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29 rer Ha PbIHKE
Bornee 4000 nocrasok 8 60 CTpaHax
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OEMTOCKAH

MHorotyHKUNOHaNbHbIV CKAHUPYIOLLUIA
30HA0BbI MMKPOCKOMN C MOAHLIM
ynpasneHuem yepes MHtepHer

B MMKPOCKOMNE PEATU3OBAHO
BOJIEE 50 PEXXMMOB:

® KOHTAaKTHaA atToMmHO—CunoBas
MUKpPOCKONuUA

® pe30HaHCHas atroMHO—cunoBas
MWKpPOCKONuUA

® HECKOHTAKTHAas aTOMHO—CUNOBan
MWKPOCKONUA

* CKaHupylowas GpuKLMOHHan
MWUKPOCKOMUA

® CHKaHupylouiana TyHHenbHan
MWKPOCKONWA

® TYHHEeNbHaA CNeKTpocKonua

® CKaHMpyloLLas pe3uncTMBHas
MWUKPOCKONUA

® 3IeKTpOCTaTUYeCcKan MUKPOCKONUA
® MarHUTHO-CMNOBAA MUKPOCKONUA
® CMN0BOE KapTUpPOBaHWe NOBEPXHOCTU
* HaHonuTorpadua
n apyrue

bakrepuansHan knetka bnokconoaumep ctupon— Marepuan rpacnexc [lebekT Ha noBepxHOCTK CRALI
Escherichia coli Bytanuer—CcTupon Ha cniope Buansl 06peiBku auctos rpadmra  Metoa: ACM, pexum TpeHna
10X10 MHM 5X5 MEMm 11x11 mEm 10x10 MM
EHT
Uwp WWW.Nanoscopy.ru
[1epeneKTUBHbIX ;
TexHonorwi info@nanoscopy.ru ® (495) 926-37-59
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Annotation. The modern stage of the civilization development of human society is chiaracte
ized, on the one hand, by increagly accelerating scientific and technological progress and-ts f
cus on achieving economic results based on unprecedented individualism and growth in-the well
being of a small part of society, and on the other hand, an accelerating lag in the devetdpment
regulatory acts the results of scientific and technological progress in various spheres of hitman soc
ety and ensuring social guarantees for all its members. Certainly, the availability of these two trends
in the development of modern peastustrial soiety brings to the fore the whole range of global
security issues that fully threaten present and future generations of hurdawvétreness of the
global intellectual and financial elite of this multidimensional reality of global security will make it
possble to change the very internal setting of science and engineering activity in relation to the
world, without which human civilization cannot exist on the basis of new, more humane forms of
social relations.

Keywords: NBIC, technology, security, sciencgciety

The modern stage of the civilization development of human society is characterized, on the one
hand, by increasingly accelerating scientific and technological progress and its focus on achieving
economic results based on unprecedented indivelaaind growth in the welleing of a small part
of society, and on the other hand, an accelerating lag in the development of regulatory &ets the r
sults of scientific and technological progress in various spheres of human society and ensuring s
cial guaratees for all its members.

Certainly, the availability of these two trends in the development of moderfindostrial ®-
ciety brings to the fore the whole range of global security issues that fully threaten presamt and f
ture generations of humanity.

Awareness of the global intellectual and financial elite of this multidimensional reality of global
security will make it possible to change the very internal setting of science and engineering activity
in relation to the world, without which human civdizon cannot exist on the basis of new, more
humane forms of social relations.

As the former leader of the Socialist International, Willy Brandt, certainly, conservativeeand n
oliberal circles usually use this new individualism with success in their gslithe results of
which, however, can mean a decrease in the standard of living, the elimination of social guarantees
and the possibility of obtaining education.

The importance and relevance of solving the problems of global security were formulated and
incorporated into the Charter of the United Nations Educational, Scientific and Cultural @rganiz
tion (adopted in London on November 16, 1945, amended by the General Conference on the se
ond, third, fourth, fifth, sixth, seventh, eighth, ninth, tenth, tikelfiteenth, seventeenth, min
teenth, twentieth, twentfirst, twentyfourth, twentyfifth sessions), which in particular noted that a
world order based only on economic and the political agreements of governments cannot win the
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unanimous, strong and sire support of the peoples, it must be based on the intellectual and moral
solidarity of humanity.

At present, a revolutionary change in scientific and technological progress is associated with the
convergent development of NBIC (nanotechnologies, biok@dgies, information and cognitive
technologies), which create effective technologies for transforming man and society, but at the same
time carry major risks and threats to the future of humanity. The cumulative effect created by the
convergence of thegechnologies is determined by the rapid development of their respective areas
of knowledge, some of which affect the fundamental foundations of life and have unpredictable
consequences.

Convergent NBIC technologies, according to popular scientific opiignnot just a new stage
of technological development, which characterizes the accelerated destruction of the vital world of a
person, or rather, those invariants of this world that make a person a human being, but signify a new
stage of integration ofcgentific knowledge, overcoming the boundaries between its classizal se
tions , fundamentally new objects of knowledge and activities are being formed, which include
physical, chemical, biological, psychological, technical, social components. Objecis lahthare
products that are no longer just interdisciplinary, but transdisciplinary integration.

An analysis of the accelerated growth of global security problems shows that the convergent d
velopment of the NBIC is directly related to the problem ofscaousness, which forms the core of
the problem of man and all types of his life activity.

Today, the first steps are being taken to isolate the main aspects of this extremely confiplex pro
lem directly related to the development of science, including tegrand information techno!
gies, which are central to the multidimensional problem of consciousness.

In this sense, convergent technologies give new impetus to the analysis of the problern-of redu
ing physical and biological languages in the frameworkiofechnological and nanotechnological
research.

Creating new (including hybrid, consisting of organic and inorganic substances) materials and
devices, managing biological processes at the molecular level, disclosing secrets of the brain, the
emergence ofstrong" artificial intelligencea all this involves the formation of a new social and
technological structure, which is based not only on the increased level of development of science
and technology, new sectors of the economy and methods of organzdgiion, but also on new
forms of social relations, value orientations, and the understanding of nature and human nature.

Accordingly, it is necessary to form a world outlook Concept of the unity of the material and
spiritual world in a new way. This opgmp new perspectives for a philosophy that will not only
comprehend NBICS convergence processes, but also participate in these processes as a technolog
cal science. However, today we are seeing a growth in geometric progression, the productivity of
convegent development of the NBICS (first of all, it relates to information devices combininig ele
tronic and neural elements), which entails the equally rapid growth of new global problems, control
over which has already been virtually lost.

First of all, thee are problems of the social and humanitarian plan: social forecasting, system
management and control, criteria for evaluating the likely and already achieved results, methods of
effective expertise, legal and ethical problems. Therefore, it is necésdauijd up the work begun
at the Kurchatov Institute to create a4{ilildged NBICS system that will organically integrate the
social and humanitarian unit into a dynamic system of convergent technologies on equal terms.

Artificially formed social needsdsed on modern individualism on the one hand, irresponsibility
and lack of control over the use of the results of scientific and technological progress on the other
hand, created the conditions for the transition to the new era of irreversibility oélated and e+
structive civilization processes. These processes are pronounced autocatalytic in naturesand are a
sociated with synergistic effects. Making at the moment a small, seemingly impact on the system,
we can generate a chain reaction of consequerie effect of which will be completely ince
mensurable with the action being carried out.
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Getting out of the modern ghllanetary systemic crisis requires a change in the very picture of
the world order. In their concept, Vernadsky and Teyar de Chaated that man cannot be-d
duced from the picture of the woridhe no longer exists without the noosphere. And freedom of
action in the noosphere is very limited. the anthropogenic impact on the biosphere is already co
parable to its ability to adapttht s ef f ect . Il ndividualism, t-whi ch
omi zedo person, i's considered by Teil hard de
of the species.

In the modern paradigm of survival and development of humanity, respogsiakiés pree-
dence over freedom, collective solidarity over individualism. A systematic view of any action
makes it predict a chain of consequences, and therefore, prohibits actions that cause irrayersible a
tocatalytic processes even if the immediate ffct seems insignificant. This requires much more
stringent treatment of any violence and questions the acceptability of the labor market as the basis
of production relations. After all, when this market rejects the "seller of labor"”, which is quite no
mal for the market, this seller is not a mechanical collision. The psychological impact of failure is
enormous, and for most people it causes feedback that quickly turns into a vicious circle: a person
who fails at a job failure two or three times takes oychslogical traits (almost a biofield) that
make each subsequent attempt all the more difficult. The process becomes irreversible. Moreover,
as studies conducted over the past decade in the United States have shown, the brunt is not on the
unemployed himde- he, as a rule, is already protected by an established character and culture, but
on his children and on the environment. Irreversible damaging effects are transferred to future ge
erations who will have to pay for habitat destruction.

At the same tima, today, as a matter of priority, mankind needs to solve existing problems of
global security related to the uncontrolled market activity of a business and the fruits of its activities
in all areas of public consumption.

For example, a court in Germanynioeed the Hoechst concern from completing the insulin pr
duction plant using E. coli genetic engineering technology, although this insulin is already being
produced in other countries. The wording of the court: genetic engineering is a "new dimension and
guality” in technology associated with "the risk to human existence, which can not be adequately
assessed at the present time." Such an understanding came very recently, before that they had beel
introducing or planning to introduce technologies with a tiskheir very existence that could not
be adequately assessed in principle (nuclear energy and nuclear weapons, plans for geophysical
war, mass use of freons, etc.).

Even more catastrophic processes occur in the natural habitat of mankind: the migration of
mospheric pollution to the coldest part of Antarctica (the effect of a cryoscopic "trap”) causes the
destruction of the ozone layer that is compatible with life; reduced oxygen production on the planet
due to deforestation; soil contamination with heawtals and chemicals, which leads to a cedu
tion in acreage while reducing the yield of suitable land; ocean pollution is comparable to the mass
of water in the monomolecular layer of the océatmosphere section, which not only has a-dec
sive influenceon climate, weather and ocean biomass reproduction, but also on the accumulation of
many other pollutants, and organism, and therefore the existence of the entire biosphere and the
second after the rainforest oxygen source.

An important step in working dieffective measures to prevent the negative effects of scientific
and technological progress on all spheres of human activity will be a full inventory at tha-intern
tional level of technologies used and developed by NBICS with the development of appriopria
ternational law of their use based on the priorities of the social and humanitarian development of
mankind.
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Homo Futuristic formed by Nature, framed by System.

Kayros O'hara & Taliya Khafizova

Interest in life, curiosity and inventivenesshis is a practical triad of personal development.
From the need for survival, human consciousmdsarly revealed these three components, which,
in addition to ensuring the survival itself, also gave powerful impulses to the development-of inte
lect.

It is worth acknowledging that at the very base, and in the matter of the force that propels person,
in his deepest instincts, there is fear and a person spends his energy and vitality to overcome such.
With this purpose do people form and join coalitions and alliances, strive to develop their essential
roles in society to ensure they exist in stabilityl gpeace. Human beings exert a lot of effortseto s
cure themselves, to save oneb6s family, one's

With the attainment of deeper salivareness by individual, the understanding of their respons
bility for the fate and development of the surrounding world changes, so does the scale of human
activity: it expands, acquiring the character of a global, transpersonal one. Being realized for the
benefit of the entire spiritual community of the Mankind, thisvégtsurpasses interethnic boumd
ries andcontradictions.

Homo Futuristic formed by Nature, framed by System. Consequences of scientific
and technological progress

The strive for a safe existence forced human being to evolve constantly. The natuwtadiworl
ways seemed to him full of surprises, dangers, and he built his artificial world, more orress co
fortable, safe, predictable and protected. Thus, we are now seeing the coexistence of two Worlds:
the natural and the artificial.

The First World was creéed by the Universe without human participation, and therefore it is
seltsufficient and independent. The Second World originated as a sphere of human invasion and
adaptation in the First World. Using the natural resources, Mankind has created fluctuiaidins
ficial origin and of a symbiotic nature.

Nowadays, Humanity is surviving and developing in the depths of the first World, intensively
increasing its presence and the power of the second World, trying to find ways to manage both
Worlds and hoping tfind harmony in this management.

To date, the success of Mankind in the sphere of harmonious coexistence of two Worlds is insi
nificant, but there is a desire for the better, although this ambition is muffled by the unrestrained
consumer attitude to thesources of the first World. The passion for the consumption in "adk infin
tum" manner reigns and governs the second World, it is the idol of Humanity. There is no doubt
that such a path of "development” leads the world community to spiritual devastadicselan
destruction.

The First World was created by the Universe without human participation, and therefore
we have come to such a stage of development that human beings ourselves form the reality su
rounding us. If earlier the Mankind gradually adaptethe first World, now it actively uses ite-r
sources for growth and augmentation of the World that is artificial. But the more venality, greed and
competitiveness increase in the second Weotlhe mor e aggressive and vi
tat becomesEvenif it looks like a quite comfortable and manageable System of human relatio
ships outwardly.

Undoubtedly, the human system has succeeded in creating a culture of civic engagenent and s
cial relationships, in complying with norms, in ensuring the fllaw, in scientific and technale
ical progress, and in other aspects of activity. But this path is likely to lead us towards even more
mechanical and artificial age, in all spheres of its existence, which will deny the Natural \World, i
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cluding man ints current form. Then we may envisage such potential prospect of its development:
At first, people will be replaced by andrelile creatures, then by machinery and robotics, which

will succeed in the art of survival to such an extent that will compléisly their natural and spi

itual vitality. Undoubtedly, it is hard to create and realize an existence that is more hopeless and
miserable for a person than an immoral one, without any spiritual values.

Nature and System are antipodes by their essence smd@etivity, and aspirations. Nature is
immensely generous, allowing to embody everything that can manifest itself in this World. Nature
imbues the whole world and every creature with energy and time of existence, includingaman. N
ture is the chaos, satfrganizing into the cosmos of the highest level in the most perfect and-harm
nious way.

System is an artificially created egregore, like a-sefficient program consisting of delusions
and ideas, inertia and discoveries, ideas and fantasies, andodfalimanifestations of the etxis
ence of communities and people in society, covering the planet as if thinking mold. Gradually, this
System becomes adincompassing, penetrating into all folds of Nature, bringing with it all the bad
and good, which has beereated by people for a certain number of millennia.

Prospects of development in the symbiosis of two Worlds

People are created in such a way that they perfectly feel their needs, security, and limits of their
freedom. In the process of scientific amdhnical transformations of the last centuries, they begin
to realize that the artificial intelligence created by people will become superior to them in its power,
and human being will become unnecessary.

Being devoid of uselessness and work is whation#l of people will have to face in the coming
century of machinery, robots and other technologies. The massive loss of jobs will lead to the fact
that by the middle of the century a useless class will form in society. At the same time, a certain
group ofpeople (perhaps already androids by this time) will get access to technologies, tmthe ma
agement of artificial intelligence programs and will determine the future of the second World on
Earth.

Throughout ages we find s teantthenverkstofsnany thinkers.st or
These views are characteristic to the philosophy of Heraclitus, Plato, Aristotle. Beyond them, O.
Spengler, A. Toynbee, L.N. Gumilev mentioned about the patterns of changes in society in their
works as well as many otherstinguished writers, philosophers, scientists.

Occurrences and prognosis of today resemble the industrial revolution that accomplished a c
lossal change in the European society of thel8th century. Viewing the aforementioned issue through
the prismofhis or yés <cycl i cal natur e, one may state
verge of change, witnessing the supetustrial revolution: advancement of new technologies and
of therefore fundamentally new thinking. Just as the industrial revollg@to capitalism andm-
perialism (Nehru, 1989), by changing the outlook of people and the system of their interrelations,
Humanity is to witness the era of change caused by the symbiosis of two Worlds.

It is possible that some countries will choose theaist and antmachine development path in
order to occupy people with work and meet their needs, based on the humanistic ideals of equality.
Or, they will give each individual a certain amount of resources for survival and satisfaction of i
mediate neds.

