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I[Ipogonxenne HayuyHoro ;kypHana KPOXO
PYCCKOI'O ®U3NKO-XUMHUYECKOI'O OBIIECTBA, 1872-1930,
BO300HOBHUBIIHUX CBOI 00LIeCTBEHHYI0, HAYYHYIO
U M31aTeJIbCKYIO AeATeIbHOCTH B Poccun
16 anpens 1991 r.

[Ty6nukyer:
e HauboJiee aKTyaJbHbIE, TI0JIe3HbIEe, OPUTHHAIBHBIE PaOOTHI

COOTEYECTBEHHUKOB 110 BCEM OTPACIIIM €CTECTBO3HAHUS;
o MMMChbMa YuTaTenen u HAay4HbIC CTaTbH, IIpOrpaMMbl U MECTOANUKH,

peKiaMy, TeEXHHUECKHE TPEIOKEHUs, aHalIn3, 0030p, TPOrHO3;
® SHEpreTuKa, SKOJIOTHS, OXpaHa 370POBbs, CEIILCKOE X035HCTBO,

MPOMBIIIIIEHHOCTh, TEXHUKA, TEXHOJIOTUS, SKOHOMHKA, HayKa.

He wunvl u 36anus, Hu 8o3pacm u npogeccusi asmopos,

a cmenenb 00UeCmBEeHHOU NONb3bl U OPUSUHATLHOCTb UX MBICIU —
e0UHCMBEHHBLIL Kpumepuli omoopa pabom 0Jis nyoruxayuu
[IpuopuTerHas 3ammra Bcex MyOIMKyeMbIX MaTepraioB. [IpeiHazHadeH
JUTSL BCEX, KOMY He 0e3pa3lInYHbl COBPEMEHHBIC 36MHBIE MTPOOJIEMBI, KTO
UIIET KOHKPETHOE TOJIe JAeSITeIbHOCTH i 3()(PEKTHBHOTO MPHIIOKEHUS

CBOMX MHTEJUICKTYaJIbHBIX CIIOCOOHOCTEH.

JIEBU3 JKYPHAJIA:
«Hoegoe uckanue Hemunvl — moavko 3mo u ecmv Hayxkay

.. MennesneeB
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TPEXMEPHBIE PEIIEHUS YPABHEHUSA T'EJBMI'OJIBIIA

23" Annual Meeting of the German Crystallographic Society 2015
Gottingen, 16-19 March 2015

Three-dimensional solutions
of the Helmholtz equation

George Shpenkov

http://shpenkov.janmax.com/talk2015Gottingen.pdf

Hoxnan, npountannblii Ha 23 Exeroanoii Kondepenuun
Hemenxoro Kpucraniaorpaguueckoro Odmecrsa
(I'érTunren, 16 mapra 2015)

I'.II. IlInenskoe (Ilonvwa, 2. Beavcko-bana)

1. Kakoe oTHomeHMe wuMEeT YypaBHeHHe [enpMmrompia K
KpHcTawiorpaguu, KPUCTALIOXUMHUH U, BOOOIIE, K CTPOSHHIO aTOMOB —
TeMa MOETOo JOKJIa/a.

2. B kaudecTBe mpuMepa pacCMOTPUM OJIMH W3 aJUIOTPOIIOB
yriiepojia — rpages.

OH uMeeT ABYMEPHYH) T€KCArOHAJIBHYI) PeIIeTKY H, Kak
W3BECTHO, OCEBYI0 CHMMETPHIO IIECTOr0 MOPSI/AKA.

MoaTomy, yka3anusle Ha pucyHke Hampasnenus 1-1, 2-2, u 3-3
0e3 COMHEHHMS  pacCMaTpPHBAIOTCS  KaK  KpHUCTAIOrpaduyuecKu
WUJCHTUYHBIE W, B IIOJIHOM COOTBETCTBUM C OCHOBaMH TEOPUHU
CUMMETpPHH, BCE CBOMCTAa BIOJb HUX JOJDKHBI OBITh OJWHAKOBBIMHU,
HanpUMep, JJIEKTPOHHAS TIPOBOIUMOCTb.

OaHako TpPOBENEHHBIH MHOIO aHAIM3 IO0Ka3al, YTO 3TO HE
COOTBETCTBYET JIEHCTBUTEIHLHOCTH.

Kak oka3zajgoch, ecid TNPUHAT, BO BHUMAaHHE HEBHANUMYIO
4acTh, KOTOPYIO MBI OTKPBUIM B CTPYKType aTOMOB YIJiepoja
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(coctaBnsromux rpadena), rpaden obnagaer cuMMeTpHEH MaKCHMyM
BTOPOT0 NMOPSIZIKA.

The structure of Graphene

A direct image of a single-layer graphene sheet
LA A A A A J LA A A A A L A A A A J
- - -

A
LR
X ki, R Emi. M.D. Rossel, MF. C
iging of Lattice Atoms and Topologi
ranes”, NANO LETTERS 2008, Vol 8.

sielo

No.11,3582-3586]

ITo cienyeT U3 YAaCTHBIX pelleHuil ypaBHeHus I'eabMroabna.

IToaTomy, €TPYKTYpa U CBOICTBA BIOJb OHOIO0 W3 YKa3aHHBIX
Ha pPUCYHKe TpEX HalpaBICHUN JOJDKHBI OTJIMYATHCH OT IABYX JIPYIHX.
IIpoBen€HHBIE IKCIEPUMEHTHI MOJHOCTHIO MOATBEPAWIA 3TO MpEJCKa-
3aHue — rpad)eH JCHCTBUTENBHO SBISCTCS aHU30TPOITHBIM KPUCTAJIOM.

Kak u moyemy Mbl HAYAJIH AHAJIU3HPOBATH

MaTeMaTHYeCcKue peleHnst ypapHenusi Ie1bMroJibia?

BoabmmHcTBo GU3UKOB yXKe TaBHO oco3HaH, uTo CTaHgapTHas
Mopnens (CM) — KOHIENTyalbHBIH 0a3MC COBPEMEHHON (DU3MKH — HC-
yepnana cedst U CICPKUBACT Pa3BUTHE (PU3HKH.

3. JleiicTBUTEeNBHO, M3-3a jgomuHupoBanus CM ¢usuka He B
COCTOSTHUH TIOHSTH JI0 CHX TOP caMble ()yHJIaMEHTAJbHbIC BEIIH; TaKUE
KaK:
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NpUposia 3apsiioB, MPOUCXOXKJICHHE MACChI, MPHPOJAa TPABHUTA-
HH.

