UNIT 4

Text A. Interactive Graphics Hardware (continued).
Engineering Workstations. Text B. Hard copy Output. Text C

EXERCISES

1. Recognize the following international words:

contrast, act, form, special, front, documentation, popular,
effective, to activate, complex, copy, thermal, presentation,
particular, type, to select, criteria, intensity, pigment, electrode,
electrostatic, tone, dielectric, problem, production, stationary,
professional, intervention, personal, archive, electromechanical,
film, electrophotographic, compact, cable, video, buffer

2. Practise the reading of the following words:

power - MOILITHOCTh, SHEPTUs;
CcTererb

appropriate COOTBET-
CTBYIOILMH, OIXOISIINN

network - ceTsb

primary - IepBUYHBIH,
HCXOIHBIH

approach - moxxox, npu-
OmmKeHne

rival n, vV KOHKYPEHT;
KOHKYPHUPOBaTh

setup v-  yCTaHaBIIMBAThCS,
MOMEIAThCS

run v- MPOTOHATH (IIPOrpamMmy);
paboTath, BHINOIHATh
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supply v- cHabxatb, obec-

TIeYnBaTh

apply v IpUMeHSATbH; NpH-

narath, IPUKJIaIbIBATh

relate (to) v cBA3bIBaTHCA C;

OTHOCHTBCS K

driver - mpaiiBep, npuBon,

BO30YyAUTENH

draw v (drew, drawn) yep-

THTh, PUCOBATh

offer v mpennaratp

support v oJAepKHUBaTh,
obecrieunBath

3. Memorize the following word combinations:

computing power BBIYHCIUTEIbHAS MOIHOCTD

low-end workstation aBTOMaTH3UpOBaHHOE paboyee MeECTO
(APM) nusmero knacca high-end workstation APM Briciiero
kinacca high-resolution graphic display rpaduueckuit gucmiei
C BBICOKOH pazpeniaronieii cnocoOHOCThIO

a main memory onepaTuBHOE 3anoMuHaroIee ycrporictBo (O3Y) a
computer network ceTh BHIUYHCIUTEIbHBIX MAIIHH

basic components OCHOBHbIE AeTall (KOMIIOHEHTHI)

a primary processor nepBHYHbINA (HCXOIHBIN) mpoIieccop basic
approaches 0OCHOBHBIE TTOJXOJIbI

stand-alone processors aBTOHOMHBIE IPOI[ECCOPBI

a particular user 0coObIii (4acCTHBIN, HHANBUIYAJbHbBIN) MOJb-
30BaTeb

a host computer riaBHas BBIYUCIUTEIbHAs MAalIHHA

a substantial amount 3HaYKUTEIBHOE KOJTUYECTBO

custom processors MpoIeccopbl, U3TOTOBJICHHBIE IO TEXHUYE-
CKHM YCJIOBHSIM 3aKa34uKa

4. Look through Text A. List the main ideas of it.

TEXT A. INTERACTIVE GRAPHICS HARDWARE
(CONTINUED)

Engineering Worksfations

Engineering workstations are display terminals combined
with computing power, most often in the form of 32-bit
microprocessors. Workstations are typically divided into two
broad categories: low and high end. Low-end workstations
generally consist of personal computers, often incorporating
a hard disk. Appropriate software is then added, along with !
special hardware. High-end engineering workstations contain
more powerful processors than personal computers. Hardware
in these systems generally consists of a high-resolution graphic
display (512x512 pixels of more), a processor capable of
0.5 to 2.0 million instructions per second, 1 Mbyte or more
of main memory, mass storage? of 50 Mbytes; and the ability
to operate in a computer network with other workstations
or host computers.

Workstations consist of three basic components: a primary
processor and associated memory, a graphics display system,
and software. These elements are assembled in various manners,
however. With low-end workstations standard personal com-
puters as a base are used, often adding standard options
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and proprietary software to the system as a turnkey work
station. In high-end systems, there are two basic approaches.
First, standard workstations that rival microcomputers in
processing power and memory are used as a base with
software being added to make the system an engineering
workstation. Second, some computing plant build proprietary
workstations on which to run their software (See atypical
workstation in Fig. 3.)

JOYSTICK, LIGHTPEN GRAPHIN
TOUCHSCREEN

DIGITIZER
TABLEY

ALPHANUMERICAL
DISPLAY

KEYBOARD

Fig. 3

Workstations can be used in a variety of ways. First,
they can act-as dedicated, stand-alone processors for certain
design or analysis tasks. They can be dedicated to a different
task or for a particular user. Another large use of workstations
is as front-ends’ to larger host computers. Problems can be
setup with the workstations, and up-loaded to the host for
processing.

Processors for workstations are typically either 16-bit,
as used in personal computers, or 32-bit, as used in high-end
workstations. Personal computers, with their standard 16-bit
processors, have an advantage of being able to run a sub-
stantial amount of software such as programs for word pro-
cessing. In contrast, 32-bit workstations can provide processing
power close to that of minicomputers. And some workstations
manufacturers offer packages for other tasks such as word
processing and documentation.

High-end workstations are generally based on 32-bit
microprocessors, and take one of three forms: those found
in newer personal computers, custom processors, and popular 36

microprocessors built-in architecture. High-end workstations
are generally supplied with large, high-resolution displays
of around 1,000x1,000 pixels. Main memory consists of at
least4 1 Mbyte, and sometimes more. Network interfacing
is built into the system. And all features can be found in
a family of processors so that the appropriate processing
power can be applied to a given task.

Workstations typicalléf place an emphasis on graphics
display and manipulation’- since this is an effective method
of off-loading the host. The features of a display system are
directly related to the processing power of a so-called display
driver and not to the characteristics of the terminal screen
itself. Functions such as colour fills,® line and arc generation,
and rotating are controlled by the display processor and
associated hardware. For example, to draw a line between
two points on a raster system the display processor must
calculate which pixels fall along that line and activate them.

Graphics calculations for a raster display may require
large processing power. For example, 1 Mbyte of memory
is required to support a screen with a resolution of 1.000X
X 1,000 picture elements (pixels). A manipulation can be
as simple as changing the colour of one line or as complex
as rotating the entire image. Colour adds to the amount of
information stored in memory.

