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BBenenue.

[TopomikoBasi nudpakromMeTpuss — OJUH M3 MOIIHBIX METOJOB HEpPa3pyIIAIOINIEro
uccienoBanus MatepuanoB. CHekTp 3a7ad, KOTOPHIE MO3BOJSET PEliaTh METOJ MOPOIIKOBOU
TUQGPAKITUHN, YPE3BBIYANHO MMUPOK M BKIIIOYACT B CeOs KaYSCTBCHHYIO HJICHTHU(UKAIHIO (a3 B
CMeCH, KOJTMYECTBEHHBIN ()a30BbIi aHaIu3 (B TOM YHCIE OINpEACIICHUE cojepkanus aMmophHOH
COCTaBIISIfOIIEH), YTOYHEHHE U OMpeeNieHue CTPYKTYp, TEKCTYPHBIA aHaIM3, OMpeIeeHHe
pasmepoB obmactu korepeHTHoro paccesHus (OKP), oleHKy MUKpO- M MaKpOHANpsHKEHUH,
W3yYCHHE TOHKHX IUICHOK, WCCIEIOBAaHUE MAJIOYTJIOBOTO PACCesSHUS PEHTTCHOBCKOTO
U3yYeHUs, KHHETHKU TBepaoda3HbIX MpolrieccoB. MeTos mo3BosiseT oAuHaKoBO 3(h(HEKTUBHO
paboTaTh Kak ¢ MacCHBHBIMU OOpa3llaMu, TaK U ¢ MUKpONpoOaMu, aHAU3UPOBATh METAIbI,
CIUIaBbI, KEPaMUKY, MOJUKPUCTAILTUICCKUE 00pa3ilbl, TMOKPHITHS, TOHKHE TUIGHKH U 1p. llpu
BCEM MHOT000pa3wu Mpo0 W THUIIOB MATEPHAIIOB METOJ IMOPOIIKOBOW AM(pPaKIHH HE TpeOyeT
CJIO)KHOW M JIOPOTOCTOSIIEH MPOOOMOATOTOBKH. Y HUBEPCATBLHOCTh, BHICOKAs JOCTOBEPHOCTh U
YHUKAIbHOCTh MOJy4aeMbIX NaHHBIX JENA0T METOJ MOPOIIKOBON AU(PPAKTOMETPUU OJHUM U3
Hanbosee BOCTpeOOBAHHBIX B HAyKE U MPOU3BOJICTBE.

I[envto 0annozo Kypca SBISCTCS 03HAKOMIICHUE ¢ OCHOBHBIMH IOHSATUSMU, IIPUHITUTIAMU H
OCOOCHHOCTSIMM ~ TIOPOILIKOBOM  nudpakToMeTpuu, a Takke METOJ0B  MAaloyrjoBOro
PEHTTEHOBCKOTO PACCEsHUS M PEHTICHOBCKOU pediiekTomeTpun Peructparus audpakrorpaMm

BO BpeMsl MPAKTHUYECKUX 3aHATHH ocyecTBisercs Ha audpaktomerpe ARL X TRA.



Jlekuusi 1. PenrtrenoBckoe wusiaydenue (PU) um ero B3amMmoaeicTBue ¢

BeIIE€CTBOM.

1.1. PeHTreHoBcKOe M3J1y4eHUE, MICTOYHUKH PEHTIeHOBCKOI0 M3/ 1y4YeHHs.

PenTreHoBckHe MeETOIBl HCCIEIOBaHMS — METOABI, OCHOBAHHbIE Ha WCCIIEOBAaHUU
B3aumojeiicteuss PU ¢ BemecTBOM — SBISAIOTCS OJHUMHM M3 Hanmbosee YHHUBEPCAJIbHBIX,
pa3HoOOpa3HbIX (C TOYKM 3PEHHUS XapakTepa MoiydaeMod uHpopmauuu) U 3((HEeKTUBHBIX
CHOCcOOOB HMCCIICZIOBAaHUS CTPYKTYPBHl KOHJCHCHPOBAaHHBIX CpeJ Ha AaTOMHOM, MHUKpO- U
MaKpOCKOTIMYECKOM YpOBHSX. K yImOMSHYTBIM METOIAaM OTHOCST METOJAbl PEHTI€HOBCKOU
TU(QPaKLInU, PEHTIEHOBCKOH pe(IeKTOMETPUH, MaJOyIJIOBOIO PEHTIEHOBCKOIO pPACCEesHUs,
PEHTIeHO(IIyOPECLIEHTHON CHEKTPOCKONMU, MHUKPO30HIOBOIO aHaju3a (A0 OmNpeAeseHHOM
CTETEHHU), PEHTTEHOBCKOM aOCOPOLMOHHOM CIEKTPOCKONHMH (M €€ IMOJABUIOB: CIIEKTPOCKOIHU
TOHKOH CTPYKTYpBI Kpasi TOJOCHI morjomieHnss — X-Ray Absorption Near Edge Structure,
XANES, u cieKTpoCcKONnuu NpoTsS)KEHHOW TOHKOW CTPYKTYpbI MoJIockl noriomenus — EXAFS —
Extended X-ray Absorption Fine Structure), penTrenockoii Tomorpadpuum u T.. B Xxo0me
HacTosAmIeH Jeknuu Oyaer paccmMorpeHa mpupona P, MeTonsl ero reHepanuu, U MPOIECCHI,
IIpoTeKarolue nmpu B3anmoencteny PU ¢ Bemectsom.

PenTreHoBckoe M3iyueHHe MPEACTaBISAET COOOW JIEKTPOMArHUTHBIE BOJIHBI C 3HEPruei
¢boTOHOB OT 5% 102 o 10 A (250 K3B — 100 »B B mikane 3Hepruii), TO €CTb HAXOAUTCSA MEKIY

yIbTpaduoIeTOBBIM U TaMMa-u3nyueHueM (cm. Puc. 1.1).

<«— Bospacranue yactorsl (v) M 3Hepruu kBauTa (£ = hv)

0* 10”7 10 100%™ 10 10 10% 100 10f 10° 10* 107 10" v (Hz)
¥ - Manyyerne PU Vo WK MuKpOBOnHEI - PaguoBonHbl ‘u”""“';:'_:;?{zl; :IC;BOG
107" 0™ 10?0 10" 10 10¢ 10t 10 10 100 10t 10° 100 am)

Bospacranue 1JHHbI BOJHBI A (A = ¢/vV) ——
Puc. 1.1. llIkasna 3j1eKTPOMATHUTHOT O M3JIyYeHUS.
PentrenoBckoe u3nydeHue (Kak u Jr000€ IPyroe 3JIEKTPOMAarHUTHOE M3TYyUYECHUE) MOKHO

2
k|:7,

1
0XapakTepu30BaTh BOJHOBBIM BeKTOpoM K. Moayib 3Toro BekTopa |k| = 7 (Tounee,

HO B TPWIOKCHUSIX, CBSI3aHHBIX C PEHTICHOBCKOW audpakmmel 3adactyro ynoOHee He
YUUTBHIBaTh KOA(GGUICHT 27), a HANPaBICHHE COOTBETCTBYET HAIPABICHHIO PACTIPOCTPAHCHHS
AJIEKTPOMATHUTHON BOJIHBL. BTOpoW BakHBI IapaMeTp — aMIUIMTYJ1a PEHTIE€HOBCKOIO
n3nydeHuss A. bonee KOPpPEKTHO ONEpHpOBAaTh IBYMS AMIUIMTYAAMH — DJIEKTPUYECKOIO MU

MAarauTHOIO IIOJII — HO IHOCKOJIBKY OHH B3aMMOCBA34HBI, O0OBIYHO pa60Ta}0T C SIMHCTBEHHOU



BeMYMHON. OUeBUIHO, UYTO JEKTPOMArHUTHAS BOJIHA XapaKTepu3yeTcs Takxke u ¢aszoii ¢. [Ipu

HCCICIOBaHNU I/IHTCp(bepeHIII/II/I SJICKTPOMAIrHUTHBIX BOJIH YI[O6HO IIPHUMCHATH T.H.

KOMMJICKCHYIO aMIIJINTY Y : A= Aei‘”.

PenTreHoBckoe M3yueHHe MOXKET BO3HHMKATh IIPU MEPEX0/ax B AJIEKTPOHHBIX 000JI0UYKaX
aTOMOB U IIPU YCKOPEHUU 3apsDKeHHbIX yacTull. O0e rpynmsl sBIEHUIH IUPOKO HCHOIb3YIOTCA
JUIs  KOHCTPYUpPOBaHHMS HCTOYHHMKOB PEHTTEHOBCKOTO  u3nmyuyeHus. Haubonee wacrto
WCITOJIB3YyEMBIN U1l HAYYHBIX UCCIEAOBAHUN U B MPOMBIIIJICHHOCTH UCTOYHUK PEHTIE€HOBCKOIO
U3Iy4YeHUsT — pEHTTeHOBCKas TpyOka. [IpMHUMIIMaNbHAs cXemMa PpEHTTeHOBCKOM TpyOKH

npuBeaeHa Ha Puc. 1.2.
YCKOpsAKLWee HanpsXxeHne

:U:

’ KaTton
. N - aHopn
¢ o, +
uenb ——>
—_——
HakKana o—> ]?I
[
3anasiHHast y PeHTreHoBckoe
Konoba n3nyvyeHue

Puc. 1.2. lIppauunuanbHas cxeMa peHTIeHOBCKON TPyOKH.

DJEeKTPOHBI, UCTYIICHHBIE KATOJOM, YCKOPSIIOTCS O] IEHCTBUEM PA3HOCTH MOTEHIIUAJIOB
MEXy KaTOAOM U aHOJIOM M YJapstoTcsi 00 aHOJ, I/ie MPOMCXOAUT JBa MPOIIEcca: TOPMOKECHHE
JJIEKTPOHOB C HCITyCKAaHWEM TaK Ha3bIBAEMOIO TOPMO3HOTO PEHTTEHOBCKOTO H3ITyUCHHS
(crutormrHOM WJKM OENBIA CIEKTP) W BBHIOMBAHWE JJICKTPOHOB M3 BHYTPEHHUX SJIEKTPOHHBIX
000JI04eK aTOMOB aHOJA.

OcBoOouBIIKEecs MecTa B 000JI0YKaX aTOMOB 3aHMUMAIOTCS JPYTUMH AJIEKTPOHAMH aToMa
C BHEIIHWX YPOBHEH, NMpPU 3TOM TIPOHUCXOAHWT HCITyCKAHWE PEHTTEHOBCKOTO W3JIYYCHHUS C
XapaKTEePUCTUYECKON JIJIMHOMW BOJHBI, COOTBETCTBYIOIICH SHEPrUM 3JEKTPOHHOIO IEpexXoja.
Takum oOpa3zom, Marepual aHojJa OMpeeNnseT Habop XapaKTEepPUCTUYECKHUX YacTOT
PEHTTEHOBCKOTO H3JIy4YeHHs, HUCIycKaemoro TpyOkoii (3akon Mosznu: E ~ (Z-l)z, roe Z-—
aTOMHBIM HOMED AJIEMEHTA aHOJ1a).

XapakTepucTU4ecKue JMHUM PEHTI€HOBCKOTO U3IYUYeHHS KJIacCU(UUIUPYIOT MO TJIaBHOMY
KBAaHTOBOMY YHCITy AJICKTPOHHON 00OJIOYKH, Ha KOTOPOM 0Opa3yeTcsi BakaHCHsl (3TOT mapameTp

HanOoJee Ba)XXCH C TOYKH 3pCHHUA OLICHKHU SHECPTHUn KBaHTa COOTBCTCTBYIOLICTO



XapaKTEPUCTUUYECKOTO H3IIYYEHHs), a TakXKe IO YPOBHIO, C KOTOPOTO MPOUCXOIUT TEPEXO

3JICKTPOHA Ha 00pa3oBaBIIytocs BakaHncuto (Puc. 1.3).

25 2p
Is

Puc. 1.3. IIpouecc, npuBOAsIIINH K HCIIYCKAHMIO AaTOMOM KBAaHTOB cepun Ko.

Tak, nanpumep, obo3HaueHne K¢ o3HayaeT: mepexona Ha ypoBeHb ls (K — obonouka) —
MMEHHO Ha 3TOMY YPOBHE 00pa3yeTcsi BaKaHCHsl, @) — IEPEXO/ C YPOBHS 2p3/2. COOTBETCTBEHHO
Ko, - mepexon Ha ypoBeHb ls ¢ ypoBHS 2pi» (BMecTe ¢ mepexonoMm K o0pa3yloT T.H. CIIHH-
ny6uer), Kf; (06p14HO 0003HauaeTcs Kak Kf) - mepexo Ha ypoBeHb 1s ¢ ypoBHA 3psj. Takxke B
CIIEKTpE MOT'YT IIPUCYTCTBOBATh JIMHUU L, M — cepuil u T.1.

@parMeHT crneKkTpa UCITyCKaHUsl pEHTTeHOBCKOM TpyOKH npuBesieH Ha puc. 1.4. B cnekrpe
MOYKHO BBIJICJIUTh HA0ODP SAPKUX Y3KHX JIMHUM — JMHUN XapaKTepUCTUYECKOIro M3IydyeHHs (Ha
Puc. 1.4 nokazana Hanbojee MHTEHCUBHbIE JINHUM — TUHUM K — CEpUH) U MPOTSKEHHBINA CIIEKTP
— TOPMO3HO€ H3IyuyeHHe. BepxHss (110 PHEpruM KBAaHTOB) IpaHUIAa CHEKTpa 3aBUCUT OT
BEJIMYMHBI yCKOpsitomiero HanpspkeHust TpyOku U (Emax = Ue). VIHTErpanbHas MHTEHCUBHOCTH
JIMHUM XapaKTepUCTHYECKOro u3nydeHus mnpomnopuuoHansia (U — Up)" (1.6 <n<2), tne Uy =
IIOPOTrOBOE HANPSKEHUE, COOTBETCTBYIOLIEE KpAK IIOJOCH! IOIJIOIIEHUS PEHTIE€HOBCKOIO
M3TydeHus (HAIpUMep, U MEIH OHO COCTABIAET okosio 9 kB), 6eroro criextpa — U2, B cBsisu ¢
3TUM PEHTIC€HOBCKHE TPYOKHM OOBIYHO OHKCIUTyaTUPYIOT TIpU HanpsbkeHusx, B 4-5 pa3

IMPEBBINIAIOIINX ITOPOrOBBIC HAIMPSXKCHUA IJI1 MaTCPUAJIOB aHOJ0B.



'

Ka(,—\x

Kaz

KB /

MHTeHCUBHOCTL

S
>
ArNWHa BOMHbI, A
Puc. 1.4. Tunu4HbINA BUJ CIEKTPA HCIYCKAHHUA PEHTTeHOBCKOH TPyOKH.

JpyruMu HMCTOYHHMKAMU PEHTICHOBCKOIO H3JIyYEHHMs], 3aCIIy >KMBAIOIIMMH YIIOMUHAHUS,
ABJIIIOTCS E€CTECTBEHHbIE M HCKYCCTBEHHbIE HECTAOWJIbHBIE M30TOMNbI, pacHajaroluecs Mo
MexaHusMy K-3axpaTa (Hampumep, °~°Fe) M CHHXPOTPOHHBIC HCTOYHHMKH, B KOTODBIX
BBICOKOMHTEHCUBHOE PEHTT€HOBCKOE H3JIydyeHUEe O€J0ro CHekTpa BO3HHKAeT B pe3yJibTaTe

YCKOPCHHOTI'O ABWIKCHUS PCIATUBUCTCKUX IJICKTPOHOB.

1.2. B3aumopaeiictue PU ¢ BemecrBom.

IIpn B3ammopeiictBun PU ¢ BemecTtBOM BO3MOXKHO NPOTEKAHME TPEX OCHOBHBIX
mpoiieccoB: ympyroro (0e3 W3MEHEHWs [UIMHBI BOJHBI) paccesaus PU, nHeynpyroro (c
M3MEHEHHEM JUTHHBI BOJIHBI) paccessHus PU u ¢poroaddekra (Takke OTHOCUMOTO K HEYIIPYTOMY
paccesnuto PU). YerBepThlii mporecc — pOKIACHHE 3IIEKTPOH-NIO3UTPOHHBIX Map — HUIPAET
3HAYMMYIO POJIb TOJIBKO JJIsl KECTKOTO raMMa-HU3J1y4eHuUs.

Haubonee BeposaTHbIM siBisieTcst paccessnue PU mpu B3auMOAEHCTBUHU C BEIIECTBOM IIO
turty dotodddekra. JlaHHBIN MEXaHH3M pacCesHUsS COCTOMT BO B3aUMOACHCTBHMU (HOTOHA C
JNEKTPOHOM U3 000JI04KM aroma (OOBIYHO BHYTPEHHEH, T.K. HMX CEYEHUS pPaCCesHUs
3HAYUTEIBHO OOJIBINE), IPUYEM MPU B3aUMOJCHCTBUU (POTOH MEPEAAeT IJIEKTPOHY BCIO CBOIO
sHepruto. Eciiu sHeprus aneKkTpoHa MpU 3TOM MPEBBIMIAET YHEPTHI0, COOTBETCTBYIOLIYIO Kpalo
MOJIOCHI TOTJIOIIEHUSI — aTOM HCIycKaeT (OTORJIEKTPOH, a BO BHYTPEHHEH AJIEKTPOHHON
000JI0YKE 3TOr0 aToMa BO3HHKAeT BakaHcHs. B nanpHeiIIeM MpPOMCXOAUT perakcarus 3Tou
CHCTEMBI 32 CUET Iepexojia AJIEKTPOHAa C BHEIIHEr0 YPOBHS Ha O0O0pa30BaBIIYIOCS BAKAHCHIO C
UCIyckaHueM (OTOHA C DHEpPrued, COOTBETCTBYIOIICH pa3HHIIE SJICKTPOHHBIX YpPOBHEU
(peHTreHoBcKas ¢uryopecieHIus) — T.H. peHTreHoBcKas dayopecteniusa. Cxema pororddexra
C TMOCJeyIolIel peHTIeHOBCKON (iyopeciieHnuel nokasana Puc. 1.4. B pesynbrate sBieHus

PEHTTEHOBCKON  (DIyopecleHud TMpU B3aUMOJICHCTBUU PEHTTEHOBCKOTO HW3IYyYEHHUS C
8



BEIIECTBOM BO3HUKAET HA0Op XapaKTEPUCTUYECKUX JIMHUN A = A, ,, € DHeprued He Ooiiblie

OHCPIrUr UCXOJHOI'O U3TTYUYCHHA.

+ e (E=hv-g,,)

JedbddE Jed e St
s # 0 5, M #+ R4

+hv
Ki1s - k{1s + k{1s © 4+

Puc. 1.4. ®oto3¢deKT U peHTreHOBCKas (hIyopecieHIIusl.

g

BepositHocTh paccesnuss PU mo kanamy ¢dotoaddexra m3MeHsSeTcs ¢ yMEHbIIEHHEM
JUIMHBI  BOJHBI HEMOHOTOHHO. Ha Pwuc. 1.5 mnokazaH TuUNW4YHBIA BHUJ PEHTTEHOBCKOTO
a0COpOITMOHHOTO CTEeKTpa (M3MEHEHUSIMH BEPOATHOCTH paccesHus PU mo apyrum kanamam —

KOMIITOHOBCKOMY U TOMCOHOBCKOMY - IIPU aHAJIN3€C 3TUX JAHHBIX MOXHO npeHe6peqL):

[Tornowenue

At —— _—-

E=hv A
Puc. 1.5. Bua peHTreHOBCKOro a6copOMOHHOI0 CIIeKTpA.

Kpait nonocsl

/ NornoLeHus

Pe3zoHaHcHana
cocTaBnaowan

Bxknap
NPOTAXEeHHOro
cnekTpa

MornoweHue

4970 4980 4990 5000 5010 5020 5030
E, 3B
Puc. 1.6. PenTreHoBCcKuil a0COPOMOHHBIM CIIEKTP BOJIM3HM Kpasi M0JI0CHI

NnorJiolmeHus.
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CymiecTBOBaHHE TOJAO0HOWM HEMOHOTOHHOM CIIEKTPAJbHOM 3aBHUCHUMOCTH  CBSI3aHO
NPUCYTCTBHEM T.H. KPaeB IOJOC TMOTJIOMIEHUS — MOPOTOBBIX SHEPTrUi, MpPHU TPEBHIINICHUU
KOTOPBIX CTAHOBUTCS BO3MOXXHBIM BBIOMBAaHUE DJJICKTPOHA C COOTBETCTBYIOMIECH 0O0OJIOYKU
atoma. l3-3a HENMPEpPHIBHOIO JHEPIETHUYECKOTO CIEKTpa (DOTOIICKTPOHA aOCOPOIIMOHHBIN
CIIEKTp BOJIM3HM Kpasl MOJIOCHI MOTJIONICHUSI UMEET KaK Pe30HAHCHBIN BKJIAJ (JIOpEHIIMaHa), TaK 1
BKIaJ «Oenoro» crekrpa (Puc. 1.6):

Bnanum oT Kkpas TONOCH TMOTIOIMIEHUsS KOI(PQGUIMEHT MOTIOmEHU (M ONTHYeCcKas

IUIOTHOCTB) TPOOBI MPOMOPIMOHANIBHBI TPETheW CTENMEHU JJIMHBI BOJHBI PEHTICHOBCKOTO
M3ITYYeHus: 1~ A .

[Tpu paccessHuE ¢ M3MEHEHUEM JUIHHBI BOJHBI (€70 HA3bIBAIOT OOBIYHO KOMITTOHOBCKUM
paccesanem win 3ddexktom KommnToHa) TpoOUCXOAWT YIpyroe coymapeHue (oroHa co
CJ1a00CBSA3aHHBIM AJIEKTPOHOM. B pesynbraTe 3TOro 4acTh SHEPTUH MPeoOpa3yeTcs B SHEPTHUIO
OTJa4ll DJJEKTPOHA W JUIMHA BOJHBI PACCESTHHOTO W3IyYeHHUs MPHOOpPETaeT YrIIOBYIO.

h
3aBUCHMOCTB: Ag = A, +——(1—cosa) (cm. Puc. 1.7). Crour eme pa3 NOJYEPKHYTh, YTO
m,c

e

BBIIICTIPUBEACHHOC BBIPAXKCHUE KOPPEKTHO TOJIBKO JJII HECBA3AHHOI'O ITOKOAIICTOCA 3JICKTPOHA.

Puc. 1.7. Cxema KOMIITOHOBCKOTI'0 paccesiHHsl.

Paccesnue 0Oe3 u3MeHEHUs 3HEPTUU (JUIMHBI BOJIHBI) MEPBUYHOIO HM3IY4YEHHUS HMHOTIA
Ha3bIBAIOT PEJIEEBCKUM, XOTs Oojiee KOPPEKTEH TEPMHMH «TOMCOHOBCKOE paccesHue». [lonHoe
CEUEHHE TOMCOHOBCKOTO paccesHus o OOpaTHO MpPOMOPLHOHAIBHO KBaJApaTy MaccChl
pacceuBaroIlel YacTUIIbL:

2 2

P74 D A
3 | 4zgymc’

MMeHHO MO3TOMY PEHTTEHOBCKOE M3JIyUYEHUE PACCEHBAETCS, B OCHOBHOM, Ha JJIEKTPOHAX;
BKJIaJ sep MMHHMaJIeH U OOBIYHO HE y4uuThbIBaeTCs. IIpM TOMCOHOBCKOM paccesHMM KaXkKIbli
SIEKTPOH, (a, TouHee, AUGQEpEeHIUANbHbIM YY4acTOK HPOCTpaHCTBa dV ¢ HEHyJIeBOH
3JIEKTPOHHOM IJIOTHOCTBIO), HA KOTOPOM IIPOUCXOJUT paccesHHe, MOKHO paccMaTpUBaTh Kak

UCTOYHUK C(EPUIECKON BOITHEI.
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KoMNTOHOBCKOE M TOMCOHOBCKOE PACCESTHUE SIBIISIIOTCA KOHKYPHUPYIOIIMMH IIPOLECCAMH —
KOMITTOHOBCKHI TIporiecC 0oJyiee BEposITeH Il cl1ab0 CBsSI3aHHBIX JJICKTPOHOB (B wHjeale
UMCIOINX SYHEPreTUYECCKUN CIEKTp, OJIM3KUI K HENPEpPHIBHOMY), TOMCOHOBCKOE pacCesHUE —
AJId CUJIBHO CBSA3AHHBIX 3JICKTPOHOB (C JAUCKPCTHBIM CHCKTpOM). TouHast 3aBUCUMOCTb CEUCHUS
paccesaHusd nmpu B3aI/IMOI[eI\/JICTBI/II/I M0 KOMIITOHOBCKOMY MCXaHU3MY BCCbMa CJIOKHA.

Jlns MaTeMaTuyeckoro onucanus pacrnpoctpanerus PU B oOpasiie mpuMeHsIOT ypaBHEHUE
] -
Byrepa-JlaGepra-Bapa [ (x ) =Il,e™, rne u — nuHEiHHBIA KO>(POUIMEHT TOTIOLICHHS,

BCJIMYMHA KOTOPOTO, (l)aKTI/I‘leCKI/I, BKJIFOYAeT B ceOsA cedyeHus pacceiaHunsa PN mo Bcem TpEM
KaHajgaMm. bojabmoe KOJIM4eCTBO MNPaKTUYCCKUX  3ada4dy, OJHAKO, TpCGyCT TaKXXC U
MAaTeMaTU4YCCKOTO OIHCaHudg Mpouecca TCHCpalluh BTOPHUYHOI'O0 M3JIYUCHUA. I[J'If[ Ooitee
JC€TaJIbHOI'O OIIMCaHHA B3aHMO,HeI>'ICTBH$I PEHTICHOBCKOI'O M3JTY4YCHHA C BCIICCTBOM IMPUMCHSAIOT

ypaBHeHus ['amunibToHa — /lapBuHa:

ol

i:mP—FO_SIS
ol )
izujS—i_aPlP

rae Ip — VHTEHCHBHOCTb INEPBUYHOIO IIy4yKa C HalpaBICHMEM pacnpocTpaHeHus tp, Is —
WHTEHCUBHOCTb BTOPUYHOI'O IIy4YyKa C HaIlpaBJICHUEM paclpocTpaHeHus ts, o — cedeHue
paccesHusi i BEKTOpoB tp, ts. YpaBHenus ['amunbroHa-/lapBuHa OyayT MIMPOKO
HCIIOJIB30BAThCA U1l MOJIEIMPOBaHUs IIpoleccoB paccesHus PY B TOHKMX IUIEHKaX.

B obmem ciydae BTOpUYHOE M3Iy4dEHHE Ul BCEX TPEX KAHAIOB PAacCEsHUs SBIACTCA
HeHanpasieHHbIM. OHAKO JJIs yIPYyTroro — TOMCOHOBCKOIO — PACCESIHUS BO3MOJKEH CIIydail T.H.

KOICpCHTHOTI'O paCCCAHUA, COOTBCTCTBYIOH_[PIP'I pacCeaHnI0 KOr€pCHTHOT'O BOJIHOBOT'O MMAKCTA HA

A 4

.-EﬂJ V: ,//
k B
E (I') e 4
: v

'p(0)

Puc. 1.8. K BbiBOAY hopMy bl AJIs1 AMIUIUTYABI PACCESTHHOTO M3JIyYeHUsI.
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HCKOTOPOM MPOTAKCHHOM O6’B€KT€ (I[J'II/IHa KOICpCHTHOCTH PCHTICHOBCKOI'O M3JIYUYCHUSA
JUIsi OOJIBIIMHCTBA MCTOYHHKOB Onu3ka K 1 MkM). B aTom ciydae BTOpuuHBIE chepuyeckue
BOJIHBI MOTYT UHTepdepupoBaTh, YTO TMNPUBOAUT K TMOSBICHUIO AHU3OTPONHH B
IIPOCTPAHCTBEHHOM PaCIIPENCICHUH aMILIUTYAbl YIIPYyro paccessHHoro PI.

PaccMoTpuM  HEKOTOpBI  pacceWBalOMUMil  OOBEKT C 3aJaHHBIM  paclpeeeHueM
aieKTpoHHOU moTHocTH (Puc. 1.8).

[Tpu yuete usmeHenus Qaszpl nepBuyHOro nmyuka P B xaxmoit Touke 00bEeKTa, a TaKKe
pa3HoCcTu (1)213 BTOPHUYHBIX BOJIH, ITYTECM HHTCTPUPOBAHUA KOMIIJIEKCHOU AMILIATYAbI IO BCEMY

paccenBaronieMy O0BEMY MOMKHO TOJYYHUTh CIIEAYIOIIee BBIPAKCHHUE IS KOMIUIEKCHOM

A

aMIUTUTY bl BTOPUYHOIO M3JIy4eHUs A :
g 9 2 mqr
A~ Aojp(r)e dr
v

rne q=k— K’ — BEKTOp pa3HOCTH BOJHOBBIX BEKTOPOB IEPBHYHOTO M BTOPUYHOTO
MYYKOB: aMIUIMTyJla BTOPHYHOTO M3JIYYCHHUS TIPU KOTEPEHTHOM YIpyrom paccesnuun PU
npornopimoHaibHa Oyphe-KOMIOHEHTE paccenBaroniero (hakropa (JIEKTPOHHOMN TUIOTHOCTH).

Takum oOpazom, au¢pakuuss PU ectb unHTepdepeHunss BTOPUYHBLIX BOJH HpPH
KOI'epeHTHOM ynpyrom paccessunu PU.

B cnywae, eciam BEmeCTBO SBISETCS KPHCTAIMYECKUM, TO €CTh OOJagaeT HEKTOPOH
nepuoaudHOCThI0, Dypbe-00pa3 pacceuBaromiero ¢Gaxktopa (JIEKTPOHHON  TUIOTHOCTH)
CTAaHOBHUTCA  JUCKPETHBIM, M  TMPOCTPAHCTBEHHOE  pacmpeneieHue  ammautyasl  PU
XapakTepu3yeTcs HaJIMYUeM OCTPhIX MAaKCUMYMOB M MUHHMYMOB. VIMEHHO NMPOCTPaHCTBEHHOE
pacmpenieneHne aMIUIMTyAbl ynpyro paccesHHoro P — nudpaktorpamma — U sBIsSeTCS

MPEeIMETOM U3YUYEHHS B METOJIE PEHTTEHOBCKOM TupaKiuu.
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1.3. KontpoJubHbie Bonpocskl K Jleknumn 1.

l.
2.

Kakwue npouecchl mporcxoaart npyu 00JyuyeHUH BEIIECTBA PEHTTEHOBCKUM H3TyYEHHEM?
OnuimTe TAMUYHBIA CTIEKTP PEHTICHOBCKON TPYOKH M OOBSICHUTE TIOSIBIICHUE KaX 0N
COCTaBJIAIOLIEN B HEM.

C 4eM CBS3aHO MOSABICHHE MAaKCUMYMOB U MUHUMYMOB Ha TU(PaKIMOHHON KapTHHE?
Pacckaxxurte cxeMy BOSHHUKHOBEHHSI PEHTTC€HOBCKOM ()ITyOpECIICHITUH.

SIBnsieTcst mu HanM4Ke B 00pasiie NepUOANUECKON CTPYKTYphl HEOOXOIUMBIM YCIOBUEM
11st HaOmoaenust nudpaxiuu PU?

Brisenure 3akon byrepa-JlamGepra-bapa u3 ypasuenuii ['amunsrona-/lapsuna. Kakoe

ycioBue HeoOxoaumo it cobmoaeHus 3akoHa byrepa-Jlambepra-bapa?

13



Jlexknusn 2. JAuppaxkuus PEHTIeHOBCKOI'0 U3JIyYeHHus Ha

MOHOKPHUCTAJIMYECKUX U MOJUKPUCTAIIHYECKHX MPodax.

2.1. Kpucraaibl 1 HX CHMMeETPHS.

Kpucrannndeckoe cocTossHUE OTIMYAETCS OT aMOP(HOTO HAJIMYHEM JajbHEero Mopsjaka B
CTPOEHMM U NepuoAuYHOCTH. Hammuue TpexMepHON NEpUOJNYHOCTH M JAJBHEr0 MOpsaKa
MO3BOJISIET BBIACTHUTH TPH 0a3UCHBIX BEKTOpa a, b, ¢, CMEIIeHns Ha eJI0e UX YHUCIIO0 MPUBOAUT K
camocoBMelleHno Kpuctaia. Ilycte t =na+mb +pe (n,m, p € Z) — BEKTOp TpaHCISALNH,
Tump(r) =r + t =r + na+ mb + pc — TpaHcaAuus BekTopa r. Torzaa ycaoBUeM NEPUOJUYHOCTH
sanumiercs B BUsie O Tump(r)) = p( ¥ + na+ mb + pe) = p(r). Ilono6HOE yClIOBUE BBIIONHIETCS
HE TOJIBKO JUIsl JIEKTPOHHOW IUIOTHOCTU O, HO M JJISi BCEX CBOWCTB (TPEXMEpHBIX (DyHKITHIT)
kpuctauia. HaGop HamMeHbIIUX 10 JUIMHE Oa3uCHBIX BEKTOpoB (a, b, c) dopmupyer
JJIEMEHTApHYI0 SUYEHKy Kpuctauia. B kpuctammorpaduu OOBIYHO TOJIB3YIOTCS METPUKOM
JJIEeMEHTAapHON SYEWKH, TO €CTh YKa3bIBAIOT MOAYJIH 0a3UCHBIX BEKTOPOB U YTJIbl MEXIY HUMHU:
lal, |b], |c|, e, B, y (Tak Ha3bIBaeMble, MapaMeTPhl AJIEMEHTApHOH Aueiiku). OTMETHM, YTO KpoMe
YCIIOBUSI HAUMEHBIICH THMHBI OA3UCHBIX BEKTOPOB, IPU BBHIOOPE 3IIEMEHTAPHOM SYEWKH Ba)kKHA
€€ CUMMETpUs, PeUb 0 KOTOPOW B 3TOH IJaBe MoaeT Aanee. 3Hasg pacupeleseHUe dIEKTPOHHON
IUIOTHOCTH BHYTPU JJIEMEHTAapHOM SYEWKH p(r), MOXHO ONKMCAThb BECh KPUCTALT IIyTEM
TPaHCIALUN.

JlroOo#t kpuctami, TakuM 00pa3oM, ¢ HEOOXOAMMOCTHIO O0O0JagacT TPaHCIAIUOHHON
cumMmerpueid. [loMuMo TpaHCHALMI B KpUCTaIe TAaKK€ BO3MOXXHO HajJW4Me JAPYTHX BHJIOB
(271eMEHTOB) CHUMMETPHM. ODJEMEHThl CHMMETPUHM pa3JeNAloT Ha JBe OOJIbIIME TPYMIIbI:
3aKpbIThIE U OTKPBITHIE 3JIEMEHTHI CUMMETPHH.

3aKphITHIE AIIEMEHTHI CHMMETPHUH XapAKTEPU3YIOTCS OTCYTCTBUEM TPAHCIIALIMOHHON YacTH,
MHOT'OKPAaTHOE MMPUMEHEHHUE 3aKPBITOrO 3JIEMEHTAa CUMMETPUU IPUBOAUT K caMocoBMeneHu 0. K
3aKpPBITHIM JIEMEHTAM OTHOCSTCS IOBOPOTHBIE U IOBOPOTHO-MHBEPCUOHHBIE OCH.

