@enepabHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00pa3oBaTe/ibHOe
yupexaeHue BbICIIero 00pa3oBaHus

POCCHUIHCKNH YHUBEPCHUTET JIPYKBbl HAPOJIOB

NHXEHEPHASA AKAJTEMMUS

IIPUHATA
VYueusiM CoBETOM
WH)KEHEPHOU aKaJIeMHUH

[TpoTokon Ne 2022-08/22-03/2 ot 25.03.2022

IMPOT'PAMMA
BCTYNHUTEJIbHOI0 UCTILITAHUS B ACIIUPAHTYPY

o CnenmaJdbHOCTH .

2.3.1. - CucreMHbIii aHAJIN3, yIIPABJIEHUE U
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[Iporpamma BCTYNUTENBHBIX UCIIBITAHAM 110 CHIEIUATBHON TUCIUILINHE AJIS MOCTYIAIOIINX B aCTIUPAHTYPy
no HamnpasjieHuto 2.3. «HpopMaMOHHbIE TEXHOJIOTHU U TEJIEKOMMYHUKAIMI» ¥ TPOQUIIO TIOATOTOBKH
2.3.1 CucremHbIi aHanu3, yrpasieHne U 00paboTka nHPopMaLuHU (Ha PYCCKOM M aHTJIMHACKOM SI3BbIKAX)
COCTaBJIeHa B COOTBETCTBHHM C TpeOOBaHMSAMH (eAepabHOr0 TOCYJapCTBEHHOI'O O0pa30BaTENbHOTO
CTaHIapTa K 0043aTeIbHOMY MUHUMYMY, HEOOXOTUMOMY JUIsI TOJTHOIICHHOM IMOATOTOBKY KapOB BBICIIECH
KBaJIM(UKALUY 110 JAHHOMYHAIIPABJICHHUIO.



OBIUE TPEBOBAHUASA

[Ipy moctymieHWd B acUpPaHTYypPy KaHIWIAT HA TOCTYIUICHHE B aCIHUPAHTYPY
JOJKEH UMETh JIUIIOM O BhICIIEM 00pa30BaHMM (CHEHAINTET, MarucTparypa) 1o
BBIOpAHHOM, pOJCTBEHHOM WM NPOGUIBLHON CHEHHAIBHOCTH U JIOJDKEH
MOJITOTOBUTH pedepaT Wik UMETh OMyOIMKOBAaHHbIE pa0OTHI MO CTICIIMAIBHOCTH.
B xone sk3ameHa mpoBepsieTcs BIAJCHUE CICAYIOMMMHU NpohecCUOHATBHBIMU U
OOILIEKYIbTYPHBIMU KOMIIETEHIIUSIMH:
- 3HaHUAMU U YMEHHUSMU B OO0JIACTM OpraHM3alMd HAyYHO-HCCIEeI0BATEIbCKON
paboThl, METOJUKHY IPOBEACHUS U 00pabOTKH Pe3yIbTaTOB HKCIIEPUMEHTA;
- 3HAaHUSAMHU (PU3UKO-MATEMATUYECKUX OCHOB CIIEIUATBLHOCTH;
- CIIOCOOHOCTBHIO M HAaBBIKOM NMPUMEHEHHS] CHUCTEMHOTrO IMOJAXO0J]a K MpoleccaMm U
SIBJICHUSIM.

Ha »k3ameHe mnoctynaromuid JOJKEH NPOAEMOHCTPUPOBATH CIEIYIOLIUE
3HAHUA U YMEHUSL:

3HaHUST W YMEHUA MOCTYNAOUIMKA JIEMOHCTPUPYET B OTBETAX Ha
3K3aMEHAIMOHHBIE BOIIPOCHI.



OCHOBHBIE PA3JAEJIBI ITPOT'PAMMBI BCTYIHHUTEJBHOTI'O
HUCIIBITAHUSA

2.3.1 CucremMHBIil aHAIU3, yIpaBJieHUe U 00padoTKka nHpopManun

=

Apxutektypa 9BM. Crpykrypa @oH HelimaHa. Y CcTpolCTBO mpoueccopa.

Y CTpOMCTBO ONIEPATUBHOM ITAMSITH.

3. Iocrosiuubie HOcUTENM MHPOpMaru. MaruuTHele HakonuTenu. JlazepHbie

ITUCKU. DIdII-1IaMAITh.

[TapannenbHble BerurcauTenbHble ManHbl. Knactepsl. Cynep-2BM.

JlokanbHble BbIYMCIHTENBHBIE ceTH. (CocTaB, CTPYKTypa, HPOTOKOJbI,

OpraHu3alus.

becnipoBonas cets Wi-Fi. Cocrtas, cTpykTypa, MPOTOKOJIBI, OpraHU3aIIHSI.

I'mobGanbHast BbluMcauTenbHas ceTb Internet. CemuypoBHEBas MOJEINb

nepenadn AaHHbIX. Anpecanus B cetu Internet.

