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Marepiaio3HaBCTBO € BaXXJIMBUM KypCcOM JUIsl 3700yBadiB OCBITH 1HXEHEPHUX
cneniagbHOCTeN. 3 PO3BUTKOM HAyKH 1 TEXHIKHU, MOSBOI0 HOBHX 1HXKEHEPHUX Tally3eu
Ta 3MIHAMH B 1HXKEHEpHiH mpodecii cydacHuil ¢axiBenb MOBHHEH MaTu TIMOOKI,
PI3HOMAaHITHI Ta Cy4YacHl1 3HaHHS 3 MUTaHb TOB'S3aHUX 3 MaTepialo3HaBCTBOM. Sk
MiHIMYM, BCl 37100yBaui OCBITH 1HXXEHEPHOTO CHPSMYyBaHHS MOBMHHI MaTé 0a30Bi
3HaHHS PO CTPYKTYPY, BIACTHBOCTI, 0OOPOOKY Ta eKCILIyaTarliiiHi XapaKTepHUCTHKU
PI3HMX BHUJIB KOHCTPYKUIMHMX MarepiaiiB. lle € BaxJIMBUM NepuIUM KPOKOM Yy
OPUMHATTI pilIeHb MIOA0 BHOOPY MarepiajgiB y MOBCAKACHHUX CKIAJHUX 1
€JIEMEHTApPHUX 1HXXEHEPHMUX 3aja4dax. biabll TMOOKe pO3yMIHHS HEOOX1THE IS
IPOEKTYBAJIbHUKIB CKJIAJHUX CHUCTEM Ta 1H)KEHEPIB-HAYKOBLIB, $IKI 3alMaroThCs
TOCIHDKCHHSIMH 1 pO3pOOKaMH HOBUX CLIBCHKOTOCIIOAAPCHKUX MAIIIHH.

B arpapniif ramy3i iH)XEHEpH TMOBUHHI JIOCKOHAJIO BOJIOAITH OCHOBHHMH
3HAHHSAMH 31 CTPYKTYPH, BIACTUBOCTEH, 0OpOOKH MarepialiB Ta BMITH PalllOHAJIBHO
migoupaTtd  Marepiasid  JIE  TPOCTHUX Ta CKIQJAHUX MEXaHIYHUX  CHCTEM.
3epHO30UpaIbHUN KOMOAH € MPUKIAOM CKJIATHOI MEXaHIYHOI CHCTEMH, SKa
BUKOPHUCTOBYE Y CBOiMl CTPYKTypi PI3HOMAaHITHI MaTepiajidi Maike YCIX KIIaciB.
Hamnpuknan, ky30B koMmOaiiHa BUTOTOBJICHUH 3 BYIJEIEBOi cTaji 1 modapOoBaHUM
crietianbHO (hapOoro, maci — 3 MIHUX 1 BUTPUBAJIMX CTAJIEBUX CILIABIB, IIMHU — 3
BYJIKQHI30BaHOi TyMH, poOOOYl OpraHu IKATKM BHUTOTOBJICHI 31 3HOCOCTIMKHUX
MarepialiiB, KJIOYOBI KOMIIOHEHTH JBUTYHA 1 TaJIbMIBHOI CHCTEMH BUTOTOBJIEHI a00
HNOKPUTI KEpaMIYHMMH MaTepiajiaMH, 00 BUTPUMYBAaTH BHCOKI TEMIIEpaTypH, a
pI3HOMaHITHI JaT4ukd 1 OOPTOBUH KOMITHOTEP BHUKOPUCTOBYIOTH €JEKTPOHHI
Matepiajiu.

Huzaitn 1 BuOip MarepiaiiB Il JETalleld CLIbCHKOTOCIIONAPCHKUX MAaITuH
MOBUHEH I'PYHTYBATHUCS Ha 0ararbox (hakTopax, BKIIIOUAIOUU €(PEeKTHUBHICTH, OE3IeKY,
JIOBTOBIYHICTh Ta BapTiCTh, CaM€ TOMY JOCHTb aKTyaJIbHUM € BUBYCHHS TEOPETHUHUX

OCHOB Mareplajo3HaBCTBA.



PO3JLI 1

BCTYII 10 MATEPIAJIO3HABCTBA

1.1. IcropryHa nepcrnekTUBa

Marepianu, WMOBIpHO, OUIbII TIMOOKO BKOPIHEHI B HAIIN KylIbTypi, HIK
OUTBIIICTh 13 HAC YCBIOMIIIOE. TpaHCHOPT, KUTIIO, OMASAT, 3B’SI30K, BIIMOYMHOK 1
BUPOOHUIITBO %Ki — MPAKTUYHO HA KOXKCH CETMEHT HAIIIOTO TMOBCSKICHHOTO >KUTTS
TIE0O YW IHIIOK MIPOI0 BIUIMBAIOTH Marepiaiu. [CTOpUYHO CKJajgocs Tak, IO
PO3BUTOK 1 TPOCYBaHHS CYCIUILCTBA OyJIM TICHO MOB’s13aH1 31 3AaTHICTIO HOTO YICHIB
BUPOOJISATH Ta BUKOPUCTOBYBATH MarepiajaMu i 3aJ0BOJIEHHS CBOiX MOTpPEO.
Hacnpaeni panni nmBLIizamii OyJd BHU3HA4YE€HI 3a PIBHEM PO3BUTKY MarepiaiiB
(kam’stTHUM BIK, OPOH30BHH BIK, 3aJ113HUHN BIK).

HaiimapHinm Jrogu Mald JOCTYIl JIMIIE JI0 Jy)Ke OOMEXKEHOI KUIBKOCTI
MarepiaiB, THX, Kl 3yCTpIYarOThCA B IPHUPOJL: KaMiHb, JI€PEBUHA, IJIMHA, LIKYpH
TOImIO. 3 YacoM BOHHM BIJIKpUJIM METOAM BUPOOHHUIITBA MareplajiB, sIKI MaJH
BJIACTHUBOCTI, IO TMEPEBEPIIYIOTh BIACTUBOCTI mnpupoAaHux. Lli HOBI Marepianu
BKJIIOUAJIM KepaMiKy Ta pi3HI MeTanu. KpiMm Toro, Oylio BUSBICHO, 110 BIACTUBOCTI
Marepialy MOXYThb OyTH 3MIHEHI TEPMIYHOIO OOpOOKOIO Ta JOJABaHHSIM I1HIIUX
pedoBuH. Ha naHomy eramni BUKOPUCTaHHSA MarepiajiiB OyJio LIJIKOBUTUM MPOLECOM
BiOOpy, sAKWW TmiepembadaB BHOIp 13 3aJaHOTO, MTOCHTH OOMEXKEHOTro Habopy
MarepialliB, caM€ TOTO, KWW HaWKpalle MiAXOAUTh IJisi 3aCTOCYBaHHS 3a CBOIMHU
XapakTepucTukamu. Jlumie MOopiBHAHO HEAABHO BYEHI NPUHILIM A0 PO3YMIHHS
B3a€EMO3B’SI3KY  MDK  CTPYKTYPHHUMH  €JIEMEHTaMH  MarepiajiB Ta  iXHIMH
BinactuBocTsMU. Ili 3HaHHsA, HaOyTi npubmu3Ho 3a octanHi 100 pokiB, 3HAYHOIO
MIpPOIO JIO3BOJIMJIM iM MOJICTIOBATH XapaKTEPUCTUKAMH MaTepiaiiB. TakuM 4YHUHOM,
HAOyJM TOIIUPEHHS JECATKU TUCSY PI3HUX MaTepiaiiB i3 JOCUTH CHEIladi30BaHUMHU

XapaKTepUCTUKAMM, Kl  BIJMOBIJAIOTh MOTpedaM  HANIOrO0  Cy4YacHOro Ta



IHTEIPOBAHOIO CYCHUIbCTBA. J[0 HUX BIIHOCATBHCS METANM, IJACTMACH, CKJIO Ta
BOJIOKHA.

Po3BuTOK 0Oaratb0X TEXHOJIOTIM, $KI pOONATH Halle ICHYBaHHSA TaKUM
KOM(bOPTHUM, TICHO TMOB’S3aHO 13 JOCTYITHICTIO BIAMOBITHUX MaTepiamiB. IIporpec y
pPO3yMIHHI THUIy Marepialy 4YacTo € IONEPEAHUKOM IIOCTYIOBOTO PO3BUTKY
texHosnorii. Hampuknan, BupoOHMIITBO aBTOMOOUTIB Oyno O HeMoxiuBe 0e3
JOCTYITHOCTI HEJAOpOroi ctaii ado iHIIOro moaiOHOro 3aMiHHMKA. Y HAIll CydacHUU
Yyac CKJIQJH1 €JEKTPOHHI IPUCTPOi IPYHTYIOTHCA Ha KOMIIOHEHTaX, BUTOTOBJICHUX 13

TaK 3BaHUX HalliBIPOBIAHUKOBHX MaTepIaJIiB.

1.2. Marepiasi03HaBCTBO Ta iH:KeHepisi MaTepiaJiiB

[HOMI KOPHMCHO PO3MIIUTH IUCHMIUIIHY MaTepiajlo3HAaBCTBA HA MiAUCIUTLIIIHUA
MaTepialo3HaBCTBA Ta 1HXXEHepli MaTepiaiiB. BiacHe kaxyuu, «MaTepiaJloO3HABCTBO»
nependavae TOCTIKEHHS 3B’ A3KiB, 5Kl ICHYIOTh MK CTPYKTYPOIO Ta BIACTUBOCTSIMU
marepiainiB. HaBnaku «iHXeHepisl marepiaiiB» € OCHOBOI JaHUX KOPEISALId Mix
CTPYKTYpPOIO Ta BIIACTUBOCTSIMH, NPOEKTYBaHHA ab0O TMPOEKTYBaHHS CTPYKTypHU
Marepialy Il OTPUMaHHS MOIEpPEeAHbO BU3HAYEHOTO Ha0Opy BIIACTUBOCTEH. 3
(GYHKITIOHATBHOI TOYKH 30Dy, POJIb CIiemiaiicTa abo HayKOBIIS 3 MaTepialo3HaBCTBA —
po3poOKka ab0 CHHTE3 HOBHUX MarepialiB, TOAl SIK 1HXKEHEp 3 MaTepialiB MOKIMKAaHUN
CTBOPIOBAaTH HOBI NPOAYKTH YU CHCTEMH 3 BHKOPUCTAHHSM ICHYIOUMX MarepiajiB
Ta/abo po3pobnmATH MeToAuM O0OpoOKM MarepiamiB. BUMyCKHUKH  OCBITHBO-
npodeciitHoi mporpaMu « ArpoiHXKeHepis» MOBHUHHI BOJIOAITH OCHOBHUMH MOHSATTIMHU
3 MarepiaJio3HaBCTBA Ta MAaTW 3MOTY iX 3aCTOCOBYBaTH IIiJi Yac BHUPIIICHHS
1HKCHEPHHX 3a]1a4.

«CTpyKTypa» Ha JaHU MOMEHT € HEYITKMM TEPMIHOM, SIKHW 3aciIyroBy€ Ha
nesike MosicHeHHA. KopoTko KaydH, CTpyKTypa MaTepiaily 3a3BH4Yail TOB’s3aHA 3
pO3TalTyBaHHSIM HOTO BHYTPIMIHIX KOMMOHEHTiB. Cy0aToMHa CTPYKTypa BKIIIOUAE
€JIEKTPOHU BCEpPEAMHI OKpPEMHX aTOMIB 1 B3aeEMOJII0 3 iX sapamu. Ha aromapHomy

PiBHI CTPYKTypa OXOILTIOE OpTraHi3aiiro aToMiB a00 MOJIEKYJ BIITHOCHO OAWH OIHOTO.
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Hacrtynna 6inbira ctpykrypHa cdepa, sika MICTATh BEJIHKI TPYIH aTOMIiB, 3a3BUYAM
arJioMepOBaHUX Pa30M, HA3UBAETHCA «MIKPOCKOMIYHOIO», TOOTO O3HA4Ya€e Te, IO
mimsirae mpsSIMOMY CIOCTEPEKEHHIO 3a JOMOMOTOK MEBHOTO THITY MIKPOCKOTA.
Hapemri, cTpykTypHi e€leMeHTH, SKIi MOXKHA T[O00auYuTH HEO30pPOEHUM OKOM,
HA3MBAIOTHCS «MaKPOCKOIIIUYHUMM.

[ToHATTS «BIACTUBICTHY 3aciHyroBye Ha po3poOky. Ilig wac excmmyararii Bci
MaTepiajau MiAaaroThCs BIUTMBY 30BHIIIHIX YMHHHUKIB, SIKI BUKJIWKAIOTh NMEBHUN THII
peakuii. Hanpukian, 3pa3ok miggaHuii cuii, 3a3Hae aedopmaiiii, abo mojiipoBaHa
MeTajeBa MOBepXHs Oyne BiAOMBaTH CBITIIO. BiiacTuBICTh — 1le MarepiajibHa O3HAKaA 3
TOYKHM 30py BHUAY Ta BEJIMYMHU PEaKilii HA KOHKPETHUM HaB's3aHUN CTUMYJI. SK
OpaBUJIO, BHU3HAUYEHHSI BJIACTHUBOCTEH 3IMCHIOETHCS HE3AJIEKHO B (QopMu Ta
po3Mipy MaTepiaiy.

[IpakTH4HO BC1 BXXJIMBI BIACTUBOCTI TBEPJUX MaTepialliB MOXKHA 3TPYIyBaTH B
I’ SITh PI3HUX KaTEropiil: MEXaHIyH1, eJIEKTPUYHI, TEIUIOBI, MAarHiTHI Ta oNTH4YHI. JjIs
KOXKHOTO € XapaKTEePHHUM THUIl «IOAPA3HHUKA», 3JaTHUM BUKJIMKATH PI3HI peakiiii.
MexaHi4HI BIaCTHUBOCTI MOB’A3YIOTh Ae(OpMalliio 3 NPUKIAJIEHUM HABAaHTAKEHHSAM
a6o cumoto. I[lpukimamum BKIIOYAIOTH MOJYIb TPYXKHOCTI Ta MIIHICTE. s
CJEKTPUYHUX BIIACTUBOCTEH, TaKUX SIK EJIEKTPOMPOBIAHICTh 1 MJIEJEKTPUYHA
MPOHUKHICTh, MOAPA3HUKOM € eJeKTpuyHe mojie. TernnoBa moBeAiHKAa TBEPAUX T
MO)Ke OyTH TIpelCTaBlieHa dYepe3 TEeIJIOEMHICTh 1 TEIUIONPOBIAHICTh. MarHitHi
BJIACTUBOCTI IEMOHCTPYIOTh PEAKI[II0 MaTepiajly Ha 3aCTOCYBaHHS MAarHITHOTO IOJIS.
JUis ONTHUYHUX BJIACTUBOCTEH TMOAPA3HUKOM € EJIEeKTpOMarHiTHe abo CBITJIOBE
BUIpoMiHIOBaHHS. [loKa3HUK 3ajoMJIeHHS Ta BIJOMBHA 3JATHICTh € TUIIOBUMH
ONTUYHUMH BJIACTUBOCTSAMHU. Y HACTYMHHX PO3AUIAX PO3MISAAIOTHCS BIACTHBOCTI,
SIK1 TT1IMTaIaF0Th 11T KOXKHY 3 ITUX KiIachdikariii.

OKpiM CTPYKTYpH Ta BJIACTMBOCTEH, y HayIlll Ta 1HXXEHEpil marepiaiaiB OepyTh
y4acTh IIe JIBa BAXKIIMBI KOMIIOHEHTH, a caMe «00poOka» Ta «edextuBHicThY. 110
CTOCYETHCSI B3a€MO3B'SI3KY IIMX YOTHPHOX KOMIIOHEHTIB, TO CTPYKTypa Mmarepiaiy
3aJIeKaTUME Bijl crocoOy Horo o0poOku. Kpim Toro, epekTuBHICTh MaTepiany Oye

3ajeKaTyu BiJ HMOro BIAcTUBOCTEH. TakuM YMHOM, B3a€MO3B’SI30K MK OOpOOKOIO,
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CTPYKTYPOIO, BIIACTUBOCTAMH Ta €(QEKTHBHICTIO 300paXCHH HAa CXEMaTHYHINA
UTIOCTparii, mokazadid Ha puc. 1.1. Y naHoMy moCiOHMKY MU 3BEpPTAEMO yBary Ha
B32€MO3B’SI3KM MDK IIMMHA YOTHpPMa KOMITOHGHTAMH 3 TOYKHA 30pYy IMPOEKTYBAHHS,

BUPOOHHUIITBA Ta BUKOPUCTAHHS MaTepialiB.

Brnactusocti

\ 4
A4

OO06poOka CrpykTtypa EdextuBHIiCTH

Puc. 1.1. KoMrnoHeHTH AUCIUIUTIHA MaTepialo3HaBCTBA Ta iX B3a€EMO3B'S30K.

[lpuknag wMX OpUHLMIOIB «0OpoOKa — CTPYKTypa — BIACTHBOCTI —
e(eKTUBHICTh» HaBeNEHO Ha puc. 1.2, e 300pa’keHO TPH 3pa3Ku TOHKUX JHUCKIB,
PO3MIIIEHUX Ha JpyKoBaHOMYy wMmartepiani. O4YeBHIHO, IO OINTHYHI BIIACTHBOCTI
(To0To  KOe(iImieHT TMPOMyCKaHHS CBITJIA) KOXKHOTO 3 TPhOX MarepiajiB
BIJIPI3HSAIOTHCS: TMCK 3J1iBa € MPO30pUM (MPAKTUYHO BCE BIAOUTE CBITIO MPOXOIUTH
Kpi3b HBOTO), TOAl SIK JAMCKM B LEHTPl 1 MpaBOpydY, BIAMOBIAHO HAMIBIPO30pi Ta
Henpo3opi. Bei 11 3pa3ku BUTOTOBJIEH] 3 OJHOTO Marepialy, OKCUIY alIOMIHIIO, aje
KpaHii JIiBMM € TaKk 3BaHUM MOHOKPHCTAJIOM — TOOTO Ma€ BUCOKHH CTYIIIHb
JIOCKOHAJIOCTI, IO ¥ 3yMOBIIOE HOTO TPOo30picTh. lleHTpanbHMIl CKIATa€ThCS 3
YUCJICHHHX 1 Iy’)K€ MAJICHBKUX MOHOKPUCTAJIIB, sIK1 3'€IHaHI MikK c00010. 3B'A3KU MIX
UMU MaJeHbKUMM KpHUCTaJlaMUd PO3CIIOI0Th YacCTHUHY CBiTJa, BIJAOUTOTO Bij
JIPyKOBaHOI CTOPIHKH, 110 POOHUTH Il MaTepiald ONTHYHO HamiBIpo3opum. Hapemri,
3pa3oK MpaBOpyd CKJIAJAEThCS HE TUTBKH 3 Oe3idl ApiOHUX, 3'€THAHUX MIXK COOOI0
KpUCTAJIB, aje ¥ 3 BENUKOI KUIBKOCTI JYy)K€ MajieHbKUX mop abo myctoT. L1 mopu
Tako)XK €(QEeKTUBHO PO3CIIOIOTH BIOUTE CBITIO 1 poOOIATH JaHWUW Marepial

HEIMPO30PHUM.
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Puc. 1.2. JIlucky BUTOTOBIICHI 3 OKCHTY JTFOMIHIIO.

TakuM 4MHOM, CTPYKTypa IMX TPhOX 3pa3KiB BIAPI3HAIOTHCS 3 TOUYKH 30Dy
KPUCTAJTIYHUX MEX 1 TOp, SK1 BIUIMBAIOTH HA BIACTHBOCTI ONTHUYHOTO MPOITYCKAaHHS
ceitna. KpiMm Toro, kokeH Marepian OyB BHUIOTOBJICHHUU 3a JOMOMOIOK pPI3HOT
TEeXHONOTii O0OpoOKku. Km0 KoedillieHT NPONMyCKaHHS CBITIA € Ba)XIJIUBUM
napamMeTpoM BIAHOCHO KIHIIEBOIO 3aCTOCYBAaHHS B EKCIUIyaTallli, TO BJIACTUBOCTI

KOYKHOT'O Marepiainy Oy1yTh pi3HUMHU.
1.3. Yomy HeoOXiTHO BUBYATH MATEPial03HABCTBO?

barato mnpuximamHUX HayKOBIIB Ta 1HXXKEHEPIB-MEXaHIKiB, Oy/iBEIbHUKIB,
XIMIKIB YU €JEKTPUKIB — B TOH YW IHIIMHA Yac CTUKAIOTHCS 3 NPOEKTHUMH
npobieMamu, MOB'A3aHUMH 3 MaTepiajlaMu. 3BICHO, MaTepiajJo3HaBIll Ta 1HKEHEPU —
e (axiBIll, SKi MOBHICTIO 3aJTy4YeH1 JI0 JOCIDKCHHS Ta IPOEKTYBaHHS MaTepiaiB.

YacTto npobiema 3 marepiajiamMu Mojsrae y BUOOpPi MPaBUIBHOTO Marepiaiy 3
TUCAY MOoCTymHUX. OcTarouHe pillleHHs 3a3BUYail 0a3yeThCsl Ha KITBKOX KPUTEPISX.
[lepm 3a Bce, HEOOXIAHO OXapaKTepU3yBaTH YMOBHU EKCIUTyaTallli, OCKIJIBKH Came
BOHHU JHMKTYIOTh BJIACTMBOCTI, SIKI BUMAararThCs Bij marepiany. Jlumie B pimkicHUX
BUIIAJIKaX MaTepiaJl Ma€e MaKCUMallbHy a0o ijeanbHy KOMOIHAIII0O BJIACTHUBOCTEM.
Takum 4MHOM, MOKE€ BUHUKHYTH HEOOXIJHICTh B OOMIHI OJIHI€T XapaKTEPUCTUKHU Ha

iy, KnmacuyHuM MpUKIIagoM € MIIHICTh 1 MIIACTUYHICTh. 3a3BUYail Marepiai, 1o



Ma€ BHCOKY MILHICTb, BOJIOJIE€ OOMEXKEHOI0 TUIACTUYHICTIO. Y TAKUX BUIIAJKAX MOXKE
3HaAOOUTHCS POSYMHHI KOMIIPOMIC MK JIBOMa ab0 O1jIbIIe BIACTUBOCTSIMHU.

Hpyrum ¢dakropoM BUOOPY € Oyab-sik€ MOTIPIIEHHS! BIACTUBOCTEN Marepiaiy,
SIKe MOXKE CTaTUCS Mij yac ekcruryarailii. Hampukian, 3HadyHe 3HUKEHHS MEXaHIYHOT
MIIIHOCTI MOK€ OyTH HACJIJKOM BIUIMBY IiJIBUIICHUX TeMmIeparyp abo KOpo3iidHUX
CepeloBHUIL.

Hapemiri, HarneBHO, HaWBaKIMBIIIUM MIPKYBaHHSAM € €KOHOMIYHHMM AaCTICKT:
CKUIBKA KOLITYBaTUME TOTOBMH NpoaykT? MoskHa 3HAWTH Marepial, SIKMM Mae
imeanpHUi HaAOlp BIACTUBOCTEH, aje KOMITye HAATO Joporo. I TyT HeMuHyduid
NeBHUN KommpoMic. BapTicTe roToBOr0 BHpOOY TakoK BKJIOYaE Oyb-sKi BUTpATH,
10 BUHUKJIM TT1]] 4ac BUTOTOBJICHHS, 3a/1J11 OTPUMaHHs 6akaHoi (hopMH.

Yuwm Oinbie iHXeHep a00 HayKOBEIb 3HAHOMHUI 3 PI3HUMHU XapaKTEPUCTUKAMU
1 B3a€MO3B'SI3KaMU MK CTPYKTYPOIO 1 BIIACTUBOCTSAMH, a TAKOXK 3 METOJIaMU 0OPOOKH
MmarepiaiiB, TUM OUTBII JOCBIAYEHUM Ta BIIEBHEHUM BiH Oyzie y BUOOpPI MarepialiiB HA

OCHOBI ITUX KPUTEPIiB.

1.4. Knacudikanis marepiaJis

TBepai marepiaid 3py4yHO 3rpYyIyBaTd B TPU OCHOBHI KaTeropii: MeTaid,
Kepamika Ta MoJIMepH — MPHUHIINI, [0 0a3yeThCcsl HacamIepen Ha XIMIYHOMY CKJIaji
Ta aTOMHIM CTPyKTypi. binblmicTh MarepianiB MiANanaOTh Mif Ty YW IHIIY TPYILY.
Kpim Toro0, icHYyI0Th KOMIIO3UTH, SIKi SIBJISIIOTH COOO0 1HKEHEPHI KOMOIHAITT TBOX 200
OunbIe pI3HUX MarepianiB. Hikue HaBeIeHO KOPOTKE MOSICHEHHS UX Kiacudikariit
MarepialiB Ta iXHIX TUOOBUX xapakrtepuctuk. Ille opniero karteropiero €
NEPCIeKTUBHI (MEepeoBl, CydYacHi) MarepiaJd — M0 BUKOPUCTOBYIOTHCS Y
BHUCOKOTEXHOJIOTTUHHMX Taly35X, TaKl K HaMiBIPOBIAHUKH, OloMaTepiaiu, «pO3yMHI»
MaTepialii Ta HaHOMaTepiaau (pOo3IJIs [MUX MaTepialliB MPEACTaBICHO B MyHKTI 1.5).

Metanu CKJIagaloThesi 3 OJHOTO a0o0 JCKITBKOX METAJIEBUX EJIEMEHTIB
(HampuKIazd, 3aji3a, aTlOMIHII0, MiJIi, TUTaHY, 30JI0Ta, HIKEJII0), a TAKOXK HEMETaJIeBUX

€JIEMEHTIB (HalpUKJIaJ, ByIJIELIO, a30Ty, KUCHIO) Y BITHOCHO HEBEJIUKHUX KUJIBKOCTSX.
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AtoMu B Meramax Ta IX CIUIaBaX pO3TAIIOBaHI JYXE BIIOPSAKOBAHO (SIK
00roBOprOBANIOCS B PO3/iai 3) 1 € BIAHOCHO IIUIBHUMHU TOPIBHSHO 3 KEPaMIKOO Ta
nonimepamu (puc. 1.3). Il{o cTocyeTbcst MEXaHIYHUX XapaKTEPUCTHK, TO I MaTepiaan
BiTHOCHO OpcTKi (puc. 1.4) 1 minni (puc. 1.5), ane npu 1upomMy miIacTU4Hi (TOOTO
3/1aTHI 10 BenWKuX aedopmarllii 6e3 pyidHyBaHHs) Ta CTiHKI 0 pylHYBaHHS (pucC.
1.6), M0 MOSACHIOE iX MIMPOKE BUKOPUCTAHHSA B KOHCTPYKILIsAX. MeTaneBl marepianu
MalOTh BEJIHMKY KUIBKICTh HEJIOKaJi30BaHMX EJIEKTPOHIB, TOOTO Il €JIEKTPOHU HE
3B's3aHI 3 TIEBHUMHU aToMamHu. barato BIacTMBOCTEM MeTajiB 0e3MmocepeHbo
MOB's3aHI 3 [MMH €JIeKTpoHaMu. Hampukman, wMeTanum € Jyke JT0O0puMH
MPOBITHUKAMHU €JIEKTPUYHOro cTpymy (puc. 1.7) 1 Terua, BOHH HE TPO30pi I
BuauMoOro cpitna. [lomipoBana merasneBa moBepxHs Mmae Onuckyuuii Burmsg. Kpim
Toro, naeski 3 mertamB (Hanpukiaa, Fe, Co i1 Ni) maioTh HEOOXIiTHI MarHiTHi

BJIACTHUBOCTI.

Tyvermna (riow’) (moraprdMitea mrans)

40 Metamu
20 Platinum
_/~ Silver Kepaniza
lg - Copper
& Iron/Steel — ZrQ,
B ) Al,0, -
4 Titanium ra _-" N’ [Momimepn Fommosuri
Alurminum SIClglla : GFRC
= = Glass
bl M ) Concrete e 1
agnesium t PVC ¢CFRC
10 Z B
0.8 — - Rubber
06 Woods
0.4
0.2

Puc. 1.3. Tictrorpama 3HaueHb T'YCTHHU, NPU KIMHATHIM TeMreparypi, i

PI3HMX METalliB, KEPaMIKH, MOJTIMEPIB Ta KOMIIO3BUTHUX MaTepiaiB.
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Floperdcets [Momyme npyasioct (abo momyme KOHTa (B 0 HIIIAX Tranackams)| (ToTaprdinitia NKana)

Metam1 Eepantixa i
1000 Konmmosuma
— Tungsten = SiC
— Iron/Steel ~ A0,
Titanium — - Sigh, CFRC
100 _ . ~
~ ~~ Aluminum ZrQ,
— Maanesium — Glass _‘f GFRC
— Concrete Mominenst
10 ArEMEp I'M:-uds
— PVC
e PS, Mylon
1.0
= PTFE
. PE
0.1
Rubbers
0.01
0.001

Puc. 1.4. T'icrorpama 3Hau€Hb KOPCTKOCTI (TOOTO MOAYNSI MPY>KHOCTI), TIPH
KIMHATHIA TeMIrieparypi, Il pi3HUX METaJliB, KEpaMiKH, MOJIMEPIB 1 KOMIO3UTHUX
MarepialiB.

MimHicTs (Mexa MIITHOCT HA POSPHE, B OOFEIIIAY MeTAMACKAME) {ToTapidMitEHa nxana)

Metam _
Fonmosim
- Kepaniwa ~
Steel
1000 b fsin ICFHC
Cu,Ti - GFRC—I
alloys ALD, Sic
_ Aluminum _
—
100 = —]
— — Nylon
Glass -
I ps  PvC)
. I g PIFE I )
10 =

Puc. 1.5. T'icrorpama 3HaueHb MIIHOCTI, IPU KIMHATHIN TeMrepaTypi (ToOTO
MILHOCTI Ha PO3pPHB), JUIsl PI3HUX METAIIB, KEPaMiKd, MOJIMEPIB 1 KOMIO3UTHUX

Marepiaiis.
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CTiKICTE 00 PYIHYEAHHA (B ASKICTE PYIHYEAHHA) (TOrapdMitHA IIKATA)

Metam
J,r' Steel .
alloys Fonmosumi
100 —
Titanium
alloys
Aluminum CFRC GFRCI
alloys
10 Kepanika
IMommepn
- i'ag-t ~ Nylon
— Aoy Pol
St p——
1.0 yeiny
l Wood
— Polyester
— Glass
— Concrete
0.1

Puc. 1.6. I'icrorpama onopy pyiHyBaHHIO, IpH KIMHATHiN Temmneparypi (ToOTo

B'SI3KOCT1 pyHHYBaHHS), JUIS PI3HUX METaliB, KEpaMikH, MOJIMEPIB 1 KOMIIO3UTHUX

MarepiaiB.
EnextponpoeigHicTs (B ofepHe X OMEMIIAY OM-MeTpiE) (moraprdimitia mkana)
108 Metam:
HamiEnposimHim
104
1
104
10-8 Kepansixa IMonmimepn
10-12
10-16
10-20

Puc. 1.7. Ticrorpama niama3oHiB €JIEKTPOMPOBITHOCTI, MPU KIMHATHIN
TEeMIEpaTypi, [Isl METaJiB, KEpaMiKH, MOJIIMEPIB 1 HAMIBIPOBITHUKOBUX MaTepiaiB.
Ha puc. 1.8 mokazaHo KiJbka MOMIMPEHUX 1 3HAHOMHUX HaM TMPEIAMETIB,

BUTOTOBJICHUX 3 METAJIEBUX MaTepiaiB.
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Puc. 1.8. 3BuuHi npeIMeTH 3 METaIIB Ta METAJICBUX CILJIaBIB.

KpiMm TOro, TUIM 1 3aCTOCYBaHHS METaNIB Ta IXHIX CIUIaBIB PO3IVISAIOTHCA B
JPYTii YaCTHHI HABYAJIBHOTO MOCIOHUKA.

