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NEPEOMOBA

PenTreniBcbki METOAM MOCHIIKEHHS MaTepialiB yKe TPHBAIU
Yac 3aJHMIIAIOThCS OCHOBHMMH Yy BHMBYEHHI BHYTpIIIHBOI OymOBH pe-
qoBUHHU. OKpIM KJIACHYHUX, CHOTOIHI 3aCTOCOBYIOTHCSI HOBITHI METOIN
JUTSI TJIMOIIIOTO BUBYCHHS aTOMHOI 1 MOJIEKYJISIPHOT CTPYKTYPH, aHATI3Y
nedekTiB pi3HOTO THITY, AMHAMIKK aTOMHUX KOJIMBaHb Touo. HaykoBo-
TEXHIYHUI Mporpec MOCHPUSB aBTOMATH3allil MPOLECIB OTPUMAHHS
MUpaKmifHAX JaHWX Ta KUTbKICHIM iHTepHpeTariii pe3yJabTaTiB BUMi-
proBaHb. MeTogaMu PEeHTTeHOCTPYKTYPHOI'O aHalli3y AOCIHiIKYIOTHCS
TBEPAi Tijia Ta PiAWHU Y MIMPOKOMY iHTepBajii Temmneparyp. Edexrus-
Hili poOOTi Cy4aCHHX PEHTTEHIBCHKHX AH(PPAKTOMETPIB 3HAYHOIO Mi-
pOIO MOCTIPHSUIO MOJIEPHI30BaHE MporpamMHe 3a0e3MeUeHHS Ta MOKIIH-
BiCTh BUKOPHCTAHHS PI3HUX CTPYKTYPHHUX MOZeJeH s iHTeprpeTanii
mudpakIifHAX CIEKTPIB 0araTOKOMIOHEHTHHX CHCTEM.

Orxe, cydacHHU (haxiBellb, SKAW 3alMAa€ThCA JOCIIIHKCHHIM
CTPYKTYpH Ta ()i3MKO-XIMIYHUX BJIACTUBOCTEU MaTepialiB, TOBUHEH BO-
JOAITH BCIM KOMIIEKCOM METOAIB PEHTTEHOCTPYKTYPHOT'O JOCIHIiKEH-
Hia. OgHAK, y KJIacHYHIN HABYANBHIN JiTepaTypi Maibke HE pO3TIISTHYTO
TaKU METOJ] MaJOKyTOBOT'O PEHTTE€HIBCHKOTO PO3CIsIHHS AJISl BUBUCHHS
CTPYKTYpH HAHOKPUCTAJIIYHUX MaTepiasiB, aMOp(QHUX PEUOBHH, MOJIi-
MepiB Ta O10JOTIYHUX MaKPOMOJICKYL.

ABTOpH TIepeayciM CTaBWIM 32 METY MiArOTYBaTH HAaBYAJIBHUH IO~
CIOHUK, y sikoMy OyJii O BUKJIQJICHI SIK KJIACUYHI, TaK 1 HOBITHI METOIH
PEHTT€HOCTPYKTYPHOTO aHali3y, SIKi BUKOPHUCTOBYIOTh y PO3B’s3aHHI
(yHIaMEHTaNBHUX 1 NPHUKIATHUX MPoOJIeM CydacHOro MaTepiano-
3HaBCTBa. [loCIOHHMK aapecoBaHO CTyAeHTaM (i3UYHUX, XIMIYHHX Ta
IHIIUX NPUPOAHUYMX (DaKyJIBTETIB YHIBEPCUTETIB, @ TAKOXK TEXHIYHUX
BHIINX HABYAJIHHUX 3aKIAIIB, sIKi TOTYIOTh MaTepialo3HaBIIIB iHKEHEp-
HOTO TIpOodisTEo.

Pos3pin 1

KIHEMATUYHA TEOPIA PO3CIAHHA
PEHTITEHIBCbKOIo BUrnPOMIHIOBAHHA

1.1. OcHOBM KiHEMaTU4YHOI Teopil PO3CiAHHA.
Popmyna Bynbda-bperra

Posmontin iHTEHCUBHOCTI AM(PAaroBaHOTO KPUCTAIIOM PEHTTEHIB-
CHKOT'O BHUIIPOMIHIOBaHHA B OOCpHEHOMY TIPOCTOPI BHU3HAYAETHCS
CTPYKTYpOIO KpHcTana. BcraHOBIEHHS KpucTaliuHOi OyJOBU PEHOBHUHU
nepeadavae BUMIPIOBAaHHS 1HTEHCHUBHOCTI TU(QPAKIITHUX MaKCHMYMIB,
BpaxyBaBIIIM BCI MOXKJIMBI YHHHHMKH, 10 BIUIMBAIOTh HA IHTCHCUBHICTh
PO3CisTHHSL.

o6 oTpuMaTH BUpa3 IS pO3MOILTY iHTEHCHBHOCTI PO3CISTHHS B
00epHEHOMY TIPOCTOPI, CIIT JOTPUMYBATHUCS BITIIOBIAHIX HAOIMKEHb,
a came:

1) posciroBaibHI IIEHTPH B KpHCTajdaxX PO3MIIIEHI CTPOTO IEpio-

JIUYHO;
2) aMIUNITyAM XBWIb, IO TaJAlOTh Ha PO3CIIOBAIbHI LICHTPU €
OJITHAKOBHMU;

3) po3MipHu KPUCTAIITIB € JOCTATHHO BEITMKUMHU;

4) Ha KpHCTal NaJac NapaeNbHUI MTy4OK MPOMEHIB.

3a pe3yibTaTaMH aHajli3y, iIcaIbHUM KpHCTaJlaM BiANOBiZae Ou-
HAMIYHA meopis po3ciauHs, B AKid BpaxoBaHa B3a€EMOJIiS ITEPBHHHOTO
Ta PO3CITHOTO BUIIPOMiHIOBaHHS. OHAK, UIS PEYOBHH, IO CKJIAIal0Th-
cs 3 mopiBHAHO Manux GesnedextHux kpucranitie (10* A) 3 Hesnau-
HOIO PO3Opi€HTAIli€r0, epeKTaMH, BUKINKAaHUMH B3a€EMOJMIEI0 TICPBHH-
HUX Ta PO3CITHUX NMPOMEHIB MOKHA 3HEXTyBaTW. Teopis, 10 HE Bpa-
XOBYE IIi€1 B3aeMOJIii OTpUMaia Ha3BY KIHEMAMUYHA Meopist PO3CISIHHSL.



3 ormmaay Ha CKiHYEHHI PO3MIpPH KPHUCTANITIB, HIO PO3CIIOIOTH
PEHTTeHIBChKi TMPOMEHi, IUQpaKkUiiiHi MaKCUMyMH HaOyBaTUMYTh
BH3HAYEHOI LIMPHHM, a IHTEHCHBHICTb B Oynb-sKiil Todlli 060epHEHOrO
MPOCTOPY BHUSBUTHCS BHUITAJKOBOIO BEJIIMYMHOIO, K4 BU3HAYATHMETHCS
iHTepdepenuiiiHolo ¢QyHkuielo Jlaye i KOHKPETHHM DPO3MIILEHHIM
KpHCTana BiTHOCHO NMEPBHHHOIO Mydka. B Takomy pa3i 00’€KTHBHOIO
XapaKTEPUCTHKOIO PO3CISHHSA CTa€ HE IHTEHCHUBHICTH PO3CISHHSI B OK-
pemiii Touli, a iHTerpajbHa IHTEHCHUBHICTh AU(PAKIIHHIX MaKCUMY-
MiB. Y IBOMY PO3ALII PO3MISAATUMEMO MHOKHUKH, IO BIUIMBAIOTH Ha
IHTEeHCHUBHICTh PO3CISTHHS: MOJISPH3AMIMHNAN, TeMIepaTypHHi, abcopo-
uidHuil, inTerpansauii (JIopenna) tTa reoMeTpUYHUH , SIKUIT OB’ I3aHUH
3 IMOBIPHICTIO MOTPAIUISIHHS KpHUCTana y BiJOWBaNbHE MOJOXKCHHS.
AHami3y0uu KpUCTAJIH 3 BUOPAHOIO CTPYKTYPHOIO MOZEIUIIO, 3a3HaYeHI
MHOKHUKHA MOXYTh OyTH pO3paxoBaHi 3a3[aleriip, M0 AacTh 3MOTY
OOYHCIINTH I1HTErpajbHi 1HTEHCHBHOCTI MaKCHUMYyMIB, TOPIBHSTH pe-
3yNbTaTd PO3PAXyHKY 3 EKCICPUMEHTAIBHUMU Ta YTOYHUTH CTPYK-
TYpHY MOZAEJb KpHCTaa.

BuB4aroumn kprcTany 3 HEBIZIOMOIO CTPYKTYPOIO, Ha OCHOBI €KCIIe-
PUMEHTAIBHUX JaHUX MOKHA BHU3HAYUTU CTPYKTYPHUH MHOXXHUK
KpHUCTalla, BpaxyBaBIIM Nepe]] IIM YCi 1HIIT MHOXHHUKH. AHaII3 CTPYK-
TYPHHX MHOXXHHKIB JIO3BOJISIE BU3HAYUTHU 1 caMy CTPYKTYpy KpHCTala.
OTpumaHi B paMKax KiHeMaTuyHoi Teopii (opMyiIH MHOXHUKIB
IHTEHCHBHOCTI PO3CisIHHA MOXHa BUKOPHCTOBYBATH Y AU(paKLifHOMY
aHali31 KpUCTaNiB i3 BiIOMOIO CTpyKTypoto. [lopiBHIOIOUN TeopeTndHi
Ta EKCIIEPUMEHTAJbHI JlaHi, MU 3MOXXEMO, HAaIlpHKIaJ, BU3HAYUTH
CTYIiHb MO3aI4HOCTI KpHCTaJla Y¥ YTOYHUTH TeMIepaTypHi MHOXHHUKA
PO3CISTHHS.

Judpakuiro peHTTeHIBChKUX MTPOMEHIB B KPHCTANaX Iy>Ke MPOCTO
MOSCHUIN pocilickkuil Gizuk I'. Bynbd Ta anrmiiiceki ¢izuku bperru.
30KkpeMa, pO3CISIHHS PEHTTEHIBCHKMX IIPOMEHIB aToMaMH KpHcTaja
BOHHM PO3IJISAAANU SK Pe3yJabTaT BiIOMBAHHS BiJ aTOMHHUX IUIOIIWH.
Taki TIONIMHN MOKHA TPOBECTH Yepe3 LIEHTPU aTOMIB, SIKi IPH LOMY
BBaXalOTh HEpyXOMHUMH. Kpucraa BOHM pO3IIsSAaloTh, SIK TPYIy
MapajeTbHAX aTOMHHUX TUIOIIHMH, PiBHOBIAMAJICHUX OIHA BiJ OIHOI Ha
BiJICTaHb d, KUTHKICTh IUIOIIHMH € JOCTaTHLO BEIUKOIO 1 B KpHUCTallaXx HE
BiOyBa€ThCsI 3aJIOMIICHHSI PEHTI€HIBCHKUX TPOMEHIB.

Po3risHeMo Myd4oK mMapajieibHUX MOHOXPOMATUYHHMX IPOMEHIB
nagae mig kyrom ¢ BigHOCHO aromuoi mrommun (puc. 1.1). Ipomeni
MapajesIbHOro MyYKa BiJIOUBAIOTHCS Bijl IUIOUIUH ITiJ{ THM CAMUM KyTOM
¢ . PisHuLs XO4y IPOMEHIB, BiIONTHX OJHOIO IUIOMIMHOK (HAIIPHUKIIAI,
I ta II) mopiBHIOE HymO, OcKinbku AG — FE = 0. BomHouac, mpomeHi,
o BimOMTI Bix cycimnix mwrommH (Hanpukan, I ta III) maroTs 37at-
HICTh A0 iHTepdepeH i, TOOTO MOXYTh MOCHAOIIOBATH YU IiJCHIIIO-
BaTH OAMH OJHOTO, 3AJICKHO Bil Pi3HUII X0y TIpoMeHiB D. Sk BUIHO 3
puc. 1.1, pi3HUIT X0y MPOMEHIB AOPIBHIOE PI3HUII JOBXKHH BiApI3KiB
AB ta AC.

Puc. 1.1. IntocTpauis ansa suBegeHHs dopmynn Bynbda-bperra

d
Bpaxosyroun, mo AB=——, AC = AB-cos(2¢}), oTpuMaemMo:
sin(2})

d  d-cos(29) _ d(1—cos(2%%)) _

= , . 2d sin(%) .
sin( &) sin(#¥) sin(#¥)

YMOBY MakCUMyMy MOXKHA OTPUMATH, PO3DNISAJAIOYU BEKTODPHI
cXemH, 1o 300pakeHi Ha puc. 1.2.

SIKII0 3HEXTYBaTH TOIVIMHAHHSAM PEHTICHIBCHKHX IPOMEHIB, TO
XBUWI, BIIOMTI aTOMHUMH TUIOIIMHAMHU B OJHOMY HAmpsSMKy XapakTe-
PU3YIOTHCS OJTHAKOBHUMH aMILIITYyaamMu. KpiM TOro, 3aluiiaeTsesi moc-
TiIHHOIO pi3HUI (a3 XBWIIb, BIIOUTUX CYCiIHIMH TUTOIIMHAMHU. Bpaxo-
BYIOUH, IO PiBHSHHS MONIMPEHHS MOHOXPOMATUYHOI XBHJII Ma€ BUI-
TSI



. 2 2
E(x,t)=E,sin(wt—kx), a):%,;(:%’

TO pi3HMLIA (a3 XBUJIb MOB’s3aHA 3 PI3HULEIO XOAY MPOMEHIB TaKUM
CHIBBiIHOLICHHSM:

Ap=k-(x —x2)=277[(x1 _x2)=27ﬂ-‘Ds D=x-x,.

VY Takomy pasi, IpoMeHi, 0 BIIOHTI TPYNOI0 MapajelbHUX IUIO-
IIVH, MO’KHA 300pa3uTH BEKTOpaAMHU le. , IOBEPHYTUMH OJIMH JI0 OJHOTO
Ha KyT A, AKwii BinmoBifae pi3HUII (a3 mpoMeHiB, BiIOUTHX CycCif-
HiMH ToTomuHAMHA (puc. 1.2). Momym BEKTOpIB BiANOBITAIOTH aMILTi-
TyJlaM XBWJIb, BIJOWTHX i-}0 TUIOIIUHOI. Pe3ynbTyrouy amInitymy

KOJIMBaHb BH3HAYaTHMe cyMa BeKkTopiB A . IIpu mpoMy MOXIUBI TpU

BUIIAIKU.

. 4,

A -
| 4

/

’J'

4
Ay
a o

Puc. 1.2. BekTopHi cxemu

1. Pisauna pa3 A@ Mae Take 3HaYeHHS, IO /N-H BEKTOp 30IracThCs

o . . . 27

3 mepmuM, (N +1)-i 3 apyrum i Tak nam. B Takomy pasi A(pzy,
CYKYITHICTh BEKTOPiB CTAaHOBHTHME IPABWJIbHWUN O0araToKyTHHK, a iX

cyma Oyze mopiBHIOBaTUMe HYIIO (puc. 1.2, a).
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2. PisHung a3 A@ taka, mo N-ii BeKTOp He 30iraeThCs 3 MEPLINM,

a OTXKe, He 30iraloThCs MK COOOK iHIN BEKTOpH. SIKIIO KiNBKICTH
BEKTOpIB € HEOOMEKEHO BEIIMKOI0, TO 3aBXKIH MOYKHA 3HAHTH BEKTOP
MIPOTHIICKHHUHA TaHOMY, TOMY Pe3yJbTyl0oda aMILTITyJa BIAOUTHUX XBHUIIb
TaKOX JIOPiBHIOBaTHME HYIt0. OJHAK, CJIiJ] 3ayBaXKUTH, 110 B PEATLHUX
KpUCTaJlaX KUIbKICTh BiJOMBAJLHUX ILTOIIUH Mae 0OMeXeHe 3HaUYCHHS,
TOMY pe3yJbTyIoua aMILTITy/ia He TOPiBHIOBATHME HYIIO, a PUOIU3HO
BIIMOBIIaTUME  aMIUTITY/AI XBHWJI, BIIOMTOI OJHOK  IUIOIIMHOIO

(puc. 1.2, 0).
3. PisHuns ¢a3 npoMeHiB, BIAOUTHX CyCiTHIMH TUIONTUHAMH, KpaT-

2
Ha uuciy 277, T00T0 A@=27n. BpaxoBytouu, 1o A¢)=7ﬂD, oTpHU-

MaeMo:

27”D=27m,D=n/1.

B Takomy pasi pe3ynbpTyioda aMIUTITyAa BifOUTHUX XBHIIb Oyae Bif
MIHHOIO BiJ| HyJISl Ta JOPiBHIOBATHME CyMi aMIUTITY][ XBHJIb BIJIOHTHX
BiJ WLi€l rpynu miomuH. TakuM YWHOM, MOKHA CTBEPAXKYBaTH, IO
iHTepQepeHLiHHNA MaKCUMYM BiJOMTHX XBHJIb CIIOCTEPIraTUMETHCS 3a
YMOBH:

2d sin(9) = nA, (1.1)

Ky Ha3uBaloTh popmyioto Byneda-bperra.

Sk mokasanu 4MCIeHHI excnepuMeHTH, Gopmyna Bynwga-Bperra
BUKOHYETHCSI 3 BEJIMKOIO TOYHICTIO, XOo4a Oyja BUBEIEHa 3a Helpa-
BWIBHOI (Pi3MYHOI MepeyMOBU NPO BiIOMBaHHS PEHTTCHIBCBKUX IMPO-
MeHiB ()iKTUBHMMHU aTOMHUMH IUIOIIMHAMK. Binxunenuns Bin gopmymu
Bynsda-bperra cnocrepiractbcss B 0COOMMBO TPEHU3IHHUX EKCHepH-
MEHTaX, IO [TOB’s3aHO i3 3aJIOMIICHHSM PEHTTeHIBCHKUX MPOMEHiB. Bu-
kopuctanHs ¢Gopmynu Bynbda-Bperra no3Bossie Ha OCHOBI eKCHepH-
MEHTAIbHO BCTAHOBJICHHX KYTIB OU(PPaKLUiHUX MaKCHUMYyMiB BH3Ha-
YHUTH:

1) MIXIUTOIUHHI BijicTaHi (3a BiJIOMil JOBKWHI XBWJII BUITPOMI-

HIOBaHHS), d = , 10 YMOIJIMBIIOE SIKICHUH (ha3oBuii aHai3

2sin(#)
MaTepiaiB;

11



2) BH3HAYaTH JIOBKUHY XBWJII PEHTICHIBCBKUX NPOMEHIB 3a
dopmynorw A=2dsin(z%) , Koiu BiJOMI 3HAYEHHS MIKIUIOMIMHHUX

BijgcTaHeid B kpuctaiax. Lo Qopmyny ImHPOKO BHUKOPHCTOBYIOTH
PEHTT€HOCTIEKTPAILHOMY aHai3i.

1.2. Po3CisiHHA peHTreHiBCbKMUX NPOMEHIB
BiflbHUM €NeKTPOHOM

SIBuiie PO3CISTHHS PEHTTEHIBCHKUX TPOMEHIB IMOJISITa€ B 3MiHI 1X
HanpsMKy TOIIUPEHHS MiJ 4ac TMOTpalUiTHHS Ha pedoBuHYy. Po3pis-
HSAIOTh KOTEPEHTHE Ta HEKOTEPEHTHE (KOMITTOHIBCHKE) PO3CITHHS.

1) koeepenmmue po3cisinus.

KorepenTHe po3cisHHS BHUHHKA€, KOJM TEPBUHHE PEHTICHIBCHKE
BHITPOMIHIOBAaHHS 3MYIIY€ KOJIMBATUCH €IIEKTPOHU aTOMA, SIKi IPH I1hO-
My CTalOTh JPKEpeJaMH BTOPMHHOIO BUIIPOMIHIOBAHHS 3 Ti€HO K JIOB-
JKUHOIO XBWJIi. 3TiTHO 3 3aKOHAMHM KJIACHYHOI EJICKTPOJIMHAMIKU ITOBHA
€Hepris po3CisTHHS OJHUM EJIEKTPOHOM piBHA:

87 _e'm’

W=1,65)

— (1.2)
c
ae I, - IHTEHCHBHICTb IIEPBUHHOIO ITy4YKa.
Takum yuHOM, MOKHA OTPUMATH BHpa3 sl KoedillieHTa po3CisH-
HSl OHUM €JICKTPOHOM:
4 2
W 8z e'm
o=—
[{)

= (1.3)

SKIO atoM MICTHTh Z ENEKTPOHIB, KOXKEH 3 SKHX PO3CIHOE He-
3aJIe)KHO OJMH BiJl OJJHOTO, MOXKHA 3allicaTH BHpa3 s KoedimieHTa

ATOMHOTO PO3CIisSTHHS:

87 _e'm?

o, =(F)—2 (1.4)
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IpurycTumo, mo B 1 cM® po3CiloBaIbHOI PEUOBHHH MICTHTBCS 71
aToMmiB. Y TakoMy pa3i JiHIHHMHA KOe(ii€HT PO3CISHHS PEYOBHUHU
HaOyze Takoro BUTIISAY:

87 _e'm?
o, = (?)

= Zn, (1.5)

TONI SIK MAcOBHH KOe(IiIliEHT PO3CISHHS BU3HAYATUMETHCS 32 TaKOIO
thopmyoro:

0,=—=(7) —, (1.6)
37 ¢ p
n ) _
ne —=—, A - BinHocHa atomHa Bara, N, =6-10" moms ™' - uucio
0
ABorazpo.

®opmyay (1.6) MoXHA TTEepenrcaTH HaCTYITHAM YHHOM:

8z e'm* 7 VA
o, =2L=520 N £ 20402-(5) (1.7)
0 37 ¢ A A
JInis ckIagHUX PEYOBHH, 30KpeMa XiMIYHHMX CIONYK, MAaCOBHN KOe-
(biIieHT PO3CITHHS:

2.Z

o -
o, =—=0402-— (1.8)

0 M
ne M - BiTHOCHA MOJIEKYJISIpHA Maca PEYOBHHH.

3rifHO 3 BHUCHOBKaMH KJIACHYHOI EJIEKTPOJAMHAMIKH KOE(]IIi€HT
PO3CisTHHSI HE 3aJICXKUTh aHi BiJi JOBXUHHU XBHJII BUIIPOMIHIOBAHHS, aHi
Bil THIy po3citoBalibHOI pedoBHHU. OJHAK, €KCIEpUMEHTATbHI MaHi
3aCBIIYMIIM HE3HAYHY 3aJIC)KHICTh I1i€] BEJIMUMHU BiJl aTOMHOI'O HOMEpa
eneMeHTa. SIKIIo A JIerkKuX eaeMeHTiB (Z =2 +15) koedimieHT po3-
cisHH O, <0.22, TO 11 BaXKKUX eneMeHTiB (Z =55+92) o, >0.70.

Kpim Toro, xoedimieHT po3CisHHS 3aJIeKHUTh i Bif TOBXKWHU XBUII
BHUIIpOMiHIOBaHHS. EKcriepuMeHTaNbHO JOBEIeHO 301IbIIeHHS Koedi-
LiEHTA PO3CISHHS JUTS JOBXKHH XBUJIb CYMIPHUX 3 aTOMHHMH pO3Mipa-
vu enementiB ( A>0.3 A). OueBumHO, y 1IbOMY pasi po3cisHHA He
MO’KHA BB2)KATH MOBHICTIO HE3aJICKHUM, OCKIJIBKU MPOCTEKYETHCS Bil-

13



MIOBiIHa KOT€PEHTHICTh y PO3CIsHHI eNeKTpoHiB. BomHouac, st KopoT-
KOXBHJILOBOTO BHTpoMintoBanus (A< 0.01 A), xoedimient poscisuus
He nepesuitye o, = 0.2.

2) HekozepeHmHue pO3CIsHHSA

OTprMaHi 3aKOHOMIPHOCTI MEPeCcTaloTh OYyTH CIPaBEIMBUMH Yy
pasi po3CisHHA KOPOTKOXBHJILOBOrO BUMpoMiHioBaHHA (A< 0.3 A) Ha
aToMax JIETKHX EeJeMEHTIB. B 1poMy BUNAAKYy KOEQIIIEHT PO3CISHHS
3MEHIIYETHCS 31 3MEHIICHHSIM JOBXHHUA XBHJI T4 BUHHUKA€E BHIIPOMi-
HIOBaHHS 3 OLTBLIOI0 JOBXHUHOIO XBWIi. KitacuuHa Teopist po3cisiHHS He
3MOIJIa IPYHTOBHO IOSICHUTH Li€ sIBUIIE. SIBHIE HEKOI'€PEHTHOI'O PO3-
CISIHHS PEHTTeHIBCHKMX MNPOMEHIB BiAKpuB y 1923 pomi amepukas-
cekuit ¢izuk A. KomnToH. 3rofom 1ie siBUINE Ha3BaIH KOMITOHIBCHKIM
pO3CiSTHHAM. 3a KBaHTOBOIO Teopiero, edpekt KommroHa 3yMOBICHMIA
HENpPY»XKHUM DPO3CISHHSAM KBaHTIB MEPBUHHOTO BHUIIPOMiHIOBaHHS ((o-
TOHIB) Ha BUTPHHX €JIEKTPOHAX aroMa. BiAmoBimHO o 3akoHIB 30epe-
JKEHHSI €HEeprii Ta iIMITyJIbCy, BHACHIIOK 3iTKHEHHS Ma1al04yoro (oToHa 3
€JIEKTPOHOM 3MIHIOETHCS IMITyJIbC €JEKTPOHA Ta BHHUKAE PO3CISTHHIMA
(OTOH 3 MEHIIOIO EHEPTi€r0 Ta OLTBIIO TOBXKUHOI XBuii (puc. 1.3).

Puc. 1.3 Cxema epexry Komnrona P, - imMimynsc najgarodoro GoToHa,

P - iMnynse poscisHoro ¢otoHa, P, - iMIIyJIbC €l1EKTPOHA)

BiamoBinmHo nmo 3akoHy 30€pekeHHS IMIyJIbCy, HAMpsSiM IIOIIH-
pPEeHHS pO3CiSTHOTO (POTOHA YTBOPIOE KYT () 3 HAMPSIMKOM IEPBHHHOTO
MPOMEHs. AHAJIOTIYHO, IMIYJIbC ENEKTPOHA YTBOPIOBATUME KYT I/ 3
HATPSMKOM PyXy HepBHHHOTO (poToHA. SIK MOKa3au MpoBeJieHI po3pa-
XYHKH, 3MiHa TOBKUHH XBHJI1 (POTOHA MPUOIU3HO TOPIBHIOE:

AT {1-cos(@)} (1.9)
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HexorepenTHe po3CisiHHA MEPEBaKHO CIOCTEPIraeThecs, KOMH JIETKI
aTOMH, B SIKMX €HEpPTisi 3B 53Ky EJEKTPOHIB 3 SApaMU € CyMIpHOIO 3
SHEepri€ro nagayux (GpoToHIB, PO3CiIOI0TH KOPOTKOXBUIBOBE BHUIIPOMI-
HIOBaHHA. 31 30UIBIIEHHSIM aTOMHOTO HOMepa 30UIbLIYEThCS €Hepris
3B 13Ky €JICKTPOHIB 1 B CIHEKTpPi PO3CIAHHS MOYMHAE TMEpeBaKaATH
KOTepeHTHEe po3cigHHs. IIpy HpoMy dacTKa HEKOI€pEHTHOT'O PO3CISTHHS
3MEHILY€ThCSI. 30KpeMa, HEKOI'epeHTHA CKJIal0Ba MOBHICTIO JOMiHY€E B
CHEKTpi PO3CisHHA aToMa JiTito ( Z=3), B TOW ke Yac PO3CISHHA
aToMamu Miji ( Z = 29 ) nepeBaKHO MICTUTh KOTEPEHTHY CKJIAJIOBY.

1.3. Nonapusauis peHTreHiBCbKOro BUNPOMiHIOBaHHSA.
Monspun3auinHMmM MHOXHUK

[Tig monsipr3aniero po3yMitOTh 3aJI€KHICTh IHTEHCHUBHOCTI PO3Cisi-
HOTO BUIPOMIHIOBAHHS BiJl HaNpSAMKY TMOIIMPEHHs, BHACIIIOK 4YOTO
crioctepiraeTscs ii HEpiIBHOMIpHHH po3moAin y mpoctopi. Busnaunmo
3aJIeKHICTh IHTEHCHBHOCTI PO3CISIHHS BiJl HANpsIMKY JJIs TIOJISIPU30Ba-
HOTO Ta HETOJIIPU30BAaHOTO BUIIPOMiHIOBAHHSI.

1) nonsapuzosane UnpoMiHIO6aHHSA

Jlns BU3HAYEHHS IHTEHCHBHOCTI PO3CISIHHA B JOBIIPHOMY Hall-
PSMKY Hil KyTOM ¢ O HalpsMKy IEpBUHHOIO IPOMEHS S,, PO3Kia-
JIEMO BEKTOP €JEKTPUYHOr0 MOl MaJarodoi XBHJIl Ha Bl KOMIIOHEHTH
E, Ta E,, nepneHANKYJSIpHY Ta NapajelbHy BEeKTOpy S, . B manomy
BHITAJIKy IHTEHCUBHICTH PO3CISHHS OyIe MpoTopIliiHa KBaIpaTy mep-
NEHIUKYJSIPHOI CKIagoBOi F, , OCKUIBKM €NEKTPOH HE BHUIIPOMIHIOE
€JIEKTPOMArHITHUX XBUJIb y HANPSAMKY NPUCKOPEHH:

I, =E’= Ep2 cos’(¢) (1.10)

¢

2) Henonapuzoeane GUNPOMIHIOBAHHSA
[TpumyctiMo, 1m0 HampsM TMEPBUHHOTO TPOMEHS S, Ta HaIpsIM

PO3CIsTHOTO BHITPOMIHIOBAaHHS JIeXaTh y IUIOMUHI puc. 1.4 Ta yTBO-
PIOIOTE KyT ¢ . Byab-sike Henonspu3oBaHe BUIIPOMIHIOBAHHS (BEKTOD
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E,) MOXHa PO3KIACTH HA JIBI B3a€EMHO MEPIEHANKYIAPHI KOMIIOHEHTH

E_Tta E_. B TakoMy pa3l IUI1 HAaIPy>KEHOCT] €JIEKTPUYHOIO IO IIa-

narouoi xsuwi E , OTPHMAEMO:

E’=E’+E’

lnsixoM ycepepHeHHs 3a yciMa MOXIMBAMH HanpsMkamu £, 1

BpaxoBYIOYH iX pPiBHOIIPABHICTh MOKHA 3aIIUCATH:
T2 _ 152 T2 _AF2_AL2
E =FE maE =2E"=2FE,

Z
e
/,"_: ................ kw; A
i .
=r
Pl — 'l
H o 2
1 £ e Ty
VS T

X

Puc. 1.4. IntocTpauis onsi BUBEAEHHS NONsApu3aniiHoro MHOXHMKa

Takum 4MHOM, IHTEHCHBHICTb [, PO3CISHHS B HAIPSAMKY ) MOXK-

Ha TIPEJCTaBHTH SK CyMy iHTeHCHBHOCTI / y, TA I y. » OOYMOBIICHHX

KoMmIoHeHTamu [ Ta I BekTopa YMoBa - IloiiTiHra nagaro4oi XBui:
l,=1, +1, .

Bpaxyemo, mo

16

4
I e 1
I% =1 sin"(y,)-

_

m*ct R?

e R — Bigcrads Big Toukd O 10 TOYKH A.
Amnarnoriumo,
4
e 1

I =1 sinz(l// ) —— .

V. z z mzc4 Rz

Sk BunHoO 3 puc. 1.4

/4 T 1
= — , = —_—— , 4[ ::<[ = -2 .
ll”x 2 WZ 2 w X z 2

OTxe, A IHTEHCUBHOCTI PO3CIHHA B TOYII 4 OTPUMAa€EMO TaKWi

BHPa3:
4

e 1 (1+cos’ @)
1 =7 - — . 1.11
(p)=1, RS 2 (1.11)
MHOXHUK
1+ cos®
P((p)z—( 5 @, (1.12)

10 BU3HAYAE 3AJIEKHICTh IHTEHCUBHOCTI PO3CISTHHS Bi HAaNpPSMKY, OTPH-
MaB Ha3By MOJISPU3ALIAHUN MHOXHHK. SIk BUIHO 3 rpadika Ha puc. 1.5,
MaKCHMallbHa IHTEHCHBHICTh PO3CISTHHA CIOCTEPITaEThCS B HAPSIMKY
TIOLIMPEHHSI XBUJIi, MiHIMAJIbHA — Y TIEPIICHUKYJISIPHOMY HaIlPAMKY.

1,0 —
09 \

08

2lp)

0.5 ~——

| i | i L I L
u 2u qu o Hu T £ T4 Teu

¢, epad.
Puc. 1.5. KyToBa 3anexHicTb NONApM3auiiHOro MHOXHUKA
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VY nudpakTOMETpUIHUX JOCTIKCHHSIX HEBIOPSIKOBAHUX CHCTEM,
BHUBYCHHI ONMXKHBOTO YMOPSAKYBaHHS TBEPAMX PO3YHHIB Ta IpeLH-
31HHUX AOCHIIKEHHSAX aTOMHOI CTPYKTYpPH KPUCTAJIB ciIii 000B’13KOBO
BpaxOBYBAaTH BIUIMB MOJSIPHU3AMIMHOTO MHOXXHHUKA Ha IHTCHCHUBHICTH
poscistast YV nporionoBaniii popmyi (1.12) muoxxauk P(¢) Bukopuc-

TOBYIOTb y Pa3i HEMOJIIPU30BAHOTO IEPBUHHOTO BHIIPOMiHIOBAHHSI.
BukopucToBytoun B mudpakroMeTpax KpHCTalH- MOHOXpOMAaTOpu (Ha
MIEPBHHHOMY YW TU(ParoBaHOMY IIyYKOBi), magaroue (qudparoBaHe)
BUIIPOMIHIOBaHHS I0IaTKOBO MOJISIPU3Y€ETHCA, BiNOUBAIOUNCH Bil KpHC-
TajorpadivHNX TUIOIIMH KPHUCTATIB - MOHOXpoMaropiB. Tomy B mmx
BUTAJIKaX BUPA3 LIS NOJSIPU3AIIHHOTO MHOXKHHUKA JICIIO YCKIaTHIOETh-
cs. 30KpeMa, 32 OIMHAPHOI MOHOXpOMAaTU3alii (0OJUH MOHOKpHCTAI Ha
MEPBUHHOMY YH IU(ParoBaHOMY IIy4YKy) 3allpONOHOBAHO HACTYIHY
(dbopMyIty moIsIprU3aIiiHOro MHOKHHKA.:

(1+cos’ @-cos’(28,))

P(@) =
@) 1+cos*(28,)

, (1.13)

ne ¥, — OperiBChbKHil KyT BiIOMBaHHS KPUCTaJIa-MOHOXPOMATOPA.

3a moBiHOI MOHOXpOMAaTH3aIlii (IBa MOHOKPHCTAIN Ha ITEPBUH-
HOMY Ta qu¢paroBaHOMy ITydKkax) OTPIMAEMO Takuid BUpa3 st P(¢) :

ml ) 0082 (2Z9m2 ))
1+cos*(28,,)cos* (28, ,)

(1+cos” @-cos’ (28

P(p) = , (1.14)

¢, 0, , —OperiBcbki KyTu qudpakiii nepuoro Ta Apyroro Kpucrana.

ml> “m

1.4. PO3CisiHHA peHTreHiBCbKMUX MPOMEeHiB aToMmamMu
pe4YoBUHU. ATOMHUA MHOXHUK PO3CiiHHA

BBenemMo MOHSATTS aTOMHOI aMILUTITYAW PO3CISHHA f, SIK BiJHOIICH-
HS aMIUTITY I XBHJIb PO3CITHIX aTOMOM Ta BUTBHUM €JIEKTPOHOM:

E(l
f_E

e

(1.15)
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OCKITBKM PO3MipH aTOMa CyMipHI 3 JOBXHHOIO XBHJII PEHTTEHIB-
CHKHX IMPOMEHIB, MiXK XBWJISIMH, PO3CISIHUMH DPI3HUMH €JEeKTPOHAMH,
BHHUKaE pi3HHUNA (Da3, sKa 3MIiHIOETHCS 3AJICKHO BiJ] HAIIPSIMKY IOIIH-
pPEHHSI PO3CISIHMX MpoMeHiB. PizHums (a3 mopiBHIOIO HYJIO JIMIIE B
HanpsIMKy TIEPBUHHOTO TpoMeHs, koiu 2¢ =0, ne 22} - KyT MiX Ha-
MPSIMKaMU TIEPBUHHOTO Ta PO3CISTHOTO MPOMEHIB.

VY po3paxyHKy aToOMHOI aMIUTITYJH PO3CISHHS BHKOPHUCTOBYIOTH
TaKi HaOJIMYKESHHS:

a) eJIEKTPOHM aToMa PO3CIIOIOTh SK BITBHI €JIEKTPOHH, TOOTO BBa-
KAIOThCSl cIa0Ko 3B’SM3aHUMH 3 AapaMud a00 BHKOHYETHCS YMOBA
wUw, , ne - 4acToTra MEPBUHHOIO BUIIPOMIHIOBAaHHS, @, - BIIACHA

4acToTa KOJHMBAHHS €JICKTPOHIB.

0) mepioj pyxXy eJIEKTPOHA B3/IOBXK OPOITH € 3HAUHO OLIbIINN aHIX
nepioj] majaryoi XBWI, IO JIO3BOJISIE BBAXKATH CIICKTPOHU HEPYXO-
MHUMH B IIPOLIECI PO3CISHHA 1 TUM CaMHM 3HEXTyBaTu edexkrom [omm-
nepa.

Po3rasiHEMO PO3CiSTHHS PEHTTeHIBCHKHX TMPOMEHIB CHUCTEMOIO 3
JIBOX €JIEKTPOHIB (pHC. 1.6), OMH 3 SIKUX MOMICTHMO Ha TIOYaTOK KOOP-
muHAT (Touka (J), pO3MIIIEHHS 1HIIOTO BU3HAYAETHCS PaJliyC-BEKTOPOM

7. (touxa C). Hexaii S, § - OXMHUYHI BEKTOPH HEPBUHHOIO Ta PO3Cisi-

HOTO MPOMEHIB.

Puc. 1.6. Po3CistHHS NpOMEHIB CUCTEMOIO BOX €NEKTPOHIB

Sx BuaHO 3 puc. 1.6, pi3HALA X0y XBWJIb PO3CISTHUX €IeKTPOHAMHU
piBHa:
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A=O0B~04=(F.5)~ (.5, = (7,5),

e S=5 —5§, — mudpakuiiinuil BexTOp, MmO BiAnoBigae pisHuLi (a3
27w . =
XBUIb @ =—(7.,5).
A
AMILTITY1a XBHJI1, PO3CisiHA I -M €JIEKTPOHOM JIOPIBHIOE:
27wi - =
E, = E,exp{ (7.8}

ne E, —aMIuliTyaa po3cisHHs eIeKTpOHOM B Touli O.
SIKIIO aToM MiCTHThH Z-€JEKTPOHIB, TO CyMapHa aMILIITy1a po3cis-

HOT XBUIIL:

Z 27i . =
E, =2 E, exp{——(7.5)} . (1.16)

TakuMm YUHOM, OTPUMAEMO BUPA3 JJIS aMIUTITYAH PO3CISTHHS JTUCK-
PETHOI CHCTEMH PO3CiIOBAIBHHUX IIEHTPIB (EJIEKTPOHIB):

Ell
f=oe=

A
o i=1

exp{%(ﬁ.,g')} . (1.17)

OCKiTbKH eJIeKTpOHH (POPMYIOTH HABKOJIO siipa €NEKTPOHHY XMa-
pY, IX po3Monia B aTOMi MOXHA BBa)KaTH HemepepBHUM. UHCIIO eneKT-
POHIB, IO MICTUThCS B eieMeHTi 00’emy dV nopieHioe dN = o(F)dV ,

ne P(7) - GyHKUig po3noIily eJIeKTPOHHOI I'yCTHHH aTtoMa. Binmosin-

HO, aMIUTITy/la aTOMHOTO PO3CISHHS Yy Pa3l HEMEepPepBHOTO PO3MOILTY
€JIEKTPOHHOI I'yCTHHU OyJie piBHa:

f = [pPrexp 2285 )av (1.18)

Jnst chepuIHO-CUMETPUYHOTO PO3MOITY €NEKTPOHHOI TYCTHHH,
O(¥) 3aleXuTh JIMIIE Bijl BEIMYMHN BEKTOPA 7 , IO J03BOJISIE MepeiTh
10 chepuIHOT CHCTEMH KOOPJUHAT. B TaHOMY BUIIAIKy eJIeMEHT 00’e-
My MOXHA BHPa3UTH, IK 00’eM chepryHOro MpOoIIapKy pafiyca rsin,
UPUHU 7 -d o, ToBIuHKN dr (puc. 1.7):
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dV =2zxr*sina-dr-da, a=[0,7].

Kpim toro, monmyns audpaxiiiiHoro BekTopa ‘§‘=2sinz9 , TOMY

CKasipHUi 100yTOK (7, S’) =2rsin¢-cosa .
Braciinok inTerpyBanus Bupasy (1.18) orpumaemo:

f(k):]?u(r)-%dr, (1.19)

4 .
ne k= 75111 ¥} — XBUJILOBE YHUCIIO.

Pagianpna  QyHKIiE ~ po3mOAUTYy  €JIEKTPOHHOI  TyCTHHHU
u(r)=4zr’p(r) BU3HAUAE IMOBIPHICTH PO3MIIIIEHHS €EKTPOHA y ce-
puuHOMy mapi (», 7 +dr). JIerko mepeKoHaTUCh, IO ju(r)dr =7,

0
a orTxke, komu 2¢— 0 ammiityaa poscisHas [ — Z . KpiMm Toro, sk

urnBae 3 Bupasy (1.19), Benuuuna f(S) MOHOTOHHO Cramae 3i

3017BIIEHHSIM KyTa pPO3CISHHS, THIMOBUH Tpadik Iri€l 3amekKHOCTi Ha-
BejieHui Ha puc. 1.8. 3a BenMKHMX 3HaYeHb K BaXJIMBY POJb B aTOM-
HOMY PO3CISIHHI BiJirpaloTh €JIEKTPOHH BHYTPIIIHIX OOOJIOHOK aToma
(mami 3HaveHHs 7 ). Bimmaneni Bix sapa 30BHINIHI (BaJIGHTHI) €NEKT-
POHH PO3CIIOIOTH JIMIIE B TUISHIN MallnX KyTiB po3CisHHA. BracHe meit
(daxT m03BOJISE MPHUITYCTUTH HASBHICTH CHEPUUHO-CUMETPUYHOTO PO3-
nofiy eneKTpoHHOi ryctuHd. OnHak, 1led BHUCHOBOK HE CIpaB.-
KY€ETBCS JJIS JIETKUX €JeMEHTiB. TOMy B TEOpEeTHYHUX PO3paxyHKax
MeToJaMHi KBaHTOBOI mexaHiku (Xaptpi- doka, Tomaca- depmi) Ha-
camIiepei po3paxoBYIOTh (DYHKIIIO paaialibHOTO PO3MOILTY €ICKTPOHIB
u(r), mcns dgoro 3a ¢opmyoro (1.19) Bu3HaYa0Th aTOMHI aMILTITY M

PO3CIsSIHHSL.
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§ S
. R Z
'}:\ii‘\“‘\
Sin l}//l
Puc. 1.7. IntocTpauia oo BuBeaeHHsi Puc. 1.8. Tunosui BUrnsg KyToBoi
dopmMynu aToMHOT amnniTyau 3anexHoCTi aTOMHOT amnAiTyau
PO3CisiHHSA PO3CisiHHSA

Takum YuHOM, BHpa3 I IHTEHCHBHOCTI aTOMHOTO PO3CISTHHS
MO’Ha 3armucaTtu y BI/IFHHJIiZ

¢! 1 (1+cos’28)
m’ct R’ 2

L=f"1=1, AR (1.20)

ne f°(#%) — aTOMHHI MHOKHMK PO3CiSTHHSL.
VY 3arajgpbHOMY BHUNAJIKy KyTOBY 3aJIeKHICTh iIHTEHCHBHOCTI aToM-

HOTO PO3CIsTHHSI OMHUCYIOTH (POPMYJIIOF0:
1,=1,-P( [*(®) (1.21)

1.5. PO3CisiHHA peHTreHiBCbKUX MPOMEHIB
B KpucTtanax. CTpyktypHa amnnityaa.
IHTepdepeHuinHa dyHKuia Jlaye

Kpucranm MoxHa po3risaTH sIK CHCTEMHU 3 MEPIOJUYHUM PO3Mi-
LICHHSIM y TIPOCTOPI OJHAKOBUX EJIEMEHTapHUX KOMIPOK, TOMY JUIS
BHU3HAYEHHs aMIUITYyAW PO3CISHHS KPHCTAJIOM CIiJ BU3HAYMTU aMII-
JITYAy pO3CISTHHS OJHIEI0 KOMIPKOIO 1 MPOCYMYBATH IO BEIWYHH, Bpa-
XYBaBILHU PI3HUIIIO X0y PO3CISIHUX MTPOMEHIB.

AMIUTITYTy pO3CISTHHS €JeMEHTapHOK KOMIPKOI MOXHA BH3HA-
YHTH SIK CyMYy aMILTITY/]] PO3CisIHb OKPEMUMH aTOMAaMHU:
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F(S)=7" f(S)exp{27i(SF)}, (122)

ne f,,7 - aMIUNTyJa pO3CISHHA Ta pajiyc-BEeKTOp i— IO aroma,

1
S =5 -5, - mubpaxuiiiHui BEeKTOP.
Innexc i mpoOirae 3Ha4eHHs 3a yciMa aToOMaMH KOMipku. Benmun-
Ha F(S), mo BHpaXkeHa B TUX € OJUHHMILX, WO U f,(S), oTrpumana

Ha3By CIMpYKmMypHa amnaimyoa. Jns BU3HaU€HHsI aMIUTITY U PO3CISTHHS
KpUCTAJIOM TOTPIOHO TPOCYyMyBaTH aMIUITYAW pPO3CITHHA BCiMa
eJIeMEHTapHUMH KOMipKaMH:

A=Y F(S)exp{27i(S 7))} .

OCKIbKM 3HAYEHHS CTPYKTYpHOI aMITITYIW OIJHAKOBE IS YCiX
KOMIpOK, MOYKHa 3aIICaTH:

A=F(8)> exp2mi(S 7)} . (1.23)

Jns o6uncnenns cymu (1.23) 3py4HO MpenCTaBUTH pajiyc-BEKTOP
7.y BUIIISZL CyMHU:

1= mya, +mya, +mya;,

e a,,d,,a, - MOAyJl BEKTOpIB €JeMEHTapHOI KOMIpKU, m,, My,
m3, - CHMBOJM BYy3Jla €JIeMEHTapHOI KOMIpKM (LTl Yucia Juid TpHU-
MITHBHOT KOMipKH, PaliOHAIBHI JJIs1 KOMIPOK, IO MICTATH OiNbLI SK
JIBa BY3IIN).
B pesynbrari cyMyBaHHS! OTPUMAEMO:
NINZNS
A=F(S) z exp{27ziS(m,a, + my,a, + my,a,)} =
i=0
sin(zN,Sa,) sin(zZN,Sa,) sin(zN,Sa;)
sin(zwSa,)  sin(zSa,)  sin(zSa,)

= F(S){ V= F(S)¥(S), (1.24)

ne N, N,, N, — KUIbKICTb €J€MEHTapHUX KOMIPOK B HAIpsIMKaxX BeK-

TOpiB 4, d,, d, .
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Takum 9WHOM, aMIUTITYla PO3CISHHS KPHCTAIOM BHU3HAYAETHCS SIK
noO0yTOK cTpykTypHOi amrutityau F(S) ta ¢ynkuii W(S), xBagpar

MOJYJIS SKOi |‘I’(S)|2 OTpUMaB Ha3BY imepgepenyitina Qynxyia Jlaye:

sin’(7zZN, Sal) sin’* (7N, Saz) sin’ (7N, Sa;)
sin’(7Sa,) sin’(7Sa,) sin’(7Sa;)

(s = (1.25)

Sxmo cTpykrypHa ammutityga F(S) 3MiHIOETBCS B 0OepHEHOMY

MIPOCTOP1 IOCTATHBRO MOBLIBHO, TO GyHKIIA Jlaye - mocTaTHRO MIBHIKO 1
HeMoHOTOHHO. Ha puc. 1.9 300paxeno omHoBumipHy QyHkuito Jlaye ,
po3paxoBaHy i pisHux 3HaueHb N . Oyukimis Jlaye mocsarae Makcu-
MaQJIBHOT'O 3HA4Y€HHS 32 YMOBH, KOJIM MaKCHUMaJbHOTO 3HaY€HHS JOCS-
raroTh yCi TpU CHiBMHOXHUKK. OTXKe, YMOBY BHHHUKHEHHS TOJIOBHOTO
T(PaKIifHOr0 MAaKCUMyMy MOXKHA 3aIACaT HACTYITHUM YHHOM:

Sa,=H,,Sa,=H,,Sa, = H,, (1.26)

ne H,, H,, H, - nini uncnia.
PiBasans (1.26) HaszuBaioThs piBHAHHAME Jlaye. Bonu Bu3Ha49aoTh

2 o .
YMOBY MakCUMyMy (pyHKIIii |‘I’(S )| . Po3rnsinemo reomeTpuuHMil 3MICT
piBussb Jlaye. bynemo BBaxkartu, mo sexrop H (H,,H,,H,) yTBOpIoe
KyTH &, [, ¥ 3 BekTOpamu 4, d,, d, . Toxi 3 piBHsHb Jlaye BUIUIMBAE:

H, H
cos():cos(f):cos(y)=—L:—2:—

a4, a
Ile o3Hauae, mo BeKTOp H € MEpIEHIMKYISAPHAM 1O IUIOIIHHH,

a a, a
10 BiITMHAE Ha KOOPIMHATHHUX OCAX BiAPi3KH —— ?2 i, . Ockinbku

H,,H,, H, € uinuMu 4uciiaMy, 110 IUIOLIMHY MOKHA BBaXKaTH KPUCTa-
norpagiuHOI0 IIomuHO0 3 innexcamu ( H H,H, ) abo (hkl). Mixmio-
LIMHHA BiICTaHb Ui Li€l TPYMU MapajelbHUX TUIOIIUH BHU3HAYA€ThCS

TaK:

a a a
d = e B )= -2 = = ,
] cos(a) : cos(f) cos(y)

3
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3BIIKH BHUILIMBAE:

(aH)_H__1

(1.27)
HH HH H

a
d_FCOS(a)_H cos(a) =———

1

100

75 H
::: 50
N=10
25 N=6
\M/\M/ L
N=3
D ] 1 L 1 1 L 1
3 2 -1 0 1 2 3

Puc. 1.9. IHTepdepeHuinHa dyHkuisa Naye

Orxe, audparoBaHUii TPOMiIHbP MaKCHMAaJbHOI iHTEHCHBHOCTI
BUHHMKA€ B TOMY pasi, KO IU(pakuiiHui BekTop S =5 -5, Oyne

HNEPNEeHAUKYISIPHUM 10 Tpynu minomud {H H,H,}, a ioro 10BXHHA
1 - = .
KpaTHa rk BpaxoBytouu, 10 BeKTOpU S, S, OIHAKOBI 32 MOIYJIEM,

IUIOIIMHA, AKii MapanenbHuid BEeKTOp H , IUINTH HABMJI KyT MiX ma-
JMAr04UM Ta JudparoBaHuM mpoMeHeM. SKmo kyT audpaxiiii JopiBHIOE

2sin(&)

27, Mmoaynb BekTopa S = , TO YMOBY Ju(paxifii MO>KHA 3aIu-

catu y Burisiai 2d sin(?}) = nA (piBusiaus Bynbda-Bperra).
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1.6. Chepa EBanbaa

Jlnst BU3HAYCHHST HANPSIMKY JudparoBaHuX MPOMEHIB BUKOPHCTO-
BYIOTh MTOOYJOBY, 10 OTpUMaia Ha3By cgepa Esanvoa. Chepa paaiy-

1 . "
coM 7 MpOXoAnTh depe3 mouaTkoBuil By3on (000) oGepHeHOi rpaTKu
(puc. 1.10). Bysmm o0epHeHOi TpaTkW 300pakeHi TOYKaMu. 3
. o 1
HYJILOBOTO By37a (Touka O) Binkianemo Bigpizok OA BEIUYHHOIO 7 B

HanpsIMKY, IO BiANOBiZae B3a€eMHIH oOpieHTamii KpucranorpadidHux
oceil 1 IepBUHHOTO MyYKa.

Puc. 1.10. Cchepa EBanbaa

. 1
Haskono toukm 4 mposenemo cdepy pamdiyca e 3 ymoB Jlaye

BUIUTMBAE, MO AUGPAKIIHHAN MaKCHMyM BHHHKHE TOII, KoiH cdepa
EBanmpna mepernHaTiMe OKpeMHil By30s oOepHeHOi rpatku. [Ipumyc-
THUMO, 1110 IIUM BY3JI0M € Touka P Ha puc. 1.10. B Takomy pa3i BekTop
AP Bu3HauaTMMe HampsM IUQparoBaHoro mnpomeHs, a Bekrop OP,

. | . 5
P1BHHI z(s —s,) Oyne BekTopoMm obGepHeHoi rpatku H (H,,H,,H,)
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MIPOBEJICHUM 3 HYJIHOBOrO By3sa B TOuky P. IITpmxoBoro ;iHi€l0 Ha
puc. 1.10 300paxkeHo CIIij] TUIOIUHH, [0 SIKOi MEepIeHANKYIISAPHUI BeK-

TOp I:I(HI,HZ,H3).

1.7. TemnepaTypHUA MHOXHUK iHTEHCUBHOCTI
po3cifHHA. ®akTop [debasn — Bannepa

EnexTponu atoMiB mepebyBalOTh y CTaHI TEILUIOBOTO PYXy Pa3oM 3
aToMaMu (MOJIEKyJIaMH) PEYOBUHHU. 301IbIICHHS TeMIepaTypu CIpHUYH-
HIOE PO3MHBAHHS €JIEKTPOHHOI XMapH, 110 IPU3BOIUTH 10 301IbIIECHHS
PI3HHUIII XOAy TMPOMEHIB, PO3CIAHUX PI3HMMH IUITHKaMH artoma. Sk
HACIIIOK, CIOCTEPITaeThCsl JONATKOBE TMOCIAOJICHHS PO3CISIHOTO BHUII-
pomiHtoBanHA. 11100 BpaxyBaTu BIUIMB TEMJIOBUX KOJNMBAaHb aTOMIB Ha
aMILIITyly PO3CiSIHHS BBEIEMO TEMIEpaTypHUIl MHOXHUK M y BUTIIAL:

fr = foexp(—=2M) (1.28)

Jis po3paxyHKy TeMIEepaTypHOTO MHOXKHUKA MPHUITYCKAIOTh Taki
HaOJMKCHHS:

1) TeIOBI KOJIMBaHHS aTOMIB BBKAIOTh HE3aJICKHHUMH OJHH Bif
OJTHOTO; CepEeTHS €HEePTisd aTOMIB IPH IbOMY OJIHAKOBA Y BCIX aTOMIB;

2) TEIIOBI KOJMBAHHS MAIOTh 130TPOITHUIA XapakKTep;

[epme HAOMMKEHHS MEPEBAXKHO HE MPAKTHKYIOTh, OCKITBKH MiXK
aTOMaM¥ [i0Th CHIIM 3B 53Ky Ta iX KOJHMBAHHS MAalOTh B3a€MOIIOB’S-
3aHui xapaktep. OnHak 1ei (pakT He BILUIMBAE HA IHTCHCUBHICTH TUQ-
pakUiiHUX MakcuMyMiB. [[pyre HaOMMKEHHs XapaKTepHEe I KpUCTa-
JIiB 3 KyOIYHOIO CTPYKTYPOIO.

Hexail u, - MUTTeBe 3MIlLIEHHS aTOMa 31 CTaHy pIBHOBAaru B elle-
MeHTapHil KoMipui kpucrtana. Toai cripaBXHE PO3MIIIEHHS aToMa BHU3-

HAa4aTHUMEThCS CyMOIO BEKTODIB 7, =r,° +u, , Ipudomy r,’ = Zmiai .
i

BpaxyBaBuu TeruioBi 3MillleHHS aTOMIB, BUpa3 sl aMILTITYyId PO3Ci-
SIHHSI Ha0y i€ TaKOTO BUIIISIY:
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2/’1”(;7%“,,,5—50)} (1.29)

CyMmyBaHHSI TIPOBOAUTBCS 3a yciMa N - By3JaMH eJeMEHTapHOI
KoMipku. [IoMHOKUBIIHM BHpa3 Ha KOMIUIEKCHO CIPSIKEHUW, OTpUMaE-
MO BHpa3 IJII aTOMHOTO (PaKkTopa PO3CITHHS:

) e 70 ., .. - 27 .

f =ZZexp{7(7;, —r°.5 —so)}exp{7(um —u,5-5) (1.30)
n=1 m=l1

OcCkilbKH B OCTaHHBOMY BHpa3i BCl WICHH 3 71 = 1 PiBHI OJUHMLI,
MOJKHa 3aIliCaTH:

=

N N . .
= £ N+ D exp {ﬂ r'—=r,",s =5,)}exp {ﬂ(um —u,,s =5,)})
el mzn A A

Jiist o0UHCIIeHHsI CyMH JTOJIaHKIB IPOBOAMTHCS yCEepPEeIHEHHS 3a Ya-
COM, BPaXxOBYIOUH, 110 4ac 3MillleHHs aToMa 3i cTaHy piBHoBaru (107°c)
Ha JIeKiTbKa MOPSAKIB MEHIINH BiJ MEPiOAy €IeKTPOMAarHiTHUX KOJH-
BaHb. OTKe MOJKHA IIOJOKEHHS aTOMIB MOXKHA BBa)KATH ITOCTIHHUM
MPOTATOM OIHOTO Tepioxy KonuBaHb. [Ipu 1[bOMy MUTTEBI 3MillEHHS
aHCaMOJIF0 YaCTUHOK MOXKHA 3aMIHUTH CEpeIHIM 3MIIICHHAM OIHIel
YacTUHKU. BBeeMO cepe/iHi BETUYHMHU:

27i .o
=, 1,5 -5)

Posrasgaroun TEIUIOBI 3MILIEHHS K Majll BEJIMYMHU, OJIUH 13 4je-

HIB CyMH PO3KJIaZIEeMO B PAL:

n

exp(—iP,)=1-iP, — %ij + %ime

OckinbKY K 0JATHI, TaK 1 Bill’€MHI pi3HULI 3MilIeHs (u, —u,) €
OJHAKOBO WMOBIpHHMHU, TOJIAHKH PsIy 3 HEIAPHUMH CTETICHSIMH JOPiB-
HIOIOTh HYJIIO, OTXKE!

exp(—iP,

mn

1 1
=1-—P, > =exp(-=P,’
) 2 mn p( 2 mn)
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BpaxoByroun, mo (s—s,)/A=H , ne H - Bektop oOepHEHOI
rpaTku, OTPUMAEMO:

1
eXP(—EPng) =exp{-87°(u," —u," )"},

H
n

Keanpar pisaumi (u,” —u,”) =@w,”) = 2u,"u," +@,”)* . Hin

, u,” — mpoekii BEKTOPIB u,,u, Ha BEKTOP OOEPHEHOT IPATKH.

m

e u

Yac PO3paxyHKiB 3MiIIEHHS aTOMIB PO3TIAIATNCH SIK HE3AJIEXKHI, TOMY
H HN _
(w,” u,)=0
Kpim TOTr0, 3 piBHOCTI €HEPriii TEIUIOBUX KOJMBAaHb aTOMIB BHUILIH-
Bae:

1
(unH)2 — (umH)2 — _u2

3
OTxe, OTpUMaeMO:
Al 27i
f? =ff(N+eXp(—2M)ZZeXp{7(7,ﬁ’ -8 =s,)4, (131
n=1 m#n
16 , sin(¢%), ,
eM=—n"(———=
ht 3 ( 2 ) u

Muoxuuk exp(—2M), mo orpumMaB Ha3By ¢akTtop [ebas-Bannepa

OIMCYE BIUIMB TEMIIEPAaTypH Ha iHTCHCUBHICTh AU(PaKIiHHUX MaKCH-
MyMiB. BpaxoBytouwn, 1o

Y exptPZ

Zl (7" = .5 =5)}=w(S)- N,
n=1 m#n

IUIs1 aTOMHOTO (haKTOpa PO3CiSTHHA OTPUMAEMO BHPa3:
[ ®)= 1 (ONA—exp(=2M) + £, (s)¥(s)exp(-2M)  (1.32)

[epmmii fonaHok GopMyIH OMHCY€e BHECOK TEIIIOBOTO JHU(PY3HOTO
PO3CIisSIHHS, KU MOHOTOHHO 30UIBIIY€EThCS 31 30UIBIICHHIM KyTa Po3-
cissaHA. [pyruii 10JaHOK ONHCY€E IHTEHCUBHICTD MU PAKITITHIX MaKCH-
MyMIiB, II0 3MEHIIYETHCS B Mipy HiJBHINEHHS TeMIIepaTypu Ta 301b-
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meHHa KyTa poscisHus. Jlebait i Bammep po3paxyBaiu TeMmieparypHuit
(dakTop I KPUCTANIB i3 MPUMITHBHOIO KyOIYHOIO TPaTKOI, PO3IJIs-
Jal0Yyl TETJIOB1 KOJMBAHHS aTOMIB SIK CYNEPIO3HLII0 MPYKHUX XBHJIb,
10 TIOITMPIOIOTHCS B KPUCTAI:

0
> D() .
_ 6h 7~ 1. sin(d).,
M(T)_mke((é’) 4)( 2 ), (1.33)
T

ne 6 —xapakrepucTudyHa Temiepatypa lebas, D(g) - pynxuis deGast.

1.8. IHTerpanbHa iHTEHCUBHICTb.
MHoXxHuUK JlopeHua

Bupas mus intepdepenuiiinoi ynkuii Jlaye € cnpaBeuiuBUM JUist
KPUCTAJITIB po3MipoM mopsaaky 107 cM. Y peanbHHX pPeHTIeHOCTPYK-
TYPHUX E€KCHEPHUMEHTAaX PO3MIpH KPUCTATITIB € 3HAYyHO OiNbLIMMHU.
OpHak peanbHI KPUCTAIH CKIAJAIOTHCS 3 OJIOKIB, IIOBEPHYTHX OJWH IO
OJHOTO MiJ KOHKPETHHMM KyTOM (BiJ] YacTOK XBWJIMH O YacTOK Ipa-
nyciB). SIkmo po3mipu OJOKIB € MamuMHU, a iX BiIXWJICHHS BiJI cepel-
HBOI Opi€HTAIi OMHUCYETHCSA TayCOBOIO KPWBOIO, TaKi KPHCTAIH Ha3u-
BarOTh 171€aJIbHO-MO3aTYHUMHU.

BuBuenHs Mo3aiuHoi OyJOBU KPHCTaTIB MPOBOJUTHCS METOJIOM
JIBOXKPHUCTAIBHOI CHeKTpoMmerpii. Takoro THITy CIIEKTpOMETp CKIa-
JAEThCS 3 JBOX KPHCTANIB — ifeanpHOro kpuctana (1) ta mocmimkysa-
HOro Mo3aiuHoro kpuctaia (2). Ha nepyxomuii kpucran (1) mig kyTom
Bperra ¢, nmamae peHTreHiBCbKUil ITy4OK, IKUIl BiAOMBaIOYUCH Bill HBO-

ro nmajae mij kyrom bperra ¢, norpamisie Ha xpucran (2), mo Hosep-

TAETHCS HABKOJIO BiJIOMBAJILHOTO TIOJOXCHHS 3 KyTOBOIO HIBUJKICTIO
@ . Po3cisiHe BUNPOMIHIOBaHHSA PEECTPYIOTH IETEKTOPOM, IO TepeMi-
mryeThes 31 mBUAKicTIO 2@ (puc. 1.11).
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Puc. 1.11. Cxema ABOKpUCTanbLHOro CriekTpoMeTpa

Sk TOKa3yloTh pe3yNbTaTH aHali3y pO3MOALTY IHTEHCHBHOCTI
PO3CisiHHS, MO3aluyHMI KpHCTal BiOMBae He TIBKH miJg KyToM bperra
¥, a y BU3HAUEHOMY KyTOBOMY iHTepBaii Bifg #—& mo J+ &. Bin-
XWJIeHHS Bif 3akoHy Bynbda-bperra B 1poMy BUNaIKy 3yMOBIEHE SK
CKIHYEHHICTIO PO3MIpIiB KpHCTalla, Tak 1 HemapajelbHICTIO, a TaKOoX
HEMOHOXPOMATHYHICTIO TIEPBUHHOTO Mmy4yka. OTKe, IHTEHCHBHICTh Bill-
OuBaHHS MiJ KyToM bperra He 3aaTHa XapakTepU3yBaTH BigOUBaIbHY
3IaTHICTh KPHUCTajlla, OCKIIBKH y BiqOWBaHHI TMpWMac ydacTh JIHIIE
yacTrHa OJOKIB Mo3aiku. ToMy poiib BENWYHHM, KA HE 3aJEKUTH BiJ
HeTapajenbHOCTI IMydKa Ta MO3ai4HOi CTPYKTYpH KpHCTanla, Biairpae
inmezpanvua inmencusHicms. 151 BenMYMHA BU3HAYAETHCS, SIK IJIOIIA
o0OMe)XeHa KPHUBOIO po3NoaLTy iHTeHCHBHOCTI (puc. 1.12), 1 Moxke OyTH
oburcieHa 3a Gpopmynoro:

8
I=[1(8)do, (1.34)
>
ne ¥ =2(8-¢), ¥ =2(3+¢).

[loBHY eHepriio pO3CITHOTO BUIIPOMIHIOBAHHS, IO MOTPAIUIIE B

JETEKTOP IiJ] Yac MPOXOJKCHHS BiIOMBAIILHOTO IOJIOXKEHHS 332 YMOBHU

piBHOMipHOTO 00epTaHHs KpHCTalla 31 IBUAKICTIO (1), MOYKHA 3alTUCATH
y BUIJIAML:

p ;
I
E=1,[ 1) dt=(=)[ 1(8)d®, (1.35)
9 w l
s . . .
ac w= E , 10 - IHTCHCUBHICTb IICPBUHHOI'O BUIIPOMIHKOBAHHA.
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Ly

20-¢ 20 260+¢

Puc. 1.12. Kpua po3snoginy iHTEeHCUBHOCTI
AndpparoBaHnx NPOMEHIB y MO3aiYHMUX KpUcTanax

OTxe iHTEerpaJIbHa IHTEHCHUBHICTD PiBHA:

Izjl(ﬂ)dﬂz%zQV, (1.36)

4

ne O — BigOWBaNmbHA 3[ATHICTD OAWHMIN 00’€My KpHcTana, V - 00’em
KpHCTaa.

3a cKiHYeHHHX PO3MipiB KpHCTalla, By3IH OOCpHEHOI TpaTKu HE €
reOMETPUYHMMH TOYKAMH, i XOua PO3MUBaHHs By3mis 1pu L >1000 A
€ HE3HA4YHUM, BCE X BOHO CYTTE€BO BIUIMBA€ Ha 3aJCKHICTh iHTET-
paNbHOI IHTEHCHBHICTh MU(PAKIIMHAX MaKCHMyMiB Bif KyTa bperra.
[punycrumo, mo €2 - TinecHUH KyT, IiJ sIKUM 3 1eHTpa chepu EBainb-
Jla BUJIHO Tiepepi3 cdeporo By3na odepHeHoi rpatku (puc. 1.13) 3arains-
HYy €HEpril0 pO3CiSHOro BUIPOMIHIOBAHHS, 3apEECTPOBAHOIO JETEKTO-
POM 3a OAMHULIIO Yacy, MOXKHA OOUNCIIUTH TaK:

[=1,] /"y ()dQ,
Ie f - aTOMHa aMIUTITYJa PO3CisiHHA, W(s) - iHTepdepeHiina QyHKIIis

Jlaye.
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Puc. 1.13. MNepepis ccepoto EBanbaa By3na obepHeHOT rpaTku.

[ToBopoT KpucTana Ha MEBHUH KyT €KBIBAJICHTHUI A0 MepeMillieH-
Hs By3/1a 00€pHEHOT IpaTKH, fK IIe mokasano Ha puc. 1.13. IloBopoT Ha

- de . .
KYT d€ 3A1IMCHIOETBCA 3a 4acC dt=— . TOMy, eHeprm BI/IHpOMlHIO—
w

. . de
BaHHJI, II0 TOTPAIUIIE B JIYMIBLHUK 3a dac df mopiBHioe /— . [loBHa
w

eHepriﬂ pOBCiHHHH, 3apeecTpoBaHa ACTCKTOPOM micIs OPOXOIKCHHA
Kpuctajiom Bi]16I/IBaJIbHOI‘O ITOJIOJKCHHST MaTUME TaKHM BUTJIA:

I = Iofzji(i)—g)fz//dsz = Iw—fzjjw de dQ , (1.37)

TimecHnét KyT BHpi3ac Ha TMOBEpXHi cepu AUISTHKY IUIOMICIO

ds = ViR [lix yac moBopoTy cdepu BinOMBaHHA HA KYT d € Ui IiNSH-
Ka Bifokpemmoe 06’em dV = dS -|H | cos()d ¢, BennunHa |H |cos(19)d £

piBHA MepeMilIeHHIO By3lla 00OepHEHOI TPaTKH 3 MOJOKEHHS L y ToJo-
JKeHHsT L TmapanenbHO BiAOWBajibHIM TUTOMUHI. BpaxoByrouu, 110
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sin(2¢)

23

, BimokpemyeHuit 06’em piBHm dV = dQde,

2sin(#)
=20

.
Ardv

sin(2¢)

TakuM 4YMHOM IIOBHA €HEPrisl PO3CiTHOrO BUNPOMiHIOBaHHS piBHA!

TO dQdée=

2 3
=Lt _’1 [war: (1.38)
w sin(28)

v

Bozrouac, 06’eM dV’ 06epHEHOTr0 IPOCTOPY MOJKHA 300Da3uUTH Y
BHIJISII:
-_do dg, do,

v’ =dgb-| dpb,-dop,|=dp dp, d, v —

* . . .. .
Ie v ,v-00’eMu 00epHEHOI Ta MPSIMOi elleMeHTapHOT KOMIPKH.
BiamoBinHO, MOBHA €HEPTisl pO3CITHOTO BUIIPOMIHIOBAHHS:
2 3
_ I, f A
o v-sin(2d)

I [¥(@.0,.0)dpdo,dp, (139

14

Binomo, mo inTrepdepenuiitny ¢ynkiito Jlaye BUpaxawTh Tako
(hopmyiiorO:

sinz(ﬂ(ﬂ-N')
"II ) 4 = i l l
(9,,0,,95) ,-=11_I,2.3 sm2(7T¢’i)

HpI/I JOCTAaTHBO BCJIIMKUX 3HAYCHHIX Ni CIIpaBCJIMBUM € TakKe

(1.40)

HaOJIMKCHHS
sin’(7z,) [ (7p,)’ . Beenemo 3miHHy u=7N,p, Ta OGUUCIUMO
3HAYCHHS IHTEerpaja:
sin’ (7w, N, N. 7 sin®
J.4d (2 P l) l_:—’J.—2(u)d :Ni'
sin” (7zg,) Tl ou
Buacninok inTerpyBanns supasy (1.39) orpumaemo:
1,f1° A’
w v-sin(2%¢)

I = N,N,N, (1.41)
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Sxmo BigOWBaNBEHUIA 00’€M KpuUCTaja MAOpiBHIOE V, a ducio
eleMEHTapHUX KoMipok piBHe N =N/ N,N, , ToAl BUIUIMBAE, IO

nV = N,N,N,, ne n — 4ucio eIeMeHTapHUX KOMIPOK B OJUHUII 00’€e-
My KpHCTaa.

