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OcHoBHbIe NOHATHE. MaTepuaJibl 11 MeTa/I0B. /leeKThI aTOMHO-
KPHUCTAINYECKOT0 CTPOCHHUS METAJLJI0OB.
Meramibl, 0cOOEHHOCTH aTOMHO-KPUCTAJIIMYSCKOTO CTPOCHUS
[HoussTHe 00 U30TPOIUH U AHU3OTPOIUN
AJutoTponus Wik noJUMOpGhHBIE TIPEBPAIICHHUS.
MaruuTHble IIpEBpaIICHUS
Ctpoenune peabHbIX METAILIOB. Jle(eKThl KpUCTAIUIMYECKOTO CTPOECHHS
ToueHbIe e EKTHI
JInHelinble 1eEKThI:
IIpocTeiime BUbI JIMCIOKAIIMM — KpaeBble 1 BUHTOBBIC.

Mamepuanoeedenue - 3T0 HayKa O B3aUMOCBSI3H AJIEKTPOHHOTO CTPOCHHS,
CTPYKTYpPhl ~MaTe€puajoB C WX COCTaBOM, (DU3UYCCKUMHU, XUMUYCCKUMH,
TEXHOJIOTUYECKUMH U SKCIUTyaTallMOHHBIMU CBOMCTBaMHU.

Co3znaHue Hay4HbIX OCHOB METAJJIOBEICHHUSI TI0 MPaBy MPUHAIICKUT. YepHOBY
J.K., KOTOpBIl yCTAaHOBWJ KPUTHUYECKHE TeMIeparypbl (a3oBBIX MpPEBpAICHUN B
CTAISIX M MX CBSI3b C KOJMYECTBOM YIJIEPOJa B CTAISIX. DTUM OBUIM 3aJI0KEHBI
OCHOBBI  JUIsI ~ BaKHEHIIeW B  METAUIOBEACHUM  JUArpaMMbl  COCTOSTHUS
KEJIe30YTJIEPOJAUCTHIX CIIABOB.

OTKpBITHEM QIJIOTPONUYECKUX TMPEBpallleHud B cTajdu, UepHOB 3aJI0KHII
byHIaMEHT TepMHUUYecKod 00paboTku cTtanmu. KpuTtmdeckue TOYKM B CTalIH,
MO3BOJIMJIM  PAllAOHAIBHO BBIOMPATh TEMIIEPATYpy €€ 3aKajKd, OTIyCKa W
MJIACTUYECKON ehopMaIiuu B IPOU3BOJICTBEHHBIX YCIOBHUSX.

B cBoux paboTax 1Mo KpHCTAUIM3alUA CTAJIA, ¥ CTPOCHUIO CIUTKa YepHOB
W3JI0KHJI OCHOBHBIC TTOJIOKEHUS TEOPHUH JIUThS, HE YTPATUBIINE CBOETO HAYYHOTO U
MPaKTUYECKOTO 3HAYCHHSI B HACTOSIIEE BPEMHI.

Benukuii pycckuit metaiutypr AnocoB ILII. BnepBbie MPUMEHUIT MHKPOCKOI
JUTSL UCCIIEIOBAHUSI CTPYKTYPhI METALTIOB. EMy IIpHHAANIEKUT IPUOPUTET B CO3TAHUU
JIETUPOBaHHBIX cTayied. PazpaboTan TEOpUIo M TEXHOJIOTHIO M3TOTOBJICHUS KIIMHKOB
u3 OynaTtHoM ctanu. M3 ero paboT cTajno siCHO, YTO TaK Ha3bIBa€MbIi OyJaTHBIN y30p
Ha MMOBEPXHOCTH CTAJIA, HETTOCPEICTBEHHO 3aBUCUT OT €€ BHYTPEHHEH CTPYKTYPHI.

B 1873-1876 r.r 'u66c U310K1I OCHOBHBIE 3aKOHBI (PA30BOTO paBHOBECHS W,
B YAaCTHOCTH, TpaBuio ¢a3, OCHOBBIBASACH Ha 3aKOHaX TepMOAUHAMUKH. Jls
pEeIICHUS TPAKTHYCCKUX 3a7ad 3HaHWEe (Pa30BOTO PABHOBECHS B TOW WU WHOM
CUCTEeME€ HEOOXOAMMO, HO HE [JIOCTaTOYHO [UIsl ONpEICNICHUs CcOocTaBa U
OTHOCHUTENFHOTO KomdecTBa (a3. O0s13aTeIbHO 3HATh CTPYKTYpPY CIIABOB, TO €CTh
aTOMHOE CTpoeHHe (ha3, COCTABISAIONINX CIJIaB, a TaKKe pachpeleieHne, pasMep 1
(dopMy KpHUCTAIIIOB KaXkI0H (ha3bl.

OmnpeneneHre aTOMHOTO CTpPOSHHUS (a3 CTajJo BO3MOXKHBIM IOCIE OTKPBITHS
Jlay> (1912 1), mokazaBmiero, 4yTo aTOMbl B KPHUCTAJUI€ PETYJSIPHO 3aMOJHSIOT
MPOCTPAHCTBO, OOpa3ysi MPOCTPAHCTBEHHYIO IU(PPAKIIMOHHYIO PEIIETKY, U YTO
PEHTIC€HOBCKHE JIyYU UMEIOT BOJHOBYIO TIpupoay. Judpakiius peHTTeHOBCKUX JIyqe
Ha TaKOMW PEeIIeTKE J1aeT BO3MOXKHOCTh MUCCIIEIOBATh CTPOCHHUE KPUCTAJIIOB.

