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PROBLEMS OF COPYRIGHT PROTECTION IN THE EXAMPLE OF
INVENTION IN COKE-CHEMICAL INDUSTRY

Abstract: The paper concerns chemical production of coke, in particular with an
optimal ratio of components from all-in-one coals of different types, which contain: 25-
65% in mass of fat or gaseous-fat coals and 35-75% in mass of lean coke coals; 25-40%
in mass of fat coals, 35-60% in mass of low-agglomerating coke coals and 5-35% in mass
of lean coke coals; 30-55% in mass of gaseous-fat coals, 30-60% in mass of low-
agglomerating coke coals and 5-20% in mass of lean coke coals; 35-40% in mass of fat
coals 5-15% in mass of gaseous-fat coals and 50-55% in mass of low-agglomerating coke
coals; 10-30% in mass of fat coals, 20-30% in mass of gaseous-fat coals, 20-60% in mass
of low-agglomerating coke coals and 5-25% in mass of lean coke coals. The paper
reveals the problem of Illegal use of objects of copyright and suggested the options for
protection of intellectual capital with help public organizations.
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MPOBJIEMBI 3AIIIUTBI ABTOPCKHUX ITPAB HA IPUMEPE
W30BPETEHUS B KOKCOXUMHUYECKUA MTPOMBIIIJIEHHOCTH

AnHoTauust: Cmamus nocesaujena XumMu4eckomy npou3eo0cmasy Kokcd, 8 4acmHocmu,
C ONMUMANbHLIM COOMHOWEHUEM KOMNOHEHMO8 U3 8CeX-6-00HOM Y2lIAX PA3HO20 MUnd,
Komopuvle cooepxcam: 25-65% 6 macce HcupHwvlx uiu 2azooopasnvix yeneu u 35-75% 6
macce obeonennvix Kokcoswix yeneti;, 25-40% 6 macce oscupnvix yeneu, 35-60% 6 macce
HU3KOA2TIOMEPUPYIOWUX KOKCOBbIX yenet u 5-35% 6 macce 06eOHeHHbIX KOKCOBLIX Yelell,
30-55% 6 macce eazoobpasnvix orcupos, 30-60% 6 macce HUZKOA2IOMEPUPYIOUUX
Kokcoswix yeneu u 5-20% 6 macce nuskokanopuunvlx yeneti, 35-40% 6 macce srcuphvix
yeneu 5-15% 6 macce eazoobpasmnuvix scupoe u 50-55% 6 macce nuzKoaznomepupyiouux
Kkokcoswix yenet, 10-30% 6 macce scupnuix yeneu, 20-30% 6 macce eaz006pazHvlx HCUpos,
20-60% 6 macce HuszkoaznomepupyroOuwux Koxkcogvix yaieu u 5-25% 6 macce obeOHeHHbIxX
KOKcogblx yeneu. B cmamve packpwieaemcs npobiema He3aKOHHO20 UCHONb3068AHUSL
00bEeKmMOo8 agmopcKo2o npasa u npeonazaromes 8apuanmol 3auumsl UHMeENIIeKMYaibHO20
Kanumarna ¢ nNoMowblo 00ujecCmeenHbIX Op2aHu3ayull.

KaroueBble ciioBa. Kokcoxumuueckasi pOMBILIUIEHHOCTh; MeTauryprudeckuii KOKc;
3amuTa aBTOPCKUX IPaB.

Introdution. It is known that no meaningful industrialization can take place in a

nation without Iron and Steel. The most expensive component of the blast furnace charge
is coke. High-quality metallurgical coke has been produced from good coking coals [1].
The price rise and reduced availability of prime coking coals on a world-wide scale has
caused intensive studies of the behavior of coal blends in the so-called co-carbonization
process where lower rank coals with some additives were used instead of prime coking
coals [2,3].
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A wide variety of carbonaceous materials of different origin including coal tars,
petroleum residues and pitches, coal extracts and model organic compounds have been
evaluated as an additive in co-carbonization with single coals and coal blends [4,5].

To obtain the domain coke with the necessary qualitative indicators, coke chemists
develop and use purposeful regulation of the quality of coke by introducing into the coal
charge of uncomplicated additives: coke dust and trifle, anthracite, semi-coke, as well as
inorganic additives (finely dispersed oxides of titanium, iron and aluminum) [ 6, 7]. The
addition of silicon carbide (up to 1% by weight of the charge) is effective volume-
modifying additive for the production of metallurgical coke [8]. However, additives are
expensive and greatly increase the cost of obtaining metallurgical coke.

Objective. The goal is to produce the high-quality metallurgical coke with halpe an
optimal mixtures of lower rank coals without of any additives.

Deficiencies of the Obsolete Technologies

The main deficiency of the obsolete methods of obtaining a mixture is the necessity to
use a sintering additive complicating the manufacturing technology and increasing the
costs of obtaining a mixture.

The companies that used coke coals in circulation were characterized by high
agglomerating capacity having a free swell index, FSI, and a low volatiles yield or high
vitrinite reflectance, Ro, which determined the production of coke of high mechanical
strength.

Such grades of coals were originally: coke (K) and fat coke (KZh) coals. In various
compositions of mixtures of coals of various grades for obtaining coke, various additives
such as coal pitches, oil tars, ground rubber are used most often to improve agglomerating
capacity of mixtures; petroleum calcinated coke breeze prepared by a special technology is
added as well.

In a mixture containing such coal grades as gaseous, fat, lean agglomerating and low-
ash low-agglomerating coals, an additive of phthalo pitch containing waste of coke-
chemical production is used.

Into a mixture containing coals of such different grades as gaseous-fat and fat, coke,
low-agglomerating lean and low-agglomerating coke, an additive is introduced from the
waste of coke-chemical production, applied to crumb rubber of spent rubber products.

The use of additives, though, requires their special preparation, and also complicates
the technology of preparation of mixtures. In addition, pitches are known currently to be

fully used in the electrode industry, they are in deficiency and expensive. Petroleum
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products are also expensive raw materials. The use of rubber introduces an additional
amount of sulfur the content of which in coke is regulated.

The mixture closest to the mixture of coals proposed is a mixture for obtaining
metallurgical coke, containing the coals of grades:

fat coals 20-30

gaseous-fat coals 15-20

low-agglomerating coke coals 20-40

lean agglomerating, as well as including a sintering additive produced from a pitch-
like product obtained by a special technology from coal with an additive mixed with plastic
waste.

The proposed technology. The invention of Boris Musokhranov related to coke-
chemical industry, in particular, to compositions for manufacture of metallurgical coke was
registered as far back as in 2007 and has demonstrated its economic efficiency in practice.

The technical result achieved in the implementation of the claimed invention is a
simplified and cheaper technology of preparing a mixture, as well as the expanded raw
material base for obtaining a mixture without additives.

Currently, due to the depletion of the reserves of coke coals of K and KZh grades, it
became necessary to use mixtures of run-of-mine coals of various grades.

Preparation of all types of mixtures invented by B. Musokhranov does not require any
additional process operations at coke-chemical enterprises in contrast to other methods of
preparation and compositions of mixtures. Therefore the quoted compositions of mixtures
for coking allow quality 2 coke to be obtained and greatly expand the raw material base for
obtaining a mixture without additives.

The technical result is achieved by proposing the following options of mixture
compositions: a mixture for obtaining metallurgic coke containing fat (Zh) or gaseous-fat
(GZh) and low-agglomerating coke (KS) coals in which the coals are introduced with the
following ratio of the components, % in mass:

Formula of Invention [9,10]

1. A mixture for obtaining metallurgical coke containing fat or gaseous-fat and low-
agglomerating coke coals differing in that the coals are introduced in the following ratio of
components, % in mass:

Fat or gaseous-fat coals 25-65

Low-agglomerating coke coals 35-75
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2. A mixture for obtaining metallurgical coke containing fat or gaseous-fat coals differing in
that it additionally contains lean coke coals (KO) with the following ratio of components, % in
mass:

Fat or gaseous-fat coals 25-65

Lean coke coals 35-75

3. A mixture for obtaining metallurgical coke containing fat and low-agglomerating coke
coals differing in that it additionally contains lean coke coals with the following ratio of
components, % in mass:

Fat coals 25-40

Low-agglomerating coke coals 35-60

Lean coke coals 5-35

4. A mixture for obtaining metallurgical coke containing gaseous-fat and low-agglomerating
coke coals differing in that it additionally contains lean coke coals with the following ratio of
components, % in mass: 5

Gaseous-fat coals 30-55

Low-agglomerating coke coals 30-60

Lean coke coals 5-20

5. A mixture for obtaining metallurgical coke containing fat, gaseous-fat and low-
agglomerating coke coals differing in that the coals are introduced in the following ratio of
components, % in mass:

Fat coals 35-40

Gaseous-fat coals 5-15

Low-agglomerating coke coals 50-55

6. A mixture for obtaining metallurgical coke containing fat, gaseous-fat and low-
agglomerating coke coals differing in that it additionally contains lean coke coals with the
following ratio of components, % in mass:

Fat coals 10-30

Gaseous-fat coals 20-30

Low-agglomerating coke coals 20-60

Lean coke coals 5-25

During experimental selection of mixture compositions with the optimal ratio of
components the property of coals of various grades to reinforce the agglomerating
properties of each other due to finding the optimal ratio of the values of free swell index,

FSI, and vitrinite reflectance, Ro, require for production of quality coke, was used.
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Mixtures of coals of various grades having the FSI index 5-7 and the value of Ro 1.15-
1.25% corresponding to the characteristics of coke and fat coke coals have the satisfactory
properties for obtaining coke.

The quantitative ratios of the components in the mixture options are selected so that
they satisfy the above conditions (see Table 1). To ensure a larger freedom of choice when
making up mixtures, the compensation of the properties of one component by replacing it

with two other components in combination is used.

Table 1.
Bituminous Coals GOST 25543-88
Table 1 Application | Grade Group Subgroup
Kzh - -
1. Process K 1K 1KV, 1KF
1.1. Laminar coking | Zh 2K 2KV, 2KF
GZzh 1Zh, 2Zh -
1.2. Special process | OS 1GZh, 2GZh -
of preparation and | GZhO 108 10SV, 10SF
coking KO 20S 20SV, 20SF
G 1GZhO 1GZhQV, 1GZhOF
KS 2GZhO 2GZhOV, 2GZhOF
KSN 1IKO 1KQV, 1 KOF
DG 2KO 2KOV, 2 KOF
TS 1G 1GV, 1GF
SS 2G -
1KS 1KSV, 1KSF
2KS 2KSV, 2KSF
- KSNV, KSNF
- DGV, DGF
- TSV, TSF
1SS, 2SS
3SS
All grades, groups, subgroups of bituminous coals used for laminar coking, and also
T IT 1TV, 1TVF
D 2T 2TV, 2TVF
- DV

With two components Zh and KS in a mixture the best agglomerating capacity is
obtained, but the cost of the mixture increases and the maximum Ro value is difficult to
obtain.

A mixture of two coals GZh and KS is less costly, but its agglomerating capacity is

worse and the Ro value is reduced.
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A mixture of three components GZh, KS, and KO has a higher Ro value. But its
agglomerating capacity is low, which narrows the sphere of application of the obtained
coke.

A mixture of another three components GZh, KS, and KO has a good agglomerating
capacity, has a higher Ro value. But it is more expensive than the preceding mixture. 3 A
mixture of four components GZh, zZh, KS, and KO allows a rather high agglomerating
capacity and Ro values by varying the ratios of the components. But the process of
preparing the mixture becomes somewhat more complicated.

An Example of Preparation of a Mixture

A mixture for coking is prepared from a number of coals of Zh grade extracted in the
mine Chertinskaya Koksovaya, and run-of-mine coal of KO grade extracted on the section
Novobachatsky. The run-of-mine coals from silos of run-of-mine coals at Belovskaya
Central Coal Preparation Plant are dosed to the collecting conveyor by layers in the ratio
25% of Zh grade coal and 75% of KO grade coal. The two-layer mixture obtained on the
conveyor is supplied for primary grinding to the size below 200mm and then to hydraulic
classification where the class of the size below 0.5mm is separated and transferred to
flotation. The class of the size 13-200mm is supplied for washing in dense-media
separation units. The class 0.5-13mm is supplied to washing on jigging machines. The
concentrates from the jigging machines and flotation are supplied together for drying.
After the drying the concentrate is mixed on the collecting conveyor with the concentrate
from the dense-media separation units which was dehydrated on vibratory screens. The
mixture of the concentrates has the ratio of Zh and KO grades equal to 30:70, taking into
account the washability of each grade. The prepared mixture has the vitrinite reflectance
equal to Ro 1.20%, the free swell index FSI equal to 6, the thickness of plastic layer Y 17
mm, which makes it suitable for coking both independently and in a mixture with other

coals. The examples of preparation of a mixture are given in table 2.
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Table 2.
The examples of preparation of the mixtures with different coals.
Table 2 No. Examples Mixture composition, % Quality indicators
in mass

Zh KS GZh KO Free Vitrinite

swell index, | reflectance

FSI, un. RO %
1 0 35 65 0 6 1.15
2 0 75 25 0 5 1.20
3 25 75 0 0 5 1.25
4 65 35 0 0 7 1.15
5 25 0 0 75 6 1.20
6 65 0 0 35 7 1.15
7 0 0 25 75 5 1.20
8 0 0 65 35 6 1.15
9 25 60 0 15 5 1.25
10 40 35 0 25 6 1.15
11 25 40 0 35 5 1.20
12 35 60 0 5 5 1.20
13 0 60 35 5 5 1.20
14 0 35 55 10 5% 1.15
15 0 30 55 15 5% 1.15
16 0 50 30 20 5 1.25
17 35 50 15 0 5% 1.15
18 35 55 10 0 6 1.20
19 40 55 5 0 5% 1.20
20 30 20 25 25 7 1.15
21 20 45 30 5 6 1.20
22 10 60 20 10 5 1.25

Most coke-chemical and metallurgical enterprises within the Russian Federation and
Ukraine use obsolete methods to obtain bituminous-coal coke, while companies engaged in
coal washing, coke chemistry and metallurgy, striving for economic growth, introducing
new technologies, violate the exclusive rights of B. Musokhranov, the author of this
invention.

The right to use the invention.

Exclusive rights and copyright, within the Territory of the Russian Federation Law of the
Russian Federation, the Civil Code part 4, art.1346 “Validity of Exclusive Rights to Inventions,
Utility Models, and Industrial Designs within the Territory of the Russian Federation”, art.1347
“Author of an Invention, Utility Model, or Industrial Design” for the use in civil circulation of
coke grades of coal: GZh (gaseous-fat), Zh (fat), KS (low-agglomerating coke), KO (lean coke),
and of coking mixtures, with indicated coal grades, belong to the author of the invention Boris
Anatolyevich Musokhranov and the patent holder, the Spanish company Ouliana Trading,
S.L.[9].
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Exclusive rights and copyright, within the territory of Ukraine, for the use in civil
circulation of coke grades of coal: GZh (gaseous-fat), Zh (fat), KS (low-agglomerating coke),
KO (lean coke), and of coking mixtures, with indicated coal grades, belong to the author and
patent holder of the invention Boris Anatolyevich Musokhranov, [10], registered and published
in WIPO PCT/ES2007/000199, date of patent issue in Ukraine 10.12.2010, bull.23.

