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6. CTpoeHue Kpuctannos

6.1. CummeTpuAa KPUCTaNNUYECKUX CTPYKTYP

CMMMeETpUYHOCTb GOPMbl KPUCTaNIoB €CcTb CAeACTBME CMMMETPUM WX BHYTPEHHErO CTPOEHUA, T.€.
CUMMETPUYHOIO Pacro/IOKEHUA aTOMOB B KPUCTA/UTMYECKUX CTPYKTYpax. 3TO pacrosioKeHWe, Kak Mbl yKe
3HaeM, AB/IAETCA TPEXMEPHO-NEePUOANYECKMM WM OMNUCLIBAETCA TPaHCAAUMAMM (BEKTOpamu nepeHoca),
6eCKOHEeYHO NOBTOPAWMMM MNODBOI y4acToK CTPYKTYpbl B Tpex uamepenusx (pasaen 1). MNockonbky nog,
OENCTBMEM TPaHCAALUMM NPOMCXOOMT CaMOCOBMELLLEHME BCEW CTPYKTYPbl, TO Oonepaumsa nepeHoca - 3To
onepauusa CUMMETPUUW, @ MPAHCAAYUA A8AAEMCA 3AeMeHMOM CUMMEeMmMPUU KPUCTaN/IMYECKOM CTPYKTYpPbI.
Kayabll atom CTPYyKTypbl CBA3aH C APYTMMM MAEHTUMYHbIMKM aTOMamu BeCcKOHEYHbIM KOIMYECTBOM
TPAHCAAUMIA pPa3HOW ANMHbI M HanpasneHus (puc.6.1a). [na onucaHWA TPexmepHon NepuoanyHOCTH
[OCTaTOYHO TPEX TPaHCAALUMIA, He NeallMxX B OAHOW NAOCKOCTU (HEKOMMAAHAPHbIX). ITU TPAHCAALMMK, KaK
Mbl BUENW B pasgene 1, 06pasyioT AYerKy KpUCTa/IMYecKon PeweTKn — 3/IeMeHTapHbI napansenenunes,
UK napannenenunes NoBTOPAEMOCTU. DeMeHTapHbIA napansienenunesn MoXeT bbiTb BbibpaH pasHbimMK
cnocobamu, T.e. MOCTPOEH Ha pasHbix TpaHcnaumax (puc.6.16). Heobxogmumo oTobpaTb M3 HUX TaKoM
3/1leMeHTapHbIA napannenenunes, Kotopbid 6bl Haubonee nonHo oTpaxan Bce 0coBEeHHOCTM AaHHOM
KpUCTaN/IMYECKoW peweTkn. 3TOT xapakmepucmuueckull napannenenuned [OMKEeH OTBeyaTb Tpem
ycnosuam bpaee : 1)ero cummeTpus A0/1XHa COOTBETCTBOBATb CUMMETPUU KPUCTANNA; 2)OH AO/IKEH UMETb
MaKCMManbHOE YMC0 paBHbIX pebep 1 paBHbIX Yr10B MeXay pebpamu; B UaCTHOCTU, ECIWU MMEIOTCA NPAMbIe
YrAbl, UX YMCNO [OMKHO BbITb MaKcMManbHbiM; 3)NpM BbINOAHEHMM NepBbiX ABYX YCNosBuil obbem
napannenenvnega [omkeH 6biTb MUHMMasbHbIM. BbibpaHHbIM Takum obpasom napannenenunep,
Ha3blBaeTca Auvelikoll bpase, wnu anemeHmapHoll avelikoll, a cOOTBETCTBYIOLAA pelleTKa — pewemkol
bpase.

B npocreilwem cnyyae y3nbl peeTKM PacnonoXKeHbl TONbKO B BEPLUMHAX 3NEMEHTAPHOW AYEKU — 3TO
npumumueHas sverika P. Ho BbinonHenue vycnosuii bBpase MOXeT npuBoAuTb K MOABNEHUIO
OONONHUTENbHBIX Y3108 (M, COOTBETCTBEHHO, AOMNONHWUTENbHBLIX TPAHCAAUMW) — TOrga BO3HMKaOT
HernpumMumuseHbie AYeilkM. WMmeloTcA cneaylollMe BapuvaHTbl  HENMPUMWUTUBHBLIX fAdYeek (puc.6.2):
6asoueHTpuposBaHHaa C (AONOAHWUTENbHbIE Y31bl B LLEHTPaX Napbl NPOTUBOMONOMKHbIX BasnCHbIX rpaHei),
rpaHeueHTpuMpoBaHHaa F (gononHuTenbHble y3/bl B LEHTPax BCeX LWeCTM TrpaHerd sdvYemrku) wu
obbemHoUEHTpMpoBaHHasA | (oononHWUTENbHBINM y3en B UeHTpe AYelku). Kpome Toro, B TPUroHasbHOM
CUMHTOHWM BO3MOXKHa ocoban deamdbl yueHmpuposaHHas aYelika. OHa COAEPIKUT ABa AONCAHUTENbHBIX y3Na
Ha TPOMHbIX OCAX ABYX MPU3MATUUYECKMX «NOMIOBMHOKY NPUMMUTUBHOMW AYEMKN — 0AUH y3en Ha 1/3, BTopon —
Ha 2/3 BbicoTbl A4Yelku (puc.6.2). TOCKONBbKY B TakKoW SAYENKE MOMHO BblIBpaTb MPUMUTUBHDINA
napannenenvnes, umerwmn ¢opmy pombosgpa (cm.puc.6.2), aTa AYeika HasbiBaeTcs pomboadpuyeckoli
(R).

Ha puc. 6.3 gna Bcex ceMu CMHIOHMIA NOKasaHbl BO3MOMXHbIE B HUX AYeliku bpase. OTCyTCTBUE B KOHKPETHOM
CMHTOHWMW HEKOTOPbLIX AYEEK CBA3AHO NMpesKae BCero ¢ Tem, UTO SaHHbIA TUM AYEMKM CBOAUTCA K APYTOMY TUMY
MeHbluero obbema. Tak, B TPUKJAMHHOW CUHTOHUW N06as HENPUMMWTUBHAA AYEKa CBOAMTCA K MPUMMUTUBHON
COOTBETCTBYHOLLMM BbIBOPOM OCHOBHbBIX TPAHCAALMIA; B MOHOK/IMHHON CUHTOHUM AYelKn | u F MoXHO cBecTH
K Ba3oueHTPUpPOBaHHbIM AYelKam, U T.n. [pyroi BapnaHT — onpegeneHHan A4yenka HeBO3MOXKHa B AaHHOM
CUHTOHWUW B CUANY YCNOBUIA CUMMETPUU. TaK, B KYBUUECKON CUHTOHUM HEe MOMKeT BbiTb HasoLeHTPMpPOBaHHOIA
AYEMKM, TaK KaK OHa HeCOBMecTUMa ¢ KybuuecKoit cummeTpueid. Takum obpasom, Bcero umeetca 14 munos
Adeek (pewemok) bpase. Kak 1 nobasa eauHUYHaA TpaHCcNAUMA, pelweTKka bpase ABnsaeTcA anemeHTOM
CUMMETPUM KPUCTANIIMHECKOW CTPYKTYPbI.

Obpalllaem BHUMaHWeE, YTO siuelika bpaBe A0nKHa XapakTepu3oBaTb BCKO CTPYKTYPY B Lesiom. TpaHcaaumum

AYEMKWN JOMKHbI BbINOJHATLCA /1A BCEX COPTOB aToMmoB. Hanpumep, B cTpykType Kynputa Cu;0 (puc.6.4a)
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06bEMHOLLEHTPUPOBAHHOCTb BbINONHAETCA TONLKO A/1A aTOMOB KMCI0POAa, U He BbINOHAETCA A/14 aTOMOB
megu. CnegosaTenbHo, A4eliKa bpase aToi CTPYKTYpbl NPUMUTUBHaA. Kpome Toro, TpaHCAALUK AYEerKn He
MOryT COEAMHATb aTOMbl pa3Horo copta. Tak, ctpyktypa CsCl (puc.6.46) KaxeTca Ha nNepsblid B3rAg,
06bEMHOLLEHTPUPOBAHHOW, HO ABAAETCA, KOHEYHO, NPUMUTUBHOM, TaK KaK B LIEHTPE AYEWKKU NEKUT aTom
Apyroro copra.

K uMcny anemeHTOB CUMMETPUM CTPYKTYP MPUHaANeXaT U BCe W3BECTHble HaM 3/1eMeHTbl CUMMETPUK
MHOTOrpaHHWKOB NMOBOPOTHbIE U MHBEPCUOHHbIE OCY CUMMETPUM, LEHTP MHBEPCUN, MNOCKOCTb 3€PKabHOro
OoTpaXKeHusa m. 3TW 3/1eEMEHTbI CUMMETPUN WMMEHYIOTCA 3aKpbimbiMU. Kpome TOro, B KPUCTa/l/IMYECKUX
CTPYKTYpax MMEIOTCA 3N1EMEHTbl CMMMETPUM, COBMELLAlOLME OMepauyu MoBOpOTa WM OTPaMKeHWA C
NEepPeHOCOM — MPAHCAAYUOHHbIE, NN OMKpPbLIMbie 3NEMEHTbI CUMMETPUU. ITO MAOCKOCTM CKO/b3ALLErO
OTpaeHWA U BUHTOBbIE OCY CUMMETPUM.

[nocKkocmu CKOsb3AWE20 OMPAXEHUA — OTPaXEHWE B MIOCKOCTM COMPOBOMN/AAETCA MEPEeHOCOM BO/b
NNOCKOCTM Ha BeKTop t’. B 3aBMCMMOCTM OT 3HauyeHMA BeKTopa t’ BO3MOMHbI cneayolme MNAOCKOCTU
CKO/b3ALLLEro oTpaxeHus (purc.6.5):

NJOCKOCTU @, b U € — NepeHocC BA0/1b KOOPAMHATHbIX HaNPaB/eHWA Ha NONIOBMHY COOTBETCTBYHOLLEN MNOJIHOM

_ab ¢
TpaHcaaumm, t' = S M o
5 . 5 , a b
NAOCKOCTb N - NEpPeHOC No gnaroHanam rpaHen aNeMeHTapHOU AYEMKU Ha NOJNIOBUHY AWMaroHanm, | E +;
b & a6 ¢ o o , a b ¢
i -+ E+ 3 » WM Ha NO/IOBUHY T@NIECHON ANaroHann A4eiku t= o +E+z;
, @ b b & a ¢ a b &
NAOCKOCTb d - MEPEHOC Ha YeTBepTb AMaroHanu, t' = 3 +I; i + h I+ - nmbo i +Z+ 3 Mnockoctn

n v d MMEHYITCA KAUHOMAOCKOCMU, @ NIOCKOCTb d TakKe Ha3biBaloT WHOTAA GaMA3HOU MA0CKOCMbIO,
NOCKONbKY OHa XapaKTepHa ANa CTPYKTYpbl afimasa.
BuHmoesle ocu — NOBOPOT BOKPYT OCK (NPOTHB YaCOBOM CTPE/IKM) Ha 9N1EMEHTaPHbII YroN & CONPOBOXAAETCA

= o v 4
NepeHOCOM B/10/Ib OCU Ha A0/II0 NONIHOWM TPaHC/ALMM t Mo 3Toi ocu, t' = —t, rae n — NopAAoK ocy - 1,23,

4 unn 6, a g MOXKET NpUMHUMaTL 3HadeHusa oT 1 go (n — 1). O6o3HaualoTca BMHTOBbIE OCM  UMPPON N C
MHAEKCOM (. Takum obpasom, UMeeTCcA 0AHa BUHTOBAA OCb BTOPOTo NopAaaKa 21, ABE OCU TPETbEro NopaaKa
31 1 32, TpM OcK YeTBepToro nopagaka 41, 4, u 43, U NATL OCel WecToro nopaaka 61, 62, 63, 64 1 65 . Ha
puc.6.6 nokasaHo AeWcTBUE BUHTOBbLIX ocel. BugHo, uto Ana ocu 3; NOBOPOT NPOTUB YACOBOW CTPEIKU C
nepeHOCOM BAO/Ib OCK Ha 2/3 TpaHCAALMKM 3KBUBAZIEHTEH NOBOPOTY MO YacoBOW CTPesiKe C NepeHOCOM Ha
1/3 TpaHCAALMM — T.. MOXKHO CUMTaTb, YTO OCH 31U 3; UMEIOT OAMHAKOBYIO TPAHCAALMOHHYHO KOMMOHEHTY
1/3, Ho pasHoe HanpasBneHWe nosopoTa. [O3TOMYy 3TM OCM MNPUHATO cuuTaTe npasoll n aeeoli
COOTBETCTBEHHO. AHA/NIOMMYHYIO CUTYaLMIO UMeeM € Napamm ocen 411 43, 611 65, 62 M 64. Ocn 21,4, 1 63 NpU
noBopoTe B /IDOOM HanpaBNeHUU MMEKOT OLHY M Ty Ke TPaHC/IALMOHHYK KOMMOHeHTy 1/2, u notomy
Ha3blBawTCA HelimpansHeimu. Npasble u neBble o0cu 41 1 43 MOXKHO NErKo YBUAETb B CTPYKTYpe anmasa.

UTak, mbl Mmeem 11 BMHTOBbIX OCEM M 5 NNOCKOCTEW CKOJb3ALLEro oTpaxeHus. Ha puc. 6.7 gaHa cBoaKa
YCNOBHBbIX 0B03HAYEHUI BCEX 3/IEMEHTOB CUMMETPUU KPUCTANISTUYECKUX CTPYKTYP, 3aKPbITbIX M OTKPbITbIX (32

UcKkaYeHnem peweTok Bpaee).
6.2. MpocTpaHCTBEHHbIE rpynnbl

Kak u B cnyyae MHOrorpaHHMKOB, [Ba 3/IEMEHTA CUMMETPUM KPUCTANAUYECKOM CTPYKTYPbl NOpOXKaatoT
TPETUW, PaBHOAENCTBYIOWMIA UM 31EMEHT CUMMETPUN. TakMM 0Bpa3om, 34eChb TaKKe AEeACTBYIOT TEOPEMbI
CNOMEHUA 31IEMEHTOB CUMMETPUUN. KOHEYHO, UMEIOT MECTO BCE Y)Ke 3HaKOMble HaM TeopeMbl CnoXKeHua. Ho

MNOCKOJIbRY p33H006p33HE 31EMEHTOB CUMMETPUU CTPYKTYP ropasgo 60ﬂbLUE_, 4yem ONA MHOTOrpaHHMKOB, TO
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W TEOPEM C/I0XKEHUA cylecTBeHHO bosblie. Mbl Aaanm 34ech B KaYecTBe NPUMEPOB /1ML b HECKO/IbKO HOBbIX
TEopeM C/OMEHMA.

