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1. IOACHIOBAJIBHA 3AIINCKA

Jns Ykpainn onHuM 3 e(EeKTHMBHMX UUIAXIB BUpIIIEHHS NpoOIeMu MOJEepHi3alli
MIATOTOBKM MaiOyTHIX (haxiBIliB, KOMIIETCHTHICTh SIKMX OHM BH3HaBajacsi y CBITOBOMY
CITIBTOBAPUCTBI, € BHKOPHUCTAHHS iJ€0JIOTii 3aranbHOro KepyBanHs skictio (TQM - Total
quality management) i1 mixkHapogHoro ctaHaapty ISO (International Organization for
Standardization) 3 gOTpUMaHHSM BUMOT CTaHIAPTIB 1 AUPEKTHUB €BPOMEHCHKOI acorriarii
rapanTii skocti Bumioi ocitu (ENQA - European Association for Quality Assurance in
Higher Education). Came tomy B HAY Ha 0OCHOBI mpOOHOTrO HAIIOHAJIBHOTO CTaHAApPTY
JNCTVY-II IWA 2:2009 ta mnoci6nuka i3 3actocyBanHa ISO y cdepi ocBiTH po3pobiIEeHO
«Tumuacose [lonoxkeHHS PO OpPraHi3alil0 HABYAIBHOTO MPOIECY 32 KPEAUTHO-MOTYIHHOO
CUCTEMOI0 (B YMOBax IMeEJaroriyHoro exkcrepuMmeHnty)» ta «TumuacoBe IlomoxeHHs mpo
PEUTHHIOBY CHCTEMY OIiHIOBaHHS». OnaHIE 3 (OpPM KOHTPONIO SIKOCTI BUIIOI OCBITH €
KBaTiiKaIIHHAA eK3aMeH.

Kpamidikamiiitnuii ex3amen 3 OIIl «ladopmariiine 3abe3reueHHsT Ta 1HXKEHEPIs
aBlaIITHUX KOMIT IOTEPHUX CHCTEM», cremniaibHOCTI 151 «ABTOMaTH3aIls Ta KOMII'IOTEPHO-
1HTErpoBaHi TEXHOJOTI(» 3a kBamidikamicro «Marictp 3 aBTOMaTH3allii Ta KOMIT'IOTEpHO-
IHTETpOBAaHUX TEXHOJIOTi» 3a HaB4aibHuUM tanomMm HM-2-151-3/22 Big 01.077.22
MIPOBOJUTHCS K €K3aMEH 3 TUCITUILTIH:

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

IHTErpOBAaHUX TEXHOJOT1 ;

- «lIpuxmnanna Teopis imeHTUIKAII;

- «Mertoau MoJIeNOBAaHHS Ta ONTUMI3allii CUCTEM Ta MPOLIECIBY;

- «bararodyHKiiOHATBHI CHCTEMH aBTOMAaTU30BAHOTO YIPABIIiHHS MOJIEOTOMY;

- «bopTOBI IHTErpPOBaHI CUCTEMU YIPABJIIHHS Ta HaBIralii»;

- «ANTOpUTMHU KOMIUIEKCYBAaHHS B OOPTOBHX 1H()OPMAIIITHIX CUCTEMAX ).
Kpami¢ikaniiHuii ek3aMeH NpPOBOIUTHCS B TEPMIHM BU3HA4YeHI TpadikoM HABYAIBHOTO
nporecy.

OcHoBHa MeTa kBajdidikaniiiHOro ek3amMeHy — 1€ BCTAHOBJICHHS BiJITOBITHOCTI
pe3yabTaTiB HaBYaHHS 3100yBaviB BHIOi ocBiTH BuMoram OIIII.

Bumoru 10 nigroroBku ¢gaxiBus:

[TPHO1 - cTBOproBaTH cucteMHu aBTOMaTu3allii kidepdizuuHi BUPOOHMIITBA HA OCHOBI
BUKOPHUCTAHHS 1HTEIEKTYAIbHUX METOJIB YIpaBiiHHA 0a3 qaHux Ta 0a3 3HaHb HU(POBHX Ta
MEpPEXKEBUX TEXHOJIOTI POOOTOTEXHIYHUX Ta IHTEICKTYaTbHUX MEXAaTPOHHHUX MPUCTPOIB;

[TPHO2 - cTBOproBaTHM BMCOKOHAMIHI CHCTEMHU aBTOMAaTH3allli 3 BUCOKHM pIBHEM
¢byHKIiOHANBHOT Ta iH(OpMaIiHHOT 6e3MeKn MPOTrPaMHHX Ta TEXHIYHUX 3aCO0i1B;.

[TPHO3 - 3acTocoByBaTH CHeEIliali30BaHi KOHIENTYalbHI 3HAHHS M0 BKJIIOYAIOTh
CydacHI HAyKOBl 300yTKHM a TaKOXX KPUTUYHE OCMHUCJIEHHS Cy4acHUX Mpobiem y cdepi
aBTOMaTH3aIlii Ta KOMIT FOTEPHO-IHTETPOBAHUX TEXHOJOTIA Ui pPO3B’S3YBaHHS CKJIAIHUX
3aa4 mpodeciiHOol MisTBHOCTI;
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[TPHO4 - 3acTocoByBaTH Cy4acHi IMiIXOJH 1 METOJM MOJICITFOBAHHS Ta ONTHUMI3aIlii IS
JIOCITIPKEHHS Ta CTBOPEHHS €(DEKTHBHUX CHCTEM aBTOMAaTH3AIlli CKIIQJHUMHU TEXHOJOTTYHUMHU
Ta OpraHi3aliiHOTEXHIYHUMU 00’ €KTaMU;

[TPHOS5 - po3po0isaT KOMIT FOTEPHO-IHTETPOBaHI CHCTEMHU YIPABIIHHS CKJIaJHUMHU
TEXHOJOTIYHUMHM Ta OpraHi3alifiHO-TEXHIYHUMH OO0’€KTaMU 3aCTOCOBYIOYM CHCTEMHMIM
X1 13 BpaxyBaHHSAM HETEXHIYHUX CKJIAIOBUX OIIIHKHM 00’ €KTIB aBTOMAaTH3AIlll;

