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I.LATOMHI Ta iOHHI paaiycm

Po3xomxeHHs 1 pI3HOMAHITTS KPUCTATIUHUX CTPYKTYP 3aJI€KUTh B XIMIYHOT
IIPUPOJIU PEUOBHH, BiJI pO3MipiB aToMiB ab0 10HIB, BiJ CHJI 3B'sI3Ky MDK HUMU. [1ix
edeKTMBHUM pagiycom atoma abo ioHa po3ymieTbcs pagiyc cdepu Moro Aji,

npnuv4omy atom (iOH) BBAXXaAETbCA HECTUCIUBUM KY/1EIO.
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BMKopuCTOBYIHOUM NAaHETApPHY MOAeNlb aTOMa, MOro npeacTtaBaAloTb AK A4p0,
HaBKO/IO AKoro no opbitax obepTatoTbCca eNeKTPOoHU. [oCNiA0BHICTb eNeMeHTIB B
MepiognyHin  cuctemi MeHaeneeBa BignNoOBIJAE NOCAIAOBHOCTI 3aMOBHEHHA
eNeKTPOHHUX 000N0OHOK. EdeKTUBHUI pagiyc ioHa 3aieKuUTb BifJ, 3aMNOBHIOBAHHA
eNeKTPOHHMX 0DONOHOK, ane BiH He AOPIBHIOE pagiycy 30BHiWHbOI opbiTH. AnA
BM3HauYeHHA ePEKTMBHOrO pasiyca CTaHOBAATb aTOMMU (iOHW) B CTPYKTYpi KpUCTana Ak
OOTUYHI XKOPCTKI KyAi, TaK WO BiACTaHb MiX iX LEHTPaMM O0PIBHIOE CyMi paaiycis.
ATOMHI i iOHHI pagiycn BU3HAYeHi eKCNepMMEHTAIbHO MO PEHTTEHIBCbKMM BUMIpam



MiKaTOMHUX BiacTaHel i obYMcneHi TeEOpPEeTUYHO Ha OCHOBI KBAaHTOBO-MEXaHIYHMUX
YABJIEHD.

Y 1abn. 3.1. HaBegeHi aTOMHI pajiycu meTanis, a B Tabn. 3.2 - ioHHi pagiycu no . B.
Bokuto i H.B. benosy. ig cumBonom enemeHTa B KOMKHiA KNITUHI nepiognyHol
Tabnumui BUNUCaAHI iOHHI pagiyc B HAHOMETPax ANA BUMNaAKiB Pi3HOT BaN€HTHOCTI.

Ta6auma 3.1
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Mpuvewsuusz: | Bcexobrax npuesnem: sHaYHIT ERMHCISHEEX PATHYCOE. 2. Y OReropoIHED rasoE

Po3mipu iOHHUMX pasiyciB NigKOPAIOTLCA HACTYNMHUM 3aKOHOMIPHOCTAM :

1. YcepegnHi ogHOro BEpPTUKANbHOrO pAAy NepiogudHOl CUCTEMU PALiyCU IOHIB 3
OZHAKOBMM 3apAaoM 30inblytoTbCA 3i 3pOCTAHHAM ATOMHOIO HOMEpPa, OCKIi/IbKM



3POCTAE YMUCNO EeNEeKTPOHHUX OOOJIOHOK,a OTXKe i po3mip atoma. Tak Hanpuknaa:

"’;j;,‘:;;‘“ 3 1 19 37 %
DaenenT Li Na K Rb Cs

Paauyc, s |0,1560,186]0,223|0,236] 0,255

Saement Li* Na*t | K¢ Rb* | Cs*

Payuyc, v |0,070]0,098[0,133|0,152] 0,17

2. Ona ogHOro i TOrO K efNemMeHTa iOHHMIM pagiyc 3pocTae 3i 36inbleHHAM
HeraTMBHOrO 3apsaay i 3MeHLWYETbCA 3i 36inblIeHHAM NO3UTUBHOrO 3apaay. Paaiyc
aHioHy binblwe pagiyca KaTioHa, OCKiNIbKM Yy aHiOHA € HaA/IMWOK eNeKTPOoHIB, a y
KaTioOHa - HeaoNiK. Tak Hanpuknag;:

Jaement Fe Fe®* Fe**

Paawyc, um 0,126| 0,080 0,067

I

IneveHt Sit- Si Sif*

Paanye, wa |0,198] 0,118 0,040

Snesent Ph*- Pb Pb** Pb**

Paanyc, mu 0,215 0,174 0,118 | 0,070

3.Po3mipu aTomiB i iOHIB cnigytoTb nepiogn4HocTi cuctemmn MeHaeneesa. BUMHATOK
CTaHOBANATb enemeHTH Big N2 57 (naHtaH) go Ne 71 (ntoteumnit), ae paaiycv aTomis He
36iNblYOTbCA, @ PIBHOMIPHO 3MEHLLYIOTLCA (TaK Ha3MBalOTbCA BaeMoe NaHTaHigHMX
CTUCHEHHs), i enemeHTM Bia Ne 89 (akTuHin) i pani (Tak 3BaHe /NaHTOHIAHEe
CTUCHEHHSA) .Ha 3aKiHYEeHHA MOXHa CKas3aTu, Wo ePeKTUBHUIN paaiyC iOHA 3aNeXUTb
BiZL aTOMHOro HOMepa eflIeMeHTa i CTyNneHsA MOoro ioHi3aui.
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Il. KoopaunHauivHe Yyncno i KoopauHauinHKUI 6araTorpaHHuUK.

KoopauHauiitHum uymcnom (K. 4.) paHoro atoma (ioHa) Has3MBAETbCA YUCNO
HaNBAMMKUNX OAHOTUMHUX CYCiAHIX aTOMiB (iOHIB) Y KpUCTaniyHin cTpyKTypi. AKLLO
LEHTPU UMX Hanbnmkumx atomiB abo ioHiIB nmoaymku 3'€egHaTM OAMH 3 OAHMM
NPAMMMM NiHIAMKM, TO B 3ara/lbHOMy BMMNAAKY BUXOAUTb KOOPAMHAUIMHUN
b6araTtorpaHHuK (K. 6.). ATom, Ans AKoro 6yayeTbcs KOOPAMHALiINHWNI BaraTorpaHHuK,
3HaxoAMTbCA B LeHTpI 6araTorpaHHMKa (puc. 125).

125.
[TpocTefine KOOPAHHAUWONHHE MHOTOTPAHHHKH:

Q@ — raurteab, K.¥. = 2, 6 — TPEyroapnux, K.9. = 3; & —
TeTPasAp, K.4. = 4, 2 —KY0, K.9. =6

KoopauHauitHMn 6aratorpaHHUK He NOB'A3aHMI 3 30BHIiLLHBbOK POPMOIO KpucTana i
He BiANoBiAaE iN.Y CTPYKTYpi a/iMa3y YMC0 HAMBANKYMX CYCiAHIX aTOMIB, AOPIBHIOE
4, K. 6. - TeTpaeap.

Y cTpyKTypi Kam'sHOi coni (puc. 95 i KBiTHM, puc. 1) K. 4. = 6. KoxeH ioH HaTpito
OTOYEHUM WICTbMA iIOHAMW XN0pPY, PO3TAalLOBAHMMM NO BEPLUMHAX OKTaeapa, K. 6. -
OkKTtaegp.TaKe K OTOYEHHA XapaKTEPHO i ANA iIOHIB X/10PY WOA0 iOHIB HaTpiIlo.

Y cTpyKTypi chaneputy ZnS (puc. 158 i KBiTHKU, puc. IV) ioHM CipKK, WO OTOYYHOTb
LUMHK, | iIOHW UMHKY, HABKONIMLLHI CipKY, PO3TalLOBYOTLCA NO BePLUMHAX TeTpaeapa; K.
4. =4; K. 6. - TeTpaeap (aus. puc. 155).



Y cTpyKTypi NiAs (puc. 126) K. Y. = 6, ane KoopaunHaLiiHi 6araTorpaHHMKK TYT iHLWI:

K.0.H. HiKento - OKTaeap, HO K. 6. MUW'AKYy - TpiroHanbHas npusma.

126,

Saementapnas auelika crpykrypw NiAs

B npasom mepxnem yray MXHPHLIME ARNMAMH BMNexeH

KCOPAHIAUMOHILIT MHOPOrPARHUK — TPHIONAALHAS OpN3~
Ma

Y ctpykTypi CsCl (puc. 127 i konbop. Puc. ) ioHun uesito, WO OTOYYHOTb iOH XN10pY, TaK

CaMo fK i iIOHM X/10pY, WO OTOYYIOTb iOH Le3it0, PO3TallOBaHi MO BepLUMHAX Kyba; K. u.
= 8; K. 6. - Kyb.

Ot @
127,

DnemenTapuas sueiika cTpykTypH CsCl

Y cTpyKTypi patooputy CaF2 (puc. 128 i kon. Puc. lll) ioH KanbL,ito oToYeHU 8 ioHamK
dTOpYy, a ioH pTOpa- 4 ioHamu Kanbuito; K. 4. Cap = 8; K. 6. - Kyb; K. 4. Fca =4; K. 6. —
TeTpaeap.

128,

129,
DaemenTtapHas syefika crpykTypu CaF,

K onpenaenewnio gucaa atoMoB B sAuefike



Y rpaHeuUeHTPOBaHMX KyBiYHMX CTPYKTYpPi Miai (ame. Puc. 146) K. 4. =12 (abo 8) k. 6. -
KybooKTaeap.

Y rekcaroHasibHOI CTPYKTypi marHito (ame. Puc. 148) K. 4. = 12; K. 6. - rekcaroHa/ibHu
aHanor kybookTaezpa.[lna meTanis xapakTepHo K. 4. = 12, Ana HaniBnpoBiAHNKOBMUX
KpucTanis K. 4. = 4 abo 6.

[OnAa pigvH KoopAuHauiAHe YMCNO0 BM3HAYAETbCA CTATUCTUMYHO AK CEpPefHE YMCNOo
HanbaMKumMx cycigis 6yab-AKoro atoma. 3a ctyneHem 6AM3bKOCTI 40. K.4. PigvHKN A0
K. Y. KpUCTana cyaatb NPo KBasi-KpPiCTaniyHiCTb PiaAUHMN.

lll.dncno aTtomis y Komipkax.Bu3HaueHHA cTexiomeTpuuHoi popmynm
pPe4yoBUHM.

Y KPUCTaNiYHIiA CTPYKTYpPi NONOMKEHHA YAaCTUHOK PeyvyoBUMHM 306iraeTbcA 3 By3NamMu
pewiTkM abo YacTKM pPO3TALOBYHTLCA HABKONAO BY3/1iB CUMETPUYHMMU Tpynamu.
Bu3HaueHHA XimiyHOT (cTexiomeTpuuHOi) ¢GopmynM peyvyoBMHM 3acCHOBAHEe Ha
NiAPaxyHKY 4MCNa aTOMIB KOXHOro COpTY, WO NpUNagatoTb Ha OaHY enemeHTapHy
KOMIpPKY.

Y ctpykTypi NaCl, Tvnosoto ana ioHHUX Kpuctanis Tuny AB (ge A - atomun (ioHwu)
OoflHOro copTy, B - iHWoOro), B NnobyaoBi enemeHTapHoOi ocepeakn bepyTb yyactb 27
aTomiB 060x copTiB, 3 HUX 14 aTomiB A (Kyni Bennkoro po3mipy) i 13 atomis B (MeHLwi
Ky/i), ane nNoBHICTIO BXOAUTb B OCepeaoK Aulle OAMH aTOM, WO 3HaxoAuTbes B i
LUeHTpi. ATOM, WO 3HAXOAUTLCA B LEHTPI rpaHi eNeMmeHTapHOT KOMIPKK, HaNnexunTb
OAHOYaCHO ABOM KOMIipKaM - AaHOI i CYMiXKHOI 3 Heto. TOMy AaHi KOMipLui HaneXuTb
JIMWE MON0BUHA LLbOro aToMa. Y KOXKHilM 3 BEPLUNH KOMIPKU CXO4UTbCA OA4HOYACHO
no 8 KOMIpOK, TOMY AaHii KOMipLi Hanexutb nuwe 1/8 aToma, po3TalloBaHOro B
BEPLWMHI. Big KOXHOro atoma, WO 3HAaxoAUTbCA HA pebpi KOMipKK, i1 HanexuTb
nvwe 1/4. O6unmcamMMo 3aranbHe YWUCIO aToOMIB, WO NPUNAaaloTb Ha OAHY
enemeHTapHy Komipky NaCl:

Beero wa

Ionoxenue 067"'-'_“- Yueno AUEKY

aTomA BXOASUAN | aromom NPHXO-

R HYENKY AHTCH
B peptunue 1/8 8 1

B cepeanne

pebpa 1/4 12 3
B uesTpe rpauu 1/2 6 3
B uenTpe siueiikn 1 1 1




OTXKe, Ha YaCTKy ocepeaKn, AOBOAUTLCA He 27 aTOMIB, a BCbOro 8 atomis: 4 atoma
HaTpito i 4 aToma Xxnopy.AK BpaxoByBaTU 4YMCAO aATOMIB, WO NPUNALAOTb Ha
eNeMEeHTapPHY KOMIPKY, AKWO ABOrpaHHi  KytM ii  Henpami?Po3rnaHemo
rOPU3OHTA/ZIbHUI Nepepi3 eNemMeHTapHOro ocepenKy rekCaroHasbHOro KpucTana
(pnc. 129). Tyt aBa TMNM ABorpaHHi KyTie: 60 ° i 120 °. [lBorpaHHi Kytn no 60 °
BMPIXKYTb BiZl KOXXHOTO 3 ABOX aTomiB Nno 1/6 1ioro YyacTuHi, a Kytu no 120 °-no 1/3 3
pewTn 4BOX aTOMIB. B pe3ynbTaTi HOTUPKM aTOMa, PO3TALLOBAHUX Y BEPLUMHAX, 4A0Tb
1/6+1/6+1/3+1/3= 1, T06TO 0AMH aTOM Ha enemeHTapHy KOMipky. Llen pesynbTaT
36iraeTbca 3 nonepeaHim po3paxyHKOM Ana KybiyHOi KOMIpKK | He BMNAAKOBO, TakK
AK cepeaHii BHECOK KOXKHOIO 3 LMX YOTUPbOX aTOMIB TaKO AOPiIBHIOE OAHIN YBEpPTI,
a came (1/6+1/3):2=1/4.

OyeBMOHO, CMpoOLLEHA MeToAMKa pPO3pPaxyHKy 3acToCOBHa A0 6yab-aKux
e/IeMEeHTapPHUX OCepeaKiB.

YUCNo CTPYKTYPHUX OAMHMUDL MNOKa3ye, CKinbkM Tpeba B3ATKM aTomiB (Mmosiekyn)
[AHOro XiMi4HOI cnonyku, wob nobyayBatn o4HY enemeHTapHy KOMIipKy. TaK, ana
Kpuctana tuny AB, Hanpuknag NaCl Ha ogHy KNITUHKY A0BOAMTLCA NO YOTUPW aTOMa
A i B. OTXKe, YNCNO CTPYKTYPHUX OAUHUNLUDL Z=4.

YUncno Z 3aBxau  binbwe oAMHWUUI | NPUMAMaE  AuvwWwe  LinoymcenbHi
3Ha4yeHHA.HaBegemo NnpuKNagm BUSHAYEHHSA CTEXIOMETPUYHOI GOPMYIN PEYOBUHMU.

Y ctpyktypi CEO (gmB. Puc. 127) oanH atom Cl 3HaxoAuUTbCA B LEHTPi ocepeaky,
atomn Ce 3aimatoTb 8 BepluuH, T. E. Ha ocepenok agosoantbea 8-1 / 8 = 1 atom Ce,
3HaunTb, A: B=1:1, ctexiomeTpuyHa popmyna AB (CEQ), Z = 2.

