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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 OINpEACIICHHE CcojepkaHus aMmopdHOH
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 HCCIEIOBaHUS — 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
MEXTy KaTOAOM U aHOJIOM M YJapstoTcsi 00 aHOJ, I/ie MPOUCXOAUT JBa MPOIecca: 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 3aHMMAIOTCS 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, npuBOAsIlINM 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.
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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

BBICOKOMHTCHCUBHOC PCHTICHOBCKOC H3JIYUCHHC 0eoro CIICKTpAa BO3HUKACT B PC3YJIbTATEC

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
ANEKTPOHOM U3 000JI0YKM aroma (OObIYHO BHYTPEHHEH, T.K. HMX CEUYEHHUS PACCESHUSA
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
9



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):

Brmanum oT Kkpas TONOCH MOTIOIMIEHUS KOI(PQGUIMEHT MOTIOmEHUS (M ONTHYeCcKas

IUIOTHOCTB) TPOOBI TMPOMOPIHOHANBHBI TPETheW CTENMEHU JJIMHBI BOJHBI PEHTICHOBCKOTO
V3ITYdeHus: 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 KOIrCpCHTHOCTH PCHTICHOBCKOI'O M3JIYUYCHUSA
JUIsi OOJIBIIMHCTBA MCTOYHHKOB Onu3ka K 1 MkM). B aTom ciydae BTOpuuHBIE chepuyeckue
BOJIHBI MOTYT UHTepdepupoBaTh, YTO MNPUBOAUT K TMOSBICHUIO AHU3OTPONHH B
IIPOCTPAHCTBEHHOM PaCIIPENCICHUH aMILIUTYAbl YIIPYyro paccessHHoro PI.

PaccMOTpUM  HEKOTOpBI  pacceMBalONMii  OOBEKT C 3aJaHHBIM  pacIpeeeHueM
aieKTpoHHOU moTHocTH (Puc. 1.8).

[Tpu yuete usmeHenus Qaszepl nepBuyHOro myuka PU B xaxmolt Touke 00bEeKTa, a TaKKe
pa3HoCcTu (1)213 BTOPHUYHBIX BOJIH, ITYTECM HHTCTPUPOBAHUA KOMIIJIEKCHOU AMILIATYAbI IO BCEMY

pacceuBarolieMy O0O0BEMY MOXHO IMOJIYYUTh CJEAYIOUIEE BBIPAKEHHUE U KOMILJIEKCHOM

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?

14



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.

JlroOoit kpuctami, TakuM 00pa3oM, ¢ HEOOXOAMMOCTHIO 0O0JagacT TPAHCIAIUOHHON
cumMmertpueid. [loMuMo TpaHCIALMI B KpPUCTaIe TAaKK€ BO3MOXXHO HajJW4Me JAPYTHX BHJIOB
(271eMEHTOB) CHUMMETPHM. ODJEMEHThl CHMMETPUHM Ppa3JeNAl0T Ha JBe OOJIbIIME TPYIIbI:
3aKpBITHIE U OTKPBITHIE 3JIEMEHTHI CUMMETPUH.

3aKpBITHIE JIEMEHTBI CHMMETPUHN XapaAKTEPHU3YIOTCA OTCYTCTBUEM TPAHCIIALIMOHHON YacTH,
MHOT'OKPAaTHOE MPUMEHEHHUE 3aKPBITOrO 3JIEMEHTAa CUMMETPUU IPUBOAMT K caMOcoBMenIeHu 0. K
3aKpPBITHIM JIEMEHTaM OTHOCSTCS TIOBOPOTHBIE 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 3adacTyr0 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:
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. 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 NOPOLIKOBOIi 1M (PpaKkTOrpaMMBbl.

Takast cdepa mnepecekaercs co cdepoil DBambga MO KOJbILy, SBISIOIIEMYCS
F€OMETPUUECKUM MECTOM BOJIHOBBIX BEKTOPOB pAaCCESIHHOIO H3JIydyeHus. Takue BeEKTopa,
OYEBHUIHO, 00Pa3yIOT KOHYC C BEPIIMHON B IIEHTPE DBalib/ia — T.H. TUPpaKIIMOHHBIA KOHYC. [Ipn
CIy4ailHOH OpHEeHTAallud KPUCTAUIUTOB (M OOpaTHBIX pEIHIeTOK) CHCTeMa CTaHOBUTCS
0CECUMMETPHYHOH (0Ch CUMMETPHH COBMAAeT ¢ Ky — BOIIHOBBIM BEKTOPOM MEPBUYHOTO MyUKa)
U, KaK MPUHATO FOBOPUTH, MPEBPALIACTCS B OJHOMEPHYIO — HEOOXOJIUMO HCCIIEOBATH TOJIBKO
3aBucuMocTh I(26). C sKcrepuMEHTaIbHONM TOYKHM 3pPEHHS 3TO O3HAYaeT, 4YTO, MOMECTHB 3a
MOPOIIKOBOK TIp0oOOH (OTOIUTACTUHKY, MBI YBUJUM Ha HEH CHCTEMYy KOJIEI] — CCYCHHU

,I[I/I(i)paKHI/IOHHBIX KOHYCOB IITIOCKOCTBIO IIJIIaCTHHKH.
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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

prim
I
Puc. 2.8. loasipu3anuss BTOPUYHOTO U3JTyYEHHS.

B 3aBucumocTH OT MONAPU3ALMU TEPBHYHOTO Iy4YKa MHOMKHUTENb, OMHCHIBAIOIIUI
U3MEHEHUS aMIUIMTYJbl (MM MHTEHCHBHOCTH) PACCESHHOTO M3IMY4YeHHS OT AU(PPAKIHUOHHOTO
yraa Oyaer MeHaTbes. i mpocTeiiiero ciryyass HENoJspU30BaHHOIO MEPBUYHOIO MyyKa (Bce
KOMIIOHEHThI aMIUIMTYAbl MEPBUYHOTO IMydKa PaBHBI MEXAY COOOW) MOXKHO 3amMcath (CM.

Puc. 2.8):

1+cos” 26
1(20)=IxP=Ix—""2
Hus  Oonee CHOXKHBIX ciaydaeB (HOJMsApHU3alUs Ha  KpHCTaLIe-MOHOXPOMAaTope,
CHUHXPOTPOHHOE U3JIyYEHHE) BBIPAKEHUE MOYKET U3MEHATHCS.
b) Jlopenu-gaxrtop. [laHHbii QakTop CBS3aH C CHUCTEMAaTHYECKHM YMEHbBIICHUEM
IUIOTHOCTH DPE(IEKCOB Ha ONUCHIBAEMBIX MMHU cdepax IMpH YBEIUYCHUU MOJYJS BEKTOpa
oOparHoii pemetku (Puc. 2.9), 4To IPUBOIUT K YMEHBIIEHUIO BEPOSITHOCTH TIepecedeHus ceprl

OBanbpaa:
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) d o d[c()sg

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 Bokpyr ocu 2 6. [lpu HaOGnoaeHUN BI0JIb IEPBUYHOTO MyYKa KapTHHA

OyZIeT BBITIIAICTh CIACAYIOIINM 00pa3oMm:

TN

{f I
=
=
o]
lan]

1

d

detector

Puc. 2.10. K BbIBOY BhIpa:KeHHs 1JIS TeOMeTPUYECKOro (pakTopa.
[Ipu »TOM OKHO JeTekTopa, HMMerollee (PUKCHPOBAaHHBIA pa3Mep, 3axXBaTHIBAET BCE
MEHBIIIYI0 00JaCTh TU(PAKLMOHHBIX KOJIell (Ce4eHHI 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. YraoBas 3aBucumoctb LPG-¢daxkropa.

MoHoxpomaTop SiO, (101)

3 MNPUBCACHHBIX KPHUBBIX BHJIHO, YTO B CJIydac pa6OTBI C NpCHU3NOHHBIMU JAaHHBIMH

YUUTBIBATh BIMSHUE KPUCTAJIa MOHOXPOMATOpa HEOOXOIUMO.

I') CucremaTnyeckue Hajo:xkeHusi pediexcon. 13 Puc. 2.7 oueBUAHO, 4TO MOJOKEHUS

MakCUMyMOB (B cMbIciae AUGPaKIMOHHOTO yria 26), COOTBETCTBYIOIIMX pediekcam ¢

OJIMHAKOBBIM |q| Ha MOPOILIKOBOM JU(pakTorpaMMe OyayT OAMHAKOBBL. DTO MOXET ObITh Kak

CIE/ICTBUEM clydaiiHOro coBmnaaeHus (Hampumep, pednexcel (430) u (500) B kyOuueckoi
CHUHI'OHHM), TAK U CUMMETPHUYECKON IKBUBAIIEHTHOCTH pediiekcoB (Hampumep, (4-20) u (420) B
KyOW4ecKoi CHHTOHHMHM). UUCIIO TaKMX CHMMETPUYECKH SKBHBAJCHTHBIX PE(IICKCOB HA3BIBAIOT
(akTOPOM MOBTOPAEMOCTH pji. ITOT (HAKTOp paBeH OTHOIICHHUIO MOPSAKOB TOUEYHOM IpyIIbI
CUMMETPUHM OOpaTHOTO MPOCTPAHCTBA KpHUCTaia (COOTBETCTBYeT Jlays-kmaccy) K MOpAAKY
TOYCYHOW TPYMNIBl CUMMETpPUM Yy37a oOpaTHOM pemerku. Tak, pigo=6 ans KyOHuecKoi
cunronnu (3xBuBaNieHTHBIE peduekcer (100), (010), (001), (-100), (0-10), (00-1)). Hus
YIPOLIEHUS pacueTa TEOPETUIECKUX AU(PPAKTOrPaMM PACCUUTHIBAIOT MHTEHCUBHOCTD OJHOTO M3

OKBHBAJICHTHBIX pe(I)JIeKCOB a [TIOTOM JOMHOXAIOT NOJYUYCHHYO HHTCHCUBHOCTD HA Ppi.

1) Torgomenne u3jaydenuss B odopasue. Panee mpu oOcyxnenun audpakmamu PU Ha
MOHOKPHCTATHYECKUX U TIOJMKPUCTAIUIMIECKHX TTpobax Bompoc o norioniennu PU B oOpasnax

He paccmarpuBaiicsi. C Ipyroil CTOpOHBI, HAJIMYKME y 00pa3lioB HEKOTOPOH 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-e sn? | 2% 5 5(20)10 —
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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HCO6XOI[I/IMO OTMETHUTH, UTO B cnyqae HACBIINICHHBIX CJIOCB KOS(l)(bHHI/ICHT IIOTJIOIICHUS HE
3aBUCUT OT JAUQPPAKIIMOHHOTO yIVIa. YCJIOBHE, ONPENEAIONee HACHIIMICHHBIA  CJION
(MHTEHCUBHOCTH CUTHAlIA HE MeHee 95% OT OECKOHEUHOTO CII0S1) MOKHO ONPEAETUTh KaK:

2 pd

e_si“f’<0.05—>2,—ﬂZ>3—>2yd—>yd>l.5
Sin

[Tpu HecoOdrOAEHUM ATOrO yClIoBHs (HampuMep, Npu padoTe ¢ TOHKUMH IUIEHKAMH)
abcopOLMOHHBIN KO3((UIMEHT 3aBUCUT OT yriaa 26 W TONMUHBI O00paslia, 4YTo JaeT
BO3MOXXHOCTb ONPEACIATH TOJIIMHY CJI0S 1aXe U3 JaHHBIX CUMMETPUYHOHN Tu(paKiIuu.

JUis manbHEHIINX pacCyXJACHUIH TOJE3HO TakXKe OINpeneiuTh 3PGEKTUBHYIO TIyOHHY
cOopa JTaHHBIX Z— MOMEHT IEpPBOro Mopsnaka it dlp, OTHECEHHBIH K OO0IIe WHTEHCHBHOCTH

BTOPHUYHOI'O ITy4Ka. I[J'IH CHMMGTpH‘IHOfI I[I/I(l)paKI_[I/II/I Ha HACBIIICHHOM CJIOC ITOJIYUUM:

d 2
]OGJ. ze M0z
0

z=—290
Ioaje_:“/:‘zgdz 2
0

C s¢dextuBHON rryOMHOM cOOpa JTaHHBIX OOBIYHO CPABHUBAIOT IIEPOXOBATOCTH 00pas3Iia,
3Ty BEJIMYMHY UCIOIB3YIOT NPU OINPEIEIICHUH MTOTPEITHOCTEH IOCTUPOBKH MPUOOpa M T.II.

) Texkcrypubiii ko3¢duument. OIHO U3 YCIOBUH, ONPEACIAIONINX «HUICAUTHBHYIO»
MOJUKPUCTAILUTMYECKYI0 TPO0y, €CTh YCIIOBHE CIYy4YailHOH OpPHUEHTUPOBKU KPUCTAUIUTOB B
npoctpancTBe. Ecnu MBI BBeeM (YHKIMIO pacIpenesieHus OPUEHTUPOBOK KPHCTATUTOB
(Orientation Distribution Function — ODF) — mjIoTHOCT BEpOSTHOCTH OPHEHTHPOBKHU
KPUCTAUTUTA TIOJ] COOTBETCTBYIOIIUMH DIJIEPOBCKUMH  yIJIaMH, TO JJISI  CIIy4ailHOTO
pacrpeieieHus] OpPUEHTHPOBOK 3Ta (YHKIHMS OyJET MOCTOSIHHA BO BCEH 00JacTH ONpEICIICHHS.
B peanbHpix o0O0pa3max BechbMa YacTO BCTpPEYaeTcs T.H. TEKCTYPUPOBAaHUE — SIBIICHHE
PENMYIIECTBEHHON OPHEHTAIMH KPUCTAUTUTOB B oOpasie. B 3ToM ciydyae, B 3aBUCUMOCTH OT
xapakrepa m3meHenuss ODF, opueHTanum oOpas3iia OTHOCHTENBHO MEPBHYHOIO Mydka W T.1.,
pedIieKkchl OMPENEICHHBIX 30H OCJA0JIAIOTCS, a OIPEICIICHHBIX- YCHJIMBAIOTCS (IOJ 30HOM
OOBIYHO TTOHUMAIOT HEKOTOPOE MOJMHOKECTBO pedIeKCOB — HampuMep, 30Ha /h() BKIOYaeT B
ce0st pepnexcer 110, 220, -1-10 u T.11.). ToyHOE OMKICaHKME XapaKTepa TCKCTYPUPOBaHUS 00pa3ia
— BEChbMa CIIOKHAas 3ajada, HMMEIONas, K TOMY JK€, BaXKHOE NPAKTUYECKOE 3HAUCHHE

(TCKCTypI/IpOBaHI/Ie KPpUTHYCCKU  BAXHO, HAIIpUMEp, Mg JOCTUKCHUIA HGO6XOI[I/IMHX

MEXaHUYECKUX CBOMICTB I/IB,Z[G.HI/ISI). IToka puMeEM 0e3 J0Ka3aTCJIbCTBa BO3MOXXHOCTb BBCIACHUA

32



¢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?

34



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

bezonacnocmu_no padbome ¢ UCMOUHUKAMU UOHUZUPYIOWLE20 U3AVUCHUA U RPABUIA 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 nmpuBenennom 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

OIINOKaMH B OIIPpEACICHUN ,I[I/I(bpaKI_II/IOHHBIX YIJIOB. 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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Jleknus 4. [lepsuunast o0padorka gudppaxkrorpamm. IllpopuiabHbiii anaaus.

4.1. IlonsiTHe 0 NpopnILHOM aHAIH3E.

[lomydaemple Ha MOPOIIKOBOM JH(PAKTOMETPE OKCIEPUMEHTAIbHBIC JIaHHBIE —
TP paKTOrpaMMbl — /17151 OOJIBIIMHCTBA SKCIIEPUMEHTANBHBIX 3a/1a4 (/260 u @ - 6 ckaHupoBaHue,
20 ckaHuUpOBaHHE IpPU MCCIEIOBAHMM TOHKHMX IUIGHOK B PEXKUME CKOJB3ALIEro ITydKa)
(hEeHOMEHOJIOTHYECKH IPE/ICTABISIOT cobo MaccuB u3 JBYX CTOJIOLIOB
(26, I}y (ancno ctpok N B MaccuBe cc HHACKCOM k = 0 — N OIpeie/seTcs 3aJaHHbIM YIIIOBBIM
JIMana3oHOM M BEJIMYMHOM Iiara CKaHWpoBaHWs). B 3aBucumoctn [(26) ans ompeneneHHBIX
BEJIMYMH 26 TPUCYTCTBYIOT OCTPbIE MaKCHUMYMBI (T.H. IM(PAKINOHHBIC OTPAXKCHUS, WIH

pedexcsl — Puc. 4.1).
2400

2000 \
1600 ‘
1200 |

| I‘

800

WHTeHCUBHOCTL, MMN/cek

400 | ] |, l|
| ' | '

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. 4.1 Tunuunbliii B AUGpPaKTOrpaMmsl.
DopMHUpPOBAHUE TAKUX MAKCUMYMOB C TOYKH 3PEHHsSI KMHEMAaTUYECKOM TEOPUU PEHTICHOBCKOMU
mudpakun  Obuto  paccMoTpeHo B Jleknuu Nel. TouyHoe omnpeneneHue TOJOXKEHHUS U
MHTEHCUBHOCTH TU(PPAKIMOHHBIX MAaKCUMyMOB OOBIYHO BBIMOJHAETCS Ha IEPBBIX ATamax
00paboTku 1u(ppaKTOrpaMMbl U HEOOXOIMMO KaK Ui KaUeCTBEHHOTO ()a30BOr0 aHaIM3a, Tak U
JUI pacyera KpUcTauiorpapuueckux mapaMeTpoB WHAMBUIAYAJIbHBIX COCAMHEHUH (YTOUHEHHS
[apamMeTpoB 3JEMEHTApHOM sAuelku). ODTa 3ajada YCJIOXKHSETCS, C OJHOH CTOPOHBI,
HE0OXOIUMOCTBIO ONPEAEIATh UHTErpalbHbIE BETUYMHBI IS KaX/10r0 MakCUMyMa (II0JIOKEHHE

pediekca i ectb KooparHaTa 2 6; €r0 EHTPA TAKECTH:

26,

max

j 1(20)x20xd(20)
20 = 26

[120)xaco)

26,

min
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MHTCHCUBHOCTh peduiekca — IUIOM@Ab MOJ peduiekcoM), a ¢ Jpyrod — BO3MOXKHBIMU
HAJIOKCHUSIMH Pe(IIeKCOB Ha TU(paKTOrpaMMe M IUCKPETHBIM XapakTepoM CheMKH. [l
MOBBIIICHUS] TOYHOCTU OMNPEICTICHUs] OCHOBHBIX MapaMeTpPOB Pe(IeKCOB OOBIYHO HCHOIB3YIOT
MaTeMaTH4eCKylo TMpoueaypy — T.H. mnpodwmnbHblii aHanu3 (Profile Fitting anrmuiickom
Bapuante). [Ipomenypa  mpoduiabHOTO — aHamM3a  OCHOBaHa  HAa  MOJCITUPOBAHHUU
OKCIIEPUMEHTAIBHON IH(paKTOrpaMMbl CYMMOW anpOKCUMHPYIOIUX (QyHKIUH a1 ¢GoHa
(B(20)) u otrnenpHBIX aUdPaKIUOHHBIX MakcumymoB (P26, I, H;, 26), i — HeKkoTopbIi
MOPSIIKOBBIN HOMEP peduiekca Ha AUPPAKTOTPAMME):

Itheor (2(9) = B(20)+ ZE(zei’]i’Hi’ze) < Iexp (20)

OueBUIHO, YTO VIS BBINOJHEHHUS MOJO0OHOM onepanuu HE0OXOAUMO BBIOPATh THUN yKa3aHHBIX
(GYHKIMH ¥ yCIOBHE MHHHMYMa B BapHAIMOHHON 3a1ade. TakuM yCIOBHEM OOBIYHO SIBIISETCS
MUHUMH3aLIUS QYyHKIMOHAIA OTKIOHEHHUS:
k=N )
. _ k k
min@ = z Wi (]exp _Itheor)
k=1
Jlerko BUAETh, YTO yKa3aHHbIH (DyHKIMOHAN SBISETCS KBaJpaTOM HOPMBI OTKJIOHEHMS
HKCIEPUMEHTANIbHON  AudpakTorpaMMbel OT paccydTaHHOW (kK — HOMEp TOUYKM Ha

SKCIEPUMEHTATIBHON Ar]paKkTOrpaMMe) ¢ HEKOTOPBIM CTaTHCTUYECKHM BECOM wy. B KauecTBe

. 1
BECOBOM ()YHKIMM OOBIYHO WCHONB3YKT (QYHKIMIO W, =—-, TA€ O, — CTaHJapTHOE

O
OTKJIOHGHUE Ui M3MEPEHHONW WHTCHCUBHOCTH B Touke k. T.k. Juisi paccMaTpuUBacMbIX

1
SKCIICPUMCHTAJIBHBIX BCIIMYUH MOXHO IIPpUHATL O)p —/——, TO W, = - B pAAc nmporpaMMHBIX
k

exp exp

[IAKETOB B XOJ€ NPO(UIBHOIO aHajau3a MOKHO BbIOMpAaTh €IMHUYHYIO (w, =1) BeCOBYyO

1 .
GyHKIMIO MM QYHKIMIO W, = —; NEPBbIA BAPUAHT MOXKET UCIIOJIb30BAThCS TOT/IA, KOT/IA HaM
o
k

HCO6XO,Z[I/IMO MMOBBICUTh OTHOCHUTEIBHBIN BKJIaJd TO4YCK C BBICOKOM HWHTEHCHBHOCTBIO B

(YHKIHMOHAJT OTKJIOHECHHUSI.

3.2. O0muii Bua nudgpakunonnoro Mmakcumyma. lipopunsnas pyukuus. @yukuuu gona.
OO0t Bua audpakoOHHOTO MakcMMyMma Toka3aH Ha Puc. 4.2. Cpenu mapameTpoB
peduiekca BBIICNSIOT CIEAYIOIHE:
1) AOcomoTHast HHTEHCUBHOCTD 5.
2) HWHaTterpanbHas UHTEHCUBHOCTb /.

3) TIlonoxenue pedrekca (MOJOKESHUE ro IEHTpa TsKecTh) 2 6.
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4) Illupuna Ha nonosuHe adbcomoTHON BeIcOTH (Full Width on Half Maximum, FWHM),
Ha3zbIBaeMas 3adactyto nonymupudon (Halfwidth, H).

5) UWurerpanpHas monymmpuHa [ — OTHOIICHWE WHTETPAIbHOW WHTEHCHUBHOCTH
pediekca k ero abCoOTHOW WHTEHCHBHOCTH.

6) doHoBasi KpHBasi, KOTOpast HE OTHOCUTCS COOCTBEHHO K pediiekcy, HO JOKHA OBbITh

YUTCHA IIPHU BBIYHUCJIICHUHN BCCX OCHOBHLIX MapaMETpPOB.

35 1 |
I Bi

30 A

(]
(5]
]

N
o
1

FWHM

I, umn./cex
s

10 1

0 T T
26.7 26.8 26.9

Y
.’

29 271 27.2 29 27.3

i

Puc. 4.2 O6muii Bua Au(ppakiiHOHHOT0 MAKCUMYMaA.

Teopernuecku Qopma peduiekca (a, TOUHEe, HpEIeN IMOCIEIOBATEIBHOCTEH TOYEK Ha
nudpakTorpaMmme IpH I1are CbeMKH, CTPEMSIIIEMCs K HyJII0) MOXKET ObITh OMHUCaHa CTPOTO — KakK
CyMMa CBEPTKH TpPEX OCHOBHBIX (YHKIUN: WHCTPYMEHTAJIBHOW, CIEKTpaIbHOW, U (yHKIUS
oOpa3ua) u pyHkuuu pona. O1HaAKO, HECMOTPS HA MPAKTUUECKYIO BO3MOXHOCTD (POpMaIH3auu
BCEX YeThIpeX W3 YyKa3aHHBIX (DYHKIUH, HAa TpPAaKTUKE OOBIYHO MOJB3YIOTCA aANIpPOKCHUMa-
LUMOHHBIMU QYHKIUSMHU.

B kadectBe anmpoKCUMAIIMOHHBIX  (DYHKUIMNA, OMHCHIBAIOIIUX JU(DPAKINOHHBIC

MaKCUMYMbI, OOBIYHO NPUMEHSAIOT (YHKIMH, TEM HJIM HMHbBIM 00pa3soM CXOJHBIE C JBYMS

CG

JrH

6azoBbiMu: ¢Gynknueir 'aycca G(x) = exp(— Cze),CG =4In2 wu d¢ynkuueir Jlopenua
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1/2 ~
L(x)= ;_[ (1+CLx2) I,CL =4 (Puc.4.3). B kadecTBe mNEpEeMEHHOW X paccMaTPUBACTCS
Vs

2020,
OTKJIOHCHHUEC OT HOPMHPOBAHHOC OTKJIIOHCHUC OT MAaKCHUMYyMa: X = Tl . CnezlyeT OTMCTHUTD,

i
qTo HpO(i)I/IJIBHLIe q)YHKI_[I/II/I B YKAa3aHHOM BHJIC€ HOPMHPOBAHBI Ha 1 — B Takom HpI/I6J'II/I}I(eHI/II/I

Bapbupyemble K03 duumentsl mnepen nNpoPUIbHBIMH - (YHKIMSIMH B COBMNAJAOT C

HWHTCIpaJIbHbIMHU MHTCHCHUBHOCTSIMU pe(bﬂeKCOB, HanmpuMep alnmnpoKCUMUPYIOIIas (1)}’HKIII/IH JJIA

peduexca i 6yaer sarmcnisatses kax P(26,,1,, H,,20)=1.P(260,, H,,20).

10 4
30ech:

H=H,
L(L)=I.(G)

Y ®yHKuna Maycca

®yHkumuna NopeHua

I, nmr./cex

26.7 26.8 26.9 29 271 27.2 26 27.3

i

Puc. 4.3. bazoBbie npodguiabHbIe QyHKINH.