[TPHO6 BuIbHO CHUIKYBaTHCS JAEpKaBHOIO Ta 1HO3EMHOIO MOBAMH YCHO 1 NMHCBMOBO
JUIsl 0OTOBOPEHHS MPodeCIHHUX MPoOJIeM 1 pe3yiIbTaTiB AISUTBHOCTI y cdepi aBToOMaTH3allii Ta
KOMIT FOTEPHO-IHTETPOBAHUX  TEXHOJIOTIH, TMpe3eHTallii pe3yJbTaTiB  JOCIIDKCHb Ta
1HHOBAIIITHUX TPOEKTIB;

[TPHO7 - anamizyBaTu BUPOOHHYO-TEXHIYHI CHCTEMH y TI€BHIM Taiy3i AiSUIBHOCTI SIK
0o0’eKTHM aBTOMaTH3alli 1 BHU3HAYaTW CTpaTeriro ix aBTromaTu3amli Ta UPPOBOI
Tpanchopmarii;

[TPHOS - 3acTocoByBaTH Cy4acHI MaTeMaTU4YH1 METOJU, METOJU TEOP1i aBTOMaTHYHOTO
KepyBaHHS, Teopii HAAIHHOCTI Ta CHCTEMHOTO aHami3y s JOCHIIKEHHS Ta CTBOPCHHS
CHUCTEM aBTOMAaTH3aIlili CKJIQJHAMH TEXHOJIOTIYHMMH Ta OpraHi3aliiHOTeXHIYHUMH
00’exTamu, Kibeppi3nyHUX BUPOOHHUIITB;

[TPHO9 - po3pobusitu (yHKLIOHANbHY, OpraHi3aliiiHy, TEeXHIYHY Ta 1HpOpMaUiiHy
CTPYKTYpU CHCTEM aBTOMAaTH3alli CKJIaJHUMHU TEXHOJIOTIYHHMU Ta OpraHi3auiiHo-
TEXHIYHUMH 00 €KTaMH, pO3pOOJATH MTPOrpPaMHO-TEXHIUHI KEpPyrYl KOMIUIEKCH 13
3aCTOCOBYBAHHSIM MEPEKEBUX Ta 1HPOPMAIIHHUX TEXHOJIOT1H, MPOMHUCIOBUX KOHTPOJIEPIB,
MEXaTpOHHUX KOMITOHEHTIB, pOOOTO-TEXHIYHUX MPHUCTPOIB, 3acO0IB JIIOJMHO-MAIIMHHOTO
iHTepdeiicy Ta 3 ypaxyBaHHSIM TEXHOJIOTIYHMX YMOB Ta BHUMOI JO VIPaBIiHHA
BHPOOHUIITBOM;

[TPH10 - po3pobmsiTi 1 BUKOPUCTOBYBATH CIEIiali30BaHe MporpaMHe 3a0e3neueHHs Ta
ndposi TEXHOJIOT1T ISt CTBOPEHHS CUCTEM aBTOMAaTH3alii CKJIaJHUMU
Oprati3aliiHOTEXHIYHUMHU 00’ €KTaMH, MPOQECiiHO BOJOJITH CHEUIaIbHUMUA MPOrPAMHUMHU
3aco0amu;

[TPH11 - moTpumyBaTHCh HOPM aKaJeMiuyHOi TOOPOYECHOCTI, 3HATH OCHOBHI MPaBOBi
HOPMH MIOJI0 3aXHUCTy 1HTEJIEKTYyalbHOI BJIACHOCTI, KOMepIliaiizaiii pe3yabTaTiB HayKOBO-
JOCTiHOT, BUHAX1THUIILKOT Ta MPOEKTHOT MisTBHOCTI;

[IPH12 - 30upatu HeoOXimHy iH(OpMaIlil0, BHKOPHUCTOBYIOUYHM HAYKOBO-TEXHIUHY
JiTepaTypy, 0a3u JaHMX Ta IHII JHKepena, aHali3yBaTH 1 OI[IHIOBATH ii;

[TPH13.3acTocoByBaTr Cy4acHi TE€XHOJIOTii HAYKOBUX JIOCIiIKEHb, CIIELiaTi30BaHUN
MaTeMAaTUYHUHA IHCTPYMEHTAPIH U TOCTiIKEHHS;

[TPH14. 3acTrocoByBaHHs CHeLiali30BaHUX KOHIENTYAJIbHUX 3HAaHb HIO BKIIOYAIOTH
CyJacHI HAyKoBi 300yTKM a TakoX KPUTUYHE OCMHCICHHS CydacHUX MHpobiem y cdepi
OyIyBaHHS KOMIT FOTEPHO-IHTETPOBAHUX KOMIUIEKCIB JJisi BUPIIMIEHHA 3a1ad 1 mpobsem
aBTOMATH3AIlil Ta MPUIaA00yTyBaHHS B aBialliifHIN Ta paKETHOKOCMIYHOI Tally3i;

[TPH15.3acTocoByBaHHsI Cy4acHUX MIIXO/IB 1 METOJIB MOJICTIOBAHHS Ta ONMTHMI3aIlii

IUI JIOCHI/DKEHHST Ta CTBOPEHHS BHCOKOHAIIWHUX CHCTEM OyayBaHHS KOMIT IOTEPHO-
1HTErpOBaHUX KOMIUIEKCIB B aBiamiiHIl Ta paKeTHO-KOCMIYHO]I ramys3i.
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Ilopsinoxk  opramizanii i  mnpoBeAeHHA  KBaJdiikamiiHOro  ek3aMeHy.
Kpamigikamiiiauii ek3ameH 31 cHeriaaibHOCTI TPOBOJUTHCS €K3aMEHAIIIHOI KOMICIEIO MICIIA
IIOBHOTO 3aKIHUEHHS CTYAEHTaMU TEOPETHMYHOI'0 KypCy HaBYAaHHS 1 MPAKTUYHOI MIATOTOBKH
nepes MOYaTKOM JUIUIOMHOTO POEKTYBaHHS.

CtpykTypHO OleT KBaliikamiifHOTO €K3aMEHY CKJIaJae€ThCcsl 3 JIBOX YacTHH, Ha
BUKOHAHHS KOXKHOI 3 SIKUX BUAULIETHCS MO TpU ToauHU. B mepmriit yactuni hopmyeThes: HE
MEHIIIe TPbOX 3aBAaHb. Y IMii YAaCTHHI 3aBJaHHS MOJEIIOETHCS BUPOOHWYA CHUTyaIlisl. Y
IOpyrii yactuHi Ou1eTy (QOpPMYIOThCS HE MEHIIE ABOX KOHKPETHU30BaHMX MpodeciiHuX
3aBaaHb. [Ipukian opopmiieHHs OiteTy KBamidikaIiiHOro ek3aMeHy HaBeaeHo y Jlomatky 1.

