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BBEJAEHHUE

YyebHoe mocobue «ABTOMATU3UPOBAHHBIE CUCTEMbI CIEIHMAIBHOTO
HA3HAYCHUS: MHOCTPAHHBIN $3bIK B MPOGECCHOHATBHON JEATETbHOCTH
COCTOUT M3 BBeleHHUs, 10 ypokoB, MpeAHA3HAUYECHHBIX JJIsi pabdOThl B
ayIUTOPUH 5 CaMOCTOSATEILHON paboTHI oOyJaromnmxcs,
TEPMHHOJIOTUYECKOTO  CIIOBapsi K  KaXJAOMY  YpPOKY,  JIEKCHUKO-
rpaMMaTHUYECKUX YNPAKHEHUN, MPUIOKEHUS U CHUCKA HUCIOJIb3yeMOM
auTepaTypbl. TEKCTOBBIM MaTepual OTOOpaH M3 aHIVIO-aMEpPUKAHCKOU
HAyYHO-TEXHUYECKOW  JIMTEpPaTypbl, B  KOTOPOM  PACKPBIBAIOTCS
COBPEMEHHBIE TEHJICHIIMM CHUCTEMHOI'0 COYETaHHS HAyYHO-TEXHUUYECKUX
HaIpaBJICHUM, TaKWX Kak HMHGOpPMATUKA U BBIYUCIUTEIbHAS TEXHHKA,
WH()OpPMAlIMOHHBIE  TEXHOJIOTMH, AaBTOMATH3AIUS  TEXHOJOTHMYECKUX
MPOILIECCOB.

TekcTbl HHGOPMATUBHBI (COMPOBOKIAIOTCS PUCYHKAMU, TaOIUIIAMH
U CXeMamu), AOCTYMHBI JJIsi TOHUMAaHUSI W MOTYT CIOCOOCTBOBAaTh
OOy4YEeHUIO0 pa3IMYHbIM BUJAM YTEHUS W BEJICHHIO Oecelbl B Ipeienax
JAHHOW TeMaTHKu, 4To (OpPMHUPYET M pa3BUBaeT NPOQPECCHOHATBHBIC
KOMIIETEHIIMU CTYJEHTOB.

Cucrema mnpeqjaraeMbiX yHpaKHEHUH OOECIeUMBAET 3aKpEIICHUE
JIEKCUYECKOr0 MaTephalla M CIIOXKHBIX T'PAMMATUYECKUX KOHCTPYKIIHM.
[IpenrekcToBbie yIPa)KHEHUS CHUMAIOT TEPMUHOJIOTHUYECKHE TPYIHOCTU U
CIOCOOCTBYIOT HAKOIUICHHIO CJIOBAapHOTO 3amaca, HEOoOXOJUMOro s
paboThl C HAy4YHO-TEXHUYECKUM TEKCTOM [0 JAHHOW TEMAaTHKeE.
[TocneTexkcToBble YNpPa)XHEHHUS] TOMOTAalOT OCYUIECTBIATh KOHTPOJIb
NOHMMAHUS MaTepualla W CaMOCTOSITEJIbHO BECTH TIOMCK HY>KHOU
uHpopmanuu, OO0OOIIUTh TMOJIYyYEHHYI0 HH(GOpPMALMIO, TEM CaMbIM
yIIIyosIsITh TpO(eccuoHanbHbIe 3HAHMUSL.

B nganHOoM o0Opa3oBaTtelbHOM MPOAYKTE  CJejaHa IOMbITKa
chopMHpoBaTh U Pa3BUTh YMEHHS PAlMOHAIBHOTO MOJAX0Aa K padoTe ¢
TECTOBBIM U JIEKCUKO-TPAMMATHUYECKUM MAaTEPUATIOM.

OOyueHne C MOMOILBIO AAHHOTO Y4eOHOro MOCOOUsI OpraHU3yeTCs
KaK TPOLECC IMOCTOSHHOTO PEIICHUS PEYEMBICIUTEIbHBIX 3adad, 4TO
oOecrnieunBaeT 3¢ (PEKTUBHOE YCBOCHHE SI3BIKOBBIX CPEACTB U UX MIEPEHOC B
YCJIOBHUSX HOBBIX KOHTEKCTOB 1 PEUEBBIX CUTYAIIHH.



UNIT |
COMPUTER TECHNOLOGIES

Before you read

1. Discuss the question: How much do you know about computers?
Work in pairs and answer the questions:

— What is a computer?
— What does a computer do?

— What are the main components of a computer?
— Have you got a computer at home? What type is it?
— What do you generally use your computer for?

2. Match the terms below with their definitions.

1 RAM (Random Access Memory)

a) a combinational digital circuit
that performs arithmetic and
bitwise operations on integer binary
numbers

2 ROM (Read Only Memory)

b) the physical and electronic parts
of a computer, rather than the
instructions it follows

3 ALU (Arithmetic Logic Unit)

c) a type of storage medium that
permanently stores data on personal
computers (PCs) and other
electronic devices

4 Hardware d) the instructions which control
what a computer does; computer
programs

5 Software e) a computer's short-term memory,

where data that the processor is
currently using IS stored
temporarily




3. Vocabulary to Text «Computer and its components»
Read and remember the following words and word combinations.

to process data —oOpabarTbIBaTh JaHHBIC, 00CCIICYMBATDH IPOXOKICHHE
JaHHBIX

{0 execute — UCHOMHATE; BBINIOJIHATD; OCYLIECTBIIATh, PEATU30BaATh

elaboration — TtmarensHas pa3paboTka; BBIPAOOTKA; YTOYHCHHE;
o0paboTka; pa3paboTka; mpopaboTka; 1opaboTka

hardware — 1) anmaparypa (amnmapaTtHoe) 000pyI0OBaHKE; allllapaTHHIC
CPEICTBa;  <OKENe30»,  2) TeXHHWYCCKHUE  CPEJICTBA;  TEXHUYECKOE
obOecrieueHue

software — koMIbIOTEpHBIC TPOrPaMMBI, MMPOTPaMMHOE OOeCIeUCHuE,
codt

instruction —komana (3BM); onepaTop (s3bIKa IpOTpaMMHUPOBAHU);
UHCTPYKIIHSI

to perform - wWcmoAHATH;, JenaTh; MPEACTABIATH, BBITIOJHUTH;
COBEPIIUTH; OCYIIECTBUTH

in order to — mwist TOro 4ToOBI, YTOOKI; C LEIBIO

to distinguish — mnpoBecTn pasznauuue; OTIMYATH;, pPa3INYaTh;
000CcO0JSATh; XapaKTepU30BaATh
volatile memory — mamare ¢ paspylieHHeM HHGOPMAIINH;

3allOMMHAIOIIEE YCTPOWCTBO C  paspyllieHueM HWHQopmauuu 1Opu
BBIKTIOUCHUH  (DJICKTPOMMUTAHMS); DHEPro3aBUCUMOE 3allOMHUHAIOIICE
YCTPOUCTBO

non-volatile memory —moctosiHHas MaMsITh; JOATOBPEMEHHAS MTaMsITh;
AHEPTOHE3aBUCUMOE 3aIIOMUHAIONIEE YCTPOHUCTBO

permanent — HEW3MEHHBIM; JIOJITOBPEMEHHBIN;,  IMOCTOSHHBIU;
HEIIPEMEHHBIN; HETTPOXOIAIINN

Reading tasks

4. Read the text about computer and complete the table.

Computer and its components
A computer is an electronic device that performs high-speed
mathematical or logical operations and executes instructions in a program.
Its main functions are to accept and process data to produce results, store
information and programs and show results.



The main characteristics of these powerful machines are:

— speed, as they can execute billions of operations per second,;

— high reliability in the elaboration and delivery of data;

— storage of huge amounts of information.

A computer consists of hardware and software. The word hardware
refers to all the components you can physically see such as the CPU
(Central Processing Unit), the internal memory system, the mass storage
system, the peripherals (input and output devices) and the connecting
system. Software, instead, comprises all the computer programs and
related data that provide the instructions for a computer to work properly.

The CPU is the brains of your computer and consists of
ALU (Arithmetic Logic Unit), which carries out the instructions of a
program to perform arithmetical and logical operations, and CU (Control
Unit), which controls the system and coordinates all the operations. In
order to memorise input and output data, there is an internal memory that
can be distinguished into volatile and non-volatile. Volatile memory is
memory that loses its contents when the computer or hardware device is
off. Computer RAM (Random Access Memory) is a good example of
volatile memory. It is the main memory of the computer where all data can
be stored as long as the machine is on. On the contrary, a non-volatile
memory contains information, data and programs that cannot be modified,
or can be modified only very slowly and with difficulty. Computer ROM
(Read Only Memory), for example, contains essential and permanent
information and software which allow the computer to work properly.
Memory storage devices are available in different options, sizes and
capacities. These devices are extremely useful; they can be rewritten and
offer incredible storage capacity, up to 256 GB. They can be magnetic
(hard disks), optical (COs and OVOs) or solid (flash memory cards).

Functions

Component (acronym) | Full name / Description and properties

hardware
software
CPU
ALU
CuU
RAM
ROM




5. Mark these statements true (T) or false (F) according to the text.
Find the parts of the text that gives the correct information.

— Control unit coordinates all the operations.

— Hardware refers to all the computer programs and related data that
provide the instructions for a computer to work properly.

—Volatile memory is memory that retains its contents when the
computer or hardware device is off.

— The main memory of the computer where all data can be stored is
random access memory.

— An internal memory can be distinguished into volatile and non-
volatile.

6. Complete and translate the sentences. Use information from the Text.

— Volatile memory is that loses its contents when the
computer or hardware device is off.

— The main functions of a computer are to accept and data to
produce results, store information and programs and show results.

— The central processing unit is the of your computer and
consists of arithmetic logic unit and control unit.

— Software comprises all the computer programs and related
that provide the instructions for a computer to work properly.

—In order to memorise and data, there is an
internal memory that can be distinguished into volatile and non-volatile.

— Memory storage devices are extremely useful; they can be rewritten
and offer incredible storage

—Read Only Memory contains essentlal and permanent information
and software which the computer to work properly.

7. Choose the right variant. Explain your choice:
1) A computer is an electronic device high-speed
mathematical or logical operation.
a) to be performing
b) performing

2) Software, instead, comprises all the computer programs and
data that provide the instructions for a computer to work properly.
a) related
b) relating



3) In order to memorise input and output data, there is an internal
memory that can into volatile and non-volatile.
a) distinguish
b) be distinguished

4) Volatile memory is memory its contents when the computer
or hardware device is off.
a) losing
b) to be losing

5) A non-volatile memory contains information, data and programs that
cannot , Or can only very slowly and with
difficulty.

a) modify
b) be modified

8. Pick out 5-6 sentences which convey the basic information in the
Text. Discuss this information with your groupmates.



UNIT 11
COMPUTER NETWORKS

1. Discuss the questions. Take turns asking and answering the
following questions.

— What does a network consist of?

— What is a router?

— What is Ethernet used for?

— What are the advantages of using a network?

— What are the disadvantages of using a network?

2. Match the terms below with their definitions.

1 LAN (Local Area Network) a)a telecommunication network
that is used to simply extend a local
area network over a large
geographical distance

2 WAN (Wide Area Network) b)a set of rules governing the
exchange or transmission of data
between devices

3 Ethernet c) the traditional technology for
connecting devices in a wired local
or wide area networks that enables
devices to communicate with each
other via a protocol, which is a set
of rules or common network
language

4 Router d)a computer network that
interconnects computers within a
limited area such as a residence,
school, laboratory,  university
campus or office building

5 Protocol e)a networking device that
forwards data packets between
computer networks and performs
the traffic directing functions on
the Internet




3. Vocabulary to Text «Computer Networksy.
Read and remember the following words and word combinations.

network — cerb; pacmpeciieHHas OnepaldOHHAs MHTEPAKTHBHAS CETh
KOJIJIEKTUBHOT'O JOCTYTa

to share — menuth; pacnpenensaTh, pa3aeisaTh, Y4acTBOBATh; NCIUTHCS,
pacIpeieNIuTh; BJIaJIeTh COBMECTHO; IIPEAOCTABIISITh APYT APYTY

access ['ekses] — noctym (k 9BM); obparmienne (kK 6a3e JaHHBIX); BBOJ H
BBIBOJI JIAaHHBIX; IIOPSAJIOK oOOpalieHus; BbIOOpKa (M3 NaMAITH WU
3alOMUHAIOIIETO YCTPOMUCTBA)

to run programs — 3amyckaTth NporpaMMy; BBITIOJHSATh IPOrpaMMy

node — y3eir; K04 (BETKU peecTpa)

medium — cpema; oOCTaHOBKA;, cpena Iepeaadyd JaHHBIX; CpeIHEe
3HAYCHHUE; CIIOC00; CPEACTBO

{0 cover — oxBaThIBaTh;, OXBaTUTh; 3aKPbITh; 3aKPBIBATh; MEPEKPHIBATH;
MOKPBIBaTh,  CKpbIBaTh,  CKpBITh;,  OOECIICEUMBATh;,  IPOCTUPATHCH;
PaCCTUIIATBCA; PACIIPOCTPAHSATHCS; PACIIPOCTPAHUTHCS

to facilitate — crmoco0cTBOBaTH, COMENCTBOBATH, OKa3aTh COHECHUCTBHUE,
MpOABUraTh;  OOCCIEUNUTh; IIOMOraTh  JOCTIDKCHHUIO  (4ero-imdo);
3a/IeCTBOBATH; 00JIeryath (onepanumn); yupoCTUTh

Insecure — HeOE30IMACHbIN; HeHAACKHBIM, HEIIPOUHBIN; HE3aIIUIICHHBIH

to interfere — BMemuBaTLCS; BTOPraThCs

Reading tasks

4. Read the text about Computer Networks using the words and word
combinations given above.

Computer Networks

A network is a group of computers linked together. It consists of at
least two computers joined by cables on the same desk or same office, but it
can also mean thousands of computers across the world. The users of a
network can share hardware (scanner, printer, fax machine, etc.), access
data in other people's computers and run other programs stored in the
network although not installed on their own computer.

A network consists of:

— nodes, that is to say different computers and devices;

—a connecting medium, such as cables or a wireless connection;

— routers, which are special computers enabled to send messages;

— switches, that is to say devices which help to select a specific
path to follow.



Networks can be connected in different ways according to the area
they cover. A LAN (Local Area Network) is generally located in a limited
space, such as a building or a campus. On the contrary, a WAN
(Wide Area Network) operates in a larger area and it can reach most of the
world, so it could be described as a collection of LANSs all over the world.

The exchange of information in a network is controlled by
communications protocols, which define the formats and rules that
computers must follow when talking to one another. Well-known
communications protocols are Ethernet, which is a family of protocols used
in LANSs, and the Internet Protocol Suite, which is used in any computer
network.

Computer networks offer many advantages. For example, they
facilitate communication, allowing people to send emails and texts, make
phone/Video calls and videoconference. Furthermore, networks allow
people to share files, data, and other types of information as users may
access data and information stored on other computers in the network.

On the other hand, networks may be difficult to set up and may be
insecure as computer hackers can send viruses or computer worms to the
net computer. They may also interfere with other technologies, as power
line communication strongly disturbs certain forms of radio communication
and access technology such as ADSL (Asymmetric Digital Subscriber Line).

5. Mark these statements true (T) or false (F) according to the Text.
Find the parts of the text that gives the correct information.

— The users of a network cannot share hardware (scanner, printer, fax
machine, etc.).

— The users of a network can access data in other people's computers
and run other programs stored in the network although not installed on
their own computer.

— Networks can be connected only in different ways without according
to the area they cover.

— Networks may be easy to set up.

— Networks may be insecure as computer hackers can send viruses or
computer worms to the net computer.



6. Complete and translate the sentences. Use information from the Text.

— The exchange of information in a network is controlled by

— Well-known communications protocols are , Which is a
family of protocols used in LANSs, and , Which is used in any
computer network.

