut ynanoch mepesecTH B anMmas 6jarofiaps HCIOJb-
30BaHHI0 O4YeHb GOJbMIHX AaBJeHHH W TeMmmepatyp. HecMoTps Ha
BEICOKHE JOCTHXKEHHS JKCIIepUMEHTAJNbHON TeXHHKH, SHTAJbIIUSA 5TO-
.TO Tepexojla HENOCPeACTBEHHO ellle He H3MepeHa. TeM He MeHee
BHTAJNbIHNA 3TOr0 (a3oBOro Nepexoja U3BECTHA YXe MOYTH CTO JeT.
Kak oHa 6nl1a onpeneinena?

16-25. Kakas cBAsb MexJy aToMaMH yrJjepoja NpOYHEe — B
CTPYKType aJMasa WiH B CTPYKType rpadura? Otser cieayer oGoc-
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HOBaTh, C YMETOM TOrO, 4TO 5HTAJIbNIHH aTOMHU3ALHMH ajMasa H rpa-
¢uTa paBHH cooTBeTcTBeHHO 713,0 1 715,0 KJI3K/M0JIb.
16-26. PaccunraifiTe H3MeHeHHe sHTaabnuu AH° mpu mpespaie-
HHH TpapuTa B ajaMas
C (rpadut) = C (amma3)

Ha ocHOBaHHH cJelYIOIHX JaHHBIX:

C (rpadut) 4 O, (r) = CO, (r); AH° =—393,3 g[Ix
C (anmas) + O, (r) = CO,'(r); "AHP = —395,5 kJIx

CdopMynupy#iTe NpaBHJIO pacyeTa 3HTaNbuM (PasoBOro nepexona
[0 3HAYEHHSIM SHTAJbIHH CrOpaHHs BellleCTBA B HayaJbHOM H KO-
HeYHOM COCTOSIHHAX.

16-27. BriuncauTe 5HTaNbIHIO BO3TOHKH rpadHTa, eClH SHEPrun
cBssn AH°CO=1071,9 xJx/moab, AH°0,=493,7 x[{x/mMonp u
AH%6pCO=—113,8 xJIx.

16-28. BolukcauTe HTAJBOHIO aTOMH3AlHH rpaduTa, €ClIH JAaB-
JeHHe Napa yriepofa (OLHOATOMHEE MOJIEKYJH) Hal TpadutoM
IpH pas3JuYHLIX TeMIepaTypax COCTaBJfeT:

T,K 1700 2000 2400 3000
p, Ia 1,3.1070 2,71.10-9 3,76.1078 4,68

IIpennoxuTe cnoco6 BHYHCICHHS HTAJbIIHH aTOMH3AUMH ajiMa-
3a. B xakom BelllecTBe — ajsiMase HJH rpadure — cBA3bL NpoUHeEe H
nouemy? (s pacueTa SHEpPTHH CBsi3eH MeXNy aTOMaMH yIJIepoia
B 5THX BElleCTBax CJEAYeT pa3je/HTh SHTAJbIHH aTOMH3AUHH al-
Masa H rpaduTa Ha 4HCJIO CBs3el, pa3pHIBAIONIMXCS NPH MepeBoje
aToMa yrJepoja M3 KPHCTAJJIHYECKHX pelleTOK a/nMasa M rpadura
B COCTOSIHME OJHOATOMHOTO rasa).

16-29. 3uaa naBjieHHe Mapa KpPeMHHS Hal KPHCTAJJHYECKHM

KpeMHHeM

t, °C 1220 1240 1260 1280 1300 1320
p, Ia 0,200 0,800 0,351 0,579 0,891 1,344

OMpEeNIUTe SHTAJNBNHIO CyOJHMAIMH KpeMHHs H BBIYHCJIHTE 3HEp-
rui cBssd Si— Si B KpHcTa/ne KpeMHHs, Opeanoyiaras, 4To aTOMH
HaXOASITC B COCTOSHHMH Sp°-THOPHAH3AIIHH, KaK H aTOMBl YIJepoAa
B ajMa3ae. IloueMy KpeMHHH He o6JajaeT TakKoH ke TBEPHOCTBIO,
4YTO H aJMa3s?