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

3Haru:

— KpuTepii Ta METOU ONTUMI3AIlil;
— CydYacHl METOJH, AJITOPUTMHU Ta MPOrpaMu KOMIUIEKCHOI 00poOku 1HpopMmallii;
— TIPUHIIMIN TOOYI0OBH Ta aJTOPUTMIUHE 3a0e3eueHHs 1HGOopMaIliiHO-HaBITallIfHUX Ta

KOMII ' FOTEPHO-1HTETPOBAHUX CHUCTEM;

— KOMIUIEKCHY KOPEKIIII0 CTATUYHUX 1 TUHAMIYHUX XapaKTePUCTUK CTINKOCTI Ta

KepoBaHOCTI JIA;

— METOJIOJIOT14YHI OCHOBH OpTaHi3allii i yrnpaBiIiHHS HAYKOBHUMH JIOCIIKEHHSIMU;
— METOJHM Ta allTOPUTMH TUIAHYBAHHS €KCIIEPUMEHTY;

— METOJIU Ta AITOPUTMHU 0OPOOKH PE3YNIbTATIB €KCIIEPUMEHTY;

— ocHOBHI TepMinu Ta moHITTsE OSI Moxenni;

— METOJY PO3B’sI3aHHSA 3a/1a4 JIIHIMHOTO MPOTrPaMyBaHHS,

— METOJ PO3B’s3aHHs TPAHCIIOPTHOI 3ajadi.

Bwmirtu:

— aHai3yBaTH CTPYKTYpPYy Ta aJITOPUTMH POOOTH ONTHMAIbHOI CHCTEMHU KEPyBaHHS Ta

KOHTPOJTIO;

— 37IICHIOBaTH CHHTE3 ONTHUMAIBHOTO 3aKOHY KEpPYBaHHS IO JO PI3HUX KPHUTEpIiB

OIITHUMAJIBHOCTI;

— Ppo3po0sATH anropuTMU (YHKIIIOHYBaHHS MPHUCTPOIB, IO Peati3yl0Th ONTUMAIbHHUNA
3aKOH KepYyBaHHS;

— BUOMpaTH METOIH, AITOPUTMH Ta OOUYHCITIBATbHI CXEeMH TUTAHYBAaHHS €KCIIEPIMEHTY;

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

— TPOBOAUTH JOCHIDKCHHS Ta ONTHUMI3allii MPOIECIB VYIPaBIiHHA JUHAMIYHUMH

CUCTEMaMU;

— (¢opMyITIOBaTH Ta PO3B’A3yBaTH THUIIOBI 337a4l JIHIHHOTO MPOTrPaMyBaHHS.
[lpuknang odopmieHHS THUTYJIBHOTO JHCTa MIATOTOBKM  BIAMOBIAEH HAa  NHTaHHS
KBaJi(ikaiiHOTO eK3aMeHy HaBeneHo y JJomaTky 2
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2. 3MICT IPOT'PAMHOTI'O MATEPIAJY 3 TUCIHMUILJIIH,
AKI BUHOCATDBCSA HA KBAJIIPIKAINIMHUN EK3AMEH

2.1. TeopeTnyHAa YACTUHA KOMIUIEKCHUX KBadidikaniliHUX 3aBIaHb

“ Anzopummu KOMNIEKCYBaAHHA 6 00OPMOBUX IHpopmayiiiHux cucmemax ”’

CrpykTypHa cxeMa onHokaHanbHO1 IHC

Po3nuBiTECS TMHAMIKY TOPU3OHTUPYEMOI TUIATGOPMH 1HEPIIHHOT CHCTEMH Ha eTalll
MapIIpyTHOTO MONKOTY. [IpuBeIiTh aHAITHYHI 3a71€KHOCTI Ta rpadiku 3miHu V, S.
Hemndipysanns IHC Big IBUAKICHOTO KOPEKTOPY

Kopexkitis IHC Bix mo3uiiiitHOro KOpekTopy

BucraBouni pexxumu [HC

besmnardopmena IHC

Anroputrmu o6unciIeHHS 6apOMETPUYHOI BUCOTH.

ANTOpUTMH OOYHCIICHHS TTOBITPSHOT IIIBUIKOCTI.

N =

N OhA W

“ Memoou modentoeanna ma onmumizayii cucmem ma npoyecie

Kiracudikariist Ta XapakTepHi 0COOIMBOCTI aJallTUBHUX CUCTEM KEPYBaHHS Ta KOHTPOJIIO

Knacudikarriss, mpuHIUNM nody10BU Ta XapakTepHI 0COOIMBOCTI CAMOHACTPOIOBAHUX

CHCTEM KEpYBaHHS Ta KOHTPOJIIO

Mera 1 3a/1a4i €KCTPEMaIbHOTO KepyBaHHS.

Orns1 METO/TiB TIOMTYKY €KCTPEMYMY B CUCTEMax eKCTPEMaIbHOTO YIPaBIIiHHS.

Oo6mexenns Ha (azoi koopauHatu OK 1 mapameTpu 3aKOHY KepyBaHHs

[TonsTTS eKCTpeMyMy (YHKITIOHATY

Bapianiiina 3amaya Ha nomryk ekctpeMymy. PiBHsHHS Eitnepa

Bapiariiina 3ajaya Ha nonryk ekctpemymy. 3amada Jlarpamxa.

3aCTOCYBAHHS NPUHLIMITY MAKCUMyMY HpH noOy/10Bi ONTUMAJIBHOI CUCTEMH.

10 3aCTOCYBaHHS PUHLIAITY ontuManbHOCTI benmMana B cuctemax KEPYBaHHS.

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

12. KpuTepii onTumizaiiii B 3aJja4ax ONTUMAIBLHOTO YIIPaBIiHHS

13. ITpunumn MaKCHUMYMy 5K HeoOX1Ha yMOBa ONTUMAJIbHOCTI CUCTEMHU YIPABIIIHHS

14.TloctanoBka 3anaui ontumisarii. [IoHATTS 3a1a4i MaTeMaTHYHOTO NPOTPAMYBAHHL.