Kepamika — 1e CHMOMYyKHM MiXK METAJICBUMH Ta HEMETAJICBHUMH E€JIEMEHTAMU;
HaWJacTilie: OKCUIIM, HITpUAN Ta KapOinu. Hanpukiaa, mommpeHuMu KepaMidyHUMHU
MaTtepiaJaMud € OKCHJ aloMiHIi (abo mmHo3eM, A>03), miokcua KpeMHiro (abo
kpeMHeseM, Si0-), kapoin kpemniro (SiC), Hitpun kpeMHiro (SizsN4). Illo crocyerbes
MEXaHIYHUX BJIACTUBOCTEH, KepaMiyHI MaTepialid BIAHOCHO >KOPCTKi, a MOKAa3HUKH
MILHOCTI Ta >KOPCTKOCTI MOXKHA MOPIBHATHU 3 MOKa3HUKaMu MeTaniB (puc. 1.4 1 1.5).
Kpim Toro, BoHu 3a3Buuail ayxe TBepAl. [CTOpMYHO Ckiajocs Tak, IO KepaMika
JEMOHCTpYBajia HaJI3BUYAHY KPUXKICTh (BIACYTHICTh IIACTMYHOCTI) 1 Oyma myxke
cxwibHa 10 pydHyBaHHsS (puc. 1.6). Opgnak cydacHi KepaMmiuHl MaTepiaiu
PO3pOOIISIFOTBCS. 3 METOI0 TMIJABUINEHHS CTIMKOCTI M0 pyiliHyBaHHA. LI marepiamu
BUKOPHUCTOBYIOTBCS JIJISl BATOTOBJIEHHS MOCY/y, CTOJIOBUX PUOOPIB 1 HABITH AeTayeu
aBTOMOOLTBHUX JABHUryHIB. KpiM TOro kepamiyHi Marepiaiu, K MpaBUIO, HE
OPOIYyCKAIOTh  TEIIO Ta  E€JIeKTpUYHHM  cTpyM  (TOOTO  MamOTh  HUBBKY
€JIeKTPOIPOBIAHICTh, puc. 1.7) 1 € OUTbII CTIMKMUMHM 1O BHCOKHX TEMIIepaTryp 1
CYBOpHX YMOB, HIXXK MeTaiu Ta noiimepu. Lo cTocyeTbest ONTUYHUX XapaKTEPUCTHUK,
KepaMika MoXke OyTH ITPO30pOI0, HAMiBIIPO30POI0 a00 Hernpo3oporo (puc. 1.2), a geski

OKCHJIHI Kepamiku (Hampukian, Fe3(Os) IEeMOHCTPYIOTh MardiTHI BIIACTHBOCTI.
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JlekiapbKka TMOIMPEHUX KepaMiYHUX BHUpPOOIB TMOKazaHo Ha puc. 1.9.
XapakTepuCTUKW, THUIM Ta 3aCTOCYBaHHS IOTO KJAacy MarepiajiB TaKoX

IPEJICTAaBIECHO B APYT1i YaCTUHI MOCIOHUKA.

Puc. 1.9. Ilomupeni npenMeTu, BUTOTOBJICHI 3 KepaMidYHUX MaTepiaiB.

Jlo momiMepiB HajexaTh 3HAHOMI HaM IUIaCTHK 1 ryma. barato 3 Hux €
OpTaHIYHUMU CIIOJIyKaMH, XIMI9HOIO OCHOBOIO SKMX € BYIJICIlb, BOACHBH Ta 1HIII
HeMeTasieBl enemMeHTu (30kpema, O, N i Si). KpiM Toro, BOHM MarOTh AYy>K€ BEJIUKI
MOJIEKYJISIPHI CTPYKTYPH, YaCTO JIAHLIOTOMOAI0H1 332 CBOEIO MPUPOJIOI0 3 OCHOBOIO 13
aromiB Bymiemo. J[edki 3 momupeHux i 3HaloMux mojiMepiB — e nomietuseH (PE),
HelnoH, nomiBiHuxiaopun (PVC), nonikapoonar (PC), nomictupo:n (PS) 1 cuaikoHoBa
ryma. Lli marepianu, sIK mpaBUiIO, MalOTh HU3bKY MIIBHICTH (puc. 1.3), a ixHi
MEXaHI4HI XapaKTePUCTUKHU, 3a3BUYA, BIAPI3HAIOTHCS BiJl METAIEBUX 1 KepaMidyHUX
MarepiajiiB — BOHM HE Taki »KOPCTKI Ta HE Takl MiI[HI, SIK 1HIII TUIU MarepiaiiB (puc.
1.411.5).

Opnak, BHXOIAYM 3 I1XHBOI HHU3BKOI HIIJIBHOCTI, JKOPCTKICTH 1 MIIHICTh
MaTepialliB y epepaxyHKy Ha OMMHHMINIO MacH B 0araTh0X BHITAJIKaX € IMOPIBHIHHUMH
3 MeTaJlaMHt 1 kepaMikoro. Kpim Toro, 6araro mosiMepiB € HaA3BUYAWHO TUIACTHYHUMHU
1 THydkuMU (TOOTO JIETKO 3TMHAIOTHCS), a 1€ O3Hayae, [0 BOHM 0Oe3 TPYAHOIIIB

dopmyroThes y ckiamgHi (Gopmu. 3aramom, BOHH BITHOCHO I1HEPTHI B XIMIYHOMY
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BIIHOIICHHI 1 HE pearyoTh y OUTbmOCTi cepemnoBuil. OQHUM 3 OCHOBHUX HEMOTIKIB
MOJIIMEPIB € iXHS 37aTHICTh PO3M'SKIIYBATHCS Ta/a00 PO3KIIAaTHUCS TPU HHU3BKUX
TeMIieparypax, U0 B JESIKUX BUIaJKax oOMEXye BUKOpUCTaHHs MmarepiaiiB. Kpim
TOTO, BOHU MAIOTh HU3BKY €JIEKTPOIPOBIAHICTH (puc. 1.7) 1 € HEeMarHiTHUMHU.

Ha puc. 1.10 3006pakeHo KijbKa 3HAHOMUX YUTA4€Bl BUPOOIB 3 MOJIIMEPIB.

Kommo3ut cknamaetrscss 3 naBoX (abo OuIblle) OKpeMHX MarepiaiiB, sKi
HaJIeXKaTh JI0 BUINE3TaJIaHNX KaTeropii — MeTaliB, KepaMmiku Ta moximepiB. Meta
CTBOPCHHSI KOMITIO3UTY — JIOCATTH TIO€JHAHHS BIIACTMBOCTEH, SKI HE Ma€ KOJICH
OKpeMHil Marepiaj, a TakoK yBiOpaTu B ceOe Hailkpallll XapaKTepUCTUKHU KOXKHOTO 3
MatepiajiB, 10 BXOJATh 10 MOTro CKany. IcHye Beauka KUIbKICTh THIIIB KOMIIO3UTIB,
AK1 MPEJCTaBICHI PI3HUMHU KOMOIHAIIIMM MeETalliB, Kepamiku Ta moximepiB. Kpim
TOTO, JESKI MPUPOJHI MaTepiaju TaKOK BBAXKAIOTHCS KOMIIO3UTAMU — HAINPUKIA],
nepeBo 1 kicTka. OHaK OUIBIIICTh 3 THUX, 110 MM PO3IVISIAEMO B HAIIUX JUCKYCIfX, €

CUHTETUYHHUMHU (200 CTBOPEHUMHU JIFOIMHOI0) KOMIIO3UTAMH.

Puc. 1.10. ITomupeni npeaMeTy, BUTOTOBIIEH] 3 MOJIIMEPHUX MaTepiaiB.
OgHuM 3 HAUTOIIMPEHIIMX 1 HAMBITOMIIIUX KOMIIO3UTIB € CKJIOBOJIOKHO, B
SKOMY MaJICHbKI CKJISTHI BOJIOKHA 3aHypeHl B TOJIMEpHHH Marepial (3a3BuUuai

ENMOKCUAHY cMoiy abo moimiectep). CKisHI BOJOKHA € BIIHOCHO MIITHUMHU 1
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KOPCTKUMH (ajie TaKOK KPUXKUMH), TOJI SIK HOJIMEp — IUIACTUYHUM (aJle TaKOoX
c1aOKuUM 1 THY4YKHM). TakuM 4MHOM, CKJIOIJIACTUK € BITHOCHO JKOPCTKUM, MIITHUM,
(puc. 1.4 1 1.5) rayuxkum 1 uiactudHUM. KpiMm TOro, BiH Ma€ HU3bKY HIUIBHICTH (pHC.
1.3).

[Ile ogHUM 3 IMX TEXHOJOTIYHO BAXJIMBUX MaTepiajiB € «IOJIIMEp, apMOBAHUI
BymieneBUM BoJOKHOM» (a0o CFRP) — koMmmo3uT 3 ByIJIELIEBUX BOJOKOH, SIK1
BOynmoBaH1 B mojimep. i Matepiaii € >KOPCTKIMMMH 1 MIIHIIMIUMHA, HIXK MaTepiai,
apMoBaH1 CKJIOBOJIOKHOM (puc. 1.4 1 1.5), ane Bonu gopoxui. Komnoszutu CFRP
BUKOPHCTOBYIOTbCSL B JESKHUX JIITaKaX Ta AEpPOKOCMIUHIA Tramy3i, a TakoX Y
BHCOKOTEXHOJIOTITYHOMY CIOPTUBHOMY CHOPS/DKCHH1 (HAmpUKIaA, BeJOCUIICAH,

KITFOUKU JJ1sI TOTb(Y, TEHICHI PAKETKH, JIMXK1 Ta CHOYOOp/In).

1.5. CyuacHi marepiajaun

Marepianu, sKi  BUKOPUCTOBYIOTHCS Y  BHUCOKOTEXHOJOTIYHUX  (abo
HAyKOMICTKUX) Tally3siX, 1HOJI HA3MBAIOTh Cy4YaCHUMHU (TIEPCIICKTUBHUMH )
Mmarepianamu. [1i1 BACOKMMHU TEXHOJIOTISIMA MU PO3YyMIEMO TIPUCTPOi a00 BUPOOH, SKi
npaioTh ab0 (YHKIIOHYIOTH Ha OCHOBI BIJHOCHO CKIQJIHMX 1 JOCKOHAJIHUX
npuHiuniB. Ilpuknagamu € enekTpoHHe oOnaaHaHHs (Bigeokamepu, CD/DVD-
IporpaBadi TOIO), KOMII'IOTEPH, BOJOKOHHO-ONTHYHI CUCTEMH, KOCMIUHI arapard,
JITaku Ta BIACHKOBA pakeTHa TexHika. LI BHockoHaneHi maTepianu, SK IMpaBUiIo, €
TPaauIIMHUMU MarepiajiaMu, BJIACTUBOCTI SIKUX OyJau TMOKpalleHl, a TaKoX
HEMIOJAaBHO PO3POOJIIEHUMH BUCOKO€(hEKTUBHUMHU Matepianamu. KpiM TOro, BOHHU
MOXYTb OyTH Oyab-sIKOTO THUIY (HAmpUKIaJ, METalIH, KepaMika, IMOJIMEpH) 1, K
IIPABUIJIO BOHU JIOBOJII IOPOTT.

Jlo cyuyacHuX MaTepiayiiB Hajie)aTh HaIIBIPOBITHUKH, OloMarepiaiv 1 Tak
3BaHl «MaTrepiaii MauOyTHBOTO» (TOOTO «pO3yMHI» Marepiajy 1 HaHOIHXEHEpHI

Marepiaiin), ki MA pO3TIITHEMO HIDKYe. BIacTHBOCTI Ta 3aCTOCYBaHHS NESIKUX 3 ITUX
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Cy4YacCHHUX MarepiaiiB — HalpUKIIAJl, MaTeplaiiB, skl BUKOPUCTOBYIOThCS IS JIA3€PIB,
IHTEeTpaJbHUX CXEM, MAarHITHUX HaKONMHW4YyBa4iB 1H(OpPMAIIii, PIAKOKPUCTATIYHUX
muciuieiB (PK-gucnieiB) 1 BOJIOKOHHOI ONTHKH, TaKOX OOrOBOPIOIOTHCS B APYTIH
YaCTHHI OCIOHMKA.

HamiBnpoBigHUKH MalOTh €JIEKTPUYHI BJIACTUBOCTI, SIKI € MPOMDKHUMH MiX
CNEKTPUYHUMH TIPOBITHUKAMH (TOOTO MeTajlaMd Ta METAJCBUMHU CIIaBaMU) Ta
1305siTOpamMu (TOOTO Kepamikoro Ta mojiiMepamu) — puc. 1.7. Kpim Toro, enexrpudsi
XapaKTepUCTUKHU IIUX MarepiajiB HaJ3BMYAlHO UyTJIMBI J0 MPUCYTHOCTI MI3€pHUX
KOHLIGHTpALI TOMIIIKOBUX aTOMIB, JUJISl IKUX KOHLUEHTpPALi0 MOXXHA KOHTPOJIIOBATH
B Jy)€ MaJluX MPOCTOPOBUX obOnacTsax. HamiBOpoBiIHUKU Namu 3MOTY 3’ SIBUTHUCS
IHTErpajlbHUM CXeMmaM, SKI 3a OCTaHHI TpHU MACCATWIITTS TMOBHICTIO 3MIHWIH
€JICKTPOHHY Ta KOMIT'FOTEpHY MPOMUCIIOBICTh (HE KOKY4H BXKE MIPO HAIIE KUTTS).

biomarepiaiin BUKOPUCTOBYIOTHCSI B KOMIIOHEHTAX, IO IMIUIAHTYIOTHCS B TLIO
JIOAVHYU IS 3aMillIeHHs XBOpUX a00 MOIIKOMKEHHX YacTuH Tuna. LI marepianu He
MOBUHHI BUPOOJIATH TOKCHYHHUX PEYOBHH 1 MarOTh OYyTH CYMICHHUMH 3 TKaHUHAMH
opraHizMy (TOOTO HE MOBHHHI BUKIMKAaTH 3BOPOTHUX O10JOTIYHUX peakiii). Yci
BUIIE3TaJaHl  Marepiajd — MeTaid, Kepamika, TOJIMepH, KOMIIO3UTH 1
HaIIBIPOBIIHUKH, MOXKYTh OYyTH BUKOPHUCTAaHI1 sIK OloMaTepiay.

Po3ymHi (abo 1HTeNeKTyallbH1) MaTepiaiy — 1€ IPyla HOBUX 1 HAaCy4acHIIIUX
MartepialiB, sKl 3apa3 po3poOSIOTHCS Ta MATUMYTh 3HAYHUIN BIUIMB Ha 0araTo HaIImx
TeXHOJIOT1H. [IpUKMETHUK «pO3yMHUID» O3Hauae, MO 11 MaTepiaau 37aTHI BiA4yBaTH
3MIHU B HAaBKOJHUIIHBOMY CEpPEOBHIII, a TIOTIM pearyBaTH Ha JaHl 3MIHU 3a3/1aJIeT1Ib
BU3HAYEHUMHU MaHEpaMU — PUCAMH, SIKI TaKOXK MPUTAMaHHI )KUBUM opradizMaM. Kpim
TOTO, TOHATTS «PO3YMHHUI» TOIIUPIOETHCS HA JOCUTH CKIAJHI CHUCTEMH, SKi
CKJIQZIAIOTHCA K 3 PO3YMHUX, TaK 1 3 TPAAUIIIHHUX MaTepiaiiB.

Kommnonentu «posymHoro» marepiany (abo cuCTeMH) BKIIOYAIOTh B cede
NEBHUIA THI JaT4YvKa (SIKWA BUSBISE BXITHUW CUTHAN) 1 akTyaTop (IO BHUKOHYE
dyHKIII0O pearyBaHHS Ta ajanTaiii). AKTyaropu MOXYTb 3MiHIOBaTd (opmy,
MOJIO’KEHHS, BJIACHY YacTOTy a00 MEXaHI4H1 XapaKTepUCTUKH Y BIAMNOBIAb HA 3MIHY

TEeMIIepaTypH, IHTCHCUBHOCTI CBITJIA, EJICKTPUYHUX Ta/a00 MarHiTHHUX TOJIIB.
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JU1s akTyaTopiB 3a3BMYail BUKOPUCTOBYIOTh YOTUPH THIIM MareplajiB: CILUIABH 3
naMm'sTTio  GopMH, IM'€30€JEKTPUYHY KepaMiKy, MarHiTOCTPHUKIIIHHI Marepiajii Ta
€JIEKTPOPEOJIOT1uHI/Maruiropeonoriydl piauau. CriaBu 3 mam'siTTio popMu — 1€
MeTaju, Kl mcis aedopmariii ToOBepTaOThC O CBOET MOYAaTKOBOI (hOpMHU TIPH 3MiHI
temrieparypi. [1'e3oenexTpuuna kepamika poO3IIUPIOETHCS 1 CTUCKAETHCS Y BIAOBIIb
Ha [0 EJEKTPUYHOro moJis (200 Hampyrv) 1 HaBINAKU, BOHA TaKOX TE€HEpYye
EJICKTPHUYHE T0JIE TP 3MIHI CBOiX PO3MIpIB.

[ToBeninka MAarHiTOCTPUKIIIMHUX MaTepiaidiB aHaJoriyHa [0 TOBEIIHKHU
'€30€JIEKTPHUKIB, 32 BUHATKOM TOIO, IO BOHHM pEaryroTh Ha MarHiTHi nois. Kpim
TOTO, €JIEKTPOPEOJIOTIYHI Ta MAarHITOPEOJIOTIYHI PIIUHKU — 1€ PIAUHU, SIKI 3a3HAIOTh
PI3KUX 3MiH B'3KOCTI M1 JII€10 €IEKTPUYHOTO 1 MAarHITHOTO MOJiB B1AMOBITHO.

Hampuknaa, oauH TUIN 1HTENEKTyaJlbHUX CHCTEM BHUKOPHCTOBYETHCS Y
TeJIKONTEepax IS 3MEHIICHHS aepoJMHAMIYHOTO IIyMy B KaOiHI mMijoTa, SKUH
CTBOPIOEThCS JionatsiMu portopa. Il'€e30enexkTpuyHi JaT4WKW, BCTABJICHI B JIOMATI,
BIJICTEXKYIOTh Hampy>XeHHs 1 aedopmartii monareir. CUrHaINU 3BOPOTHOTO 3B'SI3KY Bij
UX JaTYUKIB MOAAIOTHCA Ha KEPOBAaHUU KOMI'IOTEPOM aJaNTUBHUN MPUCTPIHN, STKHUM
TeHepy€e IIyMONOTTTUHAIOYNI aHTHIIIYM.

Jlo HemaBHBOTO 4Yacy 3arajbHa MpOIEAYypa, SIKYy BUKOPHUCTOBYBAJIU BUEHI IS
po3yMiHHS XiMii Ta (i3uKM MaTepiamiB, Mmoyisraja B TOMY, 1100 MOYaTH 3 BUBYCHHS
BEJIMKUX 1 CKJIAJIHUX CTPYKTYp, @ TMOTIM AOCHIIuUTH (QyHAaMEHTaNbHI OyIiBeNbHI
OJIOKM IIUX CTPYKTYD, SIKI € MEHIIUMHU 1 TPOCTIUMU. Takui miaxia 1HOA1 HA3UBAIOTh
HayKOIO «3BEPXY BHH3Y.

OpHak 3 TOSBOIO CKaHYIOUMX 30HJOBHX MIKPOCKOMIB, $AKI J03BOJISIOTH
CIIOCTEPIraTd OKpEeMi aTOMH Ta MOJIEKYJIH, CTajO0 MOXJIMBHM MaHIMYJIIOBaTH 1
NepeMilaTi aTOMU Ta MOJICKYJIH i (popMyBaHHS HOBUX CTPYKTYpP 1 TAKUM YHUHOM
pO3po0IIATH HOBI Marepiayiv, MoOyJ0BaHl 3 MPOCTUX CKJIAJOBUX HA aTOMHOMY PiBHI
(ToOTO «Mmarepianu 3a Au3aiiHOM»). LS 3MaTHICTh peTeNbHO BIOPSAIKOBYBaTH aTOMHU
7A€ MOXJIMBICTh PO3BUBATH MEXaHIUHI, €JICKTPUYHI, MarHiTHI Ta IHII BJIACTHBOCTI,

AK1 B IHIIOMY BHUITaJIKy HEMOXKJIUBI.
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Mu HasuBaeMO LW MIAX1J «BHUCXIJIHUM)», a BUBUEHHS BJIACTUBOCTEH TaKHX
MaTtepiajgiB — «HaHOTeXHoJoriero». IIpedikc «HaHO» O3HAYa€, MO PO3MIPH ITUX
CTPYKTYPHHUX YTBOPEHb MAlOTh MOpAA0K HaHomeTpa (107 M) — sk mpaBmio, MeHIe
100 manometpiB (1o ekBiBajeHTHO mpuoOau3HOo 500 miamerpam aromiB). OgHUM 13
IPUKJIAJIIB MaTepialiB TaKOro THIY € BYIVICIIEBI HAHOTPYOkKH. Y MalOyTHHOMY MH
0€3CyMHIBHO MMO0auYuMO, M0 Jemaji OuIbIlle HAIMX TEXHOJIOTIYHHUX JOCSTHEHb

BUKOPHUCTOBYBATUMYTh HAHOTHKEHEPHI MaTepiaiH.

1.6. Cy4acHi moTpedu B MaTepiaJjax

He3Baxatoun Ha BeNMUYE3HUN MpOTpec AOCITHYTUM B Marepiajio3HaBCTBI Ta
1HXKEeHepii 32 OCTaHHI KUIbKa POKIB, BCE I 3aJUIIAIOTHCS TEXHOJOTIYHI BUKIIUKH,
BKJTFOYAIOYM PO3POOKY Ie OUIBII CKJIATHUX 1 CIEliali30BaHUX MaTepialliB, a TaKOXK
pO3IIsi BIUIMBY BHUPOOHMIITBA MaTepialliB Ha HABKOJMUIIHE cepemoBuie. Jleski
KOMEHTAp1 1010 IIUX MUTAHb € JOPEUHUMHU, III00 JOTIOBHUTH ITI0 TEPCIICKTHUBY.

SnepHa eHepreTMka Ma€ INEBHI NEPCIEKTUBU, ajié BUPIIMIEHHS Oararbox
poOJsieM, 110 3aJIMIIAThCSA, HEOAMIHHO IMOB'SI3aHO 3 MarepiajlaMu — BiJl MaJIMBa J0
3aXMCHUX KOHCTPYKIIIH 1 CXOBHIII JIJIS1 3aXOPOHEHHS Pa/IlOaKTUBHUX B1IXOIB.

3HayHa KUIBKICTh €HEprii BUTPAYa€ThCS HAa TPAHCHOPTYBAHHS. 3MEHIIMBLIN
Bary TPaHCIOPTHUX 3ac00iB (JITaJbHUX anapariB, MOTATIB, aBTOMOO1TIB), 10 TOTO X
NOiJBALIMBIIM  poOOYl TeMIleparypu JBUTYHIB, MU 30UIBIIMMO €()EKTUBHICTD
BUKOPUCTAaHHS mnanuBa. HOBI BUCOKOMIIIHI KOHCTPYKI[IHI Marepiajid 3 HHU3bKOIO
IIUIBHICTIO, @ TAKOXK MaTepialid 3/1aTHI MpaIloBaTy MPU BUCOKUX TeMIEparypax, Iie
HAJICKUTH PO3POOUTH TSI BAKOPHUCTAHHS B KOMITIOHEHTAX JIBUTYHIB.

Kpim TorO, icHy€e BU3HaHA HEOOX1HICTh MOIIYKY HOBHX, EKOHOMIUHUX JKEepes
eHeprii Ta OUIbII e(PEeKTUBHOTO BUKOPUCTAHHS HAsABHUX pecypciB. Marepianu,
0€3CyMHIBHO, BiIirpaBaTUMyTh 3HAYHY POJb Yy MHUX po3poOkax. Hampuxmanm, Oyio
IPOJEMOHCTPOBAHO MpsIME TEPETBOPEHHS COHSYHOI €Heprii B eNeKTpu4Hy. Y
COHSIYHMX €J€MEHTaX BUKOPUCTOBYIOTHCS TIOCUThH CKIIAJIHI Ta Jopori marepianu. 1106

3a0€3MeUnTH KUTTEZNATHICTH TEXHOJIOT11, HEOOX1AHO pO3poOUTH MaTepianu, siKi Oyiu
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0 BHCOKOC()EKTMBHUMHU B JAaHOMY TMPOIECI MEPETBOPEHHS, aje MPU IIHOMY MEHII
BapTICHUMH.

BonneBuil manuBHMI €JIEeMEHT — Ill€ OJHA AyXe NpuBaOiMBa 1 371HCHEHHA
TEXHOJIOT1sl TIEPETBOPEHHSI €HEprii, sika Mae IepeBary B TOMY, L0 HE 3a0pyIHIOE
HABKOJIUIITHE cepeioBHilie. BoHa TUIbKK MOYMHAE BIPOBAIXKYBATUCS B aKyMyJsITOpax
JUIA €JIEKTPOHHUX MPHUCTPOIB 1 € 6aratooOIIsIFOu0r0 B IKOCTI CHIIOBOT YCTAHOBKH IS
aBToM00O1TiB. HOB1 Marepianu Bce 1ie moTpeOyroTh PO3pOoOKHU MjIst O11bIT €(hEeKTUBHUX
NaJUBHUX €JIEMEHTIB, a TakoK JJs Kpalux Karaai3atopiB, ski OyayTb
BUKOPHCTOBYBATHUCS Y BUPOOHHUIITBI BOJHIO.

KpiMm TOro, SKiCThb HaBKOJMIIHBOIO CEPENOBHUINA 3aJEKUTh BiJl HAIIOi
3ATHOCTI KOHTPOJIIOBaTH 3a0pyAHEHHS TMOBITps 1 BOAM. MeToau KOHTPOIIIO
3a0pyIHeHHS BUKOPHUCTOBYIOTH pi3HI Marepiamd. Jlo Toro ok, HEOOXIiJIHO
BIOCKOHAJTIOBATU METOAU TIepepoOKHM Ta BIJHOBICHHS MaTepiaiiB, 1100 BOHH
COPUYUHSIA MEHIy JeTpajalilo JOBKULIA — TOOTO MeHmie 3a0pyIHeHHS Ta
NCYyBaHHS JaHMmAapTy BiJ BHAOOYTKY CHpPOBUMHHU. binbm Toro, B mporeci
BUPOOHHUIITBA NIEAKUX MareplajiB yTBOPIOIOTHCS TOKCMYHI PEYOBHMHU 1 HEOOXI1THO
BpPaxOBYBaTH €KOJIOTIYHUHN BIUTUB iXHBOT yTHUII13AIlil.

barato marepianiB, siki MU BHUKOPHUCTOBYEMO, MOXOHASTHh 3 HEBITHOBIIOBAHUX
pecypciB — TOOTO He 37aTHMX OO0 pereHepaiii. Jlo HUX BITHOCATHCS TOJIMEpPH,
OCHOBHOIO CHPOBHMHOKO Il sKkMX € Hadta 1 geski metanu. Lli HeBigHOBIIOBaHI
pecypcH TOCTYIIOBO BHUYEPIYIOTHCS, IO BUMArae: BIAKPHUTTS IOJATKOBUX 3aracis,
pPO3pOOKH HOBHX MaTepiajiB 3 aHaJOTIYHHMH BIIACTUBOCTSIMH, alle 3 MCHIIUM
HEraTHBHUM BIJIMBOM Ha HABKOJIMILHE CEpENOBUILE Ta/ab0 MOCUIICHHS 3yCWib 3
nepepoOKu BIAXOMIB 1 PO3POOKM HOBUX TEXHOJOTIM mepepoOku. Bracmigox
€KOHOMIYHOI CKJIaJJOBOI HE JIMIlIe BUPOOHUIITBA, ajie ¥ BIUIMBY HA JOBKUUISA Ta
€KOJIOTIYHUX YHWHHHKIB, CTa€ JAeNalll BaXJIUBIIIUM — PO3MISIATH >KUTTEBUM LMK

MaTepialliB «BiJl KOJIMCKH 10 MOTHJIN BiTHOCHO 3arajlbHOTO BUPOOHUYOTO MPOIIECY.

KOHTpOJILHi 3allUTAHHA Ta 3aBAaHHA
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Bubepith onun a00 KilbKa Cy4acHUX MPEAMETIB a00 MPHUCTPOIB, MEPEIiueHUX

HWKYE, a TIOTIM MPOBEIITh MONIYK B [HTEpHETI, 11100 BU3HAUUTH, KM caMe MaTepiaj

(Marepiany) BHKOPUCTOBYEThCS 1 $SKI caMe BIACTUBOCTI MLied (ui) Marepiai

(Marepianu) Mae (MarOTh) JJIs1 TOTO, MO0 TpUCTpiid PpyHKITIOHYBaB ((HDYHKIIIOHYBAJIH)

HaJIC)KHUM YHMHOM. HacaMKiHGHL, HaNUIIITh KOpPOTKC €CC, B AKOMY HOBi,IIOMTG Ipo

CBO1 BUCHOBKHM.

>

vV V V V V V VYV V V V V V YV V V V V VYV V V V

Axymynsitopu MOOUTHHUX TeedoH1B/IUPPOBHUX (hoTOAaparis.
Jucruiei MoO1IbHUX TenedOoHiB.

ComnsuH1 Oarapei.

Jlomari BiTpsIKiB.

brnoku aBTOMOOUIBHUX JBUTYHIB (KPIM YaBYHHUX ).
ABTOMOO1TBHI Ky30BHU (KpIM CTaJI€BUX CIUIABIB).
JI3epkasa KOCMIYHUX TEJECKOITIB.

BiiicbkOB1 OpOHEXKHIIETH.

BiiichKkoBI 110710MHU.

Koprycu 6e3mi0THHX JTiTaNbHUX anaparis.
CnopTuBHUM 1HBEHTAp.

dyTOO0IBHI M'STUI.

BbackerOonbH1 M'sui.

JIxi.

JIvkH1 anmuii.

JInKH1 YepeBUKHU.

Cuoybopau.

Jlowmku 17151 cepgiury.

Kirrouku mi1st ronbdy.

M'stai 7151 robQy.

Kaskwu.

JIerki BeloCcHIIeIHI paMHu.
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PO3JILI 2
ATOMHA BYJIOBA TA MI)KATOMHMI 3B'SI30K

2.1. Beryn

Jeski 3 BaXJIMBUX BIACTUBOCTEM TBEPAMX MarepianiB 3alexarb B
F€OMETPUYHOTO PO3TALlyBAaHHS aTOMIB, a TaKOX BIJ B3a€MOJIN, SIKI ICHYIOTh MIXK
CKJIQJIOBUMHU aroMaMHu abo MoJieKylamHu. Y I[bOMY pO3IiTIi, SK HiATOTOBKA 0
NOJANbIINX OOrOBOPEHb, PO3MIAAAETHCSA KiUIbKa (yHAAMEHTAIbHUX 1 BaXJIMBUX
MOHSTH, @ CaMe: aTOMHA CTPYKTYypa, eIEKTPOHHI KOHPITypaIllii B aroMax 1 mepiogndHa
CHUCTEMa EJIEMEHTIB, a TaKOX pI3HI TUIW TNEPBUHHHUX 1 BTOPUHHHX MIDKATOMHHUX
3B'SI3KIB, SIKI YTPUMYIOTh pa3oM aToOMH, IO CKJIaJalTh TBepae Tuto. LI Temwm
PO3MISAAIOTHCS KOPOTKO, BUXO/ISIYH 3 MPUITYIICHHS, 1[0 YaCTUHA Marepiaily 3HailoMa

3/100yBa4YeB1 OCBITH.
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2.2. OCHOBHI MOHATTH

KoxxeH arom ckilajaeTbcsi 3 JyK€ MAaJEHBKOro sapa, 1o (GOpMYyeTbC 3
IIPOTOHIB 1 HEUTPOHIB, SIKE OTOUCHE PYXOMHUMU €IEKTPOHAMH. EJEKTpOHU 1 TPOTOHH
— eJIEKTPUYHO 3aps/DKEHi, BeIWdYMHA 3apsaxy craHosuth 1,60x107° K, mo e
HEraTBHUM 3HAKOM [UIsl €JIEKTPOHIB 1 MO3UTUBHUM JJis NpOTOHIB. HelTpoHu €
CJEKTPUYHO HEUTpaJbHUMH. Macu 1uX CyO0aTOMHMX YaCTHHOK HAJA3BMYAWHO MaJIi.
[IpoToHM 1 HEWTPOHM MAIOTh MPUOIM3HO OAHAKOBY Macy — 1,67x10727 kr, mo 3Ha4HO
Oinbine, Hik Maca enekrpona — 9,11x103! k.

Koxken XiMIYHUH €JIeMEHT XapaKTepU3yeThCs KUIBKICTIO MPOTOHIB Yy siaApi, abo
aTOMHUM HoOMepoM (Z). s eneKTpUYHO HEeUTpajbHOrO abo MOBHOIO aroma,
aTOMHUW HOMEP TaKOX JOPIBHIOE KUIBKOCTI eleKTpoHiB. lle aromue wyucio
KOJIUBAETHCS B IIUIMX OJUHULAX BiJ 1 mis BomHIO 10 92 juist ypaHy, HalBUIIOTO 3
€JIEMEHTIB, 1110 3yCTPI4arOThCS B IPUPOIL.

AtomHy Macy (4) KOHKPETHOTO aToMa MOXKHA BUPA3UTH SIK CyMy Mac IPOTOHIB
1 HEUTPOHIB y sApi. Xoya KUIbKICTh IMPOTOHIB OJHAKOBA JJisi BCIX aTOMIB JaHOTO
eJIeMEeHTa, KUTbKICTh HEUTPOHiB (V) MOxke OyTH Pi3HOIO.

Takum 4YMHOM, aTOMHU JEAKHUX €JEMEHTIB MaroTh JBI a00 Oilblie pi3HUX
aTOMHUX Mac, $KI Ha3WBAIOThCA 130TOmIamMH. ATOMHaA Maca eJIeMEHTa BIAIIOBINAE
CEPEeHbO3BAKCHOMY 3HAYEHHIO aTOMHHMX Mac HOro mpUpOIHUX 130TomiB. Jljis
OOYMCIIEHHS aTOMHOI Macu MOXHa BUKOPHUCTOBYBAaTHM aTOMHY OJMHHULIO (2.0.M. a0o
amu, atomic mass unit). byna BcTaHoBieHa ImKana, 3a sikoto 1 a.0.M. gopiBHIOe 1/12
atoMHii Maci HalimommpeHimoro izoromy Bymiemo — Bymiemo 12 (20)

(A=12,00000). V wiit cxemi Macu IPOTOHIB 1 HEUTPOHIB TPOXU OLIBIII 32 OJUHUIIIO:

A=Z+N. 2.1)

AtomMHYy Macy enemMeHTa abo MOJIEKYJISpHY Macy CHOJyKA MOXKHA BU3HAYUTH

Ha OCHOBI aMyJIeTIB Ha aroM (MoJieKyily) abo Macu Ha MOJIb pe4OBUHU. B omHOMY
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MO pedOBMHHU MicTHTBCs 6,0221 x 10? (umucno ABorampo) aromis a6o monekys. Lli

JIB1 CXEMHU aTOMHOI MacH MOB's3aH1 MK COO0I0 HACTYITHUM PiBHSIHHSIM:

1 a.0.m. /atom (abo mosekyna) = 1 r/MoIb.