T.x. peanpHass Qopma pedaeKCOB MOXKET OTIMYaTbCesi OT  (OpMBI  0A30BBIX
(GYHKIUK (SIBISATHCS HEKOTOPOH TMPOMEXKYTOYHOH (PYHKIHMEH), TO B pEaJbHBIX 3ajadyax
npoUILHOTO aHanu3a HCIIOJIb3YIOT 6o GyHKIUIO niceBo-BoiiTa
PV(x):nG(x)+(l—77)L(x),77:0—1 (Puc. 4.4, cnesa), mubo ¢yukuuo Ilupcona
PVII(x) = F(ﬂ) ng (1+C xz)_ﬂ,C =4(21/’3—1),ﬂ=1—oo (Puc. 4.4, cmpasa). O06e

L(p-y2)Nz ™ " ’
(GYHKIIMM B TPENENbHBIX CiIydasx coBmajgaioT (pyHkmus nceBmo-BoiiTa) wim crpemsTcs K

6azoBbM (PVII(x) = L(x) mpu f= 1 u PVII(x) - G(x) npu f— ).
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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. 4.4. ®yuxkuus ncesao-BoiiTa (ciaea) u [lupcona (cnpasa).

CrnemyeT OTMETHTh, YTO JJisi TayCCOBCKHH BKJIaa B NpoduibHY (GyHKIHIO peduiekca
OOBIYHO CBSI3BIBAIOT C T.H. «HMHCTPYMEHTAIBHBIM» BKJIAJOM (Cp. CO CBEpPTKOW OCHOBHBIX
GbyHKIMIA), a JOPEHIEBCKUHA — C BKJIagoM oOpasma. s coBpeMEHHBIX IU(PPAKITMOHHBIX
UHCTPYMEHTOB, T.0., NPOQWIbHbIC (YHKIMUA OOBIYHO OJIM3KM K JIOpEHIIEBCKMM — BKJIal
WHCTPYMEHTA MaJl [0 CPAaBHEHUIO C BKJIAZIOM 00pasla.

O4eBUIHO, YTO BAPbUPYEMBIMHU MEPEMEHHBIMU IS TPOQMIBHBIX (QYHKIUH KaKI0T0 W3
peduiekcoB OynyT SBISATHCS MHTEHCHUBHOCTH /;, monmymupuHa H;, monoxenue 2 6. IlapameTps
dopmbl npodunbHON GyHKIMK (77 UIA yHKUMU TiceBao-Bolita, £ mis ¢ynkumu [lupcona)
MOTYT YTOYHSATHCS KaK OIHOBPEMEHHO Ui BCero Habopa peduieKcoB (WM WX OTAEIBHBIX
TpymI), TaKk W Ui HWHIUBUIYAJTbHBIX MakKCUMyMoOB. [Ipu yTouHeHMH IupaKTOrpamMmm
01HO(a3HBIX 00pa3loB KOPPEKTHO BBOAUTH (DYHKIIMOHAIBHYIO 3aBUCUMOCTE s H;: H=H(26);
9TO MO3BOJISIET COKPATUTH YHCIIO BaphbHPYEMBIX NEPEMEHHBIX. B KauecTBe Takoil 3aBUCUMOCTH

MOXKET OBITh HCIIOJIb30BaHa, HAIpUMCEP, 3aBUCUMOCTDb KanporTu:

H=\/W+Vtan6’+Utan26’

B osrom ciiydae 4ucio BapbHpyeMbIX IIEPEMEHHBIX COKpamaercss a0 Tpex (a s
TU(QpPaKTOrpaMM IIOXOTO KadecTBa — M JI0 MEHBIIMX BEJIMYUH 332 CYET YTOYHEHHS TOJIBKO
IOCTOSIHHOTO Y JIMHEMHOIro YIJOBOrO BKJIaJa B NOJyWUpHUHY). Bo3moxkHOCTh 3anaHus
(byHKIIMOHAIILHOM CBSI3M I H; IPEIOCTABIISIIOT HE BCE MTPOTrpaMMHBIE TTaKeThI!

Bce onucannbie Bbile npoduiabHbie GYHKIUH SBISIOTCS CUMMETPUYHBIMU OTHOCUTEIIBHO
26. IlockosbKy peanbHble MAaKCUMYMBbI (OCOOEHHO Ha MajblX yriax, 260<15—25 °) obnagaror
BbIpaXeHHOU acumMmetpueii (Puc. 4.5), B yrouHeHue 1100 BBOAAT JOMOTHUTEIBHBINA MapameTp

acuMMeTpun o ((paKTHYECKH JOMHOXKAs CHUMMETPUYHYI0 MNpOo(UIbHYI0 (QYHKUUIO Ha

X XX
acUMMeTpusylomud  MHOXUTenb: P, = PX 1—0{—|‘9| ), 100 yTOUHAA OTIEIBHO
) tan
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HOJYIIMPHUHEI (M, BO3MOXHO, apaMeTpsl (OPMBI) JJIsl IPABOM M JIEBOW 4YacTeld MakCUMyma —
WCIIOJIB3YIO T.H. pazaenennbie (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. 4.5. Acummerpus peduiexca.

[Ipu pabore c mnoimxpomarudeckuM wusnydeHueM (Hampumep, Koai/Ko, ny6mer) B
YTOYHEHHWE  aBTOMATUYECKH  BBOAATCS  JONOJHHUTENbHbIE  (DYHKIMH,  ONHCHIBAIOIIHE
JOTIONTHUTEIbHBIE MakcuMyMbl (Puc. 4.6). Ilpu »TOoM 1 wHAMBUIyabHOTO pediekca
napameTpsl npoduibHbIX (QyHKIUN (momymmpuHa, dopma) mis Ko, m Ko, coBmamaror ¢
BBICOKOM TOYHOCTHIO M B YTOUHEHHUU MPUPABHUBAIOTCS APYT K APYTY, AUPPAKIHMOHHBIC YTIIbI

CBA3aHbI MMPOCTBIM COOTHOLICHUEM - Harpumep, 1A MCIHOI'O aHozaa,

sy _ A _1.5406 =0.9976, a UHTEHCUBHOCTb MakcUMyMa Ko, paBHa PUMEPHO MOJIOBHUHE

sing,, A, 1.5443
uHTeHcuBHOCTH Makcumyma Kap (0.498 nns Cu—wusnydenus). CTOUT OTMETUTb, 4TO
NoJIOXKeHueM peduiekca cuntaercs BenuyrHa 26 st nznydenus Koy, Bo3sMoxHOCTs paboThl ¢

AYOXpPOMATHYCCKUM H3ITYYCHHUCM CYHICCTBYCT B IMOAABJIAIOMIEM OOJIBIIIMHCTBE IMpOorpaMMHBIX

MaKeTOB /715l NPOGUIBHOTO aHAJIN3A.
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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. 4.6. ®opma peduiexca 151 yOXpOMATHYECKOT0 U3JIyYCHUS.

Jns onucanus ¢oHa OOBIYHO HCIONB3YIOT MOJUHOMHUANBHYIO (yHKIHIO 6 (M tan6)
3amanHoro mopsiaka (-1 — 15). B 3aBUCHMOCTH OT THIIA MPOrPaMMHOTO MaKETa TOJUHOM MOKET
SBJISITECS. TTOJMHOMOM YeObImeBa, OOBIYHOIM CTENeHHOW ¢yHKIMed W T.n. BapbupyembiMu
NEPEMEHHBIMH SIBIIIIOTCS KO3(pPULIMEHTH MOoJAMHOMA. B HEKOTOPHIX MPOrpaMMHBIX IaKeTax
(mamp., WinXRD) ¢ynknust ¢gonHa He yTouHseTcss — (OH BBIYUTACTCS BPYYHYIO TIepen

MIpOBeJIEHUEM MPOPUIBHOTO aHAIIN3A.

3.3. Hesmnelinbiiit MHK. PesyabTatel npoguabsHoro ananusa. Kpurepun kadecrsa.

T.x. BapuanmonHas 3agada npomibHOrO aHaim3a (M €€ 3amuch B JUCKPETHOU (hopme)

SIBJISICTCS HEJTUHEIHOM
! _ 7l
I(‘a/c (B’[i’Hiazeio-") = ]exp
2 _ 72
Im/c (B’[i’Hiazeia-") - Iexp

N N
1" (B,I,,H,206,,..)=1,

TO ONTHUMH3alUIO OOBIYHO TMPOBOAAT MeToaoM HemmHerHoro MHK, Brmrowaromero

JIMHEapHU3aIInIo 3a/1a41 pa3jiokeHueM psiji Telnopa 10 IepBoro nopsaka:

ol' (B) oI (k) 1 1

—e CAB+—— Al +..=1' 1" (B.,I,..)
OB ok P

oI’ (B or* (k

¢M+L()Ali+...zli ~-1’,.(B,1,..)
OB ok P

oI" (B) oI (k)

“a"—BAB+‘“a’+kAIi +..=15 —15.(B,1,.)
u pemienue 3agaun auHeitHoro MHK ¢ nmpoBeneHuneM psiga mociieioBaTeabHbIX Urtepanui. T.K.
JIMaroHajJu3upyemass MaTpulia HMeeT pa3MepHOCTb M x M, rne M — 4HCIO YTOYHSIEMBIX
MEPEeMEHHBIX, TO TPOMWIBHBIA aHaIN3 SBISETCS TPEOOBATEIBHBIM K BBIYUCIUTEIHHBIM
pecypcam mnporieccoM. C apyroil CTOpOHBI, CXOJAUMOCTh UTEPAIIMOHHOIO IMpOllecca HAPYIIAIOT
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BO3HHUKAIOMIUC KOPPEIALUN — IMOSABJICHUC JIMHEHHON 3aBUCHUMOCTH MCKOY CTOJI6IIaMI/I MaTpHUIbl
KO3 PHUIMEHTOB B JICBOM YaCTH ypaBHEHHS. B CBSA3M C 3TUM ISl CJIOKHBIX CIIy4aeB HEOOX0IUMO
MOCIIEZIOBATEIbHO YBEINYMBATh BApUALIMOHHOE MPOCTPAHCTBO — paboTasi ¢ MaJbIMU y4acTKaMu
nudpakTorpaMMsbl U T.1. B pszie mporpaMMHBIX TTaKeTOB KpoMme MeToaa HemmHeiHoro MHK miis
peicHuA BapI/IaHHOHHOﬁ 3aaa4n HCIIOJB3YIOTCA APYruc€ MCETOABI HeJIMHEeHHON OIITUMHU3AIINU
(Hampumep, METOJT MaKCUMaIbHOU YHTPOTIHH).

5000

4000 _ ‘

3000

2000 _

1000

0. J‘\g—-i 4 o |

29.000 30.000 31.000 32.000 33.000 34.000

Wit

Puc. 4.7. Pe3yabTatr npopuibHOIro aHajau3a.
s oueHKH KauyecTBa pELICHUS BapUallMOHHOW 3ajauM (T.H. YTOYHEHHS) MPUMEHSIOT
KPUTEpHH KadecTBa — (DaKTOPBI HETOCTOBEPHOCTH R M WR, a TakKe mapameTp ;(2:
D

R=100%x " —— (3.7)

zlaxcn
J
z
J

9KCn meop

W 1 ¥

2 L)

J

Z W(Iakcn - ]meop )Z | %
wR =100% x| - (3.9)

2 L)

J

wR =100% x (3.8)

OObIYHBIMHM ~ BEJIMYMHAMHU  KPUTEPUEB KauecTBa Ui KOPPEKTHO IPOBEICHHOTO
npoUILHOTO aHanu3a ABiATCA R < 5%, 1 < ;(2 <2.
[lomyyeHHblE B XOJl¢ YTOYHEHHUS 3HAYEHUs BapbUPYEMbIX IEPEMEHHBIX MOXKHO

SKCTIOPTUPOBATH B TEKCTOBBIN (haidy1 JJIs MOCIEeAYIONmEeH 00padoTKH.
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4.4. KonTpoJbHbie Bopockl k Jlekuuu 4.

l.
2.

B dgem 3aximovaeTcs CymHOCTb IPOQHUIBHOTO aHaIH3a?

Kakue noaxozpl IpUMEHSIOTCS JUIsl IPOBEACHUS IPOPHIBHOIO aHaIu3a?

Kakue mnpoduipHble (QYHKIMHM UCHONB3YIOTCS B NPOPUILHOM aHadu3e M B YeM
3aKJIIOYAOTCA UX pa3audus’?

KakoBbI KpuTEepHH MPABUIBLHOCTH MTPOBEACHUS POPHILHOTO aHaIN3a?

B yewm 3akimto4aroTcsi OCHOBHbBIE TPYAHOCTH MPHU ONKUCAHUU NPOPUIIs?
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Jleknus S. KayecTBeHHbIN peHTIeHO(a30BbIH aHATH3.

5.1. IlonsiTHe 0 Ka4ecTBEHHOM (pa30BOM aHaIH3eE.

KauectBennsiii pentrenodaszosbiii anammu3 (PD®A) wHeoOXxomum Uisi JACTEKTHPOBAHUS
IPUCYTCTBHUS B CMECH T€X WM MHBIX coeMHEeHuH (¢a3z), 6e3 onpeaeneHus: ux KOJIN4eCTBEHHOIO
conepkanus. TeopeTHMueckre OCHOBbI KAauye€CTBEHHOTO PEHTreHO(a30BOr0 aHalli3a MOXKHO
KPaTKO U3JI0XKUThH B BUJIE CIICAYIOIMIUX YTBEPKICHHI:

1) Kaxnmoe KpuCTalUTMUECKOE COEAMHEHHME O0JIaJaeT HEKOTOpPOW  YHHKAIBbHON
CTPYKTYpOH, XapakTepu3yIoLencss CUMMeTpuel (T.H. TPyNIONd CUMMETPUN — IPOCTPAHCTBEHHOM
TPYION), METPUKOW JJIEMEHTApHOW sUYeHKH (BEIWMYMHAMU TIapaMeTpoB a,b,c W yIJOB
AJIEMEHTAPHOU STUEUKH «, [, ¥) ¥ paclpeeIICHHEM aTOMOB B STUCHKE.

2)  IlockonbKy BHJ HOPOIIKOBOHM IudpakTorpaMmbl WHAMBUAYAIBHOIO COEIUHEHUS
3aBHCUT OT METPUKH DJIEMEHTApHON siuelku (TOJOKeHUs IU(PAKIMOHHBIX MaKCUMYMOB -
pediekcoB) M pacmpenesieHUs aTOMOB B siueiike (MHTEHCHUBHOCTH pPE(IEKCOB), TO KaxkI0e
COEMHEHHUE XapaKTepU3yeTcss COOCTBEHHOM, YHUKAIBHOUN TUPPAKTOTPAMMOIA.

3) Ilpu peructpanuu audpakTorpaMMbl CMECel COSAMHEHUN Pe3ysbTaT MPECTaBIIsCT
co0oil HalmokeHHe IUPPAKTOrpaMM HHIUBUAYAIbHBIX COCAMHEHMI, MPHUYEM TMOJIOKEHUE
pedIiekcoB, OTHOCAIIMXCS K OTIENbHBIM (a3zaM, HE MEHSETCSI, a OTHOCUTEIbHAsE HHTEHCUBHOCTD
3aBHCHUT OT CO/IepKaHus (a3 B CMECH.

4)  CpaBHHMBas TOJOXEHHUS M WHTEHCHUBHOCTH pPe(IEKCOB HAa JKCIIEPUMEHTATBLHOMN
mudpakTorpaMMme ¢ AUQpakTOorpaMMaMyd HHIWBUIYAITbHBIX COCAMHEHUH, MOXKHO OMNPEIEIHUThH
HAJIMYME WM OTCYTCTBHE TOTO MJIM UHOTO COEAMHEHHS B CMECH.

W3 u350xeHHBIX BBIIIE YTBEPKACHUI HETOCPEACTBEHHO BBITEKAET MOPSIOK MPOBEICHHS
KaueCTBEHHOr0 PEHTreHO0(pa30BOro aHajan3a, a UMEHHO:

1) OrmpeneneHue MONOXKEHUS] ¥ MHTEHCUBHOCTH pe(IEKCOB Ha 3KCHEPUMEHTAIBHOMN
mudpakrorpamme (cM. Jlekiuio Ne4).

2)  CpaBHEHHE TIOJyUYEHHOTO MaccuBa PedICKCOB ¢ TUMPAKIIMOHHBIMU CTaHIAPTAMU —
pEHTreHorpaMMaMH UHIMBUY AJIbHBIX COSMHEHUIA.

3)  Omnpenenenue NpUCyTCTBYIOIIUX B CMECH COEIMHEHUH.
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1800
Oudpaktorpamma obpasua SmFeAs(O,F)
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Puc.5.1. Pe3yabraThl KadecTBEHHOro peHTreHodasoBoro anagusa oodpasua BTCII

SmFeAs(O,F).

o -

Ha Puc. 5.1 rpaduueckn mokaszaHbl pe3yJbTaThl Kauye€CTBEHHOTO (pa30BOTO aHAIW3a IS
obpasua BTCIT SmFeAs(O,F).

[Ipomiecc KaueCTBEHHOTO PEHTreHO(A30BOTO aHAIW3a B 3HAYUTEIBHOW CTENEHH
o0yierdaeTcst CyIIeCTBOBaHHMEM MexXIyHapoaHoi 0Oaszel  manabiX (BJl) amdpaxmmoHHBIX
crangaptoB (Beityckaercs komnanueid ICDD — International Center for Diffraction Data) — 6a3bl
nanHbix PDF-2 (Powder Diffraction File — 2). Hannuue undpopmanum o audpakrorpamMmmax
COCJMHEHUI B AJIEKTPOHHOM BHJIE MO3BOJIAET B TOW WJIM MHOH CTENEHM aBTOMATH3HPOBATH

mponecc Ka4€CTBCHHOI'O (1)3.30BOF0 aHajm3a.

5.2. ba3a nannbix ICDD PDF-2.

B 6aze ganneix ICDD PDF-2, kak yxe ObUTO CKa3aHO BBINIC, XpaHUTCA WHGOpPMAIUSI O
mudpakTorpaMMax HWHAUBUAYAIbHBIX coequHeHHi. [loCcKonbKy ™OJ00HBIE [JaHHBIE MOTYT
HE3HAYUTENIbHO OTJIMYaThCA i O00pasloB, TMOJNYYEHHBIX pa3HBIMU CHOCcO0aMu, THIIOB
TUQGPAKITUOHHBIX HHCTPYMEHTOB M METOJIOB MPOOOTIOITOTOBKH, OOBIYHO JIJIsS OJTHOTO U TOTO JKE
coemuHeHUss B b/l mpuCyTCTByeT HECKOJBKO YYETHBIX 3amucei (T.H. KapTodek). B kaxmou
KapTouke 0053aTeNbHO MPUCYTCTBYIOT CIIEAYIOIINE JaHHBIE:

1) Homep kapTouku (COCTOMT M3 TpeX Tpynn HUPp — «SIIMIUK», «TOM», «CTPaHHUIA) -
Hanpumep 00-046-1045; no 2003 roma HOMEp COCTOSUT M3 ABYX Trpymn mudp — «Tom» U

«CTpaHUIla», CM., Hapumep, Puc. 4.1).
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2) ®opmyna coeqMHEHUs (U1 CTaphIX KapTOYEK — WHOT/IA MPUOJIMIKEHHAs) — HAIPUMeED,
Si0;.

3) CucremaTnueckoe Ha3BaHue — Haripumep, Silicon Dioxide.

4) ABTOPBI KapTOUKHU (M/MIIM CCBIJIKA HA CTATHIO).

5) Crmcox peduiekcoB: MEXKITIOCKOCTHOE PACCTOSIHUE d — OTHOCUTENIbHAS HHTEHCUBHOCTD
I (or 0 go 100 wm ot 0 mo 999) — wmumekce Mwmepa hk,! (ecnmu mudpakrorpamma
NPOUHIUIIMPOBAHA).

Taxoke, B 3aBUCUMOCTH OT Ka4eCTBA KapTOUYKH, B HEH MOTYT OBITh MPE/ICTABIICHBI:

6) TpuBnanbHOE Ha3BaHUE - Hanpumep, Silica.

7) HazBanue Munepaa (eciii BO3MOXKHO H/WIIH aKTyallbHO) — Harpumep, Quartz.

8) Kpucramiorpapuueckas wuHpopMmanMs: NOPOCTPAHCTBEHHAs TIpyMna, [apameTpbl
AIIEMEHTAPHON A4eiku, Z - 4yucio (OpMYJIbHBIX €AMHUI] B sUelKe, KpHUcTaiorpapuueckas
IUIOTHOCTH DX, TIOKa3aTenb KauyecTBa MHAUIUPOBAHUS JHPpaKTOrpaMMbl F.

9) DkcniepuMeHTaIbHas IIOTHOCTE Dm.

10) L{BeT coequHEHUSI.

11) KopynnoBoe uncnio /1. (Mcronp3yercs A1l KOTUUYECTBEHHOTO (Pa30BOro aHaIN3a).

12) KomMmeHTapuii aBTOpoB (METOJ CUHTE3a, TPOOONOATOTOBKA, TEMIIEpATypa U J1aBJICHUE
B MOMEHT PErUCTpaly AU(PpaKkTorpaMMsl, pe3yJIbTaTbl XMMUYECKOT0 aHAJIN3a U T.I1.).

CocraBurenn PDF-2, ocHOBBIBasiCh Ha MOJTHOTE JTAHHBIX, ICTOYHUKE U T.II., IPUCBAUBAIOT
KaXJ10M KapTOUKe T.H. «IapaMeTp KauyecTBay:

* i S — Star - HawTy41Iee KauecTBO

I — Indexed — cpenHee kauecTBO

O - Obsolete — coMHUTENLHEBIE JaHHBIE

B — Blank (mycToe nosne kadecTBa) — JaHHbIE CKOPEE HEBEPHBI

D — Deleted — yraneHHble KapTOYKH

C - Calculated — pgudpakrorpamMma paccuMTaHa IO JAaHHBIM O KPHCTaUIMYCCKOM
CTPYKTYpE COEJUHEHUSI.

[Tpu kayecTBeHHOM ()a30BOM aHaNM3€ CileIyeT paccMaTpuBaTh, B OCHOBHOM, KapTOYKH
kauecTBa * u C, nHoraa (eciu s 1aHHOM (pas3wl HET Ipyrux ctaHaapTo) — L.

baza maHHBIX MOKeT OBITH MOJKIIIOUEHA KaK K BHEIIHeMY IomckoBoMmy (Search/Match)

10, Tak 1 mouckoBoMy ABMXKY pazpadbotku ICDD — 1. H. DDView.
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5.3. IIpoBeneHne Ka4eCTBEHHOI0 PEHTreHo(a30Boro anaausa.

[Tocne ompeneneHus: MOJIOXKEHUS U MHTEHCUBHOCTU pe(IeKCOB Ha KCHEPUMEHTAIbHON
mudpakTorpaMMe TMPUCTYMAOT K TIOUCKY cooTBeTcTBUM B 0Oasze nanHbix PDF-2. Tlouck
COOTBETCTBUI MOXET MPOBOJUTHCS PSIOM METO/IOB:

1)  ABTOMaTHU3MPOBAHHBIN MOUCK (TI0O BCEMY MAaCCHBY pe(ieKcoB).

2)  Tlowuck a3 mo Haubosee CUIbHBIM peduiekcaM (MeToa XaHaBalbTa).

3) Ilowuck ¢a3 no peduiekcam Ha MajbIX yriax (Meron OUHKA).

B xoxe aBTOMaTH3MpPOBAaHHOTO TMOMCKA aHAIU3UPYETCS COOTBETCTBHE Habopa pediexcoB
U3 KapTodeKk au(pakiMOHHBIX CTAHIAPTOB HA0OPYy OSKCIEPUMEHTAIBHBIX peduiekcoB. B
OOJIBIIMHCTBE MPOTPAMMHBIX MAKETOB I aBTOMAaTU3UPOBAHHOIO MOMCKAa MOXHO YKa3aTb P
napaMeTpoB, BIUSIOUINX HA MOJTy4YaeMble Pe3yIbTaThl, KAK-TO:

1) OxHo coBnaaeHus (0OBIYHO B eMMHMIAX 26) — 1711 OOJIBITMHCTBA 33724 COCTaBIISCT
0.05-0.1°26. Pednexc craHmapra CUMTAETCS COBIABIIMM C OSKCICPUMEHTAIBHBIM B TOM
clIydae, eCJIM UX MOJIOKEHHSI HAXOIATCS B paMKaX OJIHOTO OKHA COBIAJACHHUS.

2)  MuHuManpHOE YHCIO PEQIIEKCOB U3 KApTOYKU CTaHIAPTa, KOTOPOE JOJKHO
COBIIACTh C IKCIIEPUMEHTATHHBIMHU.

3) MuHumanbHas OTHOCUTEIbHAS MHTEHCUBHOCTD pediekca (JaHHas ONLKUS MO3BOJSET
HE YYHUTHIBATh Majble pediexchl AU(PPAKIMOHHBIX CTaHIAPTOB W/UIU SKCIEPUMEHTAa B XOJE
ABTOMATHU3MPOBAHHOTO MTOKCKA).

4)  MakcumanbHOE YUCIIO peIeKcOB CTaHAapTa, OTCYTCTBYIOIIHX (T.€. HE COBIABIINX C
SKCTIEPUMEHTAIBHBIMU) Ha AUPPAKTOTPaMME.

U TOMY TOJ00HBIE MEpeMeHHbIe. Pe3ynbTaTel moucka COPTUPYIOTCA MO T.H. KPUTEPHIO
copnagenuss (Figure of Merit, FOM), mnoka3biBalomeMy KayecTBO  COBMAJICHUS
HKCIIEPUMEHTAIBHON U CTaHAApTHOH audpakrorpaMM. OOBIYHO MakcuManbHOe 3HaueHne FOM
COOTBETCTBYET MaKCHMAJILbHOMY COBIIAJICHHIO.

