
 ½¹ ø¤ÆĊÅ ĈÅºþĄù óĀÍv ÿ Ăùºêù
ĈĉwÒå vĀă ćwă ĂýwùwÅ

ÄúÉ¾Ċù ûv¾Ąù

ĈĉwÒå ćwă ĂýwùwÅ ć¿wÅ ĂĊ{É ÿ Ĉ³v¾Õ yÖé
wÒåvĀă ĈÅºþĄù āºîÊýv¹

ĈÅĀÕ üĉºõv¾ĊÎý Ă«vĀ· Ĉ¤ÞþÍ āwòÊýv¹
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 āºĊî¯5

 ÿ Ĉ³v¾Õ ô³v¾ù wz Ăùv¹v ½¹ ÿ ûj ivÀ«v ÿ Ĉ¤ÞþÍ ćwă ĂÝĀú¬ù wz vº¤zv ½¹ È¸z üĉv ½¹

øĉĀÉ Ĉù wþÉj ĈýwĄ« ćwă ¹½vºýw¤Åv è{Õ wă ûj ¢·wÅ )ÿ Ĉ³v¾Õ ćwă Çÿ½ ÷ÿ¹ È¸z ½¹

ºý¹¾ñ Ĉù ûwĊz ÿ āºÉ Ĉå¾Þù wă Çÿ½ üĉv ½¹ āºÉ Ă¤å¾ñ½wîz ĈöÍv øĊăwæù)
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yõwÖù ¢Å¾Ąå

,( Ĉú¤ÆĊÅ Ĉ³v¾Õ ÿ ø¤ÆĊÅ$Ĉú¤ÆĊÅ ĈÅºþĄù#

-(ĂÝĀú¬ù ìĉ ¢·wÅ ÿ Ĉ³v¾Õ ô³v¾ù

.(ĈÅºþĄù Ĉ³v¾Õ ½¹ Ĉ³v¾Õ ćwă Çÿ½

/(¢ĊæĊí ćv¾z Ĉ³v¾Õ

0(ć¿wÅ ĂþĊĄz ćv¾z Ĉ³v¾Õ

1( ûwþĊúÕv ¢Ċözwé ćv¾z Ĉ³v¾Õ
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K¢ÆĊ¯ Ĉú¤ÆĊÅ ĈÅºþĄù
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K¹w¤åv ºăvĀ· ±¾Õ ćv¾z Ĉéwæ£v Ă¯ ºÉw{ý ø¤ÆĊÅ ÃºþĄù ¾ñv
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úăv ¿v ĈĉwÒå ¡vºĊõĀ£ ćv¾z Ĉú¤ÆĊÅ Ç¾òý ć¾Ċñ ½wîz  v¾¯  ¢Ċ
K¢Åv ½v¹½Ā·¾z
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ÅºþĄù ÿ ć½ÿwþå Ăz wă ĂþĉÀă āºúÝ È¸z ÿ ā¹Āz ¹wĉ¿ ½wĊÆz đwí ā¹ÿÀåv Ç¿½v ĈĉwÒå ¢ÞþÍ ½¹ Üévÿ ½¹ ø¤ÆĊÅ Ĉ
ºzwĉ Ĉù ËwÎ¤·v)
ów¨ù ûvĀþÝ Ăz:

 ¾ĉ¿ óÿº« è{Õ ĈþĊù¿ āwò¤Æĉv ìĉ ivÀ«v ĂþĉÀă0.+I¢Åv ½đ¹ ½vÀă
 ¹ÿº³ ½¹ Ĉăwò¤Æĉv üĊþ¯ ìĉ ºĉ¾· ¢úĊé ĂîĊ£½ĀÍ ½¹/ w£0¢Åv ½đ¹ ûĀĊöĊù