8. JlBouuHasi, JecATUYHAS U LIECTHAALATEpUYHasi CUCTEMbI cuucieHus. CBs3b
Mexay Humu. Konuposka cumBosioB ASCII.

9. Twuns daiinoBeix cucteM. OTIUYUS MEXKITY HUMH.

10.0Oneparmonnbie cucteMbl. DyHKIIUHA, OCOOEHHOCTH.

11. OCHOBHBIE CTPYKTYpPHBIE JIEMEHTBHI MPOTrPaMMBI Ha BBICOKOYPOBHEBOM
A3BIKE MPOTPAMMUPOBAHUS.

12. MeToabl aHaJIA3a aJrOPUTMOB. AJITOPUTMBI COPTUPOBKHU: BBIOOPA, BCTABKU U
IIy3bIPBKOB.

13. PekypcuBHBIE arOpuT™MbL. MEeTOIBI YCTPAHEHUS PEKYPCUU. METOIbI aHaM3a
PEKYPCHUBHBIX aJTOPUTMOB.

14. AnropuTMBbl OBICTpPOI copTHpOBKU Xoapa, [1lemnna.

15.Jloruka BbICKa3piBaHuii. Jlormueckune onepauuu. Dopmysbl  JOTHUKH
BbICKa3bIBaHUH. Jlornueckas ¢pyHkius. M3 bIOHKTUBHBIC 1 KOHbIOHKTUBHBIC
kaHoHnyeckue Gopmel. Kapra Kapho.

16. Jloruka BrICKa3bIBaHUN. Y MO3aKItOUeHUs. Jloka3aTenbCcTBa.

17.I'padsi. HeopuentupoBaHHble U OpueHTUpOBaHHbIE Tpadbl. [TyTn. MaTpuiisi
CMEKHOCTU U MHIMAECHTHOCTH. CTENEeHN BEPIINH. DWIEPOBBI IyTH U [IUKJIBI.

18.[lepeBbsi. ANTrOpUTMBI TOCTPOEHUS OCTOBHBIX JIEpEBbEB. MarpuyHas
dbopmyna Kupxroda.

19. bunapueie aepeBbsi. Aroput™msl (pOpMUPOBaHMS, MOUCKA U yAAJIEHUS
arieMeHTa U3 OMHAPHOTO JIepeBa.

20. Tunel ¥ CTPYKTYpHI TaHHBIX.

o b N

~N o

OcHoBHBIE pa3/ieJibl MPOrPpaMMbl BCTYNIMTEIbHOI0 HCIIBITAHUSA
JJI1 IOCTYNAKIIMX HA 00pa30BaTe/IbHYIO IPOrPaMMy
2.3.1 - CucreMHBIii aHAJN3, yIIPaBJIeHHE U 00padoTKa HH(pOpMALNU
(TexHMYeECKUE HAYKH)

OcHoeHble nonamus u onpeoeienus meopuu ynpaseieHus

TCOpI/I}I YIpaBJICHUA, KI/I6€pHCTI/IKa N MaTCMaTH4YCCKasd TCOpUsA CHCTCEM.
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Ilonstust abcTpakTHOM cucteMbl. CTpPYKTYpHBIE CXEMbl M CTPYKTypHBIE
npeodpazoBaHus. YIIpaBiIeHHUE IO Pa30MKHYTOMY LIMKILY U C IIOMOILIBIO OOpaTHOM
CBSI3H

JIuneiinble U HeMMHEHHbBIE cucTeMbl. [luddepeHnnansapie ypaBHEHHSICUCTEM
ynpapneHus: HenuueitHple TuHaMUYeCKUe CUCTEMBL. MeTo/1 IMHeapu3auiBOIN3U
paboueii TOYKH. I"apmonnueckas JIMHEeapu3arusl. Craructuueckas
nuHeapu3auys. MIHTerpaJbHble ypaBHEHUS CHUCTEM yIpaBieHus. VMiynbcHas,
nepexoHas GQyHKIUS U IEPEXOAHAS XapaKTEPUCTHKA.

Knaccuueckue memoovt meopuu 1uHEUHbIX CUCIEM YRPAGIEHUA

[lepenaTtounsie (PyHKIMM W YAaCTOTHBIE XapaKTEPUCTUKUA HEMPEPHIBHBIX
JVHEWHBIX CHUCTEM YIIPABJICHUA. THUIOBBIE 3BEHBS CHUCTEM aBTOMATHYECKOTO
YOPABJICHUS. ODKCHEPUMEHTAIBHOE M3MEPEHUE YaCTOTHBIX XapaKTEPUCTUK U
OpeCTaBlIeHUEe HMX B HapaMmerpuueckod Qopme. HaxoxaeHue mnepexonHoi
XapaKTEPUCTUKU I10 YACTOTHBIM XapaKTEPUCTHKAM CHUCTEMBL. Y CTOWYMBOCTH U
KauyeCcTBO CHUCTEM YIIpaBJ€HUS. BpemeHHble MokazaTenu KadecTBa. YacTOTHBIE
nokazarenu kadectBa. Ilokazarenn TouyHOCTH KO3 ¢uuueHThl omunoOku. CHHTE3
CUCTEM YIIPaBIECHUS MO 3aJaHHBIM IOKa3aTelsM KayecTBa. MeToI KOPHEBOIO
rogorpada. MuTerpanbHble OLEHKN KayecTBa.

