Kpucramummueckue u
aMOp(HBIC TEIIa



= [lonroe Bpemsa Ka3anocb, YTO caMoe UHTepecHoe B Pusuke -
9TO uUccrnegoBaHNsa MUKpoMmpa n MMKpokocmoca. ViIMeHHOo Tam
NblTannucb HAUTU OTBETLI HA Habounee BaXHble,
doyHOaMeHTanbHble BONPOCHhl, 00bACHAKOLLME YCTPOUCTBO
OKpy>KatoLliero mumpa. A cenyac obpasoBanca TpeTum poHT
nccrieqoBaHuUn - U3ydeHne TBeEpAbIX Ter.

= [loyemy ke Tak BaXXHO uccnegoBaTtb TBEpAble Tena?

= OrpoMHyo porsib, KOHEYHO, UTPAET 34ECb NpaKkTuveckas
OeATenbHOCTL YenoBeka. TBepabie Tena - 3To MeTannbl U
OVUANEKTPUKN, BE3 KOTOPbIX HEMbICITMA ANEKTPOTEXHMKA, 3TO -
NonynpoBOAHUKN, Nexallne B OCHOBE COBPEMEHHOM
9NEKTPOHUKN, MarHUTbI, CBEPX MPOBOAHUKN, KOHCTPYKLUUOHHbIE
MaTepuanbl. CrioBOM, MOXHO YTBEPXXOAaTb, YTO HAYy4YHO-
TEXHUYECKNU NMporpecc B 3Ha4NTENbHON Mepe OCHOBaH Ha
NCMoSIb30BaHNN TBEPAbLIX TET.

= HO He TosnbKo NPaKTN4eCKadAa CTOPOHAa A€Jla Ba>XHa MNMpu nx
N3YyHEHNN. Cawma BHYTPEHHAA JTIOTMKa Pa3BUTUA HAYKN - CbVI3I/IKl/I
TBép,EI,OFO TeNa - npueesia K NOHMMaHNK BaXHOIo 3Ha4eHn4A
KONNEKTUBHbLIX CBONCTB OONMbLUNX CUCTEM.



[]

AHN30TpONNA MOHOKpPUCTANIOB
3aKJ/ilo4aeTcs B 3aBUCUMOCTU UX PU3NYECKUX
CBOWCTB OT HanpasneHud. Nonnkpuncrann

MnpeactTaBgdeT COBOVI coeanHeHne MeNikKnx,

pa3/IM4HbIM 06pa3oM OpUEHTUPOBAHHbIX
MOHOKpUCTannoB (3epeH) n He obnagaet
aHMn30Tponnen cBOUCTB. BONbLINHCTBO
TBEpAbIX TeN UMeKT NOSIMKPpUCTasinyeckoe
cTpoeHune (MMHeparsnbl, CrijiaBbl, KepamMuka).




o« TBeéppoe Teno cCoOCTOUT U3 MUNMapAaa yacrtuu,
KOTOpble B3auMOOENCTBYIOT Mexay coboun. 3to
obycnoBnuBaeT nosiBrieHNe onpenerieHHoro
nopsiika B CUCTeMMe U 0COObIX CBOUCTB BCero
KonuyectBa MUKpo4acTul.TakK, KOnneKTUBHbIe
CBOMCTBA 3NJIEKTPOHOB onpenensaroT
3NeKTPONpPOBOAHOCTb TBEpPAbLIN Ten, a
CNOCOOHOCTbL Tena nornowartb Tensno -
TEennoOeMKOCTb - 3aBUCUT OT XapakKrtepa
KONNEeKTUBHbIX KornnebaHun atToMoB npu
TensioBoM ABuXeHun. KonnekrmBHble CBOUCTBA
OOBLACHAKT BCe OCHOBHbIE 3aKOHOMEpPHOEeCTH
noBeaeHna TeBepabix Ter1.OCHOBHbIMMU
CBOUCTBaMM KpUCTarJIM4eCKUX Tesn ABNAIOTCS:
onpeneneHHOCTb TeMmnepaTtypbl NNaBNeHus,
YrNpyrocTtb, MPOYHOCTb, 3aBUCUMOCTb CBOUCTB OT
nopsigka pacrnosfioXkeHus aTomoB, T. €. OT TUna
KPUCTansiIn4ecKkou peLueTKu.