ϸϼϜнвсϦϜϽϠϝϷв иϝͺϧЃтϜ ϤϜϿулϯϦ ϥгуЦ)ϼъϸ ϼϜϿк(

̷͉̺

̸стнтϸϜϼ ϤϜϿулϯϦ̸̷̹

̹

- multiplex
- telephone exchange

- no-break power supply
- shelter and foundations

- subscriber network

̷̹͈

̺рϾϜϹжϜ иϜϼ м ϟЋж ̪сЂϹзлв͈͉

͈ЭЧж м Эгϲ м ͫϽг͵̷̺

͉
 рϼϜϹлͺж м ϥϡЦϜϽв ̪сͭϹт аϾϜнЮ

йжϝуЮϝЂ
40

 óÿº«$, # ìĉ ĂþĉÀă ¹½ÿj¾zĈ£v¾zw¸ù Äĉÿ¾Å ĈþĊù¿ āwò¤Æĉv
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 РтϼЛϦ йКмвϮв)System :(
 ͬтйКмвϮв ͼϠтͭϼϦ ϤϝЛАЦ ϝт ϜϾϮϜ ϾϜ)Component ( рϜϼϠ йͭ ϤЂϜ ак ϝϠ АϠϦϼв

ϸжϜ иϸІ сϲϜϼА ͫϼϦІв м Јϝ϶ сТϜϸкϜ ϝт Рϸк аϝϮжϜ . ͬт ϜϾϮϜ йКмвϮв ϤЂϜ дͮвв
аϼж ̪ϝк дϝвϾϝЂ ̪ϸϜϼТϜ ЬвϝІ сϦϲ ϝт м ИмжϦв ывϝͭϸІϝϠ ϤϜϾтлϮϦ м ϝкϼϜϾТϜ .т Рϸк ͬ

 йКмвϮвтͧт͟ йϠ ϝт м иϼϜмкϝв ͬт рϜϼϠ аϾъ рͩϼжϜ дтвϝϦ с͵ϸϝЂ йϠ ϸжϜмϦ св ак с͵ϸ

ϸІϝϠ ϵтϼв рмϼ ϼϠ ϤЂІж  .

)NASA System Engineering Handbook(
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Systems Engineering Framework.

How does one simultaneously evaluate all concerns 
that need to be considered? 

Given several alternative solutions, how is the "best" 
alternative selected?

How can one make sure that no critical aspects of the 
system are overlooked? 
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Systems Engineering Definition. 

"Broadlydefined, systemengineeringis 'the effective application
of scientific and engineeringefforts to transform an operational
need into a defined system configuration through the top-down
iterative processof requirementsdefinition, functional analysis,
synthesis,optimization, design,test, and evaluation.' The system
engineeringprocess,in its evolvingof functionaldetail anddesign
requirements, has at its goal the achievement of the proper
balancebetween operational (i. e., performance),economic,and
logisticsfactors. "
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"SystemsEngineeringis an interdisciplinaryapproachand means to
enable the realization of successfulsystems. It focuseson defining
customer needsand required functionality early in the development
cycle, documenting requirements, then proceeding with design
synthesis and system validation while considering the complete
problem: operations; performance, test, manufacturing, cost and
schedule,training andsupport,anddisposal.
SystemsEngineeringintegratesall the disciplinesandspecialtygroups
into a team effort forming a structured development process that
proceedsfrom conceptto productionto operation.
SystemsEngineeringconsidersboth the businessand the technical
needsof all customerswith the goalof providinga quality product that
meetsthe userneeds.Ȱ(InternationalCouncilonSystemsEngineering)
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"Systems engineers are, of necessity, technical 
generalists. 
Systems engineeringȣ is not intrinsically mathematical. 
Rather, it is organizational, judgmental, logical, goal-
oriented, and admittedly must often be subjective.Ȱ

"Systems engineering is the systematic application of 
proven standards, procedures, and tools to the technical 
organization, control, and establishment of:
system requirements, system design, system 
management, system fabrication, system integration, 
system testing, and system logistics support. "
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"Systems engineering is a branch of engineering that 
'concentrates on the design and application of the whole as 
distinct from the parts... looking at a problem in its entirety, 
taking into account all the facets and all the variables and 
relating the social to the technological aspects.' (Simon Ramo
1973)" 

Systems engineering is not simply another engineering
discipline, but a formal, multidisciplinary, iterative processto
developcustomerneeds,possiblesolutionsto thoseneeds,and
to determine which alternatives in that solution spacewould
most effectivelysatisfythe customer."
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System Design have the following aspects:

VTransform an operational need into a defined system configuration

VLooking  at  a problem in its entirety

VTop-down, 

VInterdisciplinary, 

VIterative

VApplication of proven standards, procedures, and tools 

VConsiders both the business and the technical needs 
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РтϼЛϦсЂϸжлвсвϦЂтЂ)SystemEngineering(:

ϤТϝткϼсвϦЂтЂ"йтϼДжрϜрϜϼϠЬϲйЯϚЂвйϠϤϼмЊϸжвІмϼмрмЦйϚϜϼϜсвϸͭж

йͭиϝ͵дͮвв̪ϤЂϜдтϜЄмϼϸжͧйϦІϼрϜϸІϝϠ.