On the other side, many people may prefer to live in virtual reality in future, and then the most
soughtafter specialty will be designers and creators of virtual worlds. Indeed, already novd-accor

ing to sociologists, the amount of free time overghst 15 years has increased by 4 hours a week,

but 3 hours from these four, many representatives of the younger generation are wasting on video
games. (Harari, 2015) Such is one of the metamorphoses of human existence: to spend more and
more of freetime n t he virtual space, turning into am
constant game, who grow from consuming the cheapest, mostly artificial food.
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The author of t h%emdak ydMghibsbpher Bério Baleg Iommer,
dewted his life to studying humanitarian problems, values of civilization, meaning of hum&n exis
ence on the Earth and i1issues of Mankindobés de
statement that Humanity lives according to the wrong laws, anddined changes are not started
now, then it will certainly come to its own demise, moving with the same course of technocratic
destruction of the planet and turning people into soullessatiots.

“"Our view of the surroumdiaggenéeéealdiot ando-i medr
tire science. We have lost the connection between us and the world around us, lost the adility to r
alize the uniform laws that govern the entire Universe. At the same time, we are diligently brought
down by a whole steem of completely unnecessary information, which continues to distort our pe
ception.” (Somer, 2014)

Somer (2014) is sure that it is necessary to make changes to the existing education system and
science, which has fragmented the understanding and awam@ntss surrounding reality into
many unrelated scientific disciplines, thereby contributing to the distortion of the perception of the
surrounding reality:

"We do not teach a person to be human. We teach him to achieve success in the material world.
We learn to earn money, fame, to provide ourselves with material benefits. Education does not set a
goal to lead a person to a higher level of consciousness. In the meantime, people live "playing”,
spend a lot of energy in pursuit of material goods, tryingctoeae the highest possible quality of
life. At the same time, they see the quality of life exclusively in the material and do not seék it wit
in themselves. (...) Today there are a lot of people with higher education, witidgstdiplomas,
but the wald has never been so bad in terms of fraternity, the ability to live side by side, and higher
spiritual values. So what happens? All the governments of the world with their ministers anad advi
ers consist of excellent students from the best universitkshéy cannot make the world go in the
right direction, cannot help people understand each other, cannot make the world mora- harmon
ous." (Somer, 2014)

Conclusion

Photo 1. Aithor: Azat Khafizov, 2019

Only by deepening and widening the highest smtittulture and educating the right attitude to
the world of nature, is it possible to save Humanity in this era of revolutionary changes. Inthe ha
monious interconnection of two worlds, there is the prospect of further development of the perso
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ality and he possibility of the further existence of man as a spiritual and rational being. A man who
became enslaved by the Second World created by him, with a system of artificial relationships and
needsA man who is often driven to a standstill by endless copsiom lack of understanding of

|l i febs real val ues l osing the "triad ef pei
dictability and perpetual race. In a world where healthy life enthusiasm and clarity of thinking ne
essary for a critical andreative perception of reality, are destroyed, not without the pressure of a
vast array of information streaminigom the media and social networks.

Following the next scientific and technological revolution, we need to undertake the revolution
of spirtual meaning. Indeed, none of the most advanced techniques will be able to create a Miracle
T since such do not have the ability to draw spiritual strength from the infinite field of the Universe.
True miracles are performed as a result of a specialfusdistate of Reason. Perhaps this led to the
emergence of man on this planet. And our true mission is to go beyond the framework of the first
World, to spread its natural power on other, not yet inhabited planets, even with the help of all the
technologis of our second artificial World.
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Annotation. This topic must be present in the disaaisof the problems of narechnologies,
which are a new direction of human development. Any tech@gl@according to the law of phia
ophy has two sides of the coin and as warned wisely F. Engels any direction of scientifichand tec
nological progress itially declare only one advantage and brilliant results, which can always be
presented, but the second and third derivatives (individual consequences) may be negative, and in
some cases, and are able to cross out the primary positive effect. So in thespaed the coming
century occurred with the development of nuclear power, genetically modified food, Gemeral co
puterization and internetization. Negative (overcome and overcome) with the participatiomof scie
tists, public organizations, governmentsg ahe positive part of everyday life. With nanoteclorol
gy everything is so, and essentially not so. Nanotechnology is not only interdisciplinary, but from
the point of view of safety problems, more importamtersectoral technology, products that @en
trate into all spheres of human activity, affecting humans and the environment.
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-Sls L OGteW L dzj dzdz’" = B9 jomdatslsy 2.

) stsy 4 otej d3W dzOdztstsBi j C st Bsckzls fesmiskzy Ols! 9 t
Htezedds ff tod yd dzOd3:

-fted St s Odedd dzOdztsdzj ¢ Otefmils o, ZOdets € sfd3zd sd € d,

-fted oMW ddesdz S tsdzls©OCIsj M B Istseo" d3d 4§ toipH d3j IsC
sBl jJ S d dzOdesyOmlsdyr .

| 4 Bdetse sydmdzj dedz” §, dzj MdMisy gdz" § dMmdzj Hise Odzed v

ydotslsdzy A d My o fQ sgsdzw ¢ Is fH j zOls! fdzj HEzs h dj

dzj sBAsHdBs EZydlsr 9 Ols! :

-cOL sotsy Mk dj dzedjy dzOdestsBi jCIstse o e OdzdL d
B dzj dzdv, ddzlsj delfdo desils! Cwlstste’ 7 L Oadfdls tsls ¢ sdz
-dzOdes 5Bl j CIsk? flazg 5 sdz®® Of dzd o Ols! MW o e OdzOR

CdzjIsSd yj dzsteOdz dzets?2 d §jtedWjteduj MSts2 dzjteo dzr n
f sySs On)

] dzgzlste! ydoets?2 CdzjlsSd dzOdzstsBi jCIs' fotsded S Osls,
Bsckzls:

-9 L Hsjpxsfg Ols! O MsMlsOeadwves hdj Ydoet?2 CdzjlsOd, dzC
ydd OClkdedz » yoOfglsdy (tOHJSCOdzr , tOLddJyds j Wistcd
-ftosdzed C Ols! o dgzlste! dBJlsrtsdgHted? d BdasSdtotse Ols!
-9 LT 90! ftsetejyHJjdd ] SIds, dodfB SdjtstEp Ols! OCIsd o ¢
djte! jLdzsMIs! fHtosBdzi 3 G OMdesMmisj 2 s § ted d3j dzj dzd
otej BW RBdseddsd kyjde &3d d tBh jMise jdeder 3 HEB W Isj dz
HdIls! MY j yd Odhamztxzologyiz tc tz@tlz? ff tctsB dzj B2 L 'O2zd df@fp s iy w
skls LHBteso ! W wz¢, ¢cjdzsMmsots 5 SrtcOdz tCtolkzy O
tcONCGd Htokzedj. 1 t(fimMdd d MOBO dOdasd dzH zfptcdwy
s s, MdMmilsj Bdesets Cdzlstetsdzy dzOH 1 Iss2 f-Uc® B tddg mizjsp O
C dzOdz fsmiskzf OjIs Bdse syd mdzj dzdzOv dZOdestf csH L yqw
sd¢O d Ht.) doB HyBRBEFEY BdzgjcHf tetsatsHdIls dzd C OC 52
SBrSHdM®BO M jydoOod dzOW dzj L O dMmd BOW ) dgedpdatods € ts
destecdzsd3 kZtectsodzgj d tOBtslsOs hOW o tWORBE O M jydo
hjMmlse j dedztsdz € s dzls tets dzj .
f B dzd ¢ SUSERAIEVSCENIHRGNRG, O 1OCY J [ i HEZRZOWGEH d' o
HiNlse O IRGGHS O BROODB cc. Glyjl' § Sudesifidss d ol @sfisy Jdixgj
dz' dzr 7 HOdzdz" = 5 YtslsjdzydOdz dgr = tdMEOR o dOdsls
s Mdr st ftesotsHddzdm! dhmdzj Htse Odegdw Istsgzt €5 d
fteddydftse ttOBtlsr dOdstsBi jClstse .
tctsB dzj B3O dzOdztsIs s € M d Y dzts M ls dB @Sy, | loy Isksi HseEA Bfrpifvusdztshiiyls -
wodzw jIsfipw ftesMmisr &3 f jtojrtsHESER Bl IktsCidydatsmlisd
sjddY ¢ dOdsdiomhIlsOBOR. 1 teltstew jdid, vyl dzOdzts
greduElBd uj MCdj Mmot2Mmise O,ls Lo duPLhdgjjte (izj dEsS@E Ctisls
dudmsédn, Bfbdujmsdn®i s @xpd eifUd NCifats? flo Odals
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Stsdz? €5 Bls tOL B O dOdesyOfmlsdy, des d s dr 6] B¢
dr BttcOdzdL Oydd o dOdtstsBi jCIsy .

I tsdzj j, bds®Edsdui MEdj ojhjiMmbseO, dagj Gteswe dvis-h 4
B tedets? Wstedzsi, dBsekls jj ftoswedvis: o Wisttdgj - dzOdzt
tccH o tB" Yydes?2 Wtstedzy ftesweodzwjls bsChmdydsmis: o
] sHisB d2OVW Rl eBEHESEIJBG f SCdhMdOkd &j lsOdkzdzse (Isdls

Heobxoauma cuctema HaHOOE30MacCHOCTU U
cepTudukaymm npoayKUMU HAaHOUHAYCTPUMN

PazpaboTka MeToqonorMm u
CO3AAHKE CPEACTR Pa3paBoTka METORONOIMM K
Paspaborka meroamyeckux nacHTHPUKAUMK W COIAANME CPOACTE KONTPONA
ans onp oGnapywenus nencTENA ANRA OUSHKW ABACTBHA
NOKANKIAUMMK HAHOUACTHU B TEXHOTEHHLIX HAHOMACTHY HAHOMATEPHANOB Ha
OpPraHax W TKaHAX HA KHBLIO OPTANKHIMLI v
T )
CO30aHUE HOPMATHRHO-
NPaBoOBOrO M METOAMYECKOTO P aspaBoTIN HODMATHENO
obecneyeHnn CUCTEMbI o=
PazpaBorka mOpMaTHEHO- 6030NACHOCTH B NPOLECCH METOANYECKOTO
METOAMYECKOTO
NPOUIBOACTBA, OBPALIOHMA obecneyeHnn U cpeacre
ofecnedennn u cpeacrs J KOHTPONA COALPKAHNA
KOKTPONA COROPKAHMA W YTHNU3AUHK
HaHomarepuanoe 8 PO HERGIACTH B TROYIIMM
HAHONACTHU B NHWe, (nuwa, nexapcrea,
NWTLEBOW BOAE, BO3AYXE / I napgromepun u T.4.)

Coapanne Uenrpa
MOTPONOrMYECKOro 0BecnoYeHun
N0 HaNPABNEHHUID
HAHOGMOTEXHONOIMMK

bolsste’ ©BEGBNON j2 ©OBBIT (5 (sedjdj ©dns

1. 1. [eteLdde Meddsdelzes s dd3j* " d2Mmy o ddtej +SMmYjted
LWW iSOz dZOdes yOfmlsdy d dzOdessBi j CIsso:
-ssC M ydes Misils € Balafjdds tcOydd o Gtee OdedL o3 2O dats yC
filsd;
-ssC d ydesmils! L GO dpfsj fitplsts A W Et€ds" dzOdets yOMmisd y;
Islser]q’udzisfr]lsJ LOadMmdls tsls dzOdetsmdMmisy 3" , o Ctslststcl
ss¢idydesfils! dOdesyOfmisdy o Mj, UjB BIStesyoOmisd:
-dZOdztsmCDfr]ls.)dsJHdzf d Hdzw ydoetlsder » d Hdd&v tcOfilsj dad 2
-fOSIsdudi MSd dails HOdzdzr =« s otBLHJ2MIsods dzOdzs
1 CsmMdmisji g3 C0O0¢ yjdsess, dqdd O fsfbkzdkvyyds CO0¢ vy
]l dzOfmlstswh jj otcjdBW o Bt fHftosdLotsHdISMO 2AMO @z tk
dmMf sdz L so Odedw dzgj tSHddz adH dL dedm dzij BT dz L E2yd
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TpeGopaHHS K HAHONPOAYKILHH CYIIECTBEHHO OTIHYHE OT
TpeDoBAHRA K TPAAHIHOHHEIM BENIECTEAM, MATEPHATAM H
NpoLeccaM 00 CIeTyHIIHM TIPHTHNAM:

OTCYTCTBHE ¥ OPTEHHIME 3RO DUHOHHD ClOpMHPOBIHHGH
CHCTEMBI PACTIOZHOBAHHA H HMMYHHOID OTECTH Ha
HAHOHACTHIE. MUkpogard He “BHIAAT” HacTHILB pasMepa
menes 70 um, CHencTeie - HAKOTIEHHE HAHMMATEPHADIDR

B PCTEHHAX W HBOTHEIX H NEPEIAYA HX IO NHIIEROH Lens
B OPraHHIsM YeloBeka.

Yeroi4HBOCTE HAHOYACTHIL K DHOTPaHCOPMALIHKA,

A KYMYTALHA HAHOYMACTHL B
OpramdIMe Yenopeska

OrMenTTeNsHBI CTPRCE B KNSTKAK
MOATE, NOBPCHICHHA KISTOMHBIY
menbpan w JJHE

OKONOTHYECKHE W MEULIMHCKUE aCTIEKThl “HaHO -yTPO3

COoBOKYITHOCTb (haKTOPOB, ONPEAEIAIOMHUX PHCKH YEJI0BEKA,
JKHBOTHBIX, DACTEHHI H OKpYXaroueH Cpeabl

IIponyKius HAHOMHAYCTPHH B BHJIC HAHOMATEPHAJIOB
Pa3M4HOA CTPYKTYpHI H COCTaBa

O6bryHas NpOAYKIHMA, MOJYYCHHAA C HCNOJIB30BAHUEM
— HAHOMATCPHAJIOB B KA9€CTBEC OCHOBHBEIX M BCIIOMOT'aTCIbHBIX
KOMIIOHCHTOB TEXHOJIOTHYECKOI0 mporuecca

[IpoMsineHHbIE OTXO/B! H BEIOPOCH! IPH PeaH3alHH
|— HAHOTEXHOJIOTHICCKHUX MPOLECCOB POMB30OCTBA
TIPOJYKIHH HAHOWH/TYCTPHH

HamnomarepHaJibl ¥ HAHOCHCTEMBI, HCIIONb3YEMbIE B KA4ECTBE
— HHCTPYMEHTAIIBHBIX, IMATHOCTHYECKMX M JIEKAPCTBEHHBIX
CPECTB

Onexna, 06yBb, ynakoBka, IPOLYKTEI, CO31aHHBIC C IPUMEHEHHEM
HaHOMATEPHaJIOB U MPOLECCOB HAHOTEXHONOTHH

Inmesas nenoyka: Boja, paCTeHUs, KUBOTHEIE - YEIOBEK;
L MHTaJISLMOHHBIN MyTh: BO3AYIIHAS CPEIa, PACTCHHS,
XKHBOTHBIE - YEJIOBEK

. l1tjHoOtedlsjdzt dz" J o©f aBHT

tdmSd, i OoMmdasmisivt IsiED didsyjlsyd2 delsifbss’' d,?2 ftoj HizB j 4 H j ded

vsOBdZd yo 2.
JfOMmMdzsmisd dOdetsls | m dzlff iz B dzfdzf W Isd
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dsdzj Hzjls ftedL dzOls: , ylbts ot oMmid dBddtcj dMmgzi Hiso C

Mise j dzdets BlsMisBEBCFIsdI stg@&y tqdOdzdL Oyd d. P L Olste(
EtcdHdud MSdars d Msydodz dz » fsMmdzj Hinlseo d2 o dzj Htcj dzd
Hseo Odzd?2 odzdwdedw dz2O LHBtetsO ! jJ Yjdzse jCO d BCtoky O

Clts MsMmistswdadj daj sBRtSHJ MBS figigshaydss |, dzQ ifddfO g Is @lxg d
BdIs! dzOh &z Bh Iz8 ydoeoddzdL Ooydse ; adzd dzv Is ! fzlgyFd3 L C
tcOdz! desets kZtctso dzj 2 .