NOTES

1.along with — BmecTe ¢

2. mass storage — MaccoBOE 3allOMHUHaoIIee yCTpoicTBo (3Y)

3. front-ends — CBA3YIOIIIHE (KOMITBIOTEPBI)

4. at (east — 1o KkpaiiHe# Mepe

5.place an emphasis on graphics display and manipulation — npu
Jar0T 0co00e 3HaueHNE TpadUuecKOMy AUCIDICIO M YIIPABJICHHUIO ONEPALSIMU

6. colour fills — 1BeTOBBIE HATIOJTHEHUS

5. F.ind the Russian equivalents to the following English word
combinations:

a) 1, in the form of 32-bit microprocessors; 2. in various
manners; 3. as a base; 4. proprietary software; 5. a low-end
workstation; 6. a turnkey workstation; 7. processing power;
8. computing power; 9. an engineering workstation; 10. front-
end and large computers; 11. so-called; 12. host computers;
13. the basic approach; 14. a stand-alone processor; 15. an
uploaded host computer; 16. dedicated processors; 17. custom
processors; 18. an effective method of off-loading; 19. an entire
image; 20. line and arc generation; 21. the proprietary work-
stations
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9. Read Text A attentively. Divide it into logical par Is.
Write
out the key words and the topic sentences from each paragraph.

10. Using the topic sentences from Text A, compose a plan (5-6
items)
and recall the text according to your plan.

11.Check up yourself how much you have memorized from Text
A.

a) Complete the following sentences:

1. Workstations are display terminals combined with
computing (machine, power, numbers). 2. Low-end work-
stations generally consist of personal computers, often incor-
porating a hard (disk, ware, copy). 3. Workstations are
dedicated to a different task or for a particular (computer,
user, equipment). 4. Graphics calculations for a raster display
may require large processing (device, capability, power).
5. High-end workstations are supplied with large high-reso-
lution displays of around 1,000x1,000 (numbers, pixels,
points). 6. In engineering workstations personal computers
are used with their standard 16-bit (memory, input, processors).

b) Say which two classes the workstations consist of.
¢) Name in which ways workstations can be used, d) Recall
which processors are used for workstations, e) Say what
difference 1s between 16-bit and 32-bit microprocessors,
f) Recall words and word combinations used for describing
low-end and high-end workstations.

12. Write an abstract of Text A in Russian (see p. 126).
13.Look through Text B. List its main points.

TEXT B. HARDCOPY OUTPUT

A CAD/CAM system is not complete unless it can make
hardcopies' of designs or analyses created on the terminal.
Equipment for producing such copies includes pen plotters,
photocopiers,” and graphics printers. Determining the best
output device for a particular CAD/CAM application is a
three-step process: (1) specifying how hardcopies will be
used, (2) identifying quality and cost criteria, and (3) selecting
equipment most suited for the application.

(1)Hardcopies are used for a variety of purposes. Design
iterations can be reduced by making hardcopies at crucial
(pemarommii) stages and distributing(pacnpenensats) them to
the personnel for review. Hardcopy production equipment
also permits drawings and documents to be made for archiving
purposes.

(2) Another criteria is copy quality in terms of clarity
and precision. Although resolution is often given in dots
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per inch or addressable points per inch,’ the number of lines
is important consideration in determining copy quality.
Resolution of the hardcopy device must be important as it
is in the display terminal.

(3) The first step in selecting an output system is to
develop application requirements in terms of specific (koH-
KpeTHBII) copy characteristics and production capabilities.
The first of these is visual effect, primarily with regards
to whether a hardcopy is black-and-white or colour. 5 Black-and-
white is usually satisfactory for reproducing data, text, and
line drawings. Colours can hehg emphasize areas of figures in
data tables, highlight changes” on production drawings, and
differentiate between components in system layouts.
Moreover, colour is almost a requirement in complex or
3D designs.’

Belt
2 Pen Carrier

\

Fig. 4

Plotters. Two basic types of electromechanical pen plotters
are used in CAD/CAM systems. In flatbed plotters, servo-
controlled pens or styli are moved in two axis over flat,
stationary sheets of paper. In drum or roll plotters, pens,
styli, or ink jets remain stationary or move along one axis
while the paper moves in another axis on a revolving drum.

Pen plotters are used to produce colour, professional draw-
ings. They will produce large size hardcopies and have high
line quality. Pen plotters can also work with almost any
media, including paper, mylar (Munap — HCKyCCTBCHHas
mienka), and film. They are best suited for applications
requiring high-line resolution. (See Fig. 4.)

Photocopiers. Copiers typically use the so-called electro-
photographic method, in which a beam of light projects an
image from a CRT onto light-sensitive (CBETOYYBCTBUTEIILHEIIA)
paper. These units are most appropriate for applications that
require high-speed, high-resolution copier. Copiers are com-
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pact, inexpensive, and easy to operate. CRT copiers are
most often used in preliminary (mpeaBapuTenbHbIi) wWork or
for reference. Also in this class are video copiers, units that
can copy an image appearing on a CAD/CAM terminal.
Basically, a cable is run from the video output of a terminal
to the copier. Pressing the button produces a copy of the
images on the screen, commands and all. Some units have
buffers so the terminal can be used during copying.

NOTES

l.unless it can make hardcopies —ecnu oHa HE MOXKET U3TOTaBIH
BaTh NeYaTHbIE KOMMH

2. photocopier — (hOTOKONMHUPOBAIBLHOE YCTPOHCTBO

3.in terms of clarity and precision —c¢ TOYKH 3PCHHS YHCTOTHI
¥ TOYHOCTH

4.in dots per inch or addressable points per inch — B Toukax Ha
JIOWM WJIHM B @IpECyEeMbIX TOYKaX Ha JIOHM

5. primarily with regards to whether a hardcopy is black-and-white
or colour —raBHBIM 00Pa30M OTHOCHTEILHO TOT'O, ABISETCS JIM IeYaTHas
KOMHSI YepHO-0€eJI0i MM I[BETHOM

6. highlight changes—mu3MeHeHHUs B BRICBEUHBAaHUN HHGOPMAIUN HA
JKpaHe

7.3D design — TpexmMepHOe POSKTUPOBAHUE

14.Read Text B attentively. Make up a list of key words.
Divide Text B into logical parts.

15.Find answers in Text B for the following questions:

1. When is a CAD/CAM system considered complete?'
2. What equipment is used for producing hardcopies? 3. What
is it necessary to know for determining the best hardcopy
device for a particular CAD/CAM system application?

Write down the answers into your exercise-book.

16. Speak on the process of selecting a hardcopy device best
suited for a CAD/CAM application. Begin with the words:
"In order to select a hardcopy device best suited for a

CAD/CAM application, it is quite necessary to develop ap-
plication requirements ...."