- A Is generally located in a limited space, such as a building
or a campus.

—A operates in a larger area and it can reach most of the
world, so it could be described as a collection of LANs all over the world.

— A network consists of , that is to say different computers
and devices; a , such as cables or a wireless connection;

, that is to say devices which help to select a specific path to

follow; , which are special computers enabled to send messages.

7. Answer the questions without using information from the Text.

— What does a network consist of?

—What is a router?

—What is a LAN?

— What is a WAN?

— What is the function of communications protocols?
— What is Ethernet used for?

— What are the advantages of using a network?

— What are the disadvantages of using a network?

8. Refer back to the text and write a summary of the components, pros
and cons of networks and describe a situation in which a network can
be very useful (8-10 sentences).



UNIT 1
NETWORK TOPOLOGIES

Before you read

1. Discuss the question: How much do you know about network
topologies? Work in pairs and answer the questions.

— What is network topology?
— Why is network topology important?
— What are the types of network topology?

— What is the most common type of network topology?

2. Match the terms below with their definitions.

1 Bus network a) the layout of the interconnections
of the nodes of a computer network
2 Star network b) a topology where computers in a

specific area are connected to hubs
creating a star, and then each hub is
connected together along the
network backbone

3 Star bus topology c) a topology where computers are
connected to each other in a circular
format

4 Ring network d) a topology where every node in

the network is connected to one
central switch

5 Network topology e)a network type where every
device is connected to a single cable
that runs from one end of the
network to the other




3. Vocabulary to Text «Network Topologiesy.
Read and remember the following words and word combinations.

network topology — Tomosorust ceTu; TOMOJOrMYECcKas CXeMa CETH
(o6mras buznyeckas WIn JIOTHYECKas KoHpUrypamus
TEJICKOMMYHHKAIIMOHHOW CHUCTEMBI: (DH3UYECKas TOIOJOTHS — CXeMa
COCIMHCHUN KOMIIOHCHTOB KaOeIsIMH W IPOBOJAMH, a JIOTHYECKas
TOTIOJIOTHS OITUCBIBAET, KaK MO CETH MPOXOAAT COOOIICHMUS )

node — y3eir; K04 (BETKH peecTpa)

bus — muHa; HHPOPMAITMOHHBIN KaHaIT; KaHa (Tlepeadn HHPOPMAITUH);
MarvucTpaibHas IMHA

bus network — cerp ¢ Tomosorme THma «oOIias IIMHA», CETh C
IIMHHOM TOIIOJIOTUEH; IIMHHAS CE€Th, CEThb C JOTMYECKOM TOIOJIOTHUEH
IIMHA

backbone — marucrpanp cetu; omopHas ceTb, 0a30Bas CETh; CETh
MEPBUYHBIX MEKCOCTUHEHU B HEPAPXUICCKOMN pacIpeIeICHHON CUCTEME

destination — nenp; Ha3HaYEHHE;, MECTO HA3HAYCHHUS, aapecar; MyHKT
Ha3HauYeHus (IpH Imepeave JaHHbIX ); aapecat nHpopMaIuu

star network — cerp ¢ TOmOJOrMENl THUNA «3BE3HA», CETh
3BE371000pa3HOM TOMOJIOTHH; 3B€31000pa3Has BEIYUCIUTEIIbHAS CETh

hub - xa0; saapo (cerm); Web-1ieHTp; KOHIIEHTpaTOop (B CETH);
LEHTPAJIbHBIA y3€J]1 KOMMYHUKAIUN

to go down — BBIXOAUTH W3 CTPOS; IOHHW3UTHCH, YTPAYUBaTh
paboTOCTIOCOOHOCTh

ring network — cetb ¢ TOMOJIOTHEH THIA «KOJIBIIO»; CETh KOJBIICBOM
TOTIOJIOTHH; CETh C KOJILIIEBOW TOMOJIOTHEH (BBIUUCITUTEIIbHAS ); KOJIbIICBAS
CEeTh

token — ycTpoiicTBO nacHTH(pUKANH; 3HAK (OTI03HABATEILHBIN ); TOKCH
(reHepaTop OJTHOPA30BBIX MAPOJICH B CHCTEMax ayTeHTH(HUKAIINN); MapKep
(B MHOTOITPOIIECCOPHBIX CUCTEMAX ); MPaBO JOCTYIa; 0003HAYCHHE; SPIIBIK;
JeKkceMa (CHHTaKCH4YecKas eIWHHUIlA B S3bIKaX NPOTrPaAaMMHUPOBAHHUS);
anmnapaTHbIM K1Y

nonetheless — Tem He MeHee; BCE JKe; MPU ITOM; BCE-TaKU

star bus topology — Tomojorus THIA «3BE37a-KOJBILIO», 3BE3IHO-
IIIMHHAS TOIOJIOTHSI

to expand — pa3BepThIBaThCSA; YBEIUYUTHCS;  YBEINUUBATH;

pacmupsTh(-Cs1); HapaluBaTh, pa3BOPAYNBATh; PACIIAKOBHIBATH



Reading tasks

4. Read and translate the text about Network Topologies using the
words and word combinations given above.

Network Topologies

A network topology is the layout of the interconnections of the nodes
of a computer network. It depends on the distance involved, the type of
hardware used and the stability needed.

Bus network

In a bus network all nodes are connected to a common medium,
called backbone, as it happens with Christmas lights. Information sent
along the backbone travels until the destination is reached. This kind of
topology is generally used only for small networks, as it isn’t able to
connect a large number of computers. The main advantage offered by this
topology is that if a computer or device doesn’t work, it doesn’t affect the
others (fig. 1).

Fig. 1. Bus network

Star network

In a star network all nodes are connected to a special central node
called the hub. Once it has received a signal, the hub passes it to all the
other nodes until it reaches the destination computer. This means that all
the computers and devices are joined together. This topology is commonly
used in businesses because it can grant rapidity and safety in exchanging
data. Thanks to this topology, data is always up-to-date and if a computer
doesn’t work, it doesn’t affect the others. The only disadvantage to it is
that if the hub goes down, the whole network doesn’t work (fig. 2).
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Fig. 2. Star network

Ring network

In a ring network each node is connected to its left in a circle. There
Is no central hub that holds all the data, and communication is sent in one
direction around the ring through the use of a token. As it requires fewer
cables, this topology is less expensive. Nonetheless, because it provides
only one pathway among the nodes, a single node failure may isolate all
the devices attached to the ring (fig. 3).

Computer node

Computer node

Computer node

Computer node

Fig. 3. Ring network



Star bus topology
Star bus topology is the most common network topology used today.

It combines elements of star and bus topologies to create a more effective
network. Computers in a specific area are connected to hubs creating a
star, and then each hub is connected together along the network backbone.
The main advantage of this type of topology is that it can be more easily
expanded over time than a bus or a star. On the other hand, this topology is
more difficult to configure than the others and if the backbone line breaks,
the whole network goes down (fig. 4).

Fig. 4. Star bus topology

5. Complete the table with the missing information. Use information
from the Text.

Topology Connection Use Advantages | Disadvantages
small networks

each node is
connected to
the central hub

ring




6. Mark these statements true (T) or false (F) according to the Text.
Find the parts of the text that gives the correct information.

— The topology chosen depends only on the location of computers.

— All topologies use many cables and are very expensive.

— In a bus topology all the buses are connected one after the other.

— In a bus topology a server controls the flow of data.

— In a star network data is always updated.

— The hub doesn't connect printers and other devices in a star topology.
— In the ring topology each node is connected to the hub.

— In the ring topology if the hub doesn't work, the network goes down.
— Star bus topology combines elements of bus and ring topologies.

— In a star bus topology a backbone line failure affects the whole network.

7. Complete and translate the sentences. Use information from the Text.

— Bus topology is generally used only for , as it
isn’t able to connect a large number of computers.
— In a star network all are connected to a special central node

called the hub.
— This topology is commonly used in businesses because it can grant

and in exchanging data.
— In a ring network each node is connected to in a circle.
— Computers in a specific area are connected to creating a
star, and then each Is connected together along the network

backbone.

8. Pick out 7-8 sentences which convey the basic information in the Text.
Discuss this information with your groupmates.



UNIT IV
AUTOMATION AND AUTOMATED SYSTEMS

Before you read

1. Discuss these questions.

e Which of the following does any automated system combine?

— A group of personnel, necessary automation complexes and
regulations;

— software and hardware.

e Do automated systems differ from automation devices? Give your
reasons.

e What is the role of automation in the industry?

2. Match the terms below with their definitions.

1 Software a) any information or data entered into
a computer for processing

b) the process of introducing a
2 Hardware machine to do something that used
to be done by hand or with animals

c) the process of using machines and
computers that can operate without
human control

d) the collection of physical elements

4 Automation of a computer system that has shape
and size and can be physically
tangible

e) a set of instructions or programs
instructing a computer to do specific
tasks

3 Input

5 Mechanization




3. Vocabulary to Text «Automation and automated systemsy.
Read and remember the following words and word combinations.

competitiveness — KOHKYPEHTOCIIOCOOHOCTh

integrated manufacturing — HWHTErpUPOBAHHOE IPOM3BOJCTBO
(C LIEeHTpaIM30BaHHBIM yIpaBjieHueM oT DBM)
technique [tek'ni:k] — Meroamka (TexHuka); MeTOA; CIOCOO;

TEXHUYECKUN TPUEM
decision making — npuHsTHE pelCHHMIA; IPOIICTypa IPUHATHS PEIICHUI

to facilitate — cmocoOcTBOBaTh; COACHCTBOBATh;, IPOJBHIATH,
obecrnieynBaTh

adjustment — KOppeKTHUPOBKA; pPEryJHPOBKA;, HACTPOWKA; BBHIBEPKA;
KOPPEKTHUPOBKA;  YyINOPSAAOYEHHE;  COBMEIICHUE,  IPHUBEACHHE B
COOTBETCTBHE; HaJaaKa

computer-aided design —  cucrema AaBTOMATH3HPOBAHHOIO
npoektupoBanus (CAIIP)

computer-aided manufacturing — aBTOMATH3HPOBAHHOE

IPOrPaMMHPOBAHKE; CHCTEMAa aBTOMATH3MPOBAHHOTO IIPOrPAMMHPOBAHMSI,
KOMIIbIOTEpHAS MOAICPIKKA IIPOU3BOICTBA

computer-aided engineering — KOMIIBIOTEPHOE MOJEIUPOBAHUE;
CHCTeMa AaBTOMATH3MPOBAHHOIO KOHCTPYHPOBAHHUS;, KOMIIbIOTCPHAs
HOIEPIKKaA PaCUCTOB M MH)KEHEPHOTO aHaIn3a

automated research system — aBroMaTH3MpOBaHHas CHCTEMa
HAaYYHBIX I/ICCJ'ICI[OBaHI/Iﬁ

automated control systems — aBTomaTuM3MpOBaHHAs CHCTEMa
ynpasieHus (ACY)

Reading tasks

4.Read and translate the Text wusing the words and word
combinations given above.

Automation and automated systems

Current highly increasing competitiveness over the industry demands
high quality and most consistent products with a competitive price. To
address this challenge number of industries considering various new product
designs and integrated manufacturing techniques in parallel with the use of
automated devices.



Automation takes a step further mechanization that uses a particular
machinery mechanism aided human operators for performing a task.
Mechanization is the manual operation of a task using powered machinery
that depends on human decision making. On the other hand, automation
replaces the human involvement with the use of logical programming
commands and powerful machineries.

«Automation puts the people out of work» is a common misconception
of automation. But the reason for putting the process operation to be
automated is to increase the productivity and product quality, reduce
manual/periodic checking, improve safety, and reduce the production cost
and to be operator friendly.

Automation is the technology by which a process or procedure is
accomplished without human assistance. It is implemented using a program
of instructions combined with a control system that executes the instructions.

One of the remarkable and influential moves for getting the solutions of
above mentioned challenge is the industrial automation. Industrial
automation facilitates to increase the product quality, reliability and
production rate while reducing production and design cost by adopting new,
innovative and integrated technologies and services.

Industrial automation can be defined as the use of set technologies
and automatic control devices that results the automatic operation and control
of industrial processes without significant human intervention and achieving
superior performance than manual control. These automation devices include
programmable logic controllers (PLCs), personal computers (PCs),
programmable automation controllers (PACs), etc. and technologies include
various automated system and industrial communication systems.

An automated system is a combination of both software and hardware
designed and programmed to work automatically without the need of any
human operator to provide inputs and instructions for each operation.
Automated systems allow monitoring processes in real time and identify
problems as they arrive, enabling quick adjustments along the way. The
automated system implements the technology, namely the information
technology, which establishes a number of certain functions.

The automated system has several types: computer-aided design
(CAD), computer-aided manufacturing (CAM), computer-aided engineering
(CAE), automated research systems and automated control systems, etc.

Nowadays, the automated system is being introduced and developed in
almost every organization and every enterprise of any region and any
country.



5. Mark these statements true (T) or false (F) according to the text.
Find the parts of the text that gives the correct information.

— «Automation puts the people out of worky is a common conception
of automation.

— Automation replaces the human involvement with the use of logical
programming commands and powerful machineries.

— Automation is the technology by which a process or procedure is
accomplished with human assistance.

— The use of set technologies and automatic control devices results the
automatic operation and control of industrial processes.

— Automated systems allow monitoring processes in real time and
identify problems as they arrive, disabling quick adjustments.

6. Complete the sentences. Use the information from the Text.
— To address this challenge number of industries various new

product designs and integrated manufacturing techniques in parallel with
the use of automated devices.

— Mechanization is the manual operation of a task powered
machinery that depends on human decision-making.

— Automation replaces the human involvement of logical
programming commands and powerful machineries.

— It is implemented using a program of instructions with a

control system that executes the instructions.
— An automated system is a combination of both software and hardware
and to work automatically without the need of any
human operator to provide inputs and instructions for each operation.

7. Choose the right variant. Explain your choice

1) But the reason for putting the process operation is to
increase the productivity and product quality, reduce manual/periodic
checking, improve safety, and reduce the production cost and to be
operator friendly.

a) to have been automated
b) to be automated
c) to automate



2) Industrial automation facilitates the product quality,
reliability and production rate while reducing production and design
cost by adopting new, innovative and integrated technologies and
services.

a) to be increasing
b) increase
c) toincrease

3) An automated system is a combination of both software and
hardware and programmed to work automatically without
the need of any human operator to provide inputs and instructions for
each operation.

a) has designed
b) designed
c) was designed

4) Automated systems allow processes in real time and
identify problems as they arrive, enabling quick adjustments along
the way.

a) monitoring
b) to monitor
C) monitor

5) Industrial automation can as the use of set technologies
and automatic control devices that results the automatic operation
and control of industrial processes without significant human
intervention and achieving superior performance than manual
control.

a) define
b) be defined
c) to be defined

8. Pick out 5-6 sentences which convey the basic information in the Text.
Discuss this information with your groupmates



UNIT V
COMPUTER INTEGRATED MANUFACTURING (CIM)

Before you read

1. Discuss these questions.

—What do you understand by the term Computer Integrated
Manufacturing? Can you give some examples?

— What is the role of computer in the manufacturing process?

— Do you know the difference between concurrent engineering,
workflow automation and flexible manufacturing?