Hampuknan, aromHa maca 3amiza cTaHoBUTH 55,85 a.o.m./atom, abo 55,85
r/Monb. [HOAI 3pyYyHO BHKOPHUCTOBYBaTH a.0.M. Ha aToM abo MOJIeKynly. B iHImmx
BUIAJKAX Kpaule BUKOPUCTOBYBaTU I (abo Kr)/Mosb. Y 1bOMYy HOCIOHHMKY

BUKOPUCTOBYETHCA OCTAHHA.

2.3. EnexTponu B atomax

VY npyriit mojIoBUHI AEB'STHAAISATOTO CTOMITTS OYJIO YCBIJIOMJIEHO, IO Oararo
SIBUIII, TIOB'SI3aHMUX 3 €JIEKTPOHAMU B TBEPAMX TLIAX, HE MOXKHA TMOSCHUTH B TEPMiHAX
KJIACUYHOI MEXaHIKU. 3a IIUM HWIUIO CTBOPEHHS HA0Opy MPUHIUIIB 1 3aKOHIB, SIKi
KEPYIOTb CHUCTEMHO-KBAHTOBOK MEXAHIKOIO arTOMHHUX Ta CyOarOMHHX OO'€KTIB, IIO
CTaJi BIJIOMi SIK KBaHTOBa MeXaHika. PO3yMiHHS MOBEMIHKH €JIEKTPOHIB B aToMax 1
KPUCTATIYHUX TUIaX HEOAMIHHO Iepeadadyae OOTOBOPEHHS KBAaHTOBO-MEXaHIUYHUX
KoHrentiii. OmHaK AeTanbHE BUBYCHHS WX MPHUHIIUIIIB BHXOJUThH 32 PAMKH JaHOTO
MOCIOHUKA, 1 B HOMY IOJIaHO JIMIIIE AY>KE TTOBEPXHEBUI Ta CIIPOIIEHUN BUKIIA/I.

OpHMM 3 MepIIMX pe3ylbTaTiB KBAHTOBOI MEXaHIKM CTaja CIPOILIEHAa MOJENb
atoMa bopa, B sikiil nepeadadaeThes, 110 €IEKTPOHH 00€PTaAIOTHCSI HABKOJIO aTOMHOTO
g]lpa Ha JUCKPETHUX OpOiTax, a MOJIOKEHHS KOXKHOTO OKPEMOTO €JIeKTPOHA OIbIII-
MEHII YITKO BU3HAYEHE 3 TOUKHU 30py ioro opOitu. L{s Momens aroma 300pakeHa Ha

puc. 2.1.
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Opbita enexTpoHa

Puc. 2.1. Cnpomiene 300paxeHHst aroma bopa.

[Hmmit BaxMBUM KBAaHTOBO-MEXAHIYHUN NPUHIUII NepeAdayae, 1o eHEepris
€JIEKTPOHIB KBAHTY€ETHCSI, TOOTO €IEKTPOHAM JI0O3BOJICHO MAaTH JIUIIIE MEeBHI 3HAUCHHS
eHeprii. EneKTpoH Moke 3MIHIOBaTH €HEpriio, aje MOpu LbOMY BIH IOBHHEH
3MIACHATA KBAaHTOBUM CTPHOOK a0 10 J03BOJICHOT BUINOI €HEPrii (3 MOMTHHAHHAM
eHeprii), 4u 10 HIKYO01 eHeprii (3 BUIPOMIHIOBaHHSAM eHeprii). YacTo 3pydHo JTymaTu
PO Ll JI03BOJIEHI €HEpPrii €JEKTPOHIB — SIK PO €HEepreTHyHl piBHI abo cranu. JlaHi
CTaHU HE 3MIHIOIOTHCS HEMEPEPBHO 3 €HEpri€ro, TOOTO CyCiAHI CTaHU PO3MALICHI
CKIHYCHHUMH €HeprisiMu. Hampukiman, m03BojieHI CTaHW it OOpiBCHKOTO aroma
BOJIHIO TOKa3aHl Ha puc. 2.2, a. Ll1 eHeprii BBa)KarOTbCS BIJ'EMHUMH, a HYJIBOBOIO
TOYKOIO BI/IJIIKY € HE3B'si3aHUil 200 BUIHLHUI €JIEKTPOH. 3BUYAWHO, €JUHUN €TEKTPOH,

NOB'I3aHUI 3 aTOMOM BOJHIO, Oy/ie mepeOyBaTy JIMILE B OTHOMY 3 I[UX CTaHIB.
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Puc. 2.2. Tlepuni Tpu eHepreTuyHi CTaHU EJIEKTPOHIB Il OOPIBCHKOTO aToMa
BOJIHIO (@) Ta €HEPreTHYHI CTaHU EJICKTPOHIB JUIS MEPIIUX TPhOX O0OOJIOHOK aroma
BOoAHIO (D).
Takum unHOM, Monenb bopa sBisie o600 paHHIO CIIpOOy OmHMcaTy eNeKTPOHU
B aToMax 3 TOYKH 30pYy SK TOJIOKCHHS (€JEKTpOHHI opOitami) Tak 1 eHeprii
(KBaHTOBaH1 €EHEPTreTUYHI PIBHI).
3rogom Oysi0 BUSIBJICHO, 1110 1151 MOAeNb bopa Mae cyTTeBi 0OMekeHHs depe3 ii
HE3JaTHICTh TMOSICHUTU €Kl SBUIIA, [OB'A3aHI 3 eJIeKTpoHamu. BupimieHHs
npobieMu Oylo JOCSITHYTO 3a JIOIIOMOTOK XBHJILOBO-MEXAaHIYHOI MOJIEN, B SIKiH
€JIEKTPOH BBAXKAETHCS TaKWM, LIO MPOSBISIE SIK XBWJIBOBI TaK 1 KOPIYCKYJISPHI
XapaKTepUCTUKU. Y L1l MOJEINI €JIEKTPOH OUIbILE HE PO3IVISAAETHCS SIK YACTUHKA, 110
pyXaeTbcs MO JUCKPETHIM oOpOITI CKOpilie, TOJOXKEHHS PpO3IIAIAEThCA  SIK
AMOBIPHICTh 3HAXO/KEHHS €JEKTPOHA B PI3HUX MICISX HABKOJIO sApa. [HIIMMH
CJIOBaMHM, TIOJIOKEHHSI OMHUCYETHCS PO3MOMITIOM WMOBIpHOCTEH ab0 EJIEKTPOHHOIO

xMmaporo. Ha puc. 2.3 nopiBHIOIOThECS OOpIBChKa 1 XBHIILOBO-MEXaHIYHA MOJIEIII aToMa
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BOJHIO. OOM/BI 111 MOJIET1 BUKOPUCTOBYIOTHCS B IAHOMY MOCIOHUKY, BUOIp 3aJI€KUTh

B1JI TOTO, SIKa 3 HUX JIa€ OUIBII MTPOCTE MOSICHCHHS.

HnmoripHricTs

<+—  Bigcramspimagpa —F=

Opbira
&
eleKTpOHA

i
|
|
|
|
(a) ()

Puc. 2.3. IlopiBHsAHHS OOpIBCHKOI (@) Ta XBUIBLOBO-MeXaHIYHOI (b) Monenei
aroma 3 TOYKU 30pY PO3MOJILITY €IEKTPOHIB.

3 TOYKHU 30py XBHJIbOBOI MEXAHIKH, KOJKEH €JIEKTPOH B aTOMI XapaKTepPHU3Y€ThCS
YOTHUpMa MapaMeTpamu, sIKi Ha3MBAIOThCSI KBAaHTOBMMHM uuciamu. Po3wmip, dopma i
IPOCTOPOBA OpIEHTAIliSI TYCTHHH HMOBIPHOCTI €JIEKTPOHAa BU3HAYAIOTHCSA TPhOMaA 3
IUX KBaHTOBHMX uucesl. KpiM Toro, OOpiBCbKI €HEpPreTW4Hi piBHI MOAUIAIOTHCS Ha
€JIEKTPOHHI M1JO000JIOHKH, @ KBAHTOBI YKCJIa BU3HAYAIOTh KUIBKICTh CTaHIB y KOXKHIM
ni1000510HI1. OO0JI0HKM BU3HAYAIOTHCS FOJOBHUM KBAaHTOBUM YHCIIOM 1, SIKE MOXE

HaOyBaTH 1HTErpaJbHUAX 3HAYCHb, IOYMHAIOYM 3 ONWHMUIN. [HOmI i OOOJOHKH
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no3Havaroth Jirepamu K, L, M, N, O 1 T.1., K1 BIANOBIJal0Th, BIAMOBIAHO, n = 1, 2, 3,
4, 5,..., Ik BKa3zaHo y TaOmumi 2.1. 3ayBaXMMO TakoX, IO JIaHE KBAHTOBE YMCIIO
TakoXX TOB'sA3aHe 3 Mojaewto bopa. Ile kBaHTOBE 4UMCIIO MOB'SI3aHE 3 BIJCTAHHIO
€JICKTPOHA B1JI s1/ipa a00 HOro MOJI0KESHHSIM.

Tabmuus 2.1. KigbKiCTh JOCTYIIHHX €JIICEKTPOHHUX CTaHIB y JEAKUX

€JEKTPOHHUX 000JOHKAX 1 M1J000JI0HKaX

lonosue KinbKicThb eleKTpoHiB
[To3naueHHs :
KBaHTOBE IMino6ononku | Homep Ha koxny 3a
0007J0HKH .
4HCIIO 7 i7000J0HKY | 000J0HKY
1 K s 1 2 2
2 L S 1 2 8
p 3 6
S | 2
3 M p 3 6 18
d 5 10
S 1 2
4 N p 3 6 32
d 5 10
f 7 14

Jlpyre KBaHTOBE 4MCJIO / BKa3ye Ha I1J000JOHKY, SIKa MO3HAYAETHCS MaJIOKO
JiTeporo — S, p, d abo f, BOHO MoB's13aHe 3 POPMOIO €NEKTPOHHOT MMi1000710HKH. Kpim
TOTO, KUTbKICTh IIMX IM1I000JIOHOK 0OMEKEHA BEJIMUUHOLO 7. JlomycTuMi migo00I0HKH
JUISl KUTBKOX 3HA4€Hb 1 TakoK HaBeneHO B Tabmuii 2.1. KinbkicTh eHepreTHyHux
CTaHIB JIJIsl KOXKHOT MM1J000JIOHKH BU3HAYAETHCS TPETIM KBAHTOBUM 4YUCIOM my. JlJs s-
1i7000JIOHKH ICHY€ OJMH €HEpreTUYHHMM CTaH, TOAl K IS p, d Ta f-1miJ000I0HOK
ICHy€ TpH, I'SITh Ta CiM CTaHIB BiANOBIAHO (Tabm. 2.1). 3a BiICyTHOCTI 30BHIIITHHOTO
MarHiTHOTO IOJISl CTaHW B KOKHIM MMiI000JIOHIII MalOTh OFHAKOBY eHeprito. OHak
IpU HAKJIAJeHHI MarHiTHOTO IOJIA JaHi Mi000JI0OHKH PO3LIETUTIOIOTHCS 1 KOKEH CTaH
HaOyBae JIEII0 1HIIOT eHepTii.

3 KOXXHUM €JIEKTPOHOM IMOB'S3aHUI CIIHOBMM MOMEHT, SIKUH MOBUHEH OyTH
opieHTOBaHU# a00 Bropy, ab0 BHU3. 3 MM CIIHOBMM MOMEHTOM IOB'SI3aHE YETBEPTE
KBaHTOBE YMCJIO M, JIJIS1 SIKOTO MOKJIMBI JiBa 3HadueHHs (+1/2 1 -1/2), mo ogHOMY U151

KO>KHOI 3 OpI€HTAIli} CITiHA.
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Takum unnom, Monens bopa Oyna JOmMOBHEHA XBHIBOBOIO MEXAHIKOIO, B SIKIN
BBEJICHHS TPbOX HOBHMX KBAaHTOBUX YHCEN MNPU3BOJIUTH JI0 MOSBU EIEKTPOHHUX
1171000JI0HOK 'y KOXKHIM 00osoHIli. [lopiBHSHHS AaHUX ABOX MOJEJIeH Ha i OCHOBI
JUTSI aTOMa BOAHIO TIPOLTIOCTPOBAHO HaA puc. 2.2, a12.2, b.

[ToBHa nmiarpamMa €eHEpreTUYHUX PIBHIB JJIA PI3HUX OOOJIOHOK 1 MiJ000JIOHOK 3

BUKOPHUCTAHHIM XBWJIBOBOI MEXaHIYHOI MOJIENI1 TOKa3aHa Ha puc. 2.4.

Enepria [——d

f——d—o0~

T'omoBHe kBaHTOBE uncao 1 >

Puc. 2.4. CxemarnuHe 300pak€HHS BIAHOCHOI €HEPIil €JIEKTPOHIB JIJIS PI3HUX
000JIOHOK 1 IT11JT000JIOHOK.

Bapro Bi3HauuTH Kijgbka ocoOnuBoctei giarpamu (puc. 2.4). Io-nepuie, yum
MEHIIIE TOJIOBHE KBAHTOBE YHUCIIO, TUM HIDKYMA €HEepreTWYHui piBeHb. Hampukian,
eHepris 1s cTaHy MEHIIa 3a €HEeprito 2s CTaHy, SKUWA Y CBOIO Uepry, HIK4YUM 3a 3s.
[To-mpyre, B KOXHii OOOJIOHIII €HEpris MiAPIBHSA 30UIBLIYETHCSA 31 30UIBIICHHSIM
3HaueHHsI [ KBaHTOBOrO uKcia. Hampukian, edeprist 3d-ctany Oublna 3a eHeprito 3p,
ska Ounbia 3a 3s. Hapemiri, eHepris crany B OJIHIM OOOJIOHIII MOXE MEepEeKpUBATUCS
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CHEpri€ro CTaHiB y CyCiiHIi 0OONOHIN, M0 0COOIMBO XapaKTEepHO I d- 1 f-~CTaHiB,
HaIPUKJIIAJ eHepris 3d-cTany, K MpaBUiIo, OUIbINA, HIXK €HEPris 45-CTaHy.

[TommepenHe OOTOBOPEHHS CTOCYBAJOCS MEPEBAKHO EIEKTPOHHHUX CTaHIB —
3Ha4YeHb €Heprii, sSKi J03BOJICHI s eneKTpoHiB. 11006 BU3HAUUTHU, SKHUM YHUHOM IIi
CTaHU 3allOBHEHI €JIeKTPOHAMHU, MU BHUKOPHUCTOBYEMO MPUHIMI BUKIoueHHs [laymi,
e OJHY KBAHTOBO-MeXaHIYHy KoHIenmiro. lleil mpunHuun nependadae, 1Mo KOXKEH
€JICKTPOHHUI CTaH MOKE€ YTPUMYBATH HE O1JIbIIIE IBOX €IEKTPOHIB, SIKI TOBUHHI MaTH
OPOTUJIEXKHI CIIHU. TakuM YKMHOM S, p, d 1 f IPIBHI MOXKYTh MICTUTH, BIANOBIJIHO 2,
6, 10 ta 14 enekrpoHiB. Y Tabmumi 2.1 HaBeAEHO MaKCUMAajbHY KUIBKICTh
€JIEKTPOHIB, K1 MOXKYTh 3aiMaTH KOXKHY 3 TEPIIUX YOTUPHOX OOOJIOHOK.

3BUYaliHO, HE BCI MOXJIMBI CTaHM B aroOMl 3alOBHEH1 eleKkTpoHaMu. s
OUIBIIIOCTI aTOMIB €JIEKTPOHU 3aIIOBHIOIOTH HAWHMKY1 MOXJIMBI €HEPreTUYHI CTaHU B
€JIEKTPOHHUX OO0OJIOHKAaX 1 MiJ000JOHKAX, IO JBa EJICKTPOHHU (3 MPOTUIICKHUMHU
CIiHaMM) Ha cTaH. EHepreTuyHa cTpyKTypa aToMa HaTpik0 CXEMaTUYHO 300pakeHa Ha
puc. 2.5. Konu Bci enekTpoHH 3aiiMaroTh HAWHMKY1 MOXKIIUBI €HEprii BiMOBITHO 10
HABEJICHUX BUIIE 0OMEXKEHb KaXyTh, III0 aTOM IepedyBae B OCHOBHOMY cTaHl. OJIHaK
MOXJIUBI TIEPEXOAM EJEKTPOHIB Yy BHIIl €HEpPreTuyHi craHu. EjnexTpoHHa
KOoHIryparliss abo CTpyKTypa aroMa BioOpakae crociO, y KM 11 CTaHHW 3aiHATI. Y
3araJbHONPUAHITHX TMO3HAYEHHSAX KUIBKICTh E€JEKTPOHIB y KOXHIN IMi1000JI0HII
MO3HAYAETHCA HAAPSJIKOBUM 3HAKOM IIICIsl TMO3HAYEHHS OOOJIOHKH - T1J000JOHKH.
Hanpuknazn, enekrpoHHi KOH(Irypamii Juisi BOJHIO, TeNiI0 1 HATPI0 MalTh BUIISA
Bigmosigno 1s', 1s* T1a 1s°2s*2p®3s'. Enexrponni koudirypamii meskmx

HAWTOIIUPEHIIINX €JIEMEHTIB HaBEJIeHO B Ta0IuIl 2.2.
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Puc. 2.5. CxemarnuHe 300paXeHHS 3allOBHEHOTO Ta  HAWHMIKYOTO
HE3alOBHEHOTO EHEPreTUYHUX CTaHIB JJIA aToMa HaTpito.

Ha upomMy eramni HEOOX1JHO MPOKOMEHTYBATH JIaH1 €JIEKTPOHHI KOH(Irypaiiii.
[To-niepimie, BasieHTHI €MEKTPOHU — i€ Ti, IO 3alMalOTh 30BHIIIHIO 000JOHKY. JlaHi
€JIeKTPOHU HAJ3BUYAMHO Ba)KJIMBI, SIK Oy/e MOKa3aHO Jayi, BOHU OepyTh y4yacThb Y
3B'I3KaX MK aTOMaMH, YTBOPIOIOYM aTOMHI Ta MOJEKyJsipHi arperaru. Kpim Toro,
O0arato (i3MYHUX 1 XIMIYHUX BIJIACTUBOCTEM TBEPAMX TUI IPYHTYIOTbCS Ha IUX
BaJICHTHUX EJIEKTPOHAX.

Kpim Toro, peski aroMud MarTh TaK 3BaHI «CTaOlLIbHI EJIEKTPOHHI
KOoHIryparii», ToOTO CTaHM B MEXKaX 30BHIIIHBOI a00 BAJIEHTHOI EJIEKTPOHHOI
000JIOHKH TTOBHICTIO 3aITOBHEHI.

3a3Buyail 1€ BIAMOBIAA€ 3aHHATOCTI JIMIIE S- 1 p-CTaH 30BHIIIHBOT O0OJIOHKHU
BiCBMOMa €JICKTPOHAMH, K Y HEOHY, apTOHY 1 KPUNTOHY, BUHSITOK CTAHOBHTH T'eIii,
SAKUW MICTUTH juie aBa ls-enexrponu. Lli enementu (Ne, Ar, Kr i He) € iHepTHUMMH,

a00 OJIaropoJHUMU ra3aMu, SIKl MPAKTUYHO HE BCTYMAIOTh B XIMI4HI peaKIlii.
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Tabmuus 2.2. Ilepenik O4iKyBaHMX €JIEKTPOHHUX KOH(Irypauiid Is JEsSKUuX

IMOIMINPCHUX CJICMCHTIB

Enement ATOMHHUI HOMEp Kondirypariist enextpoHin
H 1 Is'
He 2 1s2
Li 3 15725
Be 4 1s°2s°
B 5 Is°2s°2p"
C 6 1s”2s°2p°
N i Is°2s°2p°
0 8 15”25 2p°
F 9 1s°2s°2p°
Ne 10 Is°2s" 2p6
Na 11 15°25°2p°3s"
Mg 12 1s°2s°2p°3s”
Al 13 15°25°2p°35°3p’
Si 14 1s°25°2p%3s° 3p°
P 15 1 S22S22p63S23 p3
S 16 15°25°2p°3573p"
Cl 17 1s725°2p°3s°3p°
Ar 18 15°25°2p°3573p°
K 19 1s°25°2p°35°3p°4s’
Ca 20 1s°25°2p°3s°3p°4s”
Sec 21 1s°2s°2p°3s° 3p°3d' 4s°
Ti 22 15°25°2p°35°3p°3d" 4s°
V 23 15°25°2p°3s73p°3d 4s°
Cr 24 15°25°2p°35°3p°3d 45
Mn 25 15°25°2p°35%3p°3d° 4s°
Fe 26 15°25°2p°35°3p°3d°4s”
Co 27 15°25°2p°35°3p°3d 4s°
Ni 28 1s°25°2p°3s° 3p°3d° 45°
Cu 29 15°25°2p°35°3p° 3d" 45
Zn 30 15725°2p°35°3p°3d"" 45
Ga 3] 15°25°2p°3s° 3p°3d""45” 4p’
Ge 32 1s°25°2p°35° 3p°3d" 45" 4p°
As 33 157257 2p°35°3p°3d" 45’ 4p°
Se 34 1s°2s°2p°35° 3p°3d" 45 4p°
Br 35 15°25°2p°35°3p°3d" 45" 4p°
Kr 36 1s72s°2p°3s°3p°3d " 45° 4p°
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Jlesski aTroMH €IEMEHTIB 3 HE3allOBHCHUMH BAJICHTHHMH OOOJOHKAMH
HaOyBarOTh CTAaOUIbHMX €JEKTPOHHUX KOHIrypariii, HaOyBaroun abo BTpadarodu
€JIEKTPOHU 3 YTBOPEHHSIM 3apsJPKEHUX 10HIB a00 JIISYUCH €JICKTPOHAMU 3 IHIIUMHU
atoMamu. Lle € OCHOBOIO IS JIEIKWMX XIMIYHUX peakIlid, a TaKoX JJISI aTOMHOTO
3B'SI3KY B TBEPJUX TLJIaX.

Komnm mesiki eneMeHTH KOBaJEHTHO 3B'SI3yIOThCS, BOHH YTBOPIOIOTh Sp-T10pHIHI
3B's3kH. Lle ocobnmmBo xapakrepHo s C, Si ta Ge.

3a ocoOnMBUX OOCTaBUH S- 1 p-opOiTali 00'€IHYIOTHCS, YTBOPIOOYM T10pUIH1
spn-opOiTami, e n BKa3ye€ Ha KUIbKICTh 3aJisIHUX p-opOiTaneil, sika MOXe MaTu
3HaueHHs 1, 2 a6o 3. Enementn rpymn 3A, 4A 1 SA nepionuunoi Tabnui (puc. 2.6) €
TUMH, IO HAWYacTille YTBOPIOIOTHh Takl TiOpuau. PylnitHOIO CHIOK yTBOpPEHHS
rioOpuaHux opOiTaneil € HUKYMNA SHEePreTUYHUN CTaH BAJICHTHHX €JEKTpPOHiB. Jlis
ByIVIEII0 TiOpHMA sp° Mae MNEpLUIOYEproBe 3HAYECHHS B OpraHiyHiid Ximii Ta Ximii
nonimepis. @opma sp-ribpuay BuzHadae 109° (abo TeTpaeapuuHMil) KyT, AKMA 4acTo

3yCTpIYA€ETHCS B TMOJIMEPHUX JIAHITFOTaX.

Meran
1A - o]
T 5= Aromuuii HoMep Heseran >
H Cu =— Cumeon He
1.0080 | A 63.50 1A IVA VA VIA  VIA |4.0026
ATOMHA Maca
3 4 o 5 6 7 8 9 10
Li Be IpomizkHnii B C N 0 E Ne
6.941 |9.0122 10.811 | 12,011 | 14.007 | 15.999 | 18.998 | 20.180
11 12 13 14 15 16 17 18
Ma Mg Vil Al Si P 5 Cl Ar
22990 | 24.305 | 1B IVB VB VIB VIB ,/~————— "\ IB IIB | 26.982 | 28.086 | 30.974 | 32.064 | 35.453 | 39.948
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti Vv (L7 Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
39.098 | 40.08 | 44.956 | 47.87 | 50.942 | 51.996 | 54.938 | 55.845 | 58.933 | 58.69 | 63.54 | 65.41 | 69.72 | 72.64 | 74.922 | 78.96 | 79.904 | 83.80
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Ay Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe
8547 | 87.62 | 88.91 91.22 | 9291 95.94 (98) 101.07 | 102.91 | 106.4 | 107.87 | 11241 | 114.82 | 118.71 | 121.76 | 12760 | 126.90 | 131.30
55 56 Rare 72 73 74 75 76 77 78 79 80 81 a2 83 84 85 86
Cs Ba earth Hf Ta W Re Os Ir Pt Au Hg T Pb Bi Po At Rn
132.91 | 137.34 | series | 178.49 | 180.95 | 183.84 | 186.2 | 190.23 | 192.2 | 195.08 | 196.97 | 200.59 | 204.38 | 207.19 | 208.98 | (209) (210) (222)
a7 88 | Acti- | 104 | 105 | 106 | 107 108 | 109 110
Fr Ra nide Rf Db Sg Bh Hs Mt Ds
(223) (226) | series | (261) (262) (266) (264) (277) (268) (281)
57 58 59 60 61 62 63 64 65 66 67 68 69 70 il
Pinkosemensha cepis La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
138.91 | 140.12 | 140.91 | 144.24 | (145) | 150.35 | 151.96 | 157.25 | 158.92 | 162.50 | 164.93 | 167.26 | 168.93 | 173.04 | 174.97
89 20 91 92 93 94 95 96 a7 98 99 100 101 102 103
Cepin akTHHIgiB Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
(227) | 232.04 | 231.04 | 238.03 | (237) (244) (243) (247) (247) (251) (252) (257) (258) (259) (262)

Puc. 2.6. IlepionuuHa Tabuuis eJIeMEeHTIB (YUCIa B JyKKaxX — 1€ aTOMHa Maca

HalCTaOUTBHIIKIX 200 HANMOIIMPEHIIINX 130TOII1B).
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2.4. llepionuyHa cucremMa XiMivYHHUX eJIEMEHTIB

VY nepioguuHiii TaOnMIll BCi €JIEMEHTH KiIacu(iKOBaHI BIJAMOBIAHO 10
KoHpirypari enekrpoHiB (puc. 2.6). TyT enemMeHTH po3TamioBaHi 31 301IbIIEHHAM
aTOMHOTO HOMEpa B CEMHU TOPU30HTAJIBHUX psax, SKI HA3MBAIOTHCS IEPIOIAMH.
EnemenTn po3ramoBaHl TaKMM YHMHOM, IO BCl €JIEMEHTH, PO3MIILIEHI B NEBHOMY
CTOBMYMKY a00 Tpymi, MalOTh MOMAIOHY BaJCHTHY €JNEKTPOHHY CTPYKTYpY, a TaKOX
XiMiyHI Ta ¢i3uuHi BiacTHBOCTI. LI BIAcCTUBOCTI 3MIHIOIOTBCS MOCTYIIOBO,
PYXaro4KCh MO TOPU3OHTANI Yepe3 KOKEH IMeplo] 1 MO BEPTUKAIl BHU3 MO KOKXHOMY
CTOBIYHUKY.

EnemenTn, pozramoBani B rpymi 0, kpailHii mnpaBidi Tpymi, € 1HEPTHUMHU
razamMu, fKi MaloTh 3allOBHEHI EJIEKTPOHHI OOOJIOHKH 1 CTaOUIbHI €JIeKTPOHHI
koHbiryparii. Enementu VIIA 1 VIA rpyn He MarOTh cTabOUIBHUX CTPYKTYP Ha OJIUH 1
nBa enekrponu BianosigHo. Enementu VIIA rpymu (F, CI, Br, I ta Af) iHOm1
Ha3WBalOTh TayioreHaMu. JIy>kHi Ta my>kHo3eMenbH1 Metanu (Li, Na, K, Be, Mg, Ca Ta
1H.) no3HavyaroTh sk rpynu [A 1 [IA, mo MarTh, BIANOBIAHO, OJUH 1 1Ba €JIEKTPOHU
HAJJIUIIKOBUX JJIi YTBOPEHHS CTaOUIbHUX CTPYKTYyp. EleMeHTH B TpbOX JTOBIHX
nepionax, rpymnax I[[IB — IIB, HasuBaroThCcs NepexiTHUMH MeTallaMH, SIKi MarTh
YaCTKOBO 3allOBHEHI d-€JICKTPOHHI CTaHM, 1 B JEAKHUX BHIAJKaX OJAWH abo JBa
€JIEKTPOHU B HACTYIHINA O1IbII BUCOKIN eHepreTuyHid obomnonmi. ['pymu IITA, TVA 1
VA (B, Si, Ge, As 1 T.1.) AEMOHCTPYIOTh XapaKTEPUCTUKH, SKI € MPOMIKHUMHU MIXK
MeTajaMu 1 HeMeTajJaMH B CHITY iX BaJCHTHUX €IEKTPOHHUX CTPYKTYP.

Sk MOXHA TOMITUTH 3 TMEPIOAUYHOI TaOIuUIll, OUIBIIICTh €JIEMEHTIB JIHCHO
NiAManaTh M KiIacudikaiio MeTasiB. [x iHONMI HA3WBAKOTH €JIEKTPONO3UTUBHUMHU
eJIeMEeHTaMH, BKa3ylOuu Ha Te, 110 BOHMW 37[aTHI BiJJIaBaTU CBOi KUIbKa BaJCHTHUX
€JIEKTPOHIB, IEPETBOPIOIOYMCh HA TMO3UTUBHO 3aps/xkeHl 1oHU. Enemenrtw,
PO3TaIllOBaHI B IIpaBiii YacTUHI TAOIHIl, € €ICKTPOHESTaTUBHIUMH, TOOTO BOHHU JICTKO
IPUIMAIOTh €JIEKTPOHHU, YTBOPIOIOYM HETATUBHO 3apsKeH1 10HU a00 1HOMA1 JISATHCA
€JIeKTpOHaMH 3 IHIIMMH atoMaMud. Ha puc. 2.7 1noka3aHo 3HAuYEHHS

€JIEKTPOHETATHUBHOCTI, SKi Oy/lIM MPUCBOEHI PI3HUM €JIEMEHTaM, PO3TAIIOBAHUM Y
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nepioinyHiil cuctemi. SIK mpaBuiIO, €IEKTPOHEraTHBHICTh 3pOCTA€ MPHU PyCl 3IiBa
HaIrpaBo 1 3HU3Y Bropy. ATOMH 3 OUIBIIOK WMOBIPHICTIO NMPUMMAIOTh E€JICKTPOHH,
SIKIIO TXH1 30BHIIIHI 000JIOHKN MalyKe 3alIOBHEHI 1 SIKIIIO BOHU MEHII «3aXHUILEHD B1

snpa (ToOTO po3TanioBaHi OJIMKYE 10 HHOTO).

14
1 2

H He
2.1 11A 1A IVA VA VIA  VIIA =
3 4 5 6 7 8 g 10
Li Be B C N 0 F Ne
1.0 1.5 2.0 240 3.0 310 4.0 -
11 12 13 14 15 16 17 18
Na Mg Vil Al Si P S Cl Ar
0.9 1.2 1B IVB VB VIB VB S\ B 11B 1.5 1.8 21 25 3.0 =

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti vV Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
0.8 1.0 13 1.5 16 1.6 1.5 18 1.8 1.8 1.9 16 16 1.8 2.0 2.4 28 -

37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Ir Nb Mo Te Ru Rh Pd Ag Cd In Sn Sh Te | Xe
0.8 1.0 1.2 1.4 16 1.8 1.9 2.2 2.2 2.2 1.9 1.7 157 1.8 1.9 2.1 2.5 -

55 56 | 57-71| 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba |Lla-Lu| Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
0.7 09 |Ll1-1.2| 13 LG 1.7 1.9 287, 212 237 24 1.9 1.8 1.8 19 20 212 -

87 88 |[89-102
Fr Ra | Ac-No
0.7 09 |11-17

Puc. 2.7. 3Ha4eHHs €JIeKTPOHETraTUBHOCTI AJI €JIEMEHTIB.