Y cTpyktypi odnwoputy CaF, (aus. Puc. 128) atomm Ca 3anmaloTb By3nu
rPpaHeLeHTPOBaAHOI KOMIPKKU, YNCNO CTPYKTYPHUX oanHuub TMny A (Ca) gopisHioe 4.
AKLWO NoAYMKM pO36UTK KYBiYHY eneMeHTapHY KOMIPKY Ha 8 OKTaHTIB, TO BUAHO, LLLO
B CTPYKTYpi patooputy aTomm F, 3alimMatoTb LLEHTPU KOXKHOIO 3 OKTAHTIB, TO6TO 4Mcno
CTPYKTYPHUX oamHuub Tuny B (F) pgopisHioe 8. 3Bigcm A:B = 1:2, ctexiomeTpuyHa
dopmyna cnonykm AB, (CaF,). Ana dnwooputy Z= 4: Ha ogHYy enemMeHTapHy KOMIpKy
npunagae 4 atoma Ca i 8 atomis F.

VY cTpykTypl aima3y aToMd OJHOIO COpPTY 3alMaroTh BY3JM T'PAaHELEHTPOBAHOI
KOMIPKH 1 IEHTPH YOTHPHOX «3aCENIEHUX» OKTaHTiB. OYeBHUIIHO, B €JIEMEHTAPHIM
KOMIpIl aliMa3y pO3TalllOBYEThCS &,0CKUIbKM (4 + 4) aroMiB BYIJICLIO, YHUCIO
CTPYKTYpHUX oauHULb E = 8.



VY mHalimpocTimiuX CTPYKTypax i MIATBEPKEHHS XIMIYHOI (POPMYIH CIOIyKH
MOXHa BUKOPUCTOBYBATH KOOpJWHAIIWHI 4ucia. Tak, B CTPYKTypi XJIOPUCTOTO
HaTpito (k. 4. NaCl = 6, k. X. CINa = 6) craBjieHHs KOOpAMHALIMHUX dKcen 6: 6 = 1:
1, uro nmpu3BoauTh 10 crexiomerpuunoi popmyaun AB (NaCl).

VY crpykTypi duroopury k. 4. Cag = = §, K. 4. Fcy = 4, BIIHOLIEHHST KOOPAUHAIIHHUX
yucen qopiBHioe 8: 4 = 2: 1, ctexiomerpuuHa popmyna AB, (CaFy).

3a K.4. 3py4HO KJacu(dikyBaTu CTPYKTypH OiHapHuX croiyk (AB;,AB,1T.1.).

IV.I1IOJIAPU3AILIA IOHIB

BBaxxatn 10HM HECTUCIMBHUMH KyJSIMH MOXKHA TUIBKM B TpyOOMy HaOIMKEHHI.
HacnpaBal k B €JEKTPUYHOMY TMOJI PEHITKH EJIEKTPOHHI OOOJOHKH aTOMIB
neopMyIoThbCsl - 10HM TMOJAPU3YIOTHCS. BCTaHOBIEHO Takl 3aKOHOMIPHOCTI
noJsipu3aliii ioHis- (mpaBuiia dasiHca).

Tabmms 3.3
CTpyKTyprble cooTHOWeHHS B pRAY rajioxnoB cepefpa
Paguyce:, um
(rA -+ x )
Coepunenne AgX g COKpaulenne Tu cTpyKTypu
ranorena x (r +7.)
Ag X
BHIYHCA . H3MEpEH. B %)
AgF 0,133 0,246 0,246 0 NaCl
AgCl 0,18l 0,294 0,277 0,58 »
AgBr 0,196 0,309 0,288 0,68 »
Agl 0,220 0,333 0,280 0,103 Chanepur

1.Tlonspu3zanisa aHioHy TMM OuIblIa, YUM OUIBIIMEI Horo paaiyc. Y BEJIMKUX aHIOHIB
30BHIIIHI OpOITH €KpPaHOBaHI BiJ TO3WTUBHO 3apsPKEHOTO aTOMHOIO siapa
JEKUIbKOMa TMOBHICTIO 3a0y/I0BaHUMHU OOOJIOHKaMHU, TOMY BOHHM TMOPIBHSHO JIETKO
HOJISIPU3YIOTHCS.

2. llonapusyeThCs 110 KaTiOHA TUM 1HTEHCHBHIIIE, YUM MEHIIE HOro pajiyc 1 4uMm
Outbllle HWOro 3apsii, OCKUIBKM B MaJOMy KaTiOHI TMO3UTHUBHUN  3apsj
CKOHIICGHTPOBaHUIN Ha HEBENMKINA MoBepxHi. KaTioHw, 1m0 MarTh Majii po3Mipu i
BENIMKI 3apsy, MAOTh OUIBIIY MOJSPHU3YIONIEH 3MaTHICTIO, HIK aHIOHHU, ajie caMi
Mamke HE MOJISIPU3YIOTHCS.

3. Uum Onmxde enekTpoHHA 000JI0HKA aToMa 0 OOOJIOHKH OJIaropoJIHOTO ra3y, TUM
MEHIIIE TIOJIAPU3AIIiitHI eheKTH.

ATOMU OJTHOTO 1 TOTO X €JIE€MEHTa B PI3HUX 3'€THAHHAX BUSBISIOTH PI3HY 3/IaTHICTh
710 TIOJIIpU3allii B 3aJI€)KHOCTI B/ TUIIIB 3B'SI3KY.
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[Tonstpu3artiss MOXe TPUBECTH O 3MEHIIIEHHS BIJICTaHI MK YaCTHHKAMU 1 BUKJIUKATH
3MiHY KOOPJMHAIIHHOTO YHCIa 1 TUIY CTPYKTYpH. [Ipuknanom ciayXuTh 3MiHa THITY
CTPYKTYpH B PsIIy TalIOiTHUX CHOJyK cpibna. lon Ag+, skuif mae 18 enekTpoHiB B
30BHINIHIA OOOJIOHIN, POOWUTH CHJIBHY NOJSIPU3YIOUY 110, a 10HHU TaJOTCHIB
HOJIIPU3YIOThCS THUM JIErIne, 4uM Oimbiie ix pamiyc: B psaagy F-Cl - Br - |
MOJISIPU30BAHICTh 3pOCTae Bif GTopy A0 Womy. Y Tadim. 3.3 mOpiBHIOIOTHCS OOYHCIICHI
1 €eKCHEpPUMEHTAILHO BUMIPSIHI 3HAU€HHS CyMH PaJlyCiB rajloreHy Irx 1 cpibna rag,
BKa3ylOTbCs (| y %) CKOPOYEHHsI BIACTaHI Iy + [ag IO BIJHOIIEHHIO 1O OOYUCIEHOIO
3HAYCHHS 1 BUXOJIUTH B PE3yJIbTATI THI CTPYKTYpH. BUaHO, 110 B pe3ynbTaTi CUIBHOT
noygpuzamii oxy crpykrypa Tty NaCl, xapakrepna nns AgCl, AgBr, AgF,
3aMIHIOETBCA JUIST Agl CTPYKTYpor Tunly cdaneputry 3 OJHOYACHOK 3MIHOIO
KOOpAMHAIIIHHOTO uncia 3 6 10 4.

Bracaigok momsipu3ariii 3MiHIOETbCSI HE TUIBKM BIJCTaHb MK 10HaMH, a M €HEpris
PENITKY; BIUIUB MOJSpU3aIlli MO3HAYa€ThCs Ha (DI3UYHI CTalll KpUCTasa, 10 3a1eXaTh
BiJl BIJIHOCHUX 3CYBIB YaCTHMHOK B CTPYKTYypl: MNPY>KHI TOCTIiHI, Ai€NIEKTpUYHA 1
napamartiTHa CIpUUHSATINBOCTI, I'€30€IEKTPUYHI MOTYJIL.

V. TUIIN 3B'A3KY B CTPYKTYPAX

3B'I3KM MK YacCTKaMH B CTPYKTypl KpHUCTaja MOXHA TOJIUIUTH Ha YOTHPHU
TPaHUYHUX THITY: METaJieBi, BaH-/Iep-BaalbCoOBi, 10HHI, KOoBajJieHTHHE. KoxeH Tum
3B'SI3Ky HAaKJIaJla€ TICBHI BUMOTH HAa T€OMETPII0 CTPYKTYypH, Ha (i3WUHI 1 XIMiueKie
BJIACTUBOCTI KpucTaja. Y OOJBUIIHTBE KPUCTAIIYHUX CIOJIYK € 3B'S3KY IEKUIbKOX
TUIIB, 110 OMHUCYIOTh YMOBHO SIK 3MimaHi 3B'a3Ky. KopoTeHbko mepepaxyemo
OCHOBHI1 0COOJIMBOCTI TPAHUYHUX THUIIIB 3B'S3KIB.

MeTajeBuii 3B'130K

Bin 3niiicHIO€THCS (HANTPUKIIA/I, B MiJl1) B3a€EMOJII€I0 BUIBHUX €JIEKTPOHIB 1 TO3UTUBHO
3apSDKEHUX aTOMHHX sfep. MeTalleBHil KPUCTal MOXKHA YSBHUTH COO1 SK TpaTH 3
MO3UTHBHO 3apsPKEHUX aTOMHUX SJEp, 3aHYPEHUX B HETATHUBHO 3apSKEHUHN «Ta3y,
0 CKJIAJA€ThCA 3 BUIBHUX EJIEKTPOHIB. Bij KOXHOTro aromMa MOKE BIJIPUBATHUCH
KUJIbKa BUIBHUX €JIGKTPOHIB, 1 BCI 1 €JIEKTPOHH CKYMUYIOTbCA. MeTaneBuil 3B'S30K
chepruHo cuMeTpuuHHMM. J[JIT HBOro XapakTepHI BEIMKI KOOPJWHAIINHI YHCTIa,
IIUTHhHI  YMAaKOBKM YAaCTHHOK, BUCOKI EJIEKTPOIMPOBIAHICTH 1 TEIMJIOMPOBIIHICT
(oOymoOBJIeHI BUIBHMMH €JIEKTPOHAMH), Maja IIUpUHA 3a00pPOHEHOI 30HU, Malll
KOe(DILIEHTH CTUCIMBOCTI 1 TEMJIOBOro po3iupeHHs. Ejextpoornip MeraniB 3pocTae
IpY MiABUIICHH] TemMnepatypu. Metanu Henpo30pi JUisl eIEKTPOMArHiTHUX XBUJIb BiJl
HaWHIKYMUX YacTOT ax [0 Jajiekoi yibTpadioneToBoi 007acTi 1 MalOTh BHCOKY
BIJIOMBHY 3/1aTHICTb.
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[lepeBakHa OUIBIIICTG METANIB YTBOPIOE CTPYKTYpH THIY MiJl (€IeMEeHTapHa
KOMIpKa TpaHEIeHTpoBaHa KyOiyHa, LIUIbHA YIaKOBKa), MarHiio (eJIeMeHTapHa
KOMIpKa reKcaroHajibHa, IiIbHA yHakoBKka) abo Bosibdpamy (00'eMHO-IIEHTpOBaHA
KyOl4yHa).

Ban-gep-BaajibCcoBHil 3B'SI30K.

Ile#i 3B's130K (HAMpUKIAI, B aproHi) XapaKTepHA I MOJEKYIIpHUX Kpuctamis. Lle
NyXKl CTPYKTYpU 3 MAJIMMHU KOOPJMHALIMHUMH YUCIAMHU, HU3bKOIO TEMIIEPaTypOIO
IUTABJICHHS, MaJMMH TEIUIOTaMW IUIABJIEHHS 1 BUIMAPOBYBAHHS, BEJIHUKOIO
CTUCIMBICTIO. MOJEKYISIpHI KpHUCTald - JIEJICKTPUKH, 3a3BUYail Mpo3opi AJis
€JICKTPOMAarHiTHUX XBWJb aX JI0 XBWIb JaJIeKOi yiabTpadiosieroBoi obOmacti. Jlo
MOJIEKYJIIPHUX KPUCTAIIB BIAHOCATH OJIarOpO/IHI Ta3u B TBEPIOMY CTaH1, KPUCTAJH 3
HAaCUYEHHUX MOJIEKYJ, Taki, sik 0,, Hy, HC1, CH,4, 1 opraniuHi KpuCTaIu.

lTonunii 3B'4930K.

Bin 3aiiicHIo€TbCa (HAPUKIIAA, B XJIOPUCTOMY HATPil0) CHJIAMU €JIEKTPOCTATHUYHOT
B3a€MO/JIIi MK MO3UTUBHUMM 1 HETaTMBHUMHU 10HAMH, $IKI YTBOPIOIOTHCS Yepe3
HAJUIUIIOK a00 HecTayy eJEKTPOHIB y aroMa. 3B'S30K MaJlo HapsMJIEHUH, Xoda
CHPSIMOBAHICTh TOMITHIIIE, HDK Yy MeTaniB. i1 HBOTO XapakTepHI BeIHUKI
KOOpJIMHALIMHI YHClla, MParHeHHs [0 LIUIbHOI yMakoBKH. J[0 10HHHUX KpHUCTaJIB
BITHOCUTBCS OUIBIIICTD J1€JIEKTPUKIB. EJNEKTpONpOBIAHICT, 10HHUX KPHUCTAJIB MpU
KIMHaATHIM Temneparypi Ha 20 MOpsIKIB MEHIIE, HIXK €JIEKTPONPOBIIHICTh METAIB.
[Ipu migBUINEHHI TEeMIEpPaTypu EJIEKTPOIPOBIAHICTL 3pocTae. Ha BinmMiHy Bia
METalIB eIEeKTPONPOBIIHICTh I0HHUX KPHUCTAJIB 3M1HCHIOETHCSI B OCHOBHOMY PYyXOM
10HIB, [0 TIOB'SI3aHO 3 MEPEHECEHHSM MAacH, TOJll K MPU E€JIIEKTPOHHOI MPOBIAHOCTI
NepeHeceHHsT Macu Hemae. [0HH1 KpUCTaiau Mpo30pi JJIsl €IEKTPOMArHITHUX XBHIIb B
IIMPOKI 00JIaCTI YacTOT a)X N0 AESKOi 'PAaHUYHOI YaCTOTH - TaK 3BaHOI OCHOBHOI,
a00 rpaHUYHO1, YaCTOTH MOIJIMHAHHS, BIAMOBIAHOI BJIACHOT YaCTOTH KOJIUBaHb 10HIB
B PENIITIII.
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131.Po3mnotizieHHs e1eKTPOHHOT MITHHOCTI B i0HHOMY KpucTauni.[Ipoekiiis Ha miIbHICTb.
KoBaneHTHmii 3B's130K.

Ileit 3B'a30k (HAmMpuUKIaA, B ajMasi) 3AIMCHIOETBCA 3a JOMOMOTOIO0 CIIAPEHUX
€JIEKTPOHIB: J[Ba 30BHIIIHIX €JIEKTPOHU 3 TPOTUIICKHUMHU CIUHAMHU HaJIeKaTh
OJIHOYACHO JIBOM aToMaM. 3B'I30K CTPOro CHpsSIMOBaHWMW. [l KOBaJIEHTHUX
KpUCTaJIB XapakTepHi Maji KOOpJWHAIlIiHI YHUCIa, BIICYTHICTh HIIJIBHUX YIAaKOBOK,
CHUJIbHA TEMIIepaTypHa 3aJIe)KHICTh IIUPUHU 3a00POHEHOI 30HU, ICTOTHUN BILUIUB
JOMIIIOK 1 TeMIlepaTypy Ha MPOBIIHICTh, BUCOKI 3HAYEHHS TBEPJOCTI, TEMIIEpaTypu
IJIaBJI€HHS 1  TEIUIOTHM  IulaBieHHs.  KoBaneHTHUM  3B'I30K -  O3HAaKa
HaIIBIPOBITHUKOBUX KpPHUCTANIIB. EJEKTpONpOBIIHICTh KOBAJICHTHUX KPHUCTAJIIB
3MIHIOETBCS B JIyXKE IMUPOKUX MEXKaX: B XOPOIIMX 130JIATOPIB JO XOPOIIUX
MIPOBIAHUKIB.