2. Match the terms below with their definitions.

a)a particular way of thinking
about or dealing with something

b)a method wused in the
development of a new product in
which the different departments

2 Data that are involved in the design,
manufacturing, and selling of the
product work together from the
beginning of the project

c) tools, machines, or other things

1 To integrate

3 Approach that you need for a particular job
or activity
d) to combine two or more things
4 Concurrent engineering in order to become more
effective

e) information, especially facts or
numbers, collected to be
examined and considered and

5 Equipment used to help decision-making, or

information in an electronic form

that can be stored and processed
by a computer




3. Vocabulary to Text «Information Systemy.
Read and remember the following words and word combinations.

Computer Integrated Manufacturing —  KOMIIBIOTEPHO-
HHTCTPUPOBAHHOC IIPOU3BOACTBO , KOMIIJICKCHOC ABTOMATHU3HUPOBAHHOC
IIPOM3BOJICTBO

to encompass [in'kampas] — oxBaThIBaTh; OCYIIECTBIATH, 3aKII0YaTh,
COCPEIOTOYMTH B ceOe; 00bEeIUHATh B ce0e; 3aKI04aTh; COJAEPKaTh

dedicated software — cnernuann3upoBaHHOE IIPOrPAMMHOE 00CCIICUCHUE

In a seamless manner — riaaKo; 4YeTKO;, rPaMOTHO; 0E€3YKOPH3HEHHO;
0e3ynpedHo; OecrnepeOoiHO

feasible — BBITTOJIHUMBII; BO3MO>KHBIH; 000CHOBAHHBIH;
IIeJIECO00pa3Hblif;  WCTIOMHUMBIN,  momxoasmuid;  d(QQeKTuBHBIE B
NPaKTHYCCKOM ILTaHE

error-prone — HeHa ICKHbIHN; ITOABEPKCHHBIHN ITOTPEIITHOCTSIM; CKJIOHHBIH
K OIMOKaM; CIIOCOOCTBYIOIIHM OIIMOKaM

stand for — 3HauuTh; TONJCPKHMBATH, CHMBOJIHM3HPOBATh, O3HAYATh;
MPEACTABISATh (YTO-J.); BBIpaXKaTh, NPEACTABIATH, OBbITh Ha YbEH-THOO
CTOpOHE

holistic approach — koMIIIEKCHBIH MOAXO; EIOCTHBIA ITOAX0T

scheduled ['fedju:ld] ['skedju:ld] delivery date — 3amanupoBaHHas nara
JOCTaBKH

total quality management — koMIieKCHOE yIIpaBJICHUE KaueCTBOM

business process reengineering — mepenpoeKTHPOBaHUE OH3HEC-
MIPOIIECCOB; PEOPTaHu3aIisl OWU3HEC-TPOIIECCOB; PEHHXHMHUPHHT OW3HEC-
IPOIIECCOB; IMEPECTPOriKa OM3HEC-TIPOIICCCOB concurrent engineering

workflow automation — aBromaTH3alus ~ JTOKYMEHTOOOOPOTA,
aBTOMATH3aIH ITPOIIECCOB

enterprise resource planning — ruranpoBaHue pecypcoB MPEAPUITHS.

flexible manufacturing — rubkoe aBTOMaTH3MPOBAHHOE TPOM3BOJICTBO;
OBICTPO TIEpEHATAXKUBACMOE TIPOU3BOICTBO

flexible manufacturing cell — rubkuii MPOW3BOACTBEHHBIN MOIYJIh;
rMOKUI aBTOMATU3UPOBAHHBIN YUaCTOK

objective [ob'dzektiv] — menn; ocHOBHAS 11€ITb; TEXHUYSCKOE TPEOOBAaHNE

incompatible — HecoBMecTUMBII; MPOTUBOPEUAIINii; HECOYCTAIOIITHIACS

to accomplish — 3aBepmiarh; coBepIIaTh, COBEPIINUTH; BHIIOJIHUTE;
JIOCTHUTaTh; UCITOJTHATH



to exploit — monb3oBatbes (lawput); HCIIONB30BaTh; AKCILTYaTHPOBATH;
BBOJIUTH B ICHCTBHE; M3BICKATh BHITOIY U3 YETO-]I.

to evolve — pa3BuBaTh, pa3BUBATHCS; BHIOW3MEHHUTLCS; IMPETEPIICBAThH
U3MEHCHHUSI; IPEBPAIAThCS; SBOIIOIHOHUPOBATD; BHIACIIATD.

Reading tasks

4.Read and translate the Text, using the words and word
combinations given above.

Computer Integrated Manufacturing (CIM)

Computer Integrated Manufacturing (CIM) encompasses the entire
range of product development and manufacturing activities with all the
functions being carried out with the help of dedicated software packages.
The data required for various functions are passed from one application
software to another in a seamless manner. For example, the product data is
created during design. This data has to be transferred from the modeling
software to manufacturing software without any loss of data. CIM uses a
common database wherever feasible and communication technologies to
integrate design, manufacturing and associated business functions that
combine the automated segments of a factory or a manufacturing facility.
CIM reduces the human component of manufacturing and thereby relieves
the process of its slow, expensive and error-prone component. CIM stands
for a holistic and methodological approach to the activities of the
manufacturing enterprise in order to achieve vast improvement in its
performance.

This methodological approach is applied to all activities from the
design of the product to customer support in an integrated way, using
various methods, means and techniques in order to achieve production
improvement, cost reduction, fulfillment of scheduled delivery dates,
quality improvement and total flexibility in the manufacturing system.
CIM requires all those associated with a company to involve totally in the
process of product development and manufacture. In such a holistic
approach, economic, social and human aspects have the same importance
as technical aspects.

CIM also encompasses the whole lot of enabling technologies
including total quality management, business process reengineering,
concurrent engineering, workflow automation, enterprise resource
planning and flexible manufacturing.



The advances in automation have enabled industries to develop
islands of automation. Examples are flexible manufacturing cells,
robotized work cells, flexible inspection cells etc. One of the objectives of
CIM is to achieve the consolidation and integration of these islands of
automation. This requires sharing of information among different
applications or sections of a factory, accessing incompatible and
heterogeneous data and devices. The ultimate objective is to meet the
competition by improved customer satisfaction through reduction in cost,
improvement in quality and reduction in product development time.

CIM makes full use of the capabilities of the digital computer to
improve manufacturing. Two of them are:

— Variable and Programmable automation;

— Real time optimization.

The computer has the capability to accomplish the above for
hardware components of manufacturing (the manufacturing machinery and
equipment) and software component of manufacturing (the application
software, the information flow, database and so on).

The capabilities of the computer are thus exploited not only for the
various bits and pieces of manufacturing activity but also for the entire
system of manufacturing. Computers have the tremendous potential
needed to integrate the entire manufacturing system and thereby evolve the
computer integrated manufacturing system.

5. Mark these statements true (T) or false (F) according to the text.
Find the parts of the text that gives the correct information.

—The data required for various functions are passed from one
application software to another without a hitch.

— CIM increases the human component of manufacturing and thereby
relieves the process of its slow, expensive and error-prone component.

— CIM requires all those associated with a company to involve totally
in the process of product development and manufacture.

— It is not necessary to share of information among different
applications or sections of a factory, access incompatible and
heterogeneous data and devices.

— Computers have the tremendous potential needed to integrate the
entire manufacturing system.



6. Complete the sentences. Use information from the Text.

— This data to be transferred from the modeling software to
manufacturing software without any loss of data.
—CIM for a holistic and methodological approach to the

activities of the manufacturing enterprise in order to achieve vast
Improvement in its performance.

—CIM all those associated with a company to involve totally
in the process of product development and manufacture.

—CIM full use of the capabilities of the digital computer to
Improve manufacturing.

— Computers the tremendous potential needed to integrate
the entire manufacturing system.

7. Choose the right variant. Explain your choice.

1) Computer Integrated Manufacturing (CIM) encompasses the entire
range of product development and manufacturing activities with all
the functions with the help of dedicated software
packages.

a) being carried out
b) to be carried out
¢) having been carried out

2) This data has from the modeling software to
manufacturing software without any loss of data.
a) transferred
b) to be transferred
c) been transferred

3) One of the objectives of CIM is the consolidation and
integration of these islands of automation.
a) to be achieved
b) to have been achieved
C) to achieve



4) The ultimate objective is the competition by improved
customer satisfaction through reduction in cost, improvement in
quality and reduction in product development time.

a) to meet
b) to have met
C) to be meeting

5) CIM also encompasses the whole lot of technologies
including total quality management, business process reengineering,
concurrent engineering, workflow automation, enterprise resource
planning and flexible manufacturing.

a) enabling
b) enabled
c) being enabled

8. Pick out 5-6 sentences which convey the basic information in the Text.
Discuss this information with your groupmates.



UNIT VI
COMPUTER-AIDED DESIGN (CAD).
COMPUTER-AIDED MANUFACTURING (CAM)

Before you read

1. Discuss the question: How much do you know about Computer-
Aided Design (CAD) and Computer-Aided Manufacturing (CAM)?
Work in pairs and answer the questions.

— What are the essential features of CAD software?

— What is the main advantage of CAD?

— What are the essential features of CAM?

— What is the main advantage of Computer-Aided Manufacturing?

2. Match the terms below with their definitions.

1 Computer-aided manufacturing
(CAM)

a) software that can be used to
create  two-dimensional  (2-D)
drawings or three-dimensional (3-
D) models.

b) an integrated circuit containing
the arithmetic, logic, and control

2 Drafting circuitry required to interpret and
execute instructions from a
computer program
c) the making of drawings of

: : objects, structures, or systems that

3 Simulation

have been visualized by engineers,
scientists, and others.

4 Microprocessor

d) the development and use of
computer models for the study of
actual or postulated dynamic
systems

5 Computer-aided design (CAD)

e) an application technology that
uses computer software and
machinery to facilitate and
automate manufacturing processes




3. Vocabulary to Text «The origins of Computer-Aided Design (CAD)
and Computer-Aided Manufacturing (CAM)y.
Read and remember the following words and word combinations.

Computer-aided design (CAD) — cucrema aBTOMaTH3HPOBAHHOIO
npoexktupoBanust (CAIIP); KOMOBIOTEPU3UPOBAHHOE MPOECKTUPOBAHUE

(CAD);  mammnHoe  mpoektupoBanne  (CAD);  xoMmmbroTepHOE
KOHCTPYHPOBAHUE

Computer-aided manufacturing (CAM) - aBTromaTu3npoBaHHas
cucTema YIIPABJICHUSA MIPOU3BOJCTBOM (ACYIID); cucTeMa
aBTOMAaTU3UPOBAHHOTO MIPOTPAMMHUPOBAHUS; aBTOMATU3UPOBaHHAasI

CHCTEeMa yIPaBACHHUS TEXHOJOTHYSCKUMHU MPOIIECCaMU

to enable — maBaTh BO3MOXKHOCTH WM MPaBO (YTO-IUOO CIHEIATH);
00eCeUnTh BO3MOXKHOCTD (IS KOrO-TO JeJaTh YTO-TO); MOAAEPIKUBATD;
npucIocadanBaTh; MO3BOJATE; JeaaTh JOCTYIHBIM; HAJAEIATh; 00JIeryarh;
JeJ1aTh TOAHBIM; 00CCICUNTh; 00ECIICYUTh YCIIOBUS; CO3AaTh YCIOBUS

to simulate — moxenupoBath (MMUTHPOBATh MIPOLICCCHI, SIBJICHUS, 0CO0.
¢ moMo1po I9BM)

geometrical design —reomeTpuueckoe IPOSKTUPOBAHNE

computer numerical control (CNC) — u4ucnoBoe mnporpaMMHOE
ynpasieHue (UITY)

direct numerical control (DNC) — mpsimoe 1udpoBoe yrnpasicHHE
(TTLTY); npsiMoe YMCIIOBOE MPOTrPaMMHOE YIIPaBICHHE

to encode - umdposare; 3aMMPPOBHIBATE 1O KOIY; KOAUPOBATH;
peoOpa3oBbIBATh U3 aHAIOTOBOM (hOPMBI B IU(POBYIO

drafting process — mporecca TOATOTOBKH TMPOEKTa; TIPOIEeCC
pa3pabOTKH; MPOIECC MPOCKTUPOBAHMUS

to manipulate — ynpaBiIATh, MaHHUITYJIHPOBATH;, BO3JCHCTBOBATH
(Ha Koro-nmubo, uYTo-1n00); MNPOU3BOJIUTH JEUCTBUS; 00padaThIBATH;
KOMOWHUPOBATH

to facilitate — cmocoGcTBOBaTH, CONEHCTBOBATE, OKa3aTh COHACUCTBUE;
IPOJABUIaTh; IIOMOIaTh JOCTHKEHHIO (4ero-mibo); oOeCIeunBaTh;
BBIMOJIHATD; YCTPAHATh TPYAHOCTH; YIYUIIaTh; YIPOCTHTH (IIPOBEPKY)

shortcoming — HEIOCTAaTOK; HECOBEPIICHCTBO, H3bSIH; JIC(PEKT;
naJicHue HeJ04eT,; HeJJopaboTKa; ciaabast MecTo

parts-shaping — o00paboTka ngeTald Ha IONCPEUYHO-CTPOTAILHOM
CTaHKe

stamping —mramMIoBKa; mTeMITeJIeBaHUe; MAPKHUPOBAHUE
drilling — O6ypenwue; cBepienue; TpeHUPOBKA



milling — BambleBaHue; BaNbIOBKA; JApOOJECHUE; IPOKATKa,
bpe3epoBaHue

grinding — nummdoBaHue; pa3MeIbUCHHUE; TOUCHHUEC

part-holding clamps — dukcaropsl (3axBaThl) I 3aKPEIUICHHS
JeTajen

Reading tasks

4. Read and translate the text about the origins of Computer-Aided
Design (CAD) and Computer-Aided Manufacturing (CAM) using the
words and word combinations given above.

The origins of Computer-Aided Design (CAD) and
Computer-Aided Manufacturing (CAM)

Computer-aided design (CAD) involves creating computer models
defined by geometrical parameters. These models typically appear on a
computer monitor as a three-dimensional representation of a part or a
system of parts, which can be readily altered by changing relevant
parameters. CAD systems enable designers to view objects under a wide
variety of representations and to test these objects by simulating real-world
conditions.

Computer-aided manufacturing (CAM) uses geometrical design data
to control automated machinery. CAM systems are associated with
computer numerical control (CNC) or direct numerical control (DNC)
systems. These systems differ from older forms of numerical control (NC)
in that geometrical data are encoded mechanically. Since both CAD and
CAM use computer-based methods for encoding geometrical data, it is
possible for the processes of design and manufacture to be highly
integrated. Computer-aided design and manufacturing systems are
commonly referred to as CAD/CAM.

The origins of CAD/CAM

CAD had its origins in three separate sources, which also serve to
highlight the basic operations that CAD systems provide. The first source
of CAD resulted from attempts to automate the drafting process. These
developments were pioneered by the General Motors Research
Laboratories in the early 1960s. One of the important time-saving
advantages of computer modeling over traditional drafting methods is that



the former can be quickly corrected or manipulated by changing a model's
parameters. The second source of CAD was in the testing of designs by
simulation. The use of computer modeling to test products was pioneered
by high-tech industries like aerospace and semiconductors. The third
source of CAD development resulted from efforts to facilitate the flow
from the design process to the manufacturing process using numerical
control (NC) technologies, which enjoyed widespread use in many
applications by the mid-1960s. It was this source that resulted in the
linkage between CAD and CAM. One of the most important trends in
CAD/CAM technologies is the ever-tighter integration between the design
and manufacturing stages of CAD/CAM-based production processes.

The development of CAD and CAM and particularly the linkage
between the two overcame traditional NC shortcomings in expense, ease
of use, and speed by enabling the design and manufacture of a part to be
undertaken using the same system of encoding geometrical data. This
innovation greatly shortened the period between design and manufacture
and greatly expanded the scope of production processes for which
automated machinery could be economically used. Just as important,
CAD/CAM gave the designer much more direct control over the
production process, creating the possibility of completely integrated design
and manufacturing processes.

The rapid growth in the use of CAD/CAM technologies after the
early 1970s was made possible by the development of mass-produced
silicon chips and the microprocessor, resulting in more readily affordable
computers. As the price of computers continued to decline and their
processing power improved, the use of CAD/CAM broadened from large
firms using large-scale mass production techniques to firms of all sizes.
The scope of operations to which CAD/CAM was applied broadened as
well. In addition to parts-shaping by traditional machine tool processes
such as stamping, drilling, milling, and grinding, CAD/CAM has come to
be used by firms involved in producing consumer electronics, electronic
components, molded plastics, and a host of other products. Computers are
also used to control a number of manufacturing processes (such as
chemical processing) that are not strictly defined as CAM because the
control data are not based on geometrical parameters.

