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TEMA 3

HeperynspHblie cMewWaHOCNOUHbIE U
CMeLlaHopAAHblIe CTPYKTYPbI



ObObeKTbl paCCMOTPEHUS

TBepabie pacTBOPHI € IVIOCKOCTHBIMHA U JINHEHHBIMU
nedexkTamMu, NpeacTaBjiasIUe CO00M HeperyJasipHble
KOMIIO3UTHBIE CTPYKTYPbI, COCTOSALINE U3 ABYX U
0oJ1ee HEYNIOPSAT0YCHHO YePeaYIIUXCH IBYMEPHbIX
UJIA OJHOMEPHBIX MOACTPYKTYP (CJ10€B , CTOJI0I0B)
COpa3MePHBIX UJIA HECOPA3ZMEPHBIX.

KonnyecTtBeHHasa xapaKkrepu3auna BO3MOXHO C
UCNOSIb30BaHUE BEPOATHOCTHO-CTAaTUCTUYECKUX
Moaeneu

(pa3paboTaHbl Ansa HeperynapHbIX CMEeLWaHOCIIOUHbIX CTPYKTYP)



OcCHOBbI TeopuUN

 KonnuyecmeeHHoOe onnucaHue OOHOMEPHO-
HeynopsaOoYeHHbIX CMELLIAaHOCITOUHbLIX CTPYKTYP
peann3yeTca B paMKax BEPOATHOCTHO-
CTaTUCTUYECKOU MOOESN.

« OCHOBHOE ponyuweHune. BEPOATHOCTb
HaxXoXOEeHMs1 NPON3BOSIbHOIO CIoS B KpUcTanne
3aBUCUT TONMbKO OT €ro bnmxanwinx cocenemn
(T.e. paccmartpuBaroTcsl HebonbLUME 3HAYEHUS
doakTopa bnmxkHero nopsaka R).

i

Bce pearibHble KpucTanmbl ABASAKTCA MO3aUYHbIMU
(pa3mepbl OKP = nopsigka COTEH — TbICAY @aHICTPEM)



dopmyna, cea3biBarOLWad MHTEHCMBHOCTb BOJSHbI,

paccedaHHON KBa3nogHOpPOOAHOMN CMeLLaHOCITONHON
CTPYKTYpOW, C NnapameTpamMy BEPOATHOCTHO-

ctatuctudeckon mogenu (Drits, Tchoubar, 1990):

1(0) = const [TH{[P][W]}+2ReTr{{@][W][Q]n}],
roe Tr — cnep (trace) matpuupbl,

Re —gencTtBuTenbHas YacTb BTOPOIO
cliaraemoro;

[W], [@] n [Q] — maTpuLbl, onuckiBatoLLmne
CTPYKTYPHYIO MOAETb.



BepoATHOCTHbIE NapaMeTphl, ONnUcbiBaloLLMe OBYXKOMIMOHEHTHYIO
CMeLLaHOCNONHY0 CTPYKTYpy C R = 1.

W, - BEpOATHOCTb HaxoXaeHns cros Tuna i B obnactu
korepeHTHoro pacceaHna:Wj =1 - Wi (W, W.);

P, - BEPOATHOCTb CrEA0BaHUsI CMOs TUMa | 3a CNoemM Tuna | BAOMb
nanHoro Hanpasnewns: P; =1 - Py, Py = (W, / W) P;
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e @i*dj (1, ] =1, 2) — npousBeeHUE CTPYKTYPHOH aMIUTUTYIBI D)
CJIOS THIIA | U €€ KOMIUICKCHO-CONPSKEHHOM BETUYUHEBI @i* clIos THMA |;
ol = exp(2miz*hi) — ¢ha30BEI MHOXKHUTEIb:

NI - BBICOTA CJIO THIA I,

Z* = 2s1n0/A xapakTepu3yeT MOJIOKEHUE TOYKH BJIOJIb OCH C* 00paTHOro
IPOCTPAHCTRA.



Knaccudukamms o xapakrepy pacrmpeaeneaus cioes (W, <W,,R=1)
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YepenoBaHue Cl0€B
MOJIHOCTBIO OMKCHIBAETCS
COOTHOIIIEHUEM JIBYX
HE3aBUCUMBIX I1apaAMETPOB:

W, u P,,: W, - BepositHocTb
BCTPEYaeMOCTUN NPUMECHbIX CMOEB (
0 <W2 < 0.5);P,, — BEPOATHOCTb
cnefoBaHUA NPUMECHbIX CIOeB
apyr 3a gpyrom (0 < P,, <1)

1.W, = P,, — nonHbii 6ecnopagok
B pacnpeneneHun cnoes (R = 0).
2. P,, =0 crnou npymecu He MoryT

cnefoBaTh OAWH 3a APYrMM, OHU
pacnpeeneHbl cpean cnoes
MaTpuLbl C MakCuMarbHO
BO3MOXHOM Npu R = 1 cTeneHbto
nopsiaka.

