NMpumeHeHune metoanoB pewetovyHou KTl k 3apgavam husunkm rpadeHa,
K uccneaoBsaHuro achcekra Kasammumpa, a Takxke K 3agavam KBaHTOBOM
MeXaHUKU MHOIUX Ten.

Onee lNasnosckuu
(®usuyeckuu gpakynsmem MI'Y umeHu M.B. JlomoHoco8a)
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«Mwup» TeopeTuko-noneBble Mmogenen B nsnke KOHAEHCMPOBAHHOIO

COCTOAHUA BELLlECTBA. HEMHOIO UCTOPUMN...

Boeryuciienus B pusnveckoil Touke B pusuke
aIPOHOB

!

KupaabHbie pepMUOHBI

!

Pemerounasi KBaHTOBasi Teopus (1M0JIs)

KBanToBas teopus B
dbopmanuzme
KOHTHUHYaJIbHOTO
WHTErpaja B €BKJINJI0BOM

craTuCrnueckraa MmoaeJib

BPEMEHHU
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«Mwup» TeopeTuko-noneBble Mmogenen B nsnke KOHAEHCMPOBAHHOIO

COCTOAHNA BeELLECTBA. BpeMA MIaTtTnTb AO0JITTN

KupaabHubie pepMuoHbl
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I'padgeH: 4TO BUAHO B IKCIICPUMEHTE

photon source energy analyser
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Mopaenu aneKTpoHHbIX ABNeHU B rpadeHe

Nepapxua mogenemn

Tight-binding model
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AHTH(DEPPOMATHUTHBIM KOHJAECHCAT B

dPpdeKTUBHOU MOJIEBOU MOIeJu rpadeHa
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KoHaeHcaTtbl B rpadeHe: MUKPOCKONMUYEeCcKana KapTUHA

Transport properties of Graphene

|

Phase transition phenomena in Graphene

e N\

Anti-ferromagnetic Anti-ferroelectric
order parameter order parameter



Electron / hole excitations

Charge of this site

Charge of C (+1)
+
Charge mr-orbital electrons (0)

+1

This 1s HOLE state!



Electron / hole excitations

Charge of this site

Charge of C (+1)
+
Charge tr-orbital electrons (-1)

0

These are Neutrality states!



Electron / hole excitations

Charge of this site

Charge of C (+1)
+
Charge tr-orbital electrons (-2)

-1

This I1s Electron state!



Tight-binding lattice Hamiltonian of Graphene

n-orbital  §




Tight-binding coupling lattice Hamiltonian of Graphene

w-orbital

1) Hopping term:
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Tight-binding lattice Hamiltonian of Graphene

n-orbital  §

H=H,+ H,+ H.

2) On-site interaction term:
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Tight-binding lattice Hamiltonian of Graphene

w-orbital

H=H,+ H,+ H.

3) Coulomb interaction term:
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Creation / annihilation operators

p
{ Creation / annihilation operators for
— i 11 I t L)
\ a L/}T“ electron
y
hi — o
£ | Creation / annihilation operators for
b L ’rlv/) T “hole”
bk. o r ~
I i

Q$ = 1 — IL/“JTamIQ/‘)Tam o ’L/)meﬁ/ﬂ,ﬁ?
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Basic vectors

J, > “Vacuum” state
T \l,> “Electron” state
‘ T > “Electron + hole” state
‘ T > “Hole” state

afal | ) =a'al- -y =0"0[ L ) =bTb=111) =0,

afal- 1) = b0 1) =1x]- 1),
atal L) =1x[L1): 070 ) =1x]- ).