Due to dominance of the
Standard Model

Modern physics is unable to comprehend till now

such fundamental things as the:
nature of charges,
origin of mass,
nature of gravitation.

A great mystery is still the physical meaning of the:
speed of light ¢ in a rest energy formula, E,=m,’
fine structure constant c.

It is impossible on its base to derive the:
structure and relative atomic masses of isotopes,
magnetic moments of neutron and proton;

and to build a

unified field theory; and so on.

Benukoii TaiiHO# ocTaéTcs (PM3MUECKUI CMBICII CKOPOCTH CBETA B
(dhopMmyne SHEPTUU MOKOS YacTHULbI, (PU3MUECKUM CMBICI TaK Ha3bIBa-
€MOI MOCTOSTHHOI TOHKOH CTPYKTYPHI ajibda.

B pamkax CM HEBO3MOKHO B MPHUHIMIIE BBIBECTH TEOPETUUECKH
MArHMTHBIE MOMEHTbI HETPOHA U NMPOTOHA, TOHATH CTPOEHUE U OTHO-
CUTENIbHBIE MacChl BCEX BO3MOKHBIX aTOMHBIX M30TOMOB, MOCTPOUTH
¢IMHYI0 TCOPHIO MOJIS, U T.JI.

Bce mombITKH, NpeanpUHUMAaeMble Al TOTO YTOOBI B paMKax
CYIIECTBYIOIMX KOHUENIMHA yJayqmuTb CM, B 4aCTHOCTH, C TOMOIIBIO
CTPYHHBIX T€OpHUH, OKkazaiuch Oe3ycnemupiMu. Kak He ObIIO, Tak U HET
OTBETa Ha [1€PEUYHCIICHHBIE 31€Ch IPOOIIEMBI.

MpbI BBIOpaIN NPUHIMIHAIBEHO HHOW MTyTh.

Bonee 1yem nBa mecaTmieTuss TOMy Has3aa MBI BABOEM C MOHM
kosuterom JL.I'. KpeliniukoM Hadyaiy pa3BUBATh KOHLENTYAJIbHO HOBYIO
6azoByro pusnyeckyto Teoputo (¢ 2002 roga s mpoaOIHKUI 3Ty paboTy B
OJIMHOYECTBE), KOTOPYIO s Ha3Bajl BrociencTBud BosnoBas Mopesb.
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Cyas mo pe3ynbTaraM, e€ MOYKHO paccMaTpHBaTh KakK ajlbTePHATHBY
CrannaptHoit Moaenu.

4. KopoTkue cTaTbH, TOCBAMIEHHBIE HEKOTOPBIM pE3yJIbTaTaM
WCCIIEIOBAHNS, TIPEJCTABIICHBI B KHUTE «HecKoIbKo Clo8 0 pyHoameH-
MATLHBIX NPOOIEMAX PUSUKUY.

Model. The book differs by novel ideas. Along with the fair criticism, for all
issues addressed in the book, clear solutions are presented. They were

whipesed oyshyd PRI

obtained on the basis of a new physics paradigm adequate to reality. In
the literature on physics there is not a constructive analysis of fundamental
problems of physics presented with such a manner as it is done in this
book. Disingushing festures of the book are the breadth of sies
covered by the analys ts complexit and comprehensiveness, brevity and
the use of simple and straightforward language. For this reason, the book
wit useful for all physicsts, theorists and xperimentaliss, specaiized in
different branches of physics.

George Shpenkov

Some words about
Camprahandimsoabiof Bk conax i sy fundamental problems of

theoretical physics is presented in this book written in .
3 concise and dlear form. It is shown that the phy5|cs
abstract-mathematical method dominated in theories

of the Standard Model is erroneous and, therefore, ;
dead-ended. The author proposes the real way to Constructive analysis
out of this situation.

978.

3-659-23750-8

George Shpenkov

Ll? —

Aoyuadys

e
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5. IlpuHOUMNDHAJAbHBIE OCHOBBI M MOApoOHOCTH BoNIHOBOIM
Mopnenu u3I0XKEeHBl B KHUTE «AMOMHASL CMPYKMypa mMamepuu-npocm-
PpaHcmea.

6. HoBass mapagurmMa ¢U3NKH, KOTOPYIO MbI IOCYUTAIH
€MHCTBEHHO TPAaBWIBHONW W MpUHsUIN Oe3 KojebaHWi, OCHOBaHA Ha
UCIIOJIb30BAaHUN AMANEKTUUECKOW (UIOCOGUH U AUATEKTHYECKOU
Joruku (BMecTo (opManbHOH JIOTUKM) W OJHOTO EIUHCTBEHHOTO
MOCTyjJaTa — IOCTyJaTa O BOJIHOBOM NPUPOAEe BCEX SBICHUU H
00BeKTOB BO BeeneHHOi.

A new physics
paradigm

is based on:

(1) Dialectical philosophy and
dialectical logic

(2) A postulate on the wave nature of all
phenomena and objects in the Universe

Ha 5ToM HOBOM KOHIENTYaJbHOM 0a3uce BCE, 3a YTO ObI MbI HH
OpaJluch, HAa4al0 PaCKpPBIBATHCS €CTECTBEHHBIM ITyTEM, HENPOTHBOpE-
YHMBO M, MOXKHO CKa3aTh, KaK «I10 Maciy». Mrtak. —

7. Caenysi mocTyJaTy CTPYKTypa U IOBEICHHE MaTepUH-
IPOCTPAHCTBA, BKJIIOYAsh DJIEMEHTApPHbIE YACTHIBI U ATOMBI, JOJKHBI
OIUCHIBATHCS XOPOIIO pa3pabOTaHHBIMM METOJAMH KIIACCUYECKON BOJI-
HOBOW (DM3MKH W, B 4aCTHOCTH, KJACCHYECKHM BOJIHOBBLIM ypaBHe-
auem (1).

DT0 ypaBHEHHE JOMYyCKAaeT 4YacTHoe pemenue B Buie (2),
OIKCHIBAIOIIIEE CTOSUNE CPEPUUCCKUE BOJTHBI.

IMpocTpancTBeHHAsI COCTABJAIOMIANA pemieHus (2) onpenenser
CTPYKTYPY CTOSTYMX BOJIH U, KaK OKa3aJI0Ch, CTPOEHHE AaTOMOB.