Teopema |. NnockocTb cummeTpuun nboro TMNa U NepneHaUKyNApHana el TpaHCNAUMA O30T B KayecTse
paBHOAENCTBYIOLLEI HOBYK) MIOCKOCTb TOFO e TUMa, NapannenbHyld UCXOQHOW U MPOXOAALLYH Yepes
cepeaunHy TpaHcnaumMwW («ecmaeneHHasa naockocms»). Ha puc.6.8 nokasaHbl NpUMMepbl AENUCTBMA 3TOM
Teopembl A1 HEKOTOPbIX MJIOCKOCTEN CUMMETPUU.

Teopema Il. [lse B3aMMHO NepneHANKYNAPHbIE NAOCKOCTU CUMMETPUN A3I0T B KaYecTBe paBHOAEUCTBYIOLLEN
OCb BTOPOro nopsjKa. B 3aBMCMMOCTM OT TUNa N/IOCKOCTEN OCb MOXKET NpUobpecTn BUHTOBYHD KOMIMOHEHTY,
OCTaBasACb Ha IMHUK NepeceyeHnn NAOCKOCTeN (Hanpumep, NAOCKOCTU M U ¢, pUc.6.9a); MOXKET, OCTaBanACh
NPOCTON NOBOPOTHOM OCbID, CMELLATLCA C IMHUM NepeceyeHmA NAOCKOCTEN Ha BEKTOP, PaBHbIA NONOBUHE
CYMMapHOro BEKTOPa TPaHCAALMOHHbLIX KOMMOHEHT MAOCKOCTEW, MAM YeTBEPTM CYMMapHOro BeKTopa
COOTBETCTBYHOLMX MOJHbIX TpaHCAAUMA (Hanpumep, niockoctn b u a — puc.6.96, nnockoctmh b 1 m —
pUC.6.98); HaKOHeL, MOMKET BOSHUKHYTb U CMELLEHNE OCK, U NPeBpaLLEHNE ee B BUHTOBYIO OCb (Hanpumep,
nnockoct4 b u n, puc. 6.9r). BaprMaHTOB 3TO TEOPEMbI MHOTO.

MonHbIK Habop 3/1eMeHTOB (onepauuin) CUMMETPUN KPUCTANIMYECKON CTPYKTYPbI, CBA3aHHbIX APYT C APYTOM
TeopeMamMm CNoXKeHUs (YMHOXKeHWs), obpasyeT 3amMKHYTYIO T[pynny — ApocmpaHCmMeeHHyo, WAu
®edopoeckyro zpynny (B uectb E.C.depoposa, caenaswero sbiBog 3Tux rpynn 8 1890 r.). Takux rpynn
HacuuTbiBaeTca 230. [lna 0603HaYeHUA NPOCTPAHCTBEHHbIX PYNN UCMNO/b3yeTCA 3HaKOMaA HamM CUMBOIUKA
Fepmara-MozeHa, HO B Habope NOPOXKAAIOWMX INEMEHTOB CUMMETPUMN YUUTLIBAKOTCA MX TPAHCAALMOHHbIE
pa3HOBM/AHOCTM, a Ha NEPBOI NO3ULLMK YKa3biBaeTca TMN peleTkn Bpase. Hanpumep, ToueuHol rpynne m3m
MOTyT COOTBETCTBOBATb NPOCTPAaHCTBEHHbIE IPYNMbl Fm3m (ranut Nacl), Pn3m (kynpuT Cuz0), Fd3m (anmas
C) n 1.n. MOHATHO, YTO OQHOM TOYEYHOM rpynne AONMHO OTBEYaTb HECKONBKO NPOCTPAHCTBEHHBIX rpynn (4em
Bblllle CUMMETpUA — Tem MX Bonblie), NOCKoNbKY TOUeUHbIX rpynn Bcero 32, a npocTpaHcTBeHHbIX — 230. Ha
puc.6.10 anA npocTeied TOUEUYHOM rpynMbl M NoKa3aHbl B NPoeKuMK Ha Basuc nopoxaaembie e YeTbipe
npocTpaHcTBeHHbIX rpynnbl — Pm, Pc,Cm, Cc. JeicTBUTENBHO, A8 MOHOKAMHHOM CMHTOHUU BO3MOMHbI
Avelrku bpase P n C, a eanHCTBEHHAA NJIOCKOCTb CUMMETPUU MOKeT BbiTb nbo m, nnbo c. MNnockocts b
HEeBO3MOXHa NPU 334aHHOM OPWMEHTUPOBKE, TaK Kak MNAOCKOCTb CMMMETPUM NepneHauMKynapHa ocu b;
NNOCKOCTb d BO3MOXHa TONBKO B rPaHeLeHTPUPOBAHHOM peLUEeTKe; NAOCKOCTU G U N CBOAATCA K NNOCKOCTU
€ NOBOPOTOM BOKPYT OcH b,

6.3. PaameweHne aToMOB B KPUCTaNNIMYECKUX CTPYKTypax. MpaBunbHble CUCTEMbI TOYEK

I'Ipem,u,e BCero, yCTaHOBMM pasnHuymne mexay NoOHATUAMW Kpucmanau4yecKaa peliemKa U Kpucmanau4yeckan
cmpykmypa. 3TKU NOHATWUA 4YacTo CMeWKMBaKOT, TOrda Kak OHW COBEpPLWEHHO pPa3sfMU4YHbBI. KpMCTaJ‘IﬂHHECKaH
peleTKa — 3To MaTeMaThueckaa abcTpakuma, cxema TPEXMepPHO-NePUOANYECKOrO PacnoNoXKeHUA aTOMOB B
Kpuctanne. Kpuctannuueckana CTPYKTypa — 3TO KOHKPETHOe pasmelleHWe MaTepuanbHbiX YacTul,
(CTPYKTYpHBIX eauHUL) B KpUCTanauMyeckom npocTpaHcTee., COBEpLEHHO pasHble CTPYKTYpbl mMoryT
OMWCbIBATLCA OAHOW M TOM e KPUCTA/I/IMYECKON PELIETKOM M O4HOM M TOW e NPOCTPaHCTBEHHOM rpynmnom
— Hanpumep, cTpyktypbl NaCl, Cu, CaF,. TleomeTpuuyecKkMe 3aKOHOMEPHOCTM pasMeLleHMA aTOMOB B
CTPYKTYpPE KpWUCTanna xapakKTepM3yrTCA NpasuabHbIMKM CUCTEMaMKW TOYEK.

MpaeuneHaa cucmema moyek ([1CT) — 3TO COBOKYNHOCTb NO3ULMIA B KPUCTANNUYECKOM peLeTKe, CBA3AHHbIX
3/leMEHTAMWU CUMMETPUM JaHHOW npocTpaHcTBeHHoW rpynnbl. [ICT - aHanor npoctoi ¢opmbl
KpUCTannnyeckoro MHororpaHHuka. OHa nonyyaeTcA pasMHOMEHUEM HEKOTOPOM WMCXOAHOM TOYKM
onepaumMamMmu CUMMMETPUM CTPYKTYPbI, TaK e, KaK npocTas ¢opma NosyyaeTcAa pasMHOMKEHUEM MCXOOHOM
rpaHu onepaumaAMU CUMMETPUM MHOTOrPaHHUKa.

Kak 1 npoctbie ¢popmbi, NCT moryT 6bITb YacTHbIMKM M 0bLWKMMK. MCT asnaeTca yacmHol, ecnn NcXxogHasA ToUKa
(v BCe ocTanbHble, el IKBUBANEHTHbIE) NEXKUT Ha KAKOM-TMDBO 3aKPLIMOM INEMEHTE CUMMETPUM, U 3HAUMUT,
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He pasmHoxKaeTca 3Tum anemeHToM. [1CT aBnaeTca obweld, ecnm NcXo4Has TOUKa S1eXKUT NMbo Ha omKpeImom
aN1eMEHTE CUMMETPUM (M 3HAUNT, PA3MHOMKAETCA STUM 1EMEHTOM), TMDBO BHE 21EMEHTOB CUMMETPUU, T.€. B
obuwem nonoxeHun. Ha puc.6.11 mu3obparkeHa yKe paccmMaTpyMBaBLUAACA NPOCTPaAHCTBEHHaA rpynna Cm.
ToyKa 1 nexuT Ha 3epKaNbHOM NIOCKOCTU M U PasMHOXKAETCA TONIbKO NNOCKOCTbIO CKONB3ALWETO OTPAXKEHUA
¢ (Mnu gononHUTENbHOW TpaHcaauuer adeikm C). OTa TouKa NpuHaaneXuT vyactHoi MNCT 1-1, 1-2, 1-3. Touka
2 NeXXWT Ha NNIOCKOCTU CKONb3ALLEro OTPAXKEHUA C, @ TOUKA 3 HEe JIEXKUT HM Ha KAaKOM 31eMeHTe CUMMETPUMU
(obuiee nonoxeHune). Obe TOUKKU Pa3MHOXKaIOTCA KaK M/IOCKOCTbIO €, TaK U NMI0OCKOCTBIO M —ToUKK 2-1, 2-2, 2-
3, 2-4un3-1, 3-2, 3-3, 3-4 cooTBeTCTBEHHO. 3TO 0bWMe MCT.

MNonoxkeHue Touek MNCT B anemeHTapHOM AYelike oNpeaenaeTca X KoOpAUHaATaMM, BbIPAXKEHHbIMK B AONAX
OCHOBHbIX TPaHCAALMA AYenKU. Tak, Ha pmc.6.11 KoopguHaTbl Touek 2-1, 2-2, 2-3 6yayT x0z;

Y%+x, %,z; x1z. Ho nockonbky npubasneHve Mnun BblUMTaHME LLENON TPAHCAALUMKM KOOPAMHATY HE MeHseT
(nepuoaunuHocTs!), To gna Toukn 1-3 KoopauHaTbl ByayT TaKMMU e, Kak u gna 1-1, 1.e. x0z. Ana Touek 3-1,
3-2, 3-3, 3-4 umeeM KoopauHaTbl XYz, Ji+x,)s-y,z; Ja+x,)e+y,z; X,1-y,z. [lna Touku 3-4, BbIMMTAA U3 KOOPAUHATLI
Nno BTOPOW OCU eANHULLY, 3anuLlemM KOOPANHATbI B MTPUHATOM BUAE: %2 +X, VZ.

BaHol xapaktepuctukoi NCT asnseTca yucao cmeneHeli ceaob00bl — YMCNIO KOOPAWUHATHbLIX HanpaBneHUN,
BAO/b KoTopbiX Touku MCT moryt nepemeuwiatbes, He meHsaa tuna MCT (He pasmHoXasck). Tak, TouKa,
Nexallan B LEeHTpe UHBEPCUM, He MMeeT cTeneHel ceoboapl, TO4Ka Ha NOBOPOTHOM OCK CUMMETPUU UMEET
OAHYy cTeneHb cBoboabl, Ha 3epKasibHOW NIOCKOCTU — ABe cTeneHu cBoboabl, U ToYKa B 0bLEeM NonoxeHUH
MMeeT Tpu cTeneHun ceoboapbl.

Yucno touek MNCT, NnpMxogALMXCA HA OAHY 3/IEMEHTapHYI0 AYEiKy, HasbiBaeTca KpamHocmeto MCT. Mpwu
noAacyeTe KpaTHOCTM HEOBXOAMMO YYMTbIBATb, UTO TOYKM, NEXaLLME Ha FpaHULAX AYEMKKW, NpuHagneart
OAHOBPEMEHHO HECKOJIbKMM AYelKam. 3HauMT, eciv TOYKA HAaXOA4WUTCA B BEPLUMHE 3/IEMEHTapPHON AYENKH,
raoe CXoAMTCA BOCEMb AUEEK, TO AaHHOW AYeliKe NPUMHAANeUT nuwb 1/8 aona sTol TOUKKW. AHanorMuHo,
TOYKa Ha pebpe AYerKn NPUHaANERUT el Ha 1/4, Ha rpaHu — Ha 1/2, M TONIBKO TOUYKA BHYTPU AYENKM LE/IMKOM
3TOM AueliKe NpUHAANEXUT (T.e. ee AonA pasBHa 1). B 4aHHOW NpocTpaHCTBEHHOM rpynne KpaTHOCTbL 0bLLei
MNCT makcMmanbHa, KpaTHOCTM YacTHbiX [NCT pasHoro tMna moryT ObiTe pa3fiMuHbIMKM, HO obs3aTenbHO
MeHbLue, yem ana obuweit NCT.

Mosuuymum oaHoi MCT 8 CTPYKTYpE KpUCTanna 3aHUMaloT, Kak Npasuio, aTombl oaHOro copta anbo 6ausKue
no csolcTeam aTombl — Hanpumep, Mg > u Fe?*, Al**u Fe®, Si* u AP**. B aanbHelwem mMbl y3Haem, uTo Takue
aTomMbl Ha3sblBaloTcA uzomopgHeimu. ObpaTHoe He BEpPHO, T.e. aTOMbl OAHOMO COPTa MOTYT 3aHUMaTb
No3ML MK HECKObKMX pa3Hbix MNCT. Tak, B nonesom wwinate KAISisOg kucnopog 3aHumaet 4 CT; usomopdHbie
KpeMHUIA M antoMUHKUIA 3aHKMmatoT 2 [CT B BbICOKOTEMMNEPATYPHOM MOHOK/IMHHOM nonesom wwinate, u 4 MNCT
— B TPUK/IMHHOM NoO/sIeBOM LUMaTe.