[ToBopoTHBIE OCH 0003HAYAIOTCS N, TA€ N — MOPAIOK ocH. IIoBOpoTHas OCh mMopsaKa n
mpou3BOAUT TOBOpOT Ha 360/n rpamycoB. YUacTHBIM cCiydyaeM TOBOPOTHOW OCH SIBJISIETCSA

eauHuYHbIN 31emMeHT 1. [Ipumep neiicTBus NOBOPOTHBIX OCell npecTasiieH Ha Puc. 2.1a.
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MOBOPOTHasA 0Cb 2 NOBOPOTHASA 0Cb 4

0 9, &

- +

Py

Puc. 2.1a. IloBopoTHBIE OCH.

NuBepcuonno-moBopoTHbie ocu —n wim Il . Tlocie coBepimeHue ormepanuu MOBOPOTa
NPOM3BOIUTCS WHBEpCUs. YacTHBIM CilydaeM HMHBEPCHOHHO-TIOBOPOTHOW OCH  SIBJISIFOTCS
uHBepcus -1 © 1IOCKOCTh oOTpakeHHs (oOo3Hauaercs m): m=-2. [lpumep npeicTBus

WHBEPCHOHHO-TIOBOPOTHBIX OCeH mpezcTaBieH Ha Puc. 2.16.

MJIOCKOCTh 3ePKAJIBHOIO
HHBepcHOHHAadA ochb -1 (1) orpa:kenusi m = -2 (2)

Puc. 2.16. UHBepcHOHHO-TIOBOPOTHBIE OCH.
OTKpBITBIE AJIEMEHTH CUMMETPUH XapaKTEPU3YIOTCSI HAJIMUMEM TPAHCISLIMOHHOW 4acTH,
UX MHOTOKpPaTHO€ NMPUMEHEHUE HE NPUBOJUT K CaMOCOBMEILEHHUIO (COBMELIEHHE BO3MOXKHO
IyTeM ONepanuy TpaHCIAuuu). K OTKpBITBIM 31eMEHTaM CUMMETPHUU OTHOCATCSI BUHTOBBIE OCH
U TJIOCKOCTH CKOJIB3SIIET0 OTPaKEHUSI.
BunToBbIe ocu 00603HadaroTCs Nk. Kak u 171 MOBOPOTHON OCH N 03HAYaET MOPSIIOK OCH U

YKa3bIBACT YI'OJI MTOBOPOTA. I/IHIIGKC Kk oTtBeuaer 3a TPAHCIHIOUOHHYIO YaCTh W IIOKA3bIBACT, HA
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KaKkyl0 YacTh Nepuoja HEOoOXOAMMO IPOU3BECTH TPAHCIALMIO BAONb ocu. Ecim och ng
napajuiefibHa KpUCTaIIorpagueckoMy HalpaBlICHUIO a C MapaMeTpOM AJIEMEHTAapHON suelku
a, TO CMEIlleHUE BJOJIb ATOro HampasiieHus cocTaBuT (k/m)-a. [Ipumep nelcTBUS BUHTOBBIX Ocei

npeacrasiieH Ha Puc. 2.2a.

BUHTOBAS OCh 2, BHHTOBAA OChb 2,

al2 +

| ‘----

1+

<

j&

[ImockocTn ckoMb3sIIETO0 OTpaxkeHuss — a, b, ¢, n. JIelCTBUE MIOCKOCTH CKOJB3SIIETO

Puc. 2.1a. BunroBnble ocu.

OTPaKEHHMsI COCTOMT M3 OTPaKEHUS M U TPAHCIALMM Ha IOJOBUHY IEpHOAA BAOJb
KpHUcTaiorpaduyeckoro HampaslieHus a, b, ¢ win 1o AuaroHanu (Ui mwiockoctu n). Ipumep

JNEHCTBUS TIOCKOCTU CKOJIB3SIIETO OTPAXKEHUS MpecTaBiieH Ha Puc. 2.206.

INJOCKOCTDH CKOJIB3AIIIECTO IIJIOCKOCTDH CKOJB3AIIECIO
OTPAKEeHHd a OTpasKeHHUd a
; A i A
‘ | ; \
a ! i
i : :
i a
i s 5
i '
; : '
v ; \/
+ i O+

Puc. 2.1a. IloBopoTHbBIE OCH.
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Hamnume B KpucTa/utax »>JIEMEHTOB CHMMETPHUH, OTJIMYHBIX OT TPAHCISIUOHHBIX,
NO3BOJISIET Pa3rpaHUUYUTh BCE KPUCTALIBI 10 7 CHHTOHMSAM M HAaKJIaJbIBa€T OrpaHUUYCHHs Ha
napaMmeTpsbl AIeMEeHTapHbIX sueek (cMm. Taom. 1).

Kpome 0OBIYHOI TpaHCISAIMOHHON CHUMMETPUH B KPUCTAJUIE BO3MOXXHO BO3HHMKHOBEHHE
CHENHANbHBIX TPAHCISAIUN, Ha3bIBAEMBIX IICHTPUPOBKAMH. BekTopa Takux TpaHCISAIHNA
(IEHTPUPOBOK) MEHBIIE IO MOAYJIO YeM BEKTOpa DJIEMEHTApHOU sYeWKu. B 3aBUCHMOCTH OT
LEHTPUPOBKH BBIJEIAIOT IPUMUTHUBHYIO P (HELIEHTPUPOBaHHY10), 0a301leHTpupoBaHnyto 4, B, C
(TpaHCHSIMA HAa BEKTOP AMArOHAIN OAHOM M3 rpaHeil), 00beMOLEHTPUPOBAHHYIO / (TpaHCIALUsS
Ha BEKTOp OOBEMHOH MUAaroHal M SYCHWKH), TPAHEIICHTPUPOBAHHYIO F (TpaHCIALIMS Ha BEKTOP
JIMaroHad JI000M W3 TpaHel) m pomMOOo’apuuecKyr0 R (TpaHCHSAUIUS HA TPETh OOBEMHOM
JIMaroHaj M reKcaroHajdbHOM siueiiku) sueiiku. BapuaHThl IEHTPUPOBAHHBIX SYEEK MTPUBEICHBI Ha

Puc. 2.2 (myia R-sdelikul moKa3aHa MPUMHUTHBHAS sTUEHKa)

P C | F R
a a
abab b o

Puc. 2.2. llenTpupoBKa siueex.

B xauecTBe NpUUMHBI BOSHUKHOBEHMSI TAKOTO MMOHATUS KaK LIEHTPUPOBKU MOXHO yKa3aTh
CYILIECTBOBaHUE B pA€ CTPYKTYp NPUMUTHUBHOMN (COAEpKalllell OJUH Yy3€Jl PEIIETKN) siUeHKU, He
MHBapUaHTHOM OTHOCUTEIBHO BCEX ONEpPalUil CHUMMETPUU CTPYKTYpbl. IMEHHO 3TO U MPUBOJUT
K HE00XO/IMMOCTH KPAaTHOI'O YBEJIMUEHUS 3JIEMEHTApHON STYeHKHU OTHOCUTENILHO TPUMUTHBHOM.

CoueraHue pa3IMYHBIX CHHIOHUN C BCEBO3MOXHBIMU LIEHTPUPOBKAMM MPHUBOIUT K 14

pemerkam bpasa (cm. Tabu. 1).
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Ta0m. 1.
CUHTOHHMH, HaKJIaJpIBacMble ONEpalusMd CHMMETPHHM yCIOBHS Ha apaMETphI

QJICMCHTAPHBIX AYCCK U BO3MOKHBIC HCHTPUPOBKH.

YCIIOBHSI Ha
Onpenensromue 3JeMEeHThI Bo3moxHbIE
CuHronus rapameTpsl
CUMMETPHHU [CHTPUPOBKHU
JJIEMEHTApHBIX SYEEK
TPUKJIMHHAS HeT oceil Beime 1 mopsinka OTCYTCTBYIOT P
CYIIIECTBYET U €IMHCTBEHHO
MOHOKJIMHHAs HalpaBJIEHUE, B/10JIb KOTOPOTO a=y=90° P,C)
OCh HE BBIIIE 2 TOPSIAKA
CYIIECTBYET OOJiee OAHOTO
| PcuB).L
opTOopoMOMYecKasi | HarpaBJICHHs, BJOJIb KOTOPBIX a=Lf=y=90
F
OCH HE BbIIIE 2 TIOpsIIKa
CYLIECTBYET U €JHUHCTBEHHO
TETparoHajJbHas HalpaBJIEHUE, B/10JIb KOTOPOTO a=b,a=p=y=90° P, 1
oCh 4 mopsiiKa
— —_ _ o
CYIIECTBYET 1 €JUHCTBEHHO a=b, a=[=90°, »
TPUIOHAJIbHAS HanpasJIeHHE, BIOJIb KOTOPOIo y=120°
0Ch 3 mopsiika a=b=c,a=pB=y R
CYIIECTBYET U €JHHCTBEHHO
a=b, a=f=90°
reKcaroHajgbHas HarpaJIeHUE, BJIOJIb KOTOPOTO P
y=120°
och 6 mopsiaka
CyIIECTBYET 0oJiee OJHOTO
HampaJieHus (C HEOOXOINOCThIO a=b=c,
KyOuueckas P LF
4), B1OJBb KOTOPBIX OCH 3 a=L[=y=90°
nopsiika
Bce omepamum cuMMETpHHM KpUCTasla — OINEPalM TPAHCISLMOHHOH CHMMETpPUH,

onepanrn, COOTBCTCTBYIOIIUC 3dKPBLITBIM W OTKPBLITBIM 3JICMCHTAM CUMMCTPHUH, a TAKKC HX
coyeTraHusi - o0pa3yloT rpymnmy. Takue TpyImbsl Ha3bIBalOT MPOCTPAHCTBEHHBIMHU TPYMIIAMH, a
takke PDenopoBckumu (B decTh pycckoro ydeHoro E. C. demopoBa, KOTOpPHI BIEPBBIC
MaTEeMaTHYeCKH BBIBEJ] BCE BO3MOXKHBIE KpUCTaiorpaduueckue rpymnmsl). YUcino Takux rpyri

KOHYEHO — cymecTByeT 230 nNpoCTpaHCTBEHHBIX IPYIII TPEXMEPHBIX KPUCTAIIIOB.
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2.2. Indppaxkuus PU Ha MOHOKpHCTAJLIIE

HanmomuuMm, 4to mpu korepeHTHOM paccessHun PU aMmuutyna paccessHHOro W3JIy4YeHUst

nponopuroHanbHa Oypbe-KOMIOHEHTE PACcCEUBAIOIIET0 (PAKTOPa — SIEKTPOHHOM MIOTHOCTH:
A~ A, | p(rl>™ dr
o] P
vV

[Ipu paccesHMM Ha amnepuUOJUYECKUX CHUCTeMax (HampuMep, Ha €IWHUYHOM aToMe)
MIPOCTPAHCTBEHHOE paclpeielieHne aMIUTUTY/Ibl PacCeSHHOTO M3MydeHus: OyJeT CpaBHUTEIHHO

rnaakum. s npumepa Ha Puc. 2.3, @ npuBeneHa 3aBUCUMOCTh pacceuBaromero ¢akropa (T.e.

j p(r)k™ dr) psna atomos.
Vv

55 |

S

/7
,{\ 20 K

Puc. 2.3 PaccenBawimme pakTopbl pa3jiMuyHbIX aTOMOB (4) U B3aMMOCBSI3b

Pacceuneaiowmii hakTop (3neKTpoHbl)

0 0.25 05 0.75 1 1.25 1.5
sind/i =

AU(PPAKIMOHHOIO yIJIa U BeKTOpa q (0).
OTmeTuM, YTO HaJIM4YU€ y CUCTEMbI «IIEPBUYHBIA IYyYOK — aTOM» OCEBOH CUMMETPHH
MO3BOJISIET YNPOCTUTh ONHMCAHUE PACCESIHUSA 3a CYET ydeTa TOJIbKO MOJyJs BekTopa (. U3

npocreiiniero nocrtpoenus (Puc. 2.3, 6) cranoBHUTCS SICHO, YTO

laf _sino

2 A

Nmenno sty BenmuuuHy — Sinf/A — W HCMONB3YIOT MPU PACCMOTPEHUHM pPACCESHUS Ha
eauHuYHOM atome. CTOMT Takke oOpaTMTh BHHMMAaHME Ha TOT (akT, YTO NPU HYJIEBOM
TU(QPAaKIMOHHOM YTJIe pacceMBaIOIUil ()akTop paBeH aTOMHOMY HOMepy (a, TO4YHee, YHCIY
DIIEKTPOHOB B aTOME) — OTO HEMOCPEICTBEHHO CIIEAYeT M3 BBIPAKEHUS Ui aMIUIATY]IBI
PACCEeSTHHOTO M3ITyYCHHUS.

PaccesHne Ha NEPUOAMYECKUX CHCTEMax M3MEHSET XapakTep IPOCTPAHCTBEHHOTO
pacrpenielieHusi aMIUIMTYJbl PAacCeIHHOTO M3JIyYeHHs] — B PACHPEICIICHUH TOSBISIOTCS

OTACJIbHBIC MAaKCUMYMbl WU MHHHUMYMBEI. DTO Jerko OOBSICHUTL €CIU BCIIOMHHUTH, YTO AJId
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nepuoandeckoi QyHkun Dypbe-o0pa3 sBiseTcs HAOOpPOM JenbTa-QyHKIUH — (yHKIUS
npezcTasisercs B Bujae psna Dypee:

Ip(r)ez’ﬁqrdr = 5(q -q, ).[ p(r)e*™ " dr
V

Q

3necy Q - sneMeHTapHas s4eika KpucTauia, j — 000O0IeHHbIH uHAeKC psana Dypbe.
QaxTruecku, npu Audpakmuu Ha uaeaNbHOM (OECKOHEYHOM) MOHOKPHCTAILIE aMILTUTYAA
PacCcesHHOro W3JIyd4eHHUs OyJeT perucTpUpoBaThCsS JIMIIb B KOHEYHOM 4YMCIE HAalpaBlICHUIM
paccesiHus, COOTBETCTBYIOLIMX BEKTOpaM ¢;. JlaHHbIE BEKTOpa 3aJat0TCsl yCIOBUEM (HAIIOMHHM,

470 t,,p — TPAHCIALMOHHBIN BEKTOD):
q;t,, €ZVn,m,p
t,, =na+tmb+penmpeZ

YToObI 3TO yCI0BHE COONIOAANIOCH, IPEICTABUM BEKTOP (j B BUJIE JIMHEHHONW KOMOUHALIUY
TpEX BEKTOPOB (OJHOBPEMEHHO 3aMEHUM OOOOIIEHHBIH HMHJIEKC j HA TPONKY MHAEKCOB hkl —

TaKHe WHACKCHI HA3bIBAIOT HHAEKcaMu MuJjiepa):
q,=>q,, =ha" +kb" +Ic", hk,leZ
I'1ie BeKTOpa a', b* 1 ¢* yIOBICTBOPSIOT CIIEIYIOMIMM YCIOBHSM:
a'a=bb=cc=1
ab=a'c=ba=b'c=ca=cb=0
Torna ycnosue q,,k,tnmp € ZVn,m, p semonusiercs Beerna. OakTHUECKH BEKTOPA (hki

caMu 00pa3yloT PEeIIeTKY, aHAJTOTUYHYIO PELIETKE, KOTOPYI0 00pa3yloT BEKTOpa thm, B pealbHOM
IPOCTPAHCTBE KpHUcTajula. Takas perierka Ha3bIBaeTCs OOpPaTHOM pEelIeTKOW KpucTaiia, a
IPOCTPAHCTBO, B KOTOPOM 3Ta peIlIeTKa OIpe/iesieHa — 00PATHBIM IIPOCTPAHCTBOM KPUCTAJLIA.
CTOHMT OTMETHTb, UTO GA3KMCHBIE BEKTOPA 0OPATHOM PEIIETKH - 4 , b* 1 ¢* - Bceraa MoryT
OBITh pacCUMTaHbl M3 BEKTOPOB 3JEMEHTapHOW s4elku (Oa3UCHBIX BEKTOPOB) MPSMOTO

IIPOCTPAHCTBA!

. [bxc] . [cxa] . [axb]
a =——=.b =———=;¢ =——F—=

a-[bxc] b-[cxa] c-[axb]

OOpaTHOE MPOCTPAHCTBO — M OOPATHYIO PELIETKY - MOXHO paccMmarpuBath kak PDypbe-
NPOCTPAHCTBO KpucTaia. PacnpeneneHuio paccenBaromero GakTopa B MPsIMOM MTPOCTPAHCTBE
COOTBETCTBYET paclpe/eiCHIEe aMIUTUTY/Ibl PaCCESTHHOTO U3Ty4YeHHsI B 0OpaTHOM MPOCTPAHCTBE.

a MEepUOAUYHOCTL B IIPAMOM IPOCTPAHCTBC COOTBCTCTBYCT HAJIUYHIO O6paTHOI71 PCUICTKU B

oOpaTtHOM mpocTpaHcTBe. Ele pa3 OoTMETHM, 4YTO KaXKIbli M3 Y3JI0B OOpaTHOH pelieTKu
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cooTBeTCTBYeT Dypbpe-KOMIIOHEHTE JJIEKTPOHHOM IUIOTHOCTH, IIPUYEM KOOpPIAMHATHI Yy3Ja

COOTBETCTBYIOT HHAeKkcaM B psage Dypre, a COOTBETCTBYIOIIAas y3Jy BEJIMYMHA
(1) dr

P — K03 PUIHEeHTY AJs YieHa psAfa ¢ JaHHBIMUA UHACKCaMHU.

Q

[TonmyuyeHHbIe pe3ybTaThl AI0T HAM BO3MOXKHOCTEH C(HOPMYIHPOBATH KpaifHe BaKHBIHA IS
JanpHEeHIe paboTsl ¢ AudpakTorpaMMaMu 3aKoH — 3akoH bperra:

Jdasi ¢popmupoBanusi TUPPAKIMOHHOTO0 MAKCUMYMAa Pa3HOCTh MeAy BOJHOBBIMH
BEKTOPaMH MEPBUYHOI0 M BTOPHMYHOIO0 MYYKOB [0JI’KHA ObITH PABHA BEKTOPY OOpPaTHOM

peleTKH KPHCTaLIA:
' _
k-k'=q,,

Jlerxko BUIETH, YTO 3aKOH bperra HEMoCpeICTBEHHO BBITEKAeT U3 cBOiicTB Dypre-obpasza
NEePUOTUIECKON (PyHKIH — B HAIIEM CiTydae (yHKIIUH SIEKTPOHHON TUIOTHOCTH B KPHCTAJLIE.

ComocTaBuB 3aKOH bperra ¢ mepBbIM  BaXXKHEWUIIUM  yCIIOBUEM  HaOIIOJCHUS
T(pPaKIMOHHBIX MaKCUMyMOB — YIpPYrHM paccesHueM PU — MOXHO HOCTpOUTH yHOOHBIN
reoMeTpUUeCcKUil 00pa3 AJist ONMCcaHus Ipoliecca Auppakiuy — T.H. chepy DBanpaa:

[Tycts chepa ¢ panuycom |K| (K — BOTHOBOI BEKTOp MEPBUYHOTO ITydYKa) KacaeTcsl Havaja
KOOpJMHAT OOpaTHOW peIIeTKH, Mpu4eM KOoHell Bekropa Kk coBmamaeT ¢ HavasoM KOOPIMHAT

(Puc. 2.4).

Puc. 2.4. IlocTpoenue IBajbjaa.

Toraa ycioBrue BO3HUKHOBEHUSI MaKCUMyMa Ha JU(PPAKTOrpaMMe — MO aHnue y3jia 00paTHOU
pemetkn Ha chepy OBampaa. JleiicTBUTEnbHO, cdepa SBISETCS TEOMETPHUYECKUM MECTOM
KOHIIOB BCEX BO3MOXXHBIX BOJHOBBIX BEKTOPOB YIPYrO pACCESTHHOTO W3Iy4YeHHUs, a TMpu

MIOTIAJIaHNH y3J1a 00paTHOM pemeTK Ha cdepy DBajbaa OyAeT BHITOTHEH 3aKoH bperra.
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3akoH bperra B BbImenpuBEACHHOW (hOopMe MOXKHO Ha3BaTh «BEKTOPHBIM» 3aKOHOM
bperra. B mopomkoBoii audpakmuy 3a4acTyr HCHOJIB3YIOT M 3aKOH bperra B Oosee
IPUBBIYHOM, «CKaNApHOI» dopme. KpaTtko onuiiem popmanusm, HCIONB3YIOLIUIICS MPU BBIBOIE
9TOTO 3aKOHA U CPOPMYIIUPYEM €TO.

PaccMoTpuM Habop KpucTaiorpaguuecKux IIOCKOCTEH — MapauieNbHBIX TUIOCKOCTEH,
nepecekarommx Bce(!) y3ibpl KpHCTAIMYECKOW pemeTku. [locTpoeHne mnomo0HBIX HaOOpPOB
TUIOCKOCTEH — JIMIIB OTPaKEHUE CUMMETPUU KPHUCTAJUIA, PEabHBIX TIOCKOCTEH B KpUCTAJIE HE

cymectByet. Ha Puc. 2.5 npeacraBiensl Tpu npuMepa KpUCTALIOrpadhuIecKux MiI0CKOCTEH.

C C C
-
b b b
= >a > a
|« - |e——] 1 _4,1.9
d100)= @ dap0y= a/2 Bowm @@ B o

Puc. 2.5. Kpucraanorpadpuueckue niaockoctu 100, 200 u 213.
Wunekcbl cemeiicTBa Kpuctauiorpadguyeckux Imiockocreit (h, k, [) — uucno nonei, Ha
KOTOpbIe JeNuT OJrkaimas K Hadaly »SJIeMEHTapHOW SYeWKH IUIOCKOCTh Oocu d, b, c,
COOTBETCTBEHHO. Paccrosiane djy MeX 1y nmapaiebHbIMU TUIOCKOCTSIMU CEMEHCTBA TIOCKOCTEH

¢ unaekcamu (h,k,[) MOXHO pacCUUTaTh CICIYIONIUM 00pa3oM:
1 1

d. = _
" ‘ha*+kb*+lc*

Torma, paccmarpuBas mpouecc AUPPaKIUK KaK WHTEPPEPEHIUI0 OTPaXEHHBIX OT ABYX
cocenuux miockocted BonH (Puc. 2.6) u mpuHSB 3a ycClOBHE MO3UTHUBHOW HMHTEpdEpeHLUU

KpaTHOCTb PpPAa3HOCTH XOJa MNOCJIOMY YHUCIY [JIMH BOJIH MOXHO ONPCACINTb CICAYIOUICC

COOTHOIIICHHUC:

¥
dhkl

A 4 1 20

Puc. 2.6. K BbiBoay 3axkoHa bperra B «ckansipHoii» popme.
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Al =nAd=2dsin@

D10 ypaBHEeHHE OOBIYHO M Ha3bIBalOT 3akoHOM bperra. Ilepexon k ckamsipHOW (opme
3akoHa bperra MoXHO OCYIIECTBUTb M NpeoOpasys BEKTOPHYIO (OpMy 3aKOHa M YUYHUTHIBas,

0o0paTHYIO0 CBSI3b MEXIY MEXKIUIOCKOCTHBIM pAacCTOSHUEM M MOJAYJIEM BEKTOpa 0OpaTHOMU

pEIIeTKH, a TaKXKe TOT (PaKT, 4yTo

g = # (cm. mmmoctpanuto Ha Puc. 2.3, 6).

Heo06xomumMo OTMETHTH, YTO T.H. KHHEMaTHUYeCKas Teopus AU(PAKIHH OIEPHPYET C
OJTHOKPATHBIM DAacCEeSHHUEM, COOTBETCTBYIOIIMM B IpPUBEACHHOI (opmyse 3HaueHHo n = 1.
Pednexcol (oTpaxkeHusi) Oosiee BBICOKMX (2 M Oonee) TMOPSAIKOB PpaccMaTpUBAIOTCA
TUHAMUAYECKOH Teopueil Mudpakuud M HE BXOAAT B NPEAMET PACCMOTPEHHUS HACTOSIIETO
PYKOBOJICTBA.

3akon bperra B ckamspHoit (opme 3adacTyro yAoOHEe HCIOJb30BaTh IPH aHAIN3E
MOPOUIKOBBIX ~ JU(PAKIMOHHBIX JIaHHBIX, B BEKTOpHOW Qopme — mpu pabore ¢

MOHOKpHCTaJIJIaMH.

2.3 CTpyKTypHasi aMILIUTy/a
[TonBenem uror mpeasiayero pasaena. Mrak, 3Has mapameTpbl JIEMEHTAPHOW SYEHKH

KpHUCTaIa MBI MOXKEM OIPE/ICNUTh Oa3MCHbIE BEKTOpPa OOpPATHOM PEIICTKH U OMPEICIUTh BCE
BEKTOpa OOpaTHOM perietku: (,, =ha" +kb" +Ic",h,k,l € Z. W3 mony4eHHBIX BeIUYMH

MOYKHO OIPEJEeNIUTh TMPOCTPAHCTBEHHOE pPACIOJIOKEHHE IU(PPAKIUOHHBIX MaKCUMyMOB —
peduexcoB (c MmoMoInblo, Hampumep, cdepbl OBajibaa). AMIUIUTYAAa pedIeKCOB HpU 3TOM
IPOMOPLHOHATIBHA COOTBETCTBYIOIECH Dyphe-KOMIOHEHTE (PYHKLIUHU AJIEKTPOHHON IIOTHOCTH,

3aJJaHHOM B MPEIENIax AJIEMEHTAPHOM STYEHKU KPUCTAILIIA:
1 27mq Y
A~ —J p(r)e it

. 1
HopMupoBOYHBIE MHOXHTENb — BO3HUKAET H3-32 HEOOXOAMMOCTH HOPMHUPOBKHU
VQ

r
" B dypbe-pasnokennn. [ToguepkHEM, 4TO BCE PACCYKICHUS

. ,27mq
OPTOTOHAJILHBIX (QYHKIUNA €
IPOBOAMJINCEH IS CIIy4asi UEaIbHOIO0 MOHOKpHUCTAILIA.
BMmecTte ¢ Tem, TouHO€ pacmpesiesieHHe 3JIEKTPOHHOW IJIOTHOCTH B KPUCTAJUIE OOBIYHO
HEU3BECTHO, J1a U ONEpUPOBATh C TaKUMM 3aJaHHbIMU ad hoc 3D ¢yHkuusMu HeynobHo. B

CBSI3M C 3TUM IPHU PELIEHUH 3a7a4 CTPYKTYPHOTO aHalnu3a IEKTPOHHYIO IJIOTHOCTh B KpHUCTaJlIe

atom

MNPpEACTAaBIAKOT B BUAC CYMMBI JJICKTPOHHBIX IIOTHOCTEH P; aTOMOB i, PAacCIIOJIOKCHHBIX B
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AIIEMEHTApHOM suelike (LEHTPbl aTOMOB 3a/al0TCs paJnyC-BEKTOpaMH I;), IpeHedperas mnpu
9TOM U3MEHEHUSMHU B PpACHpPEIENCHUM 3JIEKTPOHHON IUIOTHOCTH, BO3HMKAIOIUMH H3-32

XUMHYECKOTO B3aUMOACUCTBUS:
_ atom
plr)=2p/"(r -
Q

Torga MOXHO 3aMEHHTh MECTAaMU CYMMHPOBAHHME U WHTETPUPOBAHUE MPHU BBIYMCICHUU
Oypre-KOMIOHEHTHl (B TOCIEAHEM MpeoOpa3oBaHWM TPOBEJACHA 3aMEHa MEePeMEHHOMN

UHTETUPOBAHUS I' =T — T, ):

A~ L _[ Z piamm (l' - I kbriqhk,rdr = VL Z ezmqhklrt j piatom (rr)ezm'qhk,r'dr,
Q

VQ Q Q Q Q
B mpeanonoxeHHMM HEW3MEHHOTO XapakTepa paclpenesieHHs 3JIEKTPOHHOM IUIOTHOCTH
WHJUBUyalbHOTO aTOMa MHTErpajl B JIEBOM 4YacTU BBIPAKEHMS ONHUCHIBaeT paccesiHue PU Ha
OAMHOYHOM aTOME€ I W HE 3aBUCUT OT CTPYKTYpbl KpHUCTaula M OCTaJbHBIX IapaMETPOB.
Xapaktep paccesHus PU Ha OJMHOYHBIX aromMax XOpOIIO HCCIENOBaH (CM., Hampumep,
Puc. 2.3), 4T0o MO3BOJISET UCIIOJIB30BATh YHUBEPCATIbHBIE BEIMUMHBI — paccerBaroiiye (GpakTopsl

aTOMOB — B 3aJ1a4€ 00 OIPCACIICHUH XapaKTepa paCCACHUA PU Ha Kpucraluie:

Fun ) = Fou| 252 | = [ 1 ()2 ar

ANLZezﬂiqhklriFatom sind = 1 ZezﬂiqhklriFatom sinf k
Vo & A Vo & A

HonyquHoe BBIPAXKCHUC MOXKHO JOIOJHUTCIIBHO YIIPOCTUTBH, BBIPASUB PAANYyC-BEKTOP

aToMa 4epes3 T.H. Kpucrauiorpaguueckue KOOpAUHATH I, = x,a+ y,b + z,¢ . Torna momyunm:

1 : I 1
Ao Z o 27Uty sin 0 _ F,,

VQ =S atom ﬂ( VQ

_ 27 (hx; +hy; +1z; ) sin @
Fy = Ze F | —

t
= atom ﬂ,

Benuunna Fj; Ha3bIBAaeTCS CTPYKTYPHOU aMIUIUTYAO0N. 3Hasi CTPYKTYPHYIO aMILTUTYy MbI
CMOKEM PACCUNTATh aMIUTUTYIy PAaCCESTHHOTO U3Ty4YeHHs B HanpaBieHuu (4,k,/). OueBuaHO, 4TO

WHTEHCUBHOCTH pe(iiekca mpornopruoHanbHa KBapaTy MOIYJsl CTPYKTYPHOUM aMITTUTYIbI:
2
1 Wkl ‘F hkl ‘

IIpn BBIBOZIE BBIPAKEHHs UIsl CTPYKTYPHOW aMIUIMTYJbl MBI CUHTAJIW, YTO KPHUCTAILI

COCTOHUT M3 HCIIOJABHKHBIX aTOMOB, IMIPHUYEM K&)KI[BIfI aTOM IMPUCYTCTBYET Ha CcBOCH IMO3UIIuHu C
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€IMHUYHOM BEPOATHOCTHIO. B peanbHbIX KpHCTaIax 3TO HE TaK: /Ui MOJyYeHHs 00JIee TOUHOTO
BBIPKEHUS IS Fjy HEOOXOIMMO TaKXKe YUYeCcThb TEIUIOBOE JBM)KEHHE aTOMOB M BO3MOXKHOCTb
NPUCYTCTBUS aTOMA B 33JJaHHOM MO3UILIMU C BEPOATHOCTBIO, MEHBIIEH €NHULIBI.

Ecnu aTtoM KozeGiercss OKOJO TMOJIOKEHHsS] PaBHOBECHUS M INIOTHOCTh BEPOSTHOCTH €ro
OOHapy’>KeHUsI B HEKOTOPOM TOYKE I 3amaercis QyHKuued w(r.s), TO 3PPEKTHBHYIO
JIEKTPOHHYIO IJIOTHOCTh CHCTEMBI MOYKHO 3alUCaTh KaK CBEPTKY 3JEKTPOHHOM IJIOTHOCTH

HOKOSILLETOCS aTOMa M W(T ye):
o (1) = (r =1 e by = 9y %
IO atom r)= IO atom r rref rref l"ref - p atom w
v

YyuteiBas cBoicTBO Dypbe-npeodpazoBanus (Pypbe-00pa3 CBEPTKH €CTh MPOU3BEICHHE

®ypre-00pa3oB GyHKINN B CBEPTKE:

Fposc (r) - Fpatom X Fw

atom

Torma nns  KaxJgoro aroMa MOXKHO  ONPEACNUTh  CHEUUAIbHBIM  MHOXHUTEINb,
OTIPEIETISIONINN TTapaMeTPhl TEIJIOBBIX KOJICOAHMM KaK™
— iq ¥
t(q hki ) = I w(r)e dr
4

U Torga BeIpaXkeHHe Ui CTPYKTYPHOM aMILTUTY 16l OYIET 3aIUChIBATECS KAK:
. 27 hx;+ky 4z ) o ( )
Fiu = th (qhkl )e Eoon\q
0

OueBUIHO, YTO JIJISl OnpeaeneHus ¢ (q hk!) HEOOXO0AMMO 3HATh QYyHKIHIO W(I ). B camom

IPOCTOM BapUaHTE pACIPEAEICHUE BEPOSATHOCTH CYUTAIOT TayCCOBCKUM M CEpUUYECKU

cuMmeTpudHbIM. Torna:

sin & sin” @ sin” @
tj( 2 J=exp _BjT = exp —87z2Uj7

lpu stom U, = <uf> , TIe u — OTKJIOHEHHE aToMa OT IOJIOKEHHsI paBHOBecus. B Goiee

CIIOXKHBIX HPUOIMKEHUS PpACHpEleIeHUE BEPOSTHOCTU CUYUTAIOT AHU3OTPONHBIM  YTO
YBEJIMYHUBAET KOJMUYECTBO IApaMETPOB, HEOOXOIUMBIX [Tl ONUCAHMSI TEIUIOBOTO ABHKEHMSL.
JlonoTHUTENbHBIN BaXKHBIN JJIs1 pacueTa CTPYKTYpPHOH aMILTUTYAbI (PaKTOp CBS3aH C TEM,
YTO BEPOSATHOCTH MPUCYTCTBUS aTOMa B HEKOTOPOH MO3MIMU MOXXET OBITh MEHbBINE €IUHHIIBI.
OTO MPOUCXOAWUT TP OOpa3OBaHMHM TOUYEYHBIX Je(PEeKTOB, B TBEPABIX pacTBOpax, B
pasynopsA0YEeHHBIX CTPYKTypax M T.M. Jljid ydera 3TOro B BBIPQXKEHUE Ul CTPYKTYpPHOM
aMILIMTY bl BKIIIOYAIOT JONOJIHUTEIBHBIM MHOKUTENb — 3aceneHHoCTh g (0 < g; < 1), paBHyIO

BEPOSITHOCTH OOHAPYKEHUs aTOMa Ha MO3HULUY C JaHHBIM PaJIyC-BEKTOPOM Ij:

25



. 27i(hxj+hy iz ) - ( )
Fiy = Zgjtj (qhkl )e F iom \Q i
0
[Tony4eHHOEe BBIpOKEHHE JUIS CTPYKTYPHOH aMIUTUTY/bl IIMPOKO HCIOJIB3YeTCsl B

CTPYKTYPHOM aHaJIH3e.

2.4 ®opMupoBaHNe NOPOIIKOBOH TH(PPAKTOIPAMMBI.

BelenpuBeieHHbIE PAacCy’KAEHUS, KaK YK€ MOAYEPKHBAIOCh, ObUIM TNPOBEIEHBI IS
cilydasi uealbHOr0 MOHOKpHucTayia. KakoBa Oyner kaptunHa paccessHus P Ha mopomkoBoii
npobe — mpode, cocTosAIIer U3 OOJIBIIOr0 KOJMYECTBA KPUCTAJUIUTOB?

