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1. IOACHIOBAJIBHA 3AIINCKA

Jns Ykpainn ogHuM 3 e(EeKTHMBHMX UUIAXIB BUpIIIEHHS NpoOJeMu MoOJepHi3alli
MIATOTOBKM MaiOyTHIX (haxiBI[iB, KOMIIETCHTHICTh SIKMX OM BH3HaBajacs Yy CBITOBOMY
CITIBTOBAPUCTBI, € BHKOPHUCTAHHS iJ€0JIOTii 3aranbHOro KepyBaHHs skictio (TQM - Total
quality management) i1 MibkHapogHoro crangaptry ISO (International Organization for
Standardization) 3 goTpUMaHHSM BHUMOT CTaHIAPTIB 1 JUPEKTUB €BPOMEHCHKOI acorarii
rapanTii skocti Buiioi ocitu (ENQA - European Association for Quality Assurance in
Higher Education). Came tomy B HAY Ha 0CHOBI mpOOHOTrO HAIIOHAJIBHOTO CTaHAApPTY
JNCTVY-IT IWA 2:2009 ta mnoci6nuka i3 3actocyBanHa ISO y cdepi ocBiTH po3pobiIeHO
«Tumaacose [lonokeHHS PO OpPraHi3alilo HABYAIBHOTO MPOIECY 32 KPEIUTHO-MOTYIHHOO
CUCTEMOIO (B YMOBax IMeEJaroriyHoro exkcrnepuMeHty)» ta «TumuacoBe [lomoxeHHs mpo
PEUTHHTOBY cHcTeMy OIliHIOBaHHS». OmHi€0 3 (GOpM KOHTPOJIO SKOCTI BHUIIOI OCBITH €
KBasTi(piKalIHHUN €K3aMeH.

Kpamiikauiinuii exzamen 3 OIIIl  «Komn’toTepHO-1HTErpOBaHI  TEXHOJOTIYHI
MPOIIECH 1 BUPOOHMIITBAY, CieliaibHOCTI 151 « ABTOMaTH3allisl Ta KOMITFOTEPHO-1IHTETPOBaH1
TEXHOJOT1i» 3a KBamidikamiero «Marictp 3 aBTOMaTH3allii Ta KOMIT'IOTEPHO-IHTETPOBAHUX
TEXHOJIOTiH» 3a HaBYaJIbHUM I1aHoM HM-2-151-2/21 npoBoAUThCS SIK €K3aMEH 3 JUCIMILIIH:

- «MeTtomomnorist NpUKIAIHUX JOCTiHKEeHb Y cepl aBTOMATH3AIli] Ta KOMITIOTEPHO-

IHTErpOBAaHUX TEXHOJOT1 ;

- «lIpuxmnanna Teopis imeHTUIKAII;

- «Meroau MoIeNOBaHHS Ta ONTUMI3allii CHCTEM Ta MPOIIECIBY;

- «CucreMu aKTUBHOTO YIPABIIIHHS MOBITPSHUMU CyTHAMUY;

- «llinoraxHo-HaBirauiiHi KOMIJIEKCH MOBITPSIHUX CYIEHY;

-  «AnroputMmiuHe Ta iHoOpMalliiiHe 3a0e3leueHHsT KOMII'FOTePHO-IHTETPOBAHUX

CUCTEM.
KBami¢ikaniiHuii exk3aMeH NpPOBOJUTHCS B TEPMIHM BHU3HAYEHI TpadikoM HaBYAIHLHOTO
nporecy.

OcHoBHa MeTa kBajdidikamiiiHOro ek3amMeHy — 1€ BCTAaHOBJICHHS BiJIITOBITHOCTI
pe3yabTaTiB HaBYaHHS 3100yBaviB BHIOi ocBiTH BuMoram OIIII.

Bumoru 1o miaroroBku gaxisus:

[TPO1 - cTBOproBaTH cucTemMu aBTOMarm3auii KibepdizudyHi BHPOOHUIITBA HA OCHOBI
BUKOPHUCTAHHS 1HTENEKTyalbHUX METO/IB YIPaBlliHHA 0a3 AaHuUX Ta 0a3 3HaHb IUPPOBUX Ta
MEPEKEBUX TEXHOJIOTiIH POOOTOTEXHIYHUX Ta IHTEICKTYaTbHUX MEXaTPOHHHUX TMPUCTPOIB;

[TP02 - cTBOprOBaTH BUCOKOHAiMHI CHUCTEMH aBTOMAaTH3allli 3 BHCOKHM pIBHEM
(hyHKIIIOHAIBHOI Ta 1H(POPMAIIITHOT O€3MEeKH IPOrPaMHUX Ta TEXHIYHHUX 3aCO0IB;.

[TPO3 - 3acTocoByBaTH CHeIiayi3oBaHI KOHIENTYalbHI 3HAHHA IO BKJIIOYAIOThH
CydacHI HAyKOBl 3M00yTKHM a TaKOXX KPUTUYHE OCMHUCJIEHHS Cy4acHUX Mpobiem y cdepi
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aBTOMaTH3alll Ta KOMII IOTEPHO-IHTETPOBAHUX TEXHOJOTIN JUIl pO3B’S3yBaHHs CKJIAJIHUX
3a/1a4 MpoQeciiHOi TiSITBHOCTI;

[TP04 - 3acTocoByBaTH Cy4acHI MiJIXOAHM 1 METOAM MOJEIIOBAHHS Ta ONMTHMI3aIii s
JOCIIJKEHHSI Ta CTBOPEHHS €(PEeKTUBHUX CUCTEM aBTOMATH3allli CKJIQJHUMU TEXHOJIOTTYHUMHU
Ta OpraHi3aliiHOTEXHIYHUMU 00’ €KTaMU;

ITPO5 - po3pobudATH KOMI'IOTEPHO-IHTEIPOBAHI CHUCTEMH YIPABIIHHSA CKIAQAHUMHU
TEXHOJOTIYHUMHM Ta OpraHi3aliiHO-TEXHIYHUMH OO0’ €KTaMU 3aCTOCOBYIOYM CHCTEMHMIM
X1 13 BpaxyBaHHSIM HETEXHIYHUX CKJIAJIOBUX OIIHKU 00’ €KTIB aBTOMAaTH3aIlli;

[TPO6 - cminkyBaTuCsl JEpKaBHOIO Ta 1HO3EMHOIO MOBAaMH YCHO 1 MHUCBMOBO JUIf
0o0roBopeHHs npodeciiiHuxX mpodseM 1 pe3yibTaTiB IIAIBHOCTI y cdepl aBTOMaTH3alii Ta
KOMIT I0-TEPHOIHTEIPOBAHUX  TEXHOJIOTIHM, TMpe3eHTauii pe3yiapTaTiB  JOCHIKEHb Ta
IHHOBAIIMHUX MPOEKTIB;

[1PO7 - anHamizyBaTh BHUPOOHMYO-TEXHIYHI CHUCTEMH Yy IEBHIN Taiy3i JISUIBHOCTI SIK
00’eKTH aBTOMAaTH3aIlii 1 BHU3HAYATH CTpATEril0 11X aBTOMaru3alii Ta [HQPOBOL
TpanchopmMmarii;

[TPO8 - 3acTocoByBaTH CydacHI MaTeMaTH4HI METOJIU, METOJIU TEOPil aBTOMAaTHYHOTO
KepyBaHHS, Teopii HAAIWHOCTI Ta CHCTEMHOTO aHaTi3y I JOCTIKEHHS Ta CTBOPCHHS
CHUCTEM aBTOMATHU3allll CKJIAJHUMH TEXHOJIOTIYHUMHU Ta OpraHi3aliiiHOTEXHIYHUMHU
00’exTamu, Kibeppi3uyHUX BUPOOHHUIITB;

[TP09 - po3po0asTH (YHKIIOHATBHY, OpraHi3aliiiHy, TeXHIYHY Ta 1HGopMaliiHy
CTPYKTYpU CHCTEM aBTOMAaTH3alli CKJIAJHUMU TEXHOJIOTIYHMMU Ta OpraHi3aliiHo-
TeXHIYHUMH 00 €KTaMH, pO3pOOJATH MPOrpPaMHO-TEXHIUHI KEpyrYl KOMIUIEKCH 13
3aCTOCOBYBAHHSIM MEPEKEBUX Ta 1HPOPMAIIHHUX TEXHOJIOTIH, MPOMHUCIOBUX KOHTPOJIEPIB,
MEXaTPOHHUX KOMIIOHEHTIB, POOOTOTEXHIYHUX MPUCTPOiB, 3acO0IB JIHOAMHOMAIIUHHOTO
iHTEpdeiicy;

[TP10 - po3po6asiTH 1 BUKOPUCTOBYBATHU CIEllali30BaHe NPOrpaMHe 3a0e3MeueHHs Ta
nu(poBl TEXHOJOTII JUIsi CTBOPEHHS CHCTEM aBTOMAaTH3allli CKJIAJHUMH OpraHi3alliiHoO-
TEXHIYHUMH 00’ €KTaMH, TPo(eciitHO BOJOIITH CreiaIbHUMU MTPOTPAMHUMHE 3aC00aMU;

[T1P11 - moTpuMyBaTHUCh HOPM aKaJeMiuHOI AOOPOYECHOCTI, 3HATH OCHOBHI MPaBOBI
HOpPMH IIOJI0 3aXHUCTY IHTENEKTyaJlbHOI BJIACHOCTI, KOMepuiaii3amii pe3yabTaTiB HayKOBO-
JOCTiHOT, BUHAX1THUIILKOT Ta MPOEKTHOT MisITBHOCT;

[IP12 - 30upaté HeoOXiAHY iH(OpPMALi0, BUKOPHCTOBYIOUM HAYKOBO-TEXHIUHY
JiTepaTypy, 0a3u JaHUX Ta 1HIII JPKepena, aHalli3yBaTH 1 OI[IHIOBATH 1i.

[IP13 - oOcnyroByBaTM 1 pPEMOHTYBaTH aBialliifHI CHUCTEMH Ta KOMIUICKCH,
KOMI'TOTepHO-1HTETPOBaHI BUPOOHHIITBA;

[1P14 - po3ymiTu pi3HI Teopii B 00JacCTI HAYKOBOIO MEHEIKMEHTY Ta MA1IOBOTO
aJIMIHICTPYBaHHS Ha PiBHI, SIKUI JO3BOJIMTH KPUTUYHO pearyBaTy Ha MOPaaU B JIITEPATypHUX
JpKepenax 1€l o0macTi;

[IP15 - po3ymiTu pi3HI IHCTPYMEHTH Ta CTpaTerii, IO MalTh BIAHOIICHHS [0
JiarHOCTYBaHHS KOMIT IOTEPHO-IHTETPOBAHUX BHUPOOHUIITB Ta ABTOMATH30BAaHUX CHUCTEM
yIpaBIIHHSA aBialliiHOT TEXHIKH;

[1P16 - 3milicHIOBaTH 3aXHWCT TpPaB IHTEJIEKTYadbHOI BIIACHOCTI, KOMEpIIiali3aIiio
PE3yJIbTATIB HAYKOBO-IOCITHO1 AiSUTBHOCTI.
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Ilopsinoxk  opramizanii i  mnpoBeAeHHA  KBaJdiikamiiHOro  exk3aMeHy.
Kpamidikamiiiauii ek3ameH 31 cieriaibHOCTI TPOBOJUTHCS €K3aMEHAIIHOI KOMICIEIO MiCIIs
IIOBHOTO 3aKIHYEHHs CTYACHTAaMHU TEOPETUYHOI'0 KypCy HaBYaHHS 1 MPAKTHUYHOI MiATOTOBKU
nepes MOYaTKOM JUIUIOMHOTO POEKTYBaHHS.