Bci koBasieHTHI KpUCTaJIN CIIYIOTh «IpaBuiioM 8-N»: koxkeH aTom moB'si3anwii 3 (8-

N) Haitbmmxunmu cycigamu, ae N - TOPAIKOBHN HOMEpP TPYMH, A0 SKOI HAJIEKUTH

naHui atom, B Ta0iuiii MenneneeBa. Tak, Byrienb, KpeMHIN, TepMaHiii 1 cipe 0JI0BO,

0 HajexaTh A0 4-1 Tpynu MepioAUYHOi CHUCTEMH, YTBOPIOIOTH 10 BaJICHTHI
13



KpUCTalu THIy ajJMa3y: KOXKEH aroM MoB's3aHuid dotupMma (8-4) 3B'a3kamu 3
CYCITHIMU aTOMaMH, BCl Il 3B'I3KM crpsiMoBaHi mo <111> B kyOiyHOi pemniTmi, 3a
HampsiMKaMu peOep TeTpaeapa. Taki X JIOKaJi30BaHI MapHi 3B'SI3KU ICHYIOTH B
kpucTaii kapoopysaa (SiC) mMixk aToMaMu KPEMHIIO 1 BYTJICIIO.

3ayBaXUMO, 110 YMM HIJKYE pO3TAIIOBAHWUU eneMeHT 4-i rpynu B Tabiuii
MenneneeBa, TUM OUIbIIIE Y HHOTO TEHICHINIS 10 METAJIEBOI 3B'A3KY: Y 0JI0Ba € 1HIIIA,
HabaraTo OUIbII TOoIIMpeHa MoAudikallis - MeTajeBe Oije OJIOBO, a HACTYIMHHUU 3a
HUM B Till ke 4-i rpyIi CBUHEIb - TUTIOBUN METall.

Enementn 3-i rpymu (B, Al, Ga) 3'eqHyrOTbCS KOBAJICHTHHUMH 3B'I3KaMU 3
enementamu S5-i rpynu (N, P, AS), yTBoproroun HamiBIpOBITHUKOBI CITOJTYKH TUITY Aj
Bs. EnemenTu 2-1 rpynu narots 3'enHanHHsa tuny A; Bg 3 enementamu 6-1 rpynu. Y
BCIX IHX 3'€THAHHIX 3B'A30K BXKE€ HE YUCTO KOBAJICHTHUM, € YaCTKa 10HHOTO 3B'A3KY.
YTBOpPEHHS 10HHOTO 3B'SI3KY BUKJIMKAHO MPAarHeHHSIM aroma 10 MpUAOaHHS CTIAKOi
00O0JIOHKHM 3 TTOBHUM YHUCJIOM €JIEKTPOHIB B 30BHIIIHBOMY IIapi, SIK y OJaropogHuX
ra3iB. Hanpukian, arom N3 (Ne 11 3a cucremoro MeHieneeBa) Mae JB1 3allOBHEHI
00O0JIOHKH 3 YHCJIOM €JIEKTPOHIB 2 + 8 1 O/IMH €JIEKTPOH Ha 30BHINIHHOMY PiBHI, SIKUA
BiH TIIparde Bijiaty, a atoM C1 Mae 7 eJIeKTpOHIB Ha 30BHIIIHIA 000JIOHIIN - HOMY HE
BHCTa4Ya€e OJIHOTO €JEKTPOHA , 100 MpuadaTH KOHQIrypailito, K y aprony. ToMmy B
10HHOMY KpHCTaJjl BII0YBaeThCs 00'€JHAHHS:

N; + C1=N"+CI’
1 yrBoproeTbest ionHmi kpuctain NCl1.

31aTHICTh aTOMa BiJJIaBaTH 30BHIIIHI €JIEKTPOHU XapPaAKTEPU3YETHCA MOTEHIIATIOM
ionHizamii | - eneprieto, siky TpeOa mepematd aToMmy, 100 BiAipBaTH 30BHIIIHIM
€JIEKTPOH. 3JaTHICTh TPHUEAHYBATH EJIEKTPOH BUMIPIOETHCS CHOPITHEHICTIO 10
enekTpony E, ToOTO eHeprieto mpuenHanHs. [Ipu B3aemonii pi3HOPIAHMX aTOMIB
ICTOTHA iX 3JAaTHICTh 3aXOIUIIOBATH a00 BIAJABATH €JIEKTPOHU, IO XapaKTEPU3YIOTh
BEJIMYMHOIO, 3BAHOT €JICKTPOHETaTUBHI X 1 PIBHOIO

x = K(I+E).

SIKI0 eNeKTPOHETraTUBHOCTI aTOMIB PiBHI a00 ayke OJIM3BbKi, TO 3B'S30K MK IIUMH
aToMaMM  KOBQJEHTHHM, a SKIIO EJIEKTPOHEraTMBHOCTI  aTOMIB  ICTOTHO
PO3PI3HAIOTHCS, TO 3B'A3KU CUIILHO MOJISPHI, TOOTO MEPEBAKHO 10HHI.

Cryniab 10HHOCTI a00 KOBAJIEHTHOCTI 3B'SI3KY XapaKTEPHU3YETbCS EJIEKTPOHHOIO
HIUIBHICTIO. Y YHMCTO 10HHHUX KpHUCTaJlaX MAaKCUMyMH €JIEKTPOHHOI UIIJIBHOCTI
30iraroTbcsi 3 IHEeHTpamu 10HIB (puc. 131), a B YHCTO KOBAJICHTHUX KpHCTaIax
€JIEKTPOHHA IIUIBHICTh PO3MOJIJIEHa CHMETPUYHO MIXK aTOMaMHU BiJIMOBIIHO 0 TOTO,
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IO JUIS IBOX «OOYIIUIBHEHUX) €IEKTPOHIB MMOBIPHICTh NepeOyBaHHs B OyIb-IKOMY
MOJIOKEHH1 B3JIOBXK 3B'SI3Ky MIJK aTOMaMu OJiHaKoBa (puc. 132).

132.

VI.MEXI CTIHKOCTI CTPYKTYP

[oHHMI 3B'SI130K 1O TPUPO/I1 EIEKTPOCTATUUHUI. BiH HE cIpsSIMOBaHMIA: POTHIICKHUAN
3apsKEH1 10HU TPUTATYIOTh OAWH OJHOTO HE3aJIEKHO BiJl iX B1JI-BAHO IOJIOXKEHb.
ToMy CTpyKTypM KpHUCTaJIB 3 YUCTO I1OHHMMM 3B'SI3KaMU BHU3HAYAIOTHCA
reomeTpuyHUMU (aktopamu, T. E. BiTHOCHUM 4mCIIOM Pi3HUX 10HIB 1 IX pajiycamu.

[oHHI CTPYKTYpW CTiMKi, AKIIO KOXEH 10H CTHKA€ThCA TUIBKM 3 MPOTUIIEHKHO
3apsaxeHuMu 1oHaMu (puc. 133, a). Cxema, noka3ana Ha puc. 133,0, BU3HaUae MexXy
CTIHKOCTI CTPYKTYpH: aHIOHM CTHUKAIOTHCA OJMH 3 OJAHUM 1 3 KaTIOHOM. SIKIIO K
Karion mie wmeHme (puc. 133, B, T), TO CTPyKTypa CTa€ HECTIMKOIO, CHIJIH
BIJIITOBXYBAaHHS OJHOMMEHHO 3apsS/DKCHMX 10HIB BHKJIUKAIOTh TEpeOyI0BY
CTPYKTYpH 10 Ounbli cTiiikoi (puc. 133, 3 iHmmMM koopauHaiiHuM uuciom. Ha
MIJCTaBl TaKoOi MPOCTOI T'E€OMETPUYHOI CXEMHU MOXKHA pO3paxyBaTH MeExXI
cuiBBigHomeHb 'A / I'B (A - xartioH, B - aHioH), npu akux OyAyTh CTIHKI CTPYKTYpH
3 BIIOMUM KOOpAMHAIIHHUM yucioM. Mai. 134 intoctpye Takuil po3paxyHOK JUist

CTPYKTYpPH 3 K. 4. = 6. 3 KpECJCHHS BUIHO, IO JUIsI HWKHBOI MEX1 CTIAKOCTI
CTPYKTYpH 2% (ra+rg)=2%r, <212

- _ol2 4_
3BigKu ra/ rg=2"<-1=0.41
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AHaJIOTTYHUHN PO3PaXyHOK ISl 1HIIMX THUITIB 10HHUX CTPYKTYP Jla€ HACTYIHI MEXI1 iX

CTIAKOCTI:
|
’A Iy 5 i Konpnuuarl::;%v::::;n MHOIrO-
00,15 2 Canteas
0,15—0,22 3 Tpeyroabsuxk
0,22—0,41 4 Terpasap
0,41—0,73 6 Okrasap
0,73—1,0 8 Ky6

Yomy noni0OH1 3'€IHaHHS YTBOPIOIOTH PI3HOTHUITHI CTPYKTYpHU?

3'sicyemo, Hanpukiaa, yomy NaCl kpucTtamizyeTbcsi B TPaHEIICHTPOBAHUX KyOld4HUX
(I'IK) ctpyktypi 3 k. 4. = 6, a CsCI - B mpuMiTuBHINA KyO14HOi 3 K. 4. = 8. [l NaCl
CTaBJICHHS I\a/fop = 0,098 / 0,181 = 0,54 , tomy NaCl kpucramizyerbes B ['LIK
peunTi K.4, = 6; 10HU 113110 OUTbLIE 10HIB HATPII0, BOHU HE MOXKYTh MMOMICTUTHCS H1
B OKTACJPUYHHMX, B TeTpacIApUIHUX ImycToTax (auB. § 28): red/re= 0,165/ 0,181 =
0,91, mo BimmoBigae k. 4. = §, T. ¢ . ctpykrypi CeCl, B skiit ionu Cs (a6o Cl)
3aliMaroTh 1EHTP Ky0a, a ioHu C1 (abo CS) po3TalloByrOTHCS MO HOro BEPIIHH (IMB.
puc. 127). 3ayBaxkumo, IO ISl CTPYKTypa He 00'€eMHO-IIEHTpoBaHa, 0O HeMae
TpaHCHAIIl 3 BEpIIMHA Ky0a B MOro IIEHTpP: TPAHCHAIIS MMOBHHHA TOB'SI3yBaTU
oHaKoBl aTomu (i10HM), a TyT BOHHM pi3Hi. Kpucrtamuny crtpykrypy tumy CsCl
matote Cs (Br, 1), Rb (Br, 1), T1 (C1, Br), (N H; Cl) amxue 184 °© C, (N Hy Br)
Hwkue 138 ° C, (N Hy I) Hiokue-18 © C, cruiaBu Tumy B-naTyHs.

[Tpu nyxe Bucokomy tucky NaCl 3 k. 4. = 6 mepexoauthb B cTpykrypy triry CsCl 3
K. 4. = 8.

s 3'eqnands ZnS BigHomeHHs rz/rs = 0,074 / 0,184 = 0,40, uuM 1 TOSCHIOETHCH,
110 K. 4. KO)KHOTO 10Ha IOPIBHIOE 4, K. M. - TE€Tpaep.

3ayBaxxuMo, 0 y ZNS € 1 rekcaroHanbHa Mmoaudikaiis (aus. §30).

VY crpykrypax Ty AB KopaiHaIioHH1 4rclia Juisl 10HIB 000X 3HAKIB MOBUHHI OyTH
piBHuMu. lle 3a0e3neuye enekTpoHEUTpalbHICTh KpucTaia. HaBmaku, 1is 3'eqHaHb
tuny AB; ymMoBa eleKTpOHEHTpaIbHOCTI TMOBHHHA TMPU3BOAWTH 1O PI3HHUIN K. .
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aHioHIB Ta karioHiB. Tak, misa ¢arooputy CaF repp/re= 0,099 / 0,136 = 0,79, Tak sk
HABKOJIO 10HA KaJIBIIIF0 TOBUHHO OyTH 1IicTh 10HIB dTopy. CtaBmenus 0,79 61u3bpK0
MeX1 MiX K. 4. 6 1 8; 00 nepelitu Bix 6 10 8, Tpeda 3MiHUTH BijacTanb Ca - F jure
Ha 0,0005 uM; HactipaBi 1 GIOOPUTY 3IIMCHIOETHCS CTPYKTYpa 3 K. 4. = 8, Jie 10H
KaJIBI[I}0 OTOYEHUM BiCbMOMa 10HaMH (TOPY YOTHpPMA 10HAMH Kajblliio (IUB. pHC.
128 1 kombop. puc. Ill). Takwmii ke Tun cTpykTypu MaroTh kpuctamu (Sr, Ba, Cu,Zr )
F2.

3'eqnannsa Na,0O,Na,S,Li,0,Li,S, i iHIIl yTBOPIOIOTH aHTI(IIIOOPITOBYIO CTPYKTYPY, B
K1/ TTOJIOKEHHS aHIOHIB Ta KaTIOHIB MPOTHUJIC)KHI IO BITHOIIEHHIO 10 (JIFOOPUTY,TaK
K IIIJbHY YIIAaKOBKY YTBOPIOIOTh HE aHIOHH, 8 KaTiOHH.

s pytuia (TiO%) rrilro= 0,068 / / 0,140 = 0,49, k. 4. = 6, HABKOJIO TiTaHa-
OKTaeJpHUyHa rpyna 10HiB KUCHIO, HABKOJIO KHCHIO - TPUKYTHUK 3 10HIB TUTaHY.

3 UMX MOPUKIAAIB BUAHO, IO PO3TAllyBaHHSA 10HIB B KpPUCTall B 3HAYHIN Mipi
BU3HAYAETHCS HE JIMIIE XapaKTEPOM CHIIM 3BA3KY,aJI€ i CIIBBIJHOIIECHHAM pPaJilyCiB
KaTIOHIB Ta aHIOHIB y 1X MOJIApU3aIlli.

VII. HaiiminbHimi ymakoBKH YaCTHHOK Y CTPYKTYpax.

JIJist CTIRKOCTI KPUCTAJIIYHOI CTPYKTYPH MOTpiIOHA yMOBa MIHIMYMY ii MOTEHIIHHOI
eneprii. [Ipu naniii TemnepaTypl y pe4oBUHU B TBEpAiil (a3l piBEeHb BUILHOI €HEprii
HaWHU3IIWNA B IOPIBHSIHHI 3 P1AKOIO 1 TazonoAioHot0 pazamu. OguuM 3 pakTopis, 110
3MEHIIYIOTh MOTEHI[IHHY €HEprilo, € MaKCUMalbHe 30JIMKEHHS CTPYKTYPHUX
OJIMHUIlb, I1X IIIJIbHA yNakoBKa. TeHJEHIS 10 3IIMCHEHHS MJYyK€ peTeIbHUM
YIMaKOBKHM BJIACTHUBA BCIM THUIIAM KPUCTATIYHHUX CTPYKTYp, ajie HalCUJIbHIIIE BOHA
BUpaKeHa B METAJICBUX 1 I0HHUX CTPYKTYypax, J€ 3B'A3Ky HE CIPSIMOBaHI, aTOMU ab0
10HM MO>KHA BBa)XaTH CHEPUUHUMU.
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PosrnsiuemMo Mojniens CTpyKTypH, MOOYIOBAaHOI 3 MarepiaJbHUX YACTHHOK OJHOTO

COpTY, 110 MarOTh chepuuny cumeTpito, T. E. 3 piBHOBETUKHUX, HECTUCKYBAHUX KYJIb,

IO MPUTATYIOTHCS OJWH 110 0JHOTO. Kysi TOpKarThCS OAWH OJHOTO, 3allOBHIOIOYH

BeNMKYy 4dacTuHy npoctopy. lonn HE momsipusyrorbes, Tak sik ix chepudHicTh He

MOPYIIYEThCA. MK KyJIsIMH € TPOMIKKA (TMOPOXKHEY1), B SKUX MOXKYTh
17
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PO3MIIIYBAaTUCS MEHII Kyni 1HIMUX cOpTiB. [IparHeHHs 10 MiHIMYMYy MOTEHI[IHHOT
eHeprii o3Havae, Mo KOKHA YaCTKa MA€E B3AEMOIISTH 3 SKOMOTa OUTBIIOI KUIBKICTIO
IHIIMX YaCcTUHOK; 1HAKIIEe KaXy4dd, KOOpAWHAIlIMHE YHCIO0 IIOBUHHE OyTH
MakCUMaJIbHUM. YuM Oibllle KOOpJUHAIINHE YHCIO0, TUM OiIbIIe 1 KOShIIEHT
KOMIAKTHOCTI B CTPYKTYpIi, IKH BU3HAYAETHCS BiTHOIICHHIM

A=Vlcym,/ V3ar(xy.11i+nycT0Ta)

Ha puc. 135 300pakeHuit miIoCcKuil map KyJib, IIUIBHO YHHOM MPUICTIUX OJUH JI0
onHoro. KoxkeH miap CTUKaeThCs 3 MIICThMA KYJISIMU 1 OTOYEHUH MIICTbMa JIYyHKaMU
(mopokHeuaMHu), a KOXHa 3 JIYHOK - TphbOMa KyJsiMU. [lepneHauKkyaspHO TJIONIMHI
Iapy MPOXOJATh: Yepe3 MEeHTP KOXKHOI KyJIi TUIONUHI cuMeTpii — bm, depe3 KokHY
ayHKy — 3m. EnemenTtapra Komipka mapy - poMO 31 CTOPOHOIO, IO JOPIBHIOE
miamerpy kymi. Take po3TamryBaHHs aToMiB XapaktepHo it romma {111}
IrpaHElEHTPOBAHUX KYOIUHHUX CTPYKTYypH 1 mommHu 6a3ucy (0001) rexkcaroHaabHO1
LIUTBHO YIIAKOBAHOI CTPYKTYpH (puc. 136).

