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PACUHET TEPMOIAMHAMUYECKUX XAPAKTEPUCTUK BOJOPOJA
UCXOAd U3 CTATUCTHUYECKOM CYMMBbI / B. A. HAIBIKTO, O.B.
HAJZIBIKTO, A. B. HAIBIKTO // BAHT. CEP. TEOPETUYECKAS U
MMPUKIIAJHAS ®U3NKA. 2022. BBIII. 3. C. 3-20.

TepMonnHaMu4ecKHe CBOMCTBAa pa3IM4YHBIX H30TONOB BOAOPOAA B
9KCTPEMANIBHBIX YCIOBUSIX KPUTHYECKH Ba)KHBI VIS (DM3UKH IUIa3Mbl, BKJIIOYAsS
TepMOsIAEpHBIN cuHTe3 ¢ mHepnuoHHBIM yaepxkanueM (ICF), n actpodusuxy,
BKJIIOUas Teruioe miotHoe BeniectBo (WDM). OcHoBHast mpobieMa Ipu pacyere
TEPMOJANHAMUYECKUX CBOMCTB BOJOPOJHON IJIa3MBl COCTOMT B TOM, 4YTO €€
cratuctudeckas cymma (CC) ¢ sHepreTHUeCKUMHU YPOBHSAMHU CBOOOTHBIX aTOMOB
H pacxoaurcs. 3neck Ml nokassiBaeM, yTo CC aToMoB H ¢ ypoBHSAME 3HEprum,
YUMUTHIBAIOUIMMM KOHEYHBIA pa3Mep AaTOMHOM S4EMKH B 3KCTPEMalbHbIX
YCIIOBUSIX, CXOIUTCSI M, TAKUM 00pa3oM, MOXKET HCIIOJIb30BaThCS JUIS MPSIMBIX
BBIYHMCIICHUH COOTBETCTBYIOUIMX TEPMOJMHAMHYECKMX (QYHKIUH C O4YeHb
HU3KMMH BBIYHCIUTENbHBIMU 3aTpataMi. Konednas CC Oblna ucnonb3oBaHa ISt
MONyYeHHs1  yHUBepcanbHOro ypaBHeHus cocrosHus (YPC) Bomopona
B LIMPOKOM Juana3zoHe mnapamerpoB. IlomyuenHo VYPC, kotopoe anekBaTHO
OIMUCBHIBAET COCTOSIHUE BOAOPOJA BO BCEM IHANA30HE IUIOTHOCTEH M TEMIEPATYp,
BKJIIOYas XOJIOAHYIO KpuByto. ITokazano, uro HOBbIN YPC xopouio cornacyercs ¢
UMEIOIUMUCA U3MEPEHUAMH M PACYETAMU, BBINOJHEHHBIMH C HCIONB30BaHUEM
CaMBIX COBPEMEHHBIX BapHaHTOB Teopun ¢GyHKMA MmioTHOCTH (DFT)
U KBAaHTOBBIX MeTo0B Monte-Kapio. D10 o03HawaeT, 4TO HOBBIM IOJIXOX
MpeACTaBIsieT  CO00M  JKM3HECIIOCOOHYI0  HENOPOTYI0  aJlbTEpPHATHUBY
BBIIICYNIOMSAHYTBIM  TPAJUIIMOHHBIM METOAaM, BBIYUCIUTEIBHBIE 3aTPATh
KOTOPBIX BO MHOTHX CIy4asx HeMOMepHO BbICOKHU. [lockomibky cxonsmascs CC
M COOTBETCTBYIOIIME TEPMOAMHAMHUUYECKHE (YHKIUHM OBLIM BBIBEJCHBI B
AQHATMTHYECKOH (opMme, TomydeHHble (OPMYJIBI MOTYT HCHOJB30BATHCS IPH
MOJIEINPOBAaHUK MHOXKECTBA MPOLECCOB U CHCTEM, UTPAIOLIUX BaXKHYIO POJIb B
(uznke ma3Mel 1 actpodusuke, xmodast [CF u WDM.