OcnogeHble nOHAMUA U ORPedeIeHUA MeopUu OUHAMUYECKUX CUCEM

IlousaTne TUHAMHAYECKON CHUCTEMBI. YpaBHeHUs JIMHEWHBIX
nuddepeHManbHbIX  CUCTEM B MNPOCTPAHCTBE CcOCTOSHUU. CTpPyKTypHBIE
npeoOpa3oBaHus JIMHEHHBIX CHCTEM, 3aJJaHHBIX YPAaBHEHHSIMHU B IMPOCTPAHCTBE
COCTOSIHMM. 3a/1aua JUHAMHYECKON peain3allui U OCHOBHBIE METObI €€ PEIICHUs
JUISI CUCTEM C OJIHMM BXOJIOM M OJIHUM BBIXOJOM (METOJ >KOpPAaHOBOW (POpMBI,
METOJI HOpMaJibHOU (PopMBbI, yrpaBisieMas u HaOmogaemas Qopmebl). Pemenus
YpPaBHEHUW COCTOsAHUA. MarpuuHas »HKCIOHEHTa. MarpuyHas nepeaaTodHas
dbyukuus u pesonbBeHTa. Meton JlaBepbe-DdaneeBa HaXOXIEHUS PE30JILBEHTHI.
Metoapl HaxoXIeHUsT MaTpUYHOM dSKcmoHeHThl (dopmyna CunbBecTpa U
oOpaimenne Marpuubl Bannepmonna). IlpuBegenue K ympaBisieMod U
HaOmro1aemMoit popme.

Memoowvl npocmpancmea coCmoaHuil meopuu TUHEUHbIX CUCHEM YRPAGIeHUA

3ajgada ympaBlieHHs IHUHaAMU4ecKol cuctemoil. IloHsTusa ympaBisieMocTH,
JTOCTHKUMOCTH, HaOJII0JaeMOCTH U BoccTaHaBinuBaeMocTu. Kpurepun Kanmananis
CTAallMOHAPHBIX JIMHEWHBIX CHUCTEM YIpaBieHUs. KaHOHWMYECKas IEKOMIO3ULIUS
YPAaBHEHHU B MPOCTPAHCTBE COCTOSTHUM.

Yemonuuseocmo cucmem ynpasnenusn

Henpepuignvie u Ouckpemmuule 0emepmMuHUpOBaHHble CUCTEMbl YAPAGTIeHUS

OCHOBHBIE ONPENETECHUS] TEOPUH YCTOMUYUBOCTH ISl HENPEPBIBHBIX CUCTEM
(YyCTOMYMBOCTb,  ACMMIITOTHYECKAss  yCTOMYMBOCTb, JPYrUe€  OINpEACIICHUS
yctotunBocTH). [Ipsimoit meton JIsmyHnoBa. Pazsutue metona JIsmyHoBa (TeopeMa
bap6ammna - KpacoBckoro, kputepuit MarpocoBa, TPUHIUIT CpPaBHEHHUS,
YacTUYHAasg YCTOWYHMBOCTH). YCTOWYHUBOCTh JIMHEWHBIX CUCTEM C MOCTOSHHBIMH
[Tapamerpamu (kputepuii Payra I'ypBuila, 4aCTOTHBII KpPUTEpUA YCTOMYMBOCTH
cucteM ¢ oOpaTHOW cBs3bt0 HalikBucTa aHanu3 yCTOWYMBOCTH NPH IOMOIIH
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Jorapu(PMHUUECKUX YACTOTHBIX XapaKTEPUCTUK, MAaTpUUYHOE ypaBHeHUE JIsAmyHoOBa,
YCTOMYMBOCTb MO MEPBOMY NPUOIMIKEHUIO). Y CTOMYMBOCTb JIUHEUHBIX CUCTEM C
M3MEHSIOIMMUCA  BO  BpPEMEHHM IapaMerpamMu  (METOJ  3aMOpPOKEHHBIX
K03 (UIIMEHTOB, TMHEWHBIE CUCTEMBI C IEPUOANYECKUMU KOIPPUITUCHTAMH).

YCcToMunMBOCTh  AUCKPETHBIX  cucteM. [lpsmon  merox  JlsmyHoBsa.
Y CTOMYMBOCTD JIMHENHBIX CUCTEM C MOCTOSIHHBIMH ITApAMETPaMU. Y CTOWYHUBOCTD
0 MEPBOMY MPUOIKEHUIO.

Ycemouuusocms cmoxacmuyeckux cucmem

CroxacTudyeckMe UWHTErpaibl U croxactuyeckue auddepeHIranbHble
ypaBHeHus. @opmyna Uto. Mapkosckue nuddy3noHHbIe mpolecchl. JInHelHbIe
cToXacTuyeckue ypaBHeHusA. OmnpeneneHue CTOXaCTUYECKOM YCTOMYMBOCTH.
[Ipumenenue npsimoro metoaa JIsimyHoBa (HEOOXOAUMBIE U JOCTATOYHBIE YCIOBUS
YCTOMUYHBOCTH).