B mocnennee Bpemst it CTPYKTYPHOTO aHAIHM3a, KPOME PEHTIEHOBCKUX JIy4eH,
WCIIOJIB3YIOT JJIGKTPOHBI M HEUTPOHBL. COOTBETCTBYIOIIHME METOMBI MCCIIEIOBAHUS
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HA3bIBAIOTCSA JJIEKTpoHOrpaduell u HeWTpoHorpadueil. DIEKTpOHHAs OINTHKA
[IO3BOJIWJIa  YCOBEPIICHCTBOBaTb MHUKPOCKONHMIO. B Hacrosmiee Bpems Ha
AJIIEKTPOHHBIX MHKPOCKOIIAX IIOJIE3HOE MAaKCUMAaJIbHOE YBEIMYEHHE IOBEACHO 0
100000 pas.

B mArupecAaTsIx rojgax, Korjga HadajaoCch HMCCIENOBAHME IPUPOABI CBOMCTB
METAIIMYECKUX MaTepUalIoB, ObLIO MMOKA3aHO, YTO OOJBIIMHCTBO Hanbojee BaXKHbBIX
CBOMCTB, B TOM YHUCJI€ COPOTUBJIEHHUE INIACTUUECKON JeopMalii U pa3pyLICHUIO B
pPa3IMYHBIX  YCIIOBHUSIX HArpyX€HUs, 3aBUCUT OT OCOOEHHOCTEH TOHKOIO
KPUCTAIZTMYECKOE  CTPOCHHA. ITOT  BBIBOJ ~ CIIOCOOCTBOBANl  MPHUBJICUCHUIO
(GU3NYECKUX TEOPHM O CTPOCHHUU PEATbHBIX METAJIOB Jii OOBSICHEHHS MHOTHX
HETIOHATHBIX SIBJIEHUM W JUIl KOHCTPYMPOBAaHUS CIUIABOB C  3aJIaHHBIMU
MEXaHWYECKMMH CBOMCTBaMU. biarogapss T€Opuu IUCIOKALMM, YIAIOCh IOJYyYHUTh
JOCTOBEpPHBbIE CBEACHUS OO0 HW3MEHEHUSX B METallax MpU HX IUIACTHYECKOU
nedopMaliv.

Oco0eHHO MHTEHCUBHO pa3BUBAETCS METAJIOBEICHUE B  IOCIETHUE
AECATUIETHSI. OJTO O0OBIACHAETCS TNOTPEOHOCTbIO B HOBBIX Marepuanax s
UCCIIEOBAHUs KOCMOCA, PA3BUTHSA YJIEKTPOHUKHU, AaTOMHOU SHEPTETUKHU.

OCHOBHBIMM  HalpaBJICHUSMU B Ppa3BUTUM METAJUIOBEICHHUS  SIBISAETCS
pa3paboTka crocoOOB MPOU3BOJCTBA YHCTHIX U CBEPXUUCTBIX METAJUIOB, CBOICTBa
KOTOPBIX CWJIBHO OTJIMYAIOTCA OT CBOMCTB METAUIOB TEXHUYECKOW YHUCTOTBHI, C
KOTOPBIMHU MPEUMYIIIECTBEHHO paboTatoT. ['eHepanbHOM 3a/1aueld MaTepuanioBeICHUS
ABJISETCA ~ CO3JaHUME  MATEpUAIOB € 3apaHee  pAacUUTaHbIMU  CBOWCTBaMU
MPUMEHUTENBHO K 33JJaHHBIM MTapaMeTpaM U YCJIOBHSAM paboThl. bosbiioe BHUMaHue
YACNAETCS W3YYEHUIO METAJUIOB B 3KCTPEMANIbHBIX YCIOBHSX (HU3KHE U BBICOKHE
TEeMIIepaTyphl U JIaBJICHUE).

Jlo Hacrosiniero BpeMEHU OCHOBHOM MaTepHaIbHOM 0a30il MalIMHOCTPOEHUS
CIIY’KUT 4Y€pHas METAJUIYprus, NPOU3BOJSAIIAs CTAJIM W YYTyHbl. DOTH MaTepUabl
UMEIOT MHOTO TMOJOXHUTENbHBIX KadecTB M B IEPBYIO OYepedb 00ECleyrBaIOT
BBICOKYI0  KOHCTPYKI[MOHHYIO IIPOYHOCTh JAeTasied MamuH. OpHako 3TH
KJIACCUUECKHE MaTephalibl UMEIOT TaKhe HEJOCTaTKM Kak OoJbllasi IJIOTHOCTD,
HU3Kasi KOPPO3HOHHAs CTOMKOCTh. [ToTepu oT koppo3uu coctanisatoT 20% romoBoro
IIPOU3BOJCTBA CTANM M 4yryHa. [lo3ToMy, MmO AaHHBIM HAay4yHBIX HCCIIECIOBAaHMM,
yepe3 20...40 yeT Bce pa3BUTBIE CTPAHBI IEPECTPOSATCA HA MACCOBOE HCIIOJIb30BAHUE
METaJUIMYECKUX CIUIaBOB Ha 0a3e TUTaHA, MarHus, aJIlOMUHUSA. OTH JIETKUE H
MIPOYHBIE CIUJIaBbl MO3BOJSAIOT B 2-3pa3za oOJerdyuTh CTaHKM M MamuHbl, B 10 pa3
YMEHBIINUTh PACXObl HA PEMOHT.