16-30. AMop¢Hble BellecTBa NOCTEINEHHO CaMOIPOU3BOJbHO IIpe-
BpAIAIOTCS B KPHCTAJJIHUECKHE, POTHBOIOJOKHLI Ipouecc (IpH
TOfl e Temmepatype) He Habaionaercd. CrefoBaTellbHO, KpHCTall-
JINUECKOE COCTOSTHHE SIBJSIETCS PABHOBECHBIM M HaHG6oJee yCTOHYH-
BHIM COCTOSIHHEM TBEPAOro BellecTBa.

OGbscHUTe TPHUHHY CAMONPOH3BOJLHOTO TE€PEeXOfa BellecTBa
H3 MeHee YIOPALO4YEHHOTO COCTOSIHUS B GoJjee ymopafodyeHHoe. ITo-
YeMy caMONpPOHM3BOJLHO NMPOHCXOAMT Npollecc, COMPOBOXKAAIHICH
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yMeHblIeHHeM 3HTponHH? KakoBo COOTHO-
wenue BenuunH AH® u TAS® B 3TOM mpoO- H,O(r)
necce? KakoB 3HaK M3MeHeHHSI H306apHOro Ho(r)

HNOTeHIHAJa [pPH I[epexojie BellecTBa U3
aMOp(GHOro COCTOSIHHSA B KPHCTaJHYecKoe?

16-31. duranenus o6pasosanus (298 K)

KPHCTaJIHYECKOr0 W aMopdHoro (cTekmo- [F6s04®) Fe (k)
o6pasnoro) B,0s; paBHa COOTBETCTBEHHO oG, 14
—1272 u —1255 gIx/Moab. Kakas ¢op- - 1o

Ma 3TOTO OKCHAa 6Gojiee ycTOHYHBa? YKaXXHMTe NPHUMHHL mepexoia
onHOH ¢GOpMEL B Apyrue?

16-32. B xanopumeTpe NpH H36BITKE KHCJIOPOAA CXKHraercs 00-
pasen xene3a. B kakoM cayuae TeimsoBol 3ddekT 6yner GoJblie —
IPH CKUIaHUM 3aKaJEHHOTO HJHM He 3aKaJIGHHOTO >Kesie3a, KOBaHOro
HJIH HEKOBAHHOIO JKeje3ar

16-33. DHTanbIHA Hepexoja KpHCTaJdJuYecKoro §-MapraHila B
f-mapraHel mpH CTAaHAAPTHHIX ycJOBHAX paBHa 1550 IIx/Monb, a
usMmenenue sutponun 0,545 Ix/(K-Moap). Kakas MoaHduKaius
Mapranua 6oJiee yCTOHYMBA NPH CTAHAAPTHHIX YCJIOBHAX?

16-34. Tlpn xoMHaTHOH TeMIepaType OJIOBO MOXET CYLLECTBO-
BaTb B ABYX MOAM(MKAUUAX: cepoe OJOBO M Gejaoe ojxoBo. Tepmo-
JHHAMHYECKHe XapaKTePHCTHKH Moaudukauui: aas 6eJoro oJoBa
AH%6p=0; S°=51,54 IIx/(K-Moan); ans ceporo onoBa AH%ep=
=—92090 JIx/Monab, S°=44,14 Ix/(K-monas). Kakoe 010Bo TepMmo-
JVHAMHYECKHe YCTOHUHBO IIPH CTaHAApTHOH TeMIepaType M NpH
—20°C? KaxkoBa CKOPOCTb nepexoja OJHOH MOAHGHKAIHU B IpYy-
ryiwo?

16-35. B ueM HeTOYHOCTL (HENpPaBHJLHOCTB) H306paXkeHHs paB-
HOBECHOH CHCTEMBbI

FegOy (k) + 4H, (r) = 3Fe (k) + 4H,0 (1)

Ha cXeMe, MpeACTaBJeHHON Ha puc. 16-1?

16-36. COrnacHO NMpPHHIMNY NOCTEAOBATENLHOCTH NpeBpameHHui
nepexoj] BHICUIErO OKCHJa B HH3IIMA M B KOHEYHOM HTOTE B MeTan
fIPOHCXOJUT Yepe3 NnocaenoBa-

g K

TeJbHbIE CcTaJud o6pa3oBa-
HHSl YCTOHUHBHIX B JaHHHX o5k 1
YCJAOBHAX  [POMEXYTOYHHIX
okcupoB. Hanummute dopmy- ok p
Bl moc/AeAoBaTeNbHO o6pa-
3YIOIUXCA OKCUAOB NpPH BOC- oel
craHoBnennn Fe,O3 10 wme- ”
Taja. —0l-