Jlns oTBETa Ha ATOT BOIPOC OyAEM CUUTaTh, YTO KaXKJbl MHIMBUAYAJIBHBIA KPUCTAIIUT
paccenBaeT PM He3aBUCHMO OT JpPYrMX KPUCTAJJIMTOB M BEJET ceOsl MPU ITOM KakK HealbHbIN
MOHOKpHCTAII. Takxke OyJeM CUMTaTh, YTO BTOPUUHBINA (pAacCEsIHHBIN) My4OK HE Audparupyer
Ha npoOe BTOpoi pa3. Torna mMbl MOXEM HM3MEHHMTh NOCTPOEHHE DBaib/a, IOMECTUB B TOUKY
KacaHusi cdepoil KoHIa BekTopa K MHOXECTBO OOpaTHBIX pEHIeTOK (COOTBETCTBYIOIIEE
MHOX€ECTBY KPHCTAJIUTOB), IPUYEM OPUEHTHPOBAHbI OHU Cly4yaiiHbIM 00pa3oMm. Toraa kax bl

UH/IMBUAYAIbHBIA y3e1 oOpaTHO# pemieTkd chopMHUpPyeT B OOpaTHOM INPOCTPAHCTBE cdepy

(Puc. 2.7)

Puc. 2.7. ®opmMupoBaHue NOPOLIKOBOI 1M (PpaKkTOrpaMMBbl.

Takas cdepa mnepecekaercds co cdepoil DBanbla MO  KOJbIy, SBISIOLIEMYCS
F€OMETPUYECKMM MECTOM BOJIHOBBIX BEKTOPOB pAacCCESIHHOIO H3JIydyeHus. Takue BEKTOpa,
OUYEBUIHO, 00pPaA3yIOT KOHYC C BEPIIMHOM B LIEHTpE DBaibjaa — T.H. JUPPaKIHUOHHBIN KoHyC. [Ipn
CIIy4yallHOH OpHEHTallud KPUCTAIUIUTOB (M OOpAaTHBIX pEIIETOK) CHUCTEMa CTaHOBHUTCS
0CECUMMETPHYHON (0OCh CUMMETPHUH COBIAAAET ¢ Ko — BOJHOBBIM BEKTOPOM IEPBUYHOIO ITyUKa)
U, KaK MPUHATO FOBOPUTH, MPEBPALIACTCS B OJHOMEPHYIO — HEOOXOJIUMO HCCIIEOBATH TOJIBKO
3aBucuMocTh I(26). C sKcrepuMEHTaIbHONM TOYKHM 3pPEHHS 3TO O3HAYaeT, 4YTO, MOMECTHB 3a
MOPOUIKOBOM MpoOOH (OTOMIACTUHKY, MBI YBHIUM Ha HEW CHCTEMY KOJIEll — CEYCHHH

JU(GPaKIUOHHBIX KOHYCOB INIOCKOCTBIO TUIACTUHKH.
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I[J'If[ TOro, 4TOOBI paccuuTatb HWHTCHCHBHOCTDH I[I/I(l)paKHI/IOHHI)IX MAaKCUMYMOB JJIA
MOPOIITKOBOM TTPOOBI HEOOXOIUMO YUECThb LEIbIA P (aKTOPOB:
A) Iloasipu3auuio NEPBUYHOr0 M BTOPUYHOI0 MYYKOB. YTIPYroe paccessHue MPUBOIUT

K YaCTMYHOM NOJIIpU3alii BTOpUYHOro ninyuenus (Puc. 2.8):

A AT =AT"cos20

Aprim
I
Puc. 2.8. [lonsipu3anyst BTOPUYHOT0 U3JIyYeHHS.

B 3aBucumocTM OT NOJApU3alUM IEPBUYHOIO IIy4Ka MHOMKUTENb, OIMCHIBAIOIIUI
U3MEHEHUs aMIUIMTYJbl (MM MHTEHCHUBHOCTH) PACCESHHOIO M3IY4YeHHsS OT AU(PPAKIHUOHHOTO
yraa Oyner MeHsThes. i mpocTeiIiero cirydas HEMOJISIPU30BAHHOTO MEPBUYHOTO IMyyKa (Bce
KOMIIOHEHThI aMIUIMTY/bl MEPBUYHOTO ITydyKa PaBHBI MEXAY CO0OW) MOXXHO 3amMcath (CM.

Puc. 2.8):

1+cos’ 20
1(20)=IxP=Ix—""2
Jns  Oonee CIOXKHBIX ciay4daeB (Moisipu3aluss Ha  KpHCTalIe-MOHOXpOMAaTope,
CHHXPOTPOHHOE HU3JTyYCHHE) BHIPAKECHHE MOYKET U3MEHSTHCS.
b) Jlopenu-dakrop. /lanHbiii ¢akTop CBS3aH € CHCTEMAaTHYECKUM YMEHBIICHHEM
IUIOTHOCTH pPe(IEKCOB Ha OMNKCHIBAEMBIX MMM cdepax NpH YBEIHYCHHH MOMYJS BEKTOpa
oOparHoii pemetku (Puc. 2.9), 4To IpUBOIUT K YMEHBIIEHUIO BEPOSITHOCTH NIepeceueHusi ceppl

DBaipaa:

27



) d o d/COSe

R =ksin20

Y

Puc. 2.9. K BbiBOaY BbIpakenus AJs JlopeHu-paxropa.
"3 MNPUBCACHHOI'0 IIOCTPOCHHA MOKHO ONpPCACIUTb 3aBUCUMOCTb HHTCHCUBHOCTU OT

TUGPAKIIMOHHOTO YIJIa KaK:

Ryd;  2ksin26/cos6 o]
47R?  167k’sin’@  sind

B) I'eomeTpuueckuii pakrop. [lannHblii dakTop CBA3aH ¢ KOHCTPYKIUEH NU(PAKTOMETPOB —
npuOOpOB I PETUCTPALMK TOPOIIKOBBIX TU(paKTOrpaMM. B  OONBIIMHCTBE CIydacB
pEerucTpanys CUrHajla MPOU3BOJUTCS AETEKTOPOM, MOBOPAYMBAKOLIMMCS HAa HEKOTOPOM ILIEYE
¢bukcHpoBaHHOTO paanyca BoKpyT ocu 2 6. [lpu HaOnoaeHUN BI0JIb IEPBUYHOTO MyyKa KapTHHA

OyZIeT BBITIIAICTh CIACAYIOIINM 00pa3oMm:

i\

| | -
=
=
(%]
(an]

1

d

detector

Puc. 2.10. K BbIBOY BhIpa:KeHHs 1JIS TeOMEeTPUYECKOro (pakTopa.
[Ipu »TOM OKHO JeTekTopa, HMMerollee (PUKCHPOBAaHHBIA pa3Mep, 3axXBaThIBAET BCE
MEHBIIIYI0 00J1aCTh NU(PAKLIMOHHBIX KOJIell (Ce4eHU KOHYCOB). JIerko BUIETh, 4TO
1
reg ._0
sin 26
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[Tonspuzauuonnsiii (P), Jlopenu (L) u reomerpuueckuid (G) QaxTopsl 3adacTyro

00beuHAIOT B euHbIA LPG-dakTop (mpeHedperas moCTOSTHHBIMEA KOY(PGUIIUSHTAMH):

1+ cos? 260

LPG =—
sin” &cos@

Ha Puc. 2.11 npuBeaens! yrinoseie 3aBucuMoctu LPG-dakTopa /1715 HEMoJIIpru30BaHHOTO

HEPBUYHOIO My4YKa W CIIy4as HCIIOJIb30BAHUS TEPBUYHOIO MOHOXPOMATOpa — KpHCTasIa
SiOzZ
100 -
90 Be3 MoHOoXpomaTopa
80 -
70
60 -
50
40 A
30 A
20 A
10
0 . T T
0 50 100 150 20

Puc. 2.11. Yraosas 3asucumocts LPG-pakrTopa.

MoHoxpomaTop SiO, (101)

43 MNPUBCACHHBIX KPHWBBIX BHJHO, YTO B CJIydac pa6OTLI C NpCUHU3NMOHHBIMU JaHHBIMH

YUUTHIBATh BIUSHUE KPUCTAIIJIa MOHOXPOMAaTOpa HEOOXOMUMO.

I') Cucremaruyeckue HajlokeHus peduexcos. 113 Puc. 2.7 o4eBUIHO, YTO MOJIOKEHUS
MakCUMYMOB (B CMbICIE JU(PPAKUMOHHOTO yriaa 26), COOTBETCTBYIOUIMX pediexcam ¢

OJIMHAKOBBIM Ha MOPOIIKOBOW audpakrorpamme OyIyT OIWHAKOBBL. JTO MOXKET OBITh Kak
Ooymy 2 0

CJIEJICTBUEM cllyyaliHOro coBnajaeHus (Hampumep, pedaexcol (430) u (500) B kyOuueckoi
CHHTOHHH), TaK U CHMMETPUUYECKON PKBUBAJICHTHOCTH pediiekcoB (Hampumep, (4-20) u (420) B
KyOMUYecKOW CHHTOHWH). UHCIO TaKMX CHMMETPUYECKH SKBHBAICHTHBIX PE(IIEKCOB HA3BIBAIOT
(haKkTOpOM MOBTOPSEMOCTHU Ppi. ITOT (PAKTOP PaBEH OTHONIICHUIO MOPSAKOB TOYEHYHON TPYTIIBI
CUMMETpUU OOpaTHOTO MPOCTpPaHCTBA Kpucramia (coorBercTByeT Jlays-kiaccy) K MOpAIKY
TOYCUHOW TPYIIBI CHMMETPHHM Yy3JIa OOpaTHOW pemeTku. Tak, pjgo =6 s KyOHM4ecKoi
cunronun (dkBuBajeHtHele peduekcol (100), (010), (001), (-100), (0-10), (00-1)). Hnsa
VIOPOIICHUS pacueTa TEOPETHUECKUX AU(PpakTorpaMM pacCUYUTHIBAIOT MHTEHCUBHOCTH OJTHOTO U3

OKBHBAJICHTHBIX peCI)J'IeKCOB a [IOTOM JOMHOXKAIOT NOJTYYCHHYIO HHTCHCUBHOCTD HA Ppi.

1) Horyomenne u3jaydenuss B odpasue. Panee mpu oOcyxnenun audpakuuu PU Ha
MOHOKPUCTAJTMYECKUX U TIOJIMKPUCTAIUIMYECKHX Mpobax Bompoc o noriouiennu PU B ob6pasnax

He paccMmarpuBaics. C Ipyroil CTOpOHbI, HAIMYKE y 00pa3l0B HEKOTOPOW MPOCTPAHCTBEHHOU
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OPOTSDKEHHOCTH H  TU(PaKIHsg Ha pPa3HBIX ydYacTKax MPOTSHKEHHOTO o00pasla JAOJDKHBI
YUUTBIBAaThCS B IBHOM BHJle. OueBUAHO, YTO TOYHOE ONMCAHUE Mpolecca OyIeT CyIECTBEHHO
OTIMYaThCs A pasHbIX (opM 00pas3loB M reoMeTpuil cbeMkU. B HacrosiieMm paszziene Mbl
paccMOTpPUM TPUBHAIBHBIN U HanOoJee pacIpOCTPAHEHHBIN Cilydail CAMMETPUYHON Audpakiuu
«Ha OTPaKCHUEM.

Paccmotpum pacnpoctpanenne mydka P B oOpasne mpu peructpanuu 1udpakTorpamMmm

«Ha oTpaxenue» (Puc. 2.12).

S D

Puc. 2.12. Pacnpocrpanenue PU B o0pa3ue npu perucrpanun 1uppaKkTorpaMmmbl «Ha
OTpaKeHue».
WHTEHCHBHOCTh TIEPBMYHOTO MydYKa NPH TMAJCHUU TO yrioM ¢ Ha TiayOWHE z OT
HOBEPXHOCTH 00pasiia paBHa:
e
Is(elaz): Ije sn?
['ne p— ko3¢ GuUIMEeHT NOTIoMEeHs MaTepuaia npoosl. THTEHCUBHOCTH PACCESTHHOTO 101
yriaoMm 260= 6, + 6 uznydeHus oT Kaxa0ro JudQepeHnaIb-Horo cliost dz Ha BbIX0e u3 o0pasia
paBHa:

e e 2z

d,(8,,2)=c(20)%e "% xe " dl — 5(20)—— I *7dz

sin &

351ech O - ceueHue paccesHus B HallpaBieHUU 2 0 - HanpuMmep:

o =|F,,|" xLPGx p,,

sin Hz‘qhkl‘
A 2

Torna, uHTErpupys Mo ToJIIMHE oOpasla, MPU YCIOBHUM CHUMMETPUYHON Audpaxiuu

(6, = 6 = Ononyunm:

2pd
1 - 1
I,=0(20)) —|1-¢ sn? | 22 5 5(20)I —
2u 2u
Mo>KHO BBECTH MOHSTHE T.H. a0COPOIMOHHOTO KOd(PduiieHTa — aasi 6eCKOHEYHON TMpoObI

(T.H. HACBIIIIEHHOTO CJI0s) a0COPOIMOHHBIN KOA(h(HULIMEHT OyAeT paBeH:
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Heo06xo1umMo OTMETUTh, YTO B CIIy4ae HACHILEHHBIX CJI0€B KOI(P(UIIMEHT MOTJIOIIEHUS He
3aBHCUT OT JU(PPAKIMOHHOTO YIJa. YCJIOBHE, OIPENENAIonee HACHIIEHHBIH  CIIOH
(MHTEHCUBHOCTbH CHUTHaJIa HE MeHee 95% OT OECKOHEUHOTO CJI0S1) MOXKHO ONPEACTUTh KakK:

_2ud

em"<0.05—>2.—’uc;>3—>2yd—>w>1.5
Sin

[Ipu HEcoOMIOAEHNN 3TOrO YCJIOBHS (HampuMep, mpu paboTe ¢ TOHKUMH ILICHKAMH)
a0CcopOIMOHHBI  KOA(PGUIIMEHT 3aBUCUT OT yria 26 W TONIMMHBI O0paslia, YTO JJaeT
BO3MOXKHOCTbH OIPEIEATh TONIIUHY CI0s JaKe U3 JaHHBIX CHMMETPUYHOMN Tudpakiuu.

JUis nanpHEHIINX pacCy X AEHUI MOJEe3HO TakXKe OINpeneiuTh 3(PGEKTUBHYIO TIyOHHY
cOopa JaHHBIX Z — MOMEHT TEPBOTO MOpsiaKa Uit dlp, OTHECEHHBIA K OOIIEH MHTEHCUBHOCTU

BTOPUYHOIO Myuka. [ljig cumMmMeTpuyHOM qudpaki Ha HACKIILIEHHOM CJI0€ MOJYYnM:
4 e
IOJIze sin6 gz
A
1 Oajl‘e:if‘zgdz 2H
0

C s dexTuBHOI TITyOHHOI cOOpa JaHHBIX OOBIYHO CPABHUBAIOT LIEPOXOBATOCTH 00pa3lia,
3Ty BEJIMYMHY UCHOJIB3YIOT IPU OINPEIEIEHUH MTOTPEIIHOCTEH I0OCTUPOBKHU MPHOOpa M T.11.

/1) TexcrypHbiii ko3¢pdpuument. OnHO U3 YCIOBHM, ONPEIEISIONIMX «UACATBHYIO»
MOJIMKPUCTAIIIMYECKYI0 TpoOy, €CTh YCJIOBHME CIIy4ailHON OpPHUEHTUPOBKH KPUCTAIIIUTOB B
npoctpancTBe. Eciam Mbl BBeneM (YHKIMIO pacmlpefeNieHuss OPHUEHTUPOBOK KPHUCTAIIMTOB
(Orientation Distribution Function — ODF) — mnjaoTHOCT BEpOSTHOCTH OPHEHTHPOBKHU
KPUCTAUTUTA TIOJ, COOTBETCTBYIOIIUMH DHJIEPOBCKUMH yIJIaMH, TO JJISI  CIIy4ailHOTO
pacnpeneneHrs OpUEeHTUPOBOK 3Ta (PyHKIMS OyJeT MOCTOSIHHA BO BCEil 00J1acTH OINpeaeeHus.
B peanpHpIx O0O0pasmax BecbMa YacTO BCTpeYaeTcss T.H. TEKCTypUPOBAHHUE — SIBICHUE
NPEUMYIIECTBEHHONW OpPHEHTAIMH KPUCTAIUTOB B oOpasiue. B 3ToM ciyyae, B 3aBUCUMOCTH OT
xapakrtepa m3MmeHeHuss ODF, opueHTanmm oOpasma OTHOCHTEIBHO NMEPBUYHOTO My4yKka U T.I.,
pediekchl OmpeNeeHHBIX 30H OCHAOJSIOTCS, a OINPEACIICHHBIX- YCHUIMBAIOTCS (IO7] 30HOM
OOBIYHO TIOHUMAIOT HEKOTOPOE MOAMHOMKECTBO pedIeKCOB — HAMpUMEp, 30Ha hh() BKIIOYAEeT B
cebs pedaekcer 110, 220, -1-10 u 1.11.). TouHoe onMcanue xapakTepa TEKCTYpPUPOBaHUS 00pa3la
— BeChbMa CIIOKHAas 3ajada, HMMEIONasg, K TOMYy JK€, Ba)XHOE NPAKTUYECKOE 3HAUCHHE
(TeKCTypHpOBaHME KPUTUYECKHM BaXHO, HampuMmep, s JOCTHKEHHS HEO0OXOIUMBIX

MEXaHMYECKHUX CBOMCTB I/ISI[eJ'II/ISI). IToxa NpuMeM 0e3 J0Ka3aTCjIbCTBa BO3MOXXHOCTb BBCACHMHA
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¢bynkuuu 7(hkl), onuchiBaroliell OTHOCHTEJNbHOE HW3MEHEHME HHTEHCHBHOCTH DPEQIIEKCOB B
npobe. Ecmu ¢ynkuus 7T(hkl) cOOTBETCTBYET YCIOBHIO HOPMHUPOBKH (T.€. TOPOXKIAETCS
HOopMupoBaHHOU ¢yHkimern ODF), To nis BbIUKCICHHUS MHTEHCUBHOCTH pediekca AO0CTaTOYHO
BBecTu T(hkl) B xauecTBe MOMOTHUTENHHOTO KOd(uiineHTa.

E) Kodpdumuent -»sxcrunkouu. [locimenauii w3 QakTopoB, BIHSIONIMX HA
MHTEHCUBHOCTH peduiekca Ha TudpakTorpaMme, CBsi3aH ¢ 00siee CI0KHBIM, YEM IpeIoaraercs
U3TI0’KEHHOM BBIIIIE TEOPHUEH, XapaKTepoM paccesHus. Tak, HalpuMep, BTOPUYHBIN My4YOK TaKKe
MOXeT audparupoBaTh, 9YTO OyJAET MPUBOIUTH K HAPYIICHUIO COOTHOIICHHS] MHTEHCUBHOCTEU
pedekcoB. CoBpeMEHHAss TEOpUsS PEHTICHOBCKOW AW(PPAKIMH BBOJUT JOTOTHHTEIBHBIN
kod(purmeHT — K03 PUITUEHT SKCTUHKIUN Ejyy - B ypaBHEHHE, ONPEACIIIONIee MHTEHCUBHOCTD
peduiekca Ha AudpakTorpaMMe. DKCTUHKIIUSA — BKJIAJ 00JIee CIO0XKHBIX MPOIIECCOB PaCcCesHUS —
3HAUUTENbHA [IJII MOHOKPUCTAJIOB BBICOKOTO KAayecTBa; I TMOJMHKPHUCTAUIMYECKUX TMPOO
BIIUSTHUEM SKCTHHKIIMH OOBIYHO TIPEHEOpEeraroT.

O06001m1ast Bce BBINIECKa3aHHOE, MOYKHO 3aIcaTh 001Iee BhIpaKCHHE NI MHTEHCUBHOCTH

pediiekca Ha MOPOIIKOBOM Au(paKkTorpamMme Kak:
2
I, = pyy X Ax LPG xT(hkl)x E, , X IFl

IJIe CTPYKTYpHAs aMILTHTY 14
_ 271i(hx +ky 4z ;) 1
Fi, = Zg‘;t‘; (qhkl)e P o (qhkl)
J

BeKTop O6p8.THOI>i PCUICTKU (I/I OonpeaAcLsICMOC UM MCKIIUIOCKOCTHOC paCCTOAHHUC, a TAKKC

JU(PPAaKIMOHHBINA YTOJT) IPU ATOM PABHBI:

2d,, sinf=n)A—>d,, = ELINEN q,, =ha" +kb* +1Ic¢”

‘qhkl‘
' = bxc b= cxa o = axb
a-[bxc]’ b-[cxa]’ c-[axb]

OOpariaeM BHUMaHHME YUTaTeNs HAa TOT (PAKT, 4TO JUPPAKLUOHHBIH MaKCUMYM IPH 3TOM
CUMUTAETCS TOUYEUYHBIM, T.€. ONUCHIBAETCS O - PyHKLHUEH, a MHTEHCUBHOCTh MaKCUMyMa IpU 3TOM
ecTb HopMa O - GyHKIMU. B ciaydae peanbHbIX AudpakTorpaMm 1nojaoOHas ujeaibHas KapTHHA,
€CTEeCTBEHHO, He Habmomaercs — O - QyHKIUS peduiekca pa3Ma3bIiBaeTCs B IMPOCTPAHCTBE.
XapakTep TakOro pa3MasbIBaHUS 3aBUCHT KaK OT WHCTPYMEHTAIBHBIX OCOOEHHOCTEH
HKCIIEPUMEHTA, TaK U OT XapaKTePUCTUK 0Opasna. ITU MpeaMeThl U OyayT o0CyKIaTbes B X0/€

JIBYX MOCIEAYIOIIMNX JEKIIHN.
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2.5. KonTpoabHbie BONPOCHI K Jleknumn 2.

1.

2
3.
4

e

Pacckaxxure 0 TpaHCISIMOHHONW CHMMETPUN KPHCTAILJIOB.

C 4eMm cBsi3aHa OrPaHUYEHHOCTD YHCIIa IPOCTPAHCTBEHHBIX TPYII?

Cy1iecTByeT Jid TIOBOPOTHAS OCh 5-T0 mopsiaka?

PaccumTaiiTe MEXKIUIOCKOCTHOE pacCTOsSHUE djjp Ui KyOHMYECKOro KpHCTaia C
napameTpom a = 4.0 A.

B 4yeM oTaMuus MOPOIIKOBOTO U MOHOKPUCTAILHOTO AU(DPAKIIHOHHOTO IKCTIEPUMEHTA?
[Touemy CTPYKTYpHOM aMIUIUTYbl HEIOCTATOYHO JJIsl pacueTa MHTEHCUBHOCTH peduiekca

Ha MTOPOIIKOBOM AudpakTorpamme?
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Jleknus 3. Texuuka JTU(PAKLIHOHHOI0 IKCIIEPUMEHTA

3.1. IToctanoBKa 3a1a4M B TU(PPAKIUOHHOM IKCIIEPUMEHTE.

W3 urdopmarim, mpeacTaBICHHOW B MPEIbIIYIIHX ABYX JCKIUAX, CTAHOBUTCS MOHSTHO,
YTO B XO0J¢ IU(PAKIUOHHOTO SKCIIEpUMEHTa HEOOXOJUMO HCCIE0BaTh MPOCTPAHCTBEHHOE
pacmpeseieHne WHTEHCHMBHOCTH ympyro paccesHHoro PU. Jlaxe 53TOT mOpocTod BHIBOA
MO3BOJIICT yKa3aTh Ha HAmOOJee BAXKHBIC COCTABISIIONIME WHCTPYMEHTA MJIsi PETUCTPALUU
IudpakTorpaMM — AudpakToMeTpa - U BaKHEHIIINE MapaMeTphl SKCIIEPUMEHTA.

Wrak, ans peructpauuu AUPpakTorpaMMbl HEOOXOIUMBI:

1) Wcrounuk PU.

2) PentrenoBckas onTuka Juisd (OpMUPOBAHUS NEPBUYHOTO M BTOPUYHOTO IMy4KoB PU.

3) MoHoxpoMatop —  YCTPOMCTBO, TMO3BOJISIONIEE  BBIACIATH  ONPEACIICHHBIN
CIIeKTpasibHbIN nuana3oH PU u, BcieacTBue 3TOro, perucTpupoBaTh TOJIBKO YHPYTro
paccessHHoe PU.

4) VYcTpoiicTBO Aiis pa3MmeleHus oopasia.

5) JlerexTop muisi perucTpaiui tHTeHCUBHOCTH PU.

6) I'oHmomeTp — YCTPOMCTBO ISl TeEpeMeIlIeHus IeTeKkTopa (0Opas3ia, MCTOYHUKA) B
pocTpaHcTBe. ['OHMOMETp He SBJISETCs 00s3aTeNIbHOM 4YacTh nudpakTomMeTrpa — Mpu
WCIIOJIb30BAHUU T.H. KOOPJUHATHBIX JETEKTOPOB FOHMOMETPHI 3a4acCTy0 MCKIIOUYAIOT
13 KOHCTPYKIMU JUPpaKTOMETpa.

OdeBuAHO, YTO MapaMeTpbl pabOThl KaXKIOTO0 M3 ATUX YCTPONCTB IODKHBI BBIOMpATHCS

AKCIIEPUMEHTATOPOM HEKUM ONTUMANbHBIM 00pa3zoM. OOcyauM Kaxkaoe U3 yCTpPOucTB Ooinee

MOJPOOHO.

3.2. Uctounuku PU.

Bunumanue! Ilpu pabdome c¢ ucmounuxamu PH cobdnrwoaume npasuna mexnuxu

Oezonacnocmu _no padbome ¢ UCMOUHUKAMU UOHUZUPYIOWLE20 U3AVUCHUSA U NPABUIA MEXHUKU

bezonacnocmu no pa60me C 6bICOKOB80/1bMHbIMU vcmanoexamu.’

B nmopapmisiomem OOIBIIMHCTBE COBPCMCHHBIX [[I/I(i)paKTOMeTPOB B KQ4C€CTBC HMCTOYHHKA
HCIIOJIB3YIOTCA  OTIIAAHHBIC PCHTTCHOBCKHUEC Tp}I6KI/I I[J'IH YBCIIUUCHUA HWHTCHCHUBHOCTHU
BBIXOJHOI'O CHUTHAJIa PETUCTPaALUIO I[I/I(l)paKTOFpaMM IpoBOAAT Ha XapaKTCPUCTUUICCKOM
H3JIYUYCHUH aHOda (O6BI‘IHO KC(), 4TO YKa3bIBACT HA BA’)KHOCTH BLI60pa MaTcpHrajia aHoJia ¢ TOYKH

3peHusi mojoopa UMHBI BOdHBL. B Tabn. 3.1 mpuBeAeHBI OCHOBHBIE MaTE€pHallbl aHOAOB
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PEHTTEHOBCKUX TPYOOK, HCIIONB3YIOMIUXCS B PEHTTEHOBCKOW IH(pPAKIUHU, JTOCTOMHCTBA,

HEOOCTAaTKu, U obnactu IIPpUMCHCHUA.

Taoauna 3.1. MaTtepuaJjibl aHOI0B PEHTIT€HOBCKUX TPYOOK.

Matepuan MKen), A | TlpumeHenue, JOCTOMHCTBA, HEAOCTATKH

«OcHOBHOM BBIOOP»

Cu 1.5406 HaunbGonee yacTo ucmonb3yeMblii MaTepuan Jjisi aHOJOB TPYOOK
JUIS  3a7ad  TOPOIIKOBOM  mudpakuuu. OntumanbHas IS
60JIBLHI/IHCTBa 3aaa4 AdJINHA BOJIHBI. HeI[OCTaTKI/I — CHJIBHOC
paccesHne To MexaHusMy ¢orodddekra Ha oOpasmax,

conepxarmux Co, Fe, Eu u (B MeHbIIeH cTenenn) Mn.

Co 1.7890 N3-3a Gojiee BBICOKOTO MOIJIOMIEHUS Kot W3Iy4EHUS MEHeEe
ynoben, dyem Cu. Hcmoms3yeTcs NpH HCCIEIOBAaHHU MpPo0,

coaepxanux Fe u Co.

Mo 0.7093 Cranpapt TUTSt «KOPOTKOBOJHOBBIX) HCCTIEIOBaHUI.
[[upoyaitimm 00pa3oM HCHOJIB3YETCSI B MOHOKPHCTAILHOM
CTPYKTypHOM  aHamuze. J[Is  mopomkoBod — Audpakiuu
NPUMEHSETCS MpH pabdoTe C TPOCTHIMH, C TOYKH 3PCHHUS
CTPYKTYpbI, (azamu (MeTayuibl); i Oojee CIOXKHBIX (a3

HaOIIOaeTCsl CUIIBHOE MepEKphIBaHUE PE(DICKCOB.

«AJIbTepHATHBHBINH BHIOOP»

Fe 1.9360 Panee ucnonw3oBanm i uccienoBanus Fe-copepxamux mpoo.

B Hacrosimee Bpemst He pacipoCTpaHEH.

Cr 2.2897 Camas Oonplmas [JIMHA BOJHBI CPEeOud MaTepUaioB IS
cepuiiHbpIX TpyOOk. CuHIbHOE TOIJIOUICHHE B BO3AyXe/Tpode.
[MpumensroT 1s1 paboThl CO CTPYKTYPHO CIIONKHBIMU (pa3zamu,

0COOEHHO OPraHUYECKHUMHU.

Ag 0.5594 Yn0o6Has KOpOTKasi BOJIHA; HCIOJIb3YIOT B MOHOKPHCTaJIbHOM
aHanmu3e, /Ui 33734 MOPOIIKOBON NU(PAKIMK MPAKTUUECKU HE

IIPUMEHSIOT.

IIpu BBIOOpEe MaTepmasa aHoOJa BCerAa CTOMT IOMHUTH O  HEOOXOAMMOCTH
MUHHMH3HPOBATh  (uIyopecueHuio (TouHee, paccesHuss nepsuyHoro PU mo  kamamy

dotorddekra). T.k. wHTCHCHBHas QIIyOopecICHIMS HAOJIOMAaeTCs TPU YCIOBHH OJHM30CTH
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XapaKTepUCTUUECKUX JIMHUN aHOJa K Kparo IMOIJIOUIEHMs 3JeMEHTa (3JIEMEHTOB) MpoOb! (Ipu
o4yeBUAHOM yciaoBUU (AKai < Aggee), TO, Hampumep, NpH HCCIENOBAaHUU CTajel Jydie
UCIOJIB30BaTh TPYOKy ¢ Co-aHOAOM, U T.II.

BosIBIIMHCTBO COBPEMEHHBIX PEHTT€HOBCKUX TPYOOK MMEIOT BBITSAHYTYIO MPSIMOYTOJIbHYIO
dopmy okanbHOro miATHA (00JIACTH COYNAPEHUS AIIEKTPOHOB C AHOJIOM) — HallpuMep, CTaHIapT
LFF (Long Fine Focus) npeanomnaraet pa3meps! GokansHoro msatHa 0.4 x 12 mm. B 3aBucumoctu

OT yrjla MOBOPOTa Takhe TPyOKH MOTYT paboTaTh B PEKUME JIMHEHHOTO WM TOYEYHOTo (hokyca

(Puc. 3.1)

TouveuHbIl hokyc

i )
_ 9
---------- — //////

1 choryc

WHBbIW
PokansHoe

NATHO
—
| Karon |

NuHe

Puc. 3.1. Pentrenosckasi TpyOka (4epresk npenocrapieH komnanuei Thales)

MaxkcumanbHasi MOIIHOCTh CTaHJAPTHOW PEHTI'€HOBCKOW TpyOKH KojeOiercs B mpezenax
1600 no 3000 BT B 3aBUCHMMOCTH OT MaTepuana aHojaa. lTakue TpyOKH BcCerja BBINOJHSIOT
BBITNOJHSIOT BOJOOXJaXAaeMbIMU. CBSI3aHO 3TO C BBICOKOM TEPMOHArpy>K€HHOCTBIO aHO/A —
6omnbmas (1o 99.9%) yacTb MOIIHOCTH TPYOKM yXOAWUT Ha HarpeB aHoza. [[ns obGecneudenus
MaKCUMaJbHOW  MPOJAOJDKUTEIBHOCTH JKU3HUM TPYOKM CTOMT OrPaHUYUTh  MOIIHOCTb
noaroBpeMeHHoil pabotel 80% OT MakCUMalbHOW M PEryJsipHO OOCIYXXHBAaTh CHCTEMY
oxjaxaeHuss  audpakromerpa.  Hanmommuaem, 4TO0 AN yBeNIMYEHHUS  SIPKOCTHU
XapaKTEePUCTUUECKUX JMHUN HaNpsKEHHWE B BBICOKOBOJBTHOHM IIENM CTOUT MOJJAEPKUBATh HA
ypoBHe 3 — 5 U, rae Uy — noporoBoe HamnpsiKeHue 71sl JaHHOTO aHo/a (paBHO 3Hepruu kpas K —
TMIOTJIOIEHUS B AJIEKTPOHBOJBTAX). B KauecTBe mpumepa MOKHO MPUBECTH MapaMeTpbl paboThI
peHTreHoBckoil TpyOkm ¢ Cu-aHomom, reomerpueii gokampHoro marHa LFF u MakcumanbHOM

MormrHocThio 2200 Bt: U =40 kB, I =40 MA.

3.3. lerexTopnl PU.

Bce nerexkropel PY1 M0oXHO pazfaenuTh Ha JiBe OOJBIIKE TPYIIBI — TOYCUHBIE AETEKTOPHI
(He  oOecreuuBaroOUIMe  MPOCTPAHCTBEHHOW  pa3BEpPTKUM CHUTHajla) W KOOpPJUHATHbIE
(obecrieunBaromue TakoByr). B Tabm. 3.2 mpuBeneHO cpaBHEHHE JETEKTOPOB IO OCHOBHBIM

pabouuM XapaKTepUCTUKAM:
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Tabauna 3.2. OcHoBHBIE pa0o4ne XapaKTepuCcTHKH AeTekTopoB PU.

HasBanue [puanAT paboThI Junamuyeckuil Auana3zoH | DHepreTuueckoe paspemienue B | [IpuMeHeHue
okpectHocTd CuK ¢ 5B
TouyeuHble 1eTEKTOPBI
[IponopuuoHaneHbIi Wonmsanus 1 dnexTpudeckuii | 0 — 2x10° umm/c ~ 1000 VYcrapesiiee penieHue
CUETUYHUK pa3psii B MHEPTHOM rase
CUMHTHIUIAIMOHHBIH Boiousanue (otossektpona ¢ | 0 —2.5x10° umn/c ~ 3000 Haunbonee pacnpocTpaHeHHBIH TOYEYHBIH
CUCTYHUK MOCIEOYIOUIMM YCHJICHUEM B JETEKTOp
(hoToyMHOXKHTETIE
TBepaoTenbHbII Ob6pazoBanue anexTpoH- | 0 — 10° umn/c ~ 150-250 He TpedyeT MIPUMEHEHUS
MOJTYTTPOBOJHUKOBBIN JBIPOYHBIX MAp B IUOJE MOHOXPOMAaTOPOB; HEO0X0IUMO
JETEKTOp oxJiaxeHue!
KoopanHaTHble 1eTeKTOPbI
l"azoHanomHEeHHBIH [ponopryonanbHslil cyerank | 0 —2x10° umm/c mo Bcemy | ~  1000.  IIpocrparcsennoe | Cymectsyer B 1D u 2D Bapuanrax.

c IPOCTPAHCTBEHHBIM | IIPOCTPAHCTBEHHOMY pa3pelieHue cpegHee. [[Iupoko pacmpoctpaneH. Hesbicokoe
paspelneHuemM JMara3ony MIPOCTPAaHCTBEHHOE (m YTII0BOE)

paspenieHue.
Multi-Strip [TomyripoBOTHUKOBEII 0—10° umI/c mo | ~200 - 250. Bricokoe | Oguna n3 Hambosee COBPEMEHHBIX THIIOB.
IETeKTOp C  pasfelieHHeM | KaKIoMy KaHamy ( MPOCTPAHCTBEHHOE Cymecteyer B 1D m 2D BapumanTax.
KpHCTaJU1a Ha 00J1acTH pasperieHue. OO0BIYHO KOHCTPYHPYETCSI TUTS

HeOOJIBIINX YTIOBBIX AUANTa30HOB 2 6.