Occupation numbers formalism
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Role of the Terms in Hamiltonian of Graphene

H = HHI-_I_H]I _I_HC

Hh — K Z (IL/’)Z-,ZI?+ﬁLfL/J)03$ —|_ fL/J)(—i;-,me/Jjaam_}_ﬁL) R = 2'8 eV
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xTr
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xF#x’

H=H,+ H,+ H,




Monte-Carlo “calculus”
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Role of the Terms in Hamiltonian of Graphene

H = HHI-_I_H]I _I_HC
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First order Hamiltonian of Graphene in terms of occupation numbers

7 = Z o~ H{n}H{m}) _
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First order Hamiltonian of Graphene in terms of electric charges
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Simple model

Interaction ONLY between
neighboring sites

A Z E:{l:]'_'ﬁH ({g=1)
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Voo > Viou

Simple model:

{qr—(

Ground state
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Critical value of on-site interaction

L = Z e;{lj_-ﬁH ({a=1})

o}
{(j’r = .-_ ( ‘00 Z (j’r + Vo Z Qzrq -|-,=ab>
T
If temperature —— O
Voo > Viu Neutrality point
\
‘o0 < Vi Chiral domain
Critical Vo 2. (Voo/2) = 3-Vin = 0.

[ Vi = 165 ev J




Paradox of Anti-ferroelectricity of Graphene

Theoretical prediction for anti-ferroelectiric phase transition

[ Vi, = 165 ev ]

On-site interaction in free Graphene (T.0O. Wehling arXiv: 1101.4007)

[ I-"i]” = 9.5 eV ]

Free Graphene is anti-ferroelectiric ?!




Monte-Carlo Studding of Graphene

In framework of occupation number formalism
Graphene is a statistical model

Z = Ze}:p BH ({9=})
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Chiral domains
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Graphene nano-ribbons
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Graphene nano-ribbons: phase diagram
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Historical Remark

Critical Charge phenomenon: qualitative
approach

Non-relativistic particle:
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! R (R) 2mR? R

d

(()E> — () >3 Ro — h”
OR Jp_py ' " mze?



Historical Remark

Critical Charge phenomenon:
qgualitative approach

Relativistic particle:

) ez
p = I ' » E(R) ~ -\/f (“) + (mc?)” — };
- me Ry 3’_ he \
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Historical Remark

Little more Math: Dirac equation approach




Historical Remark

Wave function and singularity at origin




Historical Remark

Little more Math: Dirac equation
approach
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Gapped graphene

Violation of sub-lattice symmetry:
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Gapped graphene

Violation of sub-lattice symmetry:




Gapped graphene

Violation of sub-lattice symmetry:




Gapped graphene

Violation of sub-lattice symmetry:




Gapped Graphene

Violation of sub-lattices symmetry

Graphene + Boron Nitride
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Gapped Graphene

Violation of sub-lattices symmetry

Graphene + Silicone Carbide
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Gapped Graphene

Violation of sub-lattices symmetry

Graphene + Silicone Carbide




Critical charge in Graphene: Theory

Solution of Dirac equation:

7 o2 o | -
(—ithVp(ox V) — T + mVgio,)i(r) = e(r) ﬁ

| | 1 t,—-au l?rﬂ_l()
i(r, @) = 7 _ii4+1/2)  B(r)

(wﬁ—m}f) Vi (0, +2) | [A(r)
AV (0, = 1) (e 72 +mVi?) ] | B(r)




Role of the Terms in Hamiltonian of Graphene
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Critical charge in Graphene: Theory

Energy levels
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Kputnyecknun sapag B rpadeHe: Teopus

BonHoBble pyHKLUUU
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Kputnyecknun sapag B rpadeHe: Teopus

3aBNCUMOCTb OT BeJIUMMHbI MACCOBOW LUENN:
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Kputnyecknun sapag B rpadeHe: Teopus

3aBNCUMOCTb OT BeJIUMMHbI MACCOBOW LUENN:
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Kputnyecknun sapag B rpadeHe: Teopus

3aBNCUMOCTb OT BeJIUMMHbI MACCOBOW LUENN:
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Critical charge in Graphene: Theory
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Critical charge in Graphene: Theory
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Critical charge in Graphene:
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Critical charge in Graphene: Experiment
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3ayem BbIYHCAAIOT CWJIbl Kazumupa?