16-37. Ha puc. 16-2 noka- '
3aHa 3aBHCHMOCTb Jorapud- s ‘ ! L P
Ma KOHCTaHTHl paBHOBECHs OT 760008 00010 000121 TK
o6paTHO/l TeMmnepaType AJd (1250k)  (1000K)  (833K)

peakuui: PHC. 16-2
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Feg0, (K) + CO (r) = 3FeO (k) + CO, () (1)
3FeO (k) + H,O (f) =Fey04 () + Hy (1) (2)

Kpussle nepecekaloTcst B TOUKe, COOTBETCTBYIOLIeHl TeMmepaType
920 K. Uro o3HayaeT paBeHCTBO KOHCTAaHT PaBHOBECHs peaKLHil IPH
3TOH TeMmnepaType?

16-38. Ilpn marpeBaHHH MejgHOro Kymopoca Ao 650°C oH mpe-
TeplieBaeT psjf NpeBpalileHHH:

CuS04-5H,0 (k) —> CuS04-3H,0 (k) —> CuSO,-H,0 (k) —>
— CuSO, (k) — CuO (x), SO, (r)

O6mnsicaute, mnoyeMy B 3TOH LiellH MpeBpamleHHH He 06pasyloTcs
TAAPATHl C YeTHIpbMS H ABYMS MOJIEKYJdMH BOABL YKaXKHTE Xapak-
TeP CBA3H MOJIEKYJ BOJH C LEeHTPANbLHHIM aTOMOM.

16-39. O6pasen, CuSO4-5H,0 noMelaioT B cOCyA ¢ MaHOMETPOM
u npu 50°C cocyl mocTemeHHO BakyyMHpyioT. [[aBjeHHe B cocyfe
nonuxaercs xo 6000 [1a u mocae sToro, HecMoTpsi Ha paGoTy Baky-
YMHOrQ Hacoca, HEKOTOpOe BpeMs OCTA€TCs MOCTOSHHBIM. 3aTeM
AaBJleHHe CHOBA MOHMXKaeTcs H, AocTHrHyB 4130 [la, eme pas ocra-
HaBauBaerca. Eme o6Hapy:eHa opHa ocraHoBKa npu 27 Ila. O6b-
SICHUTE, HCIIOJAb3Ysl NPABU/IO (a3, NIPHUMHY ONMMCAHHEIX OCTAHOBOK H
XapakTep NpeBpalileHHi BelecTsa.

16-40. Ha puc. 16-3 noxasaHHl yC/JOBUS YCTOHUMBOCTH KpPHCTAJ-
Joruapatos cyiabdara Mean. [TocTpoiiTe KpUBYID H3MeHEeHHsS TeMIe-
paTypel B KpHCTajlIMuecKOR ¢ase JJs mnpolecca HarpeBaHHs
CuS0O,-5H.0 npu mocrosHHoM naBaennd 2000 ITa or 25°C no
+60°C.

16-41. Jlapnende BOASIHOTO TMapa HaJ KPHCTANJOTHAPATAMH
cynbdata MelH NPH ABYX TeMnepaTtypax pasHo (B I1a):

25 °C 50 °C
CuS0,4-5H50 (k) =CuS04-3H,0 (x) +2H,0 (r) 1040 6000
CuS04-3H,0 () =CuSO,-H,0 (k) +2H,0 (r) 706 4130
CuS0,4-Hy0 (x) =CuS0;s (k) + H;0 (r) 2,6 27

Omnpenennte TepMOAHHAMMYECKHE XaPAKTEPHCTHKH YKA3aHHHIX
nporeccoB. OnuinmMTe XapakTep CTPYKTYPHHIX NpPeBDAIIeHHH IPH
yaJIeHHH MOJIEKYJ BOABI U3 TBepJOH (asml.