Ananumuueckoe KOHCMPYUposanue CUcmem ynpaeieHus ¢ NoJIHOu
ungopmayuei

JluHamuueckne cucteMbl. CTpPYKTypHBIE CBOMCTBA CHUCTEM YIIPABIICHHS
(HabmroraemMocTh,  ympaBiisieMocTh). DopmylupoBKa 3ajadud  ONTHUMAIbHOTO
ynpasieHusi: OObeKTbl yrpaBieHus, JJonycTumble 001acTH M3MEHEHUS (Pa30BbIX
KOOpJMHAT 00BEKTA U YIPABISIIOUIMX BO3AecTBUM, KpuTepun kauecTsa.

Jlemepmunuposanmbvie cucmemul YnpaeieHus

HeoOxoaumbie ycnoBus B 3aJadyax KOHCTPYMPOBAHHUS IPOrPAMMHBIX
nBwkeHuid. IloctaHoBka 3amauM. 3ajgada co CBOOOJHBIM IMpaBbIM KOHIIOM H
3alaHHBIM  BpPEMEHEM  OKOHYaHHUS IEPEXOAHOro  mpouecca. 3ajgada C
(UKCHUPOBAaHHBIMU 3HAYCHUSIMU HEKOTOPHIX MEPEMEHHBIX COCTOSIHUSI B 3aJ]aHHBIH
MOMEHT OKOHYaHHs [EpeXOJHOro mpolecca. 3aiadya ¢ (PUKCUPOBAHHBIMU
3HAQYEHUSMU HEKOTOPBIX IEPEMEHHBIX COCTOSAHMSA B HEOIPEACICHHBIM MOMEHT
OKOHYAaHMUS TMEepPEeXOJHOro Impolecca. 3agadya ¢ (UKCUPOBAHHBIMU 3HAYCHHUSIMU
HEKOTOPBIX IIEPEMEHHBIX COCTOSHMS BO BHYTPEHHHUX TOYKAX TPACKTOPHHU.
3ameyaHus 110 TPUMEHEHHIO BAPUALIMOHHBIX METOJIOB B 337a4aX yIPaBJICHHUS.

JlocTaTOuHbIE YCIIOBHSI B 3a/Jadyax KOHCTPYMPOBAHUSA MPOTPaAaMMHBIX
nBwxeHnil. [loctanoBka 3amgaun. JlocTaToOYHbBIE YCIOBHS JOKAIBbHOTO MHUHHUMYMa
IIPY 3aJaHHOM BPEMEHHU OKOHYAHMS MEPEXOTHOTO Ipoliecca. J[ocTaTouHbIeyCIIOBHS
IIPY HE3aJJaHHOM BPEMEHM OKOHYAHMS NTEPEXOTHOTO MpoLecca.

[Tpunuun makcumyma (Munumyma JI.C. IlonTtpsiruna. IlocranoBka 3amaum.
3amaya co CBOOOJHBIM MpaBbIM KOHIIOM W 3aJlaHHBIM BPEMEHEM OKOHYAHHUSA
MEePEeXOIHOTO Tpoliecca. 3agadya ¢ (PUKCUPOBAHHBIMH 3HAUEHUSMU HEKOTOPBIX
IIEPEMEHHBIX COCTOSIHUSA B 3aJaHHBIM MOMEHT OKOHYaHHUs IEPEXOAHOr0 Mpolecca.
3amaya ¢ (UKCHUPOBAHHBIMU 3HAUYCHUSIMH HEKOTOPBHIX MEPEMEHHBIX COCTOSIHHS B
HEOIIPEIEICHHBII MOMEHT OKOHYAHHUsI IIEPEXOIHOTO MPOLECCA.

VYpaBuenus st pyHkimoHana kadectBa. [loctaHoBka 3amaun. YpaBHEHUE
g QyHKUIMOHANA KadecTBa. JlocTaTOUHbIE YCIOBHS ONTUMAIBHOCTH. Y paBHEHHE
I'amunerona-Skobu-bennmmana. Cpsa3p [lpuHinuna wmakcumyma W MeToja
JUHAMHYECKOTO IMpOorpaMMupoBaHus. ONTHMalbHOE YIPABICHHUE JIMHEWHBIMU
oObexkTaMu. [locTaHoBKa 3a1aun. 3agaya ctaOmiInM3aiy. 3agaya CiIeKeH!s. 3agada
BBIBO/IA M COMPOBOXACHUS IO 3aIaHHOM TPaeKTOpHUH. 3a/iaya ¢ PUKCUPOBAHHBIMU
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3HAYEHHUSMH HEKOTOPBIX IEPEMEHHBIX COCTOSIHUS B 3aJaHHBIA MOMEHT OKOHYaHUs
MEPEXOITHOTO Tpollecca. 3anaya CTaOWIM3aIMM MPU HEMOJHOW HMHGOpMAalIUU O
COCTOSIHUM  OOBEKTa;  MOAU(PUIMPOBAHHBIE  (PYHKIMOHANBl  HaOIIOAaTeNb
JIroenbeprepa. OcoOble pemieHus B 3agadax ynpasieHus [locraHoBka 3amauu.
['amunbTOHMAH - JMHENHHass (QYHKIUS yOpaBieHUs. ['aMUIbTOHUAH - JUHEHHAas
(YHKIMS ynopaBlIeHUS U €ro aOCOJIIOTHOTO 3HaueHus. JIMHelHble JUHAMHYECKUE
CUCTEMBI C KBaJPATUYHBIM KPUTEPHEM KadecTBa. 3agada Maiiepa.