[Io manHpiM uHCTMTYTa MMeHM baiikoBa A.H. B Hamel cTpaHe ecTh Bce
yclioBUs 4ToObI B TeueHuH 10...15 neT MalmMHOCTPOEHHE MOTJIO MEPENUTH Ha BBITYCK
ATIOMHUHUEBO-TUTAHOBOW TMOJBHKHOM TEXHUKH, KOTOPAsl OTJIMYAETCS JIETKOCTHIO,
KOPPO3MOHHON CTOMKOCTBIO M OOJIBIITUM O0€3pEMOHTHBIM PECYPCOM.

BaxxHoe 3HaueHHe MMeeT yCTpaHEHHE OTCTaBaHUS Halleil CTpaHbl B 00JIacTU
HCIIOJIb30BAaHUsI HOBBIX MaTEpPUAIIOB B3aMEH TPAJUUMOHHBIX (METAUNIMYECKHUX) —
1acTMacc, KEpaMHUKH, MAaTEpUajoB IMOPOIIKOBOM METAJUIypruu, OCOOEHHO
KOMIIO3UIIMOHHBIX MaTepuajoB, YTO 3KOHOMUT JAe(PUIMUTHBIE METaJUIbl, CHUXKAET
3aTpaThl SHEPIUHU HA IPOU3BOCTBO MATEPUAIIOB, YMEHBIIIAET MACCy U3EIINAMN.



Pacderamu ycTaHOBIIEHO, 4YTO 3aM€Ha psA/la METAUIMYECKUX JeTalen
JIETKOBOTO aBTOMOOWJISI Ha YIJICIUIACTUKHU W3 SMOKCHUIHOM CMOJIbI, apMHUPOBAHHOM
YIIAEPOJHBIMU BOJIOKHAMH, TO3BOJIMT YMEHBIIUTh Maccy MamuHbl Ha 40%; oHa
cTaHeT 0oJiee MPOYHOM; YMEHBIIUTCS PacXo] TOIUIMBA, PE3KO BO3PACTET CTOMKOCTH
IPOTUB KOPPO3UHU.

MeTtauibl, 0CO0EHHOCTH ATOMHO-KPUCTA/LINYECKOT0 CTPOCHUS

B orpomHOM psgy MarepuanoB, C HE3almaMSITHBIX BpPEMEH W3BECTHBIX
YEJIOBEKY M IIMPOKO UCIIOJIb3YEMBIX UM B CBOEU KU3HU U JIEATEIBHOCTH, METAJIbI
BCErJa 3aHUMaJii 0c000€ MECTO.

[ToaTBepkaeHWEe H3TOMY: W B Ha3BaHUAX OIOX (30JI0TOW, CepeOpSHBINH,
OpOH30BBIH, JKETIE3HBIN BEKa), HA KOTOPHIE TPEKH JEIMIIA UCTOPUIO YEIOBEUECTBA: U
B apXEOJOTMYECKUX HAXOJIKaX METaUIMYeCKUX u3Aeiuil (KOBaHbIE MEIHBIC
YKpalleHUs], CEIbCKOXO3SMCTBEHHBIE OpYAusi); U B MOBCEMECTHOM HCIIOJIb30BAHUU
METAJUIOB U CILJIABOB B COBPEMEHHOMN TEXHUKE.

[IpuynHa 3TOro - B 0COOBIX CBOMCTBAX METAJUIOB, BBHITOJHO OTIMYAIOLIUX HX
OT APYTMX MATEPHUAJIOB U JICJIAIOIINX BO MHOTHX CIIy4YasiX HE3aMEHUMBIMU.

Memannwt — oaMH W3 KJIACCOB  KOHCTPYKIIMOHHBIX  MaTepHasIOB,
XapaKTepU3yIIuics onpeaeaéHHbIM Ha0OpPOM CBOMCTB:
. «METaJUTMYECKUM 0JIecK» (xopormras OTpakaTesIbHas
CIIOCOOHOCTB);
. IJJACTHYHOCTB,
. BBICOKAs TEIJIOMPOBOTHOCTH;
. BBICOKAS AJIEKTPOIIPOBOTHOCTD.

JlanHbie CBOWCTBA OOYCJIOBJIICHBI OCOOCHHOCTSMH CTPOCHHS METAJLIOB.
CorylacHO TEOpUH METAUTMYECKOTO COCTOSHHUSI, METaI TPEACTABISIET COOOM
BEIIIECTBO, COCTOSIIEE M3 TMOJOXKUTEIBHBIX SAEp, BOKPYT KOTOPBIX MO OpOUTAIISIM
BpaIlaroTcs MMEeKTpoHbl. Ha mocnennemM ypoBHE YUCIIO AJIEKTPOHOB HEBEIUKO U OHU
cmabo CBsI3aHBI C SAPOM. DTH DJIEKTPOHBI UMEIOT BO3MOXKHOCTH MEPEMENIAThCS T10
BCEMy O0BEMY MeTalIa, T.€. MPUHAIICKATH 1IEJI0W COBOKYITHOCTH aTOMOB.

Takum oOpa3zoM, MIACTUYHOCTb, TEIUIONPOBOIHOCTh U DJIEKTPOIPOBOIHOCTH
00€eCIeunBalOTCs HATMYUEM «JIEKTPOHHOTO Ta3a.

Bce meramibl, 3aTBepieBaomue B HOPMAIbHBIX YCIOBUSX, MPEICTABISIOT
co00¥i KpHCTaUTMUECKHE BEIIECTBA, TO €CTh YKJIaJIKa aTOMOB B HUX XapaKTePU3YETCs
onpenenEHHBIM TOPSIKOM — MEPUOANIHOCTHIO, KaK M0 PAa3IMYHBIM HAMPABICHUSM,
TaK M 110 PA3JIMYHBIM IUIOCKOCTSM. OTOT TIOPSIOK OIPEAEseTCs TOHATHEM
Kpucmannuueckas peuiémia.