Image Plate | I3mMeHeHue XHMHYECKOro | >> 10° uMm. 1mo Kakmoii | 3aBHCHT oT dbochopa. | BoamoxknocTs co3manus Oomemux 2D
(MHOTOpa30Bas COCTOSIHUA P35 MOJ | TOYKE CKAHUPOBAHMUS. IIpocTpancTBeHHOE JETEKTOPOB, BBICOKOE MPOCTPAHCTBEHHOE
¢ororieHka) JeHCTBUEM U3ITYUYECHMS pa3peleHre BBICOKOE, 3aBUCHUT | paspeuieHne. CTaHAApTHOE pelleHue A
OT CHCTEMBI CKAaHHPOBAHMS. CUHXPOTPOHHBIX 9KCIIEPUMEHTOB.

O06b1uHO 2D.
CCD VerpoiictBo ¢ 3apsmoBoii | < 2'® nns kaxnoii sueiiku. | HeBbIcOKoe, 3aBUCHUT oT | Bricokas ckopocTe paboOTBI, HEBBICOKOE
CBSI3BIO ¢dochopa. IIpocTpaHCTBEHHOE | IPOCTPAHCTBEHHOE paspelieHue.
paspemenue cpenHee (3aBucur | CraHmgapT JUTS MOHOKPHUCTAIIBHBIX

OT pa3Mmepa STYEHKH).

skcriepuMeHToB. O6b19HO 2D.




Bri0op THma getekropa 3aBUCHT, B TIEPBYIO O4epellb, OT 3a/a4 dKcrepuMeHTa. Tak, ecnu
NOJyYEeHHbIE JaHHbIE OYyT UCIOJIb30BATHCS JJI KAUECTBEHHOIO M KOJUYECTBEHHOTO (ha30BOr0O
aHalu3a B PYTMHHOM peXHuMe, To Haubojee >(PPEeKTHBHBIM NPEICTaBISAETCS MCIOIb30BaHUE
KOOPJIMHATHBIX JIETEKTOPOB (B MEPBYIO Oyepedb Ta30HANOIHEHHBIX W Multi-Strip), T.K. OHH
00eCIeYnBalOT MaKCUMAJIBHYIO CKOPOCTh PETUCTpPAllM JaHHbIX. Eciam mudpakrorpamMma B
JanpHelmeM OyeT UCIoJIb30BaHa MPU YTOUHEHUH KPUCTAINIMYECKOM CTPYKTYypHl, U, TeM Oolee,
aHaJM3a MUKPOCTPYKTYpPBI, IO BO3MOXKHOCTU CJEIyeT NPUMEHATh TOUEYHbIE JIETEKTOPHI, B
0COOEHHOCTH CUMHTWIUIAIUOHHBIA. [IprumHa 3akiarodaeTcss B TOM, YTO WHCTPYMEHTAJIbHBIC
¢yskumn (QyHKIMHM OTKIMKA, BIUSIOMKE B T.4. Ha (GopMy AUDPAKIIHOHHBIX MAKCUMYMOB) JJIS
TaKUX JETEKTOPOB HanboIee MPOCTHI U JIETKO YUUTBIBAKOTCS NIPH 00pabOTKe pe3ysIbTaToB.

[Ipu peructpauuu IaHHBIX pe(ICKTOMETPUH W/WIM MaJIOYIJIOBOIO pAacCEsHUs Cleayer
oOpamiath BHUMaHWE HAa JMHAMUYECKUH JUAma3oH JETeKTOpa, T.K. HHTEHCUBHOCTh CHUTHajla B
TaKUX MCCIEJOBAHUAX BecbMa Benuka. Hawmbonee moaxomar i 3TUX  Lelel
CIMHTWUISILIMOHHBIE M Ta30HAIIOJHEHHBIE TOYEUHBIE JETEKTOPBI, a TaKXKe Ia30HAIOJIHEHHBIE
koopauHaTHble fetekTopbl. Tak, TOCT 8.698-2010 yka3bpiBaeT Ha HEOOXOIUMOCTh IPUMEHEHHUS

HMCHHO KOOPJAWHATHOTO ACTCKTOPA JIA HOIIOGHLIX HBMGPCHHﬁ.

3.4. PeHTreHoBCKas ONITHKA.

Hcnonmezyembie B IudpakToMeTpax YCTPOWCTBA PEHTTCHOBCKOH ONTHKU OTIWYAIOTCS
3HAYUTENbHBIM pa3HO00pa3ueM, 4TO CBSI3aHO C BapUATUBHOCTHIO KaK (PYHKIMH, BBHITOIHAEMBIX
PEHTTEHOBCKOM ONTHUKOW, TaKk H METOJOB peanu3auuud d3Tux (QyHkumid. B npuniumne,
PEHTTEHOBCKAsl OTITUKA MOXKET 00eCIeYnBaTh CIEAYOmne QyHKIUH:

e Kommmanus myuka PU B 1ByX MIOCKOCTSX.

e Monoxpomaruzauus PU.

e ll3MeHeHne NPOCTPAaHCTBEHHOI'O pacHpeiesieHus BOJHOBBIX BekTopoB PU
(mpeoOpa3oBaHUe pacXOISIIETOCS MMyYKa B MAPAIIICIbHBIN/CXOASAIIUNCS).

e l3menenue xapaktepa nonspusauuu PU (B mpakTudeckux 1ensx B peHTTEHOBCKOM
TG PAKIIIN IPUMEHSIETCS PEAKO).

Konnumarus myuyka oOecrieunBaeTcss MPUMEHEHHUEM JBYX THUIIOB YCTPOWCTB: IIENEH s
HEIMOCPEICTBEHHOTO OTPAaHUYEHHS PACXOJAMMOCTU IMydka U KojutmmaTopoB Cosuiepa (HabopoB
napajuleNIbHBIX IUIACTHH) JUIS OTPaHUYEHHs] PAaCXOJUMOCTH Iydyka O€3 yMEHbBILIEHHUS €ro
MIPOCTPAHCTBEHHBIX pa3MepoB. OQHOBpEMEHHOE MTPUMEHEHHUE Iesield U KoymmuMaropos Cosuiepa
MO3BOJIIET OTPAHHYUTH PACXOJUMOCTh IMydka P B HBYX IUIOCKOCTSAX M OCOOEHHO YacTo

UCTIONB3YETCS ISl Ty4Ka, IOJYYEHHOTO C TIOMOIIBI0 TPYOOK C JIMHEWHBIM (POKYCOM.



Kmaccmueckass omrmyeckas cxema IS TCOMCTPHUHN «HA OTPAKCHHUC», BKIIOYAIOIIAA B cebs 4

menu u 2 komummmaropa Cosuiepa npuseeHa Ha Puc. 3.2:

b
S o) A-A
s/ DS RS\e,

g» SS SS, \

\
=

ey

1

)

-3

.% == RS
)

i

1

1

!

Obpasey,

WecTouHuk
dopialsff

]
I
!

Puc. 3.2. Cxema pacnoJio:xkenus meseii (DS, SSy, SS;2, RS) u komumaropos CoJsuiiepa B
KJIACCHYECKOM ONTHYECKOH cXeMe reoOMeTpUM «Ha oTpa:keHue». [lpuHumnn padéorsl
KoIMMaTopoB Cosliepa MOKa3aH HA CeYeHUH A-A.

B mpuBenennoMm mpumepe menu oObidHO 00603HauaroT kak DS (Divergence Slit), SS1
(Scatter Slit 1), SS2 (Scatter Slit 2) u RS (Receiving Slit). Crnenyer otmetuth, uro RS
pacrojaraeTcsi Ha TaKOM € PacCTOSHUU OT 00pasna, Kak ¥ (pokampbHOE MSATHO UCTOYHHKA, U
CIyXHUT HE CTOJbKO JJsi OrPAaHWYEHHs] PACXOAUMOCTHM BTOPHUYHOIO IIy4yKa, CKOJIBKO s
orpanndeHus 3HEKTUBHON 00JACTH PETUCTPAIIUU ACTEKTOPA.

Mounoxpomatuzaius PU Heobxonuma ans peructpanuu audpakrorpamm u3-3a CI0KHOTO
XapakTepa CIEKTpa HMCTOYHUKA (PEHTTEHOBCKAas TPyOKa, CHHXPOTpoH). lIpu ucmonb3oBaHUU
PEHTTEHOBCKUX TPYOOK MOHOXpPOMATOpaMH OOBIYHO BBIJCISAIOT 00JacTh C MaKCHMAaJbHOM
MHTEHCUBHOCTBIO (OKpecTHOCTh K, wnu K nunuii). MOXHO BBIACTUTH TPU OCHOBHBIX
MOJIX0/1a K PELICHUIO 3a7ja4d MOHOXPOMAaTH3aL[1H:

YcranoBka S-puabTpoB. B 3TOM ciiydyae mepBHYHBIA WM BTOPUYHBIN Ty4dok PU
MEePEKPhIBAETCI TOHKOM TUIACTUHKOM Marepualia, Kpail TMOJIOCHI TOTJIOUMIEHHUS KOTOPOTro
HaxoauTcss Mexay nuHusMu Koo, u Kf marepuana aHona (Hanpumep, Ni s Cu anoga). B
3TOM citydae KodpduuueHT moriomienns K[ M3IydeHUs 3HAYUTENBHO (MHOTAA Ha IMOPSIOK)
IpeBbILIaeT TakoBOU 1l K », YTO NPUBOAUT K YMEHBIICHUIO YUCIIA PETUCTPUPYEMBIX YIIPYTO
paccesHHBIX ~ KBaHTOB KA.  [-punbTpel He pemaroT mpobiaeMy — JAUCKPUMMHAIUH
(bIIyOpECIEeHTHOTO M3IYUYEHHUsI M PETHCTPALUU PACCESTHHOM Oesoi cocTaBisomiel criekrpa. M3
JOCTOMHCTB MOXHO BBIJEIUTh MPOCTOTY HHCTPYMEHTAJIBHOTO MWCIIOJIHEHHUS, OTCYTCTBUE

HCO6XOI[I/IMOCTI/I HOCTUPOBKH U BO3MOKHOCTDH pa6OTBI C KOOpAUHATHBIM JACTCKTOPOM.
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YcraHoBka MOHOXPOMATOPOB Ha IEPBHYHOM nydke. B stom cimydae mydoxk PU
UCTOYHMKA TaJaéT Ha MOHOKPUCTAUI (KPUCTAJUI-MOHOXPOMATOp), COPUEHTHPOBAHHBIN
OTHOCHUTEJILHO HAIpPaBJICHUN NEPBUYHOTO U BTOPUYHOIO IIyYKOB B COOTBETCTBUHM C 3aKOHOM
bperra:

k-k'=q,

Ilocne MoHOXpoMaTopa IIydyoK IOmagaer Ha oOpaszen, a nanee nudparuposasiiee PU
PETUCTPUPYETCS IETEKTOPOM.

B kadecTBe mEPBUYHBIX MOHOXPOMAaTOPOB B IOPOIIKOBBIX JU(PPAKTOMETPAX OOBIYHO
ucnonb3ytoT o-kBapiy (peduexc 101), Ge (111) u 1.m. CTOUT OTMETUTH, YTO TMOBEPXHOCTH
MOHOXpPOMAaTOpa MOXXET ObITh HeMapauleJIbHa COOTBETCTBYIOIIMM KPUCTAIUIOTpapUUECKUX
IUIOCKOCTSIM — B 3TOM Clly4yae Iy4OK IOCJI€ MOHOXPOMAaTH3allMM U3MEHSET CBOIO IIMPHUHY (T.H.
ACTUTMaTHUYECKUN MOHOXPOMATOD).

[Tockonmbky TmepBUYHBIH Tydok PWM 00BMHO pacXomuTcs, TO JUIS YBEIUYCHUS JIOJIU
JU(PParupoBaBIIET0 U3IyYeHHs U YJTyUIIEHUS MOHOXPOMATU3alMU MEPBUYHBIA MOHOXPOMATOP
00bryHO M3rubarT (Puc. 3.3). OkpyXHOCTb, Ha KOTOPOHl pacronararorcsi (pOKychl My4YKOB U

MOBEPXHOCTh MOHOXpOMAaTopa (IIpH €€ HAIMYUH ) HA3BIBAIOT (DOKYCUPYIOIIEH OKPYKHOCTBIO.

no NoraHHy: no NloraHcoHy:
dooKyCUpOBKa B NUHUIO hokycupoBka B TOYKY

N3nyyeHue: Ko NanyuyeHne: Ka,

cpean
Puc. 3.3. U30rnyTbie MOHOXpPOMATOPBI.

B atom ciyyae moHOXpoMaTop (hOpPMHPYET CXOJSIINICS BTOPUYHBIN My4dokK. O4YeBHIHO, YTO
ecny Uil TapajuIeNIbHOTO IEPBUYHOTO IydKa HEOOXOAMMO HCIIOJIB30BAHUE IUIOCKHX
MOHOXpPOMAaTOpOB. J[OCTOMHCTBOM TEPBUYHBIX MOHOXPOMATOPOB SIBISIETCS BO3MOXKHOCTD

pazneneHus cnuH-nyonera Koj/op u pabOThl ¢ MOHOXPOMATHYECKUM U3IydYeHHEM (IJIs
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MOHOXpPOMAaTOPOB, U30THYTHIX 1O MoraHcoHy), a HEJOCTaTKOM — BO3MOXKHas (hiIyopecleHLus
oOpa3ua. AcTUrMaTMYecKhe M3O0THYTbIE MOHOXPOMATOPHI  XapaKTepU3YIOTCS  Pa3HbIMU
(OKYCHBIMU PACCTOSHUSMH TSI IEPBUYHOTO/BTOPUYHOTO MTyYKOB.

YcraHoBKa MOHOXPOMATOPOB Ha BTOPUYHOM myuke. Ilpu momoGHON cxeme
mudparuposasiiee PY nonanaer Ha KpUCTaUI-MOHOXPOMATOP, YCTAHOBJICHHBIN B OTpakarollee
MOJIO’KEHHE (CM. BBIIIE), a 3aT€M, OTPAXCHHBII OT MOHOXpPOMATOpa My4YOK PETHUCTPUPYETCS
JIETeKTOpoM. B KadecTBe BTOPUYHBIX MOHOXpPOMATOPOB OOBIYHO TpuMeHsAOT rpadur (002).
OCHOBHOE [TOCTOMHCTBO BTOPUYHOI'O MOHOXpPOMAaropa — JIUCKPUMHUHALMS BCEro HEYIpPyro
pPacCessHHOTO W3IYYEeHHs, HEIOCTaTOK — HEBO3MOXKHOCTH pPAa0OTBI € KOOPAWHATHBIMH
JIETeKTOpaMu. BTOpUYHBIII MOHOXpOMATOp U3-32 MEHbIIEro paauyca kKpyra Ponanga He
obecnieunBaeT paznenenue Ko/ o, HO otaenset Kf.

B nocnennue ronpl Bce 00JblIee pacIpoOCTpaHEHUE B MOPOLIKOBOM AU(paKkLUy MOITydaroT
peHTreHoBCcKue 3epkaia. [IpuHIuIBl mocTpoeHus AUGPAKTOMETPOB C TAKUMHM ONTHYECKUMHU

aJIeMEHTaMu OyIyT pacCMOTPEHbI HUXKE.

3.5. I'eomeTpHs CbeMKH.

B3auMHOe pacrnonoXeHue HCTOYHMKA, JJIEMEHTOB PEHTICHOBCKOM ONTHKH, oOpasua u
JETEKTOpa HAa3bIBAIOT TEOMETPUEH CBEMKU. BBIIENAIOT 1Ba TUMA T'€OMETPUIN: TE€OMETPHUIO
bperra-bpenrano u reomerputo 3eeMmaHa-bonuHa.

B reomerpun bperra-bpentano oOpaser; HaxoguTCs B ILIEHTPE TOHUOMETpA, paanycC
(boKycUpyIOIIel OKPY>KHOCTH — IepeMeHHbIH. Bo3mokHa peanmsarusi reometpuu bperra-

bpeHTaHo B BapuaHTax «Ha OTpaxkeHue» u «Ha npocset» (Puc. 3.4).

Ha OTpaxeHue Ha npoceeT reomeTpus [ebas-LLeppepa
Puc.3.4. I'eomerpuss bperra-bpenrtano B BapHaHTax «Ha OTPa’keHHE» M «HA
npocser». I'eomerpus /ledas-Ileppepa.
B reomerpun bperra-bpenraHo ¢okycupoBka obOecreunBaeTcsi 3a CUYET CHHXPOHHOTO
OBOpOTa OOpasua (Yyroia ) Ha MOJIOBHHY JU(PpPaKLUMOHHOro yria (26); 4acto roBopsT O
«reoMeTpuu @26y, nnu cuMMmeTpudHoil audpakiuu. Crneunpuyeckylo peanu3anuio Takou
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TCOMETPUHN — HGHOI[BI/I)KHBIfI O6p33€[1 C NOABH)XHBIMHU MCTOYHUKOM MU ACTCKTOPOM — HA3LIBAIOT

¢-0 reomerpueii. 6G-0
TEOMETPHsI ¢ BEPTUKAIBHOMN
IUIOCKOCTBIO ~ TOHMOMETpa
HaunOoJiee pacipocTpaHeHa B
COBPEMEHHBIX MPUOOPaX.
Jns perucTpanuu
IudpakTorpaMmM B PEKUME
«Ha OTpakeHue» Tpedyercs
UCIIOJIb30BaHUE
PacXosIIErocs, a B pexuMe
«Ha IIPOCBET» -
cxojduierocs  mydka. B

CBA3U C 3TUM B I'COMCTPUU

Monoxpomamp

} e
1E o N

Puc. 3.5. ®oxycupoBKa B reOMeTPHHU «HA OTPAKEHHE).

«Ha MPOCBET» MNPUMCHAIOT

MEepPBUYHbIE MOHOXPOMATOPHI, 2 B TEOMETPUHN «HA OTPAKEHHE» - BTOPHUUHBIE MOHOXPOMATOPHI

u/unu [-QuiabTphl.

Ha Puc. 3.5 MpUBEICHA cxeMa
(GOKYCHpPOBKM ISl Cy4dash TEOMETPHH «HA
OTpaKEHUE» (BTOpUYHBII
MOHOXPOMATOP/TOYEUHBIN JeTeKTOp). BuaHo,
YTO MEepeMEeHHBIH paauyc (okycupyromei
OKPYXHOCTH  HE  JaeT  BO3MOKHOCTH
00ecreunTh CTPOroe COONIIOJCHHE YCIOBUM
(OKYCHUPOBKH JIJIsl BCETO YTIIOBOTO JHara3oHa
(I TeoMEeTpHHM «HAa TPOCBET» MpobdieMa
COXpaHsieTcs); OJHAKO, Ha COBPEMEHHBIX
npubopax ¢ OONBIIMMH TE€OMETPHUUYCCKIMHU
pa3mepamu TOHHOMETPOB npobiema
nedokyca HUBEJIMPOBAHA. Crour

HOJYEPKHYTh, UTO (DOKYCHPOBKA B F€OMTPUHU

Bperra-bpenrano Bo3MoykHa TOJIBKO B ciiydae Puc. 3.6.

CUMMETPHYHON TU(PAKIIHH.

(kamepa I'mube).

D

I'eomerpus 3eemana-boanna

B xauecTBe oTnenpHOTO BUAA BRLACIAIOT Takxke reomerputo Jlebas-Illeppepa (Puc. 3.4). B

9TOM Cllyyae Kanwuisip, COAEpKalluii MOpoIIKOoOpa3Helii oOpasel, KynaeTrcs B MapaielbHOM



nyuke PU; ¢poxycupoBkr Kak TakoBOi He mpoucxonuT. OOBIYHO AJIi TOMOTEHHM3AUU 00pasia
KamwuIsp BpamaoT BAOJb NuHHON ocH (Puc. 3.4). Psan nmpubopoB npenronaraeT perucTpamuio
TU(PPAaKTOrpaMM OT KalWUIIPOB M B CXOJAIIEMCS/PACXOIIEMCs Myykax (aHajor reoMeTpHid
«HA OTPaXCHUE» U «HA IIPOCBET).

I'eomerpust bperra-bpenTtano npocra a1 HHCTPYMEHTAJIBHOTO BOIUIOIIEHUS U y100HA JUIst
nmpakTudecko padoTel. Bmecte ¢ tem, Oonee sddexkTuBHAsT (POKYyCHpOBKA JTOCTUTACTCS B
reomeTpun 3eemaHa-bonuHa, B KOTOpPOH pajuyc (OKyCHpYIOIIeH OKpYKHOCTH IOCTOSHEH
(Puc. 3.6, BapuaHT «Ha mpocBeT»). 3a cueT oxHOBpeMmeHHoro (!) coOmofeHus yCIoBUM
(OKyCHUpOBKM BO BCEM YIJIOBOM JHala3oHe M3MEpPEHUH B reomeTpuu 3eeMaHa-bonnHa
3G (PEeKTUBHO MNPUMEHEHUE KOOPAMHATHBIX JETEKTOPOB; JU(PPAKLUOHHBIE HMHCTPYMEHTHI,
IIOCTPOEHHBIE 10 cxeMe 3eeMaHa-bonnHa, BapuaHT «Ha MPOCBET» C PErucTpaleil TaHHBIX Ha

¢doromnenky w/mnu Image Plate nerekrop Ha3biBaloT Kamepamu [ Hbe.

3.6. OnTHKa NapaJIeJIbHOI0 My4YKa (PEHTTeHOBCKHUE 3epKaJia).

Pa3zBuTne TEXHOIOTMII MHOTOCIOWMHOM PEHTIEHOBCKOM ONTHUKU B TOCJIEAHUE TOMAbI
ONPENENWIO HIMPOKOE PACHPOCTPAHEHUE CHELUANBHBIX BBICOKOTEXHOJIOIMYHBIX YCTPOMCTB —
PDEHM2eHO8CKUX 3epKal — B TOPOMIKOBBIX audpakToMeTpax. PeHTreHOBckue 3epkarna,
MPEJICTABIISIIOIINE COOOM MHOTOCIOWHBIE TeTepOoCTpyKTyphl (Hampumep, Ni/C, W/C u T.1.),
pemaioT OONBIIMHCTBO 33/1a4 PEHTTEHOBCKOH OINTHKH, U OCOOCHHO YacTO MPUMEHSIOTCS JUIS
WU3MEHEHUS TEOMETPUYECKHUX XaPAKTEPUCTHK ITyYKOB.

Ha Puc. 3.7 npuBenena
cxeMa jaudpakromerpa ¢
napaboJIMYeCKUM  3€pKajioM
(3epkanom ['e6ens) Ha
NEepBUYHOM Iyuke. B »TOM
Clydae pacXOIsAIIUICS Iy4YOK
HMCTOYHHKA npeobpazyercs
3€pKajJoM B MapaJlIeIbHbIN
Ny4yoK  (pacXxoAMMOCTh Ha
YpOBHE COTBIX e
rpagyca),  IeOMEeTpUUYECKue

pa3mepsl (HE pacxoauMOCTh!)

KOTOpPOro MOTYT

perynupoBathca menamu (S). Pue. 3.7. IndpakTomeTp ¢ napadoIn4eCKHM 3epPKAJIOM.
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B sToM cnydae audparupoBaHHBIA MYUYOK TAKXKE SBISETCS MapajljieNIbHbIM, a JUIsl BBIICIICHUS
HEOOXOUMOM MO HANpaBICHUIO KOMIIOHEHTHI U3 BCEr0 BTOPUYHOTO U3IYUYEHHUS HCIOJIb3YeTCs
KOJJIMMATOP, aHAJIOTUYHBIN 10 KOHCTPYKIMH KosuinMaTopaMm Coisiepa (MOXKET UCIONIB30BaThCS
U BTOpOE, CUMMETPHYHOE Mapabonndeckoe 3epkaio). B Takoil onTuyeckoit cxeme OTCyTCTBYET
HeoOxonumMocTh  (GokycupoBkd PU, 49TO maeT BO3MOXKHOCTH pabOTBl C aCHMMETPUYHBIMH
cKkaHaMu (Harmpumep, 20 - ckaHaMmu MPU padOTe B TEOMETPUHN «CKOJIB3SIIETO MTYYKa» ).

Cpenusisi 2>QPeKTHBHOCT (B CMBICIE JOJTH OTPAKEHHOTO HW3IYYCHHS) PEHTTEHOBCKOTO
3epkaia o00blyHO mTpeBbimiaer 70%. CBoOHCTBA PEHTIEHOBCKUX 3€pKan 00ecreduBaroT
MoHoxpomatu3zanuto PU (o6branHO 2 dextuBHO oTnenss Ko nznydenue ot Kf).

PentrenoBckue 3epkana MOryT obecrneunBaTh Takxke (okycupoBky PU, B T.4u. B IByX
IUIOCKOCTSX (T.H. KOH(OKanbHbIE 3epKajia), YTO YHPOILACT pELICHHE 3aJauyd O MOJYyYCHHU
TU(PpPaKTOrpaMM C OTPaHMYCHHOTO ydYacTKa oOpasma. Mamas pacxoAauMOCTh Iydyka IMocie
napaboIMYeCcKuX 3epKajl SBIAETCS MPUYMHON IIUPOKOr0 MPUMEHEHHUsS 3JIEEHTOB MHOTOCJIONHON
ONTUKH B MAaJjOyTJoBbIX JudpakToMeTpax — AUPPaKTOMETpax, TMpeAHa3HAUYCHHBIX IS
uccnenoBanus paccesunust PY B o6iacti MajibIX yrios.

Bmecte ¢ tem, mig 3amad (pa3oBOTo/CTPYKTYpHOTO aHaliM3a, OCOOCHHO Ha MAaCCHBBIHX
oOpa3lax, MpUMEHEHHEe 3epKajl 0OOCHOBAHHO HE BCErJa — YCJOKHEHUE HHCTPYMEHTaJIbHOU

(GYHKIMU IPUBOJIUT K CIOKHOCTSIM C ONUCaHUEM (OpMbI 1U(PAKIIMOHHBIX MAaKCUMYMOB.

3.7. IlorpemiHOCTH M CHCTEMATHYECKHE OIIMOKH TU(PPAKIUOHHOI0 IKCIIEPUMEHTA.
VMHTEHCUBHOCTh PEHTI€HOBCKOT'O U3JIy4€HUs (IIOTOKAa PEHTT€HOBCKUX KBAHTOB) / IBISETCS

CIIy4aitHON BEJIMYUHOM, HMEIOLIEH  pacmpeacsicHue ITyaccona (B €IMHULIAX

3aperucTPUpPOBaHHBIX JeTekTopoM KBaHTOB PU). Torma mpu maTeMaTHUeCKOM OXHJIaHUU

MHTEHCUBHOCTH, DPAaBHOM [ [MMIy/lbcOB| aucrnepcusi Ciay4yallHOW BEJIMYMHBI TaKKe paBHA

0’ =1, U MOXHO TPHHATH CTAHAAPTHOE OTKIOHEHHE PABHEIM KOPHIO KBaApaTHOMY H3
mucrniepcud (B MpuOMMKeHUH OecKoHeyHOW BbIOOpkH). Torma OTHOCHTENBHOE CTaHAApTHOE

OTKJIOHCHUC

rae Q - cpedHsisi CKOpOCTb CYeTa JETeKTopa, ¢ — BpeMsl perucrpauuu. VIMeHHO 3TuM

COOTHOHMICHUCM U CJICAYCT IIOJB30BATHCA [JIsI OHLHCHKH MNOTPCIIHOCTH JSKCIICPUMCHTAJIBHO
M3MEPEHHOW MHTEHCUBHOCTH, a TaKXKe ISl BBLIOOPA CKOPOCTH ChEMKHU (BPEMEHU PETHCTPALIUN).
Cucrematndeckue OIMMOKK JAUPPAKIMOHHOTO JKCIIEPUMEHTa CBS3aHbl, OOBIYHO, C

OH_II/I6K8.MI/I B OIIpCACIICHUU ,I[I/I(bpaKI_II/IOHHBIX er'IOB. TaK, IIpu CMCUICHNU B I'COMCTPUHU Bperra—
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bpenTano obpasna U3 LEeHTpa OKPYKHOCTU TOHHOMETpa OyJieT HaOIoAaTbCs CUCTEMaTUYECKUN

cABUT TU(PPAKITMOHHBIX MakcuMyMoB (Puc. 3.8):

A20 A20

Puc. 3.8. Bo3HUKHOBeHHEe CHCTEMATHYECKHUX OIUOOK B 1M (PaAKINOHHOM
IKCIEePUMEHTe.
[Ipu cmemenuun, Hanpumep, oOpas3a Mo HOPMaIH OMCCEKTPHUCHl TU(GPAKIIMOHHOTO yTJia
npu paboTe B r€OMETPUU «HA OTpakeHue» (JeBoe m3obOpaxenue Ha Puc. 3.8) B momoxkeHuu
MaKCHUMYMOB OyIeT HaOII0aThCs CIEAYIOIIee CUCTEMAaTUIECKOE CMEIICHHE:

A260 < cosf = arcsin{w}

31ech OCh z HalpaBJieHa BEPTHKAIBHO BBEPX (HOPMAIBHO K MOBEpXHOCTH oOpasma). T.o.,
JUTSE TUQPPAKIIMOHHBIX MAKCUMYMOB Ha MAaJIBIX YIJIOB CMEIIEHUE OyIeT MaKCHUMAaJbHBIM, JJIs
00BIINX YTIIOB OyIET CTPEMUTHCS K HyITt0. Takoe cMelieHrne BCTPEJatoTCsl BECbMa 4acTo — B € -

6 reoMeTpuH eMy COOTBETCTBYET HETOUHAS YCTAHOBKA MPOOKI MO BEPTUKAIIH.

N3-3a HenyneBol riryonHbl ipoHUKHOBeHUS PU B 00pasen r¢dexTuHas rimybuna coopa
JTaHHBIX (1 2(PPeKTUBHOE TOJIOKEHHE 00pas3iia 1Mo OCH z) OyAeT pa3sHOW Ui Pa3HbIX B CMBICIIE
cpenHero ko3¢ (UIMEHTa MOMIOIMIEHUS 00pa3loB, MOATOMY JJIsl TOJYYCHHUS MPEIU3HOHHBIX
JAHHBIX HEOOXOIMMO JHOO MEepPErOCTUPOBATH MPUOOP MO OMpeAeNieHHbIe THIBI Mpod, ITUOO

IIPUMEHATH METOJ] BHYTPEHHETO CTAHAAPTA JJIsI KOPPEKIIMHA CMEILICHHM.

3.8. Il.iannpoBanne TM(PPAKIHOHHOI0 IKCIIEPUMEHTA.

JUis TulaHUpOBaHMSA JU(PPAKLMOHHOIO SKCIEPUMEHTA CJELyeT OINpPENeIUTh NapaMeTpsl
paboThl OCHOBHBIX Y3J0B AH(paKTOMEeTpa, MapaMeTpbl CKAaHUPOBAHHUS U MPOOONOATrOTOBKH, B
YaCTHOCTH:

Marepunan anoaa (1711 MUHUMHU3ALUU TIAPA3UTHOTO HEYIIPYTOrO PaCCEsIHUS).

Pexxum padotbl ncrounnka (<80% mMakcuManbHON MOIIHOCTH).
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Tun geTekTopa (B 3aBUCUMOCTH OT 33]]a4 SKCIICPUMEHTA)

Pexxum pabGorbl  ferekTopa (mapaMerpsl paOOThl  BHYTPEHHEIO  YCWIMTENS U
JTUCKPUMHUHATOPA UMITYJICOB — MOJIb3YUTECh HHCTPYKIUEH K TU(PaAKTOMETPY ).

IlapamMeTpbl padoThbl cHCTeMbI MOHOXpPOMATH3alUM (HA KaKOW JJTUHE BOJHBI OYyIeT
OCYILIECTBIISATHCS CheMKa?).

Tun ckanupoBaHus (HEIPEPbIBHBIN — OoJiee YOPEKTUBHBINA U OBICTPBINA, WX MOIIATOBBIN
— o0ecrneunBaOIIUi JTydiliee KayeCcTBO JaHHBIX B cMbIcie (hopMbl pedrekca).

PacxoaumMocTh My4YKOB — i BCETO YIJIOBOTO JHMAma30Ha IyYKH IOKHBI MOJHOCTBHIO
NEPEKPHIBATHCS OOPA3LOM.

Benuuyuna npuemHoii menu aerekropa RS (11 TOUeUHBIX IETEKTOPOB) — YTIIIOBOM
pa3Mep MPHEMHOHN Ienu (T.e. PacKpbITHE, OTHECEHHOE K paauycy audpakToMTepa) AOKEH
OBITH TIOPSIKA IIIara CKAaHUPOBAHUSI.

Hlar ckanupoBaHusi — He Oosee 1/5 (mo Bo3moxkHOCTH, 1/10) MHUHUMAaTBEHOU
MOJYIIUPUHBI AUPPAKIIMOHHOTO MAKCUMYMa.

IIpoGonoaroroBka — Ui MOPOLIKOBBIX MPOO HEOOXOAMMO OOECHEeUUTh OCTATOYHOE
ucTupanue (cpeaHuii pazMep dactul] He Oosiee 3¢ (GEeKTUBHON TIyOWHBI MPOHUKHOBEHHS) U
paBHOMEpPHOE pacIpeesieHe MOpOoIIKa MO JepiKaTelo (MpH HEOoOXOIUMOCTH C BpalleHUEM
nepxkatens). Ilpu HEOOXOAMMOCTH MOXHO HCHOJIb30BaTh MOHOKPHCTaJIbHbIE MOJJIONKKU

«HYJEBOTO (hOHAY.
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3.9. KourpoabHbie Bonpocs! k Jlekuun 3.

1.
2.

N3 kakrX OCHOBHBIX y3JIOB COCTOUT MOPOIIKOBBIN nudpakTomeTp?

KaxoBbl mperMy1iecTBa U HEAOCTATKU KOOPAMHATHBIX AETEKTOPOB?

Kakoii marepuan aHoga peHTTEHOBCKOW TPYyOKH CleIyeT HCIOJIb30BaTh JUIS aHAIIM3a
¢azoBoro cocraBa obpa3a HaHOYACTHUI] OKcHa xkenesa Fe;04?

Jlo KaKoW JUCHEpPCHOCTU CJENYET UCTEPETh KPUCTAIIIMYECKUIM KBapll JUIsl perucTpanuu
mudpaxrorpammbr Ha CoKory (1= 15 mm™)?

3ayeM HyKHbI KoJutumaropel Cosepa?

HazoBute HegocTaTku reomMeTpun Bperra—BpeHTaHo.
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Jlexknus 4. luppakuusi peHTT€HOBCKOI0 M3JIyUYeHUS HA HA000beKTAaX.