Merona noucka 1o CHIbHBIM pediiekcam (MeTon XaHaBaiabTa) 3aKIIIOYAETCS] B CPAaBHCHUU
MOJIO’KEHHUSI Hanbosiee WHTECHCUBHBIX (HAlpUMep, C OTHOCUTENBHON MHTEHCHUBHOCTHIO > 70%)
pedreKcoB CTaHIapTa ¢ 3aJaHHBIM IMOJIb30BaTElIeM 3HAYCHHEM IU(PAKIMOHHOTO yria WIH
MEXIUTOCKOCTHOTO pAacCTOssHUS (TOYHEe, JWara3oHoOM yrioB/paccrosHuil). [lomyueHHBIC
pe3yJIbTaThl IPOrpaMmMa COPTUPYET MO HOMEPY KapTOUKH CTaHAApTa.

Meton mowucka mo pedrekcam Ha manbix yriaax (meroa duHka) ocHOBaH Ha TOM (akTe,
YTO MPU MAJIbIX 3HAYCHHUSIX TU(DPAKIUOHHBIX YTIOB (OOIBIIUX MEKIUIOCKOCTHBIX PACCTOSHUSX )
a0COJIIOTHOE YUCIIO PedIEKCOB 3HAUUTEIILHO MEHBIIE, YeM Ha OOJIBIIHUX yTiaxX. DTO MO3BOJISET

MPOBOJIUTH OBICTPHI TMOWUCK W uAcHTHGUKaMoo ¢a3 1Mo NUKaM ¢ HauOOJBIITUMU
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MEXIUIOCKOCTHBIM PAacCTOSIHUAMHU. B Hacrosimiee Bpems 3TOT cnoco0 (B OTIMYME OT MEPBBIX
JIBYX) PUMEHSETCS BECbMa PEJIKO.

st monmydenust 0osiee HAZEKHBIX PE3yJIbTATOB MOMCKA YKAa3aHHBIE METO/Ibl KOMOMHHUPYIOT
C ApyruMu orpaHudeHusiME (paxtudecku, nonomHutensHbiME SQL 3ampocamu k BJI). Onaum
U3 OCHOBHBIX THIIOB OrpPaHUYEHUMN SBISIETCS YKa3aHHWE DJJIEMEHTHOIO COCTaBa IpPOOBI.
DNEeMEHTHBIN COCTaB MOXKHO yKa3aTh Kak HauOoJiee CTpOro (T.e. MPeArnooKeHUs MPUCYTCTBUS
BCEX YKa3aHHBIX 2JIEMEHTOB M TOJIBKO HX), TaK U C HEKOTOpPOW BapUAaTUBHOCTHIO (32 CUeT
U3MEHEHUs JIOTUYECKUX BbIpaskeHmi). Tak, Hanpumep, 3ampoc (Mg AND Al AND O) ONLY
OTpaHUYUT HAOOP (a3 TOJBKO CIOKHBIMH OKCHJAMU MarHUs W allOMUHUsA, a 3arpoc Mg OR AL
OR O mnpuBener k momydeHus HaOoOpa, B KOTOPBIM BXOMAT BCE COCIMHEHHS MarHUs, BCE
COEIMHEHUS AIFOMUHUS U BCE COEIMHEHUSI KUCIOPO/Ia.

Takxke MOKHO TPOBOJAUTH MOUCK (BBOAWTH OTPAaHUYCHHsSI) Ha HAa3BaHHE COCTUHECHHS, €TO
npupoay (Hampumep, CIUIaBbl WJIM OPTraHMYECKHE COSAMHEHUS), KauecTBO IU(PPAKIMOHHBIX
CTaHJapTOB U T.II.

CtpykTypa pensuuMoHHbIX 0a3 maHHbIX (Ha Kaxabli SQL 3ampoc dopmupyercs,
dakTrdecku, HOBasi TAOIUIA) TIO3BOJISET MPAKTUYECKH HEOTPAHHMUEHHO J00ABIIATh T€ WM HHBIE
OTpaHUYEHUS Ha OUCK (ha3.

MoOXHO PeKOMEHA0BAaTh CIAEAYIONIYIO MOCIEI0BATEIbHOCTD JEUCTBUM:

1) BBeneHue orpaHMYEHUN HA AIEMEHTHBIA COCTaB MPOOHI.

2)  ABTOMaTH3WPOBAHHBII MOUCK

3) Ilouck MuKponpuMecell MEeTOI0M XaHaBallbTa.

Pemienne o mpucyTCTBHM TOH WM HMHOW (a3pl B CMECH NPUHUMAIOT HA OCHOBAaHHUH
CIEAYIOIINX KPUTEPHUEB:

. Ha audpaxrorpamMmMe JOKHBI IPUCYTCTBOBATH (ITOJHOCTBIO Pa3pelIeHHBIMU WIH B
BUJIE YaCTUYHO pasperieHHbIX pediaekcoB) Bee(!) peduiekcsl nudpakiimoHHoro crangapra. Ecnu
Ha 9KCIIEPUMEHTAILHON AU(paKTOrpaMMe eCTh TOJIBKO YacTh Pe(IIeKCOB — BEPOSITHEE BCETO, AT
(aza B cMecH OTCYTCTBYET.

o CooTHOIIEHNE  WHTEHCHBHOCTEH  peQIeKCOB  MOXKET  MEHSThCA — H3-3a
TEKCTYPHPOBaHUs 00pasia, HO eciiu peduiekc, HHTEHCUBHOCTh KOTOPOTO B KapTOYKE CTaHAapTa
coctapnsieT 1-2% OTH., cTaHOBUTCS HanOoJjiee WHTEHCUBHBIM — HpPUCYTCTBHE (Da3bl B cMecu
BBI3BIBAET COMHEHHUS.

O4eBUIHO, YTO IEMEHTHBIN COCTaB 00paslia U DJIIEMEHTHBINM COCTAaB OMPEICICHHON B X0/
KayeCTBEHHOI'0 aHaIM3a (a3bl JOJKHBI KOPPEIUPOBATh.

Pesynbrarel kauectBeHHOT0 PDA 00BIMHO 3amuChIBAIOTCS B BUAC Habopa ¢a3 ¢ ykazaHueM

HOMCPOB KapTO4CK COOTBCTCTBYHOIIHUX pIgss (1)13 AKIIMOHHBIX CTaHOapTOB.
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5.4. KonTpoabHbie BONpockl K Jleknun 5.

l.
2.

Kakue 3a7auu o3BOJISIET PEIINTh KAUECTBEHHBIH PEHTITCeHO(a30BbIil aHaIN3?

KaKI/Ie raru HeO6XOZ[I/IMO COBepI_HI/ITB JJIA ycnemHoro BBIIIOJIHCHUA Ka4YCCTBCHHOI'O
peHTreHoha30BoOro aHaau3a?

Kakyto nndopmarnuto narot 6a3bl JaHHBIX?

Pacckaxute 00 AJIropuTMax MOUCKa HEU3BCCTHLIX (1)8.3 110 ,Z[I/I(1)paKLII/IOHHLIM JaHHBIM.
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Jlekuust 6. OCHOBBI CTPYKTYPHOI'0 aHAJIN3A.

6.1. OCHOBBI CTPYKTYPHOI'0 aHAJIM3A.

B nexmusax 1, 2 mokaszaHo, yto Habop yriioB 20, mpu KOTOPBIX BO3MOXHO MOSIBICHUE
T(PPAaKIMOHHBIX MAKCHMYMOB OTIPE/ICISIETCS] TapaMeTpaMH AJIEMEHTAPHON STYeHKH. AMILTUTYAa
peduiekca onpenensieTcs pacCestHueM U3JIy4YeHUs Ha 3JIEKTPOHHOM IIIOTHOCTH:

A ~ Aol p(p)e2 ™ m e

IJ€ BBEACHO TIOHATHE CTPYKTYPHOM aMItuTyabl Fjyy. B mpubmmkenun chepuyecku
CUMMETPUYHBIX aTOMOB BBIPQKEHHE [UIsI CTPYKTYPHOW aMIUIMTYAbl 3allUIIeTcs B BHIE
Fig = Zﬁ(d*hkl)ezm(ha*+kb*Hc*)(xj“yjb”jc) , e fi(d*na) — pacceuBarommii (GaxkTtop j-ro aroma
(tabmuuHas QyHKIMA), Xj, Vj, zj — KOOPJUHATHI j-ro aroMa (B 0a3uce BEKTOPOB 3JIEMEHTAPHOM
suerikn). CyMMHpPOBaHHUE BENETCA MO BCEM aTOMaM B 3JIEMEHTapHOU sueiike. VIHTeHCHBHOCTH
pednekca Ly ~ |A;,k1|2 ~ 10|Fhk;|2 OTIpE/ICIISAETCS, TAKUM O0pa3oM, TeM, KaKHe W TJIe aTOMBI
pacrojararoTcsi B 3JIEMEHTApHOM sA4eiike. 3HAHWE NapaMETPOB DJIEMEHTAPHOM SYCHKH,
KOOpJMHAT ¥ TUIIOB aTOMOB B HEH MO3BOJIIET CMOJECIUPOBATH PEHTTEHOTPAMMY TOTO MJIM HHOTO
COCIMHEHUS, TO €CTh IOCTPOMTHh TEOPETUYECKYI0 JU(PpaKTOrpaMMy, KOTOPYIO MOYKHO
CPaBHUBATh C IKCTIEPUMEHTAIBHBIM JJAHHBIMH.

Cy1iecTByIOT METOAbl, KOTOpPbIE MO3BOJIAIOT peliaTh W MPSAMYIO 33/adyy — IO COBOKYIHOCTHU
TUGPAKIMOHHBIX JAHHBIX BOCCTAHABIMBATH KPUCTAIMYECKHE CTPYKTYPbl COCIMHEHMIA.
HakomneHHyl0  COBOKYHNHOCTh  KpHCTAIOrpaUUEeCKUX JAHHBIX  COOOIIECTBO  YUYEHBIX
o0benuHseT B 0a3bl, B KOTOPBIX MOXXHO OTBICKATh JaHHBIE 00 HM3BECTHBIX HA CETOAHSALIHHNA
MOMEHT CTpyKTypax. OOIenpuHATHIM Ha JaHHBIA MOMEHT sBisieTcs (opMar naHHBIX cif
(crystallographic information file), B KOTOpoM omucaHbl CTPYKTYpHBIE TaHHBIE O TOM WM MHOMN
CTPYKTYpe (CUMMETpHs1, TapaMeTphl 3JIEMEHTApHON SYEHKH, KOOPIMHATHI aTOMOB), HHPOpMAaLUs

00 yCJIOBHSIX SKCIIEPUMEHTA M CChUIKA Ha My OJIMKAIIHIO.
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6.2. KonTpoabHbie BONPockl K Jleknun 6.

1. Yo Takoe TeopeTHuyeckas peHTreHorpamma?
2. Kakue cTpyKTypHBIE TapaMeTphl BIUAIOT HA UHTEHCUBHOCTD pediexcoB?
3. Pacckaxure o kpuctamorpadgudeckoM dpopmare cif.
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Jleknus 7. KosimyecTBeHHbIN PEHTreHO(a30BbIi aHAIU3.

KomnyectBeHHblii peHTreHO(a30BbIN aHAN3, KaK CIEAyeT W3 Ha3BaHUs, HEOOXOIUM JUIs
OIIpECIICHUST KOJTMYECTBEHHOIO COAEPKAaHUS COeIMHEHUN B cMecu. O4eBHIHO, YTO NPOBEICHUE
KOPPEKTHOTO KOJIMYECTBEHHOr0o P®A BO3MOXHO TOJIBKO IIOCJIE€ HCYEPIBIBAIOIIEIO C TOYKU
3peHHsI OTHECEHHUs1 peduIeKCOB KayecTBEHHOro aHanusza. C Apyroil CTOPOHBI, MCIIOJIb30BaHHE
MeToja OeccraHAapTHOro KojaudecTBeHHOro P®MA mo3Bonsier, B psjie cilydaeB, TOYHEE
UJIECHTU(QUIMPOBATh MHUKPOIPHUMECH, YTO JIaéT BO3MOXHOCTb HCIIOJIb30BaTh JaHHBIE

KonudecTBeHHOro POA IIpU pCHICHUHN 3a/1a4 KaUCCTBCHHOI'O aHaJIn3a.

7.1. 3aBHCHMOCTHh MHTEHCHBHOCTHU pediekcoB (pa3bl OT ee copep:KaHusi B MHOTO(pa3HoOi

CMeCH.

IIpn B3aUMOJCUCTBUHU Iy4ykKa
PEHTTEHOBCKOTO U3IIy4EHUs c
HOJIMKPUCTAIIINYECKUM MHOT0()a3HbIM

obpazuom (Puc. 7.1) mporekaer uenblii psan

IIPOLIECCOB, CPEAN KOTOPBIX MOKHO BBIJICIUTH
JIBa OCHOBHBIX — ITOTJIOIEHUE PEHTTEHOBCKOTO
nyyka B oOpasue U ero Jaudpakuus Ha
YHOPSAOYEHHBIX y4acTKaxX BELIECTBaA.

Ecnu  paccmarpuBaTh  ITPOXOXKIAEHUE

MOHOXpPOMATHUYCCKOI'o IEPBUYHOI'O ITy4yKa

Puc.7.1. B3amMogelicTBMe PEHTIeHOBCKOI0

BJ0Jb Ocu [/ uepe3 HaOOp KPUCTAJUIUTOB i C

. U3JTyYeHHs c NOJTMKPHCTANINYEeCKUM
JUIMHOW  ceueHust [,  KoapduuueHTamu

o0pa3uom.
TOTJIOIIEHHS i M CEYCHUSIMH pacCesHUS B
3aJJaHHOM HaIpaBJCHUU (HAIpUMep, B HAIIPABICHUH COOTBETCTBYIOLIEM HEKOTOPOMY pediiekcy
onHOM u3 (pa3 MHOrO(a3HON cMecH) O; U CUMTATh SKCTUHKIHIO (YyBEIMYEHHE MHTEHCUBHOCTU

NEPBUYHOTO Ty4yka 3a cyeT Au(pardpoBaHHOTO) HYJIEBOH, TO TIepBOE W3 ypaBHEHHH

lNamunbsTona-/lapBuna (cm. Jlekuto 1) uHTErpUpyeTCs SIBHO:

- ili
1.()=1% > 1=>1

a BTOPOE 3aIHChIBACTCS CIEAYIONIAM 00pa3oM:
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I[JIH onpeacJICHUA MHTCHCUBHOCTU BTOPUYHOTI'O ITy4YKa, H€O6XOILI/IMO, T.0., 3HAaTb OPAOOK
PacCIoIOKECHHA KPHUCTAINIMTOB OTACIbHBIX (1)33 BJOJb OCH l, qTO, OYCBUJIHO, HEBO3MOXKHO JIsA

OOIBIIMHCTBA 3aJa4. O,I[HaKO cunTad KOPPCKTHBIM BBCACHHUC T.H. «CPECAHETO» KOSCI)(I)I/II_II/IGHTB.

MOTJIOMICHUS (3a/1al0IIerocs: yciuoBuem AHit; = pll = Zl,- V1 moxno YIOPOCTUTH MPEbIAYIIEE

i
BBEIpaKEeHHE. BBeneHue cpemHero kod(dQuIMeHTa TMOTJIONIEHUS CMECH HE TMPUBOJIUT K

3HAQYUTEIILHBIM MOTPEIIHOCTAM TOJIBKO B TOM Cilydae, eciu i, <<l Vj (r, - cpenuuil pazmep

kpuctaumutoB  (a3er  j). Ilpm HapymeHWM yKa3aHHOTO YCJIOBHS CIyYalHBIA TIPOIIECC
MOTJIOUICHHS] TIEPBUYHOTO W BTOPUYHOTO MYyYKOB CMEHseTCs MapKOBCKHUM — 3TO MPHUBOJIUT K
SIBJICHUIO MUKPOAOCOPOIINH, HCKAKAIOIIEMY PE3yIbTaThl KOTUYECTBEHHOTO ()a30BOTO aHATH3A.

3aBUCHMOCTh CCUCHHUS paccesaHrd OT KOOpPAWHATBI MOXHO MPCACTABUTH HpOCTOfI

o,,i=k
) )/
GyHKIMEH THNA O, = 0.i%k (popmupoBanue pediexkca MNPOUCXOAUT TOJIBKO JUIS
9

KPUCTAJUTUTOB 33JJaHHOH (a3l k), U B 3TOM Cllydae TpeAbIyIee YPaBHEHNE TaKKe MOKET OBbITh

MIPOMHTETPUPOBAHO (B MPEANOI0KEHUH OECKOHEUYHOTO 00pasia U CUMMETPUYHON T€OMETPUU —

JJIMHBI HpO6CFOB NEPBHUYHOI'O U BTOPUYIHOTO ITYYKOB COBHa,Z[aIOT)Z

Zl sin@xlg

Zl 20

B nanHoMm ciydae /Uit MHTErpUpoBaHUs Oblila BBEJIEHA HOBas IepeMeHHasi — KOOpAUHATA Z

[0 OCH HOPMaJM K MOBEPXHOCTH obpasua — /= . IIpn 6mu3koil kK M30TpomHOI (opme

sin@
YacTUIl OTHOIICHHE CYMM JUIMH TpoOeroB B ¢ase k k obmiel cymMMme JUIMH TPOOEroM MOXKHO
COIOCTaBUThL C 00bEMHOI fToJiel a3kl k£ B oOpasiie:
pNA
> zV o
i

O4eBUAHO, YTO B ATOM Cllydyae U CpeAHHH KOA(P(UIMEHT MOTJIOUIEHUSI PACCUUTHIBACTCS

KaK U = Zvi M, . YUUTBIBas, YTO MHTEHCUBHOCTB peduiekca Ul 4ucToil (asel k paBHa:

I;) . sin@
2u,

MOJKHO BBIBECTH 3aBUCHMOCTh WHTECHCHUBHOCTU pediiekca ¢aszpl k OT ee coiepKaHus B CMeCU

dbas:

0
x1p
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I zlngkx’u—_"

)7
OTtcrona MOXXHO paccuuTaTb MaccoBylO Joi0 w  (a3bl B CMeCH, HUCXOIsd W3
MHTEHCUBHOCTEH pediexcoB uncTod (aspl U KOI(PPUIMEHTOB MOTIOUICHUS M IUIOTHOCTEH
npyrux a3 (1. H. popmyna Kirora; nmpuBenena uist cmecu 1Byx ga3 — a u b):
=The Hy
1, Py
Ho Lol B Hy

p. L\p, »p

Hcnonb3oBanue 3Toi (QOpMysbl B NPaKTHUECKUX LensiX HEyJoO0HO. OOBIYHO MpH
IPOBEJCHUN  KOJMYECTBEHHOTO (ha30BOrO  aHAIM3a  «KJIACCHYECKUMH» MeTomaMu (0
MOJTHONPO(MWIBHBIX METOoAaX — T.H. OECCTaHAApTHOM KOJMYECTBEHHOM pEHTreHo(}azoBoM
aHanmuze cM. paszen 7.2 u Jlexuuro 8) ucnonb3yroT MO0 MeTo] A00AaBOK (3aKIIIOYaroIuiics B
IOCTPOCHUU 3aBUCHMMOCTH HHTEHCHBHOCTH pediexca (a3bl OT KOJUYECTBA TaKOW ke ¢asbl,
N00aBIEHHOW K HCXOJHOM cMecu) JMOO METOJ BHYTPEHHETO CTaHJapTa — IIOCTPOCHHE
3aBUCHMOCTH OTHOIICHWI MHTEHCUBHOCTEH pediekcoB (a3a/BHYTpEeHHHH CTaHAAPT MPU Pa3HBIX
KOJIMYECTBAaX BHYTPEHHETO CTaH/apTa.

OpuruHaIbHBIM PA3BUTHEM IOJXOA SBISETCS MPUMEHEHHE METO/Ia BHEUTHETO CTaHAapTa
— T.H. KopyH10oBbIX umcen. Kopynnosoe uncio (Reference Intensity Ratio) paBHO oTHOIIEHHIO
MHTEHCUBHOCTEHW HamOoyiee CHIIBHBIX pediekcoB (a3bl M KOPYyHJA B MX CMECH C MAacCOBBIMH

noasmu 50%:

max
1 k

max

ALOs |, —50%

RIR, =

Torma MaccoBble JOJNM KPUCTAUIMYECKHX (Da3 B CMECH MOTYT OBITh PAacCUHUTAHBI IO

]]znax
RIR,
Wk = Imax
Z‘ " /RIR,

B stom METOJEC, B OTJIMYHUEC OT METOJ0B I[O6aBOK U BHYTPCHHETO CTaHAapTa, HEBO3MOXKHO

POCTOMY YPaBHEHHIO:

paccuuTaTh cofepkanue amophHbix (a3. OObruHO BenuuuHbl R/R npuBoAsTCS B 06a3e JTaHHBIX

ICDD PDF-2 (Jlekuus 4).
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7.2. BecctaniapTHbIN KoJIMYecTBeHHbI PDA.

VYHOMSHYTBHIA BbIIIE METOJ OeccTaHIapTHOro KonudecTBeHHoro P®DA  sBnsercs B
HacTosIIee BpeMsi CBOe0Opa3HbIM «CTaHAAPTOM» B 00JACTH UCCIIEIOBAHUS CIOKHBIX OOBEKTOB.
beccrannaptHbeiil KosiMuecTBeHHbIN PPA OCHOBaH Ha MOJEIMPOBAHUM SKCIEPUMEHTAIBHOU
TU(PPAaKTOrpaMMbl € II€JbI0 TOTYYEHUS HAMIYYILEro MNPUOIMKEHUS «TEOPUS-IKCIEPUMEHT.
Bxogsamumu  SKCHEpUMEHTaIbHBIMM ~ JAHHBIMH B 3TOM  CIy4ae  CIYXKUT  Habop
3aperuCTPUPOBAHHBIX WHTEHCUBHOCTEH I B 3aBUCUMOCTH OT BEIMYMHBI AU(PAKIIMOHHOTO yIiia
26. OGwiee BbIpaKeHUE JUIsl YIJIOBOW 3aBUCHMMOCTH MHTEHCHBHOCTH B TEOPETHYECKON MOJAEIH
IIPEJICTABICHO HIKE:

L eop (20) = B(20)+ kz P X ‘Fhkl ‘2 x LPG x T, x F,,(26,,, —20)

hk,l

Kak BHIHO #3 BBIICNIPUBEACHHONH (OPMYJIbI, HHTEHCHUBHOCTh B KaXIOH TOUKE
CKJIaJIbIBAETCS U3 HEKOTOPO (poHOBOM MHTEHCUBHOCTU B(26) M MHTEHCUBHOCTEH, OTHOCSIIIUXCS
K pednexcam (oOo3Hayaemblx uHACKcamMu Mwnepa h,k,J) omHoil wnu Heckonbkux (a3 (B
NPUBEICHHON (opMmysne — oaHO# ¢a3bl). VHTEHCHBHOCTh KaXXIOTO KOHKPETHOTO peduiekca
CBSI3aHA C KPHUCTALIMYECKONW CTPYKTYpOH COOTBETCTBYIOUIeH eMy (a3bl (depe3 BETUYHHBI
KBAJPaTOB MOZYyJIeil CTPYKTYpHBIX aMIUTHTY |Fiul®), GakTopoM MOBTOPSEMOCTH Py (3aBHCHT
OT CUMMETPHM COCTUHEHHUS) M TEKCTYPHBIM (PakTopoM 7Tk, ONMHUCHIBAIOIIMM YIOPSI0YCHHE
KPUCTATUTOB JaHHOW (a3bl B oOpasme. Peduiekc Ha mudpakrorpamMmme OOBIYHO UMEET BHI
pa3mMa3zaHHOW JAenbTa-PYHKIUH, OOBIYHO MOJEIUPYEMOM T.H. NPOQUIBLHBIMU (YHKIHSIMHA
Pui(26,-260). B kavectBe Takux (QyHKIMA Mcnoib3yrorcs ¢yHkiuu Jlopenna u [Naycca, nim
«cMmemanHbie» QyHKImH (Tuna ncesno-Boiit unu [Tupcon VII).

BnusiHue reomeTrpum SKCIiepUMEHTa OOBIYHO YUYHUTHIBACTCS B CMeIIaHHOM uieHe LPG
(Lorentz — factor + Polarization + Geometry), (UKCHpPOBAaHHOM s JQHHOTO THIIA
T (HPaKIIMOHHOTO HHCTPYMEHTA/TEOMETPUN CHEMKH.

OO6umit MmHOXUTENb k (B ciiyyae HecKOJbKUX (a3 — Habop Takux MHOxutened {k;}, mo
OJTHOMY JUTSl KaXKJIOU (ha3bl §) CITY>KUT JJIS y4eTa BIMSIHUS HHTEHCUBHOCTHU IIEPBUYHOTO ITyYKa Ha
aHATUTHYECKUH curHail. [Ipyn Hanmu4Yuu B cMeCH HECKOJIBKUX (ha3 U3 BETUYMH dTHX MHOXKHUTEICH
MOKHO OTIPEICIIUTh MacCOBbIE A0JU w; (pa3 B cMecH 1o GhopmyJie:

ZMYV xk,
Wl — 1 L1 l
Z ZM )V, x ki
i
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rne Z; — uyucino (GOpMYJIbHBIX €IUHHI B sueiike s (asel i, M; — OTHOCUTEIbHAS
MOJIEKYJISIpHast Macca GopMyIbHOM enuHUIBI 11 a3bl i, V; — 00beM dneMeHTapHON STUeHKH IS
dazbl i.

W3 npuBeneHHOH BhIle (JOPMYJIIbl OUEBUIHO, YTO COJEPKAHNE KPUCTAJLINYeCKUX (a3 B
cMeCH TIpH HCIOJIB30BAHWM MeTOoJa OecCTaHAapTHOTO pPEHTreHo(a3oBOro aHajm3a Bcerjaa
HopMmupoBaHo Ha 100%. /Ins ananuza cogepxaHus aMop@HON (a3bl ClaeayeT MCIOIb30BaTh
JIpyTUe METO/BbI.

