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Northwestern University, U.S.A., Illinois, Evanston
e-mail: s-sohrab@northwestern.edu

INVARIANT MODEL OF BOLTZMANN STATISTICAL MECHANICS
AND ITS IMPLICATIONS TO HYDRODYNAMIC MODEL
OF ELECTROMAGNETISM, PHYSICAL FOUNDATIONS
OF QUANTUM MECHANICS, RELATIVITY, QUANTUM GRAVITY
AND QUANTUM COSMOLOGY

Some implications of an invariant model of Boltzmann statistical mechanics to quantum nature
of (space, time, mass), physical foundations of quantum mechanics, relativity, electromagnetism and
Maxwell equations, quantum gravity and quantum cosmology will be discussed. In harmony with
Huygens’ analogy between propagation of sound in air and light in ether, propagation of light wave
is shown to involve an exceedingly thin longitudinal component besides its Maxwellian transverse
polarizations. Following Maxwell and Lorentz, an invariant hydrodynamic model of electromagnetism
is presented. It is expected that time-dependence of the speed of light, identified as root-mean-square
velocity of gravitons, could be determined by measurement of changes in period of geological events
caused by periodic cosmic radiation bursts from sources such as pulsars. New interpretation of physi-
cal foundation of quantum mechanics, Dirac wave equation, pilot waves of de Broglie-Bohm model
will be described.

Identifying physical space, Aristotle fifth element or Casimir vacuum, as a tachyonic compress-
ible fluid, in harmony with Huygens and Planck compressible ether, Lorentz-FitzGerald contractions
becomes causal (Pauli) leading to Poincaré-Lorentz dynamic as opposed to Einstein kinematic theory
of relativity. Invariant forms of conservation equations lead to hydrodynamics of universe governed by
guantum gravity as a dissipative deterministic dynamic system proposed by ‘t Hooft. The thermodynam-
ics of universe suggests possible relevance of classical Nordstrém scalar, and Abraham vector theories of
gravitation beside Einstein tensor theory. Also, some implications of the model to quantum cosmology,
loop quantum gravity (LQG), and Everett multiverse are discussed.

Key words: electromagnetism, Maxwell equations, quantum mechanics, quantum cosmology, quan-
tum gravity, relativity, T.O.E.

C.X. Coxpab

HopcTeectepH yHuBepcuteTi, AKLLI, MIAAMHONC WiTaTbl, DBAHCTOH K.
e-mail: s-sohrab@northwestern.edu
BO/\bLI,Mc’:lHHbII—I1 CTAaTUCTUKAADBIK MeXaHUKACbIHbIH, UTHBAPUAHTTbIK MOAEAi
)K9HE OHbIH, SAeKTPOMArHeTU3MHiH, TMAPOAMHAMMKAABIK, MOAEAIHE,
KBAHTTbIK MeXaHUKaHbIH, (‘bl43MK;;l/\blK1 Heri3AepiHe, CaAbICTbIPMAADbIAbIK,
KBAHTTbIK IpaBHUTaLlUAFA )KOHE KBAHTTbIK KOCMOAOImsira acepi

Makanapa boAbUMaH CTATUCTMKAABIK, MEXaHMKACbIHbIH, MHBAPUMAHTTbl MOAEAIHIH KBaHTTbIK,
Taburatbl (KEHICTIK, yaKbIT, Macca), KBaHTTbIK, MEXaHMKaHbIH (OM3MKAAbIK, HEM3AEPi, CAAbICTbIPMAABIABIK,
TEOPUSCbI, SAEKTPOMArHeTM3M >KoHe MaKCBEAA TEHAEYAepi, KBAHTTbIK, FPaBUTALLMS YKOHE KBaHTTbIK,
KOCMOAOTMSIHBIH, Kenbip caapapbl TaAKblAaHAAbIL. [tOMreHCTiH ayaaarbl AbIObIC MEH >KapbIKTbiH TapaAybl
apacbiHAAFbl YKCACTbIFbIHA COMKEC, >KapblK, TOAKbIHbIHbIH TapaAybl KOAAEHEH MoAspu3aumssaH H6acka
eTe XXyKa BOMAbIK KypaMAaC OOAIKTI KaMTUAbBI. MakCBEAA MEH AOPEHLITEH OOAEK SIAEKTPOMArHETU3MHIH,
MHBapUaHTTbl TMAPOAMHAMMKAABIK, MOAEAI  YCbIHbIAFAH. [PaBUMTOHAQPABIH oOpTalla KBaApPaTThIK,
>KbIAAAMAbIFbI PETIHAE aHbIKTaAFaH >KapblK, >KbIAAAMAbIFbIHbIH, YaKbITKa TOYEAAIAIriH NyAbcapAap
CUSKTbl KO3AEPAEH FapbllWTbIK, PAAMAUMSHBIH KapKbIAbIHAH TYbIHAQFAH TFEOAOTUSAbIK, OKMFaAap
Ke3EeHIHAEri e3repicTepAi OAlLeY apKblAbl aHbIKTayFa G0AaAbl Aen KYTiayae. KBaHTTbIK, MEXaHMKaHbIH
(PU3MKAADBIK, HETI3AEPIHIH XaHa TycCiHAipMeci, AMpak TOAKbIH TeHAeyi, Ae BpoiAb-BomM MoAEAIHIH,
MUAOTTbIK, TOAKbIHAQPbI CUMATTaAaAbl.
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DusnKaAbIK, KEHICTIKTI, ADUCTOTEAbAIH 6eCiHLLi 3AeMeHTiH Hemece Kacumump BakyyMmbiH, [onreHc
neH MAaHKTbIH CbIFbIAATbIH 3(OMPIMEH YIAAECIMAE TAaXMOHADIK, CbIFbIAATbIH CYMbIKTbIK, PETiHAE, AOpeHL-
DOuu-A>epaabs XKMbIPbIAYAApPbl DWHLIUTEMHHIH KMHEMaTUKaAbIK, peakTMBTIAikKe Kapcbl [lyaHkape-
AOpeHL, AMHamuKacbiHa akeAeTiH cebentik ([Mayan) 6oaaabl. CakTay TeHAEYAEpiHiH WMHBAPUAHTTbI
opmanapbl T XoopT yCbIHFAH AMCCUMATUBTI AETEPMUHUPAEHTEH AMHAMMKAADIK >KYe PETIHAE KBaHTThbIK,
rpaBuTaLMsaIMeH 6acKapbIAATbiH FAAAMHbIH TMAPOAMHAMMKACHIHA 9KEAEAT. DAEMHIH TepMOAMHAMMKAChI
DIHIUTENHHIH  TEH30PAbIK, TEOPMICbIMEH KaTap KAACCMKaAblK, HOpACTpeM CKaAspbIHbIH >KaHe
ABpaaMHbIH BEKTOPAbIK, FPaBUTaLIMS TEOPUSAAAPbIHBIH bIKTUMAA COMKeCcTiriH 6oAxanabl. CoHaal-ak,
MOAEAbAIH KBAHTTbIK, KOCMOAOTUS, UMKAAIK KBAHTTbIK FPaBUTALMS XXOHE DBEPeTTiH KenTiK dAemiHe
KaTbICTbl KENOIP CaAAAP TAAKbIAQHAADI.

TyHiH ce3aep: 3AeKTpoMarHeTMam, MakCBEAA TeHAEeYAepi, KBAHTTbIK MexaHWKa, KBAHTTbIK,
KOCMOAOTUSI, KBAHTTbIK, FPaBUTaLMsI, CaAbICTbIpMaAbIAbIK, T.O.E.

C.X. Coxpab

YHueepcuT HopcsecTepH, wrat MaamHoiic, CLUA, r. EBaHcTOH
e-mail: s-sohrab@northwestern.edu
MHBapuaHTHasi MOAEAb CTAaTUCTUYECKOM MeXxaHUMKM boAbLiMaHa M ee NOCAEACTBUSA
AASl TMAPOAMHAMMUYECKONH MOAEAM SAEKTPOMarHeTusma, omsmyeckmux oCHOB
KBAaHTOBOM MeXaHUKH, TEOPUU OTHOCUTEAbHOCTH, KBAaHTOBOM FpaBMTaLL UM
M KBAaHTOBOM KOCMOAOTUH

B cratbe GyAyT 06CY>KAATbCS HEKOTOPbIE MOCAEACTBUSI MHBAPMAHTHOM MOAEAM CTAaTUCTUUECKOM
MexaHMKM BoAbLiMaHa AAS KBAHTOBOW MPUPOAbI (MPOCTPAHCTBA, BPEMEHM, MACChl), (PU3NUYECKMX OCHOB
KBAaHTOBOM MeXaHWKM, TEOpUM OTHOCUTEAbHOCTM, IAEKTPOMarHeTmsama M ypaBHEHWn MaKCBEeAAQ,
KBQHTOBOM rpaBUTALMM M KBAHTOBOW KOCMOAOTMU. B CcOOTBETCTBMM C aHaroruei [orireHca Mexxkay
pacrnpocTpaHeHMeM 3ByKa B BO3AYXe M cBeTa B 3pMpe MnokasaHo, UYTO pacrpocTpaHeHMe CBeTOBOM
BOAHbI BKAIOUAET B Ce05 YPE3BbIYaiHO TOHKYIO MPOAOAbHYIO COCTABASIOLLLYIO, MTOMMMO MaKCBEAAOBCKO
rnoriepeyHon noasipusaumm. Bcaea 3a MakcBeaAnOM U AopeHLEeM NpeACTaBA€HA WMHBapUaHTHas
r’MAPOAMHAMMYECKAs MOAEAb SAEKTPOMarHeTu3ma. OXXMAQETCS, UTO BpEMEHHAs 3aBUCUMOCTb CKOPOCTHU
CBeTa, OnpeAeAsiemasl Kak CpeAHeKBaApaTMyeckasl CKOPOCTb FPaBUTOHOB, MOXET ObITb OMpeAeAeHa
MyTeM MU3MEPEHUS M3MEHEHUI MepuoAa FeOAOrMUYECKMX COObITUMIA, BbI3BaHHbIX MEPUOANYECKMMM
BCMAECKaMM KOCMMYECKOTrO M3AYYEHMSI OT TaKMX MCTOYHMKOB, Kak MyAbcapbl. byaeT onucaHa HoBas
MHTeprnpeTaums u3nyecknx OCHOB KBAHTOBOM MEXaHWKM, BOAHOBOIO ypaBHeHMS Ampaka, MUAOTHbIX
BOAH MOAeAU Ae bporiasg-boma.

MaeHTnduumpys dusmnyeckoe MPOCTPAHCTBO, MATbIA 3AEMEHT ApPUCTOTEAS MAM BaKyym
Kasnmupa, Kak TaXMOHHYIO COKMMaEMY0 KMAKOCTb, B TAPMOHMU CO CXKMMaeMbIM 3cprpom lMorreHca m
MAaHka, cokpalueHns AopeHua-OUTuAKEPAaAbAA CTAHOBSITCS MPUUMHHBIMK ([ayAn), YTO NPUBOAMT
K AMHammke [lyaHkape-AopeHua, B OTAMYME OT KMHEMATMUYECKOW TeOopMM OTHOCUTEAbHOCTMU
DWHWTeNHa. MHBapuaHTHble (OPMbl  YpPaBHEHMIA COXPaHEHWS TMPUBOAST K TMAPOAMHAMMKE
BceaeHHOI, ynpaBASemMoOl KBaHTOBOW rpaBUTAUMEN KaK AMCCUMATMBHOW AETEPMUHUPOBAHHOM
AVHAMMYECKON cucTtemMon, npearoxxeHHo T XoodTom. TepMoanHamumka BceaeHHol npeanoaaraet
BO3MOXHYIO 3HAUMMOCTb KAQCCMYECKOW CKaAsSipHOM Teopum HopACTpemMa M BEKTOPHOM Teopum
Abparama rpaBuTauMM PSAOM C TEH30pHOM Teopuei DiHIWITeNHa. Takxke o06cy>aaloTcs
HEKOTOPble MOCAEACTBUS MOAEAU AASI KBAHTOBOM KOCMOAOIMM, METAEBOM KBAaHTOBOW rpaBUTALMK U
MYAbTMBCEAEHHON DBepeTTa.

KAtoueBble CAOBA: SAEKTPOMArHeTM3M, ypaBHeHMs MakCBeAAa, KBAHTOBAs MeXaHWKa, KBAaHTOBasi
KOCMOAOT M, KBAHTOBAg rpaBuTaums, otHocuteAbHoCTb. T.O.E.
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Introduction

What is common amongst the diverse fields of
chromodynamics, electrodynamics,  turbulent
hydrodynamics, astrophysics, and cosmology is
that they all involve statistical fields composed of
very large number of “particles” and particle
clusters under turbulent motion. Guided by
similarities between small scale stochastic quantum
fields [1-17] and large scale turbulent
hydrodynamic fields [18-30], a scale invariant
model of Boltzmann statistical mechanics was
recently developed and applied to the investigation
of fluid mechanics [31, 32], thermodynamics [33,
34], and quantum mechanics [35, 36, 37] at large,
intermediate, and small scales.

The present study is focused on the application
of invariant model of Boltzmann statistical
mechanics to: (I) invariant model of quantization of
space, time, and mass (II) physical foundation of
quantum mechanics and theory of relativity (III)
physical foundation of electromagnetism and
invariant Maxwell equations (IV) physical
foundations of quantum gravity and quantum

GALACTIC CLUSTER

EGD (J +5)
GALAXY
EPD (J+4)
PLANET
EHD (J +3)
HYDRO-S YSTEM
EFD (J +2)
FLUID ELEMENT
EED (J+1)

— | eSS

cosmology. First, a very brief description of
invariant model of Boltzmann statistical mechanics
and conservation equations are discussed. Next,
quantization of space, time, and mass and their
invariant definitions are studied. Internal spacetime
versus external space and time are described and
the latter is identified as Rovelli thermal time.
Next, a hydrodynamic model of Maxwell theory of
electromagnetism is presented. Finally, some
implications of invariant Schrodinger equation to
cosmology, quantum gravity, quantum cosmology,
and multiverse are discussed.

Scale-Invariant Model of Boltzmann
Statistical Mechanics and Invariant
Conservation Equations

The scale-invariant model of statistical

mechanics for equilibrium galactic-, planetary-,
hydro-system-, fluid-element-, eddy-, cluster-,
molecular-, atomic-, subatomic-, kromo-, and
tachyon-dynamics corresponding to the scale
B=g, p,h,f e c,m,a,s,k, and t is schematically
shown on the left hand side of Fig. 1.

UNIVERSE
LGD (3 +11/2)

GALACTIC CLUSTER

LPD (J+972)
GALAXY

LHD (J +772)
PLANET

LED (J + 3/2)
FLUID ELEMENT

EDDY ; L, e LCD (J+172)
ECD (1) | — = mpy
T ey
CLSTER 45— L, 7 CRSEore LMD (J - 12)
D -1 — L —
| e A S e
MO LECULE , N LAD (J-3R2)
o
EAD (J-2) s R MOLECULE
ATOM LSD (J-57)
ESD (J -3) ATOM
su e o -7
PIIIOTON SUB-PARTICLE
ETD (J-5) LTD (J-972)
TACHYON PHOTON

Figure 1 — A scale-invariant model of statistical mechanics. Equilibrium-B-Dynamics on the left-hand-side and non-
equilibrium Laminar-B-Dynamics on the right-hand-side for scales B =g, p, h, f, e, ¢, m, a, s, k, and t as defined in [36].

Characteristic lengths of (system, element, “atom”) are (L[3 , ﬂB 0 ﬁ) and /g is the mean-free-path.
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For each statistical field, one defines particles
that form the background fluid and are viewed as
point-mass or "atom" of the field. Next, the
elements of the field are defined as finite-sized
composite entities composed of an ensemble of
"atoms". Finally, ensemble of a large number of
"elements" is defined as the statistical "system" at
that particular scale. The most-probable element of
scale B defines the “atom” (system) of the next
higher B+1 (lower p—1) scale.

Following the classical methods [19, 38-42],
the invariant definitions of the density pg, and the
velocity of atom wp, element vg, and system wg at
the scale [ are given as [31,36]

Pp = NpMg = mﬁjfﬁduﬁ’ Uy =V, (1)

-1
Vs =Py mﬁjuﬁfﬁduﬁ’ Wo =V @)

Similarly, the invariant definitions of the
peculiar and diffusion velocities are introduced as

’
Vﬁ =U, =V

V,=v,-w,, V=V, )

Following the classical methods [19, 38-42],
the scale-invariant forms of mass, thermal energy,
linear and angular momentum conservation
equations at scale B are given as [31, 36]

o,
—L+V.(pyv,) = Ry 4)
azﬁ
d¢.
E0 4V (e,v,) =0 )
ot
op,
—L+ V'(piﬁvﬁ) = _V'Pijﬁ (6)
ot
om,
a—tﬁ +V.(r,v,) = py0,.VV, (7

p

involving the volumetric density of thermal energy

€y =Pyhy,, linear momentum p =p v , and
angular momentum T, =p,® (sincer,  =1).

Also, R, is the chemical reaction rate and

i
ﬁiB = ﬁiﬁ /mg is the absolute enthalpy [36]. It is

noted that the time coordinates in equations (4-7)
also have a scale subscript B.

As discussed in an earlier study on classical
thermodynamics [34], and in harmony with
perceptions of Clausius [43, 44], atoms of the field
are assumed to have three simultaneously
independent degrees of freedom associated with
their translational, rotational, and vibrational
(pulsation) motions. Thus, in axisymmetric
cylindrical coordinates (z, 6, r), particles are
assumed to undergo internal harmonic translation,
rotation, and pulsation in two axial (z+, z-),
angular (6+, 6-), and radial (r+, r-) directions. The
classical definition of vorticity involves the curl of
linear velocity Vxv, =, thus giving rotational

velocity a secondary status since it depends on
particle translational velocity vg. However, it is
known that particle’s rotation about its center of
mass is independent of the translational motion of
its center of mass. In other words, translational,
rotational, and vibrational (pulsation) motions of
particle are independent degrees of freedom that
should not be necessarily coupled. To resolve this
paradox, iso-spin of particle at scale B is defined as
the curl of the velocity at the next lower scale of

B—1[36]

®W, =Vxu, =Vxv =0, ()

such that rotational velocity, while having a
connection to some type of translational motion at
internal scale B — 1 retains its independent degree
of freedom at the external scale B as desired. A
schematic description of iso-spin and vorticity
fields is shown in Fig. 2.

Figure 2 — Description of internal (iso-spin)
versus external vorticity fields in cosmology [36].

The nature of galactic vortices in cosmology
and the associated dissipation have been discussed
[26, 45].
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The invariant continuity equation (4) involves
invariant form of classical formula for “chemical
reaction rate” defined as [40]

Ry =myy [ (8, / 8)duy, )

To reveal the scale invariant form of the
reaction rate R, it 1s noted that

> Ry =2 my [ (3, /t)duy, =

:E:rnws Nig =

my., j ®fy., /80Uy, =Ry, (10)

The local velocity A in (4)-(7) is expressed in
terms of convective w, and diffusive A velocities
[36]

w, =V, =V, V,, ==D;Vinp, (11)
W, =V, =V, Vg, =—0,Ving, (12)
Wy =V =V Vi, =K, Vinp, (13)
Wi = Vg = Vi Vone = K VInmg (14)
where  (V, be> Voig Vongs Vo) AT€ respectively
diffusive, thermo-diffusive, translational and
rotational ~ hydro-diffusive  velocities  and

Ky =My /Py is kinematic viscosity.

Because by definition fluids can only support
compressive normal forces, following Cauchy, the
total stress tensor for fluids is expressed as [46, 47]

=ppdy + (A +— nﬁ)Vv d; (15)

1113

Also, the classical Stokes assumption of zero
bulk viscosity relates the two Lame constants of
ideal fluid by [47]

2

bB :}\'B +§T]B =0 (16)

Hence, the total stress tensor (15) becomes [36]

1
Pijﬁ = pﬁsij _ET]BV-V[;SU = (ptﬁ +phﬁ)8ij (17)

where the hydrodynamic pressure is

1
Prp = (T + Ty )/ 3= —ET]BV.Vﬁ (18)

zzﬁ

The occurrence of a single rather than two
Lame constants is in accordance with the
perceptions of Cauchy and Poisson who both
assumed the limit of zero for the expression [48]
(19)

Ay +1, =Lim R* f(R)

Therefore, in Cauchy-Poisson limit (19), as
intermolecular spacing vanishes R—0, all
tangential stresses will vanish as was emphasized
by Darrigol [48]

“Poisson and Cauchy both assumed the limit to
be zero. Then the medium loses its rigidity since the
transverse pressures disappear”

leaving only normal stresses in (17).

Following the classical methods [19, 38-42], by
substituting from (11)-(16) into (4)-(7), neglecting
cross-diffusion terms, and applying Onsager [49]
reciprocity relations, the invariant forms of
conservation equations are written as [36]

0
&er VP

20
. (20)

=D, V’p, + Ry

0T,
—Prw 0V, =0 V

+h R / pgc.a (21)
ip ! PipCop
ot, ’
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B A v
—+wﬁ.VvB = KBV A

Ly
v (22)
\%
P L (- T
M 3
8miB
+Wﬁ'VmiB
B
23
o o W, (23)
= KBV o4 +miBV \ P
P

Modified form of the viscous equation of
motion (22) is to be compared with the classical
Navier-Stokes equation

@+ v.Vv=kV’v —@-FlﬁV(V.V) (24)
ot p 3

The history of derivation of (24) has been
studied in an excellent investigation by Darrigol
[46]. The main difference between equations (22)
and (24) is the occurrence of the global (not

differentiable) convective velocity Wy as opposed

to local (differentiable) velocity Vg in the second

term. Thus, the former equation is more in
harmony with the pioneering studies by Oseen [50]
and Carrier [51]. As a result, in the absence of
convection, (22) reduces to nonhomogeneous
diffusion equation similar to (20) and (21).
However, the absence of local velocity results in
vanishing of almost the entire classical equation of
motion (24). In Section 6, solution of the modified
form of equation of motion (22) for the classical
problem of Stokes viscous flow across a rigid
cylinder and resolution of Stokes paradox will be
discussed.

Similarly, modified form of Helmholtz [52]
vorticity equation (23) is to be compared with the
classical equation in absence of chemical reaction

O®

An important difference between the modified
(23) and the classical (25) forms of Helmholtz
vorticity equation is the occurrence of convective

velocity W, as opposed to local velocity v in the

second term. Because local vorticity ®g in (25) is

itself related to the curl of local velocity it cannot
be advected by this same velocity. On the other
hand, advection of local vorticity by convective

velocity Wy in (23) is possible. Moreover, in

absence of convection (23) reduces to the diffusion
equation similar to that in (20), (21), and (22) for
mass, heat, and linear momentum transport.
However, the absence of local velocity in (25)
leads to vanishing of the entire equation.

Hierarchies of Quantum Fields with Atomic
Mass Unit, Internal Spacetime, and External
Space and Time

Like all statistical fields in the hierarchy shown
in Fig. 1, the field of stochastic chromodynamics
that is the physical space is also real. It is well
known that in late 1800’s, most scientists believed
that space was filled with a fluid -called
luminiferous ether that was the seat of
electromagnetic waves. In recent investigations
[35-37], the ether was identified as the physical
space itself rather than a substance filling the space.
To use a glass of water as an example, physical
space is identified as water itself rather than the
glass. Hence, physical space is identified as a
compressible tachyon fluid in harmony with
perceptions of Aristotle [53], Huygens [54],
Newton [55], Euler [56], Maxwell [57], Lorentz
[58], Poincaré [59-62], de Broglie [3], Casimir
[63], and Dirac [64] amongst many others. The
history of classical ether theories is discussed in an
excellent book by Whittaker [65].

As discussed in [36], physical space or Casimir
vacuum [63] is identified as a compressible
tachyonic fluid schematically shown in Fig. 3, from
infinite rarefaction (white hole WH) to infinite
compression (black hole BH).

Hence, four significant characteristics of ether
are (a) ether is the physical space or Casimir [63]
vacuum itself and not its occupier (b) in accordance
with perceptions of Huygens [54], ether is a
compressible fluid (c) ether is stochastically
Stationary because, as emphasized by Dirac [64],
static ether cannot satisfy both relativity theory and
quantum mechanics (d) ether is an atomic thus
quantum fluid (Fig. 1).
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Figure 3 — Different degrees of rarefaction and compression
of Casimir vacuum identified as a compressible fluid. (-3)

White hole p,, = 0 (-2, -1) Anti-matter p,,, <p, (0)
Casimir vacuum p =p_ (1, 2) Matter p,,, >p,  3)
Black hole pg, = o0 [37].

Among various properties of physical space, its
compressibility plays the most central role in
physical foundations of theory of relativity
discussed in next Section, and propagation of light
in hydrodynamic model of Maxwell [57] theory of
electromagnetism  discussed in  Section 5.
Therefore, we begin the discussion of space and
time with an important quotation from Huygens’
treatise on light concerning analogy between
propagation of sound in air and that of light in ether
[54]

“As regards the different modes in which I
have said the movement of Sound and of Light are
communicated, one may sufficiently comprehend
how this occurs in the case of Sound if one
considers that the air is of such nature that it can
be compressed and reduced to a much smaller
space than that which it ordinarily occupies,”

“Now in applying this kind of movement to
that which produces Light there is nothing to
hinder us from estimating the particles of the ether
to be of a substance as nearly approaching to
perfect hardness and processing a springiness as
prompt as we choose. It is not necessary to
examine here the causes of this hardness, or of that
springiness, the consideration of which would lead
us too far from our subject. I will say, however, in
passing that we may conceive that the particles of
the ether, notwithstanding their smallness, are in
turn composed of the other parts and that their
springiness consists in the very rapid movement of
a subtle matter which penetrates them from every
side and constrains their structure to assume such
disposition as to give to this fluid matter the most
overt and easy passage possible. This accords with
the explanation which Mr. Des Cartes gives for the
spring, though I do not, like him, suppose the pores

to be in the form of round hollow canals. And it
must not be thought that in this there is anything
absurd or impossible, it being on the contrary quite
credible that it is this infinite series of different
sizes of corpuscles, having different degrees of
velocity, of which Nature makes use to produce so
many marvelous effects,”

Therefore, Huygens considered atoms of ether
to be further divisible and have different velocities
in harmony with infinite hierarchies of statistical
fields shown in Fig. 1. This is also in harmony with
perceptions of Lorentz [66] who believed that ether
fluid penetrates electrons as atoms of
electrodynamics field

“Now, if within an electron there is ether, there
can also be an electromagnetic field, and all we
have got to do is to establish a system of equations
that may be applied as well to the parts of the ether
where there is an electric charge, i.e. to the
electrons, as to those where there is none.”

Also, the significance and central role of ether
as carrier of electromagnetic waves in theory of
electron was emphasized by Lorentz [58]

"I cannot but regard the ether, which is the seat
of an electromagnetic field with its energy and its
vibrations, as endowed with certain degree of
substantiality, however different it may be from all
ordinary matter"

Finally, even though he believed in relational
concepts of space and time, the importance of
reality of absolute space was emphasized by
Leibniz [67]

“If space is an absolute reality, far from being
a property or accident opposed to substance, it will
have a greater reality than substances themselves,”

When physical space is identified as a
compressible fluid described by Boltzmann
statistical mechanics at thermodynamic
equilibrium, the two universal constants of nature
namely Planck and Boltzmann constants (h, k) are
related to stochastic spatial and temporal aspects of
Casimir [63] vacuum fluctuations as [34]

h=h, =m,c<A; >"*=6.626x107" J-s (26)
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k=k, =m,c<v] >"?=1381x10" J/m (27)

Stochastically stationary Planck and Boltzmann
constants in (26-27) lead to four invariant universal
thermodynamic properties namely gravitational
mass of photon, atomic-mass-unit amu, Avogadro-
Loschmidt number, and universal gas constant [34]

m, =(hk/c’)"? ~1.84278x10™"" kg (28)
amu =m,c’ = (hkc)"? #1.6563x107" kg (29)

N°=1/(m,c*)=1/(hke)"* = 6.0376 x10*° kmol™'
(30)
R° = N°k = (k/ hc)"? = 8.338 kJ/kmol-m (31)

According to (29), all atoms are composed of
photons such that at the most fundamental level,
the entire universe is constructed from physical
space i.e., Casinir [63] vacuum in harmony with
perceptions of Leibniz described in quotation
above. Possible electromagnetic nature of all matter
was anticipated by Newton [55], Lorentz [58], and
Poincaré [59].

It was emphasized by Pauli [68] that

"No quantity with the dimension of time occurs
in thermodynamics, at the most, time enters as the
concept of “before” and “after”. Therefore, in the
case of rapidly occurring processes, only initial
and final states are discussed.”

More recently, Rovelli [69] in an excellent
book about nature of time, compares Aristotle’s
concept of time as a measure of change with
Newton concept of absolute time. Also, time was
suggested to have a thermodynamic origin by
Rovelli [70,71]

“The theory seems to indicate that there is no
explanation for the peculiar properties of the time
variable at the mechanical level. We suggest that
such an explanation should be searched at the
thermodynamical level. We propose the idea that
the very concept of time is meaningful only in the
thermodynamic context”

The nature of thermodynamic, psychological,

as well as cosmological arrows of time were
discussed by Hawking [72],
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"Both Aristotle and Newton believed in
absolute time. That is, they believed that one could
unambiguously measure the interval of time
between two events, and this time would be the
same whoever measured it, provided they used a
good clock. Time was completely separate from
and independent of space. This is what most people
would take to be the commonsense view. However,
we have had to change our ideas about space and
time. Although our apparently commonsense
notions work well when dealing with apples, or
planets that travel comparatively slowly, they don't
work at all for things moving at or near the speed
of light.”

Concerning Aristotle’s notion of time, we quote
from Vladimirov et. al., [73]

"In the same manner that he denied the
existence of the vacuum, Aristotle refused to accept
the notion that time is independent of events. His
argument was that time cannot exist without
change, that is if the present were not different in
each situation but remained the same, there would
be no time,"

Therefore, perhaps from a different perspective,
it may be said that Aristotle did not believe in the
notion of absolute time contrary to assertion in the
above quotation from Hawking [72]. In other
words, if time is to be defined in terms of the state
of change which is itself known to be easily
altered, the notion of absoluteness may no longer
be attributed to such a time. It is most natural to
maintain that in the absence of all motions there is
no time at all, since the concept of time in the
absence of all motions (changes) is an empty and
meaningless concept as emphasized by Aristotle
[53].

Although the dimension of time does not
explicitly occur in thermodynamics according to
above quotation from Pauli [68], both space and
time do occur in the definition of thermodynamic
temperature as it relates to the kinetic energy of
oscillators [74]

2
mgug

2
=mg Vs, =KT;  =KkA g4, (32)
resulting in introduction of the concepts of internal
spacetime versus external space and time [74].
Hence, by definition of most-probable or Wien

speed v o =A gV g =A /T, One associates
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constant internal measures of (extension, duration)
[74]

{st Internal measure of extension (33)

T Internal measure of duration

ws

with every “point” or “atom” of space at constant
temperature TB = T[H.

According to Fig.1, the statistical field F;at
scale B resides within a background “space”
Sﬁthat is the statistical field SB < F, at the
B-1. For

considering astrophysics B=s at thermodynamic

equilibrium, Wien wavelength of thermal
oscillations of particles (stars) defines absolute
thermodynamic temperature T, =) that leads to

adjacent lower scale example,

internal measures of spacetime (A ,t,,) associated

with every “point” or “atom” of cosmological
space S, < F, at scale p+1=g. Hence, for the
study of dynamics of galaxies and their clusters in
cosmology, external independent space and time

coordinates (x,, t,) are defined in terms of the

internal spacetime as [74]

(xg,yg,zg)=(ng,Nyg,NZg)7u t, =N 1

tg " ws

(34)
N,) are independent numbers.

ws ?

where (N, N,
The external time t, in (34) is called Rovelli [69-

71] thermal time.

According to (33)-(34), both internal and
external space and time are quantized. The
thermodynamic internal spacetime (A

N,

wp—12 Tp-1)
are local sub-atomic dependent units of space and
time. On the contrary, the external space and time
in (34) relate to global dynamics and are both
independent and irreversible. Irreversibility of time
or Eddington arrow of time is related to
dissipations hence entropy according to second law
of thermodynamics [74]. Irreversibility of space
coordinates arises from its quantum nature through
Heisenberg [75] matrix mechanic thus leading to
noncommutative spectral geometry described by
Connes [76]. The four dimensions (x,,y,,z,,t,)

constitute Poincaré [61] and Minkowski [77]
pseudo-Riemannian space with three real space and
one imaginary time dimensions.

Because time no longer explicitly appears in
the field equations of general theory of relativity
(GTR), some authors have claimed that time may
be an illusion. However, as evident from their
definitions in (34), external space and time retain
their intuitive reality as measurable physically real
entities. Also, and most importantly, external time
and space in (34) are totally different and
independent coordinates that are not symmetric.
As noted by Verhulst [78], asymmetry of space and
time was emphasized by Lorentz in his 1915
lecture at the Royal Academy of Sciences in
Amsterdam:

“Why can we not speak of the ether instead of
vacuum? Space and time are not symmetric;, a
material point can at different times be at different
spots, but not in different places at the same time”

External space and time in (34) are only
defined up to the critical atomic units (v = N, =1).

Below this atomic scale, one must move to
statistical field at the next lower scale g-1 and

employ (34) to obtain new space and time based on
ruler and clock (spacetime) of scale p-2. At

thermodynamic equilibrium between particle and
radiation i.e., background “space” of Casimir [63]
vacuum, following de Broglie’s wavelength of
matter waves, the definition of Boltzmann constant
(27) naturally leads to the concept of frequency of
matter waves [34]

Ay =h/Pp, WAVELENGTH

OF MATTER WAVE (35)
v, =k /P, FREQUENCY
OF MATTER WAVE (36)
where p; =m,v, is root-mean-square momentum
of particle.
In usuval quantum mechanics, unlike

Heisenberg [79] uncertainty principle involving
space and momentum, there is no uncertainty
relation involving time and momentum as
discussed by Schommers [80]

“Within usual quantum theory, space-
coordinate and time are not symmetrical to each
other, which is in contrast to the basic results of
the special theory of relativity. In usual quantum

11
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theory coordinates are operators and play the role
of statistical quantities; time however does not
behave statistically and remains a simple
parameter when we go from classical to quantum
mechanics. for this reason, there is no uncertainty
relation for the time and energy within the quantum
theory which would agree in its physical content
with the coordinate and momenta.”

However, because of the definition of
Boltzmann constant (27), parallel to Heisenberg
[79] spatial uncertainty principle, one can
introduce temporal uncertainty principle [35,36]

AXBAﬁﬁ >h SPATIAL

UNCERTAINTY PRINCIPLE ~ (37)
AvyAp, >k TEMPORAL
UNCERTAINTY PRINCIPLE (38)

Temporal uncertainty principle (38) places a
limit on maximum resolution of time
measurements.