Yuciio nyHOK (IMyCTOT) B mIapi BABIY1 Ouiblie yncia Kyib. [lo3HaunMo Kyii OykBamu
A, nynku - 6ykBamu B 1 C: nyHku B - TpUKYTHUKH, 3BEpHEH] BepluMHaMu BHU3, C -

BIODY.

Sk MOXHa Ha LIeW TUIOCKHMI 1Iap HAKJIACTH JIPYTMd TaKUM K€ IIUIBHO YHaKOBaHUMN
map? O4eBUAHO, HE MAa€ CEHCY HaKJIagaTu map Ha map (depryBaHHs A-A) Tak sk
Ipy 1bOMY yMakoBKa He Oyje MHIUIBbHOI; KyJl A Japyroro mapy CliJl YKJIacTh B
nyaku B a6o C - 6aitnyxke B siki (puc. 137).

JIyHKM TiepumIoro Mmapy pO3pI3HSUIMCS JIMIE TOBOPOTOM B IUIOIIMHI IIapy, a
KOOpJIMHAIIIHE OTOYEHHS Y HUX OyJIO OJTHAKOBUM. Y JAPYTOMY K IIapi yTBOPIOIOTHCS

MOPOKHEU1 JBOX THIIIB, IO PO3PI3HAIOTHCS MO KOOPIWHAIIIMHOMY OTOYECHHIO (pHC.
138):

a) Haj JIyHKOIO MEPIIOro Iapy 3HAaXOIUThCA Kyl Apyroro mapy (abo JyHka
Apyroro mapy Haj Kyjerw mnepiioro mapy). [lopoxHeda B 000X miapax OTOYeHa
4OoTUpMa KYJISIMH, LIEHTPU SIKUX YTBOPIOIOTH MpaBUibHUN TeTpaedp (puc. 138, a).
Taxki mopoxHeui Ha3UBaKOThCA TeTpaeApuyHuX T;

0) mopo)kHEuYa JPYroro Iapy 3HAXOAUTHCA HaJ MOPOKHEUEK IMEPIIOTrO IIapy;
NOpO’KHEYa OTOYEHA IMICTbMAa KYJISAMH, SIKI PO3TAIIOBaHI MO BEPIIMHAX OKTaeapa
(puc. 138,6). BinnoBigHO NOpOKHEYY Ha3UBaIOTh OKTaeApuyHOi O.

Yucno nyctor O JOpIBHIOE YUCITY KyJib, a YMCIO MOpoxHed T BIBIYiI Oliblie.
Po3Mipu NOpPOKHUH MK KYJISIMU XapaKTEpHU3YIOThCS paAlycoM KyJl, SIKUA MO>KHa B
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HUX PO3MICTUTH. SIKIIO MPUWHATH PaJilyc OCHOBHOTO KyJi 3a OJUHHINIO, TO pajlycu
KYyJIb, SIK1 MOXHA po3MICTUTH B mycToTax tumy O - 0,41, B mycrotax T - 0,22.

Konu naknagaeTscst Apyruit map, 3MIHIOETbCS CUMETPIsl YIIaKOBKHU: 3HUKAIOTh OCl 6,
gepe3 Ky 1 MOPOKHEU1 TPOXOIATh TUTBKH OCl 3 1 TP TIJIOMIWHU T.

Ockinpkd B APYyromMy Iiapi € JBa THUIH TMOPOXHEY, KyJi TPEThOTO Iapy MOKHA
YKJIaJaTH IBOSIKUM HUIAXOM: a00 B IyHKH T, abo B myHkH O.

SIKIo KyJni TPeThOro IIapy MokKJIazeHi B JyHKM T, Tak gk koxeH map mapy III
3HAaXOJUTHCS HaJA KyJelo mapy I, To TpeTili map MOBTOPIOE YKIAJaHHS MEPIIOTO.
BinmnoBigHO OTpUMY€EMO YITaKOBKY

...ABABAB...

Sxmo kyni Tpeteoro mapy noknaaeHi B ayHku O, 1. E. [ap 11l He noBTOproe mapy
I, TO OTpUMy€EMO YITaKOBKY

... ABCABC ....

[lomanpini 1miapu MOXKHA YKIAMaTH 3a TUMH K [paBUJIaMU, OTPUMYIOUH OYIb
yepryBaHHs (KpiM TOBTOpeHHsS JBOX OykB). OJHaK MIIJIBHO YHNAaKOBAHUMH
BUSBIIIIOTHCS TUIBKHU JB1 (puc. 139):

nsommapoBuii ... ABABAB ... 1
tpumapona ... ABCABCABC ....

B o00ox mmx ynakoBkax koediiieHT kommakTHocTi K = 74,05%, tak sk Kymi
3aiiMaroTh OJIM3bKO 3/4 00'emy.

V¥ aBoiapoBoi, a00 rekcaroHaiabHoi, 1yxe perenbHuM ynakoku (I'TIY) ... ABABAB
... KyJll TIApHOTO IIapy 3HAXOAATHCA HAJ KYJSIMH MapHOTO Iapy, a Kyjil HemapHOro
mapy - Haja HenapHuMU. KokeH map orodyeHwit 12 Kynsamu: mictbMma B TiM ke
IJIOIIMHI, TPhOMA 3HHU3Y 1 TPhOMa 3BEpXy, TakK K 10 K.4. = 12. HackpizHi mopoxHedi
tunty O TpUBAIOTH 3 psiy B s K CYLUUIbHI KaHanu. Yepe3 Il KaHAIM MOXKeE
BiIOyBaTHCS IU(Py3is TOMIMIOK B KpUcTall. [lepneHauKynIsapHo MIJIbHO yIaKOBaHUM
BEpPCTBAM 4epe3 LEHTPHU OKTaeApPUYHUX MOPOKHEY MPOXOJUThH BiCh 63: MIHCHO, Kyl
3,715 (quB. Man.137.6) micis MOBOPOTY 3a TOJAMHHUKOBOIO CTPIJIKOIO HABKOJIO TAKOT
oci Ha 60 ° 1 KOB3aHHS Ha C/2 CIOJIy4aThes 3 KyJIsIMU HIXKHBOTO mmapy 4, 6 1 2.
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138.

VY TpumapoBoi, abo kyOiuHOi, ayxke perenbHuM ynakosmi .. ABCABC
NEPHEHAUKYIIPHO BEPCTBAM JIy>)K€ PETEIbHUM YIIAKOBKUA PO3TAIIOBYETHCS BIChH
cumetpii 3. Hag mopoxkneueto O posMilyerbest mopoxHeda T 1 HaBOaku; CyHIIBHUX
KOJIOHOK 3 IyCTOT HeMmae. UeTBepTuil Iap MOBTOPIOE PO3TAlIyBaHHS mepiioro. B
pe3ynbTaTi KyJjl pO3MIIIYIOTBCS IO BY3JIaX TPAaHEUEHTPUPOBAHHOM KyOIYHUX IpaT
(I'K). IlinpHO ynakoBaHi mapy NEPIeHIUKYISPHI YOTUPHOM 00'€MHUM JI1arOHAJISIM
kyOa, T. E. Hanpsmkamu <111>. ¥V miit ctpyktypi Bei miomunan {111 }-HaiOimbm
IIUIBHO YIAKOBaHi, a JexkaTh B IUX IutonmHax psau <110>, 1. E. Jliaronani rpanei,
- HaWOUIbLI IIIJIBHO YIAKOBAaHMX: AaTOMU CTOCYIOTBCS OJIMH OJHOTO B3/I0BXK
niaronanei rpaneil. Tomy B KyOI4HOT Jy>Ke€ PETEIbHUM YIAKOBLI HE OJHE, a YOTHPHU
HanpsMku <l111>, neprneHauKyIsIpHO SIKUM pO3TAIIOBYIOTHCS IUIOTHEHIIHME IUIOCKI
mapu. Koopaunaniitne yuciao Tyt TakoX ojgHo 12. IibHO ymakoBaHOi KyO14HOT
CTpyKTyporo MaroTh Metaimu Au,Cu,Ag,Al,Pb,Ca,Sr,Th,Nb i T.1..

Y  [OOpoXHMHAX MK KyJIsIMH IIUIBHUX X YINAaKOBOK METalliB  MOXYThb
posramoByBartucs 51, C, O, H, N. yTBoproroun cuainuay, kapOiiu, OKCUAH, T1APUJIHI,
HiTpuau. [IpuHIUN TyXe peTeNbHUM YIAKOBKU 3aJUIIAETHCS CIPABEITUBUM 1 JJIS
10HHUX CIIOJYK: aHIOHU yYTBOPIOIOTH HIUIBHY YMAKOBKY, a KaTIOHU PO3MIIIYIOTHCS B
MOPOKHUHAX.

JIBomrapoBa 1 TpuIIapoBa YIAKOBKUA IUIOTHEHIIME. Y BCIX IHIIUX CTPYKTYP
koedimienT koMnakTHOCTI / (<74,05%. Pemra mijibHI YIAaKOBKHU € pi3HE MOETHAHHS
MOTHBIB: TekcaroHajabHoOro ... ABABAB ... a60 xy6iunoro ... ABCABCABC ....

[cHY!OTh yHakoOBKM YOTHpPHOXIIApoBi, Tpuimaposi 1 T. II. Bimomi ctpykTypu 3

OararomnapoBoi YIakoBKOIO, IO CKIAJAAETHCS 3 JIECATKIB 1 COTE€Hb IIapiB (MTOJIITHITIS,
nuB. § 31).
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8)

139. a)

3 pocToM uucna mapiB 30UIBIIYETHCS 1 KIIBKICTh BaplaHTIB KOXKHOI IIapOBOi
yMakoBKH. Tak, YOTUPHOX 1 M'ITUIIAPOBHUX YIAKOBOK IO OAHIM, IIECTICIOWHUX - JBI,
CEMUIIIAPOBUX - TPH, BOCBMICIOMHYIO - IIICTh, JECATUCIOMHUX- 16,
IBaHAIUATUCIONHUX - 43. JIns mo3HavyeHHs! YNaKoBKUA Oylb-HAlllapyBaHHS JOCHUTH
TproX OykB. Hampukmnan, yorupumaposa ynakobka ABCBABCB ..., n'atumaposa
ABCABABCABABCAB ... i 1. 1. CuMBoJM 3 JABOMa OJHAKOBUMHU CYCIJTHIMHU
OyKBaMU HEMOJKJIUBI, TOMY III0 TaKe CIOJY4YEHHs O3Ha4aso O, 10 Kyjl B CYCIIHIX
[apax po3TalloByBajaucs O OJIMH HaJl OJTHUM, a HE B TYHKaX, TaK SK BKJIaJaaucs O He
[IJIbHUM YAHOM.

JIJist BUBHAYEHHSI CUMETPIi YIMaKOBOK 3aCTOCOBYIOTH III€ JIBa CIIOCOOU MO3HAYEHb. 3a
ciocobom I'. C. XKnmanoBa Oyab-siIKy KyJIO, IO PO3TAIIOBYETHCS MK THMHU IO
MOBTOPIOIOTHCA IIapaMHU, sIKI B TE€KCArOHAJIBHOI YMaKOBI, M0O3HAYaIOTh OYKBOIO «I»,
a MDK HE MOBTOPIOBAHMMH WIapaMH, sIK B KyOi4HOi, - «k». 3a ®PpaHKOM Mapu
MO3HAYalThCsl CUMBOJIaMU A un V B 3aJIeKHOCTI BiJ IMOCIHIIOBHOCTI 4Y€pryBaHHS
miapiB. SIKIIO IUIOIIMHY pO3TallloBaHa HaJ HIKHBOIO, sIK mapa B psgy ABC, To
CTaBUTbCA cUMBOA A, a skmo sk B psagi BAC,ro cumBon-V,io Jerko
3amnaM TOBYETHCA 3a TAKOIO CXEMOIO:
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-

| N— |

CniBcTaBEMO Hi CIT0COOM TTO3HAYCHHS JJI IICpIINX HICCTHU YIIAKOBOK!

n=2.ABABAB.
PEP PP
AV AV AV
n=23.;,88CABCA BC..
K KK KKK KK
AAAAAALDAN
R=4 ...ABACABACAB.
P ET KT KBIEK
AVVVAVVYIA
n=5..ABCACABCACAB.
K XT IKKKIT K
AAAV AAALAAVA
n=61).., ABCACBABCACB
K ET K EKrg gr
A AAV VVAAAY
2)..ABABACABABAC
PR ERETE IR
AV AVVVAV AV

VY no3nauennsx dGpanka HAOUYHO BUJIHO MIUIBHICTH yrakoBku. [lo3Hauenns XKaanosa
3py4Hi JJIsl BUSIBIIEHHS PI3HOT CUMETPIT KyJib TUIY «T» a00 «x». Kyns tuny «m» mae
OJIHY BICh TPETHOTO MOPAJIKY, a KyJIsl TUITY «K» - HOTUPH Takux oci (puc. 140). €nuna
MMOBOPOTHA BICh CUMETPIi BUILIOTO MOPSIAKY B KYJII THITY «I» OOOB'A3KOBO 301ra€THCS 3
BICCIO YIAKOBKHU. Bcs ynmakoBka mMae OAHY TOJIOBHY BiChb TPETHOTO MOPAIKY, SIKIIO Y
dopmymi, ckmanenoi 3 OykB '"r" 1 "k", € xoua 6 ogHa OykBa «p». ToMmy TUIbKU
YIaKOBKa «..KKK ...» HaJIeXXHUTh 10 KyOiuyHOi cuHronii. [IpoctopoBa rpymna ii Fm3m.
Pemta niiyibHOT yIakOBKY HAJIEKUTH J0 TEKCAarOHAJIBHOT CHHTOHIA.

Koopaunamiitne uncio 12- o0oB's3k0oBa 03HaKa IyK€ PETEIbHUM YyMaKoBKHU. Jlis
KyJb KyOI4HOI YNaKOBKM KOOpPJWHAIIWHUIA OaraTOrpaHHUK KyOOOKTaeap, a s
TeKCaroHAJIbHOI YK€ PETEIIbHUM YIIAaKOBKH - TeéKCaroHaJIbHUI KyOOOKTaep.