CTpykTypa TBEpAbIX TeN MHOroobpasHa.



AMOP®PHbIMUIHA3bIBAIOT BELLECTBA, Y KOTOPbIX OTCYTCTBYET
NopsiIOK PacRoOAOXeHNS1 aTOMOB M MOAIEKY/1 MO BCeMy 06beMy
3TOrQBeeCTBa-~B-0TAn4Me-0T-KpucTaiM4eckmx BewecTs
aMoOpMHbIE BELLECTBA M30TPOMHbI. ITO 3HAYUT, YTO CBOUCTBA
OAUHAKOBbLI MO BCEM HanpaB/IEHUAM. I'Iepexon N3 aMOpP@HOro
COCTOSIHUS B XXMUAKOE NMPOUCXOAUT NOCTEMNEHHO, OTCYTCTBYET
onpeaeneHHasd TeMnepartypa niaBnieHus. AMopchble Tena He
imanamT YNPYrocTbio, OHU MAacTU4Hbl. B aMmopdHOM

OCTOAHNN HaXoAATCA pa3/intdHble BEWECTBA. CTEKJ1a, CMO/J1bl,
JIa€TMaCCbl N T. I.

Ynpyroctb — CBOMCTBO TeJS1 BOCCTAHAB/MBATL CBOKO (DOPMY
N 06BbEM MOC/e NpeKpaLleHnNsa AEUCTBUSA BHELLHUX CUIT U
APYrux NpuYunH, BbI3BaBLUKX AedopMauuto Ten. [Ana ynpyrmx
nedopmauunm cripaBenivB 3akoH 'yka, CorflacHO KOTOpPOMY
ynpyrue aecopmam NpsaMo NporopLyoHasibHbl Bbi3bIBAKOLLNM
X BHELLHMM BO34eNUCTBUSAM a = E|c|, rae a — MexaHun4yeckoe
Hanps>KeHne, € — OTHOCUTENbHOE YA/IMHEHNne, E — mMoaynb
lOHra (Mon,ynb YNpyroctun). Ynpyroctb obycnoBneHa
B3aMMOAENCTBNEM U TEMNOBLIM ABMXEHMEM YACTUL, U3
KOTOPbIX COCTOUT BELLECTBO.



,El,edDOpMaLl,l/IFIX BedeT cebs, Kak ynpyroe. Ero

i, pa3Mepbl U PopMa BOCCTaHaBNMBAKOTCA NMpu
|CHATMW Harpy3ku. B To e Bpems BCe Tena B TOM
NN MHON Mepe MOryT UCMbITbIBATb
|\nnacTnymnckmne aedopmaumu.

§ MexaHn4yeckre cBonCcTBa MaTepuaros
|pasHoo6pasHbl. Takne MaTepumarsl, kak pesuHa
nnu cTanb obHapYyXMBaIoT Yrpyrie CBOWCTBa Npu
MllcpaBMHUTENBHO BOMBLLNX HAMPSHKEHUSX U

M nedopmaumsax. Moatomy Takne marepuansl
\Ha3bIBaIOT yNpyrumu



MAacTUUYHOCTD. 11aCTUYHOCTL — CBOMCTBO TBEPABIX TEJT
noa AEVUCTBMEM BHELLHUX CU U3MEHNATb, HE pa3pyLUasicb, CBOIO
(pOpMYy U pa3Mepbl U COXPAHATb OCTATOYHbIE LI,ECI)OpMaLI,VIVI
nocsie Toro, Kak AeNCTBUE 3TUX CUI1 MPeKpaTUTCS

Y MOKPOW TI1HbI, MIACTUIMHA UK CBMHLIA 0611aCTb YNpyrux
necdopMaLmnm Marna. Matepuasibl, ¥ KOTOPbIX HE3HAYNTE/IbHbIE
Harpy3Kku BbI3bIBaKOT M1acTUHYeCKme gepopmauymm, Ha3blBarOT
M/1aCTUYHBIMMA.

