JAomawHee 3agaHue 2. basosas 3agavya MPC

Yactb 1

1.

PeannsoBatb ¢pyHKUMM BecoB wTpadoB
a. PeanusoBatb ¢yHKUMIO pacyeTa MaTpuubl BecoB LWTPadOB 33 OTKAOHEHWE OT YCTaBKU B
BEKTOPHOM KpUTEPUN.
function R = get_R_matrix(Rk, P)
Rk — maTpuua BecoB Ha 0AHOM Liare (CYUTaeTcA O4MHAKOBOM Ha BCEX Larax)
P — ropnsoHT nporHosa
b. PeanusoBatb GYHKUMIO pacyeTa MaTpuLbl BECOB 3aTPaT Ha YNpaB/eHMe B BEKTOPHOM KpUTepuu.
function Q = get_Q_matrix(Qk, P)
Qk — maTpuua BECOB Ha OAHOM Lare (cYMTaeTcs OAMHAKOBOM Ha BCex Lwarax)
P — ropu3oHT nporHosa

2. Peanusosatb MaTpuLbl, TpebyemMble AN BEKTOPHON popMybl pacyeTa NPOrHO3HOM TPAEKTOpUK:
y =Lx, +Mu
a. [Ans cnpaBku. PasmepHocTM maTpuy L, M 3aBUCAT OT pasmMepHOCTE MaTpuu, B Moaenun B
NPOCTPaAHCTBE COCTOAHWUIN U TOPU3OHTA NPOrHo3a P.
{xk+1 = Ax, + By ﬁ;k [mx 1] A[nxn]
~ X [nx 1] B [nxm]
Yie = Cxk Vi [rx1] C[rxn]
b. PaccuutaTtb pasmepHoctn maTtpuy, L, M.
PeanunsoBaTtb GyHKUMM pacyeTa maTtpuy, L, M.
function L = get_L_matrix(?, P)
function M = get M_matrix(??, P)
BMECTO «?» W «??» nepefatb TOJIbKO Te MapameTpbl, KOTOPble HYXKHbl NPU BbIMUCAEHUU
COOTBETCTBYIOLLNX MATPULL.

3. [MMpeacTaBuTb eAMHWYHDIV CKAYOK B BUAE BEKTOPA U U CMOAENNPOBATb OTKAMK CUCTEMBI C MOMOLLbIO
dbopmynbl Yy = Lx;, + Mu. Ona oOTnagKun CpPaBHWUTb MOJIYYEHHYIO TPAEKTOPMIO C aHa/IOMMYHOM
TpaeKTopuen U3 npowwnbix [13, paccyMTaHHOM c nomolubto LmkAaa for. Mpu HecosnageHMM ncnpasuTb
OWKnBKM.

Yactb 2

1. MocTpouTb PYHKUMIO pacyeTa NporpammHoro ynpasaeHma MPC:

function Uk = mpc_controller(Xk, P, A, B, C, R, Q)
Bbixog, GyHKUUN — NPOrpamMmMHOe YNpaB/ieHME Ha TEKYLLEeM Luare.
BHYyTpU PyHKUMKM ncnonb3oBaTb GYHKLMM pacyeTa maTtpuy, Q, R, L, M 13 nepBoii yacTu 3agaHus.

2. CmopgenupoBaTtb paboTy 3amKkHyTOM cuctembl ¢ MPC-perynatopom. MNpuHATL, YTO HA KaxKAoM Lwiare
Tekywee coctosHne obbekTta Xk M3BecTHO (Ha Karkaom lare 6paTb ero U3 mMogenn npouecca).
CpasHutb MPC-perynaTop c lN-perynatopom.

3. W3yunTb BAMAHME TOPU30HTA NPOrHO3UPOBAHUA, n3MeHAA P.

4. WN3yunTb Komnpomucc mexay wrpadom 3a ynpasnaeHue u wTpadom 3a OTKAOHEHME OT YCTaBKW,

M3MeHAA ANaroHasibHblE€ 3/1EMEHTbI MaTpuUL, Q, R.

Bonpochbl K 3awumre

1.

Obuwas maea MPC-ynpaBneHMA M MOCTAHOBKA ONTMMA/bHOM 33a4a4M NO MNOMCKY OMNTMMAJIbHOTO
ynpasnsawouwero sosgencrasma MPC-perynsatopa
a. Kakolt npMHUMN NexunT B ocHOBe Bblbopa ynpasastouLero sosaerictansa 8 MPC-perynatope?
b. MoacHWUTb cogepKaTenbHbIN CMbICA cnaraembix B pyHKUMOHane KavyecTBa MPC.



]k (yk+1' o Yi+Pr Uks o) uk+P—1)

= Z [(Yk+j - Tk+j)TRk+j(YIc+j - Tk+j) + uk+j—1TQk+juk+j—1]
j=1

lpaduueckas uHTepnpeTauma Kputepus. MpuBECTM 3CKM3bl NEpPexodHbIX npouecca no y,
YKa3aTb KaKOM M3 HUX JlydLle, KaKOW Xy»Ke B CMbIC/IEe KpUTepuA ynpasaeHus. To e camoe no
ynpasneHuio u.
TvnuyHbIn BUA Ry j, Qy j-
3a cyeT Yero B KPUTEPUM YUUTBIBAETCA, YTO M OTPULLATENIbHBIE, U NMOJIOXKUTE/IbHbBIE OTK/IOHEHUA
OT YCTaBKM, 3TO OMHAKOBO «N10X0»? MOACHWUTb Ha OCHOBE BbIPaXKeHMs

(}’k+j - Tk+j)TRk+j(3’k+j - rk+j)
B 3agaye MMHK-oueHMBaHMA ONTUMYMOM  SBASIOTCA  OLUEHKM  K03dUUMEHTOB
perpeccuoHHo moaenu. Yto asnaetca aHanorom B MPC-3agave 6e3 orpaHuyeHnin? pyrumm
cnosamu, yto Takoe argmin Ji, (Ug, ..., Ug4p—1)-

2. PeweHune 3agaum MPC

a.