P lla
6000

4000

2000
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16-42. YKaxuTe KaK BJIHUsSET HA BO3MOXKHOCTb IPOXOXJEHHs pe-
aguuy 06pasoBaHHe KPUCTAIHIECKOro HIH rasoo6pasHoro HaTpHs:

Na,O (x) + Mg (k) = MgO (k) + 2Na (x)

Na,0 (%) + Mg () = MgO () + 2Na (1)
16-43. TlocTpoiiTe rpaduK 3aBHCHMOCTH NJIOTHOCTH KHMAKOIO 4
ra3006pa3HOTO 3THJIOBOTO CIHPTA Px M Pr OT TEMNEPATypbl H Onpe-

JeqHTe KPHTHUECKYIO TeMneparypy (pr=px) 1O CJAEAYIOIHM
JaHHBIM: .

t, °C 100 150 200 220 240
O, T/MA 0,716 0,649 0,557 0,496 0,383
Or T/Ma 0,004 0,019 0,051 0,085 0,172

16-44. TpoiiHas ToyKa HOJa COOTBETCTBYET +116°C u naBjeHHIO
11970 T1a. Kak noayyuThb KHAKHHA HOL?

16-45. O6bsicuuTe, NOYEMy TNapLHalbHOE AaBJieHHe MapoB Gpo-
Ma ¥ HOJa B NPHCYTCTBHH HHAHGb(EpPEeHTHHX ra3oB, HaNpuUMep aso-
Ta, aproHa, BLILIe, YeM IIPH TOi e TeMneparype Ge3 HUX.

16-46. TIpu 25°C naBieHHe mapoB BOABL cocTaBiser 3172 Ila.
3Has TeMIepaTypy KHIIEHHs BOJbl TpH aTMOCepHOM NaBJIEHHH,
BHIYHC/IHTE cpejHee 3HAUCHHE M3MEHEHHs SHTAJbMHU MCNAPEHHs BO-
IH B uHTepBajte Temmnepatyp 256—100°C u oleHuTe H3MEHEHHe
SHTPONHUH NPH TeMINepaType KHIEHHS BOJLL

16-47. Huxe comocTaBJ/JeHBl 3HayeHHs TeMIEpPaTyphl KHIEHAT H
SHTA/bIIHM KHIeHHs Aasa okcuaoB azora N,O u NO

N,O NO
teum, °C —88,5 —151,6
AHun, K x/MonB 16,56 13,77

Kagyio TepMOLHHAMHYECKYIO XaPAKTEPHCTHKY KHIEHHS OKCH/OB
MOXHO BHUMCJAHTh M3 3THX NAHHHX M Kakoi cijelyeT BHIBOXA O
CTPYKTYpe XHUAKHX OKCHA0B? KaKoBO BiHsiHHE HECNAPEHHOIO SJIEKT-
poHa B Mosekysie NO Ha ero cBo#icTBa?

16-48. JlaBnenne napos xaopodopma npu 40°C  cocraBaser
493.104 Tla mpu 50°C—7,13-10% Ila. Beuncaure TemMnepatypy
KHDeHHs xaopodopma, AH°, AS® ucnapenus npu Temnepartype KH-
neHusi. UTo MOKHO CKasaThb O COCTOSHHH MOJeEKyJ XJopodopMma B
KUJKOCTH?

16-49. Huxe npusefensl AS° HchnapeHHsi HEKOTOPBIX BELLECTB

[B Ox/(K-Momb)]:

Br, 91,6 C,H;0H 121,3
CH;COOH 133,1 " CeHia 93,7
H,0 121.8 SO, 134.3
Hg\ 98,8 C2H5CH3 98,4
CCl, . 94,6 CH,COCH; 94,6
CeHe 91,9 H,S0, 136,0
Hy04 120,9

BhienHTe OCHOBaHHe AJs KiaccH(HKAUHHM [AHHBIX, NMPOBEIUTE
KaacCHQUKALHIO ¥ OOBsCHHTE ee (PM3UKO-XHMHYECKYI0 CYILLHOCTD.
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16-50. CpenaiiTe BBHIBOAK O CTPYKTYpPax MKHAKHX rajlOreHOBOJO-
PONOB, HCXOAS H3 3HAUEHHH MX TEMIIEPATYPhl KHUNEHHSA M 3HTAJNbIUY
HcllapeHHd (TNPH TeEMIEPAType KHIEHHA):

HF HCI HBr HI
tewn, °C 19,5 —84.,9 —66,8 —35,4
AH%zen, xI%/M0OND 7,74 16,11 17,61 19,74

16-51. Cenen xunut npu 685 °C, sHTaIbNHA HCMAPEHHSA NPH TeM-
nepartype Kunenus cocrasiser 29,29 xJ/x/Moae. Teaayp Kunut npu
990 °C, AH®cn=51,04 x1x/mMoab. Caenaiite BHIBOZ O COCTaBe XKH/-
KOH W razoobpa3Hofl a3 ceneHa H Teanaypa.