«CKPDXO», Tom 87, Beimyck 1 (2015r.), crp. 132



Pycckoe ®usmyeckoe OO0mIecTBO

[IpocTpaHcTBEeHHAST COCTABISIONIAS SBISCTCS YACTHBIM pEIICHHEM
ypaBHenusi I'eJbMrosabma, KoTopoe MpeACTaBIsIeT COO0Oi He3aBUCH-

Following the postulate

The wave structure of matter-space is described by the
well-developed methods of classical wave physics, in particular, by the
general wave equation

1 o
~ =O (€))
e Br

It admits the particular solution of the form
W (p.0.0:0) = W(p.0.9)¢ ™ = R ()0, 0)D,, (9)e™  (2)
which describes the spherical standing waves.

The spatial factor (p,0,¢) defines the standing wave structure
and, as we have disclosed,

Atomie Structure
\J is the solution of the time-independent form of Eq. (1), the Helmholtz equation,
A +k* =0 (3

(The wave vector k is the constant. At the atomic and subatomic levels k= o, /¢ wherewe is
the fundamental frequency of the levels, p =kr)

MyI0 OT BpeMeHH (opmy ypaBHeHUs (1).
8. PaqMasnbHble pelieHus Jat0T AUCKPETHBIN Pl XapaKTEPUCTHUECKIX
BOJIHOBBIX 000JI04€K, ONpeAesieMbIX KOpHsIMHU GyHKImi beccens.
9. Moasipuble GYHKIUHU ONPEEINSIOT XapaKTEPUCTHUECKHE I1a-
pajieny SKCTPEeMyMOB M HyJIEH Ha COOTBETCTBYIOIIMX BOJIHOBBIX

Radial Solutions

\IJ = k/ (p)®l.m (e)(i)m ((‘P)

R(p)/ A=[r/2p(J ., (P)£1Y, ,, (p))

F=0:025
m=0,£1.£2..... &1

The relative radius p=kr of characteristic wave shells
is defined by the roots Z, i (zeros and extremal
values) of Bessel functlons 71+1/2 isthe order of the
functions , g is the number of the zero or extremum.
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000JI0YKaX.

Graphs of the polar functions

0,,0)=C,,, B, (cos0)

o

Si.n m e dl-m 2
P, (cos®)=———————(cos"0-1
i (c030) = sy o501

The adjoined Legendre functions

Polar components ©, , (0) define characteristic
parallels of extremes and zeros on the wave
spherical shells.

9,,(0)

i

10. IMosasipHo-a3zumMyTajdbHble QYHKIUH BMECTE ONPEACISIOT
yIJIOBble TPOCTPAHCTBEHHbIE KOOPAMHATHI Y3JI0B WM MYYHOCTEH
CTOSYMX BOJIH Ha 3TUX CEepUIecKux 000I0UKax.

Graphs of the polar-azimuthal functions
Y,,0,9), = l®,_,,,(9)Cosm(p|

Define an angular disposition of the
potential nodes (and vortices) of
standing waves on the corresponding
waveshells.

They have nothing in _common with
electron orbitals _ascribed to them

dodlvi h
in

Rip)

L Y007
0.00.(0)

©,.(0)

«COKPDXO», Tom 87, Beimyck 1 (2015r.), ctp. 134



Pycckoe ®usmyeckoe OO0mIecTBO

11. B pe3yabTaTe pemICHUsS NalOT HaM Y3JI0BYIO CTPYKTYpPY
CTOSIYMX BOJIH B CEPUUYECKOM IMPOCTPAHCTBE, KOTOPYIO MBI MPEACTa-
BUJIM CXeMATHYEeCKH B BUJIC, KaK [TOKa3aHO HA 3TOM PUCYHKE.

Particular Solutions of the Wave Equation

The nodal structure of standing waves in spherical space
Fr (The potential component)

% T e
v, A\,ﬁJ._z,.}(p)O;w(G)e =

1=0.1.2.... The completely filled
B 1o Mo’ Integershells and subshells

m=%]

\
&e

\

The section, x=0 /-1
0

z
9
i3

Thenumber1,2.3, ..., 110of the
principal polar-azimuthal nodes
incides with the atomic number Z

5 4
; 77 Lk
- ! | F--o
& -0 7 10
3
5
(oroid- n o _’of 16 17 m==+3
vortex s, - b 139159 n Y B
=3 4 \llﬂl'll ,,‘"glf
- = 28 2
13
/

Iy

a4 D s
o
¢ %
og  p

Ota ¢opMa IpeICTaBICHUS JaHHBIX PEIICHUH SBUIACH KJI0Ye-
Boii. OHa u npuBena Hac, 1Ocje ITyOOKOT0 M BCECTOPOHHETO aHaIN3a, K
BBIBOJTy UTO 3TH peLIeHHs] ONMpeessIIoT 0007109e9HO0-Y3JI0BYIO CTPYK-
TYpPY aTOMOB.

A mopsiiKOBbIe HOMepa, KOTOPbIE Mbl NPUIHMCAIN K TJIaBHBIM
MOJIAPHO-a3UMYTAJIBHBIM y3JiaM (TIOCKOJIBKY €CTh €Ié T0OOYHBIC Y3JIbI),
COBMAJAIOT ¢ AaTOMHBIMU HOMepamu Z.

12. ATombI IIpy UX BHELIHHUX 000JI0YKAX, [EJBIX U MOTYLEIbIX,
IIOKa3aHbl Ha cienyromeM pucyHke. Ilosynenble BHEIIHHE 000JIO0YKH
HUMEIOT aTOMbI, 00BeIeHHbIe MyHKTUPHBIME Kpyramu (Ar, Kr, Er, Pd, Pt,
U). Bpems nokiaga, K COXaJ€HHIO, OTPAaHMYCHO, IMOSTOMY aHalu3
IPECTABIEHHOIO 3/IECh XKEJIAIOIUE MOI'YT IIPOBECTH CaMOCTOSATEILHO.
OOparute BHUMaHHE Ha SCHO BBIPAKCHHBIE 3aKOHOMEPHOCTH H
KBa3HIIEPUOIUYHOCTh & TAKXKe HA HaJM4uue MOOOYHBIX Y3JIOB Y aTOMOB
KJIACCHYECKHUX TOJTynpoBoaHUKOB (Si u Ge).
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Outer Shells of the Atoms

He 3
4 m=+2
—? 8 9
! o---0
i F -
-Q 7 10
6
Q\o 139713,9%, P
~ . 1 > B %
-4 ]
14
29 30
o @\?
2Ge /6
31 3%
L6
62
33,
Gd ° 19188 s
64 ol O - ) ""G%-o%%a:m Ds|
/ - m uo o9 108 110
04 HJPO

Noninteger solutions

I=m=s/2 seN
corresponding to intermediate states — uncompleted shells and subshells:

y=4 i(Js (P EiY, 1(p)Jsinl(9(cos£(piisin£q>)
V2p\ 3% 32 2 2

Extremes of the solutions (nodes and antinodes of sinusoidal spherical standing waves)

are in the equatorial plane (z=0); they have any-fold symmetry, including forbidden by
mathematical laws of crystallography.