Having defined space and time, the concept of
atomic mass is examined next. Early literature
concerning gravitational, electromagnetic,
relativistic, aspects of concept of mass have been
reviewed in an excellent book by Jammer [81]. The
ambiguity associated with the meaning of mass
was emphasized by Poincaré [82]

"There is no escape from the following
definition, which is only a confession of failure:
Masses are coefficients which it is found
convenient to introduce into calculations".

Also, according to Einstein [83]

"Neither Newtonian nor the relativistic theory
of gravitation has so far led to any advance in the
theory of the constitution of matter”.

Regarding another quotation from Einstein [84]

"Mass and energy are essentially alike; they
are only different expressions for the same thing”

the fact that mass [kg] and energy [J] have

different dimensions makes the understanding of
such equivalence less intuitive.

12

By invariant definition (1) in the hierarchy of
statistical fields shown in Fig. 1, one defines the
“atomic” mass unit h, at the scale gas the most-

probable or Wien mass m, g of the lower scale

B-1.that is the internal energy of the next lower
scale 5_£For example, the classical atonic mass-

unit amu at EAD scale in (29) is the most probable
mass of ESD field

(39)

that in turn is atomic internal energy of EKD field
that is photon [33,34]

amu [kg] =~hkc = m ¢’ [J] = 4, =3kT, (40)

In (40), the origin of equivalence of dimensions
of mass [kilogram] and energy [Joule] is fully
revealed. Total internal energy or electromagnetic
mass [34] of ideal photon gas becomes

Mgy, = Namu) = NO, =U, =3NKkT,  (41)

In his pioneering 1847 paper, Helmholtz [85]
decomposed the total thermal energy of an ideal
gas at thermodynamic equilibrium into two parts
namely kinetic energy or free heat and potential
energy or latent heat that were recently identified
as internal energy U and potential energy pV
[33,34]. Therefore, besides the internal energy (40),
stability of particles requires an external pressure
hence potential energy called Poincaré stress [34].
At thermodynamic equilibrium, due to equality of
external and internal pressures, atomic potential
energy of photon is

p.V=1,/3=kT, (42)
resulting in total potential energy, dark matter, or
gravitational mass of photon [33,34]

Mg = Mpy, =p NV=pFV =Nk, (43)

Therefore, just like monatomic ideal gas, the
total energy of photon gas at thermodynamic
equilibrium is the sum of its electromagnetic and

gravitational energy that is what Sommerfeld [86]
called “total heat” or enthalpy
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M= Mpg+ Mpy = U +pV . =H, (44

The ideal gas law (43) helps to reveal Joule-
Mayer mechanical equivalent of heat and mass-
energy equivalence discussed in an interesting but
unfortunately little known 1904 study by Olinto de
Pretto [87] who wrote:

“The vis viva mv*and the formula mv* /8338
gives us, expressed in calories, such energy. Given
thatm =1 andv equals three hundred thousand
kilometers per second, that is 300 million meters,
which would be the speed of light, also allowed for
the ether, everyone will see that you get an amount
of calories represented by 10794 followed by 9
zeros and that is over ten million million.”

containing de Pretto formula

mc’ [kcal]=mc® /8338 [Joule]  (45)
De Pretto number 8338 in (45) is numerically
identical to the universal gas constant in (31)
expressed in MKS units R°=8338 [J/(kmol-m]
[34]. This is because the factor of 2 in definition of
temperature 7’ =27 [34] leads to modified value of
Joule-Mayer mechanical equivalent of heat
J=2J,=2x4.169=8338 [Joule/kcal] where the

classical value J, =4.169~4.17kl/kcal is the

average of the two values J_ =(4.15,4.19) reported

by Pauli [68]. Hence, the ideal gas law in (43)
gives

p.V = Work [J]= (N°k )(N / N°)T = NR°T

= R°[J / (kmol - m)](NT)[kmol -m] ~ (46)

By definition, thermal energy unit kcal
corresponds to the amount of energy required to
raise the temperature of one kg of water by unity
hence 7=1m

R°[J / (kmol-m)] = R° [J / kecal] =
= J ~ 8338 [J / keal]

(47)

and (47) assumes the classical form of mechanical
equivalent of heat [34,68,86]

W =JO (48)

Regarding mass energy equivalence, Okun
[88] has argued that amongst the formulas

E=mc* Poincaré (49)
E = mc”  Einstein (50)
E, =mc’ (51)
E,=mc’ (52)

rather than the correct formula (49) introduced by
Poincaré [59] in 1900, the formula (50) introduced
later by Einstein [83] in 1905 is correct. Therefore,
Okun [88] has in effect challenged the validity of
the concept of relativistic mass of Lorentz [89]

m=m,=m,/v1-v’/c’

However, validity of (53) is evident from the
fact that its multiplication with square of the speed
of light results in the well-known relativistic energy
transformation formula [59-62, 83-84]

E=E /N1-v* /¢’

In formula (54), E refers to total or relativistic
energy and hence involves total or relativistic mass
of Lorentz (53), that upon expansion in powers of

ge=(v/c)’ <<1 gives

(53)

(54

E=mc’~m,c’+m v’ /2+

(55)
+(3/8)m v*/c* +...

However, expansion of the formula of Okun
[88]

E=E +E, = Jpic® +mict =
) (56)
—mc?+ 24
2m

to the next higher order of approximation gives

13
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E=mc’+mv’/2—(1/8mv*/c*+... (57)

that is different from (55). The discrepancy is
because (56) is equivalent to £= E_+/1+v*/c’ that

does not agree with (54). Ironically, the quotation
in Okun [88] paper contains the following
statement by Einstein [84],

“The mass of a body is not a constant, it varies
with changes in its energy”

The misunderstanding could in part be due to
the fact that instead of Lorentz [89] relativistic
mass transformation (53), Einstein [84] wrote

E=m/1-v*/c? (58)
Because both electromagnetic and

gravitational mass in (41) and (43) are kinetic
energy, the terminology “rest energy” used by
Okun [88] could be modified to ‘“stochastically
stationary energy”’. This is because according to the
present model, and in harmony with quantum
mechanics, the state of rest or absolutely “static”
state corresponds to T[3 :Kwﬁ =0 that is a

singularity of the field inside black hole [90] as
discussed in the last Section on cosmology.

In a related matter, it was stated by Einstein
[84] and often repeated by others, that matter
cannot be accelerated to the speed of light because
by Poincaré-Einstein formula (54), this requires
infinite amount of energy and hence is impossible.
However, this is contrary to the fact that conversion
of matter into light is very common occurrence in
nature as anticipated by Newton [55] and in fact
happens whenever we strike a match or light a
candle!

In addition to (50) corresponding to
electromagnetic mass, one must also account for
potential energy or gravitational mass associated
with Poincaré stress that is responsible for particle
stability [34,37,90]. The infinite energy just
mentioned is avoided because as matter is
accelerated by heating, before reaching the speed

of light ¢ = \/ngk+ , it gets to the most probable
or Wien speed [90]

14

2 2 A2
Vp Vg =2V, =

(59)
=2v3 /3=2c2/3

For example, for photon gas B=k in
enclosures, substituting from (59) in (54) results in
finite total energy given in 1905 by Hasenohrl

[91,92]

E=E /N1-v}/c =
2

V. 4 (60)
z mocz (1 + ?) = Emoc

2

Total atomic energy of photon in (60) is the
same as photon atomic enthalpy [36] obtained from
(44)

A

h,=mu; =4, +p Vv =4kT =

=4m,v>,, =(4/3)m,c’

wk+

(61)

By (61), the superluminal longitudinal root-
mean square speed of atomic photon becomes

u, =2v, =2c/ NE) (62)

The result (62) is in agreement with the ratio
of longitudinal to transverse wave propagation
speeds in elastic media given by Achenbach [93] as

1/2

C /Cr=x=[A+2n)/n] =

(63)
=[(20-v)/a-2v))] " =2/\3

with Lame constant A =-2n/3, Poisson ratio
v =—1that marginally satisfies stability criteria
~1<v<1/2 [47], C}; =2v,, =4v,,, by (3) since
<vyp >=<V,; > due to Boltzmann principle of
equipartition of energy, and Cj; =Cj =3v,, . The

A=-2n/3 Stokes

assumption of vanishing bulk modulus or bulk
viscosity (16). Also, as sum of two stochastic

velocities according to (3), CL:2C/\/§ is
superluminal [94,95].

Lame constant satisfies
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To conclude this Section, it is instructive to
note that definition of (space, time, mass) of each
statistical field within hierarchies of scales (Fig. 1)

(X, V> 2 by 11,) =

=[(N s N oo Ny 1 Ny Tog o Ny 11 (64)

xB2 7Ty

are relegated to the corresponding entities at the
next lower scale by independent numbers

(N,,N,,N,,N,,N

B2 ypo Y g mp
be infinitely divisible [90,96] because space, time,
and mass must follow the philosophy of
Anaxagoras [97]

) . Matter is considered to

“Neither is there a smallest part of what is
small, but there is always a smaller, for it is
impossible that what is should ever cease to be”

By infinite regression in (64), the reality of
space, time, and matter hence epistemology of all
existence (Fig. 1) reduces to pure numbers. This is
in harmony with the perceptions of Pythagoras and
Plato who ascribed all physical reality to pure
numbers as eloquently described by Sommerfeld
[98]

"Our spectral series, dominated as they are by
integral quantum numbers, correspond, in a sense,
to the ancient triad of the lyre, from which the
Pythagoreans 2500 years ago inferred the harmony
of the natural phenomena; and our quanta remind
us of the role which the Pythagorean doctrine
seems to have ascribed to the integers, not merely
as attributes, but as the real essence of physical
phenomena’”

Physical  Foundations of
Mechanics and Theory of Relativity

Quantum

Our discussion of physical foundation of
quantum mechanics starts with an important
quotation from Boltzmann, who anticipated
quantum mechanics by about three decades, taken
from his pioneering and unfortunately often
neglected 1872 paper [99]

“We wish to replace the continuous variable x
by a series of discrete values ¢, 2¢, 3¢ ... pe. Hence,
we must assume that our molecules are not able to
take up a continuous series of kinetic energy

values, but rather only values that are multiples of
a certain quantity e. Otherwise, we shall treat
exactly the same problem as before. We have many
gas molecules in a space R. They are able to have
only the following kinetic energies:

& 2¢, 3¢, 4e, . .. pe

No molecule may have an intermediate or
greater energy. When two molecules collide, they
can change their kinetic energies in many different
ways. However, after the collision the kinetic
energy of each molecule must always be a multiple
of €. I certainly do not need to remark that for the
moment we are not concerned with a real physical
problem. It would be difficult to imagine an
apparatus that could regulate the collisions of two
bodies in such a way that their kinetic energies
after a collision are always multiples of e. That is
not a question here.”

Boltzmann significant contributions to the
foundation of quantum mechanics include
statistical definition of entropy and combinatoric
methods that played central roles in Planck’s [100]
introduction of quantum of action and his theory of
equilibrium thermal radiation.

In view of Fig. 1, following Boltzmann
statistical mechanics [99], one considers a
hierarchy of statistical quantum fields composed of
(... gravitons, neutrinos, photons, electrons, atoms,
...., planets, stars, galaxies, galactic clusters, ...)
particles. If one considers a universe initially
composed of extremely large numbers of gravitons
(tachyons) as ideal superluminal gas with estimated
most probable graviton wave speed of

c, = 7.7x10" ¢ [37], the entire cosmos will be

causally connected. As one lowers the temperature
by expansion, the number of oscillators hence
entropy S = 4NK [34] decreases until a critical
temperature at which Cooper pairs of gravitons
become stable. As temperature is further decreased,
more and more clusters are formed until the state of
equilibrium between ETD and END (equilibrium

neutrino-dynamics) at 7, ¢ = T, . Continued cooling

of the field results in further condensations and
formation of EKD, ESD, EAD, ... statistical fields.

The hierarchy of statistical fields in the above
thought experiment will have a corresponding
hierarchy of Maxwell-Boltzmann distributions
shown in Fig. 4
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Figure 4 — Maxwell-Boltzmann speed distribution viewed as stationary spectra
of cluster sizes for ECD, EMD, and EAD scales at T = 300 m [34].

In Fig. 4, the atomic mass and mass of most
probable element of adjacent field are related as

A

mg =m,q ; in accordance with (40). The smallest

element or “atom” of each statistical field is a
composite boson formed by “Cooper pair” of most
probable element of the lower scale [36]. The atom
is smallest element and is therefore the most stable
element of the field. Internal energy of all elements
will be the same due to Boltzmann principle of
equipartition of energy [36]. Therefore, at
thermodynamic equilibrium, each statistical field
shown in Fig. 4 is composed of a spectrum of
cluster sizes, also called energy levels, containing a
corresponding spectrum of atoms that are under
constant random transitions between different
energy levels. Transitions of “atoms” between
different clusters, energy levels, result in emission
(absorption) of “sub-particle” in accordance with

Bohr frequency relation A, =h(v, —v ) [101].

Atomic transitions between different clusters is in

Eddy-j
€j
cluster molecule
- m;;
Eddy-i
€;

(@

harmony with recent cellular automaton model of
quantum mechanics [102].

Schematic diagrams of atomic transitions
between two different clusters, de Broglie [2] wave
packets, are shown in Fig. 5.

For example, at cosmic scalesp =g, transition

of a galaxy from a small rapidly oscillating cluster
(high-energy-level j) to a large slowly oscillating
cluster (low-energy-level i) results in emission of a
star s; as a sub particle of cosmic field [37]. Hence,
according to the new physical foundation of
quantum mechanics [37], Bohr stationary states
[101] correspond to stochastically stationary sizes
of atomic clusters, energy levels, shown in Fig. 5.
Clusters or de Broglie [3] wave packets are
stabilized by an external pressure called Poincaré
stress [36]. In Fig. 5, it is noted that transition

energies A& ip = h(v B Viﬁ) are double-indexed

in accordance with Heisenberg [75] matrix
mechanics that naturally lead to noncommutative
spectral geometry of Connes [76].

element-j

Bi

subatom-ji

atom-ji B2

B—1;i

element-i

Bi

(b)

Figure 5 — (a) Transition of cluster cij from eddy-j to eddy-i leading
to emission of molecule mj;. (b) Generalized transition [36].
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Under the  assumption of  potential
incompressible flow, invariant Cauchy equation of
motion (6) results in invariant Bernoulli equation
that through Hamilton-Jacobi equation of classical
mechanics leads to invariant Schrédinger equations
[37,103]

2

Viy, +(H, ~V)y, =0 65
2mB gWB ( B ﬁ)\‘IIB ( )
v, n o_, .
ih—+ VW, -V, =0 (66)
oty 2mg
with wave function defined as [37]
' ke —iHt/h

¥, &0 =p" @ n=p" e T (67)
such that ‘Pﬁ‘P; =p, accounts for particle

localization in accordance with classical results
[104]. Therefore, for incompressible potential
flows, invariant Schrodinger (65-67) governs the
dynamics of Heisenberg-Kramers virtual oscillators
[105] in all statistical fields shown in Fig. 1. Also,
in harmony with perceptions of de Broglie [2,3],
hierarchies of statistical fields in Fig.l1 are
embedded wave-packets that guide motion of
“particles” as schematically shown in Fig. 6 at
EUD, EGD, ..., EMD, and EAD scales.

The direction of peculiar velocity of
particle is that of the gradient of its velocity
potential ¥, =-v®,. However, since the

direction of atomic, mean, and peculiar
translational velocities in (3) are the same,
quantum mechanics wave function (43) guides
the motion of particle in accordance with de
Broglie-Bohm interpretation of quantum
mechanics [3,37,106].

As one moves to smaller scales, most probable
element is composed of an entire statistical field
(see Fig. 1), one can define a new velocity potential
45[;4 , thereby a function

new wave

¥, = pl2
singularities embedded in guidance waves shown
in Fig. 6 is in exact agreement with the perceptions
of de Broglie concerning interactions between the
particle and the "hidden thermostat" [3]

@é_l. The cascade of particles as

»
-
*

Wy
MULTIVERSE EUD (j+6)
UNIVERSE IIPg
UNIVERSE  EGD (j+5) @
GALAXY M
. 1111]]
MOLECULAR- EMD (4-1)
DYNAMICS
MOLECULE ) Y.
ATOMIC- EAD (-2)
DYNAMICS ATOM .

*
*

Figure 6 — Hierarchy of quantum mechanics wave functions
mj; or de Broglie guidance waves from multiverse (EUD)
to atomic (EAD) scales [90].

"Here is another important point. I have
shown in my previous publications that, in order to
Justify the well-established fact that the expression

|‘~I’(X,y, z,t)|2 dt gives, at least with Schrodinger'

equation, the probability for the presence of the
particle in the element of volume d/[7 at the instant
t, it is necessary that the particle jump continually
from one guidance trajectory to another, as a
result of continual perturbation coming from
subquantal milieu. The guidance trajectories would
really be followed only if the particle were not
undergoing continual perturbations due to its
random heat exchanges with the hidden thermostat.
In other words, a Brownian motion is superposed
on the guidance movement. A simple comparison
will make this clearer. A granule placed on the
surface of a liquid is caught by the general
movement of the latter If the granule is heavy
enough not to feel the action of individual shocks
received from the invisible molecules of the fluid, it
will follow one of the hydrodynamic streamlines. If
the granule is a particle, the assembly of the
molecules of the fluid is comparable with the
hidden thermostat of our theory, and the streamline
described by the particle is its guiding trajectory.
But if the granule is sufficiently light, its movement
will be continually perturbed by the individual
random impacts of the molecules of the fluid. Thus,
the granule will have, besides its regular movement
along one of the streamlines of the global flow of
the fluid, a Brownian movement which will make it
pass from one streamline to another. One can
represent Brownian movement approximately by
diffusion equation of the form ap/ét = DAp, and it is
interesting to seek, as various authors have done
recently, the value of the coefficient D in the case
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of the Schrodinger eq nation corresponding to the
Brownian movement.

I have recently studied " the same question
starting from the idea that, even during the period
of random perturbations, the internal phase of the
particle remains equal to that of the wave. I have
found the value p=rn/3m, which differs only by a
numerical coefficient from the one found by other
authors.

This concludes the account of my present ideas
on the reinterpretation of wave mechanics with the
help of images which guided me in my early work.
My collaborators and I are working actively to
develop these ideas in various directions. Today, 1
am convinced that the conceptions developed in the
present article, when suitably developed and
corrected at certain points, may in the future
provide a real physical interpretation of present
quantum mechanics."

When particles act as composite bosons [107]
by forming Cooper-pairs, following classical
methods [108, 109], quantum mechanics wave
function may be expressed as products of
translational, rotational, vibrational, and potential
wave functions [110]

Ve =WV oV oV, =YW gV Y (68)

vB B-1 =...

At cosmological scale,, the wave-particle

duality of galaxies is evidenced by their observed
quantized red-shifts [111]. Therefore, scale-
invariance of the model (Fig. 1) and (68) leads to
hierarchy of embedded statistical fields with
translational TKE, rotational RKE, vibrational
VKE kinetic energy and potential energy PE
resulting in energy cascade shown in Fig. 7

TKE
. - RKE
COSMOLOGY VKE
PE TKE
- . RKE
ASTROPHYSICS VEE
PE TKE
HYDRODYNAMICS VKE
PE TKE
. S RKE
ELECTRODYNAMICS VEE
PE TKE
RKE
CHROMODYNAMICS VIE

r»r.—&

Figure 7 — Cascades of kinetic energy TKE, RKE, VKE
(dark energy), and potential energy PE (dark matter)
from cosmic to photonic scales [90].
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Besides its complex nature that allows for
normalization thus satisfying Born [112]
probabilistic interpretation, the quantum mechanics
wave function (67) resolves the problem of empty
waves or what Einstein referred to as
Gespensterfelder (Ghost fields) discussed by
Selleri [113]. This problem arises from the fact that
in usual quantum mechanics, the wave function is
considered to carry neither energy nor momentum
hence the name “empty wave” by Selleri [113].

“Whatever the approach, the question is
always: How can one hope to reveal the presence
of a wave which does not carry observable
amounts of energy and momentum?”’

According to the definition in (67), the
complex wave function acts as “hidden variable”
since it is related to an objectively real wave
associated with particle peculiar velocity. Peculiar
velocity of particles, although appreciated in
cosmology, have been neglected in classical fluid
mechanics. By (67), gradient of wave function
through particle peculiar velocity hence Poincaré
stress [35. 36] “guides” the motion of particle in
harmony with de Broglie-Bohm “pilot wave”
interpretation [3, 106] of quantum mechanics.

Although the validity of quantum mechanics is
fully established, there are many interpretation
problems confronting physical foundation of
quantum mechanics seven of which were discussed
in a recent investigation [37]

1.The nature of wave function and its
probabilistic interpretation.

2. Wave-particle-duality.

3. Particle-particle entanglement.

4. Double-slit experiment.

5.EPR and problem of action-at-a-distance.

6. Quantum-jumps and trajectory problems.

7. Schrédinger cat.

In the following, the new paradigm of physical
foundation of quantum mechanics [37] is applied to
present very brief response to the interpretation
problems identified in the list (1-7) above.

1. Schrodinger cat paradox is much more
complex since it involves 1. By definition of wave
function (67), both real or objective part namely
density hence particle localization as well as its
statistical complex or subjective part hence Born
[112] probabilistic interpretation become self-
evident.
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2. In (1), “atom” or particle of scale p is by
definition the most probable cluster or de Broglie
“wave packet” u; =v ., of the lower scale -1

(see Fig. 6), thus resolving wave-particle duality
problem [114].

3. By definition (1), particles or wave-packets
are local “condensation” of the participating
background field i.e., physical space in harmony
with modern QFT. Therefore, separation of two
entangled “particles” could be viewed as separation
of two droplets, Wheeler-Bohr model of particle,
schematically shown in Fig. 8.

Clearly, initially entangled droplets will retain
correlation due to the external participating field
surrounding them regardless of their separation
distance. Thus, separated particles communicate
through “ontological” [102] sub-atomic
background field accounting for what appears as
action-at-a- distance or Bell non-locality.

Figure 8 — Hydrodynamic model of fission of two
hemispherical vortices into two Hill spherical vortices [37].

4. Since physical space or Casimir vacuum is
identified as a compressible fluid, particle motion
results in sub-photonic waves in the fabric of space
or ether leading to interference patterns
schematically shown in Fig. 9.

5. The EPR paradox is resolved due to particle
entanglement in item-3 above as well as super-
luminal tachyonic signals by gravitational

radiation with estimated speed of ¢, =7.7 x10"¢

[37] making the entire universe causally connected.
Possible superluminal velocities in ether to resolve

Bell non-locality problem has been emphasized by
Eberhard [94].

Figure 9 — Double-slit experiment and interference patterns
due to formation of de Broglie guidance waves
in Casimir vacuum.

6. Each statistical field is composed of a
spectrum of clusters containing integral numbers of
identical atoms that are nonetheless distinguishable
because of their different energy. Hence, any atom
of cluster j can make transition through any
arbitrary trajectory to cluster i and emit a sub

particle with energy ¢, with exactly the same final

results (see Fig. 5). Because probability of any
intermediate energy level between level-j and
level-i is zero, transitions can only occur through
quantum jumps (see Fig. 4). At higher energies,
higher frequencies, the spacing between energy
levels decreases and the spectrum approaches a
continuum corresponding to “bremsstrahlung”
radiation for photon gas.

7. Schrodinger cat paradox is much more
complex since it involves phenomena of life and
death that are not understood. In a recent study
[89], it was noted that because of the well know
decoupling of radiation and matter fields in
cosmology, one cannot rule out possible
decoupling at sub-photonic scales within
hierarchies of wave functions in (68)

"‘\Pﬁ=d+2\I]ﬁ=d+l — = lIlﬁ:dl}]d—lllld—z."

at the moment of death t =t; or what Hegel called

the moment when the spirit transcends temporality
[115]. It is most fascinating that similar perception
about possible relationship between material and
non-material world was discussed by Lorentz in his
letter of 1915 to the theologian H. Y. Groenewegen
gouted in a recent wonderful book about Lorentz’
life by Kox and Schatz [116]
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“The single observation that the spirit of
different people can understand each other, that
the emotions and opinions of omne are not
indifferent to another, must lead us to the
assumption of a connection between them, which
many of us would like best to imagine in such a
form that all these individual spirits are part of one
great whole, a world spirit or deity. [...] But if the
spirit is part of a great whole, just like the body is
part of the entire material world, then naturally
one arrives at the generalization that, as a rule,
every event in the psychic realm responds to a
change in the material realm. [...] The concept one
arrives at in this way is that the spiritual and the
material are inextricably connected, that they are
the two sides of the same thing, that the material
world is a representation of the world spirit”

Next, the impact of the model on theory of
relativity will be briefly discussed. Since physical
space or ether is identified as compressible ideal
gas in harmony with perceptions of Huygens [54]
and Planck [58], its density when isentropically
brought to rest will be given by [117]

1

M y—lv2 -
p:—:p0 1+——2 =
V 2 ¢

M -1 -1
=-——[1+3L——Aﬁz} 1

(69)

V 2

o

where Yy = y / C, is Poisson adiabatic index. For

Casimir [63] vacuum or photon gas y=4/3 and

assuming that transverse coordinates do not
change [118] for one dimensional compressible
flow, (69) leads to Lorentz-FitzGerlad contraction
[33, 36, 117]

V=VANI-V /S, (=0 AN1-V'/c,

P

- 1-v' /¢’

(70)

According to (70), compressibility of physical
space accounts for Lorentz-FitzGerald contractions
and provides a causal explanation of such
relativistic effects as noted by Pauli [118]. When
Michelson number Mi = v/c approaches unity,
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relativistic effects due to compressibility of ether
i.e., physical space, become appreciable. Therefore,
two different and experimentally distinguishable
paradigms of special theory relativity (STR) in
harmony with ideas of Darrigol [119] and Galison
[120] were recently presented [117]

(A) Poincaré-Lorentz

Dynamic Theory of Relativity

Space and time (X, t) are altered due to causal
effects of motion on the ether.

(B) Einstein

Kinematic Theory of Relativity

Space and time (X, t) are altered due to the two
postulates of relativity:

1- Velocity of light is a universal constant
independent of the motion of its source.

2- The laws of physics do not change form for
all inertial frames of reference.

Although above postulates 1 and 2 are
extremely accurate, strictly speaking they are not
valid. This is because the speed of light is not
constant but a function of temperature of Casimir
[63] vacuum and hence decreases extremely slowly
at cosmic time scales (eons) with expansion of
universe. The second postulate is not valid because
all inertial frames are distinguishable through
measurements with respect to stochastically
Stationary isotropic cosmic microwave background
radiation temperature of Penzias-Wilson [121, 122,
123] as emphasized by Prokhovnik [124].

Poincaré [59, 60] and Lorentz [89] introduced
their dynamic theory of relativity in order to
explain  the relativistic = Lorentz-FitzGerald
contractions causally as emphasized by Pauli [118]
and described in more details in an excellent study
by Hirosige [125]

“In contrast to Einstein, Lorentz, Poincaré, and
most other contemporary physicists saw the
Michelson-Morley experiment as one of the most
urgent problems requiring their theoretical

efforts.”

And similarly [125]

“Poincaré anticipated the principle of relativity
as an empirical law, looking forward to a theory
which could explain or prove the principle.”
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Also, Helmholtz is known to have developed
very complicated equations to describe motion of
atoms of ether according to Lorentz [126]. It is
therefore natural to search for a causal relativistic
theory of gravitation based on solution of
conservation equations (4)-(7) for Huygens’ [54]
compressible ether as discussed in Section 6 on
cosmology. Accordingly, one expects the problem
to primarily involve scalar and vector fields and
shock waves in unsteady gas dynamics. For
example, the analogy between fluid mechanics of
air and ether suggests that supersonic Ma > 1
(superluminal Mi > 1) flow of air (ether) leads to
the formation of Mach (Poincaré-Minkowski) cone
that separates the zone of sound (light) from the
zone of silence (darkness) [37, 117] as
schematically shown in Fig. 10.

Einstein [127] on the other hand, introduced
his kinematic theory of relativity based on two
postulates in order to account for asymmetries in
Maxwell [57] theory of electromagnetism when
applied to moving bodies. The fundamental
limitation of such scientific theory based on
postulates 1is that it cannot reveal the true
underlying causes of the observed relativistic
effects such as space and time interactions. In other
words, the kinematic theory based on postulates
(1)-(2) in paradigm B above cannot address the
exact reasons and the dynamic mechanisms that are
responsible for relativistic interdependence of
space and time.

It is also important to emphasize that dynamic
versus kinematic theories of relativity in paradigms
(A) wversus (B) above are experimentally
distinguishable. This is because higher /lower local
densities will be measured in front/rear by an
observer moving with respect to stochastically-
stationary compressible ether as schematically
shown in Fig. 11.

Since Lorentz-FitzGerald contractions are
physically real, they only agree with predictions of
kinematic theory of relativity locally in one-
dimensional experiments. For the same reasons,
Einstein principle of equivalence is only locally
true. It is expected that future multi-dimensional
experiments will detect transverse topological
change of space curvature due to three-dimensional
nature of compressibility effects (Fig. 11) in
accordance with predictions of paradigm (A)
above. Furthermore, in dynamic theory of
relativity, spacetime is governed by
thermodynamic temperature as discussed in Section

3. For example, in the classical problem of twin
paradox, different times experienced by the twins
are real and attributed to the different biological
reaction rates in their bodies induced by the
compressibility of physical space [128] governed
by dynamic theory of relativity of Poincaré [59,61]
and Lorentz [89].

ZONE OF
Ma-v/c,  Mach SILENCE

= - e S
R

ELECTRONIC

Lo-v/t, Lorentz  SILENCE ¢
- ELECTRON
v, =m, =43V, 43c,

ZONE OF

Mi-v/e,  Michelson  DARKNESS ¢

Vo =l = vE\',h =3,

Figure 10 — “Supersonic” flows at molecular-, electro-,
and chromo-dynamics scales leading to the formation
of Mach, Lorentz, and PoincaréMinkowski cones [37].

Figure 11 — Density of a medium as measured by
an observer that is (A) stationary (B) moving
with respect to the medium.

It is instructive to compare the singular
behavior of relativistic transformations of mass
(53) by Lorentz and energy (54) by Poincare-
Einstein in Section 3 with the singularity in shock
density formula (70) of gas-dynamics. It is well
known that when Mach number
Ma =v/c_exceeds unity, a shock wave occurs

leading to transition from supersonic flow

v >c_at equilibrium cluster-dynamics ECD to

subsonic flowv <c_at equilibrium molecular

dynamics EMD across the shock wave [37].
Naturally, one anticipates similar shock waves to
occur at much higher velocities, when Lorentz
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number Lo=v/c, (Michelson number Mi=v/c)

exceeds unity, leading to transition
v>c, »>v<c, (v>c, > v<c,) associated with

ESD and EKD scales as shown in Fig. 10 [37].
Therefore, superluminal flow of tachyons [129]
(gravitons) becomes understandable since critical

root-mean-square wave velocities (¢, ,c.,c,) In
(Ma, Lo, Mi) are average speeds of much smaller

“subatomic” particles at the next lower scale. By
(62) in Section 3, the maximum “atomic” photon

speed shown in Fig. 10 becomes u,, =+/3u, =2c.

In regards to Lorentz perceptions concerning
reality of ether and Lorentz-FitzGerald contractions
it is important to quote directly from the treatise of
Lorentz [126]

“I cannot speak here of the many highly
interesting applications which Einstein has made of
this  principle,  His  results  concerning
electromagnetic and optical phenomena (leading to
the same contradiction with Kaufmann’s results
that was pointed out in g179') agree in the main

with those which we have obtained in the preceding
pages, the chief difference being that Einstein
simply postulates what we have deduced, with some
difficulty and not altogether satisfactorily, from the
fundamental equations of the electromagnetic field.
By doing so, he may certainly take credit for
making us see in the negative results of
experiments like those of Michelson, Rayleigh and
Brace, not a fortuitous compensation of opposing
effects but the manifestation of a general and
fundamental principle.

Yet, I think, something may also be claimed in
favor of the form which I have presented the
theory. I cannot but regard the ether, which can be
the seat of electromagnetic field with its energy and
its vibrations, as endowed with a certain degree of
substantiality, however different it may be from all
ordinary matter. In this line of thought, it seems
natural mot to assume at starting that it can never
make any difference whether a body moves through
the ether or not, and to measure distances and
lengths of time by means of rods and clocks having
fixed position relative to the ether.

It is important to examine the reasons for the
dismissal of the prior ether theories [65]. As stated
in [36], classically, ether was considered as a
medium that occupied space in harmony with
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perceptions of Aristotle [53], Huygens [54],
Newton [55], Euler [56], Maxwell [57], Lorentz
[58], Poincaré [59-62], de Broglie [3], Casimir
[63], and Dirac [64] amongst many others.
However, in his kinematic theory of relativity
Einstein [127] found ether to be “superfluous”
since it is undetectable and could be replaced by
abstract concept of spacetime instead of classical
Newtonian absolute space and time. Therefore,
many physicists were convinced that Einstein
kinematic theory of relativity proved non-existence
of ether and the null result of Michelson-Morely
[130] experiments. Other physicists were
convinced because of mathematical beauty of
Poincaré-Minkowski four dimensional spacetime.
As a result, Lorentz-FitzGerald contraction as a
causal explanation of null result of Michelson-
Morely [130] experiment was dismissed as ad hoc
assumption. The author agrees with Dirac [131]
that mathematical beauty and symmetry in the
expression of the laws of Nature are extremely
important. However, perhaps it is also important to
emphasize that even when mathematically beautiful
theories have been established, in the absence of a
clear physical and intuitive explanations to
compliment such theories, the search for alternative
theories as well as different interpretation of the
existing theory should continue with open mind.
Further details about significant role of ether in
research programs of Lorentz and Poincaré are
discussed in the excellent study of Hirosige [125].

It appears that distinction between dynamic
(A) versus kinematic (B) paradigms identified
above was known to Poincaré based on
fundamental principles as suggested by the lecture
he delivered in London in 1912 shortly before he
died [132]

“Today some physicists want to adopt a new
convention. It is not that they are constrained to do
so, they consider this new convention more
convenient, that is all. And those who are not of
this opinion can legitimately retain the old one in
order not to disturb their old habits. I believe, just
between us, that this is what they shall do for a
long time to come,”

The perceptions of Poincaré concerning
relativity theory are known to be also shared by
Lorentz who stated in a 1915 lecture at the Royal
Academy of Sciences in Amsterdam [78]
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I could point out to you [if I had more time]
how Poincaré in his study of dynamics of electron,
about the same time as Einstein, formulated many
ideas that are characteristic for his theory, and
also formulated what he calls “le postulat de
relativit€¢”

It is clear that because of introduction of
privileged frame of ether, Galilean transformation
will be always violated because of the fact that all
inertial frames are in reality not precisely
equivalent. Therefore, the problem of relativity
reduces to the problem of simple allowance for the
compressibility of the manifold within which
dynamic processes occur. From the perspective of
the present field theory, the notion of STR then
states that if one desired to arrive at a constant and
finite propagation velocity within a compressible
medium, but erroneously assumes that the medium
within ~ which  the dynamics occur is
incompressible, then the application of STR will
modify the local space and time such as to
compensate for this erroneous assumption. The
apparent artificiality of such a procedure is because
physical space for relativistic events is obviously a
compressible medium since the propagation
velocity of light is finite.