2.5. Cum Ta eHeprii 3B'A3Ky

Po3yminHs Oararbox (I3MYHHUX BIIACTUBOCTEW MarepialliB IPYHTYETbCS Ha
3HAaHHI MDKaTOMHHX CHJI, $KI 3B'A3YIOTb aTOMH pa3oM. MOXJIMBO, NPHHLIMIIH
aTOMHOTO 3B'SI3KYy HalKpallle MPOUTIOCTPYBATH, PO3MIIAIAI0YN B3aEMOJIII0O MK JBOMA
130IbOBAHMMHM aTOMaMHU, KOJHM BOHHM 30JMXKYIOTbCS 3 HECKIHUYEHHOi BijcTaHi. Ha
BEJIMKUX BIJCTaHSAX B3a€MOII HE3HAYHA ajie B Mipy 30JMKEHHSI aTOMIB KOXKEH 3 HUX
MOYMHAE [ISITH HaA I1HIUKA 3 meBHOK cwiot. Ili cunm OyBalOTh JBOX THIIIB:
OPUTATYBaIbHI Ta BIIIITOBXYBAJIbHI 1 BEJIMUMHA KOKHOI 3 HUX 3aJIEXKUTh BiJ BIJICTaH1
M1k aroMamMu ab0 MI>KaTOMHOT BIJICTaHI.

[ToxomKeHHST CUIM TIPUTATAHHS 4 3aJIeXUTHh Bil KOHKPETHOTO THITY 3B'A3KY,
AKUM ICHye MDK JBOMa aromMamu. BenuunHa CuIM NPUTATaHHS 3MIHIOETHCS 3
BIJICTAHHIO, SIK CXEMaTH4YHO IIOKa3aHO Ha PHUCYHKY 2.8, a. 3peuroro, 30BHIIIHI

€JIEKTPOHHI OOOJIOHKHM JIBOX aTOMIB MOYMHAIOTh MEPEKPUBATUCS 1 B «TPY» BCTyMae
35



BIUYTHA CWJIa BIAIITOBXYBaHHS Fr. Uucrta cuna Fy MiXK ABOMa aroMamH € MPOCTO

CYMOIO SIK IPUTATYBAIBHOT, TaK 1 BIIITOBXYBaJIbHOI CKJIAJOBUX:

Fn=F4+ Fg, (2.2)

AKa TaKOXK € (PyHKII€I0 MDKaTOMHOTO PO3ZUICHHS, K MOKa3aHo Ha puc. 2.8, a.
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(b)

Puc. 2.8. 3anexHicTh CWUJ BIAIITOBXYBaHHS, NPUTSATaHHS Ta B3a€MOAIl BiJ

MDKAaTOMHOTO BiJJTQJICHHS JJIS JABOX 130JIbOBAaHUX aTOMIB(a) 1 3aJICKHICTh CHEpTriit

BIJIIITOBXYBAHHS, MPUTATAHHS Ta YMUCTOI MOTEHI[IadbHOI €HEeprii BiJl M1>XaTOMHOIO

BIJTAJICHHS JIJIS IBOX 130JIbOBAaHUX aTOMIB (D).
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Komu F4 1 Fr BpIBHOBaXYIOTbCSl a00 CTAlOTh PIBHUMHU, 3araJIbHOI CUJIM HEMAE,

TOOTO BOHA BIICYTHSI:

Fi+ Fr=0. (2.3)

Toni icHye ctaH piBHOBaru. LIeHTpH ABOX aroMmiB 3aMINATHCA PO3ALICHUMU
PIBHOB@KHOIO BIJICTAHHIO 70, SIK MOKa3aHo Ha puc. 2.8, a. Jlns 6aratbox atomiB ro
cTaHoBUTH Npubau3HO 0,3 HM. ONMMHUBIIKCH y TAKOMY TIOJIOKEHHI, /1BA aTOMH OYyIyTh
OpOTHAIATA OyAb-IKUM crpoOaM po3'eAHAaTH iX CHJIOI0 TPUTIATyBaHHS abo
3IIITOBXHYTH iX pPa30M CHUJIOIO BIJIITOBXYBAHHS.

Ha puc. 2.8, b nokazano rpadikyd NOTEHUIaJbHUX EHEPriil NpPUTITryBaHHSA,
BIJIIITOBXYBAHHS Ta YMCTOI eHeprii K (YHKIT MI>XKaTOMHOTO BiJIAJICHHS IS JIBOX
aromiB. Uucra kpuBa, fKa 3HOBY X TaKd € CyMOIO JBOX IHIIMX, Ma€ 3amajuHy
NOTEHI1aJIbHOI eHeprii abo Onu3bko 10 11 MiHIMyMmy. TyT Ta cama piBHOBaXkKHA
BIJICTaHb 7o BIJIIIOBIJA€ BIACTaHI MOALTY HAa MiHIMyMi1 KPHBOi IMOTEHIIIHOI eHEpTii.
Eneprisi 3B'a3ky s 1MX JOBOX aToMiB, Fo, BIANOBiAa€ eHeprii B JaHId ToOUII
MiHIMyMY (Tako Toka3aHa Ha puc. 2.8, b). Bona BimoOpaxae eneprito, sika Oymna 6
HEOOX11Ha JJIs PO3AUICHHS IIUX JBOX aTOMIB HA HECKIHUCHHY BiJICTaHb.

Xoua momepenHiil po3aln po3misiAaB ieanbHy CHUTYyalll0 3 JBOMa aroMaMu,
noi0Ha ane OLTbIN CKJIaJHE CTAHOBWINE ICHYE JJIA TBEPAMX MaTepiaiiB, OCKIIbKH
HEOOX1/IHO BPaXOBYBaTH CUJIOBY Ta €HEPreTUYHY B3a€MOJIII0 MK OaraTbMa arOMaMH.
Tum He MeHIIe eHepris 3B'A3Ky, aHajoriuyHa FEy, Moxke OyTH MOB's3aHa 3 KOKHHUM
atoMoM. BenuuuHa i€l eHeprii 3B's3Ky 1 gopMa KpHBOI 3alIe)KHOCTI €HEprii Bif
MIXKaTOMHOTO TMO/TY BapilolOThCs BiJ Marepiany A0 MaTepially 1 3a1ekarhb BiJ THILY
aToMHOTO 3B's13Ky. Kpim TOTO, psii BIaCTHBOCTEH MaTepiairy 3aleXuThb BiJ Eg, hopmu
KpUBOi 1 Tumy 3B's3Ky. Hampukinazn, marepiaiu 3 BEIMKMMU E€HEPrisiMU 3B'A3KY, SK
OpaBWJIO, TaKOXX MAlOTh BHCOKI Temmeparypu IaBieHHsA. [lpum kiMHaTHIM
TEeMIIepaTypi TBEPAl PEUOBHHHM YTBOPIOIOTHCS 3a BEIMKHUX CHEPrid 3B'SA3Ky, TOMII SK
OpyU MalluX EHEeprisix I[epeBara HAJaeTbCd Tra3onoJi0HOMY CTaHy, piAUHU

NepPEeBaXKalOTh 32 EHEPrii MPOMIXKHOTO 3HauY€HHs. J{0 TOro *, MexaHi4Ha >KOPCTKICTh
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(a00 MOmynb MPYKHOCTI) MaTepiaixy 3aJeXHUTh Bif (GOPMHU KPUBOI 3aTE€KHOCTI CHIIU
B1JI MDDKaTOMHOTO o1y, Haxui juist BITHOCHO KOPCTKOTO MaTepiaixy B TOUIIl 7 = Fo
Ha KpUBIH Oy/le TOCUTH KPYyTUM, HAXUIU JJisl OUIbII €JTaCTUYHUX MarepiaiiB OyayTh
noyorimuMu. KpiM TOro, HACKIIBKH MaTepiaj pO3MIMPIOEThCS 3a HArpiBaHHA a0o
CTHUCKAEThCSA TIPU OXOJO/KEHHI (TOOTO #Oro MiHIMHUNA KOE(DIIIEHT TEIMIOBOTO
PO3IIMPEHHS), TIOB's13aHe 3 (POPMOIO KpUBOT 3anekHOCTI Eo Bim ro. [TnOoka 1 By3bKa
«3amaJiHay, sKa 3a3BUYall CIOCTEPIraeThbes ISl MaTepiasliB 3 BEIUKOI EHEPTi€lo
3B'SI3KY, 3a3BMYAil KOPEIIOE 3 HU3BKUM KOE(IUIEHTOM TEPMIYHOTO PO3IIUPEHHS Ta
BITHOCHO HEBEJIMKMMU 3MIHAMH PO3MIpPIB IIPU 3MiHI TEMIEPATYPHU.

VY TBepaux Tijax iICHYIOTh TPH Pi3HI TUIH NEPBUHHOTO a00 XIMIYHOTO 3B'SA3KY —
10HHUHM, KOBAJIGHTHUW 1 MeTaleBUU. Y KOKHOMY THII 3B'SI3KYy OOOB'SI3KOBO O€pyTh
y4acTh BaJCHTHI €JIEKTPOHH, IPUPO/IA 3B'SI3KY 3aJIECKUThH BiJ €IEKTPOHHOI CTPYKTYpH
CKJIQZIOBUX AaroOMiB. 3arajoM, KOXK€H 3 IMX TPbOX THUIIB 3B'SI3Ky BUHUKAE Yepe3
TEHJECHII}0 aTOMIB HaOyBaTH CTAOLIBHOI EJIEKTPOHHOI CTPYKTYpH, K Y IHEPTHUX
ra3iB, TOBHICTIO 3aIIOBHIOIOUH 30BHIMIHIO CJICKTPOHHY OOOJIOHKY.

Bropunni abo ¢i3uyHI CHIIM Ta €HEeprii TaKoX MPHUCYTHI B 0ararbox TBEPAUX
Marepiajiax, BOHU CJIa0IIi 3a MEepBUHHI aje TUM HE MEHINE BIUIMBAIOTH Ha (i3MUHI
BJIACTHUBOCTI JICSIKUX MarepiaiiB. Y HACTYITHUX PO3JAUIAX MOSCHIOIOTHCSA KUIbKa BU/IIB

NEPBUHHUX 1 BTOPUHHUX MI)KaTOMHHX 3B'SI3KIB.

2.6. IlepBuHHI Mi’>KaTOMHI 3B'I3KH

lonnuii 3B'A30K Haiylermie omucatd Ta Bi3yanidyBath. BiH  3aBxau
3yCTPIYA€THCS B CIONYKAX, IO CKIAJAI0ThCS 3 METAJIEBUX 1 HEMETAJIEBUX €JIEMEHTIB,
TOOTO €JIeMEHTIB, SKi PO3TANIOBaHI B TOPU3OHTAIIBLHUX KIHIAX MEPIOJUIHOI CUCTEMHU.
ATOMU MeTaJeBUX EJEMEHTIB JerKO BIJJal0Th CBOi BaJIEHTHI €JIEKTPOHH aToOMaM
HEMeTaleBUX elieMeHTiB. [lpu 1mpomy Bci atomu HaOyBalTh CTAOUIBHUX a0o
IHEPTHUX Ta30BUX KOHQITypaliid 1 eNeKTPUYHOTO 3apsiay, TOOTO CTalOTh 10HAMH.
Xnopua Hatpito (NaCl) € KJIaCHYHUM 10HHUM MartepiajJoM. ATOM HaTpil0 MOXe

HAaOyTH E€JNEeKTPOHHOI CTPYKTYpH 10HY (YHMCTOrO MO3UTHBHOIO 3apsiiy) IUISIXOM
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nepesadi CBOro OJHOTO BaJICHTHOTO 3s-elIeKTpoHa aroMy xiopy. Ilicims Takoro
MIePEHECEHHS 10H XJIOPY Ma€ YNCTUIN HEraTUBHUM 3apsi]l 1 €ICKTPOHHY KOH]Irypaliiro,
IICHTUYHY €JIEKTPOHHIN KOH]irypaiii aproty. ¥ KyXOHHIH COJII BECh HATpiil 1 XJI0p
ICHYIOTh y BUIIISIAI 10HIB. Lleif Tum 3B'13Ky cxemarudHo 300paxeHo Ha puc. 2.9.

Cuna KyToHIBCHKOTO 3B'I3KY

Puc. 2.9. Cxemaruune 300pa>keHHsI 10HHOTO 3B'A3Ky B Xsiopui Hatpito (NaCl).

Cwiu NpUTATAHHS € KYJIOHIBCBKMMH, TOOTO MO3UTUBHHUI 1 HETaTUBHUI 10HH,
3aBISIKM CBOEMY YHCTOMY CIICKTPHYHOMY 3apsiy, MPUTITYIOTHCS OAWH JO0 OIHOTO.
Jlns ABOX 130JbOBAHMX 10HIB €HEPris mputsIrands E4 € (yHKIIEW MIDKAaTOMHOT

BiJICTaHI1 3riJIHO HOPMYJIH:

E4=—(A/). (2.4)

AHanoriuyHe piBHSHHS JIJIs1 €HEPTii BIAMITOBXYBAaHHS Ma€ BUTTISL:

Ez=—(B/r"). (2.5)

VY uux Bupazax 4, B 1 m € KOHCTaHTaMH, 3HAUEHHs SIKMX 3aJIeXaTh BIJ

KOHKPETHOI 10HHOT CUCTEMH. 3HAYCHHSI 77 TPUOIN3HO JOPIBHIOE §.
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IoHHMiI1 3B'SI30K HA3MBAE€THCS HEHAINPABIEHUM, TOOTO BEJIIMYMHA 3B'A3KY
OJIHAaKOBa B yCIX HampsiMKax HaBKOJIO 10HA. 3B1ICH BUILIMUBAE, 10 ISl TOTO 1100 10HHI
Marepiaau Oynu CcTaOlTbHMMHU BCi TO3UTHBHI 10HUM TIOBMHHI MAaTU B SIKOCTI
HANWOMMKIMUX CYCIJ[IB HETAaTMBHO 3aps/KEH1 10HH B TPUBUMIPHIA CXeMi 1 HaBMaku. Y
KepaMIYHMX Marepiajiax mepeBakac 10HHUM 3B'SI30K.

Enepris 3B's3Ky, sika 3a3Buuail koauBaetbes Mixk 600 1 1500 x/x/momb (3 1 8
eB/arom), € BITHOCHO BHICOKOIO, IO BiJIOOPAXKAETHCS y BHUCOKUX TEMIIepaTypax
IU1aBJieHHs. Y Tabnuii 2.3 HaBeJIEHO eHeprii 3B'A3Ky 1 TeMIeparypu IJIaBJICHHS IS
JESKHX 10HHUX MaTrepiais.

Tabnuis 2.3. Eneprii 3B's13Ky Ta TeMIieparypH IJIaBJIeHHs JUIsl pI3HUX PEYOBUH

Enepris 3B's13ky TeNOERaHa
Tur 3B’ 13Ky PeuoBuna eB/ATowm, ioH, &
kJ[>/Monb mnasieHus (°C)
MOJICKYJIa
pe— NaCl 640 3,3 801
MgO 1000 5.2 2800
Si 450 4,7 1410
P e C (miamaHT) 713 7,4 >3550
Hg 68 0,7 -39
Al 324 3,4 660
MeTtaneBui Fe 406 4,2 1538
W 849 8,8 3410
Ban-nep- Ar Tl 0,08 -189
Baansca Cl 31 0,32 -101
Sy — NH; 35 0,36 -78
H>O 51 0,52 0

JUis 10HHUX MarepiaidiB XapaKTepHl TBEPAICTb 1 KPUXKICTh, a TaKOX
eJIeKTpUYHA 1 TerioBa 130Jmis. L{i BIacTUBOCTI € NMPSAMHUM HACTIKOM KOHQIryparlii
€JIEKTPOHIB Ta/ab0 MPUPOAH 10HHOTO 3B'S3KY.

VY KoBaJeHTHOMY 3B'sI3Ky CTaOUIbHI €JIEKTPOHHI KOH(ITYypallli 3a0e3MeuyoThCs
3a pPaxXyHOK PO3MOJAUTY €JIEKTPOHIB MIXK CyCiAHIMH aromamu. JIBa aToMmu, IO
nepeOyBaroTh Y KOBAJICHTHOMY 3B'SI3KY, BiIJalOTh IPUHAWMHI 110 OJJHOMY €JICKTPOHY,
a CHUIbHI EJeKTPOHM MOXKHA BBaKaTH TaKUMH, IO HaJekKaTb OOOM aToMaMm.

KoBaneHTHMIT 3B'I30K CXEMaTMYHO MPOLTIOCTPOBaHO Ha puc. 2.10 i MOJeKyau
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metany (CHs). ATOM ByIJIELIO Ma€ YOTHPU BaJEHTHI €JIEKTPOHHU, TOAl SIK KOXKEH 3

YOTUPBOX aTOMIB BOAHIO Ma€ 110 OJHOMY BAJICHTHOMY CJIICKTPOHY.

CrinbHuUiT eneKTPOH

CrinmpHHIT eneKTpo :
Bill BYTTICLIO

Bill BOIHIO

Puc. 2.10. CxemaruyHe 300pakeHHsI KOBAJIEHTHOTO 3B'A3KY B MOJICKYJIl METaHY
(CH,).

KoxxeHn arom BOJHIO MOXKe HAaOyTH €JIEKTPOHHOI KOH(Qirypauii remito (1Ba ls
BAJICHTHUX €JIEKTPOHU), KOJIM aTOM BYIJIELIO TUIMTHCS 3 HUM OJHHM €JIEKTPOHOM.
Tenep Bymieub Mae YOTUPU JOJATKOBI CHUIbHI €JIEKTPOHHU, IO OJAHOMY BiJl KOKHOTO
BOJIHIO, 3arajiloM BICIM BAaJIEHTHHX €JEKTPOHIB 1 €JIEKTPOHHY CTPYKTYpPY HEOHY.
KoBaneHTHuil 3B'I30K € crpsiMOBaHUM, TOOTO BiH ICHY€ MIX TMEBHHUMH aTOMaMu 1
MO’KE€ 1CHYBATH JIMIIE B HANPSIMKY B1Jl OAHOTO aroma 0 1HIIOrO, sIKUi Oepe ydacTb y
O/ €JIEKTPOHIB.

bararo monexyn HemeTaneBux eneMeHTiB (H2, Ch, F> TO1I0), a TAKOXK MOJIEKYI,
10 MICTATh pi3HOpPIIHI atomu, Taki sik CHs, H>O, HNO; 1 HF, MatoTb KOBaJICHTHUI
3B's130K. KpiM TOro, med Tum 3B'A3Ky 3yCTpPIYA€ThCS B €JIIEMEHTAapHUX TBEPIUX
pEUYOBMHAX, TAaKUX SK ajlMa3 (ByIVIEllb), KPEMHIM 1 TepMaHii, a TaKoX B IHIIHUX

TBEPAMX CIIOJIYKax, II0 CKJIAJIAlOThCS 3 €JIEMEHTIB PO3TAIIOBAaHUX Y IMPaBiil 4aCTHUHI
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neplouYHOI TaONuIll, TakuX sk apceHin raniio (GaAs), antumoHin iHaito (InSh) 1
kapO11 kpemHito (SiC).

KinbKiCTh KOBaJE€HTHUX 3B'SI3KIB, SIKy MOXE YTBOPUTH T[EBHUM aTOM,
BH3HAYAETHCS KiIBKICTIO BAJICHTHUX €JIEKTPOHIB. Maroun N ' BaJleHTHUX €JIEKTPOHIB,
aroM MOJKE€ KOBAJIEHTHO 3B'A3yBaTHCs INOHAMOibme 3 8-N' iHmMMH aroMamu.
Hanpukmazn, aast xmopy N'=7,a 8 — N'= 1, mo o3Hadae, mo ogun arom CI Moxe
3B'SI3yBaTHUCS JIMILIE 3 OTHUM 1HIIIUM aToMoM, siK y Chy.

KoBaneHTHI 3B'SI3KM MOXKYTh OyTH Jy’K€ MILHHUMH, SIK Y J1aMaHTI, IKUH JTyKe
TBEPAMI 1 Ma€e qy’ke BUCOKY Temmeparypy 1uiaBienns >3550 °C (6400 °F), abo myxe
caOKUMHU, SIK y BICMYTI, SIKMI TUIaBUThCS TIpH Temneparypi onuspko 270 °C (518 °F).
Eneprii 3B'I3ky 1 Temmeparypu IUIaBICHHS IS JESKUX KOBAJEHTHO 3B'SA3aHUX
MatepiaigiB mpeacTtaBiaeHi B Tabmumi 2.3. IlomiMepHi Marepiaad € THUIIOBHM
MIPHUKJIAJ0OM TaKOTO 3B'SI3KY, OCHOBHOIO MOJICKYJISIPHOIO CTPYKTYPOIO SIKOTO € JOBTHMA
JAHITIOT aTOMIB BYIVICIIO, SIKI KOBAJICHTHO 3'€JTHaHI MIX COOOI0 JBOMa 3 YOTHPHOX
MOKJIMBHX 3aB’SI3KIB HA aToM. Pernra, nBa 3B'S3KH, 3a3BHYAll MOMIISIOTECS 3 1HITUMUA
aToMaMH, K1 TaKOK MalOTh KOBaJICHTHUM 3B'SI30K.

Amnanoriubo, aias Byraemo N' = 4, i koxkeH atoMm Byriemoo mae 8 — 4, a6o
YOTUPH, CICKTPOHU JUIsl CHUTHHOTO BUKOPUCTAHHS. JllaMaHT — 1€ MpOCTO TpUBUMIpHA
CIIOJTyYHA CTPYKTYpa, B SIKi KOXKEH aTOM BYTJICIIO KOBAJICHTHO 3B'SI3aHUN 3 YOTHPMA
IHIIMMH aTOMaMU BYIJIEIIO.

MixaroMHl 3B'S3KM MOXYTh OYyTHM YacTKOBO I1OHHMMH Ta 4YaCTKOBO
KOBJIEHTHUMHM, 1 HACHpaBAl AyXKE€ Majo CIHOJYyK MalThb YHCTHH 10HHUH abo
KOBQJICHTHUM 3B'SI30K. J[J1s1 CIIOJYKH CTYMiHB TOTO YW 1HIIIOTO THITY 3B'SI3KY 3aJI€KHUTh
B1JI B3aEMHOTO PO3TalllyBaHHs CKJIaJIOBUX aTOMIB y mMeplognyHii Tabmuii (puc. 2.6)
a0o BiJ pi3HUII B IXHIN eJIeKTpOoHETaTUBHOCTI (puc. 2.7). Uum mmpiia BiACTaHb (SIK
110 TOPU30HTAJIl — BITHOCHO Tpynu [VA, Tak i mo BepTuKali) BiJl J1BOrO HUKHBOTO 10
PaBOro BEPXHHOTO KyTa (TOOTO UMM OUIbIlIa PI3HUIIA B €IEKTPOHETAaTUBHOCTI), TUM
OuThII 10HHUM € 3B'S30K. | HaBmaku, 4MM ONFDKYE aTOMH PO3TANIOBaHI OIWH 0

OJTHOTO (TOOTO YMM MEHINIA PI3HUIIA B €JIEKTPOHETaTUBHOCTI), TUM OUIBIINKA CTYIIHb
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KOBAJIEHTHOCTI. B1ACOTKOBUI 10HHUI XapakTep 3B'sI3Ky MK eneMeHTaMu 4 1 B (4 €

HANUOUIBII €JIEKTPOHETaTUBHUM) MOKHA allPOKCUMYBATH BUPA30M:

% 1onHU# xapakrep = {1 — exp[—(0,25)(X4 — XB)2]}*x100, (2.6)

ne X4 1 Xp — eNeKTpOHETraTUBHOCTI JJIsI BIJITIOBIIHUX €JIEMEHTIB.

Memanesuii 36’130k

MertaneBuii 3B'I30K, OCTAHHI NEPBUHHUN THUI 3B'SI3KY, 3yCTpIYA€THCS B
MeTajax Ta ix cruiaBax.

Byno 3anponoHoBaHO BITHOCHO MPOCTY MOJENb, SIKa Ty>Ke HAOIMKEHO OIMHUCYE
cxeMy 3B's3Ky. MeraneBi marepiald MawTh OJWH, JBa a00 NIOHAKWOLIbIIE TpPH
BaJICHTH1 €JIEKTPOHHU.

3riIHO 3 LI€K0 MOJEJUII0, 11 BaJEHTHI €JIEKTPOHH HE MOB'S3aHl 3 KOAHUM
KOHKPETHHM aTOMOM Yy TBEPAOMY T 1 MOXKYTh OUIBII-MEHII BUIBHO «JIperdyBaTm»
110 BCHOMY METally. [X MOKHA BBa)KaTH TAKUMH, 10 HAJEXKATh METANy B LiIOMY, a00
YTBOPIOIOTh «MOpPE EJIEKTPOHIB» UM «EJIEKTPOHHY XMapy». Pemta HeBaJeHTHUX
€JICKTPOHIB 1 aTOMHI sipa yTBOPIOIOTH TaK 3BaHl 10HHI spa, Kl MalOTh YHUCTHM
NO3UTHBHHUM 3apsi, M0 JOPIBHIOE 3a BEIUYMHOIO 3arajlbHOMY 3apsly BaJlCHTHHX
eNekTpoHiB Ha aroMm. Ha puc. 2.11 cxemarnuHo 300pakeHO METAJIEBHiIl 3B'S30K.
BinbH1 €NeKTpOHM 3aXMINAIOTh MO3UTHUBHO 3apsJ/KEHI Siapa 10HIB BijJ B3aEMHOIO
BIJIITOBXYBAHHS €JIEKTPOCTATHUHUX CHJI, SIKI B 1HIIOMY BHIAJKY IiiM O OIWMH Ha
ogHoro. OTxke, MeTaleBUl 3B'S30K Mae HeHanpaieHui xapakrtep. Kpim Ttoro, mi
BUIbHI €JIEKTPOHM AIIOTh SIK «KJICiD», IO YTPUMYE 10HHI s/1pa pa3oM. EHeprii 3B's13Ky 1
TEeMIIepaTypH TUIABICHHS JUIsl JSSKUX METaliB HaBeleHl B Ta0muili 2.3. 3B'SI30K MOXKe
OyTu crmabkuM a0o CHUJIIBHUM, €Heprii koauBaroThes Bij 68 kJx/monb (0,7 eB/arom)
st pryti g0 849 xJbx/mons (8,8 eB/atom) mius Bombdpamy. Ix BigmoBimmi
TeMIleparypu IUIaBieHHs cTaHoBIATh -39 1 3410°C (-38 1 6170°F). MeraneBuii
3B'30K 3YCTpPIUA€ThCS B MepioauuHii Tabmumi ais enemeHtiB [A ta IIA rpyn 1

(haKTUYHO JIJIST BCIX CJIEMEHTAPHUX METAIB.
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"Mope" BaTeHTHHX €TEKTPO/IIB

Puc.2.11. CxemarnyHa u1t0CcTpallisi METaaeBoro 3'€IHaHHS.

Tunom 3B'I3Ky MOKHA TOSICHHTH JIeSKI 3arajibHi BJIACTMBOCTI PI3HHMX BH/IIB
MarepiajiiB (HalpUKIaJ, MeETajiB, KepaMiku, mnojiMmepiB). Hampuknan, meranu e
XOPOIIMMHU MPOBITHUKAMU SIK €JIEKTPHUYHOTO CTPYMY TaK 1 TeIjla uyepe3 HasBHICTh Y
HUX BUIBHUX €JICKTPOHIB. Ha mpotuBary 1pomMy, Marepiajiy 3 10HHUM 1 KOBaJICHTHUM
3B'I3KOM, K MPABUJIO € €JIEKTPUYHUMHU 1 TEIUIOBUMH 130JISITOPAMU Y€pe3 BIJCYTHICTb
BEJIMKOI KIJTbKOCT1 BUTBHUX €JIEKTPOHIB.

[Ipu kiMHaTHIN TeMreparypi OUIBIIICT, METaJiB Ta iX CIUIaBiB PyHHYIOTHCS
B'A3K0, TOOTO pyWHYBaHHs B10yBa€ThCs MICIA TOrO, SIK Marepiaiu 3a3HAJIN 3HAYHUX
CTymneHiB moctiitHoi nedopmarrii. Taka moBemiHKa MOSCHIOETBCS 3 TOYKH 30Dy
MexaHi3My aedopMallii, IKHiA HENPSMO MOB'A3aHUHN 3 XapaKTEPUCTUKAMHU METAIEBOTO
3B'13Ky. | HaBmaku, mpW KIMHATHIA TeMmIeparypi MaTepiaii 3 10HHHUM 3B'SI3KOM €
BHYTPIIIHHO KPUXKUMH BHACHIIZIOK €JIEKTPUYHO 3apsKEHOT MPHUPOIM 10HIB, IIO

BXOJATH J10 1X CKJIafy.
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2.7. BropunHuii 38’130k a00 Ban-nep-BaanbcoBuii 3B’ 30K

Bropunni, Ban-gep-BaanbcoBi abo (izuuHi 3B'SI3kM cnaOKill MOPIBHSHO 3
NEPBUHHUMU a00 XIMIYHUMH, EHEpPTis 3B'SA3KYy, SK TMPAaBUIIO, CTAHOBUTH JIUIIE
10x/Ix/monp (0,1 eB/arom). BropuHHUN 3B'S30K ICHy€ NIpPaKTUYHO MDK yciMa
aromamMu ab0 MOJIEKYJIaMM, ajie€ HOoro MPUCYTHICTb MOXXE OyTH NpUXOBaHa, SKIIO
HasIBHUM Oy/Ib-SIKUH 3 TPHOX TUIIIB MIEPBUHHOTO 3B'SI3KY.

BropunHmii 3B'130K iCHY€ B IHEPTHHX ra3ax, ikl MalOTh CTAOUIbHY €JIEKTPOHHY
CTPYKTYpPY 1, 30KpeMa, MIX MOJEKYJIaMH B MOJIEKYJSIDHHX CTPYKTypax, SIKi MalTb
KOBQJICHTHUM 3B'A30K.

BropunHi cuiu 3B'13Ky BUHUKAIOTh Ye€pe3 aTOMH1 a00 MoseKyisipHi aumnoini. 1o
CyTi, €NEKTPUYHUN AUMOIL ICHYE CKpi3b, JI€ € TMEBHE PO3IIICHHS MO3UTUBHHX 1
HEraTWBHUX YaCTUH aToMa ab0 MOJIKYJIH. 3B'SI30K BUHUKAE BHACIIOK KYJIOHIBCHKOTO
OPUTATYBAaHHSA MDK MO3WTUBHUM KIHIIEM OJHOTO JWIIONS 1 HETaTUBHOKO JIJISIHKOIO
CyCiIHBOTO, SK IMOKa3aHO Ha puc. 2.12. JlumonbHi B3aeMoii BHHHKAIOTh MIiX:
1HYKOBaHUMH JTUMOJISIMH, 1HIYKOBAHUMHM JTUIOJISAMU 1 MOJSIPHUMH MOJEKYyJIaMu (SIKi
MaloTh TIOCTIWHI JMIIONI), a TaKoX TMOJSIPHUMH MOJIeKylamMu. BusiBneHo, 1o
BOJIHEBHM 3B'I30K, OCOOJMBUN THUI BTOPUHHOIO 3B'A3KY, ICHYE MDK JCSIKUMHU
MOJIEKYJIaMHU, 110 MICTSITh BOAECHB, SIK OAHY 31 CKJIAJIOBUX YaCTUH. 3apa3 MU KOPOTKO

PO3IJITHEMO 111 MEXaH13MH 3B'SI3KY.

&—~0-60—=~0
—
\ / \ /

AToMHi 260 MOTEKYIAPHI TUTOT

Puc. 2.12. Cxemarnuna imtoctpaiiis Ban-nep-BaanbcoBoro 3B's3ky Mix J1BOMa
TUTIOSIMH.

Junone mMoxe OyTH CTBOpEHHMU ab0 1HAYKOBAaHUM B aroMmi ab0 MOJIEKYINI, SIK1
3a3BUYall €NEeKTPUYHO CHUMETPUYHI, TOOTO 3arajlbHUM NPOCTOPOBHHA PO3MOILI

eﬂeKTpOHiB CI/IMCTpI/I‘IHI/II\/’I BiI[HOCHO IO3UTHUBHO 3apAIKCHOIO A1pa, SK IMOKa3aHO Ha
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puc. 2.13, a. Bci aromu nepeOyBaioTh y MOCTIHHOMY KOJUBAJIBHOMY PYCi, SIKHH MOXE
BUKJIMKATH MUTTEBI 1 KOPOTKOYACHI CIOTBOPEHHS II€T €MEKTPUYHOI CUMETPii, IS
JESKUX aroMiB a00 MOJIEKYJ, a TAKOXK CTBOPEHHSI HEBEJUKUX EJEKTPUUHUX JUTIOJIB,
AK TOKa3aHo Ha puc. 2.13, b. OauH 3 UX JUTIONIB MOXE, B CBOIO YEpry, CIIPUINHUTH
3MIILIEHHS €JIEKTPOHHOIO PO3MOAULY CYCIIHBOI MOJEKYIu abo aroma, IO CHOHYKAe
JIPYTHA TaKOXK CTaTH AWIMOJEM, SKUH MOTIM CIIA0KO TPUTATYETHCS YU 3B'SI3yETHCS 3

nepIumM, 11e oJuH 3 BUiB Ban-aep-BaanbcoBoro 3B's3Ky.

AToMHE /1pO
ATOMHE 471po P

EnextponHa xMapa

Enexktponna xmapa : :

(a) (b)

Puc. 2.13. Cxematnune 300paxxeHHs] €IEKTPUIHO CHMETPHUYHOTO atoma (a) 1
1HTyKOBAaHOTO aTOMHOTO JIuIos (D).

i cunu npUTIATyBaHHS MOXKYTh 1CHYBAaTH M1k BEJIMKOIO KUIBKICTIO aTOMiB abo
MOJIEKYJI, IPUYOMY JIaH1 CUJIM € TUMYACOBUMHU 1 3MIHIOIOTHCS 3 HACOM.

