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BBE/JIEHHE

3HAuWTENpHAs JO0JA KOMMYHHUKATHBHBIX IIPOLECCOB COBPEMEHHOIO MUpa
IPUXOJIUTCS HA MEXKYJIbTYpHOE OOIICHHE, YCIeX KOTOPOTO B OOJBIION CTENEHU
3aBUCUT OT YPOBHS BJIAJICHUS HWHOSI3bIYHBIMM KOMIETCHLHUSAMU. B CBsA3M ¢ 3TUM
oOpa3oBaTelibHblE€  CTAHAAPTBI HOBOIO  IOKOJIEHHA TpeOyrOT pa3BUTHS U
dbopMUpOBaHUA JAHHBIX KOMIIETCHLUH, KOTOpbIE KpPOME MPOUYUX KOMIIETCHLIUMN
BKJIIOYAIOT B c€0sl yMEHHME YUTaThb U MEPEBOJAUTH JUTEPATYpPy IO CHEIUATIBHOCTH.
[Ipennaraemoe yueOHOE 1OcoOUEe CTaBUT LENbI0 (POPMUPOBAHHUE U PA3BUTHE YMEHUS
YUTATh U NEPEBOJUTH JIUTEPATYPY MO CACTYIOIINM CIEIUATBHOCTAM: KOMIBIOTEPHBIE
HayKM, MaTemaruka, ¢u3uka u xumusi. Kpome TOro. oOHO crocoOCTByeT
(OpPMHPOBAHUIO M 3aKPEIVICHUIO HABbIKA PEIAKTUPOBAHMS . TEKCTOB MEPEBOJIOB, TaK

HCO6XOIII/IMOFO IICPCBOAYHKAM.

[Ipennaraemoe y4yeOHOE MMOCOOME TMpeIHAa3HAYEHO JIS HUCIOJIb30BaHUS Ha
3aHATUSX 1O gucHuiuinHaMm  «MHocTpaHHbIM — a3bIK», «IIpakTHueckui Kypce
npoeCCUOHANILHO-OPUEHTUPOBAHHOTO ~ mepeBoja» U «llpaktukym».  Otu
JTUCLUMIUIMHBL ~ YUTAIOTCA  CTyJIEHTaM, OOydJalIuMcs Kak [0  OCHOBHOM
oOpa3zoBarenpHON  TporpamMme, TakK M TOJYYAIONIMM  JOMOJHUTEIHHYIO
kBanmnpukanuio «llepeBogunk B cdepe npodeccCuOHATBbHOM KOMMYHUKAIUW.
[TocoOue MOXeT WCMHOJb30BaThC HA AayJUTOPHBIX 3aHITHSIX M0 JIaHHBIX

AUCHUIITIMHAM, a TaKXKC JJI1 OpraHU3allnn CaMOCTOSTSIILHOMN pa60TI>I CTYACHTOB.

OTnMYUTEeN HON YepTON JAHHOTO TMOCOOWS SIBISETCA TO, YTO B KA4ECTBE
MaTepHayoB Ui (OPMUPOBAHUSA M 3aKPEIUICHUS HaBbIKAa MEPEBOJA C aHTIUHCKOTO
s3bIKA HAa PYCCKUH TpemIararoTcs TEKCThI HE TOJIBKO HOCHTENICH S3bIKa, HO M
aBTOpOB, uYel pOJHOW SI3bIK HE SBISETCA aHrauickuM. HeoOxomumocTthb
WCITOJIb30BAHUSI TaKWX TEKCTOB B y4eOHOM MpoIlecce OOYCIOBJICHA CIIOKHUBIICHCS
cutyanueit B cdepe mnpodecCHoHAIBHOTO OOIIeHHs, Korjga B MpodecCrHoHaTbHBIX
JTUCKYCCUSAX HAa AHTIUHCKOM SI3bIKE TMPUHUMAIOT Y4acTHE TPEICTABUTEIIM Pa3HBIX

CTpaH.



TexcThl Ha aHIVIMHACKOM $SI3bIKE pa3MELICHbl B IEPBOMl 4YacTU MOCOOHS B
YETBIPEX pasz/eiiax, NOCBAIIEHHBIX TOW WM MHOW CIIEUAJIbHOCTH. BO BTOPYIO 4acTh
y4eOHOro mocoOusi BKIIFOUEHBI MEPEBOJIBI IIPEIaraéMbIX TEKCTOB Ha PYCCKHUH SI3BIK,
BBITIOJTHEHHBIE CTyJA€HTaMu U acnupaHTtamu (CapaTOBCKOTO TOCYyAapCTBEHHOTO
YHUBEPCHUTETA, CJIeTKa KOPPEKTHUPOBAHHBIC aBTOpaMu mocoOus. JlaHHbIE MepeBOAbI
MpeIaraloTcs JJIsl UCIOJIb30BaHUS B KAUECTBE BO3MOKHBIX BAPHUAHTOB IMEPEBOJA, a
HE KaK JTaJIOHHBIC OOpa3Ipbl, YTO OCTABISET 3a COOOM BO3MOYKHOCTH CTYyJIEHTaM,
3aHUMAIOIITUMCS 110 TTOCOOMI0, PeAaKTHUPOBaTh JaHHBIC MEPEBOABI, Ipejiaras CBOU
BapuaHTbl. KpoMe 3TOro, BO3MOKHO MCIOJIb30BAHMUE TEKCTOB MEPEBOJIOB HA PYCCKOM
A3bIKE I MEPEBOJA HA A3bIK OPUTMHANIA U CPABHECHUS IMOJYYCHHBIX AHTJIMHUCKUX

BapHAaHTOB C OpUT'HHAJIaMH.



SECTION |

COMPUTER SCIENCE

One Small Step for GEANT, one Giant Leap for the Black Sea Region

The Commission today increased the internet capacity available across the
Black Sea to researchers in the South Caucasus (Armenia, Azerbaijan and Georgia)
by switching on the region's largest computer network for research and education.
The EU-funded regional research and education network Black Sea Interconnection
(BSI) links the South Caucasus countries and connects them to the high bandwidth,
world-leading, pan-European GEANT network that already serves 30 million
researchers. This new connection will enable researchers and students to collaborate
with their European peers in 40 countries, by sharing large amounts of data over the

network.

“The Commission wants to direct the internet's evolution to make sure there
are no white spots in global research,” said Viviane Reding, EU Commissioner for
Information Society and Media. “By investing €1.4 million funding in this project,
we will bridge a major digital divide by connecting scientists from the Black Sea
region to the global research community, providing high speed internet connections
to universities and research centres in the South Caucasus. | expect better
collaboration with GEANT's 4,000 EU research institutions will lead to better
research and better results in Europe and beyond.”

“This major project underpins a number of key aims for EU policy within the
Black Sea region,” Commissioner Benita Ferrero-Waldner, EU Commissioner for
External Relations and European Neighbourhood Policy added. “It implements Black

Sea Synergy in the crucial sector of information society, providing a collaborative



infrastructure that not only supports research but also the future introduction of new
online services such as e-Government, e-Business, e-Health and the use of
information and communication technology in education benefiting society as a

whole.”

Further reactions from politicians in the region and NATO on this big step for

the region are available in the Commission's Information Society newsroom.

Cutting edge research depends on large databanks and massive processing
power to deal with problems such as forecasting earthquakes, decoding genetic
information, simulating climate change and energy demands or predicting and
managing the spread of epidemics. The Black Sea Interconnection project links the
countries of the South Caucasus to the pan-European GEANT (MEMO/09/110)

academic internet at previously unavailable speeds (from a minimum of 34 to 100

Megabits per second, Mbps). These speeds allow the deployment of advanced
services across the region, such as more internet addresses through the latest internet
protocol (IPv6, a potentially unlimited source of internet addresses (1P/08/803) and
multicast (which allows more effective streaming of videos, for example), which are

innovative features of high speed research networking across the world.

The high speed connections will enable a far greater level of collaboration
between researchers and scientists in the region. Connecting 377 universities and
research institutes in the South Caucasus to the pan-European Geant2 network, which
already connects 34 national research networks worldwide, will increase the scope of
research-and education both in the South Caucasus and in Europe itself. It also
promises to impact daily life in the region by improving access to and quality of
healthcare such as allowing doctors to remotely diagnose conditions and prescribe
treatment to poor and isolated rural communities (for  more
examples, MEMO/09/110).

(adopted from http://europa.eu/rapid/pressReleasesAction.do?reference=1P/09/407)
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Wireless Communications

Wireless communications are various telecommunications systems that use
radio waves to carry signals and messages across distances. Wireless communications
systems use devices called transmitters to generate radio waves. A microphone or
other mechanism converts messages, like sounds or other data, into electronic
impulses. The transmitters change, or modulate, the radio waves so they can carry the
impulses, and then transmit the modulated radio signals across distances. Radio
receivers pick up these signals and decode them back into- original messages.
Commercial radio and television are also wireless telecommunications system, but
radio and television are mainly public broadcast services rather than personal

communications systems.

Wireless communications allow people greater flexibility while
communicating, because they do not need to remain at a fixed location, such as a
home or office. Wireless technologies make communications services more readily
available than traditional wire-based services (such as ordinary telephones), which
require the installation of wires. This is useful in places where only temporary
communications services are needed, such as at outdoor festivals or large sporting
events. These technologies are also useful for communicating in remote locations,
such as mountains, jungles, or deserts, where telephone service might not exist.
Wireless services allow people to communicate while in a car, airplane, or other
moving vehicle. Police, fire, and other emergency departments use two-way radio to
communicate information between vehicles that are already responding to emergency
calls, which saves valuable time. Construction and utility workers frequently use
hand-held radios for short-range communication and coordination. Many
businesspeople use wireless communications, particularly cellular radio telephones,

to stay in contact with colleagues and clients while traveling.



Principles of Wireless Communications

Wireless communications begin with a message that is converted into an
electronic signal by a device called a transmitter. The transmitter uses an oscillator to
generate radio waves. The transmitter modulates the radio wave to carry the
electronic signal and then sends the modified radio signal out through space, where it
Is picked up by a receiver. The receiver decodes, or demodulates, the radio wave and
plays the decoded message over a speaker. Wireless communications provide more
flexibility than wire-based means of communication. However, there are some
drawbacks. Wireless communications are limited by the range of the transmitter (how
far a signal can be sent), and since radio waves travel through the atmosphere, they

can be disturbed by electrical interferences (such as lightning).

Wireless communications systems involve either one-way transmissions, in
which a person merely receives notice of a message, or two-way transmissions, such
as a telephone conversation between two people. An example of a device that sends
one-way transmission is a pager, which-is a radio receiver. When a person dials a
pager number, the pager company sends a radio signal to the desired pager. The
encoded signal triggers the pager circuitry and notifies the customer carrying the
pager of the incoming call with a tone or a vibration, and often the telephone number
of the caller. Advanced pagers can display short messages from the caller, or provide

news updates or sports scores.

Two-way transmissions require both a transmitter and a receiver for sending
and receiving signals. A device that functions as both a transmitter and a receiver is
called a transceiver. Cellular radio telephones and two-way radios use transceivers, so
that back-and-forth communication between two people can be maintained. Early
transceivers were very large, but they have decreased in size due to advances in
technology. Fixed-base transceivers, such as those used at police stations, can fit on a
desktop, and hand-held transceivers have shrunk in size as well. Several current

models of hand-held transceivers weigh less than 0.2 kg (0.5 Ib).



Modes of Wireless Communications

Wireless communications systems have grown and changed as technology has
improved. Several different systems are used today, all of which operate on different
radio frequencies. New technologies are being developed to provide greater service

and reliability.
A Air Transceivers

Radio operators still monitor distress channels, but maritime and aviation
telecommunications systems now use high-frequency radios and satellites capable of
transmitting speech, rather than wireless telegraphy to send messages. Aircraft pilots
use radios to communicate with air traffic controllers at airports and also to
communicate with other pilots. Navigation beacons are equipped with transmitters
that send automated signals to help ships and aircraft in distress determine their
positions. While high-frequency radio can transmit signals over long distances, the
quality of these signals can be diminished by bad weather or by electrical interference

in the atmosphere, which is often caused by radiation from the sun.
B Hand-Held Radio Transceivers

Police, fire, and other emergency organizations, as well as the military, have
used two-way wireless radio communication since the 1930s. Early vehicle-based
radios were large, heavy units. After the invention of the transistor in 1948, radios
shrank in size to small hand-held radio transceivers, which civil authorities now use
to communicate with each other directly. Public two-way radios with several
frequency options are widely available as well. Usually limited in range to a few
miles, these units are great aids for such mobile professionals as construction
workers, film crews, event planners, and security personnel. Simpler two-way radios,

called walkie-talkies, have been popular children’s toys for years.
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C Cellular Radio Telephones

Cellular radio telephones, or cell phones, combine their portable radio
capability with the wired, or wireline, telephone network to provide mobile users
with access to the rest of the public telephone system used by non-mobile callers.
Modern cellular telephones use a network of several short-range antennas that
connect to the telephone system. Because the antennas have a shorter range,

frequencies can be reused a short distance away without interference.
E Satellite Communications

Satellite communications services connect users directly to the telephone
network from almost anywhere in the world. Special telephones are available to
consumers that communicate directly with communications satellites orbiting the
earth. The satellites transmit these signals to ground stations that are connected to the
telephone system. These satellite services, while more expensive than cellular or
other wireless services, give users access to the telephone network in areas of the

world where no telephone service exists.

The number of companies offering wireless communications services has
grown steadily in recent years. In 1988 about 500 companies offered cellular radio
telephone (cell phone) services. By 1995 that number had grown to over 1500
companies serving millions of subscribers. Wireless communication is becoming
increasingly popular because of the convenience and mobility it affords, the
expanded availability of radio frequencies for transmitting, and improvements in

technology.

(adopted from http://www.studfiles.ru/dir/cat5/subj164/file13679/view133031.html)

12


http://www.studfiles.ru/dir/cat5/subj164/file13679/view133031.html

3
Machines to Think With

In the spring of 1957, while he continued to carry out the duties of an MIT
researcher and professor, Dr. J.C.R. Licklider noted every task he did during the day
and kept track of each one. He didn't know it then, but that unofficial experiment
prepared the way for the invention of interactive computing — the technology that
bridged yesteryear's number crunchers and tomorrow's mind amplifiers. Licklider's
research specialty was psychoacoustics. During World War 11, he had explored ways
electronics could be applied to understanding human communications. Specifically,
he wanted to learn how the human ear and brain are able to convert atmospheric
vibrations into the perception of distinct sounds. After the war, MIT was the center of
a number of different attempts to use electronic mechanisms to model parts of the
nervous system — a movement in biology and psychology as well as engineering that
was inspired by the work of Wiener and others in the interdisciplinary field of
cybernetics. Licklider was one of the researchers attracted to this paradigm, not
strictly out of the desire to build a new kind of machine, but out of the need for new
ways to simulate the activities of the human brain. This need, inspired by cybernetics,
was extended simultaneously-into engineering and physiology. Computers were the
last thing on Licklider's - mind until his theoretical models of human perceptual

mechanisms got out of hand.

By theJate 1950s, Licklider was trying to build mathematical and electronic
models of the mechanisms the brain uses to process the perception of sounds. Part of
the excitement generated during the early days of cybernetic research came from the
prospect of studying mechanical models of living organisms to help create theoretical
models of the way those organisms function, and vice-versa. Licklider thought he
might be onto a good idea with an intricate neural model of pitch perception, but
quickly learned, to his dismay that his mathematical model had grown too complex to
work out in a reasonable length of time even using the analog computers that were

then available. And until the mathematical model could be worked out, there was no
13



hope of building a mechanical model of pitch perception. The idea of building a
mathematical or electronic model was meant to simplify the task of understanding the
complexities of the brain, like plotting a graph to see the key relationships in a
collection of data. But the models themselves now began to grow unmanageably
complex. Like Mauchly with his meteorological data, twenty years before, Licklider
found he was spending more and more of his time dealing with the calculations he
needed to do to create his models, which left less time for what he considered to be
his primary occupation — thinking about what all that information meant. Beneath
those numbers and graphs was his real objective — the theoretical underpinnings of

human communication.

(adopted from Rheingold H. Tools for Thought. MIT Press, 2000)

4
Modem

A modem (from modulate and demodulate) is a device that modulates an
analog carrier signal to encode digital information, and also demodulates such a
carrier signal to decode the transmitted information. The goal is to produce a signal
that can be transmitted easily and decoded to reproduce the original digital data.
Modems can be used over any means of transmitting analog signals, from driven
diodes to radio.

The most familiar example is a voiceband modem that turns the digital '1s and
Os' of a personal computer into sounds that can be transmitted over the telephone
lines of Plain Old Telephone Systems (POTS), and once received on the other side,
converts those sounds back into 1s and Os. Modems are generally classified by the
amount of data they can send in a given time, normally measured in bits per second,
or "bps".

Faster modems are used by Internet users every day, notably cable modems
and ADSL modems. Optical modems transmit data over optical fibers. Most

intercontinental data links now use optical modems transmitting over undersea
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optical fibers. Optical modems routinely have data rates in excess of a billion (1x109)
bits per second.
Increasing Speeds

Voiceband modems generally remained at 300 and 1200 bit/s into the mid
1980s, although, over this period, the acoustic coupler disappeared as Smartmodem-
compatible modems flooded the market.

A 2400-bit/s system similar in concept to the 1200-bit/s Bell 212 signalling
was introduced in the U.S., and a slightly different, and incompatible, one in Europe.
By the late 1980s, most modems could support all of these standards, and 2400-bit/s
operation was becoming common.

Many other standards were also introduced for special purposes, commonly
using a high-speed channel for receiving, and a lower-speed channel for sending. One
typical example was used in the French Minitel system, in which the user's terminals
spent the majority of their time receiving information. The modem in the Minitel
terminal thus operated at 1200 bit/s for reception, and 75 bit/s for sending commands
back to the servers.

Such solutions were useful in-many circumstances in which one side would be
sending more data than the other.

Telebit introduced its Trailblazer modem in 1984, which used a large number
of low-speed channels to send data one-way at rates up to 19,200 bit/s. A single
additional channel in the reverse direction allowed the two modems to communicate
how much data was waiting at either end of the link, and the modems could switch
which side had the high-speed channels on the fly.

U.S. Robotics (USR) introduced a similar system, known as HST, although this
supplied only 9600 bit/s (in early versions at least) and provided for a larger
backchannel.

Operations at these speeds pushed the limits of the phone lines, resulting in
high error rates. This led to the introduction of error-correction systems built into the
modems, made most famous with Microcom's MNP systems. A string of MNP

standards came out in the 1980s, each slowing the effective data rate, from about
15



25% in MNP 1, to 5% in MNP 4. MNP 5 took this a step further, adding data
compression to the system, thereby actually increasing the data rate: generally, the
user could expect an MNP modem to transfer at about 1.3 times the normal data rate

of the modem.

(adopted from http://en.wikipedia.org/wiki/Modem)

5
Computer and Its Components

When you mention the word “technology”, most people think about computers.
Computers take numerous physical forms. Early electronic computers were the size
of a large room, consuming as much power as several hundred modern personal
computers. Today, computers can be made small enough to fit into a wrist watch and
be powered from a watch battery. Society has come to recognize personal computers
and their portable equivalent, the laptop computer, as icons of the information age;
they are what most people think of as “a computer”. However, the most common
form of computer in use today is by far the embedded computer. Embedded
computers are small, simple devices that are often used to control other devices-for
example, they may be found in machines ranging from fighter aircraft to industrial

robots, digital cameras, and even children’s toys.

The ability to store and execute programs makes computers extremely
versatile and distinguishes them from calculators. The Church-Turing thesis is a
mathematical statement of this versatility: Any computer with a certain minimum
capability .is, in principle, capable of performing the same tasks that any other
computer can perform. Therefore, computers with capability and complexity ranging
from that of a personal digital assistant to a supercomputer are all able to perform the
same computational tasks as long as time and storage capacity are not considerations.

A general purpose computer has four main sections: the arithmetic and logic
unit (ALU), the control unit, the memory, and the input and output devices

(collectively termed 1/O). These parts are interconnected by buses, often made of
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groups of wires. The control unit, ALU, registers, and basic I/0 (and often other
hardware closely linked with these) are collectively known as a central processing
unit (CPU). Early CPUs were comprised of many separate components but since the
mid-1970s CPUs have typically been constructed on a single integrated circuit called

a microprocessor.
Control Unit

The control unit (often called a control system or central controller) directs the
various components of a computer. It reads and interprets (decodes) .instructions in
the program one by one. The control system decodes each instruction and turns it into
a series of control signals that operate the other parts of the computer. Control
systems in advanced computers may change the order of some instructions so as to

improve performance.

A key component common to all CPUs is the program counter, a special
memory cell (a register) that keeps track of which location in memory the next
instruction is to be read from. Since the program counter is conceptually just another
set of memory cells, it can be changed by calculations done in the ALU. Adding 100
to the program counter would cause the next instruction to be read from a place 100
locations further down the program. Instructions that modify the program counter are
often known as “jumps™ and allow for loops (instructions that are repeated by the

computer).

It is noticeable that the sequence of operations that the control unit goes
through-to process an instruction is in itself like a short computer program — and
indeed, in some more complex CPU designs, there is another yet smaller computer
called a micro sequencer that runs a microcode program that causes all of these
events to happen.

(adopted from Computer and Its Components//Computers Today: YuyeGHo-MeTOANYECKOE TOCOOUE ISl BY3OB.

CocraBurens B.JM. T'ypesnoBa. M3parenbcko-mosmrpaduueckuii  HEHTp BOpPOHEXKCKOro  rocyaapcTBEHHOTO

yuuBepcurera, 2009)
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6
Client Operation

The Ceph client runs on each host executing application code and exposes a
file system interface to applications. In the Ceph prototype, the client code runs
entirely in user space and can be accessed either by linking to it directly or as a
mounted file system via FUSE. Each client maintains its own file data cache,
independent of the kernel page or buffer caches, making it accessible to applications

that link to the client directly.
File 1/0 and Capabilities

When a process opens a file, the client sends a request to the MDS cluster. An
MDS traverses the file system hierarchy to translate the file name into the file inode,
which includes a unique inode number, the file owner, mode, size, and other per-file
metadata. If the file exists and access is granted, the MDS returns the inode number,
file size, and information about the striping strategy used to map file data into
objects. The MDS may also issue the client a capability (if it does not already have
one) specifying which operations are permitted. Capabilities currently include four
bits controlling the client's ability to read, cache reads, write, and buffer writes. In the
future, capabilities will include security keys allowing clients to prove to OSDs that
they are authorized to read or write data (the prototype currently trusts all clients).
Subsequent MDS involvement in file 1/0 is limited to managing capabilities to

preserve file consistency and achieve proper semantics.

Ceph generalizes a range of striping strategies to map file data onto a sequence
of objects. To avoid any need for file allocation metadata, object names simply
combine the file inode number and the stripe number. Object replicas are then
assigned to OSDs using CRUSH, a globally known mapping function. For example,
if one or more clients open a file for read access, an MDS grants them the capability
to read and cache file content. Armed with the inode number, layout, and file size, the

clients can name and locate all objects containing file data and read directly from the
18



OSD cluster. Any objects or byte ranges that don't exist are defined to be file "holes,"
or zeros. Similarly, if a client opens a file for writing, it is granted the capability to
write with buffering, and any data it generates at any offset in the file is simply
written to the appropriate object on the appropriate OSD. The client relinquishes the
capability on file close and provides the MDS with the new file size (the largest offset
written), which redefines the set of objects that (may) exist and contain file data.

(adopted from http://www.usenix.org/events/osdi06/tech/full_papers/weil/weil _html/index.html#weil:tr-ucsc-

metacp04)

Will the Real Programmers Please Stand up?

Among our friends in the startup community, RethinkDB has the rep for
having the toughest interview process on the block. And it’s true — the interview
process 1s something we won’t compromise on. We’re prepared to turn away as many
people as it takes to build a superb development team. We have ran into people that
thought we have ridiculously high standards and are hiring rocket scientists who also
double majored in quantum mechanics and computer science. We don’t. We just

won’t hire programmers that can’t code.

In the interest of openness, we’ll post the smoke test that makes us turn away
19 out of 20 candidates within half an hour of a phone conversation (and that’s after
screening the resumes). We don’t ask people to code a solution to a complex
algorithms problem. We don’t ask to solve tricky puzzle questions. We don’t ask to
do complex pointer arithmetic. Here is the question that the vast majority of
candidates are unable to successfully solve:

Write a C function that reverses a singly-linked list.

That’s it. We’ve turned away people with incredibly impressive resumes
(including kernel developers, compiler designers, and many a Ph.D. candidate)

because they were unable to code a solution to this problem.

19


http://win.mail.ru/cgi-bin/link?check=1&url=http%3A%2F%2Fwww.usenix.org%2Fevents%2Fosdi06%2Ftech%2Ffull_papers%2Fweil%2Fweil_html%2Findex.html%23weil%3Atr-ucsc-metacp04
http://win.mail.ru/cgi-bin/link?check=1&url=http%3A%2F%2Fwww.usenix.org%2Fevents%2Fosdi06%2Ftech%2Ffull_papers%2Fweil%2Fweil_html%2Findex.html%23weil%3Atr-ucsc-metacp04

We ask other questions, of course. What’s the worst case complexity of
inserting N elements into a vector (or an ArrayList, or whatever your language of
choice calls dynamic arrays)? We don’t care if you don’t know, we just want you to
try and figure it out. We’ll explain how a vector works internally. Hell, we’ll even
accept O(NlogN) as an answer.

We try to ask about the difference between cooperative and preemptive
multitasking. We try to ask about condition variables. 19 out of 20 times there is
silence on the other end.

Why do we ask these specific questions? Because they’re part of a core body of
knowledge taught in any undergraduate curriculum worth its salt, and because in
some form or another, they came up in our daily work. And in four months we found
out that if you understand the difference between threads and coroutines, can reverse
a linked list, and have a basic understanding of condition variables, chances are
you’re probably a much better programmer than most who are looking for a job.

We’re hiring people who can do more than what I listed above, but I don’t
think we’re asking for too much more. Just a solid understanding of the
fundamentals, the drive to accomplish great things, and a little genuine love for your
craft. To quote one of my colleagues who heard about FizzBuzz for the first time, “If
they can’t do FizzBuzz, what can they do?”” After spending hours reviewing resumes,
it takes twenty interviews to get to the candidate that can pass the smoke tests. At an
average of 45 minutes per interview, this works out to fifteen hours of work. That’s a
lot of time to find one candidate with a basic understanding of software engineering.

Will the real programmers please stand up?

(adopted from http://www.rethinkdb.com/bloq/2010/06lwiII-the-real-proqrammers-please-stand-up)
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SECTION I

MATHEMATICS

Symmetries of Some Figures
Symmetries of the Square

Consider all the isometries of the unit square L1 = ABCD, i.e.; all the distance
preserving mappings of the square to itself. Denote by sy, Sy, and Sa, Spg the line
symmetries in the horizontal and vertical mid-lines, and in the diagonals AC, BD
respectively. Denote by ro, ry, I, r3 the rotations about the center of the square by 0,
90, 180, 270 degrees, respectively. These eight transformations are all called

symmetries of the square and denoted

Sym () = {ro, r1, 2 I3, S, Svs Sacs Sbd}:

The set Sym (L) is closed under the operation of composition (also called
multiplication), i.e., the composition of two symmetries is a symmetry. For example,
Sac * Sy = I, Sv = I, I1 * I = I3; here if we write, say, Si,c * 1, then sy, is performed
first, and r, is performed second (this is important, because composition is not

commutative).
Other results appear in the multiplication table.

Here (for example) the element sy at the intersection of the sixth column and
the fourth row is sy =r,* sy, the composition of r, and sy in that order (first the

transformation r, is performed, then sy ). Composition is noncommutative.

Obviously, composition is associative. The set Sym (L) contains the identity
transformation ry (also denoted id or 1). Any element X of Sym (L) has an inverse X
! i.e., anelement such that X * X' =X?** X =1,
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The set Sym (L) supplied with the composition operation is called the

symmetry group of the square.
Symmetries of the Cube

Let
P={(x,y,z2} e R®|-1<x<1,-1<y<1,-1<z<1}

be the unit cube. A symmetry of the cube is defined as any isometric
transformation of 1°. The composition of two symmetries (of I°) is a symmetry. There
Is a total of 48 symmetries of the cube. The set of all symmetries of the cube supplied
with the composition operation is called the symmetry group of the cube and is
denoted by Sym (1%). This group is also associative, noncommutative, has an identity,

and all its elements have inverses.
Symmetries of the Circle
Let S* = {(x, y} € R?|x? +y* = 1} be the unit circle.

Denote by Sym (S%) the set of all isometries of the circle. The elements of Sym
(SY) are of two types: rotations r,, oe [0.2%), and axial symmetries s,, a.e[0.2). The

composition of rotations is given by the formula

le. * rB = I:e(oc + B)mod2r-

There isalso a nice formula for the composition of axial symmetries. The set of
all isometries of the circle supplied with the composition operation is called the
symmetry group of the circle and is denoted by Sym (S%). The group Sym (S%) has an
infinite number of elements. As before, this group is associative, noncommutative,

has an identity, and its elements have inverses.
Elliptic Plane Geometry

Consider the set X = Ant(S%) of all pairs of diametrically opposed points on the
sphere. (Thus elements of X are not ordinary points but pairs of points.) Then X =
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Ant(S?), the set of diametrically opposed points on S* under the action of the
orthogonal group O(3) given by g : (X, -X) — (g(x), g(-x)) (which is well defined

because g(-x) = -g(x)), is called elliptic plane geometry.

The elliptic “plane” (the set X) contains another classical geometric object,

namely the Mobius band.

(adopted from Rees E. G. Notes on Geometry. Springler, 2004

2
Other Notations for Derivatives

Notation has played an extremely important role in the development of
mathematics. Some mathematical symbols, such as x" or n!, are merely abbreviations

that compress long statements or formulas into a short space.

Sometimes several different notations are used for the same idea, preference
for one or another being dependent on the circumstances that surround the use of
symbols. This is especially true in differential calculus where many different
notations are used for derivatives. The derivative of a function f is a notation
introduced by J.L. Lagrange late in the 18" Century. This emphasizes the fact that f°
is a new function obtained from f by differentiation, its value at x being denoted by
£(x). Each point (x, y) on the graph off has its coordinates x and y related to by the
equation y=f’(x), and the symbol y’ is also used to represent the derivative f’(x).
Similarly, y”,...., y(") represent the higher derivatives £(x), ..., f(")(X). For example,
if y = sinx, then y’ = cosx, y” = -sinx, etc. Lagrange’s notation is not too far removed
from-that used by Newton who wrote y and ¥, instead of y’ and y”. Newton’s dots are

still used by some authors, especially to denote velocity and acceleration.

Another symbol was introduced in 1800 by L. Arbogast who denoted the
derivative off by Df, a symbol that has widespread use today. The symbol D is called
a differentiation operator, and it helps to suggest that Df is a new function obtained

from f by the operation of differentiation. Higher derivatives £, £, ..., f(") are
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written D*f, D°f, ..., D"f, respectively, the values of these derivatives at x being
written D*f(x), D*(x), ..., D"f(x). Thus, we have Dsinx = cosx and D’sinx = Dcosx =
-sinx. The rule for differentiating a sum of two functions becomes, in the D-notation,
D(f + g) = Df + Dg. Evaluation of the derivatives at x leads to the formula [D(f +
9)](x) = Df(x) + Dg(x) which can also be written in the form D[f(x) + g(x)] = Df(x) +
Dg(x). The reader may easily formulate the product and quotient rules in the D-

notation.

Among the early pioneers of mathematical analysis, Leibniz, more than anyone
else, understood the importance of well-chosen symbols. He experimented at great
length and carried on extensive correspondence with other mathematicians, debating
the merits or drawbacks of various notations. The tremendous impact that calculus
has had on the development of modern mathematics is due in part to its well-

developed and highly suggestive symbols, many of them originated by Leibniz.

Leibniz developed a notation for derivatives quite different from those used
before. Using y for f(x), he wrote the difference quotient (f(x + h) — f(x))/h in the
form Ay/Ax, where Ax (read as «delta x») was written for h, and Ay for f(x + h) —

f(x). The symbol A is called a difference operator.

Not only was Leibniz’s notation different, but his way of thinking about
derivatives was different. He thought of the limit dy/dx as a quotient of
“Infinitesimal” quantities dy and dx called “differentials”, and he referred to the
derivative dy/dx as a “differential quotient.” Leibniz imagined infinitesimals as
entirely new type of numbers which, although not zero, were smaller than every

positive real number.