Using CAD, it is possible to simulate in three dimensions the
movement of a part through a production process. This process can
simulate feed rates, angles and speeds of machine tools, the position of



part-holding clamps, as well as range and other constraints limiting the
operations of a machine. The continuing development of the simulation of
various manufacturing processes is one of the key means by which CAD
and CAM systems are becoming increasingly integrated. CAD/CAM
systems also facilitate communication among those involved in design,
manufacturing, and other processes. This is of particular importance when
one firm contracts another to either design or produce a component.

5. Mark these statements true (T) or false (F) according to the Text.
Find the parts of the text that gives the correct information.

— Computer-aided design (CAD) involves creating computer models
defined by geometrical parameters.

— CAD systems enable designers to test objects by simulating real-
world conditions.

— The use of computer modeling to test products was pioneered by
textile industry.

— A linkage between CAD and CAM overcame traditional NC
shortcomings In ease of use and speed but not in expense.

— The use of CAD/CAM broadened from large firms using large-scale
mass production techniques to firms of all sizes.

6. Complete and translate the sentences. Use information from the Text.

— Computer-aided manufacturing (CAM) uses geometrical design data
to automated machinery.

— CAD had its origins in three separate sources, which also serve to

the basic operations that CAD systems provide.

— One of the important advantages of computer modeling
over traditional drafting methods is that the former can be quickly
corrected or manipulated by changing a model's parameters.

— One of the most important trends in CAD/CAM technologies is the

integration between the design and manufacturing stages of
CAD/CAM-based production processes.

— The rapid growth in the use of CAD/CAM technologies was made
possible by the development of mass-produced chips and the
microprocessor.



7. Choose the right variant. Explain your choice

1) Models typically appear on a computer monitor as a three-dimensional
representation of a part or a system of parts, which can be readily

altered by relevant parameters.
a) changed
b) changing
2) CAM systems are with computer numerical control (CNC)

or direct numerical control (DNC) systems.
a) associated
b) associating

3) The development of CAD and CAM and particularly the linkage
between the two overcame traditional NC shortcomings in expense,
ease of use, and speed by enabling the design and manufacture of a
part to be undertaken using the same system of geometrical
data.

a) encoding
b) encoded

4) The rapid growth in the use of CAD/CAM technologies after the early
1970s was made possible by the development of mass-produced
silicon chips and the microprocessor, more readily
affordable computers.

a) resulting in
b) resulted in

5) The development of the simulation of various
manufacturing processes is one of the key means by which CAD and
CAM systems are becoming increasingly integrated.

a) continued
b) continuing

8. Pick out 5-6 sentences which convey the basic information in the Text.
Discuss this information with your groupmates.



UNIT VII
CAD/CAM SYSTEMS: ADVANTAGES AND DISADVANTAGES

Before you read

1. Discuss these questions.

—What are the advantages of modeling with Computer-Aided
Design (CAD)?

— Are there any disadvantages of CAD/CAM systems?

2. Match the terms below with their definitions.

1 Zoom a) the activity of using mathematical
models (= simple descriptions of a
system or process) to do
calculations or predict what might
happen

2 Dimention b) the effect of a camera moving
toward or away from a subject by
using a camera lens

3 Computer-aided software | ¢) the simulation of human mental
engineering processes by machines, especially
computer systems

4 Modeling d) the domain of software tools used
to design and implement
applications

5 Artificial intelligence e)a mathematical space (or object)

Is informally defined as the
minimum number of coordinates
needed to specify any point within it




3.Vocabulary to Text «CAD/CAM systems: advantages and
disadvantages».
Read and remember the following words and word combinations.

drafting — yepueHue; cocTaBiIcHHE JOKYMEHTA; COCTABIICHUE MTPOCKTA;
MPOEKTHO-KOHCTPYKTOPCKHUE PAOOTHI; MMOJATOTOBKA ITPOCKTOB

compass — KoMmmac; OKPYXHOCTh; Kpyr; Mpenel; rpaHuia; oOxBar;
JUaTa30H; MPeeIb

to alter — mepenenbiBaTh; BHJIOM3MEHSTH;, MCHSATHCS; IMEPECMCHUTD;
BHECTHU U3MEHEHMUS; TPE0oOPa30BhIBATH; MIEPEIINTh

«zoomy feature — cmocoOHOCTh K MacCIITAOMPOBAHHUIO, CIIOCOOHOCTH
(mucmuiest) K UBMEHEHUIO MaciiTadba n300paKeHUs

camera lens — 00beKkTHB KMHOKaMephl, 00bEKTHUB (poToAaMIapara

to gain - mnonyyarh, mpuOOpeTaTh; 3apabaThiBaTh, JOOBIBATH;
BBIUTPATh; TOOUTHCS (UbETO-JIMO0 PACIIOI0KEHHS); TOCTUTaTh

cutaway — wu300pakeHHBI B  pa3pese; cpe3aHHas  4YacTh;
M300paKCHHBIN B CEYCHUU

to reveal - BBIBIATH, OTOOpaKaTh, OTKPHIBATh; PACKPHIBATH;
BCKpBIBaTh; OOHAPYXXHUTh; pa3obiayaTh; pa300IaunuTh, IOKA3bIBATH;
MOKa3aTh

spatial — mnpocTpaHCTBEHHBIN; CYIICCTBYIONIUI B IPOCTPAHCTBE;
3aHAMAOIIUN KaKoe-110o IIPOCTPAHCTBO; TEPPUTOPUATIBHBIN;
TPEXMEPHBIN

to have N0 means — He UMETh BO3MOXKHOCTEH, HE UMETh CPEJICTB
to comprehend — ocMBICTUTB; OCMBICIIMBATh, TOCTHYL, OXBATHTH;
BKJIIOUNTh;  ypasymeTh, Bmemath (Langfreak); ocMmbicnuBaThes;

OCMBICIIUTBCS;  OXBaTbIBaTbCS;  IOCTUTAThCA;  OO0BATH  (TIOHSATH,
MPEJCTABUTH); TITyOOKO MOHUMATh
to penetrate — npoHUKATh, IPOHUKATH BHYTPb;, IPOXOJUTH;

BTOPTraThCs; MOCTHIaTh; IOHUMATh; IPOIUTHIBATH

to mimic — mapoaupoBath; MOIACIBIBATh; MOAPAXKATH, IMOXOJHNTh HAa,
KOIIUPOBATh; MPUTBOPATHCS; KOIMMPOBATHCSA; IMHTHPOBATh; MOCIIUPOBATH,
HIOBTOPSATH

gravity — npuTsbkeHHUe; crjia MPUTSHKCHHS, TPaBUTAIINS; CEPhE3HOCTD;
Ba)KHOCTD

friction — TpeHue; cuiia TpeHUS; UCTUPAHKE, KOH(IUKT; Pa3HOIIACHS,
CLICTUICHHUE; 3aMe IJICHUEe Pa0OThI



grid — xoopauHaTHAs CeTKa; HAHOCHUTh KOOPIWHATHYIO CETKY; ILIaH
KapKkaca 37aHus (4epTexK); CeTKa CKBAXKHMH; CTPOUTH KOOPAWMHATHYIO CETKY;
DIICKTPOIHEPIreTUUECKas CHCTEMa; 3CPHUCTOCTH, ODIICKTPHUYECKAs CETh;
pelleTKa; yIpaBJISIONIUi MPOBOI; CUCTEMA PACIIPECIICHHBIX BHIUNCICHHNA

mesh — sdeiika (ceTn); oTBepcTHe (peliera, TPOXOTa); OYKO; METIIA
CeTH; siuciika ceTH; 00bEeIUHCHHUE, CIUIHUE; 3aMKHYTas CETh; CETKa

circuit ['s3:kit] — xaHan IBYCTOPOHHEH CBSI3W; TPOXOJ; WUTEPALHS;
JBYCTOPOHHHI KaHAJ CBA3H; JICKTPOCXEMa; MUKPOCXeMa; IPHOOp; eI

viable — >ku3HECHOCOOHBIM; KOHKYPCHTHBINW, >KH3HEPAIOCTHBIM;
11eJ1eCO00pa3HbIN; OCYIIECTBUMBIN
vehicle  ['viiak(e)l]] -  HocuTenp,  aBTOMOOWIb;,  JKHIIAXK;

aBTOTPAHCIIOPTHOE CPEJICTBO; MEPEBO30YHOE CPEACTBO

to bedevil [brdev(s)l] — myTath; My4nTh; OKOJIIOBBIBATh; 3aIyThIBATh;
BHOCUTh Hepa3zOepuxy; cOuMBaTh C TOJIKY; COUTH C TOJIKY; 3amyTaTh,
BBIBOJIUTE U3 ce0s

realm - mnoumeHoBaHHas o6Omacth (B 0a3ax JaHHBIX); 00J1aCTh
neicTBUsl; 001acTh (MMEHOBAHHASI COBOKYITHOCTD 3amucel 0a3bl TaHHbBIX);
obacth; chepa

computer-aided software engineering — aBTOMaTH3UPOBAHHOE
MPOCKTUPOBAHUE W  CO3/JaHUE  MPOTrpaMM,  aBTOMATHU3UPOBAHHAs
pazpadotka I10

computer-assisted — aBTOMAaTH3UPOBAHHBINM, BBIMOIHICMBIA ¢
MOMOIIbIO BBIYUCIUTEIIPHOW MAIIMHBI; BBITOJHIEMBINH C MPUMEHEHHEM
KOMITbIOTEPA; KOMITBIOTEPHBIN; KOMIILIOTEPU3UPOBAHHBIN; AIICKTPOHHBIH

ubiquitous [ju:'bikwitos] — moBceMecTHBIH; BE3/ICCYIINN;
BCTPEYAIOLIUICS IIOBCIONY; LIUPOKO pacIpoOCTPaHEHHBI,
€IMHBIN

Computer-Aided Selling — aBromaTu3armus npogax

Computer-Aided Marketing — aBTOMAaTU3HPOBAHHBIH
(KOMIIbIOTEPHBIN ) MAPKETUHT

work flows — moTOK [OesSTEeNbHOCTH, AaBTOMATHU3alUsd OAEIOBBIX

OpoLeayp; AaBTOMATU3ALMS JTOKYMEHTOOOOpPOTa; IMOCIEA0BATENbHOCTh
omnepainuii; pabodyue MpPoOUECChl; AOKYMEHTOOOOPOT; TEXHOJIOTUYECKUH
nopolecc; MOTOK  oOpabaThIBaeMbIX — J€Tajed; TOTOK  3aroTOBOK;
TEXHOJOTUUECKUM MapIIPyT; X0 padOoT; TPOU3BOJACTBEHHBIN MPOIIECC



Reading tasks

4. Read and translate the text about CAD/CAM systems using the
words and word combinations given above.

CAD/CAM systems: advantages and disadvantages

Modeling with CAD systems offers a number of advantages over
traditional drafting methods that use rulers, squares, and compasses. For
example, designs can be altered without erasing and redrawing. CAD
systems also offer «zoomy features analogous to a camera lens, whereby a
designer can magnify certain elements of a model to facilitate inspection.
Computer models are typically three dimensional and can be rotated on
any axis, much as one could rotate an actual three dimensional model in
one's hand, enabling the designer to gain a fuller sense of the object. CAD
systems also lend themselves to modeling cutaway drawings, in which the
internal shape of a part is revealed, and to illustrating the spatial
relationships among a system of parts.

To understand CAD it is also useful to understand what CAD cannot
do. CAD systems have no means of comprehending real-world concepts,
such as the nature of the object being designed or the function that object
will serve. CAD systems function by their capacity to codify geometrical
concepts. Thus the design process using CAD involves transferring a
designer's idea into a formal geometrical model. Efforts to develop
computer-based «artificial intelligence» (Al) have not yet succeeded in
penetrating beyond the mechanical — represented by geometrical (rule-
based) modeling.

Other limitations to CAD are being addressed by research and
development in the field of expert systems. This field is derived from
research done in Al. One example of an expert system involves
incorporating information about the nature of materials — their weight,
tensile strength, flexibility, and so on — into CAD software. By including
this and other information, the CAD system could then «know» what an
expert engineer knows when that engineer creates a design. The system
could then mimic the engineer's thought pattern and actually «create» more
of the design. Expert systems might involve the implementation of more
abstract principles, such as the nature of gravity and friction, or the
function and relation of commonly used parts, such as levers or nuts and
bolts. Expert systems might also come to change the way data are stored



and retrieved in CAD/CAM systems, supplanting the hierarchical system
with one that offers greater flexibility. Such futuristic concepts, however,
are all highly dependent on our abilities to analyze human decision
processes and to translate these into mechanical equivalents if possible.

One of the key areas of development in CAD technologies is the
simulation of performance. Among the most common types of simulation
are testing for response to stress and modeling the process by which a part
might be manufactured or the dynamic relationships among a system of
parts. In stress tests, model surfaces are shown by a grid or mesh, that
distort as the part comes under simulated physical or thermal stress.
Dynamics tests function as a complement or substitute for building
working prototypes. The ease with which a part's specifications can be
changed facilitates the development of optimal dynamic efficiencies, both
as regards the functioning of a system of parts and the manufacture of any
given part. Simulation is also used in electronic design automation, in
which simulated flow of current through a circuit enables the rapid testing
of various component configurations.

The processes of design and manufacture are, in some sense,
conceptually separable. Yet the design process must be undertaken with an
understanding of the nature of the production process. It is necessary, for
example, for a designer to know the properties of the materials with which
the part might be built, the various techniques by which the part might be
shaped, and the scale of production that is economically viable. The
conceptual overlap between design and manufacture is suggestive of the
potential benefits of CAD and CAM and the reason they are generally
considered together as a system.

Recent technical developments have fundamentally impacted the
utility of CAD/CAM systems. For example, the ever-increasing processing
power of personal computers has given them viability as a vehicle for
CAD/CAM application. Another important trend is toward the
establishment of a single CAD-CAM standard, so that different data
packages can be exchanged without manufacturing and delivery delays,
unnecessary design revisions, and other problems that continue to bedevil
some CAD-CAM initiatives. Finally, CAD-CAM software continues to
evolve in such realms as visual representation and integration of modeling
and testing applications.

The CASE for CAS and CAS/CAM

A conceptually and functionally parallel development to CAD/CAM
iIs CAS or CASE, computer-aided software engineering. «CASE» is the



use of a computer-assisted method to organize and control the
development of software, especially on large, complex projects involving
many software components and people.» CASE dates back to the 1970s
when computer companies began to apply concepts from the CAD/CAM
experience to introduce more discipline into the software development
process.

Another abbreviation inspired by the ubiquitous presence of
CAD/CAM in the manufacturing sector is CAS/CAM. This phrase stands
for Computer-Aided Selling/Computer-Aided Marketing software. In the
case of CASE as well as CAS/CAM, the core of such technologies is
integration of work flows and application of proven rules to a repeating
process.

5. Mark these statements true (T) or false (F) according to the Text.
Find the parts of the text that gives the correct information.

— CAD systems also offer «zoomy features analogous to a
conferencing app.

— Computer models are typically three dimensional and can be rotated
on any axis.

— CAD systems can comprehend real-world concepts, such as the
nature of the object being designed or the function that object will serve.

— The key area of development in CAD technologies is the simulation
of performance.

— It is not necessary for a designer to know the properties of the
materials with which the part might be built.

6. Complete the sentences. Use the information from the Text.

— CAD systems also offer «zoomy features analogous to a camera lens,
whereby a designer can magnify certain elements of a model to

inspection.

— CAD systems function by their capacity to geometrical
concepts.