15. Knacudikarist 3ana4 ontumisariii Ta ynpasmiaHaa. [IoHATTS 3a1a4i HeNMiHIHHOTO
MporpaMyBaHHSI.

16. Knmacudikamist 3a1a4 onTuMisariii Ta yrpasiiHHA. 3a7a4l BapialiiiHOTO YUCIIEHHS.

17.T'padiunuit MmeToa po3B’ 3Ky 3a/aui JiHIITHOTO IporpamMyBaHHs. ANTOPUTM IpadidHOTO
METOJly pO3B’A3KY 3ajayil JIHIHHOTO MPOrpaMyBaHHS.

18. MaremaTHnuHa 3a/1a4a JIiHIHHOTO MIporpaMyBaHHs. MaTeMaTu4yHa MOCTaHOBKA 33134l
JHIMHOTO MporpaMyBaHHSI.

19. MaTtemaTnuHa 3aja4a JIIHIHHOTO IporpaMyBaHHs. ['eoMeTpryuHa iHTeprnpeTanis 3aaqi
JiHIHOTO IpOTPaMyBaHH.

20. AHaniTH4HI METOIU PO3B’SI3KY 3aja4i JiHIMHOTO porpamyBaHHs. CUMILIEKC-METO]
PO3B’SI3Ky 3a/1a4i JIiHIHHOTO MPOTpaMyBaHHI.

21. AnaniTH4HI METOIU pO3B’ 3Ky 3a7adl JJIHIHHOTO MPOrpaMyBaHHs. AJITOPUTM CHMILIEKC-
METOY.

22. ]Ipoicta 3aaay4a JiHIMHOTO MporpaMyBaHHs. TeopeMu IBOICTOCTI.

23.TIpsima 1 mBoicTa 3amayi JIIHIHHOTO TPOTPaMyBaHHS.

24. JIpoicTa 3aaya JiHiitHOTO IporpamyBaHHsa. O3HaKa ONTUMAIBHOCTI OTIOPHOTO TUIAHY.

N =

CoNOhW
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“Memoodonocia npuxkiadnux 00caioxcens y cghepi asmomamusayii ma
Komn'tomepno-inmezposanux mexnonoziu

[ToBHMiIt pakTOpHUM ekcTIepuMEHT. MaTpHIls TUTaHyBaHHS €KCTICPUMEHTY .

OnTumizallisi BAKOPUCTAHHS [IPOCTOPY HE3aJICKHUX NMEPEMIHHHUX.

[nentudikanis Benukux cuctem: pakropu, (akTOpHUI NPOCTIp, TOBEPXHI BIATYKY.
O0611k MIK(QaKTOPHOT B3a€EMO/11 B TOBHOMY ()aKTOPHOMY €KCIIEPUMEHTI.
OnnodakTtopHuii 1 6aratodakropHuii ekcriepumenTH. OCHOBHI IepeBaru
0arato(akTOpHUX EKCIIEPUMEHTIB HaJ OJTHO (haKTOPHUMH.

['eomeTrpuuna iHTepnpeTanis GakTopHUX I1aHIB. HaBecTu npukiiag reoMeTpuuHOTO
300pakeHHs MMOBHUX (DaKTOpHMX IaHiB 21, 22, 23.

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

OCHOBHI BJIACTUBOCTI MOBHUX (DAKTOPHUX IJIAHIB.

9. Cnocobu i kputepii MOPiBHIHHS €KCIIEPUMEHTIB.

10. Indopmarriitna maTpuis. [Ipu3HadeHHs 1 3aCTOCYBaHHS MPH IJIaHYBaHHI €KCIIEPUMEHTY.

o gabkrowdpE

o

“ Bopmoei inmezposani cucmemu ynpaseiinua ma Hasicayii ”

1. OcHoBHi anroput™Mu 00poOKH 1H(POpPMaILIli B MIJIOTAKHO — HABIFALIMHUX KOMILUIEKCaX.
Cxema koMmmeHcartii.

2. OcCHOBHI aIropuT™MH 00pOoOKH 1H(HOpPMALIii B MUIOTAKHO — HaBITALIMHUX KOMIUIEKCaX.
Cxema Qinbrpanii

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

4. Mertoau ontumanbHOi 00poOku iHPopMmarii B [THK Anroputm oriHIOBaHHS 32 METOOM
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 MicuenoynoxenHs JIA.

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

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

“ bazamo@hynkyionanvHi cucmemu agmomamu308an020 YnpasaiHHa noabomom ”’

1. Ilnaxu po3BUTKY cUCTEM ynpaBiiHHs niotoBaHux JIA. OcobmmBoCTI cuctem
ynpaBiiHHs Oe3minoTHuX JIA.

2. CtpykTypHi cxemu cucteMm yrnpasiiHHs JIA. [lepenik 3aaad, 1110 BUPIIIYIOTh CUCTEMU

AKTUBHOTO YIIPABJIIHHS MOBITPSHUX CY/ICH.

B npyxHux nedopmariiii Ha XapakTepUCTUKH JTiTaka SIK 00°€KTa KepyBaHHSI.

[Tigxonu 1o OTpUMaHHSI MaTEeMATUIHUX MOJIETICH MPY>KHOTO JIiTaKa.

Marematu4Ha MoJIeNb MT030BKHBOIO PYXY JIITAKa 3 YpPaXyBaHHSIM aepoNpyKHUX

KOJINBAHb.

a ks w
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6. BruB npyxHux aedopMalriii KOHCTPYKIIii Ha TUHAMIKY KOHTYPIB aBTOMaTHYHOTO
ynpaBiiHHsA. CriocoOu nocialieHHs BIUTUBY aepOINPY>KHUX KOJIUBAHb.

7. KoMIekcHa KOpeKIlisi CTAaTUYHHX 1 IMHAMIYHUX XapaKTePUCTHK CTIMKOCTI Ta
KEpOBaHOCTI. ABTOMATH MO30BKHBOT'O YIIPABIIIHHS.

8. KomriekcHa KOpeKIlisi CTAaTHYHHX 1 JUHAMIYHUX XapaKTePUCTUK CTIMKOCTI Ta
KEpOBaHOCTI. ABTOMATH OIYHOTO YIIpaBIiHHS.

9. besmnocepenne yrpaBiiHHS aepoAMHAMIYHUMHA crjiamMu. Kopekirist TpaauiiiitHoro
MOMEHTHOT'O YIPaBIIiHHS.