Also in other states: AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM,
GT, HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT,
LU, LY, MA, MD, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH,
PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN, TR, TT, TZ, UA, UG,
US, UZ, VC, VN, ZA, ZM, ZW EUROPEAN PATENT OFFICE (EPO) : AT, BE, BG, CH, CY,
CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL, PT, RO,
SE, SI, SK, TR AFRICAN INTELLECTUAL PROPERTY ORGANIZATION (OAPI) : BF, BJ,
CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG AFRICAN REGIONAL
INTELLECTUAL PROPERTY ORGANIZATION (ARIPO) : BW, GH, GM, KE, LS, MW,
MZ, NA, SD, SL, SZ, TZ, UG, ZM, ZW EURASIAN PATENT ORGANIZATION (EAPO) :
AM, AZ, BY, KG, KZ, MD, RU, TJ, TM.

Violation of Rights

The invention of B.Musokhranov was registered on 10 April 2007 and published in WIPO
PCT/ES2007/000199.

Four years after Open Joint-Stock Company Severstal (OJSC Severstal) (RU) filed an
application 011120676/05 20.05.2011 and obtained a patent RU 2461602 “A method of Making
Up a Mixture for Obtaining Metallurgical Coke” (having published it on 20.09.2012 Bull.Ne26),
having 6 arrogated the copyright and exclusive rights belonging to B.Musokhranov, for the use
in civil circulation of the coke grades of coals: Zh, GZh, KO, KS.

Currently the copyright and exclusive rights of the inventor in the Russian Federation
are violated by: NLMK Group (NLMK), Magnitogorsk Iron and Steel Works (MMK,
Magnitka), Severstal PJISC, Tulachermet PJSC, Altai-Koks OJSC, Industrial Metallurgical
Holding Koks PJSC, Abashevskaya Central Concentration Factory, Antonovskaya Coal-
Cleaning Plant JSC, Belovskaya Central Coal Preparation Plant OJSC transformed into MMK
UGOL LLC, Berezovskaya Central Concentrating Mill PJSC, Kuzbasskaya Mechel Central
Washing Plant, Kuznetskaya Central Concentrating Mill JSC, Group Concentration Factory
Koksovaya LLC, Mezhdurechenskaya Coal Preparation Plant CJSC, Raspadskaya PJSC, Sibir
Mechel Central Concentrating Mill CJSC, Tomusinskaya Mechel Group Concentrating Mill.
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In Ukraine the rights of the author and inventor are violated by: Avdiivka Coke and
Chemical Plant PrJSC (AKHZ PJSC), Makeevkoks PrJSC, Makiivka Kirov Metallurgical Plant
CJSC, Donetskkoks PJSC, ISTEK LLC —Horlivka Coke and Chemical Plant, Yenakiieve Coke
and Chemicals Plant (Koksokhimprom) PrJSC , Yenakiieve Iron and Steel Works PrJSC,
Alchevskkoks PJSC, Yasinovsky Coke-Chemical Plant OJSC, ArcelorMittal Kryvyi Rih PJSC,
Dnipropetrovsk Metallurgical Plant PrJSC, Mariupol Illich Iron and Steel Works PrJSC,
Mariupol Coke and Chemical Plant Markokhim OJSC, Zaporozhkoks PrJSC, Kharkiv Coke
Plant PrJSC, Chervonograd Central Concentration Plant, Azovstal Iron and Steel Works PrJSC.

All the above companies produce counterfeit falsified bituminous-coal coke to obtain metal
which in its turn also becomes counterfeit falsified. The obtained products are sold in the internal
market of the states of Russia and Ukraine and supplied to the markets of EU, US, and other
states. All this is done systematically, on a large scale for the period of eleven years.

When police officers appear at your plant and ask what counterfeit technologies are
used in your technologies, their task (among other possible ones) is to find out the signs of
a crime envisaged in part 2 of Art. 146 of the Criminal Code of the Russian Federation:
"Illegal use of objects of copyright, committed in a large amount.”

Conclusions. The problem of copyright protection goes far beyond the personal
interests of the authors of inventions. Protection of intellectual capital, knowledge-
intensive industries and copyrights solves the problem of the transition of society from
industrial capitalism to intellectual capitalism. In solving this problem an important role is
played by the State Institute for the Protection of Intellectual Property and the Criminal
Code on the Illegal Use of Copyright.

The problem of protecting intellectual property should be addressed in terms of
changing the culture of society. To solve this problem, it is necessary to involve the public.

For this purpose, a public organization "Special Security Agency" has been established, a
magazine "Information Technologies and Special Security" has been created. In the future,
it is planned to create a Science Park, the main task of which will be protection of the

rights of inventors.
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IMNKOCKOIIUSA — MPSAMASA BU3YAJIUZALUA MOJIEKY.I

B 0630pe npuseoen pso npamuix uzoopadceHull nIOMHOCMU dIeKMPOHHbIX 001AKO8 AMOMO8
U MONEKYNl camblx pasHulx eeujecms. Ocywjecmsums npamyio GU3YAIU3AYUIO MOAEKYI NO3GONUIU
mpu QUHUWHBIX Wa2a, KOMopbsle 3a8epuiarom mpex muicauelemuull Hayunslli mapagon. Tpu
GunuwHbIX Waea — 5mo mpu YYHOAMEHMANbHLIX OMKPLIMULL 8 00IACMU K8AHMOBOU MEXAHUKU.
llepsoe: 0Ovl1O 2KCNEPUMEHMATLHO OMKPLIMO, YMO amMoMbl COBULAION DJIEKMPOHHBIU VY.
Bmopoe: memoodamu meopemuueckou @uzuxu Oblia NOCMpoeHa meopusi cO8U2a I1eKMpPOHHO20
ayya amomom. Tpemve: Ovin cozdan Ilukockon — HOGbLL UHCMPYMEHM OJi NOJVYEHUs NPAMO20
us0bpadxdcenuss MoKyl nymem MamemamuiecKkoeo npeodpaz08aHusi CHUMKO8, COENAHHbIX HA
Tpancmuccuonnvix  Onekmponuvix Mukpockonax. bnacodapsa oannomy omxpoimuio cmana
docmynHnou paszpewarowas cnocoonocmv 10 6 mumyc 12-ii cmeneHu mempos, NOIMOMY U
npeonoxceno Hazeanue — [luxockonus, no auano2uu ¢ MUKpOCKonueu.

B pezynomame nossunace Iluxockonus — Hayka o npsamou eu3yanuzayuu NUKOPA3MEPHbIX
00beKmo8, KOMOPbIMU AGNAIOMCA MONEKYIbl U amoMvl. B 0b630pe npusooumcsi pso npsamvlx
NUKOCKONUYECKUX — U300padCeHull, OO0JIONCEHHbIX HA MeHCOVHAPOOHLIX KOHpepenyusx u
ONYONIUKOBAHHBIX 8 HAVUHBIX HCYPHANLAX. DMO. MOJEKYIbl C UX UOHHBIMU XUMUYECKUMU CBA3AMU,
KoganeHmuwviMu u Ban-0ep-Baanvca; monexynvl, ocywecmeansarowue epaunamenbHoe 08UICEHUe;
KonebamenvHble OBUINCEHUs AMOMO8 6 KPUCALIUYECKOU peulemke; K8aHmosvle MmOouKU,
HONYNPOBOOHUKU, 6 CMPYKMYpe KOMOPbIX BUOHbI 30HbI NPOBOOHUKOS, NOJIYNPOBOOHUKOS U
U301AMOPO8, Mmeepovle PACMBEOPbl, 20€ GU3YANLHO PA3IULAIOMCA ATNOMbL KDEMHUS U 2ePMAHUL;
8U3YANIbHOE NPOAGIEHUe OUCTOKAYUL 8 Kpucmaie; HaHompyoxu, 1ykosuysl. Onucan omKpolmylii
¢ nomowvio Tluxockona ceepxniomuulil 08YXCIOUHBLU cpagpum.

IIpeonacaemcs [Ipoexm: “Buzyanuzayuio monexyn 6 kasxcoyio 1abopamopuro, ayoumopuro u
8 KadcOblll YyueOHvlll KIacc”, KOMOpwvlll Oomkpvlm Oisi OpeaHu3ayuti u ucciedosamelell.
Peanusayua Ilpoexma, Hakomey, omxpoem 01 ueN08eHeCmed 6CH0 2apMOHUN) HUKOMUPA
MONEKYN,  3HAYUMENbHO — YAVYWUM — Npenooasaunue  ecmeCmEeHHbIX  HAVK,  paAcuupum
803MONCHOCMU Oeticmeyiouux cghep npouzsoocmea u sanycmum Hoswvie. llukockonus npugedem
K CO30anuio yenot niesdbl HOBbIX HAYK O NPpUpooe, KaK 8 C80e 8pemMs Npused K KauecmeeHHOMY

CKAYKy MUKPOCKONUAL.
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PICOSCOPY — THE DIRECT VISUALIZATION OF MOLECULES

The review presents a series of direct images of the density of electron clouds of atoms and
molecules of various substances. To carry out a direct visualization of the molecules allowed
three finishing steps that complete the three thousand-year scientific marathon. Three finishing
steps are three fundamental discoveries in the field of quantum mechanics. First: it was
experimentally discovered that atoms can shift an electron beam. Secondly, the theory of the shift
of the electron beam by an atom was built using the methods of theoretical physics. Third:
Picoscope was created - a new tool for obtaining a direct image of molecules by mathematical
transformation of images taken on Transmission Electron Microscopes. Thanks to this discovery,
the resolution was reached 10 to minus 12 degrees meters, that's why the name was suggested -
Picoscopy, by analogy with microscopy.

The result was Picoscopy - the science of direct visualization of pico-sized objects. The
review contains a series of direct picoscopic images presented at international conferences and
published in scientific journals. These are: molecules with their ionic, covalent and Van der
Waals chemical bonds; rotational molecules; oscillatory motion of atoms in the crystal lattice;
semiconductors, in the structure of which zones of conductors, semiconductors and insulators
are visible; solid solutions, where silicon and germanium atoms visually differ; visual
manifestation of dislocations in the crystal. Molecules forming nanoscale objects, such as
nanotubes, bulbs, quantum dots, are given. An overdense double-layer graphite discovered by
means of a Picoscope is described.

The proposed Project: ‘“Visualization of molecules in each laboratory and in each
classroom”, which is open to organizations and researchers. The implementation of the Project
will significantly improve the teaching of natural sciences, expand the capabilities of existing
industries and start new ones. The emergence of Picoscopy will lead to the creation of a whole

series of new natural sciences, as well as once the microscopy led to a qualitative leap.

HIKOCKOIIISA — HOBA HAYKA ITPO BU3YAJII3ALIIO MOJIEKYJI

B oens0i npeocmasneno npsamy 6izyanizayito ycmuHu eieKmpoHHUX XMAP AMOMi8 | MOAeKY
Pi3HUX peuosur. 30ilicHUmMU NPpAMy 8i3yanizayilo MoaeKyl 00380JUIU MPU 3A8EPUIATILHI KPOKU,
AKI 3a6epulyioms mpu mucadi piunuti Haykoeuu mapagon. Tpu 3asepuianvui Kpoxku - ye mpu
@ynoamenmanvhux — iokpumms 6 obaacmi  keanmogoi  mexauiku. Ilo-nepwe:  Oyno
EeKCNepUMEHMANbHO BUSABNIEHO, WO AMOMU MOJICYMb 3MIWyeamu eieKkmpoHHuu npomins. Ilo-
opyee, 3 GUKOPUCMAHHAM Memooie meopemuunoi Qisuxu oyra nodyoosana meopis 3MiyeHHs

€/IeKMPOHHO20 NPOMIHHA aAmoMom. Tpemill: cmeopeno NiKOCKON - HOBUUl IHCMpymMenm O/
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OMPUMAHHA  NPAMO20  300pAdICEHHs MOJNeKYl ULIAXOM — MAMeMamuiHo2o0 NepemeopeHHs
300padicens, 3pOONEHUX HA MPAHCMICIUHUX eleKMPOHHUX MIKPOCKONAx. 3a80aKu ybomy
gioKpummio 6y10 00cs2HYmMOo po30inbHy 30amuicms 10 y minyc 12 cmyneni mempia, momy 0yio
3aNpPONOHOBAHO HA38Y - NIKOCKONIA 34 AHANORIEND 3 MIKPOCKONIEO.

B pezynomami 3’aeunacs Ilikockonin - nayka npo 6e3nocepeonio 8i3yanizayito NiKOMipHux
o00'exmie. Qon0 micmumov pso NPAMUX NICKONIYHUX 300padiceHb, NpeoCmasieHux Ha
MIJCHAPOOHUX KOHGpepenyiax ma OnyoniKo8anux y Haykoeux cypHanax. Lle: monexynu 3 ix
IOHHUMU, KoGaneHmuumu ma Ban-oep-Baanvckumu Ximiunumu 36'a3xkamu; MONEKYIU, WO
0bepmaromucs; KOMUBANbHULL pPYX AMOMIE 8 KPUCMANIYHIU pewimyi, HanienpogioHuku, 6
CMpPYKmMypi AKUX UOUMI 30HU NPOBIOHUKIB, HANIBNPOBGIOHUKIE Ma I30]1AMOpi8;, Mmeepoi pO3UUHU,
Oe GI3YANbHO BIOPIZHAIOMbCA AMOMU KPEMHIIO MA 2epMAHilo, Gi3YANbHULL NPOs6 OUCIOKAYIU
kpucmani. Hageoeno monexkynu, wo ymeopiowms HaHOPO3MIPHI 00'ekmu, maki K HaHompyoKu,
yubynuHu, Keawmosi mouxu. Onucanuti HaAOWinbHUll Osowaposuil zpaghim, eusAsieHull 3a
00NOMO02010 NiCKOCKONA.

3anpononosano Ilpoexm: "Bizyanizayia Mmonekyn y KOMCHY AAOOpAmMopito, y KOMCHY
ayoumopiro ma 8 Koxchutl kiac", saxa 00'eOnye HU3Ky iHcmumymie i 8ioKpuma OJisi opeanizayiil
ma oocnionuxie. Peanizayia I[Ipoexmy 3HAYHO NOKpawumsv SUKIAOAHHS NPUPOOHUYUX HAVK,
PO3UWUPUMS  MONCIUBOCTT  ICHYIOUUX 2aly3ell 6upobHuymea ma 3anodamkye Hogi. Ilossa
Ilixockonii npuzeede 00 cmeopenHs YiNoi HU3KU HOBUX HAYK, MAK CAMO 5K KOAUCH MIKPOCKONIs

npuzeena 00 AKICHO20 cmpuokKa.