Even though Leibniz was not able to give a satisfactory definition of
infinitesimals, he and his followers used them freely in their development of calculus.
Consequently, many people found calculus somewhat mysterious and began to
question the validity of the methods. The work of Cauchy and others in the 19"
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Century gradually let to the replacement of infinitesimals by the classical theory of

limits.
(adopted from http:/fliiby.com/file/562334/5dmfcyp29x.html)

3
Time Discreteness

Every system representable by the basic finite state model is assumed to be
controlled by an independent synchronizing source, in the following fashion: The
system variables are not measured continuously, but only at the discrete instants of
time at which a certain specified event, called a synchronizing signal, is exhibited by
the source. These instants of time are called sampling times, the v" sampling time
being denoted by t, (v =1, 2, ...). An additional assumption is that the behaviour of
the system at any sampling time t, is independent of the interval between t, and the
previous sampling time t,.;. Thus, the true independent quantity, against which every
system variable is measured, is not time, but the ordinal number associated with the
sampling times. A system variable v(t), therefore, can be written as v,, which

designates the value of v at the v" sampling time.

It should be emphasized that the foregoing assumptions do not imply that the
time intervals between two successive synchronizing signals are uniform; neither
does it imply that a system variable, within such interval, exhibits some specific
mode of behaviour (say, remains constant). The only implication is that, whatever the
interval is, and whatever the system variations within the interval are, the values of

the variables at the v?" sampling time depend on the number v and not on the value of

t.

Systems which conform with the time discreteness assumption made above are
said to be synchronous. Systems in which this assumption is not valid are called
asynchronous systems. In practice, many systems which are inherently asynchronous

may be, for purpose of analysis, treated as synchronous. As an example, consider a
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system composed of a switch controlling a light bulb. The input variable is the
position of the switch (on or off), and the output variable is the condition of the bulb
(lighted or not lighted). The synchronizing source in this case is the operator of the
switch, and the synchronizing signal is the switch-throwing action. To the extent that
the value of each variable at the v?" sampling time (i.e., when the switch is thrown for
the v time) is independent of the intervals between the sampling times (i.e., between
one switch-throwing operation and the next), the described system may be regarded
as synchronous. Strictly speaking, however, the system is an asynchronous one, since
the operation of physical switches and bulbs does depend on the interval between
successive switchings: when the switching frequency becomes too high, one can no
longer assert, for example, that the light is always on when the switch is on.
Nevertheless, when the switching frequency is known to be sufficiently low (this
knowledge may be based on the specified characteristics of the synchronizing
source), the system may be safely regarded as a synchronous one.

(adopted from http://www.e-reading.org.ua/djvureader.php/135702/Gill - introducion to theory of finite-state

machines.html)

4
States

While the excitation and response variables are, by choice, quantities which
can be observed and measured by the investigator, the intermediate variables are
often of obscure nature and their values are often immeasurable. The importance of
the intermediate variables, however, does not lie in their individual behaviors, but
ratherin their combined effect on the relationship between the input and output
variables. This “combined effect,” like the variables which cause it, is subject to the
time-discreteness and alphabet-finitude assumptions. The effect is called the state of
the system, the state at time t, being denoted by s,. The set of states which can be

exhibited by a system is called the state set of the system and is denoted by S.
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The concept of a state can be accurately defined only through the role played
by it in the postulation of the basic finite-state model. This role can be described
through the following two statements: (1) The output symbol at the present sampling
time is uniquely determined by the input symbol and state at the present sampling
time. (2) The state at the next sampling time is uniquely determined by the input
symbol and state at the present sampling time. Thus, roughly, the state of a finite-
state machine at any given sampling time is that variable which, together with the
input symbol, enables one to predict the output symbol at this sampling time and the

variable at the next sampling time.

As an example, consider a game in which a coin is tossed repeatedly and a
point is scored for the first tail in every run of tails and for each head, except the first
two heads, in every run of heads. In this case the system is the game, the
synchronizing source is the player, and the synchronizing signal is the tossing
operation; the input variable is the face of the coin, and the output variable is the
score per toss. The input alphabet, then, is {Head, Tail}, and the output alphabet is
{Point, No point}. To determine the state set, one looks for a set of conditions (which
may be expressed verbally, symbolically, numerically, or in any other convenient
form) such that the knowledge of the present condition and coin face would uniquely
determine the present score and next condition. From the description of the game it
can be deduced that, in order to predict the score, one must know the present and two
previous coin faces. Tentatively, therefore, consider the state set {Mark first head,
Mark two heads, Mark tail}, where “Mark first head” is the state of the system when
head follows tail, “Mark two heads” is the state when head follows head, and “Mark
tail” when tail follows tail or head. A point is scored each time the system is in state
“Mark two heads” and the input is “Head,” or when the system is in a state other than
“Mark tail” and the input is “Tail.” When the present state is “Mark first head” or
“Mark two heads,” the next state is “Mark two heads” if the input is “Head,” and
“Mark tail” if the input is “Tail”’; when the present state is “Mark tail,” the next state

is “Mark head” if the input is “Head,” and “Mark tail” if the input is “Tail.” It has
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thus been verified that, knowing the present state and input, the present output and
next state can be predicted and, hence, that the chosen state set meets all the

requirements.

The selection of a state set in any given problem is neither unique nor
necessarily simple. Since no general rules are available for this selection, it often calls
for a trial-and-error approach. The speed at which the state set is selected and the size
of the selected set are, by and large, a matter of “insight” and personal acquaintance
with the system at hand.

(adopted from http://www.e-reading.org.ua/djvureader.php/135702/Gill - introducion to theory of finite-state

machines.html)

5
Remarks on Chern-Simons Theory

There are rich stories to tell about both the classical and quantum Chern-
Simons invariants in geometry, topology, and physics. The classical Chern-Simons
invariant is an obstruction to conformal immersions of 3-manifolds into Euclidean
space, is closely related to the Atiah-Patodi-Singer invariant, and was refined in the
theory of different characters. It appeared in physics before Witten’s work, for
example in the theory of anomalies. The quantum Chern-Simons invariant is closely
related to the Jones invariants of links, which have had many applications in knot
theory. But we do not attempt here a review of all work on Chern-Simons. Our
interest is the structure behind the quantum invariants as they relate to structure in
physics. Indeed, Witten’s achievement was to fit the Jones invariants into a larger

structure, that of a 3-dimentional quantum field theory.

The beginning of the 20" century saw two revolutionary developments in
physics: relativity and quantum mechanics. The mathematical basis for general
relativity — differential geometry — was already well-developed when Einstein came
along, and in turn his gravitational equations, which focus attention on Ricci

curvature, spurred many developments in Riemannian geometry. Quantum
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mechanics, on the other hand, quickly inspired the development of operator theory
and parts of representation theory. These foundations for quantum mechanics later
influenced many other parts of mathematics, including diverse areas such as partial
differential equations and number theory. Quantum field theory in its first
incarnation, quantum electrodynamics, combines quantum mechanics and Maxwell’s
classical theory of the electromagnetic field. It has provided some of the most precise
computational agreement between theory and experiment, and is the setting for the
standard model of particle physics. Although there has been much mathematical work
om quantum field theory, its foundations are not at all settled. The interaction with
mathematics has greately broadened over the past 25 years: now gquantum field theory
(and also string theory) enjoys a deep interaction with many branches of
mathematics, suggesting novel results, surprising connections, and new lines of
research. One important impetus for this development was the advent of new

examples of quantum field theories closely connected with geometry and topology.

Quantum Chern-Simons theory is one-of the first examples, and it is a purely
topological theory at both the classical and quantum levels. We use it here as a focal
point to discuss topological quantum field theories (TQFT) in general. From it we
have gained insight into the formal structure of all quantum field theories, not just
topological ones, and it is that general structure which we accentuate. Also, Chern-
Simons theory provides a window into the entire interchange between mathematics

and these parts of physics.

Witten’s main tool is the path integral, an integral on a function space. (In
Feynman’s approach to quantum mechanics it is truly an integral over a space of
paths; in general field theories it is still usually referred to as the ‘path integral”,
though ‘functional integral’ is better.) We focus on locality, which is manifested in
gluing laws. This formal structure is nicely expressed in familiar terms as a
linearization of correspondence diagrams. Here the correspondence diagrams are
built from the semiclassical fields; the linearization is the quantum theory.

(adopted from http://arxiv.org/abs/0808.2507v2)
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6

Preference Structures

A preference structure on a set A can be given as a pair (4, p) where p is arbitrary
reflexive binary relation on A.

The condition (aq, as) € p means that element a; is less preference than as.
Given a preference relation p C A?, we denote p® = pM p~ ! its symmetric part and
p* = p\p*® its strict part.

We write
o
a1 < az instead of (a1, as) € p,
a1 £ ay instead of (a1, as) € p°,
P . _
a1 < ag instead of (a1, az) € p*.

z 2]
Remark 1. Conditions a1 < as and as < a1 are not compatible.

In this paper we consider some iImportant types of preference structures: tran-
sitive, antlsymimetric, linear, acyclic, ordinal.

Definition 1. A preference structure (A, p} is called
— transitive if for any a4. as, ag € A
(a1, az) € p A (asoas) € p= (ay, az) € p;
— antisymmetric it for any ay. as. e A
(a1, ag) € p A(az, a1) € p= a1 = as;
— linear if for any a1, as € A
(a1. az) € pV (az, ay) € p;

— acyclic it forrany n = 2.3,... and aq,..., a, <A
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(a1, az) € pA.. A (an—1. an) EpAlan, a1) Ep=a; =a2 =...=ap;
— ordinal 1f axioms of transitivity and antisymmetry hold.
Remark 2. An ordinal preference structure (A, p} is a transitive and acyclic one

and the converse is true.

Thus, transitive preference structure and acyclic one are a natural generalization

of ordinal preference structure.

Detfinition 2. Let (A, p) be a preference structure and = be an equivalence relation.

Relation p 1s said to be acyclic under = if for any n = 2,3, ... the implication
P P P P -
a0 Sa1Sar S Sa, Sag=ap=a1 = = an
holds.

Homomorphisms of preference structures

Let (A, p) and (B, o) be two preference structures.

Definition 3. A mapping ¢': A — B 1s called a homomorphism of the first struc-
ture into the second one if for any ay. az € A the condition

p T
a1 :5 az = u‘fv(u.l) :5 'L_-":-"((J-Q) (2)
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holds.

A homomorphism ': A — B is said to be a homomorphism “onto” if ' 1s a
mapping of 4 onto 5.

A homomorphism ' is said to be strict if the following two conditions are satis-
fied:

(az), (3)
U(az). (4)

o
ap < az = P(ap)

2a Aa

ay X ay = Y(ay)
A homomorphism 1 is called regular if the following two conditions
) a o
(ay) < vlaz) = a1 < as, (5)
¥lar) £ dlaz) = dar) = vias). (6)
hold.

Remark 3. For any homomorphism the condition (4) holds. Indeed, let ¢ be a

. . . P L. P
homomorphism from A into B and a1 ~ a2 holds. The condition a1 ~ a2 means

P P o a
that a1 < a2 and az < a; hence ¢(a1) < ¥(az) and (az) < 1 (a1) hold, ie.

(vl

'L_-'I:! ( aiq ) ~ 'L_-":! ((1.2 ) .

Remark 4. Any strict homomorphism is a homomorphism but the converse is
talse.

Let (A. p) be a preference structure and = C A? an equivalence relation.

Definition 4. A factor-structure for preference structure (A, p) isapair (A/ =, p/ =),
where we denote for any €'}, (5 € A/ e

(Ch. Ca)e p/e &L (Jay € O, az € C9) (a1, az) € p.
Lemma 1 (about homomorphisms of preference structures).

Let {A, p)y-be a preference structure, £ be an equivalence relation on A.

Then:
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1. a canonical mapping \»: a — [a]: is a homomorphism from preference structure
(A, p) onto factor-structure (AJz, p/e);
2. a canonical mapping 1) is a strict homomorphism if and only if condition

N
]

=
b2

!
1 el
j' e = (] ~ (39 (7)
(!'.2

=
b2

!
%)

A= Il Il me A=
g

=
e
A

s satisfied;

3. a canonical mapping 1 is a reqular homomorphism if and only if conditions

£ A"
a1 = as
p P
@1 j‘ @z 3 = (;.fl < afz, (8)
al = aq
¢ =
(J'.2 = 12 J
o N
a1 S asg
al =«
1 = (I £
} e 1 ;= 1] = 9. (9)
an =dg
’ 2 '
ah S al )
hold.
Proof (of lemma).
p - =] - - - - px.’é'
1. Suppose a; < as. Then according to definition factor-relation [ai]. < [az]-.

Hence ¢ is.a ' homomorphism. Since a canonical homomorphism is a homomor-
phism “onto”, we obtain the proof of the part (1) of Lemma.
2. Let a canonical homomorphism ) be strict. The implication condition (7) is sat-

isfied. Suppose ay < ay. Since a canonical homomorphism is strict by condition
: ple : .-
of the Lemma then [a;]. < [as]- holds. On the other hand from the condition
P p/e
ay < af it follows that [a5]: < [a}]:. As [a1]: = [a}]e, [a2]: = [a5]: then



The last system of conditions cannot be true (because of remark 1). Hence

Fe)
our assumption is not true and since a, < a, we get a, Loag.
Conversely, suppose that the condition (7) holds. We have to prove that a canon-

. .. . . P
ical homomorphism is strict. Indeed, take two elements ay, ag for which a, < as

P pl=
takes place, hence ay < as. By the part (1) of this Lemma [a;]. = [as2]. holds.

ple
We assume that [as]. = [a1].. Then there exist elements aj, a; such that

- P
= = “, s . /
a} = ay, a; = ag, condition a, = aj holds. In this case, all assumptions of

condition (7) are satisfied and by (7) we have a, £ ay, which is contradictory
p pPle o=

to a1 < az. Thus, [az]: = [a1]- does not take place and we get [a1]. < [az]-.

So, the first condition of homomorphism (3) for canonical homomorphism is

satisfied. By remark 3 ¢ is a strict homomorphism.

3. It is suffice to verify that for regular homomorphism 2 its kernel =, satisfies (8)
and (9). Suppose

i E-;‘p
o
) 1y << gz,
E-;u‘gn
Fo_X
;o
i

From a4 ,_-?_ ap it follows that a; = as then o(aq) ;% (ag). Assume that
W(ay) ~ (as); by using (6) we get ¥(ay) = (az), ie. a e as incontradic-
tion with our assumptions. Hence (aq) < U(az) holds, i.e. (a}) < W@ ).
By (5) we obtain aj < a5 which was to be proved.

Now suppose conditions of (9) hold. Sinece 1 is a homomorphism we have

W(ay)
¥(ag)

dAR NS

0

Hence ¥(ay) ~ ¥(ay). By (6) we get w(ay) = ¥(as), i.e. a; = a,.
Pl

e
Conversely, assume [a1]: < [ag].. Then [ai]. = [az]-, that is, there exist such

. P
' ! = P = /
elements a}, al, that af = ay, a, = a; and a] =

j ?5
ple ple
does not hold otherwise [a5]. < [ai]:, Le. [as]: =

Il
. The condition a < aj

‘ _ [a1]-; it is contradiction
(see remark 1). Hence a) < a}. The condition a] = a, does not hold, hence the

conditions
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hold. According to (8) we obtain a4 £ ay. Now verity (6). Suppose [a4].- ol [a2]-.
i.e. there exist elements a), a} = a; and a}, aj = a, such that
o

a3 S as,

i :i‘: "

g 50y
Then according to (9) we get af = s, i.e. [a1]: = [az].. which was to be proved.
O

Lemma 2. Let (A, p) be a preference structure, = be an equivalence relation on A.
Factor-structure of preferences ( A/ =, p/ e} is transitive if and only if the inclusion

pocopCeopos (10)
holds.

Proof (of lemma).

Suppose (ai, az) € pocop. According to the definition of composition of binary
relations, then there exist such elements as, af), € A that (ay,a2) € p, (az,al) € =,
(a5,az) € p hold. Denote by € = [ay]-, C2 = [as2]. = [a5]., C5 = [az].. According
to the definition of factor-relation we have (C,C4) € p/=, (Cy.C3) € p/=; since

the factor-relation is supposed to be transitive then (€, C3) € p/ . It means that

for some a} = Cy, af, € Cs, (2),al) € p is satisfied. As af = ay, a}, = as we get
(ay,a3) € £ 0o pos which was to be proved.

Conversely, let the inclusion (10) holds. Let us take three classes Cp, Ca, C3 &
A/ e for which (Cy, U3) € p/e, (Ca, C3) € p/e. Then there exist the elements a; €
Cy, az € Cy, al € Oy, az € Cy such that (ay,a2) € p, (al, az) € p. Since al = ay we
get (ay,az) € paeop. Hence, according to (10), (ay,az) € ¢ 0 poe. It means that
there exist the elements @, @3 € A such that (a,,@,) € =,(@1,73) € p, (Gz,03) € =.
Then ([ay].. [az]-) € p/e and as [a3]. = [az]: = Cs, [@1]: = [a1]: = C1 we get
(C1,Ca) € p/ = which was to be proved. O

Corollary 1. Let (A, p) be a transitive preference structure, ¢ be an equivalence
relation on A. If at least one of the conditions pos Czsop orcop CTpos ore Cp
folds then factor-structure (A/ =, p/ e) is transitive.

Proof (of corollary).

1. Indeed, let for example the first inclusion po s C ¢ o p be satisfied. Then
pocop C(poejopC (soplop=cop? CcopCecopoe, According to Lemma 2
tactor-structure ( A/ =, p/ =) is transitive.

L]
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2. Now let ¢ € p be satisfied. Multiplying the inclusion ¢ € p by p to the left
we have poes C pop = p? € p C =0 p. Multiplying initial inclusion = € p by p to
the right we obtain co p € po p= p® € po=. From the inclusions proved we have
poes=cop, ie relations p and ¢ commute. From part (1) of the proof of this

O
relation on A.

coroll-ar}-'\ it follows that (A/e, p/ ) is transitive.
under c.

Lemma 3. Let (A, p) be a preference structure, = be an equivalence
Factor-structure (A/ e, p/e) is acyelic if and only if p U= is acyelic

Proof {of lemma).
Remark 5. It is easy to verify that conditions
plls plls pls s plle s - - -
ap S oa) S oap 5 Sa, S oag S ag=ap=ay = X2y, (11)
and
P - ~ & P = ~ £ = = =
ap S aj=a; Say=ay S =a, Sag=ag = ag = ap= =, (12)
K v
- [aﬂ]su lr:1 - [{11]5 =

=
= (]

are equivalent.
Let condition of the implication (12) holds. Put Cfy = [ag]
‘n = [an]: = [a},]s. According to the definition factor-relation we have
/=. Since factor-relation is sup-

ple ... (Ch,Co) €
.= (. Tt means that aq = =a,,.

[{1;1"]5? .1'. - v v
(Co,C1) € pfe, (C1,C4) €
posed to be acyelic then Oy = ) =
Conversely, let (12) be satisfied. Let us take classes Cy, Cy,...,C,, € A/e,
for which (Co.Cy) € p/e, (C1,C2) e p/e,....(Ch,Ca) € p/e. Then there ex-
ist elements ag € Cy,a] € Cy.ay € Cy,af, € Ca,...,a, € C, a, € Cy such
that (ap,a}) € p, (ay,ab) € p,..., (a,,a) € p; since a’. =a; (i=0,1,...,n) we get
= [a1]: = ... = [a,]:. As Cy = [ag]:, C) =
= C,,. This completes the proof of
O

=

ag = ay = ... = a,. It means that [ag]
[ai]z,....Cy = [a,]. we obtain Cy = €}

Lemma 3.
(adopted from Savina T. F. Homomorphisms and Congruence Relations for Games with Preference Relations

/I Contributions to Game Theory and Management. Vol. III. Collected Papers on the Third International Conference

Management ~ SPbU,  2010)

Game  Theory. “and Management. SPb.:  Graduate  School of
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SECTION Il

PHYSICS

The Frequency Agile Solar Radiotelescope

Introduction and Background

Radio observations have played an important role in solar physics for many
decades. Beginning in the late 1940s, radio observations were first used to directly
measure the kinetic temperature of the solar corona, which is optically thick at meter
wavelengths. Early radio interferometric techniques were first devised and applied to
studies of compact, nonthermal radiation associated with sunspot groups. These
techniques were further refined, forming the-underpinnings of modern Fourier
synthesis imaging techniques. In the intervening years, solar observations at radio

wavelengths have proceeded along two lines:

1) Spectroscopic observations of the Sun have been pursued primarily at
decimeter, meter, and decameter wavelengths. These have been used to discover a
rich taxonomy of radio burst activity that has been used to probe a wide variety of
physical processes in-the solar corona, including energy release, electron beams,
shocks, and coronal -magnetic fields. More recently, spectroscopic observations at
centimeter wavelengths have matured, yielding insights on electron acceleration and
transport in flares and the structure of active regions. With the advent of space-borne
instrumentation, spectroscopic observations were extended to hectometer and
kilometer wavelengths, wavelengths that are inaccessible to study from the ground
owing to the ionospheric frequency cutoff near 10 MHz. Space-based observations
have allowed interplanetary electron beams and shocks to be studied as they

propagate from the outer solar corona to 1 AU and beyond.

2) Imaging observations of the Sun and solar phenomena at discrete radio fre-

quencies have been performed for decades from the ground, but are not yet available



from space. The prevailing imaging technique is Fourier synthesis imaging although
other techniques have been used in past years (e.g., "Jo synthesis" was employed by
the Culgoora Radioheliograph, as described in McLean & Labrum 1985). The Sun is
routinely imaged with arcsecond resolution using Fourier synthesis imaging
techniques at centimeter wavelengths with instruments like the Very Large Array
(VLA) or the Nobeyama Radioheliograph (NoRH), or with arcminute resolution at
decimeter and meter wavelengths by the Nancay Radioheliograph (NRH).

However, in order to exploit the information embodied in radio emission from
the Sun requires fully wedding spectroscopic and imaging capabilities in a single
instrument. Moreover, these capabilities must be available -on time scales
commensurate with those relevant to physical processes on the Sun. This is the
motivating factor behind the Frequency Agile Solar Radiotelescope: an instrument

that performs broadband imaging spectroscopy.
(adopted from Gary D.E., Keller Ch.U. The Frequency Agile Solar Radiotelescope// Solar and Space Weather

Padiophysics - Current Status and Future Developments. Kluwer-Academic Publishers, 2004)

2

Coronal Magnetic Fields

It is widely recognized that an understanding of the nature and evolution of
coronal magnetic fields -is* of fundamental importance to acquiring a deeper
understanding of a wide variety of outstanding problems, including coronal heating
and the origin of the solar wind, solar flares, coronal mass ejections, and particle
acceleration and transport. Yet quantitative measurements of the coronal magnetic
field have remained elusive. A key capability of FASR will be to exploit a number of
diagnostics to measure, or otherwise constrain, coronal magnetic fields. Because of
the paucity of such measurements to date, and because of the difficulty of measuring
coronal fields at other wavelengths, the impact of FASR may be greatest in its ability
to measure fields through a variety of techniques.

Magnetic fields in active regions of strengths > 150 G can be measured using

gyroresonance absorption. A measurement of the magnetic field at the base of the
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corona is straightforward. Extraction of the three-dimensional magnetic field remains
a research problem that will be solved through inversion techniques, forward

modeling, or other means.

The longitudinal component of weak magnetic fields can be measured using
the difference between the free-free absorption coefficient for the ordinary (o) and
extraordinary (x) magneto-ionic modes. This difference manifests itself as circularly
polarized emission, the magnitude of which depends on the longitudinal component

of the coronal magnetic field.

Solar activity also yields a number of diagnostic tools for measuring coronal
magnetic fields. These include the use of gyrosynchrotron- radiation to measure
magnetic fields in flaring loops and in the expanding loops of certain coronal mass
gjections. Statistical studies of the polarization properties of solar radio bursts at
meter wavelengths have been used to constrain the macroscopic coronal magnetic
field. With the availability of imaging spectroscopy, polarization measurements of
specific radio bursts and their trajectories will yield magnetic field measurements in

specific regions of the solar corona.
(adopted from Gary D.E., Keller Ch.U. The Frequency Agile Solar Radiotelescope// Solar and Space Weather

Padiophysics - Current Status and Future Developments. Kluwer Academic Publishers, 2004)

3
Imaging the Cardiovascular Pulse
Introduction
Monitoring of cardiac pulse is widely used in health care, sport training, sleep
studies, -\and psychophysiological (polygraph) examinations. Various contact
measurement methods have been developed to estimate a subject's cardiac pulse. The
golden standard for pulse measurement is Electro-Cardio-Graphy (ECG). ECG
records the differences of the electric potential generated in different regions of the
body due to the propagation of the action potential in the cardiac muscular fibers.

ECG recording requires the use of a signal amplifier and at least three electrodes.
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When one is interested mainly in the cardiac frequency and not in the exact
shape of the cardiac signal, simpler pulse measurement devices can be used. Such
devices compute the pulse through indirect effects of blood flow change in the
vascular network of a tissue.

The piezoelectric transducer is a classical cardiac pulse measurement device,
which registers local changes in blood pressure associated to the cardiac activity as a
voltage signal. It is instrumented with a probe that is typically attached to a finger of
the subject. This is a reliable method, but it is very sensitive to motion. The subject
must slay still, because even slight linger motion will introduce substantial noise and
cause signal fading.

Doppler ultrasound is a more advanced technology, which has been used to
collect blood velocity spectra. The full pulse waveform of the carotid has been
recovered based on the blood velocity spectra by D.W. Holdsworth et al. in 1999.

No contact-free pulse measurement method based on passive sensing has been
demonstrated so far. Recently, Pavlidis et al. have proposed a series of bioheat and
statistical models that in combination with customized highly sensitive thermal
imaging hardware can measure various physiology variables from several feci away
from the subject. These include contact-free measurements of perfusion, vessel blood

flow, and breathing rate.

(adopted from Sun N., Garbey M., Merla A., and Pavlidis I. Imaging the Cardiovascular Pulse// Proceedings
of the IEEE Computer Society Conference on Computer Vision and Pattern Recognition. San Diego, California, June,
2005. Vol. 2)

4

Microstractured Optical Fibers

Microstractured optical fibers are characterized by having a plurality of air
holes running along the entire length of the fiber. The optical properties of this class
of fibers are determined by the geometry, size, and relative position of the air holes.
By varying these parameters, MOFs with strong evanescent fields in the air holes can

be designed and fabricated.
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The majority of MOFs produced worldwide are based on silica, the standard
basis material for the fabrication of optical fibers. Recently, there has also been
increasing interest in fabricating MOFs in other materials such as polymers or soft
glasses. The fabrication method is usually determined by the fiber material. For
silica-based MOFs, the stack-and-draw technique is by far the most used technique.
Capillary tubes are stacked and drawn to a pre-form that is heated to approximately
2,000 °C and drawn to a fiber. This method has its limitations with respect to the
freedom in the relative position of the air holes given by the stacking of individual
silica capillary tubes. The method has still been very successful, and is capable of
producing fibers with optical properties that cannot be obtained by using
conventional solid optical fibers.

For polymer-based fibers, the air hole structure is-most commonly defined by
drilling holes in a solid pre-form. Polymer-based MQOFs can be drawn directly from
such a pre-form at temperatures in the range of a few hundred degrees Celcius
depending on the polymer material. One major advantage of MOFs compared to
standard solid optical fibers is the possibility of obtaining a strong overlap between
light guided through the fiber and samples positioned in the air holes without

removing the protective coating and cladding of the fiber.

(adopted from Rindorf L., Hoiby P. E., Jensen J. Towards Biochips Using Microstructured Optical Fiber
Sensors// Anal Bioanal Chem. 2006)

5

Natural Polymer

One of the greatest potential in electrospun fiber is in the area of
bioengineering. For many biomedical applications, the materials used have to be
biocompatible, thus natural polymers have a distinct advantage over synthetic
materials. Since most natural polymer can be degraded by naturally occurring
enzymes, it can be used in applications where temporary implants are desired or in
drug release. It is also possible to control the degradation rate of the implanted

polymer by chemical cross-linking or other chemical modifications thus allowing
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greater versatility in the design of the implant. Most polymers that have been

electrospun are proteins and polysaccharides.

Proteins that have been electrospun include collagen, gelatin, fibrinogen and
silk. One of the most commonly used natural polymers is collagen. Collagens are
naturally found in connective tissues where they provide mechanical support. There

are at least ten different forms of collagens and they are dominant in specific tissue.

All the collagens share the fundamental triple helix structure. As collagen
exists naturally in fiber form, electrospun collagen fibers are able to mimic
extracellular matrix in the body. Generally, collagen is relatively strong and form
stable fibers especially after cross-linking. However, till date, only Type I, 1l and IlI
collagen had been successfully electrospun together with their blends. The cost of
collagen makes it expensive to yield thick fiber mesh from electrospinning. A
cheaper alternative to collagen would be gelatin- which can also be electrospun.
Another protein that is electrospun for use in tissue engineering is fibrinogen. As this
protein plays a key role in blood clotting and wound healing, electrospun fibrinogen

has been explored for possible usage in wound dressings.

Proteins such as natural silk fiber have outstanding mechanical properties. This
makes it an interesting candidate for application in biomedical field where

mechanical property is important.

A few polysaccharides and its modified form have been electrospun. Cellulose
Is a major constituent of nearly all form of plant matters, thus making it one of the
most widely distributed and available raw materials. It is possible to modify the
structure of the cellulose by reaction with the hydroxyl group or degradation of the
cellulose chain. Cellulose acetate (CA) is one of the most commonly used materials
for applications in where semi-permeable membranes are required such as dialysis,
ultrafiltration and reverse osmosis.

(adopted from Ramakrishna S., Fujihara K., Teo W.-E., Lim T.-Ch., Ma Z. Natural Polimer// An Introduction
to Electrospinning and Nanofibers. World Scientific Publishing Co. Pte. Ltd., 2005)
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SECTION IV

CHEMISTRY

Determination of Fat-Soluble Vitamins in Food and Pharmaceutical

Supplement

Vitamins are organic substances present in several foods in low quantities and
are indispensable to organic functions. Its systematic absence in the diet can result in
deficient growing and development. Independently of the ambient factors, normally
the animals cannot synthesize vitamins by anabolic vial, and for this reason, it is
necessary to include vitamins in the alimentary diet. In general, vitamins are
necessary in microquantities and the doses vary with age, physiological state and
person physical activity. The nutritional necessity for vitamins increases in the
growing, pregnancy and lactation periods, in condition of intensive work and during
the occurrence of diseases, mainly the infectious ones. Traditionally vitamins are
classified in fat-soluble (A, D, E and K) and hydro soluble (C and B complex — By,
B,, B3, Bs,Be,Bg,Bg, and Byy).

The correlation between diet and health has led consumers to ingest foods
containing vitamins, including the fortifier ones, and more recently, the
pharmaceutical supplements, but the addition of these nutrients to industrial products

can be utilized as only marketing strategy.

Due to the nutritional importance of vitamins several methodologies have been
developed for determination of these substances in food, pharmaceutical supplements
and biological fluids. There are a lot of analytical procedures to carry out the
determination of vitamins in food, pharmaceutical and physiological samples such as
spectrophotometry, spectrophotoflurorimetry, voltametry and chromatography. As

normally, it is necessary to determine more than one vitamin, the analytical method
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must be able to determine multicomponents in complex samples, which can lead to
interference in the chemical analysis; thus, the chromatographic method is one of the
most important ones to carry out determination of vitamins as its exploitation permits

to separate the analytes before the detection, which can avoid interferences.

As the chromatographic method is predominant to determine vitamins in
several samples, and normally, this method cannot be considered green including the
ones to determine fat-soluble vitamins, due to the utilization of several organic
solvents as mobile phase and, considering that the society claim for the -development
of analytical methods able to associate selectively, sensitivity and green
characteristics, the chemists should develop analytical methods that do not use
hazardous reagents and that the amount of generated chemical waste should be

minimal.

(adopted from Kienen V., Costa W. F., Visentainer J. V., Souza N. E., Oliveira C. C. Development of a Green
Chromatographic Method for Determination of Fat-Soluble Vitamins in Food and Sharmaceutical supplement//Talanta
75, 2008)

Microwave Assisted Organic Synthesis

In the electromagnetic spectrum the microwave radiation region is located
between infrared radiation and radio waves. Microwaves have wavelengths of 1 mm
— 1 m corresponding to frequencies between 0.3 and 300 GHz. Telecommunication
and microwave radar equipment occupy many of the band frequencies in this region.
In general, in order to avoid interference the wavelength at which industrial and
domestic microwave apparatus intended for heating operates is regulated to 12.2 cm
corresponding to a frequency of 2.450 (+£0.050) GHz, but other frequency allocations
do exist. It has been known for a long time that microwaves can be used to heat
materials. In fact, the development of microwave ovens for the heating of food has
more than a 50-year history. In the 1970s the construction of the microwave

generator, the magnetron, was both improved and simplified. Consequently, the
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prices of the domestic microwave ovens fell considerably leading to them becoming a
mass product. The design of the oven chamber or cavity, however, which is crucial
for the heating characteristics, was not significantly improved until the end of the
1980s.