V. e jydwvdud mcdy tdméd b §teddd dzj ¢

Il 5L disy dztsmils! MmtsL HOdedWw OfMMj BB dzj tstso (8 [ 6 € Mdzj

slzh jmbolzjls Isted fif@xdsto thiipl tatOdlado sHW M d-Mw OMMmj KB dz

YjtjL MestSkz L Oktdkss dO MSOkdtks h o sk ddzj
BOded f ZdzW Iststc O3] ;

-Yydtedt Anddduifm@demenstddsl Ldisdzi SEdz 8 tOMmlse tste ;

-ydtedjL BdtsadBi3dr Mm-Ofindgtsds dzj tettshr ts fyts d3

M ted € mMdzj Gdz,f SO ML HOdz] kdzdoe jtemOdz! dzr = @i dsB
Bdd, d tded dBsckzls Mtesdls: hdqesSd?2 dOBtste fisdzjL o
ter .

( Mdzd 1 Isd fSHABHT BzHEkIs tj OdzdL s9 Odz’ (ftetse dztsL
ftosdmMn sHe©' Mfigasty dz" = tsBi jClktses L c¢cisHEkzydsetse |
O 1Ists dL BB dedls MOB Msotej d3j dede’ 2 Isjrmdesdzse daid MS d 2
Odz' dets?2 MW jtej d 11d¢ .

lted ddzlsj demMdo desds tcOL o dIlsdd dzOdetslsj n dztsdzse dyp - s dzO
MCdd fGwsBdzj d3F yYdtedL dLd3jdej dedv ctOdzdy oL BBsy dz
o ddujddj ftsHtsdy dlsj d dtsfmisd ydLdzd, kfmddzj dzd

10 or MsCtsds kZtcsodzgj twOLodIsdw dzOdetslsj m desdztsdzef 2 tsd
desfils j2 d &BdtedewasjiQL@.j did 24 sy HOdzj S5 dzj B j L §if-OfMmdats
¢Gts k)4 MmMjctsHddw.

l dzdW dzed | dzO0desls j ndesdzsed? dz0 Shdeseo dz' | Msyd Odz' dg

{Isdzj mj 3 € dedd3s dHjdseds, &jHJqyqdqdzlz, wfRrRj-1 Csd
oz f slstej B dzj dgd W .

YyjtejL odzdwded O] A Rfdzthyd g k" f tdd®dla 52 H jIs dzj tcOo dats
d Mtydkzdkor) fsMmiskzyf Olsj dz' dztsj , dzj sBteOIsddBEtsjy dL o
Msydizdiseo. [ yddzr 90 dzr 3 Bsd3j dzlstsds BkzH jIs MtsL H Odzd
Ydrdui Mitses btokze@s g L QakOMid Jjo MisOsd f tsdzd d
BlzHjls ItcOIsdilst stgo sptf sefildiseOL aodilsdw ydeddzdL Oydd .
i btd ¢t d2OyddzOs s dMmf sdz' L s Ols* pw, O Mtcj Hdzd 2

Bd dzzls o Mizls CHO dzd KojOpdatOizsc dd Iskls ftsC0O ded Htod Y ¢
mtstetsh s jMmdzd o dzdwdedy deOdetslsj rdzsdzsed?2 dHJ Bdzse d-
sdes Btsdzjj ddzlsj dzgmMdodes BEHjIs dMftsdz L so Ols' tsdz0E ¢ d
MsBdesMmisj 2, Edzkzyh jddv ¢ Oowjfiise ®&, 3y ¢ O t&® Pl i) &@dzwy
20 fjuyd d BEZHJjIs dzOBds HOI! , CCO¢C -POMGdplHz] ' e @
MOdksBtcOdzC 2. I L dzdCOjls HEOdZJL &3 oL distsy desfyls j 2 ff |
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-oBL sy desflst B Mstesets HBMisdy jdedw JtOCIsdyj M c
BJL Bl jCIsdoadats?2 tsyddeSd ftsmdzj ufmsoad?2 (tedMmCd) ;

-BZ3Odzr j 1 dzjtecilbduimMed) LOItOl" d oi3dded Olss todzetsls
dd 9 cHB®BRONdre kipdgsadist FO&ed Usqg Ffdds dztse  d .
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UDC 654.9

Why do we sometimes go the wrong way?

Golubkov, G.\*, Mangali M.1.%, Berlin A.A.%, Eppelbaum L.\?
! Institute of Chemical Physics. R. R. Semenova Russian Academy of Sciences, Moscow, Russia
2 Department of Earth Sciences, faculty of exact Sciences, tel Aviv University, tel Aviv, Israel

Annotation. Many motorists use the Navigator, which is based on the use of a satellite system
GPS (or GLONASS). This is extremely convenient because it allows you to go in the right direction
without thinking. However, sometimes there is a situation that just upsetswbe @he Navigator
behaves unpredictably and does not correspond to its intended purpose. Moreover, it happens not
only with one of our driver, but with all his associates, that is, the order of movement is violated.

Keywords: Navigator, drivers, satelitsystems, navigation systems, GPS, GLONASS.

t OLecBatste tslsyO® M toj B dz€ 5d3:

-1, O COC o' GPERHddzd tOd "j BJL

Judd fesmiss, Mrds¢. [ fod LsosOdkzdm! ¢OklsOd
sftcOh do Odzd o34 Misdetsy dzOMJ dzd dzd 4 .

-R B Misdzetsj dzOMjdzjded) GRE OL T 9 Ozt 9 O3z f kls' s
-1dls, MBPEESEGHO fMefmj dd dzgj BT dzfs.

-1d dBsyjls BSIOC HQYy @? IsseHO yddzd?

[descdj Oolstsdzse Bdlsjdzd ftsdz' Lz Isw dzOe d e Ols sicts d3,
dZd Csots?2 @GPPMdBEd3 1 [ J1 ded) . Clki dmEdzs ydilsj dz¢ des EkH
LOHEZAG 9 OwMm!, JrOls! o dlkzy dzsdz dzOf @®adpd vzd d &5 s 15 tzC
Mss esttyOjls oatsHdlsjdzvw. 1 OoadcOlsste 9 jHjls MijWw d
Bz dZOL dzZOyj deds . 1 tsdzjj btets, 1t ftesdMranHdIls d
Jets BCtkzyo0shdn, It jMmlss dzOkzh Ojlsmw fSEGYWHEBSE HP

59



v j yhmBdzd zlso jtey HO: s, ylsts OS] MtsBrilsdw dzj we
BOGcdzdIsdzr » BERZtWrn o dodshWjtj, B (St btsdkd
Lisd Bkzted otLdCOsls ftod §osorh jddd Mdds ydzs2 O
Yofisdy! 2 StPtstco O Isfyw  ftsdzdzj ydzr &3 o jlstetsdz. [ dz ftsH
O BHBEBHO, &jddy d Htkzed] Btdjj bwyjd j yOflsd:
Yjtej-85300Mse LIl folbst ftedritsHdls o dodshijtk

l tosAtHY yYjtjL dodtshiyjtDhsds @siny fdgzg B tsts @z

fdzOL d3r . lted {1 Issd3 BSHAdSSCtOIds ddzd HOY ] dGdse st ted
908 ls MowL Odede" § 1 dzj SIstetsds . l tjLkzd IsOlj ddatst
1 dzj Cltetsder d G wdztsy dlsj dz' daets iSO @wizyJ dadz’j df J dias dz'd,ts dad ©© &
fso" hOjlsmw. JLOdBsHj2Msead] { dzj Slstetsdetse ) dzj 2 st
ftcdotsHdIls & Wotkdddetso Odzde Mo jtenW szt 565 ddz-dzlz yJ c
WieOSteOMmdesets. uwwyjdrj uoOmisdyr wj ffifedys tegiQiStaydud,
gLdijdgvsls MtsmisOe dsdetsMW jtor . v OCdds SBOL 5@,  toc
dlsmw dzO0 g di gE€dr Mots2MmMlsea OR. RL B dgj dedw 2+ 1Isd n
Yo twofmMmdssistedds kfmistets2 Misots d tstefOsrdE 20 yfig ¢ MO s Is
ydd.

SOC ©OBBOjl MfBRIIS S OW fdMmls,

o dMmils GBSO ¢ dztsB Odz! dzgOVY M klsdzd S s OW MdMisj BO 5L dy
System), fsLodves h OV fftejH]dYIs! GJjteteOWyj M¢S
MistcOdzMmiseo j, ¢ tdsdEdets jL, O HCARICIs figvL off fiff s d3gsh + 8 Istej n € s
ftod ded d3OIs' Mw fsMmisswdedzts § jted HO® M djmw Mdc dzOdze ts
otcOh Oshdgomw s 12 yYyoOmtser d@z stBdlsOd3 dzO o' Wpsls O
des 2 ddeW sted3Oyd d tstistw jdad jj dzvHjtsls WO qtei@figfits M Zlsdzd € ©, d
d o ydmazv s smw CteH ddzOlsr IsySd 5 LOCtsdz@d 6t
B@BOI! MdedzOdzr BIs dgj d3jdaid Ibtejnmn By O2hdn ¢ daj
CststeH d dzOls dzO f tso j tsAyditssi dsds j \=d dpdedz sz f§ is@ls OB H dzv ¢
sr dz2O0H Ekttsodzj @3 dBstew dzi sBrtSHdAB MdedzOdzr fm ydls
ZO2Hjddzr | Motsd SCttsteHddzOIsT o Isjyjdedj dzi Spbctsc
zdls! MEtssMmis: d dzOf 66 dztizglzded jec OB & oL g §3dzd ¢ 1o O RSB dzM € d
w9 dzW 4 IsHpTV542GHz d L,=1.22760GHz

Il sLded S OJ s syjoadHdz 2 otsftesf, 0G990

l jtcor d3 tsBMmistswilsj dz' Mlseatsds, kZrEkzHuHh Osh dd Istsydeshls!:
Mise j dadets ] tcOMY szt j g Elsted ©CraPs fis. j. d=a 9 Ldod d3dzO
Isj dz! des ftedj d3ded O M klsdedSd tOMYy tsdztsy j dz" dzj HOdzj §
fteslsdodatsdz MdzkyO] 2O oL tOMIsO, Is.

[ Odzj j, ©® OolstsdsBddzy ddzd jhSCtsd3 MicjHd of MsC dn
9 cdzzetsSCdrn kM jdz2 wa, o tsL i3GPRaksdgiststc df @yldj oz Ots cfifdf Azdzcfia

BO LOMdzsdz dzO. 1 tcd {Issd3 o
tcOL dzd ydzr » tsBi jCItsea, CtEHO Bdts ftesdMmMrtsHdIls, tcOdz
ptej W HEBMisdy jdzdwy Htedj d3dzgd SO otsL teOMISOjIs. wdzj HES®
2O Btsdz M j& wOMMssYddd, yYjB O MOBsHE Hjdj, Ukt

dkzh jmlsokzs s d Htekzed] dMmstsyddSd hdes¢, dzOu’teq’d

TQOLdZdl[er: OsdssmW jtedz" = Wodzjded?2. JHdedd3 L dzdm W

fj2yoOf OClkdodsts dLEYOjkMY. ¢lsto0nfoWds Ode®BH MY tisgj jdis !

1Jddzd Ctdgyj dzsteOyd™ MoseBHA 7 {djChktetdse 20 5O

B3d ted, d2O HO O YBBGWHCO. | dstedzOdz! dzf = BEmdzsea dw rn
60

CO¢ ftdzjL dzOY yOfls: daj



sBi jClstse COC Ikktedflr, Oslstdie ddd,

mMMlsakzsls d HOYj] ftjorhOsls dgj ifS sdzr €
s oftsdzdzgj HEGSMIsOIstsydets Hdzw e h jdzdw L OH

Y O
@3
Q@

LHY M) Byl fedesHdls! v Mmdls

GO GPS, COC d Rdzsjtedzsjls, WodvjlMmw o Oy dy ¢
EClkter . woBBHAG 2 d dOH j ySd QO L HECBlSASS j ¢
2, oddwshdn d&O COYHT2 OMTJjClk fMtot] k]

J
fmls
A d
dmftsdz! Lzjlsmw ot oaMmjd3, ls MBIsser « Isj dzj W s
q
9
)
4

TR
(5] EWOW

HOYJ BOdS s®BOIsse. GPS { mak kO jskis tofotsiEaf 1n o t
d, Cdzs yow Mmjdz MEBs] AtLw2Mmbsets, MmMbtetsdlsj dz Ml
ssor j Emdzkecd. [Mdzseods § Milkjorj SCtdi3iizdpgds Oyd
d Mild Mddz des L OadMmwis tsls GP S dgHideYj diOr GRS i «
dz' ftcjHSlse GO OW stcOdzemtf stelsdz J dzj mMyoOmlsdz
MOl jdz dz" &3 OB BISOd, EkMitttwjls HBMIsOs ¢k d+- ¢ Mists
dz' = BJHMboad?2. tjihjdedj dBdetsednr dzOMmizh fias dedztizdc B C
OQolstsBzOIsdL Oydd cEttesHMEtsets IsttOdemf stcls©O) dzj o 5L Ay
GPS [ dz20 wodzw jlsfqw Y dL dzj dedets © Oy dets?2 HdzvW fdzj HEz® h j
Ylsts Hdpydes M tsmMtseMmMlsoso Olsy ffsorh jdeds B j LA OfMdzt
M s desMisd oL HEN dzsets ftetsMistcOdzMmiso O, O HOC y
Yy mé&drs L OHOY, sO¢dr C0O0C ftosedtsL qtetso Odzdj  5Gt
sCtolzy O h j2 MmtejHT .

SEEHO d $OCd] dzOtkh jdd™w GPESdMESHW IS

uff sdzls Odgdg'dzjj dzgf v OCIsde desmisd & tsdzdzy O, 0 Cdzs yow oy
LdzOYydlsj dzt dz" dz tetsmistsd3  dzj ClstetsBOG dzd Isdesc s disezkz yJ d
dzr 5 oL gz jdedw s dsdetsmW jter d o jterndzj?2 OlsdiiefW jter
dzj dzd 2 b OCdn Vet &My dziB sd CPIABILs I9jte tshfdsiylsijjegzd d i
otses MdedzOdzO s f jteJ HOIYdS O Hts ftodj ddgded . [ dac
Cs?2 OMftesMmMistcOdzj dzedv MJde dzOzO, Is. j. tdz Hoa @y J Ismw
Ckkdzj. Clbts volzjEHfde TjcdptsHsdsdzedtetso Oded™w o W o dzw
1 dMdBsslstew dz20 o fMj EMmddzdw, Clstster j dzj ftcj tcr o dzts
tt® L O f cdizjdzjlds,j Bfgdetsets  sded 3Oded v ftodtetsHT 1 L
sdzt hddelso © dL dzfBdeE@RIst. dzj sdzjj s, o f dzsls!
frjdzJHiss)Ols,jdch ftoedH jteydo O Isqw oW s ff totsistEf-0 54 t5
fls
Y

¢

NFx FSHQ I 0O
Q=0 NFOANS § G
w@r—p,'d NI 0 ==

cOMf tsMistcOdzj dzedw MdcdzOdzO dzj L di3d dzdzO j 6O«
szd4d3 Hdzd dzr 2k Isedj, ts g jOLte oy S SRdzss f Isd € j . [ H dzO¢
OLOIsjdzt fMlse sOSCtsets o jHjddw MdedzOdzO sdad dz
j h g dzdw 415152 WikdzH Od3j dzls Odz! dets? ftetsBdzj 5" IstejBlzjls
dZOf tc Oo dzj dzdz dzO o ff) b dndfilzj Higd gz O .d M Is d dzdzts 2
s tots o3 &BtsGtﬁsP&dzOfa(ﬂzfﬂlﬂﬁdz,Jsfr]W d Httkzedy dajftedwisds §