OI'TABJIEHHME
BBEJIEHUE
1. MOJIEKVIJIbI, KOTOPBIE Mbl HE BUJIMIM
1.1. MOJIEKYJIbI BOKPYI' HAC
1.2. UCTOPUA YYEHHUA O MOJIEKYJIAX
2.3. MOJIEKYJIA — HEBH/IUMKA!
2. PEHLIEHUE IMPOBJIEMbI BU3YAJIM3ALIUN MOJIEKYJI
2.1. ATOMBI CITOCOBEHBI CIBUT'ATH JIEKTPOHHBIN JIVY
2.2. KBAHTOBAA TEOPUA C/IBUTI'A TPAEKTOPHUU DJIEKTPOHA ATOMAMHA
2.3. IUKOCKOII — I[IPOLEJ]VPA I[1OJIVYEHUA IIPAMOI O U30ObPA’KEHHUA
MOJIEKYJL
3. IMKOCKOIINA — BUSYAJIBHASI HAVKA O MOJIEKYJIAX
3.1. BU3VAJIPHAA XHUMUA.
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3.2. BU3VAJIbHAA MOJIEKYJISIPHAA ®HU3HKA

3.3. BU3VAJIPHOE MATEPHAJIOBE/IEHUE

3. 4. BU3YAJIbHOE COIIPOTHBJIEHUE MATEPHUAJIOB
3. 5. BU3VAJIbHAA ®HU3UKA I10JIYIIPOBOJHUKOB
3.6. BU3YAJIBHAA MUKPOJJIEKTPOHOKA

3.7. BU3VAJIM3ALIUA KBAHTOBHX TOYhOK

3.8. BUBVAJIH3ALIHUA HAHOMATEPHUAJIOB

3.9. BU3VAJIBHBIE HAHOTEXHOJIOT MM

4. TIPOEKT: “BU3VAJIM3AIIMIO MOJIEKYJI B KAXJIYIO JIABOPATOPHIO,
AYJIUTOPUIO U B KAX/IbIM YUEBHbBIU KJIACC”
JIMTEPATYPA

BBEJEHUE

Mouekyiibl TPUCYTCTBYIOT BE3/i€: B OKpPYKAIOLIUMX HAc MpeAMETax, B €€, BHYTPU HAIEro
tena. J[o cux mop OCHOBHAs YaCTh MAaTEPUATIBLHOTO MUPA, @ 3TO MUP MOJICKYJI, OblJIa HEBUIUMOI.
Haumenbmmmu gactuiiamu, KOTOpbIe MOKHO YBUJIETh COBPEMEHHBIMH MPUOOPAMH, SBIISIIOTCA
HaHouacTHIbl  (pazmepHocTh 10 B muuHyc 9 crenenu). CerogHss HaHOTEXHOJOTHMH — 3TO
LHEHTPAJIbHOE HAINpPABJICHUE HAyYHO-TEXHUYECKOTO PAa3BUTHS B BEIYIIMX CTpaHaX MHpA.
Pa3BuTHE HAaHOTEXHOIOTH MOJIOXKEHO B OCHOBY cTparerndeckoro mianupoBanus B CIIA, EC u
Poccun [1]. Dt wactuiel uaTeHCMBHO M3y4daroT Hanodwusuka, Hanoxumms, Hanobuomorus,
Hanomenuuuna [2] u Hanosnekrponuka [3]. HaHOTEXHOIOTMHU UCTIONB3YIOTCS B CaMBIX Pa3HBIX
00JacTsIX HAPOTHOTO XO3MCTBA: SJEKTPOHUKA; OUOJIOTHSI; MEIUIIMHA; (PapMaKOJIOTHsI; CENIbCKOE
X035HCTBO; aBHAITUS; A9POKOCMHUYECKasi TPOMBIIINICHHOCTD; allbTepHAaTUBHAS dHEpPTreTUKa [4].

Tem He MeHee, B HAHOTEXHOJIOTHSAX €CTh OJHA OoJbImas mpobiemMa — HeNb3s YBUIIETh
MOJIEKYJIBI, U3 KOTOPBIX COCTOSAT HAHOPa3MEPHbIE OOBEKTHI.

Pa3mep u cTpykTypa 4acTUIl OKa3bIBAIOT OOJBIIOE BIMSHHE HA THUIl METOAOB MU3MEPEHUS,
WCIIOJIB3YEMBIX B HAHOMACIITAOHBIX HCCIeAoBaHUAX. ONTHYSCKHE MUKPOCKOITMYECKUE METOJIbI
MMEIOT OTPAaHWYEHHOE 3HAYCHHME /I HAHOPAa3MEPHBIX MarepuaiaoB. YacTuimpl ¢ pa3Mepamu
MOpsiIka HAHOMETPA MOKHO BU3YAJIM3UPOBATh C MOMOIIBI0 TPAHCMHUCCHOHHOIO 3JIEKTPOHHOTO
mukpockorna (TEM) [5]. [nst gactum, pasmepbl KoTopbix Hibke 100 HAHOMETPOB, MOKHO
WCIIOJIb30BaTh CKAHUPYIOIMIUN TYHHENbHBIH MUKpockon (STM) [6]. Emie Oosee Menkue 4acTUIIBI
MOTYT OBITh MICCJICTOBAHBI C TTOMOIIIbIO aTOMHO-CHIIOBOTO MUKpockomna (ACM) [7]. OxHako ecTh
oniHa (hyHIaMeHTalbHas po0semMa: 3JEKTPOH ONpeaesseT GopMy KakI0i MOJEKYJIbl, HO IO CUX

IIOp YBUJEThH €r0 HUKOMY HE yaBaJIOCh.
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W BoT Omarojapsi MHTEIJIEKTY YKPaMHCKHUX yueHbIX B XXI Beke MOJIEKYNbl 3aCBETUIIMCS,
oto0Opaskast cCBOIO (OpMy, U YEIIOBEKY CTaJl JOCTYIHBIM THKOMHUP.

[MostBuiics mpubop — mukockort, nmareHT Ykpauusl Ne 115602 ot 27.11.2017 [8,9], koTOpsIit
MO3BOJISIET BU3YaJbHO B JETAJSAX paccMaTpuBaTh JIOOYI0 OTIENbHYIO MoJekyny. Hayka o
MOJIEKYJISIPHOM CTPOEHHMM BEILECTBa, KOTOpas A0 CUX IOp ONEepUpOBaJia I'MIIOTETUYECKUMHU
00BEKTaMHU, HAKOHEII, IPEBPALAETCs B IPOCTYIO U MOHATHYIO BU3YaJIbHYIO HAyKy O MOJIEKyJax.

OTkpeiTHE crmoco0a BHU3yalU3allMdl  MOJIEKYJ TO3BOJIMIO HMHULIMHUPOBAaTh IIpoeKT:
“Buzyanu3aiio MOJIEKYJ B KOKAYIO TaOOpaTOpHIo, ayTUTOPHUIO U B KaXKIbIH y4eOHbIN Kiacc”,
CO3/laH C ILeJIbI0 OCBOEHHS M IIPENOJaBaHUs BHU3YaJIbHOM HAyKd O MOJEKYJIax B KaXJIoW
nabopaTopuH, B KaKJOU ayAUTOPUH, B KaXKI0M KJlacce.

N3BeCTHBI OTKPBITUS, KOTOPbIE KOPEHHBIM 00pa3oM HM3MEHWIM MHPOBO33PEHHUE YEIIOBEKA.
Taxk, nox ynpaBjieHUEM MHTEIUIEKTA BbIAAIOIIET0Cs YKPAUHCKOTO yuyeHoro u koHctpykropa C.I1.

KoponeBa B XX BEKE YeJIOBEK BBIPBAJICA B KOCMOC — MHUD IUIAHET, 3BE30 U I'aJIaKTHK.

1. MoJieky.ibl, KOTOpbI€ Mbl He BUUM
1.1. Monekynwt 60Kpyz nHac

OO01en3BecTHO, YTO BMECTE C BHEUIHUM BHJOM BCEIIEHHAs HMMEET CBOIO BHYTPEHHIOIO
OCHOBY — MUP aTOMOB M MOJIEKYJI. MOJIEKy/bl OKPYXalOT HAC OBCIOlY, KaK B IPUPOJE, TaK U B
ObiTy. CyIIECTBYIOT MECATKH THICSIY Pa3HBIX MOJIEKYJ, MU MBI XOpOIIO 3HaeM WX CBOMCTBA,
COCTaB, reoMeTpHI0. MOJIEKyJTbl COCTABIISIOT OCHOBY HAYKH U TEXHHUKH, HO KaK UX YBHJIEThH?

Bce, ¢ yem MbI cTanKkuBaemcs B )KM3HU, COCTOUT U3 MOJIEKYJ. OHU OKPYXarT HAaC BMECTE C
BO3JIyXOM, Mbl X JEpPKUM BMECTE C MOCYJIOM, OHU COrPEBAIOT HAC B OJIEKJIE, OHU JAIOT HaM
JKA3Hb C MUIIEH.

Tpu ThICAYM JIET yYEHBIMH BCETO MHUpa BiaJiefla OJHA HECOBITOUHAs MeduTa — YBUJIETh
MOJIEKYJIbI, T€ YACTUYKHU, U3 KOTOPBIX COCTOUT BCE, YTO HAC OKPYKaET.

Takyr0o BO3MOXHOCTh JaeT (yHIAMEHTAIbHOE OTKpPHITHE B 00JacTH BU3yalU3allUU
MEJThYANIINX YacTUI[ B MHUPE, KOTOPBIE COXPAHSIOT CIOCOOHOCTHh BemlecTBa. B pesynbrare
PpabOTHI IO COMOCTABJICHUIO CBOMCTB MaTePUU U TIPOCTPAHCTBA, KOTOPHIE MPOSBISIOTCS U B BUJIC
BOJIH, U B BHUJIE YaCTHI], aBTOpPaM yJal0Ch OOHAPYKUTh YHHKAJIBbHOE SIBICHUE, KOTJa aTOMBI
CABUTAIOT IYYKH JJIEKTPOHOB B CTOPOHY HAWOOIBINECH IIIOTHOCTH DJIEKTPOHOB B aToMe. JTO
CBOMCTBO TPUBOAUT K (HaHTACTHUECKOMY pE3yabTaTy — aTOMbl HAYUHAIOT CBETHUTHCA,
BU3yaJIM3UPYsl CBOIO (hOopMy BO BCeM CBOeM MHOrooOpasmu. OcyliecTBUIach M3BEUHAs MedTa

YeJIoBEYeCTBA — YBUIETh BHYTPEHHEE CTPOCHHME OKpPYXKArolled Hac MPUPOIbl. ITOT MPOPHIB
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YeJI0OBEYECTBA B ITMKOKOCMOC OKa3aJiCs HEOXKMJAHHBIM, O HEM HE ObUIO YIOMHUHAHHS HHU B
HaY4HBIX TpyJaX, HU y (paHTacToB.
1.2. Hcmopus yuenus o monexynax

B nHayuHbIii 000pOT TEPMUH «aTOM» BBed J[EMOKPUT OKOJIO
Tpex ThicsY jeT Hazal. [lo [lemokpury, Bcsd nIpuposa COCTOUT U3
aTOMOB, MEJIbYalIINX YaCTHL] BEIECTBA, KOTOPBIE MMOKOSATCS MU
JIBUKYTCSl B IIPOCTPAaHCTBE. Bce aTOMBI MMEIOT OIPEICIICHHYIO
¢dopMy, a aTOMBI OJTHOTO BEIECTBA SBISIOTCS TOXKJIECTBEHHBIMHU.
MHorooOpa3ue mnpupoisl OTpaxkaeT MHoroo0Opasue ¢opMm u
CIOCOOOB, B KOTOPBIX aTOMBI MOT'YT COEIUHATBCS MEXy COOOH.

OpHa 13 nepBbIX TEOPUN O CTPOECHUH aToMa, KOTOpas UMEET

y)K€ COBpPEMEHHBIE ouepTaHus, Obuia omucana [. [anuneem
H EMOKPHT (1564-1642). TIo ero TeopuH BEIIECTBO COCTOMT M3 YACTHII,
KOTOpPbIE€ HE HAXOJATCA B COCTOSIHUU IOKOS, a II0J1 BO3JEHCTBUEM
TeIJia JABUXKYTCS BO BCE CTOPOHBI; TEIUIO - HE YTO MHOE, KaK JBIKeHHE yacTull. CTpyKTypa
YaCTHI SBJSETCS CIOXHOW, M €CJIM JIMIIUTH JIOOYI0 YacTh €€ MaTepHalbHOW O00O0JIOYKH, TO
U3HYTpu OpbI3HET cBeT. . ["anmueil ObUT MepBbIM, KTO B THIOTETUYECKOW (hopMe MpeacTaBUll
CTPOEHHUE aToMa.

.. MenneneeB B 1869 rony otkpsut [leproanueckuii
3aKOH - (yHJaMEHTalbHBI 3aKOH MPHUPOIbI, KOTOPBIN
omnpeesieT CBOMCTBA XMMHMUYECKHX JJIEMEHTOB, a TaKkKe
COCTaB U CBOMCTBa BEUIECTB, KOTOpbIE HAXOIATCA B
MIEPUOINYECKON 3aBHCHUMOCTH OT 3HAYEHHUM 3apsioB sjep
aTOMOB.

[lepuonnueckuii 3aKOH 3aKIIOYAETCA B CIEAYIOLIEM:
CBOMCTBa XMMHYECKUX OJJIIEMEHTOB U MPOCTHIX BEHIECTB
HAaXOJATCS B MEPHOJUYECKON 3aBUCHUMOCTH OT 3HAYEHUU
ATOMHBIX Macc.

ﬂ H. Men o eneee B 1897r. JIx. k. ToMcoH, m3y4as KaTOAHBIE JIY4YH,

OTKPBUI JJICKTPOH W IMPUIICTT K BBIBOAY, YTO OHHU C€CThb B

Ka)KIOM aToOMe.
[Tnanerapuyo mMojmens atoma co3fan OpuecT Pesepdopa. (HobeneBckas nmpemus1908 r.)

On JoKkasall, 4To MMOJIOKUTEIBLHBIN 3apsAa U OCHOBHasg MacCa aroMa HaxXoAsATCd B MAaJICHBKOM
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aape. MarepuanbHyl0 00OJOYKY aTroMa CO3JAl0T OTPULATENbHO 3apsDKEHHBIE 3JIEKTPOHBI,
BpalLAloIUECs BOKPYT sA1pa.

Hunbsce bop B 1913r. noctpouit kBaHTOBYIO Teoputo atoma Bogopoaa (HobeneBckas npemus
1922r.). Teopuss bopa mnpuBena kK CO3AaHUI0 KBAaHTOBOM MEXaHHMKH, KOTOpas OOBICHSET
ONTUYECKUE CIIEKTPHI aTOMOB.

JlocTynnHBIM ~ METOIOM HM3y4YEHHUS MOJIEKYJSIPHOM CTPYKTYpbl —BEIIECTBA  SABIIAETCSA
PEHTIeHOCTPYKTYpHBIN aHanu3. Teopernueckoe obocHoBanue Merona nanu ['. B. Bynasd u B. JL.
Bparr (HoGeneBckass mpemust 1915 1.). B ocHOBe MeToma mneXuT sBieHUE Audpaxiuu
PEHTTEHOBCKOI'0 M3JIy4E€HHs Ha TPEXMEPHOM KPUCTAININYECKON PEILIETKE.

3a ompeleleHHE CTPOEHHUs BELIECTB METOJOM  PEHTTEHOCTPYKTYPHOIO  aHalau3a
Hobenesckyro npemuto nomyunnu I1. U. B. Jleba 1936r., ®@. Conrep 1958r., M. @. Ilepyu
1962r., . Kennpro 1962r., JI. K. Xomxkkun 1964r., P. C. Mamnukena 1966r., I'. T'epudepr
1971r., A. Knyr B 1982r., I'. A. I'ayntman 1985r.

3a pa3BuTHE (UIyOPECLEHTHON MUKPOCKOIMM CBEPXBBICOKOW pa3peliarolieil CrocoOHOCTH
Hob6enesckyto npemuto 2014r. nonyuunu E. bermur, B. Mepuep, 1. I'emib.

MupoBoil BEpIIMHOM B H3YyYEHUU MOJIEKYJSIPHBIX CTPYKTYp CTaji0 IIPUCYKIEHUE
HOGeneBcKoit Ipemun 2017r. mo xumun yuensiM XKaky Jro6ome, Hoaxumy ®panko u Puuapmy
XEeHIEepCOH 3a pa3BUTHE HU3KOTEMIIEPATYpHOW JJIEKTPOHHOM MMKPOCKONHMHM TI'PYNIIHUPOBOK
OMOMOJIEKYJT OPraHU30BaHHBIX B CTPYKTYPBI, 32 CUET PACCESIHUSI SJIEKTPOHHOTO JTyYa.