In inorganic chemistry microwave technology has been used since the late
1970s, while it has only been implemented in organic chemistry since the mid-1980s.
The development of the technology for organic chemistry has been rather slow
compared to, for example, combinatorial chemistry and computational chemistry.
This slow uptake of the technology has been principally attributed to its lack of
controllability, safety aspects and a generally low degree of understanding of the
basics of microwave dielectric heating. Since the mid- 1990s, however, the number of
publications has increased significantly. The main reasons for this increase include
the availability of commercial microwave equipment intended for organic chemistry
and the development of the solvent-free technique, which has improved the safety

aspects, but are mostly due to an increased interest in shorter reaction times.

The short reaction times and expanded reaction range that is offered by
microwave assisted organic synthesis are suited to the increased demands in industry.
In particular, there is requirement in the pharmaceutical industry for a higher number
of novel chemical entities to be produced, which requires chemists to employ a
number of resources to reduce the time for the production of compounds. Chemistry
databases, software for diversity selection, on-line chemical ordering systems, open-
access and high throughput systems for analysis and high-speed, parallel and
combinatorial synthesis equipment have all contributed in increasing the throughput.
The common factors for these technical resources are automation and computer-aided

control.

In general, most organic reactions have been heated using traditional heat
transfer equipment such as oil baths, sand baths and heating jackets. These heating

techniques are, however, rather slow and a temperature gradient can develop within
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the sample. In addition, local overheating can lead to product, substrate and reagent

decomposition.

In contrast, in microwave dielectric heating the microwave energy is
introduced into the chemical reactor remotely and direct access by the energy source
to the reaction vessel is obtained. The microwave radiation passes through the walls
of the vessel and heats only the reactants and solvents, not the reaction vessel itself. If
the apparatus is properly designed, the temperature increase will be uniform
throughout the sample, which can lead to less by-products and/or decomposition
products. In pressurized systems, it is possible to rapidly increase the temperature far

above the conventional boiling point of the solvent used.

(adopted from Lidstrom P., Tierney J., Wathey B., Westman J. Microwave Assisted Organic Synthesis — a
Review. Scotland, UK, 2001)

Estimation of Minerals by Mid-infrared Spectrometry

Milk and dairy products are:a major source of minerals, particularly calcium,
involved in several metabolic functions in humans. Currently, several dairy products
are enriched with calcium to prevent osteoporosis. The development of an
inexpensive and fast ‘quantitative analysis for minerals is required to offer dairy
farmers an opportunity to improve the added value of the produced milk. The aim of
this study was to develop 5 equations to measure Ca, K, Mg, Na, and P contents
directly in bovine milk using mid-infrared (MIR) spectrometry. A total of 1,543 milk
samples were collected between March 2005 and May 2006 from 478 cows during
the Walloon milk recording and analyzed by MIR spectrometry. Using a principal
component approach, 62 milk samples were selected by their spectral variability and
separated in 2 calibration sets. Five outliers were detected and deleted. The mineral
contents of the selected samples were measured by inductively coupled plasma

atomic emission spectrometry. Using partial least squares combined with a
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repeatability file, 5 calibration equations were built to estimate the contents of Ca, K,
Mg, Na, and P in milk. To assess the accuracy of the developed equations, a full
cross-validation and an external validation were performed. The cross-validation
coefficients of determination (R2cv) were 0.80, 0.70, and 0.79 for Ca, Na, and P,
respectively (n =57), and 0.23 and 0.50 for K and Mg, respectively (n= 31). Only Ca,
Na, and P equations showed sufficient R2cv for a potential application. These
equations were validated using 30 new milk samples. The validation coefficients of
determination were 0.97, 0.14, and 0.88 for Ca, Na, and P, respectively, suggesting
the potential to use the Ca and P calibration equations. The last 30 samples were
added to the initial milk samples and the calibration equations were rebuilt. The R2cv
for Ca, K, Mg, Na, and P were 0.87, 0.36, 0.65, 0.65, and 0.85, respectively,
confirming the potential utilization of the Ca and P equations. Even if new samples
should be added in the calibration set, the first results of this study showed the
feasibility to quantify the calcium and phosphorus directly in bovine milk using MIR

spectrometry.

(adopted from Soyeurt H., Bruwier D., Romnee J.-M., Genler N., Bertozzi C., Veselko D., Dardenne P.
Potential Estimation of Major Mineral Contents in, Cow Milk Using Mid-infrared Spectrometry. American Dairy
Science Association, 2009. Vol. 92. Ne 6)

Catalytic Performance of Pr,.,Sr,CoQO,., Mixed Oxides for NO Reduction
by CO

Nitrogen oxides (NO,) are major air pollutants that cause acid rain. The
remaoval of NO, is one of the key research topics in the protection of the environment.
The method of NO, reduction by NHs has been used in practice. However, due to the
cost and secondary pollution it is urgent for us to search for effective but cheaper
catalysts. The perovskite-type A,BO4 mixed oxides of the K,NiF, structure consisting
of alternating layers of ABO; perovskite and AO rock salt have recently been studied

as new materials for their low cost, high catalytic activity and high thermal stability.
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Many studies have shown that the catalytic performance of A,BO, mixed oxides to a
greater extent are associated with the A-site and B-site ions, their corresponding
valences and the crystal microstrain of these oxides as well. It is noted that there has
been much literature available contributing to the investigations of LnSrCuO,4 and
LnSrNiO, catalysts. Recently, CO and CsHg oxidation-catalyzing reactions of
LnSrCoQ, catalysts have been studied but the studies involving the investigation of
LnSrCoO, are considerably limited. Though the catalytic oxidation performance of
LnSrCoQ, catalysts is promising, almost no literature has been dedicated to the
catalytic reduction performance in the removal of NO,. Therefore, further

investigation is of great necessity.

(adopted from Zhong H., Zeng X. Physiochemical Properties and Catalytic Performance of Pr,,SryCoO,.,
Mixed Oxides for NO Reduction by CO//Kinetics and Catalysis. 2006. VVol. 47. Ne 3)

5
Titration

Titration is a technique used in analytical chemistry to determine the
concentration of an unknown acid or base. Titration involves the slow addition of one
solution where the concentration is known to a known volume of another solution
where the concentration is unknown until the reaction reaches a desired level. For
acid/base titrations, a color change from a pH indicator is reached or a direct reading
using a pH meter. This information can be used to calculate the concentration of the

unknown solution.

If the pH of an acid solution is plotted against the amount of base added during
a titration, the shape of the graph is called a titration curve. All acid titration curves

follow the same basic shapes.

At the beginning, the solution has a low pH and climbs as the strong base is

added. As the solution nears the point where all of the H" are neutralized, the pH rises

48



sharply and then levels out again as the solution becomes more basic as more OH"

ions are added.

The first curve shows a strong acid being titrated

by a strong base. There is the initial slow rise in pH

Equivalence
Point

until the reaction nears the point where just enough
i base is added to neutralize all the initial acid. This

Half-Equivalence
Point

point is called the equivalence point. For a strong

acid/base reaction, this occurs at pH = 7. As the

Volume added solution passes the equivalence point, the pH slows its

increase where the solution approaches the pH of the titration solution.

A weak acid only partially dissociates from its salt. The pH will rise normally
at first, but as it reaches a zone where the solution seems to be buffered, the slope
levels out. After this zone, the pH rises sharply through its equivalence point and

levels out again like the strong acid/strong base reaction.
There are two main points to natice about this curve.

The first is the half-equivalence point. This point occurs halfway through a
buffered region where the pH barely changes for a lot of base added. The half-
equivalence point is when just enough base is added for half of the acid to be
converted to the conjugate base. When this happens, the concentration of H™ ions

equals the K, value of the acid. Take this one step further, pH = pK..

The second point is the higher equivalence point. Once the acid has been
neutralized, notice the point is above pH=7. When a weak acid is neutralized, the

solution that remains is basic because of the acid's conjugate base remains in solution.
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pH pKL,

pH= DK]

Volume added

The third graph results from acids that have more than one H+ ion to give up.
These acids are called polyprotic acids. For example, sulfuric acid (H,SO,) is a

diprotic acid. It has two H™ ions it can give up.
The first ion will break off in water by the dissociation
H,SO; — H" + HSO,
The second H+ comes from the dissociation of HSO, by
HSO, — H' + SO,”

This is essentially titrating two acids at once. The curve shows the same trend
as a weak acid titration where the pH does not change for a while, spikes up and
levels off again. The difference occurs when the second acid reaction is taking place.
The same curve happens again where a slow change in pH is followed by a spike and

leveling off.

Each 'hump' has it's own half-equivalence point. The first hump's point occurs
when just enough base is added to the solution to convert half the H+ ions from the
first dissociation to its conjugate base, or it's K, value.

The second hump's half-equivalence point occurs at the point where half the

secondary acid is converted to the secondary conjugate base or that acid's K, value.
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On many tables of K, for acids, these will be listed as K; and K,. Other tables

will list only the K, for each acid in the dissociation.

This graph illustrates a diprotic acid. For an acid with more hydrogen ions to
donate [e.qg., citric acid (H3CsHsO-;) with 3 hydrogen ions] the graph will have a third

hump with a half-equivalence point at pH = pKa.

(adopted from Helmenstine T. Acids and Bases — Titration Curves.

http://chemistry.about.com/od/acidsbasel/ss/titrationcurves.htm)

6
Asymmetric Aldol Reactions

The use of water as a solvent for chemical reactions is of great current interest
mainly due to the low cost, safety and environmentally benign nature of water. Ever
since the seminal contributions from Breslow and Grieco in the early 1980s on the
positive effects of water on the Diels-Alder reaction, water has gained increasing

recognition as a solvent for organic reactions.

In aqueous organic reactions, it is generally assumed that homogeneous
solution is essential for an efficient chemical reaction. Therefore, a central theme of
aqueous organic chemistry is to promote solubility of reactants and reagents in these
reactions. However, some recent discoveries demonstrated that homogeneity is not
essential for organic reactions to occur in aqgueous media. Sharpless and co-workers
reported several examples showing that substantial rate acceleration could be
achieved in aqueous suspension under what they the denoted as “on water”
conditions. The groups of Takabe, Barbas and Hayashi showed that the direct
asymmetric aldol reactions could be carried out with excellent enantioselectivity in
water by employing prolinederived organocatalysts. Although the high reactivity of
such inhomogeneous aqueous reactions is not fully understood, it is quite clear that
hydrophobic effects play a pivotal role in promoting reactivity.
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The aldol reaction is one of the most important carbon-carbon bond forming
reactions yielding the B-hydroxy carbonyl structural scaffold which is frequently
found in natural product and medicinal agents. In nature Class | aldolases catalyze
highly efficient and enantioselective aldol reactions in water via the enamine
mechanism. It is highly desirable to develop a chemical system that can mimic the
action of aldolase and effect direct aldol reactions in water with excellent
stereocontrol. Organocatalysis has experienced a renaissance in recent years. There
have been numerous reports on direct asymmetric aldol reactions catalyzed by proline
and its structural analogues that utilize the enamine mechanism. Proline is arguably
the most efficient and versatile small organic “enzyme” that catalyzes a wide range of
organic transformations. However, the proline-catalyzed aldol reactions can only
afford high enantioselectivity in organic solvents. The presence of a large amount of
water resulted in the formation of products with low or no enantioselectivity.
Although it was shown in List’s initial report that primary and acyclic secondary
amino acids failed to catalyze aldol reactions, Cordova and co-workers elegantly
demonstrated that acyclic amino acids could effect the direct aldol reaction in DMSO
with addition of water. We reasoned that a hydrophobic amino acid might be an
efficient aldol catalyst in aqueous media. It is hypothesized that a hydrophobic
catalyst should associate strongly with hydrophobic reactants in water. As a result of
optimizing hydrophobic interactions the transition state may be better defined and

high enantioselectivity might be achieved.

(adopted from Jiang Z., Liang Z., Wu X., and Lu Y. Asymmetric Aldol Reactions Catalyzed by Tryptophan in
Water. Cambridge, UK, 2006)
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PA3JIE |
KOMITLIOTEPHBIE HAVKH

1
OauH MaJIeHbKHH 1ar aJjis GEANT ¥ ruranTcKuii CKauoK IS
YepHOMOPCKOro peruoHa

EBpoxomuccus yBenuumia CErofHsi MPOMYCKHYIO CIIOCOOHOCTh HMHTEPHET-
KaHalla i Hay4dHbIX paboTHHKOB OxHoro KaBkaza (Apmenus, AszepbaiikaH u
['py3ust), 3amyctuB B  pal0OTy  KpPYNHEWIIYI0O  HAy4YHO-OOPa30BaTEIbHYIO
KOMIIBIOTEPHYIO ceTb YepHoMmopckoro perumona. @dunancupyemas EC HaydHO-
obpasoBatenbHas perunoHanbHas cetb BSI (Black Sea Interconnection) coemunsier
ctpanbl FOxxHoro KaBkaza mexay coOOil M MOJKIIOYAET UX K BBICOKOCKOPOCTHOM
obmeeponeiickoii cetn GEANT, kortopas yike “00cayxuBaeT 30 MHILIMOHOB
Hay4HbIX paOoTHUKOB. HoBoe MOJKIIIOYEHNE  MMO3BOJUT YYEHBIM M CTYyJIEHTaM
paboTaTh COBMECTHO C UX €Bpomeickumu Kosuieramu u3 40 crpaH, oOMEHUBAsCh
OOJIBIIIM KOJIMYECTBOM JaHHBIX IO CETH.

«Jlia obecrieueHusi paBHOMEPHOTO Pa3BUTHS TJIO0ATBLHON UCCIIEA0BATEIHLCKOM
cetn EBpokoMuccus HaMepeHa yIpaBiATh pa3ButhueM MHTepHeTay, ckasana BuBbeH
Penunr, xomuccap EC 1o Bompocam wuHpopmarmonHoro obmectea u CMU.
«MuBectupoBaB 1.4 MIH. €BPO B 3TOT MPOEKT, Mbl 00ECNEYMM BBICOKOCKOPOCTHOE
WHTEPHET-TIOAKIIOUEHNE JUIsl YHMBEPCUTETOB M HCCIENOBATEIIbCKUX ILIEHTPOB Ha
FOxxnom KaBkase u TeM caMbIM CO37aJ UM TJIaBHBIM HU(PPOBOM MOCT, COCTUHSIOIINM
yueHblX YepHOMOpPCKOro pervoHa ¢ r100adbHBIM HAy4YHbIM cooOmecTBOM. S
1oJlararo, 4yTo 6oJjiee HHTEHCUBHOE U II0I0TBOPHOE coTpyaHudecTBo ¢ 4000 HayyHO-
uccnenoBarenbekux yupexaenuin EC, noakmouenasiMu k GEANT, npunecer cBou
IJIO/IBl U OTPA3UTCS HA KAUECTBE HAyYHBIX HCCIIEIOBAaHUM U UX pe3ylibTaTaxX, KaK B
camoit EBporie, Tak u 3a ee npeaenaMmm».

«ITOT KPYyMHOMACIITAOHBIM TPOEKT SBIsEeTCA (YHAAMEHTOM [Jii MHOTHX
kmo4yeBblx 3amay nomutukn EC B UepHomMOpckoMm perumone», noOaBuia benurta

deppepo-Banbanep, komuccap EC 1o BHEIIHUM CBA3IM U EBpOmnenckoi mOJIUTHUKE
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cocenctBa. «OH peanu3oOBBIBaeT mporpamMmy «YepHOMOpCKass CHHEPTUS» B
peraroneM cexkrtope HWHGOOPMAIMOHHOTO 00IIecTBa, obOecmeurnBas COBMECTHYIO
UHPPACTPYKTYPY, KOTOpas HE TOIHKO TOJACPKHBACT HAYYHO-HCCIIEIOBATEIBCKYIO
NEeATEeILHOCTh, HO U OyayIllee BBEICHHE HOBBIX OHJIAWHOBBIX CITYy)KO, TaKMX Kak
(QNICKTPOHHOE  TPABUTEIBCTBO», <«OJCKTPOHHAS KOMMEPLHS», «IJICKTPOHHOE
3paBOOXpAaHEHUE» W  HUCIOJIb30BaHUE  HHPOPMAITMOHHO-KOMMYHUKAIIMOHHBIX
TEXHOJIOTHIA B chepe 00pa3oBaHUs, KOTOPHIE MPUHECYT TOJB3Y BCEMY OOIIECTBY B
IETIOM.

[TocnenoBaBuvie OTKIMKK NOJMUTHYECKUX nAesTeneid peruoHa 1 HATO nHa 3TOoT

3HAYUTEIILHBIN JJI1 pCruoHa miar AOCTYIIHbI B YMTAJIbHOM 34JIC I/IHd)ODMaHI/IOHHOFO

Ob6mmectBa EBpokomMuccuu.

OcHoOBBIBasiCh Ha 0OJBIIMX OaHKaxX JAaHHBIX W T'PAHANO3HON BBIYMCIATEIHHOM
MOIIIHOCTH, YJIBTPAaCOBPEMEHHOE HCCIEAOBAHUE IIOMOXKET PELINTh LENbIA PsJl 3a1ad,
OT MPOTHO3UPOBAHUS 3EMIIETPSACEHUH, pacHIM(PPOBKH I'€HETUUYECKOW HH(OpMAaIHH,
MOJICJIMPOBAaHUSl M3MEHEHHMM KJIMMaTra W POCTa JHEPronoTpedHoCTed 10
IIPOTHO3UPOBAHUS W YOPABJICHUS PAcHpOCTpaHEHHEM snuaemMuil. «HepHoOMopcKas
cuHeprusi» cBs3biBaeT crpanbl FOxHoro KaBkaza c oOumieeBpomneiickoil Hay4yHO-

nccienosatenbckoit cerbio GEANT (MEMO/09/110) Ha paHee HEIOCTYIHbIX

ckopoctsx (ot 34 no 100 merabut B cexyHay). Ha 3TX CKOpOCTSIX BCEMY PErHOHY
CTaHEeT JOCTYICH [EIbI psAJ BBICOKOTCXHOJIOTMYHBIX YCIYr, TaKUX Kak
paciMpeHHas aapecalys ¢ MoOMOIIbI0 HoBelIero mporokoia (IPv6, moTeHnuaibHO
HCOrPaHWYCHHBIH HMCTOYHUK MexkceTeBbIx aapecoB (1P/08/803) m mHoroaapecHoe
BelaHue (obecneunBaroliee, Hampumep, Oosiee 3(G(HEKTUBHOE TPaHCIMPOBAHUE
BUJICO), KOTOPBIC SBJISIFOTCS WHHOBAIMOHHBIMH TEXHOJIOTHSMH BBICOKOCKOPOCTHOM
HAYYHO-HMCCJICIOBATEIBCKON CETH, IOCTYITHOM BO BCEM MUDE.

BBICOKOCKOPOCTHOE ~ COCIMHEHHE  BBIBEACT  COTPYJHHUYECTBO  MEKIY
UCCIICJIOBATEeNIIMA M YYCHBIMH B pErHOHE Ha KA4YeCTBCHHO HOBBIH YPOBCHb.
[Tonkmtouenne 377 YHUBEPCUTETOB W HAYYHO-HCCIIENOBATEILCKUX HWHCTUTYTOB
FOxnoro KaBkaza k oOmieeBpomneiickoii cetn Geant2, kotopas yxe coemuusier 34

HallMOHAJIbHBIX HAYYHO-HCCIICAO0BATCIbCKUX CCTH II0 BCEMY MHDPY, PpaCHIMPUT
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BO3MOXKHOCTH Hayku W oOpazoBanusi, kak Ha HOxxnom KaBkasze, Tak u B camoi
EBponie. [loBcenHeBHas X W3Hb PErMOHA TAK)KE€ MOXKET 3HAYUTEIbHO H3MEHUTHCA,
IOCKOJIBKY TOJKIOYEHHE K OOILIEeBPOIEHCKON CETH, HECOMHEHHO, OTpa3uTCsl Ha
JOCTYITHOCTM M KadeCTBE 3ApaBOOXPAHEHMUSA, K IPUMEPY, MHOKTOpa CMOTYT
JUarHOCTUPOBaTh OOJIbHBIX HA PAaCCTOSIHMM W Ha3HayaTh JICUEHHUE KUTEISIM O€IHBIX

U OTJaJIeHHBIX cell (Oonbie npuMepoB Ha MEMO/09/110).

(Mepesoa Mapwu LlenoBanbHUKOBOIA)

BeCl'lpOBOIlHl)Ie KOMMYHUKAIINH

BecnpoBo/iHbIE KOMMYHUKAlIMM — 3TO PA3JUYHbIC TEACKOMMYHHUKAIIMOHHBIE
CHUCTEMBI, KOTOPBIE UCIOJB3YIOT PAJUOBOIHBI, YTOOBI HECTU CUTHAJIBI U COOOIIECHUS
yepe3 paccTosiHus. bBecnpoBOJIHbIE KOMMYHMKAIMOHHBIE CHCTEMBI MCIIOJIB3YIOT
YCTPOMCTBA, Ha3bIBa€Mble MEpeAaTUMKaMH, JJjisi TEHEPUPOBAHUS  PAJUOBOJIH.
MukpodoH wuiaM KakoW-HHOyAb JAPYrod MeXaHHu3M MpeoOpa3OBBIBAIOT TaKUE
cooOIIeHNs, KakK B3BYKM WM JIPyTHE - JaHHbIC, B DJICKTPOHHBIC HMITYJIbCHI.
[lepenaTyuku M3MEHSIOT WM MOAYJIUPYIOT PaJUOBOJHBI TaKUM OOpa3oM, 4TOOBI
OHHU MOTJIM HECTH UMIYJIbCHI U 3aTeM MepefaBaTh MOYJIMPOBAHHBIE PAIUOCHUTHAIIBI
yepe3 pacCTossHUsA. PaauonpuEeMHUKH MOJXBAThIBAIOT 3TH CUTHAJbBI U JIEKOAUPYIOT
X 00paTHO B MCXOJHBIE cooOmeHus. KomMepueckoe paiio U TEJIEBUJICHUE TaKXKe
MPEACTABIISAIOT COO0M OSCIPOBOAHYIO TEICKOMMYHHUKAIIMOHHYIO CHCTEMY, HO PaJiio
U TEJICBUJCHUE — OTO TJIABHBIM 00pa3oM OOIIECTBEHHBIE CIYKObI BEIaHUs, a HE

NNCpCOHAIbHLIC KOMMYHHUKAIIMOHHBIC CCTCMBI.

becnipoBoiHbIE KOMMYHUKAIIMA JalOT JIFOJSAM OOJIbIIE BO3MOXHOCTEH JIJIst
KOMMYHUKAIIMM, TaK Kak UM HE O00s3aTeJbHO OCTaBaThCs B (UKCUPOBAHHOM
noysioxkeHnn (B oduce wuaum jgoMa). becrmpoBOMHBIE TEXHOJIOTHH  JIETAI0T
KOMMYHUKAIIMOHHBIE YCIYTH OoJiee JOCTYMHBIMHU, YEM TPaAUIIMOHHBIE MPOBOIHBIC
yClIyru (Takue Kak OOBIYHBIM Tele(oH), KOTOphIE MPEANnoaraloT MOHTHPOBAHHE
poBOJIOB. JlaHHBIE TEXHOJIOTUH TPEOYIOTCS TAKXKE B TEX MECTaX, IJIe OHU BPEMEHHO

HEO0OXOMMBI, HAIPUMEP, BO BpeMs NpoBe/ieHUs (pecThBaeil Ha OTKPHITOM BO3yXe€
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WK OOJBIIUX CIIOPTUBHBIX MEPOMPHUIATHH. OTH TEXHOJOTHHM TaKXKe MPUMEHSIOTCS
JUTsL TOTO, YTOOBI OOIIATHCS B OTAAIIEHHONM MECTHOCTH, HAIIPUMED, B TOpax, JUKYHIJISX
WIH TYCTBIHAX, TJ€ Tele(OHHBIE YCIyI'M HEBO3MOXHBI. becrnpoBojHBIE yCIyru
HO3BOJISIIOT JIIO/ASM OOINAThCS, HAXOIACh B aBTOMOOWIIE, caMoJieTe WM JAPYroM
JBUKYLIEMCSl TPAHCHOPTHOM cpencTtBe. [lonuuums, mokapHble Opuraapl U Apyrue
CIIy>kObl IO YPE3BbIYAWHBIM CHUTYalLlUMsIM HCIIOJIb3YIOT JIByXCTOPOHHEE paauo [yisl
nepenadyn MHPOPMaLUU MEXAY TPAHCIOPTHBIMU CPEICTBAMH, YXKE pearupyroliuMu
Ha HEOTJIOKHBIC BBI30BBI, YTO ITO3BOJISET 3KOHOMHUTH LIEHHOE BpeMs. CTpouTenu U
No/ACOOHBIE paboyMe YacTO HCMOJIb3YIOT MOPTATUBHBIE PAJAMOCTAHLUMUU IS
KOMMYHHUKAIIMM Ha HEOOJBIIMX PACCTOSHUAX M COIJIACOBaHUA AecTBUU. MHorue
JICJIOBBIE JIFOJIM HCIOJIb3YIOT OECHPOBOAHBIE KOMMYHHMKAIUH, B YACTHOCTH COTOBBIE
paauorenedoHbl, 4TOObI NOAAEPKUBATH CBA3b C KOJUIETaMN M KJIMEHTaMHU BO BpEMs

IOE30K.
HpuHuMIBI padoThI 0eCIPOBOAHBIX KOMMYHHMKAUI

becnipoBoHBIE KOMMYHHUKAIIMM < HAYMHAIOTCS C  COOOIICHHS, KOTOpPOE
npeoOpa3yeTcs B DJICKTPOHHBIA CHTHAT yCTPONCTBOM, HAa3bIBAEMBIM IMEPEAATIUKOM.
[lepenatunk WCHONB3yeT TEHEPATOP JUIsl TEHEPUPOBAHUS PaauoBONH. llepematumk
MOAYJIUPYET PAAUOBOJIHY, MTOOBI HECTH JJICKTPOHHBIM CUTHAJ, a 3aT€M OTChUIACT
W3MEHEHHBI PaJUOCUTHAT B TPOCTPAHCTBO, TJE €ro IMOJXBAaThIBACT IMPUEMHUK.
[Ipuemuuk pacmmdpoBbIBaCT, WIW JAEMOAYIHPYET, PATUOBOJIHY W TPOUTPHIBAET
paciii@poBaHHOE COOOIIEHUE IO PenpoAyKTOpY. becnpoBojHble KOMMYHUKAIIUU
naroT Oosbille CBOOOBI NEUCTBHI, YeM TPOBOJHBIE CpencTBa coobmienus. OaHaKo,
OHM HMMCIOT HEKOTOPBIC HEIOCTAaTKHU. becrpoBOHBIC KOMMYHHUKAIIUA OTPAHUYCHBI
JUATIa30HOM TiepefaTdynka (Kak JaJieKo CHUTHAJ MOJKHO TochaTh), W Tak Kak
PagMoOBOJIHEI  TIEpEMEIaTcss B arMocepe, WM MOTYT MPENIATCTBOBATH

AIIEKTPUYECKUE TOMEXH (Hanmpumep, MOJHUH).

BGCHpOBOI[HI)Ie KOMMYHHUKAIIHOHHBIC CHCTCMbI BKJIFOYAalOT B cebs  Kak
OJHOCTOPOHHHC ICpEaadn, Korga 4C€JIOBCK BCCro JIMIIb IIOJIY4YacT YBCOAOMIICHHUC O

COOOIlEHNHU, TaK U JBYCTOPOHHHUE TIEpelayd, Takue Kak Tele(OHHBIH pa3roBop
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MEXIy AByMsA JoabMu. IIpuMepoM  yCTpOWCTBA, KOTOPOE  OCYLIECTBIIAET
OJIHOCTOPOHHIOI  Tepeaady, SBISETCS MEeWIKep, MNPEACTABISIOMUN  coOoi
paguonpueMHuk. Korma uenoBek HaOupaeT HoMep Neijkepa, NeHmKepHas
KOMITaHHSI TIOCBUTAET PaJUOCUTHANl HAa HYXHBIM HeiKep. 3aKOAUPOBAHHBIN CUTHAI
3aIlyCKaeT MIEKTPOHHYIO CXEMy IEHDKEpAa M yBEAOMIIAET BIAJEJblia IMeimkepa o
BXOJSIIIEM 3BOHKE MEJIOAMEN, BHOpalued WIM 3a4acTyi0 OTOOpakaeT Ha JKpaHe
HOMep TenedoHa 3BOHSAIIET0 aOOHEHTA. Y COBEPUICHCTBOBAHHBIE MEUKEPHI. MOTYT
oToOpaxkaTb Ha DJKpaHE KOPOTKHE COOOIEHUS OT 3BOHSAIIET0 a0OHEHTa WU

NpCaoCTaBJIATD IMOCIICAHUC N3BCCTUA WJIM CIIOPTHBHBIC PC3YJIbTATHI.

