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AHAJIN3 ®A30BbBIX IIPEBPAIIEHUII B VYIJIEPOJE / b. A.
Hampixkro, O.Bb. Hagmpixkto, A. b. Hagsikro // BAHT. Cep.
Teopernueckas u npuknagaas ¢usnuka. 2022. Bem. 2. C. 3-13.

Ananmu3 (a3oBBIX TPEBpaIICHU TpaduT-ajaMa3, TPOBEACHHBIA B
JaHHOW paboTe C HCIOJBb30BAaHMEM YHHMBEPCAJIBHOTO  yPaBHEHMS
COCTOSIHMS, YUYHUTBIBAIOLIETO WM3MEHEHHE SJIEKTPOHHOW  CTPYKTYpBHI,
TIOKa3bIBAaeT, YTO NMPH KOMHATHOW TeMIiepaTrype W JaBieHHH OKojo 20
I'Tla (o Hammm pacueram ~22 I'Tla) npoucxoaut 3JaeKTpOHHBIN (a3oBbIi
Tepexo/], KOTOPbIN SBISIETCSI OOpaTUMBIM M MCYe3aeT TPH Pasrpyske, Tak
KaK OH HE COIMPOBOKIAETCS U3MEHEHUAMH KPUCTAIIMYECKON CTPYKTYPHI.
Habmonaemoe npeBpaienne rpadura B anMazonoJo0HOE COCTOSHHE,
BEPOSTHO, CBA3aHO C TEM, YTO MMEHHO IPH ITHX YCJIOBUSAX HHEPIUs
BHEITHHUX HJICKTPOHOB aTOMOB YIJIEPOJa B CKaTOM TpaUTe CTAHOBHUTCS
PaBHOI SHEPTHM BHEIIHHX 3JIEKTPOHOB aTOMOB yTJIEPOJia B PACTSHYTOM
alMase, 9TO 00ECHeYMBacT BO3MOXHOCTH 3JICKTPOHHOTO (Ha30BOTO
nepexona 2p° (rpapur) B 252p® (ammas). Ilpu Gosee CHIBHOM CKATHH
alMa3 CTAHOBHUTCS CTAOWIBHBIM, arpapuT — METacTaOMIBHBIM.
OCHOBHOW TpPUYMHON Tmepexoma TpaduT-aiMa3 TMpH KOMHATHOM
TeMIiepaType, BepOsITHO, SIBJSIETCS MH(PPAKpacHOE TEIIOBOE M3JIy4eHHE,
YTO MOJTBEPHKAACTCA aHATM30M HU3KOTEMIIEPATYPHBIX 3KCIIEPHUMEHTOB U
PEe3KUM yMEHBIIIEHHEM BPEMEHH Mepexo/ia ¢ TMOBBIIICHUEM TeMIIEPaTypHl,
HAOJTIOaeMBIM B 3KCIIEPUMEHTaxX TNpH OoJiee BBICOKHUX TeMIepaTypax.
BpiBOg 0 CHIIBHOH 3aBHCHMOCTH BPEMEHH DJIEKTPOHHOTO (Ha30BOTO
nepexoza rpadur-aaMas t OT HHTEHCUBHOCTH MH(PPAKPACHOTO TEIIOBOTO
p3nydeHuss Wik temmeparypsl (t ~ T°) Moxer GBITH HE3aBHCHMO
TIOJTBEPK/ICH B SKCHEPHMEHTAX IO CTATHUECKOMY CKaTHIO Yriiepoja
(rpadura) TpHM KPHOTEHHBIX TEMIIEPATypax, KOTAa WHTEHCHBHOCTb
TEIJIOBOTO H3JIyYCHUS! PE3KO YMEHBIIACTCS M, CJIEJOBATEIbHO, BPEMs
nepexoja CWJIbHO YyBenuuuBaercs. Jlimst Toro 4roObl obecneduTh
BO3MOXKHOCTH TIEPECTPOHKH KPHCTAJUIMUECKOH CTPYKTYpPBI, HEOOXOIMMO
YBEIMYUTh TOABWKHOCTH AaTOMOB YIJIepoja, YTO MOXET ObITh
JOCTHUTHYTO BBLACPIKKON CKaThIX 00pas3ioB mpu 0Oojee BBICOKOM
TEeMIeparype WM CO3JaHHEM CHJIBHBIX CJIBUTOBBIX HAMNPSKCHUH.
IToxaszaHno, 4TO yIapHO-BOJIHOBOE cKatue MepPBOHAYAIEHO
CIIPECCOBAaHHON CMECH TOHKOJMCIIEPCHOTO aJMa3HOTO IOPONIKA |
qucToro yriaepopa (rpadura, QyuiepeHa | Ap., BO3MOXKHO TaKKe
YIJIEBOJIOPO/IOB) MOJKET TIPHUBECTH K 3HAYUTEIHLHOMY YBEIHUYCHUIO
pa3sMepoB KPUCTALIOB ajMasa. YTiepox (rpadyT WIH JIpyrHe «MsTKHe
¢dopmbl» yriepona) npu nasienun Boimie 100 I'Tla 3a ¢pponTom yaapHoi
BOJIHBI TIEPEXOJUT B alMa3oNojo0HyIo ¢aszy, Harperyio 10 Oosee
BBICOKOI TEMIIEpaTyphl, YeM TeMIIepaTypa CKaToro aiMa3HOro MOPOIIKa.
Brnaromaps BBICOKOH TEMIOMPOBOTHOCTH ajiMas3a, TeMIepaTyphl YaCTHIL
AQIMa3HOTO IIOPOIIKAa M ajMas3a, OOpa30BaHHOTO 3a CYET BBICOKOTO
JABIICHUS U TEMIIEPaTypsl 3a GPOHTOM yJapHOW BOJHBI U3 rpaduTa WiH
JIpyroro "MSTKOro" yriepona, CBS3BIBAIOIIETO YACTHIBI alMa3HOTO
MOPOIIIKA, BHIPABHUBAIOTCS, M, TAKMUM 00pa3oM, 0osiee KpymHbIA KPUCTAIIIT
anMasa o0pasyeTcss W3 HECKOJBKHMX YaCTHI[ aJIMa3HOTO IIOpPOIIKA H
YIJIEPOJIHOTO CBsI3ylOIero. B ciydae craTHdeckoro cxkatus Oosee
KpPYIHbIE ajMa3bl MOTYT OBITh 00pa30BaHbI M3 YAaCTHUI[ aJIMa3HOTO
MOPOIIKA M YIJIEpOJHOM CBSI3KM 332 CuYeT OOJIBIIMX  CJIBUTOBBIX
HalpsDKeHWH B YTIIEpOJHON CBSI3KE, CO3/aBAEMbIX Ha IPAaHMIE KOHTAKTa
yIJIepoJi-ajMa3, YTO CHJIBHO YBEJIMYMBAET CKOPOCTh IU(dy3un aToMoB