N, N, N
Orke, ——2—3 = ;n?V | BiANOBiAHO BiZOMBAIBHA 3IaTHICTH
v
KpHCTaja piBHA:
Ew et nPAFI(P)P()
= = . vV, 1.42
P 1, (mzc4) sin(22) (142)

ne F (&), P(¥¥) - CTpyKTYpHHI Ta NOJSPU3AMIKHUNA MHOXHHKH BIiIO-

BIJHO.
AHasoriuHo, BiJOMBaJIbHA 3/IATHICTH OIMHUII 00’ €My KpHCTaJla piBHA:

B e’ ‘n223F2(19)P(19)
0=C57) sin(299)

(1.43)

b

MuoxHUK L(&) =

. ! OTpHMaB Ha3By MHOJICHUK Jlopenya
sin(2%)

Ui MOHOKpucTana. Lleli mapaMeTp XapakTepU3yeThCs BEITUKUMU 3HA-
YeHHSIMHA TIPU MaliX Ta BEIHMKHUX KyTaX PO3CISHHS MOPIBHSIHO 3 IPO-
MDKHUMH KyTaMH po3cisHHs (puc. 1.14).

7

a8l

L(28)

ol L L L L L L L L I
7] 20 40 60 80 100 120 140 160 180

26, epad,

Puc. 1.14. KytoBa 3anexHicTb MHOXHWKa JlopeHua
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1.9. FleoMeTPUYHUNA MHOXHUK PO3CIAHHSA

VY pasi mopomkoBoro merony aHamilzy ¢akrop JlopeHna crpasi-
KYETBCS U KOKHOTO OKpeMoro kpucraiita. OmHak, Ui MOJIiKpHCTa-
JIYHUX PEYOBHH CII BPaxOBYBAaTH IPYTUH TEOMETPUIHHAN (DaKTop,
3T1IHO 3 SIKMM IHTerpajibHa iHTEHCHBHICTH PO3CISTHOTO BUIIPOMIHIOBaH-
Hs mig KyToM Bynbda -Bperra takoxx 3anexuTh Bill KiTBKOCTI KpHUC-
TaNITiB, OPIEHTOBAHUX IIOJI0 MAJAFOYOT0 MyYKa MiJ KyTaMu OJH3bKUMU
¢ . Cnig BiI3HAYWTH, MO Yy pa3i IUJIKOBHTOI XAOTWYHOI Opi€HTAIlii
KPHCTAIIITIB, JaHe YHCIO Oyle pi3HUM ais pizHHX KyTiB ¢ . OTKke,
BHHHKAE MMOTpeda Yy BU3HAUYEHHI HMOBIPHOTO PO3MIillIEHHS KPUCTATITa y
BiIOMBAIILHOMY TIOJIOXKEHHI 3aJIE)KHO BiJl KyTa MU PaKIIii.

Jis 1uporo momicTuMo Kpuctan y ueHtp chepu O (puc. 1.15).
SIkmio rpyna ruiomuH (Akl) BinOuBae peHTreHIBCHKI MPOMEHI B KyTO-

BoMmy iHTepBami (¢, #+ Ad¥), 1o y BigOWBaiIbHE IMOJOKEHHS MOTpPAIl-
JIATH Ti KPUCTANITH, Y SIKUX HOpMati 1o rwiommH (hkl) onmusTees y cde-

PUYHOMY TMPOIIAPKY 3aBTOBLIKU A = R-A¢}. OCKIIbKY y IbOMY BHIIAIKY
TepeBakaroda Opi€HTAIlls KPUCTAITIB HE CIIOCTEPITAEThCS, KiHII HOpMa-
Jiel pIBHOMIPHO PO3IOIJIeHI Ha MTOBEPXHI cepy BiIOMBaHHS.

Puc. 1.15. InlocTpauisa 4o BuBegeHHs reoOMeTpUYHOIrOo MHOXHUKa
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Hexaii AN - 4ucino KpHCTaliTiB, CHOPUSTIUBO OPIEHTOBAHHX Y
BiIOMBAIFHOMY ITOJIO’KEHHI, N - TTIOBHE YMCIIO KPUCTAJITIB. Y TaKkomy
pasi WMOBIpHICTh NOTparITHHA AN KpHUCTaNiTiB y BiAOMBaJbHE MOJIO-

KCHHS JOPIBHIOE W = N a00 BIHOIICHHIO TUIONI CEPHUIHOTO MPO-
IIapKy J0 IUIONII MOBEpxHi chepu:

_27Rh  27Rsin(90 — J)- RADY _ cos(P)AH

w= 2 2
47R 4R 2

b

ne R - paniyc cepruuHOro mpouapky, R - paniyc chepu.

Takum umaOM, W[l cos(#}), a OTKe, YacTKa KPUCTAJIITIB, IO MOT-
PaIUIAIOTh Yy BiAOWBaJIbHE TOJIOXKECHHS 3MCHIIYETHCS 31 30UIBIICHHAM
KyTa audpaxuii.

Peanizanisi mopomkoBoro mMeroxy mnepenbavae BHUMIPIOBAaHHS iH-
TEHCUBHOCTI JU(paKIiifHuX MaKCHMYMIB 32 JOTIOMOTOIO JIYMIbHUKA 3
NpUAMAaNbHOIO LIITMHOIO 3ananoi Bucotd H. Tomy, BuMiptoBaHHS iH-
TEHCUBHOCTI MPOBOJATH HA OAMHUINO JTOBXHHU TUGPAKIIHHOTO Killb-
151, OCKUIBKY B IMUTHHY JIIYMIBHUKA TOTPAIDIIE JIUIIE YaCTHHA KUTBI,
0 MEepeAyciM 3aJIeKUTh BiJ KyTa ¢ . BpaxoByroum, mo pazaiyc aud-
pakuiiiHoro kumelsg R, = Rsin(2¢}) , i#loro nposxkuHa [=27R, =
=27Rsin(2¢¥) (puc. 1.15). Omxke, IHTCHCHBHICTH, IO NPHUIIATAE HA

1

OJIMHUIII0 JTOBKHUHHU KiJbI[S, MPOMOpIIifiHa BeauunHi ————— . Ta-
27R sin(24)

KHM YMHOM, KiHIIEBHI BUpA3 I TEOMETPUIHOTO MHOXHHKA PO3CISTHHS

MOJIIKPUCTaIa MATUME BUIJISI:

cos(?) 1
sin(28)  sin(&¥)

G = (1.44)

Otxe, Wid T0O0YTKY MOISPHU3AIIAHOTO, TEOMETPUIHOTO Ta MHOX-
HUKa JIOpeHIa OTpUMaEMO Takui BUpa3:

1+ cos*(289) 1+ cos’(2%)
sin(2)sin(8)  sin’ (&) cos(D)

(1.45)
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1.10. MHOXHMK NOBTOPOBAHOCTI

[HTEeHCHBHICTh IUQPAKUIHHUX MaKCUMYMIB MOJIKPUCTAIIYHOTO
3pa3ka 3aJeKUTh BiJl HMOBIPHOCTI PO3MILLEHHSI KPUCTAJITIB y BigOu-
BaJbHOMY TOJIOXKeHHI. ONHaK, [ WMOBIPHICT TAKOX 3aIEKUTH Bif
yHclia eKBiBaJIEHTHUX IuTOmWH (hkl) , IO BiANOBIZAIOTH OXHOMY M

.. 1 )
TOMY K 3HAYEHHIO KBAJIPATHYHOi GhopMH —, 1€ d,;, - MDKIUIOIIMHHA
hkl

BiJICTaHb I Tpynu iomwuH (/kl). Uncno exBiBaIeHTHUX ITUTOIIUH p,
10 3aJICKUTh BiA KyTa audpakiii ¢ 1 sKke BU3HAYAE JIUILE CHUMETPIs
KpHUCTaJla OTPUMAJIO Ha3BY MHONCHUK NOBMOPIOBAHOCIHII.

Hanpuxnan, oyt kpucrtaniB KyOidHOT CHHTOHII KBajgpaTudHa ¢op-

Ma Ma€ BUTJIAL.
1 (BP+E+1)

— > ,

dy’ a
Jie a — rapaMeTp KyOidHOi eleMeHTapHOl KOMIpKH.

Hnsa xpucranorpadiuanx twiomuH tuny {100} p =6, OCKiIBKH
Mictuth exBiBanentri miomman (100), (010), (001), (100), (010), (001).
Hunst mnormumH tuny {111} MHOXKHUK TOBTOPIOBAHOCTI p = 8, OCKLIBKH
icnye  rpyma  mwrommmm  (111), (111),(111), A11), (1 11),(111),
(111),(111) 3 OAHAKOBHMH 3HAYCHHSMH MDKIUIOLIMHHAX BiZCTAHEH.

B 3arampHOMYy BHIIagKy KpHUCTalliB KyOIi4HOI CHHIOHIi, 3HauYeHHS
MHOXHHKIB IIOBTOPIOBAHOCTI HaBeACHO B Tadmi 1.1.

Tabnuys 1.1
MHOKHUKH ITOBTOPIOBAHOCTI KPHCTAIIB KyOIYHOT CHHTOHIi

Cepis mionmH MHOKHHUK ITOBTOPIOBAHOCTI

{hhh} p=8

{h00} p=6

{hh0} p=12

{hk0} p=24

{hhl} p=24

{hkl} p=48
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VY BUNAAKy KpUCTATIB HIKYMX CHHTOHIH MHOXXHHK TOBTOPIOBa-
HOCTI 3MeHIIYyeThcsl. Hampukian, Ui KpUCTaNiB TeTparoHaibHOI CHH-
rOHil KBagpaTHuHa (popMa Mae BUTTISA:

1 (B> +k) I

— =,

2 2
dy a ¢

Ie a,c — TapaMeTph TeTparoHaIbHOI KOMIpKH. BimmoBimHO miis
wiomuH Tuimy {#00} MHOXXHUK MOBTOPIOBAHOCTI PiBHUH p =4, mis
wiomwuH {00k} p =2, mnomun {hkl} p=16.

1.11. MHOXXHUK NOrnNMHaHHA

JloBroxBHUJIbOBE PEHTTEHIBCbKE BUIIPOMIHIOBAHHS 3a3HA€ 3HAYHOTO
MOTJIMHAHHA B JOCIIKYBaHHX PEYOBHHAX. ToMy, OTpHMaHi B IOIe-
penHIX po3Aiiax BUPa3H IHTEHCHBHOCTI TU(pPAroBaHUX MPOMEHIB Oy-
OyTh CHOpPAaBEAJIMBUMH Ul BHUIAAKY MIKPOCKOIIYHMX KpPHUCTaNiTiB abo
PEUOBHH 13 MaluM JNiHIHHUM KoedilieHToM nornuHaHHsA. s Bpaxy-
BaHHs 3MCHIIIEHHS IHTEHCHBHOCTI PO3CISIHOTO BHIIPOMIHIOBAaHHS JIO-
[IJTEHO BBECTH MHOXKHHMK TIOTIHMHAHHS A(u, ) (- miHidHAR Koedi-

LIEHT TOTTIMHAHHS, ¢ - qudpakiiiHmii KyT). Po3paxyeMo MHOXKHHKA TTOT-

JIMHAHHS TS KpUcTana J0BUIBHOT opmu. s HHOTO PO3IIISTHEMO CIIEPIY
KPUCTaJ, Ha SIKMH M1a/1a€ MYYOK PEHTTeHIBCHKUX MPOMeHiB (puc. 1.16).

Puc. 1.16. IntocTpauia oo BuBeAeHHA MHOXHMKA NOMNNHAHHS
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[Ticast mpOXOIKEHHS B 3pasKy LUIAXY §, IO JOCSATHEHHS 00’eMy
dv , iHTEHCUBHICTb TPOMEHIB 3MEHIIMTLCS y €XP(—US,) pa3ziB. AHano-
ri4HO, MpOMiHb AU(PAroBaHUM Hix KyToM ¢, MPOMIIOBIIM IUIIX S, ,

3MEHIIUTh IHTEHCUBHICTb Y exp(—/4s,) pa3iB. TakuM 4MHOM, IHTEHCUB-
HIiCTh AM(paroBaHOro BUNPOMiHIOBaHHS Oyze piBHA:

1= [OQJ'exp{—,u(sl +s,)}dv,

ne O — BinOMBaJIbHA 37]aTHICTH OJUHHUII 00’ €My KpHUCTaja.

3 OTpUMaHOTO BUpa3y BUILIUBAE, IO MHOXHUK TTOTIIMHAHHS MOYXE
OyTH po3paxoBaHUii JIJIs MIEBHOI TeoMeTpil KpucTaia. Po3risHbMO, sk
MPUKIAA, PO3paxyHOK MHOXHUKAa A(u,%F) mist kpuctama y ¢opmi
IUIOCKOTIapaeNbHOl TJIACTWHU 3aBTOBIIKM d. BBaxkaTtmmemo, 110
BiIOMBaJIbHA IUIOIIMHA € TAPAJICIBHOIO JI0 30BHIIIHBOI MOBEPXHI ILIaC-
THHKHU. PO3rIsIHEMO napaiieslbHui Iy4OK IIPOMEHIB IHTEHCUBHICTIO [,
IUIOMICK0 TIONIEPEYHOro mepepizy S, 10 MajJae ImiJ KyToM ¢ Ha TOBepX-
HIO KpUCTaja. BuainuMo Ha rmuOuHI X il MOBEpXHEIO 3pa3ka TOHKHUH
map 3aBTOBIIKH dX, 3HEXTYBABIIN B HHOMY IOTJIMHAHHAM. SIK BUIHO 3
puc. 1.16, namatounii Ta BiIOMTHI IyYKH MPOXOAATH Y 3pa3Ky OJHA-

. X .
KOBHH IIUIAX, TOOTO S, =5, = ———— . [loBHE 3MEHIIIEHHs IHTEHCHBHOC-
sin(#)
. . . 2ux
Ti audparoBaHUX IPOMEHIB IOpiBHIOBaTHME eXp(————) . IuTer-

sin(#)
pajbHy IHTEHCHUBHICTH PO3CISIHOrO €JeMEHTOM 00’eMy dV MOXKHA
BH3HAYUTH 32 TAaKOIO (OPMYJIOH0:

2Ux

dl = 1 i
.0 exp( S (D)

)dv

Jns mydka okpyriioro mepepizy 00’eM dv CTaHOBUTH COOOO

o . . dx
HaXWICHWA NWIIHADP IUIONMEI0 OCHOBH S, TBipHA SKOTO dl = ———.
sin(&})
S -dx
sin(#)

eIEMEHTOM 00’€M dV OTPUMAEMO HACTYIHHUIT BHPA3 :

Otxe, dv = , 1 Ans iHTerpanpHOi IHTEHCHUBHOCTI PO3CISHHS
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2Ux dx

I =1,0exp(= o5y sin(d)

[HTerpanpHa iHTEHCUBHICTH PO3CISIHHSI BCHOTO KpUCTaa JOPIBHIOE:

2,ux) dx 1,08
sin(¢#) " sin(&)  2u

[1- exp(—sizﬂ)] (1.46)

1= 1,0fex- ud

Y HaOnmxkeHHI “0e3MeX)HO TOBCTOro” 3paska ( d —> oo ) Bupa3

2ud )
exp(- _L) — 0 ,1i3aymoBu S =1, oTpUMaeMO TaKWii BUPA3 IS
sin(#)

IHTEHCUBHOCTI PO3CIsIHHS Ta MHOXKHHMKA MMOTJIMHAHHA A(L) :
= _[0 Q
2

1=22 104, A(ﬂ)=i (1.47)

SIK MM MOTJIM TIEpEKOHATHChH, BAKOPHCTOBYIOUH MeTOJl (POKYCYyBaH-
Hs1 bperra- BpeHTaHO, MHOKHUK TIOTJIMHAHHS HE 3aIeKHTh Bifl KyTa
PO3CisiHHSI, @ BH3HAYAEThCS JIMIE KOS(illiEHTOM TOTJIMHAHHSA PEHTIe-
HIBCBKOTO PO3CISIHHS y MaTepiaii 3paska.

[lizcymoByIoUM BIUIMB YCiX HaBeIeHHX (aKTOpiB Ha iHTEHCHB-
HICTh AU(PAaroBaHOTO BHIIPOMIHIOBAHHS, OTPUMAEMO KiHLIEBHI BUpa3
JUTST BiTOWBaIbHOI 37aTHOCTI KPUCTaa B MeXaX KiHEMaTHYHOI Teopii

PO3CISHHS:
4

0= (mezc4 )’ AF* (L) PG AU, 9)p .- (1.48)

1.12. NpaBuna noracaHHA

AHari3 iHTEeHCUBHOCTI, PO3CISIHOTO KPUCTAIOM BHIIPOMIHIOBAHHS B
0o0epHEHOMY IIPOCTOPi, OKa3aB, 110 MOMITHA IHTEHCHBHICTh PO3CIsTHHS
CIIOCTEPIraeThcs B HANMPSAMKaX, IO BiAIOBIAIOThH piBHAHHIO Jlaye:

S=5-5 =H,

ne H — BexTop 00epHEHOI TpaTKH.
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Tomy BHpa3 A CTPYKTYpHOI aMIUTITYAH PO3CISHHS JOIIBHO Tie-
penucaTy y BUTTISL

F(H) =Y f,exp{27i(HF)} (1.49)

CTpyKTypHHIT MHOXKHUK MaTUMeE BUTJISI:
2 s TY ?
|F(H)|" = f, exp{27i(HF)} (1.50)

Jns mpUMITUBHOI €JIeMEHTapHOi KOMIPKM MOAYJIb BEKTOpa 7, €

i
nimuM guciioM, tomy exp(2ziHr,) =1, BignoBizno F(H)= f(H) €
ITIACHOIO0 BEMTWYHMHOIO. [l HENPUMITUBHUX KOMIPOK MOJJIi BEKTOPIB
7, MOXyTb OyTH SK LUIMMM, TaK 1 HEHUIMMH 4YHCIaMH, TOMY
exp(27iHr,) ta F(H) MOXyTh OyTH SIK AIHCHUMM TaK i KOMILUIEKCHHU-

MU BEJIMYMHAMH. 3arajioM, BUpa3 Uil CTPYKTYPHOI aMIUTITYJ MaTuMe
BUTJISIL

F(H)=|F(H)|exp(ic) (1.51)

ne o - (haza CTpyKTYPHOT aMILTITy TH.

BHacmigok CHMETpUYHOTO PO3MIIIEHHS aTOMIB B elIeMEHTapHii
KOMIpIIi, CTPYKTypHa amIniiTyaa £ (H) HaOyBae HyJIHOBOTO 3HaUEHHS
JUISl TIEBHUX BY3JiB 00epHEHOI rpaTku (nocacannus). llpaBuna noracas-
HS 03BOJISIIOTH BU3HAUUTH NIPOCTOPOBY I'PyIly KpHUcTaa 0e3 crierialib-
HOTO BUMIpPIOBaHHA IHTEHCHUBHOCTI po3cigHHA. Haif0imbI cyTTeBI 3 UX
MpaBWI TIOB’si3aHi 3 IIGHTPYBaHHSM KoMipok bpase. 3okpema, mis
OLIK- xomipku, koopauHaTi 0azoBux aromiB skoi (000) ta (1/2 1/2

1/2), moOyTok (1:117;) = (hx + ky + [z) Moxe HaOyTH 3HAYCHHS:

(I:IFI.)=O npu x=0,y=0,z=0
1

- 1 1 1
Hri)=—(h+k+1 =—,y=—,z=—
(Hr,) 2( ) npu X V=575 3

BinmosinHo, crpykrypHa ammiityna kpuctaita 3 OLIK-xomipkoro
Ma€ BUTIISI:
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F(hkl)= f(hkl)+ f(hkl)-exprmi(h+k+1) abo:

: (1.52)

F(hkl)=2f(hkl), npu h+k+1=2n
F(hkl)=0, npu h+k+[1=2n+1

1€ 1 - Uiji yhcia.

OTxe B IIbOMY BHUIAAKYy Ha TU(PpAKTOrpaMax KPUCTAIIB CIOCTEpi-
raTUMYThCS AUpaKLiiHi MAKCUMYMH BiJJ TUIOIIHH, CyMa iHAeKciB Miepa
sikuX € apHuM guciiom: (110), (200), (211), (310), (220), (222)...

Hns xkpucrani 3 I'IIK-ky6iuHOIO KOMIpKOIO, KOOpAMHATH Oa3mc-
HuX aromis sakoi (000), (1/2 1/2 0), (1/2 0 1/2), (0 1/2 1/2), orpumaemo:

(I:IFI.)=O npu x=0,y=0,z=0

(Flﬁ):%(mm npu  x=—,y=

(Hf,->=%(h+1) npu x=%,y=o,z=

(ﬁfi):%(kﬂ) npu  x=0,y=—,z=

BinmoBinHO, BUpa3 s CTPYKTYPHOI aMIUTITyAd KpUCTala 3
I'IK-koMipkotro Oyae MaTH BUTJISI:

F(hkly= f(hkl)+ f(hkl)-{expzi(h+ k) +exprmi(h+1)+exprzi(h+1)}
3BijicH BUTUIMBA€E HACTYITHUM PE3yJIbTAT:

) =4 (k) rpu (h+K) =2 (h+1) =2 (h+1) =2p
F(hikd)=0 6 pewma sunaoxax ’

e n,m, p — I 91ca.
Orxe, Ha audpakrorpamax I'LIK- kpucramiB crmocrepiraTUMyThCs
BIIOMBAHHS Bij IUIOIIMH, IHACKCH Miljiepa SKMX BHpPaXarTbcs abo

napHUMU a0b0 HemapHuUMH uuciamu, Hanpukiam: (111), (200), (220),
(311), (400), (420), (331).
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N =

10.

44

MumaHrHs do po3diny 1

3anuwite bopmyny Bynbda-bperra.

B 4oMy BiAMIHHICTb MK KOrepeHTHUM Ta HEeKOrepeHTHUM PO3CisiH-
HAM?

Lo Ttake atomMHa amnniTyga po3cisHHA? 3anuwitb BMpas Aansd
aTOMHOI amnuiiTyaum.

Ak 3MiHIOETBCA BUMMSAA iHTepdepeHUinHOT yHKUiT Jlaye 3anexHo
Bi, po3MipiB KpucTanitie?

Lo Take monspusauinHUA MHOXHWUK PO3CISHHA? AK nonspwu3sauiv-
HUA MHOXHWK 3aneXuTb Bif KyTa PO3CiIiHHA?

Axi kpucTanu HasmBalTb MO3aidHMMKU? 3anuwiTe BUpaA3 ANs BU3-
HaYeHHS iHTerpanbHOT IHTEHCUBHOCTI AMMPaKUINHUX MaKCUMYMIB.
MopanTe o3Ha4YeHHA MHOXHMKa JlopeHua Ta reoOMeTprYHOro MHOX-
HUKa PO3CISHHSA.

3anuwitb BMpa3 Anst MHOXHUKA MOINIMHAHHA PEHTrEHIBCbKMX Npo-
MEHIB.

YoMy piBHUIA MHOXHMK MOBTOPIHOBAHOCTI rpynu nnowmH {111} kpuc-
Tanie Kybi4HOI CUHIOHIT?

BusHauTe npaBuna noracaHHa AudpakUiiHUX MakCMMYyMIB B KpUC-
Tanax 3 rpaHeLeHTPOBaHO KybidHOO r'paTKoto.

Po3ain 2

ANAPATYPA TA METOOMU
PEHTTEHOCTPYKTYPHUX AOCNIAXEHb

2.1. N'eHepyBaHHA
PEHTreHiBCbKOro BUNPOMiHIOBaHHS

Jnis oTpuMaHHS PEHTI'CHIBCHKOTO BUIPOMIHIOBAHHS BHUKOPHCTO-
BYIOTh CIIEiajJbHI TMPHUCTPOi - PEHTTEHIBCHKI TPYyOKH, MPUHITUIIOBY
CXeMy SKHX TOKa3aHo Ha puc. 2.1. PeHTreHiBchbka TpyOKa — eIeKTpo-
BaKyyMHHH MPHUCTPil (A101), IO CKIAAA€ThCA 3 KATOTHOT YACTUHH JUIS
oTpuMaHHA Ta ¢okycyBaHHA mydka (1,5) Ta BOOOOXOJOIKYBaHOTO
anona (4). BomedpamoBy cripaib (5) BUKOPUCTOBYIOTH B K KaToJ, 110
BUCTYHA€E JHKEPEJIOM IMyyka eleKTpoHiB. Kopmyc TpyOku ckiagaeThes
31 CKJISIHOT 130J1F0F0UO0i YAaCTHHH 3 BUBOJAMH PO3KaproBaHHs katona (1)
i MeTaneBoi aHoaHOT yacThHHU (3, 4) M1 3a0e3neYeHHs HaliIHHOTO KPiIT-
JIEHHSI TPyOKH B PEHTI€HIBCHKOMY arapati Ta aBTOMAaTUYHOTO 3’ €HaH-
Hs 3 CUCTEMOIO BOJOOXOJIOJKCHHS. AHOJ MOBUHEH OyTH HaailiHO 3a-
3eMJIEHUM, 1[0 Hependayae 3’€qHAaHHS 3 KOpIycoM amapata. Jns Bu-
ITyCKaHHS PEHTTEHIBCHKOTO BHUIPOMIHIOBAHHA B aHOJHIN YacTHHI Iie-
pendayeHi BiKHa, sIKi 3aKpUTI BaKyyM-LILUILHOIO OepriTieBOIO (OIBroto (2, 6).

6 5

Puc. 2.1. MpurHUMNOBa cXxeMa peHTrEeHIBCLKOT TPYOKM
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PoGouy TOUKy Ha BOJBT — aMIEpHIN XapaKTEPUCTHI TPYOKH
(puc. 2.2) BUOMpaOTh Ha IUISHII HACHYCHHS aHOIHOTO CTPyMY, IO
J03BOJIsIE CTA01Ii3yBaBIIM PO3KapIOBAHHS KaTo1a, CTaldimi3yBaTH aHO-
HUH CTpYM Ta poO0Uy MOTYKHICTh TPYOKH.

I, mA
25

1 2
20
154 f l".ld‘: ':uz

""""'""""'"""'"",_‘.": """""""" 1
107 huae #
51 |

:' UHiIL.‘
0 5 10 15 20 25 yp

Puc. 2.2. BonbT - amnepHa xapakTepucTrka peHTreHiBCbKOi Tpyoku

[Tydok enexTpoHiB, MPUCKOPEHUH Pi3HUIICIO MTOTEHIIIaJiB, TPHUKIIA-
JIEHOI0 MDK KaTOJOM Ta aHOAOM 1 C()OPMOBAHHH E€IEKTPOCTATHYHOIO
CHCTEMOIO TPYOKH, TOTpaIuisie Ha BU3HAYEHY AUIIHKY aHona -(poKyc,
mo € 0e3nocepenHiM HKEPEIoM PEHTIEHIBCHKOIO BHIIPOMiHIOBAHHSI.
Posmipu ¢oxyca BH3HAUalOTh IHTEHCHBHICTh Ta T€OMETpIil0 Audpax-
HidHO{ KapTUHU. B CTPYKTypHUX MOCIiIKEHHSIX BHKOPHUCTOBYIOTH ABI
MTOBHICTIO BiIMiHHI CXEMU €KCIIEPUMEHTY:

a) crocTepekeHHs MU(PaKIiifHOli KapTHHU B MIUPOKINA MIJSHIN KY-
TiB PO3CIAHHSA JJIS BU3HAUEHHS IHTETPATbHUX XapaKTEPUCTHK AU(pax-
LUiHHUX MaKCUMYMiB JJIsl BUBYCHHS MPABHIBHOT CTPYKTYPH KpHCTAIa;

0) crmocrepexeHHs] TUPPaKUiHOT KapTHHU Y HOPIBHSHO BY3bKiH
KYTOBIf NMUISHII UId BHU3HA4YEHHS IU(EPEHIIATbHUX XapaKTePUCTHK
IudpakmifHuX MakcUMyMiB (IudpakuiifHuil KOHTpacT, TOHKa CTPYyK-
Typa audpaxuiiinux MakcumymiB). Lleli MeToa BHKOPUCTOBYIOTH LIS
BHUBYCHHS Ie()eKTHOI CTPYKTYPHU PEUOBUHH.

VY mepioMy BUMAAKy BUKOPHUCTOBYIOTHCS MapasiebHi a00 po306ik-
Hi My4K# npomeHiB po3mipom 0,1-0,5 MM, mo micns audpakuii Gpoky-
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CYIOTbCA B JIHIIO, PO3MIp SKOI MPUOIU3HO IOPIBHIOE €PEKTHBHOMY
po3mipy doxycHoi misiMu. OnTuManbHi po3mipu ¢Gokyca TpyOKH cra-
HOBJIATH Bif (0,4 x 0,4) MM 10 (1 x 1) MM 3a51eKHO BiJ] po3MipiB 3pa3ka.
J1g MeTofiB, 0 BUKOPUCTOBYIOTEH (DOKYCYBaHHS PO3CITHOTO BUITPOMI-
HIOBaHHA po3Mip (okyca 3MiHIeThes B Mexax (0,05-0,1) x (10-12) mm.

B npyromy Bumaaky epeKTHBHUI po3Mip (OKYCHOI IIISIMH ITOBH-
HeH OyTH 3HAYHO MEHIINM, 30KpeMa B METOJaX BU3HAUYEHHs CyOCTpyK-
TYpPHUX XapaKTEPUCTUK KPUCTAJIB BiH HE Mae MEPEBUIIYBAaTH PO3MIipy
JociimpKyBanux AustHok pewoBunH (0,001-0,1) mm.

2.2. HenepepBHUN Ta XapaKTePUCTUYHUN CNEKTP
PEHTreHiBCbKOro BUNPOMiHHOBaHHS

CrnexTp BUNPOMIHIOBAaHHS PEHTI€HIBCHKUX TPYOOK IS CTPYKTYp-
HOTO aHaJli3y MICTUTH y c00i Bi KOMIIOHEHTH:

1) Henepepguuii cnexkmp TanbMIBHOTO BHIIPOMIHIOBAaHHS, IO
BUHHUKA€E BHACHTIJOK TabMyBaHHSI BUCOKOCHEPTETHYHHX EICKTPOHIB Ha
aHoxi TpyOku. CHEKTp XapaKTepH3YeETbCs HENEPepBHUM PO3MOAIIOM
€Hepriil peHTreHiBChKUX MpoMeHiB (puc. 2.3). Ciix 3BepHYTH yBary Ha
HAasBHICTh y CIIEKTPI KOPOTKOXBHIIILOBOI MEXKI, IO BiIIOBITAE MaKCH-
MaJIbHil eHeprii eNneKTpoHiB:

1= ch _ 12,39
ey 14
Je V — mpucKOproBaJIbHA HANpyTa, MPUKIaieHa MiXK KaTOJOM 1 aHOJIOM.

31 30iMbLICHHSM HANpyTH, KOPOTKOXBHUJIbOBA MEXa CHEKTpa 3Mi-
LIYETHCS B HANPSAMKY MEHIIUX IOBKHH XBWJIb. Y HamnpsMKy OLIbIINX
JIOBXKHH XBWJIb CIIEKTP OOMEXYEThCS MPO30PICTIO MaTepialy BUXiAHUX
BiKOH TpyOkH (OepuiieBa onbra 3aBroBuikd 3 0,2 MM) Ta HOTJIMHAH-
HAM Y TIOBiTpi. |HTEHCHBHICTh HENEPEpPBHOTO CIIEKTPYy BHU3HAYAEMO
hopmyioro:

2

J o =kiV?Z, 2.1

Jie, i - BEIMYHA aHOJHOIO CTPyMy, V - aHOJHA Hamnpyra, Z — MOPSAKO-
BUI HOMEp MaTepially aHoAa, Kk, - Koe(illieHT IPONIOPLIHHOCTI.
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Iid)

illlux A

Puc. 2.3. HenepepBHUIN CNEKTP PEHTIEHIBCLKOrO BUMPOMIHIOBAHHS

2) xapakmepucmu4Huti cnekmp BUTPOMIHIOBAaHHS BUHHKAE, SKIIO
€Heprisi eJEeKTPOHIB IMEpeBUIIyE MOTEeHLIaN 30yMKeHHS BHYTPIIIHIX
€JIEKTPOHHUX OOOJIOHOK aTOMIB Marepialy aHona. B mpoMy BHIangkKy
CHOCTepiraeTbes 30yIHKEHHS aTOMIB, OCKITIBKH €IEKTPOHU NEePEeXOsTh
Ha BHINI OOOJIOHKH. I3 MOBEpPHEHHSAM aTroMma JI0 MOYATKOBOTO CTaHY
BUIIPOMIHIOETbCS KBAaHT, CHEPrisl SIKOTO [OPIBHIOE PI3HMLI EHEeprii
000110HOK aroma. HaifiHTeHCUBHIIINMY B XapaKTEePUCTHIYHOMY CIIEKTpi
€ niHii K, Ta Kp. Jlinis K, BUHUKa€ BHACIIJIOK NIEPEXOy €leKTPOHIB 3 L
Ha K-o0omoHky. JliHisg MicTUTH N1Bi KOMIIOHEHTH (K, ;, K,>), 00yMOBIeH1
nepexogaMmu 2p1/2- 1S1/2, 2p3/2— 1S1/2 (pI/IC 24)

3D,
3Dy,
M (n=2) 35,
3Py,
38

Y 2 P3f]
L= X 28,
W N o Slﬁ?

L — cepin

E (n=1) A v v 18,
@ g 4 &

K —cepiz
Puc. 2.4. Cxema eHepreTuyHMX piBHIB aToma
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Jlinisa K; BUHMKaE MiJ 4ac Mepexofy enekTpoHiB 3 M Ha K-060-
TOHKY (Tiepexonu 3ps,- 181, 3pi2- 1812). IHTEHCUBHICTD JTiHINA Xapak-
TEPUCTUYHOTO CIEKTPY BU3HAYAEMO TAKUM CIIOCOOOM:

JxapA = kZZ(V - V3 )” s (2‘2)

ne n=1.7, [ - BenMYHa aHOJHOrO CTPyMy, V' - aHOJHA Hamlpyra,
V.- norenuian 30ymxeHHa K - 00010HKH. Sk BUAHO 3 puc. 2.5, niHii

K,, K, XapakTepucTM4HOrO BUIIPOMIHIOBAHHS HAKIAJAlOThCS HA He-

TIEpPEepPBHUI CIIEKTP PEHTTEHIBCHKOT TPYOKH.

fii)

U

A fKJ_I,) A !K”) A

Puc. 2.5. ToBHUI CNEKTp BUNPOMIHIOBAHHSI PEHTIEHIBCbKOT TPYOKM

Ha mudpakuiiiHnx cnekrpax KOMIIOHEHTH XyOnery miHii K, pos-
IUISIOTHCS JIMIIIE HA BEJIMKUX KyTaxX MU(PaKIii, ToMy 3Ae0UIbIIOro ix
MPUAMAIOTh 32 OAHY JIHIIO 3 JJOBKHHOK XBHJIi:

Agen +24
_ Kal Ka2
A, =—L——% (2.3)
3

JoBxuHu xBuib JiHIH K, A7 pi3HUX MarepialiB aHojxa TpyOKH

HaBeleHO B Tabmumi 2.1.
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Tabnuys. 2.1
JIOBKMHU XBHJIb JIIHIN XapaKTEPUCTHIHOTO CIIEKTPa

BunpomiHioBaHHS Jlossxuna xBuii, A
CuKa 1,5418
Co Ka 1,7902
Ni Ka 1,6578
Mo Ka 0,7093
Cr Ka 2,2896
Fe Ka 1,9360

KK]I pertreniBcpkoi TpyOKH, 31e0inbimoro He nepesuirye 0,5-1%.
Tomy, BubHparoun onTUMaibHI PeKUMH POOOTH, BPaXOBYIOTh TaKi I0-
Ka3HUKH, SIK TEPMidHa CTIMKICTh aHOAa TPpyOKH (Temmeparypa IlaBiIeH-
HSl, XapaKTep BiABOAY TEIUIa) Ta TPAHUYHO AOIYCTHMHUI CTPYM pO3Ka-
pIOBaHHS KaToay. AHOIHY Hampyry BHOHMPAIOTH 3aJI€KHO B JOCHT-
HEHHS ONTHMAJILHOTO CIIBBiHOIIEHHS IHTEHCUBHOCTI XapaKTEePUCTHY-
HOTO Ta HENEPEePBHOr0 BUIPOMiIHIOBaHHSA. 3a BiICYTHOCTI MOHOXpOMa-
TH3allii IEPBHHHOTO BUIPOMIHIOBaHHS, ONTHMajbHa po0Ooua Hampyra
MpHOIM3HO y TPU pa3H IMEPEeBHINy€E MOTeHIian 30ymkeHas K — 06o-
nouku ( V=3V, ). B npoMy BHUNaaKy dYacTKa XapaKTE€pPUCTHYHOIO

BHUITPOMIHIOBAHHS B 3aTraJIbHOMY CIIEKTPi PEHTTEHIBCHKOI TPYOKH JOCs-
rae 80%.

BuninnMo ocHOBHI poriecy B3a€MOJIil pEHTTEHIBCHKOTO BHIIPOMi-
HIOBAaHHS 3 aTOMaMH PEYOBHHHU:

1) xorepeHTHe (NpyKHE) pO3CisIHHS Oe3 3MIHHM JOBXHUHHU XBHII
BUIPOMIiHIOBaHHS

2) HEKOrepeHTHE (KOMIITOHIBCHKE) PO3CISHHS CYIPOBOIKYETHCS
3MiHOIO eHeprii poToHa

3) (ayopecleHTHE BUIPOMIHIOBAaHHS BUHHMKAE BHACIIJOK TOTJIU-
HaHHA (OTOHIB IO CYNPOBOKYETHCS (poToedekToM abo MOBTOPHUM
BHUIIPOMIHIOBaHHSAM (DOTOHIB 3 €HEPTi€l0 OJIM3BKOIO0 XapaKTEPHCTHIHO-
My CIIEKTPOBI.

Hunsa nerkux enementiB (C, B, N) iHTEHCHBHICTh HEKOT€PEHTHOTO
po3cCisiHHS Yy 5—6 pa3ziB MepeBHINy€e MPYXKHE, TOMAI K IS BAXKHUX €Je-
MEHTIB HOT0 4acTKa y MOBHIM IHTEHCHBHOCTI PO3CISTHHS € HE3HAYHOIO.
dnyopecueHTHE BUIPOMIHIOBAHHS CIIOCTEPITaeThesl y pasi OJIM3bKOCTI
JIOBKWHU XBWJII IEPBUHHOTO BUIIPOMIHIOBAaHHS JI0 OJHOTO 3 KpaiB IOr-
JMUHAHHS aTOMIB PeYOBHMHU. HasBHICTH (IyOpECIEHTHOTO PO3CISTHHS
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CYTTEBO CIIOTBOPIOE Jupakiiiiny kapTuHy. s oro ycyHeHHs HEO0-
XiIHO BHOHMpaTH MaTepial aHOAy TPYyOKHM TakuM, IO HOTO aTOMHUM
HOMEDp HE MEePEeBUIyBaB aTOMHUI HOMEp JOCIIIKyBaHOI peuoBHHU OYyB
abo 3HayHO OLIBIINM HIX OCTaHHIN OCTaHHBOTO. B 1bOMYy BHIAAKY
(yopecueHILis 30yKy€TbCs OLIbII c1a0KuM Kjp-BUIPOMIHIOBAHHSAM.

3a3HavyeHi NpOLECH NPU3BOAATH IO 3MEHIICHHS 1HTEHCHBHOCTI
3TiAHO 3 3aKOHOM!

1= 1, exp(~px),

ne 4 -TiHIHHUA KoeilieHT NOTJIMHAHHS, X - BIICTaHb, IPOWCHA MPO-
MEHEM.
i XapakTepuCTUKU MOTJIMHAIBHOI 31aTHOCTI PEYOBHHU 3/1€01J1b-

II0T0 BUKOPUCTOBYIOTh MacOBUH KOE(IIIEHT MOTITUHAHHS (ﬁ ). L Be-
yo,

JIMYMHA HE 3aJICKUTH BiJl CTPYKTYPHOT'O CTaHy 1 AJsl CKJIaAHOT 3a XiMid-
HUM CKJIQJIOM PEUOBHMHHM MOXe OyTH po3paxoBaHa 3a Takor (opmy-
J010:

LN <Y
0 ;cz(p),a

A€ ¢, —MacoBa JacCTKa I-r0 KOMIIOHEHTA PCYOBUHU.

Sk BUAHO 3 puC. 2.6, CHIOCTEPIracThCsi HEMOHOTOHHA 3MiHa Koedi-
Ii€EHTa TIOTJIMHAHHS 31 3MIHOIO TOBXKWHH XBUJII BUITPOMiHIOBaHHSA. J[Jis
CHEpriif, 10 BIANOBIJAIOTh 332 30Y/UKCHHS CJICKTPOHHHX OOOJIOHOK,
CIIOCTEPIraeThCsl CTPUOOK MOTJIMHAHHS, Y IPOMDKHHUX 1HTEpBajlax eHep-
riit 3miHa koedinienta (1) e nponopuiitna 1o A’. XapakTep 3amex-
HOCTi U(A) BUKOPHCTOBYIOTH IJIsS 3MiHHM CHEKTPAJbHOTO CKIIAy BHII-

poMiHtoBaHHA ((inbTpauis). OiAbTPH MUPOKO BUKOPUCTOBYIOTH MAJIS
MOHOXPOMAaTH3AaIlil BUITPOMIHIOBaHHA. 30KpeMa, (iTbTPH, BUTOTOBJICHI
3 JIETKHX €JIEMCHTIB, TaKuX K Al, BHKOPHUCTOBYIOTE ISl TTOTJIMHAHHS
JOBIOXBHJILOBOTO BUTIPOMiHIOBAHHS.

Skmo pevyoBHHA (QiIBTPa € TaKoI, U0 CTPUOOK MOTJIMHAHHS Jie-
KuTb MK K, Ta Ky —JIiHIIMHA NIEPBUHHOTO BUIIPOMIHIOBAHHS, TO TaKHit
GinbTp edeKTUBHO norauHaTiMe Kj- BUIIPOMIHIOBAHHA 1 3HAYHO MEH-
e K,, ToMy MOXe OyTH BUKOPHCTAaHHN SK CEJICKTUBHO IMOTIMHAIBHUH
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¢inpTp. B Tabnuui 2.2 HaBeJEeHO OCHOBHI XapaKTEpUCTHKH (iIbTPIB,
SIKI 3a0€3MeUYIOTh IOTIMHAHHS K ; -BUNIPOMIHIOBaHHS.

(1’ p)

A

Puc. 2.6. 3anexHicTb koediljieHTa NormmMHaHHSA
BiZ AOBXWHW XBWAi BUNPOMIHIOBAHHS

Tabnuys 2.2
DinbTpy AN NONIMHAHHA K 5 -BUNPOMIHIOBaHHA
Marepian I(K,)/I1(Ky) ToBumHa QinpTpa A1t
(TIepBUHHHI ITyYOK) 1(K,)/ 1(Ky) =500, vy
(mudparoBanuii my4oK)
AHop DinbTp

Mo Zr 39 0,114
Cu Ni 5,6 0,020
Ni Co 5,6 0,019
Co Fe 5,7 0,018
Fe Mn 5,7 0,018
Cr \4 5,1 0,018

o6 orpumarn audpakuiiHy KapTHHH Y TOPIBHAHO BY3bKOMY
CIIEKTPAJIbHOMY IHTEpBai JOBXHH XBHJIb, BHKOPHCTOBYIOTH METOJ
mudepenuiansHux QinbTpiB (PineTpu Pocca). B npoMy BUmaaxky otpu-
MYIOTh JU(paKIiiHUN CIIeKTp 3pa3ka, BUKOPHCTOBYIOUM MOCIiJOBHO
nBa QUIBTPH i3 KpasMu IOIIHHAHHA Ay, Ta Ag,. ToBmuHKM QiIBTPiB

MiA0UPar0Th TAKUM YHHOM, 1100 MMOTJIMHAHHS [Tl KOKHOTO 3 HUX OYyJI0
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OJTHAKOBUM, KOIH A <A, Ta A>A,,. Pi3Huns mudpakuiiinux crexr-

piB BU3HAUATHMETHCS BHIIPOMIHIOBAHHSIM B CIIEKTPaJIbHOMY iHTEpBai

Ay <A< Ay,

2.3. BukopuctaHHa audcpakTomeTpiB
y peHTreHoaudpakLinHUX AOCRIMAKEHHAX

Jis peHTreHoaudpakUifHuX AOCTiIKEHb BUKOPUCTOBYIOTH CIie-
HiaiabHI TPUCTPOI - AudpakToMeTpu. THUTIOBY CTPYKTYpHY CXeMma PeHT-
T'eHIBCHKOTO TU(PpaKTOMETpa HaBelleHO Ha puc. 2.7. Po3ristHbMO po6o-
Ty OCHOBHHUX BY3JiB Ju(pakToMeTpa. BUCOKOBOJBTHUIA OJIOK JKUBJICH-
HS, 110 MICTHTh TeHepaTOpHUU mpucTpiit (1), 6imoku crabimizamii aHoa-
HOTO CTPyMY Ta aHOJHOI Hanpyr# (2) BUKOPUCTOBYIOTH JUISI YKUBIICHHS
peHTreHiBcbKoi TpyokH (3).

l'oniomerpuunuid npuctpiii (4) 3abesneuye cymicHuil (abo po3-
IUTBHUN) pyX 3pa3ka 1 JeTeKTopa BiZHOCHOTO HAMpsIMKy MEPBHHHOTO
npoMmeHs. ['oHioMeTp mpu3HadeHui A ¢ikcaiii 3pa3ka, KOJIiMaTopiB
MEPBUHHOTO Ta PO3CIsTHOrO MPOMEHIB, a TAKOX Uil 00epTaHHS 3pa3Ka
(merexTopa). 30kpema, TOHIOMETPH, 110 BUKOPUCTOBYETHCSA B MU PAK-
tomerpax tumy JPOH, 3abe3nedyioTh KyTOBe IEpEMIIICHHS 3pa3ka
(merexropa) 3 mBuakoctsamu 1/32, 1/16...... 8, 16 °./xs. Ilix yac excre-
PUMEHTY 3pa30K 00epTa€eThCs 13 ABIYl MEHIIOO MIBHIKICTIO HIJK JETEK-
Top. st 3a/1aBaHHs IBUAKOCTI MEPEMilllEHHS BUKOPUCTOBYIOTh PETyK-
Top roHioMmeTpa. KyToBi monoxeHHs 3pa3ka Ta JEeTeKTOpa BU3HAYAIOTh
3a iMOaMu, 300pakeHHS SKUX MPOEKTYETHCS HA IIKAITy TOHIOMETpa.
KpiM TOrO, € MOXKIMBOIO aBTOMAaTHYHA PEECTpaiis KyTiB 32 JOIIOMO-
TOI0 TIPUCTPOIB aBTOMATUYHOTO KepyBaHHS. TOUYHICTh BU3HAYCHHS KY-
TiB Audpakiuii B roniomerpax He nepesuirye 0,005°.
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11

10 12

Puc. 2.7. CTpyKkTypHa cxema peHTreHiBCbKoro gndpakromeTpa:

1 - reHepaTOpHUI NPUCTPIN; 2 - Brok cTabinisauii aHogHOro CTpyMy Ta Hanpyru;
3 - peHTreHiBcbka TpybKa; 4 - rOHIOMETPUYHUI NPUCTPINA; 5 - BETEKTOP PO3CIHOTO
BWMNPOMIiHIOBaHHS; 6 - BACOKOBOMNbTHUI BrOK XMBMNEHHst AeTekTopa; 7 - 6nok
aBTOMAaTUYHOIrO KEPYBaHHS FOHIOMETPOM; 8 - iIHTEeHCUMETP; 9 — LUMPOKOCMYTOBUIA
nigcuntoBay imnynecis; 710 - gudepeHuianbHUA AUCKPUMIHATOP iMNYNbCIB;

11 - nepepaxoByBarnbHUIN NPUCTPIN; 12 - AUCKPETHUIN peecTpaTop iMNynbLCIB;
13 - aHanoroBu peecTpaTop iMMynbCiB.

[lepmr HiX mpoBOIUTH AU(PAKTOMETPUYHI BHMIpIOBAaHHS, TOHIO-
METp CIIi TPYHTOBHO Bix’tocTyBatu. KOcTyBaHHS roHioMeTpa nepeada-
qae, I10:

- (Qokyc peHTreHiBChbKOi TpyOKH Ta NpuiiMajbHa LIUIMHA JETEK-
TOpa PO3MIMIYIOTECS Ha KOJIi, IEHTP SKOTO 3HAXOAWTHCSA Ha OCi TOHIO-
MeTpa (TOHIOMETPHYHE KOJIO);

- Y HyJIbOBOMY TIOJIO’KE€HHI JI€TEKTOpa JiHisl, IO 3’ €JHYE CEPEIUHY
¢dokyca TpyOku Ta Bich oOepTaHHs AeTeKTOpa (HyJIbOBa IiHis), IO-
BHUHHA NIPOXOJIUTH Yepe3 CepeIMHY aHAITHYHOT MUIMHY JICTEKTOPa;

- HyJIbOBOMY IIOJIOKCHHI JIETEKTOpa MOBEPXHS 3pa3Ka CyMillleHa 3
HYJILOBOIO JIHI€IO Ta BiCCIO 00epTaHHS FOHIOMETPa;
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- pO30IKHUI NMEPBUHHUN MyYOK IMOBUHEH OJHAKOBO OMHUBATH BiCh
oOepTaHHs MpaBopyy i JiBopy4. /s 11bOrO B HYJHOBOMY HOJIOXCHHI
JETEKTOpa MOBEPXH 3pa3Ka MOBUHHA HABITUI JUTUTH MEPBUHHMN ITy9OK

y nonoxkenHnsx spaska ¢, =0° ta 4, =180°.

JleTekTop PEeHTIeHiBCHKOIO BUIIPOMiHIOBaHHS (5), OCHAIICHUH BU-
COKOBOJIETHUM OJIOKOM JKHBJEHHA (6), BUKOPHCTOBYIOTH IUII PEECT-
pairii KBaHTIB PO3CISIHOTO PEHTI'€HIBCHKOI'O BUIPOMIHIOBAHHS. Y Olllb-
mocTi AU(PaKTOMETPIiB B JIETEKTOPOM PO3CISIHOTO BHUIPOMiHIOBAHHS
BHCTYTIa€ CIUHTWIAMIMHANA JTIYMIBHUK, SKUH TOENHYE JIOMIHECIICHT-
uuit kpucran NalJ(Ta) Ta ¢dotoenexTponnnit momuoxysau (DEII,
puc. 2.8). KBaHTM pPEHTICHIBCHBKOIO BHIIPOMIHIOBAHHS BUKIUKAIOTh
CIMHTHJIALII, KOJIU MOTPAILIAIOTh Y Kpuctai. CBITJIOBI KBaHTH Ha BU-
X0Ii 3 KpucTama (OTOKATOJ IMOMHOXyBada MEPETBOPIOE HAa IMyYOK
enekTpoHiB. [IpHuckopeHi eIeKTpUYHHM IOJIeM, E€JIEKTPOHH, MOTpal-
JISTFOYM Ha TePIINiA IUHOJ [IOMHOXYBaya, 30YKYIOTh BTOPUHHI €JIeKT-
poHn. BHacnmifok Takoro MOMHOKEHHS YHCIIa €JeKTPOHIB Ha HACTYTI-
HUX JTUHOJAaX-eMiTepax, Ha BHXOJI IPUCTPOI (HOPMYETHCSA IMITYJIbC
HanpyTH 3 aMIUTITYJI0l0, IO MPOMNopLiliHa eHeprii KBaHTiB. OCKiIbKH
aMIUTITy1a IMIyJIbCY 3MiHIOEThCS B Mexkax Bix 2 mo 300 mB, BuHHKae
HEOOXIIHICTh MIJCHUJICHHS CUTHAIY B 10°-10* pasiB. s mifCHICHHS
IMIYJIBCIB 3 BUXOJAY JCTEKTOPa BHUKOPUCTOBYIOTH IIMPOKOCMYTOBHIA
nigcwtoBad (9). [ligcumoBay nmpu3HaueHUH A1 30UTBIICHHS aMILTITY-
I IMITYJIBCIB 10 BETUYHH, HEOOXIAHUX TSI pOOOTH HACTYITHUX BY3JiB
CJIEKTPOHHO-00YHUCITIOBAJILHOT cHCcTeMHU. Y Ju(pakroMeTpax nependa-
YeHa MOXKIIUBICTh AUCKPETHOI 3MIHH KOe(Dilli€HTY IMiJCHICHHS B MEXKax
10°-10*. PiBens mryMiB Ha BUXO/Ii miicHiioBaya He repesumye 150 MkB.

2
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Puc. 2.8. MNpuHumMnoBa cxema POTOENEKTPOHHOIo MOMHOXYBaya
1 — BXiAHe BikHO AeTkTopa; 2 - AMHoan ®EY; 3 - obmexyBanbHi onopu;
4 - xopnyc geeTekTopa, 5 - HaBaHTaXxyBarbHUIA onip
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Po3rIsIHEMO  OCHOBHI  XapaKTEpUCTUKU JIETEKTOPIB PO3CISTHOTO
BUIIPOMIHIOBaHHS.

1) Jlinitinicme.

AMITITYa IMIYJIbCIB Ha BHXOJI JIYMIBHUKA € IMPONOPLIHHOI0
eHeprii KBaHTIB y IIMPOKOMY Aiana3oHi enepriii Bix 1 no 100 keB. Taka
BJIACTUBICTD CHUHTWIILIIHOTO ETEKTOpa I03BOJISIE BUKOPUCTOBYBATH
mudepeHIianbHy AUCKPUMIHAINIO IMITyJIbCIB, TOOTO peecTpariiro iM-
MyJIbCIB, €HEpTisl SKUX BIJMOBIIa€ KOHKpPeTHOMY iHTepBairy. OTke, 3
MOBHOTO CIIEKTPY PO3CISHOTO BHIIPOMIHIOBAHHS MOYKHa BHOKPEMHUTH
IMIYJTECH, IO BiJMOBIJAIOTh MOHOXPOMATHYHOMY BUIPOMIHIOBaHHIO.
Hnst uporo B audpakroMeTpax BHKOPUCTOBYIOTh aBTOMATH4HI aude-
peHuianbHi auckpuminaropu (10). OnHOKaHANBHUI JUCKPUMIHATOD iM-
MyJIbCIB MPU3HAYCHUH U1l aMIUTITYAHOTO aHali3y CHEKTpa BUXiZHOTO
curHany. EHepreTmuHuil CIIEKTp PEHTI'€HIBCBKOTO BHUIIPOMiHIOBaHHS
MOJKHa PO3AUIMTH Ha KOPOTKOXBHJIBOBY, XapaKTEPUCTUYHY Ta JOBIO-
XBHJILOBY YaCTHHH HENEPEPBHOrO Ta (hIyOpEeCLEHTHOrO BUIIPOMIHIO-
BaHHSA. BiAMOBiqHO, CHTHANIM Ha BHUXOJII AETEKTOPa XapaKTepHU3YIOThCS
PI3HUMH 3HAYeHHSIMU aMILTiTYau. [1oTpiOHO 3ayBaXKHUTH, IO ITyMOBI
CUTHAJIH 37IeOUIBIIOr0 MalOTh HE3HAYHY aMILIITYly OPIBHSHO 3 po0o-
gyumu. JlEckpuMiHaTOp OOMEXy€e MPOXOKEHHS IMITYJIbCiB 3HH3Y Ta
3BEpXy, TUM CaMHM IPOMYCKAIOYH IMITYJILCH, CHEPTisl SKUX BIAMIOBIAE
XapakTepUCTUYHOMY BHIpOMiHIOBaHHIO. Lle#l iamazoH perymiroeThes
BEJIMYMHOIO BiKHA JUCKpUMIHATOpa (@) Ta IOJIOKEHHAM HUXXHBOTO
piBasa auckpuminauii (U, ). [lapamerpn auckpuminatopa 100HparOTh
EKCTIIEPUMEHTAJIbHO, BHMIPIOIOYM KPHUBY AaMIUTITYJHOTO pO3MOALTY
iMnynbciB (puc. 2.9). Taka KpuBa HOKa3zye 3aJIeKHICTh 1HTEHCHBHOCTI
PO3CisTHHS BiJ 3HAYeHHS aMIUTITyAW (€Heprii) IMITyJlbCiB Ha BHXOII
JUCKpUMIHATOpa. 3MIHIOIOYHM KOe(IUi€HT MiJCUICHHS Ta HAmNpyry Ha
Bxoai ®FEIl, BCTaHOBIIOIOTH MakCMMyM KpHBOI Ha CepeiuHYy €Hep-
TEeTUYHOI IIKamd. [ 1bOro BUMIPIOIOTH 3aJICKHICTh IHTEHCHBHOCTI
MEPBUHHOTO BUIPOMIHIOBAHHS BiJ 3HAYCHHS HW)XKHBOTO PIBHS JIHUCK-
puminaTopa. [liBiMpruHa KpUBOi PO3MOILUTY BiMOBIJa€ BENUYHHI BiKHA
nuckpuminatopa AU , a MONOXEHHS MAKCUMYMY J03BOJISIE BUBHAUYUTH

max
n

aMIUTITYAy BUXifHOro curHany U = , ne K - koedimieHT mia-

CWICHHs. 31eOUIBIIOr0 IIMPHHY BiKHA BUOWPAIOTH JCHIO OLIBIIO
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(AU =1,5a), Toni abcuuca Touku A BiANOBigaTHME HUKHBOMY PIBHIO
auckpuminanii, a auseka (U, ,U, + AU) BH3HauaTHME Jiala3oH
SHEePTii BHUXITHUX CHUTHaTiB. st 30UTbIMIEHHS pPO3MIIBLHOI 3MaTHOCTI
TpaKIiiftHOl KapTHHU PEKOMEHIYETHCS 3MCHIIUTH IIUPUHY BiKHA,
OJHAaK TOJi IHTEHCHUBHICTb MAaKCHMYyMiB 3MEHIIUTHCSA. B auckpumina-
TOpax IMIyJbCIB mepeadadeHo SIK JBOCTOPOHHE OOMEKEHHsI Aiana3zony
eHeprii iMmynbciB (qudepeHianpHI peXUM), TakK i IX 0JHOCTOPOHHE
oOMeKeHHs (IHTeTpaIbHUM PEXUM, TIPH SIKOMY PEECTPYIOTHCS CUTHAIN
3 aMILTITY 010, 110 nepesuinye U, ).

2) Amnaimyone po30inenHs CYUHMUIAYIIHO20 OemeKmopa.

Oco0nMBICTIO peecTpallii PO3CISIHOrO BUIPOMIHIOBAHHS JIETCK-
TOPOM € PO3KU aMIUTITY IMITYJIbCIB, 110 BUHUKAIOTH y JIIUMJIBHUKY BiJ
MIOTOKY KBaHTIB 3 OJHAKOBOIO eHepricio. HaBiTh 3a yMOBHM BUKOpHC-
TaHHA B JUPPAKTOMETPax MOHOXPOMATH30BAHOTO BHIIPOMIHIOBaHHSI,
CTOCTEpiraTUMeThCsl OMU3BKUI 10 TayCOBOTO aMIUTITYJHHK PO3MOJILI
immynbciB  (puc. 2.10). Ilin aMIuniTyIHUM pPO3IUICHHAM JAETEKTOpa
PO3YMIIOTh BIJIHOLICHHS MiBIIMPHHU KPHUBOI PO3MOALUTY @ 0 abciucu

.. a .
MakCUMyMy € KpuBoi w=—. Ik BuaHO, 3 puc. 2.10 11 BenuuuHa 3Mi-
£

HroeThes Bijt 36% it Mo Ka 1o 64% V Ka- BUlipoMiHIOBaHHSI.

Inmencuanicnie
L

Puc. 2.9. KpnBa amnniTyaHoro posnoginy imnynbcis
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Tumencuenicme
L
T o T
&

Pwuc. 2.10. AMnniTygHui po3nogin imnynbcis
ONs Pi3HUX AOBXWH XBUITb BUNPOMiHIOBAHHS

3) eqpexmusnicmo

EdexTuBHICTh NIeTeKTOpa BU3HAYAETHCS BIIHOIICHHSIM 4YHCIa 3a-
PEECTPOBAHUX KBAHTIB JIO TIOBHOTO YUCJIA KBAHTIB. JIJisi CIIMHTHIISIIIIN-
HUX JeTeKTOpiB eheKTUBHICThH nocsrae 90-98% 3aneixHo Bij TOBXKUHU
XBWJII BUIPOMIHIOBaHHS. 3MEHIIEHHS e(DeKTUBHOCTI 3 OOKY KOPOTKHX
XBHWJIb 3yMOBJICHE 30UIBIIEHHAM ITPOHUKHOCTI PEHTI'€HIBCHKOTO BHITPO-
MiHIOBaHHS, TOI SIK 3 OOKy AOBIMX XBHJIb LSl BEJUUYMHA 3MEHILIYEThCS
Yyepe3 IMOTJIMHAHHSA BXITHUX IMPOMEHIB BXITHAM BIKHOM JIYHILHUKA.
{06 3MEHIIUTH MOTIMHAHHS B JOBIOXBHJIBOBIN NIJISIHII CIIEKTpa, BU-
KOPUCTOBYIOTh Taki Ca0KO MOTJIMHAIBHI PEYOBMH SIK cirona (3aB-
ToBIIKH 10 MKM), amoMiHiit (20 MkM) a00 BakyyMHO IIIJIbHUH O€prITiio
(0,1 mm).

[epepaxoByBanbauil mpuctpit (11), oOcHaIIeHWd IUCKPETHUM
peectpaTopoM immynbciB (12), Ta OJ0OK aBTOMATHYHOTO KepyBaHHS
roniomerpa (7) 3a0e3meuyroTs po0oTy Au(paKkToMeTpa B peKUMi TUCK-
PETHOTO TEpeMillieHHs 3pa3ka Ta JeTeKTopa 3 (IKCOBAaHMM KYyTOBHUM
KPOKOM Ta 4acOM BUMIpPIOBAaHHS IHTEHCHBHOCTI B KOXHIH TOYLI KyTO-
BOTO iHTEpBay. 3Ae0iLIbImIOr0, B Cy4acHHX IU(GPAKTOMETPax poOib
MIPUCTPOIB KepyBaHHS Ta peecTpallii iHpopMallii BUKOHYIOTh KOMII 10~
TEpH i3 CHelialIbHUM IPOTrPaMHUM 3a0€3MECUCHHSIM.
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[HmMM mMetooM peecTpariii Iy

au(pakIiiftHOl KapTUHH € Herie- o
pPEepBHE IEpPEeMIllleHHs 3pa3Ka Ta P
JIeTeKTopa 3 (HIKCOBAHOI KYTO- [ —— :
. . T
BOIO MIBHJKICTIO Ta BUMipIOBaH-
HSl IIBUAKOCTI PaxyHKy iMITYJIb- !
ciB. [l mporo, B mudpakToMeT- ‘
: -
pax BUKOPHCTOBYIOTh CIICIialib- =

Hi IPUCTPOI - iHTeHCHMeTpH (8).
IHTeHCUMETpP € pPeocTaTHO-EM-
HICHOIO IHTErpyBaJIbHOK JIaH- (1,
koto (puc. 2.11). Ile#t mpuctpiit
yCEpEeOHIOE 3HAYCHHS BXIJAHOTO CHUTHAIY 3a 4ac, SIKMM OJM3BbKHHA 110
nocriiinoi wacy 7= RC . CepeniHe 3HaUCHHS HAPYTH 3apsAKU KOHJICH-
caropa 3aJIe)KUTh Bl 4aCTOTH CIiAyBaHHS IMIIyJIbCIB i BUMIPIOETHCS
BOJIETMETPOM [I0 BUXOJY SKOTO IiJKIIOYEHO aHAIOrOBUH abo mud-
poBuii peectpyBanbauii mpuctpiid (13). Ilocrtiiina RC Bu3Ha4yae 4ac
yCEepEeOHEHHS, a OTXKe, i COTBOpeHHsT (popMu AU(PaKLiHHOIrO MaKCH-
mymy. B mudpakromerpax BenmuuHy RC 3MIHIOIOTh Y IIHPOKHX MEXKax
(0,5-20 c¢) B 3aj1€3KHO BiJl XapakTepy poOOTH.

Puc. 2.11. MNpuHuunoBa cxema
iHTeHCcUmeTpa
I — BXigHWI Ta BUXIOHWIA curHanu)

2.4. PeHTreHOONTUYHI CXeMN BUMiprOBaHHS
AndpakuinHMX cnekTpiB

Buxopucranus nudpakTOMETpUIHOTO METOAy Tependadae (oky-
CYBaHHsI PO3CISHOTO Ha TpUiMaNbHIN 1MHI neTektopa. B audpak-
TOMETpax nepeadadeHo pi3Hi cnocoOn QoKycyBaHHS, SIKi JO3BOJSIOTH
OTPUMYBATH [IOCTATHIO PO3AUIBHY 3AAaTHICTh MUGPAKIIIHHOT KapTHHH
MIPU 3HAYHIHM CBITJIOCHIII JUQPAroBaHOTO BUNIPOMIiHIOBaHHS.

Y nudpakToMeTpHYHOMY aHaTi3i IUIOCKUX MOJIIKPUCTAIIYHUX
3pa3kiB HalHOUIbIIOro momupeHHs HaOyna cxema (okycyBaHHs Bper-
ra - bpenrano (puc. 2.12). L{1 cxema IrpyHTY€ETbCSA Ha PIBHOCTI BIHCA-
HUX KYTIB, II0 ONHMPAIOTBCSA HA ONHY i Ty X Iyry. B mpomy BuUmagky
tdoxyc Tpyoku (F), npuiimanbha minuaa (S) Ta moBepxHs 3paska (P)
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pO3TalioBaHi Ha OAHOMY Kojii (koio (oxycyBaHHsS). 3pa3oK pO3Mi-
LIYETHCS B LEHTPI KOJa, 0 MPOXOAUTH Yepe3 (GoKyc Ta mpuiManbHy
LITMHY JeTekTopa (roHioMeTpuuHe koio). [licis moBopoTy nerekropa
Ha KyT 2¢}, 3pa30K CIIii MOBEpHYTH HA KyT ¢}, TAKMM YMHOM ILIOIINHA
3pa3Kka 3aJHMIIAE€THCS JOTHYHOIO 10 Kojia (POKyCYBaHHS, paaiyc sSKOTO
3MIHIOETBCSL B 3QICKHOCTI Bix Kyrta audpaxuii 7, :26—" ,
sin(&)

Rf - paalyC rOoHIOMETPHUYIHOTO KOJIa.

OcCkillbKH 'y pealbHUX EKCIIEpUMEHTaX IOBEPXHs 3pas3Ka BiIXu-
JSAE€ThCSA B (hoKanmpHOTO Koyia, ToMy (OKYCYyBaHHS HE € ieallbHUM.
o6 mocsTHYTH 330BUILHOTO (POKYCYBAHHS, CIIiI OOMEKHUTH PO30iXK-
HICTh MEPBUHHOIO ITyYKa B IUIOIIKHI (oKanbHOro Kona. s 1poro Bu-

KOpUCTOBYIOTh IinuHy D, (puc. 2.13).

Puc. 2.12. Cxema dokycyBaHHSA bperra-bpeHTaHo
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Puc. 2.13. PeHTreHoONTUYHI cxemu andppakromeTpa

{06 mOCATHYTH BHCOKOI PO3AUIBHOI 34aTHOCTI, BUKOPUCTOBYIOTh
TOYKOBE JDKEpEeNo, fKEe PO3MIIIYIOTh Ha (OKaIbHOMY  KOIi
(puc. 2.13,a). TakuMm mKeperIoM BHCTYMAIOTh MPOEKIist (OKATbHOT
IUSIMA Ha aHOMAI TPyOKH, By3bKa IIiJIMHA a00 OKYC MOHOXpOMATOpA.
Jst 3011bIIeHHS CBITIOCHIIM HEPBUHHOTO ITyYKa pauioHaIbHIIIEe BUKO-
PUCTOBYBATH TPOEKIII0 (OKATBHOI IUISAMH. 3 I[OTO OTJISIAY METOIO
30UIBLIYIOTH PO3MIPH (POKAIBHOI IUIAMK /i, B HANPAMKY, IIEPICH/IUKY -

JIIPHOMY ILIOIIMHI (pokaabHOro koma (puc. 2.13, 0). Po36ixkHICTh mep-
BHHHOTO IyYKa Y BEPTHKAILHOMY HANPSMKY MPHU3BOAMUTH A0 3MillEHHS
Ta coTBOpeHHs (hopmu mudpakmiiftHoro Makcumymy. 1100 yHUKHYTH
IBOro eeKTy BUKOPUCTOBYIOTH miinau Comepa (S, S;) Ha nepBUH-
HOMY Ta po3cisHoMy myukax. [linuna Comnepa - 1e ckiaaka ImiocKo-
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napajelibHUX IUIACTHHOK, PO3MIIIEHUX Ha HEBEJIMKIM BiZICTaHI OJHA JI0
onHoi. Buxopucranns minua Coiuiepa J03BOJSE€ 3MEHIIUTH BEPTH-
KaJIbHy PO30ODKHICTD myuka g0 1-2°.

OTke, MOXITUBI JIBI cxeMH (DOKYCYBaHHSI, sIKi TIepe10avaroTh:

1) BeprHKanbHI po3MipH HpPOeKUil YoKaIbHOI MK /1, =1—3 mm ,

3BHYAifHA IIIIMHA 11 OOMEKEHHSI BEPTUKAIBHOI PO301KHOCTI, po3Mipu
poeKiii B monyHi GpokanbHoro kona b, = 0,2 - 0,3 mm (puc. 2.13, a);

2). BepTUKaJpHI  po3Mmipu  npoekuii  QoxampHOI  LIAMHU
h, =10=12mm , cucrema winun Cosepa, po3mipu Mpoekuii B mio-

umHi (okansHoro kona b, = 0,05 mm. Kyt npoexuii dokanbHOI -

MU BIHOCHO IUIOIIMHHM aHOJa CTaHOBHTh =3 —6°. (puc.2.13, 0).
linuna D,, BcTanoBneHa nepen muiuHow Cosuiepa S,, mpu3HaucHa
JUTS 3MEHIIEHHs (POHOBOTO po3cisHHA. [IpuitmanbHa mIiiiHa neTeKTopa
D; Moke 3MiHIOBATUCH 3a IUPHUHOO 1 BUcOTOK0. [llupuHa niinuau Ax
BH3HAUYa€ KyTOBY PO3/LUIBHY 3aTHICTh IETEKTOPA:

Aa=— (2.4)

ne R, — paniyc roniomerpa.

3MiHOIO BHCOTHU IIIJIMHU PETYJIOEThCS PIBEHb CIIOTBOPEHb (HOPMH
IuQpakIiifHOr0O MakCUMyMy Ta BEJIMYMHA 1HTEHCHBHOCTI Au(parosa-
HOTO BUNpOMiHIOBaHHA. KpiM TOro, Ans JOCATHEHHS MaKCHUMalbHOI
CBITJIOCWIIN Tiepen0aueHo MepeMillleHHs JETEKTOpa MEepIeHIUKYIISIPHO
10 oci ToHiomerpa. s BCTaHOBIEHHS TUIOCKHX 3pPa3KiB BUKOPUCTO-
BYIOTb TpUMaui Pi3HOTO THUITY, KOHCTPYKLIS SIKHX Iependadae MexaHi3m
CYMIIIIEHHsI TTOBEPXHi 3pa3ka 3 BicClo ToHioMeTpa. Sk BumHO 3 popmy-
mu (2.4), i3 30UIBIICHHSAM pajiycy TOHIOMETpa 3pOCTa€e pO3JiiIbHA
3IATHICTh JAeTeKTopa. Ha mpakTuii BUKOPHCTOBYIOTH TOHIOMETPH 3
pamiycamu B Mmexax 185 -240 mm. BukopucroByBaTH TOHIOMETPH i3
OUTBIIMMH PaiycaMy MPOCTO HEIOLIIBHO Yepe3 3HauHE MOTJIHHAHHS
Ta PO3CISIHHS PEHTTeHIBCHKUX MPOMEHIB B MOBITPI.

