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1. EJIb OCBOEHMA JUCIIUITJIMHbI

Jucnuniuza  «[IpoekTupoBaHME  HMHJKEHEPHBIX CHCTEM» BXOAUT B  IIpOorpammy
MarucCTparypasl «bammcTnyeckoe IMPOCKTUPOBAHNEC KOCMUUYCCKHX KOMIIJICKCOB H CHCTEM) IIO
Hanpasienuio 01.04.02 «IIpuknannas maremMaTika 1 HHPOpMaTHKa» U n3ydaercs B 1 cemectpe 1
kypca. Jucrumuny peanusyet Kadenpa Bysa-Ilaptaépa. JluciumimHa cOCTOUT U3 3 pa3ieioB U
12 Tem u HanpaBiena Ha uszyuenue fundamental principles of integrated systems design from a
holistic perspective; analysis of the main methods for solving typical problems and familiarization
with the scope of their application in professional activities. The discipline involves viewing the
system problem space in its entirety from the initial concept throughout the lifecycle to retirement.

Lenbro ocBoenus aucuuiuinbsb siBisiercst formation of fundamental knowledge and skills in
the application of problem solving methods necessary for professional activity, increasing the
general level of literacy of students on basic systems and systems engineering concepts and terms;
introduce systems engineering as a problem solving process / approach, project decision support,
and its relationship to program life cycle.

2. TPEBOBAHMUS K PE3YJIBTATAM OCBOEHMUSA JUCHUIIVIMHbI

OcBoenne mucuuiuiuHbl «IIpoeKkTHpOBaHME WHKEHEPHBIX CHCTEM» HAIpaBIE€HO Ha
(dbopMupoBaHHE y 00YYAIOIINXCS CIECTYIOMNX KOMIIETEHIIUH (YACTH KOMIIETEHIUH):

Tabnuya 2.1. Ilepeuenv komnemenyuil, Gopmupyemvlx y 00yHarOWUXcs Npu 0C80eHUU
OUCYUNTUHDBL (Pe3YIbMaAmbl 0C80EHUS OUCYUNTUHDL)

HNHankaTopbl J0CTHKEHHS KOMIIETEHIINT

Hugp Komnerenuus o
(B pamMKax JaHHOW JTHUCIUILIIHEI)

YK-2.1 ®opmynupyeT mpobiiemMy, pereHne KOTOpoil HalnpsMyro
CBSI3aHO C JIOCTIDKEHHEM IEIIH MIPOEKTa, ONIPEAEIISIET CBA3M MEXKIY
MOCTABJIEHHBIMH 3a/1a4aMHt;;

VK-2.2 B pamkax ocTaBJIEHHBIX 3a7ja4 ONpeAessieT UMEIOIINecs
pecypchl U OTpaHUUYCHHS, JEHCTBYIOIINE IPAaBOBBIE HOPMBI,
ONTUMU3UPYET IMyTH PEIICHHS 3a1a4;;

YK-2.3 KoHTponupyeT X0/ BEIIIOJHEHHS IPOEKTA, KOPPEKTUPYET
IUTaH-Tpa(UK B COOTBETCTBHUH C PE3YJIbTATAMU KOHTPOJIAL.;

CriocoOeH ympaBIIsTh IPOSKTOM
VK-2 Ha BCeX dTanax ero >KH3HCHHOTO
LIUKJIa

ITK-1.1 Obnanaer GpyHIaMeHTaIbHBIMU 3HAHUSMHU, TIOJTYUYECHHBIMU
B 00JTaCTH MaTEeMaTHYECKUX U (WJIM) €CTECTBEHHBIX HayK,
MIPOTPaMMHUPOBAHUS U HH(POPMAITMOHHBIX TEXHOJIOTHIA;;

[IK-1.2 YMmeer HaX0quTh, GOPMYIHPOBATH U PEIIATh CTAHAaPTHHIC
3a71a4M B COOCTBEHHOM HayYHO-HCCIIEI0BATEIILCKON e TEIEHOCTH
B 00J1aCTH NPUKIIAIHOW MaTeMaTHKH U HH(OPMATHKH,
BBIUUCIIUTENIHON TEXHUKH U COBPEMEHHBIX TEXHOJIOTUI
IpOrpaMMHPOBaHMUS;;