MoacunTaB YMC/IO aTOMOB KaXAoro copta B sAuveike (codepmumoe sveliku), MOXKeM onpeaenuts mur
Xumuyeckol popmysibl BELWECTBA U YUCNIO (PopMyabHbIX eOuHUY B AYeike Z. PaccMoTpum B Kayectse
npumepa CTpyKTypy dnrooputa (puc.6.12). CTpyKkTypa nocTpoeHa U3 aToMoB AByX copToB A 1 B. ATombl A
pacnofaraloTca B y3nax rpaHeLeHTPUPOBAHHOW peleTKU. M3 HUx 8 aToMoB Haxo[AaTCA B BepLlUMHaXx
3/1eMEHTApPHON AYEMKMN, T.e. AYelKe NPUHAANEKMT 1/8 AonA KaKaoro atoma. 6 aTOMOB /eXKaT B LeHTpax

- “ o 1 1
rpaHen auerkn, gona Kamaoro — 1/2 . Utoro Ha AYeiky npuxoamrca 8 5 + 6 e 4 atoma. ATombl copTa B

pacrnonararTca BHYTPU AYEMKU U LIE/IMKOM e NpUHaA/iexar, X 8 Ha Aavelky. Utoro cootHoweHune A/B=1/2,
T.€. Tun dopmynbl AB; MM KOHKPETHO, y4MTbiBaA AaHHble Nno coctasy ¢atoopuTa, CaF;; 4 atoma Ca 1 8 atomos
F cocrasnaiot 4 dopmynbHble eguHuupl CaF;, T.e. Z =4,

OKpyKeHue faHHOro aToOMa B CTPYKTYPE APYrMMM aTOMaMM XapaKTePU3YIOT KOOPOUHALUUOHHbLIM Yyucaom (KY)
— YMCNOM OL4HOTUMHBIX aTOMOB, HAXOAALLMXCA OT AAaHHOTO Ha BavKalwmx paccToaHuaX. CoeaUHMB LEHTPDI
aTux BAMMKalWKMX coceded NPAMbIMU AMHUAMM, NoAydyum Urypy, HasbiBaemyro KOopOUHAUUOHHbIU
MHO0202paHHUK. BHYTpWM KOOPAWMHAUMOHHOrO MHOrOrpaHHWKa pacrnonaraeTtcd aToM-KoOoOpAuMHaTop, a no
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BepWMHaM — aToOMbl NEepBOM KOOpAWHAUMOHHOW cdepbl. [nA opgHoaToMHbIX BewecTs nog K4
nogpasymesaeTtca yucno baumkanwmx cocepel Toro e copta. Hanpumep, B cTpyktype meam K4 = 12,
KOOPAWHALUMOHHBIN MHOrOrpaHHuUK — Kybooktasap (puc.6.13a), B cTpyktype anmasza KY = 4,
KOOPAWHAUMOHHbIN MHOrorpaHHUK - TeTpasgp (pvc.6.136). Ana MoHHbIX coeguHeHun KY noHa — uncno
61uKalLLIMX MOHOB NPOTMBONOAOXKHOIO 3HaKa. Tak, B cTpykType NaCl (punc.6.14) KM noHos Na — 6, KM noHos
Cl — 6, KoOOpAWHALMOHHBbIE MHOTOrpaHHMKM 0bonx MOHOB — OKTasapsbl. B cTpykType dnooputa KY noHos Ca
— 8, KOOPAWHALUWMOHHBLIA MHOTorpaHHUK — Kyb; KY moHoB F — 4, KOOpAWHAUWMOHHbLIA MHOTOTPaHHUK —
TeTpasgp. Bo MHOrux cnyyasx CTpPyKTypbl, 0cOBEHHO Cc/oMHble, yA0bOHO W300parkaTb C NOMOLbIO
KOOPAMHAUMOHHbIX MHOTOTPaHHWKOB, - TakMe MoAenu HarnagHee, Yem WapuKkosble mogenn. Ha puc.6.15

noKasaHbl 4BE MOAENM CTPYKTYpbl chaneputa ZnS — wapukosan (a) n B KOOpAMHALMOHHbIX noauagpax (6).
6.4. TUNbl XMMUYECKOW CBA3U B CTPYKTYPAX U CTPYKTYPHbIE MOTUBbLI

MHorme ocobeHHOCTUM CTPYKTYpbl KpUCTanna OnpegesniatoTcA TUNOM XMMWYECKOW CBA3W CTPYKTYPHbIX
eavHuy,. BblaenAwT NATb TUNOB XMMWUYECKOW cBA3M — BaH-pep-BaanbcoBa, meTannuyeckan, WOHHaA,
KOBaNeHTHaA U BOAOPOAHaA.

1. BaH-Oep-Baanvcosa (ocmamouHas) ceA3b BO3HWMKaeT Mexay HeWTpaabHbIMKM aToMamu WAW
MOJIEKY/1aMM 33 CYET AMMOb-AUNONABHOIO B3aMMOAENCTBMA WM 33 CYET AUCNEepPCMOHHOro adpdekTa
(B3ammopencTBMe MrHOBEHHbIX AMNOMEN, BO3HUKAIOWMX B aTOMaxX M3-3a BPEMEHHOrO B3aMMHOIO
CMELLEHWA 3NEKTPOHHbIX OpbuT 1 aaep). IHeprua ceasu Hebonbluas, nepsble KK/ mosb. ITa cBA3b
XapaKTepHa ANA MONEKYNAPHBIX KPUCTANNO0B (HEOPraHUYECKMX M OpraHUYeckux) n ANA KpUCTanIoe
WMHEepPTHbIX rasos.

2. Memannuvyeckasa ceA3b OCYLLECTBNAAETCA MNyTem B3aumoaencTeua cBOBOAHbLIX INEKTPOHOB U
NONIOXWUTENIbHO 3apAXXeHHOro MOHHOTO OCTOBa CTPYKTYpbl. JHeprua cBasu cpegHasa, 50 — 200
KK/MOAb. ITOT TUN CBA3M XapaKTepeH 417 MeTalNI0B U MHTEPMETaNIMYECKMX COEUHEHUA.

3. MHoHHaA ceA3b BO3HMKAET MpW 3/1EKTPOCTAaTUYECKOM B3aUMOAENCTBMM MEXAY NONOKUTENbHbIMU U
OTPULATENIbHBIMU MOHaMM B CTPYKTYpPaxX AUINEKTPUYECKUX KPUCTaNNoB, Takux, Kak NaCl, CaF,, MgO.
DHeprua cBasu BeMKa — nopaaKa coteH KAw/monb.

4. KosaneHmHaa ceA3b peanusyetcA nytem o60b6WECTBNEHUA 3NEKTPOHOB CBA3bIBAEMbIX aTOMOB
(nepekpblBaHMA BaneHTHbIX opbuTanei). Bo3HWUKaeT mMexay OAMHAKOBbIMM MAM BAM3KMMK NO
CBOMCTBaM aTomamu. K KpUcCTaniam c KoBasIeHTHOM CBA3bKO OTHOCATCA, HaNnpMmMep, a/iMas, KpeMHUH,
nonynposoaHWKK InSbh, GaP, ZnS. DHeprua cBA3M, Kak M B MOHHbIX KPUCTasnax, COCTaB/IAET COTHU
kx/Mmonb.

5. BodopodHas ceA3b — ocobblii TMN CBA3WM, MPU KOTOPOM MPOTOH, BXOAALIMMA B COCTaB AaHHOM
MOJIEKY/Ibl MW MOHA (NPOTOHAOHOPA), BHEAPAETCA B 3/IEKTPOHHYHO 000/104KY COCeHeil MoNeKy bl
MAM MoHa (NpOTOHaKLenTopa), CBA3bIBAaA 3TU YacTuubl. Knaccuuyeckuih npumep CTPYKTypbl C
BOOOPOAHbIMK CBA3AMM - CTPYKTYpa /bfa. 3TWU CBA3M BO3HMKAIOT TaK¥e B KpUcTannorvgparax,
Kucabix conax Tuna KH,PO4, MHOTUMX OpraHMUYecKMx coeguHeHUaAX. JHeprus BogopogHoi ceasm 20 —
40 kx/monb, T.e. cBA3b A0BObLHO cnabas.

MoMUMO 3TUX NPeAENbHBIX TUMOB CBA3M LMPOKO PacnpoCTPaHEHbI MPOMENKYTOUHbIE, B 0COBEHHOCTU MOHHO-
KOBaNeHTHble CBA3W, XapaKTepHble A8 MHOTMX MWUHEpPasoB.

MpeaenbHble TUNbI CBA3KW YETKO pasAenatoTca Ha Ase rpynnbl. CeAsu 1-3 TMNOB ABNAIOTCA HEHaNpaBAeHHbIMK
W HeHacblwaembiMKU. HeHanpaBneHHOCTb O3HaYaeT, YTO CMN0BOE NOoJe BOKPYT KaXgoro atoma chepmuyecku-
cMMmeTpuyHoe. HeHacbiWaemocTb MPOABAAETCA B TOM, YTO KaXKAblli aTOM CTPEMMTCA OKPYXUTb ceba
MaKCUManbHO BO3MOMKHbIM Ynciom Bavkanwmx cocegent. Ceasu 4 u 5 TMNOB, HaNPOTKB, HanpasAeHHble U
HacbllWaemble. Ycnosve MaKCMManbHOrO MNepekpbiBaHUMA BaneHTHbIx opbuTanelt obecneunsaert
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OpWEHTALMIO CBA3EM B CTPOro ornpegeneHHbiXx HanpasneHuax. OTcioga cnefyer U OrpaHWUYEeHHOoEe YMCio
CBA3bIBAaEMbIX aTOMOB, @ 3Ha4YMUT, N Ma/ible KOOpAUHALMOHHbIE YMCAa.

B KpucTannnyecknx CTpyKTypax Mexay BCemMM aToMaMu MOTYT AeMCTBOBaThb CBA3M OAHOTO U TOTO e Tuna —
TaKkue CTPYKTYpbl HasblBaloTCA 2omodecmuyeckumu. Ho BO MHOIMX Cnydyanax B CTPYKTYpe OAHOBPEMEHHO
CYLLECTBYIOT CBA3M PasHbIX TUNOB — 3TO 2emepodecmuyecKue CTPYKTYpbl. B TakMx CTpPyKTypax BO3HMKaloT
yCTONYMBbIE TPYNMUPOBKW aTOMOB, BHYTPU KOTOPbIX AenCcTBYOT Bonee cunbHble M Bosee KOPOTKUE CBA3M.
Apyr c 4pyrom unu c oTaenbHbIMK aTOMamMu rpyrnnMpoBKM B3aMMOAEUCTBYIOT nocpeacTsom bonee cnabbix
cBA3el. B 3aBUCMMOCTM OT HANWMUMA, Pa3MEPHOCTH U NPOTAXKEHHOCTU aTOMHBbIX TPYNMNUPOBOK BbIAENAKT NATb
CMPYKMYPHbIX MOMUBOE — KOOPANHALMOHHbIA, OCTPOBHOM, LLENOYEYHbIW, CIOUCTbIN U KapKacHbIN.
KoopouHayuoHHble (KoopOuHayUuoHHO-pasHbie) CmpyKkmypel ABAAKOTCA FOMOAECMUYECKMMM, HO NMPU 3TOM
TUN CBA3M B HUX MOXKeT BbiTb Nobbim. B aTUX CTpYKTypax OTCYTCTBYIOT rPYyNMNUMPOBKM aTOMOB, YacTULbl
paBHOMEPHO pacnpefeneHbl B KPUCTaN/IMYECKOM MPOCTPAHCTBE, KOOPAUHAUMA UX OAMHaKoBa (OTKyaa u
Ha3BaHuMe). K aTomy TUNy oTHocATcA, Hanpumep, cTpykTypbl NaCl, wnuHenu (MoHHbIE), anmasa, repmaHua
(koBaneHTHbIE), 30/10Ta, UMHKa (MeTannuueckue), bnaropoaHbix rasoe (BaH-gep-Baanscosbl).

OcmposHbie cmpyKkmypbl — COAEPMHaT U30/MPOBaHHbIE TPYNMUPOBKM (OCTPOBKKM) aTOMOB C KOPOTKMMM
MEeXaTOMHbIMK paccToAHUAMKU. OCTPOBKKU MOTYT BbiTb 3/1IEKTPOHENTPasIbHBbIMK (Ba/IEHTHO-HACbIWEHHbIMMU).
3To MmonekynapHble Kpuctannsl — cepa, CO,, |5, HCl, opraHuueckue coegmuHeHus. CBA3U BHYTPU rPYNNMpoBoOK
KOBa/IeHTHble, a MeMay rpynnupoBkamum — BaH-gep Baanbcosbl unu BoaopodHble. B HonblimHcTBe
OCTPOBHbIX HEOPTraHUYECKUX KPUCTAN/10B OCTPOBKW —3TO KOMIMJ/IEKCHbIE MOHbI TUNa SIOZ_, CO§_, POE_, NHI
1 T.n. Bo3amoXHbl 1 Bonee cNoXHbIE KOMMAEKCbI, HaNnPUMEP, CABOEHHbIE KPEMHEKUC/IOPOAHbIE TETPa3Apbl
Si;07 B MMHepane anuAaoTe, LWeCcTUYNeHHble Konbua SiOs- TeTpasgpos, SiGOﬁ_ B MUHepanax 6epunne,
TypMmanuHe (puc.6.16). TpynnMpoBKK CBA3aHbl KY/JIOHOBCKMMM CUIaMM C MPOCTbIMKM MOHamM (Hanpumep,
Kanbuut CaCOs3) UK € KOMMNNEKCHBIMU MOHAMU MPOTUBOMONOMHOIO 3HaKa (ammuauHas cenutpa NH4NO3).
Lleno4eyHele cmpykmypel — NOCTPOEHbI U3 BECKOHEYHbIX B O4AHOM HanpasaeHUW Lenei uaum nent. Kak u B
npeablaywem cayyae, UenU MoryT BbiTb 31eKTPOHEWTPanbHbIMU MWW D1IEKTPUYECKN 3apAXKEeHHbIMMU
(BaneHTHO-HeHacbIWweHHbIMMK). MNpeacTaBUTENEM NEPBOTO BapMUaHTa ABNAETCA CTPYKTYpa ceneHa (puc.6.17).
Mexay atTomamu Se B Lenax CBA3M KOBa/NEHTHble, a mexay coboi uenu ceasaHbl BaH-aep-BaanbcoBbimu
cunamu. 3apaKeHHble LenoYyeyHble rpynnuposKku (aHUOHHbIE KPEMHEKUCNOPOAHbIE paauKanbl) bopmupyroTt
CTPYKTYPbI LENoYeUHbIX U JIEHTOYHbIX CUIMKATOB — NUPOKCEHOoB, ampunbonos, nupokceHonaos (puc.6.18).
MocpencTeom KYNOHOBCKOTO B3aMMOLENCTBUA aHUOHHbIE PagMKanbl CBA3aHbl Mexay coboi yepes KaTUOHbI
Mg?*, Ca®*, Fe?* u ap.