O6'emuonienTpoBana kyOiuna ctpykrypa (OLIK) He BiamoBimae qyke peTeTbHUM
ynakoBiri, aiie 6iu3bka 10 Hei. Koedimient kommaktaocTi ais OLK K = 0,68, k. 4. =
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8 nmist mepiioi KOOpAMHAIIMHOI cdepu 1 K. 4. = 6 s apyroi. Bei mopoxkueui B OIIK
TeTpaeapUIHi.

140.

Ines nmyxe peTeNbHUM YNAaKOBOK AYXE IUIJIHA NPH OMHUCI BIAOMHX CTPYKTYp 1
3HAXOJ)KCHHI HOBHUX. DbBIIbIIl YacTUHKM B CTPYKTypax B OUIBIIOCTI BHUMNAJAKIB
YVKIAJAI0ThCA 32 3aKOHAMH IIUIBHUX yHaKOBOK. OKpeMi CTPYKTYPH PO3PI3HIIOTHCS 32
KUIBKICTIO 1 SIKICTIO 3aTIOBHEHUX MOPOXKHEY MK KYJISIMH.

HIibHI YIIAKOBKY XapaKTEPHI I CTPYKTYpP 3 HEHarpaBieHoi 3B's3kamu. [Iparnenns
70 3IIMCHEHHS HIIJIbHUX YIMAKOBOK - OJWH 3 OCHOBHHMX MPHUHIIMIIB CTPYKTYPHOI
kpucrtanorpadii. 3a o0pa3sHum BuciaoBoMm akaaemika H. B. benoa, urinbpHOi
YIaKOBKH «CTaHOBJIATh OCHOBY OyJOBHM OUIBIIOCTI TMPEACTABHUKIB MIHEPAIHLHOTO
CBITY: OUIbII TOTO, 3HAYHA YACTHMHA ICHYIOUMX B MPUPOJII YIIAKOBOK € a00 MPOCTUMHU
reKCaroHaJIbHUMH, a00 KyOlYHMMH. BiIMIHHOCTI MI)K OKpEMUMHU BHJIaMH MiHEpasliB
BHUMAraroTh 3aBJaHHs: 1) Ty IIUIBHOI YIIAKOBKHU; 2) COPTHOCTI Ta YKCJIA 3aCEJICHUX
KaTiOHaMH MyCTOT; 3) AKIIO 3aceyieHl He BCl MOPOKHEU1 JAaHOTO COpPTY, - TO 3aKOHY,
Bi3€pyHKa, 3a SKUM BIJOYBAa€ThCs BiOIp MIDK 3aCEICHMMH 1 HE3aCeJICHUMHU
MOPOKHEYAMH ».

VIII.IToOynoBa CTPYKTYP 32 J10MOMOTI0I0 KOOPAUHAIHHUX
0araTorpaHHMKIB.
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B ioHHuX KpucTanmax po3TalllyBaHHS aHIOHIB 3a3BHYail 3a/laHO AY)XE€ PETEIbHUM
YIaKOBKOIO aHIOHHHX c(ep, a BCS pPI3HOMAHITHICTh CTPYKTYP 3aJIEKUTh Bl CLIOCOOIB
PO3MIIIICHHS KaTIOHIB B ImycToTax MK Kyisimu. JI. ITomiar (p. 1901) 3anpomnonyBaB
300pakaT CTPYKTypH HE KYyJISIMH, a KOOpJAWHAUIMHUMH MHOTOIPaHHUKAMHU,
OJICpP)KYBaHUMU TPH 3'€THAHHI TPSIMHUMHM JIIHISIMHU IIEHTPIB aHIOHIB, III0 OTOYYIOTh
kKaTtioH. Yuciao BepmmH OaratorpaHHWKa OHO KOOpJauHaiiHOMYy yuciay (k. Y.)
Kariona, a mpocTopoBHii po3Mojil OaraTOrpaHHUKIB HA0YHO MOKAa3ye Bi3EPYHOK
PO3MO/IUTY KaTiOHiB.

CtpykTypy KpuCTala MOKHa OyAyBaTh 3 Takux OaraTorpaHHukiB. [[ms myxe
peTeNbHUM KyOI4HOT 1 TeKCaroHaJIbHOT YITaKOBOK MHOTOTPaHHUKAMH 3 K. 4., PIBHUMH
41 6, € TeTpaeap 1 OKTaeAp, BIAMOBIIHO OKTACAPUYHUX 1 TETPACAPUUHUX ITYyCTOTaX
JIy>’Ke PETEIIbHUM YIaKOBOK (puc. 141).

S0 kaTioHHI TeTpaeApy CTHUKAIOTHCS 3 TETpaeapaMH, a OKTaeIpH 3 OKTaeapa, TO
chepu aHIOHIB MOKJIAJEHI 332 3aKOHOM JIBOIIIAPOBOI, TaK SIK T'€KCAroHaJIbHO1, IIIJILHOT
YIaKOBKH. SIKIIO TeTpaenpy CTHKAIOTHCA 3 OKTAaeJApaMH 1 HaBIaKH, TO YKJIaJaHHS
aHIOHIB TpHIIapoBa KyOiuHa (puc. 142).

141.
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142. 143

BepiuHu, 3a SKUMU CTHUKalOThCS OAraTOrpaHHUKH, BIANOBIIAIOTH LIEHTPAM aHIOHIB.
[lutanHdg Opo Te, Kl MOPOKHEYl 3alHATI B I0HHOMY KPHUCTal, TETPACApPUYHUX a00
OKTaeIPHUYHI, 3aJCKUTh BiJl BITHOCHHU 10HHHMX paniyciB: mia 0,225 <ry/ra <0,414
Ma€ Micie TerpacapuuHux koopauHailis, mis 0,414 < ry/ra <0,732 - oxraeapuyHi
(muB. Tabn. 3.4 1 puc. 143). YacTka 3aifHATHX KaTiIOHHUX MICIIb 3aJIEKUTh TUIBKHU BiJ
XiMIYHOT (DOpMYJIM PEUOBMHU, TAK SIK YHUCIO TMOPOXKHEY 3amaHo: Ha N Kyib € N
nyctoT oktaeapuuHux (O), 2N - terpaenpuunux (T), 3 Hux N TeTpaeapiB 3BEpHEHI
BepUIMHAMU Bropy ( «mpsiMi»), N - BHU3 ( «3BOPOTHI»). ¥ Tabi. 3.3 HaBeneHI MOTUBH
3alOBHEHHS MYCTOT YIS JESKUX THUIIOBUX KPUCTATIUHUX CTPYKTYP.
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Ta6auuna 3.4

KPHCTAAIMYeCKHE CTPYKTYPH HEXOTOPHX
GHnapHuIX coeluHexni, O06pasyOUMX
nAoOTHeR WY YNaKoBKy

Bpcreo | Yomess | Semosmems mycror
MgO, NaCl | I'paseuent- Bece O
CdCl, pHpOBaH- [Moaosmsa O, we-
Ha® KyGu- peaywonecs
yecKas CIOH
K.O Bee T
ZnS  (cda- Bee T sBepmmusamu
AePHT) BBepX ‘
Zn(CN) (1/4 T Bepummamu v
BBEPX
1/4 T sepwHHaMu
BHU3
NiAs lexcaro- Bee O
Al Qg HaNLHasA 2/3 0
Cdl, nI0THO 1/2 0, uepeavio-
yiiaKo- UiHecH CJIoH 3
ZnS (miop- BaHuasn Bee T Bepumuasu 1 2 3
UHT) BBEpX 0),
i 144.

VY cTpykTypax 3 HEHIUIBHO YIAKOBKOI KOOPAMHAIINMHI TETpaeApyu CTUKAIOTHCS MEHIII
mieHO. Hampukian, y Beix momudikamisx SiO,, ne 3apsa kaTioHa JOpiBHIOE 4 i
HEMa€ Jy)K€ DPETEIbHUM YIAaKOBKH, KOXEH aToM KpEMHII0 OTOYEHUH YOTHpMa
atomamu kucHio, T. E. CTpykrypa nmoGynoBana 3 terpaeapiB (nuB. Puc. 144, a), o
MaroTh CHiIbHI BepmnHU. Croci0 3ujeHyBaHHS TE€TpaeaApiB B PI3HUX MOAMQIKAIIINX
SiO, pizuuii (puc. 144, 6).

Axanemik H. B. bemoB (1891-1982), I'epoit Cormanictuynoi Ilpami, naypear
Jlenincekoi 1 JlepxkaBHoi mpemiii, BU3HAYMB (HOPMHU KaTIOHHUX OaraTOrpaHHHKIB 1
noOyayBaB Mozeni 0e3iiul CKIAJIHUX CTPYKTYp, B SKUX PIIKO K. Y., BIIMUCABIIH TUM
caMUMM MPUHIMIIOBO HOBY TIiaBy B Kpucrtaioximii. H. B. benoBy Bpanocs

po3mMdpyBaTH 1y>Ke CKJIaJHI CTPYKTYpPHU, B TOMY YUCI1 CTPYKTYPH CHJTIKATIB.
IX. OCHOBHI THIIH CTPYKTYP.

CtpykTypa KpHUCTajJia - 1€ KOHKPETHE pO3TalllyBaHHS YacCTHHOK B IPOCTOPI.
Onucyroun CTpPYKTypy, TpeOa BKa3aTH BUJI 1 PO3MIp YACTOK 1 BIJCTaHI MK HUMH.
Ane Tak sk Oarato CTPYKTyp MOJiOHI, MOXHa 1HOJI BKa3aTH JHIIE BiJIHOCHE
pO3TallyBaHHS YACTUHOK (aTOMIB a00 aTOMHUX Tpyl) B KpUCTall, a HE aOCOJIIOTHI
BiJICTaHi MK HUMU. Tak BU3HAYAEThCS CTPYKTYpHUH Tuil. CTPYKTYpH KPUCTATIB, IO
HaJIeKaTh 10 OJAHOIO CTPYKTYPHOMY THITYy, OJHAKOBl1 3 TOYHICTIO 0 TMOAIOHOCTI.
1106 omucaTu KOHKPETHY CTPYKTYpY, Tpeba BKa3aTH CTPYKTYPHUU THM 1 TapaMeTpH
CTpyKTypH. Po3rissHeMo fesiki OCHOBHI TUIIH CTPYKTYP.

YV MixHapoJHOMY CTpyKTYpHOMY crpaBou—Hike (Strukturbericht (1913-1938, Leipzig, Akad. Yerl.), Structure Reports, Int. Union

for Crystallography, ¢ 1939 poky mo TenepimHii 4ac IPOAOBKYEThCS BUAAHHS) MPUHHATA KiIack]ikallis 3a rpynaMu CTPyKTYp, sSKa
B MOJIAJIBIIIOMY BKa3y€ThCs B Jy)KKaX IPH Ha3Bi TBaHb:
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A - enemeHTH;

B - 3'ennanns tuny AB (manpuxnan, NaCl, CsCl);

3-3'eqnanns tuny AB2 (CaF2, THO2);

D- y> »AuBmr (A1203);

E - 3'ennanus1, yTBOpeHi OUTbIIE HIX IBOMa COpTaMH aTOMiB 0e3 paJukaiB abo KOMIUIEKCHUX 10HiB (Hanpuknax, CuFeS);
F - cTpykTypu crionyk 3 aBo- a6o TpexaromHoro ioHamu (KCNS, NaHF2);

G - 3'ennanus 3 yerupexaromuumi iona—Mi (CaCO3, NaCICb);

H - 3'ennanns 3 natHaromanMi ionamu (CaS04-2H20, CaWO4);

L - crinaBw;

S - cuikary.

Pi3HOBHIM TUMIB BCEpEUHI Pyl pa3ili darOTCs HOMEPaMHU.
Cmpykmypa mioi (mun A)

VY CTpYKTypHOMY THIIl MiJll KPUCTAII3YIOThCS JIy>Ke 0arato MeTaliB: 30J0TO, CpibJIo,
HIKEJb, aTIOMIHIN, KaJbIIUH, TOPii, CBUHEID, 0-KOOaNbT 1 1H. (IuB. Tad:xa. 3.4). Bei mi
METajJu TMOPIBHSHO M'SKI, IUIACTHYHI, JErko oO0poOystoThcsa. barato 3 HuUX
YTBOPIOIOTH O€3MepepBHI pAIM TBEpPAUX PpO3uuHIB, Hampukian : Ag-Au,Cu-Au.
CTpyKTypol0 THUIy MiJl BOJOMIIOTh TaKOX HWHTEPMETAUIMYECKHE 3'€THAHHS
AuSh,Au,Bi, Au,Pb,Cu,Mg,Bi,K,,ZrH,TiH Ta in.

145.

EnemenTtapna xomipka mimi - kyoOiuna, rpanenentpupoBana (I'TIK) (puc. 145, a).
ATOMU PO3TANIOBYIOTHCS B BEPIIMHAX 1 IIEHTpaX TpaHeil komipku. Ha ememeHnTapHy
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KOMipKy npunaaae 4 aroma. Koxken atom oToueHuit 12 HalOMMKIMMHU aTOMamH, K.
Y. = 12. Koopaunariiitna 6aratorpanHuk - Kyoooktaenp (puc. 145,6).

[InommHI  A3epKaibHOTO  BIAOOpaXKEHHS T NOPOXOASTh MapajeidbHO  MEXl
€JIEMEHTapHOI KOMIPKH 1 liaroHassix rpaneit (puc. 146). IIpoctoposa rpyma Fm3m.

/

3
-

P

146.

VY cTpykTypi € OJlHa MpaBWwibHA CUCTeMa TOYOK 3 KpaTHicTio 4. KoopauHatu Bcix
aToMiB B KoMipli, Tak sk 6aszuc: [[000]], [[1/2, 1/2, 1/2]], [[1/2 , O, 1/2]], [[O, 1/2,
1/2]].

ineHi mapu {111} nepneHANKyIApHI OcAM 3, Tak SK € HanpsMKamu <1 11>; koxxeH
aToOM B LIapl OTOYEHM IIicThbMa aToMaMH. L1 mapu moeaHyroThesl MiXK cOO0K0 TEX
IIUIBHO YWHOM: aTOM OJHOI0 IIapy Jsirae B JYHKY MIDK TpboMa aTOMaMH
nonepenuboro mapy. llinpHa ymakoBka - kybiuna, TpummapoBa ABCABC .... Bci
MOPOXKHEY1 MK KYJISIMH HE 3anoBHEHI (puc. 145, B).

LleHTpHu OKTaeAPUYHUX MYCTOT 3HAXOATHCI HA cepearuHax pedep 1 B LeHTPl KyO14HOi
€JIEMEHTApHOI KOMIPKH, a [IEHTPU TE€TpaeIpUuHUX MYCTOT - B CEPEIMHAX KOXKHOTO 3
BOCHBMHU OKTAHTIB, Ha SIK1 IOJTyMKH MOHA PO3JIUTUTH KyOi14HY OCEPEJIOK .

Cmpykmypa mazniro (mun A 3)

VY CcTpyKTypHOMY THIIl MarHir0 KpUCTAJI-JII3YIOTCSA M'eKCaroHAJIbHUX METau: KaaMiH,
Oepuniii, Taniil, TUTaH, Hi—Kenb, XpoM 1 1H. (duB. Tabn. 3.4, 3.5). s crpykrypa
TaKoX 3BUYaiiHA a1 iHTepMeTamiuaux croiayk AgCd,AgCds;,AuCd, AuCds; CuCds,
AgZn3,CuZns,NiMo, TiH Ta in.
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Fpmeucurpupou HHAR OO bLEMHO=ILEHT PHPOBA N~
crpyktypa (LK), Ha crpymypa OLIK),
fFmism Im%m
SDNCMEHT d DNeMoHT d
Al 0,286 L 0,304
Ca 0,394 Na 0,371
Sc 0,321 K 0,463
Ni 0,249 \Y) 0,263
Cu 0,256 Cr 0,250
Sr 0,430 Fe 0,248
Rh 0,269 Rb 0,490
Pd 0,275 Nb 0,286
Ag 0,289 Mo 0,272
Ce 0,365 Cs 0.525
Yb 0,387 Ba 0,435
Ir 0,271 Eu 0,396
Pt 0,277 Ta 0,286
Au 0,288 w 0,274
Pb 0,349
Ac 04375
Th 0,360

Tabmuus 3.5

EnemenTapna koMmipka Marsiro - rekcaroHajibHa npumiTuBHa (puc. 147).