In closing this Section, it is instructive to note
that derivation of invariant Schrodinger equation
from invariant Bernoulli equation was based on
two  important assumptions, namely (a)
incompressible flow (b) potential flow [37].
Relaxation of assumption (a) hence inclusion of
compressibility effects means including relativistic
effects (70) as discussed above. Relaxation of
assumption (b) implies presence of viscous effects
i.e., vorticity hence iso-spin (8) thus requiring
consideration of modified Navier-Stokes (19)
rather than Cauchy equation of motion (6).
Interestingly, it was precisely the viscous equation
of motion (19) that was employed in a recent
investigation [35] to derive Dirac [133] relativistic
wave equation of quantum field theory (QFT)

L 10¥, 0¥y,
ih(— p +0g )+ (ompe) Py =0 (71)
C

B Xip

Dirac [133] arrived at his relativistic wave
equation (71) through shear genius being guided by
his superb mathematical intuition. Therefore, the
physical basis of his relativistic wave equation (71)

and hence QFT remains abstract and mysterious.
The simple derivation of Dirac equation in [35]
may help the understanding of physical foundation
of this important equation. It is also important to

note that as long as Vxv =Vxu, is true such that

VxV'=0 by (3), Dirac wave function W

remains well defined insuring validity of (71) for
particles with spin such as election as is to be
expected. Finally, Dirac [133] anticipated that the
4x4 tensors (ocj,ocm)ill (71) may be related to

internal coordinates. Hence, in harmony with
Dirac’s mathematical intuition, it is reasonable to

suspect that tensors (o ,o,) are somehow
connected to the four-coordinates (z,,0,,r,,z;) and

the corresponding four-velocities (v, v,,v,.V})

discussed after Fig. 15 of the following Section.

Physical Foundation of Electromagnetism
and Invariant Maxwell Equations

It is well known that, following Faraday’s
intuitive concept of line of force, Maxwell
developed equations of electrodynamics guided by
analogy with hydrodynamics of a “fictitious fluid”
called ether. In particular, the important connection
between magnetic field and fluid rotation was
emphasized by Maxwell as described in his 1891
treatises on electrodynamics [57]:

"Whatever light is, at each point of space there
is something going on, whether displacement, or
rotation, or something not yet imagined, but which
is certainly of the nature of a vector or directed
quantity, the direction of which is normal to the
direction of the ray. This is completely proved by
the phenomena of interference.”

“The only resemblance which we can trace
between a medium through which circularly
polarized light is propagated, and a medium
through which lines of magnetic force pass, is that
in both there is a motion of rotation about an axis.
But here the resemblance stops, for the rotation in
the optical phenomena is that of the vector which
represents the disturbance. This vector is always
perpendicular to the direction of the ray, and
rotates about it a known number of times in a
second. In a magnetic phenomenon, that which
rotates has no properties to which its sides can be
distinguished, so that we cannot determine how
many times it rotates in a second.”
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According to Maxwell [57], Faraday conceived
such lines of force as individually rotating lines in
accordance with the Rankine hypothesis of
molecular vortices. We quote another statement by
Maxwell [57]

"If we adopt Ampere's theory, we consider a
magnet not as a continuous substance, the
magnetization of which varies from point to point
according to some easily conceived law, but as a
multitude of molecules, within each of which
circulates a system of electric currents, giving rise
to a distribution of magnetic force of extreme
complexity, the direction of the force in the interior
of the molecule being generally the reverse of that
of the average force in its neighborhood, and the
magnetic potential, where it exists at all, being a
function of as many degrees of multiplicity as there
are molecules in the magnet."

Following Dirac [131], a hydrodynamic model
of Faraday line of force was recently introduced
[90] on the basis of flow field surrounding spinning
spherical particles in an otherwise stationary
background fluid as schematically shown in Fig. 12

(a) (b) ()
Figure 12 — Schematic model (a) flow near a spinning particle
(b) locally conserved flow streamlines (c) formation of
Faraday line of force from a row of co-spinning particles and

the associated vortex field within the subquantum background
fluid [90].

In general, interactive forces between spinning
particles within participating background fluid is
very complex and depends on the orientation of
iso-spins of particles as schematically shown in
Fig. 13

As discussed in [90], due to such
hydrodynamic forces, spinning particles such as
electrons form a chain composed of alternative
particle/anti-particle or electron/positron called
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hydrodynamic model of Faraday lines of force
schematically shown in Fig. 14

@
o
& e

L
fe) {4y

¥ -
led [§3]

Figure 13 — Some possible interactions between spinning
spherical particles within a participating background fluid.
(a) parallel up-up (b) parallel up-down (c) co-axial up-up
(d) co-axial up-down (e) anti-parallel up-right (f) anti-parallel
down-right.

FARADAY LINE
OF FORCE

Figure 14 — Faraday line of force as electron (black) and
positron (white) string with inflow jet (1J) of one matching the
outflow jet (OJ) of its neighbor. Also shown are alternating
outflow (OD) and inflow discs (ID) [90].

The breakage of a line of force corresponds to
creation of an electron and positron pair as
described by Dirac [131]. It is reasonable to
anticipate that what is known as “charge” is related
the magnetic field and hence to iso-spin of particles
with positive and negative charges associated with
the sense of rotation of matter and anti-matter
particles. At much smaller scales, such a
hydrodynamic model of Faraday lines of force is in
harmony with chains of quark-antiquark in
stochastic chromodynamics “like beads on a
necklace” to borrow the description by ‘t Hooft
[134].
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Therefore, in harmony with hydrodynamic
model of Faraday line of force [89] and following
Maxwell [57] and Lorentz [126], generalized
model of electrodynamics is expressed by invariant
Maxwell equations

v.D, = p (72)
oB,
VxE, =——" (73)
p
V.B, =0 (74)
oD,
VxHﬁ:Jﬁ +8t_ (75)

B

Also, following Maxwell, at any scale one
introduces a displacement vector D defined by
(72) such that the continuity equation (4) in the
absence of reactions leads to

6pi[i aDﬁ
V.(piﬁvﬁ) +—= V.(Jﬁ +—)=0 (76)
at[3 azB

Therefore, the quantity within parathesis must
be curl of a vector called Hg leading to (75).

According to  classical  theory  of
electromagnetism [57, 126, 135-137],
electromagnetic waves are transverse waves.
However, following Huygens’ [54] analogy
between propagation of sound in air and light in
ether, it is suggested that light waves also possess a
longitudinal polarization associated with periodic
compression and rarefaction of physical space. The
neglect of longitudinal component could be due to
exceedingly small thickness of chromodynamic
shock. For example, assuming shock thickness to

be of the order of size of nucleus & ~10™°m ,
time scales of fluctuations in speed of light will be

of order 6/c~10"s and hence difficult to
detect. Longitudinal wave could account for finite
gravitational mass of photon (28) in harmony with
Higgs mechanism [138]. With vector potential A,

herein identified as velocity field, magnetic field
strength B, is related to vorticity @, by

B, =-Vx AZB =-Vxv, (77)

that results in Maxwell equation (74). The reason
for the choice of negative sign in (77) is to have
positive sign for the time derivative of electric field
strength defined as longitudinal acceleration

oA, v,
— BB _g (78)

zf3 = zf3
a, o,

Hence, by (76) and (78), the curl of E , gives

VxE 2 (VixA_,) B, (79)
X = X _ —
zp &B B zp atB

that is Maxwell second equation (73).
The sign convention in (77) leading to (79)

ensures that a charge in electric field Eg

experiences a force FZB in the same direction as the

momentum since

B

oJ a(p,v.,) ov
_ W 9BV
- =P

B
&, o o,

=pE, (80)

in accordance with classical results.

For the important case of propagation of
electromagnetic waves in Casimir vacuum,
equations (73) and (75) result in wave equations

O’E
2B 2 2
" =¢;, V'E, (81)
B
o’H
B 22
atg =¢; V’H, (82)

Next, a third wave equation [37] will be
associated with radial electric field intensity E

given by (78). Hence, for propagation of
electromagnetic waves in Casimir vacuum one
obtains wave equations

62¢B/8t§ =c§ V2¢B, &, =(E, . H,E,;) (83)

and corresponding momentum waves as discussed
in [37]

0%y /0ty = VG4, &y = (v 5,05, v,,) (84)
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The three velocity waves (84) result in atomic
energies due to translational, rotational, and radial
harmonic motions given by

I _I t:dﬁ

(85)
—mBV /2= mﬁvﬁB =k7,
_ _(9py _
Egp = J-Feﬁ.dc —J a, .1df, = 6
myrPed, /2= 1o, =kT,
IF dr = Igrﬁr dr, =
) 87)
= my@yry /2 =mgvi, =kT,

For radial potential energy in (87) substitution

from definition of spring constant y,, = rnBoofB has

been made. Hence, the three energies (85)-(87)
correspond to three fields (E,,H,,,E ;).

At thermodynamic equilibrium, the energies
due to harmonic oscillations in axial, angular, and
radial coordinate directions give atomic internal
energy or photon electromagnetic mass [34]

0p?

U, =&ny

B :Ezﬁ +‘99]3 +‘9r[3

=3kT,  (88)

The correction factor of 3/2 discussed by Bass
and Schrodinger [139] is no longer encountered
because the factor of %2 is taken care of by 2
coordinate directions mentioned above, and the
factor 3 is accounted for by axial, radial, and
angular degrees of freedoms.

Finally, photon peculiar velocity (3) results in
Poincaré stress or pressure wave [37] giving
photon potential energy or gravitational mass
[36,37]

gpﬂ

2 2 (89)
:mB<V+ﬁ>/3=mB<V+ZB>:k7E

At thermodynamic equilibrium, Boltzmann

principle of equipartition of energy requires

equality of energy of all four degrees of freedom
[34]

=kT,

3 B

5 = Eop = Ep = Epp (90)
Hence, total photon atomic energy or atomic

enthalpy is

A

A A 2 2
Eioal = €py T EGr =€ E+z[3 +,uoH+eB + 1)
+&,E1, +&,B% = 4KT}

The result (91) is in agreement with the
classical [57,126,135-137] total electromagnetic
energy

=g E?/2+uH? /2=
= 2kT = 4KT;

total

5 5 (92)
=g E” +pu H"

since T' = 2T as discussed in [34].
In summary, photons are assumed to have

harmonic oscillations in axial (z 4o z_), angular
(0,,0), and radial (r,
as schematically shown in Fig. 3,

r.) coordinate directions

\J \‘k/.‘ ‘.\ ’f \vf

Figure 15 — Trajectory of photon “torpedo” with axial, angular, and radial harmonic velocities.
The influence of random peculiar velocity is not shown.

26



S.H. Sohrab

Thus, we have four-coordinates (ZB,BB,IB,Z;)
and corresponding four-velocity (v, vy,v,.V:)
and four-energy (Szp, spp). The new

hydrodynamic fields
(Ezp,HBB,E r'S,Ew) as opposed to the two classical
electromagnetic fields (E,H"). The first field is
new electric field and is called Lorentz longitudinal

Srp’svp’

model has four

electric field K,z =L g associated with periodic
compression and rarefaction of light wave. The last
electric field E o is also new and corresponds to the
wave function . defined in (67) hence associated

with the velocity potential of peculiar velocity
V, =—-V@' that is the hidden pilot wave of de

Broglie-Bohm [3, 90, 106]. The four-waves
associated with translational, rotational, vibrational,
and “internal” degrees of freedom are
schematically shown in Fig 16.
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Figure 16 — Quantization of (a) translational (b) rotational (c)
vibrational (d) internal waves of particles.

In Section 4, it was shown that particle
peculiar velocity leads to external pressure that
was identified as Poincaré stress responsible for
particle stability [35-37]. The velocity potential of
peculiar velocity is the imaginary part of quantum
mechanics wave function (67). Since for stable
particle, external pressure must be equal to internal
pressure that accounts for the potential energy part
(71) of Helmholtz decomposition of total thermal
energy (84) identified as dark energy [33, 34].
Also, as discussed in [33], potential energy or dark
matter of scale g is identified as the total energy

(enthalpy) of the adjacent lower scale B—1. Finally,
in the hierarchies of wave functions shown in (68),
internal wave function of scale p decompactifies

into four-wave functions of the next lower scale

B—1 (see Fig. 7). Therefore, the internal wave
function plays a more complex and significant role
in the hierarchical model (Fig. 1) and hence cannot
be explicitly revealed in Fig. 16.

The invariant hydrodynamic model described
above is harmonious with Maxwell [57] and
Lorentz [126] classical electrodynamics (72)-(75).
Of course closer equivalence requires addition of a
Coulomb scalar potential to account for
electrostatic forces parallel to Newton gravitational
potential. Also, in the hydrodynamic model,
Lorentz [126] force on charged particles assumes
the form

F, =pp(E, +v, xB) =ps(a, —2v xeg) (93)

with the two terms respectively representing linear
and Coriolis accelerations, thus providing a
reasonable hydrodynamic interpretation of Lorentz
force. Therefore, the results presented in this
Section suggest that future development of exact
hydrodynamic model of Maxwell classical theory
of electromagnetism is conceivable and in need of
further investigations.

The primary obstacle in bridging the gap
between hydrodynamics and electrodynamics
concerns uncertainty about the exact nature of
concept of electric charge. In view of the well-
known similarity between Newton law of gravity
and Coulomb law in electrostatics, it is natural to
expect that the concept of charge is somehow
related to mass. This is also supported by
occurrence of charge in the expression of electric
force when electric field strength Eg is identified as
acceleration (78). It is most interesting that the
numerical magnitude of the elementary charge of
electron is almost exactly given by

1843 xm, xc
e=——*¢ =~
F 4

1843 x9.10956 10" x 2.998 x10°
= = (94)

T

=1.60215C

where the proton to electron mass ratio is based on
photon mass in (28)

m
P 51843 (95)
me
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If instead of (95), the classical ratio
m,/m,~1836.2 is employed in (94), one gets a

smaller value e~1.59624x10™" C for elementary
electron charge.

A second major difficulty to resolve is that as
opposed to gravitation forces that are always
attractive, electromagnetic forces could also be
repulsive. Amongst many possibilities, the
observed attractive and repulsive forces between
“charged” particles could be related to the sense of
their rotation in view of Biot-Savart law [137]

H=1d¢x¢/r’ (96)

Also, because of the definition of magnetic
field and its connection to vorticity by (77), the
concept of charge is expected to be related to
electron iso-spin defined in (8) as

@, =V Xu; =0, (97)

Indeed, spring constant that involves both mass

and angular frequency

Xy =oym, (98)
has been connected to electron charge by Jackson
[136] and hence may also help in future
understanding of exact physical nature of charge in
physics.

In closing this section, it is instructive to note
that the universality of transition between turbulent
(highly  dissipative) and laminar (weakly
dissipative) flows across many scales (Fig. 1)
discussed in a recent study [140], is in complete
harmony with the hydrodynamic model of
electrodynamics described above. Therefore,
starting with the pioneering discovery of
superconductivity by Onnes [141] at
electrodynamic scale, one identifies super-
luminosity (laser action) at much smaller scale of
optics or dry hydrodynamics [17], super-fluidity at
larger molecular dynamics scale, and laminar flow
at much larger hydrodynamic scale. At the
exceedingly large cosmic scales, besides the well-
known cosmic lasers due to amplification of light
waves, one anticipates much more powerful rays
associated with stimulated amplification of tachyon
waves. Hence, generalization of all such
phenomena could be referred to as matter-wave
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amplification due to stimulated emission of de
Broglie matter wave packets.

Implications to Quantum Cosmology,
Everett Multiverse, and Quantum Gravity

An important advantage of the invariant model
of Boltzmann statistical mechanics and the
associated generalized thermodynamics (Fig. 1) is
in helping to extrapolate knowledge from
intermediate scales to much larger and much
smaller scales that are less accessible to our
ordinary physical intuition. As described in recent
studies [90, 140], a factor of approximately 10"
separates the scales of five major statistical fields
in our universe starting with tachyon (graviton)-
dynamics at exceedingly small Planck scale 107°
m, followed by electrodynamics 10'® m,
hydrodynamics 10° m, astrophysics 10'® m, and
finally galactic-dynamics (cosmology) 10 m.
Each statistical field has its “atomic” particle
namely, graviton, electron, fluid-element, star, and
galaxy. In the previous Section, the intuitively
accessible hydrodynamics at intermediate scale was
employed to model extremely small scale of
electrodynamics. In the same spirit, in the present
section, physical concepts from intermediate scale
of classical hydrodynamics will be employed to
model the exceedingly large scale of cosmology.

In view of the extremely large number of
galaxies and large distances between them, flow of
galaxies in cosmology [142-145] may be assumed
as ideal gas thus follow invariant Boltzmann
statistical mechanics and the associated generalized
thermodynamics [140,146]. Hence, conservation
equations (4)-(7) describe dynamics of spectrum of
galactic clusters containing a corresponding
spectrum of galaxies as ‘“atoms” of turbulent
statistical  field F, =T, that resides within a

background space S, defined as the field of

astrophysics S, =F, at the next lower scale

of f—1=s.

Ironically, turbulent hydrodynamic model of
cosmology following conservation equations (4)-
(7) is precisely the quantum theory of gravity as a
dissipative  deterministic =~ dynamic  system
recommended by ‘t Hooft [147]. At cosmic scales,
Navier-Stokes equation motion (19) and Helmholtz
vorticity equation (20) account for dissipation of
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ordered motions across hierarchy of scales into
random thermal motions. Dissipations of ordered
translational, rotational, and pulsational velocities
into random thermal velocities are schematically
shown in Fig. 17.
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Figure 17 — Dissipation of momentum from global
(V,.0,, W_K) to local (v_,@,,w_,x): (a) translational (b)

rotational (c) vibrational (d) gravitational degrees
of freedom [33].

The last type of dissipation in Fig. 17 called
gravitational dissipation [33, 147] corresponds to
dissipation of large-scale curvature to random
small-scale curvature such as a large droplet
breaking up into many small droplets in sprays.

In equilibrium galactic-dynamics EGD field at

scale B=g, every “point” of cosmic space will be
occupied by either “atom”, i.e., a galaxy or vacuum
[73]

m, = vacuum =V,

8, = (99)

= (vacuum — vacuum) = VV, =V,

Therefore, cosmic vacuum like Casimir
vacuum shown in Fig. 3 is not empty and the
model (Fig. 1) suggests a hierarchy of vacua
defined as [33]

(vacuum — vacuum), = VV,=
(100)
= (vacmlm)ﬂ_l: Vﬂ_1

To emphasize the importance of such
hierarchies of vacua to cosmology we make the
following quotation from ‘t Hooft [148]

This means that there is one very special state
where all energies are zero: the vacuum state.
Identifying the vacuum state is particularly difficult
in our theory, but it seems that the vacuum also
poses problems in other approaches. In loop

quantum gravity, it is notoriously difficult to say
exactly what the vacuum state is in terms of the
fundamental loop states that were introduced there.
In superstring theory, there are many candidates
for the vacuum, all being distinctly characterized
by the boundary conditions and the fluxes present
in the compactified par of space-time. String theory
ends up leaving an entire ‘landscape’ of vacuum
states with no further indication as to which of
these to pick. It is of crucial importance in any
theory of Planck length physics to identify and
describe in detail the vacuum state.

It is emphasized that according to the present
model of physical space (Fig. 3), the only true and
absolute vacuum-vacuum is the white hole that is a
singularity of the field with exact density p,, =0.

To describe hydrodynamics of the universe,
following Section 3, the atomic (length, time,
mass) of cosmic field are defined as the most
probable (length, time, mass) of astrophysical
statistical field

(?ug,%g,tﬁg): (P g T 5o My ) (101)

At thermodynamic equilibrium, the equality of
temperature of cosmic and astrophysical fields
T =T,=A,, gives the atomic mass unit of cosmic

field ﬁlg:mw’s. Also, from the definition of

temperature kT,=m_ v>, £ and most probable

W5 WS

speed Vo =A, /% one obtains the atomic

w.,m °
time fg =T,
(EGD) field.

Having defined the atomic units of space, time,
and mass, one asks the question that was asked by
both Boltzmann and Planck namely: given the total
number of atoms (galaxies) N and the total energy
H = 4NKT of the universe, what is the distribution
of sizes of galactic clusters N, that results in

stochastically  stationary cosmic field. The
probability of cluster of size A, is identified as the

o Of equilibrium galactic dynamics

inverse of what Boltzmann called number of
complexions W, that is given by Boltzmann-Planck

formula [34]

N1i(g —1n
p_ g -1

T WN+g, D! W,

1
. P=[]P== (02
j ! W
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Following Planck [100], equation (102) leads to
invariant distribution for energy spectra of galaxies.

3

sngg _8nh Vv

At thermodynamic equilibrium between matter
and radiation, equation (103) corresponds to Planck
[100] spectral energy distribution of equilibrium
radiation with % and % fractions of total energy on

v;>v, and v; <vgsides of Wien frequency

v, as shown in Fig. 18.

pV = (L/4)TS = NkT

U= (3/4)TS =3NKT

g
v, (103)
v u, e -1
1.0
0.8
E (v/vw)
0.6
0.4
0.2
0.0
0.0 1.0
| 5
| N,
1.0 Ay
| PV =NkT
ne s
P
B \\\ omser
4
4 //
0.z

Figure 18 — Re-normalized Planck energy distributions

as a function of v /v, [36].

Comparison of astrophysical measurements
[149] with Planck equilibrium energy spectrum
at approximate temperature 2.73 m is shown in
Fig. 19.

The fluctuations of the observed temperature
perturbations in Fig. 19 corresponding to Penzias-
Wilson [121,122,123] cosmic microwave backg-

round temperature To,m = 2.73 m is known to be
about VT =1/10,000 m Normalizing data in Fig.
19 with Wien frequency v/v_ =v/225 leads to
v, /v, =900/225=4 as the limit beyond which

the spectral energy vanishes in close agreement
with normalized Planck distribution in Fig. 18.
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Figure 19 — Mean spectrums associated with the velocity of the solar system with respect to the CMB.
The line is the a priori prediction based on the WMAP velocity and the previous FIRAS calibration.
The uncertainties are the noise from the FIRAS measurements. The error bars are slightly misleading,
because they do not show the correlations, but the correlated errors are properly treated in the fit. [149].
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Close agreement of cosmic microwave
background temperature with Planck distribution
(Fig. 19) is strong evidence for near equilibrium
state of universe. Therefore, it is natural to expect
that distribution of speed of galaxies should follow
invariant normalized Maxwell-Boltzmann
distribution [36]

uB m,

Calculated Normalized Maxwell-Boltzmann
(NMB) distribution as a function of speed re-
normalized with respect to the most-probable or
Wien speed v/v_ =4, /A at two adjacent scales

are shown in Fig. 20.

NMB distribution in Fig. 20 closely agrees with
typical observed distribution of fractions of galaxy
clusters containing N galaxies reported by Saslaw
and Crane [150], Lahav and Saslaw [151], and

_ 322 -—mgugl2kT
N an (2.,[1(1;) s © du, (104) Saslaw [152] shown in Figs. 21 and 22.
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Figure 20 — Re-normalized Maxwell-Boltzmann distribution

as a function of dimensionless speed v/ v,, = A, / A [36].
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Figure 22 — Observed distribution fraction
of galaxy clusters containing N galaxies [151].

Normalizing the data in Figs. 21d or 22 with

Wien number N_ =20, leads to maximum

N_/N_=60/20-3
distribution in Fig. 20.

Planck distribution of cosmic microwave
background radiation energy in Figs. 18 and 19,
Maxwell-Boltzmann distribution of galactic sizes
hence speeds in Figs. 20-22, derivation of invariant
Schrodinger equation from invariant Bernoulli
equation [37], and finally the observed quantum
jumps in red shifts of galaxies [153] are all in
harmony with the hypothesis of quantum
cosmology. Assuming incompressible potential
flow, dynamics of universe will be governed by
invariant Schrodinger equation with peculiar
velocity of galaxies defining its wave function.
However, a more realistic model will be the
dissipative deterministic dynamic system theory of
quantum gravity proposed by ‘t Hooft [147],
involving solutions of conservation equations (4)-
(7) under relativistic (compressible) and viscous
hydrodynamics. In view of invariant Schrodinger
(65)-(67) and Dirac relativistic wave equation (71),
the present invariant hydrodynamic model may
help in closure of the gap between quantum theory
of gravitation and quantum mechanics. The
connection of quantum mechanics with Einstein
[154] GTR is less intuitive due to the complex
mathematical structure of tensors and differential
geometry of Riemann.

Interestingly, in a recent excellent
investigation by Nugayev [155], concerning the
historical development of GTR, research programs
of Nordstrom scalar theory, Abraham vector
theory, and Einstein tensor theory of gravitation
were described. Clearly, the hydrodynamic model
of cosmology involving (4)-(7) contain primarily
scalar and vector terms, and only one tensor
namely total stress tensor Pjj in (6). Therefore, it is

in agreement with NMB
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expected that scalar and vector theories of
Nordstrom and Abraham discussed in [155] will
play important roles in future development of
quantum theories of gravitation. This is in part
because scientific developments also follow
Hamiltonian principle of least energy, and
following more familiar classical hydrodynamics
with scalar and vector theories are much simpler
and intuitively accessible than complex tensor
theories of Riemannian geometry!

When physical space is identified as a fluid, it
is natural to attribute gravitational forces to
gradients of ether density hence pressure as
schematically shown in Fig. 23.

Figure 23 — Schematic diagram of motion in a “curved space”.
The particle moves along the trajectory defined
as the interface between higher density medium
A and lower density medium B.

Hence, in a recent investigation [140],
gravitational force was related to normal stress
expressed as diffusional flux of momentum

applying (11)
F
Tiig = Xg: pevielliie =pe‘wie (_Devpe /pe) (105)

leading to Newton law of gravitation as pressure
gradient of ether or Casimir [63] vacuum [140,
156]

F,=—mVp, /p.=mg (106)
with gravitational acceleration defined as
g=-Vp./p, (107)

According to (105)-(107), solution of
conservation equations (4)-(7) under appropriate
boundary conditions provide (p,T,p) scalar fields
hence gravitational forces at each location.
Following Poincaré [82] description of hyperbolic
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geometry and Gauss classical definition of intrinsic
surface curvature, a one-dimensional line curvature
was recently defined as atomic line density [140] in
accordance with (64)

(108)

Also, since for ideal gas P, =p,RT;, density

and temperature are inversely related, by (109)
local scaler curvature is defined as deviation of
density from that of equilibrium Casimir vacuum
[37,140]

K=p—p, (109)

Hence, cosmic field involves three geometries

K > { Matter (Riemannian space)
(110)

K = 0 Casimir Vacuum (Euclidean space)
K < (0 Anti-matter (Lobachevskian space)

In his description of hyperbolic geometry,
Poincaré [82] introduced what is known as
Poincaré disk schematically shown in Fig. 24.

Figure 24 — (a) Poincare disk with white hole at origin
T —» o0 and black hole on circumference I — 0 (b) Circle
Limit IV (Heaven and hell) by M.C. Escher [74].

Also shown in Fig, 24, is the wonderful
woodcut print by Escher [157] called Circle Limit
IV (heaven and hell) graphically showing
hyperbolic geometry. The one-dimensional line
density as curvature (108) hence (109) may be
viewed as generalized non-Euclidean geometry that
is in harmony with perceptions of Poincaré [82] as
well as non-standard analysis discussed in [158].

The  temperature  limits (T —»,T ->0)
correspond to (white hole, black hole) at the
(origin, circumference) of Poincaré¢ disk.

Concerning the temperature limits in Fig. 24, it is

interesting to examine Maxwell-Boltzmann
distribution in Fig. 5 for ether or Casimir vacuum
(Fig. 3) at three different thermodynamic
temperatures as schematically shown in Fig. 25.
One notes that as temperature is increased,
eventually all photons as Bose-Einstein liquid
evaporate into gravitons and the entire distribution
function collapses on the horizontal axis that is
identified as white hole in accordance with Figs. 3
and 24. On the other hand, as the temperature is
steadily decreased, eventually all space, i.c.,
superfluid Bose-Einstein condensate solidify and
all distribution curves shown in Fig. 25 “freeze” by
collapsing on the vertical axis corresponding to
solid light or “black hole” [37,90] singularity in
accordance with Figs. 3 and 24.

BLACK HOLE

WHITE HOLE

Figure 25 — Black-hole and White-hole limits on maxwell-
Boltzmann speed distribution as temperature of ether or
Casimir vacuum approaches zero and infinity.

Because of the change of units
{(cm/m —>1/100) required by Wien displacement

law A T=029 cmK=00029m” due to
modified dimension of absolute thermodynamic
temperature [34], the classical formula for
transformation to Kelvin absolute temperature
becomes

T(m) = °C(m)+2.731(m) (111)
The constant 2.731 in (111) is close to Penzias-

Wilson [121-123] cosmic microwave background
temperature T, ~2.73 msuggesting that the

entire universe is at ice temperature. The fact that
our universe is very close to the state of
thermodynamic equilibrium is evidenced by the
observed thermal nature of Penzias-Wilson [121-
123] cosmic background temperature
Tos #2.73m (Fig. 19), as well as equilibrium

distribution of speed of galaxies shown in Figs. 21
and 22.

As discussed in [140], the magnitude of Planck
temperature

33



Invariant model of boltzmann statistical mechanics and its implications to hydrodynamic model ...

T =(h¢’/Gk*)"? #3.55x10% m  (112)

introduces a paradox since it corresponds to most
probable wavelength of photon thermal oscillation
that is larger than the reported size of our universe
10°. In view of Fig. 1, this suggests that our
universe with (atom, element, system) lengths

EGD (/,, A,L,)=(10",10",10")m  (113)

is Lemaitre [159] “primordial atom” of a much
larger Everett [160] multiverse with (atom,
element, system) lengths [140]

EUD (/, A ,L)=(10",10", 10")m (114)

This is in harmony with hierarchy shown in
Fig. 1 as well as inflationary theories of cosmology
[161-164].

Interestingly, recent cosmological observations
have revealed a small asymmetry in the power
spectrum from the right versus the left side of our
universe [165] schematically shown in Fig. 26.
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Figure 26 — Asymmetry in measured cosmic power
spectrum (a) calculated (b) measured [165].

It is reasonable to attribute the asymmetry in
Fig. 26 to the fact that our universe is rotating [35].
When our universe is identified as Lemaitre [159]
“primordial atom” of a much larger Everett [160]
multiverse, finite “iso-spin” of our universe within
multiverse becomes understandable and
harmonious with the observed rotation of almost all
galaxies. Moreover, this is also in harmony with
Godel [166] wonderful 1949 study introducing
closed time-like solutions of Einstein field
equations in rotating universe with non-vanishing
cosmological constant. Furthermore, Godel [166]
rotating universe is in harmony with Kerr [167]
solution for rotating black hole.

34

In view of the scale-invariant nature of
quantum mechanics (65)-(67), it is interesting to
view the spectral sizes of ether or space “quanta” at
thermodynamic equilibrium in “empty” de Sitter
[168] universe given by Maxwell-Boltzmann
distribution [140]. At any temperature, Poincaré

thermal measure Ty =\, [90] could be applied to

define respectively microscopic (intensive) most

probable atomic volume Vg and macroscopic

(extensive) system volume V; as

N 3 3 A A
Y=t =Ty . V=20 =N,¥,, (115

Similarly, one defines a spectrum of atomic and
cluster or “‘element” volumes

o _ 13 _ A _ A
Vip =i > Vg = ZVijB =NV (116)

such that the total system volume in (115) can also
be expressed as

(117)

Ve =2V
]

Therefore, according to the model (Fig. 1),
physical space is composed of a spectrum of
element volumes that contain corresponding
spectrum of atomic volumes at thermodynamic
equilibrium in harmony with modern concepts of
loop quantum gravity [147,169-175]. Clearly,
transformation of Wheeler-DeWitt equation [169-
171] into Schrédinger equation (65)-(67) through
resurrection of internal thermodynamic time [140],
will help the closure of the gap between quantum
gravity and quantum mechanics. A most
fundamental aspects of quantum gravity is the
critical role of probability due to stochastic nature
of Casimir vacuum hence universality of chance
[112,176-178] as an indispensable feature of
quantum mechanics in harmony with perceptions
of Heisenberg [75,79].

An outstanding problem of cosmology [142-
145] is the origin of initial perturbations
responsible for galaxy formation. Since universe is
a chemically reactive system [179], in view of the
scale invariance of the model (4)-(7), it is
reasonable to expect that, similar to combustion
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science at molecular-dynamic scale [40], thermos-
diffusive instabilities govern hydrodynamics of the
universe after explosion of Lemaitre [159]
“primordial atom” or Big Bang. Two examples of
thermos-diffusive instability leading to cellular
flames in rich premixed butane-air are shown in
Fig. 27.

@ (b)

Figure 27 — Formation of cellular thermo-diffusive instability
in rich butane-air premixed flame with Lewis number based
of deficient species Le < 1 stabilized on (a) A porous sphere

(b) Stagnation-point flow against planer quartz plate.

The geometry of cellular flame depends on
boundary conditions as seen in Fig. 27. For
example, in 2-dimensional stagnation point flow as
opposed axi-symmetric one shown in Fig. 27b,
cellular flame instability leads to a row of parallel
flame stripes. Relative scale-invariant diffusivities
[36] of mass D> heat o, =06, /pc,, and momentum

Ky =1,/ pyin (4)-(7) govern “flame” instabilities

and their interactions according to hydro-thermo-
diffusive theory of laminar flames [180].

In closing this Section, it is instructive to
briefly consider another interesting and outstanding
problem of cosmology namely the lack of
knowledge of the boundary conditions of universe.
Of course, without knowing such boundary
conditions, the global hydrodynamics of universe
cannot be determined from solution of (4)-(7).
According to quantum mechanics (65-67), stability
of particle is due to an external pressure known as
Poincaré¢ stress [36,37]. It is therefore reasonable to
attribute stability of galactic clusters to a
surrounding halo due to chaotic random motion of
galaxies. Similarly, halos due to chaotic random
motion of stars could be responsible for stability of
galaxies.