Kak Hy»XHO npeobpa3oBatb ¢yHKUMOHAN KadectBa MPC, u4Ttobbl pewntb 3aaady
ONTMMANbLHOIO YyNpaBAeHUA?
3anucb ¢pyHKLMOHaNa KayecTBa MPC B BEKTOPHOM BUAE. YKa3aTb, Kak GOPMUPYOTCA BEKTOPbI
Y, U, 7. YKa3aTb pasMmepHOCTb U CTPYKTypy maTpumy, Q, R.
3anucb ¢yHKUMOHana KadvectBa MPC B BMAe, 3aBUCALLEM TONAbKO OT YNpPaBAAOLLEro
BO34eNCTBUA.

i. BbiBeCTM BeKTOpPHYO GOopmMyy TPaeKTOpMM NPOrHO3a Y Kak GyHKLMN OT BEKTOPHOrO

YyNpPaBAAOLLErO BO3AENCTBUA U.
ii. BblBecTM pasamepHOCTb maTpuy, L, M.
iii. YTO HY}XHO NepefaTb B MOAENb B NPOCTPAHCTBE COCTOAHUM, YTODObI MCMONBL30BATL ee
ONA pacyeTa NporHo3a’?

iv. MNepenucaTb PYHKLMOHAN C y4ETOM BBEAEHHbIX 0603HaYeHU.
3anucatb @yHKUMOHan KadyectBa MMHK. Yem otanyaetrca MMHK ot MHK B uaeiiHom
cMmbicne? YKasaTb CTPYKTYPY MaTpuubl MaHA U ee pPasMepHOCTb. YKasaTb pa3smepHOCTM
OCTa/IbHbIX BE/IMYMHbI GYHKLMOHANA. YKA3aTb COLEPIKATE/IbHbIA CMbIC/ ABYX €10 OCHOBHbIX
cnaraembix.
MpoBecTn aHanoruto ¢ GpyHKUMoHanom Kavectsa MPC. 3anuch peweHuns 3agaum MPC.
Moyemy Henb3s BblAaTb BCe P pacCUMTAHHBIX YNPABAAIOLLMX BO3LENCTBUIA Ha OOBEKT M 3aTEM
TONbKO Yepes P Wwaros nocunTaTb HOBOE ynpasaeHue? 3a cYeT Yero HakanamsBaeTcsa oWwnbKa
nporHo3a. Kak 4obutbca Toro, 4tobbl OWMOKa NPOrHo3a He Hakan/anBanach?
3auem cuMTaTh P yNpas/isioLLmMX BEKTOPOB Uy, €CM Ha 06bEKT nepeaaeTca TONbKO Nepsblit 13
HUX?

3. TMepexogHoit npouecc B cucteme ¢ MPC-perynaiTopom 1 BAMSIHWE Ha HEro HAacTPOEYHbIX MapaMeTPOoB.

a.

Bbi6op ropmsoHTa nporHosa P.
i. TMpw Kakom P peweHune 3agaun MPC cTpemunTca K pelleHuto 3agaum AKP?
ii. Kak nopobpaTb ropnsoHT NPorHosa?
iii. Kak Ha nepexogHoI Npouecc BAMAET BE/IMYMHA TOPU3OHTA NPOrHo3a P?
iv. Yem naox u3nMWHE Masblii TOPU3OHT MNpPOrHosa? Yem naox msnuwiHe 60/bLUIOM
rOPW30HT NPOrHo3a?

b. Bbibop HacTpoeuHbix Becos Q, R (Bonpocbl HUXKe noapa3ymeBaloT, UTo P yxe Bbl6paHO!)

i. KaKk BennumMHa cTaTMYecKoW OLWMOKM CKasblBaeTcA Ha BenuumHe Kputepua Ji? Kak
MOBbICUTb YYBCTBMTENbHOCTb KpUTEPUA K cTaTUyeckoh owwnbkre? (T.e., 4TOObI
cTaTMyeckas OWNbBKa BHOCKNA BONbLUNI BKNaA, B BRAUYNHY KpUTEPUNA).

ii. KaKk ymeHbWwWTb cTaTU4Yeckyto owmnbry B MPC-perynatope 6e3 actatsama?

iii. Kak ymeHbWwWUTb NepeperynmposaHme MPC-perynatopa?



iv. Kak 06HynuTb WwTtpad 3a 3aTpaTthl Ha ynpasaeHne? Kak oTpasuTCa Ha nepexogHom
npouecce obHyneHue WTpadoB Ha 3aTpaTbl Ha ynpasieHne?
v. KaK Ha nepexogHoi npouecc BAMAET BeIMYMHA BECOB B maTpumuax Q, R?

4. O6wme Bonpocsl

a.

MycTb NoBeaeHMe peanbHOrO MPOLLECCa OTIMYAETCA OT NPeACKa3aHHOro NPOrHO3UpPYOLWEeNn
mogenbto. Yto npm aTom byaet nponcxoamTs B cucteme ¢ MPC-perynatopom?

Y710 TaKoe MoaeNb NPoLLeCCa U YTO TAKOe NPOrHO3MPYoLWAa MoAeNb B AaHHOM paboTe? Kakas
U3 3TUX ABYX MoAenei oTcyTcTBYeT npu pabote MPC-perynatopa Ha peanbHOM 0bbekTe?
Y10 Takoe nporpaMmHoe ynpasaeHune?

Yem oTnnvaetca 3agada MPC n AKP (LQR)?