JIByXCTOpOHHUE Tiepefaud TpeOyloT Hajduuusg Kak IepelaTyuka, Tak U
MPUEMHHKA JJIsI TOr0, YTOOBI MOCHLJIATh U MOJy4aTh CUTHAJIBL. Y CTPOUCTBO, KOTOPOE
(YHKIIMOHHMpPYET W KAk  MepeJaTiuK, M  KakK  INPUEMHHUK,  Ha3bIBAIOT
npuemonepenatiukoM. CoToBble paavoTeNePOHbl U JABYXCTOPOHHHE PaaUO
UCIIOJIB3YIOT ~ MPUEMONEPENATYMKH,  YTOOBI . MOAJNEPKUBATH  JBYCTOPOHHIOIO
KOMMYHUKAIMIO MeXAy JoApMu. I[lepBbie mnpuemornepenaTdyukd ObUTM  OYEHb
OOJBIIMMHU, HO OHHM YMEHBIIWINCH B pa3Mepe Oyiaronapsi pa3BUTHUIO TEXHOJOTHUHM.
CrauvoHapHble NpUEMONEPEeNaTYNKH, Kak, HalpuMep, T€, YTO HCIOJIb3YIOTCS B
HNOJUIEHCKUX Yy4YacTKaxX, MOTYT pacrojaraTtbCsi Ha paboyem CToje, a NEpPEHOCHbBIE
IpUEMOINEPEIATYMKN TOXKE CTalIM MEHbIIE pazMepoM. HekoTopble cCOBpeMEHHbIE

MOJIeNI TIEPEHOCHBIX NprueMornepenaraukoB BecsaT meHee 0,2 xr (0,5 pyHTa).
Cnoco0n1 PagunocBsseit

CucteMbl 6eCHpOBO}IHBIX KOMMyHI/IKaHI/Iﬁ POCIn N UBSMCHAJIMCH C YIYUYIICHUCM
TexHoJiorui. B HACTOAIICC BPEMSA HMCIIOJIB3YCTCA HCCKOJBbKO PA3JIMYHBIX CHCTEM, U
BCC OHH pa60Ta10T Ha Pa3JIMYHbIX paanuo4acTOoTax. HpOI{OJ’DKaIOT Pa3BUBATLCA HOBBIC
TCXHOJIOTHH, KOTOPbIC CMOr'yT npeaoCTaBUTh Jy4dmce 06CJIy}KI/IBaHI/I€ 151

rapaHTUPOBATh HAJEHKHOCTD.
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Bo3ayuminble npuemMonepeaTYuKu

Panuoomneparopsl Bce elle KOHTPOJIUPYIOT KaHabl O€CTBUM, HO MOPCKUE U
aBUAIIMOHHBIE  TEJIICKOMMYHUKAIMOHHBIE  CHUCTEMBbl  TEMEPb  HMCHOJIB3YIOT
BBICOKOYACTOTHBIC PAAMOCTAHIINA W CIYTHHUKH, CIIOCOOHBIC MepeaaBaTh pedb, a HE
TOJIbKO OecrpoBOHON Tenerpad s oTmpaBku cooOuieHui. [lumnoTel camonera
UCTIONB3YIOT Pajuo, YTOObI OOIIATBhCA C aBUAAUCIIETYEpAMU B a’pONOpTax M. ¢
OpyruMu nwioTtaMu. HaBuranuonnsle Maskd 0OOpyAOBaHBI MEpelaTYuKamH,
KOTOpBI€ MOCHUIAIOT ABTOMATHYECKHE CHUTHAJIBI B MOMOINb CyJaM U caMoJieTaM,
TepHAIUM O€ICTBUE, IOMOrasi ONpEAeUTh HX MecTonoyoxeHue. I[lockonbKy
BBICOKOYACTOTHOE paJM0 MOXKET NEepelaBaTh CUTHAJbl HAa JIMHHBIE PACCTOSHUS,
KaueCTBO OSTUX CHUTHAJOB MOXET CHHU3UTHCS M3-3a IUIOXOM MOroAbl WU
AIIEKTPUUECKUX IMMOMEX B aTMochepe, MPUUUHON KOTOPHIX HaCTO SIBIIAETCS COTHEYHOE

U3Ty4YeHHUE.
b IlepeHocHble paguonpueMonepenaTYIuKu

[Tonuuus, mnoxapHble Opuraabl U JApPYyTHE CIYyXObl IO YpEe3BbIYANHBIM
CUTyalMsiM, TaK K€ KaK M BOEHHBIC, TIOJIb3YIOTCS JIBYCTOpPOHHEH OecrpOBOIHOU
pannokoMMmyHukanuenn ¢ 1930-x rr. CHauwana paamo, KOTOpPbIE KPEMWINCh Ha
TPAHCHIOPTHBIE CPEJICTBA, IIPEACTABISUIM COOOM OONbIINE U TKENbIEe MPUOOPHI.
[Tocne wuzoOpereHus Tpansuctopa B 1948, paamo yMEHBIIUIUCH B pa3Mepe 0
MaJICHbKUX  MEPEHOCHBIX  PaJUONPUEMOIECPEIATYNKOB,  KOTOPBIMH  CTaJIH
MOJIb30BATHCS W TPAXKIAHCKHUE BJIACTU, YTOOBI OOIIATHCS APYT C APYTOM HAMPIMYIO.
OO011ecTBEHHBIE JBYXCTOPOHHUE PAUO ¢ HECKOJBKMMH BapUaHTaMHU YacTOThI TAKKE
CTaJii ~ MPUMEHATHCS MOBceMeCTHO. OOBIYHO OrpaHUYEHHBIC JUANMa30HOM B
HECKOJIbKO MUJIb, ATH TPHOOPHI SBISIFOTCS OOJIBIIAM TOJCIIOPHEM I TaKUX
MOOMJIBHBIX MPO(ECCHOHANIOB KaK pabo4yue-CTPOUTENH, ChEMOYHBIE TPYIIIHI,
YCTPOUTEIN MEPONPHUATHI M TepcoHan ciykObl Oe3omacHocTu. bojee mpocThie
JIBYXCTOPOHHHE PAJUOCTAHIINU, HA3bIBAEMBIC pAIUSIMHU, OBbUIM TOMYISPHBIMU

ACTCKUMH UTPYHIKAMU B TCHCHHUC MHOT'UX JICT.
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B CortoBblie paguorenedonbl

CotoBble  pamuoTeneoHbl, WIA COTOBbIE Tele(OHBl, KOMOMHHUPYIOT
MOPTAaTUBHYIO PaIMOCTIOCOOHOCTH C MMPOBOJHON WM KaOeabHOU TeneOHHON CEThIO,
IPEIOCTaBIsAs MOOWIBHBIM TOJB30BATENAM JOCTYN K OCTAJbHOM OOIECTBEHHOU
TeneOHHON cHucTeMe, UCIOJIb3yeMON HEMOOWJIbHBIMU aboHeHTaMu. COBpEMEHHBIE
MOOWJIbHBIE TENEe(POHBI MCIONB3YIOT CETh C HECKOJIbKUMHU AHTEHHAMU KOPOTKOTO
Jyana3oHa, KOTOpble COEAUHAIOTCS ¢ TeneoHHOM cucteMoil. I1ockoabKy aHTEHHBI
UMEIOT 00Jiee KOPOTKHUM THUANa30H, YaCTOThl MOI'YT MHOTOKPAaTHO MCIIOJIB30BAaThCS Ha

HEOOJIBIINX PACCTOSHUSIX 0€3 TOMEX.
I' CnyrHukoBble KOMMyHMKALIMH

CryTHUKOBBIE KOMMYHHUKAIIMOHHBIE CIIYy>KObl _COEAMHSIIOT IOJb30BaTeNeh
HEIMOCPEJCTBEHHO € TeNe(OHHOM CEeThI0 MPAKTHYECKM B JIOOOH TOUYKE MUpa.
CrnenuanbHble Tene(OHBl JOCTYIHBI I NOTpeOUTENeH, KOTOpble OOLIAIOTCsS
HEITOCPEICTBEHHO CO CIIYTHUKAMU CBSA3H, BPAIIAIOIIMMUCS BOKPYT 3eMiH. CIyTHUKH
NEePEealoT ATH CUTHAJIBI HA3€MHBIM CTAHIIMSAM, KOTOPBIE CBA3aHbI C TEIEPOHHOU
CUCTEMON. DTU CITyTHUKOBBIE YCIYT'H, Oojiee JOpOrue, 4eM COTOBBIE WM APYTUe
OecIIpoBOJHBIE YCIIYTH, IIPEAOCTABIAIOT MOJIb30BATENSIM AOCTYI K TeNIe()HOHHON CETH

B T€X TOYKaX MUPA, IJI€ HE CYIIECTBYET TeIE(OHHBIX yCIYT.

KonunuecTBo xOMNaHuii, mpeaiararonmx OecpoBOIHbIE KOMMYHHUKAIIMOHHBIC
yCIIyTH, TOCTOSIHHO BO3pacTaeT B mociennue roasl. B 1988 mpubausutensno 500
KOMIIaHUH TIpejIaraiy yceiyru coToBoi paguocsasu. K 1995 sto uncno Bo3pocio 1o
oosmee 1500 xommaHuii, ciyXalMx MUUIMOHAM IMoOJbk30BaTeneil. becrnpoBoaHbie
KOMMYHUKAIIMM CTAHOBUTCS Bce Oosiee u Ooyiee TOMYJSIpHBIMH Oyiaromaps
npeaaraeéMbiM UMH YA0OCTBAM W MOOWIBHOCTH, YBEJIWYUBIICHCS ITOCTYITHOCTH

paarovacTOT JJIA ICpCaadin U yCOBCPUHICHCTBOBAHHIO TEXHOJIOTHI.
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MamuHbl, NpegHaA3HAYEHHbIE JJIs1 TOT0, YTO0ObI UMM IYMATh

Becnoit 1957 roma, mpomonxkasi UCHOJMHATH OOSI3aHHOCTH HCCJIEAOBATENsl U
npodeccopa Maccauycerckoro TexHojgorudueckoro wuHctutyta (MIT), moktop
Jlxo3ed Kapn PoOuert Jluknaiinep 3amuchiBaJl BCE 3a1add, KOTOPHIC BBIMOIHSIL B
TeYeHUEe padodvero AHs, U KaXIyl0 W3 HUX OTciexuBal. OH HE 3HAJ, 4TO- ATOT
HEOPUIMATBHBIM ~ SKCHEPUMEHT  MOJArOTOBMJI  TOYBY Uil  H300peTeHus
MHTEPAKTUBHBIX BBIYUCICHUNA — TEXHOJOTHHM, KOTOpas CIYXAT MOCTOM MEXIY
MalIMHOW MPONUIBIX JIeT, paboTaromield TONbKO ¢ IudpaMu, W 3aBTPAIIHUM
«ycunutenem ymay. UccnenoBanus Jluknaiinepa ObUIM MOCBSIIEHBI IICUX0AKyCTHKE.
Bo Bpemsa Bropoii MupoBoit BoilHBI OH HCClEIOBal TO, KaK MOXHO IPHUMEHHUTH
AJIEKTPOHUKY K OOIIECHUIO MEXIy JtobMH. B wacTHOCTH, JIMKaliiep XoTesn NOHSTh,
KaK YeJIOBEYECKHE YXO M MO3I CIOCOOHBI (TIpeoOpa3oBbIBaTh aTMOC(HEpHBIE
KoJieOaHusl B BOCIpHUSTHE OTAENbHBIX 3BYKOB. I[locie BoitHel B MIT npoBoawiu
pa3HOOOpa3HbIE AKCIEPUMEHTHI MO HMCIHOJb30BAHUIO DJIEKTPOHHBIX MEXaHU3MOB B
MOJICIMPOBAHUU OTAEJIOB HEPBHOW cuctembl; MIT cTanm meHTpoM Kak sl HOBBIX
HaIpaBJIeHU B OMOJIOTUM W TICUXOJIOTHH, TaK W JIJII UHXKEHEPHBIX pa3pabOTOK, Ha
KOTOpBI€ BJOXHOBJISIM PabOThl B MEXIUCIUIUIMHAPHON 00JacTU KUOEPHETUKU
Bunepa u apyrux. Jluknahgep ObLl OMHUM M3 TE€X HUCCIEAOBaTENed, KTO YBIEKCS
TUMH MapaJUTMaMU HE MPOCTO M3-3a KEJIAHUS TOCTPOUTH HOBBIM BU/I MAILIUHBI, a U3
NOTPEOHOCTH B HOBBIX CIOCO0AX MMHUTAIMU JEATEIBHOCTH YEJIOBEYECKOr0 MO3ra.
KommbroTepsl O0b11H mocneaHuM, o 4ém mymain Jlukmanaep - moka ero coOCTBEHHBIC
TEOPETUYECKUE MOJIEIN MEXaHM3Ma YEJIOBEUECKOTO BOCIPHUATHUS HE BBIIUIA U3-TI0J

KOHTPOJIS.

K konmy 1950-x rogoB Jlukmnaiinep mbITaiacs NOCTPOUTh MaTEMaTUYECKUE M
AIICKTPOHHBIC MOJICTH MEXAHHU3MOB, C TIOMOINBIO KOTOPBIX MO3T 00pabaThIiBacT
BOCIIPHUATHE 3BYKOB. YaCTHYHO »SHTY3Wa3M TIEPBBIX WCCICIOBAaHUN B 00J1acTH
KHOCPHETUKU OBbUT TOPOXKJIEH TMEPCIEKTUBOM CO3AaHUSI TEOPETHUYECKOH MOICIH

(YHKIIMOHUPOBAHUS )KUBBIX OPTraHU3MOB Ha 0a3ze M3yueHUS] MEXaHHMUECKUX MOJeIei
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¥ HaoOopoT. JIukaiinep cunuTan CJIOKHYIO HEHPOHHYIO MOJIEh BOCIIPUSTUS BBICOTHI
TOHa XOpollel wujeed, HO OBICTPO, K CBOEMY CMSTEHUIO, IOHSJI, YTO €ro
MaTeMaTh4YecKasi MOJIeb CTajia CIUIIKOM CJIOXKHOM, M B pa3yMHbIE€ CPOKHU €€ CO3/1aTh
HE TMOJYYUTCS AaXe MNPH HCIOJIB30BAHUM JOCTYNMHBIX B TO BPEMsSI aHAJIOTOBBIX
KOMITBIOTEPOB. A TIOKa HE TMOJy4YyeHa MareMaThueckass MOJellb, HET HHUKaKou
HAJeXKIbl CO3/1aTh MEXAHWYECKYI0 MOJENIb BOCIPHUATHS BbICOTHI TOHA. Co3maHue
MaTeMaTUYECKOW WJIM JJICKTPOHHOM MOJENIH JOJKHO OBbUIO MOMOYb B NMOHUMAHHUU
CJIOKHOCTH Mo3ra. Ho B JaHHOM cilydae caMHu MOJIEHM CTAaHOBUIIMCH HEYHPABIISIEMO
cioxHbIMU. Jlukiaiinep oOHapy»KuJl, UYTO MPOBOJIUT BCE OOJIbIIIE U OOJIbIlIE BPEMEHU
3a pacueTamu, HEOOXOAUMBIMU JJIsi CO3JIaHMS MOJEIH — Kak MOKJIM CO CBOMMU
METEOPOJIOTUYECKUMU JAHHBIMU JBAAUATHIO TOJIaMH PaHEE — M3-3a YEr0 OCHOBHOM,
Ha €ro B3IJISiJ, 3ajlaue — MOHUMAHUIO CMBICTIA BCEU 3TOW MH(pOpMAIUU — OH YIEIIsI
MEHbIIIE BpeMEHU. OTU HHUPpPbl U Tpadbl CKPHIBAIM €ro HACTOSIIYIO IeNb -

TEOpPETHUYECKasi OCHOBA YEJIOBEUYECKOTO OOIICHUS.
4
Moaem

Mogem (cokpami. OT - "MOAYJIALUSA-AEMOAYIANUsA") — OTO YCTPOMCTBO,
MOJYJIUPYIOIIEEe aHAJOTOBBIM CHUTHAJ JJISI KOJAUPOBaHUS IU(POBON MHDOpMALIMKM U
pacm@poBbIBaroliee  MOAYJUPOBAHHBIM CHUTHAI JJIsg TOJXy4YeHUs HH(POpPMAIUU.
3agaya mMojeMa COCTOUT B TOM, YTOOBI CO3/1aTh CHUTHAJI, KOTOPBIM MOKHO JIETKO
nepeaaTh u AeKOAUPOBATH JJIS TTOJIYYCHHS UCXOIHBIX TaHHBIX. MOJIeMbl MOTYT OBITh
WCIIOJIB30BaHbI JIIOOBIMM YCTPOMCTBAMM JJI TMEpeayd aHaJOTOBBIX CUTHAJIOB — OT

JETEKTOPOB JI0 PAIHO.

Camplii mpocToit mpumep MoJeMa - MOJEM JJIsl Mepeaadyd Mo TelaePOHHBIM
KaHaJlaM, TIePEBOSIINA OWHAPHBIA KOJ, TIEPEIaBACMBbIii KOMIBIOTEPOM, B 3BYKH,
KOTOPBIE MOTYT OBITh MEpeaHbl M0 CTaphiM TeledOHHBIM JTuHUAM. [Ipu momyuenun
TUX 3BYKOB aJpecartoM MOJIeM s mepenadd 1o TeledOHHBIM KaHallaM

npeoOpa3yeT ux oOpaTHO B OMHApPHBIN KOA. MojeMbl 0OBIYHO KIACCUPUITUPYIOT TIO
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TOMY, CKOJIbKO HH(OpPMAIIUU OHU MOTYT OTIPABUTh 3a JAHHOE BPEMsi, U 3Ta CKOPOCTh

u3Mepsercs B ourax B cekyHay (bps).

Bonmee  OblcTpple  MOJEMBI,  €XKEIHEBHO  UCIOIb3yeMble  HTepHET-
IM0JIL30BAaTEIAMU — 3TO KaOenbHble MoeMbl 1 ADSL-MoneMpl. OniTnyecKre MOIEMEI
nepegaroT HMHGOPMAIMIO Yepe3 ONTOBOJOKOHHBbIC JuUHHUM. Ha OoJbIIMHCTBE
MEXKOHTUHEHTAJIbHBIX HMH(GOPMAIIMOHHBIX MarucTpajied cedvac HCIONIb3YITCS
ONTHUYECKHE MOJAEMBI JUIs TepeJayd JaHHBIX IO TOJABOJHBIM ONTOBOJIOKOHHBIM
auHUAM. OnTudyeckue MoaeMbl OOBIYHO MMEIOT CKOpPOCTh Oosiee MuIIIMapaa OuT B

CEKYHIY.
Poct ckopocreit

Moaemsl i miepenadd mo TeiaepoHHBIM KaHalaM A0 cepeluHbl 80-X roJoB
paboTtanu B ocHOBHOM Ha ckopocTsix 300 6ut/c u 1200 6ut/c, moka aKycTUYECKHUE
MOJIEMbl HE BBIIUIM W3 YMOTPEOJIGHUs M PBIHOK HE HaBOJHWIM Smartmodem-

COBMCCTHMBIC MOJICMBI.

Cucrema nepenauu curHajgoB Ha ckopoct 2400 6ut/c OblsIa OCHOBaHA HA TOM
ke mpuHiuie, uro u cuctema Bell 212 — na ckopoctu 1200 Out/c. OnHa Oblia
npencrasieHa B CIIIA, a npyras, HEMHOTO OTJIMYAIOMIAACS U HECOBMECTUMAS C HEH,
- B EBpomnie. B konie 80-X ro0B OOJIBIIMHCTBO MOJIEMOB TMOJICPKUBAIIN 00a ITHX

cTaHaapTa, u ckopocTh B 2400 O6ut/c crana oOueA0CTYTHOM.

[TossBUIIMCH pa3NuyHbIC CTaHIAPTHI JJIT OCOOBIX YCJIOBHM. B OCHOBHOM OHH
UCIIOJIB30BAIM OOJIBIIYI0 CKOPOCTh MpuéMa B yuiepO CKOPOCTH TNEpenaydd JTaHHBIX
(acuaxponnas mnepenada). K mpumepy, ¢paniysckas cuctema Minitel, B kotopoi
TEPMUHAJbI MTOJIH30BATENEH B OCHOBHOM MPOU3BOAWIN NMPUEM MH(popmanuu. Takum
oOpa3om, mozeMm B TepmuHaie Minitel neiictBoBanm Ha ckopoctu 1200 Out/c B

pexxume mpuéma U OTIPABIISUT KOMaH]IbI Ha CepBEp Ha CKOpOCTH 75 OuT/C.

Takue pemenus ObUIM YZOOHBI B Cilydasx, €CJIM OJHAa CTOPOHA MOCHLIAET

Oosbile HHPOPMAIUH, YEM APYTasl.
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Telebit npencraBuna coii mogem Trailblazer B 1984 romy. On ucnonb3oBai
PSI HU3KOCKOPOCTHBIX KaHAJIOB CBSI3U, B PE3yJIbTaTE Yero rnepejada B OJUH KOHEI
nocturana ckopoctd 19200 oOut/c. OnMH JOMOJHUTENIBHBIM KaHal OOpaTHOTO
HaIlpaBJICHUS TO3BOJISUT JBYM MOJEMaM COOOIaTh JpYyr JpPYyry, CKOJBKO
nH(pOpMaIK 0XKUJAeT Ha JIPYroM KOHIIE MTPOBOAA, YTO MO3BOJISIIO UM MEPEKII0UATh

HaIIpaBJICHUC BLICOKOCKOpOCTHOﬁ nepcaadu B IIponccce..

U.S. Robotics (USR) coznana nmoxoxyro cuctemy, uzBectuyro kak HST. Ona
nojjiep>kuBajia CKOpocTh Jjuiib B 9600 Out/c (B paHHUX Bepcusix) Iipu Oosee

HIMPOKOM 0OpaTHOM KaHaje.

Onepann Ha TakKUX CKOPOCTSIX YIOUPAIUCh B HPEACIbl NPOMYCKAHUA
TeaedOHHBIX JIMHUN, PE3yJbTATOM YEro SBJSIOCH OOJBILIOE KOJIMYECTBO OIIMOOK.
DTO NPUBENO K IMOSBICHUIO CUCTEM HCIPABICHUS OIIMOOK, BCTPOCHHBIX B MOJIEMBI,
KOTOpPBIE€ CTAJId IUPOKO U3BeCTHHI ¢ Microcom's MNP. Jluneiika crannaproB MNP,
nepBbldi M3 KOTOpbIX mnosiBWiIcS B 80-X rogax, 3ame/isuia mnepefady MoJIe3HOH
uHopmaruu (Ha 25% B MNP 1 u Ha 5% B MNP 4). MNP 5 caenan mar Brepén,
n00aBUB cxaTue WHGOpPMAILUM, YEM IIOBBICUJI CKOPOCTh Tepeaadyr. B OoCHOBHOM

mozem craniapta MNP 6b11 B 1,3 pa3a OpicTpee 0OOBIYHOTO.
5
KoMnbrorep u ero cocrap/sironiue

VYcnpimap  CIIOBO  «TEXHOJOTHs», OOJBIIMHCTBO  JIIOAEH  MPENCTaBAT
KoMIibtoTep. KommbloTephl NPUHUMAIOT MHOTOYHMCIECHHbIE (u3ndyeckue QopMbl.
PanHue 3JIeKTpOHHBIE KOMIIBIOTEPHI OBUIM pa3MepoM C KOMHATY, MOTPEOssun
CTOJIBKO K€ DHEPTUH, CKOJIBKO ceiuac moTpeOIsitOT HECKOJIbKO COTEH COBPEMEHHBIX
KOMIBIOTEPOB. Ceiluac KOMIBIOTEPHI MOKHO CHENaTh HACTOJBKO MAJIEHBKHMH, YTO
OHM TOMECTSITCSI B HAPYUYHBIE YacChl, © UM XBaTUT MHUTAaHUS OT 4acOBOIl Oarapeilku.
OO1IecTBO CTaJl0 CYMUTATh IE€PCOHAJIbHBIE KOMIIBIOTEPHl M UX IEPEHOCHBIE
HKBUBAJIEHTHl — HOYTOYKM — CHMBOJAaMH HH()OPMAIIMOHHOW STMOXHU; UMEHHO 3TO

OOJIBIIMHCTBO CUNTACT KOMIIBIOTCpaMH.
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Opnako ke Hambosiee pacrnpocTpaH€HHONM  (QOpMOH  KOMIBIOTEPOB,
UCIOJIB3YIOIINXCSI HAa CETONHSIIIHUNA JI€Hb, SIBISIOTCS BCTPOEHHBIE KOMIIBIOTEPHI.
BerpoeHHble KOMIBIOTEPBI — 3TO MaJleHbKHME, IPOCTbIE YCTPOMCTBA, YACTO
UCIIOJIb3yEeMbIE JJIsi YIpPaBJICHUS JPYTMMH YCTPOMCTBAMH; HANPUMEp, UX MOXKHO
HaliTM B TaKMX MallMHaX, KakK, ¢ OAHOM CTOPOHBI, OOEBBIE CAaMOJIETHI, C APYroil —
IPOMBILUIEHHBIE POOOTHI, IU(POBbIE (oTOANNapaThl U Ja)Xe ACTCKUE UTPYLIKH.
CrnocoOHOCTh  XpaHUTh W BBIMNOJHATH MPOrPaMMBI  JelaeT  KOMIIBIOTEPHI
YHHUBEPCAJIbHBIMU M OTIMYAET UX OT KalbKyisaTopoB. Tesuc Uépua-Trropunra —
BBIPKEHHUE ITOW YHUBEPCATIBHOCTH MATEMATHUYECKUM A3BIKOM: «JIr000M KOMITBIOTED
C OIpeAeIEHHBIM MUHUMYMOM BO3MOKHOCTEH B NMPUHUMUIIE CIIOCOOEH BBIMOIHSITH T€
K€ 3alayd, KOTOpBhIE MOJKET BBINOJHATH JII000H apyroit kommbroTep». Takum
o0pa3zoM, Bce 0€3 HCKIIOYEHHS KOMIBIOTEPHI C BO3MOKHOCTSMH U CJIOKHOCTBIO,
Bappupyrommmucs ot ypoBHs KIIK 1o ypoBHs CynepkOMIIBIOTEPA, MOTYT UCHIOJIHSATH
OJIHM U T€ € BBIUYMCIUTENBHBIC 33/1a4H, €CJIM HE YUYUTHIBATH BPEMS U BO3MOKHOCTHU

XpaHEHUs.

Kommnbrotep s oOuux 1enei 00JagaeT 4eTbIpbMsi OCHOBHBIMU OJIOKaMMu:
apumeTnyeckoe u Joruyeckoe 3BeHo (AJIY), ympamisiomiee 3BEHO, NaMATh U
ycTpoicTBa BBoAa-BhiBoAa (1/0). OTH YacT cCOeMHEHBI MIUHAMU, COCTOSIIMMH U3
CBSI30K IPOBOAOB. biok ‘yrpaBienusi, AJIY, perucTpel U OCHOBHBIE YCTPOMCTBA
BBOJIa-BbIBO/Ia (M JH0060€ Jpyroe 00OpydOBaHHE, CBS3aHHOE C HUMH) OOBIYHO
coOMpaTeabHO HAa3bIBAIOT UEeHTpalbHbIM mponeccopom (LITY). Pannme LHITY
COCTOSJIM M3 MHO>KECTBA OT/AEJIbHBIX KOMIIOHEHTOB, HO C cepeaunbl 70-x ronos LTV,
Kak IpaBWIO, CO3JAal0T Ha OTHEIbHOW MHTETPAIbHOM CXeMe, Ha3blBaeMOu

MHUKPOIIPOLIECCOPOM.
YcrpoiicTBO ynpaBJiieHUs

VYerpoiicTBO  ynpaBieHus (4acTO HA3bIBAEMOE CHUCTEMOW KOHTPOJISI WJIU
LHEHTPAJbHBIM  KOHTPOJUIEPOM)  yOpaBIsieT  Pa3IMYHBIMH  KOMIIOHEHTAMHU
KoMIbtoTepa. OHO YMTaeT U MHTEPIpPETUPYET (paciudpoBBIBACT) OAHY 3a APYrou

MHCTPYKIMU B nporpamme. CucreMa KOHTPOJIS IEKOIUPYET KaKAyH0 HHCTPYKLUHUIO U
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npeBpaaer €€ B CEpUI0 KOHTPOJIbHBIX CHUTHAJIOB, 3allyCKAIONIUX APYTHE JAeTalld
KoMmmnbioTepa. CHCTEMBI KOHTPOJS B MPOJBUHYTHIX KOMIBIOTEPAX MOTYT MEHATH

IMOPAT0K HCKOTOPBIX HHCTpYKHHﬁ, YTOOBI YIYUIINUTDb UX BBIIIOJIHCHHUC.

KiroueBoii koMroHeHT, oouwmii s Beex LIIY, 3To mporpaMMHBINA CUETYUK —
crelualibHas sueika B MaMsTH (PErucTp), KOTopas OTCIEKUBAET, U3 KAKOTO y4acTKa
IaMTH JIOJDKHA YWTAThCS CIEAYOIIas HMHCTPyKUuA. IIoCckonpKy mnporpaMMHbIN
CUETUMK IO CYTH MHPOCTO APYTrod THUIl SY€EK MAMSTH, OH MOXKET ObITh U3MEHEH C
MIOMOILbIO PAac4Y€TOB, BBINOJHEHHBIX B apU(PMETUKO-IOTHYECKOM ycTponcTBe. Eciu
no0aButh 100 K mporpaMMHOMY CYETUMKY, TO CIEIyIOLlas HMHCTPYKUUA Oyaer
npountaHa ¢ ydactka Ha 100 ydacTtkoB nanemie B mnporpamme. HMHCTpyknmw,
MOAU(PUIUPYIOIINE MPOrPaMMHBIA CUETUYHK, HA3bIBAIOTCS MEPEX0JaMHU MPOrpaMM U

IIO3BOJIAIOT CO3JaBaTb IHMKJIIbI (I/IHCTPYKI_II/II/I, IIOBTOPACMEIC KOMHBIOTGpOM).

[IppMedaTenbHO, YTO MOCIEAOBATEIbHOCTD OINEpAlMN, 4YEPE3 KOTOPYIO
MPOXOJIUT YCTPOMCTBO YIpaBieHUs yTOObI 00paboTaTh MHCTPYKIIMIO, caMa 1o cebe
ABJISIETCA KOPOTKOM KOMIBIOTEPHOW IPOrPaMMOW; U B CaMOM J€JI€, B HEKOTOPBIX
0oJiee CIOXKHBIX APXUTEKTYypax IMPOLECCOPOB CYIIECTBYET COBCEM KPOXOTHBIN
KOMITBIOTEDP, HA3bIBAEMbII MHUKPOIJIAHUPOBIIUKOM, KOTOPBIM 3aIlyCKAeT IPOrpamMmy

MHKPOKOJIOB, KOTOPasi U MO3BOJISIET OCYIIECTBIISITh BCE BBILICTIEPEUUCICHHOE.
6
Kaunenrckue onepauun

KimenT 3amyckaeT Ha KaXXJIOM XOCT€ HUCIOJHSEMBIA KOJ M TNPEIOCTABIISIET
uHTepdenc (HaisioBo CUCTEMBI IJIsl NMPWIOKEHUH. B mpoToTHne KIMEHTCKUN KOJ
3aIyCKaeTcsl MpsIMO B MPOCTPAHCTBE MOJIL30BATENSI U MOXKET OBITh JOCTYIEH JINOO
Hanpsmyro, 6o depe3 kiueHT FUSE. Kaxnapli KIMEHT MOJIJIEPKUBAET CBOM
COOCTBEHHBIN KAIII, HE3aBUCUMBIA OT CTpPaHUIIBI siApa win Oydep-Koiia, AeaeT ero

JIOCTYITHBIM JIJIs IPUJIOKEHUH, KOTOPbIE 00PAIatOTCs K KIIMEHTY HAMPAMYIO.
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@daii10BLIN BBO/BLIBO M BO3MOKHOCTH

Korma mnpomecc otkpbiBaeT (aitn, KJIMEHT TMOChUIAET 3alpoc CEPBEPY
metaganubix (MDS). MDS mnpocmarpuBaeT Bcio (hailioByI0 HEpapxuio, YTOOBI
nepeBecTy uMs (paityia B ¢aitnoBeiil inode, KOTOPHIN BKIIIOYAET B ceOsl YHUKATHHBIN
HoMmep inode, Biazenwua (aitna, Tum, pa3Mep U Jpyrue MerajgaHHele. Ecnu daitn
CYILIECTBYET U AOCTYyN mpeaocTaBieH, To MDS Bo3Bpamaer HoMep inode, pazmep u
uHhOpMAIIMI0O O CTpaTeru pacrpeielieHud (¢aina, HCHOIB3YIOUYIOCS s
COOTHECEHHUs JaHHbIX ¢aiia u o0bekToB. MDS Takke MOXET NPENOCTABUTH
KJIUEHTY BO3MOXHOCTH (€CJIM TOT WX €II€ HE HMMEET), MOKa3bIBAIOIINE KaKhe
omepanuu pa3pemieHsl. Bo3aMoXHOCTH BKIOYaOT 4 OWTa, KOHTPOJIUPYIOIIHE
BO3MOXXHOCTh KJIMEHTA YWTaTh, YUTATh KJII, MMHUCaTh, nucaTh B Oydep. B Oyayiem
BO3MOXKHOCTH OYyJIyT BKJIIOYAaTh B ceO0sl KIIOY OE30MAaCHOCTH, MO3BOJISIOMIUN
KJIMEHTaM T0Ka3aTh CEpBEPY JAHHBIX, YTO OHM aBTOPU30BAIIMChH, YTOOBI 3aMHUCHIBATh
WIM 4YUTaTh JaHHbIC (HBIHCIIHWNA TMPOTOTHII JIOBEPSET BCEM KIIMECHTaM).
[locnenoBarenbHOE  MPUBICYECHUE  CEPBEPOB  METaJaHHBIX K  (ailioBOMy
BBOJ1Y/BBIBOJIy OTPAHMYMBAETCS YIPABICHUEM BO3MOXKHOCTAMH IO COXPaHEHUIO

MOCJEA0BaTEILHOCTH (hAMJIOB U TOCTUKEHUIO TOHATHOM CEMAHTHKH.