Although the present thermodynamic model of
cosmology cannot resolve the boundary condition
problem, perhaps the following analogy will help
in visualization of the problem. A classical problem
of boundary conditions in fluid mechanics is

known as Stokes paradox and concerns solution of
equation of motion for creeping uniform laminar
flow of viscous fluid across a rigid cylinder. No
solutions that simultaneously satisfy vanishing
velocity on the rigid cylinder and uniform velocity
far away from cylinder could be found. However,
recently Stokes paradox was resolved by finding
the solution of modified form of equation of
motion (19) for viscous flow across a rigid cylinder
given by stream function [32]

Y. =—£(1-2/E+1/E)sin0  (118)

where W, =¥, /RIU, E=1"/R], and R] is
radius of rigid cylinder. Some streamlines
calculated from (118) are shown in Fig. 28.

N=F

>

Figure 28 — Streamlines for Stokes uniform viscous
flow across a rigid cylinder [32].

The radial and angular velocities obtained from
(118) are

v.=—(1-2/&+1/E)cos0,

(119)
Vo = (1-1/&*)sin®

As seen in Fig. 28, the problem of matching of
solution to have vanishing velocities at the wall and
uniform flow in far field is resolved through
formation of two cylindrical line-vortices forming a
closed viscous boundary layer with flow
recirculation that in effect isolates the rigid cylinder
from the outer potential flow. Thus, Stokes paradox
helps to illustrate that nature in its infinite
possibilities can accommodate diverse boundary
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conditions through creation of intermediary
transition layers such as the recirculation zone in
Fig. 28. Although the boundary conditions of our
universe remain to be determined by future
investigations, it is reasonable to anticipate that like
galaxies and cluster of galaxies, the boundary
condition of our universe within much larger
Everett [160] multiverse is also chaotic in nature
[78,181].

Concluding Remarks

The study was focused on some implications
of a scale-invariant model of Boltzmann statistical
mechanic to four different areas pertaining to
fundamental problems of theoretical physics. First
part concerned quantization of space, time, and
mass leading to clarification of concept of internal
time, Rovelli [70] thermal time, invariant definition
of atomic mass, mass-energy equivalence, and
Joule-Mayer mechanical equivalent of heat. In the
second part the model was applied to physical
foundations of invariant Schrodinger equation of
quantum mechanics as well as special theory of
relativity. In  particular, new  perspectives
concerning resolution of seven important problems

regarding physical interpretation of quantum
mechanics were presented.

In the third part of study the implication of the
model to Maxwell theory of electromagnetism was
studied. A hydrodynamic model of electromag-
netism was introduced leading to new perspectives
concerning the nature of electric and magnetic
fields as well as that of electric charge. Finally, in
part four of the study, some of the implications of
the model to the fields of cosmology, quantum
gravity, and quantum cosmology were addressed.
The predicted equilibrium speed distribution of
galaxies was found to be in good agreement with
existing cosmological data. Physical space or
Casimir vacuum was found to be composed of a
spectrum of quantized space volume elements each
composed of corresponding spectrum of atomic
space volume quanta in harmony with modern
theories of loop quantum gravity. The results were
found to be in accordance with quantum gravity as
a dissipative deterministic dynamic system
proposed by ‘t Hooft [147].
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ON THE AFTERSHOCKS OF SOME STRONG EARTHQUAKES
IN THE SOUTH-EAST OF KAZAKHSTAN

The proposed article presents the results of a comprehensive study of the aftershocks of some strong
earthquakes in the south-east of Kazakhstan during the period 1960-2023.

Strong earthquakes in the studied region are accompanied by numerous aftershocks, therefore it is
very important to consider the behavior of aftershock attenuation processes in more detail. The relevance
of this topic determines the subject, the object, as well as the choice of the method of research. Special
attention was paid to the spatial and temporal distribution of aftershocks relative to the epicenters of
strong earthquakes during the period 2016-2023. For the research, an earthquake catalog was used for
the territory of 39-47°N, 70-85°E with an energy class K>7.

The results of the research are schematic maps of strong earthquakes and their aftershocks that oc-
curred in the last few years in the selected study area. The statistics of the number of aftershocks after
strong earthquakes have occurred are presented, the time dependence of strong earthquakes (main af-
tershocks) and their aftershocks in the time interval 2016-2023, which occurred on the territory of 39-
46°N, 70-85°E is constructed. A qualitative analysis of the results obtained makes it possible to more
clearly understand the physical and mechanical conditions of the occurrence of aftershocks after strong
earthquakes and to understand in detail the law of attenuation of aftershocks.

Key words: seismicity, strong earthquakes, aftershocks, geological structures, the law of attenuation
of aftershocks.
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K azakcTaHHbIH, OHTYCTiK-LUbIFbICBIHAAFbI
KeHnOip KyLUTi Xep CiAKIHICiHIH, caAAapbl TypaAbl

YcbIHbIAFAH Makanaaa 1960-2023 xbiapap KesdeHiHAae KasakCTaHHbIH OHTYCTiK-LIbIFbICBIHAAFbI
Kenbip KyWTi XXep CiAKIHICTepiHIH adTEPLIOKTAPbIH KELLEHAT 3ePTTeY HOTMXEAEpi OepiAreH.

3epTTeAeTiH alMMakTafbl KYLITI >Kep CIAKIHICTEPI KenTereH >kep CiAKiHiCcTepiMeH 6ipre >xypeai,
COHABIKTAH >Xep CiAKIHICIHIH, 8AcCipey npouecTepiHiH 8peKeTiH TOAbIFbIPAK, KapacTblpFaH >KeH. bya
TaKbIPbINTbIH ©3EKTIAIM TakbIPbIMTbl, 0ObEKTIHI, COHAAM-aK, XXYPri3iAe€TiH 3epTTey SAICIH TaHAQyAbl
aHbikTarnAbl. 2016-2023 XbiAAAP Ke3eHiHAe 6GOAFaH KaTTbl >Kep CIAKIHICTEpiHIH 3MMUEHTPAepiHe
KATbICTbI XXep CiAKIHICTepiHIH KEHICTIKTiK K@He yaKbITlla TapaAyblHa epeKlle Ha3ap ayAApbIAAbL. 3epTTey
ywin K>7 sHepreTukanblk, kaacbl 6ap 39-46°Ch, 70-85°LLb, aymakTapbl yiliH >Kep CiAKIHICTEepiHiH
KaTaAorbl KOAA@HBIAABI.

3epTTey HaTMXeAepi COHfbl OipHele >KbIAAQ TaHAAAFAH 3epTTey aymarblHAQ OGOAFAH KaTTbl
>Kep CIAKIHICI MeH OAapAbIH >Xep CiAKiHICTepiHiH AMarpamMmanapbl 60AbIn Tabbiraabl. KywTi >kep
CiAKIHICTEpIHEH KeWMiHri »Kep CiAKIHICTepiHiH caHbl TypaAbl CTATUCTMKA YCbIHbIAFaH, 39-46°Ch, 70-
85°LLB aymarbiHAa 60AFaH 2016-2023 XbIAAAP apaAbIFbIHAAFbI KYLITI XKep CiAKiHICTepiHiH (Herisri
AYMIMYAEPAIH) >X8HE OAApAbIH >Kep CIAKIHICTEpiHIH, yakbITWla TOYEAAIAIri CaAblHFaH. AAbIHFaH
HOTUXKEAEPAI CamaAbl TaAAQy YAKEH XXep CiAKIHICTepiHEH KeMiH XXep CiAKiHICTepiHiH naiaAa 60AYbIHbIH
(PU3MKAABIK-MEXAHMKAABIK, >KaFAQMAAPbIH HEFYPABIM HAKTbl TYCIHYTe >KaHe Xep CiAKIHICTepiHiH aAcipey
3aHbIH erKen-TerxkKenAi TyCiHyre MyMKiHAIK 6epeai.

TyiiH ce3aep: cerlcMMKaAbIK, KYLWITI >Xep CiAKiHICTepi, AYMMyAep, reoAOrMsIAbIK, KYPbIAbIMAQP,
AYMMYAEPAIH 9ACIpey 3aHpbl.
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(0] NMOCAEACTBUAX HEKOTOPbIX CUAbHDbIX 3eM/\eTpﬂceHmT1
Ha oro-Boctoke KasaxcraHa

[MpeaAaraemas CTaTbs MPEACTaBASIET COOOI PE3yAbTATbl KOMIAEKCHOI O MICCAEAOBAHUS apTEPLLOKOB
HEKOTOPbIX CUAbHBIX 3eMAETPSICEeHNM 10ro-Boctoka KasaxcraHa 3a nepmoa 1960-2023 rr.

CuAbHblE  3EMAETPSICEHMS B MCCAEAYEMOM PErvoHe COMPOBOXKAQOTCS  MHOMOUMCAEHHbIMU
adTepllokamn, MO3TOMY BeCbMa aKTYaAbHO pPAcCMOTPeETb MOBEAEHMe MpPOLEeCcCOB  3aTyxaHWus
aTepliokoB 6oaee NOAPOOHO. AKTYaAbHOCTb AQHHOWM TEMbI OMPEAEASeT MPeAMET, 06BHEKT, a TakxKe
BbIGOP METOAQ NMPOBOAUMbIX MCCAeAOBaHMI. Ocob0oe BHUMaHMe GbIAO 06paLLeHO Ha MPOCTPaHCTBEHHOE
M BpeMeHHoe pacripeAeAeHne aTepLIOKOB OTHOCMTEAbHO 3MULIEHTPOB MPOM3OLLEALINX CUAbHBIX
3emMAeTpsiceHmin 3a nepmoA 2016-2023 rr. AAg UCCAEAOBAHUIA NMPUMEHSIACS KQTaAOl 3eMAETPSICEHUI
AAs TeppuTtopun 39-46°CLL, 70-85°BA, € aHepreTMyeckum Kaaccom K>7.

Pe3yAbTaTamun MccAeAOBaHUI SBASIOTCS KAPTbI-CXeMbl CUAbHbIX 3EMAETPSICEHMI 1 MX addDTEPLLOKOB,
NPOM3OLLEALLMX B MOCAEAHUE HECKOABKO AT Ha BbIOPAHHOM TEPPUTOPUUM UCCAEAOBaHMS. [1peacTaBAeHa
CTAaTUCTMKA KOAMYECTBA apTepLIOKOB MOCAE MPOMU3OLUEALLMX CUAbHBIX 3EMAETPSICEHMI, MOCTPOEeHa
BpeMeHHast 3aBUCMMOCTb CUAbHBIX 3EMAETPICEHNN (OCHOBHbIX TOAUKOB) M MX adhTEPLLOKOB B MHTEPBAAE
BpemeHn 2016-2023 rr., npousouwealunx Ha tepputopumn 39-46°CLL, 70-85°BA. KauecTBeHHbI
AHAAM3 MOAYYEHHbIX PEe3yAbTAaTOB MO3BOASIET GOAEe UYETKO MOHATb (PU3MKO-MEXAHUUECKMe YCAOBUS
BO3HWKHOBEHMS apTEPLLOKOB MOCAE CUAbHbIX 3EMAETPSICEHUI U AETAAbHO MOHATb 3aKOH 3aTyXaHWS

acpTepLUOKOB.
KAtoueBble cAOBa: CEMCMWMYHOCTD,
CTPYKTYPbI, 3aKOH 3aTyXaHWsl adTepLIOKOB.

Introduction

The current stage of activation of the Earth’s
seismicity dictates the need to conduct research
on the processes of occurrence and attenuation of
aftershocks after strong earthquakes. Strong earth-
quakes (two strong earthquakes with a magnitude
of more than 7.8) that occurred in Turkey on Feb-
ruary 6, 2023, after which many aftershocks were
recorded, can serve as a vivid confirmation and
example. So [1,3]: “On February 6, 2023, with an
interval of nine hours, two powerful earthquakes oc-
curred in southeastern Turkey. The epicenter of the
first with a magnitude of 7.8 (+ 0.1) was located in
the Shehitkamil area in Gaziantep (Turkey), the epi-
center of the second with a magnitude of 7.5 (£ 0.1)
was located in the Ekinozu area in Kahramanmaras
(Turkey).” Therefore, modern studies of aftershocks
after strong earthquakes have occurred are becom-
ing very relevant. On September 9, 2023, a strong
earthquake with M=7 occurred for the first time in
Morocco.2. Aftershocks with a magnitude of M =
4.5 occurred after it. According to the US Geologi-
cal Survey, the earthquake occurred about 72 kilo-
meters east of the Moroccan city of Marrakech. The
second aftershock, magnitude 3.9, was recorded at a
depth of 10 km also near the city of Marrakech [1,3].

Strong earthquakes are always accompanied by
numerous aftershocks. Their number and intensity
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decrease over time, and the duration of manifesta-
tion can last for months. The probability of strong
aftershocks is especially high in the first hours after
the main shock. There are many cases when build-
ings damaged by the main impact were destroyed
precisely by repeated, less violent tremors. After-
shocks pose a threat during rescue operations. An
aftershock is a repeated seismic shock of lower in-
tensity compared to the main seismic event.

Therefore, special attention in this study was
paid to the aftershocks of strong earthquakes
in the South-East of Kazakhstan, in order to
comprehensively study the spatial and temporal
distribution of aftershocks after strong earthquakes
and the law of their attenuation.

Materials and methods

The materials of the research and analysis were
scientific sources [1-12]. A catalog of earthquakes
for the period 1960-2023 was used for the territory
0f'39-46°N, 70-85°E, [4]. Special attention was paid
to the current stage of activation of the seismicity of
the region for the period 2016-2023.

In order to understand the physico-mechanical
meaning of the process and the nature of the
occurrence of aftershocks, some strong earthquakes
in the region and their aftershocks have been studied.
The whole process can be described as follows. The
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presence of aftershocks is associated not so much
with residual stresses directly in the hearth, as with
a rapid (during the main shock of the earthquake)
increase in stresses in the vicinity of the hearth of
the earthquake, due to the redistribution of stresses.
When the main impact of an earthquake is plastic
(and brittle) deformation of the earth’s crust in
the earthquake site, the hard surface of the earth’s
crust shifts in general from tens of centimeters to
several meters. At the same time, the mechanical
stresses in the hearth decrease from the maximum
(from the level of ultimate strength) to the minimum
residual ones. On the other hand, stresses in the
vicinity of the hearth (source of rupture) increase
significantly (as a result of displacement of the
Earth’s crust), sometimes bringing this stress closer
to the ultimate strength. When the strength limit
is exceeded (near the source of the main shock),
aftershocks occur. With this displacement of the
earth’s surface, mechanical stresses increase at a
great distance from the epicenter (source) (similar to
how it happens near the epicenter). The essence of
the concept of aftershocks is always associated with
major aftershocks (strong earthquakes). After the
main shock, not only residual stresses arise directly
in the hearth, but also quickly (during the main
earthquake) stresses increase in the vicinity of the
hearth of the earthquake due to the redistribution of
stresses. During the main shock (strong earthquake)
— plastic (and brittle) deformation of the earth’s
crust in the earthquake site, the hard surface of the
earth’s crust shifts, from several tens of centimeters
to several meters.

A comprehensive study of the processes of
occurrence and attenuation of aftershocks, and the
application of the law and the Omori method [2]
revealed some statistical patterns. According to the
law proposed by Swedish seismologist M. Bot, the
magnitude of the strongest aftershock is less than the
magnitude of the main shock by one. Aftershocks can
occur over a long period of time (months and years).
A statistical pattern is also found in the time sequence
of their occurrence [3]. The mechanical stresses in
the hearth decrease from the maximum (from the
level of ultimate strength) to the minimum residual
stresses. Stresses in the epicenter area increase
significantly, sometimes approaching the ultimate
strength. When the strength limit is exceeded (near
the focus of the main shock), repeated aftershocks
occur. Mechanical stresses also increase at a great
distance from the epicenter. Stress increases at the
plate boundaries may approach the limit of strength
of the earth’s crust along its perimeter, then after
strong earthquakes — displacements along the plate

boundary, a series of man-made earthquakes may
occur. Thus, in [5], the time statistics of the strongest
aftershocks were considered relative to the moments
of the corresponding main shocks. It follows from
the considered material that the occurrence of the
strongest aftershocks in time obeys the power law
of distribution. This is similar to Omori’s law [2]
for the sequence of all aftershocks (see Fig. 1).
As the authors note [6]: “the hypothesis of the
independence of times and magnitudes in aftershock
sequences has been confirmed.” After strong
earthquakes, aftershocks usually occur, which can
cause significant additional damage, sometimes
even exceeding the damage from the main shock.
Strong aftershocks are often accompanied by a
temporary increase in the number of events per unit
of time. Presumably, a strong aftershock is likely
to occur at the beginning of a series of events. A
more likely scheme is the occurrence of aftershocks
due to stresses accumulated before the main
shock [6]. Figure 1 shows the time dependence of
aftershocks on the main shock, which occur in the
time interval 2017-2023. Taking into account all
the features of the occurrence of aftershocks after
strong aftershocks, special attention was paid to
their spatial distribution.

Results and discussion

According to the catalog of aftershocks, major
aftershocks (SOMS) [4], it can be concluded that
aftershocks do not occur instantly, but with some
delay after the main (main) shock. It is obvious that
small impacts similar in strength to direct impacts
from seismic events, for example, tides or even
surface waves from the main shock that rounded
the Earth, can also act as triggers that increase
the likelihood of aftershocks [6]. At the same
time, a trigger is understood as a specific cause
of events, conditions under which a prescribed
action should occur-an event, an event that sets
in motion, a provoking factor, a signal that causes
predetermined conditions. Let’s take a closer look
at the analysis of the occurrence of a sequence
of aftershocks. For this purpose, the temporal
sequence of major aftershocks (strong earthquakes)
and their aftershocks is considered (see Fig. 1) for
the period 2017-2023. Figure 1 shows how the
sequence of aftershocks is distributed over time
after the main shock.

According to the accumulated data on the
aftershocks of the earthquake catalog (SOME) [4]
for 1960-2023, it can be assumed that the assessment
of the probability of subsequent aftershocks is based
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on the assumption that the magnitude of aftershocks
does not depend on time; under this assumption, the
maximum magnitudes depend only on the intensity
of the aftershock flow (the number of events per
unit of time) or do not depend directly on the time
elapsed since the main shock [6]. Each aftershock
can be characterized by a pair of quantities: time
relative to the main shock and magnitude, which
can be considered as a two-dimensional random
variable. It can be assumed that if the magnitudes
are independent of time, any of the aftershocks
may be equally likely to be the strongest. There
are 34 main aftershocks in the catalog of strong
earthquakes, each of which may or may not have its
own sequence of aftershocks (see Table 1). Provided
reliable estimates of parameters based on data on the
interval from the main (main) shock, it is possible
to estimate such characteristics as the maximum
magnitude, the waiting time for shocks of a given
force, the occurrence of events of a given force in
a given interval. The corresponding parameters

were identified in the sequence of aftershocks of
each of the 34 main aftershocks. In the earthquake
catalog, the main (main) tremors are marked -3, the
corresponding aftershocks are marked — 40-41 [4].
Table 1 shows the sequences of the main aftershocks
and the number of their aftershocks for 1970-2023.
Some strong earthquakes in the studied region,
their coordinates, magnitude, depth and number of
aftershocks are given. For the spatial representation
of aftershocks, the main aftershocks with K>14.0 and
the number of their aftershocks were taken from the
indicated table. 1. K is the energy class. For example,
some strong earthquakes (major aftershocks and
their aftershocks) were considered starting from
2016-2023. The results of the spatial distribution
of aftershocks of some strong earthquakes in the
studied region are shown in Figures 2-5. In the
sequence of aftershocks of each strong earthquake,
there are sufficiently strong events of class K = 9.7,
9.2, they are timed to the main shock and obey the
law of attenuation of aftershocks.

01.01.2017 01.07.2017 01.01.2018 01.07.2018 01.01.2019 01.07.2019 01.01.2020 01.07.2020 01.01.2021 01.07.2021 01.01.2022 01.07.2022 01.01.2023 01.07.2023 01.01.2024

[ata

Figure 1 — Time dependence of the main aftershocks and their aftershocks in the time interval 2017-2023,
which occurred on the territory of 39-46°N, 70-85°E
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Table 1 — List of strong earthquakes (K>14) and the number of their aftershocks in the south-east of Kazakhstan in 1970-2023.

(compiled from materials [4])

Me Jata, Koopmmmater Smeprevmmecant | Marwmypa, | Tnvbimz | Komsmecteo
Bpend lnpota | Jdoarota Knace, & M nm:;mu'pa_. ad epIIOKOE
. KM
1| 050670453 4247 78.50 156 6.3 13 4
2| 10.05.7114:51 43.00 7120 142 - - 4
51 13.06.7122:04 4132 1912 142 6 119 71
41 1501.7220:21 4028 7938 144 2 102 ]
5124037821:03 4287 7838 16.0 7.1 33 93
6| 23007015:03 45.00 17.00 140 i 40 ]
T 1302831:40 4013 7315 145 62 16.1 401
8| 23088512:42 30.13 13.30 173 7 6.8 271
O 24088520:46 3045 75.80 149 - - 151
10| 240187 8:09 41.40 1917 153 6.2 2189 in
11 12.11.9012:28 1193 1793 14.6 64 19.1 87
12| 250291 14:30 4033 7892 144 6 206 23
13| 13.03.928:07 41.10 1242 15.0 6.2 493 43
14| 190892204 4207 1363 170 13 274 141
15 301293 14:24 4482 7877 150 55 149 62
16| 19.03.9615:00 4022 76.58 146 6.3 231 3
T09019713:43 4117 7420 142 58 222 3
18] 21.01.971:47 3043 16,98 144 39 i3 E
19| 01.03.976:04 ian 76.82 142 56 124 2
20 1104973:34 3960 7693 14 5 62 13 1
21| 14.02.05323:58 41.80 EERE] 143 6.1 22 123
221 19.04094:08 4132 78.18 140 54 39 11
231907111933 3092 7143 143 6.1 20 3
241280113 16:38 42351 1967 14.7 6.1 13 B3
15| 26.06.1611:17 3973 7373 142 6.4 13 43
6| 23.01.1614:24 3913 1417 144 6.6 17 i
27 03035.174:47 3045 7158 143 8 11 42
28| 08.08.1723:27 4440 8248 16.7 6.3 20 130

To analyze the number of strong aftershocks,
a series of aftershocks that occurred in 2016-
2023 was taken. Figures 2-5 show the spatial
and temporal distributions of aftershocks after
strong earthquakes. As you can see, in space,
aftershocks are grouped in the epicentral region
of the main shock. The number of aftershocks

for each strong earthquake is different. There are
single aftershocks after a strong earthquake, and
there are numerous aftershocks, up to 100 and
more.

Thus, the aftershocks of some strong earthquakes
in the south-east of Kazakhstan that occurred during
the observation period were considered.
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Figure 2 — Aftershocks of a strong earthquake
on June 26, 2016, K = 14.2 [4]
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Figure 4 — Aftershocks of a strong earthquake
on May 03,2017, K = 14.3 [4]

Conclusion

The following conclusion can be drawn as
conclusions. During the period of intensification
of seismicity in the Southeastern Kazakhstan
research region for 2016-2023, maps-diagrams
of the spatial and temporal distribution of
aftershocks after strong earthquakes (K>14)
were obtained. The time dependence of the
main aftershocks and their aftershocks in the
time interval 2016-2023, which occurred on the
territory of 39-46 °N, 70-85°E, showed graphs
of curves that obey the law of attenuation of
Omori aftershocks. The obtained research
results made it possible to better understand the
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Figure 3 — Aftershocks of a strong earthquake
on November 25, 2016, K = 14.4 [4]
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Figure 5 — Aftershocks of a strong earthquake
on 08.08.2017, K=16.7 [4]

physico-mechanical conditions of the occurrence
and attenuation of aftershocks after strong
earthquakes and showed the need for timely
study of aftershocks after strong earthquakes
in connection with recent strong earthquakes in
different parts of the globe.

The work was performed in the laboratory of
Physics of geodynamic and seismic processes within
the framework of the “Assessment of seismic hazard
of territories of regions and cities of Kazakhstan
on a modern scientific and methodological basis”,
program code F.0980. The source of funding is the
Ministry of Education and Science of the Republic
of Kazakhstan.
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KBAHTTbIK HYKTEHIH, DHEPTETUKAADBIK CI1EKTPIH
OCUUAAATOPAA OPHEKTEY SAICIMEH AHbIKTAY

2KyMbICTa CbIPTKbl MarHUT ©PiCiHAE OPHAAACKaH €Ki SAEKTPOHAbBI KBaHTTbIK, )KYMEHiH SHEPreTUKaAbIK,
CMEeKTPi OCLMAASTOPAA OPHEKTEY OAICIMEH aHbIKTaAaAbl. DHEPreTUKaAblK, CrMekTpi napaboAaAbk,
KOH(DaMHMEHT MOTEHUMaAbl YLIIH aHFAPMOHUSIABIK, TY3€TYAi eckepe oTbipbin ecenTeAiHai. Ocbl
>KaFAQMAQp YLLUIiH SHEPreTUKAAbIK, CMIEKTPAIH aybITKYbIHa TaAAQy XKacaaabl. KywTi MarHuT epictepiHae
€Ki IAEKTPOHAbI XKyie YLIiH Kapry MOTeHLMaAbIHbIH, NnapaboAaAblK, cunaTbl TypaAbl rMnotesa erte
OPbIHAbI €KEHAIT aHbIKTaAaAbl. MyHAQ XXYMEHIH KapanaibiM oKiAi GOAbIN TaObIAATbIH €Ki SAEKTPOHAbI
KBaHTTbIK, HYKTEAEPAIH KacueTTepiH 0akblaay >koHe 0ackapy MYMKIHAIM oAapabl  0oAaliak,
KOMIMbIOTEPAEP YLUIH >KaHa 3AeMeHTTep 6asacbl peTiHAE MNariAaAaHyFa MYMKIHAIK 6epeai. LLlarbiH
OGOALLEKTI DAEKTPOHAbI XKYMEAED TEOPUSABIK, KOHE SKCMEPUMEHTTIK TYPFbIAAH YAKEH KbI3bIFYLLbIAbIK,
TYAbIpaAbl. ByriHAE 3AeKTPOHABIK, KYPbIAFbIAAPFa apHAAFaH >KapTblAaii ©TKi3rill HAHOKYPbIAbIMAAPAbIH,
aAyaH TYPAIAIriHe kapamacTaH, >KakCapTbiAFaH cunaTTamasapbl 06ap MarepuasAbl i3aey MPoLeci
YKaAFacyaa. ©OHepkacinTe HaHOMaTepUaAAAAPAbI NMaAaAaHy KapKbiHbl T€3 6CYAe, OYA XKaHa HbICAHAAPAbI
KYPY YLWiH CMHTE3 8AiCTepiH 83ipAeyAi biIHTaAaHAbIpaAbl. YKaHa KBaHTTbIK-OALLIEMAi KYPbIAbIMAAPAbI
KYPY >KYpPin >KaTkaH KBAHTTbIK MeEXaHMKaAbIK, MPOLECTEPAIH ilLKi KYPbIAbIMbIH HAKTbl TYCIHYAI TaAan
eTeAi. XKymbiC 6apbICbIHAQ KBAHTTbIK, HYKTEHIH, SHEpreTMKaAblk, CriekTpi napaboAasbik, KOH(aNHMEHT
MOTEHUMAAbI YLLIIH aHrapPMOHMUSAbIK TY3eTYAI eckepe oTbipbin ecenteAAi. OA YilUiH 3Heprus CnekTpiHiH
TepbeaicTepiHe Tanpay >kacaaAbl. CbIpTKbl MarHUT ePiCiHAEri eKi dAeKTPOHAbI KBAHTTbIK HYKTEHiH
3HEepreTuMKaAblK, CMEeKTPiHe 3epTTey KBaHTTbIK, HYKTEHIH cMnaTTaMaAapbiH 6ackapyra MyMKIiHAIK 6epeAi.

Ty#HiH ce3aep: KBaHTTbIK, HYKTe, KBAHTTbIK, XXYI€e, SHEPreTUKaAbIK, CEKTP, OCLIMAASITOPAA OpHEKTEY
BAiCi.

S.A. Zhaugasheva, K.A. Nurlan*

Al-Farabi Kazakh National University, Kazakhstan, Almaty
*e-mail: kmlnurlan@gmail.com

Determination of the energy spectrum of a quantum dot
by the method of oscillatory representation

In this paper, the energy spectrum of two-electron quantum systems located in an external magnetic
field is determined by the method of expression on an oscillator. The energy spectrum was calculated
taking into account the anharmonic correction for the parabolic confinement potential. For these con-
ditions, an analysis of fluctuations in the energy spectrum was carried out. In strong magnetic fields, it
turns out that the hypothesis of the parabolic nature of the retention potential for two electronic systems
is quite plausible. The ability to control and control the properties of two-electron quantum dots, which
are a common representative of such a system, allows them to be used as a new element base for future
computers. Electronic systems with microparticles are of great interest both theoretically and experimen-
tally. Today, despite the wide variety of semiconductor nanostructures for electronic devices, the process
of searching for a material with improved characteristics continues. The pace of use of nanomaterials in
industry is growing rapidly, which stimulates the development of synthesis methods to create new ob-
jects. The creation of new quantum-dimensional structures requires a clear understanding of the internal
structure of the quantum-mechanical processes taking place. In the course of the work, the energy spec-
trum of the quantum dot was calculated taking into account the anharmonic correction for the parabolic
confinement potential. To do this, an analysis of fluctuations in the energy spectrum was carried out. The
study of the energy spectrum of two electronic quantum dots in an external magnetic field allows you to
control the characteristics of a quantum dot.

Key words: quantum system, quantum dot, energy spectrum, method of oscillator representation
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Onpe,A,e/\eHMe JHepreTM4eckKoro cnekrTpa KBAHTOBOM TOYKM METOAOM
OCLUMAASATOPHOrO npeACTaBA€HUSA

B pabote aHepreTMuyeckui CrnekTp ABYXIAEKTPOHHbIX KBAHTOBbIX CUCTEM, PACMOAOXKEHHbIX BO
BHELUHEM MarHMTHOM MOAE, OMPEAEASeTCS METOAOM BbIPAaXKEHWUS HA OCLUMAASITOPE. DHepreTmyeckmi
CMEKTP PaCCUUTHIBAACS C YUETOM aHTaPMOHUYECKOM KOPPEKLIMM AASI MAapABOAMUECKOro KOH(ANHMEHT-
noTeHuMana. AAs 3TUX YCAOBUIA ObIA MPOBEAEH aHAAM3 KOAEGaHWI SHEPreTUUECKOro crekTpa. B crabHbIx
MarHUTHbIX MOASIX BbISICHSIETCS, UTO rMrnoTesa o napaboAMyecKkoM XapakTepe noTeHUMaAa yAep KaHUs
AASL ABYX SAEKTPOHHbIX CUCTEM BMOAHE MPaBAONoOA0GHA. BO3MOXHOCTL KOHTPOAMPOBATH M YNPABASITH
CBOWMCTBaMM ABYXIAEKTPOHHbIX KBAHTOBbIX TOUEK, KOTOpble SBASIOTCS OObIYHbIM MPEACTABUTEAEM
TaKOM CUCTEMbI, MO3BOASIET MCMOAb30BaTb MX B KAuyeCTBE HOBOW IAEMEHTHOM 06a3bl AAS OYAYLMX
KOMIMbIOTEPOB. DAEKTPOHHbIE CUCTEMbI C MMKPOYACTULIAMM MPEACTABASIOT GOAbLLIOW MHTEPeC Kak B
TEOPETUYECKOM, TaK U B IKCMIEPUMEHTAAbHOM MnAaHe. CeroaHsl, HecMOTpsi Ha 6OAbLLIOE pa3Hoobpasue
MOAYTNPOBOAHMKOBBIX HAHOCTPYKTYP AASl 3AEKTPOHHBIX YCTPOWCTB, MPOLECC MOMCKAa MaTepuasa
C YAYYLUEHHbIMM XapaKTepMCTUKaMM MPOAOAXKAETCS. Temrbl MCMOAb30BaHMS HaHOMAaTepPUAAOB B
MPOMbILLIAEHHOCTU BbICTPO PACTyT, YTO CTUMYAMPYET pPa3paboTKy METOAOB CMHTE3a AAS CO3AAHMS
HOBbIX 00bekToB. CO3AaHME HOBbIX KBAHTOBO-PA3MEPHbIX CTPYKTYp TpebyeT 4eTKOro MoHUMaHMsl
BHYTPEHHeN CTPYKTYpPbl MPOMCXOAALIMX KBAHTOBO-MEXAHMUYECKMX MpoueccoB. B xoae pabotbl
SHepreTMYeckmin CrekTp KBAHTOBOM TOUYKM PACCUMTBIBAACS C YUYETOM aHrapMOHMYECKOWM Koppekummn
AAS MapaboAMUECcKOro KOH(AMHMEHT-MOTEeHUMAAA. AAS 3TOro OblA MPOBEAEH aHaAM3 KoAebaHui
3HepreTMYeckoro crekTpa. MccaepaoBaHMe SHEPreTMUeckoro CrnekTpa ABYX 3AEKTPOHHbIX KBAHTOBbIX
TOYEK BO BHELUHEM MarHMTHOM MOA€ MO3BOASET KOHTPOAMPOBATb XapaKTEPUCTUKM KBAHTOBOM TOUKM.

KaroueBble caoBa. KBaHTOBasi cucTeMa, KBAHTOBAs TOYKA, SHEPreTUUECKMid CMeKTp, MEeTOA

BbIpa>k€HMA Ha OCUMAALGTOpPE.