CtpykTypHO OieT KBasiikamiifHOTO €K3aMEHY CKJIaJae€ThCcsl 3 JIBOX YacTHH, Ha
BUKOHAHHS KOXKHOI 3 SIKUX BUAUISIETHCS MO TPpHU ToauHU. B mepuriit yactuHi GopmyeThes He
MEHILIE TPbOX 3aBJaHb. Y Wi 4YacTUHI 3aBJaHHS MOJEIIOETbCS BHUPOOHMYA cHUTyalis. Y
Ipyrii yacTuHi Ou1eTy (QOpPMYIOThCS HE MEHIIE ABOX KOHKPETHU30BaHMX MpPoQeciiHuX
3aBaaHb. [Ipukian opopmiieHHs OiteTy KBamidikaliiHOro ek3aMeHy HaBeaeHo y Jlomatky 1.

[Ipu miaroToBIli A0 CKJIaJaHHS KBaji(iKamiifHOTO €K3aMeHy BIATOBITHO IO OCBITHBO-
npodeciifHoi mporpaMu CTYACHT MTOBUHEH:

3Hartu:

— KpuTepii Ta METOU ONITUMI3AIlil;
— CydYacHl METOJH, AJITOPUTMHU Ta MPOrpaMu KOMIUIEKCHOI 00poOku 1HpopMmallii;
— TIPUHIIMIIN TOOYI0OBH Ta aJTOPUTMIYHE 3a0e3MeueHHs iHpopMaIlifHO-HaBIralitHUX Ta

KOMII ' FOTePHO-1HTETPOBAHUX CHUCTEM;

— KOMIUIEKCHY KOPEKLII0 CTATUYHUX 1 JUHAMIYHUX XapaKTePUCTUK CTINKOCTI Ta

KepoBaHOCTI JIA;

— METOJI0JIOT14HI OCHOBM OpTraHi3allii 1 yrnpaBiiHHS HAyKOBUMH JIOCII1JKEHHAMU;
— METO/HU Ta AJITOPUTMU IUIaHYBAHHS €KCIIEPUMEHTY;

— METOJIM Ta AJITOPUTMHU OOPOOKH PE3yNbTATIB €KCIIEPUMEHTY;

— OocHOBHI TepMminu Ta nmousATTs OSI moneni;

— METOJY PO3B’sI3aHHA 3a/1a4 JIIHIHHOTO MPOrpaMyBaHHS;

— METOJ PO3B’sI3aHHsI TPAHCIIOPTHOI 3ajaui.

BmiTn:

— aHaJi3yBaTH CTPYKTYpY Ta aJITOPUTMHU POOOTH ONTUMAJIbHOI CHCTEMH KEpyBaHHS Ta

KOHTPOIJTIO;

— 37IICHIOBaTH CHHTE3 ONTHUMAIBHOTO 3aKOHY KEpYyBaHHS IO A0 PI3HHUX KPHUTEpiiB

OIITHMAJIBHOCTI;

— po3po0sATH anropuTMU (YHKIIIOHYBaHHS MPHUCTPOIB, IO PEali3yl0Th ONTUMAIbHHUNA
3aKOH KepYyBaHHS;

— BUOMpaTH METOIH, AJTOPUTMH Ta 00UYHCITIBAIbHI CXEMH IIJIAHYBAaHHS €KCIIEPIMEHTY;

— BUOUpATH BUJI EKCTIEPUMEHTY BIAMOBITHUX (PYHKI[IOHAJIIB €KCIIEPIMEHTY;

— TPOBOAUTH JOCHIDKCHHS Ta ONTHUMI3allii MPOIECiB VYIpPaBIiHHA JUHAMIYHHUMH

CUCTEMaMU;

— (¢opMyITIOBaTH Ta PO3B’A3yBaTH THUIIOBI 337a4l JIHIHHOTO MPOTrPaMyBaHHS.
[lpuknang odopMieHHS THUTYJIBHOTO JIHCTa MIATOTOBKM  BIAMOBIAEH HAa  NHTaHHS
KkBamidikaIiiHoro ek3aMmeHy HapeaeHo y Jlogatky 2
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2. 3MICT IPOI'PAMHOI'O MATEPIAJTY 3 IUCHUILIIH,
AKI BUHOCATDBCA HA KBAJIIPIKAINIMHUN EK3AMEH

2.1. TeopeTyHA YACTUHA KOMILUIEKCHUX KBajdidikaniiiHux 3aB1aHb

“Ancopummiune ma inghopmauiiine 3a6e3neuenus Komn'rwmepHo-
inmezposanux cucmem”

CrpykTypHa cxeMa onHokaHansHO1 IHC

Po3nuBiTECSA TMHAMIKY TOPU3OHTUPYEMOI TUIATGOPMH 1HEPIIHHOT CHCTEMH Ha eTalll
MapIIpyTHOTO MOJKOTY. [IpuBeAiTh aHAITHYHI 3aIC)KHOCTI Ta rpadiku 3miHu V, S.
Hemndipysanns IHC Big IBUAKICHOTO KOPEKTOPY

Kopexkitis IHC Bix mo3uiiiiiHOro KOpeKTopy

Bucrasouni pexxumu [HC

besnmnardopmena IHC

Anropurmu o6uncIeHHS 6apOMETPUYHOI BUCOTH.

AaroputmMu 00UMCIEHHS TOBITPSHOT IIBUAKOCTI.

N =

LN AW

“ Memoou modentoeanna ma onmumizayii cucmem ma npoyecie

Knacudikaris Ta xapakTepHi 0COOJUBOCTI aIallTUBHUX CUCTEM KEPYBAHHS Ta KOHTPOJIIO

Knacudikarriss, mpuHIUNm nody10BU Ta XapaKTepHI 0COOIMBOCTI CAMOHACTPOIOBAHUX

CHCTEM KEpYBaHHS Ta KOHTPOJIIO

Mera 1 331241 €KCTpEMaIbHOTO KEpyBaHHS.

Ormsi1 METO/TiB TIOMTYKY €KCTPEMYMY B CUCTEMaxX eKCTPEMAIbHOTO YIPaBIIiHHS.

OobmexenHs Ha ¢a3oBi koopauHaTi OK 1 mapameTpu 3aKOHY KepyBaHHS

[TonATTS excTpeMyMy (YHKITIOHAITY

Bapianiiina 3agaya Ha nomryk ekctpeMymy. PiBHsiHHS Eitnepa

Bapiariiiina 3ajaya Ha nonryk ekcrpemymy. 3aaada Jlarpamxa.

3aCTOCYBAHHS IPHHLIMITY MAKCHMYyMY IPU MOOYI0BI ONTUMANTBHOI CHCTEMIL

10 3aCTOCYBaHHS IPUHLIMITY onTtuManbHOCTI benmvana B cuctemax KEPYBaHHS.

11.TlocTanoBka 3anaui ontuMizarii. Knacugikaris 3agad ontumizanii Ta ynpaBiiHHSI

12. KpuTepii onTumizaiii B 3aJja4ax ONTUMAJIBLHOTO yIPaBIiHHS

13. [IpuHIMI MAaKCUMYMY SIK HEOOX1JITHA YMOBA ONTUMAJIBHOCTI CUCTEMH YIIPaBIIHHS

14.TloctanoBka 3anavi ontumizarii. [IoHATTS 3a1a4i MaTeMaTUYHOTO TPOrpPaMyBaHHS.

15. Knmacudikaris 3agad ontuMizaiili ta ynpasiainHsa. [IoHATTS 3aga4i HEMHIHHOTO
MporpaMyBaHHSI.

16. Knmacudikamist 3a1a4 onTuMisariii Ta yrpasiiHHA. 3a7adl BapialiifiHOTO YUCIIEHHS.

17.T'padiunuit MeTo po3B’sI3KY 3a7aul JIHIKHOTO IporpaMyBaHHs. AJIroOpuUT™ rpadiuHoro
METOJly pO3B’A3KY 3ajayil JIHIHHOTO MPOrpaMyBaHHS.

18. MaremaTnuHa 3a/1a4a JiHIHHOTO MporpaMyBaHHA. MaTreMaTu4Ha MOCTaHOBKA 33134l
JIHIAHOTO MPOTrpaMyBaHHS.

19. MaTtemaTnuHa 3a/1a4a JIiHIHHOTO IporpaMyBaHHs. ['eoMeTpuuHa iHTepOpeTanis 3a1aqi
JHIHOTO MporpaMyBaHHSI.

20. AHamiTHYHI METOIM PO3B’SI3KY 3a/1a4i JIHIMHOTO MporpamyBaHHsa. CUMIIIEKC-METO/T
PO3B’SI3KY 3a/1a4l JIIHIIHOTO MporpaMyBaHHS.

21. AnaniTH4HI METOIU pO3B’ 3Ky 3a7adl JIIHIHHOTO MPOrpaMyBaHHs. AJITOPUTM CHMILIEKC-
METOAY.

22. ]IBoicta 3agayva JiHIMHOTO MporpaMyBaHHs. TeopeMu IBOICTOCTI.

23.TIpsima 1 mBoicTa 3amayi JIIHIHHOTO TPOTPAMyBaHHS.

24. JIpoicta 3aaayva JiHIHHOTO porpamyBaHHsa. O3HaKa ONTUMAIBHOCTI ONMIOPHOTO TUIAHY.

N =

CoOoNoOOA~W




CucreMa MEHEDKMEHTY SKOCTI
ITporpama kBamidikaiiiHoro ek3aMmeHy udp CMSI HAY

3100yBaviB BUmioi ocBiTH 32 OC «Marictp» nokymenta | IIKE 22.01.09 - 01-2023
ranysb 3HaHb 15 «ABTOMaTH3aLlis Ta MPUIa00y TyBaHHS

cneuianbHicTh: 151 «ABTOMaTH3aIlisl TA KOMIT'IOTEPHO-
IHTErpoBaHi TEXHOJIOTII»
ocBiTHBO-TIpodeciitHa nmporpama «Komm’1oTepHO-iHTErpoBaHi
TEXHOJIOTI4HI MPOIIECH i BUPOOHHIITBAY

ctop. 83 31

“Memooonocia npuknadnux 00caioxicens y chepi asmomamusayii ma
Komn'tomepno-inmezposanux mexnonoziu

[ToBHMiIt pakTOpHUM ekcTIepuMEHT. MaTpHIls TUTaHyBaHHS €KCTICPUMEHTY .

OnTumizallisi BAKOPUCTAHHS [IPOCTOPY HE3aJICKHUX NMEPEMIHHHUX.