дтϜϞЯАвсжϝвϾϸтУвϸкϜм϶ϸмϠйͭЬϚϝЂвиϸтͧт͟ϤϲϦмϼтϪϝϦϼмϦͭϝТрϝкϝтϾрϸϸжІϝϠ

мамϾЮϸϝϮтϜсЮϸвйͭϸжϜмϦϠйϠдтϼϦлϠмϲждͮввйϠϤтЛЦϜмйЯϚЂвͬтϸϾжІϝϠ̪ϸЀϲ

ϸмІ.

ϸϼϠϼϝͭдтϜйтЎЦйϠϤϼмЊатЧϦЂвϝϠс͵ϸтͧт͟ЬϚϝЂвЄтϜϾТϜсвϸϠϝт.
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"сЂϸжлв̪свϦЂтЂсІмϼ̪аДжв̪ЙвϝϮϸжͧиϼмДжвм

сжϦϠвйЂмϼ͟ϼϠрϝкϼϼͮврϜϼϠстϝЂϝжІрϝкϾϝтж̪ͭϼϠϼϝ

иϜϼЬϲрϝкдͮвврϜϼϠстмͺ϶Ђϝ͟йϠдтϜϝкϾϝтжмϝ϶ϦϜϺ

ϤϝвтвЊϦϤЂϼϸмϱтϲЊ̪ϤЂϜйϠрмϲжйͭиϜϼЬϲϼϸ

ϼДжйϦТϼ͵иϸІϸжϜмϦϠйϠдтϼϦϼϪϔвϤϼмЊдͮввтжрϝкϾϝ

ϼϠϼϝͭϜϼиϸϼмϐϼϠϸϾϝЂ."
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свϦЂтЂ сЂϸжлв РϜϸкϜ:

 ЬҶϲϜϼв свϝҶвϦ сҶЂϼϼϠ ϤҶТϝткϼ дтϜ ϼϸ Рϸк

ҶЂтЂ ϤϜϼҶтвЛϦ м ϸϼͭϼϝҶͭ ̪Ϥ϶ϝҶЂ ̪сҶϲϜϼА аϦ

иϜϼ дтϼҶҶҶϦлϠ ϸҶҶҶжϜмϦϠ йҶҶҶͭ рϜ йҶҶҶжм͵ йҶҶҶϠ ̪ϤҶҶҶЂϜ

 йҶҶҶҶжтлϠ ϸϼͭϼϝҶҶҶҶͭ йҶҶҶҶϠ сϠϝтϦҶҶҶҶЂϸ рϜϼҶҶҶҶϠ дҶҶҶҶͮвв

)Optimum cost-effectiveness ( ϝҶϠ Ϝϼ

ҶϠϝЦ ͬҶЂтϼ м рϼϝҶͭ атмҶЧϦ ̪йҶϮϸмϠ йДϲыв Ь

ϸтϝвж йϚϜϼϜ ϰϼА ЬмϠЦ.
св ъϝϠ ϼϜϸмвж ϼϸвж иϸкϝІв аϦЂтЂ ЬмϠЦ ЬϠϝЦ ϸϼͮЯвК ЄтϜϾТϜ ϼϠϜϼϠ ϼϸ Ϝϼ йжтϾк ЄтϜϾТϜ йАϠϜϼ дϜмϦϸм .
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Systems Engineering Dimensions. 
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Systems Engineering Dimensions. 

The time dimension of systems engineering refers to the
systemlifecycle - the sequencesor phasesthat extend from
initial conceptualizationthroughsystemretirement.

The logic dimensionrefers to the problem-solving process-
the steps necessaryto move the design from one lifecycle
phaseto the next.