Mp1 BuauM, 4TO nojasistoniee 0oapmmHCTBO HobeneBckux nmpemuii ObuI1o BbIIaHO UMEHHO
3a JOCTM)KEHUS B M3YUEHHMU CTpOeHHUs Mojekyn, Ho Bce 3To ObulM pe3ynbTaThl KOCBEHHOTO,
TUIIOTETUYECKOIO MOJIETTUPOBAHUS.

1.3. Monexyna — nesuoumka!

Paccmorpum mpoGnemy moapoOnee. [louemy MBI 10 CUX MOp HE BUACIU DJICKTPOHHBIC
00oJouky Mosekyn? B yem 3akiodaercsi ciocoOHOCTh BUJIETh OKpY KaloIInue Hac MpeaMeThl?

CriocoOHOCTBIO BUETh OKPY’KAIOLIME MPEAMEThl HaJIeIeHbl YeJOBEK, KUBOTHBIE, PHIObI U
HaceKoMble Onarojaps HaJW4MIO TJla3. YIIydlIAlOT Halle 3peHHe ONTHYeCKHe MpHOOpHI:
¢doToanmnapatsl, TEIECKOIbI, MUKPOCKOMBI. Bce OHM NETEeKTUPYIOT 3JIEKTPOMArHUTHBIE BOJIHBI -
3TO CBET, PaJIMOBOJHBI, FAMMa-U3Iy4€HUS U 3JIEMEHTapHbIE YaCTUIBI (2JEKTPOHBI, IPOTOHBI).
['ma3a u ontuyeckue NpudOpsI paboTaOT MO 3aKOHAM BOJIHOBOM ONTHKH.

brnarogaps BOJIHOBOM ONTHKE MBI MMEEM BO3MOXXHOCTb BHUAETH UM MAaKpOMHUD 3BE3] U
TaJlakTUK; U MHUpP OKpPY)KAIOIIMX Hac MpeAMETOB BIUIOTh 10 Oakrtepuil. To ecTh BHUAETH
IPEIMETHI, JIMHEHHBIE pa3Mepbl KOTOPBIX OOJbIIE JUIMHBI BOJIHBI CBETA. M TOJIBKO MOJIEKYJIBI U

aTOMBI MBI YBHJIETh HE MOXeM. BoyiHOBast onrtuka 31ech OeccuibHa. DIIEKTPOHHOE 00JaKo,
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KOTOpO€ co3/laeT uX (GopMmy, He fABISETCS TelIOM. B mpupoje HET Takoil 3JIeKTpOMarHUTHON
BOJIHBI, KOTOpas Obl OTpa)kaJlach WJIM YAaCTHUYHO MOIJIOIIajach 3TUM obiakoMm. Onruueckue

YCTPOMCTBA MPUHLIUINAIBLHO HE MOTYT BU3YyalIU3UPOBATh (POPMY MOJICKYIIBI.

2. PemieHue npo06sieMbl BU3YaJIH3AIUN MOJIEKYJT

OcyiecTBUTh IPOPHIB K BU3YyaIM3alMM MOJIEKYIN yAanoch Onarogaps (QpyHIaMeHTaTbHOMY
TPOWHOMY OTKPBITHIO B 001aCTH KBAHTOBOM MEXaHUKHU.

Ilepgoe: OBLUIO IKCIIEPUMEHTAIBHO OTKPBITO, YTO aTOMBI CIIOCOOHBI CIBUTATh 3JIEKTPOHHBIN
ayu [10].

Bmopoe: metogamu TeopeTndeckoil PU3nMKH ObliIa TOCTPOEHA TEOPUS CABUTA SIEKTPOHHOTO
nyda atomom [11].

Tpemve: Obul HaiizeH [IMKOCKONI — HOBBIM HMHCTPYMEHT JJsi MOJIY4YEHHUS MNPSIMOIo
M300paKeHHUs] MOJIEKYNl MyTeM MaTeMaTU4YecKOro NpeoOpa3oBaHUs CHUMKOB, CAENAHHBIX Ha
TpaHcMUCCHOHHBIX DIEKTPOHHBIX Mukpockomax [8,9].

OnumieM Bce TpU 11ara nojipoOHo.

2.1. Amomul cnocoonbl coguzamsy 31eKmMpPOHHBLIL 1YY

CrocoOHOCTh aTOMOB CJIBUTAaTh 3JIEKTPOHHBIA JIyd HKCHEPUMEHTANbHO OblIa OTKPBITA
akanemukamu O.I1. KyuepoBeim u U.E. JlaBpoBckum [10], 4TO MOTHOCTBIO MPOTUBOPEUUT BCEM
W3BECTHBIM 3aKOHAM ONTHKHU. JIEMCTBUTENIBHO, JIyd HE IMOIJIOIIAETCS, HE OTPAXKaeTcs U He
paccenBaeTcst OTAEIBHO B3ATHIM aTOMOM.

OpnnHako, Kak 0Ka3ajloCh, CABUT JIEKTPOHHOIO Jy4a HAaXOAWUTCA B IOJHOM COOTBETCTBUU C
NPUHIUIIOM HeompeaeraeHHocTH [ eif3eHOepra nonokeHHbIM B OCHOBY KBAaHTOBOM MeXaHMKH. B
COOTBETCTBUM C ATUM IIPUHLUIIOM IIPU ONPEICICHHOM HMITYJIbCE IEKTPOHA €r0 MOJIOKECHUE B
IUIOCKOCTH TEPHEHAUKYISIPHOW HMMITYJIbCY MOXKET ObITh JH0OBIM. brarogaps Bo3MoOXHOCTH
CABUraTh CBOIO TPAEKTOPUIO, HJIEKTPOHHBIM JIyd CMeIlaeTcss B CTOpPOHY, TIne OoJblie
AIIEKTPOHHAsI IUIOTHOCTh B aToMax. B pe3ynbTare 31ekTpoHHas 000704Ka, HAUWHAET CBETUTHCS
MyYKOM 3JIEKTPOHOB Ha TEMHOM (pOHE NMPOCTPAHCTBA, B KOTOPOM MOJIEKYJIa HaXOJATCS, BO BCEX
JeTansix nepeganas opMy aTOMOB U MOJIEKYII.

@yHIaMEHTAIBHON OCHOBOW KBAHTOBOW MEXAHMKH SIBIISETCS IPUHLUII HEONPEAECIEHHOCTH
[eiizenOepra, KOTOpHI (UKCUPYET MPOCTOM >KU3HEHHBIH (DAKT: My4YOK SJIEKTPOHOB, KOTOPBIH
IpoIleT CKBO3b M3MEPUTENbHBIA NpHOOp HeceT nH(popmaruio o0 3ToM mpubope. ABTOpaMu
OBLJIO YCTAHOBJIEHO, YTO MPOXOXKICHHUE My4YKa AJIEKTPOHOB CKBO3b 3JIEKTPOHHOE 00JaKO TaK ke

nepeaaet Iyqy HHGOPMAIIHIO O CTPOSHHH AIIEKTPOHHOTO 00JIaka aToma.
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\ Puc . 1a. [Tornomenue 31€KTpOHOB BENIECTBOM \ Puc. 16. CaBur 51€KTPOHOB aTOMOM

CBOWCTBO aTOMOB CABUIaTh JJIEKTPOHHBIN JIyd IIOKa3aHO Ha pHUC. | B CpaBHEHUH CO
CBOMCTBOM BEIIECTBA MTOTJIOIATD JIYYH.

[lycts m3HavyanpHO my4yok uMeeT 11 sydeit mo 3 ayeKkTpoHa B KaKJIOM, TO €CTh Bcero 33
JJEKTPOHA.

B Oonbmiom pasmepe, puc. la, BEIECTBO MOIVIOMIAET IEKTPOHBI, U MY4OK HECET MOTEpPH.
OTH TMOTepU PACTYT C YBEIMYCHHEM TONIIUHBI oOpasua. M3 pucyHka BHIHO, 4TO oOpaser|

npeononienu Toiabko 20 snexkrpoHoB. [Ipuuem, Ha mepudepun, rae BEIIECTBO OTCYTCTBYET,
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OecIpensaTCTBEHHO MPOLUIM Bce 3 3JIEKTPOHA B KaXA0OM Jiyye. B pesynbraTe Ha IpUEMHUKE
nosBuics Heeamue uccienyeMoro oopasiua, To €CTb TeHb OT HETO.

Korpa usywaemblii 0OBEKT MMEET pa3Mep aToma, puc. 10, JIydu 3JIEKTPOHOB MPOXOMAT
CKBO3b aToM 0e3 morjomeHus. OZHAKO OHM CMEMIAIOTCS K LEHTPY aroMa 0e3 M3MEHEHHUs
HalpaBJIeHUs] U CKOPOCTH JBMKeHUs. To ecTh ¢ coXpaHeHueM UM myibca. M3 pucyHka BHIHO,
4yTo Bce 33 9JEKTpOHA MPOLUIM CKBO3b aTOM, CMECTHB IPU 3TOM CBOK TpaekTopuio. Ha
nepudepun, re SIEKTPOHHOE 00JIAKO OTCYTCTBYET, JIy4d IOJIHOCTHIO MCUYE3JIH, CMETHB CBOU
AIIEKTPOHBI K HEHTPY. A B LIEHTpE, IJI€ MaKCUMallbHAs TOJIIIMHA aTOMa, HHTEHCUBHOCTD JIydei
Belpocia. B pesynerate nomyuwics [lozumue wu300pakeHus. ATOM 3aCBETHJICS, TOYHO
nepezaasas cBoro Gopmy!

2.2. Keanmosasa meopus cosuza mpaekmopuu 31eKmpoHa amomamu

Mouekynbl HE UMEIOT Tejla, CIEJ0BaTENbHO, ONTHKA HE MO3BOJIIET UX yBuAeTb. Ho oHu
UMeEET 3JIEKTPOHHbIE 00J1aKa, CIIeJOBATEIbHO, KBAHTOBAsI MEXaHUKA MOXET UX BU3YAJIM3UPOBATh.

KBanTOBass Teopus cABHMra TPAaeKTOPUHU 3JEKTpoHA Oblia OTKpbITa akagemukamu O.I1.
Kyuepossim 1 U.E. JlaBpoBckum [11], Hbke nmpuBeieM 3Ty TEOPHIO.

B HeOonbimom paszMepe, CpaBHUMOM C pa3MEpoOM aTroma, MEpecTaroT JIEHCTBOBATH 3aKOHEI
KJIaCCUYeCKOM (PM3MKU M HAUMHAIOT AEHCTBOBATh 3aKOHBI KBAHTOBOW MEXaHUKH.

OCHOBO# KBaHTOBOW MEXaHUKH SIBIISICTCS yTBEPIKIACHUE O TOM, 4TO BoHOBas dyHkims ¥ (Q) ¢
KOOpJIMHATaMH (| ONMCBHIBAET COCTOSIHME CHCTEMBI, a KBAaJPAaTHBIA MOIYJNb 3TOW (YHKIHUU
OIIpEICISIET BEPOSITHOCTh HAXOXK/ICHUS CUCTEMBI B 00beme dQ:

p(0)=|¥]|2dq. (1)

HIpenunrep (2. Lpeaunrep, 1926) BuepBbie BBEN BOJIHOBYIO (DYHKIIHIO.

PaccMoTpum mpennaraemyro cucteMy € CyOAaTOMHBIM pPa3pelIeHHEM, COCTOSILIMM U3 JBYX
MOJICUCTEM.

OJeKTpoHHBIE 00Jlaka TeCTOBOro o0Opaslia MHpeACTaBIAIOT COOOH MEpBYIO MOJCHCTEMY C
KOOpJIMHATAaMH D3JIEKTPOHOB (. DJEKTPOHHBIA JIyd C KOOpAMHATaMH p SBISETCS BTOpPOM
nojacucremMoii. BonHoBast GyHkIms nonHou cuctemsl ¥ (Q, ).

B sroM cnydae cieayromuii MHTErpaia omnpenessier BeposSTHOCTh p (X, Y) Al HaXOXKIACHHS
AJIEKTPOHA B TOYKE X, Y 9KpaHa MUKpPOCKOTA:

16ay) = | [wea pyv . pydzat, ()

Zo to
rie to - BpeMs Hadaja SKCIO3MINH, 11 - BpeMs 3aBepIICHHUS; Zo - HUKHSSA TUIOCKOCTh 00pasiia;
Zmax - BEPXHsIS TOBEPXHOCTH 0OpasIa.

Ha ocHoBe mpuHIMIA CyNneprno3uMyi BOJHOBAass QyHKIMs cucteMbl ¥ (0, P) mpeacraBisier
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co00i Mpou3BeIcHNE BOJIHOBOM (YHKIIMHU 3JICKTPOHHBIX 00sakoB ¥g(Q) oOpasia u U3IydeHus

¥p (p):

W(q, p) = ¥, (N)¥, (p). (3)
Mpgr 3HacM, qTo BOJIHOBas (bYHKHI/IH QJICKTPOHHOI'O IIy4dKa - IIJIOCKasAa
BOJIHA: \II(X, Y, Z) — leikz , (4)
Vv

z

i€ | - INIOTHOCTD JIEKTPOHOB B IUIOCKOCTH; K IMOCTOSIHHA YIS TUIOCKO# BOJIHBI; VZ - CKOPOCTD
3JIEKTPOHOB BJIOJIb OCH Z.
[Toncrasisist Beipaskenue (4) B (2) 1 IpMHUMAaeM UHTETPaJ 10 BPEMEHH, MOJIY4aeM Clelyollee

BbIpaXKEHHUE:!

L y) = ] o(x, . 2)dz, ()

riae p (X, Y, Z) - BeposSITHOCTh HAWTH 3JIEKTPOH B 00beme d( oOpasiia, KOTOPBIN YIOBICTBOPSET

YCIIOBUIO HOPMHUPOBKHU:

Xmax  Ymax Zmax

1= J‘ _[ Ip(x,y,z)dxdydz. (6)

Xo Yo Zo

3aMeTuM, YTO yCJI0BHE HOPMHUPOBKH (6) TOJIKHO BBIMOIHATHCS U1 KaXKA0TO AJIEKTPOHA.

Takum 00pa3oM, MbI HAllUTH CBOMCTBO aTOMOB cABHTaTh 3eKTpoHHbIH ayd | (X, Y) (5) kak
(YHKLUIO CTPYKTYpPBI 3JIEKTPOHHBIX 00JaKoB B 00pasie p (X, Y, Z), 4epe3 KOTOPbId MPOXOIHUT
AJIEKTPOHHBIN ITY4OK.

PaccMoTpum 3TO CBOWCTBO.

Ha mnepBeiii B3rian BbIpakeHHe (5) KakeTcss OYEHb CIOXHBIM. JleWCTBUTENBHO, s
BBIYKCIIEHHS BEPOSTHOCTH p (X, Y, Z) HEOOXOJMMO YYHUTHIBATh BCE DJCKTPOHBI B HCCIEIYEMOM
obpasne. Mcxons u3 umcma ABorapo B OJHOM rpamme yriepoga - 12 x 10?2 smexrpoHOB.
HecmoTps Ha OrpoMHYIO TPOMO3JIKOCTb, BbIpaskeHHUE (5) MOYKHO YIPOCTUTH U IPOUHTETPUPOBATH
B o01mem Bujae. Caenaem 3To.