[nentudikanis Benukux cuctem: pakropu, (pakTOpHUI NPOCTIp, TOBEPXHI BIATYKY.
OO0k MDK(QaKTOPHOT B3a€EMO/I11 B TOBHOMY (paKTOPHOMY €KCIIEPUMEHTI.
OnnodakTtopHuii 1 6aratodakropHuii ekcriepumenTH. OCHOBHI IepeBaru
0arato(akTOpHUX EKCIIEPUMEHTIB HaJ OJTHO (haKTOPHUMH.

['eomeTrpuuHa iHTepnperanis GpakTopHUX M1aHiB. HaBecTu npukiiag reoMeTpuuHOTO
300pakeHHs MOBHUX (haKTOpHHUX IIaHiB 21, 22, 23.

7. Martpuus mnany ekcnepuMmenty. Onep kaHHs MaTpUIll TOBHOTO TPhOX(AKTOPHOTO TUIaHY
Ha MIACTaBl MaTpULl JBOX(AKTOPHOTO EKCIIEPUMEHTY.

OCHOBHI BJIACTUBOCTI MOBHUX (PAKTOPHUX IJIAHIB.

9. Cnocobu i kputepii MOPiBHIHHS €KCIIEPUMEHTIB.

10. Indopmarriitna maTpurs. [IpuzHadeHHs 1 3aCTOCYBaHHS MPH TJIaHYBaHHI €KCIIEPUMEHTY.

o gabkrowdpE

o

“ Ilinomasicno-nagizayiitni KOMNaeKcu NOGIMPAHUX CYOeH

1. OcnHoBHi anroput™Mu 00poOKH 1H(POpPMaILIli B MIJIOTAKHO — HABIFALIHHUX KOMILIEKCaX.
Cxema koMmmeHcartii.

2. OcCHOBHI aIropuT™MH 00pOoOKH 1H(OpPMALii B MIIOTAXKHO — HABITALIMHUX KOMIUIEKCaX.
Cxema Qinbrpanii

3. Meroau ontumanbHoi 06poOku iHpopMmartii B [THK. Anroputm omiHIOBaHHS 32 METOIOM
HallMEHIINX KBaJpaTiB

4. Mertoau ontumanbHOi 00poOku iHPopmarii B [THK Anroputm oriHIOBaHHS 32 METOJOM
MaKCUMYMY MPaBIONO1iI0HOCTI

5. Meroau ontumanbHoi 00poOku iHpopMmarii B [THK. Anroputm HenepepBHOTO
ontuManbsHoro ¢iibTpa Kanmana

6. ABTOMarH3allisi MPOIECIB YIIPaBIiHHS Ha eTari po30iry. CxemMu 3 MpOTHO3yBaHHSIM
po30iry

/. ABTOMaTu3allisl YIPaBJIiHHS HA eTarni Habopy BUCOTH

8. Kopexkiist o6uncnennx KOOpAUHAT MOTOYHOTO MicuenonoxeHHs JIA.

9. Kopexkiiist 00YMCICHUX KOOPIUHAT MMOTOYHOT'O MICIIENOIOXKEeHHS JIA 3a T101OMOTOI0
PCIH

10. Kopexitist 009rcIeHHX KOOPAUHAT MOTOYHOTO MicienoioxeHHs JIA 3a nromomororo
PCBH

“ Cucmemu aKkmueHo20 ynpasainHa nogimpanumu cyonamu

1. Hlnaxu po3BUTKY cUCTEM yrnpaBiiHHs miotoBaHux JIA. OcobmuBoCTI cuctem
ynpaBiiHHs 0e3minoTHux JIA.

2. CtpykTypHi cxemu cucteMm ymnpaniiHHs JIA. [lepenik 3aaad, 1110 BUPIIIYIOTh CUCTEMHU

aKTUBHOTO YIPAaBJIIHHS MOBITPSIHUX CY/CH.

B npyxHuX nedopmariiii Ha XapaKTepUCTUKH JIiTaka K 00°€KTa KepyBaHHS.

[Tigxonu 1o OTpUMaHHS MaTEMATUYHUX MOJEJIEH MIPY>KHOTO JIiTaKa.

MarematuaHa MOJIENb MO30BKHBOTO PYXY JIITaKa 3 ypaxyBaHHSIM aepONpyKHUX

KOJINBAHb.

6. BruB npyxHuX AedopMaliiii KOHCTPYKIIT Ha TMHAMIKY KOHTYpIB aBTOMAaTHYHOTO
yrpasiiHHsA. CriocoOu nociabiieHHs! BIUIMBY aepONpPYKHUX KOJIMBAHb.

oW
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9.

KomrmiekcHa KOpeKIlis CTaTUYHUX 1 THHAMIYHUX XapaKTEPUCTUK CTIMKOCTI Ta
KEpPOBAaHOCTI. ABTOMATHU IMO3/I0BKHBOTO YIIPABIIIHHS.

KomMriekcHa KopeKiisi CTaTUYHUX 1 IMHAMIYHUX XapaKTePUCTHK CTIMKOCTI Ta
KEpOBaHOCTI. ABTOMATH OIYHOT'O YIIpaBIIIHHS.

besnocepenne ynpasniHHs aepoAMHaMIYHUMHU cuitaMu. Kopexkiis TpaauiiitHoro
MOMEHTHOI'O YIPaBJIIHHS.

10. besmocepenne ympaBIliHHS aepOAUHAMIYHUMU CHIIaMu. Po3finbpHE ympaBaiHHS OKpEeMUMHA

rpynamu ¢Gpa3oBUX KOOPAUHAT.

11. be3nocepeaHe ynpaBiliHHS aepOIMHAMIYHUMU CHJIaMU. AJJAalITHBHE KPHUIIO.
12. be3nocepenHe yrpaBIliHHS aepoAUHAMIYHUMU cuiamu. [lapupyBaHHs BILTUBY BITpY Ta

MIOTAIICHHS a€pOIPYKHUX KOJINBAHb.

13.'paHuYHI peKUMH MMOJIBOTY. ABTOMATH OOMEKECHHS TPAaHUYHUX PEKHUMIB.

2.2. IIpakTHYHA YaCTHHA KOMILUIEKCHUX KBaJi(ikauiiiHux 3aB1aHb

“Ancopummiune ma inghopmauiiine 3a6e3neuennn Komn'romepHo-inmezposanux cucmem”

1.

BuzHnaute koopAMHATH MOYATKOBOI TOYKOBOI TOUKH, sKII0 qoBrora € E30°30', 1 € aBa
MOKa3HUKH MUpoTU. ['eorpadiuna mmpoTa BUMiproeThes asoma cucremamu: [HC 3
MoMIITKOI0 67 ns = (2')° 1 AHC 6a¢c = (3')%
3HaAUIT OIIHKY MTUPOTH 32 METOJOM MaKCHMyMa MPaBI0Noai0HOCTI, SKIIO MOKa3aHHS
CHCTEM TaKi: QINS= 50°20, Pac— 50 °30'.
CxeMaTH4HO BKaXITh MyYHKTU MapLIpyTYy JIiHII 33AaHOT0 HUISIXY JUJIS OJBOTIB MO MiCTaXx:
Uepxkacu (N 49° 26 ', E32°3"), Cymu (N 50°54 ', E 34°48'"), [TontaBa (N 49°34 ', E 34° 34"),
XapkiB (N 50° 0", E 36 ° 15"). Ocrannboro Toukoro € J[ainpo (N 48 ° 27 ', E35°1").
OO06uncanTH NUISIXOBI KYyTH 1 Ta BifacTtaHi Mixk nBoMa [1IIM (y kM) 1u1st KOKHOTO
BIJIPI3Ky MapuipyTy..
[ToxaszaHHs 3 TPbOX OJHAKOBUX CHUCTEM, SIKI BUMIPIOIOTH MAaKCUMAIbHUN MOKIUBUN KYT
KpeHy v:
2, =27+&;
z,=0.5y+¢&,;

Z;=7+&;,
3HaWITh OLIHKY KyTa KPeHY, BAKOPHUCTOBYIOUH METOJ] HAWMEHIINX KBAAPATiB, SIKIIO
z1 =15°30', z2 = 15°25', z3 = 15°05'
JliTak mposiTae mo MapuIpyTy 31 NUITXOBOKO MBUAKICTIO 180 M/c Ha BUCOTI 9 KM 3
MaKCUMaJIBHUM MOJKJIMBHM KyTOM KpeHy 12°. [ToMuika YucCIIeHHs MKy
oar—(0.5+0.5%S) xm. Yepkacu (N 49 © 26 ', E32 © 3"), Cymu (N 50 © 54 ', E 34 © 48"),
[TonraBa (N 49 © 34", E 34 © 34"), XapkiB (N 50° 0", E 36 © 15"). OcTaHHBOIO TOUYKOIO €
Huinpo (N 48 °27 "', E35°1").
Hamautolite 3a1exkHICTh Gg; (S).
Busnaute paniyc nii paniomaskiB y Mupropoai (N 49° 57, E 33° 36'), Kanis (N 49° 45 ',
E 31 °28"), Kpacuorpan (N 49 © 22 ', E 35) © 27 ") i Hamanoiite iX, 11100 BU3HAUUTH
MOMEHTH KOpeKIIii Ta 11 HeoOXiaHicTh At MapuipyTty: Uepkacu (N 49 © 26 ', E32 © 3"),
Cymu (N 50° 54', E 34° 48'"), [TonTaa (N 49°34 ', E 34°34"), XapkiB (N 50° 0 ', E 36° 15").
Ocrannporo Toukoro € J[uinpo (N 48 ©27 ', E35°1").
Mapmpyt nonsoty: Uepkacu (N 49 © 26 ', E32 © 3"), Cymu (N 50 ° 54 ', E 34 ° 48"),
[TonraBa (N 49 © 34 ', E 34 ° 34"), XapkiB (N 50 ° 0 ', E 36 ° 15"). OcTaHHBOIO TOYKOIO €
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Huinpo (N 48 © 27 ', E 35 ° 1'). Busznaure JniHiiiHEe yrnepeKEHHS pO3BOPOTY IS KOXKHOTO
BIJIPI3KY MapuIpyTy, K0 mMBHAKICTb 170 M/c Ta kper 10°.

7. BusHauTe KOOpJIWMHATH MOYATKOBOI TOYKOBOI TOYKH, SAKIIO Imupotra € N50°45', 1 € nBa
MOKa3HUKHU JOBroTu. leorpadiyHa noBrora BuUMIpIOeThes ABoma cucremamu: IHC 3
noMmwiko o s = (2')° 1 AHC o®ac = (4')% 3HaiiniTh OLIHKY XOBFOTH 3@ METOIOM
MaKCUMyMa MpaBAONOAIOHOCTI, AKIIIO MOKa3aHHS CUCTEM TaKi:
}\INS: 37030,, kAC: 37 °36'.