- YCTONYNBOCTb MUKPO- U HAHO-CTPYKTYP

- Mukpo- n HaHO-yCTpOUCTBA, ucnonb3yrwme adpdekt Kasummpa

- MpumeHeHUue B (pn3nKe 4acTuL U KOCMOJSIOrUMN



Kak Bpruuciasor cuibl Kazumupa?

- MeToa npsAMOro cymMmmupoBaHUA 3HEpPreTU4ecknx mog (MPUMeHUM TONMbKO
Ans 3agayd ¢ NpocTon reomeTpuen (MNOCKOCTb-MNOCKOCTb, MNOCKOCTb-cepa

U T.Nn.))

- AnNpokcuMauMoHHbIe MmeToabl: PFA (Proximity Force Approximation) + nonpaBKu




dPpdext Kazumupa niss Yepu-CaiMOHCOBCKUX MOBEPXHOCTEM

M. Bordag and D. V. Vassilevich, Phys. Lett. A 268 (2000) 75.
. N. Markov and Yu. M. Pis'mak, J. Phys. A 39 (2006) 6525.

Wv"

)

0,8

0,64

0.4+

0,2+

S = —i /(i4zz? F, F" — % %dfg’s Mg A, (x)F,,(x)
A N Y S,u?,fpi 4
Scs = 5 (0(x3) —d(w3 — R))e ul) By (v)d e

DAY + A(0(a3) — 0(w3 — R))E¥PA,0, A, = 0.

!

7r2 )\2
A“: . 4
JA 872 I3 O

- .
Lijz) =Y — = —%/ K In(1 — ze*)dk.
= Jo



HaoOaronaemast 111 Ka3UMHUPOBCKOM YHEPIrUM:
(AnaJsiorus ¢ netjied BuiabcoHa)
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HaoOaonaemast 111 Ka3UMHUPOBCKOM YHEPIrUM:
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1 iA § € po AV FPTASH
—ye >
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//I,/// Lo
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BeslMuHHA, KOTOPYIO HAA0 HOCTPOUTE ——eeeey | Al o

Pemerounas peanusanusa Haimeil HabI01aeMoil, BHILCOHOBCKOTO “MEIKa ,
JIOJIZKHA, OTBEYATH CJEJIYIONAM TPeDOBaHUSIM:

1) Kanmubposounas nuapuanTHOCTEL. [lofHbIil wHTErpas 1no 3aMKHYTOR T10-
BEPXHOCTH JIJI5T “BUJILCOHOBCKOTO MEIKa JIOJKeH OBITH KaJuOPOBOTHBIM WHBAPH-
AHTOM.

2) “JlokanpnocTs . B npejgaraeMoM penerouHoM MpeJIcTaBJeHnH BeJINYHHE

A F,,. A, n F,, nomxHbl ObITH 33/1aHbl B OJIHONH ¥ TOI e Tovuke .. 310 Tpebdo-
BAHHE HETPUBHAJILHO MOTOMY, UTO 0, . 38/18€T BEJUTHHY HANPSPKEHHOCTH TOJISI
F,; B leHTpe I1aKeTa, B TO BpeMs Kak f, 3ajaer Bequdauny nosis A, B nenTpe
JIUHKA, & 9TO PasHble TOTKH!
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Energy, a units
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Energy*R3
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JHeprus Kazumupa u KBaHTOBasi TEOPUA MOJISI HA
peuierke

AKTyaJIbHbIE 3aa4H 10 pacueTy BAKYYMHBIX cuJ (1).

IIpuMeHeHue B 3a1a4aX MUKPOMEXaHUKH — 3y0UarTbie nmepeaaym,
mecTepeHKkH, QyHKIMOHUPYIoInue 0e3 3amenJeHus.




CHIU et al.