Cmoxacmuueckue cucmemvl YnpaeieHus

OnTuManpHOE OLEHWBAHHME MPOCTPAHCTBA COCTOSIHUSI CHCTEM YIPaBJICHHS.
JluneiiHasg onTuManbHas QUIbTpalus U mporHo3upoBaHue. [locTraHoBka 3amadm.
Oob1iee ycinoBre MUHUMYMa CpeIHEKBaipaTHUecKoi ommnoku. Y paBHenue Bunepa-
Xonda. Gunstp Kanmana-brocu. O0001meHHbINH TUHEWHBIN QUabTp. OUIbTpaIus
npu "HeOenbix" mrymax. CroxacTuyeckas CHCTEMa C KOMOWHHUPOBaHHBIM
KpuTepreM KadecTBa. ONTUMAIBHOE CIVIAKUBAHUE U UHTEPNOALNNS. [[MCKpeTHBIN
¢unbtp Kanmana-brocu. Teopuss ontuManbHON HENMUHEWMHOW (UIIBTPALIMH.
OnTtumanbHOEe  ympaBieHHEe  mpoueccamMu  HaOmoneHus.  CToxacTHYecKoe
onTUMalbHOE ymnpasieHue. IlocTtaHoBka 3amaun. JIMHEWHBIE CHCTEMBI C
npoueccamu Tuna "Genbril" mym. IIpuHIUD CTOXaCTUYECKOM SKBUBAJIEHTHOCTH.
IloBeneHre ONTUMAIIBHOM CUCTEMBI B CPETHEM.

Cucmemuwl ¢ HenonHou unHgopmayueil

AJnanTuBHbIE CUCTEMbl. 3ajaud UACHTUGUKAIMK W yIpaBieHUs. MeTojbl
byukuuii JIsmyHOBa B TEOPUH U MPAKTUKE aIaNTUBHBIX CUCTEM.

Meron  alropuTMHYECKOro KOHCTpyupoBaHus. OOmas KOHCTPYKLMS
IrOPUTMOB ONTUMH3ALMN HECTALIMOHAPHBIX CHCTEM C HEMOJIHOM MH(OpManuen.
CBs13b aITOPUTMUYECKOTO KOHCTPYUPOBAHUS C METOJIaMU TEOPHH aJlallTallUH.

KonctpynpoBanue aIrOPUTMOB ONTHUMU3ALUU C MOMOILBIO
MoauduuupoBaHHOro  ypaBHeHusi  Bunepa-Xomnga  IloctaHoBka — 3amaym.
AnantuBHas QuibTpauus. AJanTUBHAs HACHTHU(PUKALMS MHapaMeTpoB OOBEKTa
ynpasyienus. CTabuau3aius JMHEMHOTO 00bEKTa C ONTUMHU3AIINEH TapaMeTpOB.

KoHcTpyrpoBanue anropuTMOB ONTUMHU3AIMH C TIOMOIIBI0  (YHKIIUN
JOIYCTUMBIX 3HAUYEHUW YIPABIAOIMX Bo3aeucTBuil. IlocranoBka 3amaum. H-
aJITOPUTMBI B 3aja4axX CTaOMIM3aIMu O0OBEKTOB ¢ HemosHoW mHpopmanmeit. HL-
QITOPUTMBI ONITUMH3AIMU. YTIPABJICHUE CTOXACTUYECKHUM OOBEKTOM C HEIMOJHOU
uHpopmarmeli Ha ocHOBe mpuHIHNA MakcumyMma [loHTpsirmHa. OnTHUMU3AUS
CUCTEM VYIPABJICHHUS HEIMHEHHBIM CTOXACTUYECKUM OOBEKTOM C HEMOJIHOU
uH(popmaluei.

Memo0bt MHOZOKpUmMeEpUaIbHO OnMuMU3IAUUU
Muoroo6bekTHasi MHOTOKpuTepuanbHas cuctema (MMC) kak cucrema ¢
KOAJUITMOHHON CTPYKTYpOW PAaBHO3HAYHBIX TMOJICUCTEM WM OOBEKTOB U BEKTOPOM
TpeboBanumii. [Tonsitue ctabunbHOCcTH U 3P dekTnBHOCTH yrpasieHuss MMC.
OcHoBHbIe ompeneneHus: d(PQPEKTUBHOTO W CTAOMIBHOTO YMPABICHUS U
cTaObMIbHO-2((DEKTUBHBIX KOMIPOMUCCOB HAa OCHOBE CKAJIIPHOTO W BEKTOPHOTO
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paBHOBecus o Hamry, «yrpo3-koutpyrpo3» (YKYVY), dynkuuu genexa no [lenmm,
MHOTOKPUTEPUAIBHOM ONTUMainbHOCTH 10 [lapeTto M KOHyCy NOMUHHPOBAHWS.
AHanu3 OCHOBHBIX METOJOB CTaOMJIBHOTO, 3(PGEKTUBHOTO U KOMIIPOMHCCHOTO
yHpaBJIeHUs] MHOTOOOBEKTHBIMU MHOTOKPUTEPUATIBHBIMUA CUCTEMAMH.