ZOdetsdzj j of 1 @by OV dSMdiese Odets kyj dz i d L
sjilO (dzd). Irwihdeddztsm' , ybbt M tsiissd ktothe dv d
tcOB tsydn L1 Offplyf tizlls dzd € ts 0 s@APSdz@ idzy wk® j s v Mistetse O ff s
shdzOB dzj dzgdw ddzlsj demd o desmisd §ted dzd &3O d&3F = M d € dzO dzts o
sjtedL zj Ismw slsdetsh jdzd j &3 Md e dzOdz / " &z dR) [ 1] . g ko
oy Cs5j fOHjdzd] Blsdetsh j dzadw MJlg.dzOldacd " e @3z'dzld) A" jtadg tskZ
Bsh dsmisd o Bh 28 COtelsd dzz ff s € dz¥ QLY s M 5 o HoJ lxiE(tg
GPSdzj dz' LW tsBi W fyjdad Is! otsLHj2Mbadjdd h qetsC s t5dzts iy dats

61



dets @ M Bk dsG SteOL HEs d3j dz? P j " deddzr §sdzshmr yYofistlsds
stster 2 o ddzsjtoOdzj I 2 Ht 18 iy “odwjlfw ftC
MstcOdzdzts e 5 W o dzj dzgd W o3 Hqu@ dzd3yj, SBGEGHO B
CobBuzo' j] Mots2Mlea® MtejH' GPAMYteshisteOdzj dzdw fd
0]
¢

0 QN

l st jc Olsdodetsy WodzjdedjJ MmMoweLOdzs M Isj d3s, s
sBh | dBcekls ol j ftedotsHdIs! ftostf OHOdzd W o3
sets otcjd3idzd. v OS f Btsa®uafm id vz dcj dzg 3 o BBY tod
MlsOdzydwrn Ctdstesdzv M ta@lsted ¢ x4 ta daj P sias (it B10tc
swptgw 2011 EBHO d&jyHEZ 03.00 d 04. 00 HUSC)oe M  d3c
dzOB dz¥ H Odiafydzlz IR 2 B GRS Midtiglksjdaz's dzso dzOV 1 & Bis@EL Isj tcd
sOdz? dzOv hdBSCO ftsLrdydsddtetseo Odzed™w HEtsMIsd e OdzO tsls d3
dzOB dz¢ HOdzd MBIstelzH dzd § dz dtB fif b teceOQ leftsitefd' wOdsj Y dzd j +
M dzgswetew 2011 ¢6BHO. SistetytfiABHNO dzdW Isf)yd ded2@ dz@ Of tsig o W Lk
01. 00 desyd [2]. wdcdzOdzr dzO ftedj BBded S MY BELEOHJY
oL sdzls Odz? dgOv tsh dBC O ftsLdydddtetseo Oded™w L Hjfg! IO
MeOw ftodyd dzO { totGPSDHaCEJVIS fifryd cfdEO=thdets 2 d Mo wdi- © dzO
BOj Bs?2 YoOfMmlkstslsr, Ctltster 2 o' atsHdl L O sz ftod

[HdZOS s OB Sdr M jj o ded d5Odzad § flctafjolkkinj 2 jOckdsij firth o |
ded § BN dets ) ISHESAAQ] f de@dp@Bded € o Y JjtedtsH §fsedh j bt
BN dzts ftoctsH | IcdemMistcJtcso Odzts o " lsj W02 dBsadd Yo |
s isd BRIz dsAzdzscts YydidzO IS OL o dzO ftod jEzded S Jj
cts oL Bzh jdedw 15 dedzw 2000 EHO, Clsister () tsB
R2Ov Mmdddd3 yojlssd3 (dzlsj dzfd oGRSHts ' ts IYf dets "z digPyj dsts ¢ tisls i
dqdzls j dzlmd o desmisd Mt MEzlsdd O ko jddyde Ojlsmw jftcd B d
Hjdzj dgdzr » EmMdzsedwrn ftosdmMrtsHYIls sOCd) 45 df oy OH C
Stsd3 d&zO0 ctcOWdE] MftcOoO® o odH] Myddzdvyyd?2. [BI W
Mde dzOzse Ooalstster [ 3] dzgj HOdzd.

10 ffjteoar 2 oLedYH MCdZOHT 9 OjIsmw off j yOlsdzj dzd j ,
Ldzgjteddd. [HAdOCE L Istsets dzj jMisy zIs woldw | &HOHY e wz® ¢
ddzstedets?2. 1 yYyidd 34 ftedyddO IsOCsects ftsojHJjddw
dzd yj dedwv d dzls j dzid o dets M is JGPHA3'f totisH "OH @lsigd dr  disfs| ¢ adgOteiaidj d3fr
BEZHjd&3 M o0k Bsdzj]j ¢ ZzzOBREBEOBimtazds Glst v o gzjcdtBH

S(t), a.u. :
4001 :
300 | P P
200+ ’“ﬁﬁﬁvwﬁ . :
100+ .waff”ff‘ 4F ‘ .

0 il | iquwl‘ 0
18 . 20 |
UT, Hours

tdfm. 1. 1 Oodmddsibk: ddas] deid o datsfls &Y e Qi@ ¥EE © 1L &0
JHdddykz otj &3 dzd .

vsOCdds tsBEEOL 53, O Mmdse Odzd d tc Ofr)fd3ts IsotdsjHdzdz" & Is &
s dzdzj ydzOW OCIkdo dzgsfls: WwWodw jlsfw tsiERS o dated] i teix] usd o
Cd fsrdydtsddteses OddwY, Is. j. boydsmisd tftej Hj dzj dzd
fsorh jddw OCkdodssMmisd d §mdziHkshdrn o&O®ded lsuds sy
2O dzgj Byjder EMscOdo Ojls.

62



tew d3r § dLijtejddy f fodshs ¥ BOdkdadhisduimMidn tC
f ¢ 0L Odzd, Yylsts MmMdzs?2 Olsdismw j e’ , GHY ftoj B®BEN j Mis:
tcOMf sdztsy J dz dzO o' Mtslsjy ls 60 HE L OO0 sS8dgOEROH ¢ 6 dz
dzOL " o MjdBE Mz d dzdy dzj 2 dodesmW¥ jter ). t OHd 5L Ofs ezj dzdz’
Bsh '8 Hekrh MsBh O h damw d&jyHE Mt ddsEEHastcs d
hjdeddd MOdzsd 3 steso ™ 7 fg® iz iz B lsaafct@E Bjic OmINREc 5 dL
sB dzOMis! wWOHdSIsj dzd 1 j d3dzd

]l dOmlsswh jj otjdw, WdLdyj mMSoOw dJdzlsjteftejlsOydw
¢ ydtsdzdtetso Odzdw M lsdzd Ctsor 7 dzOea de Oydtsdzdzr = fMmd
woosBl Winded dzdv L lsda W oelsi],dzd QO S B qeESifidas] s Y jfn dad
mMimr edzdwels dzO0 wOMf tetsMistcOdzl dzdj t©WOH o sdzdz 1 Ists
dzO dzd L HOdgdzr = 1 SMfJjteddsd dzlsOdz! dgf = dMMmdzd His9 Odzd
d IisLdydsddtetse Odzd v W tstc d3d tetfztg s Mts H WAOd & Y@ jnts £
Wittkz. JftcOo HOdEMIS! Il Isses 9" atsHO fYWs-HIso jt
Hy tC0OL Odets, Yylsts o Hdzgjodes] otcj d&3¥ js" dB S
fnlsaszdztS &zZzO or MslsOA, BB3d dz2 hdr 110 @GHdz Al OddjStskts

Hdzj d5 § Stew 1 SOUN &R}, BGs dzj j dzts Y dzts 10 fipdsd ] Bw S ts6 65 jidsls o | dzdat
fsE"HSCO dLBjdvs My d L OMj dzj dzdisidsste jtc dsiestg @acksroldmi§
60110 Cd3 zOH o jtendasils: 6 | jdgdzd L O fMujls 'f-5lsj to
5Olsj otONOlsjd desets otsL BlEYHJddw Ndzf2 I€tef@ciBp s Odst
Ylsts  dzO ¢ dawjrdglisiziflstists] toso Odzts dz0 ted bz dzS OF 2( O, @) , o
fdfmr o OAs NSPA O,, GHj AdeotsdizOy0]jls &dldz ¢ & dh et is
O, ddzd tCIMQ ,0LBIH | Lo jLHtYSd drn o' MCSotsL B Iz
dzr ' § Mot2Mmlso O, WL Oddz §j otsLHj2Mlsoads dzj 2B&Odz d
dzfs .

g
T w
QS‘”

8x10°

T =2000 K

7x10°
6x10°

5x10°

4x10°

T =3000 K

T =4000 K

= 1 - I I I "% 31 "1 "1
20 30 40 50 60 70 80 90 100

n

Population, cm?

3x10°
2x10°

1x10°

63



2,5

T,=1000 K

2,0 +

1,5

Population, cm?

1,0

0,5

0,0 — e ————

tdfm. 2. 10edMmdddshls! L Ofyikkixeeip D, stsd & RiZOte dasasfisS o An OUzls ts 9 15
Hdzv OL dzd ydz' Tedls§ Blzitfp @b G EBsdise d f disls dzts fiylsql0tdgdd st Oz o
sz Y02 (0) MmMbtslke jlMisolzjls Hdzj m=dibfigsE o tcj d3j dzd H dzw

iz 402 (B) ko p g dEkdstpimizs o3

dzd % dzj 2 dJUizEOW § B dz20 f@Ej MBI { GHS O
Jdz dets ftotsH j d3sdzMistcdteso Odgs dz@ tdmMizdzC j 3,
OQoddzd EMmtej H dzj dedzlz ¥ L Oo d ) pdety igdg “dzd ts IYf dztsthj Jsd2d v
j dedzts? L S tshddsHtesSRBO zeojydd Ht B Odzddmisdy
O 700 Cd& stdbtesddtlz] OV yOMmls' {I8EEE &
s
q
¢

&
oy

L]

2 LOSCBdyd azinpw dzO o' MBsls j OIS S dif tc H Hag A3V C
sMisOdz! detsy otej d&3W HodyJdedw, oCdzs yow Mmis
fmis dLsBteOY § dzdzOW 2O ted Miz dz€ § 3, s

Cslstster 2 dzO ftetslswy j dedd o Mjoc = jttadsdd S0z
dddd. 1 {tIdrn EMmsesdwrs dOyoOdzr dzr j d ¢
d¢ Emtej Hdzj dzdzts?2 L Ooadmdssmisd tsls dz
dH IteOf jydd. 10O {fojrtdpsisir 110200 fi
Yd dzo ! sls 2 HB 6 HI. 1ted 1 Ist
sdud MS&d doj dL d3j de¥ czOf! o ff dzsls
sslso j sdgBy@dz® j P tsdzjclg @34 da j © B Gzy Jr
s
d

0 It o R

er
0
B
o,

5§
@

IQorn= Bo
NP3 I gosgoIaE P32 =

9! EfOdzs Hts dMatsHdzs2 o j dzd Yy
CdzZOzO BOdts dL d3j dgv j Isfqw ,j -O dzO
J Mdedod/ " zEndgo fiddedsmlary I iyldgds fipt
©@ orfMssOR, ftjorhOehdgn 100 ¢
<l J

J

GgNgIeozzgs

—
=

dedzr 7 OB S MY j toed d3j dalssGdz' dz' -
Clste dL dzzyj dedvw Mmtsdzdzy©® o d dzls
jasdzdzy jIs dzO o jM! ddelsjtco Odz yOfmilstsls dz- [ H daC
OCIsdo desmisd dzOB dztE HOj Isqw dLBdteOlsj dz2 dzgOw
M Hdv LqeOMnstizOyOd] bkdkjd h0jlsmw tlsdtkh j dzd j
dE@BBREMC Oy OjlsMw fjteor B [Odkij M shssd OF
etk 1 0d&jIsd ds, Yylksts o 1 Ists?2 tOBsls] fHtedo jH,
Isj otej B dzdzOV L Oo dfnd d3stsfls! idkts "Gdaty floyd Y dieed dziA s
dffzj ydets?2 OCIsdo desfylsd .

64

-0 0O GTHF- R F B O
11
@

o
: 7

Um<I%H&QQ LoIgaxT QKT H

B

g gEIga
» o
@ o

FOO %+

3



S/IN

i F .
_J L

0 100 200 300 400 500 600 700 800 900
t,s
tdf. 3. [ldzsh jdedj MdcdeOdz/ "zds o L OodMmddsimisd ©ls ot

Clts BLAEZOYOjIs, vyt Moddzj ydesy dL dzzyg dedj ezi Bsy
Mlseo jdedzes d WdLdyd MCOvw tedyd dzO ¥telsiAy tdad Jv  fipasvinus B dkts

fsefise j dadgsets dzj St5ejtej dalsdesats oL dd Wj didA Ofeaf H B j 1
dzj tOQo detso j Mdets?2  dzOL d3j € OC MtcGREr  stadidf jtc Sits &© dzj
dWteO2diiseo dyoO [ Bl dzipd dedzih)fislsd lﬁtdm’dchd304d313c13 md 6 dzO dz(
Csdzdyj Mo © MmMetsjo, Is.J. fteddddBoj 3" 2 Mdc kzB®dz tsksd
HdIls! s dzj ¢sejtej delsdesets dL dzkeyJ dedWw wtsdzdzy®©. U OC K
ssdz €5 Isj d3, s tstc jiods dfOsizmedgstezizy o sL Hj 2Misady Miej HT
Coltstesets o YtsMmdzjHdzj j otcj BBW ddalsj defdoe des d imfdzj H
L dzj Clstesd3OcdzdIsde’ = o tsdzdz dzOfmzify B J BF so MCdm yoOMmisdy
sO0Cdd3 BBtOL 53, dosd 4§ MW  HotOy HW sdalfty ,  t€ tisldsdsatets tg § Yo
OLGEdZVH dgj Mso dzgj Misdd3r Htoke M Hkzetsd, ©OC £O0C
tcj dzglsdzr d@3 Mo jIsser O3 813LHJ?ff]|SSCde3 tcdHB jtcegtsamMCdn

sfrlsOn dWttO2d@Bsodyo® [ 3], O olt Bjiz@ﬁl;fnt{z.ﬁ@gtstsumjﬁ
O MdCPERORZtckzecd BB Mizse OB, ¢ jtoj OB oL dd S Oj |
Ylsse" MowL Ok! otsjHddets 1 Isd H9 O Wodz;dzq’w. $6-Htickzg
GdzOIdzq) EPRdzwsd My sbd Ifd
terndetsfyls ¥ 1 gdzd) , WL

dzj § Mmddz detsy dMECONJdedi Mmd
ter (dedyj 110 S5 dzOH 59§
sBi wWdzed s+ .

tduBjtetsamMEdy Mismilss¥Claddy 20 oQdGHEEs frivdififdsid

Clsd Mmisswdzdw detcOels BftejH]dzveEh EZsdzOaf@®PHt o HJ G
Bjtedsodg@urdedOs sfmw IsOCdj o' MsSCtsoatsLBEYHjdede | Mtsfy
tcOMf sdztsy j dz eoBdZdL d cGteOdzedyr dtsdzedL Oydd d J-OtOCI
HS9 Olsj dzt desfilsd Etsodzgj?2 1 dzjtecdd, MaHWhgEmMw d ¢

Bsdzy Czdzr tsBAZOHOE Is tsSHdzdd3 oL BEYHJ dzder 5 MdzOB tsfyo W
TOEOCIkjtedLijlkMY L dzjtecdj? bktese dv fndL @@rErT dis af
B dzZssdiz S HAsdd | dz dzts  d s dzdzts ¢ tBlzj 8 ) s 8 @s.dz! ¢ dfj3d ¢ dzd
Bsdi3j dzZs ORd dzfl (@B igOlz tls o' tesy Hj dedzr | Mslstsw dzd v
MsOkdMmisduj MSd &Odetsdjj bkhmss2yde’ &g, §smssd: ¢
Bisdz i ©OMMisswddwn sk dodkscs sihstse O.