Finally, the knowledge dimension refers to the specialized
knowledgefrom variousfields necessaryto addressandsolve
the problemsat hand.
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 ϸϝЛϠϜсвϦЂтЂ сЂϸжлв

 ъмЊϜϤЂϜ ϸЛϠ йЂ ͻϜϼϜϸ свϦЂтЂ сЂϸжлв:

 ϸЛϠϸІϝϠ св ϝлϦжϜ ϝϦ ϜϸϦϠϜ ϾϜ иͩмϼ͟ аϝϮжϜ рϝкϾϝТ иϸжжͭ дϝтϠ йͭ дϝвϾ.

Т ͬт ϾϜ Ϥͭϼϲ рϜϼϠ аϾъ ЬϲϜϼв м йЯϚЂв Ьϲ йЂмϼ͟ иϸжжͭ дϝтϠ йͭ ХАжв ϸЛϠ йϠ Ͼϝ

ϤЂϜ рϸЛϠ ϾϝТ.

ϸϾϜϸϼ͟ св ̪ϸжϦЂк ϸмϮмв ЬϚϝЂв Ьϲ йвϾъ йͭ РЯϦ϶в амЯК йϠ йͭ ЄжϜϸ ϸЛϠ.



22

йЂмϼ͟сЂϸжлвсвϦЂтЂ

ЙϮϜϼвРЯϦ϶вйЂмϼ͟рϝксУЯϦ϶врϜϼϠϬϜϼ϶ϦЂϜͬтϸжмϼϞЂϝжвϼϸ

сЂϸжлвсвϦЂтЂйϚϼϜиϸмвжϸжϜйͭйͧϼ͵ϼϸϼкϝДϝϠакϤмϝУϦвжϦЂк̪ϸ

сЮмϼϸдАϝϠϤϝͭϜϼϦІϜϼϝтЂϠрϸϝтϾϸжϼϜϸ.

[1]  Eisner
[2]  Meredith
[3]  Hall
[4] Sage
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LÆĉwz ¾ĉ¿ Ĉ³v¾Õ ĈöÍv ½vÀzv ½wĄ¯ IüĊÅºþĄù Ĉþå ûwz¿ Ăz ć¾¤Êù ûwz¿ Ăú«¾£ ½ĀÚþù Ăz ¿v Ĉ¤

 ć¾¤Êù ćwă Ă¤ÅvĀ· ÿ ¿wĊý ©v¾¸¤ÅvI Ĉ³v¾Õ ºþĉj¾å ćvº¤zv ½¹ºýĀÉ äĉ¾Þ£ ÿ āºÉ5

,(wă ¢ĉ¹ÿº´ù ÿ ãvºăvObjectives and 

Constraints -(wă¹¾îöúÝ

Functions

.(ìĉ¾¤ùMetrics

/( ¡wÎ¸Êù¹¾îöúÝ$wă½wĊÞù#Performance 

specifications 
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ãvºăv 5 ĂýwùwÅ āºþă¹ Ç½wæÅ Ăí Ĉ£wÎ¸Êù ÿ wă½w¤å½ ¿v ºþ£½w{Ý$ć¾¤Êù #¤ýv óĀÎ´ù ¿v ½wLÚ

¹½v¹) ãºăKºþîz ºĉwz Ă¯ óvoÅ xvĀ« Ăý ÿ ¢Åv ºÉwz ºĉwz Ă¯ óvoÅ xvĀ«

What the design should be?

(not)What the design must do?

¿v ºþ£½w{Ý wă ¢ĉ¹ÿº´ù 5 ĈL³v¾Õ ćwLă¾¤ùv½w~ wLĉ ÿ ĂýwùwLÅ ½wL¤å½ ćv¾Lz Ăí ć¹ÿº³$ÿ*wLĉ #

ºýĀÉ Ĉù Ì¸Êù Ĉ³v¾Õ ćwă¾Ċâ¤ù)
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×wLĉ ÿ wLă xwL¸¤ýv ºþývĀ£ Ĉù ÿ ºýĀÉ Ĉù äĉ¾Þ£ ÷ĀöÞù MĒùwí ¹ÿº³ ¡½ĀÍ Ăz wă ¢ĉ¹ÿº´ù