17. Write an abstract of Text B (see p. 126) in English.

18. Look through Text C Guess the subject-matter of it. Find
the
topic sentences of Text C Write them down into your exercise-
book.

TEXTC

In the past, CAD for electronic design was limited to
automated drafting of printed circuit board (PCB) and integrated
circuit (1C) production masks. More recently, how-
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ever, CAD has been expanded to cover the entire range of
tasks required to design and manufacture PCBs and ICS.
These aids include analysis programs that help produce
systems with a higher performance (xapakrepucrtuka) and
reduce errors that have to be fixed after a product is manu-
factured.

Electronic design performed with CAD is typically done
in a hierarchical process. This approach allows designers
first to specify overall logic functions in terms of so-called
behavioural models.” Software then helps generate archi-
tecture from these specifications. Such programs may also
produce a physical layout based on design rules’ of the
selected IC or PCB design technology. Users work with the
program interactively to synthesize logic functions and pro-
duce functional designs. With this process, several engineers
can work on different parts of the logic simultaneously
(omHoBpemenHo) with coordination ensured by their high-level
relationship.

Workstations—graphics terminals combined with appre-
ciable computing power—are typically used for all types
of electronic design. Software residing (ITOCTOSSHHO HAXOIUThCS)
on these systems can handle most tasks involved in elec-
tronic design, including design capture,’ analysis, and simu-
lation. Often, the workstations are connected in a local area
network to allow many users to share (pacrpenensaTs) expensive
peripherals such as plotters, printers, and large mass memories.
Engineers working on the same project can communicate among
themselves, share information, and off-load highly analytical
tasks to mainframes.

PCB are getting smaller but must hold an increasing
number of complex ICs. Boards with a high density (miot-
Hocth) of components present two problems to designers.
First, tolerances (momyck) are so tight (kectkuii) that even
dimensional variations of tapes used to manually construct
board artwork' can lower manufacturing. The other problem
caused by small, densely populated boards is the time
required to manually layout circuits, which can be pro-
hibitive (3anpernsiii) for multi-layer boards.® These boards
common to some computer systems are so complex that they
cannot be made by anything but computer-aided
methods.

CAD for PCBs is generally divided into two different
areas: drafting and photoplotting, and full-board design with
automatic placement and routing' in addition to drafting
and photoplotting.
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All of them produce high-quality drawings and different
documentation.

19. The digitizer tablet is used for converting graphic
data into digital data so that the computer can accept and
process it.

20. The processor is the "brain" of the computer-aided
design system. It has a control unit and arithmetic/logic
unit like all CPUs, but it also has special design features
for handling the various types of graphic data associated
with design.

SELF-TEST

1. Indicate whether each of the following statements is
true or false:

a) The CRT workstation is the primary device in a CAD
system, b) The processing unit is the "brain" of a CAD
system, ¢) A hardcopy output is used primarily as an input
device in a CAD system, d) The plotter converts digital
data back into graphic form so that they can be used by human
beings, e¢) Workstations cannot act as dedicated stand-alone
processors for certain design or analysis tasks, f) Resolution,
animation, colour and brightness are the characteristics of
any CRT screen, g) Interactive graphics is not used for
speeding the design process, on the contrary, the manual
drafting speeds it.

2. Define the term "resolution". 3. Define the term
"menu". 4. What are graphic input devices used for? 5. What
types of graphic entry devices do CAD/CAM systems use?
6. What components does interactive graphic hardware con
sist of? 7. Name two classes of engineering workstations.
8. List the basic components that make up a complete work
station. 9. Define the term "hardcopy". 10. Explain how
the plotter actually plots a line in a CAD system. 11. What
is the purpose of the digitizer tablet? 12. How do operators
enter the data into a computer?

UNIT S

Text A. Geometric Modelling in CAD/CAM. Text B.
Text C

EXERCISES1.

Recognize the following international words:
geometry, geometric, structure, stress, location, to dif-
ferentiate, object, physical, interpretation, section, to gener-4o

ate, parallel, perpendicular, tangent, critical, detail, tabulat-
ed, cylinder, sculptured, representation, contour, elementary,
cube, sphere, primitive, nature, natural, moment, block,
combination, family, axial, symmetry, specific, classical,
characteristic, matrix, realistically, commercial, static, con-
stant, material, elastic, plastic, deformation, vibration, dy-
namic, experimental, harmonic, sinusoidal, structural, history

2. Practise the reading of the words given below:

finite xoHeuHBIH circumference 0K-
wire-frame xapxacHslil PYKHOCTH
(ckemeTHBIH) hyperbola rumepbona

precise TOuHBI il
surface moBepXHOCTH

spline cnnaiin
arbitrary npoussonbHblil

discontinuity He- boundary rpanuna

0JHOPOJAHOCTD envelope orubaomas
ambiguous HEOXHO- (munug)

3HAYHBI i Sweep U30THYTHI i
space mpOCTPAHCTBO solid TBEpAOE (o6bemHOE)
comprise u BKIK0YaTh TEN0
straight npamoi expose V BHIABIATH
tangent kacartenbHas successive nociuenoBa-
curve KpuBas TeJbHBI I

circle okpykHOCTH contour KOHTYp

3. Memorize the following word combinations:
finite-element analysis MeTo KOHEYHBIX PJIEMEHTOB
wire-frame models kapkacHbIe (CKEIETHBIE) MOAEIN

surface discontinuities HeoTHOPOTHOCTH TTOBEPXHOCTHU
straight lines nipsimMpie nuHuK curved lines xpuBbie THHUN
arbitrary points nmpou3BoJIbHbIE TOUYKHU

surface menus MeHIO IMOBEPXHOCTEH

solid models Mmoaenn TBepaAbIX (00BEMHBIX) TEI
part geometry reoMeTpus A€TaIu

elementary shapes s1emMeHTapHbBIE OUepPTAHMS

two (three)-dimensional surfaces qByx (Tpex) MEpHEIC ITOBEPX-
HOCTH

4. Look through Text A. List its main points.

TEXT A. GEOMETRIC MODELLING IN CAD/CAM

The most important feature of CAD/CAM is the geometric
model, representing part size and shape in the computer. These
models are the starting point for virtually (dhaxktngecku) every
function in CAD/CAM. For example, the geometric model
may be used to create a finite-element model of the



structure for stress (Hampskenue) analysis, or it may serve
as input for automated drafting. In CAD/CAM, the geometrlc
model can be used to create numerical control (NC) tapes'
for making parts on automated machine tools (cranokx) or to
produce process plans outlining steps required to make the
part.