Contour plots of the sections
for the potential component of the solutions resulted in the equatorial
distribution of the nodes of the five- and eight-fold symmetries

13. IMoayneJbie 1, BOOOIIE, Helleble (IPOOHBIC) PELICHHUS OTHO-
CATCS K MPOMEKYTOYHBIM 000J0YKaM-COCTOSTHUSIM. OHU ONpPeaenstoT
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He3aKOHYEeHHble BHELIHHE OOOJIOYKM IPUCYIIHME TaKUM aToMaM Kak,
Harpumep, (cM. cHoBa Pmc. 12): ;Li, umerommit oguH y3en mnox
HOMEpOM 3 Ha BHemrHel oboisouke; 4Be — nBa y3na (3 u 4); sB — tpu
y3na (3,4, u 5); unu ;N, gO, oF, u npyrue aToMsl.

Kak cnenyer u3 pemieHus: HeueJible (HE3aKOHYEHHBIE) 0OO0IOYKH
JeKaT B IKBATOPHAJIBHON MJIOCKOCTH U MMEIOT OCEBYIO CHMMETPHIO
JII000ro MoOpsiika B 3aBUCHMOCTH OT YHCIa Y3JI0B Ha 3TOH BHELIHEH
000J104Ke, BKIIIOYAas CHUMMETPHIO, 3aNPelIéHHYI0 MaTeMaTHYeCKHMHU
3aKOHaMH Kpuctauiorpadpuu (0OHapyKEHHYIO, KCTaTH, SKCIEPUMEH-
TaJIbHO HAa KBa3HUKPUCTAIJIAX).

14. DaeMeHTBHI 000JIOYEYHO-Y3JIOBOTO CTPOEHHUS aToMa yrlie-
POAa MPEACTABICHBl HA 3TOM PUCYHKE HE TOJBKO CXeMAaTHYeCKH HO U
MOKa3aHbl CTPOrue rpauyueckue pelieHusl X CCUCHUH B yKa3aHHBIX
IUIOCKOCTSIX.

Secions 0 _ The Carbon Atom

m=0 (six-nodal elementary molecule of the hydrogen atoms, 6-NEM)

=0 0
! Elements of the shell-nodal structure

m=x1

gee U & Aot
g

<V
159
o

X Conditional designations: ‘b}—{ >——< >—§-<

I/IHTepeCHBIM QJICMCHTOM CTPYKTYpPbBI aTOMa YIJjepoaa (I/I HEC
TOJIBKO ero) SABJIACTCA BOJHOBOE CTOAYCEC TOPOMAAJBHOEC KOJbBIO-
BHXPb Ha 000JIOUKE, COOTBETCTBYIOILECH YacTHOMY pemeHuto npu 1=2,
m=0.

CropaBa BHH3Y TIOKa3aHBl YCJOBHbIE O0O3HAYEHHUSI aToOMa
yriiepojia sIBJISIOIErocs, 0 CYIIECTBY, IIECTHY3/I0BOM 3JieMEeHTAPHOM
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MOJIEKYJIOli BOJOPOJHBIX aTOMOB, K KOTOPHIM OTHOCHM HPOTOH,
HeMTPOH U MPOTHYM.

The Carbon Atom

(Six-Nodal Elementary Molecule of the Hydrogen Atoms, 6-NEM)

5 Potential-kinetic >
polar nodes View on the

An elementary particle and an atom
o Oleﬁstde elementary particle and an atc
are the spherical formations pulsating

at the frequency ®,

Frontal ,
view té

Strong Toroidal
bonds ring-vortex
@ Q\

6 Potential A 6 Kinetic Fundamental frequency and the
polur-unmulhal ! polar-azimuthal JSundamentalwave radius of the
nodes | nodes atomic and subatomic levels
K
o, =1.869162559x10'¢ 5!
%, =— =1.603886492x10" cm
o,
View
'om above Fundamental frequency and the
JSundamental wave radius of
S the gravitational level
E= (!)ﬁ sy Binding energy of the nodes in 6-NEM ( 5C™) ©®, =9.158082264 x107* 5~
! E, ., =92.34932212 MeV %, == 327410k
e,

O, =4, and O =4y are exchange charges of interacting nucleons

& =1g-cm™ ishe absoluteunit density

15. Ha pmanHOM pucyHKe »5Ta 6-y3/ioBasi 3JieMeHTapHas
MOJIEKYJIa, MOKa3aHa CXEMAaTHYECKH Kak LEeNoe, B TPEX MNPOEKIUIX.
Kaxnpiif 3 6-u MOTeHIMANBHBIX Y3JIOB 3alOjHEH CNapeHHBIMU
BOJIOPOAHBIMU aTOMaMH. MeXy3elbHble PACCTOSIHUS OIPENesIoTCs
KopHsMH (YHKIWH beccens — penmeHnsMu panaabHON COCTABIIAIONIEH
BOJIHOBOTO YpaBHEHHUS.

Mesxy3enbHble CBSI3M CHJIBHBIE, ONPENEISIOTCS 1Mo (opMyIe,
yKa3aHHOW BHU3y cieBa. Kak cienyer M3 pacuéToB, 3HEpPrusi CBSI3H
BCEX Y3JI0B aTOMa yrjiepoJa paBHa npuMepHo 92.3 MsB. Jrta Benu4nHa
COBIIAIAET C JIAHHBIMH SJIEpPHON (DU3UKH JIJISI SHEPTHH CBSI3H siIpa aTomMa
yraepona. @opmyna sHepruu cBsizm E crnemyer takke w3 BoiHOBOI
Mogenu.