3. MNpu P, = P,, = 1 HabniopaeTcs
nonHas cerperauuu crioes
Kaxkgoro Tuna.



» KoadpdpunumeHT cerperaumnm cnoes (Sato,
Kc =1 - nonHasa cerperauunsa crnoes,

Kc = 0 — nonHbin 6becnopsaok B UX
pacnpeneneHun.

MacwTab cTpyKTypHOW HEOOAHOPOAHOCTU (MaKCcuMaribHO
BO3MOXHas TonuwMHa naketoB npumecHbix crnoes)(iBaHoBa u
ap., 1994): | = W,P,,L, e0e

L (cpegHum pasmep OKP Boonb HopMarnu K Criosim) =

(W;h;+ W,h,)M, roe h,,h, — BbICOTbI YepeayoLnxcsa Crnoes,

M — obuwiee 4ucno crnoes B OKP.

Benu4ynHa | usmeHaeTcs oT BbICOTbI 3rIeMEHTaPHOro NPUMECHOro
CNOA B CTPYKTypax ¢ MakCumasribHO BO3MOXHbIM NOPALKOM B
pacnpeneneHun cnoes o L/2 B ctpyktypaxc P,, > 1 uW, —»
0.5.



Omnu4yumernbHbie ocobeHHOCMU OupPaKYUOHHbLIX

KapmuH HeperynsapHbIX CMELIaHOCIIOMHbIX CTPYKTYP

* Heuerno4yncneHHoCcTb cepun basanbHbIX
pedonekcos, ylnpeHme n acCuMMeTpua nx
npodounen.

« B obuwem cny4vae (Mering, 1949) pedornekcoi 00|
OBYXKOMMOHEHTHON HEPErynsapHON CTPYKTYpbI
pacrnonararoTca Mexay onvmxanwmnmm
MaKkCMMyMaMu, COOTBETCTBYHOLLUMMU
nepuoanyeckum CTPyKTypam, Criou KOTOpPbIX
YyepenyrTca B peanbHOM Kpuctanne. Yem Bhille
KOHLIEHTPAaUWUA CNOEB JAaHHOro Tuna, Tem bnmxke
pacnoraratoTcst pedsiekCbl CMeLLaHOCITOUHOIO
KpucTanna K 6asanbHblM pedrekcam
nepuognyeckon CTPYKTYpPbl, COCTOSALLEN TOSMBLKO
N3 9TUX CI0EB.



lo AndppakUMOoHHbLIM adpdekTam cpean
HeperynsapHbIX CTPYKTYP MOXXHO pasfnninTb Tpu
cemeunctBa (ViBaHoBa v ap., 1994; Hpwvu v gp.,
1994; Drits, 1997):.

« Cnowu pasnuyatoTcsi No CTPYKTYpPe U BbICOTE.

« Cnou Takxe pasnumyaroTcs No CTPYKType, HO
3HaAYEeHMS NX BbICOT KPaTHbI APYr Opyry.

« Cnou oTnuyaTcs No 3aNeMeHTHOMY COCTaBy
MO3NLIMIA NP OONHAKOBOM CTPYKTYPHOM
MOTMBE, a UX BbICOTbI ONU3KM Opyr K Apyry.



OCOBEHHOCTU ANDPPAKLIMOHHbLIX KAPTUH HEPETYNAPHbDLIX
CMELLAHOCINOWHBbIX CTPYKTYP (MBaHOBa, PpaHk-KameHeukas, 2001)
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“OQHOCTOPOHHAA" acUMMeTpUs, nepexoasiasn B pacLuensieHume. >
Cnowu (Ah = 0.0n A) pasnuyatorcs no copgepxaHuio Kucnopoaa



OnpegeneHne napamMmeTpoB HepPErynapHbIX

CMELLUAHOCIIONHbIX CTPYKTYP
 MopenupoBaHune — metog npob 1 ownboK.

PaccuyntaHHble Nno moaenu gugpakyMoHHbIE
KapTUHbI CpaBHUBAKOT C 3KCNEPUMEHTAaNbHbIMN,
oobueascb Hausnyylen cXxoanmMocCTu.

[1na pacyeTta UHTEHCMBHOCTU 3a4aloT Z—KoopaAuHaThLl aTOMOB B
CTPYKTYpe Kaxaoro tuna crios.