Ceph mpencraBiser HaOOp CTpaTeruii pacmupeeieHUs IO PACIOI0KESHUIO
JAHHBIX (HaMIJIOB B MOCIEIOBATEILHOCTH 00BEKTOB. UTOOBI M30€KaTh UCIIOJIH30BAHUS
KaKo-mmbo MH(pOpPMAIIUU 10 PACTIONOKEHUIO (halIoB, MMEHA OOBEKTOB COCTOSIT U3
daitnoBoro HoMepa inod'a u stripe. [[yOmukaTbl 0OBEKTOB MEPENAOTCS CepBEpaM
nanueix  (Qyskmuerr CRUSH, xkotopass sBhsiercs  moOanbHOW — (DyHKIHMEH
pacnipenenenus. Hanpumep, ecnu oawH Wi 0ojiee KIIMEHTOB OTKPBUTH (aiii is
yTeHus1, MDS npenocTaBiaseT UM BO3MOKHOCTh YUTATh M KAIIMPOBATH COJICPKUMOE
daiina. Pacmomaras HoMepoMm inode, TUTAHOM PACIOJIOKEHUS U Pa3MEPOM, KIUEHT
MOKET y3HaTh UMEHA U PACIIOJIOKEHUE BCEX 00BEKTOB, COJIEPIKAIINX JaHHBIC (aiina,
U CUUTATh WX HANpPSIMYIO C cepBepa JaHHBIX. OOBEKTHI WM TOCIEI0BATEIHLHOCTH
OWUTOB, KOTOPBIX HE CYIIECTBYET, OMPEICIAIOTCS KakK (DaiyioBbIe «IBIPHI» WM HYIIH.
B wurore, eciau KIMEHT OTKpbIBaeT (aill Juis 3amucH, €My I[peIoCTaBISIeTCS
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BO3MOXKHOCTh MHcaTh ¢ Oydepuszanueil, u ar00ble HOBBIE JaHHBIE B KaKOM-JIHOO
cMemieHud ¢aiila TPOCTO 3alMCHIBAIOTCS Ha COOTBETCTBYIOIIMH OOBEKT Ha
COOTBETCTBYIOIIIEM CEpBEpPE JAaHHbIX. KIMEHT OTCTpaHsSeTcss OT BO3MOXHOCTH
3aKpbIBaTh (ailll U MPeOCTaBISET 3TO CEPBEPY METAJAaHHBIX C HOBBIM (DailyIOBBIM
pa3MepoM (HauOoJjblllee 3alUMCaHHOE CMEIIEHUE), KOTOPOE IMepeonpeaesieT

MHOKCCTBO O6’beKTOB, KOTOPOC (BOSMO}KHO) CymcCTBYCT U COACPKUT NAaHHBIC.
7
HaCTOHHII/Ie NMpOorpaMMHucCThI, I'/I€ 7K€ BbI?

be3 mummHero xBacTOBCTBA MOIY CKa3aThb, YTO MBI IPEABABIIEM OYECHBb
BBICOKHE TpeOOBaHUs K COMCKATensiIM BakaHCHU. I Mbl COBEpLIEHHO HE HaMEpEHbI
CHI)KAaTh 3Ty IUIaHKy. bosiee TOro, Mbl yBEpeHbl, UTO dYeMm Oosblie ciaadbix
IPOrPAMMHUCTOB Mbl OTQWIBTPYEM, TEM Jy4lIE U CUIbHEE B UTOIE OKAKETCA Hallla
KoMaHa. HekoTopele, BipoueM, OTMEUAIOT, YTO HOJ] HAIll¥ TpeOOBaHUS CKOPO OYAyT
noJnaaaTh TOJbKO 00JIafjaTeNld CTENEHU JTOKTOpa HayK B KOMIBIOTEPHBIX HayKax CO
BTOPBIM JUILIOMOM 0 KBaHTOBOM MexaHuke. KoHeuHo, 310 He Tak. Hame ocHOBHOE

IIPAaBUJIO — HE HAHUMATb JIFOAEH, KOTOPBIE HE YMEIOT IPOTPAMMHUPOBATh.

UtoObl HE OBITh TOJOCIOBHBIMH, MbI ONYOJMKYyE€M Hall OCHOBHOM TECT,
otrcenBaromuii 19 u3 20 xaHnumaToB emie Ha dTane TeaedoHHOro cobecenoBaHuUs
(mpu TOM, 4TO A0 TeIe(POHHOrO cobeceAOBaHUs Mbl JOMYCKAaeM HE BCEX MOAPAI, a
TOJIBKO TE€X, Yb€ PE3IOME HaM IOHPABWIOCH). MBI HE NMPOCHM pelaTh CIIOXKHbBIE
AITOPUTMHYECKUE 3a7aud. Mbl HE 3acTaBliIeM KaHAMJATOB JIOMaTh TOJIOBY HaJl
3aJlauKaMi Ha COOOpa3uTeIbHOCTh. MBI HE JaeM 3yO0oJapoOuTENIbHBbIC 3aJaHusl Ha
apuMeTuKy C yKazarensMu. 3ajadya, KOTOpas HE TMOJ CHIy MOJAaBJSIOLIeMy

6OJIBH_II/IHCTBy HamMWX KaHAWJAaTOB, BBITJIAAUT TaK:

Harmumute Ha C QyHKIHIO, TEPECTABISIONTYI0 B 00pPaTHOM MOPSIJIKE JIEMEHTHI

B OOHOCBA3HOM CITMCKCE.
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Bceé. Touka. Cpenu He pemMBIIMX 3Ty 3agady ObUIM JIOAHM, Y KOTOPBHIX B
pe3toMe OBUTO YKa3aHO «IHCaN MmaTtdyd K sapy Linux» m «ydactBoBai B pazpaboTke
KOMOMIATOpoBy». O0nanaTeneld CTENeHH B KOMIIBIOTEPHBIX HAyKax, CIIOTKHYBIIMXCS

Ha ATOM 3aJadc, TOXKEC Ha6paJ'IOCB JOBOJIBHO MHOTIO.

PazymeeTcs, 3T0 HE €IMHCTBEHHBIA BOMPOC, KOTOPBIM MBI 3amaeM. Eme Ham
WHTEPECHO y3HATh, KaKOBa MaKCHMaJlbHas CJIOKHOCTh BCTaBKM N 3JIEMEHTOB B
BekTop (mau B ArrayList, mim kak Tam B BalieM JIIOOMMOM s3bIKE Ha3bIBACTCS
JUHAMUYEeCKUil MaccuB). Eciii Bbl HE 3HAaeTe — HE CTPAIHO, JIaBaiTe MOmpoloyeM
noayMaTh BMecTe! MBI ¢ yIOBOJIBCTBHEM OOBSICHUM BaM BHYTPEHHIOKIO peaTn3allnio

BekTopa. UepT Bo3bMu, MbI axe 3auteM O(N*logN) kak npaBuiibHbIN OTBET!

Mp1 CIIpallliBacM O pas3induiax MCKIAY KOOHepaTI/IBHOﬁ n BBITGCHHIOIHeﬁ
MHOI'03a1a49HOCTBIO. Mkl CIIpalinBacM 00 YCIOBHBIX  IICPCMCHHBIX B MCKIIOTOYHOM

B3aumoencTeuu. B 19 cinyyasx u3z 20 B TenedoHHON TpyOKe TOIBKO THUIIMHA.

CMBICIT 3TUX BONPOCOB OYEHb MPOCT: OHU IMO3BOJISIIOT BBIICHUTH, HACKOJBKO
XOpOIIO KaHIWAAT YCBOWMJI CaMbI€ OCHOBHBIE BEIIM, KOTOPHIM €ro Yy4YWId B
yHuBepcuteTe. KpoMme TOro, Bce 3TH BelW, TaK WA MHAYE, BCTPEUAIOTCS B HAIICH
pabote. Hamr onbIT B mpoBeicHUN coOece1oBaHUM MOKa3bIBAET, UTO €CJIU Bbl 3HAETE
pa3HUIly MEXIy IOTOKaMd M CONPOrpaMMaMH, €CJId Bbl MOYETE€ NEPEBEPHYTh
OJTHOCBSI3HBIN CIHMCOK W €CJIM Bbl XOTh HEMHOTO 3HAE€TE€ 00 YCIOBHBIX IMEPEMEHHBIX,
TO Balll YPOBEHb Y€ TOpa3/o BhIIIE, YeM y OOJIBIIMHCTBA COMCKATENICH BakaHCUM

MPOTrPaMMHUCTA.

Pa3ymeercs, Hamm cobeceioBaHMsI HE OTPAHMYMBAIOTCS 3TUMH HECIOKHBIMU
Bonpocamu. OT droAei, ¢ KOTOPbIMU MBI XOTHM paboTarh, Mbl TpeOyeMm Topas3io
oonee mmpokux 3HaHUN. Ho MbI He TpeOyeM HEBO3MOKHOTO. MBI XOTHUM, YTOOBI
HAIlll COTPYAHHUKU HUMEIH XOpPOIIylo (yHIaMEHTAJbHYIO MOATOTOBKY, YTOOBI OHHU
TOpeJy JKeTaHUEeM CO3/1aBaTh KJIACCHBIEC BEIM U YTOObI OHU MUCKPEHHE JIOOMIN CBOIO

npodeccuro.

68



Moti koiiera, BiepBbie IpounTaB cTathio o FizzBuzz, cipocwit: «Ecnu onn He
MoryT Hanucath FizzBuzz, uto onu BooOme MoryT?». [IoBTOpIOCH: TIEpBOHAYAIEHOE
oTcemBaHWe BbIKUAbIBaeT 19 w3 20 kaHaumaroB. Kaxmoe TtenedoHHOE
co0eceloBaHME 3aHUMAET Y MEHS OKOoJIO 45 MHHYT. Eciii HE CUMTaTh HECKOJBKHX
4acoB Ha MpEABAapUTEIbHBIA INPOCMOTP pe3tome, To Oeceapl mo Tenedony c 20
KaHIUJaTaMHd B CyMME 3aHMMArOT OKoJo 15 4dacoB. M BCE 3TO — TOIBKO 3aTem,
yTOOBl HAWTH OJHOrO YEJOBEKa C 0a30BBIMU HaBbIKAMHU IPOTrPaMMHUPOBAHUS, H

TOJIBKO ITOCJIC 3TOI'O MCPCXOJUTH K IMIHOMY COGGCGI{OB&HI/IIO C HHUM.

Hacrostiiume nporpaMMuCTSL, T1I€ K€ BbI?

(ITepeBox Cemena dakroporuya: http:/habrahabr.ru/blogs/htranslations/112561/)
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PA3JIE I

MATEMATHKA

CuMMeTpHH HEKOTOPBIX (hUryp
CummeTpun KBajpara

PaccMoTpyiM MHOXKECTBO JBIKEHUN €AMHUYHOTO KBajpaTa, TO €CThb BCE
oToOpakeHUsI KBaApaTOB Ha ceOs, COXPaAHSIOIIME PACCTOSHHUE MEXKTY TOYKAMHU.
O603HauuUM Sy, Sy, Si, Shg - OCHM CUMMETPHUHM Ha TOPU3OHTAIBHOM, BEPTUKAIHHOU
cpenanx JmHESIX 1 auaroHansx AC, BD cootBercTBeHHO. 3a I, Iy, I, I3 0003HAYMM
noBoporel Ha 0, 90, 180, 270 rpagycoB COOTBETCTBEHHO. OTH BOCEMb

npeoOpa3oBaHnii HA3bIBAIOT CUMMETPHUSAMHU KBajpara W obOosHawaroTcs Sym (L) =

{ro, 1, 12, '3, SH, Sv, Sacy Sbd}-

MuosxectBo Sym ([L]) 3aMKHYTO OTHOCHTEIBHO KOMITO3UIIUU MTPEOOpa30BaHUM
(ormepanuu  YMHOKEHHS), TO €CTh KOMIIO3UIIMS JBYX CHMMETPHUK CHOBA SIBJISCTCS
cummetpueit. Hanpumep, Sge * Sy = I, Sy = lg, 1 * I, = I;3. 31€Ch, €ClU MUIIEM Sy ™ I,
HalpuMep, TO CHayalla MPUMEHSETCS Sz, IMOTOM [7 (3TO CYIISCTBEHHO, TaK Kak
KOMITO3HIIMSI HEKOMMYyTaTHBHA). OCTajabHbIC PE3yNbTaThl MOMAPHBIX MMPOU3BEICHUM

IPUBEACHBI B TAOIHILIC.

31ech, HalpUMep, dJIEMEHT Sy Ha IepecedeHrr 6 cTooIa u 4 CTPOKH paBeH I
* Sy, TO €CTh KOMIIO3UIIMS I, U Sy UMEHHO B 9TOM TOPSIAKE, TaK KaK KOMIIO3UIIUS

HCKOMMYTAaTHUBHA.

OueBHIHO, YTO KOMIO3MIUS accorarnBHa. MuoxkecTtBo Sym (L) comepxut
enuHUILy o (0003HavaeTcs Takke 1d wau 1). JIro6oit amement X u3 Sym (L) umeer

o -1 o - -
oOpatHbiii X °, TO €cTh TakoH, uto X * X l=x1*X=1.

MuoxectBo Sym (LJ), cHaOxéHHOE oreparyieii YMHOXCHHUS, Ha3bIBACTCS

Ipynno CMMMETpUU KBaJparta.



Cummetpun Ky0a
Hycrs P={(x,y, z} € R*|x, vy, z € [-1, 1]} — exuuununbIii KY6.

CummMmetpus kyba — 3To Jr000€ M30MeTpruUecKoe Mpeodpa3zoBaHue (IBUKECHHE)
3 .
I°. Kommosumus cummerpuii Kkyba Toxe cummerpus kKyba. Bcero cymectByer 48
cuMMeTpuit  Kyb6a. MHoXxecTBO cuUMMeTpud KybOa, CcHaOXEHHOE omepanuen
. . 3
YMHO>KEHUSI, Ha3bIBaCTCS TPYIIION CUMMETpHid Kyba u obo3Hadaetcst Sym (I°). Ora
rpymnna accolmaTuBHa, HEKOMMYTATHBHA, UMEET TOXKIECTBO U OOpaTHBIE ISl JTF0OOTO

QJICMCHTA.

CummMeTpun OKpyKHOCTH
Iycts S* = {(X, y} € R?| x? +y? = 1} — 510 eqMHNUYHAS OKPYKHOCTb.

1 .

O06o3HaunM Sym (S°) MHOKECTBO CUMMETPHIA OKpY>KHOCTH. BBIBaeT aBa THMa
CUMMETPHI OKPYXHOCTH: TMOBOpPOTHl I,, a&€[0.27), u oceBble cHUMMETpUU S,
ae[0.2m). Komnosunus moBopoToB maércst GopMymoit Iy * Iy = R, + pymodzr. Taroke
umeeTcst (GopMmyna s KOMITO3WIIMM - OCEBBIX CHMMETpHWil. MHOXECTBO Bcex
JBIKEHUN OKPYKHOCTH, CHAOXKEHHOE orepalnyell yMHOXKEHHU s, Ha3bIBA€TCS TPYIIION

. 1

CUMMETpPHI OKPY>KHOCTH M 0003HauaeTcs Sym (S7). Dra rpynma umeer 6ECKOHEUHO
guciio 3neMeHToB. Kak uaBe apyrue, oHa accolMaTUBHA, HEKOMMYTAaTHBHA, HMEET

SAUHUILY U 0OpaTHBIC IS CBOMX JJICMEHTOB.
['eomeTpust 3IUNITHYECKON TIIIOCKOCTH

PaccMoTprM MHOXKECTBO BCEX Map JUAMETPAJIbHO MPOTHUBOIOJIOKHBIX TOUEK
Ha cdepe Ant(S?) (takuMm 06pazoM, 9TO MHOXKECTBO COCTOUT H3 IIap TOYEK, a He
npoctsix Touek). Toraa X = Ant(S?), MHOKECTBO MPOTHBOIOIOXKHEIX I TOYEK HA
S? oz efcTBHEM optoroHaiabHOM rpymibl O(3), 3IeMEHThI KOTOPOU IEUCTBYIOT Kak
g: (X, -X) = (9(x), 9(-x)) (310 oTOOpakeHue KOppekTHO, Tak Kak g(-X) = -g(X)),
HA3bIBAETCA DJUTMITUYECKOM TeoMEeTpUel IUIOCKOCTU. DIJUIMNTHYECKAs IMIOCKOCTb
(MHOXECTBO X) COJIEPKUT APYrod KIACCUYECKHUI T€OMETPUYECKUM OOBEKT — JICHTY

Méobuyca.
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IIpouue popmbl 3anMcH MPOU3BOIHOM

O6o3HaueHus: Wrpajud KpailHe BaXXKHYIO pOJIb B PAa3BUTUM MAaTEMaTHKU.
HekoTophle MaTeMaTUYECKUE CHMBOJIBI, TAKME Kak X' WM N!, IPEACTaBIAIOT COOOM

BCEro JIMIIb ab0peBUaTypy AJIsl KPATKOM 3aliCH JUIMHHBIX BBIPAXEHUH WU (GOpMYII.

WNHuorna muist npeAcTaBieHUs] OJHOM U TOM K€ WU MCIOJIb3YIOTCS HECKOJBbKO
Pa3IMYHBIX 0003HAYEHUH, U OJ[HA 3aIUCh MPEANOYUTACTCS IPYTroi B 3aBUCUMOCTH OT
00CTOSITEILCTB, B KOTOPBIX HCIIOJIB3YETCS COOTBETCTBYIOIIAs CUMBOJIMKA. JTO B
OCOOCHHOCTH CIpaBeJIUBO sl UG EpEeHINaNbHOTO aHaIN3a, I/I€ CYIIECTBYIOT
paznuyuHble POPMBI 3aITUCH JIJIs1 TPOU3BOIHBIX. O003HaUCHHE TTPOU3BOIHON (DYHKIIUU
f* 6euto BBemeno JXK.JI. Jlarpamxkem B konie XVIII Beka. OnHo oOpaiaer Hare
BHUMaHHE Ha TOT (akT, 4to f’ sBisercs HoBoW (yHKIMEH, monydeHHol u3 f myTém
nuddepeHIMPOBaHUs MOCIEAHEH, U e€ 3HaueHue B Touke X paBHO T’(x) Jls xaxmoit
Touku (X, y), JAexkaried Ha rpaduke GyHkiuuu f, €€ KOOpAMHATBI X W y CBSA3aHBI

cootHomeHueM y = f(X), a cuMBOI -y’ TakKe HCIIOJNB3YyeTCs JIsi O0O3HAYCHUS

npousBoanoi f’(x). AHanornunsiM 06pa3oM y”, ..., y' IPEACTABISAIOT COOOM 3amucH
pOM3BOAHBIX Oosiee Beicokoro nopsaka (X), ..., f(")(x). K npumepy, ecan y = sinx,
TO Yy’ = COSX, Y’ = -SinX u-T.1. O603HaueHue, BBeAEHHOE JlarpamkeM, IOX0XKe Ha TO,

KOTOPBIM mob30Bajics Heroron. On mucan Y u ¥ BMecto Y’ u y”. Touku, KOTOpbIe
CTaBWI HaJl «y» HBIOTOH, 10 CUX MOP UCIHOJB3YIOT HEKOTOPHIE aBTOPhI, OCOOCHHO

111 0003HAYEHUS] CKOPOCTH U YCKOPEHMSL.

B 1800 romy JI. ApOoract BBEN Jpyrodl CUMBOJ JJisi OO0O3HAUYCHUS
npounsBogaHou pyuknuu f, mupoko pactpoctpanéHusiii B Hamm qau — Df. CumBon D
HOCHUT Ha3BaHme orepatopa auddepennupoBanus. [IpousBoansie 0ojiee BHICOKOTO
nopsiaka 2, £7°, ..., " sarmceiBatores B Bune D*f, Df, ..., D"f coorBercTBeHHO, a
3HAYCHHS YTHX MPOM3BOAHBIX B TOUKe X BRINIAAT Tak: D*F(X), D*f(x), D"f(X). Takum
obpasom, Dsinx = cosx u D%inx = Dcosx = -sinx. IlpaBmmo s

mudepeHIrpoBaHUs CYMMBI 3TUX ABYX (DYHKIUN MPUHUMAET, €CJIM HCIOJb30BaTh
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cumBoil D, cienyromyto dopmy: D(f + g) = Df + Dg. Beruucnss mpou3BoaHbIC B
TOYKEe X, MpuXoauM K cienyromiei popmyne: [D(f + g)](x) = Df(x) + Dg(X), kotopas
Taxke MokeT ObITh 3ammcana B Buzme D[f(X) + g(X)] = Df(x) + Dg(x). Uuraremns
TENeph JISTKO MOXKET C(HOPMYITHpPOBaTh MpaBUja JJIS MPOU3BEICHUS M YaCTHOTO C

HCII0Ib30BaHeM cuMBoIa D.

Cpenu ocHoBarteneld MareMarndeckoro ananusa JleOHuir OoJbiie 4eM KTO-
a100 APyrod MOHMMAJ BaXKHOCTh MPABUIIBLHO BbIOpaHHON (QopMbl 3anucu. OH OueHb
MHOT'0 9KCIIEPUMEHTUPOBAN U BET OOLIUPHYIO MEPEMUCKY C IPYTUMHU MaTeMaTUKaMHU,
B KOTOPOM 00CY>K/J1aJl IUTFOCKI 1 MUHYCHI Pa3fIMyHbIX 0003HaUeHU. MaTtemMaTu4ecKuii
aHaJu3 OKa3all OFPOMHOE BIIMSIHUE HA Pa3BUTHE COBPEMEHHOM MaT€MaTUKU YaCTUYHO
Oylarogapsi XOpOIlO Pa3BUTOM U TMOHATHOM cHUCTeMe O00O03HAYEHUM, MHOTHE U3

KOTOPBIX npuayman Jleionuir.

JleliOnuil BBEN O0O3HAUEHHWE MJI MPOU3BOAHOW, CHUIIBHO OTJIMYAIOIIEECS OT
TeX, KOTOpbIE HCIONB30BaIKCh paHee. Mcmomb3dys Y Bmecto f(X), on 3ammcan
pasnoctHoe otHotenue (f(x + h) — f(x))/h 8 Buge Ay/AX, rae Ax (uuraercs «aenbra
uKey») nuirercs BMecto h, a Ay — BmMecro f(X + h) — f(x). CumBon A HocuT Ha3BaHHe

Pa3HOCTHOTO OIeparopa.

Jpyrum ObUIO HE. TOJAbKO o0OO03HaueHue JleitbHuIa, HO W €ro MOHUMaHHE
noHsATus npousBoAHoW. [lox mpexenom dy/dX OoH mMOHMMAaN YacTHOE OT JEJICHHUS
OeckoHeyHO MaJibiX BenuurH Y 1 dX, KoTopble Ha3bIBall «auddepeHiaiaMm», a 3To
YacTHOE OTHOINeHUEe JIeWOHMIT Ha3pIBAI «Pa3HOCTHBIM OTHOIICHHEMY. JIeHOHMIT
CUMTA OCCKOHEYHO MaJible BEIMYUHBI a0COIIOTHO HOBBIM THUIIOM YHCEI, KOTOPBIE,
HECMOTPSI Ha WX HEPABEHCTBO HYJIO, BCE K€ MEHBIIE JIFOOOTO MOJIOKUTEIBHOTO

NENCTBUTENHHOTO YHCIIA.

Xotrsa JleiOHUIL HE CMOr JaTh YAOBJIETBOPUTEIBLHOTO OMNPEACICHUS s
OE€CKOHEUHO MaibIX BEJIWYHH, OH U €r0 IIOCJIEA0BATEIN CBOOOIHO HUCIIOIL30BAIN UX
JUIA pa3BUTUSA MATEMAaTUYECKOr0 aHaiu3a. BBHAY 3TOr0 MHOTHE CTaJIM CYUTATh
MAaTEMATUYECKUM aHAIA3 YEM-TO MHUCTHYECKMM W IIOJABEPrartb COMHEHHIO
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000CHOBaHHOCTh HCIIONb3yeMbIX MeTOA0B. Pabotsl Komm u npyrux mMareMaTHKOB
MOCTETIEHHO MPHUBENN K 3aMEHE TEOPUU OECKOHEYHO MaNbIX BEJIMYHUH KIACCHUYECKON

TEOpUEH MpeIeNoB.

I[I/ICerTHOCTb BPEMCHU

Kaxnas cucrema mpeacraBiseTcss 0a30BOM MOJAEIBIO ¢ KOHEYHBIM YHUCIOM
COCTOSSHUM M YIPABJSAECTCA HE3ABUCHUMBIM CHUHXPOHU3UPYIOIIAM HCTOYHHKOM
cIeAyroImMM 00pa3oM: CHCTEMHBIC TEPEMEHHBIC H3MEPSIOTCS HE MOCTOSHHO, a
TOJBKO B JUCKPETHBIE MOMEHTBHI BPEMEHH, KOTOPBIE OIPEHACICHBl 3aJaHHbIM
COOBITHEM,  HA3bIBAEMbIM  CHHXPOHU3HUPYIOIIMM  CUTHAJIOM,  CO3/IaBa€MbIM
WCTOYHMKOM 3TOr0 CHUTHaJla. DTHU MOMEHTBHl BPEMEHM Ha3bIBAIOTCA TAKTOBBIMHU
MOMEHTAaMH. V-bIii TaKTOBBIH MOMEHT Oyaem 0003HaudaTh Kak t, (v = 1, 2, ...).
[Ipennomnaraercs, 4To MOBEICHUE CUCTEMBI B JIF000H MOMEHT BpeMeHH 1, HEe 3aBUCHUT
OT UMHTEpBaJia MeXay t, ¥ Mpeapayero TakToporo MoMeHTa t,.;. Takum oOpazom,
(aKTUYECKH HE3aBUCUMOM BEIMYMHOM, OTHOCHUTEIIBHO KOTOPOM OIpeaeseTcs
KaXJas IEpPEMEHHAass B CHUCTEME,  SIBISIETCA HE BpeMs, a MOPSJIKOBBIE HOMEpA,

CBs3aHHBIC C TAKTOBBIMHM MOMEHTaMMH.

CuctemHbie nepeMmeHnbie V(t), ciiegoBaTeibHO, MOTYT OBITH 3allUCaHbI KakK V.,

YTO COOTBETCTBEHHO 3HAUCHMUIO V B V-BI TAKTOBBIM MOMEHT BPCMCHH.

Crnemyet TOAYEepPKHYTh, YTO BBIIICHU3JIOKCHHBIC MTOJIOKEHUS HE 03HAYAIOT, YTO
BpPEMEHHBIE MHTEPBAIIBI MEXKIY ABYMS COCCTHUMH CHHXPOHHU3UPYIOIIMMH CUTHAJIAMA
JOJDKHBI OBITh PaBHBIMH, a TIEPEMEHHBIE CHCTEMbI BHYTPH MHTEPBAJIOB W3MEHSIOTCS
0 KAKOMY-JIN0O OmpeAenEHHOMY 3aKOHY (CKa)eM, OCTAIOTCSI MOCTOSHHBIMH). JTO
03HAYaeT, YTO KaKUM Obl HM OBUT WHTEPBAJ, KAaKUMU Obl HU OBLIM TIEPEMECHHBIC

CUCTCMbI BHYTPHU HWHTCPBAJId, 3HAYCHHUSA IICPCMCHHBIX B V-bIM TAKTOBBIX MOMECHT

3aBHCHUT TOJIBKO OT HOMEpa V U HE 3aBUCHUT OT 3HAYCHUA t\,.
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Cucremsl, COrJacoBaHHbIE C JOMYLIEHUEM TUCKPETHOTO BPEMEHHU, O KOTOPOM
TOBOPWJIOCH BBINIIE, HA3bIBAKOTCS CHHXPOHHBIMH. CHCTEMBI, B KOTOpPBIX JAaHHOE
JOIYLICHUE HE BO3MOXKHO, Ha3bIBAIOTCS ACUHXPOHHBIMH. Ha npaktuke, MHOrume
ACMHXPOHHBIE CHCTEMBI, JUIsI aHAJINW3a LEJNe, MOryT pacCMaTpuBaTbCs Kak
CUHXpOHHBIE. Hampumep, paccMOTpUM CHCTEMY, COCTOSIIIYIO H3 JIaMIIOYKH U
BBIKJIFOUATENSA, KOTOPBIA YINPAaBIAECT €10. BXOIHBIE NMEPEMEHHBIE — 3TO COCTOSIHUE
JaMIIOYKH (FOPUT WM HE TOPUT). MICTOUHMKOM CHUHXPOHU3UPYIOLIErO0 CUTHAJIA, B
JAHHOM  Clly4ae, SBJSIETCS  ONEparop, YHPABISIIONIMN  BBIKIIOYATEIEM, a
CUHXPOHU3HUPYIOIIUM CHTHAJIOM SIBIIIETCS TNEPEKIIOYCHHE BBIKIIOUATENA. B Tex
ClIy4asix, KOrJia 3HaU€HUs KaX10M IEPEMEHHOM B V-bIii TAKTOBBIA MOMEHT (T.€. KOra
BBIKJIFOUATEIb MEPEKIIIOYAECTCS B V-bIi pa3) HE 3aBUCUT OT HMHTEPBAJIOB MEKIY
TaKTOBBIMU MOMEHTaMH (T.€. KOTJa MEXy OJHUM MEPEKIIOUCHUEM U CIECTYIOUIUM),
CHUCTEMa MOKET OBITh ONMCaHa KaK CHHXpOHHas. OgHaKo, CTpOro roBops, cUCTEMa
SBJISIETCS. AaCUHXPOHHOM, T.K. onepauuu (U3NYECKOTO MEPEKIIOUYECHUS U 3aKUTaHMs
JAMITIOYKH 3aBHUCAT OT WHTEPBAJIIOB MEXKIYy COCEIHHMH INEPEKIIOUYCHHUSIMU: KOTJa
4acToTa IEPEKIIOYEHUM CTAHOBUTCS CIUIIKOM BBICOKA, HEJIB3sl C YBEPEHHOCTBIO
3asBJISATh, HAIPUMED, YTO JIAMIIOYKA I'OPUT BCETZA, KOTJA BBIKIIIOYATENb BKIIFOYEH.
Tem He MeHee, TpU TOCTATOYHO HU3KON YacToTe (€€ MOKHO y3HaTh, OCHOBBIBASICh HA
XapaKTepUCTHKaX TaKTUPYIOIIErO0 HCTOYHUKA), CHCTEMa MOXET CYHUTAThCA

CUHXPOHHOM.
4
Cocrosinus

B To0 BpEMs KaK BXOAHBIC W BBIXOAHLIC TECPEMCHHLIC BCIMYHMHBI, KOTOPLIC
MOI'yT Ha6J'IIOI[aTBC${ U HU3MCPATBCA HCCICAOBATCIICM, ABJIIIOTCA BBI60pHI)IMI/I,
npupoJga MpOMCKYTOUHBIX IICPEMCHHBIX YaCTO HCJACHA, a HWX 3HAYCHUA -
HCU3MCPHUMBEI. BaxHocTtb IMPOMCIKYTOYHBIX TICPCMCHHBIX, OJJHAKO, HC B HX
WHIUBUAYaJIbHOM ITOBCIACHUHN, a CKOPCC B COUCTAHNU OTHOIIICHUM MCKY BXOJHBIMUA
N BbIXOJHBIMHU TIICPECMCHHBIMU. 9T1O0T ((3(1)(1)CKT cCou€TaHus»», TaK XK€ KaK H

MNEPEMCHHBIC, BBI3BIBAIOIIHUC C€TO, HOI[‘-II/IHéH MMOJIOKCHUAM O ANCKPECTHOM BPCMCHH U
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KOHEYHOCTH ajdaBuTa. DTOT 3PPEKT HA3bIBACTCS COCTOSHUEM CHCTEMBI, COCTOSHUE
B MOMeHT {, o003Hauyaercs Kak S,. MHOKECTBO COCTOSIHUN, KOTOPBIE ONPENESIIOTCS

CHCTEMOH, Ha3bIBAE€TCSI MHOXKECTBOM COCTOSIHMI CHCTEMBI M 0003HavaeTcs Kak S.

Wnest cocTossHUII MOXET ObITh TOYHO OIpEneseHa TOJbKO 4Yepe3 Ty poJib,
KOTOPYIO OHHM WIrPalOT B OMPEJCICHWU 0a30BOM MOJENIH C KOHEYHBIM UHCIOM
COCTOSIHMI. DTa posib MOKET OBITh ONMCAaHa Yepe3 JBa CIACAYIOLUX MoyI0KeHus: (1)
BBIXOJIHOW CUMBOJI B IAHHBIM MOMEHT BPEMEHH OJTHO3HAYHO OIPEIEIAETCS BXOIHBIM
CHUMBOJIOM U COCTOSTHUEM B JIaHHBI MOMEHT BPEMEHHU; (2) COCTOSIHUE B CIEAYIOLIUN
MOMEHT BPEMEHU OJHO3HAYHO OIIPEIEIISAETCS BXOAHBIM CHMBOJIOM M COCTOSSHUEM B
JAHHBII MOMEHT BpeMeHH. Takum o0pa3oM, rpy0dO TroBOps, COCTOSSHUE KOHEYHOIO
aBTOMara B JIFOOOM MOMEHT BPEMEHH — 3TO MepEeMEHHasi, KOTopasi BMECTE C BXOJHBIM
CHUMBOJIOM, OIIPEAEIISET BBIXOJIHONW CUMBOJ B 3TOT MOMEHT BPEMEHU U CBOE 3HAYCHUE

B CIEAYIOIINNA MOMEHT BPEMEHH.