65



(OHdB¥dLdSd motshts §oddEOdd, ylss Hdv L E¥jCid
@Odr dzj sERBSHdEO KOCOW MjHO, o SCclsts? SEOMiS
dzOdzde’ &5 Y5 tslsdetsh jdeds € @pSnizh Htg] MO b fp teliz® - Mi§ Gl
flso ORJO“sle OFiH B j e soMCdj Oltsd ( &sdjSbkdig- sOC

Mstswdadw dsd EkB'M 9 O ls M thsfr]lstsdjl(ﬂﬁnbadqlsmdeCQmemslstﬁsls
Mtsslse jlsMisokzs s Istsdz' Sts fjtejntsHT By BROKdEBlSisEEg
LOMjdwelsmw o dodsmWjtcy ofMmdzjHMmlseod] dzOdzdydw fMmisO
yddzj BOSCMIdBOdz! dz" § L dzOyd dzdv G dzOozt ~2 C®.Odddtsio Is € d3
slsjLO tsB dma EZyoOmlsdd COL OdkzOM! dzj MtsMmistsWisj dz' dzts
O dfsh + fftedh jdz ftesyj MM twOmMmjwdedwy tedHB jtcese ME
JHT, ftedotsHwh d?2 ¢ Westtdddtetseo Odzds MtsMmistswdzd?2 My
jCles@Blstster 2 |ldPj oy Gj Holw Okdlzj e dd bktctsods 2 IsO
odMmwis s o j &z sdet deBE ) B BMY B dlsOdz dots 9" Bk
d MomMtswddwy woeodwe lsfqpw MlsOIsdMmisdyd MSd dzOHB sdzj |
dls tMdeso detsj ' "odeg 3t O ffdQls BMsddef W 7 tsls s dedetse s tsfists
fteslsj COjIs Br Mstets d wodzw jlsw dzj sBtcOlsd i3 Bis- C Ists
tcOwW Bjtojls dzO Mmjew yoOfmlks: {§Mmiskzyf Ol dz@ des?2 1 dgj tec
tcOMCtcr o O M j det®Odas elatz’'? dpjejlsi ', detclkz o tsB' C dets® g dzdgr 2
O s btejlkzetsd dzgdSkz hOter t©WOLdzj IsOs Isfqw 5 Mstsdzkz
1 dzgj eedw yYyOflsduydes fsedzsh OjIsmw MESdsd. [HBOCE o
B" bk Mmdmbpgfesdgpnsad), . j. fsyjmmn wedvjlsh
dzow Mmdbbkzoydw ddi3jjl djmists d o Olbdshijt].

l tjLiEkd IsOIsj o detkz ofMmiskzy ddd dag20sdd " d\ylstE daP o &l
OB dzzy dets. 1 tod s B3ste ®BL dedzy ¢ W dedgi Wiz 2 dzdsdAp € & €20 dzd
LOs I, d MfjSkte L &zyjddw §jtejmMlsojls Lloofdjig ls* t

BihdoOdedy fteslsj COjIs o GOLBaﬁOlzfr]fzﬁeJHmlslsfr] friftsobstisle dp st
or MO dzOH (o hBAREMISdE (sjedfdsg o jd3 + WW jvCds d o dz
BBz MeowL Odedz" 5 M  dzslsdesfls: 8 MtejHT , WwWodzw jlIlsfqw [k
tdHB jiE 5o MG A2 * i3t dgfBnlpdzr cay jBstesa MCd2 twWOHdEM)
CtcO2dzj?2 Bitcj, BHAO dgj 2IstceOdz’ dzgOW dBsdzj S 2dzO € d fydzts
ftcdotsHdIls ¢ Wotediddtetso Oded® d3dzetsy J Miso © Lkictey Bzl so H
By HE Mhisswddy Bd ¢GRS -1 dpsdey 6> € tsO daddin® gz h |
sOdz! dets o' tetsy Hjdzdz" » tdHBjtesoMEdrn SR dzj CMse
ftesdmMratsHdls 1 WWjiClsdodetsjy Iskh jdedj 1Isdr MsmOsw dad 2
ssydets § dzslsdes?2 Mtej HEsS2. RABBj dzdets sOCdd3 tsBcOdgsdz Wt
sso OV McjHO o Olsdsm jtod -4 j iz " f ds@dzdsit dzQ@izd@v jsis f
lsOdz! dzf &5 ftesy) MhHGdd HiMS EDHYEL S OBRsSMI Fetzs j b
dzj cOlsdodzr &3 5 Blsdetsh j dzgd 6PSHy Mk IS sots?2 MmdMmisj dkd

)
s
1
L
¢
H

1 JIcOQodetseo j MdzOW Hoeobkzrnls] &3 j cOIskztcdzOW f dzOL «
MMmistsw dzd 2
fiJtcdsH" Mddz dgr » ¢ jsBOcdzedlsdz" = oL BN jrdagd 2, ¢

I
hjC 2O pistetegdMosHdl o' Blesf JodsmW j tedzr D fdztizg S Is te
pjterndzgj?2 ObdsMW jter 1jdkdzd. | {Isdr bkmkssdwh 6Bt

tj CtsigB  &ZOYd 5 dzdzgOv  ZOL KO, o C sLIBEER Was isdgd tziz j
dzj tOo dztso j Mdzsj MsOYydsdOtedas] t0OMYtejHj dzj dedgs- &5

66



fozjCmse [6]. RAE MitcdsOdds] dLdzyjddj §(tsdmnhsH
sjteBcHd OB U MSB] tOodse jMdj. uvOC CnYeBO B datf jsdzl

MtcOo dzgj ded ¢ f) Cdpy] dEsteOY .2 LOBMHISEL detstz’ § L dgjOdpjiscidyy
Mtej M dzj fesdmMasHdls. | dv dsyBaBipdzav H dy GQzsEdsd Lo W%wq

o2 kjdijCOBEMEpYL Ods M kjd, vyt o' MEC OV 5§ sk
Hwh FEfdsY dodshmy jer, ftod ontH] o Bodjj §dslkd
d otOhNOlsjd dzsj) oBLBEYHjdd] Oldsmnyjted 7 &sdjCl
5B EZMdskEydz® NP B ttjL skOdhds? §jtjHOud o distj dd
TsHdls LO Mujl §shdjHksh o Oisdetezl dbe @ dagR & d s tog |
5 t6ts dedats 2 Is § wiatisjlsts Qusjlzdgtf § e OB 2d6 " bdBfm@dede O j 5w Heo R lsj

©j Csde ddzOydsddzOv § &R O fylslsi dgisiadd st @igde dao-mk j Is-

B4 4 dad v 3] .
[ ZVE d D fdzsjo Ctdzyj delsteOydw dzj 2lsteOdz des?2  fytsj
10¥<r, 40° &’ stdyj dstOydy sBLOLEYNHJAMY L Hj M

SftdHjdjlsmvy Ul G dWisdaptsQa f zd ud dzs2 § Sl Mo &

dzso, O OCYj] LOoadMmdl tls fsEdtiziglsd MR ls izl PO
Bd dzOyd sdzdzs 2 f dzOL Bj L Ofpj v sfqw Mmshisswddw ) & d
n°20- 70. stsdzyj dzZstcOydw + dzj Slstetsdatse L Hj ! o Liskj dzv j
dzs?2 BEkted o 16°®BMA°jNEDS Gl s @GP HEOBE EROBEBMISe s j
o ddzO, MmMttslse jlsMmise jdzdets [ 6] . voj dzddpdzk 3 tff detsfls dztsl fifl4
Misk tfflase f tesyj Miftse EHOdsets  LWOHJOYdddatse s Ist
YyistsBr fdvls! wod (kSO MotsBBHM R 1 dzjtsds tcts dzt
ter j dOftOodvs kW dz0 fkdeSlk fjtejWtstediddicso OdRFY,
5T O c@sEji dizOso sd3 twOMMmisswdzdd Httkze Gl OHtelzG C
YOojl fmstswddkzs Ctdyd dzstcOydes o dzj Slsttet 3 s
toj BjNjddy ModHOl (foltsS {djSktesdss ), Isjd& &jdz
ColsstcOV ®B@HEJSd@Od L OHOdzdzlzs yOMmls! (OdOdzse L OMy
l L OHMedzr 3ZOdzj j 1 IsO yOMmls: dzOftcOo dzv jIsw dzO W tetsd
dr hftc0oC0 dO0 Wktdl fsdMRtsHdl dj Hdzjlsszj B M@
ydfdzj dedetsyls? dz@ fkzdeSlsj fjtojWsteRdtetso Odzd™w BEH IS
BjtoetsomMedn Ctodfdj M o daj O dzetse j Mdets?2  dzOL 3

o JornWisdgtcots] o' MCsyoOMmslsdes] dL dzzyyg

RLOJff]lSleS ybseo it wl j Edzdz®OB sdzdzy) o Mdzsj Bis 80
¥Wtsdztso ts 9" MsUHEY Offistkisdaisded { , ddzlsj dzimd o desfls! Cslsts
sdf dyder j] Lktoeseodzed dBJCtetsotsdzdzsor 7 o Mmff dzj MC so ju tsdzday
tcOydd tssdzOtsszﬂdzda‘lstsoLc[@oUzlzuulﬂm;{ ZOdetsdz? hd2 o ¢ dzOH
My j SBWEPL &z yj dedw o desfwils § jtejatSHT dBiYHE tdHBj GG
Codisf sdgj dzls dzj cOo detso j des?2 Hobkrlsj ik jteOlskztodats?2 ff dzO
Mtsdzdzj ydetsec s Mo jlsBiefdego f sEc8E@OMdyg @) &i3F = dL dtsdzts
Ctsdzyj dzlstcOydd 1 dzj Slstosdegtso dzO HO O ftsteWHGCO @ dzlsj daf
sls fededdL dlsjd ds &0 yjbkrtt] fSEWHCO [6]" - Ckts
hj 1WWjChkk ftsidjHovOlsH kit ¢ dzd W& dsf) dze tzgldzf "Lz d5 H dzv
Md c dz@Yotcd ko j dzd uyd dzdd Bsh desfylsd Mmtsdzdzj ydets2dz-9 My r

67



fd o detscffL dzzyj dzdw, 5 Mkh jise bk, L dOUYOjls ko j d
Coif dzj Stseo dzO@ HOdzdzts2 yOfbslsj, vyt jMisj Mise j dzdzts
sdzj Hizjls tsBteOIsdIls! odzddzOdzedj d dzO dzj 53 dH Odizdz" j
fd o dztbfsfL ez yj dzdv Htod ttej Hj dzj dzgdzr & Efjdztse dw-2  dzO
flstsw ded v Isfzj z®@ HBEBE dzO @Y tod Bj to, nmsteshts dL o j fisdas, Yyl
L dzOyj ded W 7 & dzOo dzr h>4 azOded 5o 'j 7 Mt dzn jlzz? dzj OH @OB Ols d
h jdzdj 3 © tdHBjtetsoMOts?2 dBsdjCkdj f§tod @i djd
nNdsy jls ftedeosHdls: € tjL Stz ddasj ¥ j toj daff §jtedzdats o3l
3d h do Oded v , Is. J . oL dzdCdeso jdzd tojL Cdnr ftotso Odztso
Lists?2 IbsySd L tej dzoftj Ctiztel H il Gsise” B |4 szB ftsH j texp Odzd j
dzw j Isfyw  dzOd Botdsdis tdr dRdz. fltesf Isj B j Okt { dzj € Isjets dzts o
dzdj fjtoscets fiose OO, ddzd d3dhzd BRUBO S MG U) daf ™ p &
CzOo dz' o SOdys 4B, CcHj YO tsWHFdz fzisd j tizd Wis bips ¢
ftetsfistc Odzj dzGPSB iy c O ZB,OMIgE®Is » d H dets, d d3j dedels ists S
btstetsd3 ) tGPA Isgzjizdf SHiSL toj o Ote®)s d fiis o upg 16zt 2 dzOr st *
6jLEd sOj ftose jHjddzgr » dBd Bdesetsydmdzj dedz” = L «
Moslse jlsMisakzjls dstedB3Odz dF 5 dodesml jtodzr 5 EMdztse d W 3

[HBEOSE ) ttshistsd Isj B jteOlskzter 1 g € isthis dztg®Y - P s t
WiCl ftHOodz fizfftej dgj ud alz@ezd v (o5 OH O 5O, f Btels dstiz]
feddydydoOd dets L 3 dgvjilsfpw efdzj Hilsedd Mmdd" jdedw
B de' "dr cizBdr 7 Mo Ogady ddzlsj W jtoj deydsdedy § oS
fnowL Odats M Isj &) ¢ jutsjsdzjp" @ele@@Pynh) +O, L dzOydlsj dz dzr 2 ¢
pdzsmMdls cOtcf Eaglzyl tedBd - Baedc OL s Odzd J G etsdsd y zgsyds =
¢zt 0{Qj2N,)+0,.

Clsts dzOG v Hdz 2 ftodkBjte, CtSEHO ddzHdodHEZOM dzr j
CoOLddBsdz) Cdz, MMisOodzj dzde" 7 dL tdHBjteesbB@Sdn ¢
CdMdzstetsH O, GitejHjdvEl dOBds HOj &' j BGitse | dzdatslsc
OBtk fGOPMIsI ] ‘s dLBdEOlS] &2 dasfls: otsLdi 2 Mise
Ctso ' j MaPSarGls sls@ledsB 2 fdzts o dzj dz®@ dzj Bts dzts Is ts dztidFd3 = O'ts
dL&zzyj ddY ttdHBjtetsomMSdn StdifdjSfss, Clstster 2 L

Sso0Odzstse " 2 fBHABBH ¢ IdmMOded® L OHJ tey &

10 CoO0Odzstsotsdz wLr Cj toj y! dHjls B W¥ltdoOn, i s
CoOdzlstso zs fMtej Hiztc’™ j jcf dggzd , Ots Bighth gz § § dzflztiz? & o &) dzB® ¢
MissWw dgdzets tcOBSISO8 N jets fjtejHOIYdJSO fftoj HMIsOgdzw & Is
Hjdzjdedesds fstewWHC ). 1ltod ftesntsyHjddd Mfkzlsddfcstss s
CsCtcOlsdzes] toj L 5dz0 dalgtas | dz® Ot)tpg of 428 gz' dzts Isds" to 5 i3H § dzdz'
fdzj SMOR ¢**[, GHJ LO Myujls oLOddBsHj2MseadC-Mm dzj
stctsdzdzr = MtsmMissWw dzd 2, BiyHE SClstster d3dd oL d3tsy dzf teo
fdtedatHT WwWodzwe Ismw or" dzf MR peztlzis B3, 1 2P C s ECOBO G tzls
Ydeo. 1 0ftwyjddshls! {ktct sk sftejHj kv Qshmwy j
dzds Whktdtss &syjlk LOMMKEOkttds Ols! Mv { s IEBMYE dzdzts 2 |
W HCOM 1P, ¢ OCdzddIS,OLLCHEASY Isj dz' dets ftejor hOjls otej dgw
Ylsts Hdzd dg otsdzdz MfkbbdadSsoatsdts Mdc dzOdzO tisdasmw s
Bsdz' '] ©OL&Bjte® Stkfdj MmO, eofmj tIsd §jtj  dsHT H
Bdzdy jdzedd [ 9] .