Kipicne

O3/1iriHeH YWBIMIACTHIPBUTFAH KBAHTTHIK HYK-
tenepi (KH) Gap rerepoxyphuibIMaap ONTORJIEK-
TPOHHWKaJa, aTar aiTKaHAa TaNIIBIKThI-OTNTHKAIBIK
OaliiaHbIC JKeNiiepl YIIiH KOFapbl THIMII HHKEK-
LUSUTBIK, JIa3epiiep jkacaylarbl IepCleKTHBaIaphl-
HBIH apKachlH/Aa 3epTTEYHIUIEP/iH KbI3BIFYIIBLIbI-
FBIH apTTHIpABL. EKiHIIIIEH, WHTEHCUBTI DIIEKTPO-
MarHuTTi OpICTIH Op TYpJdi HAHOKYPBUIBIMAApMEH
e3apa acepliecyi e KapKbIHIB 3epTTeiyae. JieK-
TPOMArHUTTI OPICTIH HAHOKYPBUIBIMIAPMEH o3apa
acepiiecyiHe JieTeH KBI3BIFYIIBUIBIKTBIH apTybl Ha-
HOKYPBUIBIMIAPABIH KONTEereH TYpJEpiHiH Koiaa-
HBICKBI €HYiHE OalIaHBICTHI, XOHE OCHI OarbITTa
KONTETeH OKCIEPUMEHTTIK KOHE TEOPHSUIBIK
JKYMBICTapAbIH Taiga OomyblHa anbim  Kenmi[l].
Con HaHOKYPBUIBIMAAPABI KaJBIITACTHIPY >KOHE
OJIapJBIH ©3apa OPEKeTTeCyiH TYCIHIIPY Kasipri
3aMaHay¥W TEOPHSUIBIK 3EPTTEYIEePAiH HETi3ri Mace-
neci Oonbin TaObUIAMBL. BipiHIIiACH, 3JEKTPOHIAD
apachIHJ1a TeOUTiC KYIIIi BpeKeT eTefi, Oipak Kazipri
TEXHOJIOTUSAZAFEl TIPOTPECC JKapThUIall OTKI3TIMI
HaHOKYPBUIBIMAAPAbl — KBAaHTTBIK HYKTENepmi
(IWyHKBIpIIApAbl) KypyFa MYMKIHAIK Oepeni, oHna
AIIEKTPOHAAPABIH aKBIPIBI CAHBI aTOM/IBIK, OJIIIeM-

JepiH peTi OOWBIHIIA MIEKTEYTl KeneMe "KyJIbI-
tanmansl". EKiHNI jKaFsIHAH, KBAHTTHIK HYKTEIEPIiH
KacueTTepiH 0akpliay XoHe 0ackapy MYMKiHZIri
onapapl Oojamiak KOMIBIOTEpJICp YIIIH KaHa
aneMeHTTep  0a3acel  peTiHAe — mNaiijanaHyra
MYMKIHTIK Oepexi.

[IpakTUKaNbIK KOJJIaHy TYPFBICBIHAH KBaHT-
THIK HYKTEJIEpre KeH IMEepCIeKTUBANIAp AallbLIajbl.
WNmean KBaHTTBIK HYKTEIEp JKYHECIHIH JHeEp-
FeTUKAJIBIK, CIIEKTPl 5 (QYHKIMSIAPBIH JKUBIHTHIFBI
OoubIn TaObLIAABI, COHABIKTAH MYHIAN KyHenepi
KOJ/IaHy ONTHKAIBIK KYPBUIFBUIAPABI  KYPYIbIH
camajbl JKaHa JEHIeliHe, MBICAJIbI, TAP ChI3BIFBI
O0ap oHE TeMIeparypara Ce3IMTaIbIFBl TOMEH
JKapThIJIal OTKI3Till Jla3epiiepre KON KETKi3yre
MYMKiHTIK Oepeni [2]. )KanFpl3 KBaHTTBHIK HYKTEHIH
SHEPreTUKAJBIK CICKTPI aTOMJIBIK JICHTeUepre
XKakplH, OyNl KBaHTTBIK HYKTelep Heri3iHae Oip
SIEKTPOHIBI TpaH3HCTOPIIAP MeH Kam
3NEMEHTTEPiH KypyFa MYMKIHIIIK Oepei.

JKyMBICTBIH MaKcaThl — CBIPTKBI MAarHuT epi-
ciHIeri eKi DIEKTPOHABIK KBaHTTHIK HYKTCHIH
JHEPreTUKAJIBIK CIIEKTPIH aHbIKTay. JKyMbIC KBAHT-
TBIK, OPIC TEOPHSICHIHBIH HEsUIapbl MEH dJIiCTepiHe
HETi3/Ie]reH OCHWJUIATOPAA OpPHEKTEY OJICiHAe
OpBIH/IAJIFaH.
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KBaHTTHIK HYKTEHIH SHEPTeTUKAJBIK CHEKTPIiH OCHILIATOP/Ia OPHEKTEY 9/IiCIMEH aHBIKTAY

3epTTey MaTepuaJaapbl MeH Tacijaaep

R aZ+1a m2+
2 |0p* pop p?

XKymbicta morenimanel V. (r) GomarbiH eki 5 (1)
N . h k. hwg
DIIEKTPOHIBI KYHEHIH DHEPreTHKAJBIK CIEKTPIiH +— P2+ X2 n2Vawp3
aHBIKTAy YIIH OCHWUIATOPAAa OPHEKTEYy OJIici 2 P
konnanbangel [4]. z = 0 )Kaf,[FafIHH KapacTbI- +h3Gp* — hwo + lmhwc
paifblK, SFHM KBaHTTBIK HYKTEHiH Mozeni Oona 8 2
anaThlH €Ki eJmeMJi JKyiHeHi KapacTelpaibik. Exi )
MEKTPOH/IBI JKyHeHIH canblcThpMansl  MYHIGFBI M = 0,+1,... — MarHWTTIK KBaHTTBIK
KO3FAJIBICBIHBIH TAMHUIBTOHHUAHBI: CaH, JXoHE
1 w? A3
2 0 W=—w3/w
Aw
2 (A)g = 0 k= _2
Q= |w;+ % 160 ’ a
(1) ramuneronmnans! yirid Llpennuarep Tenaeyi:
1 h? k\hw
2B+ 7.(22,)2 + T" — VAW 3 + K3Gp*| W, = Uy W,
3)
MyHIaFs! U, — SHEPTEeTHKATIBIK apamMeTp:
hw, m 4
Um = Em +?—?ha)c
EH anngpiMeH Tek mapabojanblk MOTEHIMANIBl  JKarjaia SHEpreTHUKANBIK CIEKTp VINiH KeJeci
Kapacteipambi3, sfan W =0 sxonHe G = 0. Bynm  ©pHEKTI ajJambi3:
E h 1+tm+ Z(1+ |m]) 02(1+ 2)+t2
= hwgy—=+t—+x ml|) |=—(=+0c —
m °) 8 "2 2 \6 4
1 1 )
+3kx o? (1+ 2)+t24r(|m|+§)+t[1 1ym] t
Tl (Z44 =~ 4/, -
2 |2 \6 7| T mp T2t DT
X mapamerpi
1
k I(Iml+5
x* + x3 . ( 2)— =0 (6)
3 r2+ImD
0-_2. (1+C2) +£]4
2 \6 4
OPHETIHEeH aHbIKTAIAIbI. MYHIaFbI

CrnuHAIK TaMAJIFTOHNAHHBIH MEHIIIKTI MOHEP1
CTaHJAPTThI TYPJC aHBIKTAIA/IbI;

*

7)

-l>|-<~|~
2|3

Espin = hweg*[1 — (—D™]
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Oemiri r— —r  HHBEPCUACHIHA  KATBICTHI
CUMMETPUSIIBl (AHTUCUMMETpHUSIBI) Oonca, oHIa
colikec CHOUHAIK KYyW CHHIVIET OOJybl THIC
(Tpumner). MyHOarsl t = w./wy MarHuTTIiK
OPICTIH CaJIBICTBIPMAJbI KepHeyi, al g* 3¢ dexTusTi
Jlanme daxTopsr GodBIT TaOBLIAABL. (5) epHeriHe
€Ki DJIeKTPOHHBIH MAarHUT eOpiciHIeri e3apa
acepiecyiMeH OaiinanbicTel 3eeMaH 3G QeKTiHIH
yieci kipiktipinren. (5) xoHe (6) epHeKTepi
KBaHTTBHIK HYKTEHIH HETi3rl KYHJIepiH KBaHTTHIK
HYkTeHIH k = {y/a* emmemi xoHE MAarHHUT
OpICIHIH t CaJBICTBIPMAIBI KepHEYiHIH (yHKIUACH
peTiHIe aHBIKTayFa MYMKIHIIK Oepei.

3epTTey HOTHIKeIEPi MEH TAJIKbLIAY

(3) TaMHIBTOHWAHBIHBIH  DHEPTCTHKAIBIK
CIEKTPiH aHbIKTayFa Kemeiik. Byn skarmaiina
alfHBIMANBLIAP ayBICTHIPY KeJeCiaeu:

p=q*
W = q2a|m| "D (q) ®)

MYHJAFbl @ TIapaMeTpi TOJKBIHABIK (QYHKIHSHBIH
YJIKEH KaIIBIKTBIKTapAarbl KYHIMeH OaiIaHBICKaH.
[loreHunanaplH KYpPBUIBIMBIHAA AHTAPMOHUKAJIBIK
MYIIEIepAiH 0OTybIHa OaillaHBICTHI @ TTApaMeTpPiH
aHpIKTayga [5] OKYMBICHIHBIH  HOTIDKeNepiHe
CYWeHeMi3. p TIaMacBIHBIH YJIKEH MOHIEPiHIe

h? [ 92
{‘7 az "

TONKBIHIBIK, (DYHKIMSHBIH aCHMITOTHKAchl ~Gp*

AQHTAPMOHHUKAIIBIK ~ MYIICCIMEH  aHBIKTAJa[Ibl,
COHbIMEH Karap a=1/3. G ~xkoHe W
HIaMaJIapbIHbIH, a3 MOHAEPIHAE, TOJKBIHIBIK

(YHKIHS TayCCTiK TOJNKBIHIBIK, (DYHKIIUSAFA JKaKbIH
OomraHmpikTan  [6], a =1/2. bym ek
napabonanblk ~ KOH(QaWHMEHT  TOTCHIMANIBIHA
colikec kenenmi. OChUTAHMINBI, HONIIK JKyBIKTayla
HETi3rl Kyl SHEpPrusichlH MUHUMHU3AIUSIIAYTaFbI
BapUAIMSAJIBIK ITTapaMeTp PETiHAC KapacThIPHUIBIT
OTBIPFaH & TapaMeTpi

1/3<a<1/2

MHTEPBAJIbIH/IA ©3Tepe ajabl.

1-cyperTe a mapameTpiHiH t = w./w, MardHuT
epiciHIH  KepHeyiHe  Toyenmimiri m =0 —
1,—2,-3, ... kyluepinne keckinaenreH. Tammay-
IBIH KOPBITBHIHIBICBIHAH OalKanaTelHAAal, M Mar-
HUTTIK KBAHTTBHIK CAHBIHBIH a3 aOCOJIIOTTIK MOHIH-
meri kydl ymiH a < 1/2. Maraut epici mrama-
CBIHBIH 6CYIMEH ¢ MapaMeTpi rayCCTiK TONKBIHIBIK
¢byHKiusiFa colikec keneTiH « = 1/2 meriHe
ACHMIITOTHKANBIK ~ yMThUIaAbl.  Ocrunisrtopna
OpHEKTEy OJlicCiHe @ TmapaMeTpiHiH eHri3ityi
Jlaiicon heHOMEHI MBCeNeCiH COTTI alHANBIN OTyTe
MYMKIiHAIK Oepeni [7].

(3) epHeria TypieHOIpE OTHIPHIT MOMU(HUKA-
uusiianrad Ll penunrep TeHaeyid anampi3:

SO(Um) =

a-19 + 4k Jhwoa?q? @D 4 20212 (P q?eD — 42V ha? W g2Ga-1)

q dq

9
+ 4h3a26q2(6a—1) _ 4a2UmqZ(Za—1)}q)m(qZ) =0
myHaarel d = 2 + 4 a|m|. Hemaik KybIKTayIarsl HET13Ti KYH SHEPTHSCHI:
d d
doh  4a?U, T (7 +2a - 1) 4k\/hwoa? F(j"‘ a-— 1)
4 (wh)Ce D d (wh)(@D) -
] r(3) . r(3)

anVRaew T(z+5¢-1)  2q2p2¢2 T(3+4a—1) (10)

- (wh)Ga-1)

r(3)

(wh)#a-1) +

r(3)

aniarc T(5+6a—1)

+ (wh) (6a-1)

aJl e3apa dcepiecy raMUIBTOHUAHBI YIITiH:

r(2)
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® d
=fdff<d_’7) o—N2(1+7), o~ 20VxRw(@an)
- ‘e, :

4k Jhwoa? 1% 4h’Nha?Ww 175 4a?U,, (11)

(wh)@D Tl—-a) (wh)Ge D TI'(l-5a) (wh)e-D

2 2a2h2!22 —4a 4h3a2G [—6a
T =20 T (on@aD T —4a)  (@h)ED T(1 - 6a)
0&0(Up) _ (12)  moTeHIHMANIBIH backa na mapameTpiepi
dw 0 AHBIKTAJIA/IBI.

(12), (10) eckepe oThIpbIn xoHE (2) MOHIH
opHeriHeH @ mapamerpid U, DOHEprusiCblHbIH  KOJJIAHBIN, HEPTETUKANBIK CIEKTp YIIIH KaKeTTi

(byHKUIMSICHI peTiHIe aHBIKTalMbI3, COHBIMEH KaTap

TYpJICHAIpYJepACH KeHiH:

Ep, 1 m tm* \/F(Z + 2a|lmDIr'(4 + 2a|m|)
_m _ i _ 4, —— 1 =(=1D"]g* + —-
hwg - MMa)Tg Tyt g Lo (DT g I(2a + 2am|)
1
2 3kva [(a+2alm]) [T(4a+2alm]) 2 \]*
—+ 2 + “ 7z . . (_ +t )
3 2 IF'Qa+ 2alm|) | T2+ 2alm|) \3
3
3 [(5a + 2a|m|) [T+ 2alm|) (13)

96734 % 2+ 2a|lm|)

F(60( + Zalml) I['(2 4+ 2a|m|)

F(4a + 2alm|)

2 N\ 4
'<§+t) ]  160z%a?

-1

I'2 + 2alm]) F(4a + 2alm|)

z napaMeTpi Keleci OPHCKTCH aHbIKTaJa/bl:

)

1

I'(a + 2alm 2+ 2alm 2 —14 3
z* + 4ka3/?73 - ( ml) {.I¢ iml) -(—+t2) -1+

['(2+ 2alm|) |I'4a + 2alm|) 47/

['(5a + 2a|m|) I'(2+ 2alm|) 2 (14)

2+ 2alm|) [F4a+ 2a|m|) 2210a

F(6a + 2a|m|) (2 + 2alml) 2

2+ 2alm|) [F4a+ 2a|m|)

(13) osHepretukanblk coekTpi (5) Kapmy — DIET-TPUILIETTIK —aybICylap KBa3u-mapaboliajbik,

MOTEHIIMABIHBIH apa0oJIabIK CHITaThIHA HET13-
JICIITCH DHEPIreTUKANBIK CHCKTPJCH ©3TelIeNiri
afiKpIH. 2-CYpeTTeH DJHEPreTHUKANBIK CIEKTPIiH
KBaHTTBIK HYKTeHIH k = fy/a” ejmemiHeH XoHE
MarHuT epiciHiH t = w./w, caJbICTEIPMaIbl Kep-
HEyiHeH TOYeNIiNiri mapaloiajblK >KOHE KBa3H-
napaboJanblK MOTeHIHANIAP YIIH YKcac eKeHJIri
KepiHesi. JlereHMeH, ©JICI3 MarHuUT ©pICIHAE CUH-
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MOTEHINA YIIIH MarHUT OpiciHiH OipiraMa >Xora-
pBl MOHIEpiHAe Kypendi (2a xoHe 2b cyperrep). bi3
BIICI3 MarHMUT OpICiHAE KapIily MOTEHIMAJBI rapa-
00JaNBIK KOH(pAHHMEHT TOTCHITMAJIBIHAH ©3TeIle-
JieHel Jen kytyaemis. Jon con ceTre KymiTi mar-
HUT ©picTepiHAe W, > wg, AFHU t —> 00 IIeTiHe
(13) xene (12) TanmayblHaH KBa3HU-TIApaOOIAIBIK,
KYPBUILIMMEH OainaHbICKaH (5) MOTCHIMAIBIHBIH
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yieci onci3 ekeHpiri 6akikanaapl. OchUTaiia, KyII-  TypaJibl THIIOTe3a ©T€ OpBIHABL JKypri3iireH
TI MarHUT OPICTEPIHJIC €Ki JCKTPOHIBI XKYie yiIiH  ecenteynepae 013 GaAs yuiiH Kejiecl IaManapiabl
Kapny NOTeHUWANBIHBIH MNapabonayblK cHUmatel  KoimaHasik: m* = 0.067m, xone g* = —0.44.

0,50 —

alpha

e o I I
& & & &
| | | ]

0 2 4 6 8 10

1-cypeT. MarHUTTIK KBaHTTBIK CAHHBIH 9P TYPJIi MOHJEP] YIIIH @ MapaMeTpiHiH
CBIPTKBI MAarHUT OPICIHIH t = W./W( CATBICTHIPMANBI KepHEYiHEeH TOYEIALIIri.
Temenri nenreit m = —1 , keneci geHreir m = —2 ko0HE T.0.
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45 —|
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35 —
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2,5 —

[ | | | I I [ [
-0,5 0,0 0,5 1,0 15 2,0 2,5 3,0 3,5 4,0
t

2a-cyper. [TapaGonanbIK OTEHIMAN YIIiH t = W, /W, CBIPTKBI MAaTHHUT OPICIHIH
CaJIBICTBIPMAJIBI KEpHEYyiHe OaliIaHBICThI 3eeMaH 9CepiH €CKepe OTBIPHII, CAIBICTHIPMAIIBI
KO3FaJIbIC raMUIbTOHHAHBIHBIH W = E /Aiw SHEepreTHKAaIbIK CIEKTpPIIepi.
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6 8 10

2b-cypeT. KBazu-napabonanslk NOTEHIMAN YIIiH t = W, /W CBIPTKbI MArHUT OPICiHIH
CaNbICTBIPMAIIbl KEpHEYiHE HeTi3/1eNreH 3eeMaH 9CepiH eCKepe OTHIPHIT,
CaJIBICTBIPMaJIbl KO3FaJIbIC raMmiIbTOHHAHBIHBIH W = E /Aw, HepreTUKAJIbIK CIEKTpIIepi.

KopbIThIHABI

Hanomerpnik emmemjaeri JkyHenep COHFBI
KBUIIApPhl (PU3MKaAa JKaHA 3EPTTECYy AaiMarbIHBIH
naiina OoJyybIHAa ayibinl Keyifi. A3 OeJIIIeKTi 3JIeK-
TPOHJBIK JKYHEIep TEOpHUSIIBIK TYPFbIIAaH Ja,
9KCIEPUMEHTAIIBI TYPFBIIAH Jla YJKEH KbI3bI-
FYIIBUIBIK TYABIPABL. DJICKTPOHMABI KYPBLIFbLIAD
YIIiH KeNTereH KOMIIOHETTepIiH maiina OomybiHa
cebermi OONFaH KapThUIal OTKI3TIMITIK HAHOKY-
PBUIBIMAAPIBIH Op TYPIIUTIriHe KapamacTaH, CHUTIaT-
TaMajaphl JKaKCapThUIFAaH MaTepHaIbl 13/1ey Mpo-
meci oni jge xairacyga. OHEpKacinTe HaHOMaTe-
pHaIap/Isl Naiganany KapKbelHbI Te3 ocyne, Oy o3

Ke3eTiHe *)aHa OOBEKTUIepAl Kypy YIIIH CHHTE3-
JIey OJIICTEPiHIH JaMybIH BIHTaNaHIbIpanbl. YKaHa
KBAaHTTBIK OJIIEMI KYPBUIBIMIAPAbI KYpy XYpil
KATKaH KBAHTTHIK MEXAHUKAIBIK MPOLECTEPIiH
IIKI KYPBUIBIMBIH HAKTHl TYCIHYIl Tamam eTeni.
JKyMbIc OaphIChIHIa KBAHTTHIK, HYKTEHIH YHEPIeTH-
KaJbIK, CIIEKTPi MapaboIablk, KOH(patHMEHT OTeH-
[Aajgsl YIIH aHTapMOHHUSIIBIK TY3ETYII ecKepe
oThIphIn, ecenrtemiHgi. Ocbl KaFmaimap VIIiH
SHEePreTHKAJBIK CHEKTPAIH aybITKyblHA Tajaay
Kacaimpl. 3epTrTey OaphICBIHIA €CENTENiHTeH
CBIPTKBI MarHWT opiciHmeri eki anmexTpoHasl KH
SHEPIeTUKAJBIK CIEKTPI KBAHTTHIK  HYKTCHIH
cuTaTTaMaaphiH 0ackapyra MYMKIHIIK Oepexi.
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MCCAEAOBAHUE CTABUABHOCTU
OYHKUNOHAABHOTIO CAOA
B MEPOBCKUTHOM COAHEYHOM 3AEMEHTE

OAHUM 13 BMAOB 3€A€HbIX BO30OHOBASIEMbIX WCTOUYHMKOB 3HEPIMM  SBASIETCS COAHEYHast
SHepreTuka, KoTopas CUMTaeTCsl 3KoAormueckn umcton. CoAHeuHas aHepreTmka npeAcTaBaset cobom
06LIMPHYI0 06AACTb CO MHOTUMM HAMpPaBAEHUSIMM, CPEAM KOTOPbIX MEPOBCKMTHAs (POTOBOAbTaMKA
CUMTAETCs OAHOM M3 HanboAee NepCreKkTUBHbLIX HanpaBAeHUid. HecMoTps Ha To, UTO 3PEKTUBHOCTD
npeobpasoBaHMs COAHEYHOM 3SHEPrMM y>ke AOCTUrAa 6oaee 25%, MMEIOTCS psA MPEensaTCTBUMA B
MCMOAb30BaHMIX MEPOBCKUTHbIX COAHEYHbIX 3AEMEHTOB, OAHUM W3 KOTOPbIX $SIBASETCS HM3Kas
YCTOMUMBOCTb K BHELHMM hakTopam Aerpasaumn. Lleabto aAaHHOM paboTbl GbIAO MCCAEAOBAHME
Aerpapaumn MnoBepxHOCTU TOHKOW nAeHku neposckuta CH,NH,Pbl, Cl noa aeiicTerem BHewHmx
BO3AEMCTBUIM, TAKMX KaK aTMOCEPHOM BAara u ceeT. [ToAHOe NoHMMaHWe BAMSIHUS BHELLHMX (DakTOpoB
MPU U3rOTOBAEHUM KXKAOIO (PYHKLIMOHAABHOIO CAOSI CUMTAETCS HanboAee BadkHbIM AAS obecrieveHms
CTabUABHOCTM MEPOBCKUTHOIO COAHEUYHOrO SIAEMEHTA.

Metoa. Aag mccaepobaHna nosepxHoctn CH NH,Pbl, Cl  ncrnoAb3oBaan ckaHMpyiowimii
3AEKTPOHHbIM Mukpockon Quanta 200i 3D, FTIR-cnektpockonmio tmna GCM 2203, cnekTpockonms
KOMOMHALIMOHHOIO paccesHusi C MCMOAb30BaHMeM cnektpoMeTpa Solver Spectrum 600/600 1
ontuyeckyio abcopbumio QEX-10. C nomoLLblo CNEKTPOCKOMMM BO3MOXHO ObIAO  HabAOAATb
AErpasaLmio U CONyTCTBYIOLLYIO 3BOAIOLMIO MOAEKYASIPHOM CTPYKTYPbl BHYTPU CAOS MEPOBCKUTA.

PesyabTaTbl. B mccaepoBaHum 6bIAO MOKa3aHO, 4TO Aerpapaums (PyHKLMOHAAbHOTO CAOS
NnepoBCKMTa NPOTEKAET NMo-pPa3HOMY B 3aBUCMMOCTU OT AEMCTBYIOLLEro pakTopa, MPUCYTCTBYIOLWEro
B OKpyxawuen atMmocdepe M nNpu Mnpouecce AerpapsaumMm KpPUCTAAAMUECKOM CTPYKTYpbl
nepoBCKMTa 06pasyloTCs HOBble XMMMYECKMe CBSA3U. [locAe BO3AENCTBMS aTMocdepbl U cBeTa
YXYALLQIOTCS KauyeCTBEHHbIE XapaKTepuCTUKM OMTUYECKMX NapameTpoB (oTornpeobpasoBaTeas,
4YTO MPUMBOAMT K paspylleHntio (PYHKLUMOHAAbHOIO CAOS MEPOBCKMTA 3a CYEeT FMApPATaALMOHHOM
AErpasauum v MexaHn3mMa AenpoOTOHUPOBAHUS. MexaHU3M Aerpasaumm MoxeT OblTb MHULMMPOBAH
pa3pbiBOM HMOAMAHbBIX CBSi3ei. BbISIBA€HbI CUAbHblE M3MEHEHUS WMHTEHCMBHOCTM MOFAOLEHMS
XapaKTepUCTUUYECKMX YacTOT, COOTBETCTBYIOLLMX (DYHKLMOHaAbHbIM rpynnam NH 1 CH Ha yacToTax
3132 1/cMm mn 3179 1/cm.

O6bcyxaeHre. B 310t paboTe NMPeACTaBAEH MOAXOA K M3YUEHWMIO CTPYKTYPHOM CTabMAbHOCTM
OTAEABHOrO (PYHKLMOHAABHOIO CAOSI MEPOBCKUTA C LIEAbIO Pa3paboTKM aAbTEPHATMBHbIX KOHLLEMLIMIA
M3roTOBAEHMS CTABUABHBIX M YCTOMUMBBIX MEPOBCKUTHBIX COAHEYHbIX SAEMEHTOB.

KatoueBble caoBa: COAHEYHbIA 3AEMEHT, MEepPOBCKUT, (PYHKLUMOHAAbHBIMA CAOWM, Aerpasaums,
CTaBMABHOCTb.
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Stability study of the functional layer in a perovskite solar cell

One of the types of green renewable energy sources is solar energy, which is considered environ-
mentally friendly. Solar energy is a vast field with many directions, among which perovskite photovolta-
ics is considered one of the most promising areas. Despite the fact that the efficiency of solar energy
conversion has already reached more than 25%, there are a number of obstacles in the use of perovskite
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solar cells, one of which is low resistance to external degradation factors. The purpose of this work was
to study the degradation of the surface of a thin film of perovskite CH,NH,Pbl, CI under the influence of
external influences, such as atmospheric moisture and light. A complete understanding of the influence
of external factors in the manufacture of each functional layer is considered the most important to ensure
the stability of a perovskite solar cell.

To study the surface of CH,NH,Pbl, Cl, a Quanta 200 3d scanning electron microscope, FTIR
spectroscopy of the FSM 2203 type, raman spectroscopy using a Solver Spectrum 600/600 spectrometer
and QEX-10 optical absorption were used. With the help of spectroscopy, it was possible to observe the
degradation and concomitant evolution of the molecular structure inside the perovskite layer. The study
showed that the degradation of the functional layer of perovskite proceeds differently depending on the
active factor present in the surrounding atmosphere and during the degradation of the crystal structure of
perovskite, new chemical bonds are formed. After exposure to the atmosphere and light, the qualitative
characteristics of the optical parameters of the photoconverter deteriorate, which leads to the destruction
of the functional layer of perovskite due to hydration degradation and the deprotonation mechanism.
The degradation mechanism can be initiated by the breaking of iodide bonds. Strong changes in the
absorption intensity of characteristic frequencies corresponding to the functional groups NH and CH at
frequencies 3132 1/cm and 3179 1/cm were revealed.

Discussion. This paper presents an approach to the study of the structural stability of a separate
functional layer of perovskite in order to develop alternative concepts for the manufacture of stable and
stable perovskite solar cells.

Key words: solar cell, perovskite, functional layer, degradation, stability.
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[MepoBCKUTTI KYH 3AeMeHTiHAeri DYHKLIMOHAAABIK, KA6ATTbIH,
TYPAKTbIAbIFbIH 3epTTey

JKacbiA KaHapTblAQTbiH 3HEPrus Ke3iHiH 6ip Typi 3KOAOIMsAbIK, Ta3a OGOAbIM CaHaAaTblH KYH
3HepreTukacbl 60AbIN TabbiAaabl. KyH 3HepreTukachl — kentereH 6arbITTapbl 6ap KeH amMak, OAApAbIH
ilWiHAE NMepoBCKUTTI (POTOBOAbTAMKA €H MepcriekKT1BaAbl OarbITTapAbliH, 6ipi 60AbIN caHarasbl. KyH
SHEPrusCbiHbIH TYPAEHAIPY TMIMAIAIM KasipAiH 63iHAe 25% -AaH acTamfa KeTKeHiHe KapamacTaH,
NMepoBCKUTTI KYH 3AEMEeHTTepiH narAaraHyaa OGipkatap keaeprianep 6ap, oAapAblH 6ipi CbIpTKbI
Aerpaaaums GakTopAapbiHA TOMEH TO3IMAIAIK 6OAbIN Tabbliraabl. XKYMbICTbIH MaKCaTbl — aTMOCHEPAABIK,
bIAFAA MeH KapblK, CUSIKTbI CbIPTKbI 9cepAepAiH acepiteH neposckut CH,NH Pbl, Cl >xyka yAaipiHiH
6eTiHiH AerpaAauMsChbiH 3epTTey. [1epoBCKUTTI KYH SAEMEHTIHIH, TYPaKTbIAbIFbIH KAMTaMachi3 €Ty YLUiH
apbip yHKUMOHAAABI KabaTTbl AalblHAQY KE3iHAE CbIPTKbl (DaKTOPAAPAbIH 8CEPIH MYKMST TYCiHY
MaHbI3Abl.

CH,NH,Pbl, Cl 6etin 3epTTey ywin Quanta 200i 3D ckaHepAeylLi-3AeKTPOHABI MMKPOCKOM,
®OCM 2203 TunTi FTIR cnektpockonusicel, Solver Spectrum 600/600 crnekTpoMeTpiH KOAAQHATbIH
Paman cnektpockonusicbl xxaHe QEX-10 onTukaAblk, abcopbumscbl KoAAaHbIAABI. CeKTPOCKOMMUAHbIH
KOMeriMeH MepoBCKUT KAbaTbiHbIH, iLLIHAE MOAEKYAAABIK, KYPbIAbIMHbBIH AErpaAAUMSIChbIH XOHE KaTap
XKYPETiH 3BoAIOLMSACHIH HarikayFa 60AaAbl.

3epTTey KOpCETKEHAEN, MepPOBCKUTTIH (DYHKLUMOHAAAbI  KAbBaTblHbIH,  blAbIPaybl KopLUaFaH
aTMocepaaa 6oAatbiH GeaceHAl (hakTopra 6ANAAHBICTbI KOHE MEPOBCKUT KPUCTAAABIK, KYPbIAbIMbIHbIH
bIABIPAY MPOLECIHAE KaHa XMMUSIAbIK, GaiiAaHbICTap nanaa 60aaabl. ATMOChepa XXaHe XKapblk acepiHeH
KeniH (pOTOTYpPAEHAIpPrilUTEPAIH ONTUKAABIK MAPAMETPAEPIHIH CarnaAblK, CMMaTTaMaAapbl HallapAalAbl,
OYA TMApaTaUMSHbIH,  AErpPasauMaCbl  MeH MPOTOHALUMS  MEXaHWU3MIHIH 9CcepiHeH MEepOBCKUTTIH
(PYHKUMOHAAADBIK, KabaTbIHbIH, OYy3bIAyblHA BKEAEAI. Aerpasaums MexaHM3Mi MOAMATIK BarAaHbICTapAbl
Y3y apKblabl 6acTaaybl MyMKiH. 3132 1/cm xeHe 3179 1/cm xuinikte NH xave CH (hyHKUMOHAAABIK,
TONTapblHA COMKEC KEAETIH CUMATTAMAABIK, XXMIAIKTEPAIH, CIHIPY KapKbIHAbIAbIFbIHAQ KYLUTI ©3repictep
AHbIKTaAAbL. BYA XYMbIC TypakTbl >kaHe cepriMAi NEPOBCKUT KYH SAEMEHTTepiH »acay yuliH 6arama
TY>KbIpbIMAQMaAapAbl 83ipAey MakcaTbiHAQ 6ip (hYHKUMOHAAABI MEPOBCKUT KabaTbIHbIH, KYPbIABIMADIK,
TYPAKTbIAbIFbIH 3€PTTEY TOCIAIH YCbIHAADI.

TyHiH ce3aep: KYH dAEMEHTI, MepoBCKMUT, (DYHKLMOHAAABI KabaT, AerpaAaums, TYPaKThIAbIK.
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HccnenoBanue CTaOUIBLHOCTH q)yHKIlI/IOHaHLHOFO CJI10s B IICPOBCKUTHOM COJIHEYHOM BJIEMEHTE

BBenenne

JUia ynyTIneHHus 5KOJOTHYeCKON OOCTOHOBKE
B MHpPE, aKTHBHO HUCCIIEAYIOTCS aJbTCPHATUBHBIC
MeTOJIbI TIoTydeHus suepruu [1-3]. B Tedenue mo-
CIICTHUX JECATUICTHH, TIEPOBCKUTHBIC COTHEUHBIE
anemenThl (PSC) 3aMeTHO ymydmwim CBOKWO 3-
(heKTUBHOCTH 3a CYET HAyYHBIX HCCIIEOBAHHUMU, B
KOTOPBIX MPOU3BOAUTEIHHOCTh TOHKOIICHOYHOTO
aneMeHTa Obuia JnocTurHyrta Oombine 25% [4—06].
OpHako, KOMMepIuanu3anus U Ooyiee MIMPOKOe
ncrnons3oBanre PSC Ha TPOMBIIIIEHHOM pBIHKE
MO-TIPSKHEMY 3aTPYAHHUTEIBHBI H3-32 MPOOJIEM ¢
COXpaHEHUEM CTaOWIIBHOCTH OTAEIBHBIX (PYHKIINO-
HaJbHBIX cjoeB [7,8]. Ha crabunbhyto padory PSC
BIIUSIIOT pa3iuuHbIe ()aKTOPHI, CBSI3aHHBIC C JIeTpa-
JaIyeid, KOTOpBIE MOAPA3AeISIOTCS HA BHYTPEHHIE
U BHemHue. Tak, MUrpaius MepOBCKUTHBIX HOHOB,
BITUSIIONIAsE HA TIPOYHOCTH CBS3CH MEXKy KaTHOHA-
MU W aHHOHAaMH, OTHOCHTCS K BHYTPEHHHM (pak-
TOpaM JErpajallii, 4TO MPUBOIUT K TEPMHUUCCKON
HectabunpHOCTH [9]. [lomnepxanue KpucTayuIHye-
CKOHM CTPYKTYpBI M CTEXHOMETPHUYECKOTO COOTHO-
meHus1 KoMrmoHeHToB PSC mpoucxoauT 3a c4eT mo-
JIABJICHUS] MUTPAITUU HOHOB, B CBSI3U C ATHM YJIaCTCS
coxpanuTh cBoiictBa PSC [9]. Buemawme xe dhakTo-
pPBI BKIIIOYAIOT BO3/CHCTBHE OKPYIXKAIOIIEH Cpeipl,
B TOM uucJe BiausiHue Biaaxknoctu [10], kuciopona
[11], TemnepaTypsl [12] 1 HHTEHCUBHOTO YJIbTpa-
¢uoneroporo m3nydenusi [13]. MHTeHcuBHas ne-
rpazauus Mmoja BO3ACUCTBUEM OKPYKAIOIIEH Cpeabl
MIPUBOJUT K CHIDKEHUIO IMPOYHOCTH BOJIOPOJIHOM
cesa3u CH,NH,", npu koTOpoMm paspymiaercst CTpyK-
typa PSC [14]. Ilepen nerpagaumeil CTpyKTypHI
PSC mnabmiomaercs cuibHOE HCKaXKEHHE MexKa-
TOMHOTO PacCTOSHHS 3a CUET afcopOIMU MOJIEKYII
BOJibI [15]. JIy1s1 MOBBILICHUST IOATOBEYHOCTH U KOM-
MEpIHATN3yeMOCTH HEOOXOAMMBI HCCIIEIOBAHUS
MEXaHU3MOB jierpajaiuu u crabunsaoctu PSC.