B ¢opmyny sHeprum cBsi3W BXOIHMT OTKphITas HaMH (pyHAaMeH-
TaJIbHAsl 4acTOTAa, 0, ONPEIEIAONIas B3aUMOAEHCTBUSA HA aTOMHOM
H cy0aTOMHOM YPOBHAX U 33/1al0IIasi, TAKUM 00pa3oM, CTPOro omnpe-
JICNEHHBIE MesKy3eJdbHble PACCTOSIHUSA. 3aMeTbTe, (PyHIaMeHTAJIb-
HbIii paguMyc paBblii OTHOLIEHUIO CKOPOCTH CBeTa K AaHHOW (yHna-
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MEHTaNbHOH 4acToTe paBeH mpumepHo 1.6x10% cm. ViBoenmoe ero
3Ha4YeHue, yHaaMeHTAJIbHbIA AuameTtp (3.2 aHrcTpeM), COBMAgacT C
ycpeIHEHHBIM 3HaUeHUEM NTapaMeTPOB KPUCTAJUIMIECKUX PEIIETOK.

Kunernyeckune y3ibl (IIydHOCTH CTOSYMX BOJH), Kak MecTa
MHTEHCUBHOTO JBIDKEHHUS, ITyCThIE.

MoasipHble MOTEHNAILHO-KMHETHYECKHE Y3JIbI PACIOJIOKEH-
HBIE BJIOJIb OCH Z — MecTa MOKOSI U JABWKCHUSI OJHOBPEMEHHO — TaKKe
MYCTHI B cTaOMIBHOM aTome yriepoaa C-12.

16. M3oTonbl aToma yriepoja, Kak M JIIOOBIX OPYTHX aTOMOB,
OTIPENICNIIOTCS.  CTENEHBIO 3alOJHEHUs] BCEX €ro y3JIOB, BHIUMBIX
3aII0JHEHHBIX MOTEHIMAIbHBIX U HEBUIUMBIX IYCTBIX MOJISIPHBIX, IPU
KOTOPBIX eI COXPaHAETCS €ro WHAMBUAYaJbHOCTb, TO €CTh COXpa-
HSIETCSl IPHUCYIAsl JAHHOMY aTOMY CTPYKTypa €ro 000JIoueK, OTIrYaro-
I1as ero oT APYTrHX.

c-12
The stable isotope

Single Coupled
hydrogen atom hydrogen atoms

Empty
2 polar nodes

|
C-8 C-22
The lightest The heaviest

The limit short-lived isotopes of carbon

Kak crnenyer u3 00071049€UHO-Y3JI0BOTO CTPOCHHUS, IPEACIBHO
BO3MOXHBIE KOPOTKOXKUBYILHME, CAMBIA JETKUA M caMblil TSDKENBIH,
u3zoronsl yriepona — 310 C-8 u C-22. JlelicTBUTENBHO, SKCIEPUMEH-
TaTbHBIC TAHHBIC TIOATBEPXKIAIOT JTO.

17. B COOTBeTCTBHM C 3aKOHOMEPHOCTSIMH M KBa3HIIEPHO-
JIUYHOCTBIO, 0OHAPYKEHHOUM B 000JI0UEYHO-Y3JI0BOM CTPOCHUU aTOMOB,
noctpoeHa Ilepmomndeckas Tabmuiia ATOMOB, KOTOpasi SBIISIETCS TIO
cymectBy IIpuoanueckoii Tabaumeid IaemMeHTapHBIX MojekyJ
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BOJIOPOAHBIX aTOMOB. ATOMBI, KaK 3JIEMEHTAPHBIE MOJIEKYJIbI, CTPYTIIH-
poBanbl B TabmuIiie B COOTBETCTBUU C YHCIIOM IIABHBIX MOTCHIIUAIBHBIX
MOJIIPHO-a3UMYTAJIBHBIX y3JIOB B MX BHEIIHUX BOJHOBBIX 00OJIOYKAX.

PERIODIC TABLE OF THE ATOMS

o 1=0 (Z-Nodal Elementary Molecules of the Hydrogen Atoms, Z-NEMs)
Z=N={1,2,3,4,..}

Solutions of the wave equation ‘\\i}—% -
The atoms grouped according to the number N of principal
potential polar-azimuthal nodes in their wave shells

1=3
£ et The number N {1, 2, 3, ..., 110} of the node Atoms with completely filled Polar nodes and
1[iNaMg AI[SI| & * P coincides with the atomic number Z extemal wave shells toroids-vortices
He m=0
3|2 L
[ [aCals8o « |, Ne L
2 p WSi| ,Ti | =Ni =1
o
12Ge W Zr Te . Nd
I=4 ;
L Emest Unnumbered collateral «Gd Hf 2P0 FmyCh .
1| #Cu Zn ,Ga|Ge| e polar-azimuth nodes bl demects
=12
‘ 2 FRb 481 Y ¢ B 1me
3 «Nb ;Mo Tc | wRu Rh 4Pd| m-s3 1=3
wAg uCd | 4in s
1 [uXe »Cs Ba wLa <Ce P [Nd]s

1]uPm.SmoEuluGd| &

2
fTm/Yb L 1=
nad

5| ®[nau g LT | B i ; -
P WAt (RN JFr luRalLAC[.Th  ,Pal .U T made jaE
NP/ uPu L Am <G BK G WS ma3s
5 wMd... ool

(12w |1 (1) Atternative Picture of the World, V. 1-3, (1996); [2) Foundations of Physics, (1998),
- 3] Atomic Structure of Matter-Space, (2001); Geo. S, Bydgoszcz
= s [we Lo |we The hydrogen atoms: by L. Kreidik and G. Shpenkov.
6| “Fio [0 | proton, neutron, and protium The Shell Structure of Matter Spaces, hitp:/ishpenkovjanmax.com/ShellStr.pdf

‘Copyright c 2001, 2015 George P. Shpenkor

18. Tadmmua Bcex BO3MOKHBIX ATOMHBIX H30TONOB ITOCTPOSHA
UCXOJSI U3 CTENEHHU 3aIOJHEHHS COOTBETCTBYIOIIUX Y3JIOB, KaK IOKa-
3aHO Ha mpuMmepe atoma yriepona (Puc. 16), momyckaeMbix 000J0uey-
HO-Y3JIOBOW CTPYKTypoH. JIeBbIii Kpail rpaduka COOTBETCTBYET Ipe-
JeNbHO JIETKUM BO3MOXKHBIM H30TONaM, NPaBBId Kpail — NpeAesbHO
TSOKENBIM BO3MOXKHBIM M30TOIAM.
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19. Bce moapodnocTH, kacaromuecs [leproanueckoit Tabmuipl,
IIOCTPOEHHON HAa OCHOBAHUM PELICHUI BOJHOBOTO YPAaBHEHHsS, MOXHO
Haitu B kHure «MaremaTuka Ilepuoanueckoit Tadauubn.