Cnencreue 1. HTerpanbHas MHTEHCUBHOCTD JIEKTPOHHOTO IyYKa Ha BXoJe B 00pasern (Z=Zo)
Y Ha BBIXOJI€ U3 HETO (Z=Zmax) TOCTOSIHHA.

OHO BBITEKaeT M3 OOLIEHPUHATOrO YCJIOBHS B KBAHTOBOW MEXaHUKE JJISI HOPMHUPOBKHU
BEPOSATHOCTH p (X, ), z) (6) IO Bcem aToMaM BHYTpH 0OpasIia.

CrnencrBue 2. Ecnu Ha ero myTH oT Zo 10 Zmax HET SJIEKTPOHHBIX OOJIAKOB, TO B HEKOTOPOM
TOYKe (X1, Y1) MHTECHCHUBHOCTH | (X1, Y1) 2JIEKTPOHHOTO My4Ka paBHA HYIIO.

JleiictBuTeapHO, HHTErpat (5) OyAeT paBeH HYJII0, €CaH B Touke (X1, Y1) GyHKIms p (X1, Y1, Z)

=0 BO BCEX TOYKAX OT Z0 10 Zmax
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W3 cnencrBumii 1 u 2 cinenyeTt, 4To 00Opasel] CABUTAET AJICKTPOHHBIN my4oK. [Tydok cmeriaercs
C MeCTa, IJIe HeT 00Jaka 3JIeKTPOHOB p (X1, Y1, Z) = 0 B TOM MecTe, Ijie OHO CyIIecTByeT p (X1, Y1,
z) > 0. DTO CBOWMCTBO CcABHMraTh 3JICKTPOHHBIA Jyd. Ha pucyHke 1 mokasaHo mnepemelieHue
TPACKTOPHH C COXPAaHEHHEM WHTCHCUBHOCTH.

Hcnonb3ys BeipaskeHue (5), BBIYUCIUM 00pa3 OJHOrO aTOMa.

Pacnipenenenue IUIOTHOCTH 3JEKTPOHOB B aTOME OIpejaessercs MeronoM Tomaca -
®epmu (2. @epmu, JI. Tomac, 1927), koTopblil paboTaeT AJisi aTOMOB JTFO00H CIOXKHOCTH. MeTo
UCIIOJIh3YeT KBA3UKIACCHUECKOE MPUOIMIKCHNE: KAKIBIA aTOM MEPHOIMYECKON TaOJIUIIBI HMEET
onpezaeneHHbId paauyc I (paauyc bopa), moatomy Ha paccTosSHUAX a<I 3EKTPOHHAs MJIOTHOCTH
BEJIMKA U MPUMEPHO OJMHAKOBA, a HA PACCTOSIHUU @>I 3JIEKTPOHOB IIOTHOCTh HU3Kas M yObIBAaET
C 3KCIIOHEHIMAJIBHON CKOpOCThi0. COrjgacHO METONy IJIOTHOCTh 3JIEKTPOHOB B aTOME HMMEET
CIEAYIOUIUI BUIL:

~@) =) +72(Q), (7
rae C — mocTosiHHAs pu a<r U paBHA HYJIIO 1ipu &> I'; i (() mana o cpaBuenuto ¢ C. [TogcraBum

MJIOTHOCTH JIEKTPOHOB B ypaBHEeHHE (5):
1(x, y) = j [{C (@) +7n(a)3}dz. (8)

B mepBom mpuOmmkeHnn mpeHeOperaeM HeOONIbIIMM KoauyecTBoM, nosioxkum 7 (q) = 0. B

pe3ynbTare unrerpai (6) ¢ (5) npuHUMaET CIETYIOITNI BUI:

1(X,y) = jniszdz, 9)
O

Zmin

['me N - 4ucno >MeKTpoHOB B oOJake; ¢ - OOHIMA O00BEM AIIEKTPOHHOTO OOJaKa, KOTOPBII
YIIOBJIETBOPSIET YCIOBUIO HOPMHUPOBKH (6).

B BeIipaskenuu (9) uHTErpan gaeT TONIIMHY AJIEKTPOHHOTO O0Jaka B TOUKE X, y, 0003HAUUM
ero uepe3 Z (X, y). Takum 00pazom, Tt 37EKTPOHHOIO Iy4YKa, MPOXO/IAIIETO Yepe3 aToM, MBI,
HaKOHEI, TIOJTyJaeM:

1(X,y) = JnZ(X, y). (10)

B »sToM ciydae MBI TONY4YHIIM 3aKOH CMEIICHHS OJJIGKTPOHHOTO IIydyKa Ha aTOMHOE
JJIGKTPOHHOE O00JIaKO. 3aKOH CBS3BIBACT YCWJICHHWE WHTCHCHBHOCTH JJICKTPOHHOTO Ty4dka C
MIOMOIIBI0 aTOMHOTO 00JIaka, Yepe3 KOTOPOe MPOXOMUT My4YOK. Y CHIIEHHE CBSI3aHO C TEM, YTO
AIIEKTPOHHBIM JTIyd CMEIIaeTcs W3BHE aTOMHOTO oO0Jiaka Ha HEOONBIIOE PACCTOSIHUE TaKuM
06pa30M, YTO UHTCIpaJIbHasA HHTCHCUBHOCTD ITy4YKa OCTACTCA MHOCTOSIHHOM.

3aKOH CMEIICHHUS AIEKTPOHHOTO IMyYKa YTBEPXKIACT, YTO HHTCHCHBHOCTD MPOXOSIIETO Yepes3

aTOM DJIEKTPOHHOTO IydYKa MPsIMO MPONOPIHOHANbHA TOJIIMHE (JUTMHE MYTH) 3JEKTPOHHOTO
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o0Jaka aTomMa B TOUKE IPOXOXKICHUS JIyya.
3aKOH MOXET OBbITh MPUMEHEH JUIsl BU3yaau3aluu (OpMbl aTOMOB M MOJIEKYJ; U3YUYE€HUE UX
OCUWJTMPYIOUIMX M BpallaTelbHbIX JBWXKECHUH; WM3MEPEHUS TOKONPOBOMISAIIMX CBOMCTB
Pa3IMYHBIX MATEPUAIOB.
2.3. ITuxockon — npoyedypa noyueHus nPAMo20 U300parxcenus moaexyil.

CymiectByromre TpancMuccrontslie DieKTpoHHbIe Mukpockorsl, Takue kak (HRTEM, JOL,
JEM-2100, SAnonus) [12] wau Philips 300 CM [13] uMeroT pa3peniaroinyo CriocoOHOCTb OKOJIO
100 mukoMeTpoB, a IS BU3YyaIM3allMM OOBEKTOB ATOMHOTO pa3Mepa HYKEH Hpubop c
pazpemaroiieii cnocoOHOCThIO MpsAaka 10 THKOMETPOB.

[Tukockon — mporeaypa MONY4YEHHUS MPSIMOTO H300paKEHUS MOJIEKYN C pasperiarolien
crocoOHOCThI0 Tpsaka 10 THKOMETPOB M3 CHHMKOB, CJACTaHHBIX Ha TpaHCMHCCHOHHBIX
OnexTpoHHbIX Mukpockonax, 0bu1 HaiineHn akagemukamu O.I1. Kyuepossim u W.E. JlaBpoBckum
[Marent Ykpaunsl [8,9], U3105KHUM IPHHIIUI €10 PAOOTHL.

[TycTh «4HCTHI» ONTUYECKHI 00pa3 oObekTa uccienoBanus umeet Bun f (X, y). Usnyuenue,
IOPOXOJAIIEE Yepe3 ONTUYECKYI0 CHCTEMY MHKPOCKONA, CO3/IAeT «IPSI3HOE» ONTHYECKOE
uzobpaxenue F (X, y). Judpakuus u abeppanuns Kaxmaoid TOUYKH H3ITyYeHHs, TPOXO/SIIETro yepe3
ONTUYECKYIO CHCTEMY, U (DOKATBHOI MI0CKOCTH MUKPOCKOIIA, Maaroliel Ha Cpe/Ibl IpY TOYSUHON

¢yskiwn paccestaust K(X, y). JIByMepHbIi HHTErpai CBEpTKH aeT TaKoe Mpeodpa3oBaHue:

F(x,y)= T TXK(X— p,y—a) f (p,q)dpdq. (11)

]

DTa MHTErpanys BHITOJIHSAETCS Yepe3 IIOCKOCTh N300paKEeHHSL.

[ToaTomy MbI 3HaeM «Tpsi3HbII» 00pa3 F (X, Y) u ¢pyHkiwro pacnpenenenus sneprun K (X, Y).
HyxHo HaliTh «4aucThIit» 00pa3 T (X, y), Torna Mbel HaliZieM pelIeHUe UHTErPAITLHOTO YPaBHEHUS
(112).

OnmHako BBIACHSETCS, YTO W3MCHEHHE MapaJirMbl MOXET PEUIMTh NpoOJIeMy MOITYyYSHHUS
NHKOCKOTIMM C BBICOKAM pa3pelieHueM, JIPYTMMH CIOBaMH, ONTHKA JOJDKHA MCIIOIb30BATh
NPaBUJIO, OTIIMYHOE OT MPaBUJIA CIIEKTPOCKOIHH.

VYUUTBIBas BBIIICU3IOKEHHOE, aCTCs ONpPECICHUE pa3peIIeHUs ONITHYECKOTo MPUOopa: - 3TO
Kpail IUPUHBI MEKAY CBETIIBIMU U TEMHBIMH TISITHAMHU.
B pesynbrare ypaBHenue (11) uMeeT eAMHCTBEHHOE pElleHHUE:
f(X)=2F(x,y) - F(X,y). (12)
rae F1(X,y) - cBepTka uamepurenbHOro u3odpaxenus F(X,y) BeimonnenHas o gopmyse (11).
Takum 0Opa3om, HaiiieHa peanbHas popma oobekta f (X, y) [8,9].

Criocob peanu3yeTcs CIeayrInuM 00pa3oMm.
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bepem neecamue cnenannpiii Ha TOM c paspemennem 100 mukomMeTpoB, 00padaTbiBaeM €ro 1o
croco0y (12) u mosydaeM MO3UTHBHOE MHKOCKOITMYECKOE M300paKEHUE AJICKTPOHHBIX 00JIAaKOB
MOJIEKYJ ¢ pa3peiieHueM 10 mMKoMeTpoB.

Pesynbrar mosmydeHHs MMKOCKOITMYECKOTO HM300paKEHUs MPOJEMOHCTPUPYEM Ha MOJIEKYJIe
nenrana CsHyo, Puc. 2. Bepem neratus monekyiasl ientana F (X, y), Puc. 2a, ¢ pasperrenrem 100
MUKOMETPOB, HABOAMM Ha PE3KOCTh IMOCPEACTBOM MpoueAaypsl (12) 1 nmoydyaeM MUKOCKOIMYECKOE
n300pakeHHE AIIEKTPOHHBIX 001ak0B MoJiekyJbl T (X, Y) ¢ paspemienuem 10 nukomerpos, Puc. 26.
Ha nukockomuueckoM M300paXeHUH Mbl BHJIUM BCE TISITh AJIEKTPOHHBIX 00JIaKOB BOKPYT aTOMOB
yriepoja MoJieKybl neHTana. CoriacHoO 3aKOHaM KBaHTOBOM MEXaHUKH, SAPO aTOMOB BOAOPOAA,
JIMIIEHHBIX OJEKTPOHHBIX OOJIAKOB M, COOTBETCTBEHHO, aTOMBI BOAOpPOJa HEBUAHBI Ha
n300pakeHnH. J[mMHa CBSA3M MEXIy aTOMaMmM yriiepoja B MEHTaHe MOJEKYNbl cocTaBisier 154
MKM, a yrojia Mexay Humu coctasisier 112 °. Ha Puc. 2¢ noka3zana mMozienb MOJIEKyJIbl [IEHTaHA
CsHio, B3siTast U3 SHIMKIIONEINH, TIOJYYEHHAs B pE3yJIbTaTe pEeHTTEHOCTPYKTYPHOTO aHAJIH3a.

B pesynbrare 6b11 co3nan [TMkockorl, MO3BONAIONIMN BU3YaTU3UPOBATh ATOMBI U MOJIEKYJIbI

Pa3INYHbIX BCHICCTB B peaJIBHOﬁ KHU3HU.

3. HoBble HaykH 00 OKpYy kalolleil Hac npupojae
C mnosBieHueM crnoco0a MpsSMON BHU3yalM3allUUd MOJIEKYJ POXKIACTCA LEIbId Psii HOBBIX
€CTeCTBEHHOHAYYHBIX HAIPABJICHUH B HCCIICIOBAHUH ITPHPOIBL.
3.1. BH3YA/IBHAA XHMHA.

XuMHs — HayKa O XUMHUYECKHX CBSI35X, CIE0BATEIbHO, MX MOXHO YBUJIETh ITyTE€M MPSIMOil
BU3YaJIM3allMM AJIEKTPOHHBIX 00sakoB. [lukockomuueckoe H300pakeHHE XUMHUYECKHX CBSI3ei
npeacraBieHo Ha puc. 3. Ha pucyHke MmokazaHbl aTOMBbl yIJepo/ia CO CBOMMH CBS3SIMH B
rpadure: 1) aTombl - JkeNThle; 2) KOBaJIEHTHBIE CBSA3M - 3elieHble; 3) cuibl Ban-nep-Baansca -
6upro3oBbie; 4) CBOOOAHOE OT IIEKTPOHHBIX 00JIAKOB MPOCTPAHCTBO - YEPHOE.

. Ha puc. 3 crnpaBa moka3aHa 11BeToBasi raMMa MHTEHCHBHOCTEH, KOTOpasi B COOTBETCTBUH C
3aKOHOM CMEIIEHHUsT 3JeKTpOoHHOTO mydka (10) mepemaeT MIOTHOCTH SJEKTPOHHBIX OOJIAKOB.
Obnako ¢ wmakcuMmanbHOM mioTHOCTRIO 100% wumeer Oenbiii 1Ber. OTcyTcTBHE OOIaka,
UHTEHCUBHOCTH 0%, MMEeT YepHBIii IBET.

N3 pucyHka BUAHO, 4TO aToMbl yriepona, 100% 31eKTpPOHHONW IJIOTHOCTH, CBS3aHbI
CHJIBHBIMU KOBAJIEHTHBIMU CBSI3SIMHU 3€JIEHOTO 11BeTa, 50% 3JIeKTPOHHOH MIOTHOCTH.

Ha pucyHke yeTko BHJEH JieNecTOK 3 OMpPrO30BOro IBeTa — 3TO CBS3b BaH-nep-Baanbca.
OxkasbIBaeTcsi, 3Ta CBSI3b UMEET CBOIO (OpMY, HANpPaBIEHUE U DIIEKTPOHHYIO MIOTHOCTH 20%.

MHoroumcjaeHHbIE €€ MPOABJICHUA, KOTOPBIC MOXHO MPOCICAUTHL, HAIIPUMCP, HaA PHUC. 4.,
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nokaspIBaroT cienyromee. CBs3b Ban-nep-Baanbca gcecoa nmpuBsizaHa K KOHKPETHOMY aTOMY,
UMEET BBITSHYTYI0 (OpMY M Huko20a HE NOXOIUT N0 APYroro aroma. JTO HE MOCTHK, ATO
JIETIECTOK.