Hame wuccnenoBanue cocpeoToO4eHO B OC-
HoBHOM Ha mnpuMeneHuun FTIR cnekrpockonuun
JUIST MOHUTOPWHTA JETpaJlallid M COMYTCTBYIO-
e HBOJIIONUU MOJEKYJISIPHON CTPYKTYpHI IIO-
BEPXHOCTH B AKTUBHOM (YHKIIMOHAIHEHOM CIIO€
(CH,NH,PbI Cl ). HecMOTps Ha BBICOKYO 4yBCTBH-
TENBHOCTh, HEWHBA3WBHOCTb U OTHOCHTEIHHYIO
npocroty, npuMenenue FTIR cnexrpockonuu nmst
M3YUYEHUS JCTPaJalliy MMEPOBCKUTHBIX COJIHEUHBIX
AJIEMEHTOB BECbMa OTpaHWYCHO. B maHHOI padoTe
WCCIIEYeTCSl DBONIONHS XUMHYECKOH CTPYKTYpHI
TIOBEPXHOCTU OTICIHHOTO AKTHBHOTO CIIOST TIOJ
BIIUSTHUEM OKPYJKaroliei atMocdepsl B JUana3oHe
KoJieOaTenbHBIX XapakTepucTuk 370-7800 1/cm.
JlomoTHUTENbHOE  TOATBEPXKIACHUE  JIeTpaalliu
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CTPYKTYpBI TOBEPXHOCTH aKTUBHOTO (PYHKIINO-
HAJIBHOTO CJIOS TPOBOJWJIMCH C TIOMOIIBIO CKaHH-
PYIOIIEH SJIEKTPOHHONH MHUKPOCKOIIMH U CHUCTEMBI
M3MEpeHHsT KBAaHTOBOW A((QEKTHBHOCTH, a TaKXke
pamaHoBckou crekTpockonud. Ha ocHoBe FTIR
CHHEKTPOCKOIIMKU MbI CTPEMUMCH ONPCACIINTL KOH-
KpPETHBIC IMyTH U CKOPOCTH JErpagaliii MOBEPXHO-
CTH TOHKOW TUICHKH aKTHBHOTO (PYHKIIMOHAIHLHOTO
cios. Ilo pesynbpratam nccienoBaHus 3TOT TOJAXO/
MOXET MPUMEHSATHCS M K JAPYTUM (DYHKIIMOHAIb-
HBIM CJIOSIM U (POTODJIEKTPHUIECKUM cucTeMaM. EcTb
HaJEeXK/a, 9TO MPEJACTABICHHBIC PE3yIbTaThl TTIOMO-
TYT elle OOJbIIIe TTOBBICUTH TPOU3BOAUTEIBHOCTD H
CTaOMUIILHOCTh MaTEpHUajoOB M YCTPOWCTB B aTMOC-
(epHBIX YCIOBUSAX HA MYTH K CO3JIaHUIO CTaOWIIb-
HBIX U YCTOWYHMBBIX TIEPOBCKUTHBIX (DOTORIICKTPH-
YECKHX DIIEMEHTOB.

MeTtopojorus

2.1 Mamepuansi

N,  N-mumerundopmamun  (HCON(CH,),,
99,8%, momep CAS: 68-12-2, Sigma-Aldrich, Be-
nukoOputanus), Homun wmerunammonus (CHIN,
>99,5%, nomep CAS: 14965-49-2, JlroMuHeCLIEHT-
Hasg TexHojorus, TaitBanp), xmopun cBuHIA(II)
(PbCl,, 99,999%, nomep CAS: 7758-95-4, Jlromu-
HECLICHTHAsI TEXHOJIOT U, TallBaHb), IETHPOBAHHBIN
¢dbropom oxcun onosa (FTO) (pasmepsr 50*50 mwm,
ToJIIIMHA 2,2 MM, ylelnbHOe conpotuieHue 7 Om/
kB, Solaronix SA, I[lIBelinapus), JIerupOBaHHBIH
kpemanid N-trma (muamerp 200+£0,5 MM, TommIn-
Ha 200+20 mkM, ynenbHoe comnpoTtuBieHue 1,8—13
Om-cMm, Atecom Technology, TaiiBanb), muctui-
JTUpOBaHHAsl BOJA, alleTOH, DTAHOJI, CIIEIHATbHBII
yuctanmii konuentpar or Hellma (Hellmanex 111,
I'epmanwst), ra3000pa3HbIli a30T, 0€3BOPCOBBIC Call-
¢derknm Kimtech Kimwipes science, CTEKISHHBIN
¢makon 10 mi. J{71st IpUTOTOBIIEHHS TOTOBOTO pac-
TBOpA HCIIOJIB30BATINCh PEAreHThl 0e3 KaKoW-1r00
JIOTIOJTHUTENBHON OYHCTKH.

2.2 Xapaxkmepucmuka ycmpoiicmea

XapakTepuCTHUKH MHUKPOCTPYKTYPBI H3y4alld C
[IOMOILBIO CKAHUPYIOIIEH 3JIEKTPOHHONH MUKPOCKO-
nuu (Quanta 2001 3D, kommanus FEI, Xwincoopo,
mrat Operon, CILIA). M3aMepenne oNTHYECKUX Xa-
paKkTepucTUK TpoBoaAWioch Ha mpubdope QEX-10
(PV Measurements, Inc., USA). PamaHoBckue criek-
TPl PETHCTPUPOBAINCH Ha crieKkTpomeTpe Solver
Spectrum 600/600 B pesxxume oTpaxkeHus Ha 180°. B
Ka4eCcTBE MCTOUYHUKA BO30YKICHUS NCIOIb30BANICS
He-Ne mazep ¢ mmuHON BOJMHEI A = 633 HM. OnrTu-
YeCKHE CIIEKTPHI MCCIIEyeMbIX BEIIeCTB B HH(Dpa-
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KpPaCHOM CIIEKTpajJbHOM AHANa30HE PETUCTPUPYIOT-
csa npu momomu FTIR-criekrpomerpa tuna ®CM
2203 pupmbr «MHDPACITEK» nmpousBozctea PD.
OnTuyecKkuid COEKTPabHBIN TUANa30H U3MEPEHUS
cocrasisgeT 370-7800 1/cM ¢ MAaKCUMAaJIbHBIM CIIE€K-
TpaibHbIM pazpemienuem 0,125 1/cm. Tlpu sTom
OTHOIIICGHUE CHUTHAJ/IIIYM COCTaBJIseT Ooyiee dYeM
60000 y.e.

2.3 Hpueomoenenue CH3NH Pbl, CI

ToHKkasi TUIEHKa TEPOBCKUTA H3TOTABIMBAJIACh
B OTKPBITOM BO3QyXe MpPU OTHOCHUTEIBHOH BIaXK-
HocTH 40%+2% Ha OYMIIECHHBIX ITOIOKKAX B BHIC
KpeMHUS U cTekiIa. KpeMHueBble TIOMIOKKA OUYHIIa-
JIU alleTOHOM, 3TAHOJIOM U TE€UeHHE | MUH COOTBET-
CTBEHHO, a 3aTeM CYIIWIA B CYIIMIBHOM mikade. [is
CH3NH3PbI3-xClx 06pasiipl TOTOBHIH € UCTIONB30-
Banuem 3:1 (m/m) CH3NH3I:PbCI2, u peakuus npo-
MCXOJIWIIA ITPYU KOMHATHOM TeMITepaType Mpu repeme-
IIMBaHUH JI0 PACTBOPEHHS BCEX TBEPIBIX BEIIECTB.

Jnst mydmiero pacTBOpPEHHs TBEPABIX YacTHIL IMPO-
o Harpeanue (urakoHa mipu 600 C. OOpasisr
OBUTH MPUTOTOBJIEHBI METOJIOM IIEHTPU(YTHPOBAHUS
B 00beme 50 Mk neposckuta rmpu 1000 06/MuH B Te-
yenne 30 c, 3areM ocrasinsu Ha 10 MUH Ha BO3/yXe,
a moroM omxuraimu npu 100 °C B Teuenue 90 muH,
nocie Obu1 omxur npu 120 °C B Tewenune 10 mun
Ha OTKPBITOM Bo3ayxe. [loarorosieHHble 0Opa3Libl
OCTABJISUTH OXJIAXKIATHCS 10 KOMHATHOW TeMIlepary-
Pl B nHEpPTHOH cpexe. [Ipu 3ToM MeToze OTaenbHbIe
(DyHKLIIMOHAJIBHBIE CJIOM IIEPOBCKUTA JABaIU IIPHU-
MepHyto TonuHy 200 HM.

Pesynbrarbl u 00cyKaeHust

3.1 Mopgonozust nogepxnocmu

Ha pucynke 1 uzoOpakena mukpodororpadus
JIeTpaJupOBaHHBIX TOHKHX IUICHOK YHCTOTO MeTa-
JTAMMOHHMS HOInAa ¥ XJIOPHJIa CBUHIIA OCAXKICHHBIX
HA MMOJUTOXKKY U3 KPUCTAITHICCKOTO KPEMHHUSI.

mode

tom

(a) yBenmmuenue 2000x, (b) yBennuenue S000x
Pucynok 1 — M300paxenue qerpaanpyromuii IepoBCKUTHOH IIIEHKH

W3 pucynka 1 BHJIHO, 4TO MOBEPXHOCTH Jerpa-
JTUPOBAHHON IUIEHKH MMEET Pa3BETBIEHHYIO CTPYK-
Typy. MoeM Tarxke HaOJIr0AaTh IOPbl WX IIyCTOT,
YTO UMEET BayKHOE 3HAUEHHE I ONTHYECKON CIIeK-
Tpockonuu. Ha pucynke 1 a,0 npezncTaBieHsl CHUM-

k1 SEM TOHKOI IJICHKH MEPOBCKUTA, MOTyUYCHHBIC
rpu yBenmaenun 2000x u 5000x, cootBecTBeHHO. Ha
PHUCYHKE 2 TIPEICTABICHO U300paKCHHUE MTOTICPEIHO-
ro CEYEHUs pa3pelIeHHON NEPOBCKUTHON IUIEHKH, U
BHJIHO, UTO TOJILIMHA IUIEHKH cocTaBmia 3,7 pum.
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Pucynok 2 — M300pakeHne MOMEPEYHOTO CCUCHHS JIeTpai-
pyomuii NIEpOBCKUTHOM TICHKU

3.2 Onmuueckas niomHocmu

OrneHka ONTHYECKHX XapaKTePUCTHK JAerpa-
JUPOBAHHON MOBEPXHOCTH MEPOBCKUTHON IIEHKU
IIPOBOIMJIACH C ITOMOIIBIO JJAHHBIX, KOTOPHIC ObLIH
MIOJTyYeHBI TIPU TPOMYCKAHUH ITUPOKOTIOIOCHOTO
cBeTa uepes oopasmpl. [Iporecc ocinabaeHus morio-
LICHHUS CIIEKTPOB HAOJIOAAaeTCs TPU JJIUTSILHOM
BO3JICHCTBHM BHEIIHUX (PAKTOPOB, KOTOPHIE BHI3HI-
BAIOT pa3pyIICHUE IOBEPXHOCTH 00pasiia, 9To MpHu-
BOJIMT K BBIJICJICHUIO BEILIECTBA YKEITOrO I[BETa PbI2
Y K CHW)KEHHUIO TporyckaeMoctu. M3mepenue npo-
ITyCKaHUS CBETA depe3 IUICHKH 00pa3IloB OCYIIeCT-
BIsI0CH B Auanazone oT 300 um 10 1100 um. [Tomy-
YEHHBIE PE3YJIbTAThI AeTPaUPOBAHHON IJICHKH MTPH
BO3JICUCTBHUH PA3TMUHEIX ()aKTOPOB (CBETAa U BO3MY-
xa B TeueHuu 336 4acoB) MOKA3aHbI HA PUCYHKE 3.

[Ipu BO3zEHICTBUM BHENIHUX (PAKTOPOB TOTIIO-
IIEHUE CHIDKACTCS B KOPOTKOBOJHOBOM JIHAIia-
3oHe 350-400 HM, 3aTeM HaOmIOmaId HEOOJILIIONH
cIiaJl ONTUYECKOro roriomeHusa B nuamnazone 400-
750 aM. TpeThst 4acTh NMPUXOIMIACH HA AUATa30H
800-1100 uM, u B nuanazone 750-800 uM HaOIIIO-
JTaJICs. MHTEHCUBHBIN CIaj, a Jajiee CIIeKTP TOTJIo-
IEHUST CTPEMUJICS K MHUHUMYMY. YYHUTHIBAs, YTO
MOpOroBasi AJIMHA BOJHBI 3()(HEKTUBHOTO TOTJIOLIE-
HUS B BUAMMOM Juanas3one gocturaet 850 um [16],
TO HET HEOOXOAMMOCTH paccMaTpUBATh TUATA30H
850-1100 uM, I MOTTIOMIEHUE CTPEMUTHCS K MU-
HUMYMY.

Tak, mpu nerpaganuy Mo BO3ACUCTBHEM COJI-
HEYHOI'0 CBETa MOKEM HaOJII0JaTh WHTEHCHUBHOE
CHIDKEHHE TIOTIIONIEHUS! (JOTOHOB B BHJIUMOM 00Ja-
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ctu 400-750 HM B CpaBHEHMH C Aerpajalvei moj
BO3JICHCTBHEM aTMOC(Epbl, UCKITI0Uas COTHCTHBIN
cBeT. TakuMm 00pa3oM, MONTydYEHHBIC SKCIIEPUMEH-
TaJbHbIC JAHHBIC CBUACTEIBCTBYIOT O BIUSHUU JIC-
rpajlaliid Ha ONTHYECKYIO TUIOTHOCTH IUICHKH Tie-
POBCKHTA.
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Pucynok 3 — 3aBHCHMOCTD N3MEHEHUS TOTTIOIICHHUS
TUICHOK NEPOBCKUTA OT PA3INYHBIX (PAKTOPOB

3.3 FTIR

s ompeneneHuss KOHKPETHOrO IyTH M CKO-
pOCTH  Jlerpajaliuu OTJAEIbHOIO IMEPOBCKUTHOIO
CJI0Sl COJIHEYHOTO DJIEMEHTA, a TaKKe XapakTep-
HOH SHEpruu akTUBALMU IPOLECCOB, JIEKALIUX B
OCHOBE Jerpajanuu, ObLI chefiaH CIEKTPaTbHBIN
ananu3 c¢ npumenHenuem FTIR-cnekTpockonuu.
FTIR-criekTpockonus JaeT BO3MOXKHOCTb HCCIEA0-
BaTh JBOJIOIMI0 XUMHYECKOH CTPYKTYpbI OTIEIb-
HBIX ()YHKLIHMOHAJIBHBIX CJIOEB U UX COYETAaHUN O]
BIUSTHUEM OKpYy’Karomeil atMochepsl u Temrepa-
Typbl. HecMoTpst Ha TO, YTO Aerpajanuio, BbI3BaH-
HOU BIHSHUEM aTMOC(EPHOI Biaru, MOKHO H30e-
JKaTh C MOMOILBI METO/AA MHKAICYJIALHMH, OJHAKO
CYLIECTBYIOIIME HA JaHHBIH MOMEHT METOJbl He
MOTYT O0€cIeunTh IMOJIHYIO 3alIMTy OT Ipolecca
ruapatanuu. Ilostomy, MK crnekrpockonuueckue
HCCIJIEJIOBAHUS TIpoIlecca Jerpasallii, BBI3BAHHO-
ro rujpparanuei, 1enecoo0pasHo AJs MOJIYUYCHUS
CTaOWJIBPHBIX TUIEHOK MEPOBCKHUTA C MPOYHOU KPH-
CTaJUIMYECKON CTpyKTypoil. Hamr crnexrpaibHbIi
aHanau3 ObLI OrpaHMYeH CPEJHMM IMaNa30HOM KO-
nebarenbHbIX xapaktepuctuk 400—4200 1/cm. Ha
pUCYHKe 4 TMpe/CTaBlIE€Hbl KoJeOaTelbHbIE CIEK-
TPl A1 UACHTU(PUKALUY 3BOTIOLUN XHUMHUYECKOH
CTPYKTYphl TIpA TIOMOIIM XapaKTEPUCTHUECKUX
M0JIOC TIPOITYCKaHMsI, 3aperuCTPUPOBAHHBIX MpPHU
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BBICOKOM OTHOIICHWW CHUTHAJ/IIYM W B JIHAIa3o-
He BOJHOBBIX uncen 400—4200 1/cM oT MOHOKpH-
cramma CH,NH,Pbl, CI_Tommunoi ~ 200 am 10 1
nocie aerpaganuu odpasua. Mcxons u3 npuBeneH-
HBIX IJIUTEpaTypHBIX MaHHBIX [17], Habmomaercs
XOpoIIasi CXOJUMOCTh KOJIeOaTeNbHBIX CIIEKTPOB
MIPH CPABHEHUU C IKCIICPUMEHTAIBHO MOTyYaeMbl-
MH KOJICOATSIbHBIMU CIICKTPAMH (KpacHas JTHHSS)
CBEXO MOoJIydeHHOro (HOBoOro) oOpasia. B cBexo
MOJTyYEeHHON TOHKOM TUIEHKE TIEPOBCKUTA HAOIIOa-
ercsl HanboJiee MHTEHCUBHAS MOJIa KOJIeOaHUH TTpr
yactorax paBHbIX 3132 1/cM u 3179 1/cMm, KoTOpBIE
COOTBETCTBYIOT CHMMETPUYHOW M aCCHMETPHYHOU
BajleHTHBIM MoJaM N-H (cBsasannbivu ¢ NH,"). He-
O6XOI[I/IMO OTMECTUTBH, OTCYTCTBUEC CIICKTpa BAJICHT-
HeIx konebannii O—-H B obmactu 3400-3700 1/cwMm,
KOTOPBIN yKa3bIBaeT Ha (DYHKITMOHATHHYIO THIPOK-
CHJIbHYIO TPyIIy (THAPATOB, TUAPOKCHIA, BOABI) B
UCCIIETlyEMOM CBEXO IMOJyYeHHOW TOHKOM IUIEHKH
nepoBckuTa [18].

0.7 F \CHyNH,* rock

N-H bend

C-N stretch

! C-H bend

CH;NH;" resonant  ..C-H stretch

N-H stretch

Ceexan naenxa

TPaAMPOBAHHAST rmem(a'

0.1 |

Ny ey nY yvwow .
600 1200 1800 2400 3000 3600 4200

v, 1/cm

Pucynox 4 — K-®ypre-criekTpsl 00pa31oB MOHOKpUCTAILIA
CH,NH,Pbl, Cl , cBex0 PUTOTOBIEHHON (KpacHBbIi)
TOHKOM IIJIGHKH MEPOBCKUTA U NP BO3JCHCTBUH aTMOC(EpHOI
BJIarW HA MEPOBCKUT (CHHUH).

TakuM 00pa3oM, JUIsS CBEKO MPHUTOTOBICHHOM
TOHKOM TJIGHKM TIEPOBCKUTA XapakTepHBI Clie-
nyromue muky, Takue kak 910 1/em u 1248 1/cm
(CH,NH," rock), 961 1/cm (C-N stretch), 1421 1/cm
(C—H bend), 1468 1/cm (N-H bend (symmetric)),
1578 1/ecm (N-H bend (asymmetric)), 2921 1/cm
(C—H stretch (symmetric)), 2958 1/cm (C—H stretch
(asymmetric)).

ToHKas TICHKA MEPOBCKUTA XPAHATCS TMPH OT-
HOCUTENIBHOHN BjaxkHOCTH mpumepHo 50% £ 5%

0e3 mHKancymsuuy. Tak, mpu BO3ACHCTBUU aTMOC-
(hepHOI BiTard HAONIOMACTCS PACIITUPECHHUE ITOJIOCHI
NH,", kotopas CONPOBOXIAETCSA CHABUIOM MOJIbI
pactsbxenust N—H B cropoHy 6ojiee BBICOKMX YacTOT
(cunass ymaEAS). OTHOBpEMEHHOE pacCIIMpEHUE H
cMmenienne konedanust N—H na wacrore ~ 3200 1/cm
MOKHO OOBSICHUTH Jierpajanreil MOBEpXHOCTH Tie-
pOBcKkHUTa 3a cueT ruaparanuu. CIeayonmuM qIyB-
CTBUTCJIbHBIM XapaKTCPHLIM IMUKOM IIpU ruapaia-
LMW SIBIISICTCSI TIOSIBIICHUE JIOMUHHUPYIOIIECTO ITHKA
mpu gactore 1660 1/cM, KOTOpPHIH Takke HCIOIb-
3yeTcs AU OLICHKH crerneHu nerpananuu [19]. Ilo-
sIBIICHUE TOMUHHpYomero nuka 1660 1/cMm Bo3HU-
KaeT u3-3a mrudHoi (bending) moner cBsazeir N—H
u O—H, a nuk 1497 1/cM BO3HHKAET M3-3a pacTsiKe-
Hus (stretching) ceszeit O-H u C-H [20]. HaGunro-
JlaeéM CIIeKTpalbHBIE CABHUTH 3a CUET pa3pyLICHHS
KPHCTAIMYECKOH CTPYKTYpHI, B paiione 900 1/cm —
1300 1/cm, mis Tpex mukoB ¢ yacToTsl 910 1/cMm u
1248 1/em (CH,NH," rock), 961 1/cm (C-N stretch)
Ha vactoty 935 1/cm u 1255 1/cm, 990 1/cm coor-
BeTcTBeHHO. OTcClolla CIEAyeT, YTO THIpaTamus
MIPUBOJUT K 00Pa30BaHNIO HOBBIX XUMUYECKHX CBSI-
3eil pH Jerpajjalini KPUCTAUTMYECKON CTPYKTYPBI
MEPOBCKHUTA 3a CUET MEXaHHW3Ma JEeNPOTOHUPOBA-
aust CH,NH,™ [21].

Janee, mnsi uCCle0BaHUS BJIUSHUS BO3JCH-
CTBUSI CBETa WCIOJB30BAJICS 3aKPBITHI TePMETUY-
HBIH OOKC C MCTOYHUKOM, UMUTHPYIOIIUM COJTHEY-
HBIM CBeT naMIon ¢ umHoHW BOJIHEI 300-800 HM.
Jlis wccnenoBaHusl BIUSHUS BO3JCHCTBHS CBETa
On1a ucnonb3oBana FTIR crekrpockomnms, Tak Kak
9TO XOPOIIMH WHCTPYMEHT Ui WICHTU(UKAIMN
THUIPOKCHIIBHBIX TPYII B oOpasie. [ uapokcuipHas
IpyNia UrpaeT HauBaKHEHITYIO pojb mpu (GoTo-
rajJbBaHMYECKOM IIPOLIECCe 33 CYET CACPKUBAHMUS
WHXKEKLUUH H TepeHoca 3apsija, a Takke MepeHoca
SHEPTHH OT KPUCTAJUIOB K KOJIeOATEeIhHBIM COCTOS-
HussM OH [22]. Ha pucynke 5 mokazaHo cpaBHEHHE
UK crexTpoB CBEXO NPHUTOTOBICHHOTO (HOBBIH)
obpasma ¢ gerpaaupoBaHHbIM (decomposed) oOpas-
IIOM T10JT BO3JIeICTBHEM MCTOYHHKA CBETA.

[Ipu cpaBuennn MK criekTpoB cBEXO IPUTOTOB-
JICHHOTO ¥ JIerpaJMpPOBAHHOTO 00pa3loB, BHJIHO,
YTO MHTCHCHUBHOCTBL ITOJIOCHI, KOTOPasi OTHOCUTLCA
K BaJICHTHBIM KOJICOAHUSM TUAPOKCHIIBHBIX TPYII,
CHIDKaeTCsl. DTO MOXKET CBHJIETEIbCTBOBATh O Jie-
copOLMY WIN AMCCOIMALINN TUAPOKCUIIBHBIX TPYTII
n3 obpasua. CoOTBETCTBEHHO, TUCCOIMALIUS MOJIE-
Ky H,O mox BO31€HCTBMEM COIHEYHOTO CBETA MO-
JKET OTPHULATEILHO CKa3aThesl Ha A3PPEKTUBHOCTH U
CTaOMIBHOCTH MOTJIOMIAIONIETO CJI0s 3a CUeT o0pa-
30BaHMS 1e(PEKTOB.
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Pucynok 5 — UK-Dypre-cnekTpsl 00pa3ioB MOHOKPHUCTAILIA
CH,NH,Pbl, Cl , cBexo0 npuroToBIeHHOH (KpacHbIi)
TOHKOI1 IJIGHKH NIEPOBCKUTA U P BO3/IEHCTBUU HCTOYHHUKA
CBETa Ha MEPOBCKUT (CHHUI).

Habmromaercst Gonee BBIpaXEHHBIM THK CO
cmemnienuem 1578 1/cm (N—H bend (asymmetric))
1o 1590 1/cm. Taxxe BUIUM SIPKO BBIpAKCHHBIC
nuKu co cMmemienueM 936 1/cm u 1260 1/cMm, ko-
TOpbIE OTHOCATCS K CH3NH3+ rock, uTto cBuge-
TEIBCTBYET O JIeTpajalid MOBEPXHOCTH TOHKOM
IUICHKH TepoBCckuTa. Ilmknm koirebanwii Ha dYa-
crorax 810 1/cm 1 1150 1/cM 1 cMelIeHUE BEIIIE
MIPUBEICHHBIX TUKOB MMO3BOJISIET MPEANOIaraTh o
pa3pylieHUM CBI3eH KPUCTAINIMYECKOU CTPYKTY-
pBI TIEPOBCKHUTA TOJI BIUSHUEM CBETOBOTO H3ITY-
yenusi. Coxpanenue 3QQPEeKTUBHOCTA U CTAOHIIb-
HOCTH TIEPOBCKHTHOTO COJHEYHOTO DJIEMEHTa
MOHO JIOOHMTBCSI 32 CYET MACCHUBAllMd HOHHBIX
ne(eKTOoB, TO €CTh 32 CUET yBEJIUYCHUSI BPEMCHH
KU3HU PEKOMOWHAIMK U CHWKEHHUS TUJIOTHOCTH
JoByIIEK 3apsaa [23].

3.4 Raman Spectroscopy

B nanHoM pasnerne npezicTaBiieHa paMaHOBCKast
CIEKTPOCKOIHS, KOTOPasi XOPOIIOo ceOst 3apeKOMEH-
JoBajla W SIBIAETCS TIPEKPACHBIM HHCTPYMEHTOM
JUIsl JIOKAJIBHOTO aHalli3a OpraHo-HeOPraHUYECKUX
TaJIOTEHUIHBIX CJIOEB MEePOBCKUTA. J[ist momydeHus
pPaMaHOBCKHX CHEKTPOB KOMOWHAIIMOHHOTO pacce-
SIHUSI YMCTBIX CJIOCB aHAIM3UPYEeMOTo oOpasia uc-
T10JIb30BaJIaCh HU3Kasi MHTEHCUBHOCTH BO30YKIar0-
mero He-Ne mazep ¢ mmHON BOTHBI A = 633 HM.
J1sT 9UCTOTHI TOTYyYaeMOTO JKCIEPUMEHTa OBLIH
IIPOBE/ICHBI TIOBTOPHBIC U3MEPEHUS OJIHOTO U TOTO
ke oOpasma sl HaOIIOeHUST CTPYKTYPHBIX HU3Me-
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HEHUN, KOTOpbIE MBI KOPPEIUPYEM C JOKAJIbHON
JIECTPYKIIMEH MEPOBCKUTOBOM IIJICHKH, BHI3BAHHOM
aTMOC(EepPHBIMHU YCIIOBUSMHU.

Ha pucynke 6 mokaszaH CHEKTp KOMOWHAIIMOH-
HOTro paccesHus. [IpenBapuTensHO, MOIIHOCTE Ja-
3epa Obuia HactpoeHa Ha 10 MxBT ays Toro, uto
MPEAOTBPATUTh HEMPEAHAMEPEHHOE pa3pylICHUE
WJTM YpEe3MEpHBbIN HarpeB.
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Pucynok 6 — PamaHOBCKHE CLIEKTPBI JerpaJUPOBAHHBIX
obpasuos CH,NH,Pbl, Cl

Habnronmaemple  1ONOCHI  KOMOWHAIMOHHOTO
paccestHus Ha 4actoTax 75 1/cm, 98 1/cm, 215 1/ecm
COIJIACYIOTCSI CO CIIEKTPaMH, OIIMCAHHBIMHU JJIs1 00b-
eMHBIX KpucTamioB Pbl, B nmreparype (xpachbie
MYHKTUPHBIE THHUH) [24]. Ckopee Bcero, Mpu CUlb-
HOM OCBELICHUH JIA3€PHBIM JIy4OM U 00JI€€ BEICOKHX
TeMIepaTypax Jerpajiaus 3HaunTeIbHO YCKOPSeT-
csa. OTMeTHM, Kak J0Ka3aHO B TEPMOTPaBHUMETPH-
YECKUM aHaIM30M PaboTeI [25], 9TO TeMrepaTypa
cama 1o cebe He MOXeT ObITh €TUHCTBEHHOM IpH-
YMHOM pasnoxeHus nepockuTa a0 Pbl,. A pasmu-
9Me CIEKTPaJIbHBIX (POPM PaMaHOBCKUX CIIEKTPOB
B paboTax [26,27] u3MepeHHbIX PU BO30YKICHUN
Jaszepa ¢ AJUHOW BOJIHBI 532 HM, a HallleM clyvae
HCTIONIb3YEeTCs Jlazepa ¢ AIMHOM BoJiHbl 633 HM. Ha
OCHOBaHUM ITHX PE3yJbTAaTOB MBI MOATBEPIKIAEM,
YTO OJJHUM U3 KOHEYHBIX MTPOAYKTOB Mpoliecca pas-
JIOXKEHUS, MHIYLUUPOBAHHOIO KOMOWHALIMOHHBIM
u3JIyueHuem, ssisercs Pbl.

IlomyueHHble pe3ynbTaThl CBUAETEIBCTBYIOT O
OBICTPOH JeTpamauy TOBEPXHOCTH TOHKOU TUTCHKH
[IEPOBCKHUTA [IPU BO3JECHCTBUYU OKPYKAKOIIEH CPEIb
(atmocgepHoli Biaru, csera). BuaHo, uto pazmuy-
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HBIC BUJIBI BO3JICHCTBUS OKPYKAKOIIEH cpebl, Oy b
9TO aTMoc(epHas Bjara Wik CBET, BEIYT K pa3HbIM
IIyTSIM  Pa3JIOKEHUS KPUCTALIMYECKON CTPYKTY-
pBI TIEPOBCKUTA, TO €CTh MPUBOJIUT K ACTPaIalliu
(YHKIIMOHAIBHOTO CIOS.

BrIBOABI

Takum o0Opa3oMm, ObUT uUccienoBaH (yHK-
LUOHAJBHBIA CJIOH TOHKOW IUIEHKH IE€POBCKHUTA
CH,NH,PbI, CI nyrem oObenuHeHHUs MCCIEN0BA-
HUI MOP(OJIOTHUHN MIOBEPXHOCTH, ONITUIECKOM TUIOT-
Hoctu, FTIR n Paman criektpoB mpu Bo3aeicTBun
pasnnuHbIX (PakTOpoB. BBIIO mMOKa3zaHO, YTO MOX
BO3/ICHCTBHEM CBETa W BIAKHOCTH 3a(UKCHPO-
BaHbl CyllecTBeHHble u3MeHeHust B MK-cmekrpax
MEPOBCKUTOBOI0 MaTepuana OTHOCUTEIbHO Xa-
PaKTEPUCTUYECKUX TIOJIOC TMOTJIOMIEHUsT 00pa3IoB.
OOHapy’XeHO, YTO MEXaHW3M Jerpaganuu (QyHK-
LMOHAJIBHOTO CJIOSl NIEPOBCKUTA MPOTEKAET Pa3HO-
00pa3HO B 3aBUCHUMOCTH OT BO3JICHCTBHS ONpere-
JIeHHOTO ()aKTOpa, KOTOPBIH MOMKET HAXOIMTCS B
okpykaromeir armocdepe. [lpu merpamaruu kpuc-
CTaJIMYECKON CTPYKTYpBI MEPOBCKHTA 003a3yIOTCS
HOBbIE XMMHYECKUE CBSA3M NPU IpoLecce TuapaTa-

MU 32 CYeT MeXaHu3Ma AenporoHupoBanus. Cre-
JIOBAaTEIbHO, MEXaHM3M JErpajallii, BBI3BAHHBIN
KaK CBETOM, TaK M BJIArOi, MOXXET OBITh WHUIUH-
pOBaH pa3pbIBOM MOAUAHBIX CBsi3ed. MBI moaTBEp-
T IETPAJIallio TIEPOBCKUTA, CIECNIaB CHUMKH C
MIOMOIIbIO CKAaHHPYIOLIET0 3JEKTPOHHOI'O MHKPO-
CKoTa JIo U mocye aerpananuu. HeoOxomuma nainb-
HeH1mas paboTta, 9TOOB! TOHSTH B3aUMOCBSI3b BHEIII-
HUX (haKTOPOB, KaK Bjara, KUCIOPOJ U OCBEIICHHE,
YYacTBYIOIIME B JTUCCOIMAINH HOJa W CBUHIA, a
TaKkKe J00aBUTh DJIEKTPUUYECKYIO Harpy3Ky Ha ak-
TUBHYIO TIEPOBCKUTOBYIO SYEHMKY MOJ JIeHCTBHEM
CBETa C IOBBIIICHHON U MOHMUYKEHHOM TeMIiepaTy-
poii. OmHaKO UCcleloBaHNe CTAOMIBHOCTH TIONY-
YEHHBIX IUICHOK MPHUOJIMKAeT HAC K TOMY, Y4TOOBI
CAenaTh  TMEPOBCKUTHI  KOHKYPEHTOCIIOCOOHBIM
UTPOKOM B TOHKOIUICHOYHOW ()OTOIINEKTPHUECKON
MIPOMBIIUIEHHOCTH.