B kuure «KBantoBbie PyOe:xxn AtomoB m MoJiekyn» conep-
JKUTCSL JIOBOJILHO TOAPOOHAs WHQOPMANMs O TPEACTABICHHON 3/1eCh
Tabmune M3oTronoB n MexaHuzMe o0pa3oBaHUs COCTUHEHHN yriepona,
UCXOsI U3 000JI0YEYHO-Y3II0BOTO CTPOCHHSI aTOMA yriIepoia.
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20. /IBymMepHasi CTPYKTypa KpucTaia rpadena, oTpakaromas
CXeMaTHYEeCKH MEXaHHU3M O00pa3oBaHHs YIOPSIOUYECHHON CBSI3U COCTaB-
JISIFOIIMX €r0 aTOMOB YIIIEpO/ia MPUBOASIIAS K TeKCaroHaIbHON peméT-
Ke, MPEJICTaBIICHa Ha 3TOM PHCYHKE.

The Structure of Graphene
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Armchair like edge

BuaHo, 4TOo MeKaTOMHAsi CBSI3b pEATN3yeTCs BAOJb JIMHMIA
CHJIBHOI MeJKy3eJIbHOH CBSI3M KaXJIOTO W3 COCEIHHX aTOMOB YTO
NPUBOJIUT B UTOTE K TPEXKPATHOMY MeEPEKPBHITHIO STHX Y3JIOB.

35ech eCTh CBOM OCOOEHHOCTH, CBSI3aHBI OHH C TeM (aKTOM, YTO
€CII MbI IPU3HAEM TOYHBIMH M3BECTHBIC ITOCTOSHHBIE PemIETKU rpadu-
Ta W, CJIeJOBaTeNbHO, rpadeHa, TO 3IEMEHTApHBIMH «KHUPIHYHKAMI
CTPYKTYphl rpadeHa SBISIOTCA HE aTOMBbI, a JUMEphbl yriiepoga. Mx
yCIOBHOE 00O3HaUCHME TaKOe ke, KaKk M aToMOB. M B y37OBBIX TOYKax
Kpuctamwia rpageHa OyoeT HWMETb MECTO TPEXKPAaTHOE IEPEeKpBITHE
y3JI0B INMEPOB.

O0 3TO MOAPOOHO HBIOKEHO B YKA3aHHOW BHIIIE KHUATE U
CCBUIKaX, MPEACTABICHHBIX B KOHIE NMPEICTaBICHUS. 3a HEIOCTATKOM
BpEeMEHH 51 He OyZly OCTaHABIMBATHCA Ha STOM.
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YnopsimoueHHas: CBSI3b 3JIEMEHTAPHBIX COCTABISIONINX, TIPHBOJIS-
miast K 00pa3oBaHuO rpadeHa, MPoTeKaeT TaKUM 00pa3oM, YTO 00pasy-
eTcs HeMpephIBHAs MpsMasi Helb M3 MYCTHIX MOJISIPHBIX Y3J10B IIpel-
CTaBIISIONIAs COOOM B HTOT'€ YTO-TO BPOJIC TOHHEJISI IO KOTOPOMY MOTYT
CBOOOJTHO TepeMeIIaThCsl HOCUTENH 3apsiyia 0e3 MPersTCTBUN H, CIEeN0-
BaTENLHO, pPacCesTHUA.

H3-3a cnenn@uueckoro npocTpaHCTBEHHOI0 CTPOCHHUSA aTOMOB
yriepoja (KOTopble Kak BBISCHWIOCH SIBJISIFOTCS MOJIEKYJIaMH, TO €CTh,
MHOTOLIEHTPOBBIMHU 00pa30BaHUSIMU) U UX CIEUUPHUECKH YIOPSIO0-
YCHHBIX CBS3€H B IeKcaroHaJbHOHN pemérke, rpadeH BeafT cebds Kak
AHU30TPONMHBIA KPUCTAILI, 00JIa7aeT IK30THYECKUMHU IJIEKTPOHHbDI-
MM CBOWCTBAMM U, CIICJIOBATEIbHO, OTPOMHBIM TOTCHIUAIOM JUIS
MPaKTUIECKOTO IPUMEHEHHUSI.

Bonee Toro, oH MpeaoCTaBIsACT YHHKAJbHYI0 BO3MOKHOCTD JIJIsl
NPOBEPKH HAa TPUTOTHOCTh PA3IMYHBIX TEOPHUHM, MOJENEH, TUIOTE3.
UeMm s 1 BOCIIONB30BAICS.

21. OTkpbITHE 000JI0UYCYHO-Y3JIOBOM CTPYKTYPBI aTOMa yriiepoja
W, CcJenoBaTeNbHO, rpadeHa OOBICHACT MHOTHE €ro HHTEPECHBIC
CBOMCTB U, B YaCTHOCTH, TOT (DaKT uTO «I pagern... npedcmasnsem coboil
UHMEPECHYI0 CMeCh ... HNOAYNPOGOOHUKA U Memania..». W dro
«Onexmponvl 8 epagheHe... UMEOM OUYeHb OJIUHHVIO CPEOHION ONUHY
€c80000HYI0 npobeza», v T.1I.

“Graphene ... is an interesting mix of a semiconductor (zero
density of states) and a metal (gaplessness)...”

“The electrons in graphene seems to be almost insensitive to
disorder and electron-electron interactions and have very long
mean free paths” (“... reaching up to 1 um in the existing
samples”).

“Understanding the nature ... is a problem of fundamental
importance for applications”

[A H. Castro Neto, F. Guinea, N. M. R. Peres, K. S. Novoselovand A. K. Geim,
The electronic properties of graphene,Rev. Mod. Phys. 81, 2009]

22. TIpocTo OOBSICHSIETCS TEIEeph MEXaHU3M OOpa30BaHMS CTPYK-
TypHBIX Ae(eKTOB B rpadene, Hampumep, MUPOKO W3BECTHBIH TICH-
taron-rentaron (5-7) (SW) romonoruueckuit aedext. OOYCIOBICH OH
MOSIBJICHUEM NPU HArpeBaHHM KpoMe KoJieOaTeabHBIX TaKKe Bpalla-
TEJIBHBIX MOJI M, COOTBETCTBEHHO, HAPYIIEHUEM PAaBHOBECHBIX CBS3EH,
BO3HUKHOBEHHEM CBSI3€i YIJIEPOJHBIX aTOMOB KaK IOKa3aHO Ha 3TOM
PHUCYHKE.
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Topological Defects in Graphene