Cxema ¢okycyBanus bperra-bpenrano nepenbauae BinOMBaHHS
PEHTTEHIBCHKOTO ITy4Ka BiJl TOBEpXHiI 3pa3ka. B mpomy meromi KyT
7 —27¢ MK HalnpsMKaMH TICPBHHHOI'O Ta PO3CISHOTO IPOMEHIB i-
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JIUTHCSl HABITLI HOPMAJUIIO JI0 MOBEpPXHI 3pa3ka (puc. 2.14). Sk purum-
Bae 3 intepdepenuiiinoro pisusauus Jlaye H (s —s,) , BeKkTop

00epHEeHO1 TpaTKu ]:I(hk,) it MakcumyMmy (hkl) moBunen OyTu mapa-

JenbHUM HOpMmani N, 110 MOBEPXHI 3paska. 3BIJCH BHUILIMBAE, IO

TUQPPAaKIIHHUN CIIeKTp (POPMYBAaTHUMYTh BiIOMBAHHS BiJ] TUX TUIOIIUH
(hkl), sIKi € mapaaeTbHUMH TUTOIIHHI TOBEPXHI 3pa3Ka.

HPJFCI
Ny ;
= 5
SO
53
(k)

Puc. 2.14. Cxema dokycyBaHHS
B peXuMi BigbvBaHHSA NPOMEHIB Big NOBEPXHi 3pa3ka

BigzHauumo, 1mo B CTPYKTYPHOMY aHali3i OpraHiyHHX pPEvyOBHH,
TEKCTYPOBaHUX MaTepiaiiB i T.Il., YaCTO BUHHKA€ HEOOXiOHICTh BUMi-
proBaHHS MTU(GPAKIIITHAX CIIEKTPIB Y PEKUMI MPOXOKEHHS PEHTIEHIB-
CBKHX IPOMEHIB uepe3 3pa3ok. Haiibinmpimoro momwupeHHs HaOyB Me-
TOH, fAKUil 3anponoHyBaB JleHr. Lleii meron mo3BoJislE OTpUMATH SIK
3HAYHYy CBITJIIOCHJY, TaK i JOCTATHIO PO3AUIbHY 3JaTHICTh AU(pPaKLiii-
HOl KapTuHHU. Sk BUAHO 3 puc.2.15, HOpMans J0 MOBEPXHI 3pa3Kka
IOUTMTH TONOJNaM KyT MK MaJaloduM Ta JU(paroBaHUM ITYUYKOM.

OpHak, B I[bOMY BHIIQJKy BEKTOP H(h,d) BUSBUTHCS TIEPIICHIUKYIISP-

HUM JI0 HOpMami N,

(k) » & OTKE TMGBPAKLiHKIA CIIEKTp 3paska Gpopmy-

BaTUMYTh BiIOMBaHHS BiJl KpHUCTAIOTpa(idHUX TUIOIMINH, SIKi € TIEpIIeH-
JUKYJISPHUMH JI0 TUIOIIMHY MOBEPXHI 3pa3Ka.
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hkl

Puc. 2.15. Cxema dokycyBaHHS
B METOAi NPOXOKEHHS MyyKa NMPOMEHIB

Onna 31 cxem Mmerony Jlenra 300paxkeHa Ha puc. 2.16, a. [Ipomeni
BiOWTI BiJ MJOMKH 3pa3ka P GopMyIOTh pO30iKHUI MyYOK 3 YSIBHUM
dokycom F', mo po3miienuit va rosiomerpuuasoMy Komi. SIkmo nepes
JIETEKTOpoM po3mictutu cuctemy minwmH Comepa, oci skux 30i-
raroThCsl HA TOHIOMETPUYHOMY KOJIi, MO’KHAa OTPHMAaTH KyTOBE PO3[Ii-
JICHHSI, IO BU3HAYAETHCS allepTypol0 OKPEeMOi MIUIMHU, B TOH Yac SK
CBITJIOCHIIA 3aJIe)KaTUME BiJl KyTOBOTO PO3XOKeHHA cucrteMu. OctaH-
Hild, 7O pedi, 0OMEXKYEThCS BEIMYMHOIO BXITHOTO BIKHA JETEKTOpA.
MoskiHBI TakOX iHINI BapiaHTH peaiizaiii MeTony Jlenra, siki nepenoda-
YaroTh:

1) BUKOpHCTaHHS BY3bKMX MapalieIbHUX ITy4KiB, 0OMEXEHUX Jiad-
parmamu Dy, D,, D3, Dy (puc. 2.16, 6);

2) BUKOPUCTaHHS IIMPOKUX MapalelbHUX IMy4YKiB, TOPU30HTAIbHA
PO30LKHICTH SIKUX 00MexyeThes niinnHamu Coiutepa (puc. 2.16, B).

Puc. 2.16. PeHTreHoONTUYHI cxemu, siki peanisytoTb MmeTop JleHra
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Y cTpyKTypHOMY aHali3i BUKOPHUCTOBYIOTH MOHOXpPOMAaTHYHE
K, - BunpominroBanHs. [IpoTe, CieKTp peHTIeHIBCHKOI TPYOKH MIiCTUTD
SK HENEpepBHUH CKIAAHUK, TaK 1 JIHIIO XapaKTepUCTHYHOTO
K - BunpominioBanHA. ToMy, Juid BUOKPEMIIEHHS 31 CHEKTpa Xapak-
TEPUCTHYHOTO K, -BUMPOMIHIOBaHHS BHKOPHCTOBYIOTH Pi3HOTO THUILY
MOHOXpoMaTopd. MoHOXpoMaTH3alis i3 BiIOWBaHHIM BiJ KpucCTaja
TPYHTY€EThCS Ha BUKOPWCTaHHI piBHAHHSA Bynbda- bperra. Binburtuit
My4YOK MPOMEHIB BUKOPHUCTOBYIOTBCS Y IOAANBLIOMY SIK TIEPBHHHUIMA
MOHOXPOMATUYHUH My4oK. MOHOKpHCTaI BCTAHOBIIOIOTH BiIHOCHO JI0
MaJaf0uoro Mmydka Mix KyTOM, IO BH3HA4YaeThes Gopmysoto Bymeda-
bperra:

A(K,)
2d

ne d — MIKIUTOIUHHA BiJICTaHb, IO BiNOBiTa€ HAHiIHTEHCHUBHIIIOMY
MakcuMyMy KpucTana. OmHaK, CITii BpaxyBaTH, IO B TOMY X HAIpsMKY

sin(#?, ) =

KPHUCTaJI BiIOMBaTMME BUILI TAPMOHIKM 3 JOBXKHHOIO XBHJI PRI

Jnst ycyHeHHs 1IboTO epeKTy IOUiIbHO BUKOPHCTOBYBATH TaKi KpHCTa-
U, B SKUX IHTEHCHBHICTH APYToi TapMOHIKM HEBeNWKa, HampUKIal
(111) (CaFy), (111) anmazy, (200) LiF i T.m. OnTrManbHUM BapiaHTOM
YCYHEHHSI BUIIMX TApMOHIK TaKOX € JudepeHLialbHa AUCKPUMiHAIIS
BHXIIHAX CUTHAJIIB AETEKTOPA.

MonoxpoMartu3zaris i3 BiIOMBaHHAM BiJl KPUCTaIa YHEMOKIIHBITIOE
HenepepBHe Ta Kj . BUIpOMiHIOBaHHsA. OCHOBHOIO BaJOK iX BHKO-
PHUCTaHHA € CYTTEBE 3MEHIICHHS iHTeHCUBHOCTI. ToMy, mopsin 31 cTpyk-
TYpHOIO JTOCKOHAJNICTIO, iHTerpalibHa IHTEHCHBHICTh € BaXKIIUBOIO Xa-
pakTepuCTUKOIO KpucTanmy. CTpyKTypHI XapaKTepUCTUKH (MO3aiqHICTh,
po3Mip oOmacTeld KOIepeHTHOI'O PO3CISHHS) BU3HAYAIOTH SIK CTYIiHb
MapajenbHOCTI TMy4yka (TUIOCKMH MOHOKPHCTAN) TaK 1 JAOCKOHAIICTh
(hoxycyBaHHS 13 BUKOPHCTAaHHIM 3IrHYTHX MOHOKpHcTaiiB. Kpim Toro,
B)XJIMBE 3HAYCHHS MAIOTh pajialliiiHa, XiIMiYHa Ta MEXaHIYHA CTIHKICTh
KpHuctana. 30kpeMa, MeToau (POKyCyBaHHs IependayaroTh MPYXHY Ta
IIACTHYHY AedopMaliito KpUCTaliB. BaxximuBy poib Bimirpae MoXIu-
BiCTh OTPUMAaHHS KPHUCTATIB BiAMOBITHOTO po3Mipy Ta iX MexaHiuHa
00poOka. Po3rinsiHbMO BMKOPUCTAHHS KOHKPETHUX THIIIB MOHOXpOMa-
TOpIB y 3a/1a4ax CTPYKTYPHOTO aHaNi3y.
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IInocki monoxpomamopu, BCTAHOBIIEHI HAa IEPBUHHOMY ITy4KY, BHU-
KOPUCTOBYIOTh Ul OTPUMAaHHS BY3bKOT'O Ta MapalIebHOTO IydKa Mpo-
MeHiB. CTymiHb MapajeabHOCTI 3aJ€KUTh BiJ JOCKOHAIOCTI KpHCTala.
30KkpeMa, KpUCTalld ajMa3y, KaJblUTY, KBAapIly JO3BOJSIOTH OTPUMATH
Iye BY3bKi MyUYKH, OJJHAK XapaKTePU3YIOThCs CIa0KOI0 CBITIOCHIION.
Monokpuctanu rpadity, (QIroopuTy, TOPUCTOTO JITII0O YM KaM’sTHOT
COJIi XapaKTEepU3yIOThCSI MEHIIOK JOCKOHAIICTIO Mo3aidHoi OymoBH,
OIHAK IX BigOMBHA 3maTHICTE 3HAYHO OUIbIma. OgHUM 13 CIOco0iB
301IbIIIEHHS] IHTEHCUBHOCTI BiJIOMBaHHS € 3pi3 MOBEPXHI KPUCTaja Ha
MIEBHUH KyT BITHOCHO BiIOMBANFHUX TUTOMHH (puc. 2.17).

Puc. 2.17. ACUMETPUYHMIA NITOCKNIA MOHOXPOMATOP
a, B — KyTu Mi>X MOBEPXHEI0 KpucTana Ta nagawyvm (Bigbutmm) nydkamm

Sk BumHO 3 puc. 2.17 mepepi3 BiAOUTOTO mMydka 3MEHIIYETHCS Y
sin( )
sin(B)

PIBHSIHO 3 CHMETPUYHHUM BHIIAKOM:

BiJJHOIIICHHI a IHTEHCHBHICTb BiIOMBaHHS 30UIBIIYETHCS MO-

Loy 2sin(a)
I, sin(@)+sin(f)

2.5)

3MeHIIeHHS KyTa f Majo O MPUBOIUTH 1O 301IbIICHHS IHTCHCUB-
HOCTI BiJIOWBaHHS, OJJHAK MPOCTSIKYETHCS CYTTEBE TOTJIMHAHHS ITy4Ka
nedeKTHUM MOBepXHEeBMM IapoM. ONTHMAaibHY BEIMUYMHY KyTa [

MOKHA OOYHCIIHTH HaCTYITHUM YUHOM:

B,,, =Judsin(20)

BcranosieHo, 1o 3HadeHHs KyTa 3pisy 5-10° 3abesmneuye 36i1b-
IICHHS IHTCHCUBHOCTI MPHUOJIM3HO y MIBTOPA pasa.
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PentrenoonTiuHy cxemy TUQpakTOMeTpa 3 TUIOCKHM KPHCTAJIOM
Ha MEPBUHHOMY MYyYKy 300paxkeHO Ha puc. 2.18. Byzonm mMoHOXpoMma-
TOpa, B LEHTPi SKOr0 PO3MIIIEHHH MOHOKPHUCTaJ, BCTaHOBIIOIOTH Yy
CrelliaIbHE THI3ZI0 TOHIOMETPUYHOTO MPHUCTPOIO, IIPH I[LOMY LEHTPAIh-
Ha BiCh KpHCTaJa-MOHOXpOMAaTopa MOBHHHA MPOXOIUTH 4Yepe3 TOHio-
METpPHUYHE KOJIO.

Oco0nrBYy HIHHICTH CTAaHOBUTH CX€Ma MOHOXpOMAaTH3amii 3 IIIoc-
KHM KpucTaioM Ha audparoBanomy nydky (Puc. 2.19). Takuii BapianT
PO3MILICHHS KPHCTalla A03BOJISIE TOCATHYTH MOHOXPOMAaTHU3allil BUIPO-
MIHIOBaHHS 1 TIOBHICTIO YCYHYTH (PIIyOpeclieHTHE Ta paJioaKTUBHE
BUIIPOMIHIOBaHHSI 3pa3ka. B cydyacHuX nudpakroMeTpax MIMPOKO BHKO-
PHUCTOBYIOTH CXEMY 3 PO3MILIICHHSAM Ha AU(paroBaHOMY ITy4YKOBIi ILTOC-
KOTO KpHCTaJly MipOJITHYHOTO rpadiTy 3 IUIOIIMHOI BigOWBaHHSI
(002). BukopucroBytoun rpadiT K KPUCTAI-MOHOXPOMATOP, MOKEMO
OTpPHMAaTH 3HAYHY CBITJIOCHIY 1 AOCTAaTHE KyTOBE PO3ZiNicHHA AUdpaK-
uidHoi KapTuHH. B il cxeMi, BXi/HA IIiTMHA MOHOXpoMaropa Ta ¢o-
KyC TpYOKH pO3MIIIYIOTECS Ha TOHIOMETPUIHOMY Koui. Bick kpucrairy
MPOXOJUTH Yepe3 IEHTP KOJja, SKe MICTUTh BXiJHY IIUIMHY MOHOXPO-
MaTopa Ta NpuiMasbHy MIUIMHY AETEKTOpA.

Puc. 2.18. PeHTreHoonTyHa cxema gudpakromeTpa 3 NIOCKMM KpUCTarnom
Ha NepBUHHOMY Ny4Ky, F - doKyc TpybkM, S, - BXiAHa LWinMHa MOHOXpomMaTopa,

M - xpuctan, S,, S, - obMexyBanbHi WinuHW, P - 3pasok, C - aeTekTop
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Puc. 2.19. PeHTreHoONTMYHA cxema gudpakToMeTpa 3 NAOCKUM KpucTanom
Ha AndparosaHoMy nyyky (F — dokyc Tpybkn, S, — BXigHa WinnHa
NepBUHHOrO Nyyka, S, — BXigHa LWinMHa MoHoxpomaTtopa, M — kpuctan,
S, — npuiimansHa wWinuHa, C — geTtextop)

3aBISKU  OKYCYBANbHUM MOHOXPOMAMOPAM MOXKHA CYTTEBO
30IBLIMTH CBITJIOCHIIy PEHTT€HIBCHKOro mydka. B mudpaxrorpamer-
pax 3i cxemoro ¢oxycyBaHHs bperra —bpenTtano mepembadeHO BHKO-
puctaHHg (OKyCyBabHHX MOHOXPOMATOpIB, SIK Ha MEPBHHHOMY TakK i
pO3CiIHOMY IydYkax. PEHTIeHOONTHYHI CXEMH 3aCTOCYBaHHS I[bOTO
croco0y MoHOXpoMaTH3allii HaBeneHi Ha puc. 2.20. Haiibinpmioro mo-
mMpeHHs HaGyB BapiaHT 3 PO3MillIeHHAM MOHOXpoMaTopa Moranna Ha
MEPBUHHOMY MYUKY AJsl peskuMy BinOuBanHs (puc. 2.20, a). Bukopuc-
TOBYEThCS IIeH BapiaHT 1 I pexkuMy Ha mipoxomkeHHs (Puc. 2.20, B).

MosxHa TPOCTEKHUTH, IO KyTOBAa PO3IUITbHA 3[JaTHICTH MOHOXPO-
MaTopa BH3HAYa€e IWpUHA IimMHU D,, abo x mmpuHa dokyca MOHO-
XpoMaTopa, L0 3aJIeKUTh BiJ MHUPHUHU (POKyca TPYOKHM Ta CTYIECHS
Mo3aigHocTi kpucrana. 1li mapamerpm, a Takox Bimcrani FM ta D|M
BU3HAYAIOTh 1 CIICKTPAIILHHUN iHTEpBaJl TOBKUH XBUIIb. BUKOpHCTOBYIO-
UM MOHOXpOMATOp MoranHa, MOXKHa CYTTE€BO 3MEHIIMTH PiBeHb (hOHY,
a TaKOX BUKITIOYUTH KOMITOHEHTY K, TiHil K, SIKIIO MHUPUHA TTPOEKIIii
¢dokycy Ta minuaN D; € gocuTh HeBeNWKOro posMmipy. Bamoro mporo
CHoco0y MOHOXpOMaTH3allii € 3MEHIIEHHsI IHTEHCUBHOCTI XapaKTepucC-
TUYHOT'O BUIPOMiHIOBaHHA y 5—6 pa3iB.
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Puc. 2.20. PeHTreHoONTUYHI cxema

3 poKyCyBanbHNM MOHOXPOMATOPOM Ha NEPBUHHOMY MYYKY:
a - CUMEeTPUYHWUIA; 6 - aCUMETPUYHMIA BapiaHT B peXuvMi BiOuBaHHS;
B - aCMMETPUYHUI BapiaHT B PEXMUMi NMPOXOLKEHHS

CTaHOBHTD iHTEpEC TaKOX ACHMETPUYHHUI BapiaHT MOHOXPOMATHU-
3anii (puc. 2.20,6). B npoMy Bumagky Bick KpHcTajia pO3MillleHa Ha
TOHIOMETPUYHOMY KOJli, a (hOKallbHE KOJIO MPOXOAWUTH Yepe3 BHUXIAHY
HIUTHHY MOHOXpoMaTopa Dj, mpuiimansHy minuay D, Ta Bick 3pa3ka P.
[epeBaroro npOro crmocody € 3MEHIICHHS! ONTUYHOTO IUIAXY Ta 301Tb-
IIeHHS CBITJIOCHIIN ITy4YKa, OJHAK CIIiJl BpaXyBaTH MOPYIIEHHS CITiBBiI-
HOIIICHHSI IIBUIKOCTEH 00epTaHHs 3pa3Ka i IETeKTopa.

3acTocoBytour (OKyCyBalbHI MOHOXpOMAaTOpPH Ha JU(paroBaHo-
My Iy4KYy, MO>KHA MIOBHICTIO YCYHYTH (DIyOpecLieHTHE BUIIPOMiHIOBaH-
HS, a TAaKOX 3a BY3BKOTO CIIEKTPaJFHOTO iHTEepBami Mmo30yTHCH (OHY,
3YMOBJICHOTO HEKOT€PEHTHHM pO3CISIHHSAM. MOXHa BHOKPEMHTH JBA
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HAWITOIMPEHINI BapiaHTH BUKOPHCTaHHS (POKYCYBAIBHOI'O MOHOXPO-
MaTopa Ha BiJONTOMY MyUKY:

1) pexxuM Ha BifOMBaHHs 3 MOHOXpoMmaTtopoM Moranua. B mpomy
BUIAJKY PO3IIBHY 3JaTHICTh BU3HAYAIOTh IIHUPUHU IUIMH Dj, D,,
Biacrani D;M, D,M (puc. 2.21, a). Tpeba Bim3HAUNUTH, IO PO3IiIbHA
3ATHICTh METOAY NMPaKTHUYHO HE 3aJIC)KUTH BiJl CTYNEHS JOCKOHAJIOCTI
KpHCTaja.

2) peXHM Ha IPOCBIT 3 MOHOXpoMaTopoM Moranua. PoscisHe 3pas-
KOM BUIPOMIHIOBaHHS (POKYCYETHCS MOHOXPOMAaTOPOM Ha MpHUAMallb-
Hil miinwHI gerekropa (puc. 2.21, 6). 3a3HadeHui crmocid MoHOXpoMa-
TH3allii JOLUUILHO BUKOPUCTOBYBATH JJIs PEUOBHH, IO CJIA0KO IOIJIH-
HAIOTh PEHTTEHIBCHKi MPOMEHI.

Puc. 2.21. PeHTreHoonTn4yHa cxema 3 OoKyCyBarbHUM MOHOXPOMaTopoMm
Ha AvdparoBaHOMy MyyKy, & — PEXUM BiAOMBaHHS, 6 —peXMM NPOXOAXKEHHS
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2.5. OcobnuBocTi peecTtpauii aucpakuyinHol
KapTUHU ANPPaKTOMETPUYHUM METOAOM

2.5.1. Cmamucmuy4Ha noxubka
eumiprogeaHHsi iHmeHcUu8HOCMi PO3CisIHHS
8 peXXUMi MOKPOKOB80O20 CKaHy8aHHS

Po3nozin KBaHTIB PEHTreHIBCHKOTO BUIIPOMIHIOBaHHS B Yaci OMH-
cyerbes posnoaiioMm Ilyaccona. B mpoMy BUManKy iHTEHCHBHICTB Y
TOBUTHHIHM TOYIN B cepii 3 # BUMIPIOBaHb OIIHIOBATUMETHCS, SIK CEPEITHS
Benn4yuHA < N >, cepeIHbOKBAAPATUIHE BIIXWICHHS SKOi BU3HAYAIOTh
3a (hopMyII0TO:

\/an(< N>-N,)’
oc=t12 g (2.6)

Y BUNaaKy OJHOPA30BOIO BUMIPIOBAHHS, CEPEIHbOKBAJpPATHUHE
BIIXWJIEHHS Bl ICTUHHOI'O 3HAYEHHS:

o=V,

a BiJIHOCHA MOXNOKAa BUMIPIOBaHHS IHTEHCHBHOCTI:

E=—=

JN

[lim gac BUMiprOBaHHS IHTEHCHBHOCTI AU(PAroBaHOTO BHIIPOMi-
HIOBAaHHS 332 HasBHOCTI (DPOHOBOTO PO3CISIHHS, YHCJIO KBAHTIB, 3apEECT-
POBaHMX 3a OJIMHHUINO Yacy 1, =n—n,, a abCONOTHA Ta BIJHOCHA IIO-

XrOKa BUMIPIOBaHHS iIHTEHCUBHOCTI PiBHi:

o=n+n)T, e= “(’:jdj/;nf) =

pe T — 49ac eKCHO3uuii, 7, — YMCIO KBaHTIB (OHOBOTO PO3CIAHHS,

(2.7)

n, . o . .
k, =—% - BixtHOCHMH piBeHb (OHY Ha JUDPaKTOrpami.
n
7
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OTxe, SKIIO kf =1, TO IS MOCATHEHHS Ti€l )X TOYHOCTI BUMIpIO-

BaHHsI IHTEHCHUBHOCTI, MO H 0e3 (OHOBOIO PO3CISTHHSA, Yac EKCITO3UIIiT
T moTpiOHO 301MBIIATH BTPUYI. 3a TIOTPEON OKPEMUX BHUMIPIOBAHb 7

Ta 1, 4ac eKcrosuuii 36inbiyeThes y 6 pasiB. Takum 4uHOM, HasB-

HICTh ()OHOBOTO PO3CISIHHA CYyTT€BO BILUTMBAE HA TOYHICTh BHMipIOBaH-
Hsi. JIJIs1 XapaKTepUCTHKH SKOCTI AM(PAKIIMHOTO CIEKTpa BBOJUTHCS

n . .

—4  gxuit MOKa3ye, M0 TOYHICTh BU3HAUYCHHS CIa0KHX
!

JiHIN Ha JUdpakTorpami € NpornopuiiHa napamerpy o, ko k[ 1.

napameTrp o =

3a HenepepBHOI peecTpallii AUPaKIiHHOTO CIIEKTPa MOXUOKY BHU-
MIpIOBaHHS IHTEHCHBHOCTI JiHII MOXXHa BHU3HAYHTU 32 HaBEICHUMU
BuIIe GOpMyIIaMH, 3aMiHUBIIH Yac eKCIo3uIlii 7 Ha MOCTiHY 4Yacy iH-
terpyBanHsa 2 RC . Cnif 3ayBaXXuTH, IO el pe3yJIbTaT CIpaBeTUBUI
3aymoBu RC <t, ie ¢ —4ac peectpauii AudpakuidHoi JiHil. Y BUIaIKy
RC >t , noxubKy BUMipIOBaHHS MOXKHA OOYHCIHTH 32 GOPMYIIOLO:

oo (1+RC/(2t(1-2RC1In2/t)))
2nRC

2.8)

2.5.2. ®akmopu, w0 ensiusaromb
Ha npoginb dugpakyiliHo2o MaKcumMymy

VY nmudpakromerpax, M0 BHKOPHCTOBYIOTH CXeMy (OKYCYBaHHS
Bperra - Bpenrano, po3cisai npoMeHi (OKYCYIOTbCS B TOPU3OHTANIBHIH
IIomyHi. Po301KHICTh TMPOMEHIB Y BEPTHKAIBHIM IUIONIMHI TPHU3BO-
IUTH IO aCHMETPUYHOTO PO3IIMPEHHS JIiHIT Ta 3MIIIEHHS IIeHTpa Baru
IudpakIiifHOro MakcuMyMa. AHaJoriuyHui eeKT crocTepiraeTbes ue-
pe3 po30LKHICTh MyYKa B TOPU3OHTANIBHIH IUIOIMHI Yepe3 BiIXUIeHHS
MTOBEPXHI TUIOCKOTO 3pa3ka BIZHOCHO (OKycyBalbHOTO Kona. SIk Hac-
Aok, audpakuiiHi JiHIT pO3MHBAIOTBCSI B CTOPOHY MEHIINX KYTiB
nudpakmii TpomnopuiiiHo 10 KyTa TOPU30OHTaNBHOI po30ikHOCTI. Kpim
TOr'0, IPOHUKHEHHS PEHTI'CHIBCBKUX NMPOMEHIB Y 3pa30K TAKOX MPH3-
BOJUTH JO0 PO3MHBAHHS JIHIT Ta 3MIMIEHHS I MAKCUMYMY 110 MEHIITHX
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KyTiB mudpakuii ¢ . Kinuesa mupuHa pokyca Ta npuiiMaibHOT LUTMHA
JIETEKTOpa MPU3BOIATE IO CHMETPHIHOTO PO3MHUBAHHS JU(DPAKIIITHOT JTiHii.

BB pisHOMaHITHHX (hakTOpiB Ha AUQpaKIiHHUN CHIEKTp 3pa3ka
3pY4YHO aHaNi3yBaTH, SKIIO PO3MVITHYTH CIOTBOPEHHS HECKIHYCHHO
BY3bKOTO O -MOMIOHOTO ITydKa Mg €0 TeOMEeTpHYHUX (IHCTpyMeH-
TanbHuX) ¢akTopiB. [Ipu HbOMY BUXiZHWUI MakCUMYyM MEPETBOPIOETHCS
y BIONOBiAHY IHCTPYMEHTalbHY (YHKILIIO, sIKAa OMHCY€E XapakTep 1
BEJIMYMHY CIIOTBOPEHDb Y KOXKHOMY BUTIAJIKY .

Ha puc. 2.22 npencraBieHo BHUTIISA iHCTPYMEHTAIBHUX (DYHKIIIMH,
SIK1 BU3HAYAE:

1) mmpuna miinuHU midunsHuKa Gi; 2) pO3MOALT iIHTEHCUBHOCTI y
tdoxyci Gy; 3) ropuzoHTATBHOI po30DXKHICTIO yuka Gj; 4) BepTUKAIb-
HOIO po30DKHICTIO myuka Gy; 5) MPOHUKHEHHSIM MPOMEHIB Y 3pa3ok Gs;
6) cymapHa iHCTpyMeHTaimbHa pyHKIisA G.

KinueBuit cnotBopenuit audpakiiiauii mMakcumym A(J) Moxe
OyTH NpeACTaBICHUH y BUTIISI 3TOPTKU (PYHKIII1, IO ONMMCY€E BUXiTHAN
mMakcumyM f(J) 3 ycima iHCTpyMeHTanbHUME (yHKIissMH G,(J) abo

cymapHorw ¢yHkiieo G(0):
W)= [ /(6 -)G(x) d.

ne 0=09-9 ¢ — MoJIoKeHHS TU(PAKIITHOTO MAaKCUMYMY .

max max

-AS 0

+i4 8

Y

-hd 0 +A8 —AG O -4

Puc. 2.22. Mpodinb iHCTpyMeHTanbHUX YHKLIR.
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3 OTpuUMaHOTO BHpa3y BHILTHBAE, IO 3arajibHe 3MIIMICHHS Tu(-
PaKmiifHOr0 MakCUMyMy piBHE CyMi 3MillleHb, BUKIHKaHUX KOXKHOIO 3
IHCTpYMEHTANbHUX (YHKLIH:

§c :é‘c(G3)+§c(G4)+5c(G5)

PosmuBanHs mpodinmo audpakmiiHOrO MaKCUMyMy XapakTepH-
3y€ThCs TUcTepcieto abo KBagpaTOM CTaHAAPTHOTO BiAXHUIICHHS:

=0.(G)+06.(G))+3.(G,)+6,7(G,)+5,(Gy)

PosrasaeMo 0coOIUBOCTI KOXKHOT 3 IHCTPYMEHTATBHAX (yHKITIH:
1) mupuHa NpUiManbHOI MITMHA MPU3BOJUTH 10 iIHCTPYMEHTANb-
Hoi (yHKUii NpsAMOKYTHOT popmu:

G(o)=1 - b c5< b
4R, 4R,
b

G.(8)=0 c

1(0) 4R,

ae b, - mupuHa npuilManbHOI UITHMHY, R, - pajilyc TOHIOMETpa.
2) npodine npoexii GpokansHOi WwisMu G, () 3aI0BITBHO eKCTpa-
TIOJTIOETHCS] KPUBOIO HOPMAJIEHOTO PO3MOLTY:

G, (5) =exp(—k’57)

SIKmo BupasuTH NOCTIHHY k vepe3 b, mwuMpHHY Npoekuii Gpokab-

HOI IJIAMH b, TO OTPUMAEMO HACTYIHHI BUpa3:

(In2- 5)

G, () = exp(- )

f

3) po3doxycyBaHHS, 3yMOBIIEHE TOPHU30OHTAIBLHOIO PO301KHICTIO
Iy4Ka OIUCYEThCS IHCTPYMEHTATIbHO QyHKIiEI G, (0):

G0 = R
TN 268 -sin(29)
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3MileHHsT MAKCUMYMY T(paKIiiHol JiHii:
5 __rcg®)
’ 12

JIe ¥ — rOpu30HTaIbHA PO3ODKHICTH ITydKa.

4) po3doKycyBaHHS, 3yMOBIIEHE BEPTUKAIHLHOIO PO30IKHICTIO ITyd-
Ka OIHCYETHCS IHCTpyMeHTaNbHOIO QyHKIielo G,(J):

G,(0)= | 2R
SN S et ()

3MilIeHHS! MAKCUMYMY JudpakiiHol JiHii:

2

__ A, ctg(w)
0, = [24 ctg(ﬂ)+(H +H, %) TE

4

TTERL

ne H, - Bucora mpoekuii ¢okyca, H, - BACOTa WIUIMHH [ETEKTOPA,
H , - BUCOTa IIPOEKLUII Ty4YKa B IUIOLIMHI 3pa3Ka.

5) KiHIIeBa TIIMOWHA IPOHUKHEHHS IIPOMEHIB B 3pa30K MPU3BOIUTH
710 3MIIEHHS MaKCUMyMY JTUPPaKIiHHOT JIiHIT Ha BETUYUHY:
x cos(?})

S=—p"77
R 9

2

ne x, — rauOMHA IPOHUKHEHHS, R, - pajiyc roHiomerpa.
BinmosinHa iHCTpyMeHTanbHA (QYHKITiSI BUPAXKAETHCS (OPMYIIO0:
4UR.6 ..
sin(24)

3a HemepepBHOI peecTparlii AUPPaKTOTPaMH IMITYJIbCH 3 BUXOAY
JMCKPUMIHATOPA MOTPATUISIIOTH B IHTETPYBAILHY CXEMY, IO CKIIaa€Th-
cs 3 RC-naHOK. 3aleXHOo BiJl XapaKkTepy 3aBJaHHS, MOXXHa 3MiHIOBATH
3HaueHHs: RC, ToOTO mocTiiiHO1 iHTerpyBaHHA. 31 30iMbIICHHSIM dYacy
IHTeTpyBaHHSI COCTEpIraeThCsl CIOTBOPEHHS Mpodimo audpakmiiHOro
MaKCUMyMy Ta HOro 3MiIlleHHsI B HAPSMKY OiTbIINX KyTiB Audpaxiii
(puc. 2.23).

G () =expl L~
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]

2.

Puc. 2.22. CnoTBopeHHsA hopMu Makcumymy
nig, Yac HenepepBHOI peecTpadii

Kpim Toro, BenmunHa 3MIIIEHHS 3aJIC)KUTH BiI IIBUAKOCTI 00ep-
TaHHSA JIeTeKTopa. Tomy 3MillleHHsT TUPPaKIiHHOTO MAaKCUMyMy JIOPiB-
HioBaTuMe O = WRC , e @ — KyTOBa IIBHUAKICTh MEPEMIIICHHS IETEK-
Topa. Takox, 30inpmenHss RC MpHU3BOAWUTH A0 3MEHLICHHS BUCOTH
MakcuMyMy 30KpeMa HpH O <4 , BUCOTa MAKCHMyMy 3MEHIIYEThCS Ha
8 %. Omxe, MO0 YCYHYTH CIIOTBOPEHHsI OU(paKIiiHOT KapTHHU 3a
HETIepepBHii peecTpaii cirij 3MeHITyBaTH HOCTiHHY Yacy iHTerpyBaH-
HS ITiJT 9ac 30UTBINIEHHS MBUAKOCTI 00EpTaHHS JETEKTOpA.

2.5.3. Bubip onmumanbHO20 pexumy
eumiproeaHHs1 dugppakyitiHux cnekmpie

IHTerpanpHa iHTEHCUBHICTh AUMPAKIIHHOTO MAKCHMyMy € MpO-
HOPLIIHHOIO O IHTEHCUBHOCTI IEPBUHHOIO Iy4Ka /[, , BUCOTH Ta LIUPU-

HU Npoekii GpoxkycHoT M H ,, b, , BUCOTH Ta WIMPHHA NPHIAMAIIb-

HOI IUTMHA feTekTopa H,, b, , po3MipiB OIPOMIHEHOI YaCTHHU 3pa3Ka,
SIK1 3aJIeXaTh BiJl TOPU3OHTANBHOI pO30IKHOCTI (¢ Ta BUCOTH Iy4Ka B
iowuHi 3paska H

I01,HHH,DD,.
SIKImo B eKCIIepUMEHTI BHKOPUCTOBYIOThCS miinmuHu Cosepa, iH-

TEHCHUBHICTH PO3CISIHHA BH3HAYAETHCS POPMYIIOIO:
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2
I=1H,HH,DDbaoy,

JIe ¥ — BepTHKaJIbHA Po30ikHiCcTh 1miuH Cosuiepa.

Sk mokaszye NMpOBEACHWI aHaii3, 32 YMOBH 30€peXEHHS CBITJIO-
CHJIM TTOTPiOHO JOTPUMYBATHCh ONTUMAaIbHUX CIIiBBIAHOLIEHb MiX I'€0-
METPUYHUMH TTapaMeTPaMH:

HC
bEDbe, HCDHf’ HPDT, HPDOKRZ.

BinxuneHHs Bi ONTHMAadbHUX CHIBBIJHOIICHb IPU3BOJIUTH JIO
CYTTEBOTO IMOTipUICHHS SIKOCTI IudpakuiiHoi kapTuay. ns orpuman-
Hi TOYHHMX 3HAYEHb KYTiB AUQpaKkmii Ta MOCATHEHHS MaKCHMAIbHOI
cBiTIOCWIN Ju(]pakTOMeTp Mae OyTH TPYHTOBHO BiJ FOCTOBaHUM.
SKicTh 10CTYBaHHS TEPEBIPAIOTH MEPIOAUMYHUM BHUMIPIOBAHHSIM AiJISH-
K1 AU(PAKTOrpaMu €TAIOHHOI PEYOBUHH, 30KpeMa O-KBaplILy.

3a BENMKHUX IIBHIKOCTEH paxyHKy KBaHTIB ICHye BHCOKa iMOBip-
HICTh MOTPAIUISHHS B ACTEKTOP KBAHTIB Y TOW 4Yac, KOJIM OCTaTOYHO He
BiIOYJI¥ICS MPOLIECH BiJHOBJICHHS aHATITHYHOTO KaHaly. B mpomy BHU-
MaJKy YaCTHHA KBAaHTIB PO3CITHOTO BUIPOMIHIOBAaHHS MOXXe OyTH He3a-
peectpoBaHuME. Bxazani mpouecu NpU3BOISATH A0 NPOPaxXyHKY KBaH-
TiB, TOMY, BUMIpIOIOYM IHTEHCHBHICTb PO3CISIHHS, MOTPiIOHO BBOAUTH
NesiKi KOPEKTUBU. ICTMHHE YMCIIO KBAHTIB, 3apEECTPOBAHUX 3a OAMHU-
II0 Yacy BU3HAYAETHCS TaK:

N,

BUM.

Nicm =
. (1 - TN@u,wA)

ne N

BUM.

TCKTOpAa, MO0 BU3HA4Ya€ 4aCOBY pO3,Z[iJ'ILHy 3)IaTHiCTI> aHaJ'IiTI/I"IHOFO Ka-
nany, 7~(1+1,5)-10° c.

- BUMIpsIHE YHMCJIO KBaHTIB, 7 - TaK 3BaHUH ‘‘MepTBHH yac” je-

MumaHrHs do po3diny 2

1. 3 4oro cknagaeTbCsl peHTreHiBCbka Tpyoka?
2. lNepepaxynTe OCHOBHI BYy3rM PEHTIEHIBCLKOro AndpakromeTpa.
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B 4yomy nonsirae BIgMiHHICTb MK HeENnepepBHUMM Ta XapakTepuc-
TUYHMM CMEKTPOM BMMPOMIHIOBAHHSA?

FAK BU3HAYMTN KOPOTKOXBUMBLOBY MEXY CMEKTPa BUNPOMIHIOBaHHA?
AK 3MIHIOETLCA MacOBU KOEMILIEHT MOrMMHAHHS 3anexHo Big O0B-
XXVMHU XBWAi PEHTTEHIBCbKOrOo BUNPOMIHIOBAHHA?

Lo Take kpvBa amnniTygHOro po3noAiny iMnynsciB Ta 3 SKOK Me-
TOK BUKOPUCTOBYIOTb AnepeHLiansHy ANCKPUMIHALi iMNynbCiB?
Aki ocobnmeocTi Mae cxema pokycyBaHHsl bperra —bpeHTaHo?

[nsa 4yoro B CTPYKTYpPHOMY aHarnisi BUKOPUCTOBYIOTb KpUCTanu- Mo-
HoXpomaTopnu?

AKi YWHHKUKKM BNNIMBAIOTb HA TOYHICTb BUMIpOBaHHA npodinto and-
pPaKUinHOro Makcnumymy?

Po3gin 3
PEHTFEHIBCbKUN ®A30BUIN AHATNI3

3.1. AkicHun dpazoBuM aHanis

®a3o10 NpUIHATO HA3UBATHU OJHOPITHY YaCTHHY TEPMOIUHAMIYHOT
cucTeMu, (Hi3U9HI BIACTHUBOCTI SKOi OJHAKOBI Y BCIX TOYKax. Y cTaHi
TEPMOAMHAMIYHOI PIBHOBAarW MOXYTh IepeOyBaTH SK OAHA, TaK 1 Jie-
KibKa (a3. Y Kpucranax pizHi (a3u XapaKTepU3yIOThCS BiIMIHHUMH
BJIACTUBOCTSMU 1 KPUCTAJIIYHOIO CTPYKTYpOIO. 3aCTOCYBABIIM PEHTTE-
HOAMMPAKIIIHHUN aHalmi3 MOXHa 3MIMCHUTH ifneHTHdikamiio ¢a3 B
OJHO - Ta OaratodasHux pedyoBuHax. [lepeBaramMu IIbOro METOyY € HOTO
BHCOKAa YYTJIMBICTb Ta eKkcipecHicTb. Kpim Toro, nudpakuiiiauii Metoxn
HAJIeKUTH 10 HEPYHWHIBHUX MeTOiB aHami3y. [lopsz 3 sikicHUM, B mpax-
TULI TOIMIMPEHUH METOJ KUIBbKICHOTO aHallizy, 3aBASKH SIKOMY MOXKHA
BH3HAYUTH 00’ €MHUIA BMicCT (a3 y baratodasHoMy 3pa3Ky.

BusHauenHs (a3oBoro ckiamgy pedoOBHHM € OAHUM 3 HAaHBa)KIMBi-
IIUX 3aBAaHb (i3UKO-XIMIYHOTO aHaNi3y, OCKIJIBKH Bix (a30BOTO CKia-
Iy CYTTEBO 3aJieXkaTh (hi3UYHI BJACTUBOCTI PEUOBHH. PEHTreHIBCHKUI
(a3oBuii aHaNi3 HIMPOKO BUKOPHCTOBYIOThH AJISl AOCHiKEeHHS (Pa3oBOi
piBHOBaru Ta (Pa3oBHX NEPEXOAiB Yy KOMIIO3UTHUX MaTepianax. Bax-
JUBOIO Ceporo 3aCTOCYBaHHS METOAY B MPAKTUYHIN AisJILHOCTI € He-
PYHHIBHMI KOHTPOJb TEXHOJIOTIYHMX MPOILECiB 0OpoOKM MaTepiaiis.
Bigznaunmo, peHTreHoda3oBuil aHai3 € He HAITO UYTIUBUM JIO MPOC-
TOPOBUX HEOIHOPIAHOCTEH, 3YMOBIEHMX (IIYKTYyali€l0 XiMIi4HOTO
cknany ¢asu. HasBHiCTE HEOTMHOPIIHOCTEH MPAKTUYHO HE BIUIMBAE HA
MTOJIO’KEHHS Ta IHTEHCHBHICTh AUQPPaKIiHHUX MaKCHMyMiB 1 TOMy He
3MEHIIY€ JOCTOBIPHOCTI pe3yibTaTiB ()a30BOTO aHAMI3Y.
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Jubpakiiiauii crieKTp oxHO(GA3HOTO 3pa3ka XapaKTePU3yEThCS
YiTKO BH3HAYEHUM HaOOPOM MDKIUIONTMHHUX BimcraHeil (d ) Ta iHTCH-
cuBHOCTeH mudpakmiifaux miHii (/). SIKmo x y 3pa3Ky € NpUCyTHIMH
neKinpka (m ) ¢a3, To Horo AuQpakmiiHUN CIEKTp € CyHepHO3UIN0
TUpaKIifHIX CTIEKTPiB OKpeMux (as:

Z{dt’cjll}j >
j=1

ne j - iHgekc dasm, i - iHgekc audpakiifiHoOro Makcumymy ¢asmu,
¢; — NOCTifHA BENMYMHA.

3apmaHHAM (ha30BOTO aHANI3y € po3Kiaa MTUGPAKIIHHOTO CIEKTpa
3pa3ka Ha CHEKTPH Horo (a3oBUX KOMIIOHEHTiB. OCHOBHUM METOAOM
omryKy (pa3oBHX CKJIAHUKIB € 3iCTABJICHHS Hamepe] BiIOMUX CIIEKT-
piB (paz-eTanoHIB Ta eKCIEPUMEHTAIHFHOTO CIIeKTpa 3paska. [Ipu mpomy
KpUTEPIEM MPUCYTHOCTI MeBHOI (a3u y 3pa3Ky € HasBHICTB y CIIEKTpi
3pas3ka BCiX JiHiH eTanoHa. Te, MO y CIEKTpi 3pa3ka HeMae HaWCHIIb-
HIIWX JIiHIA €TaIOHy CBIAYUTHME TIPO BiACYTHICTD i€l (a3u.

Jo npukiany, Ha puc. 3.1 300pakeHo AUPPaKIiHHUN CIEKTP HEBI-
JIOMOTO 3pa3Ka MOPIBHSIHO 3 TEOPETUUHUMH AU(DPAKTOrpaMaMH Pi3HUX
okcuni 3armiza (FeO, Fe,0;, Fe;04). ®azoBuit anani3z audpakrorpamu
IoKa3aB, IO BCi JIiHIT 3pa3ka 30iraroTbes 3a TMOJIOKEHHSM 3 JIiHIIMHA
CTAJIOHHUX CIICKTPIB, a OTHKE JaHUMN 3pa30K € CyMIIIIII0 OKCUIIB 3ai3a.
Po3rissHEMO OCHOBHI 0COOIMBOCTI (ha30BOTO aHAMTI3Y.

1. CexTp MDKIDIONUHHUX BiICTaHEH, IO BH3HAYAETHCS EKCIIEPH-
MEHTaJIbHO IepedyBae B oOMexeHoMy iHTepBami d, . + d, . . Llei iH-

TepBal 3aJeKUTh Bl METOAY OTpUMaHHS AU(PaKLiHHOTO CHEKTpa,
KOHCTPYKIIii MPUTaaiB Ta JOBXUHHU XBWJII PEHTT€HIBCHKOTO BHITPOMI-
HIOBaHHS. AHAJIOTIYHO, IHTEpBaJ BIIOMHX JIiHIH (a3u-eTagoHa TaKOX €
oOMekeHUM. TakuM YMHOM, Y IUISHKY MEpeTHHY CIEKTpPiB 3pa3ka Ta
€TaJIoHa MOTPAaIUIsiE OOMEXKEeHE YHCIIO JIiHIMH.

2. Bennuunu d,;, I, 1is 3paska Ta €TajloHa BU3HAYAIOT 3 TOUHICTIO,
0 BiIMOBiae moXuoOI ekcepuMenty. Jndpakiiiiai JiHii 30iratoThcs
3a 3HAUYEHHSIM 3 d , SIKIIO X Pi3HUIIS HE TIEPEBUIIYE CyMapHOT TOXUOKH
BHUMIipIOBaHHS:

(di - det) < |Adi| + |Adet.
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Pwuc. 3.1. QudppakTorpama Hesigomoro 3paska (Fe-O)
Ta il NOPIBHAHHS 3 €TaNIOHHUMM CNEeKTpPamMm
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[lin gac mpoBeneHHs MUPPAKTOMETPUYHHUX BUMIPIOBAaHb MOCTIH-
HOIO BEJIMYMHOIO € TOYHICTh BU3HA4eHHs KyTa mudpakmii A(2#). Tou-

HICTh BHU3HA4YeHHS MUKIUIONIMHHUX BiJICTaHEH CYTTEBO 3MIHIOETHCA 3
KyTOM JIU(paKIIii:

Ad =—d - ctg(D)A(D).

Tomy, TOpIBHIOIOUH CIIEKTPH, BUHUKAE HEOOXITHICTh BH3HAUEHHS
iHTepBaiy 301kHOCTI Ad A7 KOXHOI qudpakuiiHoi miHii.

3. JudpaxiiiHi JiHii 3pa3ka Ta eTajoHa 30iraloTbCs 3a iHTCHCHUB-
HICTIO, SIKIIO BOHW HE HAKJIAAIOTHhCS 3 1HIIUMH JIIHISMH, a 3HAYCHHS
IHTCHCUBHOCTI BiZIPI3HSAIOTHCS IIOHANWOUIBIIE K HAa 1% 3a BiAHOCHOIO
LIKao0. 3ayBaXMMO, 110 ICHY€ BeJIMKa KUIBKICTb 130CTPYKTYpHHX (a3,
IO XapaKTepU3yIOThCs OMM3BKUMM 3HAYEHHSIMM IapaMeTpiB eJIeMeH-
TapHOi KOMIpKM 1 OnM3bKMMH AUQpPakUifHUMU KyTamu. BigpisHuTH
MoiOHI CIIEKTPHU MOKHA 32 YMOBH BHCOKOI TOYHOCTI BUMipioBaHHs. B
JesKUX BUIAJKaX BHHHUKAE MOTpeda y IONAaTKOBOMY BH3HAUEHHI elie-
MEHTHOTO CKJIay 3pa3Kka XiMIYHUM a00 PEHTTCHO(MIYOPECIICHTHIM Me-
TOJaMHU.

Hudpakuiiibi cnektpu a3 cucTeMaTu30BaHi B CHeLialbHi KapTo-
TEeKH eTajloHHUX audpakiiiinux crekrpis. llle moHenaBHa, HaWMOIIHU-
penimoro Oyna kaproreka JSPDS, sky 3aTBepAnB aMepUKaHCHKUH KO-
MITET CTaHJapTH3allii MOPOIIKOBUX AudpakiiitHux nqanux. Cucremaru-
Ka KapTOK IPYHTYEThCS Ha MIOPivHIA MyOumikamii eTaloHiB ITijJ 4Jac ix
nocimimkeHas. Jms mpukiamy, B tabmmmi 3.1 300pakeHa KapTka, IO
MICTHTh pe3yJbTaTH CTPYKTYPHOTO aHallizy XimiuHOi crmomyku SbSB.
Bona Mictuth iHpOpMaItito mpo:

- MDKIUIOIIMHHI BIJCTaHi;

- BIAHOCHI IHTEHCHBHOCTI JiHIH;

- IPOCTOPOBY TPYILy, IapaMeTpH €JIeMEHTApHOI KOMIpPKH, YHCIIO
(GOpMyNBbHUX OAMHHUIB Y PO3PaxyHKy Ha OJHY €JIEeMEHTapHY
KOMIpKY;

- MeToA OTpUMaHHs JudpaxUiiiHO KapTHHH,

- JDKEpeso HaBEICHUX AaHUX;

- XiMiuHY (GOpPMYITy CHIOTYKH;

- JIaHi PO ONTHYHI BJIACTUBOCTI, TYCTHHY 1 TeMIIepaTypy ILIaB-
JICHHS.
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Tabnuys. 3.1
Kaprka ASTM ximiunoi criomyku SbSBr

258SbSBr d, A /1,
Antimony Bromide Sulfide

Rad. CuKal A 1.54056 Filter Mono.

d-sp Diff.Cut off 14.7 6.296 110
Int. Diffractometer I/Icor. 3.02 4.876 020
Ref. Antipov,E., Putilin,S., 4.195 120
Shpanchenko,R., Moscow 4.119 200
StateUniversity, Moscow, Russia. 3.794 210
ICDD Grant-in-Aid. (1993) 3.673 011
Sys. Orthorhombic S.G. Pnam(62) 3.354 111
a 8.2370(5) b 9.7491(6) ¢ 3.9646(3) 3.145 220
A 0.8449 C 0.4067 a. By Z 4 mp 3304 | 3.023 130
Ref. IbidDx 4.876 Dm SS/FOM 2.8818 121
F30=158(.005,36) 2.8550 201
Color Orange 2.7413 211
Pattern taken at 26 C. The sample was | 2.6430 310
provided by Shevelkov, A.,Dikarev, 2.5507 230
E., Moscow State University, 2.5136 031
Moscow, Russia. CAS#:14794-85-5. 2.4641 221
Prepared by heating of stoichiometric | 2.4369 040
mixture of Sb, Sand SbBr3 in sealed 2.4037 131
silica tube at 360 C for 10 hours 2.3919 320
followed by an-nealing at 310 C for 6 | 2.3366 140
days. SbSBr melts with 2.1992 311
decomposition. Singlecrystal cell: 2.0972 330
a=8.212, b=9.720, ¢=3.963, 2.0594 400
S.G.=Pnam, Z=4, [Inushima,T., 2.0477 321
Uchinokura, K., Jpn. J. Appl. Phys., 2.013 141
24 600 (1985)].

Silicon usedas external standard. PSC:

oP12.

See follwing card.

[lig gac mpoBeAeHHS AKICHOTO aHAI3y 3A€OUTBIIOTO BUSBISAIOTH
KapTKH, Y SAKAX TPU HAWCHIIBHIIII JIiHIi 30irafoThCsl 38 MIKIUIOIIMHHU-
MH BifcTaHsAMH d 3 JiHISIME 3pa3ka. [licas 11p0ro mopiBHIOIOTE BCi 3HA-
ueHHs d 3paska Ta eranona. 30ir d,, Ta d,, y mexax noxubku Ad

em.
CBIIYUTH TPO BHCOKY HMOBIpHICTh HasiBHOCTI BHSABIEHOI (a3u B 3pa3-
Ky. KiHIleBHii BUCHOBOK IpO HasBHICTH L€l (a3u MOKHA 3pOOHTH IIic-
7 aHAJ3y BIiJHOIIEHHS IHTEHCHBHOCTI JiHIM 3pa3ka 0 CyMH IHTEH-
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CHUBHOCTEH JiHIA ()a3-KOMIIOHEHT 3 OJHAKOBUM 3HaueHHsM d . [lpu
npoMy Tpeba mam’sTaTtd, 0 BiACYTHICTh Ha audpaxTorpami 3paszka
CWJIbHUX JIiHIH a3y OAHO3HAYHO BKA3ye€ HA ii BIACYTHICTb.

Ha cworomni, sikicHuil (a30oBUIl aHai3 CKIAJHUX CYMIIICH IMPo-
BOJSITh, BUKOPHCTOBYIOUH €IIEKTPOHHO-OOUYHMCIIOBAIbHY TEXHiKy. Bu-
kopuctanas EOM mae HU3Ky mepeBar, a caMe:

- J1a€ 3MOTY Pi3KO 3MEHIIUTH TPUBAIICTh TOLIYKY;

- MJIBUNIMTU HAAIWHICTH aHaJi3y, 30UIBIIMBIIN TOYHICTh BU3HA-

YeHHS MDKIUIOIIMHHHUX BiACTAaHEW Ta BIJHOCHHUX IHTEHCHUBHOC-
TeH JTiHiH;

- TPOBOJWTH YHUCENbHY OIHKY BIAMOBIAHOCTI €TAJIOHHUX Ta
JOCTIDKYBaHAX CIIEKTPIB MUIAXOM 3MIiHH iX XapaKTEePHUCTHUK,
JocsAraTd HaMOLIbIIOI TOCTOBIPHOCTI aHai3y Ta BU3HAYaTH
WMOBIPHICTh TPABUJIBHOTO PE3YJIBTATY.

Jis mpoBeneHHsT (a30BOr0 aHai3y PO3pPOOISIOTH MAKETH IMPHK-
JaIHUX TIPOTrpaM, SKHMH OCHAIIEeHI CydacHi Au(pakToOMeTpu. AJro-
PHUTM IPOBEJCHHS aHaNi3y nependavyae Taki cTaii:

- TmepBUHHA 00poOKa NaHWX, IO BKIIOYAE BBEIeHHS audpax-

MIHHUX KyTiB, TOBKWH XBWJIb, IHTEHCUBHOCTEH JIiHINA, KyTOBUX
NIISAHOK TOPIBHAHHA cnektpis 22, Ta 2¢),, , HOXMOOK BUMi-

max

proBanHsi Ad Ta Al , piBeHb QoHY mudpakTorpamu I, ;

g

- BigOip ¢a3m 3i cnuckiB 010MIOTEKN €TaNOHIB 3a 30iroM JEeKib-
KOX HaW1HTEHCHUBHIIIHNX JIIHIMH;

- 1 coMcKy eTamoHHUX (ha3 BIAKUAAIOTH Ti, B SKUX HEMa IOHAJ
50% JiHil 3pa3ka;

- JUIi PELITH eTaJOHIB Tpeba po3paxyBaTH psl KpUTEpiiB, LIO
BH3HAYAIOTh BIiATIOBIMHICTh CIEKTPiB- KOEQIIIEHT YMOBHOI
KOHIIEHTpaIlil a3y, 4acTOTHUHN (GakTop (BIIHOMIECHHS YUCIIA JIi-
Hill a3y, 1o 36iramcs 10 MOBHOTO YHUCHa JIiHii), KpuTepiil mo-
TIOHOCTI CITEKTPIB.

3ayBaXMMO, IO JUISI HEKOPEKTHO ITOCTABIIEHOI 3ajadi mporpama

BHJIA€ MTOBHHUI HEOJHO3HAYHUHN PO3B’SA30K BIINOBIIHO O 00’eMy jaa-
HUX, IO MICTAThCSA B OiOmioreni. B TakoMy BHIaixy 3HaWAeHWN 4YH-
CEeNIbHUH pO3B’sA30K MOTpedye MOJATKOBOTO aHali3y KpHUTEpiiB Biamo-
BIJIHOCTI, YTOYHEHHS CKCIICPUMEHTAJIBHUX JaHUX Ta CTPYKTypH (a3,
BUOpaHMX I TOPIBHAHHS.
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3.2. KinbkicHun ¢pasoBui aHanis

MeTtor0 KiTbKiCHOTO (Da30BOTO aHAJiI3y € BH3HAYCHHS BiJCOTKOBO-
ro BMICTy KOHKpeTHOI (a3u B IociiKyBaHOMY Marepiami. TouHICTH
BHU3HAYEHHs 00’€MHOTO BMICTy (ha3su cTaHOBUTH Oiam3bko 1%. UyTiu-
BICTh KITBKICHOTO aHAJI3y 3aJICKUTH BiJl MPUPOIH, XIMIYHOTO CKIIATy,
KoeilieHTa MOTIMHAHHS Ta TUITYy KpHUcTainiuHoi rpatku ¢asu. Jocmia-
KYIOUM HAHOKPUCTAJIUHI MaTepiayii 3 po3MIpOM 3€peH MEHIIUM HiX
100 nm 9yTAHMBICTh aHANI3y 3ale)XaTUME TaKOXK Bifl AUCIEPCHOCTI Ma.
Tepiay, HEOAHOPIIHOCTEH HOro XiMIYHOTO CKIJIay Ta HassBHOCTI BHYT-
pimHiX Hanpyr. Lli YMHHUKY CIPUYMHIOIOTH PO3LIMPEHHS AU(paKLiki-
HUX JiHIA pi3HUX (a3, IX MOXKIMBE HaKJIQJaHHS, a OTXKE 3MEHIIYIOTh
TOYHICTh KUTBKICHOTO aHaITi3y.

Bigomo, o excnepuMeHTa bHy iHTEHCHBHICTh AUGPaKLiHHOI Ji-
Hii (hkl) okpemoi ¢a3u B OaratoazHOMY 3pa3Ky MOXKHa OOUHCIUTH 32

bopmyoro:
I =17 AB)v G-D
ne 1) - TeopeTM4Ha iHTEHCUBHICTh iHii (hkl), A(Y) - MHOKHHK

MOTJIMHAHHS, V -. 00’ €eMHa YacTka (asH.
3rizHO 3 KIHEMATUIHOIO TEOPIEIO PO3CISTHHS TEOPETUIHA iHTCHCHB-
HIiCTh AU(PaKIiHHOT JTiHIT BU3HAYAETHCS TAKUM CITOCOOOM:

FZ
I = CIOPK(ﬁ)% , (3.2)

k
ne C - crama, MO 3aJ€XUTHh BiJ TOBXKHHU XBWJII BUIIPOMIHIOBAHHS,
I, - IHTEHCHUBHICTb NEpBUHHOro mydka, K(#) - HOOyTOK KyTOBHX
MHOKHHKIB iHTEHCUBHOCTI, P - ()akTOp MOBTOPIOBAHOCTI, F(,, - CTPYK-
TypHa aMIUTITY/Jja po3CisiHHsA, A(?¥) - MHOKHMK IOIIMHAHHA, V), - 00’eM

eJIeMEHTapHOI KOMIPKH, V - 00’ €MHa YacTKa (as3u.

CrpyktypHa amrutityga F,

(k) SQISKUTH BIJ TIOJIOKEHHS aTOMIB B

eJIEMEeHTapHil KoMipui:
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N
Ehk[) — Z‘f;672m(hxi+ky,+lzl) , (3'3)
i=1

1€ f,- aMILIiTyJa po3CisHHSA i-2o0 atoMma, (X,,Y,,z;) — KOOpJUHATU aTo-
MiB, N — 9HCIJIO aTOMIB B €JIEMEHTapHii Komipmi. SKmo BUMiproBaHHS
mudpaKkTorpaM MPOBOAUIOCH METOJOM CHMETPUYHOI 3HOMKH ((OKy-
CyBaHHA 3a cxeMoro bperra-bpeHTtano), MHOKHUK NOIJIMHaHHA HE 3a-
JISKUTH Bil KyTa pO3CisSTHHS 1 BU3HAYAETHCS TaK:

A®) =,
2u

ne u — niHiitHud xoedinieHT nmornuHaHHs (azu. Tomy dopmymy (3.1)
MOXKHA TIEpETIUCaTH Y BUTIISIL

. 1
IEI\CH. = 1"18()[7. . V , 3‘4
(hkl) (hkl) 2u (3.4)

Takum 9IHOM, BUMIPIOIOYN €KCIIEPHMEHTANbHY IHTEHCHBHICTD OK-
pemoi niHii JocmimpKyBaHoi ¢asu 3a J0MOMOrolo criBBinHOLIEHb (3.2)
ta (3.4), MoxHa o0umciuTH 1i 00’eMHY dYacTKy. OnHaK, iCHyE psif
0OMEKeHb JIJIsl 3aCTOCYBaHHS [[LOI'0 METOly Ha mpakTHili. Hacammepen,
Ul BU3HAUCHHS TEOPETHYHOI IHTEHCHUBHOCTI BaXKIMBOIO € TOYHA
iHpOpMalis PO KPUCTAIIYHY CTPYKTYpY (a3u Ta 00’eM ii enemeHTap-
HOI KOMIpKH. B peaispHHX Marepiajax CHOCTEpIraroThCs AK JUHAMIYHI,
TaK 1 CTAaTHYHI 3MIIIEHHS aTOMIB BIJHOCHO iJ€albHMX ITO3MINH, IO
CYTTEBO BIUIMBA€E Ha TOYHICTb PO3PAXYHKY CTPYKTYPHUX aMIUTITY] pO3-
cisaasa. KpiM TOrO, HasSBHICTHP MEXaHIYHHX HANPyXEeHb CIPHYHHIOE
3MiHy HapaMeTpiB eleMeHTapHOI KoMipku. HeBpaxyBaHHS 3a3Ha4eHHX
YUHHUKIB MPU3BOIUTDH J0 CYTTEBUX MOXWOOK BU3HAYECHHS KiIBKICHOTO
CKJIaZly PE4OBHHHU.

Ha croronni po3po6ieHo HU3KY METOIB PEHTI€HIBCHKOTO KiJIbKiC-
HOTO aHai3y. BiNbLIiCTh 3 HUX IPYHTY€EThCS HA MOPIBHSIHHI IHTErpasib-
HO{ 1HTEHCHBHOCTI JiHIA IOCTIKyBaHOI Ta €TaJoHHOI (a3 3a cTanux
YMOB PEHTTeHOIU(PAKIIIIHHOTO eKCIepUMeHTy. Po3risHeMO neKiiabKa
METO/IB, 10 MAIOTh LIMPOKE MPAaKTHYHE 3aCTOCYBaHHS.

1) Memoo, wo tpynmyemucsi Ha NOPIGHAHHI IHMEHCUBHOCTT AHAI-
MuYHUX TiHiU as;
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[lig aHamiTHYHOIO PO3YMIIOTH MU(PAKIIHY JiHIIO JOCTATHBOI 1H-
TEHCHBHOCTI, 110 HE MEPEKPUBAETHCS 3 IHIIMMH JiHISIMH AU(PAKTOT-
pamu. PosrisiHpMO Marepian, o cKiIazaeTses 3 cymimi ¢a3 o i f. fAx
BurUmBae 3 Gopmynu (3.4), BiTHOMEHHS IHTEHCHUBHOCTI aHATITUYHUX
TiHil a3 MOXKHA 3aIicaTy SIK BiJHOLIEHHS iX 00’ €MHHX YacTOK y CILIaBi:

I " Mg v 1%
o _ o %) aN _ a
7. = G ) CH) =K (=5). (3.5)
s s My Vg Ve

3 dopmymu (3.5) MU MOXKEMO TPOCTEXHUTH JIiHIHHY 3aJeXKHICTh
1 1% AV .
£ =f(-%) . Hdna obuucnenHs noctiiiHoi K moTpiOHO BU3HAYUTH
1 1%

B B

BiJJHOIIEHHS iHTEHCHBHOCTI aHAIITUYHHUX JiHIA y 3pa3Ky 3 BiJOMHUM
BMICTOM KOMIOHEHTiB. OTKe, MOKHa 1MoOyIyBaTH rpadik 3a1exHOCTi
IO( V(Z M ~ . .

—£ = f(—%) 1 BUKOPHCTOBYBaTH HOIro AJsl MPOBEAEHHS KUIbKICHOTO
1 1%

B B

aHawizy.

3ayBaxuMoO, 110 3aIEKHICTH (3.5) Oyzae niHIIHOO JHUIe y BUMAIKY
IUCIIEPCHOI CyMillli KOMIIOHEHTIB, Al $IKOI BHUKOHYETHCS yMOBa

N
UD <<1 (f- niHiitHAA KoedIIieHT MOTIMHAHHS CyMInm U = vaua ,
a=1
D - cepenniii po3mip kpucranitiB). Kpim Toro, cniBinHomenHs (3.5)
Oyne crpaBeIMBUM Jisi cyMimni (a3 JOBUTEHOI AWCIIEPCHOCTI, SKIIO
3Ha4YeHHs KOe(Illi€HTIB MOruHaHHS (a3 € OJU3bKUM.
Jns xpynHOKpucTanmivanx cymimeit (D >1) rpadik 3anexHoCTi
1, v, PV
—% = f(—%) Mae HeNHIHHUA XapakTep. Y LIOMY BUNAJIKY, JJIs Ipa-
Iy Ve
BWJIBHOI MOOYIOBH TPaAylOBAIBHOIO rpadika HOTPiOHO BUKOPHCTOBY-
BaTH JEKIIbKAa 3pa3KiB i3 BiJOMUM BiJHOIICHHSIM 00 €MHHX YaCTOK
(a3, a e Aemo yTpyaHIOE IPOBEACHHS KiITBKICHOTO aHAIT3Y.
2) Memoo KinbKiCHO20 aHAi3y 3 GUKOPUCTNAHHAM YUcmoi gasu;
IaTencuBHicTh AudpakuiiHoi miHii pasu o Ha gAudpakTorpami cy-
Mili a3 MOXKHa OOYHUCIIUTH 3a POPMYIIOHO:

vV
_ gmeop. Y«
1,=1" :

a — (36)
u
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B Toii ke uac, iHTEHCHUBHICTH Ti€l x JiHii Ha audpakTorpami
yrcToi a3y piBHA:
Io _ ImeopA 1
o

“ U,

b

10 Ja€ 3MOTY BU3HAYUTH BiTHOIIEHHS IHTEHCUBHOCTI JIiHIMH:

1
= % v, (3.7)
a
3ayBaxumo, mo AudpaxiiiHi cnekTpy 9ucToi ¢a3u Ta cymimn ¢a3
CNiJi OTPUMYBATH B OJHAKOBHX E€KCIIEPUMEHTAIbHHX yMOBax. Po3ris-
HEMO JICKiJIbKa BapiaHTIB 3aCTOCYBaHHS JAHOTO METOJY.
a) 06oghaszna cymius 3 GIU3LKUMU KOeDiyicHmamu NOSIUHAHHSL
VY mpakTuyHiit poOOTI el MeTO ] BUKOPUCTOBYIOTH JUIA KiTBKiCHO-
ro aHamizy crajiel i3 GpepuT-ayCTeHITHOW OYyIOBOI0, CyMilleH aloTpor-
HUX MOJU}iKaIiii XIMIYHAX €IIEMEHTIB Ta CHOJYK. Y IbOMY BUMAIKY
KOeiieHT MOTJMHAHHS CyMilll Z He 3aleXHTh BiJl BMICTY (a3oBUX
CKJIaIHUKIB, TOMY BiJHOIIEHHS IHTEHCHBHOCTI JIiHIH OyzAe MmpormopIiii-
HUMH 10 00’eMHOro BmicTy asu v, . OTxe, 3TiIHO 3 IIUM METOJOM,

MOJKHa TIOOYAyBaTH JIiHIHHNAN rpadik 3aJIe)KHOCTI % = f(v,). Ilpoue-
a

Iypa IpOBEICHHS KiTbKICHOTO aHaJli3y OXOIUTIOE ACKiJIbKa eTalliB:

| - BU3HAUEHHs IHTEHCUBHOCTI HalcUIbHIIIOL JiHil /) Ha qudpak-
Torpami uucroi dhazu;

2 - BU3HAUEHHS IHTEHCUBHOCTI Ti€l  JiHil /, Ha audpaxrorpami
CyMili;

3 - Bu3HaueHHA 00’eMHOI yacTku a3y vV, 3a AOMOMOroI0 rpadiy-

HOT 3aJIe)KHOCTI1 % =f(,).
o
0) 0goghazna cymiwt i3 pizHUMU KoeiyieHMaMu NOTUHAHHI KOM-
nonenmis;
VY upoMy BHIAAKY, 3a yMOBH (DOpPMYBaHHs IHCIEPCHOI CyMili
(a3, KoedilmieHT MOTIMHAHHS CyMillli JIHIHHO 3aJIE)KUTh BiJl BMICTY

(as:
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117 zvoﬂl’la +Vﬁluﬁ zvaﬂa +(1_Va);l’lﬁa (ﬂa # ﬂﬁ)
Takum umaOM (opmymy (3.6) MOXHA 3amucaTd y HACTYITHOMY
BUTIISAAL:
1
Za o Vatla . (3.8)
1,V (ty = ) + 1y

OTxe, KoM BifioMi KoeilieHTH MorivHaHHS (a3, 3a BiIHOIIECH-

. T / .
HSAM IHTEHCUBHOCTI JIHIH —%- MOXHa 00uncuTH 00’eMHi YacTku (a3, Tpe-

a

. . 1,
0a ckazard, 0 B I[bOMY BUNAJAKY TpadidHa 3aleXHiCTh ]—0: fw,)
a
OyJie HeJTHIMHOIO.
8) Cymiwi n - ¢haz 3 bausbKUMU KOEDiyicHmamu NOSIUHAHHS
Hns n - ¢pazvoi cymim hopmyiry (3.5) MoKHA 3aMTUCATH y BATIISAI:

Lok,

s
ne I,- iHTeHCcUBHICTh OkpeMoi JiHii i -1 ¢a3u, / - IHTeHCUBHICTH JIiHI{
cTaHmapTHOI peyoBuHU. Jlns peamizaliii HbOro METOAY CJiJl OTpUMATH
nudpakTorpaMy CyMmimni JOCHIZXyBaHOI 1 CTaHAApTHOI PEYOBHHH,
BMICT SIKO1 BiJOMHUH. 3ayBaknuMoO, [0 CTAaHIapPTHA PEUYOBHHA Ma€ BiATIO-
BiJJATH TaKUM BUMOTaM:

1. Judpaxuiiini JiHil pe4oBHHM MOBHHHI OYTH AOCTaTHHO IHTEH-
CUBHHMU;

2. IaTeHcuBHI miHIT CTaHAAPTY MAIOTh PO3MIIIYBAaTUCH TOOIU3Y
JiHIH (a3, BMICT SIKMX BU3HAYAETHCSL.

Cepen 4MHHMKIB, 110 HNPU3BOIATH A0 CHCTEMATUYHUX MOXHOOK Y
BH3HAYCHHI CKJIAly PCUOBUHH €:

1. Texcmypa.

[lepeBakaroua opieHTAIlisl 3epeH B OKpEMHX KpHCTajorpagiaHux
HanpsIMKaxX YHEMO>KJIMBIIIOE IPOBENEHHS KUIBKICHOTO aHaJli3y HUIIXOM
TIOPIBHSAHHS 1HTEHCUBHOCTI JIiHIA. Y IbOMY BHMIAJAKY 1€l METO]| TIOBH-
HeH OyTH JOMOBHEHHUM aHATi30M TEKCTYypH 3pa3Ka, 110 YMOKIUBUTD
BH3HAYEHHs BIANOBIMHUX KOE(IIi€HTH IS TepepaxyHKy IHTEHCHUB-
HOCTI JTiHIH.
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2. Penvegh nosepxni 3paska.

Penned nmoBepxHi 3pa3ka CyTTEBO BILIMBA€E HAa IHTCHCUBHICTh TUQ-
PaKUifHUX MaKCUMYyMiB, OCOOJMBO B AUISHII MaJIMX KyTiB PO3CisHHS.
Tomy mig yac BUMIipIOBaHHS AM(ppakTorpaM, CIif TOTyBaTH 3pa3Kd 3
SIKOMOT'a PIBHILIIOIO TIOBEPXHEIO.