Jpyrumu  cioBamH, KpHUCTaUTMYECKas pelieTka d3TO  BooOpakaemas
NPOCTPAHCTBEHHAs pEIIeTKa, B y3JlaXx KOTOPOM pacIojararoTCs YacTHIIbI,
oOpasyrolue TBepAoe TeJoO.

Dnemenmapnan aveika — dIEMEHT 00bEMa U3 MUHUMAJILHOTO YHCJIa aTOMOB,
MHOTOKPATHBIM TIEPEHOCOM KOTOPOTO B MPOCTPAHCTBE MOXKHO IOCTPOUTH BECh
KPUCTAILI.

DOneMeHTapHasi sYeiKka XapaKTepU3yeT OCOOEHHOCTH CTPOEHUS KpHUCTaIa.
OCHOBHBIMH TTApaMETPAMH KPUCTAJIIA SIBIISTFOTCS



e pa3Mmepbl pébep dIeMEHTapHOM sueiliku. a, b, ¢ — mepuonabl PEmETKH —
paccTosiHUS MEXAYy LEeHTpaMu Omkadmux aroMoB. B ogHOM HampaBieHUH
BBIJIEPKUBAIOTCS CTPOrO ONPEIETEHHBIMH.

e YIIIbI MEXKIY ocsimu (&, &, 1 ).

o koopauHauuoHHoe uuciao (K) yka3piBaeT Ha 4HCIO aTOMOB,
pacroJOKEHHBIX Ha OMIKalIleM OJMHAKOBOM pPACCTOSHUHM OT JII0OOro aroma B
penieTKe.

o 0a3uc pemeTKd KOJUYECTBO aTOMOB, MPUXOISIIUXCS Ha OAHY
AIIEMEHTAPHYIO YEHKY PEIIECTKU.

e IUJIOTHOCTh YNAaKOBKH aTOMOB B KPHUCTAJUIMUECKOH pemieTke — O00BEM,
3aHATBIA aTOMaMH, KOTOPBIE YCJIOBHO paccMaTpHBAIOTCA KakK KECTKuhe mapbl. Ee
ONPENENISIOT KaK OTHOIIEHHWE O0BheMa, 3aHSITOT0 aToMaMu K O0beMy siueku (Iist
00BbEMHO-IIEHTPUPOBAHHOMN KyOnueckoi pemietku — 0,68, niist rpaHeLIeHTPUPOBAHHOM
Kyondeckoi permerku — 0,74)
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Puc.1.1. Cxema KkpuCTaNINYECKON PEIIETKU

Knaccudukanuss BO3MOXHBIX BUJIOB KPUCTAUIMUYECKUX PEIIETOK ObliIa
npoBeneHa ¢paHiy3ckuM ydeHbiM O. bpaBe, COOTBETCTBEHHO OHHU MOJYYHIIH
Ha3BaHME «pemeTkn bpase». Bcero sl KpUCTAUIMYECKHMX TEJI CYLIECTBYET
YEThIPHAALATh BUJIOB PEUIETOK, Pa3OUTHIX HA YETHIPE THUIIA;

e IPUMHUTUBHBIM — Y3JIbl PELIETKU COBIIAJAKOT C BEPIIMHAMM SJIEMEHTAPHBIX
SYEEK;

e 0a30LICHTPUPOBAHHBIN — aTOMBI 3aHUMAIOT BEPIIMHBI SYEEK U JIBA MECTa B
IIPOTUBOIOJIOKHBIX IPAHSAX;

e 00BEMHO-TICHTPUPOBAHHBI — aTOMBI 3aHUMAIOT BEPIIUHBI SYEEK U €€
HEHTP,

e TPaHCIECHTPUPOBAHHBIA — aTOMbI 3aHUMAIOT BEPIIMHBI SYCUKU W LEHTPbI
BCEX IIECTU IPaHEH
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Puc. 1.2. OCHOBHBIE THIIBI KPUCTAIUTMYECKUX PEIIETOK: 8 — 00 BEMHO-
LEHTPUPOBaHHAasA KyOuueckasi; 0— rpaHelleHTpUpOBaHHas Kyonueckas; B —

IreKCaroHaJibHas IJIOTHOYIIAKOBaHHAsA

OCHOBHBIMH THIIAMU KPpUCTAJINICCKUX peH_IéTOK ABJIAKOTCA:

1. O6BeMHO - nieHTpupoBanHas kyouueckas (OLIK) (cm. puc.1.2a), aTombl

pacrioyiaratotrcs B BepiinHax kKyoa u B ero nentpe (V, W, Ti, #z,)

2. I'paneuentpupoBanHas kyouueckas (I'LIK) (cm. puc. 1.206), aTtomsl
paccrioyiaratoTcsi B BEpIIMHAX KyOa U 10 IICHTPY Ky»KA0u U3 6 rpaneii (Ag, Au, ¢, )