Cnoucmesie cmpykmypbl. INeKTPOHEeNTpanbHble CAOM Yrnepoda, XapaKTepHbl OAA CTPYKTypbl rpaduTta
(pnc.6.19). CeA3KM aTOMOB B Npeaenax cnoa KOBaNeHTHbIE C NPUMECHIO METANNIMYECKUX, MEKAY CNOAMMU CBA3U
BaH-pep-BaanbcoBbl. OTpuuaTenbHO 3apAXKeHHble KPeMHEKUCNOpOoAHble CNOW, CBA3aHHble KaTMOHaMu,
06pasyloT CTPYKTYPbl KAOAWHWTA, TaNbKa, CA04 U APYTMX CAOUCTBIX CUAMKaToB(cM.Hanp. puc.6.20) .
OcTpoBHble, Leno4yeyHble 1 CNOUCTble CTPYKTYPbl ABNAIOTCA, ECTECTBEHHO, reTepogecMUYecKUMU.
KapkacHeie cmpykmypbi MoryT BbITb KaK roMo-, TaK U reTepogecmudeckumu. CTpyKTypa npegcrasnseT cobomn
HEWTPaNbHbIA UK 3apAMEHHbIA TPEXMEpPHbIA KapKac, T.e. eauHylo, BeckoHeuHylo B Tpex HanpasAeHMWAX
rpynnuMpoBKy. B CTpyKTypax c HeWTpaZbHbIM KapKacoM W KOBa/IeHTHbIMW CBA3AMWM  KPWUCTaNNM3YHOTCA
pasnnyHble mogudUKaLMM KpemHesema — KBapu, TPUOUMMT, Kpuctobanut. B aTux CTpyKTypax TeTpasapbl
Si04 couneHAKTCA APYT C ApYrom Yepes obume seplinHbl (prc.6.21). [pyroi npumep — yNnoMmUHABLLAACSA YIKe
CTPYKTypa /bAa, B KOTOPOW KBagpyno/ibHble MOMEKy/Nbl BOAbl CBA3aHbl B HEMNpPepbiBHbIA KapKac
BOAOPOAHbIMK cBA3AMU (puc.6.22). OT KOOPAMHAUMOHHBIX TaKUe CTPYKTYPbl OTAMYAOTCA KpalHe
HepaBHOMEPHbIM PAcNONOMKEeHMEM YacTUL, B NPOCTPAHCTBE — 3TO aKypHble NOCTPOMKM ¢ Bonbwmumu
nycToTamu. 3apAxKeHHble KapKacbl peanusyloTcA B CTPYKTYpax aJloMOCWM/IMKATOB - MOJIEBbIX LINATOB,
LLeo/IMTOB U T.N. 3apAL B 3TOM Cy4Yae KOMMEeHCUPYeTCA KaTMOHaMK, PacnosIoXKEeHHbIMU B MYCTOTax KapKaca

(Hanpumep, K* B nyctoTax Kapkaca mukpokaunHa [AlSisOs]).
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6.5. MnoTHelMWwKMe YNaKOBKM YaCcTUL, B CTPYKTYpax

YcnosMem yYCTOMYMBOCTM KPUCTANNMYECKOM CTPYKTYPbl ABAAETCA MMHMMYM MNOTEHUMANbBHOW 3HEpruu
B3aumogaencTemna yactuu,. Ecnum ceasm yacTuu, HeHanpasieHHble (METaNNUYECKUE, MOHHBIE U MONEKYNAPHbBIE
CTPYKTYPbI), MUHUMYM 3HEpruM AocTuraetcs npu Haubosiee NAOTHOW ynakoBKe 4Yactuu. B nepsom
NPUBANMKEHUN aTOMbI METANNIOB MW OAHOATOMHbIE MOHbI UMEIOT LWapoByo GopMy, T.e. COOTBETCTBYIOLLLUE
CTPYKTYPbl MOMHO paccMaTpuBaTb KaK NAOTHEWLWME YNakoBKU LApoB. [MOCMOTpUM, Kak OpraHu3yoTcA

CTPYKTYPHbIE eANHMLLBI B TAaKUX YNaKOBKaXx.
6.5.1. OgHOaTOMHbBIE CTPYKTYPbI (MeTannsl u 6naropogHsbie rasbl)

HauHem c nnoTHO ynakoBaHHOro NAOCKOro cfoA wapoB (puc.6.23a). Kaxablt wap B TaKkom c/oe
CONpMKacaeTCcA C LWeCcTbo APYrMMU Lapamm, B CBOKO o4epeab conpuKacarwmmuca apyr ¢ apyrom. lMpu atom
MEeK Y LapamM BO3HUKaIOT LWECTb BNaauH, KOTopble Mbl 0603Haunum undpamm 1, 2, 3,4, 5, 6 (cm. puc. 6.23a).
Mpy HanoXeHuWu cnepyrolero cnoa NAOTHEWWMM oBpasom ero atombl A0MXHbLI MONACcTb BO BNaauHbI
nepsoro cnoA. LLlapbl BTOporo cnoa moryTt saHMmaTtb Bnaguuel 1, 3,5 nnum 2, 4, 6. 9T BapmaHTbl pa3nnyatoTca
NWlb NOBOPOTOM B MNJOCKOCTU c/ioA Ha 60°. TpeTuin cnoit moKeT ObiTb Ha/oOXKeH Ha BTOPOM ABYMA
NPUHUMNKUaNbHO pasHbiMu cnocobamum (puc.6.236,8).

B nepsom cnocobe wapbl TPETLEFO CNOA NOXKATCA BO BMaAMHblI Haj Wapamu nepsoro cnos (puc.6.236).
YeTBeEpTbIM CNOM NOBTOPAET BTOPOW, M, Takum obpasom, MmeeTca ABa TUNA CNOEB, PA3NMYAIOLMUXCA MO
nonoxeHuw. ObosHaune wux bOykBamu A u B, moxem 3aKoanpoBaTb MNoOCNEOOBaTENbHOCTb C/0EB B
nonyyeHHoM ynakoske uepes ABABAB..., T.e nep1oa NOBTOPAEMOCTU — ABa c/10A. 3Ta deyxcaoliHaA ynakoBKa
MMEET rekcaroHasnbHylo cummeTpuio P6s/mmc n HasbiBaeTca 2ekcazoHasneHol naomHelwel ynakoskol
(r71Y). BUHTOBbIE OCK 63 NPOXOOAT NePNeHANKYNAPHO CI0AM Yepes LLeNoYKM CKBO3HbIX NyCTOT, obpasyembix
He3aHATbIMM BnaguHamu (puc.6.236).

Bo BTopom cnocobe Wwapbl TPETLErO C/I0A NOXKATCA BO BNaAWHbI BTOPOro ¢Noa Hag, BnagMHamm Nepsoro cnon
(puc. 6.238). Takum obpasom, TPETWIA CNOM He NOBTOPAET Mepebid, U AoMKeH BbiTb 0603HaueH ocoboi
6ykBoi C. YeTBepTblil CAOM MOMHO YNOMWUTb TaK, 4TOBbl OH NOBTOPAA NEpPBbIM CACKH A, U NOAYYMM
mpexcnolHywo ynakoeky ABCABCABC... , ¢ nepvogom 8 Tpu cnos. NepneHanKynapHO CNOAM Yepes LEeHTpbI
LWAapoB MPOXOAAT OCW TpeTbero nopagka. Ho B 3ToM ynakoBKe MOMHO BbIAENWTb €lle TPpM CUCTEMbI
NJOTHOYMNaKOBaHHbIX C/I0EB, NEPNeHAWKY/IAPHO K KOTOPbIM MPOXOAAT OCH 3 Nog yriamu K ocAM 3 nepBoi
cucteMbl U apyr K apyry 70°31'44"" - kak amaroHanu Ky6a. YnakoBka, Takum obpasom, umeeTt Kybuueckyio
cummeTpuio Fm3m 1 HasbiBaeTca 2paHeyeHmpuposaHHol Kybuveckol (TK). YeTbipe cuctemsi
NNOTHOYMaKOBaHHbIX CIOEB COOTBETCTBYIOT naockoctTam {111}

Ynakoska MY xapakTepHa ana Takux meTtannos, Kak Mg, Zn, Cd u ap. B ctpyktypax c F'UK-ynakoekoi
Kpuctannusyiotca Cu, Au, Ag, y-Fe 1 mHorue apyrve meTtannsl, a Takke 6nraropogHble rasbl. Bo3amoxHbl 1
6onee cnoXHble NAOTHEWLWME YNAKOBKM € Nepuogamu bonblue Tpex. Tak, B CTPYKTYpe NaHTaHa ynakosKa
yeTblpexcnoMHaa ABCB, B CTpykType camapua — [JeBATUCNOWHaA. HeKkoTopble MeTanibl  MOryT
KPWUCTaNNU30BaTbCA B CTPYKTYpax pasHOM CNOMHOCTMU, C Pas/iMYHbIMU NEPUOJAMKU YNAKOBKW. TaKoBbl,
Hanpumep, KobanbT WM cnnasbl Ha ero ocHose, cnsasbl Fe-Mn. CnocobHocTb BellecTsa obpasosbiBaTb
CTPYKTYPbl, MOCTPOEHHbIE U3 OAMHAKOBbLIX CNOEB, HO C PasHOM NOCNeAOBaTENbHOCTbIO MX YepenoBaHUA,
Ha3blBaeTCcA noaumunuell, a camm 3TU CTPYKTYPbI C PasHbIMU NEPUOAaMU YNAKOBKKU — noaumunamu. Mommumo
YNOpPALOYEHHbIX MOMUTUNOB CO CTPOroil NEepuoaWYHOCTBR, 4YacTo 0bpasyloTcA CTPYKTYpbl €O c1oesoll
pasynopAado4YeHHOCMbH W BbICOKOW KOHLUEHTPaUMeln deghekmoe ynakoeKku — Hanpumep, ABCACABABCACB...
.3anpelleHo NuLb cnefoBaHMe ApYr 33 APYroM OAWHAKOoBbIX OyYKBEHHbIX CUMBOJIOB — Harnpumep, ABBC. 3T1o

O3Ha4aeT Ha/lo¥eHue Wapoe 04HOIo CNOA Ha Wapbl Apyroro cnoAa {a He BO BI'Iaﬂ,I/IHbI}, M 3HA4YuT, naoTHeNMwWwen
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YMNaKoBKWM B TaKoW CTpykType HeT. B ctpyktypax TUK w [ITlY, B nonutmnax nwboi cnolHoctM M B
pasynopagoYeHHbIX CTPYKTypax MAOTHOCTb YNaKOBKM 4YacTul (cTeneHb 3amosiHEHWA MpPOCTPaHCTBa)
oauHakoBa u coctasnsaetr 0.74, KawAabli Wwap ynakoBku mmeer 12 6auxanwmx cocepen (KY4=12). Onn
CpaBHEHUA, B CTPYKTYpe anmasa, rae bnarogapa KoBaneHTHbIM CBA3AM NAOTHENLWAA YyNakoBKa HEBO3MOXKHA,
NAOTHOCTb YNaKoBKM YacTuy, coctasnaeT scero 0.34, a K4=4. 3ameTrm elle, 4To ANA METANA0B NOANTHMNKUA, B
obuiem, He XxapaKTepHa, HO OYeHb pacnpocTpaHeHa B BuHapHbiX U bonee cnoXxHbix coeguHeHusax — SiC, ZnS,
MoS;, B cnogax U ApYrux CIOUCTbIX cunukatax. lpu 3Tom y HeKoTopbix coeguHeHun (SiC, Cdl, ZnS )
obHapyXeHbl OeCATKW MONMUTUMHBIX MOAWPUKAUWMIA pa3HOW cnorHocTU. [lnA NpoABNAEHMA NOAUTUMNUMK

NAOTHeMWan ynakoBKa He obAa3aTenbHa — TaK, NoAUTUNUA oBHapyKeHa y anmasa, rpadputa, KpeMHUA U T.0.
6.5.2 MOoHHbIE coeanHeHun

MoHHbIe KpUCTanibl NOCTPOEHbl U3 YacTUL, HECKONbKUX COPTOB. Kak MMHMMYM, B HUX MMeeTca ABa copTa
WOHOB Pa3HOro 3apAAa — KaTUOHbI M aHMOHbI, KOTOpPbIE PAa3/IMYAIOTCA ele U pasmepamu. bonee KpynHbie
MOHbI (KaK NMpaBWio, 3TO aHWMOHbI) CAAralT TY WAU WHYIO NAOTHENMLLYIO YNAaKOBKY M3 PacCMOTPEHHbIX B
npeablaywem pasaene. bonee menkne moHbl (06bIMHO KaTMOHbI) pasmellLatoTca B nycroTax. [ycToTbl, Kak
cneayeT U3 NAOTHOCTM YNaKOBKK, cocTaBnatoT 26% obwero obbvema. OHM nogpasgenatoTca Ha gsa Tuna —
OKTasApu4eckue 1 TeTpasapuyeckue — no popme KOOpPAMHALMOHHbIX MONU3APOB, KOTOpPble 0OpasyoT Wapbl
YyNaKoBKM, OKpyKatowwme nyctoTbl (prc.6.24). TeTpasgpmyeckan NycToTa, OKPYMKeHHaa YeTbipbMA Wapamu,
obpasyeTcsa, Koraa BO BMaAMHYy MeXAy TPEMA WapamuM CNos NOXMMUTCA LWap CAeaylollero cios.
OKTasgpuyeckyto NycToTy, OKPYMKEHHYIO LWECTbIO Wapamu, 0bpasyloT pacnonaralowmecs apyr Hag 4pyrom
BMaJuHbl coceaHux cnoes. OKTasgprUYeCcKUX NYCTOT B YNAKOBKE CTOJILKO e, CKOMIbKO aTOMOB, CarakLimx
ynakoBKy, No= N, , a TeTpasapuueckux sasoe 6onbuie, Nr= 2Na. B ynakoske MY oKTasgpuueckune NycToTbl
pacrnonararoTca Apyr noa apyrom, obpasya ckBo3Hble KaHasnbl. B LU K-ynakoBKe B cocegHWx cnosax apyr nog,
OpYyrom, yepeayacb, pacnosaratoTca TeTpasgpu4eckne U oKTasgpuyeckue nycroTobl.