8. CxemMaTWyHO BKaXIiTh MyHKTH MApIIPYyTy JiHII 3aJaHOTO NUISIXY JJIS MOJBOTIB MO MiCTax:
Kamyra (N 54 ° 31", E 36 © 16'), TBepp (N 56 ° 51 ', E 35 © 55"), HoBropox ( N 58 ° 31,
E 31 ° 16"), IlckoB (N 57 © 49 ', E 28 ° 19'). Ocrannboro toukoro € Cankr-Ilerepoypr
(N 59 © 57", E30°19"). OGuncnuTy NUIIXOB1 KyTH Y Ta BijactaHi MK asoma [ITIM nmms
KO)KHOTO BiJIpI3KY MapIipyTy.

9. TlokazaHHS TPHOX OJHAKOBUX CHCTEM, SIKI BUMIPIOIOTh MaKCUMalbHUN MOXJIMBUN KYT
KpeHy v:

2,=3y+¢&;;
z,=04y+E,;
2,=02y+&,,
3HalAITh OI[IHKY KyTa KPeHY, BUKOPUCTOBYIOUH METO]I HATMEHIIINX KBaAPaTiB, SKIIO

z; =10°25', z, =10°05', z3 = 10°15".

10. JIiTak mposriTae mo MapuIpyTy 31 MIITX0BOKO MBUAKICTIO 130 M/c HA BUCOTI 8 KM 3
MaKCUMaJIbHUM MOYJIMBHM KyToM KpeHy 11°. [Tomunka uncienns nuisixy 6¢=(0.5+0.5%S)
kM. Kamyra (N 54 ° 31", E 36 ° 16"), TBeps (N 56 ° 51 ', E 35 © 55"), HoBropoa ( N 58 © 31",
E31°16"), IIckoB (N 57°49 ' E 28 ° 19"). Octrannnoro Toukoro € Cankt-IlerepOypr
(N 59 °57"', E30°19"). HamasroiiTe 3anexHicTh G, (S).

11. Buznaure pajiyc aii paJioMasiKiB y O6HiHCBKy (N55°6",E36°37"), Bubopr (N 60 °42 "',
E28° 45') Hy6ua (N 56 ©43 ', E 37) © 10 ") i Hamamtoiite iX, 1100 BU3SHAYUTH MOMEHTH
KOpEKIIii 1 HeOOXiHICTh KopeKuu st mapiupyty: Kanyra (N 54 ° 31", E 36 ° 16'), TBepb
(N56°51',E35°55"), Hosropoa ( N 58 ° 31", E 31 ° 16"), IIckoB (N 57°49",

E 28°19"). OCTaHHBOIO TOYKOIO € CaHKT-HeTep6ypr (N 59°57"', E30°19").

12. Mapuipyt nonwsoty: Kamyra (N 54 ° 31", E 36 ° 16"), TBepp (N 56 ° 51 ', E 35 ° 55"),
Hosropon (N 58 31", E31°16"), IIckoB (N 57°49 "', E 28 © 19"). OcTaHHBOIO TOUKOIO €
Cankr-Ilerepoypr (N 59 © 57 ', E30°19"). Buznaure niniliHe yrepemKeHHsI pO3BOPOTY IS
KOXKHOTO BiIPI3KY MapupyTy, sIKIIo mBHAKIicTh 150 M/c Ta kpen 8°.

“Memoou mooentosanna ma onmumizayii cucmem ma npouvecie ”

1. Bu3HauMTH CIOCTEPEKYBAHICTH Ta KEPOBAHICTH 33/1aHOT0 00’ €KTY KEPYBaHHS,
MaTeMaTU4YHA MOJEJIb IKOTO Ma€ BUTJISL:

W(s) = L2

0.8s° +1,7s* +3,55+1,9

2. Bu3HauuTH CIIOCTEPEKYBAHICTh Ta KEPOBAHICTh 33/1aHOT0 00’ €KTY KEpYBaHHS,

MaTcMaTHU4YHAa MOJCJIb AKOI'O Ma€ BUIJIAI:
0,75
W(s) =

3,2s° +155+2,5
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Busznauntu criocTepexxyBaHICTh Ta KEPOBAHICTb 33JJaHOTO 00’ €KTY KepyBaHHS,

MaTeéMaTHU4Ha MOJCJIb SAKOI'O Ma€ BUIJIAA!
18
W(s) =

1,65 +2,8s2+0,7

Busznauutu cnoct epe)KYBaHiCTB Ta KepOBaHiCTB 3a1aHOr' 0 06,€KTy KEpyBaHHA,
MaTe€MaTH4YHa MOJACIIb SIKOI'O0 Ma€ BUTJIAO:
X1= 1,2X1 + 0,7X2

Xo= 0,3)61 + 0,4)62 + 1,1)63
X3: 1,2)62 + 0,7X3

BusnaunTu criocTepexyBaHICTh Ta KEPOBAHICTb 3aJIaHOTO 00’ €KTY KepyBaHHS,
MaTeMaTU4YHA MOJEIb SKOI'O Ma€ BUTIIALL:
X1= 0,5)61 + 0,2)62 + 3,0)63

Xz = 2,5)61 + 1,8)62
X3: O,2X2 + 2,5)63

Bu3HauKuTH CIIOCTEPEKYBAHICTh Ta KEPOBAHICTh 33JIAHOTO 00’ €KTY KepyBaHHS,
MaTeMaTHYHa MOJIEJIb SIKOT'O Ma€ BUTJISI:
X1=0,1x; + 0,5x, + 0,8x3

Xo= 1,4X1 + 2,0X2 + 1,2X3
X3= 1,5x, + 0,5X3

Jliist 06'ekTy, MaTEMaTHYHA MOJIEITb SIKOTO OMUCYEThCS U EepEeHITiaTbHIM PIBHSIHHIM

x"(t) + 3,3x'(t) — 0,7x(t) = u(t)
3aCTOCOBYIOYM METOJM BapialliiHOTO YWCIICHHS 3HAWTH ONTUMalibHEe KepyBaHHsS U(t)
3rifHo 3a kputepiem skocti 1(X(t), u(t)):

I=] (& + u’)dt
0

(BBaxaethes, mo OV croctepexyBaHHi, kKepoBaHUH, 0OMekeHb Ha (a30B1 KOOPIUHAUTH
1 KEpyBaHHSI HE ICHYE).
Jliig 06'ekTy, MaTeMaTU4YHA MOJIEIb SIKOT'O OMHUCYEThCS AU(PEPEHIIaTIbHUM PIBHSAHHAM

x"(t) + 4,1x'(t) — 1,8x(t) = u(t)
3aCTOCOBYIOYM METOJM BapiallifHOrO YWCIICHHS 3HAWTH ONTUMalbHEe KepyBaHHS U(t)
3rifiHo 3a kputepiem sikocti 1(X(t), u(t)):

1= j X% dt
0

(BBaxkaethes, mo OY cnoctepexyBaHMi, KEpOBaHHM, 0OMexeHb Ha (a30BI KOOPAUHATH 1
KEepyBaHHS HE 1ICHYE).
Jliist 00'exTy, MaTEMaTHYHA MOJIENb SKOTO ONMUCYEThCS AU(EpEHITIaTbHUM PIBHAHHSAM

x"(t) + 3,6x'(t) + 0,35x(t) = u(t)
3aCTOCOBYIOYM METOJM BapialliifHOTO YWCIICHHS 3HAWTH ONTHMallbHe KepyBaHHs U(t)
3rigHo 3a kpurepiem skocti 1(X(t), u(t)):
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12.
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OCBiTHBO-TIpOECiiina mporpama «KomIm 1oTepHO-iHTErpoBaHi crop. 12331
TEXHOJIOTI4HI MPOIIECH i BUPOOHHIITBAY
w0
2
I=[ udt

0
(BBaxaeThcsl, MO OO'€KT CHOCTEpeXKyBaHUM, KepoBaHWW, OOMeEkeHb Ha (a30Bi
KOOPJIMHATH 1 KEPYBaHHS HE ICHYE).
Jiis 06'ekTy, MaTeMaTU4YHA MOJIEIIb SIKOTO OMUCYEThCs TU(EepeHIIaIbHUM PIBHAHHSIM
x"(t) + 3,3x'(t) — 0,7x(t) = u(t)
3aCTOCOBYIOUYM METOIY JAMHAMIYHOTO MPOTPaMyBaHHS 3HAWTH ONTHMAlbHE KEPyBAaHHS
u(t) srizuo 3a kputepiem sikocti /(X(t), u(t)):

I= j (% + u?) dt
0
(BBaXa€eThCsI, IMO OO'€EKT CIOCTEepPE)KyBaHWM, KepoBaHWH, oOMexkeHh Ha (a3oBi
KOOPJMHATH 1 KepyBaHHS HE ICHYE).
Jliig 00'ekTy, MaTeMaTU4YHA MOJIENb IKOT'O OMUCYEThCSA AUPEPEHIIATbHUM PIBHAHHAM
x"(t) + 4,1x'(t) — 1,8x(t) = u(t)
3aCTOCOBYIOUM METOJU AMHAMIYHOTO MPOTPaMyBaHHs 3HAWTH ONTHUMAJIbHE KEPYBaHHS
u(t) srimuo 3a kputepieM sikocti /(X(t), u(t)):
1= j X% dt
0
(BBaXaeThcs, MO OO'€KT CHOCTEPE)KYBaHWM, KepoBaHWUM, OOMexeHb Ha ¢a3oBi
KOOPJIMHATH 1 KEPYBAHHSI HE ICHYE).
Jliig 06'ekTy, MaTeMaTU4YHA MOJIEITb SIKOTO OMHUCY€EThCS AU EpEeHIIaIbHUM PIBHSIHHAM
x"(t) + 3,6x'(t) + 0,35x(t) = u(t)
3aCTOCOBYIOYM METOAM JAMHAMIYHOTO MPOTPaMyBaHHS 3HAWTH ONTHMAallbHE KepyBaHHS
u(t) srigao 3a kputepiem sikocti 1(X(t), u(t)):

2
I=[ udt
0
(BBaxaeThcs, MO OO'€KT CHOCTEPE)KYBaHWM, KepoBaHWUM, oOOMexeHb Ha ¢a3oBi
KOOpPJMHATH 1 KEPYBAHHSI HE ICHYE).
Jiig 06'ekTy, MaTeMaTH4YHA MOJIENb SIKOTO OMUCYETHCS AU(PEPEHIIIaTbHUM PIBHSAHHAM
2,5
W(S) = =
15s+11
3aCTOCOBYIOYM METOJM BapiallifHOrO YWCIICHHS 3HAWTH ONTUMAalbHE KepyBaHHsS U(t)
3rigHo 3a kputepiem skocti 1(X(t), u(t)):
I=] (& +u’)dt
0
(BBaXxKaeThcs, MO OO'€KT CHOCTepeXyBaHUM, KepoBaHWW, OOMekeHb Ha (a3oBi
KOOPAMHATH 1 KEpyBaHHS HE ICHYE).
Jlnist 00'exTy, MaTEMaTUYHA MOJIENb AKOTO OMMUCYETHCS TUPEPEHIIIaAIbHUM PIBHIHHIM
0,5
W) = 5
0,55s+0,2
3aCTOCOBYIOYM METOJIY JAWHAMIYHOTO MPOTpaMyBaHHS 3HAWTH ONTHUMAlbHE KEPyBAaHHS
u(t) srizHo 3a kputepiem sikocti /(X(t), u(t)):
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I=] (" +u?)dt
0
(BBaXKaeThCs, IO OO'€EKT CHOCTEPEKYBAHMM, KepoBaHUM, OOMexeHb Ha (a3oBi
KOOpPJMHATH 1 KEPYBAHHSI HE ICHYE).
15. Jlns1 xaHamy TaHra)ka aBTOIUIOTY MaTeMaTUYHA MOJIENb SKOIO JaHa y BUTJISIL:

9=-0,69+139%,;,

K
CHHTE3yBaTH ONTHMAJIbHE 3 ITBHAKO/I€I0 YIPABIIiHHS 3TiHO KpUTEpilo | A92dt
0
16. CunTe3yBatu onTHUMallbHE 3a MIBUAKOJIEI0 KEpyBaHHS Uil CHUCTEMU aBTOMAaTHYHOI
opienTaiii KJIA, MarematruHa MO/ SIKOTO Ma€ BUTJISI:
, T ( 0 1,0j (OJ
X=AX+Bu, x=(x,%2) , A= , B= .
-05 09 16
17. BupimuTi 3agady ONTUMAJbHOTO KEPYBaHHS METOJIOM JAMHAMIYHOIO MPOrpaMyBaHHS,
SKIIO MaTeMaTU4yHa MOJENb 00 €KTa ONUCYEThCS y BUIISAOL: X =ax; +bu, a xpurepiit

ONTUMAJILHOCTI
X

| = f(alxlz +Blu2)jt, x1(0) = xf,xl(oo): 0
0

e a, = 1, Bl = 0,5
18. Bukonaru CHUHTE3 ONTHMAJbHOTO YOPABIIHHSA [UIS KaHAlIy KpEHY CHUCTEMH
aBToMaTnyHOTO KepyBaHHs 11C, MmaremaTn4yHa Mozienp AKOro omnmcana X = Ax+ Bu,

a a
e xmloT. Az(n J Bzm
2

0 ay
3 BUKOPUCTAaHHIM METO/1a AMHaMIYHOT'O IPOTpaMyBaHHS,
o0
ne ay = -0,75, a;; = 0,9, az = 1, b, = -0,75, j(x2 + 0,5u2)dt
0
19. 3anucaru piBasHHs Eiinepa mis pyHkuionana

T
! =j(u2 +T2u2)dt,
0
MIpU HAsIBHOCTI OOMEKEeHHA BUAy au+b=0.
20. BUKOpHCTOBYIOUM IPUHIIUI MAKCUMYMY, 3MIHCHUTH CHHTE3 ONTHUMAJIBHOTO 32 TOUHICTIO

KEepyBaHH: JJI KaHAIly KPEHY, MaTeMaTU4Ha MOJIEIIb IKOrO onucaHa X = Ax+ Bu,

a a
e x=(xg %), A:[n 12} B:(bOJ’
2

0 ay
21. BupimmTu 3a1a4y ONTHUMAaJIbHOTO KEPYBaHHS METOJOM JUHAMIYHOTO TIPOTpaMyBaHHS,
MOJIeJTb 00’ €KTa OMUCYETHCS y BUITISL: X1 = @X1 + DU, kputepiit ontumansaocTi

X

| = j(alxlz + Bluz}it, x1(0) = X2, X1 ()= 0
0
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22.31IACHUTH, BAKOPUCTOBYIOUH METOJ BapialliiHOTO YUCIECHHS, CHHTE3 ONTUMAaIbLHOTO
YIPaBIIiHHS JUIS KaHATY KPEeHY, MaTeMaTHYHA MOJICIb IKOTO Ma€ BUIJIAA X = AX+ Bu,
a; &2 0
B

e x=(x, %), A= 0 a, “|b, )"

3HaWTH MOMEHT MEPEMHUKAHHS ONTHMAIBHOTO 3 MIBUAKOIIT YIIPABIiHHS JJIs1 00’ €KTY:
%=X (t); X2 =bou(t); Ju(t) <U pax.
Bimomo, 1o onTUMalibHE YIPABIIIHHS Y JAHOMY BUIIAJIKY SBJISIETHCS PEIICHHUM 1 Ha
OCHOBI T€OpeMH N-1HTEPBaJIiB MICTUTh OJHE TIEPEKIIOUSHHS 1 JIBa IHTEPBAIH YIIPABIIiHHS.
23.MarematndHa MOJieiTh 00'€KTa BUSHAYCHA Y BUTJISII:
q, a
11 12 B 0

X =AX +Bu , me X = (x1,x2)", A= =
. . .5y 2
BuszHaunTu 3aK0H KepyBaHHS 00‘€KTa 3TiTHO KPUTEPIIO SKOCTI j X “dt
0
24.Po3B‘s3aTH 3a/1a4y ONTHUMAJIBHOTO KEPYBaHHS METOJIOM JUHAMIYHOTO IMPOTpaMyBaHHS,
MaTeMaTU4YHa MOJIEb 00’ €KTa OMUCYETHCS Y BUTTISAL: %) = aX) +bu, Kputepiit
ONTUMAJIBHOCTI

| = )j((alxlz + Bluz)it, x1(0) = X](_),Xl(oo): 0
0

25. TIpoananizyBaTu KEpOBaHICTh CUCTEMH, 10 OMUCYETHCSI MATPUYHUM PiBHIHHAIM

-1 0 O 1
Xx=|0 -2 O0|x+|1ju
0O 0 -3 0

“ Cucmemu aKkmueHo20 ynpasiinHA nNOGIMpPAHUMU cyoHamu

1. Jlast aBTONUIOTY KpeHy 3 ’KOPCTKUM 3BOPOTHIM 3B’SI3KOM 3aIllMCaTH aCTaTUYHHUM 3aKOH
yIIPaBIiHHSA, CKIACTH CTPYKTYPHY CXeMYy KOHTYPY KepyBaHHS W OLIHUTH CTaTHYHI
XapaKTEPUCTUKN KOHTYPY

2. Jlns aBTOMIJIOTY KPEHY 3 JKOPCTKUM 3BOPOTHIM 3B’ SA3KOM 3alMCaTH ACTaTHYHUIN 3aKOH
yIpaBIiHHA, CKJIACTU CTPYKTYPHY CXeMY KOHTYPY KepyBaHHS i OLIHUTH CTaTHYHI
XapaKTEPUCTUKU KOHTYPY

3. Hns maremaruunoi mojemni [IC B pesxuMi KOOpIMHOBAHOTO PO3BOPOTY OLIHUTH
ACUMIITOTUYHY CTIHKICTh pyXy

4. ]lns aBTOMLIOTY TaHTaXka 3 JKOPCTKUM 3BOPOTHIM 3B’SI3KOM 3aIllMCaTH aCTaTUYHUIN 3aKOH
yIpaBIiHHS, CKJIACTH CTPYKTYPHY CXeMY KOHTYPY 1 OIIHUTH CTaTUYHI XapaKTePUCTUKU

5. Hnsa maremaruunoi mojeni [1C B pexxumi mi1ockoro po3BOpOTY OLIHUTH aCUMIITOTHYHY
CTIMKICTB pyXy

6. Jlns xaHany pysisi HalpaBJIeHHS CKIACTU CTPYKTYPHY CXeMY JieMI(epy pUCKaHHS.
3anucaTy nepeaToyHy (yHKIIII0 3aMKHEHOTO KOHTYPY
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2. CONTENTS OF THE PROGRAM MATERIAL FROM THE DISCIPLINES,
WHICH ARE SUBMITTED TO THE QUALIFICATION EXAMINATION

2.1. The theoretical part of complex qualification tasks
""Algorithmic and Information Support Computer-Integrated Systems™

1. Structural diagram of a single-channel INS

2. Look at the dynamics of the leveling platform of the inertial system at the route flight
stage. Give analytical dependences and graphs of changes in V, S.

3. INS damping from the speed corrector

4. INS correction from the position corrector

5. Exhibition modes of INS

6. Strapdown INS

7. Algorithms for calculating barometric height.

8. Algorithms for calculating air speed.

“ Methods of Modeling and Optimization of Systems and Processes ”

1. Classification and characteristic features of adaptive control and monitoring systems

Classification, principles of construction and characteristic features of self-adjusting

control and monitoring systems

Purpose and tasks of extreme control.

Review of methods of finding extremum in extreme control systems.

Restrictions on the phase coordinates of the control object and parameters of the control

law

The concept of the extremum of a functional

Variational problem for finding the extremum. Euler's equation

Variational problem for finding the extremum. Lagrange's problem.

Application of the maximum principle when building an optimal system.

10 Application of Bellman's principle of optimality in control systems.

11. Formulation of the optimization problem. Classification of optimization and control
problems

12. Optimization criteria in optimal control problems

13. The principle of the maximum as a necessary condition for the optimality of the control
system

14. Formulation of the optimization problem. The concept of a mathematical programming
problem.

15. Classification of optimization and control tasks. The concept of a nonlinear programming
problem.

16. Classification of optimization and control tasks. Problems of calculus of variations.

17. Graphical method of solving the problem of linear programming. Algorithm of the
graphical method of solving the problem of linear programming.

18. Mathematical problem of linear programming. Mathematical formulation of the problem
of linear programming.

19. Mathematical problem of linear programming. Geometric interpretation of the problem of
linear programming.

20. Analytical methods for solving linear programming problems. A simplex method for
solving a linear programming problem.

no

gk ow

©ooNO
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21. Analytical methods for solving linear programming problems. Algorithm of the simplex

method.

22. Dual linear programming problem. Duality theorems.
23. Direct and dual problems of linear programming.
24. Dual linear programming problem. A sign of the optimality of the reference plan.

akrwpE

o

o

© oo~

= o ©

“ Methodology of Applied Research in the Field of Automation and
Computer-Integrated Technologies”

Complete factorial experiment. Experiment planning matrix.

Optimizing the use of the space of independent variables.

Identification of large systems: factors, factor space, response surfaces.

Accounting for interfactorial interaction in a full factorial experiment.

Univariate and multivariate experiments. The main advantages of multifactorial
experiments over single-factorial ones.

Geometric interpretation of factor plans. Give an example of a geometric representation of
complete factor plans 21, 22, 23.

Experiment plan matrix. Obtaining the matrix of a complete three-factor plan based on the
matrix of a two-factor experiment.

Main properties of full factorial plans.

Methods and criteria for comparing experiments.

.Information matrix. Purpose and application in experiment planning.

“ Flight and Navigation Complexes of Aircraft”

Basic algorithms of information processing in flight and navigation complexes (FNC).
Scheme of compensation.

Basic algorithms of information processing in FNC. Filtering scheme

Methods of optimal processing of information in FNC. Least squares estimation algorithm
Methods of optimal processing of information in FNC Assessment algorithm by the
method of maximum likelihood

Methods of optimal processing of information in FNC. Algorithm of continuous optimal
Kalman filter

Automation of control processes at the start-up stage. Schemes with prediction of run-up
Control automation during the climb stage

Correction of the calculated coordinates of the current location of the aircraft.

Correction of the calculated coordinates of the current location of the aircraft using long-
range radio navigation systems

10. Correction of the calculated coordinates of the current location of the aircraft using near-

field navigation radio systems
“ Active Control Systems of Aircraft ”

Ways of development of manned aircraft control systems. Features of control systems of
unmanned aerial vehicles.