3. Kpynnosepnucma 6yoosa mamepiany.

KpymnHozepHucTa OynoBa 3pa3ka CyTTEBO CIOTBOPIOE PE3YJbTaTH
KUTbKICHOTO aHaji3y, AKHi I'PYHTYEThCS HAa HAOMMKEHHI AMCIIEPCHHUX
¢a3. [nsa 3MeHIIeHHs BIUTMBY IBOTO edekTy, Tpeba BUKOPHCTOBYBATH
CHemiabHI METOI¥ TMPUTOTYBAaHHS 3pa3KiB. 30KpeMa, Ui JOCATHEHHS
JOCTaTHBOI AMCIIEPCHOCTI MOPOIIOK MaTepiary MpOCIIOI0Th Yepes3 crie-
uianeHi cuta. KpiM Toro, BIUIMB e(eKTy 3MEHIIYEThCS, SKIIO MiJ Yac
PEHTI€HIBCHKOTO €KCIIEPUMEHTY 3pa30K 00epTaeThCsl HABKOJIO OCi, mep-
MIEHAUKYJISIPHOI 10 HOTO MOBEPXHi, IO JT03BOJISAE 30UIBIINTH e(EeKTUB-
HE YHCJIO 3epeH, sIKi OepyTh y4acThb y (pOpMyBaHHI TU(pakUiiiHOl Kap-
THHH.

4. Ilopyeama cmpykmypa mamepiany.

HasiBHiCcTh TOp MPHU3BOAUTH 10 3MEHIICHHs TYCTHHH Marepiany. B
TaKOMY BHIIAJKy pealbHa TyCTHHA PEUYOBHHHU 3pa3Ka 3MEHIIYETHCS.
Take 3MeHIEHHS TYCTHHH CHPUYHHIOE 3MEHIICHHS JIiHIHHOTO Koedi-
I[i€HTa MOIVIMHAHHA, OCKUIBKM M, = O, M., 1€ M, - MacoBUil Koedi-

LIEHT IOTIUHAHHA.
5. Heoonopiouicmu ¢hazo8020 ckaady 3a mogujuHoIo 3pasKa.
[liqgac mpoBeneHHS BUMipIOBaHb Ha AUdpakTomMeTpax 3 (pokycy-
BaHH;M 3a cxeMoto bperra-bpeHtaHo rimmOuHa MPOHUKHEHHSI PEHTTeE-
HIBCBKHX TPOMEHIB 301JIbIIY€EThCS 31 30UIBIIEHHSIM KyTa PO3CISHHS
nponopititiHo 1o sin(?}) . Takum YuHOM, [ HEOTHOPITHUX MaTepiaiB

13 TpagieHTOM KOHIICHTpAaIlli KOMIOHEHTIB Ha BiJICTaHI BiJ MOBEPXHI

. 1 .
MpuOIM3HO PiBHIN /1 = —, MOXHA CIIOCTEPITaTH CyTTEBUHN TMEPEepO3Io-

JIT IHTEHCUBHOCTI JITHIH 3aJIEXKHO Bijl KyTa pO3CisSHHSI.

6. Posmiwenns 00noi ghasu ecepeduni inuoi.

JudpakmiiiHi CHeKTpyr MaTepiaiiB IbOTO THITY OYAYyTh MICTUTH
JiHiT Jyuie ofHol (a3u, He3BaXKAIUM HA HASBHICTH I1HINOI, OCKIIBKU
BHYTpiHs (a3za NpakTUYHO HE PO3CiIOBATUME PEHTI'CHIBCHKE BHIIPO-
MiHIOBaHHSI.
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10.

MumaHrHs do po3diny 3

MopanTe o03Ha4YeHHs hasm pedoBUHU?

Axnin aHania pe4yoBNHN Ha3MBatoTb SKICHUM?

Mepepaxynte nepesarn peHTreHiBCbKOro ha3oBoro aHanisy nopis-
HSIHO 3 IHWXMW MeTo4aMM.

Ha yomy rpyHTyeTbCst MeToA siKicHOro ha3oBoro aHanisy?

Aki AaHi Npo CTPYKTYypy Ta BAACTUBOCTI pe4OBMH MOXHa oTpumMaTti
3 kapToTtekn ASTM?

B 4yomy nonsrae meTop KifbKicHOro ¢pasoBoro aHanisy;

3anuwite BUpa3 angd iHTEHCUBHOCTI AndpakuinHoi niHii y 6araTo-
dra3HOMY 3pasKy.

Aki MeToam KinbKicHOro aHanisy ABoxgasHUX CUCTEM BU 3HAETE?

B 4yomy 0cobnmMBOCTi BUKOPUCTaAHHA MeToAY KinbKiCHOro aHanisy 3
BUKOPUCTaAHHAM YMCTOI pas3n?

AKi YMHHMKM NPY3BOASTL OO CYTTEBOrO CMOTBOPEHHSA pPe3ynbTaTiB
KiNIbKICHOrO aHanisy pe4yoBuMHU?
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Po3pin 4

NMPELM3IUHE BU3HAYEHHA NAPAMETPIB
ENEMEHTAPHOI KOMIPKU

Jns BupileHHs 6araTb0X NPaKTHYHHUX 3aBIAaHb (Di3MKH TBEPAOTO
TiJla BHHHKA€E MOTpeda TOYHOTO BU3HAUCHHS IMapaMeTpPiB eJIeMeHTapHOI
KOMIPKU MOJIKPUCTATIYHUX PEYOBHH. Y pO3paxyHKax IapaMeTpiB Ko-
MipKkH Tpeba BpaxyBaTH BUNAAKOBI i cHCTEMaTHUYHI MOXUOKU I KOXK-
HOTO METOIy BUMIpIOBaHHS. ToMy BHHHUKAae MoTpeda BHKOPUCTAHHS
oOaHaHHS, 3AaTHOTO 3a0€3MeUNTH BUCOKY TOYHICTh BUMIPIOBAHHS Ta
CHEIIAIbHUX METOJIIB aHAJI3y CKCIICPUMEHTATBHUX JTaHUX.

Bpaxoyrouu, mo MDKIUIOMMHHI BifcTaHi d,,, cepil Kpucraio-

rpadiunux wromud (hkl), MOBKHHA XBHJII BUIIPOMIHIOBaHHS A Ta KyT
mudpakuii ¢ ¢ now’s3ani piBHsSHHAM Bynbda-bperra, BigzHOCHY mO-
XUOKY BUMIPIOBaHHS d,,,,, MOXHA PO3PaxyBaTH TAKUM CIOCOOOM:

Ad AA
20 e cte(HAI+ L 4.1
y ctg(¥) o 4.1)

ne A, AA - moxubKku BUMIpIOBaHHs KyTa AU(QPaKIii Ta TOBKHUHA XBH-
7l BUNpOMiHIOBaHHS. BukopucTtoByoun B nudpakToMeTpax MOHOXPO-
MaTHYHE PEHTTEHIBCHKOTO BHITPOMIHIOBAHHS, MOXHA 3HEXTYBaTH
MMOXHUOKOI0 BHM3HAYEHHS IOBKHHU XBHII, TOOTO MO’XHA BBaXKATH, IO

A—/le. Sx BugaO 3 dopmynu (4.1) 3a dikcoBaHOTO 3HaUeHHSI AL,

A

BiTHOCHAa MOXHMOKA CYTTEBO 3MEHINYEThCS 13 HAOMIKeHHAM & — 907 .
OpHak, Ha MPaKTUIl BUKOPUCTaHHS KyTOBOTO iHTEPBAaJy, IO OIM3bKHN
710 90°, CyTTEBO YCKIATHIOE TOYHE BU3HAYEHHS d,,,,, Y€Pe3 PO3MUBAH-

HSl IUpakUifiHUX MAaKCUMYMIB 1 cHOTBOpeHHS ix mpo¢inis. Tomy mis
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BHUMIPIOBaHHS TU(paKkTorpaM HailleeKTUBHIINM Oye KyTOBHH iHTep-
Ban ¢ =60+80°.

Takum yuHOM, IJIS MIPENU3iHOTO BU3HAYEHHS IMapaMeTpiB KOMip-
KH CJIi/I OTpUMATH YiTKUH AudpakiifHuil CrieKTp 3pa3ka y BKa3aHOMY
iHTEepBaMi KyTiB mudpakiii i po3paxyBaTH 3HAYCHHs IMapameTpa Ko-
MIpKH @ JJIsl BCiX 3apeecTpoBaHMX MakcuMyMiB (hkl). Jlns BCTaHOB-
JIEHHs] HaOIMbII MpaBAONOAIOHOTO 3HAYeHHS Tpeba MpoaHami3yBaTH
BHITAJKOBI Ta CHCTEMaTHYHI TOXUOKHN BIMIipPIOBaHHS:

- BUMNAJKOBI OXWOKHM 3yMOBJIEHI HE TIPOTHO30BAHUMH 3MIHAMU B

XOJIi eKCTIEPUMEHTY;
- cHCTeMaTW4Hi MOXHOKH 3yMOBIIEHI OCOOTMBOCTAMHU TOTO UM iH-
II0T0 EKCIIEPUMEHTAILHOTO METOTY.
BunankoBi moxuOku 3ae01IbIIOT0 TPATUISIOTECA B cepii OaraTopa-
30BHX BHMIipIOBaHb. 3aBISKH METOAAM CTAaTHCTHYHOI OOpOOKH HaHHX
MOXHA OIlIHUTH HAWIMOBIpHIiNIE 3HAYCHHS MOXWUOKH, BUSIBUTH Haii-
OLUTBIII OTPiXM Ta BUKJIIOYUTH iX 3 €KCIIEPUMEHTAIbHUX JaHuX. [1in gac
Tu(hPaKTOMETPHIHUX JTOCTIHDKEHb MIOCKUX 3pa3KiB OCHOBHHUMH JDKe-
peiiaMu MOSIBU CUCTEMAaTUYHOI MOXMOKY BUMIPIOBAHHS IMapameTpa eje-
MEHTapHOT KOMIPKH €:
- BIIXWJICHHS IUTOIIMHY IMOBEPXHI 3pa3Ka BijJ OCi TOHIOMETpa;
- TPOHHWKHEHHS PEHTT€HIBCHKUX MPOMEHIB y 3pa30K, 10 0COOIH-
BO BaXJIUBO JIJIsl €JIEMEHTIB 13 MaJUM KOC(II[IEHTOM TOTJIMHAH-
HS;

- HETOYHICTh BWU3HAYEHHS BIICTaHI MiXK IMOBEPXHEI0 3pa3Kka Ta
MPUIMAaIBHOIO IIUTHHOIO JETEKTOPA.

Jlns 3a3HaYCHUX CUCTEMATUYHHUX MOXMOOK BCTAHOBJIEHA iX 3aJICHK-
HICTB BiA KyTa audpaxiiii, mo B 0araTb0X BUIMAAKaX I03BOJSIE BHECTH
MIOTIPaBKH Y BUMIPIOBaHHI mapaMeTrpa KoMipkd. OJHaK, SKII0 B IPeLu-
3iiHIA minsHi (¢ =60 —80°) OTpUMaHO JOCTATHE YHCIO OJHO3HAYHO

IHIEKCOBaHUX MaKCHUMYMIB, JOIJIEHIIINM € eKCIIEPUMEHTAIILHO BU3HA-
guTH (PYyHKII0, SKa BUpaKaTHUMe 3aJIe)KHICTh MMOXUOKHU BiJ KyTa mud-
pakuii. Toxi icTHHHE 3HaYEHHS MapaMeTpa KOMIpKA MOXXHA BU3HAYUTH

METOJIOM eKCTparnosLii 3anexxnocti a(F) go ¢ —90°.
Ha mpaxrtuni ekcrpanomsniiiny ¢yskiito F(¢) BubuparoTs Taky,
o6 cucTeMaTu4Ha MOXUOKa 3MiHIOBAIACh JIIHIIHO 3anexHo Big F(¥F):
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Aa = aicm. - aekcn = QF(ﬂ) s (4‘2)

ne Q - mocTiiHa BeTUYHMHA.

3aBASAKH TEOPETUYHHM PO3PaXyHKaM Ta €KCHePUMEHTAILHUM BHU-
MIpIOBaHHSIM BCTaHOBJICHO, ITI0 YMOBY JIIHIMHOCTI (4.2) B IIUPOKOMY
iHTepBaJli KyTiB Audpakiii 3a10BobHsE QyHKLIis Henbcona-Parini:
1 cos’(%) N cos’ ()

F@) =71 sin(8) 9

}. 4.3)

I'padiunmii MeTOT BU3HAYCHHS MapaMeTpa IPaTKU IPYHTYEThCS Ha
noOy10B1 JiHIHHOT 3a5ekHOCTI @, Bin F(& ) (i- iHmekc, mo Bixmo-
BiJJa€ OKPEMOMY MaKCUMyMY) 3 MOJAIBIION EKCTPAIOJISIIEo i€l 3a-
nmexHocTi mo 3HadueHHa — F(¢)=0. 3okpema Ha puc. 4.1 mokazaHo

npukian 3acrocyBaHHa ¢yHkuii (4.3) s oOuMCIIEHHsS Mapamerpa
¢=15,978 Hm rekcaroHalbHOI €eMEHTapHOI KOMIPKH MOHOKpPHUCTAITY

GaSe.

162 -
161 L
1,60 h
1,59

1,58

a, HM

1,57
1,56
1,65

1,54

153‘-||l||.l|l<||l<||1|l.
o 2 4 6 8 10 12 14 16 18 20 22

F (g

Puc. 4.1. 3actocyBaHHsA dyHKLii HenbcoHa-Paini ons BusHayeHHsA
napameTpa KOMipKu LiapyBaToro MmoHokpuctany GaSe
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Touku Ha puc. 4.1 BIAMNOBINAIOTH EKCIICPUMEHTAIBHUM 3HAUCHHSIM
napamMeTpa KOMIpKH, pO3paxOBaHWUM JUIA BCiX BiJOWBaHb BiJ TpynH
mromuH (002/, [=1,2...) , HaxWwI TpsAMOi BHU3HAYAE CUCTEMATHUIHY

MoxuOKy, a PO3KK TOYOK BiTHOCHO MPSMOi 3yMOBJICHUI BHIIQJIKOBUMHU
noxuOkamu. 3ayBakUMoO, LIO0 Uil MOJIKPUCTAJIB KyOidyHOI CHHTOHIT y
pO3paxyHKax MO>KHa BUKOPHCTOBYBAaTH BCi HPOIHIECKCOBaHI MaKCUMY-
mu (hkl). BomHouac, Ansl KpUCTaJiB TETParoHAIBHOI Ta TeKcaroHalb-
HOI CHHTOHIi Mpolenypa po3paxyHKy MapameTpiB KOMIpKH JIEII0 YCK-
namHIoEThes. Jls BU3HAUYCHHS MapameTrpa @ KOMIPKH BHKOPHCTO-
BYIOTh MakcuMyMH Tumy (hk0), a mapameTp ¢ BH3HA4arOTh 3a IIOJIO-

JKeHHAM MakcuMmyMiB tamy (007) .

Bizomo, 1110 mapamMeTp KOMIpKH, MIXKIUIOIIMHHI BiJICTaHi Ta BIIO-
1
. . .. . . b b —_—

BifHi iM iHAekcu Mimiepa noB’si3aHi kBagpatnuyHuMu Gopmamu O = ek
VY Tabmuui 4.1 HaBemeHO (opMynHM KBaApaTHUYHUX (OPM KpHUCTAINiB
ycix cuaroHid. Lnsaxom 3aMiHu 3MiHHUX KBaJpaTH4HY (HOPMY JOIILITb-
HO TIPUBECTH [0 JIIHIHHOTO BUTJISIY:

1) D=HA - KpHUCTaIN KyOi4HOT CHHTOHi1

1

(H=W+k+I’,A=—);

2
a

2) D=HA+ LC - xpuctaqu TeTparoHaJbHOI Ta TeKcaroHalbHOI

CHHTOHilf, MpPUYOMy IS TETParoHambHUX KpucTamis H =h>+k° ,

1 1 .
L=, A= — , C=— , JId TeKCaroHaubHUX KPHUCTAJiB
a c

b

H=h+hk+k*, L=l2;A=iz, czi2
4a c
3) D=HA+KB+LC - xpucramu pombiunoi cunronii ( H =h>,
1 1 1
K:kz, L:lz, A:a—z, B:b—z, C:c—z)
Jlns BIiAMOBIZHMX KBaApaTHYHUX (OPM MOKHA 3amHCcaTH BHPA3,
aHasoriynuii (4.2):

AD=D

icm.

=Dy, = Q- F (D) (4.4)

Jns moOynoBu niHiiHOI 3anexHocTi (4.4) 3 METOI0 ycepeIHEeHHs
BUITAJKOBUX MOXMOOK BUMIPIOBAHUX BEIMYNH BUKOPHCTOBYIOTH METOJ
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HaWOIBIIOT TTPABAOIIOAIOHOCTI. Y TPHUITYIIEHHI HOPMAJIBHOTO PO3IO-
Iy BUTIaJKOBHX MOXHOOK, Ied METOJ 3BOAMTHCS 1O IMOIIYKY TaKuX
PO3B’A3KIB, sIKi 320€3Me4yI0Th MiHIMYM (YHKLIOHAIY:

> DD,y + OF () =D, ) =3 (4.5)

Ji€ p,- BaroBl MHOKHHKH, 1110 BPaxXOBYIOTh BHECOK BIAIIOBIIHUX Mak-
CUMYMIB IpY BH3HA4€HHI IapaMeTpiB KOMIPKH, &, - BHUIIAJKOBI BiIXu-

JICHHS.
SIk BUOHO, HeBigOMa BeqnuuHa D.

wcm.

MoOJke OyTH BH3HA4YeHi 3 yMO-
BH MiHIMyMy CYMH KBaJpaTiB 3aJHIIKOBHUX IOXHOOK, TOMY IS
PO3B’s3Ky piBHSHHSA (4.5) BUKOPHUCTOBYIOTH METO] HalMEHIIUX KBaJ-
paris.

Tabnuys 4.1
KBagpatuusni popmu Kpuctamis
CHHIOHis KBazgpatnuna popma
Ky®6iuyna 1 H2 k2,2
d2 } a2
TerparonaibHa 1 H2 " K2 N é
a2 } a2 c
I'excaronanpHa 14 (H2 +KH + K2) é
d* 3 a? ¢
Pombossipuna 1 + K%+ 1P)sin? o+ 2(HK + KL + HL)(cos” & - cos )
d a2(1—3c0520{+200530{)
Pombiuna 1 iz . Kfz +£
A s
MonokuHHa 1 H? K? I? 2HLcos 3
= 4 4 _
d* a’sin® B b Fsin’ B acsin® B
TpuxiinHHa 1 1 ) ) )
r = ?[S“H +85,K" + 5L +5,HK + 5,,KL + s, HL]

Po3rissHEMO TOCHIIOBHICTH €TamiB POOOTH 3 MPEIU3IHHOT0 BU3HA-
YEHHS MapaMeTPiB KOMIPKH.
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1. BignoBigHO A0 ampioOpHUX AAHUX PO CTPYKTYPY PEUOBHHH,
NoTpiOHO pPo3paxyBaTH TEOPETUUHY AUQpaKTOrpamy B JOCIIIKYyBaHIH
JUISHII KYTiB PO3CISIHHS, IO JI03BOJIUTH BCTAHOBHUTH 1HACKCH NU(paK-
MIHHAX MaKCUMYMIB. Y JCSIKUX BUIAIKaX JOIUILHO OTPUMATH EKCIIe-
pUMEHTaNbHY AU(PAKTOrpaMy B IIUPOKOMY IHTEpBaIli KyTiB TU(paKiii
(#=10+80"), BU3HAYUTH IOJOKCHHS, IHTEHCUBHICTh Ta 1HIEKCH MaK-
CUMYMIB.

2. PiBasaEsA (4.5) MicTuTh Tpu HeBigoMi mapamerpu ( A,C,Q) mist
KpHCTalliB cepeiHix Ta nBa (A,() Uil KpUCTaiB KyOi4HOi CHHIOHII.
o6 ix 3HAWTH, YMCIO MAKCHUMYMIB i, Ma€ NEPEBULIYBATH YHCIO

HeBimomux napametpiB. [ns BusnauenHs A4,C,Q 1o Hyns NOpHpiB-
HIOIOTh MOXiAHI yHKUioHANY (4.5):

g_j =Y (H,A+LC+QF(#)-D,,,)pH =0
as
o= 2 (H A+ LC+QF(8) = Dy, )DL, =0
as
0 2 (H A+ LC+QF(®) =Dy, )p,F; =0.

OTpumaHa cHucTeMa PIiBHSHb Ma€ HEHYJbOBHI PO3B’S30K, SKIIO
BHU3HAYHUK CHUCTEMH HE JOPIBHIOE HyJI0. [ kpuctaniB KyO6iuHOi cuH-
TOHIi BiH Ma€ HACTYITHUH BHUTJISAI;

Zp,- ZF,-pl- ZDIP,-

2 Fp 2 XDFp, ’
a JUTS KPHCTANIB CEPeIHIX CHHIOHIi OTPHMAEMO:
2 Hp Y HLp Y HFEp, Y HDp,
iHiLfPi lszpl, ZILZ»FI»p,- ZIL,-D,-p,«

2 HFEp Y LEp Y F’p, 2 DFp,
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Jis po3B’ 13Ky JiHIHHOI CUCTEMH PIBHSHb BUKOPHUCTOBYIOTH METOT
Kpamepa:

Je A, - BU3BHAUHUK CHCTEMH, AE,AC,AQ - MiHOpY BU3HAYHHKA.

ExcrpamnonsoBaHi 3HaYeHHSIM MapaMeTpPiB €IeMEHTapHOI KOMIpPKH
MO>KHa O0YHCIIUTH 32 HACTYTHUMH (YOPMYJIaMu:

a, =\ A" -xybiuna cucrema,
a,=NA",c,=~C”" - Terparonannsna cucrema,

4 Z
a,= EA ',¢, =v/C™" - rekcaroHajbHa CHCTEMH.

o

Sk Oyno 3ayBaskeHO, Ul BU3HAUEHHS MapaMeTpiB KOMIPKH 4, C

TETParoHAJBHUX Ta ICKCArOHAJLHUX KPHCTANIB JOLIILHO BUKOPUCTO-
ByBatu Makcumymu tumy (h2k0) Ta (00/). OmHak, MOXKIIMBI BHITAJIKH,

KOJIW Ha JudpakTorpami € Aekiibka MakcuMmyMmiB (4k0) Ta mume onuH
(abo xomHoro) mMakcumymy (00/). YV mpoMy BHUIagKy mapaMeTpH Ko-
MipKH BH3HA4YalOTh 32 MaKCHMyMaMH 3i 3MillaHUMH iHAekcamu (hkl).

Onnak, BUHUKAE npobieMa HEpPiBHOZHAYHOCTI BHECKY Pi3HUX 1H/ICKCIB
(hkl) y Bu3HadeHHI mapameTpiB KoMipku. Tomy, OIIIHIOIOYH BHECOK

napaMeTpiB ¢ Ta ¢ B OKpPEeMi MIKIUIOUIUHHI BiJICTaHi, JOIIBHO BHO-

i

paTu 3HAYCHHS BaroBUX MHOXHUKIB pi = ﬁ
-+
t i

IUTSL IapaMeTpy a Ta

———— qus ¢. Kpim TOro, 3Ha4eHHss BaroBUX MHOXKHHKIB Oyze

P CHAL

HEOJITHAKOBHUM JIJIs PI3HUX KYTiB PO3CISTHHS, OCKIJIBKY BiJl HUX 3aJI€KUTh
noxuOka BHU3HAUCHHS NapaMeTpiB KoMipku. BrumB moxuOku Ha 3Ha-
YeHHSI IapaMeTpiB 3MIHIOETBCS 3 KYTOM PpO3CISSHHS TIPOTOPIIHHO
ctg(¥), a oTKEe KOXKHOMY BaroBOMYy MHOXXHHUKY MOYKHA MPHUIIUCATH Ba-
ry, Tiponopuiitay tg” (%) . 3ayBaxkxumo, IO B MpoIeci peecTpanii aud-
paxuiifHOl KapTUHMU IOITyCKAIOTHCS BUMAAKOBI MOXMOKH, CIIPUYMHEH]
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PI3HOIO IHTEHCHBHICTIO AM(pakuiiHuX JNiHIA. B 1IbOMy BHIIaAKy Haii-
IHTCHCUBHIIIIH JTiHIT MOXHA MPUIKCATH Bary, 10 JOPIBHIOE OJUHUIII,
TOJI IHIINM JIiHISM MOXXHa IpucBoitu Bary Bix V;=0,1 no 0,9 npomnop-
LifHO 1X BIAHOCHIHM IHTEHCHBHOCTI. BpaxyBaBImM BCi YMHHUKH, OTPHU-
MaEeMO HACTYIIHI BUPA3H JIJIsl BATOBUX MHOXKHHUKIB!

H. L
=V [te(8) ——T, p. =V [te($) ——T
p, =V[g@) H,-+L,-] p; =V[1g@) H_+L_]

1 1

JUTSI BA3HAYCHHS TTapaMeTPiB @ Ta ¢ BiJIMTOBITHO.

PosrnsnyTrii MeTOo[ BHW3HAuUEHHS IMapaMmeTpiB eeMEHTapHOi KO-
MIpKH Ja€ 3MOTY OLIHWUTH TOYHICTh 3HAWJCHUX BeNWYWH. Bu3HaueHi
rapaMeTpH KOMIpKHM BBaKAIOTHCS HAHIMOBIPHIIIMMH 3HAYCHHIMH He-
Bimomux piBHAHHA (4.5). CtocoOOM MiJCTaHOBKK IUX 3HAYEHb Y PiB-
HAHHS (4.5) MOXHa BU3HAUNTH 3QJIAIIKOBI IMOXHOKH £ . 3aBISIKH 3a-
JIMIIKOBUM IMOXHOKaM BUSBISIFOTh TMOMHJIKM Y BHXIIHUX JaHHX.
CepeHbOKBaIpaTHUHY IMOXUOKY BUMIPIOBAHHS BU3HAYAIOTh TaK:

[TopiBHIOIOUM € Ta O, KOJH iX BiJHOIIEHHS 3aJa€ThCs (QYHKIIE0
Jlammaca, MOKHA BUSIBUTH OTPiXHM y BHMIPIOBaHHI, a OT)KE BUKJIFOUNUTH
i 3HA4YeHHS 3 po3paxyHKiB. HailiMoBipHilIe 3HaYeHHsSI CTaHIAPTHOTO
BiJXWJICHHS HA OAMHUILIIO Barl MOXKHA BUPA3UTH, SIK:

1€ 1 - 9UCII0 YMOBHHX PiBHSHbB, M - YUCJIO HEBIIOMUX. SIKIIO KOKHOMY
pedrexcy mpumucaté Bary p,, TO CTaHIApTHA NMOXMOKA BHU3HAYCHHS
napameTpiB eJIeMEHTapHOT KOMipKH OyZe piBHOIO:
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IMopsin i3 HaBelAeHWM BHIIEC AOCONIOTHUM METOJIOM BH3HAYCHHS
napameTpiB KOMIpKH, Ha HPaKTHII ITUPOKO BHKOPHUCTOBYIOTH BiIHOC-
Huil merox. Lleii MeTox IpyHTyeThbCS Ha HOPIBHAHHI OUQpaKLiifHHX
CHEKTPIB JOCTIMKYBaHOT PEYOBHHU Ta €TaJIOHA. 3aCTOCOBYIOUH IIeH
METO/I, CJTil BpaXOBYBaTH HACTYITHI YAHHUKU:

- mapaMeTpH KOMipKH PEYOBHHHU €TaJIOHA MOBHHHI OyTH BiTOMH-

MH 3 BUCOKOIO TOYHICTIO, 1[0 J]a€ 3MOTY TOYHO BU3HAYUTH KYTH
nudpakiii;

- IHCTpYMEHTaJbHI YMHHUKH, IO 3YMOBJIIOIOTH CHUCTEMaTHYHY
MOXWOKY BUMIpIOBaHHS KyTiB Aupaxiii (MormuHaHHS, po30ixk-
HICTh ITy4YKa Ta iHII1), TOBUHHI OyTH OJHAKOBHMH JUIS €TaJIOHA
1 3paska;

- mudpaxmiifiHi MaKCUMYMH €TajloHa MOBHHHI OyTH po3MilleHi
Onmu3pKko 10 pediieKciB 3paska, mo 3abe3rnedye IMOCTIHHICTh
CHCTEMaTHYHOI MOXUOKN BUMIPIOBAHHS;

- mudpaxmiifHi MAaKCUMYMH €TaJlOHa Ta 3pa3Ka He MOBHHHI Iie-
PEKPUBATHCH IHITUMH JTIHIAMH AUPPAKTOTPAMU;

- amapaTypHi TapamMeTpd IOBHHHI OyTH OJHAKOBHUMH IIiadac
peectpartii qudpakTorpam 3paska i erajgoHa.

Sxmo mepepaxoBaHi BHINE YMOBH CIPaBIKYIOTHCS, TUGPAKITIHA-

HUH KyT 3pa3ka MO>KHA BU3HAYUTH TaKUM CIIOCOOOM:

229317' =28 +o,

em.

I€ ¢ - BENMYMHA KyTOBOTO 3MIIEHHS MaKCHMyMy 3pa3Ka BiTHOCHO

eTaNonHy, 2¢, - KyT audpaxiiii erajgoHa, po3paxoBaHUIl TEOPETHIHO 3i

em.
3HAYEHHST MIKIUIOMIMHHOI BIACTAaHI €TajloHa 3 MaKCHUMAaILHO MOYKIIH-
BOIO TOYHICTIO.

MNMumaHrHs do po30iny 4

1. Big 4yoro 3anexuTb BigHOCHA NMOXMOKa BU3HAYEHHS MDKMMOLMHHUX
BigcTaHen?

2. AKi YMHHMKM BMMMBalOTb Ha BIAHOCHY Ta CUCTEMATMYHY MOXUOKY
NPeLnsinHOro BUMIpOBaHHSA NapamMeTpiB KOMipKu?

3. 3anuuwiTtb BMpa3 ans ekcTpanonsuinHoi gyHkKuii HenbcoHa- Panni.
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. Ak BM3HaAvalOTbCs KBagpaTWUYHi opMu Ons KpucTaniB KybiyHOI,

TeTparoHarnbHOi Ta rekcaroHanbHOI CUHIOHIN?

B yomy nonsrae metoq HanbinbLWOI NPaBAONOAIOHOCTI Y BU3HAYEHHI
napameTpiB KOMIpKA?

3anuwitb BMpasu s 064MCNeHHs1 BaroBMX MHOXHUKIB.

. Ak BM3HAuUUTKM cepepHbOKBagpaTUYHY MOXMOKY Ta HaRniMoBipHile

CcTaHOapTHe BiOXWUMEHHS 3HAYEHHSA NnapamMeTpiB KOMipKN?
B yomy BigMiHHICTb abCONIOTHOrO Ta Bi4HOCHOrO MeToAdy MpPeLun3in-
HOro BU3HAYeHHs1 NapamMmeTpa KOMIpKn?

. SAKi YUHHUKN BNNIMBAKOTb Ha TOYHICTb BU3HAYEHHS NapamMeTpa KoMip-

KW BiAHOCHUM MeToO0oM?
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Po3pin 5

PEHTFTEHOOU®PAKLIUHUNA
AHAII3 TEKCTYP

5.1. Knacudikauisa TekcTyp

Ilix kpucranorpadiyHOl0 TEKCTYpOIO PO3YMIIOTH TEPEBAKHY
Opi€HTaLi0 OKPEeMHUX KpHCTaIOrpaQidHUX IUIOMIMH Ta HAaNpsMKIB Y
KpHCTaJiTaX BiTHOCHO 30BHINIHIX IUIONMH Ta HANPSIMKIB. 31e0iTb-
LIOT0, MOsIBa TEKCTYPHU 3yMOBJIEHA HAIPaBJICHOIO 30BHIIIHBOKO IIIEIO,
30KkpeMa neopMalli€ro, KPUCTaNi3allic€o 3 po3IUIaBy B yMOBax 3Hay-
HOTO TEMIIEpaTypHOIrO Ipaji€HTa, BIUVIUBOM €JIEKTPHUYHOIO Ta MArHiT-
HOTO TIOJTiB a00 IHIINX YMHHUKIB. BiI3HauMMO, 110 HasiBHICTh TEKCTYPH
B Marepiajax CyTTEBO BIUIMBA€ HA EKCIUTyaTalliliHi XapaKTEPUCTHKH
BHpOOY, moJinmryoun abo noripirytoun ix. Came ToMy, y IpoBeeHH1
PI3HHX TEXHOJIOTIYHHX IPOLECiB 0OPOOKH MaTepiajiB CiliJ BpaxoByBa-
TH MOKJIMBICTh BUHUKHEHHS TEKCTYPH.

VY BuUNaaKy, KOJM BCi 3epHa MOJIKPUCTAIIYHOIO 3pa3Ka Opi€HTO-
BaHi B OIHOMY HamlpsIMKY, TaKy TEKCTypy Ha3MBalOTh OJHOKOMIIOHEHT-
How. OfHaK, SIKIIO B 3pa3KoBi MOKHA BHOKPEMHUTH AEKUIbKa TPyl
KPHUCTAJITIB 13 PI3HUMHU Opi€HTaLiIMH, TO TEKCTYPY Ha3UBalOTh Oarato-
KOMIIOHEHTHOIO. 3ayBaKMMO, L0 B PEaNbHUX BHUIMAIKaX HANPAMOK
nepeBaykKaHHs Opi€HTalii IeAKOT YaCTWHU 3€pPEH YTBOPIOE MEBHUN KYT
i3 30BHILIHIM HANPSIMKOM, SIKU MPUHHATO HA3WBATH KyTOM PO3CISHHS
TEKCTYpH, a caMy TEKCTYpy Ha3UBalOTh PO3CISTHOIO.

Texkctypu B MeTanax Ta CIUlaBaX KIACH(IKYIOTh BIATIOBIIHO IO
CUMETPIl IPOCTOPOBOrO PO3MOITY OpiEHTAIliH 3epeH.

1. Axcianvha (HeobOmedicena) mexcmypa BUHHKAE TOAI, SKIIO KpHC-
tanorpadivyHi HaIPsAMKH [uvw] ycix 3epeH (Bich TEKCTYypH) € Tapasellb-
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HUMH [0 30BHIIIHBOTO HampsAMKy. KyT BiAXWIIEHHS ocell TeKCTypHu
[uvw] mesKoi 4aCTHHW 3€peH BiIHOCHO 30BHINIHHOTO HAMPSMKY BH3-

Havae CTyMiHb PO3CIHHSA TEeKCTypd. BimmoBimHo, mis Garatoxomo-
HEHTHOI TEKCTYPHU IIPUIHATO TO3HAYECHHS:

[uy,w ]+ [u,v,w, | +.....

3ayBakuMo, 10 B 3pa3kax 3 aKCiaJlbHOIO TEKCTYPOIO BC1 MOMIIMBI
BapiaHTH PO3MILICHHS 3€peH MOXKHA OTPUMATH HUISXOM OOEpTaHHS
OJTHOTO KPHUCTaJiTa HaBKOJIO HANPSMKY [uvw], MapajelbHOTO IO 30B-

HIIIHBOTO HANpPsIMKY. AKcCiaJlbHa TeKCTypa GopMyeThes Mif Ii€0 CHIIH,
MepeBAYKHO OPIEHTOBAHOI B OTHOMY HAIPSIMKY.

Puc. 5.1. Cxemu akcianbHUX TEKCTYP 3 OCAMM
<001> (a), <111> (6), <0001> (B)

Sk npukian, Ha puc. 5.1 HaBeIEeHO CXeMaTHIHE PO3MIMIECHHS 3epeH
KpHUCTaJITIB KyOi4HOi (a. 06) Ta rekcaroHaibHOI cuMeTpii (B) 3a HasB-
HOCTI aKciaJbHOI TEKCTYpH.

2. Kouiuna mexcmypa XapakTepHa THM, IO KpucTajgorpadiuHi
HanpsIMKH [uvw] yTBOPIOIOTh KOHYC HABKOJIO 30BHIIIHBOI oci. Takuit
TUI TEKCTYpU CIIOCTEpPIrae€Thcs B IUTIBKAX METANiB, HAlWIEHHX Ha
TpyOuaTi mOBepXHi. SIKIIO KyT MK HampsIMKOM [¢VvW] Ta 30BHIMIHBOIO

Biccio @ =0 OTPUMYEMO aKcialbHy TEKCTYpY, Konu @ =90 - KijbLEeBy
TEKCTYDY.

103



3. Texcmypa npoxkamku (obmedxcena mekcmypa) CIOCTEPITAETHCS,
SIKIIO OKpeMi KpuctaiorpadiuHi rmiomwen {hkl} B yciX 3epHax € ma-
paJeNbHi 10 OHi€l 30BHINIHBOI MOBEPXHI (IIOMIWHU ITPOKATKH), a Hall-
pAMKHA [uvw], IO JEXKATh B IUX IUIOMIMHAX, € MapalleIbHUMU OJTHOMY

30BHIIIHBOMY HaNpsAMKY (HampsiMKy mpokaTku). OOMekeHa TeKCTypa B
MeTaJIax i CIUIaBax YTBOPIOKOTHCS TOJIi, KOJIU HA 3pa30K JIFOTh 30BHIIITHI
CWJI, OPI€EHTOBaHI B PI3HUX HamNpsAMKax. THIIOBUM NPHUKIAIOM OOMe-
KEHOI TEKCTYPH € TEKCTYpa, [0 BUHUKAE IiJ] 4aC MPOKATKN METalIeBUX
crnaBiB. Bona QopMyeTbcs BHACHINOK Ail CHJI CTHCKY B HalpsAMKY,
NEPHEHIUKYISIPHOMY 10 IJIOIIMHYU MIPOKATKH (HAIPSIMOK HOpMali 10
IUTOIIMHKA TIPOKATKH, 0 mo3Hadaetbest HH) Ta cuin po3tsary B3moBxk
HanpsMky mnpokatku (HII). Ha pwuc. 5.2. HaBemeHo THMOBI cxemu
MIPSIMUX TIOTFOCHUX (BiTyp U Pi3HUX THIIB TEKCTYPH.

Jnst To3HAYeHHS TEKCTYPHU MPOKATKH BHUKOPUCTOBYIOTH CHMBOJI
{hkl}[uvw], mpuuomy iumekcu {hkl} Ta [uvw] moeqHAHI YMOBOIO 30-

HAJIBHOCTI (HampsM [uvw] nexuts B miomuHi {Akl}), sIKy MOXXHa BU-
pasury, sK:

uh+vk+wl=0.

Sosritung sice

S

Puc. 5.2. Cxema npamunx nontocHux ciryp Ans akcianbHoi (a),
KOHi4HOI (6) Ta 0bmexeHoi TekcTypm (B)

o 6

Binxunenus riomuH {Akl} i HanpsMmiB [uvw] okpeMoi rpymu 3e-
PEH BiIHOCHO IIOIIMHH Ta HANIPSIMKY MPOKATKH BU3HAYA€ CTYIIHb PO3-
cistHHs TekeTypH. KyT, Ha KU BiOXWIIAIOTHCS TUIOIIMHH Ta HAMPSIMKH
B JICSIKUX KpHUCTANiTaX BIIHOCHO ifeajibHOI OpieHTalii NpUHHATO MO3-

104

HayaTu Ap . ﬂKH_IO B 3pa3Ky MOXXHa BUOKPECMUTHU I[eKiJ'IBKa T'pyn 3€peH,

MO-Pi3HOMY OpIEHTOBAaHMX BiJHOCHO IUIOLIMHU Ta HAIPSMKY NPOKATKH,
TEeKCTypa Marepiany € OaraTokommoHeHTHOw0. Jlns i1 mo3HauaHHS
BHUKOPUCTOBYIOTh CHMBOIL:

ik} uvow 1+ kL v, w, 1+

5.2. AHani3 TekcTyp
3a AONOMOror NONKCHUX iryp

Jlist aHami3y TEKCTyp y MeTajlax Ta CIUIaBaX BUKOPUCTOBYIOTH Mpsi-
Mi Ta obepHeHi nomocHi ¢irypu. llpava nomocna ¢hicypa (I111P) - ne
rHOMOCTepeorpadiyna MpOeKIist HOPMaIeH 7, 1O OKPeMOi rpynu
Kpuctanorpadiyaux miommH {hkl} B ycix 3epHaxX MOJIKPUCTAIIYHOTO
3pa3ka Ha 30BHIIIHIO TUIOMUHY. [IpU 1[bOMY, MTOJIOKEHHSI TOYOK Ha I10-
JIOCHI# ¢irypi BH3HAYAIOTh JBI KyTOBI KoOpauHatH o , [, ne
o - pajianbHa KOOPAMHATA, 10 3MIHIOEThCS B Mexax 0—90°, f - a3u-

MyTalbHa KOOpIMHATA, siKa 3MiHIOeThes Big 07 mo 360° . Jlns akcianb-
HOI TEKCTYpH IUIONIMHA MPOEKIii MOoXke OyTH mMmapajelbHOr abo mep-
MIEHAUKYJSIPHOIO JIO OCi TEKCTYPH, a U TEKCTYPH MPOKATKH IUIOIINHA
MpoeKIlii 30iraeThCs 3 IUIOMIMHOK NpoKaTku. s mosnauenus I[I1D
BHKOPHCTOBYIOTh 1HAEKCH TUIOMIMH {hkl} , HOpMami 1O SKUX TPOEK-
TYIOThCSI Ha TUIOMIMHY TpOKaTku. 3aranbHuil Burisan [IIID 3anexuTsh
BiJl TUIY TEKCTYPH 1 Bi iHAEKCIB IUIOMMH {hkl} .

5.2.1. AHani3 akcianbHOI mekcmypu
MemoOoM peHmeaeHiecbkoi dughpakmomempii

Bigomo, 1o y HETEKCTYpOBaHOMY 3pa3KOBi Opi€HTalis KpUCTami-

TiB Ma€ XaOTUYHHI XapakTep. 3a HASBHOCTI TEKCTYPHU CIIOCTEPIraeThCs
MIEPEepPO3NOIiT IHTEHCUBHOCTI MUGPAKIIIHHNX MaKCHMyMIB BHACIIIOK
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NepeBakaHHsl OpIEHTAIf 3€peH BiJHOCHO 30OBHIIIHIX HANPSIMKIB.
Otox, Ha AUQPaKUIMHUX CHEKTpax TEKCTYPOBaHHUX 3pa3KiB MOXHA
MPOCTEKUTH MiJCUIICHHS OJHUX MAaKCUMYMIB Ta IOCIA0ICHHS 1HIIHX.
Po3riissHeMO METO] BUBYCHHS aKCiaJbHOT TEKCTYPH 32 JOIOMOTOI0
PEHTTeHIBCBKOTO Au(pakToMeTpa. 3aBISKH LBOMY METOLY MOXKHA
BU3HAYUTH KYT PO3CiSHHS TeKcTypu Ap . JudpakromerpuuHuii aHami3

repenbavyae Ba MOMKJIMBHUX BapiaHTH B3aEMHOTO PO3MIIICHHS OCI
TEKCTYpH 1 MJIOMIMHY MTOBEPXHi 3pa3Ka:

a) BiCh TEKCTYpH IapaJiesibHa O IOBEPXHI 3pa3Ka;

0) BiCh TEKCTYpH MEPIICHANKYJIISIPHA 0 TIOBEPXHI 3pa3Ka.

Jis aHamizy akciaJibHOI TEKCTYpH Ha audpakTOMeTpi MOTPIOHO
BHOpaTy nudpakiiitHuii MakcuMyM 3 ingexcamu (HKL), 3pa3ok Bcra-

HOBUTHU BEPTUKAIBHO MHiJl KyTOM ¢ O NEPBUHHOIO ITy4Ka, a JAE€TEKTOP
— mig KyroM 27¢% , SKWM BU3HA4alOTh 3 piBHAHHA Bynbga- bperra
2d e, sin(@)=nAd , ne d ;- MOKIIIOUMMHHA BiicTaHb. SIKIIO 30B-

HIIIHS BiCh € MEPICHIUKYJIISIPHA 10 TIOBEPXHi 3pa3Ka, TO MiJ] Yac eKcie-
PUMEHTY 3pa3ok mBHAKO (LI 60 00./c) 00epTaroTh HABKOJIO HOPMai A0
MOBEPXHI 1 JUCKPETHO 3MIHIOIOTh KYT HaxXWIy ( TMOBEPXHI BiJHOCHO
BEPTUKAIBHOTO TMOJOXEHHS, MMOBEPHYBIIM 3pa30K HaBKOJIO oci AB
(puc. 5.3). SIkmo 30BHINTHSA BICh € TapajielbHa 10 MMOBEPXHi 3pa3Kka, TO
HOro MOTPiOHO PO3MICTUTH TapalielibHO abo MepIeHIUKYIISIPHO 0 Oci
AB, Tpu LOMY MOJIOXKEHHS 3pa3Ka Mix 4ac 3HOMKH € (DIKCOBaHUM.
JleTekTop 3anMIIAEThCS HEPYXOMHMM 1 BCTAHOBJIIOETHCS B KyTOBE IIO-
JIOKEHHSI, 110 BinnoBigae audpakuiiHomy Makcumymy (HKL) .

Daxye

Hopmans do spasxa

Hemexmop

Puc. 5.3. Cxema BMMIipOBaHHSA TEKCTyporpamu 3paska
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[Tix yac BUMipIOBaHHS METOJOM HaxXWIly 3pa3Ka BIIIHOCHO IOYaT-
KOBOTO moyiockeHHS (¢ =0) Ha KyT ¢/ BUMIPIOIOTh 3aJIeKHICTh 1HTEH-

cUBHOCTI poscissHHs /(). I3 HaxumoM 3paska y BigOWBaibHE TOJO-
KEHHS MOTPAIUIIOTh IUIOIMHM {Akl} , po3MillleHi Mg KyToM « [0
IUIOIIMHU TIOBEepXHI. Bia3Hauumo, 110 IHTEHCUBHICTh po3CisHHs /(&)
MIPOTOPITiiiHA YMCITy 3epeH 3 BiAMOBITHOIO OpieHTali€0. SKIIo 3pa3ok €
HETEKCTYpPOBaHHUM, IHTCHCUBHICTh 3aJMIIMTHCS CTAIOIO 13 3MIiHOKO II0-
JIOXKEHHS 3pa3Ka, He BpaxOBYIOUM He3Ha4yHe ii 3MeHIIeHHs uepe3 edexT
po3dokycyBanHs. 3a HaSBHOCTI TEKCTYpH Ha KpuBiil /(<) BUABISETHCS
ouH a00 JeKiIbKa MakCUMyMiB (puc. 5.4). SIKII0 BiCh TEKTYpH mapa-
JeJbHA MOBEPXHI 3paska, To o, =90— 0, a y BUNajKy iX neprneHau-
KyJISIPHOTO PO3MILIEHHS ¢, , =0, 1€ O - KYyT MIX BICCIO TEKCTypH 1

30BHIIIHIM HanpsMKoM. CTYHiHb PO3CISSHHS TEKCTYpU MOXKHA OIIHUTH
3a HamBIIHPUHOIO 2A0 KpuBOi /().

IHmMeHcuaHicTb
IHmeHcueHicmb

7 [£3
rirlra ¥ Thax

0 20 30 40 5 6 70 10 20 30 40 50 go 70
a, epad. o, 2pad.
a 6
Puc. 5.4. Tekctyporpamu /(a) 3pa3ka 3 akciarnbHOK TEKCTYPOO:

a) BiCb TEKCTYpM NaparnernbHa 4O NOBEepXxHi 3pas3ka;
6) Bicb TEKCTYpUY NepneHanKynsapHa Ao noBepxHi 3paska

107



5.2.2. AHani3 o6MmexxeHoi mekcmypu
3a AornomMo20Hro NMPsIMUX MoJIFOCHUX ¢hicyp

Hns moOynosu npsimoi nosrocHoi dirypu (III1D) peHTreniBcbkum
METOAOM BHUKOPHCTOBYIOThH IIOCKHH 3pa30K, B SKOMY IUIOLIMHA IIPO-
KaTKH € TapalieNIbHOIO MOBEpXHi 3pa3ka. [Ipu 1iboMy IUIOIMKHA TPOKAT-
KM 3aBXK/IHU € TUIOLIMHOIO MPOEKIii, a HAIPSM MPOKATKH CyMIIAIOTh 3 il
BEPTUKAIBHUM JiaMeTpoM. [lo/io’KeHHs TOYKM Ha IUIOLIMHI MPOEKIil
BH3HAYAIOTh IBOMa KYTOBHMH KOOPAMHATAMHU: KYTOM (¢, IO BiJpaxo-
BYETBCS BiJl IIEHTpPa MPOEKIii Ta KyToM [, IO BiZpaXxOBYETHCS Bil

BEPTHKAIILHOTO JiaMeTpa MPOTH TOJMHHHUKOBOI CTpinku. s aHamizy,
31e01IbIIIoT0, BUOMPAIOTh AU(pakilifHi MAaKCUMYMH BiJl TutominH {hkl}
i3 Manumu iHaekcamu. OCKUIBKH BOHM XapaKTEPU3YIOTHCS HEBEIMKUM
3HaYeHHSM (DaKTopa TOBTOPIOBAHOCTI, MOMIOCHI (irypu mis Takux
IUTOIIMH MaoTh MmpocTimmid BUrisiA. udpakTromeTpuyHuil METO, MO-
OyZOBH MOJIOCHUX (DIiryp MOJISIra€ B HACTYITHOMY.

3pa3oK BCTaHOBIIOIOTH BEPTHUKAIBHO MiA KyTOM ¢} BIIHOCHO Ma-
JIAF0Uuoro IMy4Ka, a JETeKTOp- mij KytoMm 2¢*. Ilin yac BUMiproBaHHS,
JETEKTOP 3ATMINAETHCS HEPYXOMHM, a TOJIOKEHHS 3pa3Ka 3MIHIOEThCS
i3 HaXWJIOM BiJTHOCHO IOPH3OHTAIBHOI OCi (3MiHa KyTa ) i obepraH-

HSIM HABKOJIO HOpMasi 10 MOBepXHi 3paska N, (3viHa kyTa [ )

(puc. 5.5). OTxe, y BinOMBaNbHE MMONOKEHHS MOTPATUIATUMYThH TUTOIIH-
Hu {hkl} mTO-pi3HOMY Opi€HTOBaHI BiTHOCHO IUIOLUIMHU INPOKATKH.
[ontocHa rycTiHa € MpONOPUiHHOIO 10 IHTEHCUBHOCTI PO3CISIHHS ILIO-
[IIMHAMH OPI€HTOBAaHMUMH BiAMOBiAHMM 4MHOM. Ha mowatky excrepu-
MEHTY Y BiJOMBaJILHOMY IIOJIOKEHHI MepeOyBatoTh IJIOMKHE {Akl} , 1110
napajieibHi IUIOLIMHI MPOKATKHU. |HTEHCHUBHICTH DPO3CISIHHSA B IOYaT-
KOBOMY IIOJIOXKEHHI 3pa3Ka Ja€ 3MOTY BU3HAUUTH IOJIOCHY T'YCTHHY B
LIEHTPI IIOMIMHU poeKilii. OTke, 11100 BU3HAYUTH MOIOCHY T'YCTHHY B
toutti (&, ) moOMOCHOT (Girypu, MOTPiOHO BHMIPSTH IHTCHCHBHICTD

PO3CisTHHSI BijJ 3pa3ka, HAXWJICHOTO Ha KYT  BIHOCHO IMOYaTKOBOIO
OJIOKEHHS Ta MOBEPHYTOrO HA KyT [ HABKOJIO HOPMAJIi JI0 OBEPXHi.
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Puc. 5.5. Cxema BMMIiptOBaHHSA TEKCTYpOrpaMmu 3paska
3 0OMEXEHOH TEKCTYPOH

s moHoi moOynoBu T111D nonoxeHHs 3pa3ka NOTPIOHO 3MiHIO-
Batu 3a KyroM « Big 0° mo 90° ta xyrom £ Bixm 0° mo 360° . Ha

MOPaKTULl KyT ¢ 3MiHIOIOTh AMCKPETHO Ta PEECTPYIOThH 3aJICKHICTD iH-
tercuBHOCTi [(f) komu o =const . 3ayBaKMMO, LIO AJIsS YCYHEHHS

BIUIMBY e(eKTiB po3 (OKyCyBaHHS, KPIM TEKCTYpOTpaMH JIOCIIJKyBa-
Horo 3paska [, (&, f3) nouiibHO BuMipsTH TekcTyporpamy 1, (¢, f3)

BiJl €TaJIOHHOTO (HETEKCTYPOBAHOTO) 3pa3ka. To/i 3HaYeHHs MOJIIOCHOI
TYCTUHHU MO>KHA OOYHCIUTH 32 (POPMYIIOIO:

1, (2. )
1, (e, B)

3nauenns p(a, ) MOTPIOHO HAHECTH HA TOJSIPHY CITKY, LEHTP

pla.fB)=

SIKOT 30Ira€eThCs 3 MPOEKINEI0 HOPpMaJi 0 TUIOIIMHM TPOKATKH, a Bep-
TUKANBHUI AiaMeTp- i3 HampsSMKOM NpoKaTku. Yepe3 TOUKH 3 OJIn3b-
KHMH 3HAYEHHSIMHU TIOJFOCHOI TYCTHHHU TPOBOJATH 130JiHII, THM CaMUM
Brokpemitotoun Ha III1® pminsgHkKM 31 30UIBIIEHOIO TYCTHHOIO HOP-
Majeil 10 TUTOIIMHM MPOKATKU. 3ayBaXUMo, MeTooM no0yaoBu [1I1D
“Ha BiAOMBaHHS” MOXHa MOOY/yBaTH JIUINE [EHTPAIBbHY YaCTUHY I1O-
JMocHOT Qirypu 10 KyTiB & =70+ 75°, 1m0 3yMOBICHO KOHCTPYKTHB-
HUMU OCOOJIMBOCTSMU TEKCTYPHUX MPHUCTABOK JJIsI PEHTTEHIBCHKUX T'O-
HiometpiB. Tomy mis moOymosu noeHoi [1I1D, metox “Ha BinOuBaHHS”
MOTPIOHO JOMOBHUTH METOJIOM ‘‘Ha MPOCBIT . AHAJ3 TEKCTypHU METO-
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JIOM “Ha IPOCBIT” mepeadavyae BUKOPUCTAHHS TOHKUX 3Pa3KiB TOBILH-

1 e .
HOIO d [ eV (- niHiitHWA koedimieHT mornuHaHHA). g nmpukiany,
u

Ha pucC. 5.6 300pakeHa mpsimMa MOJOCHa (irypa XoJ0JHOKATaHOTO O -
3aji3a 3 MO3HauYeHMMHM Ha Hill opienTtamismu: 1 — {100} <110>; 2 —
{112} <110>; 3 — {111} <112>.

JlJis BU3HAYCHHS MEPEeBAKHUX opieHTalild nodyaoany [IIID Tpe-
0a CyMICTHTH 31 CTaHAAapPTHOIO MpoekIieto kKpucrany. Obepratoun [1T1D
HABKOJIO HANpPSMKy HOpMaJli A0 IUIOLIMHM MPOEKLii, JOCATal0Th CyMi-
[ICHHS] MAKCUMYMIB TIOJFOCHOT I'YCTHHHU 3 TTOJIFOCAMH CITKH, IO MiCTSTh
iHgexkcu Kpucranorpadiyaux IromuH. Skmo Ha Oyab-AKkiii cTaH-
JApTHiN TpoekIii Oyyo BUSBICHO 30ir, iHAEKCH CTaHAAPTHOI MPOEKIT
BH3HAYAIOTh 1HACKCH IUIONIUHH, IO 30Ira€ThCs 3 IUIOMIMHOI MPOCKITii
{hkl} , a iHgeKcH OCi TEKCTYpH BU3HAUYAIOTh 33 HANPSIMKOM < UvW >, 3

AKUM 30iraerbest HanpsaMok £ =0 nomrocHoi ¢irypu. V cKiagHimoMmy
BUIAJKy 0araTOKOMITOHEHTHOI TEKCTYpH, 3a3HaueHy IpOLeaypy Ipo-
BOJSATH JOTH, AOKW BCi OCHOBHI MaKCHMYMH IIOJIFOCHOI irypu He Bif-
HOBIIaTUMYTh OKpeMii opieHTauii {4k,[} <u,v,w, >. Jlnsd HabnmxeHo-
ro BH3HAYCHHSA 00’ €MHOI YaCTKH 3€peH 3 PI3HOI0 OPIiE€HTAIlI€I0 TOPiB-

HIOIOTh IHTETPaJIbHI IHTEHCHBHOCTI BIiATIOBIIHUX TEKCTYPHUX MAaKCH-
MYMiB.

Puc. 5.6. MMN® (110) gnsa xonogHokaTaHoro a-3anisa
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3ayBaKuMO, 1110 METOJ| KUTbKICHOT'O aHaJli3y pO3MOALTy OpieHTaIin

3epeH 3a nornomororo [IT1D mae nesiki Baau:

- yci opieHTaIlil 3epeH, 10 BiJPi3HIIOTHCS MOBOPOTOM HABKOIIO
HOpMaJIi JI0 BiIOMBaro40i IUIOIIWHHY, JaI0Th OJHAKOBE 3HAYCHHS
MOJIOCHOI TycTrHU. Lle 3yMOBIIEHO THM, IO Mij Yac MOBOPOTY
wiommHN (/kl) HaBKOJIO HAMIPSIMKY HOPMaJi MPOIOBXKYE BHKO-
HyBaTHCh yMoBa Bynbda -bperra HezanexHoO Bif KyTa MTOBOPO-
Ty,

- BH3HAYCHHs Opi€HTalill y 0araTOKOMIIOHEHTHHX TEKCTypax 3i
3HaYHUM PO3CISIHHSAM € IOCHTb CKJIaJHUM Ta HEOJHOSHAYHHM;

- y 0araTOKOMIOHEHTHUX TEKCTypax MPaKTUYHO HEMOKIIHUBO
BU3HAYUTH 00’€MHI YaCTKU 3€PEH 3 PI3HOI OpIEHTAIlIE€r0, OC-
KUTBKU OJTM3BKI Opi€HTAIlii HEMOXKJIUBO PO3IUINTH Yepe3 po3-
CISIHHS TEKCTYPH;

5.2.3. AHani3z mekcmyp
3a donomo20r0 06epHeHUX MOJIFOCHUX (hicyp

Ha BimMminy Bix mpsmux, obepHeri nomrocHi ¢irypu (OIlD) omu-
CYIOTh PO3IO/IiJI OPi€HTAIlil BHYTPIIIHIX KpUcTanorpadiyHux oceil Bif-
HOCHO 30BHIiIIHBOI oci. B 3aransHOMy Bunanky OII®- cranmaprtHa cre-
peorpadivHa mpoeKia, Ha SKid KOKHOMY KpHCTaIorpadidHOMYy Harl-
PAMKY BIANOBiIA€ KOHKPETHE 3HAYEHHS TOJIOCHOI TYCTHHH, MPOIOP-
LiliHOT HMOBIPHOCTI 30iry BOTO HANPSIMKY 3 30BHILIHBOIO BiCCIO (HaI-
PMKJIAJ HANPSAMKOM IIPOKATKH a00 HOPMAJIbHHM HAIpsMKOM). Vimo-

P

. . . . hkl
BIPHICTb 30Iry HANpPAMKIB BH3HA4a€ IOJIIOCHA IycTHHA D)) = SO

o(hkl)

ne F,,, — MONIOCHA TYCTHHA, SIKYy BU3HAYaE YacTKa HOpMajen 10 IUIo-

myH {hkl} , OpieHTOBaHWX TApaieTHHO JI0 30BHINIHBOI OCi B TEKCTYPO-

BaHOMY 3pa3Ky, P,

iy — TOJIIOCHA TYCTHHA B €TAJIOHHOMY 3pasky. 3je-

oinbioro, OII® OynyroTh y Mekax CTaHIAPTHOTO TPUKYTHHKA, YTBO-
pPEHOTO TphOMa TOJOBHMMH HAaNpsMKaM{d Ha CTaHJApPTHIN HpoeKIii
Kpuctana. J{ns KpucTaliB KyOiuHOI CHHTOHII IMMH HaNpsSMKaMH €
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[001], [011] Ta [111], TeTparonansroi- [001], [100] ta [110]. PizHuMm
TOJNOCAM CTaHJAPTHOTO TPUKYTHHKA BiNOBINAIOTH 3HAYEHHS D,

SIKI BU3HAYaI0Th TU(PPAKTOMETPUYHUM METOJIOM.

Ha pwuc. 5.7. 300paxxena OII® 3pa3ka HHU3BKOBYTIEIEBOi CTaji
icJIsT MEXaHivYHOi 00pOoOKM BUTATYBaHHSIM. MOKHA TPOCTEKHUTH, IO
HaHOUIbIIe 3HAYCHHS NOJMIOCHOI TyctmHU (5,1) BiIIOBiNaEe MoOJIIOCY
[111] cTammapTHOTO TPUKYTHHKA, a OTXeE, B HANPAMKY BHUTATYBAaHHS

MEPEeBAXHO OPIEHTOBaHI HOpMali 10 KpUcTanorpadiyHUX TUIOIIUH
{111} . OIl® mae 3Mory KiNBKICHO BU3HAYUTH YacTKY 3€peH 13 3aJaHOI0

OpIEHTAIIIEI0, & TAaKOXK OIIHUTH PO3CISIHHSA DPi3HUX KOMIIOHEHT TEKC-
Typu. 3okpema, msi OIID (puc. 5.6) BiAHOIIEHHS IOMIOCHUX T'YCTHH

P
111 . .
D <17, a ome yacTKa 3epeH OPIEHTOBAHKX y KpHCTAIOrpadhiuHOMy

3110)
HanpsaMKy < 111> mapanenbHo 0 0Ci BUTATYBaHHS MEPEBUIILYE YACTKY
3epeH OpieHTOBaHMX Yy HanmpsiMKy < 110> mpubnuzno B 17 pasis.

(112 10 g8 0% o1 83 G5 8483

Pwuc. 5.7. OMN® HnsbkoByrnewuesoi cTani

Penrrenonudpakuiiianii Mmerox moOynosu OIID rpyHTyeThCs Ha
BHU3HAYEHHI IHTETPAIbHUX IHTEHCUBHOCTEH JU(PPAKIiHHIX MaKCUMY-
MiB 3a JONOMOTroI jaudpakToMerpa 3i cxemor (okycyBaHHs bper-
ra- bpenrano. B upomy Bunanky andpakuiliHuil criekTp QOpMyeThCs
BiIOWBAaHHSIMH BiJl TUTOIIMH, TapajebHUX IO ITOBEPXHi 3paska. Jis
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mo6ymou OIID crmifg oTpuMatu OBHY AudpakTorpaMmy 3pa3ka y BChO-
My Jiamna3oHi KyTiB po3cisHHS. 31e0ibII0ro, BAKOPUCTOBYIOTH XKOPCT-
Ke peHTreHiBcbke BunpoMiHioBauHs ( MoK, A=0,0709nm , AgK,
A=0,0560rm ), 3aBISKH SIKOMY MOKHA OTPHMATH IIMPOKHH HaOip
MaKCHUMYyMIB Pi3HOTO THIy W NpPOaHANi3yBaTH SKOMOTa OUbIIY KiJib-
KicTh monrociB Ha OIlD. 3pa3ku musd IOCHIIKEHb BHPI3alOTh TaKUM
YHHOM, 100 30BHIIIHINA HAIPAMOK (HAIPUKIIAA, HAIPSIM MPOKATKH, OJI-
HOBICHOT'O CTHCKY 1 T.I.) 30iraBcsi 3 HOpMaJUIIO JI0 MOBepXHi. [HTer-
paibHa iHTEeHCHBHICTH JiHIT (HKL) B HETEKCTYpOBaHOMY 3pasKy

0 . - .
I° ;) 3QTIEKUTH Bil TEOMETPIi 3HOMKHU Ta HU3KH (BakTopis. B Tekcry-

POBaHOMY 3pasKy iHTEHCUBHiCTh I~ (hkz) 3OUIBLIYBATHMETHCSA, SKIIO

wiomuHn {HKL} nepeBa)kHO OPIEHTYIOTHCS MapaiesibHO 0 MOBEpXHi

3pa3Ka i 3MEHITYBaTUMEThCA 3a BiJICYTHOCTI BKa3aHOI Opi€HTAL].
Jns iHTerpansHOi iHTeHCHBHOCTI JiHIiT (HKL) B TEKCTYpOBaHOMY

Ta €TAJIOHHOMY 3pa3Ky MOXKHa 3alucaTu TaKi BHUpa3u:

T _ T o _ 0
I (HKL) — kTP (HKL)M(HKL) 4 I (HKL) — koP (HKL)M(HKL) s

ne k - xoe(ilieHT, sIKUil BU3HAYA€THCS MHOKHUKaMHU IHTEHCHBHOCTI Ta
YMOBaMH €KCHEPUMEHTY, £, - TonocHa ryctuHa, M ., - MHOXHHK
MOBTOPIOBAHOCTI CiMeHCTBA IIowmH {/kl} . 3ayBaxumo, mwo £, no-
PIBHIOE YHCITy HOPMaJICH 110 TUIOMWH {/kl} y po3paxyHKy Ha OJIUHUITIO
wiomi cdepu, IO MPOXOAWTH Yepe3 BIAMOBITHHI By301 0OepHEHOT
rpatky. [IpuitHsiTto BBaXKaT, WO BIJHOCHA TOJIIOCHA TYCTHHA D1y €
MIPOTIOPIIIHOO IO BiAHOIIEHHS iHTeHCHBHOCTI JHiHIi (HKL) B TeKCTy-
POBaHOMY Ta €TaJOHHOMY 3pa3Kax:

IT

—(HKL) = K@(HKL) (5 1)

o
1 (HKL)

Bennunna d)(HKL) IMOKa3ye€, y CKUIbKM pPa3iB 3MIHIOE€THLCA UMOBIP-

HICTb TOTO, IO TUIOMIMHHU {/kl} € mapanenbHUMH A0 MOBEPXHI TEKCTY-
POBAaHOTO 3pa3Ka MOPIBHAHO 3 eTaloHHUM. OCKiUIbKH, KoedimieHT K
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BH3HAYAIOTh MHOKHUKH IHTEHCHBHOCTI, HOTO MOXXHa pO3paxyBaTh 3a
ycimMa qudpaxmifHumMu MakcumyMamu. s Horo oO4HcIeHHsT pocy-
myemo Bupa3 (5.1) mns Bcix n - miHiM (HKL) . BpaxoByroum, 1o

0 .
P’ i) =1, oTprMaemo:

IT
(HKL) __ T
Z 7° =K2.P () -
n ( HKL) n
2P
(HKL)
OcKinbKH cepefHe 3HAUeHHsI MOJIOCHOI TycTHl P = +——«— =1,

n
s koeginienta K 0oTpUMaeMO HACTYIHHH BHpas3:

1 [T(HKL)
K== UK
Z [0

noy L pkay

a po3paxyHKoBa (opMyIa Ui OOYMCIECHHS BiTHOCHOI ITOJIFOCHOI TyC-
TUHU Oy/ie MaTH HACTYITHUI BUTIISA;
T
. 1 (HKL)
IO
@ (HEL) (5.2)

(HKL) ~ Id >

z IO(HKL)

n (HKL)

n

JIe 71 — YUCIIO 3apeECTPOBAHNX NU(DPAKIIITHIX JTiHIN.
3ayBaxuMo, 110 OOYHUCIIOIOYH IMOJIOCHY T'YCTHHY, NOTPiOHO O0OH-
paTH BiZOMBaHHS OJHOTO MOPAAKY Bif mutomtuH {Akl}, ockinbku nud-

pPaKUifHUI CHEeKTp 3pa3Ka MICTUTH BiIOMBAHHS PI3HUX MOPSAKIB Bix
omuiei turomuHM (Hanpukman miaii (111), (222) abo (211), (422)).
Meton HOpMyBaHHS MOJIOCHOI T'ycTuHH 3a (opmynoro (5.2) mepen-
Oavae IpUCYTHICTH Ha IupakTorpaMi 3HAUYHOI KiTbKOCTI JiHIA. OTXe,
il JOIILBHO BUKOPUCTOBYBAaTH Iijl YaCc aHaNi3y TEKCTyp Yy KpHUCTa-
JTIYHUX PEUYOBHHAX, IO HAIEKATh JJO HIKYMX ab0 CepeHiX CUHTOHIH.
VY upomy BHUNAAKy B AH(paKIiHHOMY eKCIEpUMEHTI MOKHA BUKOPHC-
TOBYBaTH O M’sIKe BHUITPOMIHIOBaHHS (HampukIan
CuK,,A=0.15481um ) s NOCATHEHHS OLIBIIOI KyTOBOI PO3AUIBHOI
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3natHocTi. OQHAK, JOCTIKYI0UM 00’ €KTH 3 BUCOKOCUMETPUYHOIO (KY-
OIYHOI0) CTPYKTYpOIO JJIsi 30UIBLICHHS Yucla AU(paKmiiHUX JiHIH,
MOTPiIOHO BUKOPUCTOBYBATH JKOPCTKE BUIIPOMIHIOBAHHS.

Juis mobymou OIND y Meranax 3 KyOIYHOIO KPHCTAJIIYHOIO IpaT-
KOO BiJTHOCHY IOJIFOCHY T'YCTHHY PO3Pax0OBYIOTh 3a POPMYIIOH0:

IT
(HKL)
I DM
_ Ak n
Diyry = Ia , (5.3)
Z (HKL) M
I (HKL)
n (HKL)

ne M ;- MHOXKHHUK MOBTOPKOBAHOCTI rpyny wiomuH {HKL} .
OGuucreni 3HayeHHs D, NMO3HAYAIOTH HA CTAHIAPTHOMY TDH-

KYTHUKY OUTS MOJOCIB i3 BimmoBimHuMmu iHaekcamu (hkl). Sk mpuk-

naj, Ha puc. 5.7. 300paxena OII®D 3pa3ka HU3BKOBYTJICIIEBOI CTaI TTiC-
I MEXaHI9HO1 0OPOOKHM BUTATYBaHHAM. MOXHA TPOCTEKUTH, IO HAaii-
OinmbIe 3Ha4YeHHS MONOCHOI ryctuHu (J,/) Bigmosimae moitocy [111]

CTaHAApPTHOTO TPUKYTHHKA, a OTXKE, B HANPSAMKY BHUTSATYBaHHS Mepe-
Ba)XHO Opi€HTOBaHI HopMani 10 Kpucranorpadivyamx tuommH {111} .

OI1® nae 3Mory KiTbKICHO BU3HAYUTH YacTKy 3€peH 13 331aHO0 Opi€H-
TaIi€lo, a TAKOXK OLIHUTU PO3CISIHHS Pi3HUX KOMIIOHEHT TEKCTYypH. 30K-

pema, s OII® (puc. 5.6) BiTHOIIEHHS MOTIOCHUX TYCTHH h =17,
(110)

a OTXKE YacTKa 3epPeH OPIEHTOBAHUX y KpHCTAIOrpadivHOMY HATPSIMKY

<111> mapanenbHO 10 OCi BHUTATYBAaHHS IEPEBHUIIYE YaCTKy 3EPCH

OpieHTOBaHUX Yy HanpsMKy < 110> npubauzuo B 17 pasis.

Amnari3 nepeBaXHUX OpieHTalil i3 BukopuctanHsam OIlD mae taki

nepeBaru:

- Ha BigMiny Bix [T, pinsaxu OIID, mo BiANOBIAAIOTH Pi3HAM
MOJIFOCaM € OUIBIN BiFJAJICHI OFHA BiJ OIHOI, IO MOJIETIIYE
aHaji3 0araTOKOMIIOHEHTHOI TEKCTYPH;

- iCHy€ MOXIMBICTH OLJIBIII TOYHOTO KUTBKICHOTO aHANi3y Opi€H-
TaIliif, 10 ONMUCYIOTh TEKCTYpy Ta ix poscisHHs. BomHouac,
o6 oTpUMaTH KiJbKicHi ouinku merogom [II1®D, tpedba mody-
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IyBaTH JEKUIbKa MOJIIOCHUX (iryp IUis pi3HUX KpHCTajIorpa-
Gbigaux mwrommH {hkl} ;

- mopisastHO 3 III1®, penTrenonudpaxmiitanii MeToa MO0y I0BH
OIl® € 3HaYHO MPOCTIIINM, OCKIJIBKH HE Tepeadadae 3acTocy-
BaHHsI CIEIiaJIbHUX NPUCTOCYBaHb, HANPHKIAA TOHIOMETpUY-
HOI TIPUCTABKY JUI HAXWITy 3pa3Ka, KoliMaTopa MepBUHHOTO Ta
PO3CIsTHOTO MyYKiB.