OtMerum, yTo cuibsl Ban-nep-Baanbca — cHIbl MEXKMOJEKYISIPHOTO (M MEXKATOMHOTIO)
B3auMoiecTBus ¢ 3Hepruend 10—20 k/[k/Momb. DTH CWIBI BO3HUKAIOT TIPH MOJSPU3AIUN
MOJIEKYJT M oOpa3oBanuu aunoyied. OHu OTKphITH BaH-nep-Baanmbcom B 1869 romy. Takum
o0pa3oMm, BHU3yalu3alusg XUMHUYECKUX CBS3eH yIWBUTENBHBIM 00pa3oM MOJTBEpIHIIA
MPaBUILHOCTh UX OMUCAHUA.

Opnako, npsiMasi BU3yalnu3aius MOJIEKYJI M0Ka3alia, YT0 COBpEMEHHAasi XUMHUSI He MPaBUIHHO
OTHCHIBAET IJ1aBHYIO0 HOHHYIO CBsI3b. [lokaxkeM 3ToO.

[To ompeneneHuto 6 UOHHOU C8A3U OOUH U3 DIEMEHMO8 NOIHOCMbIO Omoaem 3JeKmpOoH
opyeomy anemenmy. TyT Bce mpaBuwibHO. VIcXoas u3 3TOro ompeneneHus B MOJENIU TEeHTaHa
CsHi2, mpenicTaBiaeHHOTO Ha PHUC.2B, BOKPYT 12-U s/iep MPOTOHOB HE AJIEKTPOHHBIX 001ako. OHU
MOJIHOCTHIO MEPEILTU K aTOMY yriepoja. Mojens neHTaHa JOJKHa COOTBETCTBOBAThH pealbHOMY
MUKOCKOMMYECKOMY H300pakKeHUI0, MPEACTABICHHOMY Ha puc.20. BriBoa: Bce mMonenu BOIbI,
1IeJI0YeH, KUCIIOT, OPraHMYEeCKUX BEIIECTB, MMEIOIIMX HMOHHYIO CBS3b C BOJOPOJOM, HY>KHO
MEepPEPUCOBATH U MPUBECTH B COOTBETCTBUE C JEHCTBUTEIBHOCTBIO.

BusyanpHas XUMHS TIOKa3bIBaeT, YTO TOJBKO B IIKOJBHBIX IOCOOHSX MO0 XHUMHH
MPUCYTCTBYIOT HECKOJIBKO JIECATKOB HEBEPHBIX PHCYHKOB, KOTOPBIC MPOTHBOpPEUYAT HE TOJIBKO
peaTbHOCTH, HO ¥ JAHHBIM B 3TUX TTOCOOUSIX OTIPEICIICHHSIM.

3.2. BU3YATIBHAS MOJIEKY/IAPHAS ®H3HKA

BpamarensHoe qBMXKEHHE MOJIEKYT carndupa puc. 4, B3sToe kak yacts u3 puc. 10. Cnesa Ha
MPaBO: «KOJIbIIA» MPEBPAIIAIOTCS B «KOHEH» U Janee B «dutunckl». Ha puc. 10 MoxHO yBUIETD,
KaK (QJUTMIICHD) OMSTh MPEBPAIIAIOTCS B «KOJbIa». Takoe M3MEHEHHE OPUEHTAIIMH MOJIEKYIIbI
candupa (A203) cBsi3aHO C BIMSHHEM KBAaHTOBOW TOYKM KPEMHHsI, KOTOpash HaXOIUTCS Hal
KPUCTAJIJIOM.

3.3. BU3YAJIbHOE MATEPHAJIOBE/IEHHUE
Ha puc.5 mpuBeneHo mMKOCKOMHMYECKOe H300pakeHue rpadura (kpucrammdeckas (opma
yriaepoja). YTiaepoIHbIe aTOMBI JKEJITOTO 1IBETa UMEIOT CBOIO COOCTBEHHYIO (DOPMY U MOJIOKEHHE.
OHHN OKpYXEHBI 3€JICHBIMH 000JIOYKaMU KOBAJIECHTHBIX CBSI3E€H, KOTOPBIE COEAUHSIOT aTOMBI
yriaepoja B MPSIMOJIMHENHbIE BAJICHTHBIE 30HBI IPOBOAMMOCTH.
Paccrossnne mexnmy cimosiMu cocTaBisieT 335 MKM, a MeXAy aroMamu - 128 MKM, 4YTO
COOTBETCTBYET JaHHBIM U3 DHIUKIONEINH.

Cucrema cnabbix cBsizeil Ban-nep-Baanbsca coequnsier cnou rpadura, KOTOpbIE MPOSBIISIOTCS B
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BUJIC YJUTMHEHHBIX PYKaBOB OUPIO30BOIO IIBETA.

Mpbl uccnenoBany JAECATKUA Thicsu cBsA3ell Ban-nmep-Baanbca um oOHapyXuiu, 4To OHU HE
SBJISIIOTCS. AOCTPAKTHBIMU B3aUMOJICHCTBHUSIMU JUIIONCH, a CKOpee Cenn(pUIecCKUMHU 0OBEKTaMH C
UX COOCTBEHHBIMU 0coOeHHOCTSIMH. [109TOMY B Tpadute OHM UMEIOT JIETKOE HJIEKTPOHHOE 00JIaKO
B BUJIE pyKaBa TOJIIMHOW Okojio 80 MKM M jyHON okojo 160 mxm. OOjako HaKJIOHEHO MO
yriaoM 66 ° k rpaputoBoMy cior0. OHM COEOUHSIIOTCS C OJHUM TIpadUTOBBIM CIOEM, HO HE
JOXOAAT 10 npyroro. IMeHHO oHM 00yCIaBIMBAIOT MOTYPOBOAHUKOBYIO IIPOBOUMOCTD MEXKILY
CIIOSIMM.

Ha pucyHke 3 4eTko MOKa3aHBI 30HBI C Pa3IUYHON MPOBOAUMOCTHIO. [lo3TOMY HpPOBOTHUK
BJIOJIb CJIOS MPOSIBIISIETCS B BUJIE SIPKUX 3€JICHBIX CBSA3EU. Y IIIMHEHHBIE PyKaBa OMPIO30BOTrO 11BETA
IPEICTABISAIOT COOOH MOTYITPOBOJHUK MEKIY CIOSIMH. XOPOIIO BUIAHBI YEPHBIE 30HBI H30JISTOPA.

3.4. BuzyansHnoe conpomuenieHue Mamepuaios

Ha puc.6 mpuBeaeHo mukockomuueckoe u3oOpakeHue rpadura (kpucramiudeckas (opma
yriaepoa). YIJIepoAHbIe aTOMBI )KEITOro, CUPEHEBOro, Oeoro 1BeTa UMEIOT CBOK0 COOCTBEHHYIO
¢dopmy u nonoxxenue. [lonoxenne aToMoB ¢ OOJIBIION TOYHOCTBIO ONPENEISIETCS KaK MaKCUMYM
IUTOTHOCTH DJIEKTPOHHOTO o0Ojaka. KpacHbIMH IIFOCaMH OTMEYEHBI pacyeTHbIE LEHTPBI IS
MPaBUIbHON KPUCTAJUIMYECKOW pemieTku. I3 pucyHka BHJAEH COBUT KaXJAOTO aromMa oOT
TEOPETHUYECKOIo LIEHTpa. DTO MpsMOH pacuer AedopMmalnu MaTepHraia.

Ha puc.7 npuBeneHO MUKOCKOMIMYECKOE M300pakeHne auciaokaluii B kpucramie. Ha puc.70
KpPacHbIMH JIMHUSMH TIPOBEACHBI BEPTUKAIbHBIE CIIOM B KpHCTAUle, BUAHO, 4YTO 2 CIOA
MpephIBAIOTCS, 00paszys Auciokauuu. Jluciokanuu ykasaHbl cTpenkamu. PaHee o Hamuuuu
JMCIOKAIMHA MOKHO OBIJIO TOJIBKO JI0Ta/IbIBAThCS MO PE3KOMY CHHIKEHHUIO ITPOYHOCTH MaTepuaa.
Ha puc.7B cuHMMU TMHUSMH TIPOBEACHBI TOPU3OHTAIIBHBIE CIIOM B KpHCTaJUIe. | OpH30OHTaIbHEIE
CJIOW HE UMEIOT MOBPEKICHUMN.

3.5. Busyansnas gpuzuka noiynpoeooHuKos

Bes anexkTpoHuKa MOCTpOEHA Ha JABYX MOMYIPOBOJHHKAX — FEpMaHUM W KPeMHUU. BakHoi
3a/1aueii SBJISETCS M3YUCHUE UX CBOMCTB, KaKk OT/CNBHO, TaK U B TBepaoM pactBope Ge/Si(100).
I'erepoctpyktypsl Ge / Si (100) ObuTH TIOTYYEHBI C TIOMOIIBIO MOJIEKYIISIPHO-TYYE€BON SMMUTAKCHH
(MJID). O6pazen ObLT MOATOTOBIIEH B COOTBETCTBHU C METOJOM, ONMUCaHHbIM B [13]. HeraTtus
MOJy4YeH Ha TPAHCMHCCHOHHOM 3J1eKTpoHoM Mukpockorie Philips 300 CM ¢ yckopsroumm
HanpspkeHreM 300 kB u pasperaromei ciocoonocthio 140 mukomerpos [14]. TTocne o6paboTku
ero 1o crnoco0y (12) 6pU10 MOTy4EeHO TO3UTHBHOE MUKOCKOITMYECKOE N300paKEHHUE dIIEKTPOHHBIX
obmakoB aromoB Ge u Si, B cooTBeTCTBUHU ¢ 3aKoHOM (10), ¢ pa3pemaromeii crmocooHOCThIO 10

IIUKOMETPOB, pHC. 8.
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Ha pucyHke BUJeH MOHOKpHUCTa/LIMYeCKas MOJJIOXKKA KpeMHus (crpaBa), T€ aToMbl
KpeMHUsI UMEIOT Oupro3oBblid mBer. CneBa BuueH TBepabli pactBop Ge / Si (100), rme
OMpPIO30BBIE ATOMBI KPEMHHS YEPENYIOTCS C KENTHIMH aTOMaMH TepMaHus. B cooTBeTcTBUM CO
IIKAJIOW TUIOTHOCTH JJIGKTPOHHOTO o00aka, TpuBeACHHOW Ha Puc. 3, Oupro3oBBIA IBET
coorBeTcTBYeT IIOTHOCTH 30%, a xentbiii — 70%. YuurtbiBasg, 4ro B aTtome KpemHus 14
JJIEKTPOHOB, a B aTOMe repMaHust ux 32, To Puc. 6 npaBuiIbHO nepeaeT 3JIeKTPOHHYIO TNIOTHOCTh
aToMoB. TakuM 00pa3oM, MOJTy4eH METO MPSIMOTO U3MEPEHHsI aTOMHOTO Beca.

B TtBepmom pactBope Ge / Si (100) mMbl He BUAMM KBaHTOBBIX To4deK. ATombl Ge u Si
nepeMeIianbl CIOHTAaHHO 0€3 CKOTIIICHUH.

Ecnu mpoBectn nuHMM TO cliosiM pemieTkd Puc.9, To momydaeM upeanbHbId onHO(A3HBIN
MOHOKPHCTAIUL, a MEeXAy KpuctaimioM Si 1 TBepasM pactBopoMm Ge / Si (100) (3enenast muHuUs)
OTCYTCTBYET Kakou-u0o nHTepdeiic.

3.6. Busyanvhasa MuKkpoiIneKmpoHuka

Candup (A203) yacTo UCHONB3yeTCs B Ka4eCTBE MOJJIOKKHU /ISl BhIpAIIMBaHUs KpHUCTasia
KPEeMHHSI B MHTETPAIBHBIX MHKPOCXEMaX U COJHEYHBIX 3JeKTpocTaHmusx. OCHOBHOMN
npoOJeMoil B TMPOM3BOJACTBE HWHTETPATBHBIX MHUKPOCXEMax SBISIETCS KOHTPOJIb KayecTBa
Kpuctaiia. lcrnonp3oBaHME IUKOCKONA MO3BOJSET TOYHO ONPEAETUTh BCE HapyIIEHUS
KPUCTANIMYECKOM peleTKn M OTOpakoBaTh 3aroTOBKY C jAedekramu. Ha puc.10 nano
MUKOCKOIMYeckoe w3o00pakenne kpucrauia candupa (AieOs3), Ha KOTOPOM HAXOJUTCS
KBAaHTOBAs TOYKA M3 KPEMHUs, OKpYXeHHas aMop(HbIM KpemHueM. Kak BHIHO W3 pUCYHKa
KBaHTOBas TOYKAa UWMEET TNPAaBUIBHBIM Pl BEPTHUKAIBHBIX CJIOEB KpUCTAIa, OJIHAKO
TOPU30HTAJIbHBIE CIIOM HAKJIOHEHBI 1MOJ OOJBIIMM YIJIOM cjeéBa OT KPAacHOM JMHUM U IO
MaJIECHbKUM — CTIpaBa. ITO TOBOPUT O TOM, YTO TYT JIBE KBAaHTOBBIX TOYKH. TO €CTh MBI BUIAUM
HEU3BECTHOE paHee SBJICHHE CPOCIIUXCS JIByX KBAaHTOBBIX TOYEeK. TO ecTb Mbl HalOionaeM
«KBaHTOBOE JIBOETOUME». Takoe sBIEHHE HEBO3MOXHO OOHAPYXHUTh HUKAKUMH H3BECTHBIMHU
meronamMu. Ha pucyHke spko BuAHO (Da30Boe HM3MEHEHHE B KpHCTaie camdupa OKOJIO
KBaHTOBOW TOYKH.

3.7. BU3YATTH3AIIHA KBAHTOBBIX TOYEK

Tak cI0XHIIOCh UCTOPUYECKH, YTO ¢ KBAHTOBBIMH TOYKAMH YEJIOBEYECTBO MO3HAKOMMUIIOCH
HaMHOTO paHbllle, YeM C JIOOBIMH JpyruMu HaHooObekTamu. B CpenHue Beka MeTaliMuecKue
HaHOYACTHIIBl BXO/MIM B COCTaB KPACOK, UCHOIb3YIOIUXCS IS OKPACKH BUTPAXKHBIX CTEKOJI.

KBaHTOBbIE TOYKM HCIONB3YIOTCSI B TMOJIEBBIX TpaH3UCTOpax, (otoanementax, LED,

JJa3€PHBIX OHUOOaXx. I/ICCJ'IG,Z[YIOTCH TAaK)XXE€ BO3MOXHOCTH IIPUMCHCHHUA KBAHTOBBIX TOYCK B
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KayecTBe OWMOMAapKepoB HJsi BHU3yalM3allUd B MEAWIMHE U KyOUTOB MJii KBAHTOBBIX
BBIYMCIICHUM.

[IpuBeneM wuccienoBaHUEe TUOPHUIHBIX KBAHTOBBIX TOYEK OKCHAA LUHKA CO CPEIHUM
pa3MepoM 5 HM Ha TOJUIOKKE TpadeHa, KOTOPhIe MOBHIMAT 3((HEeKTHBHOCTh PeodpazoBaHus
MOIIHOCTH B COJHEYHbIX OaTapesx Ha 35%. HeratuB mosiydeH Ha MPOCBEYMBAIOIIEM
9JIEKTPOHHOM MHKPOCKOIIE C BBICOKOM pa3pemarormeid crnocodHocTeio 100 mmKomeTpoB
(HRTEM, JEOL, JEM-2100, Snonus) [12]. Ilocne obpabotku ero mo crocody (12) Owuio
MOJTYYEHO MO3UTUBHOE MHKOCKOMMYECKOE H300paKeHHE SIIEKTPOHHBIX OOJAKOB MOJIEKYN, B
cooTBeTcTBUU ¢ 3aK0HOM (10), ¢ paspemiaroriei cnocooHocThio 10 mukoMeTpoB, puc. 11.