3piKeHHs, a B JEAKWX BHUIAAKaX TBEPAIHHS, 1HEPTHUX Ta3iB Ta I1HIIUX
CIEKTPUYHO HEUTpPATbHUX 1 CHMETPHUYHUX MOJIeKyN, Takux sk H> T1a Ch,
BiJIOYBa€ThCA 3aBISKH [IbOMY THUITy 3B'A3Ky. TeMmmeparypu TUIaBICHHS 1 KHUITIHHS
HAJ3BUYAaHO HU3bKI B CHOJYyKaX, JJIA SKUX MEPEBaXa€ 1HIYKOBAHUM TUIOJIbHUMA
3B'I30K. 3 yCIX MOXJIMBUX MIKMOJIEKYJSIPHUX 3B'SI3KIB 111 3B'A3KHM € HailcliaOIIMMU.
Eneprii 3B'a3ky 1 Temneparypu IJIaBJICHHS JJIS aproHYy 1 XJIOpY TakoX HAaBENICHI B
Tabnuui 2.3.

[locTiliHI JUIOJIBHI MOMEHTM ICHYIOTh Yy JE€AKHMX MOJIEKYJIaX 3aBISKU

ACUMCTPHUYIHOMY PO3TAINYBAHHIO ITO3UTHBHO 1 HETaTUBHO 3aAPAIKCHUX ,Z[iJIHHOK, TaKi
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MOJIEKYJIH Ha3UBalOThCs nosipHuMu. Ha puc. 2.14 cxemarnyHo 300paXeHO MOJIEKYTY
XJIOPUCTOTO BOAHIO. [TOCTIMHMI TUTIONBHUNA MOMEHT BHHHUKA€E 3a PAaXyHOK YHCTHUX
MO3UTUBHUX 1 HETAaTUBHUX 3apsIiB, K1 BIJMOBIIHO MOB'S3aH1 3 BOJHEBUM 1 XJIOPHUM

KiHIIMHA MoJiekyii HCI.

O—0O

Puc. 2.14. Cxemarnune 300pakeHHsI MOJISPHOT MOJIEKYJIU Xs10poBojHIO (HCI).

[TossipHI MOJIEKYIU TaKOK MOXKYTh 1HIYKYBaTH AUIOJI y CYCIIHIX HEMOJISIPHUX
MOJIEKYJIax, 1 B pe3yJbTaTi Aii CHJI MPUTATAHHS MIXK JIBOMA MOJICKYJIAMH YTBOPIOETHCS
3B's130K. [Ipu ipoMy BenmumMHa LBOTO 3B'A3KY Oyz1e OLIBIION, HIXK ISl QIIYKTyaliiHuX
1HTyKOBaHUX JUIIOJIIB.

Cwm Ban-nep-Baanbca Takox i1CHyBaTUMYTh MDK CYCUIHIMH TIOJSSPHUMH
MoJieKyJlaMHi. EHepris Takoro 3B'sS3Ky 3HAUHO O1IbIlA, HK JUIS 3B'A3KIB 32 Y4YacTIO
1HTyKOBaHUX JHIIOJIB.

HaiiminHimmii TUO BTOPUHHOTO 3B'SI3KY, BOJAHEBUM 3B'SI30K, € OKPEMHUM
BUIIAJIKOM B3a€MO3B'SI3KY TOJISIPHUX MOJIEKYJ. BiH BUHHUKAE MiK MOJICKYJIaMH, B SKUX
BOJICHb KOBAJICHTHO 3B'si3aHuii 3 pTopom (sik y HF), kucHem (sx B H>0) abo azoTom
(six 'y NH3). Hns koxHoro 3B's3ky H-F, H-O abo H-N oauH €leKTPOH BOJHIO
HNOJIUIAETHCS 3 1HIIUM aTOMOM. TakUM YMHOM, BOJHEBHI KiHElb 3B'A3Ky — II€ JI0 peyl
MO3UTUBHO 3apsAKEHUIl TPOTOH HE EKPaHOBAaHUU KOAHUMHU eyekTpoHamu. Llei
BHUCOKOITO3UTUBHO 3aps/PKEHUN KiHEIb MOJIEKYJIU 3/IaTHUM IO CHJIBHOTO MPUTATAHHS
3 HETaTMBHUM KIHIIEM CYCIJIHbOi MOJICKYJIH, SK ToKa3zaHo Ha puc. 2.15 nmns HF.

Biache, nieif €quHuil NPOTOH YTBOPIOE MICTOK M1 JBOMa HETaTUBHO 3apsIKCHUMU
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aromamu. BennumHa BOAHEBOro 3B'SI3KY, K MpaBWiO, OLIbIIAa HDK y IHIIMX THUIIB
BTOPUHHUX 3B's13KiB 1 Moxe gocsrat 51 kJ[x/mons (0,52 eB/mMonekyny), Sk moka3aHo
B Tabmuui 2.3. Temneparypu MiaBieHHs 1 KAMIHHS 711 GTOPUCTOrO BOAHIO 1 BOJU €
aHOMaJbHO BUCOKHMMH, 3Ba)KAlOUM Ha iX HU3bKY MOJEKYISIpHY Macy, SK HacIiJI0K

BOJHCBOI'O 3B'513Ky.

-
—
N/

Bonnesmit
3B'I30K

Puc. 2.15. Cxemarnune 300pa)keHHsI BOJHEBOTO 3B'A3Ky Y (pTOpHCTOMY BOJHI

(HF).

2.8. Mosekynu

bararo mommupeHNX MOJEKYN CKIaJaloThCs 3 TPYN aroMiB, MOB'SI3aHUX MIX
co00I0 MIIIHUMU KOBAJICHTHHUMH 3B'SI3KAMH, JI0 HHUX BIJHOCATHCA €JIEMEHTApHI
JIBOATOMHI MoJiekyiu (Fa2, O, H> 1 T.1.), a Takox 0e3:1iu cnonyk (H>0, CO», HNOs,
CesHs, CH4 TO0). Y KOHIEHCOBAHOMY PIJIKOMY Ta TBEPJOMY CTaHaX 3B'SI3KH MIXK
MOJIEKYJIaMH € CIa0KUMHM BTOPUHHUMH. OTXe, MOJEKYISpHI MaTepiaii MaroTh
BITHOCHO HHU3bKI TEMIIEpaTypH IUIaBIEHHS 1 KUMIHHA. BUIBIIICTG 3 THUX, IO MarOTh
HEBEJTMKI MOJICKYJIH, SIK1 CKJIaJIal0ThCSI 3 JEKUIBKOX aTOMIB € ra3aMu MpH 3BUYANHUX,
abo0 arMocdepHUX Temmeparypax 1 THUCKax. 3 1HIIOro OoKy, Oarato cy4acHUX
noJimMepiB, OyIydnd MOJIEKYJISIPHUMH MaTepiajlaMu, sIKi CKJIAJAr0ThCsl 3 HAJA3BUUYANTHO
BEJIMKUX MOJIEKYJ, ICHYIOTh y BUIVISAI TBEPAUX TUI, JAESAKl 3 iXHIX BJIACTUBOCTEH
CWJIBHO 3aJie’kaTh BIJ HasBHOCTI Ban-nep-BaanbcoBux 1 BOAHEBUX BTOPUHHHUX

3B'SI3KIB.
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BucHoBKH

[leit po3min posmovaBcs 3 OISy OCHOB OylIOBM aroma, MNPEJCTaBIICHHS
OOpIBCHKOT Ta XBHJILOBO-MEXAHIYHOI MOJCIIEH eJIeKTpOHIB B aroMax. loal sK
OOpiBCbKa MOJIENIb TPHUITYCKAE, IO EJIEKTPOHU € YaCTUHKAMH, SKI 00epTaroThCs
HABKOJIO sipa MO JUCKPETHUX TPAEKTOPISAX, Y XBHIBOBIM MEXaHILI MU BBaXKaeMO IX
XBUJICTIOMIOHUMU 1 PO3TIISAIAEMO TOJIOKEHHS €JIEKTPOHIB 3 TOYKH 30PY PO3IMOALTY
HAMOBIPHOCTEIA.

EHepreTuyH1 cTaHU €JEKTPOHIB BU3HAYAIOTHCSA B TEPMIHAX KBAHTOBUX YHCEI,
Kl Jal0Th TI0YaTOK €JIEKTPOHHUM OOOJIOHKaM 1 migoOononkaMm. EnekrponHa
KOH(]Iryparis aroma BIJIOBIZAE CIOCOOY 3alIOBHEHHS IIUX OOOJIOHOK 1 MiJ000I0OHOK
€JIEKTPOHAMH BIAMOBIAHO J0 mpuHuuny BukimoueHHs [laymi. Tlepioguuna cucrema
€JIEMEHTIB YTBOpPEHA IIUISIXOM pO3TAlllyBaHHS PI3HUX EJIIEMEHTIB BIAMOBIIHO [0
KOH(irypaiiii BaJJeHTHUX €JIEKTPOHIB.

ATOMHMH 3B'SI30K y TBEpPAUX TUIaX MOXKHA PO3MISAATH 3 TOUKU 30py CHJI Ta
€HEeprii NpUTATaHHA 1 BIAIITOBXYBaHHA. ICHye TpW THUNM NEPBUHHUX 3B'SI3KIB Y
TBEPAMX TUIAX: I0HHUM, KOBAJICHTHHUH 1 MeTaeBuid. J{J1s1 I0HHUX 3B'SI3KIB €NIEKTPUYHO
3apsKEH] 10HH YTBOPIOIOTHCS MIJISXOM Tepesadi BaJICHTHUX €JIEKTPOHIB B1J OJJHOTO
TUIy aromMa [0 IHIIOTO, CHJIM € KYyJIOHIBCBKUMHU. llpu KoBaleHTHOMY 3B'SI3KY
Bi/IOYBa€ThCA OOMIH BaJlCHTHUMHU €JEKTPOHAMH MK CYCIIHIMH aroMamu. 3a
METAJEeBOTO 3B'SI3Ky BaJCHTHI EJIEKTPOHU YTBOPIOIOTH «EIEKTPOHHE MOpE», SKe
PIBHOMIPHO PO3MOJLISETHCS HABKOJIO SAEP 10HIB METAITY 1 JI1€ K KJIEH JJI HUX.

Ban-nep-BaanbcoBi Ta BoAHEBI 3B'SI3KM HAa3UBAIOTHCSI BTOPUHHUMH, OCKUIBKU
BOHM € CJla0llMMU TOPIBHAHO 3 NEPBUHHUMHU. BOHM BUHMKAaIOTh BHACHIOK CHII
NPUTITYBAHHS MK €JICKTPUYHUMH JUMOJSMU, SIK1 OyBarOTh TBOX THITIB — 1HyKOBaHi
ta noctiiiHl. Illo cTocyeTbcs BOIHEBOro 3B'SI3KY TO BUCOKOIOJISIPHI MOJIEKYIH
YTBOPIOIOTHCS, KOJM BOACHb KOBAJICHTHO 3B'SI3YETHCS 3 HEMETAJIYHUM EJIEMEHTOM,

TaKuM siK pTop.
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KoHTpoJibHi 3anuTaHHSI TA 3aBIaHHA

1. KpemHiil Mmae Tpu npHpO/IHI 130TOMH:
> 92,23% 28Si 3 aToMHO0 Macoro 27,9769 a.o.m.;
> 4,68% 2°Si 3 aTOMHOI0 Macoro 28,9765 a.0.M.;
> 3,09% 3°Si 3 aroMHOI0 Macoro 29,9738 a.o.M.
Ha ocHOBI mux gaHuX MATBEPIiTh, IO CEPEIHS aTOMHAa Maca Si CTaHOBUTh
28,0854 a.o.Mm.
2. CKUIBKM IpaMiB MICTUTBCA B OJHOMY a.0.M. (amu) marepiainy? Y KOHTEKCTI
I[l€1 KHUTHU MOJIb BUMIPIOETHCS B OJUHUIIAX T'paM-MOJib. BUX0s4u 3 1bOTO, CKIJIBKH
aTOMIB MICTUTBCS B (DYHT-MOJI1 pEYOBUHU?
3. BraxiThb enekrponni kondirypauii Bianosignux ionis: P°*, P>~ ta Ni*'.
4. Jlo sAKOi Trpynu MEpiOJUYHOI CUCTEMHU HAJEKHUTh €JIEMEHT 3 aTOMHUM
HOMepoMm 1127
5. Bu3HauTe, 4yM € KOXKHA 3 HABEACHUX HUXKYE CJIEKTPOHHUX KOHQDIrypaiii
IHEepTHUM Ta30M, TaJOreHOM, JY’)KHUM METaJOM, JYKHO3EMEJIbHUM METaJIoM a0o
NEPEX1THUM METaJIOM:
a) 15%2s%2p°35%3p°;
6) 1s°2s72p°%3s™3p%3d 45 4p®;
B) 15°2°2p°35*3p°3d" 4s°4p°4d°5s> .
OO6rpyHryiite cBiii BUOIp.
6. SIKy eneKTpOHHY MiJ000J0HKY 3alOBHIOIOTH PIAKICHO3EMEIbHI €JIeMEHTH
NepIOJUYHOI CUCTEMU?
7. Slka enmekTpoHHA Mig000I0HKA 3aIIOBHIOETHCS B P aKTHHIIIB?
8. OO6umciiTe cuiay mpuTaraHHs Mik iomamu Ca?" ta O, LEHTpH SKHX
B1JJTaJICH]1 OAWH B1J OAHOIrO Ha BijgcTaHb 1,25 HM.
9. KopoTko Ha3BiTh OCHOBHI BiAMIHHOCTI MK 10HHHUM, KOBAJCHTHUM 1
METaJIEBUM 3B'SA3KOM.

10. CopmymrotiTe mpuHIUI BUKITtodeHHs [layii.
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11. O64mCciTh BiACOTOK 10HHOTO XapaKTepy MIKATOMHOTO 3B'SI3KY AJISI KOXKHOT
3 HaBeJleHUX HUXK4e cnonyk: MgO Tta CdS.

12. BuxopucroByroun JaHi TaOnauii 2.2, BU3HAUTE KUIBKICTh KOBAJCHTHUX
3B'A3KIB, SIKI MOYKJIMBI JIJISI aTOMIB TaKHUX €JIEMEHTIB: KPEMHII0, HITPOTCHY Ta HEOHY.

13. SAxwmii(1) Tun(u) 3B'sI3Ky MOXKHA OUIKYBaTH JJIsI KOXKHOTO 3 TAKUX MaTepiajiB:
TBEpJU KCEHOH, OpoH3a Ta ryma?

14. TlosicHiTh, YoMy (propoBOoAeHb (HF) Mae BUILy TEMIIEpaTypy KHUITIHHS, HIK

xjiopoBosiens (HCI)?
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PO3JILI 3
KPUCTAJIYHA TA AMOP®HA CTPYKTYPA MATEPIAJIIB

TBepai pedyoBMHU MOXKHA PO3AUIMTH Ha KpucTainiyHi i amopdui. Kpucraniuni
TBEpJl Tija 3aBISKH BIOPSIKOBaHIM CTPYKTYypi CBOIX aromiB, MOJEKYJI a0O 10HIB
MaloTh YITKO BU3HA4YeHi (popmu. MeTanu € KpUCTATIUHUMHU 1 CKJIAJAIOThCS 3 YITKO
BU3HAYEHUX KpHUCTaNiB abo 3epeH. 3epHa ApiOHI 1 HEYITKO TMOMITHI uepes
HENPO30pICTh METAJIB. Y MiHepajax, epeBa)KHO Bl HAMIBIPO30pUX A0 MPO30PUX 32
CBO€I0 TPHUPOJOI0, J00Ope mMOoMITHI 4wiTKi Kpuctamiydi ¢opmu. Ha nHacTymHmHX
300paxeHHax (puc. 3.1) moka3aHO KpUCTAIIYHY MPUPOAY TaKUX MiHEpasiB, sK (a)
nenectu (SrSO4) HEOeCHO-0MaKuTHOTO 200 HebecHOro Koianopy, (0) miput (FesS»),
SKUW TAKOXK HA3MBAIOTh «30JI0TOM AYPHS» Yepe3 MOro JaTyHHO->KOBTHM KoOiip, (B)
ametuct (Si0z), dioneroBuil pi3HOBUA KBapity, 1 (1) ramt (NaCl), 611b1 BiJOMUINA SK
KaMm’siHa ciiab. HaBmaku, amopdHi TBepAl Tia MarOTh MOTAHUHN JaldbHIN MOPAI0K abo
B3araji BiJICYTHI, 1 BOHU HE TBEPIIOTH 13 CUMETPIEI0 Ta PETYISIPHICTIO KPUCTATIYHUX
TBEpAUX TUL. SIK MpuKiajg, aMoppHa CTPYKTypa TiajiTOBOro omnajia abo CKJISHOTIO
orasia rnokasaHa Ha puc. 3.1, 1. 3BepHITh yBary Ha BiICyTHICTh CUMETPIi Ta TOCTPHUX 1

YITKO BU3HAYCHUX KpaIB KpucTralja.

3.1. IIpocTopoBa rparka Ta eJieMeHTAPHI KOMIPpKH

@di3UyHa CTPYKTypa TBEPAMX MarepiaiiB, BaXJIHMBUX JJII TEXHIKH, 3aJEKHUTh
TOJIOBHUM YMHOM BiJ pO3TalllyBaHHsS aTOMiB, 10HIB a00 MOJIEKYN, SIKi YTBOPIOIOTH
TBEPJly PEUOBUHY, 1 CHJI 3B’SI3KY MK HUMH. SIKII0 aTOMU a00 10HU TBEPJIOi PEUOBUHU
po3tamioBadi y ¢opMi, SKa MOBTOPIOETHCS B TPHOX BUMIpax, BOHU YTBOPIOIOTH
TBEpAY PEUOBHUHY, AKa Ma€ JaldbHIN MOPSAIOK 1 HA3UBAETHCS KPUCTAIIUHOIO TBEPAOIO
PEYOBHHOIO 200 KpUCTAIIYHUM MarepiaiioM. [IpukiiagaMu KpucTaaiyHUX MaTepialiiB
€ MeTalld, CIUIaBM Ta JesSKi KepaMiuHi marepiainu. Ha BiaMiHY BiJl KPUCTATIYHHUX €
JesIKl MaTepiaiu, aTOMU Ta 10HM SKUX HE PO3TAIIOBaHI B JAJbHBOMY, IEPIOAUYHOMY

Ta TOBTOPIOBAHOMY MOPSJIKY 1 MalOTh Juiie OmmkHiiM mopsaok. Lle o3nadae, mio
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MOPSAJOK ICHye numie B Oe3mocepenHid OMM3BKOCTI 10 aroma abo MOJEKYJIH.
Hampuknazn, piaka Boga mMae OMMKHIN MOPSAOK y CBOIX MOJIEKYJaxX, V SIKOMY OJMH
aTOM KHCHIO KOBAJICHTHO 3B’A3aHUM 3 JIBOMA aTOMaMH BOJIHIO. AJie 1eH HOPSI0K
3HHMKA€E, OCKUTBKHM KOYKHA MOJIEKYJIa 3B’ SI3yETHCS 3 IHITUMU MOJIEKYJIaMu yepe3 cladki
BTOPUHHI 3B’SI3KM BUIMQJKOBUM YWHOM. Marepianu Jjuiie 3 OIMKHIM TOPSIKOM

kiacu(dikyroTecs sk amopdHi (6e3 popmu) a0 HEKpUCTATIYHI.

Puc. 3.1. Kpucraniyna ctpykrypa MatepiamiB: a) — 1enectut (Sr504);
0) — mipur (FeS2); B) — ametuct (Si0:); r) — ramit (NaCl); 1) — riaaiToBuil onai.
Po3ramryBanHs aromiB y KpUCTAJIIYHHUX TBEPAMX TIIaX MOXHA OIHUCATH,
BITHOCSYU aTOMH JI0 TOYOK IMEPETHHY CYKYITHOCTI JIHIA y TphOX BuUMipax. Taka
CYKYIHICTh HA3UBAETHCS MMPOCTOPOBOIO IpaTKoro (puc. 3.2, a), 1 i MOXKHA OMKCATH K
HECKIHYCHHUN TPUBUMIPHUN MacuB TOYOK. KoXKHa TOYKa MPOCTOPOBOI IPATKU Ma€

OJHAKOBC€ OTOYCHH:.

Puc. 3.2. IIpoctopoBa rparka iiealbHOTO KPUCTAIIYHOTO TBEPJOTO Tiia (a) Ta

eJIeMEHTapHa KOMipKa, 110 TI0Ka3ye MOCTiiHI rpatkH (0).
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B ineanpHOMY KpucTall IpylMyBaHHS TOYOK I'PATKM HABKOJIO OyIb-sKOI1 JaHO1
TOYKHM 1JIEHTUYHO TPYIYBaHHIO HAaBKOJIO JOBUIBHOI I1HINOT TOYKM KPUCTAIIYHOI
rpatku. TakuM YWHOM, KOXXHY TPOCTOPOBY IPAaTKy MOJXKHA OTHCATH, BKa3aBIIH
MO3MIlli aTOMIB y TIOBTOPIOBaHINM €JIeMEHTapHIN KOMIPIl, Takid K Tii, IO YITKO
okpecieHa Ha puc. 3.2, a. EnemeHTapHy KOMIpKY MOXHAa BBa)XKaTW HaWMEHILIOIO
CKJIaIOBOIO TPaTKH, sika 30epirae xapakTepUCTUKH BChOTO KpucTana. ['pyma aTtoMis,
OpraHi30BaHUX Y TIEBHOMY IIOPSJKY OJWH BIJHOCHO OJHOTO Ta TIOB’SI3aHUX 13
TOYKAMU IPATKH, CTAHOBUTH OCHOBY. TOHl KpHUCTaliuHa CTPYKTypa MoOxe OyTH
BU3HAYEHA K CyKYyNHICTb I'PaTKM Ta OCHOBH. Ba)XJIMBO BiI3HAYUTH, IIO aTOMH HE
000B'SI3KOBO 301rat0ThCsl 3 TOUKaMU IpaTku. Po3mip 1 popMy ereMeHTapHOI KOMIpKHU
MOYKHAa OIUCATH TPhOMa BEKTOpaMHU IPaTKU a, b 1 ¢, M0 BUXOASTH 3 OJAHOTO KyTa
ejeMeHTapHoi koMmipku (puc. 3.2, 6). OcboBI1 JOBXKUHHU @, b 1 ¢ Ta MI’KOCBOB1 KYyTH a,

1y eleMEHTapHOT KOMIPKH € CTaTuMHU (ITOCTINHUMU) TPATKHU.

3.2. KpucraJjiuni cucrtemu Ta rparku bpase

[Ipu3Havyaroun KOHKPETHI 3HAYEHHSI /ISl OChOBUX JOBKUH 1 MI)KOCHOBUX KYTIB,
MOXKHa TOOyyBaTH €JIeMEHTapHI KOMIPKH pi3HUX TuUIiB. Kpucranorpadu mnokaszanmu,
IO JIMIIIE CIM Pi3HUX THUIIB €JIEMEHTAPHUX KOMIPOK HEOOXI1JHI JJii CTBOPEHHS BCIX
IPOCTOPOBHUX TIpaTok. JlaHi KpHUCTalaiyHI CHCTEMH IepepaxoBaHi B Tabmuii 3.1.
binbuicte, 13 ceMH, KPUCTAIIYHUX CUCTEM MalOTh Bapialii OCHOBHOI €JIe€MEHTapHO1
komipku. O. bpaBe mokazaB, mo 14 cTaHIapTHUX E€IEMEHTAPHUX KOMIPOK MOXKYTh
OTHMCcaTH BCl MOXJIMBI Iparyacti 3B’s3ku. L1 rparku bpaBe 300paxkeHi Ha puc. 3.3.
[cHy€e 4OTMpPH OCHOBHI THUIH €JIE€MEHTApHUX KOMIPOK: MpPOCTi, 00’€MHOLEHTPOBAHI,
TpaHEIICHTPOBaHl Ta O0a3oleHTpoBaHl. Y KyOlyHIA cHCTeMi ICHYE TpU THIIH
€JIEMEHTApHUX KOMIpPOK: TIpocTa KyOiuHa, 00 ’€MHOIIEHTpOBaHa KyOluyHa Ta
rpaHeIeHTpoBaHa KyOiuHa. B poMOiuHiil cucTemi mpeAcTaBiIeHi BCl YOTHPU TUTIH. Y
TETparoHaJdbHIN CHUCTEMi BCHOTO JIBa: MPOCTUH 1 00'€eMHOIIEHTpOBaHUI. MOHOKIIIHHA

CUCTEMa Mae€ MPOCTI Ta 0a30LEHTPOBAHI €JIEMEHTApHI KOMIPKH, a pOMOOEIpuYHI,
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reKCaroHajbHl Ta TPUKIIHHI CHCTEMH MalTh JMIIE OJWH MPOCTUH THII
€JIEMEHTApHUX KOMIPOK.

Tabnuis 3.1. Knacudikaiiiss IpocTOpOBHUX I'PATOK 32 KPUCTAIIYHOKO CUCTEMOIO

Kpucraniuna cucrtema OcbOBi IOBXXHHU Ta IIpocropoBa rparka
MI’)KOCBOB1 KyTH
Ky61una Tpu piBHi oci mia npsmuM | [Ipoctuid,
KyToM: a=b=c, a==y=90° 00'eMHOIICHTPOBAHU,

IpaHellEHTPOBaHUH KyO

TerparonaibHa Tpu oci nig npsamum KyTom, | [IpocTuit,

IB1 piBHI: a=b#c, o==y=90° | 00'eMHOLIECHTPOBaHUN
IPAMOKYTHUHI
napajienenines 3
KBa/IpaTOM B OCHOBI

PomMOiuna Tpu HepiBHI oci mig npsmum | [Ipoctuid,
KyToM: a#b#c, o==y=90° 00'eMHOIICHTPOBAHUH,
0a301ICHTPOBAHUIA,
IrPaHELEHTPOBAHUI
IIPSMOKYTHHUI
napajenenines
Pomboenpuuna Tpu piBHi oci, omHakoBo | [Ipoctuit pomGoeap
HaxwieHi: a=b=c, o=f=y#90°
I'excaronainHa JBi piBHi oCi mig Kyrom [IpocTa, nBivi

120°, TpeTst BiCh M/t IPSAMHM | 06’ eMHOIIEHTPOBAHA
i ot — o
KytoM: a=b#c, a=f=90°, IIpu3Ma 3 OCHOBOIO

y=120° IIPaBUJIBHOI'O
IICHTPOBAHOTO
IIECTUKYTHUKA
MomnokniHHa Tpu wHepiBH1 oci, ogHa mapa | [Ipocra,

HE M 0OpsSIMUM  KyTOM: | 0a30LEHTpOBaHa
a#tb#c, a=y=90°#b npusma 3
napajieJiorpaMmom B
OCHOBI

Tpukiinaa Tpu HEOTHAKOBI1 oci, | [Ipoctuii
HEOJHAKOBO  HAXWJICHI 1 | mapalieserinen
KOAHA HE Mg  IPSIMHM

KyTOM: azb#c, o#p#y#90°
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Kybina T eKCATOHATEHA Ponbima T

Puc. 3.3. YMoBHI enemeHTapHi KoMipku bpaBe, 3rpynoBaHi BiJIIOBITHO 0

KPUCTAJIIYHOI CUCTEMH.

3.3. OCHOBHI KPUCTAJIYHI CTPYKTYPH MeTAJIiB

binbmiicte enemMentapuux MertaniB (Onmmu3bko 90 %) KpUCTaMI3yIOThCS MMiJl Yac
3aTBEpAIHHS B TPHU LIUILHOYMAKOBAaHI KPHUCTAIYHI CTPYKTYpH: 00’ €MHOLIEHTPOBAHY
kyoiuny (OLIK) (puc. 3.4, a), rpanenentpoBany kyOiuny (I'LIK) (puc. 3.3, 0) i
rexkcaroHanpHy InibHoynakoBany (I'TIY) (puc. 3.3, B). 'Y cTpykTypa € OLibln

IIUIBHOIO  MOAU(IKAIIE0 TMPOCTOI TEeKCArOHAJIBHOI KPUCTAJIIYHOI  CTPYKTYpH,
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nokazaHoi Ha puc 3.3. bBuibmicTe MeTadiB  KPUCTANI3YyIOThCS B IUX
IIJIbHOYIIAKOBAaHUX CTPYKTypaX, TOMY IO €HEpIrisl BUBLIBHSETHCS, KOJIU AaTOMHU
30MKYIOThCSI OJIMH 3 OAHHUM 1 TICHIIIE 3’€HYIOThCA MK c0000. TakuM 4uHOM,
IIUIBHOYTIAKOBAaHI CTPYKTYPH 3HAXOASAThCS B HWKYMX 1 OUIBII  CTaOlIBbHUX

CHCPICTUYIHHNX PO3TAlllyBAHHAX.
/‘\\ /|

Puc. 3.4. OCHOBHI KpUCTaNI4HiI CTPYKTypH METaNIB Ta €JIE€MEHTapHI KOMIPKHU:

a) — o0’eMmHOLleHTpoBaHa KyOiuHa; ©0) — TpaHEUEHTpOBaHa KyOiuHa;
B) — T€KCaroHaJibHa IIUJIbHOYMaKoBaHa (eJIeMEHTapHa KOMipKa IMoKa3aHa CyIlIJIbHUMHU
JHISIMA).

Cnig MmAKpPECIUTH HAA3BUYAMHO MalWil po3MIp €JIEeMEHTApHUX KOMIPOK
KpUCTTIYHUX METaiB, siki 300paxeHi Ha puc. 3.4. CropoHa KyOa eleMEeHTapHOl
KOMIpKH 00’€MHOIIGHTPOBAHOTO KyOIYHOTO 3aji3a, HampuKiIaa, TpH KiIMHATHINA
Temneparypi nopisaioe 0,287x107° m, abo 0,287 manomerpa (aM). TakuM 4YUHOM,
SIKIIO €JIEMEHTapH1 KOMIPKH YUCTOTO 3a1i3a po3TalloBaHi nopyd, B 1 mm Oyne:

1 emeMeHTapHa KOMipKa

I mMm x ~3.48x10° :
0.287 i x 10~ Mw/HM CIEMCHTAPHHUX KOMIpOK.

JleTanbHO PO3IVITHEMO PO3TAIIyBaHHS aTOMIB Y TPhOX OCHOBHHX €JIEMEHTax
KPUCTAIIYHOI CTPYKTypH. Xoua 1€ HaOImKeHHs, MU OyJeMO BBa)KaTH aTOMHU B ITUX
KPUCTATIYHUX CTPYKTypax TBepAuMU chepamu. BiacTtanp Mixk aToMamMu (MI>KaTOMHY
BiJICTaHb) y KPUCTAJIIYHUX CTPYKTypaxX MOXXHA BHU3HAUYUTH EKCIIEPUMEHTAIHLHO 32
JIOTIOMOTOI0 PEHTTEHIBChKOTO nudpakiiiinoro ananizy. Hampukinan, wixkaromHa
BIJICTaHb MIX JBOMAa CYCIJIHIMH arOMaMH aJIFOMiHIIO0 B IIMAaTKy YHMCTOrO aJIOMIHIIO

npu 20 °C cranoButh 0,286 HM. Paniyc aroma ajtOMiHIIO B METaJll BBAKAETHCA
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IOJIOBUHOIO MI>)KaTOMHOI BiacTaHi, abo 0,143 HM. ATOMHI paalycu BUOpaHUX METajiB
HaBeIeHO B Ta0muIsx 3.2-3.4.
Tabmuus 3.2. Metanu, saxi maiote OLK kpucramiuny cTpykrypy, IOpu

kiMHaTHIi Temmnepatypi (20 °C), a TakoK MOCTIHHI I'PaTKH Ta aTOMHI1 pajilycu

Meran [TocriitHa rpatku, a (HM) | AToMHUMN paaiyc, R* (HM)
Xpom 0,289 0,125
3aiis3o 0,287 0,124
Moni6aeH 0,315 0,136
Kamiit 0,533 0,231
Harpiit 0,429 0,186
TanTtan 0,330 0,143
Bonbdpam 0,316 0,137
Bananii 0,304 0,132

*Po3paxoBaHO Ha OCHOBI TMOCTIMHHMX TIpaTKH, 3a jAonomMoror piBHsSHHA (3.1),

R=«/§a/4.