4" /’/ //// /

L ////p

5) 6)

=\

2) a)

147.

Ha puc. 148 mnpencraBieHa cTpykTypa MarHiro B mpoekiii Ha rmiontuHy (0001)
(aToMH BEpXHBOTO LIAPY 3aIITPUXOBAHI).
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148.

LlenTpu aToMiB pO3TAIIOBYIOTHCS IO BEPIIMHAX MPABWIBHUX IIECTUKYTHHUKIB: B
TPHOX BEPILIMHAX, YEPE3 OAHY, - AaTOMH BEPXHBOTO APy, B TPHOX 1HIIMX BEPIIMHAX-
aTOMH HIDKHBOTO mapy. EnemenTapHa komipka moOyjoBaHa Ha TPhOX TPAHCIIAIISX,
JIB1 3 SIKMX JIeXKaTh B IIIJILHO YITAKOBAHOMY IIapi aTOMIB 1 CKJIaIal0Th MIXK COOOI0 KyT
v-120 °, Tpets nepneHaANKyIApHa HBOMY LIapy.

EneMeHTapHy KOMIpKY MOXHAa pO3AUINTH IUIOIIMHOIO HA JBl TPUTOHAJIbHI IPU3MU. Y
LEHTpl OAHIET 3 MPU3M PO3TAIIOBAHWI aToOM, IHILA «HE3ACEJICHA», «3aCENICHD 1
MOPO’KHI MPU3MHU YEPTYIOThCSA MK c00010. Ha eneMeHTapHy KOMIpKY MpUMaaae JiBa
aToMa MarHio.

KoskeH aToM Martiro OTOYeHH IBaHAAISITEMA HaOIMKIUMH aTOMaMU:

IIiCThbMa B TOMY K IIapi, TpbOMa B CYCiTHROMY IIIapi 3BEpXY 1 TphOMa B CYCITHBOMY
mapi 3HU3y, T. €. J0. 4. = 12, M0 CIyXUTh O3HAKOK JIy>)KE€ PETEIbHUM YIAKOBKHU.
KoopainamiitHuii 6ararorpaHHUK - TeKcaroHajdbHuUM KyOooktaenap. L{uibHI mapu -
momuHi 6a3ucy (0001) -

MEePICHIUKYJISIPHI OCl 63. Y 111i TJIOMIMHI € MIICTh IIIJIBHO YIMaKOBAaHUX HAaIPSMKIB
<1120> (auB. Puc. 136). YnakoBka rekcaronHaibHa, ABoiiapona ... ABABABAB ....
Bci noposkHeul He 3aifHATI. J[B1 OKTaenpuyHi nopoxkHedi (puc. 147, r) 3HaX0aAThCA
MDK TphOMa aToOMaMHU IUIONIMHI 0a3ucy 1 TphbOMa aTOMaMH BCEpeauHl 00CsTy
reKcaroHajibHOI mpu3Mu; iX koopamHaTu: [[1/3, 2/3, 1/4]], [[1/3, 2/3, 3/4]]. HoTupu
TETpaeAPUIHUX TMOPOKHEU1 3HAXOMITHCS MIXK TPhOMa aTOMaMH ILIOMIMHI Oa3ucy 1
OJIHUM aTOMOM BCepeAuHl o0cAry rekcaroHaidpbHOi mpusmu (puc. 147, m); ix
koopauHatu: [[0, 0, 3/8]], [[0, 0, 5/8]], [[2/3, 1/3, 1/8]], [[2/3, 1/ 3, 7/8]].

Kpucranu metaniB 3 IMUIBHO yMAaKOBaHOI I'€KCArOHAJIBHOI CTPYKTYpOIO Hailyeriie
nedopmyrorbess no 1wiommHax (0001) 1 wanpsmxkamu <1120>, BiANOBIIHUM
HaWOLIBII HIIJILHOIO YIIAKOBIII ATOMIB.

[TpocTopoBa rpymna marHitoP6s/mmc. Yepe3 HEHTpU MpPAaBUIBHHUX MICCTUKYTHUKIB
(puc. 149, a) nepreHIUKYJISIPHO BEPCTBAM MPOXOJIUTH BICh 63, a MEPIEHAUKYIISPHO i

- INIOIIMHY A3CPKAJIbHOI'O Bi,[[06pa)KCHHH m, mo 30iraeThcs 3 TrOpU30HTAJIbHUMHA
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mapaMy aTtomiB. Y HampsIMKy JOBroi jaiaroHaii pomOa, L0 MPEACTaBIS€ TPaHb
OCEpENKH, MEePHNEHANKYISAPHY OCl 63, TaKOX MPOXOJUTH IUIOMIMHY A3€PKATHHOTO
BimoOpakenHs T (muB. Puc. 149,6). [TapanensHo KOpoTKoOi aiaroHansi pomba uepes
BICh CHUMETpIi 63 MPOXOAUTH IUIOIMIMHY KOB3aHO4Oro BigoOpa)keHHs C (Ha MallOHKY
BOHA 3aIlITPHIXOBAHA).

ATOMHM MarHiro yTBOPIOIOTh OJHY IPaBUIIbLHY CUCTEMY TOYOK 3 KPaTHICTIO 2. ATOMH,
pPO3TaIllOBaHI B BEPIIMHAX OCEPEAKY, MOB'S3aHl OJIUH 3 OJHUM TPAHCIAIISAMH, a 3
aTOMOM BCEepearHI ocepeliKy - abo Biccro 63, ado mionmHoI0 ¢. KoopauHatu aTomiB
6asucy ocepenxu: [[000]], [[1/3, 2/3, 1/4]], [[2/3, 1/3, 3/4]]. B igcanpHUX UIIIBHO
VIAaKOBAaHMX TEKCaroHaJbHUX MeTajaX CTaBJCHHS EJIIEMEHTApHOI KOMIPKH 3 [0
BIJICTaH1 a M CyCiAHIMU aToMaMu B Oa3WCHIM IUIOMIMHI, Tak K c/a =1,633, xoua
caMml apameTpH ¢ 1 a JJi PI3HUX PEUOBUH Pi3HI.

VY THX rekcaroHaJdbHHX MeTanax, ae ¢/a = 1,633, HaiOmmK4l aTOMU MOAUISIOTHECS Ha
IBI KoopAauHauiiHi cepu: 6+6. IllicTh aTOMIB po3TalIoBaHI B FOPU30HTAIBLHOMY

mapi Ha BIJICTaHl1 a OJIMH BIJ OJHOTO, a TI0O TPU aTOMa - 3BEpXy 1 3HM3Y Ha BiJCTaH1
d=(a’/3 +c?/4)"*

Cmpykmypa éonvppamy (mun A 2)

Jlo ctpykTypHoMy Tuny Bojdb(dpamy (tun OIIK-meTaniB) BIAHOCSATHCS TYTOIJIABKI
MeTaJli: XpOoM, BaHa i, MOJIIOACH, HI001#, TaHTal, p-KOOAIIBT; a-3aii30 (Hmwkue 900 °
1 Bumie 1400 ° C, a B obnacti 910 °© -1400 ° C 3amizo mae I'LIK- cTtpykTypy), THTaH,
IIUPKOHIH, radHii, TyXKHI €JIEeMEHTH - JITIM, HATPid, Kamii, pyOiaii, me3id, JIyKHO
3eMeJIbHI - Kajbllld, CTPOHINM, Oapid, akTWHIAIl - ypaH, HENTYHIH, TUTYyTOHIH. 3
iHTepmeTaneBux 3'enHanb B OLIK-cTpykTypi kpuctamsyrotecs AgZn, Cus Al, CoAl,
CusSn, LiAg, Ta iH.

Crpyktrypa BoJibpaMy XapaKTEPU3YEThCS  00'€MHO-IIEHTPOBAHUM  KYOIUHUM
ocepenkoM - OLIK (nuB. puc. 99). AToMH pO3TalIOBYIOThCS IO BEPIIMHAX 1 B IIEHTPI
OCEpEeIIKY, TaK SIK Ha OCEPEIOK TOBOJUTHCS JIBa aTOMA.

[TnomuHM 13epKaIbHOTO BiIOOpaXXKEHHS MPOXOATh MapaiebHO MEXI eJIeMEHTapHO1

KOMIpKH 1 aiaroHaisax rpaneit. Koopaunatu atomi 6asucy ocepenxu: [[000]], [[1/2,
1/2, 1/2]].

Bincrani Mix aromamu pisai 3*(a/2)"2, ne a - pe6po enemMeHTapHOTO Ky6a.

[IpoctopoBa tpyma Im3m. OILIK-ctpykTypa He € Ayke pPETEIhbHUM YIIaKOBKOIO
atomiB. HaliOinbpm minpHO ynakoBaHi B HiM muonmHi {110}, nanpamku <111>.
Koedimient komnaktHOcTi AopiBHioe nuiie 0,68. Ile moscHioeTbes TUM, IO Ha
KOXEH aToM (AKIIO BBaXaTH aToOM KyJE€K 3 pajilycoM [) MpuUnagae Mo TpH
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OKTaeIpUYHUX 1 M0 IICTh TETPACAPUIHUX MYCTOT, TO/I K B 1yke perensHum K- 1
TeKCaroHAJIbHOI yMaKOBKaxX - BIAMOBIIHO TIO OJHIA OKTaeApW4YHOI 1 TO JIBi
TeTpaepUIHNX TMOpOoXHedi. binblie dYmcmo mopoXkHEd 3abe3nedye «PUXIICTh
CTPYKTYPH 1 OUIBIII JIETKE BXOJXKEHHS JIOMIIIIOK.

Oxkraenpuuni nopoxuedi B OLIK-pemnriTiii 3HaxoAsThCs B LIEHTpax IpaHel kyoda (abo
B CKBIBAJICHTHUX IM cepeAnHax pedep), BOHU OTOUYEHI UYOTHpMa aToMaMH II0
BEpIIMHAX ITI€T MEXI 1 JBOMA aTOMaMHM, IIEHTPOBAHMMH OOCATaMH JIBOX CYCIJTHIX
KyO1uHMX KOoMipok. L1 okTaeapu, sik BuaHoO 3 puc. 150, a, He piBHOOCI. OKTaeIpuyHi
noposkneui B OLIK-pemritiii MmatoTh o0car 3nauno menmmid, Hix B I'LIK: Bcroro 0,154
r. TerpaempiBceki x mopokneui B OLK-ctpykrypi Oinbmi 3a  oOcsirom
OKTaeJPUYHUX: B KOKHY 3 TETPaeAPUIHUX ITyCTOT MOYKHA BITMCATH KYJIO PaiycoM
0,291r. 3 4OTHPHOX ATOMIB, 110 OTOYYIOTH I[I0 MTOPOMKHETY, JBA PO3TAIIOBAaHI TEX B
IIEHTpax JBOX CYCIAHIX OCEpEeKiB, a JiBa - 10 BepiinHax Kyoba (puc. 150,6).

Cmpykmypa kam'anoi coni (mun B 1)

Crpykrypy tuiry NaCl mMokHa omucaT sk JBI KyOi4HI TpaHCIICHTPOBAHI PEIITKH,
3CYHYTI OJlHa BIJIHOCHO 1HIIIOI TakK, 110 By301 [[000]] ogHOro ocepenky 30iraeThes 3
By31oM [[1/2, 1/2, 1/2]] iamuit ocepenky, abo, 1HAKIIE KaKydH, sIK OCEPEIOK Miji, B
AK1W 3aiHSATI BC1 OKTaeAPUUHI MI>KBY3JIS.

Crpyktypa Na Cl1 xapakrtepusyeTbcs TpaHeneHTpoBaHuM F ocepenkom bpase:
YOTUPHU OCI TPETHOTO MOPSAKY 30IratoThCsl 3a HAMPSIMKOM 3 TUIECHUMH J[1arOHAJISIMU
€JIEMEHTapHOI KOMIPKH - TPaHCUEHTPUPOBAHHOTO KyOa, TUIOMIMHU CHUMETpii M
IPOXOJIATh B KOOPAMHATHUX 1 JlarOHAIbHUX Hampsmkax. [IpocTtoposa rpyna Fm3m.

KokeH 10H HaTpi0 OTOYEHUH IIICThMA 10HAMH XJIOPY, a KOXKEH 10H XJIOPY - IIICThMa
ioHamu Hatpito: K. 4. Nag = k. 4. Cly, = 6. Koopaunaiiiina GararorpaHHuk -
okTaenp. Y apyrii koopauHariiHii chepi k. U. Clg = k4. Nay, = 12.

MoskHa ckaszaTd, 10 TYT B3a€EMO MPOHHUKAIOUl IIIJIBHI YIAKOBKHU: OJHA - 3 aTOMIB
XJIOpY, 1HIIIA - 3 aTOMIB HATPIIO.

AHIOHU XJIOpY 3aliMarOTh BY3JM KyOI4HOI TpaHEIeHTpipoBaiHOM ocepenky bpase i
YTBOPIOIOTH KYOI4HY HIUIbHY ynakoBky. [lepneHnukynsipHo Oyab-aKkoi 0Cl TpeThOro
MOPSAKY PO3TAIIOBYIOTHCS IHApu JOyKE€ PETeTbHUM YIAKOBKH Kyjb. YTaKOBKa
tpumapona ... ABCABC ...

Karionn HaTpito 3amoBHIOIOTH BCl OKTaeIpu4HI TopoxkHedi. CTexioMeTpuyHa
dopmyna AX, Tak SK YUCIO 10HIB HATPIIO JOPIBHIOE YUCIY 10HIB XJIOPY, YHUCIO
OKTaEJIPUYHUX IYCTOT TAKOXX JOPIBHIOE YMCIY 10HIB XJIOPY; OTXE, 3allOBHEHI BCi
OKTaeJIpU4HI MMOPOKHEU1, a TETPACIPUYH] 3TUIIAIOTHCS BUTbHUMHU.
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Taky & CTPyKTypy MAarTh IHII TaJOTEHITW Ty>KHUX MeTanmiB (Tabn. 3.6), kpiMm
raJIOTeHIIIB 1€3110, CTPYKTypa SKUX TMOKa3aHa Ha puc. 127 1 kBitHH, puc. IL
Crpykryporo tuy NaCl MaroTh Takok OKCHIU mepexigHux enementiB T10 , MnO,
FeO, NiO, 3'ennannss NH4C1 (Bume 184 ° C), NH4Br (Bume 138 ° C), NH4I (Bumie -
18 ° C), niTpuau 1 kapOiau nepexignux miarpyn Ti1 'V, ranoigu cpiona AgCl, AgBr,
AgF (i Agl mpu BUCOKOMY THCKY), CyJIb(]DiIX 1 CENIEHIN CBUHIIIO 1 TETYPY.

Cmpyxkmypa anmazy (mun A4)

VY  CTpyKTypHOMY THMI anma3dy KpPUCTANI3yIOThCAd HANMBaXJIMBIII eJIeMEHTapHI
HaMBNPOBITHUKH, eeMeHTH [V Tpynu nepioJuyHoi CUCTeMH €JIEMEHTIB: TepMaHii,
KpEMHiH, a TaKoX cipe 0JIoBo (Tabdu. 3.8).