10. be3nocepeaHe yrpaBiiHHS aepOIMHAMIYHUME CHIIaMH. Po3iabHe ypaBIiHHS OKPEMUMH
rpynamu ¢pa3oBUX KOOPAMHAT.

11. be3nocepeaHe ynpaBIliHHS a€pOIMHAMIYHUMU CHIIaMU. AJTaITUBHE KPUJIO.

12. be3nocepeaHe yrpaBiHHS aepOJMHAMIYHUMU cHitamMu. [lapupyBaHHS BILTUBY BITPY Ta
MOTAIICHHS aePONPYKHUX KOJUBAHb.

13.'paHn4Hi pe>KUMHU TOTBOTY. ABTOMATH OOMEKEHHS TPAHUYHUX PEKUMIB.

2.2. [IpakTHYHA YACTHHA KOMILUIEKCHUX KBaJi(ikaniiiHUX 3aB1aHb

“ Anzopummu KOMNIEKCYBaAHHA 6 00OPMOBUX IHPoOpmayiiHux cucmemax ”’

1. Busnaure KOOpAMHATH MTOYATKOBOT TOUKOBOI TOUKH, AKIO noBrota € E30°30', i € nBa
MOKa3HUKH MUpoTU. ['eorpadiuna mmpoTa BuMiproeTbest 1soMa cuctemamu: THC 3
OMIIIKOIO 67 ns = (2')° 1 AHC ¢ = (3')2
3HaNAITh OLIHKY HIMPOTHU 32 METOJIOM MaKCUMyMa MPaBa0no1i0HOCTI, SAKIIO MOKa3aHHS
cucteMm Taki: @;ns= 50°20", pac= 50 °30'.

2. CxeMaTWyHO BKaXIiTh MIyHKTH MApHIPYTY JiHiT 3aJaHOTO MIJISAXY AJIS MOJIBOTIB MO MiCTax:
UYepkacu (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"). Ocranaboro Toukoro € Juinpo (N 48 °©27', E35°1").
OO6uncanTH NUISIXOBI KYTH ¥ 1 Ta BiacTaHi Mix asoMa [1IIM (y kM) 1u1st KOKHOTO
BIJIpI3KY MapuipyTy..

3. TlokazaHHS 3 TPHOX OJJHAKOBUX CHCTEM, SIKi BUMIPIOIOTh MAKCUMATbHUH MOYJTMBHI KT
KpeHy v:

2, =2y+&;
2,=0.5y+&,;

Z;=7+&;,
3HaNITh OIIIHKY KyTa KPeHY, BAKOPHUCTOBYIOYH METO]] HAWMEHIINX KBAAPATiB, SIKIIO
z1 =15°30', z2 = 15°25', z3 = 15°05'

4. JliTak mpoiTae Mo MapumpyTy 3i IUIIX0BOIO MBUAKICTIO 180 M/c Ha BucoTi 9 kM 3
MaKCUMaJIbHUM MOKJIMBUM KyTOM KpeHy 12°. [ToMuika yuciienHs msxy
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 TOUKOIO €
Huinpo (N48 ° 27", E35°1").

Hawmautoiite 3aexHiCTh Gg; (S).

5. Busnaute paaiyc nii paxiomaskiB y Mupropoai (N 49° 57, E 33° 36'), Kanis (N 49° 45 ',
E 31 °28"), Kpacaorpam (N 49 © 22 '  E 35) © 27 ') i Hamaimoiite ix, 100 BU3HAYUTH
MOMEHTH Kopekii Ta ii HeoOximHicTs ans mapupyty: Yepkacu (N 49 © 26 ', E32 ° 3"),
Cymu (N 50° 54', E 34° 48"), ITontaBa (N 49°34 ', E 34°34"), XapkiB (N 50°0 ', E 36° 15").
Ocrannboro Toukoro € J{nimpo (N 48 ©27 ', E35°1").
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6. Mapmpyt nonpoty: 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 €
Huipo (N 48 © 27 ', E 35 ° 1'). Buznaure niHiiiHe ynepe»KeHHs pO3BOPOTY AJISI KOXKHOTO
BIJIPI3KYy MapuipyTy, Ko meuakicts 170 m/c Ta kpen 10°.

/. BusHaute KOOpJMHATH MOYATKOBOI TOYKOBOI TOYKH, SKIIO mupota € N50°45', 1 € nBa
MOKa3HUKU J0Brotu. I'eorpadiuna moBrora BuMiproeTbes aBoma cucremamu: [HC 3
oMo o ns = (2')2 1 AHC o?ac = (4')°. 3HaifaiTh OLIHKY JOBIOTH 33 METOLOM
MaKCUMyMa MpaBAONOAIOHOCTI, AKIIIO MOKa3aHHS CUCTEM TaKi:
Mins= 37°30', Aac= 37 °36".

8. CxemaTHYHO BKaXiTh IMyHKTH MapILIpyTy JiHil 3aJaHOTO MUIAXY JJIS TOJBOTIB M0 MiCTax:
Kanyra (N 54 °31"', E 36 ° 16"), TBeps (N 56 ° 51 ', E 35 © 55"), HoBropox ( N 58 © 31",
E 31 ° 16"), IIckoB (N 57 © 49 ', E 28 ° 19'). Ocrannboro toukoro € Cankrt-Ilerepoypr
(N 59 ° 57", E30°19'). OGuucnutu NUIAXOBI KyTH \y Ta BiacTaHi Mk aBoma [IIIM s
KOXKHOTO BIIPI3KY MapIipyTy.

9. TlokazaHHS TPHOX OJHAKOBHX CHCTEM, SIKI BUMIPIOIOTh MaKCHUMAaJIbHUN MOXJIMBUH KYT

KpeHy v:

2, =3y+&;
z,=04y+E&,;
2,=0.2y+¢&;,

3HalAITh OIIHKY KyTa KPEHY, BAKOPHCTOBYIOUH METO]] HAWMEHIIINX KBAPATiB, SIKIIO

z1 =10°25', z2 =10°05', z3 = 10°15".

10. JIiTak mposriTae mo MapuIpyTy 31 MIITX0BOKO MBUAKICTIO 130 M/c Ha BUCOTI 8 KM 3
MaKCHMaJbHUM MOXIUBUM KyToM KpeHy 11°. TTomuka uncienss nuisaxy og=(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 € Cankr-IlerepOypr
(N 59 ° 57", E30°19"). HamamoiiTe 3a51exHICTh Gy (S).