ITK-1.3 NmeeT npakTUUECKUI ONBIT HAyYHO-UCCIEN0BATEIbCKON
JIESITETIFHOCTH B OOJIACTH MPHUKIIAHOW MaTEMaTHKH U
MHGOPMATHKH, BEIYNCIUTENIFHON TEXHUKH U COBPEMEHHBIX
TEXHOJIOTHH MPOrpaMMHPOBAHHUSL.;

Cnoco6eH GpopMyIupoBaTh 1ENH,
3a/1a4il HAyYHbIX UCCIICIOBAHUN B
00J1acTH MIPUKIIATHON
MaTeMaTHUKU 1 HHPOPMATHKH,

TIK-1 BBIYUCIIUTEILHON TEXHUKU U
COBPEMCHHBIX TEXHOJIOTUI
MIPOTPaMMHPOBaHHUSI, BEIOUPATH
METO/IbI U CPENICTBA PELICHUS
3a71a4

ITK-3.1 3HaeT OCHOBHBIE MaTEMaTHIECKHE METOJIBI U COBPEMEHHBIE
WHCTPYMEHTAJbHBIE CPECTBA B 00IaCTH OaITHCTHIECKOTO
MIPOEKTUPOBAHMSI KOCMUYIECKUX KOMITJIEKCOB M CUCTEM;;

[TK-3.2 Bnageer 6a30BbIMU 3HAHUSAMU TI0 CTaHAApTaM, HOpMaM U
MpaBUJIaMH pa3pabOTKH MPOCKTHEIX PEIICHUH B 001aCcTH
OaJUTMCTHKY, THHAMUKY W YIIPABICHUS MTOJICTAMUA KOCMUYECKUX
anmaparos;;

[IK-3.3 YMmeeT npuMeHsITh MaTeEMaTHUECKUE METOABI U
COBpPEMCHHBIC HH(POPMAIMOHHBIC TEXHOJIOTUH MPH MIPOBEACHUU
HAYYHBIX UCCIICIOBAHUN U Pa3pabOTKe MPOCKTHBIX PCIICHUN B
obnacTh OATUCTUKY, THHAMUKHY U YIIPABJICHUS TOJIETAMH
KOCMHUYECKHX allaparos.;

Crioco0eH y4acTBOBaTh B
MPOBEJICHUH HaYYHBIX
HCCIeI0BaHNi 1 pa3paboTke
IK-3 IIPOEKTHBIX PEIIeHNH B 00J1acTH
OaIIMCTUKY, TUHAMHUKH 1
yIIpaBJIEHUs MOJeTaMU
KOCMHUYECKHX aIllaparoB




I/IH}II/IKaTOPLI JOCTHIKCHHUSI KOMIIETCHIINHN

Mudp Komnerennus o
(B paMKax JaHHOUW TUCUUTUIMHBI)
ITK-5.1 3HaeT oTpaboTaHHBIC ¥ IPUMEHSIOMINECS METOINKH, B TOM
YKCJIE U3 aHTJIOA3BIYHBIX HICTOYHUKOB, IS HCCIIEIOBAHUS
Crioco0OeH aHaTM3UPOBATH, B TOM |0aJUIMCTHYECKUX M TUHAMUYIECKUX XapaKTePUCTHK IIPH
YHCcIIe Ha aHTJINHACKOM SI3bIKE,  |MOJENHPOBAHUH TPACKTOPHH MOJIETOB KOCMUYECKHX allapaToB;;
METOIUKH HCCIIEJOBAHUS [1K-5.2 Ymeer pa3pabaTeIBaTh 1 MOJACPHU3HPOBATH METOAUKU
TIK-5 OaITUCTHYECKUX K HCCIIeIOBaHMA OAJUTMCTHYECKUX M TUHAMUIECKAX XapaKTePUCTHK

JMHAMHYECKUX XapaKTePUCTHK
IIPU MOJETUPOBAHUU TPACKTOPUI
MOJIETOB KOCMUYECKHX aIlapaToB

[IPU MOJICJIUPOBAHUHN TPAEKTOPHUI MOJETOB KOCMUYECKUX
armnaparos;;
[1K-5.3 Bnageer MeTogaMHu U ITOAXOAAMHU K HCCIEIOBAHUIO