— The design process using CAD involves a designer's idea
into a formal geometrical model.

— Among the most common types of are testing for response

to stress and modeling the process by which a part might be manufactured
or the dynamic relationships among a system of parts.



— Dynamics tests function as a complement or substitute for
working prototypes.

— The design process must be undertaken with an of the
nature of the production process.

— Recent technical developments have fundamentally impacted the

of CAD/CAM systems.

— CAD-CAM software continues to evolve in such as visual

representation and integration of modeling and testing applications.

7. Choose the right variant. Explain your choice.

1) CAD systems also lend themselves to .......... cutaway drawings, in
which the internal shape of a part is revealed
a) modeling
b) model

2) CAD systems have no means of comprehending real-world concepts,
such as the nature of the object being designed or the function that
object will serve.

a) designed
b) being designed

3) One example of an expert system involves incorporating information
about the nature of materials — their weight, tensile strength,
flexibility, and so on — into CAD software.

a) incorporating
b) incorporated

4) In stress tests, model surfaces are shown by a grid or mesh, that
distort as the part comes under simulated physical or thermal stress.
a) simulated
b) simulating

5) Another abbreviation inspired by the ubiquitous presence of
CAD/CAM in the manufacturing sector is CAS/CAM.
a) inspired
b) inspiring

8. Refer back to the text and write a summary of the components, pros
and cons of networks and describe a situation in which a network can
be very useful (8-10 sentences).



UNIT VIII
TWO-DIMENSIONAL CAD

1. Discuss the question: How much do you know 2-D CAD?
Work in pairs and answer the questions

— What is «Smart Paper»?
— What are the advantages of the «smart paper» approach?
— What is Computer Aided Engineering?

2. Match the terms below with their definitions

1 2-D CAD a) the simple mathematical model

that supports the geometric entities

(lines, arcs, etc.)

2 Smart paper b) relies on basic geometric shapes

like lines, rectangles, circles, etc. to

produce flat drawings

3 Scaling c)the  minimum number of

coordinates needed to specify any

point within mathematical space

4 Computer Aided Engineering|d)a linear transformation that
(CAE) enlarges or diminishes objects

5 Dimension e) the use of computer software to

improve product design and resolve

engineering problems for a wide

range of industries

3. Vocabulary to Text «Smart Paper» concept in 2-D CAD».
Read and remember the following words and word combinations.

geometric entities — reomerpuueckue OOBEKTBHI, TEOMETPHUICCKHE
DIIEMEHTHI
intelligence — yM; WHTEUIEKT, pacCylOK, pa3yM; YyMCTBEHHas

OJJapCHHOCTh; NOHMMAHWE;, 3HAHUS; BCTPOCHHBIE  BBIYMCIIUTEIbHBIC
CPEICTBA; Pa3BUTAs JIOTHKA; Pa3BUTHIEC JJOTUUECKUE BO3MOKHOCTH; Pa3BUTHIE
Jorudeckue PyHKIMK; oniepaTuBHas HHGopMalust; nHGopMarus



to support — okasbiBaTh COACKHCTBHE; MOAJCPKUBATH, OOCCICUHTH;
COTJIaCOBBIBAaTh; OKAa3bIBaTh ITOMOINb; BCTaBaTh Ha YbIO-THOO CTOPOHY
(someone)

side edge — 6okoBoe peOpo; OOKOBas rpaHb; OOKOBas KpOMKa; OOKOBOE
JIe3BUC

accuracy ['ekjorasi] — pgocTroBepHOCTh (MH(POpPMAIMK), TOYHOCTD;
TIIATETBHOCTD, MyHKTYJIBHOCTH, HWCIPABHOCTh; BEPHOCTH;, KOPPEKTHOCTH
(€.g2. KOPPEKTHOCTh JAaHHBIX ); MPABUIBHOCTD

to exploit - wcmonp30BaTh;,  MCIOJIB30BAThCS;  MOJIH30BATHCS;
pa3pabaThIBaTh; SKCIUTyaTUPOBATh; 3KCILTYaTHPOBAThCS;, U3BJICKATh BHITOMY;
3apabarbiBaTh (Ha KOM-THOO/Ha YeM-Tn00); pa3BuBath (t0 exploit success —
pa3BUBATh YCIIEX)

decimal place — paspsag nmecsaTHuHOM ApoOM; 3HAK TOCHE 3aIsTOM;
JNECATUYHBIN 3HAK; NECATUYHBIN pa3psiI

formulae ['fo:mjuli:] (plural) — bopmyier (formula (singular) — popmy:ia)

projections — mporHo3HbIe MOKAa3aTeIu; MPOSKTHBIC MOKA3aTe/IH

advent — mosiBiieHUE; OTKPHITHE; BHEIPECHUE; BBEJACHNE (HOBOM TEXHHUKH
WIA CHUCTEMBI YYeTa); CO3JIaHUC Yero-JIM00; BO3ZHUKHOBCHHE, BCTYILICHHE;
NPUMEHEHHE; Pa3BUTHE; pa3padoTKa

to figure out — Beipakathcs (B mudpax at); BBIUMCIATH, BBIYHCIIHTH;
TIOHATh; IOCTHYb; IOHMMATh; IOCTHraTh, JOAYMaTh, BBIICHHUTDH, PEIIHWTH
33734y

to be affected by — wucneiTbBare BaMsSHEE (Y-TMOO0); TTOMYUHATHCS,
TIOJIBEPraThCs BIMSHHIO; ITOIBEPIaThCs BO3ICHCTBUIO; ITOJABEPIraThCs
JIEMCTBUIO; 3aBUCETH OT

Computer Aided Engineering (CAE) - ApToMaTu3upoBaHHOE
KOHCTpyHpoBaHue¢ (IUIAaHMPOBAaHWE, MPOCKTHPOBAaHUE, pa3paboTka W
CO3JIaHUE C HCITOJIb30BAHUEM KOMIIBIOTEPOB (KOHCTPYHPOBAHUE B IIIMPOKOM
CMBIC/IC;  KOMIIBIOTEPHOE  MOJCIIMPOBAHUE,  KOMIIBIOTEPH30BAHHOE
MOJICIIMPOBAHUE, aBTOMAaTHU3UPOBAaHHBIC WH)KCHEPHBIC paloTEHI;
KOMIIBIOTEPHU30BaHHASI MHKCHEPHSI

Finite Element Analysis (FEA) — wuccinenoBanue (aHaiu3, pacdyer)
METOIOM KOHEYHBIX JIECMEHTOB

Computational Fluid Dynamics (CFD) - ruapoamHaMudeckoe
MOJICIMPOBAHUE; BBIUMCIMTEIbHAS TUAPOJMHAMHUKA; BBIYHMCIMTEIbHAS
JMHAMHUKA KMIKOCTH 1 rasa



component [kom'pounont] — cOCTaBHOW JJIEMEHT, KOMIIOHCHTA,
WHTPEANCHT; BXOSIINN B COCTaB; COCTaBHAS YaCTh; YacTh IIEJIOT0; JCTalIb;
4acTh

Initial Graphics Exchange Specification (IGES) - wucxonnas
cnenudukanys ooMeHa rpapudeckoit nHpopmarmert;  MexayHapOIHBINA
cTaHaapT oOMeHa rpaduyeckoit nHbopmaiuein

detrimental effect — neraTuBHOe BO3IEHCTBHE, HEOJIArONPHUATHBIM
a¢deKT; oTpUliaTeIbHOE BO3ACHCTBIE; HEraTUBHOE BIUSHUE; YIIIEPO; Bpe

misnomer [mis'noumo]| — HENpaBWILHOE HAa3BaHUE; HCIPABHILHOEC
HAaUMEHOBaHHE

mathematical centroid — uenTpomnna; ueHTp dopMbl (00beKTa Ha
M300paXEHUM); LIEHTP THKECTH; CPEIHSST TOUKA; LEHTP TSKECTH (UTYPHI;
[EHTP UHEPLIUN

Reading tasks

4. Read and translate the Text using the words and word combinations
given above.

«Smart Paper» concept in 2-D CAD

Probably the best way to think of doing 2-D CAD design and drawings
Is to think of the system as «smart paper». Although the geometric entities
(lines, arcs, etc.) being created on the screen could also be manually drawn
on a piece of paper, the CAD system has the ability to provide important
information and intelligence about that geometry. The key to this intelligence
Is the simple mathematical model that supports the entities.

If one works with a drawing as a piece of paper, and one wants to draw
a circle at a specific location on the paper with a specific radius to size the
circle, then there is no choice but to approximate the circle. The CAD
system, however, has the ability to idealize that circle and essentially make it
perfect. The CAD system can be «told» to make a circle that has a 10 mm
radius and lies at a point 100 mm from the bottom and side edge of the paper.
Although the CAD system will eventually make a hardcopy that is (like the
manual drawing) only an estimation of the circle, internally the CAD system
can remember the exact dimensions that the CAD user had in mind. It can
store the 10 mm and 100 mm values as actual numbers. Although the CAD
system also has a finite accuracy of perhaps 8 significant digits, and the 10
mm ideal value may actually be stored as 9.999999 mm, this is well within
the accuracy of virtually all manufacturing processes.



There are a number of advantages that can be exploited from the «smart
paper» analogy or the idea that the CAD system stores a mathematical model
of the design. Table 1 lists a number of these advantages. It is important to
note, however, that these functions will not work properly if the CAD system
IS not used accurately. For instance, whenever possible the actual numerical
values for the geometry (i.e., «object lines») should be entered to the CAD
system (as opposed to just guessing based on the appearance). If a circle is
supposed to be 15/16 of an inch in diameter, then the value of 0.9375 should
be typed into the CAD system somehow. Even if the eventual dimension
shown on the drawing might be 0.93 (to reflect the tolerances associated with
decimal places), it makes the most sense to have the CAD system
automatically round the number instead of just making the circle only 0.93”
in diameter (which will degrade the mathematical model).

Table 1
Advantages of the «Smart Paper» Concept in 2-D CAD

«Smart Paper» Advantage Description

Although one can calculate distances,
areas, angles, etc. by manually writing
out formulae and solving them, basically
all these values can be quickly and
easily calculated and displayed by the
CAD system. It can continue to provide
these measurements throughout the
design process.

Dynamic measurement

If the CAD system tracks views, their
scale, and their viewing angle (Front,
Top, Right, etc.), then it should be able
to create projections. This option allows
the user to create geometry in one view
and have some of it automatically
created in other views with the correct
orientation. With the advent of 3-D
models however, this is a much less used
capability.

Projections




Geometry that is created properly can be
scaled to larger and smaller sizes and
create accurate new geometries based on
existing ones. Some systems may also
Scaling allow the scaling to not be uniform in
the X- and Y-directions. For instance, a
part could be stretched to be longer in
the X-direction, but not changed in the
Y-direction.

Geometry that is created properly can be
reoriented in a number of ways, for
example, shifting or moving what has
Accurate moves and rotations been drawn by a specific amount (say
move all holes to the right by 10.523
mm). It can be much more accurate than
following methods that only look right.
Geometry that is created properly can
have the CAD system determine the
values of dimensions easily and
automatically (even if a variety of
drawing view scales are used in the
Automatic dimensions drawing). In this case, after the design is
drawn, the user can just pick the lines,
edges, points, etc., and the system will
figure out the proper distance between
them and create a dimension that shows
the appropriate value.

Two-dimensional CAE benefits

Most, if not all, analytical functions performed by engineers have
been affected by the use of computer software. These types of computer
programs are usually classified as CAE or Computer Aided Engineering.
Probably the most common of these programs is called FEA or Finite
Element Analysis. These programs attempt to predict the behavior of solid
materials (such as metals) under various loads or forces. Another common
type of program is called CFD or Computational Fluid Dynamics. These
programs attempt to predict the behavior of fluids.

In each of these cases, the CAE software needs to use a fairly large
amount of geometric information about the components being analyzed.
Assuming that a 2-D CAD system has been used properly (i.e. following
the «smart paper» approach), the CAD drawing can be useful for



engineering analysis. If the geometric entities are scaled and drawn
accurately, then the data about these geometric entities probably can be
transferred to the CAE program directly. Usually this involves the use of a
neutral file format such as the Initial Graphics Exchange Specification
(IGES). The desired result is to have lines or line segments from the CAD
program to be recognized as lines or line segments in the CAE program.
And, when 2 line segments meet at a corner, for instance, the line
segments must both really end at the intersection. Although a small gap
between these lines would still look correct and would have no detrimental
effect on the designer’s drawing, such a gap could cause difficulties in the
CAE program. Many of these geometric difficulties stem from the
generation of something in the CAE program called a mesh. A mesh is a
grid or framework of points within the confines of the part’s geometry that
controls where calculations can be performed. The creation of meshes
often involves the application of automated geometric calculations, and
issues like lines in a corner not touching will often cause errors.

Another aspect of engineering analysis with 2-D CAD data will
involve the 2-D geometric properties. One obvious calculation would be
area. If a part of a drawing has geometric entities that form a closed
section, then the CAD system should be able to calculate the area of that
section. Another common requirement for calculation in a CAD system is
section properties such as inertia or moment of inertia. The inertia gives an
indication of a cross section’s ability to resist being deformed based on a
specified axis; it weights the distribution of the area with respect to an
axis. This calculation is also useful for finding a CG or Center of Gravity
(generally these are misnomers for a mathematical centroid or center of
area, but the relation to a real center of gravity is too strong and so the
term CG is used anyway). The CG would be a point at the geometric
center of any arbitrary shape. Both the inertia and the CG are very often
applied in formulae for analyzing mechanical parts and assemblies.

5. Mark these statements true (T) or false (F) according to the Text.
Find the parts of the text that gives the correct information.

— There are a number of advantages that can be exploited from the
«smart paper» analogy or the idea that the CAD system stores a
mathematical model of the design.

— CAD system can’t create projections.



— Geometry that is created properly can’t create accurate new
geometries based on existing ones.

— Geometry that is created properly can have the CAD system
determine the values of dimensions easily and automatically.

—The CAE software doesn’t need to use a fairly large amount of
geometric information about the components being analyzed.

6. Complete and translate the sentences. Use information from the Text.

— Although the (lines, arcs, etc.) being created on the screen
could also be manually drawn on a piece of paper, the CAD system has the
ability to provide important information and intelligence about that
geometry.

— The CAD system, however, has the ability to that circle
and essentially make it perfect.

— There are a number of advantages that can be exploited from the
«smart paper» analogy or the idea that the CAD system stores a
of the design.

— Some systems may also allow the to not be uniform in the
X-and Y-directions.

— Although a small gap between these lines would still look correct and
would have no on the designer’s drawing, such a gap could
cause difficulties in the CAE program.

7. Choose the right variant. Explain your choice.

1) Although the geometric entities (lines, arcs, etc.) on the
screen could also be manually drawn on a piece of paper, the CAD
system has the ability to provide important information and
intelligence about that geometry.

a) created
b) to be created
c) being created

2) There are a number of advantages that can from the «smart
paper» analogy or the idea that the CAD system stores a
mathematical model of the design.

a) be exploited
b) to be exploited
c) exploit



3) If a circle is supposed to be 15/16 of an inch in diameter, then the
value of 0.9375 should be typed into the CAD system
somehow.

a) type
b) be typed
C) to be typed

4) This option allows the user to create geometry in one view
and have some of it automatically created in other views with the
correct orientation.

a) to create
b) creating
C) create

5) In each of these cases, the CAE software needs to use a fairly large
amount of geometric information about the components
a) analyzed
b) being analyzed
c) analyzing

8. Refer back to the text and write an abstract (8-10 sentences in
Russian) in accordance with the requirements for writing a scientific
abstract. Use the information from the Appendix.



Before you read

UNIT IX
TREE-DIMENSIONAL CAD

1. Discuss the question: How much do you know 3-D CAD?
Work in pairs and answer the questions.
— When did 3-D modeling start?
— What is the difference between 2D and 3D CAD?
— What are the advantages of the 3-D CAD system?