 ½v¾é ¾Ċ§m£ ¢´£ øĊê¤Æù ¡½ĀÍ Ăz v½ Ĉ³v¾Õºþă¹) Ăz ówL¨ù ûvĀLþÝ  ìLĉ ĈL³v¾Õ ćv¾Lz

 ā½vĀăwù ô¨ù IºÉwz ±¾Öù ºývĀ£ Ĉù ¢ĉ¹ÿº´ù ÛĀý ºþ¯ û¿ÿ$ÿ¾îĊù Iì¯Āí Iï½Àz #)))ĉ ÿ w

 ¾¨ívº³ ćÿ½ ¾z ¢ĉ¹ÿº´ù üĊz½ÿ¹ ĈÅºþă ìĊîæ£$ ¿v ¾¤úí Ē¨ù,¾¤ù#

× ºþ¤Æă Ĉ³v¾Õ ĈĉwÒå I¹wÞzv āºþþí ¹ÿº´ù Iwă ¢ĉ¹ÿº´ùĈLÅ½¾z ûwLîùv ãvºăv ôzwêù ½¹

 Ĉù wù Ăz v½ Ĉ³v¾Õ ĈĉwÒåºă¹) ĂzLĊ{£ Ĉ£½ĀÍ Ăz ûvĀ£ Ĉù v½ wă ¢ĉ¹ÿº´ù ¾òĉ¹ ¡½w{Ý üĊ

¹½v¼òz ½wþí v½ Ç¾ĉ¼~ ôzwé¾Ċá ćwă ±¾Õ ºývĀ¤z wă ûj ìúí Ăz ±v¾Õ Ăí ¹Āúý )ºLăv Ĉõÿ ãv

 Ăí v½ Ĉĉwă ûj ÛĀþ¤ù ćwă ±¾Õ ûwĊù ½¹ Ăí ¹v¹ ºþăvĀ· ±v¾Õ Ăz v½ ā¿w«v üĉv ćwLă¿wĊý äí

$wă¿wĊý ôévº³ # v½ ć¾¤Êùºþĉwúý Ĉù iwÑ½vºĉwúý xw¸¤ýv I)

× Ăí ¢Åv ć½ÿj¹wĉ Ăz ÷¿đ ÓĀz¾ù óĀÎ´ù Ăz ÿ¹ ¾ă wă ¢ĉ¹ÿº´ù ÿ ãvºăv Ĉù ºýĀÉ ĂLz Ăý ÿ

 ºþĉj¾åĈ³v¾Õ ) ¾¤Ąz Ĉ³v¾Õ ćvº¤zv ½¹ ¢Åvãvºăv ¢·½¹( wă ¢ĉ¹ÿº´ù óĀLÎ´ù ćv¾Lz

¹Āúý ©v¾¸¤Åv ûj ¿v ûvĀ¤z v½ Ĉ³v¾Õ Ĉ«ÿ¾· ¡wÎ¸Êù w£ I¹ĀÉ Ă¤·wÅ ¾Úý ¹½Āù)
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 ¢·½¹$ãvºăv( ¢ĉ¹ÿº´ùwă # ìĉ

 ĂLí ā¹Āz Ì¸Êù ±ĀÖÅ wz I¢·½¹

 ćwLLă ¢ĉ¹ÿºLL´ù ÿ ãvºLLăv ûj ½¹

 ìĉ Ăz ĈöÍvć¾ÅĂLĉĀýw§ ãvºLăv I

ºýĀÉ Ĉù ¹¾·)

 ÿ¾Lzÿ½ ôîLÉ ½¹ ¢·½¹ üĉv ĂýĀúý

 ćv¾z ìLĉ Ĉ³v¾Õ ûwLÊý ûwLz¹¾{ý

¢Åv āºÉ ā¹v¹)
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× ówÞåv wz MđĀúÞù wă¹¾îöúÝ wĉ ÿ äĉwÙÿ<Action ;ºýĀÉ Ĉù ûwĊz ) Ăz ówL¨ù ûvĀLþÝ<û¹¾Lí ºLþöz; I

<û¹¾zđwz; I<û¹¾í w¬zw«; I< û¹v¹ ówê¤ýv< wĉ ÿ<û¹¾í ì{Å;