[leneHvie MaTepu1anoB Ha yrnpyrve u niactTuyHble B
3HaUUTESIbHOW Mepe YCNOBHO. B 3aBUCMOCTMOT BO3HUKAIOLWNX
Hamnps>KeHWN OAMH M TOT Xe MaTepuan byaeT Bectn cedba unm
KaK Yrmpyruu, uim Kak niactuyHbin. Tak, npyu oveHb 60/bLmnxX
HanpsKeHMAX CTaslb 06HApYXXMBAET MIACTUYHbIE CBOMCTBA. 3TO
LLUIMPOKO MCMO/b3YIOT NPU LUTAMMOBKE CTasIbHbIX U3AENUN C
MOMOLLbIO MPECcca, CO3/I0KLLIErO OrFPOMHYIO Harpysky.

X0noaHas CTanb WK Xene3o C TPyAOM NoaaatdTCs KOBKE
MOJIOTOM. HO moce cunbHOro Harpesa “M NerKo npuaathb
nocpeacTBaM KOBKM f1iobyto popMy. CBUHEL| MIACTUYHBIN U NP
KOMHaTHOW TemrnepaTtype, HO NpUobpeTaeT APKO BblpAKEHHbIE
y|1'|(|)38/r(1:/|§ CBOMCTBA, EC/IN €0 OX1aAUTb A0 TEMMEPATYPbl HUXKE



XPpYNKOCTh. boJbIIIO€ 3HAYCHUE HA TPUKTUKE UMEET
CBOMCTBO TBEPJIBIX TEJI, HA3bIBAEMOE XPYHKOCTHIO.
Marepuail Ha3bIBalOT XPYIKUM, €CJIM OH PA3pyLIACTCS MPU
HeOOoNpIMX aeopManmsax. M3aenus u3 crekiaa u popdopa
KPYIIKHE, TaK KaK OHU Pa30UBAIOTCS HA KYCKH MPH MTaACHUN
Ha I10J1 1aXKe ¢ HEOOILIION BEICOTHIL. UyryH, Mpamop,
SHTapb TaKke 00J1a1al0T MOBBIIICHHOMXPYIKOCTBIO, U,
Ha00OpOT, CTallb, MEAb, CBUHEI] HE SIBIISIFOTCS XPYIKHUMU.

Y Bcex XpyIKHX MaTepHaJIOB HANPSHKEHUE OYeHb OBICTPO
PacTET C YBEJIMYECHUEM AePOpMAIIAM, OHU Pa3pPyIIarOTCs
IpU BeCbMa Majibix AedopManusax. Tak, UyTryH pa3pyiacTcs
IIPU OTHOCUTEIBbHOM yaiuHeHUHU € » 0,45%. Y cTalm xe
npu e » 0,45% nedopmaiiys ocTa€Tcs ynpyrom u
pa3pylLICHUE IPOUCXOIUT IIpH € » 15%.

[ImacTuyHbIe CBOMCTBA Y XPYIIKUX MaTepraioB
MIPAKTUYECKU HE TIPOABIIAIOTCA.

JlaHbI O0JIee MU MEHEE TOUHBIC OIPEICICHUS YIPYTOCTH,
MJaCTUYHOCTU M XPYIIKOCTH MaTepraaoB. Ml Teiephb
Iy4llle IPeICTaBIsICM, YTO 0003HAYAIOT ATHU CI0BA, HEPEAKO
BCTPEYAIOIIMECS B OOMXOOHOM KU3HHU



* [IponenaeM onbIT. HaMm 1moHago0saTCs KyCOK
IJTACTUJINHA, CTEApUHOBAS CBEYa U
NEKTpoKaMuH. IlocTaBUM MIACTUIIMH U CBEUY
Ha paBHBIX PACCTOSHUAX OT KamuHa. [1o
IPOIIECTBUM HEKOTOPOTO BPEMEHH YaCTh
CT€apuHa PacIIaBUTCS (CTAHET KUIKOCTHIO), a
4acTh - OCTAHETCS B BUJIE TBEPJOr0 KyCOUKa.