68



vdtifr 4 WicfsrwEsOdBsSHI2Msadd WBIssdzO M td

[ sfdmodedy WdLdSd wodzy ded¥ dzOcds H tsfiyls Ol dats
& 5 kdfse §illciIeawdd{Pshny mMsemlse j dds] N sdlscC
dzj 26O dz dzts?2 S o O dzls ts owgj2ls fifyts jdajr €, 5 ¢Cjtdsjmdasdy’ oy oddz 46 O iy ff 1
ol desds dzOf wO@o dzj dedd. [ dMMsydoOydYy twdHe jtedse MCd
dzd 3O J Ispw  ots o dzd dzOdzd 4 , sO¢ C0O0C toOmftey HJ dzj dzd J !
Ptotso dzgV d3 o dajgjctc @ajdzts o | MmdiEtsj2Is fifwdzOfg Isi) y f'dzOtcdz” d3 - § tSH
Wdgdzr 3 fslssStsd3 MotsBsHA 7 L dzj Clstetsdztso .

llsstedzy dls fevds? §itejrntsH o dedy jdzjy Ofjid-Mshis
jB Usktsdo, ybt Mske jlsMisolzjls o1 dakzy Hj dabizsdsied o L c

L,, C¢teHO MBRtOdw jlsmv dOftcOodjddj dMAtHASETS

CedRf dzj SM. 1 Oftsddedd3, vylsts MisdsOdds] dJnfkzBsOdd
Bs2 dzgj 2stceOdz’ degs?2 Mtcj H' twWOMY f &Pl tdP dird Jlsmw o ftotsd

Ijtedsy &sipw Isjfjt’ € Bl Whdej dzad® §tsojH]jddVdot ot
dZd S MdecdzOdzO o 1 C¢Mfjteddddelsy [ 2] . r1d2MmMse i dz d
cts dL dzeyj dzedw 1sOCxyj Mo f OH O JGBSHifigf ¢idOd*Ots f ds@Y d KsAsC fr
tctsy H J dzd ¥ Hsf sdzdzd Isj dz' dgr » Wislstsdeso d dzOB dz¢H-OJ s C
dzsfilsd ff tod dzgd BOGRBs ¢ tietEfddDH®dzd | fMdc dzOdzO dzO ftod j
fsdzsmMkz ftedj BO LO Myil MHedeO yOMmlsslsr . Hfdgts .
sBdOtlkzy jd 8 Bfrksy ¢WtO2d@Bseadyd, SColtster 2 B dz f t
MdlsilsO (dz¢) d ofdtsls! HEts dOMlsswh jets otcj d3j dad
gL BB tejddw C0O0LOdzd, ybt d&sh dshls! §tslssC Odz- f tod c
dz& yoOmlstslsy ko jdzduydoeOjlsmw ftdedzdL dIlsj d daslse Istec
Yyqgeo dz0 MmMfklddsy d mMoftsets)yHOjlsmMw MW drd Mdc dz

vtojldsfff fjtojrtsHise Blse j yoO,jl toj L ts5dz0O dzfmdats dzlzts -tc O iy fiy,
sster 2 o jCOted yf simdzj Hse Olsj dzr dgr | MsOHJ(J.

l joaf@slsj COjls L O d®i HPEH dse@QOjls o' dikzyHj dz
dzds Wolktsdd ] fjtcjrttHisd o ftosdjykzlssydy j or h j dz
db**f[. Ck® B] BZP&RIMNMJBsMIs Bls o j ddyddr 6 dzBs dztsG s
cts MsMmMisswdadw) Mstslse jlsMisolzels Hdzdlsj dz detsflsd  totss
ttcdHBjtoetsoMiets Sl dzj € MO.

] b sthPyOHdY MowL OdzO M CoOdalstso ts2 H d dzO dpdil tfip- HiPO d3
St lsdzr 3 MMistsWddw Bd +djcjlsduimcéd?2 MfjChte M
OolstsdsdzdL Oydsdedz § MtsmieleY dzd W[ deffts digjeCtdrQirr Iz 8 fls*fifw , [ K 5
Ldzj eedwy &tsdzj Szaz ¢** d [ o Cod@3fdjchmj sofdsdj !
sjfazsots? Isj 3 jtcOlskzte] dzj 2IstcOdz! dets?2 MtcjH' ~OLOS L
LOMj dzw j d3r § o dzj tcOo dztso jlffldds 2C df dOs d3jj dged] ,o rdisisQls 8:
[11].

1 Gstej sMs®DHdd ftesyd M L Oo Bl Plels B H B dzkr X K ndetzH o
Co®Rf dzj CMO. sOC fsCOLOds &0 twdhmbkdSj 4, L 5d0
tesyHjdede" » tdHBjteeasoamMEdrn SR dzj CSMOR o Cdz yojls
Yybsts ftoddeydtf dOdz dets tslsdzd yOj Is fiywdzimsils ¢ lsstc @GsHOdming & ddatfty 2 Y
JdLdzdtctso Odedzts?2 Bsdzj Ckdzj ¢**, ColststcOw dzj dsYJIs
kO] oLOd®sHj2MsodY Mt MttjHs?2 ftesdmitsHdle Mue d
Cj 4, BiLjHjdY ]y yjd & @i 8 oo LSS Y om0 dilsj
dzdj dmMEOxyjddw Mfkldditser n MdcdzOdtse HBdz des 9 €«
[9-11] . 1 d&zv ®BtOBSISSC d qLd34tstzq’ ftoj HY SdZOG OJ Ismw
fjtcjHBOar j djlssHr o1 29dzjls OddBldzdL © d Isjtstedd d da¥W

69



t OMf esMmMistcOdzj dzgdj d dME O jdedj O+

[ v COyjMmlse jddzscts ©BI Whdzsj dedv Ghtss | EsGAS] 2 (6
HeMsObsyds sScwOddydls! v MoEy0j & tj L & dzOdsfdzs ¢
CoOdessots) Mefstwddjj B@B§tfse G sd s i§ deeky KW ) .

dd MiklsddSCtotsets MdcdOdkol 40 6§ & Ols dgis g ¥ tzdzdzd R ) d
Efidzso dwn MmHode amlsusls'O fosugivd'S O AHj X Gy I).q [ .dzO 1A
GOdsh] Skdr. 1tod {ksd S"dBCO L dydsdd 3Py Odzed v ,
sl jlsMlsokjls daj MCtsd Sk ) steOds, ybst nseshs f
11]. uvOSdd SBEOLBAE ©dHBjesoMCd) C &ty n:

sflsduj MSqddd dsebkh COBd HEY ©OMMjdoOshdofmy Wit

8.0 =
7,5 -
7,0 -
6,5
6,0
5,5 -
5,0
45 o N,
404 N,
35 ] N
3,0 -
2,5
2,0
1,5 -]
1,0
0,5 -

Radiation frequency, GHz

e

0'0 I 1 I I I I I I I I 1 I I |
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

principal quantum number, n

tdfm. 4. 1 Oodhmddsmis! dddd?2 ftscdsh j dtfM AR iz yd ddv)
sls cdOo desets S oOdsse et ydmdo

1 OC dz¥ yd dzd J

1 0Bj sdds, ylsts of dzsls! wifsf zdsQigflSsvohr jjc tsi) defidsjj oggr dzdtf tsoL
GNSSHdzv otcj d3jded LOHjteSd LOdsy jdO  Bfdtedyqmsc ow
LEzdz sOIsj MlsOlsdMmMisdyj MSts?2 BtOBBISSd ftodded BOj 3" R
yqw fmEh jMmlse j dedets dL d3j dgv j Ismwa tetdaftc o, 5 LCdE{cCHARS &6} eyl
¢ 1 dzjClstetsdgso L OB  sdets otsL tcOMs®s ORI B 1 & &6 M fig d
L dzj ClstesHddzORBdSd fteddeydyf dOdz! dets dzj dBsckls ftedofr
ftoj dzsd3dzj dedw o (dodeswjtej ( eHSda=ius@fy) {ftsas@izdoyyCdgds’ fy
ktsdz €5 ® wUjlojthtsd L &OC, f§shmd) LOfwiks2 (. j.
fsHlso jtey Hjdets { ST j ted dsj dzls Ozl dzts .

RA3j dedets toj L sdzOdzdets] dRdetsctsCtcOlsdes] oL Odd3tsk 4 2 Misoe
JIs sy M cd¥Hyjedgdid . slddjiisafds, Ut §tsMmdzj HH-Olsj dz

70



MstcOdzj dzgd W M Elsded S tsor 7 Mde dzOdzso Hdzv B tsdzj § -  s5dzd
N StdBBddzOydtdazts (tcO®ROBSoMStsj) wWOMMjwddj Wis
O** [, Ctltter j OdzoyditpPn diftsty wdlstztej dzj tsBMEY HOdd]M
9 0Ols! HefMistse jtodzr | L dzOyJdzdv MmMHodcec O dgj mMkh j2 yoOf
1 d Bdze MY ks dzd ¢ &RSts cusO Shfddg dEedO0 L sd3, dMMmdzj His9 Ols j dzW ¢
Bdzse s tcOBtslsr , GRtstdsB rdzj FLOEs@eodiitsie s o sL Hj2Mlsadw Olsd

[dkjteOlktO

1. http://gpsececornell.edurealtimephp

2. Cerruti, A.P., Kintner, Jr. P.M., Cary D.Eet al, 2008. Effect of Intense December 2006 Solar
Radio Bursts on GPS Receivers. Space Weather, 6, S10D07.

3. Afraimovich, E.L., Astafieva, E.l., Berngardt, O.l. et. al., 2004.-Mattude Amplitude Scirlti
lation of GPS Signals and GPS Performance Slips at the Auroral Oval Bouldadophysics
and Quantum Electroni¢gl7, Mo. 7, 453168, doi: 10.1023/B:RAQE.000004¥267771

4. Markgraf, M., 2005. Phoenix GPS Tracking Systelght Report VSEB0-DLR-RP-0001.

5. Hauschild, A., Markgraf, M. and Montenbruck, O., 2014. The navigation and occultation expe
iment GPS receiver on board a LEO satellitsside GNSS9, No. 5, 4%57.

6. Golubkov, G.V., Golubkov, M.G., Manzhelii, M.l., Karpov 1.V., 2014. Optical quantumrprope
ties of GPS signal propagation mediiind layer.In: The Atmosphere and lonosphere: Eleme
tary Processes, Monitoring, and Ball Lightifgds. Bychkov V.L., Golubk&.V., Nikitin A.l.),
Springer, New York,-68.

7. Golubkov, G.V., Manzhelii, M.l., Berlin, A.A. and Lushnikov, A.A., 2Bliddamentals ofa-
dio-c hemi c al physi cs o fRuss. doer. cERhystChhensBO &ld. m3B0p her e
doi: 10.134/S199079356010024

8. Golubkov, G.V., Golubkov, M.G., Ivanov, G.K., 2010. Rydberg States of Atoms and Molecules in
a Field of Neutral ParticlesIn: The Atmosphere and lonosphere: Dynamics, Processes and
Monitoring (Eds. Bychkov V.L., Golubkov G.V., Nikitin A.l.), 8pdr, New York, -68, doi:
10.1007/9780-481-32126_1

9. Golubkov, G.V., Manzhelii, M.I., Eppelbaum, L.V., 2018. Introduction to the quantum theory of
distortion and delay of satellite radio signals. Ruksur. of Phys. Chem..B12, No. 3, 54%53,
doi: 10.134/S1990793118030090

10. Golubkov, G.V., Manzhelii, M.l. and Eppelbaum, L.V., 2@®8antum theory of disturbance

and delay of GPS signals b and E atmospheric layers: an introductioRositioning 9, 13
22,doi: 10.4236/p0s.2018.92002

11. Golubkov, G.V., Marn®lii, M.l. and Eppelbaum, L.V., 201Quantum nature of disturbance

and delayof satellite signals IIPositioning 9, 4772, doi: 10.4236/p0s.2018.93004
12. Eppelbaum, L.V., Alperovich, L.S., Zheludev, V. and Pechersky, A., 2011. Applicationof info
mationaland wavelet approaches for integrated processing of geophysical data in complex e
vironments.Proceedings of the011 SAGEEP ConfCharleston, South CarolindJSA, Vol.
24, 24-60.

13. Eppelbaum, L.V., 2014. Four Color Theorem and Applied GeophygigsiedMathematicsb5,
358366, doi: 10.4236/am.2014.54062

71



LI $81.2
ltedeBtesMistets ] dzdj Hdzv € tsdzlstectsdzw
MtejJHFC d&zOH [ sMMdd o w©WOLoadIsd ]

1T Cse9 1. 0.,

ftesW j Mihste [ AR, HEBCIkBt Isjrdzdyd MSdn
fteJLdH]jdzls 1 Odztslsj mndesdzsedyd MEsets sBH § f
OCOHJBdS OCOHJ B dJdgy J dejtddsda' R, dzOk ¢ d 3.
zOkztcj Ols dij HOdzd dS1resf ¢10 wOLoadIsd] dzOEz¢

1 oz £ fs@3 ONdzMIDT-Spectral Instruments

www. ntmdtsi.com,spm@ntmdsi.ru
1 Odzsls j ndegsdzse dyJ MS sy BMJ
femSseMCdB] Aded d§ 3¢ B d dells
vbykov@ntmdtsi.ru

lse & [ 5MM
dls

O dzdzs s OygoOmMmdzOIstedo O smw tsBh jJ MsMmistsw dzd jdz-d dzts
Hsets?2 WdBJCtesmMEtsydd, 9 Istsd3 ydmdzj , Hozv € tsddistc ts dzw
ftetsotsH™ , d HJ G dys fipisdfelrdn olddgjldast st Odzd L dEsh- o Gt
J2 o jtrndesMmisdzer = MlstekzCIskztc or MsCsets f totsis tc Odaml
By detsmils! ddzlsj cteOydd dEd stsHtse dMATefink g ) dzeets §f t& 5 diz
s My 4 uj dad me¢ dzq'.?.telzdgq"CdtéHsft}CElsszm Hdzw BBdzj j +WWJ
d Odzdvw ftcdBtsStctso .

[

B J J

M sdz L s0 Odz d

sdzs yjor j: mMasgwstetsmMistesj dzedj, M Odzdtelze h OW L tsdzH t
do 0 dmSemmlse j dedz" 2 ddzlsj dzdzj € Is.

Hd Oc dzatsfyls d €

uDC 681.2
Instrumentation for Materials and Environment CohRussia's
Contribution to Technology Development

Bykov V. A.,
Professor of MIPT, doctor of Technical Sciences,
President of the Nanotechnology Society of Russia,
academician of the Academy of engineering. A. M. Prokhorov,
winner of the UNESCO meddf™or t he Devel opment of Scienc
NT-MDT-Spectral Instruments group of companies
www. ntmadtsi.com, spm@ntmeii.ru
Nanotechnology Society of Russia
Moscow Institute of Physics and Technology
vbykov@ntmdsi.ru

Annotation. The General coritibn and new possibilities of scanning zone microscopy ane co
sidered, including those for the control of laigiee products, including tubes, and diagnostics of
viruses and living cells of organisms in combination with spectroscopy of surface stroctiigs
spatial resolution. The possibility of integration of artificial intelligence methods (ScanTrphic o
tion) into the software of scanning probe microscopes for more effective practical use of devices is
considered.

Key words: instrument making, scamg probe microscopy, microscopes, diagnostics, artificial

intelligence.
l'ejHjdd]j
72


mailto:spm@ntmdt-si.ru
mailto:vbykov@ntmdt-si.ru

s doOmkswh jdidz otcj di3gj ded MC Odzdtelze h OW L sdzHts9 OV g
By ssHise dMMmdzj Hise OdzedwWw dzOdzsMmMistezCIskzte d hdJegscts df
Cwmddud MCdr Mots2fise d cjt®ibteduiMidn §Ot@ei Stets
ztsy j 2B N Csdz desets  okLtsomMitets tsSBtoOL 59 OdegdW  H
zsf OMmisj 2 Iskteeddz, dHJjdzZsdWdSOydd odtkzfmse, GCdzj st
stefRZjf sEeOWdd o' MsCtsets ftotsMistcOdzmise j dedetsets Ol
BISCtesMEsfr foLotsdzvel dLdBjtewl! yjdzr?2 twH WdLdy
UteOMftej Hjozjdzedy Mddz Istej dzgdWw RBIYHE LBdHSHE d ftsod
UtOMmyfte]Hjdddpcfcss gzt kBEfiggnS scs-BEBO) doyd 0OzO ( s
UtcOmMftejHjdzjded] o jtorndesMisdes? ftetso sHJ @EsMmisd;

UE&EU&JHJWJ@dJ td CstedujfNGel o BSHEsduamMd kisy i3

UtcOmMftej Hydzj dzdj d3OGdedlilsde’ = Mddz o MdMmis) tigio g usts dzH
dets fpls +

UtwOmMftejHjdzjdedj ' jLB1 dzj Slstedyj MSdr Mmots2Mmise ;
UtcOmMftej Hyjdzjdzdd Isjtf dzsff tetseo sH desfis(d ;
UtcOmMftejHjdzjdedd B rOdedyi MSdr Mots2Mmlse ( BsHEMY
0OtcOMmMftejHjdzjdzed] OHGjLdBdzdzr = Moats2Mmlse ;

U0 RfMMdzj Hs9 Ol 1 dzj Clstedyj MSdj Mot Mmise O tstfiisds v et dts i
0 RL EYOIs: fhf teOLtej M jdad J o3, LdzOydlsj dz' des ftcjor h Osf
Mots2Mlso O o jterndesisj 2 ;

U]l teseotsHdIs! dMMmdzj Hs9 Odzedw o 6 Y dBORr [ OBOdES ME B
Mesfdd e jterndesMmisj?2 M JtosmMistcOdzMise j degdz” d3 6 OL toj
) tedsL 9 sH d Is BsHdWJSCOyde o jtondatsimisd, LOMj "N Ols!
9 WiNddBOr w1 f ddksctOW dd.