Laser beam Photodiodes Data acquisition

Low pass ,IWVW

E filter
ﬁ

cantilever Stepper motor

1 Hard flat surface =~
Modified ( j ; QI’

Piezoelectric tube

FIG. 1. (Color online) Schematic of the experimental setup (see
text for further details). Insertion shows the imprinted corrugations
on the second sphere. The lighter area shows higher points and
hence demonstrates the sphericity of the imprinted surface.
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FIG. 2. (Color online) The phase dependence of the lateral Ca-
simir force. The measurement data are shown as dots. The solid line
is the exact theory.
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Critical Casimir Effect: Casimir Effect in statistical model

. ) - -0
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Quantum
fluctuation of
vacuum




Critical Casimir Effect: Casimir Effect in statictical model

Thermal fluctuation
of statistical
models

M. E. Fisher, P.-G. de Gennes, C. R. Acad. Sci. Paris Ser. B 287 , 207 (1978).

M. Krech, The Casimir Effect in Critical Systems (World Scientific, Singapore, 1994)
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Conformal symmetry and phase transition:

Ising model illustration

E(Conf) = —jZGmr_’T;r+H —|—HZU;,,~,

Tl

P(Conf) = %E_-';EE':C”?”?;'




Scale invariance at “Fractal” State

Chaos Spin Domain

; * -

“Fractal” State




Ising model with defect
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Subtraction procedure
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MC of Ising model with defects
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Mass of defect: volume dependence

Macca gedekra:

mg = FEg— Eq.
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MC of defect mass: lattice volume dependence and
thermalisation problems
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Defect in critical point: fractal dim object and Cantor set

2

U=
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Cantor set

Reflection in broken (fractal) mirror




Critical Casimir Forces between two defects

Two defects Bound Energy

Eint = Etot — EL/2

AN

Subtraction procedure



Critical Casimir Forces between two defects

Eint = Etot — EL/2
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Critical Casimir Forces between two defects
Eint = Etot — EL/2

Dist. between def’s =1
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Critical Casimir Forces between two defects
Eint = Etot — EL2

45 -
|
b +—4 i 4 -
5 A S S
3,5—- _H-_-H_-_.,_.._
2,5 1 5 W WDV W W - - .
2,0—_ x 'T * I T T I T T_
y : '\ \\
1,0 - \
05 _‘ o . B
0,0 | ' | ' T ' T ' T ' T ' 1
1 2 3 4 5 6
! F (Z) ~ l_3

P. Nowakowski, A. Maciolek, S. Dietrich,
Critical Casimir forces between defects in the 2D Ising model,
J. Phys. A: Mathematical and Theoretical, 49, 48 (2016)



Defects aggregation

Dispersed nanoparticles

Aggregated nanoparticles




Critical Casimir Effect in defect lines



Critical Casimir Effect: BioPhysics Applications

Biological processes in a medium of polarized molecules:

- Protein folding
- Cell membranes formation and lipid rafts
- Biological catalyst



Critical Casimir Effect: BioMedical Application

1. Global protein structure formation

We have to take into account medium in which the protein folding is taken place.

Weak
hydrogen
bonds

\

Dipole
moment

4




Critical Casimir Effect: BioMedical Application

1. Global protein structure formation




Critical Casimir Effect: BioMedical Application

1. Global protein structure formation




Critical Casimir Effect: BioMedical Application

Discretization of the Model




Simple example: collapse of 4 defects line
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Defects aggregation - small line
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Elasticity of defect curves
C
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Defect Confinement on Defect line






Two Defects on the defect line
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Two defects on the defect line
Interaction potential

Maodel Allzmetric
Equaticn y=35"%h
Reduced 5 ZZ443EE
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Defect — Anti-Defect pier creation
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Defects aggregation - global line.
Def — AntiDef pier creation
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Defects aggregation - Def— AntiDef pier creation
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Defect — Anti-Defect intraction
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Def — AntiDef on the def line.
Repulsion
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KasmmupoBcKoe oTTasiIKuaHue