YK 539.89; 539.58

OJIEKTPOHHBIE ®A30BBIE ITEPEXO/IbI B CO)KATBIX TBEP/IbIX TEJIAX
n HOBBIE INKAJIbI JABJIEHUA JJIA CHMWXEHUA
HEOITPEAEJIEHHOCTHU MPH KAJIMBPOBKE JABJIEHUA /
b. A. HAJABIKTO, O. b. HAABIKTO, A. b. HAJABIKTO // BAHT. CEP.
TEOPETUYECKAS U ITPUKIIAJTHA ST ®U3MKA. 2022. BBIII. 3. C. 21-37.
[MokazaHo, uto 6e3pasmepHoe ypaBHenue coctosiHus (YPC) s xonoaHoro
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nasnenust P /3By =( , tme B — momynp o6bemMHOrO Coxatus, p —

IJIOTHOCTb, G =p/py — CTeHeHb cxaTus, a uHIekc 0 OTHOCHTCS K CBOMCTBAM

MaTtepuana npu HyneBeix Temmeparype T =0 K u maBaennn P =0 ITla,
SBISICTCS YHUBEPCAIBHBIM M aJE€KBATHO OINMCHIBAET C)XKATHE METAJlIOB,
JTVRJIEKTPUKOB M COeTUHEHUH. [IpeoKeHo 1 OIIeHEeHO M0 SKCIePUMEHTAIbHBIM
TaHHBIM HOBoe XxosonHoe YPC nmst anmasa ¢ pg = 3,515 reM o u Bo= 442 I'Tla.
TmarenpHas OLIEHKA HOBOIO YPAaBHEHUs COCTOSIHUS II0Ka3bIBaeT, YTO OHO
XOPOUIO COTNIacyeTcs ¢ SKCIEPUMEHTaMU 110 CTATHUECKOMY U yIapHOMY C3KaTHIO
npu pasneHusx a0 1400 I'Tla. Takum oOpa3oM, OHO MOXKET MCHOJIB30BATHCS B



KauecTBE HOBOI aMa3HOW IIKallbl JaBJICHMS, TJie IUIOTHOCTH ajMasa u
UCCIeyeMoro MaTepHaia n3MepsieTcsi C IIOMOILBI0 PEHTTEHOBCKOM udpakiuny,
a P(p) Beipaxaercs uepe3 EOS anmaza. Pa3zpaborana HoBasi pyOuMHOBasI IIKasa

7.2
nasienus P :% (1+A_7»j —11, rme Ay = 694,24 — nyumHA BOJHBI JUHUU

7,2 o

¢bnyopecueHuunu pyouna R1, a AL = AL(p) — CABHT JHHHUHU IIPH CKATUH.
VK 536.71; 524.3-17; 510.67

PEJBITUBUCTCKOE YPABHEHUE COCTOSHUS / B. A. HAIBIKTO, O. b.
HAJZIBIKTO, A.B.HAJIBIKTO // BAHT. CEP. TEOPETUYECKAS WU
MMPUKJIIAIHA S ©M3UKA. 2022. BBIII. 3. C. 38-44.

BeIBeZicHO HOBOE PENIITHBUCTCKOE YPAaBHEHHE COCTOSHUS TIPH HYIEBOM
TeMIepaType, HCXOAd M3 MPEANOJIOKEHHs, UYTO BCe YIpyroe (XoJogHOE)
JlaBJICHHE B TBEPAOM TeJleé BO3HUKAET B Pe3yJbTaTe W3MEHEHUs DSHEPruu
3JIEKTPOHOB aTOMa IIPH YCJIOBHUHU KBAaHTOBAaHMSA HUX PEJIATUBHUCTCKOTO MOMEHTa
umnyibca. [loixyueHa dopmyna Uit pensiTUBUCTCKOW DHEPIHU 3JIEKTPOHOB U
OIICHEHA BEJIMUMHA TUIOTHOCTH, IPU KOTOPOM 3Ta SHEPTHUs MPEBhINIAeT 3HAUYCHHUE