OaJITUCTHUECKHUX K JAMHAMHWYCCKUX XapaKTCPUCTHUK IIPU
MOJCJIMPOBAHUN TpaeKTOpI/Iﬁ TMOJICTOB KOCMHWYCCKUX alllapaToB.;

3. MECTO JUCHUIIJIMHBI B CTPYKTYPE OII BO
HucnummmHa «IIpoekTHpoBaHre MHXEHEPHBIX CUCTEM» OTHOCHUTCS K 4acTH, (POPMUPYEMOM
y4yacTHUKaMU  00pa3oBaTeNbHBIX  OTHOWIeHWH  Omoka 1 «Jucuumnuuel  (MOAYNIH)»

00pa30BaTeNbHON MPOTrPAMMEBI BBICIIIETO 0OPa30BaHHUS.

B pamkax o0pa3zoBaTesbHOM NpOrpamMmbl BBICIIETO O0pa30BaHUS OOYYAIOIIMECS TaKXKe

OCBaMBAIOT JApyrue JUCHUIUIMHBI W/WIUW  TPAKTHKH, CIHOCOOCTBYIOIIME  JIOCTHXKEHUIO
3alUIJaHUPOBAHHBIX  PE3YJbTATOB OCBOEHUS JUCUUILIMHBL «IIpoeKTupoBaHWE HMHKEHEPHBIX
CUCTEM).
Tabnuya 3.1. Ilepeuenv komnonenmos OII BO, cnocobcmeyrowux o0ocmudiceHuro
3aNIAHUPOBAHHBIX Pe3YIbMAaAmo8 0C80EeHUS OUCYUNTIUHB]
IpenmecrByromue Mocaenyromue
HIngp Haumenosanne Z[HCE.:IE[HPIHLI;IMOI;:)’JIM, }:[l/ICHI/lHJ]l/Ii[l}]il/l\]iIOZ[yJIH,
KOMIIETEeHIHH . -
HPaKTHKH NPaKTHKH
Practical Training in
Receiving Remote Sensing
Data from Satellites and its
Interpretation (online from
RUDN Mission Control
Center) / HUP;
Pre-Graduation Internship in
CnocobeH yrnpaBisiTh Industry;
YK-2 MIPOEKTOM Ha BCEX ATamax Aerospace Systems;
ero JKH3HEHHOTO I[HKJIa System Design;
Dynamics and Control of
Space Systems;
Project "Drone Systems
Engineering. Part 1";
Project "Drone Systems
Engineering. Part 2";
Pre-Graduation Internship in
Crioco0eH GpopMyIMpoOBaTh Industry;
LEJTH, 3a1a91 HaAYIHBIX Practical Training in
HCCITeTIOBaHMUi B 00IacTH Receiving Remote Sensing
MPHUKIIATHOW MATEMATHKH U Data from Satellites and its
K-1 nHpopmaruky, Interpretat_ion (online from
BBIYUCIIUTEIILHOW TEXHUKH U RUDN Mission Control
COBPEMEHHBIX TEXHOJIOTHI Center) / HUP;
IPOrpaMMHpPOBaHUS, Practical Training and
BBIOMpPATh METOABI U Research in Dynamics and
Cpe/CTBa pelIeHHs 33/1a4 Control of Space Systems
(online from RUDN Mission




HIngp

HanmeHnoBanue
KOMIIETEHIIUH

IIpenmecrByromue
AUCHHUTIIUHBI/MOAYJIH,
NPaKTHKH*

Mocaenyromue
JHCHHMIITHHBI/ MOAYJIH,
NPaKTUKH*

Control Center) / Hayuno-
HCCICO0BATCIbCKAsA pa60Ta;
Technological Training;
Advanced Methods of Remote
Sensing and Geoinformation
Systems;

System Design;

Dynamics and Control of
Space Systems;

IK-3

CriocoOeH y4acTBOBaTh B
MPOBEICHUH HAYIHBIX
HCCIICIOBAaHUN U pa3paboTKe
IIPOEKTHBIX PELICHUN B
obnacTy OaIIMCTHKH,
JUHAMUKHU U YIIPaBICHUSL
MOJIETaMU KOCMHUYECKUX
anmapaToB

Pre-Graduation Internship in
Industry;