B xauecTtBe mpuMepa pacCMOTPUM HWIPY, B KOTOPOH MOHETa ITOBTOPHO
noa0packIBacTC M OTMEYACTCS TepBas «PEIiKa» B KaXJIOW TOCICI0BATEIHPHOCTH
«peIICK» W I KaXJIOTO «OpJiay, HUCKIIYas TEPBBIX JBYX «OPJIOB», B KaXIOU
MOCJICIOBATEILHOCTH «OpJIOB». B  HaHHOM ciydae, CHCTEMOM SBJISCTCS Wrpa,
CHHXPOHHU3HUPYIOIIUM HCTOYHUKOM — WIPOK, CHHXPOHHU3UPYIOIIUM CHTHAJIIOM —
omepars MmoAOpacklBaHUS MOHETHI, BXOJHOMW IMEPEMEHHOM — CTOpPOHA MOHETHI, a
BBIXOJIHOM MEPEMEHHON — KOJIMUECTBO OYKOB 3a mojopoc. Torga BxogHou andaBUT
umeetr Bua {Opén, Pemka}, a BeixogHoi andaBut umeer Buja {Ouxo, Her Ouxa}.
Jlist onpeien€HHOr0 MHOKECTBA COCTOSTHMM HAaXOJIAT MHOYKECTBO YCIIOBHH (KOTOPBIC
MOTYT- OBbITH OMHUCaHBI BEpPOATbHO, CMMBOJIAMH, B YHCIOBOM BHUJE WIH B JIFOOOU
Ipyroi ynooHo# ¢popme), TakuxX 4ToObI IO U3BECTHOMY YCJIOBHIO U CTOPOHE MOHETHI
MO>XHO OBLIO OJIHO3HAYHO OMNPEICINTh HAIMYME OYKa W CIeayromiee ycioBue. U3
OTHCAHUSI UTPHI CIEAYeT, YTO JJIsi TOro, YTOOBI MpeacKa3aTh OYKO, HEOOXOIMMO
3HaTh TEKYIIYIO M JIBE€ MPEIbIIYIIMX CTOPOHBI MOHETHL. IIpenBapuTenbHO
JIOTOBOPHUMCS O CieayromeM MHOecTBe: {OTMeTka meporo opiia, OTMeTKa JIBYX

opisioB, OT™MeTka pemku}, rae «OTMerka IepBoro opjia — 3TO COCTOSIHHUE CHCTEMBI,
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Korja opé€in cienyet 3a permkoi. OUKo 3aCUUTHIBACTCS KaXAbld pa3, KOrJa CUCTEMA B
coctosiHud «OTMETKa JIBYX OpJOB» M Ha Bxoje «Opém», WM Korja cucTeMa B
cocroaHun «OTMeTKa pemku» U Ha Bxoje «Pemika». Korga HacTosliee COCTOSHUE
«OTMmeTKka nepBoro opia» uid «OTMeTKa IBYX OpPJIOB», TO CJEAYIOIIEE COCTOSHHE
«OT™MeTKa OBYX OpioB», eciu BXoJd «Opé€n, m «OTMeTKa peliKW», €CJIM BXO/I
«Perikay; korga tekyuiee coctosinie «OTMeTKa petiku», TO CICAYIOIIEe COCTOSIHUE
«OtmeTka opnay, ecnu Ha Bxone «Opém», nu «OTMeTKa peIIKu», €ClIM Ha BXOJe
«Pemkay. Takum 00pa3om, MOATBEPIKIACTCS, YTO 3HAHUE TEKYIIETO COCTOSHHUS U
BXOJa ONpeAe/seT TeKYIIMM BBIXOJ U CIEIYIOIIEe COCTOSHUE, 3TO (03HAYAET, UYTO

BBI6paHHOC COCTOAHHUE OTB€CUHACT BCEM Tp€6OBaHI/IHM.

BriOop MHOXecTBa COCTOSIHUM — 3TO JIOBOJBHO CIIOXKHasi 3ajada, KOTOpas
4acTO MMEET HECKOJBbKO peleHui. Tak Kak He CyIIeCTBYET OCHOBHBIX IMpaBUJ IS
ATOr0 BHIOOpPA, YACTO MOJB3YIOTCS METOA0M IMpo0 U omubok. CKOpoCTh, ¢ KOTOPOU
BBHIOMPAETCS MHOECTBO COCTOSIHMM, W pa3Mep HATOr0 MHOXKECTBA 3aBUCIT OT

«TPOHUKHOBEHUSD) B TIIyOMHY MPOOIEMbI HCCIEA0BATENS CUCTEMBI.
3)
3ameuanus no reopun Yepua-CaiiMmonca

MoxHO MHOTO pacCka3piBaTh 00 o0oux uHBapuaHtax Yepna-CaiimMoHca,
KJIACCUYECKOM M KBAHTOBOM, B T'€OMETPHUM, Tomojoruu M (usuke. Knaccuueckuid
uHBapuant Yepna-CailMoHCa — 3TO NpPENATCTBUE K KOH(GOPMHBIM BIIOKEHUSIM
TPEeXMEpPHBbIX. MHOrooOpasuii B EBKINMIOBO NpPOCTPAaHCTBO, OH TECHO CBSI3aH C
uHBapuaHToM ATtbu-Ilarogu-3uHrepa W ObLT  yCOBEPIIEHCTBOBAH B TEOPHUH
xapaktepoB. OH mosBwics B ¢uszuke 10 paboTsl BurreHa, Hampumep, B Teopuu
aHoManui. KBanToBelil nHBapuaHT YepHa-CailMOHCA TECHO CBA3aH C MHBAPUAHTOM
3auemieHud JI)KoHca, KOTOpBhIM HAlIEN MHOTOYHCIIEHHBIE NPUMEHEHUS B TEOPUHU
y370B. Ho MBI He mbITaemcsi ipoBecTH 0030p Bcex pabdoTr YUepna-Caiimonca. Harmn
VMHTEPEC 3aKIIOUYEH B CTPYKTYpax, CBSA3aHHBIX C KBAaHTOBBIMU MHBApUaHTAMU, B UX

OTHOIIIEHWU CO CTpyKTypamu B (Qusuke. Ha camom nene noctmwxkenune Butrena
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3aKJIFOYQJIOCh B TOM, YTO OH IMOMECTUJI MHBapuaHT J[)kOoHca B OOJBIIYIO CTPYKTYPY, a

UMEHHO TPEXMEPHYIO KBAHTOBYIO TEOPHIO MOJIS.

Havano 20-ro Beka Jano JBa PEBOJIOLMOHHBIX HANpaBICHUS B (PU3MKE:
TEOPUI0 OTHOCHUTEIPHOCTH W KBAaHTOBYIO MEXaHUKy. MaremaTuueckas Oaza aiis
oOwIeil Teopun OTHOCUTENBHOCTH — Ju(depeHnnanbHas reoMeTpus — ObUIa yKe
XOpOIIO pa3BUTa K MPUXOAy ODWHINTEHHA; B CBOIO OYepeib, €r0 IpaBUTALIMOHHBIC
YPaBHEHHUS, KOTOpbIE KOHILIEHTPUPYIOT BHUMAaHUE€ Ha KpuBU3HE . Puuum,
CTUMYJIMPOBaJM MHOTHME HAMpaBJICHHWS PHUMAHOBOW reomeTpuu. - KBaHToBas
MEXaHUKa, C IPYrod CTOPOHBI, CIOCOOCTBOBAIA Oosiee OBICTPOMY Pa3BUTHIO TEOPUU
OIIepaTOpPOB M YaCTEM TEOpUU MpPENCTaBICHUS. DTH OCHOBBI KBAHTOBOM MEXaHUKHU
MO3/IHEE TOBJIMSIA HA MHOTHE JAPYTrMe YacTH MAaTeMaTHKH, BKIIOYash pa3MyHBbIC
oOnactu, Takue Kak AudQepeHuunanbHble YpaBHEHMs ‘B YaCTHBIX HPOU3BOJHBIX U
Teoputo uyucen. KBaHToBas Teopus mojis B €€ MepBOM BOIUIOLIEHUH — KBAaHTOBOM
AIIEKTPOJIMHAMUKE — OOBEIUHSIET KBAHTOBYIO. MEXAHHMKY M KJIACCHUYECKYIO TEOPHIO
3JIeKTpoMarHuTHoro moiyii MakcBemia. OHa mpelcTaBuiIa HEKOTOpoe Haubosee
TOYHOE BBIYUCIUTEIHHOE COTIACHE MEXKIY TeOpUel 1 IKCIIEPIMEHTOM U yCTaHOBUIIA

CTaHAAPTHYIO MOJENb (PU3NKHU YaCTHLI.

XOTs Ji1 KBAHTOBOM T€OPUHU MOJI ObLIO MPOJEIaHO MHOTO MAaTeMaTU4YeCKOM
paboThl, €€ OCHOBaHUS €II€ HE yCTAaHOBICHBI. B3aumopeicTBue ¢ MaTeMaTHKOMN
3HAYUTEJILHO PACIIMPUIOCH B TCUCHHUE MOCIEAHUX 25 JIeT: celyac KBaHTOBAasI TEOPHS
noyis (a TakXe TEeopus CTPYH) TECHO B3aWMOJIEUCTBYET CO MHOTHMM BETBSIMHU
MaTeMaTuKH, Tpesjaras aOCONIOTHO HOBBIC PE3YNbTAaThl, YIAUBUTEIbHBIC CBSI3H H
HOBBIE 'HaNpaBJIeHUsT uccienoBanus. OJHUM W3 CTUMYJIOB 3TOTO Pa3BUTUSI OBLIO
MOSBJICHUE HOBBIX IIPUMEPOB TECHOM CBSI3M KBAHTOBOM TEOPHUH IT0OJI C TEOMETPUEN U

TOIIOJIOTHUEMN.

KBanroBas teopus Uepna-CaliMOHCAa — 3TO OJIMH U3 MEPBBIX MPUMEPOB, MPHU
3TOM 3TO YMCTO TOIOJOTHYECKas TEOPUs KaK B KAHOHMYECKOM, TaK U B KBAaHTOBOM
ciaydasix. Mpl ucnonp3yeM €€ B KadecTBE OTHPABHOW TOYKU IJisi OOCY>KIEHUs

Tononorudeckoi kBantoBor Teopun nois (TKTII) B oOmem. Yepes 310 MbI puaéM
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U3HYTpU K (POpMambHOM CTPYKTYpEe BCEX KBAHTOBBIX TEOPHM MO, HE TOJBKO
TONOJIOTUYECKHX, U 3Ty OOLIYI0 CTPYKTYpy MbI noguepkHéM. Taxxke teopust UepHa-
CailiMOHCa  IIO3BOJISIET  YBUJAETh  BCEBO3MOXHOE  B3aUMOJCHCTBHE  MEXIY

MaTEeMaTUKOM U ATUMM YaCTSIMU (1)I/IBI/IKI/I.

OCHOBHBIM HMHCTPYMEHTOM BHTTEHa SBISETCS HHTErpAl IO TPACKTOPHAM,
uHTEerpas Ha (QYHKIIMOHATBbHOM TmpocTpaHcTBe. (B ®DeiimaHOBCKOM MOAXO0IE K
KBAaHTOBOM MEXaHHUKE 3TO, HA CaMOM JeJie, MHTErpajl Ha IPOCTPAHCTBE ITYTEH: B
o0lmMX Teopusix TModsi OH BCE em€ Ha3bpIBAaETCS OOBIYHO «HUHTETPAIOM TIO
TPACKTOPHUSIM», XOTA TEPMUH «PYHKIUMOHAIBHBIA HMHTErpam». Jjyuiie). Mbel
CKOHILICHTPUPYEMCs Ha JIOKAJIIBHOCTH, KOTOPast IPOSBIAETCA B IIPABUJIAX CKICUBAHMUS.
Ota (QopmanbHas CTPyKTypa XOpOLIO BBIPAXKAETCS B IOXO0XKHX TEPMUHAX Kak
JMHEapHU3alus COOTBETCTBYIOIIMX AUarpaMM. 34€Ch COOTBETCTBYIOIIME JAHATPAMMBI

CTPOATCA 4CPC3 IOJIIYKIIACCHUUCCKHUC ITI0JIA: JIMHCAPU3alIUs — 9TO KBAHTOBAA TCOPU:I.
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6

1. TOMOMOP®U3Mbl N KOHIFPY3HTHOCTWU UrP C OTHOLUEHUAMU
NPEANOYTEHMA

1.1. Crpykrypsl npeanoyreHuii

CTpyKTypa npemodTeniii Ha MHOKecTBe A MozkeT OHITH 3a/aHa Kak mapa (A, p), me p
HPON3BOJIbHOE DUHAPHOe OTHOLeHHe Ha A.

Neqopme (ap. az) € p O3HAYACT, HTO IJEMEHT aj MeHee MPeIIOMTHTEICH, HeM)@s.
SajiaBast oTHoOIeHe npejnouTenns p C A% Gygem obosHauars wepes p* = p M p Y ero
CHMMETPHYIHYIO YacTh 1 depes p° = p\ p° ero ¢Tporyio 4acTh.

[Muuem

P
@y ,S (19 BMeCTO (”1- (1..2) £ pn,
=

f

P :

@ty ~ (s BMeCTO (ay. as) € p°,
p

(1 < as BMECTO (ay., as) € p’.

I o
Bameuanue 1. Yeiopus ay S ag U @y < (1 HECOBMECTHBI.
PacemorpiM HekoTopble BaKHBIC THIBI CTPYKTVD NPEIANOYTeHNIT: TPan3HTHBHLIE,
AHTHCHMMETPHYHbBIE, JIHHEHHbIe, allHIJINHbIe, CTPYKTYPBI HOPSIIKA.
Omnpenenenne 1. Crpykrypa npejrourenuii (A, p) HasbBaeTcs

® IMPAHIUWMUGHOU, €CIIN JUIs JII00BIX (1. ag. dy & A

(ay, ag) € pAfoglag) € p=(ay, ag) € p;
& MOMUCUMMEMPULHOT, CCITH WIS JOOLIX @y, as < A

((ll, 02‘] € P A ((J-_). ”l} = = 0y = 1y

o ectinoit, ec IS 00BN 0y, ag & A

(1. as) € pVias. ay) € p:

® AUURAUNHOUCCTN s M00LIX 1= 2.3, .. mway.. ... 0, = A

(ap. o) = p AL A(@p—1. p) EpA(Qu. 1) Ep= oy =ur = ...= @,

& CHIPYNTILY XN )i Htlpﬂt)h'u. e/l BBIHIOJIHAIOTCZ  aKCHOMBIL  TPaH3HTHBHOCTH H
AHTHCHMMeTPHYTHOCTH,

3ameuanune 2. [lopsiakopasn  crpykrypa npegunowrennit (A p)  sapisiercs
PAHIHTHBHONI 1 alHKIHOI CTPYTY PO, HO 0DPATHOR HE BEPHO.

Taxua oOpasonM, TPAHSHTHBHBIE CTPYKTY Pbl HPE IO TTEHMIT 11 AHMK/IYHBIE CIPYKTYPEBI
IPEAHOYTEHIT  ABIMIOTCH  eCTeCTBeHHBIM  ODOOIIEHIEeN  HOPSIKOBOIL  CEPYVKTYPbI
IPE IO T PeHITET,
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OTHOCHHC
o, ectim

CTPYKTYPR TPCIHOTenil u o

= QAn

lli=»

=

Onpenenenne 2. Ilyern (A p)
AKBHBAJICHTHOCTH Hi .“. ()’l’“l)lll(‘"“(' ) HASBIBACTCH QUURAUMHBM OTHHOCHIREABHO
b L BBINOJIHSACTCH MMILUTHKATUS]
p
S a, S ap = ag

= 2,1
»

JUISE MOOBIX 1
” P
ap Sy Sap S

T'omomophu3Mbl CTpYKTYP NpeanodreHnii
Myecrs (A, p) u (B.o) jge crpyKTyphbl HpeUiouTeHuii.
Omnpegenenne 3. OrobpazkeHue ¢': A — B HasbIBaeTCsl 20MoMOPPuaMost TePBOIT
CTPYKTYPbI BO BTOPYIO, €CJl JUIst JIOOBIX ¢y, 0y € A BbINOJHACTCH HMILIMKAIHS
p a

a S a2 = Ylar) S vlag). (1)

Fomonmopdmsm ¢': A — B HasbiBaeTcsa zomosoppusmom "na”, ecam ¢ orobparkeHne
(2)

FomonmopdusM ¢ HASBIBAETCA cmpozus, /N BBITOTHSIOTCS CJIEHYIONIHE JBA VCIOBIS:
(3)

mMHoKecrsa A ua B,
p o
ay < as = Pay) < P(as),
’ . o
ay ~ay = w(ay) ~ Plas).
Fomomopdmsm b HasbiBaeTCsl pezyaspiotst, €C/H BBIIOJHAIOTCH  CJICYIONIHe J1Ba
(4)

VeI1oB1A
t(ay) z as) =y £ as.
W(ar) < (o) @ar) = ¥(az)
e
e ay ~ aa.
-

P
< a- -
aa N az =

3ameuanne 3. s mo0Gord rovmosopdmsma veroene (3) BRINIOAHSETCH Beer/ia.
< ay. Caejpoparenbio, lay) < ofaz) n

Heiicrenrensho. nvers o roMeMopdnam 3z 4 B B 0 BBINOMHACTCH COOTHOIICH]
»
<

VunrsiBas, 4TO 1

< (2 WWIH Q) ~ ).

r £
Venosne ay ~ a3 OZHAMACELATO Ay
o
o

U(ag) < (ay) seimonydiores, re. {ay) ~ *(as).

S3ameuanne 4. Beakuii crpornit rosoMopdusyM CIpyKTVp HpeliouTeHlsl ABRISAeTCs

»
romosmopdiravom Ho obpatHoe Hepepro. leitcreurenso, nyvers ay < as. Tk, p
P .

oTHOIeHHe npeinodTennd (p = p' LU p*). TO BepHoO a;
d -
t(ay) ~+"az). Obbe st caeJAcTBRsl MMILTHKALL, uMeeM (ay) < or(ag). O

o
crporuit FoMomMopd M, H3 epBOro COOTHOMIECHNH Noaydaen o'(ay) < ¢(ag). W3 BTOpOro
o
Hyers (A. p) crpykrypa npe;movrensii 1 & © A? oTHomenHe 3KBHBAICHTHOCTH.

r71e Mbl 0003HadaeM U mooeix (. Ch = A4/ =:
def - v — -
= (3a, € . as = () (ay. ag) = P

-\

Onpenenenne 4. GakTop-cTpVKTYVpa U CTPVKTYPLE npeanourennii (A, p) ecrs

=)
< /e

gapa (A/<c. p/ <
(Cy. C3) € py)

Jlemma 1. [o rosMoMopdnsMax cTpYKTYp npemnoTrenniil
[Ivers (A, p) cTpyVETYpa NpenoydTeHil, & OTHOMCHIC 3KBHBAJICHTHOCTH Ha .

Torna
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1. kanonmieckoe orobpazenne v': a — |a]. aBaserca roMoMopbUZMOM CTPYKTYPHI
npeanourennii (A, o) na pakrop-crpysrypy (A/ = p/e):

2. KaHOHI'CCKOe OTOOpaZkKeHHe ¢ SABIACTCH CTPOrHM TOMOMOPDHIMOM TOFIA H TOILKO
TOI/1a, KOI/1a BBIIOJIHACTCH VCIOBHE

p

ay < as

¢ &
GG = e

1 = m £ o

5 = ay ~ ay; (6)
(lt.) = a3

! &
ary < a

3. KAHOHHYECKOe OTOOpaKeHne ¢ SABJACTCH PeryisipHbiM roMoMopdhH3MoN Tola |
TOJILKO TOIJ1a, KOIJIA BRINOJIHAIOTCH VCIOBHS

Jokaszarenberso.

P

'3 \
ay ; 1y
2 "
1 aa ! ]
b5 T ) =a) <ay (7)
ay = oy
b 2E
Ul.) = U y
r 3
ty 5 (o
£
] —
o = Iy y I ;
'l ¢ » =iy = ag. (R)
“-.) = (o
. '
ay X apy

plE
1. Ilyers ay < ay. Torpa no oupenenennio dpakrop-orHomennst umeeM [ay]. < [aa)..

~

Caenosarebio, ¢ roMoMOpdusn. VunThibas, Um0 KaHOHHUYeCKHI roMoMopdnsm
sBsiercst roMmoMopduaz "Ha", noayUaeM JOKasaTeICTBO EePBOTO YTBEPIKICHIs

JICMMBL,
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2. Myern  kanonnecknit  roMomMopdmsnm ¢ crporii 0 BHEITOAHSCTCS  THOCKLTKA

» "
HEMTICTRam (()). n]’(';“ IOJIOAKHM, “ITO ayp < (3. Tﬂl\' KAK 110 VCIAOBHIO JICMAMBI
n/e
KAHOHHICeCK it I'(')&l(')hl()l)(l)"'ihl ARJTACTON CTPOITM, TOLITA BLITTOJTHACTCH [ll 1 ].- < [ll')]r .
P p/€

C apyroit croponst, s yeaosnst ay < al caepver, aro [ab. = [af].. Tak kax
[a1]e = [a}]e. [a2]e = [ad], 1o

l/a'
[ar]e < [aa]e.

rle
[az]e < [ai]e.

Hocaeansian  cnerema yeaoruit  npornsopetmpa  (Bejaejgersne  samedanus 1),
P N
CAeAoBATEABHO, HAIIE HPOANONOKCHHE HOBCPHO I TK. () < g, HOAYHaesiy - aa.

OO0paTHO,  HPENOIOARHM, 410 Bhinoanstercst  yegaosne  (6). Tlakdomes,  aro

kanonmecknit  romosmopdpirav Gyaer  crpormt deficreprennne, Boassyes  sisa

» ”
WICMOHTA (g, a2, JUIHA KOTOPBIX HMOOT MOCTO ) < dp, CJAOJIOBATCIBHO I ) 5 .

p/l'
o nepsosMy yrBepaK Ao oMyl sumonusteres [aq], < [as]. Mpeanosoxm, uro

ple i ¢
[aa]e < [aq]e. Torpa CYMICCTBYIOT S/IeMEHThI Ay, agltakue, To @) = ay, ah = ag,

-

/
BLITOJHSCTC yegope ab < af. B orom ciyuae, pee nocwiisn umimsann (6)
. ) A r
BLITOJMHEHEL 1 B ety (6) uMeeM ay 4~ g, G410 NPOTHBOPETIT YCJIOBIIO 4] g,
n/€
Takum  obpasom, coornomenne [az]. ~5  [ay]. ne umeer Mecra 1w oy daeM
ple i
] = Jag)e Mmak, seimosmnenol rfeppoe  yenopue romMomMopdmsma (2) s

KaHonnaeckoro roMomopdgusma, Lo sameuanmio 3 ¢ crpornii romomopdirm,

3. /1ocTaToMHO NPOBEPHTH, I VIS PeryjspHoro roMoMomopdinMa ¢ ero sapo <,
vioeneteopsaer (7) n (8), dIpeancaoacm

4 T

ay = as.
P

) ny < ay
) e

”1 = a3
.'-$

ah = an

¢ P P a
Ny coornomennst a; < ap caejaver a; < aa, 1orja vay) < laz). donyerum,
ol €o
yro ¢(ay) ~ vlaz): nenoasazva (5) moayvuaMm olay) = wl(az), Te. ay = az
1O HPOTHBOPEUNT HamM  upeaoiokeruay. CheioBare/lbHO,  BBIIOJIHACTCH

»

o o
lay) < vlag), re. v(a}) < v(a)). o (4) noayunm aj < a4, uro n Tpebopasiocs
JIOKa3aTh.

Teneps npeanonozxmm, YTO BRNOJAHAKTCA nockUTKn veaoepms (8). Tak kak o
roMoMODMIrM. HMeen
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or

play) S P(ag),
17‘

P(ay) S (aj).

(2} Cap

Cieytoparennsuo, (ay) ~ ¢ (as). TTo (H) HOJY taeM () P ), e, a) (19,

)/

/.
lao]e. Torpa [ay]e = |ag)e, me. eymecrylor Takme
’l
& / Wy
ah e BRIoJ e

)

i
< 4/ !
(1o 1 41’l -y Yenonue al, ,

/'
O6paTHO, IPEJIONOKIM ], -
HOJY TAeM HPOTHBOPETHe (M. sametanne- 1),

= (11 tl.’,

/
WICMOHTBE (1), (th, 110
/!
S lwes

)/
/ < / s
unave [able < [af]s, me. [ag),
/‘
/ /
ay. Coornomenne

/
(ly HE BLITOJIHACTC, CHCJIOBANTICTHHO

Cliieiosare)ibHo, o]

BLITOJIHZIOTCY VCITORBTY
[ / (ly,
al < al,
I = ”,l'
(Lo : H/,

T.e.

Cornacno (7), mojyuaeMm a; < as.
Tenepb uposepum cupasemsoctb  (5).  Ipemmonoxum  [aq].
CYMIECTBYIOT 3J1eMeHThl . af = ay u ab, af = ay Taxue, uto

p

ay < ab,
"y (IO: iy
N-Q ~ ”'1‘
= d), re. [a]. = [as]., uro m TpeGoBamock

Torna cornmacuo (8) momy4aem af

JIOKA3aTh.
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Jlemma 2. Ilyets (A. p) cTpyKTVpa NpeanodTerHii, - OTHOIEHNe SKBHBAIEHTHOCTH Ha
A. s Toro, utobsl dhaKkTOp-cTPYKTVpa npeanodrennii ( A/ 2. p/ £} 6bpl1a TpaH3HTHBHOII,
HEOOXOIHMO H JOCTATOYHO, 9TOOBI BHIIOIHAIOCH BE/TIOUeHHE:

o
™

(9)

HokazareaberBo. [lpeanonoxny (ay. az) £ po < o p. Torna mo onpeieneHno
KOMIIO3HIINH OHHAPHBIX OTHONICHHIT CYVIIECTBVIOT TaKHe SJeMEeHTH dz. ay < A, 91p
(a1.a2) € p. (az.a}) € =. (ah.a3) € p. Honoxmm Cy = [a4):. Ca = [as): = [a)].. C3 = [z}
Ilo onpexerennio daxrop-orHomernna umeer: (C1.C5) £ p/z. (C5.C3) € p/s; ‘Tak
KaK (pakTop-OoTHONIEeHNe mpenoiaraeTcs TpamsuTHeHLNM, To (('1.(3) £ p/ =. [loenenee
O3HaYaeT, 9T0 JUIA HeKoTophiX ay < (. a4 £ (3, Bemonnsierca (a.as) £ po VunreiBas,

[

prOl) OI)C-

9TO @ =" ajs = a3, monviaeM (ay.as) € £ o p o<, 9T0 H TPeBOBAIOCH JJOKA3aTh.
O6patro, nyets BhimoHeHo BEOYenne (9). Bossmen tpn knacca €. (5. C3 € A/ =,
s Kotopbix mMeeT Mecto (Cy. (5) € p/z. (Ca. C3) £ p/=. Toraa wHaiiyTea Takue
snementl a; € Cy.as € Ch.a) € Cy.a3 € C3, uro (ajday) € p. (ah.a3) € p.
Tak Kak a5 = noiviaeM (ay.az) € po o p. CrenopatenbHo, nmo veiopnio (9),
(aj.a3) € o pocz. llocaennee o3Ha9aeT, YTO 118 HEKOTOPBIX a;. a3 = A meeT mecTo
(a1.@) € =.(@1.T3) € p.(@3.a3) €. Torma ([ay).. [@)y) £ p/c u yumrsBas, gro
[@s]: = [as): = Cs. [@]: = [a1]: = Cy. noavaaen {Cy.C3) € p/ =, 9T0 H AOKa3bIBaeT

TPaH3HTHEHOCTH (haKTOp-OTHOMEHNS p/ <. O
Cneacreme 1. Ilvers (A.p) — TpamsuTHBHas CTPVKTVpa NpEINOYTeHHil, = —
oTHomenne sKkBuBateHTHOocTH Ha A. Ecam Bemommsiercs xota 6wl 01HO W3 VeiIoBHi
OIVKOMMYTaTHBHOCTH: pcs Csopmm o p C pos, mwm £ C p, To GakTop-CIPYKTYpa
[A/=. p/ =) TpasuTHBHA.
HokazareapcTBo. 1. B camom Jere, mycTh, HampuMep, BBIIOTHEHO TepBOe

BKmoderne pos C cop. Forma pocop C (pos)op C (zop)op=cop? Ccop Ccopos.
[To nexnve 2 dakrop-cipvkTvpa ( A/ <. p/ =) TpaH3NTHBHA.

2. Ilvers Teneph BbIIIOTIHeHO ¢ C p. YuHOKas BKIIOYeHHe = g £ Ha p cleBa,
mmeeM pos C pop=p° C p C £ o p. VMHOKas HCXOJIHOe BKIIOUYeHHe & C p Ha p clpaBa,
noavdaeM 50 p < po p= p° C poc. 13 10Ka3aHHBIX BKTIOUEHNI HMeeM p 0= = £ © p, Te.
OTHONIEHHS p W £ KoMMyTHPVIOT. [I3 meppoii 4acTH JoKasaTelbcTBa 3TOTO CIIE€ICTBHS
cleyeT. 9To (paKTop-CTPVKTY pa (A/z. p/ ) TpaH3HTHBHA. ]

Jdemma 3. Ilvers (A.p) — cIpvkTvpa mnpeanmouTeHmii. ©  — OTHOIIEHHEe

skpuBastenTHocTH Ha A. [[19 Toro, 4tobm daktop-ctpyktvpa (A/z.p/c) Oblia
AIMKJINTHON, HeOOXOMIMO W JIOCTATOYHO. 9TO0BI p |2 GBLTO ANMKINYHO OTHOCHTEILHO
lokazaTeabcTBO.
3ameganue 5. . lerko npoBepuTh, 9TO SKBHBAJEHTHBI CIEIVIONINE 1Ba VCIOBHS
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QO

Pz poe ple pl e ple  plle . > "
ap S ay Sy L .S SapgfwmBww=a=..,=a, (10)
i
uo,%u', Sray ,%u',éugé S icr,.ém,iv:o-—:—cu,i:zl =...=a,. (11)
IMvers BBUTOHACTCS HOCHLITKA HMILTHKATLHI (11). [Monoxsnm
Co = [ag)e = [ahle. C1 = [a1]e = [a})e,....Ch = [an)e = [a}]c. [To onpenenenmo
dakrop-orHomenns nmeem (Cy.Cy) € p/ o, (O, Ca) € ple.. ... (C,. (o) e p/ T%ckn
d)axmp-muomemw Hpe/ulo/IAraeTes AHKIHHBIM, TO Co=C) = C €/ IHee
O3HAYMACT, YTO g =y = ... = d,,. ‘0\
O6patio, nyers swnoausierca (11). Bossasem kinacew Cy, 4, ‘% Ale,
Korophix (Cy.Cy) € p/e. (Cr. () € p/e..... (C, (‘o) p/lE. Tor VTCs TAKHe
awtementhl ag € Cy,ay € Croap € Cray € O,..., u,, S?\ao e Cy, uro
(ag.a}) € p.(ay,a)) € p..... (a,.05) € p: yauTbiBasi, 9TO a y. i = 01,..., n),
HOJAVHIIN (g = ay =... _'. a,, l\.rmcu.l copnanalor [agl, = [agf> = ... = [a,).. Tak kak
Co = [ag)e. Cy = [my]e...., = [ap)e, nomyumm Cy = @é .. = (. 1o 3apepmaet
JIOKASATE/ILCTRO JICMMBL 3. ¢@ O

A

(ITepeBon TaTpstabl CaBHHOM, aCTIMPAHTKH MEXAHUKO- Marq{gﬁqecxoro ¢axymnbrera CI'Y)

)
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PA3JIEJ 111
OU3NKA

1

PaI[I/IOTeJIeCKOIIbI

Berymiienue

PannonabmroneHust IECITIIICTUSME UTPATH BAXHYIO POJIb B M3yUeHUU (PU3UKH
connna. Haumnas ¢ koHma 1940-x r10M0B, paauoHaOIIOICHUS ~ HaYyalH
WCIIOJIB30BAThCA ISl MPSIMOTO M3MEPEHUS KUHETUYECKOW TeMIlepaTyphl COTHEYHOM
KOPOHBI, KOTOpasi ONITUYECKU HACHIILIEHA B METPOBOM JiMara3oHe. bbuiu pa3paboTaHbl
U CTajJu HCIOJIb30BAaThCA TMEPBBIE CIOCOOBI paguoNHTEPPEpOMETPUH, KOTOpHIC
Hayajgul TMPUMEHATHCS K M3YYEHUAM KOMIIAKTHOIO, HETEIJIOBOTO M3JIy4YCHHS,
CBSI3aHHOTO C TPYIIAaMU COJIHEYHBIX MATEH. DTH CHOCOOBI Jlajee ObUIU YIyUIleHbl U
chopMHUpoBalIM HaYalla COBPEMEHHOM TEXHOJIOTUU cUHTe3a u3oopaxeHuii dypre. B
MPOMEXKYTOUYHBIE TOJibl, HAOMIOJCHUS COJHIA B paJHOJMana3oHe MPOBOIUINCH B

JIBYX HAIIPaBJICHUSX:

1)  ChekTpocKonuyeckue HaOIOACHHS COJIHIIA TIPOBOJIUINCH B OCHOBHOM B
JEIIMMETPOBOM, MeTpoBOM U 10-merpoBoM nuanazoHax. OHU TPUMEHSIIACH IS
0OHapyKEHUS ooraToro pazHooOpazus aKTUBHOCTH paano-BCHBIIIEK,
WCIIOJB30BABIIETOCS, - 11 U3YUYEHUs] Pa3HOOOpa3HbIX (PU3MYECKUX TIPOILIECCOB B
COJIHEUYHOW KOPOHE, BKJIOUas BBICBOOOXKICHUE HHEPTUM, DJIEKTPOHHBIC ITyUYKH,
yAapbl, a . TaKXK€ KOpOHAJbHbIE MArHUTHbIE TMOJiA. B HemaBHee Bpems
chopMUPOBAIIUCh U METOJIbl CIIEKTPOCKOMUYECKUX HAOJIOJICHUN B CAHTUMETPOBOM
JMaa3oHe, MO3BOJIASI U3YYUTh YCKOPEHHE JJIEKTPOHOB, SBJICHUE IEPEHOCa BO
BCIIBIIIKAX U CTPYKTYPY aKTUBHBIX objiacteil. C mpuxoI0M KOCMHUUYECKUX MPUOOPOB,
CTIEKTPOCKONIMYECKHE HAOMIOJEHUS] CTaM BO3MOXHBI B 100-mMeTpoBOM U
KWJIOMETPOBOM JHMana3oHax, Ha JJIMHAX BOJIHbI, KOTOPbIE€ HEBO3MOXXHO H3Yy4yaThb C
3eMJIM M3-3a OTCEUEHMsS B MOHOC(Eepe YacTu Juama3zoHa ¢ 4actoT okoyio 10 Mri.