Meroabl popMupoBanusi cTabuiibHO-3¢phekTUBHBIX KoMiipomuccoB (CTIK)
u CTOK-onTumanbHBIX yHOPaBICHUM MHOTOOOBEKTHOM MHOTOKpUTEpPUATHHON
cuctemMoii Ha ocHoBe Ilapero-Hoami-«yrpo3-kontpyrpo3»-lllenaun koMOuHaImii.
B3anmocBsA3p ¢ MOOXOJAAaMHM Ha OCHOBE KOOPAMHUPOBAHHOM ONTHMH3ALNU
YIIPABJICHHUS.

CrabunbHoe ONTHUMAJIbHOE YIPABJICHHE MHOTOO0BEKTHOU
MHOTroKpuTepuanbHoi cucremor (MMC) Ha OCHOBE TPEXATAlHOIO aaropuT™Ma
[Tapero-Hom ontumuzanuu. ANTOpUTMBI MOMYYSHHs] CTAOUIBHBIX YIpPaBICHUIA
MMC Ha ocHOBe BEKTOpHOro paBHoBecus no Hamry. CTabuibHOE ONTHUMAaNIbHOE
yrpasieHrne MMC Ha OCHOBE ABYX3TAITHOTO METO/IA «yIPO3-KOHTPYTPO3».

CpaBHUTENBHBIA aHAIU3 METOJOB MHOTOKPUTEPUAIBHON ONTHUMHU3ALNU.
[Tonstue konyca goMmuHupoBanusa. HeoOxoaumsbie yciosus [lapeto-ontumusanm
yIOpaBJICHUs] MHOTOOOBEKTHOM  MHOrokputTepuanbHoit cucremoir (MMCO),
ONTUMH3ALIMU TI0 KOHYCY TOMUHUPOBAHUS U AJITOPUTM MoJydeHus 3hHEKTUBHOTO
yIpaBJIEHUS 10 KOHYCY TOMUHHpOBaHUS. CKalsipu3alns BEKTOpa MoKa3aTeseil Ha
OCHOBE y3KOI'0 KOHYCa JOMUHUPOBAHUS.

Yucnennovie memoowvl peuieHus 3a0ay ONMUMANbLHO20 YRPAGIEHUA

VY CTOMYUBOCTh TUHEHHBIX CHCTEM C MOCTOSHHBIMU TMapaMeTpaMu (METO/IbI
utepanuii, kpurepuit Payca - I'ypBuiia, Mmetos1 GyHKIIMOHATBEHOTO TPe0Opa3oBaHus
Matpul). MeTtonbl peuleHHs ypaBHEHUs JIsmyHOBa. AJITOPUTMBI T'PaJHUEHTHBIX
METOJ0B MEPBOT0 U BTOPOTO MOPSAIKOB AJNTOPUTMBI KBa3ujauHeapu3auuu. Meton
Pynre - Kyrra.

Ynpaenenue npouzeoocmeom

®opManu30BaHHOE OMNUCaHUuEe TeXHoJoruid. Mogaenu onepauuit. [IpodaemMbr
ynpasiieHus: npou3BoAcTBOM. [lmanupoBanue. Pacnpenenenne mn3nanuii. Meton
KPUTHUYECKOTO MyTH. MeTo AMHAMUYECKOTO POrPaMMHUPOBAHHUS.

Mooenupoeanue
Nmuranmonnoe moxenupoBanue. MozaensHoe BpeMs. KBasunapamienusm B
MMUTAIMOHHOM MOJCIIUPOBAHUU. TEXHOIOTUHN MOJIETUPOBAHUS CII0KHBIX CUCTEM.

COMMON QUESTIONS
2.3.1 SYSTEM ANALYSIS, CONTROL AND INFORMATION PROCESSES

1. Computer architecture. Von Neumann Structure. Processor architecture.

2. RAM architecture.

3. Permanent storage of information. Magnetic drives. Laser disk. Flash memory.
4. Parallel computing machines. Clusters. A super-computer.
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5. Local area network. Structure, protocols, organization.

6. Wireless Wi-Fi network. Structure, protocols, organization.

7. Global computer network Internet. Seven-level model of data transmission.
Addressing on the Internet.

8. Binary, decimal and hexadecimal notation. Connection between them. ASCII
character encoding.

9. File system types. Differences between them.

10. Operating systems. Functions, features.

11. The main structural elements of the program in a high-level programming
language.

12. Methods of algorithms analysis. Sorting algorithms: selection, insertion and
bubbles.

13. Recursive algorithm. Methods of elimination of recursion. Methods of
analysis of recursive algorithms.

14. Hoare, Shell algorithms of quick sort.

15. Propositional logic. Logical operations. Formulas of logic of statements.
Logic function. Disjunctive and conjunctive canonical forms. Carnot tables.