yriaepoaa K MOBEPXHOCTH YaCTHUIL] aJIMA3HOI'O ITOPOMIKA.

YK 535.375.5; 539.89

YHUBEPCAJIbBHAS 3ABUCHUMOCTD OT HABJIEHUA YACTOTHI
KOJIEBAHUA ATOMOB B TBEPJIOM TEJIE U CABUI" YACTOTHI
I[P KOMBUHAILIMOHHOM PACCESIHMU CBETA / B. A. Haxsikro,
O. B. Hagsikro, A. B. Hagpikro // BAHT. Cep. Teopernueckas u
npuknagHas usuka. 2022, Bem. 2. C. 14-31.

B crathe NONy4eHO aHANUTHYECKOS pEUIeHHe YpaBHEHHS I
KoneOaHnii aToMa B CkaToi sueiike Buraepa—3eiitma. [l 9acToTHI
KoJeOaHM B 3aBUCUMOCTH OT CTCIIEHH CXaTHi G = p/py IOIYYCHO
ypasuerne o(0) = wp (36™° —20)"?, rme wmHmekc 0 oTHOCHTCH K
HEC)KATOMY COCTOSIHMIO G = 1. lcmonb3yst 3aBUCHMOCTB JABJICHUS OT
crenenu cxatusi P(0) B mapamMeTpudeckoM BHIE MOTydYeHa 3aBHCHMOCTb
o(P) = o(c(P)). CpaBrenune Teopetndeckux kpuBbix o(P) mis anmasa,
BN, BP, Si, SiC, GaP, InP, AIN, GaN, InN, ZnO u Ge noka3sIBaeT O4€Hb
XOpollee coryiache BO BCed 00JIaCTH IKCIIEPUMEHTAIIBHBIX ycinoBuid. OHO
JIOKa3bIBaeT, 4YTO TEOPHUsS SIBISCTCS MPOCTHIM U SPHEKTUBHBIM
WHCTPYMEHTOM JJIsi M3ydeHus 3aBucuMocTH o(P) u Ipyrux BaKHBIX
CBOMCTB TBEpIBIX TeJI, M TMOJE3HOH aJbTCPHATUBOH MOJCIAM
MIOJIMHOMHUAJIBHO I IKCTPATIOJISILIUH u (hEeHOMEHOJIOTHYECKUM
OPUOIIIDKEHUSIM,  OOBIYHO ~ HCIIOJB3YEMBIM UL 3aBHCHMOCTH
PaMaHOBCKOTO C/IBHTa OT JaBJICHHSI.