Ha pucyHke Xopolio BHAEHBI BBICTPOCHHBIE B TOPHU3OHTaJbHBIE CIOM MoJekynbl ZnO.
BunHa cinojkHas IpoCTpaHCTBEHHAs! CTPYKTYpa, COCTOSIIAs U3 BaJEHTHOM 30HBI (CJIOU JKEITOr0
M 3€JIEHOTO I[BETa), 30H IMOJYMPOBOJAUMOCTU (CETKa OMPIO30BOrO IBETA) M 3aNPEHICHHBIX 30H
(3oHbI uepHoro 11BeTa). CrpaBa mpHUBeIeHA 3Ta CETKa B yBENIWYEeHHOM Buje. [TMKOCKOI MO3BOINIT
BIIEPBBIC BHU3YaJM3UPOBATh MPOCTPAHCTBEHHOE PACIHOJOKEHUE 30H MOJYIPOBOJUMOCTH H
3aMpelieHHbIX 30H.

3.7. Busyanuzauyus HaHoOMamepuanos

Ha Puc. 12 noka3aHo NMKOCKOIHMYECKOE U300pa’keHHe aTOMOB YIJIepoJ], 00pa3yrolux aBe
BJIO’KEHHBIE yriepoaHbie HaHOTPYOkH [10]. Ha uzoOpakeHnn siCHO BUACH KaXKIbId OTAEIHHBIN
aToOM yTJIepojia, TaK BHYTPEHHSS HAHOTpyOKa WMeeT 6 aToMOB yriiepoja, a BHemHss - 12.
Kpome Toro, Ha BHemrHel HAHOTPYOKE XOpOIIO BHUICH pa3pblB BBEpXY clpaBa. PaccrosiHue
MEXy HaHOTpyOKaMu cocTasisieT 120 MUKOMETpOB.

Ha Puc. 13 nokazaHo MUKOCKOMMMYECKOE U300pa’keHne aTOMOB, COCTABIISIOIIUX MepeceyeHne
YETBIPEX BCTPOCHHBIX TPYOOK C JKEITHIMU U 3€JC€HBIMU TOKOTPOBO/ISIIMMU BAJICHTHBIMUA 30HAMH,
pa3eneHHbIX YEPHBIMU U30IUPYIOIIUMH CIOSIMHU.

Kak BugHO Ha pric. 13, CBEpXIUIOTHAS yTrIIepOAHAs HAHOTPYOKa UMEET KENTO-3€IeHbIe CTEHKH C
AIIEKTPOHHOHN MIIOTHOCTBIO 60-90% (11Kasa 3JIeKTPOHHON IUIOTHOCTH, pHUC. 3), UTO yKa3bIBaeT Ha
TO, YTO MPOBOJAUMOCTh B CTEHKE TPYOKH BBIIIE, UeM MPOBOAMMOCTH rpaduta. Mexay TpyOkamu
BUJTHA YEPHAsI 30HA C HYJICBOU MTPOBOANMOCTBIO, KOTOPOM HET B rpaduTe, puc. 3.

3.8. Buzyansnvie nanomexuonozuu

B HaHOTEXHOJIOTUAX U3BECTHO U MCHOJIB3YETCS MHOTO Pa3JIMYHBIX CTPYKTYp yriepoaa. ITo

anmas, tpadut (puc. 3), rpadeHn, dymiepeH, HaHOTpyOku (puc. 12), Bce HuX yHaIOCh

BU3YaJIU3UPOBATE C MOMOIIBIO ITMKOCKOIIA.
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Kpome Toro 0b110 HalIEHO IO CHX MOP HEM3BEeCTHOE oOpazoBanue yrieposa (Puc.14 cnesa)
[15,16]. DTOT OCTPOBOK BEIIECTBA PACIOJIOXKEH MEXKIY CIOSAMH IpaduTa U UMEET IUIOTHOCTh
0OJIBIITYIO, UEM Y aliMa3a.

DTO CBEPXIUIOTHBIHN JABYXCIONHHBIN rpadut. Ero atomsl pacrosiosxeHsl Ha paccTosHUsIX 90-
110 M, 9TO CYIIIECTBEHHO MEHBIIIE PACCTOSIHUI MEXIy aTOMaMH yriepozaa B anmase (128 mm).

[Tpu chepuyeckoM H3METbUEHUHN KPUCTAIUTMYECKUI TpadUT MoIBEpracTcs KBa3uHeNnpepbIBHON
CTPYKTYpPHOH TpaHc(hopMaluy U NEPexXoquT B aMOp(HHOE COCTOSTHUE. DTH YCIOBHS MPHUBOJAT K
CO3JIaHUIO PaHEe HEU3BECTHBIX IUIOTHO JIOKAIBHBIX OOBEKTOB [15]. DTO MO3BOMWIO aBTOpam
coBmectHO ¢ mpodeccopom O.JI. Pyap OTKpHITH HOBBIM KJIacC CBEPXIUIOTHBIX YIIEPOIHBIX
HaHOTPYOOK [16].

B 3ToM ciiyuae j0kagbHOE BHYTPEHHEE CAMOHAIPSKEHHE BOSHUKAET JIOKAJIBHO, YTO MIPUBOAUT
K aHOMQJIbHOMY YMEHBIICHHIO pPACCTOSHUS MEXAy aroMamMu yraepoxa Jjo 105 wmkm
(MoeKyNspHas CTPYKTypa CJieBa Ha pUC.4), YTO HAMHOTO MEHbIIIEe paccTOSHUS 128 4, THIMUYHOTO
Kak Ui rpadura, Tak u Uit anMasza. CoBMECTHOE MPUMEHEHHE PEHTTEHOCTPYKTYPHOTO aHANIN3a,
obparHoro moxenupoBanuss Monte-Kapino u amarpammHOro Merona BopoHOTro, mocTpoeHHOTro
JUIE  MOZETHMPOBAaHMSI aTOMHBIX KOHGHrypauuii rpaduTa, TOATBEPIWIO CYIIECTBOBAHUE
CBEPXILIOTHOTO BemiecTsa [16].

OTKpBITHE JTOKAIBHO-AJUIOTPOMTHOM CTPYKTYPHI yriepoaa ObUIO CAeNaHO BMECTE C yUYEHBIMU
WUucturyra metanmnodusuku HAHY u noarBepkeHO psioM Apyrux, KOCBEHHBIX METOJIOB
HCCJIEIOBATEISIMU U3 HECKOJIBKUX CTpPaH.

Puc. 15. Ilukockonuueckoe M300pakeHHE MaTepuala, Ie COJepXKaHHe CBEPXIUIOTHOTIO
JBYXCIIOWHOTO rpaduTa yBEIHUEHO.

Puc. 16. ITukockonuueckoe n300paxeHNUEe YUCTOTO CBEPXIUIOTHOTO JBYXCIONHOTO Tpadura.
Ero MoXHO Hcnonb30BaTh Ui 3KPAHOB 3aIMTHl OT HW3JIy4eHUs U Ais Oarapeid O0nbIIoi
€MKOCTH.

PacueTpl TOKa3bIBAIOT, YTO KOHACHCATOP W3 CBEPXIUIOTHOTO JBYXCIOWHOTO Tpaduta
pasmepom | kyOuueckuit cantumeTp Oynet umetrh eMKocTh 8 000 dapan. OH MOXKET HECTH 3apsia

100 KBYac uro gocrarouyHo, 4To0bl aBToMOOMIE Tecna mpoexain 500 kM.

4. TIpoekT: “Bu3yaju3anuio MoJieKyJa B KaXKIYI0 J1a00paTOPHI0, ayIUTOPHIO H B KaMKIbIH
y4eOHblii kjaacc”
B cBoux nekiusax mo kBaHTOBOW Mexanuke P.®D. ®eitnman [17] roBopmr: "MsI 3HaeM, Kak

BEIyT ce0s OOBIYHBIC NPEAMETHl, HO OOBEKTHI MaJIOr0 Maciirtada MpPOCTO HE ACHCTBYIOT
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10100HBIM 00pa3oM. [109ToMy MBI TOJIKHBI H3y4aTh UX B KaKOH-TO aOCTpakTHOW MM 0Opa3HON
MaHepe, a He B CBA3U C HAIIMM HETOCPEICTBEHHBIM OIBITOM".

C OTKpBITHEM MUKOCKOIA BpeMsl “a0CTPAaKTHBIX METOJIOB U OOpa3HbIX MaHEp” MHHOBAJIO, -
MBI YBHJEIM BHEUIHMH BHUJ OOBEKTOB Majoro Macimrtaba W Temepb MOXEM H3ydaTh UX,
HOJIb3YACh HAIIUM HEMOCPEICTBEHHBIM OMBITOM. DTO (DyHIAMEHTAIbHBIM LIar K IMOHMMAaHUIO
JIOTUKHA TIOBEJEHUS OKPYXKAIOIIEr0 HAac MOJIEKYJSIPHOTO MHpa. OIoXa, KOrJa YYUTeElb
pacckasplBa€T O MOJIEKYJIAX, KOTOpPBIE HUKOIZA HE BHJE], 3aKOHYWIACH M Hadajgach d3pa
€IMHEHUS C IIPUPOJON ITOTHOCTBIO COCTOSAILEH U3 MOJIEKYII.

Taxum o6paszomM, ¢ nosiiieHueM [TMKOCKOIUYU CTYIEHThI U YUEHUKH MOJIYYUIIA BO3MOXKHOCTb
YBUACTh BHEUIHUM BHMJ MOJIEKYJ TAaKMMH, KakKh€ OHU €CTb. XUMHSA, W3 3aIlyTaHHOIO U
TUIIOTETUYECKOr0 IMPEAMETAa, CTAHOBUTCS €CTECTBEHHOM M INOHATHOM, TaKOW, KaK I'€OMETpHI,
ACTPOHOMHUS, OMOJIOTHSI.

Busyanuzanuss MOJIEKYJl 3HAQUMTEIBHO YIPOIIAET IPENOJAaBAaHUE ECTECTBEHHBIX HAYyK,
paciupsieT BO3MOXHOCTH CYLIECTBYIOIUX U 3aIlyCTUT HOBBIE ITPOU3BOJICTBA.

HoBasa nayka IIukockommuss OTKpBIBAET ABEPU B MHUP MOJIEKYJ JUIS CO3JaHMS HOBBIX
TEXHOJOTMII B MaTepUaIOBEJCHUH, KpUCTaIorpaguu, TEOJIOTMH, MHUKPOAJIEKTPOHHUKE,
O6MoJI0OTHU, MEAULIMHE U MHOTHX JPYTHX 00JIACTSIX HAYKH M TEXHUKU.

Takum o0Opa3oM, yKpauHCKas HayKa CTaHOBUTCS JIMIEPOM M YyKa3blBaeT HalpaBlIeHUE
JBUKEHUS 1711 YIEHBIX IPYTHX CTpPaH.

YuuTeiBas BaXXHOCTh HAy4HBIX JOCTHKeHUH, [Ipesmamym MexayHapoIHON akaaeMuu
UHPOPMATUKHA HHUIMHUPOBAI CO3JaHHE KOOPAMHAIMOHHOIO KOMMTETa [0 MPOBEICHUIO
HOMYJISIPU3ALMYA U MEXKAYHApOAHON nponarad/sl IInkockonuu — HOBOM HAyKW O BU3yalu3allun
MOJIEKYII.

Bo ucnonnenue ycraBa MAU «copneiicTBre pa3BUTHIO HAyKH M OOpa30BaHMs, peain3aius
Hay4YHO-00pa30BaTeIbHBIX MPOrpaMM» KOMUTETY MOPYYEHO CO3JaTh YCJIOBHUS JJsl BHEIPEHUS
[Tukockonmuu B HApOJHOE XO35MCTBO YKpauHbl W JpYrUX CTpaH, CHOCOOCTBOBATh
MCIIOJIb30BAaHUIO TMHUKOCKOIIOB B HAyYHBIX U 00pa30BaTENbHBIX YUPEKACHUSIX YKpauHbl AJis

W3Y4YEHUSI MOJIEKYJIIPHBIX CTPYKTYP Ha HOBOM BUTKE Pa3BUTHS LIUBHIIM3ALUU.

Jlutreparypa

1. Hanorexnosorii y XXI cTOmiTTi: cTpareriyHi NpiOpUTETH Ta PUHKOBI MiAXOIU [0
BrpoBapkeHns / I'. O. Aunpomyk, A. B. SImuyk, H. B. bepesnsk [ra in.] ; Jlepxk. areHTCTBO 3
NMWTaHb HAyKW, IHHOBamii Ta iHGopmarm3aiii YkpaiHh, YKp. 1H-T HayK.-T€XH. 1 €KOH.

iHdopmamii. — Kuis, 2011. — 274 c.

31



TH®OPMAIIMHI TEXHOJIOI'TI TA CIIEIIAJIbHA BE3IEKA

2. HanomaTepuaiibl 1 HAHOKOMITO3UTHI B MEUITMHE, Onosioruu, sxosioruu / H. B. AGpamog,
A. H. baraunkas, B. H. bapsunuenko [u ap.] ; HAH VYkpauns, Hayd. coBer ueneBoit
KOMIUIEKCHOW TporpaMMbl (hyHIaMeHT. ucciel. “DyHaamMeHT. MpoOsieMbl HAaHOCTPYKTYPHBIX
CUCTEM, HAHOMATEPUAJIOB, HAHOTEXHOJIOTUN’, H-T xumuu noBepxHocTd uM. A.A. Uyiiko, Ykp.
Hayd.-TeXHoJI. IIeHTp. — Kues : Hayk. nymka, 2011. — 444 c.

3. Enementn ¢i3uku moBepxHi, HaHO-CTPYKTyp 1 TexHoisoriii / B. B. Ilorocos, 1O. A.
Kynuupkuii, A. B. ba6iu, A. B. Koporyn ; 3amopi3. Ham. texH. yH-T HAH VYkpainu. —
3amopixoks, 2010. — 366 C.

4. HanHonayka 1 HaHOTEXHOJIOTi{: TEXHIYHMNA, MEAMYHUN Ta COLIANBHUNA aCHeKTH
[Enextponnuii pecypc] / b. I1aton, B. Mockanenko, I. Yekman, b. MoBuan // Bicu. Ha. akan.
Hayk Ykpaiam. — 2009. — Ne 6. — C. 18-26. — Pexxum noctymy : URL : http :// nbuv . gov.ua/j -
pdf / vnanu 2009 _6_4 .pdf

5. A. Rosenauer, F.F. Krause, K. Muller, M. Schowalter, T. Mehrtens, Conventional
Transmission Electron Microscopy Imaging beyond the Diffraction and Information Limits.
Phys Rev Lett (2014) 113:096101. Doi: 10.1103/PhysRevLett.113.096101

6. W. Chen, V. Madhavan, T. Jamneala, M.F. Crommie, Scanning Tunneling Microscopy
Observation of an Electronic Superlattice at the Surface of Clean Gold. Phys Rev Lett (1998)
80:1469. D0i:10.1103/PhysRevL ett.80.1469.

7. N. Pavlicek, B. Fleury, M. Neu, J. Niedenfuhr, C. Herranz-Lancho, M. Ruben, J. Repp,
Atomic Force Microscopy Reveals Bistable Configurations of Diben-zo[a,h]thianthrene and their
Interconversion Pathway. Phys Rev Lett (2012) 108:086101. Doi:
10.1103/PhysRevLett.108.246102.