3. ['excaroHasibHasi, B OCHOBAaHUHM KOTOPOH JIEKHUT IIECTUYTOJIbHUK:

o IpocTasi — aTOMbI PacIoJiaraloTCsA B BEpPUIMHAX SYEHKU U MO I[EHTPY 2
OCHOBaHM (yriiepoJi B Bujie rpadura);

o wiotHoynakoBanHas (['TIY) — umeercss 3 NMOMOJHUTEIBHBIX aToMa B

CpeIHEeH MIOCKOCTH (IIUHK).
IHousiTHE 00 M30TPONIUM M AHU3OTPONUH

CBoiicTBa Tella 3aBUCAT OT IMPHUPOABI ATOMOB, M3 KOTOPBIX OHO COCTOHUT, U OT
CUJIBI B3aUMOJICUCTBHS MEXAy ATUMHU aToMamu. CHJIBI B3aUMOACHCTBUS MEXKIY
aTOMaMHu B 3HAYUTEIIBHOW CTETICHU OIPEACIISIOTCS PACCTOSHUSAMH MEXKIy HUMHU. B
aMOp(HBIX Telax ¢ XaoTHYCCKUM PACIOJOKCHHEM aTOMOB B IIPOCTPAHCTBE
PAcCTOSIHUST MEXKIy aTOMaMH B Pa3IMYHBIX HAIMPaBICHUSX PaBHBI, CJICIOBATEILHO,
CBOMCTBa OyJIyT OJTMHAKOBBIE, TO €CTh aMOP(HBIC TEIA U3OMPONHBL

B  xpucrammueckux Tenax aToOMbl MPABWIBHO  paCIoONararoTcs B
POCTPAHCTBE, MPUYEM IO Pa3HbIM HAIMpPABICHUSM PACCTOSHUS MEXKIYy aToMaMu
HEOJIMHAKOBBI, YTO MPEIONpENessieT CYHIIECTBEHHbIE pa3jiuuuMs B  CHJax
B3aMMOJICUCTBHUSI MEXJy HMMH U, B KOHEYHOM pe3yJibTaTe, pa3Hbie CBOMCTBA.
3aBUCHUMOCTh CBOMCTB OT HAIlPaBJICHUS HA3bIBACTCA AHUZOMPORUEI

UtoObl  TOHATH  SBJICHWE  AHU30TPOIMM  HEOOXOIWMO  BBIJICITHUTH
KpUCTauIorpaiueckue IJIOCKOCTH W KpHCTAIorpadUyecKue HaNpaBJICHHUS B
KpHUCTaIe.

[T1ocKOCTh, MPOXOIAIIAs YePe3 Y3IIbl KPUCTAIUTHYSCKON PEIICTKH, HAa3bIBACTCS
Kpucmannozpaguueckoit nioCKOCmbio.

[IpsimMast, mpoxojsmas 4epe3 y3iabl KPUCTAUIMYECKOW PEIIeTKH, Ha3bIBACTCS
Kpucmannozpaguueckum HanpagieHuem.

st 00603HaYeHMSI KPUCTAIUIOTPAPUYECKUX IUIOCKOCTEH W HaIpaBJICHHMA
MONB3YIOTCS  unoekcamu Munnepa. YtoObl yCTaHOBUTH WHACKCH Muuiepa,



AJIEMEHTAPHYIO SUCHKY BIHCHIBAIOT B MPOCTPAHCTBEHHYIO CHCTEMY KOOpPIUHAT (OCH
X,Y, Z — xpucramiorpadudeckue OCH). 3a €IUHHUIy H3MEPEHUs MNPUHUMACTCS
NEPUO/] PEILIETKH.

L oo (10

2] 1

fr1 i

frog) {org)
a/

Puc.1.3. Ilpumepsl 0603HaueHHS KpUCTAUIOrpadUuecKuX II0CKoCcTel (a) U
KpUcTajutorpaguyeckux HamnpapiaeHuu (0)

x-’!

Jliig onpeneneHuss MHIEKCOB KpUCTaUIorpaduueckoil Kpuctauaorpapuueckon
IUIOCKOCTH HEOOXOIUMO:

e  YCTAaHOBUTb KOOpDJAMHATHI TOYEK IEPECEUYEHUS IUIOCKOCTH C OCAMH
KOOpPJIMHAT B €IMHULIAX MEPUOAA PELIETKH;

e B34Th OOpaTHbBIC 3HAYCHUS ITUX BEIIMYUH;

e IIPUBECTU UX K HAMMEHBIIEMY LIEJIOMY KPATHOMY, KOKJIOMY U3 MOJTYYEHHBIX
quced.

[TosmyueHHble 3HAUEHUS MPOCTHIX LEJIBIX YHUCEN, HE HMEIIue OOIIero
MHOXUTENS, SBISIOTCS HWHIEKcaMu Mwuiepa i1 IUIOCKOCTH, YKa3bIBalOTCS B
Kpyriibix ckoOkax. [Ipumepsl 0003HaueHUs KpHUCTauIorpauyecKux MIOCKOCTENH Ha
puc. 1.3 a.

Hpyrumu ciaoBamu, UHAEKC 110 OCH ITOKAa3bIBAET HA CKOJIBKO 4acTeH INIOCKOCTh
JIEJIUT OCEBYIO €IMHHUILY 110 JaHHOW ocH. ITnockocTH, mapaysenbHble OCH, UMEIOT 110
Heit ungexc 0 (110)

OpueHTanyss nOpsMOM  OmpenensieTcs KOOpAMHAaTaMH JBYX Touek. Jlus
onpeaeneHusl HACKCOB KPUCTAIOTpa(uuecKoro HarpaBieHuss HEOOXOANUMO:

e OJIHY TOUKY HAIIPaBJICHHUS] COBMECTUTh C HAYAJIOM KOOPAWHAT;

e YCTAaHOBUTH KOOPAHMHATHI JIOOOW NPYyroil TOUKH, JiexkKalled Ha MPSMOH, B
eAMHUIAX MePUOoIa PEIIETKU

e I[IPUBECTU OTHOUIEHUE 3TUX KOOPAMHAT K OTHOIICHHIO TPEX HAMMEHBIIHNX
LEIBDK YHCEIL.