16-52. N,O kunut npn —88,5°C. DHTaNbNUA HCTAPEHHS XHIKO-
CTH TpH 3TOH Temnepartype cocraBaser —16,56 kJIx/moan. Cre-
JIafTe BHIBOA O XapaKTepe B3aNMOJEHACTBHA MOJIEKYJ] JXKHAKOCTH.

16-53. NO kunut npu —151,65°C. Temnora uChapeHHs TIpH
9TON TeMIlepaType paBHa 13,77 k]I /moap. CaenaifiTe BHBOR O Xa-
pakTepe B3aHMOZEHCTBHA MOJEKYJ *KHAKOCTH.

16-54. JlaBnenne mapa auaTHaoBoro a¢upa mnpu 10°C pasHo
3,82-10* Ma, a npu 30°C —7,12.104 Ila. Briuucsiute Temnepatypy
KuneHus, AH® u AS° HcnapeHHs NpH TeMIepaType KHIEHHS.

16-55. 3HTaJbNHH HCIapeHHs HOPMaJsbHBIX cIHPToB NMpH 298 K
cocraBageT (B kI x/Moab):

Meranon CH,OH 37,4 Byranoa C4H,OH 51,4
Sranon C,H;OH 42,2 Meurtanon CsH, OH 55,6
IMponanon C;H,O0H 47,0

Kak u nouemy Bausier go6asaenne rpynnst CH, na sHTaabnuio
HCIapeHHs?

r1ABA 3
CKOPOCTb XUMHUYECKHUX PEAKILHHA

§ 17. BABUCHMOCTb CKOPOCTH PEAKILUH OT KOHILLEHTPALLUH

17-1. Nafite ompejeneHHe CKOPOCTH BOOGME H CKOPOCTH XHMHYe-
CKOH peaKUHH B YaCTHOCTH,

17-2. TlepeuncnuTe B mNOpsAKe MOHHMEHHS 3HAYUMOCTH (aKTO-
PHI, BAHSAIOUIHE HA CKODOCTh XHMHUYECKOH peakIiluH.

17-3. TloueMy MOXHO TOBOPHTb O CKODOCTH XHMHUECKOH peak-
LHH TOJILKO B JaHHBIH MOMEHT BpeMeHH?

17-4. Kak cKaxyTcs Ha 3HaueHHH KOHCTAHTH CKOPOCTH CJledyo-
IHe $aKkTOpHl, BJIHAIOUIHE HA CKOPOCTb PEeaKUHH: a) pa3JHUHble Ha-
YaJibHEle KOHIEHTPAlHH PEearHpYIOIHX BELIECTB; 6) H3MEHEeHHEe TeM-
HepaTypH; B) BBeJleHHe Pas3jHYHHX BEIECTB; I) CMeHa PaCTBOPH-

124



Tens; 1) H3MeHeHHe 06bEMa CHCTEMH; €) M3MEHEHHe HOHHOH CHIbE
pacTBopa.

17-5. Tlepeuncaute B NMOpsifKe NOHHMKEHHs 3HAYNMOCTH (HaKTO-
I, BIHSIOIAE HAa KOHCTAHTY CKOPOCTH XHMHUECKOH PEaKLHH.

17-6. T1pu mocTossHHOW TeMIepaType B OJHHAKOBBIX IO dopme u
paBHBIX 10 €MKOCTH COCyAax o6pasoBanock 17 r H.S, 18 r H;0,
18 r H,, 16 r SO, CpaBHHTE CKOPOCTH peakuu#t 0Gpa3oBaHus me-
peUHCJIEHHBIX BEILECTB.

17-7. MOXKHO JIH MpeACKa3aTb 3aBHCHMOCTb CKOPOCTH pEaKUHH
OT KOHLIEHTpauHu?

17-8. JlokaxHTe, YTO CKOPOCTb XHMHYECKOH peaKUHH MaKCH-
MaJbHa NPH CTEXHOMETPHYECKOM COOTHOIUEHHH y4acTBYIOLIHX B pe-
akuuH BemecTB. [Touemy aTo npaBHaO COOMIOAAETCS He TONBKO A5
2JeMEeHTApHEIX peakuui, Ho H LJs APYTHX NPOLECCOB?

17-9. Jlns KakHX peaknuifl MOXKHO INpeJcKa3aTb 3aBHCHMOCTE:
CKODOCTH PEaKUMH OT KOHUEHTPAluHil pearupyrIllHX BelecTB?