2. Match the terms below with their definitions.

a) the central data repository, or hub ,
in a corporation's data processing

1 3-D modeling center, linked to users through less
powerful devices such as workstations
or terminals

5> Mainframe b)a whole number that cannot be

divided exactly by two

3 Interference

c) the representation of an object,
situation, or set of information as a
chart or other image

4 Visualization

d) the net effect of the combination of
two or more wave trains moving on
intersecting or coincident paths (in
physics)

5 Odd

e) the process of creating a three-
dimensional representation of an
object using specialized software




3. Vocabulary to Text «3-D CAD systemy.
Read and remember the following words and word combinations.

planar — mI0CKOCTHOM; IUIOCKHM; IBYXMEPHBIN; JICKAIIUNA B OIHOM
IIOCKOCTH

€N0rmous — rpoOMaJiHbIN; OTPOMHBIN; TPAHIAUO3HbBIN

mainframe — 0a30BBIi KOMIIBIOTEP; YHUBEPCAIbHBI KOMITBIOTED;
yYHUBEpCalibHAsl BBIUMCIWTENIbHAS MalllMHA; OOJbINas BBIYUCIUTEIbHAS
CUCTE€Ma; KOMIIBIOTEP C BBICOKOM OOIIEH MNpPOU3BOJAUTEIHHOCTHIO
(MpU3BaHHBINA peliaTh TUIIOBBIE 33/1aud, KaK-TO: 00CIIyKUBaHHE OOJBIITUX
0a3 TaHHBIX WU OJHOBPEMEHHOE OOCITYKMBaHUE 3aMIPOCOB OT MHOYKECTBA
nojb3oBaTenei);  Ooiblliasgs  MHOTOIPOIECCOPHAST  BBIYMCIUTEIbHAS

CHUCTEMA; OONBIIION  YHHMBEpCAJIbHBI  BBICOKOMPOW3BOIUTEIBHBIN
OTKa30yCTOWYUBBINA CEPBEP

odd - HeyeTHOoe YHMCIIO; HEYETHAs KPATHOCTh, CTPAHHOCTD;
CIIy4alHOCTh

to tweak — HE3HAYMTENHLHO HW3MEHHTH, KOPPEKTHPOBATh, BHOCHUTH
MOMPAaBKU;, HACTPauBaTh; HaJaXUBaTh;, OTJIAKUBAaTh; BHECTU HEOOJIBIIINE
VW3MEHEHHS; IUNATh

robust — ycToH4MBBIA; YyCTOHYMBBIH K COOSM; YCTOHUYMBBIA K
OIMOKaM; HAJICKHBIN B KCIUTyaTaIlU; MPOYHBII
translucent —  mojcBeuMBaeMbBI  CHU3Y;  IOJIYIPO3PAdHBIMH;

MIPOCBEUUBAIOIIMI; MATOBBIN; IPOIYCKAOLIUNA CBET
line-to-line — nuHelHoOE, cxeMa «JIUHUA - JUHUSAY, JIMHUS B JUHUIO,

MeX 1y (pa3HbIN

feedback — orBetHas peakmus; oOpartHas CBs3b; OOpaTHas
uH(dopMalus; TOTOK 00paTHON MH(pOpMaLUU

to evaporate - wucnoapsaTb; IpeBpamiate B Iap; UCHApATHCH,

IpeBpaIllaThCsl B Map; BHIAPUBATH, 00E€3BOKUBATh; UCUE3aTh; Pa3BEITHCS,
JIOTHYTH (O TEPIIEHUM ); COMTH HaA HET; YJICTYUYUThCS; pACCEUBAThH

INtrinsiC — MO UIMHHBIN; UCTUHHBIN; JNCHCTBHTEIIBHBIM, BHYTPCHHHN;
MPUCY TN, CBOMCTBCHHBIM; CYLLIECTBEHHBIN; MMMAaHCHTHBIM;
00BEKTUBHBIN; BCTPOCHHBIE CPEACTBA; IPEAONPEACICHHBIN; BCTPOSCHHBIN



Reading tasks

4. Read and translate the Text, using the words and word
combinations given above.

3-D CAD system

In the 2-D case, work with the CAD system is based on planar
mathematics. Users of these CAD systems see only the flat representation
of data. The output of the system is just drawings (whether in electronic or
paper form). Although these 2-D CAD systems have basically eliminated
all drafting and the manual production of formal mechanical drawings,
they still require that the designer (or other type of user) mentally visualize
the physical object or design based on flat views.

Although this is not a significant problem for simpler parts, it can be
an enormous problem when the object or assembly is complex. For
instance, when the drawing is showing how to weld together 30 or 40
interconnected plates at a variety of angles, it can literally take hours of
studying to fully understand the design.

Clearly, the process of designing and documenting something
geometrically complex would benefit from a CAD system that could
actually show and manipulate three-dimensional models. For many years,
this was simply not practical for industrial users due to the relatively
limited power available from computers (particularly mainframe
computers that had to be shared with many other users). However,
throughout the 1980s and 1990s, the power of non-mainframe
computational systems expanded consistently and aggressively. Eventually
(at least by the mid 1990s), the computational power that could be
afforded to each designer was sufficient to create and manipulate 3-D
models. Now, 3-D methods can be considered the norm for mechanical
design.

Table 2 lists some of the advantages of the 3-D CAD system. It may
seem odd that these need to be listed, but there has generally been great
resistance to the adoption of the 3-D CAD system in most companies. It
has simply been such a large break with previous systems that the
transition was generally disruptive. It has been disruptive to work
processes since decades-old paper-driven design methodologies have had
to be changed. It has been disruptive to productivity since there is a



significant learning curve as designers have to be retrained, but then they
slowly gain back and then exceed the 2-D work output. And, it has been
disruptive financially since the initial contracts for obtaining the systems
can be quite significant (as opposed to existing 2-D CAD systems that are
already paid for).

Finally and perhaps most importantly, it has been disruptive at a
personal level since the 3-D CAD system is more demanding of the user.
They must be comfortable with following the logic and organization of the
software’s methods. Unlike 2-D CAD, where virtually any particular
method of construction could be followed as long as the final product (the
drawing) looked right, 3-D CAD users must create a “real” mathematical
model. These models are expected to be used, re-used, and tweaked over
time. In the 3-D CAD system, more particular methods of construction
must be followed. Some methods could be disastrous in the future, while
other methods are robust and powerful. The trick, in a sense, is to think
like the software, and to maximize its strengths and minimize its
weaknesses. Many designers particularly those who have done 2-D work
for a long time are not prepared for this level of involvement with the
software.

There are some important issues for users to consider at the start.
First, 3-D CAD is not really that difficult. Most people able to do design
work can learn how to do 3-D CAD effectively, at least if they keep
practicing. Second, there is a fair amount of jargon and assumed
knowledge hidden in the 3-D CAD systems.

Table 2
Advantages of 3-D CAD

Visualization The most basic advantage of 3-D CAD
is that the designer can really see the
design. There is no need to study the
views on a drawing. And, 3-D CAD
provides a means of navigating or
dynamically viewing 3-D models. This
means the designer can view it from any
angle and rotate it any direction.
Usually, the designer can also make it
translucent, cut open the model, etc.




Automated drawings

Since drawings are often still needed to
communicate designs with suppliers and
customers, 3-D CAD is wused to
automatically create the geometric
entities in drawings. Once a user
indicates the viewing angles (Front,
plane, datum, etc.), 3-D CAD can view
object, remove or process hidden lines,
and then create drawing views. 3-D
CAD meets or beats times for drawing
new geometry created in 2-D CAD.

Geometric properties

Once 3-D model is created, it can be
analyzed in many ways that are not
possible with 2-D CAD. For instance,
the volume of a properly created 3-D
model can be easily calculated.
Assuming material of part is known, the
weight can then be calculated. Even if
the 3-D model is an assembly of many
different materials, the 3-D CAD system
can still account for this and give a very
accurate weight. Distances in 3-D
models can also be measured in
sophisticated ways (3-D point-to-point,
points-to-lines, points-to-edges,
surfaces-to-points, lines-to-lines, etc.),
so designs can be more refined and
understood than in 2-D.

Interference checking

Once a 3-D model is created, it is
possible to have the 3-D CAD system
automatically determine if models or
pieces of models interfere.

Improved quality

3-D CAD provides easier transition to
the creation of analytical models (for
predicting failure). Drawings that are
automatically created from 3-D models
have fewer chances for geometry errors.
Isometric views can be produced easily;
an isometric view on a drawing is
helpful for the drawing reader to quickly
assess what the drawing is attempting to
show; reader can search for the proper
level of detail and understand the
drawing more productively and make
fewer errors in interpreting.




“True” design reviews

Design reviews are ‘“high level”
meetings that discuss the state of a
product design (including designers,
engineers, managers, customers,
marketing, manufacturing personnel).
They are meant to make sure that the
design IS  meeting  requirements.
Although they can be done with
drawings, there is very limited feedback
since attendees are forced to imagine the
product design state (often non-
engineering personnel are not adept at
studying drawings). This problem
practically evaporates when viewing a
projected image of a 3-D model.
Feedback is plentiful.

Intelligent models

3-D modeling software generally
encourages designers to include design
intent. This may take the form of
creating parametric relationships,
entering equations, family tables,
constraints, etc. This can allow a generic
part model to generate related parts
automatically. It might also encode into
a 3-D model which dimensions or
parameters are most important in the
design.

Standardization

Although 2-D CAD may have a means
for storing and organizing standard
geometry, once it is placed into a
drawing, there is typically no tracking of
reuse. 3-D CAD can keep a record of the
times the standard 3-D part models are
used in an assembly.

Associativity

3-D CAD can keep track of individual
geometric entity’s relationships to each
other. Using this associativity feature,
when the 3-D model is revised, the
geometry and dimensions in the 2-D
drawing can automatically change.
Relationships can also drive changes in
an assembly or analysis model based on
a part change.




Integrated product development With capabilities such as visualization,
associativity, and intelligent models, it
becomes much more realistic to create
interdisciplinary teams for product
development. Disciplines that might be
represented on such a team would be
manufacturing engineering, marketing,
process planning, purchasing, system
integration, etc. Although these groups
can be used on a team with 2-D CAD, in
3-D CAD these groups can very easily
integrate the state of the design with
their disciplines (just by looking at and
manipulating the 3-D models).

These systems have developed over a long period of intense research
and development, and often academic terminology and techniques creep
into the software. Users that have not been engrossed in the systems over
this long time are often blind-sided. Hopefully, the remainder of this
chapter will expose some of these pitfalls. Third, 3-D CAD can not be
beaten. The intrinsic advantages of a complete geometric model of a
product are simply too great to bother using 2-D any more for any serious
mechanical design activity. Once a 3-D model exists, it can be
interrogated, studied, analyzed, and sliced and diced in a way that not even
a physical prototype can equal. So there is no reason to fight the
3-D approach.

5. Mark these statements true (T) or false (F) according to the text.
Find the parts of the text that gives the correct information.

— In the 2-D case, work with the CAD system is based on non-planar
mathematics.

— Throughout the 1980s and 1990s, the power of non-mainframe
computational systems expanded consistently and aggressively.

— 3-D methods can be considered the norm for mechanical design.

— It has been disruptive at a personal level since the 3-D CAD system is
less Demanding of the user.

— Most people able to do design work can learn how to do 3-D CAD
effectively.



6. Complete and translate the sentences. Use information from the Text.

— Although this is not a significant problem for simpler parts, it can be
an enormous problem when the object or assembly is :

— Clearly, the process of designing and documenting something
geometrically complex would benefit from a CAD system that could
actually show and manipulate :

— It has been disruptive to work processes since decades-old
design methodologies have had to be changed.

— 3-D CAD provides a means of or dynamically viewing 3-D
models.
—3-D CAD can view , remove or process hidden lines, and

then create drawing views.
— Even if the 3-D model is an assembly of many different materials, the

3-D CAD system can still this and give a very accurate weight.
— 3-D CAD provides easier transition to the creation of (for
predicting failure).
—3-D modeling generally encourages designers to include

design intent.

— 3-D CAD can keep a record of the times the standard 3-D part models
are used in an .

—3-D CAD can keep of individual geometric entity’s
relationships to each other.

— With capabilities such as visualization, associativity, and :
it becomes much more realistic to create interdisciplinary teams for
product development.

7. Choose the right variant. Explain your choice.

1) When the drawing is showing how to weld together 30 or 40
plates at a variety of angles, it can literally take hours of studying to
fully understand the design.
a) interconnecting
b) interconnected

2) For many years, this was simply not practical for industrial users due to
the relatively power available from computers (particularly
mainframe computers that had to be shared with many other users).

a) limited
b) limited



3) It has been disruptive to work processes since decades-old
design methodologies have had to be changed.
a) paper-driven
b) paper-driving

4) Finally and perhaps most importantly, it has been disruptive at a
personal level since the 3-D CAD system is more of the user.
a) demanded
b) demanding

5) These models are expected over time.
a) to be used, re-used, and tweaked
b) to be using, re-using, and tweaking.

8. Refer back to the text and write an abstract (8-10 sentences in
Russian) in accordance with the requirements for writing a scientific
abstract. Use the information from the Appendix



UNIT X
SUPPLEMENTARY READING

1. Read the text. Please tell what information in the text was new to
you. Make a summary of the text and reproduce it in class.

Computer Hardware Basics

In order to fully master a CAD system, it is important to understand
how a computer functions. The intent here is not to become a expert in
computer technology, but to build a foundation. With this foundation, a
good CAD user or a CAD manager can hopefully evaluate systems and
create appropriate design processes. Particularly with the wide
proliferation of very capable 3-D CAD systems, it is essential to know
how the CAD software is going to interact with the computer hardware; 3-
D CAD is one of the most demanding applications available to run on
computers. Understanding how the software is trying to utilize the
computational resources can make the difference between a productive
design process and one that provides little benefit at all.

A basic understanding of computer systems allows designers and
engineers to make proper trade-off’s in utilizing available computer
resources. If a designer knows about graphics accelerators, he or she can
tell if a low-end PC can handle a particular task. If the designer knows
about how files are written and stored on a computer, he or she can tell
what it will take to translate the model to other formats or to other types of
computer systems. If the designer knows something about computer
networks, he or she will be able to tell how long it will take to transfer a
design’s files to other computer systems. These situations are common in
everyday design and engineering practice. CAD plays a vital role in many
aspects of design and engineering. Furthermore, designers and engineers
that use CAD are expected to understand how to maximize the benefits of
CAD, and understanding the computer systems themselves is an important
ingredient in this process.

Hardware refers to the physical components of a computer system.
However, it must be understood that the computer hardware is of little
value without software. Software is the computer programming that runs
or “executes” on the hardware. The hardware is often closely tied to the
software that is running on the computer, and in particular, on software
called the operating system or OS. Sometimes the combination of the



hardware and software is referred to as a platform. For example, two
common platforms are the UNIX® platform (the Unix operating system
combined with a workstation) and the Windows® platform (the Windows
operating system combined with a personal computer (PC)).

2. Before reading the Text, look at the title and say what information
you expect to find in it. Then read the Text and compare the given
information with your prognosis.

CPU

The CPU can be easily referred to as the master of the system. It is an
integrated circuit (IC or “chip”) that really manages the data amongst the
components. All the other components, therefore, are designed around the
CPU, and the CPU usually has the most obvious effect on the performance
of the computer. These devices have been developing and advancing for
decades now, and many classes or types of CPUs have come and gone.
Although mainframe computers were once built around the CPU (to be
shared by hundreds of users via terminals) today each user normally has a
CPU dedicated to their use within their personal system.