U camoopraHusauua aedpektos Ha AePEeKTHOU NNHUN

[MpocTenwnm npumMmep camoopraHnsaumm — obpasoBaHne CBA3aHHbIX COCTOSHUN

HNedekt — aHTngedekt — gedekt (O-A-Ll) monekyna

e




KasmmupoBcKoe oTTasiIKuaHue

U camoopraHusauua aedpektos Ha AePEeKTHOU NNHUN
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KasmmupoBcKoe oTTasiIKuaHue

U camoopraHusauua aedpektos Ha AePEeKTHOU NNHUN
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KasmmupoBcKoe oTTasiIKuaHue

U camoopraHusauua aedpektos Ha AePEeKTHOU NNHUN
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KasmmupoBcKoe oTTasiIKuaHue

U camoopraHusauua aedpektos Ha aePeKTHOU NNHUU

E mol

0,2 A

0,1 -

0,0

0.1 -

0.443

40x40




KasmmupoBcKoe oTTasiIKuaHue

U camoopraHusauua aedpektos Ha AePEeKTHOU NNHUN
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Tembl nccnepoBaHum

UcKyccTBEeHHbIe HEMPOHHbIE CETU Ha
OCHOBEe ABOMHbIX KBAHTOBbIX TOYEK



Programmers / Biologists

Two point of view on neural networks

e N

Programmers Biologists




Neural network: Biology
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The models of Biological Neuron

Threshold
Potential

e *> g T +40 Action Potential
5
"
5
. =)
Integrate-and-fire ;
£
™
S .55 ——
£ 20 2
= Resting Potential
80~ Hyperpolarization
/.

Nucleus

Different for Different Models




Artificial Neural Network: main idea

Main idea of Artificial Neural Network:

Artificial Neural Network (ANN) is an information system that is inspired
by the biological nervous systems, such as the brain.

The key element of ANN is a large number of highly interconnected processing
elements (neurones) working in unison to solve specific problems.

ANN, like brain, learn by examples or patterns.

Typical ANN problems: pattern recognition, data classification and so on.

] TEACH fUSE

Z2

INPUTS OUTEUT

TEACHING INPUT




New era in biological neural networks

Biological (real) neural networks are
VERY complicated systems.

Models of neuron — stochastic diff. equations.

So...

Only qualitative analysis is possible now.

Statistical mechanics approach can be used

Idea of the universality classes: biological details may be not so essential in
contrast with Symmetries and Topology of the Network.



Conformity in neural networks

Main question is:

What is the mechanism of the big correlation on the neural network?

Statistical mechanics gives the possible answer: Conformity near the phase
transition. (Michael A. Buice and Jack D. Cowan, 2008-2009)




Conformity in neural networks

Jack D. Cowan: “Strange and interesting things happen
in the neighborhood of a phase transition”

Statistical mechanics gives the possible answer: Conformity near the phase
transition. (Michael A. Buice and Jack D. Cowan, 2008-2009)

Progress in Biophysics and Molecular Biology 99 2009) 53-86

Contents lists available at ScienceDirect -

PrROGEESS IN
Blophysics &
Maolecular Biclogy

Progress in Biophysics and Molecular Biology

journal homepage: www.elsevier.com/locate/pbiomolbic

Review
Statistical mechanics of the neocortex

Michael A. Buice ?, Jack D. Cowan >
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Main idea

If the brain is statistical machine,
Why ANN is classical one?




Main idea

If the brain is statistical machine,
Why ANN is classical one?

Artificial Neuron must be
stochastic ....

)\ OOO




Main idea

If the brain is statistical machine,
Why ANN is classical one?

Artificial Neuron must be
stochastic or Quantum.




Neuron: classical VS stochastic
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Neuron: classical VS stochastic
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Neuron: classical VS stochastic
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Quantum neuron = Q-neuron
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Points

Quantum neuron = Q-neuron
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Quantum neuron




Points

Quantum neuron = Q-neuron
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Quantum neuron = Q-neuron
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Quantum neuron = Q-neuron
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Nano-technological realizations

We need in Nano-technological platform for realization of QNN.