BaaropapHocTn

HccnenoBanne  BBINONHEHO 1O TPAHTY
AP19174728 npu ¢uHaHCcOBOH mojiep:kke MuHH-
CTEPCTBO HAayKH W BBICIIEro oOpasoBanus Pecmy-
6muku Kaszaxcran.
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®PAKTAAbHbIE CBOMCTBA BAPUALIMIA KOMITOHEHT
FTEOMATHUTHOTO MOAS$l 3EMAU
B MEPUOA, 3EMAETPSICEHUIA

AHaAM3MPYIOTCS (DpaKTaAbHble CBOMCTBA MOPU3OHTAAbHbBIX COCTABASIOMX FEOMArHUTHOIO MOAS
CEBEPHOro M BOCTOYHOIO HAaMpaBAEHMS, BEPTUKAAbHOM COCTABASIIOLLEN M MHTEHCMBHOCTU FEOMArHMTHOrO
MOAS C paspeleHrem 1 cek, M3MepPeHHbIX Pa3AMYUHbBIMM FeoMarHUTHbIMK 06cepBaTopusmm cetn INTER-
MAGNET no Bcemy Mupy B nepmoa KpynHbIx 3emaeTpacermii 2023 roaa. AHaAM3MPOBAAMCh Bapyaumm
MarHMUTHOrO MOASI MPU CEACMUYECKMX COBbITUSX, MPON3OLLIEALIMX B Pa3HbIX PErMOHAX C MarHUTYAOMN,
npesblwamowein ~ 6. MeToAbl (hpakTaAbHOro aHaAM3a NPUMEHSIOTCS AAS BbIIBAEHUWS 3aKOHOMEPHOCTEMN
M HEAMHENHbBIX B3aMMOCBSI3en MEXAY M3MEHEHNSIMU KOMIMOHEHT FrEOMarHMTHOIO MOAS M MPOSIBAEHUSAMM
CeNcMMYecKon akTMBHOCTU. MccaepOBaHa AMHaMMKa (PpPaKkTaAbHOM pa3MepPHOCTM BapmaLumi KOMMOHEHT
reoMarHMTHOr O MOAS AASl AHEI, KOTAQ MPOUCXOANAO KPYMHOE 3eMAETPsiCeHMeE. [ToAyU€eHHble pe3yAbTaThbl
NoKa3sbIBalOT BPEMEHHOE M3MeHeHMe (PpaKTaAbHOM Pa3MepPHOCTUM KOMMOHEHT FeOMarHWUTHOrO MOA4,
BbISIBASIS PA3ANYMS B UX HEPETYASPHOCTHU (CAOXKHOCTM). B pe3yAabTaTe nokaszaHo noka3aHo, YTO CUAbHbIEe
3EMAETPSICEHNS COMPOBOXKAQIOTCS MOBbILIEHHBIMW BapMaLMSIMU MAarHUTHOIO MOASI 3EMAM.

KatoueBble cAOBa: (hpaKTaAbHbI aHaAM3, (PpPaKTaAbHAs Pa3MEPHOCTb, CaMonoA0bue, BpeMeHHble
PSAbl, TEOMarHUTHOE MOAE; 3EMAETPSICEHNS.

V.l. Kapytin

Institute of lonosphere LLP, Kazakhstan, Almaty
e-mail: kapytinvitaliy1991@gmail.com

Fractal properties of variations in the components
of the earth’s geomagnetic field during earthquakes

The fractal properties of the horizontal components of the geomagnetic field in the northern and
eastern directions, the vertical component and the intensity of the geomagnetic field with a resolution of
1 sec, measured by various geomagnetic observatories of the INTERMAGNET network around the world
during the period of major earthquakes in 2023, are analyzed. Magnetic field variations were analyzed
during seismic events that occurred in different regions with a magnitude exceeding ~ 6. Fractal analysis
methods are used to identify patterns and nonlinear relationships between changes in geomagnetic field
components and manifestations of seismic activity. The dynamics of the fractal dimension of variations
in the geomagnetic field components for days when a major earthquake occurred. The results obtained
show a temporary change in the fractal dimension of the geomagnetic field components, revealing dif-
ferences in their irregularity (complexity). The results show that strong earthquakes are accompanied by
increased variations in the Earth’s magnetic field.

Key words: fractal analysis, fractal dimension, self-similarity, time series, geomagnetic field; earth-
quakes.

B.N. KanbIThH

«MoHocepa nHctuTyTh» XKLLC, KasakctaH, AAMaTbl K.
e-mail: kapytinvitaliy1991@gmail.com

XKep ciakiHy Ke3iHAeri XKepAiH reomMarHeTMKaAbIK, OPICiHiH,
KOMMNOHEHTTEpIHAEri e3repyAepAiH, ppakTarAbIK, KacueTTepi

[eOMarHUTTIK OpPICTIH COATYCTIK >XOHE LWbIFbIC GarblTTarbl KOAAEHEH Kypamaac OeAiKTepiHiH
hbpakTarAbIK KacUETTEPI, BEPTUKaAbAbI Kypamaac BeAiri xxaHe 1 cek pyKcaTbIMEH reOMarHUTTIK OpicTiH
KAPKbIHABIAbIFbI Ke3€eH, iliHae 6yKiA aaem 6oiibiHIa INTERMAGNET >xeAiciHiH apTypAi reoMarHuTTikK
obcepBaTopmsAapbiMeH eALLEeHreH. 2023 >KbIAFbl ipi >Kep CiAKiHiCTepi TaapaHaAbl. MarHUTTI epicTiH
aybITKYyAQpPbl MarHMTYAaChl ~ 6-AaH acaTblH 8PTYPAI aiMakTapAa OpPbIH aAFaH CeMCMMKAAbIK, OKMFaAap
Ke3iHAe TanAaHFaH. DpakTanabl TaaAay BAICTEpPi reoMarHUTTIK epic KOMIMOHEHTTEPIHIH e3repicTepi
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CDpaKTaIII)HBIe CBOMCTBa Bapnaunﬁ KOMITOHEHT F€OMAarHUTHOTO IT0JIsI 3eMIIH B nepuon 3eMHeTpHCBHHﬁ

MEH CEeMCMMKaAbIK, BEACEHAIAIKTIH KepiHICTepi apacbiHAAFbl 3aHABIABIKTAPAbI XKOHE CbI3bIKTbIK, EMEC
KaTblHAaCTapAbl aHbIKTay YLLUiH KOAAAHbIAAAbI. Ipi XKep CiAKiHici 6OAFaH KYHAEPAEri reOMarHUTTIK epic
KOMIMOHEHTTEpPIHIH BapuauMsCbiHbIH (DPAKTAAAbIK, ©ALUEMIHIH, AMHAMMKACbl. AAbIHFAH HaTUXKeAep
reoMarH1TTIK epiCc KOMMOHEHTTEPIHIH (PpaKTaAAbIK, OALLIEMIHIH, yaKbITLIA ©3repyiH KepceTeAi, 0OAapAbIH
GipKeAKi eMecCTIriHiH, (KYPAEGAIAIri) anbipMalLbIAbIKTapPbIH alaAbl. HaTuxxeAep KywTi xep ciAkiHicTepi
KepaiH MarHuT epiciHAeri BapuaumsiAapAbiH XKOFapbiAaybIMeH Gipre XXypeTiHiH KepceTeA.

TyiiH ce3aep: ppakTanablK Taasay, (PPaAKTAAAbIK, OALLEM, O©3iHAIK YKCACTbIK, YaKbITTbIK KaTap,

reoMarHuTTIK epic, >Kep CiAKiHicTepi.

BBenenue

KpatkocpouHoe npezcka3aHue 3eMIIETPSICEHUN
HMMeeT KU3HEHHO BR)XKHOE 3HAYCHHUE VIS YesIoBede-
CTBA B IIJIJAHE CMSTYEHUS MOCIEACTBUM CTUXUMHBIX
oenctauii [1]. CoBpeMeHHBIE METOBI TPOTHO3HPO-
BaHMsI 3€MJICTPSACEHHI M MX T€OMarHUTHBIX MpPEA-
BECTHH MPENCTABISIIOT COOOW OAHY M3 aKTyaJdbHBIX
3as1ad B 00actu reo(pu3mKy U cericMosioruu. B cBsi-
3M C HOCTOSIHHBIM POCTOM TI'€OJIOTMYECKON aKTHB-
HOCTH Hallei TuiaHeThl, 3(pPEKTUBHBIE W TOYHBIC
WHCTPYMEHTHI JJIs BBISIBJICHUS NIPEABECTHH CTUXUIL-
HBIX OEIICTBUI CTAHOBATCA 00Jee HEOOXOIUMBIMHU.
OmHMM W3 TOAXOOB, MPUBJIEKAIOMINX BHUMAaHHE
HcCcleioBaTeNe, IBIIeTcsl NpUMeHeHHe (paKTaib-
HOTO aHaJIN3a K T€OMarHUTHBIM JAQHHBIM C LEJIBI0
BBISIBIICHUS CBSA3H MEXKAY STUMHU JAHHBIMHU U TOTOBSI-
LIIMMHCA 3eMIIeTpsiceHUsIMUA. B TeueHune nmocnennux
HECKOJIBKUX JIECSATHIICTUH SIBIICHUS, IPEALIECTBYIO-
e 3eMJIETPSICEHHSIM, IHPOKO HCCIENOBAINCH C
LeNbl0 MPOTHO3UPOBaHUs 3emiieTpsiceHuil. Cpeau
MHOTHX HPEIBECTHUKOB Mbl MOXXEM IEPEUHCIUTH
HEKOTOpBIE YOeAUTEeIbHbIE TEMATHIECKIE UCCIIEeIO0-
BaHMsI CBEPXHH3KOUACTOTHOTO JIUTOC(EpHOro u3-
JIy4EeHUS! TPU CHIIbHBIX 3€MIIETPACEHUSIX, BKIIIOYAs
Crurakckoe 3emnerpsicenne 1988 roma [2,3], 3eM-
netpsacenue B Jloma-Ilpuera B 1989 rony [4] u I'y-
amckoe 3emuerpsicenue B 1993 rony [5], a Takxke mno
MOHOC(EPHBIM BO3MYIIEHUSAM JUIS 3€MIIETPSICEHUS
KobGe 1995 r. ¢ ucnons3zoBanueM cyOHOHOC(EPHBIX
OYEHb HM3KOYACTOTHBIX/ HU3KOUACTOTHBIX BOJIH [6].
3areM HaKOIUIEHHE OOJBIIOTO KOJUYECTBA TeMaTH-
YECKUX HCCIIEIOBAaHUH OTPOMHBIX 3€MJIETPSCEHUI,
Takux Kak 3emnerpsacenue Yu-Yu B 1999 roxy, 3em-
nerpsicenne Ha Cymarpe B 2004 romy, 3emieTpsice-
Hue B Banpuyanu B 2008 rony u 3emierpsiceHHe B
SAnonun B 2011 roay, nmokasajo, 4YTO CyLIECTBYIOT
OTIpeNIeTICHHbIE 3JEKTPOMAarHUTHBIE MPEIBECTHUKN
3emiieTpsicenuit (Hanpumep [1, 7-11]).

Pe3y.]'II)TaTbI " 06cy>lc21elme
MarnuTHOE 110JIe 3eMJIM OKa3bIBaeT BIIMSHHE

Ha OKPYKaIOIIyI0 CPeAy M MOXET IOJBEprarbcs
3HAQUUTENbHBIM U3MEHEHUSM B MPEAABEPUU 3EM-
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nerpsiceHuit. OcoObIil MHTEpPEC MPEACTABISICT U3-
yueHue (paKkTalbHbIX CBOWCTB B 3TUX JaHHBIX
MarHuTHOTO TIONI B TEPHOJ Pa3pyIIUTEIbHBIX
3emiieTpsicenuit. dpakranbHbld aHalnU3, H3yYa-
IONUH camMoIo00ue U MaciTaOHbIE 3aKOHOMEP-
HOCTH B JIJaHHBIX, MOXET MPEIOCTABUTH HOBBIC
WHCAWTHI B MPOILECCHI, MPOTEKAIONINE TIepeT U BO
BpeMs 3emuieTpsiceHnil. OH Hallen MHUPOKoe MpH-
MEHEHHE B Pa3IMYHBIX AUCIHUILINHAX, B TOM YHUCIIC
CBA3aHHBIX C H3YUEHHEM KaTacTPO(UIECKUX SBIIE-
HHUH U KocMu4ecKoi morojoi [12-13]. B xoHTek-
CTe TEOMarHUTHBIX TIOJIEH, METOBI (PAKTATHLHOTO
aHajn3a TIO3BOJSIOT BBIIEIUTH XapaKTepHBIE 3a-
KOHOMEPHOCTH, TPEIIIECCTBYIOIINE CEHCMUYECKOM
akTHUBHOCTH. DpaKkTanbHbIE CBOMCTBA KOMIIOHEHT
MarHUTHOTO TOJS 3eMIIM OTPaXKalOT CTPYKTYpPHBIE
U IIPOCTPAHCTBEHHBIE XapaKTEPUCTUKHU 3TOIO MOJIS
Ha pa3IMYHBIX MacmTadax. BaxHO OTMETUTH, 4TO
MarHuTHOE ToJie 3eMJI HEOTHOPOIHO W TIOABEP-
J)KEHO BO3JCHCTBUIO PA3IMYHBIX BHYTPEHHUX H
BHemHUX (hakTopoB. DpakTalbHBI aHAIU3 TIO-
3BOJISIET MCCJIENOBaTh MX CIOXKHYIO CTPYKTYpPY H
noBeneHne. MaruutHoe Tmoie 3emim oOnagaer
MHOTOMACIITa0HOW CTPYKTYPOWd, 4TO O3HAYAET Ha-
TUYHe pa3nIHBIX YPOBHEH OpraHu3aliy Ha pas-
JUYHBIX MPOCTPAHCTBEHHBIX MaciiTabax. Ppak-
TalbHBI aHaIW3 TO3BOJISIET BBISIBUTh U W3YYHTh
3TH MacmTaOHble 3aKOHOMEPHOCTH. MarHuTHOe
mojie 3eMiin MOXKET 00s1a1aTh (hpaKkTaabHOU pas-
MEPHOCTBIO, OTPaXKAMIIEH CIOKHOCTH €ro reo-
METPUYECKON CTPYKTYpbl. BbIicOkMe 3HaueHUS
(pakTaabHOW Pa3MEPHOCTH MOTYT YKa3bIBaTh Ha
0ojiee CIOXHBIE W PA3BETBICHHBIE CTPYKTYPBHI.
@DpakxTanbHBIE METO/IBI TIO3BOJISAIOT aHATN3UPOBATh
KOoppeIdanun MEXKAY KOMIOHCHTaAMU MArHuTHOI'O
MOJISL B Pa3fUYHBIX TOYKAaX 3eMITM M B pa3lInyHbIC
MOMEHTHI BPEMEHH. JTH KOPPENSALUN MOTYT OBITH
BAXXHBIMU NPHU U3YUCHUU BIIUAHUA PA3JIMYHBIX I'€O-
(M3UYECKUX W KOCMHYECKHX IPOIIECCOB Ha Mar-
HUTHOE noje. @pakTajbHbli aHAJIU3 TAKXKE MOXKET
MNPUMCHATHCA JIs1 U3YUCHUSA MArHuMTHBLIX aHOMa-
TN, KOTOPBIE MPEACTABISIIOT COOOW OTKIIOHCHHS
MarHuTHOTO TOJIA OT CPEIHUX 3HAUYCHWU. AHOMa-
JIMM MOTYT UMETh (PpaKTaIbHBIE XapaKTEePUCTHKH B
CBOEH MPOCTPAHCTBEHHOH CTpyKType. M3Menenus
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B MAarHUTHOM I10Ji¢ 3€MJIM TaK)K€ MOTYT OBITH CBSI-
3aHbl C BO3ACHCTBUEM BHELIHUX (PAKTOPOB, TAKHX
KAK COJIHEUHbIN BeTep. PpakTalbHBIM aHAIU3 I10-
3BOJISIET BBISIBIISITH (PpaKTajIbHbIE 3aKOHOMEPHOCTH
B OTBETE MAaTHUTHOTO MO Ha 3TH BO3JEHCTBHUA.

B nanHO cTaThe myTeM NPUMEHEHUS METOI 0B
(dpakTanbHOrO aHajn3a K BapHalMiAM KOMIIOHEHT
MarHuTHOTO HOJs 3eMJIM H3y4aeTcsl BO3MOX-
HOCTb BBISIBJICHUS] TIOTEHIMAJIBHBIX MPEIBECTHH-
KOB 3eMJIeTpsiceHU. DpaKTalbHbIA aHAIU3 — 3TO
METOJ| MCCIIEIOBAHHS CTPYKTYPHBIX M CTaTHCTH-
YECKUX CBOMCTB OOBEKTOB WJIM MPOIIECCOB C HC-
MOJIb30BaHUEM TOHATHH (ppakTanbHOI reomMeTpun.
OpaxTanpHas TEOMETpPUs 3aHMMAeTCsl ONHCAHH-
€M M U3MEpEeHHEM (PaKTajoB, KOTOPBIC SBISIOT-
Csl CIIOXKHBIMH CTPYKTYpaMmH C camorionoOuem Ha
paznuuHbIX MacmTabax. OCHOBHBIMH acCIEKTaMHU
¢dpakTanpHOrO aHanM3a SABISETCS (QpakTaibHas
pasmepHocTh (D) m camomomobue. Iloxazarens
Xépcra (Taxke m3BecTHBIM Kak Hurst exponent) —
3TO YUCJEHHBIA TMOKa3aTelb, UCIOJIb3YEeMBbIH A
U3MEPEHUsT CTENEHH CcaMononoluss WM JOJro-
CPOYHOI 3aBUCUMOCTH BO BpeMEHHBIX psiax. O00-
3Havyaercs OykBoil «H» n MoxeT mpuHHMMAaTh 3Ha-
yenust ot 0 go 1. 3nauenue H = 0,5 cooTBeTCcTBYET
ciy4aiiHOMy OnyxaaHuio (OpOyHOBCKOMY JIBH-
xeuno), H < 0,5 — orpunarenbHoOl KOppemsIuH,
a H > 0,5 — nonoxutensHON Koppensuu. Yem
ommwke H x 1, TeMm cuipHee monarocpodHasi 3aBUCH-
MocTh. O0O0OIIEHHBIH MMOKa3areab XEpcTa IUpo-
KO MCIIONB3YETCS B Pa3NUYHBIX 001acTAX, TaKHX
KaK (UHAHCHI, KJIMMATOJIOTHsI, OMOJIOTHS M aHaIIN3
BPEMEHHBIX PAJOB, JJIA ONpEAENeHUsl XapakTepa
JUHAMHKH JaHHBIX W IPOTHO3UPOBAHMS OyIyLIHX
3HaueHud. OH 103BOJIET BBISIBUTH U OLICHUTH CTe-
MeHb CTPYKTYPUPOBAaHHOCTH WJIM CIy4alHOCTH B
JTAaHHBIX BpeMeHHbIX psaoB. Ilokazarens Xépcra
U (paxkTajbHas Pa3sMEPHOCTb SIBJIAIOTCA KOHIIEI-
USIMH, CBSI3aHHBIMH C aHaJM30M CaMoIono0us u
(G paKkTambHOCTH B JAHHBIX, HO OHU U3MEPAIOT pas-
HBIC aCIEeKTHI ATOH (paKTAITBHON CTPYKTYPHI.

ITokazarens Xépcra u3MepsieT CTENEHb J0JI-
TOCPOYHOM 3aBUCUMOCTH WJIH KOPPEIsLUU BO
BpeMeHHOM psjie. Bricokue 3HaueHuss H moryt
CBHJICTEILCTBOBATh O YCTOMYMBOM TpEHMAE, TOT-
Jla Kak HU3KkWe 3HadyeHuss H MoryT ykas3siBaTh Ha
MeHee NpeacKa3yeMoe M XaOTHYHOE ITOBEACHHE.
®paxTanbHas pPasMEPHOCTb H3MEpSAET CTENEeHb
(GpaKkTamTpHOCTH WJINM CaMONOAOOMS B CTPYKTY-
pe nmanabix. DpakrampHas pa3MEpHOCTb MOXKET
ObITh OpoOHOI (Hampumep, 1,5), uTo yka3wpiBaeT
Ha (PaKTaJbHYIO CTPYKTYpY, KOTOpas 3aroJIHSAET
MPOCTPAHCTBO MPOMEKYTOUYHBIM 00Pa3oM MEXKIY

LeTBIMA YHCTIaMU (HapuMep, OJHOMEpHAas Tpsi-
Masi UMeeT pa3MepHOCTh 1, a IByMEpHBIN KBaJpar
— 2). Beicokue 3HaueHus (hpakTaabHOU pa3MepHO-
CTH MOTYT YKa3bIBaTh Ha CIOXHBIC, HEPETYIIPHBIC
cTpyKTypbl. Takum oOpa3om, XoTs oba mokasare-
JIS1 MOTYT HMCIIONB30BAaThCS ISl OLEHKU CTPYKTYPBI
JAHHBIX, OHU M3MEPSIOT pa3Hble XapaKTEePUCTHKH.
[Tokasarens Xépcra GOKYyCHUPYETCsl Ha BpEMEHHOM
3aBUCUMOCTH, B TO BpeMs Kak (hpakraibHas pas-
MEPHOCTh M3MEPSIET caMoTonobre Wiu PppaKTalb-
HOCTHb B NMPOCTPAHCTBEHHOHW CTPYKTYpE JaHHBIX.
B HekoTOphIX chydasx O3TH KOHLEIIHUU MOTYT
OBITH MCIIONB30BAHBI BMECTE /I OOJiee MOJTHOTO
aHaJmn3a.

st onpenenenus nokasarens Xepcra H nnm
¢dpakranpHON pasMepHOoCcTH D Mo aHamM3upyeMbIM
JMAHHBIM MOKHO TPHMEHSATH Pa3IMYHBIE METOJIBI
[14]. IIpumepamu METOMOB, KOTOpbIE HANPAMYIO
oueHuBaoT D npoduist BpeMeHHOTo psizia, SBISIOT-
cs anroput™ Kama [15] wimu meton Xuryuu (HG)
[16]. CymecTByeT 0OJBINON Ki1acc METOOB, KOTO-
pBie POKYCUPYIOTCS Ha JOJTOCPOYHBIX KOPPEIISIIHU-
sx (um, ciaemoBaTenbHO, Ha oreHke H). Hampmmep,
Meton beppu, 3akimouaromuiicss B UCMOIb30BaHUN
creKkTpanpHoro ananusa momHoctd (PSA) u cy-
[IECTBOBAaHME CTENEHHOTO 3aKOHA MOBEICHHS CO
CIEKTpaJbHBIM IOKa3aresieM [} MO3BOJSIIOT OIpe-
JENUTh  (PpakTaJbHYI0 pPa3MEPHOCTh, HCIIONB3YS
COOTHOIIICHUE

H=2-DF = (B + 1)/2, [12].

Jlpyrue MeTOJbl, MPE/UIOKCHHBIC Ui OICHKU
H, BrurovaroT: aHanmu3 WHTEpBalia XepcTa ¢ mepe-
macmradbupoBanueM (R/S) [17], amamm3 ¢ mepe-
macmrabupoaneM RRA) [18], durykryanmoHHbIi
ananms 6e3 Tpenyia (DFA) [19]. B nanHoM uccneno-
BaHWU MPUMEHEH METO/I XUTYIH JJIs OLIEHKU (paK-
TaJbHOW Pa3MEPHOCTH, CIEKTpajibHAas TUIOTHOCTh
morrHocTH(PSD).

Ha pucynke 1 mnpencraBiieHa U3MEHYMBOCTH
(dpakTanbHOW Pa3MEPHOCTH, TIOIyUYEHHAsT METOJIOM
Xuryuu, s 6 ¢espans 2023 r. (3emierpsiceHue B
Typuum n Cupun) Peannzamnus mpemncrabieHa s
KOMIIOHEHTHI Y MarHUTHOTO TOJS 3€MIU AJS pas-
HBIX T€OMarHUTHBIX O0CEPBaTOPHIA, HAXOSAIIMXCS
Ha Pa3HOM YIAJICHWH OT DIUICHTPa 3eMIieTpsice-
Hus. KpuBble MOKa3bIBAIOT pacrpelesieHHe BKJa-
Jla BCEX MCTOYHHUKOB BO3MYIIEHUH B KOMITOHEHTAaX
MarauTHOTO ToJisl. OCOOBI MHTEPEC MPEACTABIISICT
HaJM4YUe SIBHO BBIPAXXCHHOU BIIAJMHBI HA KPUBOIA,
COOTBETCTBYIOIINH MOMEHTY Hayaa MepBoro MoIl-
Horo Toiuka — 1:17:35 UT.
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Pucynoxk 1 — 3mMenunBocTh pakTaabHON pasMepHOCTH, ody4eHHast metogoMm beppu,
s 6 ¢pespans 2023 1. (3emnerpscenue B Typuun u Cupun)

Jist mocTpoeHust 3TUX TpaUKOB HCXOHBIC
JaHHBIE OBLTM OYWIICHBI OT BHIOPOCOB, 3aTeM IIO-
JIeJICHbI Ha CEeTMEHTHI JuIuHON 256 ¢ 50% mepe-
KPBITHEM, ISl KQXKJIOTO U3 CErMEHTOB PaCCUUTAHBI
CITeKTpasibHass MOITHOCTH TuIoTHOCTH(PSD), 3arem
HAKJIOH [ crieKTpa OIIEHWBAETCS C MOMOIIBIO JIH-
HEWHOU aIpOKCHUMAIIMK CIIEKTPa, MOCTPOSHHOTO
B Jsorapudmmuueckom macmrabe. Ha pucynke 2
MpeCcTaBlIeHa M3MEHUMBOCTh (DpakTalibHOU pas-
MEpPHOCTH, TOJyUYEHHAass METOJOM XUTY4H, IS
cermeHToB mnuHOW 1024. B oboumx ciyvasx Ha-
OmronaeTcsl OTKIMK (pakTalbHOW Pa3MEpHOCTH B
TOT K€ MOMCHT BPEMEHH, KOTZIa MPOUCXOIUT 3EM-
JeTpsiCeHUE.

B nannoil peanuszanuu NpUBEICHO U3MEHEHHE
(pakTanbHOl pasMepHOCTH onxHoro mHs 6 ¢es-
pans 20231, ayig 8 TeOMarHWUTHBIX O0OCEpBATOPHIA
cetn INTERMAGNET, nprudyem reomarautHas 00-
ceparopust [lenenu(PEG) sBisiercs Omkaliniei
paboraroriel B TOT IeHb obcepBaTopueit. [1o aToi
MpUYHMHE Ha rpaduKe U3MCHYMBOCTH (paKTaIbHON
pPa3sMEpHOCTH BHUJEH OTKJIHMK, COOTBETCTBYIOLIMN
MOMEHTY Hadaja 3eMJIETPSCEHUSI.

[To3TOMY OTKJIMK BHJICH TOJIBKO Ha rpaduke u3-
MEHYHMBOCTH (PAKTAILHOU Pa3MEPHOCTHU TOIBKO Ha
obcepBatopun PEG. OcranpHble rpaduku MpUBe-
JICHBI JIUTsl CPAaBHEHUS: MBI BHJIMIM CXOXeEE ITOBEIC-
HUE U3MEHYMBOCTU (PPaKTaIbHON Pa3MEPHOCTH IS
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OCTaJIbHBIX 00CEPBAaTOPHIL, YTO TOBOPUT O TOM, UTO
WMCTOYHUKOM BO3MYIIIEHHUS BO BCEX 00CEepBAaTOPHUSIX
Ha TOT MOMEHT SIBJISIETCA OIMH MCTOYHHUK, a MOBE-
nenne ¢pakranbHol pasmepHoctd PEG BbI3BaHO,
CKOpee BCEro, IMPOM30LIESIIIIAM B TOT MOMEHT 3€M-
JIETPACEHUEM.

Ha pucynke 3a npezncraieHsl rpadKi H3MeEH-
YUBOCTH (PpaKkTaIbHON pasMepHOCTH I 25 dheBpa-
ns1 2023 . a7 3eMIIeTPSACEHUS MTPOU3OIIEAIIEro Ha
IOr0-BOCTOKE SAIOHCKOrO0 OcTpoBa XOKKauno. Jlus
HCCJICIOBAaHUs BBIOPAHBI 5 TE€OMarHUTHBIH 00cep-
Batopuii — Memambercy(MMB), Kaknoka (KAK),
Benwck (BEL), Ilenenmu(PEG), Abucko(ABK). Kak
MBI BUIUM M3 PUCYHKA, Ha Tpa(uKe H3MEHIUBOCTH
(dpakTanbHOW Pa3MEPHOCTH IS TEOMarHUTHON 00-
ceparopun MMB (MemamOeTcy), HaXoasIIeics B
150 KM OT SMHIIEHTpA 3eMIICTPSICCHIS HAOIIOTaeTCs
BO3pacTaHue II0KazaTels CHEeKTPajJbHON IUIOTHO-
CTH MOIIHOCTH, COOTBETCTBYIOIIUI MOMEHTY Bpe-
MeHu 13:28:20, X0Ts 3eMJIeTpsACeHUuEe MPOU3OIILIO
13:27:43. D10 CBUAETENBCTBYET O TOM, YTO OTKIIHK
3eMJIETPSACEHUS] B BapUalUsX KOMIIOHEHT MarHUT-
HOTO TIONS 3eMJIM TIPOU3OIIEN 32 BPeMs pacmpo-
CTPaHEHUS] CEMICMUYECKON BOJIHBI OT 3MUIIEHTPA JI0
reOMarHuTHOM 00cepBaToOpuH.

[Ipuuem B peanuzanuy BapualMii KOMITOHEHT
MarHuTHOTO TOJISl 3eMJIM HaOIoaeTcsl XapakTep-
HbIE BO3MYILIEHHS, ITpecTaBlIeHHbIe Ha Pucynke 30.
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DPpakTanbHAA PasMepaocTE D
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Pucynox 2 — M3MeHunBOCTh (h)paKTaIbHON Pa3MEPHOCTH, TIOIyUYEHHAs! METOIOM XUTY4H,
st 6 pespaitst 2023 1. (3emnerpsicenue B Typuuu u Cupun)
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Pucynok 3 — Pesynbrar npuMeHeHust HpakTaabHOTO aHAIN3a K JaHHBIM TOPH30HTAIBHOW KOMITIOHECHTBI
MAarHMTHOTO IOJIst 3eMIIH a) M3MEHEHHe (HPaKTaIbHOH Pa3MEPHOCTH B TEUEHHH OJHOTO
nHast 25 despans 2023 1, 6) rpaduK H3MEHEHUS TOPU30HTATBHONW KOMIIOHEHTHI MAarHUTHOTO TTOJIS 3eMJIIH
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3aKkioueHue

AHau3 BPEMEHHBIX PSAIOB FEOMArHUTHBIX JaH-
HBIX C IIPUMEHEHHEM METO/IOB ()PaKTaJILHOIO aHa-
JIN3a TIO3BOJIIJI BBIJICIIUTE ()PAKTAILHBIC 3aKOHOMEP-
HOCTH B H3MEHEHHUAX KOMIIOHEHT T'€OMarHHUTHOIO
noJisi. BeposiTHO, B JJaHHOM ciy4ae BO3MYIICHHE
MarHUTHOTO TIOJISI MOXKET OBITh 00YCIIOBIEHO JINOO
MAarHUTHBIMU IYJIbCALIMSIMH 3E€MHOIO ITPOHCXOXK-
JeHus1, TH00 HapyLIEHUsIMA B HOHOC(epe 3eMin B
SMUIICHTPAIBHON 30HE Odara 3eMIICTPSCeHHs. DTH
HapyIIeHUs] MOIJIM BbI3BAaTh JCCTAOMIM3AIMIO TJIO-
0anIbHEBIX TOKOBBEIX CHCTEM. B KauecTBe MexaHM3Ma

BO3/ICHCTBUS 3€MIIETPSICEHUS Ha HOHOC(EPY MOKHO
paccMaTpUBaTh U3MEHEHHE KOHLEHTPALUH 3JIEKTPO-
HOB T10]1 BO3/IEUCTBUEM aKyCTHKO-TPaBUTALMOHHBIX
BOJIH, TE€HEPUPYEMBIX Ha 3€MHOM MOBEPXHOCTU B
[I€PUOJ] AKTUBHOCTU F€OJUHAMUYECKUX IIPOLIECCOB,
Kak Halpumep, HEMOCPEACTBEHHO Nepe, BO BpeMs
U cpasy mocie 3emierpsiceHus. IIpeacraBneHHble
Pe3yIBTaThl TOAYEPKUBAIOT BAXXHOCTD JAIbHEHIIINX
MCCIIeIOBaHUM B 9TOH 00JacTH, BKIIIOYAsl paclInpe-
Hue 00beMa TAaHHBIX, HCIIONIb30BaHKe 00Jiee TOYHBIX
METO/IOB aHaju3a M yrIyOIeHHOe M3y4YeHHe Mexa-
HU3MOB B3aUMOJCHCTBUS MEXKIYy I'€OMarHUTHBIMU
SIBJICHUSIMU M CEICMHUYECKON aKTUBHOCTBIO.
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bATbIC TSIHb-LUAHb AYMAfbIHAATbI MY3AbIKTAP AYAAHDbIHbBIH,
O3IEPYIH XEPAI KALLbIKTbIKTAH 30OHATAYADbI TAUMAAAAHA
OTbIPbIN 3EPTTEY: APbIC ©3EHIHIH, BACCENHI

byA >xymbicta 1957-2000, 2000-2011 >xeHe 2011-2022 >Kbiapap apasblFbiHaa baTbic TaHb-
LLlaHbAaFbl ApbIC ©3€HiI GacCcelHAEri My3AbIKTapAbIH ©3repyiHe 3epTTey XKyprisiaai. 3epTrey Land-
sat TM/ETM + >xaHe OLI KemeriMeH aAblHFaH AepeKTepAi TaaAay HeridiHae >kacaaabl. 2000 KblAbl
>KaAmbl ayAaHbl 18,02 kKm? 60oAaTbiH 74 MY3AbIKTbl 3epTTey >KacaAabl. AAarnaa 2022 KbiaFa Kapan
MY3AbIKTapAbIH CaHbl 58-re AeiiH a3aibin, >kaAmbl ayAaHbl 11,48 kM? 6oaabl. ByA 22 xbIA iwiHae 6,54
KM?, Hemece >blAblHa 1,65%-Fa KpicKapyabl Oiaaipeai. COHbIMEH KaTap, MY3AbIKTapAbIH KOAEMIHE,
OMIKTIriHe >XoHe eHiciHe 3epTTey >KacaAAbl. HoeTmxeciHAae My3AbIKTapAblH KOAeMiHiH 36,29%-Fa
aszairaHbl aHblKTaAAbl. ByA aiTapAbiKTat TOMEHARYAIH, Heri3ri ce6ebi, eH aAAbIMEH, TemnepaTypaHbIH
>KOFapblAAYbIHbIH, 6aCbIM TEHAEHLMACbIMEH, COHAAM-aK, baTbiC TaHb-LLIaHbHbIH, CbIPTKbI )KOTaAapbIHAA
LLIAFbIH MY3AbIKTapAbIH CaAbICTbIPMaAbl TYPAE TOMEH OUIKTiIKTE OpHaAacybiMeH 6aAaHbICTbI. AereHMeH,
3epTTey HoTmkeAepae batbic TaHb-LLIaHbHBIH COATYCTIK OOAIriHAEr My3AbIKTapMeH >kabblAFaH
ayMakTapAblH 0acka ayAaHAAPMEH CaAbICTbIPFAHAA TOMEH ekeHiH kepceTeai. Taaaay HerisiHae
ApbIC ©3eHi 0acceiiHiH, aiMakTapbl My3 6acyFa KOAANCbl3 >XarAalAad AEreH KOPbITbIHAbIFA KEAAIK.
Aemek, 1957-2022 xblapap apaAbifbiHAaa baTbic TaHb-LLaHbHbIH 6acka My3AbIK, aiMakTapbIMeH
CaAbICTbIPFAHAQ XKOFapbl BOAAbI.