[ lmacTuiauH 3a TO K€ BpeMsl JIMILb HEMHOTO
pasMiargurcs. BEie yepe3 HEKOTOpoe BpeEM
BECh CT€APHH PACILIaBUTCS, a MIACTUIIUH -

IIOCTEIIEHHO '"'pa3beAeTCA" 110 IIOBEPXHOCTHU
CTOJa, Bce 0oJIce U 0oJIee pa3MATrdasich



* /ITaK, CyLLeCcTBYIOT Tena, KoTopble Npw
NnaBeHNN He pa3MAardyarTcH, a U3 TBeEPAOro
COCTOSHMA NpeBpaLlaloTca cpasy B XUOKOCTb.
Bo Bpemsa nnaBrneHns Takux Ten Bcerga MoXXHo
OTAENUTbL XXWUOKOCTb OT eLle He
pacnnaBuBLUeENCA (TBEPOOWU) YacTu Tena. ITu
Tena - Kkpuctannudeckue. CyLecTBYOT TakKe
TBepOble Tena, KOTopble Npu HarpeBaHUu
NOCTENEHHO pa3MAr4yaroTca, CTaAHOBATCA BCe
bonee Tekyynmu. [ns Takmux Ten HEBO3MOXHO
yKasaTtb Temnepartypy, Npu KOTOPOWU OHU
npeBpaLLatoTCa B XNOKOCTb (Mf1aBATCA). OTU
Tena Ha3blBalT aMOPdHbIMMN.



» [lpogenaem cneaywowmm onbIT. B
CTeKNAHHYH BOPOHKY OpPOCUM KYCOK CMOSbI
U BOCKa M OCTaBUM B Tennoun KomHare. o
npoLiecTBUU NPUMEpPHO MecsiLla OKaXeTcH,
YTO BOCK NMPUHAN (pOopMy BOPOHKU U Aaxe
Hayan BbiTeKaTb U3 Hee B Buae "ctpyun" (cm.
PUCYHOK). B NpOTUBONOMOXHOCTDL
KpucTtannam, KoTopble No4YTU BEe4YHO
COXPaHAIT COOCTBEHHYIO (hopMmy,
amMmopdHbIe Tena gaxe NP HeBbICOKUX
TemnepaTtypax oonagaroT TeKy4ecTblo.
[To3aTOMYy MX MOXHO paccMmaTpuBaTb Kak
OYeHb rycTbleé U BA3KUe XUOKOCTMU.



o [10 cBOMM PU3NYECKUM
CBOMCTBaM 1 MOJIEKYNAPHON
CTPYKTYype TBepAable Tena
pa3nendaroTcAa Ha ABa Krnacca —
aMoOp@HbIe U
KpucmaJsnnu4deckKue Tena.




» XapaKTePHOW OCOBEHHOCTbIO aMOPMHbIX TES
ABNSAETCA UX U3OTPONHOCTD, T. €.
HE3aBUCUMOCTb BCEX (DU3NYECKNX CBOUCTB
(MEeXaHNYECKUX, ONTUYECKUX U T. A.) OT
HanpaBneHns. Monekynbl 1 aTOMbl B
M30TPOMHbIX TBEPAbLIX TENaxX pacrnonaratTcs
Xa0TUYHO, 06pa3ys nuwb HebonbLune
NIOKaNbHbIE rPynbl, coaepXaLime
HECKOo/bKO YacTtul, (bnvmxHuM nopsaok). Mo
CBOEWN CTPYKTYpe aMOp(dHbIE TeNa OYEHb
6/IM3KU K XKXUOKOCTAM




o [IpuMepaMu aMOp(MHBIX T€I MOTYT CIY>KHUTh
CTEKJIO, PA3JIMNYHBIC 3aTBEPICBIINE CMOJIbI
(SsHTaphb), IJIACTUKHU U T. 1. Eciin aMmopdHoe
TEJI0O HarpeBaTh, TO OHO MOCTECIEHHO
pPa3MATr4aeTCs, U MEPEX0]I B JKUAKOE
COCTOSSHUE 3aHUMAET 3HAYUTEIIbHbIU
MHTEPBAJ TEMIIEPATYP. B KpUCTATITNIEECKNX
TeJIaX YaCTHUIIbI PaCIOJaraloTCs B CTPOrOM
nopsiiKe, 00pa3ysl MPOCTPAHCTBEHHBIE
IIEPUOJINYECKH TTOBTOPSIOIIAECS CTPYKTY PbI
BO BCeM 0ObeMe Tejia. JJist HamIsagHOro
IPEACTABICHUS TAKUX CTPYKTYP
MCIIOJIb3YIOTCSI IPOCTPAHCTBEHHEBIE
KpucmaniuiecKue peuemKku, B y3Jax
KOTOPBIX PACIIOJArar0TCs EHTPHI AaTOMOB WJIN
MOJIEKYJI JAHHOTO BEIIECTBA. .