Kocmuueckue Ha6J'IIOI[eHI/I$I IMMO3BOJIMJIA U3Yy4aTb MCKIUIAHCTHBIC 3JICKTPOHHBIC JIY4YH



Y yJapbl, KOIZla OHU PAcHpOCTPAHSIOTCS OT BHEUIHEH COJIHEYHOM KOpoHBI K 1AE

(acTpoHOMMYECKas €IMHUIIA) U JTaJIee.

2) BusyanbHble HaAOJIOJCHUS COJHI[A M COJHCYHBIX SIBICHHA Ha
JUCKPETHBIX PaJ04yacTOTaX MPOBOJWIMCH JNECATHIETUSAMH C 3€MJIM, HO MOKa eIl
HEJIOCTYIHBI 3 KocMoca. [Ipeobanatomuii criocod Buzyanusanuu — cuHte3 dypobe,
XOTS TakKe HCIOJb30BAINCh, M JPYrHe CrnocoObl (Hampumep, «JO CHHTE3»
ucnoin3oBaics B Culgoora Radioheliograph, xak ommcekiBaetcst B McLean & Labrum
1985). ConHlle MOCTOSHHO 3all€eyvaTieBaeTcs C pa3pelieHUEM B YIVIOBYHO CEKYHAY C
UCIIOJIb30BAaHUEM BU3YyaJIM3allUM METOAOM cuHTe3a Dypbe B. CAHTUMETPOBOM
nuanaszone npudopamu, Ttakumu, kak VLA wimm NORH, wnm ¢ paspemenuem B
YTJIOBYIO MUHYTY B JNEUUMETPOBOM U METPOBOM JMana3oHe
panuorenunorpadhom NRH.

Opnako, 4yTOOBl TOJYYUTh HH(GOPMALMIO, COAEPXKAIIYIOCS B COJHEYHOM
paanou3IyyeHUH, HEOOX0IMMO TOJHOE COBMEIIEHNE BO3MOXKHOCTEN CIEKTPOCKOINH
¥ BU3yaJu3alllMKi B OJHOM npubope. Kpome 3T0oro, 3T BO3MOKHOCTH JOJKHBI OBITH
JNOCTYITHBI B IIPOMEKYTKH BPEMEHHU, COU3MEPUMBIE C  COOTBETCTBYIOUIUMH WM
COJIHEUHBIMHM TIpolleccaMH. ITO. M 00BsACHsIET HeoOxoaumocTh FASR: mpubopa,

KOTOPBIN CIOCOOEH BBIMOJHATH MIMPOKOIMOJIOCHYIO BU3YyaIbHYIO CIIEKTPOCKOIIHUIO.
2

KOpOHaJILHI)Ie MAardHMTHbBIC ITOJIA

IToBcemecTHO mNpHU3HAETCSI, YTO IIOHUMAaHUE TIPUPOALI W  HM3MEHEHMM
KOPOHAJIBHBIX MArHUTHBIX TOJICH KpaliHe Ba)KHO IS MOJydeHHUs OoJiee ri1yOOKoro
MOHMMAHUS MHOXECTBa TPOOJieM, CBSI3aHHBIX C KOPOHAJIBHBIM HArpeBOM U
MIPOUCXOXKJICHUEM COJIHEYHOI'O BETpa, COJHEYHBIX BCIHBIIIEK, KOPOHAJIBbHBIX
MacCOBBIX BBIOPOCOB, a TaKXKe yCKOpeHHeM U mnepeHocoM uacTull. Ho Bcé emie
KOJIMYECTBEHHBIE  M3MEPEHUs] KOPOHAJIbHBIX  MAarHUTHBIX TIOJEH  OCTarTCs
TpyaHogocTxkuMbIMU.  KitoueBoit morenmman FASR  Oyaer 3akmrodaTthcsi B
BO3MOXXHOCTH PsJia JTUAarHOCTUYECKUX M3MEPEHUM WM ONpeAcieHUN KakuM-JTr0o

OPYTUM ITYTEM KOPOHAJBHBIX MAarHUTHBIX MOJed. [3-3a Mamo4MCIeHHOCTH TakKHUX
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M3MEPEHUN HAa TEKYLIUU JIEHb, a TAKXKE M3-3a CIOKHOCTH M3MEPEHUS KOPOHAIBHBIX
MoJIe Ha APYTHX IJIUHAX BOJH, BiausHUE FASR C ero BO3MOXHOCTHIO U3MEPHTH

IIOJIA PAOAOM CIT0COO0B MOJKET OKa3aThCs OT'POMHBIM.

MarnuTtHble TIOJISi B aKTUBHBIX o0nactax ¢ cuwiamu O6onee 150G moryTt ObITH
U3MEPEHBI C UCIIOJIF30BAaHUEM SIBJICHHSI THPOPE30HAHCHOTO TOoroneHus. M3mepenue
MarHUTHOTO IIOJII B OCHOBE KOPOHBI HE BBI3BIBACT CIOXKHOCTH. lI3BieueHue
TPEXMEPHON KapTUHBI MarHUTHOTO TOJS SBIISETCA HMCCIIEAOBATEIbCKON 3amayeid,
KoTopasi OyJeT peueHa C HCHOJIb30BaHUEM CHOc00a HMHBEPCHUH, HPSIMOIO

MOJICJIMPOBAHUS WM IPYTUMH CIIOCOOAMH.

[IpoponbHas cocTaBistomas Ccla0bIX MArHUTHBIX TIOJIEM MOXKET OBbITh
U3MEpEeHa C UCIOJIb30BAaHUEM PA3HOCTH KO3(PHHUIIMEHTOB CBOOOHO-CBOOOIHOTO
MOTJIOMICHUS TSI OOBIYHOTO M HEOOBIYHOTO MArHHTO-HOHHBIX PEXHMOB. OJTa
Pa3HOCTh, OYEBUHO, OINpPEACNSIET KPYyrooOpa3HOCTh MOJISPU30BAHHOTO HU3ITY4YCHUS,
BEJIMYMHA KOTOPOM 3aBUCUT OT TPOJOJIBHONW COCTABIISIIONIEH KOPOHAIBHOTO

MAargamMTHOTI'O ITOJIA.

ConHeyHast AaKTUBHOCTb TakKKe€ IMPEJOCTABISIET HEKOTOpbIE  CHOCOObI
U3MEPEHUsI KOPOHAIBHBIX MOJEH. DTH cnocoObl BKIIOYAIOT B ce0sl MCIOIb30BAHUE
TUPOCUHXPOTPOHHOTO M3JyYEHHUs JUIsl U3MEPEHUS] MarHUTHBIX IOJIE€H B 3aMKHYTBIX
BCIIBIILIKAX, @ TAKXXE B PACHIMPSAIOIINXCS METIAX HEKOTOPHIX KOPOHAIBHBIX BEIOPOCOB
Macc. CTaTUCTUYECKOE M3YyYEHHE CBOMCTB TOJISPU3ALMH COJHEYHBIX  Paauo-
BCIIBIIIEK B ' METPOBOM  JAMAama3oHE  HCHOJNB3YEeTCS Ul ONpENeSCHUs
MaKpOCKOIIUYECKUX KOPOHAIBHBIX MarHUTHBIX MoJied. C JOCTYMHOCTHIO BU3YaJIbHOM
CHEKTPOCKONUHU, H3MEPEHUsS TMOJISPU3aAUUU  OTICIbHBIX PpAJUO-BCIBIIMIEK U UX
TPAEKTOPHUI MO3BOJAT IMPOBOJUTH W3MEPEHHUS MArHUTHBIX MOJEH B OTAEJIBHBIX

00J1aCTAX COTHEYHOU KOPOHBI.
3

Buzyanuzanus cepaedyHocoCyIucTOro purMa
KoHTposib cepaedHoro puTMa HIMpoKO UCTIOIb3YETCS B 3APABOOXPAHEHUH, NTPU

3aHSTHSIX CIIOPTOM U B TICUXO0-(PU3HOTOTHIECKUX UCTIBITAHUSX (IETEKTOp JKK). bputm
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pa3pabOTaHbl PA3TMYHBIE KOHTAKTHBIE METOJBI M3MEPEHUs CEepACYHOTO ITyJbca
yesoBeKa. 30J0ThIM CTaHAAPTOM JJIsl UBMEPEHUS IMyJbca sBisieTca DnekTpo-Kapano-
I'padpus (OKI). OKI' dukcupyeT pa3HOCTH IJIEKTPUUECKOrOo MOTEHIMAIA
oOpazymomuecs B pa3jHYHBIX YydYacTKax Teja BCJIEACTBUE PaCHpOCTPaHEHUs
NOTEHIIMala JEUCTBUS B  MBIIMIEYHBIX BOJIOKHax cepama. OKI'  tpebyer
WCIIOJIb30BaHUs YCUJIMTENEN CUTHANA U, TIO KpallHEN Mepe, TPH AJIEKTPOa.

Korna xoro-nmmbo uHTepecyeT riiaBHBIM 00pa30M 4acToTa CEpACYHOTO IyJibca
U He BaxHa ¢opMa CepAEHYHOr0 CHUTrHajia, TO MOXKHO HCHOJb30BaTh  MPOCTHIC
YCTPOMCTBA U3MEPEHUS ITyJIbCa. TaKkue yCTPOUCTBA BBIYUCIISIOT IIYJILC ITOCPEICTBOM
KOCBEHHBIX 3 (HEKTOB U3MEHEHUSI KPOBOTOKA B TKAHU COCYJUCTON CETKH.

[Ib€303JIEKTpUUECKU  TaTUUK  SBJISETCS  KIACCUYECKUMU  YCTPOMCTBOM
M3MEPEHUSI CEpPJICYHOTO MYJIbCA, PETUCTPUPYIOMIUM  JOKAJIBHBIE HW3MEHECHUS
KPOBSIHOTO JIaBJICHUS, BBI3BAHHBIE CEPACYHOM JACATEIbHOCTBIO, KaK CHUTHal
ANEKTPUYECKOr0 HampsbkeHHs. OH OCHAIllEH KOHTAaKTHBIM 30HJIOM, KOTOpPBIM, Kak
MPaBUJIO, MPHUKPEIUISICTCS K MNalblly MalueHTa. JTOT METOJ HAJECKEH, HO OYECHb
YYBCTBUTEJIEH K JBUKEHUIO. UeNOBEK HOJKEH OCTaBAThCS HEMOABUKHBIM, TaK KaK
K€ Majeullee ABWKECHUE TMajJbHa BHECET CYIIECTBEHHBIM IIIYM U BBI3OBET
3aTyxaHue B cHUTHaje. J[oTuiepoBCKOM yIBTPa3BYKOBOM METOJ sIBIseTCs Oosee
COBEPIIICHHON TEXHOJIOTHEN, KOTOPhIM ObUTa MCIOIb30BaHA ISl TIOTYUYEHUS CIIEKTpa
ckopoctu kpoBu. [lomHas (opma mMmynbCOBOro CHUrHajza COHHOW apTepuu Oblia
BoccTaHosiieHa 1. I'onacBopiom u p. B 1999 1.

Jlo HacTosmero MOMEHTa OBbLI MpEACTaBlIe€H OCECKOHTAKTHBIA METOJ
M3MEPEHHUS MYJIbCA, OCHOBAHHBIN HA MACCUBHOM peructpauuu. Hemasuo, [1aBmuauc u
Jp. TPEIOKWIA HECKOJBKO CTAaTUYECKHX OMOTEIUIOBBIX MOJIENECH, KOTOphIE B
COBOKYITHOCTH C BBICOKOUYBCTBUTEIBHBIM TEIJIOBU3UOHHBIM 000PYI0BaHUEM MOTYT
U3MEPATh pa3iuvHble (U3HOJOTUIECKUE TIEPEMEHHBIC HAa PACCTOSHUU B HECKOJIBKO
byTOoB OT 00BekTa. METOAMKM BKJIIOYAIOT OCCKOHTAKTHOE HW3MepeHue mnepdys3uu,

IIOTOKA KpOBH B COCyadax, OIPCACICHUC CKOPOCTHU AbIXaHM.
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4
MHuKpPOCTPYKTYPHBIE ONITHYECKHE BOJIOKHA

MukpocTpykTypHble —ontuyeckue BojiokHa (MOB)  xapakrtepusyroTcs
HaJIM4YUEM MHOXECTBA BO3IYIIHBIX OTBEPCTHUH MPOXOJALIMX BJIOJb BCEH JJIMHBI
BOJIOKHAa. ONTHYECKHE CBOKMCTBA 3TOr0 Kjacca BOJOKOH ONMPENEISIOTCS T€OMETPUEH,
pa3MepoM M OTHOCHUTENIbHBIM PACIIOIOKEHNE BO3YIIHBIX OTBEpCTHI. Bapbupys 31TH
mapameTpbl, MOXKHO pa3paboTaTh u M3roToBUTh MOB ¢ CHIBHO HCUYE3aIOMINMU
MOJISIMHU B BO3/YIIIHBIX OTBEPCTHUSX.

BonbmmHcTBO npon3Bosamuxcs Bo Bcem Mupe MOB ocHOBaHBI Ha KpeMHUH,
ABJIAIONIMMCSL  CTAHAAPTHBIM  OCHOBHBIM  KOMIIOHEHTOM  JJii  M3TOTOBJICHHUS
ONTHYECKUX BOJIOKOH. B mocnegHee BpeMsl Tak e BO3POC MHTEPEC K U3TOTOBJICHUIO
MOB wu3 npyrux MarepuayioB, TaKUX KaK MOJMMEpPHL U MsTKHE CcTekina. Meron
U3TOTOBJICHUSI OOBIYHO ompeaensieTcss wmarepuaioM BojokHa. [ms MOB,
OCHOBaHHBIX Ha KPEMHHHU, METOJMKA HM3rOTOBIEHUS «COOPKM U TEPETATUBAHMSD)
oOLLENPU3HAHHO SBIsIeTCA HauOosiee HCHojib3yeMol Meroaukoil. KanwmispHeie
TpyOKM YKJIQABIBAIOTCA M TMEPETAruBatoTca B mnpedopMy, KOTopash HarpeBaercs
npubausutenbHo 10 2000°C u nepetsiruBaeTcs B BOJOKHO. DTOT METOJ] UMEET CBOU
OTpaHUYEHMs], Kacaroluecs CBOOOIbI B OTHOCUTEIBHOM PACHOJIOKEHUH BO3AYLIHBIX
OTBEpCTUH, 3aJJaHHBIX YKJIAJKOH OTHIEIbHBIX KPEMHHUEBBIX KAMUJUISIPHBIX TPYOOUEeK.
Meton Bce emie SBIASETCS OYEHb YCMEIIHBIM, U JA€T BO3MOXHOCTh M3TOTOBJIEHUS
BOJIOKOH C ONTHYECKUMHU CBOMCTBAMH, KOTOpPbIE HE MOTYT OBITh MOJyY€HBbI NpHU
WCITOJIb30BAaHUU CTAHAAPTHBIX TBEPABIX ONTHYECKUX BOJIOKOH.

J1J1s1 BOJIOKOH, OCHOBAHHBIX Ha MOJIUMEPE, CTPYKTYpa BO3YIIHBIX OTBEPCTUH B
OOJNBIIMHCTBE CIy4yaeB OIpeNessieTcs] BBICBEPIUBAHUEM OTBEPCTUH B TBEPAOH
npepopme. MOB, ocHOBaHHbIE Ha MOJKUMEpPE, MOTYT OBIThb BBITSAHYTHI HPSIMO U3
Takol mpedopmbl MpU Temreparypax B AMAaNa3z0HE HECKOJbKUX COTEH IpaayCoB IO
[leabcur0o B 3aBUCUMOCTM OT MaTepuana nojaumepa. OIHUM  TJIaBHBIM
npeumyiectsoM MOB nepen cTaHmapTHBIMU TBEPABIMH ONTHUYECKUMHU BOJIOKHAMU

ABJSICTCA  BO3MOKHOCTL ITIOJIYYCHHA CHUIJIBHOTO IICPCKPBIBAHUSA MCKAY CBCTOM,
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npoxoasdamruM  4Yepe3 BOJIOKHO, U O6p33HaMI/I, pasMCIICHHBIMU B BO3JYIIHBIX

OTBCPCTHIX, 0e3 YAAJICHHUA 3allIMTHOI'O ITOKPBITHUA U 000I0YKH BOJIOKHA.
3)
EcrecTBeHHBIE MOJIMMEPbI

OnHMM U3 NOTEHLUUAIbHBIX MPUMEHEHUH AJIEKTPOCPOPMOBAHHBIX BOJIOKOH
aBisgercs  OuommxkeHepus. g  MHOrMX  OMOMEAMIIMHCKUX — MPUIIOKEHHH
UCTIONIb3yeMble MaTepuajbl JOJDKHBI OBITh OMOCOBMECTHUMBI, MO3TOMY MHPUPOIHBIC
IIOJINMEPBI UMEIOT OTYETIMBOE IIPEUMYILECTBO HAJ] CUHTETUYECKUMHU MaTepHaIaMH.
Tak kKak OOJBIIMHCTBO NPUPOAHBIX MOJIUMEPOB MOTYT OBITh pa3JeieHbl €CTECTBEHHO
OKa3aBIIMMUCS TaM HH3UMaMH, OHM MOTYT HPHUMEHSTHCS TaM, TA€ HEO0OXOIUMbI
COBPEMEHHBIE HMILIAHTAThl, WM HCIOJIb30BATHCS KaK HOCHUTEINb JIEKapCTBEHHBIX
cpeactB. CreneHb Jerpajallid HMMILIAHTUPYEMOIO MOJHMMEpPa TakKKe BO3MOXKHO
KOHTPOJIMPOBAaTh XMMUYECKUMHU MTONIEPEUYHBIMU CBA3SIMHU WIIN JPYTUMU XUMUYECKUMU
MOAM(PUKALMSIMH, KOTOpPbIE OO0ECHEYMBAIOT - OOJBUIYI0 PA3HOCTOPOHHOCTH B
pazpaboTke  MUMILIAHTaT.  BOJBIIMHCTBO  MOJKMMEPOB,  KOTOpbIE  OBLIM

AIEKTPOCHOPMOBAHHEI, - 3TO MPOTESHHBI UJIH TIOJIMCAXAPU/IBI.

[Iporennsl, KOTOpble OBUIM 3JIEKTPOCHOPMOBAHHBI, BKJIOYAOT B ce0s
KOJUIareH, ’xeiaruH, guOpuHoreH u menk. OAHUM M3 CaMbIX PaclpOCTPaHEHHbBIX
IPUPOJIHBIX MOJUMEPOB SBIsIETCd KojulareH. KosmareHbl MOXXKHO OOHapyXWUTh B
COEIMHMUTENbHBIX TKAHAX TaM, IJI€¢ OHU 00EeCHeunBalOT MEXaHUYECKYIO MOJJIEPXKKY.
[To menbiIelt Mepe, CyIIECTBYET AECATh Pa3M4YHBIX (OpM KoJulareHa, U BCE OHHU
SBJIIIOTCSL AOMMHAHTAMH B OCOOBIX TKaHSIX.

Bce komnarens! umMeroT GyHIaMEeHTalIbHYIO TPOHHYIO TeIeBYIO CTPYKTYpy. Tak
KaK KOJJIareH CYIIECTBYEeT €CTEeCTBEHHbIM 00pa3oM B TKaHeBoW (opme,
31EKTPOCPOPMOBAHHBIE KOJUIAT€HOBBIE HUTH CIIOCOOHBI K UMUTAIIMU BHEKJIETOYHOU
MaTpullbl B Tene. OOBIYHO KOJUIAreH JOCTaTOYHO KpEnmKUi maTepuan u obOpasyer
CTaOWJIbHBIE TKaHU OCOOEHHO mocie cumBaHug. OAHAKO 1O CErOAHSIIHEro JHSA
TOJILKO MEpBBbIA, BTOPOM M TpPEeTUH TUNBl KOJJIareHa ObUIM  YCIIELIHO

BHCKTPOC(bOpMOBaHHBI BMCCTC C UX IPCBPAIICHUAMMU. CronMoCTh KoJjIareHa ACJIacT
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ero JOpOTUM  JUIst MPOU3BOJICTBA  TOJICTBIX TKaHEBBIX CeTYaThIX
ANIEKTPOPOPMOBAHHBIX CTPYKTYp. bonee nemieBasi ampTepHaTMBa KoJulareHa — 3TO
JKeJTaTHH, KOTOPBIA TaK K€ MOJBEpraercs mpoieccy aiaekrpogopmoBanud. [pyroii
MIPOTEHH, KOTOPBIH AIEKTPOdHOpMYeTCs M1 UCTIOJI30BaHUS B KJIIETOYHBIX KapKacax, -
3T0 (pubpuHOreH. Tak Kak ATOT MPOTEUH UIPAeT KIIOYEBYIO POJIb B CBEPTHIBAHUU
KPOBU U B 3aTSTUBaHUM PaH, 3JIEKTPOCHOPMOBAHHBIA (PUOPUHOTEH UCCIENYEeTCsl Ha
peaMET BO3MOKHOTO HCIOJB30BAaHUS B CO3JIaHUM TEPEBSI30YHBIX CPEICTB  MpU
paHEHUSIX.

[IpoTenHbl, Takue Kak HaTypajbHas IIEIKOBas HUTh, UMEIOT BbIJAIOIINECS
MEXaHUYECKHE CBOMCTBA. DTO MO3BOJSIET UM CTaTh MHTEPECHBIM MaTEpPUATIOM IS
NpUMEHEHUsT B OMOMEIUIIMHCKOW 00JacTH, TJe MEXaHWYCCKHWE CBOWMCTBA OYEHb
BA)KHBI.

Heckonpko monucaxapugoB © UX MoauduiMpoBaHHBIX (popMm  ObLIH
ompoboBaHbl B 3JekTpodopMoBaHuu.  Llemirono3a  sSBISETCS  OCHOBHOM
COCTABJISIIOLIEH MOYTH BceX (OPM pacTUTEIbHBIX MaTepUaNIOB, YTO [EJaeT ee
HaumOoJiee PACIPOCTPAHCHHBIM M JIOCTYIHBIM ChIpbeM. Bo3MoxHa monudukaims
CTPYKTYpbl IEJUIIOJIO3bl C TMOMOIIBIO PEAKIUU C THAPOKCWIBHOW TPYIION WIH
YAaCTUYHOTO pa3pylICHUs I[EJUIFOJIO3HON Ienu. AIEeTaT LEJUTI0JIO3bl — OAUH W3
HanOoJIee MUPOKO UCIIOIb3YEMBIX MAaTEPUATIOB, KOTOPBIE IPUMEHSIOTCS B 00JACTSX,
rae  TpeOyroTcs  MOJAyNpOHMIIaeMble  MeMOpaHbl, Takue  Kak  JHaJu3,

yibTpaduIbTpaIus, 0OpaTHbIA 0CMOC.
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PA3JIEJ IV

XUMUs

OnpeneJIeHne KUPOPACTBOPUMBIX BUTAMUHOB B ITUIIEBLIX MPOAYKTAX U

(papManeBTHYECKHX Npenaparax

BuramuHbl — 3TO OpraHMYecKHE BEILIECTBA, COJAEpXKalluecs B HEKOTOPBIX
OPOAYKTax B HEOOJBIIMX KOJMYECTBAX M HEOOXOAMMBIE i1 (PyHKINN OpraHu3Ma.
Hx cuctemMatnyeckoe OTCYyTCTBHE B JTUETE MOKET OTPHUIIATEIBHO CKa3aThCsl HAa POCTE
U pa3BuTuu. He3aBucMMO OT BHEIIHUX (PAKTOPOB >KMBOTHBIE OOBIYHO HE MOTYT
CHUHTE3UPOBATh BUTAMHUHBI aHAOOIMYECKUMHU CpPEACTBAMH, W IO 3TOH NPUYHMHE
HEOOXOJMMO BKJIIOYAaTh BUTAaMUHBI B MX palMoOH NUTaHus. BooOiie BuUTaMUHBI
HEOOXOMMbl B MUKPOKOJIMYECTBAX, U J03bl MEHSIOTCS B 3aBUCHMOCTH OT BO3pacTa,
(U3HOIOTHYECKOTO COCTOSIHUS M (U3MYECKON aKTUBHOCTH denoBeka. [lumeBas
NOTPEOHOCT, B BUTAaMUHAX YBEJIMUMBAETCS BO BpeMs pocTa, OEpPEeMEHHOCTH,
JaKTalllH, B yCIOBUAX MHTEHCUBHON pabOTHl U BO BpeMs 3a00JeBaHUN, OCOOEHHO
nHGEKIUOHHBIX. TpaAuiIMOHHO BUTAMUHBI TIOJPA3ACTSIOT Ha KUPOPACTBOPUMEIE (A,
I, E, K) u BogopactBopumsie (C u Butamussl rpynnsl B — B1, B2, B3, B5, B6, B8 u
B12).

Koppensinmss Mexnay nAueTodl W 310pOBbEM npuBelia MoTpeduTened K
MOTJIONICHUIO TUIIH, COJIep)KaIlleld BUTAMUHBI, BKIIOUas MPOAYKTHI, 00OOTaIEHHBIC
BUTAaMHUHAMHM, a COBCEM HEJIaBHO W MCIOJIb30BAHUIO (papMalleBTUYECKUX T00aBOK, HO
MPOU3BOJICTBO 3TUX IUTATEJIBHBIX BEIIECTB B JOMOJHEHHE K  IMPOMBIIUICHHBIM

MPOAYKTaM OCYHICCTBIIACTCSA 3a4aCTYIO KaK MAPKCTHUHTOBAsA CTPATCI .

HI/IHleBaH BaXXHOCTh BUTAMHWHOB ITOCIIY7KHJIA pa3pa60TI<e HECKOJIIbKNX MCTOAHNK
OonpcAciICHUA HUX B IIHIIC, (I)apMaHCBTI/I‘IGCKI/IX I[068,BKaX 1 OHOJOTHYECKHX

#KuakocTsax. CylecTByeT MHOKECTBO AHAIMTHYECKUX MPOLEAYpP, MO3BOJISIIOIIUX
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ONpENeINTh BUTAMUHBI B MHUIIEBHIX, (apMalEBTUYECKUX W (PHU3HOIOTHYECKUX
oOpa3siax, Takue Kak CeKTpoOoTOMETpHsl, CIIEKTPODIyOpUMETPHUs, BOJbTAMETPHUS U
xpomatorpadusi. ITockoiabKy OOBIYHO CyHIECTBYEeT HEOOXOIMMOCTH OIPEICISATh
Ooyiee OMHOTO  BUTAaMHHA, HWCIOJB3YeTCS AHAIUTUYCCKANA METOJl, CIOCOOHBIN
OTIPEIeNSATh MYJIbTHKOMIIOHCHTBI B CIIOKHBIX 00Opaslax, 4TO MOKET MPHUBECTH K
B3aUMOBIIMSIHUIO KOMIIOHEHTOB B XHMMHUYECKOM aHaimu3e. Takum obOpazom,
XpoMmarorpaguyeckuii METOJ| SIBIIIETCS OJHMM U3 HauOoJee BaXKHBIX  JUIS
OTIpE/ICTICHUs] BUTAMUHOB, TaK KaK €ro HCIOJb30BaHHE  IIO3BOJISCT  OTACIATH

AHAJIMTBI 10 O6H3pY)KCHI/I}I, YTO ITOMoOTaeT n30eKaTh UX B3aMMHOTO BIUSHUS.

XpomaTtorpapuuyeckuii MeTOJ SBISETCS TOMUHUPYIOIIUM B ONpEIEICHUU
BUTAaMUHOB B HECKOJIBKUX 00pa3liax, HO OOBIYHO 3TOT METOJ HE CUUTAIOT I0CTATOYHO
DKOJIOTUYHBIM, BKJIXOYasl OIIPEIEIICHUE  KUPOPACTBOPUMBIX BUTAMHMHOB, M3-3a
WCIIOJIb30BaHUsl HECKOJIBKUX OPraHMYECKUX PACTBOPUTEIEH B KAYECTBE MOJABUKHOMN
¢da3pl. YuuTbiBasg, 4TO OOIIECTBO TpeOyeT pPa3BUTHUS AaHATUTUUYECKUX METOJIOB,
CIOCOOHBIX CBSI3aTh CENEKTHUBHOCTb, YYBCTBUTEIBLHOCTh M 3KOJIOTMYHOCTh, XHUMHUKHU
JOJKHBI pa3padaThIiBaTh aHATMTUYECKHAE METOIbI, KOTOPbIE HE UCTOJB3YIOT OMACHBIX
pEareHToB, a KOJIMYECTBO 00pa3yIOUIMXCs XUMUYECKUX OTXOJI0B JOJIKHO CBOIUTHCS

K MUHHUMYMY.

MHKpOBOJIHOBbIe OPraHM4e€CKMue CUHTE3bI

B anexkTpoMarHMTHOM CHEKTpe OO0OJacTh MHUKPOBOJHOBOIO — H3JIyYEHUS
pacrojioxkeHa Mexay HWH(pakpacHbIM H3IyYeHHEM U paJAuoBOJHaMHU. [[nuHa
MHKPOBOJIH COCTaBISET OT 1 MM 10 1 M ¢ cooTBeTCTBYrOIMMHU YyacToTamu Mexay 0,3
n 300 kl'u. TemeKOMMYyHUKAIMOHHBIE CUCTEMBI W MHKPOBOJIHOBBIE paJaphbl
UCIIOJB3YIOT B OCHOBHOM IIOJIOCBI 4YacTOT 3TOrO AuarasoHa. B menom, misg Toro
4yTOOBI M30€XKaTh MHTEPPEPEHUUHU JJIMHA BOJHBI, IPU KOTOPOl MPOMBIIUIEHHBIE U

JIOMaIlTHUE MPUOOPHI BBIMONHSIOT (PYHKIMIO HAarpeBaHUsA, OTperyiupoBana ao 12,2
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CM B cooTBeTcTBHH C yacToTou 2,450 (£0,050) kI'1, HO, HECOMHEHHO, CYLIECTBYIOT U
JIpyrue paclpeaesieHus 4acToT. B TedeHune JoJIroro BpeMEHH ObUIO W3BECTHO, YTO
MUKpPOBOJIHBI ~ MOTYT  HUCIIOJIb30BaThCA  [JIsi  HArpeBaHusi MarepuayioB. B
JNEHUCTBUTEIBLHOCTH, PA3BUTHE MUKPOBOJHOBBIX MEYEH JJI HArpEBaHUs MUILH UMEET
oomee uyem 50-netHioro wuctopuro. B 1970-x KOHCTPYKIIMS MHUKPOBOJIHOBOTO
reHepaTropa, MarHeTpoHa, Obljla yCOBEpPIICHCTBOBaHA U yripoiieHa. CienoBaTenbHo,
[IEHA Ha JOMAIlIHWE MUKPOBOJHOBBIEC €YU 3HAYUTEIBHO CHHU3WIACH, YTO MPUBEIO K
UX MaccoBbIM npojaakaMm. OJIHaKo, TU3aiH KaMephl WIIK MOJIOCTH ME€YH, SIBISIOIIUNACS
OYEHb BAXXKHOW XapaKTEPUCTUKOW IJIsi HArpeBaHMs, MPAaKTUYECKU. HE H3MEHUJIICA

BILUIOTH J10 KoHIa 1980-x rT.