[ dzv 1 Istsets ddzlsj deglmMdo des tcOL o do O Isfpw Is. dz. §&d3B dd
BB dedets OB SISOIS! 9 tj )y ddBOR Olstsdidets fd dtsmoOyY sdzifste tt
tcOmMMmiwdedw (t OBOdeseo MEkzs ) , dz¢ d3d dzj mMyJ dzlsdets?2 MY J € L
BIStesMEsfdd M oL @By dsMmis: ¥ oadL E2O0OdzdL Oydd tOMmY t
LsdzH sy tcOfmMj wdedesets dL dzeyd dedw o o dHJ @Bsdy, UerOs

tcjhidadjds Hts 10 dads.
] tjLbkd kOl ddzsj dzf
esftesyj Mster , ftescteO
sdo dzs? d&sedSd, qsLasm
Yylsts Mmkh jmlse j dzdets fdzed y O
H

dsects twOLodlsdwy i CQetst dzj ¢
dqelzj " § dseduimSdy-dds]
shdj ML HOs Gss  difdisdsdj Bz €
Is IstejBtsO Odzdw ¢ [ztedg-o dz¥ 1
stso, ®fjtcOlttetsa, d3j Jddzhi¢ses §jtemMsdO0dzO.j -vyJ
Hy dzO otsL sy dztsfmis! B ' M sets, Oolbt®@OIsdwW MYUSEsHYf &
ftcdBtster Hsflskzf dz@ &3 Hdzv BOLjtcdOdzse jHiSD (), H O
Mtej Hdz] § oBL sy des  SMissW dzdets EiffigltelgdHod@)jlsi  ootdsiL dgiyts y dgss
MisOtej dzd™v MJeHdzw il tegte] RO 6 O5tc @rjHsls &G o iz o ' Ao
CtOBRBhsets 5B MY j uj ddv .

O dzsMIsdC O Stk dzsc OB OdIsdz” »

1O fshajHddj 100 dzjls ‘W% jClsdedashl: 1 dzj Gabstetshlk
sz BBdtcj d2OC dZOHT 9 0jIs Y jMlsCdj btojBtso Odzgdw ¢ € O
o Odzd v ISRt )

[descdj ftikmMfjoOshdj MstOdr o fomdjHdd] CBHT
| dzj e B dZsC s ksjfdzsor n L dzj ChisMsOdyd?2 tOEEBIsOs h
kdujMSde §OLOd)lstcOf § OO d HOo dzj ded W .



[eBB] ojhjMmbet ftod Isj Btfj hokslg@R] SCdedls@audinddsd dst
ZOBJECO d WdLdCO QisdzHszfr]q’ tetseo Odzdzr » Mtej H) "B-EZHJ IS
dzdd, St6eHO dzf MmMkh jMmlselkzjls dzq’ YdHEB2 dzd e BL-tStsB S
wdzdj fted HOoadzjdedd 22,1 [1 0O wiPBd 53 T4izdsds.0 W O Slis@
sBtOh Ojlsmw o desdzr (. j. Hdzw fjtejatsHO dL Y dHE
[ Bdzj Sdzr Isjfdzsdesmdlsjdzv o Mo jternCtedisdyd M sz Msm
swdd d o' MECdid {djedvdsd, ubd fibsnHEe@ilse zdktt
vsdfdyds 2 e PEDOL sddsffOg RBIEs845 HEB 285 BOt f to
sl 540 Gits v3280 Aktsy dets fMydlsOlk! , ofmj Isjrdtsdzscd(
ojdzdCtsj ddsyjiigeEsm zjls, d Mtsdlyipy.ods tdffise 2 Sy f ¢
sOCdr EfmMdsed?2, oftddzdi HMIskzY dzr .

¢ MEzfjwmejealedisduimMeddd Myudlosilsmv MisOdeydd,

daf j s 280 8Ot §d, bPBI SHPksLEH NEGa Az s ORYf jyd
sjedipas  MECdd Mol sy aheadjd

I d3g sy M dej smystedd & o dBkh j i &0 6Gq inbtss i §
' n hote dischkl LOLSYHO! MW Istsyjyde § HJWjiSlsr,
dddydoydd SswesLdd, ubksts o Ijuyjddj §0wLr Hbzjls
yd?2. R&Bj dzdzs i ssdlkz, oL ddSCOjls dj sBRtsHJBEMS:

[Odzdz,WW HJOGdtsMIsd SO d fescdsL Jieso Odzdy tOL tclzh
cOBBISOshdn o 1 CMlstej BOdz dz" » bkfmzsedwnan, WwWodw,jlsfpw
1ICf zOlsOydd tBttczHto Odzdw 20 Hftej Hftedwisdwn tOL d

v Codstsdy Stbf dsc OB Otdlsdy & -lsged 1j.C lsis ot -dnts L i
hi s dsyds fesosHdls! SCtsdstsd COyjmsesO ks, Lk
s OB Oted g &lsfsotsmlzj f sMtej Hiflse j dadets o 3 MIsOR dr HJT

4 - - =% .
0102030405060708090um

torfr].11obmdzao;|ﬁmdgmzmsz d3q’§itstsfn§131;[ W v ¢ s dls to ts dzv
Ctokztf desc OB OtcdIsdz" » BBI jClstsa) d or wWo dzj dadz §

61§ o MdMmjdkj hStd dscts d skl e f

[ v L ss@lsdw Mot Bj dedzr 7 kjodesdzsed?2 s dstpdlsj dz

stsoe CO M jydodzdmistss. Clts ftesyj M dzj sBRtsSHJ B dz0O
otsL Bsy desMmis! OCIsdodes otsL HJ 2 fMlso islolOs ! tc JdaOS w3tz de'tz f
dzdo Oj Gdzt &z s dzd &3O dedw WL S, ~ddi3dd, Bdtdtsddd. 1
By desmisd fsfmdzj Hdzj 658 9 Otcd Odzls © t]’tsq’BtstGO 161 LS 2.
sSBStckzHtse Odzr HjMwisCd Ekyjsdz n zommse t sMimdd d
tcOL tc OB t5ls sk telfgcfedO  f ste dz0 dzO Research & Development
Itsdzjj 700 fHftodetstetseo 1 lssets ¢ dzOMMO ttOBSlsOs s o
t siimdd d &dwed, O " Ctd dd¢d d MmislkzHjdlsr ddjsls

dz2 =~ dOksmhisteckzCIskzts.
74



t dMm 1 HdMedipdids | d3¥ B teOL 59 OdedlV o ¢dy L B t@@xs]ddad] Vi
Yydlsse (tOLdBite MEOdZO 50-50 BECd), EyomksetO oi3d¢C et
MkzClskztc-st@d jipfdddectso Odzdzse s f JesdzdIsdyd M se B8 G 6O

ded3) . Y sdzzuj dzdg jf telzbe 8 tistseds Isd f

Itsdzjj 700 fHftedesttse {Issets CdzOMMO tOBBIsOsIs o
t simipdd d &Bdweo, O hCtsd ddsd d MmiskzHjdlsr dd3jels
dzr = d&OdsmistezC Iskzte

Vo jddyjdedj MSttsfisd MSOdkdiss C

0 100 200 300 400 nm

w(Mer Wy
tdf. 2. 1r =CyOdgistslsdz tej L zdz? sOl M Odzftetse Odzed W  fts

1l dOmlstswh jj otej d3v ddasj dzimdo dets tcOL & o O Isfgy  dzts o
mMesftse, BGd hj, yYyidd 2O foteWHsS ko jddyj d@- Me st
Yoj ' n tjL Haf i Ols2sof. sQGL Odz dztso ™ 2 MECOdzj o, CBlste!
dzddzdd Rl U[ | H{df,] dmtsdeadgdte Cd2 65 SCtdmistezSydd d f Ot
d o ftwdetster HdW dLEZyjddw c¢cBtsdzr hdreée e jtendztslis

HtSLHOdE d or Mo@EOMeyjclglsh gedz sdzgHtsor J] BICtesME s
Vorv{Sr?osdft effdug [S5]. Cbt fwedestr, HEMBSOIlT
o Odedq M) ludy dsd MMl GOBI dsOfls o5 M afte @L VS L e
dej 34 dzjd tsBJMYJ Ujdzr o OGS dag S B3 tstc @ty |5 @dsBs H O -
Hsots?2 BIStesMetsfdd d B ifmMfjudoOshdj oL BBty datsls
sOtse M dMftsd LsoOdedj &36 o Issdz ydmdzi dGEsH O oL
B3 stetso MEC Odzdtetso Odzd W .

[ dzv  &3q dzd di3d L Oy o ddzdd dzdvOogdsits teetsdz ( d L d3j dzj dzd W Izls j o3 J
Msdy MSdr h Ezdtse dzdL CsyOfmlsslsdzgr = 9 dBtcOYd?2) O]
hecoWw [6], BifMfjudeoOshd?2 oL d@tsydtsfyls! 1+ W@-j Clsd e
sstedz” = bkmdzse dwn.

stdi3Bddzdtetse Odzdz" § MdMmlsj o3

glzh j Mise j dzdets Edzkz yh § dz’ f OtcOd3] Ister mdMmisj d3, dz-o & dz¥ -
Hsets?2 &BdStesmMEsy dd, sO¢ d d3d stsHT dzs d3q dzj My 4 dzls d
MfJSesMEsf dd ¢ tdiBddzOyd 5 dzdzts TBRS 1( Tip g @ntzxiBaiméns ¢ )
Scatterings

75



t. 3. stsBBO2d )1f, ( OBOdss MEs2 d d= d&ddzj My
gl s u2[8l

tOLrodld] ®BIssHBe BjLOY jlskztcdzsts? B dzd >y dzj f s5dz! dats ?
ddzW cOC tcOMdz" d3 L dzzyjdzdj &3 sStejBlzjls dMmf sdz' L tso Odzd W
[ iz s HJdOf OLtsdzO otsL d3tsy dets d MY tsdz! eSO d@H jdz" HR dzWdzOIL Ig
Mty Odzj dede, o dOMIstswh jji otcj B JjHJdzMIse j dedats?2 € 5¢
dzv j Efgsf Odedw Sbawyhkigmts I nc., San Diego, CAks-9212
wigld Mise On dzd MEtsdzt $5 L OtczHdw jIs oL O di3sH j 2diplse d 4
ZOdzmMtsor d@3 folsjtewdz. ©w Hickzes?2 Mstsididsic] o M deige I tc
d kjttOejtyseatsets dL dzkzyj ddy MmMsLHOd d EMmfjh ds t
Momieds » 1 dzj CtesdzOR, d2O0 Coltstetsdy qd3j J Ismw eadsL sy
yd2 ¢€0¢ &0 MtejHdd?2 RrRs, IsOC d dz2O IsjtcOGjtegsor 2
tcOBtSlIsOdz ftetsj CIs SOCdr MisOdzyd?2. wlsOdzydw B dzdy dzj
BsY | BsEOIS! COC d2O oL HER], 1OC d o SCodstssdzdtck
Gts HJOY OLBdZO ftjHfBEZOCOjIsMY ML HOd] dddS$sls]d
Misj &g, uybs tBiMfjuydl oL By dsMmis! oM dW¥ese Cd
stcc Odaffdj dgS dzj € k& dz.

Rdzls j dzdzj Cls Oz dzb) o g o @dgtdzd 2 [ dssH zdz' S

1 Odedzij yOMmlss f(edd dvj 3" 2-MeEgets of 852 M Qidmgitnin ¢ & &
dzO dzmdz’ 2 O effoadplslydgiss dzdz” 2 d dzd ¢ Ispefff)d dac @L "@jOrdisls J
cf sdzizC t5dzls OC s datzt® O dz § p® tStej asfls e Oydd L Oo d fduksMis d
ijBOdd?2 COddsddzjojtO tls wOMMsswddw dGoyflzyPhbfHt
JHIBYdkOtls Hizedd BjssHOB ¢af, KOS COC ftd
&z hddilse © B jLisBLEHEQY sddgr 5! dz
léd3 dzj d3d dzj J, COC BCOLT o @MY, L CiBde@y §f lsigfe' dig®BY
9]

9

W g

I Otelsj wWOCIkr, GBEkfMdztse dzj dzdz" | dzj C Bdzlstets dzdftelz § d3"
c;tc;G) o ftwtsyjmmi MCOddttse Oded W, o tshtse fdaizdzts s
Jtordetsmisj 2. 1ted {Istsdy dzOBdz®E HOJj IsMWw dL B' Has ydz 2
sls ftso jterndetsisd BBteOL YO (1 WWjCls f OteOh s ilsdtets:
jteftejlsOydys tjLizdz sOktse d ftedoe jMmisd ¢ dzj o j tcde
tsB T dLBj XY Ols'H s@slgf jy¥ OColgdps Cfsets C Oy Mlsoa © dL tsB
otej 3" MCOdzgdteso OdgdW HEtsdyjdz 0 JMisd fsHMss®EERE s
dzdtctso Odad Vv, OB dzdlskzHlz Ctsdzj BOded?2 L # dzi? @zls) to O df g Ok
sBtcOlsdzts?2 Mo w LB jfdzdats oHOY dftds tsH dVfp sB e OL Yytse f B sdz
LOCtjtfdzj dedzr » 20 o jtermndzsfisd eI jCIlsse ( dzOdzts yO
BV eCdh ROljtedOdss (cjdd, &vecSdj foddkjt', Bdt

WWiClkdo dzOW Ctetej Sydw o OustOjdly lsdzfs o Is )& O BB & @ tt
v OBl &IStesMSsfO d bscts, $OC ©OL ddyde J
COL &z ydze' 7 Myj dzOtedwrn, dets ' SO tcOBtlk’ - tcOL d
76



Zzzyj ddv ftedj @3dzy ' = dL 5B tcOy jdgzdRa tc ALy 1 i@ dzjo Off C
dLeotsHdIsj dz desfylsd ¢uf . Clsts MBLHOJjI Jjhj Hdts
duf, foMOtd Sk fodkzyjddj 'O ItejBkjl HBMiskzY
q’LIqudchW ftedetstcO d IjirnddSd MCOddttso Oded W

1l dzOfmistsw hfigw sodladzg@y! Of f OtcOls dzOW o BL I desfls! Oce
B steso HAzW f sdzzyd dzefpe [ d L & Bse @sjdazg 2 G (dfL B j§Ols! |
dzd yd Mlso © otej d3dj dzd d EmMddzd?2 dzO thetsjdedj O OB I
dzd W . [ dzw 1 Ists¢ sts ] fiffftgd oug) teRdgdzdfistely) B stetso Mjtsdd R U
L o1 SodBf dddd wfy Ssted3 rRdhslzdg) dlsy § Yo dsezh™  d
dz" 2 d3tsH kzdz ScanTroni cE, fsLosdwve h 2 § sdizL ts9 Ol
dzr | HBMbsto jtedy §j WjLEd Is@lsf .20 Motsdms tBLOL yoOn
l etsetcORBdE 2 BsHEd ScanTronicE dMmMfsdz Lizjls
ZOMstes2Cd OO Istese MCOdzdtcso Odafw [ .d usts jiogokBWs Is €3
BOdz! dzf = L dzOdegd?2 s Mots2MmMlseo O tBKLOL YO d d3d dzed dizO dz
ftsdzy yJ dgtsadlz! S5 Hdzvw dz2OyddzOs h dn, dets d Hdzw GO Isder -
wo, CBSGHO RnOttOSlsjtedMmisdéd tojdz WO BBttOL Yyod L OO
ScanTronicE fMddy0jls bktesojd NbE&O Hts &dded Bz iC
O jddv tjdz jWO LOdMuiibo @3y G j gzff v ( C Bz €O 1§ C
By Hjddw SBteOsds?2 Mewid d §jttjmMSsCtses d&gjyHE toj]
dbuf, sBiMfJjydoeoOw Htodkzyjddj o' MsCSCOYJ Mise j dzdz’ -
cOL dzd ydzr 3d r OwOCIsjtedMmMisdC ORRd 0 jten dzsfyisd .

ddze stcdlsds BsHEZZY orweodw jls HJWJClIstT ots otoj dgv
Edzj dz# " OjIs dn LO Mudl BilkdidLOydd §OtOd stetso s
OB dzd sz Ctsdzj BOded?2 C Odzlsd dzj o Jf 5@ dzls) dz@ y jndeds'ic st

9 Odzd W .

tdm. 4. RLGBOYjddj tjdzt jWO §sojterndesMisyg- Wistst
HsMisOlstsydes?2 (fMmdzj 9 0), dLB" bsydes2 (MijtejHddz@®) d
stse EmMddzj dzdv GBteOIsdes?2 MeawrL d. 1ted dzgj HisMIsOIstsydsts
Atetsh 5, dzs dzgO@ o MsCdr B jCIsOR otLddSOPl HJ W
dzdje). ltod dLB" tsydes?2 o jdzduyddzi dL B60Otc@xs) dedzp HTjls
sBtcOlsdes?2 Moawird. 1tod BflsddiOd des?2 o j dzdyddzsj - 2fiyd d
&z jW afesftfsElshw BjL HjWjClktses d M d&dded &3Odz! dzgf dz h
10 tedm. 4 JtijHMlsOodzj dz Jtedd3j o dzj St lsd dz30dz! daets?2
o MteOodzgidzdd M dLtsBOY jdzad] d3g, CBEHO Cw4 WWHydJ dak
Isd 30 dz dats .