[Tosy4eHpl NPUOIMIKECHHBIC SBHBIC AHATUTHYECKUE 3aBUCHMOCTH
P(w) u o(P): P/By =0,326586((w/me)*' — 1) u wlw, = (1+ 3,062
P/Bo)m'l, C BBICOKOH TOYHOCTBIO OMHUCHIBAIOIIKC JKCIICPUMEHT. M3 HUX
BHJTHO, YTO YAaCTO MCIOJIB3YyeMOE KBaJIPaTHIHOE PA3IOKEHHE O = g +aP
+ bP? sBHO HempuMenmMo npu P > By/3. IlomydeHHble ypaBHEHHS
MOJIE3HBI TAK)KE TPH aHANINW3e DHEPTUH KOJICOaHHi aTOMOB B TBEPBIX
Teaax, MONYYCHHBIX METOJOM HEYIPYroro paccesHus HEHTPOHOB H
METOIOM HEYNMpyroro  pEe30HAaHCHOTO  SIACPHOTO  PACCESIHUS
PEHTTEHOBCKOTO U3JIy4YeHHSI.

YK 519.6; 533.9

MMPAMOE 3D 4YHNCJIEHHOE MOJIEJIMPOBAHUE PA3BUTUA
HEYCTOMYUBOCTU U TYPBYJIEHTHOI'O IEPEMEILIMBAHNS B
TEYEHWU CO CJIBUT"OM CKOPOCTU B MAT'HUTHOM IIOJIE / C.
W. TI'maseipun, M. O. Eryxosa, B. A. Xwaiino, B. II. Cramenko //
BAHT. Cep. Teopernueckas u nmpuxiagHas ¢usuka. 2022. Bem. 2. C.
32-50.

UHCIIeHHO WCCIeAyeTCcs pa3BUTHE HEYCTOHYHBOTO CIBUTOBOTO
TEYCHHUS WICAITBGHO NMPOBOMAAILICH IUIa3MBI B MarHUTHOM TIioyie. PacueTs
nposeneHsl 1o 3D meroauke TPOK — MI'/l. HauanbHoe nosie 3aaBanock
TTOCTOSTHHBIM BO BCEH cueTHOU 00smacTu. PaccMaTpuBasiich ABe 3aa4u: a)
TI0JIe MapaJIeIbHO CKOPOCTH; 0) MoJie HOpMaIbHO K TIOBEPXHOCTH CKavKa
cKopocTH (paszena cpem). Pe3ynabTaThl pacyeToB CpPaBHUBAIOTCS C
COOTBETCTBYIOIIUMHU PE3yJbTaTaMH pPacdeToB 0€3 MArHUTHOTO TOJS H
aHaau3a 1mo Moan(UIMPOBaHHONW K —& Momenu.

ABSTRACT

THE ANALYSIS OF GRAPHITE-DIAMOND PHASE
TRANSFORMATIONS / B. A. Nadykto, O. B. Nadykto, A. B. Nadykto
/I VANT. Ser.: Theoret. i prikl. fizika. 2022, N 2. P. 3-13.

The analysis of graphite-diamond phase transformations carried out
in this work using the universal equation of state, which accounts for