Wire Frames. Wire-frame models are generally part
shapes with interconnected line elements. Wire frames rep-
resent the simplest models. Consequently, they expend rela-
tively little computer time and memory, and they provide
precise information about the location of surface discontinui-
ties of the part. Wire frames, however, contain no information
about the surface themselves nor do they differentiate between
the inside and outside of objects. Thus, wire frames can be
ambiguous in representing complex physical structures and
often leave much interpretation to users.

Wire-frame models are created by specifying points and
lines in space. To create the model, the interactive terminal
screen is usually divided into sections showing various views
of the model. Some systems use only a single view with a
movable work place on which points and lines lie.

The designer uses the CRT in much the same manner
as a drawing board to create top, bottom, side, isometric,
and other views of the model. Unlike mechanical drafting
systems, however, CAD systems provide many features to
speed design. Essentially, the designer need not manually
draw each line in a wire frame. Rather, the CAD system
constructs the lines based on user-spec1ﬁed points and com-
mands * chosen from an instruction menu.

Most lines comprising a wire-frame model are straight.
To generate a line, the user may designate two end points
and give the computer a LINE command. Or a line may
be automatically produced parallel or perpendicular to another
line or tangent to a curve. Some CAD systems produce
straight-line elements with up to 40 such techniques.

Similar automatic features can also produce curved lines.
Circles may be produced by specifying a point and a radius,
three points on a circumference, or tangent points to two or
three other curves. And conics—complex curves such as
ellipses, hyperbolas, and parabolas—may be produced by
specifying appropriate points. Most CAD systems can also
generate splines—smooth, continuous curves fit through a
series of arbitrary points specified by the user. Surface
Models. Many ambiguities of wire-frame models are
overcome with surface models, which define the outside
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part geometries precisely and help produce NC machining
instructions where the definition of structure boundaries is
critical. However, surface models represent only an envelope
of part geometry, eyen though features such as automatic
hidden-line removal® make the model appear as a solid.

Surface models are created by connecting various types
of surface eclements to user-specified lines. The entire model
may be comprised of different types of interconnected sur-
faces. With surface modelling, however, an entire structure
may provide more detail than necessary for many applica-
tions, so some models combine surfaces for detailed faces,
with wire frames representing the rest of the part.

CAD systems provide extensive surface menus from
which to model. Typical surface menus include planes, ruled
surfaces, surfaces of revolution, along with (BMecte ¢) sweep,
fillet (muuetiuaTsiii), and sculptured surfaces.

Solid Modelling. Solid models are the highest level of
models, completely defining the external and internal geo-
metry of a part. This approach uses combinations of cle-
mentary cubes, spheres, and other so-called primitives to
create complex models. Although (xors) solid models may
appear to be similar to wire-frame or surface models with
hidden lines removed, solid models allow the solid nature
of an object to be represented in the computer. As a result,
computations of parameters such as weights (Bec) and mo-
ments (kpyTsammid MoMmeHT) are possible. And cross-sections,
which are usually crosshatched (3amTpuxoBbIBaTh), can be
cut through the model to expose internal details with minimal
user interaction.

DIFFERENCE INTERSECTION

Solid models are constructed in two ways: with primitives
or with boundary definition.* Both of these methods develop
complex geometries from successive combinations of simple
geometric operations.

In the primitive approach, elementary shapes such as
blocks and cylinders are combined in building-block fashion.’-
The user positions these primitives as required and then
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creates a new shape with the proper Boolean logic command

(union, difference, or intersection).” (Figure 5)

With boundary definition, two—dimensignal surfaces are

. ] ! A linear sweep
translates the surface in a straight line to produce an ex-

swept through space to trace out volumes.

truded (myTeM BhIgaBIMBaHusg) volume, etc.

Most industrial parts, for example, consist of planar,
cylindrical, or other simple shapes and are readily (mpocto)
modeled with primitives. But components with complex
contours, such as automobile body, or turbine blades, or
shiphulls, which are 3D, are easily modeled by boundary
definition. In this case, arbitrary curves can be fit to a
mathematical function known as a cubi¢c spline, or cubic

(bicubic) basic spline (B-spline function).

NOTES

l.Io create numerical control (NC) tapes — s cozganus nepho
JICHT YMCIIOBOTO MTPOTPaMMHOTO yiipaBiaeHus (4
.based on user-specified points and commands—ocHOBaHHbIE Ha
TOYKaX U KOMaHJaX, KOHKPETHO YKa3aHHBIX MOJIb30BaTEICM
3. hidden-line removal — yjaneHue CKpHITBIX THHUH
4. with primitives or with boundary definition—c momorsto 6a

3UCHBIX DJIEMEHTOB MM C_ TMOMOLIBIO 33/IlaHUsl KOOPIMHAT TPAHUIl Tena
S.1n building-block fashion — Gy104HBIM crHOCOOOM

) 6.with the proper Boolean logic command (union, difference, or
intersection)—IyTeM COOTBETCTBYIOLIEH KoMaHab! ByneBoii noruku (006
eIMHEeHHUE, Pa3HOCTh HJIH [IepeceueHHe)

7.to trace out volumes — 1715 Bel4epuMBaHUSA 00BEMOB
8.or cubic (bicubic) basic spline (B-spline function) —uim kyOu
yeckuil (OuxkyOndeckuit) 6azucubiil craie (b-crumaitnoBast GyHKIu)

5. Find the Russian equivalents to the following English words
_nd word combinations:

a) 1. external and internal geometry; 2. surface models;
3. NC machining instructions; 4. arbitrary points; 5. complex
curves; 6. wire-frame models; 7. interconnected surfaces;
8. extensive surface menus; 9. the rest of the part; 10, solid
models; 11. virtually; 12. machine tools; 13. interconnected
line elements; 14. surface discontinuities; 15. ambiguity;
16. an isometric view; 17. similar; 18. several; 19. although;
20. even though; 21. along with; 22. a mathematical ap
proach; 23. elementary cubes; 24. hidden lines; 25. cross-
sections; 26. to Crosshatch; 27. to expose; 28. boundary
definition; 29. the Boolean logic command; 30. volume;
31. shiphulls; 32. complex contours; 33. acubic basic
spline; 34. an envelope