There are only a handful of vendors that produce CPUs that would
typically be used for CAD software. Therefore, there are only a few basic
computer systems that CAD users will generally come in contact with.,
Probably the most popular CPUs (for all applications) are made by Intel®.
Intel CPUs have had names such as 8086, 80286, 80386, 80486. After this
series of CPUs, a series of Pentium® chips were made (Pentium, Pentium
I, Pentium Ill, etc.), and then the Itanium®. Another popular series of
CPUs are made by Motorola®. Their chips have had names such as 68000,
68010, 68020, 68030, 88000, etc. These chips were the basis for the
Apple® Macintosh® (Mac) computers. The remaining CPUs found in
CAD systems would be from complete computer systems manufacturers
such as IBM, Hewlett-Packard® or “HP®,” Sun Microsystems™, etc.
Their chips would generally be considered “proprictary” since other
computer systems makers generally do not use them. This is in contrast to
Intel and Motorola which do not provide complete computer systems.
Another source of CPUs would be from “clones.” These chips are made by
companies other than Intel or Motorola, but they are functionally
equivalent or compatible with the original chips.



In popular usage, a PC is basically a computer with an Intel or Intel-
compatible chip in combination with a Microsoft® operating system.
Apple computers (such as the Mac) use Motorola chips, and they would be
considered a personal computer, but they would probably not be referred
to as a PC. Also, in popular usage anyway, a workstation is generally a
very high performance personal computer from a proprietary source,
combined with a variant of the Unix operating system. However, with the
overall performance of the PC reaching the performance of the
workstation, PC companies are now also referring to their computers as
workstations, even though they use the Intel-type CPU.

In terms of function, it is only really necessary to understand that the
CPU runs or executes very specific, rudimentary logic instructions. These
instructions can be referred to as machine code or machine language.
Programs such as CAD are not “written” in this language, but computer
programs that run on the system must eventually be “boiled down” to this
language. CAD software vendors write programs in so-called “high level”
languages such as FORTRAN, C, C++, Java™, etc., and programs called
compilers convert the program into the machine code instructions.

Probably the most important concept to grasp with respect to the
CPU is that it only communicates with the “outside world” (i.e. the CAD
software or any data) via memory. The CPU does not really communicate
with storage (such as disk drives) directly; instead, the system first brings
the data from storage to memory (data going from disk drives to chips),
and then the data goes from memory to the CPU. This is important since
memory chips are perhaps 1000 times faster in sending or receiving data
than disk drives. This, in turn, is important when dealing with computer
performance with respect to CAD software.

It turns out that CAD software can be very “intense” for the CPU;
CAD demands a great deal of computational power from the system as it
makes many mathematical calculations. Therefore managing or optimizing
the system’s performance is often an exercise in keeping the CPU working
on the mathematics and using memory as much as possible (as opposed to
just shuttling data back and forth in Storage devices). The CPU
communicates with memory via memory “addresses” (a little more detail
Is presented on this topic in the Memory and Storage sections of this
chapter).



The CPU is fed the instructions at a certain fast speed. This happens
under the governance of a clock or timing circuitry based on the electronic
resonance or vibration of a quartz crystal-based device. This governing
speed is known as the clock speed. Clock speeds were once as low as 4.7
Megahertz (or a million “ticks” per second) at the beginning of the CAD
for PC era, but now they exceed 1 Gigahertz (or a billion “ticks” per
second). At each few “ticks” of the clock, the system can complete a
machine code instruction as indicated by the program being executed. This
instruction could be moving data around the system (say from memory to a
“register” in the CPU); or it could be calculating or manipulating data
within the system (say adding 2 numbers together). Although there are
other chips or circuits that help the CPU perform these functions, the clock
speed and the CPU’s basic architecture pretty much determine the
computational performance of the computer.

In addition to the clock speed, the performance of the CPU is
dependent on the number of “bits” in the system architecture. A bit (short
for binary digit) is simply the 1s and Os, or ONs and OFFs, that computers
use and manipulate. Throughout the computer the “bus” transmits these
bits between devices. The width or the number of “lanes” in the bus’s
electronic highway obviously affects the performance of the system. If one
system can put 8 bits on the highway at one time, while another can put 32
bits on the highway, then the 32-bit system is going to transmit data much
more data in the same amount of time.

Originally, PCs were built upon an 8-bit architecture, with
complementary 8-bit CPUs (generally the Intel 8086). When PCs were
based on the Intel 80286, they were then using a 16-bit architecture with a
16-bit CPU. Once PCs were based on the Intel 80386, they were using a
32-bit processor (although sometimes with only a 16-bit bus). Once the
Intel 80486 arrived, all PCs could be considered completely 32-bit based
(although the operating system had 16-bit limitations for many years
afterward).

As each of these new CPUs arrived, there was a significant increase
in performance since the kind of work PCs generally performed could
readily utilize the new architecture’s capability. However, once 32-bit
architecture was widespread, the amount of data generated by the PC was
generally being efficiently handled by the computer; thus, 64-bit and 128-
bit architectures only provide relatively small increases in performance.



Another important distinction amongst the competing CPU types is
RISC vs. CISC architecture. RISC is an acronym for a “Reduced
Instruction Set” architecture. CISC represents a “Complete Instruction
Set” approach. The RISC architecture was a hallmark of the workstation-
class Unix-based type of computer for many years. The RISC architecture
allows the CPU to have long machine code instructions moving more
quickly to the CPU, and this allows the CPU to complete a function (such
as multiplying 2 numbers) 2 or 3 times faster than the CISC type of CPU.
So, the RISC computer can either perform as well as a CISC computer
using only a half or a third of the clock speed, or the RISC computer can
perform 2 or 3 times faster if both systems are at the same clock speed.
But, if the clock speeds of the CISC computer are 2 or 3 times faster than
the RISC system, then they may have about the same level of performance.

3. Read the text and write an abstract (8-10 sentences in Russian) in
accordance with the requirements for writing a scientific abstract.
Use the information from the Appendix.

Memory

Unfortunately, many computer users (CAD users included) use the
terms memory and disk interchangeably. However, they are actually very
different. There is a big difference between running out of disk space and
running out of memory. It is important to keep the CAD system using
memory as much as possible, since this can have a large impact on CAD
system performance. Memory is made up of integrated circuits or “chips”
(somewhat similar to the CPU). However, instead of being the “engine” of
the system like the CPU, the memory chips are just a place to temporarily
store data that is being worked on.

The memory chips can send, receive, and store at very fast speeds
(such as nanoseconds or billionths of a second), while the disk drive can
only typically do this on the order of milliseconds (or thousands of a
second). Therefore, it is clear that when a CAD program is running, it is
important to keep the CPU busy working with the data in the memory
chips. However, the data in the memory chips is gone once the power to
the system is turned off, so eventually, it is important to get the data stored
on the disk drives (which do not lose data without the electrical power).
Therefore, memory is considered volatile, since the data in the chips



disappears when the power is turned off, and storage (such as disk drives)
Is considered nonvolatile, since the data on the drives does not disappear
when the power is turned off.

Memory can be referred to in a number of ways. Occasionally
memory is referred to as core memory, or just “core.” In the early 1980s, a
VAX 11/780 “minicomputer” which handled 20 users may have had core
memory of 16 Megabytes (or about 16 million bytes; each byte made up of
8 ones and zeroes). The VAX’s operating system would manage or control
the use of that 16 Megabytes for the users on a continual basis. However,
the most common term now for memory is RAM. RAM stands for
Random Access Memory (meaning it can hold many different kinds of
data dynamically). There are other memory chips called ROM chips, but
they are generally not relevant to the CAD user.

Although the PCs of the early 1980s had no more than 512 kilobytes
(about 512,000 bytes) of Memory, CAD platforms will easily have a
gigabyte (about one billion bytes). And, unlike the VAX example, all this
memory is basically used by just one user. Of course, the platforms can
run more than one program at a time, so there is still some “competition”
for the available data space in the memory chips, but this competition for
resources should be minimized to keep the CAD program running as
smoothly and as fast as possible.

4. Before reading the Text, look at the title and say what information
you expect to find in it. Then read the Text and compare the given
information with your prognosis.

Memory Addresses

An important concept to grasp is that of memory addresses. The
memory chips are often described as having a huge number of mailboxes.
Every mailbox has a predetermined identifier or address, and the mail (i.e.
data) is supposed to be directed to that mailbox based on the address. So,
in addition to having an address, each mailbox can have contents. In other
words, at each given address (or mailbox) we expect to find something
within it (the data). Addresses might also be referred to as pointers, since
they point to where data is located.



These little mailboxes are really transistor-based devices etched into
the structure of the chip’s chemical layers, but the mailbox analogy is quite
helpful. So in a CAD system, a geometric entity (such as a line segment)
could be found in memory based on perhaps 4 addresses (symbolizing an
X- and a Y-value for each end of the line segment), and the contents of
each of these addresses would be the actual values of X and Y at the ends.
The addresses could be called “variables” such as X1, Y1, X2, Y2, and the
values of these variables could be numbers such as 1.5 mm, 2.5 mm, 12.5
mm, 15.0 mm, etc.

In addition to CAD data (such as the line segment data above), the
memory system must hold other kinds of information. First of all, some
amount of the operating system program must be kept in memory. This
makes sense since the CPU must run the operating system as well as the
CAD program, and yet the CPU can only communicate (as usual) via
memory. Of course, the computer design and the operating system
behavior will affect how much of the operating system must be kept in
memory. The more that is kept there, the faster the computer may run, but
this means there is less memory available for doing “real” work (like
keeping the line segment data). Another kind of information that must be
kept in memory is the actual CAD application programming instructions
(i.e. the machine code for the CAD program). This is sometimes referred
to as the “code segment” as opposed to “data segments.” Just as with the
operating system overhead, if most of the CAD program is always in
memory, then it may run fast. But if too much of the program is in
memory, there may be too little left for the CAD data (such as the line
segment data) and then it runs slower anyway.

5. Read the text. Please tell what information in the text was new to
you. Make a summary of the text and reproduce it in class.

Memory Configurations

In terms of the physical memory chips, they are often found in a wide
variety of configurations. Usually, the main circuit board or motherboard
contains the CPU as well as the memory chips. These chips are arranged in
banks. These banks have a given capacity to hold a certain number of
memory chip modules. These modules may be called SIMMs, although
there are other types of configurations with different names. The number
of these modules in combination with the capacity of a given memory chip
will create the total “physical” memory or RAM for the given computer
system.



A typical situation would be a SIMM module with 4 chips on it. The
chips could have a capacity of 32 Megabytes each, so when they are
combined into a single SIMM, there would be 128 Megabytes. Then 4 of
these SIMMs could be combined on the motherboard to give a total of 512
megabytes of physical memory. Recall that this then becomes the
maximum “address space” that the CPU could specifically utilize to run
the system, and then depending on the operating system, this could be
expanded to a certain higher number as “virtual” memory. For instance,
this 512 megabyte physical memory could be configured to mimic 4
gigabytes of memory as virtual memory.

Table 3 summarizes the contrasts between the memory system and
the disk system.

Table 3
A Comparison between the Memory System and the Storage System
Memory System Storage System
Memory System Storage | Integrated circuits (chips) | Disk drives
System Floppy drives
Data behavior Volatile (data is lost when | Nonvolatile (data is not
the system is shutdown) lost when the system is
shutdown)
Data speed Fastest device for the|Slow devices for the

computer  (data  rates | computer (data rates in
measured in nanoseconds) | milliseconds)

Terminology RAM Disk
Main memory Drive
System memory Hard drive
Core memory Floppy drive
DASD (archaic mainframe
reference)

6. Read the text and write an abstract (8—10 sentences in Russian) in
accordance with the requirements for writing a scientific abstract.
Use the information from the Appendix.



Storage

As already mentioned, the storage system is made up of a device or
devices that can permanently store data (it is “nonvolatile”). This is in
contrast to the memory system which is erased or empty when the
computer is turned off or shut down. In addition, the capacity or “size” of
the data that can be stored on a storage device is usually much larger.

In terms of actual devices, the storage system is generally made up of
one or more disk drive. These drives are devices that have a spinning a
disk within them. Thus, these devices are often also referred to as disks or
hard disks. These devices may also be referred to as hard drives, disk
drives, or C drives. These terms basically all refer to the same thing. The
spinning disk has magnetic material on it that can be altered by recording
or playback “heads” (similar to a magnetic tape). These heads are on a
electronically controlled arm that can swing over the spinning disk. The
whole mechanism is in contained in a vacuum-sealed enclosure that fits
into the computer system enclosure. Another type of storage device would
be a floppy drive or a diskette drive. These work on the same principle as
the hard disk, but they are generally used for transporting smaller amounts
of data between computers.

Although the memory system is the only way that the CPU really
communicates with the outside world, the storage system is the way that a
user really communicates with the computer. Users do not save what the
CPU has done, unless it is written to the storage system. This is true for
CAD programs, as well. The user does need to be aware of what data is
currently stored or saved on the storage system, and the user must be
aware of how the CAD program is going to read and/or write new forms of
that data. The way that the user generally recognizes the data on the
storage devices is through files.

7. Before reading the Text, look at the title and say what information
you expect to find in it. Then read the Text and compare the given
information with your prognosis



Formatting

Another issue with respect to the behavior of the disk drive device is
formatting. When a disk drive is first made available to a computer system,
the master file needs to be created on the device, and the master file needs
to know where the available space exists. This is the process known as
formatting. There are often different levels of formatting. A low level
format would actually have the heads scan and/or check every region of
the disk. A normal level format usually just creates a brand new master
file. Of course, creating that new master file means the old master file is
gone, and thus all the data that was on the disk drive is basically gone (it
can’t be located any longer).

The use of formatting is generally confined to setting up new
computers, but it can be used to improve performance as well. If the
master file has been used on a computer system for a long time, the file
may become large. Then, even when all the files that are residing on the
disk drive are removed, the master file may still be large. In this case,
reformatting the disk drive may speed up the rate at which files can be
looked up in the master file. Another performance improvement that may
be realized from low level formatting has to do with marking physical
regions of the disk as unreliable or unusable. In this case, the master file is
able to know that certain parts of the disk should no longer be used.

In addition to the performance aspects of the master file, the master
file concept can also be used to undelete files. When a file is removed or
deleted from a disk drive, the only action that generally happens is that the
data in the master file about the deleted file is removed from the master
file. However, the physical region (or regions) of the spinning disk that
actually stored the data is unchanged. Obviously, if the information in the
master file is not completely removed during the delete process, but simply
put aside for future use, it would be possible to restore the file that was
deleted. Of course, if the physical region of the disk (which would then be
considered available for other files) is re-used for new data by the master
file, then the “undelete” process is not going to work very well. In general,
PCs have had the undelete capability for many years; however, the
workstations have never had this capability. One reason not to include this
capability is the potential for slowing down the overall speed of data
access. If the master file completely “forgets” the deleted file information,
then the master file can remain more compact.



Another issue with respect to disk drive behavior is the importance of
how the data in a computer file are actually located on the spinning disk.
This is especially true for the very large files, and CAD files, particularly
3-D models, tend to be rather large (as mentioned earlier with respect to
the memory system it could be 100s of megabytes). With these large files
the data is going to far exceed the capacity for storage of one particular
region of the disk (that is a particular cylinder or block). In this case, the
data is going to be written to a large portion of these regions, and the
master file is going to have to keep track of where all those regions are
located.

Clearly it would be best if all that data is written to regions of the
disk that are “next to each other” or contiguous. In this case, the master file
will only have a small amount of information to store; i.e., where the large
file starts on disk and how far to go to read all the data. On the other hand,
if the large amount of data in a big CAD file is broken into many small
pieces, and these small pieces are in regions of the disk that are not
contiguous, then the heads above the spinning disk have to move many
times (perhaps 100s or even 1000s of times) to reassemble the entire file
into the memory system. Clearly this situation is going to be pretty
devastating to the performance of the disk drive and thus the entire storage
system. This situation is sometimes called “thrashing,” although this term
may be best considered to apply to the situation of the memory system
having to unload data to the storage system, and the storage system has to
rapidly attempt to shuttle data to and from memory (or swapping).