MuHuMH3aus OTKIOHEHUS! «TE€OPUS-IKCIIEPUMEHT» IPOBOAMUTCA IIyTEM BapbUPOBAHUS

Habopa MepeMeHHbIX (00IMX M MHAUBUAYAIbHBIX Ui Kaxaou (asel). K Takum nepemeHHBIM

OTHOCSITCSL:
1. k;, mapameTpsl poHa
2. [TapameTpsbl 21eMEHTapHOH sTYEHKH + MPOo(UIBHBIE TapaMeTphbl
3. Tekctypa
4. CTpyKTypHBIE TApaAMETPHI

BETCTBYIOIIMX pe(IiekcoB, a NMpoQMIbHbIE TMapaMeTpsl — (opMmy 3TUX peduekcoB. K
npopuIbHBIM TapamMeTpaM OOBIYHO OTHOCAT Kod(¢unuentsr W,V,U, onuceBaiomme

3aBHCUMOCTh TONymmpuHbl peduiekca FWHM ot BenmuumHbl  AUQPaKIUOHHOTO —yTiia

(FHWM = \/ W +U tan @ + W tan’ 0 ). Hnst «cMmermmaHHbIX» (YHKIUH THOA 1ceBno-Boit u
[Tupcon VII Taxxke cymecTByioT mapamerpsl «popmer»y (Shape) peduiekca: mapamerp Botita 7
(u3mensiercst B npenenax 0— 1) u nokaszarens crenenu [lupcona f (M3meHsercs B mpeaenax
1 -~10).

Jlnst omcaHus TEKCTYphl B OECCTaHAAPTHOM KOJIMYECTBEHHOM PDA OOBIYHO MPUMEHSIOT
OJIHOOCHYI0 Mojenb Mapua-Jlonnaca, B KOTOpOH HWHTEHCHBHOCTh pediekca 3aBHCHT OT
OTKJIOHEHUSI COOTBETCTBYIOIIETO JAU(PAKIMOHHOTO BEKTOpa dpy OT HEKOTOpOH ocu
TEKCTypUpOBaHMs (Takke 3azaBaeMoil uHAekcamu Mwiepa). CrTeneHb TEKCTYpUPOBaHUS
3amaercst Oe3pa3MepHBIM MapaMeTpoM 7, u3MeHsommuMmcs B npexaenax 0 - +oo, Ecomm 7=1 —
oOpa3zer HeTeKCTypupoBaH, 0 < 7<1 COOTBETCTBYET CIydalo IJIACTHHYATBHIX KPHUCTAIUIOB, 7> 1
— CJIy4alo UTOJIbYATHIX KPUCTAIUIOB. [yt OoNmbIIMHCTBA 00pa3LioB 7 HaxoauTcs B npeaenax 0.3 —
3. Ilopsiiox BEIOOpA OCH TEKCTYPHUPOBAHUS OnKcaH B M. 9.1.

BapbpupoBaHne CTPyKTYpPHBIX IapaMeTpoOB OOBIYHO TpeOyeTcs TOJNBKO B cliydyae
00pa30BaHMs TBEP/bIX PACTBOPOB, M BHIXOJUT 32 pAMKH PYTUHHOTO KOJUYECTBEHHOTO PDA.

KauecTBO mpoBeAeHHONW MHUHUMHU3ALUKA OTKJIOHEHUSA (T.H. KadecTBO YTOUHEHUS)

OIICHUBAIOT IO HCCKOJILKUM IapaMCTpaM, B HaCTHOCTH:
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o Oobmemy BUTY pa3HOCTHOI TU(PPaKTOTPAMMBI (3aBHCUMOCTH
I, (249 ) -1 meop (29 )). [Ipr BBICOKOM KadecTBE YTOYHEHHS MAaKCHMyMBbl Ha pPa3HOCTHOU

TU(paKTorpaMMe OTCYTCTBYIOT HITM HE3HAYUTEIIBHBI 110 a0COIFOTHOM BETTMUWHE.
. [IpopunpHOMY  akTOpy  HemoctoBepHOCTH  (mpoduiabHOMY  R-akrtopy),
paccuuThIBaeMoOMy 1o (hopmyIie:
>l
R, =100% x / zl
swen

J

9Kcn meop

OObluHble 3Ha4YeHHs (akTopa HEJTOCTOBEPHOCTH TMPHU KAUYECTBEHHOM YTOYHEHHS
cocTaBisoT 3-7%.

e Benmnunnze ;{2 , 3aBHCSIIEM KAaK OT CyMMapHOM pPAa3HOCTH MEXKIy TEOPETUYECKOU H
HKCHEPUMEHTANbHOM  TudpakrorpaMMaMu, Tak H  OT  KOJMYECTBA  YTOUYHSIEMBIX
napaMeTpoB/ancia pediekcos Ha gudpaxTorpamMme. ONTHMAILHOE 3HAYeHHE ¥ paBHO 1, npu
3HaveHnax 1 — 3 yTouHeHMe MOJKHO CUMTATh HOPMAABLHBIM. Ecii Bemunna y” Menbie 1, To
9TO YyKa3blBa€T HA HU3KYI0 BEJIUYMHY COOTHOLICHMS «CUTHAI/IIYM» B JU(PPAKLUOHHOM
sKcriepuMenTe (Tpedyercs Oomee NIUTeNbHas perucTpanus).

OneHky KayecTBa YTOYHEHHSI TPOBOJASAT, OCHOBHIBasSi Ha HECKOJIbKHUX W3
YHOMSAHYTBIX KPUTEPUEB, 0JHAKO BU/ Pa3HOCTHOI AudpakTorpaMMsl siBjsieTcs: Hanbo1ee
KOPPEeKTHBIM M3 HUX.

OueBHHO, YTO  MPOBEJCHHME  KOJUYECTBEHHOTO  PEHTIeHO(a30BOr0  aHaIM3a
OeccTaHIapTHBIM METOJIOM TpeOyeT Haauuusl CHElHMaJIbHOIO MPOrpaMMHOIO OOecreyeHHUs,

MO3BOJISIOIIET0 aBTOMATU3HPOBATH OOJBIIYIO YaCTh ONEPAIUil.
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7.3. KontpoabHbie Bonpocs! Kk Jleknun 7.

1.

[lepeuncnute OCHOBHBIE METOABI MPOBEACHHUS KOJUYECTBEHHOTO PEHTIeHO(ha30BOT0
aHaJIn3a U YKa)KUTC OCHOBHBIC pa3JINiUs MCXKAY HUMHU.

B uem 3akmrogarorcs HCOOCTAaTKU M MPCHUMYIICCTBA CTAHAAPTHBIX M 6GCCTaHI[apTHOFO
METOHOB?

B uem 3akmtouaeTcst CyIHOCTh SIBICHHUSI MUKpoabcopOmmm?

Pacckaxxute 0 MeToje KONMMYECTBEHHOro (ha30BOTO aHaIM3a C HUCIHOJIb30BAHUEM
KOPYHIOBBIX YHCEIL.

Kakue mnapamerppl M B KakOM MOpSAKE HEOOXOIMMO YTOYHATH IpPH MPOBEIECHUU

OeccTaHIapTHOTO aHaIu3a?
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Jexknusa 8. Meron PurBeanaa.

8.1. MeTton PurBenbaa.

Meton PutBenbaa (mo umeHu aBropa — Xbploro PUTBenbaa) U €ro BapuaHThI SABISIOTCS Ha
CErOJIHAIIHUNA JE€Hb CAaMbIMM MOIIHBIMM WHCTPYMEHTAMHU I HUCCJIEJAOBAHUS CTPYKTYpPbI
BEIIECTBA C UCIIOJIb30BAHUEM MOPOIIKOBON PEHTTeHOBCKOM nudpakunu. CBs3aHO 3TO € TEM, YTO
npuMeHeHne Merona PurBenbaa aeT BO3MOXKHOCTH CTPOTO y4YecTh W/WIM  YTOUHHUTH
OOJBIIMHCTBO (PAKTOPOB, BIUSAIONIIUX HA JUPPAKTOTPAMMY .

Meton PutBenbaa oCHOBaH Ha MOJEIMPOBAHUU IKCIIEPUMEHTATBHON TU(PPAKTOTpaMMBI C
LEeNbI0 TOJYYEHUS HAWIyYIlIero MNpUOIMKEHUS «TEOpUS-OKCHEPUMEHT». Bxopsmumun
SKCIIEPUMEHTAIBHBIMU JaHHBIMU B O3TOM CJy4yae CIYKUT HaOoOp 3aperucTpupOBaHHBIX
WHTCHCUBHOCTEH I B 3aBUCHMOCTH OT BEJIMYMHBI TUPPAKIMOHHOTO yriia 26. O01ee BeIpaKeHHE
JUTSL YTTIOBOW 3aBHCUMOCTH MHTEHCHUBHOCTH B TEOPETUUYECKON MOJIETH MPEACTABICHO HUXKE:

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

Kak BuIHO #3 BBIICTIPUBENCHHONH (OPMYIJIBI, WHTEHCUBHOCTh B K&XKIOW TOUKE
CKJIQ/IBIBAETCS U3 HEKOTOPOI ()OHOBOM MHTCHCUBHOCTH B(26) 1 MHTEHCUBHOCTEH, OTHOCSIITMXCS
K pedrexcam (oOo3HavaeMmblx WHACKcamMu Mwmiepa h,k,J) omHoil wim Heckonmbkux (a3 (B
npuBeeHHON (Qopmysne — omHOW das3el). MIHTEHCMBHOCTh Ka)JIOT0 KOHKPETHOTO peduiekca
CBs3aHA C KPHUCTAJUIMYECKOW CTPYKTYpOH COOTBETCTBYIOLIEH emy (a3pl (depe3 BEIUUUHBI
KBaJpaTOB MOAYJIEH CTPYKTYPHBIX aMIUIATY[ |Fhk1|2), (haKkTOpOM MOBTOPSIEMOCTHU Pppy (3aBUCUT
OT CHUMMETPHUM COEAUHEHUS) U TEKCTYpHbIM (akTopoM 7Tjs, OMMCHIBAIOLIUM YIIOPSIOUYEHHE
KpUCTAJUTMTOB JaHHOM (a3zer B oOpazne (cm. Jleknuio 9). Ilpodwunbnbie  ¢yHKINH,
UCTIONB3YIONIecs B MeToie PUTBenbaa, COBNaAalOT ¢ TAKOBBIMH, PACCMOTPEHHBIMH B Jlekuuu 3.

BnusiHue reomMeTpuM SKCIEpUMEHTa OOBIYHO YUYHUTHIBAETCA B CMeIlaHHOM uieHe LPG
(Lorentz — factor + Polarization + Geometry), (UKCHpPOBaHHOM JJIsi JQHHOTO THIIA
TU(HPaKIIMOHHOTO HHCTPYMEHTA/TEOMETPUN CHEMKH.

OO6umit MmHOXUTENb k (B ciiyyae HecKOJbKUX (a3 — Habop Takux MHOxutened {k;}, mo
OJTHOMY JUTSI KQXI0H a3kl §) CIYKUT JJI y4eTa BIUSHUS WHTCHCHBHOCTH MIEPBUYHOTO My4YKa Ha
aHATUTHYECKUH curHail. [Ipy Hanmu4YuuM B cMeCH HECKOJIBKUX (ha3 U3 BETUYMH dTHX MHOXKHUTEJICH
MOKHO OTIPEICIUTh MacCOBBIE A0JU w; (pa3 B cMecH 1o GhopmyJie:

ZiMiI/i X ki
W —
Z ZIMIVI X ki
i
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rae Z; — 4ucio GopMyIbHBIX €IUHUIL B stuekike it (has3wl i, M; — OTHOCUTEIIbHAS MOJICKYJISIpHAS
Mmacca (opMyJIbHOM eTuHHLbI U1 (hassl i, V; — 00beM sneMeHTapHO siueiku A Qassl i.

W3 npuBeneHHOH BbIle (OPMYJIIbl OUEBUIHO, UTO COJAEPKAHNE KPUCTAJLINYeCKUX (a3 B
cMeCH TIpH HCIOJIB30BAHWM MeTOoJa OecCTaHAapTHOTO pPEHTreHo(a3oBOro aHajm3a Bcerjaa
HopMmupoBaHo Ha 100%. /Ins ananuza cogepxaHus aMop@HON (a3bl ClaeayeT MCIOIb30BaTh
JIpyTrue METO/BI.

MuHuMH3aus OTKIOHEHUS! «TE€OPUS-IKCIIEPUMEHT» IPOBOAMUTCA IIyTEM BapbUPOBAHUS
Habopa MepeMeHHbIX (00IMX M MHAUBUAYAIbHBIX Ui Kaxaou (asel). K Takum nepemeHHBIM
OTHOCSITCSL:

1.  k;, mapametpsl poHa

2 [TapameTpsl 2IeMEHTAPHOH SUSHKU/CABUT HY IS

3 [TpodunbsHbIE TapaMeTpsbl

4.  Tekcrypa

5 CrpyKTypHbIE TapaMeTpbl

Pemenniem BapualmoHHON 3afaud sIBIsieTCS HAOOp TMEPEeMEHHBIX, JOCTaBISIONIUI

1
MUHMMYM (QyHKIHOHATY OTKJIOHEHHs (BECOBAs CXEMA W, = —— )

exp

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

Jlerko mpocmaTpuBarOTCS 3HAYUTENIbHBIE MATEMAaTUYECKHUE AHAJOTUU MEXAY METOIO0M
PutBenbaa u npoduiabHBIM aHATU30M. METOIbl COBMAAIOT C TOYKU 3PEHUS «UACOTOTHID)
CO37IaHMsI BapUAllMOHHOW 3aJayil M OTJIMYAIOTCS MPOCTPAHCTBOM BaphUPYEMBIX MEPEMEHHBIX.
Ecnmu B xoae mnpouIBHOIO aHaliM3a HMHTEHCUBHOCTH BCEX pPE(IEKCOB M MX MOJOKECHHUS
BapbUPYIOTCS HE3aBUCUMO, TO B METO/I€ PUTBENb/Ia OHU 3aJal0TCs TapaMeTpaMu JIEeMEHTapHOU
STYCUKU/CIBUTOM HYJSI W CTPYKTYPHBIMH IapaMeTpaMu Kaxaod wu3 ¢dasz/kodddummentom
MPOMOPLUHUOHAIEHOCTH, COOTBETCTBEHHO. [IpOMEXyTOUHBIMH, MO CpPAaBHEHHUIO C TPOGUIHHBIM
aHaM30M M MeToIoM PurtBenbna, sBistorcs Meronsl [laynm (BappupoBaHHE MapaMeTpoB
JJIEeMEHTApHOM SYeiku + He3aBUCHMOE BapbUpoBaHME HHTeHcuBHocTel) u Jlebens
(MHTEHCHBHOCTH YTOUYHSIOTCS MO ONPEIEICHHON UTEPAllMOHHOI Mpolenype).

[Tpu yrounenun mno merony PutBenpaa ¢oH, Kak M B ciaydae HNpOQHIBHOIO aHaju3a,
OOBIYHO ONHUCBHIBAIOT HEKUM IJIaJIKUM IOJIMHOMOM 3a/1aHHOM cTeneHu. J|oCTaTOYHOCTh CTENEHU
MOJIMHOMA 33/1a€TCsl YCIIOBHEM KaK MUHHUMYM TPEXKpPAaTHOTO OTHOIICHHUS BCeX KO3(PPHUINEHTOB
MOJIMHOMA K TOTPEUIHOCTSM B HUX BBIUYMCICHUU MPHU TOM YCIOBHH, YTO YyBEIMYEHHUE CTETECHU

HapyHIaceT yKa3aHHOC COOTHOILICHHC.
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[Tapametrpsr  snemeHTapHOU  stuediku  a3el  (a,b,c,, 7)) 3a4al0T  TOJOKEHUE
COOTBETCTBYIOIIUX pediiekcoB, a mpoduiabHBIe MapameTpel — (opmy 3TUX peduiekcoB. B
OTIIMYHE OT MPO(UIBLHOrO aHaIHM3a, B MeToJe PUTBeNbIa (yHKIIMOHATBHAS 3aBUCUMOCTD IS

H(26) 3apmaercs ® yTouHseTcs Bceraa — Jmb0 B BuAe 3aBucUMOCTH  KamboTTH

H=\W+Vtan6+Utan> 0 g ¢yHkuuu IlupcoHa HIM  raycCOBCKOM — COCTaBISIOIIEH
¢yHkuun nceBno-Boiita, mmbGo B BuAe 3aBucuMocTH H, = L)% 08 9+LY tand s

JIOpEHIIEBCKOM cocTaBisitoiel. CTOUT OTMETHTb, YTO MPH MCMOJIb30BAaHUM (PYHKIMU ICEBIO-
Boiita napamerp Boiita 77 B iBHOM BHUi€ 0OBIYHO HE YTOUHSETCS, a 334a€TCs B BUJIe (PYHKLUU OT
BesmunH UV, W LX,LY. ]JIna ¢yskuun IlupcoHa mokaszarenb cTenmeHW [ YTOUHSIOT Kak
3aBHCAIIMNA 0T AU(paKIIOHHOTO yriia 1o ¢popmyie tuna KamborT.

Jlnst onrcaHusl TEKCTYphl B OECCTaHAAPTHOM KOJIMYECTBEHHOM PDA OOBIYHO MPUMEHSIOT
OJTHOOCHYIO Mojenb Mapua-/loutaca, B KOTOpOl HMHTEHCHBHOCTb peduieKca 3aBHCUT OT
OTKJIOHEHUSI COOTBETCTBYIOIIETO JU(PAKIIMOHHOTO BEKTOpa dpy OT HEKOTOpOH ocu
TEKCTypUpOBaHMs (Takke 3azaBaeMoil uHAekcamu Mwiepa). CrTeneHb TEKCTYpUPOBaHUS
3ajaercst Oe3pa3MepHBIM MapaMeTpoM 7, u3MeHsommuMmcs B npexaenax 0 - +oo, Ecomm 7=1 —
obpaser; HeTekcTypHupoBaH, 0 < 7<1 COOTBETCTBYET Ciyyaro MJIACTUHYATHIX KPUCTAILIOB, 7> 1
— CJIy4alo UTOJIbYATHIX KPUCTAIUIOB. [yt OoNMbIIMHCTBA 00pa3LioB 7 HaxoauTcs B npeaenax 0.3 —
3. bonee moapoOHO paboTa ¢ TEKCTypUPOBAHHBIMHU 00pa3aMu paccMoTpeHa B Jlekuuu 8.

IIpy yTOYHEHHMHM KpPHUCTAUIMYECKOM CTPYKTYphl BO3MOJKHO BapbHUPOBAaHUE BCEX
CTPYKTYpPHBIX IapamMeTpOB: KOOPAMHAT aTOMOB, IapaMeTPOB aTOMHOIO CMEILEHUS B BHIE
TEH30pPOB 3aJaHHOTO paHra u T.M. OObMHO TpH 00pabOTKe MOPOIIKOBOTO SKCIEPUMEHTA
OTpaHUYMBAIOTCS YTOYHEHHEM AaTOMHBIX KOOPJIMHAT U MapaMeTpOB aTOMHOIO CMEIIEHHs B
U30TPOITHOM IPUOJIMKEHUH.

B cBs3u ¢ BO3MOXHOCTbIO BO3HUKHOBEHHUS KOppeasiuMid M oOmeld HecTaOuIbHOCTBHIO
npouecca HenuHeliHoro MHK (cm. Jlexkuunto 3) mepeMeHHblE B BapHallMOHHOE MPOCTPAHCTBO
BKJIIOYAIOT B CJIEIYIOIIEM MOPSJIKE:

1) k;, mapameTpsl oHa.

2) [TapameTpsl 37IEMEHTAPHOM SIYEHKH, CABUT HYJIS.

3) IIpodunbHBIE TapaMeTpPHI.

4) Tekctypa.

5) KoopauHatsl TSXKeENBIX aTOMOB.

6) KoopauHatel 1erkux aToMOB + apaMeTpbl aTOMHOT'O CMEIIEHUS TSXKEIIbIX aTOMOB.

7) HapaMeTpH ATOMHOI'0 CMCIICHUA JICTKUX aTOMOB.
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B orauume OT MOHOKPHUCTAJIBHOTO OKCIEPUMEHTA OJHOBPEMEHHOE YTOUYHEHHE
3aCEJICHHOCTH aTOMHOM IMO3HIIMH M TTapaMeTpa aTOMHOTO CMEIIEHUS IO TOPOIIKOBBIM JIaHHBIM
BCEr/la MPUBOJUT K BOSHUKHOBEHHUIO KOPPENIALINU, OMTU3KON K €TUHIUYHO.

KadectBo mnpoBeeHHOW MHUHUMHU3AIMU OTKJIOHEHUs (T.H. KA4eCTBO YTOUHEHHS)
OIICHUBAIOT 1O HECKOJBKUM MapaMeTpaM, B YaCTHOCTH:

o Ob6memy BUTY pPa3HOCTHOI TG PaKTOrpaMMbl (3aBUCHUMOCTHU

I sxen (249 ) -1 meop (29 )). [Ipu BBICOKOM KadyecTBE YTOYHEHHUS MaKCUMyMbl Ha Pa3HOCTHOM

JU(paKkTorpaMMe OTCYTCTBYIOT MJIM HE3HAYUTEIbHBI 110 a0COIIOTHOM BEJTMUNHE.

o [TpoduibHOMY M B3BELICHHOMY IPOQHIEHOMY (pakTOpaM HEJOCTOBEPHOCTH

OObruHble 3HaueHHMs (aKTOpa HEJOCTOBEPHOCTH MpPH KAYeCTBEHHOM YTOUHEHMS
cocTaBistoT 3-7%.

. Bemuunse 7 (3.8). OnTuMajibHoe 3Ha4Yenne 7° paBHo 1, npu 3Hauenusix 1 — 3
YTOUHEHHE MOKHO CYHTATH HOPMAILHBIM. Eciy Bemunia y° MeHbine 1, TO 5T0 yKa3biBaeT Ha
HU3KYIO BEJTMUYMHY COOTHOILIEHHS «CUTHAJ/IIyM» B IU(GPAKIIMOHHOM dKCIiepuMeHTe (Tpedyercs
Oosee IUTENbHAS PErUCTPALHS).

° OueHky KadecTBa YTOYHEHHS KPUCTAJUIMUECKOHM CTPYKTYpbl HPOBOJAT C
UCIIOJIb30BaHUEM T.H. bperrosckoro (aktopa HETOCTOBEPHOCTH

D[ 1l
R, =100%x =

hkl
2 Lo

okl

Onenky KayecTBa YTOYHEHHSI MPOBOASAT, OCHOBBIBAas HAa HECKOJBbKHX W3
YHOMSIHYTBIX KPUTEPHEB, O/THAKO BHJ Pa3HOCTHON JM(PAKTOrpaMMBbl sIBJIseTCS HanboJiee
KOPPEKTHBIM M3 HHUX.

Ha Puc.8.1 npuBeneHbl TeopeTHUYECKas, OKCIEPUMEHTAJbHAs M  Pa3HOCTHAas
mudpakrorpaMmel Uit yrouHeHus: cTpyktypsl BTCIT SmFeAs(O,F) no TtpexdasHoii cmecu

(yrounenue B mporpamme Jana2000).
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Puc. 8.1 YTounenue kpucrauinieckoi crtpykrypbsl SmFeAs(O,F).
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PesynbraTel yrounenus (Juist uHpopmanyu) npuseaeHsl B Tadm. 7.1

Ta6mmma 8.1. [Tapamerpsr mopomkoBoro skcnepumenTa st PCA SmFeAs(Oy9s5Fo.05).

CocraB SmFeAs(0¢95F0.05)

IIpocTpancTBeHHas rpynna P4/nmm (Ne 129)

a, A 3.93401(4)

¢, A 8.4852(2)

v, A’ 131.32

Z 2

Peale 7.550 g/cm3

T 22 °C

N3nyuenune CuKoty4z
Juanason 26 8.0° =+ 100.0°
Meton yTouHeHuUs meTton Puteennna

[TporpaMMHBIil KOMILIEKC JANA2000

OO0111E€ KOIMYECTBO TOYEK 4601

O0miee YuCIO0 yTOYHAEMBIX | 36
napameTpoB

Yucio HaOJIIOgaeMBIX | 55
pedaekcoB (Zobs™3 0(1obs))

Hucno YTOYHSIEMBIX | 7
CTPYKTYPHBIX [TapaMeTPOB

Rp, Ryp, 1 7.3%, 10.6%, 0.60

Ry 1.3%

IIpumecHbie (a3bl

da3a SmOF FeAs
w, % macc 9.55(9) 8.81(14)
R 2.8% 2.4%
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IIpuBeeHHBIE pe3yJIbTAaThl IOKA3bIBAIOT, UTO PE3YJIbTAaThl YTOUHEHUS KPUCTAIUIMYECKON

CTPYKTYpPbI MOTYT ObITh BeCbMa HaJiexHbI (R; = 1.3%) naxe npu HaTW4YUK MPUMECHBIX (a3.
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8.2. KonTpoabHbie Bonpocekl K Jleknun 8.

1. B dyem cymnHocts MeTona PurBenbaa?

2. Kaxkue mapameTpsl yTOUHSIOTCS MPH MPOBEICHUM aHalnW3a METoAoM PutBenpaa u 3a 4To
OHHU OTBEYAOT?
KaxoBbl KpuTepuu NpaBUILHOCTH IPOBEAEHHOTO YTOUHEHHUS?

4. Jnst kakux 1ened mpuMeHstoT Meto Puteenpaa?
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Jleknus 9. TekcTypupoBaHue NOJTHKPUCTATINYECKUX MPOO.