(mn —mp)cz. IIpu 3TOM HPOUCXOAUT IPEBpALICHUE IPOTOHOB B HEUTPOHBI

(mediTpoHM3anus  npoToHOB).  OmpeneneHo  JaBleHHE,  KOTOpoOe B
OPOMEXKYTOYHOU acumnrotike, y=5/3, B 2,1 pasa HmKe, 4eM JaBICHHUC

BBIPOKAEHHOTO AJIEKTPOHHOTO rasa.
ABSTRACT

HYDROGEN THERODYNAMEC CHARACTERISTICS FROM STATISTIC
SUM/B. A. NADYKTO, O. B. NADYKTO, A. B. NADYKTO // VANT. SER.:
TEORET. | PRIKL. FIZIKA. 2022, N 3. P. 3-20.

Thermodynamic properties of different isotopes of hydrogen under extreme
conditions are critically important for physics of plasmas and astrophysics,
including Inertial Confinement Fusion (ICF) and Warm Dense Matter (WDM).
The main problem in calculating thermodynamic properties of hydrogen plasma
is that its statistical sum (STS) with energy levels of free H atoms diverges. Here,
we show that the STS of hydrogen atoms with the energy levels accounting for
the finite size of the atomic cell converges, and, thus, can be used for direct
calculations of the corresponding thermodynamic functions at very low
computational costs. The convergent STS has been employed to derive a
universal wide-range Equation of State (EoS) of hydrogen, which adequately
describes its state over the full range of densities and temperatures, and is shown
to agree well with available measurements and calculations carried out using the
latest updated versions of the Density Functional Theory (DFT) and quantum
Monte Carlo methods. This means the new approach is a viable low-cost
alternative to the above-mentioned conventional methods, whose computational
costs are, in many cases, prohibitively high. Since the convergent STS and the
corresponding thermodynamic functions are available in a closed analytical
form, they can be used in modeling a variety of processes and systems playing an
important role in plasma physics and astrophysics, ICF and WDM.

ELECTRONIC PHASE TRANSITIONS IN COMPRESSED SOLIDS AND
NEW PRESSURE SCALES TO REDUCE UNCERTAINTY IN PRESSURE
CALIBRATION / B. A. NADYKTO, O. B. NADYKTO, A. B. NADYKTO //
VANT. SER.: TEORET. | PRIKL. FIZIKA. 2022, N 3. P. 21-37.

It is shown that the dimensionless equation of state (EOS) for cold pressure

P/3BO=(05/3—G4/3), where B is the bulk modulus, p is the density,

o =p/pg is the degree of compression, and index O refers to the properties of



the material at zero temperature T = 0 K and pressure P = 0 GPa, is universal and
adequately describes the compression of various metals, dielectrics, and
compounds. A new cold EoS for diamond with pg = 3,515g-cm ® and B, = 442
GPa has been proposed and validated against experimental data. A careful
evaluation of the new equation of state shows that it agrees well with
experiments on the static and shock compression at pressures up to 1400 GPa.
Thus, it can be used as a new diamond pressure scale, where the density of
diamond and test material is measured by X-ray diffraction and P(p) is

expressed in terms of the diamond EoS. A new ruby pressure scale has been
7.2
developed P :% [1+i_kj —-11,, where Xy = 694.24 is the wavelength of
' 0
the ruby R1 fluorescence line, and Al =AMA(p) is the line shift upon
compression.

RELATIVISTIC EQUATION OF STATE / B. A. NADYKTO, O. B.
NADYKTO, A. B. NADYKTO // VANT. SER.: TEORET. | PRIKL. FIZIKA.
2022, N 2. P. 38-44.

A new relativistic equation of state at zero temperature is derived based on
the assumption that all the elastic (cold) pressure in a solid arises as a result of a
change in the energy of the electrons of an atom under the condition of
quantization of their relativistic angular momentum. A formula was obtained for
the relativistic energy of electrons and the density value at which this energy

exceeds (mn -my )c2 was estimated. In this case, the transformation of protons

into neutrons (neutronization of protons) occurs. The pressure is determined,
which in the intermediate asymptotics y=5/3, is 2.1 times lower than the

pressure of the degenerate electron gas.