16. Propositional logic. Conclusions. Evidence.

17. Graphs. Undirected and oriented graphs. Ways. Adjacency and incidence
matrices. The degree of each vertex. Eulerian paths and cycles.

18. Trees. Algorithms for construction of spanning trees. The Kirchhoff matrix
formula.

19. Binary tree. Algorithms of formation, search and removal of an element from
a binary tree.

20. Data types and structures.

The main sections of the program of entrance examination for educational
program 2.3.1. « System Analysis, Control andInformation Processing
(Technical Science)» (Ha aHTIHICKOM SI3BIKE)

Basic concepts and definitions of control theory
Control theory, Cybernetics and mathematical theory of systems. Concepts of abstract
system. Structural schemes and structural transformations. Open loop control and
feedback

Linear and nonlinear systems. Differential equations of control systems. Nonlinear

dynamic systems. The method of linearization near the operating point. Harmonic

linearization. Statistical linearization.

Integral equations of control systems. Impulse, transient and transient response.

Classical methods of the theory of linear control systems

Transfer functions and frequency characteristics of continuous linear control
systems. Typical transfer functions of automatic control systems. Experimental
measurement of frequency characteristics and their representation in parametric
form. Finding the transient response to the frequency characteristics of the system.
Stability and quality of control systems. Time quality indicators. Frequency quality
indicators. The indicators of the accuracy of the coefficients of the error. Synthesis
of control systems according to the specified quality indicators. The method of root



locus. Integral quality assessments.

Basic concepts and definitions of the theory of dynamical systems

The concept of a dynamic system. Equations of linear differential systems in the
state space. Structural transformations of linear systems defined by equations in the
state space. The problem of dynamic realization and basic methods of its solution
for systems with one input and one output (Jordan form method, normal form
method, controlled and observed form). Solutions of equations of state. Matrix and
matrix exponent. Matrix transfer function and resolvent. Faddev-LaVerrier method
finding the resolvent. Methods for finding the matrix exponential (Sylvester's
formula and the inverse of Vandermonde). Reduction to a controlled and observable
form.

Methods of the state space of the theory of linear control systems
The problem of dynamic system control. Concepts of controllability, reachability,
observability and recoverability. Kalman criteria for stationary linear control
systems. Canonical decomposition of equations in the state space.

Stability of control systems

Continuous and discrete deterministic control systems

Basic definitions of stability theory for continuous systems (stability, asymptotic
stability, other definitions of stability). The direct method of Lyapunov.
Development of a Lyapunov’s method. Stability of linear systems with constant
Parameters (Rout Hurwitz criterion, frequency stability criterion of Nyquist
feedback systems stability analysis using logarithmic frequency characteristics,
Lyapunov matrix equation, stability by first approximation). Stability of linear
systems with time-varying parameters (method of frozen coefficients, linear systems
with periodic coefficients).
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Stability of discrete systems. The direct method of Lyapunov. Stability of linear
systems with constant parameters. Stability on the first approximation.

Stability of stochastic systems

Stochastic integrals and stochastic differential equations. Ito Formula. Markov
diffusion processes. Linear stochastic equations. Determination of stochastic
stability. Application of the direct Lyapunov method (necessary and sufficient
stability conditions).

Analytical design of control systems with complete information

Dynamical system. Structural properties of control systems (observability,
controllability). Formulation of the optimal control problem: control Objects,
Permissible areas of change of phase coordinates of the object and control actions,
Quality criteria.

Necessary conditions in the problems of designing program movements. Problem
statement. A problem with a free right end and a given transition end time. A
problem with fixed values of some state variables at a given moment of transition
completion. A problem with fixed values of some state variables at an indefinite
moment of transition completion. A problem with fixed values of some state
variables at the inner points of the trajectory. Notes on the use of variational methods
in control problems.

Sufficient conditions in the problems of designing program movements. Problem
statement. Sufficient conditions for local minimum at any given time the end of the
transition process. Sufficient conditions for the unset end time of the transition
process.

The maximum (minimum) principle of L.S. Pontryagin. Problem statement. A
problem with a free right end and a given transition end time. A problem with fixed
values of some state variables at a given moment of transition completion. A
problem with fixed values of some state variables at an indefinite moment of
transition completion.

Equations for the cost functional. Problem statement. The equation for the cost
functional. Sufficient optimality conditions. Hamilton-Jacobi-Bellman Equation.
Connection between the maximum Principle and the dynamic programming method.
Optimal control of linear objects. Problem statement. The problem of stabilization.
Tracking problem. The problem of output and tracking along a given path. A
problem with fixed values of some state variables at a given moment of Transition
completion. The problem of stabilization with incomplete information about the
state of the object; modified functionals of the Luenberger observer. Special
solutions in control problems problem Statement. Hamiltonian of a linear control
function. Hamiltonian of a linear control function and its absolute value. Linear
dynamic systems with quadratic quality criterion. Mayer's problem.