4.1. ®opma TUPPAKIUOHHBIX MAKCHMYMOB NIPH TH(PaKINH HA PeabHbIX 00beKTAax.

[lpn paccMOTpeHHHM KpPUCTAUIMYECKOTO BEIIECTBA B paMKaX MOAEIH OECKOHEUHON
NEPUOTUYECKON PElIeTKH M MCIOJIb30BAaHUM KUHEMAaTHYEeCKOTO MPUOJIMKEHUS Ui ONUCAHUS
nporecca nudppakuun PY audpaknmonssiii MakcuMyMm siBisieTcss o-QyHKLIMEH B oOpaTHOM (U
OpsMOM) TPOCTPAHCTBAaX, T.6. HWMEET HYJIEBYyl0 MIMPHHY. Pa3dymeercsi, B pealbHBIX
UCCIICIOBAHUAX (UKCUPYIOTCS TU(PPAKIMOHHBIE MAaKCUMYMbBI C HEHYJEBOW IIUPHHOH (O~
(GyHKIMs pa3zMasbIBaeTCs), WK, KaK TOBOPSAT, Habmomaercs ymupenue pediexcos. Ha Puc. 4.1

n300paxkeH TUIIMYHBIN BUJ pediiexca U yKa3aHbl €0 OCHOBHBIEC TapAMETPBhI:

35 1 B

30 4
""-‘.. B X Iab,\' = Iim

I, umn./cex

29 271 27.2 26 27.3

26.7 26.8 26.9

Puc. 4.1 Bua peduiexca u ero oCHoOBHbIE IapaMeTPbI.

Cpean OCHOBHBIX MapameTpoB pediekca BbIACISIIOT aOCONIOTHYIO WHTEHCHUBHOCTH Iyps —
WHTCHCHBHOCTh B MAaKCHUMYyME 32 BBIUETOM (J)OHA, UHTETPATbHYI0 HHTEHCUBHOCTH [;;; — TUIOMIA/b
nox peduiekcoM (3a BbIUETOM (OHA), WMHTECTPAIbHYIO IMHpUHY pediekca b - OTHOIICHHE
MHTETPaTbHON MHTEHCUBHOCTH K a0COJIOTHOM, a TaKKe MOJIHYI0 NIMPHHY Ha MOJOBUHE BBICOTHI
(nonyumpuny) FWHM (Full Width on Half Maximum) wnn H (Halfwidth). U3 onpenenenus
CJIeIlyeT, YTO MPSMOYTOJIBHUK, PABHBIA MO BBICOTE pedIeKcy ¢ MUPUHOU b paBeH peduiekcy Mo

iomaan. OTAeNT HO pacCMaTPHUBAIOT TaKOM mapaMeTp, Kak (Gopma peduiekca (T.H. npoduibHas

GyHKIHS).
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Ha ymupenue pedekcoB BIHSIOT 1Ba OCHOBHBIX (PaKTOpa: MHCTPYMEHTAIBHBINA (pakTop,
CBSI3aHHBIN C KOHCTPYKIIMEH 3KCMIEPUMEHTAIBLHON YCTaHOBKH, U (pakTop 00pasiia, CBI3aHHBIN C
OCOOCHHOCTSIMU ~ PEabHOM  CTPYKTYpbl  (MHKPOCTPYKTYpPBI)  HCCIEAyEeMOTO  BEIlecTBa.

PaccMmoTpuM BusiHEE 000UX 3TUX (PAKTOPOB MOAPOOHEE.

4.2. UHCcTpyMEHTAJbHBIN BKJIA B YIINPeHUE pedieKcoB.

®opma u mupuHa pediaexcoB (mpoduibHas YHKIHUA) UIS XOPOILIO 3aKPUCTAITU30BAHHBIX
COCMHEHUH ¢  TpeHeOpe)KUMO  Majol  KOHLEHTpamuwewd  ae(eKToB  ompeaemsercs
TEOMETPUUECKUMHU OCOOEHHOCTSIMU IKCIIEPUMEHTAILHON yYCTAHOBKU M (DU3UYECKON TPHUPOIOM

HCIIOJIB3yCMOI'O AJI1 aHAJIN3a U3JTyUCHU, T.C.

K(20)=W (26)*J(26).

J(20)=J,(20)%J,(20)...%J,(26).

rae K(20) — uncrpymeHTanbHas QyHKUUS (B Cilydae «UAEalIbHOr0» CTaHaapTa — sBJseTcs
npodunpHON pyHKIHEH), W(260) — SMHCCHOHHBINA CHIEKTP (ONpPEaeISIeMbI TUIIOM UCTOYHUKA U
HAa0OpOM YCTPOMCTB MOHOXpPOMATH3AIMH, a TAaKXKE XapaKTEPUCTHKaMH AeTeKTopa), J(26) —
nonHass ¢yHkuus abeppauuit, J1(20),...,Ji(20) — dyHkuuu abeppanuil HHIWBUIYATBHBIX
TEOMETPUUECKHX DIIEMEHTOB qudpakToMeTpa (IIesel, KOJTMMATopoB U T.11.). CleayeT oTaeabHO
0o0paTHTh BHUMAaHHUE HA TOT (aKT, YTO PE3yIbTHPYIOMIHE (PYHKIIMKA BO BCEX CIIyYasiX SBISIOTCS

CBEpPTKOU (DYHKITHI OTJIEIHHBIX KOMIIOHEHTOB. Toraa
1(20)=K (26)* B(26)

rae [(20) — »skcnepuMeEHTanbHO HaOIOAaeMass WMHTEHCUBHOCTh, a B(20) — ¢yHkuus
(Gu3HUeCKOro yIIMPEHHs, CBS3aHHOTO C HUCCIexyeMbIM oOpasnoMm. OueBHIHO, YTO I
«uaeansHoro» obpasma B(20) sBnsercs &-QyHKIMEH, a onepanysi CBEPTKH B 3TOM CiIydae He
U3MEHSET MHCTPyMEHTaIbHYI0 (pyHKIHI0. CTPOTO TOBOPS, MCKAXKEHUS B U3MEPSEMbI CHIHAM
BHOCSIT a0COJIFOTHO BCE JIEMEHTHI ONITUYECKON CXEMBbI AU(PAKTOMETpa, MOCKOJIBKY HMEHHO OHH
ciayxat s (opmupoBanus nyuka PU u peructpanum curnana. [IpuOopHelidi Bkiaj, T.0.,

HEOOXOIMMO JIOJDKEH OBITh YYTEH B XOJi¢ NMPEHUU3MOHHOTO aHalu3a JudpakrorpamMM. MIMeHHO
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NpUOOpHBIE XapaKTEPUCTHKH ((aKTHUECKH HMHCTPYMEHTAIBHOE pPa3peIIeHUe) OIPEIeIsioT

MUHUMAaJIbHO BO3MOKHBIE 0OHAPYKUBaeMble 0COOEHHOCTH MUKPOCTPYKTYPBI.

4.3 Bkyaa B ymuupeHnue peduieKcoB, CBA3aHHBIH ¢ HECOBEPLICHCTBOM 0o0pa3ua.

HecmoTtpst Ha TO, 4TO MOZ€/b UI€ANBHOIO KpUCTasIa ABISAETCS YIOOHBIM NPUOIMKEHUEM B
KJIACCHUYECKOM CTPYKTYpHOM aHaliu3e, OHa HEPEAKO HapyllaeTcs IpU Mepexosie OT KPUCTAJIOB
WIM K€ KPYNHOKPUCTAJUIMUECKHUX BEIIECTB K peaJbHbIM MaTtepuanaMm. (OCHOBHBIMU

HapyHmCHUAMU MOACIINU ABJIAKOTCA:

e KoneuHoCTh pa3MepoB o0acTell KOTepEHTHOTO paccessHus (IOMEHOB), CBsI3aHHAsS
C HMX MaJbIlM pa3MepoM (HampuMep, B CPOCTKaX/IBOMHUKAX) WM XK€ (DU3UYECKUM
pa3MepoM KpucramuiuTa (HaHodactulpl). CieayeT OTMETUTh, YTO MAKCUMAJIbHBIN pa3Mep
00J1aCTH KOTEPEHTHOTO PACCesHMsI 3a/1aeTCs TakKe JNIMHOM KorepeHTHoctn PU, koTopas
0OBIYHO UMEET BEJIMUMHY MOopsiaka 1 MKM.
e Hapymienue mNepHOAMYHOCTH B PACHOJIOXKEHHHM aTOMOB — K HCKaXCHHUSIM
MPUBOIUT HaMU4UUE J1e(HEeKTOB 000 pa3MEpPHOCTH (TOYEUHBIX, TUHEHHBIX, IBYMEPHBIX,
TPEXMEPHBIX).
e OtCcyTcTBHE  TPAaHCISIMOHHONM  CHUMMETPHUH, CBSI3aHHOE,  HAmpumep, C
MHOXECTBEHHBIMU JIe(heKTaMH YIIAKOBKH B HAHOYACTUI[AX METAJIIOB C T.II.K. PEIIETKOM.
Kaxnprit u3 3tux 3¢Q(eKToB MPUBOAUT K M3MEHEHUIO (OPMBI M pa3Mepa y3iia 0O0paTHOU
pEeIIeTKH U, COOTBETCTBEHHO, (OpMbI MakCUMyMa Ha Audpakrorpamme. Kpome Toro, HeKoTOphie
TUTBL 1€(EKTOB MPUBOAAT K MOSBICHUIO OMOJTHUTEILHOW HMHTEHCHBHOCTH MEXIY Y3JIaMU
00paTHON pemIeTKU. Y CIOBHO UCKAXEHUS TU(PPAKIIMOHHBIX MAKCUMYMOB MOXKHO Pa3JIeNIUTh Ha

JIBa TUIA:

® u3MeHeHHe (GOpMBI — YIIMPEHUE JIUHHWHA (KaK HM30TPOMHOE, TaK W aHU30TPOITHOE),
CBSI3aHHOE, HAIPUMEpP, C MAIOCTHIO 00JIACTEH KOTEPEHTHOTO PACCESIHUS, WU TOSBICHUE
aCUMMETpUH [TMKOB, BBI3BAHHOM, K IPUMEPY, CETPErallei M0 COCTAaBY WM K€ HAIUYUEM
ne(EeKTOB YITaKOBKH,

® U3MEHCHHE WHTCHCUBHOCTH (HE CBSI3aHHOE C MPEUMYIIECCTBEHHOW OpHUEHTAIUCH
KPUCTAUTUTOB - TEKCTypOH) — COOCTBEHHO W3MEHCHHE WHTCHCHUBHOCTH OTACIBHBIX
pedaekcoB (BIIOTh 0 UX MOJTHOTO HMCYE3HOBEHHS), KOTOPOE MOXKET OBITh CBS3aHO C
TypOOCTPaTHBIM HCKOKCHHEM (HapyIIEHUE pPACIOJIOXKEHUS CIOCB B  CIOUCTBIX
CTPYKTYpax), WJIH K€ TOSBICHUE HOBBIX IMUKOB, 00YCIIOBICHHOE HAIMYHEM aHTH(a3HBIX

T'paHHUILl UJIN KC 3HAYUTEIHLHON KOHIOCHTpaluu ,Z[e(beKTOB YIIaKOBKH.
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[IprunHO MOSABIEHUSA YIIMPEHUH, CBSA3aHHBIX C MAaJOCTBIO pa3MeEpOM JIOMEHAa, Ha
pEHTITeHOrpaMMe SBISIETCA TO, YTO KOIJa pa3Mep 3THX 00JacTed CTAHOBUTCA KOHEUYHBIM,
TU(parupoBaHHas HMHTEHCHUBHOCTb OOJIbIIE HE CXOOUTCA B TOYEUYHOM Yy3i1€ OOpaTHOro
npoctpaHcTBa (d-pyHkiun). Bmecto 3T0ro y3en pa3mbiBaeTCs, U €ro pasmep U ¢popma CBSI3aHbI

¢ pazmepoMm u (hopmoii JoMeHa.

Hanpumep, ecnu mpomenbl KyOudeckoil (aspl ¢ mapamMeTpoM 53JIEeMEHTAapHOW SYEHKH a
MPEJICTABISIIOT co00KM  KyObl co cTopoHO D =Na (N — TIONOXHUTEIbHOE IICIIOE),
COOTBETCTBYIOIUE Y3JIbl B OOpPaTHOM IPOCTPAHCTBE UMEIOT Ty ke (OPMYy U MHTEHCUBHOCThH B

00paTHOM IPOCTPAHCTBE OMUCHIBaeTCs HHTEephepeHIIMOHHON (yHKuuei Jlay

B |F|2 sin? (nNh) sin® (nNk) sin® (nNI)

V? ' sin’ (nh) sin® (nk) sinz(nl)

1

2 -~
rae |F | — KBaZpaT MOAYNs CTPYKTYpHOH aMmmmTyasl u V> — KkBajpar obGbema

aneMeHTapHoOu suedku. Ecnmum paccmoTpers miockoctu cemerictBa (00/), To mmpunHa y3na

00paTHOTO MPOCTPAHCTBA 3AIHIIETCS KaK

0 2 sin? (ﬂNas)

. -[I(S)ds J. (7ras)2 & Na 1
P==00 = sin (nhay) “(Nay D
lim—————~
s—0 (ﬂas)

rae /(0) — BeicoTa qU(PaKIIMOHHOTO MAaKCUMYMa, § — PACCTOSTHAE B 00paTHOM IPOCTPAHCTBE.

Jlpyroii mpuunMHOW YyIIMPEHUs, HE CBA3aHHOW C pa3MepHBIM 3(dekTom, sBiseTcsS HAIN4HEe
MHUKpPOHANpPsDKEHUN (Ha caMoM jejie MUKpoe(popManuil) — JOKalIbHbIX MCKAKEHUH PELIETKH,
NPUBOAALIMX K IOSIBJICHUIO HEOJHOPOJHBIX IOJNEeH ynpyrod aepopmanuu (B OTIMYME OT
OCTAaTOYHBIX HANPSIKCHUM, KOTOPbIE INPUBOAAT K IOSBICHUIO OJHOPOIHBIX IOJIEH YHPYIHX
HanpsbkeHuil). [losBreHre Takux Mojel CBA3aHO C HAJMYUEM ONPEACTICHHBIX TUIIOB J1e(EKTOB,
OJHaKo JuId pacueTa mo ¢opmyne Crokca-YHICOHAa 3HaHHE O INPHUPOJIE ITUX Ae(HEeKTOB He
ABIsieTcd HeoOXoaAuMbIM. Kak ciecTBHE paccuuThIBaeMasi BEJIMUMHA € KaK MPABHJIO HE UMEET

HHUKaKOIo (1)I/I3I/I‘ICCKOI"O CMBICJIA. CYH_IGCTByeT OIIPCACIICHHAA IIyTaHHLla B 0603Ha‘1€HI/IHX,
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CBsI3aHHAs C TEM, YTO M OCTATOYHBIC HANPSHKEHUS, U MUKPOJeQOpMaIns HHOTAa 0003HAYAIOTCS
OJIMHAKOBO, @ UMEHHO KakK Ad/d. OnHako (GU3UYECKUN CMBICT 3TON BEJIMUMHBI B 000UX CITydasix
NPUHLMIKAATBHO pa3Hblii. B cilydae, korjga sTa BeIMYMHA UCHOJB3YETCs Ui XapaKTePUCTUKU
OCTaTOYHBIX HANpPSOKEHUH (BBI3BAaHHBIX, HAIPUMEP, PACTSDKEHHEM MaTepuaia ¢ IPEeBbIIICHHEM
yIOpyroro mpejaena), oHa O3HA4YaeT CMeleHHe AU(PAKIHOHHOTO MHUKAa M3 €ro PaBHOBECHOTO
nojoxeHusa. Bo BTopoM citydae, koraa peub UAeT 0 MUKPOHAIPSKEHUSIX, 3Ta BEJIMYMHA CBsI3aHA
C YUIMPEHHEM ITHKA, CBSI3aHHBIM C HAJIMYMEM PACIIPECNICHHs TapaMeTPOB 3JIEMEHTAPHBIX SYEEK.
Ha Puc. 4.2 mpuBeneHa WUTIOCTpalusl ciy4yaeB (@) OTCYTCTBUS HCKaKEHUH pemieTku, (b)
HaJIM4YUs OCTATOYHBIX HANpPsDKEHUH (CMelleHue nuKa), (¢) HaJIW4Yus MHUKPOHAIpPSLKEHUN

(ymupenue nuka) u (d) cMeaHHbIN ciTydai (OJHOBPEMEHHOE YIITUPEHHUE U CIIBUT TTHUKA).
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Puc. 4.2. BiausiHue MCKakeHMH pelIeTKH HA MOJ0KeHHe W ¢Gopmy AuGpPaKIMOHHOIO
MakcumMyMma. (@) — B OTCYTCTBHE MCKaKeHUil, (b)) — ocTraTouHble HanpsikeHusi, (¢) -
MUKpOHanNpsi:keHusi, (d) — OJHOBPeMEHHOE MPUCYTCTBHE OCTATOYHBIX HANPSKEHUHA H

MHUKPOHANIPSAAKECHUH.
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I/IHTeraJ'H)HaH rpruHa JIMHUH, OMNPCACIIICMAaA MHUKPOHAIIPS)KCHUAMU, 3aIlIMCbIBACTCA KakK

(bopmyna Ctokca-YuicoHa):

f =4ctanb,
n=pfcotd

IZie € — MaKCUMaJbHas aedopmanus, a 7 — Kaxymascs aedopmanust. CTOUT OTMETUTb, YTO B
o0mieM ciydae BeJIMYMHA &, €CJIM OHA CBSi3aHa C HaJIMYMEM JUciIoKauuii B o0beme oOpasia,
ABJISIETCS. TEH30PHOM, 3aBUCAILEH OT MOIYJIEH YIPYroM *KECTKOCTH Kpucrawuia. Hanmpumep, s

Ky6I/I‘~I€CKOI\/JI CHUHI'OHHHU 3aBUCUMOCTD € OT HAIIPaBJICHUA B KPHUCTAJIJIC 3alIMChIBACTCA CIICAYIOUIUM

obpazoM:
& =A+BH,
272 2712 272
H:kl +0°h +h2k
(B +7+1%)

rae A 1 B — KOHCTaHTbI, paCCUUTBHIBaEMblE U3 3HAYCHUN yNPYrux MojyJieil kpucrauia, a h, k

u [ — uaexcel Muiepa.

Hanuune npoTspkeHHBIX JedeKToB (1eeKThl yIakoBKH, aHTH(a3HbIe IPaHUIIbl ABOHHUKOB U
T.IL.) YCIOXKHSET OIMCaHUe MPOOJIEMBI, T.K. B 3TOM cllydyae HEOOXOIMMO pacCMaTpPHBATh TaKKe
paccesane PU Ha cammx nedexrtax. B stom ciyuae dopma y3na oOpaTHOM pEmIETKH MOXKET
CTaTh ACUMMETPUYHOH, BO3MOXHO MOSBJICHHE HEHYJEBOW HHTEHCUBHOCTH MEXIY Yy3JIaMU
oOparHoii pemerku U T.1. Ha Puc.4.3 mnpuBesensl pacyerHele Au(paKTOrpaMMbl
MOHTMOPHWJUIOHUTA — CJIOMCTOTO THJIPOKCOAJIOMOCHIMKAaTa. B ogHOM ciyyae B BelECTBE
CYLIECTBYET [IBa BapUaHTA B3aMMHOM OpPHMEHTAllMU CJIOEB (IIOBOPOTA IO HOPMAJU K IIOCKOCTU
CJI0s1), YIIAKOBKA Pa3IMUHbIM 00pa30M OPHEHTUPOBAHHBIX CIIOEB HOCHUT CIIydalHbIH XapakTep; BO
BTOPOM ClIy4yae peanu3yercss TypOOCTpaTHOE HCKaxeHHe (CIIOM OpPUEHTUPOBAHBbI JpPYyT

OTHOCHUTEIILHO JpyTa CIy4aiHbIM 00pa3om).
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Puc. 4.3. Pacuernbie  aupaxkTorpamMmbl CWIBHO  J1e(peKTHOro BellleCTBA

(MOHTMOPHJIJIOHHUT)

Hannuue nenmoro psaa ¢GakTopoB, ONpenessiomuX MNpOPIIbHYI0 (QYHKIUIO, TpeOyeT
CHCIHUAIBHBIX TOAXO0JIOB I ONPEICICHHUS IapaMeTPOB MHUKPOCTPYKTYPHI W3 JIaHHBIX

TG PaKIIMOHHOTO dKcriepuMenTa. Huke OynyT paccMOTpeHbl OCHOBHBIE METO/IbI PELICHHS ATON

3a/auu.

4.4. MeToasbl onpeiesieHUsi MIapaMeTPOB MUKPOCTPYKTYPBI.

OueBUIHO, YTO ISl ONpEAETICHUs apaMeTPOB MUKPOCTPYKTYpbI 0Opa3ia HeoOX0AUMO TeM
WIM WHBIM 00pa3oM Yyd4ecTb HWHCTPYMEHTAJIbHBIM BKJIAJ B YIIUpEeHHE IU(PPAKIMOHHBIX
MaKCUMyMOB. JlJIs1 OIIEHKM HWHCTPYMEHTAJIbHOTO YIIMPEHUS B HACTOSIIEE BpeMsi Hamboiee
pacnmpoCTpaHEeHbl [Ba IOJIX0/a — METOJ BHEIIHEro CTaHAapTa M MeTox (yHIaMeHTaIbHBIX
napameTrpoB (Fundamental Parameters Approach). IlepBbiil MeTOl OCHOBaH Ha ONpEIENCHHH,
TEM WIA UHBIM 00pa3oM, MapamMeTpOB MHCTPYMEHTAIBHOTO YUIMPEHHs IyTEeM HCCIEI0BaHHS
TU(PPaKTOrpaMMbl HEKOTOPOTO XOPOIIO 3aKPHCTAUTU30BAHHOTO BEIIECTBA-CTAHAAPTa (TAaKOTO
kak NIST SRM640d (mopomox kpemuusi) wiu NIST SRM660b (mopomokx LaBg)). B
JaTbHEHIIEM TapaMeTpbl YIIMPEHUS JIMHUHA aHATU3UPYEMOTrO BEIECTBA KOPPEKTUPYIOTCS C
YUeTOM OIIpeJIeNIeHHbIX Ul CTaHJapTa MHCTPYMEHTAIbHBIX MapamerpoB. CTaHIapT cleayer
BbIOMpPATh TakUM 00pa3oM, YTOOBI YIJIOBOH HHTEpPBAJI, B KOTOPOM pAaCIOJIOKEHBI JMHHUU

CTaHjaapTa, ObLI IIMpPE, YEM YIJIOBOM MHTEPBAJ, B KOTOPOM PAaCIOJIOKEHBI JUHUU UCCIETyEeMOMN

¢dazbl.
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Bropoif MmeTox OCHOBaH Ha pacueTe MHIMBUAYAIbHBIX (QYHKIHI abeppamuii, CBSI3aHHBIX C
KaX/bIM OINTHYECKUM 3JEMEHTOM Judpakromerpa. B xone nanpHeilliero aHainsa IMOJHas
¢byHkuus abeppauuil cBopauuBaercs ¢ NpoQMIbHOW (yHKIMEH, ONUCBHIBAIOLIEH HCTUHHOE

(du3nueckoe ymmpeHue, CBI3aHHOE ¢ 00pa3oM.

[Ipu ananm3e MUKPOCTPYKTYPHBIX 0COOEHHOCTEH 0Opa3ia 0ObIYHO HAOJI0JaeMble CUTHAJIBI

Ha audpaxTorpaMmax pas3zieisioT Ha 1Ba Kiacca:

o BparroBckoe ynpyroe paccesHue, HaOmoJaeMoe B BHAE NHKOB U
XapaKTepU3ymomee TMEePHOANYECKYI0 CTPYKTypy oOpasua (MHOra TroBOPST
«CPEIHIOI0 CTPYKTYPY»)

o Juddysnoe paccesnue, nposiBisitolieecs B Buie (GoHaA CI0KHON GOPMBI U
XapaKTePU3YIOIee JTOKAIbHYIO CTPYKTYPY HCCIIEAYEMOT0 COeANHECHHUS.

[TockonbKy mopomikoBasi Au(pakTorpamMma, Kak MPaBUIIO, PETUCTPUPYETCS C JOCTATOYHO
OOJIBIIOTO KOJIMYECTBA KPUCTALIMTOB, TO OHAa MpPEACTaBIseT 00 oOpasne HH(POPMALUIO
UHTETPAJbHOTO Xapakrepa. Takum o0pa3oM, OOHapyX HUTb NpPU IOMOIIM AUDPAKIIMOHHBIX
METOJIOB a0COJIIOTHO BCE MPUCYTCTBYIOIIME B HCCIEAyEeMOM o00Opas3le THIBl JIe(EeKTOB
NPUHININAIBGHO HEBO3MOXKHO. B peanbHOCTH mNpeIMeToM MHKPOCTPYKTYPHOTO —aHalu3a
SBJISIETCSl WACHTH(UKAIMA M, €CIH 3TO BO3MOXKHO, KOJMYECTBEHHOE OMHCaHHE NE(PEeKTOB (B
TEPMHHAX KOHIIEHTPAlMH WM XapaKTePHbIX CTPYKTYPHBIX IapaMeTPOB), BHOCSIIHX
HanOOJIbIINE WCKAXEHUS B AU(PAKIMOHHYIO KapTHHY. BbIOOp MeTona aHanmm3a, Kak MPaBHIIO,
00yCJIOBIICH TeM, Kakue Ne(eKThl SBISIOTCS B 00pa3iie OCHOBHBIMHU (HANpUMeEp, MPU HATUYAN
TypOOCTPAaTHOTO MCKAXKEHUSI HEJIb3sI OLCHUBATh pa3Mep 00JiacTeil KOTepeHTHOTO PACCEeSHUS TIPU
nomoutu popmyisl Illeppepa) u kakoro pona aHanu3 TpeOyeTcst MpoBecTH (EPBUYHBIN aHATIH3

HpO6HCMBI WM MAaKCUMAJIBHO BO3MOXHOC II0 TOYHOCTU MOJACIHMPOBAHUC Zle(beKTHOfI

CTPYKTYPBI).

B Hacrosimiee BpeMmsi CyIIECTBYEeT JOCTAaTOYHO OOJBIIOE YWUCIO METOJIOB aHaIH3a
MHUKpPOCTPYKTYpPBI, TaK K€ KaKk M 3HAUUTEIbHOE YHCIO CHOCO00B MX Kiaccubukauuu. s
yA00CTBa B pamMKax JaHHOTO MOCOOMS METOIbI OyAyT pa3fensiThCs MO MOAXO0JaM K OINUCAHUIO

MUKPOCTPYKTYPBI, & IMEHHO:

e TpaauuuoHHBIE ((EeHOMEHOJOrHYecKHue) MOAXo/bl, Takue kak ¢opmyna llleppepa,
IOCTpOEHUE Y WIIbsIMCOHA-XO0J171a;

¢ MOJCIIBHBIC MOAXOAbI, TAKHUC KAaK MOICIUPOBAHHUC IIPU MMOMOINHN YPABHCHUA [[e6a$1

(Debye Function Analysis) u Whole Powder Pattern Modelling (WPPM).
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B TpaguunoHHBIX MeTOAax aHanu3a MHPOPMALUS O MHUKPOCTPYKTYpE OOBEKTa MU3BJICKACTCS
IyTeM aHaJIN3a YTJIOBOM 3aBUCHMOCTH (OPMBI TUPPAKIIMOHHBIX MakCHMyMOB. MHpopmarus
MO3KET OBITh MOJyUYeHa KaK MyTeM aHaiu3a oJHoro MakcumyMa (single line methods), Tak u Bceit
mudpakrorpammel (full-profile methods). HeoOxonumple 1is aHanu3a AaHHBIE W3BICKAIOTCS
1100 B BUE TMOJYIIUPUH W TOJOKEHUH pedrexcoB (sl ONMpeIeHUs] TUX BEIHMYUH MOXKHO
BOCITOJIP30BAaThCS  METOJIaMH  MPOQUIBLHOTO aHaiuu3a), Ju0o mnpeacTtaBiecHueM Dypbe-
npeoOpa3zoBaHueM AU(PPAKIUOHHOTO MAaKCUMyMa C mocienyommM ananuzoM Dypee-odpasa. B
HACTOSIIIEE BPEMsI 3TH METOMbI UCIOJIb3YIOTCS, B OCHOBHOM, ISl 3KCIIPECcC-aHalN3a, MOCKOJIbKY
MOJICIIbHBIC OTPAaHMYCHHS, 3aJI0KEHHBIE B KAKIOM W3 HHX, NPAKTUYECKA HCKIIOYAIOT

BO3MOXKHOCTb MOJTYUYEHHUSI aJIEKBATHON CTPYKTYpPHOU HH(OPMALIUH.

Cambim IPOCTBHIM BapHUaHTOM (EeHOMEHOIOTHYECKOTO aHayn3a SIBJIIETCS
OJIHOTIapaMeTpUYecKuii pacdeT mpu nomomu (opmynsl [lleppepa mwnmu dopmynsr Crokca-
VYuncona. B nepBoM ciiyyae paccuuThIBaeTCs pa3mMep 007JacTu KOIepeHTHOro paccestHus (D s
MOHOJIUCIIEPCHON CHCTEMBI U <D>y U1 NOTUANCIIEPCHON), T.€. pa3mep Oe3aedexTHOl obnacTu,
Ha KOTOPOM BO3MOYKHO KOTE€PEHTHOE paccessHue NakeTa peHTreHOBCKOro u3inydeHus. Bo BTopom
paccuMThIBAaCTCSl MapaMeTp, Ha3bIlBaeMbli MHUKPOHANPSDKEHUEM &, OTPaKAIOIIUK BapualUio

napameTpa 3J€MEHTApHOU STUeUKH.

Jns mpoBeneHus pacdyera MO STHM JBYM (opmyrnaM HEOOXOOMMO 3HATh IIHPHHY U
MOJIOKEHHE U(PAKIIMOHHBIX MAKCUMYyMOB (MJIM HECKOJBKUX MHUKOB). [ OLIEHKM IIMPUHBI
pednexcoB (cM. 1. 4.1) UCIONB3YIOT JBE XapaKTEpUCTUKU — nonymmpuny FWHM (wnu H) u
UHTETpajbHyI0 mUpuHYy f. IlepBas XapakTepucTHKa SBISAETCS, JJIS pacCMaTpUBAEMBIX 3ajad,
Ka4eCTBEHHOM, M CITY>KUT JUIS CPAaBHUTEIBHOW OLIEHKH IIVPUH JIMHUH pa3HbIX 00pa3noB. Bropas
XapaKTepUCTHKAa HEMOCPEICTBEHHO MCIONb3yeTcss B pacuere. CreayeT OTMETUTb, 4TO JUIS

JU(PPaKLMOHHBIX JTUHUNA 0luHaKOBOM Gpopmbl FWHM oc 3.

Haunbonee KOpPpEeKTHBIM SIBISIETCS pacdeT MHTErpajbHOW IIMPHHBI MUK 0€3 MPUMEHCHUS
KaKUX-JIMO0O anmpoOKCUMAIIMOHHBIX METOOB, OJIHAKO 3TO HE BCETra BO3MOXKHO IO sy MPUYUH
(Hampumep, U3-3a MOJUXPOMATUYECKOTO M3IyUYEHHUsI HCTOYHHMKA WJIM HajoxeHus peduiekcon). B
9TOM  CJy4yae  HCIIOJIb30BaHHE  METOJOB  MPOQPMIBHOTO  aHanu3a  (amppoKCHMalUu
OKCMIEPUMEHTATIBHBIX JaHHBIX HA0OpOM aHaNWTHYECKUX (YHKIUH C BapbUpPOBaHUEM
napamMeTpoB alMpPOKCUMAIINK) SIBISETCS €AMHCTBEHHON MAaTeMaTHYEeCKOHN ajabTepHATHBOM. Tem
HE MEHee, He IJs BceX (POpM MUKOB KOPPEKTHO H3BJIEUYEeHHE MH(OpMAIMK O MOJYIIUPHUHAX C
UCIIOJIb30BaHUEM aHAIMTUYECKUX MPOMUIBHBIX QYHKIMHA. [IJig OIleHKH TpaHUI] MPUMEHUMOCTH

AQHATUTUYECKUX MPOQWIBHBIX (YHKIMHA HCHONB3YIOT CHEIHUAJIbHBIA TapamMeTp, KOTOPBIN
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Ha3bIBaeTCs (pakTopoM (OpMBI ¢ U ONMpenesseTcs] KaK OTHOIIECHHE MOJIYLIMPUHBI MMUKa K €ro

UMHTerpaibHol mupuHe. Hanpumep, 11 HarOosiee 4acTo MCHOJIB3YEMOM B MOJHONPOQHUILHBIX

METO/axX aHalIM3a aHAIUTHYecKol (yHkIMK nceso-Boiita (mnu doiirra, pseudo-Voigt):
PV(x) = 77G(x)+(1—77)L(x),77 =0-1

rae G(x) — rayccuaHna:

G(x) = G exp(—Cyx*),C; =4In2

JrH

L(x) — pynkuus Jlopenna:

1/2

L) =L (1+C,x° )'.c =4

3ACCh X — HOPMUPOBAHHOC HA INOJYHIUPHUHY OTKIIOHCHUC OT IMOJIOKCHHUA pe(l)JICKCEI

26-26,,

(coBmagaeT ¢ MeIUaHOM JJIsI CAMMETPHYHBIX (PYHKITUN) X = 7

3

3Ha4YeHus (akropa GopMbI JOJDKHBI JIeKaTh B HHTEpBae

2 <o /2
T T
_ FWHM
B

VYKka3aHHbIE COOTHOUIEHMsI HENOCPEICTBEHHO BBITEKAOT M3 CBOWCTB COCTaBISIOLINX
¢yHkuun ncesno-Boiita. JleBast u npaBasi TpaHulla MHTEpPBala HOCSAT Ha3BAaHUE JIOPEHLIEBOTO U
rayCccoBOr0 Tpejesia COOTBETCTBEHHO, T.. MPHU ATHUX 3HadeHUsAX (daktopa (Hopmbl (yHKIUS
niceBno-Poiirta Beipoxkaaercs nubo B ¢pynkuuto ["aycca, nmubo B pynkuuto Jlopenna. Ecnu xe

3HAYEHUsl ¢ He MOMaJaloT B 3TOT MHTEpBal, TO (opMy NMpoduiIs Ha3bIBAIOT CyNeprayccuaHoOM

WM CyHCpJOpCHIMAHOM, H HCIOJIb30BaTh AHAJIUTHYCCKYIO (1)YHKIII/IIO JJI1 U3BJICUYCHHUA

uH(bOpMaIK O MOYIIUPHUHAX HENb3S.