» Yallle Bcero Kpucraanandeckasa pelleTka
CTPOUTCS U3 MOHOB (MONOXUTENBHO U
OTPULIATENBHO 3aPSKEHHbBIX) aTOMOB,
KOTOpbIE BXOAST B COCTAB MOJIEKY/1bl
OAHHOro BellecTtsa. Hanpumep, pelleTka
NOBApPEHHOM CONMN COAEPXKUT MOHbI Na+ u
Cl-, He 0bbeanHeHHble NonapHo B
mMonekynbl NaCl (puc. 3.6.1). Takune
KPUCTansbl HA3blBAalOTCS MOHHbIMMU



Pucynok 3.6.1. Kpucrapinueckasn
peuIeTKa MOBAPEHHOU COJIN.




B Kaxxgow npoCcTpaHCTBEHHOU peLLeTKe MOXHO
BblAENMUTb CTPYKTYPHbIN 3N1EMEHT
MWUHMMaNbLHOro pasmMepa, KOTopbIU

Ha3blBaeTCS asieMeHmapHou siyeukou. Bces
Kpuctannuyeckasi peletka MoXeT ObITb
NOCTPOEHa NyTeM napanfenbHoro nepeHoca
(TpaHCNALUUKN) AaNeMeHTapHON A4enKn Mo
HEKOTOPbIM HarpaBlieHUSM.

TeopeTnyeckn gokasaHo, YTO BCEro MOXeET
cywecteoBaTb 230 pasnnyHbIX
NPOCTPAHCTBEHHbIX KpUCTanIM4yecKkmx
CTPYKTYp. BONbLWMHCTBO N3 HUX (HO He BCe)
oOHapyXeHbl B npupoae nnu cosgaHsbl
MCKYCCTBEHHO



Kpuctannmyeckue peLlueTkm MeTannoB 4acTo
MMetoT bopMy LLIECTUTPAHHOW NPU3MbI (LIMHK,
MarHumn), rpaHeleHTPUPOBaHHOIo Kyba (meapb,
30M10T0) NN 0ObLEMHO LIEHTPMPOBAHHOIO Kyba
(>kenes0).

Kpuctannuyeckme Tena MoryT ObiTb
MOHOKpUCTansaMmm 1 noriMmKpucTaniamm.
[NonukpuctTannuyeckne Tena CoCToAT U3 MHOTUX

CPOCLUMXCHA MEXYy CODON XaoTUYECKM
OPUEHTUPOBAHHBLIX MaNeHbKNX KPUCTarnmKoBs,
KOTOpble Ha3biBaTCA Kpuctannutamu. bonbuine
MOHOKpUCTanNmbl peaKo BCTPeYarTcs B npupoae u
TeXHUKe. Yalle Bcero kpuctannunyeckme teepable
Tena, B TOM YMCne U Te, KOTopble Mosly4arTcs
NCKYCCTBEHHO, ABNAKOTCA NONMKpUCTannamu.




B oTiniume oT MOHOKPUCTANOB,
NONNKPUCTaNIn4yeckme tena

M30TPOMHbI, T. €. UX CBOWNCTBA

OAWHAKOBbI BO BCEX
HanpaBEHUSAX.
[TonnKpucTaninyeckoe ctpoeHme
TBEepAoro Tesia MOXXHO OOHapYyXUTb
C MOMOLLbIO MMKPOCKONA, a NHoraa
OHO BUAHO N HEBOOPYXXEHHbIM
ria3oM (4yryH).




e MHorue BewecTBa MOryT CcyLlecTBOBaThb B
HEeCKONMbKUX KPpUCTaNIM4ecKunx
moaudpukaumsax (dasax), otnmyaroimxcs
domnsnyeckmmm cBoncTtBamMmu. ATo ABMNEeHne
Ha3biBaeTca rnosumopusmom. NMepexoa u3s
ogoHON moaudukaumm B gpyryro
Ha3bIBaeTcA NONIMMOPdHLIM NeEPEXOOM.
UHTepeCHbIM U BaXXHbIM NPUMEpPOM
nonnmMmopdgHOro nepexoaa sBNAeTCs
npeBpalwjeHue rpadpurta B anmas. 10T
nepexoa npv NpousBoACTBE
MCKYCCTBEHHbIX ariMma3oB
ocyuwectBnsaercqa npu aasneHusax 60-100

TbicsAY aTMocdep U TeMnepaTtypax
1500-2000 K.