8. 2KyuepoB O. II., JlaBpoBcekmii C. €. «Cmoci0 orpuMaHHS 300pakeHHS 3
cyOmudpakiliiHol0 pO3AUTLHOK 3JATHICTIO Ta ONTHUKO-€JIEKTPOHHA CHUCTEMa [JIsi  HOro
3nicHeHH», [laTenTt Ykpainu Ne 115602 Bin 27.02.2018p.

9. O.P. Kucherov, S.E. Lavrovsky, Picoscope, As an Instrument for Molecules Atomic
Structure Stady. Information technology and special security (2016)
(http://science.wc.lt/gallery/maketn2.pdf)

10. O.P. Kucherov, S.E. Lavrovsky, Electron Trajectory Shifting Effect. Abstract book.
International research and practice conference: NANOTECNOLOGY AND NANO-
MATERIALSE (NANO-2017) Chernivtsi.
(http://www.iop.kiev.ua/~nano2017/files/abstracts/Kucherov.pdf)

11. O.P. Kucherov, S.E. Lavrovsky, Direct visualiselectron beam shifting effect.

Information technology and special security (2016) (http://science.wec.lt/gallery/maketn2.pdf)

32



TH®OPMAIIMHI TEXHOJIOI'TI TA CIIEIIAJIbHA BE3IEKA

12. Mohammad Mahdi Tavakoli, Hossein Aashuri, Abdolreza Simchi, Zhiyong Fan. Hybrid
zinc oxide/graphene electrodes for depleted heterojunction colloidal quantum-dot solar cells.
Phys.Chem.Chem.Phys. 2015, 17, 24412

13. O. Fedchenko, S.V. Chernov, M. Klimenkov, S.I. Protsenko, S.A. Nepijko, G.
Schonhense, Jpn. J. Appl. Phys. 55, 02BC15 (2016).

14. NEPIUJKO S.A.,. SAPOZHNIK A.A, NAUMOVETS A.G., ET AL. Investigation of
Nanostructure Phase Composition and Field Emission Properties in the Ge/Si(100) System. J.
NANO- ELECTRON. PHYS. 8, 04067 (2016)

15. A.D. Rud, I.M. Kiryan, A.M. Lakhnik, Topological characteristics of local atomic
arrangements at crystalline-amorphous structural transition in graphite. Materials Sci-ence.
Mesoscale and Nanoscale Physics (2014) (http://arxiv.org/abs/1412.1982).

16. A.D. Rud, N.E. Kornienko, I.M. Kiryan, A.N. Kirichenko, O.P. Kucherov, Local-
Allotropic structures of carbon. The-sis "Carbon: the fundamental problems of science, materials
science, technology". Troisk. (http://
www.ruscarbon.com/tisncmdocs/2015/Carbon_Conference_2016-Thesis.pdf).

17. Feynman Lectures on Physics, Quantum Mechanics. Palo Alto, London, 1961. — 325 p.

33



TH®OPMAIIMHI TEXHOJIOI'TI TA CIIEIIAJIbHA BE3IEKA

Puc. 2. llenran CsHi2 ¢ oaqHoit mosiekyJioi: a) Heratus ¢ paspemienuem 100 pukomerpos; 0)
Iukockonnueckoe n3odpaxkenue ¢ paspemenneM 10 puxkomerpos[6]; B) Mogeb MOJIEKYJIbI

NNEeHTaHa U3 SJHIUKJIOIICINH.

3.1. BH3YAJBHAS XHMHAL.
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Puc. 3 . ITuxkockonuyeckoe n300paxeHue:

1) aToMbl - :KeJIThIE;
2) KOBaJIECHTHbIE CBSI3M - 3eJIeHbli; 3) cuiibl Ban-nep-Baanbca - Oupro3oBbie;

4) cB00OIHOE OT 3J1eKTPOHHBIX 00JIAKOB MPOCTPAHCTBO - YEePHBIH.
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3.2. BU3YA/IBHAA MOJIEKY/IAPHAA ®U3UKA

Puc. 4. IloBopot mouseky.abl canupa (A203). CiieBa Ha IPaBO: «KOJIbLA» MPeBPAIAIOTCS

B «KOHEH» H aajiee B «3JUIMIICBD).

3.3. BU3YAJIBHOE MATEPHAJIOBE/[EHHE

Puc. 5. Iluxkockonuyeckoe wn3o0paxeHue rpadura ¢ aromamMu yriepoaa (CHpeHeBBIi),

KOBAJICHTHbIE CBSI3M (3eJIeHblii), ci1al0ble cBsi3m Ban-nep-Baanbca (Oupro3oBblii) M cjioii

H30JIITOPA € HYJ1€BOI IIPOBOAUMOCTHIO (YEPHBI).
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3.4. BU3YAJIBHOE COIIPOTHUB/IEHUE MATEPHAJ/IOB

Puc. 6. ITnkockonnyeckoe n300pakeHne KPUCTALINYECKOIH pelIeTKH rpagura.

KpecTnkamMu oTMe4eHbI HEHTPbI KPHCTAJIMYECKON PeIIeTKH.

Puc. 7. Ilukockonuuyeckoe n306pa>1<eﬂne aTOMOB B KpI/ICTaJI.J'IPl‘-leCKOﬁ peuieTKeE.

0) BepTukaabHble ¢JIOM MMEIOT Ba KoJ1anca (Mbl MOkeM BUAETH IMCIOKALNN);

B) TOPU30HTAJIbHBbIE CJIOM HE MMEIOT MOBPEKICHHI.
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3.5. BU3YA/IPHAA ®U3HUKA I10/1YIIPOBO/THHUKOB

Puc. 8. IImkockonuyeckoe nzodpaxenue teepaoro pacreopa Ge/ Si (100), cieBa Ha

kpucrasie Si, cnpaBa. Atombl Ge - JKeJIThlil, Si - 0MPIO30BBbIii.

Puc. 9. Kpucrajiimyeckasi pemerka KpeMHus (cnpaBa) u TBepaoro pactsopa Ge/Si (ciieBa)

COCTABJISIIOT OJUH HAEeAJIbHBIH MOHOKPHCTAJJI.
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Puc.10. ITukockonnuyeckoe n300paxeHne KBAHTOBON TOYKHM KPEeMHUS B OKPY/KEHUH

aMop(HOTo KpeMHHs Ha MoAI0kKKe candupa (A203)
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3.7. BU3YATU3AIIUA KBAHTOBUX TOYbOK

Puc. 11. 'nOpugnasi KBaHTOBasi TOYKA OKCH/IA IIMHKA HA MOAJI0KKe rpadeHa ¢ pazmepom 5
HM. BugHa ci10’kHasi NpOCTPAaHCTBEHHAsl CTPYKTYPA, COCTOSAIIAsI U3 BAJICHTHOH 30HBI (CJIOH
7KeJITOT0 M 3eJICHOI'0 IIBeTa), 30H MOJIYNPOBOANMOCTH (CeTKAa OMPIO30BOro LIBETa) U

3alpeEeHHbIX 30H (l'lﬂTHa yepHoro IIBeTa).

3.8. BU3YATU3AIIUA HAHOMATEPHAJIOB

Puc. 12. [lukockonunyeckoe n300paxkeHue IBYX BJIOKEHHBIX OHA B IPYI'yI0 HAHOTPYOOK CO

cpeaHuM paccrosinueM 120 nm [4].

39



TH®OPMAIIMHI TEXHOJIOI'TI TA CIIEIIAJIbHA BE3IEKA

Puc. 13. Cucrema 4eTbipex BJIOKEHHbBIX YIJICPOJAHBIX HAHOTPYOOK.

3.9. BU3YA/IPHBIE HAHOTEXHOJIOT'HHU
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Puc. 14. IInkockonnuyeckoe n3odpakeHue caoes rpagura (cnpasa) 1 JOKAJIbHO-

AJJIOTPONHOM CTPYKTYPHI yrjepoaa (cjaesa) [7].
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Puc. 15. IIukockonuuyeckoe moﬁpame}me MaTtepuaJia, rie Coacp;xaHnue CBEpPXIJIOTHOIO

ABYXCJIOHHOTO rpauTa yBeJu4eHo.

Puc. 16. [Iukockonnuyeckoe n300paxeHne YUCTOr0 CBEPXIUIOTHOIO IBYXCJI0HHOI0
rpapura. Ero Mo:kHO HCIoJ1b30BaTh A5 0aTapei 00J1b1I0H eMKOCTH M JJIsl JKPaHOB

3alIMTBI OT U3JYyYCHUH.
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PEIEH3II TA IH®OPMAIIIHHI ITOBIJOM/IEHHA

ITPABUJIA J1JI51 ABTOPIB

Y HaykoBOMY KypHarmi «iH(OpMAaIliifHi TEXHOJOrIl Ta creniaabHa 0e3mekay APYKYIThCS
CTaTTi, fKI BIAMOBINAIOTh NPODUIO >KypHATY 1 MarOTh HAayKOBE Ta MPAKTUYHE 3HAYCHHSI.
Penxoneris npocuTh HE HAACUIIATHA MaTepiay, paHille HAAPYKOBAHI, Y TaKi, 110 TOTYIOTHCS 710
JIPYKy B IHIIWX BUJAHHSAX. TEKCTH CcTaTei Ta BCl MaTepialiM 10 HUX MOBUHHI OyTH PETEIIHHO
BiJJpeaaroBaHi, epeBipeHi Ta miAnucaHi aBTOpaMH.

Hapcunatoun craTTio 10 pefakiii, IpocuMo JOTPUMYBATUCh HACTYITHUX IPaBUII

1. Pykonuc HajacCMIaeThCS B JBOX EK3EMIUIIpax, HaapyKoBaHuUi uepe3 1,5 iHTepBanu

mpudrom Times 12 myHkTiB, HaOpanuii y penaktopi Word-2003 Ta B e1€KTpOHHOMY BUTIISII.
2. Po3mip cTaTTi pa3oM i3 pucyHKaMu Ta CIIMCKOM JIiTepaTypu He MOBHHEH IepeBuinyBatu 10—
12 cropiHok 1 5-TH puCyHKiB. BuKianeHHs TOBUHHO OYTH YITKUM, CTUCIHM, 0€3 TOBTUX
BCTYIIB, BIJICTYIIIB 1 MOBTOPIB, a TAaKOX 0e3 JyOOBaHHS B TEKCTI JAaHUX TaOJMIb, PUCYHKIB 1
nignuciB 1o Hux. Pedepar i po3nin «BucHOBKMY, SKIIO BiH €, HE MOBUHHI IyOJIIOBaTH OJUH
onuoro. O6csar pedepary — He Outbmme 1000 3HakiB. Ha mepmriéi cTopiHii cTarri Mae OyTH
3a3HadeHo iHaekc Y JIK.

3. Ha3By cratri, iHimiamy Ta mpi3BUINA aBTOPIB, MOBHY Ha3BY YCTaHOBH Ta ii aapecy, jae
IpPaLOIOTh aBTOPH, a TAKOXK TEKCT pedepaTy Ta KIIOYOBI CJIOBA JIPYKYIOTb MOBOIKO CTaTTI.
OxpemuM (haitioMm MOAAIOTh Ti K caMi AaHi (KpiM aapecu Ta Ha3BH YCTaHOBH) IHIIMMHU JBOMA
MOBamH (aHrJI., YKp./poc.)

4. Pucynku (miarpamu, rpadiku, ¢ororpadii Tomo) morpiOHO MmomaBaTH Ha OKPEMHUX
CTOpiHKax Ha OuIoMy mamepi, YiTKO BiAJpyKoBaHI (4OpHO-Oine 300pa)keHHs) 1 MiANuUcaHi Ha
3BOPOTHIM CTOPOHI JincTa. PUCyHKM HEOOX1JHO mojaBaTH KOXKHHM okpeMuM ¢aitnom. baxkana
HMIMPHHA PUCYHKIB — 75MM abo 150 mM. Hannucu Ha pucyHKax ciifi, 10 MO>KIIMBOCTI, 3aMIHUTH
JITEPHUMHU TO3HAUYKaMM, a KpHBI MO3HAYUTH LU(pamu, sIKI po3’sSCHIOIOTHCS B MIANUCAX 0
pHUCYHKIB a00 B TeKCTi. MiHIManbHUHI po3Mip HaanuciB Ha pucyHkax — 10 myHkriB. He 6akaHo
HABOJUTHU y BUIJISIII PUCYHKIB JaHI, SIKI MOKHA NPEJCTaBUTH B TEKCTI 4u B Tabmuil. Micue
PHUCYHKIB yKa3yeTbCsl Ha JiBOMY Hojii pykomnucy. Iliamucum g0 pHucyHKIB OakaHO JaBaTu
oKpeMuM (aitiom.

5. Tabnuui moBuHHI Matu HoMep 1 Ha3By. KoxHMII puCyHOK 1 Tabmuus — BIAMNOBIIHI
NOCUJIaHHSA B TeKcTi. CKOPOUEHHS CIIB Y TEKCTI, TAOJIUIAX 1 HA PUCYHKAX HE JTO3BOJISIOTHCS.

6. ®opmynu noBuHHI OyTH HabpaHi y peaakTopi Microsoft Equation mpudrom 12 nyHKTIB
(Italic). I'peubki JiTepu i MiAKPECTUTH 1 HA MOJAX HATUCATH iXHIO Ha3BY. Po3miTuTH oniBLEeM

BEIMKI Ta MaJll JiTepH, sKi MaloTh ofHaKoBe HamucaHHs (C, C, K, k tomro). Jlitepu i 3HaKH,

SIKi BaXKKO BIZPI3HUTH, CITiJ] MOSICHATH Ha moJisax odiBieM: J (#ot), | (i), 1 (ogunuis), | (ens), 0
(aynp), O (miTepa) ToIIO.

7. CTaTTs MOBMHHA MAaTU CIIMCOK JDKEpel, 0 HUTYeThcs. CIUCOK O(QOPMITIOETHCS 3T1IHO
JACTY T'OCT 7.1.2006 «Cucrema cranaapTiB 3 iH¢popmarlii, 6i01i0TeyHOi Ta BUIABHUYOI
cupaBu. bibmiorpadiynuii 3anuc. biOGmiorpadiunuii omuc. 3aragpHi BUMOTM Ta IpaBuia
CKJIaJaHHs. 3 MpHUKJIAZaMu CKIajaHHsA Oi0miorpadidHOro Omucy MOXKHAa O3HAHOMUTHCS B
bronereni BAK Vkpainu Ne 5 3a 2009 pik. [locunanns Ha niTepaTypHi JKepesia B TEKCTI CTaTTl
CJIIJ 1aBaTH B KBaJIPaTHUX JAY)KKaX y BUTJISAAL MOPSAAKOBOI IIM(PPH, HAAPYKOBAHOI y PSIJIOK.

8. Ha oxpemMomy apkyIri MmojaroThCsl BIIOMOCTI PO BCIX aBTOPIB: MPI3BHINE, iM’s Ta TO-
6aThKOBI (TIOBHICTIO), BKa3y€ThCsA BUCHA CTYIIHb Ta 3BaHHs, M0Caja, MOBHA HAa3Ba YCTAHOBH, a
TaKOXX JOMAIIHS Ta CIY»KOOBa aJpecd 13 3a3HAYeHHSM IHJIEKCY, HOMEp TeledOoHY KOXKHOTO
aBTOpa Ta e-mail (3a Oa)kaHHSAM aBTOPIB).

Pykomnucu, 1110 He BiAMOBIMAIOTH ITUM BUMOTaM, pO3TJISAATHCS HE OYAyTh.
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