[Tpn mogenmpoBaHun AMdPaKLUMOHHON KapTUHBI BapbUPYIOT:
-9NEMEHTHbIN COCTaB U BbICOThI CrIOeB (COOTBETCTBYHOLLNE
MEXMNNOCKOCTHbLIM PaCCTOAHUSM),

-BEPOATHOCTHbIe napameTtpbl: Wi, Pij u M (obLiee 4mcno crnoes B
OKP).

3HayeHnsa paccyMTaHHbIX UHTEHCUBHOCTEN UcnpaBnalT Ha LP-dakTop



PernmeeHOugpaKyUOHHbLIU 3KCNepuMeHm

(MOXXHO Oeslamb U Ha NOPOWKax , U Ha MOHOKpUcmariax)

* UeTbIpexKpyXHbIU
MOHOKPUCTanbHbIN
aBTOONMPPAKTOMETP NO3BONSAET
N3MEPATb MHTEHCUBHOCTU
pednekcoB HeorpaHeHHbIX
MOHOKpucTannoB pa3mepom 0.2 —
0.5 mm npun 20/6 ckaHnpoBaHUK B
NoodoM KpucTtannorpadonyeckom
HanpaBreHUM.



B nopolukoBomM aBTOANMPPAKTOMETPE
(Hanpumep, B 0OTE4ECTBEHHOM AN PAKTOMETPE
Tna JPOH)BO3MOXHO nccrnegosaHue donee
KPYMHbIX

(00 2 cM B gnameTpe), HO 00s3aTeNIbHO
OrpaHeHHbIX KpUCTaros .

B aTOoM cny4vae namepenHune audpakLMoHHOM
KapTUHbI BO3MOXHO nnLlb npu 26/0
CKaHMpOBaHUM BOOSb psiga obpaTHOM PeLLETKM,
nepneHanKynsipHoOro rpaHn Kpucrtanna,
COBMeLLEHHOW C NNOCKOCTLIO AepKaTend
obpasua. Ecnu Ha kpucTanne npmucyTCcTBYIOT

BOKOBbIE rpaHn, NX VOXXHO MPUKPbITb CBUHLIOBOM
NacTUHKOMW.



MoHoXpomaTmnsauuns

« [1ns TOro, 4ToObLI YCTPAHUTL OLLMOKK Npw
PA3N0OXeHNN IKCNnepuMeHTanbHbIX Npodunen
pecnekcos Ha Ka,, Ka, n Kz—cocTtaenstoLume,
Heobxoanmo, YTobbl ANdpPaKTOMETP ObIn
CHabXXeH MOHOXpPOMaTOpPOM, YCTAaHOBIMEHHOM Ha
nepBUYHOM U1 andparmposaHHOM nyyke. B
rnocrneagHem crniydyae, ecnu ucnonb3yetca Ka
—cepud, MOXXHO BOCMOSIb30BaTbLCA METOA0M
PewuHrepa (I'vHbe, 1961) ans Bbl4MTaHUS
BKNnaga Ka ,—n3nyveHus.



YCcnoBUSA CbeMKU

* [lepen cbemkom obpasua cnegyer
00s13aTenbHO OTBLHCTUPOBATL NPUBOP MO
S3TanOHHOMY KpuUcTanny.

« NS yMeHbLUEHUSA UHCTPYMEHTAaNbHbIX
9 pheKTOB HEODXOAMMO YCTaHOBUTbL Y3KYHO

KOnMmmMaunoHHY LWernb (obbibyHo 0.05 — 0.1
MM) nepen getektopom. LLnpuHa wenu
onpegensaeTcsa ywmpeHnem pednekca u
noadupaeTca aKcnepmuMeHTarnbHO O1s1 KaXa40ro
KOHKpeTHOoro obpasua tak, Ytobbl ee
OanbHeunwee yMeHbLIeHe He NpmMBoAUIIO K
M3MEHEHUIO MNONYyLUNPUHbI pedneKkcoB.



Beibop wara ckaHnpoBaHus (B Hawmnx akcrnepmumeHTtax 0.01 — 0.020 20)
TaKkXXe onpenenserca ywmpeHmem n goopmon npodumna pedonekca.
[TpakTrKa nokasana, YTo YNCII0 UBMEPEHHbIX TOYEK Ha npodoune
OOIMKHO ObITb He MeHee 20 — 30 gnsa onuxkHeyrnosbix U 50 — 60 ans
OanbHEeYrnoBbiX pedrekcos.

Heobxoanmo, Kpome Toro, Usmeputb UHTEHCUBHOCTM XOTS 6bl B 30
To4Ykax boHa o 1 nocne pedrekca, Tak Kak npu MoaenmpoBaHum
HeynopaaoveHHbIX CTPYKTYP O4eHb bonbLloe 3HadeHne nMmeet popma
"KpblfibeB" MakCMMYMOB U UX U3MEHEHWE C YIIIOM andpakunm.