Nunekcsl kpuctamiorpa@uyeckux HampaBJICHUM YKa3bIBAIOTCS B KBaJAPATHBIX
ckoOkax [111]

B xyOudeckoil pemieTke WHIEKCHl HaIMpaBICHUS, MEPHEHINKYISIPHOTO
miockocTu (hkl) umerot Te xe unaekcer [hkl].

AJJioTponus UM NoJuMopgHbIe NpeBpalieHus.
CrnocoOHOCTh  HEKOTOPHIX  METAJUVIOB  CYIIECTBOBATH B Pa3IMYHBIX
KpUCTANIMYECKUX (QopMax B 3aBUCUMOCTH OT BHENIHWUX YCJIOBHUM (ZIaBJICHHE,
TeMIlepaTypa) Ha3bIBACTCS A1/10MPONUeEil Ui ROAUMOPPUIMOM.
Kaxnprii  Bua  pemieTku  MPEACTaBISIET  COOOW  aniomponuueckoe
8UOOU3IMEHeHUe W MOOudukayuio.



[IpumepoM  alIOTPONUYECKOTO  BUAOM3MEHEHHS B  3aBUCUMOCTH  OT
TeMreparypsl sBisercs xene3o (Fe).

Fe::<911"c— OLK - Fe,;

911 <z <1392° ¢ —TTK - Fe,;

1392 <2 > 1539"C — OLIK - #e,; (BeICOKOTEMIIEpATypHOE 2., )

[IpeBpamienne ogHONW MOAM(HUKAIIMN B APYTYI0 MPOTEKAET MPHU MOCTOSHHOM
TEMIIEpaType M COMPOBOXKIACTCS TETUIOBBIM 3 dekToM. BumonzMeHeHus 3JIeMeHTa
o0o3HawaeTcss OyKBaMM Tpeueckoro ajndaBuTa B BHJAEC HHIEKCAa Y OCHOBHOTO
0003HaYEHUs METAJLIA.

[Tpumepom AJJIOTPOIIUYECKOTO BUJIOU3MECHEHUS, 00yCIIOBJIEHHOTO
M3MEHEHUEM JIaBIICHUS, SIBISIETCA YIJIEpOA: MPH HHU3KUX JABJICHHUSIX oOpa3yercs
rpadurt, a IpU BBICOKUX — aJIMa3.

Hcrnonw3ys sBieHue monuMmopdu3Ma, MOKHO YIPOYHSATH W pa3 YIPOUYHSTH
CIUIaBBI IPU TOMOILY TEPMUUECKON 00paOOTKH.

MarnuTHble npeBpameHus

Hekoropsle MeTa/lbl HAMAarHAYMBAKOTCS IO/ JEUCTBUEM MAarHUTHOTO ITOJIA.
[locne ynaneHus MarHUTHOTO TOJIsE OHU 00JIaal0T OCTATOYHBIM MarHeTU3MOM. DTO
SBJICHUE BIIEPBbIE OOHAPYKEHO Ha JKeJie3€ U MOJIYYHIO Ha3BaHUEe (peppoMarHeTusma.
K ¢eppomarnernkam OTHOCSATCS »eje30, KOOAIbT, HUKEIb U HEKOTOpBIE Ipyrue
METAJLIBI.

[Ipu HarpeBe (QeppoMarHUTHbIE CBOMCTBa METalla  YMEHBIIAKOTCS
MOCTENEHHO: BHavajle cjaabo, 3aTeM pe3Ko, U MpHU ONpeeiEHHOW TemIepaType
(rouka Kropu) wucuesator (touka Kropu s skemesa — 7628"C). Boimie aroi
TEMIIEpaTypbl METaJUIbl CTAaHOBATCS NapamMarHeTHKaMu. MarHuTHBIE IPEBPAILECHHUS
HE CBSI3aHBl C U3MEHEHUEM KPUCTANIMYECKON PEIIETKH WM MUKPOCTPYKTYpPBI, OHU
00yCIJIOBJIEHBI U3MEHEHHUSIMHU B XapaKTepe MEXKIIECKTPOHHOTO B3aUMOIEHCTBHUS.

CrpoeHue peajbHbIX MeTAJLIOB. JlepeKThI KPUCTAIIIMYECKOT0 CTPOCHUSA

W3 >kuakoro pacruiaBa MOXKHO BBIPACTUTh MOHOKpPHCTALT. WX 0OBIYHO
HCITOJIB3YIOT B TA00OPATOPHUSAX JIJIST U3YUCHHS CBOMCTB TOTO WJIM HHOTO BEIIECTBA.

Metamuibl ¥ CIUTaBbl, TIOJYYCHHBIC B OOBIYHBIX YCIOBHUSAX, COCTOST U3
OOJBIIIOTO KOJMYECTBA KPUCTANIOB, TO €CTh, HMEIOT MOJUKPUCTATIMIECKOE
CTpO€HHEe. OTH KPHUCTAJUIBl Ha3bIBAlOTCS 3epHamu. OHU HMMEIOT HEMPaBWIBHYIO
dbopMy M pa3NMYHO OPUEHTHUPOBAHBI B MpOCTpaHCTBe. Kaxkmoe 3epHO MMEET CBOIO
OPUEHTHUPOBKY KPUCTAJUTMUECKOU PEIIETKU, OTIMYHYI0 OT OPUEHTHUPOBKU COCETHHX
3€peH, BCJICICTBHE YETO CBOWCTBA pPEaTbHBIX METAJIOB YCPEIHSIIOTCS, W SBIICHUS
AHU30TPOINH HE HAOIIOAACTCs

B kpucTalmu4eckoil pemieTke peanbHBIX METAUIOB HMEIOTCS Pa3InyHbIC
nedeKkTsl (HECOBEPIICHCTBA), KOTOpPHIE HApYyIIAIOT CBSI3M MEXKIYy aroMaMd M
OKa3bIBAIOT BIMSHHE HA CBOWCTBAa METAIOB. PazmuyaroT cleayronme CTPyKTypHBIC
HECOBEPIIICHCTBA:



L TOYCYHBIC — MAJIbIC BO BCCX TPCX U3MCPCHUIX,

. JIMHEHMHBIE — Mallble B ABYX M3MCPCHHUAX MW CKOJb YI'OJHO
IMPOTSZKCHHBIC B TPCTHEM,
. IMOBCPXHOCTHBIC — MAJIBIC B OMTHOM NU3MCPCHHU.