Ecnv pasmepbl aHMOHOB, cnarawWmx ynakoBry, obo3HauuTb uyepe3 R , TO pasmepbl NyCTOT AAKOTCA
cooTHoweHuamu: Rr= 0.22Rs , Ro = 0.41Ra . Takum obpasom, B TeTpasapuYecKMX NyCcToTax pasmellatoTca
6onee mMenKue KaTMoHbl, B OKTasapUYecKkux nyctotax — bonee kpynHoie. Obpalliaem BHUMaHWUE, YTO €CM
KaTMOHbI 3aHMMAIOT OKTa34PUYECKME NYCTOTbI FeKCaroHanbHOM YNAaKOBKKU, TO OHU NexkaT dpye nod opyzom —
Kak, Hanpumep, KaTthoHbl Ni?* B cTpyKType HuKenmHa NiAs (puc.6.25). 3TO He NPOTUBOPEYUUT, KaK MOMeT
MOKa3aTbCA, Ha/IMYMIO MJIOTHEWLWen YNakoBKWU — Apyr Nnoj ApYromM He MOryT pacnosiaraTbCA TO/IbKO aTOMbI,
cnaratolme camy yrnakoBHY.

MycToTbl AaHHOTO TUNa MOryT BbiTb 3anoJIHEHbI KaTMoHamu uenukom (okrasgpuyeckue nyctotbl 8 NaCl,
TeTpasapuyeckme nycrotbl B Li;0), nnbo Ha onpegeneHHyo aoso (2/3 okTasgpuyeckux NycroT B KOpyHae
Al;Os, % TeTpasapuyeckux nyctot B cdhanepute ZnS). Ytobbl HA Moaenu CTPYKTYpbl ONpeaenuTb A0
3anoNHeHHbIX NYCTOT, HYHO NpeXae Bcero BblACHMTL No KY KaTMOHOB, B KaKMX MyCTOTax OHW HaxodATcA.
3atem no xumuuyeckol dbopmyne, NMBO NOACUUTAB COAEPIKUMOE AYEKM, BbIACHUTb COOTHOLIEHWE YMCAa
KaTMOHOB U aHMOHOB. CpaBHUB 3TO COOTHOLUEHME C YUC/IOM COOTBETCTBYIOWMX MYCTOT, NPUXOAALLUXCA Ha
OAMH aToM ynakoBKM (2 ana TeTpasapuyeckux, 1 ANA OKTasApMYECKMX MycToT), YCTaHOBMM A0
3arnoJIHeHMA NycToT.

BcTpevatoTca coeiMHEHWA, B KOTOPbIX pa3mepbl KaTMOHOB BoJiblue, Yem pasmepbl aHUOHOB. Torga UMeHHo
KaTMOHbI cnaraloT maTpuuy NAOTHeMLW el yNakoBKKM, @ aHUOHbI pasMeLLaloTca B NycToTax. Takosa CTPYKTypa
dnoopura CaF; (puc.6.12). Ee mo>kHO paccmaTpmuBaTh Kak [ K-ynakosKy MOHOB Kanbuns, B TETPa3ApUHECKUX
nycToTax KOTOpOW pasmewalotca MoHbl ¢Topa. CTpykTypa TuTaHata 6apua BaTiOs (aHanor muHepana
neposckuta CaTiOs, cm.puc.6.30a) moxkeT BbiTb NpeAcTaBNeHa Kak COBMECTHAA YNaKOBKa KPYMHbIX KaTUOHOB
6apMa M aHMOHOB KUCNOPOAaA; ¥ OKTasApPUYECKMX NYCTOT (OKPYKEHHBIX KMCAOPOAaMM) 3aHATA MENKMMM

KaTUMOHaMKH TUTaHa. anHLI,MI'I nAoTHenwWen YNaKoOBKKW 4acTo MCNONB3YHOT WU OANA ONMCaHWA KOBaNeHTHbIX
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CTPYKTYp, ¢dOpmanbHO 3TOMY TMPUHUMNY YOOBAETBOPAWOWMX. TaK, CTpyKTypy cdaneputa ZnS mbl
paccmaTpusanu sbiwe Kak LLK-ynakoBky aToMoB cepbl c aTOMaMM LLMHKA B TETPasgpUyecKux NycToTax, XoTA
cBA3u B ZnS Ha 90% KoBaneHTHble. [loaToMy ¢ paBHbIMW OCHOBAaHWAMM CTPYKTYPY MOX¥HO PacCMaTpMBaTh Kak

I'U10THEI:ILLIVIO YMNaKOBKY aTOMOB UMHKa C aTOMaMM Cepbl B TETPA3APUYECKUX NYCTOTax.

6.5.3.freomeTpuyeckue npeaenbl yCTOMYMBOCTM MOHHBIX CTPYKTYP. MopdoTtponus.

MoCKONbKY B WOHHbLIX CTPYKTypax MycTOTbl MAOTHEWWEW YNakOBKM 3ano/HeHbl, XoTa Obl YacTUMYHO, TO
NAOTHOCTb YNaKOBKMU f0MKHa BbITb BoNbLIE, YeM 1A METaNNMYECKUX CTPYKTYP. OAHAKo ANA CTPYKTYPbI TUNa
NaCl, Hanpumep, MakcumanbHoe 3HaYeHWe KoadpPpuuMeHTa 3anoNHEHMA NpocTpaHcTea coctaenaet 0.79, uto
He CAMLWKOM OTAMYyaeTca oT BenunyuHbl 0.74 AnAa oAHOAaTOMHOWM ynakosKW. [eno B TOM, YTO B MOHHbIX
CTPYKTYpPax MNPUHUMN NAOTHENMWENA YNaKOBKM HE MOMET CTPOro BbINOAHATbCA B cuny KynoHosckoro
OTTa/IKMBaHUA O4MHAKOBO 3apAXeHHbIX MOHOB. EcAn MOHbI 0aHOTO 3HaKa ByayT conpuKacaTbea, CTPYKTypa
noTepaeT yCToWYMBOCTb. KaTMOH, HaxoAALLMIACA B NONIOCTU aHUOHHOW YNaKOBKKW, HE MOMET «bonTaTbcA» B
NOMIOCTU, OH AOJ/IKEH Pa3ABUraTb aHWOHbI, HE AaBanA UM CconpuKacaTbca. B npotusHom cnydae KY KaTuoHa
YMEHbLUUTCA, T.€. NPOU3OKAET NepecTpoiika CTPYKTYPbl, KaK 3TO NMOKa3aHo Ha cxeme puc.6.26. Otcioaa
cneayet, 4TO YCTOMYMBOCTb MOHHOM CTPYKTYpbl, T.e. KY KaTWoHa, onpeaenseTca COOTHOWEHMUEM pasuycoB
KaTMoHa 1 aHnoHa R¢/Ra . MOMEHT CONPUKOCHOBEHUA aHMOHOB ONpeaenseT MUHMMa/IbHOE 3HaUYeHUe 3Toro
OTHOLIEHUA AR NAHHOIO KOOPAMHALMOHHOTO YMCNA, YTO JIerko paccyuTbiBaeTtcs (cm. puc. 6.266). B tabnuue
6.1 npuBeaeHbl npeaenbHble (MWUHUMaNbHbIE) OTHOLWEHWA PaAUYCOB MOHOB ANA pasHbix KY wu,
COOTBETCTBEHHO, Pa3sHbIX KOOPAWHALMOHHbIX nonuagpos. Tabnuua aemoHcTpupyeT npasuno MazHyca —

lonsdwmudma, onpeaensawliee 2eoMmempuyeckue rnpedessl ycmoliyugsocmu UOHHbBIX CPYKmMYp.

Tabnuua 6.1. NMpasmuno MarHyca — ronbalwmMnAaTa.

KoopanHauMoHHOe Yncno KoopauHauWoHHbIA noanaap OTHoweHue R¢/Ra
2 raHTenb 0
3 TPeyrosibHUK 0.15
4 TeTpasap 0.22
6 OKTasgp 0.41
8 Kyb 0.73

Obpaujaem BHUMaHUE, YTO OTHOCUTE/IBHO CTRPOTUMM ABAAIOTCA UMEHHO HUMHUE fpedessbl, onpeaensaolme
nepexop, 8 CTPYKTYpY ¢ bosee Huzkum KY (XOTa 1 30eCb ecTb A0CTaTOYHO UCKAYEHUIA). YTOo e A0 nepexoaa
K bosnee sbicokomy KY, To oH BoobLWe He onpenenAeTca NPOCTbIMW FEOMETPUYECKMMM COOTHOLLEHUAMMU U
TpebyeT 3HepreTMYeckoro paccmoTpeHusa. Takum obpasom, npasuno MarHyca - [onbgwmuara
XapaKTepusyeT /Mlb meHOeHUulo K ymeHblueHutio KY ¢ ymeHblieHnem Rg/Ra . Tem He meHee ¢ 3ToM
TEHAEHUMEN CBA3AHO TaKoe KPUCTaN/IOXMMUYECKoe ABNeHUe, Kak mopdoTponusa (rped. mosopom gopme).
Mopgomponuell HasbiBaeTcA pPe3Koe M3IMEHEHME KPUCTANNMYECKOM CTPYKTYPbl MPU 3aKOHOMEPHOM
M3MEHEHUWU COCTaBa B PALY CXOAHbIX XMMMUYECKMX coeguHeHwil. TakoW pag, coeguHeHWI HasblBaeTcA
moppomponHeim padom. MNpumepom MopdOTPONHOIo pAAa ABAAETCA PAL XNOPULOE WENOYHbIX INEMEHTOB
LiCl, NaCl, KCI, RbCl, // CsCl. OtHoweHue R¢/Ra B 3ToM pagy Bso3spacrtaert oT Li kK Cs. [epBble yeTbipe 4sieHa
pAda WMEKT rpaHeLEHTPUpOBaHHaylo Kybuueckylo peweTtky, KM katuoHos pasBHo wectn (puc.6.14).
Mepexog k CsCl conposoxpaetca ysenuueHmem KY go 8, peweTtka cTaHOBMTCA NpUMUTUBHON (puc.6.4a).
MpoucxoamT ckaykoobpasHoe U3MEeHEHME CTPYKTYPbI, MMeHyeMoe MopgomponHeil nepexod.

Mpumep mopdoTponHoro paga M3 mupa MUHepanoB — KapboHaTbl ABYXBasleHTHbIX METas/l/ioB MarHesuT
MgCOs3, cmutcoHuT ZnCO3 , cuaeput FeCOs , poaoxpo3nt MnCO; , Kanbuut CaCOs , // aparonut CaCOs ,

cTpoHumaHuT SrCO;z , uepyccut PbCO; , euteput BaCOs. MuHepanbl NeBON YacTu paga, BKAKOYAA KanbLuT,
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KPUCTaNNU3YIOTCA B TPUIOHaNbHOW CUHIOHWUU, KaTUOHbI MmetloT KY = 6. MuHepanbl npaBoW yactu paaa,
HauyMHaA C aparoHWTa, xapakTepusylotca pombuuyeckon cuHronuen, KM = 9. MNpu stom KapboHaT Kanbuua
MOMET UMETb U TY, U APYIYIO CTPYKTYPY — U 3TO YIKe HOBOE ANA HAc ABNEHUE NOAUMOPEGUIMA, KOTOPOE Mbl
paccMOTPUM B C/iedyioLeM pasgene.

KoHeyHo, mopdoTponua He orpaHUMYMBaETCA ABYMA PACCMOTPEHHLIMW NPUMMEpPAMM — CYLLLECTBYET MHOro
MOpPGOTPONHbBIX PAAOB Kak cpeau MWHEPanoB, TaK WM CpPpean MCKYCCTBEHHbIX COeAMHEHWA — OKCUAbI
LLLEeNOYHO3EME/IbHBIX 3/1EMEHTOB, CynbdUAbl ABYXBA/NIEHTHBLIX METaNN0B, OKCUAbl YeTblpexBaNeHTHbIX
3N1eMEHTOB U T.N. B KosaneHmMHsIx coeguHEHUAX YCTOMYMBOCTb CTPYKTYPbl CBA3aHa HeE C pPasMepHbIMM

d)aKTopaMM, KaK AnAa MOHHbIX KPUCTaNN0B, a C HanpaBNeHHOCTbH XMMUYECKMX ceasei.

6.6. Monumopdpuam

C noHAaTHUEM noaumopdm3ma Mbl TONBKO YTO CTONKHY/IMCb, paccmaTpuean MopdoTponHblin pag KapboHaTos.
Monumopgusm (rped. noau — mHoro, mopgoc — dopma) - 3T0 CNOCOBHOCTb AAHHOIO XMMWUYECKOro
coeanHeHuUA 0bpa3oBbIBaTh pa3Hble CTPYKTYPbI MPU PasHbIX 3HAYEHUAX TEPMOAUHAMUYECKUX NapameTpoB
(temnepatypbl, gasneHua). Kak y»e roBopuaocb, YCTPOWCTBO CTPYKTYpbl KpucTanna onpepenaerca
MWUHUMYMOM NOTEHLMANBHOW 3HEPTUM B3aMMOLENCTBMA YacTUL. OAgHaKo ANA 4aHHOTO BELLECTBA B PasHbIX
YCN0BUAX MUHUMYMY MOTEHLMA/IbHOW 3HEPTMU MOTYT OTBEYaTb pasHble CTPYKTypbl. TakMe pa3sHOBUMAHOCTH
BELECTBA, Pa3MYalOWMECA CUMMETPUEN, CTPYKTYPOM W CBOMCTBAMM, HasblBaKOTCA [10AUMOPHHLIMU
modugbukayuamu, a npespalleHue oaHon moauduKkaunm B Apyryo NpU U3SMeHEHUN TEPMOANHAMUYECKMNX
ycnosuii — noaumopgHeim npespaujeHuem. C TOUKM 3peHUA (GU3MYECKOM XuMUKM  nonumopdHble
MOANDUKALMKU KPUCTANNIMYECKOTO BELLEeCTBA — 3TO mepmoduHamuyecKkue ¢hasel, UMelolMe CBOU NonA
YCTOMYMBOCTM Ha AMarpaMmme COCTOAHUA, B KOOpAMHaTax «aasneHue P —Temnepatypa T». [lna npumepa Ha
puc.6.27 npusBeaeHa ynpoweHHaa Anarpamma COCTOAHUA yr/iepoda ¢ NPMMEpPHbIMUM MOAAMU YCTOMYUBOCTH
OCHOBHbIX ¢as. CywecTByloT U gpyrue mogupuKkauuu yrnepoaa, Hanpumep, rekcaroHanbHbli anmas —
NOHCAEWAUT, UK dynnepeHbl ¢ WapoBbiMyu monekynamu Ceg , C76 M T.M., HO NOJIOXKEHWUE MX HA PABHOBECHOM
Amarpamme  COCTOAHMA He AcHo. HekoTopble BewecTsa umeloT 6onblwoe 4YMcAo NOAUMMOPGHbLIX
moaudmKaumin. Tak, y KpemHesema ux HacumTbiaeTca 10, y nbaa — 13.