4

Uem MeHbLUe nonywmpuHa andpakymMoHHOro MakcuMmyma, TeM MeHbLLE
cneayet BbibpaTh WWMPUHY KOMNMUMAaLMOHHON WEeNu v war
CKaHMpoBaHus1, 1 Hao0DOoPOT.

YMeHbLLEHME LUMPUHbI LENN NPUBOANT K CyLLLECTBEHHOMY OCNabneHuto
N3MEpPSIEMON MHTEHCUBHOCTN N TPEDBYET, COOTBETCTBEHHO, BO3pacTaHuUs
9KCMO3NLUKN B TOYKE, YTO B COBOKYMNMHOCTM C MaribiM LLIArom
CKaHMpPOBaHUS! Bbl3blBAET 3HAYUTENBHOE YBENNYEHNE BPEMEHU
SKCNepuMeHTa.



BbiOop peHTreHOBCKOro n3nyyeHus
3aBUCUT OT NornowarLer cnocodbHOCTU
obpasua.

[na yBennyeHuns andparvpyrouiero oorema y
CUNbHOMNOIMOLLAKLWKNUX KPpUCTanoB
LernecoobpasHo UCNosrib3oBaTh
KopoTkoBosiHoBoe (Mo unun Ag) nanydyeHue. [ns
YBENMYEHUS paspeLlarollen criocobHOCTH
METOoAda YacTo npuxoantces (B ywepod rnyouHe
MPOHMKHOBEHUS PEHTIEHOBCKUX JTy4YEN B
obpasel) npnmeHATb bonee ANMMHHOBOTHOBOE
nanydyeHue (Cu nnu Co).



OueHka BKnaga MHCTpyMeHTanbHOro akropa

CpaBHeHue WnpuHbl pednekcoB obpasua (CnnoLwHbIe NUHUK) U
aTanoHa (NyHKTUPHbIE NMUHUK), U3MEPEHHDBIX MPU OOHUX N TEX
XKe napaMeTpax CbeMKM

008 10-2  00.10 00.12 006 [MopowkoBbin gudppaktometp JPOH.
A J\ OTanoH - MOHOKpUCTaNn KBapLa
2.5 MoK, 8 3TalOH < 220
@ obpazerr 1 Y 440 p

YeTblpexKpyXHbIN
AndpakromeTp.

ATanoH - cpepuyeckuu 0.2 mm
MOHOKpUCTann pyGMHa- 498 500 502 504 506 64.2
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PacuymMTtaHHble MHTEHCMBHOCTM CpaBHMBAIOT C
M3MePEHHbIMW, UCMONb3ys CTaHOapPTHble haKTopPbI

pacxoanmoctn Rl n RF.

[10CTOBEPHOCTbL MOMYYEHHbIX B peadynbraTe
MOAOEeNUpoBaHUSA NapameTpoB NOMEe3HOo
noaTBEPANTb aHANMUTUYECKUMUN AaHHBIMU O
CpeJHEM XMMUYECKOM cOcTaBe obpa3sua u
N3BECTHLIMU ONA AaHHOMo M30MOPAHOro paaga
N3MEHEHUAMUN METPUKU KPpUCTAIITUYECKOW
peLeTKN UM MHTEHCUBHOCTEN penepHbIX
OTPaeHuMn.



3akn4yeHne

« Heobxoanmo oTaaBaTb cebe OTYET, YTOo
MeTo npob n owmnbok Bceraa
npegnonaraet BO3MOXHOCTb
HeogHO3Ha4YHOM TPAaKTOBKU NOMy4YeHHbIX
pe3ynbTaTtoB. HanoxeHne agodeKTOB OT
Pa3NNYHbIX BapUaHTOB NPOABNEHUS
CMELLUAHOCITIONHOCTU YCINOXHAET
MHTepnpeTauuo andppakyMoHHOU
KapTUHbI N yBENUYNBAET
HeO4HO3Ha4YHOCTb ee MOAeNnpoBaHUA.



HecoMHeHHOoe JOCTOUMHCTBO ONMUCAHHOIO
BblLLUE noaxoaa — BO3MOXHOCTb MO

OOBbEKTMBHbLIM KPUTEPUAM UCKMNIOYaTb U3
PACCMOTPEHUA HEAOCTOBEPHbIE MOOENM.

[ns ymeHbLIEHNS Ynucria aHann3npyemblx
BapnaHTOB Ba)XHO 0OpallaTb BHUMaHUE Ha
KPUCTarmoOXUMMUYECKYHO N CTPYKTYPHYIO
0DOCHOBaAHHOCTb MOAENN U crieoBaTb
NPMHUMNY «He YCNOXHATL MOOENUPYEMYIO
cucrtemy 6e3 Heob6XxoaMMOCTUY.