Structural diagrams of aircraft control systems. List of tasks solved by active aircraft
control systems.

The influence of elastic deformations on the characteristics of the aircraft as a control
object.

Approaches to obtaining mathematical models of an elastic plane.
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8.

9.

Mathematical model of the longitudinal motion of the aircraft taking into account
aeroelastic vibrations.

The influence of elastic deformations of the structure on the dynamics of automatic
control circuits. Ways to reduce the impact of aeroelastic vibrations.

Complex correction of static and dynamic characteristics of stability and controllability.
Longitudinal control machines.

Complex correction of static and dynamic characteristics of stability and controllability.
Lateral control machines.

Direct control of aerodynamic forces. Correction of traditional instantaneous control.

10. Direct control of aerodynamic forces. Separate control of separate groups of phase

coordinates.

11. Direct control of aerodynamic forces. Adaptive wing.
12. Direct control of aerodynamic forces. Parrying the impact of wind and damping

aeroelastic oscillations.

13. Limiting modes of flight. Automata limiting limit modes

2.2. Practical part of complex qualification task
""Algorithmic and Information Support Computer-Integrated Systems"

Determine the coordinates of the starting point if the longitude is E30°30' and there are
two latitudes. Geographical latitude is measured by two systems: INS with error
o’ins = (2)% and ANS o%as = (3')2
Find the latitude estimate by the maximum likelihood method, if the readings of the
systems are as follows: ¢@ns= 50°20’, pas= 50 °30'.
Schematically indicate the route points of the given path line for flights through the cities:
Cherkasy (N 49° 26 ', E32°3"), Sumy (N 50°54 ', E 34°48'"), Poltava (N 49°34 ', E 34° 34"),
Kharkiv (N 50 ° 0", E 36 ° 15"). The last point is the Dnipro (N 48 °27 ', E35° 1").
Calculate the path angles v and the distances between two intermediate points of the
route (IPR)(in km) for each segment of the route.
Readings from three identical systems that measure the maximum possible roll angle v:
2, =2y+§&;;
z,=0.5y+&,;

Z;=Y+8&,,
Find an estimate of the roll angle using the least squares method if
z, =15°30', z, = 15°25', 73 = 15°05'
An airplane flies along a route with a cruising speed of 180 m/s at an altitude of 9 km with
a maximum possible roll angle of 12°. Path calculation error c4=(0.5+0.5%S) km.
Cherkasy (N 49° 26 ', E32°3"), Sumy (N 50°54 ', E 34°48'"), Poltava (N 49°34 ', E 34° 34"),
Kharkiv (N 50° 0", E 36 ° 15"). The last point is the Dnipro (N 48 °27',E35°1").
Draw the dependence oy (S).
Determine the range of radio beacons in Myrhorod (N 49° 57 ', E 33° 36"), Kaniv (N 49°
45", E 31 ° 28"), Krasnograd (N 49 © 22 ', E 35) © 27 ') and draw them to determine the
points of correction and its necessity for the route: Cherkasy (N 49 © 26 ', E32 © 3'), Sumy
(N 50° 54', E 34° 48"), Poltava (N 49° 34 ', E 34°34"), Kharkiv (N 50° 0 ', E 36° 15"). The
last point is the Dnipro (N 48 °27', E35° 1").
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6. Flight route: Cherkasy (N 49 © 26 ', E32 ° 3"), Sumy (N 50 ° 54 ', E 34 ° 48"), Poltava (N
49 ° 34 ' E 34 °© 34"), Kharkiv (N 50 ° 0 ', E 36 ° 15"). The last point is the Dnipro (N 48 °
27 ', E 35 ° 1"). Determine the linear yaw bias for each route segment if the speed is
170 m/s and the roll is 10°.

7. Determine the coordinates of the starting point if the latitude is N50°45’, and there are two
longitudes. Geographic longitude is measured by two systems: INS with error 6% s = (2')?
and ANS o5 = (4'). Find the longitude estimate by the method of maximum likelihood
if the readings of the systems are as follows:
Mns= 37°30', Aas= 37 °36'.

8. Schematically indicate the route points of the given path line for flights over the cities:
Kaluga (N 54°31",E36°16"), Tver (N 56 ° 51", E 35°55"), Novgorod (N 58 ° 31",

9. E31°16"), Pskov(N57°49 " E 28 ° 19"). The last point is St. Petersburg

10.(N 59 ° 57 ', E30 ° 19"). Calculate the path angles y and distances between two PPMs for
each route segment.

11.Readings of three identical systems that measure the maximum possible roll
angle y:

2, =3y+¢&;
z,=04y+E&,;
2,=0.2y+¢&;,
Find the estimate of the roll angle using the method of least squares if z, =10°25',

z, =10°05', z3=10°15".

12. The plane flies along the route with a cruising speed of 130 m/s at an altitude of 8 km with
a maximum possible roll angle of 11°. Path calculation error o4=(0.5+0.5%S) km. Kaluga
(N54°31'E36°16"), Tver (N56°51", E35°55"), Novgorod (N 58 °31", E 31°16"),
Pskov (N 57 °49 ', E 28 © 19'). The last point is St. Petersburg

13.(N' 59 ° 57", E30 ° 19'). Draw the dependence oy (S).

14. Determine the range of radio beacons in Obninsk (N 55°6"', E 36 © 37'), Vyborg (N 60 © 42
', E28°45"), Dubna (N 56 °43 ', E 37) ° 10 ') and draw them to determine the points of
correction and the need for correction for the route: Kaluga (N 54 ° 31 ', E 36 © 16"), Tver
(N56°51",E35°55"), Novgorod (N 58 °31", E 31°16"), Pskov(N57°49', E 28 ° 19").
The last point is St. Petersburg (N 59 © 57 ', E30 ° 19").

15. Flight route: Kaluga (N 54 ° 31", E36° 16"), Tver (N 56 ° 51 ', E 35 © 55"), Novgorod ( N
58°31",E31°16"), Pskov (N 57°49 ' E 28 ° 19"). The last point is St. Petersburg (N 59
©57',E30 ° 19"). Determine the linear yaw bias for each route segment if the speed is 150
m/s and the roll is 8°.

“ Methods of Modeling and Optimization of Systems and Processes ”

1. Determine the observability and controllability of a given control object, the mathematical

model of which has the form:

12
W(s) = :
©) 0.8s° +1,7s* +3,55 +1,9

2. Determine the observability and controllability of a given control object, the mathematical

model of which has the form:

0,75
325 +155+25

W(s) =
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. Determine the observability and controllability of a given control object, the mathematical
model of which has the form:

18
1,6s%+2,8s* +0,7

W(s) =

. Determine the observability and controllability of a given control object, the mathematical
model of which has the form:
X 1= 1,2X1 + 0,7X2

Xo= 0,3)61 + 0,4)62 + 1,1)63
X3: 1,2)62 + O,7X3

. Determine the observability and controllability of a given control object, the mathematical
model of which has the form:
X1= 0,5)61 + 0,2)62 + 3,0)63

Xz = 2,5)61 + 1,8)62
X3: 0,2)62 + 2,5)63

. Determine the observability and controllability of a given control object, the mathematical
model of which has the form:
X1=0,1x; + 0,5x, + 0,8x3

Xo= 1,4X1 + 2,0X2 + 1,2X3
X3= 1,5x, + 0,5X3

. For an object whose mathematical model is described by a differential equation

x"(t) + 3,3x'(t) — 0,7x(t) = u(t)
using methods of variational calculus to find optimal control u(t) according to the quality
criterion Z(x(t), u(t)):

I=] (& + u’)dt
0

(it is considered that the control object is observed and controlled, there are no restrictions
on phase coordinates and control).
. For an object whose mathematical model is described by a differential equation

x"(t) + 4,1x'(t) — 1,8x(t) = u(t)
using methods of variational calculus to find optimal control u(t) according to the quality
criterion Z(x(t), u(t)):

1= j X% dt
0

(it is considered that the control object is observed and controlled, there are no restrictions
on phase coordinates and control).
. For an object whose mathematical model is described by a differential equation

x"(t) + 3,6x'(t) + 0,35x(t) = u(t)
using methods of variational calculus to find optimal control u(t) according to the quality
criterion (x(t), u(t)):
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I= j u® dt
0
(it is considered that the control object is observed and controlled, there are no restrictions
on phase coordinates and control).
10. For an object whose mathematical model is described by a differential equation
x"(t) + 3,3x'(t) — 0,7x(t) = u(t)
find optimal control using dynamic programming methods u(t) according to the quality
criterion (x(t), u(t)):
I= j (% + u?) dt
0
(it is considered that the control object is observed and controlled, there are no restrictions
on phase coordinates and control).
11. For an object whose mathematical model is described by a differential equation
x"(t) + 4,1x'(t) — 1,8x(t) = u(t)
find optimal control using dynamic programming methods u(t) according to the quality
criterion Z(x(t), u(t)):
1= j X% dt
0
(it is considered that the control object is observed and controlled, there are no restrictions
on phase coordinates and control).
12. For an object whose mathematical model is described by a differential equation
x"(t) + 3,6x'(t) + 0,35x(t) = u(t)
find optimal control using dynamic programming methods u(t) according to the quality
criterion 7(x(t), u(t)):
I=[ udt
0
(it is considered that the control object is observed and controlled, there are no restrictions
on phase coordinates and control).
13. For an object whose mathematical model is described by a differential equation

W(s) = 2,5
15s+11

using methods of variational calculus to find optimal control u(t) according to the quality
criterion 7(x(t), u(t)):
I=] (& +u’)dt
0
(it is considered that the control object is observed and controlled, there are no restrictions
on phase coordinates and control).
14. For an object whose mathematical model is described by a differential equation
W(s) = —22
0,5s+0,2
find optimal control using dynamic programming methods u(t) according to the quality
criterion (x(t), u(t)):
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I=] (" +u?)dt
0
(it is considered that the control object is observed and controlled, there are no restrictions
on phase coordinates and control).
15. For the pitch channel of the autopilot, the mathematical model of which is given in the
form:
$=-069+135,,
tl(
to synthesize optimal control in terms of speed according to the criterion | A92dt
0
16. To synthesize the speed-optimal control for the automatic orientation system of the space
aircraft, the mathematical model of which has the form:
. T 0 10 0
X=AX+Bu, x=(x,%2) , A= , B= .
-05 0,9 16
17.To solve the problem of optimal control by the method of dynamic programming, if the
mathematical model of the object is described in the form: % =ax; +bu, and the criterion
of optimality
X
| = f(alxlz +Blu2)jt, X1(0) = xf,xl(oo): 0
0
where a; = 1, B; =0,5.
18. Perform a synthesis of optimal control for the roll channel of the automatic control system
of the aircraft, the mathematical model of which is described x= Ax+ Bu,

a1 ap 0
where x=(x.x,), A= . B=
) ( 0 azzJ (sz

using the method of dynamic programming,
where ay; = -0,75, a1, = 0,9, a5 = 1, b, = -0,75, j(x2 T 0,5u2)dt
0