I[J'I?I MOHOI[HCHCpCHOﬁ CHUCTCMbI YaCTUIl MHTCTpaJIbHAd HMIUPHUHA JUHUW, CBA3aHHAA C MaJIbIM

pasMepoM 00JIacTHU KOTEPEHTHOTO paccesHus (momeHa), ompeaensercss Kak (T.H. ¢opMmyna

[eppepa):

K,2

" Dcos®’
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rae Kz — xoncranTa Illeppepa (i pacyera ¢ MHTErpaabHBIMU IIMPUHAMH), CBA3aHHAs C
(dopmoii foMeHa, A — AJTMHA BOJIHBI UCIIOIb3yEMOT'0 U3ITy4eHHUs], / — UHTErpalbHas [MIUPHHA [TUKa
(B pagnanax) u 6 — audpakuuoHHbld yrona. [Ipum momomu 3Toit Gopmynbl paccUyMTHIBaETCS
pa3mep 001acTH KOTEPEHTHOTO PAcCesiHUs B HANPABJICHUH, MapajUIeIbHOM AU(PAKIIHOHHOMY
BekTOpy. CHCTEMBI ¢ MOHOAMCIEPCHBIM DPACHpPECNICHHEM YacTHI] 10 pa3MepaM BCTPEYAIOTCS
KpaliHel penko, ogHako W K HUM ¢opmyna Llleppepa Moxer ObITh MPUMEHEHA C HEKOTOPHIMU
orpanudeHusmMu. s monuaucnepcHoil cuctemsl yactul ¢opmyna llleppepa 3amucbiBaercs

CIIeTyIOIINM 00pazoMm:

A
p= <D>V cos@’
— M4
<D>V - KﬂM3 >

M, = j D'g(D)dD

rae <D>y — cpeqHuil pa3mep 00JacTH KOTePEHTHOTO pacCesHus, YCPEIHEHHBIN 110 00beMY,
M, — i-pIif MOMEHT pa3MEpHOT0 pacnpeaeneHus, g(D) — GyHKIUs TUIOTHOCTH BeposTHOCTU. Ecimn

o *
paccMaTpuBaTh IIMPUHY y371a 00paTHOM pemieTku S, To

+ _[Pcost
A

(ﬁ* )71 _ <D>V =%I£Idedydz

B

2

rae V — o0beM moMeHa, a T — ero mpOTsXKEHHOCTh («TOJIIMHA») B HAINPaBJICHUU BEKTOPA
mudpakuuy. B 3ToM ciydae BBIYMCIEHHBIH pa3Mep 4acTO HAa3bIBAIOT KaxKyluMmcs (apparent
size), TMOCKOJbKY NPSMOJUHEWHAas HHTepHperanus ero (U3M4YEeCKOro CMbICIA 3aBUCUT OT
ocoOeHHOCTe M3yyaemMoro Martepuasia. MUHMMaJbHBIM pa3Mep ONpeaesieMoro AoMeHa Hpu
nomotu ¢opmyinsl Llleppepa MOXKeT AOCTHraTh HECKOJIBKUX HAHOMETPOB (B 3aBUCHUMOCTH OT
MaTepuala), 4To CBSI3aHO C MOJENbHBIMM orpaHudeHussMu (opmyisl llleppepa, B To Bpemst Kak
BEPXHUU IIpeeN OINpPEAENsieMOro pasMepa CBA3aH C HWHCTPYMEHTAJIbHBIM pa3pelleHueM
ucrosib3yeMoro mpubopa u JumHOW KorepeHtHocTH PU. Cuwnraercs, 4To BEpXHss TIpaHHIA
pa3Mepa JoMeHa, MOJAJAOLIAsACS ONpeAeseHuto, He npeBbimaer 1 MkMm. M3 maremaruueckoro
ONpECIICHUsT KaXKyLIerocsl pa3Mepa CJIEAyeT, 4TO OIpPENEIUTh CPEeIHee 3HA4YeHHE pa3Mepa
KpHUCTAIUTA (TOYHEE, 00JIACTH KOI'€PEHTHOIO0 PAcCEsHUs) C €ro MOMOILBIO HElb3sl, TOCKOJIbKY
CPeIHMM pa3Mep KpHUCTAJUIMTA OIpPEACNIeTCs IEepPBBIM MOMEHTOM pAacCIpelecHus, a

UH(POPMALIUU O HEM HE COACPIKUTCS B <D>y.
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Kak Obu10 yKa3aHo BbIlIE, Maiblii pa3Mep JOMEHOB SIBIISIETCS HE €IWHCTBEHHOW NMPUYWHON
yiupeHus pedaekcoB Ha audpakTorpaMmMme (3a BBIYETOM MHCTPYMEHTAIBHOTO YIIUpeHws). s
OJIHOBPEMEHHOT'0 y4eTa JIByX (aKTOpPOB — MaJIbIX pa3MepoB 00acTeil KOT€pEeHTHOTO PaCCesiHUS
U HaJU4YUs MUKPOHAIPSDKEHHM — OBUIO NPEANIOKEHO IOCTPOCHUE YWIbSIMCOHA-XoJula —
JIByXIlapaMeTpu4ecKasi MOJelb, I03BOJISIONIAas OJAHOBPEMEHHO BBIUHUCIUTH pa3Mep o0nacTu
KOT€PEHTHOI'O pacCesiHUs M MakCHUMalbHYI nedopmanuio. B pamkax »3Toro mnoaxozaa
IIPEIoJIaracTcs, 4YTO YLIMPEHUs, CBA3aHHBIE C MalblM pa3sMEpOM JOMEHAa U HaJu4ueM
MHUKpoaedopMaruii cymMmmupyloTcsa. Eciau mpennoyiokuTh, YTO Kak «pa3MEpHBIi», Tak u
«neOpMaMOHHBI» Iu(pakIuoHHbIe Npoduin onuceBatoTes ¢GyHknued JlopeHna, TO

3 dexThI OyayT CKIAIBIBATHCS CIETYIONTUM 00pa3oM:

. 1 .

p =——+2¢&d,
(D),

+  2sind

)

d

rie ff — mupuHa y31a B 0GpaTHOM IPOCTPAHCTBE, a d — PACCTOSIHHE OT HAYaIa KOOPIMHAT B
oOpatHOM mpocTpaHcTBe. Ecnu ke 006a mpoduias MOryT ObITh anmpoOKCUMHUPOBAHbI (DyHKIHEH
["aycca, TO 3TO cCOOTHOIIEHHE OYyIET 3aMHUCHIBATHCS KaK

2
(ﬂ*)zz L +(25al*)2
(D),

OOb1uHO U IPOCTOTHI mMpennoiaratoT JlopenueBy ¢opmy mpoduneit. Kak cregyer us
3anCaHHBIX (OPMYJI, TIPH IPOBEICHHH TOCTPOCHAN Y HIBIMCOHA-XO0IUTa (T.€. 3aBHCHMOCTH f-
oT d’) HAKJIOH JIMHHUK OyJIeT 1aBaTh BEIUUHHY 2 €, a [IEPECEUCHHE C OChIO OPANHAT — BEIHUYMHY,
oOpaTHyl0 Kaxyuiemycs pasmepy <D>p. CnabblIM MECTOM JTOT0 METOAA SBISAETCS
MPEINONIOKeHHEe 00 aJJUTUBHOCTH BKJIAQJO0B Pa3MEpHOro M AePOpMAIMOHHOTO 3 HEKTOB.
Kpome Ttoro, nmuHum Ha audpakrorpaMMax OYEHb PEOKO MOTYT OBITH OIMCAHBI YHCTOM
¢dbynkmueit Jlopenna wim ["aycca. [lpeamnonoxkenne o Gpopme TUHUHM SBISETCSA, TAKUM 00pa3oM,
3HAYUTENBHBIM  YMPOIIEHUEM peanbHOM curyanuu. [lo STUM mOpUYMHAM MOCTPOCHUE
YuibsiMcoHa-XoJ1a CTOMT HCHOJIBb30BATh TOJIBKO KaK CPEACTBO IMEPBUYHOM KaueCTBEHHOM
OLIEHKM MapaMeTpOB MHUKPOCTPYKTYpHl. B KadecTBe WIUTIOCTpAlMM Ciiydasi, B KOTOPOM 3TO
MOCTPOEHUE HENpuMeHMMoO, Ha Puc.4.4 npencraBieHbl pEHTTEHOrpaMMa MaJlIaIueBOi
IUTACTUHKH, MPOIIEANIeH WHTEHCUBHYIO AeQOopMaIiio KpyueHHUEM IPH BBICOKOM HAaBICHUU U

* k
NOJyYEHHAas /7151 Hee 3aBUCHUMOCTb f§ 0T d .
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AOCONIOTHAS HHTEHCHBHOCTE, UMII
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Puc. 4.4. PenTreHorpaMma mnaniajueBod IUIACTMHKH, Mpoeameid o0padoTky
KpPY4Y€eHHeM 10 BLICOKMM JaBjeHHeM (o0pasen npenocrasieH P.3. BaauneBbim, Y pumckuii
I'ocynapcrBennblii  ABuanuoHHbI TexHuyeckuit YHHMBepcHTeT) H  INOCTPOECHHE

Yuabsamcona-XoJia.

O¢dexkTuBHBIM  MeTOIOM  O0pabOTKM  JU(PPAKTOrpaMM, MO3BOJSIOIIMM  H3BIIEKATh
uHpopmanuio o hopme pedreKcoB U UX MONYIIMPUHAX IS UX JAIbHEHIIEro WCIOJIb30BAHUS
Opy ONpeAeNiCHHH TapaMeTpOB MHKPOCTPYKTYpHI, sBIsieTcst Mmetox Putsenbma. HambGonee
pacnpocTpaHeHHOH (POpMOM 3alMCH 3aBUCUMOCTH MOJYIIUPUHBI OT yIiia JUlsl YHKINHU [ICEBAO-
Boiita saBnsercs moauduuupoBanHas (ynkuus Tomncona-Kokca-Xactunrca. 3aBUCMMOCTb
MOJIyLIMPHUHBI rayccoBoM vactu FWHMs u nonymupuHsl JIOpeHueBo dactu FWHM; or
TU(PPaKIMOHHOTO yTIIa ¢ 3alMChIBACTCS CIETYIOIUM 00pa3oM:

FWHM? = W + V tan 0+ U tan’ e+%os2 o

5

FWHM, =X/ 0+ Y tan0+Z

IJie KPaCHBIM IIBETOM MOMEYEHBI WICHBI, OTHOCSIINECS K MUKPOJAC(POPMALIUU, & CHHUM — K
pazmepaoMy 3¢ dekty. COOTBETCTBEHHO, ISl TOTO, YTOOBI BEIYMCIUTH CPEIHUN pa3Mep JOMEHa
U MHKpoAehOpMaIUIo, B XOJI€ YTOYHCHUS NPOPUIs HEOOXOAUMO BapbUPOBATH TOJIBKO
napametpsl U, P, X u Y, ocranbHble JOJDKHBI OCTaBaThCAd paBHbIMU HyJ0. [locie a3toro
PO HIBLHBIC TAPAMETPHI JIJIST KXKIO0TO KA HEOOXOAUMO TIEPEBECTH B MHTEIPAJIbHBIC ITUPUHBI

U Pa3JIokKHUTh Ha pa3MEPHYIO U Ae(POPMALIMOHHYIO YaCTH:

g _xm B 1 /L
FWHM, 2" FWHM, 2\In2’
xp(-k) B
N-erf(k) BT

rae ( B )i — UHTETpalbHasg IIMPHHA pa3MepHOro (BblUMCIEHHOro Ui P) wumm

nedhopMalMOHHOTO (BBIYUCICHHOTO 17 U) BKJIAJOB rayccoBOM uacTH, a erf(x) — dyHKIus
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omnOok. TonapkO TMOCHE NPOBEAEHUS OSTOM HPOLEAYpPbl COOTBETCTBYIOIIME BEJIUYMHBI

HMHTETPAJIbHBIX IIUPUH MOTYT OBITh UCITONIB30BaHbI B hopmynax [lleppepa u Crokca-Yumcona.

ANbTepHATUBHBIM CIOCOOOM H3BJEYEHUS] CTPYKTYPHBIX I[apaMeTpOB SBISETCA aHAIU3
MmetofoM YoppeHa-ABepOaxa, KOTOpblii paccmaTpuBaeTr @Dypbe-00pa3 andpakOHHOTO
makcumymMma. Ilocie Toro kak OBUIO TNPOU3BENCHO BBIACICHUE MCTUHHOTO (DU3MYECKOTO

npo¢uIisi, HHTEHCUBHOCTH TUKA B 0OPAaTHOM MPOCTPAHCTBE MOKET OBITH 3aMMCaHa KakK

I(s)=k(s)Y 4,e™™"

rae L=ndy, — nnvHa B mpocTtpanctBe Dypwe, a k(S) COISPKUT BCE KOHCTAHTHI C U3BECTHOM
3aBUCUMOCTBI0O OT s (Takue Kak LPG-daxktop, KBagpaT CTPYKTYPHOM aMIUTUTYIBI T.II.).
[Tockonpky  mudpakTorpaMma MpeACTaBiIseT COOOHM  CBEPTKY  pas3lM4HBIX  BKJAJOB,
kodduimeHTsl paznoxeHus Dypbe A; MOryT OBbITh TNpPEACTAaBIEHbl KaK MPOU3BEACHUE

pasmepnoro (S) u nepopmanmronHoro (D) BKIa10B
A, =447

Merton VYoppena-ABepOaxa maeT NPHOIMKEHHOE BBIPAKEHHE IS JAe(POPMAIIMOHHBIX

1
KOKGOPUIIMEHTOB B TEpMHHAX  CPEIHEKBAAPATHUYHONW  MHKpojedopmauu <g,fk, >A

|
[<g,fk,>é = 1.253) . B morapudmudeckoit popme npeapiayiee ypaBHEHNUE 3aUIIETCS KakK

ln(AL) ~ ln(Af ) -2’ <5;k1 (L)>d;1§1

Takum 00pa3oM, TOCKOJIBKY TOJBKO Je(OpMAIlMOHHBIA UYJIEH 3aBUCHUT OT BEKTOpa
paccesiHusl, 5TO ypaBHEHHE MOXET OBITh HCIOJIB30BAHO JUISI OJHOBPEMEHHOTO ONpEICIICHHS
CpelHero pazMepa JgoMeHa U Mukpojaedopmanmu. [[ist pemenus ypaBHeHUs: HEOOX0AUMO UMETh
JaHHBIE MUHUMYM O JIBYX TOPSAKaX OTPa)KEHHUS OJHOTO U TOTO e HampaBieHus. B oTinumne ot
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METOJIOB,  ONEPUPYIOUIMX  HHTErpajbHbIMH  LIMpUHAMH, MeTol  YoppeHa-ABepOaxa
npenocraBnsger Oonbpmie wuHPOpManuu 00 oOpaslie, a HWMEHHO CpETHEKBAAPATUUHYIO
h
>2

MI/IKpOI[C(l)OpMaLII/IIO <85H IS KaKIOW JJIMHBI CDpre L MCKAY SYerKkaMHu B HaITpaBJICHUAX

paccestausi. Taxoke mHpOpMaIMs O pazMepax ITOMEHOB Oorade, MOCKOJBKY BKIIAJ Pa3MEpHOTO
apdexta MOXKeT OBbITh TaKke BBIYMCICH JUIs Jo0oi mmHbl Dypse L. Ilpu Hamuuuum
uHPOpPMALUU O pa3MepHbIX Kodduuuentax dypbe, MOXKHO 3amHcaTh CBOSOOPA3HBIM aHAJIOT

dbopmyasl lleppepa:

Ijle CyMMHpPOBaHHE MPOBOJUTCS IO BCEM 3HaueHHsIM L st koTophix AP #0. U3 sTHx

K023(pPHUIIMEHTOB MOXKHO BBIYMCIUTD JPYTOi XapakTepHblid pa3mep. Eciu B34Th NPOU3BOJHYIO OT

K02 puIeHTOB, TO

4 1

dL L=0 <D>S

Cpennuii pazmep <D> , (uHorza obosHavarcs <D> ,) — OTO CpefHHil pa3Mep, yCpeJHCHHBII

N0 IUIOMAAM JU(pParkpyromero JoMeHa. OJTOT pa3Mep BBIpaKaeTcs 4Yepe3 MOMEHTHI

pacupeacicHus Kak
M3
<D>S = KM ?
K 2

rae Kx — koHcranTa Illeppepa niis <D> ¢ »T.. B 00IIeM Cilydae OH HE JOJDKEH COBIAJATh C

<D>V. Boinee Toro, oH Takxke He mAaeT WHGOPMAIUKM O pEATbHOM CPEIHEM pa3Mepe, MOCKOIbKY

TaKk)Ke He COACPNKUT UH(POPMAILIK O IEPBOM MOMEHTE pacIipe/ieIeHHs.

B mpunnune paccuumraB pasMepbl <D>V u <D> ¢ U CllelaB NPEANOIOKCHHE O THUIIC

pacripeniesieHnsi (3TO HEOOXOIUMO JJIsi TOTO, YTOOBI 3HATh AHATMTUYECKOE BBIPAKCHUE IS
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MOMEHTOB pAaCHpEleNCHNs), MOXXHO IPOU3BECTH €ro PEKOHCTPYKIHUIO, OJHAKO TOYHOCTh
MOJyYEHHOTO Pa3MEpPHOro pacrpesielieHusi MOKET ObITh O4YeHb HU3KOM. DTO CBSI3aHO Kak C
MIPOU3BOJIBHOCTEIO BHIOOpPAa BHIA pa3MEpPHOrO paclpeieleHHs, Tak M C KpailHe BBICOKOMH
YyBCTBUTEIBLHOCTBIO MeTOZa YoppeHa-ABepOaxa K YHCTOTE ICHEPUMEHTA, T.e. KOPPEKTHOMY

y4eTy UHCTPYMEHTAJIBHON (PYHKINH, OTIPEICICHNIO YPOBHS (DOHA U T.II.

Jist Toro, 4To0bI N30€KaTh MPOU3BOJIBHOCTU B BEIOOpE MPOPHILHON (PYHKIIUH, TapaMeTPhI
KOTOpOH HU TpsIMO, HU KOCBEHHO HE CBS3aHBI C KaKUMH JINOO (H3MUECKH HAOIIOJaeMbIMH
negexTamu, ObUT MPENIOKEH aJbTEPHATUBHBINA MOIXOJ, 3 UMEHHO ONMCaHue AU(PAKIMOHHBIX
npoduiiell  HENOCPEACTBEHHO B TEpMUHAX (U3NYECKUX MOJAENeH MHUKPOCTPYKTYPHBIX U
PELIETOYHBIX Ie(PEeKTOB, MPUCYTCTBYIOMIMUX B M3y4aeMOM MaTepuaye. JTOT IMOJAXOJ| JIEKHUT B
ocHoBe merona Whole Powder Pattern Modelling (WPPM). B ornnumne oT OonMcaHHBIX BbIIIE
METOAOB (B OCOOCHHOCTH METOJOB TOJHOMPO(MIBHOTO aHalll3a) pEHTreHorpaMMa He
anMnpoOKCUMUPYETCS aHAIUTHYECKOM Npo(UIbHOM (QYyHKLHMEH, a CHHTE3UpYETCs, HCIOb3Ys
3HAYeHUs MApaMETPOB MOJEJCH, HMEIOIUX YETKO ONPEACICHHBIH (U3UYECKHH CMBICI.
AHanoruuHo Metoqy YoppeHa-ABepOaxa, MHTEHCUBHOCTh NHKa B MeTojie WPPM 3anuceiBaercs

KakK

I{hkl} (Shkl) = k(shk] )Z Wi J- Chkl (L)ez”iL('9/1kz—5hk/)dL

hkd ,00

TJI€ Wik M Opgy BEC M CMEILICHHE U3 BparroBckoro ycinoBus (CBA3aHHOE C HANWYKEM J1e(EKTOB
YIAaKOBKM) JJs1 KOMIOHEHTH! (hkl), a cymMMHMpOBaHUE BeEAETCS IO BCEM SKBHBAJICHTHBIM
iockocTsaM (hkl) cemeiicta {hkl}. Unen Cpu(L) sBnsierca @ypbe-TpaHc(hopMaHTON BCeX TUIIOB
UCKaKeHNH MpoQuIIs, KOTOphIe BHOCIT BKJIAJ B PEHITCHOTpaMMy, T.€. pousBeneHnemM Dypoe-

TpaHC(POPMAHT, CBSI3aHHBIX C KAXKIBIM BKJIAJIOM:
_ P S D F .pF APB
C(L)= TpV 'A{h/d} 'A{hkl} ‘(Ahkz +iB,, ) ) A{hkl}

UneHpl, BKIIOYEHHBbIE B 3TO BBIPAXKEHHE, SBISIOTCS WHCTPYMEHTAIBHBIM Mpoduiem,

ONPCACIICHHBIM C HCIIOJIb30BAHUECM CTaHAapTa W OMNHWCAHHBIM C TTOMOIIBIO (1)YHKI_[I/II/I ICCBI0-
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Boiita (T p”; ), BKIaioM pa3mepHoro 3¢ dexra (A{Shk,} ), TUCIIOKaui (A{thz} ), 1e(pEeKTOB yImaKOBKH

(Ay, +iBy,) n anTuasubix rpaun (Aj, ). B NpHHIMIIE BOMOXKHO BKIIOYCHHE JHOGOrO

UCTOYHUKA yIIMpEHWH, ecnu wu3BecteH Buix ero ®Dypbe-TpaHchopmantel (B T.U.

MHCTPYMEHTAILHON (PyHKIIUU B IBHOM BUJE, CM. 11.4.2).

B »tomM Merone, Takxke Kak M B MeToAe PuTBenbpaa, MHUHMMHU3ALUS Pa3HOCTH MEXKAY
9KCHEPUMEHTAJIbHON M pacueTHOM PEHTIeHOTrPaMMON IMPOU3BOAUTCS METOAO0M HEIMHEHHOTro
MHK. CymiecTBeHHbIM pa3iIu4MeM SBISETCS TO, YTO MHUHUMHU3MPYEMBIMHU IapaMeTpaMu B
JAHHOM Cllyyae SBJIAIOTCS MapaMeTpbl MUKPOCTPYKTYpPHBIX Mojeneil. Hampumep, mennana u
JMCIIEPCHUS Pa3MEPHOT0 paclpesieNeHusl, KOHLEHTpaLUus IUCIOKalMi M uX 3()QEeKTUBHBIN
panuyc OTCEUYKH, KOHLIEHTpalMs JABOMHMKOBBIX W Je(POPMALMOHHBIX JE(PEKTOB YHAKOBKH,

BEPOSATHOCTh BOSHUKHOBEHMS aHTU()A3HOI rpaHuUIIbl.

B merone WPPM mnpennonaraercsi, 4to JeekTsl 00pa3yioT MEepHOAUYECKYIO CTPYKTYpY,
II09TOMY, HECMOTPSI Ha TO, YTO HEKOTOPBIE THITBI 1e(DEKTOB BHOCAT 3HAYUTEIbHBIC NCKAKEHUS B
CUMMETPHUIO pPEHIeTKH (Takue Kak Je(PeKThl yHaKOBKH), BO3MOXKHO HCIIOJIb30BAHUE JAHHBIX O
TUIIE PEIIeTKH U ee napameTpe. Takke meroq WPPM He ucnonb3yer aHaauTHYECKUX (QyHKIUN
Ui onucanus (opmbl TU(GPAKIMOHHBIX MPOQUIICH, MOITOMY Kaxaas TOYKa HpOQHIs MUK

MOKCT CUUTATHCA HE3aBUCUMBIM U3MCPCHUCM, B OTJIMYHUEC OT METOAa PI/ITBGJ'IBI[B..

Huxe (Puc. 4.5) IIPUBEJEH puMep HCCIIEOBaHUSA MHUKPOCTPYKTYPbI
HaHKOPHCTAUTUYECKOT0 okcuaa uepus MerogqoM WPPM (mannbsie Matteo Leoni, BeICTyIIIeHHE

na 54" Denver X-Ray conference):

T T T

N

o

o
T

7000 e TEM
£ 35 — WPPM 1

) & I

A 30| N WPPM - GSR/
:‘2‘\ 9000 ] > 5] ; \§ Rietveld
< <
g 5000 4 g 20+ -
> 4000 S 15 ]

T [T
__é‘ 1 10} 1
‘S" 3000 - 5¢ 1

o 1 L 1 s L AR
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—
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Puc. 4.5. UccaenoBanune merogom WPPM HaHOKPHCTANIMYECKOT0 OKCH/IA LIEPHUs.

Meton WPPM mno3BoJiI€T ONpenesiuTh HE TOJBKO CPEAHUE BEJIWYMHBI JJISI MApaMETpPOB
MHKPOCTPYKTYPBI, HO U uX pactpenenenue. Ha Puc. 4.5 nokasaHo conocTtaBieHHe pe3yJibTaTOB
aHaJu3a pacupenesieHrs HaHOYACTHI[ MO pa3MepaM, MOJYyYEHHBIX METOJOM IMPOCBEUYMBAIOLIEH
3JeKTpOHHOU Mukpockonuu, WPPM u WPPM c¢ yderoM penakcanuu BHEIIHHUX CIIOEB

Hanouactuisl (WPPM-GSR).
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4.5. KonTpoabHbie BONPockl K Jleknumn 4.

7.
8.
9.

10.
11.

[Touemy nudpakIMOHHBI MAKCUMYM UMEET HEHYJIEBYIO IIUPUHY?

B uem oTinune UHTErpaabHOM MUPUHBI U MOy IIUPUHBI?

KaxoBbl OCHOBHBIE OTpaHUYCHUs B TpuMeHeHnn hopmysl [leppepa?
Urto Takoe MUKpOHANIPSKEHUS?

Kakue napaMeTpbl MOKHO ONPENEIUTh B TOCTPOCHUU Y WIIbSIMCOHA-Xo0J1a?
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Jlekuus S. MasioyrioBoe paccessnue PU u peHTreHoBcKas pedieKTroMmeTpus.

5.1. Manoyraosoe paccesinue PH.

Kak Obuto moka3zaHo B TpebIIyIIMX TiaBaxX, uccienoBanue audpakuuu PU mospomsieT
MOJIyyaTh BaXKHYI0 MH(OPMAIMIO O CTPYKType BEIIeCTBA Ha aTOMHOM YpOBHE, OCOOEHHO IS
KPUCTAIUIMYECKUX BEIIeCTB. B 3ToM cioyyae HajauuuMe TPAHCISIMMOHHOM CUMMETpUHU
(«MepUOANYHOCTH») TPUBOAUT K BO3ZHUKHOBEHHIO B IPOCTPAHCTBEHHOM paclpeiesieHuu
paccessHHoro PU ocTpbix MakcUMyMOB — pedIeKCOB, aHAIMU3 IOJIOKEHHUS U OTHOCHUTEIHHOU
MHTEHCUBHOCTH KOTOPBIX JIa€T BO3MOXKHOCTh ONpeAenuTh (Ha3oBbIH COCTaB  MPOOHI,
KPUCTAUTUYECKYIO CTPYKTYPY MHIUBUAYAIBHBIX Qa3 U T.7. OTKIOHEHHs peallbHOW CTPYKTYPHI
da3 OT CTPYKTypbl HACATBLHOTO MOHOKPHCTAJUIA MPUBOAST K HM3MEHEHHUIO (OpMBI (U, B psle
Clly4aeB, MHTEHCUBHOCTH) TU(GPAKIIMOHHBIX MaKCUMYMOB, UYTO IMO3BOJISIET ONPEACTUTh T€ WU
UHBIE TMapaMmeTpbl Ae()EeKTOB CTPYKTYphl (pa3Mep YHOpPsIOYEHHBIX YYacTKOB — obOiacTel
KOT€PEHTHOTO pAacCesHHs, NapaMeTpbl MHKpoaedopManuii KpPUCTAUIMYECKOH pEIIeTKH —
KOHIEHTPALUI0 MUKPOHAIPSHKEHUH, KOHIIEHTPALMIO MPOTSHKEHHBIX AedexkToB B Mmetoge WPPM
U T.a1.). BMecte ¢ Tem, omMcaHHBIE BBIIIE MOAXOABI ONEPUPYIOT ¢ paccesHueM PU Ha
CpaBHHUTENHHO Oonblue yribl (~2 - 180° 26), T.e. ¢ paccesHHEeM Ha OTHOCHTEIHHO HEOOIBIINX
1Mo aOCOJIOTHOMY pa3Mepy HEOJHOPOCTSIX CTPYKTYpbI (pasMep TakuX HEOJHOPOCTEH MOXKHO

1
OLIEHUTH Kak d of =7 7=, OH COCTaBUT ~22-0.77 A nns uznyuyeHus: CuKo ). OueBuaHO,

|q| - 2sin @

YTO NpPH JAJBHEHNIEM YMEHBIICHWH YIVIA PACCEMBAHMsS y MCCIEAOBATENsl IOSBUTCS
BO3MOXHOCTb I0JIy4yaTb HWH(GOPMAIMIO O HEOJHOPOJHOCTSX CO BCE OOJIBIIMM XapaKTEpHBIM
pa3MepoM, BIUIOTh J0 COTEH HAaHOMETPOB. Takue HEOJHOPOIHOCTH XapaKTEPHBI IS CHUCTEM
HAaHOOOBEKTOB — HAHOYACTHUI[ B HEKOTOPOW MaTpuie (TBEpIOE Telo, MXHUAKOCThb, Taj3),
OMOJI0rMYeCKUX OOBEKTOB M T.N. DTH KAUECTBEHHBIE PACCYKICHUS MO3BOJSIOT IPEANONOXKHUTS,
4yTO MccienoBaHue paccseHuss PU B o0mactu ManibIX yrioB (0OOBIYHO MMEIOT B BUAY 00JIACTb
0.1 —3.5 26) pact BO3MOXKHOCTH OIpENeNATh NapaMeTpbl TAaKUX HEOJHOpOCTeH — pa3mep
HaHOYacTUll, (opMy HAaHOYACTHUII U T.1. PaccMoTpuM TeopeTnueckoe OnucaHue 3a1auH.

[Tpennonoxum, yto PU paccenBaercs Ha cepruueckoil 0JHOPOJHON YacTUIE panuyca ry,
Haxozselcs B Bakyyme. [Ipeanonoxum, 4yTo 3JIeKTpOHHAsl IJIOTHOCTh B IMpEZesiaX YacTHUIIbI
MOCTOSTHHA (M PaBHA py), 3a €€ TpeesiaMH paBHA HYJIIO :

Post ST,

p—)p(r): 0,r>r
> 0
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B npenpiaymeii ¢popMyie Mbl BOCHONB30BAIUCH CHEPHUUECKIMU KOOPAWHATAMH, YIOOHBIMU
JUIsl paCCMaTpUBAEMOTO CITydasl.

Torna, ucnonb3yss ocHOBHYI Qopmyny (cm.Jlekuuio 2) ans pacdera aMIUIMTYIbl (U
MHTEHCUBHOCTH) paccesHHoro PU u cuutas cuctemy IydoK-paccenBaTellb 0CECUMMETPUYHOM,
MO’KHO OIIPENEIIUTD:

(sin 27r|q| Ty — 27z|q| ¥, COS 27r|q| ro)
(27a|7, )3

2
Ha Puc. 5.1 moka3zaHa 3aBHCHMOCTb MHTEHCUBHOCTU (/ = A”) pacCcesHHOI0o M3JIyueHHs B

A(a) =340

3aBUCUMOCTH OT yrina 26 nna chepuueckux oObekToB panumycom 100, 50, 25 u 10 HM (a4
IEPBBIX JIBYX CIIy4aeB HHTEHCUBHOCTb IEPEHOPMUPOBAHA [yl y100CTBA BOCIPUATHS):

I
— 100 HM(]O_?[)
—— 50 um (107)
—_— 25 HM

— 10 um

0 0.1 0.2 0.3 0.4 0.5 20 0:6
Puc. 5.1 Paccesinue PU Ha u30TponHbIX chepax pa3jiudHOro paauyca.

N3 Puc. 5.1 BUIHO, 4TO, B 3aBUCHUMOCTH OT pa3Mepa YacTHULIbI-pACCEUBATENsT M3MEHSETCS
LIMPUHA L[EHTPAJbHOTO MAaKCUMyMa, a TaKKe XapakTep OCHWULINUNA HWHTECHCUBHOCTU B
OKPECTHOCTH LIEHTPAJIBHOTO MAKCUMYMa.

BoipaxkeHne 111 aMIUIMTYJbl pacCeMBaHUs Ha €IMHUYHON ceprueckoil yacTHUIEe MOKHO
MIPEACTABUTD U KaK:

(sin 27z|q| 7 —27r|q|r0 oS 27z|q|r0)
(27lal)

Aja)= 4,7 (al). / (Jal) =3¢

Torma f (|q|) (a B 6osee 001IEM Cilydae aCHMMETPUYHBIX YacTHll - f (q)) - pacceuBaroun

(baxTOp MHIMBUAYAIBHOW YaCTHIIbI, aHAJOTMYHBIN MO0 CMBICITY paccenBaromEeMy (GakTopy aToMa
MIPU paccMOTpeHUU 3a1a4yu o qudpaknuu PU Ha MmoHOKpHCTANIIE.

B omnmuune oOT aroMoB, HAHOYACTHIBI BECbMa pEAKO 00pa3yloT YIOpsAAOYEHHBIE
(mepuoanuecKue) cUCTEMBI. B CBSI3M ¢ 3THUM IOJIE3HO ONpeNennTh, Kak Oyaer paccenBarbesi PU
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Ha HEYNOPSJAOYECHHOW cucteme u3 N OJUHAKOBBIX YaCTHIL (<N > I CHCTEM C NEPEMEHHBIM

YHCIIOM YacTull). B 3ToM cilyuae cymMMapHasi HHTCHCHBHOCTh paccesHUsl OyAeT COCTOSTh W3
CyMMBI BKJIQJIOB OTACJIBbHBIX YacTUL U psAJa 4YICHOB, ONMCBHIBAIOIIUX MHOIOYaCTHYHOE

paccesiue. s Toro, 4yTOOBI OMPEACTUTh XapaKTep TAKOTO paccesHUs, HEOOXOIMMO BBECTH
(GYHKIHIO BEPOSITHOCTH p(ri,rj), OTMCHIBAIOIIYI0 BEPOSTHOCTh OOHAPYKEHHS YaCTHIBI B
nuddepeHnraIbHOM 00beMe dV; C PainyC-BETOPOM I K OJTHOBPEMEHHOTO OOHAPYKEHUS JPYTOM

yacTHLbl B Ju(depeHIuanbHOM o00beMe dv; ¢ paauyc-BeKTOpoM rj. Ecim cuutath

pacrnpeaciicHuc HU30TPOIIHBIM, TO (I)YHKI_II/IIO BCPOATHOCTHU MOXHO 3a1mcaTrb Kak

p(r): p(ri —T; ), W, CUMTAsl YacTUIBI CHEPUUYECKUMHU, TOJYyYHM (OMyCKas MaTeMaTHYeCKHe
BBIKJIQ/IKHN):
2 17 sin s7
I(s)=(N)|F 1-—|[|1-P drrid
(5) =M () Y1 [P e
rIe
4z sin @ pl\r V,
S=27Z'|q|= 1 ’P(F)Z v(lz)’vl=<]\(;>
Vo — oOmuii o0bemM pacceuBaromnieil cuctembl. [IpM MasbIX KOHIIEHTpAIUAX YaCTHIL

(60mbmOoM Vvp) 1 (s) - <N >‘F (s)‘2 . B aTOM ciyuae aHanm3 qaHHBIX MajioyrioBoro paccesaust PU

OCYUIECTBIIIETCS HauboJiee MPOCThIM CIIOCOOOM, YTO YKA3bIBAET HA KEJNATEIbHOCTh Pa30aBlieHUs
CHUCTEM HAHOYACTHUIL IIPU HCCIIE0BAaHUU pa3MepHbIX Xapakrepuctuk yactull. ['OCT 8.698-2010
OPUMEHUM TOJBKO K pa30aBlIeHHBIM CHUCTEMaM (CpelHee pPacCTOSHUE MEX]y 4YacTHUIAMU HE
Menee 10 cpeHuX JTMHEUHBIX Pa3MEpPOB).