Bamamu merony OII®D €, 30kpeMa Te, 10 IS aHANI3y 0OMEXEHOT
TeKCTypu HoTpiOHO moOynyBatu OIID mis mBoX 3paskiB, MPUUOMY
TUTOIMHA OJTHOTO € TapalielibHa, a IHIIOTo - MePIeHIUKYJIISIpHA JI0 110~
IIMHU TIpOKaTKu. KpiM TOro, JOCHTH CKIIQJHO 3allMcaTd BHpa3 s
opieHTamii 3epeH y Burisai {hkl} <uvw >, 1o jerko 3MiHCHUTH 3a JI0-
nomororo II1®.

MumaHrHs do po30iny 5

Lo My posymiemo nig kpuctarpadivyHO TEKCTYPOHO?

AKi YMHHWKM BNNMBaKOTb HAa POPMYBaHHS TEKCTYpU MaTepiania?

Aki TMNK KpucTanorpadiyHMx TeKCTyp Bu3HaeTe? B 4yomy BusB-

NAETLCS BiAMIHHICTb MiXK HAMK?

4. 5Ky TEKCTYpy Ha3uBatloTb akcianbHOK?

5. UWo Take TecTypa npokaTkn? CdhopmynionTe yMOBY 30HASbHOCTI.

6. OxapakTepuaynte ocobnmBoCTi AMPAKTOMETPUYHOIO METOAY BMB-
YeHHSs akcianbHOT TEKCTYPU | TEKCTYPU MPOKATKK.

7. Wo Mn po3ymiemo nig NOHATTAMU NpPsiMOi Ta 06epHEHOT NOJSKOCHOI
Goiryp? B Yomy BiAMIHHICTb MiXK HUMM.

8. 4K BM3HA4YaeTbLCA MOMOCHA NYCTUHA B MeToAdax nodyaoBu NPSIMOI i
o6epHeHoT NontcHNUX iryp?

9. 3anuuwiTe BMpa3n And BU3Ha4YeHHA HOPMOBAaHOI MOSKOCHOT IYCTUHU
B KpMUCTanax KyBiYHOI Ta HMKYMUX CUHIOHIN CUHIOHIT meTogom Olld.

10. B 4Yomy BusBNATLCA nepeBarn Ta Heponikn metogy OMN® nopis-

HsiHO 3 meTogom MMNo?

wWN =
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Po3nin 6

BU3HAYEHHA MAKPOHAMNPYI METOJOM
PEHTIEHIBCbKOI AU®PAKTOMETPII

[lix MakpoHampyramMu pO3yMiIOTh 3alMIIKOBI Jedopmarii, sKi
ONHCYIOThCSI 3aKOHOM ['yka 1 3piBHOBaXYIOTBCS y BCHOMY 00’ eMi
3paska abo GinpmIiii iforo yacTuHi. Ix BenMuMHA NeKoNH cATac 3HAYEHD
MeXi IUIMHHOCTI a00 MIiIHOCTI. 3aNMIIKOBI HANPY>KEHHS € MPUYHHOIO
YTBOpPEHHS TPIIIVH I 4Yac TapTyBaHHSA 4M NuTiQyBaHHS neraneit. 3
Opyroro OOKy, CTHCKYyBaJbHI HANpY>KEHHS Ha IMOBEPXHI MEPElIKoJ-
JKAIOTh YTBOPEHHIO TPIIIUH 1 3HAYHO 301IBIIYIOTh MIIHICTh JETaleH i
By3miB. OOHUM 13 METOAIB BUBUYEHHS BEJIMYMHH, 3HAKy 1 PO3MOIily
3aJIMIIKOBUX HANPYKEHb y JETaNIX 1 KOHCTPYKTHBHHX MaTepialax €
pEeHTreHOIUPpaKIiHHUH METOI.

Sk MexaHI4YHUH, TaK i PEHTTE€HIBCHKUI METOJl BU3HAYCHHS HAIPY-
XKEHOr0 CTaHy IPYHTY€ThCS Ha BUMIPIOBAaHHI 3HAUCHHS IPY)KHOI Ie-
dbopmarii 3pa3ka, BUKIWKAHOI 30BHINTHIMA MEXaHIYHUMH MisMu. B
OCHOBI TU(PaKLUIITHOr0 METOAy BH3HAYEHHS MAaKpOHANpYT € Te, 10 Y
BCIX KpHCTaliTax 3pa3ka MDKIUIOIIMHHI Binctaui d,,, mtoumH (hkl),
OJTHAKOBO OPIEHTOBAHMX BIJHOCHO AaKTMBHHUX HAmpyT, 3MIiHIOIOTHCA
0JHAaKOBO. PO3TIISIHEMO OCHOBHI TOJNIOKEHHSI PEHTI'€HIBCBKOTO METOIY
BHU3HAYEHHS] MAaKPOHAIPYT.

3MiHa MDKIUIOMIMHHUX BifcTaHe# s toiommH (fkl) Ha BeMUIuHYy
Ad =d —d cnpudnHIOE 3MillEHHS KYyTOBOIO MOJIOKEHHS BiANOBIAHO-
(IS4

ro nudpaxiiiiHoro MakcumyMy Ha kyT A =9 -3, (inpekc “o” Biamno-

Bijla€ eTaJIoOHHOMY (HeaehopMOBaHOMY) 3pa3ky). SIKino audepeHiiiro-
Batu piBHsHHS Bynbda- Bperra d sin($#) = nA , To orpumaemo:

Ad sin(8) + d, cos()AD=0.
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OTxe, BiTHOCHY Aedopmallito 3pa3ka € MOKHA BU3HAYUTH TaK:

€=%:—ctg(z9)Az9. (6.1)

Ad - . o}
3a 3akoHOM I'yka € = N npornopuiiiHa Hanpy3i, TOOTO £ = —VE,
0
ne E — monyne FOnra (Momyns npyxHocTi), v — koediuient [lyaccona.
3 ¢opmynu (6.1) oTpuMaEMo BETUYHHY MEXaHIYHOI HAIIPYTH:

o= —Ectgﬂ-Az?. (6.2)
v

Skmo mig yac BUMIPIOBaHHsS OU(PaAKTOrpaM BUKOPHUCTOBYETHCS
cxema ¢okycyBanus bperra- bpenrano, To y ¢opmyBaHHI audpak-
HIHHUX MakCHMyMiB OepyTh y4acTh aTOMHI TUIOIIUHH, OPIEHTOBAHI Ta-
payienbHO JI0 MOBEPXHi 3pa3ka. B 1bOMy BHIIaAKy 3MiHa MIKILIONIMH-
HUX BiAcTaHedl 3yMOBIEHAa NONEPEUYHUMH AedopMalisIMHU Mif i€
HanpyT, JOKaNi30BaHUX y IMX IUlomuHax. Hacmpasnai k, Hanpy)XKeHUH
CTaH MaTepiaixy Mae 00’eMHHI XapakTep. B Takomy Bumaaky y3araib-
HeHMH 3aKkoH ['yka MOXKHA BHpa3UTH 4yepe3 Hanpyru Ta aedopmarii, mo
IIIOTh B TPHOX FOJIOBHUX HAIPAMKaX:

g =lo,-v(o,+0y)]/ E
& =lo,-v(o, +0;)]|/ E (6.3)

& =o,-v(o,+0,)]/E.

Puc. 6.1. Enincoig HanpyxeHb
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[Tix nmiero MexaHIYHUX HANPYT KYJLOBHU €JIeMEHT 00 €My IepeT-
BOPIOETHCSL Ha enincoin (puc. 6.1). Hanpyxenuit cran martepiany Bu3-
HA4aloTh TPH TOJIOBHI HAIPYTH O,, O, Ta O, . [lna Hanpyru Ta nedop-

Mallii B 1OBITbHOMY HamlpsIMKY, 3aJIeXKHO BiJ KyTiB i/ Ta ¢, MOXKHA 3a-

MUCATH TaKi BUPA3H:

£, ,=&sin’ycos’ g+, cos’ysin’ p+ecos’ g,  (6.4)
0,,=0sin’ycos’ +0,cos’ysin’ p+o;cos’ @,  (6.5)
0,=0 cos’ @+ 0,sin’ @ ( =90°). (6.6)

Sxmro 3pa3ok HE 3a3HA€ 30BHINIHKOI MEXaHIYHOI Mii, TO B yMOBax
pIBHOBAaru MO>KHa BBa)KaTH, O O, = 0. OCKINBKH PEHTIE€HIBCHKI IPO-
MEHi MPOHUKAIOTh Ha TIMOWHY NEKiTbKOX MIKPOH, HANpy>XKeHWUH cTaH
BU3HAYaTHME CyMa TOJIOBHUX Hampyr (0, +0,), 0 Al0Th y IUIOMIUHI

MoBepxHi 3pa3ka. B nbomMy Bunanky ans BenuuuHHU Aedopmariii MOKHA
OTpUMAaTH TaKUil BUpa3:

1+v . 2 14
o =— 0,8 y——(o,+0,)=-(3,,-9)cgd,. (6.7)
E E
3Bifcy BUIUIMBAE BUPA3 JUIA 3MiHM KyTa Audpakuii B geopmoBa-
HOMY MaTepiaji:

v.e

- =%fg790(0'1 +0'2)—1+TvtngLO'¢ sin® . (6.8)

Po3riIsiHEMO KOHKpETHI METOJM BUMIPIOBAHHS MAaKpOHANpyr y
MeTajax Ta CIUIaBax 3a JIOTIOMOTOI0 PEHTI€HIBCHKOTO IU(PPaKTOMETpA.
3ayBakuMo, [0 PEHTTE€HIBCHKHI METOJA KOHTPOJIO HANPY>KEHOTO CTa-
Hy € HepyHHIBHUM. 3a HOTO TOTIOMOTOI0 MM MO>KEMO BUMIipIOBaTH Hall-
PYTH B TOHKOMY IOBEpXHEBOMY ILapi MaTepiaily 3aBTOBIUKH /1 =1/u,
Iie U - THIAHIA KoeIIlieHT MOTIMHAHHS.

1. Io6 BM3HAYMTH CyMy TOJIOBHHUX Hampyr Ha IOBEPXHI 3pa3Kka
(o, +0,), cuin, BUKopucToByrouu cxemy (oxycysanns bperra-bpen-

TaHo, 3apeecTpyBaTH Npodins audpakuiiHoro makcumymy (HKL) B
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eTaJIOHHOMY Ta JeopMOBaHOMY 3pa3kax. BcTaHOBHBIIM KyTOBE IOJIO-
KEHHA MakCMMyMiB ¢} Ta ¢ Ha 000X Iudpakrorpamax, CyMmy rojos-

HUX HaIpyT JIETKO 00YMCIHUTH 32 GOPMYIIO0:
E
(0,+0,)=——(0-9)ctgd,. (6.9)
1%

2. Jlns BUMIPIOBAHHS HATIPYTH B 3aJaHOMy HANpAMKY (O, ), a Ta-
KOK TOYHIIIOTO BU3HAYEHHS CyMHU HANpyr (O, + O, ) BUKOPUCTOBYIOTb
MeTon “sin’ i . s 1bOr0 BU3HAYAIOTH KyTOBE TIONOKEHHS OJHOTO if
TOro X Makcumymy (2, ;) 3a pisHHX KyTiB i . KyT i/ MOX)Ha 3MiHI0-

BaTH, HAXMJIUBILK 3pa3Ka BiIHOCHO TOPHU30HTANBHOI OCI, IO JIE)KUTH B
MTOBEPXHI 3pa3Ka, a TAaKOK TOBOPOTOM 3pa3Kka BITHOCHO OCi TOHIOMETpa.
3ayBakMMO, W0 Ui cXeMH (okycyBaHHs bperra- bpentano kyt

w =0°. 3arangom, HOro 3Ha4YCHHS MOKHA 3MIHIOBAaTH B Mexkax 0 <y <.

BumipsiBum 3miuienss makcumymy Ad, =9,  —7, 3a pi3HOro KyTa

¥, MOXHA 00UMCIMTH BenuuuHy Aedopmaiii €, , Ta moOynysatn ii

P
3aJIeXKHICTh Bi sin’ i . 30KpeMa, BUKOPUCTOBYIOUM METO/] HAMEHIINX
KBazgpariB, 3a (opmynoto (6.7) OyayloTh JiHIHHY 3aJeXHICTh
E o= f (sin2 W) (puc. 6.2). Y TakoMy BUNAJIKy CYMYy TOJIOBHUX HANpyT
(0,+0,) Bu3HaYaTUMyTh 3 BiApi3ka A& , IO BIATHHAETHCA Ha OCI
OpIMHAT, & HANPYTY O, MOXKHA OOYMCIUTH 33 KyTOM ¢/ HaXwiy Ipsi-

Mo1 110 oci abciuc 3a popmynamu:

0'1+0'2=—As€, 0'¢=%tg05. (6.10)

3. Ha npaxruni 3HaueHHs KyTa ¢, Al HEHANPYXKEHOTO CTaHy
3pa3Ka 4acTo € HEeBIJOMUM. Y TaKOMY BUIAJIKy 3a JIOIIOMOI'OI0 METOLY
2

2
“sin"y 7 MH MOXEMO BH3HAYUTH HANpYyry B 3aJaHOMYy HAampsIMKy

(0, ), BUKOPUCTOBYIOYH TaKH{ BUPA3:

l+v .
L LY sin’ . (6.11)
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/747
T

Ag

sin

Puc. 6.2. 3anexHictb ¢, = f(sin® ) , nobyaosaHa
METOAOM HalMeHLUMX KBagpaTiB

oGy ayBaBmy JiHilHY 3anexHicTh A (sin’ ) Hanpyry O, BU3-

HAYalTh 332 KyTOM Haxwiay npsmoi. Ockinbku Momyni FOura Ta Ilya-
CCOHA € aHI30TPOITHUMH BEITUYWHAMH, ITiJl 9aC PO3paxyHKiB Tpeda BH-
KOPHCTOBYBATH 1X 3HAYCHHS JUIS 3aJJaHUX KPUCTAIOrpadiuHUX HapsM-
KiB HOpMaJIei 10 BiOMBAJIbHUX aTOMHUX TUIOIIMH.

4. SIxmo 3HaueHHs KyTa ¢}, € HEeBIJOMHUM, MOXKHA BU3HAUUTH ¢}, Ta

CyMy TOJIOBHHUX Hampyr (O, + 0, ), SKIIO MiJ 4ac BUMIPIOBaHHS AU-

paKTOrpaMu 3pa3oK MIBUAKO O0CPTAETHCS B IUIONIUHI MTOBEPXHI. 3a X
YMOB Halpyrd B JAOBIILHOMY HAIPSIMKY, 110 BU3HAYAETHCS KYTOM () €

OIHAKOBHMH, TOOTO o, =const . Hanpuknan, skmo w=45°, T0
c,=1/2(c,+0,). Omxe, s kytiB y=0° Ta =45 oTpUMaEMO TaKi

BHpa3u JIJIs1 BU3HAYEHHS TOJ0XKEHHS TU(PPAKIIIHHOTO MAKCHMYMY:

1%
19,/,:0 =3 + Etgﬁw:o (0,+0,), (6.12)

1% 1+v
19W=45 =0 + Etgz%,:o (0, +0,) —Ttgz%,:oo-w . (6.13)

3 dopmyn (6.12) Ta (6.13) MoXHA BU3HAYUTH CYMy TOJIOBHHX HaII-
pyr o, +0, Takyt ¥, :

121



S _ -0 _
(0,+0,)=2""2F ctg(d,,), (6.14)
1+v
1-v 1%
S =—" 42— .. 6.15
° 14y l+v V™% (6.15)

5. TloTpiOHO 3ayBaKUTH, 3HAYEHHS TOJIOBHUX HANPYT MOXKYTh
OyTH sIK JOAATHUMHU, TAK 1 Bi’eMHUMHU. SIKIIO O, Ta O, BiAPI3HAIOTHCA

3a 3HaKOM, TO MO)K€ BHHUKHYTH CHTYyallis, KOJIHA CyMa TOJIOBHUX HaIl-
pyr (o, +0,) Oyae Manow, HE3BaKaloUM Ha 3HAYHUN Hampy>KeHUI

CTaH Matepiaidy. Y TpaHHYHOMY BHIIAJIKy ITOBHOTO 3CyBY O, =—0,, a
otxe (0,+0,)=0. Tomy, aHanmi3yroun HanpyXeHUIl CTaH, BUHHKA€E
notpeda y po3iIbHOMY BU3HAYEHH] O, Ta O, . Yepes Lie BaxIMBO KpiM
BHUMIpPIOBaHb 3a KyTiB MOBOPOTY 3paska i =0° ta i =45°, npoBectu
BHUMIpPIOBaHHS Ul JBOX PI3HUX KYyTiB NOBOPOTY 3pa3ka B IUIOIIUHI
noBepxHi (¢—«) Ta (@+ ), xonu KyT W =45°. 3Ha4eHHs KyTa
3a/la€ MOCHiHUK (Hampukiaa, o =45°). TakuM YuHOM, MOXHA pPo3pa-

XyBaTW 3HAY€HHs Hanpyr o, ,,0, Ta o0, .. BpaxoByrouu, mo o, =0

—a?

OTPUMAEMO:

1g(9)
o =0,+05c, -0 — 6.16
1 @ ( o-a qa+0{) sm(20{) ( )

ctg(@)
o,=0,-05(0,_, -0 —_— 6.17
2o (-0 = T ) sin(2a) ©.17)

c,__ -0
tg(2p) = e ove (6.18)
20

0 " O0p-a " O0pia

TounicTh peHTreHOAN(PAKIIHHOTO BUMIPIOBaHHS MaKpOHAIPYT
3aJIeKATH SIK BiJl TOYHOCTI BUMIpIOBaHHS KyTa audpaxiii () Ta Ky-
ToBoro 3MimeHHs ( A#}), Tak i Bif moxuOku 3Ha4eHb MoayiB FOHra (F)
ta [Tyaccona (v ). lllo0 MiHIMi3yBaTH MOXIIMBI TIOXHMOKH, Ha SKCIIEPHU-
MEHTI PeecTpyIOTh AOCTATHHO IHTCHCUBHI AM(pakmiiiHi MakCUMyMH,
JUIA AKUX XapaKTepHHuil Bemukmii kyT mudpakuii ( #=50+70"), mo
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3abesreuye mane 3HadeHHs cfg(?}). BcraHoBneHO, M0 BUMiprOBaHHS

KyTa audpaxiii 3 TounicTio = 0.02° npu3BOANTE 10 TOXHOKH BUMIpIO-
BaHHsI MaKpOHAIPYT, sike qopiBHIOE 15, 45 ta 110 MIla ans amowminiro,
cTaji Ta Kapoixy Bonbdpamy.

Pentrenorpacdiunmii MeToJ BHBYEHHS 3aIMIIKOBHX HAlpy)KeHb
Mae€ JesiKi OOMEKEHHs. 3a HOro J0MOMOIOK MOYHA JOCIIKYBATH Jie-
(dhopMariii Ha MOBEpXHI 1 HA HEBEJIMKIiM THMOWHI (BiJ KUIBKOX 10 JECST-
KiB MiKpoH). Ha mpakTuiii peHTreHiBChbKOro eKCIIEPUMEHTY BUHUKAIOTh
TPYIHOII Yepe3 PO3MHUBAHHA AU(PAKIIHHIX MaKCHMyMIiB BiJ XOIOI-
HOJIe)OPMOBAHUX METANIB i MaTepialiB, MO NepedyBaloTh Y BHUCOKO-
MiHoMy crtaHi. [IppyunHoro moxubok Takox € epekT po3(oKyCyBaHHS
BHACJIIIOK TIOBOPOTY UM HAXWITy 3pa3Ka BITJHOCHO OpEriBCHKOTO IOJO-
xerHs. 1[[o6 miHiMizyBath 1ed edekr, moTpiOHO 3MEHIIUTH PO30iXK-
HICTh MEPBUHHOTO Iy4YKa PEHTTE€HIBCHKHX MPOMEHIB 3a JOMOMOTO0
CrieIiaTbHIX KOJIMAIIHHUX TIPUCTPOIB.

MumaHrHs do po30diny 6

—_

LLlo Take makpoHanpyrmu?

2. B 4yomy nepeBary 3aCTOCyBaHHSI PEHTrEeHIiBCbKMX MEeTOodiB aHanisy
Hanpy>XeHOoro cTaHy MOPIiBHAHO 3 MeXaHiYHUMMN?

3. CdhopmynitonTe y3aranbHeHuI 3akoH ['yka?

4. £k BU3HAUUTU CyMy rONOBHUX Hamnpyr Ha NOBEpxHi 3pa3ka MeTOAOM

pPeHTreHiBCbKOT AndpakTomMeTpii?

5. $IK BUSHAUNTU HaNpyry y 3aJaHoMy HanpsaMKy MeToaoM “sin’ i "?

6. Axknin MeTo BUKOPUCTOBYIOTb AN PO3AINbHOr0 BU3HAYEHHSI OKpe-
MUX KOMMOHEHT Hanpyrn?

7. Y aKkin ginadui gudppakuiiHoro cnektpa AouifibHO NpoBOAUTM BU-
MiptoBaHHS npodointo andpakUinHNX MakCMMyMiB Ans 36inblIeHHSs
TOYHOCTi BU3HAYEHHS MEeXaHiYHMX Hanpyr?

8. Aki TpyaHOLW BMHUMKAKOTL Nig Yac 3aCTOCYBaHHA ANMpPaKLiiHOro me-
TOAY BM3HAYEHHSA Hanpyr?
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Po3pin 7

OU®PAKLIMHUIA AHATI3
MIKPOCTPYKTYPU MATEPIAJIB

7.1. BusHauyeHHs po3MipiB o6nactemn
KOrepeHTHOro po3cifitHHA Ta Mikpoaedopmauii
KpUCTaniyHol I'paTKMu MeToA40M anpoKcumadii npodinto
AN pakuinHUX MakKCUMyMiB

Mexanivai Ta $i3UKO-XIMIYHI BIACTUBOCTI KPUCTATIYHUX PEYOBHUH
CYTTEBO 3aJIe)KaTh BiJ pO3MIpiB KpHCTamiTiB. s BHUpIMIEHHS HU3KU
MIPUKJIAHAIX 3aBIaHb MOTPIOHO 30KpeMa BH3HAYUTH POPMY Ta PO3MipH
KPUCTAJITIB TBEPJAOTO Tia B 3aJI&KHOCTI BiJl BIUIMBY 30BHIIIHIX
YUHHUKIB (TETJIOBUX, MEXaHIYHHUX, MarHiTHUX Ta iHmUX ). Po3Mipu Ta
(hopMy KpHCTaJITIB YacTO BU3HAYAIOTh METOJAMHU CBITJIOBOI Ta €JIEKT-
poHHOI MiKpocKomii. 37e0iIbIIoro, Ha CBITIOBHX Ta EJIEKTPOHHO-
MIKPOCKOIIIYHHAX 3HIMKax OTPUMYIOTh BUIIaJKOBI HEPETHHH 3€peH i3
po3MipaMy BiJ HaWMEHIIMX A0 HaWOIMBIINX, IO 3yMOBIIIOE LII030pHE
30UTBIIIEHHS YacTKH ApiOHUX 3epeH. OTke, BU3HAUCHHS iCTHHHOTO PO3-
Mipy KpHuCTaliTa (3epHa) MIKPOCKOMIYHUMH METOAaMH MOTpedye
CKJIaJHOT CTaTUCTUYHOI OOpOOKM pe3yibTaTiB BUMIpIOBaHb, IO CYT-
TEBO 0OMEXYe X MOKIMBOCTI. BogHOUac, peHTreHOAN(paKIIiiHi METO-
I HE MAIOTh 3a3HAYEHHUX HEJOMIKIB, TOMY IIUPOKO BUKOPUCTOBYIOTHCS
y MPAKTUIL MIKPOCTPYKTYPHOT'O aHaMi3Yy.

3rigHo 3 KIHEMaTHYHOIO TEOPIEI0 PO3CISIHHS, 3MEHILEHHS PO3MIpiB
3epeH MPHU3BOAWTH 0 PO3IMMHMPEHHS AUPPAKIIHHAX MakCUMyMiB. Jlis
MIpHUKJIay, Ha puc. 7.1 HaBeneHO MOPIBHSAHHSA AuppakTOorpaM KpymHO-
(1) Ta HaHOKpHCTaNMiYHOTO 3pa3kiB (2). ToMy ocoOimBHUl iHTEpEC, 30K-
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pema miJ yac aHamidy CTPYKTypy HaHOKPHUCTAJIIYHHUX MarepiaiiB, BUK-
JIKAa€ METOJ BU3HAUCHHS PO3MIpiB 3€pPEH 3a PO3IIUPEHHIM Au(paKiiii-
HUX MakCHMYMIB.

BurokpemMrMo OCHOBHI ()akTOpH, IO BIUIMBAIOTh HA IMUPUHY Ta
(hopMy MaKCUMYMiB:

1) moppiOHeHHs KpHucTaiTiB abo iX Mo3aiuyHa Oya0Ba;

2) mikpoaedopMaIiist KpUCTATIIHOT TPATKH;

3) HasBHICTH B KpUCTaJiTaX AEPEKTIB YIIAaKOBKH aTOMIB.

PosmmpenHst nudpakmiiHiX MakCUMyMIB TiJl BIUIMBOM 3a3Ha-
YEHUX YMHHUKIB Ha3UBAIOTh Qizuunum po3mupeHHaM. OQHaK, LIUPUHY
MaKCHMyMIB MOXKYTh BH3HA4YaTH TaKOX IHII YMHHHUKH, 30KpeMa po3-
ODKHICTH MEPBUHHOTO 1 JU(paroBaHuX MPOMEHIB Ta CKIHYCHHA LIUPH-
Ha CIIEKTPAILHOTO iHTEPBAY XapaKTEPUCTHYHOTO BUIIPOMiHIOBAHHS.

Inmencuenicmo
T

28, zpao.

Puc. 7.1. Tunosi gudpakrorpamu 3paskis KpynHokpucTaniyHoro (1)
Ta HaHoKpucTaniyHoro (2) maTepiany

Po3mupenHs, sike 3yMOBWJIM T€OMETPHYHI YMHHUKH, HA3UBAaIOTh
eeomempuunum abo incmpymenmanvrum. OTXe, U100 BU3HAYUTH PO3-
MipH KpUCTaNITiB, MOTPIOHO BIIYYUTH BHECOK T€OMETPUYHOTO PO3ILIU-
pEeHHS B MIMPUHY MaKCHMyMiB. 3 IIi€l0 METOI BHUMIPIOIOTh AM(paK-
LidHI CHEKTPH MOCHiIKyBAaHOTO 3pa3Ka Ta €TajoHa, IMHMPHUHY JiHIN
SIKOTO BH3HAYae JIUIIE reoMeTpist audpakuiiiHoro excnepuMenty. Eta-
JIOHHUH 3pa30K AOLIIBHO BUTOTOBIIITH 3 TOTO X Marepiaily, mo M
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JOCIIHKyBaHuid. Po3Mip 3€peH B €TajioHI HE IMOBHHEH IEPEBUIIYBATH
150 uM. [Iyis ycyHEHHS 3ajIMIIKOBUX HANpyr €TAaJOHHI 3pa3Kd Bijma-
JIOIOTH 32 BIAMOBITHUX TEMIIEPaTyp.

Mix moBHuM ( B), reomeTpudauM (b ) Ta Gi3UYHEM PO3MIUPEH-
HsiM () icHYy€ Takwuii 3B’ A30K:

B= NL, (7.1)
[ g(x).f(x) dx

ne g(x), f(x)- byHKIil, 110 ONUCYIOTh PO3MOILI IHTEHCUBHOCTI TU(-
PaKLiifHOr0 MaKCUMyMYy €TaJIOHa Ta AOCIiIKyBaHOTO 3pa3Ka.
3ayBaKuMO, 10 MiJ BeauuuHamu B, b, f/ po3ymieMo iHTerpaibHi

IIUPUHA MaKCUMYyMiB, TOOTO BiHOIIEHHS IJIONII MaKCUMYyMIB /IO Mak-
CUMAJILHOI IHTEHCUBHOCTI:

O +AS G+AD
I h(x)dx I f(x)dx
p=222  op=2tr (7.2)
I .dx I .dx

Makc. Makc.

A€ ¥}, — MOJNOXKEHHA MAKCUMYMY; /4 — MAKCHMallbHa BHCOTA MaKCH-
Mymy, (&, —AY, 8, + Ad) - kyToBuii iHTEpBaIL.
®i3uyHy HMIMPUHY MAaKCUMyMy MOKHAa BU3HAYMTH HAOIMKEHHM

METOJIOM ampoKcuMarii. SIKIo € BiZOMHUM pPO3MOALT IHTEHCHBHOCTI
MakCHMyMy 3paska f(x) Ta eramoHa Ah(x), BemuuuHy [ po3paxo-

BYIOTh 3a hopmyoro (7.1). Ha mpakTuiii, 1ii po3noiin MOXHa anpoK-
CHUMYBATHU TIaIKUMH QYHKUISIMU TaKAX THITIB:
1) ¢ynxuis Fayca exp(—ax’);

2) dynxuig Komi- Jloperna ————;
(1+ax”)

3) npoMixHUI po3noAil ————
1+ax”)

Jns 3a3Ha4eHWX TUMIB (QYHKIIH OTPUMAHO TakKi PO3B’S3KH PiB-
usuHA (7.1):
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[ =~B>-b* (posmoxin I'ayca), (7.3)
f =B —b (posnoxin Korui - Jlopenna), (7.4)

b= %[B —b+/B(B~-b)] (npomixuuii posnozin).  (7.5)

3ayBa)XuMo, 3Ha4eHHs (Hi3UUHOTO PO3IIUPEHHS 5 MOKE 3MiHIOBa-

TiCh y Mexax 10-15% 3anexxHo Big OOpaHOTO THITY PO3MOJILTY.
ITpuaaTHICTH TOTO YH IHIIOTO PO3MOILTY 10 BU3HAYEHHS [ MOXHa Iie-

peBipuTH. 30Kpema, TUPPaAKTOMETPUYHIUM METOJOM BHMIPIOIOTH IIPO-
¢inp mudpakuiiHOro MaKCUMyMy 3 BUCOKOIO TOUHICTIO (puc. 7.2). Ky-
TOBHUH iHTEpBaNl AuppakiifHOr0o MakcHMyMy Ha oci X po30HBalOTh Ha
OKpeMi BIJJPi3KU OJHAKOBOI JIOBXHHHM Ta BH3HAUYAIOTh JJIS KOXKHOTO
BiJ[pi3Ka 3HAYEHHS ) OPAWHATH €KCIIEPHMEHTAIbHOI KPUBOi IHTEHCHB-

Hocri. Ilicns poro OyayroTh rpadiku 3ameKHOCTEH:

In(y)= f(x*) mns posnoxiny I'ayca exp(—ax’);
L f(x*) nnsa posnoxiny Komti- Jlopena;
y

1 1= f(x*) As MPOMI’KHOTO PO3MOIY.

Jr

>

Puc. 7.2. MNpodinb AndpakuinHoro Makcmumymy
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Hatikpaiioro anpokcumyouoro (QyHKIEr0 Oyae Ta, I AKOI rpa-
¢ik, noOynoBaHM B 3a3HAUCHUX KOOPJMHATAX, MAKCHMAJILHO HaOIH-
KYBaTHMEThcS JI0 TpsMoi JiHil. 3HayeHHs Koe(illieHTa ¢ . MOXHA
O00YHMCITUTH 332 KYTOBHM HAaXWJIOM BIJIOBITHOI MpsAMOi. 3ayBaKuMO, 110
BUKOPUCTaHHs 3a3HAUCHHMX BUILE ANPOKCHUMYIOUMX (YHKLIH € Joc-
TaTHLO OOTPYHTOBAHHMM Y BHIAJKaX, KOJIH PO3IIUPEHHS JIiHIA 3yMOB-
JICHE BILIMBOM JIMIIE OJHOTO YMHHUKA: JUCIEPCHOCTI KPUCTAJITIB ab0
Mikpoaedopmanii KpUCTaIiuyHOil IpaTKU. Y NPOMIKHHUX BUMAIKaX, KOJIH
PO3LIMPEHHS MAaKCUMyMiB BH3HA4alOTh OOMABAa YMHHUKH, BUHUKAE
cHUTyarlis, Kol npodine TUPpakIiifHOro MakCUMyMy HE MOXKHa KO-
PEKTHO ONMCATH KOAHUM 13 HABEICHUX PO3MOALIIB.

Ha po3mupeHHs MakCUMyMiB CYTT€BO BIUIMBA€ 1 CHEKTpaJbHHUN
O30T XapaKTEPUCTUIHOTO BUIIPOMIHIOBAaHHA. 30KpeMa, JIJIsl Xapak-
TEPUCTHUYHOr0 K, - BUIIPOMIHIOBAHHS MOTPIOHO BpaxoBYBaTH HyOieT-

HICTh CHeKTpayibHOI JiHIi K

wlar » OCKUIBKM JHMQPaKIIHHUA MaKCUMyM

(bopMyeThCs HaKJIaJaHHAM He3aleXHHX KoMIoHeHT K¢, Ta K¢, . Orxe,
HOBHE PO3IIMPEHHS € (QYHKIier0 MbKIy6neTHol Bicrani 0 =2(% —d,).
31 301IbLIEHHSM KyTa PO3CiSIHHS MDKIyONeTHa BiCTaHb 3011bLIY€ThCA:

5= 2%@19) (7.6)

Jnst ¢pikcoBaHOro MUQPaAKIIHOTO KyTa MIKAYOJETHY BiJICTaHb
MOJKHA BHU3HAa4YUTH 3a Qopmysoro (7.6), a 3a gomomororo rpadika, Ha-
BEJCHOr0 Ha pHC. 7.3 00UMCINTH MOMPAaBKY A0 IIUPUHHM JiHii 3aBISKH
edekTy TyOIeTHOCTI.

3a BIAOMOTO THITY PO3MOALTY IHTEHCHBHOCTI TUPAKIIHHAX Mak-
CUMYMIiB, (hi3U4HE pO3IUPEHHs BU3HAYAIOTh Y TaKil IOCIiAOBHOCTI:

- B OJHAaKOBHX YMOBax AWU(PAKIIIHOTO EKCIEepUMEHTY BHUMi-
PIOIOTh TIPOQiTE KOHKPETHOTO JTU(PPAKIIHHOTO MaKCHMyMY
€TaJOHHOTO Ta JOCHi)KYBaHOTO 3pa3KiB;

- 3a monoMororo ¢opmyd (7.2) BU3HAYAIOT IHTETPaNIbHI IIUPUHU
JTHIMN;

0

: . 0 y
- BHUKOPHUCTOBYIOUM Tpadik 3amexHOCTI =f (E), HaBEeIECHUI

Ha puc. 7.3, BBOAATH NONPaBKy Ha AyOneTHICTh AU pakuiiHO-
r'0 MaKCUMYMY;
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Puc. 7.3. I'padik Ana BBeAEHHA NONPABOK HA HEMOHOXPOMATUYHICTb
BMMNPOMIiHIOBaHHSA | — Ans anpokcumaii yHKUieto exp(—axz);
Il = 1/(1+ax®)? Il = 1/(1+ax’), B — NOBHA LINPUHA MaKCUMyMY,
B, - wvpnHa K, - KOMNOHEHTU

- 3a ¢opmynamu (7.3 -7.5), oOpaHUMH OIS KOHKPETHOTO THUITY
pO3MOIiTy, OOYUCIIOITh BEIMYMHY (PI3UYHOTO PO3IMIMPECHHS
MaKCUMYyMY.

PosrnsiHemMo 3B’s30k Mik (Di3MUYHUM PO3IIMPEHHSM MaKCUMyMy Ta
po3MipaMH KpHCTAIiTiB TBEpAOTro Tila. 3 aHamizy iHTepdepeHiitHOoT
¢yukuii Jlaye (quB. po3ain 1) BigoMo, o mupuHa iHTephepeHIiiiHoro
MakcuMyMy A4, € 00epHEHO NPONOPLIHHO 10 YHCIa eICMEHTApHUX

KOMIpOK N, Y3[0BXK TOJOBHOTO j-T0 KPHCTAIOrpadivHOro HampsmKy.

[liBmwmpuHa, TOOTO WKpPHUHA MAKCUMYMY Ha IIOJIOBHHI BUCOTH PiBHA:

2z
A, =—.
N,
Bi A =1 S—3 2 L
inomo, mo 4, = K(aj’ §—5,), ne K—7 ; @, - mepio iIeHTHY-
HOCTI B j -My HampsiMKy. 3TigHO 3 piBHAHHAM Jlaye BekTop oOepHEHOT
2sin(?)

-1 .
rpatku H :;(s —-5,), floro Moxyib |H | = , TOMy MOXHa 3a-

IMCaTu:
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A, =x(d, 5-5,)=2n(d,, H)=27a,H cos(p) ,

e @ — KyT MK BeKTOpamu d; 1a H .
Sxmo npoangepeHIifoBaTH OCTaHHii BUpa3, OTPUMAEMO:
cos(HA(2D)
7 .

[Ticnst migcranoBkH Bupa3y it AH oTpumaeMo BUpa3 s MMiBIIH-
puHHU iHTEpEPEHIIITHOTO MAKCUMYMY::

AAd; =27a ,(AH)-cos(p), AH =

= 2z = 277[61 ;c08(2) A(29) cos(@) , 3 IKOTO BUILIUBAE:

7N,

J

N;a; cos(¥9) A(28) cos(p) = 4.

3ayBaxkumo, 10 BenuurHa /; = N,a, € pO3MipOM KpPUCTaJIiTa B IO~
JIOBHOMY j -My KpHcTajnorpadidvHOMy HampsMKy. B Takomy Bumaiaky

BenmunHa L =1/, cos(¢) € po3Mip KPUCTAIITIB y HANPSIMKY BEKTOpa

obepHeHOi TpaTku  H , TOOTO B3IOBXK HOPMaJTi 10 BiIOWBAILHOI IIJI0-
mUHU. TakuM YMHOM, OTpUMaeMo (OpMyILy, IO MOB’A3Y€E MiBIIMPHHY
MaKCHUMYyMY 3 pO3MipOM KpPHUCTAJITiB:

A

VY 3araibHOMY BHITAIKY, 3aJI€KHO Bif (JOPMH KPHUCTANITIB, POpPMY-

JIy 3aMUACYIOTh Y BUTJIISIL:
IB = A(219) = K—ﬂ
Lcos(d)

ne K — mocTiitHa, 10 3aJIeXKUTh BiJ CIIOCO0y BU3HAYEHHS PO3LINPEHHS
JiHi# 1 popMH KpUCTaANIITIB. 30KpeMa, Al KpUCTAJIITIB KyOiuHOi hopmu
K =0.94 . Ockinbku peajybHi MOJIKPUCTAIIUHI TiJIa € MOJiAUCTIEPCHU-
MU SIK 32 pO3MipaMu, TaxK i 3a popmMoro, MoxHa BBaxaTH, mo K =1. Ta-
KUM Y9UHOM, I BU3HAYCHHS PO3MIPIB KPHUCTAJITIB y MONIKPHCTATIY-

b
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HUX TBEpAMX TijlaX 32 PO3MUPEHHSAM IU(PAKIIHHUX MaKCHUMyMiB
orpuMaemo popmyny Censikoa - [llepepa:

KA

Sk BuruuBae 3 ¢popmysu (7.7) sBenuunna [ [ L, TOOTO PO3-
cos(&)
mWHUpEeHHsT AUQPaKUiHHUX MaKCUMyMiB, 3YMOBJIICHE MOJPiIOHEHHIM
KPHUCTAJIITIB, CIIOCTEPITa€THCS K 32 MAIHX TaK 1 32 BEJIMKUX KYTiB TUQ-
paxiii.

JlpyruM YMHHHUKOM, IIO BIUIMBAE Ha PO3MIMpPEHHS AudpakmiifHux
MaKCHUMYyMiB, € HAasBHICTb y 3pa3Ky Mikpozaedopmalii KpuCTaaiqHOI
rpatku. OCHOBHOIO NPUYMHOIO X BUHMKHEHHS € IUIacTH4YHa Aedopma-
11is, 3yMOBJIEHA JI€I0 MEXaHIYHUX HAmpyT, sIKi OiIbIIi BiJ MEXi mpyxK-
HocTi Marepianmy. IlmacTuuyna nedopmariiss BUKIMKA€E CYTTEBI 3MiHH
(hi3MKO-XIMIYHHAX BJIACTUBOCTEH, 30KpeMa MPHU3BOANTH J0 30UTBIICHHS
BHYTPIIIHBOI €HEeprii, 3MEHIIEHHsI TYCTUHH, 30UIbIeHHS KoedillieHTy
nudysii Ta mBKUAKOCTI (azoBux neperBopenb. [is miactuuHOi aedop-
Matii Mo>ke IPU3BOAUTH 10 aHi30TPOIIi BIACTUBOCTEH Ta (JOPMYBaHHS
y 3pa3Ky MepeBakHOI OpieHTaIlil KPUCTANITIB (TeKcTypH). MikpoHarpy-
I'M ypiBHOBaXYIOTbCS B 00’€Mi OKpEeMHX KpHUCTamiTiB abo iX YacTuH.
OcCKiIbKH BOHHU 3MiHIOIOTBCS, IEPEXOSIUH Bil OTHOTO /0 1HIIOTO KpHUC-
TajiTa, iX HiS TPU3BOAWUTHL OO HEOAHOPIAHOI 3MIHH MIKIUTOIIMHHHX
BijcTane. Skmio mpoaudepeniiiroBaTi piBHIHHSA Bynbda-bperra:

2Ad sin(&) +d cos(HA(2H) =0,
TO BIIHOCHY 3MiHY MIKIUTOIIUHHKX BiZICTaHEH MOXXHA BU3HAYUTH TaK:

Ad _ AQ2Y)
d  2g@®)’

Ockinbku 3HaUeHHS! Ad MOXYTb OYTH SIK TOJATHUMH TaK 1 BiJ €M-
HHUMH, CEPEIHE 3HAYSHHS BiTHOCHOI AedopMalii rpaTKd CTAHOBHTH:

Ad\ _11Ad|_AQ2¥) __ B

d| 2|d| 4@ 42

(7.8)

131



Ak BumHO 3 Gopmynu (7.8) icHye Oe3mocepeiHiii 3B’ 130K MK Bij-
HOCHOIO JiepopMalti€to TpaTku Ta PO3LIMPEHHAM TUPPaAKIiHHUX MaKCH-
MmyMmiB. Bpaxosyroun mo S ¢g(?}) , MiKpOHAnpyru CIPUYHHIOIOTH

pPO3MIMPEHHS MaKCHMYyMIB 3a BEIHKUX KYTiB audpakmii. 3ayBaxumo,
0 BOHM MOXYTb OyTH JBOX THIIIB: HEOPICHTOBaHI Ta OPIEHTOBaHi.
BigmiHHICTS MK HUMH TMOJISITa€ B TOMY, 110 HEOPI€HTOBaHI MiKpOHAI-
PYTH CIPUYHHIOIOTH JIMIIE PO3MHPEHHS MUGPAKIIHHIX MaKCUMYMIB,
TOJII SIK OPIEHTOBAHI JTOJJATKOBO 3yMOBIIIOIOTH 3MIIIICHHS X KyTOBOTO
MOJIOXKEHHS. Y 3arajJbHOMY BUIAJIKY PO3MIMPEHHS MaKCUMYyMiB 3yMOB-
JIeHO 000Ma YHMHHHKAMH: JHUCIIEPCHICTIO KPUCTAITIB Ta Mikpomaedop-
MaIli€l0 KPUCTATIYHOI IpaTku. B nboMy Bumanky ¢izuyHe pO3MIMpPEHHS
MakcUMyMiB [ BH3HAYarOTh TAKUM CIIOCOOOM:

mn

p=—T", (7.9)
j M (x)N(x) dx

ne m, n- CKIaJ0Bi PO3MIMPEHHS, 3yMOBJICHI AUCHEPCHICTIO ( 71 ) Ta MiK-
ponamnpyramu (1); M (x), N(x) - dyHKii po3nofiny.

OueBHIHO, 3B’30K MiX BeJIMUUHAMH [ Ta m,n CYTTEBO 3aliekKa-
TUMe Bif BuOOpY ¢yHKUil posnoainmy M (x), N(x). PosrnsHemo ne-

KiJIbKa HalO1JIbII BUKOPUCTOBYBAHUX Ha MPAKTULI METOIB PO3IiICHHS
(hizmaHOTO pO3MMpPeHHs TU(PAKIIHHIX MAKCUMYMIB.

1. Meton Binpsamcona —Xoimra.

B npomy metomi posnomimn M (x), N(x) ommcye @pynkuis Kormri- -
JlopeHIia, 0 NPU3BOIAMTH JI0 Takoi 3alexHocTi f(n,m)=m+n .3 Bu-

. Ad
aziB (7.7) Ta (7.8) BumuBae, mo: m=———, n=4({— ) tg(d),
pasis (7.7) Ta (7.8) Leos(®) <d>g()
BiITOBITHO:
=L+4 Ad 1g(d).
Lcos(d) d
Le#t Bpa3 MOKHA TIEpENCATH Y BUTIISII:
B cos(D) = % + 4<A7d> sin(¢9) . (7.10)
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Takum 4MHOM, AKIIO BHU3HAYWTH (i3WYHE PO3MIMPEHHS AEKITBKOX
IQpakifHuX MAaKCUMyMIB 3pa3Ka i METOJ0M HalMEHIIMX KBaApaTiB
noOyayBatu 3anexkHicts f cos() = f [sin(})], o 3rigao (7.10) Bona

MaTuMe BUTIIAA npsamoi Jdinii (puc. 7.4). Biapizok, mo BiaTHHAE mpsAMa

Ha OCi opAWHAT, piBHUHA Ay =—, OTKe, po3Mip KpucTalmiTiB L =—._ 3
L Ay
HaxXWIy MpsAMoi BIIHOCHO OCi aOCIIMC MOYKHA BU3HAYUTH BEJIMUYUHY BiJl-

HOCHOi Mikpoaedopmanii: 7g ()= 4<A7d> , OTXKe <Ad—d> = % g (o) .

3ayBaxumo, mo MmeToj BimbsMcona - Xomta gae 3a0BibHI pe3yiib-
TaTW AJs1 130TPOIHUX TBEPIUX TiJ, 30KpeMa MeETajiB 1 CIUIaBiB 3 Ky-
OI9HOIO CTPYKTYPOIO.

feos (6)

<

ain ()
Pwuc. 7.4. I'padik BinbsimcoHa — Xonna

2. Posmopminu M (x), N(x) anpokcumytoth ¢yHkiiero ['ayca. B

ObOMY BUIIAAKY ﬂz = le + }’l2 , d OTXKC:

' A 2 A_d 2
B _(—Lcos(z?)) +16(< 7 >fg(19)) ,
5’ cosz(ﬂ)z(%)2+16<%d> sin’ (&%) . (7.11)
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Sk 1 B myHKTi 1, B IbOMY BHTQJIKy MOXHA MOOYIyBaTH JiHIHHY
sanexHicts S cos’ () = fsin’(#)] . Bigpizok, mo BiaTHHAe TpsMa

A
N

. . A 1
BH3HAYAE BEJTMYMHY MiKpoaedopMalii rpaTku <7d> = 7 /tg (&) .

3. BcraHoBneHo, 1m0 IS METaNiB 1 CIUIaBiB 3 KyOI4HOIO CTpPYK
TYpOIO 3aJOBUTBHI pPE3ylbTaTh Ja€ TaKa anpoKCcUMalis QyHKIiH
M(x), N(x):

Ha OCi OpAWHAT BU3HAYAE PO3MIP KPUCTAIITIB L = , HaX¥JI TIPSIMO1

1
M(x)—ma N(x)

3aBISKH SKi MH OTpHMAaeMO Take CIHiBBifHOIIEHHS MiK £ Ta

T trar)’

m,n:
_(m+ 2n)?
h= (m+4n)
Le#t meTon TpyHTY€ThCSI Ha aHali3i PO3IMIMPEHHS JBOX AU(DpaK-
LifHUX MaKCUMyMiB, 110 BiINOBiNalOTh KyTaM po3cisHHA & Ta &,. ¥V
LbOMY BHIAJKy OTPUMYEMO:

— (ml + 2n1)2 _ (m2 + 2”2)2

= , B, = . (7.12)
(m, +4n,) (m, +4n,)

b

Ha mincrasi ¢popmyn (7.7) Ta (7.8) MokHa 3anHcaTh:

m _cos(®) n _ 18(%)

R (7.13)
m, cos(d) n, 1g(&)

3aBIsSKM CyMICHOMY PO3B’SI3Ky CUCTEMH piBHSIHB (7.12, 7.13) Mox-

m_ B B

n
Ha noOyayBatu rpadiku sanexHoctedl —- = f(=1) ta —== f(-1) .
B B B B

BusHaumBIM 3a 101OMOroi0 KX rpadikiB 3HAUCHHS M, Ta 1, , PO3MIp

KPHUCTANITIB Ta BIIHOCHY Je(OPMAIIiI0 TPaTKH OOYUCITIOIOTH 32 GopMy-
JTaMHU:
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L A <ﬁ> —_ "
mcos()” \ d [ 41g(8)

4. Merop Jlaye
VY GaraTh0x METOAWMKAaX BH3HAUEHHS MapaMeTpPiB MIKPOCTPYKTYPH
HeMac KIHIEBUX aHANITUYHUX CIIIBBIIHOIIEHL JUI1 BU3HAYEHHS L Ta

Ad . .\, . .
- 3a MIBIIUPUHOIO IU(GPAKIITHAX MaKCUMyMiB. 31e0iIbIIOTO,

JUIS PO3AUICHHS TIBIIMPUHY JIiHII HAa CKJIAJOBi, 3yMOBJICHI IUCIEpC-
HICTIO OJIOKIB Ta MIiKpo IedopMalisiMi, BUKOPUCTOBYIOTbCS Tpadidni

b

. . m
metonu (mobymoBa Trpadiudaux 3aleKHOCTEH Ty — = (=) ,

b b

—==f (ﬁ) , MeTo Binmbsmcona- Xoita Ta ixmi). I[pu misoMy gemro
JZA
YCKIIQIHIOETHCSL IPOBECHHS PO3PaxyHKiB, KIHIEB] pe3yJIbTaTH MiCTATh
JIOJIATKOBI MOXMOKM, M0 3HAYHO 3HWKYE OCHOBHI ITIEpEBard METOIY
ampokcuMarii, Taki K MIBUAKICTb aHaNi3y 1 MEHIIMH BIUIMB €KCIIEPH-
MEHTAIbHUX MOXMOOK Ha pe3ysNbTaTd po3paxyHkKiB. OpHaK, BUKOpPHUC-
TOBYIOUHM MU(paKiiiiHi BigOWBaHHS 1-r0 Ta 2-TO MOPSAIKIB BiJ OKpeMOi
IpYyINH TUIOUIMH, MU MOYXEMO OTPHUMATH JIOCUTH MPOCTi aHATIITUYHI CITiB-
BiJHOIIEHHS JUIsI BU3HAYCHHS MapaMeTpiB MIKPOCTPYKTYPH 3a MiBILH-
puHOIO TUdPaKIiHHIX MaKCUMYyMIB f3; Ta f3,.

3riiHO 3 MPUIYIICHHSIM PO alpoOKCUMAIlio nmpodinel peHTreHiB-
ChKHX MakcuMyMiB dynkuieto Jlaye tumy sin’ (kx)/(kx)*, oTpumaemo
TaKi CITiBBiTHOIIICHHS, IO TIOB’3YIOTh TIOBHE, T€OMETpHYHE Ta (i3HuHe
PO3IMIMPEHAS MAaKCUMYMIB:

B=B/2+B-(B/4—b/3) B>1,5b (7.14)
B=3-b-(B-b)/B  B<L15b

BignoBiaHo, CHiBBiAHOMIEHHS MK (Di3WYHUM PO3IIUPEHHSIM Ta HO-
r0 CKJIaJHUKaMH Ha0y/1e TaKOTO BHUIIISLY:

L=3-n"/(3-n—m) n>m,
B=3-m>/(3-m—n) n<m

(7.15)
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3a momomMororo criBBigHOMmEHb (7.15) MOXHA aHANITUYHO PO3pa-
XyBaTd BEIWYUHH A, N,, M,, M, U TBOX BUMAIKIB n>m Ta n<m, Mmoo

Ad
y TOJAIbIIOMy OOYHCINTH BEIWYMHH L Ta i 3a popmynamu (7.7)

ta (7.8).
3aiiCHUBIIM TOTPIOHI OOYMCIICHHS MOXXHA OTPHMATH TaKi aHaIi-
TUYHI CITIBBI{HOIIECHHS:

sin(@,) _,

sin(6))
sin’(6,)-cos(f) 1
B, sin’(0)-cos(6,) f3

sin(Hz)_1
_ sin@)
m, = sn@,)  cos(@) n<m. (7.17)

:81 'Sin(el) :32 '005(92)

OTxe, TakuM CocOOOM MOXKHA BiTHAWTH Oe3mocepenHiil 3B’ 30K
MK (iI3HYHIM PO3MHPEHHIM TU(GPaKIiitHIX MakCUMyMiB 1-To Ta 2-T0o
MOPSAAKY BiIOMBaHHA 3 po3MipoM OJ0KiB Ta Mikpoaedopmariero. Oc-
KibKM, B 1bOMY BHIaaky sin(d,)/sin(6,)=2, Bupasu (7.16, 7.17)

n>m, (7.16)

MO’KHa CIIPOCTUTH:

_ ﬂlﬂz
= 4-ﬂ1‘cos(91)_ﬂ » R>m,
cos(6,) ?
_ :61:82
m, _2ﬂ _16 .COS(QI) , n<m.
2 M cos(6,)

Jnst cepeqHbOro po3Mipy KOTEPEHTHO PO3CiIOI0BAJIbHUX OJIOKIB L

. .. Ad o
Ta Mikpojedopmarii vl OyJI0 OTPMMAHO CITiBBITHOIIEHHS:
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L= A-(4af, - ) ,n>m  (7.18)
6ﬁ1'ﬁ2'tg(92)'(2a':61_:62)
Ad/d = a 'ﬂl 'ﬂz
2'(4a':3|_:32)'tg(62)
Lzl'(z'ﬂz_a'ﬁl),n>m
ﬂl-ﬁz-COS(HI)

Ad/dzlsﬂl .ﬂz'(ﬂ2_a'ﬁ1) ,
(2B, —a-B)-12(6,)

(7.19)

_cos(8)
cos(6,)’

A — JOBXXMHA XBHJIi PEHTTEHIBCHKOTO BHIPOMiHIOBaH-

HL.
3aBAsSKH OTPUMAHUM aHATITHIYHUM CITIBBIIHOIICHHSIM MOXHA BU3-

Ad . .
HauuTH L Ta - a TaKOX OLIHUTH 1X MOXMOKy. SKuio edekt po3mu-

peHHsl AupaKUifHIX MaKCUMyMiB 3yMOBJICHHH JIMIIE AWUCIIEPCHICTIO
0JIOKIB, pO3Mip KPUCTAITITIB MOYXKHA BU3HAYNUTH TAKUM CITOCOOOM:

I A _ A _ A
B, -cos(6) B,-cos(d,) m-cos(0)

(7.20)

AHaoriuHo, 3a HasgBHOCTI PO3IIUPEHHS MaKCHMYMIB 32 PaxyHOK
MiKpo Aedopmalii IpaTKi OTPUMAEMO:

A_ B _ B n
d —41g(6) 4-1g(6,) 4-1g(60)

(7.20)

OTxe, aHaMi3yBaTH TOHKY KPUCTANiuHy CTPYKTYpYy i3 BHUKOpHC-
TaHHSAM anpokcuManiiHoi ¢yHkuii Jlaye MOXKHa 32 TAKOIO CXEMOIO:
- BHU3HAYMBIIN MiBIIMPHUHY €KCTIEpUMEHTaJIbHOTO ( B) Ta eTrajoH-
HOrO (b) mudpakmiftHUX MakCUMyMiB, 3a ¢opmynamu (7.13)
PO3pPaxoBYIOTh 3, 2;
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. . 2 . tg(d)
- TIOpPIBHIOIOYM BIJHOIIEHHS —= 3 BIJAHOIIEHHSAMH

B 1g()

BuOuparots dopmynu (7.18) abo (7.19) mis pospa-

cos(#})
cos(dh)
XYHKY CE€pPEeIHBOTO pO3Mipy OJIOKIB KOTEPEHTHOTO PO3CisSHHS L

. Ad
Ta MikpoaedopMarlii rpatku =

7.2. MeToa rapMoOHiYHOro aHanisy

MeTtonoM anpoKCHMAIii OTPUMYIOTh HaOJNMKEHY OLIHKY 1CTHH-
HOTO PO3MWHUpeHHs audpakniiiHoro mMakcumymy. Bomnouac, 3aBESKH
METOJly TApPMOHIYHOTO aHaNli3y MO>KHa BiITBOPWUTH ICTHHHUN MPODih
TUPaKIIHHOTO MakCUMyMy Oe€3 >KOJHUX TMPHITYIIEHb MPO BUTIISA]
anpokcumaniiinoi ¢ynkuii. @opmy anppakUifHOIO MaKCUMyMy BH3-
Havae (Di3uIHE Ta TeOMETPUIHE PO3MHPEHHS. BB 000X YHHHUKIB €
HEaJIMTHBHUM, OCKUILKH KOXKEH €JIEMEHT KpUBOi (Pi3MYHOTO pO3IIUpEH-
HSl 3a3Ha€ HEOJHAKOBOI'O IHCTPYMEHTaNbHOTO posmmupenHs. [Ipodinnb
IU(PaKIifHOr0O MaKCHMyMy €TaJOHHOTO 3pa3ka, LI0 ONHCYEThCS
¢yHKUi€r0 g(Xx) 3 MIBIIMPUHOIO b BHU3HAYAIOTH T€OMETPUYHI YMOBH

EKCTIEPHUMEHTY.
[IpunycTumo, 1110 po3MOAia IHTEHCUBHOCTI KpUBOi (hi3HYHOIO PO3-
mMpeHHst onucye GyHkitist f(x) 3 miBmupuHo A . PO3ainiuMo KpuBy

(hi3mgHOTO PO3MIMpPEeHHS Ha elneMeHTH dy Bucoror f()). Ha koxen

€JIEMEHT 11i€i KpHBOI Ji€ (QYHKLIS 1HCTPYMEHTAaJbHOTO PO3IIMPEHHS
g(x), crorBoprotouH ii mpu HpoMy. ExcriepumeHTanbHy KpuBY /(X)

JOCIIPKYBAaHOTO 3pa3ka MOMKHA BHPA3UTH K 3TOPTKY (QYHKIIH
(i3UYHOTO Ta IHCTPYMEHTAJIBHOTO PO3LIMPEHHS:

hx) = [ f()g(x=y)dy (7.21)
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Ta

Oynkmii g(x), f(x), A(x) MOXHA MPEACTABUTH y BUIJISINI iHTET-
painiB @yp’e:

f(x)= ﬁ T F(t)exp(=27ixt) dt

T G(t)exp(—27ixt) dt

8=

h(x) = ﬁ T H (t)exp(—27ixt) dt

3aBIIKM 3BOPOTHOMY TMEPETBOPEHHIO MOXKHA OTPUMATH BUPa3H
it Oyp’e- Tpancpopmant F(¢), G(¢), H(¢):

F@)= ﬁ T f(x)exp(2rmixt) dx
G(t)= ﬁ T g(x)exp(2rmixt) dx

H(t)= ﬁ T h(x)exp(2rixt) dx

Sxmo Bupaszutu pynkuii (), g(x —y) gepe3s Oyp’e —tpanchop-
MaHtu F(¢), G(¢) Ta miactaBuTH B piBHAHHA (7.21), oTpuMaemo:

h(x)= L T F(t)G(t)exp(—2rxitx) dt , a oTxe:

2z
H({)=F()G(t).

OyHKIi0 (Pi3UIHOTO PO3IMMPEHHS MOKHA 3aIICATH Y BATIISII:

f(x)= ﬁi%exp(—2mxt) dt (7.22)

139



Ha mpakruni ictuanuil npodine f(x) audpaxuiiiHoro Makcumy-
MYy BiITBOPIOIOTH Y TaKii MOCiJOBHOCTI:
- BHOepeMO BipPI30K JOBXMHOIO a Ha KIHISX SIKOTO

g(x)=0, h(x)=0. Po3ginumo iHTEpBaN (—%,%) Ha 71 PiB-

HUX YaCTHH, MPUYOMY 3HA4YCHHS # BUOMpPAIOTh piBHUM 48, 60

a6o 120;
- poskiagemo QyHkuio f(x) y psin Pyp’e Ha Biapizky (—%, % ):

1 H(t) X
f(x)=—= exp(—27it—),
27 Z‘ G(1) a
ae ¢t — IHAGKC CyMyBaHHs, [0 I[po0irae psa  3HaYCHb
(=0,+1,+2.....+ 2,
2

- BukopucroBytoun (opmyny Eiinepa, ®yp’e-rpanchopmantu
H(t), G(t) 3anuiiemMo y TakoMy BUTJISIII:

H(t)= Y h(x)cos2z D)+ h(x)sin2z>) = H , +iH,, ,
x a X a

G(t)= g(x)cos2r =) +iY g(x)sin27>) = G, +iG,
X a X a

ne H,, G e H,,G, — xoedimienTy, 10 BIANOBIIAIOTH AilCHIN Ta ysB-
Hill yactuHi yp’e -TpaHchOpMaHT.
OTtxe, nns Dyp’e -tpanchopmanT F(f) oTpuMaeMo Taki BHpas3u:
pioy = HO _ i iH,)G, =iG,)
G(1) G ﬂz + Gy2
_ H,G,+H,G, i H,G,-H,G,
G, +G,’ G, +G,/’

_H,G,+H,G, _ H,G,-H,G,

F,o=="AtA VvV p_
A G, +G,’ v G, +G’
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TakyM YMHOM, BU3HAYMBIIN 3 €KCIIEPUMEHTAIBHUX JaHUX Koedi-
uienta G(t), H(¢) , MOXXeMO po3paxyBaTH IIHCHY Ta ySBHY CKJIallOBi

koedinientiB Dyp’e F(?), F, () KpuBoi (i3UMYHOIO pPO3IIMPEHHS
f(x). [Ans Bu3HaueHHs camMoi KpuBoi f(X) MOXXHa OTpUMATH TaKUH
BHpa3:

f(x)= S Ftyexp(-27it2) = 3 F, (t)cos@m ) + 3 F, (t)sin2m ~) -
t a t a t a
i3 Fy(t)sin@m ) +i3 F, () cos2m ™)
t a t a

Ockinpku koedimieHT F'(—t) € KOMIDICKHO-CIIPsDKEHUM 10 F(f) ,
10 F)(=1)=F, (1), F}, (-1) = —F, (¢) . BpaxoBytouu, 110 CyMyBaHHs [pO-
BOIUTHCA SIK 32 AOAATHUMH, TaK 1 BiJl’€MHUMH 3HAYCHHSIMH !, OTpH-
MaeMo:

3 F,(0)sin@m =) =0, F, () cos(2m =) =0 .
¢ a P a

Takum unHOM, QyHKUIIA (i3UIHOTO PO3IIMPEHHS MOXKEe OyTH Iperc-
TaBJICHA y BUTIIAII:

) =S Fy(0)cosQat =)+ Y F, (t)sin@m ) (7.23)
t a P a

3a JI0MOMOTOr0 METOJly FapMOHIYHOTO aHalizy npodinto audpak-
LifHOr0 MaKCUMYMY MO>KHA PO3JIUIUTH BHECOK Y (i3UUHE PO3IIUPEHHS
e(eKTiB AUCHEPCHOCTI KPUCTATITIB Ta Mikpoledopmanii rpaTtku. 31e-
OLIBLIOrO, 3HAUEHHS YSIBHUX Koe(DilieHTiB F, () € MaluMu MOPIBHAHO

3 nificHumu Koedinientamu £ (¢),, TOMy B IOAQIBIINX PO3PAXyHKax ix
HE BUKOPHCTOBYIOTh. 3araiom, koedimieatn @yp’e F(¢) HOpiBHIOIOTH
n0o0yTKy koediuieHTiB F,(¢f) Ta Fg(f) , mo BiANOBIJAalOTH 3a JIHUC-
MEPCHICTh Ta MiKpoae(opMallito:

F(1)=F, (1) Fy (1) (7.24)

Jns momampmmx po3paxyHKiB OyAyloTe rpadiuHy 3aleXHiCTh
F(¢), 3HayenHs1 koe(iLi€HTIB MpU LOMY HOPMYIOTh Ha OJUHHLIO,
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to0TO F(¢)=1, xomu ¢t =0. Kpupa 3anexnocri F(f) 3acBiguye JOMi-

HYIOYHMH BIIMB KOKHOT'O 3 YAUHHUKIB Ha (i3UUHE pO3IMIUPEHHS JU(paK-
HIHHOTO MakCUMyMy. 30KpeMa, Ha pHucC. 7.5 300paeHO THUTIOBHI BHT-
s KpuBUX F(f) 3a HAasgBHOCTI B 3pa3Ky AWUCIEPCHOCTI KPUCTAJITIB
(xpuBa 1) abo mikponedpopmarii rpatku (kpusa 2). Sk BUIHO, 1JIs1 3pa3-
KiB 13 ApiOHOOMCIIEPCHOIO CTPYKTYypolo (KpuBa 1) 3amexHicTh F(¢) 3a

MaJIUX 3HAYCHb ! MEPEXOIHTH y NpAMY JiHito (puc. 7.5). Po3mip kpuc-
TaNiTiB BU3HAYAIOTH 32 TaKOI0 (DOPMYIIOIO:

L=n, %tg(z?), (7.25)
a

ae n, - abcuuca TOUYKU IepeTHHy JOTHYHOI fo F(f) mpu ¢ — 0 3 Biccro
t, a - 1HTEpBaN PO30OUTTS MaKCUMyMy, BHUPaXXCHUH B pajiaHax,
¢ - nudpaxkuiiHuil KyT, d,,, - MDKIUIOIMHHA BiACTaHb, (Akl)- iHAekcH
B1IOVBaHHS.

Sx BumHO, IS 3pa3KiB i3 APIOHOAMCIIEPCHOIO CTPYKTYpPOIO (KpH-
Ba 1) 3amexHicte F(f) 3a MalnX 3HA4YECHb ! MEPEXOIUTH y TMPIMY Ji-

Hito (puc. 7.5).

Fit)

Puc. 7.5. KpuBa 3anexHocTi koediuieHTiB Pyp’e

Sk BuAHO, IUIA 3pa3KiB i3 JpiOHOAMCIEPCHOIO CTPYKTYPOIO (KpH-
Ba 1) 3amexHicth F(¢) 3a Manux 3HAYEHb ! MEPEXOAUTH y IPAMY Ji-

Hito (puc. 7.5). Po3mip KpucTamiTiB BU3HA4alOTh 32 TaKOI (HopMyJoLo:
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L=n, Mtg(lﬁ‘) , (7.26)
a

ae n, - abcuuca TOUYKU IepeTHHy JOTUYHOL fo F(t) mpu ¢t — 0 3 Biccro
t, a - 1HTEpBaN PO30OHUTTS MaKCUMyMy, BHUPaXXCHUH B pajiaHax,
¥ - nubpakuiiHui KyT, d,,, - MDKIUIOIIUHHA BiAcTaHb, (hkl) — iHaexcu
B1IOVBaHHS.

Sxmo po3mmpeHHs TUPaKIMifHOTO MaKCHMyMy 3YMOBIIEHE MiK-
poaedopmariieto rpaTku (kpusa 2), koedinieHT Oyp’e BU3HAYAIOTH TaK:

2 2 2 2 Aztz
F (1) = exp(=27> (W + K> +1 )-—VL), (7.26)

ALZ

e £= - BiIHOCHA cepelHbOKBaIpaTHyHa Jedopmallis IpaTku B

t
HAaIpPSMKY NEPIEHINKYIISIPHOMY 10 KpucTtaiorpadidnoi miommnu (Akl) .

dF
3 dopmynu (7.26) BurumuBae, mpo 3a ¢ — 0 TS: 0, ToOTO KpHBa
t

Fy(t) mMpakTHYHO HE 3MIHIOETBHCSA 3a MaJMX 3HAYEHHAX IHJEKCIB 7 .

SKImo po3mMpeHHS MaKCUMyMIB 3yMOBIIEHE O0OOMa YHHHUKaMU
koedimieHT F(¢) MOXKHA 3aMKCaTH Y TAKOMY BUTJISIL:

F(t)=F, (1) Fy(t) = F,(t) - exp(=27*(h* + k* +12).-\/ALL7t),

t

a OTXKEC:

2 2 2 2 ALt
InF()=InF,(t)-27"(h"+k™ +1 )-T. (7.27)

TakuM 9rHOM, SIKIIO Ha AUGPAKTOrpaMi 3pas3ka € ABa qudpaxmiiHi
MaKCHMYMH, 1110 BIAMOBIAAIOTh BIIOUTTAM Pi3HUX HOPSAKIB BiJ OXHIET
rpynu 1wiomuH (Akl) , piBasHHEA (7.27) HO3BONIAE PO3AUTUTH €PEKTH

BIUIMBY IUCIIEPCHOCTI Ta Mikpoxedopmauii. Jng nporo OynyroTs 3a-
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nexHocti InF (1) Bin (h* +k*+/[*) 118 HeBENUKUX 3HAYEHb iHIEKCIiB
t=1,2,...,6 (puc. 7.6).

in Fr1)
i

L L L 1 " 1 Il

Wk T

Puc. 7.6. Tunosummn rpadik Ans po3ainbHOro BU3HaAYE€HHS BENNYMHU
OUCNepCcHOCTI KpucTaniTie Ta Mikpoaedopmauii KpuctanivyHoi rpaTkm

Binpizku, 0 BiATHHAIOTE TIPSAMi Ha OCi OpIMHAT BH3HAYAIOTH KOE-
¢binientu aucnepcHocTi In £, (f) , a TaHreHC KyTa HaXWIy MNpsIMUX 10

2

oci abcuuc - BimHOCHY nedopMarlito TpaTku & =L—’ B HANpSMKY,

MIEPIICHINKYIIPHOMY 10 TuIomuHu (hkl) .

MNMumaHHs do po3diny 7

1. B 4omy nondrae BiAMIHHICTb MK (Pi3U4HMM Ta reoMeTpUYHUM PO3-
LWUMPEHHAM AUpakUinHUX MakCUMyMiB?

2. 5k po3mip KpucTaniTiB BNMBae Ha PO3LUMPEHHST MAaKCUMyMIB?

3. 3anuwite BMpasn Ons BM3HAYEHHS po3Mipy obnacten KorepeHT-
HOro PO3CisiHHS Ta MikpoaedopMaLii KpUCTanivyHol rpaTku.

4. B 4omy nonsrae metod anpokcumadii Ons BU3HAYEHHS po3MipiB
OKP Ta mikpo gedopmadii?

144

10.

HaBepfiTe OCHOBHI MeToAM pO34iNeHHA di3sUYHOro PO3LUMPEHHS Ni-
Hi Ha CKragoBi 3yMOBJIEHI AUCMEPCHICTIO KpUCTaniTiB Ta MikpoHa-
npyramu.

£k Ha npakTuui 3acTocoByoTb MeTog BinbsimcoHa-Xonna?
3anuwite aHaniTM4Hi Bupasn ansa pospaxyHky OKP Ta mikpogedop-
Mauii rpaTtkm metogom Jlaye.

B 4omy nondrae meTton rapmMoHIYHOro aHanisy npodinto andpak-
LiHUX MakCUMymiB?

Axuin BUrNag mae kpua 3anexHocTi koedilieHTiB dyp’e 3a HadaB-
HOCTi AMCNEePCHOCTI KpucTaniTie abo mikpoHanpyr?

Ak BU3HaA4YMTN po3Mip KpUCTaniTiB Ta Mikpogedopmalito rpatkm 3a
[O0MOMOro MeToAdy rapMOHIYHOro aHarnisy?
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Po3pin 7

ANHAMIYHI 3MILLEHHA ATOMIB
KPUCTANIYHOI FPATKW. BABHAYEHHA
XAPAKTEPUCTUYHOI TEMMNEPATYPU OEBAA

TenmnoBi KONMMBaHHS aTOMiB B KpHUCTajaX CIPUYHMHIOIOTH 3MEH-
IIeHHS 1HTeTrpajbHOI IHTEHCHBHOCTI IU(PpPaKmiiHUX MaKCHUMyMiB Ta
MOSIBY TEIJIOBOTO MH(y3HOrO po3cisHHA (auB. po3ain 1). Posrmaabemo
BIUIMB TEIUIOBHX KOJIMBaHb aTOMIB Ha IHTEHCHUBHICTh OU(paKIiHHUX
MaKCHMYMIiB.