One possible way: quantum double dots.

Surface

Quantum Dot



Nano-technological realizations

Quantum double dots.

1 Vp2 Vo1 Ve

Scientific Reports 1, Article number: 110 (2011)



Nano-technological realizations

Quantum double dots.

yS, _quantum dot
~ E X

PHYSICAL REVIEW B VOLUME 59 NUMBER 3 15 JANUARY 1990-1

Coupled quantum dots as quantuin gates

Guido Burkard* and Daniel Loss’
Department of Physics and Astronomy, University of Basel, Klingelbergsirasse 82, CH-4056 Basel, Swiizerland

David P. DiVincenzo®
IBM Research Division, Thomas J. Waitson Research Center, P.O. Box 218, Yorktown Heights, New York 10598
(Recerved 3 August 1998)



Quantum neural network as quantum many body system




AXons In neural net

> Dendrites (dendritic tree)

initial segment, axon hiflock

myelin

Axon sheath

~” Terminals
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“Axon” is output information line from neuron.
So neural net is very non-local system.



Role of Synepse

Role of Synepse is the contact coefficient, the measure of

neuron connection.

Neurotransmitter
Neurotransmitter attached to receptor
released into synapse
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Excitation connection
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Excitation connection: simple test
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simple test
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Excitation connection: 3 Q-neurons transport
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Quantum neural network logical elements

Logical AND

If both Paths are active,
Correlation more 70 %
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Quantum neural network logical elements

Logical AND
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Inhibiting potential

Meuron B
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Quantum neural network logical elements

Logical NOT
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Quantum neural network logical elements
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Quantum neural network logical elements
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Convolution neural network

Convolution Pooling Convolution Pooling Fully Fully Output Predictions
Connected Connected
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Convolution neural network
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Convolution neural network
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Monte-Carlo




Convolution neural network
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Digit recognition
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MNIST database: MNIST image has a size of 28*28 = 784 pixels
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Digit recognition
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Digit recognition
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Digit recognition

X RN}‘M briéhtneaa of j-th pixel in i-th image.

\

S XH
! score of i-th image treated as j-th number.
Ei‘j}(f)‘f j)

Pij =

Z?:ﬂ (exp(Si;))
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Digit recognition

. 9 2 9719 472 97,2  4\2
Eij ’"‘j-’ ('Lf‘f — 1) = Eij bl‘r:_? (Lf — 1) — £ ‘r:_? (122 — l)

We can now use 1 as connection matrix for £ connecting input and output



Digit recognition
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OCHOBHbIe pe3ynbTaThl

ObIn NOCTPOEH hopmannam ans uccreqoBaHnsi KBAHTOBLIX 9PAEKTOB B pens-
TUBUCTCKNX U HEPENATUBUCTCKNX CUCTEMAX MHOIMMX YacTuL, NOCTPOEHbI 3d-
JoeKkTMBHbIe YncrieHHble anroputMmbl MoHTe-Kapro mogenmpoBaHmnsa Takmx cu-
CTeM, KOTopble ObiNu NPOTECTUPOBAaHbLI HA NpUMeEpPEe MOAESNbLHOM 3a4a4u O pe-
NATUBUCTCKOM FrapMOHUYECKOM OCLIMINIATOpPE;

C NOMOLLbIO pa3paboTaHHbIX YNCneHHbIX MeToaoB MoHTe-Kapno nHterpmpoBa-
HMs1 Oblna nccnegoBaHa akTyanbHasi 3agada o oasoBOM NOBENEHNN aTOMapPHOro
MeTannnM4eckoro BOAopoaa, NOCTPOEHO YpaBHEHNE COCTOAHNS 3TOW CUCTEMBI;