×¢ÉĀý ¾ĉ¿ ±¾É Ăz ûvĀ£ Ĉù v½ Ăýw¸zw¤í ìĉ ćv¾z āºÉ ¢ÆĊõ äĉwÙÿ ów¨ù ûvĀþÝ Ăz5

,(Ì¸Êù û¿ÿ ìĉ ¿v ¾¤úí û¿ÿ wz iwĊÉv ćv¾z Ăz»w« ćÿ¾Ċý ôzwêù ½¹ ¢ùÿwêù

-( ¡ÿwæ¤ù ćwă Ûwæ£½v wz iwĊÉv ć¿wÅvº«

ā¾Ċá ÿ

× Ă¤Év¹ Ă«Ā£ ºĊÉwzĀÉ üĊĊÞ£ ±v¾Õ ćv¾z Ĉ¤Æĉw{ý ĈÎ¸Êù Ô· ®Ċă äĉwÙÿ äĉ¾Þ£ ½¹ ¹ üLă» w£

ºýĀÉ Ă¤å¾ñ ÿv ¿v Ăýv½ÿjĀý ćwă āºĉv ÿ āºÉ ûj ¾Ċñ½¹ ±v¾Õ  )

× Ăz¸zw¤í ½¹ ûĀL¯ øĉ¹½ÿwĊý xw¤í ¿v ĈúÅv wù IĂýw¸zw¤í ìĉ äĉwÙÿ äĉ¾Þ£ ½¹ ów¨ù ûvĀþÝ ĈLù ĂLýw

¢Év¼ñ ÀĊý ¾òĉ¹ ÷¿vĀõ ÿ ãÿ¾Ù Ĉ¤³ wĉ ĈþĊtÀ£ ÷¿vĀõ ûvĀ£)
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ºýÀý ā¾ñ Ëw· Ĉö³ āv½ wz v½ ĂæĊÙÿ ìĉ ¹½v¹ ĈÞÅ ā½vĀúă ĂêzwÅ wz ±v¾Õ ìĉ )

 ûvĀþÝ Ăz ãºă ¾ñv ów¨ù<ëºþå ìĉ Ĉ³v¾Õ ;¹ v½ ûj ĂLæĊÙÿ ¹Āz üîúù ¹Āz Ĉù ½

 óÿv Ăö³¾ù<Āíw{þ£ ćv¾z ĂöÞÉ û¹¾z ½wîz ;îĊ£½ĀLÍ ½¹ øĉ¹¾Lí Ĉù Ì¸Êù üLĉv Ă

í ĈLù ºĊõĀ£ ĂöÞÉ Ăí ćv ĂöĊÅÿ ćÿ½ ¾z wĄþ£ ±v¾Õ üă» ¹ĀÉ Ĉù ¦Ýwz äĉ¾Þ£ IºLþ

L¤å¾ñ ¾Úý ½¹ ûºÉ ½ÿ ĂöÞÉ ćv¾z Āíw{þ£ ¡wÎ¸Êù Ôêå wĉ I¹¹¾ñ Àí¾ú¤ùºýĀLÉ Ă )

LĊý v½ ć¾Lòĉ¹ ćwăÀĊ¯ ëºþå wz øă ÿ øĉ½v¹ Ĉé¾z ćwă ëºþå øă wù ĂîĊ£½ĀÍ ½¹ À

øĊĉwúý Ĉù ā¹wæ¤Åv wă ûj ¿v ½Āý û¹½ÿj ¹Ā«Āz ćv¾z Ĉ¤³ wĉ øĊýv¿ĀÅ Ĉù)
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 ¾Lĉ¿ ćwLă Çÿ½ ¿v Ĉõÿ IºÉwz Ĉù wă ûj û¹¾í ¢ÆĊõ IäĉwÙÿ äĉ¾Þ£ Çÿ½ üĉ¾£ óĀúÞù Ă¯¾ñ

 Ĉù ûvĀþÝ Ăz ûvĀ£ ćwă Çÿ½ óĀúÞù äĉwÙÿ äĉ¾Þ£ ćv¾z¹Āúý ā¹wæ¤Åv)

,( ãwæÉ Ă{Þ« Çÿ½(Glass Box Method)

-(ĂæĊÙÿ ¢·½¹ Çÿ½( ĈþÞù(Function-Means tree)