Binomo, mo iHTErpangpHy IHTEHCHBHICTH MAaKCHMYMIB BiIOMBaHHS
PEHTTEHIBCHKUX TMPOMEHIB Bin Kpuctaiorpadiuynnx twiomuH (hkl) y

MOJIIKPUCTATIIYHOMY 3pa3Ky B paMKax KiHEMaTHYHOI Teopil pO3CiSHHS
00YHNCITIOIOTE 32 (PopMyITOTO:

sin® (&%)

1kl = Cp(kd) - (—-25 @) pE

sin (Boos(e) o K exp(2E:

), (8.1)
ne C- mocTiiiHa, siKa 3aJIKUTh Bl YMOB ekcriepuMeHty; p(hkl) - -
MHOKHUK TOBTOPIOBAHOCTI CiMEWCTBAa KpHCTaIOrpadidHUX IUIOMINH
(hkl); F’(hkl) - cTpykTypHHii (BaKTOp 3a BiJICYTHOCTi TEIIOBHX KO-
sin® ()

TMBaHb; exp(—28 - FE ) - TemIiepaTypHuil GakTop.

MHOXHUK B € MPOIOPLIHHUM 10 CEepPeTHHOKBAIPATUYHHUX JIUHA-
MIYHHX 3MIIIEHb aTOMIB 3 TIOJIO’KEHb PiBHOBATH:

B:%n%#), (8.2)
e (uz) — IUHAMIYHI 3MIIIEHHS aTOMIB.
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BiamoBimHo 10 Teopii KOTMBaHE aTOMIB KPUCTAIIYHOI TpaTku Jle-
Oast, mapamerp B MOB’s3aHUM i3 YaCTOTOI KOJWBaHbL aTOMiB. 3a Bij-
CYTHOCTI Jucrmepcii NpyKHHX XBWIb, (YHKLiS PO3MOIITYy YacToT

f(w)0 @, a nns napametpy B 6yln0 OTpUMAaHE CHiBBiTHONIEHHS:

6n°T X
B= D)+,
mk&’ { ) 4}

ne h—mnoctivina Ilnanka; k — nocriifina BoibiiMaHa; m —aToMHa Maca;
T — temneparypa 3pas3ka; 6§ - xapakrepucTu4yHa Temreparypa llebas;

X = g - 0e3po3MipHUil mapameTp,

D(x) - pynkuia Hedas.
3a ymoBu x <1, ¢pyskmia [ebas @(x)=1, a mia mapamerpy B
MOYKHa 3aIlMCaTy TaKui BUpa3:
2 2 2
:6h7; 1+lg _ 3h +6hT 8.3)
mké 4T

B = —
2mk@ mk6O

SIx BUAHO, mapaMeTp B, a oTxke it 3MileHHs aToMiB +/{u”) 36i1b-

HIYIOThCA 3 MiJBHUINCHHSAM TEMIIepaTypH 3pas3ka. 3 ¢opmynu (8.1) Bun-
JMBaE, 10 3a CTAIOI TeMIepaTypu 3pas3Ka, 3MEHIIEHHS 1HTEHCHBHOCTI

1

.o . (X9 i 2
TUPPaKIMifHAX MaKCHMyMIB € TpOmopIiiiHuM 10 sin” () Ta FER a
oTxke, epekT mocnabueHHs Oyme HAOLIBII BUPAKEHUM TSI MaKCHMY-
MiB, 1[0 BiATIOBIAIOTh BEJIMKHM KyTaM pO3CISIHHS, & TaKOX Yy pasi BU-
KOPUCTaHHS KOPOTKOXBMJIBOBOI'O BHIIPOMIHIOBAHHSI PEHTI€HIBCHKOI

TPYyOKH.
Beenemo HOPMYBaJIbHUI MHOKHHK

2
K = plhk) - (—r < )
sin” (%) cos(2})
reparypu Ta nepenumieMo Bupas (8.1) y morapudmidniin popmi:
1(hkl) sin® ()
K P

ne A — nocTifiHa BEIUYHHA.

Y- F’(hkl) , sxuil He 3ameXuTh Bi TeM-

In[ ]=A4-2B- (8.4)
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. oy . I(hkl
CriBBinHomeHHs (8.4) onucye JiHINHY 3aIeXKHICTh ln[%] B1J{
sin®(¢9) . . .
B B kxyOiuHMX KpHCTajnax KOJHMBaHHS aTOMIB MalOTh 130TpOII-

HUI XapakTep, TOMY 3aJexHicTh (8.2), moOymoBaHa AJsl yCiX MaKCUMY-
MiB (hkl), HaOyne BUDIIALY TPsSMOi JiHII, TAHTEHC KyTa HAXWIly sKOT

1 P
Jla€ 3MOTY BU3HAYUTU MHOXXHUK B :Etg(a) Ta AUHAMIYHI 3MILICHHS

atomiB +/{(u”) 3a dopmynoro (8.2) (puc. 8.1). 11106 oGuncauTH Temme-
patypy [eOas, Tpeba monepeHbp0 po3paxyBaTH 3aICKHICTh B(x) s

pi3HUX 3HaueHb € 3a cranoi Temmneparypi I, BAKOPUCTOBYIOUH BHpa3
(8.3), i 3a BimmoBimHUM rpadikoM (puc. 8.2) BU3HAYATH TEMIIEPATypPy
ebas 6.

3aBISKM ONMMCAHOMY METOY, MO>KHA BU3HAUUTH Temneparypy /le-
0asi, BUMIpSIBILY IHTETpalbHy IHTCHCHUBHICTH psiy MakcUMyMiB (hkl)

3a (hikcoBaHoi Temneparypu. OgHak, n00 TOYHIIIE BU3HAYUTU BiJHO-

I(hkd)

IIEHHS X mudpaxIiifHi ceKTpu MoTpiOHO BUMIpIOBATH X04a 0 3a

JIBOX TEMIIEpaTyp.

1N

05} \-x‘____‘_‘_‘_‘__
L L 4 ' i L i L i

z z 100 450 20 PS030 350 400
sin (e A @K

Puc. 8.1. Tunosui rpadik
Ons BUSHAYEHHS QUHAMIYHNX
3MilLeHb aToMmiB

Puc. 8.2. 3anexHictb B(6)
ans cpibna 3a T=300 K
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[IpoaHaizyeMO YHMHHUKH, IO BILUIMBAIOTh HAa TOYHICTh BH3HA-
4yeHHs Temnepatypu Jebas:
1). nemounicme eusnauenns cmpykmypHux munodxcnuxie F (hkl);

CTpyKTypHI MHOXXHHKH BH3HA4alOTh 32 aTOMHUMH MHOXXHHKaMH,
3HAYCHHSI SIKUX, OOYHUCIIEHI 3a JOMOMOIOI PI3HHUX METOMIB, Biapi3-
HSIOTbCA MiX co00r0. KpiM TOro, 3Ha4eHHS! CTPYKTYpPHUX MHOXHHKIB
3HAYHOIO MIpOI0 3aJIeKUTh BiJ TEXHOIOTII MPUTOTYBaHHA 3pa3ka. CyT-
TEBO BIUIMBAIOTh HA 3HaueHHA F, (hkl) nedextu KpucraniqHoi rpaTKH

(Mikpoxedopmarii, cTaTHUHI 3MILICHHS aTOMiB, OE(QEKTH YHNaKOBKU
1(hkl)
— ), 1o

MIPU3BOJIUTH 0 3MiHM HAXWJIy €KCIIEPHUMEHTANbHUX 3aiexxHocTei (8.4),
a OT’Ke HETOYHOTO BU3HAYEHHS MHOKHHKA B .

2) eqhexm nepuHHOI eKCMUHKYIi;

Bupa3 (8.1) ans inTeHCHBHOCTI AuQpakIifHIX MakKCUMyMiB Oyii0
OTPUMAaHO B paMKaxX KiHEMaTHYHOI Teopii PO3CIAHHS, SIKAa € CIpaBel-
JIMBOIO 338 MaJIMX PO3MIpiB 00acTell KOrepeHTHOro po3CisiHHS (OJIOKiB,
KpucTaiiTiB). Jlume B 1ipoMy BHUMAIKy MOXHa 3HEXTYBATH BTpaTaMHu
eHeprii audparoBaHOr0 PEeHTIeHIBCHKOrO0 BUIpOMiHIOBaHHS. OpHak,

pizHoro Tumy). L{i YMHHHKH CIOTBOPIOIOTH 3HaueHHS In(

KOIM po3Mipax 6710kiB mocsratots [1 107" cM, crocrepiraeThes sBume
eKpaHyBaHHS HIDKHIX OJIOKiB BEPXHIMH, IO CHPUYHHIOE 3MEHIICHHS
IHTeHCHBHOCTI au(pakniiHnx MakcumyMiB. Lleil edekT HaiiOubIIe

10k0),
K

OyAyTb 3aHIKEHHMH TOPIBHSHO 3 TECOPETHYHUMH JAHUMHU 3AJI€KHOCTI
(8.4). 3ayBakumo, 1m0 epeKT MePBUHHOI eKCTHHKIIII MOYKHA YaCTKOBO
YCYHYTH, SIKIIO B TUPPaKIIHOMY €KCTIEPUMEHTI BUKOPHUCTOBYBATH KO-
poTKOXBWILOBE BHIpoMiHIOBaHHS (Mo Ka, Ag Ko), sike Xapakrepu-
3Y€THCSI OUTBIIIOI0 TIIMOMHOIO TPOHUKHEHHS B 3Pa30K.

3) pakmop, no6’szanuil 3i cmamuyHUMU 3MILEHHAMU AMOMIB;

Sk i IMHAMIYHI, CTATUYHI 3MIIIEHHS aTOMIB i3 ITOJIOXKEHb PIBHOBA-
I'Yl COPUYMHIOIOTH 3MEHIIEHHSI iIHTEHCUBHOCTI TU(PPaKLIiiHIX MaKCUMY-
MiB. Lleit akTop 0cOOIMBO XapakTepHUH sl 1e(hOPMOBAHUX 3Pa3KiB.
Tomy mepen mo4aTkoM JOCTIIKESHHS 3pa3Ky BiaIiOIOTh IS YCYHEH-
HS 3aJMIIKOBUX Aedopmaniid. JocmimKyoun TBEpAi pO3UnHH, 0COOIH-

BUSIBIIIETHCS HA MaluX KyTax nudpakuii. O1xe, 3HaueHHs In(
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BY yBary moTpioHoO 3BepTaTH Ha HAABHICTh CTATUYHUX 3MIIICHb aTOMIB,
CIPUYMHEHUX PI3HULECIO B AaTOMHHX Pajiiycax KOMIOHEHTIB.

3a3HaveHi (akTOpu CIOHYKAIOTh A0 BHUKOPHUCTAHHS B LLOMY Me-
TOJII IBOX BUMIpPIOBaHb, MPOBEACHUX 3a PI3HUX TeMiepatyp. B manomy
BUIAJKy MOKHA 3allMcaTy ABa piBHAHHA (8.4) st temnepatyp 7, i 7, :

1 (hkl) sin’(¢%) 1, (hkl) sin® (&%)
In[———1=4-2B, - e , In[ < ]=A—ZBT2~T
Ta BU3HAYUTH IX PI3HUIIO:
I, (hkl) sin®(&9)
In[2—1=-2(B, -B,) ——, 8.5
[ITI(hkl)] (B, —B;) e (8.5)

SAx  BugHO, 3amexHicte (8.5) € ImiHIAHO — QYHKIIEO
I, (hkl) sin® (&
s @)
I, (hkl) A

Huwst (B, — B;) . Omxe, Hacamnepes| HOTPIOHO OOYUCIUTH 3alICHKHICTD

In[

), TAaHT€HC KyTa HaXWiy $SKOi BH3Ha4ae pi3-

B, (0) ta B, (0) 3a nonomororo Gopmyiu (8.3), 3HaiiTH iX PISHHLIO 1
3a BIMNOBITHHM rpadikoM (puc. 8.3) BU3HAUUTH XapaKTEPUCTHUHY
temmepatypy [ebas. 3ayBaxxuMo, KOJIM BHUKOPHCTOBYIOTH KOPOTKOX-
BUIILOBE BUIpOMiHIOBaHHs (Hanpukian Mo Ka, A=0.709 A) i sizomi
TOYHI 3HAYCHHS aTOMHUX MHOXHHKIB, TO JJIsl BiJNaJieHUX 3pa3KiB Xa-
PaKTepUCTUUHY TEMIIepaTypy MOKHA BH3HA4YaTH 3a OJHI€El Temrie-
parypu.
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Puc. 8.3. 3anexHicTe MHOXHUKIB B(6) ansa cpibna 3a Temnepatyp
T4=300 K, T2=500 K Ta ix pi3Huui Big Temnepatypu Oebas

MumaHHs do po3diny 8

3anuwitb BMpa3 Ans iHTEHCUBHOCTI AMPPAKLIMHUX MakCUMyMiB 3a
HasIBHOCTi TENMOBUX KONMBaHb aTOMIB.

AK BM3HaAYaeTbCs TemnepaTypHUA MHOXHUK IHTEHCMBHOCTI B pam-
kax Teopii [leban?

Onuuwite rpadivyHUn MeTod BM3HAYEHHS OMHAMIYHMX 3MilleHb aTo-
MiB i TemnepaTypu [lebas 3a kKiMHaTHOI TeMnepaTtypu.

AKi YAHHUKM BMMBaAKOTb HA TOYHICTb BM3HAYEeHHSA TemnepaTypu [e-
ban?

Onuwitb cnocib Bu3HaveHHs TemnepaTypu [debas meTogom ABOX
TemnepaTyp. B yomy BUABNAOTLCA NepeBaru Lboro metoay?
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Po3nin 9

OU®PAKLIMHUA AHATI3 BIIMXKHBOMO ATOMHOIO
YNOPAAKYBAHHA B HEBMOPAOKOBAHUX
CUCTEMAX

9.1. Po3citoBaHHA peHTreHiBCbKUX NPOMEHIB
B piguHax Ta amopc¢HUX cnnaBax

Pentrenorpadiuni AOCHIKEHHS CTPYKTYpH aMOp(HHUX pEedOBUH
IPYHTYIOTBCSL Ha aHaJli3i KyTOBOTO PO3MOJily iHTEHCHBHOCTI TU(paro-
BaHOT'O PEHTIEHIBCHKOrO poscisHHs. [Ipu nmpomy ¢(yHKUisA, M0 BU3HA-
Ya€ aTOMHY aMIUTITyJy KOTePEHTHOTO PEHTIeHIBCHKOTO PO3CISHHS
(aroMHUIT (akTOp) 3aNIEKUTH BiJ PO3MONALTY €JIEKTPOHHOI T'yCTHHH
CIJIaBY 1 BU3HAYAETHCS TAKUM CITiBBIAHOILECHHSM:

fA(s)= T47zr2 () S06T) 9.1)

sr

T . . . .
ze s =7-s1n(z9) - XBWJIBOBHUI BEKTOp PO3CIAHHSA; ¢ - KYT pO3CISHHS;

A— IOBXMHA XBUJI PEHTTEHIBCHKOTO BHIPOMIHIOBaHHS; O, (7)- CTa-

THCTUYHA (YHKIIis PO3IOJLNY €IEKTPOHHOT IrycTHHH; f,’(s) - aToMHHuii
(hakTOp PO3CISTHHS.

@DyHKIIIA aTOMHOTO PO3CisTHHS MOHOTOHHO CIaJa€ 31 301UIbIICHHSIM
XBHJILOBOTO BEKTOpa, IO BiJAIOBiZa€ PO3CISIHHIO CHCTEMOIO HEB3aE-
MOZIIOYNX aTOMIB 3 XaOTHYHHM PO3MIMIEHHAM (“Ta30Be PO3CISTHHS).
OpHak, [ TaKuX HEBIOPSAKOBAHWUX CHCTEM, K aMOp(HI CIUIaBH Ta
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plOMHM, B TPOCTOPOBOMY PO3MIIIEHHI aTOMIB MOKHA MIPOCTEKUTH Jes-
Ky KOPEJIALio, 0 YMOXIHBIIIOE MOSBY CTIHKOT iHTEepdepeHiitnoi kap-
THHM TiJ 4ac PO3CISHHI PEeHTreHiBCbKHX NpoMmeHiB. Ha BiaMiHy Bix
KPUCTAJIYHUX TBEPAMX TiJ, B HEBIIOPSAAKOBAHUX CHCTEMax BiICYTHil
JAJIbHINA TIOPSAZOK B PO3MIIIEHHI aTOMiB. SIK HacHiJoK, Ha AUQpaKIini-
HHUX CIIEKTPax PEUOBHH MOKHA IPOCTEKUTH CEPII0 IMUPOKUX AUPY3HUX
MakcuMyMiB (puc. 9.1).

80+

o
<1
T

e
=
T

Inmencusnicms

20+

0 i i i I L I
10 20 30 40 50 60 7a

5, HM

Puc. 9.1 KpuBa iHTEHCMBHOCTI PO3CiSiHHSA HEBMNOPSAKOBAHOT PEYOBUHM

VYropsaakoBaHe pO3MILIEHHS aTOMIB CIIOCTEPIraeThCsl HA HEBEJH-
kux BigcTadsx (1-2 HM) BIZHOCHO JOBUTBHOTO BHOpPAHOTO aTroMa
(6mmxHIN mopsanoK). ToMy B3aeMHE PO3MIIIIEHHS aTOMIB onHcye (yHK-
misg g(r), 1Mo BU3HaYae HMOBIPHICTh 3HAXODKEHHS aToMa Ha Bijmaii 7
BiJl YMOBHO BHOpaHOTO IIeHTpalbHOTO aroma. KyToBa 3aJexHICTh ce-
peAHbOl IHTEHCHUBHOCTI PO3CISHHS TMOB’s3aHa 3 (DYHKIIEI0 aTOMHOTO
PO3MOITY TAKMM CITiBBiTHOIICHHSIM

I(s)=N-f2(s)~ 1+E]:47Z'r2-(g(r)—l)~w~dr , (9.2)
Vs sr

ne N - 4ucio aToMiB B 00’emi V.
Po3pinuBmm mpaBy Ta niBy 4acTuHH (9.2) Ha aTOMHHIA (akTop
poscisaas N - f°(s), OTpEMaEMO BUpa3 JUIs CTPYKTyPHOTO (haKTopa:
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‘ sin(s7) ‘

a(s)=1+ T47zr2 (P -p,) dr (9.3)

ae P, =% - cepelHsl aTOMHA I'yCTUHA pedoBUHU; P(r)=p, -g(r)--

({YHKLIS pO3NOALTY aTOMHOI I'yCTHHH.
AHANOTIYHO MOXXHA OTPUMAaTH BUpa3 I CTPYKTYpHOTO (hakTropa
PEYOBHHH, IO CKIATAETHCS 3 AaTOMIB PI3HOTO COPTY:

° LA G sin(sr
a(s)=1+ j4ﬂ'r2 A KK, -0,V = c.K ) p, % -dr ,(9.4)
0 j j

i

fi2

N. ..
ae ¢, :Wl - aTOMHA KOHIIEHTpaIlisl i-T0 KOMIIOHEHTa; K iz =
2
ZC,-f,-
i
BIJIHOCHA PO3CIFOBAJIbHA 3JIaTHICTH aTOMIB i-TO COPTY; pl.j(r) - map-

mianbHi (YHKINT PO3MOAUTY aTOMHOI TYCTHHH aTOMIB j-TO COPTY HaB-
KOJIO aTOMIB i-TO COPTY; 7 - KUIBKICTh COPTIB aTOMiB.

[opsin i3 GyHKIIE€O PO3MOALTY aTOMHOI TYCTHHH JJISI OTIHCY OJFIK-
HBOT'O YTIOPSIIKYBaHHS B aMOpP(HUX CIUIaBax BHKOPUCTOBYIOTH pa-
IianbHy QYHKIIIO pO3MOALTY:

G(r)=4nr’p(r). (9.5)

OyHKIII0 pagialbHOTO PO3MOMLTY ISl OJJHOKOMIIOHEHTHUX Pedo-
BUH pO3paxoByIOTh MeTojgoM Dyp’e- NepeTBOpeHHS CTPYKTYPHOTO
(akTopa:

G(r)=4nr’-p, + %]ﬁs la(s)—1]-sin(sr)-dr . 9.6)

Ha puc. 9.2 300paxeno tunosuii rpadik pagiaabHoi QyHKLIT po3-
MOy PEYOBUHM 3 OMIKHIM aTOMHUM ymopsakyBaHHsIM. [lix gyac po3-
paxyHKy (QYHKIIA palialbHOTO PO3MOIUTY i 0araTOKOMIIOHEHTHHX
CIJIaBiB BUHHMKAIOThH MEBHI yCKiIaaHeHHA. Lle moB’s3aHo 3 THM, 110 Bi-
HOCHI PO3CifOBaJIbHI 3TaTHOCTI aTOMIB 3MIHIOIOTBCS 3aJIS)KHO BiJ XBH-
JBbOBOTO BEeKTOpa § . OCKUIBKM KyTOBa 3aleXHICTh K, € JOCUTh cial-
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KOIO, TO MOXHA 3aMIiHHTH iX CepelHIMHM 3HAUYCHHSIMH B KOHKPETHOMY
KyToBOMY iHTepBaii. Jns pagiansHOi QyHKIII po3nofiny GaraTokom-
MOHEHTHOI CUCTEMH aToMiB MeTonoM Dyp’e- MepeTBOPEHHS MOXKHA
OTpUMAaTH TaKUW BUpa3:

4zr? Z ¢KK;-p,(r)=

t J

. 97

=

= 471 -(icin 0, +2—7: [ s-La(s)~1]-sin(sr)-dr

0

f;Z
m 5
Y.l
i

aTOMIB B iHTepBaJli 3MiHH XBHJIBLOBOTO BEKTOPA S.

2 . . .
e K[ = - CepCIHE 3HAUYCHHA PO3CIIOBAJIIBHO1 3JaTHOCT1

a0

20

'-htl':p(r)

1.0

05

00 .
02 0.4 0.6 08 1.0 1.2 1.4 1.6 1.8

o HM

Puc. 9.2. dyHkuia pagianeHoro posnoainy
aTOMIB HEBMOPSAKOBAHOI PEYOBUHMU

3a nonomoroto (GyHkiii 4777 - P(r) BU3HAYAIOTH PAIiyCH KOOD/IH-
HaliiHUX cdep Ta KOOpPIUHALINHI YHCIa- KUTBKICTh aTOMIB y pajialib-
HO PO3IOJIEHNX KoopauHauiiiaux cdepax. [Ipu mpomy Makcumymu
(hyHKIIT pagialbHOTO PO3MOLTY BH3HAYAIOTh Halip HaiiMOBIpHIIINX
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MDKAaTOMHHUX BIJCTaHEH, a IUIOIIA ITiJ HMMH- YHCIO HaHOIMKYUX
CyCiliB aTOMa, YMOBHO BHOPaHOTO 3a HEeHTpaIbHUH. KilbKicTh aToMiB,
IO TOTPAIUIAIOTh Y CepudHuil map 3aBTOBIIKK 3 (R, — R,) BH3Ha-

. 2 . .
YaloTh iHTErpyBaHHAM QyHKUIl 477° - p(r) B Mexax Bit R, 10 R,:

Z= f47rr2 -p(r)-dr. 9.8)

R
Juns Bigcraneit 1-2 uM, dyHKis G(r) ocIiumoe HaBKOIO (QYHKINT

47r’ - p,, WO CBiTYUTH PO HAABHICTH GJIMKHBOIO MOPSIKY B ATOMHO-

My posmoaini. Ha Ginpmmx Bimmamsx ocumiisnii NPUIUHSIOTHCS, IO
BKa3ye Ha BiACYTHICTh KOpesiiii B po3MilieHHi aromiB. Mexa, 3a kol
ocumnsuii 47r° - p(r) HaBkono 471’ -0, CTalOTh HECYTTEBUMH, Xa-
paxkTepu3ye po3Mipu obnacTeil 3 ynopsAKOBaHUM PO3MIILIEHHAM aTOMIB
(pamiyc KopemsLii).

Jii1 6araTOKOMITOHEHTHUX CHCTeM (YHKIST padiallbHOTO PO3MO-
Iy € KOMOIHaIli€l0 napianbHuX (QYHKIIH aTOMIB pi3HOTO COPTY, IO
3HAYHO YCKJIATHIOE iX aHami3. B 1ipoMy Bumaaky HailiMOBipHIimI Bizic-
TaHI Ta KOOPIWHAIlIHHI YHCIIa BiAMOBINAIOTH iX CEpeIHIM 3HAYCHHSM.
[HTepnperarist QyHKIii aTOMHOTO pPO3MONTY TPYHTYEThCS Ha TIO-
PIBHSHHI pO3paxoOBaHMUX 3HAYEeHb CTPYKTYPHHX MapaMeTpiB i3 OTpHMa-
HUMU €KCTIEpUMEHTaIbHO. J[JIs IIbOTO HA OCHOBI CTPYKTYPHHUX Ta Tep-
MOJIMHAMIYHUX JaHUX OyJYIOTh amnpiopHy MOZETh ONMKHBOTO MOPSI-
Ky. MikaTOMHI Bijyiajai Ta KOOpAMHAIIWHI YHCIa PO3PaxoBYIOTh 3a
TakuMU (HopMyJIaMHu:

N, N,
H 2#’ (99)
»YY
L
N, N,
Z,=Y > cKK; n, (9.10)
i

ac I’li]. - KUIBKICTb aTOMIB ! -T'O COPTY HABKOJIO aTOMIB J -T'O COPTY,

N,, N, - 3arajibHa KiJIbKiCTh aTOMIB 1-ro Ta 2-ro copry.
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B3aemoiroun 3 pe4oBUHOIO, PEHTTCHIBChKE BHITPOMIHIOBAHHS I10-
JSIPU3YETHCSI, IO TPHU3BOJUTH 10 3MEHIICHHS HOTO 1HTEHCHBHOCTI.
Tomy B eKcliepuMEHTaIIbHUX KPUBHX IHTEHCHBHOCTI MOTPiOHO Bpaxo-
BYBaTH MOJISPU3AIil0 TUPparoBaHoro BUNpoMiHIOBaHHA. Komn MoHO-
XpOMaTH3allisi PEHTIeHIBCHKOTO BHITPOMIHIOBAHHS 31MCHIOETHCS BiJl-
OMBaHHIM BiJ KpUCTaja- MOHOXpOMATOPA, MOJAPU3ALIHHIA MHOXKHUK
PO3paxoBYIOTH 3a (hopMyII0I0:

1+ cos*(2¢%) - cos’ Q)
1+ cos’(2a)

P = , 9.11)
2¢¢ — KyT BiOMBaHHS BiJ IUIOIIMHU MOHOKPHCTaIa-MOHOXpPOMAaTopa
JUTSE KOHKPETHOTO BUIIPOMIHIOBAHHS.

JlomaTkoBe 3MeHIIIEHHS IHTEHCHBHOCTI PO3CISIHHS CIIPHYUHIOE TIOT-
JUHAHHS PEHTICHIBCHKOTO BHUIPOMIHIOBAHHS MaTepialioM 3pasKa.
SKI10 3pa30Kk Ma€ IIIOCKY BiJOWBaIbHY MOBEPXHIO, KOS(DIlli€HT MOTIIH-
HaHHS BU3HAYAETHCS TAKUM YHHOM:

1 sin(2¢— o)
2u sin(@) +sin2d-a)’

A(Y) = 9.12)
- KyT HaIIpAIMKOM IaZar040ro peHTFCHiBCI)KOI‘O ITy4Ka Ta IMMOBCPXHCIO
3pa3ka; W - THIHHWN Koe(iIlieHT IOTIMHAHHS PEYOBHHM 3pa3Ka.

BuxopucroByroun B mudpaxtoMerpax (QOKYCYBaHHS 3a CXEMOFO
Bperra- BpeHtaHO, MHOXXHHK TOTJIMHAHHS HE 3alie)KaTHME BiJl KyTa
po3cisiHHS 1 OyAe piBHUM:

1
4u

Ilopsin i3 KOTEpEeHTHHUM PpO3CISIHHSIM PEHTI'CHIBCBKUX IPOMEHIB
CIIOCTEPITAEThCS HEKOTEPEHTHE PO3CISTHHS, IO MPHU3BOAWTH 0 3MIHU
JIOBXKHHU XBHJII PO3CISTHOTO BUTIpOMiHIOBaHHS. HekorepeHTHE po3cisH-
HSl 3aJISKUTH BiJl aTOMHOTO HOMEpa 3pa3Ka i CyTTEBO BIUIMBAE Ha iH-
TEHCHUBHICTh PO3CISIHHS JITKMMH eJIeMeHTaMHu, Takumu sk Li, B, C ta

iHIII. [HTEHCHBHICTh HEKOTEPEHTHOTO PO3CISHHS XiMIYHUMH €JeMEH-
TaMH MOKHa PO3paxyBaTH 32 TAKHM CIIiBBiIHOLICHHSIM:

1(s)=Z-f(s). (9.14)

Jie Z — OPSIAKOBUM HOMEDP eJIEMEHTa.

A (9.13)
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9.2. HopMyBaHHS1 KPUBUX
iHTEHCUBHOCTi PO3CisiHHA

ExcrniepriMeHTanbHy iHTEHCHBHICTH PO3CISIHHS OTPUMYIOTH Y Bif-
HOCHUX OJMHHIISX, TOAl SIK IHTEHCHBHICTh HEKOTEPEHTHOTO PO3CISTHHS
BH3HAYAIOTh B EIEKTPOHHMUX OJMHUILIX. ToMy BHHHKae moTtpeda mpu-
BEJICHHS €KCIIEPUMEHTAILHOI KPHBOI THTEHCHBHOCTI JI0 €JIEKTPOHHUX
onuHUIb. [Ipolenypa 3HaXOMKEeHHS KOe]illieHTa MEepPeBOAY 1O CICKT-
POHHUX OJJMHHIb OTPHUMAJIA HA3BY HOPMYBAHHS KPUGUX [HMEHCUBHOCTII.

Jlo MeToziB HOpMyBaHHS, 30KpeMa, HaJeKaTh TaKi:

1) memoo cymiwieHHsa npu 8eIUKUX KYMAX PO3CIAHH,

BigoMo, 1o Ha BENMUKUX KyTax PO3CITHHS (s —> oo ) MHOXHHUK
M% 0 I(s)— Nf*(s), ToOTO KpvBa iHTEHCHBHOCTi KOTEPEHT-

s
HOTO PO3CISHHSA 30ira€Thecsi 3 KPUBOIO HE3ANEKHOT0 poscisHHs. Po3pa-

)+1,(s

TEpBaJy Ta MOPIBHSBINU 31 3HAYCHHSIM /[

exp.

XyBaBIH 3HaueHHs N/~ (s ) B KpaifHiil TOYIli KyTOBOTO iH-

max max

(S, ) » MOJKHA OOUHCIUTH

3HA4YCHHA HOPMYBAJIbHOTO MHOXHHUKA:

k _ Nfz(smax) +In(smax)
[epr(Smax)

HasBHicTes ocummsimii KpUBUX iHTEHCHBHOCTI 3a BEIHKHX KYTiB
PO3CIsTHHSI, 3yMOBIIEHHX OCOOJHMBOCTSIMH EKCIIEPHUMEHTY, JyTIUBICTIO
Ta PO3ALIBHOIO 37aTHICTIO BUMIPIOBAJIBHHUX MPHIAIIB, CYTTEBO YCKIIaI-
HIOE HOPMYBaHHsI KpUBHX IHTEHCUBHOCTI IIUM METOJIOM.

2) memoo Batinwmerina;

Leit MeTon TPYHTYETBCA Ha TOMY, IIO 13 3MIHOIO XapakTepy aTOM-
HOTO PO3MOALTY IHTErpajbHa IHTEHCHUBHICTH PO3CISHHS 3aJHMIIA€THCS

(9.15)

cranoro. Bixmosinno, muomi mix kpuumu s°I(s) Ta s° f(s) B mmpo-
KOMY iHTepBaJli 3Ha4UeHb § MArOTh OyTH PiBHUMH . TakuM YHMHOM, Bpa-
XYBaBIIM HEKOTCPCHTHY CKJIQJIOBY IHTEHCHBHOCTI PO3CISHHS, MOXKHA
OTPUMATH TaKe CIIBBIJHOIICHHS ISl PO3paxyHKy HOPMYBaJIbHOTO
MHO)KHHKA:
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S, max

| 41,0+ 17 ()} ds
k=2 . (9.16)

SIIIBX

s* I (s)ds

exp.
0

3) memoo Kpoe-Moe i Hopmana,
Sxmo BigcraHi € MeHmKUMHU po3mipy aroma (0.1-0.2 am), dyHKIis
posnoniny aromuoi ryctuHu pO(r) — 0 . Ockinbku 3a ymoBu 7 — 0

¢yHKIIT —— — 1, MOYKHa OTPUMATH TaKUi BUpPa3 Uil HOPMYBaIlb-
S

HOI'O MHOXHHKA:

sin(s7)
r

o L)+ ()
[ s =22 =2 ds -2,
k=L S (s) 9.17)
Smax 5 [ex (S)
s {—r——}ds
o S

Ax BumHO 3 dopmyn (9.6) ta (9.7), po3paxyHOK (YHKIH pa-
TaJIbHOTO PO3MOoNiay aromiB MeTogoM Dyp’e — meperBopeHHs Oyne
JOCTOBIPHUM TiJIBKH 3a IHTETpYBaHHS B MeXKaxX Bif HYIs 0 Oe3Mex-
HocTi. OnHAK, eKCIIEpUMEHTaIbHI KPUBI IHTEHCHBHOCTI OTPUMYIOTH B
00MEKEeHOMY 1HTepBalli 3HaYeHb XBHIILOBOTO BekTopa s. OKpiM TOro, B
iHTepBaJi ManuxX KyTiB PO3CISIHHA HAa KPHWBY IHTEHCHBHOCTI BILIHBAE
MEPBUHHHUN Ty4YOK. MakcuMalbHe 3HAUYCHHsI § 3aJIeKUTh BiJl JIOBXKUHH
XBHWJII PEHTI€HIBCHKOT'O BHIIPOMIHIOBAHHS i KOHCTPYKTUBHHUX OCOOJH-
BOCTEH EKCIEePUMEHTAJIbHOI ycTaHOBKU. CKIHYEHHICTh BEPXHBOI MEXi
iHTerpyBaHHS MIPU3BOIUTH JI0 TTOSBU HA KPHUBIH pagialbHOTO PO3IOALTY
psny XMOHMX MaKCHMYyMIB Ta MiHIMyMiB, IO 3MEHINY€E ii PO3AUTBHY
30aTHICTh Ta 301IbIIy€e HETOUYHOCTI Yy BH3HAUEHHI MapameTpiB Oimx-
HBOT'O TOPAAKY. 30e0inbIIoro, XuOHI MakCUMyMH KpuBoi G(77) po3mi-

IIEH] MK ICTUHHUMM, a iX MOJIO)KEHHS MO’KHA BCTAHOBHUTH 3a JOIIOMO-
I'OI0 CIIBBIJIHOIIEHHS:
r..=nt773/s__

9.18
=rn+4.5/s,, ©-18)

v

min
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9.3. PEHTreHOCTPYKTYPHUN aHanNi3 6NmMXHbLOro
ynopsaKyBaHHA B TBEPAUX PO34YMHAX

@Di3uyHi BIACTUBOCTI TBEPANX PO3UHMHIB BEJIIMKOIO MIPOIO 3aJIeXKATh
BiJl XapakTepy aTOMHOTO PO3IMOALTY B €leMeHTapHii komipmi. Excrie-
PUMEHTAJIBHI JOCIIHKCHHS MOKAa3aJM, 10 LeH PO3MOoaia HE € XaoTh4-

. o 1
HUM. SIK1i0 eHeprist B3aeMoaii aTomiB pisHoro copty W, > E(WA A TWa),

TO aToMu A OyIOyTh OTOYEHI MepeBaXHO aToMaMH B, M0 CBiIYUTH
HasABHICTh ONM)XHBOTO YNOPSJIKYBaHHSI. B IHIIOMY BHIagKy, KOJHU

1
W <E(WA 4 TWys), aromu A OyqyTh OTOYEHMMH aTOMaMM TOTO XK

COpTy, TOOTO CIIOCTEPIraeThesl OMIKHE PO3MIapyBaHHA. TakuM YHHOM,
IMOBIpHIiCTh P, (7)) po3MillleHHs aToMa B Ha BiAcTaHi #, Bix aroma 4
He Oyzme piBHOIO KOHIEHTpamii atomiB B . OTXe, OCHOBHOIO Ipobiie-
MOI0 Y BH3HAYCHHI aTOMHOTO pO3MOJUTY B TBEPIUX PO3UMHAX €
po3paxyHOK (yHKuii po3noainy iiMoBipHOCTI P,4(7;) .

OCHOBHUM METOJIOM, 32 JIOTIOMOTOIO SIKOTO JOCIiDKYIOTh OMVOKHIH
MOPSIIOK Y TBEPAUX PO3YMHAX, € METOH IU(PY3HOTO PO3CISHHS PEHT-
TCHIBCBKUX TMPOMEHIB. PO3IISHBMO JBOKOMIIOHEHTHHI TBEpAUH pPO3-
YuH A— B 3 KOHLEHTpaLisiMU KOMIOHEHTIB C, Ta C,. 3TiIHO 3 Teo-
piero [leGasi, iHTEHCHBHICTh PO3CISIHHS PEHTTEHIBCHKHX IPOMEHIB B
MOJIIKpUCTaax BU3HAYAIOTD TaK:

1(s)=_ > f,()1, (s)-exp(27i(5,7, = 7;) (9.19)

n=1 m=1
Iie 7 - palilyc-BEKTOPU aTOMIB 71 - IO Ta # - IO COPTY, NN - IOBHE YUCIIO
. 4r . . .
aToOMIB, § = 751n(19) - XBUJIbOBUI BEKTOP PO3CISHHSL.

Sxmo B popmyni (9.19) npoBecTn cyMyBaHHS 3a MapaMu aToOMIiB,
110 PO3MIILIEH] OJUH BiJ| OHOTO Ha BiACTaHI 7. =F —7,, TO OTPUMAE-
MO BHpa3 I iIHTEHCUBHOCTI PO3CISHHS TBEPAUM PO3IIHMHOM:
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](S)ZN(CAfA2 +ch32)+ {zNicAfA AA=Pp) [+ P fph+

1 #0

ZNiCBfB AP s (L= Py) fyexp27i(s,7)}

120

, (9.20)

ne N,- 4ucio nap aToMmiB, P,, - WMOBIpHICTb TOro, IO HA BIACTaHi 7
BiJ atoma B po3miuieHuil atom A, f, f, — aTOMHI MHOKHHKH KOM-
MOHEHTIB 4 Ta B.
BpaxoByroun, mo uncio map atoMiB A — B JOpiBHIOE YHCITy map
c
: — — 4
aTomiB B—A , orpumaemo, mo c, P, =c,P,, , a omke P, —C—PBA .
B
Takum umHOoM y Bupasi (9.20) MoXHAa BHOKPEMHUTH OJAHOK, SKHH
BHpa)Ka€ IHTEHCHBHICTh CTPYKTYPHHUX MAaKCUMYMIiB:

]cmp_ (S) =

=(cof i’ +cpfy’)s > NoexpQrisr)=(f*)- > N, exp(2risr;) (9.21)

Pizauns Bupasis (9.21) Ta (9.20) onucye BHECOK AU]Y3HOTO po3-
CisSTHHS:

1,(8)=Neye, (f, — £, - (14 Y ar)exprisr)} . (9.22)

P (1)
Cp
OueBuaHO, 110 I ONMXHBOTO ynopsakyBaHHs P, (r)>c,, na-

e o(r)=1- — napameTp OJIMKHBOTO MOPSIKY .

pametp nopaaky «(r,)<0. Boanodac, st GIMKHBOTO pO3LIAPYBaHHS
P(r)>c,, Tomy o(r,)>0. PosrnsiHemo neranpHime Gopmyiny (9.22)
IUTA IHTEHCUBHOCTI MU(Y3HOTO PO3CISHHS. SIKIIO po3MOfin atomiB €
HOBHICTIO XaOTHYHUM, TOOTO «(7;)=0 , IHTEHCHBHICTb MOHOTOHHO

criaziae 31 30UIbIICHHSIM KyTa po3cisHus ((oH Jlaye):
1,(s)=1,(s)=Nc,c,(f,—fs) - (9.23)

3a HasABHOCTI ONMXHBOTO TOPSIKY CIOCTEPITa€TbCS MOIYJIALISA
tdony Jlaye, mpuaomy mudy3Hi MAKCUMYMH PO3MIITYIOTHCS B TTPOMIXK-
Kax MK CTPYKTYPHUMH MakcuMmyMmamu (puc 9.3).
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Puc. 9.3. IHTEHCMBHICTb ANDY3iINHOrO PO3CISAHHSA
(nyHkTMpPOM 306pakeHo hoH Jlaye , a BepTuKanbHi NpsMi
NnoKasyrTb MOMOXEHHS CTPYKTYPHUX MaKCUMyMIB)

B i30TpoIHAX TONKPHUCTATIYHUX CINIABaX MapameTp TOPSAKY 3a-
JAEeXKNATh JIMIIE B MOAYJIs BekTopa 7 . DBpaxoByroouw, 110

<emx2nxag»>=§E&zQ

, BHpa3 I iHTCHCUBHOCTI AM(Y3HOTO PO3-
i
CisTHHS Ha0yJle TaKOTO BUTIISY:

sin(sr,)

1,() = Neye,(f = ) 1+ Yealn) === (9.24)

ST,

1

I€ ¢,- KOOpIUHALi{HE YHCIIO.

Jlni 3HaXOMKEHHS TapaMeTpiB OIMKHBOTO MOPSAIKY, 37e01IbIIOr0
BHUKOPUCTOBYIOTH METOJ HAMEHIIMX KBaJIpaTiB, IO IPYHTYEThCSA Ha
PO3B’SI3Ky CHCTeMH JiHIHNX piBHIHB (9.24). 30kpema, I po3paxyH-
Ky HapaMeTpiB HOPAAKY ¢, B HEPIINX TPbOX KOOPAMHALINHUX cepax
crcTeMa piBHAHb Ma€ TaKUH BUTIISAL;

A0+ Ayo, + Ay, = ZMk M
k

Sih

n(s,7,)

si
@m+%%+%%=ZMf (9.25)
k

Si1h
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sin(s,r,)
Ay00 + A0, + Ao = sz s
k Sils
sin(s, ;) sin(s,7;) I
Ac A@/=C/-Z - — 5 M= : 7L s
e St Sit; Neyeg(fo—13)

(i=12,3) - paniycu nepmmx TpbOX KOOpIMHAUIMHMX cdep; c;

(/=1,2,3) - koopauHauiiiHi yKcna; [, - IHTEHCUBHICTD JU(Y3HOTO po3-

CISIHHA B TOUL S, .

9.4. ExcnepumMeHTanbHe BUMiprOBaHHSA CNEKTpiB
ANcy3HOro po3cisHHSA

VY BuMipoBaHHI CHEKTpiB AM(Y3HOTO PO3CISHHS 3aCTOCOBYIOTH
mudpakromerpu 3 (OKycyBaHHIM 3a cxemow bperra-bpenrtano. Jlns
MOHOXpPOMATH3allli BUIIPOMIHIOBaHHA €(EeKTHBHIUMH € MOHOKpPHCTAH-
MoHoxpomartopH (miporpadit, Si, Ge, LiF), mo BcraHOBJIeHI Ha mep-
BUHHOMY a00 nu¢paroBanomy nydky. 111006 3MEHIINTH IHTEHCHBHICTb
Mapa3suTHOTO PO3CiSHHS, BUKOPUCTOBYIOTH KOJIIMAaTOPH NEPBUHHOTO Ta
po3cisiHOro BUIpOMiHIOBaHHS. OCKIJIbKM 1HTEHCHBHICTH AU(QY3HOTO
PO3CIsSIHHS CNaOKO 3aJIe)KUTh BiJl KyTa PO3CISIHHS, JOLIIBHO BHKOPHC-
TOBYBaTH HIMPOKiI mIUMHU Tiepen aetektopoMm (1-2 mm). dudpakmiiiai
CHEKTPU BUMIPIOIOTH B KyTOBOMY 1HTEpBaJIi A0 MEPIIOTO CTPYKTYPHOTO
MaKCUMyMy, a KPOK CKaHyBaHHS JIETEKTOpa BHOHMpAIOTh B MeEXax.
1-1,5°. TlouaTkoBuit KyT OOUPAIOTH TAKHUA, OO IHTEHCUBHICTD PO3CIsH-
HA 3pa3KkoM IIEPEBUINyBaja IHTEHCUBHICTH (DOHOBOTO pO3CISHHS. 3
OO OTJISIy, BUMIPIOBAHHS JOLIIBHO MPOBOJUTH Yy BakyyMi abo
iHEpTHOMY cepeldoBHUIli. PO3INIIHPMO UYMHHUKH, L0 BIUIMBAIOTH Ha
IHTEeHCHUBHICTH AU(PY3HOTO PO3CISTHHS:

1) enacnuii pon demexmopa,

i BUKITIOYEHHS BIAacHOrO (OHY AETEKTOpa BUMIPIOIOTH iHTEH-
CHBHICTb ([, ) PO3CISHHS NPU NEPEKPUTOMY Iy4Ky PEHTICHIBCHKHX

TIPOMEHIB;
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2) poscisnnns cepedosuiyyem nio Yac nPOXo0ANCEHHSI NYUKA,

IHTEHCUBHICTh PO3CISIHHA —CcepeloBUIlleM (MOBITPSM) MOXKHA
BHKITFOUHUTH, SKIIO B THX JK€ €KCIIEPUMEHTAILHUX YMOBaX BUMIPSTH iH-
TEHCHUBHICTh PO3CIIHHA 0e3 3pa3ka. Bimomo, 1o B HYyJIHOBOMY IIOJIO-
xeHHi getektopa (28=0) miommHa 3pa3ka MepeKphBac MOJIOBHHY

1
[EPBUHHOTO my4ka (/,, :EIO ), 1110 JI03BOJIsIE BU3HAYUTH BHECOK PO3-

CiSTHHS CEpEeZIOBUIIEM y TIOBHY iHTEHCHUBHICTh PO3CISTHHA. SIKIIO Bpaxy-
BaTH BUILE HaBEJCHI YMHHUKH, BUPA3 Ul IHTEHCHBHOCTI PO3CISTHHS
MOJKHA 3aIlCaTH TaK:

1(5) =1y, (5) — (9.26)

@

I
nms‘(s) -7
2

e Inog'(S) — IHTCHCUBHICTL PO3CIAHHA 3a BIACYTHOCT1 3pa3Ka.

3) noosiiine bpeziscvie po3CIAHHA,

4) komnmouiscoke (HexoeepeHmHe) po3CisaHHs,

5) mennoge poscianns,

JInst BUKITIOUEHHSI 3a3HAY€HUX KOMIIOHEHT IHTEHCHBHICTh PO3CisH-
HS MOTPiOHO BU3HAYUTH B €JICKTPOHHUX OMUHUILAX. J[JIs II-OTO TOpIB-
HIOIOTh 1HTEHCHBHOCTI PO3CISHHS 3pa3Ka 1 eTaJoHHOi pedoBWH (HAIl-
pukiIan, aMopdHU KBapi). 30Kpema, IS KBapmy 3a 29 =75 iHTeH-

CHBHICTb pO3CisiHHA craHoBuTuMe /I, =120 en.00., K10 B eKcHepu-

MeHTI BUKOPUCTOBYIOTh Cu Ko~ BunpomiHioBauHs. OTxe, Ui JOBUTb-
HUX KyTiB IHTEHCHUBHICTb PO3CiSHHS 3pa3ka B €JIEKTPOHHUX OJWHHLISAX
MOe OyTH 00UHCcIIeHa TaKUM CITOCOOOM:

eo. _ I:s Ru; (n//u)mz.
I3pA (229) - Izp(zﬂ)

Iy P, (20) (nlp),, "~

3p.

(9.26)

ne [ - IHTEHCHBHICTb PO3CISTHHA aMOp(HOTO KBapily, BHUMIpsiHa 3a
209=75 epao, P - monspusamiiHuii MHOXKHUK, /1 - YUCJIO aTOMIB B
onuHUII 00’eMy, 4 - MiHIHHUHN KoedimieHT nornmuHaHHA. [licns 3BeneH-
HSl IHTEHCHUBHOCTI PO3CISIHHS 10 €JIEKTPOHHHUX OJUHULb, 38 JOIIOMOTOI0
CreIliaTbHIX TaONHIhF BUKIIOUAIOTh HEKOTEPEHTHE, IMOABiHHE OperiB-
CBKE 1 TEeTJIOBE PO3CISIHHSI.
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10.

MNMumaHHs 0o po3diny 9

AK NoB’si3aHi aTOMHUIA aKTOp PO3CIAHHSA 3 PO3MOAINIOM eNneKTPOoH-
HOI YCTUHKN aTOMIB?

B 4omy BigMIHHICTb MiXX AanbHiM i BRAKHIM aTOMHUM ynopsiaKy-
BaHHAM?

Axnin TMINOBUIN BUrNSiA MakoTb ANdpakLifHi CNeKTpu HEBNOPSAKOBaA-
HUX cUcTem?

3anuwite BUpa3s aAng po3paxyHky (PyHKUiT pagianbHOro posnoainy
aToMmiB.

Aki napameTpn GNWXKHBOTO MOPSAKY MOXHA BU3HAYMTU 3 aHanisy
dyHKLii pagianbHoro poanoginy?

B yomy BMABNATLCS 0COGNMBOCTI BU3HAYEHHSI napameTpiB Onmx-
HbOro NOpsiAKY B 6araTOKOMMOHEHTHNX CUCTEMAX?

HaBepfiTb OCHOBHI MeToAM HOPMYBaHHS KPUBUX IHTEHCUBHOCTI PO3-
CisIHHS1.

AKi YMHHMKM BNNMBaOTb Ha POPMyBaHHS ONMXHLOrO MOPSAKY Y
TBEPAMX PO34MHaxX?

Ak BM3Ha4aloTbCs NapameTpu ONMKHBLOIO YNOpsiAKyBaHHSA B TBeEp-
OnX po3umHax?

AKi YUHHWKM BNNUBAKOTbL Ha €KCrnepuMeHTanbHy iHTEHCUMBHICTb Au-
dhy3HOro po3CistHHA?
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Po3pin 10

MAJNOKYTOBE PO3CIAHHA
PEHTIEHIBCbKUX NMPOMEHIB

10.1. ManokyToBe peHTreHiBCbKe pO3CisiHHA
B MOHOAUCNEPCHUX CUCTEMaXxX

10.1.1. Mannokymoege pO3CisiHHSs1
8 06’°eckmax i3 HearnopsiOKo8aHOK CMPYKMYPOHO

ExcrniepuMeHTanbHe JOCHIIKEHHS CTPYKTYPH HEBIOPSIKOBAHUX
CHCTEM TIOJIATa€ y BUMIPIOBaHHI yCepeIHEHOI IHTEHCHBHOCTI PO3CisH-
HA, SKa € (YHKIEI MaKpOCKOIYHOTO CTaHy cuctemu. OmUCYyrOUu
CTaH TaKUX CHUCTEM, HEOOXiTHO BBECTH CTATHUCTHYHY (DYHKIIIO PO3MO-
JITy PO3CIIOBAJIbHUX YaCTHHOK. BBaxkatuMeMo, 1o JIOCHiKyBaHa CUC-

TeMa MICTUTh N iIEHTUYHHX YaCTHHOK, aMIUIITy[H PO3CISHHS SKHX
-
JIOPIBHIOIOTH f(5), a 1X TONOXEHHS BU3HA4Ya€ paJiyc-BEKTOPOM 7 .

[HTeHCUBHICTB PO3CIisSTHHS cHCTEMOO onucye Gopmysa [ebas:

1(s)=2. > fi(s)f,(s)exp[is (7~ 7,)]. (10.1)
i
3rpymyBaBIIN YICHH 3 [ = j, MICIA yCepEeTHEHHS OTPUMAEMO Ta-
KuM BUpa3:
1(s)= Nf*(s)+ f2 (XD D cos(s 1))
i

ae riy =r,=r;.
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Jlns i30TpOMHMX CHCTEM pPO3MOJI YAaCTHHOK HE 3aJeKHTh Bill
IIPOCTOPOBOTO HANpPAMKY. Y TakOMy BHIAJKy IJI PO3PaxyHKy MOJI-
BIifHOI CyMH BBEAEMO (DYHKIIO HMOBIPHOCTI p, , 110 BU3HAYAE IMOBIp-
HICTh 3HAXOJPKEHHS YacTUHKHU 3 PaJilyc-BEeKTOpOM 7, B 00’eMi dv, 3a

YMOBH, LIO YACTHHKA 3 PaJliyC-BEKTOPOM 7; € B 00’emi dv, . [licns yce-

PEAHEHHS 3a BCiMa MPOCTOPOBUMHM HAIIPSIMKaMH OTPUMAEMO BUPA3:
sin(sr;)
(33 cos(s 7)) = [[—p,dvav,
i Vo Vy lj
ne Vy — onpomiHeHuid 00’ €M 3pa3ka.

. . D
3rigHo 3 YMOBOK HOPMYBaHHs BBeAEMO (yHKUiO F) =v—”2, ne
0

v
Vv, = NO — 00’€eM, 1110 TIPUIIAJIAE HA OJTHY YACTUHKY.

Bpaxosytoun, mo FB; =1-(1-F;) , ycepeaHeHy IHTCHCHBHICTh

i

PO3CisTHHSI MO’KHA BU3HAYUTH TAKUM CIIOCOOOM:

1(s)=
’ in(sr; .(10.2
N+ LD [ I g /) ) jsm(s’f (= ynay, 102
Yo Vo Vo S’;’j 0 Vo Vo }"U !

[epmmit noganok y ¢opmydi (10.2) onmcye He3anexxHe pO3CiTHHS
CUCTeMOI0 3 N iJICHTUYHUX YACTHHOK. AHaJi3 APyroro aoJaHKa 3ac-
BiJT4y€, IO BiH BiJIOBIJa€ PO3CISIHHIO YaCTUHKOIO 00’€MOM V), a Horo
BHECOK TIPaKTHYHO IOPIBHIOE HYJIEBI BXK€ INPH 3HAYEHHAX s>27/D),
D(7~V01/ 3 e(eKTUBHUI JiaMeTp YaCTHHKH. Posrisimarouu TpeTiit poma-
HOK y ¢opmyni (10.2), Tpeba BpaxyBaru, mo (QYHKIisS HKMOBIpHOCTI
P(r)—1, xomu r — oo . Ile 3yMOBIEHO BiICYTHICTIO JAIBbHBOTO TIO-

PAAKY B PO3MIIIEHHI YaCTHHOK Ha BiJICTaHAX, IO 33JJ0BOJIBHAIOTH YMO-

BY Vol/ << Vo” 3 Tomy 1el 70JaHOK MOKHA BUPA3UTU TaKUM CIIO-

coboMm:
Hsm(s Da-p P)dvdv, =~ j 4 [(1 = P(ry SR g,
1284 s”;j sr
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OTxe, BUpa3 Ij1sl IHTEHCUBHOCTI PO3CISIHHA 130TPOIMTHOIO CHCTEMOIO
YaCTUHOK B 00JacTi 3HAY€Hb XBUJIBOBHX BEKTOPIB s>271/D MOXHA 3a-
IUCaTH TaK:

1(s) =NFz(s){l—i]i4nr2M[I—P(r)]dr}. (10.3)
Vo b ST

Bupas (10.3) € xknmacuynum piBHsSHHAM Opiuteiitna— Lleprike, mo
BHpaXa€ eKCIIEPUMEHTAIbHY 1HTEHCHBHICTh Yepe3 aMIUIITyIu PO3CisH-
Hsl yacTHHOK (popmdakTopu) F(s) Ta cTraTUCTHUHY QYHKLIIIO iX po3-
noxiny P(r). Baxnuse 3nauenss gopmymu (10.3) nmonsrae y Tomy, 1mo
3a BigoMoro QopmdakTopa 4acTUHKUA F(§) MU MOKEMO OOYHCIIUTH
¢yHkuito poznoginy P(r) 6e3 aHanizy KOHKPETHOI'O PO3MILLCHHS aTo-
MiB y YaCTHHIII.

OnHi€ro 3 HaWBXJIMBILIMX MOJENEH CTPYKTypH PEUOBHUH € MO-
JIeNib, B SIKIH PO3CIIOBalbHI HEOAHOPIMHOCTI MOXKHA PO3LIIAIATH SIK
YaCTHUHKH, PO3MOAUICHI y HEMepepBHii MaTpHi (PO3UMHHUKY). 3a3Ha-
gm0, mo Bupa3 (10.3) omucye poO3CisIHHA CHCTEMOIO YacCTHUHOK, fKi
MaroTh OHAKOBI po3MipH (MOHOIHMCIIEPCHA cHCTeMa). Y TaKHUX CHCTE-
Max IPOCTEKYEThCS SBHUU 3B’SI30K MIXK IHTCHCHBHICTIO PO3CISHHS Ta
($hopMPpaKTOPOM YACTHHKH.

3rizao 3 BupazoM (10.3) iIHTCHCHBHICTL PO3CISTHHS CHCTEMOIO Yac-
TUHOK MICTHTh J[Ba J0oAaHKH. [lepiuii i3 HUX 3aJeKUTh BiJl CTPYKTYpH
YACTUHOK 1 OIIMCY€ HE3aIEXHE PO3CITHHA CHUCTEMH 3 N YaCTHHOK.
Jpyruii 1oaHoK, 110 3aJICKHUTh Bil 00’ eMy Ta QyHKIIIT po3moainy yac-
THHOK, 3yMOBJIEHUH e(eKTaMK MiKYaCTUHKOBOI iHTepdepeniti. [pyn-
TOBHHUH aHaJi3 IHUX e(eKTiB € CKIaTHOI0 MPOOIEMOIO, OCKITBKU (PyHK-
1T pO3MO/TY 3aJIeXkaTh BiJl KOHIEHTPAIlli YaCTHHOK. SIKIo 11l edeKTH
HE BpaxoBYBaTH, TO MOKHa CYTTEBOTO CHOTBOPHTH iH(OpMamil0 Ipo
peanbHy CTPYKTYpPY YacTHHOK. Bupas iHTEHCHMBHOCTI PO3CISIHHS CUCTe-
MO0 B3a€EMHOHETPOHHUKHHUX TBepAuX cdep Oymo otpumano I1. [Iebaem
y 1918 poui. fAxmo 3anucaru yHkuito P(r) y BUMIALL:

P(r)=1,0<r<2R
P(r)=0, r>2R,

TO JJIs1 iHTEHCUBHOCTI PO3CISTHHSI OTPIMAEMO BHpPA3:
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I(s) = N*(sR)| 1-87=d(25R) | (10.4)

Vo

ne R — paniyc chepu, @(sR) — HOpMOBaHA aMILTITY1a PO3CISIHHS.
OpeprkaHe CHIiBBiAHOLIEHHS 3aJ0BUIBHO ONMUCYE e(eKTH Mixyac-

THHKOBOTO PO3CISHHS JUIS MAINX KOHLEHTPAIi YaCTUHOK. Y BHIIAJIKY

3HAYHUX KOHIIEHTpaIliii 3actocyBanus Bupasy (10.4) € HemomiibHUM. 3

v, _ 1 . .
opmyiu (10.4) BUIHO, 1O 32 YMOBU —~ > — , MH OTPUMAEMO Bija’ €MHi
pMy y 7 =3 p

3HAYCHHS IHTEHCHBHOCTI PO3CisHHS B Toulli s =0 . 3ayBakmmo, IO
HaNUCHPUATIUBIIIUM JIJIi BUBYCHHS CTPYKTYPH YACTHHOK € BUIIAJIOK
p030aBIEHOrO PO3YHHY, CePEeHIN 00’€M SKOT0 B PO3paxyHKy Ha OAHY
YaCTUHKY 3HA4HO IepeBulIye ii BlacHuil 00’em, To6TO Vv, >>V . VY Ta-

KOMY BHIIQIKy MOKHa 3HEXTYBaTH €(EeKTaMU MiKYaCTHHKOBOI iHTEp-
(epenwii i 3anMcaTH HACTYIHUI BUpAa3 Ul IHTEHCUBHOCTI PO3CIsIHHS:

I(s)= N{(F’(s)) (10.5)

30KkpemMa, y BHUIAAKy MOHOJMCIEPCHOTO PO30aBICHOTO PO3UYHHY
IHTEHCHBHICTh PO3CISIHHS MPOMOpIiHA YCepeAHEeHil 3a opieHTali€lo
IHTEHCUBHOCTI PO3CISHHSI OJJHOIO YaCTHUHKOIO, 1110, CBOEIO YEPTOl0, IO
YMOJKJIMBITIOE€ BUBYEHHS ()OPMHU YaCTHHOK Ta X BHYTPIIIHBO1 OyI0BH.

VY mepexoni Big po30aBIeHNX 0 KOHIEHTPOBAHUX PO3YHHIB MOXK-
Ha MPOCTEXHUTHU BIUIMB €(PEKTIB MIKYACTUHKOBOI B3a€MOJil Ha KPUBY
IHTEHCHBHOCTI PO3CISIHHA, IPUIOMY:

1) 36impImIeHHST KOHIEHTpAIil YaCTHHOK CHPUYHHSIE 301TbIIECHHS
nux e(eKTis;

2) Ha KpUBHX IHTEHCHBHOCTI PO3CISIHHSI BOHH TIOMITHI 3a y’>Ke Ma-
JIUX KyTiB PO3CISIHHS, IO HOB’SI3aHO 3 OCLMJIIOIOYUM THIIOM IOBEIIHKU
sin(sr)

sr

¢byHKLi nopiBHIHO 3 pyHKIi€0 P(7);

3) edekTH MiXKYACTUHKOBOI B3a€MOJIii CIIPUYMHIOIOTH 3MCHIICHHS
THTEHCHBHOCTI PO3CISTHHS, OCKIIbKH P(7)<] 3a yciX 3Ha4eHb 7.

Jochimkyroun po3duHN MPOMDKHUX KOHIeHTpamiit (Vo/vp=0,1),
BIUIMB iHTeppepeHUiIHHNX e(eKTiB MOYKHA 3HIBENIOBATH, SKIIO BUMi-
pIOBaTH IHTEHCUBHICTH PO3CISHHS Yy PO3YMHAX 3 Pi3HOIO KOHIEHTpa-
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Li€I0 YaCTWHOK. BomHouYac, B KOHIIGHTPOBAHWX PO3YHMHAX IIi epeKTH
JOMiHYI0Th. TOMY KOHLIEHTPOBaHI PO3YMHHU HE MOXKHA PO3TJISLIATH SK
MOBHICTIO HEBIOPSIKOBaHI CHUCTEMH 3 XaOTHYHMM DO3MOAIIOM dac-
THHOK, OCKUTBKH Y HHUX HPOCTEXYETHCS ONIKHIN MOPSIIOK B X B3a€EM-
HOMY po3MinieHHi. J[0 Takux 00’€KTiB HalekaTh IOJIIMEPH, BOJIOK-
HHUCTI TBepHi Tija, piAki Kpuctamu. MeToau iHTepHnpeTanii po3CisHH
TaKAMH CHUCTEMaMH CYTTEBO BiJIPi3HSIOTHCS BiJl METOJIB aHATI3y PO3-
CISTHHS MOHOJJCTIEPCHUMY CHCTEMaMH YaCTHHOK.

10.1.2. IHmeHcueHicmb PO3CISIHHS
i30/1bOB8AHOI0 YaCMUHKOIO

PosrastHeMO po30aBiieHHH pO3YMH MOHOAMCIIEPCHOI CHCTEMH Yac-
THUHOK. SIKIIIO 3HEXTYBAaTH PO3CISHHIM BiJ PO3UYMHHHUKA, BBAXKAIOUH HO-
r'0 OJHOPITHUM, TIOBHA iIHTEHCHUBHICTH Oy/le TIPONOPIIiifHA 10 IHTEHCHB-
HOCTI PO3CIsIHHS 130JIbOBaHOI0 YaCTUHKOIO. HaBeieMo OCHOBHI CITiBBiI-
HOIIEHHS, 10 OMHUCYIOTh MAJIOKYTOBE PO3CIsIHHSI OKPEMOIO YACTUHKOIO.

a) popmyna Jlebas

Hacamnepen 3a3naunmo, mo dopmyiy aist /(s) MOXHA 3amucaTu
TOJi, KOJIM BiAOMi KOOpAWHATH BCiX aToMiB. 3rizHo 3 Gpopmyioro ebas
IHTEHCUBHICTD PO3CIsSTHHS:

()= f,(s)f,(s)

i=1 j=1 ST

sin(s7; )
b

ne f;(s)— amIulTyAa PO3CISHHA { -0 aroMa, 1; — MDKAaTOMHA BiJC-

TaHb, N — KUIBKICTb aTOMIB.

®opmyna [lebas € ToUHUM BUPa3OM AJIs1 IHTEHCHBHOCTI PO3CISHHS,
OJIHAK BOHA MICTUTh BEJIMYE3HE YHUCIIO JOJAHKIB, a il 3acTOCyBaHHS
moTpedye 3HAHHSA TOJOXEeHb ycix aromiB. KpiM TOrOo, BH3HaueHHS
ATOMHOI CTPYKTYpU B MaJOKyTOBOMY EKCIIEPUMEHTI € HEKOPEKTHHM
yepe3 oOMeKeHHH KyTOBUH iHTEpBasl BUMIPIOBaHHS, a OTKE HU3BKY
PO3IINBHY 3IaTHICTH METOAY. SIKIIO po3risgaTu YacTHHKY HE SIK CHC-
TEeMy IUCKPETHUX aTOMiB, a K HEMEPEPBHUN PO3IOIIJ PO3CIFOBANBHOT
TYCTUHH O(r), IHTEHCHBHICTh PO3CisHHS [(S) BU3HAYaTHMEMO TaKUM

CI10cOo00OM:
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1) =[ [ppem) 22, (10.6)

SNy

Buxopucranus ¢opmymu (10.7) € AOMINBHIIINM, OCKUTBKH A€
3MOTY PO3paxyBaTH IHTEHCHBHICTH PO3CISIHHS 3a BiIOMOTO PO3MOJILTY
TYCTHHHU B YaCTHHII.

0) Kopensayitina Qynxyis

PosrnsgapMo 1HIIMN MAXiA U1 PO3paxyHKY IHTEHCHBHOCTI pO3-
cisHHs. Bimomo, 1o iHTEHCUBHICTh poO3CisHHS 1MOB’s3aHa Dyp’e —te-
perBopeHHsiM 3 ¢yHkuieto [Tatepcona P(7) :

1(5) = [ P(f)cos(3F)dF . (10.7)

Sxmo nepeiiT 10 ChEpUUHIA CUCTEMH KOOPAHMHAT Yy MPSIMOMY
rpoctopi (7, 6, ¢), To cmiBBigHOmEHHS (10.4) MOYKHA 3amMCaTH TaK:

I(s)= ﬁj[(g)dg = i]irzdr j P(r)dw j cos(57)dQ,  (10.8)

ne dw =sin(0)ddde - eneMeHT TiJeCHOTO KyTa.
YcepeaauBiym ocTaHHi# iHTerpana y gopmyi (10.8), orpumaemo:

1(s) =4nTy(r)Mr2dr, (10.9)
o sr

1 4n . .
ne y(r)= ™ J. P(¥)dQ — xopemnsuiitHa QyHKIis.
T 0
Kopensamiiiny QyHKIiI0 po3paxoBYIOTh METOAOM OOEpHEHOTO

@yp’e—TIepeTBOPEHHS:

) =—- Tl(s) SIS 2 (10.10)
2n” sr

OyHKIIA Y(7) Mae BaXJIMBE 3HAYSHHS Ul aHANI3Y MAaTOKyTOBUX
JaHWX, OCKIIBKH 11 MOXKHA po3paxyBaTH O€3MocepenHbo 3 KPHUBOI po3-
cisuHs I(s). BoHa fmae 3MOry BH3HAUUTH HHM3KY CTPYKTYPHUX Xapak-
TEpUCTUK YacTUHKH. O4eBUAHO, 32 YMOBH 7 = D, ne D — Makcumanb-
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HUHI pO3Mip YacTHHKH, KopeJsiuiiHa ¢yHKOis y(7) =0, mo mo3Boise
BH3HAYaTH po3Mipu dacTuHOK. Ilopsin i3 ¢yHKUi€o y(7) Ha mpakTUi
IHIPOKO 3aCTOCOBYIOTH (ByHKIIIO p(r) =7’y (r) — GyHKIiIO po3HOdiLy
3a BIACTaHIMH.

O6uaBi ¢yHKHii OMUCYIOTH K (GOPMY, TaK 1 PO3MOIi HEOTHOPIA-
HOCTEH T'YCTHHHU BCEpeAMHI 4acTHMHKU. OCOOIMBO BUPA3HOTO I'€OMET-
pudHOTO 3MicTy GYyHKIIT y(7) Ta p(r) HaOyBarOTh A OJHOPITHHUX
yacTUHOK. Sk ButumBae 3 popmynu (10.10), 1151 OZHOPITHUX YACTUHOK
sHauenHs Qynkuii y(0)=p’V € npomnopuiitHuM 06’€My YaCTMHKH.

SIkmo KopersnidHy (GYHKIIIO 3alucaTd y BUNIAOL Y, (r)= _YE(F) —; , TO
Y
BUIHO, 110!
Yo(r)=1, r=0,
YQ(}/’):O, }"ZD.

Otxe, GyHKLUiA Y, (r) BU3HaUae HMOBIPHICTH TOTO, 110 TOYKA, SIKA

€ Ha BIICTaHi 7 BiJl OKPEMOi TOYKH YaCTHHKH, TEK PO3MIIICHA BCEpe-
JVHI YaCTHHKU. PO3riIsTHEMO reoMeTpuuHy iHTeprperanito (QyHKIIT
po3noainy p(r). Jns 1pOro CrHeplry BUALIMMO BCEPEAMHI YaCTUHKU
eneMeHT 06°eMy dv,. VIMOBipHicTh Toro, mo iHmmMii eneMeHT 06 eMy

dv , Ha BIJICTaH1 » T€X € B YaCTUHLI JAOPIBHIOE Y, (7). Uncio enemMeHTiB
00’emy dv, mpomnopuiiiHe 00’e€My 4YacTHHKU V, TOAl SK YUCIO elle-
MEHTIB dv, mponopuiiiHe Mol nosepxui cdepu pauiycom r . Omxe,
MOJKHA 3pOOHUTH BHCHOBOK, 110 JO0OYTOK 4nVp(r) Oyne mpomopuiiHuM

JI0 YMCNa BIAPI3KIB, SKi TMOEIHYIOTH JBa JOBIIbHI €lIeMEHTH 00’eMy
YACTUHKH.

[IpoananizyBaBmM TOXigHY BiA KopensuiiHoi ¢(yHKWii, MoxHa
2

. S
3poOUTH Takuii BUCHOBOK: SKIO 7=0, TO y'(O)z—pT. Sk BumHO,

3HaueHHs noxigHoi y'(0) B mponopuiliHe MIONI MOBEPXHI OJXHOPIIHOT

YaCTWHKH, 110 BKpai BaYKIHMBO JJIS aHAJI3y OCOOIHMBOCTEH OyIIOBH Ta-
KHX 9acTHHOK. HatomicTh moBe/[iHKa KPUBOI IHTEHCUBHOCTI PO3CISTHHS
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I(s) 3a yMOBH §—>ce 3acBiguye, IO TOJIOBHY aCHUMIITOTY CHaJaHHS

¢dbyHKIil /(s) MOKHA BU3HAYUTH 5K [(S) = —87[7/—4(0) . OTxe, acuMIITOTa
s

IHTEHCHUBHOCTI PO3CISHHS OXHOPITHOIO YACTHHKOIO Oe3IocepeaHbo
TIOB’s13aHa 3 IUIOIICIO TIOBEPXHI:

I(s)zi—:[pz .S (10.11)

8) Ineapianm Ilopooa
IuBapiant [lopoma Q € onHi€0 3 HaWBaXKIUBIIINX THTETPATBHUX

XapaKkTePUCTUK iHTEHCHBHOCTI po3cisiHHsA. g BennunHa € mpomopiiii-
HOIO MOBHIH €Heprii po3cisiHH, TOMY ii MOXKHA 3allUCaTH y BUTIISL

0= Tszl(s)ds ) (10.12)

BpaxoBytoun, 1110 iHTEHCHBHICTD PO3CISIHHSI YACTHHKOIO OIHCYIOTh
dhopmyioro (10.9), orpumaemo:

Q=27y(0) =2n[p*(r)dr. (10.13)

OueBuiHO, 3HaYCHHS () TPOTMOPIIHE 0 CEPEIHbOKBAIPATUIHOT
¢bnykTyanii po3ciloBaJIbHOI TYCTUHH AOCIHiAKyBaHOi cuctemu. s ox-
HopiaHoi yacTUHKH ( O = const ) iHBapianT [lopona € mponopuitHUM 110
il 00’emy

0=2n’pV . (10.12)

10.1.3. Memodu eu3Ha4yeHHsI
iHmezpanbHUX NnapamMempie 4aCmMuHOK

BHacnizok XaoTHYHOI Opi€eHTalil po3CilOBaAIbHUX YaCTHUHOK, ce-
pUYHE yCepeaHEeHHS iIHTEHCHBHOCTI PO3CISTHHS NMPU3BOJUTH IO 3HAYHOT
BTpaTH CTPYKTYpHOI iHpopmarii. OTxe, HABITh I MOHOAWUCIIEPCHUX
CHCTEM XaOTHYHO OpPIEHTOBAHMX YACTHHOK, 3 EKCIIEPUMEHTAIBHUX
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JAHUX MOXXHA OTPHMATH IIUIIE OKPEMi IHTErpasibHi XapaKTePHCTHKH
YacTUHOK. ToMy JUIS BUBYEHHS CTPYKTYPH MOHOJHUCIIEPCHUX i30TPOII-
HUX CHCTEM OCHOBHMMH METOJaMH aHaJli3y KPUBHX MaJOKyTOBOI'O PO3-
CISIHHS € PO3paxyHOK iHBapiaHTIB Ta MOOY/I0Ba CTPYKTYPHUX MOJIEIICH.