Stochastic control systems

Optimal estimation of the state space of control systems. Linear optimal filtering and
forecasting. Problem statement. The General condition of the minimum standard
error. Wiener-Hopf equation. The Kalman-Bucy filter. Generalized linear filter.
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Filtering at "non-white" noises. Stochastic system with a combined quality criterion.
Optimal smoothing and interpolation. Discrete Kalman-Bucy filter. Theory of
optimal nonlinear filtration. Optimal control of monitoring processes. Stochastic
optimal control. Problem statement. Linear systems with white noise processes. The
principle of stochastic equivalence. The behavior of the optimal system on average.

Systems with incomplete information

Adaptive system. The problems of identification and control. Methods of Lyapunov
functions in theory and practice of adaptive systems.

The method of algorithmic design. General design of algorithms for optimization of
non-stationary systems with incomplete information. The relationship of algorithmic
design methods of the theory of adaptation.

Design of optimization algorithms using the modified Wiener-Hopf equation
Adaptive filtering. Adaptive identification of the parameters of the control object.
Stabilization of a linear object with optimization parameters.

Design of optimization algorithms using functions of permissible values of control
actions. Problem statement. H-algorithms in stabilization problems of objects with
incomplete information. H-oo optimization algorithms. Control of a stochastic object
with incomplete information on the basis of the Pontryagin maximum principle.
Optimization of control systems for nonlinear stochastic object with incomplete
information.

Multi-criteria optimization methods

Multi-object multi-criteria system (MMS) as a system with a coalition structure of
equivalent subsystems or objects and a vector of requirements. The concept of
stability and efficiency of MMS control.

Basic definitions of efficient and stable control and stable-effective compromises
based on scalar and vector Nash equilibria, the functions of the sharing by Shapley,
multi-objective Pareto optimality and the cone dominance. Analysis of the main
methods of stable, efficient and compromise control of multi-object multi-criteria
systems.

Comparative analysis of multi-criteria optimization methods. The concept of the
cone of dominance. Necessary conditions for Pareto-optimization of control of a
multi-object multi-criteria system (MMS), cone of dominance optimization, and an
algorithm for obtaining effective control over the cone of dominance. Scalarization
of the vector of indicators based on a narrow cone of dominance.

Numerical methods for solving optimal control problems

Stability of linear systems with constant parameters (iteration methods, Raus -
Hurwitz criterion, matrix functional transformation method). Methods for solving
the Lyapunov equation. First and second order gradient methods algorithms quasi-
linearization Algorithms. Runge - Kutta Method.

Production management
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Formalized description of technologies. Operation models. Production management
problems. Planning. Distribution of publications. Critical path method. Dynamic
programming method.

Modeling
Simulation modeling. Model time. Quasi-parallel in simulation. Complex systems
modeling technologies.
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MOPAJOK NPOBEJAEHUSA BCTYIIUTEJBHOI'O UCIIBITAHUSA

B (popMe KOMIIBIOTEPHOI0 TECTUPOBAHMS HA NMPOTPAMMbI OATOTOBKH
HAYYHO-TEeJarori4ecKux KaJApoB B ACNHMPAHType MO CHEeNUaJIbHOCTH
2.3.1 «CuctemHublii aHaJIU3, ylipaBJjieHue U 00padoTka nHPOPMAIUN» HA
PYCCKOM M aHTJIMHCKOM SI3bIKAX

BerynurensHble HCIBITAHUS 1O CHENUATFHON NUCHMIUIMHE MPU TIpHUEMe Ha
oOydyeHre ™0 TporpamMmaM TOATOTOBKM HAy4YHO-NEJArOTHYECKUX KaJpoB B
acupanType Ha crnenuaibHocTh 2.3.1 «CuCTeMHBIH aHanu3, yOpaBJICHHE U
oOpaboTka wuHpOpMaIUU» TPOBOASTCS B (QopMme Tecta, (hopMuUpyeMoro
AJIIEKTPOHHOM CUCTEMOM compoBOXaeHHS IK3amMeHOB (DCCD) MeToI0M CitydaitHOU
BBIOOPKM  3aJlaHMi W3 TOATOTOBJIEHHOTO 0OaHKa TECTOBBIX 3aJaHUi, C
aBTomMatuueckor mnpoBepkod IDCCD NpaBUIBHOCTH BBIMIOJHECHHBIX —3aJaHUI
(KOMITBIOTEPHBIN TECT).

KommnbroTepHsiii TecT cocTouT U3 50 BOIIPOCOB ¢ MHOYKECTBEHHBIM BHIOOPOM
OTBETa: C BHIOOPOM OJHOTO MPABWIBHOTO OTBETa M3 MHOXKECTBA, BOIMPOCHI HA
cooTBeTcTBUsA. Ha BhImotHEHME Beero Tecta orBoauTces 100 MunHyT.

Tect oniennBaetcs u3 pacyera 100 6amios. J{Jis BOpocoB ¢ BHIOOPOM OJHOTO
MPaBUJILHOTO OTBETAa M BOMPOCOB HAa COOTBETCTBUSA: 3a MPABUJIBHBIA OTBET
HayucisieTcs 2 6aia, 3a HeMPaBUIIbLHBIN - HOJIb.