* CTPYKTYpbl KPUCTaNNINYECKUX PELLETOK
9KCMEPUMEHTANIbHO U3y4atloTCs C MOMOLLbIO
andppakumm peHTreHOBCKOro U3ny4vyeHnst Ha
MOHOKpUCTanmnax nnu NonmKkpucTaninyeckmnx
obpasuax.

* Ha puc. 3.6.2 npuBegeHbl npuMepbl NPOCTLIX
KpucTtannunyeckux pewetok. Cnenyer
NOMHWUTb, YTO YacCTULbl B KpUcTanmnax nioTHO
yrnakoBaHbl, TaK YTO pacCToAHNE MeXay UX
LEeHTpaMU NpuUbNnM3nTenbHO paBHO pasmMepy
yactuy,. B nsobpaxeHnmn Kkpuctannmyieckmx
PELLETOK YKa3blBAETCA TOMNbKO MOSIOXKEHUE
LLeHTPOB YacTul,




Pucynok 3.6.2.
[Ipoctele kpucTanueckue pemeTku: 1 — mpocras KyOMdecKkas penieTka 2 —
I'paHCIICHTPUPOBAaHHAS KyOHMdecKas pernieTkay 3 — 00beMHOIICHTPUPOBAHHAS

KyOmueckasi pemieTka; 4 — rekcaroHajbHas PelIeTKaa




0 B npocTon Kyonyeckom peLueTke 4actuubl
pacrnonaratTcs B BepLunHax Kyba. B
rpaHeLeHTPUPOBaAHHOM peLleTKe YacTulbl
pacnoJsiaratoTcsa He TOSIbKO B BEPLUMHaX Ky0ba,
HO N B LEHTPaX Ka)aowu ero rpaHu.
N3o0bpaxeHHasa Ha puc. 3.6.1 peLueTka
NoBapeHHOW COMN COCTOUT U3 ABYX BNOXEHHbIX
OpYr B Apyra rpaHeLeHTPUPOBaAHHbIX PELLETOK,
coctodawmx n3 Na+ n Cl—-. B
00BbLEMHOLEHTPUPOBAHHOU KyOn4yeckou
pelweTKe OOoMNofMHUTENbHas YacTtumua
pacnofiaraeTcd B LIEHTPEe KaXXOou
3fieMeHTapHOU Kybn4ecKkom g4emnku.



Kpuctannuyeckne CTpyKTypbl METaNNoOB UMEKT
BaXXHY0 0CODEHHOCTL. [1onoXntensHo
3apsiKeHHble NOHbI MeTanna, obpasywuwne
KpUCTann4eCcKyro peLleTKy, yaepXmuBarTcs
BOMN3K NONOXEHUN PaBHOBECUSA CUNMaMU
B3aMMOOEeNCTBUSA C «ra3oM CBOOOOHbBbIX
ANEeKTPOHOBY» (puc. 3.6.3). SNEKTPOHHLIN ras

obpasyeTca 3a CHET OOHOrO UMM HECKOSTbKUX
SNEKTPOHOB, OTAAHHbIX KaXXAblM aTOMOM.
CB0ObOOOHbIE 3MEKTPOHBLI CMOCOOHBLI ONyXaaTb No
BCEMY 0bbEMY KpucTanna.




PucyHok 3.6.3.

CTpyKTypa MeTanM4ecKoro Kpucranna.
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s B 1959 r. aHrnumnckmum dpmsuk 1. bepHan npoBén
MHTEPECHbBIE OMbITbl: OH B35/1 MHOrO MasieHbKUX
NJACTUINHOBbLIX LLAPUKOB OAMHAKOBOIo pa3Mepa,
06BONSAN X B MENOBOW NyApe U CNpecoBan B
6onbLLOM KOM. B pe3ynbtaTe wapuku
nedopMMpoBanncb B MHOrorpaHHMkK. OKa3anocs,
4YTO NMpu 3TOM 06pa30BbLIBASINCH
NPENMYLLIECTBEHHO NATUYrOSIbHbIE FPaHK, a
MHOrOrpaHHMKN B cpegHeM nMenn 13,3 rpaHu.
TaK YTO KaKOM-TO MOPSAOK B aMOPMHbIX
BellecTBax onpeaeneHHo ecTb.