[HBapianTaMK Ha3MBaIOTh CTPYKTYpPHI XapaKTEPUCTHKH YaCTUHOK,
o0 MOXYTh OyTH BHpa)KeHi 3 IHTEHCHBHOCTI PO3CISIHHS B SIBHOMY
Buriani. [IpoanamizyiMo OCHOBHI CHIiBBiJHOIIEHHS AJIsi iHBapiaHTIB,
10 MalOTh HAHOLIbINE MPAKTHYHE 3aCTOCYBaHHSL.

1) Paoiyc inepyii ma nogHa 0084CUHA PO3CIAHHA,

PosrnssHeMO TOBeiHKY KpPHBOi IHTEHCHBHOCTI pO3CisHHS [(s) 3a

sin(sr)

sr
Ha po3KiIacTH B psia MaknopeHa nmobmusy s=0 Ta miacTaBUTH BUpa3 y
(hopMyITy iIHTEHCUBHOCTI pO3CisSTHHS:

IOyKe MalluX 3Ha4eHb XBUJIBOBOT'O BeKTOpa § . DyHKIIi0 MOX-

_sin(sr) zl—lszr2 +Ls4r4 -
Sr 6 120

K0 00MEXHMTHCS NEPUIMMH JIBOMA YICHAMH DSy, TO IS iH-
TEHCUBHOCTI pO3CisHHS moomu3y s =0 oTpuMaemo:

I(s)=1(0){l—§s2Rg2}, (10.14)
ne /(0) - kBagpaT MOBHOT JOBKHHHU PO3CISIHHS:

1(0) = 4n f P2 y(r)dr . (10.15)

BennunHy Rg Ha3WMBalOTh pajiilycoM iHEpIii YaCTUHKU:

D

. J.r4y(r)dr
Rg’=—4— — (10.16)

2 jrzy(r)dr
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Bupa3z y xBagpatHux myxkax (10.14) mokHa po3rismaTé SK JBa
nepuri wWieHn po3kiaany GpyHKii exp(—§s2Rg2) y paa Makinopena. To-

My 3 TOLIHiCTIO pa(e] }.‘LO,E[aHKiB CTCIICHA S4 3alIMIIEMO.
1
I(s)= 1(0)exp(—§s2Rg2) . (10.17)

CrisBignomenss (10.17), mo omucye NMOBEAIHKY iHTEHCHBHOCTI
PO3CIsSIHHS 32 MajHMX KyTiB PO3CisHHS, Ha3uBaloTh (opmynoio [iHbe
(1939 p). ns BcraHoBieHHs 3B’s3Ky Mix iHBapiantamu [(0), Rg Ta

CTPYKTYPHHUMH TIapaMeTpaMH YacTHHOK migcrtaBumo Bupas (10.14) y
dhopmyiy [Jlebas (10.7):

1
15)= | [pCpC3 )dndrs = 5° [ [ pG)p() 05 = ) diridr
vy Vv
[NopiBHIOIOUM BHpa3H, OTPUMAEMO:

2 j 20 (r)dr

0
1(0)= Rg* = fp (dr

j p(F)dF| |

Ocranns ¢opMysia BUpakae BiJOMHU 13 MEXaHIKH pajiyc iHeprii
YaCTUHKHU BITHOCHO IICHTpPa Mac. 30KpeMa, aHalli3 MOYaTKOBOI JUISTHKA
KPHBOi MaJIOKYTOBOTO PO3CISIHHS /(S) Aa€e 3MOTY BH3HAYUTH T'€OMET-
PHUYHi iHBapiaHTH YaCTHHKHU (KBaIpaT IMOBHOI JOBXKHHHU po3cisHHs [(0)
Ta pafiyc iHepuii Rg) He3amexHo Bif ii Gopmu.

2) O6’em ma numoma no6epxHs YaCMuHKU;

V nabmmwkeni oxmopinHoi wactunku [(0)=(pV)* , Tomy mns
00’ €My YaCTHHKH MOYKHA 3aIMCaTH BHPA3:

. 2°1(0) 2w’ (10.18)
0 f [l ()4
1(0)
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. . . 1)
SIKIo BBECTH HOPMOBAHY IHTEHCHBHICTH PO3CISHHS l(s)=m,
OCTaHHI} BHpa3 MOKHA BUPA3UTH TaK:
2 2
y==" (10.19)
0,

ae O, = Iszi(s)ds — HOpMoBaHUi iHBapianT [Topoza.
0
[HIIMM BayKIMBUM CTPYKTYPHHM ITapaMeTpOM, II0 30KpeMa BHU3Ha-
Yyae afcopOUiliHI XapaKTepHCTHUKH MarepiaiiB, € MUTOMa IUIoma TOo-
BepXHi 4acTHHOK (1mop). Sk BugHO 3 popmynu (10.11) Ta (10.12), mio-
11a TIOBEpXHi Ta 00’ €M YaCTHUHKH JOPiBHIOIOTH

lim[s*7(s)]
S — §—00 > , V Q >

210

OT)KG, JIJISE TATOMO1 HJ'IOHIi HOBCpXHi YaCTUHKU OTPHUMAEMO:

lim[s*/
%Z%—SEE[SQ ] (10.20)

3) Kopenayiiina 0082cuna YacmunKu,

[HIIMM BaXTMBUM IapaMeTpoOM CTPYKTYPH PO3CIFOBAILHUX 4Yac-
TUHOK € KOpeJIsiiHa TOBKUHA, SIKY BU3HAYAIOTh 32 IHTETPaJIbHOIO I~
PHHOIO KOpeTsuiiHOi (QyHKIII:

Lm = L
v(0)

ne D — MakCHMaJTbHUH JiaMeTp YaCTHHKH.

J1n1s1 OAHOPIAHMX YaCTUHOK KOpeIsLiiiHa JOBKWHA M€ YITKHI Teo-
METPUYHHUH 3MICT, OCKUIBKH € CepelHbO3BAXKEHOIO XOPIOI0, MPOBele-
HOIO B yacTHHII. BukopucroBytoun criBBinHomeHss (10.10), oTprmMaemo

Tv(r)dr ;

L, :%Isl(s)ds. (10.21)
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TakyM YUHOM, MU HABEJIM HU3KY KJIACHYHHX CIIBBIJIHOLICHb JUIS
BH3HAYEHHsI iHBapiaHTiB, TOOTO CTPYKTYPHHUX MapaMeTpiB, IO MOXKYTb
OyTH BH3HA4€HI 3 KPHBHX MaJOKyTOBOI'O DO3CISIHHA 3a MiHIMyMy
anpiopHoi iHpopMaIii npo gochipkyBanuii 06’exT. Kpim Toro, BapTo
NPUIIJINTA YBary aHaji3y TOYHOCTI BHU3HAYCHHS CTPYKTYPHUX Tapa-
METpiB YaCTHHOK. Y (GopMyJiax Ui iHBapiaHTIB PO3CISTHHS PO3TIISHYTO
abCONTIOTHO TOYHA KPHWBY IiHTEHCHBHOCTI po3cissHHA. OmHaK, B peajb-
HOMY €KCIIEPHMEHTI KpWBY IHTEHCHBHOCTI MOKHA BH3HAYUTH JIUIIE B
00MeXeHOMY IHTepBali 3Ha4eHb XBHJIBOBOIO BEKTOpa (S, <SS . ).
Kpim toro, dhopmynu, ki MU 3ampoIOHyBalIH JJIsi pO3PaxyHKiB iHBa-
pilaHTIB pO3CisSHHS, MependadaloTh YMOBY OAHOPITHOCTI YaCTHHOK, IO
HE 3aBXJIU CIIOCTEPIra€ThCs Ha MPAKTHIILI.

Po3riastHEMO IpakTHYHI METOAW OLIHIOBaHHS TOYHOCTI CTPYKTYp-
HUAX mapamMeTpiB. s BuU3Ha4YeHHS pajiyca iHEpIi JOCTaTHBRO PO3T-
JSTHYTH TIOYaTKOBY IUISHKY KPUBOI 1HTEHCHBHOCTI, U SIKOT BHKO-
HyeTbes 3aKoH ['inbe. Jlorapudmyroun Bupas (10.17), orpumaemo:

InI(s)=1nI(0) —%szRgz . (10.22)

O1xe, AKmo nepebyayBaTH KPUBY IHTEHCHBHOCTI B KOOpAMHATAX
{s*,InI(s)}, To pamiyc Rg Moxe GyTH BU3HAYEHWHi i3 HAXUITY IiHiii-
HOI JiNSHKY 3anekHOCTi In/(s) Big s°. 3ayBakumo mo pajiyc iHepiii
Oe3nocepeIHbO MOB’sA3aHUM 13 po3MipaMu reoMeTpuyHux Tis. Hampuk-

nan, as chepu pagiyca R, pagiyc iHepmii mopisHioe Rg’ =gR2 , IS

. . 1
enincoina 3 miBocamu a, b, ¢ orpumyemo Rg’ = g(az2 +b*+c%), a ws

2 2
umtinapa pagiyca R Ta Bucotu H , 3HauyeHHs Rg’ :—+E. Tou-

HICTh BH3HAYEHHS Rg 3aJeXUTh BiJ TPhOX T'OJOBHHX YMHHHKIB. [lo-

nepure, AUSHII HAMEHIINX KyTiB PO3CISIHHS OCOOJIMBO MPOCTEXKYIOTh-
c1 e(eKTH MIKJYACTHHKOBOI iHTepdepeHIlii, Mo NPU3BOAUTH MO
BiXuiieHHsI Biji 3akony ['inbe. [1in yac mociipkeHHs po30aBiIeHUX PO3-
YUHIB BHMIPIOIOTh KPHBI IHTEHCHBHOCTI JUIS JEKUIBKOX MalHMX KOH-
IeHTpalliii 4JacTHHOK. BHecok iHTepdepeHIiHHNX e]eKTiB iHiiHO
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3QJIKUTH BiJl KOHIIGHTpAIlii, 3aBIASKA YOMY MOXHa HIBEIIIOBaTH iX
BIUIMB Ha pe3yJlbTaTH BHUMipioBaHb. [lo-apyre, moBemiHKa KpPHBHX
IHTEHCHBHOCT] 32 HAaWMEHINUX § CYTTEBO 3MIHIOEThCS MiJl 4Yac ¢op-
MyBaHHs arperatiB dyacTuHOK. Lleil edexr cnpuunHioe cyTTeBe 30171b-
LICHHS iHTEHCHBHOCTI PO3CISIHHS Ha MaluX KyTax 1 BiIXWJICHHS BiZ
3akoHy ['iHpe. 3 orsiay Ha CKIAAHICTH omucy e(eKTiB arperaiii Jac-
THHOK pajiiyc iHepIiii Rg po3paxoByIOTh, He OEpydH 0 yBaru TOYKH, B
SKUX TIOMITHI BiIXWICHHsS Bix JiHiMHOI 3anexxHocti (10.22). Hacam-
KiHEIlb, TOJIOBHUI YMHHUK, 1[0 BIUIMBAE HA TOYHICTh BU3HAUCHHS Rg
3YMOBIJICHUI THM, IO €KCIEPUMEHTaIbHI KPHUBI 1HTEHCUBHOCTI BUMi-
PIOIOTH, MOYMHAIOYH 3 HAHMEHIIIOTO 3HAYCHHS §yiy-, K€ BU3HAYAETHCS
MiHIMaJbHUM KyTOM pO3CISIHHS 1 3aJIe)KUTh Bil KOHCTPYKTHBHHX
0c00IMBOCTEH EKCHEepUMEHTAIbHOT YCTAaHOBKU. TOMY, TOUHICTH BH3-
Ha4eHHS Rg CYTTEBO 3aJE€KUTh BiJl BUOOPY MUISHKHU (Syin, S7), 1€ MAE
OyTu 3actocoBana arnpokcumailis (10.22). UucenpHUI aHaNi3 TOYHOCTI
anpokcumarlii ['iHbe 3acBiMYMB, IO CTYIIIHb BIIXWJIEHHS BiJ] 3aKOHY
I'iape Bu3HAUae hopmymna:

n= (%)“(ng)“ ,

b

Jie TTapaMeTp | 3aJIeKUATh Bix GOopMH YaCTHHKY (HapHKIIAM, 1 chepr
u=2,46). Sk BumHO 3 1i€i (opMyJH, PO3PaxXyHKH OYIyTh CIIPaBEIIIH-
BHMMH Hacamiepen B iHTepBaii s,Rg <1. Y npomy iHTepBaii BigXuieH-
HS HE MIePEBUINYIOTH JAEKUTFKOX BIJCOTKIB, IO A€ 3MOTY HaIiiHO BHU3-
HauuTu paniyc iHepuii. Ognak, xonmu s,Rg =15 BiaxuneHHs 3011b-
mrytotbes 10 20-30%, a xomu s,Rg =2, To anmpokcumanis I'iHbe crae
HEMPHUIATHOIO JJIsl BUHAYECHHS Rg.

OTxe,, IpakTHYHE 3HAXOKEHHS Rg mependadae MOCTATHIO KiJb-
KicTh TO4OK (7 =10) B inTepBaiui (s, ,1/Rg). OnHak y peaqbHUX €Kc-
MepUMEHTaX 3a3HAYCHWH IHTEPBAI MOXE MICTHTH Mally KiJIbKICTh
TOYOK 200 BUHHUKHE CHUTYyalis, Koy s, >1/Rg , 110 0co0IMBO Xapak-
TEPHO Myl 9aCTHHOK Benmukoro po3mipy ([ 100 #a ). Cxoxi TpymHOII
MTOPOIKYIOTH e(heKTH MIKYACTHHKOBOI iHTepdepeHIii Ta arperariii Jac-
THHOK. TOMy, y Takux BUMAAKax JUIsl PO3paxyHKy Rg OUIBII JAOILIBHO
Bukopuctatd Gopmynay (10.16), 3aCTOCOBYIOUYHU pi3HI METOIU JIJISl PO3-
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paxyHKy ¥(r) 3 KpuBOi IHTEHCHBHOCTI PO3CISIHHA. 3aBISKH LHOMY
METOJy, MOXHA JOCSTTH OLIBIIO] TOYHOCTI PO3paxyHKy Rg Ta yHUK-
HyTH e(eKTiB MIKYACTHHKOBOI iHTep(epeHIlii MOYaTKOBOI MiISTHKU
KpHUBOi po3cistHHs. OJHaK BUKOPUCTAHHS CXOXXKUX METOJIWK TOTpedye
BUMIPIOBaHHS KPHBHUX PpO3CISIHHS B IIUPOKOMY IHTEpBali 3HAuYCHb
XBHJILOBOTO BeKkTOpa. KpiM TOro, i MiHIMQJIBHOTO 3HAYEHHS § Mae
BUKOHYBaTHCh YMOBa, 11O S, <7/D, ne D — MakcuManbHUi AiaMeTp
YaCTUHKH.

Husky cTpykTypHHX mapaMeTpiB 4acTHHKH (00’€M, IJioma Io-
BEPXHI, KOpeJsAlliiiHa TOBXHHA) MOYKHA PO3paxyBaTH B HAOMIKEHHI il
onHOpiaHOCTI. OJTHAK BUKOPUCTAHHS HABEICHUX CITIBBIIHOIIEHD IS iX
BHU3HAYEHHsI OOMEXYIOTh /1Ba YMHHHUKH. [lepmuii i3 HUX MOB'SI3aHUH 3
oOMexeHicTIo iHTepBaidy BuMipioBanb (0<s<s__). [Ipyrum 4uuHHU-
KOM, III0 MOXE CYTTE€BO BIUIMBATH Ha pE3yJbTAaT, € HEOJHOPITHOCTI
BHYTpPIIIHbOI OyHOBH 4YacTUHKH. BpaxoByroum 11i oOMeXeHHs, B Ha
IIPaKTULll 0OMEXYIOTbcs IeBHUM iHTepBajoM 0<s<s (IUIIHKA OJHO-
piAHOCTI), M SIKOTO IHTEHCUBHICTH PO3CISIHHSI BU3HAYAETHCS (HOPMOIO
YACTUHKH 1 HE 3aJIC)KHUTh BiJl HEOJAHOPIHOCTEH 11 Oy IOBH.

Jlo peui, onuCyr0OUM YACTHHKY 3a JOMOMOTOI0 (YHKIIl po3nOAiTy
rycTHHU O(7) , MU HE PO3IJIIAEMO HEOAHOPIAHOCTI i aToMHOI Oy-
noBu. OQHAaK BapTO BpaxyBaTd BIUIMB aTOMHOI CTPYKTYPH Ha KPUBY
IHTeHCUBHOCTI po3cisgHHs. Skmo y ¢opmyni [Jebdas (10.6) Buokpemurn
JOJIAaHKU 3 [ = j , OTPUMAEMO B IHTCHCHUBHOCTI PO3CISHHS JIOJIaHOK

N

z f2(s) , ne fi(s) — aMmuiTy/1a poscisHHs i -ro atoma, a N — Killb-

i=1

KICTh aTOMiB. 3a YMOBH PO3CisIHHA Ha Maii KyTu f(s)=const, ToMy
N

IHTEHCUBHICTb PO3CISHHSA MICTUTHME IOCTIHHMH JOJaHOK Z 7. 3a
i=1

YMOBH §—>oo , ¢dopMyNia Ui aCHMOTOTH IHTEHCHBHOCTI PO3CISHHS

MaTHMe TaKU{ BUTIISII:

N 2
](s):2ﬁ2+2%5'=co+§—1. (10.23)
i=1
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Skimo no6yaysaTy 3anexHicTh Qynkiii s*/(s) Big s*, To Koedi-
LI€HTH ¢, Ta ¢, MOXXHA BU3HAYMUTH 3 1i JIHIMHOI IUITHKM METOIOM
HalMEHIIWX KBajpaTiB. B momanpimnx po3paxyHKax IOUIBHO BHITY-
YUTH C, 13 KPUBOI IHTEHCUBHOCTI (s) .

JIJiss BCTAHOBJICHHSI M@K OJHOPIAHOTO HaOMMKeHHS, OyJo 3ilic-
HEHO HHM3KY MOJISNIEHUX PO3PaxXyHKIiB BIUTUBY HEOAHOPIIHOCTI T'yCTUHU
Ha KpHBi IHTEHCUBHOCTI PO3CIiSTHHS MOJESIBHUMH TiTaMH Pi3HOT (HOPMH.
Sk Hachinok, OyJo mokas3aHo, IO Ha AUISHII OJHOpiAHOCTI (0,s,) iH-
TEHCHUBHICTH PO3CISTHHS 3HIKYETHCS HA p =2 —2,5 TOPAIKA, IPAIOMY

_10

1(s,)
IHTEHCUBHOCTI onucyoTh acuMitotroro (10.23). Orxe, OCHOBHI CHiB-
BIIHOIIICHHS JIJIs1 iHBapiaHTIB MOYKHA 3aITUCATH Y BUTJISIIL:

. 3a MexaMu 00JIaCTi OAHOPIAHOCTI B IHTEPBAIIL § > S, KPHUBY

0= J.szl(s)ds + J.C—iszds = Q(so) +C—4,
0 s, s So

a ISl CTPYKTYPHHUX ITapaMeTpiB OTPUMAEMO HACTYITHI BUPA3H:

2 3 t
2710) 27 lO) S _7 1;=3£J@agﬁ+f%

o 0 v o“ "5 s,

AmnanoriyHo, acumMnToTy (10.23) BUKOPHCTOBYIOTH JUISI pO3PaxyH-
Ky KOpeJsuiiHoi (QyHKIIi:

V=

y(r)=

1 ) sm(sr)
=3 ‘[ I(s)——=ds + cos(s,r) + =

0 0 o o

. T
Sm@f+&mn—5 ,(10.24)

sin(x . .
ne Si(s,r)= I—(dx IHTETpaIbHUI CHHYC.

3a momomororw GyHKMIT () MOXHA IO-IHIIOMY OOYHCIIUTH
00’€eM Ta TITOIY MTOBEPXHI YaCTHHKH:
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_A4mt o, _ (7(0) = #(r)
V‘ﬂO)!r yrdr, = (0)1,_)0[ ; }

30ir CTpYKTypHHX MapaMeTpiB, PO3paxOBaHUX 3 JOMOMOTOI0 Pi3-
HUX METO[IiB, CBIIYUTH PO CIYIIHICTh 3aCTOCYBaHHS KPUTEPiIO OJHO-
PITHOCTI, @ TAKOXK TOYHICTH OOYHCIIEHHS ¢y Ta C4. 3aCTOCYBaHHS IHOTO
HaOmKeHHs 3a0e3Meuye 3a/I0BUIbHY TOYHICTh Y BU3HAUYEHHI 00’ eMy V
(5%) ta mnoui noepxHi S (10%). binbm ToyHa OLIHKA CTPYKTYPHHUX
rapaMeTpiB HEeMOXKITBa 0e3 J0JaTKOBOI iH(pOpMaIlil Mpo BETMYHUHY Ta
PO3ITOIUT HEOTHOPITHOCTI TYCTHHHU YaCTUHKH.

10.2. MoniancnepcHi cucrtemm.
Po3paxyHok dpyHKLUii po3noainy 3a po3mipamu

[lim dWac mociiKeHb BHUCOKOAWCIIEPCHUX HEOPTaHIYHUX Mare-
pianiB, mociiKyBaHi 00’ €KTH MOKHA PO3TISIIATH y BUTIISAL MaTPHIi, B
SIKYy BKpAaIJIeHI YaCTHHKHU KOJIOITHUX po3MipiB. B mepmry depry, 1o HEX
HaJeXaTh MOPHUCTI MaTepiany (Byrienpb, aeporenb i T.I.), PIAUHH 3
KJIacTepHOI0 OyZ0BOI0, aMOp(HiI Ta KpHCTaNiuHI METaNEBi CIUIaBH, IO
PO3MafaloThCs 3a MEXaHI3MOM 3apOJUKEHHS Ta pocTy HOBOi (haswm,
KOJIOIIHI pO34MHHM. Y TAaKMX BHIAAKaX CIIOCTEPIra€ThCsl XaOTUUHHUH
PO3MOAiT HAHOYACTHHOK 13 YiTKO BUPAKEHOIO MixK(a3HOIO MTOBEPXHEIO.
Tomy 00’€KTH Takoro TUIy NPUHHATO PO3IIIAAATH, K i30TPOIHI MOJIi-
TUCTIEPCHI CUCTEMH, OCHOBHOIO METOIO0 CTPYKTYPHOTO aHaJli3y SKHX €
po3paxyHOK (PYHKIIT PO3MOIiTYy YaCTHHOK 3a po3MipaMu. BakIuBiCcTh
uiel mpobieMH Hacammepesn TMOB’s3aHa 3 TUM, O (Gi3UKO-XIMiYHI
BJIACTUBOCTI BUCOKOAMCIIEPCHUX MaTepiaiB CyTTEBO 3aJIeXKaTh Bl pO3-
MipiB Ta pO3MOAUTy YacTHHOK. I[lopsim 3 iHImMME MeTomaMu AOCTiA-
XKEHHS (eNeKTpPOHHA MIKPOCKOIis, CEOUMEHTallis, PiIUHHA Ta Ta30Ba
MOPOMETPisl), METOA MAaJOKyTOBOTO PO3CISIHHS IOJIAMCIEPCHUX MaTe-
piamiB Mae yHiBepCalIbHUN XapaKTep, OCKLUIBKH MOBHICTIO HE 3aJIEXKUTh
BiJ (pi3MYHOI IPUPOIHN PO3CIFOBANBHIX YaCTHHOK.

Po3ristHEMO mOJiIUCTIEpCHY CHUCTEMY YacTHHOK. BBememo (yHK-
uiro D, (R), sKka BU3HAYa€ KUIBKICTh YaCTUHOK, €(EKTHBHI pajlycu
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AKHX 3MIHIOIOThCSA B Mexkax [R,R +dR]. Ix nopHuii BHeCOK y 3araib-
HUH QopMbakTOp PO3CITHHA MOXKHA OJATH Y BUIIIALIL:

(F*(s)) = [ (F (s, R)m’* (R)Dy (R)R,

ne (F,’(s,R)) — HOpMOBaHuUii Ta ycepeHeHuit GOpMPAKTOp YACTHHKM
paniyca R, a ¢yHkIis m(R) onucye CIiBBIIHOIMIEHHS MiX 00’€MOM Ta
paiiycoM YacTHHKH.

Y dacTKOBOMY BHITaAKy 130TPOITHOI MOJIAMCIIEPCHOT CHCTEMH
OTPHMAEMO:

F*(s)= Tz‘o (sR)ym*(R)D,,(R)dR , (10.25)

ne i, (sR)— ycepenHeHHi 3a HaIpsIMKaMu Ta HOpMoBaHui Gopmdakrop

YaCTUHKHU.
OTOX, SKIIO I MOHOJMCIIEPCHUX CHUCTEM € TPoOiieMa BH3HAYCH-
HSI CTPYKTYPH OKPEMOi YaCTHHKH, TO y BHITQJKy MOJIIACIEPCHOI CHC-
TEMU JUIS ILOTO Tpeba 3HaTH (YHKIIO PO3MOJiITY PO3MIPIB YACTHHOK.
Lle moB’s3aHO 3 THUM, IO OUTBIIICTH 00’ €KTIB, JOCTIIKYBAHUX METOIOM
MaJOKyTOBOTO pO3CisHHS (ITOPUCTI Marepiand, HaHOKPUCTAIIYHI
CIUIaBH TOILO) XapaKTEPHU3YIOThCS NOCUTHh 3HAYHOIO MOJiTUCIIEPCHiC-
TIO, TOJIi SIK JIOCTaTHRO MOHOJIUCTIEPCHUMH € JIUIIe O10J0Ti4HI 00’ €KTH.
Po3rissHEMO OCHOBHI METO/IM aHANI3y ITOJIUCIIEPCHOCTI MaTepiais.

10.2.1. [Jleoxnapamempu4yHe HabIuXXeHHs

OnHuM i3 HaUNPOCTIIIMX METOIIB PO3PaxyHKy (YHKLIl po3moaity
€ 1i omuc 3a JONMOMOTOI0 aHAMITUYHOI (PYHKIII{ 3 HEBETUKOIO KITbKiCTIO
mmapaMmeTpiB, AKi BU3HAYAIOTh 13 €KCIIEPUMEHTAIbHUX NaHuX. Ha mpax-
THUII HAHYAaCTIIIe 3aCTOCOBYIOTH JIBOXIApaMETPUUHUIN po3moaii. Mox-
Ha BBaXaTH, mo Gynkuis D, (R) omucyeTbes po3noaiioM Makcsena:

R ,.K(n)

RN (10.26)

0

Dy(R)= (Rﬁ)" expl(

0

e K(n)=2/[(n-1)/2]!; n=-1.

0
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VY TakoMy BHINAAKY Ui MOYATKOBOI MIJISTHKM KPHUBOI PO3CISTHHS
MOJIIIUCTIEPCHOT CUCTEMH TIIO0YIISIPHUX YaCTHHOK MOKHA 3aluCaTu:

2p2

In (s) = const — {(n + 4)In[1 - > fo 1/2. (10.27)

Ha npaktumi, 6yayiots rpadiuni 3anexsocti Ini(s) Bix (s° —o07)
JUTSI pi3HUX 3HAYeHb MapameTpa 6. BumHo, mo npu o =5 / R, 3anex-
HicTh (10.27) MaTHMe BUIIISI IPSIMOT, HAXWIT SIKOT TOpiBHIOE (n+4)/2.
Lleit meTon nae 3Mory pospaxysaTd (QyHkuito D, (R) 3a NOYaTKOBOO
JUISTHKOIO KPUBOI PO3CISIHHS.

10.2.2. ®yHKuii po3nodiny noniducnepcHoi
cucmemu meepoux KyJib

IHnmii anamiTHyHMA MeTol po3paxyHKy QyHkuii D, (R) IpyHTYEThb-
cs Ha Oe3rocepeTHOMY pO3B 3Ky iHTerpanbHOro piBHAHHA (10.25). 30k-
pema, Uil CHCTEMU OAHOPIAHUX TBEPAUX KYJIb PO3MOALT 3a pajaiycaMu
MO>KHa ONHCATH TaKOIO (GOPMYJIOLO:

Dy(R)=
2 2sin(2sR) 1 [(10.28)

2 ] [1- 2
(sR) SR 2(sR)

= SO fl1(5) - e, eos(25RI1 -

ne ¢, =lim[s*1(s)].

VY AesKux BUIAAKaX IS aHAIi3y MO IUCIEPCHOT OyIOBH CHCTEMHU
TBEpAUX cep 3aCTOCOBYIOTH Kopesaliiny (yHkiito y(r). dus moi-
TUCTIEPCHUX CHCTEM (YHKIIIO Y(#) BU3HAYNMO TaKUM CIIOCOOOM:

[m(R)
V() = [ =2 m(R)Y (D (R)R,

ne vp(r) — xopemauifiHa (yHKOiS YacTMHOK 3 paniycom R

V= Im(R)DN (R)dR — crana HOpMyBaHHS.
0
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4
st cpepuuHuX yacTUHOK m(R) = gnR3 , ToMy dopmyna st po3-

paxyHKy (QyHKLil po3MoIiny MaTUMe BUTIISIII

d yr

Dy(R) = -4 ( )],.=2R . (10.29)
dr r

[lepm nix BukopucroByBaTH Gopmyiny (10.29) cmig Tpuui nude-

peHItiroBaTH (QYHKIIO Y(7), Ky BHU3HAYAIOTh 3 CKCHEPUMEHTAIBHUX

maanx. OnHaK, KO0 KpuBa po3cisHHA /(s) 3amaHa 3 MOCTIHHUM Kpo-

KoM, TO (yHKLIsA Y() MOKHA po3kiacTu y pag Pyp’e. Y Takomy BuUnaj-
Ky 1l TOXimHI BHU3HAYAIOTHCA aHATITHYHO, a epeKTH OOpHBYy HiBe-
JIIOIOTHCS MIUIIXOM eKCTpamoisiii kpuBoi /(s) 3rigHo 3akonHy I[lopoma

3a ¢opmynoro (10.23).

10.2.3 Memod domu4Hux
Os1s1 po3paxyHKy OyHKUii po3nodiny

Cepen HaOMMKEHWX METOMIB PO3paxyHKY (YHKIII po3momiry
YaCTHHOK 32 PO3MipaMH YacTO BUKOPUCTOBYIOTh METOJ AOTHYHHX. L]eit
METOJ IPYHTYEThCS Ha Oe3mocepelHbOMY aHali3i KpHBOI1 iHTEHCUBHOC-
Ti po3cisHHs /(s). BizomMo, 110 B mianazoHi Manux KyTiB iHTEHCHUBHICTh
PO3CISIHHS MOHOJHCIIEPCHOIO 130TPOIHOI0 CHCTEMOIO YaCTHHOK OIIH-
cyroTh popmysamu ['inbe (10.17), 10 Aae 3MOTy BU3HAYUTH 1HBApiaHTH
KPHUBHX MaJoKyToBoro po3cisuus /(0) ta Rg.

CyTTeBi BinxuieHHs B niHiHOI 3anexxHOoCTi (10.22) 3acBimuyroTh
HAasBHICTh B PEUOBHHI PO3CIIOBAILHUX IIEHTPIB pi3HOTO po3Mipy. OTOK,
JUISL TIOJTITUCTICPCHOI CHCTEMH JMCKPETHO PO3MOIIICHUX YACTHHOK iH-
TEHCUBHICTh MaJIOKYTOBOTO PO3CIsIHHA B HaOiwokeHHI ['iHbe MoOkHA
OTIFICATH TAaKOI0 POPMYIIOIO:

()=31, (O)e[?szRgzJ , (10.30)

ne 1, (0) — kBagpaT NIOBHOI JOBXUHU PO3CLAHHA, Rg, — €IEKTPOHHUM
paniyc inepuii & -1 ¢ppakuii yacTHHOK.
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VY npoMy Bunanky 3anexHicts (10.22) mae HemiHIHHUN XapakTep,
OJHAaK Al KOHKPETHO! (hpakiii 4acTHHOK, IHTEHCHBHICTh PO3CISHHS
OIUCYIOTh 3aKOHOM ['iHbBeE:

Ik(s):lk(O)exp(—észngz) Ta 1n1k(s):1n1k(0)—§s2ng2. (10.31)

Po3risiHeMO KOHKpPETHI eTary BUKOPUCTAHHS METOTY JOTHYHHX:
1) no kpuBOi po3scisHHs, moOynoBaHoi B KoopauHatax [iHbE

[s*,InI(s)], IPOBOAUTLCS HOTHYHA JI0 TIEPETHHY 3 BIiCCIO OPJMHAT;

2) 3a HaXWJIOM [OTHYHOI BW3HAYAIOTH pajiyc iHepIii YacTHHOK
HalMeHIIOro po3Mipy Rg;, TOUKa NEPEeTHHY JOTUYHOI 3 BICCIO OpAMHAT
nae 3nayenns /;(0);

3) po3paxoBYIOTb BHECOK B IHTEHCHBHICTh PO3CISHHS YaCTHHOK
HaltMeHIIoro po3mipy 3a gopmysoio (10.30);

4) po3paxoBYIOTh Pi3HULEBY KpUBY po3cisHHS [, (s)=1(s)—1,(s)
Ta TPOBIBIIM aHANOTIYHI PO3PaxXyHKH IS KpWUBOI /(S) BH3HAYAIOTh
IHBapiaHTH PO3CISHHS A7 YaCTHHOK ApyTroi Pppakuii /,(0), Rg,;

5) MOCHiZIOBHO 3aCTOCOBYIOYM HABEICHUN METOJ, BU3HAYAIOTh iH-
BapiaHTH PO3CIAHHS AJISl YACTUHOK YCiX (hpakuiid, HOKK po3paxoBaHa 3a
tdhopmymoro (10.30) kprBa iIHTEHCHBHOCTI PO3CISIHHA HE 30iraTUMeThCs 3
EKCTIIEPUMEHTAIILHOIO KPUBOIO.

BpaxoByroun, 110 BHECOK y pPO3CiOBAIbHMIA 00’€M YaCTHHOK k -1

oo 1, (0) ,
(bpakiii nponopiHui 10 F MOJKHa PO3paxyBaTH 00’ €MHY YaCTKy
8k

PO3CIIOBATBHIX HEOTHOPITHOCTEH 3a (HhOPMyII0T0:
[,(0)/Rg,’

== 10.32)
k 3 (
> 1,(0)/Rg,

k

SKmo po3moai YacTUHOK onucaTH GyHKIiew [ayca, BBaxarouw,
o aucnepeis posnoninty ARg, = Rg,, To (yHKLIO PO3MNOALUTYy yacTu-
HOK MOXHa IoJaTu y BI/II'JBIIIi:

2 i (Rg—Rg,)” _ng)Q]. (10.33)

f(Rg)= exp[—
\[ng k ng ng2
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BukopucToBytour MeTO]| JOTUYHUX, MOKHA BH3HAYMTH HBapiaH-
TH PO3CISIHHS Ta MOOYAyBaTH PO3MOALIH LIOHAObIe 2-4 (pakmii
4acTHHOK. MIOoro OCHOBHOK MPOGIEMOIO € TOUHICTh BH3HAUYCHHS iHBa-
piaHTIB KpuBHX po3cisHHA. Hampukian, mjisi KOPEKTHOTO BHU3HAYEHHS
paniyciB iHeplii YaCTHHOK Pi3HUX PO3MIpiB € HEOOX1THMM BUKOHAHHS
YMOBHU S, Rg, <1, 110 He 3aBXKIU MOXHA JOCATHYTU B €KCIEPHMEHTI.

Opnak, He3BaXar0ud Ha HAOMIDKEHWH XapakTep, METOZ Ja€ 3MOTy
JIOCUTH CIIPOIIEHO OIIHIOBAaTH PO3MIpH Ta PO3MOJIiT HEOJAHOPITHOCTEH
B IIOJIIMCIIEPCHUX CUCTEMaX Ha OCHOBI Oe3MocepeHbOro aHaji3y KpH-
BUX iHTEHCHBHOCTI. MOro HaiifouibHilIe BUKOPHCTOBYBATH IS MO-
PIBHSJIBHOTO aHaNi3y CTPYKTYpHHX 3MiH B Marepiajax mia A€o Tep-
Mi4HO1, XIMIYHO1, yIbTPa3ByKOBOI Ta IHIIMX TUIIB 0OPOOKH.
Hanpuxnazn, po3riisHbMO BU3HAUEHHS PO3MIPIB MOP Ta X PO3MOIiI
3a po3MmipamMu B akTthBoBaHoMy Byriwii. Ha pwuc. 10.1,a maBemeHo
KpPHUBY 1HTEHCHBHOCTI MaJOKyTOBOT'O PO3CiSHHS, MOOYyJOBaHa B KOOp-

nuHaTax ['iabe [s°,In/(s)]. MoxHa BBaXKaTH, IO JTiHil{HA TiNsSHKA KPH-

Boi B iHTepBa 3HaueHb s=1,1-2,4 HM™' BiamoBizae po3CiIHHIO TTOpaMu
HaWMEHIIIOTO PO3MIipy.

3aCTOCOBYIOYH METOJl JOTUYHUX, 3HAXOJAUMO 3HAYCHHS MiHIMAIlb-
Horo po3Mipy nop ( Rg, =1,1 HM), a nepeTuH JOTHYHOI 3 Biccto In /(s)
nae 3HadeHHs /,(0) =890 . Tak camo BH3HA4YaEMO iHBapiaHTH PO3CisH-
Hs BiJ Hop OLibiIuX po3mipiB Ta 3a ¢popmynamu (10.32), (10.33) po3pa-
XOBYEMO BHECOK KOKHOI 3 po3MipHHX (ppakuiil B mopuctuii 06’em m,
ta QYHKIII0 po3noainy po3Mmipis mop F (Rg) (puc. 10.2, 0). [Iposene-
HUH aHaJIi3 0Ka3aB HassBHICTh YOTUPHOX (pakKiliii op pi3HOTO po3Mipy
(tabmn. 10.1). Buano, o 06’eMHa yacTKa MIKpOIIOp i3 pajilycoM iHepIii
Rg=1,1 HM cTaHOBUTH OMU3BbKO 66%, L0 CBIAYMTH MPO HEPEBAKHUI

BHECOK MIKPOCKOIIYHUX TOp y (OPMYBaHHA TOPYBaTOi CTPYKTYpH
Matepiaiy.

Tabauys 3.1
ITapamerpu nopucroi CTpyKkTypu
Rg > HM m,
1,1 0,66
3,5 0,11
7,5 0,12
13,5 0,12

13 a1
12k |"|I
amol |
1 | |I
10 || |
a __\&I’J?'ﬁ- |
> 9f 2 |||
= =
£ b k. gosor | ||
7E = || |
6 \ Gﬂ?s‘ll l.
S, 1
5k i . l'\
=Y ——

Puc. 10.1. KpuBa iHTEHCMBHOCTI pO3CidHHSA (a)
Ta byHKLUis po3noginy po3mipiB nop (6) B akTMBOBaHOMY BYTini
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10.3. ManokyToBe pO3CisiHHA
B piguHax Ta amop¢HUX Tinax

Hocnimkyroun HU3KH 00’€KTIB (piIuHH, OKCHIHI Ta MeETaJeBi
cTeksa, aMop(Hi ToTiMepH, TBEP/Ii PO3UNHHN) 3YCTPIYAIOTHCS BUTIAIKH,
KOJIM PO3CIIOBaJIbHI HEOTHOPIAHOCTI HE MOYKHA IHTEPIPETYBATH SIK CHC-
TEeMy YaCTHHOK, PO3IOAIJICHUX B OCHOBHIN (ha3i (MaTpuLi 4 pO3UHH-
HUKY). Jlo Toro *x moTpiOHO pO3pi3HATH OAHO(MA3HI CHCTEMH, B SKHX
PO3CIsIHHS B Aiana3oHi MajquX KyTiB 3yMOBIJIEHE CTaTUCTUYHUMH (ITyK-
TyalissMi TYCTUHHM Ta OaratodasHi cuCTeMH, Jie CIOCTEepiraeThes Bil-
MIiHHICTB Y pO3CiIOBaJIbHIN 30aTHOCTI (pa30BUX CKIaJHHKIB.
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10.3.1.00HO0¢ha3Hi cucmemu

PornsHeMO pO3CISIHHS CTATHCTUYHO OJHOPITHUAM 3pa3koM 00’eMoM
Vy. TennmoBi ¢uiykTyamii TyCTHHH 3yMOBIIOIOTh BUHUKHEHHS B 3Pa3Ky
CTaTUCTUYHUX HeoxHopizHocTeid. [lo pedi, ynMm Ginbmioro Oyne Benu-
ynHa (IyKTyamiid, THM OUTBII iCTOTHUM Oyne iX BHECOK B iIHTEHCHUB-
HICTh po3cisHHs. [ KiTBKICHOI OIiIHKH 1HTEHCHUBHOCTI PO3CISHHS Ha
(GIyKTyanisx TyCTHHH BUKOPUCTAEMO TaKe CITiBBiTHOIICHHS:

1(0) = F* (O} N)(1— iT[l - P(r)4nrdr), (10.34)
Vo o

e <N > — BUNAJIKOBA BEJIMYUHA, KA MOXKE (UIYKTYIOBATH HABKOJIO Ce-
v, Lo .
pPEIHBOrO 3HAYCHHS —~; V, — aToMHUI 00’eM. BusnauuBmm QyHkiito
1%
o

P(r) MoxHa 3ammcatH BUpa3 ISl CEPEIHBOTO YHCIIa Tap aToMiB B
00’emi Vy:

Ny =(Ny - [ P(ryamrdr
Yo o
3 iHII0T0 OOKY CepeHE YHCIIO Tap aTOMiB piBHE:
(N,)=(N(N=1)) =(N*)=(N).

TakuM YUHOM, OTPUMAEMO:

1(0)= F*(0){(N =(N))*).. (10.35)
KinueBwuii Bupa3 A5 iHNTEHCUBHOCTI PO3CISIHHS Ma€ TaKUH BUTJIS;
1(0)= F*(OXNYk,TB/v,, (10.36)
1 dV 1% 2 S N
e f=——(—)=—2—(N —(N))" - koedIiIll€HT 130TepMIYHOI CTHC-
p V(dp) k,,T(N>( (V) b p

JMBOCTI, p - TUCK, T - Temmeparypa, k, - crana bonbimana.

Bupas (10.36) nokasye, 10 iHTEHCHBHICTb PO3CISIHHS, 3yMOBJICHA
CTaTUCTUYHUMH (QIYKTYaIlisIMU TyCTUHH, 3aJIeXKHUTh BiJ] TEPMOJINHAMIY-
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HUX XapakTepucTHk 00’ekrta. [Ipu 1pomy, 10 OUIBIIOIO € i30TepMiuHa
CTUCIUBICTH TiJIa, TOOTO MO OJIMIKYE BOHO JIO T'a30MM0iI0HOTO CTaHy, TO
oimpmuM € 3HadeHHs /(0). 3 iamoro 00Ky, aToMH (MOJEKYJIH) pedo-

BUHH Y PIZIKOMY CTaHi1 PO3MIIIYIOThCS 3HAYHO OJIMKYE OJIUH BiJl OJTHO-
ro, IO MPU3BOAUTH A0 3HAYHOTO BIUIMBY iHTepdepeHUitHuX eQeKTiB
Ha IHTEHCUBHICTh pO3CisHHA. HacaiikoM LBOro € CyTTEBE 3MEHILCHHS
IHTEHCHBHOCTI PO3CISIHHA B [Hiama3oHi HaiiMeHmuX KyTiB (puc 10.2).
OxpiM TOro, PO3CiSTHHA Ha CTATUCTHYHHMX (PIYKTyalisX € MOCTIHHOIO
BEJIMYHHOIO.

Ifs)

(1)

(2)

(5]

Puc. 10.2. XapakTepHi KpuBi po3cisiHHs razonofdibHumm (1)
Ta pignHonogibHumMm (2) ob’ekTamu

MarnokyToBe pO3CisIHHS 0araTOKOMIOHEHTHUMH CHUCTEMaMH MO-
KYTh 3YMOBHUTH (DIyKTyarii 4ncia 4acTHHOK i (pIyKTyarii KOHIIEHT-
pauii KOMOOHEHTiB. 30KpeMa, y OiHapHHX CHCTEMax iHTEHCHBHICTh
po3cisiHHS MOke OyTH BHpaskeHa (HOpMyJI0Io:

1) =4/ -S..()+ [ Sy (5),

ne Af — pi3HUIS aTOMHHX aMIUITYA KOMIIOHEHTIB, f — cepenHs

aTOMHA aMILTITya.
Honanok S..(s) onucye po3cisHHS Ha KOHLUEHTpauilHUX (IIyKTya-
misx. BB KoHIEHTpaitHuX GUIyKTyamiid € 0COOIMBO BHPAKEHUM B
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OKOJIi KpUTUYHOT TOYKH CHCTEMH. 3TiIHO 3 KIIACHYHOIO Teopieto OpH-
mreiiHa—LlepHike BHECOK KOHLEHTpaUiiHUX (IIyKTyaliil B iHTCHCHUB-
HICTb PO3CISTHHA ONUCYIOTH (POPMYJIIOIO:

Scc(0)

Sce(s)= 1+ §2S2 >

(10.37)

ne &— kopensuifiHa NOBKHHA, LI0 XapaKTepPU3yE IOBXKUHY XBHJIb
KOHIIEHTpaLiMHUX (QIyKTyariil.

10.3.2. bBaczamodgha3Hi cucmemu

PosrasiHeMo iHIIMIA THIT 00’ €KTIB, AT AKUX HEMOXKJIHBO BUKOPHC-
TaTH MOJEJb YaCTUHKa—-MaTpHLL. XapakTepHOIO OCOOJIMBICTIO 00’ €KTIB
LILOTO THUILY € HAsBHICTh 00JacTel KOJOIMHUX PO3MIpIB i3 PI3HOIO PO3-
CIIOBaJILHOIO 3[IaTHICTIO, IO 3YMOBJIIO€ BUHUKHEHHSI PO3CiSHHA B Jlia-
Ma3oHi Majux KyTiB. PosrmsiHemo aBogasHy cucTeMy, po3CiroBajbHI
ryctuHu (a3 skoi BBaKAEMO TOCTIHHUMH Ta PIBHUMH p; Ta pP;
(puc. 10.3).

Puc. 10.3. CxemaTnyHe 306pakeHHs
ABOxda3Hoi 6e34aCcTUHKOBOI CUCTEMMU
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OCKUIBKHY IS 1i€] CUCTEMHU ITOHSTTA “‘dacTUHKA’ 11030aBiIeHE 3MiC-
Ty, aHaji3 KPUBUX IHTEHCHBHOCTI PO3CISIHHS MiCTUTHME iHQopMaIliro
PO 3arajibHi XapakTEepUCTUKU CHCTEMH. 30KpeMa, IHTeHCHUBHICTh PO3-
CISIHHS 3aJIe)KaTUME Bijl CepelHbOKBaApaTHUHOl (QIyKTyaIll eJeKTPOH-
HO1 TyCTHHU [BO(]a3HOI CUCTEMHU, SIKYy BU3HAYAIOTh TaK:

(Ap)z =(P1 _pz)z(Pl(pzs (10.38)

Iie @1 Ta O, — 00’ emHi yacTku das, ¢;+@,=1.
Orxe, iaBapianT Ilopoma miei cucTreMu MOXKHA 3al¥ICaTH Yy BHT-
TS

0 =21V, (Ap)’ =21°0,0,(p, —p,)’V,, (10.39)

ne V, - po3citoBaJIbHUM 00’ €M.

3rifiHO 3 ONTUYHUM NPUHIUTIOM babiHe, KprBa IHTEHCUBHOCTI PO3-
CISIHHSI HE 3MIHUTBCS, SIKIIO TYCTUHY CHCTEMH 3MIHUTH Ha MOCTiHHY Be-
mnuuHy. Tomy nBodasHy 0€34aCTHHKOBY CHCTEMY MO’KHA PO3IJISLAATH
SK OpyBaTy PE4OBHHY 3 T'YCTHHOIO (p, —p,). o peui, HeMae KOIHOTO

3HAYeHHSI, 3aII0OBHEHUH peuoBHHOI0 00’ eM dazu (1) un ¢aszu (2). OTxe,
MOXKHa 3pOOHMTH BUCHOBOK, IO BCi CITIBBIIHOIICHHS JJIS BH3HAYEHHS
CTPYKTYPHHUX XapaKTEPHCTHK ABO(MA3ZHUX CHUCTEM MArOTh OYTH CHMET-
PUYHUMM BIJHOCHO 0, 0, Ta @, @, . Jlnd BU3HAYEHHS IHTETPaJbHUX

XapaKTEePUCTUK NBOX(Aa3HUX CHUCTEM BUKOPUCTOBYIOTH BHpPa3H, IO
OMHCYIOTh PO3YMHU YACTHHOK, OJHAK MPHU IIbOMY CYTTEBO 3MIHIOETHCS
3MICT CTPYKTYPHHX IMapaMeTpiB. 30KpeMa, XapaKTepuCcTUIHa (YHKIIiS
Yo(r) OyJe MaTH IMOBIpHICHUH XapakTep, OJHAK Ii reoMeTpUYHa IHTEp-
MpeTaris A0 yCKIAIHIOEThCA. SIKIo B 3pa3Ky BHOpaTH JOBUTEHUI
BIJIPI30K 3aBIOBXKKH 3 ¥, TO MOYKHA 3aIUCATH:

Yo(r) =1/2[R,(r) + Py (N]=1/2[R,(r) + £y ()], (10.40)

ae P;(r) — IMOBIPHICTb TOTO, L0 BAPI30K 7 3’€IHY€ TOUKH, 110 Halle-
Kath i-U Ta j-il pazam.

OueBunno, koiu r=0, P;;=P;=1 ta P;;=P,;=0, 10 79(0)=1. Ins
BiJICTaHEM, sSIKi 3HAYHO MEPEBUILYIOTh XapaKTEePHi pO3MipH HEOJHOPI-
HOCTeH, HMOBIPHICTB TOTO, IIIO BiAPi30K 7 3’€IHY€ TOUYKH OJHIE] UM Jie-
KiIbKOX (ha3, Maike He BIIPIZHIIOTHCS, & OTXKE , Yo(7)=0. 3ayBaxumo,
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0 715 [BO(a3HOi CUCTEMH MOHATTS ‘‘MaKCHMMalibHa BIICTaHb’ HE Ma€
KOHKPETHOTO BH3HAYEHHsI, TOMY MOTPIOHO BBaXKaTH, IO XapaKTEpHC-
TUYHA QYHKLIS Yo(7) ACHMOTOTHYHO HAONMKAETHCA 10 HYJISL IPU F—>0.
[loTpibHO cKka3zaTh, mo Ans ABOX(a3zHOI CHCTEMH XapaKTepHUCTHYHA
(GyHKLIS HE Ma€ YiTKOi TeOMEeTpUYHOI iHTeprpeTalii, xo4ya ii MOXHa
BHUKOPUCTOBYBAaTHCh Ul OLIHIOBAHHA CEPEAHIX PO3MipiB Ta (opMmu
HeoHopiaHux obnacredt. Komu » =0, BUpa3 ans MOXigHOI Xapakre-
pucTH4HOi QYHKIIT 3IMIIAETHCS CIYIIHUM 1 Ui ABO(a3HOI CUCTEMHU
3a YMOBH , 110 S BUCTyHA€ MOBHOK MK(]a3HOIO MOBEPXHEIO PO3ILTY, a
0 — PI3HULCIO PO3CIIOBAILHUX T'YCTUH (a3. Y TakoMy BUIAIKYy 3aiIH-

LIA€ThCA CIPaBEUIMBUM ACUMITOTUYHHUN XapakTep MOBEAIHKU iHTEH-
CHBHOCTI po3cisHHA Ha Benukux kyTax ( [(s)[ s™), 3aBasxum ugomy

MOJKHA 3aIlMcaTy BUpa3 ISl MATOMOI MK (Da3HOT ITOBEPXHI:

; - %hm[s‘v(s)] . (10.41)

o

3aBIIKK METOJly MaJIOKyTOBOTO PEHTTE€HIBCHKOTO PO3CIsIHHS, MOXK-
Ha OTPUMATHU CTPYKTYpHY iH(popMaLito mpo OyA0BYy reTepOreHHUX CUC-
TeM JOBLIBHOTO (hazoBoro ckiamy. OmHak, BapToO 3a3HAYMTH, IO YHC-
JIOB1 OIIIHKY TapaMeTPiB HEOMHOPITHUX 00JacTeH 3TiTHO 3 HABEICHUMU
¢dbopMmynaMu, MalOTh HAOMIKEHWH XapakTep. 30Kpema, iX He MOXKHa
BUKOPUCTOBYBAaTHCh Y BHIAAKY, KOJHU PO3MIPH HEOAHOPIAHOCTEH
OnmM3pKi 10 MDKaTOMHUX Bimmaneil. KpiM Toro, cyTTeBi CIIOTBOpEHHS
pe3yIbTaTiB BU3HAUEHHS CTPYKTYPHHX XapaKTEPUCTHK MOXYTb BHUHU-
KaTH 4epe3 IOsBY HEOAHOPIAHOCTEH KOJOIZHMX PO3MIpiB BCEpeauHi
onHiel ¢a3u. ToMmy KimbKiCHUI aHami3 OyAOBH T€TEPOT€HHUX CHUCTEM
3aJIMINAETHCS JOCUTDH CKIIAJHOIO MPOOJIEMOIO CTPYKTYPHOT'O aHAITI3Y.

10.4. ManokyToBe pO3CiSIHHA PEeHTreHiBCbKUX
NpPoMeHiB (ppakTanbHUMU CTPYKTYypaMm

®pakTanbHI CHCTEMH € TIPHHIIMIIOBO HOBUM CTPYKTYPHHM CTaHOM
PEUOBHHH, SIKUH XapaKTEpU3Y€EThCS CYTTEBOIO 3MiHOIO (Di3MKO-XiMiu-
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HUX BIacTUBOCTEH. TBEpAOTIIBHI (paKkTalibHI CTPYKTYPU (HOPMYIOTHCS
3 aTOMiB, MOJIEKYJI, YACTUHOK a00 KJIaCTepiB HAHOMETPOBHX PO3MIipiB
(1-10 uMm). XapakTepHuMH O3HaKamu (pakTanbHOI OyIOBH €: camo-
MoJIOHICTh, MacIITaOHa 1HBaPiaHTHICTh, MOPYBATICTh Ta (HPAKTAIBHY
PO3MipHiCTh. 3a3HayMMO, MO MEpeXiJ Y HAaHOMETPOBHI CTaH Cympo-
BOJIKYETBCSI CYTTEBOIO 3MIHOIO 0arathox (hi3MUHUX BIACTUBOCTEH, 30K-
peMa TIOBEpXHEBO1 eHeprii, TYCTHHH eJNeKTPOHHUX CTaHiB, KIHETUIHOI
eHeprii HociiB 3apsany. ToMy chopMoBaHi 3 HAHOYACTHHOK a0O Kilac-
TEpiB MIKpO- Ta MaKpOCKOMiYHi (pakTalibHI CTPYKTYpH BUKIHUKAIOTh
iHTepec 13 MorIsy BUBYEHHS (hyHIAaMEHTaIbHUX BIACTHBOCTEH pedo-
BUH 1 MPaKTUYHOTO BUKOPUCTAHHS B CYYaCHHUX TEXHOJIOTISIX.

10.4.1. O6’°eMHi ¢ppakmanbHi Knacmepu

Jns dpaxTanbHUX KIAcTepiB XapakTepHa pO3piIKEeHa i po3raiy-
KEHa CTPYKTYpa, sika (GOPMYETHCS B Pi3HUX (i3UYHUX TIpoIlecax BHAC-
JIOK arperaiii HaHOYaCTHHOK. Taki MpoIecH MPOCTEXKYIOThCS Mif] 4ac
penakcauii mapiB MeTajiB Ha MiAKIankax, (OpMyBaHHS TelliB y Po3-
YMHAX Ta KOATYJAIil HAHOYACTHHOK B aepo30isax. OMHIEI0 3 OCHOBHHUX
0COOJIUBOCTEH (PpaKTaIbHOTO KJIacTepa € 3MEHIICHHS CepeIHbOI Tyc-
THHH PEYOBMHHU B 00’€Mi KiacTepa, 110 OB’ sA3aHO 3 TUIIOM Horo ¢op-
MyBaHHs. ['ycTrHaA Kiactepa paniyca R, axwii c)opMOBaHHN 3 HAHO-
YaCTUHOK pajiiyca 7, Ta TYCTHHU ), BA3HAYAETbCS TaK:

p=p, (?)D“d , (10.42)

ne D, — ¢pakTanbHa po3MIpHICTE KiacTepa, d — pO3MIPHICTb IPOCTO-

Py, B IKOMY PO3MillleHU Ki1acTep, 30KpeMa sl TPUMIPHOTO €BKIIiI0-
BOTO TIPOCTOpPY d=3.
Otxe, Maca GpakTAILHOTO arperarta CrTaHOBUTHME:

m=m, (E)Dv , (10.43)

o

ac mp— Maca IICPBUHHUX HAHOYACTUHOK.
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Knactepu, siki GpopMyroThCs I yac arperailii HAaHOYACTHHOK Ha-
3MBAIOTh 00’ €MHUMM (MacoBUMH) (paKTaIbHUMH arperataMu. Ix ppax-
TaJbHAa PO3MIPHICTh 3MIHIOETBCS B Mexax 1<D<3 . Skmo o00’em
Kiactepa po3OuTH Ha N [UISTHOK, TO MOXHA BBECTH KOPEJAIiNHY
(dyHKIIITO:

_{p()p(r + 1))

1
y(r)= NZp(n)p(n +r)= W’ (10.44)

Ie O — TYCTWHA, sIKa AOPIBHIOE OMWHUII B TOYIl, IO PO3MIIIeHa B
00’eMi KiTacTepa Ta HyJeBi 3a fioro mexxamu. 3rigao dhopmyn (10.42) Ta
(10.44), xopensmiitna dynkuis Habmwkero pisHa Y(r) = r>~ . Mix y(r)

. . . sin(sr
Ta IHTEHCUBHICTIO po3CisHHs /(s) € 3B’s130K [(5) = I rzy(r);)dr
s

. . . sin(sr)
3Bakaouu Ha Te, IO B OOJIACTI MallMX KYTIB PO3CIsIHHI ———— =1,
sr
BHpa3 /ISl IHTEHCUBHOCTI PO3CISIHHS MOKHA 3aIMCATH Y BUTIISII:
=D,
I(s)0 s™™ . (10.45)

@i3uYHUN 3MICT OTPUMAHOTO pPE3yJbTAaTy IMOJSATae B TOMY, IIO
PEHTTeHIBChbKE BUIPOMiIHIOBAHHS PO3CIIOETHCS 00’ €KTaMH, PO3MIp SIKHX
€ Omu3pkuM 710 1/s. CreneHeBa 3aeKHICTh IHTEHCUBHOCTI PO3CISTHHS
(pakTalbHUMH KJIACTEPAMH YMOKJIMBIIOE BH3HA4YCHHS (paKkTalbHOI
po3MipHOCTi. 30Kpema, y JorapupMiyHUX KOOpAWHaTax rpadiuHa 3a-
nexHIicTh (10.45) Mae miHIAHMN XapakTep. SKIo Ha KpUBIA IHTEHCHB-
HOCTI pO3CiSIHHSI BAOKPEMUTH AUISHKY, Ha SIKil CIIOCTEPIraeThes 3aIex-
HicTb (10.45), To pakTanbHy PO3MIpHICTH KJIaCTEpa MOYKHA BUSHAUUTH
3 Haxwity npsamoi In/(s) =—D, In(s) 3a popmyioro:

D, = _Aln 7)1 (10.46)
Alln(s)]

3ayBaKuMO, 1110 KYTOBa 3aJI€KHICTh IHTEHCUBHOCTI PO3CISIHHSI, IKY
omucye (opmyioro (10.45), mpocTeKyeThCs B Jliana3oHi XBUIBOBUX
qHceN, [0 33/J0BOJIBHAIOTH CIiBBigHOMmEHHA 1/ R <<s<<1/r, , ToOTO

(pakTambHi BIACTHBOCTI 00’€KTa CIOCTEpITAlOTHCS HA BiJICTaHAX
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r, <<r << R, mIpuuoMy rj; — po3Mip HEPBHHHHMX YAaCTHHOK, R — Mak-

CHUMaJbHUI po3Mip PpakTaabHOTo Kiactepa. 3a po3MipiB 7>>R Kiactep
MOXHA PO3TIISIIATH K OTHOPITHUIN 00’ €KT.

Po3mipHicTe MacoBoro ¢pakrana D TicHO TOB’si3aHa 3 (QyHKII€0
pPO3MOly HAHOYACTUHOK (TIOp) 3a po3Mipamu. Po3risiHBMO KiacTtep
o6’emom V, , macoro pV,, ne p— cepelHsa I'yCTHHA KiacTepa, BH3Ha-
yera (opmynoro (10.42). Buokpemumo 00’e€M, IO pO3MIIICHHN Ha
BifcTaHl 7 << R Bix meHTpa kinacrepa. CepenHsi TyCTHHA PEUYOBHHU B

. . . v

boMy 06’emi chepu pamiyca r nopisnioe  p(r)=p, (%) . ko y
r

1IbOMy 06’€Mi 30cepeKeHa Bes Maca (paKTaIbHOTO KIIacTepa, TO HOro

PV,

p(r)

MICTUTH YaCTHHKH, Paliyc SKMX MeHmHH abo mopiBHIOE ». Bpaxo-
Bytoun, wo dV (r)= f(r)dr, MOXXHa OTPUMATH HAOIV>KEHUH BUpa3 IS

¢GyHKLIT po3noaiy:

BenuuuHa V(r)= zVO(%)H’V. OuesujHo, mo 06’em V(r) Gyne

f(r)=const-r" (10.47)

10.4.2. [NlosepxHeesi hpakmarbHi Knacmepu

[Mopsin 3 ¢pakTanpHUMHU KiacTepamu, chOpMOBaHUMH BHACTIIOK
arperauii OKpeMHUX HAaHOYAaCTHMHOK y TPHMIpHOMY mpoctopi (00’eMHi
(dpakTanu), icHye kiac (pakTaibHUX 00’€KTIB, chOpMOBAaHMX Ha IIO-
BepxHi (moBepxHeBi (pakrann). Takoro THITy CTPYKTypH MOXHA TIPOC-
TEKUTH B TOHKUX IUTIBKAaX METaJliB, OCa[PKEHUX Ha MiAKIaAKax, Ha I0-
BEPXHI BYTJIENIEBUX BOJIOKOH, HAaHOTPYyOOK Tomio. KyToBy 3ajexHiCTh
IHTEHCHBHOCTI PO3CISTHHSI Ha MOBEPXHEBHX (PpaKTAIBHHUX KiacTepax
OIUCYIOTH (POPMYJIOIO:

I(s)0 s (10.48)
ne D, — dpaxTanbHa po3MipHICTh HOBEPXHI KJIacTepa.
Sxmo MmikdasHa NOBEpXHS € INaAkow, To D =2, a IHTEHCUB-

HiCTh pO3CisHHA ommcyioTh 3akoHoM Ilopoma I(s)[ s~ . 3Hadenns
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(bpakTanbHOI PO3MIPHOCTI 3MIHIOETBCS B Mexkax 2 < D <3. Orxe, uuM

Oimproro 3HadeHHs HaOyBae mapamerp D, , TUM OUTBII HIOPCTKOIO

s

CTa€ TMOBepxHs KiacTepa. Ha mpaktuii moBepxHEBy (pakTaabHy poO3-
MIpHICTh BU3HA4alOTh (Gopmynoro D, =6—o0, Ae &/ — NOKa3HUK Ha-

Xy 3aiexHOCTI In/(s) Bim Ins , sikuil 3MiHIOETBCS B Mexax 3<0<4 .
SIxmo mapamerp 0<3 ¢(pakrambHa po3MipHICTE D, =0, TOMy MOXXHa

CTBEPIKYBaTH, IO PO3CISIHHS 3yMOBIICHE BCIM 00’€MOM KiacTepa.
OTxe, METOJ, MaJIOKYTOBOTO DPEHTTEHIBCHKOTO PO3CISIHHS € OJHUM 3
HaIieBIINX METOIB A1arHOCTUKU (ppaKTabHOI OyTOBH PEUOBHUHH.

10

in I(s)

In (s)

Puc. 10.4. Kpua iHTEHCUBHOCTI PO3CiSIHHA MOPUCTOrO BYrneLo

Hanpuxnan, na puc. 10.4 300pakeHO KpHBY IHTEHCHUBHOCTI PO3-
CISTHHS TIOPHCTOTO BYTJICIO, TOOYTOBaHY B JOTapU(PMITHAX KOOPINHA-
Tax. Sk BUAHO, y BChOMY Jiana3oHi 3HA4Y€Hb XBHUJBOBOI'O BEKTOpa
MPOCTEXKYEThCS JiHIHHA 3alexkHicTh MK In/(s) Ta In(s) 3 KyToBUM
koedimienToM Haxuny n=3,30. fkmo bepyuu n 3aq0BOJIbHSIE YMOBY
3<n<4, oTpuMaHUU pe3yJbTaT CBITYUTH NMpPO (opMyBaHHS IMOBEpPXHE-
BUX (ppaKTaNIbHHX arperariB 3 PpakTaabHOIO po3MipHicTio D=6-n=2,70.
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10.5. EkKcnepumeHTanbHi meToam
ManoKyTOBOro AOCHiAKeHHSs

10.5.1. MpuHyunu no6ydoeu
eKkcriepumMeHmasibHUX ycmaHo80K

Jus otpumanHs iHdopMauii Ipo CTPYKTYpy HEOAHOpimHOCTEH i3
XapaKTEPHUM PO3MipoM D MOTpiOHO BUMIPATH iHTEHCHUBHICTH PO3CIisH-
Hs I(s) B qiama3oHi 3HAYEHb XBHUIILOBOTO BeKTOpa s<2n/D (A— HOBXHHA
XBWII PEHTTEHIBCHKUX IMPOMEHIB). 3a3HAa4MMO, IO CITiBBiIHOIIECHHS
sD=2m, sixe OB’ A3y€ JNiHIAHI XapaKTEPUCTHUKU IPSIMOTO Ta 00EPHEHOTO
MPOCTOPIB, BU3HAYAE PO3AUIBHY 3JIaTHICTh OyIb-SIKOTO JTUPPaKIIHOTO
eKCTIIepUMEHTY. 30KpeMa, IJisi BU3HAYEHHS CTPYKTYPHUX MapaMeTpiB
YaCTHUHOK 13 po3Mipamu B Mexax 1-100 HM 3a JOMOMOror BHIIPOMi-
HIOBaHHS MigHoro anona (A=0,154 HM), MOTPIOHO BUMIPSTH IHTCHCHUB-
HOCTI po3cisiHHS B KyToBoMy iHTepBam 2¢=0.04+4°. OTxe, ronos-
HOIO €KCIEPUMEHTAIFHOI0 TPo0JIeMol0 MeToxy € (OopMyBaHHS BY3b-
KOTO ITy4YKa PEHTTEHIBCHKOTO BHUIIPOMIHIOBAHHS Ta HOro ()OKYCyBaHHS
Ha NpUAMabHIA ITKMHI AeTeKTopa. BUMIpIOIOTE CHEKTPH MajloKyTO-
BOT'O PO3CISTHHA Ha MAJIOKYTOBHUX PEHTICHIBCHKUX AU(PPAKTOMETpax Ta
PEHTTEeHIBCHKMX KaMmepax crelianbHoro tummy. CydacHuil MajoKyTOBHA
PEHTTEHIBCHKUIN T(DPAKTOMETP CKIIAIAETHCS 3 TAKUX OJIOKIB:

1. Jlxepeno peHTreHiBCHKOTO BHUIIPOMIHIOBaHHS (PEHTIEeHIBChHKa
TpyOKa).

BurcOKOBONIBTHE JKEPEIO KUBIICHHSI.

PentreniBcbka BakyyMHa Kamepa JUisi BCTAHOBJICHHS 3pa3KiB.
KomiMiTop MepBUHHOTO Ta PO3CITHOTO BUITPOMIHIOBAHHS.
JleTekTop po3CisIHOrO PEHTTEHIBCHKOTO BHITPOMIHIOBAHHSI.
EnextponHuil peecTpyBaabHAN NPUCTPiid, cripsbkeHnid 3 EOM.

PO3FJ‘I$IHLMO TPaAMLIAHY CXeMy MaJOKyTOBOI'O €KCIICPUMEHTY 3
BHKOpHCTaHHAM audpaxromerpa (puc. 10.5, a). Jlns MamokyToBuxX goc-
J/PKeHb BUKOPHCTOBYIOTh CIeElialbHI KOJMIMaliiHi CUCTEMHU TNEpBHH-
HOTO Ta po3cisiHoro npomenis. Haiinommpenimoro B audpakromerpax
MaJIOKyTOBOTO PO3CiSIHHS € TPHOXIIUIMHHA KONiMaIliifHa cucTeMa mep-
BUHHOTO Ta PO3CISHOTO Iy4Ka, sika 3a0e3reduye JOCTATHIO CBITIOCHITY

SR

197



PEeHTreHiBChKoi ycTaHoBKHU. [Ipu 1iboMy IBI miMHU KosiMaTopa (2, 3)
(dbopMyIOTh TY4OK, a TpeTs (4) — eKpaHye Hapa3uTHE PO3CISSHHSA Bix
KpaiB minuHU (3). AHAJOTriYyHO, KOJIIMaToOp PO3CISHOro Iy4YKa CKJa-
JIA€ThCSI 3 TPHOX IIIIHH, OJTHA 3 SIKUX BCTAHOBJIIOETHCS MEpe]l IETCKTO-
POM 1 BH3Ha4a€e HOTO MPOCTOPOBHUH PO3MOJLI, TOAl SK ABI iHIII eKpa-
HYIOTb IIapa3sUTHE PO3CISAHHS.