One important method to prevent this breakdown in performance of
the disk drive is to not let the disk drive capacity become too near to its
maximum. As the used regions of the disk grow, the available regions not
only become smaller (since less and less free space is available), these
regions become spread apart as the larger files create smaller gaps. As a
rule of thumb, no disk drive should exceed 80 percent of its maximum
capacity. On the other hand, if a disk drive is 90 or 95 percent used, one
can be certain that performance is suffering as the heads attempt to find
and assemble files.

It was mentioned earlier that reformatting a disk drive will improve
performance, and indeed, this will help alleviate the situation of the heads
not getting data efficiently due to the poor organization of the data on the
disk. However, it was also mentioned that the reformatting will erase all
the data in the disk drive. Obviously, this is not always acceptable. In this



case, a technique called “defragmentation” can be used. In this case, a
special computer program is used to “shuffle” the data around on the disk
(without doing the more drastic reformatting). The program reads a file
into the memory system, then it deletes enough of the file to create some
contiguous space on the disk. Then it rewrites the file from the memory
system back to this improved region. This process continues, file by file,
until the all the files on the disk drive are in a more efficient arrangement.
Of course, one must be certain that all the data on the disk drive has been
backed up (as mentioned earlier) before anything like a “defrag” program
Is used. If the computer system should shut down for some reason during
the running of the program, the result could be somewhat catastrophic.

In the chapter on software, the concept of directories and
subdirectories for files is presented. This technique of organizing larger
numbers of files on a disk drive has some bearing on the performance, as
well. It is the master files that need to keep track of the directories, and
thus the same arguments of spreading data too thinly on the disk, or
making the master file too large and cumbersome can apply to directories.
For instance, if there are 10,000 files on a disk drive and they are in a
single directory, then the master file for that directory will be relatively
large. On the other hand, if these files are spread into 10 different
subdirectories, and there is one master file for the top level directory, and
then 10 smaller master files for each of the directories, then these master
files will be much smaller, and therefore more efficient. Unfortunately, not
all operating systems take complete advantage of this sort of efficiency,
but it is still to be considered very beneficial for CAD programs, in
particular, to keep files in a well-organized system of directories.

8. Read the text and write an abstract (8-10 sentences in Russian) in
accordance with the requirements for writing a scientific abstract.
Use the information from the Appendix

The operating system (OS)

The OS of a computer system is clearly the most important layer of
software of which a user needs to have some knowledge (besides the CAD
application itself). Anything a CAD user learns concerning the operating
system is time well spent.



There are many important functions of the operating system, and as
many as possible are presented here, but this is really a basic overview.
The following are some generic functions generally expected to be
performed by the operating system.

Memory management: Brings applications (such as the CAD
software) from the storage system (i.e. disk drive) to the memory system
(i.e. the RAM chips).

File management: Creates, modifies, copies, deletes the files in the
storage system.

User management/security: Controls users and what users have
access to which functions of the computer system.

Command interface: A set of commands and/or language that can be
used to control and automate functions.

Network management: Controls access to network resources (at least
at a high level).

Device management: Controls what peripherals are active and their
configuration.

Queue management: Controlling functions (such as printing) that
need to manage data streams to off-line operations.

Memory Management

The primary means by which the operating system controls the
computer is via memory management. When a user wants to run a
program (such as the CAD software), the user somehow indicates this to
the operating system (such as clicking on an “icon” or typing a command).
The operating system then “looks” at the appropriate location on the
storage system (whether a local disk drive or on a network), finds the file
for starting the CAD software, and then copies the executable data found
in that disk file into the memory system. The operating system then signals
to the CPU where in Memory to find the data and programming, and the
CPU then performs the functions indicated by the new code in memory.
Thus, although the CPU does the processing of data, the operating system
tells the CPU what function is desired by the user.

Of course, there are many other functions that the computer performs
just to keep itself operating. Although a user may be running CAD
software, there is plenty going on behind the scenes, and the operating
system is generally coordinating this unseen activity. Usually this sort of
management is configured when the computer is first set up, and then the
operating system simply sustains this management activity without



intervention. However, each of these unseen activities requires resources
(such as memory) when they run or execute.

Often the way the operating system manages memory (between the
competing programs) tends to be a distinguishing characteristic of the
operating system. In the past, operating systems such as PC-DOS only
allowed one program to run at a time. Now most operating systems, such
as Unix and Windows, do allow more than one program to be running at
the same time. This behavior can be referred to as multiprocessing or
multitasking (although this can be an oversimplification). Older
derivatives of Windows allowed all programs to enter and leave the
Memory system in a sort of cooperative manner, but Unix and its
derivatives, as well as newer versions of Windows have one small master
program that coordinates and controls the other programs vying for
resources. This small master program is called an operating system kernel.
The kernel based systems tend to be more stable since the master program
Is more likely to be able to get rid of rogue or badly-written programs,
while systems without a kernel can crash more often.

9. Read the text. Please tell what information in the text was new to
you. Make a summary of the text and reproduce it in class.

User Management

Beyond the behavior associated with multitasking, there is somewhat
of a distinction between operating systems depending on whether they are
multi-user or not. In this case, the operating system is not only able to
coordinate the functions of different programs; it is able to manage
different users. These are computers that have “logins” or “logons.” This
kind of operating system is also going to have different classes of users.
Some users are going to be able to modify the system itself, while other
users are going to only be able to run the system, while yet other users may
have even fewer privileges. In many cases, the ability to control users is
blurred between a network and an individual computer. Unix and
mainframe operating systems are able to manage individual, independent
users accessing a single computer. This is how they were originally
developed, since computer terminals were used by a group of people.
Windows based computers tend to only exhibit multi-user behavior when
the PC is connected to a network, and privileges are granted in
consideration of the network resources. Controlling this function can be
referred to as user management.



Depending on the operating system, there can be a fairly
sophisticated set of privileges that can be granted and/or revoked to certain
users. The most important function to control is the privilege of modifying
the computer system or operating system itself. This is known as the
administrative or “admin” privilege. For most operating systems, the name
of user that has this privilege is derived from “admin” (SYSADM,
NETADM, etc.). On Unix systems, the user with this privilege is called
“root” (since Unix systems have an interesting “tree” organization scheme
based on files or pseudofiles and access to the “root” of the tree would
mean any part of the tree could be changed). Thus, on Unix systems,
having “root access” would mean that the computer system or the
operating system could be fundamentally altered.

Besides administrative access control, user management often
involves segregating users so that there are only certain parts of the
computer system that they can affect. In this case, different users may be
able to access files in one “area” of the storage system that has been
designated for their use, but they may not access files in other “areas”
(which could be part of someone else’s reserved space). This sort of
control would be typical for a CAD user on a typical computer system.
They have the privilege of working on the computer system, and they have
some space in which to do their work, but there are areas of the computer
that are off limits in some way. In some cases, this user may have whole
systems hidden from his view, while in other cases, the user can “see”
other resources, but can not actually use them. This space on the computer
system where a general user can create and destroy data is generally called
“home” or the “home directory” or a “C drive.”

Another aspect of user management that can be configured in many
operating systems is called groups. In this case, there are types of users
that are grouped together. As a group, then, they would have access to
certain privileges such as being able to read and write each other’s files.
This sort of arrangement could be used to control different design teams
working on a CAD system. Only members of a given team would be able
to alter the team’s files. However, “higher end” CAD systems would
probably offer this capability as part of the CAD system itself (instead of
relying on the operating system).



10. Before reading the Text, look at the title and say what information
you expect to find in it. Then read the Text and compare the given
information with your prognosis.

Command Interface

Operating systems generally have a command “interpreter.” This is a
type of computer language that works “directly” with the operating
system. A part or “module” of the operating system is “invoked” to
interpret the commands of the user. These commands can be interactive,
meaning the user is typing the command and then the computer acts on the
request. The commands for the interpreter could also come from a file.
This is an important function for automating tasks that the user does not
want to keep typing manually.

In many cases, the use of this automation process is “hidden” from
the standard CAD user. Instead, a CAD administrator or someone from the
computer systems department would probably use the command interface
to define functions, and then the standard CAD user would be given a
means of requesting the function (such as through an icon or pull down
menu). Of course, even standard CAD users can derive some benefit from
being at least somewhat familiar with the command interpreter capability.
This would facilitate understanding what the operating system is capable
of doing, and it could facilitate assisting the administrators of the system.

There are a number of names and capabilities associated with the
command interpreter and its language. For workstations, the most common
reference is to the shell program or shell scripts or just scripts. The shell is
seen as a program that is sort of a shell around the real program that is
controlling the CPU, memory, and storage, and it provides a more direct
interface between the user and the operating system. These shell programs
come in a number of “flavors” based on a succession of versions of the
Unix operating system. Some versions of Unix generally were coming
from AT&T’s Bell Labs and its descendants as System IV, System V
(“System 5), etc. Other versions were coming from the University of
California at Berkeley as BSD (Berkeley Standard Distribution). One
flavor generally had a shell program called “sh”; the other had a shell
program called “csh”. Later, versions of this operating system somewhat
merged the shells into a “ksh”. The programs that can be written to work



with these shell programs can be quite powerful, and the “scripting” of
unix is a renowned capability for the operating system.

There are also a number of terms applied to the dominant operating
systems for PCs. Most early PCs worked with the program called PC-DOS
(for Disk Operating System), and the PC-DOS program had a command
interpreter. Mainframes and early microcomputers also had programs
called DOS and/or OS, but this book will be assuming that DOS means the
Microsoft PC operating system program. The PC-DOS command
interpreter could be programmed through a type of file called a batch file;
it ended with the .BAT file extension (batch programming was another
mainframe term for many years, but again that will be ignored in this
work). Thus, it is not unusual to have the use of the command interpreter
capability be referred to as the “DOS prompt” (even though Windows has
long since replaced DOS), or for files that drive many command
interpretersto be referred to as “batch files.” Since Microsoft has
controlled most, if not all, of the development of the PC command
interpreter capability, there is far less confusion about their content (as
would be the case with the sh/csh/ksh situation with Unix). However, since
the PCs were not generally driven as much by scripting (for interactive
commands as well as shell scripts), the PC would generally be considered
less capable with respect to the command interpreter in comparison to
Unix.



JAK/IIOYEHUE

Kypc «ABTOMaTH3UpPOBAHHBIC CUCTEMBI CIICIIMAIHHOTO HAa3HAYCHUS:
WHOCTPAHHBIN S3bIK B MPOQPECCHOHATBHON NEATEIbHOCTHY» OTHOCHUTCS K
pa3psany TeX MIUCHUIUIMH, 3HAHHWE KOTOPHIX 00€CHEeUYMBAET YCIMEIIHOCTH
npodecCHoHaIbHON KOMMYHHMKAIIUM CTYJIEHTa, MaruCTpaHTa, aclUpaHTa.
Janubiii  ¢akT O0OBICHSET MNPUKIAJAHOW XapakTep MNpeaIaracMoro
y4eOHOro mocoousi, uTo oOycCIaBIMBAECT HAIWYKE OOJBIIOTO KOJIUYECTBA
AyTEHTUYHOTO TEKCTOBOI'O Marepuaja U JIEKCUKO-TPAMMAaTHYECKUX
ynpaxHeHui. Mcmonp3oBaHue HAcTOSIEro ydeOHOro mocoOus Ha
MPaKTUUYECKUX 3aHATHUAX 10 JucuUIUiiHEe «HOCTpaHHBIM S3bIK B
npodeccruoHaIbHOM eI TEILHOCTH oynet CII0COOCTBOBAThH
(GbOpMHUPOBAHUIO BCEX KOMIIOHEHTOB WHOS3BIYHONM KOMMYHHKATUBHOM
KOMIIETCHIIUH CITyIIaTeIeH.

CTpykTypa MocoOHs W €ro AWJAAKTUYECKHE CAMHHUIIBI (POPMHPYIOT
KUBO€ 3HAHWE PA3IUMYHBIMH CIIOCOOAMHU: CIOBECHO-CHUMBOJIMYECKUM,
BU3YaJIbHBIM, MPEIMETHO-NPAKTHYECKUM. B 00yd4eHHMM TpamMMaTHKe
COYCTAIOTCS KOMMYHHMKATHBHBIM W CHUCTEMHBIA IOJXOIbI, KpOME TOTO,
MPOUCXOTUT OOECreYeHrne TOCTOSHHOM aKTyalu3allid BBIYYEHHOMH
JeKCUKW.  M3ydeHume  MHOCTpAHHOrO  s3bIKa  Bcerja  Tpeoyer
CaMOCTOSITEIPHBIX YCHJIMH CO CTOPOHBI 00ydaeMoro, a IpejaiaraeMas
CUCTEMa yIOpaXHEHWW HE TOJBKO CIOCOOCTBYIOT  3aKpEIICHUIO
UMEIOIINXCS 3HAHUH, (QOPMUPOBAHUIO S3BIKOBBIX YMEHHI W HaBBIKOB, HO
U PETUCTPUPYET CTEIEHb UX CHOPMUPOBAHHOCTH.

YuebHoe mnocoOMe OTIWYAETCS MOTHBAILMOHHBIM MOCTPOCHUEM
TEKCTa, COBPEMEHHBIM «MHOTOCIOHHBIM» H3JIOKEHUEM, IO3BOJISIONINM
TIOCJICTIOBATENILHO U YTIIYyOJICHHO (POPMHPOBATH T€3aypyc HAa HHOCTPAHHOM
A3pIK€ B 00MacT HMHQPOPMATUKM U  BBIYUCIUTEIBLHONW  TEXHUKH,
aBTOMAaTH3aIluN TEXHOJIOTHICCKHUX IIPOIIECCOB. Conepxanue
XapaKTEePU3YeTCS COBPEMEHHOCTBIO TEOPETHUYCCKUX W IMPAKTHICCKUX
MOJXOJ0B U JOCTYITHOCTBIO U3JIOKEHUS CIIOKHBIX CHOKETOB JUHAMUYHO
Pa3BUBAIOLLEIUCS HAYKH.

MexayHapoaHble ¥ MEXKKYIbTYPHBIC KOMIETCHIIMA — ATO BaKHBIM
K04 K npodeccuoHambHOMY — ycmexy. SI3bIKOBbIE  KOMIICTCHITUH
IIOMOTAOT  OTKPHIBAaTh HOBBIE TOPHU3OHTHI M  JAlOT  OOJBIIHE
IPEUMYIIECTRA.
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Ha ocHoBe u3ydeHus... yCTaHOBJICHO....

CraThs TOCBSIIEHA TPUCTATBHOMY aHAIIA3Y...

Ha ocHoBanum ananusa..., a TakKe NPUBJICYCHUS... YCTAHABIMBAETCS, UTO...
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B kagecTBe wuccienoBaTeNbCKOM 3ajladyd aBTOpaMH Oblia
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CrtaThst TOABOUT HEKOTOPHIE UTOTH U3YUYECHHS. ..

ABTOp J1aeT 00OOIIECHHYIO XapaKTePUCTHKY...

JlaHHOE HaIpaBJIEeHUE AOTOJIHIETCS TAK)XKE PACCMOTPEHHUEM. ..
OOOCHOBBIBAETCSI MBICIIb O TOM, YTO...

B cratbe npoaHann3upoBaHbl KOHIICIIIHH. ..

B kxauecTBe KIIHOUEBOTO JI0KA3aTEIbCTBA... UCIIOJIb3YETCH. .

B craTtee npuBeieH aHann3 B3MJISI0B UCCIIEAOBATENEH. ..
JIMCKYCCHOHHBIM ITPOJIOJIKAET OCTABATHCS BOIIPOC O...

ompeaecHa

B naHHOI cTaThe MpeaNnpUHATA MOMBITKA PACKPHITh OCHOBHBIE IPUYWHBL. ..

B crtaTbe uznararoTcs B3MIISAbI HA...
ABTOp CTpeMUTCA MPOCIEUTH NPOIIECC...
B cTtaThe naH aHanu3 HAy4YHBIX U3BICKAHUM. ..
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