19. Write Euler's equation for the functional

.
| =j(u2 +T2u2)dt,
0

if there is a species restriction au+b=0.
20. Using the principle of the maximum, carry out a synthesis of optimal control in terms of
accuracy for the roll channel, the mathematical model of which is described x= Ax+Bu,

a; a
where x=(x,%)", A:[ 1 12} B=£0],

21.To solve the problem of optimal control by the method of dynamic programming, the
model of the object is described in the form: X; = ax; +bu,, criterion of optimality
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X

| = j(alxlz + Bluz)jt, x1(0) = X2, X (c0) = 0
0

22. Carry out, using the method of variational calculus, the synthesis of optimal control for the
roll channel, the mathematical model of which has the form %= Ax+ Bu,

where  x=(x,%, )", A:(aél :Z] B :(bOJ ,
23.Find the moment of switching the optimal control speed for the object:
% = Xp(t); %2 =bou(t); u(t) <U -
It is known that the optimal control in this case is relay and, based on the theorem of

n-intervals, contains one switching and two control intervals.
24.The mathematical model of the object is defined in the form:

. a a
X = AX +BuU , 1e X = (xp,x2)", A:( 1 12} B:[OJ

tK
Determine the control law according to the quality criterion [ X 24t
0
25.To solve the problem of optimal control by the method of dynamic programming, the
mathematical model of the object is described in the form: ¥ = ax +bu, the optimality
criterion is as follows

| = )j((alxlz + Bluz)it, x1(0) = X2, x(00) = 0
0

26. Analyze the controllability of the system described by the matrix equation
-1 0 O 1
x=0 -2 0 |x+]|1lju
0O 0 -3 0

“ Active Control Systems of Aircraft ”

1. For aroll autopilot with rigid feedback, write down the astatic control law, draw up a
structural diagram of the control loop, and evaluate the static characteristics of the loop

2. For aroll autopilot with rigid feedback, write down the astatic control law, draw up a
structural diagram of the control circuit and evaluate the static characteristics of the circuit

3. To estimate the asymptotic stability of motion for the mathematical model of the aircraft
in the mode of a coordinated turn

4. For a pitch autopilot with rigid feedback, write down an astatic control law, draw up a
structural circuit diagram, and evaluate static characteristics

5. To estimate the asymptotic stability of motion for the mathematical model of the aircraft
in the plane turn mode

6. For the rudder channel, make a structural diagram of the yaw damper. Write down the
transfer function of the closed circuit
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4. PEUTUHIOBA CUCTEMA OIITHIOBAHHS IIJICYMKIB BUKOHAHHSI
KBAJI®IKAIIMHOIO EK3AMEHY

[TincymkoBa peNUTHMHIOBa OILIHKAa 3 KBaJl(IKAIIHHOTO €K3aMEHy € €KBIBaJICHTOM
MiJICYMKOBOI CEMECTPOBOI PEHUTHHTOBOI OIIHKKA. BoHa Bu3HauyaeThes, Buxoasuym i3 100-
OaJbHOI IIKadW, 3 HACTYMHUM MEPEBEJCHHSAM O OI[IHKMA 3a HAIllOHAJIBHOIO IIKAJIOK Ta
mkanoro ECTS (tabmn.1).

Taomurg 1

[IIxana omiHIOBaHHS MIJCYMKIB BUKOHAHHS 3aBJIaHb KBaJi(iKaliifHOTO eK3aMeHy

OmiHka B 0aimax Oujrka 32 HAOHATLHOIO Ominka 3a mkanow ECTS
[IKAJIOKO
90 - 100 BigminHO A
82 -89 B
75_81 Jlodpe C
6714 3a10B1IBHO D
60 — 66 E
35-59 He3anoBuibHO FX
1-34 F

[lincymkoBa peHTHMHrOBa OLlIHKAa 3a CKJIaJaHHA KBaTi(iKaIliHHOTO eK3aMeHy
BHU3HAYAETHCS K CyMa OIIHOK 32 BUKOHAHHS 3aBJIaHb TEOPETUYHOI Ta IPAKTUYHOT YaCTHH.

PeiiTuHTOBI OIIHKM 3a BHKOHAHHS KOXKHOTO 3aBJIaHHS €K3aMCHAIIHHOTO OilIeTy
BHUCTaBIISIOTHCS B 0ajax 3 ypaxyBaHHSM BIJIIMOBITHUX KpUTepiiB (Tadm. 2,3).

PeiiTuHroBa olliHKa 3a BHKOHAHHS TEOPETUYHOI YACTUHU €K3aMEHaIIMHOro OieTy
CKJIQJIA€THCS 3 CyMU OasiB 3a BUKOHAHHS ii TPbOX 3aBJaHb. PEUTUHrOBa OIlIHKA 32 BUKOHAHHS
MPAKTUYHOI YaCTUHU €K3aMEHAIIHOrO O11eTy CKJIaJaeThCs 3 CyMH OaiiB 3a BUKOHAHHS il
JIBOX 3aBJaHb.

OLiHKK 32 BUKOHAHHSA KOXKHOI YaCTHMHU €K3aMEHAIIMHOTO OUIeTy BH3HAYalOTHhCS B
Oarax Ta 3a HaLlOHAJIBHOIO IIKAJOK BIAMOBIAHO 10 Ta0iI. 4.

PeliTHHTOBI OIIIHKYK 32 BUKOHAHHS KOKHOI YaCTUHU €K3aMEHAIlIHHOTO OIJIETy, a TAaKOX
MiJICYMKOBa PEWTHHTOBA OIlIHKA, 3aHOCATBCS N0 [IpoTokoiy 3acigaHHS eK3aMeHaI[iiHOI
KoMicii (Tabi. 5).

Jlo IHAMBiAYalbHOTO HABYAJIBHOTO IUIAHY CTYACHTA 3aHOCHTHCA TIJIBKU MiJCYMKOBa
pEeNTHHTOBA OIliHKA, Hampukiad, Tak 90/Bigm./A.

VY BUNaAKy BiJICYTHOCTI CTyJIEHTa Ha KBali(iKaliifHOMY eK3aMeHi 3 OyJb-IKUX MpUYKH, a00
OTpUMaHHS 3a HOro migcyMKamMu OIIHKK "He3amoBinpbHO" (32 HAIIOHATHHOK MIKAJIOK0),
MUTAHHS TIOJIAJIBIIIOT0 HABYAHHS CTY/IEHTA BUPIIIYETHCS B YCTAHOBICHOMY MOPSAKY.
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Taomung 2
OuiHOBaHHS BUKOHAHHS OKPEMHUX 3aB/IaHb €K3aMEHAIITHOTO OLIeTy
. 3MicT KpUTEpiiB
Max Kpurepii orintoBaHHs T KpUTCep
, OLIIHIOBaHHS .
Bun paBuansHoi | . . . . Orrigka
KUIBKICTB | MiZICYMKiB BUKOHAHHSI . .
pO6OTI/I IM1JICYMKIB BUKOHAHHA B Oaimax
OaniB okpemux 3aaanb KK3
b A okpemux 3apnanb KK3
1 BiamnoBigHiCTh - BIZIIIOBI/IA€ ITOBHICTIO 4
Teopemuuna uacmuna . . . : .
MiJICYMKiB BUKOHAHHSI |- HEIIOBHICTIO BiJITIOBI1a€
KK3 cyri - HEJIOCTaTHBO 3
Bukonanus . s .
20 3aMpoIOHOBAHOTO BIJINIOBI A€ CYTI
3apmaHHsg Nel
3aBIaHHA 3aBIaHHs 1-2
BUKOHAHHS 2 IloBHOTa Ta CTYNITh |- NIOBHO Ta OOTPYHTOBAHO 4
3aBmanHsg Ne2 20 OOIPyHTOBaHMX - HEJIOCTATHEO TTOBHO Ta
pileHs, o0cAr Ta O0TPYHTOBAHO 3
Buxonanms 20 piBEHb BUKOPUCTAHUX |- HETIOBHO Ta HEOOTPYyH-
3aBJiaHHs No3 3HaHb 1 YMiHb TOBAHO 1-2
3 HasiBHICTH €JICMEHTIB |- HasBHI €IEMEHTH TBOP- 4
Yeporo 3a TBOPYOI'O, IPOYKTUB Y4OCT1, OPUTTHAIBLHICTS ITiJT
TEOPETUYHY 60 p » IPOAIYK » OPHIT]
HOTO MHCIIEHHS, XOJTy IO BUPIIIICHHS
YaCTHHY . .
OPHUTITHATBHICTh 3aBJaHHS
croco0iB BUPILICHHS - THTIOBE (CTaHapTHE) BU- 3
npodeciiHux Ta PiIIeHHSI 3aBIaHHS
Ilpakmuuna wacmuna . . . -
COI[IATbHO-BUPOOHUYHX |- BIZICYTHICTb TBOPUOCTI Ta
3aBIaHb OPUTIHATIEHOCTI 1-2
4 BMiHHS aHaJI3yBaTH 1
Bukonanns OLIIHIOBAaTH (aKTH, . .
20 - BUCOKHI P1BEHD 4
3aBnanHs Nel MoJiii, 3aCTOCOBYBaTH
NIeBHI IPaBUJIA, o
- cepeliHili piBeHb 3
METO/T!, PUHITUIIH,
3aKOHH B KOHKPETHHX .
Buxonanns . - HU3bKHI PiBEHb 1-2
20 CUTYyallisiX Ta
3aBaagasg Ne2
MIPOTHO3YBaTH
OUiKyBaHi pe3yJabTaTu
- MaTepiall BUKJIaJIEHO
Yeworo 3a JIOCTaTHBO IOCIIIOBHO 4
[PpaKTHIHY 40 5 BMiHHS BUKJIAIaTH Ta JIOTIYHO
TacTHHY Marepiai npodeciiiHo, |- MaTepiana BUKIAICHO
JIOTIYHO, TIOCTIIOBHO, 3 |HEAOCTaTHbHO 3
JOTPUMAHHSIM BUMOT MOCITITOBHO Ta JIOTI9HO
Veporo 3a KK3 100 ACTY - MaTepiall BUKJIaJIEHO
HEMOCIiJOBHO Ta HEJO- 1-2
T1YHO
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Taomung 3
BianoBiaHICTE PEHTUHTOBUX OIIHOK 32 BUKOHAHHS OKPEMHUX 3aBJaHb

€K3aMeHallliHoro Ou1eTy y 0anax OliHKaM 33 HalllOHAJIBHOIO HIKAJIOK

O1iHka Orminka 3a
. Iossicuenns
B Oanax HAI[lOHAJBbHOIO IIKAJIOI0
.. BigMinne BUKOHAHHS JHIIE 3 HE3HAYHOIO
18 - 20 Bigminzo a1 .
KIJIBbKICTIO IIOMHJIOK
16 17 BukonaHHS BUIIIE CEPETHHOTO PIBHSA 3
KUIbKOMa TOMUJIKAMU
Hobpe )
15 VY 3araabHOMY BipHE BUKOHAHHS 3 TICBHOIO
KUTBKICTIO CYTTEBHX ITOMUJIOK
1314 Hemnorane BukoHaHHs, ajie 31 3HAYHOIO
) KUTBKICTIO HEJOIKIB
3a710B1ILHO —
12 BukoHaHHS 3a10BOJIBHSIE MIHIMAJIEHUM
KpUTEPIIM
MEHIIIES . BukonanHs He 3a10BOJILHSIE MIHIMAIbHUM
He3anosiapHO .
12 KpUTEpIIM