Toueunvie oehexmut

OnmHUM W3 PACIpPOCTPAHEHHBIX HECOBEPIICHCTB KPHCTALUTMYECKOTO CTPOCHUS
SBIISICTCSI HAJIMYME TOYCUYHBIX JC(PEKTOB: BAKAHCHIA, IUCIOIMPOBAHHBIX aTOMOB H
npumeceii. (puc. 1.4.)

l 1 11 )

a & g
Puc.1.4. Toueunsie neeKThI

Bakancuss — OTCyTCTBHE AaTOMOB B y3JaX KpPHCTAJUIMYECKOM PELIETKH,
«IIBIPKW», KOTOpbIE 00pa30BaIUCh B pe3yJibTaTe pa3nyHbIX NpuunmH. OOpazyercs
[P [IEPEXO0JIE ATOMOB C ITOBEPXHOCTH B OKPYXKAIOIIYIO CPEAY WA U3 Y3JI0OB PEIIETKU
Ha MOBEPXHOCTh (TPAaHULBI 3€pEH, MYCTOThl, TPEIIMHBI U T. X. ), B pe3yjibTare
ItacTHYeckoi aedopmaiiu, pu O00MOApIUPOBKE Tejla aTOMAMHM WJIM YacTUIIAMU
BBICOKMX OJHEpruil (oOJaydeHHEe B LMKIOTPOHE WM HEUTPOHHOH O0O0JydeHue B
snepHoM peaktope). KoHmeHTpanus BakaHCHH B 3HAUMTEIIBHOW  CTETICHU
ompenensgeTcs TeMmieparypou tena. Ilepememasce 0 KpUCTALLy, OIWHOYHBIC
BaKaHCUHU MOTYT BCTpedarbes. M1 o0beanHAThCS B quBakaHCuu. CKOIUIEHHE MHOTHX
BaKaHCHUN MOKET NPUBECTU K 00pa30BaHUIO NIOP U ITYCTOT.

JIucnonMpoBaHHbI aTOM — 3TO aTOM, BBIEAIINM M3 y3Ja PEMIETKA U
3aHSABIIMM MECTO B MexAoy3nue. KoHUeHTpauus IHUCIOUMPOBAaHHBIX ATOMOB
3HAUUTEILHO MEHBIIE, YeM BAaKAHCHUM, TaKk Kak Mg MX 0Opa3oBaHUs TpeOyroTCs
CYILLIECTBEHHBIE 3aTpaTbl dHEpruu. lIpy 3TOM Ha MeCTE NMEepeMECTHUBLIErOCs aToMa
o0paszyeTcsi BAKaHCHUSI.

Jluneiinvie oeghpexmot:

OCHOBHBIMU JUHEHHBIMH Je(deKTaMHu SIBISIIOTCA JUCIOKAUUA. ATpPHOPHOE
MPEJCTABIICHHE O JMCIOKAIUAX BIEpBbIE UCIOIb30BaHO B 1934 romy OpoBaHOM U
Teitmepom Tpu HCCIECIOBAaHUU ITUIACTHUECKOW JedopMaluu  KPUCTATUIMYECKHUX
MaTepuaioB, Js OOBSICHEHHS OOJBIION pa3sHUIBI MEXIYy MPaKTUYECKOH U
TEOPETUYECKON TPOYHOCTHIO METAJLIA.

Jucnoxkauus — 310 1eEKTbl KPUCTATIIMYECKOTO CTPOCHMS, MPEACTABISIONINE
co0Ol JMHUM, BAOJb W BOJM3U KOTOPBIX HAPYIIEHO XapakTEpHOE MJisi KpUCTaiia
IpaBUIBLHOE PACIOJIOKEHUE aTOMHBIX IJIOCKOCTEH.



Ilpocmertuwiue 6uovl ouciokauuil — Kpaeevle U 6UHMOGbIE.

Kpaesas oucnokayuss mpenctaBisier co0Od  JIMHUIO, BIOJIb KOTOPOU
0OpBIBaeTCS BHYTPHU KPHUCTALIA Kpai “TUIIHEH  moryrmockoctu (puc. 1.5)

a)

Puc. 1.5. KpaeBas aucnokanus (a) 1 MeXaHu3M ee oopa3zoBaHus (0)

HauGounpiine nuckaxeHus: B pacrioyioxXEHUU aTOMOB B KPUCTAILJIE UMEIOT MECTO
BOJIM3M HIDKHETO Kpasi SKCTPAIJIOCKOCTH. BIpaBo U BJIEBO OT Kpasi SKCTPAIIOCKOCTH
OTH HCKKEHHUS Malibl (HECKOJIbKO TMEepUOJOB pEIIeTKH), a BAOJIb Kpas
AKCTPAIIOCKOCTH MCKaXEHUS MPOCTUPAIOTCA Y€pe3 BECh KPUCTAUT U MOTYT OBITh
OYCHB BEJIMKH (THICSUN TIEPHOI0B permeTku) (puc. 1.6).