B Heoprannueckoil XMMUM MHKPOBOJIHOBAsST TEXHOJIOTHUS HCMOJIB3YETCS C
koHla 1970-x, B TO BpeMsi Kak B OPraHMYECKOM XUMHUH — C cepeauHbl 1980-x.
Pa3zBuTre MTaHHON TEXHOJOTMM B OPTraHUYECKON XUMHHM MPOUCXOIWIIO JOBOJBHO
MEJUICHHO IO CpPaBHEHUIO, HANMpUMEp, ¢ KOMOWHATOPHOW WM BBIYMCIUTEIHHOU
xuMHuen. Takoe MEIJICHHOE BHEAPEHUE 3TOW TEXHOJOTHHM CBSI3aHO B OCHOBHOM C
OTCYTCTBHEM BO3MOXXHOCTH KOHTPOJIS, aClleKTaMU 0€30MacHOCTH U HEJOCTATOYHBIM
MOHMMAHUEM OCHOB MHUKPOBOJHOBOI'O IUAJIEKTPUUYECKOro HarpeBaHusa. OIHAKO, C
cepeauubl  1990-x KOJWYECTBO MyOJMKAIMK B ATOM 00JacTU 3HAYUTEIBLHOU
yBennuuiaoch.  OCHOBHbBIMH  MPUYMHAMH  TAKOTO  YBEIWYEHHUS  SBISIOTCS
KOMMepYecKas JIOCTYITHOCTh MHUKPOBOJHOBOTO OOOpYAOBaHUS, MpPEIHA3HAYEHHOTO
JJIS OpTaHUYECKON XUMUU U pa3pad0TKa METOJIUKHU 0€3 MPUMEHEHUSI PaCTBOPHUTEIS,
YTO YIYUIIIAIO aCTIEKThI 0€30MMaCHOCTH, HO B OCHOBHOM ATOMY TTOCITY KHJI BO3POCIITHIA

MHTEPEC K COKPAIICHUIO BPEMEHHU MPOTEKAHUS PEAKIIUI.

KopoTkoe BpemMs peakuuii W yBEJIWUYMBIIEECS pasHOOOpa3ve peakiui,
MPEJIOKEHHOE  OPraHUYECKMM CHUHTE30M C  HCHOJIb30BAHWEM  MHMKPOBOJIH,
COOTBETCTBYIOT BO3POCIIIUM 3allpocaM UHAYCTpUH. B wacTHOCTH, hapmarieBTUUYECKas
UHIYCTpUsi TpeOyeT MPOU3BOACTBA OOJIBIIErO KOJMYECTBA HOBBIX XHWMHYECKHX
BEIIECTB, YTO 3aCTABISIET XUMHUKOB MPUMEHSTHh PECYPCHI, COKPAIAIOIIUE BpEMs

IMpOU3BOACTBA XUMHUYCCKHUX COG,ZIPIHGHI/Iﬁ. XuMnueckue 0a3bl JaHHBIX, ITPOIpaMMHOC
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oOecrnieueHue st 0TOOpa U3 UMEIOIIErocs pa3HOO0pa3usi, OHJIAIHOBBIE CUCTEMBI IS
3aKa3a  XMMHYECKUX  MpenaparoB, CHUCTEMbl  OTKPBITOTO  JIOCTyHna W
BBICOKOTIPOU3BOJIUTEIBHBIE ~ CHUCTEMbl  JUIsl  aHaju3a,  BBICOKOCKOPOCTHOE
o0opynoBaHue Ui TMapauiebHBIX ¥ KOMOMHATOPHBIX CHHTE30B — BCE JTO
MOCIYKWJIO  YBEJIMYEHUIO MPOU3BoAUTENbHOCTH. OOummu  ¢dakropamu A
MOSIBJICHUS! JIaHHBIX TEXHUYECKUX PECYpPCOB CTAld aBTOMATHKAa M KOMITbIOTEPHBIN

KOHTPOJIb.

B 1nenoM, OOJNBIIMHCTBO OPraHUYECKHX PpEAKIMI HarpeBaroT,  HUCHOJb3Ys
TpaJULMOHHOE O0OpYyIOBaHUE JUJIsl TEIUIONEpPENayd, TaKoe Kak MacisHble OaHH,
necyaHble 0aHWM M HarpeBaTellbHbIE pyOalikud. Takue METOAbl HarpeBa, OJHAKO,
JOBOJIBHO MEJUIEHHBI, a BHYTPM oO0pa3lia MOXeT . [MPOUCXOAMUTh Iepenas
temriepaTypbl. KpoMe 3TOro MecTHble HarpeB MOXKET NPHUBECTH K PA3JI0KEHUIO

POJyKTa, CyOCTpaTa U peareHra.

JIist  cpaBHEHHS, TPU MHUKPOBOJHOBOM JTHAJICKTPHUYECKOM HArpeBaHUU,
MHKPOBOJIHOBAsI JHEPTUs IOCTYMAaeT B XUMHUUYCCKHUH PEAKTOp IUCTAHIIMOHHO, H
WUCTOYHUK DHEPrUU TIOJydaeT - IMPSAMOM JOCTym K PEAaKIMOHHOMY COCYIY.
MUKpOBOTHOBOE M3ITyUYCHHE TIPOXOIUT Yepe3 CTCHKU COCY/la U HarpeBaeT peaKTaHThI
U PacTBOPHUTEIM, HO HE c€aM PEaKIHOHHBIM cocyd. Ecim ammapaTypa npaBHIBHO
CKOHCTPYHpOBaHa, TeMIiepaTypa OyJIeT OJHOPOJIHO YBEINYUBATHCS BHYTPH 00pasiia,
YTO MOXET CIOCOOCTBOBaTh OOPa30BaHUIO MEHBIIIETO KOJHMYECTBA IMOOOYHBIX
MPOAYKTOB W/WJIM TIPOAYKTOB pa3JIokKeHUs . B cucremMax, HaXOMSIIUXCS IO
JABJICHUEM, BO3MOXKHO OBICTPOE YBEIMYEHHE TEMIIEPATyphl HCIOJIb3YEeMOTO

pPacTBOPUTEJIS BbIIIE OOBIYHON TOYKW KUTICHUS.
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OnpeneneHue MUHEPAJTIOB ¢ MOMOIIBIO CIEKTPOMETPUU
cpenneii UK-o0aacTu

MoJIOKO ¥ MOJOYHBIE TPOAYKTHI SBJISIOTCS OCHOBHBIM HCTOYHHKOM
MHUHEPAJIOB, OCOOEHHO KaJIbLIUsI, KOTOPhI y4acTBYeT BO MHOTHMX MeETa00IMYEeCKUX
mpolieccax B OpraHu3Me 4esioBeka. B Hacrosiiee BpeMsi HEKOTOPbIE MOJIOYHBIC
IPOAYKTHI 000TAIAIOTCSl KalbIIMeM I MPEAOTBpAIleHUs ocTeonopo3a. Tpedyercs
pa3paboTka HEIOpOrMX M He TPeOyIOIMX MHOTO BpPEMEHH KOJIMYECTBEHHBIX
aHAJM30B MUHEPAJIBHBIX BEIIECTB, YTOOBI aTh epMepaM BO3MOKHOCTH YIyUIIUTh
JIOTIOJTHUTEIBHYIO IIEHHOCThH MOJTYYEHHOTO MOJoKa. Llenbio JaHHOTO HccieaoBaHus
ObL1a pa3paboTka 5 ypaBHeHUM aiisi onpezaenenus coaepxkanus Ca, K, Mg, Nau P B
KOPOBBEM MOJIOKE C HCHOJB30BaHHEM crekTpomerpun cpenneir NK-obmactu. B
oOmeit cnoskHocTr ObI0 cobpano 1543 oOpa3iioB Mosioka OT 478 KOpOB B MEPHOT
Mexay maptom 2005 u maem 2006 Bo Bpemsi yu€Tta HaJ0€B MOJIOKa B BaimoHCKOM
pervone benprum. [lanHbie oOpa3mbl OBUTM MPOAHAIM3WPOBAHBI C ITOMOIIBIO
criektpomeTpun  cpenHert  MK-oO6mactu.  MeTtoax  ompenencHUs — OCHOBHBIX
KOMITOHEHTOB TIO3BOJIJT 0TOOpaTh 62 00pasiia B COOTBETCTBUH C UX CIICKTPATBHBIMU
XapaKTEePUCTHKAMU U -Pa3euTh HUX  Ha 2 KaTuOpoBOYHBIX Habopa. boiio
0OHApYKEHO M YAAJICHO 5 BBIMAAIONIMX U3 3THX HAOOPOB 00pa3ioB. MuHepaabHbIe
COCTaBJIAIONIUE - OTOOpaHHBIX O00pa3lOB OBUIM HW3MEPEHbI METOJAOM aTOMHO-
OMHUCCHUOHHOM CIIEKTPOMETPHUM C MHIAYKTHBHO-CBA3aHHOMW Iu1a3Mou. Mcrons3oBanue
KOMOHWHAIIMY YaCTUYHBIX HAMMCHBIIMX KBAJPATOB C IOBTOPSIOIIMMCS 3HAYCHHEM
MI03BOJINJIO TIOCTPOUTH S5 KATHOPOBOYHBIX YPaBHEHUH Vsl OTIPEACTICHUS COIePIKaHUS
Ca, K, Na, Mg, P B momoke. [l OLIEHKHM TOYHOCTH TMOJIYYCHHBIX YpaBHEHUU
BBITIOJIHAJIM TIOJIHYIO TIEPEKPECTHYI0 M BHEIIHIO mpoBepku. KoaddurmeHTs
J€TepMUHALINY, [TOJYyYECHHBIE B XOJIe epeKpecTHOM npoBepku, coctasuiu 0.80, 0.70
u 0.79 ns Ca, Na u P coorBerctBernno ( n=57) u 0.23 u 0.50 mna K u Mg

cootrBeTcTBeHHO (N=31). Tonbko ypaBHenus mis Ca, Na, P mokaszanu gocTaTouHbIN
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kodhdumuenT agerepmuHaruu R2CV sl MOTEHIIMAIBLHOTO TPUMEHEHHS. OTH
ypaBHeHUs1 OblTu mpoBepeHbl Ha 30 HOBBIX oOpasmax Mmosoka. Koaddurments
JIeTepMUHAIMU Bo Bpems mpoBepku coctaBuwiau 0.92, 0.14, 0.87 mms Ca, Na, P,
COOTBETCTBEHHO, YTO YKa3bIBA€T HA MOTEHIUAIBbHYIO BO3MOKHOCTh MCMHOJb30BAHUS
KaIMOpoBOYHBIX ypaBHeHUH s Ca u P. K ananuzupyembiM oOpasiiaM MoJIoKa ObLTH
nobaBiaeHbl ocrapmmecss 30 oOpa3loB W IPOM3BEICHA HOBas KaJuOpPOBKA.
Koaddummentsr nerepmunanuu R2cv s Ca, K, Mg, Na, P cocraBunmu 0.87,0.36,
0.65, 0.65, 0.85, COOTBETCTBEHHO, YTO MOATBEPKAAET BO3MOKHOCTh MCIIOIB30BAHUS
ypaBHeHu#t ms Ca u P. JlobaBneHue HOBBIX 00pa3loB K KATHOPOBOYHOMY HAOOPY
NOATBEPANIO TIEPBBIE PE3YyJbTAThl ATOrO0 HUCCIAEAOBAHUS, KOTOpPbIE TMOKa3aIH
BO3MOXKHOCTh KOJIMUECTBEHHOTO onpesencHus Ca u P ¢ mMoOMOIIbIO CIIEKTPOMETPUHU

CpG,Z[HCI?I I/IK-O6H3CTI/I HCIIOCPCACTBCHHO B KOPOBBECM MOJIOKC.
4

KaTaimTnyeckasi aKTHBHOCTh CMEIUAHHBIX OKCHAO0B Pry,Sr,CoO ., npu

BoccTtanoBJeHun NO ¢ momombsio CO

Oxcunbt  azora NOy SBISIOTCS OCHOBHBIMU — 3arpsi3HUTEISIMHA - BO3/yXa,
BBI3BIBAOIIMMH KHUCJIOTHBIC Hokau. Y manenue NO, mpencraBiser coOoi oqHy U3
KJIFOUEBBIX HCCIEIOBATENbCKUX TEM M0 3alUTE OKpyXKaromen cpeasl. Merop
BocctaHoBieHUs: NOy ¢ momombio NH3 6611 cionnb3oBan Ha mpakTrke. OHAKO, TI0
MPUYMHE BBICOKOM CTOMMOCTH W BTOPUYHOTO 3arpsi3HEHUS MOUCK 3(P(HEKTUBHBIX, HO
JIEMICBBIX KaTalM3aTOPOB SBISIETCS HACYIIHOW HE0oO0XoauMocThio. CMelaHHbIe
okcHIbl  TiepoBckuTHOro Ttunma A,BO, co crpykrypoit K;NiF,, cocrosmme w3
yepenyromuxcs cioeB ABO; u comu AO, ObUM HCClIeIOBaHbBl COBCEM HEIABHO B
KaueCTBE HOBBIX MAaTEPHAJIOB, HEIOPOTUX, OOJATAIONTNX BBHICOKOW KaTaAIMTUYECKOU
aKTUBHOCTBIO U TEPMHUYECKOM CTAOMIBLHOCTHIO. MHOXECTBO HCCIIEIOBAHUM
MOKAa3bIBACT, YTO KATAJIUTHYECKOE IMOBEJCHUE CMEIIaHHbIX OKcuaoB A,BO, B
OoJpIIE CTEeNmeHW CBSI3aHO C A- UM B-CTOpOHHMMH HOHAaMH, COOTBETCTBYIOLIEH

BaAJICHTHOCTBIO, a TaK¥XKC KpI/ICTaJIJII/I‘{CCKOﬁ MPIKpOI[C(bOpMaHI/ICI‘/JI 9THUX OKCHIOB.
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Crnenyer OTMETUTD, YTO UMEETCSI MHOTO JINTEPATYPHhI, MOCBIIICHHON UCCIICIOBAaHUSM
kataimsaropoB LnSrCuO, u LnSrNiO,. HemaBHO ObUIM M3ydYeHBI KaTaTUTHYCCKHE
peakiuu  okucienuss CO u CgHg ma karamuzaropax LnSrCoQO,. Opnnako,
WCCJICIOBAHMSI, BKIIOYAIONIME u3ydeHue Katanu3atopoB LNSrCoO, moBodbHO
HEMHOTOYMCIICHHBI. XOTs mnoBeAcHUe KatanuzatropoB LnSrCoO, B peakiusax
KaTaJIMTUYCCKOTO OKHUCJICHHUS SBJISETCA MHOTOOOCHIAIONINM, TIPAKTHYCCKH HE
CYIIECTBYET  JIMTEPATYphl, TIOCBAIICHHOWM WX  TOBEJACHUI0O B  pEaKIHIX
KaTaJIMTHYECKOro BoccTaHoBjIeHUS mpu ycrpaneHun NOy . I[TosToMy HeoOXOAUMBI

I[aJIBHefIHII/IG HCCICOOBAaHUA B 9TOH 00JIaCTH.

TurpoBanue

TutpoBaHue — 3TO METOJ, HWCHOJIb3YEMBIM B AHAJIUTUYECKONW XHUMUHU JJIsS
OIPENICJICHUSI KOHIEHTPAllMKd HEU3BECTHBIX  KHUCJIOT M OCHOBaHWHU. TuTpoBaHHE
BKJIIOYAET B ceOsl MeJICHHOE J0OaBIIEHUE PACTBOPA C MU3BECTHOM KOHIIEHTpAIEH K
U3BECTHOMY 00BEMY JIPYTrOro pacTBOpa ¢ HEM3BECTHOW KOHIIEHTpaIuen 10 TeX Mop,
MOKa peakius He MOWAET a0 Heooxoaumou cramuu. JlJisi KUCIOTHO-OCHOBHOTO
TUTPOBAHMS WM3MEHEHUE I[BETa JIOCTUTaeTCs C Tomollblo PH uHIMKaTopa WU
PSIMOTO U3MEPEHHs ¢ HMCIoib3oBaHueM PH-merpa. Ota uHbopMamus MOXKET ObITh

HCIIOJIb30BaHa Il BBIMHMCIICHUS KOHLICHTPAMU HCU3BECTHOT'O paCcTBOpA.

Ecnu n306pasuth rpaduk 3aBucuMoctd PH Kuciaoro pactBopa OT KOJUYECTBA
N100aBJIEHHOTO OCHOBAHUS B MPOILECCE TUTPOBaHUS, TO (popma rpaduka Ha3bIBAETCA
KpUBOM TUTpOBaHUs. Bce KpUBbIE TUTPOBAHUS KUCIOT OTHOCATCA K OJJHUM M TEM K€

OCHOBHBIM TpaduKam.

Bnauane pacTBop uMeet HU3Koe 3HaUeHUEe PH 1 moHUMAaEeTCsa B TO BpeMsl, KaK
nobasisieTcs criibHOE ocHOBaHue. Korja pactBop mpubamkaeTcs: K TOUKe, B KOTOPOM

+ o
BCE KaTHOHBI Bojopona H' Heltpanusyrorcsa, PH pe3ko Bo3pacTaeT m 3aTeM CHOBa
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BBIPABHUBACTCA, TOraa pacTBOp CTAHOBHUTCIA 0ojee OCHOBHBIM M3-3a TOro, 4to

nobasisieTcs 00bIe THAPOKCHI-aHHOHOB OH'.

IlepBas kpuBas IIOKAa3bIBACT TUTPOBAHMUE CHJIBHOM KHUCJIOTBI CHIIBHBIM
ocHoBaHueM. [Ipoucxoaut nepBoHavagbHOE MEJJIEHHOE NoBbIIeHHEe PH 10 Tex nop,
MoKa peakiusi He MPUONM3UTCA K TOYKE, B KOTOPOW J00aBISIETCS KaK pa3 CTOJNBKO
OCHOBaHUs, YTOOBI HEUTPATIN30BaTh BCIO UCXOJIHYIO KUCIIOTY. JTa TOUKA Ha3bIBACTCS
TOYKOM DKBUBAJICHTHOCTH. UTO Kacaercs peakuuu CUIBHOM KHUCJIOTHI C CUJIBHBIM
OCHOBaHWEM, TO 3TO mnpoucxoauT npu PH=7. Korma pacTBop MHHYET TOUKY
HKBUBAJIEHTHOCTH, PH yMeHbIIaeT cBoe BO3pacTaHUE TaM, TA€ PacTBOP

npubamxkaeTcs kK pPH TuTpyeMoro pacTBopa.

Cnabast kuclioTa JIUCCOUMMPYET M3 CBOEM COJM TOJBKO YacTH4HO. Kak
npaBuWIo, BHavaje PH Bo3pacTaeT, HO KakK TOJIbKO 3HAUCHHE JOCTUTaeT 30HbBI, TIe
pacTBop OKa3bIBaeTcs OydepomM, HaKJIOH KPHUBOM BhIpaBHUBaeTcs. Ilocie 3Tol 30HBI
pH pe3ko mogHUMaeTCs Yepe3 CBOI TOYKY OKBHUBAJICHTHOCTM U CHOBa
BBIPABHMBACTCS TOJO0HO TpauKy  PEaKIUU CHIBHOM KHCIOTHI C CHJIBHBIM

OCHOBAHHUCM.

MoOXHO BBIIEIUTh 2 <0COOCHHOCTH 7TOM KpuBoul. IlepBas — »TO TOUKa
MOJIyDKBUBAJICHTHOCTH. - JIaHHAsi TOYKa BO3HMKAET Ha TMOJIMYTH uepe3 OydepHyro
30HY, IJe PH mpakTHYeckr HE MEHSETCS MPU JTO0O0ABICHHH OOJBIIOTO KOJIMYECTBA
ocHOBaHMS. TouYka TIONYPKBUBAJICHTHOCTH TIOSBISICTCS, KOIJIa J00aBIsETCS
JIOCTaTOYHO - OCHOBAaHWSI IS TOTO, YTOOBI TIEPEBECTH TIOJIOBUHY KHUCJIOTHI B
COTPSDKCHHOE OCHOBaHME. Korma 5TO MPOUCXOIUT, KOHIICHTPAlUsS KaTHOHOB

Bojopona H' paBna snauyenmo Ka xucnotsl. Janee, pH=pKa.

Bropass — nHanuuue GoJiee BHICOKOM TOYKHM 3KBHUBAJIEHTHOCTH. Eciu kucinora
HENTpaan3oBaHa, TO HY’KHO 00OpaTUTh BHUMAaHHUE Ha TO, YTO TOYKA HAXOAMTCS BBIIIE
pH=7. Korna cnabas kucioTa HEHTpaau3yeTcs, OCTaBLIMICS pacTBOP CTAHOBUTCS

OCHOBHBIM, TaK KaK OCTAa€TCs COIPAKCHHOC OCHOBAHUE KHMCJIIOTEI B paCTBOPC.
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Tperuit rpaduk — creAcTBHE TOTO, YTO KHCIOTHI OTHAIOT OOjee OJHOro
kaTuoHa Bojopoza H'. Takue KUCIOTBI HA3BIBAIOTCS MHOTOOCHOBHBIMH. Harmpumep,
cepHas kucnora (H,SO,4) — nByxocHoBHast kucinota. OHa MOXKET OTJaTh Ba KaTHOHA

Bojopoaa H™.
[lepBBIii KATHOH OTPHIBAETCS B BOJIE B PE3YJIbTAaTE AUCCOIUAIIH
H,SO; — H" + HSO,
Bropoii katnon Bogopoaa H' mosieisercs B pesynsrate aucconuaimu HSO,
HSO, — H™ + SO~

@DaKTUYECKHA, OTO TUTPOBAHUE JBYX KHCIOT - OOHOBpeMeHHO. KpuBad
WUTFOCTPUPYET Ty K€ CaMyI0 TCHJICHITUIO, KaK U TUTPOBaHUE CcJ1a00¥ KUCIIOTHI, TJe B
TEUEHHE HEKOTOpPOro BpeMeHU PH He u3MeHseTCs, 3aTeM PEe3KO YBEIUYUBACTCS U
CHOBa BbIpaBHMBaeTCs. OTIWYUs TOSABISIOTCA, KOrja HAET peakius C y4yacTHUEM
BTOPOM KHUCJIOTBI. TO € caMoe€ MPOUCXOAUT C KPHUBOW, TAE 3a MEIJICHHBIM

u3MeHeHneM PH cremayer pes3kuii moabeM (CKa4yoK) U BhIpaBHUBAHHUE.

Kaxnapii ckayok MMEET CBOIO TOYKY MOJYSKBUBAJICHTHOCTH. IlepBas Touka
MOSIBJISIETCSI, KOTJa K < PACTBOPY [OOABISIETCS CTOJIBKO OCHOBaHHUSA, CKOJIBKO
TpedyeTcs, 4ToObI IePeBECTH TOJOBUHY KaTHOHOB Bojopoaa H, o6pasosasimxcs B
pe3yabpTare MNEePBOMl AUCCOIMALMM, B COMNPSKEHHOE OCHOBAHMWE, WM 3HAYCHUE

KOHCTAaHTBL KUCIIOTHOCTH K.

BTOpaH TOYKA ITOJIYOKBUBAJICHTHOCTU IMOABJIACTCA TaM, I'/IC ITOJIOBHHA BTOpOﬁ
KHCJIOThI ICPEXOAUT BO BTOPOC CONPSXKECHHOC OCHOBAHHMC, HWJIM 3HAYCHHUC

KuciaoTHocTH K.

Bo muorux tabmmmax kuciotHocTd K, 3Tm 3HadyeHUs nmpuBoasTcs Kak K; u
K,. Jlpyrue tabiuipl TPUBOJSAT TOJIBKO 3HaueHUs K, IS KaXJ0W KUCIOTHI B

PE3YyabTATC JUCCOLUALINNA.

102



JlauHblil TpadUK WLTIOCTPUPYET JBYXOCHOBHYIO KHCHOTY. [ns kucimor ¢
OOMBIIMM COJIEp’)KaHWEM KAaTHOHOB BOJOpOJA JUIA OTAAYd (HampuMep, JTUMOHHAs
kucinora(H;CgHsO7) ¢ 3 katmonamu Bojiopojia) Ha rpaduke MOSBUTCS TPETHIM CKauoK

C TOUKOH TMoTy?KBHUBaieHTHOCTH Iipu PH=PK;.

(ITepeson Oxpru [lepdunoBoii, HHCTUTYT XUMIH)

ACI/IMMeTpI/IquIe AJIbJ0J/IbHbIC PCAKITUHN

Hcnonb3oBaHue BOJbI B KAa4€CTBE PACTBOPUTENS Ui XUMUYECKUX PEaKIUil
BBI3BIBAET OOJIBLION MHTEPEC B HACTOSIIEE BpEMsl, IIaBHBIM 00pa3oMm, Ojaromaps ee
HU3KOM CTOMMOCTH, 0€30IMMaCHOCTH U €€ DKOJIOTMYECKH OJIaronpuaTHON npupoje. B
Hayasie 1980-x rr. bpecnoy u ['pueko nqokazanu, 4To BOJAA SBISETCSA MOJIOKUTEIbHBIM
daktopoMm B peakiusx Jumbca-Asbaepa, B pe3yiibTaTe Yero OHa CTajga CUYUTATHCA

pacTBOPUTEIIEM [IJIsl OPTaHUYECKUX PEaKIIHIA-

Cuuraercs, 4TO B BOJHBIX OPraHUYECKUX PEAKIMIX TOMOTE€HHBIH pacTBOP
SBJIIETCSI OYEHb BaXKHBIM I 3(P(DEKTUBHON XUMHUUYECKOU peakiuuu. Cen0BaTenbHo,
IJIABHOM TEMOW BOJIHOM OPraHWYECKOW XMMHHU SIBJISIETCS MOBBIIICHUE PAaCTBOPUMOCTH
pEareHToOB U PEaKkTUBOB B 3TUX peakuusax. OJHaKo, HEKOTOPbIE HETABHUE OTKPBITHS
NIOKa3aJId, YTO TOMOFE€HHOCTb  HECYIIECTBEHHA JUII OPraHWYECKHX PEaKIHi,
IPOUCXOSIINX (B BOAHOM cpexae. Illapminc u ero Kojulern NpUBEIN HECKOJIBKO
PUMEPOB, HOKA3bIBAIOIIMX, YTO CYIIECTBEHHAs CTENEHb YCKOPEHUS MOXKET ObITh
JOCTUTHYTa B BOJHOM CYCHEH3UH, KOTOPYIO OHHM OOO3HAUMIIM KaK «BOJHBIC
ycnoBusiy. ['pynmna ydensix Taka03, bapbaca u Xasmum mnokaszana, 4yTO MpsIMbIe
ACMMETPUYHbBIC aJIbJOJIbHBIE PEAKIUU MOTYT OBITh BBIIIOJHEHBl C OTJIMYHON
HYHAHTUOCEJIEKTUBHOCTBIO B BOJI€ MPH MCIOJb30BAaHUU OPTaHUYECKHX KaTajau3aToOpOB
OpUPOABl MPOJMHA. XOTS BBICOKAs PEAKTUBHOCTh TAaKUX T'€TEPOTCHHBIX BOJHBIX
peaxiuii He COBCEM MOHSTHA, SICHO, YTO THAPO(POOHBIE FP(HEKTHI UTPAOT BEAYIIYIO

POJIb B INIOBBIICHUHW PCAKTHBHOCTH.
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ANbAONBHBIE PEAKUUU SBJIAIOTCS OJHMMHM M3 CaMblX BaXKHbIX pEaKkUHUid B
dbopMUpOBaHUN  YIIEPOA-YIJIEPOJHBIX  CBA3EHM,  0Opa3oBbIBas  [-TUIPOKCH
KapOOHWJIbHBIE CTPYKTYpPHBIE OCTOBBI, YTO HEOJAHOKPAaTHO OOHApy»XHUBAeTcsi B
HaTypaJbHBIX MPOAYKTaX U MEIULMHCKUX CpelCcTBaX. B mpupoe anpaonassl Kiiacca
I kaTanu3upyroT BEICOKO3(PPEKTUBHBIE SHAHTUOCEIEKTUBHBIE aJ1b/I0JIbHBIE PEAKIIUU B
BOJIE IIOCPEICTBOM HMHAMUHHOIO MexaHu3Mma. JKenaTreslbHO pa3BUTh XUMHUYECKYIO
CUCTEMY, KOTOpas Morjia Obl UMHUTHPOBATh JEHCTBUE albJ0JIa3bl M BBIIOJHATH
IPSIMBIE AJIBJOJIBHBIE PEAKIMU B BOJIE C XOPOIIUM CTEPEOEOHTposeM. B mocnenHue
roJibl OpPraHWYECKUW KaTalu3 IMEepeXUBaeT CBOEro poaa snoxy. BozpoxaeHus.
[TossBUIOCH MHOXECTBO JOKJIAJA0OB O MPSAMBIX ACUMMETPUYHBIX aJbJO0JbHBIX
peaKkuMiIX, KATAIM3UPYEMBIX IIPOJMHOM M €ro CTPYKTYPHBIMH aHaJIOraMu C
UCIIOJIb30BAHUEM HWHAMHUHHOIO MEXaHu3Ma. BrioiHe ~BO3MOXXHO, 4YTO MPOJIMH
ABIISIETCS CaMbIM 3()PPEKTUBHBIM U  YHHBEPCAJIbHBIM MaJIEHBKUM OPraHUYE€CKUM
«3H3UMOMY», KOTOPBIA KaTaJIU3UPYET IIUPOKHUI KPYyr OPraHWYECKHX ITPEBPAILCHMI.
OpHako, anbJ0JbHbIE PEAKIMH, KATATM3UPYEMbIE MTPOJIMHOM MOTYT UMETh BBICOKYIO
DHAHTUOCEJIEKTUBHOCTh TOJIBKO B OpPILaHWYECKHX pacTBopuTeisiX. llpucyrcreue
OOJBIIOrO0 KOJMYECTBA BOJABI SIBJIACTCA PE3YJIbTATOM OOpa30BaHUS HU3KO- WIH
HEIHAHTHUOCEJIEKTUBHBIX MPOJYKTOB. XOTsS B CaMOM IepBoM Jokiane Jlucra ObLI0
MIOKa3aHO, YTO NEPBUYHBIC W AlMKINYECKNE BTOPUYHBIE AMUHOKHUCIIOTHI HE CMOIJIA
KaTaJlM3UupoBaTh albAOJbHBIE peakuuu, KopaoBa ¢ KomjieraMu HpeKpacHo
IPOJEMOHCTPUPOBAIM, YTO AUUKIWYECKHE aMUHOKHCIOTHI MOTYT COBEpIIAThH
npsiMble anbaofibHble peakuuu B JJMCO B npucyTcTBUM BOJbI. MBI yOEXKIEHBI, YTO
ruapodoOHbIE  AMUHOKUCIOTBI MOTYT OBITh  3(P(EKTUBHBIMH  aJIbJIOJIbHBIMU
KaTajiu3aTopaMu B BOJHOW cpele. DTO BBICTPAaUBACT THIOTE3Y, YTO TUAPOGOOHBIIM
KaTanu3aTop JA0HKEH 00pa30BbIBATh CUIIBHYIO CBA3b € TUAPO(MOOHBIMU peareHTaMu B
Boge. B pesymprate ontummszanuu TUAPOGOOHBIX B3aUMOJCUCTBUI TIEPEXOIHOE
COCTOSTHUE MOXKET JIydllle OOHapy>KUBAaThCA, M MOXXET OBbITh JOCTUTHYTa BBICOKas

OHAHTHOCCICKTUBHOCTD.
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