changes in the electronic structure, shows that at the room temperature
and at the pressure of about 20 GPa (~22 GPa, according to our
calculations), an electronic phase transition occurs, which is reversible
and disappears upon unloading due to not being accompanied by changes
in the crystalline structure. The observed transformation of graphite into a
diamond-like state is likely to occur due to the fact that it is under these
conditions that the energy of external electrons in carbon atoms in
compressed graphite becomes equal to the energy of external electrons of
carbon atoms in stretched diamond, thus providing a possibility of the 2p®
(carbon) to 252p2 (diamond) electronic phase transition. At a higher
compression, diamond becomes stable, while graphite is metastable. The
main reason for the graphite-diamond transition at room temperature is,
likely, an infrared thermal radiation and this is confirmed by the analysis
of low-temperature experiments and sharp decrease in transition times
with an increasing temperature observed in experiments at elevated
temperatures. The conclusion that there is a strong dependence of the
graphite-diamond electronic phase transition time t on the intensity of
infrared thermal radiation, or temperature T (t ~ TS) can be independently
validated in experiments on static compression of carbon (graphite) at
cryogenic temperatures, when the intensity of thermal radiation
drastically decreases and , hence, the transition time greatly increases. In
order to provide a possibility for the crystalline structure rearrangement, it
is necessary to enhance the mobility of carbon atoms, which can be
achieved by holding the compressed samples at a higher temperature, or
by creating strong shear stresses. We show that the shock-wave
compression of an initially compacted mixture of fine diamond powder
and pure carbon (graphite, fullerene and others, also possibly
hydrocarbons) may lead to a significant increase in the size of diamond
crystals. Carbon (graphite or other “soft forms” of carbon) at the pressure
above 100 GPa behind the shock wave front transforms to a diamond-like
phase heated to a higher temperature than that of the compressed diamond
powder particles. Due to the high thermal conductivity of diamond, the
temperatures of the diamond powder particles and diamond formed due to
the high pressure and temperature behind the shock wave front from the
graphite, or other "soft" carbon binding equalize, and thus, a larger
diamond crystal is formed from multiple diamond powder particles and
carbon binding. In the case of static compression, larger diamonds can be
formed from diamond powder particles and carbon binding due to large
shear stresses in carbon binding created at the carbon-diamond contact
boundary that drastically increases the diffusion rate of carbon atoms to
the diamond particle surface.

UNIVERSAL PRESSURE DEPENDENCE OF THE ATOM VIBRATION
FREQUENCY IN A SOLID AND FREQUENCY SHIFT IN RAMAN
SCATTERING OF LIGHT RADIATION / B. A. Nadykto, O. B. Nadykto,
A. B. Nadykto // VANT. Ser.: Theoret. i prikl. fizika. 2022, N 2. P. 14-31.
The paper presents an analytical solution of the equation describing
vibrations of an atom in a compressed Wigner-Seitz cell. For the
oscillation frequency depending on the compression ratio 6 = p/pg, the
equation ®(c)= g (3(54/3—26)1/2 is obtained, where index O refers to the
uncompressed state ¢ = 1. Using the dependence of pressure on the
compression ratio P(c) the dependence w(P)= w(c(P)) is obtained in
parametric form. A comparison of the theoretical w(P) curves for
diamond, BN, BP, Si, SiC, GaP, InP, AIN, GaN, InN, ZnO, and Ge shows
a very good agreement over the entire range of experimental conditions. It
proves that the theory is a simple and effective tool for studying the
dependence of w(P) and other important properties of solids and a useful
alternative to the polynomial extrapolation models and phenomenological
approximations commonly used for the pressure dependence of the
Raman shift. Approximate explicit analytical dependences P(®) and o(P)
are obtained: P/By = 0,326586((w/mg)*~1) and w/wg = (1+3.062

P/Bo)1/3'1, which describe the experiment with a high accuracy. It can be



seen from them that the often used quadratic expansion ® = mg + aP + bp?

is clearly inapplicable for P > Bo/3. The equations obtained are also useful
in the analysis of the energy of atomic vibrations in solids obtained by the
method of inelastic neutron scattering and the method of inelastic
resonant nuclear X-ray scattering.

3D DIRECT NUMERICAL SIMULATION OF THE DEVELOPMENT
OF INSTABILITY AND TURBULENT MIXING IN A FLOW WITH
VELOCITY SHEAR IN THE MAGNETIC FIELD / S. I. Glazyrin, M.
Yu. Eguzhova, V. A. Zhmaylo, V. P. Statsenko // VANT. Ser.: Theoret. i
prikl. fizika. 2022, N 2. P. 32-50.

The development of an unstable shear flow of perfectly conducting
plasma in the magnetic field is numerically studied. Computations were
carried out using the 3D TREK-MGD code. The initial field was constant
over the entire computational domain. Two problems were considered: a)
the field is parallel to velocity; b) the field is normal to the surface of
velocity jump (interface of media). The results obtained are compared to
the corresponding results of the computations without the magnetic field
and the results of the analysis using the modified k-& model.