Bonbwoe pasHoobpasme cTpykTyp NnoammopdHbIX mogndukaumii npegonpeaenser U pasHoobpasue Tunos
nonaumopdusma. PaccmMoTpUM OCHOBHbIE TUMbI NOAMMOPOHbIX NPEBPALLEHWUNA.

1. PekoHcmpykmueHble npeepaujeHus. 3TWU NpeBpaLieHWA NPOUCXOAAT C PaspbiBOM CBA3EN Mexay
atomamm U1 C MOJIHOW NepecTporMKon CTPYKTYpbl (OTKyZa M Has3BaHue). 3Tu npespaleHus Tpebyror
6onblIOK 3HEpPruKM akTUBaUMK ANA paspbiBa cBA3el. [103TomMy CKOpoCTU npespalleHUA masnbl, U
BbICOKOTEMMNepaTypHble M BbicOKobapuueckne moguduKaumu, nonagas B ycnoBWA OBObIYHbIX
TemnepaTtyp U AaB/IEHUHA, MOTYT YCTOMYMBO CYLLECTBOBATL B BUAE memacmabusibHbix $as — Kak,
Hanpumep, anmas. MOXHO BblAeNUTb AB8a NOATUNA PEKOHCTPYKTUBHbIX NPeBpaLLeHNi:
la — ¢ usmeHeHuemM KOOpPOUHAYUOHHO20 4ucna. Cloaa oTHocATCA npespaleHua rpadut (KY 3) —
anmas (K4 4), keapy, (KM 4) — ctuwosuT (cTpyKTypa pytuaa TiO;, K4 6), kanbumt (KY 6) — aparoHuTt (K4
9).

16 — 6e3 uzmeHeHUA KOOPOUHAYUOHHOR20 YUcAa, Hanpumep, NpespalleHma Keapy, — TpuaumuT (KY 4
B 0benx moguduraumsax), nuput FeS; — mapkasut (KM 6).

2. [fedopmayuoHHsle (MapmeHcumHeble) NpespaujeHus OCYLLECTBAAKOTCA 3a cyeT aedopmaumm Bcei
CTPYKTYPbl NyTEM €e pacTAXKEHWA WKW CHaTUA No onpegeneHHbiM HanpasaeHuam. CeA3M mexay
4YacTULaMKM NMPKU 3TOM He pPaspbliBalOTCA, TaK YTO IHEPruM akTUBaALMK HeBEe/IMKWU, U NpespalLeHna
NpoTekalT ¢ 6ONbWKMMKU CKOPOCTAMM. ITU NpeBpaLLeHUs MOTYT NPOMUCXOAWUTb HEe TOMbKO Mpu
U3MEHEHUU TeEpMOAUHAMUYECKUX NapameTpos T 1 P, HO 1 nog, AelCTBUEM BHELLHWUX MEXaHUYECKUX
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HanpsaeHui. [lebopmaunoHHbIE NPEBPALLEHUA, KaK U PEKOHCTPYKTUBHbBIE, MOXHO NOAPa3aennTb
He ABa nogrtuna:

2a - € usMmeHeHuUeM KoopOuHayuoHHo20 Yucsaa. NMpumepom asnsetca nepexoa 'K yFe (KY 12) —
OLK oFe (KY 8), cxema KoToporo nokasaHa Ha puc.6.28 n skntouaet cxkatue FUK-peweTtku no [001]
1 pactaxeHue ee no [110] m [110]. KctaTv, MMEHHO 3TOT nonMmop@HbIN Nepexon 1 Nopoau BTopoe
Ha3BaHMe AedOpPMaLMOHHBIX NPEBPALLEHUIA — MapmeHcumHsie, NocKonbKy yrnepoauctoe aFe
umenyetca mapmeHcumom (a yFe, cooTtsetcTBeHHo, aycmeHumom). [Lpyron npumep -—
npespaleHue CsCl (K4 8) B cTpykTypy Tna NaCl (K4 6) nyTem pacTaskeHUA BAONb AMaroHa U AUEKN
M CXKaTUA B NEPNEHOUKYNAPHOM HanpasBAeHUK.

26 — 6e3 usMeHeHUA KOOPOUHAUUOHHO20 Yucna. Knaccuueckunin npumep — nepexos, 8 — keapua
(BbICOKOTEMMEpPATYPHOTO) B @ — KBapL, (HU3KoTemnepatypHbii). Mpoucxogut nnwwb HebonbLon
pa3BopoT TeTpasapos Si0s ¢ UBMEHEHUEM CUMMETPUU C FTEKCAaroHaIbHOM Ha TPUTOHaNbHYIO
(pnc.6.29). MogobHbIM e 0bpa3om BbICOKOTEMIMEpaTypPHbI HAaTPUEBLIW MONEBOW WNAT MOHAALbum
NaAlSi;Og nepexoauT B cpegHeTemMnepaTypHbIi aHansbum.

3. (Cdsuzossie (nonumunHeie) npespaweHusn. B pasa. 6.5.1 mbl yxke obcy»aanv asneHune noaumunuu.
HanomHUMm, 4TO NOAUTUNHbIE MOAUPUKALMKM Pa3NNYaKOTCA TONBKO YMaKOBKOW W Nepuoaom
yepeaoBaHWA 0AMHAKOBbIX cnoes, baarogaps Yemy NOAUTUNMIO PACCMATPUBAIOT KaK  0OHOMepPHbIl
nonumopguzm. NOCKONbKY 3HEPTUA M MNOTHOCTb Pa3sHbIX MOAUTUMHBLIX MOAUDUKAUMIA OAHOro
BELLECTBA OAWHAKOBbI, @ 3HTPONUA Pa3NMYaETCA He3HauuTenbHo, TO Ha P-T-guarpamme Henbsn
BbIAENNTb YeTKMX obnacTeit yCTOMUMBOCTM pasHbiXx moaudukaumin. Hanpumep, XoTa ABYXCNOMHbIN
reKcaroHa/ibHbli BIOPTUMUT CYMTAETCA BbICOKOTEMNEPATYPHON Moaudukaumen ZnS, peanbHo OH U B
npuvpoae, U Npu cuHTese obpasyeTbcA NPU CamblX pasHbiX TemnepaTypax, M YacTo B CPacTaHMAX C
TPEXCﬂ{)ﬁHbIM KVGH'-IECKMM Cd)aﬂEpHTOM u bonee BbICOKOCNOWHBIMK nonuTUnamu. MonuTunHble
npespaLweHna NPOMUCXOAAT 3a CYET MNEepPUOIMYECKOro BBEAEHUA B CTPYKTYPY Oeghekmoe yrnakoexu
nytem cdeuza CNOEB ApYyr OTHOcUTenbHoro apyra. [oaTomy nepexoabl MexAay pPasHbIMM
MOAUDUKALUMAMM NETKO NPOUCXOLAT NOA AEUCTBMEM MEXAaHMYECKUX CKaNbIBalOWMX HaNPANKEHUNA.
MoAnTUNHbIE NPEBPALLEHUA MOMHO CHUTaTb YACTHBLIM CIYYaeM MaPTEHCUTHbIX NPEBPaLLEHMIA.

4. [pespaweHua muna cmeuwjeHus. Mpu 3TUX NpeBpalLeHUAX  CTPYKTypa B LLE/NIOM OCTaeTca
HEU3MEHHOM, NPOUCXOAUT NUlIb HeboNblloe CMELIEHME HEKOTOPbIX aTOMOB, A0CTaTOYHOE ANA
U3MEHEHUA CUMMETPUMU CTPYKTYpbl. Takoe npesBpalleHMe MMeeT MEeCTO B KpWUcTannax TUTaHaTa
6apua BaTiO; ¢ NepoBCKUTOBOW cTpyKTypou (puc.6.30a). MoHbl TUTaHa, HaxoAswmecs B
KMCNOPOAHbIX OKTasapax, Npu CHUXeHUM TemnepaTypbl HUKe 120°C (moyka Kropu) cmewatotca B
HanpasneHuM Tuna [100] (pwuc.6.306), u npu 3ToMm BCE B OQHOM M TOM e HanpasieHWM
(koonepamueHsili achgpekm). Cmewtenne Ti** HesHaumTenbHoe, Bcero Ha 0.006 HM, HO cuMMeETPUA
KpuUcCTanna npyv 3TOM MEHAETCA C KybMYeCKOM Ha NONAPHYK TeTparoHanbHYK, WM BO3HUKaEeT
CNoHTaHHaa nonapusauma (ceeHemoanekmpuveckull 3¢hgpekm). AHaNOrMYHLIA  Nepexos,
HabnopaetcAa 8 KNbOs; u page apyrux coeguHeHUM.

5. [lpespaweHua muna ynopadoveHus - pasynopadoyeHua. 34ecb MOXHO BblAeNnTb ABa noaTMNa:
5a. MNosuyuoHHoe yrnopadoyeHue. AToMbl pa3HOro COpTa Pa3HOro CopTa, 3amellialoLLne Apyr Apyra B
CTPYKTYpe MUHepana (AsneHne usomMopguiama, CM. CAeLylolWmWiA pasaen), MoryT pasmeLaTtbca no
NO3MLMAM CTPYKTYPbI CTaTUCTUYECKM, BecnopagoyHo, YTO NOBbIWAET CUMMETPUIO CTPYKTYpbI. Mpu
CHUMEHMM TEMMNEPATYPbI aTOMbI PA3HOI0 COPTA 3aHUMAIOT KpUcTannorpadpuyeckn pasHole No3numm,
CTPYKTYpPa YynopaAoYMBAETCA, CUMMETPUA CHUXKaeTcA. TaK, ynopagodeHue Si n Al npoucxoamt B
CTPYKType Kanuesoro nonesoro wnata KAISisOs , MOHOKAWHHBIM caHuauH npy 500°C nepexoguT B
TPUKAUHHBIA MUKPOKAUH. [poLeccbl NO3ULMOHHOIO YNOPAA0UYEHUA XapaKTEPHbI AN OYEHb MHOTUX

MWHEPAaNoB — N1arnoknasos, NMPOKCEHOB, CNo4, Cyn bd)M,ﬂ,OB MnT.M
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56. OpuerHmayuoHHoe yrnopsdoyeHue CBA3aHO C BPaleHUeM OTAE/bHbIX aTOMHbIX TPYMMUPOBOK -
NH;, OH, H,O u gp. Mpu HM3KMX TemnepaTypax acUMMETPUYHbIE TPYNNMPOBKU WMEIoT
onpeae/NeHHY0 OPUEHTaLUMI0 B CTPYKTYPE, CHWXKas ee cummeTpuio. MosbileHne TemnepaTypbl
npusoamT K nMbo Kk BecnopagoyHoi opueHTaLMKM Takux rpynn (cmamuyeckuli 6ecnopadok), nnbo K
WX KPYTWUAbHbIM KonebaHuam mnun ceoboaHomy spauleHuio (QuHamuyeckuli becnopadok). B obownx
CNy4Yasx CUMMETPUA NosblwaeTca. Takne nepexoabl HabnwogaoTca 8 ammuadrHon cenutpe NH4NO;,
HawaTbipe NH4Cl, xnopuctom Bogopoae, MHOTUX OPraHUYeCKUX COeAMHEHUAX.
PaccmoTpum Tenepb KpaTKO BAMAHUE BHELIHWUX YCNOBUA Ha nosumopdHblie npespalleHus. MNosbiweHue
TemnepaTtypbl BeAeT, Kak NpaBuno, K obpasoBaHUio meHee NAOTHbIX $as, C MEHbLWMM KOOPAUHALMOHHbBIM
yucnom. YsenuuyeHuwe fasieHUAa OeNCTBYET MPOTMBOMNONOXKHbIM 06pasom. 3TO Xopowo BuaHO Ha P-T
Anarpamme yraepoga (puc.6.27). To e geMOHCTPUpPYET Anarpamma yctonumsoctu ¢as kapboHaTta Kanbuma
(pnc.6.31). 3T npaBuna cnegyer paccMaTpMBaTb Kak TEHAEHLMM, MOCKOJIbKY MMEETCA O0BOJIbHO MHOrO
nckadeHui. Ecamn paccmatpueaTb NapansienbHoe NoBbiLEHWE TEMNEPaTYPbl U AABAEHUA NPU NOTPYIKEHUH
OT NOBEpPXHOCTM BryBb 3emnu, TO OKasbiBAeTCA, YTO AEWCTBUE aasneHuA npeobnagaer Hag AencTBuem
Temnepatypbl. C yBenndeHnem rnybuHbl U Nepexogom oT 3eEMHON KOpPbl K BEPXHEM, @ 3aTEM M K HUKHEN
MaHTUK obpasytoTca dasbl ¢ Bce 6onee BbICOKOW NAOTHOCTbIO M 6onbummu KY. Tak, keapy (p = 2.65 r/cm?,
K4 4) nepexoaut 8 ctuwosut (p =4.28, K4 6) n ganee 8 nocrctmwosuT (p = 5.5, K4 8). OnusuH (Mg, Fe),SiO,4
obpasyer 6onee NAOTHYIO MOAMDUKALMIO CO CTPYKTYPOM LIMNMHENW, LEernoYyedyHas CTPYKTypa MUMpOKceHa
npeobpasyeTca B rpaHaToBYIo, U Aanee B NepoBCKUTOBYIO CTPYKTYPY.
BbicokoTemnepaTypHble M BbiCOKOBapuyeckue noanmopoHbie mognbuKaumm MmuHepanosB npu GbicTpom
CHUMXEHMU TEMNEPATYPbI U AaBNEHUA (3aKAAKA) MOTYT ANUTENbHO OCTABaTbCA YCTOMYMBBLIMM NPKU 0BbIYHbIX
ycnosuax (anmas, caHWaMH, aparoHUT 1 T.1.). Kpome Toro, 4acto npu noAMMop@HOM NpespaLLeHnn MUHepan
COXpaHAeT BHelWHW GopMy UCXoaHOI MoaubUKaumu — BO3HUKaeT napamopghoza. Hanpumep, xopolio
u3BecTHbl napamopdosbl -kBapua no [-keapuy. O6HapyxeHue meTacTabubHbix MoaudUKauui
napamopdo3 MO3BOAAET OLEHWTb TemnepaTypy W JaeneHue obpasoBaHuAa nopoapl (eeonozuveckas
mepmobapomempus). OaHako HeobXoaAMMO UMETb B BUAY BO3MOMKHOCTb 0Bpa3soBaHua metactabuibHbIX
$as Npu BbICOKUX CKOPOCTAX KPUCTANNIM3ALMMK, A TaKIKe B pesynbTaTe cTabuansauum Takux ¢as npumecamm -
Hanpumep, puaHum — Kybuueckuii Zr0O,, cTabuansnpoBaHHbIA peaKo3eMebHbIMW 3N1EMEHTAMM.