Tabmuusa 3.3. Metanu, sxi MawTh ['TIK kpucramiuny crpykrypy, Ipu

kiMHaTHIM Temmneparypi (20 °C), a Takox MOCTIMHI IPaTKU Ta aTOMHI palyCcH

Meran [Toctiitna rpatku, a (HM) | AToMHuUi paaiyc, R* (HM)
AmroMiH1i 0,405 0,143
Minn 0,3615 0,128
30J10TO 0,408 0,144
CBuHelb 0,495 0,175
Hikenb 0,352 0,125
IImaTuna 0,393 0,139
Cpibio 0,409 0,144

*Po3paxoBaHO Ha OCHOBI MOCTIMHMX TIpaTKd, 3a JOMOMOrorw piBHAHHA (3.3),

R=ﬁa/4.
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Tabmuus 3.4. Meranu, sxi marote ['IIlY kpucramiuyny CTpyKTypy, IpHU
kiMHaTHIA Temmeparypi (20 °C), a TakoX IOCTiiHI TpaTKd, aTOMHI pajiycu Ta

BIHOILICHHS ¢/a

[Tocriiini rpatku (HM) | ATOMHUI Bigxunenns
CHiBB1IHOIIIEHHS
Mertan paziyc, R BT
a c c/a .
(aM) 11eanpHol, %
Kammiit 0,2973 0,5618 0,149 1,890 +15,7
[uuk 0,2665 0,4947 0,133 1,856 +13,6
IneanpHa
ray
_ 1,633 0

KpUCTaJIiyHa
CTPYKTYypa
Marsii 0,3209 0,5209 0,160 1,623 —0,66
KobGanbT 0,2507 0,4069 0,125 1,623 —0,66
[upkoniit 0,3231 0,5148 0,160 1,593 —2,45
Tutan 0,2950 0,4683 0,147 1,587 —2,81
bepuniit 0,2286 0,3584 0,113 1,568 —3,98

3.3.1. O6’emuonenTpoBana Kyoiuvna (OLK) kpucrajgiuyna cTpykrypa

Criodarky po3IITHEMO €JIEMEHTapHY KOMIpPKY 3 aroMHUM By3sioMm st OLIK
KPUCTAJIIYHOI CTPYKTYpH, MOKa3aHoi Ha puc. 3.5, a. Y 1 enemMeHTapHid Komipii
TBepAl cdepu NPEeACTaBIAOTh COOOK IIEHTPH, 1€ PO3TaIllOBaHI aroMH, 1 YITKO
BKA3yIOTh iX B3a€MHE MOJOXKEHHS. SIKII0 MpEeaCcTaBUMO arOMH, B Ll KOMIpL, SIK
TBepAl cepu, TO eIeMeHTapHa KOMipKa BUIIISIaTUME TakK, SIK MOKa3aHo Ha puc. 3.5,
0. Y miit eneMeHTapHii KOMiplli 6auMMO, 1110 [IEHTPaJIbHUNA aTOM OTOYEHHUM BiChMOMa
HaWOMMKUYMMH «CYyClIaMu» 1 Ma€ KOOpAHWHAIIHE Yucio 8. Ko BUAILIMMO OIHY
eJIeMEeHTapHy KOMIpKY TBep/AOi chepH, TO OTPUMAEMO MOJIEb, TOKa3aHy Ha puc. 3.5,

B. KojkHa 3 HMX CKJIaJOBUX Ma€ €KBIBAJEHT JBOX aTOMIB Ha €JIEMEHTapHY KOMIPKY.
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OpavH MOBHUI aTOM PO3TALIOBAHMI y HEHTP1 €IEMEHTApHOI KOMIPKH, a BICIM YaCTHH
cthepu (OKTaHTIB) po3TallIOBaHI B KOXKHOMY KyTi KOMIPKH, 1[0 € €KBIBAJIEHTOM 1HIIIOTO
aroma. TakuM umHOM, 3arajgoMm 1 (y uentpi) + 8 x 1/8 (y kyrax) = 2 aToMu Ha
eJIeMEeHTapHy KOMIpKy. ATomu B eneMeHTtapHiid komipii OLIK rparku KOHTakTyrOTh
OJIMH 3 OJTHUM TIO JiaroHaji Ky0a, sSiK moka3aHo Ha puc. 3.6. Tomy, CriBBIIHOIICHHS

MIDX JTOBXHHOIO CTOPOHHU Ky0a @ Ta aTOMHHUM pajaiycoMm R:

4R
V3a=4R a6o azﬁ_ (3.1)

a) 0) B)
Puc. 3.5. Enementapni xomipku OLIK rpatku: a) — ememeHTapHa KoMmipka 3
aTOMHHMMHU BYy3JIaMH; 0) — eJIeMeHTapHa KOMipKa 3 TBepI0t0 chepolo; B) — 130JIbOBaHA

eJIeMEHTapHa KOMipKa.

4R_
V3a

ol

- V2a >

V3a = 4R

Puc.3.6. Enementapna komipka OIIK, 110 1moka3sye 3B’ S130K MiXk CTaJIOIO IPATKU

@ Ta aTOMHUM pafiycoM R.
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Sxuio atomu B enementapHii komipii OLIK rpatku BBaXXaroThCsi ChEepUIHUMH,

Koe(dilieHT ynakoByBaHHs aToMiB (K,) MOXKHA OOYHCIIMTH 3a JOTIOMOTOI0 PIBHSIHHS:

v
K =-—=, (3.2)
VK

ne V., —o0'eM aToOMIB B €JI€MEHTapHINA KOMIpIL;

e

. — 00'eM eleMeHTapHOI KOMIPKH.

BuxopuctoBytoun gane piBHsHHS, K, 115 enementapHoi komipku OLIK rparku
(puc. 3.5, B) ctaHoBUTH — 68 %. ToOTO, 68 % 00’eMy enemenTapHoi KoMipku OLIK
I'paTKu 3aliMar0Th aTOMH, a pemra 32 % — MopoXxHIN OpocCTip.

Kpucraniuna crpykrypa OLIK rpaTku He € MUIbBHO yIAaKOBaHOK CTPYKTYpPOIO,
OCKUIBKM aTOMH MOXYTh pO3TalllOBYyBaTHcs OiMk4e OIMH 10 oaHoro. bararto
METaJliB, TAaKUX SK 3al130, XpoM, Boibdpam, momiOaeH 1 BaHamid, maroTe OLK
KPUCTAJIYHY CTPYKTYPY, IPU KIMHATHIM TeMneparypi.

VY rtabmuui 3.2 HaBeIEHO NOCTIMHI I'PAaTKU Ta aTOMHI pajlyCH 3a3HAUYEHUX

metaiiB 3 OLIK cTpykryporo.

3.3.2. I'panenenTpoBana Kyoiuna (I'lIK) kpucrajgiuna cTpykrypa

Posrmsinemo enementapny komipky I'IK rparkm (puc. 3.7, a). YV wmiin
eJIeMEHTapHIM KOMIpIll € OJJHA TOYKa IPaTKH (aToM) B KO)KHOMY KyTi KyOa 1 ofHa B
LEHTP1 KOXKHOI rpaHi KyOa.

Monens TBepaux cdep (puc. 3.7, 6) Bkazye Ha Te, mo aromu B ['1[K
KPUCTATIYHIN CTPYKTYpl yMakoBaH1 SIKOMOTa IIUIBHINIE OJWH O OJHOTO, 1 TOMY iX
HA3UBAIOTh NIIJIbHOYIAKOBAHOK CTPYKTYypor. K, s 1i€i UIUIbHO YyHaKoBaHO1
cTtpykrypu cranoButb 0,74, mopiBusHo 3 0,68 mis OLIK crpykrypu, sika He €

HI1JIbHOYTIaKOBAHOIO.
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a) 0) B)

Puc. 3.7. Enemenrapui komipku I'IIK rpatku: a) — enemeHTapHa KOMiIpKa 3
aTOMHUMU By3JlaMu; 0) — eIeMEHTapHa KOMipKa 3 TBEp/AOI0 c(heporo; B) — 130JIbOBaHA
eJIeMEeHTapHa KoMipKa.

Enementapna komipka I'LIK rparku, sk mnokasaHo Ha puc 3.7, B, Mae
€KBIBAJICHT YOTHPHOX aTOMIB Ha KOMipKy. Ha BiciM KyTOBHX OKTaHTIB MIPHUIIAJIa€ OJUH
atoM (8%(1/8) = 1), a micTh HamiBaTOMIB Ha rpaHsIX KyOa CKJIaJaroTh IIE TPU aTOMHU.
ToOTo YoTHpPU aTOMU Ha eJIeMEHTapHYy KOMIpKY. AToMU B efemeHTapHii komipiti ['TIK
I'paTku KOHTAKTYIOTh OJIMH 3 OJJHUM Yepe3 Jl1aroHalib KyOI4yHOI IpaHi, K [MOKa3aHo Ha
puc. 3.8. ToMy, CHiBBIAHOLIEHHS MK JOBKHHOK CTOPOHM KyO0a a Ta arOMHUM

pazaiycom R:
4R
V2a=4R a6o a:ﬁ' (3.3)

Crpykrypa I'IIK rparku 3 K.=0,74 npusHaueHa ajii MaKCUMaJbHO IILJILHOTO
yHaKOBYBaHHS «C(HEPUUHUX aTOMIBY.

bararo meraniB, Takux SK altOMiHIA, MiJb, CBHHEIb, HIKEIb 1 3aji30, IPH
nigsuineHux temmeparypax (Big 912 °C no 1394 °C) kpuctainizyrThCs 1 yTBOPIOIOTh
I'LIK cTpykTypy.

VY rtabmumi 3.3 HaBeAEHO IOCTIMHI I'paTKW Ta aTOMHI pajliyCl I JESIKUX

metaiiB 3 'K cTpykTyporo.
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Puc. 3.8. Enementapna komipka I'LIK, mo moka3ye 3B’SI30K MiX MOCTIHHOIO

I'PaTku @ Ta aTOMHUM pajilycoM R (OCKUIbKM aTOMHU TOPKAlOThCA AlaroHajnei rpaHei:

V2a = 4R ).
3.3.3. I'ekcarona;abHa mijibHoynaxkosana (I'LLLY) kpucrasniyna cTpykrypa

TpeThor0 MOMIKUPEHOI KPUCTATIYHOIO CTPYKTYpPOIO METalliB € TeKcaroHajlibHa

nrinpHoynakoBana (I'LIY), sxa mokazana Ha puc. 3.9, a, 0.

- [ el | (\O:\Z -
NN e g
c /, i g ¢
LIATNLATN T
\ / \ / \\\2\ /l 1/2
—a—r] f—a—
a) 0) B)

Puc. 3.9. Kpucraniuna crpykrypa I'IIIY rparku: a) — cxema KpuCTalidyHO1
CTpyKTypH; 0) — Mozaenb TBepaoi cdepu; B) — cxema 130JIbOBaHOI eJIeMEHTapHOI
KOMIpKH.

Meranu He KPUCTali3yIOThCS B TMPOCTYy TeKCaroHajJbHY KPHUCTAJIIdHY

CTPYKTYDY, MTOKa3aHy Ha puc. 3.3, ockinbku KoedirieHT K, 3aHaTO HU3bKUNA. ATOMH
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MOXYTh JOCSTTA HWKYOi €Heprii Ta Outkn cTabiIbHOTO cTaHy, yrBoprotoun [TV
cTpykrypy (puc. 3.9, 6). K, I'lLlY xpucraniunoi ctpykrypu craHoButh 0,74, Takuii
camuid, sk 1 aya 'K kpuctaniunoi crpykTypu. B 000X cTpykTypax aToMu ynakoBaHi
akomora miupHIme. Y kpuctamiyaux crpykrypax 'Y 1 B T'IK xoxen arom
oroueHuid 12 iHmmMu aromamu. OTxe, OOMIIBI CTPYKTYpPH MalOTh KOOpPJMHAILIMHE
yucio 12.

[3omboBana emementapna komipka ['IY rparku, Ky TakoX Ha3UBAIOTh
IPUMITUBHOIO KOMIPKOIO, MIOKa3aHa Ha puc. 3.9, B. AToMH B MiCLISIX, TO3HAYEHUX «1»
(puc 3.9, B), BHOCATH 1/6 aroma B eneMEHTapHy KOMIPKY. ATOMH B MICIX,
MO3HAYEHUX «2», BHOCATH 1/12 aToma B eleMeHTapHY KOMIpPKY.

TakuM 4YWMHOM, aTOMH y BOCBMH KyTaX €JIEMEHTApHOI KOMIPKH pa3oM
ckianatoTh oguH aroMm (4(1/6)+4(1/12)=1). Atom y micii «3» 3HaXOAUTHCS B IEHTPI
€JIeMEHTapHOI KOMIPKH, ajie TPOXHU BUXOAUTH 3a MEXI KOMIpKU. Takum YWHOM,
3arajibHa KUIbKICTh aTOMIB BcepeauHi eneMenTapHoi komipku ['IY rpatku nopiBHIOE
IBOM (OMH B KyTax 1 OMH Yy IIEHTpi). B meskux mxepenax eileMeHTapHa KOMipka
'LV rparku (puc. 3.9, a) Ha3UBAETHCA «CKIATHOIO KOMIPKOIO». Y TaKOMY BUIAIKY
MOXKHa 3HaWTH IIICTh aTOMIB Ha eJIeMEHTapHy Komipky. lle 3meOunbioro s
3pY4YHOCTI, a CIIpaBXkKHs eJIeMeHTapHa KoMipka (puc. 3.9, B) mo3HaueHa CylUUIbHUMU
miHisMA. [lix yac npeacTaBiaeHHs TeM KPUCTAIIYHMX HANPSAMKIB 1 TUIOLIUH, OyaeMo
TaKO)X BUKOPHUCTOBYBAaTH OLIBIIy KOMIPKY JJIsi 3pY4YHOCTI, Ha JIONATOK [0
CITPOILIEHOTO BiJJOOpa’KEeHHS.

Bignomienns Bucotu ¢ rekcaroHanbHoi npusmu 'Y kpucraniunoi crpykrypu
n0 11 0a3uMcCHOi CTOPOHM a HA3WBAETHCS CIIBBIHOIICHHSIM c/a (puc. 3.9, a).
CriBBigHOIIEHHS ¢/a nns iaeanbHoi ['IY kpuctaniyHoi cTpyKTypH, IO CKIIAIa€ThCA
3 omHOpPiAHUX cdep, YIMaKOBaHHMX SKOMOTa MIUIBHIINIE OJHA 1O OJHOI, CTAaHOBHUTH
1,633. B Tabnumi 3.4 HaBeneHo aeski BaxymBi Metanu 3 ['LIY cTpykryporo Ta ix
CIIBBITHOIIICHHS ¢/a. 3 EePEIiYeHUX METAIB KaJMil 1 IIMHK MafOTh CITiIBBITHOIIICHHS
c/a BUILlE, HDX 17eaibHe, SIKe BKa3y€ Ha TE, 10 aTOMH B IUX CTPYKTypax TPOXH
BUTATHYTI B3JIOBXK OCl ¢ enemeHtapHoi komipku ['LIIY rparku. Meranu wmarsii,

KOOQJIBT, MHUPKOHIM, THUTAaH 1 OEpHIIIM MalTh CIIIBBIIHOIIEHHS ¢/a MEHIIE, HiX
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igeanbHe. ToMy, B IMX MeTajlaXx arTOMHM TPOXH CTHUCHYTI y HANpsSMKY B3JIOBX OCI C.
Takum unnoMm, s metaniB 3 'Y crpykryporo, nepeniuenux y tabmui 3.4, icHye

NEeBHA KUJIbKICTh BIAXWICHB BIJl MOJIEII 1/1I€aibHOT TBEPAOL cdepu.

3.4. [lo3uuii aTOMIB y KyOiYHHX €JIEMEHTAPHUX KOMIipKax

1106 BM3HAYMTH PO3TAIIyBaHHS aTOMIB y KyOIYHHX €JIEMEHTApHUX KOMIpKaXx,
BUKOPHUCTAEMO MPSMOKYTHI OCl X, ¥ Ta z. Y Kpucrainorpadii nomatHa BiCb X — L€
HAMPSIMOK, 110 BUXOJUTH 13 IJIOIIWHM, JOJATHA BiCh ) — II€ HANMPSMOK MPaBOPYY Bij
IUTOLIMHY, a JOJaTHA BICh Z — 11€ HalPSIMOK yropy. HeraruBHi1 HanmpsiMKu MpOTHIIEKHI
IIOMHO OIMCAHUM.

Po3ramnryBanHsl aTOMIB B €JIeMEHTapHUX KOMipKaX BH3HAYA€ETHCS 3 JOTIOMOTOIO
OJMHUYHUX BIJCTaHEeHl Y3IOBXK oOceil x, y Ta z, sSK MokazaHo Ha pwuc. 3.10, a.
Hanpuknaa, xoopauHaty TOJIOKEHHS 1Ji1 aroMiB B eneMmeHTapHid komipii OIK
rparku mokasani Ha puc. 3.10, 6. [lo3uiii 4acTMHOK aJiT BOCBMH KyTOBHX aTOMIB

enemeHTapHoi komipku OLIK rparku:
(0,0,0) (1,0,0) (0, 1,0) (0,0,1)
(1, 1,1 (1,1,0) (1,0, 1) (0, 1, 1).

+z
(0,0, 1) /—x Zh
P ©.0D o011
/7 s 1y
P i |
0, -1, 0) # 0, 1, 0) (1,0, 1) i )
- — - L — L T | s 1y
-y ,21(0,0,0) +y (L 1 L)
2 | T P\212 2
(1,0,0) 7" 1 ©,0,0) 1! | 0, 1,0)
] y
¥ : |//"" | )
Tx (0,0,-1) 00 (1,1,0)
— * x/ s Vo
a) 0)

Puc. 3.10. IIpsimokyTHi Oci X, ¥ 1 z 171 BU3HAUEHHS MO3HIIII aTOMIB y KyO1UHUX
eJIeMEHTapHUX KOMIpKax (a) Ta mo3ullii aromiB B enemeHTapHii koMipii OLIK rpatku
(0).
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LenTpansHuii atoM B enemeHTapHiil komipui OLIK rpatku mae xoopauHatu
nosioxkeHHs (1/2, 1/2, 1/2). Jns cripoieHHs 1HOA1 BKa3aHO JIUIIE ABI MO3UIllT aTOMIB B
enemenTtapHiii komipii OLIK rpatku, a came (0, 0, 0) 1 (1/2, 1/2, 1/2). BBaxkaerbcs,
IO 1HII MO3uIii atoMiB eneMmenTapHoi komipku OLK rparku 3po3ymimi. Takum sxe
YMHOM MOYKHA BU3HAYUTH PO3TAIIyBaHHsS aToMiB B enemeHTapHiil komipmi ['IK

IDaTKU.

3.5. HanpsAMKH B KyOiYHHX eJIeMEHTaAPHUX KOMipKax

YacTto AOBOAMTHCS 3BEPTATUCS A0 KOHKPETHUX HAIMPSMKIB y KPUCTATIYHHX
rpatkax. lle 0coOMMBO BaXJIMBO MJii METalIiB 1 CIUIaBIB, BJIACTUBOCTI SIKUX
3MIHIOIOTBCSI 3aJIeKHO Bijl KpucTtajorpadiuHoi opienTarii. /s kyOi4HMX KpuCTaliB
KpuctajgorpadiyHi 1HIEKCH HaNpsSIMKy € BEKTOPHUMH KOMIIOHEHTAMH HampsMKY,
PO3AUICHUMH B37I0BK KOXKHOT 3 KOOPAMHATHUX OCEH 1 MPUBEICHUMHU 0 HAWMEHIIINX
[UIAX YUCEII.

[Ilo6 cxeMaTM4YHO BKa3aTW HANPSAMOK y KyOluHIM eJIeMEeHTapHii KOMIpIl,
MaJIOEMO HANpPSMHUNA BEKTOP BiJ TOYATKy KOOPAMHAT, KU 3a3BUYail € KyTOM
KyO14HOT KOMIPKH, JIOKM BiH He BHiie 3 moBepxHi kyOa (puc. 3.11). Koopaunatu
MOJIOXKEHHS €IEMEHTAapHO1 KOMIPKH, /e BEKTOP HAIPSIMKY BUXOAUTH 13 TOBEPXHI KyOa
MiCJsl MEPEeTBOPEHHS B Il 4YMCla, € IHJIEKCAaMH HampsMKy. [HIEKCH HampsMKiB
OepyTbcsl B KBaJlpaTHI Jy:KKU 0€3 po3auToBaIbHUX koM. Hampuknazn, koopauHaTH
no3uilii Bekropa Hampsmky OR (3.11), me BiH BHUXOOUTH 13 TOBEpPXHI KyoOa,
nopiBHIOOTH (1, 0, 0), a TOMY 1HJIEKCH HaNPsAMKY 151 BekTopa Hanpsamky OR — [100].
Koopaunaru nonoxkenHs: Bekropa Hanpsamky OS (puc. 3.11, a) gopiuHtotots (1, 1, 0),
a orTxke, iHAekcH Hanpsmky aiasa OS popiBHioTh [110]. KoopauHaTu mososkeHHS
BekTopa HampsmMky OT (puc. 3.11, 6) gopiarorots (1, 1, 1), a oTxe, 1HIEKCH
HanpssMky OT [111]. Koopaunatu mo3uiii Bekropa Hanpsamky OM (puc. 3.11, B)
nopiBHiOOTE (1, 1/2, 0), 1 OCKUIBKM BEKTOpW HANpPSAMKY IOBHHHI OyTH IUIUMH
YUCJIaMU, 111 KOOPAUHATH TO3UIllT HEOOX1THO MOMHOXHUTH HA 2, 100 OTpUMATH L1

gyucina. TakuM 4YWHOM, TOKa3HWKU HampsmMky OM crarots 2(1, 1/2, 0) = [210].
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Koopaunaru nonoxensst Bekropa ON (puc. 3.11, r) nopiBHiowTh (-1, -1, 0). [naekc
HEraTHBHOIO HAMPSIMKY MUIIETHCS CMYTOI0 HAJ[ 1IHACKCOM. TakKUM YMHOM, MOKKIYUKU
HampsIMKy s Bektopa ON [TTO]. 3ayBaxkTe, IO JUIsi TOTO, 00 Big0Opa3uTH
HanpssMOK ON BcepeauHi Ky0a, MOYATOK BEKTOpa HAMpsIMKY MOTPIOHO OyIo

NEPEMICTUTH B TIEPEIHINM HUKHIN MTpaBUi KyT OJUHUYHOTO KyOa (puc. 3.11, r).

Buximna L
TOYKa _t-1110]
<o
[100] I~ i 0/} 3
q [
x/ R 8 X/
a) 6)
[210] N
[110]
\ 0 [~ NV

0
Hosa Buxigua
TOYKa

B) r)

b |

Puc. 3.11. Hanpsimku B KyOIYHUX €JIEMEHTAPHUX KOMIPKaXx.

Yacto OyBae KOPHUCHO BHU3HAYUTH KyT MIK JIBOMa KpPUCTAIIYHUMU
HampsiMKamMu. Ha 1omaTok 10 TeOMETpUYHOrO aHallizy MOXKEMO BHUKOPHCTOBYBATU
BU3HAYECHHS CKAJIAPHOTO MOOYTKY, AJISi BCTAHOBIIEHHS KYTiB MK Oyab-SKHMHU JBOMA
HanpsiMHUMU Bektopamu. [Ipuragaemo 31 3HaHb PO BEKTOPH, 1110:

AB=lANBIl cos; A=asi+ayj+a-k Ta B=b.i+b,j+b:k,

TaKOXK
A B=a.by+a,b,ta:b.,
TOMY:
o5l = ab, + ayby +a.b.
FIZ G4
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Jlitepu u, v Ta W BUKOPUCTOBYIOThCS, B 3araJlbHOMY 3Ha4€HHI, JUIsl TOKaKYUKIB
CHpsIMyBaHHS B HampsiMKax X, y 1 z BIJNOBIJHO, BOHU 3alUCYIOThCS SIK — [uvw].
BaxnuBo Takox BiJ3HAUUTH, IO BC1 BEKTOPH MapajieIbHUX JIIHIA MalOTh OJHAKOBI
1HJIEKCH HAMPSIMKIB.

Hanpsimku Ha3uBarOThCs KpucTanorpadiyHO-eKBIBAJICHTHUMH, SIKIIO BiJCTaHb
MK aTOMaMH B3JI0OBX KOXHOI JIiHIT ogHakoBa. Hampukian, HacTyIHI JiHIT KyOi4HUX
pebep € kpucTtaaorpadiyHO-eKBIBaJICHTHUMH HAIPSIMKAMHU:

[100], [010], [001], [010], [0017], [100]=(100).

ExkBiBaJIeHTHI HampsIMKM Ha3UBAalOThCS 1HAEKCaMH cimelcTBa abo ¢dopmu.
[To3nauennst (100) BUKOPHCTOBYETHCSI [JIsi 3arajbHOTO BHUJIUICHHS HANPSMKIB
KyOiuHux pebep. [HmmMME Hampsimkamu Gopmu € giaroHani kyGigHoro Tima (111) i

niaroHai kKyoiuHoi rpasi (110).

3.6. Inpexkcu Miiepa aisa KpucTaJorpa@iyHux IUIOIIUH B KyOIYHHMX

eJIleMeHTAPHUX KOMipKax

[Hoal HEoOXiHO 3BEPHYTHCS A0 KOHKPETHUX IUIOIIMH IParkd aromiB y
KPUCTANIYHIN CTPyKTypl. AOO HEoOXiHO 3HATH KpuctamorpadiuHy OpieHTaIlio
IUIOUMHYA YU TPynu IUIOIMIMH y KpUCTamiuHik rparui. Jnsg ineHtudikamii
KPUCTAIIYHUX TUIOUINH, y KYOIYHHX KPHUCTAIIYHUX CTPYKTypaxX, BUKOPHUCTOBYETHCS
cuctemMa Tmo3HadeHb Mimiepa. IHmekcu Miuuiepa KpUCTalIvyHOI — IJIOIIMHHU
BU3HAYAIOTHCS SIK BEJIUYMHH, 3BOPOTHI JAPOOOBHM IEepeTUHAM (3 BUIYyYEHUMH
npobamu), sKi IUIOIIMHA YTBOPIOE 13 KpUcCTajJorpadiyHUMU OCSIMU X, ¥ Ta z, TPbOX
HerapajeabHux pedep KyOiuHOi eleMeHTapHOi KoMmipku. PeOpa kyba enemeHTapHO1
KOMIPKH TIPEACTABISAIOTh OAMHUYHI TOBKWHHU, @ TOUYKH NEPETUHY IUIOMIMH IPaTKU
BUMIPIOIOTHCS Yepe3 11l OJUHUYHI JTOBKUHHU.

[lopsimok Bu3HAueHHs 1HJEKCIB Miumnepa, sl KyOIYHOI KpHCTaIIYHOI
IJTOIIMHU, HACTYITHHM:

1. BubupatoTs MmIomuHy, sika He MPOXOAUTH Yepe3 nmovyarok koopauHart y (0, 0,

0).
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2. Bu3zHauaroTh TOUYKH NEPETHHY IUIOMUHA Yepe3 Kpuctaorpadivni oci x, y Ta
Z JJIsl OMMHUYHOTO KyOa. J[aHl mepeTuHrn MOXYTh OyTH ApoOaMHu.

3. YTBOPITH 3BOPOTHI BETUYMHH IIUX BiIPI3KIB.

4. «OunmarmTs» APOOM Ta BU3HAYAIOTh HAWMEHIIWKA HAOIp IITUX YUCEN, SKi
3HaXOMSAThCSA B TOMY CaMOMY CIIIBBIJIHOIIEHHI, mo W meperHyTi. Llumi yucna €
iHaexkcamu Mimiepa KpuctajorpadiuHoi IUIOIIMHM Ta B3SATI B OyXKKH 0e3
BUKOpUCTaHHS KOoM. [lo3HauenHus (/kl) BUKOPUCTOBYETHCS JUIsl TIO3HAUYCHHS 1HICKCIB
Minnepa B 3aranbHoMy. CumBonu h, k Ta [ € iHgekcamu Mimiepa KyOl14yHO1
KPUCTAJIIYHOI IJIOIIKWHHU JUIsl OCEH X, V' 1 Z BIAOBIIHO.

Ha puc. 3.12 mokazaHo Tpu HaWBa¥UIMBIIII KpucTanorpadiuyHi IIOMIMHU

KyOI4YHUX KPUCTAIIYHUX CTPYKTYP.

o~
~

N

| (110) & | (111)
el /
(100)—|

a) 0) B)

Puc. 3.12. Iapekcu Muuiepa AESKHX BaXXIJIMBHUX KyOIYHHUX KPHCTAIIYHUX
wiomuH: a) — (100); 6) — (110); B) — (111).

Cnoyatrky po3IVIsIHEMO 3allITPUXOBaHY IUIONIMHY Kpuctana (puc. 3.12, a), sika
Ma€ TOYKH TepeTuHy 1, oo, oo mis oceil x, y Ta z BiAmoBigHO. bepemo 3BOpoTHI
3HAQUEHHs ITUX BIJPI3KiB, 0O OTpUMATH 1HAEKCH Miepa, siki 1opiBHIOWOTH 1, 0, 0.
OckUIbKM JaHl 4YMClia HE MICTATh ApoOiB, 1HAekcH Mimiepa uisl 1i€il TUIOMWHU
nopiBHOIOTE  (100), 10 4YHTAEThCA SK: ONMHMILI-HYJIb-HYNIb IUIONIMHA. [lami
PO3MIIIHEMO JAPYTY IUIOUIMHY, 300paxkeHy Ha puc. 3.12, 6. [lepeTunu 1i€i MIONUHA
JOpIBHIOKOTH 1, 1, co. OCKUIBKM 3BOPOTHI BETUYMHU JTAaHUX YHCEI JOPIBHIOIOTH 1, 1,
0, sxki HEe MICTITh JpoOiB, 1HAEKCH Mimiepa 1€l TUIONMHUA AOpiBHIOWTL (110).

Hapemri, Tpers miommuna (puc. 3.12, B) mae neperusau 1, 1, 1, ski garoTh iHIEKCH
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Minnepa (111) ans wiel miommuu. Po3misiHemo KyOiuHy KpUCTaliduHy IUIOIIMHY,
nokaszany Ha puc. 3.13, sxa mae Touku nepetuny 1/3, 2/3, 1. OGepHeHi BEIUYHHU ITUX
TOYOK MEpPETUHY A0piBHIOWOTH 3, 3/2, 1. Ockiabku ApoOOBI TOUYKH NEPETHHY HE
JIOTTYCKAIOThCS, JaH1 IPOOOBI TOUYKHU MOTPIOHO MOMHOXKUTHU HA 2, 00 OYHUCTUTHU JIPi0

3/2. Takum YMHOM, B3a€MHI IEPETUHU CTAIOTH 6, 3, 2, a iHAeKkcH Mijiepa CTaHOBIIATh

(632).

- (632)

<

247/
X 3

Puc. 3.13. Ky6iuna kpucraniuHa romuHa (632), sika Mae 1po0O0Bi MEPETHHHU.

Sxmo kpuctagivyHa IUIONIMHA, KA PO3TISIAETHCS, MPOXOAUTh Yepe3 MOYaToK
KOOpPIMHAT TaK, M0 OAWH abo OuIbIle MEePETUHIB JOPIBHIOIOTH HYIIO, TUIOHIHMHY
HEOOX1/THO MEPEMICTUTH B €KBIBAJICHTHY MO3ULII0, B TiH K€ eJIeMEeHTapHIi KoMipI, 1
IUIOIIMHA TIOBMHHA 3aJIUINATUCS TapajeibHOK BUXITHIA TwiomuHI. Ile MOoXIHmBO
TOMY, IO BCl PIBHOBIJJAJECHI MapajesibHl IJIOMMUHA TMO3HAYAIOTHCS OJHAKOBUMHU
1Haekcamu Muepa.

Sxkuro HaOopu eKBIBaJEHTHUX IUIOMIMH TPaTKH TMOB’S3aHI MIX COOO0IO
CUMETPIEID KPUCTAIIYHOI CUCTEMH, iX HA3MBAIOTh IUIOLIMHAMHU CIMeicTBa abo
dopmu. IHmexcu omHi€l IUIOMIMHU ciMelicTBa OepyThb y IyXKH sK {hkl}, 100
BiI0Opa3uTH iHAeKcH GpopMu cuMeTpudyHUX TutomuH. Hanpuknaz, inaekcu Mimnepa
miomuH Kyoiunoi moepxHi (100), (010) 1 (001) pa3oM BKazyrOThCs K CIMEHCTBO a0
dopma 3a monomoroto noznadeHHs {100}.

BaxxiuBuM CHiBBIHOIICHHSM IS KyOI4HOi CHCTEMHM, 1 JHIIE ISl JaHOl

CUCTEMH, € Te€, MO IHJAEKCH HAMpAMKY, MNEePHEHIUKYIIPHOTO 10 KPUCTATIYHOI
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IUIOLMHY, TaKl caMi, sK 1HAekcu Muutepa wiei miomman. Hanpuknan, HanpsMok
[100] neprienauxyasipauit mommuHi kpuctana (100).

VYV KyOIUHHUX KPUCTAJIYHUX CTPYKTypax MIKIUIOIIMHHA BIACTaHb, MK JBOMa
HaWOMMKYMMK  T1apajieIbHUMH TUIOIIMHAMUA 3 OJIHAKOBHMH 1HACKcamMu Mimiepa,
no3Havaetbcsa duw (ne h, k 1 [ € iugexcamu Miuiepa muionuH). Llel 1nTepBan
IpEJCTaBlsi€ BIICTaHb BlJ BUOPAHOIO IIOYATKy KOOPJAMHAT, IO MICTHTh OAHY
IUIONIMHY Ta 1HIIY NapaielbHy IUIOMIMHY 3 THMH CaMUMHU I1HICKCAMHU, SKa €
HanOmkyoro 10 Hei. Hanpukian, Biactanb mMixk (110) mnommnaamu 1 1 2, di1o, Ha puc.

3.14 nopiBHioe AB.

(110) mwrommuHa 1
(110) rmomMHa 2

A (110) orommHa 3

N

dio

Nl

dyo

N

Puc. 3.14. Bug 3Bepxy KyOiuHOT eJIeMEHTapHOI KOMIPKH, IO MMOKa3y€ BiACTaHb
MK (110) KpuCTamiYHUMHM TUIONTUHAMH, d110.