11. Buznaure paniyc aii pagiomaskiB y O6uiHChKY (N 55° 6 ', E 36 ° 37"), Bubopr (N 60 © 42 ',
E 28 ©45"), Iyona (N 56 °©43 ', E 37) ° 10 ') 1 HamamtoiiTe iX, 11006 BU3BHAYUTH MOMEHTH
KOpeKIIii 1 HeoOXiaHICTh Kopekiii st mapuipyty: Kamyra (N 54 °©31 ', E 36 ° 16'), TBepb
(N56°51', E35°55"), HoBropoa (N 58 ° 31", E31°16"), IlckoB (N 57 °49 ',

E 28 ° 19"). Octannboro Toukoro € Cankt-IlerepOypr (N 59 ° 57 ', E30°19").

12. Mapuipyt nonsoty: Kamyra (N 54 °31 ", E 36 °© 16"), Teepp (N 56 °© 51 ', E 35 ° 55"),
Hosropon (N 58 ©31 ', E31°16"), IlckoB (N 57 °49 "', E 28 © 19"). OcTaHHBOIO TOUKOIO €
Cankr-Ilerepoypr (N 59 © 57 ', E30°19'). Buznaure niHiliHe yrepeKeHHsI pO3BOPOTY IS
KO>KHOTO BiIPI3KY MapupyTy, sIKIIO mMBHUAKICTE 150 M/c Ta kpeH 8°.

“ Memoou modentoeanna ma onmumizayii cucmem ma npoyecie
1. Bu3HauuTH CIOCTEPEKYBAHICTH Ta KEPOBAHICTH 33/1aHOT0 00’ €KTY KEPYBaHHS,
MaTeMaTU4YHA MOJEIIb IKOTO Ma€ BUTJISL:

12

W(s) = .
(s) 0.85*+1,7s*+3,55+19

2. BH3HAYUTH CIIOCTEPEKYBAHICTh Ta KEPOBAHICTh 33aHOTO 00’ €KTY KEpyBaHHSI,

MaT€MaTH4YHa MOJCIb AKOI'O Ma€ BUIIAA:

W(s) =

0,75
325 +155+25
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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

Busznauntu CHOCTepe)KYBaHiCTB Ta KepOBaHiCTB 3a1aHOr o O6’€KTy KEpyBaHHA,
MaTe€MaTH4YHa MOJACJIb SAKOI'O Ma€ BUIJIAO!:
X1= 1,2X1 + 0,7X2

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

BusHaunTu criocTepexyBaHICTh Ta KEPOBAHICTh 33JJaHOTO 00’ €KTY KepyBaHHS,
MaTeMaTU4YHA MOJEIb SKOI'O Ma€ BUTJIAL:
X1= 0,5)61 + 0,2)62 + 3,0)63

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

Bu3HauuTH CIIOCTEPEKYBAHICTh Ta KEPOBAHICTh 33JJaHOTO 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 MOJIEITh SIKOTO OMUCYETHCS AU(PEPEHITIATTbHUM PIBHSIHHAM

x"(t) + 3,3x'(t) — 0,7x(t) = u(t)
3aCTOCOBYIOYM METOJM BapialiiHOTO YMCIICHHS 3HAWTH ONTUMallbHEe KepyBaHHs U(t)
3rifHo 3a kputepiem skocti 1(X(t), u(t)):

I=] (& + u’)dt
0

(BBaxkaethcs, mo OV croctepexyBaHHi, kKepoBaHUil, 0OMekeHb Ha (ha30B1 KOOPIAUHAUTH
1 KEpyBaHHSI HE ICHYE).
Jliis 06'ekTy, MaTeMaTUYHA MOJIEIIb SIKOTO OMUCY€EThCA U epeHIiaIbHUM PIBHAHHIM

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

1= j X% dt
0

(BBaxkaethes, mo OY cnoctepexxyBaHMi, KepoBaHH, 0OMexeHb Ha (a30Bl 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 METOJIM BapiallifHOTO YMCIICHHS 3HAWTH ONTHMallbHe KepyBaHHsS U(t)
3rigHo 3a kpurepiem skocti 1(X(t), u(t)):
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10.

11.

12.

13.

14.

I=[ udt
0
(BBaxaeThcsl, MO OO'€KT CHOCTEpeXKyBaHUM, KepoBaHWW, OOMeEkeHb Ha (a30Bi
KOOPJIMHATH 1 KEPyBaHHS HE ICHYE).
Jliig 06'ekTy, MaTeMaTH4YHA MOJIEITb SIKOTO OMUCY€EThCS AU EepeHIiaIbHUM PIBHSIHHIM
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
(BBaKa€eTbCs, IO OO'€EKT CIOCTEpPe)KyBaHUM, KepoBaHWH, oOOMExeHb 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)
3aCTOCOBYIOYM METOAM JAMHAMIYHOTO MPOTpPaMyBaHHS 3HAWTH ONTHMAallbHE KEepyBaHHS
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 006'ekTy, MaTeMaTH4YHA MOJIENb IKOT'O OMHUCYEThCSA AU(PEPEHIIIaTbHUM 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)KYBaHHM, 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 YWCIICHHsS 3HAWTH ONTUMalbHEe 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, MaTeMaTHYHA MOJIENb SKOTO ONMUCYEThCS AU(EepEHITiaTbHUM PIBHAHHSAM
0,5
W) = 5
0,55s+0,2
3aCTOCOBYIOYM METOJM AMHAMIYHOTO MPOrpaMyBaHHSA 3HAWTH ONTHMAJbHE KEPyBaHHS
u(t) srizHo 3a kputepiem sikocti /(X(t), u(t)):
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I=] (" +u?)dt
0
(BBaXaeThCs, IO OO'€EKT CHOCTEPEKYBAHMM, KEpOBaHUM, OOMEexeHb Ha (a3oBl
KOOpPJMHATH 1 KEPYBAHHSI HE ICHYE).
15. J1ns1 xaHanmy TaHraxka aBTONUIOTY MaTeMaTUYHA MOJIENb SIKOTO JaHa y BUTJISIL:

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

K
CHHTE3yBaTH ONTHMAJIbHE 3 ITBHAKO/I€I0 YIPABIIiHHS 3TiHO KpUTEpilo | A92dt
0
16. CunTesyBatu onTHUMallbHE 3a MIBUAKOMIEI0 KEpyBaHHS Uil CHUCTEMU aBTOMAaTHYHOI
opienTaiii KJIA, MaTemaTriHa MOJIEh SIKOTO MAa€ BUTJISI:
, T ( 0 1,0j (OJ
X=AX+Bu, x=(x,%2) , A= , B= .
-05 09 16
17. Bupimut 3agady ONTHMAJIbHOTO KEPYBAHHS METOJOM JIMHAMIYHOTO MpOrpaMyBaHHS,
SKIIO MaTeMaTU4yHa MOJENb 00 €KTa ONUCYEThbCS y BUIIIANL 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
aBToMaTtnyHOTO KepyBaHHs 11C, MmaremaTnuHa 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 NPUHIIUI MAKCUMYMY, 3JIHCHUTA CHHTE3 ONTUMAJIHHOTO 32 TOYHICTIO

KEepyBaHH: JJI KaHAIly KPEHY, MaTeMaTU4Ha MOJIEIb IKOr0 omucaHa X = Ax+ Bu,

a a
e x=(xg %), A:[n 12} B:(bOJ’
2

0 ay
21. BupimmTy 3a1a9y ONTHMAaIbHOTO KEPYBaHHS METOAOM JMHAMIYHOTO IPOTpaMyBaHHS,
MOJIeNTb 00’ €KTa OMUCYETHCS y BUIJISAIL: X1 = aXq + bu , kpurepiit ontumansrocTi

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 SKOTO Ma€ BUIISA 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 TaHOMY BUIIQJIKY SIBIIIETHCS PEIICHHUAM 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= =
. . . f 2
BuszHaunTyu 3aKk0H KepyBaHHS 00 ‘€KTa 3T1THO KPUTEPIIO SIKOCTI 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, 1110 OMUCYETHCSI MATPUYHHUM PiBHIHHAIM

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

“ bazamoghynkyionanvHni cucmemu agmomamu308an020 YnpasaiHHa noabomom ”’

1. Jlns aBTONIOTY KpPeHy 3 KOPCTKUM 3BOPOTHIM 3B’SI3KOM 3aIlMCaTH aCTaTUYHUHN 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 OLIHUTU CTaTUYHI
XapaKTEPUCTUKU KOHTYPY

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

4. ]lns aBTOMIJIOTY TaHTa)ka 3 KOPCTKUM 3BOPOTHIM 3B’SI3KOM 3allUCaTH aCTAaTHYHHUH 3aKOH
yIpaBJIiHHS, CKJIACTHA CTPYKTYPHY CXEMY KOHTYPY ¥ OI[IHUTH CTATHYHI XapaKTEPUCTHKH

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

6. Jlns xaHany pyJisi HalpaBJIeHHS CKJIACTHU 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
" Algorithms of Aggregation in On-board Information 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.

A

ok w

©Oo~NO




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

cremianbHicTh: 151 «ABTOMAaTH3aIlisA Ta KOMITIOTEPHO-
IHTErpoBaHi TEXHOJIOTII»
OCBITHBO-IT 1 1 ¥ o crop. 16 3 31
podeciiina nporpama «lH(popmariiiHe 3a0e3nedeHHs
Ta iH)KeHepis aBialiiHUX KOMIT FOTEPHUX CUCTEM)

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.

“ On-board Integrated Systems of Control and Navigation ”

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
“ Multifunctional Systems for Automated Flight Control ”

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
“ Algorithms of Aggregation in On-board Information 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
GZINS = (2')2 and ANS GZAS = (3')2.
Find the latitude estimate by the maximum likelihood method, if the readings of the
systems are as follows: ¢ons= 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 y:
2,=27+§;;
7,=0.5y+&,;

Z;=y+&;,
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 o, (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 (N 57°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',

z2 = 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 (N 56°51", E 35°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(N 57°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:

W(s) = L2

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

W(s) =
(5) 325 +155+25




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

cremianbHicTh: 151 «ABTOMAaTH3aIlisA Ta KOMITIOTEPHO-
IHTErpoBaHi TEXHOJIOTII»
OCBiTHBO-TIpOdeciitHa mporpama «IHpopMauiiiHe 3a0e3nedeHHs
Ta iH)KeHepis aBialiiHUX KOMIT FOTEPHUX CUCTEM)

crop. 193 31

. 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

“ Multifunctional Systems for Automated Flight Control ”

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 OUIHIOBAHHA IIACYMKIB BUKOHAHHSI
KBAJI®IKAINIMHOI'O EK3BAMEHY

[TincymkoBa peNUTHMHIOBa OIIHKAa 3 KBaJl(IKAIIHHOTO €K3aMEHy € €KBIBaJICHTOM
MIJICYMKOBOI CEMECTPOBOi PEUTHHroBOi OIIHKM. BoHa BU3HauaeTbcs, Buxonasauu 13 100-
0anpHOI IIKaIM, 3 HACTYMHUM IIE€PEBEJECHHSAM JI0 OI[IHKM 3a HALlOHAJHHOI IIKAJOK Ta
mkanoro ECTS (ta6ma.1).

Tabmums 1
[IIxana omiHIOBaHHS MIJCYMKIB BUKOHAHHS 3aBJIaHb KBaJi(iKamiifHOTo eK3aMeHy
Ominka B 0anax O1iHKa 32 HALIOHATHHOIO Ominka 3a mxainoro ECTS
IKAJIOIO0

90 - 100 BigminHO A

82 -89 B

7581 Jlodpe C

Lkl 3a10B1IbHO D

60 — 66 E

35— 59 He3anosiibHO FX

1-34 F

[TlincymkoBa peWTHHroBa OIliIHKa 3a CKJIaJaHHSA KBadidiKamiifHOro eK3aMeHy
BHU3HAYAETHCS K CyMa OIIHOK 32 BUKOHAHHS 3aBJIaHb TEOPETUIHOI Ta IPAKTUYHOT YaCTHH.

PeliTMHTOBI OIIIHKKM 3a BUKOHAHHS KOXXHOTO 3aBJaHHS €K3aMeHallliHOro Oilery
BHUCTaBIISIOTHCS B 0ajax 3 ypaxyBaHHSM BiJIMOBITHUX KpUTepiiB (Tadm. 2,3).