A scheme of bindings at forming the
complex metastable defect in graphene|

The for ion of the pentagon-heptagon (SW)
defects in graphene

Graphene Nanoribbons

Ballistic conduction
AR A Zigzag Armchair,
GNRs GNRs

“Ballistic channels™
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Zigzag graphene “Ballistic channels” Armchair graphene
nanoribbon nanoribbon

[Ipu oxnaxxIeHUH MPOUCXOAUT CAMOYIMOpsIoUeHUe (caMocOopKa),
BO3BpAIICHUE JIOKATHHOW 001aCTH PEMIETKH B PABHOBECHOE COCTOSI-HHE,
neQeKT ucuesaer.
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23. CpoiicTBa rpageHOBBIX HAHOJEHT, B YaCTHOCTH, 3aBHCH-
MOCTb MX COIPOTHUBJICHHS OT IIUPHUHBI U JUTHHBI, CBA3aHbI HE ¢ popmoit
KpaeB JICHT, a C OpHMeHTalUell MyCTbIX MOJSIPHBIX Y3JI0B B HUX,
00pa3yromux 4TO-TO BPOAE KaHaja U «OaJTUCTHYECKOTO) JBIKEHUS
HOCHUTEJIeH 3apsa0B.

24. MeToauka 3KCepAMEHTA, MTOCTABJICHHOTO 110 MOCH WHUIIM-
aTUBE IS MTPOBEPKH aHWU3O0TPOIHH MPOBOJUMOCTH Tpadena, o0ycioB-
JICHHOM (KaK CJICJIOBAJIO M3 PEIICHUI BOJIHOBOTO YPaBHCHHS) HATHUUEM
«0aJUTUCTHYECKOTO KaHaJIay, ToJIararo, MOHATHA U 0€3 KOMMEHTApUCB 13
CXEMBI H3MEPEHUS IPOBOJMMOCTH, ITPEICTABICHHON HA 3TOM PUCYHKE.

Contact
electrodes e e A

Disc-shaped
|araphene
monocrystal

Measured ~—Jfl~—=r"" et \ 4
parts
a)

A measurement scheme (a), and SEM image (b) of one of the
test samples.

A pair of the identical conductive sections

25. VYriaoBas 3aBHCHMOCTH MPOBOJAMMOCTH OJIHOTO W3
MCCIIEIOBAaHHBIX 00pa3loB MpeiacTaBlieHa 37ech B BHIE OOBIYHOTO
rpaduka.
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An angular dependence of conductivity R = f(¢p) in a plane of a graphene round plate:
(device Dev. 4, D=10 pum, h=580 nm, T=4.2 K, I=1 nA.

26. IloasipHasi AuarpaMMa CONPOTHUBJIEHUS B IUIOCKOCTH
rpad)€HOBOTO JIUCTa KPYIJIoW ()OPMBI TONIIMHBI B OJUH aTOM IIpH
KOMHaTHON Ttemriepatype u T=4.2 K, mpeacraBneHHas 31ech s
obpasna nuametpoMm 10 mxm (mmpuHa KoHTaKkTOB 0.58 MKm), SBISETCS
TUIIMYHOM IS BCEX MCCIe yeMbIX 00pa3ioB.

3aBHCHMOCTHh COMNPOTHBIEHUS OT TEeMIEepaTypsl B OJHOM U3
HalpaBJICHUH B IUIOCKOCTH CBHIETEILCTBYET O MOJYNPOBOAHUKOBBIX
cBOMCTBAX KpucTajuia rpadeHa B 9TOM HalpaBICHUH.

B nepreHauKyIspHOM K HEMY HaIlpaBlI€HHUH CONPOTHBIICHHE
MIPAKTUYECKU HE 3aBUCUT OT TeMIepaTypsl. O4EeBHIHO, OHO COBIAIAET C
«bannmuctruueckum» KaHauoM. U rpaden Bea€r cedst 31ech Kak MeTAJI.
CpaBHeHHE ¢ METaJIOM KacaeTcsl TOJIbKO TeMIIEpaTypHOl 3aBUCUMOCTH,
TaK KaK MEXaHW3Mbl MPOBOJAMMOCTH B MeTajule W TpadeHe NPHHIIMU-
MUAJIBHO pa3HEIE.
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Semij¢onductor
béhaviour

225°

A polar diagram of resistance in a plane of a one-atom thickness round graphene sheet:
(D=10 um, h=580 nm, T=4.2 and 295 K)

27. llpencka3aHHas M SKCICPUMEHTAIBHO IOJTBEPKIAEHHAS
aHu30Tpomusi rpadeHa MMeeT MPAKTHYECKOe 3HAYeHWe, Kak Juls
TEKYIIUX JTAOOPAaTOPHBIN HCCIIEIOBAHMM, TaK U IS OyIYIIEero HUCIIONb-
30BaHMs rpad)eHa B IJICKTPOHHONW WHAYCTPHHM HApSAy C KpPEMHHUEM,
repMaHHeM M JIPYTUMH TTO0JIYyIIPOBOTHHUKAMH.

Practical Significance of the
Tests Results

The observed anisotropy should be taken into account in the
electronics industry based on use of graphene to exclude
crystallographically arbitrary orientation of single-layer graphene
sheets on substrates.

It is a mandatory self-evident technological operation, which provides
identical in parameters electronic devices produced on monocrystals.

[G. Shpenkov, Method for manufacturing nano electronic devices made from 2D
carbon crystals like graphene and devices obtamed with this method". Int. Appl
No.: PCT/EP2010/052298; Publ. No.: W0/2010/097393;

https://register epo.org/application?number=EP1070 7863 &Ing=en&tab=main]

TIoHATHO, ecnu KpucTal aHW30TPOIIHBIM, TO MEPBBIM JIE€JIOM IIPU
HCCJIENOBAHNUAX M NPOU3BOACTBE HA €r0 OCHOBE JJIEKTPOHHBIX YCT-
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POMCTB HY)KHO OPHEHTHUPUBATH €r0 COOTBETCTBYIOIUM 00pa30M, HHAUE
OyJIeT HEKOHTPOJIMPYEMBIN pa30poc mapaMeTPOB U CBOMCTB.

28. YacTHBIH BBIBOJ

A Particular Conclusion

Graphene has two-fold rotational symmetry and is an anisotropic crystal.

The invisible polar nodes form a channel
favourable for ballistic motion of electrons.

Hence, it becomes understandable and explainable now:

Why “Graphene...is an interesting mix of a semiconductor...and a metal”.

Why “Electrons in graphene ... have very long mean free paths”.

“Length and width dependent resistance scaling in GNRs”.

“The averaging hopping length between localized states”.