Ecnu cuctema siBnsieTcst moinuaIucnepcHoi (T.e. B CUCTEMEe MPUCYTCTBYIOT YaCTHULIbI Pa3HOTO
pa3Mepa) ¢ pacrpeeneHueM 1o pasmepam D(R), TO yCpeAHEHHBI (QopM-paKkTOp CUCTEMBI

C(I)epnqecm/lx JaCTull MOXKHO 3aIlucaTh Kak:

[e]

(F*(s))=[(F} (s,R))m* (R) D(R)dR

0
371ECH <E)2 (S,R)> - HOPMHUPOBAHHBII (<E)2 (0,R)> =1) ycpennennsiii GopM-paKTop 4acTUIBI

paauyca R, m — (QyHKUus, CBA3bIBAIOILAs pasMep YacTUIl C IMOJHBIM CEYEHHUEM DPACCESTHUS
(paxTuvecku cBs3bIBacT R ¢ 00bEMOM YaCTHUIIBI).

[Ipu pabote ¢ peaqbHBIMH CHCTEMaMH BECbMa PEIKO YAAETCS PErHCTPUPOBATH PaccessHUE Ha
aHcamOssix dyactull B BakyyMe. OOBIYHO HAHOYACTHIIBI pACHpENEeNeHbl B HEKOTOPOU

JTUCIIEPCUOHHOM cpenie (HampuMmep, pacTBoputene). s Takux ciiydaeB y10OHO BBECTH MOHSATHE
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KOHTpacTa — pa3HOCTH DJICKTPOHHOH TUIOTHOCTH YAaCTHUIIBI U CPEAHEH AIIEKTPOHHOHN IUIOTHOCTH
pacTBOPUTEIS py:
g(r)=p(r)-p,

IIpu pabGote c ManoyriaoBeiM paccessHueM PU ynoOHO monarate, 4YTO OJHOPOJIHBIM
pPacTBOPUTEIIb (C XapaKTEPUCTUUECKUMU pa3MepaMu HEOJHOPOIHOCTEH MHOTO MEHBUIUMU, YEM
pa3Mepbl YacTHII) 3al0JHEH YacTHIIaMU C pacrpeesneHreM mioTHoct g(r). HemocpeactBenHo
U3 TaKOTO IMPENINOJIOKEHUS CIEIYET, UTO YeM OOJIbIIe Pa3HOCTh B CPEAHMX IJIOTHOCTSIX YaCTHUIL
U pacTBOPUTEJIS], TEM BbIIlIE MHTEHCUBHOCTH MOJIE3HOTO cUrHaia (00paTHOE TaKkXe BEPHO).

I[J'DI OonpeaAcICHUA TCOMCTPUYCCKUX ITapaMETpPOB YaCTull U3 AJAaHHBIX MaJIOyTJIOBOT'O
paccesHMs IOJE3HO PAacCMOTPETh HAYAIBHBIM YYacTOK KPUBOM paccesHus. VHTEHCUBHOCTB

PACCEAHHOr0 U3JIYyUCHHA Ha OTOM YYaCTKE MOXHO HpI/I6J'II/ISI/ITeJ'IBHO OIMPECACIINTDh KaK:

2R2
I(s)=1(0)exp —S3g

jp(r)rzdr
J.p(r)dr

3
panuyca R Rg2 :§R2). VYkazanaywo ¢opmyny HasbBaioT (opmyJoid I'mnbe (oHa ObLIa

rae R; = - paauyc MHEpLUMU YacTULbl (Halpumep, A OJHOPOAHOIO IIapa

BeiBesieHa emie B 1939 roxay). Ucnonesys dopmyny ['mHbe MOXXHO OBICTPO OIICHHUTH PaIUycC
MHEPIUHU YaCTHIBI He 00J1aasi HUKAaKUMH MHBIMU JTAHHBIMH O CTPOEHHMHM 4YacTuI] B cucteme. Ha
Puc. 5.2 noka3aHo comocraBieHue KPUBOM paccesiHUs OT chepruuecKoi YacTULBl ¢ MOJIEIbHOM

KpPUBOM, pacCUMTaHHOM 1o opmyie I'unbe.

I
—— 10 M
—— @opmyna ['unee
0 0.1 0.2 0.3 0.4 05 5 0.6

Puc. 5.2. PeasibHasi kpuBas paccesstHus yacTuneil paguyca 10 HM 4 mocTpoeHue no

dopmyse N'mnbe.
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MaxkcruMabHbIi pa3Mep 4acTULIbI [, MOYKHO OIIPEJEIUTD 110 cleaAytoleil popmyie:

t1(s)
l ‘!I(O)Sds
. =27T—°°I(s) :

'([I(O)S ds

JInsi monydeHHs KOPPEKTHBIX PpE3yJIbTaTOB IPU ONPEIEICHUM MAaKCUMaJIbHOIO pa3mepa

cieqyeT oOpaliaTh BHUMAaHUE HA MIPEeIbl U3MEPEHUI B CMBICIIE MAKCUMAIIbHOTO 3HA4YEHUs § (U,
CJIEJIOBATEJIbHO, MAaKCUMAaJbHOIO 3HadyeHus audpaknuonHoro yria). T.k. Benunumna [(0) B
OOBIYHBIX SKCIIEPUMEHTaX HE MOXXET ObITh HM3MepeHa (WIM He MOXXET ObITh HM3MepeHa ¢
JIOCTaTOYHOM CTENEHbI0 TOYHOCTH), TO pacyeT MaKCHUMAaJbHOIO pa3Mepa M pajuyca HHEpLHU
BBITIOJIHAIOT uTeparmoHHo (I'OCT 8.698-2010), 4to gaeT BO3MOXHOCTH MOJYYUTh MAaKCUMAIIBHO
TouyHyt0 annpokcumaruto /(0).

Onpenenenue pacnpefesieHus 0 pa3MepaM Ul TOJMIUCHEPCHBIX CHUCTEM 3a4acTylo
CTAaHOBUTCS BEChMa CIIO)KHOW 3amadell. B Hacrosimee Bpemsi pa3paboTaHO J1Ba OCHOBHBIX
noaxonaa kK ompeneneHuto (ysHkiuu D(R). IlepBbiii momxom TpeOyeT ompeneieHus BHIA
pacnipenieneHusi (JIOTHOpMallbHOE, MAaKCBEJJIOBCKOE M T.I.) M BapbUpPOBaHUS MapaMETpPOB
pacrpeneneHusi ¢ TeM, 4ToObl MUHUMU3UPOBATh OTKJIOHEHHE PacueTHON KPUBOMl paccesHus OT
SKCIepUMEHTATbHON. BTOpOoil moaxon TpedyeT mpenBapUTENbHOTO ONpeseseHust Buaa (Gopm-
(akTOpa YaCTHILIbI, YTO MO3BOJISIET HENOCPEACTBEHHO PACCUMTHIBATH (DYHKLUIO pacIlpe/esIeHus
U3 JIaHHBIX MaJIOYTJIOBOI'O paccesiHus (MMEHHO 3TOT noxaxof peanuzoBad B 'OCT 8.698-2010).
Tak, U1 OTHOPOIHBIX MIAPOB (YHKIMS PACIIPECIICHUS PACCUUTHIBACTCS KaK:

2 | 2sinsR ) 1
(sR)| SR 2(sR)’

D(R):%I[s“l(s)—lgg{s“l(s)ﬂ cos2sR|1-

Koncranra Const BbIOUpaeTCsl, UCXOS U3 YCIOBHUSI HOPMUPOBKH.
Crnenyer OTMETHTb, YTO Ha BUJ KPUBOW MaJIOYIJIOBOI'O PACCESHMs, TaKXkKe, KaK U Ha BHJ
TU(PPaKTOrpaMMBl Jis OONBIINX YIJIOB, BIMSIOT OCOOEHHOCTH MHCTPYMEHTA, T.€.
I, (s) = (K(S)*I(s))x A(S)XLPG
Jlnst 00paboOTKM AaHHBIX MaJOYTJIOBOTO paccestHus Haubosiee BaKHO YYeCTh MOTJIOLICHHE
PEHTTEHOBCKOTO M3JIy4YEHHUSI B 00paslie W KIOBETE, BKJIAJ MHCTPYMEHTANbHOW (ykHIMU K(s) B
oOmuii BHJ KpUBOH paccesHus (KOHEUHbIE TI'€OMETPHUYECKHE pa3Mepbl U PacxoJUMOCTh
NEPBUYHOTO ITy4Ka, CJIOKHBIA CIIEKTPaJIbHBIH COCTaB W3IY4YEHMs), paccesHUE Ha Marepuaie
KioBeTbl. OOBIYHO IS KOMIIEHCAMK BIUSHUS K(S) TPOBOIAT HpeABapUTEIbHYI0 00pabOTKY
AKCIIEPUMEHTAIBHO KPUBOH PACCESTHUS C IETIBIO ONPEISIITh HCTUHHYIO KPUBYIO paccesHus (T.e.

st ciydas  K(s)—>As)). Takas mnpormeaypa BBIIOTHSAETCS CHCIHAIBHBIM IPOTPAMMHBIM
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oOecrnieueHreM, BXOJSAUIMM B cocTaB qudpaktomerpa. Ouenky noriouienust PU cornacuo 'OCT
8.698-2010 ocyiiecTBASIOT MyTEM H3MEPEHUSI MHTEHCUBHOCTH Nyuyka PU mpu HyneBoM yrie
paccestHHsI 6€3 KIOBEThl (MHTEHCHBHOCThH MEPBUYHOTO IMy4Ka, Ip), ¢ KIOBETOM 0e3 obpasua, u ¢
KIoBeTOM ¢ oOpasnoM. OCHOBBIBAasCh Ha IOJYYEHHBIX 3HAYCHHUSX MEPEHOPMHUPYIOT
WHTCHCHBHOCTH PacCesHUS Ha KIOBETE C 00pa3IoM U KioBeTe 0e3 oOpasiia ClieyromumM o00pa3om:

I'(s) =1,, (s)x !

—Pr
L (0)

U onpenernsitor 3 PeKTUBHYIO KPUBYIO paccestHUs Ha oOpase:

]oﬁp (S) = ]1:6p+mosema (S) _I;:n)gema (S)

OueBHIHO, YTO MAJIOYTJIOBBIE U3MEPEHMSI IOJIKHBI POBOJUTHCSI B TEOMETPUU «HA IIPOCBETY.
Jlis MuHMMM3anuu nornomenus PY B Bozayxe B MaloyriaoBbIX AU(PPAKTOMETPAax MPUMEHSIOT
BaKyyMHUpPOBaHHbIE BOJHOBOJbI (BaKyMMHBIE KaMepbl Ha BTOPHUYHOM IIyuke). Bpicokue
MHTEHCUBHOCTH CHTHajla TpeOYyIOT NpPUMEHEHMs CIeIHabHBIX JETEeKTOPOB — s 3ajad
MaJIOYIJIOBOIO  pAacCcesiHus OOBIYHO MCIOJIB3YIOT Ta30HANOJHEHHBIE IPONOPIMOHAIBHBIE
CUETYMKH (TOUYEUYHBIE U KOOPAUHATHBIE).

B coBpeMeHHBIX MaJOYIJOBBIX JAU(PAKTOMETpax LIMPOKO HCHOJIB3YETCS  ONTHKA
napaiensHoro mydka. IlpumeHenue 3epkan ['ebenst mo3BoJisieT KOJUIMMHPOBATH MEPBUYHBIN

IIy4OK, U OJHOBPEMEHHO pEIIAeT 3aaa49y MoHOXpoMarusauuu PH.

5.2. PeHTreHoBckas pegieKToMeTpHus.

OcoOHSKOM OT METOJOB TPAJAULIMOHHOW PEHTICHOBCKOW AMQPPAKIMU CTOUT METO]
pPEHTTeHOBCKON  pedrekromeTpun. B  3ToM MeTome HET YCIOBUS —KPUCTALITMYHOCTH
HCCIIelyeMOro BelllecTBa (Kak, BIPOYEM, W B METOJE MAaJOyIJIOBOIO pacCesHus), MOITOMY
paboTta BO3MOXHO M C aMOpP(HBIMH MaTepHaniamMH. B KadecTBe OOBEKTOB HCCICAOBAHMS ISt
pedAeKTOMETPHUH MOAXOAAIIUMU SBISIFOTCS Pa3IUYHbIE TOHKHUE TUICHKU U TETEPOCTPYKTYPHL.

B pednexromMeTpuueckoM OKCIEPUMEHTE MPOU3BOIAT HM3MEPEHHE WHTECHCHUBHOCTH
PEHTICHOBCKOI'0 ITy4YKa, OTPAXCHHOI'0 OT 06pa3ua Ha MaJlbIX YyIrjax HaJCHUs (TI/IHI/ILIHI)IC
nuana3oH ckanupoBanus 0-5° mo 6). OTpakeHHEe OT MOBEPXHOCTH W TPaHUI] pasnena
IMPOUCXOOUT MU3-3a PA3HOCTHU B IJICKTPOHHBIX INNIOTHOCTAX COCCAHHUX CJIOCB, YTO COOTBCTCTBYCT
pa3HUIIe B MOKA3aTENSAX MpeoMIIeHUs cpea. [0 HEKOTOpOTro KPUTHYECKOTO yriia €, POUCXOIUT
MOJIHOE BHENIHEE OTPaKECHUE, 3aTEM MHTCHCUBHOCTh HAUWHAET PE3KO CHIKaThes (cMm. Puc. 5.3).
3HaHWE KPUTUYECKOTO yTia MO3BOJIAET OMpPENeNsITh IUIOTHOCTh IJICHKH, a XapakTep craja
MHTEHCUBHOCTH OIpEJeNIsAeT IIepOXOBAaTOCTh TpaHMIl pasaena. B ciydae, ecnu oOpasen
IpelcTaBiIsieT co0O0M IUIEHKY Ha IMOAJOXKKE WIM TeTepOCTPYKTYpy B 00JacTu moclie
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KPUTHUYECKOTO YIJIa HAOIIOMAI0TCS OCHMIUIALNNN H3-3a UHTEP(EpPEHIINN OTPaKCHHBIX JIyd4el OT
pasHbIX moBepxHocTed. Ilepumon Mexay OCHWIISLIUSMU TO3BOJISIET OINpPENEsATh TONIIUHY
IJIEHKUA WJIU TOJIIIUHBI COCTABISIOIIMX B FETEPOCTPYKType. OrpaHMuEeHUSIMU METO/1a SBIISIFOTCS
Majas LIEPOXOBAaTOCTh TpaHUI] pa3jena, TONIIMHA MOKPHITHM B auana3zoHe ~ [1 —200] nm,

pas3nuuus B 3JIEKTPOHHOU IJIOTHOCTHU ci1oeB He MeHee ~ 0.02%.

-
o

-

\

OtpaxeHue (Reflectivity)
o

0.01
0.001 \/\/\V—
0.0001 Vm@
R 0 0'.2 e:c 0:4 0..6 0.8

Yron napeHus (Incident Angle), rpaa. (deg.)
Puc. 5.3. Ilpumep pediiekrorpammaol.
HOKa)KeM, KakK CBA3aHbI INIOTHOCTH INNICHKHW C ITOKA3aTCJICM IMPCIIOMJICHUA W 3HAUCHUCM

kputndeckoro yria (Puc. 5.4).

e -
; E S ; E
2 g B
‘o o 2
- X
" ; ’
. ' ’
n L}
' [ ' 4
S ; ' ’
, ' ’
(] L '
[] 1 e
n : e \'1
X rpaHuua rpanua
; pasgena 0's pasdena
n
.
L]

Puc. 5.4. K BbIBO1Y B3aMMOCBSI3H IVIOTHOCTH M KPUTHYECKOI'0 YIJIa.
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JI0o KpUTHUYECKOTO yrIJia MPOUCXOIUT IMOJHOE OTPAKEHHE, MOCIe KPUTHUUECKOro yria — 4acTh
U3TTyYEHHUS] OTPa)XaeTcsl, 4acTh MPOXOIUT B I1yOb oOpa3ua. COOTHOIIEHHE yIJia MaJeHus U yria
pedpaxiuu onpenensercs 3akoHoM CHesa:

n, cos(6,) = n, cos(6,)
YcnoBue Ha KPUTHUECKHUU YToJl 3amuiieTcs B Buae: n; = 1 (Bo3myx, Bakyym), cos(é) = 1,
6, = 6.. Torna
A

n,=cos(6.)~1-
B nocnennem nepexoe UCIOIb30BAaHO yCIOBHE MAJIOCTH yria 6.

IToka3zarenn MMPCJIOMJICHUA B O6H.I€M ClIy4dac SABJIACTCA KOMIIJICKCHOM BEJIMYHHOM:

2
A
7

n=1-o6+if=1-

n(:’

r7le n — TOKa3aTenb MpeloMIIeHHus, O - paccenBanue, ff — abcopOums, A — AJIMHA BOJIHBI
U3JTy4YEHUs, Fo — OOPOBCKUI PAIINYC, He — SJICKTPOHHAS TNIOTHOCTb.
N,

1 P

ne=fon, =(Z+fHif")n, =(Z+f+f")

rae f — aTOMHBIN (akTop paccesiHus, f — COCTABJISIONIAsl, OTBEYANOIas 3a paccesHue, [ —
COCTABJISAIONIAs, OTBEYAIONIas 3a TOTJIOUICHNE, M, — KOHIICHTPAlUs aTOMOB, Z — KOJHYECTBO
3JIEKTPOHOB atoma, IV, — 4rciio ABoraipo, A — aToMHasi Macca, p — III0THOCTb.

CormocTaBnsisi IPUBECHHBIC BBINIC YPAaBHEHHS, MTOJydyacM B3aUMOCBSI3b JIEHCTBUTEIBHON 1

MHHUMOM YaCTH ITOKa3aTeis MMpEJIOMJICHUSA C TNIOTHOCTHIO BCIICCTBA.

rA> N
Oo=""——9Z+f
2”A( fp
AN,
B 2ﬂAfp

B BbIpaxxeHUs TaK)Ke BXOJAT BEIMYUHBI AaTOMHBIX (POPM-(haKTOPOB, TO €CTh HEOOXOIUMO 3HAHUE
DJIEMEHTHOT'O COCTaBa.

Branum ot xpas moryomeHust MO>XHO NpuHATH f= 0, Toraa

3Hasi 3JEMEHTHBIN COCTaB IUICHKHU, PACCUUTHIBAEM €€ IUIOTHOCTb [0 COOTHOILEHHUIO L ~ 9C2.
Crour OTMCTUTDB, UTO SJIIEMEHTHBIM COCTaB IUICHKU U €€ NMOBCPXHOCTHYIO INIOTHOCTH MOXKHO
OIpEeAEIUTh METOJOM PEHTTEHO(IIyOPECIIECHTHON CIIEKTPOCKOIHH.

PaccMoTpuM Temephr BO3HUKHOBEHHME OCHWUISIIMA HAa KPUBBIX PEHTTEHOBCKOMU

peCI)J'IeKTOMeTpI/II/I (TaKI/Ie OCIUIIIIAINKY Ha3bIBAIOT CIIC OCHUIIIAIMUAMHA Knccnra). HCHOJ’IB?»YH
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noctpoenue (cm. Puc. 5.5), ananoruunoe ToMy, KOTOpoe UCIOIb30BaIM B Jlekuuu 1 npu BbiBOzIE
ypaBHenus bparra-Bynbeda, HanuiieM ycnoBue MakcuMyMa Ha UHTep(GEpPEHIIMOHHON KapTHHE:

2dsin@ =mA
VYl Ou 6, cBa3anbl 3akoHoM CHela:

n, cos(@) =n, cos(8,)

[ToxcraBnsis BeIpakeHUE I MOKazarens npenomiienus u3 (9.2) B ypaBHenue (9.8) u ucnonssys
MaJIOCTh YTJIOB 6, 6, 6., molydaem

0’ =0.-06’
[Moxcrapnsis Teneps (9.9) B (9.7) monrydyaeM ycloBrue BOSHUKHOBEHHSI MAKCUMYMa MOPSIKA M

212
e,i:”;d;i +0’

Eciut Gy ¥ Bynt1 — YTIIBI, COOTBETCTBYIOIIUE JIBYM COCETHUM MaKCUMyMaw,

) 1 A1

262, -6 -\ -6 "26,,-9,

TakuMm 00pa3zoM, u3Mepsisi pa3HULly MOJIOKEHUH MaKCUMYMOB (IIEpUOJ OCLUJUIALINN), BOZMOXKHO

MPAMOC ONPECACICHUEC TOJIIMIWHBI IIJICHKH.

HoOpManb

Pa3HOCTb Xo4a

Puc. 5.5. Bo3HUKHOBeHHEe MAKCMMYMOB Ha KpHBBbIX peduexkromerpuu (d — ToNIIMHA
IUVICHKH, A— JUIMHA BOJHBI M3IY4YEeHUs, m — TOpsANOK uHTepdepeHuun, 6@ — yrox

pacrpocTpaHeHHsI U3TyYSHHS B TUICHKE, Gy — YTOJI TaJICHHS U3TTyYCHHS).
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Hecnoxuo BUJACTH, UYTO BBIIICHPUBCACHHLIC PACCYXKACHUA MNPOBCACHBI I HACAIIBHOTO
ciaydas OECKOHEYHO MallbIX TI0 TPOTSHKEHHOCTH TpaHull pasnena (a3 (pacmpeneneHue
ANEKTPOHHOU TJIOTHOCTH BIOJh HOPMaiM K TMOBEPXHOCTH TUIEHKH HMEET «CTYMEHbKH»). B
pPEANBbHBIX CHCTEMaX 3a CUeT pellaKCalliy IMOJIOKKH/TNIEHKH | IIEPOX0BATOCTH 00pa3iia OCTphIe

MaKCHUMYMBbI JOITOJHUTCIBHO pa3Ma3biBatOTCA:

2

+00 ) ap
R :R 15z
()= R, (5)| | ¢ Laz

o
311ech z — KOOpAUHATA 10 HOPMAJIH K IUIOCKOCTH TUICHKH.

B paccmotpennom cityuae mHTepdepeHnnu mydkoB PU, oTpaskeHHBIX OT pa3HBIX TPAHMIL
pa3zena B CUCTEME «IUICHKA-TOAJIOKKay MPEIOIaraloch HAIMYUE e€IMHCTBEHHOW TOMOI€HHOM
wieHkd. [lpu  otpaxkenun PU  oT reTepocTpykTyp KapTHHA paccesiHUs 3HAYUTENIbHO
YCIIOXKHSIETCS 33 CUET OMUCAHHBIX HUXKeE 3((HEKTOB.

Bo3moxxna wuHTepdeperuus mydkoB PU, oTpakeHHBIX OT HECKONBKHX (>2) TpaHHIl
pasgena. OTO COOTBETCTBYET HAIUYMIO Ha peduIeKTOrpaMMe CYNEpHO3MLUU OCLMUIALUN C
pasHOM 4YacTOTOW MHUHMMYMOB/MAakCUMyMOB (T.K. pasnuuaiorcss d). OTHOCUTeNnbHas
WHTCHCHUBHOCTh OCIHWUISAIIMHA pa3HOM 4YacTOThI 3aBHCUT OT XapaKTepuCTHK (koddduieHT
IPEJIOMIICHUS, TOJIIIMHA, IIEPOXOBATOCTD) OTACIBHBIX CIIOEB TETEPOCTPYKTYPHI U TTOITIOKKH.

B ToM ciywae, ecim CIOM TeTEPOCTPYKTYpbl OOpa3ylOT CBEpPXPEIIETKY, TO KpOMe
npoleccoB npenomieHus/orpaxenus PY Oynyt nHabmogatbes u npoueccsl audpaxuauu PU Ha
cBepxpemierke. Torma B o01actu Mansix yrioB paccesiHust P OynyT HabmogaTbess HE TOJIBKO
OCHWJUISINH, CBS3aHHBIE ¢ MHTEp(epeHnreil oTpakeHHbIX my4YkoB PU, HO U qudpakinoHHbIe
(0OBIYHO WX HA3bIBAIOT OPITTOBCKMMH) MakKCHUMyMbl. OOIas KapTHHA pacCesHUus, OISTh Ke,
OyZeT sBIAThCSA cylnepno3uuueil ocunusanuil (0OBIMHO HECKOJIBKMX YacTOT) M OperroBCKUX
MakCUMYMOB. CTOUT OTMETUTH, YTO M3-32 3HAUUTEILHOTO BKJIaJa TMHAMUYECKUX YPPEKTOB MpH
paccessHUM Ha CBEpXpeIIeTKaX OOBIYHO HAONIOMACTCS IENBbId P MaKCUMyMOB UISL Pa3sHBIX
3HA4YEeHUH NOpPsI/IKa MAaKCUMyMa 71 M 3HAYE€HUI eIMHCTBEHHOro Hekca Mumepa / (dpaktudecku
(00/), B mpeamnonoKeHuu COBHAIEHHUs Ocel ¢ U c¢* ¢ HOpMasblo K MOBEPXHOCTU IUIEHKH). U3

ITOJIOKCHUA 6perr013c1<1/1x MAaKCUMYMOB MOKHO OIIPCACIINTD ICPUOJ CBCPXPCUICTKU dS[I

2d,;sin0 =ni < Z%Sinﬁ =1

SIZEM(—)ZEM nol
nA
d,=2n LN
s S
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I'OCT 8.698-2010 mpemnaraeT HECKOIBKO O0Jiee CIOXKHBIN, HO 00Jiee KOPPEKTHBIA METO.
pacdera mepuoOAa CBEPXpEIIETKH (Teproja MOBTOPSIEMOCTH), B KOTOPOM KadeCTBE BECOBOM
(GYHKIMH HCHOJB3YETCS AMCIEPCUsl YIJIOBOIO TIOJIOKEHUS MakCuMyMa (OoIpelesieHHas B

MOCICA0BATCIBHBIX I/I3MepeHI/ISIX)I
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IIpu stom B 'OCT 8.698-2010 mpeamnonaraercsi, YTo0 OCHOBHOM BKJaJ B OCHWJUIALIMU
Kuccura BHOCHT uHTEepdepeHIms myuykoB PU, oTpakeHHBIX OT BEpXHEH W HIDKHEW TpaHMIl
IJICHKU. B cBeTe 3TOro mpeanoyIoKEHUs MEepUoj OCHWIISAINANA CBSI3aH C OOmeld TONIUHON
IUIEHKH, YTO TO3BOJISIET ONPEIEIUTh HA OCHOBE OJHOTO MU3MEPEHHUS U NEPUOJ CBEPXPELIETKH, U
TOJILIMHY IJIEHKU HA MOJJIOKKE.

[Ipu npoBeaeHUH U3MEPEHUN METOIOM PEHTICHOBCKOW pe(IeKTOMETPUH CTOUT oOpallaTh
BHUMaHME Ha IOCTUPOBKY mnpubopa. Tak, 1 mosydeHUs] KaueCTBEHHBIX peQUIEKTOrpaMM
IOBEPXHOCTh 00pa3la J0KHA COBMAJATh C IUNIOCKOCTBIO, JeIAIIeH MepBUUHBIA PEHTT€HOBCKUN
my4oK rorosiaM. OOBIYHO TOHKYIO FOCTUPOBKY NMPOBOJASAT CIEAYIOUIMM 00pa3oM:

N3MepstoT MHTEHCUBHOCTh IEPBUYHOTO MyYKa MpU OTCYTCTBHH 00pa3lia.

VYcranaBnuBaroT o0pasel ¥ U3MEPSIOT MHTEHCUBHOCTD IIPU HYJIEBOM YTIJIE PACCESIHMUS.

Casurator oOpaser] TakuM 00pa3oM, 4TOObl perucTpupyemMasi HHTEHCUBHOCTh Oblila POBHO
B JIBa pa3a MEHbIIE MHTEHCUBHOCTH IIEPBUYHOIO IIyUKa.

W3mepenust pediaexTorpaMM TMPOBOAST B PEKAME CHMMETPUYHOTO CKAaHWPOBAaHUS (B
OTIIMYME OT MeToJa MAaJoyrJIoBOro paccesHus). Becbma 3Gh(EeKTUBHBIM  sIBISETCS

HCIIOJIb30BAHHUC 3CPKaAJI FeGeJ’I}I, IMMPUYICM KaK Ha IICPBUYIHOM, TdK U HA BTOPUYIHOM ITyYKaX.
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5.3. KouTpoJbHblie Bonmpockl k Jlekuuu 5.

l.

YeM omIMyarOTCd METOABI MAaJIOYIVIOBOIO pAcCEesHUA OT METOJOB OIpPEeJICHUs
IapaMeTPOB MUKPOCTPYKTYpHI?

VYkaxute OCHOBHbIE, Ha Balll B3I, OTIAMUUS (GopMallu3Ma MaJIOyIJIOBOIO PAacCesiHUS OT
dopmanu3mMa peHTTeHOBCKOM TU(paKkuy Ha KprcTaiax?

Kaxoii mapametp MoxHO onpeenuts 1o popmyne ['unne?

Uro takoe kputnueckuit yron? Kakyio nH(popMaIuio o mieHKe 0 I03BOJISIET U3BJICUb?
KakuM 00pa3om U3 JaHHBIX PEHTTEHOBCKOH pPE(IEKTOMETPUU BO3MOKHO PaCCUUTATh
TOJILIVHY IUIEHKH?

Kak paccunrars nepuos noBTopsseMoCcTH (IEPUOJ CBEPXPELIETKH)?

[Touemy ocummisiinu Kuccura MOTyT UMETh CIOKHYIO CTPYKTYPY?
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Ipunoxenue 1. IlepBuunas oOpadorka audppaxrorpamm. IlpodunbHbIN

aHaJINn3.

I1.1.1 ITonsiTHe 0 Mpo(puILHOM aHAIHU3E.

[Tomydaemble Ha MOPOIIKOBOM JH(paKTOMETpe OKCIEPUMEHTAIbHBIE JaHHBIC —
TU(PPaKTOrpaMMBbl — /17151 OOJIBIIMHCTBA SKCIIEPUMEHTANBHBIX 3a/1ad (/260 u - 6 ckaHupoBaHue,
26 cxaHWpOBaHHWE NPU HCCICIOBAHMM TOHKMX IUIEHOK B PEXKHUME CKOJB3AIIErO ITyYKa)
(hEeHOMEHOIOTHYECKH NPE/ICTABISIOT coboit MaccuB u3 TBYX CTOJIOLIOB
(26, I'} v (ancrno ctpok N B MaccuBe cc HHACKCOM k = 0 — N ONpeeaeTcs 3aJaHHbBIM YIIOBBIM
JIMAria30HOM W BEJMYMHOW Iara CKaHupoBaHus). B 3aBucumoctu [(26) nmsa ompeneneHHBIX
BEJIMYNH 26 TPUCYTCTBYIOT OCTPbIE MaKCHUMYMBI (T.H. AU(PAKINOHHBIC OTPAXKCHUS, WIH

pednexkcsl — Puc. I1.1.1).
2400

2000 l
1600 ‘
1200

800

WHTEeHCUBHOCTL, MMN/cek

400 | | '. "

R | I\ ;o Y \ ik [\
OLN- B e e i S NPV, e U, ¥ Y DS U i ¥ Sy

20.0 24.0 28.0 32.0 36.0 40.0 44.0 48.0 20

Puc. I1.1.1 Tunu4HbIi BUA JM(PPaKTOrPaMMBI.
®opMupoBaHUE TAaKUX MAKCHUMYMOB C TOYKH 3PEHHUS KMHEMATHYECKON TEOPHH PEHTI€HOBCKOU
mudpakuuu  O6but0  paccmorpeHo B Jlekmmm Nel. TouyHoe ompeneneHue TMOJMOXKEHHUS H
WHTCHCHUBHOCTH JHU(DPAKIMOHHBIX MAaKCHMYMOB OOBIYHO BBITIOJHSCTCS Ha TIEPBBIX JTamax
00paboTKu TU(paKTOrpaMMbl H HEOOXOAMMO KaK JJisi KaueCTBEHHOTO ()a30BOr0 aHaln3a, Tak U
JUISL pacdeTa KpHUcTauiorpadUyecKux MnapamMeTpoB MHIWBUIAYAITBHBIX COCAMHEHMH (YTOUYHEHUS
napaMeTpoB DJIEMEHTApHOM syeiliku). OTa 3ajadya YCJIOXKHSETCS, C OJIHOM CTOpPOHBI,
HEOOXOIMMOCTBIO OTPEACTATh HHTETPAIbHBIC BETMUNHBI IS KaXKJ0T0 MaKCUMyMa (TIOJIOKESHHE

pedekca i ecTb KoopauHATa 2 6; ero IEHTPA TIKESCTH:
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20,

max

j 1(20)x20xd(20)
20 = 20min

i 26,

max

j 1(20)xd(20)

20,

min

UHTEHCUBHOCTh peduiekca — IUIOM@Ab MOJ peduiekcoM), a ¢ Jpyrod — BO3MOXKHBIMU
HAJIOKEHUSIMH peIIeKCOB Ha Au(pakTorpaMMe M JUCKPETHBIM XapakTepoM CheMkH. Jliis
MIOBBIIIEHHUS] TOYHOCTH ONpEENICHHSI OCHOBHBIX MapaMeTPOB PeQIIEKCOB OOBIYHO HCHOJIB3YIOT
MaTeMaTHYeCKyl Tpouenypy — T.H. mnpodwmibHbld aHamu3 (Profile Fitting anrmmiickom
Bapuante). [Ipoumenypa  mpoduiabHOro  aHamuM3a  OCHOBaHa  HAa  MOJCIUPOBAHUU
HKCHEPUMEHTAIBHON AU(paKTOrpaMMbl CYMMOM anmpoOKCUMHUPYIOIUX (QyHKUuH ans (oHa
(B(26)) m otrnenbHBIX TUGPAKIUOHHBIX MakcUMyMoB (P(26, I, H;, 26), i — HEKOTOpBIH
HOPSIIKOBBIM HOMEp peduiekca Ha Au(paKkTorpaMme):

Ithear (29) = B(28)+ z E (291"11"[_]1"28) <« Iexp (29)

OueBUIHO, YTO Ul BBINOJHEHUS MOJOOHON onepalnuu HE0OXOAMMO BbIOPATh THUN yKa3aHHbIX
(GyHKUMH U yClIOBHE MHUHMMYMa B BapHallMOHHOH 3aiade. TakuM yCIOBHEM OOBIYHO SIBIISETCS

MUHUMMU3aAUsA (bYHKI_[I/IOHaJIa OTKJIOHCHUA:
k=N
: _ k k
min@ = Z W (Iexp - [theor )2
k=1

Jlerko BUAETH, YTO yKa3aHHBIH (DYHKIIMOHAJ SBISETCS KBaIpaTOM HOPMBI OTKJIOHEHHS
SKCTIIEPUMEHTAIBHOW  JTu(dpakTorpaMmMbl  OT paccuuTaHHod (kK — HoOMep TOYKM Ha
9KCIEPUMEHTAIBHON AM(paKkTOrpaMMe) ¢ HEKOTOPBIM CTaTUCTUYECKMM BECOM wy. B kauecTBe

. 1
BECOBOK (DyHKIMM OOBIMHO HCMONB3YIOT (QYHKUMIO W, =—-, T[A€ O, — CTaHJApPTHOE
Oy
OTKJIOHEHWE Ui HM3MEPEHHOH WHTCHCHBHOCTH B TO4yke k. T.K. IS paccMaTpuBacMbIX

1 1
SKCHEPUMCHTAJIIbHBIX BCJIMYMH MOXHO IIPUHATD O, ———, TO W, = < B pAaC IPOrpaMMHBIX
k

exp exp

IIAKETOB B XOJ€ NPOQHIBHOIO aHajIM3a MOXHO BBIOMpaTh eIUHUYHYIO (w, =1) BecoByIO
1 .