Tyiin cesaep: baTtbic TaHb-LLIaHb, KAMMATTbIH ©3repyi, My3AbIKTapAbIH KbICKAPYbl, My3AbIKTapAbl
KapTafra Tycipy, TYreHA€eY, KalWbIKTbIKTaH 30HATAY.

A.A. Merekeyev'2*, S.M. Nurakynov?, N.K. Sydyk?,
9.A. Amangeldi', G.M. Iskaliyeva', A.A. Kaldybayev'
'Institute of lonosphere, Kazakhstan, Almaty
2Al-Farabi Kazakh National University, Almaty, Kazakhstan
3Satbayev University, Kazakhstan, Almaty
* e-mail: merekeev.aibek@gmail.com

Study of glaciers using modern methods of remote sensing
of the earth of the western tien shan: arys river basin

A study on changes in glaciers in the Arys River basin in the Western Tien Shan in the periods 1957-
2000, 2000-2011 and 2011-2022 was conducted. Our study was based on the analysis of data obtained
using Landsat TM/ETM + and OLI. In 2000, 74 glaciers with a total area of 18.02 km? were discovered.
However, by 2022, the number of glaciers had decreased to 58, and the total area was 11.48 km?2.
This indicates a reduction of 6.54 km? or, equivalently, 1.65% per year over 22 years. In addition, we
studied the rate of reduction of glaciers, considering their size, height and slope. As a result, there was
a significant decrease in the size of glaciers by 36.29%. The main reason for this noticeable decrease is
most likely due to the prevailing trend of rising temperatures, as well as the fact that small glaciers are
located at relatively low altitudes in the outer ridges of the Western Tien Shan. However, the research
results show that the rate of reduction of glacier-covered areas of the northern part of the Western Tien
Shan is relatively lower compared to other territories. Based on the analysis, it was concluded that the
glacial areas of the Arys River basin are in unfavorable conditions for glaciation. Consequently, in these
regions, the rate of glacier reduction is higher than in other glacial regions of the Western Tien Shan in
the period from 1957 to 2022.

Key words. Western Tien-Shan, climate change, glacier reduction, glacier mapping, inventory, re-
mote sensing.
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MccaeaoBaHMe M3MEHEHHUS NAOLLLAAM A€AHMKOB C UCMOAb30BaHUEM
AMCTaHUMOHHOIO 30HAMPOBaHUSI 3eMAU Ha TeppUTOpUU
3anaaHoro TsHb-LUaHs: 6acceiiH peku Apbic

BbIAO MPOBEAEHO MCCAEAOBAHME U3MEHEHWIA AEAHMKOB B GacceiHe pekn ApbiC B 3anaaHOM TsiHb-
LLlaHe B nepmoabl 1957-2000, 2000-2011 1 2011-2022 roaos. Hate nccaepoBaHmne GbIAO OCHOBAHO Ha
aHaAM3€e AQHHBIX, MOAYYeHHbIX ¢ nomouibio Landsat TM/ETM + 1 OLI. B 2000 roay 6bIA0 06Hapy»XeHO
74 AepHvka obuieit naowaabio 18,02 km2. OaHako K 2022 roAy KOAMYECTBO AEAHMKOB COKPATUAOCH
AO 58, a obuas naowaab coctasnaa 11,48 kM2 DTO roBOPUT O COKPaLLEHUM Ha 6,54 KM? MAK, YTO
3KBMBAAEHTHO, Ha 1,65% B roa 3a 22 roaa. Kpome TOro, Mbl M3yUmAn CKOPOCTb COKPALLLEHNS A€ AHWMKOB
C YYETOM MX PasMepPOB, BbICOTbl M YKAOHA. B pesyAbTaTe HaBAIOAAAOCH 3HAUMTEABHOE YMEHbLLIEHWE
pa3mepa AeAHMKOB Ha 36,29%. OCHOBHasi MpUUMHA 3TOrO 3aMETHOro CHWXKEHMS, CKopee BCero,
CBsI3aHa C NpeobAaAAIoLEN TEHAEHLMEN MOBbILLEHMS TEMMEPATYPbl, @ TaKXKE C TEM, YTO HeOOAbLIME
AEAHMKM PACMOAOXKEHbI Ha OTHOCMTEAbHO HM3KMX BbICOTaxX BO BHelHMX xpebTax 3anapHoro TsHb-
LLlaHs. OaHako pe3yAbTaTbl MCCAEAOBAHMIA TMOKA3bIBAIOT, YTO TEMrbl COKPALLEHWS TMOKPbITbIX
AeAHVMKAMKM PaioHOB CeBEpHOM YacTu 3anapHoro TsHb-LLlaHg cpaBHUTEABHO HUMXKE MO CpPaBHEHMIO C
APYTMMK TEPPUTOPUSIMKU. Ha OCHOBE NMPOBEAEHHOIO aHaAM3a CAEAAH BbIBOA, UTO A€ AHMKOBbIE PAOHbI
GacceiHa pekn ApbIC HAXOASTCS B HEOAArOMPUSITHLIX YCAOBUSIX AASI OAeAeHeHMs. CAEAOBATEAbHO, B
3TUX PermoHax Temrbl COKpaLleHUs AeAHMKOB BblIlLE, YEM B APYTMX A€AHMKOBbIX paioHax 3anaAHOro

Tanb-LLaHs B neproa ¢ 1957 no 2022 roa.
KAroueBble cAoBa:

3anaaHbii - TaHb-LLlaHb, M3MeHeHMe KAMMATA,

COKpalleHne AeAHUMKOB,

KapTrpoBaHne A€AHMKOB, MHBEHTapU3aund, AMCTAaHUMOHHOE 30HAMPOBaHMe.

Kipicne

OpTanblK A3HUSHBIH THAPOJOTHSIIBIK THKITIH/IC
MY3IIBIKTap MaHBI3ABI ped atkapanbl [1-3]. TsaHb-
[laHb KOTACBIHBIH MY3/IBIKTAPBI SJIEMJIET €H ipi Cy-
apbuiaThiH ankantap Kazakcran, KelpFbi3cTaH jxoHe
O30eKCTaHHBIH OWIATTAPhIH CYMEH KaMTamach3
eteni [4]. My3apIKTap KbICTa KHHAJBII )KOHE YKa3-
Jla epireH cy TYpiHAe IIBIFambl [5], KypFak >KbUI-
Japja CyMeH kamTamachbi3 ereii. COHFbI JKbLUIIA-
pPBI MY3JIBIKTap/bIH a3alobl, jKa3 ME3TUTiHIe ©3eH
aFBIHBIHBIH a3af0bIHA OKENEl MeN KYTiTyae. ApbIc
e3cHiHiH OacceriHi Tsub-lllanb AnaTtaybiHbIH Oa-
Teic Oemiringe, Kaszakcran a >xoHe ©O30eKcTaH,
Keipreiscranmen  mekteceni  (l-cyper, wmyHzma
BETeTAlUSIIBIK KE3eHIHAC Cyapy MYy3/bIKTapIbIH
epyine OainanpicThl [6]. Apsic, Ilckem, Acca, Ta-
nmac, lllatkam >koHe Oacka 1a ©3CHIEPHIl Cyapy
YILiH KapKbIH]IbI MalijaiaHbiiaabl. My3apIKTapIbH
SKOHOMHKara  MaHbI3JIBUIBIFBIHA  KapaMacTaH,
OpTanblk  A3WSAarkl  MY3IBIKTAPABIH — HAKTHI
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KaFJapl Typaibl akmapar a3. My3abIKTapIbiH
aJFaIIKbl TyTeHIEY Ti3iMi, « My3IbIKTapIbIH KaTa-
nore [7] — 1976 xbutbl skapusianra xxoHe 1957
KBUTFBI  a’podoToTycipiimimre HerizgenreH. 1990
xbiinapsl KCPO biapiparaHHaH KeliH TYpakKThI
TIISLUOJIOTUSUTBIK ©JIIIIeM ISP TOKTAThLIIbI. OCchlIaii-
ma, Tsaup-1llanp AnaTaywsiHbIH OaThic OeiriHeTi
MY3JBIKTap, OHBIH OacCeWHICPiH 6©3repyiH a3
3epTTeNiHreH. byn Makamanma jKapTbulail aBTO-
MAaTThl OmicTepai KoimaHa OThIpeII, 1957-2000,
2000-2011 xone 2011-2022 xwimapaarsl Apsic
©3eHIHIH OaccelHiHeri MY3JBIKTapAblH ayJaaHbIH
KOPCETUIreH, JKOIaK KaThIHACKIHA HeTi3aenreH [8].

Ocobuaiiiia, TsHb-1llans AnataybHBIH OaTbic
OemiriHaeri MY3JIBIKTap/blH, OHBIH IIIHIE KEeKe-
JIleTeH OacceiHmepain 0eTKi KaOaThIHBIH 03repyi a3
3epPTTEITCH KYHiH/Ie KaJbIl OThIP.

byn xymbicteiy Maxcatel — JXK3 nepexrepi
Herizinme  Tsaap-lllans  AnaTayblHBIH —~ OaThIC
Oemirinzeri Apbic ©3¢Hi OacCeiHIHIETT MY3/IbIKTap
ayJlaHbIHBIH ©3repy TUHAMUKACHIH TaJay.



A.A. MepekeeB xoHE T.0.

KAZAKHSTAN

Mean eleuation (m)

3061- 3180
31E1-3269
T 3270-3371
3372 - 3460
3461 - 3606
3607 - 37126,
37373894

1-cyper — 3epTTey aliMarbIHBIH KapTachl. ApbIC ©3¢HIHIH OacceiiHi

3epTTey MaTepHaJgapbl MeH TIciiaep

Byn 3eprreyne Landsat 5 Thematic Mapper
(TM), Landsat 7 Enhanced Thematic Mapper
(ETM+), Landsat 8 operational Land Imager
(OLI) xone Landsat 9 operational Land Imager-2
(OLI-2) cHSKTBI JKepcepiKTepAiH OINTHUKAaJbIK
JepeKTepl KOMAaHbULAbI. MY3ABIKTAp/bIH KOH-
TYPBIH aHBIKTAy JKOHE aHbIKTAy JIQJIKTI Oaranay
yurin  Google Earth mnmardopmaceiHgarsl Ko
JKETIMJI  JKOFaphl  JOJAIKTETi  cyperTep e
nmamanaHbuIABl.  bapiblk  cyperTep  aOmsmms
MayChIMBIHBIH COHbIHIa — 10 Tambi3 OeH 25
KBIPKYHEK apaIbIFbIHIa — MY3/IBIKTApP MAyChIMJIBIK
Kapchi3 KoHE OYITCHI3 Karjaiaa OoNFaH KesJe
aJBIHABL, Oipak MY3IBIKTapAblH KeWOip merrepi
Tay )KapTactapbl MEH MY3JIbIK KaObIpFaiapbIlHbIH
KOJICHKEJIEpIMEH JKacChIPbUTFaH 0O0JIIbl. Bapibifsl,
2000 sxone 2011 xppapra exi Landsat 5 (TM)
cyperrepi, 2011-2012 xpuinapra exi Landsat 7
(ETM+) cyperrepi, 2022 xbuira 0ip Landsat 8
(OLI) cyperi xoHe 2022 xbuirbl 0ip Landsat 9
(OLI-2) cypeTi naiizanaHblUIgbL.

Landsat (L1T  pmewreii) reopedepeHTTi
cyperrepi AKI ["eonorusuibik Kpi3mMeTiHiH XKepai
0akpUIay JKOHE PECYPCTBIK FBUIBIM OPTAJIBIFBIMEH
(EROS) kamramacswi3 etinred »xoHe EarthExplorer
JJEKTPOHIBIK  pecypcbiHan  kykrenai  (http:/
earthexplorer.usgs.gov/).  Cyperrepain  cama-

ChIH KakcapTy ywiH Pan-sharpening apHanap-
IbI  OIpIKTIpy TIpolleci JKYpTi3iimi, oOChUIaHIIa,
CYpeTTepaiH Jairi 15 M re jeiiH kaKcapThUIIbI
(1-xecre).

My3AbIKTap/IbIH ~ KOHTYPBIH aHBIKTAy YIIH
Google Earth-re kox »eTiMai FapbIITBHIK CypeT-
Tep BHU3yaJabl Oackapy Kypaibl PETiHIe KbI3MET
erti. Jlepextep HeriziHen Quickbird, Worldview,
Pleiades 1A xone 1B, conpaii-ax SPOT 6 xone
SPOT 7 CHSKTBI XKOFaphl JTOJIKTETT ONTHKAIBIK
CeHCOpJap/aH aJblHARL. OKIHIIKE opail, oiap
OapIbIK aliMaKTap bl KAMThIMAN/IbI.

My3abIKTap/ibl UHBEHTApHU3AIMSIIAYy OapbICHIH-
na Alos PALSAR Xep OenepiniH caHABIK YJITici Cy
ananTapbl MEH TONOTpa(UsIIbIK aKIapaTThl ecerl-
Tey YWiH maipananeiael. CoHnai-ak, My3abIKTap
ayJlaHBIHBIH ©3repy ITWHAMHUKACHIH Taljay Ke3iHme
1957  xbuirbl  adpodoOTOCYpeTTep  HEriziHue
xapusnanrad 1976 xwiiFel KCPO my3nabIKTapsl
katonorelHblH  (bateic-Tsaub-11lans ayMarsIHIAFBI
MY3BIKTap) 14-TOMBIHBIH |-1I1 IIBIFapBLTBIMBI Ma-
JTAITaHBIIIBL.

Famermpap [8-12] My3ApIKTapAblH IIIeKapaia-
PBIH aJly YIIiH SPTYPIIi 9AicTepl KOJIAaH bl, COHbIH
I H/Ie KOJIMEH BU3yall[Ibl HHTEPIIPETaIns, apHaap
KaTBIHACKIHBIH IEKTi OMiCi, KaJbIMKa KENTipiareH
Kap MHJEKCI 9JIiCi JKOHE BU3yallJ[bl HHTEPIIPETaIH-
sIMEH OIpIKTIPIITeH KOJNaK KAThIHACHIHBIH IIEKTI
amici.
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bareic Tsap-11lans ayMarbIHarbl MY3JBIKTAp ayJaHbIHbIH e3repyiH )Kep):[i KalllbIKTBIKTaH 30HATAYABI ...

1-kecte — Ocsl 3eprTeyne nalinanansurran Landsat kepinicrepinin Tizimi

WRS2 . . KenicrikTik CypetTtepain Cypetrepain
Path-Row Kyni “Kepcepit arayer JRJIK (M) JKAPaAM/IbLIBIFbI JKAPaAMAbLIBIFbI
153-031 23 tambi3 2000 Landsat TM 30/120 Herisri
13 Tambi3 2011 Landsat TM 30/120 Herisri MaycoIMabI ap,
KOJICHKEITi ayMaKTap
153-031 06 kpipkyitek 2011 Landsat ETM+ 15/30/60 KoceiMina akmapar
23 tamb13 2012 Landsat ETM+ 15/30/60 Koceivra akmapar onaicraprpt
TOJTHIPY
04 xpipkyiiex 2022 Landsat OLI-2 15/30/100 Herisri MaycbIMIBIK Kap
153-031
25 kpipkyiiex 2021 Landsat OLI 15/30/100 Koceimina akmapar
Korapeima aran  aiteurran  3eprreynep Band 5 / Band 6) (2-cypeT) apHamapblHBIH

KOPCETKEHJeH, KALIBIKTHIKTAH 30HATAYIbIH MYJb-
TUCTIEKTPAJIbl  CypeTTepiHe Heri3AenreH apHa
KATBIHACBIHBIH IIEKTI 9iCi BH3yalgsl HHTEPIIpE-
TarusiIMeH Oipre MY3IBIKTapblH —IIeKapajapblH
AHBIKTAY KE31H/IE CaTBICTBIPMAIIBI TYPJIE 1AL

GLIMS cemuHapbIHAarb! OipHEIIe Npe3eHTaly-
suTap Ta3a HeMece a3Zar JJaCTaHFaH MY3/bl aBTOMAT-
THI TYPJIE aJly 9MIICTEPiH KOPCETTI.

Opi Kapail op Typyi ojmicTepli, COHBIH
iminge Landsat ETM+ (Band 3 / Band 5, Band
4 / Band 5), Landsat OLI (Band 4 / Band 6,

apaKaTBIHACKHIH KOHE MEIHAHAJBIK CY3TiHI JKOHE
KapaHFbl HBICAHJAP/bl a3alTyAbl MYKHUST CaJlbl-
cteipabl [13,14].

OHbIH 3epTTeyine coiikec, Landsat ETM+ (TM
3/5) xone Landsat OLI (OLI 4/6) apakaTbiHachl
CeHIM[i, KapanaibIM >KoHE 1o ic OoJbIn TaObl-
Jlajpl, 1miHapa KOJIMEH aXKbIpaTyJaH Ja >KaKChl
(SIFHM >KaNmbUIaHOAFaH KoHE OYKIJ KepiHic yIIiH
JIoHeKTi). byl 9/1icTiH apTHIKIIBUIBIFBI — Ta3a MY3/IbI
TINTI KYKa OVJITTap/blH aCThIHIA JKOHE KOJIECHKEI
JKepIieplie Jie aHbIKTayFa 0oJabl.

—
[ | 2022

2011

] eom

2-cypet — 2000 xpurnan 2022 xbutra ieiin Apbic e3eHi OacceiiHiHiH Oeirinaeri
MY3/BIKTap/bIH e3repyiHiH Mbicaisl, Landsat 9 OLI-2 (4 keipkyiiek 2022)
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A.A. MepekeeB xoHE T.0.

JKorappima aranraH 3epTTey OJICTEPiH ecKepe
OTBIPHII, Ochl xyMmbicTa bateic-TsHb-1lans aitma-
FBIHJIAFbl MY3JIBIKTAPJIbIH IIeKapajiapblH aHBIKTAY
VIIIH JKOJaK KAThIHACBIH KOJIMEH TY3eTy ofici
KOJTAaHBUIABI. bBipiHIIiAeH, MY3IbIK aiMarbIHBIH
KaHaJIIap IbIH JKOJIAK KaThIHACHIH KOJIJaHY apKbLIbI
ansiaael (Landsat ETM +: Band 3 / Band 5, Landsat
OLI: Band 4 / Band 6) xoHe kaiiTa ChIHaKTaH KSHiH
miekTi MoH 1,4 ~ 2,1 nuana3oHbIHAA TaHIAIbIH/IEL.

Byt sxymeicta 2000 KbUTFBI MY3ABIKTAp TUTIHIH
KOHTYPBIH aHBIKTay OapbhICBIHIA MY3ABIKTAP.IBIH
mekapaitapel TM (B6) Tepmannbl apHacBIHBIH

KOMETIMEH  NUGPIAHIBIPBUIABI  KOHE  COHFBI
BekTop 1999 xwurer SRTM  XKep Oemepinin
CaHIBIK  YITICIHEH  alblHFaH  KOJCHKeJIeyre

(Hillshade) xomiburmer. 2011 >xone 2022 >xpuTma-
pel XKep OemepiHiH CaHABIK YJATICI KOJ >KETIM/II
OoNMaraHABIKTaH, MY3IBIKTap TUTIHIH KOHTYPBIH
nudprasaplpy yiniH coiikecinme tek ETM+ (B6)
xone OLI (B10) tepmanasl apHachl maiganaHbLI-

2-kecte — My3/1bIKTap/IbIH CaHBI MEH ayIaHBIHBIH 03repyi

nmel. Conrbel HoTIKenep Google Earth xoibuimer
JKOHE TaFbl Oip PeT TalmTaHIbI.

Kenenxkeni aiimakrap[pl Kaprara TYCipy YIIiH
013 mreri 7400 OonateiH (KoMMeH anbiHFaH) Band
2 xonmaHaplk. KemeHkeni aiMakTapmbl KapTara
Tycipy yuiiH ©6i3 Landsat cyperrtepiHiH MmeTtaje-
peKTepiHzeriael KyH a3uMYyTbIH JKoHe Oacka
rmapamMeTpiepai maimamanein ecentenreH SRTM
HillShade konnansik. bi3 keneHkei atMaKTapiarsl
My3abIkTapasl Band 2>7400 sxone hillshade <=0 (0-
JIeH a3 HeMece OFaH TeH) KUBLIBICH PETIHIIC aJIbIK.

3epTTey HITHKeIePi MeH TAJIKbLIAYJIap

My3abIKTap IbIH Tapady CHUIaTTaManapbl

2022 xputrel Landsat momimerTepi OolibIHIIA
bateic Taup-llanpmare! (2-kecte) ApbIC ©3¢HIHIH
Oacceitninen aymansl 0,005 KM? acaThIH KaJIIIbI
aynanel 15.25 km? TeH 74 My3/bIKTap aHBIKTAIbI
JKOHE KapTara TyCipiii.

1957 2000 2011 2022 1957-1957- " 5000.2011 2000-2022 2011-2022 OpTama
Bacceiin 2000 2022 MeJepi
Aynan km? (CaHbr) AynanHslH a3atobl % (% x-Ha'!) 2000/2022
1 2 3 4 5 7 8 9 10 11
34.2 18.02 15.25 11.48 -47.31 -66.43 -15.37 -36.29 -24.72
Apere (87) (74) (74) (58)  (1.10) (-1.02) (-14)  (1.65) (225 024019
My3abIKTap (15'96) 0.35 0.24 0.17 78.13 -89.38 -31.43 -51.43 -29.17 0.026/0.001
<0005k _ ) (14) (11) ) (-1.82)  (-1.38)  (-2.86)  (-2.34)  (-2.65
IlarpiH >k0HE OpTa MY3IBIKTAp ©Te Kem,  (CONTYCTIK, CONTYCTIK-OaThiC >KOHE CONTYCTIK-

OipaK oJIapABIH KANIBl ayKbIMBI IIEKTEYI, aj
ipiey KoHe oTe ipi MY3IBIKTapIblH a3 Ooiybl
MY3/bl aliMakTapAblH HETi3ri OeJiriH Kypanjsbl.
My3asIKTEIH opTamia aymassl 0.19 km? 6onmsl, an
KJIacC MY3JBIFBI OachiM 0ol Aymansl 1 kM He-
Mece 0/1aH Ja Kel €Ki ipi My3abIKTap 00ibl, Oipak
onmap 3epTTEJIeTiH alMaKTaFrbl JKaJlbl MY3JaHy
aiiMarbiHbIH 36.47% Kypanabl.

My3 kabateiHblH Tapanysl ALOS PALSAR
DEM xkemMmeriMeH aHBIKTAIABl JKOHE alMakTap
apachlHAarbl  IIaMaibl  AdBIPMAIIbUIBIKTAPIbI
KepceTTi. My3IbIKTapAblH KOMIIUIrT CONTYCTIKKE

mBIFEIC) (3-cypeT) OarpITTamFaH JKOHE TCHI3
nerreiiined 3400-3600 M OwuikTikTe OpHajlacKaH
(4-cyper).  3epTTeneTiH  Taylbl  aiiMaKTarbl
MY3IIBIKTApPIBIH ~ acTeKkTici OOWBIHIIA  OpHAaa-
cybsl 37.5% (2011-36.4%, 2000-35.8%) contycTik
oemirine, 22.1% (2011-21.1%, 2000-21.8% ) —
COJITYCTIK-IIBIFBICKA Kapal, 25.7% (2011-26.7%,
2000-25.6%) — contycrik-6areic Oesiringe. LbI-
reic Oomirinae 6.9 %, Oareicta 4.4% — maH acram,
OHTYCTIK-IITBIFBICTA ITaMaMeH 1.9%, ai eH a3 Tapai-
ranbl OHTYCTIK (0.7%) sxoHe oHTYCTIK-0aThIC (0.7%-
JlaH actaMm) OerikTepi opHanmackaH (3-cyper).
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bareic Tsap-11lans ayMarbIHarbl MY3JBIKTAp ayJaHbIHbIH e3repyiH )Kep/:[i KalllbIKTBIKTaH 30HATAYABI ...

CB (292.5-337.5)

b (247.5-292.5)

OB (202.5-247.5)

0 (157.5-202.5)

OIII (112.5-157.5)

101 (67.5-112.5)

CIII (22.5-67.5)

C (337.5-22.5

Aygans (kn?)

m2022 ®=2011 2000

3-cypet — 2000-2022 k. Apbic ©3eHi OacceiHIHIEeTI MY3/IBIKTapP ayIaHbIHBIH
Tapaiysl )KOHE OJIApJIbIH KCIIO3HIUS OOWBIHINA 63repyi

My3ABIKTapJblH €H YJIKCH ayJaHbl TEHI3
neHreiiinen 3400-3600 M OWiKTIKTE OpHAJACKaH.
Tonmorpadusuiblk ~ MoNIMETTEpPre  HEri3JelireH
y3aK Mep3iMIi Teme-TeHMIK ChI3BIFBIHBIH (ELA)
KOJIAWJIbI J)KOHE KCHIHCH KOJIaHbLIATHIH WHIUKA-
TOPBI OOJIBINT TAOBUIATBHIH MY3/IBIKTAPJIbIH OpTa-
ma OmikTIri TeHi3 aeHreitine” 3450 M OMIKTIKTE
opHasackat [15]. TemeHri OMiKTIKTEri My3JIbIKTAp
HEri3iHeH 3epTTENIETIH ayMaKTblH COJTYCTiK-
Oatbic Oeuriringe, ajx eH OMIK OMIKTIKTEri

4300
4100
3900
3700
3500

3300

Bnixriri (M)

3100

2900

2700

2500

MIN

MY3IBIKTap  COJITYCTIK-IITBIFBIC
OpHaJacKaH.

3epTTeneTiH aliMaKTarbl MY3JBIKTap/blH  0Oa-
cbiM kemmrimiri HeriziHeH 3400-3800 M OMIKTIKTE
morbipiianFa (5-cyper). 2022 KbIIFbI MATIIMETTED
OolbiHIIA, My3AbIKTApabiH ~ 42.85%-b1  TeHI3
nerreitinen 3400-3600 M OMIKTIKTE MIOFBIpIaHFaH.
Conpaii-ak, My3asIKTapasiH 32.82%-61 3600-3800
M OwmikTikte, 15.21%-b1 3200-3400 M (4-cyper)
OMIKTIKTE OpHAIACKAH.

OYpBIITBIHIA

1.3

Aynansl (km?)

* MAX

4-cypeT — My3IBIKTapIbIH 3€pTTEY alMarblH/Ia MaKCHMAJIIbI )KOHE MUHAMAIIIBI OMIKTIKTE OpHAIACYBI
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A.A. MepekeeB xoHE T.0.

My3abIKTap aynaHbIHIAFbl ©3repicTep

Biz 2000 »xpuier 74, 2011 oxbuiel 74 xoHE
2022 kbutbl 58 MY3ABIKTApABl AHBIKTAABIK, OJIap
coiikecinme 34,2 m2, 18,02 km? xone 11,48 km?
aylaHAapMeH MY3IBIKTap KaTaJlorblHA eHTI3UII.
Conbiven katap, 2000 xbuter 0,005 kv? — 14, 2011
>KbUTBI — 11 5xoHe 2022 xbUtbl — 9-1aH a3 My3IbIKTap
AHBIKTaJ/Ibl, OJIapAblH >kajnel aynansl 0,35, 0,24
sxone 0,17 km? (2-kecTe).

Ocbutaiiiia, 3epTrey  ayMmarbl  OOHBIHINIA
1957-2000 >xbuigap apanblFbIHAAFbl  AyJIaHHbBIH
xamnbl - e3repyi  -47,31% xypaael.  2000-2011

KbU1aapaarsl e3repic -15,37%, an 2011-2022 xpii-
Jap apaneiFbiaaa — -24,72% xypaabl; OYKiT Ke3eHe
MY3/IaHY/IbIH JKaIbl ayaanbl 1957 sxputbl 34,2 km?

4000-4200
3800-4000
3600-3800
3400-3600

3200-3400

~
-
=
N’
te-
~
‘B
R
=
o
=
)

3000-3200

2800-3000

(87 my3nbik) 2022 xputel 11,48 km? (58 My37bIK)
JIeHiH, ssFHM 65 xbu1aa 66.43% — Fa a3albl.

biznin 3eprrey keseHinnme Karanorramran 30
MY3ABIKTap MeH 50 TipKeJIMereH MaFblH MY3bIKTap
TaObUIFaH JKOK. bapiblk My3IbIKTap 3eprrey
KE3CHIHJIC Y3/1IKCi3 KbICKAPBII OTHIP/IBL.

biznin Hotmxkenepimiz 2000-2022 xbutaapaarst
MY3BIKTAap ayMaFbIHBIH KOFaIybl 36.29% (-1.65%
KBUIJBIK) KYpaFraHbIH KOPCETE]I].

Korappina alTbuiraHzail, oprama aynaHbl
0.24 xm® en yinken mysasikrap 2000 SKBUIBI, ai
optamia aymansl 0.19 xM? 6ONaTBIH €H KilTKEHTai
My3abIkTap 2022 xbutbl Tipkengi. 2011-2022 xbut-
Jlap Ke3€Hi €H KOFapbl TOMEH/EY >KbUIAaMAbIFbIHA
ne 6omnbl (KbUTbIHA -2.25%).

3400-3600 3600-3800 3800-4000 4000-4200

ool oo o T s rw T s iw | oo |

Aynass! (kM?)

5-cypeT — Apbic e3¢Hi OacceifHiHAer1 OMIKTIK HHTEpBaIbIHA OAHIaHBICTHI
MY3IBIKTap aylaHIapbIHBIH 06JiHy1 )KOHE OJapablH e3repyi

3epTTenreH MY3ABIKTap/IbIH ayMaFbIHBIH ©3T¢-
pyl MY3IBIKTApAbIH Aa3alObIHBIH KYTIJICTIH >KOHE
KCHIHEH JKapUsUIAHFaH TEHJCHIHUSACHIH PacTajibl
[16-18].

bi3nin 3eprreyiMisniH HOTIKEIEPI KOPCETKEH-
neit, 1957-2000 sxone 2000-2022 sxbuiaap Ke3eHiHIe
ayJlaHHBIH KBICKAPYBIHBIH JKBUIABIK KOPCETKIIli
1.10-1.65% xypanpl, 6y kepcetkim bateic-TsHb-
[llanpHBIH Oacka My3]bl aliMakTapbiHa ykcac [18,
19].

KopbITBIHABI

byn 3eprrey Kazipri yakpITTa Oakpuiay
JICPEKTEPIHIH KETKUTIKTI jka30ayapbl KOK ApbIC
©3¢HIHIH OaccelHepiHaeTi My3/BIKTapIbIH ©3re-
PYiH eTXKeH-TeTKEeHTl y3aK Mep3iMIi KalTbIKTHIKTaH
TaNJIayIbIH FBUIBIMA  KYHJBUIBIFBIH ~KOPCETE/Il.
bizgin 3eprreyimizae FapelThK cypertep (30 M
nmonmik) skone ALOS PALSAR penbedTin canmbIk
mozxeni (12,5 m ponmik) kommasbuiabl.  Lllekri
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Bateic Tsap-111ans aymMarsIHAAFE! MY3/IBIKTAP ayIaHBIHBIH ©3TepyiH jKep/li KAMIBIKTBIKTaH 30HTAYIHI ...

karbrHac oxici (TM3/TMS, OLI4/OLI6) xoHe BU-
3yalbl MHTEPHpETaIysl 3epTTENeTiH aiiMaKTarbl
My3 KaOaThIHBIH IIeKapaliapblH aHBIKTAY/1a YKAKChI
kepcerti. bacceringe 2000 >KbUTBI JKaNIbI ayaaHbI
18,02 km? GomaThiH 74 My3MIBIK AHBIKTAIIBI, OYJI
kepcerkim 2022 sxputFa Kapaii 11,48 km? neiiin
azaiiapl, Kimipero 6,54 kM? Kypaiiapl (Kimrpero
JKBUTIAMIBIFBI XKBUTBIHA 1,65%).

biznin  wotmxkenep Tsaub-lllanbHBIH —KeHOIp
Oacka My3/Ibl aliMaKTapbIHa KaparaH/a 3epTTeeTiH
ayMaK VIIH KBICKAPTYIbIH >KOFapbl KapKBIHBIH
kepceredi. by kyObuibic 013 3epTren KaTKaH
allMaKTBhIH IIIKi JKOTaJlapFa KaparaHaa batbic-
Taup-l1laHEHBIH KIUMATTBIK JKaraaibl KOJIaNChI3
IICTIHJE OpHAJACybIMEH FaHa €MeC, COHBIMCH

Karap MY3JBIKTapAblH KIlIpeK eJeMaepiMeH
OeTiH/Ie KUBIPIIBIK TAC KAMBUIFBICHI JKOKTHIFBIMEH
na OainaHpICcThl O0ybl MyMKiH. Cy0-Oacceiinuep
apachIH/IaFbl MY3JIBIKTap/IbIH a3al0bIHIaFbl aibIp-
MAaITBUTBIKTApAbI OireM, Oarmap sKoHE JKePTiUTIKTI
KJIMMATTBIK JKaFJaiiiap Aarbl albIpMAIIbUIBIKTAPMEH
Tycinaipyre Oonaapl. 3epTTey Ke3eHiHAE JKaHa
MY3IBIKTAp Tafiga OosFaH KOK. My3IbIKTap MEH
KJIMMATThIH KYpJISNi ©3apa opeKeTTeCyiH opi Kapai
3epTTey KaXKeT eKeHi aHbIK.

AKymvicma owcypeizineen sepmmeynep Kazax-
cman Pecnyonuxaceinwviy Foinvim gicone dcosapeol
OLIiM MUHUCMPAICIHIY KaAPICOLLIAU KoI0aybimen No
AP14872134 sncyzece acvipbiiob.
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