= CBonctBa AMOpdHbIX Ten. Bce amopdHble TeNa
M30TPOMHbI, T.€. X PU3n4eckme CBOUCTBA
OJMHAKOBbI MO BCEM HanpasieHusaM. K aMmopdHbIM
TenaM OTHOCSTCH CTeK/10, CMONa, KAaHUMO/b,
CaxapHbIN neaeHew v ap.



= AMOPMHLIE TeNna 3aHMMaKOT NPOMEXYTOYHOE
NONOXEHNE MEXOY KpUCTaninvyecknmu
TBEPALIMU TENAMU U XUOKOCTAMU. VIX aToOMbI
NN MOSSIEKYIbI pacnosfioratoTcs B
OTHOcUTenbHoM nopsaake. NoHnmaHue
CTPYKTYpPbI TBEPAbIX TeN (KPUCTANSTNYECKUX U
aMopdHbIX) NO3BOSIAET co3aaBaTb MaTepuarnsl
C 3aJaHHbIM/ CBOUCTBaAMM.

= [ledbopmauma TBepOoro tena - UISMeHeHue ero
doopmbl nnn obvema. PactaHuUTe pe3nHOBbLIN
LLUHYP 3a KOHUbl. O4eBUOHO, y4aCTKM LLUHYpa
CMECTATCA OAPYr OTHOCUTENBLHO ApYyra; LWHYpP
OKaXxeTca AedOopMUPOBAHHbLIM - CTAHET
ONVHHEE U ToHbLUe. [ledbopmauns BO3HUKAET
BCerga, korga pasnuyHble YacTu Tena nog
OEVUCTBUEM CUNM NepemMellarnTca HeoOMHAKOBO



LLIHyp, nocne npekpalleHns OeUCcTBmuS Ha Hero cun,
BO3BpalllaeTcq B UCxoaHoe cocTtodHue. ledopmaumu,
KOTOPbI€ MOJSIHOCTbLIO NCYE3aloT Nocre npekpalweHns
OENCTBUA BHELLHUX CUIN Ha3bIBAKOTCA YNPYrMMu.
Kpome pe3nHOoBOrro WwHypa, ynpyrme gedopmaumm
MCMbITbIBAKOT NPYXXWUHA, CTanbHbIe LWapuKn Npu
CTONTIKHOBEHUU U T.A4.

Tenepb COXXMUTE KycOoYeK nnactunmHa. B salumx
PYKaxX OH JTErko NpUMET ntodyto doopmy.
[lepBOHa4anbHasa oopma nnacTtunmHa He
BOCCTaHOBMUTCSA cama cobon. [NnactunuH “He NOMHUT”
Kakasa doopma Obl y Hero cHavana. ledopmauun,
KOTOpbl€ HE NCYE3al0T Nocre npekpalleHna 0encTBus
BHELLUHUX CUN, Ha3bIBalOTCS MIaCTUYECKNMMN.
[TnacTnyeckyto gedopmauymio, Nnpu HEOONMbLLUUX, HO HE
KpaTKOBPEMEHHbIX BO3OEUCTBUAX UCMbITbIBAKOT BOCK,
KINMHAa, CBUHEL.



LNedomaunsa pactaxeHusa (cxatusa). Ecnm K
OLOHOMY CTEPXKHI0, 3aKpenIEHHOMY O4HUM
KOHLOM, MPUNOXnNTb cuny F BOOMb OCK CTEPXHS
B HanpasieHNU OT 3TOro KOHLA ), TO CTEPXKEHb
noaBeprHeTcd gedomaumm pactalleHus.
[ledoomaunto pacTsaKeHUa XxapakTepusyroT
abCOSOTHBIM YONMMHHEHNEM.

DI=1-10
N OTHOCUTENBbHLIM YANUHEHNEM
e=DI/IO

roe 10 - HayanbHaga OnvHHAa, a | - KoHeYHas
ONMMHHA CTEPXKHA.

Ledopmaumto pacTskeHust OCMbITbIBalOT TPOCHI,
KaHaTbl, Lenn B NOOAbEMHbIX YCTPOUCTBAX,
CTSKKM MeXay BaroHamMmu u T.4.