b) 1. TokapHBIE CTaHKH; 2. B ACHCTBUTEILHOCTH; 3. B3au-
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MOCBSI3aHHBIC TTOBEPXHOCTH; 4. PACIIMPEHHBIE MEHIO ITOBEPX-
HOCTel; 5. BMecTe c; 6. dJIeMeHTapHBIe KyObl; 7. KOMaHJa
Bynesoii soruku; 8. xyOuveckuii Oa3WCHBIA CIUtaiH; 9. oru-
Oaromas kpuBas; 10. CKpbITbie JTHHHH; 11. BHCIIHSAS U BHYT-
peHHsas reomeTpus (meranu); 12. KOHTypHas HacTpOUKa;
13. maTemMaTHYecKHii noaxox; 14. ocraBiuasics 4acTh AETallu;
15. mammuHble KOMaHmwl s UITY; 16. mOBEpXHOCTHBIE
HeomHOponHOCTH; 17. Monmenu moBepxHocTel; 18. mpousBoib-
Hble TOYKH; 19. Moaenan TBepABIX (F€OMETPUYECKUX) Tel;
20. B3aMMOCBSI3aHHBIE DJIEMEHTHI JUHUI;, 21. mMOJOOHBIN;
22. monepeyHsle ceueHus; 23. CIO0XKHbIE KOHTYPHI; 24. 00beM;
25. OCTaBJIATH OTKPBITHIMH (3KCIIOHUPOBATh); 26. HECKOJIBKO;
27. maxke eciu; 28. HEOMPEAEIIEHHOCTh, 29. KopIyca KopaoJieii;
30. 3amrpuxoBbiBaTh; 31. xoTs; 32. KapKacHBIC (CKEJICTHBIC)

Mozaenu; 33. m3oMmeTpuueckuii BH (TIpoeKius); 34. CIOXHBIE
KPHUBBIC

6. Memorize the words the meanings of which are often mixed:
single—signal, some—same, then—than, also — always—
almost, principle—principal, quite — quiet, since—science
single oquH, eTMHBIH—a Signal cUrHAl Some HEKOTOPBIH,
HeckolbKko—(the) same ToT e cambiii then 3aTem, Torma —
than yem also Takxe—always Bcerqa—almost moutu
principle mpuHIMI — principal rIaBHBIH quite -COBEpIIEHHO,
MOJHOCThIO—(quiet -THXHUi, OCCITyMHBIH

since - Tak Kak, C, C TeX op — science —Hayka

7. Translate the following definitions and memorize the terms
which they describe:

Display is a device for visual mapping (oToOpaxkeHue)
of output results for the operator or the user, which are
received from a computer. Such devices are designed so that
they are able to provide time visual mapping of graphical
and/or alphanumeric (OykBeHHO-ITU(poBasg) information.
Examples of displays are cathode-ray tubes (CRT) or light-
emitting diodes (LED) (cBeTOM3Iy4aromuii JU0I).

Model is mathematical representation of a device or
process. Models which can be manipulated by computers
are sets of equations which represent some condition or set
of operations in the real world. Models are used for analysis
and planning purposes.

Modelling is simulating a condition with the use of
a model. Modelling simulates an activity by performing
a set of equations on a set of data.
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Geometry is science of properties and relations of lines,
angles, surfaces and solids.
rocess means to manipulate information. Processing is
any action taken on information in a computer. Processing
can mean: (1) any work done by the computer system,
or (2) just the work done internally on the information by
the computer.

8. Read Text A attentively. Divide it into logical parts.

9. List the key words and the topic sentences from Text A.

belo 10. Choose the suitable title for each logical part from those given
w:

A. 1. Outlining steps. 2. The most important feature of
CAD/CAM. 3. Finite-element models. 4. Numerical control
tapes.

B. 1. Computer's time and memory. 2. The simplest
models. 3. Surface discontinuities. 4. Representation of wire
frame models. ;

C. 1. Ambiguities of wire-frame models. 2. The structure
boundaries definition. 3. Surface modelling. 4. An automatic
hidden-line removal.

D. 1. The highest model level solid mlodels. 2. Con.
structing solid models with primitives. 3. Simple shapes in
models. 4. Constructing solid models with boundary defi
nition.

11. Check up yourself how much you have memorized from Text A.

a) Complete the following sentences:

1. The most important feature of CAD/CAM is (the starting
point, the part size and shape, the geometric model). 2.
Wire frames represent (computer time, the simplest model,
precise information). 3. Wire-frames models are created by
specifying points and lines (in space, in sections, in views).
4. Surface models are created (by modifying, by simplifying,
by connecting) various types of surface elements. 5. Components
of different machines with complex (conditions, descriptions,
contours) are easily modeled by boundary (position, definition,
construction).

b) Say what two approaches are used in constructing
solid models, ¢) Compare wire-frame and solid models.
d) Name components with complex contours of some in
dustrial parts, e) Recall which models solid models resemble,
f) Explain with your own words the notion (mousrue) "hidden
lines removed".
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12. Write an abstract of Text A in English (see p. 126).
13. Look through Text B. List its main points.

TEXTB

Surface models are of different types. The plane is the
most basic surface type. The system merely (mpocTo) creates
a flat plane between two user-specified straight lines. The
tabulated cylinder is the projection of a free-form curve
into the third dimension. Basically, this is a curved plane
between two arbitrary parallel curves. A ruled surface is
produced between two different edge curves. The effect is
a surface generated by moving a straight line through space
with the end-points resting on the edge curves. A surface
of revolution is created by revolving an arbitrary curve in
a circle about an axis. The sweep surface is an extension

RULED SURFACE
SURFACE OF REVOLUTION

TABULATED CYLINDER

Fig. 6

(ymmuuenne) of the surface of revolution. Sweep surfaces,
however, sweep an arbitrary curve through another arbitrary
curve instead of a circle. The fillet surface is a cylindrical
surface connecting two other surfaces in a smooth transition.
This is a tedious (yromMuTenbHbIiH) operation that has been
done manually in industry for years. But CAD systems
quickly solve the problem of blending surfaces (moBepxHOCTB
cMemenus) with the precise mathematical continuity required
by many applications. Sculptured surfaces represent the most
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general surface representation. A sculptured surface is a dif-
ferential surface created from two families of curves. These
families are not restricted (orpanuuuBath) to being orthogo-
nal, nor are the curve types fixed. Curves need not even
be parallel. The two curve families intersect (mepecekars)
one another in cross-cross (kpect-nHakpecr) fashion. Sculptured
surfaces are complex contours that cannot be described with
the usual lines and curves of conventional modelling. Typical
structures containing such contours range from helicopter blades
?lr:ld aél)tomobile bodies to camera cases and glass bottles.
ig.

14. Read Text B attentively. Divide it into the paragraphs and
logical parts. Choose the title to Text B from those given below:

1. Sculptured surfaces. 2. Sweep and fillet surfaces.
3. Different surface model types. 4. Ruled surfaces.

15. Read Text B again and answer the question:

Why cannot sculptured surfaces be described with the
usual lines and curves of conventional modelling?