9.1. TekcTypupoBaHue 00pa3moB.
OaHUM U3 OCHOBHBIX MPEIOI0KEHUN, IPUHUMAEMBIX IIPU TEOPETUUECKOM PaCCMOTPEHUU

mporecca AUGpakiMM  HA  MOJUKPUCTAUIMUECKMX  oOpasmax  (MOpoImikax) — sIBISETCS

HPENON0KEHHUE O CIy4alHOM OpHeHTalMKu KpUCTAJUIUTOB B mpobe. B 3TOoM ciydae oOpaTHble
(003)

Puc. 9.1 ®opmupoBanne 1uppakTorpaMmbl MOJUKPUCTATIINYECKOT0 00pa3ua.

PELIETKN KPUCTAJUIMTOB TaKKE OPUEHTUPOBAHBI OTHOCUTEIBHO HANPABJICHHS IEPBUYHOTO IMyUYKa
CIIy4ailHbIM 00pa30M, M KaKIblid U3 peeKcoB OMUCHIBACT B 0OPaTHOM MPOCTPAHCTBE cepy ¢
PaBHOMEPHBIM ~ pacHpeeieHHeM BEPOSITHOCTH (IJIOTHOCTH BEPOSTHOCTH) TMPUCYTCTBHS

pednekca Ha ee moBepxHocTH (Puc. 9.1).

A /a
N/ Y

20 D 20

Puc. 9.2. U3MeHeHHe MHTEHCUBHOCTEH pediekcoB npu TekcrypupoBanuu. Tonmmna chep

COOTBETCTBYET BEPOSAITHOCTH HAXO0KIEeHHUs peduiexca HA ITHX yUacTKax.

Ecnu xe mnpeamonokeHue o ClAy4ailHOW OpHWEHTAIlMM KpPUCTANIMTOB B oOpaslie
HapyIaeTcs, TO paclpeleneHue pegeKCoB MO MOBEPXHOCTH TakKUX cdep CTaHOBUTCA
HEM30TPONHBIM. M3-3a 3TOr0 Npu perucTpanui JupakTorpaMMbl HEKOTOpPBIE pedaeKchl OyxyT
YCWIIMBATbCA, a HEKOTOpble — OCHabiAThCA MO CpaBHEHHIO C  JudpakTorpaMmon
HeynopsaoueHHo! npoOsl (Puc. 9.2). OueBHAHO, YTO M3MEHEHHE MHTEHCHUBHOCTEH pediiekcoB
OyzZer 3aBHCETh KaK OT THIA W CTENEHU YHOPSIOYEHHUS KPUCTALIUTOB, TaK U OT B3aWMHOU

OpHEHTaIK 00pasiia ¥ IepBUIHOTO ImydKa (cp. ¢ Puc. 9.2).
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IIpn paccMOTpeHMM MNPOCTEHIIMX MOACIECH YNOPSAOYEHHs IIOJIE3HO BBIJICIUTh JIBA
KpallHUX Cllydas: YIOPAJOYECHHE KPHUCTAJUIMTOB — IUIACTUHOK M KPHUCTAJUIMTOB — HIOJIOK
(Puc. 9.3). Ecnu cuutarth BBIIENEHHOE KpHCTalorpaduyeckoe HampaBieHHe (HOpMallb K
IUIOCKOCTH IUIACTUHOK U OCh MI'0JIOK, COOTBETCTBEHHO) T.H. OCbI0 TEKCTYPMPOBAHMS, TO IJIs
TU(PPaKTOrpaMM, 3apETHCTPHPOBAHHBIX B TEOMETPHH «HA OTPAKEHUE» MOKHO C(HOPMYITUPOBATH
CJIEIYIOIINE KaYECTBEHHBIE 3aKOHOMEPHOCTH

1) s «miacTHHOK» pedIeKchl ¢ BEKTOpaMu 00paTHOM pelIeTKH, MapajuieIbHbIMU OCH

TEKCTYPHPOBAHUS YCUIIUBAIOTCS, C IEPIICHANKYISAPHBIMHU — OCIIA0JISIOTCS.

2) 17 «MroJIOK» CUTYAIMsl MEHSETCS Ha MTPOTUBOIIOJIOKHYIO.

k T k k k
0 hkl 0 hkl
~ . d ""Y ~ , _,—"V

< > 1 —>-q
a) 6) Jl_alT

Puc. 9.3. YnopsizoueHue «IJIACTHHOK» (@) U «MUTOJIOK» (0).

Ha Puc. 9.4 npuBenen mnpumep mudpakrorpamm xiopuna Harpus (NaCl) — mis
HEYTOPSAIOYCHHOTO0 00pa3iia W Jyisi 00pasiia, TeKCTYpPUPOBAHHOTO BIOJb HampamiaeHus [111]
(¢pu3uyeckun 3TO COOTBETCTBYET YIMOPSAIOUEHUIO KPUCTAILTUTOB-KIUIACTUHOK» - OKTa’ApOB U
UCKKXEHHBIX OKTa’ApoB). Ycwienue pednexkcoB (111) wm (222), mnapaminensHbIX OCH

TEKCTypPHUPOBAHMSI XOPOILIO 3aMETHO.

1.0 NaCl 1.0

0.8 1 6e3 TEKCTYpUpOBaHWA 0.9

NaCl

nnacTuHYaTble KpucTannb!

0-8 1 0.8 NAOCKOCTL NNACTUHOK NapannensHa (111)

0.7 | 0.7 { |

0.6 0.6 | (222)
0.5 | 0.5 l

0.4 | | 0.4 1

(111):

0.3 4 | 0.3

0.2 I 0.2
0.1 [ | .': | ot - i ; b
i i\ A st A i A s A\ I\ T 4 )\ e it

20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0

Puc. 9.4. luppakrorpaMMbl HeYNOPSIA0YEHHOT0 M TeKCTyprupoBanHoro oopasuos NaCl.
O‘IGBI/IILHO, 4TO TCKCTYPHUPOBAHUC MOXKCET IHNPHUBOJUTH K OHII/I6K3,M U B KAa4YC€CTBCHHOM
¢da3oBoM aHanM3e (HampuMmep, MPU OYEHb CHJIBHOM TEKCTYPHUPOBAHHH OYyIyT BUAHBI PehICKCHI
TOJIBKO OJHOU KpHcTauiorpaduveckoil 30HbI) U B XOJE MPOBEACHUS YTOYHEHHH MO METOdY
PutBenpaa. B mocnennem ciyuyae BIUSHUE TEKCTYpPhl YUUTHIBAIOT BBEICHUEM B BBIpaKEHUE IS

TEOPETUYECKON TU(PAKTOrPaMMBI T.H. TEKCTYPHOTO MHOXKUTENS Ty
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2
1o (20) = B(20) + kZ Phia X ‘Fhkl‘ x LPG xT,,, x B,,(26,,, —20)

hk,l
Hns ompenenenuss (PyHKIIMOHAIBHOW 3aBUCUMOCTU 1(hkl) TIpUMEHSIOT T€ WM HWHBIE
MaTeMaTUYECKUE  MOJIENIM; Haumbolee  paclpoCTpaHeHbl T.H.  OJHOOCHBIC  MOJICIIH,
paccMaTpuBarOUC YHOPAAOUCHUC «KUTOJIOK» U «IUJIACTUHOK)» BAOJIb CI[HHCTBCHHOﬁ BLI,Z[CJIGHHOP'I
OCH.
B cimydae 0fHOOCHOTO TEKCTypupoBaHHs HanOoJiee CHIIBHOE BIIHMSHUE TEKCTypa Oyner
OKa3bIBaTh Ha peQIIeKChl, MapaiieNbHble W MEePHEHAUKYISPHBIE OCH TeKCTypupoBaHus. T.0.,

MOKHO IIPEIIOIOXKUTh CYLIECTBOBAHUE 3aBUCUMOCTH T, (¢hk1), TO€ @y — YTod MEKAY

peduexcoB (hkl) n ocero TekcTypupoBaHus. II0CKOIBKY 3aBUCHMOCTh OyeT TaKkkKe U3MEHSAThCS
IIPY BapbUPOBAaHUU CTENECHU YINOPSIOYEHUS (HEU3BECTHOW IKCIEPUMEHTATOpY), B HEE BBOISAT
BapbUpYyEMBbIE B X0JI€ TIOJHOMPO(PHUIBLHOTO YTOYHEHUS nepeMeHHble. OHUM U3 HanboJee 9acTo

YHOTPEeOMMBIX MOJeNIell OAHOOCHOTO TEKCTYpHpoBaHUs ((pakTuyecku, 3aBUCUMOCTH T, (¢hk,))

ABIIseTCS T.H. Mozienb Mapua-/lomnaca (1 - Bapbupyemasi iepeMeHHast):

_3
T_(z 2 1.2j4
w =| 77 cos” @+ —sin” ¢
T

Jlerko BuaeTh, yTO MpU 7=1 MOJEIH COOTBETCTBYET HEYMOPSIOUYEHHOMY O0O0pa3Ily

(T, =1Vh,k,l), mpu 7>1 peanusyerca ciay4all «HUrojoK» (yCHIMBAIOTCS peQIeKCh c

i = 90°, ocnabmnstoTest peduiekesl ¢ gy = 0°), a npu 7< 1 — ciry4ail IIaCTUHOK.

YTOo4YHEHHE TEKCTyphl TpeOyeT NpaBUIIBHOTO BbIOOpa OCH TeKCTypupoBaHus. [lns ee
OTIpeIeNIEHNUs CYLLIECTBYET Psii SMIUPUUYECKUX MPABUI:

1)  JIos clIouCThIX CTPYKTYpP — HOpMaJIb K citosiM (Hampumep, [001] nst rpadura).

2)  [lns Xopolo 3aKpHCTAJUIM30BAHHBIX 00pa3lioB — HOPMallb K €CTECTBEHHBIM TPaHIM
Kpuctaio (Hanpumep, [111] ams NaCl).

3) s CTpYKTYp, XapaKTepU3YIOLUINXCs MPOCTPAHCTBEHHBIMU TPYNIIAMHU C BbIIEIEHHOM
OCBI0O CHMMETPUHU — yKa3aHHas ock cummeTpuu ([010] mms moHOoknuHHONM cuHroHuu, [001] mms
TETParoHaJbHOMN U reKcaroHajabHOW CUHTOHU).

4)  Ilpum Gonpuiol pa3HOCTH B JUIMHAX pedep sYeMKH KpUCTaJuIbl ObIcTpee pacTyT (H
(GOpMHUPYIOT, COOTBETCTBEHHO, «MIOJKHW» WIH «IUIACTHUKW») BJOJIb MEHBUIMX pedep
3JIEMEHTapHOU STYEHKH.

5) Ilpu HeBepHOM BBIOOpPE OCH TEKCTYPUPOBAHHS KAa4eCTBO YTOYHEHHS MOBBIIIACTCS

HC3HA4YUTCIIbHO, a4 7= 1 £3 0. B s3Tom CJIydac MOKHO HUCITIOJIb30BATh METO/ ((Hp06 H OLIHOO0K.
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Bonee crporo ymopsimoueHHe KpPHCTALINTOB B 00pasile OMUCHIBACTCS T.H. (PyHKIUEH
pactipenenennsi opueHTHpoBOK (Orientation Distribution Function, ODF), sBusromryrocs
IUIOTHOCTBIO BEPOSTHOCTH OPUEHTALMH KPUCTANIUTa B COOTBETCTBHM C TPEMs 3UIEPOBCKUMHU
yriaamu. T.o., ODF sBnsercs QpyHKuuei Tpex nepeMeHHbIX, YTO 3aTPYyAHAET €€ BU3yaTU3alHIo.
Omnpeneneane ODF TpeOyeT permcrparyivi MOMFOCHBIX (GUTYp — 3aBUCUMOCTH WHTECHCHUBHOCTHU
TOTO WJIM MHOTO peduiekca maHHOHM (a3el B 00pasiie OT OpHUEHTalHMH oOpaslla OTHOCHUTEIHHO
nepBUYHOrO mydka. [lomoOHble momrocHble (GUTYpHl (3aBHCSIIME OT JBYX YIJOB — yria
BpallleHusT ¢ ¥ YIJIa HakIOHA J, OOBIYHO H300pakaroTcsi B TMOJSPHBIX KOOPAWHATAX)
PETUCTPUPYIOT C UCIOJIB30BAHUEM CHEIMATBHOW ABYKPYXHON TOHUOMETPUYECKON MPUCTaBKH.

Tunu4HbIi BUJ TOMIOCHBIX GUryp Toka3aH Ha Puc. 9.5.

"ﬂ-"

Ny

S

e,

W
8

&

(001) (101)

270

Puc. 9.5. IloatocHbie purypsl s peduiexcos [001] u [101] turanoBoro cniiapa BT-01
(Jannbie npenocraBienst HCMH Beal'Vy).

T.K. ymopsao4YeHHWE KpPUCTAUIUTOB B 0OOpa3lax BO3HUKACT TpU JIOOOM BUE
HEHM30TPOITHOTO BO3JCHCTBUS (IpafMeHT OOOOIIEHHBIX CHJI — TEMIepaTypbl, XUMHUYECKOTO
MOTEHIINANIA, HANPSHKEHHOCTH JJIEKTPOMArHUTHOTO TIOJIS, YHPYTHX CHJI W T.I.), TO IS
YMEHBIICHUSI HEKEJIAaTEIIbHOTO TEKCTYPHUPOBAHUS CIIEAyeT M30eraTh MOJOOHBIX BO3JCHCTBHMA
(HampuMep, NPEcCOBaHMs) Ha IOPOIIKOBYIO MpoOy. YMEHBIIUTh TEKCTYPUPOBAHUE TaKXKe
TIO3BOJISICT THIATENIFHOE MCTUPAHUE TOPOIIKOB M pa3BeiCHHE NMPOObI aMOP(HBIM BEIIECTBOM

(KkpaxmaJyioM, IOJTy4eHHE CYCIICH3UH B STIOKCHUIHOW CMOJIE U T.11.).
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9.2. KonTpoJbHbie BOopockl k Jlekuuu 9.
1. Yro mOHMMAIOT O] TEKCTYPUPOBAHUEM TTPOOKI?

2. Ha wuHTeHCHUBHOCTh pe(dIeKCOB KaKWX 30H TEKCTYpHUpPOBaHHE OKa3bIBaeT

HauOoJIbIIIee BIUSHUE?
3. [ns uero npumMeHsaoT Moaens Mapua-/lonnaca?

4. Yro BnMsieT Ha yCUJIEHHME TEeKCTypupoBaHus? Kakue npueMbl NPUMEHSIOT AJs

MUHHUMH3ALNAN TEKCTYPUPOBAHUS?
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Jleknus 10. Iudgpakuusi peHTrTeHOBCKOT0 M3JIy4YeHUsI HA HA000beKTax.

10.1. ®opma 1uPpaKIHOHHBIX MAKCUMYMOB IIPH TH(PAKINHU HA PeaIbHbIX 00beKTAax.

[lpu paccMOTpeHHMH KPHCTALIMYECKOTO BeElIeCTBAa B paMKaxX MoJelu OeCKOHeuHOU
NEePUOIUYECKON PEIIeTKH M HCIOJIb30BAaHUM KUHEMAaTH4YEeCKOTO MPUOJIMKEHUS IS ONMUCAHUS
nporecca nudppakuun PY audpakimonHsiii MakcuMyMm siBisieTcss O-QyHKIMEH B oOpaTHOM (U
OpsIMOM) TpOCTpaHCTBaX, T.€. HMEET HyJIeByl0 IIHMpUHY. Pa3ymeercs, B peasbHBIX
UCCIIEIOBAHUAX (UKCUPYIOTCS TU(PPAKIMOHHBIE MAaKCHUMYMBI C HEHYJEBOW IIMPHHON (O~

(GyHKIUS pa3Mas3blBaeTCs), WK, KaK TOBOPSIT, HA0JII01aeTCs YIIUpPEHUe pedekcos.

Cpenu OCHOBHBIX TapameTpoB pediexca BBLICISIIOT a0CONIOTHYI0 HHTEHCHBHOCTD Iips —
MHTEHCHBHOCTh B MAaKCHMyME 3a BBIYETOM (pOHA, HHTETPAIbHYIO0 HHTEHCUBHOCTH [, — TUIOIIAb
nox pediekcoMm (3a BelUeTOM (OHA), UHTETPANbHYIO HIMpUHY pediekca b - OTHOIICHHE
MHTETPaIbHON MHTEHCUBHOCTH K a0COJIOTHOM, a TaKKe MOJIHYIO MIMPHHY Ha MOJOBUHE BBICOTHI
(monymmpuny) FWHM (Full Width on Half Maximum) wm H (Halfwidth). 3 onpenencHus
CIIe/TyeT, YTO NPSAMOYTOJIBHUK, PABHBIN 1O BBICOTE pediiekcy ¢ MMpHHON b paBeH pedieKcy 1o

wiomaau. OTAeNbHO pacCMaTpUBAIOT TaKOM mapaMeTp, kKak (opma peduiekca (T.H. npoduibHas

byHKLUA).

Ha ymmpenue peduiekcoB BIMSAIOT JBa OCHOBHBIX (DaKTOpa: MHCTPYMEHTAJIbHBIN (hakTop,
CBSI3aHHBIN C KOHCTPYKIMEH 3KCIIEPHUMEHTAIbHOW YCTaHOBKH, M (pakTop o0Opasia, CBsI3aHHBIHN ¢
OCOOCHHOCTSIMH ~ pealbHOW  CTPYKTYpbl  (MHUKPOCTPYKTYpPBI)  HCCIIEAYEMOTO  BEIECTBA.

Paccmotpum BiusiHEE 000MX ATHX (PAKTOPOB MOAPOOHEE.

10.2. UHCTpYMEHTAJIBHBIN BKJIA/ B YIINPEeHHE pe(ieKCcoB.

®opma u mmpuHa pediekcoB (mpodunbHas GYHKIHS) I XOPOIIO 3aKPHUCTAUTM30BAHHBIX
COCMHEHUH ¢  TNpeHeOpeKUMO  Majol  KOHLEHTpanued  aedekToB  ompeaensercs
TreOMETPUYECKUMHU OCOOCHHOCTSIMU IKCIIEPUMEHTAIBHOM yCTAaHOBKH U (PU3NYECKON MPHUPOIOH

HCIIOJIB3yEMOI'0 IJId aHaJIn3a U3JIyUCHUs, T.C.

K(20)=w(20)=J(26),

J(20)=J,(20)% J,(20)%..%.J,(26).
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rae K(260) — nactpymMeHTanbHas QyHKOUS (B CIIy4ae «HICATBHOTO» CTaHIAPTa — SBISICTCS
npodmibHOU QyHKIIMEH), W(260) — SMUCCHOHHBIN CIIEKTpP (OMpeaeaseMblid TUIIOM UCTOYHHKA U
Ha0OpOM YCTPOMCTB MOHOXpOMATH3allMM, a TAKXKE XapaKTepUCTUKaMu JeTekropa), J(20) —
nonHas ¢GyHKus abeppauuit, J1(20),...,Ji(20) — dyHkuumm adeppanuil HHIWBUIYATBHBIX
TEOMETPHUYECKHX JIEMEHTOB qudpakToMeTpa (Iesiel, KOJUTMMAaTOpoB U T.11.). ClieayeT OTIeIbHO
00paTuTh BHUMaHKUE Ha TOT (paKT, 9TO pe3yiabTHpYIONUE (QYHKIMH BO BCEX CIyYasX SBISIOTCS

CBEpPTKON (DYHKITHI OTJEIBHBIX KOMIIOHEHTOB. Tormaa
1(26)= K (20)* B(20)

rne [(20) — »skcnepuMeHTanbHO HaOMIOAaeMass WHTEHCHUBHOCTh, a B(20) — dyHkums
(Gu3MYECKOTr0 YIIUPEHHUs, CBA3aHHOIO C HcciaeayeMbiM obOpasuoMm. OueBHIIHO, YTO IS
«uaeanbHOro» obpasua B(20) sBnsercs o~QyHKIMEH, a omepamus CBEPTKH B 3TOM Cliydae He
U3MEHSAET MHCTPYMEHTANbHYI0 (QYHKIHIO. CTPOTO TOBOps, UCKAXKEHHSI B M3MEPSEMbIil CUTHAI
BHOCAT a0COJIFOTHO BCE 3JIEMEHTHI ONTUYECKON CXEMBI TU(PPAKTOMETPA, TOCKOIBKY UIMEHHO OHH
cimyxar s popmupoBanus nyuka PU m peructpammm curnana. IIpubopHeli Bkiajg, T.0.,
HEOOXOIMMO JIOJDKEH OBITh YYTEH B XOJ€ MPEUU3NOHHOTO aHaiu3a TudpakrorpamMm. MIMeHHO
MPUOOPHBIE XapaKTePUCTUKH ((PaKTUYECKHM HMHCTPYMEHTAIBHOE pa3pelieHne) OIMpeaesioT

MHHUMAJIBHO BO3MOXKHBIC 06Hapy)KI/IBaCMLIC 0COOEHHOCTH MHUKPOCTPYKTYPBI.

10.3 Bkiag B ymunpeHnue peg)ieKcoB, CBI3aHHBIN ¢ HeCOBEpPUIEHCTBOM 00pa3ua.

HGCMOTp}I Ha TO, YTO MOJCJIb UACAIIbHOTO KpUCTAJlJIa ABJIACTCA YI[OGHI:IM HpI/I6JII/I)KeHI/IeM B
KJIACCHUYECKOM CTPYKTYPHOM aHallu3e, OHA HEPEIKO HapyIIaeTcs IMpU MEepexoe OT KPUCTAIIOB
WIA JK€ KPYHNHOKPHUCTANIMYECKUX BEUIECTB K pealbHbIM MaTepuanaM. OCHOBHBIMHU

HAapyHICHUAMU MOACIIN ABJIAKOTCA:

e KoneuHocTh pazMepoB o0acTell KOrepeHTHOTO paccesiHus (JOMEHOB), CBsI3aHHAs
C WX MajblM pa3MepoM (HampuMep, B CPOCTKax/IBOMHUKAX) WM Xe (U3HIECKUM
pa3MepoM KpucTaIuTa (HaHodacTullsl). CiaenyeT OTMETHTh, YTO MaKCHUMAIIbHBIN pazMep
00JacTH KOTePEHTHOTO pacCesTHUS 3a/1aeTCsl Takke UTMHON KorepeHTHocTu PU, xoTOpas

0OBIYHO UMEET BEJIIMYMHY MOPAIKa 1 MKM.
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e Hapymenue nepuogMYHOCTH B PACHOJIOKEHUM aTOMOB — K HCKaXEHUIM
NPUBOJIUT HANW4KE 1e()EeKTOB 000 pa3sMEPHOCTH (TOUCUHBIX, TUHEHHBIX, IBYMEPHBIX,
TPEXMEPHBIX).

e OrtcyTCTBHME  TpPAaHCISALUOHHOM  CUMMETPUM,  CBSI3aHHOE, HalpuMmep, C
MHOECTBEHHBIMU J1e()eKTaMH YIIAKOBKM B HAHOYACTHUI[AX METAJIOB C I'.I.K. PEILIETKOM.

Kaxnplii u3 3tux 3(p(HekToB NpuUBOIUT K M3MEHEHHIO (OpPMBI M pa3Mepa y3iaa oOpaTHOMH

PELIETKH U, COOTBETCTBEHHO, (POpPMBI MakcuMyMa Ha nudpakrorpamme. Kpome Toro, HekoTopbie

TUNBl J€PEKTOB TMPHUBOIAT K MOSBICHHIO JIOTIOJHUTEIFHOW HWHTEHCHBHOCTH MEXKIy Y3JIaMH

00paTHOW penieTkh. Y CIOBHO MCKAXEHUS TU(PAKIIMOHHBIX MAKCHMYMOB MOYKHO Pa3JIeIUTh Ha

JIBa THUIIA:

e wu3MeHeHHe (OpMBI — YIIMpPEHWE JHMHUH (KaK H30TPOIHOE, TaK W aHU30TPOITHOE),
CBSI3aHHOE, HAIIPUMEDP, C MAJIOCTHIO 00JIacTel KOTEPEHTHOTO PACCESHHUSI, WU MOSIBIICHUE
aCUMMETPUHU IIMKOB, BBI3BAaHHOM, K IPUMEPY, Cerperanyen o cocTaBy WM e HaJudueM
Ne(eKTOB YIIaKOBKHU;

® U3MEHEHME HWHTEHCUBHOCTH (HE CBS3aHHOE C MPEUMYIIECTBEHHOW OpHUEHTaIlUeH
KPUCTAUTUTOB - TEKCTypOi) — COOCTBEHHO H3MEHEHHE WHTEHCHUBHOCTH OTAEIBHBIX
peduiekcoB (BILIOTh J0 MX MOJHOTO MCYE3HOBEHHS), KOTOPOE MOXKET OBITH CBS3aHO C
TypOOCTpaTHBIM HCKa)X€HUEM (HapylLIEHHUE pACIOJIOKEHHs] CIIOEB B  CIOUCTBIX
CTPYKTYpPax), UM K€ MOSIBIECHUE HOBBIX NMHUKOB, 00YCIOBICHHOE HAJIMYUEM aHTH(a3HBIX
TPaHUI] WK K€ 3HAYUTEIbHON KOHIIEHTpaUU 1e()EKTOB YIaKOBKH.

[IprunHON TMOSABIEHUSA YIIMPEHUM, CBSA3aHHBIX C MAJOCTBIO pa3MEpOM JIOMEHAa, Ha
pEHTTeHOTpaMMe SIBISIETCS TO, YTO KOTJa pa3Mep ITHX O0JIaCTe CTaHOBUTCS KOHEUYHBIM,
nudparupoBaHHash WHTEHCUBHOCTH OOJBIIE HE CXOAWTCS B TOYCYHOM Yy3JIe OOPAaTHOTO
npoctpaHcTBa (d-pyHkiun). Bmecto 3T0oro y3en pasmbiBaeTcs, U €ro pasmep U Gpopma CBSI3aHbI

¢ pa3mepoMm u (hopmoii JoMeHa.