Tabmuus 4
BianoBigHICTh pEHTHHIOBUX OIIIHOK 32 BUKOHAHHS 3aBJIaHbh €K3aMEHAIIMHOTO OiIeTy

y 0anax oIiHKaM 3a HalliOHAJbHOIO MIKAJIOI0

TeopernuHa yacTruHa [IpakTryHa yacTHHA Or11iHKa 32 HaIIOHAJIBHOKO IITKAJIOK0
54 — 60 36 — 40 Bigminno
45 - 53 30-35 Jlobpe
36 —44 24 - 29 3a10BUILHO
MeHIe 36 MmeH1e 24 Hes3anoBiipHO
Taomung 5

[Tpuknaz 3amoBHEHHS IPOTOKOJTY 3aCilaHHs €K3aMEHAIiHO1 KOMICii 3 IpOBEICHHS
KBaJTi(h1KaLIHHOTO €K3aMEHY

n](\)r; ITIb crynenTa Bapiant O ]
3aBJaHHA Yactuna 1 Yactuna 2 [TincymxoBa
55/Biam. 36/Biam. 91/Binm./A
36/3a10B. 35/JTo6pe 71/3anos/D
60/BigMm. 24/3an0B. 84/1o6pe/B
44/3anoB. 36/Binwm. 80/1o6pe/C




CucrteMa MEHEDKMEHTY SKOCTI

INporpama kBaidikariifHoro ek3ameny ludpp CMS HAY

3100yBaviB BUmioi ocBiTH 32 OC «Marictp» nokymenta | IIKE 22.01.09 - 01-2023
ranysb 3HaHb 15 «ABTOMaTH3aLlis Ta MPUIa00y TyBaHHS

cremianbHicTh: 151 «ABTOMAaTH3aIlisA Ta KOMITIOTEPHO-
IHTErpoBaHi TEXHOJIOTII»

ocBiTHBO-TIpodeciitHa nmporpama «Komm’1oTepHO-iHTErpoBaHi crop. 27331

TEXHOJIOTI4HI MPOIIECH i BUPOOHHIITBAY

5. HEPEJIK JOBIJIKOBUX JKEPEJI IH®OOPMAIIII,
AKUMHU N103BOJIAE€THCA KOPUCTYBATHCD
I YAC KBAJII®IKAINIMHOI'O EK3AMEHY

5.1. I''M. bapa6am, B.M. Kupwmiunu, O.B. IlemtomkeBud 30ipHUK-TOBITHUK 3 KypCy
"Bumia matematuka". JIsBiB: JIHY imeni IBana ®panka, 2019 — 257 c.

5.2.  Tlnakat «CTpyKTYpHI CXEMH Ta MepeaaTouHi GyHKIlii BHYTPIITHIX KOHTYPIB
ABTOMATHYHOTO YIPABIiHHSI KYTOM KPECHY.

5.3. Ilnmakat. «Cxema iHEpIiaJbHOI CHCTEMH HaBIrarlii 3 ripocTadiai30BaHO0
1aTHOPMOIOY.

5.4. JloBimauk «CranmaptHa atmocdepa. ['incomeTpudni popmyny.

[lepconanpHi KoMm‘torepu (SMIT.) 3 BCTAHOBJICHUM NPOrpaMHUM 3a0e3MeUeHHIM
MATLAB ta MATHCAD.
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Honatok 1

HamionansHuii aBianiifHuil yHIBEPCUTET
@daxynbTeT aepoHaBIralli, eJIEKTPOHIKH Ta TEJIEKOMYHIKAI1i

Kadenpa aBiamiiiHux KoM’ IOTEPHO-IHTETPOBAHUX KOMILIEKCIB
OC «Marictp»

['any3p 3HaHb: 15 «ABTOoMarH3ais Ta NpuIag00yyBaHHS»

CrneuianpHicTh: 151 «ABTOMaTH3alisl Ta KOMIT'FOTEPHO-IHTETPOBAaH1 TEXHOJIOT1»
OcgitHbO-Ipodeciiina mporpama: «Komm’ r0TepHO-1HTETpOBaHI1 TEXHOJIOTTYHI MPOIIECH 1

BUPOOHUIITBA»

EK3AMEHAIIHHUH BIJIET Ne 3
Bu — HaykoBwHii criiBpoOITHUK

TeopeTnyHa yacTHMHA

1. HaBeniTh anroputMu 0OYMCIEHHS MTOBITPSHOT IIBUIKOCTI.

2. OnuuIiTh Ipoueaypy KOpekilii 00UncIeHnX KOOPAUHAT MOTOYHOTO MICIIETIONOKEHHS
JIA 3a normomororo PCBH.

3. Bu nparroere B HAyKOBO-OCTITHOMY IIEHTP1 Y SIKOCTI 1H)KeHepa-I0CIIiTHUKA.
Onumiith KpUTEpii oNTUMI3aLli B 3a/1a4aX ONTUMAJIBHOTO YIIPABIIHHS.

IIpakTHuHa yacTUHA

1. Tpunycrumo, 1o Bac B3sau Ha poooTy OKD, sike 3aiimMaeTbcsi MpOEKTYBaHHSAM
CUCTEM aBTOMATUYHOTO yrpaBiiHHs JIA. Bam nopyuninu po3poOKy KOHTYpIB KaHaILy
CJIICPOHIB.

BukopucToByrour NpUHIUI MAKCUMYMY, 3JIHCHUTA CHHTE3 ONTHMAJIBHOIO 32
TOYHICTIO KEPYBaHHA KaHAIly KPeHY, MaTeMaTH4Ha MOJIEIb IKOTO OINKMCaHa

X = Ax + Bu,
T aip  ap 0
X=(X,X,), A= , B= .
e (1 2) 0 a, b,

2. Bu HaykoBuii CiBpOOITHUK, PAIIOETE B IHCTUTYTI KOCMIYHHUX JOCHIKeHb. Bam
JOPYYCHO CHHTE3YBaTH ONTHUMAJIbHE 32 IBUIKOMI€I0 KEPYBAHHS I CUCTEMHU
aBToMaTU4HOI opieHTalii KJIA, MaTeMaTnyHa MOJIeb SIKOTO MA€ BUTJISI:

. T 0 10 0
X=AX+BU, X=(X,X2) , A= . B=
-0,5 0,9 1,6

3aTBep/HKEHO Ha 3acifaHHi kadeapu
[Tporokon Ne 22 Bin 22.04 2023
3aBinyBau kadenpu

Bixrop CUHETJIA30B
«22» xsBitHa 2023 p.
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National Aviation University
Faculty of Aeronautics, Electronics and Telecommunications
Department of aviation computer-integrated complexes
Master's degree
Field of knowledge: 15 "Automation and instrumentation"
Specialty: 151 "Automation and computer-integrated technologies"
Educational and professional program: "Computer-integrated technological
processes and production™

EXAMINATION TICKET No. 3
You are a researcher

Theoretical part

1. Give algorithms for calculating air speed.

2. Describe the procedure for correcting the calculated coordinates of the current
location of the aircraft using RSBN.

3. You work in a research center as a research engineer.

Practical part

1. Let's assume that you were hired by OKB, which is engaged in the design of
automatic aircraft control systems. You have been assigned to design the contours of
the aileron channel.

Using the principle of the maximum, carry out a synthesis of the optimal in terms of
accuracy control of the roll channel, the mathematical model of which is described

X = AxX + Bu,
a1 0
where X:(X,X )T, A:( J B=£ j

2. You are a researcher working at the Institute of Space Research. You are tasked with

synthesizing the speed-optimal control for the automatic orientation system of the
KLA, the mathematical model of which has the form:

. T 0 10 0
X=AX+Bu, Xx=(x,X2) , A= 05 0.9 , B= L6 )
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HamionansHuii aBianiiHui yHIBEPCUTET
®daxynpTeT aepoHaBIralli, eJIEKTPOHIKH Ta TEJIEKOMYHIKAI1|
Kadenpa aBianiitHux KoM’ t0TE€pHO-IHTEIPOBAHNX KOMILIEKCIB

OC «Marictp»

Honatok 2

lany3p 3HaHb: 15 «ABTomaTH3alis Ta NPUIAA00yTyBaHHS»
CreuianpHicTh: 151 «ABTOMaTtH3allis Ta KOMII'FOTEPHO-THTETPOBAH1 TEXHOJIOT1I»
OcsitHbO-TIpOdeciiina mporpama: «Komm’ roTepHO-1HTErpOBaHI TEXHOJIOTIYHI MPOIIECH 1

BUPOOHUIITBA»

JIMCT mMiAroTOBKM BiANOBiaeil HA MUTAHHS KBAJTI(DIKANIMHOTO eK3aMeHy

Crynent Kypcy rpymnu

(Ims TIPI3BUILIE)

Ex3amenaniiitnuii 0ij1et Ne

1. HaseniTh anroputMu 0OUHCICHHS MOBITPSIHOT IBUIAKOCTI.

(fara)

2. OnuuiTe mpoueaypy KOpEKIii 00UYHCIEHUX KOOPAMHAT MOTOYHOTO MiCLIEMOI0KEHHS

JIA 3a mormomororo PCEH.
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ocBiTHBO-TIpodeciitHa nmporpama «Komm’1oTepHO-iHTErpoBaHi crop. 31331
TEXHOJIOTI4HI MPOIIECH i BUPOOHHIITBAY
(P 03.02 -01)
APKYHI ITIOHNIUPEHHSA TOKYMEHTA
. Kynu .
. NI;I‘M NepeIaHo Bﬂa;?li IL.L.b. orpumyBaua OTHéinigqa [TpumiTku
PHM. (Tmigpo3ain) 4 prMy
_ (P 03.02 -02)
APKYIII O3HAUOMJIEHHS 3 TOKYMEHTOM
Ne [Tigmuc Jlata
oD [Ipi3Bumie im'st m0-0aTHKOBI o3HaOMIIEHOI | o3HaloM- | [IpumiTku
p- ocooun JICHHS
) ) (P 03.02-04)
APKYII PECCTPAIIII PEBI3II
Ne
nop | Ilpi3Buiie im'st mo-6aTbKOBI Ila_TE}__ ITignuc BucHoBoK A
peBi3ii aJICKBATHOCTI
(P 03.02 -03)
APKYII OBJIIKY 3MIH
. I
Ne Ne nucra (cTopiHKM) Oéﬂoléﬁ,c Jlata Jlata
SMIH | 3\tinenor | 3amineHor o AHRyJBO- s  |BHCCCHHI | BBCICHHA
1 0 0 OBOTO | panoro BHECIIA SMIHH SMIHH
(P 03.02 - 32)
V3I'O/I’KEHHS 3MIH
[Tignmc [Himianum, npi3BuIe ITocana Jarta
Po3po6HuK
Yi3romxeHo