16. Speak on sculptured surfaces. Begin with the words:

"As sculptured surfaces represent the most general group
of surfaces, they are differential surfaces ... ."
17. -Look- through Text C Guess the subject-matter of the text to

‘%e rteaéd. Write it down into your exercise-book. Give the title to
ex

TEXTC

1.Finite-element analysis (FEA) is a computer-based
technique for determining stresses and deflections' in a struc-
ture too complex for classical analysis. Essentially, the
method divides a structure into small elements with easily
defined stress and deflection characteristics. The finite-element
method is based on arrays (MaccuB) of large matrix equations
that can only be realistically solved by computer. Most
often, FEA is performed with business programs. In many
cases, these programs require that the user only knows how
to prepare a program input.

2. The finite-element method is applicable in several
types of analyses. The most common is static analysis, which
solves deflections, strains (medopmarus), and stresses in a
structure under a constant set of applied loads. The material
is generally assumed to be linearly elastic, but special cases
such as plastic deformation, creep (mon3ydects), large de-
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flections, and stress stiffening can be handled in some mo-

ments.

3.Natural frequency (uactrora) analysis calculates the
free vibration natural frequencies and associated mode shapes
of a structure.” This analysis predicts critical operating con-
ditions for machinery and is used in conjunction with ex-
perimental analysis.

4. Transient dynamic analysis’® determines the time-
response history* of a structure subjected to a forced displace
ment function. The structure may behave linearly, or in
some cases, friction (tpenme), plasticity, large deflections, or
gaps (3azop) may produce nonlinear behaviour. Once the
time-response history is known, complete deflection and
stress information can be obtained for specific times. A similar
method is forced wunder harmonic response analysis,
which calculates the steady-state response of a structure to
a continuous set of sinusoidal loadings. Complex
displacements and phase angles are calculated. Deflections
and stresses may again be calculated at specific times.

5.Heat transfer analysis’ can solve steady-state and
transient heat transfer problems. In most cases, thermal
output data are applied as input to a structural analysis
program to determine thermal deflections and stresses.

6. The first step in finite-element analysis is creation
of a model that breaks a structure into simple standardized
shapes or by a common coordinate grid (cetka) system. The
coordinate points called nodes (y3emn) are locations in the
model where output data are taken.

NOTES

1. for determining stresses and deflections —1s onpeneneHus Ha-
NPSKEHUH ¥ OTKIIOHEHUH

2.the free vibration natural frequencies and associated mode
shapes of a structure — coOCTBEHHBIE YaCTOTHI IPH CBOOOIHOM BPAICHHN
U CBsI3aHHBIC C HUMU HanboJiee BEPOSITHBIE OYEPTaHUSI CTPYKTYPBI

3. transient dynamic analysis — qUHaMHUYECKHIl aHAIN3 TIEPEXOJHBIX
POLIECCOB

4. the time-response history—omnrcanue BpeMEHHOU XapaKTEPHUCTHKH

5. subjected to a forced displacement function — HaxonsmIeHcs Mo
BO3JIEHCTBHEM (YHKIIUH CMEICHUS

6. heat transfer analysis — aHanu3 mpouecca nepenavyu Teria

18.Read Text C again. Find all international words in it, write
them down into your exercise-book.

19. Translate the second, third and sixth paragraphs in writing.
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UNIT 6

Text A. CAD Software. Text B. Database Management
System, Text C Text D. Text E. Text F.
EXERCISES

1. Practise the reading of the following words:

reference  crnpaBOuHBI, broaden v pacmupsth

STaJIOHHBII facilities cpexncrBa
tutorial KOHCYJIbTa- support obecrieueHue, moj-
LIOHHBII JepXKKa
tailor v pacCUMTHIBaTh; MO~ procedure  mpouexypa
TOHSATD decision perienue

jointly coBmecTao imply v 0o3Hauatb
deliver v mocraBuaTh, 10- authorize v caHKIMOHU-
CTaBJIATh poBaTh
modifiable nonnato- request 3ampoc
LIUICS MU3MEHEHHIO access - JI0CTyI

available moctymHbI# maintain - v 00CITyKHBaTh
avoid v usberathb environment - (BbI-
assignment  mpezaHa- YHUCIIMTENbHBIE) CPEICTBA, OKpY-

3HAYCHHE XKarolee 00opyJoBaHHe
immediately = HememneHHO, cpasy

2. Memorize the following word combinations:

general-purpose programs yHHBEpCaJbHbIE (OOIIECUCTEMHBIE)
IPOrpaMMBbI

special-purpose programs CHelHaaIu3upOBaHHbIE TPOrPAMMbI

reference manuals cripaBoYHBIE PYKOBOJICTBA

off-the-shelf software roToBoe nmporpamMmHoe obecreueHne

stock programs 3amacHble (pPE3e€pPBHBIE) IPOTrPAMMBI

base (kernel) software 6a3oBoe nmporpammMuoe odecrieuenue (I10)

applied (special) software npukiagaoe I1O

a mathematical support MaTeMaTHueckoe o0ecreueHne

application packages nmakersl nmpukiaagHbix mporpamm (ITITIT)

storage media HAKOMMUTEIH

reference information cpaBouHast uH(poOpMaLKsI

design decisions IpOEKTHBIE PEIIEHHS

database management system cucrema ympaBieHHsS 0a30i

nauHbIx (CYB/)
3. Look through Text A. List the main ideas of it.

TEXT A. CAD SOFTWARE

CAD software provided by manufacturers includes all
general-purpose programs and application programs needed
to operate the system. The application programs consist of
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all operating, utility, and graphics programs. Several sets
of reference manuals and other tutorial material on software
are also often supplied. Generally, software is tailored to
user's applications.

A set of off-the-shelf software is selected jointly by the
user and manufacturer from a list of stock programs. This
software generally is delivered in object (working) form and
not in source (modifiable) form, although some manufac-
turers make both types available.

Special-purpose software is usually not provided by the
manufacturer. These programs may depend on a user's
application, and most manufacturers avoid such programming
assignments. For example, special-purpose programs to create
families of parts are normally developed by users, after the
system is delivered. This type of software is not immediately
essential but makes the system more convenient (ya00

HBI#) to use or broadens capabilities.

CAD software is divided into general system software,
kernel software and applied (special) software. The first one
is used for organizing technical facility functioning, i. e. for
planning and computing process controlling, allocating re-
sources available. It is represented by operating systems of
computers, and is not used in CAD systems.

