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IM(py3HOOMHAMIYHOI A PaKTOMETPii

2. Effects of azimuthal asymmetry of radiation scattering in crystals and new possibilities of diffuse-dynamical
diffractometry

Pedepar:

1. Tlogana po60Ta NpUCBsSYeHAa BUPIlIEHHIO FOJI0OBHOI 3a1a4i (Ppi3vKy TBEPIOTo Tifla, a caMe po3poblii eKCIIPECHUX
iHpOpMaTUBHUX HEPYNHYIOUMX METO/IiB CTPYKTYPHOI 1iarHOCTHKH, 3 METOI0 BCTAHOBJIEHHS HA OCHOBI ix
BHUKOPHUCTAHHS 3B'I3Ky MDK CTPYKTYPOIO i BJIACTUBOCTSIMU pPO3pO0JIIOBAHUX MaTepialiB HOBOi TEXHIKU. Yriepiie B
Iyceprallii eKCIIepUMEeHTaIbHO BCTAaHOBJIEHO e(PeKTU acUMeTpii a3uMyTasbHOI (Bif a3MMYTaJIbHOTO KyTa j)

3aJIEXKHOCTI TIOBHOI iHTETrpasibHOI iHTEHCUBHOCTI AMHaMidHOi audpakuii (A3 [TII[]]]) peHTreHiBCbKUX IPOMEHIB B



KOCOHECHMMETPHUYHIll reOMeTpii Ha BiOMBAHHS Yy MOHOKPUCTAJIAX 3 MOPYLIEHUM [TIOBEPXHEBUM LIAPOM Ta
IUHAMIYHO PO3CiI0I0YMM 06'eMOM 3 6araTbma TunaMu nedeKTiB 3 OJHOPITHMUM Ta HEOTHOPITHUM iX PO3MO/IiToM 3a
rubrHOo0 KpucTana. Jlo 11poro BiakpuTTs BkaszaHi A3 IMIIJ1J] njia HemockaHanuX KpUcTaiiB, HopMmoBaHi Ha A3 1111]]
1714 ifeanbHO MePioJUYHUX BiONOBIIHUX KPUCTAJIB, CIIOCTEPIraJnch Jnlle CAMETPUYHUMU BifHOCHO j = 90°. [Ipu
LIbOMY NEPIIMI 3 BUSIBJIEHUX B AUCePTaLii epeKTiB xapaKTepuayBaBscs MosiBoto Mmakcumyma A3 T mpu j = 100°, a
opyruii npu j = 80°. B guceprauii po3kputo ¢pisuuny npupony uux epexris acumerpii A3 I Ta cTBOpeHO
CIIPOILEHi €BpiCTYHI Mogei ix popmyBaHHs. [TokazaHo, o nepuuil eekT acCuMeTpii 06yMOBIEHUH 3aJ1€KHUM
Bifl a3MMYTaJIbHOTO KyTa j MOCUJIEHHSIM BHECKY iHTE€rpasbHOI iIHTEHCUBHOCTI IU(Y3HOTO PO3CiSIHHSI PEHTTE€HIBCbKUX
[IPOMEHIB B pe3yJIbTaTi CIIiJIbHOI KOHKYPYI04Oi Iii AuHaMidHUX edeKTiB, SIKi MaIOTh Pi3Hi 3aJIEXKHOCTI Bill a3UMYTY,
ajie BU3HAYaJIbHOIO IIPU LIbOMY BUSIBUWIACh a3UMYTaJIbHA 3aJI€5KHICTh KYTOBOI IIMPUHU 0671aCTi €eKTy I0BHOTO
Bifg6uBaHHs 1UQy3HOi cknanosoi [TII1]1, TO6TO roJI0BHOrO AMHAMIUYHOrO €(PEKTy B NUQpaKLii Ha BigOMBaHHSL.
BcranoBneHo, o Apyruil epekT acumeTpii 00ymoBiieHnit epeKToM iHTepdepenLii 1udparobaHux IPOMEHIB Bif,
KiHEMaTU4HO i JMHaMiYHO PO3CilOI04MX L1aPiB, SIKUI1 Ma€e MPOTUJIEXKHY y MTOPIBHSIHHI 3 NepIIuM epeKToM acuMeTpii
3aJI€KHICTD Bif] a3MMYTaJILHOTO KyTa j. B pe3ysbrarti Ha 1iili OCHOBI, a TOJIOBHE Ha OCHOBI BCTaHOBJIEHOTO
IIPOTUJIEXXHOTO 3HAKY BIIMBY Ha BeJIMYMHU OPErTiBChKOI i AUQY3HOI CKIaOBUX (Ta BiTIOBIHO HAa BEJIMYUHU
3aJIEXKHUX BiJl [IUX CKJIAJOBUX BHECKIB Bif, pisHux Tumis gedektiB y A3 [TII]]]T), a came BIJIMBY WIMPUHU 06J1aCTi
IIOBHOTO BifJOMBaHHS, 5IKa JIETKO KEPYEThCS 3MiHAMM a31MyTaJlbHUMU KyTa j Ta IIPU 30iJIbIleHi sIKOi pocTe
OperriBchbKa i criafiae B3aeMOY3TrOIKEHO OU(y3Ha CKIALIOBI, 3 METOK PO3BUTKY CTBOPEHOTO, HELIOABHO HOBOTO
IIOKOJIiHHS, a came (a3oBapianiifHoi AiarHOCTUKY, B AyicepTaliii po3po6JeH0 HOBUH MifXif, i psi METOIVK 3
HOBITHIMM MOJKJIMBOCTSIMU SIK YyTJIMBOCTI, TaK i iHpOpPMaTUBHOCTi HEPYIHYIYO0i CTPYKTYPHOI JiarHOCTUKU
BKa3aHUX 06araTornapaMmeTpUYHUX CUCTEM CaMe LIJIIXOM BUKOPUCTAHHS BiIKPUTUX B POOOTI HOBUX MOXKJIUBOCTEH,
30KpeMa, LiJIeCIIPSIMOBAHUMU 3MiHAMU a3MMYTaJIbHOTO KyTa Ta BiJ[IOBIIHO MIKMPHHAX 06JIaCTi IOBHOTO BiOMBAaHHS
B32€MOY3rO[I)KeHO KepyBaTy BUOIPKOBUM IIPOSIBOM B KapTUHi po3cigHHs (A3 III[1]]) mocnigoBHO KOXHOTO 3
IIPUCYTHIX TUIIB NedeKTiB 1J1s1 3abecneyeHHs Y 0CKOHalIeHHs Ta 6iblll e(deKTHUBHOI peasnisalii pazoBapiauiiiHux
IpUHLUIIIB. TakoX NOJATKOBO 3alIPOIIOHOBAHO B POOOTI PEKYPEHTHI NIPOLelypy YMOBHOTO pO36MBaHHS HA MIApU 3
OfHOpigHUM po3noainoM nedexTis. lle 703BonI0 BU3HaYaT HEOOHOPITHUI PO3MOAia AedeKTiB 3a rIMONHOIO 1S
BUIIAJIKy MJIaBHUX [TPoQisiB posnofiny nedekxTis (KOXXHOro 3 6araThbox TUIIIB) B 6araTonapaMeTpuyHuX CUCTEMax