Kpim Toro, Biacranp Mix (110) miommaamu 2 ta 3 10piBHIOE di10 1 € PIBHOIO
nosxuHi BC Ha puc. 3.14. 3 npocToi reoMeTpii MOXKHA MMOKa3aTH, MO0 JUIsl KyOI4HUX

KPUCTAJIYHUX CTPYKTYP:

d. = , 35
SN R ERD (3-3)
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ne dmy — MDKIUIONIMHHA BIJCTaHb MK HaWOMKYUMU TapajieIbHUMU
IJIOIIMHAMU 3 1HAeKcaMu Mimiepa A, k ta [;
a — TOCTiiHA TpaTKu (peOdpOo OJMHUYHOTO Ky0a);

h, k, [ — tHnekcu Mimiepa KyOIYHUX TUIOMIMH, 10 PO3IIISAAIOTHCS.

3.7. Kpucranorpagiudi miomuHM Ta HANPSAMKH B TIeKCATOHAJbLHIN

KPUCTANIYHIH CTPYKTYpi

3.7.1. Inaexkcu sl KPUCTAJMIYHHMX IUIOIIMH B €JIeMEHTAPHHMX KOMIpPKax

'ty rparku

[TnmommHu kpuctamiB B eneMeHTapHux komipkax ['TIY rparku 3a3Budait
11eHTU(]IKYIOTbCS 32 JOMOMOTOI0 YOTHUPHOX 1HJAEKCIB, 3aMiCThb TpboX. [HAEKcH
kpuctamivaoi mromuuau 'Y rpatkm, sKi Ha3uBarOThCA 1HACKcaMu Miutepa-bpage,
MO3HAYAIOThCS JiTepaMu /, k, i Ta [ 1 OepyThCsl B IyKKH 5K (hkil). Jlani yoTupu3HavH1
MIECTUKYTHI 1HACKCH 0a3ylOThCS Ha CHCTEMi KOOPJIMHAT 13 YOTHpPMa OCSIMHU, SK

nokaszaHo Ha puc. 3.15, B enementapuiii komipiti 'Y rpatku.

\
N+
=

2
—a, \ / \\\ / +a,

-

| 1
| I
1 I %
i 2 i . ¢

Puc. 3.15. Yorupu oci koopauHar (ai, a2, as 1 c¢) I'lllY kpucramunoi

CTPYKTYpH.



€ Tpu OCHOBHI OCl, a1, @2 1 a3, 5Kl ctaHOBAATh 120°, onHa 3 ogHOoM0. YeTBepra
BiCh a00 BICh ¢ — II¢ BEpPTUKAJIbHA BICh, PO3TAIllOBaHA B IICHTPI €JIEMEHTAPHOI
koMipkud. OIMHUIEIO BUMIPIOBaHHS a Y3IOBXK OCEH ai, a> 1 a3 € BIACTaHb MiX
aroMamu B37I0BXK naHux ocei (puc. 3.15). Ilig yac BUBUEHHS TUIOMIMH 1 HAMPSMKIB
I'ITY rpatku OyaeMo BUKOPHCTOBYBATH SIK «EJIEMEHTApHY KOMIPKY», TaK 1 «CKIIaHY
KOMIpKY». OIMHULEI0 BUMIPIOBAHHS IO OCl ¢ € BHCOTa €JIEMEHTapHOI KOMIPKH.
Benuuunu, 3B0pOTHI NEepeTUHY, SIKI KpUCTaIyHA IUIOIIMHA YTBOPIOE 3 OCSIMU a1, a2 1
@3, Nal0Thb 1HJIEKCH A, k Ta i, TOMl SK 3BOPOTHA BEJIMUMHA MEPETUHY 3 BICCIO C Ja€
1HIeKC /.

Ocnoeni nrowunu. OcHOBHI (0a30B1) IJIOMMHM ejleMeHTapHoi koMipku 'Y
IPaTKu € JyXe BOKIUBUMH TOBEPXHSIMH JUIsI JAHOI €JIEMEHTapHOI KOMIpKH (puC.
3.16, a). Ockinbku 6a30Ba TUIONIMHA y BEpXHIN YacTuHI enemeHTapHoi komipku 'Y
rpatku (puc. 3.16, a) napanenbHa oCsM a1, dz 1 @3, TO TOYKU NEPETUHY LI€] TUIOMUHU
3 JAaHUMU OCSIMH OYyIyTh HECKIHYCHHUMU. TaKUM YMHOM, Q1nepernny=09, A2nepernny—00 Ta
Q3nepermny=00. 1IpOTE BICH ¢ JOPIBHIOE ONMHMII, OCKUIBKM BEpXHsS Oa3McHa IJIOMIMHA
NEpPEeTUHAE J1aHy BIChb HA OAUHUYHIN BIJICTAHI, Cheperuny=1. B3STTS 3BOPOTHUX BEIUYHMH
IUX BIIPI3KIB jae iHjmekcu Mimiepa-bpaBe mnsa 6asucHoi mmomuan 'Y rparkm.
Takum uwmnom, h=0, k=0, i=0 ta [=1. Otmxe, 6a3zoBa 1wiomuna ['I[Y rparku €

IUIOLIMHOKO: HYJIb-HYJIb-HYJb-01uH 200 (0001).

(0001) ) (1010)
{1100} |
s ) S G
".t\ I u_{\ B 4 c | (0170)
: =y \ ¢ “ s
|
c \ I st 4 o
: r‘" - [~
1 - - TTepeTim
T - - b= +1
______ A __ I a xr __[I'-' F:/_{/- R - =
—tt, < 3 I —t- /7 = H A
,
~ Ilepetim A ¢~ Tlepemim
. tf// —r:;\ —1 b \l‘ =1
) a] TepeTn i3
+1
a) 0)

Puc. 3.16. Innexcu Minnepa-bpaBe rekcaroHaqbHUX KPUCTATIYHUX IJIOIIMH: a)

— 0a3UCHUX TUIOMIHH; 0) — IUTOIIMH MPU3M.
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Ilnowunu npuzmu. BHUKOPUCTOBYHOUM TOW CAaMHUM METOJA, TOYKH IEPETUHY
IJIOMMUHKN TiepeHboi npusMu (ABCD) Ha puc. 3.16, 0: dineperuny="1, @2nepernny=00,
Wnepermay=—1 1 Creperuny=00. B3STTS 3BOPOTHUX BEIWYMH ITUX BiApi3KiB nae h=1, k=0,
i=—1 ta [=0, abo mIomuHy (IOTO).

Y cBoro uepry mioumHa npusmu ABEF (puc. 3.16, 6) mae inmexcn (1100), a
mwiomuaa DCGH — ingexcu (0110). Yei mwrouman mpusm TIIY rpatki MoxKHA

inerTudixyBatu pazom sk cimeiicTo tiontud {1010},
Inoni mmornuuu 'Y rpatku 11eHTUDIKYIOTHCS JIMIIEe TpboMa iHaeKcaMu (hkl),
OCKUIbKM: h+k=—i. OnHak 1HaeKcH (hkil) BAKOPUCTOBYIOTHCS YaCTIIIE, OCKIJIBKH BOHH

BUSBIIIOTH T€KCATOHAIbHY CUMETpito enemenTapHoi komipku ['I[Y rparkw.
3.7.2. InnexkcHu HANPAMKY B ejieMeHTapHux komipkax I'ITY rparkn

Hanpsmku B enemeHtapuux komipkax ['THY rparkm Takox 3a3Buyail
NO3HAYaI0THCSl YOTUPMA 1HJEKCaMHU U, V, ¢ Ta W, PO3MILICHUMH B KBaJIpaTHUX JYKKaxX
SIK [uviw].

Innexcu u, v 1t € BEKTOpaMH I'paTKu B HaIllPSIMKAaX d1, a2 1 a3 BIANOBIAHO (puc.
3.17), a iHAGKC W — BEKTOPOM I'PAaTKU B HAIIPSIMKY C.

[I{o6 migTpumyBaTu oaHakoBICTh 000x iHAekciB 'Y rpatku juist mionuH i
HAMNPSIMKiB, OYyJIO TOTO/IKEHO, IO U+Vv=—f.

Busznauumo Terep rexcaroHajibH1 iHIekcu Miuiepa-bpase s HanpsIMKIB a,
a 1 as, K1 € JOJATHUMHU 0a30BUMH OCSIMM I€KCAarOHaJIbHOI €JIE€MEHTapHOI KOMIPKH.
[nnexcu HanpsAMKyY a1 HaBeAeH1 Ha puc. 3.17, a, iIHAeKCH HANPSIMKY a2 Ha puc. 3.17, 0,
1HJIEKCH HANpsMKY a3 Ha puc. 3.17, B. ko HaM NoTpiOHO BKAa3aTH HANPSIMOK ¢ IS
HaNpsIMKy @3, TO 11e TokazaHo Ha puc 3.17, . Ha puc. 3.17, 1 — noka3aHo MO3UTUBHI
Ta HEraTHMBHI HaINpsSMKWA Yy BEpxXHIA 0a30Bifl IUIONIMHI TPOCTOI TI'eKCaroHajabHOI

KPUCTAIIYHOI CTPYKTYPH.
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Puc. 3.17. Ingexcu HampsIMKIB TI€KCaroHAJbHOI KPHCTAIIYHOI CTPYKTYpH
Minnepa-bpaBe sl TONOBHUX HANpsIMKIB: a) — HampsMOK OCl +ai; Ha 0a3oBii
IJIOMIMHI; 0) — HAIPsIMOK OCl +a@2 Ha 0a30Bii IUIONMIMHI; B) — HAMPSIMOK OCl +a3 Ha
0a30Bili IJIONINHI; T) — HAPsIMHA BiCh +a3, M0 BKIIIOYAE BiCh C; 1) — MO3UTHBHI Ta
HeraTuBHI HampssMku Miiepa-bpaBe Bkazani B MNPOCTIM  TeKcaroHajbHii

KPUCTAIIYHIN CTPYKTYpP1 Ha BEpXHiil 0a30B1ii IJIONIUHI.
3.8. HopiBusausa I'HK, I'IITY ta OLK KpucTadiyHUX CTPYKTYP
3.8.1. 'K Ta 'Y kpucraJjivHi CTPyKTypH
Ax 3azHauvanmocs panime, ['TIY Tta T'IHK kpucramiydai CTpyKTypu €

IITbHOYTIAKOBAHUMHU  CTPYKTypamMu. ToOTO iXHI aTOMM, SKI  BBaXKarOThCS

npuOIM3HUMH «cepammu», ymakoBaHI OJMH 10 OAHOTO SKOMOTa HIUIbHIIIE, 1100
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nocsrti aromHoro koedimienta K,=0,74. Thmommam (111) THK xpucramigaoi
cTpykrypu (puc. 3.18, a), MaioTh pO3TalllyBaHHS YINAKOBYBAHHS 1JCHTHUYHE
wiouHaM (0001) 'Y kpucramiynoi ctpykrypu (puc. 3.18, 6). OnHak TpuBUMIpHI
'K Ta 'Y xpucrtamivuai CTpYKTYpH HE 1JICHTHYHI, OCKUIbKH ICHY€ DPI3HHIIS B
pO3TallyBaHHI IXHIX aTOMHMX TUIOILIWH, 10 HaWKpaIle MOXKHA OMUCATH, PO3TIISIAl0UYH
yIaKOBYBaHHS TBEpIUX c(ep, M0 MPEACTaBISAIOTh aTOMH. SIK KOPHCHY aHAJOTiio
MOXKHA YSBUTH HAKJIAQJIaHHS IUIOMIUH KyJbOK OJHAKOBOTO PO3MIPY OJHA Ha OJIHY,

MIHIMI3YIOUM IPOCTIP MIXK KyJIbKAMH.

(111)
IUTOIIHHA
(0001) ILTOIIHHA

/

a) 0)

Puc. 3.18. TlopiBusaas ['LIK kpuctaniuHoi cTpykTypu (@), 110 JEMOHCTpPYE
nriibHOymakoBany rmiommHay (111) ta THIY xpucramiynoi ctpykrypu (0), sika
nokasye 1iapHoynakoBaHy miomuny (0001).

Po3misinemMo crouyaTky IUIOIIMHY MIUTBHOYHNAKOBAaHUX AaroOMiB, MO3HAYCHY
IJIOIIMHOK A, SIK TT0OKa3aHo Ha puc. 3.19. 3ayBaxTe, 110 MK aTOMaMH € JiBa PI3HUX
TUIIX TOPOXKHIX MPOCTOpiB abo mycToT. [lopokHMHM, CHpPSAMOBaHI 10 BEPXHBOI
YaCTUHH, MO3HAYAIOTHCA K d, a Ti, 110 BKa3aHl HUX4Ye — b. J[pyry miIonmHy aToMiB
MOXKHa PO3MICTUTH HaJ IOpOKHUHAMH @ ab0 b, 1 Oyjie CTBOpeHa Ta cama TPUBUMIpHA
cTpykrypa. Posmictumo miouuny B Han nmopoxkauHamu a (3.19, 06). Tenep, skio
TPETIO TUIONIMHY AaroMiB pO3TalllyBaTH HaJ IUIONIMHOIO B, mo6 cdopmyBaru
[IUIBHOYTIAKOBAHY CTPYKTYpYy, MOXHa c(opmyBath 1Bl pi3HI HIUIBHOYMAKOBaHI
cTpykTypu. ONHIEID 3 MOXJIMBOCTEH € PO3MIIIECHHS aTOMIB TPEThOI IUIOIIMHU B

nopoxxHuHax b, mmomuHu B. Toxal atomMu Ii€l TPeThoi IUIONIMHU OymyTh JIeXkKaTH
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6e3nocepeHbO HaJ aTOMaMH IUIOMUHU A 1, TAKAM YHHOM, MOXYTb OyTH MO3Ha4eH1
1HI1010 TIoNMHOI0 4 (puc. 3.19, B). AKkio HAaCcTYIHI TUIONMIMHUA aTOMIB BMIIAOTHCS Y
TaKy caMy CTPYKTypy YepryBaHHS, TO MOCIHIJIOBHICTh YIAaKOBYBaHHS YTBOPEHOI
TPUBUMIPHOT CTPYKTYpH MOXKHA TMO3HAYUTH sK: ABABAB.... Taka mOCHiIOBHICTb

ynakoByBaHHs npu3BoauTh j0 'Y kpuctaniunoi ctpykrypu (puc. 3.18, 6).

rmomuHa A —
— TmomuHa A

TIOPOMEHHUHN & L= Y~ —— TmomuiHa B
MMOPORHUHEY b —  TIOPOMEHHHH g
-‘_-_-_‘_‘—-_

[IOPOEHIHE &

a) 0)

IUIOmMHHA A ——a '\‘Jj\‘ ) N - TnommHa A

i e -_-_-_-":\‘../J'\‘_)\V) \‘“"/w "_ rmromuHa B
g B o ‘-) = U\\\_}/\\jﬁ mromuHa C
A

I

B) T)

Puc. 3.19. ®opmyBanua TTIIY ta TUK xpucramyaux CTPYKTYp
yHNaKOBYBaHHSM aTOMHUX IUIOIIWH: a) — IJIOUIMHA, 110 TOKa3y€e MOPOXKHUHU a 1 b; 0)
— TUIONIMHA B, po3MilieHa B MOPOKHWHAX IUIOMIMHU A; B) — TpeTs IUIOLIMHA,
pO3MillleHa B MOPOKHUHAX b TIOMIMHU B, yTBoprorodM iHIry ruiomuny A ta 'Y
KPUCTAJIIYHY CTPYKTYypy; TI) — TpeTs IUIOLIMHA, PO3MIIIEHA B MOPOXKHUHAX a
wionHu B, yrtBoprotoun HoBy IwionuHy C 1 dopmyroun I'IIK xpucramiuny
CTPYKTYDY.

Jpyra MOXJIMBICTH s GOpMyBaHHS MPOCTOI HIUTHHOYMAKOBAHOI CTPYKTYPHU
MOJISATA€ B PO3MIIIEHHI TPEThOI IJIOMMHU B TOPOKHUHAX TuIoMHU B (puc. 3.19, r).
s TpeTss miuomMHA Ha3UBAE€ThCH IUIOMMHOK C, OCKUIBKM 1i aTOMU HE JIeXaTb
Oe3rmocepeIHbO0 HaJl aToMaMHu IUIOMMH B ab6o 4. TakuMm YHMHOM, TOCTITOBHICTH
yKJIaJaHHS B LM HIUIBHOYMAaKOBaHIM cTpykTypl no3Hadaetbes ABCABCABC... ta
npu3BoauTh 10 'K cTpykrypn, nokazanoi Ha puc 3.18, a.
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3.8.2. OIIK kpucrajiiyHa CTpyKTypa

OLK ctpykTypa HE € HIIIbHOYIIAKOBAHOIO CTPYKTYPOIO 1, OTKE, HE Ma€ MIIIBHO
yHaKoBaHMX TUIONIMH, Takux sk miuomuuu {111} y TIHK crpykrypi Ta mimommHHA
{0001} B I'I1Y crpykrypi. HaliOuibI niiIbHOYITAKOBAHUMH TUIONTUHAMHU B CTPYKTYPI
OLIK € cimetictBo mmomuH {110}, 3 skux mwrommHa (110) mokaszana Ha puc. 3.20, 6.
Opnak atomu B OIIK cTpykTypi MaroTh IMIUTBHOYIIAKOBAaHI HAMpPSMKH B3OBXK

nmiaroHasieu ky0a, ski € HanpssMkamu (111).

[111] [111]

{100y : ; . ED
TUIOLIIHHA ~= |

(110) 4"

TLITOTITHHA

a) 0)
Puc. 3.20. OIIK kpucTamiuyHa cTpykTypa, mo nokasye miomuny (100) (a) Ta
po3pi3 wiomunu (110) (6).
3ayBakTe, IO 1€ HE UIUIbHOYNAKOBAaHA CTPYKTypa, ajieé JlaroHajial MaroTh

IIUJIBHO yakoBaHi HanpsiMkH (puc. 3.20, 6).

3.9. Po3paxyHku 00'€MHOI, IUIOIUMHHOI Ta JIiHIHHOI NIUIBHOCTI B

eJIeMeHTapHil KoMipui

3.9.1. O0’emHa WIIJIBHICTH

BHKOPUCTOBYIOYHM aTOMHY MOJENb TBEPAOL cepu s eIeMEHTAPHOI KOMIPKU

KPUCTAJIIYHOI CTPYKTypU MeETally Ta 3HAueHHS AaTOMHOrO pajiyca MaTepiany,
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OTPUMAHOTO 3 PEHTTCHIBCHKOTO MU(MPAKIIHHOTO aHai3y, MOKHA OTPUMATH 3HAUYEHHS

00’ €MHOT MITBHOCTI METaJly 3a JOIIOMOTOI0 PIBHSIHHS:

Py =7- (3.6)

JIe m — Maca eJIeMEHTapHOI KOMIPKU;

V., —00'eM e1eMEeHTapHOI KOMIPKH.

3.9.2. Il;omMHHA AaTOMHA HIIJILHICTD

[HONl BaXJIMBO BU3HAYUTH ATOMHY UIUIBHICTH HA PI3HUX KPHCTAIIYHUX
mIonHax. Jjis 1mporo, 3a JIOIOMOTOIO CITBBITHOIICHHS, OOYHCIIOETHCS BEIMYMHA,

sIKa Ha3MBAETHCA IUIOMIMHHOI aTOMHOIO II{IJILHICTIO:

na
pH - S s (37)

A€ n, — CKBIBaJCHTHA KUIBKICTb aTOMIB, LEHTPU SKUX IEPETHHAE BHOpaHa

IUTOLIMHA, BUPAKEHA B ILJIOILI MOBEPXHI BCEPEIMHI €JIEMEHTAPHOI KOMIPKU;

S — muoma, Ky NEpeTHHAE IUJIOMIMHA BCEPEAMHI €JIEMEHTAPHOI KOMIPKH
(BuOpaHa 007aCTh).

JUist 3py4HOCTI B IIMX poO3paxyHKax 3a3BUYail BUKOPUCTOBYETHCS ILJIOIIA
IUIOLMHHY, SIKa IEPETHUHAE €JIEMEHTAPHY KOMIPKY.

Sk nokazano, Hanmpukiaa, Ha puc. 3.21 nus mionuau (110) B eneMeHTapHii

xomipui OLK rparku.
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a (110) a
e

g

e 2]

X/ "§a/
V&l

a) 0)
Puc. 3.21. Enemenrtapna komipka OLIK rparku 3 atroMHuMH By3namu (a), 110
MoKasye 3amTpuxoBany miomuny (110) Ta miomrl aromMiB B €JIeMEHTApHIM KOMIpIi

OLK rparku (6), mepetHyTi miomuHor (110).

3.9.3. JliniiiHa aTOMHA IUIBHICTH I NOBTOPIOBAHA BiJACTaHb

[HOMI BaXIMBO BH3HAYMTH AaTOMHI IIUIBHOCTI B  PI3HUX HAIpsSIMKax

KPUCTAJIYHUX CTPYKTYp. JJis IbOTO, 32 IOMOMOTOIO CITIBBITHOIICHHS, OOUHUCITIOETHCS

BEJIMUMHA, SIKa HA3UBAETHCS JIIHIMHOK aTOMHOIO IIIJIBHICTIO!

n,
0, = (3.8)

Jie n, — KUIBKICTh aTOMHHX JIIaMETPIB, SIKI ICPETUHAE JIIHIS, B HAIPSIMKY [IEPETHHY;

[ — BuOpaHa JOBXKHUHA JIiHII.
3.10. IToriMmop¢iszMm Ta ajoTpomnist

bararo enemMeHTIB 1 CIIONYK ICHYIOTh y OUIBII HI’K OJHIM KpHCTaIidHIN dopmi,

3a PI3HUX YMOB TeMIIepaTypu Ta TUCKY. Lle siBuIie Ha3uBaeThCs noaimopgizmom abo
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ajorpornieo. bararo nmpomMuciIoBO BaKJIMBUX METaliB, TAaKUX SK 3aj130, TUTaH 1
KOOaJbT, 3a3HAIOTHh AJIOTPOIHUX TIEPETBOPEHb 3a IMIJBUILIEHUX TEMIIepaTyp Ta
aTMOC(EpPHOrO TUCKY.

VY rtabmumi 3.5 HaBeneHO MAESKI METalH, SKi JEMOHCTPYIOTh aJOTpOIHI
MEPETBOPEHHS Ta CTPYKTYPH1 3MIHH, 110 B1J0YBarOThCHI.

Tabmuus 3.5. AnorpomnHi kpucTaniuHi GOpMHU ASSIKUX METaJIB

Kpucraniyna ctpykrypa
_ _ [Tpu 1HmKx
Meran IIPY KIMHATHIN
. TeMIeparypax
TeMIeparypi
Ca I'liK OLK (>447 °C)
Co oy 'K (>427 °C)
Hf 'y OLK (>1742 °C)
Fe OLK 'K (912-1394 °C)
OLK (>1394 °C)
Li OLK 'y (<—193 °C)
Na OLK 'y (<—233 °C)
Tl rmy OLK (>234 °C)
Ti gy OLK (>883 °C)
Y 'ty OLIK (>1481 °C)
Zr ruy OLK (>872 °C)

3am3o icHye sk y OLK, Tak 1 ['TIK kpuctamiyHuX CTpyKTypax, B Alana3oHi
TeMIIepaTyp BiJl KIMHATHOI 10 TemMIeparypu miasieHHs npu 1539°C, sk nokazaHo Ha
puc. 3.22. Anbda (a) 3amizo icaye Big -273 °C go 912 °C 1 mae OLK kpucramiuny
ctpyktypy. 'amma (y) 3amizo icaye Big 912 °C no 1394 °C 1 mae I'lIK kpucraniuny
cTpykTypy. Jenbra (d) 3amzo icaye Big 1394 °C no 1539 °C, mo € TeMmneparyporo
IU1aBJIeHHs 3aii3a. Kpucraniyna cTpykrypa J-3ami3a takox € OLIK, ane 3 Ouibioro

CTaJIO0 TPATKU, HIXK y o-3aJ1i3a.
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C 4+ Pimxke 3amiso
1539 ——} .
1304 4 d -3amizo (OLIK)
> ¥ -3am3o (TTIK)
912 7+
Temmepartypa
- v -3amizo (OLIK)
—273 -~

Puc. 3.22. AnorponHi kpucta.iiuHi ¢opMu 3aii3a B Jlana3oHax TEeMIIepaTyp

npu aTMOC(EpHOMY THUCKY

3.11. AHaJ1i3 KPUCTAJIYHOI CTPYKTYPH

HunimHi 3HaHHS PO KPUCTAIIYHI CTPYKTYPHU OyJIM OTpUMaHi, B OCHOBHOMY, 32
JOTIOMOTOK0 METOIB PEHTTE€HIBChKOI AU paKiiii, IKi BUKOPUCTOBYIOTh PEHTI€HIBChHKI
IPOMEHI, JOBKWHA XBWJI SIKMX JOPIBHIOE BIACTaHI MK IUIOIIMHAMHU KPUCTAIIYHOI
rpatku. [lote, mepir HiXXK 00roBoproBaTH croci0 audpakiili peHTTeHIBChKUX MPOMEHIB
y KpHUCTallaX, pPO3MISIHEMO, SK PEHTTEHIBCbKI MPOMEHI YTBOPIOIOTHCA IS

EKCIIEPUMEHTAJIbHHUX IIIJICH.

3.11.1. /IzxepeJia peHTIreHiBCHKOT0 BUNIPOMiHIOBAHHS

PeHTreHiBCbKI NMPOMEHI, AKI BUKOPUCTOBYIOTHCS ISl NU(DpaKIii, SBISIIOTh
co00I0 eeKTPOMATHITHI XBUII 3 JOBXKUHOIO B Aianaszoni 0,05...0,25 um (0,5...2,5A).
Jlst mopiBHSHHS, JOBKMHA XBUJI BUJIMMOTO CBITJIAa CTAHOBUTH OJ3bk0 600 HM (6000
A). JInst cTBOpeHHs peHTIeHiBCHKOrO BUPOMIHIOBAHHS, 3a/U1s AU(PPaKLiHHUX LIiNeH,

HeoOxiHa Hampyra 6mau3bko 35 kB, sika mpukiamaeTbcs MK KaToJOM 1 METalleBUM
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3pa3koM (aHOOHUM 00’€KTOM), OOMABA PO3MIILYIOTHCS Y BaKyyMl, SIK MOKAa3aHO Ha
puc. 3.23. Komm BombdppamoBa HHUTKA KaTojla HArpiBa€ThCs, EJIECKTPOHU
BUBUIBHSIIOTHCS 32 JOIIOMOTOI0 TEPMOIOHHOT €MICIT Ta MPUCKOPIOIOTHCS Yepe3 BaKyyM
3aBISKW BEJIMKINM PI3HUIN HAMPYT MK KaTOIOM 1 aHOIOM, OTPUMYIOUM TaKUM YUHOM
KIHETUUHY eHeprito. Koimum enekTpoHM CTUKAIOThCS 3 METAJIeBUM  3Pa3KoM
(HarmpuKJag, MOJi0IEHOM), BUIPOMIHIOEThCS X-mpoMeHl. OpHak Ouiblla 4YacTHHA
KiHeTHYHO1 eHeprii (0nu3pko 98 %) mepeTBOPIOEThCS Ha TEIJI0, TOMY METalleBHA

3pa3ok (00’ €KT) HEOOX1AHO OXOJIOMKYBATH 30BHI.

. PeHTreHIECEE] Bonedpamosa
Mins [IpOMEH] Baryym gy Crmo
444 ™~

|
%
Oxonomeyead
(oma) = :
Lt E .
— Ee—— é" ] :L? TparchopMaTopa
Ob'exT — -k -

\
/A

; ; Peutrenieceri
Bepunicee Birzo : MeTanega vama nna GoEyCYBaHHT
ITpOMEeHi

[ ¥ i

| /f | $ &
Enexrponn J/ . )
\

Puc. 3.23. IIpuHuunoBa cxemMa MonepeyHoro rnepepizy peHTreHiBChKOI TPyOKu
3 TEPMETHYHOIO HUTKOIO.

CrexkTp peHTreHIBCHKOTO BHUIIPOMIHIOBaHHSA mNpu 35 kB 3 BUKOpHUCTAHHAM
00’€KTy — METaJIeBOro 3paszka Modi0jeHy, npeacTaBieHuid Ha puc. 3.24. Chexrp
noKasye Oe3mnepepBHE PEHTTEHIBCHKE BUIIPOMIHIOBAHHS B Jlama3oHi JOBXWH XBWJIb
npubmusHo Bix 0,2 1o 1,4 A (0,02 1o 0,14 HM) i [Ba CIIECKH XapaKTepHCTHYHOTO
BUIIPOMIHIOBAaHHS, SIKI IO3HAYAIOThCS JTHIAMU K, 1 Kp. XapakTepHUMU [l €IEMEHTa
€ JTOBXHUHM XBWIb JiHINA K, 1 Kp. Jlyst monmiOaeny iHis K, 3HaXOIUTHCS Ha JOBXKHHI
xBui 6mu3pko 0,7A (0,07 HM). TToXomkeHHs XapaKTepUCTUYHOTO BUIIPOMiHIOBAHHS
NOSICHIOETBCS HACTyITHUM YMHOM: CIOYAaTKy eJeKTpoHU K (E€IeKTpOHH B OOOJOHII
n=1) BUOMBAIOTHCS 3 aTOMa BUCOKOCHEPTETUYHUMU €JIEKTPOHAMHU, sIKi OOMOapayoTh
00’ekT (3pa3ok), 3anuiiarour 30y/mkeHi aromu. [lami nesiki eJIeKTPOHU Yy BHUIIUX

obOononkax (To0To n=2 abo n=3) mMajarOTh HA HUX4Yl EHEPreTHYHI piBHI, 00
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3aMIHUTH BTpay€Hl €JEKTPOHH K, BUIPOMIHIOIOUM €HEPIil0 XapaKTEPHOI JOBXKHHH
xBuii. [lepexin emekTponiB 3 L (n=2) o6osonku Ha K (n=1) CTBOpIOE €HEPTiIO

JTOBXUHU XBUJI1 JiHIT K, SIK OKa3aHO Ha puc. 3.25.

&
BimmocHa
HTEHCHEHICTE |
16—
— MoK,
12 |- MoK,
- XKapaKTepHuCTHNHE
EHIOMIHEOE AHHA
3 .
) U Beznepepene
B EHITPOMIHEOE AHHS
0 [T T .

0.2 0.6 1.0 1.4

TMoesama xemm, A (A)
Puc. 3.24. CnexTp peHTIeHIBCHKOTO BUIIPOMIHIOBAHHS, OTPUMAHUN, KOJIHU

MeTall (MOJiOAEH) BHUKOPUCTOBYETHCS SIK OO’€KT, B PEHTTEHIBCHKINA TpyoOIl, w10

npairoe npu 35 kB.

Tomizamia
N n=4
| M n=3
L, 7
(a3
'
L n=2
Enepria
Kﬁ
K,
Yy ! K n=1

Puc. 3.25. PiBHI eHeprii €JIeKTPOHIB y MOJIOIEHOBOMY 3pa3Ky, MOKa3ylTh

MTOXO/PKEHHSI BUIPOMIHIOBaHHS K, 1 Kp.
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3.11.2. PentreniBcbka qupakiis

OCKUIbKM JTOBXKHHHM XBUJIb JI€IKUX PEHTT€HIBCBKUX IMPOMEHIB MNPHUOIU3HO
JIOPIBHIOIOTH BIJICTAHI MK IUIONIMHAMH aTOMIB y KPUCTaJidYHUX TBEPAUX TiJax,
nocujieHi audpakiiiiHl MKA BUIPOMIHIOBAHHSA PIi3HOT IHTEHCUBHOCTI MOXYTh
BUHUKATH, KOJM X-MIPOMiHb MOTPAIUISiE Ha KPHUCTAIIYHY TBEpAy pedoBuHy. [Ipote,
NEePIl HK PO3MIISIIATH 3aCTOCYBAaHHS METOIB AUQPPAKIli PEHTTeHIBChKUX MPOMEHIB,
JUISL aHaJI3y KPUCTAIIYHOI CTPYKTYPH, BUBUMUMO T€OMETPUYHI YMOBH, HEOOXIJIHI IS
CTBOpeHHsI nudparoBaHux ab0 TOCWICHHX TMYYKiB BIAOWTHX pPEHTTEHIBCHKUX
IIPOMEHIB.