Kernel and applied (special) softwares are especially
created for CAD. The kernel software contains all programs
intended for correct functioning application programs. In the
applied software, a mathematical support for direct perform-
ing design procedures is realized. It is usually given in
the form of application packages, each of which provides
service to a certain stage of the design process.

CAD software also combines different data which are
necessary for performing an automated design. These may
be represented in the form of various documents on various
storage media, which contain reference information of ma-
terials, standard (TumoBoii) design decisions, component par-
ameters, current information about intermediate and final
design decisions, structure and dimensions of designed ob-
jects, etc.

The basic part of CAD software is a data bank repre-
senting the set of facilities for centralized accumulating and
using the data. The data bank is simply electronic depository
(xpanmnuie) of data. The data bank consists of a database and
a database management system (DBMS).

Technically, a database is an electronic organization of
data and information organized and maintained by a data-
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base management system. A database implies integration of
data across the entire environment that it serves. It also
implies central control of data for consistency (cormacoBaH-
HocTh) and accuracy, with users having authorized access
to them.

The data/information stored in a database depends on
the functions of its organization. The database structure into
which the data are designed (hierarchical, network,' rela-
tional,” etc.) depends on the volume and frequency of the
daily ‘transactions and management's requirements’ for in-
formation. Database design is often a compromise between
operational requirements for efficient daily transaction pro-
cessm% and management's requirements for queries and
reports.

Input

Graphics
Languages

APP

Design
APP

Technology
Preparation
AFP

Modelling
APP

The DBMS is the set of programming aids (cpeacTBo)
providing data banks functioning. By the DBMS data re-
cording is performed to data banks; fetching (BbI30B) them
according to users' requests; data protection from errors and
from an unauthorized access is provided, etc. (See Fig. 7)

Programming languages used in CAD systems are the
same languages used in computing systems intended for
writing software. They are manufacturers' aids. There are
a great deal of high-level programming languages, but nowa-
days it is the FORTRAN language which is the most usable
and widespread in CAD systems. FORTRAN is used for
numerical analysis object programs." However, for the most
complex descriptions of logical character programs, such as
monitors and language processors," either assembly language
or PL/1, PASCAL, ADA, and C languages are used. The
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latter four languages are considered to be the high-level
programmer(manufacturer)-oriented languages.

Design languages are languages intended for describing
information about designed objects and designed tasks. Most
of them are related to users' aids of CAD/CAM systems.
Among them there are input (source), object (target), de-
bugging and correcting, control, intermediate, and internal
languages. All of them are divided into object description
languages and job description languages, which in turn are
subdivided into circuit, graphics, modelling languages and
at last universal intermediate languages. (See Fig. 8)

CAD System Languages

l Output I Intermediate |

==
Internal

Object Job
Description Description
I Circuit —I l Graphics | | Modclling-|
Fig. 8

There are also procedural and non-procedural languages
in CAD systems. The first ones are intended for description
of processes evolving during the course of time. The second
ones are intended for description of designed object struc-
tures. As a rule, for CAD users non-procedural languages
are more convenient, as by them an initial diagram or
drawing is described, and a user needs only keep the lan-
guage rules without worrying about modelling algorithm
development.'

Conversational (interactive or dialogue) modes (pexum)
of the user/computer work are of great importance for CAD
systems. They are named interactive languages and serve
for an operative information exchange between man and
computer. These languages may be used in passive and active
modes. In the passive modes the dialogue initiative belongs
to a computer. In the active one the dialogue initiative may
be twofold — interruptions (mpepriBanme) possibilities are at
both a computer and a user. The active conversational lan-
guages are close to natural man languages, but with a
limited
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set of possible words and phrases. For the active dialogue
a substantially complex software is required than for the
passive one.

NOTES

1. network — ceteBoit

2. relational — poJCTBEHHEII

3.of the daily transactions and management's requirements —Io
BCEJHEBHBIX TPaH3aKLUUH (IPYMIIOBBIX ONlepalyii) U TpeOOBaHHH K yIpaB-
neHmo

(tluerles and reports—3anmpocsl H cOOOIIeH S
or numerical analysis object programs—misi 0OBEKTHBIX IIPO

rpaMM YUCIICHHOTO aHaIM3a

6. monitors and language processors —MOHHUTODPBI U SI3bIKOBBIC
IIPOIIECCOPBI

7.a user needs only keep the language rules without worrying
about modelling algorithm development —monbs30BaTen0 HyXHO JHIIbL
coOJIOIaTh S3BIKOBBIE IIPaBHIIA, HE OECIIOKOSICh O COCTaBICHUHN
JITOPUTMOB MOJICIIMPOBAHUS

4.Read Text A attentively. Divide it into logical parts.

5.Make up a list of the key words and the topic sentences. Write
them down into your exercise-book.

6. Choose the suitable title for each logical part from those given
below:

A. 1. Application programs. 2. General-purpose prog-
rams. 3. Reference manuals. 4. Types of software programs.

B. 1. A user's application. 2. Programming assignments.
3. Special-purpose programs. 4. The more convenient system.

C. 1. General system software. 2. Software types.

3. Kernel software. 4. Applied (special) software.

D. 1. Different data for an automated design. 2. An auto
mated design. 3. Standard design decisions. 4. Reference-'
information.

E. 1. CAD facilities. 2. Electronic depository. 3. Cen-
tralized accumulation. 4. A data bank.

F. 1. An electronic organization. 2. Integration of data.
3. A database design. 4. The daily transactions.

G. 1. Programming aids. 2. Database management sys-
tems. 3. Data recording. 4. Data protection.

H. 1. Programming languages in CAD systems.
2. FORTRAN. 3. PL/1. 4. The high-level manufacturer-
oriented 1anguages.

I. 1. Aids of CAD/CAM systems. 2. Debugging and cor-
recting language. 3. Design languages in CAD/CAM systems.

4. An input language.
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J. 1. Description of drawings. 2. Initial diagrams. 3. CAD
user languages. 4. Procedural and non-procedural languages.

K. 1. The active and passive interactive languages.
2. An operative information exchange. 3. The dialogue ini-
tiative. 4. Interruption possibilities.