NOCTPOEH peLUEeTOYHbIM hopMann3m nccnegoBaHns BakyyMHbIX a¢pdeKToB B
KBAHTOBOW aneKkTpoanHamMmunke, paspaboTaHbl anroputMma yyeTa BANAHUS pasnuyHbIX
FPaHUYHbIX YCITOBUIN, ANINEKTPUYECKMX OCODEHHOCTEN cpeabl, Temne-

paTypHbIX 9PJEKTOB Ha BENUYMHY Ka3UMUPOBCKUN BaKyyMHbIX CUI, UCcreno-

BaHa BaXkHas ANa HAHOMEXaHWKWN 3afadva O TaHreHumarnbHbIX (KacaTesibHbIX)

cunax Kasnmupa v peedHon nepegadm MexaHM4eckoro Bo3gencrena 6es 3a-
LenneHns 3a cyeT BaKyyMHbIX CUJT;



OCHOBHbIe pe3ynbTaThl

meToabl MoHTe-Kapno mogenupoBaHua adodekta Kasmmmpa B Teopumn rnonsi
OblNK NnepeHeceHbl B UCCeqoBaHNN KpUTHUYECKMX cun Kasmmupa B Knaccu-
YeCKNX CMNHOBLIX CUCTeMax, Oblnin nccrnegoBaHbl KPUTUYECKUE CUTbl B3aUMO-
aencTeBus AByx 4edeKkToB, NPUTSXKEHUE (KOHaNMEHT) yeaMHEHHOro aedoekra

K AedPeKTHON NUHUK, B3aUMOLENCTBME ABYX AedeKTOB, NPUTAHYTbIX K OOHOW
NUHUK, a Takke gedekTa n aHTu-gedekta (paspbisa B 4edPEKTHON JINHUN),
pacCMOTPEH MPOoLIECC Konmarca cucteM aedeKToB B KracTtep, UCccregoBaHo Bru-
SIHNE NCKPUBMNEHHOCTU OedEKTHON NMIMHUM Ha ee Ka3MUPOBCKYIO SHEPTULO;

pa3paboTaHbl TEOPETUKO-MOMEBLIE N PELLETOYHbIE MOHTE-KapSIOBCKME METOoAbl
nccnegoBaHus asoBbiX U KPUTUYECKUX ABIEHUN B rpadpeHe, nccriegosaHa da-
30Basd KapTuHa nepexona B COCTOAHMA CO CMOHTAHHbLIM 3aps40BbIM
pasgeneHnemM (SKCUTOHHBIWM KOHOEHcaT) B rpadeHe Kak pyHKLUMA napamMeTpom
CUCTEMbI, PaCCMOTPEH Clly4Yan Kak

nucTa rpadeHa, Tak n rpapeHoBbIX HAHOMEHT, TEOPETUKO-MOSIEBLIMU PELLETON-
HbIMW MeTogaMW UccriegoBaHa (pasoBas KapTuHa nepexona B pasgeneHHoe no
CMNHY COCTOSAHME (aHTUdEePPOMarHNTHbIX KOHAEHCAT), UCCneaoBaHoO BINSIHUE
BHELLUHUX (0aKTOPOB cpenbl (OManeKTPUYecKknx CBOUCTB NOAMNOXKW, BHELLHErO
MarHMTHOrO Nonsl, KOHUEHTpaunn AedeKToB) Ha 3Ty da30BY0 KapTUHY;

NpeanoXxeHa cxema co3gaHnsa 6a3oBbIX 3N1EMEHTOB CMIMHTPOHUKN HA OCHOBE
KPUTUYECKNX ABMEHNI B rpadeHe;
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N3oTepmbl

« [Ina Tpex BblOpaHHbIX TEMMepaTyp 3aBUCUMOCTb
OAaBleHNs OT NMTIOTHOCTU ANSA XXUAOKOWN doasbl
XOPOLLO JIOXXUTCA HA CTENEHHOWU 3aKOH

P=k-p/



[padpuk 3aBucumocTun P(p) ana T=5800K
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