17-10. B noco6un no XHMHH HanucaHo: «3aBHCHMOCTb CKODOCTH
peakuHH OT KOHIUEHTPAIMH PearupYHLIUX BelecTB ONpEeAensieTcs
3aKOHOM JieHCTBHSI Macc: CKOPOCTh XMMHYECKOH peakiHH TpH IOo-
CTOSHHOH TeMIepaType NMpONOPLHOHANbHA NPOU3IBEACHHIO KOHIEHT-
paumuii pearupyioLIMX BelllecTB, BO3BEJEHHBIX B CTENeHb HX CTEXHO-
MeTpHYeCKHX Koadduuuento». Hafinure omu6Ky(H) H HETOYHOCTH
B OnpejieseHHH.

16-11. 3akoH fmeficTBHA Macc MoOxeT ObiThb BhIBEJEH Ha OCHOBE
CJeYIOMEro NOJOXEHHS TeOPHH BEPOSITHOCTH: BEPOATHOCTb OJHO-
BPEMEHHOTO OCYILECTBJEHHSI HE3aBHCHMEIX COGBITHH paBHa NPOH3-
BeJIeHHI0 BepOSITHOCTEH Kaxaoro co6mTHs. [lombitaiitech clenaTb
3TOT BHIBOJ. YKaXKHTE ApPYrHe CIydaH HCNOJb30BaHHS 3TOrO IOJO-
MEHHS TEOPHH BEPOSATHOCTH.

17-12. YkaxuTe, KOTLa CKOPOCTb XMMHUYECKOH PeakKlHH JeHCTBH-
TeJIbHO TPOTOPIHOHAJIbHA TNPOU3BEEHHIO KOHLEHTPALMA peart-
PYIOLIHX BEIlECTB B CTENEHfAX, PaBHBIX CTEXHOMETPHYECKHM KO3~
(pHIIHEHTaAM.

17-13. B ypaBHEHHH, OMHCHBAIOMIEM 3aBHCHMOCTb CKOPOCTH pe-
aKUHH :

aA -+ bB = IIponyKTH

OT KOHLEHTpPaUHH pearHpyronux BelecTs
= kc*pc¥p

k — KOHCTaHTa CKOPOCTH PEaKIHH.

KakoB (h)M3HUECKHI CMBICA KOHCTaHTH CKOpOCTH? Kak OHa ompe-
nenserca? Korga uHcneHHOoe 3HayeHHe KOHCT2HTH CKOPOCTH H CKO-
poctH coBmafalT? KakoBhl pasMepPHOCTH H €IMHHIb H3MEDEHHA
KOHCTaHTHl CKOPOCTH H CKOPOCTH? A

17-14. Tlpennoxute onpejeleHns NOHATHA MOPsAKa H MOJEKY-
JSPHOCTH XHMHYECKOH DeaklUHH. YKaxHTe HeoOXOJMMble NPH3HAKH,
XapakTepHaylolue 3TH noHatHs. Oco6oe BHHMaHHe 06PaTHTE HA TO,
4TO MOJEKYJASPHOCTb BCEerAa LejJoe HefoJblloe YHCIO0, a MOPSAoK
MOXKeT GHITb PaBHBIM HYJIO, LeJOMY H ADOGHOMY YHCIaM.
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17-15. Onpenennte H3MeHeHHe CKOPOCTH NMPSAMHX 3JeMEHTAapPHHIX
TA30BLIX PeaKUHil MPH YBeJHUEHHH [aBJeHHs B 2 pasa:

1) H,+OH=H,0+H 5) N,0, =2NO,
2) 2NO + Cl, = 2NOCl 6) 0, +H=0H+O
3) H4 Cl= HCl 7) Cl,+H=HCl +Cl
4) NO 4 0= NO, 8) H,4+0=O0H+H
17-16. Peaguus npoXofut B rasoBoH ¢ase:
A+2B+D=F

Tlpu ypesiMueHHM KOHIEHTpAlH¥ KOMIOHeHTa A B 2 pasa CKOPOCTD
peakiuu Bospocia B 2 pasa. [Ipn yBejnueHHH KOHLUEHTPALKH KOM-
1loHeHTa B B 2 pasa ckRopocTh He H3MeHHaach. [IpM yBejaMueHHH
KOHIEHTpaluuu KoMmnoHnenta D B 2 pas