Hanpumep, ecnu noMmeHsl KyOuueckod (hasbl ¢ MapaMeTpoM 3JIEMEHTapHOW SYEeHKH a
MPEJCTaBISIIOT co00K  KyObl co cTopoHO D =Na (N — TIONOXHUTEIbHOE IICIIOE),
COOTBETCTBYIOIUE Y3JIbl B OOpPaTHOM IPOCTPAHCTBE UMEIOT Ty ke (OPMY U MHTEHCUBHOCThH B

00paTHOM IMPOCTPAHCTBE ONMUCHIBAETCS HHTep(hepeHIMOHHON (yHKIMen Jlaya

_|F|2 sin® (nNA) sin® (nNk) sin® (nNI)

v? sin’(mh) sin’(mk) sin®(nl)
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rae |F |2 — KBajpaT MOIYNS CTPYKTYPHOH aMIumTymsl W V> — KBajgpaT ob6bema

aneMeHTapHou sdeiiku. Ecmu paccmorpers mimockoctu cemeiictBa (00/), To mmpuHa y3na

00paTHOTO MPOCTPAHCTBA 3AMUIIETCS KaK

I d
IB* ) LI(S)dS = (ﬂ_as)z S i Na :i
1(0) i sin’ (7 Nas) ( Na)2 D

530 (ﬂas)z

+ji°sin2 (7Nas)

rze /(0) — BeicoTa JU(PPaKLIHOHHOTO MAaKCUMYMa, § — pACCTOSIHME B 0OpaTHOM IPOCTPAHCTBE.

Jpyroii mpu4YMHON YIIUPEHUS, HE CBSA3aHHON C pa3MepHBIM 3(P(HEKTOM, SBISCTCS HATHMYHE
MUKPOHAMNPSKEHU (Ha caMoM Jeiie MUKpoaeopMaIuii) — JOKaTIbHBIX HCKAXEHHH pElIeTKH,
NPUBOJAALINX K TMOSIBICHHIO HEOJHOPOJIHBIX TOJEW ympyrod aegopmaunuu (B OTIMYHE OT
OCTaTOYHBIX HAIPSDKEHUH, KOTOPBIE MPHBOAAT K MOSIBICHHIO OJHOPOJHBIX TOJNEH YHpPyTUX
HanpspkeHuit). [losiBeHre Takux Mojeil cBsI3aHO ¢ HAIMYUEM OIPE/IeJICHHBIX TUIOB J1e(heKTOB,
onHako i pacyera no ¢opmyne CTokca-YUICOHA 3HaHHWE O HPUPOAE ITHX Ae(EKTOB He
ABIsieTCA HeoOXoauMbIM. Kak cieicTBHe paccuuThIBaeMasi BETMUMHA € KaK MPAaBHIO HE UMEET
HUKAKoro (u3ndeckoro cmeiciaa. CymecTByeT ompenesieHHas MyTaHWIa B 0003HAYEHUSX,
CBS3aHHASI C TEM, YTO M OCTATOYHbIE HANPSDKEHUs, U MUKpoJaedopMalus HHOT1a 0003HAYaI0TCs
OJIMHAKOBO, @ UMEHHO Kak Ad/d. OnHako (GU3NYeCKUil CMBICT 3TON BEIMUYMHBI B 00OUX CITydasx
NPUHIUIHAIGHO pa3Hbld. B ciydae, Korjma sTa BeJIMYMHA UCIOJB3YETCS Ui XapaKTePUCTUKU
OCTaTOYHBIX HAIPSDKEHWH (BBI3BaHHBIX, HANIPHMED, PACTSDKEHHEM Marepuaja ¢ MPeBhIIICHHEM
YOpPYroro mpejelnia), OHa O3Ha4yaeT CMeIlleHHe AU(PPAKIMOHHOIO MUKa M3 €ro PaBHOBECHOIO
noJjoxeHusa. Bo BTopom citydae, Koraa peus UAEeT 0 MUKPOHAIPSDKEHUSX, 3Ta BEJIMYUHA CBSI3aHA
C YUIMPEHHEM THKA, CBSI3aHHBIM C HAIMYMEM PACIIPECIICHHS TapaMeTPOB JIEMEHTAPHBIX SUYEEK.
Ha Puc. 10.1 mpuBeneHa wumtocTpanus ciy4daeB (@) OTCYTCTBUS HCKaKEHUM pemieTkH, (b)
HaJU4Msl OCTAaTOYHBIX HAIpsDKEHUH (CMeIeHHWe TMHKa), (¢) HaTu4dus MUKPOHAIPSIKEHUN

(ymupenue nuka) u (d) cMelaHHbli ciaydail (OJJHOBpEMEHHOE YIIMPEHHE U CIIBUT [TUKA).
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Puc. 10.1. Bausinne uckakeHHi pelieTKH Ha MoJokeHHe U ¢opmy AudpakumoHHOrO
MakcumMyMma. (@) — B OTCYTCTBHE MCKaKeHUil, (b)) — ocTraTouHble HanpsikeHusi, (¢) -
MUKpOHanpsi:keHusi, (d) — OJHOBPeMeHHOE NPUCYTCTBHE OCTATOYHBIX HANPSKEHUHA H

MHUKPOHANIPSAKECHUH.

I/IHTeraﬂbHaﬂ rprHa JIMHUHW, OMPCACIIICMAasA MHUKPOHAIIPS)KCHUAMU, 3aIlHMCBIBACTCA KakK

(popmyna Crokca-YuscoHa):

f =4¢ctanb,
n=pfcotl

I7ie € — MaKCUMaJbHas aedopmanus, a 1 — Kaxymascs aedopmarys. CTOUT OTMETUTH, YTO B
o0meM ciydyae BEIMYMHA €, €CJIM OHA CBsA3aHA C HaJWYHEM JUCIIOKAIMi B oObeme oOpasia,
SBIIIETCS TEH30PHOM, 3aBUCSIICH OT MOIYJEH YIpyroi »ecTKoCcTU Kpuctanna. Hampumep, mis
KY6I/I‘-I€CKOI7I CHUHT'OHHUH 3aBUCHUMOCTB € OT HaHpaBHeHI/Iﬂ B KpI/ICTaJ'UIe 3aIIUChIBACTCA CJIGIIYIOH_II/IM

o0OpazoM:
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&’ = A+ BH,
2712 212 21.2
5 KCACh +h2k
(h2+k2+12)

rne A 1 B — KOHCTaHThI, paCCUNTBHIBAEMbIE U3 3HAYCHUH yNIPYrUX MOJyJeH Kpucrtamia, a h, k

u [ — uaekcsl Muepa.

Hannune npoTspkeHHBIX JeeKToB (1e(heKThl yIIaKOBKU, aHTH(a3HbIe IPAaHUIIbI IBOHUKOB U
T.I.) YCIOXHSET ONUCaHUe MPOOJIEMBI, T.K. B 3TOM Cllydyae HEOOXOJMMO paccMaTpHBaTh TaKXkKe
paccessaue PU Ha camux gedekrax. B atom ciydae gopma ysna oOpaTHOH pelIETKH MOXKET
CTaTh ACMMMETPUYHOW, BO3MOKHO TMOSIBICHHE HEHYJIEBOW WHTEHCHBHOCTH MEXKIY Yy3JIaMH
oOpatHoi pemerkn u T.1. Ha Puc.10.2 mnpuBeneHsl pacyeTHble AM(paKTOrpaMMbl
MOHTMOPWJUIOHUTa — CJIOUCTOTO T'HJIPOKCOAIIOMOCHINKATa. B OoZHOM cilyuae B BeIIECTBE
CYIIECTBYET J[BAa BapHaHTa B3aMMHOH OPHEHTAIMU CJIOEB (TIOBOPOTA MO HOPMAJM K IIOCKOCTH
CII05T), YITAKOBKA Pa3InYHBIM 00pa30M OPHEHTHPOBAHHBIX CJIOCB HOCUT CIIy4alHBIH XapaKkTep; BO
BTOPOM ClIy4ae peaau3yercssi TypOOCTpaTHOEe HCKaxeHHe (CJIIOM OpUEHTUPOBAHBI JpPYyT

OTHOCHUTEJIBHO JIpyTa CIy4ailHbIM 00pa3om).
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Puc. 10.2. PacyerHnle aupakTOrpaMmMbl  CHJIbHO  Je()eKTHOI0O  BellecTBa

(MOHTMOPHJIJIOHHUT)

Hanmuuwe memoro psima (akTopoB, ONpeAessionux NpoQumibHy0 (QYHKIHIO, Tpedyer
CHCHHATBHBIX TIOJXOJOB IS ONpEJCICHHs IMapaMeTpPOB MHKPOCTPYKTYPbl M3 JIaHHBIX

TU(PPaKIMOHHOTO dKcrepruMenTa. Himke OyayT paccMOTpeHbI OCHOBHBIE METOBI PEIICHHS 3TOM

3aJa4u.
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10.4. MeToasbl onpeesieHus NApaMeTPOB MUKPOCTPYKTYPbI.

O4eBuAHO, YTO Ui OMpEeNICHUsI TapaMeTPOB MUKPOCTPYKTYphl oOpa3iia HE0OXOAUMO TEM
WIM HWHBIM 00pa3oM Yy4YecTh HHCTPYMEHTANbHBIA BKJIAad B YHIMpeHHE JUPPAKIIMOHHBIX
MakCUMyMOB. JlJI1 OLIEHKM MHCTPYMEHTAJIbHOIO YIUMPEHHs B HacTosllee Bpems HauOoiee
pacinpoCTpaHCHbl ABa IIOAXO0Ada — MCTOA BHCIIHCIO CTaHAapTa WU METO/ q)YHjlaMCHTaHI)HI)IX
napameTpoB (Fundamental Parameters Approach). [lepBbeiii MeToa OCHOBaH Ha OIpPEICIICHHH,
TEM WM HUHBIM 00pa3oM, MapaMeTpoB HMHCTPYMEHTAJIBHOTO YIIWPEHHs] MyTeM HCCIEIOBAHUS
TU(PPaKTOrpaMMbl HEKOTOPOTO XOPOIIO 3aKPHCTANIM30BAHHOTO BEIIECTBA-CTAHAAPTa (TAKOTo
kak NIST SRM640d (mopomok kpemuus) umu NIST SRM660b (mopomokx LaBg)). B
JaTbHENIIEM TapaMeTpsl YIIUPEHUs JHHAK aHAIM3UPYEMOTO BEHIECTBA KOPPEKTHPYIOTCS C
y4eTOM OIpeNeeHHbIX ISl CTaHJapTa WHCTPYMEHTAJIbHBIX MapaMeTpoB. CTaHAapT cieayer
BbIOMpATh TakuM 00pa3oM, YTOOBI YIJIOBOH HHTEpPBAJI, B KOTOPOM pACIOJIOKEHBl JIMHUU
CTaHgapTa, ObUI IIMpe, YeM YTIJIOBOW MHTEPBaJ, B KOTOPOM PACIOJIOKEHBI JIMHUU UCCIIETyEeMOM

¢basbl.

Btopoit MeTon ocHOBaH Ha pacyeTe MHAWBUIYaJbHBIX (YHKIMH abeppauuii, CBSI3aHHBIX C
KaX/bIM OINTHYECKUM D3JEMEHTOM Iudpakromerpa. B xone nanpHeiliero aHainsa IMOJHas
¢GyHkuus abeppauuil cBopauuBaercs ¢ NpopMIbHOW (yHKIMEH, ONMUCHIBAIOLIEH HCTUHHOE

¢dusnueckoe ymupeHue, CBI3aHHOE ¢ 00pa3IoM.

[Tpu aHanmu3e MUKPOCTPYKTYpPHBIX 0COOEHHOCTEH 00pa3iia 0ObIYHO HAOII0AaEMble CUTHAIBI

Ha TudpaKkTorpaMMax pas3iessioT Ha JIBa Kiacca:

J BparroBckoe ympyroe paccesHue, HaOmoJaeMoe B BHAE NHKOB U
XapaKTepu3ymoIee TMEePHOANYECKYI0 CTPYKTypy oOpasma (MHOrAa TroBOPST
«CPEAHIOI0 CTPYKTYpPY»)

J Huddysnoe paccesnue, nposiBisitonieecs B Bue (HOHA CI0KHON GOPMBI U
XapaKTepH3yIoliee JIOKAIBHYIO CTPYKTYPY UCCIEAYEMOTO COSIMHEHUSL.

[TockonbKy mMmopoIKoBast Au(pakTorpaMMa, Kak MpPaBHIIO, PETHCTPUPYETCS C JOCTATOYHO
OOJBIIOTO KOJIMYECTBA KPUCTALUIUTOB, TO OHA IMpPEACTaBIsAeT 00 oOpasie HHPOPMAIHIO
UHTErpalIbHOTO Xapakrepa. Takum o00pa3oMm, OOHApPYKUTh IMPH TOMOIIM JU(PPAKIIMOHHBIX
METOJIOB a0COJIIOTHO BCE MPHUCYTCTBYIONIHME B HCCIEIyeMOM oOpasle THIBI Je(EeKTOB
NPUHIMIUAIBHO HEBO3MOXHO. B pealbHOCTH TpeaMeToM MHUKPOCTPYKTYPHOTO aHaIU3a
SBISIETCSl MACHTH(UKAIMA M, €CIH 3TO BO3MOXKHO, KOJMYECTBEHHOE ONMHCaHHWE Ne(eKTOB (B

TEPMUHAX KOHIEHTpaUMH WIM XapaKTEePHbIX CTPYKTYPHBIX IapaMeTpoB), BHOCSIIUX
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HauOOoNbIINE UCKAXKEHUS B JUPPAKIMOHHYIO KapTuHY. BpiOOp MeTona aHain3a, Kak MpaBUIIo,
00yCJIOBJIEH TeM, Kakue Ne(eKThl SBIAIOTCS B 00pasiie OCHOBHBIMH (HANpHUMEp, MPU HATUYUN
TypOOCTPATHOTO UCKA)KEHUS HEJIb3sl OLIEHUBATh pa3Mep o6JacTell KOrepeHTHOTO pacCcesiHus MpH
nomotu Gopmyisl Leppepa) n kakoro poaa anaau3 TpeOyercss MPoBecTH (MEPBUYHBIN aHATU3

HpO6J’IGMBI HJIX MAaKCHUMAJIBHO BO3MOXKHOE€ II0 TOYHOCTH MOJACINPOBAHUC I[e(i)eKTHOfI

CTPYKTYPHI).

B Hacrosimee Bpemsi CyLIECTBYET JOCTATOYHO OOJIBIIOE YHUCIO METOJOB aHalu3a
MUKPOCTPYKTYpPBI, TaK >K€ KaK W 3HAYUTEIBHOE YHCIO CHoco00B UX Kiaccudukanuu. s
yA00CTBa B paMKax JaHHOTO MOCOOMS METONbI OYAYyT pa3fensaThCs MO MOAXO0JaM K ONHCAHUIO

MHUKPOCTPYKTYPBI, 8 IMEHHO:

e TpaguLMOHHBIE ((hEHOMEHOJOTHMUYECKUe) MOAXOobl, Takue kak ¢opmyina Illeppepa,
MOCTpOEHUE Y WIIbIMCOHA-XO0J171a;

® MoOJeNbHbIE MOAXO/bl, TAKHE KaK MOJEIMPOBAHUE MPU MOMOIIM ypaBHeHUs [lebas
(Debye Function Analysis) u Whole Powder Pattern Modelling (WPPM).

B TpagummoHHBIX MeTOAax aHanu3a MHPOPMALUS O MHUKPOCTPYKTYpE 00BEKTa U3BJIEKACTCS
IyTEeM aHajlu3a YIJIOBOH 3aBUCUMOCTH (OpMbl TUGPAKLIMOHHBIX MakcUMyMoB. MHbopmauus
MOJKET OBITh MOJIy4eHa KaK IMyTeM aHaJln3a oJHOro MmakcumymMa (single line methods), Tak u Bceit
mudpakrorpammel (full-profile methods). Heobxomumele mist aHanu3a JaHHBIE W3BICKAIOTCS
a100 B BHJE TMONYIIUPUH M TOJIOKEHUH pedIiekcoB (s ONMPEICHUs] 3TUX BEIHMYUH MOXKHO
BOCIIOJIb30BaThCSl METOJaMH MNPOQWIbHOrO aHanusa), Jubo mnpexacrasieHueM Dypbe-
npeoOpa3zoBaHreM TUPPAKITMOHHOTO MAaKCUMyMa ¢ TocieayomuM ananm3om dypre-obpaza. B
HACTOsILEe BPEMs 3TH METObI UCHOJb3YIOTCS, B OCHOBHOM, ISl SKCIIpECcC-aHalN3a, MOCKOIbKY
MOJIC/IbHBIE OTPaHMYCHHS, 3aJ0KEHHBIE B KAKIOM W3 HHX, NPAKTUYECKH HCKIIOYAIOT

BO3MOXKHOCTb MOJTYUYEHHSI aJIEKBaTHON CTPYKTYpPHOU MH(pOpMaLIUU.

Cambim IIPOCTHIM BApUAHTOM (heHOMEHOI0rMYeCKOro aHaiamu3a ABJISIETCS
OJIHOTIapaMeTpUYecKuid pacyeT mpu momomu Gopmynsl [lleppepa mmm dopmynsr Crokca-
VYuiicona. B nepBoM cityuae paccUMThIBaeTCsl pa3mMep 007acTu KOrepeHTHOro paccestHus (D s
MOHOJIMCIIEPCHON CHCTEMBI U <D>y U1 MOTUANCIIEPCHON), T.€. pa3mep Oe3aedeKTHOM 0bmacTu,
Ha KOTOPOM BO3MO>KHO KOT€PEHTHOE PACCESIHUE NTAKEeTa pEHTTEHOBCKOI0 U3Iy4eHus. Bo BTopom
paccUnTBIBACTCA IIApaMeTp, Ha3bIBAEMbI MHKPOHANPSIKEHUEM &, OTPAKAIOIIUN BapUaALUIO

rapamerpa 3JIE€MEHTapHOM SYECUKU.

Jns mpoBeneHUs pacuera MO 3TUM JABYM GopMyliaM HEOOXOAMMO 3HATh ILIUPHUHY H

IIOJIOKCHHUC I[I/I(bpaKI_II/IOHHBIX MaKCUMYMOB (I/IHI/I HCCKOJIBKHX HI/IKOB). I[J'IH OLICHKU HIWPHUHBI
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pedraexcoB (cm. m. 10.1) ucnonb3yOT ABE XapaKTePUCTUKU — nonymupuny FWHM (wnu H) u
UHTETpajbHyI0 mHUpUHY f. IlepBas XapakTepuCTHKa SBISAETCS, IS pacCMaTpUBAEMBIX 3ajad,
Ka4eCTBEHHOM, U CITY>KUT JUUIsl CPAaBHUTEIBHOM OLIEHKHU IMIMPHH JIMHUNA pa3HbIX 00pasioB. Bropas
XapaKTepUCTHKA HEMOCPEICTBEHHO MCIONb3yeTcss B pacuere. CreayeT OTMETUTb, YTO JUIS

JU(PPaKIMOHHBIX JTUHUNA 0MHaKOBOM Gpopmbl FWHM oc 3.

HaunbGonee KOppeKTHbIM SIBISETCS pacyeT MHTErpajbHOW IIMPHUHBI MHKAa 0€3 MPUMEHEHUS
KaKUX-1100 anmpoOKCUMAalMOHHBIX METOJIOB, OJIHAKO 3TO HE BCETJa BO3MOXHO MO Py MPUUUH
(HampuMep, U3-3a NOJUXPOMATHUYECKOTO M3JIy4YE€HHUs] HCTOYHHMKA WK HajoXeHus peduiekcoB). B
3TOM  CJy4ae  HCIOJB30BaHHE  METOJOB  MPO(QWIBHOTO  aHamu3a  (amppoKCUMAIMU
OKCHEPUMEHTAIBHBIX JaHHBIX HAO0OpOM AaHAIMTUYECKUX (QYHKUMH C BapbUpOBAHHEM
MapaMeTpoB aINMPOKCUMAIINH) SIBIISCTCS €IUHCTBEHHON MaTEeMaTHYECKON albTepHATUBON. Tem
HE MEHee, He 7S BceX (POpM MUKOB KOPPEKTHO M3BIEUECHHE MH(OpMAMK O MOJYIIUPHUHAX C
UCTIOJIb30BAaHUEM AaHAIUTHUYECKUX MPOQMIBHBIX (YHKUUH. /)1 OLleHKH TpaHULl TPUMEHUMOCTH
AQHATUTHYECKUX MPOQWIBHBIX (YHKIMHA HCHOIB3YIOT CIEIHUATbHBIA THapaMeTp, KOTOPBIN

Ha3bpIBaeTCs (pakTopom (HOpMBI ¢ U OMpenesseTcss KaKk OTHOIICHHE MOJYUIMPUHBI MMUKa K €ro

UHTerpaibHOl mupuHe. Hanpumep, 11 Hanbosiee 4acTO MCMOIB3YEMOM B MOJHONPOQHIbHBIX

METO/ax aHalIMu3a aHaIuTHYecKor (yHkimu ncesno-Boiita (mnu doiirra, pseudo-Voigt):
PV(x) = 77G(x)+(1—77)L(x),77 =0-1

rae G(x) — rayccuaHna:

G(x) = C exp(—Cyx*),C; =4In2

JrH

L(x) — dbynkuwms Jlopenma:

1/2

C -1
L(x) = ﬂ;{(l-i-Csz) ,C, =4

3/1€Ch X — HOPMUPOBAHHOE HA MOJIYIIUPUHY OTKJIOHEHHUE OT MOJI0XKEeHUs pediekca

20-20,,

(coBmamaet ¢ MeIMaHOM 11 CHMMETPUYHBIX (DYHKIHI) X = o

b

3Ha4yeHus (akropa popMbl JOIDKHBI JIEKaTh B HHTEpBae
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VYKa3zaHHbIE COOTHOLICHHMS HENOCPEICTBEHHO BBITEKAOT W3 CBOWCTB COCTaBIIIOLIUX
dbyukuun nceBao-Boiita. JleBas u npaBasi rpaHuIla HHTEpBajia HOCSIT Ha3BaHHUE JIOPSHIIEBOTO U
rayccoBOr0 Ipejieia COOTBETCTBEHHO, T.€. NPHU 3TUX 3Ha4deHUAX (akrtopa (opMmbl (QyHKIHS
ncesno-Poiirra Beipoxkaaercs 1mbo B ¢pyHkuuio ['aycca, mubo B ¢pynkuuio Jlopenna. Eciu xe

3HaYeHUs ¢ HE MOMaJaIoT B 3TOT MHTEpPBaJi, TO (popMy mpoduist Ha3bIBAIOT CyNeprayCcCHaHOM

WIM CYNEpJOPEHIIMaHOM, W HCHOJb30BaTh AaHAJUTHUYECKYI0 GYHKIUIO [ W3BJICUCHUs

I/IH(bOpMaI_II/II/I O IMOJIYHIUPHUHAX HCJIb34.

I[J'IH MOHOI[PICHCpCHOﬁ CUCTCMbI YaCTULl UHTCTPAJIbHAA IMUPHUHA JIMHUU, CBA3aHHASA C MaJIbIM

pa3MepoM O0OJacTH KOTEPEHTHOTO paccesHus (JIoMeHa), ompenenserca kak (T.H. ¢dopmyna

[Ieppepa):

_ Kﬁ/i
Dcos6’

rae Ky — xoncranra Illeppepa (ans pacuera ¢ MHTErpaJbHBIMH IIMPHHAMU), CBSI3aHHAs C
dbopmoii JoMeHa, 4 — JITMHA BOJHBI HCIIOJIB3yEMOTO H3ITyUeHHUs], [/ — MHTETpabHas IIUPHHA MTHKA
(B pammanax) u € — mudpaxknuoHHbd yroia. [Ipu momomu 3Toi (HOpPMYIIBI pacCUNUTHIBAETCS
pa3Mep 00JIacTH KOTepEeHTHOI'O paccesHUsl B HANpaBlICHUH, MapaieIbHOM TUGPAKIIHOHHOMY
BeKTOpy. CHcTeMBl ¢ MOHOJUCIEPCHBIM PAcHpEIEIeHUEM YacTHIl 110 pa3MepaM BCTPEUYaAOTCs
KpaifHell peako, ogHako U K HuM ¢opmyna Illeppepa MoxeT OBITH MPUMEHEHA C HEKOTOPHIMU
orpannyeHusMu. st monmuaucnepcHoi cuctembl dacTull dopmyna Illeppepa 3amuckiBaeTcs

CIIeIyIOIINM 00pazoMm:

A
p= <D>V cos@’
— M4
<D>V - Kﬁ.M3 >

M, = j D'g(D)dD

rae <D>y — cpeaHuil pazmep 00JacTh KOTEPEHTHOTO pacCesHusl, YCPEIHEHHBIH 10 00beMy,
M; — i-pIit MOMEHT pa3MepHOTO pactpeneneHus, g(D) — QyHKIus IOTHOCTH BeposiTHOCTH. Ecin

o B3
paccMaTpuBaTh MIUPHUHY y3J1a 00paTHOM pelieTku ff , TO
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_ Pcosd
A

(5)' =(D), = [ e

3

5

rae V' — o0bem nomeHa, a T — ero MpOTsHDKEHHOCTh («TOJNIIMHA») B HANpPaBIEHUH BEKTOpa
mudpakuuu. B 3ToM ciydae BBIYMCICHHBIA pa3Mep 4acTO HAa3bIBAIOT KaxXyluMmcs (apparent
size), TOCKOJBbKY NPSMOJIMHEHHAs HMHTEpIpeTanust €ro (U3WYeCKOro CMBICTIAa 3aBUCHT OT
0COOEHHOCTEN M3yyaemMoro marepuana. MHUHMMAaJIbHBIM pa3Mep OINpeAensieMoro JOMEHa Mpu
oMot Gopmynsl [leppepa MOXKeT JOCTUTaTh HECKOJBKUX HAHOMETPOB (B 3aBHCHMOCTH OT
MaTepuana), 9TO CBSI3aHO C MOJENbHBIME OrpaHuueHussMu Gopmyisl Llleppepa, B TO BpeMst Kak
BEPXHUH TIpeAeNl OIpeAe/IsieMOro pa3Mepa CBs3aH C HMHCTPYMEHTAJIBHBIM pa3peliecHueM
HCIIOJIB3yeMOro Tipubopa W JuiMHOM KorepeHTHOCTH PU. Cumtaercsi, 4TO BEpXHsAS TpaHUIIA
pa3Mepa JIOMeHa, MOoAJAloIascs OonpeneieHuio, He mpeBbimaeT 1 MkM. M3 MaTtemaTnueckoro
OmnpelieNieHUs] KaXKyLIerocs pa3Mepa CIEIyeT, YTO ONpEeAeNUTh CpeJHee 3HAueHHe pa3mepa
KpUCTATUTA (TOYHEE, O0JIACTH KOTEPEHTHOTO PACCESHUS) C €r0 MOMOIIBIO HENb3sl, TOCKOIbKY
CpeIHUN pa3Mep KpHUCTAUIUTAa ONpeleNsieTcs TIMEepBbIM MOMEHTOM paclpeieseHus, a

nH(}OpMAIUK O HEM HE COIEPIKHUTCS B <D> .