[Tpn manbix pactsaxeHunsax (I0<< ), aedopmaymn
BornbLlUMHCTBA TeN ynpyrue.




* ECJ'II/I Ha TOT XK€ CTepXXeHb NMoaAenCTBOBaATb

cunow F, HanpaBneHHON K 3aKpensiEHHOMY
KOHLY (puc. 3), TO CTepPXEHb NOABEPrHETCS
oedopmauunmn cxartuda. B atom cnyyae
OTHOCUTENbHaA gedopmaums
oTpuuaTtensHa: e< 0.

 [pu pacTsKeHnn Nnn cxaTnum N3MeHseTcs
nnoLlaab nonepeyHoro cedeHmsa Tena. 1o
MOXXHO OBHapPYXUTb, ECNU PaCTAHYTb
PE3NHOBYIO TPYOKY, HA KOTOPYIO
npeaBapuUTeENbHO HAAETO MeTannuyeckoe
konbLo. [Mpn AOCTaTOYHO CUSTbHOM
pacTsXXeHun konbLo nagaet. [pu cxaTtum,
HaobopoT, NnoLangb NONEPEeYHOro ceYyeHus
Tena yBennynBaeTcs




e Nedopmauuna coBura. BoabMeém pe3nHOBLIU
OpYyCOK C Ha4Yep4YeHHbLIMM Ha ero NOBepPXHOCTU
ropu3oHTasribHMU U BepTUKaNbHbIMU JIMHUAMU U
3aKpenum Ha ctore. CBepxy K OpycKy npukpenum
PEenKy N NPUIioXXUM K HeU ropu3oHTarNbLHYK CuUny.
Cnou 6pycka ab, cd n ap. CaoBMHyTCA,0CTa-BasiCb
napansnesibHbIMU, a BepTUKalribHbIe rPaHu,
OCTaBasACb MNJIOCKMMU, HAKITOHATCSA Ha yromn g .

e Nedopmauunto, npy KOTOPON NPOUCXOANT
cMelleHue CrnoeB Tesa Apyr OTHOCUTENbHO
Apyra, Ha3biBalT gedopmauven coBura.

e Ecnu cuny F yBenuuutb B ABa pa3a, TO U yron g
yBernmMuuTcA B 2 pa3a. OnbITbl NOKa3biBaKOT, YTO
npuv ynpyrux gedpopmaumsax yron casura g npsimo
nponopuuaHaneH moaynto F npunoxeHHoun
CUnbL.



* Bce pedopMauunm TBEpPAbIX TeN CBOASATCS K
PACTSDKEHUIO (CKaTuio) 1 casury. Npu ynpyrmx
nedopMauusax opma Tena
BOCCTaHABJ/IMBAETCH, a NMpU NAacTUYECKUX He
BOCCTaHaBJ/INBAETCS.

e Tennosoe ABMXeHWe Bbi3blBaeT KosiebaHus
aTOMOB (MM NOHOB), N3 KOTOPbIX COCTOUT
TBEpAOEe Teno. AMNAnTyaa KonebaHmm obbi4HO
MaJia No CPaBHEHWUIO C MEXATOMHbIMU
PacCTOAHUSAMW, N aTOMbl HE MOKNAAIOT CBOMUX
MecCT. [10CKOMbKY aTOMbl B TBEPAOM TeNe
CBS3aHbl MeXxay cobon, nx konebaHus
NPONCXOAAT COrIAaCOBAHHO, TaK YTO MO TeNy C
onpenenéHHON CKOPOCTbIO PacrpOCTPaHSIETCS
BOJIHA.




[ns onucaHua konebaHnn B TBEPAbIX
Tenax rnpu HA3KKUX Temneparypax 4acTto
MCNOSIb3YIOT NPEeACTaBNEHNs O
KBasndacTtunuyax - OHOHax.

[1o cBOMM 9NEKTPOHHbLIM CBOUCTBaM
TBEpAble Tena pasaenstoTcs Ha
MeTannbl, AN3NEKTPUKU U
nonynpoBoaHuKN. Kpome Toro, npu
HU3KNX TemMnepaTypax BO3MOXXHO
cBepxnpoBoasllee COCToaHMe, B
KOTOPOM COMPOTUBIIEHNE
ANEeKTPNYECKOMY TOKY paBHO HYIIHO



KoHel