Ecnu skcTpamiockocTh HaXOMUTCA B BEPXHEH YacTH KpUCTauia, TO KpaeBas
JTUCIIOKAIUsl — TMOJoXHUTeNbHas (L), eclii B HWXKHEH, To — oTpunartenbHas (T).
Jlucnokanuu OJTHOTO 3HaKa OTTAJIKUBAIOTCS, & TPOTUBOIOJIOKHbBIE TPUTATUBAIOTCS.

Puc. 1.6. MckaxxeHus: B KpUCTAJUIMYECKOM pEIIeTKE MPU HATUIUU KPAEBO
U CIOKAUU

JIuHUM nucnokanui HE MOTYT OOpBIBAaTbCS BHYTPH KpPUCTAUIA, OHU JOJKHBI
au00 ObITh 3aMKHYTBIMH, 00pa3ys NETI0, JUOO pPa3BETBIATHCS HA HECKOJBKO
JUCIIOKAUi, THOO0 BBIXOJAUTH HA TOBEPXHOCTh KpHUCTAJLIA.

JIUCNOKAallMOHHAs CTPYKTypa MaTepuala XapaKTepU3yeTcs HI0MHOCHbIO
oucnokayuil.

Inomnocms Oucnokayuii B KpPUCTAIUIE OINPEACISIETCS KaK CPEIHEE YHUCIIO
JIMHAH JIUCITOKAIHI, TIEPECeKAONINX BHYTPH Te/a IUIOMAAKy IUIONanbio | M2, win
KaK CyMMapHasi IJIMHA JIMHAHA TUCTIoKaIuil B oobeme 1 M

Hucnokamuu oOpa3yroTcs npu oOpa30BaHMM KPHUCTAJIOB M3 paciulaBa WA
razoo0pa3Hoi (a3bl, IpU CpacTaHUM OJIOKOB C MaJbIMU YIJIAMH Pa30pPUEHTUPOBKH.
[Ipu nmepemenieHUM BakaHCUW BHYTPU KpHCTAJlJIa, OHU KOHLIEHTPUPYIOTCS, 00pasys
MOJIOCTH B BHUJIE€ NUCKOB. ECiM Takue AMCKU BEJIMKH, TO SHEPTETUYECKH BBHITOJAHO
“3axjionbiBaHue” WX C OOpa30BaHMEM IO Kpaw AUCKa KpaeBOW AMCIIOKALIMH.
OOpa3yroTcst AMCIOKalMM Tpu AeopManuy, B TpoLEcCe KPUCTAUIM3ALUU, MpU
TEPMHUYECKOIN 00paboTKe.

Ilogepxnocmmuole degpekmpl — TpaHUIIBI 3epeH, PpParMeHTOB U OJIIOKOB (pHC.

1.7).



Puc. 1.7. PazopueHranus 3epeH 1 0JJOKOB B METaJlIe

E-

. Pa3zmeprr 3epen cocraBisitor 10 1000 MKM. Yrisl
pPa30pUEHTAIIMM COCTABISIIOT JI0 HECKOJIBKUX JIECSITKOB
rpanaycoB (&).

['panuna Mexay 3epHamMu TpeACTaBlsIeT CcoOOM
TOHKYI0O B 5 — 10 aTOMHBIX IWAMETPOB MOBEPXHOCTHYIO
30HYy C€ MAaKCUMaJIbHbIM HApylUIEHUWEM TMOopsjKa B

a

pPacnoJIOKEHUH aTOMOB.

CTtpoeHue mepexoaHoOro ciosi CoCOOCTBYET CKOIUICHHIO B HEM JMCIOKAIUil.
Ha rpanunax 3epeH NOBBIIIEHAa KOHIIEHTPAUUs NPUMECEH, KOTOPbIE IMOHUKAIOT
MOBEPXHOCTHYIO 3Hepruro. OJHAKO W BHYTPU 3€pHAa HHUKOTJa He HaOIromaeTcs
UJCAIBHOIO  CTPOCHUS  KPUCTAUIMYECKOW  pemeTku.  VIMerTcs  ydacTku,
pPa30pPUCHTUPOBAHHBIE OJMH OTHOCHTEIBHO IPYroro Ha HECKOIBKO rpaxycoB ().
OTH y4acCTKU Ha3bIBAIOTCA ghpacmenmamu. IIponiecc neneHns 3epeH Ha PparMeHTHh
Ha3bIBACTCS (hpazmenmayueni i nOJAUZOHU3AUUEL.

B cBoto ouepenp kaxablii pparMeHT cOCTOUT U3 OJI0KOB, pazMepamu meHnee 10
MKM, pPa30pHUEHTUPOBAHHBIX HA YroJ MEHEe OJIHOro rpanayca (&). Takyro cTpyKTypy
Ha3bIBAIOT OJ1I04YHOU WU MO3AUYHOU.

Bompocsl aJ1st caMOINpOBEPKU:
Yto TakoH METaJIJIbI 1 0COOEHHOCTH aTOMHO-KPUCTAIINIECKOr0 CTPOCHUS ?
[lonsiTre 00 M30TPOIIMHU U AHU30TPOIIMHU ?
AnnoTponus Uiy noauMopdHbIE IPEBPAIICHHUSL.
CrtpoeHne peanbHbIX METATIIOB?
Yo Takou ToueUHbIE Ie(HEKTHI?
Yro Takoi JuHeNHbIE Je(EKTHI?
CrpoeHne peanbHbIX METAJUIOB?
. Yto Takoii Toueunble geQeKThI?
O Yro Takoii nuHelHble 1e(heKTHI?

H“3’530.\‘.07."‘S‘Q!\’!—‘
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