Kak ObuT0 yKa3aHO BBIIIE, MBI pa3Mep JTOMEHOB SIBJISICTCS HE €IMHCTBEHHOW MPUYMHON
ymupeHus: pediekcoB Ha TudpakTorpaMMe (3a BHIYETOM MHCTPYMEHTAIBHOTO yiupeHus). s
OJTHOBPEMEHHOT'0 y4eTa JIByX (paKTOPOB — MaJIbIX pa3MepoB 00JacTeil KOrepeHTHOTO PacCestHUA
U HaJIWYUS MHUKPOHANPSDKEHUH — OBUIO TPEAJIOKEHO IOCTPOEHHE Y UIIbIMCOHAa-Xoija —
JByXIlapaMeTpudecKkasi MoJellb, IO3BOJISIONIAas OJHOBPEMEHHO BBIUHCIUTH pa3Mep o0nacTu
KOTepEHTHOIO0 paccesHHus U MakcUManbHylo aedopmaruio. B pamkax sToro moaxona
IIPEIIOJIaracTcs, 4YTO YUIMPEHUs, CBA3aHHBIE C MajblM pa3sMEpOM JOMEHAa U HaJu4ueM
MUKpoaedopManuii cyMMHpYIOTCA. Eciau mpennoiiokuTh, YTO KaK «pPa3MEpHBI», Tak H
«neopManioHHbI» AUdpakIUOHHbIE NpodUau OnuchiBalOTCsS ¢yHKuuen Jlopenmna, To

3¢ exTh OyAYT CKIIAIBIBATHCS CASAYIOIIMM 00pa3oMm:

. 1 «

p ~——+2ed ,
(D),

+  2sinf

)

d

* *
rae f — mupuHa y3ja B 00paTHOM MPOCTPAHCTBE, a d — PACCTOSTHUE OT Havaja KOOPJIMHAT B
obpatHoM mpocTtpancTBe. Ecnu ke o6a mpoduiiss MOTyT OBITh ampOKCUMHPOBAHbBI (PYHKITHEH

Faycca, TO 3TO COOTHOIICHHUC 6y,HeT 3aIIMChIBAThCA KaK
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2

)~ | (et

OO6b1uHO U POCTOTHI mMpennoiaratoT JlopenneBy ¢opmy mpoduneit. Kak cnemyer us
3anMCaHHBIX (OPMYJI, IIPH MPOBEICHHH MTOCTPOCHAN Y HIBIMCOHA-XO0IIa (T.C. 3aBHCHMOCTH -
ot d') HAKIIOH JTUHKH Gy/IeT 1aBaTh BENMUHHY 2 &, a MepecedeH e C 0ChI0 OPIAMHAT — BETHUHHY,
oOpaTHyl0 Kaxyuiemycss pasmepy <D>p. CnaOblM MECTOM 3TOr0 METOAa SBJISAETCA
NPEIIONIOKeHHe 00 aIIUTUBHOCTH BKJIAQJ0B pa3MepHOro M AeGopMarroHHOTO 3¢ (HEeKToB.
Kpome Toro, nmHuM Ha JuQpakTorpaMMax OYEHb PEIKO MOTYT OBITh ONHCAHBI YHCTOW
¢bynkuueit Jlopenua unu Naycca. Ilpennonoxxenue o Gpopme ITUHUM SBISIETCS, TAKUM 00pazoM,
3HAQUUTENbHBIM YIPOIIEHHEM peadbHOM curyauuud. Ilo 3TUM mOpUYMHAM [OCTpPOEHHE
VYunbsiMcoHa-XoJula CTOMT HCIOJIB30BATh TOJIBKO KAaK CPEICTBO IEPBUYHON KauyeCTBEHHOMU
OLIEHKM IIapaMeTpPOB MHKPOCTPYKTYpbl. B KkauecTBe wmocTpauuu ciydas, B KOTOPOM 3TO
MOCTpOEHUE HenpuMmeHumo, Ha Puc. 10.3 mnpeacraBieHsl peHTreHOrpaMMa MaJl1aIueBOM
IUTACTUHKH, MpOUIeIIel MHTEHCUBHYIO Je(opMalMi0 Kpy4Y€HHUEM IPH BBICOKOM JaBJIEHUH U

* k
MoJIiydCHHas 4Jis1 HEC 3aBUCUMOCTD ,B ord .
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O¢ddexkTuBHEIM  MeTOIOM  O0pabOTKM  JUQPPAKTOTpaMM, MO3BOJSIOMIMM  H3BIIEKATh
uHpopmanuio o GopMe pedrueKkcoB U UX MOJNYIIUPUHAX A UX JAIbHEHIIEro UCHOIb30BAHUSA
OpU ONpeeNeHUH MapaMeTpoB MHKPOCTPYKTYphl, siBisieTcss meron Putsenpaa. HaumbGonee
pacrpocTpaHeHHO# (opMoOii 3aHUCH 3aBUCUMOCTH MOMYIIUPUHBI OT yTiia JUIst (YHKIHHU MICEBAO-
Boiita sBnsercs moaudpummpoBanHas ¢yHkmus Tommcona-Kokca-Xactunrca. 3aBHCHMOCTD
MOJIyLUMPHUHBI rayccoBOW 4actu FWHMg n nonaymvpuHsl JIopeHueBol vactu FWHM) ot
JU(PPaKLUOHHOTO yIiia 6 3aluCchIBaeTCs CIEIYIOIUM 00pa3oM:

FWHM? =W + Vtan 0+ U tan’ 9+%0S2 o

b

FWHM, =X/ Y tan0+Z

I7Ie KPaCHBIM I[BETOM MOMEYEHBI WICHBI, OTHOCSIIHNECS K MUKpoaedOopMaIuy, a CHHUM — K
pasmepHomy 3dexty. COOTBETCTBEHHO, JJISI TOTO, YTOOBI BHIYUCIIUTH CPEAHUIN pa3Mep JTOMEHA
u MHUKpojedopManuioo, B XOA€ YTOUHEHHUS Npoduias HEOOXOAMMO BapbUPOBATh TOJBKO
napametpsl U, P, X u Y, ocraimbHble JTOJKHBI OCTaBaTbCs paBHbIMU Hyuwo. Ilocie 3toro
npodUIbHBIC MapaMeTPhI I KaXI0T0 MUKa HEOOXOIMMO MEPEBECTH B MHTETPAIBHBIC IIUPUHBI

Y Pa3JIOKHUTh Ha pa3MEpPHYIO U 1e(hOpMAIIOHHYIO YaCTH:

L S S | /L
FWHM, 2° FWHM, 2\l2’
exp(—k)
IBi — (ﬂG) p( ) k= IBL

el ®) " T
erf (x) = %Ie dt

rae ( B )l_ — HWHTETpaJbHAas IIUPUHA pPa3MEpPHOTO (BBIYMCICHHOTO g P) win

nedopmarmoHHoro (BeuuciaeHHOTO aiis U) BKJIAJOB rayCCOBOM 4acTu, a erf(x) — QyHKUIUA
omnOok. ToJbKO TOCIHE TPOBEACHHS 3TOW TMPOLEAYPHl COOTBETCTBYIOIIME BEIUYMHBI

MHTETPaIbHbIX IIUPHUH MOTYT OBbITh UCTIOIB30BaHbI B (hopmynax [leppepa u Crokca-Yuicona.

AJIBTCpHaTI/IBHBIM CIIOCOOOM M3BIICUCHHMS CTPYKTYPHBIX TIIapaMCTPOB SABJISACTCA aHAJIU3

MeToioM YoppeHa-ABepOaxa, KOTOpbI paccmarpuBaeT ®Dypbe-o0pa3 nudpakimOHHOTO
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makcumyMma. Ilocie Toro kak OBLIO TNPOW3BENCHO BBIACICHHE HMCTUHHOTO (DU3HUYECKOTO

npod s, HHTCHCUBHOCThH IMHKA B 00OpPaTHOM MTPOCTPAHCTBE MOXKET OBITh 3amrcaHa Kak

I(s) =k(s)D> 4,e™"

rae L=nd, — nmuHa B poctpancTBe Dypbe, a k(S) COACPKUT BCE KOHCTAHTHI C U3BECTHOM
3aBUCUMOCTBIO OT § (Takue kak LPG-¢pakrop, KBaapaT CTPYKTypHOH aMIUIUTYIbl T.IL.).
[Tockonbky  audpakTorpaMma MpeACTaBIsIeT COOOW  CBEPTKY  pasziIMuYHBIX  BKJIAJOB,
ko3P duuueHTs paznoxenuss Dypre A; MOryT OBITH MpPENCTaBICHBl KakK IPOU3BEICHHE

pasmepnoro (S) u nepopmanmonHoro (D) BKIa10B
A =4 A7

Meton VYoppena-ABepOaxa naeT NPUONMKEHHOE BbIpaKeHUE i JehOopMalOHHBIX

)}
KOK(pPUIMEeHTOB B TEepMHHAX  CpPEIHEKBAJAPATUYHOH  MHUKpoaedopManuu <5,ka >A

)}
(<g,fk,>é = 1.255) . B norapudmuueckoit popme npeapiayliee ypaBHEHUE 3aUILIETCS KaK

In(4,)~In(4)-27"L* (g}, (L))d,;,

Takum o00pa3oM, NOCKOJBKY TOJBKO Je(OpMAlMOHHBIA 4YJI€H 3aBUCUT OT BEKTOpa
paccesHUs, 3TO YpaBHEHHE MOXET ObIThb HCIOJIb30BAHO JUISI OJHOBPEMEHHOI'O OIpEeNICHHS
CpeIHero pazmepa JoMeHa U MukpoaedopMmaiuu. s pemeHust ypaBHeHUsI HE00X0AUMO UMETh
JJAHHBIE MUHUMYM O JIBYX MOPSIAKAX OTPAXKEHUsI OJHOTO U TOI'O K€ HalpaslIeHUs. B ornuuue ot
METOJIOB,  ONEpPUPYIOLIMX  MHTErpajbHbIMU  IIUPUHAMHU, MeTon  YoppeHa-ABepOaxa

npenocraBinseT Oonbiie uHGopManmuu 00 o0pasie, a HMMEHHO CpeIHEKBaJApaTHUHYIO

]
MHUKpoAe(opMaIuio <8,fk,>é JUIs Kaxkaou 1iuuHbel Oypbe L MEXIy sYelKaMu B HaIPaBICHUAX

paccesnusi. Taxke MHpOpMaLUs O pa3Mepax JOMEHOB Ooraye, MOCKOJIbKY BKJIAJ pa3MEpHOTO
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apdexTa MOXKET OBITh TaKKe BBIYHCICH JUIA J000H mmuHel Dypre L. Ilpm Hammumum
nHdopmanuu o pazMepHbix Kodddurmentax dypre, MOKHO 3amucaTh CBOCOOpa3HBIA aHAJIOT

dopmyisl Lleppepa:

IJle CyMMHpPOBaHHE MPOBOIUTCS IO BCEM 3HadeHHMsIM L st Kotopeix AP #0. U3 sTEx

K02(pPHUIIMEHTOB MOXKHO BBIYUCIUTH JPYTOH XapaKTepHbIA pa3mep. Eciu B3ATh MPOU3BOIHYIO OT

K03 PUITMEHTOB, TO

a4l 1

dL |L:0 <D>S

Cpennuit pazmep <D> ¢ (uHorga obosHavarcs <D>A) — 3TO CPEAHUHN pa3Mep, YCPEIHECHHBIN

N0 IUIOMAAN IU(PAarkpyromero JOMEeHa. OTOT pa3Mep BBIPAKACTCS 4Yepe3 MOMEHTHI

pacrpeeieHus Kak

rne Kx — koncranta Illeppepa aist <D> ¢sT.C. B o01eM cirydae OH HE JIOJDKEH COBITAJIaTh C

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

TAK¥XE HC COLACPIKUT I/IHCI)OpMaI_[I/II/I 0 IECPBOM MOMCHTC pACTIPCACIICHU.

B npunmumne paccuutaB pasMepbl <D>V u <D>S U CHEeJaB MPEINOoJ0oKEeHUEe O THIIE

pacripenienieHust (3T0 HE0OXOAMMO JUIsl TOTO, YTOOBI 3HATh AHAIMTUYECKOE BBIPAKEHHE IS
MOMEHTOB PpAaCHpEACICHUs), MOXHO IPOU3BECTH €ro PEKOHCTPYKLHUIO, OJIHAKO TOYHOCTb
IOJyYEHHOTO Pa3MEPHOrO PACHPEEIICHUS] MOXKET OBbITh OYEHb HU3KOH. ODTO CBSA3aHO KaK C

MIPOM3BOJIBLHOCTRIO BBEIOOpPA BHJA Pa3MEPHOTO paclpeiefieHus, Tak U ¢ KpailHe BBICOKOU
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YYBCTBUTEJIBHOCTBIO MeTOJla YoppeHa-ABepOaxa K YUCTOTE SCHEPUMEHTA, T.€. KOPPEKTHOMY

y4eTy HHCTPYMEHTaIbHON (YyHKIIUU, ONPEIEICHUIO YPOBHS (DOHA U T.II.

st Toro, 4ToOBI M30€KaTh MPOU3BOJILHOCTH B BBIOOpE MPOGUIBLHON (PYHKITMH, TTapaMeTphl
KOTOPOH HU MpsIMO, HU KOCBEHHO HE CBSA3aHbl C KaKUMH JIMOO (U3MUECKH HAOII0JaeMbIMU
nedexTamu, ObUT MPEATIOKEH aJbTEPHATUBHBINA MOJAXO0J], a UIMEHHO ONHCaHue AU(PAKIIMOHHBIX
npoduneil HEmocpeiCTBEHHO B TEpMHUHAX (U3NYECKUX MOJENEeH MUKPOCTPYKTYPHBIX U
pemeTOYHbIX N1e(EKTOB, MPHUCYTCTBYIOMIMX B M3y4aeMOM MaTepuaye. JTOT IMOJIXOJ JICKHT B
ocHoBe metoga Whole Powder Pattern Modelling (WPPM). B otnnune oT onMcaHHBIX BBIIIE
METOAOB (B OCOOEHHOCTHM METOJOB HOJHONPO(GMIBHOTO aHajlu3a) pPEHTIeHOrpaMMa He
anMpOKCUMHUPYETCSl aHAIUTUYECKOH NpoduiabHON (yHKIMEH, a CHHTE3UpyeTcs, HUCIONb3ys
3HAYCHHUs TApaMEeTPOB MOJEJeH, HMEIOIUX YEeTKO OINpENeICHHBI (U3NYECKHH CMBICIH.
AHajnoru4Ho metoqy YoppeHa-ApepOaxa, MHTEHCUBHOCTh HKa B MeTosie WPPM 3anuceiBaercs

Kak

]{hkl} (Shkl) = k(shkl )z Wy J- Chkl (L)eZ”iL(Shkz—ﬁw)dL

hki 2

TJI€ Whis Y Opgy BEC M CMEILIEHUE U3 BparroBckoro ycinoBus (CBs3aHHOE C HAIMYUEM J1e(EeKTOB
YIAKOBKH) i KOMIOHEHTH (hkl), a cyMMHpOBaHHWE BEIETCS IO BCEM JKBHBAJICHTHBIM
miockocTsM (hkl) cemeiictBa {hkl}. Unen Cpyy(L) sBnserca Oypre-TpaHCPOPMAaHTON BCEX TUIIOB
UCKaXEHUI MpoQuiis, KOTOPbIe BHOCAT BKJIaJ B PEHITEHOTpaMMy, T.e. pousBeneHueM dypbe-

TpaHC(I)OpMaHT, CBA3AHHBIX C KAXKJIHIM BKJIQIOM:
_ P 48 D F | :pF APB
Chkl (L) = TpV 'A{hkl} 'A{hkz} '(Ahkz +lBhkl ) ’ A{hkl}

II.]'IeHLI;. BKJIFOUCHHBIC B OJTO BBIPAKCHUC, ABJEIOTCA MWHCTPYMCHTAJIBHBIM HpO(I)I/IJ'ICM,

OTIpPENICJICHHBIM C HCIOJb30BAHUEM CTaHIApTa M OMUCAHHBIM C MOMOIIBIO (PYHKLUHU IICEBJO-
~ 1P S ~ D
Boiita (7, ), Bkiagom pasmepHoro sddekra (4, ), mcnokauui (4, ), AepeKToB ynakoBKu

F - F APB
(A, +iB,,) n antudasubix rpanun (A, ). B NpuHIMIE BO3MOXKHO BKIIOYEHHE JHOOOTO
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UCTOYHUKA yIIMPEHWH, eciu u3BecTeH BHI ero ®Dypee-tpanchopmanTel (B T.U.

WHCTPYMEHTAIBHOU (DYHKITUHM B IBHOM BHJIE, CM. 11.4.2).

B stoM Meroze, Takke Kak M B MeToAe PuTBenbaa, MUHUMHU3ALMSA PA3HOCTH MEXKIY
SKCIEPUMEHTAIBHOM M PAaCUYETHOM PEHTTCHOIPAMMOW IIPOU3BOJUTCS METOJOM HEIMHEWHOI'O
MHK. CymiecTBEHHbIM pa3iIu4MeM SBISETCS TO, YTO MHUHUMHU3UPYEMBIMHU IapaMeTpaMu B
JAHHOM CIly4dae SIBISIOTCS MapaMeTpbl MUKPOCTPYKTYPHBIX Mojeneil. Hampumep, menuana u
TCTIEPCHS Pa3MEPHOTO paclpelesieHusl, KOHIICHTPALUsl TUCIOKAMid u uX 3(PQPEeKTHBHBIN
paanyc OTCEUKH, KOHILIEHTpalus IBOMHUKOBBIX M Je(POPMAIMOHHBIX J1e(EKTOB YIaKOBKH,

BCPOATHOCTL BOBHUKHOBCHUS aHTH(i)aSHOﬁ I'paHUIBI.

B merone WPPM mnpennonaraercsi, 4to AedekThl 00pa3yrOT MEPUOAUYECKYIO CTPYKTYDPY,
MIO3TOMY, HECMOTPSI Ha TO, YTO HEKOTOPBIE TUIHBI Je(EKTOB BHOCSIT 3HAUUTEIbHbIC HCKAXKEHUS B
CUMMETPHIO PEIIeTKH (Takue Kak Ae(eKThl YHakOBKH), BO3MOXXHO HCIIOJIb30BAaHHE ITAHHBIX O
TUIIE pEeIIEeTKH U ee napameTpe. Takxke meron WPPM He ncnonb3yer aHanuTHuecKux QyHKUIUN
uist onrcanus (Gopmbl TU(PAKIMOHHBIX Mpoduiel, Mo3ToMy Kaxkaas TOYKa MpoQuiis MUKa

MOKCT CHUTATHCA HC3aBUCHUMbBIM U3MCPCHUCM, B OTJIMYUC OT METO1a PurBennpa.

Hwuxe (Puc. 10.4) IIPUBEICH npumep UCCIeN0BaHUsA MUKPOCTPYKTYPbI
HaHKOPHCTAUTMYECKOT0 okcuaa uepus MetogqoM WPPM (mannbsie Matteo Leoni, BeIcTyIIeHHE

na 54™ Denver X-Ray conference):

T T T

N

o

o
T

7000 e TEM
£ 35 — WPPM 1
1 A
30| N e WPPM - GSR]
~—~ 60004
_"2 ] > 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
= % 2 4 6 8 10 1
—

Grain diameter (nm)

—

L) ) )
20 40 60 80 100 120 140

20 (degrees)

Puc. 10.4. UccaengoBanne merogom WPPM HaHOKpPHCTAIIHYECKOT0 OKCH/AA LiepHsl.
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Meton WPPM mno3BoJiI€T ONpEAeUTh HE TOJBKO CPEAHUE BEJIWYMHBI JJISI MApaMETpPOB
MHKPOCTPYKTYPBI, HO U uX pactnpenenenue. Ha Puc. 4.5 nokasaHo conocTtaBieHHe pe3yJibTaTOB
aHaJM3a pacupenesieHrs HaHOYACTHI[ MO pa3MepaM, MOJYyYEHHBIX METOJOM IMPOCBEUYMBAIOLIEH
3JeKTpOHHOU Mukpockonuu, WPPM u WPPM c¢ yderoM penakcanuu BHEIIHHUX CIIOEB

nanouactuiisl (WPPM-GSR).
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10.5. Kontpoasbnbie Bonpocskl K Jlekuun 10.
5. Tlouemy mudpakiIMOHHBI MAaKCUMYM UMEET HEHYJIEBYIO ITUPHUHY ?
B uem oTnmune uHTETrpabHOM MIUPHUHBI U MOy ITHPUHBI?
KaxoBbl OCHOBHBIE OrpaHu4eHUs B ipuMeHeHnn Gopmysl [leppepa?

Urto Takoe MUKpOHANPSKEHUS?

© o N o

Kakue napaMeTpbl MOKHO ONMPENEIUTh B TOCTPOCHUN Y WIIbsIMCOHA-XO0J1a?
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Jleknus 11. ManoyrioBoe paccesinue PU u peHTreHoBckasi pedieKTroMeTpusi.

11.1. ManoyrJoBoe paccessnue PU.

Kak Obuto moka3zaHo B TpebpIIyIIMX TiaBax, uccienoBanue audpakuuu PU mospomsieT
MOJIyyaTh BaXKHYI0 MH(OPMAIMIO O CTPYKType BEIIeCTBA Ha aTOMHOM YpOBHE, OCOOEHHO IS
KPUCTAIUIMYECKUX BEIIeCTB. B 3ToM cioyyae HajauuuMe TPAHCISIMMOHHOM CUMMETpUHU
(«epUOANMYHOCTH») 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
ClIy4aeB, HMHTEHCUBHOCTH) TU(GPAKIIMOHHBIX MaKCHUMYMOB, UYTO IO3BOJISIET ONPEAETUTh T€ WU
UHBIE TapaMmeTpbl Ae()EeKTOB CTPYKTYphl (pa3Mep YHOpPsIOYEHHBIX YYacTKOB — obiactel
KOT€PEHTHOTO pAaCCesHHs, NapaMeTpbl MHKpoaedopManuii KpUCTAUIMYECKOH pEIIeTKH —
KOHIEHTPALMI0 MUKPOHAIPSHKEHUH, KOHIIEHTPALMIO MPOTSHKEHHBIX AedexToB B Mmetoge WPPM
U T.a1.). BMecte ¢ Tem, omMcaHHBIE BBIIIE MOAXOABI ONEPUPYIOT ¢ paccesHueM PU Ha
CpaBHHUTENBHO Oonblue yribl (~2 - 180° 26), T.e. ¢ paccesHHEeM Ha OTHOCHTEIHLHO HEOOIBIINX
1Mo aOCOJIOTHOMY pa3Mepy HEOJHOPOCTSIX CTPYKTYpbI (pasMep TakuX HEOJHOPOCTEH MOXKHO

1
OLICHUTH 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),
OMOJIOTrMYEeCKUX OOBEKTOB M T.I. DTH KAUECTBEHHBIE PACCY’KICHHS MO3BOJISIOT IMPEANOIOXKHUTS,
4TO MccienoBanue paccseHuss PU B o0mactu ManibIX yrioB (0OBIYHO 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.

[Ipennonoxum, yto PU paccenBaercs Ha cepruueckoil 0JHOPOJHON YacTUIE panuyca ry,
Haxozselcs B Bakyyme. [Ipeanonoxum, 4yTo 3JIEeKTpOHHAsI IJIOTHOCTh B IMpEZesiaX YacTHUIIbI
MOCTOSTHHA (M paBHA py), 3a ee TpeesiaMH paBHA HYIIIO :

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 PM 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. 11.1 nokazaHa 3aBUCUMOCTb MHTEHCUBHOCTH (/ = A" ) paccessHHOro W3Iy4YeHUs B

A(a) =340

3aBUCUMOCTH OT yria 26 mna 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. 11.1 Paccesinue PU Ha u30TponHbIX chepax pa3iuvyHOro paamyca.

N3 Puc. 11.1 BuaHO, 4TO, B 3aBUCUMOCTH OT pa3Mepa YaCTHULbI-PACCEUBATENS U3MEHSIETCS
IIMpUHA LEHTPAIbHOIO MAaKCUMyMa, a TakKe XapakTep OCIWUISALUUN HWHTEHCUBHOCTU B
OKPECTHOCTH LIEHTPAJIbHOTO MaKCUMyMa.