6.7. Usomoppusm

C ¢usuko-xumuyeckol TOYKW 3peHus usomopgusm (rpey. usoc — pasHbI, Mopgoc — ¢opma) - 31O
cnocobHocTb BelwecTB 0bpasoebiBaTh meepdslie pacmeopsl, UNU cMelwdHHble Kpucmarssl. Bcem nsBecTHble
TBEpAble PacTBOPbl — 3TO MeTas/IMYeckue cnsiasbl, Hanpumep, Bponsa (Cu + Sn), anektpym (Au + Ag),
NiernposaHHble cTanu (Fe + C + Cr, Mn, V). TBepabiMn pacTBOpaMu ABAAIOTCA MHOTME MUHEpasibl - NOJIeBble
WNaTbl, NMPOKceHbl, amdubonbl, cnlogbl, rpaHatbl, TYPManuHbl M T.n. KOMNOHEHTbI TBEPAbIX PacTBOPOB
MOTYT CMELUMBATLCA BO BCEX MPONOPUMAX, AaBaa HenpepbiBHbiM M3oMopdHbIM pag, (cosepwerHoil
nsomopdusm). TakoBbl OAMBMHLI — TBepAble pacTeopbl Mg.Si0; u Fe,Si0s. Ecnim ke cmecumocTb
KOMMNOHEHTOB OrpaHMYeHa, Mbl FOBOPUM O HecosepuieHHom usomopodusme (Hanpumep, CaCO; — SrCO;3). Bo
MHOMMX CAY4YanaX OrpaHUYeHHas NPU KOMHaTHOW TemnepaType CMEeCUMOCTb CTaHOBWUTCA HEOrpaHUUYEHHOIA
NPpU BBLICOKMX TemnepaTtypax. 3To Mbl Habnwpgaem B Kanuin-HaTpuesbix nonesbix wnatax (K,Na)AlSisOs
(pnc.6.32). Obnactb paspbiBa CMECMMOCTM OrpaHUYeHa Kpusoli conbeyca. Teepaple pacTBopbl, Nonagatouime
Npu oxnaxAeHuW BHYTPb cosnbeyca, ucnsimelearom pacnad, obpasya cpacmaHusa deyx a3z pasHoz20
cocmasa.

C kpucmanaoxumuyeckol TOYKU 3peHUA M30MOPGUIM — 3TO ABNEHUE 3ameLLeHUA M0b6bIX NO3ULMI UK
rpynn nosuumii B CTPYKTYpe KpucTanna nepemeHHOro coctaBa APYrMMM CTPYKTYPHbIMWM 3N1eMeHTamMu.

3amelwjaemble MO3MUUKM MCXOAHO MOTYT ObiTb M MYCTbIMMK, @ 3amMeljatouiMe CTPYKTYPHbIE 3/1eMEeHTbl —
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BaKaHCUAMM UM TPYNNamu aTomos. MNpu TaKkom LIMPOKOM ONpeaeNeHUM CTPYKTYPHbIE BapUaHTbI TBEPAbIX
pacTBopoB YpesBblyaliHO pasHoobpasHebl.

Mpexae Bcero, BbIAENAOTCA UCMUHHbIE U (hpazmeHmapHbie TBepable PacTBOPbl — CMeLeHMe Ha aTOMHOM
ypoBHE U Ha ypoBHe BonbluMX $pparmMeHTOB CTPYKTYPbl, COOTBETCTBEHHO. MCTUHHbIE TBEPAbIE PACcTBOpPbLI, B
CBOIO ovepeab, AENATCA Ha TBEPAbIE PAcTBOPbLI 3amMeweHusa u eHedpeHusa. PaccMoTpyMm nocneaosaTtefbHO
3TU TUNbI TBEPAbIX PACTBOPOB.

Teepdble pacmeopsl 3ameuwjeHus. 370 Hanbonee pacnpocTpaHeHHblM TUM TBEPAbIX PacTBOPOB, Korga

4acTULbl OHOrO COPTa 3aMelLaloT YacTULbl APYroro copTa B KPUCTa/LIMYEcKoW CTpyKType. Ecnu npu atom
BaJIEHTHOCTb YacTWL, 00UHAKoed, 30MOPGU3IM HA3bIBAETCA U308A/TEHMHbLIM, ECNIU e BaN€HTHOCTb pasHas
— 3T0 2emeposaneHmMHbIl nsomopdusm. B obomx cnyyanax cTpyKTypa KparHUX yneHos M3omop¢dHOro paga
MOET 6bITb 0AMHAKOBOM, HO MOXKET BbITb U pasHoi (uzodumopguzm). U3 NpuBeAEHHDBIX Bbille NPUMEPOB
onueuH 1 K-Na nonesbie WnaTtbl OTHOCATCA K NepBomy BapuaHTy, a Ca-Sr kapboHaTtbl — KO BTOpomy (cm.
pasaen 6.5). YacTo oaMH U3 KpaliHMX YNeHOB pAaa BoobLLe He CYLLECTBYET KaK CAMOCTOATENbHbI MUHepan.
Tak, pybuanii usomopdpHo 3ameLlaer Kaauii B CTPYKTYpe CNog, HO YicTo pybuamesble cnoapl B npupoae
OTCYTCTBYIOT.

B cnyyae usoBaneHTHOro usomopdmsma sameLLeHMM YacTuL, O4HOro copTa Ha Apyroi He Hapylaet 6anaHca
BaJIEHTHOCTEN, M CTPYKTypa COXPaHAET 3/IeKTpoHenTpanbHocTb. Mpu reteposaneHTHOM nsomopdusme ans
obecrneyeHnn 3/1IeKTPOHENTPanbHOCTU TpebyeTca KommeHcayus BaneHTHocTel. CylecTByloT pasHble
cnocobbl KomneHcaumu sapagos/

ConpaxeHHoe (yenHoe) 3ameujeHue — OAHOBPEMEHHOE 3aMelleHWe AByX aTOMOB (OAWMHAKOBbLIX WAM
pasHbIX) ABYMA APYIMMM aTOMaMM C COXpaHEHWEM CYMMAapHOM BaneHTHOCTW. Hanpumep, 3amelueHune B
rematute Fe;03: 2Fe® « Fe?* + Ti**, unum B nnarmoknasax NaAlSizOg — CaAl:Si>0g: Nat+ Si** « Ca?* + AP,
3ameweHue c dobasneHuem uau c esidumanuem. Tak, B cnlofax BO3MOXKHO 3amelleHne 3Mg* 2 2A1% + 0O,
rae KBaapaTuK 03HadyaeT BakaHCcUio B no3uummn Mg. B faHHOM ciydae 3aMellieHMe MOXKET NPoucXoanTs B obe
CTOPOHBbI, cNpaBa Haneso — ¢ AobaBneHnem, cnesa Hanpaso — ¢ BblYUTaHMEM. B KBapLe 3ameLLeHNe KpeMHUA
Ha a/IlOMUHUIN NPOUCXOAUT € AoBaBNeHMEM — B KaHa/ibl CTPYKTYPbl BHEAPAKOTCA OAHOBaNEHTHbIE KaTUOHDI:
Si**e AIP* + Li*, Na*, H*.

O6pasoBaHWe TBepAbIX PacTBOPOB 3aMeLLEeHUA MOAYMHAETCA onpedeneHHbIM 3MAUPUYECKUM Npasusdam,
NO3BO/IAIOWMM 3aKNIOUMTb, HACKONBKO NETKO OAHW aTOMbl MOTYT 3aMeELLATbCA APYTUMM B KPUCTANZIMYECKUX
CTPYKTypax:

1. 15 — npouyeHmHsbili pazmepHsoili kpumepul Nonbgwmmnara. MsomopdHble cmecu obpasylotcs B
LWMPOKKWX Npeaesax, ec/iv paauycbl 3aMmeLLaroLLmx Apyr Apyra MOHOB pa3indaloTca He bonee yem Ha
15%. OgHako, Kpome Bau3ocTn pasmepos, Heobxogmma TakKe BAM30CTb XMMUYECKOW npupogpl
atomos. Tak, moHbl Na* u Cu® noyTi ogMHaKoBbl NO pasmepam, HO NPaKTUYECKU He U30MOPODHbI U3-
3a pa3sHULLbl SNEKTPOHHOrO CTPOEHMUA.

2. [paeuno duazoHaneHsix padoe Pepcmana. Npu reTeposaneHTHOM U30MOopdU3ME NEerko 3ameLLatoT
OPYr Apyra WMoHbI, pacnonaralolwmeca no auaroHanam tabavubl MeHgeneesa — MMEHHO OHMU
Hanbosee 6aM3KK No pasmepam (puc. 6.33). Tak, B NosieBbix WnaTtax obblueH usomopdusm Na — Ca
—Y —TR, B TypmanuHax — Li— Mg — Sc.

3. [lpasuna nonapHocmu lNonedwmuoma:

30 — B cnyyae M30BaJIEHTHbIX 3aMeLLeHUIt MOH C MEHbLIMM Paguycom /lerde 3amellaer UoH C
6onblmm paguycom, yem HaobopoT. Hanpumep, B KapboHaTtax samelweHune Ca <« Mg naert nerye,
yem 3ameleHne Mg < Ca, n 061acTb CMECMMOCTM CO CTOPOHbI KanbLUuMTa WKWPE, YEM CO CTOPOHDI
MmarHesura.

36 — 8 cnyyae reTepoBaseHTHbIX 3aMeLLeHUI MOH ¢ Bonee BbICOKMM 3apAAOM Nerye 3ameLlaeT UOoH
c 6onee HU3KMM 3apaaoM, Yem HaobopoT. Tak, pacteopumocTs Lit 8 MgCl; Bbiwe, yem Mg** s LiCl.
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4. [Ipasusno codelicmeus. YsenuueHue pasmepa obuiell CTPYKTYpHOW eauHUubl (yCnosKHeHue
CTPYKTYpbl) yBeAMuMBaeT cMmecumocTb. Hanpumep, nzomopdusm AlP* - Fe®* B okmcnax Al;Os — Fe,03
ype3BblyaliHO orpaHuyeH, a B rpaHartax Cas(Al,Fe);Sis)12 - HenpepbiBeH.

Teepdsle pacmeops! eHedpeHus. B aTnx TBEPAbIX pacTBOPaX PacTBopAOLIMECA aTOMbI BXOOAT B NPOMEKYTKH

MEXAY aToMaMWn KpucTanna-pacteoputensa (8 mexcdoysnus). [OHATHO, 4YTO NpWM 3TOM pasmepbl
BHEAPAKLMXCA aTOMOB [0/1KHbl 6bITb Manbl. B yuctom BMAe TBepAple pacTBopbl BHeapeHUA obpasytorca
MeXAYy MeTannamu u Takumu menkumu atomamu, Kak H, B, N, C. Hanpumep, 8 y-Fe ¢ TLK cTpykTypoi
pacTBOpPAETCA yrnepoj, AaBasA aycmeHUm; B CTPYKTYpY Bo/sbdppama MoOryT BHeOpATbCA mosiekyabl H;. B
CNy4Yae BeLecTB C aXKYPHbIMWU CTPYKTYpam B NOJIOCTU CTPYKTYPbl MOTYT BHEAPATbLCA KPYMHble MOAEKYbI.
TakMmu CTPYKTYpaMK ABNAKOTCA, HANPUMEP, Leo/InTbl — KapKacHble aatomockaunkaTbl Na u Ca, cogepalumne
nepemeHHble KoanyecTsa BOAbl B KPYMNHbIX NONOCTAX. B 3TM NoNocT MoryT BHeAPATLCA TaKKe MONeKynbl
aMmMuaKka, yrnesoaoponos v np. BHeapeHue yrnesooopoAoB BO3MOMHO M B KaHaNbl CTPYKTYPbl NbAa C
obpasoBaHUEM 2a308bIx 2uOpPamMoe, LWWMPOKO PacnpocTpaHeHHbIX Ha OKeaHCKOM gHe B Ntobbix WupoTax, oT
APKTUKN 00 AHTapKTUKMW.

BHegpeHue aTomMoB B MYCTOTbl CTPYKTYpbl MNPOMCXOAMT W NPW FeTepoBajieHTHOM W3oMopduU3me C
nobasneHmem. HekoTopble npMmepbl NPMBOAUAKCH Bblle. YNomaHeMm ewe 3ameleHnsa Ca?* « 2Na* s Tex
e ueonutax unm Be?* « Li* + Na* 8 6epunne, rae obasouHble MOHbI BXOAAT B NONOCTU CTPYKTYpbI. Mo cyTh,
obpasoBaHue TBepAbIX PAaCTBOPOB 8HedpeHUA MOMXET PAaCCMaTPMBATLCA KaK 3amMeuwjeHue NycTbiX NO3ULMA B
CTPYKTYpE MaTepuasnbHbIMM 3/1eMeHTaMu (aToMamm, MOHaMK, MOJIEKY1IamK).