PeliTuHrOBa OIlIHKA 3a BUKOHAHHS TEOPETHYHOI YACTHMHHM €K3aMEHAIIMHOTO OlIeTy
CKJIQJIA€THCS 3 CYMU OasiB 3a BUKOHAHHS ii TPbOX 3aBJaHb. PEUTUHrOBa OIlIHKA 32 BUKOHAHHS
MPAKTUYHOI YaCTUHU €K3aMEHAIIfHOro Ol1eTy CKJIaJaeThbes 3 CyMH OaniB 3a BUKOHAHHS ii
JIBOX 3aBJaHb.

OLiHKK 32 BHUKOHAHHSA KOXKHOI YaCTHMHU €K3aMEHAIIMHOTO OUIeTy BH3HAYalOThCS B
Oajrax Ta 3a HaI[lOHAJIBLHOIO IIKAJOK BIIMOBIAHO JI0 Ta0. 4.

PedTHHTOBI OITIHKM 32 BUKOHAHHS KOKHOI YaCTUHU €K3aMEHAIlIHHOTO O1IeTy, a TaKOXK
MiICYMKOBa PEHTHHIOBa OIliHKA, 3aHOCATHCSA A0 I[IpoTokonmy 3acimaHHs ek3amMeHaliiHOI
KoMicii (Tabi. 5).

Jlo 1HIMBiTyaJbHOTO HABYAJILHOTO IUIAHY CTYICHTA 3aHOCUTBHCS TUIBKH ITJICYMKOBA
pEUTHHTOBA OIliHKA, HaMpuKiay, Tak 90/Bigm./A.

VY BUNaAKy BiJICYTHOCTI CTyJI€HTa Ha KBaliQiKaliifHOMY ek3aMeHi 3 OyJb-IKUX MpUYKH, a00
OTpPUMaHHS 3a HOro miacymMkamu OIiHKK "He3anoBuibHO" (3a HAIlOHATBHOKO IIIKAJIOI0),
MUTAHHS TI0JIAJIBIIIOT0 HABYAHHS CTY/IEHTA BUPIIIYETHCS B YCTAHOBICHOMY MOPSIKY.
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Taomung 2
O1uiHOBaHHS BUKOHAHHS OKPEMHUX 3aBJaHb €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 CTYMNITh |- NIOBHO Ta OOTPYHTOBAHO 4
3aBmanHsg Ne2 20 OOIPyHTOBaHMX - HEJIOCTATHEO TTOBHO Ta
pimeHs, 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'0, IPOIYKTUB 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

€K3aMeHalliHoro O11eTy y 0anax OI[iHKaM 3a HalllOHAJIbHOIO IIKAJIOK0

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 POTOKOJTY 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
36/3an0B. 35/obpe 71/3anoB/D
60/BigMm. 24/3an0B. 84/1o6pe/B
44/3anoB. 36/Binwm. 80/1o6pe/C
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5. HEPEJIK JOBIJIKOBUX JKEPEJI IH®OOPMAIIII,
AKUMHU N103BOJIAE€THCA KOPUCTYBATHCD
I YAC KBAJII®IKAINIMHOI'O EK3AMEHY

5.1. I''M. bapa6am, B.M. Kupmimu, 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. ['incomeTpudHi Gopmym.

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

HamionansHuii aBianiifHuil yHIBEPCUTET
@daxynpTeT aepoHaBIralli, eJIEKTPOHIKH Ta TEJIEKOMYHIKaI1i
Kadenpa aBiamiiiHux KoM IOTEPHO-IHTETPOBAHUX KOMILIECKCIB
OC «Marictp»

['any3p 3HaHb: 15 «ABTOoMarH3ais Ta NpuIag00yyBaHHS»
CrneuianpHicTh: 151 «ABTOMaTH3alisl Ta KOMIT'FOTEPHO-IHTETPOBAaH1 TEXHOJIOT1»
OcsitHbO-TIpodeciitna mporpama: «lHpopmarriiine 3a0e3reyeHHs Ta iHKEeHepis

aBlalliiHUX KOMIT FOTEPHUX CHCTEM)

EK3AMEHAIIHHUH BIJIET Ne 3
Bu — HaykoBwHii criiBpoOITHUK

TeopeTnyHa yacTHMHA

1. HaBeniTh anroputMu 0OYMCIEHHS MTOBITPSHOT IIBUIKOCTI.

2. OnuuIiTe Ipolenypy Kopekili 00UnciIeHnX KOOPAUHAT MOTOYHOTO MICHETIOI0KEHHS
JIA 3a nonmomororo 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 B3siu Ha poboty OKD, sike 3aiiMaeTbcs MPOEKTYBaHHIM
CUCTEM aBTOMATUYHOTO yrpaBiiHHs JIA. Bam nopyunnu 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 IIBUIKO/I€I0 KEPYBAHHS ISl 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
[Tporokomn Ne 22 Bin 22.04 2023
3aBinyBau kadenpu

Bixrop CUHETJIA30B
«22» xsBitHa 2023 p.
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3akiHUYCeHHS JT0JaTKYy |

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"
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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 = Ax + Bu,
aj]  ap 0
where X =(X,,X, )", A:( j B:[ ]

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+BuU, x=(X,%) , A= , B= :
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Honatok 2

HamionansHuii aBianiiHui yHIBEPCUTET
®daxynpTeT aepoHaBIralli, eJIEKTPOHIKH Ta TEJIEKOMYHIKAI1|
Kadenpa aBianiitHux KoM’ t0TE€pHO-IHTEIPOBAHNX KOMILIEKCIB
OC «Marictp»

lany3p 3HaHb: 15 «ABTomaTH3alis Ta NPUIAA00yTyBaHHS»
CrneuianpHicTh: 151 «ABTOMaTH3allis Ta KOMII'IOTEPHO-THTETPOBAH1 TEXHOJIOT1I»
OcaitHbo-nipodeciiina nmporpama: «IHdopmarriiine 3a0e3nedeHHs Ta IHKEHEPis

aBialliiHUX KOMIT FOTEPHUX CUCTEM»

JIMCT mMiAroTOBKM BiANOBiaeil HA MUTAHHS KBAJTI(DIKANIMHOTO eK3aMeHy

Crynent Kypcy rpymnu

(Imst TIPI3BUILIE) (Hara)

Ex3amenaniiitnuii 0ij1et Ne

1. HageniTh anroputMu 0OUUCICHHS MOBITPSIHOT NIBUIAKOCTI.

2. OnuuiTe mpoueaypy KOpEKIii 00UYHCIEHUX KOOPAMHAT MOTOYHOTO MiCLIEMOI0KEHHS
JIA 3a nonomororw PCBH.
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