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

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

A(ja)= 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 3a1a4uu o qudpakauu 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 OJMHAKOBBIX 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 OJJHOBPEMEHHOTO OOHAPYKEHUS JPYTOM

qacTHLbl B Ju(depeHnuanbHOM 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(I’)= \Elz)’vl:<]\(;>
Vo — oOmuii o0bemM pacceuBaromnieil cuctembl. [IpM MasbIX KOHIIEHTpAIUAX YaCTHIL

(60mbmOM 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) ¢ pacmpeeneHueM 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 ZERS). VYkazanayto (opmyny HaspBaioT (opmysioii I'mube (oHa Oblia

rae R; = - paaudyc WHEPIUH YacTHIlbl (HampuMmep, s OJHOPOIHOTO Iapa

BeiBesieHa emie B 1939 roxay). Ucnonesys dopmyny ['mHbe MOXXHO OBICTPO OIICHHUTH PaIHyC
MHEPIUHU YacTHIBI He 00J1a/1asi HUKAaKUMH MHBIMU JTAHHBIMH O CTPOEHHMHM 4YacTuIl B cucteme. Ha
Puc. 11.2 noka3zaHo comnocTaBieHHe KpUBOM paccesiHUs OT chepruecKoi YaCTHIIbI C MOJIEIBbHOM

KpUBOH, paccuuTanHoOM 1o Gopmyne ['nHbe.

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

Puc. 11.2. PeasibHasi kpuBasi paccesinus yactuueii paauyca 10 HM u nocrpoenue no

dopmyae I'nnbe.
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MaxkcumanbHbIN pa3Mep 4acTUIbI /,, MOXKHO OMPEENIUTh 10 CIeayromei Gpopmyre:

t1(s)
l ‘!I(O)Sds
. =27T—°°I(s) :

'([I(O)S ds

Jnst monydeHHs KOPPEKTHBIX PpEe3yJIbTaTOB IIPU ONPEIEICHUU MAaKCUMaJIbHOIO pa3mepa

cieqyeT oOpalaTh BHUMaHUE HA MIPEJeIbl U3MEPEHNH B CMbICIIE MAKCUMAJIBHOTO 3HA4YEHUs S (U,
CJIEZIOBATENIbHO, MAaKCHUMAaJbHOIO 3HaueHus auppaxiuoHHoro yria). T.x. BenuuumHa [(0) B
OOBIYHBIX JKCIEPUMEHTaX HE MOXKET OBbITh H3MepeHa (WM HE MOXKET ObIThb H3MEpeHa C
JIOCTaTOYHOM CTEMEHBI0 TOYHOCTH), TO pacdyeT MaKCHUMaJbHOIO pa3Mepa M pajuyca MHEpLUu
BoITTONTHSIIOT UTeparmorHHo (I'OCT 8.698-2010), 4To 1aeT BO3MOXKHOCTH MOJIYYUTh MaKCUMaIbHO
ToyHyt0 annpokcumaruto /(0).

Omnpenenenue pacnpefesieHus IO pa3MepaM Uil TOJMIUCHEPCHBIX CHUCTEM 3a4acTylo
CTAaHOBUTCS BecbMa CIJIOKHOHN 3ajadeil. B Hacrosimee Bpemsi pa3paOoTaHO JBa OCHOBHBIX
noaxoaa K ompeneneHuto GyHkmuu D(R). Tlepsbiii momxom TpebyeT ompeneiacHuss BHIA
pacnipenienenust (JIOTHOpMaJIbHOE, MAaKCBEJIOBCKOE W T.I.) M BapbUpPOBaHUS MapaMETpPOB
pacrpeneneHust ¢ TeM, 4To0bl MUHUMH3HPOBATh OTKIIOHEHUE PAaCUeTHOW KPHUBOW PACCESTHHS OT
AKCIEpUMEHTaIbHOU. BTOpoil monxon TpeOyeT mpeaBapUTENbHOIO OmpesesieHus: Buaa (hopm-
(bakTOpa YaCTHILIBI, YTO MO3BOJISIET HENOCPEACTBEHHO PACCUMTHIBATH (DYHKLHUIO paclpe/esIeHus
U3 JIaHHBIX MaJOYTJIOBOIO paccesiHus (MMEHHO 3TOT noaxoj peanusoBad B 'OCT 8.698-2010).
Tak, U1 OTHOPOJHBIX MIAPOB (DYHKIMS PACIIPEICIICHUS] 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 HOPMUPOBKHU.
Crnenyer OTMETHTb, YTO Ha BUJ KPUBOW MaJIOYIJIOBOI'O PACCESHMs, TaKXkKe, KaK U Ha BH]
TU(PPaKTOrpaMMBbl JUis OONBIINX YIJIOB, BIMSIOT OCOOEHHOCTH MHCTPYMEHTA, T.€.
I, (s) = (K(s)*[(s))x A(S)XLPG
Jlnst 0OpaboOTKM AaHHBIX MaJOYTJIOBOTO paccesiHus Hambosiee BaKHO YYeCTh MOTJIOLICHHE
PEHTTEHOBCKOTO M3JIy4YeHHUs] B 00pa3lie W KIOBETE, BKJIAJ MHCTPYMEHTANbHOU QykHIMU K(s) B
o0muii BHUJ KpUBOW paccesHus (KOHEUHbIE T'€OMETPUYECKHE pa3Mepbl M PacxoAUMOCTb
NEPBUYHOTO Iy4YKa, CJIOXKHBIA CIIEKTPaJbHBIA COCTaB M3IY4YEHHs), pacCcesHUEe Ha MaTrepuane
KtoBeTbl. OOBIYHO IS KOMITEHCAMW BIUSHHUA K(S) TMPOBOIAT MpeABAPUTEIbHYI0 00paboTKy
AKCIIEPUMEHTAIIBHO KPUBOI PaCCESTHUS C IEJIbI0 OMPEIeIITh HCTUHHYIO KPUBYIO paccessHus (T.e.

st coydas K(s)—>As)). Takas mnpormenypa BBIIOTHSAETCS CHCIHAIBHBIM IPOTPAMMHBIM
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obecrieueHneM, BXOAALINM B cocTaB Audpakromerpa. Ouenky nornomenus PU cornmacao 'OCT
8.698-2010 ocyiiecTBISAIOT MyTEM H3MEPEHUS] MHTEHCUBHOCTH Nyuyka PU mpu HysneBoM yrie
paccessHusl 06€3 KIOBEThl (MHTEHCUBHOCTh MEPBUYHOTO Mydka, /p), ¢ KIoBeTOM Oe3 oOpasua, U ¢
KIoBeTOM ¢ o0OpasnoM. OCHOBBIBAasCh Ha IOJYYEHHBIX 3HAUEHHUSX MEPEHOPMHUPYIOT
WHTEHCHUBHOCTHU PACCESHUS Ha KIOBETE C 00pa3IloM M KIoBeTe 0e3 o0pasiia Caeay oM o0pa3om:

I'(s)=1, (s)x—

—PF
L (0)

U onpenensitor 3pPpeKTUBHYIO KPUBYIO paccestHus Ha oOpase:

]oﬁp (S) = ]1;6p+mo@ema (S) - Iri;o@ema (S)

OueBHIHO, YTO MAJIOYTJIOBBIE U3MEPEHMUSI IOJKHBI IPOBOJAUTHCSI B TEOMETPUU «HA IIPOCBETY.
Jlns MmuHMMM3anuu noriomeHus P B Bo3ayxe B MaloyriaoBbIX AU(PPAKTOMETPax MPUMEHSIOT
BAaKyyMUPOBaHHbIE BOJHOBO/BI (BaKyMMHBIE KaMepbl Ha BTOPHYHOM Iyuke). Bricokue
MHTEHCUBHOCTH CHTHajla TpeOYyIOT NpPUMEHEHMs CIeIHUalbHBIX JETEeKTOPOB — s 3ajad
MaJOyrjoOBOIO paccesiHUsl OOBIYHO HCIOJIb3YIOT Ta30HANOJIHEHHbIE MPONOPLUOHATIbHBIC
CYETYMKH (TOUYECUHBIE U KOOPAUHATHBIE).

B coBpeMeHHBIX MaJOYIJIOBBIX JAU(paKTOMETpax MIMPOKO HCHOJB3YETCS  ONTHKA
napaiensHoro mydka. Ilpumenenue 3epkan ['ebenst mo3BoJisieT KOJUIMMHPOBATH MEPBHUYHBIN

IIy4OK, U OJHOBPEMEHHO pELIAeT 3aAa49y MOHOXpoMaruzauuu PU.

11.2. PentrenoBckas pedieKroMeTpus.

OcoOHSKOM OT METOJIOB TPAAMIMOHHOW PEHTICHOBCKOW AU(PPAKIMH CTOUT METO[
PEHTTeHOBCKOM peduekromeTpun. B 3ToM MeTome HET YCIOBUS — KPUCTALIMYHOCTH
UCCIIeyeMOro BemiecTBa (Kak, BIPOYEM, W B METOJE MAaJOyIJIOBOTO PACCESHHUS), TTOITOMY
paboTa BO3MOXXHO M C amMOp(HBIMH MaTepHasiaMH. B kadecTBe OOBEKTOB HCCIICIOBAHMS JIS
pedIeKTOMETPHUH MOAXOAAIIUMU SIBISIFOTCS pa3IUYHbIE TOHKHUE TJICHKU U TETEPOCTPYKTYPHI.

B pednekToMeTprueckoM IKCHEPUMEHTE NPOU3BOAST HM3MEPEHHE WHTCHCHBHOCTH
PEHTICHOBCKOI'0 ITy4YKa, OTPAXCHHOI'0 OT 06pa3ua Ha MaJlbIX YyIrjax HaACHUsA (TI/IHI/ILIHI)IC
nuanazoH ckaHupoBanus 0-5° mo 6). OtTpakeHHEe OT MOBEPXHOCTH W TPaHUI] pasnena
MPOUCXOOUT MU3-3a PA3HOCTHU B SJICKTPOHHBIX INIOTHOCTAX COCCAHUX CJIOCB, YTO COOTBCTCTBYCT
pasHUIIE B MIOKA3aTENAX MpEIoMIIeHUs cpel. [0 HEKOTOpOTO KPUTHIECKOTO yriia €, MPOUCXOIUT
MOJIHOE BHEIIHEE OTpa)kKeHHE, 3aT€M HHTEHCHBHOCTh HAUMHAET pPe3Ko CHmkaThcs (cM. Puc.
11.3). 3HaHue KPUTUYECKOTO YIJIa MO3BOJISIET OMPEENATh NIOTHOCTh TUICHKH, a XapakTep craja
MHTEHCUBHOCTH OIpEJeNIAeT IIePOXOBAaTOCTh TpaHMIl pa3aena. B ciydae, ecnu obpasen
NpeACTaBIsieT COOOH TIUJICHKY Ha TO/UIOKKE WM TeTePOCTPYKTYpYy B 00JacTH TOCIie
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KPUTHUYECKOTO yTJIa HAONIOMAI0TCS OCHMIUIALNNN H3-3a WHTEP(EpEeHIINN OTPaKCHHBIX JIydel OT
pa3HbpIXx moBepxHocTeil. [lepron Mexay OCHWUISIUSAMH TO3BOJSET ONPENENSTh TOJLIUMHY
IJIEHKU WJIW TOJIIIUHBI COCTABISIOIIMX B FE€TEPOCTPYKTYpe. OrpaHUuECHUSIMU METO/1a SBIISIFOTCS
Majasi IIepOXOBaTOCTb TpaHUI] pa3zelsia, TOJNIIMHA MOKpHITHM B auana3zoHe ~ [1 —200] nm,

pa3nuuus B 3JIEKTPOHHOM IJIOTHOCTHU ci1oeB He MeHee ~ 0.02%.

-
o

-

\,
W
AAVVAVE

0 0.2 Oc 0.4 0.6 0.8
Yron napeHus (Incident Angle), rpaa. (deg.)

0.01

0.001

OtpaxeHue (Reflectivity)
o

0.0001

0.00001

Puc. 11.3. IIpumep peduiekTorpammsoi.
HOKa)KeM, KaK CBA3aHbI IJNIOTHOCTBH INNICHKHK C ITIOKA3aTCJICM IMPCIIOMJICHUA W 3HAUCHUCM

kputnyeckoro yria (Puc. 11.4).
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Puc. 11.4. K BbIBOAY B3aUMOCBSI3HM IVIOTHOCTH M KPUTHYECKOI0 yrJia.
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J10 KpUTHYECKOTO yIiia MPOUCXOIUT TOJHOE OTPa)KEHHE, TMOCIIe KPUTHYECKOTO yIiia — 4YacTh
U3JTYYCHHUST OTPAXKACTCsI, YACTh MPOXOIUT B TITyOb 00pa3iia. COOTHOIIEHHE yTJIa MaJICHUS U yTiia
pedpakiuu onpeaenserca 3akonom CHena:

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

n,=cos(6.)~1-
B nocnennem nepexoze UCIONIB30BaHO YCIOBUE MAJIOCTH yriia 6.

IloxazaTens MMPEJIOMJICHUA B O6H_IeM ClIy4dac SABJIACTCA KOMIIJICKCHOM BEJIMYNHOM:

2
A

T

n=1-o6+if=1-

n(:‘

re n — TOKa3aTenb MNpeloMIIeHHus, O - paccenBanue, ff — abcopbums, A — AJIMHA BOJIHBI
U3JTy4YEHUs, Fo — OOPOBCKUI PAIINYC, He — SJICKTPOHHAS TIOTHOCTb.
N,

1 P

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

rae f — aTOMHBIN (akTop paccesiHus, f — COCTABJISIONIAs, OTBEYAOINas 3a paccesHue, [ —
COCTABJISIONIAs, OTBEUAIONIasi 3a TOTJIONICHNUE, M, — KOHIICHTPAlus aTOMOB, Z — KOJHYECTBO
AJIEKTPOHOB aToMa, IV, — uncio ABorazipo, A — aToMHasi Macca, P — II0THOCTb.

CormocTapnsisi IPUBEJCHHBIC BBINIC yPAaBHEHHS, MTOydyaeM B3aUMOCBSI3b JIEHCTBUTEIEHON 1

MHHMOM YaCTH ITOKa3aTes MMpEJIOMJICHUA C TINIOTHOCTHIO BCIICCTBA.

r> N
Oo=""——9Z+f
27ZA( fp
AN,
B 2”Afp

B BbIpaxkeHUs1 TaKkKe BXOJAT BETUYUHBI AaTOMHBIX (OPM-()aKTOPOB, TO €CTh HEOOXOIUMO 3HAHUE
JJIEMEHTHOT'O COCTaBa.

Branu ot xpast moryomeHust MO>XHO NpuHATH f = 0, Toraa

3Hasi 3JEMEHTHBI COCTaB IUJICHKHU, PACCUUTHIBAEM €€ IUIOTHOCTh O COOTHOILIECHHUIO L ~ 0.
Crour OTMCTUTDB, UTO SJIIECMEHTHBIM COCTaB IUICHKU U €€ MOBCPXHOCTHYIO INUIOTHOCTH MOXHO
OTIPENIeTUTH METO/IOM PEHTTEHO(TYyOPECIIEHTHON CIIEKTPOCKOTIHH.

PaccMoTpuM Temephr BO3HUKHOBEHHME OCHWUISIIMA HAa KPUBBIX PEHTTEHOBCKOMU

pe(l)HeKTOMeTpI/II/I (TaKI/Ie OCIUIIIIAINKY Ha3bIBAIOT C€IIC OCHUIIIALMAMHA Knccnra). I/ICHOJIBL’»y}I
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noctpoenue (cm. Puc. 11.5), ananormunoe ToMy, KoTtopoe ucnonb3oBain B Jlekinuu 1 npu
BBIBOJIC ypaBHEeHHs bparra-Bynbda, Hamumem ycioBHe MakCUMyma Ha HHTEPPEpPECHIMOHHOU
KapTHHE:

2dsin@ =mA
Vel Ou 6, cBsa3ansl 3akoHoM CHera:

n, cos(@) =n, cos(6,)

[MoxcTaBnsis BeIpaKEHHE Ui TOKa3aTeils OPEJIOMIICHHS B ypaBHeHHe 3akoHa CHemia |
UCTIOJIB3YSl MAJIOCTh YTIIOB 6, 6, 6, IOTydaem

0’ =0:-0’
[MoxcraBnss Temeph yCiaoOBHE HHTEPPEPEHIIMOHHOTO MAaKCHMyMa B IOJIyYEHHOE BBIPAKCHHUE

mojrydyac€Mm yCJIOBHE€ BOSHUKHOBCHUS MaKCUMYyMa IOPsSaKa m:

0° — m* 22

" 44> 0

Ecnut Gy 1 Gn+1 — YTIIBI, COOTBETCTBYIOIIHE IBYM COCEAHHM MaKCHMyMaM,
A 1 A 1

d=5¢9,§+1—9§ _Jo-g 26,.,-0,

Taxum 00pazom, U3Mepsis pa3HUIly MOJOXKEHUH MaKCUMYMOB (IIEPHOJ] OCLMIIISALIMIA), BO3MOXKHO

mpAMOC ONpPCACICHUC TOJIIUHBI IIJICHKH.
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HOpManb

Pa3HOCTbL Xo4a

Puc. 11.5. Bo3HUKHOBeHHe MAaKCHMYMOB Ha KpHBbIX peduiektomerpuu (d — TONILIKHA
IUIEHKH, A— JJMHAa BOJIHBI W3IY4YeHHS, M — TOpAaoK wuHTepdepenunn, @ — yroiu

pacnpocTpaHeHUs U3TYUYCHUS B TUICHKE, Gy, — YToJI IQJCHUS U3ITy9ICHUs).

HecnoxxHo BUIIeTh, YTO BBIMICHPUBEICHHBIE PACCYKIAEHUS MPOBEACHBI ISl HACATBLHOTO
ciaydyass OECKOHEYHO MalblX [0 NPOTSHKEHHOCTH TpaHull pazaena a3 (pacmpeneneHue
AJIEKTPOHHOM TUIOTHOCTH BJOJIb HOPMAJIM K TOBEPXHOCTH IUICHKH HMMEET «CTYNEHbKW»). B
pCATBHBIX CHCTEMaXx 3a CUET peJlaKCalliy MOJJIOKKH/TUICHKH U MIEPOXOBATOCTH 00pa3Iiia OCTphIe

MaKCHUMYyMBI JOTIOJHUTEIBHO Pa3Ma3bIBAIOTCS:
+00 2
isz 6/)
R(s)=R,(s) I e’ —dz
0Oz
—00

371ech z — KOOpAMHATA 10 HOPMAJIX K INTIOCKOCTH TUICHKHU.

B paccmotpenHom cityuae uHTepdepeHunu mydukoB PU, oTpaskeHHBIX OT pa3HBIX T'PaHMIL
pazzena B CUCTEME «IUIEHKA-IIOJJIOKKa» MPEANoarajJoch HAINYUE €IUHCTBEHHONW TOMOIE€HHOM
mineHku. [lpm  orpaxenunm PU  oT rerepocTpykTyp KapTMHA pacCesHUs 3HAYUTEIbHO
YCIIOXKHSETCS 32 CUET ONMUCAHHBIX HIKE 2P(HEKTOB.

Bo3moxxna wunTepdepeHus myukoB PU, oTpakeHHBIX OT HECKOJBKUX (> 2) TpaHHIl
pasgena. OTO COOTBETCTBYET HAMYMI0 Ha peduieKTorpaMMe CYNEepHO3MLUU OCLUMUIALIUN C

pa3HOW  YacTOTOH MHUHHUMYMOB/MakCHMyMOB (T.K. pasznu4danotrcs d). OTHocuTenbHas
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MHTEHCUBHOCTh OCHWJUISIMA pPa3HOM YacTOThI 3aBUCHT OT XapakTepUCTHK (Kod(p(HUIEHT
NPEJIOMIICHUS, TOJIIIMHA, EPOXOBATOCTD) OTACIBHBIX CIIOEB FETEPOCTPYKTYPHI U TTOITIOKKH.

B ToM ciywae, ecium cloM TeTEPOCTPYKTYpbl OOpa3ylOT CBEpPXpEIIeTKY, TO KpoMe
npoIieccoB mpenomieHus/orpaxenns PY Oynyt nHabmonatbes u npoueccsl audpaxmuu P Ha
cBepxpemretke. Torga B o0mactu MaiblX yrioB paccessuus PU OymyT HaOmrogaThCs HE TOJIBKO
OCLWJUISIIIMH, CBSI3aHHBIC ¢ MHTEP(EpPEeHIMEH OTpakeHHBIX My4YkoB PU, HO W nudpakinnoHHBIC
(0OBIYHO WX HA3BIBAIOT OPATTOBCKUMH) MakCUMyMbl. OOIIas KapTHHA paccesHUs, OMATh Ke,
OyZeT SBIATHCS Cynepno3uuueil ocumusanuil (0OBIYHO HECKOJIBKMX YacTOT) M OperroBCKUX
MakCUMyMOB. CTOHT OTMETHUTb, YTO M3-32 3HAUNTEILHOTO BKJIAJa TUHAMUYECKHX d(PPEeKTOB pn
paccessHUM Ha CBEpXpEIIeTKaX OOBIMHO HAONIOMACTCS WENbId Pl MAaKCUMYyMOB JUISl Pa3sHBIX
3HaYeHUH MOopsAKa MAKCUMyMa /1 U 3Ha4eHUH eIMHCTBEHHOTO MHJekca Musuiepa / (pakruyecku
(00/), B penonoKeHUH COBMAEHUSI OCed ¢ U ¢* ¢ HOPMANIbIO K MOBEPXHOCTU TUICHKH). M3

ITOJIOKCHHUA 6p€FFOBCKI/IX MaKCUMYMOB MOKHO ONPEACTIUTE NIECPUOJ CBEPXPCUHICTKH dS[I

2d ,;sin@ =niA < Z%Sinﬁ =1

S:27[251n9<_>2”25m9 N
nA
d, =27 1 1
s S

n n—1
I'OCT 8.698-2010 npennaraetT HECKOIbKO Oo0Jiee CIIOKHBIN, HO 0oJiee KOPPEKTHBIH METOJ]
pacdera mepuoAa CBEPXpEIIETKH (Tepruoja MOBTOPSIEMOCTH), B KOTOPOM KadyeCTBE BECOBOM
(YHKIMM HCHOJB3YETCS JHUCIEPCHUs YIJOBOTO IIOJOXKEHUS MaKCHUMyMa (Olpe/elieHHas B

MOCJIEIOBATEIbHBIX U3MEPECHUSX ):

=
I
=

QN\ 3

n=1 n
n=N

Sn

2

n=l1 n

d=2r

S

Q

IIpu stom B 'OCT 8.698-2010 mpeamonaraercsi, 4TO OCHOBHOM BKJIaJ B OCIMJUIALIMH
Kuccura BHocutr muTepdepeHius mydkoB PU, oTpaXeHHBIX OT BepXHEW W HWKHEH TpaHUIl
IUIGHKH. B cBeTe 3TOro MpeanonoxeHwsl Mepuoj OCIILISIUN CBA3aH C OOIIel TONIIMHON
IJICHKH, YTO IMO3BOJIACT OIMMPCACIINTL HA OCHOBC OJJHOI'O U3MCPCHUA U MCPHUOA CBECPXPCHICTKU, U
TOJIIIUHY IJICHKHW Ha ITOAJIOXKKE.

[Ipu npoBeaeHUH U3MEPEHUN METOJIOM PEHTICHOBCKOU pedIeKTOMETPUH CTOUT 00palliaTh
BHUMaHHE Ha IOCTHPOBKY mpubopa. Tak, uisi HOJy4YeHHUS KAauyeCTBEHHBIX peQIIeKTOrpaMm
MOBEPXHOCTh 00pa3iia JOHKHA COBMAJIATh C TIOCKOCTHIO, JACNAIIEH MepBUYHBIN PEHTTEHOBCKUN
my4oK nornoyiaMm. OOBIYHO TOHKYIO FOCTUPOBKY MPOBOJIST CIEAYIOIUM 00pa3oMm:
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N3MepstoT MHTEHCUBHOCTh IEPBUYHOTO MyYKa IPU OTCYTCTBHM 00paslia.

VYcranaBnuBaroT o0pasel ¥ U3MEPSIOT HUHTEHCUBHOCTD IIPU HYJIEBOM YIJIE PACCESIHHUS.

Casuratot oOpaser; TakuM 00pa3oM, 4TOObI perucTpupyemMasi HHTEHCUBHOCTh Obli1a POBHO
B JIBa pa3a MEHbIIE MHTEHCUBHOCTH IIEPBUYHOIO ITyUKa.

W3mepenust peduieKTorpaMM MpOBOASAT B PEKUME CUMMETPUYHOTO CKaHUpPOBaHUS (B
OTJIMYME OT MeToJa MaJoyrJIoBOro paccesHusi). Becbma 3¢ddexkTuBHbIM  sBIsSETCA

HCIIOJIb30BAHHUC 3CPKaAJI Fe6enﬂ, IMPUYCM KaK Ha IICPBUYHOM, TdK U HA BTOPUYIHOM ITyHdKaX.
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11.3. KourpoabHnbie Bonpocs! K Jleknun 11.

1.

YeMm OTIMYAIOTCSI METOABI MAaJIOYIJIOBOTO paccestHUsl OT METOJOB OIpeaeseHUs
apaMeTpOB MUKPOCTPYKTYPHI?

VYkaxuTe OCHOBHBIE, Ha Balll B3I, OTIMUUS (opMau3Ma MaJIOyTJIOBOTO PACCESIHUS OT
(dopmanm3mMa peHTTEHOBCKOM TU(PpaKINU Ha KpHCTaiax?

Kaxoii mapametp MoxHO onpeenuts 1o popmyie ['unne?

Yro Takoe kputnueckuit yrona? Kakyro nHdopmaIyio o IieHKe o Mo3BOJISIET U3BJICYb?
Kakum 00pazomM M3 JaHHBIX PEHTTEHOBCKOW peQIeKTOMETpUU BO3MOKHO PacCuuTaTh
TOJIILIMHY TUICHKU?

Kaxk paccunrars nepuoj moBTOPSEMOCTH (TIEPUO] CBEPXPEIIETKH)?

[ToueMy ocummisiuun Krccura MOoryT UMeTh CIOKHYIO CTPYKTYPY?
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