Why “the charge transport is dominated by hopping through localized state"; etc.

Why graphene nanotubes, rolled-up form of graphene, have either conductivity, metallic or
semiconducting.
The rolling-up is realized mainly along two crystallographic directions: along the

major axis of anisotropy and in perpendicular to it direction. They define
thermodynamically favourable minimum-energy states.

I'paden umeer BpamaTelbHYIl0O CHMMETPHIO BTOPOr0 MOPSIAKA
(B oTNIMUME OT PEryJsIPHOrO TeKCaroHa reOMETPHH) U SIBIISIETCS AaHU30-
TPONHBIM KPUCTAIOM.

HeBuaumbie noasipablie y3/bl 00pa3yroT cBoeoOpa3HbI KaHa,
CIOCOOCTBYIOIINI 0AJJIMCTHYECKOMY [BHKEHUIO 3apsijioB B HEM.
[losTOMy, CTaHOBSITCS HOHSTHBIMH M OOBSICHUMBIMH MHOTHE HEOObIU-
HBbIE CBOMCTBa M mNoBejeHue rpadeHa. Hexoropsle W3 HUX, B3STHIE W3
Pa3HBIX JTUTEPATYPHBIX HCTOUHUKOB, IEpEUHCIEHBI 3/1ech. B yacTHOCTH,
JIETKO OOBACHUTH (HaKT, MOYEMYy NPUMEPHO MOJOBHMHA I10JIy4aeMbIX
TEXHOJIOTHUYECKH I'pa)eHOBBIX HAHOTPYOOK BeIET ce0st Kak MeTaJLIbl, a
Jpyras MoJIOBMHA KaK MOJYNPOBOIHUKH.

29. OO01mui BLIBOJ

Kak cnenyer u3 peuieHust ypaBHeHUs ['€bMIojibiia aTOMBbI, KaK
BOJIHOBBIC 00pa30BaHUs, UMEIT 000JI0YE€YHO-Y3JI0BOE CTPOEHHE U
MIPEJICTABJISIOT COOOW MOJIEKYJIBI CHJIBHO CBSI3aHHBIX BOJAOPOTHBIX
aToMOB (K KOTOPBIM OTHOCSITCS MOHOIIGHTPOBHIE OOpa3oOBaHUS,
HUCTUHHBIC aTOMBI: TIPOTOH, HEHTPOH U MIPOTHYM).
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General Conclusion

According to the solutions of the Helmholtz equation,
atoms as a wave formations have the shell-nodal structure
and are molecules of the strongly bound hydrogen atoms.

The main role in the formation of molecules and crystals
belongs to the nodal hydrogen atoms.

Chemical bonds are realized in interatomic space along characteristic directions
defined by the topology of internodal bonds (along strong bonds realized between
the nearby intra-atomic nodes belonging to two external shells each of linked
atoms).

Electrons play the secondary role:
they define only the strength of chemical bonds.

All possible isotopes (their structure and relative mass)
are defined by the extent of filling all the nodes
(visible and invisible).

I'maBHasi poab B 00pa30BaHUM MOJICKYJIOB U KPHCTAJLIOB IPH-
HAJIS)KUT BOJOPOTHBIM aTOMaM, HaXOJAIIUMCS B y3J1aX MOJIEKYIIO-
MOJOOHBIX ATOMOB.

XUMHYECKHE CBA3ZH PEeATU3YHTCH B MEKATOMHOM IPOCTPaH-
CTBE BIOJb XapaKTCPUCTHUCCKUX HAINPABIICHUH, OMNpPEICIIIeMbIX
TOTIOJIOTHEH MEXKY3eIbHBIX CHIbHBIX CBSI3el KOHTAKTUPYEMBIX aTOMOB,
TO €CTh IIPU UX MEPEKPBITHH.

DJIEeKTPOHBI HTPAKOT BTOPUYHYIO POJIb. OHH OIPE/ICIISIOT TOJb-
KO CHITy XUMUYECKUX CBSI3€H MEePEKPHITHIX (CIIAPEHHBIX, CIIUTHIX) IPYT C
JIPYTOM CHJIBHBIX MEXKY3€IbHBIX CBSI3eH COCMUHSAEMBIX MOJIEKYJIOMOI00-
HEIX aTOMOB.

Bce Bo3MoO:kHBIE HM30TONBI (MX CTPOCHHE M OTHOCHUTEIIBHEIC
MAacChI) ONPEICIISIOTCS CTENIEHBIO 3al0THEeHUs (KpaTHOCTRIO, OT 0 10 2)
BCEX V3JI0B — BHAMMBIX W HEBUAUMEIX (KpOME, €CTECTBEHHO,
KHHETHYECKHX ).
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JlomotHeHMne

PackpeiTasd 0007109€4HO-y3/I0Basi CTPYKTYpPa aTOMOB IIPE/ICTaB-
asieT co0OH 4YTO-TO HAmoJo0He «TreHeTHYecKoro KojAa», KOTOPBIH
OTIpeJIeIIsIET, B HEKOTOPOM TMPHONMKEHHUH, CTPYKTYPHOE MHOrooopa-
3Ue, CHMMETPHIO 1 IepHOAuYHOCTSD B [Ipuporne.

B cBere [MaHHOTO OTKPBITUS DICKTPOHHO-MHKPOCKOITHYECKOES
m3obpaxenue (SEM image) rpadena, npeacraBienHoe Ha Puc. 2, (kak
u 1000 MONEKyNIbl M KpUCTajUla) HpeACTaBisieT coOoH, o0pasHo
TOBODSI, «BepPLINHY aiicOepray.

«COKPDXO», Tom 87, Beimryck 1 (2015r.), ctp. 150




Pycckoe @uznueckoe OOrmecTBO

IlInenskoB I'eoprmii IlerpoBu4, — JOKTOpP TEXHWYECKUX HAYK
(1990, Tomck), mpodeccop MucTrTyTa TexHOTOrMIecKnX mpodiem (Karo-
Bure), 1992-1996, npodeccop MHcTHTyTa MaTeMaTHKH ¥ (H3UKH TPH
YHHUBEpCUTETe TEXHOJOTHM M CelIbcKoro xo3stiicrBa (bymrorip), 1996—
2007, nayuHblii coTpynHMK Axagemun Mudopmariku u YmpaieHUs
(benbcko-bsina), neficrBurenbHbIi WwieH Pycckoro dusmueckoro O6miec-
TBa (2012), Bemynumit HayuHbIi SKcriepT Pycckoro @uznueckoro OoriecTsa
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