7. Write an abstract of Text A in Russian (see p. 126).

8. Look through Text B and say whether the subject-matter of it
is "A description of the DBMS".

TEXT B. DATABASE MANAGEMENT SYSTEM (DBMS)

A database management system is software that organizes
and retrieves data in a database. A DBMS makes it easier to
access all varieties of data/information stored in a computer. It
allows users to request data the way they see it rather than
the way the computer sees it. The DBMS is a software
package which acts as an interface between the user's
programs and the physical database. The DBMS allows for
the organization of non-redundant (He3ape3epBupoBaHHbIi) data
in the database. It keeps track of all the data and allows each
user to have an individual view of the data. The user's
application program asks the DBMS to select that user's view
and deliver it to the program (user). Only the DBMS knows
where and how to get it. The DBMS acts as a buffer between
the programs and the physical structure of the database.
Selection of a DBMS can be critical. Since much of the
organization's data will be placed into the database, the
processing time required to access the database must be
carefully (tmarenpHo) evaluated. A data model is first
developed which defines the data and their logical
relationships with other data. Then the transaction activity that
will be processed against this database is evaluated. The
resulting selection is the DBMS that will manage
(ympaBnsats). A portion of the DBMS resides in memory and
is called upon (BrI3BIBaTh) by the application program each
time data must be transferred to or from the database. Main
features of a DBMS are the following: data independence. The
application programs are not concerned with the location of
any data they use. Advanced DBMSs' use data dictionaries
and non-procedural languages, which may mean that no
changes are required in the programs when a structural
change to data is made. Security. The DBMS can test for
user authorization at the application program level,
subschema level, or field level, depending
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on the DBMS. On-line query.’? An interactive query capa-
bility allows users access to their data using a query lan.-
guage. Application development language.” A high-level
non-procedural language developed around the DBMS may
allow programmers and users to develop application prog-
rams faster than with conventional (TpaguUMOHHBINH) prog-
ramming languages.

NOTES

1.advanced DBMSs—CVYB/] ¢ yiydmmeHHbIMI CBOMCTBAaMH

2. on-line query —HeaBTOHOMHBIH 3ampoc (3ampoc OT OCHOBHOTO 000
PYAOBaHHUS BBIYUCIUTETBHOI CHCTEMBI)

3. application development language —HenpoIeypHbIH SI36IK BEICO
KOT'0 YPOBHS, MO3BOJIAIOIINI MPOrpaMMHUCTY COCTABIIATh MIPUKIAAHBIE TIPO
TPaMMBI

9. Read Text B attentively. Divide it into paragraphs.

10. List the main features of a DBMS in the following way:

"The main features of a DBMS are the following: (1) data
independence, (2) ...."

Write them down into your exercise-book.
11. Analyse and translate the following sentences from Text B:

1. It allows users to request data the way they see it
rather than the way the computer sees it. 2. A portion of
the DBMS resides in memory and is called upon by the
application program each time data must be transferred to
or from the database.

_ Write down the translation of the sentences above into your exer-
_cise.book.

12. Write a brief summary of Text B (see p.. 126)<

13. Analyse the text below and the translation given. Practise the
oral back translation. Give the title to the text.

TEXTC TEKCT C

In 1956, an artificial lan- B 1956 r. mosiBujics UCKyc-
guage, FORTRAN, was cre- crBeHHBIN 361Kk POPTPAH,

ated as a hybrid of English
and mathematics and a prog-
ram was written to translate
statements in the FORTRAN
language into instructions
for a computer.

02

KOTOPBIM MOKHO paccMaTpH-
BaTh KaK HEKOTOPKIA TMOPHU]I
AHTJIUHCKOTO SI3bIKa U CUCTE-
MBI MATEMATHYECKUX 0003HAa-
yenuii. beuta  paspaborana
MporpaMMa rmepeBoia mpejo-

)KeHPIfI, 3alIMCAHHBIX Ha SA3BIKC
®OPTPAH, B kOoMaHabl A
BBIUHCITUTENEHON MAIITHHBL
Subsequently, similar prog- B panbpHeiieM aHalIorud-
rams have been made avail- Hple mporpaMMel OBLIH pas-
able for almost all comput- paboTaHbl HOYTH IJI BCEX
ers. TUIIOB BBLIYMCIIUTENBHBIX Ma-
IIIHH.
The word FORTRAN is Cmnoso «®OPTPAH» 006-
contracted from FORmula 30BaHo H3 HAYalbHBIX CJIIOTOB

TRANSslator. JIBYX aHrmickux cioB "FOR-
mula TRANGslator" (mepeBon-
yuk hopmyi).

A dictionary definition of Eciu momeiTaThcs gaTh
the adjective FORTRAN ompenencaue TEpMHHA

might be as follows: «®OPTPAH», kak »To nena-
FORTRAN. Of or pertaining eTcst B cjioBape, TO OKa)KeTCs,
to: 4TO C HUM CBSA3aHBI:

1) any dialect of the Eng- 1) nmro0o# guanekT aHT-
lish language; 2) a program JHKWCKOTO fA3bIKa; 2) Mpo-
called a source program for rpamma, Ha3pIBaeMas HCXO/I-
the solution of any problem Hol mporpammoii pelieHHUs
which is written in the FOR- mr060ii 3agaun, KoTopas Ha-
TRAN language; 3) a ma- nucana Ha s3sike DOPTPAH;
chine language program called 3) nporpamMma Ha MalIMHHOM
a compiler, the input to s3BIKe, Ha3LIBaeMas KOMIIH-
which 1s a FORTRAN source JaSTOpoM, IO OTHOLICHHIO K
program and the output KOTOpO¥ BXOAHBIMH JaHHBIMH
of which is an equivalent sBiseTCs MCXOJHas IPOIrpam-
machine language; 4) a ma- ma Ha ®OPTPAHe, a BeIx0a-
chine language program pro- HBIMH — 3KBHBAJICHTHAs IPO-
duced by the FORTRAN rpamMmMa Ha MaIITHHHOM SI3BIKC;
compiler called an object 4) nporpamMMa Ha MalIMHHOM
program; 5) any special cod- s3bIke, Moay4eHHas mociie 00-
ing forms, special card de- paOOTKH HCXOTHOW IpoTpaM-
signs, etc. intended to be mbl kommuissTopomMm ®OPT-
used in the preparation of a PAHa u Ha3piBaemast 0OBEKT-
FORTRAN program. HOH TIporpaMMmoi; 5) crieru-

anbHble OJaHKK (WK (OPMBI),
CHeIaTbHBIC KapThl M T. 1I.,
ynorpeonseMble TpyU  ITOATO-
ToBKE mnporpamm Ha DPOPT-
PAHe.

As a noun FORTRAN is Cnoso ®OPTPAH kak
used to stand for the FOR- cymecTBuTenpHOE 0603HaUaET
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