Tabnuuga 3.8

XapakTepUCTHKH 3NEMEHTAPHBIX ONYMNPOBOJHHUKOB
CO CTPYKTYpPOil THRA aamasa

Temnepa-
Napametp Typa n.aas- Illupuya 3a-
Saement peleTxi, NeRNS, npeuienHoik
HM <C 30nbt, 3B
Anmas 0,357 — 5,6
K pevhuit 0,543 1420 1,21
["epsanuii 0 566 936 0,78
Cepoe 010BO 0,649 232 0,08

Kpucranu nanexats g0 kimacy m3m kyOiunoicuuronii. Tum ocepenky bpase -
rpanenienTpoBana ky6iuna (I'LIK). Atomm Byrnerto 3aiimarote Bce By3nu ['1IK-
OCEpEIKH, a TaKOXX LEHTPU NOJOBMHM OKTAHTIB, HAa SIKI MOKHa pO30UTH KYyO,
MIPUYOMY 3alOBHEHI1 1 HE3alOBHEHI OKTAaHTU YEPrylOThbCA B IIAXOBOMY MOPSAKY:
MOPYY 13 3aMIOBHEHUM OKTaHTOM - HE3alIOBHEHUM, IM1/1 HE3aIOTHEHHUM- 3aIlIOBHEHUH 1
T. 1. lle Burnsgae tak, mo skio 6 y enementapny ['LIK-rpaTky BcyHyB Apyry Taky
rpatky, Tak mo arom [[000]] oxuiel 3 rpatok 30iraeThcs 3 atomom [[1/4 , 1/4, 1/4]]
IPyrol rpaTKu.

[TpocTopoBa Tpyma cTpykrypu anmazy FA3m; B KoOpauHATHUX HampaB-JCHUAX
POXOAATh IUIOIIMHI KOB3HOTO BimoOpakenHss Tumy d (  «IiaMaHTOBi»), B
JllarOHaJILHUX - TJIOMIMHI TUITY T. Ha iX mepeTrHax mopoKyr0ThCsl TBUHTOBI OCi 4.

Bci 3B's13k1 B cTpYKTYpi anmazy crpsimoBaHi 1mo <111> i ckiamarTh OJUH 3 OJTHUM
kytu 109 ° 28 '. KoxeH aToM OTOYEHMH YOTHpPMA TaKWUMH X aTOMamH, W10
PO3TAaIIOBYIOTHCS 10 BeplInHax Terpaeapa (puc. 151); k. 4. =4, k. M - TeTpaeap.

33



Puc. 151.

Ha onHy eneMeHTapHy KOMIPKY MpHUIaJae 8 aTOMIB: B BEepIIMHAX KOMIpKHU- 8*1/8, Ha
rpansx — 6*1/2 1 Bcepeauni ocepenaky - 4. Bci aromu BigHOCATBCS 10 OIHIET
NPaBHJILHOT CHCTEMH TOYOK.

Koopaunaru 6a3ucy:

[[00011,[[0, /2, 1/2]1, [[L1/2, 1 / 2,011, [[1/4, 1/4, 1 [ 411, [[1/4, 3 / 4, 3/41], [[3/4, 1/4,
3/4]], [13/4, 3/4, 1/4]].

[inbHOT ymakoBKH B CTPyKTypi Hemae. OJHaK € IUIOMMHI (IIapu), yrnakOBaHI
UIIIBHINIE, HDK OyAb-fKl 1HII IJIOMMHU. BOHM 4iTkO BUOHO Ha puc. 152, ne
CTpYKTypa anMasy mnpejactanieHa 3 0oky mionmau (I10), Tak mo Hanpsimok <111>,
Tak sIK BIChb 3, BEPTUKAJIBbHO. B 1IbOMYy pakypci SIBHO BUAUISIOTHCS IIAPH TUIOMIMH
{111}, mepneHauKynsapHUX ocax 3. PerukynspHas WIUIBHICTP B TaKUX MIapax
HalOIbIIa, a HanpaMku <110> (miaronam rpanei ky0a), 110 JeXaTh B WX IIapax, €
HaWOUIbII MITBHO yaKOBaHUMHU HamnpsMkaMu. Ha manmtoHky BuaHO, mo mapu {110}
MOJBIMHI, K OM CKJIAJalOThCS 3 JBOX IMIJAINIAPIB: OJWH TOJACJION CKJIATA€ThCS 3
aTOMIB, Y SKUX BEPTHUKAJIbHO PO3TAIIOBaHI 3B'S3Ky CHPSIMOBaHI Bropy, Apyrui - 3
aTOMIB, SIKI MAlOTh TaKy 3K 3B'A3Ky copsiMoBaHi BHU3. [liamiapu monBiitHOro mapy
3'emHaH1 MK CO0OI0 TphOMa 3B'I3KaMHM Ha aToOM, a 3 JIBOMa CYCIAHIMH MOJBIHHUMH
mapaMu - OJHUM 3B'SI3KOM Ha aToM. Take po3TanryBaHHS BIITpa€ iCTOTHY pOJib B
aHI30TPOITIi MEXaHIYHUX BIACTUBOCTEH KPUCTAIIB 31 CTPYKTYPOIO ajMasy.

l (1)

152,
CTpykTypa 38aMa3’a B NpOekuuH na
naockocty (110)
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Ha puc. 152 sicHo BuAHO, 10 B CTPYKTYpl ICHYIOTh IIECTUCTOPOHHI «KaHAJIW» B
HanpsiMkax <110>, mo nmpoxoaars Hackpi3b. Uepes 1l KaHATU 0COOJIMBO JIETKO e
nudy3ist JOMIIIOK B KPUCTATI.

3BepHEMO 1€ yBary Ha 4YiTKO BHUMAaJIbOBYETHCS TOCTATh CTYNEHEBOI T'€KCaroHa 3
BEpIIMHAMH, 3BEpPHEHUMH B pi3HI O0ku (Ha puc. 152 omun 3 nmx I'excaron ms
HAOYHOCTI 3alITPUXOBAHUH).

VY TOUKOBIH rpymi cUMETpIi anmasa € [eHTp CUMETpii, BCe HANpPsIMKY HE MOJSpHI. Y
CTPYKTYpl LIEHTP CUMETPIi PO3TAIIOBYEThCA HA CEPEeAMHI 3B'SI3Ky MK JIBOMa Oy/b-
SAKUMU CyCIAHIMU aTOMaMH.

Cmpyxkmypa zpaghimy (mun A 9)

I'padit - rexcaroHampHa MoOAM(IKALIS BYIJIEIIO, TEPMOJUHAMIYHO CTiiKa MpH
TeMIIepaTypax HUXK4e 1000° C.

Crpyktrypa rpadity (puc. 153) mapyBata, npuuomy koxeH 13 1uiactiB (0001)
moOy/I0BaHUM 3a OJTHUM 1 TUM K€ 3aKOHOM 3 I'€KCaroHaJIbHUX ocepenkiB (puc. 154,
a). KoxxeH miap 3MmileHuii mo BiIHOMIEHHIO JI0 ABOX CYCIAHIX, TOYHO IMMOBTOPIOE OJIUH
OJIHOTO, Ha MOJIOBUHY BEJIMKO1 JlaroHalll rekcaroHa. ToMy CTpyKTypa JIBOIIAPOBHIL 3
yepryBaHHsM mapiB ... ABABAB ...

153.

Ha puc. 154,6 nBa cycianix mapy A 1 B yacTtkoBo nepekpuarothes. Lle 3po0iaeHo
VTSl TOTO, OO HAOYHO MOKA3aTH XapakTep 3MIIEHH cyciaHiX mapiB. Ha T obmacti
NEePEeKPUTTS 1IapiB IOKa3aHa eJIeMEHTapHa OCepeIoK (3alTpUXOBaHUN poMO).
Koxxen 3 mmapiB ckmajgeHud 3 TeKcaroHalbHMX ocepenkiB. Ilinm 1eHTpoM
(HE3art0BHEHNM) IeKcaroHa OJHOTO IIapy JIEKWUTh BEPIIMHA T'€KCAaroHa HACTYITHOIO
miapy, BepmiMHM ['ekcaroH BepXHbOTO IIapy MpHUMaNaloTh MOMEPEMIHHO TPU Hal
BepIIMHAMK [ ekcaroH HHXKHBOTO 1Iapy, TpU - Haja ueHTpamu uux I'excaron. Tperii
I1ap TIOBTOPIOE MEPILIUH.
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a)

154.

B enemeHTapHiil KOoMipili MICTUTBCS YOTHPHU aTtoMa. J[Jia migpaxyHKy KOOpJUHAILIis-
[IHHOTO YHCIIa BPaxOBYIOThCS aTOMH, IO 3HAXOAATHCA B JaHOMY Iapi Ha
HAWOMKYOMY BIJICTaH1 BiJ IaHOTO aToMma, a MOTIM, Yy JAPYTY 4epry, - HauOmmx4i
aTOMH B cyciiHiX mapax. [Ipu TakoMy nigpaxyHKy OTPUMY€EMO JUIsl OJTHUX aTOMIB J0
K. 9.=3 112, nius iHmux K. 4.=3 1 2.

[TpoctopoBa rpyma crpykrypu rpadity P6s/mmc. [NapanensHo Benmukoi miaroHanmi
€JIEeMEHTAPHOI KOMIPKM MPOXOAUTH IUIOIIMHY M, MapajielbHO MaJyoi JlaroHail -
IUIOLIMHY C. Y CTPYKTypi rpadity € JIBi mpaBUIbHI CUCTEMH TOYOK 3 KpPATHICTIO 2.
CrpykTypa rpadiTy € IpUKIaJ0M IAPYBATOI CTPYKTYPH: TapaMeTpH

PELIITKH IO OC1 C 1 OCAX, IO JISKUTh B IJIOIMIMHI IAPiB, PO3PIZHAIOTHCS IyKE CUITBHO
- y rpadiry 3 = 0,339 um, a = 0,142 M. Ycepeauni mapy Aif0Th MILHI KOBaJIECHTHI
3B'SI3KM, MK IlIapaMu - cJIa0Ki BaH-/Iep-BaalbCOBI 3B'SI3KY.

VY KkpucTtaiax 3 IIAapyBaTOK CTPYKTYPOIO Jy>K€ CHJIBHO BIJIMIHHICTh (DI3MUHUX
BJIACTUBOCTEN B3J0BXK 1 TONEpEeK TOJOBHOI oci cumerpii. Tak, B rpadiri
CJICKTPOIPOBIAHICTE B3MOBXK oci C B 10° pasiB Ginblue, HiXK B MOMEPEUHHX
HampsiMKax. BHacHmioK IIapyBaTOCTI CTPYKTYpH KpHUCTalud TpadiTy Jerko
neopMyIOThCS MIIAXOM 3MimIeHHs B310oBX IwtomuH (0001), mo mo3Bossie
3aCTOCOBYBaTH rpadiT sSK MacTuio. ['padiToBl JIyCOUKH, 31CKOB3YBAJIU Y3J0BXK
riomuH (0001), 3anumiaroTe Ciij Ha nanepi, KOJU NUITYTh rpadiTOBUM OJIIBLEM.

Cmpykmypu cghanepumy (mun B 3) i eropyuma (mun B 4)

Cynbdin nmuHKy ZnS KpHUCTaTII3yeThCs y BUIVISAL KyOI4HOTO cayieputy (LMHKOBOT
oOMaHKH) ab0 TEeKCaroHaJbHOTO BIOPIHMTA. Taki X CTPYKTYpH XapaKTepHi s
0aratboX HAaMIBOPOBIIHUKOBUX KpucTamiB Tuiy AuBvi abo AinBv, sk-to: CdS,
CdSe, CdTe,GaAs, GaP, InSb, InAs, InP, AIP, AISb i in. ¥ cdanepuri i BIOpIHTI
KOXEH 10H LIUHKY TETPaeApUYHO OTOYEHHH 10HaMM CIPKHM, & KOXEH 10H CIpKH -
10HaMHU [IMHKY, pO3TalllOBAaHWMH IO BEpIIMHAX TeTpaenapa (puc. 155).
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155,

i cTpyKTypHu pO3TISIIalOThCs K IIIJIbHA YIAKOBKA 10HIB CIPKH, B SIKIA 10HH LIUHKY
3aiiMalOTh TOJIOBUHY TeTpaeApuuHuX MmycToT. CTpykTypa cdajaepury BiamoBigae
Iy>’ke peTeabHuM Ky0iuHoi ynakosili ... ABCABC ..., mioTHelue mapu HopMalibHi
IO  4YOTHPbOX  MOJsApHUM  Hampsmkamu  <l111>.  Ctpykrypa  Bropuura
XapaKTEepU3y€eThCsl PETEIbHUM TE€KCAaroHajdbHOI YymakoBkow .. ABABAB ..,
MJIOTHEUIIIE CJIOH HOPMAJIbHI JI0 OJJUHUYHOTO MOJsipHOMY Hampsmky [0001].

Ha puc. 156 1 157 nokazani ctpykTypu nBox Moaudikaimiii 2nE, moOymoBaHi 3
KOOPJIMHALIMHUX TeTpaenpiB. Y KyOiuHOI YMakoBIl cdaieputy TPUKYTHI IiJICTABU
TeTpaeqipiB OyAb-SKOro Iapy OPIEHTOBaHI TaK camo, AK 1 MIJACTaBU TETpaeapiB
MONEPETHBOr0 1apy. Y TeKCaroHaJbHOI YMAaKOBLI BIOPIUTA TPUKYTHI MIJICTaBU
TeTpae/ApiB B HACTYNHHUX Iapax noBepHeHi Ha 60 °. KoxHa BepIllInHA € CHIIBHOI0 IS
YOTUPHOX TETpaCIpiB.

156.

VY cTpykTypax cdanepury 1 BIOpIIUTa HEMaE IEHTPY CUMETPIi, CTPYKTypH MOJsipHi. B
KpHUCTajax, Mo HajlexaTh J0 MOJIIPHUX KJIaciB CUMETPii, MOKIIUBI MOJSAPHI (i13UUHI
BJIAcTUBOCTI. HamiBOpoOBITHUKK 3 TaKMMH CTPYKTypaMH MOXYTb HaJIeXkaTH [0
BaYKJIMBOTO KJIACY - IT'€30€JICKTPHUK.

Kpim chaneputy 1 Bropruta y ZNnS € 6€31114 CTPYKTYp, MEPEXiTHUX MiK HUMH, - TaK
3BaHI MOJIITHITIS.
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Cdanepur Hanexuth 10 knacy 43m, B IKOMy HEMa€ LIEHTPY CIMMETpii, a oci 3, Tak
Ak HanpaMmku <111>, monsapui. Moxmusi npocti dopmu-ky6 {100}, pomOiuHwMit
nonekaenp {110} 1 rerpaeap {111}.

Crpykrypa cdaneputy (puc. 158) momibHa [0 CTPYKTypH anMasy: Iie
rpa”enieHTpoBana ky6Oiuna pemitka (I'HIK), B skiii 3aceineHa mOJIOBHHA
TETpaeAPUYHUX IMyCTOT. 3aCeIeHI OKTAaHTH YEPIyIOThCS 3 HE3aCEJICHUMHU B IIIAXOBOMY
nopsiAKy. BiIMIHHICTE BiJI CTPYKTYpH ajMasy MoOJiArae B TOMY, IO B ajiMa3l BCe
aToMu oAHaKoBl, a B Cdaneputr aToMu OJHOTO COPTY (HAMPHUKIIAJ, CIpKH) 3aiiMaloTh
By3mu ['LIK- ocepeaxu, a aromu iHIIOTO (HAMpHUKIaA, IUHKY) - IEHTPHU YOTHPHOX
okTaHTiB. CTpyKTypy chaneputry moxkaa ommcatu sk nBi ['TIK-pemritku - cipku i
LMHKY, 3MIIIEH] OJJMH II0JI0 OJJHOTO Ha YBEPTh TUIECHOI AlaroHail KyOi4HOi KOMIpKH,
a00 SK IUIOTHEHIIYIO YMAaKOBKY 10HIB CIpKH, 3MIIIEHY Ha TakKy > BIJCTaHb BijJ
aHAJIOTIYHOI YMAaKOBKM 10HIB IHMHKY. ATOMH ILHMHKY 1 CIpKM IepeOyBalOTh Yy
B3a€MO3aMIHHUX IMOJIOXKEHHSX 1 YTBOPIOIOTH JIB1 MIPaBUJIbHI CUCTEMH TOUYOK, KOXKHA 3
KpaTHICTIO 4.