PosrnssHeMo MOHOXpOMaTU4YHUN (3 OAHIEID JOBKHMHOK XBHJII) ITy4OK
PEHTIeHIBCHKOTO BUIIPOMIHIOBAHHS, 1110 TIAJ]a€ Ha KPUCTA, K MOKa3aHo Ha puc. 3.26.
Jlns cpoleHHsl, 3aMIHUMO KPUCTATIYHI IUIOIIUHN aTOMHUX IIEHTPIB PO3CIFOBAHHS —
KPUCTAJIYHUMU TUIOLIMHAMMY, SIK1 JIFOTh SK A3€pKaja IpH BiAOOPaKEHHI MaJar0doro
peHTreHiBcrkoro npomens. Ha puc. 3.26 ropuzoHTanbHi JiHIT OPeaCTaBISIOTh HAOIP
napajebHUX KPUCTAJIYHUX TUIOUIMH 3 1HJAekcamu Mimnepa (hkl). Konu nmamarounit
IPOMiHb MOHOXPOMATUYHOTO PEHTTEHIBCHKOTO BUIPOMIHIOBAHHS, 3 TOBKUHOIO XBHIII
A, TOTparisie Ha AaHUW HAOIp TUIOMIMH MiJ] TaKUM KyTOM, IO XBHUJIEBI Bi3epyHKH
OpOMEHs, SIKI BUXOIATh 3 PI3HHUX IUIOLIUH, HE € Yy ¢a3i, MOCUJICHUH NPOMIHb HE
yTBOPIOEThCs (puc. 3.26, a). TakuM YMHOM, BiJIOYBa€ThCA JECTPYKTHUBHE BTPYUYaHHS.
Sxmo BiIOMTI XBWJIEBI BI3EPYHKH IPOMEHS, IO BUXOAWUTH 3 PI3HUX IUIOLIMH,
3HaxXoAATbca B (as3i, TO BimOyBaeThCs MIACHICHHS NMPOMEHS ab0 KOHCTPYKTHBHA
iHTepdepentis (puc. 3.26, 6). Tenep po3rIsHEMO IM1a/1ar04l pEeHTTeHIBChKI TpoMeHi 1 1
2, sk mokaszaHo Ha puc. 3.26, B. II1o6 i mpomeni Oynu y ¢asi, JoJaTKOBa BiJICTaHb
IPOXOKEHHS MpoMeHs 2 aopiBHIOE MP+PN, 1mo mae OyTH IIJIMM YUCJIOM JOBXKHUH

XBWIb A. TakuM 4HHOM:

ni=MP+PN, (3.9)

ne n — nopsaaok audpakmii (n=1, 2, 3,...).
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IManaro4i He pinnuTi
X-npoMeHi % X-nnpoMeHi

AN
romem (hkd) < W

TTamaroui

X-npoMeHi X-poMeHi
N "
Tpomizs 2 48 0 2]

/ \ d
M= N 2
runomusHA (fikl) < 19 S~ /

B) S

Puc. 3.26. BigOuTTs peHTreHIBCHKOTO MpoMeHs ruionuHamu (hkl) kpuctana:
a) — BIAOMTUN TPOMIHb HE CTBOPIOETHCS MiJl JOBUIBHUM KyTOM MaAiHHA;, 0) — mif
KyToM bperra 6 BinOuTi mpoMeHi 3HaXoAThCA B (Da3i Ta MiJACHIIOIOTH OAUH OJHOTO;
B) — no16HO /10 (6), 6e3 JeMOHCTpaIlli XBUJII.

Ockinbku MP 1 PN nopiBHIOIOTH dpirSingd, e dpq — MDKIUIOIIMHHA BiACTaHb
KPUCTATIYHUX TUIOMMH 1HJAEKCIB (hkl), yMoBa IJii KOHCTPYKTHBHOI 1HTepdepeHiii

(TOOTO CTBOPEHHSI TU(PPAKIIHHOTO MKy IHTEHCUBHOTO BUITPOMIHIOBAHHS) Ma€ OyTH:

nA=2dne=s1n0. (3.10)
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Jlane piBHSHHS, BiOME SIK 3aKOH bperra, BH3Hauae 3B’SI30K MIX KyTOBUMHU
MOJIOKCHHSIMH TTOCWJICHUX JTU(paroBaHUX MPOMEHIB, B YMOBaX JOBXKUHU XBUJ A
BXIJIHOTO PEHTICHIBCHKOTO BHUIIPOMIHIOBAHHS Ta MIDKIUIOIMIMHHUX BIJCTaHEW dhi
IUIONIMH KpUCTANiB. Y OUIBIIOCTI BUIAJKIB BUKOPUCTOBYETHCS MEPIIUNA TMOPSIOK

mudpaxkiiii, ne n=1. Tomy, 111 ILOTO BUIMAJKY 3aKOH bperra HabyBae BUIIISIY:

A=2dn=s1n0. (3.11)

3.11.3. PeHTreHOCTPYKTYPHHI aHAJII3 KPUCTAJTIYHUX CTPYKTYP

Tlopowkosuti memoo penmeeHOCMpPYyKmypHo2o awnanizy. HaWnomupeHimum
METOJIOM PEHTIeHIBCHKOT AUQPPAKIli € TOpOIMKOBUNM MeTom. Y Il TexHill
BUKOPUCTOBYETHCS TOPOIIKOMOMIOHNN 3pa30K, 100 MaTh BHUIAJIKOBY OPIEHTAIIIO
0araTbOX KpHCTaJiB Ta TapaHTyBaTH, IO AESIKI YaCTUHKH OylayThb OpIEHTOBaHI B
PEHTIeHIBCLKOMY MTPOMEHI BIMOBITHO 10 yMOB nudpaxkiii 3akony bperra. CygacHuit
PEHTIeHIBCHKHI aHali3 KpUCTaJIIB BUKOPUCTOBYE — PEHTICHIBCHKUI AUPPAKTOMETP,
SAKUW Ma€ JYUIBHUK BUIIPOMIHIOBAHHS I BU3HAYEHHS KyTa Ta IHTEHCHBHOCTI

nudparoBanoro mydka (puc. 3.27).

LY e

2 ) R
om 0O o

Puc. 3.27. PentreniBchkuii mudpakromerp (31 3HATHAMH €KpaHaMHU Bij

PEHTTEHIBCHKOTO BUIIPOMIHIOBAHHS).
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Camonucenb aBTOMaTH4HO Oyaye rpadik IHTEHCHUBHOCTI IudparoBaHOroO
IIPOMEHS, KOJW JIYWIBHUK PYyXa€ThCsl MO KOy roHiomeTrpa (puc. 3.28), skwuii

CUHXPOHIZYETHCS 31 3pa3KOM Y Jl1ara30H1 3HauyeHb 20.

Papianifinmii peTerTop (pyxaeTeCa
10 KONV TOHIOMEeTpa)

110100 90 80 44

120 60
40
Tuip it rponsi 30
ArOBAHMIT ITPOMIHE
T~ 20 A 20
\ 10
:: {J
Ilanaroqit
I'enepatop TIPOMIHE |
EMITPOMIHEOR HHA Bun seepxy spazka, zadiECcoBaHoro
E TOHIOMETPI
HetexTop
pamiartil

YarTea ogHoro
EPICTANA B 3pasky

-

%‘ [lapamensmi
o sin @

[ 'eneparop
EHITPOMIHIOE aHHT (hil) n DJII[HHH
E EpPHMCTAM

Puc. 3.28. Cxemarnune 300pakeHHsI AU(PAKTOMETPUYHOTO METOAY aHaizy

KPHUCTAJIB 1 yMOB, HEOOX1THUX JIJIST AU PAKITI.
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Ha pwuc. 3.29 mokazana miarpama peHTTEHIBCHKOTO AUGPAKIIHHOTO
peecTpaTopa IS 3aJIEKHOCTI 1HTEHCUBHOCTI AMGPAroBaHOro IMPOMEHsS BiJ KYTiB
mudpakiii 26, nias MOPOIIKONOAIOHOTO 3pa3ka YUCTOro MeTany. TakuM YWHOM,
MO)KHa OJHOYaCHO PEECTPyBaTH SK KyTH JudparoBaHux IMPOMEHIB, Tak 1 IX
IHTEHCHUBHICTh. [HO/I 3aMiICTh TU(PAKTOMETpPa BUKOPHUCTOBYIOTH MOPOIIKOBY KaMepy
3 miadiapMoM, alie e crnocid Hadarato MOBUTHHIMIHM 1 B OUIBIIOCTI BUMAAKIB MEHIII
3pyYHHM.

IaTeHCHEHICTE
nHdparoBaHoro

IpoMEHT

2
12,000 — 200

1,000

8,000
6,000 — 110
B 310
4,000 — 211

2,000 —

0 | \ : % ! i -
20 40 60 80 100 120 140 160
Kyt nudparaui. 26

Puc. 3.29. 3anuc kytiB audpaxiii Boab(ppaMoBOro 3paska, OTPHUMAHHX 3a
JOTIOMOTO10 Au(pakTOMeTpa (3 MITHUM aHOAOM).

Ymosu ougpparxyii kybiunux eremenmapuux komipox. MeTtonum peHTTeHIBCHKOT
mudpakiii  JO3BOJSIIOTh BU3HAYUTH CTPYKTYPY KPHUCTATIYHMX TBEPAUX  TIJI.
[HTepnperanis MaHUX PEHTTEHIBCHKOI Judpakiii s OUTBIIOCTI KpPUCTaJIYHUX
PEUOBUH € CKJIQJHOI0 1 BUXOAWTH 3a paMKH jJaHoro mocionuka. Tomy, Oyne
PO3MISHYTO JIUIIE MTPOCTUN BUTIAIOK AUGPAKIIl B YUCTUX KyOIYHUX MeTaslax. AHami3
JaHuX nudpakiii peHTreHIBCbKUX MPOMEHIB ISl KyOlUHUX €JIeMEHTapHUX KOMIpOK

MOXHa CIIPOCTHUTH, ITIOEIHABIIN BUPA3 3.5:

d = ¢

RNV S
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3 piBHsIHHSIM bperra A=2d'sinf, uio nae:

P 2a-sin@ (3.12)

NP+

Ile piBHSHHS MOXHA BHKOPHUCTOBYBaTH pa3oM 13 JaHUMHU PEHTIEHIBCHKOT
mudpakuii, MO0 BU3HAUUTH, YU € KyOlUHa KpHUCTaJlyHa  CTPYKTypa
00’ €MHOLIEHTPOBAHOIO YH I'PAHELIEHTPOBAHOIO.

[ITo6 BuKOpHCcTOBYBaTH PiBHSIHHSA 3.12 1my1s qudpakiiiftHoro aHamtizy, HE00X1IHO
3HATH, SKI TUIOMIMHU KpHUCTalda € IUIOMMWHAMHA Ju(paKiii s KOXKHOTO THITY
KpUCTAMYHOI CTPpYKTYypH. JJIs mpocToi KyOI1uyHOT IpaTKi MOMJIIMBI BIAOUTTS BiJl yCIX
(hkl) nmnommH.

[Ipore, nmns 06’emuouentpoBaHoi kyoOiunoi (OIIK) crpykrypu mnudpakiis
B110YBAETHCS JIMIIE HA TJIOMIMHAX, Y AKUX 1HIekcH Mimtepa nipu cymi (h+k+/[) narothb
napHe gucio (taodim. 3.6).

Tabmuis 3.6. [lpaBuna Bu3HaueHHs AU(paryouux wiomuH {Akl} B KyO1uHHUX

KpHUCTaJIax
Ipatka bpase Bin6utTs npucytHi BinOutTs BiCcyTHI
OLK (h+k+[)= mapuuii (h+k+))= nenapuuit
'K (h, k, I) Bci HenapHi ab6o | (&, k, [) He BCi HemapHi abo BcCi
BCI MapHi napHi

Takum  uymnHom, s OLIK  kpucTamiyHOi  CTPYKTypU  OCHOBHUMHU
mudparyrounmu momuHamu € {110}, {200}, {211} Tomo, sKi HaBemeHi B TaOJIHIIi
3.7. 'V Bunaaky ['IIK xpucramidHoi CTPYKTYypU OCHOBHHMH JU(ParyrOuuMH
IUIOLIMHAMU € Ti, 4di 1HAeKcu Muuiepa abo napHi, M BCi HenapHi (Hy/lb BBAKA€ThCA
napauM). Takum uywmHoM, mina ['TIK kpucramigyHoi cTpykTypu mudparyrodunMu

mwiomunamu € {111}, {200}, {220} Tomo, siki HaBeneH1 B Tabuuii 3.7.
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Tabmuus 3.7. Iokasauku Mimnepa audparyrounx miomus s OLK ta 'K

IpaToK

Ky6iuni WK+ Cyma Ky0iuHi mI0IuHI

IUIOIIUHH S[AP+EP+12) nubpaxuii {hkl}
(hkl} TTIK OLTK
{100} 12407402 1
(110} 12412407 2 100
(111} 12412412 3 111
1200} 22407102 4 200 200
210} 24 1+0° 5
211 PSP 6 211

7

1220} 22427+0° 8 220 220
221} 2427 1 9
310} 312402 10 310

Iumepnpemayis  excnepumeHmanibHUX OAHUX PEHMEeHIBCbKOI  ouparyii
mMemarnieé 3 KyOiuHOW KpUCmaniyHoo cmpykmyporo. MoxeMo BUKOPUCTOBYBATH JaH1
PEHTIeHIBCHKOTO  au(pakToMeTpa Uil BH3HAUCHHS KPUCTAIIYHUX CTPYKTYP.
[IpocTuii BUnagok, mod MpouTIOCTPYBATH, K MOKHAa BUKOPUCTOBYBATH LIEW aHAII3,
nojisirae B Tomy, mo6 pospizauta OLK Ta 'K kpucramiyHi cTpyKTypu KyOid4HOTO
merany. Ilpunmycrimo, mo Maemo wmeran i3 OLIK a6o TTIK xpucraniuHorwo
CTPYKTYPOIO Ta MOXKEMO 1JIeHTU(IKyBaTH roJOBHI TUIOUMHU AUQPPAKIIi 1 BIAMOBIIHI
iM 3HaUeHHs 26, SIK MOKa3aHo JJIsl BOJIb(PpaMoOBOTo 3paska Ha puc. 3.29.

[Tigaiciy o6uaBi yacTHHK piBHAHHA 3.12 10 KBajpara, i po3B’sa3yroun sin’0,

OTPUMYEMO:

2+ 1 +17)

sin’ @ = .
4q

(3.13)
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3 JaHMX PEHTIeHIBCbKOI Mupakiii MOXEMO OTPHUMATH EKCIIEPUMEHTAIbHI
3HaueHHsI 26 1Jis psAAy TOJOBHUX AUPaKIidHUX TwiomuH {Akl}. OCKUIBKA JOBXKHHA
XBWJI1 BXIJHOTO BUIIPOMIHIOBAHHSI Ta IMOCTIMHA I'PATKU a € KOHCTAHTaMH, MOYEMO

YCYHYTH Lii BEJIMYUHHU, CHOPMYBABIIH CIiBBiJHOLIEHHS IBOX 3HAUEHb Sin*6 sK:

sin @,  hi+k,+1
sin*@, h;+k,+1;’

(3.14)

ne 64, O — nBa Kkytd nudpaxiiii, MOB’si3aHi 3 TOJOBHUMH IUIOIIMHAMHU
mubpakuii {hakals} 1 {hpkplp} BiIOBITHO.

BuxopuctoBytoun piBHsHHS 3.14 Ta imgekcu Miumiepa ais mepuimx JBOX
HAOOpIB TONOBHUX IUIomWH audpakiii, HaBeneHux y tabmumi 3.7 OLK ta I'IK
KPUCTAIIIYHUX CTPYKTYp, MOKEMO BU3HAUMTU 3HAYEHHS MJIs8 BigHOIEHL sin’0
3a3HaYEHUX CTPYKTYP.

JUis xpuctamiuHoi ctpykrypu OLIK nepmmmu 1BoMa HaOOpamH TOJIOBHHX
mudpakiiiaux mwionuH € tiomuan {110} 1 {200} (ta6n. 3.7). IligcraBusiHHS

iHaekciB Muniepa {Akl} nux nnomuH y piBHsHHSA. 3.14 nae:

sin® @, P+1°+0°
sin’@, 2°+0°+0°

=0,5. (3.15)

TakuM 4KMHOM, SIKIIO KPUCTANIIUYHA CTPYKTYypa HEBIIOMOTO KyOIYHOTO METajy €
OLIK, To BimHOIIEHHS 3Ha4YeHb Sin*f, SKi BIANOBINAIOTH MEPLUIMM IBOM T'OJOBHHM
wionHaM audpaxiii, cranoButume 0,5.

s kpuctaniynoi crpykrypu ['IIK mepmumu aBoma HabopamMu OCHOBHUX
mudpakmiianx iomuH € mrommH {111} 1 {200} (tabn. 3.7). IligcraBnsHHS

1HaekciB Minepa {hkl} nux mioniuH y piBHsHHA. 3.15 nae:
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4= =0,75. (3.16)

TakuM 4KMHOM, SIKIIO KPUCTAIIYHA CTPYKTYypa HEBIJOMOIO KyOIYHOTO METajy €
I'IIK, BigHOmIEHHS 3Ha4eHb sin’0, AKi BiANOBINAIOTH NEPIIMM IBOM T'OJOBHUM

wiomMHaM audpaxuii, cranosutume 0,75.

3.12. Amop¢Hni marepiaau

SIx obroBoproBasioCcs paHille, JAEsKI MaTepianu Ha3uBalOThCs amophHUME abo
HEKPUCTAJIYHUMU, OCKUIBKH B IXHIA aTOMHIM CTPYKTYypl BIACYTHIN JajdbHIA MOPSIOK.
Cnin 3a3HayuTH, 1[0 3arajoM Marepiaii MaloTh TEHACHII0 [0 JOCATHEHHS
KPUCTAIYHOTO CTaHy, OCKUIbKHM I1I€¢ HaWOLIbIl CTaOUIhbHUN CTaH 1 BIAMNOBiAE
HAaWHMKYOMY €HEepreTHUHOMY piBHIO. OIHaK aToMHU B aMOp(PHUX MaTepianax 3B’s3aHi
HEBIOPSAJKOBAHUM YHHOM 4Yepe3 (akTopH, sKI MEpelIKOoHKAIOTh YTBOPEHHIO
NEPIOJUYHOrO pO3TallyBaHHS. TakuM YHHOM, aroMH B aMOp(QHUX Marepiaiax
3aiiMarOTh BHUMAJKOBI IPOCTOPOBI MO3HUILII HA BIAMIHY BIJl KOHKPETHUX IO3HILIN Yy
KPUCTATIYHUX TBEPAUX TiJaX.

JIist sICHOCTI Pi3HI CTyIEH1 BIOPSAKOBAHOCTI (200 Oe3nany) moka3aHi Ha puUC.
3.30. binpuricts moniMepiB, CKIO Ta JEsKI METald HajeXaTb 0 aMOp(HOro Kiacy
MatepiaigiB. Y TmoiiMepax BTOPHHHI 3B'S3KM MIXK MOJIGKYJaMHU HE JO3BOJISIOTh
yTBOPIOBaTH TMapajeiibHl Ta UIUIbHOYMAKOBaHI JAHIIOTH MiJ 4Yac 3aTBEPIIHHS
(oxonmomKkeHHs). Y pe3yabrari Taki MOJIMEPH, SK MOMIBIHUTXJIOPH, CKIAIAlOThCS 3
JOBTMX CKPYYEHHMX MOJICKYJISIPHMX JIQHIIOTIB, AK1 MEpEIulyTaHi, YTBOPIOIOYH TBEPIY
pedoBuHy 3 aMophHOIO CTPYKTyporo (puc. 3.30, B). Y nmeskux momimMepax, TaKuxX sK
MOJIIETHJICH, MOJICKYIM OUThIN €(EeKTUBHO 1 MIIJILHO yHaKOBaHI B JCSKHX JUISTHKAX
Marepiajly Ta CTBOPIOIOTh BUIIMH CTYIIHb JAajeKoro mopsaky. B pesynsrari wi

MOJIIMEPH YacTO KIACU(DIKYIOTh K HaIMlIBKPUCTATIUHI.
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Puc. 3.30. Cxema, 1110 1TOKa3ye pi3H1 CTYINEH1 BIOPSAJIKOBAHOCTI MaTepiaiiB: a) —
JANbHIN MOPSIAOK Y KPUCTAIIYHOMY KpeMHe3eMi; 0) — KBapIioBe CKiIo 0e3 JajibHbOTO
MOPSIAKY;B) — aMOp(dHa CTPYKTYpa B MOJIIMEpaXx.

Heopraniune Ckj0 Ha OCHOBI CKJIOYTBOPIOIOYOTO OKCHAY KpemHuezemy (Si0:)
3a3BUYail XapaKTepU3yeThCs SIK KepaMIUHHMI Marepiall (KepaMidyHe CKJIO) 1 € 1HIIUM

OPUKIAZOM Marepiany 3 aMOp(QHOI0 CTPYKTYpOlO. Y I[bOMY THIIl CKJIa OCHOBHOIO
cybonuHuIE0 B Mojiekynax € TeTpaexp SiO, . IneanbHy KpHUCTaliuHy CTPYKTypy

[bOTO CKJIa 300pakeHo Ha puc. 3.30, a. Ha cxemi nokazano tetpaeapu Si—0, 3’€1HaH1
KyT J10 KyTa, 100 YTBOPUTH JalbHIN MOPSAOK. Y B’SI3KOMY PIIKOMY CTaH1 MOJIEKYJIH
MarwTh OOMEXEHY PYXJIMBICTh 1 3a3BMYail KpucCTami3aiis BiJ0yBa€TbCS MOBIILHO.
Tomy, HeBenMKa WIBHAKICTh OXOJO/HKCHHS MPHUTHIYYE YTBOPEHHS KPHUCTAIIYHOI
CTPYKTYpPH, 1 HATOMICTh T€TpaeapH 3’ €IHYIOTHCS KYT 110 KyTa, opMyroun CiTKy 0e3
nanbHbOrO Nopsaaky (puc. 3.30, 0).

OxpiM moJiMepiB 1 CKIIA, IESIKI METAIM TAKOXK MAIOTh 3/1aTHICTh YTBOPHOBAaTH
aMmopdHi CTPYKTYpHU (MeTajieBe CKJIO) Y )KOPCTKHUX 1 4aCTO BaXKKOJOCTYITHUX YMOBax.
Ha BinMiHy Bij CcKJia, METAJIM MalOTh J1y>KE€ MaJIEHbKI Ta pyXJIUB1 CTPYKTYpHI OJOKH, B
PO3IUIABICHUX YMOBaX. Y pe3yibTaTi BaXKKO 3aMo0IrT KpucTaiizaiii metamiB. OmaHak
Taki ciuiaBy, sIK 78%Fe—9%Si—13%B, sxi MICTATh, BUCOKHH BIJCOTOK HAaITIBMETAIIB,
KpeMHiit (S7) Ta 60p (B), MOKYTh YTBOPIOBATH «METAJIEBE CKJIO» LUISIXOM CTPIMKOTO
3aTBEpAiHHSA IIPU MIBUAKOCTI OXONOMKEHHs, 1o mepesumrye 10%°C/c. Tlpu Takux
BUCOKUX IIBUIKOCTSAX OXOJIOJUKEHHS aTOMH MIPOCTO HE BCTUTAIOTh YTBOPUTHU

KPUCTAIIYHY CTPYKTYpy 1 3aMmiCTh IIbOTO YTBOPIOIOTH METal 3 aMOpP(HOIO
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CTPYKTYpOIO, TOOTO BOHHM CHJIBHO HEBMOPSAJIKOBaHI. TeopeTUyHO Oyab-sSKUil
KPUCTAJIYHUI MaTepian MOXKe YTBOPIOBATH HEKPUCTAIIIYHY CTPYKTYPY, SAKIIO JOCHUTb
IIBUJIKO 3aTBEP/Ii€ (OXOJI0HE) 3 PO3IIABICHOTO CTaHY.

AMopdHi Matepianu 3aBASKM CBOIM CTPYKTYpi BOJIOMIIOTH YyIOBUMHU
BJIACTUBOCTAMU. Hampukiasn, mMeTajaeBe CKJIO Ma€e BHUIIY MIIHICTb, Kpalli KOpPO3iiH1
XapaKTepUCTUKU Ta MarHiTHI BJIACTUBOCTI TMOPIBHAHO 3 iX KPHUCTAJIIYHUMH
aHajoramu. HapemTi, BaxJIMBO 3a3HauuTH, 10 amMop(dHi Marepiadu He
JEMOHCTPYIOTh PI3KUX TU(PPaKIIMHUX KapTUH NPHU aHali3l, 3a JOMOMOIO0 METO/IB
peHtreHiBcpkoi qudpakiii. Lle moB’si3aHO 3 BiICYTHICTIO MOPAIKY Ta MEPIOAUYHOCTI

B CTPYKTYp1 aroma.

BucHoBkH

Po3ramyBaHHs aTroMiB y KpPHUCTQJIIYHHUX TBEPAUX TUIAX MOXHA OIMUCATH
CYKYIHICTIO JIiHIM, SKa HA3MBAETHCS IPOCTOPOBOIO IPaTKor0. KoKHY MpOCTOPOBY
I'paTKy MOKHAa ONUCATH, BKA3aBIIM IO3MIII aTOMIB y MOBTOPIOBAHIN €JIeMEHTapHIH
xoMmipiii. KpucramiyHa cTpyKTypa CKJIQJa€TbCsl 3 MPOCTOPOBOI I'PATKM Ta OCHOBH.
Kpucraniyni marepianm, Taki sK OUIBIIICTh METaNIB, MalOTh JAJIbHIA aTOMHUUN
MOPSZIOK. AJie JIesiki Marepiaiu, Takl SK IMOJIMEpHU 1 CKJI0, MAlOTh JIMIIE ONMKHIN
nopsanok. Taki Marepiasii Ha3UBAIOTh HAIMIBKPUCTATIYHUMHU a00 amoppHuMU. IcHye
CIM KPHUCTQJIIYHUX CHCTEM, 3aCHOBAaHUX Ha T€OMETPli 0CbOBUX JOBXKHUH 1 MI)KOCHOBHUX
KyTIB €JIEMEHTapHUX KOMIpok. JlaHl ciM cuCTeM MaroTh 3arajioM 14 miarpatox
(eleMEHTAapHUX KOMIPOK), 3aCHOBAHMX Ha BHYTPIIIHBOMY PO3TAllyBaHHI aTOMHHX
BY3J1iB BCEPEANHI KOMIPOK.

VY metanax HaWMOMIMPEHINIMMU €JIEeMEHTAPHUMHU CKJIQJOBUMH KPHUCTAIIYHOT
CTPYKTYypH €: 00’ emHoIIeHTpoBaHa kKyOiuHa (OLIK), rpanenenTpoBana kyb6iuna (I'LIK)
1 rekcaroHanpHa mimpbHOyNakoBaHa (I'IY), mo € miapHUM BapiaHTOM MPOCTOI
FEKCaroHaAJIbHOI CTPYKTYPH.

Kpucraniyni HanpssMKu B KyOlYHMX KpHUCTajdax — 1€ BEKTOPHI KOMIIOHEHTH

HANpSIMKiB, PO3MAUICHI B3IOBX KOXKHOI 3 OCEH KOMIIOHEHTIB 1 TpHUBENEHI 0
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HaMEHIIMX [UINX uyucen. BoHu mno3HauvaroThes gk [uvw]. CiMeilcTBa HaIpsSMKIB
MO03HAYAIOTHCS 1HACKCAMU HANIPSIMKIB, PO3MIIIIEHUMHU B TOCTPUX JYKKHU K (UVW).

Kpucraniyni mioumHy, B KyOIYHUX KpUCTallax, 1HAEKCYIOTbCS 3BOPOTHUMU
BEJIMYMHAMHU OCBbOBHUX NEPETUHIB IUIOLMHU (3 MOAAJIBIINM YCYHEHHSAM JpO0iB) SIK
(hkl). KyGiuni kpuctaniuHi mionHu Gopmu (CiMeicTBa) 1HICKCYIOThCA (PIrypHUMH
Oy’)KKaMH sIK {hkl}. IlnommHu TBEpAMX TUI y T€KCArOHAJIbHUX KpHUCTalax 3a3BUYAil
MO03HAYAIOTHCS YOTHUpPMA 1HJEKCaMHu /1, k, i Ta [, po3MimeHuMu B TyXku sk (hkil). 1i
1HJCKCH € BEeJIMYMHAMH, 3BOPOTHUMHU TOUKaM MEPETUHAHHS TUIOIIMHHA Ha OCSX a1, a2,
a3 1 ¢ €JIEMEHTAapHOI KOMIPKH I'€KCaroHajabHOI KpUCTAIIYHOI CTpyKTypH. KpucTaniuni
HanpsIMM B TEKCArOHAJIbHUX KPHUCTajaX € BEKTOPHUMH KOMIIOHEHTaMHU HamlpsMKY,
PO3MIICHUMH B3JIOBX KOXKHOI 3 UYOTHPHOX KOOPAWHATHUX OCEH 1 3BEICHUMHU [0
HaWMEHINKX IUIUX YUCeN K [uviw].

BuxopucTtoBytoun Moaenb TBepAUX cdep Uisl aToMIB, MOXKHAa OOUHUCIUTH
00’e€MHy, IUIOIIMHHY Ta JIHIAHY WIUIBHICTb aroOMIiB B €JIEMEHTapHUX KOMIpKax.
[lnomuHu, B SKUX aTOMU pO3TAIIOBaHI MAaKCHUMAJbHO UIIIBHO, HAa3UBAIOTHCS
MIUTFHOYTTIAKOBAaHUMH IJIOIIUHAMH, a HAmpsSIMKH, y SKHX aTOMH 3HaXOHSAThCS B
HAWOUIBII TICHOMY KOHTAaKTi, Ha3WBaIOTh IIUIHHOYIIAKOBAHUMHU HAIPSMKAMH.
Koedimientn ymakoByBaHHS aToMiB JUIsl PI3HUX KPUCTATIYHUX CTPYKTYp TaKOXK
MOXKHa BHU3HAUUTH, OEpydd J0 yBaru aTOMHY MOeNb TBepaoi cepu. Jeski meranu
MAalOTh Pi3HI KPUCTAIIUHI CTPYKTYPH B PI3HHX Jiana30HaX TEMIEpaTypH 1 TUCKY, TaHe

SIBUIIE HA3UBAETHCS MOIIMOP(DHI3MOM.

KoHTpoJIbHI 3an1MTaAHHS TA 3aBIAHHA

1. JlaiiTe BHW3HAUYE€HHS HACTyIHUM TEpPMIHAM: TBEPIAUN KpHUCTaN, JalbHIN
MOPSIIOK, OJMKHIN MOPSIOK, aMOpHUIA.

2. JlaliTe BU3HAYEHHS HACTYIIHMM TEpPMIHAM: KpHUCTajiyHa CTPYKTYpa,
IPOCTOPOBA I'paTka, TOUKa IPaTKu, eJIeMeHTapHa KOMipKa, MOCTIHI IPaTKH.

3. Illo rake 14 enemeHTapHux KoMipok bpase?
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4. SIx1 Tpu HaAWMOIIMPEHINI KPUCTaIl4yHl CTpykTypu MmetamiB? IlepeniyiTe
I’ SITh METANIB, SIKI MAIOTh KOXKHY 3 [IUX KPUCTAIIYHUX CTPYKTYP.

5. dns enementapnoi komipku OLIK rpaTku: CKUIBKM aTOMIB MICTUTHCS B
€JIEMEHTapHIN KOMIpIl, SKE KOOpJIWHAIIMHE YHCIO ISl aTOMIB, IO TaKe aTOMHHI
KOe(DIIIEHT yIaKOBYBaHHS?

6. Jlna enementapHoi komipku ['LIK rpaTku: CKUIBKM aTOMIB MICTUTBHCS B
eJIeMEHTapHIN KOMIPII, sIke KOOPAUHAIIIHE YHCIIO JIJIsl aTOMiB?

7. Hna enementapuoi komipku ['[Y rpatku (po3missHEMO HPUMITHUBHY
KOMIPKY): CKIJIBKH aTOMIB MICTUTBCSI B €JIEeMEHTapHIA KOMIPIN, sIke KOOpAUHAaIlliHEe
YUCJIO0 JIJISL aTOMIB, SIKE 1/1eaibHe CIIBBIIHOIIEHHS ¢/a s metaniB 'Y rpatku?

8. SIk po3TaioBaHi MO3UIIIi aTOMIB Y KyOIYHHMX €JIeMEHTapHUX KOMipKax?

9. [IlepenmiuiTh mo3uWIlli aromiB JUisi BOCBMHU KYTOBHUX 1 IIECTH
IpaHelIEHTPOBAaHUX aToMiB enemeHTapHoi komipku 'K rparku.

10. Sk BU3HAYAIOTHCS 1HACKCH 7Sl KpUCTANOrpadiyHOTO HAMPSIMKY B KyOl4HIN
eJIeMEeHTapHIN KoMipIIi?

11. SIx BU3Ha4arOThCA 1HAEKCH Mijuiepa A KpUcTanorpapiqyHoi IUIOLIMHU B
KyO14Hii eeMeHTapH1i KoMipiii?

12. Slke mo3HaYEHHS BUKOPUCTOBYETHCS JJIA CiIMEMCTBa abo GopMH KyOIldHUX
KpuctanorpadiuHuX IIOMINH?

13. Sk no3HauarThCs KpucTamorpadivHi IONIMHU B €JIEMEHTaPHUX KOMIPKax
'Ly rparku?

14. SIxa pi3HMIISA B pO3TallyBaHHI IIJIbHOYNAKOBAHUX IUIOIINH y KPUCTATIYHIN
crpykrypi I'IITY ta 'K rpatku?

15. Sxi Haitbunbm mimpHOyNakoBaHi HampsMku B crpyktypi OLIK, 'K Ta
I'a1y rparku?

16. o Take mosiMopdi3M IO BiTHOIIEHHIO 10 METaiB?

17. lo Take peHTTEHIBCHKI TPOMEHI Ta SIK BOHU YTBOPIOIOTHCS?

18. Hakpecnith TOPHUHIMIOBY CXeMY pEHTI€HIBCBKOT TpyOKH, siKa
BUKOPHUCTOBYETHCS JJI TUPPAKIIi pEHTI€HIBCbKUX MPOMEHIB, 1 BKaXKITh Ha HIM HUISAX

€JIEKTPOHIB 1 BUIIPOMIHIOBAHHSI.
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