Practical Training in
Receiving Remote Sensing
Data from Satellites and its
Interpretation (online from
RUDN Mission Control
Center) / HUP;

Practical Training and
Research in Dynamics and
Control of Space Systems
(online from RUDN Mission
Control Center) / Hayuno-
HCCJIICA0BATCJIbCKaA pa60Ta;
Technological Training;
Aerospace Systems;
Structures & Materials
Modelling;

System Design;

On-board Energy;
Dynamics and Control of
Space Systems;

Project "Drone Systems
Engineering. Part 1";
Project "Drone Systems
Engineering. Part 2";

I1K-5

CriocobeH aHaJIM3UpPOBATH, B
TOM YHCJIC Ha aHTJTUMCKOM
SI3BIKE, METOUKHI
HCCIIEIOBAHMS
0aJNINCTHYECKUX U
JTHHAMHYECKHX
XapaKTePUCTHUK NPHU
MOJETUPOBAHUU
TpPaeKTOPHUH MOJETOB
KOCMUYECKHUX almapaToB

Pre-Graduation Internship in
Industry;

Practical Training in
Receiving Remote Sensing
Data from Satellites and its
Interpretation (online from
RUDN Muission Control
Center) / HUP;

Practical Training and
Research in Dynamics and
Control of Space Systems
(online from RUDN Mission
Control Center) / Hayuno-
HCCJICA0BATCJIbCKaA pa60Ta;
Technological Training;
Aerospace Systems;
Structures & Materials
Modelling;

System Design;

On-board Energy;
Dynamics and Control of
Space Systems;

Advanced Methods of Remote
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Hpexqmecryommue Hocaenyrommue
Mudp Haumenosane Zlﬂcfll/ll:IﬂHHbI},MOI;yﬂﬂ Ill/lcul/lﬂﬂl/lllliil/;lHOZ[yﬂH
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KoMuereniim NMpPAKTHKH* NpPaKTHKH*

Sensing and Geoinformation
Systems;

* - 3aMONHACTCS B COOTBETCTBHUH ¢ MaTpuieii kommnerenuii u CYII OIT BO
** - 3NIeKTUBHBIC TUCIUIUIMHEI /TIPAKTHKH




4. OFbEM JUCHUILIVNHBI U BUJIbI YYEBHOM PABOTHI

OOm1ast TPyA0eMKOCTh AUCIUTLTUHBI «[IpOeKTHpOBaHNE MHKEHEPHBIX CUCTEM» COCTABIISCT «6%» 3aYETHBIX CIUHUII.
Tabnuya 4.1. Buowl yuebHOU pabomvl no nepuooam 0C80eHUsi 00PA308amMenrbHOU NPOSPAMMbL BblCUe20 00pA308aHUsl Olsl OYHOU (HopMbl
0OyueHusl.

Buja yueOHoii padoThl BCETIO, ak.u. CeMeclT pCED)
Koumaxmmnas paboma, ax.u. 20 20
Jlexrun (JIK) 10 10
Jlabopartopusie pabotsl (JIP) 0 0
IMpaktryeckue/cemunapckue 3ansatus (C3) 10 10
Camocmosmenvras paboma 00y4arOWuxcs, ax.u. 160 160
Koumponw (ax3amen/3auem c oyenkoil), ax.u. 36 36
OO01asi TPYI0E€MKOCTh THCHHILTHHBI aK.4. 216 216
3a4.e/1. 6 6




5. COAEPKAHUE JTUCIUIIJIMHbI

Tabauya 5.1. Codepoicanue oucyuniunvl (MoOYas) no 8U0am y4eonol pabomoi

Homep HaumenoBanmue pazaesna Bn "
HaunmeHnoBanue TeMbl Copep:xaHue TeMbl yueOHoit
pasaeia JTUCHHNJIMHBI -
padoThI
Definition and scope of systems engineering as an interdisciplinary
field. Key principles: holistic approach, lifecycle orientation,
11 |Systems Engineering Overview stalfeholder focus_. The r_ole of t_hg systemg engineer in _cor_nplex JIK, C3
projects. Comparison with traditional engineering disciplines. Core
concepts: system boundary, interfaces, functions, requirements, and
architecture.
Overview of typical system life cycle stages: concept, development,
production, utilisation, support, and retirement. Technical, business,
Introduction to Systems 1.2 Life Cycle Stages and management activities at each stage. Entry and exit criteria for JIK, C3
Paznen 1 . . . . .
Engineering stage transitions. Importance of traceability and documentation

across the lifecycle.