IMHAMIYHO Ta KiHEMaTUYHO PO3CiI0I0YMX KPUCTAJIAX.

2. In the work, one of the main problems of solid-state physics notably the development of express informative
non-destructive methods of structure diagnostics for establishing an interrelation between the structure and
properties of the materials for the new technique is solved. For the first time, the effects of asymmetry of
azimuthal dependence (AD) of the total integrated intensity of dynamical diffraction (TIIDD) in single crystals with
disturbed surface layer (DSL) and inhomogeneously distributed microdefects of different types are demonstrated.
Previously, AD TIIDD for imperfect single crystals normalized by AD IIDD for perfect crystals, observed only
symmetric with respect to j = 90°. The first effect identified in the dissertation is characterized by the appearance
of the maximum AD TIIDD at j = 100°, and the second effect is characterized by the appearance of the maximum
AD TIIDD at j = 80°. In the work, the physical nature of these effects of asymmetry of AD TIIDD is discovered and
the simplified heuristic models of their formation are created. It is shown, that the first effect of asymmetry is due
to the azimuthal angle-dependent amplification of the contribution of the integrated intensity of diffuse X-ray
scattering. This amplification is a result of the combined competitive action of dynamical effects of total reflection
and extinction due to diffuse scattering and interference absorption, which have different dependences on
azimuth angle. This effect is manifested experimentally only with increasing defect sizes. The defect sizes regulate
the manifestation and result of the interaction of contributions with different signs of these dynamical effects
depending on the azimuthal angle and other diffraction conditions. However, the azimuthal dependence of the
effect of total reflection of the diffuse component of TIIDD is the main. It is shown, that the second effect of
asymmetry is due to the interference of diffracted rays from kinematical and dynamical scattering layers. This
effect has a special azimuthal dependence notably its contribution increases in contrast to the decrease of diffuse
scattering contribution on large dislocation loops with decreasing azimuthal angle lower than 90°. As a result, the



possibility of selective increase of the structural sensitivity of AD TIIDD of X-rays to the DSL parameters of the
crystal with defects is established and realized. In addition, the accuracy of the supplementary determination of
the characteristics of the large defects in the dynamical scattering layer is provided. This supplementary
determination is carried out already taking into account the calculated parameters of DSL and at the azimuthal
angles above 90°, when the contribution of large defects is main. This possibility significantly increases the
sensitivity and informativeness of the method of AD TIIDD and non-destructive multi-parameter diagnostics in
whole. Particularly, the method of AD TIIDD gives a new convenient parameter o for control of selectively the
manifestation of defects of different types (its changes every ten degrees twice change the width of the total
reflection region and up to 40% of IIDD of perfect crystals change the contributions to AD TIIDD from each type of
defects separately). For the first time based on the effects of asymmetry of AD TIIDD, the created physical model
of formation of these effects and the developed theoretical model of AD TIIDD a generalized diagnostic approach
was developed and implemented. This approach is suitable for multiparametrical diagnostics of inhomogeneous
distribution of defects by depth in single crystals for the case of smooth profiles of the distribution of defects (each
of many types). Thereby the principles and experimental methods for determining the inhomogeneous distribution
of microdefects in kinematical scattering crystals were created. The experimental revealed effects of asymmetry of
AD TIIDD and established features of their physical nature became the basis for the creation of the physical bases
and models of the new diffractometric approach and, in particular, methods with the increased functionality of
sensitivity as well as informativeness of multiparametrical phase-variation diagnostics. The main feature is
opposite sign of influence of the width of the region of total reflection on Bragg and diffuse components of TIIDD
(and accordingly on values of dependent on these components contributions from DSL or large dislocation loops).
The influence of the width of the region of total reflection is easily controlled by changes in the azimuthal angle o.
The increasing of mentioned width leads to rising Bragg component (and the contribution from its interference
with rays from DSL) and decreases diffuse component.
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