158.

CrtpykTypu anMasy i chaneputy MaroTh oaHy 1 Ty % ['TIK-pemritky bpase, ane anmas
BITHOCUTBLCS IO TOJIOGAPUYHOTO KiIacy KyOidHOi cuHTOHII M3M, a cdanepur - 10
remienpii 43m. BignoBigHo y anMmaszy Ouiblne 0OaraTcTBO HAOOpIB CUMETPUYHO
€KBIBAJICHTHUX IUIOLIMH 1 HaNpsMKiB, HDX Yy cdanepury,ajie 3HAYHO MEHIIa
aHizoTporis ¢giznuHux BiactuBoctel. [IpoctopoBa rpymna chanepury FA43m (ammasy
Fd3m). Ha Bigminy Bin anMasa y cdaliepuTy HEMae IEHTPY CHMETpii, CTPyKTypa
MOJISIPHA.

['eomeTpuyHa MONSIPHICTH CTPYKTYpH cdaneputy no0pe BUAHO Ha puc. 159,
0COOJIMBO SIKITO MOPIBHATH HOTO 3 puc. 152 mnsa anmasy. [loaBiiiHi mapwu, mapanenbHi
{111}, B chaneput ckimanarThCs HIOW 3 IBOX MIAIIAPIB PI3HUX 10HIB - MOJCIOU
IUHKY 1 mojicioi cipku. Tomy mmomuni (111) 1 (111), Tak camo sk 1 Hanpsimku [111]
1 [111], pi3Hi 3a cBoiMH (hi3MUHUMHU BIIACTUBOCTSIMH.
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159.

Hait6ipmn misibHO yrakoBaHI IUIONIMHI-IIe iontuHl {111}, mepneHauKkynsapHi ocsax
3. KoxeH 10H CIpkd B Ii{ IUIONIMHI OTOYEHHUH IIICThMA TaKUMH K 10HaMH. [oHM
CYCIJIHIX IIapiB 3HaXOAATHCSA B MOPOKHMHAX MK 10HAMHM BHUXIJHOTO IIApy, TaK SK
YUCJI0 HAHOMMXKUUX CYCIIIB JOPIBHIOE 12, IO CIIYKUTh XapaKTEPHOIO O3HAKOIO TyXKE
pETENhbHUM YIAKOBKH. [OHWM IIMHKY OTOYCHI YOTHPMA I10HAMH, 3HAYUTh, BOHH
PO3TalIOBYIOTHCS B TETPACAPUUHUX MYCTOTaX. K. 4. Znz, = K. 4. Sg = 12; k. 4. Zns=k.
. SZn =4,

Bropuut HanexuTh 10 Kiacy 6mm, B sIKOMY BICh 6 € HE TUIBKH TOJSPHUM, a i
OJIMHUYHUM HanpsMoM. Tomy aHizoTporist (i3UYHUX BJIACTUBOCTEH B KpUCTajax 31
CTPYKTYpPOIO BIOpIIMTA I1I€ CUJIbHIIIE, Hik B Chasepur.

EnemenTapHa KoMmipka BIOpIUTA CKJIaJ€Ha 3 JIBOX TPIrOHAJIbHYIO Mpu3M. BcepenuHi
mpaBoi 3 MPU3M HEMae 10HIB, a JIiBa MPU3Ma 3alOBHEHA: B HIM € 1€ MO OJHOMY
KaTiOHY 1 aHIOHY Ha JIiHi1, [0 TPOXOJAUTh Yepe3 LeHTpH ii mijacras (puc. 160, a). Ha
OJIHy €JIEMEHTapHY KOMIpPKY Ipunaaae mo asa a”ionu (8*1/8 + 1) 1 mo nBa katioHa
(4*1/4+1).K.u. Zn=K. u. S =4,

3a3BuYail TreKkcaroHajlibHas CTPYKTypa OIIUCY€TbCS HE TaKOl KOMIPKOIO, a
IeKCaroHaJIbHOIO MPHU3MOI0, CKIIAJEHOI 3 MIECTH €JEMEHTAPHUX TPIrOHAJIbHUX
npusM(puc.160.6). loHu oOJHOrO eJeMEHTa PO3TAlIOBYIOTHCSI B  BEpIIMHAX
reKCaroHaJIbHOi NpPU3MH, B LEHTpax ii Oa3MCHUX TIpaHe 1 B LEHTPax TPbOX
TPITOHAJILHYIO TPH3M, a 10HH JPYTrOTro €IEeMEHTY - B THX )K€ TPhOX TPUTOHAIBHUX
MPU3Max 1 Ha BCIX BEPTUKAIBHUX pedpax reKCaroHabHO1 IPU3MHU.
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160.

IIpocTopoBa rpyna Bropuuta P6zmC. I'BUHTOBa Bich 63 MPOXOAUTH uepe3 JIHIIO
IIEHTPIB Mac HE3alOBHEHOI TPUTOHAIBHOI NPU3MHU. Y3I0BXK BEIUKOi JlaroHani
MIJCTaBU MPUMITUBHOI €JIEMEHTApHOI KOMIPKU MPOXOAUTH IUIONIMHY M, a B3IOBXK
MaJIoi JiaroHal - IJIOIIMHY KOB3al0uoro BiJ0OpaKeHHs THITY C.

Ha puc. 161 cTtpykTypa BropiuTa cipoekToBaHa Ha ionuny 6asucy (0001). Buano,
mo, sK 1 cagepur, BIOPUUT MOOYIOBaHUN 3 TMOJBIMHMUX IIAPIB, KOXKEH 3 SKUX
CKJIaJIa€ThCsl 3 JIBOX IMIJIIIAPIB 10HIB PI13HOTO TaTyHKY. loHM BcepeauHi MOABIHHOIO
mapy 3'€JHaHi TpbOMa 3B'sI3KaMH Ha KOKEH 10H, a M1’K MOJBIMHUMU IIapaMH - OJHUM
3B's13k0M Ha 10H. [loaBiitH1 mapu napasnenbHi mwiomurHi 6a3ucy (0001).

z

*l ({130

aj )

161.

[linbHa ymakoBKa B CTPYKTYpl BIOPLIMTA YTBOPEHA NapajieTbHUMU IIapaMH aHIOHIB.
Koxen aHioH oToueHMit [BaHaAAThMa aHHOHaMH (puc. 160,

B). KaTionu 3HaxoasThCs MK YOTMpPMa aHIOHAaMHM Ha PIBHMX BIJCTaHSAX BiJl HHX,
3aI0BHIOIOYH MTOJIOBUHY TETPACIAPUYHHUX ITyCTOT.

Cmpyxkmypa nepoeckuma (mun E 2,)

3'eqHaHHs 31 CTpyKTypor Ty mepoBckity CaTiOsz 1 i3oMopdHUX HoMy 3'€HAHB
BaTiO;, CaZrO3, PbTiO; 1ikaBi cBOiMHU JTi€JICKTPUYHUMH BIACTUBOCTIMH. bararto 3
HUX € CETHETOCJICKTpUKaMHu. B ereMeHTapHiil KoMipill MEepOBCKUTAa 10HH TUTaHY
3aliMal0Th BEPIIMHU, 10HW KUCHIO TIOMIMIAIOTHCS B CepearHax pedep, a 10H Kaiblis-
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BcepenuHi ocepenky (puc. 162). HesBaxaroum Ha Te 10 B IEHTPI KOMIPKH
3HAaXOJATbCA 10HU,rpaTka He 00 €MHO-IIEHTPOBaHA,a MPUMITHBHA:TPAHCIISLIMA
BCepenrHI 00’My HEMae,TOMY 110,32 BU3HAYCHHIM,Ha KiHIIX TPAHCISIIN HE MOXYTh
PO3TAIlIOBYBATUCh PI3HO PiJIHI TOYKU,B JJAHOMY BHUIIAJIKy aTOMU KaJIBI[IIO 1 TUTaHY;
KOMipKa o0y joBaHa Ha TPaHC/IAIIAX a,b,C.

Axmo BUOpaTH NOYATOK KOOPJAMHAT B OJHOMY 3 10HIB THUTaHy, TOIl
KoopauHaTu 10HIB: TuTany [[000]], kanewuito [[1/2, 1/2, 1/2]], xkucHio [[0, 1/2,
1/2 11, [[2/2, 0,1/2]], [[1/2, 1/2, 0]]. IoH KaJbIil0 HAICKHUTH OCEPEAKY IIITKOM.
lonn TuTaHy, 10 3HAXOAATHCA y BEpUIMHAX, JAlOTh BHECOK 8*1/8 = 1; ioHuM
kucHio — 12*1/4 = 3. Crexiomerpuune Bignomrenus Ca: Ti:O = 1: 1: 3,tak sk
CaTiO3, yuco CTPYKTYPHHX OAMHUIL gopiBHIoe 1. KoopauHariiiai yucna i
KOOp/IMHAIlIIHI 0araTOrpaHHUKU B CTPYKTYpPI MEPOBCKITY:

K. s K. »
Ti no Ca 8 Kyt
Ti no O 6 Oxrasap
O no Ti 2 lantens
O no Ca 4 KBaapar
Ca no O 12 Ky6ook tasap
|

[IpoctopoBa rpyma Pm3m. B nanpsvmkax <100>, Tak sk 1o pedpy eleMeHTapHOi
purmiTky, 1 B HampsiMkax <I10>, Tak sSK B3J0BX iaroHaji TpaHl, MPOXOASTh
TJIOIIMHA M.

VY CTpyKTypi € Tpu IPaBUIBHI CUCTEMH TOYOK: 1) TUTaHy 3 KpaTHICTIO 1, 2) KalbIlito
3 KpaTHICTIO 1,

3) KHCHIO 3 KpaTHIcTIO 3. [oHM THTaHY 3B'SI3yIOTHCS OJIMH 3 OJHUM TPAHCIIALISAMH a, b,
C, 10HHM KHUCHIO - TUIOIIIMHAMU JI3€PKAIHLHOTO BlJOOpaKeHHS.

VY crpykrypi nepoBckiTy K. 4. Cag = K.4. Oc, 1 O = 12, ToMy MOXHa BBa)KaTH, 1110
10HM KaJIbIIIO 1 KUCHIO CIJIBHO YTBOPIOIOTH HIUIbHY YHAKOBKY. Taki BUIAJIKU, KOJIU
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KaTioH (B JaHOMY BUNAJAKYy Kaiblii) mae k. U. = 12, 3ycTpiyaroThCsi y KaTiOHIB
BeMKOro po3mipy. Taki kaTioHM cami 3aiiMaloTh TIOJOKEHHS Iapy MIITLHOT
YIIaKOBKH.

Ha 4 N xynp mrinbHoTynmakoBku (1 10H KamibIlito 1 3 10Ha KHCHIO) MpHUnanae auiie N
KaTiOHIB TUTaHY, K1 pO3TAlIOBYIOTHCSI B OKTaCAPUYHUX MOPOKHUHAX MK KHCHEBO-
TUTAaHOBUMHU OKTaenpa (puc. 162). Ionamum 3aiiHsta Bcboro 1/ 4 okTacApUYHHUX
MyCTOT, BCI TETpacJApUYHI TOPOXKHEUl BiIbHI. KHCHEBO-TUTAHOBI OKTaeapu
3'€IHYIOTbCA OJMH 3 OJHUM BepIIMHamMu. Takuii B JaHOMY BHUIAJKy MOTHUB
34JICHYBaHHS KOOPIWHAIIMHUX OaraTrorpaHHUKIB.

CTpyKTypHMII THUIl NEPOBCKUTA XapakTepHHH Ui cnoiayk ABX3; B TuX Bumajkax,
KOJIM po3MipHu 10Ha B 103BOJSAIOTH HOMY pPO3MICTHTHCS B OKTaeAp 3 10HIB X, a
BEJIMKUI KaTIOH A 3a CBOIMHU po3MipamMu OJU3bKUI 10 10HIB X.

CtpykTypa  TUIYy  TEpOBCKITY  XapakTepHa JJisi  BUCOKOTEMIIEpPaTypHOI,
napaeyeKkTpiuecKkol a3y BEIMKOIO CIMEIMCTBA CIONYK, TaKUX, SIK TiTa- HAT Oapito.
Hwxue temnepatypu Kropi BoHM NepexoisTh B CErHETOeNeKTpuuHUX ¢azy. [lpu
dazoBomy nmepexoAl KyOidyHa OCEpeIOK 3JieTKa CIOTBOPIOETHCSA, CTalOUU
TeTparoHajJbHOW abo0 poMOIYHOi; B pe3ynbTaTl AaTOMHUX 3pYyIIEHb BHHUKAE
CIIOHTAaHHA eJIeKTpUYHa nojsipuszamis. barato 3'enHaHHS ciMmeiicTBa MEPOBCKUTA €
CETHEeTO- abo AHTHUCETHETOCIEKTPUKAMH, mipo-i I1'€30€JIEKTPHK,
CErHETOMAarHeTUKaMH, aHTHCETHETOMAarHeTUKaMH, HaIBMPOBITHUKAMHU
CErHETOENIEKTPUKAMH 1 Ty>KE IIUPOKO 3aCTOCOBYIOTHCS B TEXHIILII.
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BucHoBKkH.

KpucTtanoximis (poc. kpucmanmnoxumusi, aHrn. crystallochemistry, Him. Kristal
Ichemie f) — posgin kpucTanorpadii, Hayka NPoO MNPOCTOPOBE PO3MILLEHHS
CTPYKTYPHUX YaCTUHOK (MOMEKYM, aTOMIB, MOHIB) Yy KpMUCTanax Ta 3anexHicTb
di3NKO-XIMIYHUX BNACTUBOCTEN KPUCTanNIYHMUX PEYOBUMH Bif IXHbOI CTPYKTYpPW.

KpucTtanoximia TiCHO noB'd3aHa 3 XiMi€to, KpUCTanodi3nKor i MiHepasoriero.
basyeTbca Ha gaHUX eKCcnepuMEHTanlbHOro BUBYEHHSI CTPYKTYpPU KpuUCTanis
PEHTIEHIBCbKNMM

(PEHTrEHOCTPYKTYPHUIN, HENTPOHOrpadivyHU, enekTpoHorpadiyHnm Ta
IHLWIKX), XIMIYHUMW Ta PIBUYHUMU MeTOAaMN.

[locArHeHHs1 KpuCTanoxiMii CyTTEBO 3MIHMNKM 3MICT 6araTbOX YSBMEHD,
HapoXXeHUX cTapolo MiHepanorieto. lNo-neple, cNpocToBaHO MOSEKYNAPHY
BynoBy KpucTanis. HaToMiCTb NpUALLAN YABMEHHA MPO aTOMHY (KpUCTaniyHy)
CTPYKTYPY MiHeparniB, $Ki [OOKOPIHHO TpaHCc(opMyBann came TMOHATTH
«MiHepan» (3 HbOro BUIy4YeHO aMoOpdHi, pigki Ta rasonogibHi cnonyku. | B
Cy4acHin MiHepanoril MiHepanu — ue NPUPoLHi KpucTanu.

KpucTtanoximisa BHecna AkiCHO HOBi 3HAHHA NMPO MiHepanu i Ha enekTPOHHOMY
piBHi. Kpuctanoximiku Ta ¢isunkn, 3okpema, obrpyHTyBanun gedektHy npupoay
CTPYKTYpU MiHepanis, 3'acyBanu 3aKOHOMIPHOCTI pPO3NoAiny erneKkTpoHiB Yy
MDK'ssAepHOMY NPOCTOPI | AINWN BUCHOBKY, WO BinbLUiCTb MiHEpaniB € iIOHHO-
koBaneHTHUMK cnonykamul,

KpucTtanoximis y CBoOEMY pO3MNopsmAKeHHI Mae BENUKUIA obcar iHdhopmadii npo
KpUCTanivyHi CTPYKTYpU COTEHb TUCAY XiMIMHUX PEYOBUMH, BKIIOHAKOYM Taki
CKnagHi 06'ekTn, sk BISIKK | BipyCW.
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