PpazmeHmapHbie _meepdsle _pacmeopsl. B KayecTse KOMMNOHEHTOB TaKMX PacTBOPOB BbICTYNAalOT He

OTAe/bHble aTOMbl, MOHbl WM MOJEKY/bl, a Lenble cmpykmypHole ppazmeHmsl (Modyau) pasHoro
XMMMUUYECKOTO COCTaBa M CTPYKTYpbl B dopme cTepKHel, cnoeB uMau 610koB. MuHepanbl C pasHOM
KOHLeHTpaLuuMeh moaynei (M 3HaumuT, ¢ pasHbIM XMMUUECKUM COCTaBOM) UMEHYIOTCA noaucomMsl U obpasyiot
HEI'IpprIBHbIFI nonucomamuveckudl pﬂd KoHeuyHbIMK YneHamm pAOa ABNAKOTCA MHUHEPalbl, COCTOAWKME U3
Mmozynel ogHoro copTa. PacnpepeneHve moayneil B KpUCTaNIMYECKOM MPOCTPAHCTBE MOMET BbiTb Kak
CTPOro ynopagoveHHbIM, Tak M (Yawe) HeynopagodveHHbiM. Cxema obpa3oBaHMA NONMCOMOB NOKasaHa Ha
puc.6.34. fiBNeHne NMoaAUCOMAMU3MA XapaKTepPHO ANA OYEHb MHOTUX NPUPOLHbLIX COEAMHEHWUIA — CNOMKHDbIX
cyNbdUA0B, OKUCNI0B U TMAPOOKUCNOB }eNesa u MapraHua, LernoyeyHblX, NEHTOYHbIX U CIOMCTbIX CU/IMKATOB
u 1.n. Hanbonee usBecTHa noaucomaTtuyeckan cepua buonupubonoe (6uomum, nupokceHsl, amgpuborsl).
anMEHEHMe B WMCCNeaOoBaHWAX MHWHEPaNoB I'IpOCBeL'IHBaIOLLI'eﬁ BHEKTPOHHOﬁ MWKPOCKONKMK BbICOKOTO
paspelleHus NPUBOAUT K OTKPbITMIO BCE HOBbIX M HOBbIX pparMmeHTapHbIX TBEPAbIX PACTBOPOB.

BrausaHue mEpMOBUHGMUWECRUX yCﬂOBUE‘ Ha H30M0p¢HyIO CMECMMOCT OOHO3Ha4YHO NWMWb B Chy4ae
TemnepaTtypbl. A orpaHUMYEHHbIX TBEPAbIX PacTBOPOB C MOBbILWEHWMEM TEMMNEPaTYpPbl Ppa3pble CMECMMOCTH
YMEHbLUAETCA, WU 4acTo NPW HEKOTOPOW KPUTUYECKOW TemnepaType HacTynaeT nosiHas CMecumocTb (cm.
puc.6.32). [lelicTBMe gaBneHUA oKasbiBaeTcs Oosiee CNOXKHbIM. [1pU CpaBHUTENbHO HEBObLUMX 4aBEHUAX
OCHOBHYIO pPO/b UrpaeT M3MeHeHWe obbema npu cmelweHun. Ecnm obbem Bo3pacTaer, TO MOBbilWEHMWE
OaBNEHWUA YMEHbLUAeT CMECMMOCTb, B MPOTUBOMNO/IOKHOM C/ly4ae CMEeCMMOCTb yBenndunsaetca. OgHako npu
BLICOKMX M CBEPXBbICOKUX AAaBNEHUAX CMECMMOCTbL NagaeT npu Bo3pacTaHUKM gasneHua. ITo cnpasesnunso,
€C/IN CTPYKTYPbl KPaWHWUX 4/eHOB pAfa oAuHakosbl. Ecam ke oHu pasHble (uzodumopghuzm), To pocT
AaBfieHUs paclimpaeT 061acTb CMECMMOCTM CO CTOPOHbI Bosee NNOTHOro KomnoHeHTa (¢ bonbwmm KY), u
CY)KaeT ee CO CTOPOHbI MEeHee NIOTHOro KomnoHeHTa (puc.6.35).

3HaveHue uzomopgusma. fleneHne usomopdMaMa BO MHOrOM onpenenseT NoBeAeHWE 3/EMEHTOB B
reoOXMMMUYECKMX npoueccax. MNpexae Bcero, 3T0 KOHUEHTPUPOBaAHWE PEAKMX M PaCCEAHHbIX 3/IEMEHTOB B
pacnpocTpaHeHHbIX MWHepasnax, KOTopble W CTAHOBATCA CbIPpb€M Ha 3TW 3/1eMEeHTbl. TaK, PeHWM,
HeobXoAMMbIN B MPOU3BOACTBE apOMpOYHbIX CM/IaBOB ANA ABUraTeNel pakeT, KOHLEHTPUpYeTca B
monubaeHute MoS,. Tannuii, MCNOAb3yeMblid KaK KUAKWWA TennoHOCUMTEeNb B aTOMHbIX peaKTopax,

nsomopdHo BxoauT B chanepur, B 6emut AIOOH (muHepan BokcuTos). FadHUt — matepuan 418 NoroWEHUA
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HEWTPOHOB B aTOMHOM TEXHWMKE — HakanaMBaeTcA B UMpKoHe ZrSi0s, NoNynpoBOAHWKOBbLIA 3N1€MEHT
repmaHuii BXO4WT B KBapL, peAKO3eMe/bHbIE 3N1EMEHTbI — B anatuT, GAKOPUT, CUAKKaTbl Kanbuma. C gpyron
CTOPOHbI, NPU OCBOEHUU MECTOPOMKAEHUIA HA NOBEPXHOCTb U3BAEKAKTCA MUHEpPAbI, COAEPIKALLME B BUAE
n3omopdHbIX NpUMecer TOKCUYHble anemeHTbl - Be, Cd, Se, Hg, As 1 ap., KOTopble 3aTemM BblMbIBalOTCA
BOAOTOKaMW U HaKan/IMBalOTCA B NOYBAX.

C ucnonb3oBaHWem M3omopdM3Ma peLIaeTCA Takaa BaKHeWwana npobnema, Kak ummobunusauma u
KOHCEPBALWA PaAMOAKTUBHbIX OTXOA0B B KPUCTAINIMUECKUX MATPULLAX LLMPKOHA, NEPOBCKUTA, TPaHaToB U Ap.
HakoHeu, BBeaeHWe U30MOpPdHbIX NPUMECEN B CUHTETUYECKME MOHO- M NOAUKpUCTanbl (donuposarHue, Unm
se2uposaHue) paeT BO3MOMHOCTb YNpPaBaATb UX CBOMCTBAMM, CO3AaBaa maTepuanbl gna CoBpemMeHHOM
TexHuku. lNpexae Bcero 3to nonynposogHMkM Si, Ge, GaAs, InSb, gonupoBaHHbIE AOHOPHBLIMKU WM
aKuenTopHbIMKU NPUMECAMM, a TaKe Teepable pactsopbl (Si,Ge), Ga(As,P), (Ga,In)As u gp. Odanee, 310
nasepHble Kpuctannbl Al;03(Cr), CaFz(TR), Y3AlsO12(TR) — ckobKuM 3aecb 03HAYaOT MUKPOKOAMYECTBA
nsomopdHbix npumecei, 0.05 — 1.5 %. 310 TBepable pacTBopbl cerHeToanekTpukos Ba(Ti,Zr)Os, (K,Na)NbO;,
(Pb,Ba)Nb,0¢, peppuTtsl, BbiCOKOTEMMNEPATYPHbIE CBEPXNPOBOAHWKMU, TBEPAbIE M apONpoyHblie Cn/iasbl U

MHOTUe apyrve matepuasnsl.

Moanucu K pUCYHKaMm K rn

Puc.6.1. PasHble BapuaHTbl TpaHcAauuii (a) u ebibopa anemeHTapHoro napannencrpamma (6) 8 ogHol 1 Toi
e ABYMEPHOM pelleTKe.

Puc.6.2. Tunbl nayeek (peweTok) bpaBe: a — npumutuBHaa, 6 — 6asoueHTpUpoBaHHaa, B —
06beEMHOLLEHTPMPOBAHHAA, I — TpaHeLeHTPMPOBaHHaA, 4 — [ABaXAbl LEHTPUPOBaHHAaA TPWUroHasbHaA
(pombBo3gpuueckan).

Puc.6.3. PacnpepgeneHve peletok bpase no cMHroHWAm.

Puc. 6.4. a— ctpykrtypa CsCl, 6 — ctpyktypa Cuz0.

Puc.6.5. MNnocKkocTM CMMMETPUM KPUCTANI/IMYECKUX CTPYKTYP — 3epKafibHaA M W CKOJIb3ALLENO OTPAXKEHWA a,
b, c,n,d.

Puc.6.6. [pocTtbie M BUHTOBbIE OCU CUMMETPUW Pa3HOro Nopaaka.

Puc.6.7. lpaduuyeckne nsobparkeHUa aNemMeHTOB CUMMETPUKN KPUCTANIUYECKUX CTPYKTYP.

Puc. 6.8. Mpumepbl 4elCTBUA TeOpeMbl CloxeHus |.

Puc.6.9. lNpumepbl AeNUCTBUA TEOPEMBI CNOMKEHMUSA I,

Puc.6.10. lpocTpaHcTBEHHbIE rPynnbl BUAA CUMMETPUN M.

Puc.6.11. MNpasunbHble CUCTEMBI TOYEK B NPOCTPaAHCTBEHHOM rpynne Cm.

Puc.6.12. CrpykTypa ¢nwooputa CaF,.

Puc.6.13. a— cTpykTypa meam, 6 — cTpyKTypa anmasa.

Puc.6.14. Ctpyktypa ranuta NacCl.

Puc.6.15. Ctpyktypa cdaneputa ZnS: a — WapMKosana moaenb, b — moaenb B KOOpAUHALMOHHBIX NOAAM34paX
(reTpasgpax).

Puc.6.16. KpemHeKucnopogHble paguKanbl OCTPOBHbIX CU/IMKATOB: a — opTorpynna, 6 — auoprorpynna, B —
LIeCTUYIeHHOE KOJbLO.

Puc.6.17. CTpyKTypa ceneHa Se — LlenoYyeyHblii MOTHB.

Pu1c.6.18. UenoyeyHble U NEHTOYHbIE KpEMHEKUCNOPOAHbIE paguKansbl.

Puc.6.19. CtpykTypa rpadmTta — CIOMCTbIA MOTUB.

Puc.6.20. a — KpemMHekucnopogHaa ceTKa, B — cxema CTpyKTypbl Tanbka Mgs[Sis010](OH), — pse
KpeMHEeKUCcNopoaHble CeTKWM CBA3aHbl OKTa3dpMYecKM KOOpPAWMHUPOBAHHbIMM MOHaMKM MarHua B
TPEXCNOMHbIM NaKeT; nakeTbl mexay cobol ceasaHbl BaH-gep-BaanbcoBbimu cBA3AMM.

Puc.6.21. Ctpyktypa moaundukaumi SiOs: a - kBapu,, 6 — TpUAMMUT, B — CTULWIOBUT. KapKacHbIA MOTUB.
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Puc.6.22. Ctpyktypa ibaa H20 — KapKacHbIiA MOTUB.

Puc.6.23. MnoTHeNwWwMe ynaKoBKK: a — MNOCKWIA CNOW MJIOTHO YMakoBaHHbIX Wapos, 6 — AByxcnoMHan
rekcaroHasibHana ynakoska [T1Y, B — TpexcnoiHana kybuuecKkana ynakoska UK, r — kybuueckana ynakoska UK B
CTaHgdapTHoW opueHTuposke, 3Ls 1 X, Y, Z.

Puc.6.24. TeTpasgpuyeckan (a) u okTasgpuueckaa (6) nycrtoTsl.

Puc.6.25. CrpykTtypa HuKenunHa NiAs.

Puc.6.26. Cxema nepectpoiku cTpyKTypbl (M3meHeHus KY) npu usmeHeHUn pasmepa KaTUOHa.

Puc.6.27. YnpouleHHaa auarpamma COCTOAHMA yranepoaa.

Puc.6.28. Cxema aedopmaumoHHoro npeepawieHusa ¢ usmeHeHmem K4H: yFe (FUK-pewetka) - aFe (OUK-
peLeTKa).

Puc.6.29. Cxema aedpopmaumoHHoro npeepatleHus 6es uasmeHeHua KY: -ksapy, (rekcaroHanbHbIin) — @-KeapLy,
(TpuroHanbHbIN).

Puc.6.30. a - cTpyKTypa TuTaHaTta Bbapua BaTiOs; (TMn neposckuTta CaTiOs), 6 — cxema npeBpalleHusa Tvna
cMmeleHuns Pm 3m — P4mm (cerHeToanekTpuyeckuii nepexo).

Puc.6.31. PT-guarpamma KapboHaTta Kanbuma CaCOs.

Puc.6.32. YnpoleHHasa guarpamma COCTOAHMA Kanuin-HaTpuesblx nonessbix wnatos (K,Na)AlSisOg c obnactbio
paspblBa CMECUMOCTH.

Puc.6.33. lnaroHansHble pagbl nsomoppusma PepcmaHa.

Puc.6.34. Cxema obpasoBaHua NoAMCOMOB: a,6 — KpaHKWe YneHbl paga A u B. NOCTpOeHHble U3 O4HOTUMNHbIX
MOAYNEN; B, T — YNOPALOYEHHbIE CTEXMOMETPUYECKME noancomsl AB un ABB; a4 — npocToi noancomaTmyeckmii
pedeKkT B ynopsagodyeHHom nonucome AB — nuWHMIA mMoaynb A; HeynopaaouveHHbl (anepuoamyeckuin)
NoJIMCOM HecTexMomeTpuyeckoro coctasa (pparmeHTapHbIi TBepAbIM pacTBop).

Puc.6.35. BnuaHMe naBneHua Ha CMecMMOCTb B cucTeme «0UMBUH MgaSi04 — repmaHuii-marHmeBasn WnMHeb

Mg.GeO.» (M3oTepmuyeckoe ceveHue 542°C ).
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