[Hddz dL dzOd B s dafede” Ao OHNIf WejsHdatbad dak spisftster 2 o' L 9 Odz
BdYHE tddBOdd fwdlswyjddy d SlslsOdz¢ds Odzdv, Bl
OB dzdlskzH CtdzjBOdzd2{ sBdegB O d L dzgOyj dedw fj Is
tdgdz jW dzO OCdr dLBBtOY jdzdWr orf ¢ dzv HIf Isdzf SO O dz'
Mise jdedz" s toj L zdz' sOIsOBd Iy jIs ftedoe jMmisd dMmMmdzj H
EmMistcOdzy jIs ddzd L dzOydlsj dz' dets dB3dded 3dL Jtelkzjls 1 Issls Is
Mddr fklsjd OolsdBOlsdyj MSs?2 dOMstes2Cd Ok BatslkzH -
Mo Odkd BBtOL yo (d u’ISLstsdeJls Codzstetsdzd oz j dzsts ME O«
slslsOkz¢ JoPdzfv . 51 PtcdojHjdzr ftoddijter dJqLBBLOY § dod 2,
ddw d o MkEyOj, SCBEHO fsdmMisHwl §jtjmMSssd oy

77



£: dLGBEOY  ddY

t dm. : deW‘JwgbRMM&JSCU
i sdzkz yJ dzdz MCOddtetso Odzdd o tjxddd GTtodlswy j
WOLBotsE s OfmMksO (Mt O) M HIWJCIOR], 9L
ftoedlswy jdzdw d lslsOdz¢ doOdedw. wojlsdzrj B d&ORKIsd da
shdi d Isj d3dzr § dO dLtsBttOY jdzedd WOLBoBSEts Cdzlsts
Ctsdzj BOdzd?2 L sdzH O.

JHddd dL ftej d@kzh jMmise MCOddtetses Odd™ o tojyddj
LsdzH O, vyl L dOydlsjdz dzs ko jdzdydeOjls jets Ifpess
Hjdt dz" = EyOfmlsSse M Ctokl' &3 toj dz2 jWisd3, dzOftEd d&3j tc,
Ndls ftedejMmisd ¢ HsotejyH]jdeds tMmistedw. ¢dzeswdlsdy S
tcOtdz MovwiLd d Htojfwisflsokzjls tOLtkh jdds thMBedw |
ded v .

l eseteORdi3dz’ 2 BsHEZdzZ2 ScanTronicE BOSY] (o tsdzw
zz oL OdBtsHj2AMlsadw BBKLGOLYO M LtsdHsd 9 twiddd
d dECsBtcOL ysso fsolststow j diis?2 d twkzlsddadets?2 ftetsyj H Iz

tdm. 6. RLBBO)jddWw tojdzt jWO dedlstetsyj dzdzs tlzts L dzts 2
o jterndesmisd (Mdzj o ®) d yYyoOmlsdy WihsstcOdzOS OdzO, MdzOE

d digddtdst jHNZ > JSiesletgtaizde 2 f) =fide ts d

Yyd dzdvw dLtsBtOy jdedw. 1 @¥ ok
yd, o"BdtOjlIlshmV B fodlsv-ggfzdw Odoz@ls sils Gery d 62C
tctso Odzd J .

A
I bts yj otjd" offj dizBGEOPEeg™ ¢ OwOMS @ dadz’ 2
1 tcOo dzjtilad jvy dfjtslzlz H sfls 2z dzr Hdzw " Isder » ftsdz- L tsoC
dz2" 2 CtdzZstesdz? f OOy Istetse o fJtetsyj MMy MEOdzd teso Ode

VilsteOdzj dzdj O-hjy§ OSktses o ¢

[ SHEZd' ScanTronickE
COl! ftbyjHEE ffdk
tedxd

1 0dzdydj dzO ftso jtondesisd tBEAOLc) O ¢ § B3&OMIS joB 4 BH B
ydls ftedeifmisd ¢ bRz, ybkt dOd SCtbkzlsr s EYyoOmilsL 07
o3 LBdZHO s o jterndesMisd (cf OtcOh s Isdtctso Oded j &) .
oMmMd?2 MCOdzdtelz] d3ts? Htso j ton dzts BIOF sE BJ jols HDT AGUF L ST C
bsdz €5 dzgO dgj MEBsdz! $drm dzgjBBBd hdn EyYyoOmlsecon, COC
l tjLkd Oy COyjfMmbbets dzkzyj ddsets dL tsBtc @)% j dd W
olststedzsy MCOdzgdtetso Odedy HOdzdzets? tsB dzOMis( .

78



I s tets | dpdesX teed® dscdslz O dze ts BVl l4sds o & Tl g riss flzdiylsms O dz® s H j
kqtetso Odzdw e 2O dLBSB©OY jddd tjd jW¥O. | wjLkd O
fsdyojbmw oftdd fwdjdda & 2 ©jLkd Ok, §0O¢ !

tdm. 7. RLGBLOF] ddf Sy Jledd) dj ddy GTransf or
SO ¢cfOttOh s Isdtctso Odzd W € . GTransfor mE k{glOtc Gdgsj o Oc
LBdZHO Bl o jterdzsmisd dzO B JSCIsOR M Skl df MC d

sttsd3j Istsets, Odzestdlsd GTransfor mE dLsts eus@zyjjdsd v
L z0ud Bk é ddW steBOyds. rj2Mlseadlsjd ds, dLEBBEOYjC
ddzd &OljOd dF & fMdd fMeHj )y Ols dOEWHE f dd¥ e
fso jtondzsfmisd, KkOCY] CodsttOmls, B8 kfspdzaer D d)
Nils o LdzOudljd des? Misjf jded KOMCdeso O! £ O0klstk
fls’ ¥ fMem2fllse §mojwndshisd. 10 df. 8 fdejHjd
HdzW drLedzj yjdedw dL dLBBKOY jddw WOL o sge" € 6dadzicD
s Meot2fllse OB ®HOLjted OO, fklsjd bMlsteOds dzd™ d
fso jendsmisd dzO® fMdcdzOd Mmdsj " j dedw W oOL T .

um)
9

o] um) o
I g

79



tcrlz: RLBBEKGOYJdd] WOLoaBGEB (isdstcOf

J( MYJLaE) o dechaide] dadie’y d Wi O ) f 5t

d3j dzj dz2dj GTransformE Hdv ¢COtlr WOL
wilsstc ©dzC O dzO.

. 8. Jloj
) d f sfdz
: Htd

Vo ki dzj dzdj ftedetteses » sdikmtdsdd

i fcecc0 biejeto O0dd?2 € §sd Lo dgshy, dg f
oLBEYd &5 dF dMisd LseoOddj §OCI®dY]MEd

i 9 ftedo jHjdes dLtsBtOy jdedj o¢ufls-dL 5B
sh j2 BOLT HOdzdz" » MHJj dzOJjIs o BL @3y dz' d3 ted G

"
16006
o
o000
000
cone
sone
<000
000
00
1008

8
B 1000 2pAR 306D 4000 SHOM  GOOO 7DD OGO  9ABR  106M oN So6 160 1580 2000 2500 068 3500  4see o

tdm. 9. ¢H,[ C[LlSBtG@XJdZdW acftslzfntsa ¢ B 5dO d

[JSOLT 9 0OjIsMmw, ybts ©OSCe" j CdzjlkS¢d ftdesdzdL dlsj dz
oL d3sy de’ 3 dMmMf sdz! L so Odedy d3j ssHtse MECOdedtelzedn j 2 L
Oc dasfnds, Yt MH] ZOdZE otsL @Iy dz" &3 o' AntsH dzO L dzs €
s h ftcdBtstctse , fjtcjotsHw dna dqL ftoedBtsteso HddV
h d Ctsets tor dz O.

1 OC dz¥ yd dzd J

l twjLkd O], ¢ d&Omlsswh j ik tc j difi telzf{B tdtdsts oH, O dzl3 jH Ik
d 0¢Cfj MMkzOtetse H dzv affntsQisiWWJ sdo dzts?2 tOB®IsT
Ftotso dzj .

[ dzw dzOyd dzOs h d ftsdz L tso Olsj dzj 2 ool d dzls § dzdzj ¢
ScanTroni€ L dzZOydlsj dz' des tsBdzj e yOjls fkzls' ¢ Hedazngs dzd®
Oy jdd?2 M tfldi3dLOydj?2 stHddd "jdaystsd & hd d
Mz Hso Ols j dzv &3 f tetsEc o OBz 2 s H Iz dz ScanTroni cE
ftoslsdodetsds MdzzyoOj Br dzts Br fslstcOyYj dets dzO MtsL H O da
Codedig @3 dzOH ftesyjHEZte?2 .

t OLtcOBtSISCO ftodeBtotse HAzv N dteisd dFJ tdx Ed ytg Hzne J m
tcsco HdzW HJOGdtsMisdSd tsdtsdtscdyj MSdr L OB B4y o Odzd
Yd dedd B dzd-3 Ok - 1

[ dlsjcOlktcO
80



ogrwWNE

https://www.ntmdsi.ru/productsautomateeafm/nexdii
https://www.ntmdsi.ru/products/automatedfm/vega
https://www.ntmdsi.ru/products/afrramannancir -systems/ntegrapectraii

https://www.ntmdsi.ru/products/automatedfm/vega

https://www.ntmdsi.ru/products/practicabfm/solvernano
https://www.ntrdt-si.ru/products/features/thermahbinet

81


https://www.ntmdt-si.ru/products/afm-raman-nano-ir-systems/ntegra-spectra-ii
https://www.ntmdt-si.ru/products/automated-afm/vega
https://www.ntmdt-si.ru/products/features/thermal-cabinet

v 330
ddmlsj dgdzr 2 0OdzOdzd L . Ad¢Sdzdyg m

lddzr wds 1 OHBStemMEd?2 (vSteOd dzO) , Jdzje Adets
figovsky@gmail.am

O dedetsls Ofymfelzs 2 dL  dzOdBGdzj j o0y dr o fsBdzj &5 Mdls
Wstd  BjssHse §ijtjHOoud JdWstedoydd i o jt
& g5, O kOCyj 6l sHddr §sHmdhlsjd S a

Br MEst iy | dzj &) delsse Bsdzjj o' MsCdn bkseods 2 d §
d SBtOkdscts osddwddw d fMisjfjdd di etsLHj2Mlsedw
fdMmlsj &3 dz0@ oL ddyde » Mmiskfjdvs djwOwndd §®EFnsH]
o e Oded ™, des d MO sy min dMmd Hse Oddw o' Mk

oYOfmisdetsmis cp, Mitptgfplsftwizflsled d o JHJdetsy yJ dzsg tOL dzd ydz'
I 1?2 MOl j tjy §2Hjlk & MmSejieh jdds qshss
CkOodesj, HjEOjlMw §sfrlsCO nslw B dOdGjlsdls! |
sflsd®dL Oydd  SCosdsddud mMéds MdMmisj &3, Ul yYtejLoer
flste O dzr .

sz yjor j: Mdtsmdsdids 0O, JdW¥sttdoyd®y, sflsddadL oydw

UDC 330

System analysis. Cyclical economy

William Zadorsky (Ukraine), Oleg Figovsky (Israel)
figovsky@gmail.com

Annotation. One of the most important problems of systemology is to determine the forms and
methods of information transfer between theempand lower hierarchical levels, as well as from
one subsystem to another, the nature of the coordination of the lower levels of the system from the
elements of higher levels and quantitative characteristics of direct and reverse influence and the d
greeof their impact on each other. When optimizing specific systems at different levels ofrthe hie
archy, it is necessary to take into account that not only the object of the study, but also the research
process itself act as a complex system, the task afwvimi particular, is to connect different dio
els of the object under study into a single whole. In this article we will talk about very spewial flu
tuations in economic systems and, most importantly, an attempt to at least outline ways to manage
these flictuations in order to optimize economic systems, which is extremely important in the era of
reforming the country.

Keywords: economy, information, optimization, hierarchy, system analysis.
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3-D modeling as a key component
information technologies in the NBICS system:
design and research activities of schoolchildren.

Shahramanyan M. A.
Honored worker of science, Professor, Doctor of Technical Sciences,
Head of Human Resources Development Department
National Center of Digital Econongf Moscow State University. M. V. Lomonosov
Richter A. A., Ph. D., M. S.
Research Institute of Aerospace

¢ nnotation. This article discusses the use eD3modeling technology as one of the keyrzo
ponents of information technology in the NBICS system in relation to solving the problesn of a
sessing the loss of illumination in the territory of gardecha site$rom highrise buildings based
on the use of -® modeling and remote sensing from space in the organization and conduct of
school design researciWhen carrying out design and research work by students, the possibilities of
the following software systemare considered: Google Earth (survey and visual interpretation of
the Earth's surface using space images), Sketch Up (buildingdinneasional models of rigidios
jects), MatLab (developing and testing programs to automate problem solving).

Keywords: NBICS, 3D modeling, rigid objects
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Russia needs greening, not just modernization

(the article was published in the journal "Energy: I
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tkachenk@mail.ru

Kerzhensev A. S.,
D. B. N., IFPB RAS
kerzhent@ibbp.psn.ru

Annotation. Currently, one of the main incentives for human development is the global env
ronmental crisis. The vital need to find a way out of the current impasse makes the leading countries
of the wotd to improve technology and technologies, to transfer the economy to the "green" rails,
to introduce environmental concepts in politics, to develop new scientific concepts and to conclude
international treaties on the protection of the environment. Hawthe generally accepted plan of
action does not exist yet. We need to think and think constantly about how we can continue to live
on the planet. The future of mankind depends on how carefully people will think and plankeach su
sequent step on the waytbkir development.

Keywords: ecological crisis, environment, technosphere, technologies, ecologization.
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Annotation. The reform of academic science has been accomplished. Five years, since June 27,
2013, it took to deprive the wounds of subjectivity de facto. The completion of this process was
confirmed de jure on 29 January 2019.
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