Decision-making processes in systems engineering: trade-off
studies, selection criteria, stakeholder alignment. Risk assessment:
identification, analysis, evaluation, and mitigation of technical,
schedule, and cost risks. Introduction to Model-Based Systems JIK, C3
Engineering as an approach using digital models to support analysis,
requirements, design, verification, and validation throughout the
lifecycle.

Decision Making and Risk Assessment in

13 Design and Model-Based System Engineering

Definition of business or mission problem or opportunity.
Identification of constraints and assumptions. Definition of success
2.1  |Business and Mission Analysis Process criteria and measurable outcomes. Outputs: preliminary concept of | JIK, C3
operations, mission needs statement, and high-level stakeholder
requirements.

Identification of stakeholders and their needs. Elicitation
System Engineering . techniques: interviews, workshops, document analysis.
Paspmen 2 | Technical Processes: Down 2.2 Stak_ehc_)lder Needs and Requirements Transformation of stakeholder needs into structured stakeholder JIK, C3
Definition Process . S X . -
the Systems Vee requirements. Validation of requirements against mission
objectives. Management of requirements traceability and changes.

Definition of system architecture as a framework describing
structure, behaviour, and interactions. Development of logical and
2.3 |Architecture Definition Process physical architectures. Use of architecture frameworks. JIK, C3
Identification of system functions and their allocation to physical
components. Creation of architecture views.




Homep
pasnena

HaumeHnoBaHnue pa3aeia
JUCHUIIINHBI

HaumeHoBaHue TeMBbI

Coaep:xanue TeMbl

Bun
y4eOHoi
padoThr*

24

Interface Design and Definition

Identification of internal and external interfaces. Definition of
interface requirements: mechanical, electrical, data, software,
human. Interface control documentation and management. Interface
compatibility and conflict resolution.

JIK, C3

25

System Definition Process

Refinement of architecture into detailed system design. Definition
of system components, their functions and performance parameters.
Establishment of traceability between requirements and design
elements. Preparation of system specification documents.

JIK, C3

Pasnen 3

System Engineering
Technical Processes: Up the
Systems Vee

3.1

Design Definition Process

Detailed design of system components including hardware,
software, human elements, facilities, and services. Application of
design methods. Development of design documentation including
drawings, models, and specifications. Design optimisation and
trade-off analysis. Design review and acceptance criteria.

JIK, C3

3.2

System Analysis Process and Implementation
Process

System analysis: selection of analytical methods for performance,
cost, schedule, and risk evaluation. Trade-off studies supporting
design decisions. Implementation process: transformation of design
into physical components. Production, coding, assembly, and
procurement activities. Verification of implementation against
design specifications.

JIK, C3

3.3

Integration, Verification, Transition, and
Validation Processes

Integration: assembly of components into larger subsystems and the
complete system. Verification: confirmation that system meets
specified requirements through inspection, analysis, demonstration,
and testing. Transition: movement of system to operational
environment. Validation: confirmation that system meets
stakeholder needs in operational environment.

JIK, C3

3.4

Operation, Maintenance, Disposal Process,
Tailoring SE Processes

Operation: system use to deliver intended services. Maintenance:
corrective and preventive actions to sustain system capability.
Disposal: safe and environmentally responsible retirement of system
at end of life. Tailoring: adaptation of systems engineering
processes to project scale, domain, risk, and constraints while
maintaining compliance with relevant standards.

JIK, C3

* - zanosnHsercs Tonsko 1o OUHOM dopme obyuenus: JIK — nexyuu,; JIP — nabopamopuvie pabomel; C3 — npaxmuyeckue/ceMunapcrue 3ausamusi.




6. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUME JUCHUIIJINHBI

Tabnuya 6.1. MamepuaneHo-mexnuueckoe obecneuerue OUCYUNIUHbL

Cneuunajau3supoBaHHoe
yueOHoe/1adopaTopHoe
obopynoBanme, IO u
MaTepuabl 1J1s1 0CBOCHHSA
AUCHUTLTAHBI
(mpu HE0OXOAUMOCTH)

Tun aynuropun OcHaleHue ayauTopun

Aynuropus JUIs IPOBEICHUS 3aHATUI
JICKIIMOHHOTO THIIa, OCHAIICHHAS
JleximonHast KOMIUICKTOM CIEIUATH3UPOBAHHON MEOeIH;
JIOCKOH (9KpPaHOM) U TEXHHYECKUMU
CpeJICTBAMU MYJIbTHMEIHA MTPE3CHTAIIHIA.

AyauTopus Juisl IPOBEICHUS 3aHATUN
CEMUHAPCKOT0 TUIIA, TPYIIOBBIX U
VHJIMBU1YaJIbHBIX KOHCYJIBTALIN, TEKYILEro
KOHTPOJISI U IPOMEXKYTOUHOU aTTECTaIlUH,

CemuHapckas
OCHAII[CHHAs] KOMILJIEKTOM
CHeIMaTU3UPOBAHHON MeOeH U
TEXHUUYECKUMU CPEICTBAMHU MYJIbTHUMEINA
IIPE3CHTALNMN.
Aynuropus Ui CaMOCTOSITEIbHON pabOThI
Tins oOyJaronuxcs (MOXKET UCIOJIb30BATHCA IS
. | MpOBeIeHUs] CEMHUHAPCKUX 3aHSATHI U

CaMOCTOSITEJIbHOM 9

KOHCYJIbTAIIHi), OCHAIIEHHAS KOMIIEKTOM
paboTsl

CreLMaNIN3UPOBaHHON MeOenu U
KoMibroTepami ¢ goctynoM B QUOC.

* - ayIUTOPHS JJIsL CAMOCTOSTENbHOM paboThl oOyuaromuxcs ykassiaetcs OBA3ATEJIBHO!

7.  YYEBHO-METOJAMYECKOE W HWH®OPMAIIMOHHOE OBECNEYEHME
JTACHMIUINHBI

OcnosHas numepamypa:
1. Donella Meadows, "Thinking in Systems: A Primer”, 2008. 240 pages.
2. Hammond and Keeney, "Smart Choices: A Practical Guide to Making Better
Decisions™, 2015. 256 pages.
Lononnumenvnasn numepamypa:
1. Janine Benyus, "Biomimicry: Innovation Inspired by Nature”, 1997/2002. 308 pages
2. Peter Bernstein, "Against the Gods: The Remarkable Story of Risk™, 1998. 400 pages.
Pecypcuvl ungpopmayuonno-menekommynuxkayuonno cemu « nmepnemy:
1. ObC PY1H u ctopornne ObC, Kk KOTOPBIM CTYJEHTBl YHUBEPCUTETA UMEIOT JOCTYII
Ha OCHOBaHMH 3aKJIFOYSHHBIX JJOTOBOPOB
- DnekTpoHHo-6ubmoTeunas cuctema PY/IH — ObC PYIH
https://mega.rudn.ru/MegaPro/Web
- OBC «YHuBepcurerckas Oubauorexa onnan» http://www.biblioclub.ru
- OBC IOpaiit http://www.biblio-online.ru
- OBC «KoncynbraHT cTyfeHTa» www.studentlibrary.ru
- OBC «3nannym» https://znanium.ru/
2. ba3bl TaHHBIX U TIOUCKOBBIE CUCTEMBI
- Sage https://journals.sagepub.com/




- Springer Nature Link https://link.springer.com/

- Wiley Journal Database https://onlinelibrary.wiley.com/

- Haykomerpuueckas 6aza nanusix Lens.org https://www.lens.org
Yuebno-memoouueckue mamepuanvt 05 camoCmosmenbHou pabomol 0OYUAOWUXCS NPU
0CB80EHUU OUCYUNTUHBL/MOOYIS*:

1. Kypc nekuumit no nuciurinne «IIpoekTupoBaHue HHKEHEPHBIX CUCTEM).

* - Bce y4eOHO-METOANYECKHE MaTepuallbl Ul CaMOCTOATENbHOM paboThl 00ydaromuxcs
pa3MeIaTCs B COOTBETCTBUHU € AEUCTBYIOLIUM MOPsAKOM Ha cTpaHule aucuuiuiiasl B TYHUC!
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