(yHkmMIO MM GyHKIMIO W, =—; NIEPBbI BADHAHT MOXET UCIIONB30BATHCS TOT/IA, KOTIAa HAM
O

HEOOXOIMMO IIOBBICUTH OTHOCHUTENBHBIM BKJIAJ TOYEK C BBICOKOM WHTEHCUBHOCTBIO B

GYyHKIIMOHAT OTKIIOHEHHUS.
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I1.1.2. O0mmii Bug tuppaxkuuonHoro makcumyma. Illpopunbnas pynkuus. @yHkouu
(pona.

OO6umwmit Bux nudpakumoHHOro MakcuMyma mnokaszaH Ha Puc. I1.1.2. Cpenu napamerpos
peduiekca BBIACISIOT CIEAYIONIHE:

1) AOGcontoTHast MHTEHCUBHOCTB /5.

2) MWHrerpanbHast HHTEHCUBHOCTb /.

3) Tlonoxenue peduiekca (TOTOKEHHUE €T0 IICHTPA THKECTH) 2 6.

4) Illupuna Ha momoBuHe adcomoTHOM BhIcOTH (Full Width on Half Maximum, FWHM),

Ha3bIBaeMas 3adacTyro noiaymmpusoil (Halfwidth, H).
5) ®oHoBas KpuBas, KOTOpasi He OTHOCUTCS COOCTBEHHO K pediekcy, HO JOJKHA OBITh

YUTCHA IIPU BBIYMCIICHUH BCEX OCHOBHBIX IMMapaMETPOB.

35 7

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

30

[
(2]
L

(%)
=]
L
P~

I, umn./cex
@
H

-
=]
L

bs

0 T . - j ‘ : . .
267 26.8 26.9 §29 27.1 72 5o 213

Puc. I1.1.2 O6muii Bua 1upakiiuoOHHOr0 MAKCMMYyMa.

Teopetnuecku ¢opma pedrekca (a, TouHee, Mpenea MOCIeAOBaTEILHOCTEH TOYEK Ha
TU(GPAKTOrPaMME TPH IIare ChbeMKH, CTPEMSIIEMCS K HYJTI0) MOXKET OBITh OIMHMCaHa CTPOTO — KaK
CyMMa CBEPTKH TpPEX OCHOBHBIX (YHKIUH: WHCTPYMEHTAIBHOW, CIEKTPAIbHOW, W (YyHKIUS
obpasna) u pynkuuu Gona. OTHaKO, HECMOTPS HA MPAKTHYECKYI0 BO3MOXKHOCTh (hopMaTH3aIuu
BCEX YEThIpeX M3 YyKa3aHHbIX (yHKUIUNA, HA TPAKTHKE OOBIYHO TMOJB3YIOTCS aMMpOKCHMa-
IIUOHHBIMH ()YHKITHSIMH.

B kadecTBe  ammpoOKCUMAIMOHHBIX  (YHKIWH, OIMCHIBAIONIMX  JTU(PAKIIMOHHBIC

MaKCUMyMbI, OOBIYHO NPUMEHSIOT (YHKIUH, TeM WIM HHBIM 00pa3oM CXOAHBIE C JByMS

Co

NrH

6azoBbiMu: ¢yHkuuer [aycca G(x) = exp(— Cze),CG =4In2 u ¢yukuueit Jlopenua

1/2 -
L(x)= ;_[ (1+CLx2)1,CL=4 (Puc. I1.1.3). B kauecTBe NEpEeMEHHOH X paccMaTpUBaCTCS
Yy
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2020,
OTKJIOHCHHE OT HOPMHUPOBAHHOE OTKJIIOHEHHE OT MAaKCHUMyMa: X = T’ Crnenyer oT™METHTS,
i
YTO NMpo(uiIbHbIe (QYHKIMK B yKa3aHHOM BHJIE€ HOPMHUPOBAaHBI HAa 1 — B TaKOM NPUOIMKEHUH
Bapbupyemble Kod(h(duimeHTsl mnepen npodwibHEIMA  QyHKOusMH B (3.3) coBmamaroT ¢

MHTETPAIIbHBIMH MWHTEHCUBHOCTSAMHU pe(dIIeKCoB, HAMpUMeEp annpoKCUMUpPYOmas QYHKIMS AJis

peduiekca i OyIeT 3aIUCHIBATLCS KaK 3(29, 1., H, ,219) = [l.P(ZQ., Hl.,29).

10 q

H=H, ®yHkuma MNaycca

; /
81 lr‘m(l‘)=lin,'(G)

®yHkuma JNlopeHua

I, umI1./cex

26.7 26.8 26.9 29 271 27.2 29 27.3

Puc. I1.1.3. ba3oBble npoduiabubie pyHKIMN.
T.x. peanpHas ¢opma pedraekcoB MOXKET OTauYaTthbes OT (Gopmbl  0a30BBIX
(GYHKUMH (ABISATBCS HEKOTOPOH TNPOMEXYTOYHOH (yHKIMEH), TO B pealbHBIX 3ajadyax
npoduabHOTO aHaIM3a UCTIONB3YIOT mbo byHKIHIO nicesn10-Boiita

P V(x) =nG(x)+ (1 - 77)L(x), n=0-1 (Puc.Il.1.4, cneBa), mubo ¢ynkuuio Ilupcona

rp) ¢y 3 1
PVII(x) = r(ﬂ(—ﬂ1)/2) T (1+Cox?)”,C, =427 1) f=1-0 (Puc.3.5, cupasa). O6e

GyHKIMM B TIPEACNIBHBIX CIydasx coBmafaroT ((GyHKuIus mceBno-BoiiTa) umm cTpeMsTcs K

6a3oBeIM (PVII(x) = L(x) npu f=1u PVII(x) > G(X) ipu ff — ).
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- 6 91

i

6w

PV(x), n = 0.5 PVii(x), p =2
L(x)

I, nmn./cex
I, umL./cex

26.7 26.8 26.9 26 271 27.2 26 27.3 26.7 26.8 26.9 29 2741 27.2 26 27.3

i

Puc. I1.1.4. ®yuxkuus ncesno-BoiiTa (cieBa) u Ilupcona (cnpasa).

CrnemyeT OTMETHTh, YTO JJisi TayCCOBCKHH BKJIaa B NpoduibHY (GyHKIHIO peduiekca
OOBIYHO CBSI3BIBAIOT C T.H. «HMHCTPYMEHTAIBHBIM» BKIAJAOM (Cp. CO CBEpPTKOW OCHOBHBIX
GyHKIMA), a JOPEHIEeBCKUHA — C BKJIaAoM oOpasma. s coBpeMeHHBIX ITU(PPAKITMOHHBIX
UHCTPYMEHTOB, T.0., NpoduinbHbie (YHKIUU OOBIYHO ONM3KUM K JIOpEHIEeBCKMM — BKJIal
MHCTPYMEHTa MaJl [0 CPAaBHEHUIO C BKJIAJOM 00pasa.

O4eBHIHO, YTO BapbUPYEMBIMH NIEPEMEHHBIMH I MPOPWIBHBIX (QYHKIUH KAMXKAOT0 U3
peduiekcoB OynyT SBISTBCS MHTEHCHUBHOCTH /;, momymupuHa H;, monoxenue 2 6. IlapameTpsr
dopmbl npodmnbHON GyHKIMK (77 UIA GYHKUMU TiceBHo-Bolita, £ mis ¢ynkumu [lupcona)
MOTYT YTOYHSATHCS KaK OIHOBPEMEHHO Ui BCEero Habopa peduieKcoB (WM WX OTAEITBHBIX
TpymI), TaKk W Ui WHIUBUIYATbHBIX MakKCUMyMOB. [Ipu yTouHeHHH IUpaKTOrpamMm
01HO(ha3HBIX 00pa3loB KOPPEKTHO BBOAUTH (DYHKITMOHAIBHYIO 3aBUCUMOCTS s H;: H=H(26);
9TO TO3BOJISIET COKPATUThH YHCIIO BapbHPyEMBIX MEPEMEHHBIX. B KauecTBe Takol 3aBUCUMOCTHU

MOXKET OBITh HCIIOJIb30BaHa, HAIPpUMEP, 3aBUCUMOCTDb KanporTu:

H=\/W+Vtan6’+Utan26’

B osToM ciygae 49mMcIO BapbHpPYeMBIX IEPEMEHHBIX COKpamiaeTcs A0 Tpex (a i
TU(QpPaKTOrpaMM IUIOXOTO KadecTBa — M JI0 MEHBIIUX BEJIMYUH 3a CYET YTOYHEHHS TOJIBKO
MOCTOSIHHOTO W JIMHEWHOTO YIJIOBOTO BKJIAJa B MOJYIIUPUHY). BO3MOXHOCTH 3amaHus
(GYHKIIMOHATBLHOM CBSI3M 17151 H; IPEI0CTaBIAIOT HE BCE IPOTPAMMHBIC ITAKEThI!

Bce onmucanHble BbIlIe MpOQHIbHBIE QYHKIMN SBISIOTCS CUMMETPUYHBIMU OTHOCHTEIBEHO
268. IlockonbKy peabHble MAaKCUMYMBbI (0COOEHHO Ha MajblX yriax, 260< 15— 25 °) obnagaror
BelpakeHHOU acummerpuei (Puc.I1.1.5), B yTouHeHume MO0 BBOJAT JOMOJHUTEIBHBIN
napamMeTp acUMMeTpuu o ((haKTUYEeCKH JOMHOXasi CHMMETPUYHYIO TPOPHIbHYI0 (DYHKIHIO Ha

X X|x
aCUMMETpU3YIOIIMM  MHOXUTENIb: P = Px 1—0{—|‘9| ), 7100 YTOYHSASA OTIEJIBHO
) tan



HOJYIIHPHUHEI (M, BO3MOXHO, TapaMeTpbl (POPMBI) IJIsl IPABOM M JIEBOW yacTeld MakCUMyma —
WCIIOJIB3YIO T.H. pazaeneHnbie (Split) pyHKIMN.

10 1

Split-PVii(x)

PVIi(x)

51 H leftr B left H right Bn‘gh/

I, ymIr./cex

0 T T ‘ T T \
26.7 26.8 26.9 29 271 27.2 29 27.3

Puc. I1.1.5. AcummeTpus peduiekca.

[Ipu pabore ¢ mnonmxpomarndeckuM wusnydeHueM (Hampumep, Koai/Ko, nybmer) B
YTOYHEHHWE  aBTOMATHYECKH  BBOAATCS  JONOJHHUTENbHbIE  (DYHKIMH,  ONHCHIBAIOIIHE
nonoHuTebHbIe MakcumMymbl (Puc. I1.1.6). Tlpu sToM nns wHIMBHAyadbHOTO pediekca
napameTpsl npoduabHbIX (QyHKIMK (momymmpuHa, dopma) mis Ko, m Ko, coBmamaror ¢
BBICOKOW TOYHOCTHIO M B YTOUHEHUH MPUPABHUBAIOTCS NPYT K APYTY, AUPPaKIHOHHBIC YTIbI

CBA3aHbI MpOCTbIM COOTHOIICHHUEM - HaIrpumep, JJIA MCIHOTO aHoza,

sy _ 4 _1.5406 =0.9976, a UHTEHCUBHOCTb MakcUMyMa Ko, paBHa MPUMEPHO MOJIOBHUHE

sin@,, A, 1.5443

uHTeHcuBHOCTH Makcumyma Koy (0.498 nns Cu—wusnydenus). CTOUT OTMETUTb, 4TO
noJjoXeHueM peduiekca cuntaercs BennyuHa 26 st nznydenus Koy, Bo3MoxHOCTs paboThl ¢
JyOXPOMAaTHYECKUM HM3JIYyYCHHEM CYIIECTBYET B TOAABISIONIEM OOJIBIIMHCTBE MPOrPAMMHBIX

MaKeTOB JJIsl NPOGUIHHOTO aHAIN3A.
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9 Hl\'u[= H.fwg
8 BI\<:;= Bl\\:g(PVII)
74 nA'up= rll\u:g(P[/)

______

I, umn./cex
o

26.7 26.8 26.9 ! : 27.2

B T, 20
Puc. I1.1.6. ®opma peduiekca st AyOXPOMATHYECKOT0 U3TyYCHHS.

Jns onucanus ¢oHa OOBIYHO HCIONB3YIOT MOJUHOMHUANBHYIO (yHKIHIO 6 (M tan6)
3amanHoro nopsiaka (-1 — 15). B 3aBUCHMOCTH OT THIA MPOrPaMMHOTO MaKETa TIOJTUHOM MOKET
SBIATbCS MOJMHOMOM YeOblmeBa, oObIUHOW cTeneHHOM (yHkuuedl u T1.. Bappupyembimu
NEPEMEHHBIMH SIBIISIIOTCS KO3(pPULIMEHTH MOJIMHOMA. B HEKOTOPBIX MPOrpaMMHBIX IaKeTax
(mamp., WinXRD) ¢ysukuus ¢oHa He yTOuHseTCS — (OH BBIYMTAETCS BPYUHYIO HEpeN

MIPOBEICHUEM MPOPUIBHOTO aHAN3A.

I1.1.3. Heqmmneitnbiii MHK. Pe3ynbraTrhl npopuiabHoro ananusa. Kpurepun kadecrsa.
T.x. BapuanmonHas 3aada (1 ee 3amuch B JUCKPETHOH (opMe) SBISICTCS HEITMHEHHOM:
1 gl
I (B,1,H,20,.)=1,,
2 72
I° (B,1,H,20,.)=1I,
N __IN
I" (B,1,H,20,.)=1,,
TO ONTUMM3ALMIO OOBIYHO TPOBOAAT MeToAoM HeiauHeiHoro MHK, Bkirouaromiero

JMHEapU3alnIo 3a/1a4M pasiiokeHueM psan Teitnopa 10 nepBoro nopsaka:

o () . ol (k) L p
cale AB+——— Al +...=1] _‘[calc(B"li"")
OB ok ’

ol* (B or* (k
L )AB+L()AIi+._,:1§X —12,.(B,1,,.)
OB ok ’

or" (B or" (k
cn[c( )AB_’_L()AII-F”_:];\: _IL{ZZC(B’Ii’.")
OB ok ’

u pemeHne 3anaun JuHeiiHoro MHK ¢ mpoBeneHnem psiia mocienoBaresbHbIX urepaui. T.K.
JIMaroHaju3upyemMas MaTpuila HMeeT pa3MepHocTb M x M, rane M — 4YuCiIO yTOYHSEMBIX
MEPEeMEHHBIX, TO NPOQWIbHBIA aHadu3 SBISETCS TPeOOBATENBHBIM K BBIYUCIUTEIHHBIM

pecypcam mporeccoM. C Ipyroil CTOPOHBI, CXOIUMOCTh HTEPAIIMOHHOTO IMpOIiecca HapyUIaloT
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BO3HUKAIOIIKME KOPPEJSLMU — MOSIBICHUE JTMHEWHON 3aBUCUMOCTH MEX]y CTOJIOLAMHU MATPUILIbI
K03()(pULIMEHTOB B JIEBOI YaCTHU ypaBHEHUA. B CBSA3U € 3TUM JUIsl CIOXKHBIX CIIydaeB HEOOXOIUMO
[I0CJIe/I0BATEIbHO YBEINYMBATh BapUALMOHHOE MPOCTPAHCTBO — paboTasi ¢ MaIbIMHM y4acCTKaMH
mudpakTorpaMMBl U T.II1. B psae mporpaMMHBIX TakeToB KpoMme MeToa HenuHeriHoro MHK s
peuieHusl BapualMOHHOM 3aJa4d MCHOJB3YHOTCS APYTME€ METOJbl HEIIMHEWHOW ONTHUMHU3ALUHU

(Hampumep, METO MAaKCUMAJILHOM YHTPOIIUH ).

[
5000 \
4000 _ l
3000
2000 _

1000

o M =7 |

29.000 30.000 31.000 32.000 33;000 34.000

Puc. I1.1.7. Pe3yabTat npopuibHOI0 aHAJIU3A.

s oueHKH KauyecTBa pELICHUS BapUallMOHHOW 3ajaud (T.H. YTOYHEHHS) NMPUMEHSIOT
2
KpUTEpUHU KauecTBa — (PaKTOPbl HETOCTOBEPHOCTH R 1 WR, a Takke mapamerp y :

R =100%x -

Z I JKCh

J

St -1, F 1"
J

ST

J

Z W(Iekcn - Imeop )2 | %
WwR =100% x| -~

Z (Iarccn )2

J

I, —1

9Kcn meop

wR =100% x

OObIYHBIMM ~ BEJIMYMHAMHU ~ KPUTEpUEB KauecTBa Ui KOPPEKTHO IPOBEICHHOTO
pOUIBHOTO aHANK3a ABISIOTCS R < 5%, 1 < 7 <2.

[TonyueHHble B XOJ€ YTOYHEHHS 3HAYEHUS BapbHPYEMBIX IIEPEMEHHBIX MOXKHO
AKCTIOPTUPOBATH B TEKCTOBBIN (haidyl IS MOCIeAyIome 00paboTKy.
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Ipuniaoxenue 2. Meroa PurBesbaa.

I1.2.1. Metox PutBebaa.

Meton PutBenbaa (mo umeHu aBropa — Xbporo PUTBenbaa) U ero BapuaHThI SABISIOTCS Ha
CeTONHAIIHUN J€Hb CAaMbIMH MOIIHBIMM HHCTPYMEHTAMHU Ui MCCIEJOBAHUS CTPYKTYPHI
BEIIECTBA C UCIIOJIb30BAaHUEM MOPOIIKOBONW PEHTT€HOBCKOM nudpakunu. CBsI3aHO 3TO € TEM, UTO
npUMeHeHne Merona PurBenpga gaeT BO3MOXKHOCTH CTPOrO  y4ecTh W/WIM  YTOYHHUTH
OOJBIIMHCTBO (PAKTOPOB, BIUSIOMIMX HA AUDpaKTOrpamMmy.

Metoxa PutBenbaa ocHOBaH Ha MOJECIMPOBAHUH IKCIIEPUMEHTAIBHON AU(PPaKTOrpaMMBbI C
LENbI0 TOJYyYEHUS HAWIyYIlero MNpUOIMKEHUS «TEOpUsA-OKCIEpUMEHT». Bxoasmummun
SKCIIEPUMEHTAIBPHBIMU JaHHBIMU B O3TOM CJy4yae CIYKUT HaOoOp 3aperucTpupOBaHHBIX
WHTEHCUBHOCTEH I B 3aBHCHMOCTH OT BEJMUMHBI JU(PpakinoHHoro yria 26. Oomuiee BoIpaKeHHE
JUTSL YTTIOBOW 3aBHCUMOCTH MHTEHCHUBHOCTH B TEOPETUUECKON MOJIEH MPEACTABIEHO HUXKE:

2
1,.,,(20) = B(20) + kz P X ‘Fhkl‘ x LPG xT,, % B,,(20,,, —20)
h,k,l

Kak BuAHO U3 BbILENPUBEACHHON (OPMYJIbl, HWHTEHCUBHOCTb B KaXJIOM TOUKe
CKJIQ/IBIBAETCS] U3 HEKOTOPO# (hOHOBOM MHTCHCUBHOCTH B(26) ¥ MHTEHCUBHOCTEH, OTHOCSIIHXCS
K pednexcam (oOo3HawaeMmblx WHACKcamMu Mwmiepa h,k,J) omHoil wim Heckonmbkux (a3 (B
npuBeeHHON (Qopmyne — omHOW das3el). MIHTEHCMBHOCTh Ka)XJIOT0 KOHKPETHOTO peduiekca
CBfi3aHA C KPUCTAJUIMYECKOW CTPYKTYpOH COOTBETCTBYIOLIEH eMmy (a3bl (uepe3 BETHMUMHBI
KBaJpaTOB MOJAYJIEH CTPYKTYPHBIX aMIUIATY] |Fhk1|2), (haKkTOpOM MOBTOPSIEMOCTHU Ppiy (3aBUCUT
OT CHUMMETPHUM COEAMHEHUS) U TEKCTYpHbIM (akTopoM 7Ty, OMMCHIBAIOLIUM YIIOPSIOUYEHUE
KpUCTAJUTMTOB JaHHOM (a3zer B obOpasne (cm. Jleknuio 8). Ilpodwunbnpie  ¢yHKINH,
UCTIONB3YIoNIecs B MeToie PUTBenbaa, COBNaaOT ¢ TAKOBBIMH, PACCMOTPEHHBIMH B Jlekuuu 3.

BnusiHue reomMeTpuM SKCIEpUMEHTa OOBIYHO YUYHUTHIBAeTCS B CMeIIaHHOM uieHe LPG
(Lorentz — factor + Polarization + Geometry), (UKCHpPOBAaHHOM JJIsi JAHHOTO THIIA
TU(HPaKIIMOHHOTO HHCTPYMEHTA/TEOMETPUN CHEMKH.

OOmmii MHOXUTENb k (B cioydae HECKOJIBKMX (a3 — HaboOp Takux MHokuTeneil {k;}, mo
OJTHOMY JUTSl KaXKJOU (ha3bl §) CITY>KUT JJIS1 y4eTa BIMSIHUS HHTEHCUBHOCTHU TIEPBUYHOTO ITyYKa Ha
aHATUTHYECKUH curHail. [Ipy Hanu4Yuu B cMEeCH HECKOJIBKUX (ha3 U3 BETUYMH dTHX MHOXKHUTEJICH
MOKHO OTIPEIeNIUTh MacCOBbIE A0JU w; (pa3 B cMecu 1o GhopmyJie:

ZiMiI/i X ki
e
Z ZIMII/I x ki
i
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rae Z; — 4ucio GopMyIbHBIX €IUHUIL B stuehike uist (as3wl i, M; — OTHOCUTEIIbHAS MOJICKYJISIpHAS
Mmacca (popMyJIbHON euHULbI U1 (assl i, V; — 00beM 3neMeHTapHOM siueiku A ¢assl i.

W3 npuBeieHHOH BbIe (OPMYJIIbl OUEBUIHO, UTO COJEPKAHNE KPUCTAJLINYeCKUX (a3 B
cMecH TIpH HCIOJB30BAHUM MeToAa OecCTaHAapTHOTO pPEHTreHo(a3oBOro aHaims3a Bcerjaa
HopmupoBaHo Ha 100%. [lna ananuza coxaepkanus amopdHOil (as3bl ciieqyer UCIonab30BaTh
JIpyTrue METO/BI.

MuHuMH3a1Us OTKJIOHEHUS «TE€OPUS-IKCIIEPUMEHT» IPOBOAMUTCA IIyTEM BapbUpPOBAHUS
Habopa NMepeMEeHHbIX (00IIMX M MHAUBUAYAJIbHBIX Ui Kaxaou (asel). K Takum nepemeHHBbIM
OTHOCSITCSL:

1. ki, mapametpsl GpoHa

2 [TapameTpsl 31IeMEHTAPHOH STUSHKU/CABUT HY IS

3 [TpodunbsHbIE TapaMeTpsbl

4.  Texkcrypa

5 CrpyKTypHbIE TapaMeTpbl

Pemennem BapualMOHHOW 3a7aud sBISETCS HAOOp TMEPEeMEHHBIX, JOCTaBISIONIUI

1
MUHUMYM (yHKIIMOHATY OTKJIOHEHHS (BECOBAs CXeMa W, = —— )

exp

k=N
. _ k k
min @ = Z Wy (Iexp - Itheor )2
k=1

Jlerko TpPOCMATPHUBAIOTCS 3HAYUTEIHHBIE MATEMAaTHYECKHE aHAIOTUU MEXIY METOIO0M
PutBenpna u mpoduiabHBIM aHaMU30M. METOIBI COBMANAIOT C TOYKU 3PEHUS «UACOTOTHID
CO3/1aHUs BapUAIlMOHHOM 3aJjaud M OTJIMYAIOTCA MPOCTPAHCTBOM BapbUPYEMbBIX NEPEMEHHBIX.
Ecnmu B Xxoae mNpoHIBHOIO aHaliM3a HMHTEHCHMBHOCTH BCEX pE(IEKCOB M MX MOJOKECHHUS
BapbHUPYIOTCSl HE3aBUCUMO, TO B MeTo/ie PUTBeNnbIa OHM 3aMat0TCsl TapaMeTpaMy JIeMEHTapHOU
STYCUKHU/CBUTOM HYJISI W CTPYKTYPHBIMH IapaMeTpaMu Kaxaou wu3 ¢asz/korddummertom
IPONOPLHUOHAIBHOCTH, COOTBETCTBEHHO. [IpOMEXYyTOUHBIMH, MO CPaBHEHHIO C HPOQHIBHBIM
aHaM30M M MeToJoM PurtBenbna, sBistorcs Meronsl [laynmm (BappupoBaHHE MapaMeTpoB
JJIEeMEHTApHOM SYeiKku + He3aBUCHMOE BapbUpoBaHMe HHTeHcuBHocTel) u Jlebens
(MHTEHCUBHOCTH YTOYHSIOTCS TI0 OTPEIEIIEHHON UTEepallMOHHON MPOLIEype).

[Tpu yrouHenun mo merony PutBenpaa ¢oH, Kak U B ciaydae HOpOQHIBHOIO aHaIu3a,
OOBIYHO OINMHUCHIBAIOT HEKUM TJIAJAKUM MTOJMHOMOM 33JaHHOH cTerneHu. JJocTaTOYHOCTh CTeneHn
MOJIMHOMA 3aJ1aeTCsl YCJIOBHEM KaKk MUHHUMYM TPEXKpPAaTHOTO OTHOIICHHUSI BCeX K0d(duumeHToB
MOJIMHOMA K TOTPEUIHOCTSM B UX BBIUYMCICHUU MPHU TOM YCIOBHH, YTO yBEIMYEHUE CTETECHU

HapymaeT yKa3aHHOE COOTHOIICHHE.
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[TapameTpel  smemeHTapHOM  siuediku  ¢asel  (a,b,c,,fy) 3amal0T  TMOJIOKEHHE
COOTBETCTBYIOIIUX pedIiekcoB, a MpoQMIbHBIE MapaMeTpbl — ¢opMmy 3THX pediexcoB. B
OTJIMYUE OT NMPOQIILHOTO aHajn3a, B MeTole PurBenbna QyHKIMOHATIbHAS 3aBUCHUMOCTH IS

H(26) 3apmaercs u yTouHsieTcss Bcerga — Jmb0 B BuAe 3aBucUMocTH  KamboTTH

H=\W+Vtan6+Utan> 0 g ¢yHkuuu IlupcoHa HIM  rayCcCOBCKOM — COCTaBISIOIIEH
¢yukuuu nceBno-Boiita, n1uGo B BuMae 3aBucuMocTH  H, = L)% 08 9+LY tand s

JIOPEHLIEBCKOM cocTaBisitomeidi. CTOUT OTMETUTh, YTO TPHU HCIIOJIb30BAaHUH (DYHKIMH TICEBIO-
Boiita napamerp Boiita 77 B iBHOM BHi€ OOBIYHO HE YTOUHSETCS, a 334a€TCs B BUJIe (PYHKLUHU OT
BesmunH UV, W LX,LY. JIns ¢ynkuun Ilupcona mokaszarenb cTeneHH [ YTOUHSIOT Kak
3aBHCAIIMNA 0T AU(paKIOHHOTO yriia 1o ¢popmyre tTuna KamborT.

Jlnst onrcaHus TEKCTYphl B OECCTaHAAPTHOM KOJIMYECTBEHHOM PDA OOBIYHO MPUMEHSIOT
OJTHOOCHYIO Mojenb Mapua-/loutaca, B KOTOpOl HMHTEHCHBHOCTb peduiekca 3aBHCUT OT
OTKJIOHEHUSI COOTBETCTBYIOIIETO JU(MPAKIIMOHHOTO BEKTOpa dpy OT HEKOTOPOH ocu
TEKCTypUpOBaHMs (Takke 3azaBaeMoil uHAekcamu Mwniepa). CTeneHb TEKCTYpUpPOBaHUS
3amaeTcsi 0e3pa3MepHBIM MapamMeTpoM 7, H3MeHstommmMmcs B mpenenax 0 -+oo. Ecom 7=1 —
oOpaser] HeTekcTypHupoBaH, 0 < 7<1 COOTBETCTBYET CIyyalo MJIACTUHYATHIX KPUCTAIIOB, 7> 1
— CJIy4aro UTrOoJIbYaThIX KPUCTAIUIOB. [yt OoNmbIIMHCTBA 00pa3LioB 7 HaxoauTcs B npeaenax 0.3 —
3. bonee moapoOHO paboTa ¢ TEKCTypHUPOBAHHBIMU 00pa3iamMu paccMoTpena B Jlekiuu 8.

[Ipy yTOYHEHUM KPUCTAIMYECKOW CTPYKTYphl BO3MOXKHO BAapbUpOBaHME BCEX
CTPYKTYpPHBIX IapaMeTpOB: KOOPAMHAT aTOMOB, IAapaMeTPOB aTOMHOIO CMEIIEHUS B BHIE
TEH30pPOB 3aJaHHOrO paHra u T.m. OObIYHO TNpH 00pabOTKEe IMOPOIIKOBOTO HSKCIEPUMEHTA
OTPaHUYMBAIOTCA YTOYHEHHEM AaTOMHBIX KOOPJIMHAT U MapaMeTpOB aTOMHOIO CMEIICHHS B
U30TPOITHOM IIPUOIINKEHUU.

B cBs3u ¢ BO3MOXHOCTBHIO BO3HUKHOBEHHUS KOppemsiuuid M oOmeld HecTaOuIbHOCTBHIO
npouecca HenuHeliHoro MHK (cm. Jlexkuuio 3) mepeMeHHblE B BapHallMOHHOE MPOCTPAHCTBO
BKJIIOYAIOT B CJIEIYIOIIEM MOPSJIKE:

1) ki, mapameTpsl oHa.

2) [TapaMeTpsl d7IEMEHTAPHOU SIYEHKH, CABUT HYJIS.

3) IIpodunbHbIe MapaMeTpsl.

4) Tekctypa.

5) KoopauHatsl TSXKeENbIX aTOMOB.

6) KoopauHatel 1erkux aToMoB + IapaMeTpbl aTOMHOT'O CMEIIEHUS TSXKEJIbIX aTOMOB.

7) HapaMeTpLI ATOMHOI'0 CMCIICHUA JICTKUX aTOMOB.
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B orauume OT MOHOKPHUCTAIBHOTO OKCIEPUMEHTA OJHOBPEMEHHOE YTOUYHEHHE
3aCeJIeHHOCTH aTOMHOM MO3WILMHU U MapaMeTpa aTOMHOTO CMEIICHUS MO MOPOUIKOBBIM JaHHBIM
BCEr/la MPUBOIUT K BOSHUKHOBEHHUIO KOPPENIALINU, OMTU3KON K €TUHIUYHOIA.

KadectBo mpoBeeHHOW MHUHUMHU3AIMU OTKJIOHEHUs (T.H. KA4eCTBO YTOUHEHHS)
OIICHUBAIOT 10 HECKOJBKHUM MapaMeTpaM, B YaCTHOCTH:

. Ob6memy BUTY pPa3HOCTHOI TG PaKTOrpaMMbl (3aBUCHUMOCTHU

I sxen (249 ) -1 meop (29 )). [Ipu BBICOKOM KadyecTBE YTOYHEHHUS MaKCUMYyMbl Ha Pa3HOCTHOU

T pakTorpaMMe OTCYTCTBYIOT MM HE3HAYUTEIBHBI IO a0COTIOTHON BETUYHHE.

o [IpodpunsHOMY ¥ B3BEUICHHOMY MNpoduibHOMY (haKTopaM HEIOCTOBEPHOCTH
(cwm. [Ipunoxenue 1).

OObruHble  3HAUeHHS (aKTOpa HEJOCTOBEPHOCTH TMPH KAYECTBEHHOM YTOUHEHHS
coctaBisitor 3-7%. Ilpu padore ¢ audpakromerpom X’TRA, u3-3a HU3KHX a0COTHOTHBIX
3Ha4YeHUil (POHOBOI MHTEHCHUBHOCTH, HOPMAJIbHBIMH ABJAIOTCS 3Ha4YeHust 10-15%.

. Bennuune ;/ OnTuMaibHOEe 3HAYeHHUe }f paBHo 1, nmpu 3Havyenusix 1 — 3
yTOUHEeHHe MOKHO CYHTATH HOPMAIbHBIM. Ecii Bemiunna ” MeHbIne 1, To 9TO yKa3sIBaeT Ha
HU3KYIO BEJTUYMHY COOTHOIIEHHUS «CUTHAJ/IIyM» B TU(PAKIIMOHHOM dKCIIEpUMEHTE (TpeOyeTcs
Ooree qUTENbHAS PETHCTPAIHS).

o OueHky KadecTBa YTOYHEHHS KPHUCTAJUIMYECKOH CTPYKTYpbl TMPOBOIAT C
UCIIONIb30BaHUEM T.H. bperrosckoro gaktopa HETOCTOBEPHOCTH

S -1z
R, =100% x 4!

hkl
exp
hik,l

Onenky KkayecTBa YTOYHEHHUS! TIPOBOASAAT, OCHOBBIBAas HAa HECKOJbKHX W3
YHOMSHYTBIX KPUTEPHEB, OHAKO BUJ Pa3HOCTHON AudpakTorpamMMsl siBjsieTcs: Haubo1ee
KOPPEKTHBIM M3 HUX.

Ha Puc.Il.2.1 npuBeneHbl TeOpeTHYECKasi, OHKCIEPUMEHTAIIbHAS W  Pa3HOCTHas
mudpakrorpaMmel Ut yrouHeHus cTpykTypsl BTCIT SmFeAs(O,F) no TtpexdasHoit cmecu

(yrounenue B nporpamme Jana2000).
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Puc. I1.2.1 YTouHeHHe KpucTamanueckoii crpykrypsl SmFeAs(O,F).
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PesynbTarel yrounenus (s uadopmaryn) npuseaeHsl B Taoum. I1.2.1

Ta6mmma I1.2.1. [Tapamerpsr nopomrkoBoro sxkcnepumenTa st PCA SmFeAs(Og.9sFo.0s).

CocraB SmFeAs(0y.05F.05)

IIpocTpancTBeHHas rpynna P4/nmm (Ne 129)

a, A 3.93401(4)

¢, A 8.4852(2)

v, A’ 131.32

Z 2

Pealc 7.550 g/cm3

T 22 °C

W3ny4yeHne CuKaou+2
Juanazon 26 8.0° +100.0°
Meton yTouHeHUs meTon Putsennna

IIporpaMMHBIi1 KOMILIEKC JANA2000

OO011ee KOJIMIECTBO TOUEK 4601

OO0mee 4YnCIO YTOYHSAEMBIX | 36
apaMeTpoB

Yucmao Ha0II0qaeEMBIX | 55
pedekcoB (Iobs™3 0(obs))

Yucno YTOYHSIEMBIX | 7
CTPYKTYPHBIX [apaMeTpOB

Rp, Rup, 1* 7.3%, 10.6%, 0.60

R 1.3%

IIpumecHsblie pa3bl

da3za SmOF FeAs
w, % Macc 9.55(9) 8.81(14)
Ry 2.8% 2.4%
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