Puc. 10.5. PeHTreHoONTUYHA CXeMa ManoKyTOBOro eKCrnepuMeHTy
1 — mxepeno BUNPOMIHIOBaHHS; 2 — BXifHa LUINNHA;
3 — cbopmyBanbHa WiNuHa; 4 — 3axmMcHa LWinuHa;
5 — 3pasok; 6 — nnowuHa geTekTopa

MiniManbpHe 3HaYCHHS KyTa PO3CisiHHS 20 . , OYMHAIOYH 3 SIKOTO

min >
MOJXKHA PEECTPYBATH IHTCHCHBHICTh PO3CISHHS, BU3HAYAETHCS CKiHUe-
HUMU pO3MipaMu 3pa3ka, CKIHYCHHOIO PO3/IUIBHOI0 3JJaTHICTIO JETEKTO-
pa Ta HEMOHOXPOMATHYHICTIO BUTTpOMiHIOBaHHs. 1100 OIIHUTH BimHOC-

HY MOXHOKY BU3HAYEHHSI §, 3aIIMIIIEMO TaKUi BHPa3:
As  AQ?  AQ AL
s 20 20

ne AQ, — KyToBa po301KHICTH NMEPBUHHOTO Ta PO3CISTHOIO NMPOMEHIB;

b

AQ, — 3MiHa KyTa pO3CISIHHS, CIIPUYMHEHA CKIHYEHHHMH PO3MipaMu
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3pa3ka Ta JIeTeKTOpa; AA BU3HAYa€ 3MiHY JOBXHHU XBHJII PEHTTEHIB-
CHKOT'0 BUIPOMiHIOBaHHs. HaBeneHe CIiBBIAHOIIEHHS BH3HAYa€ KyTO-
BY PO3IUIBHY 3JaTHICTb METOAY IUIA ifiealbHOI KOMIMAaliifHOI cxeMmu.
OnHak, B pealbHUX EKCIIEPUMEHTaX 3aBXKIH MPOCTEXKYEThCS (HOHOBE
PO3CIsSIHHS KpasiM{ IIUIMH, TPUMadeM 3pa3Ka Ta aTMoc(eporo B3IIOBK
noumupeHHs: myyka. [lapasutHe po3cisiHHS HaiOinblie BIJIMBaE Ha
IHTEeHCHBHICTh PO3CISIHHS 32 HaMEHIIWX KyTaX, II0 TPHU3BOAUTH [0

CYTTE€BOTO 30ilblneHHs MiHiMazbHOro Kyta n0 20" (puc. 10.5, 6).

3MeHIIeHHsT MiHIMAIBHOTO KyTa Ta MOTO HaOIMKEHHSA 10 11eanbHOTO
3HaueHHS 20 . € OCHOBHOIO IPOOJIEMOI0 €KCIEPHUMEHTAIBHUX JOCHTi/-
KEHb METOJIOM MaJIOKyTOBOTO PO3CisSTHHSL.

[loBHY ekcriepiMeHTaNbHY IHTEHCHBHICTD PO3CISTHHS BH3HAYA€Th-

cs1 hopMyIIoL0:
AX
1'(s)= IOAQ]AS%TVU exp(—ud)-1(s) (10.49)

ne I, — IHTEHCHBHICTh NEPBHHHOTO mydka; V ,u,d — BiANOBimHO
00’eM, JNiHIHHUNA KOe(ilieHT MOTJIMHAHHS Ta TOBLIMHA 3paska, /(s) —
IHTEHCHBHICTh BUIIPOMIHIOBAHHS, PO3CISTHOTO 3Pa3KOM.

OntrMasibHa KOHCTPYKLiS MaJOKyTOBOI KaMepH Mae 3a0e3MeunTn
MaKCUMaJIbHy iHTE€HCHBHICTh I’(s), KOJM BifOMi mapamMeTp KyTOBOTO
posnineHHs. Po3rinsHeMo BIUTMB napameTpiB AupakToMeTpa Ha iHTEH-

CHBHICTh pO3CisiHHA. 3 ogHOro GoKy 30impmieHHs I’(s) MoXHa mocAr-
HYTU 4epe3 30UIbLICHHS IHTEHCUBHOCTI IEPBUHHOTO Iydka [, , BUKO-
PHUCTOBYIOYHM PEHTIE€HIBCHKI TPYOKH 3 00EpTOBHM aHOIOM. 3 JIPYTroro
6oky, I’(s) nporopuiiina 10 06’emy 3paska V, = Sd (S — nonepeunuit
nepepi3 mydka, d - TOBIIMHA 3pa3Ka), TOMY 30UIbIINTH 1HTEHCUBHICTD
PO3CisSIHHS MOHa 301IBLIMBIIN T€OMETPUYHI po3Mipu 3paska. OjHak,
30UTBIIICHHS TOBITMHH 3pa3Ka MPHU3BOIUTE 10 301TBIICHHS MOTINHAHHS
peHTreHiBcbkoro BumpoMiHioBanHs. Ockinbku I'(s)=dexp(—pd), To
OTNITHMAaJTbHE 3HAYEHHS TOBIIMHHM 3pa3zka € Oiam3pkuM 1o 1/1. Heedek-

TUBHUM TaKOX € 301IbIIEHHAS TUIOIII 3pa3Ka, OCKIIBKHA B IbOMY BHIIa/I-
Ky Ui 30epeKeHHs 3aJaHOT0 KyTOBOTO PO3JUIEHHS MOTPiOHO 301h-
IIIyBaTH JIOBXKHHY CKCIICPUMEHTAIBHOI YyCTAHOBKH.

199



10.5.2.Memodu o6pobku
ekcrnepumMeHmasibHuUx 0aHuUx

3ampornoHoBaHi METOU aHAJ3y CTPYKTYPHHX HapaMeTpiB Iepe-
6avaroTh HasABHICTh A0CONIOTHO TOYHOI KPHBOi IHTEHCUBHOCTI PO3CisH-
Hs. BomHowac, Wi yac eKcrieprMEHTaNbHUX BHMIPIOBaHb OTPUMYIOThH
3Ha4eHHs J(s,), 0 MICTSTh CIIOTBOPEHHS PI3HOIO XapaKTepy: CTaTUC-

TUYHI TOXHOKH, Mapa3uTHE PO3CIAHHSA, CKIHUEHHICTh KyTOBOTO IHTEp-
Baily, BIUIMB CKIHYCHHUX PO3MIpiB 3pa3ka Ta JETeKTOpa Ha iCTHHHUM
npodine kpuBoi. OTOXK, TOIOBHOIO MPOOJIEMOI0 00pPOOKH TaHHX € Tie-
pexia Bil pAgy OUCKPETHUX 3HaueHb J(s;) A0 HemepepBHOI (YHKIT
1(s) . Ilonepenniii eran 06poOKK AaHUX OXOIUTIOE TAKI CTALII:

1) ycepeduenmns excnepumeHmanrbHux OaHux, Y8eOeHHsT NONpPAgoK
HA NO2TUHAHHA MA (POHOBe DPO3CISHHSA, 8PAXYBAHHS PO3NOOILY THMEH-
CUBHOCT 8 NEPBUHHOMY YUK,

[Totpeba B ycepeqHeHHI 3HAYEHb IHTEHCUBHOCTI PO3CISIHHS TIOB’ I
3aHa 3 HECTaOULIBHICTIO YMOB TIPOBEACHHS €KCHepUMEHTY (MexaHiuHa
3MiHa reoMeTpii KamepH, OPYIIeHHS BaKyyMy, HECTaOlIbHICTh POOOTH
€JIEKTPOHHUX MPUCTPOIB, 3MiHA TEMIIEpaTypH 3pasKa Mija Ji€l0 BUIPO-
MiHIOBaHHS TOIIO). ISl yCYyHEHHS BUIIaJKOBHUX NMOXHOOK, CIIpUYMHE-
HUX IIUMH (GaKTOpaMu, TPOBOAATE NEKiIbKA Cepiii BUMIpIOBAaHHS 3 TIO-
JaNbIIUM yCepeTHEHHSIM JaHuX. 3 iHIoro OOKy, B [iama3oHi HaiiMeH-
LIMX KYTiB Ha PO3CISHUM Iy4OK HAKJIagaeThCsl MEPBUHHUM, mocmadie-
HUH TOTJIMHAHHSM Y 3pa3Ky. ToMy aJs BU3HAUYEHHS iCTHHHOI iHTEHCHUB-
HOCTI PO3CISIHHS BUKOPHCTOBYIOTDH CIiBBITHOIIICHHS:

1Q9)=1_ 29 -K-1,28), (10.50)

exp.
ne [1,,(20) — eKkcnepuMeHTalbHA IHTEHCUBHICTH  PO3CISHHS,
K =1(0)/1,(0) — xoediuieHt npomnyckanus, [, (2¢)) — po3nofia iHTeH-
CHUBHOCTI TMEPBUHHOTO MyYKa B TUIOMIMHI aHANITHYHOI IIITMHU JETEK-
TOpa.

[HTEHCHBHICTh IEPBUHHOTO IyYKa BUMIPIOIOTh, BUKOPHCTOBYIOUH
KaJliOpoBaHi 3pa3KH, /Ui SKUX BiOME BiHOIICHHS IHTEHCHBHOCTI I1a-
JTAI0YOTO Ta PO3CITHOTO BHUITPOMIHIOBAHHS (KBapIl, MOJIMEpHUN MaTe-

pian “Jlrononen”, cuiikareiab) abo 3aCTOCOBYIOYM METOJ| ITOTJIHHANb-
HUX (PUTBTPIB.
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2) 321A0HCYBAHHA eKCNePUMEHMANbHUX OAHUX mMa BIOHIMAHHS
PO3CIAHHS 8IO OCHOBU,

Juckpernuil Hablp ycepeqHEHUX 3HAYEHb iIHTEHCHUBHOCTI MiCTHTh
MOXUOKH, SKI CyTTEBO YCKIAJHIOIOTh BBEJCHHS amapaTHUX MOIMPaBOK.
HasBHICTH CTATUCTUYHUX IIYMiB MOTPeOy€ MPOLEAYPH 3IIIaKyBaHHS
EKCTIIEPUMEHTAJIbHUX AaHUX. 3aBIAaHHAM 3IJIa/UKyBaHHS € BiJHOBJICHHS
I7IaIKOT KpUBOT iIHTEHCUBHOCTI /(§) 3 CYKYNHOCTI €KCTIepPUMEHTaIbHUX
To4oK J(s;). s uporo HaifuacTiie 3aCTOCOBYIOTb TaKi METOIH:

1) wmetox anrebOpaiyHMX TOJIHOMIB, B AKOMYy QyHKLig [(s)
AIPOKCUMYEThCS TIOJTIHOMAMH CTETIeH] m, IPUIOMY B Jialla3oHi BUMi-
prOBaHHA S, < S <, €BCl MOXiAHI 0 (7 +1)-ro NopsaKy BKIIOYHO;

2) MeToJ CIUIaiiH- IHTEPIIOJIALi, B SKOMY B KOXXHOMY 3 iHTep-
BaIiB [s,,5,,,] (i=1,..N) ¢dyHkuito /(s) OnMCyIOTh MOJIHOMOM Tpe-
THOTO cTeneHs S,(s), AKUM € HemepepBHOI (QYHKIIE 3 HENepepB-
Humu noxigaumu S, (s) Ta S5(s) ;

3) wMerox 4acTOTHOTO (iNbTpyBaHHS, IO IPYHTYEThCS Ha PO3K-
nani ¢ynkuii /(s) B psag Pyp’e.

[lix wac pmocmimxeHHS IBO(A3HHUX CHUCTEM 3a3BHYAil BUKIIMKA€e
iHTepec po3cisHHA oxHiero 3 (a3 (dactmHOK). OmHAK eKCIepuMEH-
TaJbHI KPUBI PO3CISHHS MICTATH PO3CISHHS Bix Apyroi dasu (MaTpui,
po3unHHUKa). KpiM TOro, MokKHa MPOCTEKUTH PO3CISIHHS Ha eJIEMEHTaX
YCTaHOBOK (UIUTMHU, TpuMadyi 3paskiB). s ycyHeHHS 1uX edgexTiB
BUMIPIOIOTh IHTEHCHUBHICTh PO3CISIHHS YUCTUM PO3UYMHHUKOM 1, (s) 1
BIZIHIMAIOTh HOTO BiJl iIHTEHCHUBHOCTI PO3CisiHHA 3pa3ka /,(s).

3) yeedenHs KOMMAYIUHUX NONPABOK HA WUPUHY MA UCOMY NYUKA

upuHM MIHH, SIKI BAKOPUCTOBYIOTh Y MaJIOKyTOBOMY €KCIIEpH-
MeHTI HacTUTbkH Mai (=0,1-0,2 MM), IO PO3MHUTTSIM KPHUBOi IHTCHCHB-
HOCTI, BUKJIMKAHOI CKIHUEHHOIO MIMPUHOIO IIUJIMH, MOYKHA 3HEXTYBaTH.
OpHak BHCOTA HIUIMH 3HAYHO MEPEBUILY€E TXHIO MIMPHHY, 8 TOMY CIIOT-
BOPCHHS, CIpUYNHEHI e€()eKTOM CKiHYEHOI BHCOTH IIUTHH, HEOOXiTHO
BpaxyBaTH IJsl TepexoAy BiJ IIUTMHHOI MO TOYKOBOI KomiMariii. Y
BUMAJKy UIUTMHHOI KoOJiMamii eKclepruMeHTajJbHa I1HTEHCHUBHICTb
1.,,(26) , BuMipsiHa 32 KOHKPETHOIrO KyTi pO3CisiHHS 23}, € pe3yibTa-

TOM IHTETPYBaHHSA B KyTOBOMYy iHTepBami (24, 28+ A2¢), npudomy
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iHTepBan A2¢ 3aneXuTh BiJ KyTa PO3CISIHHS, BIACTaHI MK 3pa3KoM i
JETEKTOPOM d Ta BUCOTH IMPUHMAIIEHOT IIUTHHU ACTEKTOpa /-

208=\J(28)} +y,> -28, (10.51)

ae Y, — KyT, MiJ SKUM BUJIHO NOJOBUHY BHUCOTU LIUIMHU JETEKTOpa,

IIPUUYOMY ¥/, =%. 3okpema, npu d=12,5 cm, h=1,0 cM oTpumyemo

vy, =2.8°. 3 ¢dopmymu (10.51) BumHO, mo KyToBHH iHTepBan 2AY
Jocsirae HalOLIPIINX 3HAUCHb 32 HaMEHIIMX KYyTiB PO3CISHHS, HpH-
qyoMy 2Ad =y, xomu 289 — 0 ). 3i 30iLIbIIEHHAM KyTa PO3CiSHHS,

iHTepBan 2A¢ 3MeHIIyeTbca (HanmpukiIag, Komu 2¢=5° — A28 —0),
TOOTO WITMHHA KONIMAIlisl Ja€ pe3ylbTaT, OMU3bKHHA J0 TOYKOBOI.
ExcriepuMeHTanpHa iIHTEHCHBHICTh PO3CISHHS TOB’si3aHa 3 ICTHMHHOIO
TaKHUM CITIBBIIHOIIEHHSIM:

Vi

1,,(28)= j IR +yP)dy . (10.52)

OT)KG, YBCACHHA KOHIMaHlHHOl IMONpaBKU Ha BUCOTY Ta 3HAXOM-
JKEHHS ICTUHHOI KpPHWBOi IHTEHCHBHOCTI PO3CISHHSI 3BOIUTHCSA MO
po3B’s13Ky iHTerpansHoro piBHIHHES (10.52).

MumaxHs do po3diny 10

—_

Aki cuctemmn HasMBalOTb MOHOAMCNEPCHUMN?

2. Ak QisnYHUN 3MICT KOpensAuinHOi dYHKLii MOHOAMCMNEPCHOI CUC-
TEMM YaCTUHOK?

3. UWo Take iHTerpanbHui iHBapiaHT MNopoaa?

4. Axkni 3B’A30K iCHye Mixk iHBapiaHToM [Mopoga i CTPpYKTypHMMK napa-
MeTpaMy OQHOPIOHNX YaCTUHOK?

5. Lo € B ocHoBi HabnwxkeHb MHbE Ta MNopoaa B aHanisi ManoKyToBmx

naHnx?

Aki bakTopm BNNMBAOTL Ha TOYHICTb BU3HAYEHHS iHTEerpanbHUX iH-

BapiaHTiB MeToaom [iHbe?

Aki cuctemmn HasmMBarTbCA NOMIANCNEPCHUMMN?

HasBiTb OCHOBHI MeToAM aHanidy NoniaMcnepcHoCTi MaTepianis.

AKnMKM € ronoBHI TMNK bpakTanbHUX KracTepiB?

O AK BU3HAUMTU dopakTanbHy PO3MIPHICTb KnacTepiB MeTogoMm Mano-

KyTOBOIO PO3CisiHHA?

o

—‘“3.0°.\'
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Pos3pin 11

PEHTIEHIBCbKUIA AHATI3
CTPYKTYPHUX 3MIH NI YAC HATPIBAHHA
AOE®OPMOBAHUX METAIIB

11.1. CTpyKTYypHUI aHani3
npouecy NoBepHEeHHs

CrtpykTypa Ta BIacTUBOCTI Hele(hOpMOBAHHX 1 TUTACTUYHO Jiedop-
MOBaHUX METaJliB CYTTE€BO BiJpi3HAIOThCA. Bimomo, mo miactuuHa
nedopmMariisi CipyiIMHsAE YTBOPEHHS TaKUX NEPEKTiB KpPUCTANIYHOI Oy-
JIOBH, SIK TBINHUKYBaHHs, KOB3aHHS Ta MPYXKHUI 3THH KpUcTamiTiB. Ha
peHTreHorpamax neOpMOBaHUX METATIB CIIOCTEPITAEMO Taki eeKTH,
SIK aCTepU3M, pO3MHUBaHHsI iHTep()EpPEHIIHHNX MAaKCUMYMIB Ta TU(Y3HE
PO3CIisIHHSI, IO CBITYHUTH MPO MOSBY MIKPOHANPYT, CTATUYHHUX 3MIillIEHb
aToMiB Ta JnedekTiB ymakoBKd. CTPYKTypHiI 3MiHH, SIKIi BHHHUKAIOThH
BHACJIIJIOK HAKJICIy METAJIB, € HEOJHOPIIHO PO3MOAUICHUMU B 00’ €Mi
3paska, L0 CYTTE€BO BIUIMBA€ HAa MEXaHI3MH IPOLECIB BiIHOBICHHS
CTPYKTYPH IIiJ{ 9ac Biamamy.

Bimznaunmo, mo Mertan micus miacTudHoi nedopmarii nepedysae
B TEPMOAMHAMIYHO HecTaOlIbHOMY CTaHi 3a OyIb-sIKOi TeMIepaTypu.
Tomy, Ha BigMiHY Bix (pa30oBHX MEpexO[liB, Mepexia y OUThII CTIHKHMA
TEPMOJIMHAMIYHUHN CTaH HE BiIOYBA€THCS 332 KOHKPETHOI TEMIIEPATYPH.
OpnHak, 1iel nporiec noTpedye neBHoi eHeprii aktusaiii. Yac 10 mouat-
Ky MPOLIECY CKOPOUYETHCS 3 MiABUIICHHSIM TEMIIEPaTypH:

0
T=1 exp(—),
0 p(RT)

Ie 7, - TepeNeKCIIOHCHIINHUN MHOXHUK, () - €Hepris aKkTHBalIlii,

o

R=8,31 Ix/(K monb - yHiBepcallbHa ra3oBa craia.
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Bin3naunmo, 1m0 3HaueHHs 7, Ta ) MOXYTb 3MIHIOBaTUCH i3 TeM-

MepaTypol0 HarpiBaHHS, OCKIBKH 3HUKHEHHS CTPYKTYpHHX Ie(EKTiB
pi3HOTO THITy BigOYyBa€Thcsd B PI3HHX TEMIIEpaTypHHX iHTepBaiax i
notpedye pi3HOI eHeprii aktuBarii. IIpomec BiTHOBIEHHS CTPYKTypH
Jne(OPMOBAHUX METAIB ITiJ YaC HarpiBaHHs OXOILTIOE JCKIIbKA €TaIliB:

1) moBepHEHHsI, IO OXOILIIOE CTaIi] BIAMIOYMHKY Ta MOJITOHI3aIlIT;

2) pekpucraiizamis, 0 BKIIOYae CTajii mepBHHHOI, 30ipHOI Ta
BTOPHHHOI peKpHCTaTi3aii.

BuKoOpHCTOBYOUM METO/IM PEHTT€HIBCHKOTO CTPYKTYPHOTO aHalli-
3y, MOYKHa OTPHMAaTH €KCIEpUMEHTANIBHI JaHi JUIS PO3TISAY MPOIEeciB
i yac Bignamy nedopMoBaHHX MeTamiB. PO3risHEMO iX BHKOpHCTaH-
HsL JJIs aHaJTi3y Pi3HMX CTaJill Biamamty.

Crazist MTOBEpHEHHS OXOILIIOE MPOLIECH BiTHOBJIICHHS CTPYKTYPH IO
MoYaTKy pekpucramizamii. 30kpema, Ha Hid CTamil CIIOCTEepiraeThes
3MEHIIICHHS KOHIICHTpAIlil TOYOBUX Je(EKTIiB i MIKpOHAIIPYT, TIEpEpO3-
MOJIIN JUcIoKalii 6e3 (opMyBaHHS HOBHX T'paHUIlb 3€peH (CTaiis BiJ-
MTOYMHKY) Ta 3 (POPMYBAHHSAM 1 MITpAIli€f0 MAJIOKYTOBUX TPaHUIIb 3epeH
(ctagis momironizariii).

a) cmaoisa BiIONOYUHKY,

WA 7'
| — g 0

260 | o ; o G50

na
=
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aor i 485
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Fumencuanicms

=
8
o
8
=
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20, 2pao.

28, zpay.

Puc. 11.1. TemnepatypHa 3miHa Npointo iHTEHCUBHOCTI AU PKLiNHOrO
mMakcumymy (3317) nnactnyHo necdopmoBaHoi Migi
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SAx BumHO 3 puc. 11.1, Bigmam mwiactudHO MeOPMOBAHOI Mifi
MPU3BOAUTH A0 CYTTEBOTO 3MEHILICHHS MIMPUHU AU(paKIiiHUX MaKCH-
MyMiB. 30Kpema, IOBHE po3alIeHHS nyonery K¢, nudpaxuiiiHoro
MakcumyMmy (331) cnoctepiraerbes min 4ac Biamany 3a 7=220°C, o
BKa3y€ Ha 3aBEpIICHHS CTail BIAMOYMHKY. 3MEHIIEHHS IiBIIMPHHHA JIi-
Hii Ko, cBimuuth npo ycyHeHHs MikpoHanpyr (Puc. 11.2). Ilicns Har-
piBanHs 10 7=345°C i Buiue miBIMpUHA KOMIIOHeHTH K¢, miHIl
(331) Cu mpakTHYHO HE 3aJIEKHUTH BiJl TEMIIEPATYPH.
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Puc. 11.2. TemnepatypHa 3miHa Puc. 11.3. TemnepatypHa 3miHa
HaniBLUMPUHN KOMMOHEHTN K, iHTerpanbHoi iIHTEHCUBHOCTI NiHii
2
- 311) Cu
niHii (337) Cu (311)

Kpim Toro, crioctepiraerbcs 3MileHHS] KyTOBOTO MOJIOKEHHS MaK-
CUMyMYy B OiK MEHIIMX KyTiB PO3CISIHHS, II0 BKa3ye Ha 30UIbILICHHAM
nmapaMerpa eJIeMEeHTapHOi KOMipku. BopHodac, 3MEHIIYy€ThCsl iHTET-
pajbHa IHTEHCHUBHICTD JIiHi1, IO BUKJIUKAHO 301IBIIICHHSIM TUHAMITHUX
3MINIEHb aTOMIB KpHUCTAIIYHOI IpaTtku (puc. 11.3).

BcranosneHo, 1o i 1e(OpMOBAHOTO AJIFOMIHIIO B TPOIIECI Biji-
MOYMHKY CIIOCTEPIraeThCsi 30UIBLICHHS BiAHOLICHHS iHTErpaJbHOI iH-
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1(422) S
—— 13 IMABUIIECHHIM TEM-

TEHCUBHOCTI TU(PAKIIIHHNX MaKCUMyMIiB

(311)
nepaTypu abo TPUBAIOCTI 130TepMiuHOi BHTPUMKH. MOXKHA TpHUITyC-
TATH, IO IS AJTIOMIHIFO XapaKTepHAa MEHINAa CTiHKICTh CTATHYHHX
CIIOTBOPEHB IPAaTKU Ta iX MOBHE YCyHEHHS MiA yac Biamamy. OCKiTbKH
MPY>KHUH 3THH KPUCTAIITIB MOKJIMBHI JIMIIE 32 HASBHOCTI CTATUYHUX
CIIOTBOPEHB, IX YCYHEHHs BIIHOBIIOE (HOpPMYy KPHCTAIITIB 10 Jedop-
mamii. [Togampmi gocmimkeHHs, MPOBEACHI Ha 3pa3kax Al 3 BMicTOM
0,6 107 ar.% Cu, OUYHINEHOMY 30HHHUM IUIABJICHHSIM, IOKA3alH, IO
Ipolec BiAMOYMHKY MIPOXOAUTH y ABi cTanii. Ha mepiuiii crazii criocre-
piraeTscsi 3MEHIIEHHS TYCTHHH AUCIOKAIlii Ta 1X mepepo3noain ycepe-
IUHI cy03epeH, TOl K JUIs APYToi CTafil MpoIecy € XapaKTepHHM PiCT
cy03epeH.

PeHTreHOCTpYKTYpHI AOCTIIKEHHS! MPOLECiB BIAMOYNHKY € HEOO-
XITHUMH IJI BCTAHOBJICHHS PEKUMIB TEXHOJIOTIYHOT 0OPOOKH METalliB.
3okpeMa, OyJI0 BCTAHOBJICHO PEXHMM BOJIOYiHHS BOJIB(PaMOBUX HHUTOK,
SIKI BHUKOPHUCTOBYIOTH B €JIEKTPOBaKYyMHHUX MpHCTposiX. [ma mworo,
HUTKY TPOTATYIOTH 32 BiJIMOBIHOI TeMIlepaTypH, yCyBalOdu CTaTH4HI
CIIOTBOPEHHS KPUCTAJIYHOI TpaTKu BOJIb(Ppamy, BOJHOYAC HE BHK-
JIUKAIOYHM IHTEHCUBHOI'O POCTY 3€PEH.

6) cmaois noniconizayii;

[Ipomecu mosiroHizarmii mix 9ac Biamamy ne(OpMOBaHHX METATIB
MH MOXEMO MPOCTEKUTH IMicisl HarpiBaHHs a0 Temmepatyp 0,2-0,4 T,
(T,,- Temmepatypa 1uiaBieHHs). Bizomo, mo andpakuiifHi misiMu Ha
nayerpamax neOpMOBaHHX MOHOKPHCTAIIIB MalOTh BUTATHYTY (popmy
(actepusm). Y pesynbTaTi JOCHIIKEHHS CTPYKTYpHHX 3MiH Mg dYac
HarpiBaHHs OyJIO BCTAHOBJICHO, 110 BUTSTHYTI CMYTH JIayerpaM posia-
MAIOThCS Ha CYKYNHICTh TOYKOBUX UM (edexr KoHnobOeeBcrkoro - -
Mipepa, 1932 p). Leit edext 3ymMOBIeHNH PO3OUTTAM BHXITHOTO Jie-
(hopMOBaHOTO KpHCTaly Ha TpyIy HeaegopMOBaHUX KPUCTAIITIB, IO
CTaHOBUTH CYTh IPOIIECY TONITOHI3aIli].

Bigznaumnmo, 110 MpoIiecH MmoTiroHi3aiii CriocTepiraloThCs TaKOX B
XOJIOAHOIEOPMOBAHUX Ta BiANAaIEHUX MOJIKPUCTATIYHIX MaTepiajax.
BcranoBneHHs MexaHi3My MOJIIrOHi3awii 0B’ A3aHO 3 PO3BUTKOM TEOPil
TUCITOKaIii. Po3rimsHbpMO Iielf MexaHi3M Ha TpHKIai nedhopMOBaHOTO
MOHOKpPHUCTaNa 3 HAaJJIUIIKOM KPaloOBHX JHCIOKAIiil OJHOTO 3HaKy
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(Puc. 11.4 , a). IligBumena BHYTpIIIHS €HEpris KpUCTaja BKIOYAE
BJIACHY CHEPTII0 JUCIOKAIlM Ta €HEPrito BiIIITOBXYBAHHS TUCIIOKAIIN
OJTHOTO 3HAaKy, pO3MIIIEHUX B CHUIBHUX IUIONIMHAX KoB3aHHA. [lix gyac
BIJIMTAJTy CIIOCTEPITa€ThCs TePEPO3MO T JUCIOKAIIA Ta aHITUIAIIS AHC-
JIOKAII# pi3HOTO 3HaKy. B pe3ynbraTi hOpMyrOThCS AUCIOKAIIIT OJHOTO
3HAKY, pO3MIIlIEHI OJ]HA HaJ OJHOI0 B HAIPIMKY, IEPIEHAUKYISIPHOMY
10 TIomHU KoB3aHHA (puc. 11.4,6). Take po3MilieHHsT AUCITOKAITIN
cupuurHie (GOpMyBaHHA MAIOKyTOBUX TI'paHUIlL cy03epeH. Hemedop-
MOBaHI JUISHKH KPUCTaJia, 0 BIIOKPEMITIOIOTHCS MAJIOKyTOBUMH Ipa-
HUIIMH, OTPUMAIIK Ha3By OJIOKiB a00 MOJITOHIB.

Z

a 7

Puc. 11.4. Cxema po3anoginy aucrnokadin B 4e0pMOBaHOMY 3rMHOM
MOHOKpUCTani Ao (a) Ta nicna noniroHisauii (6)

[Mpouecu nomironizanii B 7eopMOBaHUX MOTIKPUCTATIYHUX MaTe-
pianax MOXHa AOCHiAKYBaTH TUPPAKTOMETPUUYHUMU MeToxamu. Jls
LFOTO TIOTPIOHO BU3HAYWTH 3MIHY BiHOIIEHHS IHTETpaJbHUX IHTEH-
CHUBHOCTEH [BOX JiHIM i3 pI3HUMH IHIEKCaMH, 3yMOBJIEHY e(eKToM
MEPBUHHOT €KCTHHKLII. 30KpeMa, JOCIiIKYIOUH MpOoLec MOJIiroHi3amii
B MOJIKpUCTAIYHOMY 3ai3i, Biananenomy 3a temneparypu 400°C mic-
JIT MOKpUTHYHOI aedopmartii, crioctepiraiy 30UThIIICHHS BiTHOIICHHS

. . . 1(110) o
IHTEHCUBHOCTI MakcuMyMiB —— (puc. 11.5, kpusa 1). Leit pesynbrar
(220)
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MO’KHA TOSICHATH 301IBIIEHHSAM PO3MIpIB 00JIaCTel KOT€PEeHTHOTO PO3-
CisiHHS, TOOTO €(EeKTOM MEPBUHHOI CSKCTHHKINI. BomHouac, Bimman
3paska micis KpUTHYHOI Aedopmanii HE NMPU3BOAUTH A0 301IBIICHHS
po3mipy cy63epeH (puc. 11.5, kpusa 2).

-
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Puc. 11.5. 3miHa BigHOLEHHS iHTeHcuBHOCTEN niHin (110)
Ta (220) nonikpucTaniyHoro 3anisa B npoLeci noniroHisawii

11.2. CTpyKTypHUIM aHani3
npoueciB pekpucTtanisauii

[Ipouecu pexpucranmizamii CrocTepiraroTbesl Micsl HarpiBaHHS Jie-
(hOpMOBaHMX MOJIIKPUCTAIIYHAX MaTepialiiB 10 TeMIeparyp, sKi nepe-
Bumyroth 0,47, Llei mporec cynmpoBOIKYEThCS 3MEHIIEHHSM BiTBHOT
€Heprii KPUCTAITIB YHACTIIOK YCYHEHHS CTPYKTYPHUX Ae(EeKTiB i MoB-
HOTO BiITHOBJEHHS (i3UKO-XIMIYHHMX BIaCTUBOCTEW MaTepiany. BimzHa-
YMMO, 110 BiTHOBJIEHHS CTPYKTYPH Ta BIacTUBOCTEH HenehOopMOBaHO-
ro MaTepialy CIOCTepiraeThCsl Ha MepuIiil cTaaii pekpucramisaii (mep-
BHHHA pEKpuUcTalizaiis). MexaHi3M Mpolecy peKpucTamizaiii BU3HA-
Ya€eThCs 3aPOLKEHHIM Ta POCTOM 3€PEH 13 HECIIOTBOPEHOIO KpUCTaNiy-
HOIO TPAaTKOIO0, BIAOKPEMIIEHUX Bix AeOpMOBAHOT MaTPHUIli BUCOKOKY-
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TOBHMH TPaHHUISIMH. 3a IMOJANBIIOTO HArpiBaHHs METally, B SIKOMY
BigOyJIMCh MPOILIECH MEPBUHHOI peKpHCTai3allii, COCTEPIracThecsl BTO-
puHHA pexpuctanizanis. Leit mpouec xapakTepu3yeThes 301IbLICHHAM
pO3MIpy 3€peH yepe3 MIrpamilo BHCOKOKYTOBUX rpaHuilb. Ciim Bimz-
HAYUTH, 10 Ha CTajii BTOPUHHOI pEeKpHCTai3alil crocTepiraeTbes iH-
TEHCUBHHUH PiCT OKPEeMOi rpynH 3epeH MOpiBHSIHO 3 iHmKMMU. Bognouac,
PYWIHHOIO CHIIOI0 BTOPHHHOI peKpHCTaii3allii € 3MEHIICHHS MOBEpX-
HEBOI eHeprii rpaHuIlb 3epeH 1 CKOPOUCHHS iX MPOTKHOCTI.

31e0UIbIIoro, Y JOCTIKSHHI MPOIECIB PeKPUCTAITI3allii BUKOPUC-
TOBYIOTh MeTaIorpadivHi Ta peHTTeHiBChKI MeTomu. MeTanorpadigauii
METO/JI 3aCTOCOBYIOTh ISl ciaOkomeopMoBaHUX MarepianiB (CTYIiHB
nedopmarii 10-15%), Toai sik BUBYEHHS CHIbHOAES(HOPMOBAHHX 3pa3-
KiB OoTpeOye 3acTOCYBaHHS PEHTI€HIBCHKUX METO/IIB.

B ocranHi poku, I BUBUCHHS PEKPUCTATI3AIIHHAX TIPOIIECIB IIH-
POKO 3aCTOCOBYIOTHh AU(PPAKTOMETPUUHI METOAM. 3aBIsKU aAudpakrTo-
MeTpaM J03BOJIIE MOKHA CYTTEBO 3MEHLIMTH TPHUBAJICTH BHUMIpIO-
BaHHsI, MiABHUIIUTH HOrO TOYHICTH BUMIPIOBAHHS, & TAKOX IPOBOAUTH
BHMIPIOBaHHS O€3MOocepeHbo MiJac HarpiBaHHS 3pa3Ka Ta i30TepMid-
HUX BUTPUMOK. Kpim TOro, amdpakroMeTpuyHi METOAW YMOXKIHB-
JIIOI0TH BUBYEHHS MPOIIECIB TEKCTYPOYTBOPEHHS i 9ac Aedopmarii Ta
peKpucTaizaii.

BukopucroBytoun AnpakTOMETPUYHUI METOJ, 3pa3oK Ta JEeTeK-
TOP PEHTICHIBCHKUX KBAHTIB BCTAHOBIIOIOTH B MOJIOXKEHHS, IO BifIO-
Bijlae OperiBCbKOMY KYyTy BiJIOMBaHHS OKpeMOro Mu(PaKIiifHOTO Makx-
cumyMmy. Ilicns 1poro, He 3MIHIOIOYM TIOJIOKEHHS JNiduibHHUKA (27)),
3pa3oK MOBEPTalOTh HABKOJO OCi TOHIOMETpa Ha AEKiIbKa TpaayciB B
OJMH 1 Ipyruil 6ik BiTHOCHO KyTa &, TOOTO MPOXOAATH YBECh KyTOBHI
iHTepBaN TUdpaKImifHOr0 MakcuMyMy. I BUXiTHOTO Ae(hOpMOBAHOTO
3pa3Ka 3aJIeXKHICTh IHTEHCHBHOCTI PO3CISIHHS BiJ] KyTa ITOBOPOTY 3pa3Ka
Mae BUTIsA maBHoi JiHiil. [lix yac HarpiBaHHs B JedopMOBaHiid Mart-
pHIIl MeTany 3apOKYIOThCSA 1 pOCTYTh HOBI 3epHA, IO MPU3BOAMTH IO
MOSIBM Ha KPHBiil IHTEHCUBHOCTI OKpEMHX IiKiB, 3yMOBIEHHUX AU(paK-
L€ Bijl 3epeH, sKi MOTpanwin y BifOuBaibHe mooxkeHHs (puc. 11.6).
Skmo mnanmaroue PEHTIeHIBCBKE BHIIPOMIHIOBAHHS MPOHHMKAE Ha
DMOWHY, CyMIpHY J0 pO3Mipy 3€peH, TO IPOaHaTi3yBaBIIN 1HTETPaTh-
Hy IHTCHCHBHICTP OKPEMHX IiKiB, MOXHAa BH3HAYHTH 3aJICKHICTbH
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IIBUJIKOCTI POCTY OKPEMHX 3apOJIKiB pEeKpHCTaIi3allii BiJl TPHBAJIOCTI
130TepMiYHOT BUTPHUMKH.

!’.l'.|'FH(’F.I'L'H!;‘J’J'.I"L'HN)

Tevnepamypa

Tpueanicme sionaay

Puc. 11.6. CxemaTtnyHe 306paxkeHHs 4acoBOI 3MiHW opmun
OudpakuinHoro MakcuMymy nif Yac HenepepBHOro HarpiBaHHS;
CTpifnka nokasye TemnepaTtypy noyatky pekpucranisauii

11.3. PeHTreHOCTPYKTYpPHi AocnigxeHHA npouecis
CTapiHHA MeTaneBuX cnnaeiB

Meranesi CIulaBy, ISl IKAX XapakTepHi MPOLECH CTapiHHA, MalOTh
3HA4YHE NpPaKTHUYHE 3acTocyBaHHA. Ilpomecu crapiHHSA CyTTEBO BIUIHU-
BalOTh Ha (i3WKO-XIMIYHI BIaCTHBOCTI MarepianiB. Baxxnusy poisb y ix
BHBYCHHI BiAirpaloTh PEHTTEHIBCbKI METOJH, 32 JOMOMOIOI0 SIKHX OT-
PUMYIOTH iH(OpPMAITiI0 TIPO MMOYATKOBI CTaIii IPOIECy CTapiHHS.

SIBuiIe CTapiHHS CIUIABIB CIIOCTEPITa€ThCs JHIIE TOM1, KOJIH PO3-
YHHHICTH OY/b-SIKOTO KOMIIOHEHTA CIIJIaBy 3MEHIIYETHCS 31 3HUKEHHIM
TemIreparypu. I'apTyBaHHSIM CIUIaBY 3a BHCOKHX TEMIIEpaTyp, MOXKHA
3aikcyBatu oqHOGA3HUI TBEpAUN PO3YMH, MEPEHACHYCHUH BIJIHOCHO
KiMHATHOI Temmeparypu. ICHye rpyma cijiaBiB, IO pO3MaAalOThCs 3a
KiMHaTHOI TemneparypH, 30kpema Al-Cu, Al-Cu-Si, Toai sk iHIII po3-
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NaJaloThCs 3a BUIMX Temieparyp, Hanpukiag Cu-Be (150°C), Mo-Fe
(550°C). Posmaj mnepeHacHuEHHX TBEPIMX PO3UMHIB 3a KiMHATHOI
TeMIepaTypy NPUHHATO HA3WBATH TMPUPOIHIM CTAPIHHAM, a 33 BUIIHMX
TEMIIEPaTyp — IITYYHAM CTaPiHHSIM.

XapakTepHo, WO MiJ Yac CTapiHHS 30UIBLICHHS TBEPHICTH, MeEXa
MIIIHOCTi, MPOCTEXKYETHCS 3MEHIICHHS BiJHOCHOTO BHIOBXKEHHS Ta
301BIIEHHS] TUTOMOTO EJIEKTPOOTIOpY. METOI0 CTPYKTYPHHX HOCIHII-
JKeHb IPOILECIB CTapiHHS € BCTAHOBJCHHs (ha30BOTO CKJaay Ta KpHUC-
TaNiYHOI CTPYKTYPH BHUIIUICHb y JIBOX- Ta 0araTOKOMIIOHEHTHHX CILIa-
Bax. OTOX, PO3TIISIHBMO PEHTTEHIBCHKI METOAHM aHaii3y MpOIEeCciB
CTapiHHS MOJIKPUCTAINIYHHUX CIUIABIB.

Metonu MOpPOIIKOBOT TU(PPAKTOMETpPii 3A€01IBIIOr0 BUKOPUCTO-
BYIOTH JUIS CIIOCTEPEKEHHS 3a 3MiHAMH IapaMeTpa IPaTKH NepeHacH-
YeHWX TBEPANX PO3UYMHIB y mporeci crapiaHa. Kpim Toro, Ha mi3HIX
CTaJisIX Mmpolecy MOXHa ieHTu(iKyBaTH (azy, IO YTBOPIOETHCS TiX
yac posnaxy. Ha nmanuii yac, po3risgaloTh ABa MEXaHI3MU MpPOLECY
cTapiHHas: ABox(da3Huil (reTeporeHHui) Ta ogHo(a3Hui (TOMOTEHHUN)
po3maj.

1) leoxgpaznuii (cemepocennuii) po3nao;

TumnoBi nudpakTorpamMu CIUIaBiB, IO 3a3HAIOTH TBOX(A3HOTO PO3-
najy IiJi 4ac HarpiBaHHs HaBelieHO Ha puc. 11.7, a. [lo npukiany, Ha
mudpakTorpamax criaBiB cucteMd Ag-Cu Ha TpPOMDKHIA cramil
CTapiHHS CIIOCTEPIraloThCs JIBi CHCTEMU JIiHiH, SKi BIAMOBIIAIOTH JBOM
MEpeHaCHYeHNM pO3YMHAM Ha OCHOBI Ag 3 pPI3HUMH NapaMeTpamMu
eJIEMEHTapHOI KOMIpKH. 301UIBIICHHS TPUBAJIOCTI 130TEPMIYHOT BUTPUM-
KH HE TIPU3BOIUTH JI0 3MIIIEHHs TUQPAKIIIHAX JIiHIH, OJJHAK IHTEHCUB-
HICTh JIiHIA BHUXIJHOTO TEPEHACHYEHOTO PO3YMHY 3MEHIIYETHCS 0
HyJnia. Po3man Takoro THIty MpUITHATO HA3UBATH 080XQasHum (2emepo-
2eHHUM), 1O 3YMOBJICHO ICHYBaHHSM JBOX TBEPJUX PO3YUHIB i3
OJHAKOBUM THUIIOM €JIEMEHTapHO1 KOMipKH, aJie Pi3HOI0 KOHLIEHTPALi€10
KoMITOHeHTIB. Llell Tum posnamy XxapakTepHUA THM, MO KPUCTAIITH HO-
BO1 (pa3u 3 MOCTIHHUM XIMiYHUM CKJIaJ0oM (OPMYIOTHCS JIMILE B KOHK-
peTHuX AOinsHKax o0’eMy 3paska. Ilpu mpoMy 006’eMHa yacTka HOBOT
(hazu 30imBIIyETHCA 13 301IBIIEHHSIM YHCIa HOBHX KpHUCTamiTiB. Bcra-
HOBJICHO, 110 ABOX(a3HUI PO3Maj MOXJIMBHU 3a Ay»e MOBUILHOI JU-
(y3ii KOMIIOHEHTIB CILIaBY i CIOCTEPIra€ThCs, HANPHUKIIAM B CIUIaBax
Cu-Sn, Cu-Be, Mg-Al ta iHmmx.
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2) oonoghasznutl (comozennutl) po3nao;

[HmMit MexaHi3M po3mnagy BIACTUBUI TakuM ciiiaBaM, sik Al-Si ta
Al-Cu. CTpyKTypHi HOCHIIUKEHHS MpOLEeCcy CTapiHHSA LMX CIUIABIB HeE
BUSIBUIN CITIBICHYBaHHS JIBOX TBEPJIUX PO3UYMHIB. SIK BUIHO 3 TUIIOBUX
nudpaxTorpaM, mokasaHux Ha puc. 11.7, 6, coctepiraerbcsi Hemepeps-
HEe 3MileHHs AM(PaKUiHHUX JIiHIH, 010 CBIAYUTH PO HENEPEPBHY
3MiHY XIMIYHOTO CKJIaJly TEPEHACHYCHOTO TBEPIOTO PO3YMHY TiI Yac
BiJnany ciuiaBiB. [Ipoliec cTapiHHS NPU HBOMY OXOIUTIOE BECh 00’€M
MaTepiary i TOMy OTPUMaB Ha3BY 00HODA3HO20 (20MO2EHHO20) PO3NAOY.

Iumencuanicms

!Jl}”l_"”'(_'f!fu'”l"l_'f”'h

1 L 1 | | |

Kym ouparyii Kym dugpparyii

a 6

Puc. 11.7. Tunosi gudppakrorpamu cnnaeiB, XxapakTepHi A1 NpoLecis:
A - oBoxda3sHoro Ta 6 - ogHodasHoro posnaay
(1 - BuxigHWi cTaH, 2, 3 - NpoMiXHa Ta KiHUeBa CTaflisi CTapiHHs)

MeTomoM Tpernu3iiHOTO BHUMIpIOBaHHS IapaMmeTpa elIeMEHTapHOT
KOMIpKH TiepeHacu4eHNX po3umHiB Al- Si BHSBIEHO HOro CrIaaHy
3aJIeKHICTh BiJl TPUBAJIOCTI 130TEPMiYHOI BUTPHMKH 33 TEMIIEPaTypH
218°C (puc. 11.8). [IpoananizyBaBuin L0 3aIEKHICTh, MOXKHA BHOKpE-
MUTH HACTYIIHI CTaii 0THO(PA3HOTO PO3MALIy:

1) inkyOaniiHuii nepion (IiIsSHKA a-b) - Mepio] KOMIpKU MepeHa-
cudeHoro po3unHy Al(Si) He 3MiHIOEThCS;
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2) crioHTaHHHUH po3naj (IUISHKa b-c)- Tepioll KOMIpKH CTPHOKO-
MO/I0HO 30UIBIIYETHCS, IO 3YMOBJICHO BUJAUICHHSIM JHUCIICPCHUX dac-
THHOK Si;

3) MeracrabiibpHa piBHOBara (IUISHKA ¢c-d) - TBEPIUI PO3YHH Mic-
TUTh HAJUIMIIOK JPYroro KoMnoHneHTa (Si);

4) koaryJsilis 4aCTHHOK HOBOI (hasu (Si) (minsiHKa d-e), picT 4ac-
THHOK CYIPOBOKY€ETHCS 301THEHHSM TBEPIOTO PO3YMHY aToMamu Si,
110 IPU3BOUTH JI0 301IbIICHHS TapaMeTpa KOMipKH.

L]

Hapamemp komipru

Tpusaanicno aidnary

Puc. 11.8. YacoBa 3anexHicTb NapameTpa efniemMeHTapHOi KOMipKu
cnnasy Al-Si nig yac Bignany 3a Temnepatypu 218°C

I3 30inblICHHSIM TeMIepaTypu HarpiBaHHs IIiJ[ 4ac BiAmany Bij-
OyBaeThCS CKOPOYCHHSI TPUBAIOCTI cTafii crapinHsa. KpiMm Toro, pos-
naj NepeHacuuYeHNX PO3UYMHIB CYTTEBO MPUCKOPIOETHCS Micsl MONepe-
HbOI mmacTuyHOi Aedopmamii croiaBiB. [loTpiOHO 3ayBaxkuTH, IO
HalcyTTeBilI 3MiHM (i3UKO-XIMIYHHX BIACTUBOCTEH CHOCTEPIraloThCs
Ha cTajlii CHOHTaHHOTO pO3Maiy.

[Tig gac po3nany nmeskux craBiB (Hampukmag Cu-Fe-Ni) Ha nud-
pakTorpamax 3pasKkiB MoOJIM3y OCHOBHUX JIiHIA MaTpHIli MOXHA TpPOC-
TEKUTH CIIa0Ki Ta PO3MMTI JIiHii, SKi HA3UBAIOTH camenimamu. X nossa
3yMOBIIeHa (hOpPMYBaHHSM TEPIOJUYHAX HEOJHOPIMHOCTEH TBEPAOTO
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po3unHy. Taky CTPYKTypy CIUIaBY Ha3HMBAOTh MOOYIbOBAHOI), & KPHUC-
TanorpadiuHi HaNpsSMKH, B3JOBXK SKUX BHHUKAE MOIYJIbOBaHa CTPYK-
Typa — HanpsIMKaM# MOJYJIALii. BincTanp Mik cepeinHaMu HEOIHOPI -
HOCTEH B3JI0BXX HANPSAMKY MOMIYJIALII XapakTepu3ye IOBKUHY XBHJII
monymsmii QO (puc 11.9).

I/\\ I/\\ I/\\ I/
\ VTV
VARV

(@]

Puc. 11.9. Cxema po3noginy HeogHopigHocTeN
B3[0BX HanpsMKy moaynsauii

Jis MatepiamiB i3 KyOiYHOIO KPHCTANIYHOIO TPATKOIO el mapa-
MeTp Moxe OyTH OOYHCIIECHUI Yepe3 KYyTOBY BiJICTaHb MK CaTEIiTOM
Ta OCHOBHOIO JIiHi€I0 A#:

_aH -1g(9)
AY

ne a — mapametp rpatku; (HKL) — imgexcn Mimtepa ocHOBHOI JIiHii

0 (H*+K*+I1%),

MaTpPHITL.

31 301MBIIEHASIM TPUBAIOCTI CTApiHHS CHOCTEPIraeThCs 3MIMIEHHS
KyTOBUX IIOJIOKEHb CAaTeNiTiB B OiK OCHOBHHUX IiHIM MarpHili, TOMY
mapameTp Q 30imbmIyeThes. BogHouac, po3MIMpEeHHS CATENITIB CBiA-
YUThH TIPO iICHYBAaHHS B CIUIABI JAUISHOK 3 PI3HUM 3HAYCHHSM JOBKUHU
XBWJII MOJTYJISILI.
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10.

MNMumarHs o po3diny 11

Aki gedekTn KpuctaniyHoi OyaoBKM cnocTepiralTbCsl B NIACTUYHO
aedopmoBaHuX MeTanax i cnnaesax?

Axi eTanu oxonmne npouec BIAHOBMEHHSA CTPYKTYpu Aedopmo-
BaHMX MeTanie nig 4Yac HarpiBaHHNA?

OnuuwiTe Taki cTagii npouecy NOBEpPHEHHS!, K BiAMOYMHOK Ta MoO-
TiroHisauis.

Aki 3MiHK cnocTepiraloTbCs Ha audpakTorpaMmax 3paskiB Ha PisHUX
cTagisx npouecy NoBepHEHHNA?

B 4yomy nonsarae npouec pekpucTanisaudii? Aki ctagii pekpucTanisa-
Lii BK 3HaeTe?

Lo Take siBMLLE CTapiHHA MeTanesunx cnnasgis? 3a sikMx yMOB Crnoc-
TepiraeTbCs ABULLE CTapiHHA?

Aka BigMIHHICTb Mi>XX NPUPOOHMM Ta LWTYYHUM CTapiHHAM?

B 4yomy BigMiHHICTb MiXX OAHO- Ta ABOXA3HUM MEXaHi3MOM CTapiH-
HA?

Ak Bigpi3HATLCA MK cODOK audpakTorpamu CrnfaeiB Ha PisHUX
CTagisx cTapiHHA 3a 04HO- Ta ABOX(A3HMM MEXaHi3MOM?

AKy CTpyKTypy HasuBaloTb MoAynboBaHow? Lo Take OoBXuHA
XBUMi Mmogynauii.
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Po3pnin 12

KBA3IKPUCTAIW. IHOEKCYBAHHA
ANDOPAKTOIMPAM IKOCAEAPUYHUX KBA3IKPUCTAIIB

KBazikpucranu € yHiKadbHUMH MaTepiajlaMH, SKi XapaKTepU3ylOThb-
Cs BIIMIHHMMH BiJl 3BUYAHUX KPHUCTATIB eJIeMEHTAaMH CHUMETPil, a came
— HasBHICTIO OCi CHUMeTpii m’sSToro mopsaxky. Brepiie kBasikpucTaiu
Oynu oTpUMaHi METOJOM TapTyBaHHS po3miaBy AlgsMn;4 3 MBHAKICTIO
oxomomkenns [ 10° K /¢ (Illextman, 1984 p.). Ha puc. 12.1 306pakeno

€IEKTPOHOTpaMy, Ha SKii MOXXKHA TPOCTEKUTH BiCh CHMETpIi IT’SITOTO
MOPSAKY 1 HASIBHICTB AANBHBOTO OPSIIKY 0€3 TPaHCIALIHHOT CHMETPii.

Puc. 12.1. EnekTpoHorpama LUBMUAKO
oxonomxyeaHoro posnnany AlgsMniy4

CTpyKTypy, fAKiil BiANOBiZae eleKTpoHOrpaMa Ha puc. 12.1, Ha3m-
BaOTh 1IKOCAEAPUIHOI0. 3ro0oM ii OyJI0 BUSBIEHO TAKOX B IHIINX CIIIa-
Bax Ha OCHOBI amoMiHito, 30kpema B Al-Ni-Co, Al-Cu-Co Ta iHmmx.
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[lomanpmii  CTPYKTYpHI  AOCHIMUKEHHA  TOCHPHUAIN  BIIKPUTTIO
KBa3IKpUCTAIIB 3 OKTa-, JeKa- 1 JIOJACKaroHaJbHOW cuMmeTpieto. Taki
CHCTEMH € MEePiOTUYHIUMHU B3I0BXK OCEll BOCHEMOI, AECATOI 1 ABaHAALATOT
MOPSAKIB, & NANbHIA MOPSAIOK BHSBIICHO Y TUIOIINHI, TEPIICHIUKY IIPHIH
Jo miei oci. 3 IBOrO MOXHA 3POOMTH Ba)JIMBUH BUCHOBOK, IIIO
HasBHICTh TPaHCIALINHOT cUMeTpii HE € 00OB’SI3KOBOI0 YMOBOIO JUIS
(hopMyBaHHS JaJbHBOTO MOPSIAKY Y TBEPAUX TLIaX.

OTxe, KBa3iKpUCTAJIAMA HAa3WBAIOTh TBEPAl TUIA, SKi BOJOMIIOTH
JabHIM TMOPSAKOM HETPaHCISLIMHOTO THUIY 3 HEKpUCTaJIorpadidHoIo
IIOBOPOTHOIO CUMETPI€I0 I1°SITOr0, BOCBMOTO, AECSTOTO 1 JBaHAILSTOrO
MOPSAAKiIB. 3ayBakUMO, IO KBa3iKpUCTAIN iICHYIOTh Juile y OiHapHUX i
0araTOKOMIOHEHTHUX CHCTEMaX.

[Nepmni kBa3ikpuCTany, OTPUMaHI METOIOM IIBUAKOT'O OXOJOMXKEH-
HS pO3IUTIaBy, OyJmM MeTacTaOiIbHHMH i BTpavalld CTIHKICTh Mg dYac
Bifimany, IO MPU3BOIWIO O Mepexoly y Kpuctamiyny ¢asy. Binbiie
TOro, sl ePEeKTUBHOI KpUCTali3alii NOTPiOHO 3a0e3MeYUTH MBUAKICTD
oxonomkenHs posmiasy [110° K /c. Po3mipn kBasikpucTanis He Tepe-

BHIyBAIA | MKM, IO YCKIAIHIOBAJIO IOCTIKCHHS IXHIX (i3HIHUX
BiacTUBOCTel. [lepmyM KBa3iKpUCTANIYHUM CILIABOM, OJIHE 3EpHO
siKoro mMajo po3mip npubmuzno 200 mkm, 0yB cra AlgCuLis. 3romom
oTpuMal cTabiinbHI ikocaeapuyHi ¢a3u B cucremax Cu-Mg-Zn, Al-Cu-
Co Ta inmmx. /[udpakmiiftai BUMiprOBaHHS 3acBiq4uian (GOpMyBaHHS B
HUX OlIbII TOCKOHANOI KBa3iKpHCTaliyHOi cTpyKTypH. Ilin yac Binnamy
3pa3KiB CIOCTEPITAIOCH 3MEHITICHHS ITiBIMUPHUHN PEHTTEHIBCHKUX JIIHIH,
IO CBIMYMJIO PO 3POCTaHHS CTYINEHS IPOCTOPOBOI KOTEPEHTHOCTI
CTPYKTYpH.

3a IOMOMOror Cy4yacHMX METOIIB BHPOILYBAaHHS KBa3iKpUCTAJIB
MOXHa OTPHMYBAaTH JOCHTH CTaOiIbHI OJHOIJOMEHHI 3pa3Kd BEITHMKOTO
po3mipy. CrorojiHi, HAWOUIBIINKA MPAKTUYHUN 1HTEPEC MAIOTh KBa3ik-
puctaniuHi craBu 3 nekaroHanbHO (Al-Ni-Co) Ta ikocaenpuuHORO
cumerpiero (Al-Pd-Mn, Al-Ga-Pb-Mn, (Y, Gd, Tb, Dy, Ho, Er)-Mg-Zn
Ta 1HII).

[HnexcyBaHHs iKOcaeAPHUYHHUX KBa3iKpUCTANIB IPYHTYEThCS Ha TO-
My, 110 OOOB’SI3KOBHM €JIEMEHTOM IX CTPYKTYpH € iKocaegp — Ipa-
BWJIBHUI MHOTOTPaHHUK, 1m0 Mae 20 TpukyTHHX rpanei, 30 pebep i 12
BepunH (puc. 12.2). Y KOXHIH 3 BEpIIUH 1KOcaeapa CXOAATHCS 5 pe-
0ep. OcobnmBICTIO CTPYKTYPH iKOCaenpa € Te, IO MiJ Yyac Mepexony B

217



o0epHeHUH POCTip BiH 3HOBY BiTOOpa)kaeThes B iKOcaenp, BIUCAHUN y
rimepky0 i3 mepioloM aep B IIECTUMIpPHOMY mpocTopi. Bekrop Takoi
00EepHEeHO1 TPaTKH € IIECTUMIpHHM, TOMY HOTO MOXKHA BUPA3UTH Y
BHIJIAI CYMH IBOX TPHOXMIPHUX BEKTOPIB

Q:QII +Qp

ne (J,— KOMIIOHEHTa BeKTopa B (pismyHOMY mpocTOopi, ), — KOMIIOHEH-
Ta BEKTOpA B MEPIEHIUKYIIPHOMY (I0JaTKOBOMY ) IPOCTOPI.

Puc. 12.2. F'eomeTpuyHa dpirypa — ikocaegp

VY KOCOKYTHill cHcTeMi KOOpOMHAT, sika MOOyZoBaHa Ha LIECTH
OCHOBHHMX BEKTOpaxX, CHpPSAMOBaHMX JO BepIIMH ikocaenpa ¢,(1, 7, 0),
q:(1, -7, 0), q30,1, 1), qu0 1,-1), ¢gs=( 0, 1), qs=(7 0 1)
(T=(1+\/§)/ 2 ), IHIAEKCH BiNOMBaHb BiJi aTOMHHUX IUIONIMH BH3HA-

YaroThCS, K BEJIWYMHH, OOEpHEHO MPOMOPIIiiHI Bifpi3Kam, IO BiATH-
HAIOTHCA Ha 0a3MCHHMX BeKTopax. Iparii B mpsMoMy mpocTopi 3 Gasmc-
HHUMH BEKTOpPaMHU (i, ¢2, ¢3, g4, {5, (¢ BIATIOBimae oOepHEHa TIpaTka 3
BEKTOPAMH 15 G2 G3» G4 G5, 6, A OC3POIMIPHHI BEKTOP

6
00EpHEHOT0 MPOCTOPY 3aMHCYIOTh Tak: () =Zniqi , e Halip uucen
i=1
(n1, ny, N3, N4, Ns, Ng) BU3HAYAE IHIACKCH BiIOMBaHb BiJl aTOMHHUX ILIO-
LUH.
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2sin(0) .

3B’A30K MK JUQpaKIifHUM BEKTOpOM k = 1 BEKTOpPOM

00epHEeHO1 TpaTKu 3amucyloTh y (opMi iHTepdepeHUiHHOro piBHIHHS
EBanbna:

PO
k—do, (12.1)

ne dy — TpUBHMipHa KOHCTaHTa KBAa3irpaTKH, BBEJEHA 32 aHAJIOTIEIO 3
1H/IEKCYBaHHSIM KPHUCTANIB, SIK PO3MIpHUIA MHOKHUK.

ITocritina dy DOpiBHIOE MIKILIOMIWHHIA BIiJACTaHI MEPIIOro BigOW-
BanHs (100000). 3HadeHHS TOCTIHHOI MIECTHBUMIPHOI 00epHEHOT Ipat-

KA a; , TOB’sA3aHa 3 d) CIiBBITHOLLICHHSM:
agp-d, =1/2(2+1). (12.2)

3 NIBOX OCTaHHIX BHpa3iB BUIUIMBAE, 110 MIKIUIONIMHHY BiJICTaHb
JIOBUTLHOTO BiIOMBaHHS MO’KHA BU3HAYUTH HACTYITHUM YHHOM:

d=—"0 (12.3)

D ng,
i=1

Bupas (12.3) nemoHCTpye, IO BiZHOLICHHS KBaapaTiB 0a3MCHOTO
dp 1 HacTynHUX 3HaYeHb d Mae OyTH, 5K 1 y BUNAAKY KPUCTAJIB, HIJTUM
YHCIIOM, PIBHUM CYMi KBaJIpaTiB iHIEKCIB:

d
(;O)2 =n’+n"+n’+n’+n’+n;. (12.4)

[opsin 3 ikocaeapuyHUM AJs IHAGKCYBAaHHS MU(paKTOrpaM KBasi-
KPHUCTaJIiB BUKOPUCTOBYIOTh OLNbINI 3pydHUil KyOiuHuil Oaszuc. Y mpomy
BUNAaAKy TpU Oa3WCHI BEKTOPHU BHOUPAIOTH y3/[OBX OCEH APYroro mo-
PAAKY, 10 IPOXOAAThH Yepe3 cepeanHu pedep ikocaenpa. B xkybGiunomy
00epHEHOMY TPOCTOpi 1HAEKCH BY3JiB OOEPHEHOTO IMPOCTOPY 3aIH-
CYIOTh, BUKOpHUCTOBYIOUH TpH uncia (H, K, L). OCKuUTbKY B HUX BXOJUTh
ippamioHajgpbHE YHCIO 7 , BOHH € ippamioHansHUMU. OmHAK, I
OUTBIIOT 3pYYHOCTI B MPOBEACHHI PO3PaxyHKIB, CIi MEPEUTH OO0 IITUX
3Ha4YeHb iHJeKCiB. J{ns nporo inaekcu (H, K, L) 3anucyIOTh Y BUTIISI:
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H=h+ht, K=k+kt, L=I+[T, (12.5)

ne hyh', k, k1,1 - micTe miaux gmce.
Mix o0Ooma cnocobamMu IIO3HAYEHHS 1HJAEKCIB BiJIOHWBaHb
(n,ny,ny,n,ng,n )1a(h,h,k,k,l,1)icHye Takuii 38’ s130K:

h=n—=n,, h =n,+ns k=n;—ng

3]

k'=n]+n4’
l:n2—n5’ [ '=n,+n,
1 HABMaKH:
2n1=h+k', 2n4=—h+k', 2n2=l+h',
2ng=—1+h, 2n,=k+1, 2n, =—k+[

Y Meromulli iHACKCYBaHHs, 3ampornoHoBaHiii JIx. KaHHoM, BHKO-
PUCTOBYIOThCS n1Ba iHAeKkcH (N, M), 3HaYeHHS SKHX BU3HAYAETHCS HAC-
TYITHAM YHHOM:

N=R+h>+k+k>+ +1?
M=h>+k>+1%+2(hh +kk +11")
3HaueHHs KBaApaTy AudpakuiiHoro BekTopa O Ipu IbOMY piBHE:
O*=N+Mrt (12.6)
ne ingekcu (N, M) BU3HAYAIOTh JIOBKUHH TPUBHUMIPHUX BEKTOPIB,

CIIPOEKTOBaHUX Ha (isuunuii mpoctip @, 1 NEpHEHAUKYISIPHUN
npocrip O, :

%0 [Nt
o m +Mt,

ep / _
QL —W T(NT M) .

Otxe, BUpa3 I MDKIDIONIMHHOI BiJICTaHI MOXXKHa 3aIllUCcaTH y
BUTJIAIL:

_%p 22+1)
N+ Mzt

d (12.7)
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B cucremi iHOEKCyBaHHS KBa3iKpHCTANiB, WIO 3alpOIOHYBaB
JIx. Kann, 0a3oBuii BekTop BimompanHs (100000) mae Burisn (2, 4).
Leit pednexc Ha audpakTorpami Mae HE3HAYHY IHTEHCHBHICTIO 1 HOTO
HE 3aBXK/IM MOXKHA BHSIBHTH IIiJ] 4ac eKcrepuMeHTy. [isi BU3HauCHHS
HOro MIKILIOIIMHHOI BiJICTaHI BUKOPUCTOBYIOTh CITiBBIIHOIIEHHS KpaT-
HOCTI MEpIIOro Ta Jpyroro BiIOMBaHb IKOCAGAPUYHOI CTPYKTYpH
B3JIOBXK OCi JIPyTOTO MOPSIIIKY, SIKE 3aIUCYIOTh y BUTIISII:

diy4 =d 5 T (12.8)

OTxe, MOXKHA CTBEPJKYBATH, 110 BITHOIICHHS KBaJpaTiB MIXKILIO-
IIMHHUX BijJicTaHeW 0a30BOro BekTOpa i OyJb-KOr0 HACTYITHOT'O CTa-
HOBUTH Lije yucio piBHe N. Konu Bimome 3HaueHHs N, MOKHA 004HcC-
ity iHneke M. I3 HaBepeHuX BUIe (OpPMYIN BHUILIMBAE, MO KBajpat
nudpakmiitHoro Bekropa O € yHIBEPCATbHOI BEIHYHHOIO, IO XapaK-
TEpU3y€e BCIO CTPYKTYpPY 1KOCACIPUYHOTO KBa3iKpHCTana Ta IHTEHCHUB-
HICTh BCiX BiIOMBaHb. 3a BiIOMHX TOBKHHH XBUJII BHUIIPOMIHIOBAHHS,
KyTiB audpakuii Ta 3Ha4eHb iHAekciB (N, M) MOXHa BU3HAYUTH Napa-

g, = [NH Mt (12.9)
T 4sin(H VN 1+t

3a npaBUIBHOTO iHACKCYBaHHS TU(PPAKTOrPaMH KBa3iKpUCTATIYHOT
(ha3u BCiM BiJIOMBAHHSM BiJIIOBIJATHME OJIHE W T 3K 3HAUCHHS dgp, 110
CBIIYMTUME IIPO HAJEKHICTH Li€i CTPYKTYPH O 1KOCACAPUYHO].

METp KBa3iIpaTKu:

MumanHs do po3diny 12

1. Aki asm HasmBaloTb KBasikpucTaniyHMMmn? FKoK € ronosHa Bia-
MiHHICTb MK KpMCTanamu Ta KkBasikpucranamm?

2. AlkKMM € OCHOBHMM MeTon OTpuUMaHHSA KBasikpuctanis? HasegiTb
NpUKNaan KeasikpucTaniyHmx Metanesnx cnnasis.

3. Ha 4omy r'pyHTYeTbCS MeTOA iHAEKCyBaHHSA AMdpakTorpam ikocaea-
PUYHMX KBasiKpucTanis?

4. B 4yoMy BUSBNAOTbLCA OCOGNMBOCTI MeToady iHAEKCyBaHHA Audpak-
Torpam kBasikpucrarnie metogom KaHHa?

5. Banuwitb BMpa3n ansa pospaxyHKy MiKMIOLWMHHMX BigCTaHen Ta na-
pameTpa KBasirpaTku ikocaeapuiHux KBasikpucranis.
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NPEAMETHUNA NOKAXYUK

AMIUTITY THUH PO3TIONLT
AMIUTITY THE PO3AITICHHS
bamxHil mopsigox
Bekrop YmoBa-IloiinTinra
BigOuBanpHa 34aTHICTE
BonbT-amriepHa xapakrepucTuka
T'oniometp
Herextop
Juckpuminarop
JdudpakromeTp peHTreHIBCbKUI
EnementapHa komipka
Edexkr:

- KomnTona 15

- Jommepa 21

- MIEPBUHHOT €KCTUHKITIT
3akoH 'yka
IuBapiant [Topona
Innexcu Mimepa
Inrerpan ®yp’e
InTeHcumerp
Inrepdepenuiiina ¢pynkiis Jlaye
KoedimieHT po3cissHHA

- AaTOMHHI

- MacoBUH
KoedirieHT mormuHaHHS

- MiHITHANT

- MacoBUH
Ksanparnuna popma
Kgazikpucran
Kpucran-monoxpomarop
MaxkpoHanpyru
Merton:

- HaliMEHIITUX KBaJpaTiB

- Binbsimcona-Xomna

- Jlaye

- TApPMOHIYHOTO aHaJi3y

- CyMiIlleHHS

-Baitnmreiina

-Kpor-Moe i Hopmana

- anreOpaiyHUX ITOJIIHOMIB

- CIDTaH- 1HTEPIOIAIIT

- YaCTOTHOTO (DiNBTPyBaHHS

- ingekcyBanHs Kanna
MexaHi3M cTapiHHA
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- nBox(ha3Hui

- OHO(a3HUIA
MIXIUTOIIMHHA BiICTaHb
Mixmy0eTHa BiICTaHb
Mikponedopmaris
MHOXHUK:

- aTOMHUI

- BaroBui

- TEOMETPUYHUN

- inTerpansuuit (Jlopeniia)

- ITOTJINHAHHS

- TIOBTOPIOBAHOCTI

- MOJIApHU3AIHHU I

- TeMIepaTypHui
MopnynboBaHa CTpyKTypa
OOepHeHa rpaTka
O0nacTh KOTEpPEeHTHOTO PO3CISTHHS
[Tapamerp:

- eJIeMeHTapHOT KOMIpKH

- OJIMKHBOTO MOPSIIIKY
[epiox ineHTHYHOCTI
[MoninucnepcHicTh
IMomocHa irypa:

- IpsiMa

- oOepHeHa
ITomtocHa ryctuna
Honspuzaris
[Motenuian 30ymKeHHs
[IpaBuia moracanus
IIpouec:

- IOBEPHEHHS

- BIIMIOYMHKY

- mostiroHizarii0

- pekpucTaiizanii

- CTapiHHSA
Paniyc:

- KOOpIUHALIHHOT chepH

- KOpeJsIil

- iHepmii
PiBHsIHHS:

- Jlaye

- Opurreitaa- Leprike
Posnoain

- Tayca

- Komri-Jlopenna

- IPOMIXKHUH
PoscisHus:
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- KOTepeHTHE

- HEKOT€pPEHTHE

- ryopecrienTHE

- mudysHe

- MaJIOKyTOBE
PozmmpenHs MakcuMyMiB

- biznune

- TEOMETpUYHE
Psan @yp’e
Crana bonsivmana
Cxema oxycyBaHHS:

- bperra - bpenrano

- Jlenra
CnexTp BUIPOMiHIOBaHHS

- HeTIepEPBHUM

- XapaKTEepUCTUYHUH

- IOBHUU

- mudpakIifHIA
CrexkTpoMeTp ABOXKPUCTATLHUN
CrpyKTypHa aMILIiTy 12
Cdepa EBanpaa
CrymiHb MO3ai4HOCTI
Texctypa:

- aKkciabHa

- KOHIYHa

- POKATKH
Tekcryporpama
YMmoBa:

- TUCTIEPCHOCTI

- 30HAIBHOCTI
®aza
dazoBwuii anai3

- SIKICHUHT

- KUTbKICHUH
®daxkrop:

- Jlebas-Bamnnepa

- aTOMHUH

- CTpYKTYpHHH
@OinpTpariss BUNPOMiHIOBAHHS
Onykryarii

- KOHIIEHTpaii

- YHCJIa YaCTUHOK
®oH Jlaye
dopmbaxrop
DOTOENEKTPOHHUM TOMHOKYBa4
DoToH
dopmyna
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- Bynea-bperra

- CemsixoBa-1llepepa

- JleOas

- I'inbe
®paxranbHa po3MipHICTE
OpakTanpHUil arperat (KiacTep):

- 00’emHHMH (MacoBHiA)

- IOBEpXHEBUH
OyHKIiS:

- Henbcona-Paiini

- Tayca

- Komi-Jlopenna

- Jlaye

- JeOas

- PO3MO/IiTy aTOMHOI I'yCTUHU

-paziagbHOTO PO3MOILTY

- KOpelsIiiHa

- pO3TOALTY 32 BiACTAaHAMH

- PO3MOALIY 3a po3MipaMu
XapakTepucTHYHa TeMIeparypa
Yucio:

- ABorazpo

- KOOpJIMHAITiiTHEe
inmaa Comnepa
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